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

HAYYHO-TE€OPETHYECKUH KYPHAJ

K pacemotpenmio u mybmukarmu B HTOK «Bectank BI'TY nm. B.I'. 1llyxoBa» mpuHUMaIOTCS HaydHBIE CTaThH U 0030pHI 1O
(yH1aMeHTansHBIM ¥ IPUKIAIHEIM BOTIPOCAM B 00JaCTH CTPOUTENBCTBA, apXUTEKTYPBI, TPOU3BOJICTBA CTPOUTENBHBIX MATEPHAIIOB U
KOMITO3UTOB CTIEIMATBHOTO HA3HAUEHNMS, XUMUUECKUX TEXHOIOT U, MAIIMHOCTPOSHHUS ¥ MAIIMHOBEIEHNS, OCBEIAIONINE aKTyalbHEIE
poOJIeMbl OTpacieil 3HaHusl, UMEIOLIME TEOPETUYECKYIO WU MTPAKTUYECKYI0 3HAYMMOCTb, a TAKXKE HAINPABICHHbBIE Ha BHEIPEHHE pe-
3yJIbTaTOB HAYYHBIX UCCIIEN0BAHUK B 00pa30BaTENbHYIO AESTENLHOCTb.

Kypnan BxitoueH B yrBepkacHHbIE BAK MunoOpHayku Poccuu Ilepedens perieH3upyeMbIx HayqHBIX U3JaHUM, B KOTOPBIX
JIOJKHBI OBITH OIMyOJIMKOBAHBI OCHOBHBIE HAYYHBIE PE3yJIbTAThl JUCCEPTALM HA COMCKAHME YYEHOM CTENeHM KaHIuJara Hayk, Ha
COWCKaHME YUEHOU CTETIEHN JOKTOPA HayK, MO HAYIHBIM CHELHATEHOCTSIM U COOTBETCTBYIOMIMM UM OTPACISIM HAYKH:

05.23.01 —  CrpoutenbHble KOHCTPYKIWH, 3AaHUS F COOPYKEHUS (TEXHUIECKHUE HAYKH)

05.23.03 — TennocnabxeHue, BEHTUJIALMS, KOHIUIIMOHUPOBAHUE BO3JyXa, ra30cHA0KEHHE W OCBEIICHUE (TEeXHHYECKUE
HayKH)

05.23.05 —  CrpoutenbHble MaTepHabl U U31EUs (TEXHUIECKUE HAYKH)

05.23.20 — Teopus U UCTOpUS apXUTEKTYPBI, PECTABPALMS U PEKOHCTPYKIMS UCTOPUKO-ApXUTEKTYPHOTO HacIeaus(apXu-
TEKTYpa)

05.23.21 —  ApxuTtekTypa 3/1aHuii U coopyxeHuil. TBopueckue KOHIENINN apXUTEKTYPHOH JIeSTeIbHOCTH (apXUTEKTYPa)

05.23.22 — I'pajgocTpouTenscTBO, TNIAHUPOBKA CEbCKUX HACEICHHBIX MMyHKTOB (TEXHUYCCKUE HAYKH)

05.23.22 — I'pagocrpoutenseTBo, MIIAHUPOBKA CEMTHCKUX HACETEHHBIX MTYyHKTOB (apXUTEKTYPa)

05.17.06 —  Texnonorus u nepepaboTka MOITUMEPOB ¥ KOMIIO3UTOB (TEXHUIECKHE HAYKH)

05.17.11 —  TexHonorns CUIMKATHBIX M TYTOILTABKUX HEMETATTMIECKIX MaTepUAIOB (TEXHUIECKIE HAYKN)

05.02.05 —  PoOoTsl, MexaTpoHHKa 1 pOOOTOTEXHUYECKHUE CUCTEMBI (TEXHUUECKHE HAYKH)

05.02.07 —  Texnonorus 1 060pyI0BaHUE MEXaHMYECKOH 1 (PU3UKO-TEXHUHECKONH 00pabOTKM (TEXHUUECKIE HAYKH)

05.02.08 —  TexHonorust MalMHOCTPOEHUS (TEXHUUECKHUE HAYKH)

05.02.13 —  MamuHsl, arperatsl ¥ IPOUECCHI (110 0TPacsiM) (TEXHUIECKHE HAYKH)

Bce nocrynarommue MaTeprasl IPOXOAST HaYYHOE PELleH3UpOBaHKE (1BOiHOE criernoe). PeneH3upoBaHue cTaTei ocyIecTBIs-
€TCsl YICHAMU PEIAKLIMOHHOU Kouteruy, Bexymumu ydeHsiMu BI'TY um. B.I'. IllyxoBa, a Takxke NpUrialieHHbIMUA PELIEH3CHTaMU —
MIPU3HAHHBIMY CHEIMATMCTAMI B COOTBETCTBYIONIEH oTpaciy 3HaHus. Komnu pereH3uii wim MOTUBUPOBAHHEII 0TKa3 B ITyOIMKALIH
MPEJOCTaBISIIOTCS aBTOpaM U B MuHoOpHayku Poccun (1o 3ampocy). PelieHsun XxpaHsarcsi B pelaklidy B TEUEHHE 5 JIeT.

PenakimonHas moiauTHka *KypHaia 6a3upyeTcs Ha OCHOBHBIX TTOJIOKEHHSX JEHCTBYIOMIEr0 POCCUIHCKOTO 3aKOHOIATENILCTBA B
OTHOIIEHWHU aBTOPCKOTO IPaBa, Mlaruara v KJIEBETHI, U 3THYECKUX MPUHLHIAX, TOIEPKUBAEMBIX MEXKIYHAPOIHBIM COOOIECTBOM
BeIyLIMX U3JaTeNel Hay THOU NEPUOANKY 1 U3JI0KEHHBIX B pekoMeHaanmsax Komurera mo stuke Hayunsix myOnukanuii (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:

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

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

05.23.05 — Building materials and products (technical sciences)

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

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

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

05.23.22 — Urban planning, rural settlement planning (architecture)

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

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

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

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

05.02.08 — Engineering technology (technical sciences)

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

All arriving materials undergo scientific reviewing (double blind). Reviewing of articles is carried out by the 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).

Founder / Publisher: Federal State Budgetary Educational Institution of Higher Education “Belgorod State
Technological University named after V.G. Shukhov” (BSTU named after V.G. Shukhov)
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I'naBHblil peaaxkTop
Eptymenko EBrennii UBaHOBHY, 1-p TeXH. HAyK, Po(., MEPBBIii MPOPEKTOP, 3aBEAYIOMIHIi Kaeapoil TEXHOIOrUK CTeKna U kepamMuky bearopoa-
CKOT0 TOCY/IapCTBEHHOTO TEXHOIOTHUeckoro ynnsepeurera um. B.I™. Ilyxosa (P®, r. Benropon).

3aMecTUTeb IVIABHOTO peaKkTopa
YBapos Banepuii AHaTo/IbeBHY, I-p TEXH. HAYK, MPO(., AUPEKTOP HHKEHEPHO-CTPOUTETBHOTO MHCTUTYTA, 3aBeAyrOIIMiT Kadeapoit TemnorasocHat-
SKEHUS U BEHTUJIALMM Benropoackoro rocy1apCTBEHHOTO TEXHOIOrMueckoro yausepeurera uM. B.I™. [llyxosa (P®, r. bearopon).

Ynennl peaalcunom-loﬁ KoJlj1eruv

AiizeHmTaaT Apkagnii MuxaiiJioBuy, 1-p XuM. Hayk, npod., 3aBemy-
fommuii Kadeapoii KOMIMO3NIMOHHBIX MAaTepHaoB U CTPOUTETBHOM KO-
norun Beicmeii nmxeHepHoit mkonsl, CeBepHblii (ApkTrueckuii) dene-
panpHbIi yHHBepcuTeT nMenn M.B. Jlomonocoa (PO, r. ApxaHrenbck).
AxmenoBa Enena AnexcanapoBHa, wien-kopp. PAACH, a-p apx.,
npod., 3aBeayrommii kadeapoii rpagoctponTenscTBa CamapcKoro rocy-
[APCTBEHHOTO TEXHUYECKOTO YyHMBepcUTeTa, ApXHTEKTYPHO-CTPOH-
TeNbHOM akasemuu (PO, r. Camapa).

Bbaaroesnu lesin, PhD, npo¢. Beiciieit TeXHUUECKO# MIKOIBI 10 MPO-
(eccronansHOMy 006pazoBanuio B Hume (Pecy6mmka Cep6ust, r. Hum).
Bbornanos Bacuamii CTenaHoBHY, J-p TEXH. HayK, mpod., 3aBemyio-
muit kadenpoit Mmexannueckoro odopynoBanus benropoackoro rocy-
JIapCTBEHHOT0 TEXHOJIOrH4eckoro ynusepeutera uM. B.I'. Illyxosa (PD,
r. benropon).

Bopucos UBan HukoJsiaeBuY, J-p TeXH. HayK, Mpo(., 3aBeayIOMuii kKa-
(enpoit TEXHOIOTMM LIEMEHTA U KOMITO3HLMOHHBIX MaTepuanos benro-
POJICKOTO TOCYAApCTBEHHOTO TEXHOJIOTMYECKOr0 YHUBEPCUTETa WM.
B.I'. IllyxoBa (P®, r. Benropon).

Bpartan Cepreii MuxaiijioBu4, JI-p TeXH. HayK, npod., 3aBeayronmit
Kadepoii TexHoIornKM MamuHocTpoeHuss CeBacTONONBCKOro rocyaap-
cTBeHHOro yHusepcurera (P®, r. CeBactonoss).

Besenuen AJjiekcanp UBaHoBHY, JI-p TEXH. HAaYK, IPO(., 3aBeIyIOMNiT
kadenpoii obmeit xuMuKu benropoackoro rocyiapcTBEHHOTO HaIHO-
HaJIBHOTO HcceaoBaTenbekoro yuusepeutera (PO, . benropoxn).
Inarones Cepreit Hukonaesu4, JI-p SKOH. HayK, pektop benropoackoro
TOCY/IapCTBEHHOTO TEXHOJIOTMUECKOro yHusepeurera um. B.I'. [llyxosa
(P®, r. benropon).

I'pa6ossiii Ilerp I'puropneBuy, 1-p 5k0H. HayK, Npo(., 3aBeayONMii
Kadepoil opraHM3alMy CTPOMTENBCTBA M YNPABJICHUS HEIBIKIMO-
cthi0, H1Y MOCKOBCKOTO rocy1apCTBEHHBIOTO CTPOUTENILHOTO YHUBEP-
cuteta (PO, r. Mockaa).

I'pugunn Anatosuit MurpodanoBuy, 1-p TexH. Hayk, npod., [Ipe3u-
JIEHT BeNroposickoro rocy1apcTBeHHOTO TEXHOJIOTMYECKOTO YHUBEPCH-
tera uM. B.I'. lllyxosa (PO, r. bearopom).

JaBuaiok Anekceii HuxkosaeBnu, 1-p Texs. Hayk, aupektop HUMKB
um. A.A. I'BozneBa AO «HUL] «CtpoutensctBo» (PO, r. Mocksa).
Jyion TaTbsina AJleKcaHAPOBHA, JI-p TEXH. HAYK, IPO(., 3aBE A0
Kadenpoil TEXHONOrMM MalIMHOCTpoeHus benropoackoro rocyxnap-
CTBEHHOr0 TexHoJIornueckoro ynusepcurera um. B.I'. Illyxosa (P, r.
benropon).

Epodees Biaagumup Tpodumosuu, akanemuxk PAACH, n-p TexH.
HayK, 1po(., IeKaH apXUTEKTYPHO-CTPOUTEIFHOTO (haKyibTeTa, 3aBeLy-
1o1Mit Kadeapoii CTPOUTENIBHBIX MAaTEPHANIOB M TEXHOJIOTHIA, AUPEKTOP
HUW «Marepuanosenenue» HanuoHaabHOIO MCCIIEI0BATENBCKOIO
Mopposckoro rocynapctseHHoro ynusepcurera umenu H.I1. Orapésa
(PO, Pecniybnuka Mopnosusi, r. CapaHck).

3aiineB OJier Hukos1aeBuY, A-p TeXH. HAyK, Npo(., 3aBeAyIOMMii Ka-
(eapoit TennorasocHaOKEHNS 1 BEHTUIALMI AKaIEMHUHU CTPOUTEIbCTBA
U apXHUTEKTYPHI — CIPYKTypHOe moapasaenenue Kpeimckoro denepans-
Horo yHuBepcuteta umeHu B.M. Bepuaackoro (PO, r. Cumdpeponons).
NabBunkas Ceersiana BanaepbeBHa, 1-p apx., npod., 3aBeqyromuii
Kadeapoil apXuTeKTypsl ['ocy1apCTBEHHOTO YHHBEPCHTETA IO 3EMIle-
yctpoiictBy (PD, r. Mocksa).

Ko:xyxoBa Mapuna MBanoBHa, PhD, HayuHblii cOTpyAHUK Kadeapbt
IPAKAAHCKOTO CTPOUTENBCTBA M OXPaHbl OKpYyskatomeit cpensl, [llkona
WHKUHUPUHTA U NPUKIAAHBIX HayK, YHuBepcureT BuckoHcun-Muiy-
OKHM, TaT BUCKOHCHH

Ko3sioB Anexcanap MuxaiisioBuy, J1-p TexXH. HayK, npod., 3aBeayo-
muii kaeapoit TEXHOJIOrMM MallMHOCTpoeHus Jlumenkoro rocynap-
CTBEHHOI'0 TeXHUYeCcKOro ynusepcurera (PO, r. Jluneuk).

JleonoBnu Cepreii HukosiaeBHY, WHOCTPAHHBIM WIEH aKaJeMUK
PAACH, n-p texH. Hayk, npod., 3aBeayronmii kaeapoil TeXHONOrun
CTPOUTEIFHOTO MPOU3BOACTBA benopycckoro HalMoHaIbHOTO TEXHUYE-
ckoro yHuBepcurera (Pecniydnuka benapycs, r. MuHck).

JlecoBuk Banepmii CtanunciaBoBuu, wi.-kopp. PAACH, a-p TexH.
Hayk, npod., 3aBeayrommii kadeapoii CTPOUTENFHOTO MaTepHaoBee-
HUS U3ENHIT 1 KOHCTPYKIMIA Benropoackoro rocy1apcTBeHHOr0 TEXHO-
norudeckoro yausepeurera uM. B.I'. [llyxosa (P®, r. benropon).

JloraueB Koncrantun MBanoBHY, I-p TeXH. Hayk, mpod. xadempst
TEMI0ra30CHa0KeHUss M BEHTWIALMH Benropoackoro rocyaapcTBeH-
HOTO TeXHOJIOrMueckoro yHusepcuteta uMm. B.I'. Ilyxoea (P®,
r. benropon).

Memepun Bukxtop CepreeBuu, PhD, mpod., nupektop HHCTUTYTa
CTPOUTENBHBIX MATEPHATIOB U 3aBEAYONMiIT Kaeapoil CTPOUTETbHBIX
marepuanoB JlpesaeHckoro TexHuueckoro YHupepcutera (I'epmanus,
r. JIpeznen).

MepkyaoB Cepreii UBanoBuu, un-kopp. PAACH, n-p TexH. Hayk,
npod., 3aBeayroummii kadeapoil NPOMBINIICHHOTO W TPAKIAHCKOIO
crpoutensctBa  Kypckoro  rocysapcTBEHHOrO  YHMBEpPCHUTETa
(PO, r. Kypck).

IaByenxo BsiuecsiaB UBaHoBHY, 1-p TEXH. HAayK, Npod., AUPEKTOP MH-
CTUTYTa XUMHYECKUX TEXHOJIOI M, 3aBeayromuii kaeapoit TeopeTuye-
CKOIi M TIPUKJIaHON XUMUH Benropockoro rocy1apcTBEHHOrO TEXHO-
soruueckoro ynusepcurera um. B.I'. Illyxosa (P®, r. benropon).
HapnoBuy Henax, PhD, npopekTop 1o Hay4HOii paboTe M M3aTeib-
CKOM JieaTeNnbHOCTH, Tpod. MammHocTponTeabHOro (hakyibreTa ['ocy-
napcrBeHHOro Humickoro ynusepceurera (Pecny6iuka Cepoust, r. Hu).
IepskoBa Mapraputa BuktopoBHa, 1-p apX., npod., 3aBeayromuit
KaeIpoii apxXUTEKTYpHI U TpagocTpouTenscTBa benropoackoro rocy-
JIapCTBEHHOTO TEXHOJIOrHYeCKoro yHusepeureta um. B.I™. IllyxoBa (P®,
r. Benropon).

NuBnncknii FOpuii EpumoBuY, 1-p TeXH. HayK, Mpod., HAYYHBIH py-
kxopomutens OOO «Hayuno-suenpendeckas ¢upma «KEPAMBET-
OI'HEVIIOP» (P®, r. Cankr-IletepOypr).

Hotanos EBrennii DayapaoBuy, 1-p XxuM. Hayk, npo. MUPDA — Poc-
CHIICKOTrO TeXHOOrH4YecKoro yuusepeurera (Pd, r. Mockaa).

Pri6ak Jlapuca AnekcanapoBHa, 1-p TeXH. HayK, Mpod. kadeaps Tex-
HOJIOTHH MAaIIMHOCTPOEeHHs Benropoickoro rocy1apcTBEHHOTO TEXHO-
norudeckoro ynusepcutera um. B.I'. Illyxosa (P®, r. bearopon).
CaBun Jleonn AllekceeBHY, 1-p TeXH. Hayk, npod., 3aB. kadenpoii
MEXaTPOHUKHU, MEXaHHKH U pOO0TOTeXHUKH OpPJIOBCKOTO FOCYIapCTBEH-
Horo yHusepcuteT umeHu M.C. Typrenesa (P®, r. Open).

CemennoB Cepreii BragumupoBuy, 1-p apx., npod., 3aBeayromuii ka-
(eapoit apxXUTEKTYPHOTO U rpagocTpouTenbHoro Hacieaust Cankr-Ile-
TepOyprcKOro rocyAapcTBEHHOTO apXUTEKTYPHO-CTPOMTENBHOTO YHH-
Bepcuteta (PO, r. Cankr-IletepOypr).

CuBauenko JleoHna AjeKcaHAPOBHY, JI-p TeXH. HayK, mpod., ka-
(heapsl TPAHCIIOPTHBIX M TEXHONOTMYECKUX MammmH benopycckoro-Poc-
cuiickoro ynuBepcuteta (Pecnyomka benapycs, r. Moruses).
Co6ouieB Koncrantun I'ennaasesuy, PhD, npo¢. YHusepcurera Buc-
KOHCHH-Muityoku (wrat Buckoncun, Munnyoku, CILIA).

Cmousiro I'ennaamii AsiekceeBud, 1-p TeXH. Hayk, npod. kadeapbt
CTPOUTENBCTBA M FOPOJCKOr0 X03sicTB benropoackoro rocyiapcTBeH-
HOro TexHojorudeckoro ynusepcurera uMm. B.I'. lllyxosa (PO, r. ben-
ropon).

CrtpokxoBa Basiepust Banepsesna, npod. PAH, n-p texn. Hayk, npod.,
3aBeyIoIInii Kadepoii MaTepuanoBeaeHNs M TEXHOJIOTHH MaTepUajoB
benaroponckoro rocynapcTBEHHOIO TEXHOJIOTMYECKOTO YHUBEPCUTETA
um. B.I. Illyxosa (PO, r. benropon).

®umep Xanc-beprpam, Dr.-Ing., Baiimap (I'epmanus, r. Beiimap).
Xanun Cepreii IBaHoBHY, O-p TeXH. HayK, pod. Kadeapsl MexaHu-
4ecKoro 000pyn0BaHus benropoackoro rocy1apcTBEHHOrO TEXHOMIOTH-
yeckoro yHusepcutera uM. B.I'. Illyxosa (P®, r. Bearopon).
HlanoBanoB Hukonaii ApanacbeBud, 1-p TexH. Hayk, npod. benro-
POICKOTO TOCYAapCTBEHHOTO TEXHONOTHYECKOrO0 YHHBEPCUTETA HM.
B.I'. Illyxosa (P®, r. bearopom).

