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BectHuk BI'TY um. B.I'. lllyxoBa

HAYYHO-TEOPETHYCCKHUH KYPHAJI

K paccmotpenuro u mybomukamuu B HTXK «Bectauk BI'TY um. B.I'. IllyxoBa» npuHHUMAIOTCSI Hay4HbIE CTaThbH U 0030PHI 10
(yHIaMEeHTaIbHBIM U MIPUKIAAHBIM BOIIPOCAM B 00ACTH CTPOUTENBCTBA, APXUTEKTYPHI, TPOU3BOACTBA CTPOUTENBHBIX MAaTEPHATIOB U
KOMITIO3UTOB CIIEIIMAJILHOTO Ha3HAYCHHU S, XUMIUUECKUX TEXHOJIOTHI, MAIIMHOCTPOEHHS ¥ MAIlTMHOBEICHNSI, OCBEIAIONIHE aKTyalbHbIe
Ipo0JIeMBI OTpaciIeil 3HaHUs, IMEIOIHEe TEOPETHIECKYIO ITH MPAKTHIECKYI0 3HAaYMMOCTb, a TAKXKe HalpaBJIeHHbIE Ha BHEAPEHHE pe-
3yJIbTATOB HAYYHBIX HCCIIEA0BAHNN B 00pa30BaTEIbHYIO ACSITEIbHOCTS.

XKypnan BrmoueH B yrBepkaeHHbH BAK Muno6praykn Poccun IlepedeHs penieH3npyeMbIX HAy9HBIX H3JaHUH, B KOTOPBIX
JOJKHBI OBITH OIyOJIMKOBAHBI OCHOBHBIE HayYHBIE Pe3yJbTaThl AUCCEPTAMN HAa COMCKaHUE yYEHOW CTETeHM KaHAWAaTa Hayk, Ha
COUCKaHME YUEHOH CTeNeHN JOKTOPa HayK, 0 HAyYHBIM CIEIHANIbHOCTSM M COOTBETCTBYIOLINM UM OTPACIISM HAYKH:

2.1.1. —  CrpouTtenbHble KOHCTPYKIIUH, 3IaHUSI U COOPYKEHUS (TEXHUUECKUE HAYKH)

2.1.3. —  TennmocHabkeHre, BSHTUIAINS, KOHIUIMOHUPOBAHUE BO3/yXa, Ta30CHA0KEHHE M OCBEIICHHE (TCXHUYECKUE
HaYKH)

2.1.5. —  CrpouTensHble MaTepHAIBl M U3JeHs (TEXHUUSCKUE HayKH)

2.1.11. — Teopuss M HCTOPHUS apXUTEKTYpPBl, pecTaBpalys W PEKOHCTPYKIUS HCTOPHKO-apPXUTEKTYpPHOTO HACIEIHs
(apxuTekrypa)

2.1.12. —  ApxurexTypa 34aHUI U COOpYKeHUH. TBOpUIECKHE KOHIEIIINH apXUTEKTYPHOH AESTENbHOCTH (apXUTEKTYpa)

2.1.13. — I'pamocTponTensCTBO, MIIAHMPOBKA CETbCKUX HACEIECHHBIX ITYHKTOB (TEXHUYECKHE HAYKH)

2.1.13. — I'pamocTponTenbCcTBO, IMIIAHMPOBKA CETbCKUX HACEICHHBIX ITYHKTOB (apPXUTEKTYpa)

2.6.14. —  TexHOJOTHs CHIMKATHBIX M TYTOIUIABKHX HEMETAUINYECKUX MaTeprajoB (TEXHHYECKUE HAyKN)

2.54. —  Po0oTbl, MexaTpoHHKa U pOOOTOTEXHUUECKNE CHCTEMBI (TEXHUUECKUE HAYKH)

2.5.5. —  Texunoxorus 1 060pyOBaHHE MEXaHUIECKON U PU3NKO-TEXHHYECKOH 00pabOTKU (TEXHUUECKUE HAYKHN)

2.5.6. —  TexHoJOrHsI MalIMHOCTPOCHUS (TEXHUUECKHE HAYKH)

05.02.13 —  MammuHsl, arperatsl ¥ MpoIeccH (1o 0TpacisiM) (TeXHU4Ieckue Hayku) (no 16.10.2022)

05.17.06 —  TexHnomorus u nepepaboTKa MOIMMEPOB U KOMIIO3UTOB (TeXHHUEeCKue Haykn) (1o 16.10.2022)

Bce nocrynaromue Matepuansl MpoXoasIT HAy9HOE peleH3NpoBaHue (ABOIHOE cienoe). Peren3npoBanue crareil 0CyIiecTBs-
€TCsl WICHAMM pelaKIIMOHHON KoJuleruu, BeaymumMu yuensiMu BI'TY um. B.I'. lllyxoBa, a Takxe NpUIJIAIIEHHBIMU PELICH3EeHTaMU —
MIPU3HAHHBIMY CIEIHAINCTaMU B COOTBETCTBYIOLIEH OTpaciy 3HaHMs. Konuu peneH3uii Wi MOTUBHPOBAHHBIA OTKa3 B IMyOJIHKAINI
MIPEIOCTABISIIOTCS aBTOpaM 1 B MuHoOpHayku Poccnu (110 3anpocy). PerieH3un XpaHsarTcs B peJakLiiK B TEYSHHUE 5 JIeT.

PenaknnoHHas moiuTHKA XKypHaia 0a3upyeTcss Ha OCHOBHBIX ITOJIOXKEHHSX JISHCTBYIOIIET0 POCCHHCKOTO 3aKOHOJIATENILCTBA B
OTHOIICHWH aBTOPCKOTO MpaBa, IUIaruaTa M KJIEBETHI, H 3THIECKHX MPUHIUIAX, TT0IePKUBAEMBIX MEKTyHAPOIHBIM COOOIIECTBOM
BEAYIIUX U3/1aTelieid HaydHO! MepHOANKH U M3JI0KEHHBIX B pekoMeHaanusx Komurera no stuke HayyHbix myommkanuii (COPE).
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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, architecture, pro-
ductions 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 im-
portance and also directed to introduction of research results in educational activity 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 Attestation Com-
mission under the Ministry of Science and Education of the Russian Federation, which should publish the main scientific
results of dissertations for the degree of candidate of Sciences, for the degree of Doctor of Sciences, for scientific spe-
cialties and relevant branches of science:

2.1.1. — Building structures, constructions and facilities (technical sciences)

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

2.1.5. — Building materials and products (technical sciences)

2.1.11. — Theory and history of architecture, restoration and reconstruction of historical and architectural
heritage (architecture)

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

2.1.13. — Urban planning, rural settlement planning (technical sciences)

2.1.13. — Urban planning, rural settlement planning (architecture)

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

2.5.4. — Robots, mechatronics and robotic systems (technical sciences)

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

2.5.6. — Engineering technology (technical sciences)

05.02.13 — Machines, units and processes (branch-wise) (technical sciences) (to 16.10.2022)

05.17.06 — Technology and processing of polymers and composites (technical sciences) (to 16.10.2022)

All arriving materials undergo scientific reviewing (double blind). Reviewing of articles is carried out by the mem-
bers 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 Federation (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 community of the leading
publishers of the scientific periodical press and stated in the recommendations of the Committee on Publication Ethics
(COPE).
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Becmuux BI'TY um. B.I'. Illyxoea

2022, Nel2

I'iaBHBIA pegakTop
EBtymenko Eprennii BanoBHY, 1-p TexH. HayK, npod., IEpBbIi NPOPEKTOp, 3aBeAYyIOLIHIl Kadeapoil TEXHONOTUH CTeKNIa M KepaMHuKu benropon-
CKOT0 TOCYIapCTBEHHOTO TeXHOJIOrnueckoro ynusepcurera uMm. B.I'. Illyxosa (P®, r. benropoxn).

3amecTUTENb INIABHOTO PeIaKTOpa
YBapos Banepuii AHATOJIbeBHY, I-p TEXH. HAYK, IPOQ., AUPEKTOP HHKEHEPHO-CTPOUTEIHHOI0 HHCTUTYTA, 3aBeAYIOIIIH Kadeapol TermnorazocHat-
JKEHUs U BEHTWIALMU Bearopoickoro rocy1apcTBEHHOro TeXHoJIornyeckoro yuusepeurera uM. B.I'. lllyxosa (P®, r. benropo).

Ynenpl pefaKIIMOHHON KOLIerHH

AiizenmiTaat Apkaamii MUXaiJI0BHY, 1-p XUM. HayK, pod., 3aBemy-
10mui Kadexpolt KOMIO3UIIMOHHBIX MATEPHAIOB U CTPOUTENBHOH KO-
noruu Beiciueit nikeHepHoi#t mkosnsl, CeBepHblid (ApkTHdeckuii) deme-
panbHbIH yHEBepcuTeT nMeHn M.B. JlomornocoBa (P®, r. ApxaHrenbek).
AxmenoBa Enena AnexcanapoBHa, uieH-kopp. PAACH, n-p apx.,
npod., 3aBeayromuii kadeapoii rpagocTpoutenbctsa CaMapcKoro rocy-
JITapCTBEHHOTO TEXHMYECKOTO YHUBEPCHTETa, ApPXUTEKTYypPHO-CTPOH-
TenbHOI akasemuu (PO, r. Camapa).

Baaroesnu [lesin, PhD, npo¢. Beicuieii TeXHUUECKOH MIKOJIBI IO TIPO-
(eccuonansHOMy 00pa3oBanuto B Hume (Pecrry6mmka Cep6ust, r. Hum).
Bornanos Bacuimii CTenaHoBHY, A-p TeXH. HayK, npod., 3aBeayo-
i kadenpoit MexaHudeckoro obopynoBaHus bearoponackoro rocy-
JIApCTBEHHOIO TEXHOJIOrn4eckoro ynusepcurera um. B.I'. lllyxosa (P®D,
r. benropon).

Bopucos UBan HukosaeBuY, 1-p TEXH. HAyK, Mpo(., 3aBEAYIOLINI Ka-
(henpoit TeXHOTOTHU IIEMEHTa W KOMIIO3UIIMOHHBIX MaTepuaioB benro-
POACKOr0 TOCYAApCTBEHHOTO TEXHOJOTHYECKOTO YHHUBEPCUTETa HM.
B.I'. Illyxosa (P®, r. Benropox).

Bpatan Cepreii MuxaiiaoBu4, 1-p TeXH. HayK, mpod., 3aBeqyrOmunit
Kaepoi TEXHOIOTUH MAIIMHOCTpoeHHs: CeBacTOMOIBCKOrO rocyap-
ctBeHHoro yHusepcurera (PO, r. CeBacromnons).

BypbsinoB Anexcannp ®enopoBud, a-p TexH. HayK, npod. HUY Moc-
KOBCKOT'0 I'OCYIapCTBEHHBIOTO CTPOMTENIbHOTO yHuBepcutera (PO, r.
MockBa), HCTIOHHUTENBHBINH TupekTop Poccuiickoii runcoBoii acconua-
uuu (PO, r. Mockaa).

Besennes Anexcanap UBaHoBHY, 1-p TEXH. HAYK, IPOQd., 3aBEIYIOLINIT
xadenpoil obmell XxuMuK benropoackoro rocylapcTBEHHOIO HAIHO-
HAJIHOT'O UccleioBaTeabekoro yuusepeurera (P, r. benropon).
TaarosieB Cepreii HukonaeBuu, 1-p 5KOH. Hayk, pekrop Benropon-
CKOTO rOCYIapCTBEHHOIO TEXHOJIOTMYecKoro yHuepcurera um. B.I.
ITyxoBa (P®, r. benropon).

I'padossiii IleTp I'puropbeBud, 1-p 5KOH. HayK, Mpod., 3aBETyOIINT
kaenpoil OpraHM3ali CTPOHMTENHCTBA U YNPABIEHHS HEIBHKHMO-
ctbto, HIY M0CKOBCKOro rocy1apCTBEHHBIOTO CTPOUTEIILHOTO YHUBEP-
cutera (PO, r. Mockaa).

I'punuun Anarosmii MurpoganoBud, 1-p TeXH. HayK, npod., [Ipe3u-
JieHT Benroposickoro rocy1apcTBeHHOTO TEXHOIOTHYECKOTO YHHBEPCH-
teta uM. B.I'. IllyxoBa (P®, r. Benropon).

Jasumiok Anekceii Huxonaesn4, 1-p Texs. Hayk, nupekrop HUVDKB
uMm. A.A. I'BozneBa AO «HULL «CrpoutensctBoy» (PP, r. Mocksa).
Jyion TaTbsiHa AJIeKCAHAPOBHA, I-p TEXH. HayK, IPOQd., 3aBeTyIOIIHI
kadenpoil TEXHONIOrMHM MalIMHOCTpOoeHust benropojackoro rocynap-
CTBEHHOI'0 TeXHOJIOrnueckoro yuusepcurera um. B.I'. Illyxosa (PO, r.
Benropopx).

Epodees Baagumup Tpodumosuu, axanemuk PAACH, n-p TexH.
HayK, pod., JeKaH apXUTEKTYPHO-CTPOUTENBHOTO (haKyIbTeTa, 3aBeay-
10U Kadenpoil CTPONTENBHBIX MATEPHAIOB U TEXHOJOTHIA, TUPEKTOP
HUN «MatepuanoBeaenue» HaluoHalIbHOTO HCCIIEI0BATEIbCKOIO
MopnoBckoro rocygapcTeeHHoro ynusepcurera umenn H.II. Orapésa
(P®D, Pecniyonka Mopaosusi, r. CapaHck).

3aiines Ogaer HukonaeBnd4, 1-p TexH. HayK, pod., 3aBeIyONINii Ka-
(denpoii TerorazocHabXeHNs ¥ BEHTUIISIMU AKaJIeMUH CTPOUTENHCTBA
U apXUTEKTYPHI — CTPYKTYpHOE mojpaszenenne Kpsmvckoro denepans-
Horo yHuBepcurtera umenu B.U. Bepuanckoro (PO, r. Cumdepomnons).
WabBunkas Ceerjana BajgepbeBHa, 1-p apx., pod., 3aBeqyromuit
kadenpoii apxutexTypsl ['oCynapCTBEHHOrO YHHUBEpPCHTETA MO 3eMIle-
yerpoiictBy (PD, r. Mocksa).

Ko:xyxoBa Mapuna UBanoBHa, PhD, HayuHblil coTpyaHuK Kadeapbt
TPaXIAHCKOTO CTPOUTENIBCTBA M OXPaHbl OKpyskatomieil cpenpl, [lTkoma
WHXWHUPUHTA U NPUKIATHBIX HAyK, YHUBepcUTeT BuckoncuH-Muiy-
OKH, IITaT BrckoHcuH

Ko3inoB Anexcanap MuxaiiioBuy, 1-p TeXH. HaykK, npod., 3aBeqyro-
muil kadenpoil TEeXHONOrHH MalMHOCTpoeHus JIumernkoro rocymap-
CTBEHHOT'0 TeXHU4YecKoro ynusepcutera (PO, r. Jlumenk).

Jleonopuu Cepreii HuxosiaeBMY, HHOCTPAaHHBIH 4JeH aKaJIeMUK
PAACH, n-p texH. Hayk, npod., 3aBenyromuii kadenpoi TeXHOIOTHH
CTPOUTEHHOTO TPOU3BOACTBA benopycckoro HalMOHATEHOTO TEXHHYE-
ckoro yHuBepcurera (Pecriybnuka benapycs, r. MUHCK).

JlecoBuk Basiepuii Cranucinaposuu, wi.-kopp. PAACH, n-p Texs.
HayK, 1pod., 3aBeaytomuil kKadeapoi CTpOUTEIBHOTO MaTepUalloBe/ie-
HUS U3/IeTTMI 1 KOHCTPYKIHI benropoackoro rocy1apcTBEHHOIO TEXHO-
nornyeckoro yausepcurera um. B.I'. lllyxosa (P®, r. benropon).
JloraueB Koncrantun HUBaHoBHY, 1-p TeXH. HaykK, npod. kademps
TEIIOra30CHa0XKeHUsI M BEHTWIINUH benropoackoro rocyaapcTBeH-
HOTO TexHojormueckoro ynusepcutera um. B.I. Illyxosa (P®,
r. benropon).

Memepun Bukxtop CepreeBuu, PhD, mpod., aupekrop HHCTUTYTa
CTPOHUTENBHEIX MATEPHAIOB U 3aBEyIOINH Kadeapoi CTPOHTENbHBIX
MmarepuanoB Jlpesnenckoro TexHuyeckoro YHusepcutera (I'epmanus,
r. [lpe3nen).

MepkyJos Cepreii UBanoBuy, wi.-kopp. PAACH, n-p TexH. Hayk,
npo¢., 3aBexyrommii kadeapoil MPOMBIIIIEHHOTO ¥ TIPa)XIaHCKOIO
CTPOMTENBCTBA Kypckoro rocyaapCTBEHHOIO YHHBEpPCHUTETA
(P, r. Kypck).

IMaBaenxo Bssuecias UBaHOBHY, 1-p TEXH. HAYK, POGd., AUPEKTOP UH-
CTUTYTa XUMUYECKUX TEXHOJIOTHH, 3aBeAyIOIHUi Kadeapoi TeopeTde-
CKOW M NPUKIAJHOW XMMHUM Benaropoickoro rocy1apcTBEHHOrO TEXHO-
norudeckoro yauBepcurera um. B.I'. Illyxosa (P®, r. benropon).
MasaoBuy Henan, PhD, npopektop mo Hay4HO#l paboTe u U3qaTesb-
CKOIl esTensHOCTH, Tpod. MammHocTponTtensHoro ¢daxynasrera ['ocy-
napcrBeHHoro Hunickoro ynusepceutera (Pecy6nuka Cepous, r. Hum).
IlepskoBa Maprapura BukropoBHa, 1-p apx., npog., H.0. AUpeKTOpa
Beicieit mkosnel apxuTekTypbl v qu3aiina, Cankr-IlerepOyprekoro mno-
nuTexHuIeckoro yausepcurera I[lerpa Bemukoro (P®, r. Canxr-Ilerep-
Oypr).

Nusnncknii I0puii EpumoBuy, 1-p TexH. HayK, npod., HAYIHBIH py-
koBogutennb OO0 «Hayuno-Buenpenueckass ¢upma «KEPAMBET-
OI'HEVTIIOP» (P®, r. Cankt-IlerepOypr).

Motanos EBrenwnii dayapaoBuy, 1-p xum. Hayk, mpod. MUPDA — Poc-
CHIICKOTr0 TeXHOJIorn4Yeckoro yuusepcurera (P®, r. Mocksa).

Ppi6ak Jlapuca AsnekcaHIPOBHA, [-p TEXH. HAYK, Mpod. kadeaps! Tex-
HOJIOTUH MAaIIMHOCTPOEHHsI Benroposckoro rocyapcTBEHHOIO TEXHO-
noruyeckoro ynusepcurera um. B.I'. Illyxosa (P®, r. benropon).
CaBuH JleoHua AjekceeBHY, J-p TEXH. HayK, npod., 3aB. kadeapoit
MEXaTPOHUKH, MEXaHUKH U poO0TOTeXHUKH OPIOBCKOTO rocyAapCTBEH-
Horo yHuBepcurer umenu U.C. Typrenesa (P®, r. Open).

Cemennos Cepreii BragumupoBuy, 1-p apXx., npod., 3aBeAyOLIni Ka-
(enpoit apxuTekTypHOro U rpagocTpoutensHoro Hacnenus Cankr-Ile-
TepOyprcKOro rocyaapCTBEHHOTO apXUTEKTYPHO-CTPOUTEIBHOIO YHH-
Bepcureta (PO, r. Cankt-IlerepOypr).

CuBavyeHko JleoHua AJIeKCAHAPOBHY, J-p TE€XH. HayK, mpod., Ka-
(henpsl TPAaHCIIOPTHBIX M TEXHOJIOTHIECKHX ManH benopycckoro-Poc-
cuiickoro ynusepcurera (Pecriyonuka benapycs, . Morunes).
Coboses KoncranTnn I'ennagsesny, PhD, mpo¢. Yansepcnrera Buc-
KOHCUH-Munyoku (mrat Buckoncun, Munyoku, CILA).

Cmoasro I'ennaamii AnekceeBHd, JI-p TeXH. HayK, mpod. kadenpsr
CTPOUTENBCTBA M TOPOJICKOTO X03s1iicTB benroposckoro rocyrapcTsen-
HOTO TeXHOJorn4eckoro yHusepcutera uM. B.I". Illyxosa (P®, r. ben-
TOopox).

CrpoxoBa Banepus BaneposeBna, npod. PAH, n-p texu. Hayk, npodo.,
3aBenyomuii kadenpoit MaTepraIoBeNeHUS U TEXHOJIOTUH MaTepUaioB
benropoackoro rocygapCTBEHHOTO TEXHOJIOTHYECKOTO YHUBEPCHTETa
nm. B.I. Illyxosa (P®, r. benropoxn).

®umep Xanc-beprpam, Dr.-Ing., Baiimap (I'epmanus, r. Beiimap).
Xanun Cepreii UBanoBHY, I-p TeXH. HayK, pod. Kapeapbl MeXaHH-
4ecKoro 00opynoBaHus benropoackoro rocy1apcTBeHHOTO TEXHONIOTH-
geckoro yHuBepcurera uM. B.I'. Illyxosa (P®, r. benropoxn).
anosBasioB Hukounaii AdanacbeBud, 1-p TexH. Hayk, npod. benro-
POZCKOTO TOCYHapCTBEHHOIO TEXHOJOTHYECKOTO YHHBEPCHUTETa HM.
B.I'. lllyxoBa (P®, r. benropo).

Ilyoenxos Muxana Banepnesuu, axanemuk PAACH, n-p apx.,
npod., 3aBeayronuii kKadeapoit rpagocTpoUTENbCTBA, TPOPEKTOP MO 00-
Pa30BaHMIO B OOJACTH IPaJOCTPOUTENBCTBA H YPOAHUCTHKH MOCKOB-
CKOTO apXUTEKTYPHOTO HHCTHTYTA (TocyaapcTBeHHas akagemus) (PO, r.
Mockga).

IOpbeB Anexcanap I'aBpuiioBu4, 1-p TexXH. HaykK, npod., kadempbl
TEOPETHIECKOH MEXaHWKH M CONPOTHBICHMS MaTepHanoB benropon-
CKOTO TOCYJapCTBEHHOTO TEXHOJIOTHIECKOTO YHHBEpCHTETa
nm. B.I'. Illyxosa (P®, r. benropoxn).

SAuyn Cepreii ®enopoBuY, A-p TEXH. HayK, npod., 3aBenyrOmunil Ka-
(henpsl MEXaHUKH, MEXaTPOHHKH M pobororexHukn HOro-3amamgHoro
rocyaapctBeHHoro ynusepcutera (PO, r. Kypcek).

4


https://elibrary.ru/org_about.asp?orgsid=502
https://elibrary.ru/org_about.asp?orgsid=502
http://www.bstu.ru/about/management/administration/glagolev
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IMPOI'HO3UPOBAHUE NPOYHOCTU HEMEHTA C MOJJU®PUKATOPAMHA
IS CAMOYIVIOTHAIOIIUXCA BETOHOB

Annomauusa. Cospemennvie mpeho8aHuss K KA4eCmay KOHCMPYKYUOHHBIX CIPOUMENbHbIX MAMEPUALO8
obycaasnuearom nompebHocms 6 pa3pabomke 8blCOKOIPPEKMUBHBIX 00I208EYHBIX KOMNOZUMOE HA OCHOBE
yemeHmHoz2o eaxcyujezo. Ilonyuenue maxkux mamepuanog noopasymesaem npumerenue 000a8ox 1 Mooudu-
Kamopog, NOGLLUAIOWUX NPOYHOCMHbIE XAPAKMEPUCTHUKU OEeMOHO8 U CHUNCAIOWUX NPOU3BOOCHBEHHbIE
Opaxu 3a cuem cmaduUIU3AUUU CMpPYKMypsvl U c8oticms uzoeiuti. B pabome 6 kauecmee Mooupuyupyouux
KOMHOHeHmos cmecu gvlcmynanu 0odasku npouzeoocmea 340 «HII LIMU]» (2. Cankm-Ilemepbype): mune-
PATbHLLL NOPOUWOK — MHOSOKOMNOHEHMHAS. KOMNLEKCHASL NOpOouKoobpastas dobaska 0 bemona — I TIM
mooupurayuu 9/12-3, cunepniacmugpuxamop I'TIMoc-Ynompa, moougpuxayus 17/1.

Lenvro pabomvi 5671510Ck UyyeHue 6IUAHUS 00OABOK HA NPOUHOCTb MAMEPUANA U OnpedeileHue 3HaYe-
HULL NPOSHO3UPYEMOLL RPOYHOCIU 8 OMOAIEHHBLIL NEPUOO IKCHITYAMAYULL.

Toxazano, umo 8gedenue 006aBOK He 6usem HA XapaKmep Habopa NPOYHOCMU, HO NPUEOOUTN K CHUJICE-
HUIO npounocmu Ha cocamue Ha 13 % 0nst MunepanbHo2o nopowka u nogviutenuto na 11 % 0ns munepanvnoco
nopowrxa u niacmughukamopa. Habnrooaemces cHudicenue Koauuecmsa 600bl 3ameopenus, Heobxooumoe 0
00CMUICEHUSL HOPMATILHOLL 2YCIMOMbI.

3nauenus pacuemnou nPOYHOCHIU COROCMABUMbL C NOTYUEHHLIMU OAHHBIMU 3HAYEHUL NPOYHOCIU. OISl
8cex cocmaeos xapaxkmeper pocm npounocmu 0o 100 cymox meepoenust ¢ nociedyiouum 3amyxanuem Habopa
NPOYHOCHIUL.

Takum 0bpazom, ycmanoeienvl 3aKOHOMEPHOCIU GIUANHUSL 00OABOK HA NPOSHOZUPYEMbIE 3HAUEHUS. Md-
POUHOU NPOUHOCIU BIICY W20 HADII0OAemCsl Y8eauyenue HaudaabHOU CKOPOCU MEePOeHUsL U CHUNCEHUE KO-
ahpuyuenma mopmosiceHuss NPOYeCccos 2UOPAMAyUL BAACYULe20 NPU COBMECHHOM 86€0CHUU MUHEPATILHOO
nopowika u niacmuguxamopa. Bvicokue nokazamenu npoyHOCMU 8SICYWe20 NO3680AIOM NPOSHOIUPOBAMb
8bICOKUE IKCHIYAMAYUOHHBLE XAPAKMEPUCTNUKU MAMEPUATIO8 HA €20 OCHOGE.

Knroueewle cnosa: camoyniomusowuiics Oemon, Mooupuxkamop, KapOoHamHo-KpemHeseMHas 000aexa,

niaacmuguramop, 00a208e4HOCHb.

Beenenue. CTpOUTENHCTBO COBPEMEHHBIX 3/1a-
HUN U COOpPYXEHUH TpeOyeT MPUMEHEHUS BBICOKO-
3¢ (EeKTUBHBIX TOJTOBEYHBIX MAaTEPHUAIIOB, COOTBET-
CTBYIOIUX TPEeOOBAaHUSIM JCHCTBYIOIINX HOPMATHB-
HBIX JOKyMeHTOB. Oco0oe BHMMaHWE B IMOCIEAHHE
TOJIBI YAETSETCS pa3paboTKe COCTaBOB CaMOYILIOT-
HSIOIIUXCS OETOHOB, 00/1aJal0IUX BEICOKMMH ITOKa-
3aTesIMH IO MPOYHOCTH, MOABMXKHOCTH CMECH, €€
CTOWKOCTH K PacCIOSHUIO MPU CHUKEHHOM 00beMe
BOJbI 3atBopeHus [1-9]. JlaHHbIE XapaKTEpUCTUKU
BO3MOXKHO IOJIYYUTh HPUMEHEHHEM ILIacTUDHUIH-
PYHOIIUX JOOABOK M MOJIU(GUKATOPOB PAIIHOHAIEHO
mo100paHHOro cocTaBa u KoHIeHTparmu [10-15].

IIpumenenne 106aBOK M MOAU(UKATOPOB MPHU
MIPOWM3BOJICTBE OCTOHHBIX M3JEIMI B HAIIA JTHU SB-
JII€TCSl HEOTBEMJIEMOM YaCThIO TEXHOJOTMUYECKOTO
nporiecca. [TogOop Tvma u J03UPOBKU JOOABOK, CIO-
co0a BBEACHUS B CMECh — OJIHM M3 Ba)XKHBIX ITAIIOB
MMPOEKTUPOBAHUS COCTABOB BBICOKOA((PEKTUBHOTO
KOMIIO3UTa, OTBEYAIOLIETO TPEOOBAaHUSAM COBPEMEH-
HBIX HOPMATHUBHBIX JOKYMEHTOB M 3allpocaM OT-
paciu U CIelUaIucTOB.

[IpumeHeHue 100aBOK U MOAU(PHUKATOPOB M03-
BOJISIET TIOBBICHTH Ka4eCTBO MaTepraia U ero J0JIro-
BEYHOCTh: YK€ CETOHS CYIIECTBYIOT COCTaBHI BbI-
COKO- U YJBTPaBBICOKONIPOYHBIX OETOHOB, KOTOPEIE
BHEJIPEHHI B TEXHOJOTHH TPOW3BOJICTBA HA TPEJ-
npusitusx [16-23].

Cpenu crielMaibHbIX BHJIOB OCTOHOB BBIICIIS-
IOTCSl CaMOYIUTOTHSIIOLIHMECS, XapaKTepPH3YIOLINEeCs
BBICOKOH TIOJIBMIKHOCTBIO CMECEH MPH HU3KOM pac-
X0/I€ BOJBl KaK OCHOBHOM AMCIIEPCHOHHOHN Cpenbl,
YTO JOCTHTAETCsl KOMILIEKCHBIM TTOJ00POM COCTaBa
W3 MHOXECTBA KOMIIOHEHTOB IPH HCIIOJH30BAHUN
BBICOKO3((eKTHBHBIX IutacTudukaTopoB [18-20].
PanmonanpHBI 1T0A00p BHIOBOTO COCTaBa KOMIIO-
HEHTOB M KX COOTHOIIIEHUs1 0OecTie rBaeT (OpMHpPO-
BaHHWE IUIOTHOW yIMAaKOBKH YAaCTHII, YTO, B COBOKYII-
HOCTH C HU3KOH BOJIONIOTPEOHOCTBIO CMECH, TIPETIST-
CTBYET €€ pacciIOSHHI0O Ha BCEX TEXHOJOTMYECKUX
sTanax u GopMHUPYET OETOH C BBICOKOI POYHOCTHIO
0e3 mepepacxosa IeMEeHTa Kak OCHOBHOTO CBS3YIO-
IIeT0 KOMITOHEHTA.

OpnHako 3aMeHa YacTH LEMEHTAa Ha aKTHBHbBIE
JIMCTIEPCHBbIC KOMITOHEHTHI CTABUT 3a][a9H I10 OIICHKE
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JTONTOBEYHOCTH MAaTEPHAJIOB C MIX MCIOJIB30BAaHUEM.
OneHka JONTOBEYHOCTH B HATYPHBIX YCIOBHAX
npeacTasisieT co0oi JIMTENBHBINA Mpolece Hccie-
JIOBaHU{ M3MEHEHUs CBOWCTB MaTepHasoB MoJj JeH-
CTBHEM BHEIIHHX arpecCHBHBIX (akTopoB. Permre-
HHEM 0003HAYCHHON MTPOOIIEMBI SBISAETCS UCIIOJIB30-
BaHHE COBPEMEHHBIX MAaTEMAaTHYECKUX METOMOB,
MTO3BOJISIONIUX OCYIIECTBISITh MPOTHO3HYIO OICHKY
MMOTEHIIMAIBHOTO M3MEHEHHsI CBOWCTB MaTepHajoB
BO BPEMEHH C YYETOM YCTAHOBJICHHBIX KHHETHYe-
CKHX 3aKOHOMEPHOCTEH KOPPO3HOHHBIX IPOIIECCOB
[24, 25].

B nanHoii pabote paccMaTpuBaeTcss U3MEHEHHE
MPOYHOCTH BO BPEMEHH LIEMEHTHOTO BSDKYIIETO C
m00aBKOM MUHEPATLHOTO TOPOIIKA M TIacTH(UKa-
Topa. Kak ObuTO MMOKa3aHO B paHEe BHITTOIHEHHBIX
HCCIICA0BAaHUAX, BBCACHHUC YKa3aHHBIX KOMIIOHCH-
TOB TIO3BOJISIET YIYYIIUTH (DU3UKO-MEXaHUIECKIE
XapaKTepUCTUKH MaTepuana [26]. B wactrHOCTH, ITO-
CTUTaeTCsl MOJIYYEHUE CMECEN C BBICOKOW MOJBHXK-
HOCTBIO M HU3KHUM BOJOOT/EIIEHUEM, COXpaHEHHEM
CBOWMCTB BO BpPEMEHH, HO MPH 3TOM OTBEYAIOIIUM
Tpe6OBaHI/ISIM HOPMATHUBHBIX JOKYMCHTOB.

Marepuajbl U MeToabl. B kauecTBe BsXKy-
mero B paboTe OBLT MCIIOBF30BAH MOPTIAHIIEMEHT

mapku LIEM 1 42,5H npownsBonctsa 113 «IIpomera-
puit» (r. HoBopoccuiick). B xauectBe m00aBOK HcC-
MoJIb30BaM Marepuansl npoussojcTa 3A0 «HII
OMU» (r. Cankt-IleTepOypr): MHOTOKOMIIOHEHT-
HbIE KOMIUIEKCHBIC TTOPOIIKOOOpa3HbIe JOOABKH IS
oetona — ITIM (momubukammm 18/1 wu
9/12-3) — TOHKOAKMCIIEPCHBIE CMECH Ha OCHOBE COJIeH
MOJIMMETHIIEHHAPTATHHCYTb()OHATOB,  JHOKCH/IA
KpEeMHHSI ¥ KapOOHATOB (XUMUYECKHHA COCTaB TIpeI-
cTaBieH B Tabmuue 1); rTunepruiacTuGUKaTOp
I'MIMx-Ynbprpa (Mogudukamus 17/1). Dddexrus-
HOCTHb WCIOJB30BAHHUS JAHHBIX KOMIIOHEHTOB IS
MOJy4YEeHHUs] BBICOKOIPOYHOTO CaMOYILIOTHSIOIIE-
rocsi 6eToHa JJoKa3aHa aBTOPCKUM KOJUIEKTUBOM pa-
Hee [26]. MuHepaabHBIE TOPOIIKH MPEACTABISIIOT
c000H TTOTMIUCTIEPCHBIE CUCTEMBI C pa30poCcoM pas-
MepoB vactull B nuamnazoHe 0—100 MM ¢ mpeobia-
nmaaueM vactur 10 10 mxm. ['mmepmmactudukarop
I['TIM>x-YapTpa BBIIYCKAaeTCAd B JKUIKOM BHIE U
NpeAcTaBiIsieT cOO00H BBICOKOAI(P(EKTUBHYIO KOM-
IIJICKCHYIO ILO6aBKy, MPUMCHACMYIO IJIA TOBBIIIICHHUA
TUTACTUYIHOCTH, CHIDKEHUS YCAIKH U TIOJ3y4ecTH Oe-
TOHHBIX CMCCGI\/'I, IMOBBIMICHHUA UX ITPOYHOCTH U MOPO-
30CTOMKOCTH.

Tabnuya 1

XHUMHYECKUHA COCTAB MHOTOKOMIIOHEHTHBIX KOMILIEKCHBIX MOPOIIKO0OPAa3HBIX 100aBOK
nJd oerona I'lIM

Tun Oxcunagpl, %
7100aBKH CaO SiO; MgO ALO3 SO; Fe O3 K,O Na,O TiO» Il.o.mo.
18/1 39,3 31,1 12,1 8,5 0,2 42 2,1 1,5 0,58 0,42
9/12-3 55,6 21,3 9,8 49 2,8 2,2 2,1 0,3 0,26 0,74
O dekTHBHOCTE MOAM(PHUKATOPOB  TOIATBEP- [Toarororky 06pa3ios npoussoauiau mo 'OCT

KAy aHAJIM30M aKTUBHOCTH J100aBOK, ONpeesnse-
MOW KOJHMYECTBOM KHCJIOTHBIX OPEHCTEIOBCKUX
HEHTPOB aJICOPOITUH M KOJIMIECTBOM IOTIIOIIEHHOTO
CaO u3 pactBopa. O1IeHKY KHCIOTHBIX CBOWCTB, HC-
ClIeAyeMbIX O0pa3loB MPOBOAMIM WHAWKATOPHBIM
cniocoboM. JlaHHas MeToiKa OCHOBaHa Ha aJjicopo-
LU OJHOOCHOBHBIX MHJIMKAaTOPOB Ha MIOBEPXHOCTH
TBEPABIX YACTHUI] B BOJHOI cpene [27-29], aTo npu-
BOAWT K M3MEHEHHUIO OKPACKH MHIUKATOPOB, KOTO-
past B CBOIO OUYepe/lb MO3BOJISIET ONPENEIUTh BEIH-
YUHY KHCIIOTHOCTH (OCHOBHOCTH) aHAIM3UPYEMOMH
oBepXHOCTH. ONTHYECKYIO MIOTHOCTH PacTBOPOB
JUTST KOJIMYECTBEHHOTO OIPEAETICHUsS IIEHTPOB aj-
cOpOLUH U3MEPSIIH CIIEKTPOPOTOMETPUIESCKUM Me-
TOJIOM B yJbTPa(HOJIETOBOW M BHUIMMON 00IACTSIX
crekTpa ¢ mnomomplo crekrpoporomerpa LEKI
SS1207. OueHky COpOIMOHHONH €MKOCTH MOoaudu-
KaTopoB, OCHOBAaHHOM Ha OMNpEIENICHUH CIOCOOHO-
CTH aHAJIM3UPYEMBIX MPOO MOTJIOMATh U3 BOAHOTO
pacTBOpa TUAPOKCHUA KaJbIUs, MPOBOIMIN THTPH-
MeTpUUecKuM cnocoboMm mo mertoxy M.Jl. 3amo-
poxua [30].

30744-2001. IIpouHoCTh Ha CXKAaTUE W U3TUO Ompe-
nensnu coritacHo I'OCT 310.4-81.

OcHoBHas yacTh. Ha nepBoHauanbHOM 3Tare
OCYILECTBIISUIN OLICHKY aKTUBHOCTH ITOPOILIKOOOpa3-
HBIX 100aBOK, MPUMEHIEMBIX B pabOTe B KaueCTBE
KOMITOHEHTA ISl TTOJTyYeHHs] CaMOYIUIOTHSIFOIIIETOCS
6erona. CoriacHO MOJy4YeHHBIM JTaHHBIM, MOAU(DU-
Katop cepuu 9/12-3 oTmM4aeTcss HECKOJNBKO ITOBBI-
MMIEHHOW CyMMapHOH akTUBHOCTHIO (puc. 1, a). Tax,
MIPH COTIOCTAaBUMOMN KOHIIEHTPAIIMU KUCIIOTHBIX I€H-
TpoB bpencrena (omuuns He npesbimaet 10 %), Mo-
IuHUKaTop 0003HAUEHHON CEpUU XapaKTepU3yeTCs
yBennueHHOH B 1,5 paza copOIMOHHON €MKOCTBIO
BELIECTB, ONPENEIIAEMBIX KOJIMYECTBOM IOTJIOUIEH-
Horo CaO: k 3 cyTkaMm o0Iee KOJMYECTBO TOTJIO-
menHoro CaO s mOpOmKooOpa3HbIX MOoaH(pHKa-
topoB I'TIM 18/1 u 9/12-3 cocraBnsier 34 u 47 mr/t
COOTBETCTBEHHO. OJTH JaHHBIE XOPOUIO KOppEemH-
PYIOT C W3MEHEHHWEM KOHIIEHTpaIu CBOOOIHOTO
CaO B pactBope Bo BpeMmenu (puc. 1, 6). Tak, B ciry-
yae moauduuupyromero kommnoneHnra ['TIM 18/1 B
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MepBBIE TPU Yaca MPAKTUIECKH HE TMPOUCXOTUT H3-
MeHeHus koHreHTpanuu CaO. Ilormomenne Haun-
HaeTcsl B IepUo/ ¢ 3 10 5 4acoB, IpU 3TOM KOHIICH-
Tpalysi paBHOMEPHO CHIXaetTcs 1o 1 r/n. B ciaygae
ropomka s Moaudukanuu 9/12-3 mMeer Mecto
cKkaukooOpaszHoe m3MeHeHue KoHreHTpanuu CaO B
M3BECTKOBOM pacTBope. Tak, B EPBhIi Yac KOHIICH-
Tpamys IMagaeT moutd B 1,5 pasa (¢ M3HAYaIHHOU
1,47 /1 mo 1 r/m). Ilpu 3TOM K 3 9acam BBIIEPIKKH
MOPOLIKa B paCTBOPE YacTh MOTJIOMEHHOTO CBOOOI-
a

HOT'O BEIlECTBa BO3BpAIAeTCsl B pacTBOp (B mpene-
max 20 % ot mornomenHoro). Tem He MeHee, He-
CMOTpsl Ha KojieOaHusl B MPOIecCax MOTJIONICHUS U
otnaun cBobomHoro CaQ, copOIMOHHAs EMKOCTb
JTAaHHOTO TIOPOIIKA BhIIIe. BeposTHbIM 00bsICHEHEM
Takou crienudukn Moaudukaropa cepun 9/12-3 sB-
JIIETCSl  YBEJIMUYEHHOE COJCpKaHWE KapOOHATHBIX
KOMITOHEHTOB B €r0 cocTase (Tabi. 1), xapakTepusy-
IOIIUXCSI BBICOKOW TMTPOCKOMTHUYHOCTHIO W, COOTBET-

CTBCHHO, TOTJIONIAOIIEN CITIOCOOHOCTBIO.
6

MM 18/1 MM 9/12-3 *TIM 18/1 -ITIM 9/12-3

. 50 £ 1,200

3 r
: 1,1

T 40 o 50
o ®

4 30 S 1,100
5 s

S 20 31,050
a
o =

= 10 3 1,000
£ g

0 £ 0,950

1 2 1 3 5 24

Bpewms, yac

Puc. 1. AkruBHocTs () 1 nornonienue CaO u3 pactBopa (0) BO BpeMeHH TOPOLIKOBBIX KOMIIOHEHTOB
CaMOYIUTOTHSIOLITUXCS OETOHOB:
1 — KuCTIOTHBIE OPEHCTEIOBCKHUE IICHTPHI, 10° MoJB/T;
2 — xkomm4ecTBO noriomenHoro CaO U3 pacTBOpa IO METOIy 3armoposKiia, Mr/T

B pesynmbraTe 1Mo COBOKYITHOCTH JAaHHBIX, Xa-
PaKTepU3yIOUIMX AaKTUBHOCTh IOPOIIKOOOPAa3HBIX
MUHEpaTbHBIX MOAU(UKATOPOB, YCTAHOBIIEHO, YTO B
COCTaBe IEMEHTHOT'O TECTA B KAYeCTBE aKTUBHOH JI0-
0aBKH 11€71ec000pa3HO UCTIONIB30BaTh MOAUDUKATOP
cepun ['TIM 9/12-3.

B pabote ObLTH M3yYEHBI CIEAYIONINE COCTaBBI
(tadm. 1) [23]:

1. IlemenT 6e3 qo6aBku (coctaB 1 — KOHTPOIIB);

2. Hewment + 12,5 % MuHEpanabHOrO MOpOLIKA
oT Macchl 1iemenTa (mop 9/12-3) (cocras 2);

3. Uewment + 12,5 % MuHEpATBHOTO MOPOIITKA
ot Macchl rieMenTa (rop 9/12-3) + 3 % nmnactuduka-
topa I'TIM> 17/1 ot macchl iemeHTa (coctas 3).

Crenyer OTMETHTh, YTO MHHEDPAIBHBIH MOPO-
IIOK UCTIONIL3YETCs B3aMEH YacTH [IeMEHTA.

i yKa3zaHHBIX BBILIE COCTABOB Oblia Ompenae-
JIeHa HOpMaJlbHas T'ycTOTa IIeMEeHTHOro rtecra. llo
MIPEICTaBICHHBIM B Ta0nuIe 2 pe3yabTaTaM BHIHO,
YTO BBEJICHUE MHHEPAIBHOTO IMOPOIIKA MPUBOJIHUT K
pocty BoponiemMeHTHOTO oTHommenus (¢ B/11=0,255
no B/11=0,286), TpebyeMoro s MoJydeHHUs TecTa
HOPMAaJIbHOHM T'YCTOTBI, 32 CUET CHYDKEHHUS JIONH Iie-
MeHTa B cocTaBax. OHaKo o011ee KOIUIEeCTBO BOABI
3aTBOPEHHMS, BBOJIMMOE B CHUCTEMY, OCTAETCS HEU3-
MeHHEIM. B pesynbsrare popmupyercs cucrema c no-
BBIILICHHBIM PacXxoZOM BOJbI IO OTHOILIEHHUIO K Lie-
MEHTY, 4TO MOXET HETaTUBHO CKa3aThCsl HA KOHEY-
HOW MPOYHOCTH IIEMEHTHOTO KaMHs ¢ MOAH(UKATO-

poM. JlaHHBIN (QaKT OTpakeH B MOTyYEHHBIX PE3yIIb-
TaTax u Ha rpaduke (puc. 2). [Ipu BBeICHNY TIIACTH-
¢uKaTopa BOJOTBEPIOE OTHOIIEHHE CHM)KAETCS Ha
36 % (c B/T=0,255 no B/T=0,163). Takum oOpa3zom,
obecrieurBaeTCsi BOZMOXKHOCTD COKpAIleHHs KOJIU-
YecTBa BOJBI 3aTBOPEHHS MIPU COXPAHEHUH MOJIBIIK-
HOCTH U yA0OOyKJaIbIBaeMOCTH cMecH. BogoTsep-
JI0€ OTHOIIEHHE y COCTaBa 3 M0 CPAaBHEHUIO C COCTa-
BOM 2 cHIKaetcs Ha 36 %, a 110 CpaBHEHHIO C COCTa-
BoM 1 —Ha 28 %.

Ha ocHoBanmm mnony4eHHbIX 3HaueHuit B/T
ObUIM paccuMTaHbl COCTaBbI M 3a()OpMOBaHBI 00-
pasupi-6anouku (40x40x160-MMm) U1 onpeeeHus
MIPOYHOCTHBIX XapaKTEPUCTHK MaTepuanos. s uc-
CIIeJlyeMbIX COCTaBOB Oblla H3y4YeHa KHHETHKA
Habopa MPoYHOCTH (pHc. 2).

Teepaenue oOpasuoB npoxoauwno no I'OCT
30744-2001. OmpeneneHne NPOYHOCTU TPOU3BO-
mumu Ha 1, 3, 7, 14 u 28 cyTkwu.

Beenenne mMoauduKaTOpoB HE BIMSET Ha Xa-
paxTep 3aBUCUMOCTH KMHETUKM Ha0opa MPOYHOCTH:
HaOJro/IaeTcs TUIABHBIA POCT C JIOCTHXKEHHEM K 7
cytkaM 70 % MPOYHOCTH ¢ TIOCIICTYIOIINM 3aMeIIe-
HHUeM mporeccoB. Tak, yxe K 3 cyTKkaM 0OTMEUYaroTCs
pasnuuMs B 3HAYCHUSAX MPOYHOCTH LIEMEHTHOTO
KaMHs: KaMeHb, IMOJYYCHHBIH C WCIIOJIb30BAHUEM
MHUHEPaJIBHOTO MOPOIIKa B COBOKYITHOCTH C TJIACTHU-
(UKaTOPOM, XapaKTepU3yeTcsl MOBBILIEHHON MpoY-
HocThIO (Ha 16 %). YKka3zaHHass 0cOOEHHOCTh COXpa-
HSIETCS TIPH TBEPJSHUH KaMHS BIJIOTH JI0 28 CYTOK.

10



Becmuux BI'TY um. B.I'. lllyxoea

2022, Nel2

BBenenrne MUHEpaANLHOTO TOPOIIKA TPUBOJHUT K
CHIDKEHUIO IPOYHOCTH MaTepuana Ha 13 % 1o cpas-
HEHUIO C KOHTPOJeM (IIEMEHT 0e3 WCIOJIb30BaHUs
n00aBok). JlaHHBI (DaKT MOKHO OOBSCHUTH «pa3-

OamieHHEM» TBEPIOH (ha3bl HHEPTHHIM KOMITOHECH-
TOM, TO €CTh CHIXKCHHEM KOHIICHTPAIIUU B CUCTEME
LeMeHTa, O00eCIeYnBalONIero BBICOKHE 3HAYCHUS
MPOYHOCTH.

Tabnuya 2
CocTaB U CBOiiCTBa IEMEHTHOT0 KaMHs ¢ MOAM(pHKATOPaAMHU
Cocras
s *% IIpenen npouno- | IIpenen npouHo-
Ne o Z % g HopwmanbHhas cTH cTH
cocraBa 5 5 a = B/T I'ycTOTa npu u3ruode IPU CIKATHH
n/n 5 &8 =) (B/10) Ha 28 CyTKH, Ha 28 CyTKH,
ol Z 2 3 MIla MIla
p= 5
=
1 + — — 0,26 0,255 7,9 101,3
2 + + - 0,26 0,286 6,6 87,9
3 + + + 0,16 0,183 20,8 112,2
*IIPOLIEHT OT MaCChl [IEMEHTA
< 120
E
= 100
=
g
% 80
]
=
&
= 60
=
g
£ 40
=}
5
= 20
Q
g
= 0
1 6 11 16 21 26

Bpewms TBepaenus, cyT

cocras |

cocTaB 2

cocraB 3

Puc. 2. Kunernka Habopa MpOYHOCTH IIEMEHTHOTO KaMHS B IIPUCYTCTBUU MOJIU(PHUKATOPOB

CoBMecTHOE BBEJIEHHE MHHEPAIBHOIO TIO-
polIKa u riacTudukaTopa MPUBOAUT K POCTY MPOU-
HocTH Ha 11 % K KOHIy Cpoka TBEpACHHS: 3a CUET
JeicTBHS TIacTUQUKATOpa 00ecTieunBaeTCs paBHO-
MepHOe 00BOJIaKMBAHHE YaCTHII LIEMEHTa BOJIOM (XH-
MHUYECKUH (aKTop), NP 3TOM MUHEPAIBHBIN MOPO-
LIOK CIOCOOCTBYET MPENOTBPALICHUIO WX KOaryJs-
nuu (MexaHuueckuii pakTop) u odecrneynpaet Gop-
MHUPOBAHUE TUIOTHEUIIIEN yIIaKOBKH YaCTHUIL TBEPIOH
(a3bl, cocTOsIIEH KaKk U3 YaCTUI] LIEMEHTA, TaK U CO-
CTaBISIOIMUX Mo uKaTopa. Takum 00pazoM, KOM-
TUIEKCHOE COBMECTHOE JIeHCTBHUE T00aBOK o0ecIie -
BaeT CTPYKTYPHYIO CTaOMJILHOCTH LIEMEHTHOI'O Te-
cTa, 4To OOycnaBiIMBaeT (OPMHUPOBAHUE MAaKCHU-
ManbHO 0Oe3me(PeKTHOM CTPYKTYpHl IIEMEHTHOTO
KaMHs B TOCIIEAYIOIIEM.

Jiis 5pekTrBHOrO BHEAPEHUS AaHHBIX MaTe-
pHAIOB B CTPOUTENIBCTBO BAXKHO OOECHEUHTH HE

TOJIBKO MPOYHOCTHBIE XapaKTEPUCTUKH, HO U JIOJITO-
BEYHOCTh — CIOCOOHOCTH COIPOTHBISTHCS KOM-
TUIEKCHOMY AEUCTBHIO aTMOC(EPHBIX U Ipyrux ¢ax-
TOPOB B YCJOBHSX 3KCIUIyaTalldd U COXPAaHATH HA
JIOITyCTUMOM ~ YPOBHE CTPYKTYPHBIE IapaMeTphl,
CJIO’KUBIIINECS B TEXHOJIOTUUECKUHN TTEPHOI.

Jns aHanu3a MPOYHOCTHBIX XaPaKTEPHCTHK B
OTJAJICHHBIH TIeproj ObLT MPOM3BENEH pacyeT Io
meronuke LII.M. Paxumbaesa [24, 25]. Meronnka
OCHOBaHA Ha pacyeTe HayaJbHOW CKOPOCTH IPO-
necca Up u koaddunmentor topmoxkeHus (Kior) u
Koppemsund (Kior) IO U3BECTHBIM ypaBHEHUSIM TEO-
puu nepeHoca (ypaBHeHue 1, 2).

T T

- (—)0+k10, (1)

g ag

T

- () i g
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T — BpeMs THApaTalyd, CyT; G — MpeAe MPOYHOCTH
npu cxaruu, MIla; (t/6)o — BenuumMHa, oOpaTHas
HAYalbHOM CKOPOCTH TBepAeHUs (TUApaTalum),
cyr/MIla; ki, ko — Ko3pPHUIHEHTH TOPMOKEHUS
Tporiecca TUApaTayy (TBEPICHHUS).

YpaBHEHHS BBIBEACHBI C YYETOM CIIEAYIOIIHIX
THIOTE3: TMPOLECC HAYMHACTCA C MAaKCUMallbHON
ckopoctbio U (MIla/cyT), onpenensieMoii moTeHmu-
ATBHOW PEAKITMOHHOW CHOCOOHOCTHIO CHCTEMBEI B
MpeACTaBICHHBIX YycloBHAX. Du3nueckuii cMbica
HA4aIbHOW CKOPOCTH TBEPACHHS — IPOYHOCTH Mate-
puana depe3 cyTKu TBepaeHus. [lanee umer Topmo-
KEHHE, CKOPOCTh Mpollecca CTPEMHUTCS K Hymo. B
cllyyae IIEMEHTHBIX CHUCTEM 3aMelJIeHHE THapara-
MU TIPOMCXOJIUT B pe3yibTare oOpa3oBaHUs THI-
PaTHBIX TICHOK HA MMOBEPXHOCTH KIMHKEPHBIX MU-
HEpaoB, 4To 3aTpyaHseT Auddy3uo BOABI U MPO-
IYKTOB THApaTanuu [24, 25].

BrerunicneHuss TPOW3BOAWINCH C  TIOMOIIBIO
«[IporpamMmbl U1 pacueTa MmapaMeTpOB KHUHETHKH
TBEpJCHHS IIEMEHTHOTO KaMHs M psiAa APYTHUX TPo-
meccoBy, cocrasiaeHHoii 1II.M. PaxumOaeBbIM.

Paccuuranuble TaHHBIC MPUBEACHBI B TaONuUIe
3: BBeJleHHE MHHEPATBHOTO MOPOLIKA COBMECTHO C
MIacTU(UKATOPOM TIO3BOJISIET ITOBBICUTH Hadailb-
HyH0 CKOpocTh mporecca Up 1 CHU3UTH KO3 duUIu-
eHT TopMOXKeHHs kir. BBemeHUE B cuctemMy MuHe-
pasbHOTO Nopotika 0e3 miactTudukaropa MPUBOAUT

K oOpaTHOMY 3 deKTy.

Jns onpeneneHuss MporHo3HOM MPOYHOCTH MO-
TUQHUIMPOBAHHOTO  BSOKYIETO  BOCIOJIBb3yeMCsI
ypaBHEHUEM 3:

iUy
o,=——k 3
L 1+iU0 tor» ( )

rIie [ — BpeMs TBepJeHus, cyT; Uy — HadaJbHas CKO-
POCTh TBEPACHHUS; Kior — KO PHUIHECHT TOPMOKEHUS
npoliecca rupatanuy (TBepACHHs).

Kak n3BecTHO, HauanbHas CKOPOCTh TBEPACHUS
OTBeYaeT 3a Habop MPOYHOCTH B TIEPBBIE CYTKH TBEP-
JICHHS ¥ €€ TIOBBIIICHHE TTO3BOJISIET PAIlHOHATIN3HPO-
BaTh TEXHOJOTMYECKHI MPOILECC 3a CYET CHUIKCHUS
BPEMEHHBIX 3aTpaT M YCKOPEHUs meproaa obopoTa
(dopM: mMarepran HaOMpaeT pacmaayOOodHyI0 TPOU-
HOCTBH OBICTpEE, 3a CUET Yero MOXKHO CHHM3HTH Iie-
puoj obopora dopm. [Ipu 3ToM cHMkKEeHHE KO3 hU-
[IUCHTA TOPMOXKEHHS TOBOPHUT O TOM, YTO MPOIECCHI
($hazo- ¥ CTPyKTypoOoOpa3oBaHus, HaOOpa MPOYHOCTH
OyayT MPOXOAUTH B CUCTEME JOJIbIIE 1, TAKUM 00pa-
30M, B OTJIQJICHHBIN EPHUO]] TPOYHOCTh OYIET BhIIIE
MPOEKTHOM.

CornacHo Moyry4YeHHbIM 1aHHBIM (Tab. 3), BBe-
JICHHE TUCTIEPCHOTO TOPOIIKA HE3HAYMTEIBHO CHH-
JKaeT HAYaIbHYI0 CKOPOCTh TBEPJICHUS IEMEHTHOTO
KaMH:, 4YTO CBA3aHO, BEPOATHO, C HaCTUYHBIM I10IJ10-
mMEHUEM BOJbl M HE3HAYUTCIIBHBIM 3aMCIJICHUEM
THJIpATAIMY [IEMEHTA BCJICACTBUE 3TOro. Torma Kak
COBMECTHOE HCIOJIb30BaHHE MOPOIIKOOOPa3HOM J0-
0aBKH B KOMILIEKCE C TUIACTH(HUKATOPOM obecredu-
BaeT GOPMHUPOBAHKE YCIOBHH I YCKOPEHHOH TH/I-
paranuu BCIICJACTBUE MAJlOr0 KOJIHYECTBA BOJBI KaK
JUCTIEPCUOHHON Cpellbl B 00beMe IIEMEHTHOI'O Te-
CTa, CJIeNOBaTeNbHO, HCKIIOYaeTcss 0o0pa3oBaHUE
CONBBATHOM 00OOJOYKHM BOKPYT IIEMEHTHBIX YACTHII.
910 H BBIPAXKACTCA CYHIECCTBCHHBLIM YBCJIMYCHUEM
HavdaJIbHOU CKOpocTu TBepaenus Ha 30 % mo cpas-
HEHHIO ¢ 0€3/100aBOYHBIM COCTABOM.

Tabnuya 3

Pe3yabTaThl pacuera o ypaBHeHUsIM TeOPHMHM IlepeHoca H pacyeTHbIe IPOYHOCTH COCTABOB
LIEMEHTHOI 0 KaMHs ¢ MoaudukaTopamMu B Bo3pacre 28 cyTok

Ne cocrasa Uo Ktor Ot 028 Orxionenne A, MITa Orknonenue A, %
H/H 3KCII
1 73,8 0,0093 102,208 101,31 -0,898 -0,88
2 72,41 0,0107 89,34 87,99 -1,35 -1,51
3 96,19 0,0084 114 112,17 -1,83 -1,61

Kak BumHO M3 rpaduveckoro mnpencTaBlIeHUs
MOJYYEeHHBIX JaHHBIX (puc. 3), pacyeTHbIE pe3yiib-
TaThl CONOCTABUMBI C TOJYYEHHBIMH SKCIIEPUMEH-
TaJHHBIMHU: HAMOOJBIIIAas IPOYHOCTH HAOMIOJaeTCa y
COCTaBa C COBMECTHBIM BBEJICHHEM MHHEPAIBHOTO
MOPOLIKA U TIacTU(UKATOPA.

st Bcex cocTaBOB XapakTepeH POCT MPOYHO-
ctu 10 100 cyTOK TBEpJEHUS C MOCIIESAYIONINM 3aTy-
XaHueMm Habopa mpouHoctH. [Ipu 3TOM Mo cpaBHe-
HUIO C YHCTHIM IIEMEHTOM HaOJIOJIaeTCsl CHIKEHUE
npoyHocTH Ha 13,1 % npu BBeIeHUN MUHEPAITLHOTO
MOPOLIKA U MOBBIIIEHUE NPOYHOCTH MPU BBEACHUH
cynepruiactudukatopa na 10,7 %, a Takke Ha

27,5 % 10 CpaBHEHUIO C COCTAaBOM C MHUHEPAIHHBIM
nopomkoM. HecMoTps Ha OBBILIIEHHOE COZIEpKAHUE
BOJIBI B cUcTeMe Oe3 miacTuuuupyromei 100aBKy,
00pastmpl ¢ comepKaHUEeM TIOPOIKOOOpa3HOTO MO-
Iudukaropa 00ECNEeUMBAIOT IMOBBILIEHHE MPOYHO-
CTH, YTO CBSI3aHO C peaju3aunueil IByX (akTOpOB:
(U3NYECKOr0 — yBEIMYEHHE TUIOTHOCTH YHMAKOBKH
TBepoH (hasbl BBHJY CYIIECTBEHHO 00Jiee BRICOKOH
JTUCTIEPCHOCTH MOAM(HKATOPA; XUMHYECKOTO — ITy1I-
[[OJIAHOBAsI PEaKIusl MEXIYy TMOPTIaHAUTOM, chop-
MHUPOBAaHHBIM TIPH THIAPATAIMU [IEMEHTA, U aKTHB-
HBIM KOMIIOHEHTOM MOJIU(HUUIUPYIOIIEH 100aBKH.
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Puc. 3. Pacuernas kuHeTnka Ha60pa MNPOYHOCTU HEMCHTHOI'O KaMH# B 3aBUCUMOCTH OT COCTaBa

BeiBoabl. Takum o0pa3oMm, B paboTe moKa3aHo
BJIMSIHUE BBEACHUS MUHEPAJLHOIO ITOPOLIKA U IUIa-
ctudukaTopa Ha TMPOYHOCTHBIC XAPAKTEPHCTUKHU B
OTJANICHHBIN TIepro. Beicokas 3ppeKTHBHOCTH MO-
TUPUKATOPOB obecTieunBaeTcs ux (PU3UKO-XUMUYe-
CKOM aKTHBHOCTBIO.

PacueTrnas MeTojriKa orpeaeNeHns] IPOYHOCTH
MaTEepHaJOB B OTHAJCHHBIH MEPHOA IKCILTyaTaluu
OCHOBaHa Ha TeopuH nepenoca. CoraacHo NOTydeH-
HBIM pe3yJibTaTaM, COBMECTHOE BBEJICHHE MHHE-
PaJILHOTO MOPOLIKA U MIacTU(HUKATOPA IPUBOIUT K
MOBBIILICHUIO MPOYHOCTH MaTepHaja, YBETUUYECHHIO
HAYaJIbHOW CKOPOCTH TIpollecca THJpaTalud, CHU-
KEHUIO KOI(PPUIIHEHTa TOPMOIKEHHUSL.

Boicokue mokazaTend MPOYHOCTH BSIKYLIETO
MO3BOJISIFOT MPOTHO3MPOBATh BBICOKHE IJKCILTyarta-
[UOHHBIE XapaKTEPUCTHUKH MaTepHaloB Ha €ro oc-
HOBE.

bnazooaprocmu. Paboma evinoanena ¢ uc-
noavzosanuem obopyoosanusi [[BT na 6aze BI'TY
um. B.I'. lllyxosa.
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PREDICTING THE STRENGTH OF CEMENT STONE WITH MODIFIERS
FOR SELF-COMPACTING CONCRETE

Abstract. Modern requirements for the quality of constructural building materials determine the need for
the development of highly efficient durable composites based on cement binder. Obtaining such materials
implies the use of additives and modifiers for increasing the strength characteristics of concrete and reduce
production defects by stabilizing the structure and properties of products. In this research, additives produced
by private company limited by shares "NP CMID" (Saint Petersburg, Russia) are used as modifying compo-
nents of the mixture. They are mineral powder - a multicomponent complex powdered additive for concrete
GPM modification 9/12, hyperplasticizer GPMZH-Ultra, modification 17/1. The purpose of this work is to
study the effect of the introduction of additives on the strength of the material and to determine the values of
the predicted strength in the long-term period of operation. It is demonstrated that the introduction of additives
does not affect the character of the strength set. However, it leads to a decrease in the compressive strength
by 13 % for mineral powder and an increase by 11 % for mineral powder and plasticizer. There is also a
decrease in the amount of tempering water required to achieve standard consistency. The values of the calcu-
lated strength in the long-term period are comparable with the obtained data of strength values: all composi-
tions are characterized by an increase in strength up to 100 days of hardening, followed by a damping of the
strength set. Thus, the work established the regularities of the effect of additives on the predicted values of the
brand strength of the binder: there is an increase in the initial hardening rate and a decrease in the inhibition
coefficient of the hydration processes of the binder with the combined introduction of mineral powder and
plasticizer. The high strength of the binder makes it possible to predict the high operational characteristics of
materials based on it.

Keywords: self-compacting concrete, modifier, carbonate-silica additive, plasticizer, durability.

REFERENCES 2. Gorodetsky I.Yu., Serdyuchenko V.M. Fea-
1. Zorin M., Pleshko M.S. Concept of self- tures of using self-compacting concrete [Osoben-

. . nosti ispol'zovaniya samouplotnyayushchegosya
compacting concrete [Koncepeiya samouplotnyay- betona]. The Scientific Heritage. 2021. No. 72-2
ushchegosya betona]. Proceedings of the rostov state : ge- o

. . B ] (72). Pp. 3-5. (rus)
tlrgnzs‘{):lrtz /l;r;lv Sfb_rggtgsé%li_;\lz(izé;’p (r131s,1) 34. DOL: 3. Nikolenko Yu.V., Stashevskaya N.A,,
’ ' Okol'nikova G.E. Application of SCC in the mono-

15



Becmuux BI'TY um. B.I'. lllyxoea

2022, Nel2

lithic housing [Primenenie samouplotnyayush-
chihsya betonov v monolitnom domostroenii]. Sys-
tem Technologies. 2017. No. 2(23). Pp. 38—42. (rus)

4. Ryzhov LN., Romanov A.N. Self-compact-
ing concrete mixes production and usage [Samou-
plotnyayushchiesya betonnye smesi - proizvodstvo i
primenenie]. ALITinform: Cement. Concrete. Dry
Mixtures. 2008. No. 1(2). Pp. 71-77. (rus)

5. Lesovik V.S., Degtev Yu.V., Voronov V.V.
Binders for small architectural forms from self-com-
pacting concrete [Vyazhushchie dlya malyh
arhitekturnyh form iz samouplotnyayushchihsya
betonov]. Bulletin of BSTU named after V.G. Shu-
khov. 2014. No. 5. Pp. 85-89. (rus)

6. Nandhini K., Karthikeyan J. A review on
sustainable production of self-compacting concrete
utilizing industrial by-products as cementitious ma-
terials. Innovative Infrastructure Solutions. 2022.
Vol. 7. Iss. 3. 199. DOI: 10.1007/s41062-022-
00792-1.

7. Faraj Rabar H., Mohammed Azad A., Omer
Khalid M. Self-compacting concrete composites
modified with nanoparticles: A comprehensive re-
view, analysis and modeling. Journal of Building En-
gineering. 2022. Vol. 501. 104170. DOL:
https://doi.org/10.1016/j.jobe.2022.104170.