Hly6enxoB Muxaua BanepweBuu, akazemuk PAACH, a-p apx.,
npo(., 3aBeayrommuii Kageapoii rpagoCcTPOUTENHCTBA, MPOPEKTOP MO 00-
Pa3oBaHUIO B 00JIACTU IPaOCTPOUTENLCTBA U YpOAHUCTUKNH MOCKOB-
CKOT'O apXUTEKTypPHOI'0 MHCTUTYTA (rocyaapcTBeHHas akagemust) (PO, r.
Mocksa).

IOpbeB Anexkcanap I'aBpuiioBuy, 1-p TexH. Hayk, npod., kadeapbt
TEOPETUYECKON MEXAaHWKUM M CONPOTHBIICHHs Marepuanos benropon-
CKOTO  TOCYJApCTBEHHOTO  TEXHOJIOTMYECKOTO  YHUBEpPCHUTETa
um. B.I'. lllyxosa (P®, r. benropon).
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NCCIEJOBAHUE ®OTOJIOMUHECIHEHTHOI'O IIMI'MEHTA J1JISA TIPUMEHEHUS
B CBETAIIEMCA APXUTEKTYPHO-AEKOPATUBHOM BETOHE

Annomauun. ApxumexmypHo-0exopamusuviili Oemon ¢ npumMeHeHuem QOomoNOMUHECYCHINHO20 Nue-
MeHmMA aKKyMYAUpyen COJIHEURYI0 SHepauio, Komopyio npeobpaszyem 6 céem 6 memuoe epems cymox. Ipume-
Henue uzoenuil ¢ >¢hghexmom ceevenus obecneuusaem yseauienue 6e30nacHocmu 6 memMHoe 6pemst Cymox u
A615eMcsi OONOTHUMENLHBIM CPEOCIBOM CUSHANUUPOBAHUSL HA ONACHBIX U MAIO OCECUEHHBIX VUACHIKAX 00-
PO2, COSIHKAX, 8el000POACKAX, d MAKIICe NO360JI8eMm XaAPAKMepUu308ams I3MOm Mamepual Kaxk QYYHKYUoOHa b-
HBLU (BO3MONCHOCTND U320MOGICHUSL WUPOKOU HOMEHKAANYPbL U30eULL), SCMemuYecKU-6blpasumenivHulil (6bl-
COKOOEKOPAMUBHDBLY 8 OHEGHOE 8PeMSl), IKOAOSUUHBIU (03MONCHOCHIL U32OMOBACHUSL C NPUMEHEHUECM MEXHO-
2EHHBIX 0mMXx0008). bemon ¢ npumenenuem gomonomunecyenmuvix NUZMEHMO8 He O0JINCEH VIMPAYUBAms
CBOUCME CEeYEeHUS, NPU IMOM UHMEHCUBHOCTIb CEEUEHUsL OOJIICHA COXPAHAMBCS OOCMAMOYHO OJIUMETbHbLI
nepuoo epemenu. Kpumepuem evloopa nopmianoyemenma OJist C6eMAUUXC APXUMEKTYPHO-OCKOPAMUGHBIX
OEmoNO08 SBIICSL He MOIbKO ACHEeKm 0eKOPAMUSHOCHuY bemona, Ho U 3¢hgexm ceevenus. Ilposeden skcnepu-
MeHmM RO ONpedeNeHUio UNMEHCUBHOCHIU CEeYEHUS. (POMOTIOMUHECYECHMHO20 NUSMEHMA 8 benone ¢ npuMeHe-
Huem 0eno2o u cepo2o nopmaanoyemenmos. Ilpeosapumenvuviii ananus umepamypul U COOCMEEHHbIE UCCIIe-
008AHUsL NOKA3ANY, YMO O]l YCuieHus: d¢hghexma ceeyenusi homoIOMUHECYeHMHO20 NUSMEHMA 8 Oemone no-
8EPXHOCHIL U30CNUL HEODX0OUMO OMULTUDOBAMb, YO MAKIICE YeAeCOOOPA3HO C NOZUYUU CO30AHUSL BbICOKO-
0eKOPAMUBHBIX ROGEPXHOCMEl OemonnbIx uzoenutl. OnmumanbHo nOOVOPanHbBIE MAMEPUATbL U CNOCOb 00pa-
OomKU NOGePXHOCMU U30eTUl 0DeCneyUsam OeKOPAMUGHOCHb APXUMEKMYPHO20 OemoHa U 6 OHegHOoe

8pemsi.

Kniwouessie cnosa: apxumexnypro-0eKopamusHulil Oemon, (homonoMuHecyenmuvlii NUSMeHm, ceemsi-
wuticst 6emon, 6evlii NOPMIAHOYEMEHN, UHMEHCUBHOCTb CBEYCHUSL.

BBenenne. B oteuecTBeHHON U 3apyOexxHOM
MPaKTUKE LIMPOKO MCCJIEJOBaHbI BOMNPOCHI MPOM3-
BOJICTBA M MPUMEHEHUsS] apXUTEKTYPHO-AEKOpaTHB-
HOro 0eroHa v u3zeaui Ha ero ocHose [1-7]. B co-
CTaB JEKOPaTHBHOrO OETOHAa B 3aBUCHMOCTH OT
Ha3HAuYeHHUs MOTYT BBOJUTHCS MUTMEHTbI MM MO~
(uKaTOpbl C LEbIO MOJyYeHUsl W3AeJMil ¢ BbICO-
KMMH 3CTETUYECKUMU U 3KCIUTyaTaLMOHHbIMU CBOK-
cTBaMU. B TexHogoruuM U3roToBACHUS M3AEIMN U3
JIEKOPaTUBHOrO OEeTOHa CI0XKHOK KOH(Urypauuu
CMeCh JOJDKHA XapaKTepu30BaTbCid AOCTATOYHOMH
y1000YyKJ1abIBAEMOCTbIO, MUHUMAJIbHBIMU YCAKOM
1 TEIUIOBJIAXKHOCTHBIM pacliMpeHueM. Manble apxu-
TEKTypHbIE (OPMBI SKCIUTyaTHPYIOTCS NpU arpec-
CUBHOM BO3/ICMCTBUM T'OpPOJCKOH cpefbl, MO3TOMY
W3Jenusl U3 IeKOpaTUBHOro 0€TOHA NOJIKHBI UMETh
BBICOKME (PU3MKO-MEXaHUYECKHUE XapaKTePUCTHUKH.
OcTeTnyeckas LIEHHOCTh TaKUX M3IeNuil 3aKiroya-
€TCsl B apXUTEKTYpHOH BbIPa3UTENILHOCTH MOBEPX-
HOCTHOM  CTPYKTyphl. Maible apXUTEKTypHbIe
(OpMBI ¢ TAKMMH CBOWCTBaMM OPraHUYHO MHTErpH-
pYIOTCs B JIIOOYIO apXUTEKTYpy W Au3aiiH cpensl |8,
9]. Tem He MeHee, Bonpoc (HYHKIIMOHAIBHOTO HC-
MOJIb30BAHUS U3JENUIl U3 AEKOPAaTUBHOro OETOHA B
TEMHOE BpeMsl CYTOK paHee He paccMaTpuBacs.
BBenenue B coctaB JekopaTuBHOro OeToHa (oTO-
JIOMUHECLUEHTHOIO MHUIMEHTa, MpU COXpaHEeHUU

BceX TpeOyeMbIX OHKCIUTyaTallMOHHBIX XapaKTepu-
CTHK, MO3BOJIUT 00€CNIEUUTh JOMOJIHUTEILHOE CBOM-
CTBO — CBEYEHHUE 11 apXUTEKTYPHOH BbIPa3UTEIIb-
HOCTHU W3/l B HOUHOH nepuos BpeMeHu [ 10—-14].

AKTyabHOCTb JaHHOTO MCCIIEIOBAaHUS OTpee-
asiercst TeM, 4To 3¢ QeKT cBeUeHHs MO3BOJIseT pac-
LIMPUTH BO3MOKHOCTH (YHKLIMOHAJILHOTO MpUMe-
HEHUS apXUTEKTYPHO-IEKOPaTHBHbBIX U3JCIINH U T0-
BBICUTb MX TEXHUKO-DKOHOMHYecKylo 3¢ddextus-
HOCTb 32 CYET SKOHOMMH JIEKTPOIHEPrUU MyTEM HC-
KJTIOUCHHUS JOTIOJIHUTENIbHBIX HCTOYHUKOB OCBeLlle-
HMSI HA HEKOTOPBIX TePPUTOPHSX, & TAKAKE ITOBBICUTD
0e30MacHOCTb JOPOKHOIO JBKXKEHUS W Mellexo.-
HBIX TIOTOKOB.

B Hacrosiiee Bpemsi mpuMeHeHHe (OTOIOMU-
HECLEHTHOI0 NUIMEHTa B OETOHE UCCJIEJ0BaHO He-
noctatouHo. M3BecTHsIi cnoco0 BHenpeHus: ¢poTto-
JFOMHUHECLIEHTHBIX MUIMEHTOB B U3 U3 IeKOpa-
TUBHOTO OE€TOHA, HampaBjieHHbIH Ha obecrieueHue
CBEYEHUsI TOJILKO BEPXHEro JNEKOPAaTUBHOIO CJOfl,
MMeeT psJl CYIIECTBEHHBIX HENOCTAaTKOB: OH He
obecrieunBaeT CBeUeHHE Ha BECh MepPHUO/ IKCIITyaTa-
UMM, TEXHOJIOTMYECKU HE TMO3BOJISIET U3rOTaBIMBATD
W3IeNUs CIOXKHBIX KOHQUIYpaLuii U, B IeJIOM, CHU-
xKaeT PU3NKO-MeXaHUIECKUE XapaKTePUCTHKH.

8
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Llenbto MccnenoBaHus ABJSETCS OIpeAeTeHe
KpUTepHeB moadopa MOpTIAHALEMEeHTa A CBETS-
mMXxcsi OETOHOB, OMpeesieH e BIUSIHUS pa3Mepa va-
cTHLl (DOTOTFOMHUHECLICHTHOTO TMUTMEHTa Ha [JTU-
TEJILHOCTh CBEYEHHSI aPXUTEKTYPHO-IEKOPATUBHOTO
OeToHa, ¢ MOC/IeayIome BO3MOKHOCTBIO M3TOTOB-
JICHUSI CBETSLIMXCS W3JICNIUI C JIMLEBOW MOBEPXHO-
CTbIO, (hOpMyeMOii B pa3TUUHBIX MOJOKEHUAX U pa3-
HBIX KOH(QUTYpaIUSX, PU COXPaHEHWH (PHU3UKO-Me-
XaHUYECKHX XapaKTepucTUK OeToHa, ¢ olecreve-
HHEM CTOMKOTO CBEYSHHs] B TEMHOE BpPeMs CYTOK B
TEYEHHUE BCErO CPOKA CITYIKOBI.

Marepuansl u MeToabl. IHTEHCMBHOCTH CBe-
yeHus U Qasza 3aTyxaHus (OTOIFOMHHECLIEHTHOTO
MUrMeHTa B OeTOHe ompejesnsiack Mo pa3paboTaH-
HOH aBTOpamMu METOAMKOM, 3aKJIIoYarolleics B U3-
MEpEHUH PKOCTH CBEUCHUS JTFOKCMETPOM B TEMHOM
nometeHun (sipkocTh oceemeHus — 0 JIk) mocne
HaKOTUIeHNs! 00pa3lioM CBETOBOW SHEPTUH TPH BbI-
OpaHHOM HCTOYHHMKE OcBelleHHs. MccienoBanus
MPOBOJIUITUCH ¢ TIPUMEHEHHEM eTHIeTCKOro 0enoro
noptnanauementa Aalborg CEM 1 52,5 N, ceporo
noptnanguementa I[1] 500-10 (HoeopocuemeHT),
MpamopHoii kpouiku ¢p. 0,2-0,5 ¢ Sy; = 1570 kr/m°,
BBE/ICHHOM B cMeCh C LIeJTbI0 SKOHOMHUH TOPTIIaH -

JIAM-2MA  (40)I1,  JIAIT-2mMA(70)I0,  JIJII-
2MA(100)I1, 3apspKxaemMbIX TIpY pa3IMUHBIX HCTOYHU-
Kax ocselleHus. Bonocroiikuii hoTomoMHUHeCHEHT-
HBIM MUTMEHT NPEACTABIISET COOOM OKCHIHYIO Mat-
pHIy Ha OCHOBE OKCHJA IFOMHMHUS, KpUCTaJINYe-
CKMI1 MEJIKOAMCEPCHBII MOPOLLOK KEJITOBATO-3€J1e-
HOro oTTeHka. CBeueHHe BO30YXKAaeTcs W3yde-
HUEM B KOPOTKOBOJIHOBOW 00JIaCTH BUJIUMOTO CIIeK-
Tpa, JIIOMHHECLIMPYET B JKENTO-3eJIEHOW OO0JIacTH,
HMMeeT SIPKOe TIOCIeCBeUeHUE JUTUTEILHOCThIO 10 24
yacoB. JSIpkocTh TiociecBeueHUs uepe3s 1 dac
20—60 mMaka/m2.

OcnoBnasi yacth'. Ha mepBom srame Lenbio
SKCIIEPUMEHTA ObIJIO OTPE/Ie/ICHUE CTETICHH 3apsIKH
(DOTONMFOMHHECIICHTHOTO TIMTMEHTA B apXUTEKTYp-
HOM OeTOHe ¢ MpUMeHeHueM OeNoro U ceporo nopr-
JIQH/ILIEMEHTOB TIPU Pa3IMYHBIX MCTOYHUKAX OCBe-
HICHMUS.

B GetoHHylo cMech ¢ TIpUMEHEHHEM OeJoro
CEM I 52,5 N (Erunerckuii, Aalborg) u ceporo ITL]
500-10 (HoropociieMeHT) TOpTJIaHALIEMEHTa ObLT
BBejIeH (OTOMFOMHUHECIeHTHBIH urmenT JIITT-2MA
(40)IT Ha cTanuu cyxoro nepeMellMBaHus B Iyana-
30He 5 % oT Macchl nopmiaHaueMenrta. [locne sToro
00pa3ibl BBICPKUBAITM B €CTECTBEHHO-BIIAYKHOCT-

eMeHTa, W (OTONOMUHECHIEHTHBIX TMUTMEHTOB HBIX YCJIOBUSX B TedeHne 14 cyTtok (tabm. 1).
Tabnuya 1
Cocras 6eToHa ¢ (OTOTIOMHHECHIEHTHBIM IHTMEHTOM ¢ MPUMeHeHHeM 6eJI0ro
H Ceporo nopTJIaHALEMeHTOB
Pacxon Matepuasnos Kr/m’
Ne Beunnlii Cepblit MpamopHas DOTOJFOMUHECUEHTHBI I B/
o0pasua | MOpTIAHALEMEHT | mnopmiaHaueMeHT | kpowka ¢p.0,2-0,5 MUTMEHT, 5 % OT Macchl
LeMeHTa
I 460 — 1570 23,0 0,5
11 — 460 1570 23,0 0,52

[Mocne nmmMdpoBKM NMOBEPXHOCTHOrO CJIOS 3a-
psinka oOpa3LoB OcCyLIeCTBisJIach MPH €CTEeCTBEH-
HOM OCBCUIEHHMH U C TPUMEHEHHEM MCTOYHHUKOB
ocBeleHus: Led pa3nn4HOl MOIIHOCTH, CBETOBOTO
MOTOKA W IIBETOBOU TeMmepaTypsl (Tadn. 2).

AHanu3 JaHHBIX MOKa3blBAa€T, YTO BMJ MOPT-
JIAaHJIUEMEHTA OKa3bIBAET CYLIIECTBEHHOE BIUSIHUE Ha
cBeueHUe 00pa3LoB: cepblii MOPTIaHALIEMEHT Mpu-
riywmaet 3 ¢QeKT CBeuUeHUsl, He MO3BOJIss MOMYUUTD
WHTEHCUBHOE CBEYEHHUE, B TO BPEMs KaK HCIOJb30-
BaHUM OEJoro MopmiaHAlleMEeHTa, PYU OJMHAKOBON
JI03UPOBKE (POTONOMUHECLIEHTHOTO MUTMEHTAa, M03-
BOJISIET MOJTy4YaTh 00pa3iibl ¢ BICOKOW MHTEHCUBHO-
cThIO cBeveHus (puc. 1).

B xone skcnepumenTa ObI0 yCTaHOBJIEHO, UTO
MaKcuMaJlbHOe CBeueHHe o0pa3LoB obecneunBaeTcs
3apsIIKOM NPU €CTECTBEHHOM OCBEICHUH, 0COOEHHO

1Yacts mccnenoBanuii 6buta npencrasneHa npu 3ammre HKP
«CaeTsimuecs AeKOPATUBHBIE OETOHBI C UCHIONB30BAHUEM OTXO-
JIOB KAMHEZPOOIEHNS TOPHBIX TOPOJI».

TpY COJIHEYHOM cBeTe ¢ ocBetleHHOCThio B 50.000
JIk.

Taxoke ycTaHOBIEHO, YTO HAa MHTEHCHUBHOCTb
CBEUYCHHUS (POTOTIOMHUHECLIEHTHOrO MHUIMeHTa B Oe-
TOHE BJIMSIET W LIBETOBas TeMIepaTypa UCTOYHHMKA
ocBeuleHus. [IurmMeHT nyuylue 3apspkaeTcs Opd Mc-
KyCCTBEHHOM OCBELLEHUU XOJIOJHON LIBETOBOM TeM-
neparypsl B 6500 K otHocurensHo Tertoii 3000 K.

Takum oOpa3oM, ycTaHOBIEHO, YTO AJSl WU3rO-
TOBJICHUS CBETSIUMXCS ApPXUTEKTYpPHO-IE€KOpaTHUB-
HBIX OETOHOB 11e51eco00pa3HO MPUMEHSTH B KaUeCTBE
BSDKYLIEro TOJIbKO Oenblii mopThnanaueMeHt. llo-
3TOMY BC€ MOCIEIYIOLIME 3KCIePUMEHThI TIPOBOAU-
JMCb C NMPHUMEHEHUEM erurnerckoro 0enoro nopr-
nanauemente Aalborg CEM I 52,5 N.

Ha cnenytoiem stane vccnenoBaHus NpoBoaU-
Jach OLEHKAa MHTEHCUBHOCTH CBEYeHMs 0OpasloB,
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W3TOTOBJICHHBIX TIO COCTaBY: Oelsblii MOpTiIaHALe-
ment Aalborg CEM I 52,5 N 460 kr/m*; mpamopHas
kpoka §p.0,2-0,5 1570 kr/m*; poToNMOMUHECHEHT-
sbiii murmedt JIJTT-2MA (40)I1 B konmuecTBe 5 %0;

10 %; 15 %; 20 %

OT MaccChbl NOpTIaHALUEMEHTa

(tabi. 3), B 3aBUCMMOCTH OT HCTOYHHMKA OCBELICHUS
Y JUTUTEIIbHOCTH 3apsI/IKH.