8. Kaprielov S.S., Sheinfeld A.V. Some fea-
tures of the mechanism of action of organo-mineral
modifiers on cement systems [Nekotorye osoben-
nosti mekhanizma dejstviya organo-mineral'nyh
modifikatorov na cementnye sistemy]. Earthquake
engineering. Constructions safety. 2017. No. 1. Pp.
40-46. (rus)

9. Shapovalov N.A., Lomachenko V.A., Yash-
urkaeva L.I., Yashurkaev O.V. Cellular concretes
with superplasticizer SB-3 [Yacheistye betony s su-
perplastifikatorom SB-3]. Bulletin of BSTU named
after V.G Shukhov. 2009. No. 2. Pp. 33-35. (rus)

10.Kaprielov S.S., Sheinfeld A.V., Kardumyan
G.S., Chilin I.A. About selection of compositions of
high-quality concretes with organic-mineral modifi-
ers [O podbore sostavov vysokokachestvennyh
betonov s organomineral'nymi modifikatorami].
Stroitel nye Materialy. 2017. No. 12. Pp. 58-63.
(rus)

11.Nesvetaev G.V. Technology of self-com-
pacting concrete [Tekhnologiya samouplotnyayush-
chihsya betonov]. Stroitel nye Materialy. 2008. No.
3. Pp. 24-29. (rus)

12.Troshkina E.A., Muhina K.S. Development
of compositions and investigation of properties of
self-compacting concrete [Razrabotka sostavov 1 is-
sledovanie  svojstv  samouplotnyayushchihsya
betonov]. Actual problems of modern science, tech-
nology and education. 2014. Vol. 2. Pp. 42—44. (rus)

13.Naruts V.V., Larsen O.A., Samchenko S.V.,
Aleksandrova O.V., Bulgakov B.I Use of structural

characteristics in self-compacting concrete mix de-
sign with recycled concrete aggregates [Razrabotka
sostavov samouplotnyayushchegosya betona na os-
nove betonnogo loma s ispol'zovaniem strukturnyh
harakteristik]. Bulletin of BSTU named after V.G
Shukhov. 2020. No. 4. Pp. 8-16. DOL
10.34031/2071-7318-2020-5-4-8-16. (rus)

14.Stepanova 1V., Schwartz F.M. High
strength self-compacting concrete [ Vysokoprochnyj
samouplotnyayushchijsya beton]. BCE: Bulletin of
construction equipment. 2020. No 11 (1035). Pp. 37—
39. (rus)

15.Kalashnikov V.I. Calculation of composi-
tions of high-strength self-compacting concrete
[Raschet sostavov vysokoprochnyh samouplotnyay-
ushchihsya betonov]. Stroitel ' nye Materialy. 2008.
No 10. Pp. 4-6. (rus)

16.Fedyuk R.S., Kozlov P.G., Kudryashov S.R.
Self-laying concrete. Patent RF, no. 2679322, 2019.
(rus)

17.Kravtsov A.V. Self-consistent concrete pro-
duction method and concrete mixture. Patent RF, no.
2659290, 2017. (rus)

18.Kaprielov S.S., Sheynfeld A.V., Arzumanov
I.A., Chilin I.A. New national standard for self-com-
pacting concrete mixes [Novyj nacional'nyj standart
na samouplotnyayushchiesya betonnye smesi]. Bul-
letin of Science and Research Center of Construc-
tion. 2021. No. 3 (30). Pp. 30-40.
DOI: 10.37538/2224-9494-2021-3(30)-30-40. (rus)

19.Kaprielov S.S., Sheinfeld A.V., Kiselyova
Ju.A., Prigozhenko O.V., Kardymyan G.S., Urgapov
V_.I. Erection of unique structures made of modified
concrete and used for construction of the complex
“Federation” MMDTS “Moscow-City” [Opyt
vozvedeniya unikalnyh konstrukcij iz modificiro-
vannyh betonov na stroitel'stve kompleksa “Feder-
aciya”]. Industrial and civil engineering. 2006. No.
8. Pp. 20-22. (rus)

20.Kaprielov S.S., Chilin LA. Ultra-high-
strength self-compacting fiber concrete for mono-
lithic structures [Sverhvysokoprochnyj samou-
plotnyayushchijsya fibrobeton dlya monolitnyh kon-
strukcij]. Stroitel nye Materialy.2013. No. 7. Pp. 28—
30. (rus)

21.Fedyuk R.S., Mochalov V.S., Lesovik V.S.,
Gridchin A.M., Fisher H.-B. Composite binding and
self-fitting fiberbetons for protective facilities
[Kompozicionnye vyazhushchie i samouplotnyay-
ushchiesya fibrobetony dlya zashchitnyh sooru-
zhenij]. Bulletin of BSTU named after V.G. Shu-

khov. 2018. No 7. Pp. 77-85.
DOI: 10.12737/article 5b4f02bf93df52.30110991.
(rus)

22.Batudaeva A.V., Kardumyan G.S., Kaprie-
lov S.S. High-strength modified concretes from self-

16


https://doi.org/10.1007/s41062-022-00792-1
https://doi.org/10.1007/s41062-022-00792-1

Becmuux BI'TY um. B.I'. lllyxoea

2022, Nel2

leveling mixtures [Vysokoprochnye modificiro-
vannye betony iz samovyravnivayushchihsya
smesej]. Concrete and reinforced concrete. 2005.
No. 4. Pp. 14-18. (rus)

23.0gurtsova Y.N., Netsvet D.D., Kuzmina
N.O., Usikov S.A. Calculation of grade strength and
durability of a cement binder with a nanostructured
modifier. IOP Conference Series: Materials Science
and Engineering. 2018. Vol. 463. Iss. 3. 032087.
DOI: 10.1088/1757-899X/463/3/032087.

24 Rakhimbayev Sh.M., Avershina N.M. Pre-
diction of the durability of building material
[Prognozirovanie dolgovechnosti stroitel'nyh mate-
rialov]. Resource-saving technologies of building
materials, products and structures. Belgorod:
Veselitsa. 1993. Pp. 8. (rus)

25.Rakhimbayev Sh.M., Avershina N.M. Pre-
diction of the durability of building materials by a
single test period [Prognozirovanie dolgovechnosti
stroitel'nyh materialov po edinichnomu sroku
ispytaniya]. Stroitel nye Materialy. 1994. No. 4. Pp.
17-18. (rus)

26.Nelyubova V.V., Usikov S.A., Strokova
V.V., Netsvet D.D. Composition and properties of

Information about the authors

self-compacting concrete using a complex of modi-
fiers [Sostav i1 svojstva samouplotnyayushchegosya
betona s ispol'zovaniem kompleksa modifikatorov].
Stroitel 'nye Materialy. 2021. No. 12. Pp. 48-54.
DOI: 10.31659/0585-430X-2021-798-12-48-54.
(rus)

27.Tanabe K. Solid acids and bases [Tverdye
kisloty i osnovaniya]. Moscow: Mir, 1973. 156 p.
(rus)

28.Acid-base properties of the surface of solids:
method. Instructions [Kislotno-osnovnye svojstva
poverhnosti tverdyh veshchestv: metod. ukazaniya.].
L.: LTI im. Lensoveta, 1989. 23 p. (rus)

29.Zakharova N.V., Sychev M.M., Korsakov
V.G., Myakin S.V. evolution of donor-acceptor cen-
ters on the surface of BaTiO3; — CaSNOs ferroelectric
materials in the course of their dispersion [Evoly-
uciya donorno-akceptornyh centrov poverhnosti se-
gnetoelektrikov pri dispergirovanii]. Condensed
Matter and Interphases. 2011. Vol. 13. No. 1. Pp. 56—
62. (rus)

30.Butt Yu.M., Timashev V.V. Tutorial on
chemical technology of binding materials [Prak-
tikum po himicheskoj tekhnologii vyazhushchih ma-
terialov]. Moscow: Higher School, 1973. 504 p. (rus)

Nelubova, Viktoria V. Doctor of Technical Sciences, Professor of the Department of Materials Science and Technology
of Materials. E-mail: nelubova@list.ru. Belgorod State Technological University named after V.G. Shukhov. Russia,
308012, Belgorod, Kostyukova st., 46.

Usikov, Sergey A. Postgraduate student of the Department of Materials Science and Technology of Materials. E-mail:
nataly26071992@mail.ru. Belgorod State Technological University named after V.G. Shukhov. Russia, 308012, Belgo-
rod, Kostyukova st., 46.

Netsvet, Daria D. Candidate of Technical Sciences, Assistant Professor of the Department of Materials Science and
Technology of Materials. E-mail: netsvet dd@mail.ru. Belgorod State Technological University named after V.G. Shu-
khov. Russia, 308012, Belgorod, Kostyukova st., 46.

Botsman, Larisa N. Candidate of Technical Sciences, Assistant Professor of the Department of Materials Science and
Technology of Materials. E-mail: lora80@]list.ru. Belgorod State Technological University named after V.G. Shukhov.
Russia, 308012, Belgorod, Kostyukova st., 46.

Shapovalov, Nikolaj A. Doctor of Technical Sciences, Professor of the Department of Theoretical and Applied Chemis-
try. Belgorod State Technological University named after V.G. Shukhov. Russia, 308012, Belgorod, Kostyukova st., 46.

Received 05.04.2022

JJ1st nuTHpOBaHMS:

Hemo6oBa B.B., Ycukos C.A., Hemset /I./1., boriman JI.H., IllammoBanor H.A. IIporHo3upoBanue mpoIHOCTH
LeMEeHTa ¢ MoaupuKaToOpaMu IS caMoyIuioTHstomuxcst 0etonos // Bectauk BI'TY um. B.I'. Illyxosa. 2022.
Ne 12. C. 8-17. DOI: 10.34031/2071-7318-2022-7-12-8-17

For citation:

Nelyubova V.V., Usikov S.A., Netsvet D.D., Botsman L.N., Shapovalov N.A. Predicting the strength of ce-
ment stone with modifiers for self-compacting concrete. Bulletin of BSTU named after V.G. Shukhov. 2022.
No. 12. Pp. 8-17. DOI: 10.34031/2071-7318-2022-7-12-8-17

17



Becmuux BI'TY um. B.I". [llyxosa 2022, Nel2

DOI: 10.34031/2071-7318-2022-7-12-18-27

Conoooe H.B., *Booaxun H.B., Kouepicenxo B.B.
beneopoockuii eocyoapcmeenniil mexnonocuieckuil ynusepcumem um. B.I'. [llyxosa
*E-mail: partietz5000@bk.ru

HAIIPA’ KEHHO-AE®OPMHUPOBAHHOE COCTOSAHME ITPU PEAJIM3ALINHN
CMATHUA U CABUT'A B BOJITOCBAPHOM COEIUHEHHUU

Annomayusn. B cmamove u3n0censl pe3yibmamyl UCCIe008aAHULL, KOMOPble NPOOOINICAIOM PAHee GbINOl-
HeHHble agmopamu pabomol no KOMOUHUPOBAHHBIM OOIMOCEAPHBIM COCOUHEHUSIM OISl CIPOUMENbHbIX Me-
mannokonempykyui. IIpugoosames danuvie 0 Napamempax HanpANCeHHO-0ePOPMUPOBAHHO20 COCMOSIHUSL KO-
HEeYHOIIEMEHMHbIX MoOoenell huzudeckux o6pasyos 6oImossix, CGAPHLIX U OOIMOCEAPHBIX COCOUHEHUU. Dmu
006pasybl K HACMOSAWEMY 8PEMEHU U320MOBIEHbL U NOO2OMABIUBAIOMCSL K NPOGedeHuio ucnvimatnutl. Ocoben-
HOCMb KOHCMPYKYUU U3U4ecKux 00pasyos u YUCIeHHbIX MOOeLell 3aKII0Uaemcst 8 Mmom, 4mo 8 HUX cO30aHbl
VC08UsL 151 peanu3ayuu NPeodeirbHo20 COCMOSHUS, 00YCI0BIEHHO20 CMAMUeM 60IMOM KPOMKU OMEEPCmus 8
bonlee MOHKOU Oemanu u ee NOciedylouje2o paspvléa (8vikona). B nociedyrowem oannvie o napamempax H/[C
YUCTIEHHBIX MOOeIell U (Pu3uUecKux 06pazyos npeononazaemcsi CpasHums. Ipu KoMnviomepHom Mooeiuposa-
HUU 6OIMOCEAPHBIX 0OPA3YOE NPUHUMAENICS, YMO CEAPHbIE UIBbL BbINOJHEHbL (HATIONCEHbL) NOCe MO20, KAK
KOHEUHOIEMEHMHAS MOOeb HOIMO0B020 COCOUHEHUsL ObLILA HASPYICEHA HA ONPEVEeTIeHHYIO YaCb €20 Hecyujell
cnocobrocmu no kpumepuio cmamus. Taxue yciogust coomeemcmayiom pabome 601mo6020 coeOUHEeHUsL, YCU-
JIEHHO20 NPU YACMUYHOU pasepy3ke ceapHuimu weamu. Tem camvim npeonoiazaemcs, 4mo 8 GOImMo8om co-
COUHEeHUU, Nepeo e20 YCUNCHUEM CEAPHbIMU WEaMU, 8 ZHAYUMENbHOU Mepe Oeghopmayuu O6yoym npopabo-
matwl. Imo, no eunomese asmopos, cozoaen O1a2onpusimusie YCa08ust Oisi COBMEeCMHOU pabomul 60IMOB020
COCOUHEHUS U CEAPHBIX WB0G NPU €20 HASPpYICeHUU noce ycunenus. Tlonyuennole Oannbie YUCIeHH020 MoOe-
JUPOBAHUSL 8 YELOM NOOMEEPAHCOAIOM NPUBLOEHHYIO 8blUle 2UNOME3) O BO3MONCHOU COBMeCMHOU pabome
CBAPHBIX WB08 U OOIMOBO2O COCOUHEHUSL, 8 KOMOPOM Peanu3yemcs npeoeibHoe COCMOsHUEe N0 CMSIMUI0 U

Komopoe 0bl10 YCUNeHO NPU YACMUYHOU pa3epy3Ke C8APHbIMU WEAMUL.
Knrouesvle cnosa: xomOuHuposannoe OOIMOCEAPHOE COeOUHEHUE, KOHEUHOIIEMEHMHOe MOOeiUpo8a-
HUe, HaNPsICeHHO-0ehOPMUPOBAHHOE COCTNOSIHUE, 0epOPMATMUBHOCb, HECYWdsl CNOCOOHOCTY, 6OIMO8bIE U

ceapHvle coeouHenusl.

Beenenune. OHO U3 HampaBlIEHUH COBEPIICH-
CTBOBaHUS COCIMHEHUN B CTAIbHBIX KOHCTPYKIUSIX
(¥ He TOJIbKO) 3aKJIF0YaeTCsl B pa3paboTKe U HCCIIe-
JIOBAaHUU KOMOMHHPOBAHHBIX coeMnHEeHUH. X oco-
OCHHOCTBIO SIBIISIETCSI COYETAHUE B OJTHOM KOHCTPYK-
THBHOM PEIIECHUH y371a CONMPSDKEHUSI WIH CThIKa 00-
Jiee OJJHOTO BUJia cBsizell. TpaaullMOHHbIE, OJTHOPO/I-
HBIE M0 BHUIY UCIOJIb3YEMBbIX B KAUECTBE HECYIHX
CBsi3el, OOJNITOBBIC M CBApHBIE COSIMHEHHUS XOPOIIO
M3Y4YEHBI U MAcCOBO MPUMEHSIOTCS. OqHAKO uUMe-
FOTCS TaKKe JOCTATOYHO OOIIMPHBIE UCCIIEIOBAHUS
[0 COeIMHEHUAM [ 1—8], B KOTOPBIX B TOM WJIM HHOM
BUJIE pealM30BaHa HJEsd KOMOWHAIUHM, COYCTAHHS
JBYX Pa3jM4HbIX CBS3EH.

K uncny takux cBsized, Hapsy ¢ OOBIYHBIMU U
BBICOKOIIPOYHBIMHU OOJITAMH W CBapHBIMH IIIBaAMH,
MOXXHO OTHECTH 3aKJICTIKH, KJICCBBIE IITBHI, KOHTAKT-
Hasg TOYEYHAsl WIM IIOBHAas CBapka U Tak jainee. B
HACTOSAIIEEe BPEMS UCCIICIOBAHBI M OBLIM BHEIPEHBI
B peaIbHOE MPON3BOACTBO IIENIBIN PSJT KOHCTPYKTHB-
HBIX pEIICHU KOMOMHUPOBAHHBIX COCIUHECHWH, B
TOM YHCJIE — CIACAYIOIIHE.

1. bonTo3akienovyHple — IPEACTaBISIOT COO0M
KOMOWHAIINIO B OJHOM COEAWHEHUH 3aKICIOK |
MpeIHANPSDKEHHBIX BBICOKONIPOYHBIX OonToB. [lo-
cieqHue (0ONTHI) yCTAaHABIMBAIOT B3aMeH ocIalieH-

HBIX B IIPOLIECCE IKCIUTyaTalluy 3akienok. Mecneno-
BaHMsI TAKUX COCIMHEHNH ObUTH BBIIIOJTHEHBI, B HaCT-
HocTH, ApanoBudem B.M., Xycugom P.I". [9].

2. BonrokiieeBble — B TAKUX COCIMHEHUSIX KOH-
TaKTHBIE TTOBEPXHOCTH OOBEIMHEHBI HE TOJBKO IO-
CPEICTBOM MPEAHATNPSIKCHHBIX  BBICOKOIIPOYHBIX
6osToB ((DpPUKIMOHHBIA TPUHIMIT PadOTH), HO H
KJIeeBbIMHM LIIBaMHU. M3BecTHA pasHOBUIHOCTH OONTO-
KJIEEBBIX COEIMHEHUH, B KOTOPBIX B COCTaB KJies J0-
OaBmsieTcs HAITOJHWUTENb B BHJIE KOPYHIOBOTO IIO-
POILIIKa, YTO MPUBOJIUT K YBEIMUYEHUIO CONPOTHUBIIE-
HUS KJIeeBOro mBa casury. MccnenoBaHusi B 3TOM
obmactu ObuTH BeITTONHEHB! MnkoBuuem .M., Uec-
HOKOBEIM A.C., KaspkesiM A.D., Ctpenernikum H.H.
[10].

3. BontocBapHbIe — IPENCTABISAIOT COO0H KOM-
OWHAIMIO B OJIHOM COEJIMHEHUU CBAPHBIX IIBOB M
MpeIHANPSIKEHHBIX BEICOKOIIPOYHBIX 001TOB. Takoe
COEJMHEHHE UCTIOJIb30BAJIOCH B KOHCTPYKLIUSIX MOH-
TQXHBIX CTHIKOB TMPOJIETHBIX CTPOEHHH MOCTOB.
CBapHBIMH IIBAMHU COEJIHMHSUIMCH T105ICa, 4 BBICOKO-
NPOYHBIMH OOJNTaMH, 4epe3 HaKJIAAKH, CTEHKa
Oanku. MccnenoBaHWsIMA TaKWX CTHIKOB 3aHHUMa-
nuch, Hampumep, bomsmiakoB K.II., Iladepman
N.M., Onexo B.M. [11].
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BonrocBapHble KOMOWHHpPOBAHHBIE COEIAMHE-
HUS C YIJIOBBIMH CBapPHBIMU INBAMH U BBICOKOIIPOY-
HBIMH TIPEHANPSKCHHBIME OOJITaMU B TOCIICIHHE
1520 ner akTHBHO HCCIENYIOTCSI B psAne CTpaH
(CIIA, Kanama, Kuraii, FOxxnas Kopes). Pesynb-
TaTbl HEKOTOPBIX UCCIECIOBAaHUN COAEPHKATCSA B pa-
oorax [12-15].

4. bontoBble (DPUKIIMOHHBIE COCIHHECHHS C
BHEJIPSIEMBIMU NPOBOJIOYHBIMU 3JIeMEHTaMu. B Ta-
KUX COCAMHEHMSX, MPU UX YCTPOUCTBE, MEXY IO-
BEPXHOCTSIMM TPEHMsI pPacCIojararT CHelHalbHbIe
3JIEMEHTBI U3 BBICOKOIIPOYHOM ITpoBoJIoKH. [1oj1 BO3-
JIEHCTBUEM YCHWIIHS MPEABAPUTEIBHOIO HATSKEHUS
BBICOKOTIPOYHBIX OOJNITOB MPOBOJIOKA BAABIUBAETCS
B MeTaul (CTallb, ATIOMUHUN) COCAMHICMBIX JIeTa-
JIed U IpU BO3ACUCTBUM CABUTAIOIIECTO YCHIINA Ta-
KOH 3JIEMEHT, BBIMOJIHSS POJIb IIMOHKH, 00ecIeyu-
BAET YBEJIIMYEHUE CONPOTUBIICHUA caABUTY. Uccneno-
BaHHWE OMUCAHHOTO BHIIIE COSAMHEHNUS OBLIO BHITION-
HeHo XucuMoBbIM P.M. u XycHymnoseim P.I'. [16].

5. bonTocpesHble COeIMHEHUS Ha BBICOKOIIPOY-
HBIX TIPEeTHANPSKEHHBIX 00NTaX — B OCHOBY KOMOH-
Hallii B TaKOM COEJMHEHHMHM TOJI0KEHO COueTaHue
JIByX MEXaHU3MOB €ro COIPOTUBIEHUS AECHCTBUIO
YCWJIMS CABUIA: HA MIEPBOM ATArle — COMPOTUBIICHUE
3a CUET CUJI TPEHUS IO KOHTAKTHBIM ITOBEPXHOCTSIM;
Ha BTOPOM 3Tarie, 1ociie MpeoJoJIeHUs IPUI0KEH-
HBIM BHEIIHUM YCHJIMEM CHJI TPEHUS U CABHUTA CO-
eMHEHNs, OOABIIETCSl CONMPOTUBIICHUE CIABUTY 32
cyeT ynopa 60J1TOB B KpOMKH OTBepcTHil. PaboTy Ta-
KUX COEIMHEHWN B Hallled CTpaHe HCCIEN0BaIN
BeiinOmnar b.M., Jleonos B.I1., I'pynes WN.J1., Ame-
muH A.A., 3yokxoB B.A., Mypaznsu A.A. [17-20].

6. KiieecBapHbie COeIMHEHUS — B TAKOW KOMOU-
HallU{ CONPOTUBJIEHUE CIBUTY CTHIKOB TOHKOJIUCTO-
BBIX jerajneil (hopMUpyeTcs 3a cYeT KIeeBOW Mpo-
CJIOMKM U CBAapHBIX COCIMHEHUN B BUJIE€ TOYEHHOU
WY IIOBHOM KOHTakTHOW cBapku. IIpu sTom 1uio-
maab CKIEMBAEMOM MMOBEPXHOCTH CYILIECTBEHHO
MPEBBILIAET IUIOLAb TOUYEYHON MJIM IOBHOW KOH-
TaKTHOM cBapku. McciienoBaHusl Kil€eCBapHBIX CO-
€IUHEHUI BBIMIONHINCH, HanpuMep, LllaBpipuHbIM
B.H., Ps3anuessim B.U. u nip.

7. Kiteekiienanple COEUHEHUSI — B TAKOM CO-
€IUHEHUU POJb JUCKPETHBIX CBA3EH, IMPU KICEBOM
IIBE 10 BCEH NpPHIIETAIONIEH TOBEPXHOCTH CTHIKYE-
MBIX JeTajieli, BBIOJNHAIOT 3akienku. Mcciemosa-
HUE KJIeeKJIENaHbIX COeTMHEHHH BBITIOIHSIIN 3apHB-
Hsk U.C., bapymkosckuii A.JI., Makcumenko B.H.,
Marsuenko B.A., Tsrauit A.B. [21].

8. KieenarenbHble U KJI€ETBO3/IEBBIE COENMHE-
HUSL 00pa3yroT KOMOHMHanuerd OONTOBBIX Harenei
WU TBO3AEHM C KJIEEBBIMM IIBAMU B Y3JIaX CTPOU-
TENBHBIX JOMIATHIX KOHCTpYKImi. [IpourocTs u me-
(hopMaTHBHOCTh TaKUX Y3JIOB HCCienoBail Epomor
JLA. [22].

[IpuBeneHHble BbIIIE BapUAHTHl KOMOWHHPO-
BaHHBIX COEAMHEHHMH OTHOCSTCS K YHCIY HECYLIUX,
TO €CTh 00ECIEUNBAIOT BHIITOJHEHUE IEMEHTAMH C
TAaKUMH COEIWHEHHUSMH TE€X WIM HHBIX HECYIIHX
¢ysxwii. [Ipu 3TOM crieyeT oTMETHTB, 94TO 10 00-
JaCTH IPUMEHEHHUs] OHM OTHOCSTCS HE TOJIBKO K
CTPOMTENIHBIM KOHCTPYKIHMSAM, HO U K MAaIlUHO-
CTPOCHHUIO, ABTOMOOMIIECTPOCHUIO, ABHALIMOHHOM
MPOMBIIIJIEHHOCTH U PAAY APYTruX 00NacTew.

Hccnenyemas mpodjgemMa u padodasi rmmo-
te3a. [loctanoBka npobaembl. OOOCHOBATH U HCCIIe-
JI0BaTh BO3MOXXHOCTb COBMECTHOM pabOTHI IIEpBOHA-
YaJbHO CYIIECTBEHHO pa3HOAePOPMaTHBHBIX CBS3CH
(OonTBI OOBIYHON MPOYHOCTH U (PIIAHTOBEIE YTTIOBEIE
CBapHBIC IMBHI) B KOMOWHUPOBAHHOM OOJITOCBAPHOM
COEIMHEHNH, BOCIIPHHMMAIOIIEM YCHUJICHHUE CIBHIa
1 00pa3oBaHHOM ITyTEM YCHJIEHHUS OOJTOBOTO CO-
€AMHEHMs, I0CJIEe €r0 YacCTHYHOM pas3rpys3Ku, cBap-
HBIMH LIBaMH.

Pabouas runoresa. [Ipu padore 60aTOBOTO CO-
€MHEHHS B TICPUOJ, MPEIIIECTBYIOMINI ero ycue-
HUIO, 3HAYWTENIbHAs YacTh YHPYroO-IUIACTHYECKUX
nedopMaiii OONTOBBIX CBA3eW MpopadaThIBacTCA.
Ecnu mocne 5Toro BBIMOIHUTE YCHIICHHE OOJITOBOTO
COEIMHEHMS (B YCIIOBHSX YaCTHYHOHN pa3rpy3Ku) my-
TEM HaJOXEHUS YIVIOBBIX (DIAHTOBBIX CBAapHBIX
IIBOB, TO MU MOCIEAYIOIIEM HarpyXeHuu obpazo-
BaHHOTO KOMOMHHPOBAaHHOTO OOJTOCBApHOTO CO-
eMHEeHNUS BO3MOXXHa J0CTaTOYHO d(hdeKTHBHAS
coBMecTHasi paboTa OONTOBBIX CBS3eH W CBApHBIX
IIBOB Ha BO3PACTAIOUIYIO [IOCJIE YCHIICHHS HATPY3KYy.
IIpu sTOoM Hecymas cnocoOHOCTh KOMOWHHPOBAH-
HOro OOJNTOCBApHOTO  COCIUHEHHUS  OXHIAEMO
JIOJDKHA OBITh BBINIE HECYIIUX CIIOCOOHOCTEH OT-
JIEJIBHO B3STHIX AHAIOTMYHBIX OONTOBOTO M CBap-
Horo coenuHeHui. [Ipeanonaraercs, 4To yka3aHHbII
3¢ eKT mocTuraeTes Kak Ipu peain3aniu B 001ITO-
BBIX CBSI35IX Pa0OTHI Ha CMSITHE KOHTAKTHOH KPOMKH
OTBepCTHS OOJNTOB, Tak M IpuU paboTe OOITOB Ha
cpes.

st ucciieoBaHusI MOCTAaBICHHOW MPOOJIEMBI U
MOATBEP)KICHHUS BBIABUHYTON THIIOTE3bI HCCIIE0BA-
HUSl WCIOJIb30BaHbl CIEIYIOLINE METOAbI U Cpel-
CTBa:

- aHAIUTUYECKUI 0030p Pe3ybTaTOB paHee BbI-
TIOJTHEHHBIX MCCIIEJOBAaHUH KOMOMHUPOBAHHBIX CO-
C€IMHEHMI;

- KOMIIBIOTEPHOE MOJICTUPOBaHUE PabOThI MOJ]
Harpy3koii o0pasioB OOJTOBOrO, CBAPHOIO U KOM-
OMHUPOBAHHOTO COCJMHEHUH B BBIYMCIUTEIBHOM
komruiekce ANSYS mpu peannzanny B OOJITOBBIX
CBAI3X PaOOTHI HA CMSITHE;

- CPaBHUTEJILHBIN aHAN3 Pe3yIbTaTOB YHCIICH-
HOTO (KOMITBIOTEPHOT0) MOJICIIMPOBAHUS H O0OCHO-
BaHHE BBIIBUHYTON TUIIOTE3bI.

OcHoBHas 9acTb. OTEUECTBEHHON HOPMAaTUB-
HOHM METOIMKOM pacdera OOITOBBIX COCAMHECHHUIA Ha
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0onTax OOBIYHON IPOYHOCTH, BOCIPHHHUMAIOIINX
YCHUJIME CIIBUTA, HECYILYIO CIIOCOOHOCTb IPEIIIHICHI-
BaeTCsl MPUHUMATh MO0 MEHBIIEH U3 JABYX 3HAUCHUH
pacyeTHOU MIPENEIbHON HArPY3KHU:

- II0 KPUTEPHIO Cpe3a OOJITOB B COCANHEHHUU;

- 110 KPUTEPHUIO CMATHS MeTajula KOHTaKTHOM
KPOMKH OTBepcTusi Oonta ((hakTHUECKH peann3ye-
Moro B popMe BBIKOJIA AE€TAIU CO CTOPOHBI €€ Harpy-
JKEHHON KPOMKH).

Panee [23-25] ObUIH 3JI05KEHBI PE3YJILTATHI UC-
ClleIOBaHH KOMOWHUPOBAaHHBIX OONTOCBApHBIX CO-

SIIMHEHUH, B KOTOPBHIX paboTa OOJITOBBIX CBS3EH JTH-
MUTHpPYETCA 0 KPUTEPUIO cpe3a OONTOB M KOH-
CTPYKTUBHO TapaHTUPOBAHHBIM HEHACTYILICHHEM
MPEACIBHOTO COCTOSIHUS MO KPUTEPHUIO CMSTHS [26-
28]. OO6pa3mel I YMCISHHOTO MOJCTHUPOBAHMS B
HACTOSAIIEH CTaThe, HAIIPOTHUB, KOHCTPYKTHBHO HC-
KIIFOYAIOT BO3MOXHBINH cpe3 OontoB. s peanusa-
MU TIpoIIecca CMATHA (BBIKOJIA) B KOHCTPYKITUH 00-
paslia UCIOIB3yeTCs TOHKAS, IO CPABHEHHIO C ABYMS
CYIIIECTBEHHO 00JIEe TOJICTHIMU IUTACTUHAMH, CTCHKA
npokatHoro nByraBpa. OOmwmiA BUI 00pas3IoB s
YUCIIEHHOTO MOJIETMPOBAHUS MTOKa3aH Ha PUCYHKE 1.

B)

W

a0

A

190

80

10

248

) I

Puc.1. KOHCTpYyKTHBHOE pelIeHHe HCCIeayeMbIX 00pa3LoB:
a) KOHCTpYKIwus oopasna rpynnsl SM345B; 0) koHCTpyKIms o0pasma rpynmsl SM345W;
B) KOHCTPYKIWs 00pa3ma rpymmsl SM345Comb

OO0pas3ibl NPeACTaBIISAIOT CO00M HAXJIECTOYHOE
JIIBYXCPE3HOE COEJMHEHHe Kilacca TOYHOCTH. B
CTEHKH JBYTaBpa U ABYX IUTACTUH: TUTACTUHBI HMEIOT
pazmepsl 190x140 MM, TonmuHONM 12 MM, ABYTaBp
25b1 ¢ TommuHoI cTeHKH 5 MM. OOpasIfsl 3arpoeK-
TUpoBaHbl U3 ctanu C345. B xadecTBe cBsA3EH MpH-
MEHEHBI OOJITHI Kjlacca MPOYHOCTH 5.8 nTuamMeTpom
16 MM, AMaMeTp OTBEpCTH PUHAT 17 MM, CBapHbBIE
LBl 3aIPOEKTUPOBAHBI JUIMHOK 60 MM C KareToM
cBapHoro mBa 6 MMm. Crioco0 cCBapKu — py4Has dJeK-
TPOAYTOBAsI, B HIHKHEM ITOJI0KEHUH, IIEKTPOIBI THIT
3-50.

Mopnenupyemble 00pa3ibl pa3ieieHbl Ha TpU
rpymmsl. Tlepas rpynma oOpas3moB MMEET MapKHu-
poBky SM345B u GontoBbie cBsi3u. OOpa3Isl BTO-
poil rpymmbl, ¢ MapkupoBkoil SM345W, umeror
CBSI3M B BUJE YETHIPEX YIJIOBHIX (DJIAHTOBBIX CBap-
HbIX IIBOB. B 00Opa3iax TpeTheil Ipymibl MpUHSTA
MapkupoBka SM345Comb, a conpoTHBIIeHHE COEAN-
HEHUS CIBHUTY OOeclieurBaeTCs KOMOMHANUEH 00I1-
TOBBIX CBSI3CH M CBApPHBIX ITBOB, WIACHTHUYHBIX TEM,
YTO KCIOJB30BaHBl B 00paslax MepBOH U BTOPOWA

rpyIm.

Tak kaKk KOMOMHHPOBAHHOE COCIUHEHHE 00pa-
30BaHO ITyTE€M YCHIIEHHUS OOJITOBOTO B YCIOBHSIX €TI0
YaCTUYHOH pasrpy3KH, TO TSl y4eTa HCTOPHUU HaTrpy-
KEHHUsI ¥ MOJCIUPOBAHUS KOMOWHUPOBAHHOTO CO-
eJIMHEHUs IPUHSITO Cleayromee. bonToBoe coenune-
HUE TIPEeIBAPUTENHFHO HArpyXaercs 10 HeoOXOmu-
MOTO YPOBHSI, KOTOPBIH COOTBETCTBYET YPOBHIO pa3-
TPY3KH MPU YCUJIICHUH, C «BBIKIIFOYCHHBIMI) U3 pa-
OOTBI CBapHBIMH IIBAMU. 3aTe€M, IPU TOMOIIHU CIIe-
[MMANBHON TPOIeyphl MPOTPAMMHOTO KOMILIEKCa
ANSYS, xoTOpast Ha3bIBAETCS «POKJIEHUE U CMEPTH
3JIEMEHTa», CBapHbIE MBI BKIIOYAIOTCS B paboTy U
Harpy»€HUe YUCICHHBIX MOJIeNIeH IPOAOKAETCsI.

IIpu urcieHHOM MOAECTUPOBAHIH BapEUPOBAIIH
YPOBEHb TPEIBAPUTEIHHOTO HATPYKCHUS, TMPHHH-
Masg ero paBHbeiM 40,0, 80,0, u 100,0 kH, yto coot-
BetcTBYeT 39,2 %, 78,4 %, 98 % oT pacueTHoit mpe-
NETFHOW HATrpy3KH I OOJITOBOTO COCIWHEHUS TIO
KPUTEPHUIO CMSTHSI B COOTBETCTBUHM C METOIUKOMN
pacueta, npusenenHoi B CII 16.13330.2017 «CHull
[I-23-81* CranpHbIC KOHCTPYKITUI.
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Pa3buenne 00pa3oB Ha KOHEYHBIE 3JIEMEHTHI
[IPOM3BOJAMIN IOCPEICTBOM IPOIPaMMHOIO KOM-
miekca ANSYS. PacueTsl BBINOTHEHBI C y4ETOM
reOMEeTPUUYECKON B (PU3NIECKON HETMHEHHOCTH.

a)

[ mm

Pe3yabTaThl nccaenoBanmii. Ha prucynke 2
npeJcTaBiIeH OOIIUI BUI YHCICHHBIX MOJIEIei 00-
pasuoB SM345B u SM345W.

0)

20000 mem}
[ Eem—  E—
sum 1060

Puc.2. OOmmuii BHI KOHSYHOJIEMEHTHBIX MOJICNICH HCCIIeIyeMbIX 00pas3IioB:
a) obpaserl rpymmsl SM345B; 6) obpasent rpymnsr SM345W

B xoze unciaeHHoro MoAeIMpOBaHus BEIUYHHA
Hecylied crocobHocTH 00pasnoB rpymnnsl SM345B
coctaBmia 160,0 kH, nepemenienre HIHKHIX TOPIIOB
KpalHHUX IJIACTUH IO HANpPaBJICHUIO MPHIOKEHHOU
Harpy3ku coctaBuio 1,8 mu. [Ipu uncnenHoM Moze-
JUPOBAHUH 32 HECYLIYIO CITIOCOOHOCTH 00pa3iia npu-
HUMajlach BEJIMYMHA JOCTUTHYTOM HArpysKH, IpHU
KOTOPOIl HAUMHAJIOCH PACX0XKICHUE HTEPALITIOHHOTO

- 18361 Max
L6876
16392
L4807
12423
0.9938
074535
0.4959
0.24845

0 Min

0.00 100,00 {mm)
[ —
50.00

nponecca. I'padpuueckoe npencrasneane HAC unc-
JIEHHOI MoJenu OOJITOBOrO COEIMHEHMs (M30IO0JIsL
HanpsDKEHUH B CTEHKE JIByTaBpa 0z, NiepeMenicHIe
KpalHUX IUIACTUH IO HANpPaBJICHUIO IMPHUIOKEHHON
Harpy3ku) Ha 3Tale Harpy>XKeHUsi, COOTBETCTBYIO-
HIero NpeeNIbHOM Harpy3Ke, IpUBEACHO Ha PUCYHKE
3.

6)

-067.65 Min

0.00 100,00 rrre)

50,00

Puc.3. I'papmueckoe npencrasnenne HC odpasna rpynmner SM345B 1o pe3ynbpraTaM YUCISHHOTO MOJICITUPOBAHHU:
a) mepeMelleHNe KpaifHuX IUIACTHH 110 HAaIPaBJICHUIO PUII0KEHHOH Harpy3KH;
0) M3010JIs1 HANPSDKEHUH 0 B CTEHKE JIByTaBpa

Hecymiass cmocoOHOCTE  00pasioB  TPYIIIBI
SM345W mo pe3yapTaTaM YHCICHHOTO MOJIEIHPO-
BaHus coctasmia 260 kH. Ha pucynke 4 npencras-
neHo u3oopakenue HJAC uucnenHoi Moaenu cap-
HOTO COEJMHEHHUs (M30TOJs HANpSHKEHUHA B CTEHKE
NBYTaBpa 0z, NEpeMELeHHe KpalHUX IUIACTUH TI0
HaNpaBJICHUIO MPHIOKEHHONW HArpy3KH) Ha JTamne
Harpy>xeHusi,  COOTBETCTBYIOIIETO  MpEAeTbHON
Harpyske.

Ha pucysnke 5 npeacrapiieH 00U BHT YHC-
JICHHOW MO/JieNii 00pasiia TpeThel TPYIIIIbI -
SM345Comb.

Hecymias criocoOHOCTE 00pa3iioB KOMOMHHPO-
BaHHOTO COEJMHEHHUS B XOJIe YHCIECHHOTO MOJEIH-
poBanusa coctasmia 350 kH. HAC uucnennoi mo-
JIeTi KOMOMHUPOBAHHOTO OOJITOCBAPHOTO COEIMHE-
HUs (M30TI0MIS HANPSDKEHWH B CTEHKE JIBYTaBpa Oy,
nepeMenieHne KpalHuX TUIACTHH 10 HaIlPaBIICHUIO

21



Becmuux BI'TY um. B.I". Illyxosa 2022, Nel2

MPWIOKEHHON HAarpy3Kn) B Tpa)uueckoM BHJE TPH
MpeneIbHOI Harpy3ke 0TOOpakeHO Ha PHCYHKE 0.

0)

- -108.88
-177.22
-243.57
-313.92
-382.26
-450.61 Min

0.00 100,00 ()
[ ee—
50,00

Puc. 4. I'paduueckoe npezacrasienne HIAC obpasiia rpymmnet SM345W 110 pe3yibTaTaM YHCICHHOTO MOICIHPOBAHU:
a) mepeMelleHre KpaiHuX TUIaCTHH 10 HaIpaBJIeHUIO PUIOKEHHOM HAarpy3KH;
0) U30M0JIs HANIPSDKEHUI 0, B CTEHKE JIByTaBpa

wn L=

Puc. 5. O6muit Bz ynciaeHHON Moaenu 00pa3ios rpymmnsl SM345Comb

a) 0)

[E]] S0 100,80 {mm) o 5000 100,00 {rrirn)
[ — E—

35,00 7500 %0 TS

Puc. 6. I'padmaeckoe mpencrasienne HC obpasna rpynmer SM345B mo pe3ynabrataM 9UCIEHHOTO MOAEIHPOBAHH:
a) MepeMeIIeHIe KPaifHUX IUTACTHH 0 HAPABJICHUIO MPUIIOKEHHON HATPY3KHY;
0) M30II0JIs HAIIPSDKEHUH 0, B CTEHKE JIByTaBpa
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Ha pucynke 7 nmpuBeneHbI quarpaMmbl aedop-
MUpPOBAaHUSI HCCIEIYyeMbIX YHCICHHBIX MOJIeNeH
KOMOMHHMPOBAHHBIX O0JITOCBAPHBIX 00Pa3IIOB.

[Tpu yrcIeHHOM MOZIETUPOBAHUHU OBLIIO UCKITIO-
YECHO «OTPHIIATENILHOEY MOJIOKEHHE Tea 00nTa oT-
HOCHUTENIFHO OTBEPCTHUs JeTayiel, 4To OBUIO TO-
IpoOHO HcchenoBaHoO B paboTax 3apyOeKHBIX HC-
cnenosareneit [29, 30]. Ilox «oTpuIiaTeIHFHBIMY T10-
JIOXKEHHUEM TIOJIPa3yMeBaeTCs CIydai, KOrjaa MexXIy
TenoM OoJTa U KPOMKOI OTBEpCTHs MO Hampasie-

HUIO TPUJIOKEHUSI HArpy3Ku uMeeTcs 3a30p. B mc-
CJIelyeMbIX YHCICHHBIX MOZENSX B MOMEHT IPHIIO-
JKEHHSI Harpy3KH TeJI0 00JITa MMENO HeTOCPEICTBEH-
HBII KOHTAKT C KXKJ0W U3 KPOMOK OTBEPCTHI JeTa-
JIel 0 HapaBJICHUIO TTePEeaur U BOCTIPUSTHS TIPH-
JIO’)KECHHOU Harpy3KH.

[IpuBeneHHBIC AMArpaMMbl OTUYETIIMBO WJLTIO-
CTPHUPYIOT, YTO B KOMOMHHUPOBAHHBIX OOJITOCBAPHBIX
COCIMHCHMAX HaOII0JaeTCs COBMECTHAs paboTa pas-
HOJeOPMATHBHBIX CBS3CH.

= SM345Comb-8t

= SM345Comb-0t

SM345Comb-4t

SM345Comb-10t

-===-SM345W

- =SM3458B

3,5

350
300 / 74
m ,o’— r7
< pt
g I 4
(2]
2 / .
150 4 -
s -
e =k
100 7
9138
50 - i —'/
1/
0
0 0,5 1 1,5 2 2,5 3
IlepeMelieHue TOPUOB KPAfHUX MJIACTHH, MM
Puc. 7. lnarpaMmsbl paGoTHI O HArpy3K0i 00pa3IoB YHCICHHOTO MOIEITUPOBAHHS
3akaouenne. HccienoBaHue KOHEYHODJIE-

MEHTHOW MOJieJIn OOJITOCBAPHOTO COEIUHEHMs, 00-
pPa30BaHHOTO Kak 00JITOBOE COeIMHEHHE, YCUIIEHHOE
MIpH YaCTUYHOW pa3rpy3Ke CBapHBIMHU IIIBaMH, MTOKa-
3aJI0 CIenyIoLIee:

- mpenenbHas Harpy3ka Ha OOJITOCBapHOE CO-
eMHEeHue O0JbIle TPeAeNbHBIX HArpy30K OTAETHHO
0O0JITOBOTO U CBAPHOT'O COEIUHEHUS], TapaMeTpPhl KO-
TOPBIX aHAJIOTMYHBI TEM, YTO IIPUHATHI B 00JITOCBAp-
HOM coefguHenun: Ha 1182 % u 34,6 % coorBeT-
CTBEHHO;

- 1e(OpMaTUBHOCTb KOHEYHOSJIEMEHTHOW MO-
neny (cONMMKEeHre TOPIIOB) B HANPABICHUU IMPHIIO-
JKEHHOTO TIOCJI€ YCHJICHHSI BHEIIHETO BO3JEHCTBHA
MeHbIIe 1eOPMATUBHOCTH MOJETU OOJITOBOIO CO-
€IMHEHNSI U MEeHbIIe Je()OPMATUBHOCTH CBAapHOTO
coequHeHus: Ha 18,2 % u 14,2 % cOOTBETCTBEHHO;

- mpenenbHas Harpy3ka Ha OOJITOCBApHOE CO-
eauHeHue Ha 16,7 % MeHbIIe cyMMBI MPEIEIbHBIX
Harpy3oK OTJAEIHHO ISl GOJITOBOTO W CBapHOTO CO-
eIMHEHU;

- 3(hpeKTHBHOCTH COBMECTHOI pabOTHI OONTOB
U CBAapHBIX IIBOB B KOMOWHMPOBAaHHOM OO0JTOCBap-
HOM COEIWHEHWU, JJISl MUCCIEJIOBAHHOTO BapHaHTa
€ro KOHEYHORJIEMEHTHOM MOJIEIIH, MOKHO OIICHUTH B
83,3 %, uTo 00YCIIOBIECHO BIMSIHUEM PA3IUYHON Be-
JMYUHBI JeOpPMaTUBHBIX CBOWCTB CBS3EH B COeIU-
HEHHU B BHJIE OOJITOB M CBAPHBIX IIIBOB;

- s obecniedeHns 3pPEeKTUBHON COBMECTHON
paboThbl OONTOB M CBapHBIX IIBOB B KOMOMHUPOBAH-
HOM COCJTUHEHUH YaCTHYHYIO Pa3rpy3Ky O0JITOBOTO
COCJIMHEHUsI, TIepell €ro YCWICHHEM CBapHBIMH
LIBaMH, CJIEAyeT MPOM3BOIUTH 10 YPOBHsI HE MEHEe
70 % OT pacueTHOH MpeneNnbHON Harpy3KH 10 KPH-
TEPUIO CMSITHSI.
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STRESS-STRAIN STATE AS THE IMPLEMENTATION OF COLLAPSE
AND SHEAR IN A BOLTED-WELDED JOINT

Abstract. The results of the studies are presented which is an extension of the earlier authors’ work of
combined bolted-welded joints for building steel structures. Data on the parameters of the stress-strain state
of finite-element models of physical specimens of bolted, welded and bolted-welded connections are given.
These specimens are manufactured and are being prepared for testing. There are some special features of
design of physical specimens and numerical models: the conditions which have been created for realization of
limit state, conditioned by crushing of bolt edge of a hole in a thinner piece and its consequent breaking (poking
out). Subsequently, it is supposed to compare data on the parameters of the numerical models and physical
samples. Considering computer modeling of bolted-welded specimens, it is assumed that welds are made (im-
posed) after a finite-element model of the bolt connection has been loaded to a certain part of its bearing
capacity according to the crushing criterion. Such conditions correspond to the operation of a bolted joint
reinforced at partial unloading by welds. Thus, it is assumed that the bolted joint will be deformed largely
before it is reinforced with welds. According to the authors' hypothesis, it will create favourable conditions
for joint operation of the bolted joint and welds during its loading after reinforcement. The generally obtained
numerical simulation data confirm the above hypothesis on the possible joint operation of welds and bolted
Jjoint, in which the limiting state in terms of buckling is realized and which is reinforced by partial unloading
with welds.

Keywords: combined bolted-welded joint, finite-element modeling, stress-strain state, deformability,
load-bearing capacity, bolted and welded joints.
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UHTEJUIEKTYAJIM3AINUA TEXHOJOI'MYECKUX MTPOIECCOB CTPOUTEJIBHO-
TEXHUYECKOM YKCIIEPTU3bI

AnHOmayua: sKcnepmu3a mexHu4ecKko20 CoOCmosHUusl 00beKmo8 KanumanbHo20 Cmpoumenrscmed s16/s-
emcsl Kouegol 3a0auell YRpasuisiiowux KOMIAHUL, Opeanu3ayull, obecneuugaowux Haonexcawee QyHKyuo-
HUpO8aHue 06beKMos8 U OPeano8 UCNOTHUMENbHOU 61acmu — banrancocooepaicameneli OOTLUUHCMEA 00beK-
Mo COYUaIbHOU UHGpacmpyKmypul 20po0os. I panuyrnoe cocmosanue 00vexma, COOmeemcmeayrouee Kpumu-
YeCKUM UBMEHEeHUsIM 8 00pasyiouwell KOHMYp e20 KOHCMPYKMUGHOU 0e30nacHocmu U (QYHKYUOHATbHOU
HAOEICHOCMU CIMPYKMYPe, 6bIAGIAeMCs U OUASHOCMUPYEMCsi RO POy GHEUHUX NPUSHAKOG (OedeKkmos), Ko-
JUYEeCMEEHHAs OYEHKA U KAYeCTNBeHHAsl UHmepnpemayus KOmopulx onpedensem, KaK oobwue pe3yibmamsl
aKCnepmu3sbl 00beKma, max U KOHKpenmmuvle KOHCIMPYKMUGHO-MEXHON02UYeCKUe Meponpusmus no obecneye-
HUto e2o Oanvrelutell bezonacrnoil sxcnayamayuu. Ceés3aHHbLIL ¢ OOTLUUM KOTUYECBOM NOJIeSbIX U KAMEPATb-
HBIX UCCIe008aHUL, NPOBOOUMBIX 8 YCIOBUSX, HE2AMUBHO CKA3IBAIOWUXCA HA KAYecmae pe3yivmamad, opea-
HU3AYUOHHDLE CILOJNCHOCTU 8 APXUBUPOBAHUU, OOKYMEHMUPOBAHUU U OUHAMUYLECKOM AHAU3E YCMAHOBIEHHBIX
Odepexmos 30anuii, 0eraom npoyecc IKCNEPMmMU3bl 00PO2OCMOAUUM, MATOIDDEKMUBHBIM U HEPAYUOHATIbHBIM
8 0bwem codepacamenbHom bananca 0ovekma. Ipphexmueroe u nepcneKMuUsHoe peuterue 3a0a4u CHUNICEHUs
PecypcoemMKocmu npou3800Cmed IKCnepmu3 30aHull 8 4acmu OUAeHOCMUKU U 0epexmos u opmuposanus
OCHO8 OanbHelulell Cosemyiouell AHATUMUKY, CYWeCmeeHHO YNPOWaowux 6bl00p IyYux U 9KOHOMUYECKU
PAYUOHANLHBIX YAPAGIEHYECKUX PeUleHUll 8 MEeXHUUeCKol dKCHIYamayuu 30anull, npeoazaemcs Ha 0CHOGe
68e0€HUsL 8 IKCNEPMHYIO 0eSMENbHOCMb JNIeMEHMO8 HelipOCeme8020 anaiusd i obecnevusaryeo ungpopma-
YUOHHO20 MOOETUPOBAHUSL. ABMOPAMU NPEONOICEHBL OMOETbHBLE NOIONCEHUS UHMENEKMYATU3AYUY OeqheK-
MOCKONUY 30aHUsl, pedanusyemvle U anpooupyemvle Ha 00beKmax npogoOUMbIX CHPOUMENbHO-MEXHUYECKUX

IKCNEpmuU3 pecuota.
Knroueswvie cnosa:

CmMpoumenbHo-mexHudeckas IKcnepmusa,

cmpoumenvHas  0eeKmocKonus,

Heﬁpocemb, uCKyCCWlGeHHblﬁ uHmejieKkm, 2]2)/607(‘61}2 ceepmoyvHas cenivb, ceemenmayus u306pa:)fceHmZ.

Beenenne. CBOeBpeMEHHOE BBISIBICHHE e(eK-
TOB U ITOBPEXXICHUN CTPOUTEIBHBIX KOHCTPYKLUH, a
TaKXe KOHTPOJIb 32 UX Pa3BUTHEM BO BPEMEHH, 1103~
BOJISIET CYIIECTBEHHO MPOJJIHUTH XKU3HEHHBINH ITHKIT
31aHUH ¥ COOPY)KEHUM IIyTEM CBOEBPEMEHHOI'O BbI-
MIOJIHEHUS] PEMOHTA U OOCTYXUBaHHS TOBPEXIEH-
HBIX KOHCTpyKUMid. [Ipn oOcnenoBaHnu CTpouTeIb-
HBIX KOHCTPYKUUH 3JaHUA U COOpPYKEHUH mnepen
9KCIEPTOM CTOMT 3aJa4a 110 BBIIIOJHEHUIO HE TOJIBKO
BH3YaJIbHOTO OCMOTPA, HO U 10 MPOBEJICHHIO OO0JIb-
[IOr0 KOJIMYECTBA MWHCTPYMEHTAIBHBIX M3MEpPEHUH,
KOTOpBIE, C y4eTOM OOJBIIOT0 KOJIWYECTBA CTPOU-
TENBbHBIX KOHCTPYKLHMH, MOJUIeXaluXx o0cienoBa-
HUIO, OJHOTUIHOCTBIO M MacIITaOHOCTBIO TOBpe-
KJICHUI, 4aCTO HE BBIIIOIHAIOTCS B TIOJTHOM 00bEME,
a B OTYET NOMAaJar0T MapaMeTpbl, OIIEHEHHBIE JKC-
HEPTOM «Ha I1a3y. Taxxke, 3auacTyro, o0cieyemMble
CTPOUTENbHBIE KOHCTPYKLIMH HAaxXOIATCS Ha OOINb-
LIOW BBICOTE M JJIs1 OCYIIECTBIICHUS OCTYNA K HUM
TpeOyeTcsl MCIONb30BaHHE IOABEMHBIX MEXaHM3-
MOB, YTO TaK)X€ MPUBOJUT K MOIYYEHHIO HEJOCTO-
BEPHBIX JIAHHBIX O TapaMeTpax Ae(QeKToB W HaKall-
JIMBAHHUIO OLIHOOK B COOpaHHOM 00BbeMe HH(pOpMa-
umu. [Ipy BBIMONHEHWM OUHAMHWYECKOTO aHalN3a
BBISIBICHHBIX A€()EKTOB BBHIILICONMCAHHOE YITPOLIE-
HUE TIOJNY4YEeHHS HUCXOAHBIX AAHHBIX HPHUBOAMUT K

OIIHOOYHOCTH BBIBOJOB W MPOTrHO30B I10 ,I[aJ'IBHeﬁ—
meMy pa3BUTHUIO HG(I)CKTOB, 4TO BCACT K HECBOCBPC-
MCHHOCTH BBIITOJHCHUA PEMOHTHO-BOCCTAHOBUTCIIb-

HBIX paboT.
PyuHo#i crtoco0 BISIBICHHS U TapaMeTpU3aIin
JnePeKTOB BEChbMa TPY/A03aTpaTHBIH u

MHOTOJIENbHBIA, YTO OTPa)X]aeTcsi Ha CTOUMOCTH
BEITIOJTHEHHS 00CIeIoBaTeNbCKUX paboT. Bricokas
CTOMMCTh OTpaxaeTcst Ha HapyLIEHUU
MePUOTUIHOCTH MIPOBEICHUS TJIAHOBBIX
00cyeIoBaHHM, a JJIUTEIIbHBIA TPOMEKYTOK MEKIY
DKCIIEPTU3aMH C OTCYTCTBHEM, KakK IIPaBHIIO,
MaTepuaioB paHee IPOBEIACHHBIX O0CICIOBaHMIA,
NPUBOAUT K HEMPABWIBHOW IMOCTAHOBKE LENe u
3aJ1a4 MPOBEICHUS 00CIIe0BaHUs, HEKaYeCTBEHHOM
MMHAMHAYECKON OIleHKE Ne(PEeKTOB M MOBPEKICHUMN,
MIPEIOKCHHUIO HEPAMOHATBHBIX U SKOHOMHYECKHU
HEA(P(GEKTUBHBIX ~ METOJOB  BOCTAHOBJICHUS U
YCUJICHHUSL.

Panee B crtathe [1] aBTOpaMu yTBEp>KAaloCh,
YTO MEPUOAUYHOCTD U IOCTOBEPHOCTH CTPOUTENHHO-
TEXHUYIECKUX DKCIIEPTU3 MOXKET JOCTUTATHCS 32 CUET
aBTOMAaTH3alIMKU Mpoliecca coopa U aHaiu3a HHMOP-
Mauu 0 Jae(eKTax CTPOUTENIbHBIX KOHCTPYKIIMH
3IaHUN U COOPYKEHUI Ha MpUMepe TUIOCKUX PYJIOH-
HBIX KpOBEJb. JTO KacaeTcs U APYTUX CTPOUTEIb-
HBIX KOHCTPYKIWH, UMEIOIINX THITOBBIC JTe(DEeKTHI U
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noBpexaeHus. [Ipemxnokennas MeTonuka obmanaeT
OONBIIMM MTOTEHIMAIOM COBEPLICHCTBOBAHUS U TIO-
BBHIILICHHUS KayecTBa MPOBOAMMON Ae(EKTOCKOMUU
IIPU YCJIOBHH UCTIOJIB30BAHUU COBPEMEHHOM 11 ppo-
BOH (poTO- M BUAEOANIApaTyphl, B TOM YHUCIE, yCTa-
HOBJICHHO Ha IPOHAX, C OCTeAYIOIIel 00paboTKOM
WHPOPMALIUN aNrOPUTMaMH, pa3paboTaHHOM aBTO-
paMHu HEHPOCETH.

OcHoBHasi YacTh. AHAIN3 HAYYHBIX MyOJINKa-
LU MOKa3bIBAaeT, YTO 3a IMOCIEIHUE I'OAbI IPOBE-
JIEHO 0O0JIbIIOE KOJMYECTBO MCCIIEA0BaHUM, B 001a-
CTH cerMeHTaruu (HhoTon3o0pakeHni sl oOHapy-
JKEHUS PACIIONIOKEHHBIX HAa HUX 00beKTO [2—4]. Oc-
HOBHAs 1IeJIb aHAJTU3a TaKuX M300pakeHuil B obia-
CTH CTPOUTENBCTBA — 3TO MPOBEJCHUE TPagOCTPOU-
TEJIHOIO0 MOHUTOPUHIA CYLIECTBYIOLIEH 3aCTPOHKH
TEPPUTOPHUIA WM MMEroIIeicss HHPpacTpyKTypsl. B
obyactn oOcnemoBaHUsI KPOBENb CYIIECTBYIOT pa-
OOTBI, ONMUCHIBAIOIINE TMPOIIECC PACIO3HABAHUS OT-
JeNbHBIX Je(EeKTOB TI0 MH(PPAKpacHBIM H300pake-
HUSIM, TTOJYYCHHBIM KaK TEIUIOBH3MOHHBIMH, TaK U
MYJBTUCTICKTPAIbHBIMU KaMepaMmu [5], TmpH STOM
MIPUCYTCTBYIOT (DaKTOPHl CErMEHTAIlMH O00JacTei
KpPOBEJb C Pa3IM4HBIM YIJIOM CKaTa, KOTOpPhIE IO-
IpoOHO ucciieayercs B padote [6]. Bce aBTOpEI B Toi
WJIM MHOW CTETICHU CXOMATCS BO MHEHHUH, YTO OCHOB-
HBIM (PAKTOPOM, OTPAHWYMBAIOIINM IPUMEHEHHUE
METOAOB KOMIIBIOTEPHOTO 3PEHUs AJISI SKCIEPTU3bI
CTPOUTEIBHBIX KOHCTPYKLMH 3HaHUM M COOpyxe-
HUH, SBISIETCS CI0KHOCTh yYeTa BIAXKHOCTH OKPHI-
THSI, OCBELICHUsI 00CIIEelyeMbIX MMOBEPXHOCTEH, Te-
Hell. Penenue 3THX BOMPOCOB MOXKET OBITH JOCTHT-
HYTO MYTEM YCIIOXHEHUS alTOPUTMOB Paclio3HaBa-
HUS M300paKEeHHM, a TAKXKE YCI0KHEHHEM U YBEJIU-
yeHreM o0bemMa paboT 1Mo 00y4IeHHI0 HEHPOCETH.

Kpome aBTOMaTH3MpOBaHHBIX CUCTEM 00CIEn0-
BaHUsI KPOBEJb CYIIECTBYIOT TEXHOJIOTUH PACIIO3HA-
BaHUsI KOPPO3HOHHBIX MOBPEXICHUH OallIeHHBIX CO-
OPYXXEHUM, 3aKII0Yaroluecss B JIETEKTUPOBAHUU
KOppo3uu 1o $oTo- ¥ BUJeOMaTepruaiaM ¢ OLEHKON
IUIOINAAN TOBPEXAEHHUs, HO 0Oe3 JAMHAMHYECKOTO
aHaJM3a pa3BUTHS 1e(EKTOB.

Ha Texymumii MOMEHT BpEMEHH IS pEATIU3ALNN
anmapaTHO-MPOrPaMMHOTO KOMILIEKCa HCIOIb3Y-
eTCsl CIIeyIoNIee N3MEPUTETHHOE, TUArHOCTUIECKOE
U TIO3ULMOHMPYIOIIee 000pyI0BaHHUE!

- kBagpokontep DJI Mavic 2 Enterprise Dual,
OCHAIIICHHBIN KaK OOBIYHOMW, TaK ¥ TEIIOBU3HOHHON
KaMepou;

- mapk (oTo- u BHIEOKaMep, B TOM YUCIIE Ha
0ase cmaptdoHoB o yrnpasnenuem [0S u Android.

- Tpaduueckasl CTaHIMS ISl Pa3BEePTHIBAHUS,
00y4amImero 1 aHaJU3UPYIOLIETO MOJIb30BaTEINb-
ckoro I10.

KiroueBsiM (hakTOpOM KadecTBa MpeajiaracMon
TEXHOJIOTHH aBTOMATH3AIMH ITOMCKA U IMArHOCTUKU
neeKTOB 31aHuil SIBISIETCS TMOBTOPSIEMOCTh YCJIO-
BUH TMarHOCTUPOBaHUs, o0ecrieurBaeMast porpam-

MHUPYEMON TPaeKTOpPUEN ABUKEHUSI HOCUTEIN Jua-
THOCTHYECKOT0 000pYyIOBaHUsI U TIOJHOW aBTOHOM-
HOCTBIO UCTIOJIHEHHS UM TMOJIETHOTO 3aJaHHs B CIIy-
yae npumeHeHns bI1JIA. ®opMynupoBKka MoixeTHOTo
3amaHus, 000CHOBAHHOCTh KOTOPOTO CYIIECTBEHHO
BIIMSCT Ha KaueCcTBO HaOMIOneHUH medeKTOB U pe-
3yNIBTaThl MPOBOJUMOM ASKCHEPTH3Bl PAllMOHATBHO
CTPOUTH B HECKOJILKO KIIFOUEBBIX TAIOB, ONpEIes-
IOLIUX TaOJMYHOE TIPEICTABIICHNE 3aIaHUsL:

1. 3amanne macmmrabda ¢potorpadupoBaHs, IpH
3aIaHHON BBICOTE IIOJIETa HAJl OOBEKTOM/PAcCTOsI-
HUA 10 pororpadupoBaHms;

2. 3amaHue TPOJOIBHOTO U MOMEepevHoro 0Oa-
3uca GororpapupoBaHusl, 3SHAYCHUN TPOIOIBHOTO H
MOMIEPEYHOTO MEPEKPHITHS;

3. 3aganue uHTEpBana GotorpadupoBaHus, OC-
HOBAHHOTO Ha TIPOAOIBHBIX 0a3MCcax O MACIIOPTHON
KpeHCcepCKOl CKOPOCTH HOCUTENsS B Mpenenax pe-
JKMMa MaKCUMAJIBHOM IPOCTPAHCTBEHHOM YCTONYM-
BOCTH;

4. 3agaHue BETUYUHBI CMa3KH ISl TTHUKCEIS
¢doTo-BuIe0 PparMeHTa, OCHOBaHHYIO Ha TEXHHUYE-
CKHX XapaKTePUCTUKAaX HOCHTENS U (POTOONITHKH H3-
MEPHUTEIHHOTO 000PYIOBAHHS

Peanusyemsblii mpu ampo®anuu TEXHOJIOTHU
MOJXO0J K HEHPOCeTeBOMY O0Y4YEHHIO CHCTEMBI pac-
MO3HABaHMs TUATHOCTUPYEeMBIX 3(P(EKTOB CTaBUT
[ENTBI0 KaTaJOTH3aIHI0 W KOIMIECTBEHHYIO OICHKY
napameTpoB aedexTa, GopMUPYIONUX OCHOBY J1aTh-
HEHIIero JTama YIpaBIEHYECKOTO COBETOBAHWSL.
[Ipumep Takol kaTajsorusanuu, MPOBEIEHHON aBTO-
paMH Ha THUIMOBBIX AedeKTax IUIOCKAX PYJIOHHBIX
KpOBEJb MpeicTaBieH B Tab. 1

IToaxon, ucnosib3yeMsblii B X0J1€ HEUPOCETEBOTO
00ydeHus] CUCTEMBI PacliO3HaBAaHUS KaTaJIOTH3HPO-
BaHHBIX B Ta0I. 1 neeKTOB CXeMaTHIHO MPEACTaB-
neH Ha puc. 1 [7].

[ony4yeHHbIE BBITOTHEHNEM MapIIPYTHBIM 3a-
JAaHWUSI HOCHTENsT 00OpYy/IOBaHUS, JIOKATN30BaHHBIE
(reoererrupoBaHHbIe) POTOCHUMKH aHATUZUPYIOTCS
0 KJIACCH(HKATOPY BBISBISAEMBIX Je(PEKTOB B 00eC-
MEYEHHOM BBIYHCITHTEIBHBIMI BO3MOKHOCTSIMH all-
MapaTHOTO OOECIIEYEeHUs] PEKUME PEaNbHOrO Bpe-
MEHHM WM KaMepalbHOW 00paboTKH. YCTaHOBJIEH-
HBIE aTpHOyTHUpYyEMBbIE AePeKTaM H300paKeHHS Cer-
MEHTUPYIOTCA, U KaKIO0r0 U3 CErMEHTOB ONpeje-
JSIIOTCA KOJIMYECTBEHHBIE TTapaMeTphl XapaKTepHOU
o0acTi n300paskeHMsI, OTHOCHMBIE K OLICHUBAEMBIM
nokazarensM Jiegekra (IUIomaab, MepuMeTp, Tiy-
OWHa, CTETNeH IMOpaKeHWS, JMHAMHYHOCTH pPa3BH-
THS), IOJYTOHOBBIE MAaCKH KOTOPBIX COXPAHSIIOTCS B
BIM-kommumenTapHom ¢opmare *.xml. Joctyn k
KOJINYECTBEHHBIM ITapaMeTpaM OTKPBIBACT IINPOKHUE
OMLIMOHAIBHBIE BO3MOKHOCTH PUMEHEHUS Pe3yib-
TaTOB 3KCIEPTU3bI B HHOOPMAIIMOHHOM MOJIEITUPO-
BaHUHM, CMETHOM IMPOCKTHPOBAHWH, OpraHU3aIlu-
OHHO-TEXHHYECKOM TUIAHUPOBAHHM PEMOHTHBIX pa-
00T.

Tabruya 1
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Karanoruzamus AUATHOCTHPYEMBIX Ile(l)eKTOB Ha nMpuMepe MJI0CKUX PYJOHHBIX KPOBEJIb

HedexT, onucanue

[Ipumep nquarHocTupyeMoro
U300paKeHHs

JloxanpHBII TOMTOIOTMYECKUH Ae(heKT: BIIaJiHbI, BEI3HIBAIOIINE 3aCTaNBa-
HHUE BOJBI Ha TIOBEPXHOCTH KPOBEIHHOTO ITOKPHITHS

JIoKanbHEBIA TOHOJIOrMYECKUM ,I[e(i)eKTI B31YTHUEC, BBI3BIBAIOMICC MOTEPIO
LEJIOCTHOCTU KPOBCJIbHOTO MOKPBITUA

JloxanpHBIN CTPYKTYpHBIH AedeKT: pacTpecKWBaHHUE, CBUAETEIHCTBYIO-
I1ee 0 HAYMHAIOLIEMCs HapyIICHUH [ETIOCTHOCTH U THAPOU30ISIIHOHHBIX
CBOMCTB KPOBEJIBHOI'O KOBpa

JlokanbHbI CTPYKTYpHBIH Ne(eKT: pa3pbiB, CBHACTEILCTBYIOLIUN O 3a-
BEPIIUBIIEMCS HAPYLUICHUH [IEIOCTHOCTH M THAPOU3OJIALIMOHHBIX CBONHCTB
KpOBEJIBHOTO KOBpa

JlokanbHbI CTPYKTYpHBIA JeeKT: oTciIanBaHue, CBUIETEIbCTBYIONIEE O
3aBEPIUUBIIEMCS HApYILIEHUM ILEJIOCTHOCTH U TUAPOU30JIALIUOHHBIX
CBOMCTB KPOBEJIBHOI'O KOBpa

JlokaJIbHBI CTPYKTYpHBIH Ae(EeKT: PEeMOHT, CBHICTEILCTBYIOUIMHA 00
OTPaHUYEHHON LIETOCTHOCTH M THAPOU3ONILIUOHHBIX CBOMCTBAX KPOBEIIb-
HOTO KOBpa

JlokanbHbI CTPYKTYpHBIH e(EeKT: OTCYTCTBHE KOBPA, CBUIETEIHCTBYIO-
X 0 TEXHOJIOTUYECKUX HEM0CTAaTKaX MPOU3BOJICTBA KPOBEIBHBIX PaboOT
1 TIOJTHOM HepabOoTOCIIOCOOCHOCTH KPOBIIH

JIoKaJIbHBIA TOIOJIOTHYECKUM I[e(l)eKTZ OHOJIOrHYECKast KOppo3ud, CBUJC-
TeJ'IBCTByIOHII/Iﬁ 0 HapyHICHUH TCIIONU30JIUPYIOIINX CBOICTB TMOKPBITUS
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KBagpokontep

A3podOTOCHUMKM

[edekTbl

v/

lMnockasa kposaA

CermeHTMpOBaHHbIE
n3obparkeHuns

Anroputm
pacno3HaBaHuA

nedeKToB KpoBun
XML-daiinbl c tHPopmaumein o

naowaau, nepumerpe u

MeCTONONIOXKEHNN KaXKaoro p,ed)eKTa

Puc. 1. Ctpykrypa noaxoza HeiipoceTeBOoro 0OyueHus! CUCTEMBbI pacrio3HaBaHus 1eeKToB KpOBiH [7]

KonnyecTBeHHBIM TIapaMeTpoM OILIEHKH Kade-
CTBa PabOTHI peaTM30BaHHBIX B CHCTEME aJTOPUTMOB
CerMEHTAIMU sABJIsIeTCs: Mepa Dice, npeioskeHHast |
oOocHOBaHHasl pabdoramu [8] u [9] moapoOHO ormu-
CaHHas aBTOpamu B [7].

ParnmoHanbHBIM MOAXOIOM MpH OOHAPYKCHUU
Ne(eKTOB TUIOCKOW KPOBJIM, IO MHEHHIO aBTOPOB,
SIBIIIETCSl aHAIIM3 OWMHAPWU30BAHHOTO OJTHOKAHAIb-
HOTO M300pakeHus, MOTy9aeMOro Ha OCHOBE ITOPO-
rooro RGB-HSV mnpeobpazosanust [10]. I[Topor
nmpeoOpa3oBaHusi B OTOM Ciy4ae BbIOHpaercs
OTIBITHO-UTEPANIMOHHO, YUYUTHIBASI ONITUYECKUE CBOM-
CTBa AHAIM3UPYEMOH TMOBEPXHOCTH U YCIIOBHUS €€
OCBEIIICHHOCTH, YCTAHOBUBIIKECS B MOMEHT (poTO-
rpadupoBanus. B nienom, npeanaraeMelii alropuTM
CerMeHTaInu n300pakeHus ¢ gedexTaMu Ha OCHOBE
HSV-npeoOpazoBanust CBOIUTCS K CIEAYIOIIUM OC-
HOBHBIM JTariam:

1. CriaxxuBaHHe BXOJHOTO I[BETHOTO H300pa-
xeHus GuabTpoM ["aycca 11l MogaBiIeHuUs IIyMOB.

2. JuddepeniupoBanHoe HSV-
mpeoOpazoBaHue CriaxkeHHoro BxojaHoro RGB
M300paKEHUSI C yCTAHOBICHHBIMH TPAHHUIIAMHU II0
Hmin, Hmax, Smin, Smax, Vmin, n Vmax-

3. TloporoBass OwHapuzanus (MacKHpPOBaHUE)
HCXOJIAIIEr0 OJHOKAaHAIBHOTO M300pakeHus 1Mo Oe-
nomy 255 u yepnomy 0 3HAYEHUSM OT TOMANIaHUS
MUKCEJIeH UCXOIHOTO MHOTOKAHATIBHOTO H300paxe-
HUA B ycTaHoBleHHble HSV-rpanuisl.

4. OTpIcKaHME Ha TOJYYeHHOM OMHApPU30BaH-
HOM OJJHOKAaHAJILHOM HM300pa)KeHUU 8-CBS3HBIX 00-
JlacTeil HMCIOJIb30BAHUEM JIBYXIPOXOJHOTO aJro-
putma [11].

5. PamkupoBaHre HAWIEHHBIX CBS3HBIX O0Ja-
CTEeil O MOpPOTOBON BENMYWHE TUIOMIAAH OOJACTH,
OTCEYEHHE CIyYalHbIX U MAJIO3HAYMMBIX 3HAUCHUH,
ornpezeNneHne MUKCEIbHbBIX, a C UCIOIb30BaHUEM 3a-
JAaHHOTO MacmTaba W300paXeHHWsT W BEJINYMHBI
cMa3Kku (OTO — U TEOMETPUIECKUX TTapaMeTPOB BbI-
SIBIICHHOTO JiepeKTa.

7. ApxuBanust OMHApPHU30BaHHOTO U300paKEHUS
* jpg M akTyanm3upoBaHHON Macku *.xml ¢ opraHu-
3alel JocTyna npu HHQOPMAIIMOHHOM MOJIEITHPO-
BaHUM, TUHAMHUYECKOM U CMETHOM aHAJIN3€ Pe3yJib-
TaTOB IPOBEJICHHOM AMATrHOCTUKHU.

ABTOpaMHU TpeUIOKEeHa peau3alisl ONuCaH-
HOT'O aJropuTMa B KpOCCIUIAT(GOPMEHHOW cpeje
python 3.5, 37eMeHTBI HOJIB30BaTEILCKOIO HHTEP-
(etica npuoxeHus NpeAcTaBieHsl Ha puc. 2. [lpu-
JIOKEHUE TI03BOJISIET paboTaTh C OCHOBHBIMH IMapa-
METpaMH aJirOpUTMa, OTJaKUBAaTh 3MIIUPUUECKHUE
XapaKTepUCTUKU PAcIIO3HABAHUS, BU3YAIbHO aHAJIM-
3UpOBaTh PE3yNbTaThl JAUArHOCTHUKM Ha 3arpyxae-
MBIX a9pO(OTOCHIMKAX.

[IpakTHuyeckn ycTaHOBJIEHHBIM HEIOCTATKOM
pEeaIM30BaHHOTO TPHUJIOKEHHEM aITOpUTMa SIBIIS-
ercs  HeoOXoauMocTh  IU(GepeHIIMPOBAHHOTO
Ha3HAYEHHS CYIIECTBEHHO OTJIMYAIOIIUXCS IOPOrOB
SpKOCTH. {151 IpeoaoneHns 3Toro HeAocTaTKa Uc-
CJIeIOBaHbl BO3MOXXHOCTH TEXHOJIOTHH TITyOOKHX
HEHUPOHHBIX CETEH, YCIEIIHO 3apeKOMEHOBABIINX
ce0s B CXOOHBIX 337a4ax M3 Apyrux obmacreit [12]
BBISIBIIEHAa HEOOXOTUMOCTH KOPPEKTUPOBKH 00yHdaro-
1meit BEIOOPKH, Copep KaIiei mapsl (IBeTHOE N300pa-
JKEHHEe, CErMEHTHpPOBaHHOE OWHApHOE H300paxke-
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HHE), COBEPLICHCTBYyeMbIC Bpy4Hy0. s moxro-
TOBKH TaKOHW BBIOOPKM B IIPUIJIOKCHHE BHECEHA OII-
LUl PYYHOTO PENaKTUPOBAHUS MOJy4yaeMOro OMHa-
pu30BaHHOTO M300pakeHus (puc. 3).

I'mybokue cBepTOUYHBIE HEWPOHHBIE CETH MPH
paboTe ¢ H300paKEHUSME TTO3BOJISIOT aBTOMaTHYe-
CKH BBISBJIATH UX TEKCTYpHBIE OCOOCHHOCTH, YTO
0co0eHHO A(PPEKTUBHO U paccMaTprBaeMoOW 3a-
Jagm.

a

[Ipu BbIOOpE aApXHUTEKTYpHl HEHPOHHOH ceTh
VYUTBIBAIUCH MOJIXOJBI, JOKa3aBiime cBoro 3ddek-
TUBHOCTH Ha 3aJlaue CerMEHTAIlMH N300pakeHUH Ha
oOyuJatoieil BEIOOPKE pa3MEUYCHHBIX H300paKCHHIMA
PASCAL VOC [13], conepxameii 21 pa3mndabIx
TUNOB mnukcened. K TakuM moaxonaM OTHOCHTCA
0o0y4yeHre MOJHOCTBI0 CBEPTOYHBIX HEHPOHHBIX Ce-
teit — FCN [14], ucrione3oBanHbIH B padote [15] mis
3a/a4 CEerMEHTAlMN OMOMEIMIIMHCKUX W300paxe-
HUH.

o
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Puc. 2. DnemenTh HHTEP(EICA aBTOPCKOTO MPUIIOKEHHUS [IISE PACTIO3HABAHHS 1e(DEKTOB HA OCHOBE
HSV-npeobpazoBanus [7] : a — 3arpyeHHOE N300pakeHne, 6 — pacro3HaHHbBIC 1e(EKTHI
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Puc. 3. [IpumeHeHne pa3nnyHbIX HOPOTOBBIX 3HaYeHHH anroputMa HSV-npeobpazoBanus
JUTSI KOPPEKTHOTO PAcTIO3HABAHUS N300paxeHu [7]

[Iponecc oOyueHus cBepTOUYHONH HEHPOHHOMN
ceTH OBbLT BBIIOJHEH C TMOMOIIBIO ONTUMH3AaTopa
Adam [10] ¢ k03¢ dUIHEHTOM CKOPOCTH O0Y4eHUs
0.00001.

Pesynbrarsl 00y4eHus OTHOCTHIO CBEPTOYHBIX
HEUPOHHBIX CETEN MpeJicTaBleHbl Ha puc. 5. [Ipose-
JICHHBIM YKCIIEHHBIA AKCHEPUMEHT IPOJIEMOHCTPHU-

PpOBaJ BO3MOKHOCTH O0Y4€HUSI IIOJIHOCTBIO CBEPTOY-
HOM HEHpOHHOM CETH J0 MNpPHUEMIIEMOTO KadecTBa
CerMEeHTallM, 4YTO O0eCTeYnBaeT MPUMEHUMOCTh
rTyOOKOH TIOJTHOCTBIO CBEPTOYHOM HEHPOHHOU CeTH
B 33/1a4ax pacro3HaBaHUs U IUATHOCTUKH Je(QeKTOB
CTPOUTEIIBHBIX KOHCTPYKLNH 30aHUI U COOPYKEHUI

(puc. 6).
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Puc. 4. O6yuenue riy0oKoii cBepTOUHOM HEMpOHHOIT ceTn B TeueHue 80 srmox:
a — GYHKIUS TOTeph Ha 00yJaromei BEIOOpKe, O — PYHKIHMS MOTEph Ha TECTOBOM BRIOOpKE [7]

a b c

£ | \

Puc. 5. [Ipumeps! pacrio3HaBaHus 1e(DEKTOB C UCIIOIBE30BaHKE TITyOOKOH IMOJIHOCTHIO CBEPTOYHOM HEHPOHHOI ceTH [7]:
a, d, g, | — ncxonHele n300paxkenus, b, e, h, m — MOJIrOTOBICHHbIE OMHAPHBIE MACKH; C, f, k, n — pe3ynbTaThl paboThI

HelipoHHOM ceTn apxuTeKTypsl FCN
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Oomiee BpeMst 00yUYCHHUsI CBEPTOYHOW HEHPOH-
Hol cetu Ha 80 smoxax cocraBwio MeHee 20 MUH
(Tabn. 2), mpu CKOPOCTH pacrmo3HaBaHus 5—6 Kaj-
pOB/CEK. DTO MO3BOJISET BIOJIHATH aBTOMATHU3HPO-
BAaHHOE pACIO3HABaHHE JAC(PEKTOB CTPOUTEITBHBIX

KOHCTPYKILIMH B PEXHUME peanbHOro BpeMeHH, 0e3
CHIDKEHMS KayeCTBa U OIEPATHBHOCTHU IIPOBEACHUS
9KCIEPTHU3HI.

Tabauya 2

Pe3ynbTaThl pa6oThl I1y0OKHX CBEPTOYHBIX HEHPOHHBIX ceTeil

ApaneKTvypa HEeHpoH- Bpems oGyucHis Ha 80 sroxax, ¢ CpenHee BpeMst CETMEHTAIINN H300pakeHus
HOI1 ceTH B pe)KHME TECTUPOBAHUS, C
FCN17 1270.643 0,177 (5,65 fps)
FCNI13 1072.485 0,151 (6,62 fps)

[IpakTryeckoil peanuzanmeii MpeacTaBISHHBIX
ITOPUTMOB aBTOMAaTH3MPOBAHHOTO PACIIO3HABAHUS
NeQEeKTOB IUIOCKUX PYJOHHBIX KpOBENb 3IaHUI
cTaja pa3paboTKa WHKEHEPHOIO MPHIIOKCHUS,

a o

00eCIeYHBAOIIETIO TMOJIMKPUTCPUAIBHYIO JTHATHO-
CTUKY M KOJUYECTBCHHYIO OLICHKY TPEOYEMBIX IS
NPUHATHS TEXHUYCCKHX PENICHUH W TMPOBEACHUS
CMETHOTO aHAJIN3a XapaKTePUCTUK YCTAaHOBJICHHBIX
nedextoB (puc. 6, 7).

6 2

Puc. 6. Dtansl paboThl HHKCHEPHOTO MIPUIOKEHHS aBTOMATH3UPOBAHHOTO PACTIO3HABAHUS AE(EKTOB MIOCKUX
PYJIOHHBIX KPOBEIb: g — UCXOHOE H300pakeHHe; 6 — 0OHapYKEHHE PACTPECKUBAHUS; @ — OOHAPY)KCHUE B3YTHS;
2 — oOHapy)XeHHue 3aIIaToK

a 0

6
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Puc. 7. [IpakTudeckas paboTa B HHKCHEPHOM MPHUIIOKECHUE TIPU aBTOMATU3UPOBAHHOM PacIiO3HABaHUS Ae(DEKTOB ILJIOC-
KO# pYJIOHHOH KPOBJIX OOIIECTBEHHOTO 3[IaHuA B T. benropoe:
a — PEKOTHOCITMPOBKA KPOBIH 00ciIeyeMoro 00beKTa; 6 — IOJIeTHOE 3a/1aHie HOCUTEN0 000pyI0BaHUS;
6 — aKTyaJlu3upyemast KapTa YCTaHOBJICHHBIX JIe(DEKTOB KPOBIIH 3aHUS

PazpaboranHble anrOpUTMBI M WHXKCHEPHOE
MPWJIOKEHUE aNalTUPYETCs JUIsl pACIO3HABAHUSA H
KOJIMYECTBEHHON JIUArHOCTUKH MPOYMX JACPEKTOB

SI[aHI/Iﬁ u COOpyx(eHHfI, BBIABIICMBIX B aHAJIOTH4-
HBIX YCJIOBUAX CbCMKHU U I/I)_ICHTI/I(i)I/II_[I/IpyeMLIX CXO-
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XKHUMHU [IPOrPaMMHBIMH TEXHOJIOTUSIMU. Tak, Hanpu-
Mep, aBTOpPaMU IPOBOAMUTCS] KOMIUIEKCHAs paboTa 1o
MPUIOKEHUIO METOAMKH M €€ MPOrpaMMHOro obec-
MeYeHus K 3aa4aM aBTOMaTH3UPOBaHHOH eeKTo-
CKOIIMW TPEIIWH 3MaHui — nedeKTOB CXOXKeH cTe-
[IEHU PACHPOCTPAHECHHOCTU B CTPOUTEIILCTBE, aHa-
JIOTUYHON KPUTHYHOCTH AJIS1 KOHTYpa KOHCTPYKTHB-
HO¥ 6€3011acHOCTH U PYHKIIMOHATFHOW HaIe)KHOCTH
a o

W3oBpaxenue: photo_2022-04-17_14-02-40 jpg
MacwTaGHbii koadipuymenT (MM B 1 nikcene): 1.000
Pa3smep naoGpameHns: 960x1280

[invHa TpewyH: 4158.000mm

WupnHa packpbiTuA TpewmH: 10.601Mm

MNnowane TpewmH: 44056 000Mm

.?*?‘r;, 0 o

WMaobpaxenve : Treshhina-v-stene-89 jpg
Macirabisii kosthbuumenT (MM 8 1 nukcens): 1.000
Pasmep waoBpaxenva; BO0XG00

AnuHa TpelnH: 572.000mM

LLIMpHHE PACKPLITHA Tpewy: 6.344mm

Mnouwags Tpewk: 3629,000MM

3/IaHUs, TUHAMHYECKH MEHSIOIINXCS BO BPEMEHHU H
CTOJIb K€ TPYJOEMKHX B PYYHBIX TEXHOJOTHIX Je-
(exrockonuu (puc. 8), a TaKKe KOPPO3ZHOHHBIX T10-
BPSXKJICHUH METAITMYECKUX KOHCTPYKIMiA (puc. 9),
B TOM YHCJIE W TI0 TIIyOWHE KOPPO3NOHHOTO TOBpE-
JKICHHSL.

- Crack #145-121-45
Parameter Prg.;agaum_.

Pr.,mm |

ate
i| | 10/06/2020
10/06/2020
10/06/2020
05/06/2020
05/06/2020

MW
o
@
&

Puc. 8. Dtans! paboTH HHKXEHEPHOTO MPUIIOKEHUS aBTOMATH3UPOBAHHOTO PACIIO3HABAHUS TPEIIMH CTEH 3/1aHHIA:
a — pacro3HaBaHHUE TPEIIHH 10 (acany; 6 — paclo3HaBaHUE TPEIIMH B IIOKOJIE;
6 — IapaMeTPUIECKHH 00BEKT NHPOPMAMOHHON MOJICIH 3/JaHNs, aKTYaJIU3UPYEMBIH [P OBOJUMBIMH SKCTIEPTU3AMHA

Ground Truth Mask

8
Predicted Mask

Puc. 9. IIpumeps! pacrio3HaBaHKsT KOPPO3HOHHBIX TOBPEXCHHUI C HCIOIB30BaHUE TIIyOOKOH IMOJTHOCTHIO CBEPTOYHOM
HEWPOHHOM CEeTH: ¢ — HMCXOJIHOE M300paxkeHHe; O — MOJArOTOBJICHHbIE OMHAPHBIE MACKH; 6 - PE3YJIbTaThl PAOOTHI
HelipoHHOM ceTn apxuTekTypsl FCN

BruiBonbl. PazpaboTanHoe aBTOpaM MporpaMm-
HOe olecreyeHne, aBTOMATU3UPYIOIIEE MPOLEecC
pacro3HaBaHMsl U KOJUYECTBEHHOW OIICHKU Iapa-
METpPOB TPEIIMH B CTEHAX 37aHHH, 1e()EKTOB ILIOC-
KUX PYJIOHHBIX KPOBEIIb M KOPPO3HOHHBEIX TOBpE-
KICHUM METAIMYECKUX KOHCTPYKUUA MHOIO-
KpaTHO MIPOTECTUPOBAHO M HA HAaOOpe JaHHBIX, CO-
crosiieM u3 portorpaduii 1eHeKToB U UX OMHAPHBIX
MacoK. YK€ celuac MpeasioKeHHbIH MMOAXOA K
HEHPOCETEBOMY OOYYCHHIO aBTOMATHU3UPOBAHHOM
CHUCTEMBI PACTO3HABAHUS W JUATHOCTUKH THIIOBBIX
JNe(EKTOB CTPOUTENILHBIX KOHCTPYKIIUKA Ha OCHOBE

FCN mnokasan mpuemiiemMble pe3yiabTaThl CerMEHTa-
UK n300pakeHni 13 00ydaronield 1 TeCTOBON BBI-
OOpOK 110 MMOKAa3aTeo CpeAHEH BETMYMHBI MEpPHI Ka-
yectBa Dice, 4TO TIO3BOJISIET BBIJEISATH 00IACTH Ta-
KHX 71e(DEeKTOB KaK TPEIUHbI, KOPPO3Hsl, & TAKKE TH-
NoBbIe 1e(EKTHI INIOCKUX PYIOHHBIX KPOBEJb C MPU-
€MJIEMBIM [UIS TPAaKTUYECKOTO TPUMEHEHHS Kade-
CTBOM. B KauecTBe OCHOBHOTO alropuTMa MPHHST
paHee HE MPHUMEHABLIMICA K paccCMaTpUBaeMOM 3a-
Jlade MoIX0/1 Ha OCHOBE IITyOOKHUX IOJIHOCTBIO CBEP-
TOYHBIX HEHPOHHBIX CETEW, IMO3BOJISIIOIIUNA TOBBI-
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CUTHh MHBAPHAHTHOCTDH AITOPUTMA K TEHSM, OCBEIIle-
HUIO ¥ U3MEHEHUSM TUTIA 00CIIeyeMbIX CTPOUTEIh-
HBIX KOHCTPYKLUH.

BrinonHeHHOE aBTOpaMU MHXEHEPHOE TPHUIIO-
JKEHHE IeTIeco00pa3Ho K MCTOIB30BAHHUIO B IIHPO-
KOW MHU(POBOI KCIIEPTHON MPaKTHUKE JJIT aBTOMa-
THU3allMM MOHUTOPUHTA PACCMOTPEHHBIX B padoTe u
AHAJIOTUYHBIX 110 TEXHOJIOTHUH PACTIO3HABAHUS H TPY-
JIOEMKOCTH PYYHOH albTePHATHUBHI Je(EKTOB 37a-
HUI ¥ COOpYKEHHH, 00ecreuynBaromuX TUHaMUYe-
CKM  aKTyaJU3UPyeMbIl, KpOCCIUIaT(OPMEHHBIH,
OOBEKTUBHBIA TOCTYHHBIN WH(MOPMAIMOHHBIA pe-
CYpC, CYIIECTBEHHO PACIIMPAIOLIEH TEKYIIHNE U Mep-
CTHEKTHBHBIC BO3MOYKHOCTH CTPOUTEIHHO-TEXHUYE-
CKOM Te(peKTOCKONHH, CHIDKAFOIINHA U3IEP’KKH Ha e¢
MIPOM3BOCTBO M TOBBIMIAIONINI PE3yIbTaTUBHOCTD
OCHOBaHHBIX Ha pe3yjbTaTax sKkcnepTus 3¢dexrus-
HBIX YIPaBIEHYECKUX PEIICHUH U TEXHUKO-3KOHO-
MHUYECKHX OLICHOK TEKyledl M MpOTHO3UPYEMOM
KOHCTPYKTHUBHOH 0e30macHOCTH cH (YHKIMOHANb-
HOW HaJEeKHOCTH HCCIEAYyeMbIX H JKCILTyaTHpYye-
MBIX 00BEKTOB KallUTATEHOTO CTPOUTENHCTBA.

Hcmounuk unancupoeanua: paboma 6vi-
NOAHEHA 8 pamKax peanuzayuu edepanvrol npo-
epammsi n000epIcKU yHusepcumemos «IIpuopumem
2030» (npoexm Ilgh-10/22) ¢ ucnonvsosarnuem 06o-
pyooganus Ha baze Llenmpa 6bICOKUX MeXHOAOUL
BI'TY um. B.I'. lllyxosa.
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INTELLECTUALIZATION OF TECHNOLOGICAL PROCESSES
OF CONSTRUCTION AND TECHNICAL EXPERTISE

Abstract. Examination of the technical condition of capital construction objects is a key task for man-
agement companies, organizations that ensure the proper functioning of objects and executive authorities -
the balance holders of most of the social infrastructure of cities. The boundary state of an object, correspond-
ing to critical changes in the structure forming the contour of its structural safety and functional reliability, is
detected and diagnosed by a number of external signs (defects), the quantitative assessment and qualitative
interpretation of which determine both the general results of the object examination and specific structural
and technological measures to ensure its continued safe operation. Associated with a large number of field
and desk studies conducted in conditions that adversely affect the quality of the result, organizational difficul-
ties in archiving, documenting and dynamic analysis of the identified defects in buildings make the examination
process expensive, inefficient and irrational in the overall content balance of the object. An effective and
promising solution to the problem of reducing the resource intensity of the production of examinations of
buildings in terms of diagnostics and defects and the formation of the foundations for further advising analyt-
ics, which greatly simplifies the choice of the best and economically rational management decisions in the
technical operation of buildings, is proposed on the basis of the introduction of elements of neural network
analysis and information modeling into expert activities. . The authors propose separate provisions for the
intellectualization of building flaw detection, which are implemented and tested at the objects of ongoing con-
struction and technical expertise in the region.

Keywords: construction and technical expertise, construction flaw detection, neural network, artificial
intelligence, deep convolutional network, image segmentation.
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IPOBEPKA BBIIIOJTHEHUS TPEBOBAHUI HOPM
K BHYTPEHHEMY MUKPOKJ/IUMATY YI'JIOBOI'O IIOMEIIEHUA

Annomayusn. B cmamve uoem peus 0 1e4ebnHo-npoduiaKmuieckux, 0emckux 0opazosamenvHulx u 0opa-
306AMENbHBIX Yupedxcoenusnx. Vmenno 6 30anusx mako2o Ha3HauyeHust He ObLIU NOGLIUEHbI CONPOMUBTIEHUS.
menionepedaie OKOH Npu NOCAeOHeM UsMeHeHuu Hopm mennozawumsl 8 P® 6 2018 200y. B cesa3u ¢ amum
BAINCHBIM AGIACCS NPOBEPKA BbINOTHEHUSI MPEeDOBAHUL HOPMAMUBHBIX OOKYMEHNO08 K PAOUAYUOHHOU memne-
pamype u acummempuu paouayUOHHOU MemMnepamypsl Ha epanuye 00CIYACUBAEMOU 30HbL NOMEUWEeHUL MAKUX
30anuil. JlumepamypHulil 0030p NOKA3A, YMO 8 MUupe IMuM napamempam yoensemcs boavuioe enumanue. Tax
Kak conpomusiieue menionepeoase y OKOH 3HAUUMEIbHO MEHbULe, YeM Y HAPYICHBIX CINEH, MO GIUSHUEe MeM-
nepamypuvl HApyIHCHO20 8030YXA HA MEMNEPAMYPy 6HYMPEHHel NOBEPXHOCMU OKHA 3HAYUMENbHO Ooablue, YeM
y cmeH. B npednazaemoti cmambe paccmompeno yenosoe nomeujenue npomMedCymoyHo20 dIMaica ¢ OKHAMU 8
HAPYICHBIX CIMEHAX, 3aHumalouumu 35 % om niowaou HApysiCHbIX 0ZPaANCOAIOWUX KOHCMpPYKyutl, 6 2. beneo-
pode. 30anue obcaycusaemces 8030yuinvim omonienuem. CpasHenue paouayuoHHOU memMnepamypvl U acum-
Mempuuy paouayuoHHOU memMnepamypvl ¢ memu ice NOKA3amensimu 8 psadosoll KOMHAme, pacCMOMPEHHOU pa-
Hee, NOKA3ajo, Ymo Npu OKHAX YKA3AHHO20 PA3MEPA GIUSHUE GMOPO20 OKHA 3AMEMHO CHUMICAem PaouayuoH-
HYI0 meMnepamypy u yeeauuugaem 3Hauenus 10KAIbHOU ACUMMempuY paouayuonnol memnepamypsl. Ipu
9MOM 8 PACHEMHbII 3UMHULL NEPUOO HA SpaHuye 0OCTYHCUBAEMOL 30HbI NOMEUjeHUsl He BbINOIHAIOMCS He

MONILKO ONMUMATbHYBIE, HO U 0ONYCMUMble MPeDO08aHUsL HOPMAMUBHO20 OOKYMEHMA.
Knwuesvie cnoea: waposoii mepmomemp, paouayuonHas memnepamypa, 10KaIbHAask ACUMMEMpUst paou-
AYUOHHOU MeMNepamypul, pe3yibmupyiowds memMnepamypa, pacyem, paciemuusle 3UMHUe YC08USL.

Beenenue. K paccMatpruBaeMbIM B cTaThe 3/1a-
HUSIM CJIelyeT OTHECTH OOBEKThl MEAMLIMHCKOHN IO-
MOIIH, CPpeAHero u npodeccruoHasbHOro 00pas3oBa-
HUSI, JIETCKUE JOIIKOJIbHBIE 00pa3oBaTeNbHbIe yupe-
XKaeHus. DHeprocOepekeHne u dHeprosddexrus-
HOCTb 3AaHUI HE JOJDKHBI JOCTUraThCs 3a CUET He-
BBITIOJIHEHHS TPEOYEMBIX HOPMaMU MapaMeTPOB MUK-
poxnuMara [1—4]. B To xe Bpems noaep:kaHue Tpe-
OyeMoro MUKpOKJIMMaTa 0e3 IepeToroB 3UMOH U Iie-
PEOXITIAKIACHUH JIETOM CIIOCOOCTBYET 3KOHOMHUH
sHepruu [5—7]. BaxHyl0 poiib B OLIYLIEHHH KOM-
(opTa B NIOMEIIEHUSIX UTPACT PalualliOHHAs TeMIIe-
parypa M JOKajlbHasg acHUMMETpHS PaAHalliOHHON
temneparypsl [8—10], 4acTo olleHKy KOM(pOPTHOCTH
npeOBIBaHMS JIFOJECH B IOMEIICHUHN TAIOT C IOMOLIBIO
nokasatenst PMV [11-12], B KoTOpoM pairaliiOHHAas
TeMIlepaTypa TOXe YUUThIBaeTcs. B HEKOTOpHIX city-
Yasx, KaK, HalpyuMep, TPHA MIPEPHIBUCTOM OTOIICHUU
OLIEHKA PaJUallMOHHON TEeMIIepaTypbl UTPaeT Bax-
HEHIIyI0 poJib, 0COOEHHO MOoce MepepbiBa B OTOILIE-
HuU [13] WM B HEOTAITMBAaeMBIX MPAaBOCIABHBIX
xpamax [14, 15]. Heobxoaumo oOpamiaTh BHUMaHHUE
Ha COCTOSTHHE TEIIOBOM PaJuallMOHHONW 0OCTaHOBKH
B MOMEIIEHUN OCOOEHHO MPH BO3IYIIHOM OTOILIE-
HUH, KOT/Ia B TIOMEIIEHUH OTCYTCTBYIOT OTOIUTENb-
HbIe IprOOpHI [16].

Opnako Ha coOmoaenue HopMm ['OCT 30494
«3nanust KuiIble M 0OIIecTBeHHbIe. [lapaMeTphl
MUKpOKJIMMaTa B momemeHusx» (nanee ['OCT) k pe-
3yNBTHPYIOLIEH TeMIepaType U JIOKAJIbHOM achuM-

METpUU pE3yJbTUPYIOIIEH TeMIepaTrypbl MoMelie-
HUSL «B LIEHTpE 00CITyKNBAaeMOil 30HbI M Ha PaccTos-
Huu 0,5 M OT BHYTPEHHEH MOBEPXHOCTU HAPYKHBIX
CTEH W CTAaIlMOHAPHBIX OTOMHUTENBHBIX MPHOOPOB»
BHUMAaHUS He 00paliaeTcst HU Ipy NPOEKTHPOBAHMH,
HU MPHU 3KCIEPTU3E MPOEKTOB.

MarepuaJbl 1 MeTOAbI. MI3MepeHne HopMUpy-
€MBIX IT0Ka3aTesei B TOMEIIeHUSIX B COOTBETCTBUH C
I'OCT HaaneXuT BBINOJIHATH APOBBIM TEPMOMET-
pom. B HacTosiieit paboTe OlleHKa BEJIUYMH pajua-
LMOHHOW TeMIEPATYypPHhI ¢, U JIOKATbHONH aCUMMETPUU
panualMoOHHOM TeMIepaTypbl df, MO OTHOLIEHHIO K
IIapOBOMY TEPMOMETPY BBINOIHSIACH PACUETHBIM
myTeM. B 3ToM pacuere nmpuMeHsIach U3BECTHAS U3
cheprueckoil reomerpun Gopmyna KodpQuIreHTa
00JIy4eHHOCTH C IUIOCKOH 3JIEMEHTapHON IUIOIAAKH
Ha cepy u3BectHoro auametpa [17, 18]. [Ipeumy-
LIECTBO PaCYETHOI'O METO/Ia COCTOUT B TOM, UTO OLE-
HOYHBII pacyeT MOXHO BBIIIOJIHUTD NIPH JIIOOOH TeM-
nepaType HapyKHOro Bosayxa. HauOomnbiine Benu-
YHHBI ACHMMETPUU PaJNalMOHHON TEeMIEpaTypsl U
HauMEHbBIINE 3HA4YEHMs paJHallMOHHON TeMIepa-
Typbl HaOJIIOIAIOTCSI IPU CaMON HU3KOW TeMIIepaType
Hapy>KHOTO BO3yXa, HO MOroJa pPelKo IpelocTaB-
JISieT pacyeTHbIe 3MMHHE YCIOBHS IS U3MEPEHHS.
[ToaToMy 3aMepeHHbIE 3HAUEHUS apaMeTPOB BHYT-
pEHHE cpefpl BCe PaBHO MPHETCS MEPEecYUTaTh Ha
pacyeTHBIE YCIOBUSL.

OTnHMumneM pe3yabTaToB pacueTHOrO METOJa OT
9KCIEPUMEHTAIBHOTO SIBIIIETCS MOIY4YEHUE pajua-
LUOHHOW TEMIEPATypsl U JIOKAIBHOH aCHMMETPUU
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palualiMOHHON TemMIepaTypbl B KaXA0W TOUKE U3Me-
peHHsA. OKCHEPUMEHTAIbHBI METOJ| H3MEpEHUs
OTpeseNseT pe3yabTHUPYIOIIYI0 TeMIIepaTypy U Jo-
KaJIbHYI0 aCUMMETPHIO pe3yJbTHPYIOIIEH TeMIepa-
TypBl, TaK KaK OJHOBPEMEHHO COCPEAOTaYMBAET Ha
CBOEH IOBEPXHOCTH KOHBEKTHBHBIC TEIJIOBBIE IIO-
TOKHU OT BO3[yXa U JIyYUCTBIE MIOTOKH OT TOBEPXHO-
cTel, oOpameHHBIX B MoMenieHrne. K cokaneHwuro,
IUIl OLIEHKH H3MEHEHHsI TeMIepaTypbl BO3AyXa IO
00bEeMy MOMEIIEHHUS TPEOYIOTCS TOBOIBHO CIIOKHBIC
MeToJbl pacueTa. [loaTomy B mpemnaraemoii paborte
OCHOBHBIE YCHJIMSI HAIIPaBJICHBI HA ONpeielIeHNE pa-
JTUAlOHHOW TeMIlepaTypbl U JIOKATbHOH acuMMeET-
pUH paguallMOHHON TEMIIepaTyphl, CYIIECTBEHHO 3a-
BUCSIIIUX OT MECTA PACIOI0KEHHS [10 OTHOLICHHIO K
XOJIOAHBIM BHYTPEHHHUM IOBepxHOCTsAM. Ilpu ompe-
JIEJIEHUH Pe3yIbTUPYIOLIEH TeMIepaTypsl Ipejyiara-
eTcsd CUMTATh TEMIEepaTypy BO3AyXa B MOMEIICHUH
OJMHAKOBOW 110 00BEMY WIJIN PACCUUTHIBATH €€ C I10-
MOILIbIO MHKEHEPHBIX METOJIOB OIpE/eIeHHs H3Me-
HEHHUS TeMIepaTypsl BO3JyXa B KOHBEKTHBHBIX
(Hampumep, OT OTOMHUTENBHBIX IPUOOPOB) WA TIPH-
TOYHBIX (HapUMep, BEHTHISIIUOHHBIX WM HHOUIIb-
TpaIMOHHBIX) CTPYAX. B npeiaraemoit pabore Tem-
nepaTypa BO3AyXa NPUHATA IIOCTOSIHHOM 10 00beMy,
TaK KaK B OTCYTCTBUU UCTOYHHUKOB TEIUIOTHI KOHBEK-
THUBHBIE CTPYH OTCYTCTBYIOT. Bo3nelicTBre BeHTHIIS-
LIMOHHOTO BO3/TyXa XOPOLIO MepeMEIINBAET BO3AYX U
CUMTAETCs IPUBHECCHUEM TEIJIOBOTO MOTOKA, HEOO-
XOJUMOTO JIJIsl OJIIEPKAHNS B IOMEUIEHUH PEe3yIIb-
Tupytomeil Temnepatypsl 20 °C, ¢ TOYHOCTBIO 0
0,001 °C.

OcHoBHasg 4acte. 'OCT HopMupyeT mpo-
BEPKY 7, ¥ df, Ha pa3IMYHON BBICOTE OT TI0JIa B 3aBU-
CUMOCTH OT HPEUMYILECTBEHHOI'O IOJIOKEHHS JIHO-
Jieil B IOMEILEHUH (CUAS WIH CTOS), U JJIsl JETCKUX
JIOLITKOJIBHBIX YUPEXACHUN paccMaTpUBAIOTCS CBOU
BBICOTHI OT moiia. [loatomy pacnpenenenus ykasaH-
HBIX IIapaMeTPOB MO MOMELICHHUIO N3yYaJIUCh Ha pa3-
JIUYHBIX BBICOTaX. TaKk Kak HaUMEHbIINE 3HAYCHUS
panuaIMoOHHON TeMITepaTypbl U HAaUOOJbIINE 3HAYE-
HUSl aCUMMETPUHM paJUallMOHHONW TeMIepaTypbl Ha
rpaHuue oOcIyKHBaeMOM 30HBI Bcerzaa Habmrona-
I0TCS HAIpOTHUB CEPEINHBI OKHA M Ha BBICOTE, OJH-
JalIen K HeHTPY OKHA, TO 3/1€Ch PEAOCTaBIISIIOTCS
IJIaHbl Ha paccTogHuu 1.7 M ot nona. Kpome Toro,
WHTEpEeC MpPEeJCTaBIAeT paclpeneieHne t u dtf. 1o
BEPTUKAIBHOMY CEUEHHIO MOMEIUIEHHS M0 TPaHHUIIe
00CITyKMBacMOM 30HEI.

CrnenmyeT OTMETUTH, UYTO U3MEPEHHUE PaIUAIIHOH-
ot Temmepatypsl ['OCT pekoMeHayeT BBIONHATH
MTOJIHOCTBIO 3aUYE€PHEHHBIM IIAPOBBIM TEPMOMETPOM.
Takoil TepMOMETp COCPEOTauMBAET Ha CBOEH IO-
BEPXHOCTH PaJMAIIMOHHbIE TIOTOKH OT BCEX OKpPY»Ka-
fomux ero nosepxHocrei. [loatomy mns dukcanum
[OKa3aHUM PaJualMOHHOW TEMIIEpAaTyphl B KaXKAON
TOUYKE TIOMEIeHHs] TpeOyeTcsl pacCMOTPETh TOJILKO

OJIMH IUIaH Ha KaXXJOM HHTEPECYIOLIEM YPOBHE OT
nona. [Tpu aToM acumMeTpust paJuallMOHHON TemIe-
paTypbl B KaXJI0W TOUKE JOJIKHA U3MEPATHCS II1apo-
BBIM TEPMOMETPOM, ¥ KOTOPOTO OHA MOJIOBUHA 3a-
YEpHEHA, a Apyras UMeeT JIy4eOoTpaKarolee MOKphI-
tre. [loaTOMy 3amep B KaKOOW TOYKE COCTOMUT W3
JIByX U3MepeHuil. [I[pyHIMnuaibHo BaKHO HAMETHUTD,
KyZa (pOHTAIbHO HAIpaBiIe€HA 3au€pHEHHAas IOJO-
BHHA u3MepuTens. Pa3HOCTh U3MEPEHHBIX TEMIIEpa-
Typ B TOYKE MOMEUIEHMSI, ONPEACICHHBIX IapPOBBIM
TEPMOMETPOM JUISI IBYX MPOTHBOIOJIOKHBIX HAIMIPaB-
JICHUH, TPENICTABIAET COOON JOKAIBHYI0O aCHMMET-
PUIO pe3yIbTHPYIOIIEH NN paAUalluOHHOM TeMIepa-
Typsl. [lo3ToMy, ecnu TokanbHas aCUMMETPUS pau-
AIMOHHOM TEMIIEpaTyphl ONPEACIAETCS B YTIOBOM
MIOMEIIEHUH, TO IPH (PPOHTAIBHOM HaIpaBJICHUH 3a-
YepHEHHON TOJOBHHBI IIAPOBOIO TEPMOMETpa Ha
OJIHO OKHO, BTOPOE OKHO BO3JCHCTBYET Ha MIapOBOM
TepMoMeTp cOoKy. [ pukcanuu df.Ha rpaHuIe 00-
CITy’KMBaeMOM 30HBI Y BTOPOTO OKHA CJIeIyeT Iepe-
HanpaBUTh (GPOHTANBHYIO OPHEHTAIMIO U3MEPUTEIISI
Ha 3TO0 OKHO. [103TOMY JIOKanbHast aCHMMETpPHS pady-
AIMOHHOM TeMIiepaTypsl Ui YTJIOBOT'O IIOMEIIEHUS C
OKHOM BO BTOPOM Hapy»HOW CTEHE JOJDKHA Ipel-
CTaBJIATHCA HAa KaXXIOM YPOBHE OT ITOJIa IBYMsI IUIa-
HaMH.

s nmposepku 0w BeIOpan ropoa benropog, ¢
pacyeTHON TeMIepaTypol Hauboyee XOJIOAHON si-
TUAHEeBKH obecniedeHHocThI0 0,92, paBHOi -24 °C.
Juist 60nbIIOro YKCia TIOMEIeHUH YKa3aHHbBIX 371a-
HUW pacyeTHOW pe3ylbTUPYIOLIEH MPUHATA TEMIIE-
patypa +20 °C. BHyTpeHHAA TemIepaTypa noaaep-
JKMBAeTCsl BO3AYIIHOM cuctemMoil oromuieHus. I'eo-
METpUs TOMEUIEHUS MPOMEXYTOUHBIX 3TaKe s
uccieoBaHusl Oblla MPHUHATA MO PEATbHOMY IIPO-
ekTy. [InuHa o1HOM Hapy>KHOHM CTEHBI B YIJIOBOM I10-
MEIIeHNH paBHa 6 M, a Ipyrol Hapy>KHOU CcTeHs! 5,4
M. BricoTa momertienus B yuctote npussTa 3,3 M. B
CTEHE NITMHON 6 M CHMMETPHYHO PACIION0KEHO OKHO
pasmepom 3,8 X 1,8 M pu BEICOTE HI3a OKHA OT I10J1a
1 M. Bropas HapyxHas cTeHa KOpode IMEepBOH, HO
OKHO B HEH TeX ke pa3MepoB, Ha TOM K€ BBICOTE OT
10JIa ¥ Ha TOM e paccTosHuu 1,1 M oT Hapy»)HOro
yTia, 9To U B iepBoi cteHe. [IpocTeHok mociie okHa
BO BTOpOM CTEHE KOpOYE, YeM B IepBoi 1 paseH 0,5
M. [Inomans okoH cocrasiseT 35 % oT obwiei mio-
[IaI1 BEPTUKAIBHBIX HAPYKHBIX OTPAXKIACHAN TOMe-
IIEHWH, a COIPOTHUBIICHWE TEIUIoNepeaade OKHa
0,457 m* °C/Br.

NHTepecHOM OKa3anach OLIEHKA U3MEHEHMS pa-
JIMAIIMOHHON TeMIiepaTypbl U JIOKAJIbHOW acCUMMET-
pUM paAMallMOHHON TEMIIEpPAaTyphbl NMPU CPaBHEHUH
pacnpeneneHus 3TUX MoKa3aTesneil 1o miaHy rnome-
LIEHUSI B PSIIOBOM M YIJIOBOM KOMHATE MPU HAJTMYUU
BTOPOT'O OKHa BO BTOPOU Hapy»kHOU cTeHe. Pacmpe-
JIelIeHE yKa3aHHBIX MapaMeTpPOB B PSJIOBOH KOM-
HaTe paccMoTpeHo paHee B [18].
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Puc. 2. Pacnipenenenue JIOKaIbHOW aCUMMETPUH pailallioHHON TeMIepaTyphl 110 IUTaHy YTI0OBOTO TOMEIICHUS
Ha BbIcOTE 1,7 M OT moJa:
a) ¢ GpOHTATIBHOM OPUCHTAIUCH [IIAPOBOTO TEPMOMETPA HA CTEHY JJIHMHOM 6 M,
0) ¢ ppOHTAILHOW OPUCHTAIIMEH IIAPOBOTO TEPMOMETPA HA CTCHY JUTUHOU 5,4 M

Pucynku 1 u 2 yOexxgaroT B TOM, 4TO Ha ¢ U dt;
B KQXKJI0M TOUKE BIUSAHUE OKA3bIBAIOT BCE OKPYKAIO-
I[1E TIOBEPXHOCTH, HO B OOJIBIIICH CTEeIeHU 00a OKHA.
OOpariiaercss BHUMaHUE Ha PacIpe/e/ieHUE H30JIH-
HHUH ¢, ¥ dt, Ha TIJIaHAX TOMEIICHNs BOIM3U OKoH. Ha
PUCYHKAaX U30JMHUU NPOBEJCHBI A0 HAPYKHBIX CTEH
U MEePEeropojioK, a TPaHUIllbl 00CTY)KMBAEMOH 30HBI
orctoAT oT Hux Ha 0,5 M. [losTomMy HEKOTOpHBIE 3HA-
YeHHsI YKa3aHHBIX MapaMeTpoB Ha IUIaHaX BOJIM3H
CTEH U TIEPETOPOJOK UMEIOT 3HAYCHUS BBIIIIEC 3HAUE-
HHU, TIPEICTABIICHHBIX HA TIOMEPEYHBIX pa3pe3ax 1mo
TpaHUIEe 00CITy)KUBaEMOU 30HBI.

PacnionokeHne n30TepM ¢ MPAKTHIECKH CHUM-
METPUYHO OTHOCHUTEJIbHO OUCCEKTPUCHI HAPYIKHOTO
yria, o0pa3yemMoro IByMs HapyXHBIMH CTEHAMHU.
Pacuetsl BBIMIONHEHBI NMPU OJUHAKOBBIX IO COIPO-
THBJICHHIO TEIUIONIEpeIade U pa3Mepax OKOH B ABYX
CTEHaX YIJIOBOM KOMHAaThl. B yrioBoM mnomerieHun

Ha BbICOTE 1,7 M HAaPOTUB OKHA Ha 'paHHLE 00CITy-
>KMBaeMoU 30HbI £ Ha 1,25 °C HUKe, 4eM B PSIOBOM.
HuTepecHo U TO, 4TO B yIJIy, 00pa3yeMoOM Iepero-
poAKaMu, M30TEPMbl paJMAlIMOHHOW TeMIIEpaTypbl
MMEIOT HECUMMETPUYHYIO (DOpMY IO OTHOIIEHHIO K
YHOMSIHYTOH OWCCEKTpHCe HApYKHOTO yria H3-3a
pa3HOM UIMHBI MPOCTEHKOB HAPY>KHBIX CTEH OKOJIO
BHYTPEHHUX [IEPETOPOJIOK. DTU MPOCTEHKHU B YIIOMSI-
HYTOM MECTE€ OKa3bIBAIOT 3HAUYUTEIBHOE BIUSIHNUE HA
(dbopMHpOBaHHe paJUAIOHHON TEeMIIEPaTYpPhI, XOTS
Y PacIoI0’KeHbl OTHOCHUTEIHHO TAJIEKO.

B 10 ke Bpemst U30IUHUY df- HE CHMMETPUYHBI
M3-3a YKa3aHHOH BbIIlIe HEOOX0IUMOCTH (DPOHTAIB-
HOW OpHEHTAIlMM 3aYEPHEHHOMN TIOJOBHUHBI IIApO-
BOr'0 TEPMOMETpPa MOOUYEPEAHO HA OJHO U APYroe
okHO. Ha rpanutie o0ciry>xnBaeMoii 30HbI HAIPOTUB
LIEHTpa OKHa Ha BbicoTe 1,7 M oT nosa dt- Ha 0,71 °C
BBIIIE, YEM B PSIIOBOM KOMHATE. DTO MPEBBILLICHUE
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BO3HHUKJIO M3-32 OJTHOBPEMEHHOTO BJIHSHHSA Ha JIO-
KaJbHYI0 aCHMMETPHUIO DPaJUalMoHHONW TemIiepa-
Typbl OKOH B JIByX Hapy)XHbIX cTeHax. Eciau nBu-
raTbcsi Mo OMCCEKTpHCE HAPYKHOTO yIIia, TO PSAOM
C Hapy>XHBIM yTJIOM dt, HWXKE, a ¢ BBIIIE, YeM TpH
TaabHEHIIIeM TIPOABIKCHHIH. JTO O0BSICHACTCS TEM,
YTO BHAyaje 3TOro NMyTH paJuallMOHHAas TemIiepa-
Typa ¢hopMupyeTcst B OOIBIIEH CTETIEHN TeMIIepaTy-
POl TIOBEPXHOCTH TMPOCTEHKOB OKOJO Hapy>KHOTO
yIia, a B JalbHEUIIEM TEMIEPATypOl BHYTPEHHEHN
MOBEPXHOCTH OKOH. OKOJI0 yrita, 00pa3oBaHHOTO I1e-
peropoakamMu, MPOCMATPHUBACTCS PAa3NUYHOE BIUS-
HUE TIPOCTEHKOB pa3HOM AJMHBI B HAPYXKHBIX CTe-
Hax. Paznnuue mposiBigercs B TOM, YTO 3HAYEHUS

1800
3300

JIOKAJIbHOM acUMMETpPUU PaJUallMOHHOW TeMIiepa-
Typbl Tpu (PPOHTANHHONH OpPHUEHTAIMH MIAPOBOTO
TEpPMOMeETpa Ha KOPOTKYIo cTeHy Oombiue Ha 0,1 °C,
YeM TIPH OPHCHTAIlMM Ha JJIMHHYIO HapyXHYIO
CTEHY.

[Tonepeunsie pa3pesbl MOMEIIEHHUS 10 TPAHUIIS
obOciyxuBaeMor 30HBI (pUC. 3) C OAHON CTOPOHBI
TOXKE CBHIETENBCTBYIOT O HECHMMETPUIHOCTH H30-
JIMHUM 32 CYET CHUKEHHUA PaJuallMOHHONU TeMIiepa-
TYpBl ¥ YBEIIMYCHUS JIOKATBHON aCUMMETPUU PaJIu-
AI[IOHHOM TeMIlepaTypbl OKOJI0 OOKOBOTO OKHa, a C
JIPYTOH, TOKA3bIBAIOT, YTO 3HAYECHUS HA 3aMKHYTHIX
SIUIMIICAX !, YBENWYHMBAIOTCS, a df. YMEHBIIAIOTCS
NpY YAaJICHUU OT LEHTPa OKHa.
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Puc. 3. Pacnipenenenre paguaiiioHHON TeMIepaTypsl (pUc. 3a) U JOKaJbHOM aCHMMETPUU PaIuAIMOHHON
TeMIeparypsl (puc. 36) 1o nmonepevyHoMy CeUeHUI0 TOMeIeHUs Ha paccTossHUU 0,5 M OT Hapy»KHOU CTEHBI JJIMHON 6 M
B PacUeTHBIA 3UMHUN NIEPUOT,

IIpu 3TOM pammanyoHHas TeMmIepaTypa MoMe-
LICHUS] Ha TPaHUIle 00CITY)KHBAEMOH 30HBI OCTAETCSI
HUKe TpeOyeMoil BeTUYHHBI, TaK OHA 110 BCEH cBOei
IJIOLIAIM HWXKE PE3yNbTHpYIOUIe TeMmepaTypsl 20
°C Oonbiue, yem Ha 1 °C. IlpocTpaHcTBO HEymoOBIIE-
TBOpPEHHS JIOMYCTUMBIX YCJIOBUH MO df- HA TpaHUIIe
00CITy>KUBa€MOM 30HBI HEBEJIMKO. 30Ha Hecobroe-
HUSl ONTUMAJIbHBIX TPeOOBaHMI 3aHUMAET MPaKTU-
YEeCKH BCIO IUIONIAAb OKHA.

HecoOntoieHne JOMyCTUMBIX B OCOOEHHO OII-
TUMQJIBHBIX HOPM PaJAHAlMOHHON TemIepaTypsl U
JIOKQJIbHOM aCHMMETpPUM pPaJUallMOHHOW TeMmIepa-
TYpBI Ha B3TJIS]] aBTOPOB MMPOUCXOJINUT, TaK KaK K BbI-
00py COINPOTHBIICHHS TEIUIONEpeiaue OKOH HOPMU-
pOBaHME MOJXOANT C TEMH XK€ MPUHIMIIAMH, YTO U K
HOPMHPOBAHUIO COIMPOTHUBICHUS TEIJIONEpe1ade
CTEH W MOKpbITUH. [[prHIIMIIBI HOpMHUpPOBaHMS Halle-
JIEHBI Ha SKOHOMHIO 3HEPruM Ha NOJIep KaHNe Tel-
JIOBOTO MHKPOKJIMMAaTa B TE€YEHHE OTOIMUTEILHOTO
MepHoAa, XapaKTepU3yeMOro YUCIIOM TPaTyCcOCyTOK
ororutensHoro nepuoaa (I'COIN). IIpu sTom He pac-
CMaTpHBAeTCsl BO3MOXKHOCTh (POPMHUPOBAHHS HU3-
KOW TemIepaTypbl Ha BHYTPEHHEH IOBEPXHOCTHU
OKHa B CaMbIil XOJOAHBIA pacyeTHBIA 3UMHHUH Iie-
pHOJ. A Takoe MOJIOKEHUE BO3MOXKHO, TaK KaK OKHO

o0nalaeT HAaMMEHBIIUM U3 BCEX HAPYKHBIX OTPaxK-
JAIOIINX KOHCTPYKLUUN CONPOTUBICHUEM TEILIOIE-
penaue. Kpome Toro, 0KkHO IMEET HAaUMEHBIIIYIO Te-
JnoycTtoiiunBocTh. [I03TOMY OHO HE MOXKET COXpa-
HUTH 0OJiee BBICOKYIO TEMIIEPATypy, AaXe eCIH Tie-
pea TOXOJIONAHUEM JIEPKAIACh OTHOCHTEIBHO TEIl-
J1ast IOroja.

BrIBOaBI.

1. B yrioBoit KkoMHaTe ¢ OKHAMH B KaXJIOU
Hapy>KHOH CTeHe TNpu (HPOHTAIBHON OpHEHTALUU
IapOBOI'0 TEPMOMETPA HA OJTHO OKHO 3HAYEHUS pa-
JINALOHHOW TEMIIEpaTyphl IIOHMUXKAKOTCS, & JOKaJIb-
HOW aCMMMETPUM PaJUAllMOHHON TEMIIEPATYPHI M0~
BBIIIAKOTCA 10 CPABHEHUIO C HTUMH K€ IOKa3are-
JSIMM B TIOMELLIEHUU C OJJHUM OKHOM 3a c4YeT OOKo-
BOIl 0OTyd4eHHOCTH OT BTOPOTO OKHA. /[nmmHa mpo-
CTEHKa OKOJIO OKHa TAaKXX€ OKa3bIBacT BIMAHUE Ha
pacripenesieHle yKa3aHHbBIX apaMeTPOB M0 00beMY
MIOMELICHMUS.

2. TpennaraeTcs nmpu HOPMUPOBAHUU TpeOye-
MOTI'O COIPOTHUBJICHMS TEILIONEpeadye OKOH YUUTHI-
BaTh HE TOJIBKO IPajlyCOCYTKH OTOIUTENIBHOIO IEPHU-
0/1a, KaK 3TO IPUHATO ceddac, a U pacueTHYIO TEM-
HepaTypy Hapy»KHOrO BO3[yXa IJIs XOJIOJHOIO Iie-
puona roja.
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VERIFICATION OF COMPLIANCE WITH THE REQUIREMENTS OF THE NORMS
FOR THE INTERNAL MICROCLIMATE OF A CORNER ROOM

Abstract. The article considers the buildings of medical and preventive, children's educational and edu-
cative institutions. The resistance to heat transfer of the windows is not increased for such buildings at the last
change in the norms of thermal protection in the Russian Federation in 2018. In this regard, it is important to
check compliance with the requirements of regulatory documents for radiation temperature and asymmetry of
the radiation temperature at the boundary of the serviced area of the premises of such buildings. A literary
review has shown that much attention is paid to these parameters in the world. Since the heat transfer re-
sistance of the windows is much less than that of the outer walls, the influence of the outside air temperature
on the temperature of the inner surface of the window is much greater than that of the walls. The proposed
article considers a corner room of an intermediate floor with windows in the outer walls, occupying 35% of
the area of the external enclosing structures in Belgorod. The building is serviced by air heating. A comparison
of the radiation temperature and the asymmetry of the radiation temperature with the same indicators in the
ordinary room considered earlier showed that with windows of the specified size, the influence of the second
window significantly reduces the radiation temperature and increases the values of the local asymmetry of the
radiation temperature. At the same time, during the estimated winter period optimal and permissible require-
ments of the regulatory document are not met at the border of the serviced area of the premises.

Key words: ball thermometer, radiation temperature, local asymmetry of radiation temperature, resulting
temperature, calculation, calculated winter conditions.
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YCTOMYUBOE PABBUTHUE APXUTEKTYPHOI'O OBJIMKA
IMPOMBIIIVIEHHBIX OB BEKTOB HA ITPUMEPE 3APYBEKHOI'O OIIBITA

Annomauyus. llpomviuinennocms nepeuia 8 Ho8bill KAYeCmeeH bl sman ceoe2o pazsumusi. Ilpeonocwii-
Kamu nepexooa s8UnUch ciedyiouue akmopvl. pazeumue HAYKU, NPUMEHEHUE COBDEMEHHbIX MEeXHON02Ul,
UHHOBAYUIL, MAMEPUANO8, KOMINbIOMEPUZAYUSL U NPOSPAMMUPOBAHUE.

Tema apxumexmypHo2o obIuKa «yCMOUYUEOU aAPXUMEKMYPbLY NPOMBIULIEHHO20 HA3HAYEHUS OCMAemCs
MANOU3YYEHHOU Ha meKyuul momenm spemeru. O0beKmom Ucciedo8anus Cmail apxXumeKmypHvlil 0OIUK co-
BPEMEHHBIX NPOMbLULICHHBIX 30anull. [Iposeden ananuz obIuKa nPOMbIUIEHHBIX 00bEKMO8, NPUHAONEHCAUUX
K «ycmouuusou apxumexmypey. M3yuenvl xapakxmepHule 0COOEHHOCMU apXUMEKMYPHBIX PeuleHUll, ¢ HOMO-
WbI0 KOMOPHIX 00CMUSHYMA NPUHAONIEHCHOCTNL 00beKMA K «YCMOUYUBOU APXUMEKMYPe», 8 MOM UYUcie, 8
Peuerusx 00auUKa npomvluLienHo2o obvekma. [Ipoananuzuposanvi 00vembl, pacaovl, OCHOGHbIE NIAHUPOBOHY-
Hble udeu, BUAWUX Ha 06vem u 00auk obvexkma. Chopmynuposarvl 8b1600bi.

Mensemces uoeonocus co30anusi NPOMbIULIEHHO20 00bEKMA, U SO OMPANCAemcs Ha apxumexkmype. Boi-
A6IEHA 00UWASE MEHOCHYUSL — IMO 2YMAHUZAYUSL NPOMBIUUIEHHOU APXUMEKMYPbL. YACMUYHBIN OMX00 O CHAH-
dapmuzayuu apxXumeKmypHoIX peulenull; MHO2ODYHKYUOHAILHOCHb, OMX00 OM «3AKPbIMO020» HPOU3600-
cmea; 0OaUK 30aHUSL C «PASMBIMBIMUY MUROLOSUHECKUMU YePMaMU NPOMbBIUIEHHOU apXUMEKMYpbl, CMeuje-
HUe 8 CMOPOHY 00IUKA 00WeCmE8eHH020 00beKma.

Chopmynuposarvl meHOeHYUl K 8bINOIHEHUIO KDUMEPUEs «YCIMOUYUB020 PA3GUMUSL APXUINEKIYPbLY: UC-
NOMb306AHUE ALIMEPHAMUBHBIX UCHOYHUKOS INEKMPOIHEP2UU, UHHOBAYUOHHBIX MEXHOL02UI U CMPOUmeib-
HbIX MAMEPUALOs8, AKMUBHOE NPUMEHEHUE HAYYUHBIX PA3PAOOMOK,; KOMNbIOMEPU3AYUSL U NPOSPAMMUPOSAHUE.
Ocoboe sHumanue yoensemcs bezonacHocmu 0Jisi Hacelenus u pabomaroue2o nepconaid, 6e30nacHocmu 3Ko-
noeuu. Tlpunumaemcst KOMIIEKC Mep NO ee OOCMUICEHUIO, 8 MOM YUCLe, NPUMEHEHUE APXUMEKMYPHO-KOH-
CMPYKMUBHLIX pelleHull. YHUKambHocmy (hacados, 00vbemos, He CIaHOapmHble peueHUs u0euHo-nIaHUpo-
B0UHO20 XAPAKMEPA MAKHCE CMAHOBIMC BUSUMHOU KAPMOYKOU «YCIMOUYUBO20 PA3GUMUS APXUMEKIYDbLY.

Knrwouesvie cnosa: apxumexmyphwiii 00IUK, UHHOBAYUOHHbBIE UOEU 8 apXumeKmype, 6e30nacHOCmb IKO-

Jl02ul, dHEP2oIPPeKmusHvle NPOEKMmbl.

Beenenue. CoBpeMeHHas! IPOMBIIIUICHHAS ap-
XUTEKTYpa MPOXOJUT HOBBIN 3Tall CBOET0 Pa3BUTHSL.
DTO CBSA3aHO C HOSBICHUEM COBPEMEHHBIX TEXHOJIO-
T'vii, THHOBAIIMOHHOTO O00OpYy/IOBaHUS M Marepua-
JIOB, KOMIIbIOTEpU3AIIMEH POIIECCOB B TPOMBIIIICH-
HOCTH, — JJaHHbIE W3MEHEHUs KacaloTCsl MPOU3BO/I-
CTBEHHO-TEXHOJIOTHYECKOTO  MpOIlecca, OCHOBOH
TM000T0 MPOMBIIUIEHHOTO 00bekTa. Ho ecTh U apy-
rue MpU3HaKW HOBOTO 3Tama. MeHseTcs Uaeonorus
CO3/IaHUS POMBIIIIJICHHOTO 00BEKTa, B TIEPBYIO OUe-
peab, 3TO OTpakaeTcsl B apXxuTeKkType. B Tom umcie,
M caMa apXUTEeKTypa MOCTETIeHHO MEHSEeT OTHOIIe-
HUE JIIOJEN K MPOMIPENIPUATHIO; OT 3aKa3UYHUKOB H
apXUTEKTOPOB, A0 MPOCTHIX )KUTEIEH.

B Hamem cozHaHUM e111e B COBETCKHI M TOCTCO-
BETCKHH Ieproibl ObII0 cHOPMHUPOBAHO ONPEIEIICH-
HOE MHEHHE O IPOMBILIIICHHBIX 00bEKTaX: CTeTHYC-
CKH{ HE TIpPHBIIEKATENbHbIE C TOUKH 3PEHUS apXUTEK-
TypBbI, TEXHOTEHHO-OIIACHBIE, HECYIIIE arPECCHBHO-
BpPEIHOE BO3/IEHCTBHE HA OKPYKAIOIIYIO CPEy U de-
noBeka. [IpoMplieHHas apXUTEKTypa BBITOJHSIIA
TOJIBKO OJIHY 33/1a4y, — CTaTh 0O0JIOYKON /IJIs1 TEXHO-
JIOTUYECKOTr0 Tpoliecca. ITo NPUBOJWIO K IICUXOJIO-
TUYECKOMY OTTOPYKEHUIO TEPPUTOPHUH MPOMBIILICH-
HO¥ 3acTpoiiku [1]. TexHomornyeckuii mporecc 1 no

cell JIeHb OCTAaeTCs B LIEHTPE MPOEKTHUPOBAHMS, HO
MEHSIFOTCSl TpeOOBaHMS K MIPOM3BOJCTBY M KO BCEM
COCTABJISIIOIINM €T0 CO3JaHus U SKCILTyaTaluu 00b-
eKTa.

Axmyanvnocmv memol. Konnennus «ycroiuu-
BOT'O Pa3BUTHUSI apXUTEKTYpbI» HabupaeT cBou 000-
poTbl. OHa HEMHOTO CII0’KHAa B TOHHMAaHUH, TaK KakK
o0beMHSET B ce0s pa3nuuHble claraeMeie. B
MEPBYIO 0YepENb, 3TO KOMIUIEKCHBIN MOAXO0M B PO-
EKTUPOBAHUU O00BEKTa, CUMOMO3 METOAOB U MpPHH-
IIUIIOB, KOTOPbIE HAIIPABJICHBI Ha 0OECIICUeHIe Cero-
JHSITHETO W OYAyIIero MOKOJCHWH KOMQOPTHOM,
0e301acHOi, IKOJOTMIECKH YUCTON apXUTEKTYPHOH
Cpelloil BBICOKOTO KayeCTBEHHOTO TEXHOJIOTHYE-
CKOro ypoBHs. JlJIs1 NPOMBINUIEHHON apXUTEKTYpbl
JTAaHHBIN BEKTOp Pa3BUTHUS KaK HUKOTJA aKTyaJleH U
BaxkeH. KauecTBo okpy»xaroriel cpeapl, 5JKOHOMUYE-
CKas MPUBJIEKATEIHHOCTh, 0€30IaCHOCTH BBIXOIST B
aBaHTapJ Ha BCEX CTAUAX CO3/IaHMUS U CYIIECTBOBA-
HUsSl 00BEKTa: B IPOCKTUPOBAHUH, CTPOUTEIILCTBE U
BO BpeMs dKcIryaTanun. Ho 3To He equHCTBEHHBIE
TpeOoBaHM. APXUTEKTypa IPOMBIIUIEHHBIX O0BEK-
TOB JIOJIKHA CTaTh HE arpeCCUBHOM HU K YEJIOBEKY,
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HH K OKpyKaromieh cpene. K apxuTekTypHOMy 00-
JIMKY TaKKe eCTh TpeOOBaHUs, B TOM YUCIIE, [IPUBJIE-
KaTeJIbHbIMA T'YMaHHBIN BU/L.