Tabnuya 2

HNHTEHCHBHOCTH CBEeUeHHS (l)OTOJ'llOMl/lHeCIleHTHOFO NMUTrMEeHTA B 0ETOHHBIX oﬁpaauax B 3ABHCHMOCTH
OT BPEMEHU 3apHAAKHA U HCTOYHHUKA OCBCIICHUSA

VHTEHCUBHOCTh CBEUEHHUS 06PA3LOB B TEMHOM TTOMEIIEHNH
Hcrounnk cBeta (MOITHOCTD
CBETOBONO H3TYHICHIS, M) Ne o6pasua JIK, mocIie 3apsIKu B TeYeHHe
Ty & 20 MuH. 30 MuH. 40 MuH. 50 MuH. 60 MuH.
CoJiHEeYHBI CBET MPH ACHOM TOroj1e [ 1,17 1,50 1,79 1,83 2,60
(>50.000) 11 0,20 0,28 0,29 0,30 0,31
CoJiHeuHBIii CBET MPH MacMypHOi I 0,76 0,90 1,02 1,09 1,16
noroze (21.000) 11 0,11 0,16 0,25 0,26 0,13
I 0,25 0,27 0,25 0,24 0,19
C 1.000 ’ ’ ’ ’
ywepicit (1.000) il 0,03 0,02 0,02 _ _
I 0,20 0,21 0,23 0,24 0,24
LED 11B 3000K (990)
11 0,02 0,02 0,01 - -
0,34
LED 11Bt 6500K (990) ! 0,28 0,30 0,30 0,32
II 0,03 0,02 0,01 — -
| 0,49 0,52 0,55 0,56 0,56
LED 15B 3000K (1200) T 0.03 0.02 001 001 .
| 0,51 0,55 0,57 0,58 0,61
LED 15B1 6500K (1200) I 0,03 0,02 0,01 0,01 0,01
| 0,57 0,61 0,65 0,67 0,68
LED 20BT 3000K (1800) I 0,03 0,03 0,04 0,04 0,04
| 0,64 0,67 0,68 0,7 0,72
LED 20B1 6500K (1800) I 0,07 0,08 0.01 0,01 0,01
a) 0)

Puc. 1. CBeuenne 00pa3LoB ¢ (POTOTFOMUHECLIEHTHBIM TUTMEHTOM
a — oOpazer ¢ OeJTbIM MOPTIAHAIEMEHTOM; O — 00pa3el] ¢ CepbiM NOPTIAHIIEMEHTOM;
B — CBEUEHHUE 00pa3ia ¢ OeJbIM MOPTIaHAIEMEHTOM; T — CBeUeHHE 00pa3iia ¢ CepbIM MOPTIAHAIIEMEHTOM
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Amnanu3 maHHbix Ta0J1. 3 Mokasaji, 4YTO WHTEH-
CUBHOCTb CBEYEHHs 00pa3lioB yBeJIUYMBAETCS MPU
MOBBIIIICHUH CO/IeP>KaHUs (POTOTHOMUHECIIEHTHOTO
nurmMenra B 6etone (puc. 2). OqHaKo O4€BHHO, YTO
WHTEHCUBHOCTb CBEUCHHUs1 00pa3IioB ¢ COIepKAaHUEM
nurmenta 10 %; 15 % u 20 % npu 3apsake B paz-
JIMYHBIX UCTOYHUKAX OCBELICHUs U3MEHSeTCs Hecy-
mecTBeHHO. [Ipu 3TOM ciiegyeT OTMeTHTh, 4TO MpH

no3upoBke 5 % Tarke HabMOJaeTcss BUIUMOE CBe-
YeHHe. YUMThIBas HEraTHBHOE BIMSHHE BBICOKOTO
MPOLEHTHOTO CoJep KaHusl MUIMEHTOB Ha (PU3MKO-
MeXaHMUEeCKHe XapaKTepUCTUKN OeToHa, IJisl MoJy-
yeHus sddekra cBeveHus: Oyaer 000CHOBAHO MpU-
HATB 32 ONTHMAaJbHYIO JIO3MPOBKY JHana3oH
5-10 % (OTONIOMUHECLIEHTHOTO MMHUIMEHTa OT
Macchl MOPTIaH/LEMEHTa.

Tabnuya 3

HHTeHCHBHOCTH CBeUeHHs 0€TOHHbBIX 06[)33[[03 C pa3HbIM KOJIHYE€CTBEHHBIM COAE€PKAHUEM
(l)OTOJIlOMl/lHeCl.IeHTHOFO NUIrMEHTAa B 3ABUCHUMOCTH OT HCTOYHHUKA OCBCHICHUA H BPEMEHH 3aPAIKHA

Hcrounuk cBeTa WHTEHCHBHOCTD CBEYEHHUS 00pa3LIOB B TEMHOM
(MOIIIHOCTH CBETOBOTO M3ITy4YEHUS, Hﬂ:;lgizzkoa/o noMerneHuu, JIk
TIM) ’ 20 muHyT | 30 munyT | 40 MuHYT | 50 MUHYT | 60 MUHYT
(C>05J10}Iggg;>n71 CBET NPH SCHOM Moroe 150 téz i:ég i:;g ;:ﬁ 5:8(7)
’ 15 1,65 1,70 1,91 2,10 3,01
20 1,67 1,79 1,95 2,12 3,00
5 0,76 0,90 1,02 1,09 1,16
CoJTHEeuHbI# CBET MpU MAacMYypPHOU 10 0,79 0,98 1,10 1,28 1,54
noroze (24.000) 15 0,80 1,00 1,09 1,29 1,57
20 0,82 1,03 1,10 1,32 1,59
Cymepxku (1.000) 5 0,25 0,27 0,25 0,24 0,19
10 0,42 0,47 0,59 0,62 0,63
15 0,42 0,48 0,62 0,63 0,65
20 0,44 0,49 0,65 0,65 0,67
5 0,20 0,21 0,23 0,24 0,24
10 0,29 0,32 0,35 0,35 0,36
LED 11Bt 3000K (990) 15 0,30 0,33 0,37 0,39 0,41
20 0,30 0,34 0,37 0,40 0,41
5 0,28 0,30 0,30 0,32 0,34
10 0,36 0,37 0,39 0,40 0,42
LED 11BT 6500K (590) 15 0,38 0,38 0,40 0,41 0,43
20 0,49 0,42 0,43 0,43 0,43
5 0,49 0,52 0,55 0,56 0,56
10 0,56 0,59 0,64 0,65 0,68
LED 15B1 3000K (1200) 15 0,58 0,60 0,64 0,66 0,68
20 0,57 0,61 0,65 0,66 0,69
5 0,51 0,55 0,57 0,58 0,61
10 0,62 0,62 0,66 0,67 0,69
LED 15BT 6500K (1200) 15 0,63 0,63 0,66 0,67 0,70
20 0,63 0,64 0,66 0,68 0,71
5 0,57 0,61 0,65 0,67 0,68
10 0,65 0,66 0,69 0,71 0,78
LED 20BT 3000K (1800) 15 0,67 0,68 0,70 0,73 0,79
20 0,68 0,69 0,71 0,75 0,79
5 0,64 0,67 0,68 0,70 0,72
10 0,71 0,77 0,79 0,81 0,82
LED 20BT 6500K (1800) 15 0,72 0,80 0,80 0,82 0,83
20 0,74 0,79 0,82 0,83 0,85

[TUrMeHTbl ¥ HaMOJHUTENN KaK B UCXOJHOM -
MOPOIIKOOOPa3HOM COCTOSIHUM, TaK U B COCTABE MU~
MEHTHPOBAHHOI'O MaTepHasa He OTHOPOIHBI O pa3-
MepaM, T. €. XapaKTepU3yIOTCs ONpeaeIeHHOM MOJIU-
JUCTIEPCHOCTBIO, U UX paclipeiesieHue 1o pazMepam
MOJYMHSIETCS MHTErpajbHOMY 3aKOHY pacrpenesne-
HUS. DTH 3aKOHOMEPHOCTH OTHOCATCS U K (hoToro-
MHUHECLIEHTHBIM nHUrMeHTaMm. KoHTposib pa3mepon

yacTull (OTONFOMUHECIIEHTHBIX MUTMEHTOB OTKpPbI-
BaeT MyTH 3HAUYUTENLHOIO CHUKEHHS Pacxoa Jopo-
FOCTOSIIMX, U YacTO Ae(UUUTHBIX MATMEHTOB. Xa-
PAKTEPUCTUKH (OTOJIFOMHHECIIEHTHBIX MUTMEHTOB
3aBHUCAT KaK OT (PU3UYECKUX, TAK U OT XUMUYECKHUX
cBoricTs [15-20].
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Puc. 2. UHTEeHCHBHOCTB CBeYCHUST OETOHHBIX 00Pa3I0B C pa3HbIM KOJUYECTBEHHBIM CONCPKAHUEM
(hOTOIMOMUHECTIEHTHOTO IMTMEHTA B 3aBUCUMOCTH OT UCTOYHUKA OCBELICHUS ¥ BPEMEHU 3apsaKu

Ha cnenyromem stane wucciaenoBaHusi ObLIO
W3y4YeHO BJIMSHUE pa3Mepa 4acTHl, NUIMEHTa Ha
BpeMs MOCJIECBEUCHHS B APXUTEKTYPHO-AEKOpaTHB-
HbIX OeToHax. ONTUMabHOE COYeTaHUe pa3mepa va-
CTHLL CBETSALLMXCS MTUIMEHTOB M MUHEPAIbHbIX KOM-
[OHEHTOB MO3BOJIAET YNPABJSATh HE TOJbKO PEOTeX-
HOJIOTMUYECKUMHU CBOMCTBAMU OETOHHBIX cMeceH, HO
n o0ecreunBaeT apXUTEKTYPHYIO BbIPA3UTEIbHOCTD
B BUJIE CBEUEHHUS [TPU COXPAHEHUH BBICOKOM 3KCILTY-
aTalMOHHOW HaJEKHOCTH.

OueHka MU3MEHEHHUsST UHTEHCUBHOCTH CBEYEHHS
(3aTyxaHus) B TPOAOKUTENILHOM NIEPHO/Ie BpEMEHH
MpoBoauiach Ha oOpa3uax, U3roTOBJIEHHBIX MO CO-
craBy: Oenblii nopTianaueMent 460 kr/m*; Mmpamop-
Has kpomka ¢p. 0,2-0,5 1570 kr/m*; poromomunec-
LIEHTHBIH MUTMEHT ¢ KpyNMHOCThIO YacTull 40 mxH; 70
MkH; 100 mxH B konmnuectBe 5 %; 10 %; 15 %; 20 %
OT Macchl MopTianialeMenTa (tadn. 4) ¢ 3apsakoi
TP pa3HBIX UCTOUYHMKAX OCBElIeHHs B TeueHue 60
MUHYT. [lurmeHTsl BBOAMAM B OETOHHYIO CMeCh Ha
CTaJlMM CyXoro nepemeuirBanus. B 3aBucumoctu ot

pa3Mepa yacTHll CpaBHUBAIM (POTOTIOMHUHECLIEHT-
HbI€ CBOMCTBA MUTMEHTOB B 00pa3lax OeToHa ¢ mno-
MOLLbIO POTOMETPUUECKOT0 000pyI0BAHUSI.

AHaNn3 JaHHbIX UCCIIEN0BaHUs AAeT MpeCcTaB-
JIeHUE He TOJIbKO 00 MHTEHCUBHOCTH CBEYEHUsI, HO U
0 ¢azax 3aTyxaHus, SPKOCTH CBeUCHUs (OTOITIOMU-
HECI[EHTHOTO NMUrMeHTa B oOpa3iax OeToHa Ha Oe-
JoM noptaaHauemMenTe. da3a MHTEHCUBHOTO cBeye-
HUS MATMEHTa npojoikaetcs nepseie 30—50 MUHYT.
B otoii paze nocnecBeuenue cocrapiuset 80—85 % ot
nepBoHavanbHOM apkocTH. [locnecseuenue yepes 60
MUHYT cocTaBnseT ~ 60 % OoT nmepBoHaYaNbHON sip-
koctu. [lanee ¢ KaxkAbIM HacoM SPKOCTb MocjiecBe-
YeHUsl MaAaeT ¢ MEHblIEH CKOPOCThbIO, MO cpaBHe-
HUIO ¢ niepBoit azoit. Uepes 120 MUHyT cocrapnser
~ 45 %. Jlanee ¢ KakIbIM 4acoM CHWXKaeTcs Ha 3—7
%. Takum obOpa3om, yepe3 8 yacoB (poToNFOMUHEC-
LIEHTHBIA MUTMEHT B OeTOHE OyJeT CBETUThCS C SIp-
KkocTeio 20-25 % oT nepBoHauanbpHOTO, yepe3 12 ya-
COB cBeueHue coctaBuUT 7—8 %, a uepe3 14 uacos
okoJ10 4-5 %.
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Tabnuya 4

CHHIKeHNe HHTEHCHBHOCTH cBedeHns oroaomuuecnenTHoro nurmenta JIJAII-2mA (40)I1 B 06paznax
0eTOHa ¢ 103UPOBKON NUrMeHTa B quana3oHe oT S 10 20 % c 3apsaakol Npu pa3aTuYHbIX HCTOYHHKAX

cBeTa
MeTouHNK cBeTa HHTEeHCHBHOCT CBeUSHHS 00pa3IoOB B TEMHOM TIOMeIeHNH, JIk
(MOIIHOCTD rﬁi?;;;]ﬁ Uepez | UYepes | Uepes | Uepes | Uepes Uepesz | Uepe3 | Yepes
CBETOBOTO ’ 30 60 120 180 240 300 360 480
W3TY4YEHUS, JIM) (;;x:;‘;zl MMH. MMH. MHH. | MUH. MVH. MUH. MUH. MUH.
CosHeuHbrii caer 5 2,60 1,59 1,18 1,02 0,92 0,80 0,66 0,52
HpH AICHOM Noroje 10 2,97 1,80 1,35 1,21 1,05 0,89 0,74 0,61
(>50.000) 15 3,01 1,81 1,36 1,22 1,06 0,90 0,76 0,61
20 3,00 1,81 1,36 1,25 1,06 0,91 0,77 0,62
CoJIHEYHBI CBET 5 1,16 0,71 0,52 0,51 0,41 0,35 0,29 0,24
MpH MacCMypHOM Mo~ 10 1,54 0,93 0,71 0,62 0,54 0,47 0,39 0,30
roue 15 1,57 0,94 0,71 0,63 0,54 0,48 0,41 0,31
(24.000) 20 1,59 0,94 0,72 0,64 0,55 0,48 0,41 0,33
5 0,19 0,15 0,08 0,07 0,06 0,05 0,05 0,04
Cywepiu (1.000) 10 0,63 0,38 0,28 0,25 0,22 0,19 0,15 0,13
’ 15 0,65 0,39 0,29 0,25 0,23 0,19 0,16 0,14
20 0,67 0,39 0,28 0,26 0,24 0,20 0,17 0,14
5 0,24 0,15 0,11 0,09 0,08 0,07 0,06 0,04
LED 11Bt 3000K 10 0,36 0,22 0,16 0,13 0,12 0,10 0,09 0,07
(990) 15 0,41 0,23 0,16 0,13 0,13 0,11 0,10 0,07
20 0,41 0,24 0,18 0,15 0,14 0,12 0,11 0,08
5 0,34 0,20 0,15 0,13 0,11 0,10 0,08 0,06
LED 11Bt 6500K 10 0,42 0,25 0,19 0,16 0,14 0,12 0,10 0,08
(990) 15 0,43 0,26 0,20 0,17 0,14 0,13 0,11 0,08
20 0,43 0,26 0,21 0,17 0,15 0,13 0,12 0,09
5 0,56 0,34 0,25 0,22 0,19 0,17 0,14 0,11
LED 15BT 3000K 10 0,68 0,40 0,30 0,27 0,24 0,20 0,17 0,14
(1200) 15 0,68 0,40 0,32 0,28 0,25 0,21 0,18 0,15
20 0,69 0,41 0,32 0,28 0,25 0,22 0,18 0,16
5 0,61 0,37 0,27 0,24 0,21 0,18 0,15 0,12
LED 15BT 6500K 10 0,69 0,41 0,32 0,27 0,24 0,20 0,17 0,14
(1200) 15 0,70 0,42 0,32 0,28 0,25 0,22 0,18 0,15
20 0,71 0,43 0,33 0,33 0,25 0,22 0,19 0,15
5 0,68 0,40 0,30 0,27 0,24 0,20 0,17 0,14
LED 20Bt 3000K 10 0,78 0,35 0,35 0,31 0,27 0,23 0,20 0,15
(1800) 15 0,79 0,36 0,35 0,32 0,28 0,23 0,21 0,15
20 0,79 0,36 0,35 0,33 0,30 0,24 0,21 0,16
5 0,72 0,43 0,32 0,28 0,25 0,21 0,18 0,15
LED 20Bt 6500K 10 0,82 0,49 0,37 0,33 0,29 0,24 0,20 0,17
(1800) 15 0,83 0,51 0,38 0,34 0,30 0,25 0,22 0,18
20 0,85 0,52 0,38 0,35 0,32 0,27 0,23 0,19

UccnenoBanue cHUKEHUSI MTHTEHCUBHOCTH CBe-
YEHUS Ha MUIrMEeHTax ¢ pazmepamu yactuu, 70 u 100
MKM, TPOBOAMJIOCH TPHU 3apsgKke Ha COJHEUYHOM
cBere B sicHyto norofgy (50.000 nm) u mpu LED 20BT
6500K (1800 nm), BBUY caMbIX BHICOKUX MOKa3aTe-
Jieli MOIIHOCTA CBETOBOTO W3JIY4YEeHUs NpU ecTe-
CTBEHHOM M MCKYCCTBEHHOM cBeTe. Pe3ynbTarsl uc-
MbITAHWUH TIpeICTaBICHBI B Ta0J. 5.

AHanu3 NTaHHBIX MCCIICIOBAaHUS MHTEHCUBHO-
CTH cBeueHMs U (a3 3aTyxaHusi cBeueHus (HoToto-
MuHecueHTHoro nurmenta JIA-2MA(70)T u JIITI-

2MA(100)IT B 0Opasuiax OeroHa Ha Oe10M MOPTIIaHA-
LEMEHTE NOATBEPKAAET 3aKOHOMEPHOCTH, BbIsIBJICH-
HbI€ TIPY UCTIBITAHUSAX 00pa3oB ¢ murmenTom JI/II1-
2MA(40)IT (Taba. 6).