Lenv uccnedosanus. IlpoananuzupoBaTb apXu-
TEKTYPHBII OOJUK IPOMBIIIJICHHBIX COBPEMEHHBIX
00BEKTOB, MPUHAMIIEKANNX K «yCTOMYMBOIN apXu-
TekType». CPopMynInpoBaTb 0COOEHHOCTH, C IOMO-
b0 KOTOPBIX JOCTUTHYTA IPUHAUIEKHOCTD K JaH-
HOW apXUTEKTYpE B PELICHUSIX 00JIMKa IPOMBIIIIIECH-
HOTO 00BEKTa, B TOM uucie, 00beMoB, (acagos, oc-
HOBHBIX TUIAHUPOBOUYHBIX UAEH U PEIIEHUH, BIHAIO-
X Ha 00beM B 00K 00bekTa. OTBETHTH Ha PSIT
BompocoB. Kakum 006pa3oM, 1 ¢ MOMOIIBIO KAKHUX ap-
XUTEKTYPHBIX IPHEMOB U3MEHUIICS OOJIMK MTPOMBIILI-
JIeHHBIX 00BekTOB nocuenaux 10-15 ner? Eciau mel
3HAeM, 4TO OOBEKT I10 PALY KPUTEPHEB, KOTOPbIE Ka-
CalOTCs TEXHOJIOTUH, TUIAHUPOBOK, TPAHCTIOPTHO-TIE-
IIEXOIHBIX CBS3€H, B3aMMOJCHCTBUS C 3KOJIOTHCH,
OKpY>KaroIIel cpefol, )KH3HEHHOTO [IUKJIa 00BEKTa,
€ro SKCIUTyaTallud M Jpyroro, NpUHAJISKUT K
«YCTOMYMBON apXUTEKTYpPE», TO OTINYAETCS JIU €T
ApXUTEKTYPHBIM OOJUK OT €ro NpeAlIeCTBEHHUKOB?
B yem 3Tu oTiHMuus, U KaKue UJIEU 3aKIabIBAIOTCS
HWMEHHO B 00JHK 00BbeKTa? A KaKue UAeH «yCTOH4Iu-
BOH apXHUTEKTYPBI» «BBIIUIN HapyXy» W MOIYUYHIN
OoTpakeHHe B 00JIMKe 00BeKTa?

Bnauanie Mbl BCTOMHMM, TIO KAKHUM KPUTEPHUSM,
MpU3HAKaM O0BEKT MOJIyYaeT CTaTyC «yCTOWYHBOTO
pa3BUTHS apXUTEKTYphl». lIpuMeHeHune sHeprosgd-
(DEeKTHUBHBIX MPOEKTOB, B TOM YHCJIE, C BO30OHOBIIsIC-
MBIMM HMCTOYHUKAMHU JHEPTUH, IKOJOTHYECKH YH-
CTBIMH MaTepHallaMHi; CTPOUTENBCTBO BBICOKOTEX-
HOJIOTHYHBIX OOBEKTOB, NMPUMEHEHHWE Mep IO 3a-
UIUTe U JaXKe YIY4IICHUI0 OKPYXKaloIled Cpesbl,
cOepexXeHNI0 M BOCCTAHOBJICHUIO NPHPOAHBIX pe-
CYpCOB, - HE IMOJHBII CIUCOK NMPU3HAKOB NpPUHA-
JIS)KHOCTH 00BEKTA K «yCTOHYUBON apXUTECKTYPE».

DOopMHUPOBAHUE «TYMAHHOH Cpebl» — OJHA U3
3ala4y yCTOWYMBOM apxuTektypbl. He HaBpenuTh
MpUpoZe, cO3AaTh OEe30MacHOCTh, KOM(POPTHOCTS,
9KOJIOTUYHOCTh, OPUEHTHUPOBAHHOCTh Ha MpPHUMEHe-
HUE HOBEHIINX TEXHOJOTHUH JUIsl TOCTPOEHHS Opra-
HU3ALMU Cpelibl )KU3HEAEATeNbHOCTH. [lymb Jusep-
cugukayuyu TPaIULIMOHHBIX MPOU3BOJICTB U TOCTE-
MEHHBIA Tepexon K Oe30TXOJHBIM TEXHOJIOTHSM.
Hactynuna spa KaueCTBEHHBIX TEXHOJIOTMUYECKUX
ckaukoB. B XX Beke B IpOM3BOJCTBEHHOM IIPOECKTH-
pOBaHUM CTalH Bce OOJbIIE BHEAPSATH «TyMaHH3a-
LUI0 TIPOM3BOJICTBEHHOU cpeapl». B XXI Beke 3ko-
Joru3anuu  SHeprodpekTHBHOCTh TPOHM3BOACTBA
BBIXOJST Ha TEPBBIE POJNH. [ yMauuzayus O3HAYAET
a/IanTaluio MPOMBIIIJIEHHOW cpelibl K MPeObIBAHHUIO
B HEH 4eloBeKa, K KOM(OPTHBIM YCIOBHSIM JUIS pa-
6oratormmx [2]. CTpemiieHue K TapMOHUYHOMY Oa-
JIAHCY MEXIy BMEIIaTeIhCTBOM YeJIOBEKa M CyIIe-
CTBOBAaBILEH paHee NPUPOAOH, CBSI3b C MECTOM U

na"amagdTOM UrpaeT BaXXHYO POJIb B IIPOLIECCE MPo-
eKkTupoBaHus [3].

0630p rumepamypol. OOpaTUMCS K JTUTEPATYPE
JpyruX aBTOPOB IO AHAJIOTHYHOHW TEMaTUKE U
y3HaeM X MHEHHE B JaHHOH 00JacTu.

B cratesx [1, 4] oTMEUeHBI HEKOTOPBIC 0COOCH-
HOCTH TJIAHUPOBOYHBIX PEIICHHUH, TAKHE KaK, YBEIIU-
YeHHE TUIOINAaZe HEPOU3BOICTBEHHON YaCTH, K KO-
TOPBIM OTHOCSATCS! HE TOJIBKO aAMUHUCTPATUBHO-OBI-
TOBBIE ¥ OOCTYKMBAIOLIME MOMEIICHHs, HO U TIJIO-
Hrajei s Hayku 1 otabixa. [lepsoie, 3o nabopato-
pHH, IOMEIEHHS Uil HaAyYHBIX MCHBITAHUH, Oduc-
HBIE, 00yUaloIne MOMEIICHUs], - CBA3aHHBIE C 00Y-
YeHHEeM W 00pa3oBaHUEM, HalpaBlICHHBIC HA Nallb-
Heillllee MCIOJIb30BaHUE B IPOU3BOJICTBE. BTopas
rpylina MOMEIIEHUH NpeAHa3HaueHa IJIsi COBMECT-
HOTO OT[BIXA, POBEJICHHUS KYJIbTYpHO-HH(pOpMAIIU-
OHHOTO OOMEHa MEXKIY Pa3TUIHBIMH CIIOSMH pado-
TaIOIIKX, OT OHUCHOT0, AAMUHUCTPATUBHOT'O [IEPCO-
HaJa J1o pabovero ¢ Npou3BoAcTBa. JlaHHbIE KOMMY-
HUKaIlMM HampaBlieHbl Ha oOMeH mHpopMmanmed u
ONIBITOM, YTO, HECOMHEHHO, TIOJIE3HO M BaXKHO [ 1, 4].
Paznenenue Mexnay "CHHUMH BOPOTHHYKAMH"
(pyunast pabora) u "OenbIMH BOPOTHHYKAMH"
(karmenspckas, npodeccuoHanbHas paboTa) BBI-
TecHsieTcs paboToi "pamyXHBIX" BOPOTHUYKOB,
r7ic pa3iuuue MEXKJy MIPOU3BOJCTBCHHBIMU H
opuCHBIMH (QYHKIUSMU CTAHOBHUTCS Pa3MBITBIM
[5]. [Ipoucxoaut pacmmipeHre COmHMaIbHO-peKpea-
UOHHBIX 30H. KoM(opTHBIE U 03e/IeHEeHHbIE 30HBI
OTJIbIXa CTUMYJINPYIOT OOMEH HOBBIMHU HJICSIMH H HE-
(hopManpHOE O0IIIEHUE MEXTY COTPYIHUKaMH [6].

OcBoeHHE KPBILI — HE TOJIBKO 3CTETUYECKHU MTPHU-
BJIEKATEJIbHOE  HCIIOJIb30BAaHUE, TEXHOJOTHYECKH
OIpaBJaHHOE, HO OCTaBJSTH OOJBIINE IUIOCKOCTH
TUIOCKUX KPBILI — 3TO HEJOMYCTHUMOE PACTOYHUTEINb-
CTBO TIPH CO3IaHUH ITPOMBIIIUICHHBIX 00BEKTOB [2].

MHorue aBTOpbl OTMEUAIOT: YXOJ] OT KJIaccHuyie-
CKOM THIIOJIOTHM COBPEMEHHBIX INPOMBILIIICHHBIX
NPEANPHUITAH, MHOTO(YHKIIMOHATIBHOCTD U Pa3iiny-
HBIE CIIOCOOBI OOPBOBI C «3aKPBITOCTHIOY» MPOMBIIII-
JIEHHBIX TEPPUTOPHIA U caMuX o0BeKTOB [1, 2, 4, 6,
9], HO B TOK€ BpeMs OJTHO3TAXKHBII MPOU3BOACTBEH-
HBIH KOPITyC OCTaeTCs caMbIM yJIOOHBIM JIJISI pa3Me-
LIEHHUS] MPOM3BOJICTBEHHOTO Ipolecca MpH pa3ind-
HBIX 00bEMHO-IJIAHUPOBOYHBIX MPUHIMIAX MPOECK-
THPOBAHUS NpeAnpusTs [7].

BaxHbIM 351eMeHTOM (YHKITUOHUPOBAHUS ITIO-
00ro MPOMBIIUIEHHOTO 00BEKTa, KpOME MPOU3BOJ-
CTBEHHOT'0 00OPYI0BaHUSA, CTAHOBHUTCS HHKEHEPHOE
obopymoBanue u coopyxenus [8]. OcobeHHO 0UnCT-
HBIX COOPYXEHHUH, YTO MOATBEPANIOCH Ha TPAKTHUKE,
npu aHanu3e o0bekToB. CBOOOIHAs MIAHWPOBKA,
€CTECTBEHHOE OCBEIICHHE W WHCOJISAIHS, €CTECTBEH-
Has BEHTHJISIWS, YBEIMYCHUE IIara KOHCTPYKTHB-
HBIX 3JIEMEHTOB, OTKa3 OT KOHCTPYKTUBHOH CBSI3H
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MEX/Iy HECYIIUMH dJIEMEHTaMH 3/IaHUS M TEXHOJIO-
THYECKHM O0OPYIOBAHUEM, YTO MOXKET OBITh IMOJI-
YEPKHYTO apXUTEKTYPHBIMHU CPEICTBAMH — OTME-
4yaloT MHOTHE aBTopwl [1, 2, 4, 7-11], cokpaieHue
MIPOM3BOACTBEHHBIX IUTOIMIAnCH [9].

KoHuenuuu ycTrod4yuBOro pasBUTUSL [IOJKHA
0a3upoBaThCS Ha CO3JAHUM 3IaHUS, B MIEPBYIO OUe-
penb, Kak 2KOJIOTHUYECKH Oe3omacHoro oowekra [1,
12]. O HEOOXOMUMOCTH TIEpPEeX0aa K albTepHATHB-
HBIM BHJIaM UCTOYHUKOB SHEPTUH MTUIITYT MHOTHE aB-
TOPBI, O BO3MOXKHOCTH TNepeaay U30bITKA SHEPrUn
OT MPOU3BOJCTBEHHOTO 00BEKTa K IPYTUM 00bEKTaM
[1, 8, 9, 12—15]. AnbTepHaTUBHBIC BUIBl UCTOYHU-
KOB SHEPI'UH IMPEUIOKEHO Pa3AeiIuTh Ha BO30OHOB-
JisieMbIe, IPUPOIHBIE U IKOJIOTHIECKA-HEUTpaIbHbIE
[1]. K anpTepHATUBHBIM HCTOYHHUKAM OTHOCSITCS: HE
TOJILKO COJIHIIE, HO M T€0TepMalIbHbIE HCTOUHHKH, a
TaK)Ke WHXXCHEPHBIE CHCTEMBI HAKOIUICHHWS W pac-
MIpeIeIeHNs AbTEPHATUBHON SHEPTHUH BO3OOHOBIISI-
€MBIX UCTOYHHMKOB, a2 B COUCTAHHHM C MHHOBAI[UOH-
HBIMH [IPHEMaMH 110 TEIUTOU3O0JISIIH CBETOMPO3pay-
HOTO OTpa)XACHUs AaKe MNPAMOU COJHEYHBIA CBET
MO’KHO HMCIIOJIb30BaTh JIJIsl 000TrpeBa 3aaHuii [ 14].

OHeprerudeckue 0e€30MacHOCTh W ABTOHOM-
HOCTH IIPOM3BOJICTBA CTAHOBSITCS HEOTHEMIIEMBIMH
TpeOOBaHMSIMH COBPEMEHHBIX mpennpusaruii [9]. Ho
HEBO3MO>KHO TOJTHOCTBIO TIEPEUTH Ha BO30OHOBIIsIC-
MbI€ MCTOYHUKHU SHEPTUU B MPOMBINUICHHOCTH, HE
rcnons3ys TpaguionHsie [ 13]. HyxkHo cTpeMuThes
K pa3paboTKe HYJIEBOTO 3HEPreTHYECKOTo OajaHca
MPOM3BOJICTBEHHOTO 3JIaHHMS 32 CYET KOMILIEKca
sHeprocOeperarmux 00bEeMHO-TNIAHUPOBOYHBIX H
KOHCTPYKTHUBHBIX DPEUICHHIA, a TaK)Ke HCIOIh30Ba-
HUS €CTECTBEHHBIX UCTOYHUKOB dHepru [14]. JlaH-
HbI€ MEpPHI PUBEAYT K MOBBIIIEHUIO dHEProdddek-
TUBHOCTH 371anus [15].

CeroHsIIHAN 3Tall Pa3BUTHSI MPOMBIILICHHO-
CTH aBTOPBI Ha3BIBAIOT U TPEeThel peBosmonueit [1,
16], u yeTBepTOil peBodtonuMel [9], HO Ha3BaHUE —
3TO HE CTOJIb BaXKHO, TJIABHOE, BCE CXOJISTCS BO MHE-
HUH, YTO HMJIET HOBBIH NEPUOJI U OH OTpa)kaeTcs, B
TOM YHCIIE, HA apXUTEKTYPe MPOMBITIIICHHBIX 00bEK-
ToB. TpaHcdopmaruu BeIyT K MOUCKY HOBBIX COOT-
BETCTBYIOIIUX O00BEMHO-TUIAHUPOBOYHBIX, (DYHKITH-
OHANIBHBIX W WHXCHEPHBIX PEHICHUH TPOU3BOJI-
CTBEHHBIX 00bekTOB. HeoOxomumo aanbHel1Iee co-
BEPIIICHCTBOBAHUIO METOJIOB MPOEKTUpOoBaHus [17],
HO TOJIHOCTBIO YXOJWTh OT THUIHU3AIMH, YHHU(DHKA-
MU B MPOMBIIIJICHHONH 00J1aCTH HE WMEET CMBICIIA
[18, 19].

3a nocaenune 10-20 ner mOABUINCH 3MAHUS U
KOMIUIEKCHl TPOMBIIIJICHHOTO HAa3HAYCHUsS, HE
TOJIBKO BBICOKOTEXHOJIOTUYECKHE, HO M 3CTETUYECKU
MpUBJeKaTeNnbHbIe. Takue TEHJCHIMH YBEPEHHO
pacmpoCTpaHsIOTCs TI0 BCEMY MHUPY, U Bce OoIbliie
MMPOEKTUPYIOT TPOMBIIUICHHBIE 37aHHUSA, KOTOPBIC

CTAHOBSITCS HACTOSIIMMH apXUTEKTYPHBIMHU IIEJIEB-
pamu.

ABTOpPBI 0OTMEYAIOT CIEAYIOLINE OCOOCHHOCTH B
COBPEMEHHOM TPOEKTUPOBAHUH, (HOPMHUPOBAHUHU
NPOMBIIIJIEHHBIX ~OOBEKTOB, HMEIOLIUX CTaTyC
«YCTOMUYHMBOI'O PA3BUTHSI APXUTEKTYPBD»:

— M3MEHEHHE COOTHOIIEHHS IUIouanei 6azo-
BOro ()yHKIMOHAJIBHOI'O HAa3HAYEHUs;, PAaCIIMpEHUE
CIEeKTpa IUIOMWIaJeH pa3ndyHoro (yHKUMOHANA, pa-
Hee He CBOMCTBEHHOTO sl MPOMBILIICHHON apXu-
TEKTYPBI; U B CBSA3H C OTHM, TIOSABIISIETCS MHOTO(YHK-
LUOHAJIBHOCTh IPOMBIIUICHHBIX 31aHUH, KOMILICK-
COB:

— OCBOCHHE KPBIIl, HCIIOJIb30BAHHE HKCILTYaTH-
PYEMBIX KPBIILI;

— YaCTUYHBIWA WJIM MOJHBIN NIEpeXo/l Ha allbTep-
HATHBHBIC BUABI HICTOYHUKOB DHEPTUH; SHEpreTuye-
ckue 0e30MacHOCTh U aBTOHOMHOCTb IIPOU3BOACTBA;
U JIpyToe.

MHorue aBTOpBl OTMEYAIOT HEOOXOAUMOCTD
TONCKA apXUTEKTYPHBIX, KOHCTPYKTHBHO-TEXHOJIO-
TUYECKUX PEUIeHHH, KOTOpPBhIe MPUBEAYT K OO0IIen
KOHIICTIIIH «yCTOWYMBOTO Pa3BUTHSI apPXUTEKTYPBD»
B ITPOMBIIIIJICHHOM MTPOEKTHPOBaHHUHU. TeMa apXHUTeK-
TYpPHOTO OOJIMKA «YCTOHYMBON apXUTEKTYpPbI» MPO-
MBILIJICHHOTO Ha3HA4YEHUS! OCTAeTCs MaJIOM3Yy4eH-
HOH Ha TEKyIUH MOMEHT BPEMEHH.

Hayunas noeusna uccne0oéanusi COCTOUT B
TOM, YTO B IaHHOHM CTaThe OOBEKTOM HCCIIEIOBAHUS
CTaHyT COBpPEMEHHbIC 3apyOeKHbIe 3AaHUSI U KOM-
TUIEKChI, OECCIOPHO OTHOcAIHMEcs K OOBbeKTam
«YCTOMYMBOIO Pa3BUTHSA APXUTEKTYPhD» HMPOMBILI-
JICHHOTO0 Ha3HAYEHUsl, HO C aKIEHTOM Ha MX apXu-
TEKTYPHOM 00JIMKe. 3/JaHus] YHUKAIBHBIC [T0 pa3HBIM
KpUTEpUsAM: 10 00BEeMHBIM, (acaJHBIM H/WITH TiIa-
HUPOBOYHBIM DPELICHUSIM, C HECTaHJAPTHBIMH TeX-
HUYECKUMH, HJICONOTHIECKUMH BHeIpeHusimu. Pac-
CMOTpEHHEe, H3yueHHe OOBEKTOB OyAeT MpOHCXO-
JUTD C TIO3ULNHU NPOSIBICHUS U OTPAXKEHUS! «yCTOM-
YHBOM apXUTEKTYphl» B aPXHUTEKTYPHOM OOIHUKE
3JIaHHH.

3aoauu uccnedoéanusa: TPOBECTH AHAIH3 ap-
XUTEKTYPHBIX PELICHUH TPOMBIIIJICHHBIX O0BEKTOB,
ONKCaTh XapaKTePHbIE OCOOCHHOCTH (acaHbIX,
00BEMHO-TNITAHUPOBOYHBIX PEIIEHNH, WHKEHEPHO-
KOHCTPYKTHBHBIX, BIHSIOIIME Ha apXUTEKTYypPHO-
TPaIOCTPOUTEIBHBIN OOJIHK; ClleNaTh 0000Maroue
BBIBOJIBL. B mporiecce aHanm3a, He /ienas akIeHTa Ha
(YHKUMOHAIBHOM Ha3HAYEHUH MNPOMBIIUICHHBIX
NpeINpUsITAH, BHUMaHue OyJNeT YJEeNeHO KpuTe-
PpUSM «yCTOHUMBOM apxuTekTyphl». Crienyromas 3a-
Jada, — ONpeNeNInTh TEHAEHIMH B Pa3BUTUHU IPO-
MBILUICHHON apXWTEKTYpbl, B TOM 4YHCJe, 00JHKa
00BeKTa, KOTOphIe (POPMUPYIOTCS C YIETOM KpHUTE-
PHEB «YCTOMUYMBOTO PA3BUTHSI APXUTEKTYPHD.
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Marepuaiasl 1 MeToAbl. JlaHHOE HCCIEeNOBa-
HHe OasupyeTcs Ha aHAJIHM3€ CYNIECTBYIOIINX IIPO-
MBILICHHBIX 00BEKTOB, IIOCTPOSHHBIX 32 PYOEIKOM.
JaHHble OOBEKTHl SIBISIOTCS MPEACTABUTEISIMHU
«yCTOMYMBOIO Pa3BUTHS APXUTEKTYPbD», — 3TO IJIaB-
HOE yCIIOBHE BBIOOpa 00BEKTA JIJIs aHAIH3a, a TAKKe
00BEKTHl UMEIOT HETIOBTOPUMBIN U HECTaHJapTHBIHI
O0JIMK, XapaKTepU3ylTCs SPKUMH KOHLENTYallb-
HBIMHU MJESIMH, TOJIyYUBIIUMH OTPa’KEHHUE B OOJIUKE
3nanus. [lpuBeneHHbIe MpUMEpPhl MEHSIOT MPHUBBIY-
HOE TIpeJICTaBIeHnEe 00 apXUTEKType MPOMBIIILICH-
Horo 3HaueHHs. [lompoOyem pa3oOpaThcsi U BbISC-
HUTh, KaKUE OCOOCHHOCTH B OOBEKTE OINpEesHIN
€ro K «yCTOMYMBON apXUTEKType» M UYTO MOBIHSIIO
Ha 00mK oOBekTa. Jlajee onpenennM, Kakue MpHH-
LBl YCTOWYMBOM apXUTEKTyphl NPUMEHSUINCH B
JAHHBIX 00BEKTAX, U KaAKHE TCHACHIIMH HAMEYalOTCs
B IPOCKTUPOBAHUH HPOMBILUICHHON apXUTEKTYPHI.

B apxurekType COBpeMEHHbIX MPOMIPEATIPHS-
THH BCTPEYAIOTCS pEIICHHUS HE CBOWCTBEHHBIC THITO-
BO IPOMBIIIUIEHHOH apXUTEKTYpe, TAKUE KaK, OCBO-
€HHME KpBIII, WCIOJIb30BaHUE COJHEYHBIX Oartapei,
MPUMEHEHNUE COBPEMECHHBIX Y WHHOBAIIMOHHBIX Ma-
TepuanoB B (acanax, BKIIOUCHUE JOMOJIHUTEIHHBIX
(yHKUIMI HEe MPOMBIIUICHHOIO 3HAUYEHUs U Tak Ja-
nee. PaccMoTpuM noapoGHee Ha puMepax.

Obvexm 1 (puc. 1). Kpynneiimnas B Mupe aiex-
TpocTanus B Konenrarene paboraeT Ha OCHOBE My-
coponepepadaThIBAIOIIEr0 3aB0/a, UCIIOJIb3Ysl BTOP-
CBIPbE KaK TOIUIMBO JUIS TIOJyYSHHs DJIEKTPOIHEP-

ruu. Kpslillla 31aHUS ¢ OJJHOM CTOpPOHBI MPEICTaB-
JIsieT OO0 MCKYCCTBEHHBIHN JIBDKHBIN CKIIOH TTOIIA-
ae10 9000 M2, ¢ amHOM ckinona 400 M, BeicoTol 90
M; a C APYroi — MacIITaOHBIN MAPK C MEIIUMH TPO-
MMUHKaMH, Tl PacTeT IPEeBECHO-KYCTapHUKOBAs pac-
TUTENBHOCTH. /)1 mogbeMa IBDKHUKOB MPETyCMOT-
peHbl cienuanbabie TUPTHL. CKIOH paboTaeT Kpyr-
JoroanyHO. IHHOBAaIIMOHHBIM pPEelIeHUEM MTOKPBITHS
CKJIOHA CTaJa CIielMabHas IIaCTUKOBAs CETKa, de-
pe3 KOTOPYIO popacTaeT Tpasa, B pe3yjbrate o0pa-
3yeTcsl MIepoXoBaTasi MOBEPXHOCTh, CO CXOKUM KO-
s purmmenToM TpeHwus, 9ro u cHer. dacanm 3maHUA
COCTOUT W3 aJIOMUHHEBBIX OJIOKOB, PACHOJIOXKCH-
HBIX B IIaXMaTHOM MOPsIKe C OKkHamHu. B ¢acan
BCTpOEHa camasi OOJIbIasi B MUpE CTeHa JJISl CKaJo-
nazanud. Ha BepxHel Touke KpbILIM pacmloJiokKeHa
CMOTpOBasl IUIOIIAJKa ¢ BHAOM Ha ropoja. Kpome
MTPOM3BOACTBEHHBIX TTOMEIICHUH U O(HUCOB, TIPEIy-
CMOTpPEHBI 00pa3oBaTeIbHBIA IEHTP, Kade. biaro-
Japsi MPUMEHSEMBbIM TEXHOJIOTHUSM OYUCTKH Ta30B,
terioBast  anmekrpoctanius Copenhill paGoraer
MIpaKTHYECKH 0e3 BPEIHBIX BEIOPOCOB B aTMOCheEpy
[20]. HeoObIuHbIC, HOBATOPCKUE HJICH, BOILIOIICH-
HBIC B MPOCKTE, IPUBEIIH K CIICAYIOIIEMY: MIPEAIIPH-
STHE BBIIIIO U3 CTATyCa 3aKPHITOTO 0OBEKTa U CTAIIO
MHOTO(YHKIIMOHATHHBIM ~ OOIIECTBEHHBIM  IIPO-
CTPaHCTBOM JJIsi HACEJICHUS; MHHOBAIIMOHHBIC TEX-
HOJIOTUU ¥ MaTE€PHAJIBI; SKOJIOTUYESCKH YUCTHINH 00h-
eKT; VHHKalbHble Qacangsl, OKCIUTyaTHpyeMas
KPOBJISL.

Puc. 1. MycopornepepabaTeiBaromuii 3aBoJ ¢ TeruioBoit anekrpoctannueii Copenhill. Komenraren, Janus.
Agtopsr: Bjarke Ingels Group. 2019 .

Obwvexm 2 (puc. 2). OCHOBHOW apXHTEKTYPHOU
HJeeH B CO3IaHNH 00JIMKA 3JIEKTPUUCCKOM MOICTaH-
uuu B Mmarpe mepex aBTopaMu NIpoOEKTa CTOsUIa
nBoiiHast 3agada. CHopMUpoBaTh TUHBIN KOMILIEKC
CO CTapbIM 37aHHEM TIOJICTAHIIUU ¥ OPTAaHIUYHO BITH-
caTh €ro B OKPY)KAIOIIWH NPUPOIHBINA JaHIadr.
HoBoe 31anne noactaHny nMeeT OETOHHBIN KapKac

U AByXcioiiHble Gacanpl. Buemnuii cnoi ¢acana co-
CTOWT U3 JUIMHHBIX KUPIHUUEH pydHOH paObOThI, yiI0-
JKEHHBIX B 3UI'3aroo0pa3HOM y3ope ¢ repdopariuei
B BEpXHEW 4acTH ISl CO3JaHMsI IOPUCTON PEIIETKHY,
MPOITyCKArOIIEeH CBET M BO3AYX, YTO MEPEKINKACTCS
C TpPEYroJbHBIMU CTAIBHBIMH MPOQUISIMH HOBBIX
OIIOp JIMHUI 3JIeKTpoIiepeaay U TepMuHanoB. BHyT-
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pEeHHUU cIoi BoWHOTO (acaja COCTOUT M3 MOHO-
JIUTHBIX ¥ COOPHBIX OETOHHBIX CTEH, IPOPE3aHHBIX
JICHTOYHBIM OCTEKJICHHEM. ApXHUTEKTypa IMpuiaeT
eIMHYI0 HUICHTUYHOCTH HOBOMY IMPOEKTY U TOMe-
IIaeT €ro B CyIEeCTBYIOmMi KoHTeKCT [21, 22]. B

O0aHHOM npoeKme apxXUTEKTypa 3[aHud U HHXEHep-
HBIX COOPYXECHHUH BBICTYIIAeT KaK CHMOMO3 apXHUTEK-
TYpPHO-CKYJBIITYPHOTO TIOAX0Ja B PELICHUU O0JINKA
komruiekca. MHdppacTpyKTypHBIH 0OBEKT BBIIOIHEH
B FAPMOHHH C OKPYXarolei cpeoil.

Puc. 2. Dnexrpudeckas noacrannus. Vimarpa, @unnstaaus. ABropsl: 6ropo Virkkunen & Co. 2020 .

Ob6vexm 3 (puc. 3). B mpoekte nHIYCTpUATBHOTO
KOMILJIEKCa IO MPOU3BOJICTBY TEKCTHIIS U OHEIKIbI
Integral Esquel n3meneH TpaauliMOHHBINH 00pa3 TeK-
CTUJILHOTO Npou3BoacTBa. [lomyunics He npocTo 3a-
BOJI-M3TOTOBHUTEINb, & MPOMBIIIJICHHBIH MapK 3KOTY-
pHU3Ma, OXBaTHIBAIOIIMK KOHIENIUU Oyaau3Ma, co-

XpaHEHUS! HKOJIOTUU U JPYTHE DIIEMEHTHl yCTOWYIH-
BOH apxXWTEKTypbl. KpoMe CTpOMTEIhCTBA OCHOB-
HOT'O TEKCTHJILHOTO MPOM3BOACTBA U PEMECIICHHOTO
[IEHTpa, MPOEKT MpeayCMaTpUBaeT co3faHue OoTa-
HUYECKHX CaJIOB, TUIAHTAIMN, BRICTABOYHBIX 3aJI0B,
pecTopaHoB Ui TepcoHala, YYeOHBIX IIEHTPOB U

Ipyrux o0beKToB [23].

Puc. 3. ®abpuka Integral komnanuu Esquel. I'. I'yitnuas nposunnuu ['yancu, Kuraii.
ABtopsl: Ronald Lu & Partners. 2019-2020 rr. O6muii Bua

B dacagapix matepuanax 3gaHuil  haOpuKu
Integral Esquel ucmonb3oBanuck 06aMOyK, CHHUI
KupImd, cTekI1o (puc. 4). boibImas 9acTs KphImu pe-
MECJICHHOTO IEHTpPa MOKPHITA 3€JICHBIMU PAaCTCHU-
SIMH, YTO HE TOJBKO YBEJIMYMBaeT oOliee 3eseHoe

MOKPBHITHE YYacTKa, HO W IOMOTaeT HU30JIUPOBATh
3/IaHUE U TIOJIEP’)KUBATH CTAOMIBHYIO TEMIIEPATYPy
B TIOMENICHUAX. ApXumexmypHoe peuieHue npoexma
OTIMYAET: MHOTO(YHKIIHOHATIBHOCTh, OTKPBITOCTh
JUISL HACEJICHUS]; UCIIOJIb30BaHUE TUIOCKOCTEH KPBIIIL,
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penbeda; eANHCTBO ¢ IPUPOIOH, C TPAAUIMAMHE, YTO
OTpPaXaeTcsi Ha BCeM OOJIMKE KOMIUICKCA M JIeNlaeT
€ro YHUKalIbHBIM. MozeNb MpeAnpUaTHs COYETAeT
B ce0e COBpEeMEHHbIC MHHOBAIMH, TEXHOJOTHH U
MaTepUabl, JEMEHTh TPAAULHOHHON KYIbTYPHI U
9KOJIOTMYECKYI0 YCTOWIMBOCTh, TEM CaMbIM IIOKa-

3bIBast, KaK MPON3BOICTBO, IPUPO/IA M YETOBEK MO-
T'YT COCYIIECTBOBATh B FapMOHUH. [Ipoexm Taxxke
BOIIOTHII B ce0€ HECKOJBKO YCTOWYHMBBIX MPUHIIU-
TIOB: BOCCTAHOBJICHUE 3€Mellb, PELIUPKYJISIIUS BOBI,
HONOJIHEHNE PECYPCOB, TApMOHH3AIHS ¥ TIOAIeprKa-
HHUE MECTHOU (hIIOpHI U (payHBI.

Puc. 4. ®abpuxka Integral komnanuu Esquel. I'. I'yitnuae nposunnuu ['yancu, Kurait. dacan 3nanus

Obvexm 4 (puc. 5). Ha meGenbHoli (abpuke
Vestre, pacronoXeHHON B JeCy psSaoOM C JAepeBHEU
MarHop Ha BocToke HopBeruu, BOIIIOUICHBI UAEH
9KOJIOTHUECKONH  apXUTEKTYpBl:  HCIIOJIb30BAHUE
MECTHOM JpEBECHHBI, HU3KOYIJIEPOJHOTO OETOHA,
pa3MeleHne COJTHEYHBIX Oaraped Ha KpbIle 371a-
HUSI, TETUIO OT MPOHU3BOCTBA UCTIOJIL3YETCS AJIst 000-
rpesa nomenienuid. @adbpuka ynorpednser Ha 90 %
MCHBIIIC SHEPTMM W BBIOpAcBIBaCT B aTMocdepy
BJIBO€ MEHBIIIE TAPHUKOBHBIX T'a30B [24]. MHTepecHO
TO, yto (aOpuka OTKpeITa A TypucToB. lIpemy-
CMOTpEHBI MENIEXOAHbIE MOCTBI-TPOIBI, UAYIINE OT

§aa"abs

3eMJIM ¥ TIOJHUMAFOIIKECs Ha KpbIiry 3nanud. [Inan
($habpuku uMeeT PopMy KpecTa ¢ KpyTIIbIM IOMeITe-
HHUEM B LICHTPE, KOTOPOE MAaKCUMAIBHO OCTEKJICHO H
OTKPBITO U1l TMPOCMOTpa moceTuteneid. MHo-
royHKIIMOHAFHOCTh, OTKPBITOCTh, HE CTaHIApT-
HOE OOBEMHO-TUIAHUPOBOYHOE pEIICHHEe, IKCILTya-
THPYEMBIE KPBIIIM, HCIOJb30BAHUE AJIbTEPHATHUB-
HBIX HMCTOYHWUKOB JHEPTHH, 3KOJOTUYHOCTH, «pac-
TBOPEHHUE» apXUTEKTYpPhl B IPUPOTHON cpelie, — Xa-
paKTEepHBIC YEPThI NPOEKMA.

Puc. 5. MebenbHas padpuka Vestre. Hopserusi. Asropsr: 6ropo BIG. 2020 r.

Obvexm 5 (puc. 6). Onerra u3 «Jlebenuuoro
03epa» MpejcTaBieHa B oOpa3e OEIOCHEKHOTO Jie-
oens. [ToaToMy Bech 3aMbICeNl apXUTEKTYPHOTO 00-
nuka BuHonenbHu Odette Estate accommmpyetcs c
OenbIMH JICOSTUHBIMH KPBUIbSIMH. 37IaHUE COCTOHT

U3 TPEX CTaphIX IPY30BBIX KOHTCHHEPOR. B 0/1HOM 13
HHX YCTaHOBHUJIM ITPECC JIIsi BAHOTPAJIa, BO BTOPOM —
oduc, B TpeTheM — 1aboparoputo. He npusiiekaresib-
HBIC CTCHBI KOHTECHHEPOB CKPBUIH 3a OEJIBIMHU MOy~
MPO3paYHbIMK MTePHOPUPOBAHHBIMU TTAHESIMU, OHU
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MacKHUPYIOT pab0uyIo 30HY OT B3IJIsa IOCETUTETICH.
dacagubple MaHeIW W Kpblma B Gopme JieOeanHbIX
KPBLUIBbEB OIPEIENIOT OpUrHHAIBHBIN O0NIHK OHO-
3Ta)XKHOTO 3/1aHusA. KpoBisi BUHOEIBHU «3€NIeHas»,

C €CTECTBEHHBIM O3€JI€HEHHEM, Ha KPBILIE PacIoo-
KEHBI COTHEUHBIE OaTapeu. Y CTPOMCTBO COTHEYHBIX
Oarapell, NpUMEHEHHE MOBTOPHO-UCIIOIB3YEMBIX

KOHTEHHEPOB, - BUHOJEBHS MONy4YHia cepTudUKaT
pecypcoaddextuBHOCTH [25].

Puc. 6. Bunonensas Odette Estate. CLLIA. ABTopsr: bropo Signum Architecture. 2017 r.

Obwvexkm 6 (puc. 7). HoBoe coopykeHHEe BHHO-
nenpueckoro npouspojacTsa lllato Illepans-bian B
perunoHe CeHT-DOMWIIBOH BKJIIOYAET B ceOs 1eX Ui
OpOXCHHUS W BBIACPKKM BHHA W OTKPBITHIC OOIIIe-
CTBCHHBIE 30HbI. BBITSIHYTBIN 00bEM MHOTOYPOBHE-
BOM MOCTPOMKU C KPUBOJIMHEWHBIM CUIY3TOM BTO-
PUT XO0JIMaM OKpY’Karollei MecTHOCTH. B 1eHTpe
IIOCTPOMKY HAXOAUTCSI BHYTPEHHUM JIBOP, 3aKPBITHIN
OT COJHIIA W JOXKIS HaBECHBIM dTakoM. Bo mBop
MIPUBO3SIT COOPAaHHBIA BUHOTPAJ, Aajiee OH MOMaaaeT
B pACIOJIOKEHHBIA Ha TOM JK€ YPOBHE IEeX-Opo-
JWIIBHIO. B Mo BaIbHOM 3Ta)ce OOYKH PaCcCTaBJICHBI
[0 KPUBBIM JIMHUSM, YTO MOJYEPKUBAET CIIOKHBIN

ﬂﬂ"-““'

miaH 3nanus. Ha BTopoM 3Taxe pacrhoioKeH Jery-
CTAlMOHHBIN 3aj. M3 3aja MOXKHO IIOIacTh Ha
KpBILY BUHOJEIBHHU, 3aHATYIO JEPEBAHHOU Teppa-
COH, C MOJIEeBBIMU LIBETAMU, JUKUMH TpaBaMHu U KY-
crapaukamMu. CBET B HHTEphEp 3MAHUS IIOMATAET
CKBO3b ITPO3payHbI€ CTEKJISTHHBIE IOBEPXHOCTHU TEP-
pacel [26]. B HemocpeacTBEHHONW OIHU30CTH HAxo-
murca 3aMok IleBanp-bian. BoaHucTeiil 06 TOHHBIN
00beM BHHOJEIBHH C 3€JCHOH KPBIIIEH, CTPOrue
PAIIBI IEPEBSHHBIX MaHENIeH U CTOEK B COYETAaHUU C
IJIOCKOCTSIMU CTEKJIa, 03€JIEHEHHAs! KPOBJIsS, HECTaH-
JIapTHBIE TJIAHUPOBOYHBIE PEIICHUSI B COUETAHUU C
WHHOBAallMOHHBIMU MPOU3BOJACTBEHHBIMU TEXHOJO-

TUAMH, — OTJIMYUTCIIbHBIC Y€EPTHI BUHOJACIIbHU.

Puc. 7. Bunonensus llaro lleBans-bnan, pernon Cent-OmmiboH, @pannus. Apx. Christian de Portzamparc. 2011 r.

Obvexm 7 (puc. 8). MycopormnepepabarbiBaro-
muii 3aBojg «MOP» B Mailiniume, — obux 3a600a
MOXET OBbITh HEOOBIYHBIM U MPUBJICKATEIBHBIM.
OcHalieHue TepeIoOBBIMH CHUCTEMaMH 00pabOTKH
MycOpa, O3€JCHEHHBIC KPBIIIH, OTKPBIThIC OOIIe-
CTBEHHBIE TPOCTPAHCTBA, My3€H, — MOABUIIMCH ITOCIIC

pexoHcTpykimu 3aBojga. Co3man o6paz Dpu-
JIeHCpaiix XyHjepTBaccep, — MacTep CO CBOUM y3Ha-
BaeMbIM CTHJIEM, HAIIOJHEHHBIM (hopMaMu 0e3 eiu-
HOM MNpsSIMOM JUHUU, U CTPACTHOMY 3alIUTHUKY
OKpyxaroieii cpeasl. B nporiecce nmepepaboTku 0OT-
XO0JIOB BbIpabaTeiBacTcs anekTpuyectBo. Dacasi
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KpPacOYHbIE U MPHYYAJIUBEIE, HATOMHHAIOT CKa304-
HBIN 3aMOK WJIM TMapk paspiedeHuit; 120-tu meTpo-
Basi JpIMOBasi TpyOa C 30JIOTUCTBIM KYIIOJIOM, a Ha
KpBIIIEe Pa3MECTHIICS cal. 3aBOJ MPHUHAMAET OKOJIO
12 000 moceruTeneil B To U MOXKET CUUTATHCS TY-
pucTmaeckuM o0beKToM [27]. «S1 mpukpsIBato rinaza
TaK ke, KaK KOTJja PUCYI0 B BOOOPaKCHUU CBOM Kap-
TUHBL, U 5 BIKY AoMma nBera Dunkelbunt® Bmecto

YPOITHBOTO KPEMOBOT'O I[BETa M 3€JICHBIC JIyra Ha
BCEX KpBIIIaX BMECTO OCTOHA», — TaK MUCAT apXu-
meKmop, dHcusonucey u agmop 3a600a XyHoepmeac-
cep, 19792. (Dunkelbunt* — «cusromme 4YUCTOTOM
SIpKHE U TTyOOKHE IBETA, HEMHOT'O TPYCTHBIC, KaK BO
BpEMSI IOXKUTUBOTO JH», — IpuMedanue Xynoepm-
saccepa) [28].

Puc. 8. MycopomnepepadatsiBatormuii 3aBos1 «MOP», 0. Maiitmmma, Ocaka, SmoHus.
®acan u 3cku3, apx. @. Xynaepreaccepa. 2001 r.

Obvexm 8 (puc. 9). IIpon3BoICTBEHHBIN LEHTP
McLaren pacroioXeH B CEIbCKOM MECTHOCTH Ha
okpante JIOHIOHA ¥ COCTOUT W3 TPYMITbI 3JaHUH U
COOPYKEHHH, TTIaBHBIE M3 KOTOPBIX, 3TO TEXHOIOTH-
YeCKHUH IIEHTP U MPOU3BOICTBEHHOE 3/IaHUE, MEKIY
co0OH 31aHMsI COCMHEHBI TMTOI3EMHBIM TIEPEX0JI0M.
O0a 37aHAS BBITOIHEHBI CO CXOXXHMH PEHICHUSIMU
(hacasoB, COCTOSIIUMH U3 ATOMUHUEBBIX TPYO 00-
JIMLIOBKY U ocTekJieHus. [IpOou3BOACTBEHHBIN LEHTP
MpeJHa3Ha4YeH JUI COOPKU CIIOPTUBHBIX aBTOMOOU-
Jed. TexHOIOrnYecKre npoLeccsl U yCIoBUs TpyIa
— Ha BBICOYAMIIEM YPOBHE, a 3a00Ta 00 3KOJIOrHH
OKpY’)Kalollel Cpelpl CTOsJIa Ha TIEPBOM MECTeE.

JIByXaTakHOE 3/IaHUE 3aBOJA 3arIyOJISIeTCS HIKE
YPOBHS 3eMJIU U HaJl 3eMJIel BRICUTCS He Oosee 6,6
M, 3JIJaHUE CKPBITO 3a CICIHAIbHO BBICAXKCHHBIMU
nepeBbsamu. Ha kpsitiie cobupaercs moxaeBas Boja,
C MOCIIEYIONIEeH OYUCTKOM U MOBTOPHBIM MPUMEHE-
HUEM B TPOM3BOJICTBE, a TAKXKE HAa KPBIIIC OYyIyT
YCTaHOBJICHBI COTHEUHBIC OaTapen. B 3mannm pado-
TaeT pecypcocOeperaromias CUCTeMa BEHTHIISAIHH
[29, 30]. Apxumexmypuovie peutenus 00beMOB, (paca-
JIOB U TPaJIOCTPOUTENIbHAS KOMIIO3UIIUS BCETO KOM-
TIEKCA BBITIISAIAAT HEOOBIYHO, HO B TOXKE BPEMsI BITH-
CBIBAIOTCS B JaHMA(T, HE HApYyIIas ero BOCIPHUs-
THUEC.

Puc. 9. IIpousBoacTBeHnsit 1ieHTp McLaren. Yokunr, Benukooputanus. Apx. Hopman ®@ocrtep 2011 r.

Obvexm 9 (puc. 10). [IpousBoacTBeHHas TUIO-
manaka dapmanesrudeckoil pupmsl Kirsch Pharma

Health Care cocrout W3 agMHHHACTPAaTUBHO-O(UC-
HOTO 3/IaHUs ¥ MIPOU3BOICTBEHHOTO Kopmyca. [1mo-
IIaJIKa PacIioiokKEeHa Ha TEPPUTOPUHU CO CBOOOTHBIM
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nmagamadToM. Komrmiiekc CTaHOBUTCS CTapTOBBIM
00BEKTOM B JaHHOH MECTHOCTH. IIpom3BOACTBEH-
HBI KOpIIyC MPOCTOH NPSAMOYTrodbHOH (OpMBL,
yIOOHOM IjIsi TMPOM3BOJACTBEHHBIX MpoleccoB. dDa-
caJHasi OTAEJIKAa U3 HAaBECHBIX CBETIIO-CEPBIX KACCET-
HBIX [TaHeJIeH, C HAKJIOHHOM «pa3pe3koit». BeiaeneH-
HBIC IIBBI MEXAY MaHEIIMU TEMHO-CEPOro IIBETa B
BeUYepHEee ¥ HOYHOE BpeMsI C TIOJICBETKOM. 3aaaJa af-
MHUHHCTPATUBHOT'O KOPITyCa — CTATh IPEACTABUTEIb-
CKUM, Tpe3eHTA0CIbHBIM M TPHUBJIICKATh BHUMAaHUC
nocetrutenei [31]. [IpsmoyronabHOE B IJIaHE 3/1aHKE
BEITTISIANT HEOOBIYHO 32 CUET DPEMICHHS KPOBJIH.
KpoBiiss cocTouT M3 pa3sHOPOPMATHBIX CEPBIX Cer-
MEHTOB-POMOOB C TMOKPBITHEM W3 THTaH-IIMHKA,
CITyCKAeTCs K 3eMJIE U COIPHUKACAETCS C OCTEKIICH-
HbIMH BUpaxaMu cTeH. CI0XKHasi TeOMETPHS KPOBIH
3alpoeKTHPOBaHA C TTOMOIIBIO 3/I-MOIETMPOBaHMUSL.
Heckoapko CTBIKOB Takke UMEIOT MOACBETKY. [Ipu
TakoOW JIOMaHOW Kpblllle B 3[aHUM MPEAYCMOTPEH
BHYTPEHHUIA BOJIOCTOK. HIDKHSS 0OIUIIOBKA KPOBITU
Y Ha yJIUIIE, U B TIOMEIICHUH BRIMOJTHEHA U3 KPACHBIX
TpaneUueBUIHbIX naHened. J[laHHple 1BeTa U

HAKJIOHHBIC HATPaBJISIONINE B apXKOHIICTIIUN KOM-
Tuiekca ObUTM BBIOpPAaHBI B COOTBETCTBUU C JIOTOTH-
oM komriaHuu. OCTphIe YIIIbI U POMOBI aMUHH-
CTPAaTHBHOT'O 3[aHWs, HAKIOHHOE PAaCHOJI0KEHHUE
HaBECHbIC MaHeNel MPOU3BOJCTBEHHOTO KOopIyca
CO3Iar0T aHCaMOJTb B eTHOM cTHUIe [32]. PacagHbie
MaTepHajbl JOJTOBEYHBl, HE TpeOylT yxoda BO
BpEMsI SKCIUTyaTallld, H OTBEYAIOT CAMBIM BBICOKUM
TpeOOBaHUSIM HSKOJIIOTHYHOTO CTPOUTENBCTBA; CBO-
0oaHas TPaJOCTPOUTENbHAs CUTyallHsl MO3BOJUT B
OyayleM paciIMpUTh MPOM3OHY; TEXHOJOTHSI MPO-
W3BOJICTBA HA BEICOKOM MHHOBAIIMOHHOM YpOBHE. B
OTHOIIEHHUH MOTPEOJICHHS TAKUX PECYPCOB, KaK BoJa
W 3HEprusi, ObUI peaqn30BaH LENbIH KOMIUIEKC Mep
Mo ToAepkaHuio APPEKTHBHOTO U pecypcocoOepe-
raromero o0bekra. TeXHOJOTHS YNpaBiCHUS 3J1a-
HUEM CBOJWUT K MUHUMYMY MOTpeOJICHUE SHEPTHH,
HampUMep, 3a CYeT MOCIC0BATENILHOTO HCIONb30-
BaHUsI peKyreparuu Teria. YacTe 3JIeKTposIHepruu
MPOU3BOJAT Ha COOCTBEHHOM OJIOYHOM TErIodIeK-
Tpoctanmuu [33].

L L
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Puc. 10. 3nanue rosoBHOTo 0dhuca u mpou3BoaAcTBO (papmanestuueckoit kommanuu Kirsch Pharma HealthCare GmbH B
r. Benemapke, I'epmanns. Apropsr: 61opo SAOTA. 2018 1.

Ob6vexm 10 (puc. 11). IIpousBoacTBEeHHBIN U
Hay4YHO-WHHOBaIMOHHEIN 1eHTp L'Oreal pacmomno-
eH Ha Oepery 3aimBa. Pabora meHTpa ocHOBaHa Ha
BO300HOBIISIEMBIX HCTOYHHKAX SHEPTUU. BBITSHY-
TBIH BAOJIb OEPEroBOM JTMHUKM 00BEM 3[AHUS C TJIaB-
HBIMU (hOpMaMu, TJIABHBIM OCTEKIJICHHBIM (acagzom
oOpallleH B CTOpOHY 3asiuBa. KoMIIEKCHBIH MOaX0
B MMPOEKTUPOBAHUH 34aHUs, COOPYKEHUI U OpraHu-
3alUH CaMOM TEPPUTOPUH NIPEAYCMaTPUBAET PsiJ ap-
XUTEKTYPHO-KOHCTPYKTHBHBIX, NHKEHEPHBIX pellie-
HUH, HaNpaBICHHBIX Ha COKpAICHHE BIIUSHUS Ha
9KOCHUCTEMY W MOTpebieHue pecypcon. [IpumeHeno
MOKPBITHE KPOBJIU U3 (POTORIEKTPUIECCKUX TTaHeNeH
¢ adexToM conHeuHbIX OaTapel, ¢ CHCTEMOM AaT-
YUKOB JJIS TIOAJEPXKAHUS MHUKPOKINMAra BHYTPHU
3/IaHMs, B 3JIaHUH IPEJyCMOTPEHAa CHCTeMa Iepe-
KPECTHOW BEHTHISIIMU. MolHast (GUIIbTpaIus BOIbI
CO3JIaeT HyJIeBOE BO3AelcTBHE Ha 3kojoruto. Ilep-
BBIH 3TaX BBIIIOJHEH B KapKace ¢ TpeMsl napajuielb-
HBIMU PsJIaMH KOJIOHH, Ha TOJIOBUHY OTKDBIT H

MPEAYCMOTPEH NJIsl aBTOCTOSIHKU, TAKXKE COHCPIKUT
HE OCBEILECHHYIO 30HY TEXHMYECKHX M CKIIAICKHX
noMemennii. OCHOBHOIM 00BEM 3IaHUS KOHCOILHO
BBIJIBUHYT HAJl [IEPBBIM 3TaKOM. BTOpOi1 3Tax BbI-
MOJTHEH W3 METAINTMYECKOH KopoOuaTon Oankw,
BHYTPH KOTOpPON HaxXOJWUTCS aHTPECONb TPETHETO
YPOBHsI. AHTPECOJIb OMUPAECTCS Ha KOJIOHHEI, CTOSI-
I¥ie Ha HIDKHEH rmte kopobuatoi Oanku. Bonb-
LIYI0 YaCTh BTOPOr'0 U TPETHETO ATAXKEU 3aHUMAIOT
J1a00paTopud W HCCIEJO0BATEIbCKUE  MOIYJIH,
OCTQJIbHYIO 4YacTh — aJIMUHUCTPATUBHBIC IOMeEILe-
HUsl, KOH(epeHI3aIIbI, 3aJ1bl COBEIIAHUN, PECTOPAH.
B menTpe mpemycMOTpeH KaMITyC IJISi BPEMEHHOTO
npokuBaHus. Ha TeppuTOopuu BOCCTAHOBJICH eCTe-
CTBEHHBIH 3aI0BETHUK C CO3IAHUEM XOJIMHUCTOIO pe-
Jbeda, KOTOPBIHM MMOMOraeT 3aMacKHUPOBATh CUCTEMY
OUYHUCTHBIX COOpY>KeHHIi B oOBanoBke [34]. CumOno3
MPUHATHIX MEP CO3JIaeT OJArONpUATHY, SKOJIOTH-
YECKU YUCTYIO Cperdy.
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Puc. 11. IlpousBoAcTBEeHHBIH 1 Hay4HO-MHHOBaMOHHOU 1IeHTp L'Oreal. Puo-ne-XKaneiipo, bpasumus.
Astopsl: Perkins&Will. 2016 r.

OcHoBHast yacTb. B apxuTexkType cOBpeMeH-
HBIX IIPOMBIIIJIEHHBIX OOBEKTOB BCTPEUAOTCS HHTE-
pECHbIE M CMeENbIe PpelIeHHs, KOTOpbIe KacaroTcs
BHEIIIHETO apXUTEKTYPHOTO OOJMKA M IIAHUPOBOY-
HBIX PELICHUH, a TAK)Ke HECYT HOBATOPCKUE UACH 110
TEXHOJIOTHYECKOMY OCHAIIIEHHIO, O00O0PYAO0BAHUIO.
Kommnekc apXUTEeKTYpHBIX, HHKCHEPHO-KOHCTPYK-
TUBHBIX PELICHUI NPUBOIUT K YCIICIIHOMY PE3YJIb-
Tarty, — 3T0 6€30MacHOCTh U KOMGOPT padoTaromux

U TOCETUTEJICH, OSKOJIOTHYecKas Oe30MacHOCTb,
dHEepropecypcocoepekeHie W aBTOHOMHOCTh Ya-
CTUYHAS WIH TOJIHAS B pa0oTe MPEANPUATHS U TaK
Jianee, a TaKkke 3aNOMUHAIOWUICS U NPUBTEKAMeNb-
Hblll 001uK. PACCMOTPUM OCOOEHHOCTH apXUTEKTYpP-
HBIX PEUICHUH MO pa3IMYHBIM KPUTEPUSIM B TaOIUIE

1.

Tabruya 1

XapakTepHble 4epThl 1 0COOEHHOCTH PACCMOTPEHHBIX 00bEKTOB

MHoro(hyHKI[HOHATBHOES OOLUIECTBEHHOE MIPOCTPAHCTBO, OTKPHITOE [UIsl OOILIEro JOCTyIa HaceICHHU,

- O0IIEeCTBEHHBIN MTapK, 00pa30BaTeNbHBIN LEHTp, Kade, pa3BieKaTenbHble QYHKINH, My3€el, BBICTa-
BOYHBIE 3AJIBI/TIPOCTPAHCTBA, YIEOHBIC LIEHTPHI (KaK [T MepCOHala, TaK M U MOCETUTENEH), CMOT-

3arny6neHHe 30aHus HHWXE YPOBHA 3€MJIM, TIIOA3EMHBIC NIEPEXOMIBI,

Kpusomnmneitasie 00bekTH (5, 6, 7, 10), He cranmapTHeie popmbl/odbemsr (1, 2, 4, 5, 6,7, 8, 9, 10).

KpoBmst: nmkeHepHO-TEXHOIOTHYECKast (PYHKIMS (COTHEUHbIe OaTapen, NaT4UKH, YCTPOHCTBa, 000-
PYIIOBaHHE), «3€JICHas» KPOBIIS, IKCIUTyaTUpyeMas KpbIIlla, 3CTeTHYECKH PHUBIICKATEIbHBIN «ISATHII

B rpanunax ropoza (1, 7). BusyanbsHo 1oMHHAHTHBIH 00BbeKT B cymiecTByronieit cutyauus (1, 3, 9).

[Manenn: mephopupoBaHHEIE, pelIeTIaThIe, KACCETHBIE; HABECHBIE CHCTEMEI, «J[BOIHBIE) (hacambl, HH-
HOBAIIMOHHBIE MaTePHaIIbl C PA3INIHBIMU CBOHCTBAMH, 33a€HCTBOBAaHHBIMHI B OOIIIEH CHCTEMe MOITy-

JlepeBo (B TOM umcIle, MECTHas IpeBecHHA), 0aMOyK, CTeK10, OETOH (Iepexo/ Ha HU3KOYTIIEPOJUCTBII
LEeMEeHT*), KHPIHY, TATAaHOBO-I[HHKOBOE TIOKPBITHE, KEPaMOILIACT, apXUTEKTYPHbBIH OETOH, COHJIBUY-
naneny, GpudpobeToHHbIe MaHenu («huOpoLeMeHTHBIe» MMaHen), GacaJHble MaTepHaNbl O] Jie-
peBOY», COBpEMEHHBIE KOMIIO3UTHBIE MaTepHasbl. Vcronbp30Banue BTOPUYHOM apMaTypHOii cranu (4).
I'py30BbIe KOHTEHHEPHI (BTOPUYHOE HCIIOIb30BaHKE). VICKyCCTBEHHBIE OT/IC/IOUHbIC MaTepHaIbI, KO-

Pabora Ha BTOPCBHIPHE WM C UCIOJB30BAHHUEM BTOPCHIPHA. Honyqe}me DJIEKTPOSHEPTUN HAa OCHOBE
MHHOBAIIMOHHBIEC TEXHOJIOTHH OUUCTHBIX coopymeHHﬁ 10 OYUCTKE OTXOZ0B, BO3lyXa OT I'a30B U IIpU-

be3 BpenHbIX BEIOPOCOB B aTMocdepy, OTCYTCTBHE WIIH MUHUMAIbHOE MOTPEOIeHNE TPUPOIHBIX pe-
cypcoB. BozoOHoBmsiemMble ncTounukd SHeprun. ConHeunsle Gatapen. PecypcocOGeperaromast cu-

Criennann3npoBaHHOE KOMIIBIOTEPHOE NPOTrPaMMHUPOBAHNE HA CTAAUH NPOSKTUPOBAHUS M IKCILIya-
CoBpeMeHHBIE TEXHOJIOTUH IPOU3BOJICTBA ¢ MUHMMAJIBHBIM BO3/I€IICTBHEM Ha OKPYKAIOLIYIO CPELY

BoccTaHoBieHue 3eMenb, PEeLUPKYIISIUA BObI, IIOMOJIHEHUE PECYPCOB, PEKyIepalus Teria, rapMo-

Ne | Kpurepun XapakTepHble YepThl 1 0COOCHHOCTH
1
Inanuposounsvie TYPUCTHYECKUIA OOBEKT:
ocobenHocmu
JlonoHUTEIbHBIE poBast IUIOMIAMIKA,
GyHKIIN - cropT (CKayoa3aHue, UCKYCCTBEHHBIHN JBDKHBIA CKIIOH),
- DKOTYPH3M, IPOMBIIIICHHBIA TypH3M, OOTAHIMYECKUE Caabl ¥ IUIaHTAIINN
BHyTpeHHHE ITBODEL
caJIpl/TIapKu/Teppachl Ha KPOBIIE, aHTPECOJIbHBIE ATAXKH, KOHCOJIBHBIE STaXH.
2 Ocobennocmu  00-
JUKa 30aHUs. dacag — cTeHa I CKanoIa3aHus.
O0weMm, pacaab
¢acan 3manusy (1-10).
4 | I'padocmpoumens-
Has B npupoanom nangmadre (2, 3,4, 5, 6, 8,9, 10)
cumyayus
5
Mamepuane YeHHs 1 COepEeKEeHNUsI TeIUIa, B CHCTEMe BEHTHIISIINY, - CO3J[aHIe MUKPOKIIMATA.
omoenku
TOpBIE He TPeOYIOT YXOa B 9KCIUTYaTAI[MH K C HYJIEBBIM BO3JICHCTBHEM HA YKOJOTHIO.
6
Hnoicenepro-mex- COOCTBEHHOTO TIPOU3BO/ICTBA.
HOJO2UYeCKUe 0co-
bennocmu Meceid, QUIIbTPaIK BOJBL
TexHoxornu, MHHO-
Ball¥M, WHKCHEP- | CTeMa BEHTHIIALIH.
HBIE CHCTEMBI
tarmu 3xaxus (1-10).
WITH €T0 OTCYTCTBUEM, - 9KOJOTHYECKH YHCThIE TPOH3BOJICTBA.
HH3aIMs ¥ TIO/IICPKAHHE MECTHOH (Guiopbl U (ayHbL.

* HHM3KOYTJIEPOJUCTHIH IIEMEHT — IPOM3BOJCTBO KOTOPOTO COIPOBOXKAAETCS HU3KUM IIOTPEOJICHHEM SHEPIHH
1 HU3KUM BBIICJIEHUEM YIJIEPOa
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MokHO caenath CIeIyrOUIMe BBIBOJBI IO MPO-
BEIICHHOMY aHAIN3y 00BEKTOB. Bce 00BEKTHI MMEIOT
WHAWBUYyaJbHBIA, HEIOBTOPUMBIN OONHK, KOrna
MOJKHO CKa3aTb, YTO JaHHBIH OOJIMK MPOMBIIICH-
HBIX OOBEKTOB CTaJ «APYTUM», OTINYAIOIIAMCS OT
AQHAJIOTUYHBIX OOBEKTOB MPOILIOH SMTOXH.

1. Apxumexmypuvlil 00IUK NPOMBIULIEHHO20
30aHus KapIuHAIBHO MeHseTca. MBI BUIUM apXu-
TEeKTYpHBIE pelIeHNs, HEOOBIYHbIE M HECBOWCTBEH-
Hble NPOMBIIIJIEHHON apxutekrype. HecomHeHHO,
OOJIMK 3/1aHUs TOJKEH OTpaskaTh M OTBeYaTh (PyHK-
nuu 31auusa. Ho 9to mpoucxoaut ceidac? ApXuTeK-
Typa IPOMBILIUIEHHOTO 3/1aHUSI HAIIOMUHAET U TpH-
OMmKaeTcsl K apXUTEKType OOLIECTBEHHOTO 3AaHUsL.
UenoBek NPUBBIK K TOWH apXUTEKTYype, KOTOpask €ro
OKpY>KaeT B TOBCETHEBHON JKU3HH, a 3TO OUCHBIE U
aJMUHHCTPATUBHBIE 3/1aHUS, TOPrOBBIE LEHTPHI,
MHOTO(QYHKIIMOHAIIFHBIE KOMIUIEKCHI. Takas apxu-
TEKTypa €ro He IMYraeT, OT Hee HE UCXOAUT yrPO3bl U
OTACHOCTH, KaK OT YHCTOro 00pa3a MmpoMIIpeaIpusi-
THSI, 3al€4aTIEHHOr0 B Haled namsaTd. BHemHui
O0JIMK HapOYUTO OTXOIUT OT WACHTU(HUKALINU TIPO-
MBILICHHON apXUTEeKTyphl. [1osBISIOTCS OOBEKTHI
CO CX0’KMMH apXUTEKTYPHBIMU Y€PTaMU TYPUCTHYE-
CKUX, OOIIIECTBEHHO-PA3BIIEKATEIBHBIX KOMILUIEKCOB,
TOOOTIBITHEIE «HHOIUTAHETHBIEY», KOCMUYECKHE 00-
passl.

CriekTp MpPOEKTHBIX CPEJICTB, MPUMEHAEMBIX
JUTSL TOCTYDKEHUS JaHHOTO 3(QeKTa, MHOTOTPaHEH.
B otnenke dacanoB NpuMEHSIOT /IBa BUIa MaTepHa-
JIOB: MICKYCCTBEHHBIE MaTepHallbl, KOTOPbIE HE Tpe-
OYIOT yXOJ1a B OKCIUTyaTalllH, a TAK)Ke MHHOBAI[MOH-
HbBIE MaTepualbl HA OCHOBE Pa3JIUYHbBIX CIUIABOB —
KOMITO3UTHBIE U HaTypajbHble MaTepuansl. CoueTa-
HUE Pa3IMYHBIX MaTepHAIIOB U cCcTeM (pacagHon OT-
JIEJIKH, - SKCIIEPUMEHTBI, KOTOPBIC paHbIlle ObLIH HE
TUIHYHBI JJIS1 TPOMBINIIICHHOW apXUTEKTyphl. [1pu-
4eM, TIIaBHbIe TPeOOBaHUS K JIFOOBIM MaTepuaiam -
HYJIEBOE BO3CICTBUE Ha 3KOJOTUIO U HA YEIOBEKA;
OTHECTOWKOCTh M HEeroprouecTb. Bo MHOTHX 0OBeK-
Tax 3aJIeiCTBOBaH «MATHINY (hacan 37aHus, padoTa-
IOIUH Ha co37jaHme 00JIMKa, ApXUTEKTYPhI 31aHUS B
LIETIOM; «3€JICHbIE KPOBIW» - CO3JaHUE UCKYCCTBEH-
HOro JaHgmadTa C €CTECTBEHHBIM O3€JIEHEHHEM.
OKCIUTyaTUpYEMBbIE KPOBJIH JJIsl OTAbIXA, KaK [ pa-
OoTaoLlero mepcoHana, TaK W Ui IOCETUTENeH
TIPEATPUSTHS.

OdeHb YeTKO BUIHBI MEHOeHYUu 6 peuleHuu
00vemos, acados, 3aBUCAIIAE OT CYIIECTBYIOIUX
rpajocTpouTeNbHbIX ycnoBuid. IlepBoe, 3T0 Makcu-
MaJbHO TAPMOHHUYHO BIIHCATHCA B OKPYKAIOIIHMHA
nmaaamadT. He HaBpequTh BU3yallbHOMY BOCIIPHS-
THIO TPHUPOJIBI, MECTHOCTH. 3JaHHS «IIOBTOPSIIOTY
dopmy penbeda, - XOJIMBI, PACTHTEILHOCTH, BOJIO-
embl. [Ipu Hamamu cBOOOTHOW TEPPUTOPHUH 3TaHNE
MOET «YXOAMTH» B IOA3EMHBIC ITaXKH, 3ariyO-
JIATBCS, C IENBI0 COXPAHUTHh HEOONBIIYIO BBICOTY

BO3BOJMMBIX OOBEKTOB U MAaKCUMaJIbHOE BHUMAaHUE
cdokycupoBaTh Ha JanamagTe. Bropoe Hanpasie-
HUE, 3TO 3AaHHUA — AOMUHAHTHl. C yHHMKaJIbHOU M
JIaXe C «IIpUYYUIMBON» UM C «KOCMHUYECKOW» ap-
XUTeKTypoi. Kak BapuaHT, 3TO CO34aHHUE CKYJIbII-
TYpHOW apXUTEKTYpHI, 3aJal0MIei OyAyIIylo HIeH-
TUYHOCTH, Y3HaBaeMocTh MecTa. CoBceM MHOM MoJ-
XOJl IIPU PEKOHCTPYKLWH, INPUCTPOMKH, PacIInpe-
HHUM, MOJIEPHU3ALMH U TaK JaJiee, TO €CThb, IPY HaJIU-
YUM CYHIECTBYIOIIMX KOpIycoB. JloOMThCS Makcu-
MaJbHOTO COYETaHHA C CYLIECTBYIOLIUMH KOPITY-
CaMH, COOPYKEHUSIMH.

2. Ilnanupogounvie pewienus yXoaar OT TUIIN3A-
UM IPOEKTHBIX petieHnii. OcoOeHHO, 3TO KacaeTcs
OOIIECTBEHHBIX 30H U HPOCTPAHCTB, KOPILYyCOB HE
MIPOM3BOJCTBEHHOI0 Ha3zHaueHus. [Ipaktuuecku BO
BCEX PACCMOTPEHHBIX 3JAHUAX XapaKTepHa MHO-
royHKIMOHANBHOCTb. PackpbITHe NpennpusTHs
JUTsL HaceleHwusl, ropofa. Pacmmpenne GyHKIUA u
YXOJ OT «3aKpPBITOT0» IMPOU3BOJICTBA.

Ha mpemnpusitun mpenycMoTpeHbl J1abopaTo-
PpHH, HAy4HBIE U YKCIIEPUMEHTAJIbHbIC OTIEIBI, 00y-
YaroIIUe IEHTPHI, OMONMOTEKH, KOH(EPEHII-3aJIbI,
MEIMANPOCTPAaHCTBA, MECTa OTAbIXa W OOIICHUS
NEPCOHANA, IlIe IPOUCXOIUT OOMEH OIBITOM, 3HAHU-
MU, UHPOpMAIHEed MeXTy pabodunMiu, HAYIHBIMH
COTpYJIHUKaMH, a TaKXKe OTABIX, pa3rpy3ka U KOM-
¢dopTt Ha paboueM MecTe.

3. Anuosayuu u Hayka 8 mexHono2uu u npous-
6o0cmee, undceHeproe 060pyoosanue.

[MpumeneHne Hay4HBIX pa3pabOTOK, MpOrpam-
MHUPOBAaHUSI TNPU CO3MaHUHM 3SHEProd(PPEeKTUBHBIX
MIPOEKTOB.

4. Koumnvromephoe npozpammuposanue. Apxu-
TEKTYPHO-KOHCTPYKTUBHOE  IPOrpaMMHUpPOBaHHE:
PasHOBEJIMKHE U CIOXHbIE (HOPMBI, MHOTOYPOBHE-
Bble 00OBEMBI; IPUMEHEHHE HETHITOBBIX KOHCTPYK-
THBHBIX CUCTEM U KOHCTPYKLMHA. be3 nHxkeHepHoro,
TEXHOJIOTHYECKOTO MPOrPaMMHUPOBAHUS  CErO/IHS
HENIB3S TMPEJCTaBUTh PaboTy MPOMITPEIIPUSITHS.
[IpocTpaHcTBEeHHOE M MaTeMaTHYECKOE MOJIEIHPO-
BaHME O0beMa 37aHusl B 3aBUCUMOCTH OT XH3HEH-
HOTO IIMKJIa, IPOTHO3UPOBAaHUE C MOJCIUPOBAHUEM
MPOIIECCOB.

BbiBoabI. AKKyMynUpys IPOBEICHHBIN aHATIN3
1 BBILIECKA3aHHOE, MOKHO CIENIATh CIEAYIOIINE BbI-
BOJIBI.

1. B coBpeMeHHOW MPOMBIIUIEHHOW apXWUTEK-
Type MpPOCIEKUBACTCS TEHJCHIMS K BBIIOIHEHHIO
KpUTEpPHEB «YCTOWYMBOTO Pa3BUTHS apXUTEKTYPbI»:
UCTIOJIb30BaHKe dHEProdPpPEeKTHBHBIX CHCTEM, B TOM
qyciie, HA OCHOBE €CTECTBEHHBIX HCTOYHHUKOB JHEP-
run; OEpeKHOE OTHOIICHUE K OKPYXKAIOIIEH cpene,
HENPUEMJIEMOCTh €€ 3arpsA3HeHUs; UCIOJIh30BAHHE
WHHOBAIIMOHHBIX TEXHOJIOTHI 1 COBPEMEHHBIX CTPO-
UTENBHBIX U OTAEJIOYHBIX MaTepuanoB. MHHOBaIu-
OHHBIE HayYHBIE Pa3pa0dOTKH, KOMIBIOTEPHU3ANNI H
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[IPOrpaMMUpPOBAHUE, - 00513aTEIIbHbIE HHCTPYMEHTBI
JUIsL JOCTIDKEHUS! YCIICIIHBIX Pe3yJIbTaToB.

Ocoboe BHMMaHHE yJenseTcs 0e30MacHOCTH.
BezonacHocTh A HaceneHus U paboTaroIIero nep-
COHaJIa, 0€30MacHOCTh SKOJOTHM, OKPYXAroLIeH
cpensbl. Llensiilt KoMIieke Mep: 0 TPUMEHEHUIO Or-
HECTOWKHMX KOHCTPYKLMH, HETOPIOYUX MAaTEpPHUAaJIOB,
CTPOUTENIECTBO OUUCTHBIX COOPYXEHUH M0 OUHCTKE
BO31yXa, (PMIBTpPAlMA CTOKOB, BOABL. CaHWUTapHO-
3alllUTHBIE 30HBI Uit mpommnpennpuatuit (C33)
YTBEPKICHHbIE HOpMamu CanlluH
2.2.1/2.1.1.1200-03 «CanuTapHO-3aIUTHBIC 30HBI 1
caHMTapHas KiIacCU(pHKALUI NPEANPHUITHIH, coopy-
KEHUH M MHBIX 00BEKTOB", IpeAHA3HAYEHBI AJIS CO-
3IaHMs IOSICOB 3aIUTBHI HACEIEHUS OT IPOMIIpEN-
npusatust. Camble pacipoCTpaHEHHbBIE 30HbI «OTUYXK-
JEHMsD JJIs IPOMITPEIIPUATHI ycTaHOBIIEHBI B 500
u 1000 MerpoB. YcTaHaBiIuBas TakHUe 3aIUTHBIC
30HBI B METPAaX, KUIOMETPAx, TEM CaMbIM MbI KOH-
cratupyeM (akT TOro, 4To IaHHOE NpPEANPHATHE
anpuopy HMMeEeT BPETHOE, OMACHOE MPOU3BOJICTBO.
Jlyumie ycranaBmmuBaTh TpeGoBaHMSA MO BhIOpOCaM,
MpelebHBIM 3HAYeHHUSM 3arpsi3HEHUs OKpYyKaro-
et cpenapl. M ecniu onpeaensates 30861 C33, TO B 3a-
BHUCHUMOCTH OT IIPOCUYUTAHHOI'O KOJIMYECTBA U Kayde-
CTBa JaHHBIX BHIOPOCOB M CTENICHM 3aILUTHI OT HUX Y
Ka)XI0ro KOHKPETHOTO MPEPUSITHS.

2. O0mas TeHACHIINS — TYMaHU3aIUs TIPOMBIIII-
JIeHHOW apXHuTeKTyphl. CIOCOOBI TOCTIXEHUS pa3-
JUYHBL: YACTHYHBIN OTXO OT THIU3AINH, YHU(PHKA-
WY, CTAHJAPTH3AINN apXUTEKTYPHBIX PEIICHUH, B
TEeX CIIydasik, KOTrJa 3TO He IPOTUBOPEUYHUT IPOU3BOI-
CTBEHHOMY IpOLECcCY; MHOTO(QYHKIMOHAIBHOCTD U
OTXOJl OT «3aKPBITOTO» MPOU3BOJICTBA, KaK BHYTPHU
MPOMOOBEKTA, TAK U PACKPBITHE ISl HACETICHUS; HC-
MOJIb30BaHUE APXUTEKTYPHOTO OOJIMKA, C «pPa3Mbl-
THIMI» THIOJOTHYECKHUMH YepTaMy IMPOMBIILICH-
HON apXWUTEKTYphl B CTOPOHY OOJHKAa OOIIECTBEH-
Horo oObekTa. OJHOATaXKHBIE KOpIyca B NPHOPU-
TETE, HO UMEIOT MeCTa OBITH 34aHus TF000# 3TaKHO-
CTH, BCE 3aBHUCHUT OT IIPOU3BOJICTBEHHBIX MPOIIECCOB
BHYTPH KOPITYCOB.

3. B ocHOBHOM, IpUMEHEHHE KOHCTPYKTUBHBIX
CUCTEM C OOJBIICTIPOJIETHBIM KapKacoM B MeTajlie
WINM ’KeJIe300€TOHHBIE HECYyIHe KOHCTPYKLUH, a
TaKXe TPHUBETCTBYIOTCS JIOOble pEIIeHHs, KOH-
CTPYKTUBHO-TEXHOJIOTUYECKH M IKOHOMHUYECKHU BbI-
TOJHBIE U JIAIONIHE THOKYIO TUTAaHWPOBOYHYIO CTPYK-
Typy, KoTopass B OyAylleM IO3BOJHMT OecHpensT-
CTBEHHO MEHSTh TEXHOJIOTHUECKOE 000PYI0BaHHE 1
MIPOBOINTH MEPETNIAHUPOBKY. B cBsI3M ¢ 3THM, Xemna-
TEJBHO, YTOOBI TEXHOJIOTHYECKOE 000pYyJOBaHUE HE
OBLIO CBSI3aHO C HECYIIMMH KOHCTPYKIMSMH 30aHUSI.

HecomHeHnHO, TpHUHAIEKHOCT O0OBEKTa K
«YCTOMYMBOM apXUTEKType» OIMPAETCS Ha KOM-
IUIEKC Pa3JIMYHBIX Mep, B TOM 4YHUCIIE, TI0 TEXHOJO-

UM, MPUMEHEHUH 3HEProdPPeKTUBHBIX MaTepHa-
JIOB, ANBTEPHATHBHBIX HCTOYHWKOB OJHEPTUH, Ha
MOIIHBIX OYUCTHUTEIBHBIX COOPYXKCHUSIX U APYTUX
WHXXCHEPHBIX cHUcTeMax. B a3ty ofmyr paboty
BKITIOYAIOTCS TUIAHWPOBOYHBIE DPEUICHHUSI, PEIICHUS
o ¢acagam M o0beMaM 3IaHus. Y HHKAJIBHOCTE (ha-
caioB, 00bEMOB, HE CTaHJAPTHBIE PEIICHUS HACHHO-
TUTAHUPOBOYHOTO XapaKTepa TaKKe CTAHOBSTCS BH-
3UTHOM KAPTOYKOW «YCTOMYMBOTO pPa3BUTHUS apXu-
TeKTypbl». COBpeMEHHBIC apXUTEKTOPHI JODKHEI 00
3TOM He 3a0bIBaTh B CBOMX IMpoekTax. HaydHo-Tex-
HOJIOTHYECKHI MPOTPECC B MIPOMBITIUICHHOH cdepe 1
pealbHOE TNPHUKIAJHOE MPOEKTHUPOBAHHUE JOJKHBI
UATH BMECTE U B HOTY C MPOUCXOASIIUMH IepeMe-
Hamu. B 3aximoueHnn XoTenoch ObI OTMETHTbH, YTO
M3MEHEHHS B COBPEMEHHOM IMPOMBIIIICHHON cepe,
B TOM 4HCJE, B apXHUTEKTYPHOHW OOJIACTH, HECO-
MHEHHO, PaIyIOT, €CTh BCE MPEATIOCHIIKHU IS Pa3BH-
THS M CTAHOBJICHUS «yCTOMYNBOM apXUTEKTYPHD» U B
Poccuu. JlaHHbBIE TEHACHIIMH B «PAa3BUTUN YCTOWYU-
BOHM apXUTEKTYPhD» CTAHYT BEKTOPOM B IMPOCKTHPO-
BaHWU HE TOJIFKO TP BO3BEJICHNN HOBBIX MTPOU3BO/I-
CTBEHHBIX OOBEKTOB, HO U TPH PEHOBAIIUU CYIIC-
CTBYIOILIUX.

BUBJINOTPAGUYECKHI CIIUCOK

1. Caszpixkuna E.B. IlyTu pa3BuTHS COBpEMEH-
HOTO MPOM3BOJCTBa Poccuu v MX BIMSTHHUE HA TIpakK-
TUKY apXUTEKTypHOTO npoekTupoBanus // Architec-
ture and modern information technologies. 2016.
Nel(34). C. 1-10

2. Yuctaxor K.1O. Tumnonornueckue mpu3HaKu
COBPEMEHHON NMPOMBIIIIICHHON apXUTeKTyphl // Cu-
cremHble TexHomorun, 2019. Ne 3 (Ne32). C. 76-83

3. Sampaio C.G., Alvar Aalto and Alvaro Siza:
The Link between Architecture and Nature in the
Construction of Place // Athens Journal of Architec-
ture. 2015. Vol.1. Ne. 3. Pp. 207-220

4. CaspikuHa E.B. OcobeHHoctn apxuTek-
TYpPHO-IIJIAHUPOBOYHON  OpPraHW3aIlMi  POU3BOJI-
CTBEHHBIX TIPEANIPUSATHIA B YCIOBHSIX COBPEMEHHOTO
ropoja // Architecture and modern information tech-
nologies, 2017. Ne 1 (38). C. 213-224

5. Industrial Buildings. Conservation and Re-
generation // ed. by M. Stratton. — New York, Taylor
& Francis e-Library. 2000. Vol. 5. 256 p.

6. Imutpuena A.O., XpycraneB A.A. OyHKIH-
OHAJIBPHOE 30HHUPOBAaHHUE U APXUTEKTYPHBIC PELICHUS
COBPEMEHHBIX TPOHM3BOJCTBEHHBIX MPEINPUATHN //
Cucremusie Texnomoruu. 2019. Ne 2 (Ne32). C. 103-
111

7. AmutpueBa A.O. [Ipuanmmne o6peMHO-TUIA-
HUPOBOYHOM OpraHM3ald HOBEUIIMX TPOU3BOJI-
CTBeHHBIX 00BeKTOB // Architecture and modern in-
formation technologies, 2019. Ne 2 (47). C. 135-149

8. Imutpuena A.O. MHoroacnekTHasi rTHOKOCTb
ApPXUTEKTYphl COBPEMEHHBIX TPOU3BOJICTBEHHBIX

57


https://docs.cntd.ru/document/902065388#6540IN
https://docs.cntd.ru/document/902065388#6540IN
https://docs.cntd.ru/document/902065388#6540IN
https://docs.cntd.ru/document/902065388#6540IN

Becmuux BI'TY um. B.I'. lllyxoea

2022, Nel2

npennpustuii / Coopauk crareii «kHayka, o0pa3oBa-
HUE W OKCIEPUMEHTAIBHOEC MPOCKTUPOBAHHE.
Tpynst MAPXW», Mocksa: U3n-80o MAPXU. 2021.
Brmm. 1. C. 211-214. DOI: 10.24412/c1-35672-2021-
1-0047

9. JmutpueBa A.O. Biusame <«IIpOPHIBHBIX
TEXHOJIOTHiT» Ha apXUTEKTYPY BBICOKOTEXHOIOTHY-
HBIX IIPOU3BOJICTBEHHBIX 00heKTOB // HampoHamsHas
accormarus yueneix (HAY), 2020. Neo6l. C. 4-6
DOI: 10.31618/nas.2413-5291.2020.1.61.314

10. IIpockypun I'.A. CoBpeMeHHBIC IPUHITUIIBI
ITOCTPOSHUST TIPOMBINUICHHBIX 3MaHuid // BecTHHK
ory, 2011. Ne 9 (128). C. 170-177. DOL:
10.31618/nas.2413-5291.2020.1.61.314

11. Shamaeva T. Space planning solutions of
production and warehouse buildings and complexes
as exemplified by the Istra District of the Moscow
Region // International Journal of Civil Engineering
and Technology. 2019. Vol. 10(2). Pp. 1719-1732

12. EcaynoB I'.B. YcroitunBas apxuTekTypa —
OT TIPUHIMIIOB K CTpareruu pa3Butusi // BecTHuk
TCACY. 2014. Ne6. C. 9-24

13. ®detucosa M.A., Konomeiesa A.1O. I'u6-
KHH TIOAXOJ K TMPOEKTHPOBAHHUIO MPOU3BOJCTBEH-
Horo oowekTa // Bectauk BI'TY um. B.I'. lllyxoBa,
2022. Ne2. C.47-54. DOI: 10.34031/2071-7318-
2021-7-2-47-54

14. KonorpusoBa JI.b. Oxonoruynas suepre-
THKA B APXUTEKTYpE COBPEMEHHOT'O MPOU3BOJICTBCH-
Horo 31aHus // Axkanemuyeckuii BectHUK YPAJITHU-
UITPOEKT PAACH. 2013. Ne 2. C. 73-75 DOI:
10.31618/nas.2413-5291.2020.1.61.314

15. @ucenko A.A., bacce M.E. Dueproaddek-
TUBHOCTh MPOMBIIIJIGHHONW apXUTEKTYphl: COBpe-
MeHHas Teopus U npakTuka // Architecture and mod-
ern information technologies. 2013. Ne 2 (23). C. 1-
13

16. Bell D. The coming of post-industrial soci-
ety: A venture of social forecasting. The future of in-
dustrial buildings by Nicholas Grimshaw // Journal
of the Royal Society of Arts. Vol. 133. Ne5341 (De-
cember 1984) C. 47-602.

17.Fei S., Shuwei G., Borui L., Yichao L., Sail-
ing H. An Acoustic Metamaterial Lens for Acoustic
Point-to-Point Communication in Air // Akustic jour-
nal. 2019. Vol. 65. No. 1. Pp. 1-6.

18. Konrokos A.I'., MockaeBa A.I'. OTkpsITas
CHUCTEMa apXUTEKTYPHON YHU(HUKAIUSI KaK CIOCO0
COBEpPILUEHCTBOBAHUS IpOLECCa IMPOSKTHUPOBAHUS
MPOM3BOJICTBEHHBIX 31aHMi // Architecture and mod-
ern information technologies. 2013. Ne 1 (22). C. 1-
12

19. Konroxos A.I'. Meton cBoO0OAHOIO MPOEK-
TUPOBAHUSI TIPOM3BOJCTBEHHBIX 3J[AHUN W apXUTEK-
TypHO-CTpouTebHass yHuGukanus // W3Bectus
KT'ACY. 2013. Ne2 (24). C. 60-69

20. TemoBas >IEKTPOCTAHIHS C JIBDKHBIM
CKJIOHOM Ha KpBIIIe — apXUTEKTypa OYAyIIEro OT
Bjarke Ingels Group. [OnekTpoHHBIH pecypc].
Ru.Architime. URL: https://www.archi-
time.ru/news/big_1/copenhill. htm#5.jpg. (mata 006-
pamenus: 01.08.2022)

21. Dnektpudeckass moxactanuus Mmatper /
Virkkunen@Co Frchitects. [OnexTponnsrit pecypc].
decor.design. URL: https://decor.design/elektrich-
eskaya-podstancziya-imatry-virkkunen-co-archi-
tects/ (mara obpamenus: 01.08.2022)

22. Virkkunen@Co mpoeKkTupyeT CKyJIbITYp-
HbIC MOJICTAaHLIUK U MUWIOHBI B OUHIAHANY. [DIeK-
TpoHHBIHA pecypc]. decor.design. URL: decor.design
https://decor.design/virkkunen-co-proektiruet-
skulpturnye-podstanczii-i-pilony-v-finlyandii/ (zata
obpamenus: 01.08.2022)

23. HoBas mpOMBIIUICHHAs apXUTEKTypa: He-
0OBIYHBIE MPOEKTHI. [DNeKTpoHHBIN pecypc]. I'nmas-
rocakcrieptuza Poccun. URL:  https://zen.yan-
dex.ru/media/glavgosexpertiza/novaia-promyshlen-
naia-arhitektura-neobychnye-proekty-
5fal2dae49¢00863eb6d112¢  (mara
01.08.2022)

24. BIG Creates Sustainable Furniture Factory
For Vestre In The Heart Of The Norwegian Forest.
[OnexTponHbIli  pecypc].  worldarchitecture.org.
URL: https:// worldarchitecture.org/ architecture-
news/effng/big-creates-sustainable-furniture-fac-
tory-for-vestre-in-the-heart-of-the-norwegian-for-
est.html (mara obpamienus: 01.08.2022)

25. Odette Estate Winery // Signum Architec-
ture. [DnexTpoHHbIN pecypc]. architizer.com. URL:
https://architizer.com/blog/projects/odette-estate-
winery/ (nata oopamenus: 01.08.2022)

26. beToHHBIE BOJIHBI B BAHOIPAIHUKAX. [DneK-
TPOHHBIH pecypc]. archi.ru. URL:
https://archi.ru/world/35179/betonnye-volny-v-
vinogradnikah (maTa obpamenus: 01.08.2022)

27. @punencpaiix XyHuepTBaccep: 3aBoj IO
cxuranuio mycopa MOP Maishima. [DekTpoHHbIi
pecypc]. Apxurekrypa u IlpoektupoBanue | Crpa-
BouHuk. URL: http://arx.novosibdom.ru/node/1804
(mara obpamenus: 01.08.2022)

28. ®puneHncpaiix Xynaepreaccep — dumnoco-
¢us/rekctel. S mpukpeiBaio rnasa..., 1979. [Dnek-
TpoHHbIH  pecypc].  hundertwasseroru.  URL:
https://hundertwasser.ru/philosophy/pages/1979--

I Close My Eyes Halfway--RUS--
Hundertwasser.html (nata ooparenus: 01.08.2022)

29. HoBsrif 3TaI1 3BOMIONHH 3aBO1A. [ DJIEKTPOH-
HBIN pecypc]. Apxu Py. URL:
https://archi.ru/world/37968/novyi-etap-evolyucii-
zavoda (mara obpamienus: 01.08.2022)

30. VHHKaIbHBIA NPOU3BOJACTBEHHBIN IIEHTP
McLaren B Jlonnone. [OnekTpoHHsbIil pecypc]. EB-
pora CEeTOIHS. URL: https://europe-

oOparieHus:

58


https://doi.org/10.31618/nas.2413-5291.2020.1.61.314
https://www.researchgate.net/scientific-contributions/T-Shamaeva-2155710691
https://www.architime.ru/news/big_1/copenhill.htm#5.jpg
https://www.architime.ru/news/big_1/copenhill.htm#5.jpg
https://decor.design/elektricheskaya-podstancziya-imatry-virkkunen-co-architects/
https://decor.design/elektricheskaya-podstancziya-imatry-virkkunen-co-architects/
https://decor.design/elektricheskaya-podstancziya-imatry-virkkunen-co-architects/
https://decor.design/virkkunen-co-proektiruet-skulpturnye-podstanczii-i-pilony-v-finlyandii/
https://decor.design/virkkunen-co-proektiruet-skulpturnye-podstanczii-i-pilony-v-finlyandii/
https://zen.yandex.ru/media/glavgosexpertiza/novaia-promyshlennaia-arhitektura-neobychnye-proekty-5fa12dae49e00863eb6d112c
https://zen.yandex.ru/media/glavgosexpertiza/novaia-promyshlennaia-arhitektura-neobychnye-proekty-5fa12dae49e00863eb6d112c
https://zen.yandex.ru/media/glavgosexpertiza/novaia-promyshlennaia-arhitektura-neobychnye-proekty-5fa12dae49e00863eb6d112c
https://zen.yandex.ru/media/glavgosexpertiza/novaia-promyshlennaia-arhitektura-neobychnye-proekty-5fa12dae49e00863eb6d112c
https://archi.ru/world/35179/betonnye-volny-v-vinogradnikah
https://archi.ru/world/35179/betonnye-volny-v-vinogradnikah
http://arx.novosibdom.ru/
http://arx.novosibdom.ru/
http://arx.novosibdom.ru/node/1804
https://hundertwasser.ru/philosophy/pages/1979--I_Close_My_Eyes_Halfway--RUS--Hundertwasser.html
https://hundertwasser.ru/philosophy/pages/1979--I_Close_My_Eyes_Halfway--RUS--Hundertwasser.html
https://hundertwasser.ru/philosophy/pages/1979--I_Close_My_Eyes_Halfway--RUS--Hundertwasser.html
https://archi.ru/world/37968/novyi-etap-evolyucii-zavoda
https://archi.ru/world/37968/novyi-etap-evolyucii-zavoda
https://europe-today.ru/2011/11/unikalnyj-proizvodstvennyj-centr-mclaren-v-londone/

Becmuux BI'TY um. B.I'. lllyxoea

2022, Nel2

today.ru/2011/11/unikalnyj-proizvodstvennyj-centr-
mclaren-v-londone/ (nata oopamenus: 01.08.2022)

31. T'onoBuo#t oduc u mpomsBoactBo Kirsch
Pharma HealthCare GmbH in Wedemark, Germany.
[DnexkTpoHHBIN pecypc]. MHTEpHET-KYypHANI O IU-
3aiftHe u apxurektype BERLOGOS. URL:
http://berlogos.ru/work/golovnoj-ofis-i-
proizvodstvo-kirsch-pharma-healthcare-gmbh-v-
vedemarke-germaniya/ (mata oOpareHus:
01.08.2022)

32. HeoObluHast KpoBJISL Ha 3JaHUU (apMaieB-
Trdeckoir kommammu KirschPharma HealthCare.
[OnekTponHblii  pecypc]. Apxu Py. URL:
https://archi.ru/tech/87587/mneobychnaya-krovlya-

kirschpharma-healthcare (mata oOparieHus:
01.08.2022)
33. Environment and sustainability.

[DnexTponnsiii pecype]. Kirschpharma-healthcare.
URL: https://www kirschpharma-
healthcare.com/#!de/kirsch-pharma-healthcare/un-
ternechmen-umwelt-und-nachhaltigkeit (mara o0pa-
menust: 01.08.2022)

34. aroBanmonHkI 1ieHTp L'Oreal/Tlepkunc u
VYunn. [Onexkrponssiii pecypc]. archdaily.com URL:
https://www.archdaily.com/938562/loreal-
innovation-center-perkins-and-
will?ad_source=search&ad medium=projects_tab
(mara oopamenus: 01.08.2022)

na-zdanii-farmacevticheskoi-kompanii-

Hungpopmayus 06 asmopax

Illamaesa  TarbsHa  Bsivec1aBOBHA,  KaHAMIAT  apXUTEKTYpbl,  JOUEHT  Kadeapsl  ApPXHTEKTypa.
E-mail: ShamaevaTV@yandex.ru. Hanmonanbueiit Mccnenoparensckuii MockoBckuii ['ocynapcTBeHHbiit CTpOUTEIB-
weiii YuauBepcuretr (HUUY MI'CY). Poccusi, 129337, Mocksa, SIpocnaBckoe 1., 1. 26.

Hocmynuna 11.08.2022 2.
© Ilamaesa T.B., 2022

Shamaeva T.V.
National Research Moscow State University of Civil Engineering (NRU MGSU)
E-mail: ShamaevaTV@yandex.ru

SUSTAINABLE DEVELOPMENT OF THE ARCHITECTURAL APPEARANCE
OF INDUSTRIAL FACILITIES ON THE EXAMPLE OF FOREIGN EXPERIENCE

Abstract. The industry is at a new qualitative stage of its development. The prerequisites for the transition
to a new stage are the following: the development of science, the use of modern technologies, innovations,
materials, computerization and programming. The architecture of modern industrial buildings is the object of
research. The architectural appearance of "sustainable architecture” for industrial purposes is poorly studied.
The characteristic features of architectural solutions are studied. They helped to achieve the belonging of the
object to the "sustainable architecture”, including in the decisions of the appearance of the industrial facility.
Volumes, facades, basic planning ideas affecting the volume and appearance of the object are analyzed. Con-
clusions are formulated. Attitude towards industry of architecture and towards architecture of industrial build-
ings are changing. A general trend has been identified — this is the humanization of industrial architecture: a
partial departure from the standardization of architectural solutions; multifunctionality; a departure from
"closed" production; the appearance of a building with "blurred" typological features of industrial architec-
ture, a shift towards the appearance of a public object. The tendencies to fulfill the criteria of "sustainable
development of architecture" are formulated: the use of alternative sources of electricity, innovative technol-
ogies and building materials, the active use of scientific developments; computerization and programming.
Special attention is paid to safety for the population and working personnel, environmental safety. A set of
measures is being taken to achieve safety, including the use of architectural and structural solutions. The
originality of facades, volumes, non-standard solutions of an ideological and planning nature also become the
hallmark of the "sustainable development of architecture”.

Keywords: architectural appearance, innovative ideas in architecture, environmental safety, energy-effi-
cient projects.
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©®OPMHUPOBAHHUE CTPYKTYPbI ZKHJITUITHOT'O ®OHJIA ITEPBBIX MACCOBBIX
CEPUU 3ACTPOUKHU I'OPOJA BEJII'OPOJA

Annomayua. B cmamve paccmMompena munono2us HCUIUWHo20 GoHoa Maccosvix cepuil 3acmpouKy
Ha npumepe 2. beneopooa. Ilpedcmasnenvt dannvie 0 ee Kiaccuurayusax: no gpopme cobCmeeHHoCmu, yeusam
UCNOTBL306AHUS, NIAHUPOBOYHOU CMPYKMYpe, KOHCMPYKMUBHbIM 0cobennocmam. [lpoananuzuposansl ucmo-
puvecKue apxuguvie Oanuble, KACAIOWUECs pA3GUMUS HCUTULHO20 ponda 2. bencopooda. Bvioenenst ocnogHvle
9MAnNsl PA38UMUSL HCUTOU 3ACMPOUKU MACCO8bIX cepull 2opoda Bencopooa: ¢ 1945 no 1964 2e. — nepuoo eoc-
CMAHOBNIeHUSL 20p00a NOCLe BOCHHBIX OeUCMEUll U HAYAL0 PA3BUMUSL MACCOBO20 HCUTUUHO20 CTHPOUTHENb-
cmea; ¢ 1964 no 1980e 22. — nepuod akmusHo20 CMPOUMenIbCmea Maccogo2o xcuauyrnoz2o gouoa; 1980e ce.
— H.8. — cospemenHblll nepuod. Kadxcowiii peMeHHOl nepuoo uzyyeH no psaoy (hakmopos: YucieHHOCmu Hace-
JIeHUs, NIOWAOU 3ACMPOTIKU, IMANCHOCIIU, MAMEPUATAM CIPOUMETbCIEA, NIAHUPOBOYHBIM PEUUeHUAM MHO-
20KBAPMUPHBIX ICUTILIX 00MO8 U M. 0. Paccmompena nocnedosamenvHocms GopMupo8anust u pazeumust JHcu-
JIOUL 3ACMPOUKU MACCOBLIX cepuil 8 CMpyKmype 2opooa benzopooda u bnudcatiuiux Hacenennvix nynkmos. Iipo-
AHATUBUPOBAHO COBPEMEHHOe COCMOSIHUE HCUTUWHO20 (POHOA NEPBbIX MACCOBLIX Cepuli 8 CMpyKmype 3a-
cmpoitiku 2. beneopooa. Bvidenenvt xapaxmepvie munvl Meppumopuil 3CUnol 3acmpoKu U nepcnekmugHvle

HAnpasienus peHo8ayUU JHCUIOL 3aCMPOliKU NePEblx Maccosvlx cepuil. 2. benzopooa.
Knrwouesvie cnosa: scunuwynviti oono, Hcunasn 3acmpoiKa, Maccosvie cepuul JICunol 3acmpouKi, muno-
JI02USL JHCUTIOU 3ACMPOUKU, MEPPUMOPUL HCUNOU 3ACMPOUKU

BBenenmne. Ha cerogHsmmuuii 1eHb JIOJIS JKH-
JIBIX JIOMOB IIEPBBIX MACCOBBIX CEPUI MATHATAXKHOU
3acTpoiiku coctasnsieT ot 10 go 20 % B GonbIINH-
CTBE PErMOHANIBHBIX LIEHTPOoB Poccuiickoit Pexnepa-
1uu [ 1]. bonbiias 9acTh )KIIBIX TOMOB ITEPBLIX Mac-
COBBIX CEpHii IO/IBepIkeHa (PU3UIECKOMY M MOPAaJIhb-
HOMY U3HOCY ¥ TPeOyeT PeKOHCTPYKIIUU THOO0 PeHO-
Baruu. B 2020 . Obu1 nmpunasaT OenepanbHbIi 3aK0H
«O BHECEHMH M3MEHEHMH B ['pagocTpOHUTENBHBIN
konekc Poccuiickoit denepaiv ¥ OTEIbHBIE 3aKO-
HoJiaTenbHble akThl Poccuiickoir denepanuu B 1ie-
nX o0ecredeHusi KOMIIEKCHOTO Pa3BUTHS TEpPpH-
topuii» ot 30.12.2020 N 494-®3. [Ipunarue 3akoHa
BBI3BaHO OCTPOI HEOOXOUMOCTHIO OOHOBIICHUS CY-
IIECTBYIOUIEN KUIJION cpelibl. B yka3zaHHOM 3aKkOHE
BBogutca moHsATHe KPT (kommexcHoe pa3BuTHE
TEPPUTOPHIA) C IENTBIO YCTAHOBIICHHS IIOPSIIKA CHOCA
BETXOI'0 MHOTOKBapTHUPHOTO JKMIIBS, YITYUIIEHHS
YCIIOBUH MPOKUBAHUS HACEIECHHUS U MTOBBIIICHHS Ka-
YecTBa FOPOJCKOM CpeJibl.

3adacTylo MaHeNbHas )KHUJIas 3aCTPOKa Macco-
BBIX CEpPHI 3aHMMAaeT 3HAYUTENHHYIO TUIOMAAb B
CTPYKTYpE LIEHTpPaJIbHBIX PAHOHOB KPYIIHBIX TOpO-
JI0B, 00ecIieueHHbIX Pa3BUTON TPAaHCIIOPTHOM, WH-
JKEHEPHOM U colMaibHOM nHppacTpykTypoi. [lnot-
HOCTb 3aCTPOWKH JTaHHBIX TeppuTopuii B 1,5-2 pasza
HWXKE JEHCTBYIOUIMX HOPMATHBOB, B TOKE BPEMS B
OOJIBIIMHCTBE PErHOHANBHBIX EHTpoB PO Habro-
JaeTcsi HeXBaTKa TEPPUTOPHAIBHBIX PECYPCOB B
yepre ropoga. HoBoe >KMINIHOE CTPOUTENBCTBO BE-
JIETCs 33 CUET PACIIUPEHHUS IPUTOPOIHOM 30HBI U OT-
Yy)KJI€HUSI CEJIbCKOXO3SMCTBEHHBIX TEPPUTOPUH,

YTO BEET K YBEJIUUYCHUIO MasSTHUKOBBIX MUTpPALIUil
HaceJIeHUsI M 3HAUUTENIbHO YBEJINYHBAET HArpys3Ky
Ha JOPOKHO-TPAHCIIOPTHYIO CeTh. CIOKUBIIASL CH-
Tyanus TpeOyeT pa3paboTKU pEerHOHANBHBIX CIICHA-
pUEB DPEHOBALIMM TEPPUTOPUN KWIOW 3aCTpONKU
MEPBBIX MAaCCOBBIX cepuil [2—6].

Cmenens usyuennocmu npodoaemsi. Oco6eHHO-
¢t (GOpMUPOBAHUS U TPOOIEMBI PA3BUTHS JKUITHIII-
Horo (onna Poccun Ob1TH N3yUeHBI B pAe UCCIE0-
BAaHMH OTEYECTBEHHBIX YUEHBIX B 00JacTH Ipano-
CTPOUTENBCTBA, APXUTEKTYPHI, COLIMOJIOTUN U JIPY-
T'UX HayYHBIX TUCHMILUINH. bosbiioe konnyecTBo nc-
CJIeZIOBaHMH OBLIO HampaBieHO Ha pa3pabOTKy TH-
MOJIOTUU KWIIbS MAacCOBBIX CEpHH, KOTOpOE BO3-
MOXXHO OBUIO BO3BOJUTH Ha BCEH TEeppUTOPHU
cTpaHbl. Pa3BUTHE THIIOB MAacCOBOTO KWIWINA U
(hopMHpOBaHHE MIAHUPOBOYHON CTPYKTYPbI KUIOH
SYEHKH OBLIO OCBEIIEHO B paboTax OTeueCTBEHHBIX
yuensix: 3.K. Ilerposoii, B.K. Jlnukesuda, M.B. JIu-
cunmana, E.C. [Iponuna, b.}O. BpannenOypra, JI.H.
Kucenesuua, T.1. Moprynosoit u ap. IIpobremam
KOMILIEKCHOI'O Pa3BUTHSI JKMJIOM 3aCTPOMKHU MOCBSI-
uieHsl uccnegosanus I'.B. [IBopeuxoii, B.B. Kyto-
30Ba, H.M. Tokapckoii u ap.

PermonanbHble  acmeKThl  IUIAHUPOBOYHOTO
(hopMHPOBaHUS TEPPUTOPUM KUIIOH 3aCTPOMKH TO-
ponoB benroposckoii obnactu ObLTH 3aTPOHYTHI B
uccnenosanusax M.B. IleppkoBo#i, A.I'. bospma-
koBa, B.B. Ilepnega, T.A. [Tomsikosoii, B.1O. [Tomo-
Boii [7—13]. OgHaKo, pernoHalIbHbIE 0COOCHHOCTH U
COBPEMEHHOE COCTOSIHHE TEPPUTOPUHN KUIOW 3a-
CTPOMKM MaccOBBbIX cepuil B ropoaax LleHTpasibHO-

62



Becmuux BI'TY um. B.I'. lllyxoea

2022, Nel2

YepHozemHOro paiioHa, B 4aCTHOCTH I. benaroponaa
TpeOyIOT OoJiee IETATBHOTO PACCMOTPEHHUS.

XOTsI apXUTEKTOPbl U TPaOCTPOUTENN MOHU-
MaroT HECOBEPIIEHCTBO M MPOTHUBOPEUYHUBOCTH CJO-
JKUBIIIEHCS CUCTEMBI MACCOBOM KHUJIOW 3aCTPOUKHU U
HAaCTOWYHMBO WIIYT MyTH (HOPMHUPOBAHUSI HOBOM 3C-
TETUKH ¥ KOM(OPTHOCTH KWIOW Cpenbl, AaHHas
TeMa TpedyeT OoJiee ogpOOHOTO N3yUEHUS, IMEHHO
B CBSI3U C PETHOHAIBHBIMU OCOOCHHOCTSIMHU TEPPH-
TOPUI MACCOBOM KWJION 3aCTPOUKHU.

B ar10if cBsi3u, Hambojee aKTyadbHBIM Mpea-
CTaBJIACTCS M3YYCHHE COBPEMEHHOIO COCTOSIHHSA
TEPPUTOPUI MACCOBOM >KUIIOM 3aCTPOUKHU B CTPYK-
Type peruoHaJIbHBIX LEHTPoB Poccuiickont denepa-
LY, BKJII0OYas OIpEIeNIEHUE THITOJIOTHH 3aCTPOHKH,
0COOCHHOCTEH ee IITAHNPOBOYHOM CTPYKTYPHI U 3Ta-
noB ee popmupoBaHust. Llenpro uccnenoBanus sBisi-
€TCSl U3yUYEHUE CTPYKTYPhI XKUJIOU 3aCTPOMKH Hep-
BBIX MAacCOBBIX CEpPHUH U BBIIEICHHAE €€ pPErHOHAIb-
HBbIX 0COOCHHOCTEW Ha mpumepe T. benropona. ['o-

398,18 M2

21798,87 M2 250853,55 M2 24662,05 m2

1950-1959 rr.
1960-1969 rr.

pon benropox sBiseTCS WCTOPUYECKH CIIOKHB-
MIAMCST KPYIHBIM TOPOJOM U aIMHHHCTPATHBHBIM
ueHtpom benropoackoii obnactu. M3zyuenue rpamno-
CTPOUTEILHOM INPAaKTHKU I. benropoga maer BO3-
MOKHOCTH BBISIBUTH 3aKOHOMEPHOCTH TNIAHUPOBOY-
HOTO Pa3BUTHS, THIIMYHBIE IS psAa KPYITHBIX TOPO-
noB LenTpansHo-UYepuozemuoro paiiona [14].

[lo pesymbraTam mpeaBapuUTENHFHOTO aHAIH3a,
MPOBEJICHHOTO B PaMKax JAaHHOTO MCCIIETOBAHMS Ha
CETOAHSAIIHUNA JI€Hb MHOTOKBAapTUPHBIM KUJIOW
(hOH]T IEPBBIX MACCOBBIX CEpUI 3aCTPOUKH (CTapIie
50-tu mer) cocraBmser okono 30% xwies benro-
POJCKON 00NACTH — 3TO OKOJIO 6,5 MIIH. M’ KHJIbs
(Ooee 96 Thic. KBapTUP), U3 HUX 10 38% (OKOIMIO 2,5
MJIH. M%) COCTaBJISIOT MAHENBHBIE KUIIBIE IOMA HOP-
MaTHUBHBIA CPOK JKCILTyaTaIlil KOTOPBIX HMCTEKAET
(puc. 1). Oxono 2,7 mun. M? (6oinee 42 ThIC. KBAPTUP)
pacmoiararoTcsi B 00JIaCTHOM LIEHTpe — T. benropose
(puc. 2, Tabm. 1).

120077,69 M2 417514 m2  33539,65m2 739960 M2

199475,77 M2 42816,76 M2

CTAPbIA OCKen

HOBbIW OCKON

CTPOUTENb
BENrorPop ° ANEKCEEBKA T
TPAMBOPOH ©' EASYMEIOE
2 WEBEKWHO .,
® «
BANYWKM
2001,56 M2 16563453 M2 31932,33M2  5545,15M2 - M2

16477,04 M2 1058264,92 m2

105011,07 M2 38103,59 M2 7046,40 M2

Puc. 1. XXusie noma maccoBsix cepuit (1950 — 1969 rr.) B cTpyKkType x)uioro ¢hoHa
Benropoackoii obnactu

B xoxe Hacrosmero uccienoBanus Oblia mpo-
aHaJM3MPOBaHa 3aCTPOMKA JOMaMU MEPBBIX MACCO-
BBIX cepwii 3a iepuof ¢ 1950 r. mo 1979 r. B 1. ben-
TOPOJI C MCTIOJIb30BaHUEM OTKPBITHIX 0a3 JaHHBIX. B
CTPYKType xujoro (onna BeigeneHsl u quddepen-
LUPOBaHbI MO 3TAXKHOCTH U TOJY BBOZAA B IKCILIya-
TalUI0 TMaHeJbHBIC JKHUJble JoMa. BBISBIEHO, YTO
XKUJIOW (POHJ MAaHETHHOHN 3aCTPOMKH MEPBBIX Macco-
BBIX cepuil B I. benropon cocrasnser 24.33 % B
CTpyKType uioro (onaa ropoaa. Jlanusle Teppu-
TOPUM TIOTEHIIMAILHO HYKIAIOTCS B PEHOBAIUH, B
CBSI3H C YeM, HEOOX0IUMO H3yyeHrne HOpPMUPOBAHUS
UX IUIAHHPOBOYHOM CTPYKTYpPBI B HCTOPUUECKOM pe-
TPOCTIEKTHBE, aHAJM3 THUIIOJOTUU KHUJIBIX 37[aHUH,

OTpefeNIeHNe UX COBPEMEHHOIO COCTOSIHMSA M Tep-
CIIEKTUBHBIX CIIEHApUEB KOMIUIEKCHOTO pa3BUTHS
TEPPUTOPHH. AHAIN3 OCHOBHBIX TUIIOB TEPPUTOPHUIL
MacCOBOH >KHJION 3aCTPOMKH IT03BOJIUT BBISIBUTH Pe-
THOHAJIbHbIE OCOOEHHOCTH (POPMHUPOBAHHS CTPYK-
TYpBl KUIUIIHOTO (GoHAa ropomoB LleHTpanbHOrO
UYepHozembst Ha npumepe I. benropona, a taxxke
OIICHUTh COBPEMEHHOE COCTOSHHE >KHMJIOW Cpenbl U
YCIIOBUS JKU3HU MECTHOTO HACETICHMS.

MartepuaJjbl 1 MeTOABI HccienoBaHus. B uc-
CJIeIOBaHNHM ObUIM TIPUMEHEHBl KOMIUIEKCHBIM |
CTPYKTYPHBIN IIOJXO/BI, HCIIOJIB30BaHbl METOABI pe-
TPOCIIEKTHBHOTO aHajN3a, THUIOJOTMYECKOTO aHa-
aM3a M KIacCU(pUKAMu OOBEKTOB JKHIJIOH CpEJBbI.
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W3yuens! sTanbl pa3BUTUS SKWIMIIHOTO (OHAA T.
benropona, mpousBeaeHa oneHKa paKTHUECKHUX JTaH-
HBIX O CTPYKTYpPE JKHIIOM 3aCTPOMKU MacCOBBIX Ce-
puil roposa, U3y4yeHNe U aHaIU3 HOPMATUBHBIX JO-
KYMEHTOB 10 IPOEKTUPOBAHUIO KUJIOU cpelibl. BbI-
MIOJIHEH aHaJIU3 PEECTpa )KWIbIX 00BEKTOB MaCCOBBIX

cepuil 3acTpOMKM, TOJJIEkKAIIUX PEHOBAIIMM B
cTpykType r. benaropona. [IposeaeHo obciaenoBanme
TEPPUTOPUH )KUIOTO POHA MACCOBBIX Cepuid T. be-
ropoja, aHajIu3 UX COBPEMEHHOTO COCTOSHHS U (o-
ToUKCaIHsL.

O6bembl CTPOMTENBCTBA MHOIMOKEAPTUPHBIX MUABIX JOMOBE NepsbIX
MaccoBbIX cepuii 8 ropoge Benropoge

oA NocTpoiikn Nnowage (m2) Kon-so keaptup
» 1950 — 1959 = 165634 * 1699
* 1960 — 1969 * 1058 264 *16 736
*1970-1979 * 1554634 * 23908
UTOro: 2778532 42343
— ATICTDAY
B ok ¢ 195599 8 rona "
Tepputopua
HUNOW 3aCTPONEKN
. 2. Teppuropun xunoit éaCTpoﬁKH MaccoBbIx cepuit (1950 — 1979 r.)
B CTpYyKTYype T. benropona
Tabauya 1
3acTpoiika 10MamMu nepBbIX MaccoBbIX cepuii B mepuoa ¢ 1950 r. mo 1979 r. B r. Besaropon
Ilpouue (Oe-
Kon-60 nanens-
T'00 no- Kon-60 oomos Kon-60 kupnuu-x X OOMOE Hem undgop- Ppeesannble,
CHPOIUIKU 6cezo, wim. 00M08, uim. ’ Mmayuu onouHble U
wm.
op.)
Bcero — 37 1 atax — 7
Jo 1950 . Kupnuansix — 29 2 staxxa— 19 - - 8
[TanenbHbIX — 0 3 sraxa — 3
1 atax — 6
Bceero — 151 2 staxka — 57
1950-1959 rr. Kupnnansix — 97 3 araxa— 17 - 21 33
ITanenbHbIxX — 0 4 staxka— 13
5 sraxen — 4
1 atax — 2
Bceero — 334 § 3222 : i?
1960-1969 rr. Kupnnynsix — 262 5 araxeit — 50 10 12
4 sraxa — 55
[TanensHBIX — 50 N
5 araxeii — 136
9 sraxei — 2
1 atax — 2
§ S go 5 yraceii — 123
Bcero — 333 4 yraska — 2 6 oTaxeit — 8
1970-1979 rr. Kupnnunsix — 163 . 9 sraxeii — 26 7 5
5 araxeit — 107 N
TTanenpHbIX — 158 N 10 staxeii — 1
6 sraxeii — 1
9 sraxeit — 25
12 staxeii — 4
Bcero 855 (100 %) 551 (64,44 %) 208 (24,33 %) 38 (4,44 %) 58 (6,78 %)

KIJTUIHBIA (DOHJ TMOApa3eNsieTcss Ha HECKOIBKO
kareropuil. [lo opme cOOCTBEHHOCTH >KMIIMIIHBIN
¢doHA pazaensercs Ha TPU IPYIIBL: YacTHBIN; TOCy-

OcHoBHas YacThb. JKujbie 00bEKTHI, BO3BE/ICH-
Hble Ha Teppuropun Poccuiickoit ®enepaunu, co-
CTaBJISIIOT €€ XWIMLIHBIN ¢oHA. B 3aBucumocTH oT
(dopMBbl COOCTBEHHOCTH W IIeJiel WCIOJIb30BaHUS,
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JIapCTBEHHBIN; MyHUIIMTIAIBHBIHN. [10 11e15M ucnoib-
30BaHMS KWIHIIHBIA (HOHJ] EUTCS Ha YEeThIpEe OC-
HOBHBIE TPYIIIBL: COLMAIBHOTO HCIOJIb30BaHUS;
CIICIUATN3UPOBAHHBIN; HHINBUIYaTBHBIN; KOMMED-
gecknid. Pasrpanwdenne sxwnntHoro Gounma B PO
CBSI3aHO C HEOOXOJIMMOCTHIO €T0 yUeTa M, B 3aBUCH-
MOCTH OT (hOpMBI COOCTBEHHOCTH, MPHUMEHEHHUS K
HEMY IIPABOBOT'O PEXUMA, ONIPEAEIISIIOIIETO 3aKOHO-
JaTeNbHOE PELICHUE BO3HHUKAIOLIUX BOIPOCOB H
NPUMEHEHUE TE€X WM HHBIX IOPUIUYECKUX HOPM.
[TosTOMYy HEOOXOIUMO, YTOOBI KAaTETOPHsSI YKUIIOTO
(oHIAa W TeNW WMCTIOIB30BAHUSA, COOTBETCTBOBAIIH
JeUCTBUTEIBLHOCTH [2, 15].

CTouT Takke yImOMSHYTh €Ile O IBYX IpyImnax
)uioro GoHma — 3TO aBapuHBIA GoHT 1 HOHA pe-
dhopmuposanus XKKX. B Hacrosee BpemMs Ha Tep-
putopun Poccun peanmsyercs denepanbHblii Ipo-
exT «ObecreueHre YCTOHYHBOTO COKpAIICHUS He-
MIPUTOTHOTO JJISI IIPOYKUBAHUS KIIIAIITHOTO (POHIA»
HallMOHAJIbHOTO TMpoekTta «OKuibe u ropozackas
cpena» B paMKax ucnojiHeHus Ykaza IIpesuneHta
Poccuiickoii ®enepanuu ot 7 mast 2018 rona Ne 204.
CornacHo naHHbIM ['ocymapcTBEHHONW KOpHoparuu
doHga coneiicTBUS peOPMHUPOBAHUIO KHITUIIIHO-
KOMMYHAJIBHOIO XO34HCTBa, pa3MELICHHOM B OT-
KpPBITOM JOCTYIE Ha HACTOSLIMI MOMEHT BPEMEHHU
KOJINYECTBO aBapUHHBIX KUJIBIX IOMOB B benropon-
CKol obGmactu cocrasuser 269 (122,87 teic. M%). B
CTPYKTYpe aBapUAHOTO KHJIUIIHOTO (OHIIA IO TO-
JaM mocTpodku 82,6 % cocTaBimseT JKujas 3a-
ctporika 1946 -1970 rr., 8,1 % — xwunas 3acTpoiika
1971-1995 rr. KpomMe TOro naHenbHbIE KUJIbIE JOMA
MIEPBBIX MACCOBBIX CEPUN 3aCTPOUKH, HOPMATUBHBIH
CPOK 3KCIUTyaTalliM KOTOPBIX HCTEKaeT, MOTEHIH-
AIBHO MOTYT C(POPMHUPOBATH TEHCHIIMH HEKOHTPO-
JIMPYEMOTO Mepexo]a B aBapUHHOE COCTOSHUE KU-
JIBIX O00BEKTOB. [IpenenbHbIi OMYCTUMBIH H3HOC
3nanuii cocrasisietr 70%. Ilpu mpeBblieHnH MoKasa-
TEJIS )KUIIbE NPU3HACTCS] BETXUM U MOIJIEKUT CHOCY.
B 3T0# cBs3u HEOOXOAUM TINATENBHBIA aHAJIU3 CO-
BPEMEHHOI'O COCTOSIHUS KWJIOH 3aCTPOMKHU IEPBBIX
MaccoBbIX cepuil T. benropoza, cozmanue moapoo-
HO¥ 06a3bI JaHHBIX TI0 KOHCTPYKTUBHOMY COCTOSIHHIO
MHOTOKBapTHPHBIX JIOMOB, a TaK)Ke aHaJU3 TUTaHU-
POBOYHOH CTPYKTYPhI TEPPUTOPHUM MEPCHEKTUBHBIX
K PEHOBalUU.

PasBuTue xHI1011 3aCTPOIKM MacCOBBIX CEPUIl B
CTpyKType ropoaa benropoma Bo3MokHO moapase-
JIUTh HAa HECKOJIbKO OCHOBHBIX 3TamoB: ¢ 1945 mo
1964 rr. — mepuoa BOCCTAHOBIIEHHS TOpoa Mocie
BOEHHBIX JIEHCTBUNA M HAYAJIO Pa3BUTHI MacCOBOTO
KWJIHILTHOTO CTpouTenseTBa; ¢ 1964 mo 1980e rr. —
aKTUBHOE CTPOUTEJIHCTBO MAacCOBOI'O JKHIIHMIHOTO
donma; 1980e IT.- H.B. — COBPEMEHHBIN ITEPHO/I.

Ilocnesoennulii nepuoo pazeumus Hcunoii 3a-
cmpoiiku. B nepuog BOB ropox benropon nperep-

MeN 3Ha4YuTebHbIe paspymienus. [locne ero ocBo-
ooxnenus B1943 rogy Ha4amoch MaccoBOE€ BOCCTa-
HOBJIeHHE MHQPACTPYKTyphl Topona. K 1945-my —
BBelieHa B crpoii benroposnckas 119C, Bo300OHOB-
JIeHBI pabOTHI TI0 CTPOUTENHCTBY KOTEIHHOTO 3aBOJIA
(BIOCIIEICTBUHN «DHEPTOMAIID» ), TOCTPOSH Maclio3a-
BoA. B 1949 rony 3amyiieH 1IEeMEHTHBIH 3aBOJ, B
3TOM e TO/AY C/IaH B OKCIUTyaTaIllI0 HOBEI jkeme3-
HOJIOPOXHBIN BOK3aJl cTaHiuu benroposa. B nepuon
¢ 1946 o 1950 rr. Ha Tepputopun benroponackoit
obnactu 6but0 BBeAeHO 900 ThIC. M? O6MWIEH TWIO-
maau XUibs (Tab:. 2); moctpoeHsl 70 obmieobpaso-
BaTEeNbHBIX MIKON (Ha 16,6 THICSY yuyeOHBIX MECT)H
JOUIKOJBHBIX yupexkaeHuii(na 200 Teicsu MecT),
OOJBHMIIBI, & TAKXKE TIepBasi 10pora ¢ TBEPABIM IIO-
KkpbiTHeM «MockBa — XappkoB — Cumgpeporionby
[16].

B nocneBoeHHbIN nepuoa, NpOUCXOAUIO CTpe-
MUTEIIEHOE Pa3BUTHE JKIIUIIHOTO (OHIA: Tepe-
CTpauBaJIUCh CTapbie W pa3pylICHHBIE J0Ma, MOSB-
JSUTACh HOBBIE YJIHIBI, B OCHOBHOM, OCYILECTBIISI-
JIOCHh CTPOUTEIHCTBO MHOTOKBAPTHUPHBIX JBYXITaXkK-
HBIX JKWJIBIX JJOMOB, OTJIHYAIOIINXCS MOBBIIICHIEM
ypoBHs koMm$opTa kBapTupbl. B 1953 r. npounsorien
Mepexo/l OT KOHIENIHU ABYX3TAXHOTO Topoja B
MOJIB3Y TPEXATAKHOTO (Tabi.2). TpexaTakHbIe ToMa
B I. benropone Bo3Boaunuch 10 1956 r. (3maHus Ha
obiBieM 1p. Jlennna, np. b. XmenpHHULIKOTO 1 yII.
Muuypuna) [6, 17] (puc.3).

Ilepuoo pazsumusa uHOyCmMpuUaiIbHO20 00MO-
cmpoenusn. B 1950-1970 roxsr B T. benropoge ocy-
IIECTBIISIETCS CTPOUTENHCTBO TIEPBHIX AKCIIEPUMEH-
TaJbHBIX WHAYCTPUAIBHBIX THIIOB MHOTOKBApTHP-
HBIX J0MOB [7, 15]. C 1957 rona u B Te4eHHUE MOCE-
nytoumx 15 ner bearopon pacumpsiercs 3a c4eT
MIPUCOEMHEHUS TIPUTOPOIOB M PabOUnX MOCETKOB.
TeppurtopuaibHo B coctaB benropona Bxoaunu nse
cno6oapl (CaBuno u XKujasi), a TakKe HECKOJBKO
npuroponueix cén  (CympynoBka, llymxkapHoe,
Kpacnoe, Komapsl, Ctpenerikoe, ['punéska, Ockou-
Hoe, SuneBo, Crapsrit ropon, Hanpaue I[eckn, Ilo-
KpoBKa, MMUXaiiJloBKa) C 3aCTPOMKON CEIBCKOTO
tuna [18].

B atot mepuo B epByro ouepe/ib pa3BUBaIach
HEeHTpalibHasA YacTh T. benropoaa (paiion CanoBoii-
[TaByioBa), MCMONB3ys MOJ CTPOUTEILCTBO >KMIIbS
cBOOOJIHBIE y4acTKu 3eMi. Tepputopus Kumoi
cI000IbI pacIIupsIach B 3alaJHOM HaIpaBJICHHH,
o0weauHUBIINCH B UTOre ¢ bonxosrom. B cesepo-
3ara/IHOW MPOMBIIIUIEHHON YacTh TopoJia ObLI 3aJ10-
XKeH paboumii mocénok M HazBaH «OKTAOPHCKUI
(BmOCNEeICTBUM MIEPEMMEHOBAHHBIA B MHUKPOpPaioH
«Coxkoi»), Ha TEPPUTOPUU KOTOPOTO OBLIM BO3BE-
JICHBI CPEIHSS MIKOJIA M KITyO (B HOCJICACTBUHU KITy0
crann kuHorearpoM «Cokomy, a mo3nHee — «JloMom
oduieposy). IlpakTHuecKH 0JHOBPEMEHHO Ha 10XK-

65



Becmuux BI'TY um. B.I'. lllyxoea

2022, Nel2

HOHM OKpanHEe ropojia OCYIIECTBISIIOCH CTPOUTEINb-
ctBO mocénka — [lepBomatickuii. A psgom co Cra-
PBIM TOPOJIOM, BIOJIb «CTapou TOpOorm» (B HACTOS-
mee Bpems — yi1. K. 3aciionoBa) ObUT TOCTpOEH emié
OJIMH KpynHbIi nocénok — Kenesnogopoxusiid. Ho-

Bble paboYre MOCETKM B OCHOBHOM COCTOSUIH U3 TH-
MOBOI0 XUJbi. B 3T0 ke Bpems Ha ctaHuuu Kpeiina,
OCYIIECTBIISIETCSI CTPOUTEIBCTBO XyTOpa Ha MpuIie-
raiouieil K aneBaropy TeppuTopud. B HacTosiee
BpeMs pailoH Kpeilapl SBISETCS KPYIHBIM KUJIBIM
MaccuBoM (puc. 2) [8].

Tabnuya 2

CTaTUCTHKA 110 IoaM NMOCTPOHKH, IJIOIIAAN U KOJUYECTBY 3apPerucTPUPOBAHHBIX KUTeJIei
B kuJioM ¢onae B mepuoa ¢ 1946 no 1964 rr.

Ne T'oo Kon-60 oomos Inowaow m’ Kon-60 3“{;; ZZZII; z;p O6aHHbLY
1 1946 1 181.20 17
2 1947 1 492.20 17
3 1948 6 2576.91 151
4 1949 5 2082.67 111
5 1950 6 3345.20 172
6 1951 4 2183.25 97
7 1952 4 3870.60 142
8 1953 8 6350.93 255
9 1954 8 4949.05 249
10 1955 10 9941.15 386
11 1956 13 10982.18 470
12 1957 11 14379.68 497
13 1958 20 34330.28 961
14 1959 19 23820.69 955
15 1960 27 52926.85 1965
16 1961 28 58817.41 2370
17 1962 44 84150.03 3655
18 1963 30 74254.24 3126
19 1964 24 71030.12 2842

C 1957 roma HaumHAeTCs CEPHHHOE CTPOH-
TEJIBCTBO MHOTOATAKHOTO MAIOTa0apUTHOTO KUJIbSI
— KAPIHUYHBIX ¥ MTaHENbHBIX KIJIBIX JIOMOB CpelHe
ATAXHOCTH - «XpymEBOK» (95 % Bcelt 3acTpoiikn),
5-TH dTaxKHasA 3aCTPOHKaA OcTaeTcs Mpeodasaroen
(80%). C 1964 no 1982 rr. r. benropon npomomkaet
aKTHBHO 3acTpamBaThCs (Tabm. 3, puc.3) [7]. Ha
XapbkoBckoii rope (o yn. Koponesa, Koctiokona,
u ['yGknHa) u B paiioHe MenoBo# ropsl. B 3ToT *)e
MEPHO OCYIIECTBIIAETCS CTPOUTEIBCTBO U Oyaro-
yCTpOHCTBO MUKpOpaiioHa «HepeMylKkn» ¢ KHHOTe-
atpoM «Panyra» u ¢ mapkom uM. Jlenuna (ta0m. 3,
puc. 4.).

Ho cepenunbl 70-x TOJOB €XKETOAHBINA BBOJ >KHIIbS
coctasisit npaktuyecku 100 Teic. M2, Ha ceroausmi-
HUH JeHb KBapTUpbl U noma 1960-x romoB yxe He
OTBEYAIOT COBPEMEHHBIM TEXHUKO-3KCILTyaTallOH-
HBIM U MOPaJIbHBIM TpeOoBaHUsAM. VIX OCHOBHBIM He-
JIOCTaTKOM SBIISIOTCS: MaJible IUIOIIAAN KyXOHB (C
mwomaneio ot 4,0 10 6,0 M?), IPUXO0KUX (ILIOMIAIBIO
5,0 M?) ¥ COBMENICHHBIX CAHMTAPHBIX Y3JIOB, &
TaxkKe BBICOTA TToMenienni (1o 2,5 m.) [6,12]. boxee
noJpoOHBIA aHANHU3 NMpUBEACH B Tabnuie 4 u pu-
CyHKe 5.

66




Becmuux BI'TY um. B.I'. Illyxoea

2022, Nel2

W8.21.4;

SE0-E TR W1 T 1183 1 B4,
P11 142 1051

am

1447
PRET

Meouas sy

e pywsm

NS0Tl § FOH30TL MERCTP

Puc. 3. )Kunas 3acTpoiika MacCOBBIX cepuil B INTAHUPOBOYHOM CTPYKTYype T. benropoz.
ITocneBoennslii nepuog — 1945-1964 rr.

Tabauya 3
CTaTHCTHKA 110 T0AaM NMOCTPOKH, IUIOIIATH H KOJHYECTBY 3aperucTPUPOBAHHBIX JKHTeJeil

B ’KHJIOM onze B nepuox ¢ 1965 nmo 1982 rr.

Ne Ton Kon-Bo [Mnomans Kon-Bo 3apeructpu-
JIOMOB m? POBAHHBIX KUTEIEH

1 1965 25 67780.64 2855

2 1966 32 98924.74 4068

3 1967 28 87951.82 3465

4 1968 25 97784.81 3895

5 1969 31 103068.06 4183

6 1970 30 103338.69 4274

7 1971 20 85144.02 3533

8 1972 27 109707.80 4763

9 1973 45 155592.07 6369

10 1974 37 153643.80 6814

11 1975 34 128338.50 5996

12 1976 33 156839.03 6130

13 1977 33 153718.63 6798

14 1978 24 118183.85 5298

15 1979 18 98436.85 4510

16 1980 21 130570.83 6045

17 1981 10 61574.60 2884

18 1982 22 197952.25 7487
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Puc. 4. unas 3actpoiika MaccoBbIX CEpUil B IUTAHUPOBOYHOMN CTpYKType T. benropos.
ITepuon 1964-1980-¢ rr.
Tabauya 4
AHaJIM3 cepHiTHOI NaHeJbHOM 3acTpoiiku besaropoackoi odiactu
Homep Tun Ilpeumyuwecmea Heoocmamku
cepuu KOHCMpYKyuu
1i-32-130 | ITaHenbHBIA Mns oTnenbHbIX KaTeropuil rpaxaad 3to | Huskue mnortonku, Manas Iuiomaab
ObUT CIMHCTBEHHBIN BAPHAHT MOJYYCHUS | KyXHH
OT/ICIIbHOM KBapTUPBL.
1-464a [TanenbHbIH Bcerpoennslie mKadsl, paszensHble | Maias rmomane KyxHu
CaH. Y3756l
1-20 Kupnnunsrit Xopomast Teruonzosyst, o0ycnosneH- | OTcyTcTBHE TPYy30BOT0 (T
Hasi KHPITUYHBIMU CTCHAMH
M-335 IlanensHBIN Hanmmame OamkoHOB, BO3MOXHOCTH isi | COBMEIIEHHBIE CaH.y3JIbl, HU3KAs Tel-
MePerUIaHUPOBOK. JIOU30JISIUUS CTEH, HU3KAasl LIyMOU30JIsI-
U MEXIy KOMHATaMH, HEOOJNbIIHE
TUTOIIAJKH KOMHAT U KYXOHb.
1-447 Kupnuunsrit HmeeTcs BO3MOXKHOCTb CHOCA MEXKKOM- | ManeHbkas IUIOIAAb KyXOHb B 2-3-
HATHBIX IEPETOPOIOK KOM. KBapTHpax
111-88 [TanenpHBIH IIpocTopHbIe TUIAHMPOBKH, pa3ieNbHbIN | Hemoctarounas  TemIONMpOBOIHOCTD,
CaH. y3ell, IMEIOTCS JIOJHKUN IIoxXas IIYMOW3OJIAIHUS, HHU3KHE II0-
TOJIKH
1-513 Kupnnansrit OKOHOMHYHOCTh KHJIbS, BO3MOXHOCTH | OTCyTCTBHE BaHHOW KOMHATHI, HU3KUE
MePeIUIaHUPOBKH, 3aMEHAa KOMMYHHKAIIUH | TTOTOJIKH
Ha HOBBIE B X0/l KAIIUTAIFHOTO PEMOHTA
1-480 [Tanens ITo cpaBuenmro ¢ 438 cepueit, cepust 480 | YXyameHHbIe IUIAaHUPOBKH, HEOOIb-
Kuprnnansrit Oomee pemieBas MO MPOU3BOJICTBY, HE | MW IJIOMIAAN KyXHH, MOpajbHOE W
MMEeT OTPaHUYCHUH 10 MePeIUIaHupOBKe | (pU3myeckoe CTapeHue 3JaHUN CepuH,
MPOOJIEMBI CO CTHIKAMH MEXIy IaHe-
JISIMH B TOPIIAX 3IaHUM
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Knpg 4570 | IlanensHbBIN PazpenbHbIe caH.y3mbl OTHOCUTEILHO HHU3KHE IOTOJIKH, Oall-
KOHBI HE BO BCEX KBapTHpax, HeOOIb-
M1e KyXHH

87 Kuprmansrit Bonee apdexTHbIN BHEITHUN BUA U yiIyd- | Momuukanuyu ¢ THIMAYHBIMA IUTaHU-
IICHHbIC TUIAHWPOBKH, IOTOJHHUTENBHBIE | POBKAMHU YCTYMAIOT IO XapaKTEPUCTH-
ynoOCTBa 1O CPaBHEHHIO C «XPYILIEB- | KaM J0OMaM yJIydIICHHON KaTerOpuH
KaM#», B IOMax UMeeTCs JINPT U Mycopo-

TIPOBOI.

111-83 [NanensHEBIH B xBapTupax yBemuueHa Iuomanb KyxHu | B momax Oonee paHHUX MOIU(UKAIHHA
(8 XB. M.), IMEIOTCS KJIJ0OBBIC H JIOJKUH, | HEJOCTaTOYHAS TEIUIOM30JISIIUS KaK B
pa3zienbHBI caH.y3el, B COBPEMEHHBIX | OOJBIIMHCTBE MaHEIbHBIX JOMOB
MoIU(UKAIMAX CEPUU IJIOIIAAb KBAPTHP
yBeJIM4eHa B cpeiHeM Ha 10 kB. M.