Ilony4eHHble naHHBIE CBUAETENbLCTBYIOT O He-
3HAUUTEJILHOM BIIMSIHUM pa3Mmepa yacTull (oTosro-
MUHECLEHTHOIO NMUIMEHTa Ha WHTEHCUBHOCTb CBE-
yeHus: B OeToHe, a Takke Ha ¢as3bl 3aTyxanus. [lpu
W3MepeHUsIX ObUIM MOy4eHbl OuYeHb OJU3KUE ToKa-
3arenu cBeueHus oopasuos (puc. 3).
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Tabnuya 5

CHHKeHNe HHTEHCHBHOCTH cBedeHus poTomomuHecnedTHOoro nurmenta JIJIII-2mA (70)I1
u JIII-2mA (100)I1 B 06pa3nax 6eToHA ¢ 703HPOBKOIi MUTMEHTA B Auana3oHe ot S 10 20 %
¢ 3apAAKOIl IPU PA3JTHYHBIX HCTOYHHKAX CBETA

Hctounuk cBeta CBedeHue 00pa3IioB B TEMHOM NomenieHud, JIk

(MouHoCTE KOHH%CTOBO Yepes UYepes  [Uepes 120 [Uepes 180 | Uepez [Uepes 300 [Uepes 360 | Uepes
CBETOBOTO nUrMeHTa, % ot
30 mun. | 60 MUH. MUH. MUH. 240 MuH. MUH. MUH. 480 muH.
W3JTyYEHUs, JIM) | Macchl lIEMEHTa
Domontomunecyenmuwiii nuemerm JI-2mA(70)11
CoTHe HbI 5 2,7 1,62 1,19 1,05 0,93 0,80 0,68 0,53
CBET MPHU SICHOM 10 3,07 1,81 1,37 1,22 1,06 0,90 0,75 0,61
noroze (50.000) 15 3,08 1,81 137 125 1,07 0,90 0,74 0,62
20 3,08 1,82 1,37 1,25 1,08 0,92 0,78 0,63
LED 20Bt 5 0,75 0,45 0,33 0,29 0,26 0,22 0,19 0,16
6500K (1800) 10 0,84 0,50 0,38 0,34 0,29 0,25 0,20 0,18
15 0,87 0,52 0,39 0,35 0,30 0,25 0,23 0,20
20 0,88 0,52 0,38 0,36 0,33 0,28 0,23 0,19
Domonromunecyenmnuviii nuemernm JU-2mA(100)I1
CoTHeYHBIH 5 2,67 1,60 1,20 1,05 0,93 0,81 0,67 0,54
CBET MIPU SICHOU 10 3,14 1,82 1,37 1,22 1,06 0,91 0,76 0,62
norozie (50.000) 15 3,15 1,82 1,38 1,22 1,06 0,91 0,76 0,63
20 3,05 1,83 1,39 1,26 1,08 0,93 0,79 0,63
LED 20Bt 5 0,75 0,45 0,34 0,31 0,27 0,22 0,19 0,17
6500K (1800) 10 0,88 0,51 0,38 0,35 0,29 0,26 0,21 0,18
15 0,91 0,53 0,38 0,36 0,30 0,27 0,22 0,20
20 0,88 0,52 0,39 0,37 0,33 0,26 0,23 0,20
Tabnuya 6

CpaBHHTE/IbHBIN aHAJN3 BpeMeHH 3aTyXaHus ¢oTomomunecuentaoro murmenta JIAI-2mA (40)I1,
JIAI-2mA (70)I1 m JIATI-2mMA (100)I1 B 00pa3nax 6eToHa ¢ npuMeHeHHEM 0€JI0r0 MOPTJIAHANEMEHTA H
pa3Hoil J03UPOBKOH NUTMEHTOB

Hcroynuk cBera WHTEHCHBHOCTH CBEYCHHMS 00pa3IioB B TEMHOM MoMelieHuH, JIk
(rc?rlg}:d(;?]:{gi;?- KOHH%CT;O Yepes Yepes Yepes Yepes UYepes Yepes Yepes
Y ’ [UEMEHTA, 70 OT |- gy 1y, 120 MuH. 180 MuH. 240 MuH. 300 mMuH. 360 muH. | 480 MuH.
M) MacChl LIEMEHTa
Domoniomunecyenmuoiii nuemerm JIII-2mA(40)11
. 5 1,59 1,18 1,02 0,92 0,80 0,66 0,52
Couedniii caer 10 1,80 1,35 121 1,05 0,89 0,74 0,61
?Sp(;‘(fgg)"“ fioroae 15 1,81 1,36 1,22 1,06 0,90 0,76 0,61
) 20 1,81 1,36 1,25 1,06 0,91 0,77 0,62
5 0,43 0,32 0,28 0,25 0,21 0,18 0,15
LED 20Bt 6500K 10 0,49 0,37 0,33 0,29 0,24 0,20 0,17
(1800) 15 0,51 0,38 0,34 0,30 0,25 0,22 0,18
20 0,52 0,38 0,35 0,32 0,27 0,23 0,19
Domoniomunecyenmuoiii nuemerm JII-2mA(70)11
. 5 1,62 1,19 1,05 0,93 0,80 0,68 0,53
ContevHbili cBeT 10 1,81 1,37 1,22 1,06 0,90 0,75 0,61
50000 % 15 1,81 137 1,25 1,07 0,90 0,74 0,62
' 20 1,82 1,37 1,25 1,08 0,92 0,78 0,63
5 0,45 0,33 0,29 0,26 0,22 0,19 0,16
LED 20Bt 6500K 10 0,50 0,38 0,34 0,29 0,25 0,20 0,18
(1800) 15 0,52 0,39 0,35 0,30 0,25 0,23 0,20
20 0,52 0,38 0,36 0,33 0,28 0,23 0,19
Domoniomunecyenmuoiii nuemerm JII-2mA(100)11
. 5 1,60 1,20 1,05 0,93 0,81 0,67 0,54
gog‘;’“;‘:(‘)‘;‘;g:z;e 10 1,82 1,37 1,22 1,06 0,91 0,76 0,62
(SpO 000) 15 1,82 1,38 1,22 1,06 0,91 0,76 0,63
) 20 1,83 1,39 1,26 1,08 0,93 0,79 0,63
5 0,45 0,34 0,31 0,27 0,22 0,19 0,17
LED 20Bt 6500K 10 0,51 0,38 0,35 0,29 0,26 0,21 0,18
(1800) 15 0,53 0,38 0,36 0,30 0,27 0,22 0,20
20 0,52 0,39 0,37 0,33 0,26 0,23 0,20
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Puc. 3. Fpacbm( 3aTyXaHHsA UHTEHCUBHOCTH CBEUCHMUA (bOTOHIOMI/IHGCHCHTHLIX NMI'MCHTOB B 6CTOHC, BBCICHHBIX B
cMech B konnuecTBe 10 % OT Macchl NMOPTIaHALUEMEHTA, MOCJIE 3apsAKU TPpU SICHOM Torojae

BriBoabl. PesynpTaTamu uccienoBaHuil mop-
TBEPKAEHO, YTO OJJHUM M3 OCHOBHBIX KPUTEPHEB BbI-
0opa mopTIaHIUEeMeHTa Ul CBETSIIMXCS apXHUTeK-
TYypHO-IIEKOPAaTUBHBIX OETOHOB SIBISiETCS LBET Lie-
MEHTa: Cepblii MOPTIAHALEMEHT TNPUIITyIIaeT 3¢-
(exT cBeueHus, B TO BpeMs KaK MUCMOJIb30BaHUH Oe-
JIOTO TIOPTaHILEMEeHTa MO3BOJIAET MONydaTh 00-
pasupl C BBICOKOW HWHTEHCHBHOCTBIO CBEUYCHMS.
Taroke ycTaHOBJIEHO, YTO MAaKCUMaJIbHOE CBEUEHHE
o0pa3uoB ofbecreynBaeTcs 3apsSAKOH TpU  ecTe-
CTBEHHOM OCBEILLEHUH W COJIHEYHOM CBETE C OCBe-
merrocThio B 50.000 JIk. Takxke ompeneneHo, 4To
Ha MHTEHCHBHOCTb CBEUYCHHs (DOTOIIOMMHECLICHT-
HOTO NMUrMeHTa B O€TOHE BIIMSET U LIBETOBAs TeMIIe-
parypa UCTOUYHMKA ocBelleHus. [lurment nyunie 3a-
psbKaeTcsl MpU MCKYCCTBEHHOM OCBELLEHHWH XOJIOJ-
HOH LIBETOBOM TeMIepaTyphbl. Pe3ynbTaTsl aKkCnepu-
MEHTOB MOATBEPIMJIM, YTO MHTEHCUBHOCTH CBeue-
HUSl YBEJIMUMBAETCS MPU MOBBILIEHUH COACPIKAHUS
(OTONMOMUHECLIEHTHOTO MUIMeHTa B OeTOoHe, of-
HAKO YCTAHOBJIEHO, YTO WHTEHCUBHOCTb CBEUEHUs
oOpasloB ¢ colepkaHueM nurmeHTa Bbime 10 %
[pY 3apsAKe B pa3IMUYHbIX UCTOYHMKAX OCBELIEHUs
HW3MEHsETCs HecyllecTBeHHO. JlokazaHo, uTo pa3mep
YacTul, MUCMEHTAa He OKa3blBaeT CYLUECTBEHHOrO
BJIMSIHUS HA MHTEHCUBHOCTh CBEeUYeHUs1 OeTOHa.
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RESEARCH OF PHOTOLUMINESCENT PIGMENT FOR USE IN LUMINOUS
ARCHITECTURAL AND DECORATIVE CONCRETE

Abstract. Architectural and decorative concrete with the use of photoluminescent pigment accumulates
solar energy, which is converted into light in the dark. The use of products with the glow effect provides an
increase in safety in the dark. It is an additional mean of signaling on dangerous and poorly lit sections of
roads, parking lots, bike paths. In addition, it allows to characterize this material as functional (the possibility
of manufacturing a wide range of products), aesthetically expressive (highly decorative in the daytime), eco-
friendly (the possibility of manufacturing with the use of man-made waste). Concrete with the use of photolu-
minescent pigments should not lose the properties of the glow, while the intensity of the glow should be main-
tained for a sufficiently long period. The criterion for choosing Portland cement for luminous architectural
and decorative concretes is not only the aspect of decorative concrete, but also the effect of luminescence. An
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experiment is conducted to determine the degree of luminescence of photoluminescent pigment in concrete
using white and grey Portland cement. A preliminary analysis of the literature and authors’ own research has
shown that in order to enhance the effect of the photoluminescent pigment glow in concrete, the surface of the
products must be sanded, which is also advisable for creating highly decorative surfaces of concrete products.
The optimally selected materials and the method of surface treatment of the products ensure the decorative

effect of architectural concrete even in the daytime.

Keywords: architectural and decorative concrete, photoluminescent pigment, luminous concrete, white

portland cement, luminous intensity.
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HECYHIAS CIIOCOBHOCTD ®JIAHIEBOI'O COEIUMHEHUS BAJIOK, IIOKPBITHE
OJHODTAKHOI'O IPOMBIIIVIEHHOI'O 3IAHUA (OI13) C YYETOM
ETO I'PUBOBHJHOCTH

AHHOmauua. B cmamve paccmampuearomcs 80NpOCHl, KACAIOWUECS AHANU3A Y3108 CHIAIbHBIX KOH-
cmpyxyuil. Ilpeomemom uccaredosanus asisiemest paanyesoe coeounenue. Obvexm ucciedosanus — Qianye-
8ble COeOUHeHUsL DANOK NOKPLIMULL OOHOIMANCHBIX NPOU3800cmeenHblx 30anuil. C yeivblo 00CMUXCEHUS NO-
CMAaBNIeHHBIX 3a0ay 8 pabome UCNONIL3VIOMCA PA3IUUHbIE MenOoObl, 8 MOM YUcjle AHAIU3, CUHMe3, ONUCaHUe,
oboowenue u cpasnenue. Ilo pezyromamam padomei onpeoesenvl 0COOEHHOCMU POPMUPOBAHUSL KA4eCmEd
83aUMO0CTCHBUS (PIIAHYEBLIX COCOUHEHUT U BLICOKONPOUHBIX DOIMO8 8 8UOE V3108020 COCOUHEHUsL OANOK NO-
Kpulmust. JJonoaHumensHo npogeden ananus 0coOeHHOCHetl npu RPoGedeH Ul NPOeKMUPOBOUHbIX pabom u npo-
U3600CMBA (PILAHYEBBIX COLOUHEHUT], UCNOTIb3YEMbIX OJIS PEAu3ayuu NONYISPHbIX KOHCHPYKMUGHBIX PeuleHull
cmanvnvix nonepeunvix pam OII3. Kpome mozco, packpvimsl OCHOGHblE HANPAGIEHUSL AHANU3A COCHOAHUS
CMATLHBIX KOHCIPYKYUL NPU HATUYUY NPUSHAKOG deqhopmayuu (2pudosuOHOCHU) (PAaHye6020 cOeOUHeHUs.
Honyuennvie OanHvle nNO380AI0M NPOBECMU ONMUMUIAYUIO COCABA HNEMEHMO8 YCUNIeHUs. KOHCMPYKYUU, d
MaKaice CHU3UMb YPOGeHb MPYOOEMKOCHYU pabom npu Npou3goocmee U MOHmaoice (uanyesvlix coeouneHul
oanox nokpuimuii OI13. B x00e ucciedosanust OvblLl nPo8edeH SKCNePUMeHn, PU KOMopom ObLI UCHOIb308AH
npunyun cummempuu. OOHOHANPABIEHHOE COCOUHEHUE 8 V3IIAX U MeHCOY HUMU ObLI0 CMOOENUPOBAHO 3a CUem
PACCMOMPEHHBIX DNeMEeHMOo8. B smom ciyyae credyem YROMuHams a6jienue adee3uoHHo20 dhgexma y3noe
npu colcamuy U OMcymemeue cyeniienus npu pacmsagicenuu. Mooens yuumvigaem Qusuieckyro HeauHelHoCHb

ceoticme mamepuand, nogedeHue KOMopol ObLIO 3a0aAH0 OUTUHEHHBIMU 306 UCUMOCTIAMU NOO HASPY3KOIL.
Knroueevie cnosa: cmanvivle koncmpykyuu, @ranyegvie coeOuHeHus, Oanky ROKPbIMUs, y3bl.

Bgenenue. B ocHOBe NaHHOTO HcCiEIOBaHHUS
JISKUT MpobieMaTHKa, Kacarolascs pacrpenaeneHus
KOHTAKTHBIX HAMPSHKEHUH W PbIYaroB Bo (UiaHLEeBOM
COEMHEHUU. YKe MPOBOAUIOCH HECKOJbKO padoT
paHee, 3a/eBalOLIUX 3Ty MpolieMy, HO BBIXOA U3
cTpost 60ATOB BO (h1aHUEBOM COEIMHEHHWH KOH-
CTPYKLUMI BO BpeMsl CTPOUTENLCTBA U KCILTyaTallu|
OI13 Bce elie yacToe sBIEHUE.

JlanHas npoOseMa kpaiiHe akTyajibHa, Beb J10
3TOr0 BPEeMEHM CYLIECTBOBAJIO MHOKECTBO 3a0ITyK-
JEHUH MO pachpedesieHu0 Harpy3ku (iaHUEeBOro
coeauHeHus. B Tom uncne cunranoch, YTo 3KCLEH-
TPUCUTET CMELIEHUsI PacTArUBAIOLIMX YCUIMH phbl-
yara B 00/Te Moj HArpy3Koil MUHUMaJEH, a COOTHO-
LIEHWE KECTKOCTH He OTpakaeTcs Ha pacueTe (uiaH-
LEBOro coeauHeHus. [y onpenenenus pe3yabTupy-
IoLIel CUJIbl OT HaINpsKEeHWH, OKa3blBa€MbIX Ha OCb
OonTta (c ydeToM mepeMeHbl TONIUHBI (UIaHIA),
HEOOXOIMMO  JIeTallbHOe UW3yuyeHHue (QuaHIEeBbIX
HarnpspbkeHui mon maibol rojoBku Gonra. Llensio
paboThl ObLIO MccneaoBaHUE HeCyllel cocoOHOCTH
(naHueBoro coeAuHeHWs OaJioKk C y4eTOM rpudo-
BUAHOCTH 3AaHMA. OOBeKT ucciefoBaHUS — KOH-
CTPYKTHUBHBIC PELICHUs, PUMEHSIEeMbIe Uil CTEepK-
Helt oTkpeiToro npodus [1].

Marepnansl u meroabl. [lonoxeHue onopel
onpenenseTcs TOYKOW NMPUIIOKEHHs, TaK Ha3biBae-

MOW paBHOJCHCTBYIOIIEH KOHTaKTa Mexay (iaH-
namu (puc. 1. b—Nf). Bektopsl Pf u Nb o603Hauarot
TOYKH MPUIOKEHUSI CUIT Ha 3Ty onopy. [Ipu aTom cy-
LIECTBYET BO3MOXKHOCThH IepepacrnpenesieHus: KOH-
TaKTHBIX HANpsHKeHUWH B COeAMHEHUWsX (1uaiobl,
¢naHupl, rojgoBky 0oJITa), KOTOpas CO3/1aeT Heomnpe-
JIeJIEHHOCTb JHCTBUS AaHHOro peiyara [1, 2].

Pesynbrupyromue Bekropsl Nb u Nf moryT nsz-
MEHSATb HalpaBJIeHUe U MepeBUraThCs. DKCLEHTPH-
CHUTeT €| CMeIaeTcsl K Ocu (UIaHLIeBOH HAarpy3KH OT
ocu Oointa, €2 — OT cBOOOAHOrO Kpast K ¢uiaHLeBOi
Harpy3ke. B maHHOM ciyuyae perueHue 3amaud —
onpezeneHre 3HaYeHUs SKCLEHTPUCUTETOB (puc. 1)
[3].

B xoze uccnenosanus Obl1 mpoBeeH dKCnepU-
MEHT, NMpHU KOTOPOM ObLI MCHOJIB30BAH MPHHLMII
cUMMeTpuu. IMEHHO STOT NpUHLMIT U COCOOCTBO-
BaJl co3/laHuIO0 MoJenu (puc. 1), pasmepsl MoAeNU B
4 paza MeHbllIe OpUTMHAJIBHOTO coennHeHus. Ceve-
HHE NIPYTKa, COEAMHEHHOTO ¢ (hIaHLIeM C MTOMOLIBIO
yroBbIX 1BOB, paBHO 20 MM. Llar pe3bObl dranua
5 MM, ToNKHA B Avanazone 15-35 mM. Pazmep aua-
MeTpa 60nToB 24 MM (db).

Koadduument maciitabupoBanus mpu mopje-
JIMPOBAaHWU YUTEH C MOMOLLbLIO W3MEHEHHUS CII0EB KO-
HEYHbIX SJIEMEHTOB, BIMSIOLIMX Ha pa3Mep ToJ-
HIWHBI Kccieayemoro duanua [4, 5].
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Puc. 1. Monens, yauTeIBatomasi CHMMETPHIO (a — CAMMETpUS (IIAHIIEBOTO COSTNHECHHS;
b — neopmMupoBaHHAsT KOHETHO-3JIEMEHTHAsI MOJIENb pacyeTa (hIIaHLEeBBIX COeTNHEHMI)

OnHOHaMpaBJjeHHOE COEJWHEHHE B y3Jax |
MEXTy HHMH OBbLIO CMOJEIMPOBAHO 3a CYET pac-
CMOTpPEHHBIX 3JIEeMEHTOB. B 3ToM cnywae ciemnyer
YNOMUHATh SIBJICHUE aJIre3MOHHOTO 3 deKTa y3JI0B
MPU CKATHU M OTCYTCTBUE CLETUIEHUS TIPH pacTsike-
HUM. MoJienb yuuThiBaeT (GU3MYECKyr0 HelTUHeH-
HOCTh CBOWMCTB Marepualia, TMOBeJCHHE KOTOPOH
ObIIO 3a7aHO OWIMHEWHBIMU 3aBUCUMOCTSIMH O]
Harpy3Kom.

JIiis 3TOTO B B5IeMeHTax MoJieNiv (UIaHIeBBIX CO-
€[IMHEHHWI HKCIOJIb30BaHbl  YIPYTrO-TJIACTHYECKUE
cXeMbl paboThl M3 MaTepHasia, COOTBETCTBYIOIIETO
cTayy: miactuHa U npuapka-C345, dmaneun-C255,
wmaiiba u BUHT-40X «Select».

3arpy3ka Mojlenud mpoxoauia mnostamHo. Ha
MEPBOM 3Tare pacCMOTPEHO MPeIBAPUTENILHOE HATS-
skeHue Oouita - ycunive Nb umeet 3Hauenue 240 kH.

HOCJ’[e,[[yIOH.[I/IC STaIllbl 6])1.]'[1/1 BBITIOJTIHCHBI C paBH])IMI/I
e,

mm

o= ¥

nonsimu Harpysku Pf. K gecsatomy stamy 3HaveHue
BHeIlIHeW Harpy3ku coctasisio 150 kH, npu Homu-
HaJILBHOM HAIPSXKEHWW TMONEpPEeYHOro cedeHus 25
kH/em?.

B0 BBIMONHEHO OTpaHUYEHHOE KOTUYECTBO
[IaroB Harpy>keHus, papaoe 20, 4TO COOTBETCTBYET
KOHEYHOM MPOYHOCTH HArpy>KeHHOU MiuTHI [7, §8].

Koopnunater obpazoBaBuinxes Nf u Nb pac-
CUHTBIBAIIUCH 110 aHAJIOTUH ¢ METOZIOM OMpEENeHUs
LEHTpa TSHKECTH B MeXaHuKe. J[is 3Toro nenonb3o-
BaJIMCh 3HAYEHHs] MPOJONBHBIX CHI Ni B KaKAOM
KOHTAKTHOM 3JIEMEHTe (CHila MEXIy y3/l1aMu KOH-
TAKTHBIX MOBEPXHOCTEH) U UX MOJOKEHUE Xi OTHO-
cutesibHO ocu Gonta. [1oaTOMy SKCLEHTPUCHUTETHI
paccuuThIBAIKCH 1O Gopmysie:

le’*Ni

TN

€1,€2 =

=15 =20
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ez

mm

40
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730

t=25]
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Puc. 2. I'padmku 3aBUCHMOCTH 3KCLEHTpUCHTeTa (@ — A7 €1, b — 114 e2)
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HauGonee 3naunTenbHOe M3MEHEHHE KOHTAKT-
HBIX HAIpsHKEHUH ToA aibol Habmogaercs s
«TOHKUX» (praHie t = 15 MM, U, HA060pPOT, KOH-
TaKTHbIE HaMpsLKeHUs Mexkay driaHuamu Oonee MH-
TEHCHUBHO CMEIIAIOTCS K BHEIIHEMY Kparo QraHua
JUISL «TOJICTBIX» (pJIAHLIEB MPH t = 35 MM.