Ii-18- brounsrit Hanuuwe mudTa u MycopomnpoBoaa, Bo3- | OTCyTcTBHE rpy30MaccakupcKoro

01/086,ii- MOYKHOCTh W30JIMPOBaTh KOMHATHI B 2- | IU(TA, CMEXKHbIE KOMHATBHI, HEOOJb-

18- KOM. KBapTHpaXx, KpOMe LEHTPAJIbHOM, 3a | IIMe KyXHHU, CUASYNE BAHHBI, Y CEPHU

01/096 cYeT OpraHm3alid BXojAa B janbHIOW | ii-18-01 — HepaBHOMepHas ocanka
KOMHATy U3 KyXHH pa3NMYHBIX YacTedl JoMa, MOCKOJIBKY

(yHmaMeHTBl THaBHEIX (acagoB u
OCTaJIbHBIX CTCH Pa3JIeNbHbIE, IIPOMEp-
3aHHE TOPLEBBIX YIJIOB

K-7 INanenpHbII Bo Bcex kBapTHpax paszesbHble caHy3bl, | OTCyTCTBHE OalKOHOB M MYCODPOIIPO-
MIPOCTOPHBIE KyXHU BOJIa, HU3KNI YPOBEHB TEIJIO U 3BYKO-

M30JSIIMK, HHU3KOE KayecTBO (yHna-
MEHTa

1i-32 ITanenbHbII Hanmnume OankoHoB, yBenuueHHble mio- | Jledopmaiys KOHCTPYKLUUH BHEIIHHUX
11a]T1 KYXOHb CTeH

1i-35 ITanenbHbII Bo3MokHOCTB nepennaHupoBKU kBaptup | Huskoe kayecTBO  MeXIaHENBHBIX

IIBOB, IIOXas TEIUIO- U 3BYKOM30JIs-
LS, CKJIIOHHOCTh 3/1aHus K Jaedopma-
IIIH, HU3KOE Ka4eCTBO YTeIUIUTeNneH

Mr-300 [TanenpHBIH Hannume OankoHOB W paspenbHble ca- | HeBbIcokasi MPOYHOCTH BHELIHUX CTEH,

HY3JI6I B 3-KOM. KBapTHPax OTCYTCTBHE BO3MOKHOCTHU CYIIECTBEH-
HOW NeperIaHupPOBKHI
Foarccrooiwe | 1968 | 1969 1970 1971 1972 1972 | 1972 1972 | 1972 1972 1872 1972 1072

Aapec

Kon-e0
npoHMBaIowIE

Tun necTpoiit

175 wen.

1973
Wopca, 25

1973
Wopca, 2

Wopca, 28

1973 1973 1974 1974 1875

UWopea, 31

Wopea, 37 9 5

1875 1977

POy 7 5
5a

Puc. 5. XKunoit houn ymun XKenesuskosa, np. b. Xmensaumnkoro, yi. CamoBas,

yi. Crynendeckas B r. beiaropoz. Cocr. A.1O. [Tamnyuienko
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Puc. 6. Teppuropuu U0 3acTpONKN MaCCOBBIX CEPHH, IIEPCIEKTUBHBIE K peHOBaLUU B I. benropose.
Cocrt. A.1O. [TamnymeHnko

Coepemennoe cocmoanue Hcunoil 3acmpoiKu
MAccoevlx cepuil ¢ CmMpPYKmype MHcuioll 3acmpoiKu
2. benzopooa. Beero 3a paccMOTpEHHBIN EPHO B T.
Bbenropoze BBeIEHO B 9KCILTyaTaluio 855 TOMOB, U3
HUX:

- Kupmu4uHbIX — 551 mom — 64,44 %;

- maHenbHBIX — 208 moMoB — 24,33 %;

- mpoune omMa — 58 1oMoB — 6,78 %.

N3 mux 50 maHenbHBIX JKHUJIBIX JOMOB OTHO-
catest k 1960-1969 rr. mocTpoiiku, HOPMATHUBHBIH
CPOK 3KCIUTyaTallui KOTOPBIX ucTekaeT. Cpenu HuxX:
MKp. «Yepemymkm» B TpaHumax ynuin JKenesus-
koBa, mp. b. Xmensaunkoro, yia. Cagosas, yiu. Cry-
JeH4YecKas, MKp. B rpanunax ynun Lopca, 5 aBry-
cra, KoctrokoBa, Batytuna, mxp. «I'puHEBKa» u 1ip.
(puc. 6.). JlaHHBIE )XIITBIE IOMA PACIIOIOKEHBI B Tpa-
HUIax ropoaa benropona Ha Tepputopusx, odecrne-
YEHHBIX MH)KEHEPHOM, TPaHCTIOPTHOM M COLIMANBHOMN
HHPPACTPYKTYpOH U MOTYT PAacCMaTPUBATHCS Kak
MIepCIEKTUBHBIE K peHOBaIu Tepputopuu [19-21].

B xone uccnenoBanuii BeIIeTICHbI XapaKTEPHBIE
TEPPUTOPUH KUIIOW 3aCTPONKH, MEPCHEKTUBHBIE K

peHoBauuu B T. benropoze, Bkito4as OCHOBHbIE Xa-
PAKTEpHBIE THUIIBI JKWJION 3aCTPOMKH MACCOBBIX Ce-
puit:

1) cMemieHHast >kujias 3acTpoiika 5-TH 3Tax-
HBIMH NTaHEJIbHBIMHU U KUPIUYHBIMHU JOMaMH;

2) xuiias 3aCTpoiika CMEeIaHHOTO THITAa MHOTO-
KBapTUPHBIMU goMaMu ¢ BkitoueHuem HMOKC.

BeiBoabl. B pesynbraTe aHannsza CTPYKTYpbI
JKHJION 3aCTPOMKHU NEPBBIX MAaCCOBBIX CEPUN U COOT-
HOIIIEHUs1 00BEMOB JKMIIOTO (POH/IA IT0 OCHOBHBIM TH-
1aM JKWJIBIX JIOMOB U KBapTHUP, a TAKXKe 3Taram KH-
JIMIITHOTO CTPOUTENHCTBA B T. benropoae Ob110 ycTa-
HOBJIEHO CJIEIyIOLIee:

- 10 1953 r. B benropoa cTpounucs xKuible 34a-
HUS IPEUMYIIECTBEHHO JI0 ABYX 3TaXKeH,

- B 1953-1956 rT. KOHIETIIUA Pa3BUTHS KU-
JUIIHOTO (hoHIAa CMEHMJIach B IMOJNB3Y TPEXITAXK-
HOT'O CTPOUTENBCTBA,;

- ¢ 1957 r. THpaXXUPYIOTCS MTEPBBIE MPOEKTHI TSI~
TUATAXHBIX JOMOB THIIOBBIX MAacCOBBIX Cepuil B
CTpyKType I. benropon;

-aKTHBHOE pa3BUTHE KWIBIX 30H TrOpoja Hava-
J0Ch ¢ 1958 1. ¥ IpoAoIHKAETCs IO HACTOSIIIIETO Bpe-
MEHH;
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Ha Texymiem srtamne npoBOIMMOIO HCCIIEIOBa-
HUSl KOMIUIEKCHO IPOaHAJIM3UPOBaHA TEPPUTOPHUS
ropojia ¢ BBISBIEHUEM THUIIOB KHJIBIX JJOMOB Macco-
BBIX CepHil (10 pa3IMYHBIM MPU3HAKAM: STaKHOCTb,
roJl HOCTPOMKH, MaTeprall HECYIIUX KOHCTPYKIUI U
mp.). B xone uccnenoBaHus BBIAEICHBI OCHOBHBIE,
XapakTepHble A I. benropona TUIBl TeppUTOpUil
JKUJIOH 3aCTPOMKH IEPBBIX MACCOBBIX cepHid: 1) Tep-
PUTOPUH CMEIIAHHOW 3aCTPONKM S5-TH 3Ta)KHBIMU
KUPIUYHBIMHA U TAHEJIbHBIMU 3[aHUSMU; 2) JKUas
3acTpoliKa MHOTOKBApTUPHBIMU JIOMaMH C BKJIIOUe-
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FORMATION OF THE STRUCTURE OF THE HOUSING FUND OF THE FIRST MASS
DEVELOPMENT SERIES IN THE CITY OF BELGOROD

Abstract. The article considers the typology of the housing stock of mass building series on the example
of the city of Belgorod. Data on its classifications are presented: according to the form of ownership, purpose
of use, planning structure, design features. Analyzed historical archival data relating to the development of
the housing stock in Belgorod. The main stages in the development of residential territories of mass series in
the city of Belgorod are singled out: from 1945 to 1964 — the period of restoration of the city after hostilities
and the beginning of the development of mass housing construction; from 1964 to 1980s — the period of active
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construction of mass housing stock; 1980s — present — modern period. Each time period was studied according
to a number of factors: population, building area, number of storeys, construction materials, planning solu-
tions for residential buildings of mass series, etc. The sequence of formation and development of residential
buildings of mass series in the structure of the city of Belgorod and nearby settlements is considered. The
current state of the housing stock of the first mass series in the building structure of Belgorod is analyzed. The
characteristic types of residential development areas and promising areas for the renovation of residential

development of the first mass series are identified.

Keywords: housing stock, residential development, mass series of residential development, typology of

residential development, residential development areas
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INPUHIUAIIBI ®OPMUPOBAHUS APXUTEKTYPHO-XYJIOKECTBEHHOI'O
OBJIUKA 3JIAHUM MYCOPOCOPTUPOBOYHbBIX CTAHIIMMA B KOHTEKCTE
T'OPOJICKOM CPEJbI

Annomayusa. B cmamve paccmampusaemcsi akmyaibHas mema CoOpmuposKu U nepepabomxu mycopa 6
KPYNHBIX 20p00ax, a UMEHHO Op2aHU3aAYUs CNeYUaIbHblX 00eKnOo8 COPMUPOSKU U nepepadbomku Mycopa, 00%o-
exmog MCC (mycopocopmupogourbix cmanyuii), 8 KOHmeKcme 2opooCcKou cmpykmypul. B mamepuanax cma-
mbU 000CHOBAHA AKMYATLHOCHb NPEONONCEHHOU meMbl ucciedosanus. Llenvo cmamou aensemcs onpedere-
HUe OCHOBHBIX NPUHYUNOE POPMOOOPA308aAHUSL APXUMEKMYPHO20 00pA3a BHOBb NPOEKMUPYEeMbIX 00bEKmMO8
no copmuposeke mycopa Ha meppumopuu Cankm-Ilemepbypea. Bvinonnen cpagHumenbhbvlii anaius omeye-
CMBEHHO20 U 3apy0OedtCHO20 Onvlma, HA npumepe 00bLEKMO8, PACHOIONCEHHBIX 8 SPAHUYAX 20POOCKOU 3a-
cmpotiku. Ha ocnose ananuza 3apyoesxcno2o u omeuecmeeHHo20 Onvlma npoeKmuposanus U peaiu3ayuu ma-
KUX 30anUll 8bls61eHa NPOOIeMAMUKA 63AUMOOCICMEUs COPMUPOBOUHBIX KOMNIEKCO8 8 20POOCKOU cpede ¢
oKpyrcaroweli 3acmpoiikoil. Onpedenenst 06wue Yepmol U pasiuyus, IuAwWUe Ha pasmeujerue 00bLeKmoe
nO COPMUPOBKe Mycopa 8 20pOOCKOL CIMpyKmype 6 pasuvix cmpanax. Ilposeden kpamxuii 0630p ucmopute-
cKux menoenyuti obpawjenus c omxooamu 6 Poccuu. Bvisignen ocnoenoli hopmoodpasyiowuti 2nemenm — mex-
HOJI02UYeCKUll MOOYIb U €20 OCHOGHbIe cocmasnaowue. [1o umozam npoeeodeHH020 UCC1e008ans OnpeoeieHbl
OCHOBHbBLE NPUHYUNDBL POPMOOOPA308AHUA APXUMEKMYPHO-XYO0dcecmaenHo2o oonuka MCC (mycopocopmu-
POBOUHBIX CHIAHYULL) 8 KOHMeEKCme 20p00CKoll cpedbl. 1Ipednodicervl cxembl KOMNOHOBKU MOOYAel-00beMO8

MCC ¢ ocnosHbIMU cabapumubIMU XAPAKMEPUCTIUKU YHACMKA U CaMUX 00beMO8.
Knroueswie crosa: 30anuss MCC, apxumexmypHo-xy00aicecmeeHublil 001Uk, hopmoobpazosanue, 3K010-

eus, Canxm-Ilemepoype.

BBenenue. [Ipobnema copTupoBku U mepepa-
OOTKHM TBEpABIX OBITOBBIX OTXO/OB SIBJISIETCS aKTy-
aNbHOM 171 Bcero Mupa. B pszae ctpan 3TOT BoIpoc
YCIIELIHO pelIaercs: 0naronaps HaJIMYUIO CUCTEMBI
oOpallieHHsI ¢ MyCOpOM, KOTOpasi BKJIIOYAaeT B ce0s
3Tanbl NePBUYHON COPTHUPOBKHU A0 HEMOCPECTBEH-
HO¥ epepaboTKH Ha 3aBojax [1]. B HekoTopbIx ToC-
yAapcTBax JHIIb HAMEYAIOTCs IPEANIOCHUTKY IO pe-
IICHUIO TPo0JieMbl Mycopomnepepaborku [2]. Co-
rnacHo goknany o kaumate 2021 roga «M3meHeHue
knumara 2021. @usnyeckas HaydyHas OCHOBa» OT 9
aBrycra 2021, paspaborannas MIDUK, nHeobxo-
JUMO B KOPOTKHE CPOKH COKPATUTh POCT CBAJIIOK HE
nepepadoTaHHOro Mycopa, AJISl COXPaHEHHUS HKOJIO-
T'HH TUIAHETHL.

B Poccun mpo6iieMy yTHIN3aIIuN OTXO/I0B €Ilie
NPEACTOUT peluTh: ¢ Hadana 2019 roga crapToBaina
pedopma cOopa OwbiToBOro Mycopa. OHa IOIIKHA
CHHU3UTH HATPYy3Ky Ha OKPY>KaOIIyI0 CPeIy U IPHUBE-
CTH K TIOSIBJIEHHIO HOBOTO PBIHKAa PabOTHI C OTXO-
namu. Ha ceropHsmHmii geHp B psae TOpOAOB
HaOIoJaeTCs BHEAPEHUE pa3felibHOro coopa My-
copa. OmHaKo, COTJIACHO HMCCIIENOBaHMAM, IPOIIECC
€ro MHTETPaly BBUAY COLMOKYJIbTYPHBIX OCOOEH-
HOCTEH JKU3HU HACEJIECHUs CTPAHBI 3aMET JUTUTEIb-
HBI TIEpHO/I, TO3TOMY BHEJPEHHE MYCOPOCOPTHPO-
BOYHBIX OOBEKTOB SIBIAETCS Haubojee ONTHMallb-
HBIM PELICHUEM JJIs1 ONIEpaTUBHOM padoThI O 00pa-
MIEHUIO ¢ OTXO0aaMmH |3, 4].

B Cankr-IletepOypre Komurerom mo Omaro-
YCTPOHCTBY OBUIH BBIHECEHBI Ha pACCMOTPEHHUE PSIIT
MPENIOKEHNUH, HalleICHHBIX Ha TOBBIIICHUE Kade-
CTBa TOPOJICKOM Cpe.Ibl B BOIIPOCE YTHIM3ALNUHU TBEP-
IeIX KoMMyHanbHbIX 0TX0710B (TKO). [IpaBurens-
CTBO TOpPOJIa 3asBHJIO O HEOOXOJUMOCTH OpraHM3a-
UM OOBEKTOB MYCOPOCOPTHPOBOYHBIX CTaHLMI
(MCC) u mycoponepepabaThIBaIOIINX KOMIUIEKCOB
(MIIK) B roponckoit crpykrype. Takum oOpasom,
perieHne npodsieMsl IepepaboTKH 0TXOA0B TpeOyeT
HE TOJIBKO COLMAIbHO-IKOJIOTMYECKOT0, HO U apXu-
TEeKTypHOTO moaxoja [5, 6].

B konme nmexabps 2020 roma KomuteTrom 1o
IpasiocTpOUTENBCTBY U apxurektype Cankr-Ilerep-
Oypra ObLI OIMyOJIMKOBaH MPOEKT TEPPUTOPHATBHOM
CXEeMBI TI0 OOpallleHHI0 C TBEPJBIMH KOMMYHAIIb-
HeiMu oTXoaaMu (TKO) nis oOriecTBeHHOTO 00CY K-
neHus. B mpoekte ObUTO mepedncieHo 7 3eMeIbHbBIX
YYacTKOB B TOpOJIe, HAa KOTOPBIX BO3MOXKHO CTPOH-
TEJNBCTBO MPEANPHUITHN 10 COPTHPOBKE Mycopa
(puc. 1).

CorjlacHO MPHUBEICHHOW CXeMe OOJIBIITMHCTBO
MPEIOKEHHBIX TEPPUTOPHUIT HAXOIsATCs Ha repude-
pUHM TOpOJAA, YTO IEPBOHAYAIBHO YBEIMYUBAET
TPAHCHOPTHYIO HATPY3KY OT HEPEBO3KH Mycopa JJs
COPTHPOBKH W TepepaboTKH 0TX0A0B. OmHAKO, C
YU4ETOM pOCTa TOPOACKHUX TPaHHMI, IMpeliaracMble
TEPPUTOPUH MOTYT IOJIHOLIEHHO BOWTH B COCTaB I'O-
poJickoit Tkanu [7].
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B pamkax HayuHo-uccneaoBarenbckoi paboTh
«HMccnenoBanne apXUTEKTYPHO-XYJOXKECTBEHHOTO
o0JIMKa 3/IaHUH MYCOPOCOPTUPOBOYHBIX KOMILIEK-
COB B KOHTEKCTe Tropojckoil cpens» 2021 Ha 6aze
Kadeapel  APXHUTEKTYpPHOIO  TNPOEKTHUPOBAHUS
CII6I'ACY npenyiosxeHo ajJbTepHATHBHOE pa3Melie-
Hue 00bexkToB MCC Ha TeppuTOpHsIX He()yHKIIMOHU-
PYIOLIMX CTapblX MNPOMBIIUIEHHBIX COOPYKEHHH.
Kak wu3BeCTHO, HMCTOPHYECKH CIIOKHUBILAsICS 3a-
crpoiika CankTt-IlerepOypra nMeeT yeTkoe (hyHKIIU-
OHaJIbHOE 30HMpOBaHKE. ['opos pacimpsiercs ¢ yde-
TOM IOTPEOHOCTEH HBIHEITHETO OKOJIEHHS, 1 HEKO-
I/1a UICTOPUYECKHE MPOMBIIIIEHHbIE 30HbI («Cephlit
MosIC») TPEOYIOT MHTETPalli HOBOH (pyHKIIMY U Tie-
penpodunrpoBaHus, Tak Kak He (YHKIHOHHPYIOT
[0 CBOEMY II€PBOHAYAIBHOMY HAa3HAYCHHUIO WIIU
OCTaHOBJIEHHI TIOJTHOCTEIO [8, 9]. IIpoBenenue mpe-
oOpazoBannsa Takux Tepputopuii B Caskt-Iletep-
Oypre npeamnonaraeT oOpameHue K HICTOPHUECKOMY
(hOpMHUPOBAHHUIO APXUTEKTYPHOTO 00pa3a 3acTPOHKU
1 OOJBIIOMY pATy HOPM. MIHTErparus CoBpeMeHHbBIX
MIPOMBIIUIEHHBIX 30H B TOPOJACKYIO CTPYKTYpPY MO-
KeT BKIIIOYATh B ce0s U 00s13aTeNIbHOE pa3MelIeHUe
MCC, kak anpTepHATHBHBIA BapHaHT pa3MENICHUS
JaHHBIX OOBEKTOB Ha OKpauHE ropoja. JTo MO3BO-
JUT PelnuTh NpoOieMy ONTHMHU3ALMH TPAHCIOPT-
HOM Harpy3KH Ha TOPOKHBIE CETH, a TAK)KE TTO3BOJIUT
B JasibHEHIeM uHTerpupoBath 006ekTsl MIIK B ro-
poackyto cuctemy [10].

Meckonosa IKCTUTHKALMS K CXEME:
m— - [PAHUIB] TOPOIA
Cankr-ITerepbypra
— - PAHUILE] PAHOHOR
@ - Anvmpanefickuii paffon

(2) - Bacuneocrposcknii paiton

(3) - Buiboprekmii paiion

@ - Kanuunuekuii paiion

@ - Kuposckuii paiton

(6) - Konmncknii paiion

@ - Kpacnorpapaeiickuit
paiion

(8) - Kpacnoceascknuii paiion

@) - Kponwraaorexuii paiion

(0) - Kypoprasiit pajion

@ - MockoBekui paiion

(2 - Hemcwuii paiion

@ - HeTporpanckuii paiton

@ - Ierpousopuosktii paifon

@ - Tipimopcekuit pafor

@ - [Tymxnuekuii padon

@ - ®pyH3eHCKRIT pation

- LlenTpaisHelii paiion

. - ¥YyacTku MPEATOWECHITHIC

KI'A oz opramnmsanmio
oonektor MCC

Puc. 1. Cxema yyacTkoB

Ilenvto nybnukayuu NAHHOW CTATbU  SIBJIACTCS
ompezeneHre OCHOBHBIX MPUHIUIIOB (opMO0oOpa3o-
BaHUsI apXUTEKTypHOrO oOpaza OOBEKTOB MyCOpPO-
COPTUPOBOYHBIX CTAHIMH B KOHTEKCTE T'OPOJICKOI
WHPPACTPYKTYPHI.

ITocTaBneHsl criedyrowjue 3adauu: M3y4uTh U
CHUCTEMAaTH3UPOBATh CYNIECTBYIONIMHA 3apyOeKHbIH
1 OTEUECTBEHHBIHN OIBIT POSKTUPOBAHHS OOHEKTOB
MCC; mpoBectu 0030p HCTOPHYECKOTO Pa3BUTHS
COPTHUPOBKH Mycopa B Poccum; onpenennTs OCHOB-
Hple TPUHIUIBE  (HOPMOOOpa3oBaHUs OOBEKTOB
MCC; nmpemioXuTh CXeMbl MOIyJIeH-00bEMOB, CO-
crasiaromux oosexTsl MCC.

Obvexkm ucciedo8anus — apXUTEKTyPHO-XYI0-
JKECTBEHHBIN 00pa3 37aHUil TOPOJICKAX MyCOPOCOp-
THPOBOYHBIX CTaHIIHH.

Cmenenv usyuennocmu. Ilpu pazpaboTke
TEMBI UCCIIEIOBAHUS OBLTH M3Y4YEeHBI paboThl I 0BO-
pymiko C.M, Proxux 1O.C., PeiBkuna M./., Pox-
koBa P.C. mo Bompocam 3KOJIOTHYECKHUX U TEXHUYe-
CKHX 0COOEHHOCTeH oOpamenus ¢ orxogamu. Oco-
0oe BHUMaHME OBLIO yzaedeHo uccnenoBanusiM [las-
noBckoro A.A., Basunopoii T.S1., Ca3seikunoii E.B.,
ITonoga /I.B., bnoxuna B.B., nocBsiieHHbIM apXxu-
TEKTYPHOU TUIIOJIOTMH MTPOMBIIICHHBIX 3/JaHUHI U, B
YaCTHOCTH, 3[JaHWH MycOopomnepepaboTKH U COpTHU-
poBku. Taxxe ObLTH paccMOTpeHBI paboTs IKOHHU-
koBa A.B., Kypb6arosa FO.W. o obuum Bompocam
(hopMOo0OpazoBaHKs U KOMIIO3UILMH B aPXUTEKTYpeE.
N3ydensr marepuanbl MEXIYHApPOAHOTO OIBITa HA
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npumepe padbot Boguslawa Wowrzeczka, Jeannine
Mullera u Ramaraj A., Nagammal J, koTopsie oTpa-
3WJIM B CBOMX MaTepHajiax TeHACHIINY BIUSHUS TeX-
HoJioruii Ha GopmooOpazoBanue. bonpmioe BHIMA-
HUe OBUIO yAeNeHO HAyYHBIM MaTepHhaliaM, CBSI3aH-
HBIM C TyMaHH3aluei obOpasa, ObLT M3ydYeH Tpy.X
Hay4YHO-UCCIIeIoBaTeIbCcKoi rpymmsl ["apBapaa, Hag
KoTopeiM pabotanu Georgoulias A., Kara H., Asen-
sio Villoria L.

Metoabl ucciaenoBanusi. 11 onpeneneHus
OCHOBHBIX TPWHIMIIOB (OPMHUPOBAHUS apXHUTEK-
TYpHO-XYJOKECTBEHHOTO o0nmka 3maHnii MCC
mpeJiaraeTcs WCIONb30BaTh CICIYIONINEe METOAbBI
HCCIICI0BAHMUS:

1. KomruiexkcHbit aHanmu3 3apy0eKHOTO OMBITa
pa3MenieHns B TOPOJICKOH cpefie 00bEKTOB MyCOpO-
nepepadOoTKH, BKIIOYAIONIUX MYCOPOCOPTHPOBOY-
HbIe 6710KH. [[prMeps! U3y4eHbI ¢ TOUYKH 3peHHS TPpa-
JOCTPOUTENFHOTO Pa3MeIIeHNs 3IaHuil OT 00IIero
MOJIOXKEHNS (BBISIBIICHHE PO 00BHEKTa B TOPOACKOM
CTPYKTYypE, YAaJeHHOCTH/MPUOIMKEHHOCTh K TO-
POIICKMM TpaHUIIaM, HCTOPUIECKON 3aCTPOUKH) 10
YacTHBIX OCOOCHHOCTEH ydacTKa pa3MelIeHUs
(ompenenenneM pacCTOSHUM 70 JKUION 3aCTPOMKH,
00BeKTOB JMaHAma(Ta U T. 1.) U apXUTEKTYPHO-XY-
JIO’)KECTBECHHON COCTaBJIIONIEH 00MrMKa 3aBoja (c
TOYKHM 3peHus (OpMOOOpa30BaHUS M HHTEIPAIUH
00beMa B KOHTEKCTE TOPOJICKON CpelIbl C YIEeTOM HC-
TOPUKO-KYJIBTYPHON COCTaBIstONIEi). BrisaBneHO
TEXHOJIOTHYECKOE W TJIAHUPOBOYHOE 30HHUPOBAHHE
00BeKTA.

2. KoMmnnekcHbIi  aHaJIW3  OTEUYECTBEHHOI'O
OTIBITa CO3/IaHUS MYCOPOTEepPepadaThIBAIONINX 00b-
exToB. OmpejeneHne TrpajJoCTPOUTENHFHOIO pa3Me-
HIeHHS TPEANPUATHI OTHOCHTEIBHO TOPOJICKUX Tpa-
HUI] (HaJM9re UHTETPaIluH WK €€ OTCYTCTBHE B T'O-
POICKYI0 TKaHb, YIaJ€HHOCTh OT JKWIOH 3a-
CTPOWKH), a TAaK)Ke N3yUCHHE apXUTEKTypPHO-TIJIaHHU-
POBOYHBIX I KOHCTPYKTHBHBIX IPUEMOB peaji3alliu
31aHUHA. BBISBIEHO TEXHOJIOIMYECKOE U ILIAHUPO-
BOYHOE 30HUPOBAHUE OOBEKTA, & TAKXKE OIPEICTICHO
HaJIMYUE apXUTEKTYPHOTO PelIeHus ero oopasa.

3. CpaBHUTENbHBIM aHATU3 3apyOekKHOTO H
OTEYECTBEHHOTO OIIbITA JUIS ONPENEIICHHUSI CXOXKUX
4epT W NPUHUUIHAIBHBIX Pa3iHydid B MOAXOAE K
pa3paboTKe apXUTEKTYpHO-XYyI0KECTBEHHOTO 00-
pa3za 31aHuil MycoponepepadoTKH.

[pornecc obpareHus: ¢ 0TX0jaMH HeceT B cebe
U COLMO-KYJIbTYPHBIN XapaKTep, O3TOMY BBIIIOIHEH
KpaTKuii 0030p UCTOPUYECKOTO OIBITA COPTUPOBKU
mycopa B CCCP u coBpeMeHHOI crcTeMbl o0pariie-
Hug ¢ otxonamu B Poccuiickoit @enepanuu. Boisis-
JIEHBI CYLIECTBYIOIINE MPOOIEMBI COPTUPOBKH MY-
copa W JalbHEWINe MEePCIEeKTHBBI €€ pEIIcHHs B
OmmkaiteM Oyaymem.

OcHoBHasl 4YaCThb.

Ananus 3apyberxcrnozo onvlma pameuieHus 6
20pPOO0CKOIl cpede 00beKn o8 Mycoponepepadomxu.
[Ipobaema copTUPOBKK Mycopa YCHELIHO PelaeTcs
B psjie CTpaH Omarofaps KOMIUIEKCHOMY TOIXOMY
oOpaleHusi ¢ 0TX0/aM{ Ha MPOTSHKEHHH HECKOIb-
KUX JECATWIECTHI: C OHOW CTOPOHBI Ha YPOBHE CO-
[IMANBHON PabOTHI C HAaceleHWeM W BHEIPEHHEM
nepsuaHoro orbopa ThO, ¢ apyroit cTopoHBI OTKa-
30M OT 3aXOPOHEHHUH Ha MOJMIOHAX B MOJB3Y NEpe-
paboTKH B 3aBOJICKUX YCIOBHsIX. bonee Toro, pa3me-
meHne 00BEKTOB COPTUPOBKHA W TIEPEPabOTKH MY-
copa IMPOUCXOJIUT B TOPOJACKHUX T'PaHULIAX, YTO 3a5IB-
nsieT 00 UX TrpagoCTPOUTENFHON W apXUTEKTypHOH
POJIK BHYTPH FOPOACKOU Cpeabl.

Paccmotpens! creayromie 00bEKTHI:

— 3aBoj Maiicuma (Smonus, Ocaka). [Tpeamnpu-
aTre paboTaeT co BCeMHU BUIaMH 0TX00B. [IpuHImm
paboThI — CXKUTaHNE MyCOpa dKOJOTHYHBIM CITOCO-
6om. ['pamocTponTtenbHOE PACTIONOKEHUE — UCTOPHU-
yeckuil neHTp ropoja Ocaka, 12 kM OT TJIaBHOM J10-
CTONPHUMEUYATENBHOCTH Toposia — 3aMka B Ocake. B
aApXUTEKTYPHOM OOJIMKE 3[IaHHsI NCTIOIb30BaHa CTH-
JU3alUsl BEepTUKAJIBHBIX JeTajell, MMEIomuX Iuia-
CTUKY HCTOPUYECKHX SIMIOHCKHUX COOpYy>KeHuu. Oc-
HOBHOW TIPSMOYTOJBHBIA 00BEM pa3elieH UMH BH-
3yalibHO Ha OoJiee KOMITaKTHBIE MIockocTH. Konopu-
cTHKa Qacaaa 3a1aeT aKTUBHOE [[BETOBOE PEILICHHE,
KOTOpOE JIeNIaeT 3JaHKe aKIIEHTHBIM CPEeIr OKpYXKa-
IOIIEH 3aCTPOIKH, a BRICOTa OCHOBHOTO 00BEeMa BbI-
Jep>kaHa B 00Iel BRICOTHOM OTMETKE. TeXHOJIOTH-
Yeckasi TpyOa BBITIONHSET POIlb IOMUHAHTHI U YpaB-
HOBEIIINBAET KOMITO3UIIHIO (pHC. 2);

— 3aBox llInurrenay (ABctpus, Bena). Ilpen-
MpHUSTHE pabdOTaeT C TaK HA3bIBAEMBIMH «CMeEIIaH-
HBIMH» OTXOojamu. [IpuHImI paboThl — CKUTaHHE
Mycopa 3K0JIOTHYHbIM criocobom [11]. I'pagocTpou-
TeJIbHOE PACIONIOKEHUE — 3aBOJI HAXOJUTCA B LIEH-
Tpe ropoja, B 6 kM oT BeHCcKko# paTyiiu, BHyTpH ro-
POJICKOI 3acTpoiiku. B apxuTekTypHOM 00IHKE 3/1a-
HUS UCTIOJIB30BaHbl BEPTUKAJIbHBIE U TOPU3OHTANIb-
HbIe WieHeHHs (DacazoB, HAOMHUHAKOIINE (axBep-
KOBYIO KOHCTPYKTUBHYIO CUCTEMY (OTCBIJIKA K HCTO-
PUYECKON KOHCTPYKTUBHOM CUCTEME, IPUMEHSIEMOU
B CTPOHTENBCTBE 3/1aHUil B XV Beke). 3a cueT JaH-
HOT'O TIpUeMa OCHOBHOW 00BeM 3JaHHs MOIydaeT
YMEHBIIEHHBIH MacTald, KOTOPBIA MO3BOJISIET BITH-
caTh 00BEKT B TOPOJICKYIO cpexy. Taxke Ha dhacane
WCTIOJIb30BaHbl SIPKHE JIEKOPATHBHBIE SJIEMEHTHI H
«aKTHBHOE)» I[BETOBOE pelieHue. TexHOoIoTnyecKas
TpyOa BBITIONHSET POJb TOMHHAHTHI U CMBICIIOBOTO
crepxkHs (puc. 3).
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Puc. 3. 3aBon HInurennay, Bena, ABctpust

[IpencraBnenHsie mpuMepPbl OOHEKTOB MYCOPO-
repepaboTKH BEIOPAHBI B KAYECTBE TIOJIOKUTEITHHBIX
MIPUMEPOB MEXTYHAPOIHON MPAKTHKHU OpraHU3aIiH
3aBOJIOB I10 COPTHUPOBKE U IepepaboTke Mycopa B TO-
pouckoii cpeze. [1o pyHKIMOHAIBHOM OpraHU3aliK
OHHU OJTHOBPEMEHHO BKJIFOUAIOT B ce€0s1 OJIOKH IO COp-
THPOBKE U MepepadoTKe Mycopa, C Y4eTOM BBEJICH-
HOMW COLMANIbHOW MPAKTUKU MEPBUYHON COPTUPOBKHU

Mycopa HaceJeHHeM. M3ydeHHble NpUMephl sIBIIs-
FOTCSI 9aCThIO TOPOJICKOW Cpeibl. APXUTEKTYPHEII
0o0pa3 «CTHIN30BaH» B COOTBETCTBUH C HCTOpUYE-
CKOM U KyJIBTYpHOU cocTapisttomei [12]. Hecmotpst
Ha KpYIHBIH 00beM, MacIiTad NpUBEACHHBIX 3aHHH
«CTaXUBaeTCs» Ojaromaps BU3yalbHOMY pasjieie-
HUIO Ha HECKOJIBKO 00bEMOB C TIOMOIIBIO TIPUMEHE-
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HUS IEKOPATUBHBIX 3JIEMEHTOB: MMUTALIUU UCTOPU-
YECKUX KOHCTPYKTUBHBIX CUCTEM U APKHX LBETOBBIX
nsaTeH. TakuM 00pa3oM, MPOUCXOTUT TyMaHHU3ALUS
o0JIMKa 37aHUN U CO37]aeTCsl UX OJIATONPUSITHBIA 00-
pa3 s HacenmeHus [13].

O630p ucmopuueckozo onvima COpMUPOEKU
mycopa ¢ CCCP u Poccuiickoui @edepayuu. N3y-
YeHne ombiTa copTupoBKu mycopa B CCCP moka-
3aJI0, YTO apXUTEKTypa CTAaHLUI HepepaboTKH My-
copa He IMpeacTaBisuia co0OW OTAETHHO BBIIEICH-
HOW THUIIOJNIOTWH, TaK Kak OblJla BCTPOCHA B 3/1aHUS
MarasyHOB, CKJIaJ0OB, B OTHENbHBIX CIIydasX 3TO
ObuUIM 3IaHHWS TPOU3BOJACTBEHHOTO Ha3HAYCHUS,
BHEIIHUI OOJMK KOTOPBIX COOTBETCTBOBAJ 3aBOJI-
CKON apxuTekType. biaromaps mepBu4YHOU COpTH-
POBKE Mycopa, a TaKkKe€ OTCYTCTBHUIO TaKUX BUIOB
OTXOJOB KaK IIACTUK, TETpanak u T. 1., Pa3BUTOH
CUCTEMBI 3[JaHUM [UIsl COPTUPOBOYHBIX CTAaHLUNA HE
TpeboBanock. [IyHKTH pruema nim COPTUPOBKHU OT-
XOZI0OB HAaXOAWIHNCh B 4YepTe ropoja, Oojiee TOro B
HETIOCPEACTBEHHOM ONM30CTH K JKWIIOH 3acTpoiike
IUI. BO3MOKHOCTH OBICTPOTrO M IOCTYIHOTO IYTH
C/Ia4y OTXOMOB.

ITocne pacnmama Coserckoro Coroza 3Ta cH-
cTeMa oOparieHus ¢ oTxogamu Oblia yrpadeHa. Kax
OTMEYArOT dKCIepThl, B 1987 romy B 060poT BOBIIE-
kasoch 0osee 70 % BTOPUUYHBIX MAaTEPHAIIOB, B CO-
BpEMEHHOH ke Poccuu 3TOT mokasarenb TOCTUTaeT
noka Tosibko 50 % 11 MPOMBIIIJICHHBIX OTXOA0B U
nopsiaka 4 % st TKO [14]. B meBstHOCTBIX TIpoIiecc
COPTHUPOBKH MYycOpa COBEPILAICS MO0 OCTATOUHOMY
npuHiuIy. OTAeTbHOrO yIpaBJIeHUsT WIIM KOHKPET-
HOTO TOCYAapCTBEHHOTO OpraHa — MPEeANpPUATHS He
CYIIECTBOBAJIO, HO CUCTEMa KYJIbTYPhl COPTHPOBKH
Mycopa HaceJICeHHEM ellle UMeJia CBOM OTTOJI0CKHU. B
2000-HbIX OHA MOJHOCTHIO MPEKpaTUiIa CBOE CYIIEe-
cTBOBaHMe. VMIMEHHO C 3TOro MOMEHTa M Hayalics
ro0ansHBIN poct mosuronos TKO [15].

Ha coBpemeHHOM »3Tame MOIBITKA BO3POAUTH
nepepadoTKy Mycopa MPeNPHHSATHI B PsIe TOPOJIOB
Poccun, HO cucTema oOpalieHus ¢ 0TX0JJaMH, yTpa-
yenHas nocie pacmaga CCCP He MoxeT ObITh BOC-
CTaHOBJIEHa ornepaTHBHO. JJs1 3TOrO0 Tpedyercs mo-
3TarHoe pernieHue npoodieMbl. OHO U3 HUX — 3TO
CTPOUTENECTBO «MYCOPOCOPTHPOBOUYHBIX» OOBEK-
TOB [16].

Ananu3 omeuecmeenHoz0 onvlma pazmeuje-
Husa 00vekmos mycopocopmupoexu. 1lpoanannsu-
POBaHBI CIIEAYIOIINE OTEYECTBEHHBIE OOBEKTHI:

- MycopocoptupoBounblii 3aBox B OMCKe.
OOmBexT pacrionaraercsi Ha ceBepe obmactu. Obiee
KOJINYECTBO 0OBEKTOB MyCOpOIepepaboTKH B 001a-
cTH — 2. Bormpoc copTUpOBKH B cHCTEME TOPOACKON

MH(PACTPYKTYPHI HE pEIeH, Harpy3ka Ha o0JacT-
HBIE TPaHCIIOPTHBIE CeTH Bo3pactaeT. OOopymoBa-
HUE pa3Memaercsi B OOJBIIEHPOJICTHHIX 3AaHUIX,
TZle pa3MelleH KOHBelep. ApXUTEKTYpHOE pelIeHUe
00beKTa HE HOCHT CTETUICCKOW MEHHOCTH. ApXH-
TEeKTYPHO-XYJOKECTBEHHBII peIlIeHne 3IaHus OT-
CyTCTBYeT (puc. 4).

- MycopocopTupOBOYHBIA 3aBOJ BO Bianbl-
KuHO, MockoBcKast 001acTb. OOBEKT pacIoraracTcs
B 00jacTu 3a MpeleliaMH HAacelIeHHBIX ITyHKTOB.
TpancnoptHas uH}ppacTpykTypa He pemena. Kon-
CTPYKTUBHAs CUCTeMa 3AaHUS — OOJBIICTTPOIECTHBIH
KapKac. ApXUTEKTypHOE pelIeHre 00bEKTa He HOCUT
SCTETHUYECKON IIEHHOCTH. APXUTEKTYPHO-XYHOXKe-
CTBEHHBIH pelIeHne 3JaHus OTCYTCTBYET (pHC. 5).

[lo wWroram paccMOTpEeHHS OTEYECTBEHHBIX
IMPUMEPOB MOKHO CACJIIAaTh BBIBO/, YTO C TOYKHU 3pPC-
HUS TPaIOCTPOUTENHHOTO pa3MeEIIeHUs JTaHHBIC
MPENNPHUATHS PACTIOI0XKEeHBI Ha Tiepudepun, Hero-
CPEICTBEHHO Y ropojackux rpanuil. OobexTst MCC
u MIIK He ycTpamBaroTCsi B €IUHBIE KOMIUIEKCHI.
Jist yMeHbIIIeHHS 5KOHOMHYECKUX 3aTPaT IPH CTPO-
UTENBCTBE HCIOJB3YIOTCS MPOCThie 0OBEMHO-IIPO-
CTpaHCTBEHHBIE PEUICHHUS C MCIIOJIb30BaHUEM OO0JIb-
MIETIPOJIETHBIX KOHCTpYKIwit [17]. DT0 oTBewaer
(YHKIIMOHANBHBIM TMOTPEOHOCTSIM, HO apXHUTEK-
TYpPHO-XYJJOKECTBEHHASI COCTABIISIONIAS TIOJTHOCTHIO
OTCYTCTBYET.

O0a 00beKTa COPTHPYIOT MyCOp IO TaKUM Ka-
TErOpHsIM KaK: aTFOMUHUIA, KapTOH, OyMmara, miIacTUK
u apyrue. OnHako sl nepepadoTku paboune oTou-
patot uuib 10 NpoLeHTOB Mycopa — OCTaIbHON My-
cop 3axopaHuBaeTcs. Takum 00pa3oM, BOTIPOCHI yBe-
JIMYCHUA CBAJIOK 1 MUHUMH3AIIMU HArpy3kKu Ha J10-
POKHO-TPAHCIIOPTHBIE CETH HE PEIIAI0TCS.

KomrutekcHpiit aHanmu3 3apyO0eXHOTO B OTede-
CTBCHHOI'O OIbITA BBIABUII pAAd CXOXHUX WU OTIUYH-
TEJIBHBIX YepT 00BEKTOB MyCOPOCOPTUPOBKH. Tak Ha
TpajJOCTPOUTENFHOM, WM apXHTEKTYpPHOM YPOBHE,
00BEKTHI  MyCOpOIepepadoTKH M MYCOPOCOPTH-
poBkH SmoHMM W ABCTpHH, TPEACTABISIOT COOOH
€IMHBIN KOMIUIEKC, HHTETPUPOBAHHBIN B TOPOJICKYIO
cpemy, Torna kak B Poccun maHHBIE OOBEKTHI HE
HECYT apXHTEKTypHOH IeHHOCTH. OIHAKO BO BCEX
MIPUBEACHHBIX IPUMEPAX, TEXHOJIOTHYECKHH MOTYIb
COPTHPOBKH MyCOpa — 3TO KJIIOYEBOH 3JEMEHT, CO-
CTaBISIONIUHA  OOBEKTBI MYCOPOCOPTHPOBOYHBIX
craHUui. TeXHONOrM4eCKUii MOyJIb UMEET PA3IIUY-
HbIE 00BbEMHO-TIPOCTPAHCTBEHHBIE XapaKTEPUCTHKH,
B 3aBUCUMOCTHU OT MHTCHCUBHOCTH ITOTOKOB IIPOU3-
BOJICTBA U TEXHOJIOIMYECKOH HanpaslieHHOCTH. Bo3-
MOKHO COYETaHHE HECKOJIBKUX MOIYJIeH B OJHOM
o0BbeMe 31aHusl.
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Puc. 5. MycopocopTHpOBOYHEII 3aBOJ BO BiiaaprkuHo, MockoBckast ooacts, Poccus

BoiBoabl. Ilo pesynapTaramMm u3ydeHUs Cyllle-
CTBYIOLIETO 3apyOeKHOr0 U OTEYECTBEHHOT'O ONbITa
MIPOEKTUPOBAHMS 3IaHUH 1T COPTUPOBKH U TIEpepa-
OOTKH OBITOBBIX OTXOJOB OCHOBHBIMH HHCTPYMEH-
Tamu 11 uHTerpanuu oobektoB MCC B cTpyKTYpy
ropojioB Poccuu, B ToM uucine u Cankr-IlerepOypra,
C TOYKH 3PEHUS apXUTEKTYypPHO-TPATOCTPOUTETHHON

COCTABJISIIONIEH MOXKHO CUUTAThH CIIEAYIOIINE MTPHH-
uunel [12, 18]:

- IPUHIIUT «BKIIFOYCHHOCTHY — BKJIFOUSHHE 3]1a-
HUSI MYyCOPOCOPTHPOBOYHBIX CTAHIMI B TOPOJICKYIO
cpely, Kak MOJHOIEHHOTO 3JIEMEHTa €€ CUCTEMBI, C
y4eTOM CO37aHus 0JIarOyCTPOCHHOTO BHEITHETO
MPOCTPAHCTBA;
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- TPUHIMI MOIYJIBHOCTH — OMIpPEIEICHUE OC-
HOBHBIX Ta0apuTOB U 00HEMOB O0BEKTA MCXOIS W3
€ro TEXHOJIOTUYECKUX XapaKTepucTuk. ['aBHou co-
CTaBJISIONICH TEXHOJIOTHYECKOTO MOJYJIS SBISCTCS
COPTHPOBOYHAS JICHTA, pa3MeIeHHe KOTOPOH MOKET
3amaBaTh (HhOpMOOOpa3OBaHWE MOIYIISI: JHMHEHHOE,
MHOTOYpPOBHEBOE, 3aMKHyTO¢ U T. 1. [19]. [loaTomy
BO3MOXKHO HECKOJIFKO KOMOWHAITHI TI0 OpTaHU3aIliH
CHETNaTbHBIX 0OBEKTOB:

1) Co3nanre B uepre ropojga OOBEKTOB
MCC st OTAENBbHBIX KATETOPUN TPOAYKTOB, HMEIO-
ITUX B CBOEM COCTaBE Pa3IMIHbIC BUABI CHIPhs [20];

2) OpraHuzanyst TOCTYIHBIX MOOWIBHBIX
nmyHkToB MCC B KaXJIOM paiioHe HalleIeHHBIX Ha

IpHEeM M COPTUPOBKY Pa3IMYHOIO BHAA OTXOOB,
MTOAPa3yMEBAIOIIMX I0J] CO00 KOPOTKO CPOYHOE
BPEMCHHOE PACIOJIOKCHUE HAa MUHUMAJIBHOM IIO
IUIONIA/IA YYaCTKE B TECHOM CBS3M C TOPOJICKOH 3a-
CTPOMKOM.

3) Opraam3aiis OTACITBHBIX KaIMTaTbHbBIX
00bekToB MCC HallelIeHHBIX Ha COPTHPOBKY OIIpe-
JIEIEHHOTO BWJIA MYCOpa, PacCYMTaHHbIE Ha JIIH-
TeTBHBIN cpoK padoTs [20].

4) Opranuzaius MCC o0bekTa KanuTasib-
HOTO CTPOMTEIBCTBA, C BO3MOXKHOCTBIO JaJIbHEH-
IIETO pa3BUTHS Ha 0a3e MaHHOTO CTPOCHUS OOBEKTa
MIIK.

e

33aHue MCC no copmupobke naacmuxa

3danue MCC no copmupofke cmekaa

Puc. 6. CxemMbl KOMITOHOBKH MoxyIeii-o0bemoB MCC
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M3 BBIBEZIEHHBIX MOIYJICH-00bEMOB KOMIIOHY-
I0TCA Pa3IMYHBIE KOMITO3UITHOHHBIE Spa, B 3aBUCH-
MOCTH OT y4acTKa MPOSKTUPOBAHUS M CPEIbI OKPY-
JKaromei 3acTpoiiku oobekra MCC B uepTe ropoa,
IUTSI COPTUPOBKH OIPENEICHHOTO BHAA CHIPHS [21]
(cm. puc. 6).

- MPUHIMIT «UCTOPUYCCKON HMIICHTUYHOCTH) —
WCIIONIb30BaHUE Ha ¢acagax (GopM H IIIEMEHTOB,
MTOAEPKUBAIOIINX CYIIECTBYIOIIYIO apXUTEKTYp-
HYIO HJICHTHYHOCTh Cpeibl (APXUTEKTYPHBIN KOJ| TO-
pona);

- MIPUHIIHAIT «T'yMaHW3aliN» — BKIIOYEHHE pa3-
JIMYHBIX (hacaJiHbIX JICMEHTOB WM IBETOBBIX peIlle-
HUH, U CO3aHUS TIO3UTUBHOTO 00JINKA 3[JaHMUsI, TO
€CTh MHTETPAINS MyCOPOCOPTHPOBOYHBIX CTAHITHH B
TOPOJICKYIO CHCTEMY, C YIETOM apXUTEKTYPHO-XY/I0-
’KECTBEHHOU cocTaBistomei [22].

BrisiBneHHBIE TPUHIUTIBI TIO3BOJIAIOT CPOPMHU-
pOBaTh apXUTEKTYPHO-XYI0’KECTBEHHBIH O0JIHK 3/1a-
HUH ¢ y4eToM “Kojia ropoja’, CaHUTapHBIX HOPM U
HOBEMIIMX TEXHOJOTH MO COPTUPOBKU OTXOJOB, C
Y4eTOM TPaBWJI 3€MJIETIONB30BAHNAS U 3aCTPOMKH, a
TAKXXE BBICOTHOI'O pEeriiaMeHTa MECTHOCTH. I[pyrI/IMI/I
CJIOBaMH, Ha OCHOBE TIOJIYYCHHBIX PE3yIhTaTOB BO3-
MO’KHO JTAITbHEHTIIee UCCIeI0OBaHUS BapHaHTOB (op-
Moo0pazoBannsg 00bekToB MCC u mX rabapuTHBIX
XapaKTEpPUCTUK B 3aBUCHUMOCTH OT IIpeAroarae-
MOTO TEPPUTOPUATHLHOTO PAa3MEIICHHSI B KOHTEKCTE
TOPOJICKOM Cpeibl, a TAK)KE N3YYIEHHE BOTIPOCOB OTI-
TUMH3AlIUU JaHHBIX IapaMETPOB HE TOJILKO C TOUKH
3pEeHUS TEXHOJOTUU COPTHUPOBKH MyCOpa, HO U C
TOYKH 3PEHUS aPXUTEKTYPHO-TPaJOCTPOUTEILHOM
COCTAaBIIAIOILIEN.
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PRINCIPLES OF FORMATION OF ARCHITECTURAL AND ART SHAPE OF WASTE
SORTING PLANT IN THE CONTEXT OF THE URBAN ENVIRONMENT

Abstract. The article considers the actual topic of sorting and recycling of waste in large cities, namely
the organization of special objects of sorting and recycling of waste, objects of the GCS (garbage collection
Stations), in the context of the city structure. The relevance of the proposed research topic is anchored in the
material of the paper. The article is aimed at determining the basic principles of formation of architectural
image at newly designed objects for sorting waste in the territory of Saint Petersburg. A comparative analysis
of national and foreign experience was conducted, using the example of objects located within the boundaries
of urban development. Based on the analysis of foreign and national experience in the design and implemen-
tation of such buildings, the problem of interaction of sorting complexes in the urban environment with the
development environment has been identified. Common features and differences affecting the location of ob-
Jects for sorting waste in the city structure in different countries have been identified. A brief review of histor-
ical trends in waste management in Russia was conducted. The main forming element - the technological
module and its main components - has been identified. Based on the results of the study, the basic principles
of formation of architectural and artistic appearance of the GCS (garbage collection stations) in the context
of the urban environment have been determined. The diagrams of arrangement of modules-volumes of GCS
with the basic dimensional characteristics of the section and volumes themselves are offered.

Keywords: waste sorting plant, architectural and art shape, formation, ecology, Saint Petersburg.
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PAIUAITMOHHO-3AINATHBIE XAPAKTEPUCTUKHA KOMIIO3UTA HA OCHOBE
TEPMOCTOHUKOU MOJUPUILTUPOBAHHOU JPOBU T'NAPUIA TUTAHA

Annomauusa. B cmamve npugooumcs onucanue mexHor02uy NoIy4eHus 6biCOK03IQHEKmMusHo20 KOMNo-
SUYUOHHO20 PAOUAYUOHHO-3AUUMHO20 MAMEPUANA, HA OCHO8E MOOUDUYUPOBAHHOL MUMAHOBOMEOHbIM HO-
Kpovimuem 0poou 2uopuoa mumarna u 2IUHO3EMUCTNO020 YeMeHmMH020 sicyueco. Hccnedosannl puzuxo-mvexa-
HUYecKue ceolcmea noIyyeHHo2o0 komnosuma. Ilpedcmagnenvl pe3ynbmamsl IKCHEPUMEHMATLHO20 UCCTIe00-
BaHUS PAOUAYUOHHO-3AUUMHBIX CEOUICNE KOMNOZUYUOHHO20 MAMEPUANA HA OCHO8E MOOUDUYUPOBAHHOL M-
MAHOBOMEOHBIM NOKPbIMUEM 0poOU 2UOPUOA MUNAHA U 2TUHO3EMUCHIO20 YeMEHMA N0 OMHOWEHUIO K 2aMMda-
U HeUMpPOHHOMY U3LYyHeHuro. /A usmepeHull UcnoIb308aUC, MOYEYHblE U3OMONHble UCTNOYHUKU ObICIPbIX
Hetimponos Pu-a-Be (anepeus netimponos — 4,5 MoB), uzsomonnwiti ucmounux y-uzinyuenus Cs-137 (anepeus
eamma-xkearnmos — 0,661 M>B) u uzomonusiii ucmounux y-uznyyenus Co-60 (cpedusis snepeus y-K8aHmos —
1,25 M3B). B pabome npusedeno cpasHerue 3¢phhekmugHocmu 3auumol Ha OCHO8e KOMNO3UMA U OemoHa.
Toxazano, umo npu 00UHAKOBOU KPAMHOCMU OCIAONEHUS HEUMPOHHO20 USTYHEeHUS MOTWUHA 3aWUTNDL U3
KOMNO3UMA HA OCHO8E MOOUPUYUPOBAHHOU OPOOU 2UOPUOA MUNAHA U 2TIUHO3EMUCTNO20 YeMeHma Oyoem @ ~
1,7 pa3 menvuue, uem uz bemona. Ucnonv3o8anue KOMNO3UYUOHHBIX MAMEPUATIO8 HA OCHO8E MOOUDUYUPOBAH-
HOU OpoOU 2U0pUOa MUMAHA U SIUHOZEMUCTNOZ0 CBA3YIOUE20 NO360IUTN CYUeCMBEHHO YAPOCIUMb MEXHOI0-
2UI0 MOHMANCA 3aUUMbL, CHU3UM ee MACCo2abapummbvle Xapakmepucmuku, CmoumMoCcms U HOGbICUM HAOeHC-

HOCMb.

Knroueeswie cnosa: 2u0pu() mumaxra, KomMno3um, paduaquHHo-a’amumele ceoﬁcmea, 2NIUHO3eMUCbLU

yemennt, Hel:impOHHOB usnyyernue, camma-usiyderue.

Beenenune. HecMoTpss Ha IOCTOSIHHOE COBEp-
LICHCTBOBAHHE PEXHUMOB SJICPHONW O€30MacHOCTH,
BOIPOC 00ECTICYEHUS 3aIUTHI OT PaAHaLK Ha 00b-
eKTax SJIEPHON SHEPTreTHKH SBISIETCA aKTyaJbHBIM.
HanHbIil Bopoc 0co00 3HaYMM B CBS3H C IIOCTEN-
HUMH BaXXHBIMH cOOBITHsIMU Ha benospckoit ADC:
peaktop BH-800 ueTBEproro s3Heprod0Ka BIepBhIC
nepeBeI¢H Ha paboTy C MOJTHOM 3arpy3K0i aKTUBHON
30HBl ypaH-IyToHHeBEIM  MOKC-tommmBom n
YTBEP)KICHUEM JOPOKHOW KapThl CTPOUTEIHCTBA
mATOrO dHeprobioka ¢ peakropom BH-1200M [1].
OTH COOBITHA BaXXKHBI AJIST Pa3BUTHUSL aTOMHOHM OT-
paciy Halei cTpaHbl, B 0COOEHHOCTH AT IIepexoia
K JIBYXKOMIIOHEHTHON aTOMHOM 3HEPIE€THKE C 3aMbl-
KaHHEM S/IepHOTO TOIUIMBHOTO mnukia. OmHOBpe-
MEHHO C 3THM HEMaJOBAXXHOE 3HAUYEHUE UMEIOT BO-
MPOCHI  CO3/IaHMsI BHICOKOA(P(PEKTHBHBIX paUaIli-
OHHO-3AIIUTHBIX KOHCTPYKIIMOHHBIX MaTEepHAIOB
11 obecrieueHunst 6€301acHOro PyHKIIMOHUPOBAHUS
pPEaKTOPHOH yCTaHOBKH.

Heo0OxomumbIM CBOMCTBOM Il paidalldOHHO-
3alIUTHBIX MaTEepPHAJIOB PEaKTOPOB Ha OBICTPHIX
HEHTpOHaX SBJIAETCS WX TEPMHUUYECKasi CTOMKOCTb U
s deKTHBHOE OcnablieHre HEUTPOHHOTO U BTOPHY-
HOTO Y- n3nyueHuid. 3BecTHo, uto i 3¢ dexrus-
HOTO 3aMeIJICHHsT HEHTPOHOB TpeOYIOTCS MaTepu-
anbl ¢ OONBIINM COAepXKaHueM Bojopoa. OgHuM u3
Hanbosnee 3¢ (EeKTUBHBIX MaTepHAIOB HEUTPOHHOM

3aIIWTHI SIBISIETCS TUIPU]] TUTaHA, 0018 JaroIUii BbI-
COKHM COJICp’)KaHHEM BOAOPOAAa W CECYCHHEM He-
YOPYTOTO paccesHusi HEHTPOHOB Ha s/IpaxX TUTAaHA
[2—6]. Jly1st TOBBIIIIEHUS] TEPMHUUECKON CTAOMIIbLHOCTH
Ha TOBEPXHOCTH THJIPHJIA TUTAHA CO3JAIOT MHOTO-
CJIOHHOE TIOKPBITHE, BHITIOHSIOMIEe PYHKIIUH JIOBY-
nrek u nudy3uoHHBIX OapbepoB Bogopoa [7].

B nanHO# paboTe mpeacTaBieHbl SKCIIEPUMEH-
TaJbHBIE MCCIEIOBAHUS PATUAIIIOHHONW CTOWKOCTH
Y paJalliOHHO-3aIIUTHBIX CBOMCTB KOMIIO3HIIMOH-
HOTO MaTepuaja Ha OCHOBE THpHIa TUTaHa, COJlep-
JKaIIeTo JEKTPOXUMUIECKH OCAKICHHOE TUTAHOBO-
mennoe nokpeitue Ti(ETi—~O—Cu—)Cu, mo oTHoIIIE-
HUIO K Y- 1 HCUTPOHHOMY M3JTYICHHUIO TOUCUHBIX pa-
JIMOU30TONHBIX MCTOYHUKOB B OapbepHON reoMer-
PUH 3aIUTHL

Marepuansl M MeToabl. B pabote mccueny-
€TCsl KOMITO3UIIMOHHBIN MaTepuai, COCTOALIMNA U3
JIpoOM THIpHIIA TUTAHA, MOTUDUITUPOBAHHON THUTA-
HoBoMeHBIM MOKpeITHEM Ti(=Ti—~O—-Cu—-)Cu, rim-
HO3EMHUCTOTO IIEMEHTa, cynepruiacTuukaTopa u
BOJIBL. JaHHBIH cocTaB 00YCIIOBIIEH TEM, UTO JUIS CO-
3MaHUS  BBICOKOA()(EKTUBHBIX  PaHO3alIUTHBIX
KOMITO3UTOB JIJIs1 PEAKTOPOB Ha OBICTPHIX HEUTPOHAX
HEO0OXOJMMO AOOUTHCA MaKCHMAIBHOTO COfepKa-
HUS BOJOPOACOACPIKAIIETO MaTepuana, TO €CTb
JIpoOM TUApYIa THTaHA, a TaKKe TUIOTHOCTH M TIO-
JBWKHOCTH KOMITO3HIIMOHHOM cMmecH. IloaBrok-
HOCTbh WUIPAET BAXXHYIO POJb B CIIy4ae 3aroIHEHUS
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MOJIOCTEN KOHCTPYKIIUI paualliOHHON 3alllAThI JJIs
WCKITIOYeHH 00pa30BaHUs B HUX IMyCTOT. MaTepuan
MOJyYajay METOIOM BHOPOYIUIOTHEHHS C YacTOTOH
kosebanuii BuOporomaaku 3000 B MUHYTY ITpH aM-
mwmryae 0,5 MM, ¢ TOCIEeRyIOMIMM TBEPACHHUEM B
€CTECTBEHHBIX (CTaHAAapPTHBIX) YCIOBUSAX B TEUCHHE
28 cytok. s rccneaoBaHUi HCIOIB30BAIUCh KOM-
MTO3UIHOHHBIE 6J10KK pazmepoM 200%x200%100 mm (3
osroka) 1 200%200%50 mm (1 6J10K), JOTIOTHATEITHHO
noJBeprimecs TepMuaeckoii oopadorke npu 400 °C

IO TIOCTOSHHOM Macchl. MakcuMaibHas TOJIIIMHA
CJIOS 3aIUThl cocTaBisuia 35 ¢cM. XMMHUYECKHH CO-
CTaB pa3pabOTaHHOTO KOMIIO3UIIMOHHOTO MaTepH-
ajia Ha IIMHO3EMUCTOM LIEMEHTE Mociie pabodero pe-
xmuma cymku mpu 400 °C B tedenne 100 wacos,

MIpeACTaBIICH B Tadyme 1.
®Du3nko-MexaHUUECKUE CBOWCTBA pa3paboTaH-
HOTO KOMITO3UITMOHHOTO MaTepHaiga Ha OCHOBE MO-
IA(QUIIPOBAHHON THTAHOBOMEIHBIM ITOKPBITHEM
JIpOOY THUIPHUIA TUTAHA TPEACTABICHBI B Ta0IHIIE 2.
Tabnuya 1

XMMUYeCKHUIl COCTAB KOMIIO3UTA HA OCHOBE MOAU(PMUMPOBAHHOM TUTAHOBOMEIHBIM MOKPHITHEM
JApoOU ruApuia TATAHA U INIMHO3E€MHUCTOr0 LeMeHTa, Mmacc. %o

TiHl,ggz Cu Ti SiOz A1203 Fe203 CaO MgO SO3 TiOz CuO Hzo
78,81 0,95 0,24 0,58 11,53 0,19 6,15 0,29 0,38 0,22 0,12 0,54
Tabnuya 2
Pu3uKo-MexaHn4YecKue CBOiCTBa KOMIIO3UTA
[TokazaTenn YucneHHOE 3HAYCHUE

O06beMHas Macca KOMITO3UIIMOHHOW CMECH, T/CM> 3,39+0,03
ILnoTHOCTH (28 CyTOK TBEpAEHHS), I/cM> 3,36+0,03
ILnotHOCTH (cymka 110 °C), r/cm? 3,33+0,03
IInotHOCTS (cymika 400 °C), r/cm? 3,28+0,03
IIpesen IPOYHOCTH HpHM CKATHH Tocie 28 cyTok TBepaeHus (22 9™ R.y), MIla 38,2+1,2
By R (cymka 110 °C), MIla 42,4+1,2
By R (cymka 300 °C), MIla 41,5+1,2
By R (cymka 400 °C), MIla 40,5+1,2
KoadduuneHT noasmxHOCTH CMecH 1,76+0,10
Koaddunuent reronpoBognoctu npu 20 °C, Br/(m - K) 4,35
VY nenpHas TemnoeMKocTs, k[ x/(xr-K) mpu

20 °C 1,042

50 °C 1,046

100 °C 1,053

150 °C 0,926

200 °C 0,934

250 °C 0,942

300 °C 0,949
KJITP, m - rpax™ 5,21-10°¢

OcnabneHne WIOTHOCTH IIOTOKOB HEUTPOHOB U
MOIIIHOCTH JIO3BI Y- U3TyUYEHHS U3MEPSUTUCH B Oaph-
€pHOI1 TeOMETpPHH, KOTJ]a UCTOYHUK M3TYUICHHUS U JIe-
TEKTOp HAXOJATCS HE BHYTPH HCCIENYEMOH CpEbl
(6eckoHeuHass TeOMETPHS), a 10 00€ CTOPOHBI CIIOS
3aIUTHOTO Oapbepa 3alaHHOW TONIMMHBL bioku
MMeNH TIonepeynbid pasmep 20%20 ¢cM? ¥ TONIIHHY
or 10 mo 35 cM, 4YTO COOTBETCTBYET
2-3 nmHaM cBoOOHOTO pobera m3nydeHust. C 60-
KOB OJIOKHM U JETEKTOp OBLIM OKPY)KEHBI AOIOIHU-
TENBbHO OJIoKaMy U3 CBUHIA (TIPH Y-00JydYEeHNH) WK
oy THIEHa (TIpU HEWTPOHHOM OOTydeHHUH), YTO
MTO3BOJIMJIO CHU3UTH YTEUKY M3ITYYCHUU B MOTeped-
HBIX HalpaBICHUSIX.

Jns u3MepeHuil HCIOJb30BAIIMCh TOYEUHBIE
W30TOINHbBIE UCTOYHUKU OBICTPBIX HEHTpoHOB Pu-o-

Be ¢ BbIX010M HEWTPOHOB 5,67-10° 1/cex (sHeprus
HeUTpoHOB — 4,5 M3B), U30TONHBII UCTOYHUK Y-H3-
naydenns ¥’Cs, aktusHOCTEIO 7,95-10° Bk (3HEprus
ramMma-kBaHToB — 0,661 MaB) u u3oronHsIil UCTOU-
Huk y-usnydenus °°Co, akrusHocThio 4,16°10° Bk
(cpenusist SHEPrus Y-KBaHTOB -
1,25 MaB).

OcHoBHas 4acTb. 3MepeHus pagualiiOHHBIX
(YHKIMOHAJIOB IPOBOAMIIMCH MPH YCIOBUSIX, KOTAA
paccTosiHue OT JAETEeKTOpa J0 UCTOYHHMKA OBLIO IMOo-
CTOSIHHBIM U COOTBETCTBOBAJIO MAKCHMAaJIbHOW TOJ-
mmHe 3amuThl 35 cM. TonmmuHa KoMno3uTa Habupa-
J1aCh COTJIACHO TOJIIMHE Ka)KJOr0 OTIENIBHOTO 3a-
muTHOTO ONoka. Kpome Toro, ydmThiBajach IIO-
MIpaBKa Ha T€OMETPUUECKUN LIEHTP AETEKTHPOBAHUSA

(puc. 1).
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[pu pacyerax 3HaYCHUE TTOMPABKH JIJIS TUNIOTHO-
CTH IIOTOKa OBICTPBIX HEUTPOHOB (Ds) U MOIIHOCTH
110361 Y-KBaHTOB (Py) puHATO 2 CM, & JIsl TNIOTHOCTH

MOTOKA IPOMEXYTOUHBIX M OBICTPHIX HEUTPOHOB
(q)np+6) - 7,6 CM.

1

o

7

P D
7 h=35 cM (const)

»
h, cm

Puc. 1. bapsepHasi reoMeTpus U3MEPECHUH OCIIabJICHHUS HEHTPOHHOTO U3IYYEHUs OT UCTOYHUKA Pu-a-Be:
1 — 9KpaH U3 MONUITUIICHA, 2 — 3AIIUTHBIN KOMITO3UT

s 3amensieHrs HEUTPOHOB, MEXIY UCCIEye-
MBIM MaT€puajioM U UCTOYHHKOM HGP'ITpOHHOFO nus3-
nydenus Pu-o-Be, pasmemanu § ¢cM MOIUITUIICHO-
BEI cioii. KpoMe TOro, mpOHWKHOBEHHE OBICTPHIX
HEHTPOHOB Yepe3 CJIOH MOMUATHIIEHA CIIOCOOCTBYET
BO3HUKHOBCHHIO HMCTOYHHKA TCIIJIOBBIX HeﬁTpOHOB
He0OXOUMOH MOIITHOCTH Ha €ro BHEIIHEH MMOBepX-

Hoctu. Ha pucyHke 2 mpezicraBieHa cxema 0apbep-
HOH reoMeTpumn Ajid U3MCPCHHUA IJIOTHOCTH IMMOTOKA
TEIUIOBbIX HEUTpoHOB (D). B 3aBucuMocTH OT TOI-
LIMHBI CJI0S 3aLIUTHOTO MaTepHrasa U3MEHSJIOCh pac-
crossare (h) MEeXIy WUCTOYHHUKOM U3IYYCHUS H Jie-
TekTopoM. IIpu uHTEpIpeTanuu pe3ynbTaToB y4H-
THIBAJICS (DAKTOP T€OMETPHYECKOTO OCIA0ICHNS TeTl-
ToBBIX HEHTpOHOB (1/h).

h= onl;t

NN -

MW

k\\ﬁ

%

i D

[

T

h, cm

Puc. 2. bapsepHast reoMeTpus HI3MEPEHUH 0CIIabICHHS TUIOTHOCTH TIOTOKA TETIOBBIX HEHTPOHOB
oT ucrouynuka Pu-a-Be: 1 —skpaH u3 nonustuneHa, 2 — 3allUTHBIA KOMIIO3UT

OKCIEpPUMEHTAIBHO —TOJIY4YeHHbIE (YHKIUH
ocialyieHus TUIOTHOCTH TOTOKOB HEHTPOHOB pas-
JIUYHBIX YJHEPTUN B KOMITO3UI[IOHHOM MaTepualie Ha

OCHOBE MOIM(PHULIMPOBAHHONW THTAHOBOMEAHBIM IIO-
KPBITHEM JIPOOH THAPHJIA TUTAHA U TIIMHO3EMHUCTOTO
LIEMEHTA MPEeJICTaBIEeHbI HAa PUCYHKE 3.

1,00E+03

1,00E+0

1,00E+01

TltoTHOCTE MOTOKA HelfTpoHoB, Mg, 1/(cM? ¢)

1,00E+00

0 10

20 3 40

ToMHHA 3aMIHTHOTO €104, CM
Puc. 3. ®ynknuu ocnabieHus INIOTHOCTH OTOKA HEHTpOHHOTO M3mydeHus Pu-a-Be ncrounnka
KOMITO3UIIMOHHBIM MaTEpHaIoM Ha OCHOBE MOJH(PHUIINPOBAHHON THTAHOBOMEIHBIM ITOKPEITHEM POOH THApPUAA
TUTaHa: | — ObICTpbIe HEWTPOHBI, 2 — MPOMEXKYTOUHBIE U OBICTPBIE HEHTPOHBI, 3 — TEIJIOBbIE HEHTPOHBI
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W3 mpencraBieHHBIX JaHHBIX PUCYHKa 3 clie-
IyeT, 9To (pyHKIuH ociaabaeHus UMEIOT dKCIIOHEH-
LUATBHBIN XapakTep, IpuYeM, HaYuHask IPUMEPHO C
15 cM, KpyTH3HA UX HAKJIOHA CTAHOBUTCS MpPaKTHUe-
CKHM onMHaKoBOU. Tako¥ BHI ociabieHUs HEHTpO-
HOB XapaKTEpEeH IJIsl BOAOPOJIOCOIAEPKAIIUX CPEN.
Hau6onee a¢dexTuBHOE OCadlieHue HEUTPOHOB Ha
sIIpax BOAOPOIA IMPOUCXOIUT IPH UX DHEPTUH He 60-
nee ~ 2,0-2,5 M»aB 3a cueT ynpyroro paccesHusl.
HauGonee mnponukarommmu OyayT HEHTPOHBI C
sHeprueit Oompire 2,0 MaB, Tak kak yem OoJibIie
SHEPrys HEUTPOHOB, TEM MEHBILIE CEUCHHE UX YIIPY-
roro B3auMOJIEHCTBUS ¢ BogopoaoM. IIpu B3aumo-
JEHCTBUM HEUTPOHOB MJAHHBIX MPOMEKYTOUHBIX
SHEPTHH C sApaMH BOJIOPOIa MTPOUCKXOANT UX OBICT-
poe 3aMeIeHre, TaK Kak B 3TOH 00JacTH SHEepruH
CE€YeHHE B3aUMOJCHCTBUS HEWTPOHOB  MAaKCH-
ManbHO. Ha paccTosiHuM OT MCTOYHHKA IPEBBIIIAIO-
meM OoJiee IBYX IUTMH pelaKcald HEHTPOHOB HC-
TOYHHUKA, yCTAHABJIMBACTCS PABHOBECHBIA CIICKTP
HEHUTPOHOB, CJ1a00 M3MEHSIOUINICS ¢ POCTOM TOJ-
LIMHBI 3aIIUTHI.

B Bomopomocoaepkalimx KOMIO3UTax, Hadu-
Has C ONpEJENCHHON TONIIUHBI, YCTaHABINBAETCA
PaBHOBECHOE pacIpeieICHUE HEUTPOHOB BCEX SHEP-
THH, B TOM YUCII€ U TEIUIOBHIX, TO €CTh OciabieHme
HEUTPOHOB BCEX IHEPreTHUCCKUX T'PYII MPOUCXO-
TUT paBHOMepHO. [Ipu 3TOM conmepkaHue Bogoposaa
B Marepualie BJIHSIET Ha CTeNeHb OclIabiIeHHs
HEHUTPOHHOTO u3ITy4yeHus. Haunbosee HHTEHCUBHO
ociabiieHHe TPOUCXOJUT C yBEIMUCHHEM KOJn4e-
cTBa sep Bogopoza B 1 cm® Bemiectsa. B ruapumie
TUTaHa [IPU 3TOM, B CPABHEHUE, HAIIPUMED, C BOJIOM
KOHIICHTpAIUs saep BOZOpOAA Ha
20 % Gonbmie (8-10%% 1/cm®, mporus 6,5-10%% 1/cm?
s Bonbl) [8]. Ilpu aToM 3a cyer Gosiee BHICOKOU
IUIOTHOCTH MaTepuajia M HaJuuus MeTaJUIMYECKOM
COCTaBJIAIONIEH, ocnabieHne HEWTPOHOB MPOHCXO-
JIUT HE TOJBKO Ha BOJOPOAE, HO U Ha s/Ipax aroma

tutaHa. [IpuueM ceyeHue B3aUMOJIEUCTBUS HEUTPO-
HOB Ha THTaHE M BOAOPOJE MPAKTHYECKU COIOCTa-
BHMO TIpH SHEPTrUU HEUTPOHOB 0K0JI0 3 M»1B [8-13].

Ucxons w3 Xapakrtepa KpUBBIX PHCYHKa 3,
ocitabieHne HEHTPOHOB IMOYMHSETCS HKCIIOHCHIU-
AIFHOMY 3aKOHY:

®(d) = Do.e-4*, (1)

rae @y — IIOTHOCTH TOTOKA HEUTPOHOB O€3 3aIlHTHI,
®(d) - IOTHOCTH TOTOKA HEHTPOHOB 3a CIIOEM 3a-
HIMTHI TOMIUHOHN d; d — TONMIMHA 3alIUThL, CM; A -
JUIMHA peJlaKkcaliy HEUTPOHOB, CM.

JmHa penakcaryy A SBISICTCS BEIMYUHOM, Xa-
pakTepusytonel >pQeKTUBHOCT, MaTepuana 3a-
mmtel. C U3MYECKON TOUKU 3peHus UIMHA pellak-
caly A paBHA TOJIIWHE CJIOS 3aIUTHI, OCIA0IISIIO-
1€l MIOTHOCTh OTOKA HEUTPOHOB B e pa3. To ecTs,
YeM MEHBIIE A JUIS COOTBETCTBYIOIIETO (DYHKIIHO-
Hanma, TeM 3 (eKkTrBHEe 3aIUTHBIE CBOHCTBA MaTe-
puana.

Ha ronmmune cnost Ah qymHa penakcaiuu orpe-
JIeNsieTCS BHIPAKCHUEM:

h,—h
In ®1(h12)/lnl®2(h2)’ (2)

A=

rae @ u @, — WIOTHOCTh NOTOKA HEUTPOHOB Ha TOJI-
muHe Kommo3ura h; u hs.

Takum 00pa3om, peCTaBICHHBIE JaHHBIE TI0-
Ka3bIBAIOT, YTO OBICTPBIE HEUTPOHBI P TTPOXOXKIE-
HUU Yepe3 KOMIIO3UIMOHHBIN MaTepral 3alllluThl, CO-
CTOSIIIUI W3 MOAM(PHUIMPOBAHHOW APOOW THAPHIA
THTaHa ¥ TIIMHO3EMUCTOTO IIEMEHTA, CIIOCOOCTBYIOT
MIPOCTPAHCTBEHHO-3HEPTETUUYECKOMY  paclpejere-
HUIO HEUTPOHHOTO M3ITyUEHUSI.

B rtabmune 3 mpuBeneHbI JaHHBIE 1O JTHHAM
penakcanyy TUIOTHOCTH TOTOKOB TemioBbIX (D),
MPOMEKYTOUYHBIX ITFOC OBICTPBIX (Drp+s) B OBICTPBIX
(Ds) HEHUTPOHOB Ha TOJIINHE 3AIATHI
20-35 cm.

Tabnuya 3

I[J'II/IHBI peadakcanuun HeﬁTpOHOB B KOMIIO3UTE HA OCHOBE HpOﬁI/I ruapuaa TuTaHa MO}II/I(l)I/IIII/II)OBﬁHHOﬁ
TUTAHOBOMEIHBIM NNOKPBLITHEM

@OyHKIUOHANEL, 1/cM? ¢ D,

Can+6 (D6

A, cM 6,52+0,18

6,53+0,18 6,58+0,18

Kak BuIHO U3 TaOMUIbl 3, 3HAYCHHS JUIUH pe-
JIAKCAIUH JUIA BCEX TPYI HEUTPOHOB OJIM3KH U B
CpelHeM COCTaBIAIOT 6,5+0,2 cm. s cpaBHEHUS,
JUIMHA PeJlaKCaluy ObICTPBIX HEUTPOHOB ISl BOJBI
paBHa ~ 10 cM, a JuIsl CEPIIEHTUHUTOBOTO OETOHA ~
11,5 cm.

Crenyer OTMETHTDH, YTO M3MEPEHUS MPOBOJIN-
JINCh HA KOMIIO3UTE IOCJIE CYIIKH JI0 TTOCTOSHHOM
maccsl ipu 400 °C, wiotHocThiO 3,28 r/eM?’. Kpome
TOr0, CPEJIHSS SHEPIUsl HEUTPOHOB cnekTpa Pu-a-Be
ncrounnka — 4,5 MaB, a ciekTp HeUTPOHOB Jeie-
Hus ~ 2 M»sB, u, cienoBareiabHO, A1 PEaKTOPHOTO

CIEKTpa 3HAYEHHs [JIMH pellakcaluu OyayT He-
CKOJIBKO MEHbIIIE, MPUBEACHHBIX B Ta0UIE 3.

Ha pucynke 4 npusenen rpaguk 3aBUCHMOCTH
ocnabyieHus] MOIITHOCTH SKBUBAJICHTHON O3B Y-H3-
Jy4eHHUs] TOYEUHBIX HMCTOYHHMKOB (ue3uit-137 u xo-
6anb1-60) OT TONMMIKHBI 3aUTHL. V3MepeHus QpyHK-
[IMOHAJIOB TIPOBOIMIIM TIPH TIOCTOSTHHOM PacCTOSTHHUH
OT  WCTOYHMKA  JI0  JIETEKTOpa  paBHBIM
35 cM ¢ y4eToM reoMeTpHUYECcKOro LeHTpa AETEKTH-
poBanus (pucyHok 5). Lis dyHKINU ocinabieHus
MOIIHOCTH JI03bI Y M3Iy4eHus: P, monpaBka Ha reo-
METPHUYECKUI LIEHTP COCTaBIsIa 2 CM.
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TomnmEHa 3aIHETHOTO 105, CM

Puc. 4. (I)yHKI_lI/II/I ocrabeHus MOIITHOCTH YKBUBAJICHTHON AO3bI Y U3JIYyYCHUA U30TOIMHBIX HCTOYHHUKOB

Ha ocHOBe Cs-137 (1) m Co-60 (2) KOMIT03HUTa, HAIOJTHEHHOT

(6] MOﬂHq)HHHpOBaHHOﬁ TUTAaHOBOMCIHBIM IOKPBITUEM APO-

OBIO THIPH/IA THTAHA

77

7

7

> D
7 h=35 cM (const)

-
h,cm

Puc. 5. baprepHast reoMeTpust H3MEpEeHUH ocnadi

eHus y uanyuenus Cs-137 u Co-60 xoMno3urom

Ha OCHOBE MOAM(DHUIINPOBAaHHOIN TUTAHOBOMEIHBIM MTOKPHITHEM IPOOH THAPUAA THTAHA:
1 —CBUHIOBBIN 3KpaH, 2 — 3aIUTHBII KOMIIO3UT

W3 mpencraBneHHBIX Ha pUCYHKE 4 JaHHBIX
BHJIHO, YTO 00a pacupeeeHus], KaK U JUIsl HEeHTPo-
HOB, OCJAOJSIFOTCS TI0 SKCIIOHEHITUAIEHOMY 3aKOHY,
C COXpaHEeHHEM MOHOTOHHOTO HAKJIOHA 110 BCEH TOJI-
mHe kKommo3uta. OcabiieHne MOIHOCTH dKBUBA-
JICHTHOHM 03Bl XapaKTepU3yeTcsl OCTOSTHHBIM 3Ha-
YeHHeM JITHHBI penakcaruu (Ay): 6,13 £0,18 cM (uc-
tounmnka Cs-137, Ey = 0,661 MsB) u 7,81 0,18 cm
(ncrounnk Co-60, E= 1,25 MaB).

Takum 00pazoMm, MpH TUIOTHOCTH KOMIIO3HIIH-
OHHOro Marepuana 3,2-3,3 r/cm® amMHa penakcanuu
y-u3nyderns ans sHeprum 1,0-1,25 MsB cocras-
nger 7,5 7,8 cM, a I SHEPrUM HEUTPOHOB
4,5 MsB — 6,5 cM. AHalmoruyable JaHHBIE I Oe-
TOHA, HAITOJITHEHHOTO CEPIICHTUHUTOM, KOTOPBIA HIC-
TIOJTB3YETCS B 3AIIUTHBIX KOHCTPYKITUSAX PEaKTOPOB
Ha TEIUIOBBIX HEWUTpoHax, B 1,6—1,7 pa3 Boime [ 14—
15]. CiemoBaTenbHO, TSI JOCTHKEHHUS OIMHAKOBOM
KpaTHOCTH OCJa0JieHUs] HEHTPOHHOTO H3JTy4YCHUs
TOJIIIIMHA 3alTUTHI U3 KOMIIO3UTa Ha OCHOBE MOJIU-

(duMpoBaHHON APoOU THUAPHUIA TUTAHA U TIIUHO3E-
MUCTOTO IIeMeHTa OyJieT B ~ 1,7 pa3 MeHbIIIe, YeM U3
CEPIIEHTUHUTOBOTO OETOHA.

Hcnonb30BaHHEe KOMITO3HTOB, COCTOSIIUX U3
[JIMHO3EMHUCTOr0 OCTOHA, HAIMOJIHEHHOTO MOAU(U-
IUPOBAHHOM JIPOOBIO THIPH/IA TUTAHA, TO3BOJIUT CY-
IIECTBEHHO YIPOCTHTh TEXHOJIOTHUI0 MOHTa)Xa 3a-
IIUTHI, CHU3UT €€ MaccorabapHuTHBIC XapaKTepH-
CTUKH, CTOUMOCTbH U IOBBICUT HAJIEKHOCTD.

BoiBoapbl.

1. OmnucaHa TEXHOJNOTHUSl MOJIYYEHUS KOMIIO-
3WUTa, HAMOJHEHHOrO0 MOIN(MUIMPOBAHHON APOOKIO
TUIPU/Ia TUTAHA, U UCCIIEIOBAHBI €r0 (PU3UKO-MeXa-
HMYCCKUEC CBOMCTRA.

2. IlpencraBieHpl SKCIEPUMEHTAILHBIE pe-
3yJIBTAThI 110 OMPEICICHUI0 (DYHKIUH OCIa0IeHuUs
HEUTPOHHOI'O U Y- U3JIyYCHUs] KOMIIO3UTHBIM Mate-
pHaJIOM Ha OCHOBE MOJIU(PHUIIMPOBAHHON THTAHOBO-
MEIHBIM TTOKPBITHEM IPOOH THAPUAA TUTAHA U TIIHU-
HO3EMMCTOI'O IIEMEHTA.

3. Iloka3ano, 4To, HAYMHAA C 15 CM TOIIIUHEI
3alUThl 0Ca0CHHE OBICTPBIX, IPOMEKYTOYHBIX U
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TEIUIOBBIX HEUTPOHOB MPOUCXOJUT C OJIMHAKOBOM
MHTEHCUBHOCTHIO, TO €CTh HACTYIAeT PaBHOBECHOE
COCTOSIHUE HEWTpOHOB. [[nmHa penmakcauuud ist
HEHTPOHHOTO M3Iy4YeHHUs, HE 3aBUCHMO OT MOIIHO-
CTH JIO3BI, B cpeHeM cocTaBisteT 6,5+0,2 cM, a mist
Y-U3IydeHns Ha 25-35 cM clioe 3aIuThl COCTaBISIeT
6,13+0,18 cMm (st E, = 0,661 MaB) u 7,81 +0,18 cm
(mnsa E, = 1,25 MaB). Oto B 1,6-1,7 pasa MensIe,
4eM B OETOHE C CEPIIEHTUHUTOBBIM HATIOJHHUTEIIEM,
TO €CTh MPH OAWHAKOBOH TONIIMHE MaTepuana 3¢-
(hbeKTUBHOCTP 3alUTHI OT HEHTPOHHOTO HM3ITyUCHUS
pa3paboTaHHBIM KOMIIO3UTOM Ha OCHOBE DJIEKTPOXH-
MUYECKH MOJU(MDUIMPOBAHHOW NPOOU THUApPUAA TH-
TaHa Oyzet B 1,7 pa3 BeiwIe.

Hcmounux ¢unancuposanusa. Paboma evi-
NOJIHEHA 8 PAMKAX 20CY0apCmeeHH020 3a0anus Mu-
Hucmepcmea obpazosanus u Hayku Poccutickou De-
Odepayuu, npoexm Ne FZWN-2020-0011 ¢ ucnons3o-
sanuem 0bopyoosanus Llenmpa 6blcOKUX MeEXHONO0-
euti BI'TY um. B.I'. Illyxosa.
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RADIATION-PROTECTIVE CHARACTERISTICS OF A COMPOSITE BASED
ON A HEAT-RESISTANT MODIFIED FRACTION OF TITANIUM HYDRIDE

Abstract. The article describes the technology of obtaining a highly effective composite radiation-protec-
tive material based on titanium-coated fraction of titanium hydride and alumina cement binder. The physical
and mechanical properties of the resulting composite are investigated. The results of an experimental study of
the radiation-protective properties of a composite material based on a titanium-coated titanium hydride and
alumina cement fraction with respect to gamma and neutron radiation are presented. Point isotopic sources
of fast neutrons Pu-a-Be (neutron energy - 4.5 MeV), isotopic source of gamma radiation Cs-137 (gamma-ray
energy - 0.661 MeV) and isotopic source of gamma radiation Co-60 (average energy of gamma—quanta - 1.25
MeV) are used for measurements. The paper compares the effectiveness of protection based on composite and
concrete. It is shown that with the same attenuation multiplicity of neutron radiation, the thickness of the
protection from a composite based on a modified fraction of titanium hydride and alumina cement will be in
~ 1.7 times less than that of concrete. The use of composite materials based on a modified fraction of titanium
hydride and alumina binder will significantly simplify the technology of mounting protection, reduce its weight
and size characteristics, cost and increase reliability.

Keywords: titanium hydride, composite, radiation-protective properties, alumina cement, neutron radia-
tion, gamma radiation.
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NCCIEJOBAHUE KOMIIO3NIITNMOHHbBIX MATEPHUAJIOB HA OCHOBE
AJIIOMO®PTOPCHUJIMKATHOI'O CTEKJIA

Annomayus. B cmamve npedcmagnenvi pe3ynomamol BpOGEOEHHO20 CPAGHUMENBHO20 AHATUZA CIMOMA-
monoeuyeckux cmexiouonomepuwix yemenmos (CHL]): «AHfil+» (AHL, Coeounenrnoe koponescmao), «Ketac
Molar Easymixy (3M ESPE, CILIA), «Fuji IX GP» (GC, fInonus), «ProGlass Niney (Silmet, Uzpaunw), «Ilo-
auaxpununy (Texnolenm, Poccus), «llemuony (BnaoMuBa, Poccus), «Kemepuny (Cmomallenm, Poccus) u
«Inaccun Pecm» (Omeza-/lenm, Poccust) no pabouemy 8pemeHu, 8pemeru meepoeHus, npouHOCMU NPU CHCA-
muu, peHmeeHOKOHMPACMHOCMU, MUKPOCMPYKmMYype U Xumuyeckomy cocmagy. Ilokasano, umo ocHOGHbIM
KomMnounenmom nopouikog oannvix CHI signsemcs uszmenvuennoe xanvyuesoe («Kemguny), cmponyuegoe
(«AHfil +», «lemuony» u «Fuji IX GP»), kanvyueso-cmponuyuesoe («ProGlass Niney, «llonuakpuiuny u
«naccun Pecmy) u nanman-xanvyuesoe amomopmopcurukammuoe cmekio («Ketac Molar Easymixy). Bce
OHU codeparcam Gocop. Paziuuus nopowKos no SpanyioMempudeckomy cocmagy ceudemerbCmeyom o pas-
JUYUU 8 MEXHOA02UU NOMOLA CIEKNA npu ux noayyenuu. Pabouee epems uccnedosannvix CUL] cocmasnsem
om 1 00 3,5 munym. Tpebosanusam I'OCT 31578-2012 u ISO 9917-1:2007 ne coomeemcmeyiom no npo4HoCmu
«ProGlass Niney (363 Mlla), «Kem¢puny (68+6 Mlla) u «I naccun Pecmy (104+5 Mlla), no épemenu meep-
oenusi - «ProGlass Niney. «Fuji IX GP» umeem camyio vicokyro npounocme (201+33 Mlla), ocmanvhuie
CUI] om 142 oo 169 Mlla. Bce uccnedosannvie CHI], 3a uckirouenuem HepeHmMeeHOKOHMPACMHO20
«ProGlass Niney, obnadaiom penmeenoxoumpacmuocmoio, coomsemcmeyioweil 1 mm amomunust. Ilo pesyno-
Mamam npoGedeHHbIX UCHBIMAHUL PEKOMEHOOBAHBL 051 KIUHUYECKO20 NPUMEHEHUs. 8PaAYaMU-CMOMamono-

eamu «AHfil+», «Ketac Molar Easymixy, «Fuji IX GP», «Illonuakpununy u «L{emuomny.
Knroueasnle cnnosa: cmexiouoHomMepHbill yeMmerm, arroMoGmopCUuIuKamoe CmeKio, CMmoMamon0eudecKull

mamepuail, Cmomamaojiocusl.

BBenenue. Matepuansl Ha OCHOBE aJIIOMO-
(pTOPCUIIMKATHOTO CTEKJIa HALUIM IIUPOKOE MpHMe-
HEHHE CTOMATOJIOTUH JJIsl BPEMEHHOTO W ITOCTOSIH-
HOTO TIOMOUpoBaHus 3y00B [ 1—4], B TOM 4HcIe 1o
ART-meronuke (aTpaBMaTHUECKOE BOCCTAHOBH-
TenpHOE JNeueHue) [5—8]. Takue maTepuanbl Ha3bI-
BalOT CTOMATOJOTHYECKUMH CTEKIOMOHOMEPHBIMH
uemenTamu (CHULL). MIx oTBepkaeHNE TPOUCXOTIUT B
pe3yjibTaTe peakuud B3aMMOJCHCTBUS IOPOIIKA
IFOMOCHJIMKATHOT'O CTEKJIA M BOJHOT'O pacTBOpa Io-
JIATKEHATHON KHUCIOTHl WM TIOPOIIKOOOpPa3HOM
CMECH aJIFOMOCHJIMKATHOTO CTEKJIa U IOJIMaKpHIIO-
BOM KHCJIOTHI C BOJOW MJIM BOJAHBIM PacTBOPOM BHH-
HoO# kucioTe [9, 10]. Ilpu cMemmBaHUU IBYX KOM-
MTOHEHTOB (MTOPOIITKA M KHUIKOCTH) TMPOUCXOIUT I10-
MIEPEYHOE CUIMBAHUE MOJIEKYJI TOJIUMEPHBIX KUCIOT
HOHAMHM, DKCTPardpOBaHHBIMH U3 CTEKJa U OTBEp-
XKIEHUE CTeKIIOnOHOMepHOTro emenTa [ 11-13].

3y004entoCTHO-IMIEBass CUCTEMa BBIOJHSET
(YHKUUIO TIepBUYHON 00paOOTKH MUILH, a 3yObl, SB-
JISISICH €€ YaCThIO, HCIIBITHIBAIOT PA3BUBAEMYIO JKEBa-
TETHHBIMH MBIIIIIAMA ¥ PETYIUPYEMYIO PEIEeNTO-
pamMHu NapoJOHTa CHIIy — JKEBaTEJIbHOE JaBIICHUE.
Cromaronornyeckiue MaTepuaibl ISl BOCCTAHOBIIE-
HUS 3yOOB JTOJMKHBI OBITH JOCTATOYHO IPOYHBIMH,
4TOOBI BBIJICPKHUBATH >KEBATEIbHYIO HArpy3Ky B
YCIIOBUSIX IMOJIOCTH pTa. Y100CTBO pabOTHI CO CTO-
MaTOJIOTUYECKHM CTEKIIOMOHOMEPHBIM IIEMEHTOM

OTIpeJIeNsIeTCs €r0 CPOKAMHU CXBaThIBAaHHA. DTO 00Y-
CJIOBJIGHO T€M, YTO INpoLecc IIOMOUPOBaHUs 3y0a
Wi (QUKCAUH OPTONEOUYECKOH KOHCTPYKLUH
HEOOXOJIMMO yCIIETh 3aKOHYHTH JI0 Hayajla CXBaThl-
BaHus 1ieMenTa. C Apyroil CTOpOHbI, KOHEIl CXBAThI-
BaHUsI I0JDKEH HACTYNaTh MAaKCUMaJIbHO OBICTPO MO-
cJe Hayvaja CXBaThIBaHUS. YUIMHEHHE WHTEpBaia
MEX/1y Ha4aJOM M KOHIIOM CXBaTHIBAaHUS MPUBOIUT
K CBSI3aHHBIM C O’KHIaHHUEM HEy100CTBaM JUIsl alu-
eHTta. Ha mponecc oTBep)kIeHHSI CTEKIOMOHOMEp-
HOTO IIeMEHTa ¥ MPUEMIIEMOCTb €ro ()yHKIIMOHANb-
HBIX XapaKTEPUCTHK B 3HAUYUTEIHLHOH Mepe BIMSET
XMMUYECKUH COCTaB CTEKJIA, BXOMSIIEIO B COCTAB
nmoporika CUL] [14]. Taxxe BakHAa PEHTTEHOKOH-
TPacTHOCTP [IEMEHTA, TaK KaK JaHHOE CBOWCTBO IM03-
BOJIIET Bpady-CTOMATOJIOTY JIETKO BU3YyaJIU3UPOBAThH
€ro Ha CHUMKaX, OILIEHMBATh KadyecCTBO JIEYEHUS U
MPOBOJIUTH JWHAMHYECKOoe HalironeHune. B cBszu ¢
BBIILIEH3IIOKEHHBIM, a TAK)KEe C Y4eTOM TpeOOBaHMI
I'OCT 31578-2012 u mMexxayHapoAHOTO CTaHJapTa
ISO 9917-1:2007, kputepusimu otienku CULL Obutn
BbIOpaHBI: pabouee BpeMs, BpeMs TBEpACHHS, TPOY-
HOCTb NPU C)KATUH, PEHTTE€HOKOHTPACTHOCTb, MHUK-
POCTPYKTypa M XUMHUYECKHUH COCTaB.

Marepuaabl U MeToAbl. MUKpPOCTPYKTypa
CHUII oneHuBanach METOAOM CKaHUPYIOIIEH 3JIEK-
TpoHHOI MuKpockonuu Ha «TM3030» (Hitachi,

94



Becmuux BI'TY um. B.I'. lllyxoea

2022, Nel2

Snonns). XuUMHYEeCKH COCTaB OMPEAeIsICsS METO-
JIOM SHEProJUCIEPCUOHHON CHEKTPOMETPUH IIpU
MIOMOIIY CHUCTEMBI PEHTI€HOBCKOTO 3HEProAMcCIIep-
cuoHHOro Mukpoananusa «Quantax EDSy» (Bruker
Nano GmbH, I'epmanus) n mukpockona «TM3030»
(Hitachi, Smonws).

I'panynomerpuueckuii cocTaB onpeaensics Me-
TOJOM JIa3epHOH AUQPPAKIIUN CBETA C TEXHOJOTHEH
PIDS nHa yHEBEpCcaIbHOM XKHUIAKOCTHOM MOJYJIE aHa-
nu3atopa pa3zmepa vactui «LS 13 320» (Beckman
Coulter, CIIIA) ¢ ynbpTpa3ByKOBBIM TOMOT€HU3ATO-
pom. IIpumenenne manHOTO 060OpYAOBaHUs ObecIe-
YHBAaET COOTBETCTBHE WCHBITaHUS TpeOOBAHUAM
MexayHapoaHoro ctangapra [SO 13320:2020. B ka-
YecTBE Cpedpl IMPUMEHsUIAch IUCTUILIUPOBAHHAS
BOJA.

HcnpiTanne pabodyero BpeMeHH, BpeMEHU TBEP-
JeHUS, POYHOCTH TPH CXKATHM U PEHTTCHOKOH-
tpactHoctd CHII mpoBoauiaum B COOTBETCTBUU C
I'OCT 31578-2012. YcnoBus mpoBeaeHHs UCTIBITa-
HUI XapaKTepHU30BAIUCH CTAOWJILHON TeMIepaTy-
poit 23 = 1 °C 1 OTHOCUTENBHOU BIAKHOCTBIO BO3-
nyxa He meHee 30 %.

PaGouee BpeMs uccieayeMbIXx 00paslioB OIpe-
NS, KaK MHTEpBaJl BPEMEHHU OT Hayasla CMeEIlu-
BaHUs A0 MOMEHTA, KOrJa LEMEHTHOE TEeCTO IpHU
JaJbHENIIIeM MaHUITYJIMPOBAHUU TEPsieT CBOIO Ija-
CTHUYHOCTb. [IJ11 ompesenieHusl BpeMEeH! TBEPAEHUS
LEMEHTHBIM TECTOM 3allOJIHSUIACh METaJUINYeCcKasi
dbopma, KoTOpasi 4epe3 MHHYTY IOC]e OKOHYAHUS
CMEITMBaHUs TTOMeIanack B Tepmoctar npu 37 + 1
°C. B ob6pa3ern BepTUKaIbHO OMYCKalIach Uria npu-
6opa Buka. ®ukcupoBajcs MOMEHT, KOTa UIJ1a PH
MOTPYKEHUH TIPEKpalaeT OCTaBIATh YETKHM TOJ-
HBIH OTHe4yaTtok. Bpems TBepaeHUs - WHTEpBal OT
MOMEHTa 3aBEpILCHMS 3aMEIINBAHMS LIEMEHTa J0
MOMEHTa HCYE3HOBEHHUS OTIIeYaTKa UTJIbI Ha TOBEPX-
HOCTH IIEMEHTHOT'0 00pasma.

IIpu n3roroBneHnu naTH 00pa3LOB I HCCIIe-
JIOBaHUsI HA MPOYHOCTH (YOPMY 3arlONHSIIN [IEMEHT-
HBIM TE€CTOM, YIUIOTHSS LINaTeseM, U MOMEIalln ee
B TepMocTaT Ha ofuH 4ac. OOpasibl U3BICKATN U3
(OopMBI M TIOMELAJIM B EMKOCTH € JUCTUIIMPOBAH-
HOW BOJIOW B TEPMOCTAT 3JIEKTPUUECKUN CYXOBO3-
nymseiid «TC-80M-2» (MennaboprexHuka, YKpa-
uHa) npu Temrepatype 37 £ 1 °C. Yepes 24 yaca no-
CJie OKOHYaHMS CMEIINBAHUS 00pa3Ilbl HCCIeI0BaIN
Ha MMPOYHOCTH MyTEM MPHUKIAABIBAHUS K HUIM COKUMa-
IOLEH Harpy3Kd B HAlpaBICHUU MPOJOIBHON OCH.
[IpuMeHnsinu ucneiTarenpHyt0 MamuHy «Instron
3345y (Instron—division of ITW Limited, CIIIA) co
CKOPOCTBIO IBM>KEHUsI TpaBepchl 1 MM/MuH. Pukcu-
pOBalli 3HaYEHHME HArpy3KH, IPHU KOTOPOH NMPOU30-
1o paspylieHue oopasia. PaccunteiBaim cpennee
3HAYeHHE W CPETHEKBAJpPAaTHUECKOEe OTKIOHEHHE C
MPUMEHEHUEM TIOCTaBIIEMOIO C O00OpYAOBaHHEM
MIPOTPAMMHOTO OOECTICUCHUIS.

[Ipu ompeneneHnn peHTTE€HOKOHTPACTHOCTH Ha
PEHTI€HOBCKOM CTOMATOJIOIMYECKON TUIEHKE, TIOME-
IICHHOM Ha CBUHIIOBYIO IJIACTHHY, PacIioyiaraiu 00-
pasubl uccnenyembix CHUL Tommunol 1 MM 1 1ua-
MeTpoM 15 MM, a TakKe alrOMUHUEBBIN CTyNEeHYa-
THIM KJIMH TONMIHHON OT 1 10 8 MM co cTyneHsIMH
BeicoTOM 1 mm. [Ipu momoIiu BBICOKOYACTOTHOTO
MMOPTaTUBHOTO  peHTreH-ammapara  «DX3000»
(DEXCOWIN, Kopes) o0xy9anu ImieHKy, a 3aTeM
nposiBisid ee. OUEHKY pPEeHTTeHOKOHTPACTHOCTH
MPOBOJUIN TYTEM BHU3yaJIbHOTO CpaBHEHUS 10
TUIOTHOCTH CTETIEHW MOYepHEHUs TUIEHKA Ha MecTe
n300pakeHus uccieayemMoix oopaszinos CULL u ano-
MUHHEBOIO CTYIIEHYATOro KJiInuHa. Martepuan cuura-
€TCSl PEHTI€HOKOHTPACTHBIM, €CIIH IUIOTHOCTH IIO0-
YepHEHUS TUIEHKHA B MecTe M300pakeHUs HCIIbITye-
MOT0O 00pa3lia MEHBIIEC IUIOTHOCTH ITOYCPHCHHS
IUICHKH B MECTe M300pa)KEHHs IMEePBOU CTYIEHBKU
AJIOMHHHUEBOIO KJIIMHA TOJIIUHON 1 MM.

OcHoBHas 4acTh. [IpoBeneH cpaBHUTENBHBII
aHaJu3 CTOMATOJOTHYECKUX CTEKIOMOHOMEPHBIX
nemeHToB: «AHfil+» (AHL, CoennneHHOE KOpOIEB-
ctBO), «Ketac Molar Easymix» (3M ESPE, CIIA),
«Fuji IX GP» (GC, Amonms), «ProGlass Nine»
(Silmet, Uzpawmns), «llommakpunun» (Texuo/lenr,
Poccus), «lemmnon» (BmamnMuBa, Poccus), «Kewm-
¢y (Cromallent, Poccus) m «[maccun Pect»
(Owmera-Mlent, Poccust). Pe3ynbraTsl aHanmn3a XuMH-
yeckoro coctaBa nopoukos CHUL npencrasieHs! B
tabmuue 1. Ha pucynkax 1 — 8 mpeacraBieHs! ¢ppar-
MEHTHI SHEPTOAUCTICPCUOHHBIX CTIEKTPOB MTOPOIIIKOB
CULI.

Ilo pesympraTam xummudeckoro anammza CHUIL
METOJIOM DSHEPTOANCICPCUOHHON CIEKTPOCKOITUHU
JUTsE BceX 00Opa3IoB BBISBICHBI MUKW HAMOOJBIIEH
WHTEHCHUBHOCTH, COOTBETCTBYIOIINE CIEIYIOIINM
xumudeckuM daemenTam: Si, Al u O, a Taxke MecHee
WHTEHCUBHBIE IUKU OOHAPY>KCHBI JIJIS JIEMEHTOB F
u P. Ha ocHoBanuu toro, uro mius «AHfil +», «lle-
Muon» u «Fuji IX GP» BbIsiBIIeH MK St, MOXKHO Cie-
JIaTh BBIBOJI O TOM, uTO JaHHble CHL] u3roToBieHs!
M3 CTEKJIOHANOJHHUTENeH Ha OCHOBE CTPOHIIHII-
aTrOMO-(TOP-CHIIMKATHBIX cTekosl. Ha ocHOBe cTek-
JIOHATIOMTHUTEISI M3 KaTbIIUN-aTFOMO-(PTOP-CHITNKAT-
HOro ctekna wu3rotosiieH «Kembpmn», wumerommii
K, coorBercTBytommii Ca. Jlns «ProGlass Niney,
«lTonmuakpununa» u «l'maccun Pect» BbIsBIIEHBI
niku, cootBercTBytonue St u Ca. st «Ketac Molar
Easymix» BbIBIIEHBI TUKH, COOTBETCTBYOMMNE Ca 1
La. B cooTBETCTBUM ¢ MHCTPYKLMEH IO MpUMEHE-
Huto «I'maccun PecT» J0iKeH cojepkaTh JIaHTaH,
O/JIHAKO TMHKa, COOTBETCTBYIOLIEIO JAHTaHY, IS
nandoro CHI] He BBISBIICHO.

[ToMuMo 6a30BBIX JIEMEHTOB BCE MCCIIEAOBAH-
ueie CUL] comepxar ot 0,15 mo 4,26 % nHatpus, ot
0,13 mo 3,84 % 6apus, ot 0,10 10 0,22 % marHwus, a
takke ot 1,76 10 5,29 % dochopa. Coaepranue
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¢dropa B HEX coctaBmuseT 6,25 — 20,71 %, npu sTOM
HauMEHbIINM  xapakrtepusyercsa «llemumon», a
HanOonbmuM — «['maccun Pecty.
Tabruya 1
Xumnueckuii coctaB nopomkos CUILL
Conepxanue, macc. %
OneMeHT Ketac .. ProGlass ITonuak- I'maccun
AHfil + Molar Fuji IX GP . Hemuon Kempun
Easymix Nine punuH Pect
0] 3512444 | 27,104£2,9 | 34,50+3,8 | 40,49+42 | 32,05+£3,6 | 36,05+4,5 | 37,63£3,7 | 26,434£3,0
Al 17,07 0,9 | 12,01+£0,5 | 14,89+0,7 | 14,79+0,6 | 14,77+0,7 | 19,53+1,0 | 15,83+0,7 | 13,09+0,6
Si 15,00+£0,7 | 12,58+0,5 | 14,44+0,6 | 19,62+0,8 | 13,56+0,6 | 11,56+0,5 | 12,72+0,5 | 12,38+0,5
Ca 12,18+0,4 1,70+0,1 1,36+0,1 - 9,00+0,3 6,69+0,2
Sr 16,76+0,7 - 18,00+£0,7 | 9,33+0,4 16,73£0,7 | 20,41+0,9 - 7,37+0,3
F 10,85+£1,6 | 11,8414 | 13,84+1,6 | 9,60+1,2 14,79+1,8 | 6,25+1,0 18,41£1,9 | 20,71+2,4
P 4,52+0,2 2,02+0,1 1,76+0,1 2,12+0,1 3,54+40,2 5,29+0,2 3,04+0,1 2,65+0,1
Na 0,31+0,0 2,24+0,2 1,29+0,1 1,86+0,1 0,29+0,0 0,15+0,0 2,92+0,2 4,26+0,3
Ba 0,18+0,0 0,83+0,0 1,06+0,1 0,25+0,0 2,42+0,1 0,57+0,0 0,13+0,0 3,84+0,1
La - 18,72+0,5 - - - - - -
K - 0,18+0,0 - - - - 0,15+0,0 -
Mg 0,19+0,0 0,13+0,0 0,22+0,0 0,10+0,0 0,19+0,0 0,20+0,0 0,16+0,0 0,16+0,0
Zn - 0,16+0,0 — 0,13+0,0 0,30+0,0 — - 2,43+0,1
“°|ﬁ—'iL"—-'—'v—p'—'—'—v—'—'—'—'—v—ﬁ R N
Puc. 1. ®parment sueproaucnepcuontoro crekrpa CUL] «AHfil +»
rﬂl\hi ‘IJULL ‘hb‘hn‘m

4

Puc. 2. ®parment sueproaucnepcuonHoro crnekrpa CUL «Ketac Molar Easymix»
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Puc. 7. ®parment sueproaucrnepcuonnoro cnektpa CUL «Kemdum»

‘ I
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Puc. 8. ®parment sneproaucnepcuontoro cuexkrpa CUL «I'maccun Pect»
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Muxkpoctpykrypa nopomkoB CHUIl mpexncras-
neHa Ha pucyHkax 9-16. Ilo mamapiM COM oHH
HpPEeACTABISIIOT COOOM MOPOIIKH, COoAepiKallue oc-
KOJIbYaThle YaCTHUIIBI, OBEPXHOCTh KOTOPHIX IIOT-
Has, Hemopucrtas. KoHrimomeparsl OOHApY>KEHBI B

AHfil + HL x250 300 ?m

powder

«Ketac Molar Easymix», kak 1moka3aHo Ha pUCYHKE
10, 9TO OOBSACHSECTCS TEM, YTO TPH €r0 H3TOTOBIIC-
HUU TIPOBOJUTCS TPaHyJUPOBAHUE IOPOIIKA JUIs

YIIYYIICHHUS] €r0 CMAaYMBaGMOCTH M YIPOIICHHS 3a-
MemuBaHus [ 15].

AHfil +
powder

Puc. 9. Mukpocrpykrypa nopomka «AHfil +» nmpn yBennaennn B 250 pas (A) u B 1500 pa3 (B)

KetacMolar HL x250 300 ?m
powder

KetacMolar HL x1,5k 50 ?m
powder

Puc. 10. MukpoctpykTypa nopouika «Ketac Molar Easymix» npu yBenudenun B 250 pa3 (A) u B 1500 pa3 (b)

powder

Fuji IX HL ¥250 300 ?m

Fuji IX HL x1,5k 50 ?m
powder

Puc. 11. Mukpoctpykrypa nopouika «Fuji IX GP» npu ysenuuenun B 250 pa3 (A) u B 1500 pa3 (b)
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&

ProGlass 9 HL 300 ProGlass 9 HL x1,5k 50 ?m
powder powder

Puc. 12. Mukpoctpykrypa nopomka «ProGlass Niney» npu ysenndaenun B 250 pa3 (A) u B 1500 pa3 (b)

m

Polyacryli HL 300 ?m Polyacryli HL x1,5k 50 ?m
powder powder

Puc. 13. MukpoctpykTypa nopouika «l[loauakpununy npu yBennuenun B 250 pa3 (A) u B 1500 pa3 (b)

Cemion HL x250 300 ?m Cemion
powder powder

Puc. 14. MukpoctpykTypa mopomika «Llemron» npu yBenndennu B 250 pa3 (A) u B 1500 pa3 (b)
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Kemfil X250 3007
powder

GlassinR x250
powder

300 ?m Glassin R x1,5k

powder

Kemfil
powder

Puc. 15. Mukpoctpykrypa mopomika «Kemdwm» npu yBemmaernn B 250 pa3 (A) u B 1500 pa3 (b)

50 ?m

Puc. 16. MukpoctpykTypa nopomika «I maccu Pect» npu ysenmuernu B 250 pa3 (A) u B 1500 pa3 (b)

Pesynbrarthl TpaHyIOMETPUYECKOrO aHaIM3a
MpeICTaBICHbI B Ta0auIe 2, a AudpepeHIuaibHbIC
KpUBBIE pacrpe/ielieHus] YacTuI] TI0 pa3MepaM — Ha
pucyHkax 17-24.

«Uemuon» n «Ketac Molar Easymix» xapakre-
pHU3YIOTCS HAMOOJIBIINM COJIEPYKAHUEM MENKUX Ya-
crurl (meHee 1 MmxMm), 10 % ux oObemMa 3aHUMAOT Ya-
cruubl pazmepom a0 0,34 u 0,38 MKM COOTBET-
ctBeHHO. «[lommakpunun» u «I'naccun Pect» He co-
Jiepxar vacTuil pasmepom MeHee 1 MrM. «Ketac
Molar Easymix» xapakTtepusyercs Haubojee Mell-
KkuM pazmepom gactuil. «Fuji X GP» xapakrepusy-
eTcsl HauOoJIee MUPOKUM OMMOJIAIBHBIM pacripejie-
neHneM vacTull. HanGonpmM cpeqHuM pasMepoM
gactul xapakrepuszyercsi «ProGlass Nine» (14,77
MKM). HaMeHbITNM CpeTHUM pa3MepoM YacTHIl Xa-
paxtepusyercs «Ketac Molar Easymix» (5,70 Mxm).
[lony4yeHHble AaHHBIE MOATBEPKAAIOTCS peE3yibTa-
TaMM CKaHHUPYIOLIEH 3JIEKTPOHHON MHUKPOCKOIIHMH.
Paznmuaus nccnenoBanubix mopomikoB CUL] mo rpa-
HYJIOMETPHUUECKOMY COCTaBY CBHJIETEILCTBYIOT O

PasInuMu B TEXHOJIOTUH IIOMOJIA CTEKJIa IIPH UX MO-
Jy4eHUH.

Pesynbrarel  ucnbITaHUN  (PYHKIIMOHATIBHBIX
cBoiicte CUL] npencrasnenst B tadbmuie 3. Ilopo-
mok u xxuakocts CULL 3aMermmBaiy B COOTBETCTBHU
C UHCTPYKIIMSAMHU U3rOTOBHUTENEH, omHako «Kewm-
¢w» u «I'naccun Pect» He yaanock 3amemarsb pu
3asBJICHHOM COOTHOIIEHHH IOPOIIKA U >KUAKOCTH.
Hnst naraerx CUL 3Ha4eHns TOTy4YeHbl IPU CHIKE-
HUU KOJIMYECTBA MOPOIIKA B /IBa pa3a.

ITokazano, uto Bce uccienoannbie CULL xa-
PaKTEpU3YIOTCS JIOCTATOYHBIM Pa0OYHM BPEMEHEM.
CHULL «Ketac Molar Easymix» xapakTtepuzyercs
HalMEHBIINM pabounuM BpEMEHEM, KOTOPOE COCTaB-
nsiet 1,0 munyTy. Pabouee Bpems ocTanbHBIX HCCIIe-
nmoBanubix CUL] siBasteTcst 60aee MOIXOMAIUAM IS
UX KIIMHUYECKOT'0 IPUMEHEHHSI U COCTABIISAET OT 2 J10
3,5 munyt. I[lo Bpemenu tBepaenus Bce CUL, 3a uc-
kimouenueM «ProGlass Nine», cOOTBETCTBYIOT Tpe-
ooBanmsim ['OCT 31578-2012 u ISO 9917-1:2007
(me Oonee 6 muuyt). Kpome toro, mamnbrii CUL]
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HMEET HAUMEHBIIYIO MPOYHOCTh CPEIU UCCIIEA0BaH- «Kemdum» u «I'maccun Pecty. 1o pesyabTaram mc-
HBIX (36+3 MIla), uTo HE COOTBETCTBYET TpeOOBa- neiTaauit «Fuji IX GP» mMeer camyio BBICOKYIO
HusaM ['OCT 31578-2012 u ISO 9917-1:2007 (ue me- npovyHocTs (201433 MIIa). IIpouHocTs pu cxaTUU
Hee 130 MIla). Taxke He cOOTBEeTCTBYeT TpeOOBa- octanbHbIX CUL] coOTBETCTBYET HOPMATHUBHBIM Tpe-
HUSM HOPMAaTHBHOW JOKYMEHTAIIUU IO MPOYHOCTH OoBaHMAM U cocTaBisieT 142-169 Mlla.
Tabnuya 2
I'panynomerpuyecknii coctas nopomkos CHULL
. 3HaueHne, MKM
Kpurepuit Ketac ..
OLIEHKH AHFi] + Molar Fuji IX ProGlass [Nommax- Iemuon Kemdu I'maccun
Y4acTHUI] . GP Nine PIITHH Pect
Easymix
Cpennee 3Ha-
YeHHe 8,86 5,70 10,15 14,77 8,42 6,38 7,23 11,25
(Mean)
CrangapTHOE
OTKJIOHEHHE 9,97 8,88 11,40 13,88 6,07 7,60 7,05 9,06
(S.D.)
*D10 1,38 0,38 1,52 2,30 2,65 0,34 1,42 2,93
*D25 2,52 1,43 2,78 3,88 3,87 1,18 2,52 4,49
*D50 4,85 3,33 6,04 9,33 6,62 3,37 4,63 8,37
*D75 11,87 6,05 14,15 22,16 11,37 8,61 9,99 15,41
*D90 22,27 13,21 23,29 36,55 16,64 17,74 16,59 23,68

*D10, D25, D50, D75, D90 — yacTuiipl MeHbIIIe yKa3aHHOTO pasmepa 3aHumart 10 %, 25 %, 50 %, 75 %, 90 % no
00BEMY COOTBETCTBEHHO.

47 —— AHfil +
3
P
=,
s 27
2
ta)
O
1-
0 P I I L I I T I I L
0.04 01 02 04 1 2 4 6 10 20 40 100
Pasmep gacTaLr (pm)
Puc. 17. Inddepennmanpras kpusas pacupenenenus yactury CUL «AHfil +» o pasmepam
37 — Ketac Molar Easymix
4 —
SN
z
2 2-
8
] —
0T — T I

I I I I
0.1 05 1 5 10 50 100 1000
Pazmep gacTi (pm)

Puc. 18. luddepennmansuas kpusas pacnpenenenus gactuly CUL] «Ketac Molar Easymix» mo pasmepam
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—— Fuji IX

(%)
T

ORLEM

0—— | T T | 1 11 | T T
0.04 01 02 04 1 2 4 6 10 20 40 100

Pasmep gacTarr (um)

Puc. 19. Inddepennmanpras kpuBas pactpenencaus dactur; CUL «Fuji IX GP» mo pazmepam

3.5 — ProGlass Nine

3_

ObLeM (¥5)

0T | I | T 11 | L
0.04 01 02 04 1 2 4 6 10 20 40 100

Pasmep uacTur (pm)

Puc. 20. IuddepennmansHas kpusas pacupenenenus yactury CULL «ProGlass Nine» mo pazmepam

— Tlomuarpunie

(o)
T

OALEM

00— | T T 1 | T 71 | L
0.04 01 02 04 1 2 4 6 10 20 40 100

Pasmep wacTin (pm)

Puc. 21. {nddepenumanshas kpusas pacnpeneienus qactul CHUL] «Ilommakpuina» o pazmMepam
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ObLeM (V)

Obbem (%)

Obnem (%)

3.5

—— Henmton

3_

0T T T T 1 T T T 1 T [
0.04 01 02 04 1 2 4 6 10 20 40 100

Pasmep wacTuir (um)
Puc. 22. TuddepenunansHas kpusas pacnpeaenenus yactuy CULL «Llemuon» no pazmepam

5 — Kemdmn

4_

0——m7 T T 11 T T T 1 | T 11
0.04 01 02 04 1 2 4 6 10 20 40 100

Pasmep gactin (pm)

Puc. 23. Inddepennmanpras kpusas pactpeneneHus dactur CUL «Kemdmm» o pazmepam

5_

—— I'naccuu Pect

4_

00— T T T T T 71 T [
0.04 01 02 04 1 2 4 6 10 20 40 100

Pazmep wacTmrr (pmm)

Puc. 24. Inddepennuanphas kpusas pacnpenenenus yactun CUL «'maccun Pect» 1o pasmepam
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Ha pucynkax 25-32 npezncraBieHbl peHTT€HOB-
CKHe CHUMKH, Ha KOTOPBIX CJI€Ba PacHOJIOKeH 00pa-
3ell UCIBITYEMOr0 [IEMEHTa, a CIIpaBa — aMIOMUHHE-
BBl CTYNEHYATHIN KJIMH (TOJIIIUHA CTyIIEHEeH YBEIu-
gnBaercs oT 1 1o 4 mm cBepxy BHU3). Ilo pe3ynbra-
TaM UCIIBITaHUS IOKA3aHO, YTO BCE UCCIICIOBAHHBIC

CHULI, 3a MCKIIOYEHHEM HEPEHTTEHOKOHTPACTHOTO
«ProGlass Niney», 0061a1al0T PEHTTEHOKOHTPACTHO-
CTBIO, COOTBETCTBYIOIIEH | CTYIIEHU aTIOMUHUEBOTO
kiuHa (1 MM aOMUHHSA).

Tabauya 3
DyHkuoOHAIbHBIE cBolicTBa CUL]
Ketac Fuji IX ProGlass | Ilommak- I'maccun
AHfil + Molar J . Hemmon Kemdpun
. GP Nine puimH Pect
Easymix
Pabouee _ _
Bpe%vm, 2:30 1:00 2:30 3:30 2:00 2:40 (4:00%) (1:50%)
MUH:CEK
Bpewms TBep- - —
JICHUS, MUH 3.5 4,0 4,0 11,0 45 43 (5,0%) (4,0%)
IIpounocts _ _
+ + + + + +
npnl\c/:lnlf[zTnn, 169+6 158+5 201433 3643 150+7 142+6 (686%) (1045%)

>k3H8.‘IeHI/I)I TMOJIYYCHBI IPU CHUKCHUHU KOJIMYCCTBA IMOPOIIKa B IBa pa3a.

Puc. 25. Perrrenosckuii caumok CUL «AHTil +» 1 amoMHHHEBOTO CTYIIEHYATOTO KIIMHA

Puc. 26. Perrrenosckuii caumok CUL] «Ketac Molar Easymix» 1 aTlOMHHHEBOTO CTYIIEHYATOTO KIIMHA
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Puc. 28. Perrrenosckuii caumok CUL] «ProGlass Nine» 1 arfoMHHHEBOTO CTYIIEHYATOTO KITHHA

Puc. 29. Penrrenosckuii cauMok CHUL «Ilonuakpunuey» 1 aTtOMUHHEBOTO CTYIIEHYATOrO KIMHA

Puc. 30. Penrrenosckuit caumok CULL «LleMuon» 1 amOMUHUEBOTO CTYIIEHUATOr0 KJIMHA
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Puc. 32. PentrenoBckuii caumok CHUL] «I'maccun Pect» 1 alfoOMUHHEBOTO CTYNIEHYATOro KIMHA

[To manabpmM COM npu yBenuuenuu B 30 u 500 MOJIEKYJ1 MOJHUKHUCIOT. Bce wuccnenoBaHHble 00-
pa3 wucciepoBannele CUILl mocie oTBepikieHHst — pasibl UMEIOT OEQEKTbl CTPYKTYpHI: TpPEILIWHBI U
MPEJCTaBISIIOT cOOO0M CTEKISTHHBIE YaCTHUIIBI Pa3Iiy- MOpPEL.
HOTO pa3Mepa, OKpY>KEHHbIE CHIIMKarejieM U pacIo-
JIOKEHHBIE B MAaTPUKCE U3 MOIEPEYHO CBSI3aHHBIX

AHfil + HL x30 2 mm AHFil +

200 ?m

Puc. 33. Mukpoctpykrypa «AHfil +» npu yBenuuenun B 30 pa3 (A) u B 500 pa3 (b)
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KetacMolar HL x30 2mm KetacMolar x500 200 ?m

Puc. 34. Mukpoctpykrypa «Ketac Molar Easymix» npu yBenmuaenun B 30 pa3 (A) u B 500 pa3 (b)

ProGlass 9 2 mm ProGlass 9 x500 200 ?m

Puc. 36. Mukpoctpykrypa «ProGlass Nine» npu yBenuuenuu B 30 pa3 (A) u B 500 pa3 (b)
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Polyacryli HL x30 2 mm Polyacryli x500 200 ?m

Puc. 37. Mukpoctpykrypa «llommakpmiua» npu yBennaeruu B 30 pa3 (A) u B 500 pa3 (b)

Cemion HL x30 2 mm Cemion x500 200 ?m

Puc. 38. Mukpoctpykrypa «Llemnon» npu ysennuenun B 30 pa3 (A) u B 500 pa3 (b)

Kemfil HL x30 2 mm Kemfil x500 200 ?m

Puc. 39. Mukpoctpykrypa «Kemdpnm» npu ysenmuennu B 30 pa3 (A) u B 500 pa3 (b)
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GlassinR HL x30

2mm

GlassinR x500 200 ?m

Puc. 40. Mukpoctpykrypa «[maccun Pect» npu yBenmdaenuu B 30 pa3 (A) u B 500 pa3 (b)

BeiBoabl. Ilo manueiM COM mopomrku CULL
COJIepKaT OCKOJIbUATHIC YACTHIIBI, TIOBEPXHOCTH KO-
TOPBIX TUIOTHAsA, HeTopucTas. Hamndme xoHrIOMe-
paroB B «Ketac Molar Easymix» o0BsiCHIETCS TeM,
YTO TIPH €T0 U3TOTOBJICHUH MPOBOIUTCS TPAHYIHPO-
BaHHWE TMOPOIIKA ISl YIYYIIEHUS €r0 CMadYnBaeMo-
CTH U YIPOILICHHUSI 3aMCIITUBAHMSI.

ITo pe3ynbraTaM XHMHUYECKOT'O aHalM3a II0-
poumikoB CHILl meromoMm 3HEProaucriepcCuOHHON
CHeKTpocKomnuu s Becex o0pasios CULL BeIsBICHBI
MUKA HauOOJIbIlIel HHTEHCUBHOCTH, COOTBETCTBYIO-
e CIeIyoINM XUMHYECKUM deMeHTaM: Si, Al u
O, a Taxxe MEHee MHTEHCUBHBIE MK OOHAPYKEHBI
st anementoB F u P. Ha ocnoBanmu Toro, 4to s
«AHfil +», «llemnon» u «Fuji IX GP» BbLsBIIEeH UK
Sr, MOXHO cliesaTh BBIBOJ O TOM, 4To maHHbie CUL]
M3TOTOBJICHBI M3 CTCKJIOHAMOJIHHUTEICH Ha OCHOBE
CTPOHIMH-ATIOMO-(PTOP-CHIIMKATHBIX CTekojl. Ha
OCHOBE CTEKJIOHATIONHUTENS W3 KallbIUH-aIIIOMO-
(TOP-CHUITMKATHOTO CTeKIa W3roToBieH «Kembumy,
UMEIOMMA THK, cooTBercTBytomui Ca. Js
«ProGlass Nine», «llonuakpunmua» u «lnmaccun
Pect» BBIsSBICHBI TUKH, COOTBETCTBYIOMIHE St 1 Ca.
s «Ketac Molar Easymix» BbISIBIIEHBI ITMKH, COOT-
BercTByomue Ca u La. B cooTBeTCTBUM C HHCTPYK-
uuei no npumeHenuto «I'maccun Pect» nomken co-
JepKaTh JIaHTaH, OJJHAKO TTHKa, COOTBETCTBYIOIIETO
naHTany, Uit nanHoro CUL] ue BeiasneHo. [lomrmo
0a30BBIX NEMEHTOB Bce uccienoBannbie CULL co-
nepxkatr ot 0,15 mo 4,26 % wnarpus, ot 0,13 no
3,84 % Gapwus, ot 0,10 mo 0,22 % marHus, a TaKxKe
ot 1,76 1o 5,29 % docthopa. Conepxanue dpTopa B
HUX cocTaBisieT 6,25-20,71 %, npu 3TOM HaUMEHb-
M xapakrepusyercs «L{eMuon», a HanboIbIIIM —
«I"naccun Pecty.

IMopomikn  «llemuon» u «Ketac Molar
Easymix» XapakTepu3yroTcsi HauOOJBIINM COIEp-
KaHueM Menkux yactui (MeHee 1 mxm), 10 % ux

o0beMa 3aHUMAaOT 4acTullbl pasmepoMm 10 0,34 u
0,38 ™M coorBercTBeHHO. «llommakpunun» u
«I'maccun Pect» He comeprkaT 4aCTHIl pa3MEpOM Me-
Hee 1 mrMm. «Ketac Molar Easymix» xapaktepusy-
eTcst Haubosiee MENKUM pazmepoM vactull. «Fuji IX
GP» xapaktepusyercss Hauboyiee IMUPOKUM OUMO-
JAIBHBIM pacrpejieieHueM 4JacTull. HanGonpmmm
CpPeHMM pa3MepoM YacTHUL[ XapaKTepU3yeTcs
«ProGlass Nine» (14,77 mxm). Haumensmmm cpen-
HUM pa3MepoM dacTHll Xapaktepusyercs «Ketac
Molar Easymix» (5,70 mxwm). Pazniuus uccnenobas-
HbIX opomikoB CULL o rpanynomeTpuiaeckoMy co-
CTaBy CBUAETENIBCTBYIOT O PA3JIMUUU B TEXHOJIOTUH
ImoMoJia CTEKJIAa IMpU UX MOJIYUCHHH.

1o pe3ynbpTaTram UcTibITaHUN (PYHKIIMOHATIBHBIX
CBOICTB IMMOKa3aHo, 4TO Bce uccienoBanubie CUL]
XapaKTepU3yIOTCsl JIOCTATOYHBIM PabOYMM BpeMme-
HeM, Tpu 5ToM HamMmenpmM — «Ketac Molar
Easymix» (1 munyTa). Pabodee Bpemsi ocTanbHBIX
uccaenoBanueix CUIL siBiseTcs Ooee moaxoasuum
JJId UX KIIMHUYCCKOTI'O IPUMEHCHUA U COCTABJIACT OT
2 no 3,5 munyrt. Ilo Bpemenn tBepaenus sce CHUL],
3a uckimoyenueM «ProGlass Nine», cOOTBETCTBYIOT
tpedoBanusim ['OCT 31578-2012 u ISO 9917-
1:2007 (e 6onee 6 munyt). Kpome TOrO, NaHHBIH
CHII nmeeT HauMEHBIIYIO IPOYHOCTH CPEIU HCCe-
noBaHHBIX (3643 MIIa), 4TO HE COOTBETCTBYET Tpe-
OoBaHMSIM roct 31578-2012 "
ISO 9917-1:2007 (ue menee 130 Mlla). Taxxe He
COOTBETCTBYET TPeOOBaHHAM HOPMAaTHBHOH TOKY-
MeHTanuu 1o npouHoctH «Kemoum» n «I'maccun
Pect». Ilo pesynbratam ncnbitanuii «Fuji IX GP»
MMEET caMylo BBICOKYIO povyHOCTh (201+33 Mlla).
[IpounocTs mpu cxxatum octambHbIX CHILI cocTas-
nset 142-169 Mlla.

ITo ganapiM COM CHL] nocne oTBep:KIEHUS
HPE/ICTABISIOT COO0M CTEKIITHHBIE YaCTHIIBI PA3TIHY-
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HOTO pa3Mepa, OKpY)KEHHbIE CUJIMKareJieM U pacIo-
JIOXKCHHBIE B MAaTPUKCE U3 IONEPEYHO CBSI3aHHBIX
MOJIEKYJ MOJMUKHUCIOT. Bce wuccnenoBaHHble 00-
pasupl UMEIOT OeQEKThl CTPYKTYPBI: TpPEHIMHBI U
HIOPBHI.

Io pe3ynpTaTaM HCHBITAaHUS IOKA3aHO, YTO BCE
uccnenosannple CULI, 3a uckitoueHEM HEpeHTre-
HOKOHTpacTHOTO «ProGlass Nine», 00amaroT peHT-
TEHOKOHTPACTHOCTBED, COOTBETCTBYroHIeH 1 cTy-
MEHH ATIOMUHUEBOr0 KIMHA (1 MM amOMUHHMSA).

Ilo pe3ynpraTaM HCHBITAaHMHA CpelU HCCIEN0-
BaHHBIX CHI] HaMu peKOMEHIOBaHBI K TPIMECHCHHTO
B cToMarosioruueckor npaktuke «AHfil+», «Ketac
Molar Easymix», «Fuji IX GP», «Ilonnakpununa» u
«demuomn».

Hcmounux ¢unancuposanus. Ilpoexm Ilp-
7/22 6 pamxax peanusayuu Ilpoepammel pazeumust
BI'TY um. B.I'. llyxoea na 2021-2030 ze. «Ilpuopu-
mem 2030».
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RESEARCH OF COMPOSITE MATERIALS BASED ON ALUMINOFLUOROSILICATE
GLASS

Abstract. The results of a comparative analysis of dental glass ionomer cements are compared: "AHfil
+" (AHL, United Kingdom), "Ketac Molar Easymix" (3M ESPE, USA), "Fuji IX GP" (GC, Japan), "ProGlass
Nine" (Silmet , Israel), "Polyacrylin” (TechnoDent, Russia), "Cemion" (VladMiVa, Russia), "Kemfil" (Stoma-
Dent, Russia) and "Glassin Rest" (Omega-Dent, Russia) in terms of working time, hardening time, strength
compression, radiopacity, microstructure and chemical composition. It is shown that the main component of
the powders of these GICs is crushed calcium ("Kemfil"), strontium ("AHfil +", "Cemion" and "Fuji IX GP"),
calcium-strontium ("ProGlass Nine", "Polyacrylin" and "Glassin Rest") and lanthanum-calcium alumino-
Sfluorosilicate glass ("Ketac Molar Easymix"). All of them contain phosphorus. Differences in powder granu-
lometric composition indicate a difference in the technology of glass grinding during their production. The
working time of the studied GICs is from 1 to 3.5 minutes. The requirements of GOST 31578-2012 and ISO
9917-1:2007 do not correspond to "ProGlass Nine" (36 £ 3 MPa), "Kemfil" (68+6 MPa) and "Glassin Rest"
in terms of strength, and "ProGlass Nine" in hardening time. "Fuji IX GP" has the highest strength (201 + 33
MPa), the rest of the GIC - 142-169 MPa. All studied GICs, with the exception of the non-radiopacity "Pro-
Glass Nine", have a radiopacity corresponding to 1 mm of aluminum. According to the results of the tests,
"AHfil +", "Ketac Molar Easymix", "Fuji IX GP", "Polyacrylin" and "Cemion" are recommended for clinical
use by dentists.