Pesynbrarhl 3KcnepUMEHTOB MpencTaBieHbl B
Buae rpadukoB Ha puc. 2a u 206. 3aBUCHMOCTH

MOKHO pa3feMTh Ha JBa y4acTKa, KOTOpble OyayT
COOTBETCTBOBATh YINPYTrod U YNPYromiacTUYECKOH
craausMm (ranna [9].

PesynbTatrhl MccneqoBaHs cBEICHBI B TAOJIULY
1. 3HaueHHs SKCUEHTPUCUTETOB MPU MaKCHUMaIbHON
HarpysKe CBeJeHbI B TaOIMILy 2.

HzmeHeHrne  3Ha4YeHWIl  DKCLIGHTPUCHUTETOB
npejcTaBieHo B rpaduke Ha puc. 3.

Tabnuya 1
3aBHCHMOCTH TOJIHHBI (JIAHIA OT BhIAEP:KNBAeMOli BHellIHell HATPY3KH
Bremnsist Harpyska Pf, kH 0-60 105 195 225 240
Tonmuna dranma, t, MM 15 20 25 30 35
Tabnuya 2

3HaveHHe YKCHEHTPHCHTETOB B TOUKe MaKcHMAaJIbHOI Harpy3ku (240 kH) nnsa pazauunoit
TOJIHHBI QJIaHIEeB

TonmuHa doranma, t,
MM

15

20

25

30

35

3HavYeHue €;,MM

4,71

3,32

1,41

0,97

0,51

3HavYeHue €2, MM

18

23

35

43

46

50
- 43

45
a0

35
30

s TomHa Quadng, 1,

25

MM

~—#— 3Ha4vyeHue el,mm

20
15

—t—31a1elrve e2, mm

10

Puc. 3. 3aBMCMMOCTb 3HaUY€HUS IKCLIEHTPUCUTETOB B TOUKE MakcuMabHOM Harpy3ku 240 kH ot tosuunsl ¢pnaHua

CoryiacHO NPOBEJCHHOMY MCCIIEIOBAHHUIO BbI-
SBJICHO, YTO OTHOLIeHue e1/db cHukaetcs B 8,65 pa3s
[pU pocTe NMoKasartessi ToNWMHBL GraHua c 15 1o 35
MM U1l BHELIHEW Harpys3Kku, 3HaueHue KOTOPOM Ba-
pbupyetes ot 150 no 225 kH. Jlns otHowexHus e/db
HaOmtonaeTcs oOpaTHas TeHASHUMS, T. €. MpH
Harpy3kax Pf= 150 u 225 kH otHowuenue e»/db yBe-
nuunBaetcs B 1,4 1 2,5 paza coorBerctBeHHo [ 10, 11,
12].

OcnoBHas 1acTb. PacnpoctpaneHHoe npearno-
JI0)KEHHE O TOM, YTO COeIMHEHHEe CTEHKH OaJiku re-
penaeT COBUT, a COeIMHEHMS MOJIKH OaJIKH repeatoT
MOMEHT, HETOYHO.

Psn uccnenoBareneld Npulliv K BbIBOLY, OCHO-
BBIBASICh KaK Ha SKCMIEPUMEHTAIbHBIX JaHHbIX, TaK U
Ha MOJICIMPOBAHUM METOIOM KOHEUYHBIX 3JICMEHTOB,
YTO 3HAYMTEJIbHBINM CABUI MEpeAaeTcss Ha KOJIOHHY
yepes QuaHieBble coenHenus Oanku [ 13, 14].

Kpome Toro, pacnpeneseHue caBuUra Mexany
CTEHKOM Oaliky ¥ MOJIKAMHU PAZOM C JIMIEBOM CTOPO-
HOM KOJIOHHBI 3aBUCHT OT JeTajlell COeTMHEHMs], pa3-
JIMYaeTcs B YIPyroM M HEynpyrom Juana3oHax mHo-
BEJICHUS M 3aBUCUT OT CTENEHU HEYINpPYroro Bpaitie-
Husl, noajaepxuBaemoro Oankoid. dopmyiibl, npen-
JoxeHHble B pabotax BaHaHTa ans nporHosuposa-
HMS pacrpenesieHus CABUra MEXIy CTEHKO# Oanku
W TMOJIKAMHM, OCHOBaHbl Ha TMOKOM aHamuse W, Mo-
9TOMY HE MOTYT ObITb aKTyaJbHbIMU W TPUMEHH-
MBIMHU.

IToBenenne coeqvHeHHss B HErmOKOM Juana-
30HE MpeACTaBseT HAaUOONbIUMI UHTEpeC IS celd-
CMOCTOMKOr0 COENMHEHMs U MpeABapUTEIbHON
oueHku coeaunenuii s ANSI / AISC 358. Kpome
TOro, Jake B THOKOM Auana3oHe NOBeACHHUS ypaBHe-
HUS He MO3BOJIAIOT MPaBUIIBHO CIIPOrHO3UPOBATH Be-
JMYMHY CABMIa, BOCIIPUHUMAEMYIO TTOJIKAMU Oaliku
MpU COeAMHEHUU OANKU C KOJOHHOM.
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W3 ncenenoBaHuii XopoLuo NOHATHO, YTO MOJIKU
Oaiky mepeHocAT OGONBIIYIO YacTh CIIBUTA OAJKH B
CBapHBIX COeAMHEHUIX Oanku ¢ kojoHHOH. Takke
MOHATHO, YTO CABUT B MOJIKAX Oalki HE TOJNBKO A0-
OaBnsieT HampsDKEHWE CIBUra B TIOJNKH Oank, HO
TaKXKe CO3/1aeT BTOPUYHbIC M3rHOaroIIre HarpsKe-
Hus BO (pnaHiax Oanku [15].

JIOoNOMHHUTENbHBIE CIIOXKHOCTH BO3HUKAIOT B CO-
CTOSIHUM HAIPSHKEHHUS B MOJTKaxX Oanku BONHM3H JULe-
BO CTOpPOHBI KOJIOHHBI M3-32 M3rvba TONKH KO-
JIOHHHI U BIIMSHUSI OTBEPCTHUH JUIs IOCTYTIA K CBapKe.
DTH BOMPOCHI TAKXKE ITUPOKO H3YYATIUCh B HCCIIEA0-
BaHUsIX. TeM He MeHee, HECMOTpPsI Ha CIIO)KHOCTH B
COCTOSIHUM HamNpsDKeHWH B MOJKax Oalikh BO3Je
TOpLA KOJIOHHBI, UCCIICIOBAHNS Y UCTIBITAHUS TAKKE
MoKa3ali, YTO CBapHbIe COSTUHEHUS OAJIKH C KOJIOH-
HOW MOTYT MMETh OYeHb OONBLIYIO LUKINYECKYIO
TUTACTUYHOCTD, €CITH OHHW TPAaBUIIBHO CIPOSKTHPO-
BaHbl U aeranmsupoBanbl. ANSI / AISC 358 npeno-
CTaBIseT HEOOXOAMMOE PYKOBOJCTBO MO MPOEKTHU-
POBaHMIO M CTPOUTENLCTBY COEAMHEHHUI MEX Ty Oal-
KaMH, CITOCOOHBIX O0ECTedHTh YIOBIETBOPHUTEIb-
Hble CeiCMHUYECKHUEe XapaKTepUCTHKHU. briio Obl He-
BEpPHO JeJaTh BBIBOA, YTO Takas Mpolsiema, Kak
C/IBWT B TOJIKaX Oallky, KAKMM-TO 00pa3oM He y4u-
THIBAJIACH HCCIIEIOBATEIBCKUM COOOIIECTBOM WIIH
HE YYUTBIBAJIACh MPH pa3paboTke COeAMHEHHH, POo-
MEeINX TPEeIBAPUTEILHYI0 KBaIU(PUKAIUIO B
ANSI/ AISC 358 [16].

OcTaTouHble HANIPSIZKEHUS NPH ycaJKe CBap-
HOro mBa. boNbUIMHCTBO COGMHEHUI paMbl ¢ MO-
MEHTOM MPOBEPSIOTCS ¢ UCIONb30BaHMEM 00pa3LoB,
MOCTPOCHHBIX C OTpe3koM Oanku nnuHoi ot 305 1o
610 cm, coenMHeHHBIM ¢ KOJOHHOW. Bo Bpems
CBapKW Ha CBOOOJHBIN KOHel| Oajkd OOBIYHO HE
HaKJIa/IbIBAeTC HUKAKWUX BHEINHUX OTPaHUYCHUIA.
OnHako HEBEpHO MpeArnoaraTh, 4YTo 3TO JAeJaeT 3T
TECThl HENEUCTBUTENIBHBIMU [17].

[IpoBoaunuch, pacueTHble HcclaeaOBaHMUs CBa-
POYHBIX OCTATOUYHBIX HAMPSKEHUH B CBAPHBIX MO-
MEHTHBIX COEIMHEHUSX pambl. B uccrnenoBanuu pac-
CUUTBHIBAIMCH OCTATOYHBIC HAIPSDKEHUS B MPOCTOM
CTHIKOBOM CBapHOM COEIMHEHWH, B KOTOPOM ILIa-
CTHHBI HE UMEJIM BHELTHUX orpaHndenuii [18].

Takske BBIYMCIISIIUCH OCTATOYHBIC HAMPSHKEHUS
B CBApHOM LIBE, COSAUHSIOLLEM MOJKY Oanku ¢ Ko-
JIOHHOM, TJIe ToJIKa OaKu ObLIa MOJHOCTHIO OrPaHU-
YeHa TOPU3OHTANILHBIM MepeMellieHueM Ha HeOOollb-
LIOM paccTOSHUM OT CBApHOrO LIBA, YTO MpPeICTaB-
nsieT coboi Ooliee KecTKUe YCIOBHS OrpaHUuSHMUS,
YeM B pealibHOM KOHCTPYKIIMH.

Ob6a cnyuasi, ¢ BHELIHUM OrpaHUYEHHEM WU
0e3 Hero, Moka3zalad OYEHb BBICOKME OCTATOYHbIE
HaNpsOKEHUS] HA YPOBHE TEKYUECTH KaK B MPOJIOJIb-
HOM, TaK U B TIONEPEYHOM HANpaBlICHUSX, a TaKkKe
3HAYUTENIBHYIO TPEXOCHOCTb HaIpsKeHHO-Aedop-
mupyemoro cocrossaust (HIC) [19].

DT pe3yNbTaThl PEIoNaraloT, YTO BHEIIHee
orpaHuueHue He TpeOyeTcs IUIsl CO3/IaHrs BBICOKMX
OCTAaTOYHBIX HampsbkeHHW mpu ceapke. Ckopee,
MecTHbIe 3(QeKThl, KOTOphIe XOPOIIO TMpeACTaB-
JieHbl Ha o0pa3lax Julsl MCTIBITAHWH HAa MOMEHTHOE
coelMHeHHe, 00ecTeYnBaloT CAepKUBAHUE, TIPHUBO-
JiAIee K BRICOKMM OCTATOYHBIM HATPSKSHHUSIM.

Hampumep, B MHOTOMPOXOAHBIX CBapHBIX
[IBaX, UCTIONB3YEeMBIX JIJIsl COETMHEHHSI TIOJIKK Oallku
C KOJIOHHOWM, ycaJika Ka)/IoTro MpoXoJa CAep KUBa-
eTcs nmpeApAynmME poxoaamu. Kpome toro, aud-
(epeHIManbHOE OXJIAXKICHUE CBAPHOTO LIBA MO I~
pHHE MOJIKK Oasikul OyJIeT co3aBaTh OOJIBIINE OCTa-
TOYHBIC HAINPSDKEHUsS Aake NMPU OTCYTCTBHU BHeEII-
HEro OorpaHMveHus Ha OaJiky, MOCKOJbKY 4YacTH
CBapHOTO IIBa, KOTOPBIE OXJIAXKAAIOTCS TIEPBBIMH,
OYIyT cIOep>KUBaTh YaCTU CBAPHOIO IIIBA, KOTOPhIC
OXJIAKIAFOTCS TIO3KE, 32 OOUH U TOT e CBapHOM
npoxoz [20].

Hccnenopanus BIUSHUAS OCTaTOYHBIX HATIPsKe-
HUH U CBapKe Ha MOBEJICHUE MOMEHTHBIX CBAPHBIX
coeaviHenuii Obuin mposeneHbl Chi et al. [1]. B
CBOEM MCCIIEJIOBAHUN OHU HMCHOJb30BaJId OCTATOY-
HbIE HaMpsHKeHUs, paccunTannble Zhang u Dong asis
ciydvas, Korja moika 6anmky ObUTa MOHOCTHIO 3a-
kara [21].

Hx uccneqoBaHus MoKasaiid, 4To 3TH OCTaTOY-
HbIC HATIPSDKEHUS! TTOBBIIIAIOT TPEOOBaHMS K BS3KO-
CTH pa3pylICHHUs] CBAPHBIX IIBOB TOJIKH OAJIKU U MO-
I'YT CHU3UTh MMPOYHOCTh COEIMHEHUS HA U3JIOM TIpU
HaJM4MM CBAapHBIX LIBOB C HU3KOH BA3KOCTHIO. Tem
HE MEHee, BBICOKUH ypOBEHb TPEUIMHOCTOMKOCTH,
HEOOXOUMBIHN /i1l CBAPHBIX MOMEHTHBIX COEUHE-
HUI1 Mociie CeBepHOro rpebHs, B COUETAHUU C YITyu-
IICHHBIMU TPeOOBaHUSMM K JeTaIM3allMd U KOH-
TPOJItO, 00ECIEUNBAIOT CYIIECTBEHHO YIY4IIEHHYIO
3alUTY OT MPEKIEBPEMEHHOr0 XPYMNKOro pa3pylie-
HUS B CBapHBIX LIBAaX MOJKM OalKH W JAENaloT dTH
CBapHble INBbI OYEHb YCTOWYMBBIMU K OOJBIIMM
OCTaTOYHBIM HAMPSHKEHUSIM.

TakuM 00pa3oM, HEBEpHO MpearnoaraTb, YTO
WCTIBITAHUS, UCTIOJIb3YyeMble ISl MPeABapUTELHOM
OLIEHKM MOMeHTHbIX coeauHeHuit miist ANSI / AISC
358, HeneWCcTBUTENbHBI HAa OCHOBE OCTATOYHBIX
HanpsbkeHui npu cBapke. Kpome Toro, kak onucaHo
BBIIIIE, TEKYIIUE TPEOOBaHUS K CBapKe, JAeTalu3aliu
Y TIPOBEPKE COSIMHEHNH MOMEHTHOM pambl obecrie-
YMBAIOT HA/IEXKHbBIE CBAPHBIE BB C BHICOKUM JIOITyC-
KOM [0 OCTaTOYHbIM HanpsbKeHUsM [22].

B cBoeii cratbe MockaneB nuieT: «MoOMeHT-
Hoe coelHeHue ¢ (aHueBbiMU TiacTuHamMu (BFP)
WCTIOJB3yeT (hIaHIIeBble TUIACTUHBI B KaueCTBE CO-
€JIMHUTENbHBIX 3JIEMEHTOB, U IJIACTUHBI MOTYT CBO-
007HO mepeMelaTbes MpU TMPUBApKe K KOJIOHHE;
clieoBaTeIbHO, B CBAPHOM IIBE CYLIECTBYET JIMIIb
octatrouHoe HanpsbkeHue» [10]. OcHoBbiBasich Ha
uccnenoBanun Zhang u Dong (2000), onucaHHOM
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BBILLIE, MOXKHO 0’KUAATh OYEHb BEICOKMX OCTaTOUYHBIX
HanpspKeHUH B CBApHBIX LIBAX, KOTOPbIE COSAUHSIOT
(naHueBbIe TIACTHHBI C KOJIOHHOW B OONTOBOM CO-
eVHeHUH (raHLUEBbIX TUIACTHH, W, KOHEYHO, WX
HeJIb3d CuuTaTh He3HauuTeldpHbIMH. CrenoBa-
TENIbHO, TIPOSKTUPOBIIMKAM HE ClielyeT ocialbniarh
TpeOOBaHUs K CBapKe, NeTalu3aluH U MPOBEpKe COo-
eIMHeHus (IIaHLEBBIX TJIACTHH Ha OoJITax, mosaras,
YTO OCTATOYHBIC HAIPSKEHHS NPU CBapKe B 3TOM
CBSI3M HE3HAUUTEJIbHBI [16].

CpapHoe coennHeHue ¢iaHIeBbIX NJIACTHH.
B cBoeii cTatbe r-H BaHaHT yka3bIBaeT, YTO COeIHU-
HeHue ¢ npuBapHoi (iaHueBol mnactuHoit (WFP)
JIOJDKHO paccMaTpyBaThbes Ui MpeiBapUTEIbHOTO
orbopa, HO OHO ellle He ObUTO MPOTECTUPOBAHO /IS
npenBaputenbHoro otoopa. Coenunenne WFP 6biio
npoTecTUpoBaHo B paMkax npoekta FEMA / SAC u
BktoueHo B FEMA 350.

[TpoekTHpoBLIMKH, 3aMHTEpEeCOBAaHHbIE B MOA-
kmouenun k WEP, moryTt obpatutsees B FEMA 350
IUIS TIONYyYEeHUs PEeKOMEHAALMi 1Mo MpOeKTUpOBa-
HUIO M Aetanu3aunn. OOpaThTe BHUMaHUe, OJJHAKO,
yto coennHenne WFP eme He mpouuio npenBapu-
TenbHylo kBanudukaumio B ANSI / AISC 358.

Komucens mo mpenBaputensHON KBanmuguka-
umu coenuuennii (CPRP) AISC oTeedaer 3a npezBa-
PUTENBbHYIO KBaTM(HKALUIO COSMHEHMI AT BKITIO-
yenus B ANSI / AISC 358. CPRP, B cBoto ouepenp,
COOTBETCTBYET TPEOOBAHUSM IS IPEeIBAPUTETEHON
KBanMQuKaunm, ykazanueim B rmase K ANSI/ AISC
341-16, [TonoxeHus 0 CEHCMUYECKHUX YCIOBUAX IS
KOHCTPYKLIMOHHOM cTanu. Kak onucaHo Beiwie, orpa-
HUYEHHOE KOJMYECTBO TECTOB ObLIO MPOBEAEHO Ha
coenunenun WFP Kim et al. (2000), u HescHO, 10-
CTATOYHO /M OTHUX TECTOBBIX JAHHBIX Ajs MOJ-
JEpKKH MpeaBapuTebHON KBanupukauud. Tem He
meHee, CPRP moxer paccMoTpeTh BO3MOXKHOCTD
noaxoyeHus k WFP anig npenBapurenbHoi kBanu-
¢ukauuu B Oyayuiem [24].

[IpenBaputenbHo KBaMM(UUMPOBAHHBIE MO-
MeHTHbIe coenuHenus B ANSI / AISC 358 npouwiu
BCECTOPOHHEE TECTUPOBaHKE, MOATBEPKACHHOE Bbl-
YUCIUTENBHBIMU U AHAJTUTUYECKUMM KCCIIe10BaHuU-
amu. PazpaboTka 1 npenBapuTenbHas OLleHKa COeIH-
Henuid 1yt ANSI / AISC 358 ocHoBaHbl Ha 0OLIMp-
HOM O0beMe McCleAOBaHUK MOMEHTHBIX COeqUHe-
HUI, MPOBEACHHBIX MoOcie 3emieTpsiceHuss B Hopt-
pumke 1994 rona, BKItOUas MccleAOBaHUS CABUTA
BO (naHuax 0ajKu, OCTaTOYHBIX HANPSLDKEHWI Npu
CBapKe W MHOXKECTBa JAPYTrMX BOMPOCOB. XOTs, Oe3-
YCJIOBHO, HEOOXOMMBI JOMOJIHUTEINIbHbIE HCCIIeI0-
BaHMsl, CyLIECTBYIOLME 3HAHMUS O MOBEAEHUH MO-
MEHTHBIX CO€IMHEHUH AJ151 CEHCMUUECKUX MPUIIoKe-
HUI OYEHb CUIIbHBI, U TPOEKTUPOBLIMKH MOTYT ObITh
yBepeHbl, uto coenuHenus B ANSI/ AISC 358 o6Gec-
neyaT HaJeKHOCTh U YCTOHUMBOCTh NP celicMuye-
CKOH Harpy3ke [24].

BbIBOaBI.