Keywords: glass ionomer cement, aluminofluorosilicate glass, dental material, dentistry.
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ONPEJEJIEHUE IMMOMEPEYHBIX CWUJI, JEMCTBYIOIINX HA KOJIECA
TPAHCIIOPTHOM POBOTU3UPOBAHHOM CUCTEMBI

Annomayus. /s ananuza nymetl nOGbLUUEHUS. CKOPOCIU OBUICEHUS. POOOMUZUPOBAHHOU CUCTeMbl De3
BO3HUKHOBEHUS NPOCKALb3bIBANUS KOJEC NPEOIONCEH CNOCOD 8bIYUCTIeHUSI NONEPEYHbIX CUJL PeaKyUll, Oelicmey-
oWuUx Ha Koieca. AHanu3 NONepeyHvIX Cull 8 OalbHelueM NO360UM CUHIME3UPOBAmMb PAYUOHATbHBIU Al20-
pumm pacnpeoenerust Haepy3Ku medxcoy npueodamu. Takace, 6 pabome npedyiodceHo UCHONb308AHUE BEKMOD-
HO20 NPOCMPAHCMEa 05l NPeOCMABIeHUs KUHEMUYECKOU dHepauu, Ymo No360Js1em YIPOCMUmMb 8blYUCIeHUs
npu MOOeIUPOBAHUU NepeMelyeHUss MEHOBEHHO20 YeHMPA CKOpOoCmell U pa3pabomke cucmemvl YNpasieHusl.

Ilepsas wacmv cmamovu nocesuena onpedeseHuto 3a8UCUMOCIeEl NPUBEOEHHOL CUbL PeaKyull Koliec om
MSA206bIX YCULULL NPUBOO0G; OM UBMEHEHUS PACCMOAHUSL 00 MCHOBEHHO20 YeHmpa CKOpocmetl, om 60K08020
CcMeweHUst MCHOBEHHO20 YeHmpa CKOpocmell u om mexyujell ckopocmu 08udicenust scetl cucmemol. Ilepeuuc-
JIeHHble 3A8UCUMOCTNU ONPeOeNenbl UCX005 U3 KUHEMAMUYECKUX 02PaAHUYe Ul U 3aKOHA COXPAHEHUsT IHEP2ULL.

Bmopas wacme cmamvu nocesujena oyernke HONepeyHol Cuibl, OelUcmeylowel Ha Kaxicooe koreco. [ns
9MO20 UCNONL3YIOMCSL 3HAYEHUE NPUBCOCHHOU CUTbL PeaKyull U K8A3UCMAMUYECKAsl MOOelb YAPY2020 KoJlecd.
Tloxaszanwl npumepsl npumeHenUs ONUCAHHO20 MemMo0ad OnpedeieHUsl HONEPEeHUHbIX CUL: NPOBEOEHO CPABHEHUE
MAKCUMATILHBIX 803MOIICHBIX CKOPOCMEl O8UMNCEHUsT De3 NPOCKAIb3bI8AHUs. NPU PASTUYHOM PACHpedeleHuu

MOMEHMOG MEAHCOY NPUBOOAMU U NPU PASIUYHOM PACHONONCEHUU NPUBOOHBIX KOIEC 8 CUCHEME.
Knwouesvie cnosa: xonecnuiii pobom, MoOunbHbill poOOM, NOnepeunvle CUlbl Konec, OUHAMUUECKAs MO-
denv, pacnpeoenenue MOMEHMO8, MHO20KONECHbI MPAHCHOPHI.

Beenenue. lcnonb30BaHue aBTOHOMHBIX MO-
OUIIBHBIX POOOTOB AJISl TPAHCHIOPTHOW CHCTEMBI aB-
TOMaTHU3UPOBAHHOTO TIPOHM3BOJICTBA OOECIICUNBACT
BBICOKYIO THOKOCTb U OTKa30yCTOHYNBOCTh. OTHUM
u3 HamOoJyiee THOKHMX PEUICHWH SIBISETCS Tpeasio-
JKEHHasl paHee KOHIICMIHUA TPaHCIOPTHOW SYeHKH
nepemenHon konpurypanuu (TAIIK) [1], oTimgaro-
1Iasicsl UCIOIb30BaHUEM OJTHOTHITHBIX POOOTOB JIJIsS
MepeMellieHnss TPy30B JII000ro pasmepa W Beca.
TAIIK npexncraBnser u3 ceds miaTthopMy ¢ TPy30M,
KOTOPYIO TSHET IO 3aJaHHON TPaeKTOpWUW TpyIIa
JIBYXKOJIECHBIX po00TOB. Hanbosee pacipocTpaneH-
HBIMH TIOJIXOZAMH K KOJUIEKTHBHOMY TIepEMEIICHUI0
rpy3a poOoTamMu SBISIOTCA caging (OKpyXeHHe
rpy3a pobotramu) [2] v IOMEIICHUE IPy3a HeIOCpe/I-
cTBeHHO Ha po6oTOoB [3]. Otnuunem TAIIK sBnsercs
TO, YTO IPy3 COCMHEH C POOOTaMH Yepe3 CTHIKOBOY-
HBIC Y37Ibl, BBITIOJHSIONINE (PYHKIIMIO OCH BPAaIICHUS
po0OTOB. DTO MO3BOJIAET COBEPIIATH CIOKHOE JIBH-
XKeHne H IPQPEKTHBHO pPACHpPEAEISITh HarpysKy
MeXIy poOOTaMu, aHaJIOTMYHO U3BECTHBIM AJITOPHT-
MaM 3()(EKTHBHOIO pacrnpeaeicHiss MOMEHTOB B
anekTpoMoOmIsX [4, 5]. [maBHBIM KpUTEpPHEM TaKUX
QITOPUTMOB SIBISETCSI OTCYTCTBHE HPOCKAJIb3bIBa-
HUS KOJIEC, BOHUKAIOIIEE U3-32 MPEBBIIICHUS IOy~
CTHMOW BEJIMYHMHBI CHITBI TPEHUSI.

Lenpto paboTHL SIBIISIETCS ONpeEJesieHHE Beu-
YHMH MONEPEYHBIX CHJI PEaKIUi KoJec JJIsi CHHTe3a
anroputMa 3PPEKTUBHOIO pacHpee/iCHUsI MOMEH-

TOB MEX/Y IIPUBOJAMHU KOJIEC U JIJIsl TOCTPOEHUS JTU-
HaMH4yeckor Marematnueckor wmonenu TAIIK u
JIpyruX KWHEMAaTHYECKH CXOXKHUX CHCTEM — HalpH-
Mep, poboTa, OITMCaHHOTO B paboTax [6, 7]. MaTema-
THUYECKasi MOJEJb JIOJDKHA OBITH COPMYITHpOBaHA
TakuM 00pa3oM, 4TOOBI YCKOPEHHUs BCeil poOOTH3H-
POBaHHOM CHCTEMBI ONIPEEIISUINCEH 110 YIIIOBOW OpH-
EHTAaIMH KOJIEC U BEIMYMHAM TATOBBIX CHJI, CO3/IaBa-
€MBIX TPHUBOIAMHU.

st yriporernst Kax el u3 podoros B TAIIK
MPEACTABIISIETCs] KaK OHO IMPUBOJHOE KOJIECO, CIO-
coOHOE BpaIaThCcsi BOKPYT BEPTUKAIBHOM OCH, KaK y
pobora JInonens KnaBnena [8], a Bcst TAIIK B mams-
HEHIIeM paccMaTpuBaeTcs Kak OJIUH POOOT.

B pobGoToTexHuKe 3a1a4n OLIEHKH CHJI PeaKLnii
KOJIeC TPEUMYIIECTBEHHO paccMaTpPUBAIOTCS IS
skid-steering poO0TOB, UMEIOIIUX HETIOBOpAYHMBAC-
MEbIe TIpuBOIHEIE Koteca [9, 10]. Pe3ynmpTaTs, mory-
YeHHble B 3THX pabotax, HempuMmeHnMbl Kk THIIK,
Tak Kak skid-steering poOoThI paboOTalOT ¢ MPOCKAIIB-
3BIBAHUEM KOJIEC.

Takxe, OlleHKa MOMEPEYHbIX CUJI PEaKIUi KO-
JIEC U CO3JIaHNE AMHAMUYECKHX MOJIENIEH aKTyallbHBI
JUISL YETBIPEXKOJIECHOrO TpaHcnopTa [11-14], aBTo-
MOOMJICTIOA00HBIX POOOTOB [15] U 1ake MpH MPOEK-
TUPOBaHMHU ac(hanbTa MOCAJOYHBIX TOJOC camoJe-
TOB [16, 17]. OmHaKO, B IEPEUNCIICHHBIX pab0oTax He
YYUATBHIBAIOTCS yCKOPEHHSI, BO3HUKAIOIIHE MTPH TIOBO-
poTe KoJieC W MEepeMeIIeHne MTHOBEHHOTO IIEHTpa
ckopocteir (MIIC) 6e3 u3MeHeHus pacCTOSIHHUS 0
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Hero. boiee Toro, 6OJBITMHCTBO PaOOT OCHOBAHHI HA
mozensx Jlyrodda [18] u LuGre [19] n onepupyroT
BEITUYMHOM «YTOJ CKOJBKEHUMY. JTa BEIIMYMHA MO-
JKET HCIIONL30BAThCS JIISl YTOYHCHHS, HO HE IS
OTpeIeJICHUS MOMEePEYHbIX CHII peakiuit kosec. Ja-
Jiee BEJIMYWHA yTIa CKOJBKEHUS MPUHIMAETCS PaB-
HOM HYJTIO JISI OIICHOYHOTO OMPE/ICIICHUS CHJI ITOTIe-
PEUYHBIX peaKInii KoJiec.

d

Ici_m:zrz ><F‘i +Mrol/ +Zrl XFreucti =T+M
t i=1 i=1

r7ie 7 — KOIMYEeCTBO PHUBOJHBIX KoJiec poboTa; m —
Macca po0oTa ¢ Tpy30oM; [ — IpUBEJCHHBIN K IIEHTPY
Macc MOMEHT HHEPLUHU PoO0Ta C TPY30M; V — JINHEMH-
Hasi CKOPOCTh po0OTa; @ — YTIIOBask CKOPOCTh PO-
00Ta; r; — BEKTOP IMOJIOKEHHUS i-TO KOJeca OTHOCH-
tensHO 1eHTpa macc C; F; — nuneiinas cuna, co3za-
BaeMas MPUBOJIOM i-T0 Koseca; K. i — monepeynas
cuia peakuuu i-ro koneca; F.,; — npuBeaeHHas cuia
COIIPOTHUBJICHUA KAa4YCHUIO, Mm[[ — MOMECHT OTHOCH-
TEJIBHO LIEHTpa MAacc, CO3AABAaEMbIi NPUBEICHHOU

CyMMa momnepedyHbIX CHJ peakuuil KoJec.
AHaJIOTHYHO METOy, onmrcanHoMy B [20], cymmap-
Hasl TpUBEJCHHAs CUJIa peaKkUMH KOJIEC OIpeens-
eTcsl uepe3 ypaBHEHUs cTaTuku. PaccmaTtpuBarorcs
TOJIBKO CHJIBI 1 MOMEHTBI, IECTBYIOIUE B TOPU30H-
TaJbHOM IUIOCKOCTH, BEJINYMHA KpPEHA IIPUHUMAETCA
paBHOU HyII0. BenuuuHbl YCKOPEHUN OINperess-
IOTCSI HCXOZS U3 3aKOHA COXPaHEHHS DJHEPIUU U KH-
HEMAaTUYECKHAX OTPaHUYECHUN.

m?:zzFi-'-lel-'-ZFreacti =F+Freact5 (1)
i=1 i=1

react > (2)

CUJION comnpoTUBIIeHUS KaueHuto; F — npuBeneHHas
cujla, co3/laBaeMas MpPUBOJIAMU U CHJIOH COMPOTHB-
JIeHUs KaueHu1o; T — MpUBEICHHBIM MOMEHT OTHOCH-
TEJIBHO LEHTPa Macc, CO3JAaBacMblil MpPHUBOJAMU U
CUJION CONPOTHUBIICHUA KaUeHUIO; Fcqc; — NpUBEICH-
Hasl CUJIa, CO3JaBaeMasi CWIaMu peakuui Kouec; M.
act — TIPUBEACHHBII MOMEHT, CO3/1aBa€MbIi CUJIaMU
peaxuuii konec (puc. 1).

-
-
- -
-
- _//
- -
-
MIIC e
-
0=
=
:‘H“‘H
.-
— T
. -
-
Y - —
— —
T
e
s
e
react 2

Puc. 1. Bextops! ciil, MOMEHTOB U CKOPOCTEH

YT0oObI BEIUUCIUTD BEIUYUHBI Feger 1 Myeqer, UX
MOKHO NPEACTABUTH KAK CYMMY CHJI © MOMEHTOB,
00eCIIeYnBAOIINX COOIIOJAEHNE KUHEMATUYECKUX
OTpaHUYCHMIA:

F, .=F +F +F +F,, 3)

react

Mreact = Mj + Mr N (4)
rae Fr u My— cuia 1 MOMEHT, BO3HUKAIOIHUE OT CHJI
Taru F;, co3gaBaeMbIX MPHUBOAAMH M CHIIBI COIPO-
TUBJEHUS KaueHHo; F. — cuna, obecreunBaromas
LeHTpocTpeMuTenibHoe yckopenue; F. u M, — cuna
U MOMEHT, BBI3BaHHBIE U3MEHEHUEM PACCTOSHUS R

ot MIIC nmo nentpa macc C; F; — cuna, BpI3BaHHAsS
cmemienneM MLIC 6e3 m3aMeHEHHUs! paccTOSIHUS /10
IIEHTpa Macc.

Cuna F. sBnsieTcst 00men3BecTHON U Ompene-
nsieTcs Mo popmyie:

F =-mo’'R, (5)
rae R — BeKTOp OT MrHOBEHHOTO LIEHTPa CKOPOCTEH
JI0 IIEHTPa Macc.

Cuna u MOMEHT, BbI3BaHHbIE CHUJIAMH TSITH
NPHUBOAHBIX KoJjec. Mcxoas M3 KMHEMaTHYECKHX
orpannuenuii, cua Fru Moment My, co3naBaeMsble
peaKiusIMu KOJeC, OJDKHBI OBITh TAKHMH, YTOOBI
JMHEHHOEe ycKopeHue podoTa a ObUIO KOJUIMHEapHO
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BEKTOPY CKOPOCTH V W OBUIO CBS3aHO C YIJIOBBIM
ycKkopeHueM € cooTHouieHueM Rxg = a. [Ipu atom
BETIMYMHBI YCKOPEHHUH OTIPEIETISIOTCS KaK

a:(F+F") ;SZ(T+M‘/.).

m 1

(6)

MomMeHT, co3/laBaeMblil MPUBOJAMHU KOJIEC U CH-

JIaMH  COTIPOTHMBIICHUS KAYEHHIO, OTHOCHUTEILHO
MIIC:
T, =RxF+T. @)

VYrinoBoe yckopeHHe poOOTa OTHOCHUTEIHHO
LIEHTPa Macc paBHO YIJIOBOMY YCKOPEHHIO OTHOCH-
tenbHO MIIC, KOTOpOE BBIUMCIISAETCS Yepe3 MpHBe-
JIEHHBII MOMEHT HHEPIINU:

TICR
€= m . (8)

W3 ypaBuenwii (6), (7), (8) u cootHomenust Rxg
= a onpegensitorcs 3HaueHue Myu Fy:

1

- T
T I+mR?

IC. -T;

=™ RxT

F, =- -F 9)
1C. °
T I+mR
Cuia m MOMEHT, BbI3BAHHbIE M3MEHEHHEM
paccrosinus 10 MLC. Koneca po6ota MoryT noBo-

paurBaThCA B IIPOUECCCE ABMKCHUA, UBMEHASA PaCCTO-

STHUE JI0 MTHOBEHHOI'O IIEHTpa cKopocTeil. Benu-
ypHbl F, 1 M, TOKHBI OBITh TaKue, YTOOBLI COOJIIO-
JTAJTCh 3aKOH COXPaHEHUS SHESPTUU U COOTHOIIICHUES
v=Rw:

Fen®™. m =199 (10)
dt

¥ ¥

mv(t)* N To(t)’
2

d Jdt=0.  (11)

PewieHne 3THX ypaBHEHUH 3aBHUCUT OT BENH-
yuHbl dR/dt, KOTOPYIO0 MPOOIEMATUYHO BBHIYHCIUTD
mpu nepexome MIIC depe3 OECKOHEYHOCTH. ITa
mpobjemMa TOAHMMAalack B pabote [21], omHako
NPEJIOKEHHBIH CIocO0 ee  pEIIeHUs] SBIACTCS
BECbMa TPYHOEMKHUM.

B cBs13u ¢ aTMM, TIpeIaraeTcs mpeCTaBUTh KH-
HETHYECKYIO SHEPTHIO B BEKTOPHOM MPOCTPAHCTBE.
IlycTh B TpEXMEpPHOM IPOCTPAHCTBE UMEETCS BEK-
T0p Eis ¢ IMHOM, paBHON KBaAPATHOMY KOPHIO KH-
HeTndeckoi sHeprum (puc. 2). Ilpoexknmn Takoro
BEKTOpa Ha OCH TMO3BOJIIOT ONPEACIUTh CKOPOCTH
JIBIJKEHHS CHUCTEMBI B HampaBICHUSIX X, Y U CKO-
POCTB BpaIlleH!s] CUCTEMBI BOKPYT OCH Z.

E

kx

E,=|E,

E

ko

E,=\Nm/2-v;E, =m/2-v;E, =~I1/2-0.(13)

;@=%=%+%+%”UD

Puc. 2. [IpencraBieHne KHHETUYECKOW YHEPTUU B BEKTOPHOM MPOCTPAHCTBE

YckopeHusi, cuiia U MOMEHT ONPEIeNIOTCS
g hepeHIMpPOBaHUEM JTHHEHHOM CKOPOCTH JIBUXKE-
HUS po0O0Ta, BRIPAKCHHON Yepe3 Yol :

dvy dy
F=—mv-tgy—; M =]-o-ctgy-—. (14
p gV — ; gv-— (14)

Cuna, Bbi3BaHHas cMmewmenuem MIC. s
ompexaeneHust cwibl Fy mpeamonoxum, 9ro Koieca

poboTa IMOBOPAYMBAIOTCI TaKUM OOpa3oM, YTOOBI
CMECTUTb MTHOBEHHBIH LIEHTP CKOPOCTEH Ha yroi do
3a BpeMs df 6e3 m3MmeHeHus1 paccrosHus R. Torna,
HampaBiieHHe BEKTOpa CKOpOocTH V (puc. 3) M Bek-
topa Ei (puc. 2) Takxke AOIKHBI MOBEPHYTHCSA HA
yron do. Yroia do cuuTaeTcs MasbiM, IO3TOMY
v(t+dty=v(t). UTOOBI TIEpPEUUCIICHHBIE YCIOBHS CO-
6mojanrce, cuina Fy TomKHa OBITh paBHA!
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F, =mﬂ=mv@;

dt dt
F =M [ Z |y (15)
d rot 2 dt s

rae M, — MaTpuiia IOBOpOTa BEKTOpa Ha 3aaHHBIN
yTOJL.

0 X

Puc. 3. I3mMeHeHune HanpaBieHHs! TBUKEHHS CUCTEMBbI

B ri100aabHOM
HEOOXOJMUMO  YYUTHIBATH
pobora:

cucTeMe
CKOPOCTh

KOOpIMHAT
BpalleHus

[liatrpopma

F=M, [ Z mv@% o). (16)
2 dt

ITonepeuHble CHJIbLI PpeaKUMd KamKAOro Ko-
Jgeca. OnpeneneHne MOMepeyHbIX CHI PEAKIIUA Kax-
noro u3 Konec K., i HeoOXxommmo IS MccienoBa-
HUS JBWKEHHS MHOTOKOIIECHBIX cucTeM. Jlomycka-
€TCsl, YTO JBM)KEHHE MPOUCXOAUT 0e3 BOZHUKHOBE-
HUSI IPOCKaJIb3bIBaHUs. B cylecTBYOIUX HCCIea0-
BaHUAX TIOMEPEUHBIX CHJI PEAKIMid Kojec (HaIpH-
Mep, y Jun Yang [22]) paccmaTpuBaeTcst TpaHCIOPT
C KOHKPETHBIM, 3apaHee W3BECTHBIM paCIOJIOXKe-
HHUEM KOJIEC, YTO TTO3BOJISIET HCITOIB30BATh JIOMYIIe-
HUSl, IPUMEHUMBIE TOJIFKO K OHOMY YaCTHOMY CITy-
yaro. Ecnu KoaryecTBO NpUBOJHEBIX KoJiec # OoJbIe
TpeX, U WX PacIoJOKEHHE MPOM3BOIBHOE, 3aaada
CTaHOBHUTCSl CTaTUYECKH HEOIPENCINMON C TOYKH
3pEHUS KIIACCUYECKON MEXaHUKHU.

Jis TpaHCTIOpTAa C BIIACTUYHBIM MTOKPHITHEM KO-
nec (pe3uHa, MOINyPETaH U Ap.) TOIMYCTHMO PHUHU-
MaTh, YTO CHJIa MOTEPEYHON peakiuy KoJjieca Mmpo-
MOPIHMOHATbHA JeQOpMaly AIACTHYHOTO  CJIOS
(puc. 4). 3TO TOXKAECTBEHHO 3aKPEIUICHUIO KaXXI0TO
KoJIeca Ha MpY>KUHE B MOTIEPeYHOM HampaBieHnn. B
JaIbHEHIIIEM CUCTeMa PaccMaTpPUBAETCsl B TICEBJIO-
CTaTU4EeCKOM COCTOSTHHH.

KoJieco

[IpyxnHa

MIIC

Puc. 4. Monenu koneca u pobota

ITonepeunble CUBI peaklUi KOJIEC BBI3BaHBI
MaJbIM CMeIeHueM poboTa A:

I'eoMmeTpuyecky BO3MOXKHO OIPEACIIATD IPOEK-
LU0 CMEILEHH LIEHTPa KoJeca Ha €T0 IOIEPEYHYI0

Ax och (puc. 5). YuuTsiBast MaJoCTh yria AensTa ¢,
A=| Ay . (17) MIOJIy4YHM:
A
Ax
A, =[cosa, sino, 7, F,y] =[cosa, sina; r,]| Ay |, (18)
1—cosAg A
¢

SInA@
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THOE Fuyi ¥ Fyy;— TTOJOXKEHUE IIEHTPa Macc podoTa B 7, =—T.(cosP, cosa, +sinf. sina;), (19)
CHCTEME KOOPAMHAT, CBSI3aHHOH C KOJIECOM: ) .
7.y =—T.(sinf; cosa, —cosP; sina,). (20)
Ax
Q ///\'/ai
IR D=
\ s S
. //v \\
A \ Kosieco Nej
r.
1
LY
LHeHnTtp mMacc y
Touka C ~
roma )\ [T 5y
--AX--

Puc. 5. FeOMeTpI/I‘IeCKI/Ie napamMeTpbl HOJIOKCHUA U CMCIICHUA KOJICCA

Bextop cunsl peakiinl Freaeri:

F cosa,

reacti

=k A.. 1)

sina,

reacti X

D. =

1

reactiy

M

reacti

cosa,

n n
ZDI:Z—k sino; |[cosa,
i=1 i=1

v,

wYi

Brenem matpuiy P pazmepom 3x3xn, BKiIOYa-
IolIyIo B ce0s yacTh BeIpaxkeHus (23) ¢ uHpopma-
LAEH O PacIoJIOKEHUN M OpUEHTallUU Kojec. Mar-
pHa kA 1 criIbl IOTIEPEYHBIX PEAKIIUH KaXI0T0 KO-
Jieca OmpeeNsitoTCs U3 BeIpakeHuit (25) u (26) co-
OTBETCTBEHHO.

cosQ,
P= Zl’i = Z sina, |[cosa, sina, 7,,,],(24)
i=l1 i=1 eri
react X react X
P : (kA) == F;eactY ; kA = _P_l F;'(:‘a(‘ty > (25)
MV(’[ZC[ M"@(lCt
D, =P, -(kA). (26)

Ecmu omnpenenutens matpuubl P O6mm30k K
HYJII0, 3Ha4eHHEe KA BO3MOXHO MPUOIMKEHHO BBI-
YHUCIUTh C MOMOIIBIO AJITOPUTMOB MOKCKA JIOKAJb-
HOT0 MUHMMyMa. B kadecTBe Ha4aabHOrO 3HAYEHHS

[Iycts umeerca Hekuil BekTop D;, BKItOUaro-
i B ce0st cuity Freqer i U CO31aBACMBIN €l MOMEHT
Meqer i. Cymma BexTopoB D; OyneT paBHa cymMmMme Cril
Y MOMEHTOB, OTIpeCTICHHBIX ypaBHEHUAMH (3), (4).

cosa,
k| sina, |A,, (22)
ne
Ax | Ferx
sino,  7,,,]| Ay reactY (23)
Ap| | M

JUId TIOMCKa Oepercs Npenplayliee BBIYMCICHHOE
3HaveHue kA.

IIpumeHeHnue MeTOA ONpe/ieJieHNUs NMoMnepey-
HBIX CHJI peakuuii koJiec. IIpennoxeHHbli METO
BO3MOXXHO HCIIONB30BaTh AJISI ONPEENICHUS ONTH-
MaQJILHOW OpHEHTAallMU Po0OTa MpPHU JBHKECHUH IO
TPAaeKTOPUH WM CpaBHEHUS 3()(HEKTUBHOCTH Aro-
PUTMOB paclpelesieHus Harpy3ku MEXIy HIpHBO-
namu. Js cuMyJsSIul UCTIOIh30BalIach TUHAMMYE-
CKasg MaTeMaTH4ecKas MOJelb, TOCTPOEHHAas Ha OC-
HoBe BeIpaxkeHuii (1), (2), (3), (4) 1 MOAeIb CUCTEMBI
ympasienws, onucanHas B [1]. Koneca paccraBieHst
0 yTiIaM HpAMOYTOJbHHKA pazMepoM 3m X 1M. Bo
n30eKaHue Pe3KUX U3MEHEHHI CKOPOCTEH U yCKOope-
HUHI TpaekTopus 3afaHa ciulaiiHoMm bespe 4ro mo-
psKa.

Macca pob6ota ¢ rpy3zom m=1000 Kr; MOMEHT
uHepiuu pobota ¢ rpy3om /=1000 kr-M?; npuBeIeH-
Hasl CHJIa CONPOTHUBIEHUS KadeHuto F,;=200 H.

B cpene Simulink npoanann3upoBaHbl YeThIpe
BapUaHTa ABWXECHHUS 110 TPACKTOPUH: OpUEeHTAUA A
- C HAYaJIHBIM YIJIOBBIM noioxkeHueM 0° (puc. 6, a),
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opueHTamsg b - ¢ HayaJbHBIM YIJIOBBIM TOJIOXKE-
HueM 90° (puc. 6, 0) U ¢ ABYMs pa3jIMYHBIMU [IPHH-
LUIIAMH PaCTpPEICICHHS] HATPY3KU MEXAY MPUBO-
namu. B mepBoM citydae Harpyska paBHOMEPHO, BO
BTOPOM - UCXOJISI M3 KHHEMATUKH JIBIKEHHS, KOTJIa

a)

12 - .

KaKIIBIH TIPUBOJ CTPEMHTCS TOIICPKUBATH 3alaH-
HYIO CKOPOCTb BpaIlleHus KoJjieca ¢ moMombko I1-pe-
TYJSITOpA:

E=k,(v, =) =k (0-a). 27)
5)
12+ -
8- R i
4 il
0 il
| | |

0 4 8

Puc. 6. TpaekTopus IBUKEHUS:
a) ¢ HaYaJIbHBIM YTIIOBBIM TosioxkeHreM (°; 0) ¢ HagalbHBIM YTIIOBBIM TOJIOKeHHEM 90°

BapuaHTb! 1BHKEHNS CPABHUBAIOTCA IO KPUTE-
pUI0 MaKCHUMaJIbHOM BO3MOYKHOM CKOPOCTH JBHIKE-
HUs 0e3 MoTepH CIETUICHUS] MEXIy KOJIecoM U TO-
goMm. Cuna TpeHust kaxzaoro koieca Fj ; aBngercs
CyMMOU nornepedHon cuibl Freqe: i 1 cunbl Fy, cozna-
BaeMOM puBOAOM. MTepallmoHHO onpeaensiercs ta-
Kas CKOPOCTh JIBMXKEHUS po0OTa, IPHU KOTOPOH cuiia
TpeHust o0oro koreca He mpeBbicut 122H. Ilpu
PaBHOMEPHOM pACIpEeIEHUH Harpy3kd MEXIy
npuBOAaMHU MAKCUMAJIbHBIC CKOPOCTH JABUIKCHUA CO-
craBmaoT 1,16 M/c mst opuenrtanuu A u 1,43 m/c
st opuentauuu b. Ilpu pacnpeneneHuun 1o KuHe-

MaTudeckomy npuHImny — 1,28 m/c u 1,36 m/c cooT-
BETCTBEHHO. /{1151 MpuMepa Ha pUCYHKE 7 IIPUBEACHBI
rpad UK ONEPEUHBIX CHII M CHJI TPEHUSI IIPU OPHEH-
taruu A. CKadoK CHII peakiuii komec 1 u 2 BpI3BaH
OBICTPBIM MOBOPOTOM KOJIEC AJIsl epexoa OT Ipsi-
MOJIMHEHHOTO IBUKEHUS K JBIKEHHIO T10 JyTe.
Paznuumne wMexay MakCUMaJbHBIMH CKOpPO-
cTsMu camoro 3(h(eKTHBHOTO BapwaHTa JIBWKEHUS
(opuentauuss b W paBHOMepHOE pacmpeneneHue
Harpy3ku) u camoro HeaddekTuBHOTO (OpHUeHTAIHS
A ¥ paBHOMEpHOE paclpeneieHue Harpysku) co-
crapisier 23 %. Takoe paznuuue 3HAUUTEITHHO IS
aBTOMATH3MPOBAHHBIX TPAHCIIOPTHBIX CHCTEM.

a) 0)
Freact i,H T T y; Fﬁ i, H .
1001~ Freaer1 / / \
\
50____ Freacrz lf\ - Fﬁl 'j \
""""" Freact 3 / 100H— — — [L'fi2 !f i
60— —-— Freacta fl I = || Fﬁ‘3 / \
40 e e e IR I I i 4 J
20 / i & \_\ Tt
g =
N S — ; /’ RS :&"
- I 60 =1
. ey, ) /lr__.lll_\-'
20 " - ___,/
) 2 4 6 8 10 f,c ) 2 4 6 8 10 t,c
8 Z
F react i ,H T T Pjﬁ' i’H
100 Freact1 RS St 120 7, N
|——— Freac2 : - /22 U [ A F 4 N I IR PR I
""""" Freact 3 10— — — Ffr2
_____ Frenc{:i. esssssssnns gﬁ,:s
gof{——— ra
50 \ __J_’,,—"’""
et
_.'> 60
SRt ____t_.-\- . 40 - —
0 2 4 [+ 8 t,c 1 2 3 4 5 6 7 8 9 tc

Puc. 7. Pe3yJ'II:TaTLI CUMYJISAIUU JI1 OpUCHTAllUn Ara— nonepeyuHbIC CUIIbL, ITPU PABHOMEPHOM paClpeaCIICHUN,
0 — cuJIBI TPpCHUA MEKY KOJIECAMU U I10JIOM, IIPHU PABHOMEPHOM PACIIPCACIICHNUN,
B — NONCPCUHbIC CUJIbI, IPU KUHEMATUYCCKOM paClpeaACICHUN;
I — CHUJIbI TPCHUA MEIKAY KOJIECAMU U MOJIOM, IPU KNHEMATUYCCKOM PACIIPEACIICHUN

119



Becmuux BI'TY um. B.I'. lllyxoea

2022, Nel2

Taxoke, ONUCaHHBIN METOJ, OIIPEIEIICHHUS MTOTIe-
PEUHBIX CWJI, JEHCTBYIOUIMX Ha Kojeca, B IepCIeK-
THUBE MOKET OBITH MCIIOJIB30BAH AJISl CHHTE3a ONTH-
MaJbHOTO aJropuTMa pAaCHpeNeleHus Harpy3ku
MEXy IPUBOJAMH.

3axuroyenue. Metoa ompezneneHus nonepey-
HBIX PeakLuil KoJeC MOXKET OBITh UCIIONB30BaH IS
YBEJIUYEHHUs] CKOPOCTH IBHKEHHS MHOTI'OKOJIECHBIX
CHCTEM IIOCPEACTBOM CHHTE3a PallHOHAIILHOTO aJIro-
pHUTMa pachpeaecHUs TATOBBIX YCUIIHIA MEXITy TIPH-
BOJAaMM Kousiec. Takyke, OH IO3BOJUT IPOBOAUTH
CpaBHEHHE POOOTOB C Pa3IUYHBIM PACHOJIOKEHUEM
MPUBOJIHBIX KOJIEC M CPaBHEHUE TPACKTOPHUIH U 3aKO0-
HOB M3MEHEHHMS YTJIOBOTO TMOJOKEHHUSI CUCTEMBI 110
KPUTEPHUSM MHKOBBIX BEJIMYUH MONEPEYHBIX CHUI U
OTCYTCTBHS NPOCKaJb3bIBaHU. V3BECTHBIE 3aBUCHU-
MOCTH CHUJI IIOIIEPEYHBIX PEAKIUM U CKOPOCTEH MO-
MEPEYHOr0 CMELICHUS KOJIEC, TaKue Kak moaens Jly-
rodda u gpyrue, onepupyroIIre YIIOM CKOIBKCHHS
KoJieca, MOTYT OBITh HCIIOJIb30BaHBI JIsl TOTYYCHUS
OoJiee TOUHBIX PE3YNIbTATOB.

HcnonszoBanHas B pabote ¢opManmu3anus BeK-
TOPHOTO MPOCTPAHCTBA [T IPECTABIECHUS KHHETH-
YEeCKOW SHEPTUH MMO3BOJIUT YIIPOCTUTH CO3/IaHUE CH-
CTEM YINPABICHUS U MOAEJEH, ONePUPYIOIIUX MO0~
KEHHEM MIHOBEHHOT'O LICHTPa CKOPOCTEH.

Hcmounuk unancuposanua. Paboma evi-
NOIHEHA 8 pamKax pearuzayuu npoepammel «llpuo-
pumem 2030», cmpamezuueckuii npoexm «Yenoge-
KOYEHMPUYHbIE MEXHON02UU U PEULEHUA).
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ESTIMATING THE LATERAL FORCES THAT IMPACT ON THE WHEELS
OF A TRANSPORT ROBOTIC SYSTEM

Abstract. A method for calculating the wheels lateral forces is proposed to analyze ways to increase the
speed of the robotic system without wheel slippage appearance. The analysis of lateral forces allows to syn-
thesize a rational algorithm for distributing the load between drives. In addition, it is proposed to use a vector
space to represent kinematic energy, which simplify simulation of the instant center of rotation movements and
simplify control system development. The first part of the article is devoted to finding the relationship between
the summary lateral force and the drives traction forces; the changing the distance to the instant center of
rotation, the lateral movement of the instant center of rotation and the current speed of the entire system. The
listed relationships are found through kinematic constraints and the energy conservation law. The second part
is devoted to the evaluation of the lateral force acting on each wheel. Thus, the value of the reduced reaction
force and the quasi-static model of an elastic wheel are used. Examples of using the proposed method are
shown: a comparison of the maximum possible speeds of motion without slippage for different distribution of
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moments between drives and for different arrangement of drive wheels in the system is carried out.
Keywords: wheeled robot, mobile robot, lateral wheel force, dynamic model, torque distribution, multi-

wheel vehicle.
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PA3PABOTKA KOHCTPYKIIUUN MOBIJIBHOI'O PACTOYHOI'O CTAHKA
1A OBPABOTKHM BHYTPEHHUX ITOBEPXHOCTEU

Annomayus. Obecneuums 8bICOKYIO MOYHOCMb MEeXAHUYeCKOl 06pabomku mpyoHo0oCcmynnozo 2aba-
PUMH020 060PYOOBAHUS NPU BLINOJIHEHUY PEMOHMHBIX PAOOM 6HEe MAUUHOCHPOUMENbHO20 NPEeONPUSMuUs 3a-
yacmylo s6asemcs Hedocmudicumotl sadavetl. [10amomy axmyanbHbiM 8 HACMOosuee 8peMsl 6ISEeMCcsl OMKa3
Om SMUX Onepayutl 8 NOAbL3Y UCNOALIOBAHUS CNEYUATUIUPOBAHHBIX MOOUTLHBIX CHIAHKO8, KOMOPblE NO36015M
CYUeCMBEHHO COKPAMUMb CMOUMOCTb U CPOKU Makux pemonmos. Celluac Ha pulHKe WUpOoKo NPedCcmasieHbl
MOOUTbHBIE CMAHKU 3apyDedicHbIX pupm 05 0bpabomiu Kpynnocabapumuslx uzoeiuil. Mx cmoumocms navu-
Haemcs om 3,5 MAH. pyo., npu SMOM MEXHOIOSUYECKAs OCHACMKA 051 PACUUPEHUST BO3MONCHOCMEN CINAHKA
cuumaemces onyuel u He 6X00Uum 8 6A308y10 KOMIAEKMAYUIo. Mo cyujecmeeHHo 6ausem Ha 6b100p maxKozo
000pY006aHUsL MATBIMU U CPEOHUMU NPEONPUSIMUSIMU, KOMOPbLE 3AHUMAIOMCS 80CCMAHOBIEHUEM U PEMOH-
MOM PA3TUYHBIX HOBEPXHOCMEN KPYNHO2AOApUMHBIX uzdeautl. Taxum o6pazom, pazeumue omedecmeenHol
CMAHKOUHCMPYMEHMATLHOU NPOMBIULIEHHOCIU Oelaem aKmMyabHbIM PA3pabomKy pa3iuyHblX KOHCMPYKYUil
MOOUTBHBIX CMAHKOG C Yeabl0 UMNOPMO3AMeujeHus: 8 MawuHocmpoumenvHol ompacau Poccuu. B oannou
pabome npedcmasiiena KOHCMPYKYUsi MOOUIbHO20 PACMOYHO020 CMAHKA, GbLINONHAIOUe20 00pabomKy 6Hym-
PEHHUX NOBePXHOCTeEll NO YNPAGAAIoWell npozpamme ¢ mpedyemou moYHOCmbIO 3d CYem UCNOIb308AHUSL Clle-
OsIyUx npuo0o0e8 dsudicenust. Tax sice OONOTHUMENLHO ObLL BLINOIHEH UHICEHEPHDBIL AHATU3 KOHCIMPYKYUL C
UCNOTL306AHUEM MEMOOA KOHEYHBIX IJIEMEHMOS.

Knrwouesvie cnosa: cmanox, MoOUIbHYIN, NPUCMABHOU, NEPEHOCHOU, MexaHuyeckas oopabomxa.

Beenenue. Ha ocHOoBaHMM TpOBEIEHHOTO 00-
30pa KOHCTPYKIUH MOOWIBHBIX CTaHKOB [1—13]
ObuH  c(HhOPMYITHUPOBAHBI CIEAYIOIINE OCHOBHBIE
npoOIeMbl, ¢ KOTOPBIMH CTAJKHBAIOTCS MAaIWHO-
CTPOUTEINLHBIE IPEATIPUATHS TIPU PEMOHTE KPYITHO-
raOapuTHBIX U3/ENNN:

- OompIIAs TPYIOEMKOCTD, & HHOT' 1A HEBO3MOX-
HOCTb U3BJICUEHUS Y3JI0B U3 IKCIITyaTaIl[HOHHBIX I10-
MEIIECHU;

- BBICOKas KBaNTM(pHUKauus paboYux MpH BhIMOJI-
HEHHUHU pa30OpKH U COOPKH Y3JI0B M arperaTos, B KO-
TOpbIE BXOJUT PEMOHTHPYEMOE U3JIENHE;

- HEPEIKO IMOJIyYeHHE CIEeLUalbHBIX pa3perie-
HUM M HCIOJB30BaHUE CIECHUATM3UPOBAHHON TEX-
HUKH JUIsI TPAHCTIOPTUPOBAHUST KPYITHOTA0APUTHBIX
W3JeNTUI 10 PEMOHTHOTO MPEIIPHUSITHS;

- OonpIIME CPOKM M BBICOKAs CTOMMOCTH pe-
MOHTa KpyIHOTa0apUTHBIX H3/IETHH.

Pacnopsxenue IlpaBurensctea PO ot 5 Ho-
s6psa 2020 1. Ne 2869-p «O0 yrBepxkaenuu Ctpate-
THH Pa3BUTHS CTAHKOMHCTPYMEHTAJIbHON MPOMBIILI-
JIEHHOCTH Ha miepuof 10 2035 romay Tax ke moauép-
KHMBaeT aKTyaJIbHOCTb pa3padOTKH MOOMJIBHBIX CTaH-
KOB C LIEJIbI0 UMIIOPTO3aMEIICHHUS] B MAIIHHOCTPOU-
TenpHOM oTpaciu Poccun.

HcxonHbIMU JAaHHBIMH JUIS Pa3pabOTKH KOH-
CTPYKLIMU MOOMJIBHOTO CTaHKA SIBJIAIOTCS: Ha3HayYe-
HUE cTaHKa (U1 00pabOTKH Tell BpaIlleHUs, HITH JKe
KOPITYCHBIX JIeTaseil), MpuMepHbIe TabapuThl U BEC
CTaHKa, MaTepuall 00pabOTKH M BETMYMHA MPUITYC-
KOB, MeTO 00paboTKH, TpeOyemasi TOUHOCTb 00pa-
00TKH, peXUMBI 00padOTKH U TaK Jlanee.

OcnoBHas yacTh. B kauecTBe npororuna ObLI
B3AT MOOWJIBHBIM CTaHOK JJIsl MEXaHHYeCcKon oOpa-
OOTKH YIIOTHUTEIbHBIX OBEPXHOCTEH 3aABHKEK U
BEHTWJIEH HANOPHBIX A1eMeHToB [ 14]. OH BkITtoyaer
B ce0s1 HEMOABMKHOE OCHOBAHHE C pa3MElIEHHBIM B
HEM NIPHUBOJIOM IJIaBHOrO JBMKeHUs. Ha HéM ycra-
HOBJICHA IUIAaHIIAN0a, K KOTOPOW MPUKPEIJIEH CYII-
MOPT C PE3IOM, PeaTu3yIOIUi pajluallbHyI0 U Oce-
By10 mogayn. OHH OCYIIECTBISIOTCS 3a CYET BUHTO-
BBIX MEXaHHM3MOB, XOJIOBbIe BUHTBI KOTOPBIX KHHE-
MaTHYECKH CBSI3aHBI C TIPUBOJHOM IIECTEpHEH, CBO-
00/1HO BpaIlaroIIeics Ha uiaHmaioe. /laHHas KOH-
CTPYKIHMS U3-32 CJIOKHOCTEH MPH HACTPOHKe Ha 00-
palaTbIBaeMbIii pa3Mep MMEeT OrpaHuvYeHHOE MpHU-
MEHEHHUE.

Pa3zpaborannast xoHcTpyknus (puc. 1) mo3Bo-
JUT PaCIIUPUTh TEXHOJIOTMYECKHUE BO3MOXKHOCTH
CTaHKa W MPOBOJUTH MEXaHHYECKYl0 00paboTKy
BHYTPEHHHUX (DACOHHBIX TIOBEPXHOCTEH 3a CYET
YIPOLICHUS! METOIUKH HACTPOUKH Ha oOpadaTtbiBae-
MBbIH pa3zmep. TexHudeckuil pe3ynbTaT JOCTUTAeTCs
3a cuéT TOT0, 4TO B OOpIITaHTe MOOMITHFHOTO PACTOY-
HOT'O CTaHKa yCTaHOBJIEH NPHUBOJ MOa4H KapeTKH,
KOTOPBIM MepeMeIIaeT pe3el, MO3BOJAl H3MEHSThH
nuana3oHn oopabotku (ot 20 mo 327 mm). [ist aToro
B KauecTBE MTPHUBOJIA UCTIOJIL3YFOTCS IIATOBHIC JIBUTA-
TEJM C yNpaBlI€HHEM OT CUCTEMBI YUCIIOBOTO IPO-
TPaMMHOTO YTIPaBIICHHUSI.

B xone BemoaHeHUs paboThl OBUIH MPOBEAEHBI
CIEIyIOIINeE pacyEThl: KHHEMATHUECKUH pacuéT, BbI-
0op nBuraTenei (T1aBHOTO ABMKEHUS U 10J1a4), pac-
9€T 3y09aThIX KOJEC U IMIAPUKO-BUHTOBOH MTEpEIadH.
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Ha puc. 2 mpencraBneHa KWHEMaTHUECKas cXeMa
pa3paboOTaHHOTO MOOMJIBHOIO CTaHKa i oOpa-
0OOTKM BHYTPEHHHUX TIOBEPXHOCTEH.

Puc. 1. 3D-Moemb MOOHIIBHOTO PACTOYHOTO CTaHKA JUIsl 00pabOTKM BHYTPEHHHUX ITOBEPXHOCTEH

Konctpykuust paspaboTaHHOro MOOWIBHOTO
craHka (puc. 3) BKJIto4YaeT: OopmTanry 1; kaperky 2;
KpBIIIKY OopIiTanru 3; KpBIIIKY CTaHUHBI 4;
Hampapisiomue 5—-8; ocHoBanue 9; cranuny 10;
BuHTHI 11, 20-23, 25-27, 45-48; ryoku 12; onopsl
13; muieBsiid Ban 14; 3youateie nepegaun 14—18;
¢nanen 19; 6onr 24; raiiku 28-29; mydry 30; mox-
munHuKd 31-35; mpuxsaTt 36; rpaBEpHBIC MIAHOBI
37-40; mwnonku 41-43; mrudte 44 u 50; pesen 49;
JBUraTesb IJIaBHOTO JIBMOXKEHHs 51; nBurartenu mo-
na4d 52 u 53.

[IpuHIMT yCTaHOBKKM MOOWIJIBHOTO PACTOYHOI'O
CTaHKa Ha M3JENHe MpeJCTaBleH Ha pucyHke 4. Ha
0a30ByI0 MOBEPXHOCTb 00padaTHIBAEMOTO W3AEIHS
OH YCTaHaBJIMBAETCS CBOMM OCHOBaHHEM 9 C MOMO-
mpio yeteipex omop 13. Koropeie B cBOIO odepenp
3aXKUMaloTCs ryokamu 12, mpuBoOsIIuecs B JBIKE-
Hue BUHTaMH 11 u uepe3 rpaBépHyto maiidy 40 3a-
KUMAIOTCsI KOHTpraiikamu 29. Omopsl Kpemsarcs K
OCHOBaHMIO 9 py MOMOIIM BUHTOB 45, KOTOpBIE HE
MOJBEPraloTCsl PACKPYUYMBAHUIO OT BUOpaLUU NpHU
MOMOIIY TPaBEPHBIX a6 39.

PerynupoBaHue MOMOKEHUSI OCH OCHOBaHUS
OCYILECTBIISIETCA C IOMOIIBIO PETYJINPOBOYHBIX
KJIMHOB WJIM TIJIACTHH (TIO3WIMell He 0003HAYEHO).

Hecymueii cuctemoit BeicTynaer cranuna 10, Ha ko-
TOPOIl pa3MemaloTcsl Bce OCTaJIbHBIE AIEMEHTHI MO-
OunbHOTO cTanka. J[J1st Toro 4ToObl BBICTABHTH OCH
X u Y npeaycMOTpeHbI peryIupoBOUHbIE BUHTHI 20
u 21. Bunat 20 cMemnaeT CTaHUHY OTHOCUTEIBHO OC-
HOBaHMS 9 TpY TIOMOIIM Tlepeaayn BUHT-Taiika. /s
MEpEMENICHNS B HAIPaBICHUN Z OTBEYAIOT HAIIPaB-
nAonye 6, TPUBOASIIMECS B JBW)KEHHE IPHU I10-
MOIIIM BUHTOB IIAPUKO-BUHTOBOM mapsl 22. BUHTHI
MOJTy4aroT BPALEHHE OT CHHXPOHU3UPOBAHHBIX III1a-
TOBBIX JBHUrareneil 52 dyepe3 COEOUHUTENIbHbBIE
mydTer 30. [laroBele nBuratenu 52 KpemsiTcs K
¢dnanmam 19 npu nomoriiu BUHTOB 25. dnanisr 19
pacronaraloTcst Ha Kpblke 4, KoTopasi 0azupyercs
Ha cranuHe 10 MPU MOMOIIK TOYHBIX MOCATOYHBIX
nanbplieB U Kpenurcs BuHTamu 47. Kpoitika 4 BeICTy-
MaeT OTBETHOM 4YacTbiO AJI HANpPaBIISIOMIEH TNpH-
BOJIa [NIAaBHOTO ABM>KeHNUA 8. JlaHHas HanpasJsromas
HYXHa JJIsi TOTO, YTOOBI TIPU BBICTABICHUU OCH B
HaIpaBJeHUH Y, OCh NPUBOJAA TJIABHOTO JBUKECHHSA
51 Moruna nepeMeraTbes COOCHO € HaNpaBIISOILER
IUTAIIEBOTO Bajia 7, KOTOpasi KPEMUTCS K HAIIPaBIIs-
foreit 5 mpu nomomy BuHTOB 38. Hampasisromas 5
BBICTyIaeT 0a30BOM AeTanblo [uid OopmTaHrd 1.
[TpoMeXyTOYHBIMH 3JIEMEHTaMU OYAYT SBIISTHCS
paauaNbHO-YIIOPHBIE MIAPUKOBBIE TOMMTUITHUKA 31.
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Bpamenue 6opmtanra 1 mony4aer npu moMOIIIH 11~ 3a MepeMelieHne KapeTku 2, B KOTOPOW KPemHuTCs
JWHIPUYECKON TIepeadl BHYTPEHHETO 3aIleTUICHUS pesent 49 npu momoriu BUHTOB 46. 11t 00cmyKuBa-
17 u 18. B Oopmranre 1 pacmonaraercsi 1aroBbii HUSl TIOJIIMITHUKOB 34, Ha OOpINTaHre HMEKTCS
JIBUTATENb MPHUBOJA MOAAY KApPeTKH 53 U KOHHUYE- ChEMHBIC KPBIIIKK 3, KOTOPHIC KPEIATCS BUHTAMU
ckas 3y0uaras nepemaya 15 u 16, koTopast npuBOAUT 27.

B nBwkeHHe BUHT 23. OH B CBOIO OYepeab OTBEUAET
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Puc. 2. Kunemarnueckast cxemMa MOOMILHOIO CTaHKA
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Puc. 3. KoHcTpyKins MOOMIBHOTO CTaHKa

Puc. 4. IIpuHIIMT yCTaHOBKH MOOMIIBHOTO CTaHKA HA M3/IEIHE
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i TOoro 4yTOOBI CIIPOTHO3UPOBATH NOBEJICHUE
pa3paboOTaHHOTO CTaHKA B PEeaJbHbIX YCIOBUSIX pa-
0O0TBI OB BBITIOIHEH MHKEHEPHBIN aHaIu3 ero KOH-
CTPYKILMHM Ha OCHOBE METOJ[a KOHEYHBIX 3JIEMEHTOB
B CAE-cucteme «ANSYS Workbench» [15, 16].
OTOT aHanmM3 UCHOJB3YETCS ULl  ONpPENesICHUS
HanpspKeHuil U aedopManuii B yCIOBHSAX CTaTH4e-
CKOr0 Harpy>ke€Hus KOHCTpyKuMu. OH BKIIIOYAeT B
ce0st OIEHKY CTaTHYECKHX IEpEeMEeNIeHHA MOOMIIb-
HOTO CTaHKa, BBI3BAaHHBIX PAaCUETHBIMM CHUIIAMHU pe-
3aHUS.

[IpenBaputensHO HCXOnHAs COOPOYHAsI MOJIENb
cTaHka Oblla aJanTHpOBaHA IJisi MPOBEACHUS KO-
HEYHO-3JIEMEHTHOI0 aHaln3a MyTEM MaKCHMalb-
HOTO BO3MOXHOTO YIPOIICHUSI T€OMETPUU €€ KOM-
[IOHEHTOB. JlaHHOE YIIPOILEHHE BKIIIOYAJIO B ceOs
ylianeHue u3 cOOpKU MEITKUX KOMIIOHEHTOB (BHHTHI,
raiiku, maosl U T.11.) U yOaJlleHUEe MEJKUX TeOMEeT-
PHUECKUX 3JIEMEHTOB C TeJl KPYIHBIX KOMIIOHEHTOB
(oTBepcTHs, (acku, ranTead M T.II.), APHOPHO HE
CHOCOOHBIX CYIECTBEHHO MOBIHITH Ha Aedopma-
MU paccMaTpuBaeMod KoHCTpykuuu. Kpome Toro,
B paMKax 3TOH IPEIBAPUTEIBHOU IMOATOTOBKHU pe-
JAKTUPOBAIHCH Pa3Mepbl HEKOTOPBIX COMPSKEHHBIX
KOMIIOHEHTOB, 4YTO OBUIO NPHU3BAHO BIOCIEIACTBUU
o0ecreynTh MOIyYeHne KOPPEKTHBIX MOAETEH CThI-
KOB (KOHTaKTHBIX T1ap).

B pesynbraTe noiydeHHas TreoMeTpHuYecKas
MOJIeJIb CTaHKa Obljla UMIIOPTHPOBAHA B MIPOTPAMM-
HYIO Cpejy, Tie Ha €€ OCHOBE Obliia IMoCcTpoeHa COoT-
BETCTBYIOIIAsl KOHEUHO-3JIEMEHTHASI MOJIETIb.

IIpu mocTpoeHNUH PTOW MOJIETH OBLTH MIPUHSATHI
CJIEIYIOIINE JTOMYICHHUS:

- (M3HKO-MEXaHWYECKHUE CBOWCTBA BCEX KOM-
TIOHEHTOB CTaHKa OMMCBHIBAIOTCS JIMHEHHO-YIPYTOil
MOJIEJNIBI0 U30TPOIHOTO0 MaTepHaja, COOTBETCTBYIO-
LIEr0 KOHCTPYKLIMOHHOM CTajIH;

- CTaTHYeCKHe MepeMeIleHHs BEPIINHBI PEexy-
LIEr0 MHCTPYMEHTa NPEUMYIIECTBEHHO OIpeness-
10Tcs nedopMaIsiIME HECyIIelH ero OOpIITaHTh U
HETIOCPEACTBEHHO CBA3aHHBIX C HEH KOMIIOHEHTOB
CTaHKa;

- KOHTaKTHbIE JeOopMaliid KOMIIOHEHTOB B X
HETIOABWKHBIX (3aTSIHYTHIX) CTBIKaX HE OKa3bIBAIOT
CYLIECTBEHHOTO BIIHMSIHUS Ha OajaHC MepeMelIeHuit
B paboueii 30He CTaHKa.

PacuérHas cerka, CreHepUpOBaHHAsI C Y4€TOM
NPUHATBIX JOMYyIIeHUH, ObUta THOPUIHON, TO €CTh
COCTOSAJIA U3 TETPAdAPHUECKUX U T'€KCAIPUUCCKUX
KOHEYHBIX JIEMEHTOB, IIOTHOCTh KOTOPBHIX Bapbu-
poBaachk B 3aBUCHMOCTH OT pazMepa paz0uBaeMoro
KOMITIOHEHTa (puc. 5).

1 KOMIOHEHTOB, 00pa3yIOLIUX NPUHSTHIE B
pvaéT INOABHXXHBIC CTBIKHM, CCTKa AOIIOJIHHTCIIBHO
JeTaJ3UpOBaIach Ha MOBEPXHOCTSIX KOHTAKTHOTO
naTepdeiica. [Ipum 3ToM MOAENH CTBHIKOB (OPMHPO-
BAJIMCh B IOJIyaBTOMAaTHUECKOM PEXHME C HUCIIOJIb-
30BaHUEM CII€HAJIBHBIX KOHTAKTHBIX KOHCYHBIX
a5ieMeHTOB. COOTBETCTBEHHO JJIA IIOABUXKXHBIX CThI-
KOB HA3HAYAJICS CTAaHIAPTHBIA (CKOJB3AIINI) KOH-
TaKT ¢ TPECHUEM, a IJIA HETIOJABUIKHBIX CTBIKOB KOH-
TaKT, MPEINoJarafolil adCoMOTHO XKECTKOE CO-
eJIMHEeHNE COTPSDKEHHBIX Te (puc. 6).

400,00 (mm)

Puc. 5. Iloctpoenue cerouHoi Mmoaenu

['pannyHble YCIIOBHS MOJENU OMNpPENeIsIINCH
HYyJIeBBIM oOrpaHnueHueM (k€cTkoi (ukcanuein)
BCEX CTEINEHEH MOJBUKHOCTH, 3aJIaHHBIM Ha OIOp-

HOM MOBEPXHOCTH (parMeHTa o0padaTsIBaEMOro u3-
JIeNusi, KOTOPBIH crienuanbHo ObUT BOCIPOM3BEAEH B
pacu€THOU MOJIENH.
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Harpy3ku, 3ajaHHble B MOZIEIH, ONPENCIISINCEH
cUJION pe3aHusd. BekTop cuibl pe3aHus CKIIAIbI-
BaJCd M3 TPEX BBIUMCICHHBIX COCTaBIISIOLINX
(Px=100 H, Py=201 H u Pz=671 H), u 3agaBajcs Ha
nepeaHell MOBEPXHOCTH PEXYIIEro HHCTPyMEHTa
(puc. 7). Cuitsel 3aTSHKKH 33JaBAIMCh HAa TTOBEPXHO-
CTSX YETHIPEX BUHTOB M MPUHUMAIIUCH PAaBHBIMH 5

@ Multiple Systems - Mechanical [ANSYS Mechanical Enterprise]
File Edit View Units Tools Help

¥ Show Vertices  F Close Vertices 1.5 [Auto Scale]

«>Size v [ Location ~ [[F)Convert v <> Miscellaneous + @ Tolerances | § Clipboard « [Empty]

kH, 4To rapaHTHpOBaNIO HAAEKHOE 3aKPEIUICHUE NTPU
MPUIOKEHHOU cuie pe3anus. Jlns yuéra nedopma-
U CTaHKa, O0YCIIOBIIEHHBIX COOCTBEHHBIX BECOM
€ro KOMIOHEHTOB, B MOZIE/IU TaKKe 33/1aBaslach 00b-
éMHas MHEepUMOHHAs Harpy3ka B (opme yCKOpeHHs
CBOOO/IHOTO TMAJICHUS, BEKTOP KOTOPOTO HAaIpaB-
JISTICS BEPTUKAJIBHO BHHU3 OT CTaHKA.
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Puc. 6. IIpopabotka cteikoB B ANSYS Workbench
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Puc. 7. IIpunoxeHHble Harpy3Ku B MOAEIU

BenuuuHbl CyMMapHOro I€peMeIleHHUsl Bep-
LIMHBI PEXYIIEro HHCTPYMEHTa U e opManuii sie-
MEHTOB CTaHKa IPUBEICHBI Ha PUCYHKE 8 IPH Kpaii-
HEM HIDKHEM II0JIOKEHUU OOpIUTaHTH, TaK Kak

WMEHHO TaM OyJieT Hauboliee XyJIias CUTyalusi, B
CBSI3M C MAaKCHMAJILHBIM BBUIETOM OOPIITAHTH.
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A: Static Structural
Tatal Deformation
Type: Total Deformation
Unit: mm

Tirme: 1

Custam

hdax: 010769
kdin: 0
01.06.2022 20:38

010789
! 0095726
0083761

— 0071795
0,050820
0,047863
0,035897

| 0023092
0,011966
0

100,00

400,00 ()

300,00

Puc. 8. CyMMapHLIC CTaTUYCCKUC MICPEMCIICHUSA CTaAHKA

AHanu3 MOoKa3bIBaeT, YTO IpejajaraeMas KOH-
CTPYKLUSI CTaHKa HE 00JalaeT BBICOKOH >KECTKO-
CTBIO M3-32 MOPTAJILHONH KOHCTPYKLHMH H, CJIENOBa-
TEJBHO, HE 00ecreunBaeT BEICOKOH pa3MepHOH TOU-
HOCTH 00pPabOTKH.

OpHako 3agauu, Uil pelieHuss KOTOPhIX Mpes-
JlaraeTcs MCIoJb30BaTh AAHHBIA MOOWIIBHBIH CTa-
HOK, HE TpeOyIOT BEICOKOH pa3MepHOi TOUHOCTH 00-
paboTKH, B CBSI3M C YEM €r0 TOYHOCTh MOKHO CUH-
TaTh MpUeMIIeMON AJsl ero 3QPEeKTUBHON IKCILTya-
Tanuu. TeM He MeHee, OCTaeTCa OTKPBITBIM BOIPOC
oOecriedeHus1 TOYHOCTH (HopMBbI 0OpabOTaHHOTO OT-
BepCTHUs Ha pa3pabOTaHHOM CTaHKE, KOTOpasi UMeeT
OoJblI0€e 3HaYCHUE IS HOPMAJIbHOTO (YHKINOHU-
poBanus oOpabarbiBaeMoro wu3nenus. Pemenue
3TOro BOMpoca TpeOyeT MPOBENCHUS TOMOTHUTEIb-
HBIX PaCIIMPEHHBIX PACYETOB, CBSA3aHHBIX C OLIEHKON
JUHAMHMYECKOTO OTKJIMKA CTaHKa, U SBJISIETCS Mpe-
METOM €ro JaJIbLHENUIINX UCCIIEJOBAHUMN.

Ilpu paccMoTpeHMH YCIIOBHI peambHOM 3KC-
IUTyaTalyu pa3pabOTaHHOTO MOOWJIBHOTO CTaHKa C
OOJBITION JTOJIEH BEPOSITHOCTH MOXHO TIPEIIOIIO-
XKHUTb, YTO CTAHOK OYJET WCHBITHIBATH TUHAMUYE-
CKHE Harpy3Kku, IpUOIIKEHHO U3MEHSIONIHE 110 3a-
KOHY TapMOHHYECKHX KOJIEOaHWH ¢ HEKOTOPOW Ha-
CTOTOM. B CBA3M ¢ 3TUM BO3HHMKAaeT OIACHOCTb
BCTYIJICHUS] KOHCTPYKIIMHU CTaHKA B BO3MOXKHBIH pe-
30HAHC C JIEHCTBYIONIMMH Ha HETO BO3MYIIAIOIIIMH
Harpy3kaMH, 4TO YpeBaTO PE3KUM YXYIIICHHUEM Xa-
PAKTEpHUCTUK CTaHKA U Ja)Ke€ €Tr0 MOJIOMKOM.

151 o1IeHKU BO3MOKHOCTHU BOSHHUKHOBEHUS pe-
30HAHCHBIX SIBICHUU B CTaHKE OBLT BEHITIONHEH €ro
MOJAJIbHBIN aHANW3, HAIpPaBJICHHBIA Ha ompezaesne-
HUE COOCTBEHHBIX YacTOT M (popMm KojeOaHUil ero
KOHCTPYKIIMU. B KadecTBe HHCTPYMEHTAILHOTO
cpeacTBa aHanu3 wucnoiszoBaiack CAE-cucrema
«ANSYS Workbenchy.

AHanmu3 Mpou3BOIWICS HA OCHOBE PE3YIHTaTOB
CTaTMYECKOr0 aHaju3a ¢ Y4ETOM HampsuKeHUH, 00y-
CJIOBIIEHHBIX pa0OYMMH Harpy3kamu (IIpenBapu-
TEeNHFHO HANPsDKEHHBIA MOJANBHEIN aHanmm3). B xome
KaXKJIOTO CIIy4asl aHajuu3a OMPEeESUITNCh TBAIATh
COOTBETCTBYIOIMX UM (hopM KoJebaHui. Pesyib-
TaThI aHAJIM3A TIPEJICTABIICHBI HA PUCYHKE 9.

ITomy4yeHHBIC pe3yNbTATHl MMOKA3BIBAIOT, YTO B
ciaydyae TpeABapUTEIBHO HAMPSHKEHHOTO MOJAIb-
HOTO aHaliu3a, IepBas cOOCTBEHHAs! 4acTOTa M3Me-
Hsaetcs B nuana3one ot 100 ['11 v BeIIe, 9TO MIpakTH-
YECKU UCKJII0YAeT BO3MOXHOCTh BOSHUKHOBEHUS pe-
30HAHCHBIX SIBJICHUH B Ipolecce oO0padOTKH Ha
craHke. J[aHHBII BBIBOJ CIIEAYET U3 MPEATIOIOKCHUS
TOr0, 4TO 4YacTOTa BO3MYILIAIONIEH Harpys3Ku, Jeiu-
CTBYIOIIIEH Ha CTAaHOK B IPOIECCEe TOUYCHWUsI, Oyaer
OTIPECIIATHCS YaCTOTOW BpaleHus: 6opmranru. Ya-
CTOTa BpAIeHUs, OITaCHAasI B OTHOIIICHUH PE30HAHCA,
JIOJIXKHA cocTaBisITh He 0osiee 6000 06/MuH. ITpu 06-
paboTKe HE MPeIoIaraeTcs UCIOIb30BaTh YaCTOTHI
Bpamenus cBbime 1500 06/MuH, Tak 4TO pe3oHaHC-
HBIC SIBJICHHUS MOYKHO MCKITIOYHTh.
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B Modal
Total Deformation
Type: Total Deformation
Frequency: 100,19 He
Unit mm
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B: Modal

Total Defurmation
Type: Total Deformation
Frequency: 382,53 Hr
Unit: mm
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Total Deformation
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B: Modal
Total Deformation
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B: Modal

Total Deformation
Type: Total Deformation
Frequency: 44,38 e
Unit: mm
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Puc. 9. ®opmbl cOOCTBEHHBIX KOJIeOaHUI

500,00 (me)

a) 1 moma (100,29 I'm), 6) 3 mona (187,97 '), B) 5 Mmoxa (254,49 I'), t) 7 mona (375,74 '), n) 9 mona (382,53 I'n),

e) 11 mona (453,94 I'), x) 13 mona (479,72 I'n), 3) 15 mona (544,38 I'm), u) 17 mona (570,6 I'm),

BeiBoa. Ilo cpaBHEHHIO ¢ IPOTOTUIIOM pas3pa-
0OoTaHHAs! KOHCTPYKIHMS MO3BOJISIET PACIIUPHUTD TEX-
HOJIOTMYECKHE BO3MOXKHOCTH MOOMJIBHOIO pacTou-

K) 19 moma (632,25 I'my)

HOTO CTaHKa M BBINOJIHATH MEXaHUUYECKylo oOpa-
0O0TKy BHYTPEHHHX (DPaCOHHBIX MOBEPXHOCTEH, pac-
MOJIO’KEHHBIX BHYTpPHY M3Aenus. Tak ke 3a c4éT mc-

IIOJIB30BaHMs IIarOBbIX ZIBI/IF&TCHGIZ C YIIpaBJICHUEM
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OT CHCTEMBI YHCIIOBOTO IIPOTPAaMMHOIO YIIPaBJICHUS
YIPOINAETCs] METOANKA HACTPOMKH CTaHKA Ha 3a]1aH-
HBIA pa3mep.
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DEVELOPMENT OF THE DESIGN OF A MOBILE BORING MACHINE FOR PRO-
CESSING INTERNAL SURFACES

Abstract. It is often an unattainable task to ensure high accuracy of machining of hard-to-reach overall
equipment when performing repair work outside a machine-building enterprise. Therefore, it is currently rel-
evant to abandon these operations in favor of the use of specialized mobile machines, which will significantly
reduce the cost and time of such repairs. Now the market is widely represented by mobile machines of foreign
companies for processing large-sized products. Their cost starts from 3.5 million rubles, while technological
equipment for expanding the capabilities of the machine is considered an option and is not included in the
basic package. This significantly affects the choice of such equipment by small and medium-sized enterprises
that are engaged in the restoration and repair of various surfaces of large-sized products. Thus, the develop-
ment of the domestic machine-tool industry makes the development of various designs of mobile machine tools
relevant for the purpose of import substitution in the Russian machine-building industry. This paper presents
the design of a mobile boring machine that performs the processing of internal surfaces according to the
control program with the required accuracy through the use of servo motor drives. Additionally, an engineer-

ing analysis of the structure is performed using the finite element method.
Keywords: machine, mobile, attached, portable, machining.
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