1. KoHcTpyKIMs OTKPBITOTO (JIaHIIEBOrO MPo-
¢Guns aHanorMyHa BTOPOMY THIy coeluHeHus. B
HEeM TOYKHM BHEIIHEH Harpy3Kv W CHIIbl, BO3HUKAIO-
nMe ot 6oTa K (praHily, pacrookKeHbl ¢ OIHOH CTO-
POHBI OT TOYKM KOHTaKTa Pe3yJbTHUPYIOIIEH CHIIbI
Mexay ¢aanuamu. B aTom cityuae pe3ynbTupyoLpe
BEKTOPBI MEHSIOT MOJIOKEHNE U 3HAYCHUS B 3aBUCH-
MOCTH OT BHEIIHEW Harpy3Kd M TOJLIMHBI (IaHLa.
Takum o0Opaszom, pe3yabTUpYIOLIas CHIa MEXIY
OontoM U QaaHLeM cMmellaercsi oT ocu 6onTa K OcH
Harpy3ku QiaHua, 1 BO3HUKAIOIMHA CHUIIOBOW KOH-
TaKT MeXAY (JIaHLIAMH IPOUCXOJUT B HANIPABJICHHH,
MPOTUBOIIOJIOKHOM CBOOOTHOMY Kpato (praHIia.

2. B nmoctpoeHHOM rpaduke Ha puc. 3 HabIo-
JaeTcs CyLIEeCTBYIOMAs JIMHEHHas 3aBUCHMOCTD 3Ha-
YeHHUs] OSKCLECHTPUCHUTETOB TMPH  MaKCHMalIbHOM
Harpys3ke (IaHIeBOro COeIWHEHHWs OT ero ToJ-
muHbI. [Tprdem u3rubaronmii MOMEHT He 3aBHCHUT OT
TOJIIMHBI (PJIAHLIEBOTO COSTUHEHHSI.

3. CorjacHO NpPOBEACHHOMY HCCIIEIOBAHUIO
BBIABJIEHO, YTO OTHOIIEHME €1/db cHmkaeTcsa B 8,65
pa3 Mpu pocTe nokasaresis TONIHMHBI (iaHa ¢ 15 10
35 MM Ui BHEUIHE# Harpy3kH, 3HaUYeHHe KOTOpPOi
Bappupyercs ot 150 mo 225 xH. Jlng oTHOmeHus
e2/db nabmonaercs oOpaTHas TEHISHIUS, T. €. PH
Harpy3skax Pf= 150 u 225 kH otHowenue e»/db yse-
nuuuBaetcs B 1,4 u 2,5 paza COOTBETCTBEHHO.

ITomyueHHsle  pe3ynbTaThl  CIIOCOOCTBOBAN
onpeeneHnIo ocodeHHOCTeH POpPMUPOBaHUS Kaye-
CTBa B3aMMOJACHCTBUS (DIAaHLEBBIX COSIMHEHUH U
BBICOKOIPOYHBIX OOJITOB B BU/IE Y3JI0BOT'O COEMHE-
HUs OalloK MOKPBITUS. JOMOJHUTENBHO MPOBElIeH
aHanu3 ocoOeHHOCTe MpU MPOBEAEHNUH POSKTHPO-
BOYHBIX pa0OT W MPOM3BOJACTBA (DIaHLEBBIX COCMH-
HEHUI1, UCMOJb3YeMbIX Ul peau3alyy MOIyJisp-
HBIX KOHCTPYKTMBHBIX pEIISHHMH CTaJbHBIX IOIe-
peunbix pam OI13. PackpbITbl OCHOBHBIE HampaBJie-
HHMS aHalli3a COCTOSIHUS CTalIbHBIX KOHCTPYKLIMiA
MpU HAJIMYMW NPU3HAKOB Nedopmanuu (rpudoBu-
HOCTH) (1aHLieBOro coeuHeHus. [lomyueHHble naH-
HbIe MO3BOJIAIOT MPOBECTH ONTUMM3ALMIO COCTaBa
9JICMEHTOB YCWJICHUS! KOHCTPYKLIMM, a TaK)Ke CHH-
3UTb YPOBEHb TPYJOEMKOCTH paboOT MpH MPOU3BOA-
CTBE M MOHTa)ke (p1aHIIeBBIX COSTUHEHHI OaloK Mo-
kpeiTuii OIT3.
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LOAD-BEARING CAPACITY OF THE FLANGE CONNECTION OF BEAMS,
COVERING OF A SINGLE-STOREY INDUSTRIAL BUILDING TAKING INTO
ACCOUNT ITS MUSHROOM SHAPE

Abstract. The article deals with issues related to the analysis of steel frame structures. The subject of the
study is the construction sector. The object of research is flanged joints of beams of coverings of one-storey
industrial buildings. In order to achieve these goals, the following methods are used. analysis, synthesis, de-
scription, generalization and comparison. According to the results of the work, the features of forming the
quality of interaction between flanged joints and high-strength bolts in the form of a nodal connection of
coating beams are determined. Additionally, the analysis of features during the design work and production
of flanged connections used for the implementation of popular design solutions for steel cross frames of single-
storey buildings is carried out. The main directions of analysis of the state of steel structures in the presence
of signs of deformation (mushroom shape) of the flange connection are disclosed. The obtained data helps to
optimize the composition of structural reinforcement elements, as well as reduce the level of labor intensity in
the production and installation of flange joints of single-storey buildings’ coating beams. In the course of the
study, an experiment is conducted in which the principle of symmetry is used. The unidirectional connection
in and between nodes is modeled using the elements considered. In this case, it is necessary to mention the
phenomenon of the adhesive effect of the nodes during compression and the lack of adhesion during tension.
The model takes into account the physical nonlinearity of the material properties, the behavior of which is set

by bilinear dependencies under load.

Keywords: steel structures, flanged connections, coating beams, nodes.
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TEOPETUYECKOE OBOCHOBAHMUE INIOBBIINEHUS DOPEKTUBHOCTHU
APMUPOBAHUS U3T'UBAEMBIX ASUEMCTOBETOHHBLIX KOHCTPYKIIUI

AHHOmMayua. Aueucmoiii 6emon aKmMuGHO UCTIONL3YEMCA 8 CIPOUMENbCIEE JHEP20IPhexmusnvix npe-
UMYUECMBEHHO 8 Kauecnee KIA0OUH020 Mamepuanda Ojisl 6ePMUKANIbHbIX HECYUX KOHCMpyKyui. B mo oce
8peMs CO30aHUe 3aMKHYHIO20 Menjilo8020 KOHYpA 30anus, Jjledcaijee 8 OCHO8e CO8PeMEeHHbIX mpeOOo8aHUll
9Hep2ocOepedceHUs, PayuoHATbHO NPUMEHEHUCM SYeUCo20 DeMOond 8 HeCYIYUX OPU3OHMANbHBIX KOHCIPYK-
yusx, mpeoyiowux apmuposanus. Tpaouyuonno ucnonrvyemas 6 Cmpoumenrbcmee CMepICHesas apmamypa
Manodhpexmusna 8 Aueucmom demone u3-3a 0COOeHHOCmel CMpPYKmMypvl MAMEPUALA U MEXAHUIMO8 GKIIO-
YeHUsL apMamypsl 8 pabomy — HU3K020 YOCIbHO20 CYenleHus Ha panuye apmamypsl ¢ OemoHoM u cyuye-
CMBEHHO MeHbULel, YeM y MAdICeNIbiX OemOH08 pAcnpeOesumeNibHol CHOCOOHOCHIU NPUCMEPICHEB020 00beMAa
Oemona, pagHOMepHO GKIIOYAIOWEe20 8 pabony OemoHHOe ceyenue dNeMeHmd, Cle0Cmauem Ye2o AGJAemcsl
HeOOUCNOIb306AHUe NPOYHOCHIU APMANIYPbL U3-30 ee NPOOePeUBaHUsL @ bemoHe. AGMopcKue Ucc1edosanus 8
obnacmu payuoHaIU3AYUYU ApMAnypHbIX 3J1eMeHmos, dPPeKmusHvIX 8 aueucmvlx OemoHax, HanpagieHHble
Ha y8enuueHue n0GePXHOCIU KOHMAKMA apMAamypHO20 d1eMeHma ¢ Oemonom npu COXPAHeHUuY UCXOOHOU Me-
MANI0eMKOCHIY, NO380ISAIOM PEKOMEHO08ANb K UCNOTL306ANHUIO 8 APMUPOBAHHBIX AUEUCTNOOEOHHBIX KOH-
CIMPYKYUAX JIeHMOYHOe ApMUPOBAHUe — CIAbHble 3y0uamule JeHmbl, pAgHOl CMEPIICHe8ol apmamype nio-
waou cevenus, Ho obadaWUe paz8UmMol HOK0BOI NOGEPXHOCHIbIO, 0DeCcneyUsalUell NOSBLIUECHUE NPOUHO-
Cmu cyenjieHus apmaniypul ¢ OemoHoM u npedynpescoaroyeli ee npooepeuganue. B cmamve npeocmagienvi
Pe3yYIbmanmul YUCIEHHO20 UCCIe008AHUS RAPAMEPO8 HANPANCEHHO-0LDOPMUPOCAHHO20 COCHOSHUSL MOOe-
J1etl, APMUPOBAHHBIX AUCUCTIOOEINOHHBIX DAIOK NPAMOY2OTbHO20 CeYCHUS, APMUPOBSAHHBIX NPediazaemotl NeH-
MOYHOU apManmypoil 8 CPAGHEeHUU C MPAOUYUOHHBIM CHIEPHCHEBbIM APMUPOBAHUCM.

Knwuessie cnosa: apmupogannwlii sueucmulii 6emon, siueucmobemonnvle uzeubaemMvle KOHCMpPYKYUl,
AueUcmobemoHHas 6anka, AUeUcmobeMmoHHAs NIUMA, TeHMOYHASL APMAMYPA, CMATbHASA 3YyO0uamas 1eHma.

Mertoauka. Pacuer >kene300€TOHHBIX KOH-

Bgenenue. [IpyHLMIBI pallMOHATBHOTO MPOEK-
TUPOBAHMs JKEIEe300CTOHHBIX KOHCTPYKLMI CBO-
JITCSL K PeLICHHIO IBYX OCHOBHBIX 3a/]au: MOBbILIE-
HUIO MPOYHOCTH KOHCTPYKLIMH, ITO3BOJISIOLIEH 0bec-
[E€YUTh BBICOKMI TEXHUYECKUH YPOBEHb M HalExkK-
HOCTb FOTOBOTO M3/EJIHs, 3a CUeT yueTa (paKkThue-
CcKoil paboTbl KOHCTPYKLUMH TOJ JEHCTBHEM
Harpy3ku, U 00OOCHOBaHHIO €€ DKOHOMUYECKOH (-
(PEeKTHBHOCTH M CHUKCHHUIO pacXoja MaTepyalioB 3a
CYET COBEPLICHCTBOBAHMS METOJOB OLCHKH Hampsi-
JKEHHO-TIEOPMHUPOBAHHOTO COCTOSIHUS JKeJie300e-
TOHHOM KOHCTpykuuu [1]. XKenezoberon — kommo-
3UTHBIA MaTepuall, NPeICTaBISAIOIIMI co00i coBO-
KyMHOCTb MAacCHBa XPYIKOro 0ETOHA ¢ BKJIIOYAaeMOii
B pabOTy MJacTUYHON apMaTypoM, ¢ 0COOBIMH CBOI-
CTBaMH — aHU30TPOMNHUEH, KOHTPOJIUPYEMBIM TpPELLH-
HOOOpa30BaHUEM M HETOCTOSIHHOW Je(OpMaTHBHO-
CTBIO B 3aBUCHMOCTHM OT XapaKTepa Harpy>KeHus,
ONpeACSIOUIMMU  HEJIMHEWHYI0  3aBUCHMOCTD
MEK/1y HanpsDKEHUAMH U iehopMalsiMU KOHCTPYK-
1y [2]. Sluenctriit 6eToH obsanaer eiie Oonee cre-
HU(PUUSCKUMU CBOWCTBAMHU U TaK)Ke PU3UUESCKH He-
JMHEEeH, 4YTO [ellaeT MNPUOPUTETHBIMU BOMPOCHI
YTOUHEHMs peanbHbIX (PU3HMUYECKUX Mojesell apMu-
POBaHHOTO SYEUCTOrO OETOHA, ¢ yueToM psja (ak-
TOPOB, OKa3bIBAIOIIMX CYIIECTBEHHOE BIIMSHHE Ha
ero paboTy B cocTaBe W3rubaemMbIX KOHCTPYKLMiA

[3].

CTPYKLMH B TMHEHHOM nocTaHoBKe Oe3 yueTa (hu3u-
Yyeckoil HenuHelHHocTH paboThl Marepuana, Jomyc-
KaeMblii Ha cTaaus IMpeABapUTEIbHON OLIEHKH Me-
TaJUIOEMKOCTH apMUPOBAaHHs METOIOJIOTMYECKH He-
CJIOJKEH U MO3BOJISIET 1aTh BEPXHIOIO OLIGHKY Mpouy-
HOCTU KOHCTpYKUMHU. YTouHeHue napamerpoB H/IC
KOHCTPYKLIMH, OCOOGHHO Ul pacueTa Mo mpeesib-
HBIM COCTOSIHMSIM BTOPOM IpyMIbl, TpeOyeT nprme-
HeHMs (pu3MUecKd HeMHEeHHbIX Moaenell nedopmu-
poBaHus1 6€TOHA M apMaTypbl, HAa YTO HANpaBJeH A0-
CTaTOYHO pa3BUTHII U BepUHULMPOBAHHBIA METOAO-
JIOTMYECKUI MHCTPYMEHTaPUii COBPEMEHHBIX CTPOU-
TeNbHBIX npaBui B Poccuun u 3a pybexom [4]. On-
HaKo, C TOYKH 3pEeHHs pallMOHATILHOTO yueTa (paKkTH-
YEeCKUX YCIIOBUI paboThl apMaTypbl B slUEUCTHIX Oe-
TOHAX, OYEBUAHO, CYLIECTBEHHO OTJIMYAIOLIUXCS OT
paboThl apMaTyphbl B TSKEJIOM OeTOHE Kak 1o (usu-
4yeckol Mozenu paboTbl, TaK U MOJSy4aeMOMY pac-
npeaeaeHUIO HaIPSHKEHUH B COCTOSTHUM paBHOBECHS
KOHCTPYKLIMH, CTPOUTEIIbHBIE HOPMBI ISl TYEUCTO-
OeronHbix koHcTpykumii (CIT 351.1325800.2017)
BCE €llle OMUPAIOTCcs Ha NPUHUMIBI padoThl U Npa-
BWJIa IPOEKTUPOBAHUS apMaTyphbl B TSKEIbIX OeTo-
Hax, ¢ BKJIFOUEHHEM HEKOTOPOro KOJIMYeCTBa SMITH-
pUYECKUX MOMPaBOK B NeOpMaTUBHbIE XapaKTepHu-
cTUKU OeToHa. ABTOpaM MpeACTaBlIseTcs Cylle-
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CTBEHHOM palMOHAIM3ALMS IOJOKEHUM CTPOUTEb-
HBIX MPaBUJ, PEryJUpPYOLIUX MPOEKTHPOBaHUE ap-
MHUPOBAHHBIX TYEUCTOOETOHHBIX KOHCTPYKLMA, BHE-
CEeHHEM KOPPEKTUPOBOK B OIMHUCAaHWE (PU3MUYECKOI
Mozenu paboTel apMaTypbl B O€TOHE U BKIIFOUSHUEM
B aHaJlW3 MNapamMeTpoB apMaTypHBIX 3JEMEHTOB,
onpenensouux GopMy NOMepeyHOro ceueHus, no3-
BOJISIONIYIO MOBBICHTh pacyeTHYI0 3P (EeKTHBHOCTh
BKJIFOUSHHUS apMaTypbl B paboTy KOHCTPYKLIMH M OTI-
TUMHU3UPOBATh MeTajuioeMkocTh m3aenus [5]. C
3TOM LIeNbl0 aBTOPaMHU MPOBEACHBI MpeABAPUTENb-
HbI€ YMCIIEHHbIE MCCJIEJOBaHUS MOJeJIeH S4eHcTo-
0OeTOHHBIX 0aloK, apMUPOBAaHHBIX TPAAULHUOHHON
CTEP>KHEBOW M MHHOBALMOHHOM JIEHTOYHOM apmary-
poii, obnanaroiieii pa3BuUTOil OGOKOBOW MOBEPXHO-
cThio Juis Oonee 3(PQEKTUBHOrO CILEIUICHUS CO
CTPYKTYPHO HEOAHOPOIHBIM SYEHUCTBIM OETOHOM
[6]. UccienoBaHrs TPOBOAMIINCH B MPOTPAMMHOM
komrutekce JIMPA-CAIIP, peanuzyromiem MeToa Ko-
HEYHBIX JJIEMEHTOB B MepeMelleHusx, (opMupoBa-
HUE UCXOIHBIX JaHHBIX OCYLIECTBIISAIOCH C UCTIONb-

30BAHUEM [MOJOXKEHUH NEHUCTBYIOLLUMX CTPOUTESb-
HBIX TIPaBHJI, PEryJUPYIOMINX MPOEKTHpOBaHUe Oe-
TOHHBIX U SIYEMCTOOETOHHBIX apMHUPOBAHHBLIX KOH-
cTpykumit [7, 15].

OcHoBHasi YacTh. YCTAaHOBJIEHO, YTO B OTJIU-
4yHe OT OOBIYHOTO JKee300eTOHa, MpeebHOe COo-
CTOSIHHE KOTOpPOro Mo MPOYHOCTH B OCHOBHOM Xa-
paKTepu3yeTcs MPOYHOCThIO BEPTHKAIBHBIX Ceve-
HH OT M3rubaroIero MOMeHTa M HaKJIOHHBIX ceue-
HUI OT MONEPEUYHOMN CHUJIbL, KOHCTPYKTUBHBIN Sg4en-
CTBIl OETOH M3-3a CPABHUTENILHO HU3KOH MPOYHOCTH
CLEMJICeHHUs] apMaTypbl ¢ OETOHOM MMeEeT AOMOJIHHU-
TeJbHOE XapaKTepHOE BbIpayKEHUE MPeAesIbHOro Co-
CTOSIHHA IO MPOYHOCTH — pa3pyLIeHHe MO HAKJIOH-
HBIM CEUCHMSM OT M3rMOarolero MOMEeHTa BCiea-
CTBHE TIpojepruBanus apmarypsl [8]. OquH u3 xa-
pPaKTepHBIX PUMEPOB TaKOrO pojia pa3pyLIeHHS B-
JSIOTCS  OMBITHBIE  O0paslpbl  SYEHCTOOETOHHBIX
apMUPOBaHHBIX  TEPEeMbIYeK,  MPOU3BEICHHBIX
n wucnpitadHeix B 2018 r. mo T'OCT 8829 Ha
OAO «bononut — CTpouTeNbHbIE pelIeHus»

(puc. 1)

i i

Puc. 1. Pa3pymenune apmupoBanHoii ssaencTooeTorHoM, ncnbitanHo OAO «BboHomut — CTpouTenbHbIE peHIeHUsY,
C NpOoAepruBaHUEM PacTSIHYTOI apMaTypbl

Jlnsa nemoHctpauuu Gonblieit 3¢ peKTUBHOCTH
JUTsl HECYIIeH CIOCOOHOCTH S4YeUCTOOCTOHHBIX U3TH-
0aeMbIX KOHCTPYKUMH apMUpOBaHHsS WX apMaryp-
HBIMH 3JIeMEHTaMU, 00J1a/IafolIMMU Pa3BUTOM OOKO-
BOU MOBEPXHOCTHIO, OBLTO BHIMOJIHEHO MOJIEIIPOBa-
HUE U CPaBHUTENbHBIM (PU3MYECKH HEIUHEWHBIN
pacyeT mapameTpoB HampsKeHHO-1e(hopMUpOBaH-
HOTO COCTOSTHUSI apMUPOBAHHBIX SYEHCTOOETOHHBIX
OaJiok pssMoyroibHOro ceueHus 150x200 mm (bx /)
nposietoM 1,5 M u3 stuercroro Gerona D500 B1,5,
YCIIOBHO apMHUPOBAHHBIX TPAaIWLMOHHOW CTep)KHE-
BOM M WMHHOBAalLMOHHOW JIGHTOYHOW apMmaTypou
(cTasibHBIMU  3y04YaThIMKM JIGHTAMH) paBHOU IUIO-
manu ceveHus [9]. Peanuzauus ¢$u3MuecKu Henu-
HEWHOro pacuyera W MOJHBIN aHamu3 (PakTUYeCcKOro

HarnpsHKeHHO-1e(pOPMUPOBAHHOTO COCTOSIHUS apMH-
POBaHHOI1 s1ueMcTOOETOHHOM OaJKK B X0A€ hccieao-
BaHMS BJIMSHUS JIGHTOYHOTO apMUPOBAaHMS Ha Hecy-
LIyI0 CMOCOOHOCTh M3rnOaeMbIX KOHCTPYKLUMH H3
SYEUCTOro OETOHA, BHIMOJIHEHA C YYEeTOM 3aJaHHBIX
auarpamMm  aeOpMUpOBaHMS MaTepualloB  KOH-
CTPYKLIMM Ha OCHOBE METOJla KOHEYHBIX 3JIEMEHTOB
B 1K Jlupa-CAIIP 2020.

[IpouHocTHBIE U neopMaTUBHbIE XapaKTepH-
CTUKH SYeUCTOro OeToHa M CTaJbHOM apMaTyphbl
(A500 m aHanmoruyHOro Kjacca) MPUHUMAJIUCH CO-
rnacHo CTO HAAT 3.1-2013 «KoHcTpykuumu ¢ npu-
MEHEHHEM aBTOKJIAaBHOTIO ra3o0eToHa B CTPOUTEIb-
CTBE 37aHuil U coopysxeHuid. [IpaBuna npoekTuposa-
Hus U ctpouTenscTBay, CII 63.13330.2018 u CII
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351.1325800.2017. TlpouHocTHble U nedhopmaTHB-
HbIE CBOMCTBa siuercToro OeToHa 3ajjaBajiich TpeX-
JIMHEMHON TUarpaMMOM ¢ Ha4aJIbHbIM MOJYJIEM Jie-
dhopmanmu Ep = 1300 Mlla, npouHocTssmu OeToHa
Ry, = 1,4 MIla (R, = 0,95 Mlla) u Rp,»= 0,22 Mlla
(Rp: = 0,09 MIla), ko3pHUITMEHTOM TTOIBYHECTH O cr
= 3,9 (nnsa 6eToHoB Ki1acca Hke B10), oTHocuTeb-
HbIMH JeopMalvisiMu OeTOHA TP MPOIOKHUTE b=
HOM JIeliCTBUM HArpy3Ku npu cxkatuu (1) u npu pac-
TSOKeHHH (2).

Ep1 — 0,6Rb/Eb,t (1)
ep1 = 0,0021, €40 = 0,0034, €5, =0,0048,
€n1 = 0,6Ru/Ep+ (2)

g1 = 0,0002, €0 0,00024, €, = 0,00031.

[IpouHocTHrle W AedopmaTvBHBIE CBOMCTBa
CTaJu 3a/aBaJIUCh JABYXJIMHEHMHOW auarpammon c
Moayiem nedopmannu E; = 206000 MI1a, npouHo-
CcTeIO cTamu Ry = 435 MIla, OTHOCHUTENBLHBIMU Jie-
bopmanuamu ctaimm €, = R/E; = 0,0021, g5, = 0,025.
PacuetHoe apmupoBaHue Oajku MOAETUPOBATIOCH
npoaosibHbIMU cTepokHAMU d10 A500 u monocamu
1,650 MM SKBUBAJICHTHOM TUTOIMAIM CeYeHHS (IO
OJIHOMY CTPEXHIO B PACTSIHYTOM U CKATOM 30He), MO-
nepevyHoe apMmupoBaHue crepxkHsamu d5 A240 c
marom 100 mwm [10].

Her_anios sy sevus |
Mo L e ws ZiG)

EXHeng Enospaan um

Z
Yx

Mopenu 6aok Harpyskajaiuck paBHOMEpPHO pac-
MpeAe/ICHHON MO BEpXHEMY MOSICY Harpy3KOM, WH-
TeHCUBHOCTHIO 10 KH/M, 4TO COOTBETCTBYET HKCIIe-
PUMEHTaJIbHO TIONyYeHHBIM B HMCCIIEAOBAaHMX
OAO «bononut — CTpouTeNbHbIE peleH s 3Hade-
HUSIM Hecylled CrocCOOHOCTH MO MPOYHOCTH OaKK
COIOCTAaBUMBIX Pa3MEPOB CEUEHHS U NpoJIeTa.

Pesynbrarhl pacueTta npeacraBieHbl HUXKE, U B
LIEJIOM, MO3BOJISIIOT KOHCTATUPOBATh CYIIECTBEHHO
Oonee »dexkTrBHOE BKIOUEHUE B paboTy, U Kak
cieAcTBUe, OOMNBIIYIO MPEANojaraeMyro HECYyLLyIo
CMOCOOHOCTD TUEUCTOOCTOHHBIX 0aJIOK, ApMUPOBAH-
HBIX AJIEMEHTaMH ¢ pa3BUTON OOKOBOM MOBEPXHO-
cThiO (cTanbHBIMU 3yOuaTbiMu JieHTamu) [11]. Tak,
pacyeTHbIi Tporu® Oanku, apMUPOBAHHOW CTepK-
HSIMH KpPYTJIOTO cedeHus (puc. 2, CeBa) COCTaBHII 0
1,5 MM, B TO BpeMsl Kak pacHeTHbI mporud 6ankw,
apMHUPOBAHHOM CTaJIbHBIMM JIEHTaMH, HE MPEBbICHI
1,2 mM. [TosiBeHHIO TpeIyH B pacTIHYTOH 30HE CO-
oTBeTcTBOBaIO 60 % TMOJIHOM Harpy3ku B ciyvae
cTepkHeBoi apMaTypsl ¥ 80 % JIEHTOUHOM, UTO MO3-
BOJIIET YCTaHOBUTH Oombimyto Ha 20 % kecTkocTh
0aslok, apMUPOBAaHHBIX JIEHTAaMH, TPH OOJbIIEM
BKJTFOUYEHUH apMaTypbl B padoTy.

1540 361 SR

Puc. 2. PacuetHble nporuObl YMCIEHHBIX MOJIENIEii paBHOHATPYKEHHBIX OaJlOK, apMHUPOBAHHBIX CTEPKHEBOW apMaTypoit
KPYIJIOro ceueHus (CieBa) ¥ CTaJbHBIMU JIEHTaMU (CIpaBa) paBHOTO MOTIEPEYHOTO CEYEHUsI, MM

[IpononbHele ceueHns 6aIoK, MpUBEICHHbIE HA
puc. 3 mokasajiy CyIIeCTBEHHO MEHbLIYIO KOHLCH-
TPaUMIO HANpsHKCHUI B MpUapMaTypHBIX 0o0bemax
OetoHa Jyis 6allok, apMUPOBAHHBIX JICHTOYHOH ap-
matypoii. Tak 1 6eToHa Gaok co cTep:KHEBOI ap-
MaTypoi 3HaUCHUS [JIaBHBIX MPOJOIbHBIX HANPsKe-
Hu# coctaBuio Ao 0,346 Mlla, npenmMyiiecTBeHHO
COCPEIOTOUMBLINCH B TIpefenax OIHOro-BYyX KO-

HEYHBIX 3JIEMEHTOB BIJIyOb OT CTEpKHEBOW apMa-
TYPBl, UTO MPEBBIIIACT MPOYHOCTh TUYEUCTOr0 OETOHA
Ha pacTsuKeHHe JI0 TPEX pas, U, OUSBUIHO, Pa3pyIIUB
NpuapMaTypHbId CIOM, BBI3OBET MPOAECPrUBAHUE ap-
MaTyphbl B pealbHbIX Oalikax, B Mpejaeiax YeTBepTH
nposiera ¢ oboux onop [12]. banka, apmupoBaHHas
JICHTAMH, TPOJAEMOHCTPUPOBAJIA CYIIECTBEHHO 00-
Jilee paBHOMEpPHOE pachpefesieHHe TIaBHbIX Harps-
JKeHuH, MakcuMansHO cocrtaBistommx 0,17 Mlla,

29



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

2021, Ne6

YTO COMOCTAaBUMO C HOPMATUBHOM MPOYHOCTHIO siue-
HCTOro OETOHA Ha pacTsHKEeHHe.

ApMHUpoOBaHHas JICHTOYHOUM apmaTypol Oaika
nMmeeT OoblLIel BBICOTHI U MOTHOTBI CKATYIO 30HY
0eToHa HOPMAJIBHBIX MPOJIETHBIX cevueHuit (puc. 4),
MeHbpe Ha 15-20 % rmaBHBIE HampsHKeHHUS B
HAKJIOHHBIX OMOPHBIX CEUEHHUSX.

Bonbiiee u Haubomnee 3¢ peKTHBHOE BKIIOYE-
HHe B pabOTy CTaM JIEHTOYHOTO apMaTypHOTO 3Jie-
MEHTa COOTBETCTBYET MPUMEPHO PAaBHOMY YPOBHIO

pa3BUBAaEMbIX B apMaTypPHBIX 3JIEMEHTaX BHYTpPEH-
HUX YCWIJIHH, TIpe/ICTaBIeHHOMY Ha puc. 6. [Ipogomns-
HBI€ YCUJIMS B CTEPIKHEBBIX dJIeMeHTax Oanku, apMu-
poBaHHO¥ umu, coctaBuiu 4,6 kH pactsokeHus/cxa-
THS, YTO MPH TUIOIIAAN apMaTypHoro ctepxkHs d10
Ay =79 mm? coctasut 58 Mlla, B To Bpems Kak pac-
YeTHbIe MPOAOJIbHbIC HANPSHKEHUS B MIaCTUHAX, MO-
JEJIMPYIOLLMX JIEHTOUYHOE apMHUPOBAHHUS TOM XKe I10-
waau ceuenus cocrapisttor 60,2 MITa.
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Puc. 3. PacueTHble ri1aBHble HanpsbkeHUs B 0ETOHE YMCIEHHBIX MOJieNiell paBHOHArPY)KeHHBIX OalloK,
ApPMUPOBAHHBIX CTEP)KHEBOM apMaTypoil Kpyriioro ceueHus (BBEpXy) M CTaJIbHBIMU
JIeHTaMH (BHU3Y) paBHOTO monepeyHoro ceyenus, MIla

S S ——
Tt [ 00313 Dol [ a1

Puc. 4. PacueTHble riaBHble HANPSYKEHUSI B HOPMAJIbHbBIX MPOJIETHBIX CEYEHUSIX YMCAEHHBIX MOAENEH
paBHOHATPYKEHHBIX 0aJIOK, apMUPOBAaHHBIX CTEP>KHEBOM apMaTyTOPil KPYTJIOTO CeYeHus (CIeBa) M CTATbHBIMU
JIieHTaMU (CIpaBa) paBHOTO MomnepedHoro ceueHus, MIla
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Puc. 5. PacueTHble riaBHble HAMPSKEHUS B HAKJIOHHBIX OTIOPHBIX CEYEHUSIX YUCIEHHBIX MOJENe
paBHOHATPYKECHHBIX 0AJIOK, apMUPOBAHHBIX CTEPKHEBOM apMaTypoii KpyTIoro ceueHus (ClieBa) U CTATbHBIMA

JIeHTaMU (CTipaBa) paBHOTO ToTiepeuHoro ceueHust, MI1a
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Puc. 6. PacuetHble npononbHble yCUIINS U HAMPSIKEHUS B apMaTypHBIX 3JIEMEHTaX YUCICHHBIX Mojenel
paBHOHATPY)KEHHBIX OaJIOK, apMUPOBAHHBIX CTEPKHEBOW apMaTypoil Kpyrioro ceueHus (BBEPXy) U CTAIbHBIMU
JeHTaMu (BHU3Y) paBHOTO nonepedyHoro cedenus, kH, MIla
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BpiBoabl. Pe3ysbTaTbl YMCIEHHOIO 3KCMEpH-
MEHTa MCCIIE0BAHUs NapaMeTpOB HaMPsKEHHO-1e-
(hOpMHUPOBAHHOTO COCTOSIHMSI MOJIEJIel apMUpPOBaH-
HBIX SIYEUCTOOETOHHBIX OAJIOK MPSIMOYTOJBLHOTO Ce-
YEeHUS! apMUPOBAHHBIX MHHOBALMOHHOM JIEHTOUHON
apMaTypoi, MO3BOJISIIOT YCTAHOBUTh HE MEHEe, YeM
IBYKpaTHO Oosiee paBHOMepHOe W 3(dekTHBHOE
pacripefeseHle HanpspDKeHU B 0eTOHE y IEHTOUHBIX
apMaTypHBIX 3JIEMEHTOB, CYLIECTBEHHO MEHBLIYIO
OMacHOCTh NMPOJSPrUBaHUs apMaTyphbl, U, KaK ciel-
CTBHE, OOJIbIIYIO BKJIIOUEHHOCTh apMaTyphl B pa-
00Ty 0anKku Ha MpeAebHBIX Harpy3kax, o0ecrevu-
Baroulell eil OOoJbIIyI0 HECYLIyl0 CHOCOOHOCTH MO
o0ouM rpyrinam npenenbHbeixX cocrostauii [13]. Jan-
HBIE PE3yJIbTaThl UCCIIE0BAaHUS MJIAHUPYETCsl BEpH-
(ULIMpPOBaTH HATYPHBIM SKCTIEPUMEHTOM, B XOJI€ KO-
TOPOTO TpEArnoaraeTcs BBIMOJHUTH 3KCIIEPUMEH-
TallbHBIE HATPY)KeHHS SYEUCTOOETOHHBIX OaJloK,
CXOXKHX HMCCIIEIYeMbIM MOAETSIM, IBYX THIIOB: BbI-
MOJIHAEMBIX U3 HeaBTOKIaBHOro 6etona D500 B1,5,
apMUPOBAHHBIX CTaHAAPTHOW CTEP)KHEBOW apMary-
poii AS500 W JEHTOYHBIX apMHUpPOBAHHWEM, IS
YCTPOMCTBA KOTOPOTO MpearnonaraeTcsi UCIob30-
BaThb [JOCTYMHYIO MOHT&KHYIO HEOLMHKOBAHHYIO
CTaJIbHYIO JIeHTYy ToimuHol oT 0,5 mwm [14]. Peanu-
3aLMsl 3KCTIEPUMEHTAIBHBIX MCCIIEI0BaHUI B cove-
TaHUM C YHUCICHHBIM MOJAEIMPOBAHWEM TMO3BOJIUT
YTBEPANUTH CTAOWIIbHBIA U OLLyTUMBIN 3 dekT neH-
TOYHOTO apPMHUPOBaHMUSA B SYEHCTOOETOHHBIX KOH-
CTPYKLMSAX, MapaMeTpU3upoBaTh U (HopMaan30BaTh
METOAMKY MPOEKTUPOBAHMUS apMUPOBAHUS U OCYILle-
CTBUTbH PallMOHAIM3ALMIO METOAUYECKUX MOIXO0/I0B
M KOJIMYECTBEHHbIX MOKa3aTeseil JIGHTOUHbIX apMa-
TYPHBIX 3JIEMEHTOB, IPUHUMAaEMbIX MU pecypcodd-
(eKTUBHAs TNPOEKTUPOBAHWUM H3rMOAEMbIX KOH-
CTPYKUMHA  JOMOKOMIUIEKTOB, 0OecneYuBarolInx
MOJIHBIH MEepexo/1 Ha UCTIOJIb30BaHUe sSuercToro Oe-
TOHA B OIPaKJAIOLMX U HECYLIUX KOHCTPYKLMAX U
BO3BeIeHHE PHEProd(PeKTUBHBIX 31aHUN C 3AMKHY-
ThIM TEMJIOBbIM KOHTYPOM 3KOHOMMYECKH KOHKY-
PEHTOCTIOCOOHOTO LIEHOBOT'O YPOBHSI.
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THEORETICAL JUSTIFICATION OF INCREASING THE EFFICIENCY
OF REINFORCEMENT OF FLEXIBLE CELLULAR CONCRETE STRUCTURES

Abstract. Aerated concrete is actively used in energy efficient construction, mainly as a masonry material
for vertical load-bearing structures. At the same time, the creation of a closed thermal contour of the building,
which is the basis of modern energy saving requirements, is rational by the use of aerated concrete in load-
bearing horizontal structures that require reinforcement. Traditionally bar reinforcement is ineffective in aer-
ated concrete due to low specific adhesion at the contact of the reinforcement with concrete and significantly
less than that of heavy concrete, the distribution capacity of concrete around a rod, which evenly transforms
concrete stress to bar extension, the consequence of which is the significant bar understress while pulling it in
concrete. The authors’ research in the field of rationalization of reinforcing elements that are effective in
cellular concrete, aimed at increasing the contact surface of the reinforcing element with concrete while main-
taining the original steel consumption, makes it possible to recommend tape reinforcement for use in rein-
forced aerated concrete structures. Punched steel tapes equal to the bar reinforcement of the cross-sectional
area, but having developed lateral surface, provide an increase in the adhesion strength of the reinforcement
and preventing its pulling. The article presents the results of a numerical study of stress-strain state in rein-
forced aerated concrete beam with rectangular section, reinforced with the proposed tape reinforcement in
comparison with traditional bar reinforcement.

Keywords: reinforced aerated concrete, aerated bent reinforced structures, aerated concrete beam, aer-
ated concrete slab, tape reinforcement, punched steel tapes.
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BO3JIENUCTBUE MEXAHUYECKHX KOJIEBAHUM
HA OBJIEJEHEHUE UCHAPUTEJIENM BO3JYIIIHOI'O TEILIOBOI'O HACOCA

Annomauus. llpumenenue meniogeix HACOCO8 8 CUCTNEMAX CO30ANUS MUKPOKIUMAMA AGIACICS AKIMY-
anvrol 3a0ayeii mennocnadscenus. OOHAKo pacnpocmpanenue 8030YUHBIX MEeNL08bIX HACOCO8 8 CIPAHAX C
XONOOHBIM 3UMHUM NEPUOOOM OZPAHUYUBACTICS 8 C8SI3U C NPOOAEMOTl 0DNIeOeHeH U HAPYIICHBIX DJIOKO8 U CHU-
gicenuem spgexmuenocmu ux pabomwl. Paccmompenvl cywecmsyrouue memoovt 60pvovl ¢ HANEOBIO, A
maxaice ux dPHexmuUsHOCHb ¢ YUemom 3ampam 2AeKmposIHepeUY U NPooAeMOl YIMUIU3AYUYU KOHOEHCama.
Toxazana eo3modicHocmy yoanenus Haneou ¢ ucnapumeineti 030VULHbIX MENI08bIX HACOCO8 NPUMeHeHUeM
Memood 8blCOKOUACMOMHBIX MeXaHuyeckux xoreoanutl. Cnpoexmuposano 1abopamopHoe 000pyoosanue Oist
OKCHEPUMEHMATLHBIX UCCICO0BAHUL BLICOKOUACTIOMUBIX KONeOAHUL 8 KOHCMPYKYUAX UcChapumenet, u3eo-
TNOGAEHHBIX NPOMBIULIEHHBIM MEMOOOM, NO3GOAIOUEEe OYeHUNb PA3IUYHBLE CROCODbL KPenIeHUsl Nbe30Kepa-
MUYECKUX UsTyyameneli K HOGePXHOCMU MeNI00OMEHHUKA. YCmanosiena HuU3Kas 3 pexmusHocms 601mosvix
COeOuHenutl uzryyamelell ¢ H0OBePXHOCMbIO Mmeniooomennuka. Haubonee payuonanoHo MOHOIUMHOE UCHOI-
nenue. IIpogedennvie uccredoganust ucnapumeneti 030YUHBIX MENJI0GbIX HACOCO8 C PAIUYHBIMU MUNAMU
MenIoHOCUMeNs NOKA3ANU HEedPPEKMUBHOCTb AKYCIMULECKUX MEMO008 YOWIeHUss Haneou OJisl HCUOKUX Heh-
aonocumenet. Janvl pexomenoayuu no no0oopy mamepuana meniooOMeHHuKa 0jis NOGululeHUs. dhexmus-
HOCmU pazpyutenusi 10d ¢ nogepxHocmu ucnapumeneii. I1o cogokynnocmu axycmuyeckux c8otcme u men-
JIORPOBOOHOCTNU MAMEPUANOE8, NPUMEHSEMBIX 8 KOHCMPYKYUU ucnapumelel, Haubonee >h(exmusHvlm s6s-
emcst JropaniomMuHull. Buisenenvl nymu nogviutenusi cmenenu oYUCmKY ucnapumeneti om Haneou, OaHvl pexKo-
MeHOayuu 0151 NOCAeOYIOUUX UCCIEO0BAHULI NPUMEHeHUsT MeXAHUYeCKUX Koaebanuil 0t 6opbbul ¢ 0OMOPO-
JHcenuemM menio0OMEeHHUKO8 8 030VULIHBIX MENIOBbIX HACOCAX 8 YCIOBUAX PAOOMbL NPU HUSKUX MeMnepamy-

Pax OKpysicaruezo 8030yxa.

Knwuessie cnosa: uchapumeis, 6030VuiHbLil MENI080I HACOC, 0OMOPOICEHUe, VIbMPA3EYK, Nbe30Kepa-

MuyecKue uzuayvameiu.

BBenenne. [lognepxanue KoMpOpTHOM TemIe-
paTypbl BHYTPHM 3[aHUM SIBJISE€TCA OJHOM U3 cambIX
3aTpaTHBIX CTaTell KOMMYHaJIbHBIX pacxoaoB B Poc-
cuu ¥ 3a pybexom. [lomumo atoro, Poccus u npyrue
pa3BUTbIE CTPaHbl YXKECTOUAIOT TPeOOBaHMs K Mpe-
JleibHO JomycTuMbiM BeiOpocam CO, B atMmocdep-
Hblii Bo3ayx ([loctanosnenue [Ipapurenscta PO ot
9 nexabps 2020 r. Ne 2055 O npenenbHO AOMyCTH-
MBIX BBIOpOCAX, BPEeMEHHO pa3pelieHHBIX, Mpe-
JIEJIbHO JOIMYCTUMbIX HOpMaTUBaX BpeaHbIX puzuye-
CKUX BO3JIeHCTBUI Ha aTMOCQepHbIil BO3IyX U pas-
peLIeHUIX Ha BBIOPOCHI 3arps3HAIOIIMX BEIIECTB B
atMocdepHblii  Bo3myx). IlosTomy B Hacrtosiee
BpeMs OobLIoe BHUMaHUE yaenseTcs sHeprocoepe-
ralolMM MEpOIpUITHIM B cTpouTenbscTe. Kak no-
Ka3anu uccienopanus [ 1-5], HauGonee ahdexTuBHO
CHWKAeT pacxoAbl Ha OTOIUIEHHE XWJbIX, OOLle-
CTBEHHBIX W TPOM3BOJACTBEHHBIX 3[aHUH Cleayto-
LIMe MEpPONpPUTHUS: YCTPOMCTBO peKyIepaluy BO3-
Jyxa, CHW)KEHUE TeIJIONOTeph Yepe3 Hapy>KHbIe
orpaxaaromye KOHCTPYKLIMHM, TOBBILIEHUE SHep-
roaPeKTUBHOCTU OTOMUTENBHBIX MPUOOPOB, Mepe-
X0l Ha HHU3KOTEMIIEpaTypHble CUCTEMbI 00OrpeBa.
TennoBble HacoChl ABIAIOTCS Hauboee SKOHOMUY-
HBIMH UCTOYHUKAMMU U1l OTOIUIEHUS, T. K. Ul MpO-
u3BOACTBA Temia B konudectse | KBT' u TenoBble

Hacochl notpebsitor 0,2-0,4 KB1-u snektposHep-
MU, MCIMOJIb3Yysl HU3KONOTEHLMAIbHbIE MCTOYHUKH
9HEpruu, TaK1e Kak IpyHT, BOJa, BO3AYX MO CpaBHe-
HUIO C 9Hepro3aTparaMu Jjisl ApyruX TEeIIOHOCUTe-
neit [6, 7]. Haubonbiee pacrnpocTpaHeHue B CTpa-
HaxX C XOJIOJHBIM KJIMMAaTOM MOJYYMIM 3eMJISHbIE
TEMJIOBbIE HACOCHI, HECMOTPSI HAa UX BBICOKYIO CTOM-
MOCTb M MOTPeOHOCTH B MPOW3BOICTBE 3€MIISHBIX
pabor i npoknaaku komekropa [8]. B Poccuu B
pailoHax ¢ BEYHOW MEp3/10TOil YCTPOWCTBO 3eMJIsi-
HbIX HACOCOB OCYLUECTBUTb KpaiiHe CcJ10)KHO. Bos-
JYUIHbIE TEMJIOBbIE HACOChl TAaK )K€ MCIOJb3YIOTCS
Ui TOA/EPKaHUS TeMIMepaTypHO-BIaXKHOCTHOTO
peKUMa BHYTPH MOMELICHHI U padoTaloT MO TEM XKe
TepMoaMHaMuyueckuM LuknaM. [Ipu pabote B pe-
JKUMe 00orpeBa HapyKHbIii OJIOK, BKJIIOYAIOIIUI B
ce0s TennooOMEHHUK, MOABEPraeTcsi 0OMOpPOKEHHIO
[9]. Cno¥i npaa v viHes, BOSHUKAIOMIUK Ha pabounx
MOBEPXHOCTSIX, CHWKAET TEIUIONepeatolLy0 CIo-
COOHOCTb MCTIAPUTES.

Marepunansl u metoabl. CylecTByOLIME Me-
TOIBI OOPBOBI C STUM HEXKeJIaTebHBIM SBJIEHHEM B
KOHEYHOM cYeTe CBOASATCS K MPOTpeBy UcHapuTess
J10 MOJIOKUTEJIbHBIX Temnepatyp (mpumepHo +4 °C),
KpoMe TOro, 4ToObl OCYLLECTBUTb NPOrpeB UcHapu-
Tenst TpedyeTrcss OCTaHOBKA paboThl TEMIOBOTO
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Hacoca. B 3TOT mepuosa BpemMeHH OTOIUIEHHE TOoMe-
weHud npekpauaercs. IIporpes ucnapurtens Tpe-
OyeT 3aTpaT dJIeKTPOIHEPrUH He TOJbKO Ha OTTauBa-
HUE UCTIapUTelsl, HO U Ha JajibHEHIIYIO YTHIIN3ALHIO
KOHJIeHcaTa, BKIIFOYas MOUIOH Hapy»XHOTo OJIoKa, 1
KOHJICHCAaTOOTBOJAIIMX MaTpyOKkoB. Pacxoms! B co-
BOKYMHOCTH goxoadt ao 1500 Bt 3a onuH uvac pa-
GOTBI TETIIOBOT'O HACOCA, YTO 3aMETHO CHUXKAET KO-
HOMHUYecKY0 3 PpeKTHBHOCTh MPUMEHEHUs BO31Y 11~
HBIX TETUJIOBBIX HACOCOB M MX KOHKYPEHTOCMOCOO-
HOCTh miepes 6osiee JOPOrMMHU W He DKOJIOTHUHBIMHU
reoTepMaibHbIMKM TerioHacocamu [5]. [lpobnema
yaaneHus HaJjleld, BO3HUKAIOLLAs B HAPYKHBIX OJ10-
Kax BO3IYLUHBIX TEIUIOBBIX HACOCOB, SIBJISETCS
HanboJiee akTyalbHOW B CTPaHaX C XOJOAHBIM 3UM-
HHUM TIEPUOIIOM, K KOTOPBIM TaK 5k€ OTHOCHTCS 60JTb-
was yacth Poccun. AHanu3 cyuiectByromux B Poc-
CHUH ¥ 32 py6eskoM crcTeM 60phObI ¢ 0OMOpOKEHHEM
ucrnapurenei He BBIABUI SHeproapdekTHBHBIX Me-
TonoB. B kadecTBe skcriepriMeHTa ObLI OMPOOOBaH
METOJ YJIbTPa3ByKOBOTO BO3JEHCTBUS Ha Terao00-
MEHHHUK C LEITbIO Y/IaJleHHs JIba ¢ ero pabouux rmo-
BepxHocTei [10].

OcHoBHast yacth. Vcnapurenb B BO3AYLIHBIX
TEeTJIOBBIX HacocaX — 3TO YCTPOWCTBO, B KOTOPOM
MPOUCXOUT HM3MEHEHHE arperaTHOr0 COCTOSHHS
XJlafareHTa, >KUAKUN XJ1alareHT NpeBpaliaeTcs B ra3
MPY KUIIEHUH, XJIaJareHT MOTrJIOIIAeT TerIo U3 OKpY-
JKArOLIEN Cpelibl 1S JaJbHEUILIEro HCTIOJIb30BaHUS B
cucteMe OTomJieHus 3aanus. McnapuTens npeacras-
asier coboil repMeTHYHBIII KOHTYp W3 Marepuana,
00ecreyrBaroIero BhICOKH KO3(pPUIIMEHT Teruio-
nepeaaun. Mcnapurens paccuutbiBaercs no ¢op-
MyJe:

rae Q — rermoBoit morok (BT); K — koaddument
tenonepenaun (Br/m?°C); A — obmas niomans
TernooOMeHHuka (ucnapurens) (m?); At — pasHuua
TeMIeparyp TeIIOHOCHTENEeH.

N3 dpopmynsl ciaeqyer, 4To Mpy onpeeieHHOM
3HAYSHMH MOTOKA TerIa, MPH YBEITMUSHNH TUTOLIA N
A, IPOUCXOUT YMEHBIIEHHIO Pa3HULbI TEMIEpaTyp
TemyoHOCHUTeNe At, a TpU CHIKEHUH TETIOBOTO
notoka Q nmpoucxogut cHwkeHue At. [lpuHnmas Bo
BHUMaHHe, YTO UCMapeHHue XJIaAareHTa MpoUCXoanuT
MpU JaBJICHUM HIKE TeMIepaTypbl (azoBoro mnepe-
X071, IPOUCXOJUT CHIKEHHE TEeMIepaTyphbl HaChl-
weHus. PazHnua tensocoaepxkaHusl MEXIy TOUKOH
BXOZa B MCMAapUTellb U TOUKOW BBIXO/a U3 HCMapu-
TeJis co3JaeT XOMOAWIbHBIN 3 dekT. B ciydae ¢ vc-
MapUTeNIIMA  TIepeiaeTcsl XOJIIOAWIBHOMY —areHTy
OoJblie Teria, YeM TpedyeTcs I KureHus (ycio-
BHE BbI3BaTh TeperpeB XjagareHra), Kak MpaBuJIo,
OH JIOJDKEH TMPEeBBIIIATh HECKOJBbKHX T'PaaycoB,
00bryHO 3T0 5-8 °C. Bo3gywHele ucnapurenv B
OONBIIMHCTBE CITy4aeB BBITIONHSAIOTCS M3 MEIHBIX
TpyOOK C alFOMMHHEBBIMH TUTaCTUHAMHU. J[rameTpbl
TpyO 3aBHCAT OT pabouero AaBieHUs, B TIOCIeIHee
BpeMsi MPEUMYIIECTBEHHO MPUMEHSIOT Mallble Aua-
MeTpel TpyO. [InacTunHbl B GONBIIMHCTBE Clly4yacs
BBITIOJTHEHBI U3 aTFOMUHHMS, TPO(WITE TIIaAKNUI WK ¢
W3rubamMu MepreHIuKYISIPHBIMU TIOTOKY BO3AyXa,
TaKe BBIMTYCKAIOT MJIACTUHBI C MOBBILIEHHBIM MOKa-
3areneM TypOynentHoctu [11]. B pabore Temmnoob-
MEHHHMKA B PeXXHMMe OTTaMBaHWs Ba)KHYIO POJIb WT-
paloT ero aKkycTHYecKHe CBOWCTBA (CKOPOCTH pac-
MPOCTPaHeHUsl MPOAOJbHBIX, MOMNEPEeYHbIX W MO-
BEPXHOCTHBIX BOJIH, M/c). [lapameTpbl MaTepuasos,
HauboJiee paclpOCTPaHEHHBIX B KOHCTPYKLMAX HC-

Q=K-A-At, napuTesei, npeacTasieHsl B Tabuue 1.
Tabnuya 1
XapakTepHCTHKH MATEPHAJIOB HCIIApUTeJIeH
[InotHocth, | IlponmosbHble ITonepeunslie IToBepXHOCTHBIE TennonpoBoAHOCTb,
Merann °
r/cm? BOJIHBI, M/C BOJIHBI, M/C BOJIHBI, M/C B1/(M°C)
ATFOMUHUIM 2,7 6320 3130 2980 175
Menb 8,9 4660 2260 2160 384
OJ10BO 7,29 3320 1670 1560 65

B skcnepumeHnTe ObLIM UCTIONB30BaHbl UCTIAPU-
TEJTV MPOMBILIICHHOTO UCTIOJIHEHUS U3 IPOUITUPO-
BaHHbBIX aTIOMUHHUEBLIX TPYO C 3aKperieHHbIMU Ha
HUX OXJIKAAIOLUMMH aTIOMUHUEBbIMHU MJIaCTUHAMM,
HO BBHIY OCOOCHHOCTM pacrpoCTpaHEeHHs YJbTpa-
3BYKOBBIX KOJIeOaHMH B MecTax COeIMHEHMs TIuia-
CTUH W TPYO BO3HUKHYT NPEMsTCTBUS i UX MpO-
xoxaenus [11]. [TosTomy Obln cipoeKTHpPOBaH Mc-
MapyuTelb U3 MEAHBIX TPYO C MassHHBIMU COEAMHEHH-
SIMH BCEX TEIUIONPOBOASLIMX 3JIEMEHTOB KOHCTPYK-
uuu. B kauecTBe MCTOUHMKA MEXaHUYECKUX KoJeba-
HUH ObUIM NIPUMEHEHBI MbE303JIeKTPUUYECKHe H3ITy-

yarenu [12], paboTa KOTOpPBIX OCHOBaHa Ha OOpaT-
HOM Tibe3oasiekTpudeckoM sddexte [13]. Tlpu Bos-
JEHCTBMU EKTPUUECKOTr0 HAMPSXKEHUs1, TIOABECH-
HOTO K MbE303JIEKTPUUECKOMY KPUCTAILTY, POUCXO-
JUT IMHEHHOE W3MEHEHUE ero pa3smMepoB, TO €CTb Me-
xaHuveckas Jepopmaius. B skcnepumenrte Obuin
MPUMEHEHbl MbE30KEPAMUUYECKHE YJIbTPa3ByKOBbIE
npeoOpaszoBateny cymmapHoi MoiHoctbio 900 Br.
Jlns mepenavy MexaHMYecKUX KojleOaHUW B dKcrie-
pPUMEHTE C MPOMBILUIEHHBIM AJTIOMUHUEBbIM HCMa-
putenieM OblT MCMONB30BaH allOMHUHUEBBLIM Mpo-
¢unb, COeMHEHHBIH MPU MOMOIIM MPUMNOS K KOJ-
nexropy (puc. 1).
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Bo BTOpoM BapuaHTe B MEIHOM MasHHOM Terl-
J000MEHHHKE aKyCTHYecKas CBSi3b C HCMapUTeNeM
obecIieunBaeTCcsl 3a CUeT OOJITOBBIX COEIMHEHHIM,
TJIOTHO MPUTSHYTHIX K MbE303JEKTPHUECKUM H3JTY-
JaTesiM Yepe3 pacrpeieuTeb KojaebaHuii, KoTo-

B kadecTBe MCTOUHMKA MEeXaHMYECKUX Kojeba-
HUI ObUI KCMOJIb30BAH TeHEPATOP JIEKTPUUSCKHUX
konebaHuil. OH BbINOJHSET CleAYIOLME 3aJauu:
npeoOpa3oBaHue HanpsbkeHus ObIToBoM cetu (220
V, 50 ') B HampsbkeHue, TpedyeMoe [1s Mbe303J1eK-

Puc. 1. MeTon kpernieHus n3myvarens

Puc. 2. Mecra KpEeIICHUs 1J1s1 IbE€30KEPaMUYE€CKUX HBquaTEHeﬁ

pbIii  TIpeacTaBiseT co0OM MeTaUIMYecKyro Iula-
CTHHY C OTBEPCTHSIMH /ISl KPETUICHHUS MIbe30KepaMH-
YecKHX M3llyvaTeneil U pe3bOOBbIMU COCAMHEHUAMU
JUTSL KPETUICHHSI C UCTIApUTEIeM Yepe3 MpUMasHHbIe K
HEMY OTBepCTHs ¢ pe3n0oit (puc. 2).

MeXaHUUEeCKUX KonebaHui. AMIuTyaa Kosiedbanuit
NPONOPLMOHANIbHA TPUJIOKEHHOMY HAMPSLKEHUIO U
cuJIe TOKa BO3JeHCTBYs, a yacToTa KojnebaHuii obec-
NeYMBAETCS YAaCTOTOM MEPEeMEHHOIrO HAaIpsKeHUs,
NPUXOMAIIET0 Ha KOHTAKThl MbE30KEPaMHUYECKOro

TPUYECKHUX W3JyuyaTesiell, MoJAepKaHUe YacTOThI reHepaTopa MeXaHHUYecKuX Kkosiebanuil. OO6ias
BBIXO/IHOTO HAIpPsDKEHUS, YIPaBIeHUE aMIUIMTYJ0H cxeMma MoJIKJIIoUeHUs n300paXkeHa Ha puc. 3.
Ynpaenaowmia
KOHTpoOsnep
m K TEenbH
Perynstop . WnBepTop . CornacyroLuee — onebaTtenbHan
HanpsXXeHNs 3BEHO cuctema

Puc. 3. O01was cTpykTypHas cxema yJabTpa3ByKOBOIO reHepaTropa

Taioke A5 NpoBeAeHUs] SKCIEPUMEHTOB Oblia
W3rOTOBJIEHA XON0oAWIbHAs Kamepa. Ee BHyTpeHHue
MOBEPXHOCTH CTEH MOKPBITHl BJIaro3allyLIEHHbIM

COCTaBOM, B Ka4C€CTBEC TCILJIOMU3OJIAIMOHHOIO Mare-
puaia OblT MCIOJB30BaH TICHOIUIEKC, IOACBCTKA
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BHYTPEHHEr0 MPOCTPAHCTBA OCYLLECTBIIEHA NP MO- kamepbl. [l HaOmoaeHNs 3a MPOXOXKICHUEM JKC-
MOLLM YeThIPEX CBETOIMOJHBIX CBETHJIBHUKOB, pac- MEePUMEHTOB B BEpXHEH 4acTH XONOANWIbHOM KaMephbl
MOJIO’KEHHBIX MO MEPUMETPY KBaJpaTHOro KOpMyca  CMOHTHPOBAHO CMOTPOBOE OKHO (puc.4).

Puc. 4. XononuneHas kamepa

I[J'lf[ WHULUUPOBAHUSA IMpOoLECCa O6MOpO)KeHI/I$I OXJTAXKACHUA a30TOM METOAOM BTOPHUYHOI'O MMOTOKA B
ObL1a CIIPOCKTUPOBAHA W HU3rOTOBJIEHA CUCTEMA TeHHOO6MeHHI/IKe, npeacTaBJICHHAasA Ha pUcC. 5.

g
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Puc. 5. Cxema paboThl 1a00paTOpPHOro reHepaTopa XoJ04a
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Kunkuit azor, HaxomsAuIMiics B pe3epByape,
OXJTAXKIACT BO3MYX B MEJHBIX TPyOKaX, MoMelleH-
HBIX B PacTBOP MPOIMWJICHIJIMKOIS, TaKXKe cucTeMa
oxJaxaeHus obyagaeT crnocOOHOCTbIO OXJIaXKAaTh
riukodb [ 14]. JIns aToro TpebyeTcs 3aMeHHUTh Hacoc
ras3a >KMJIKOCTHBIM HaCOCOM W TIPOM3BECTH 3aIoJTHe-

HHe TeTUIOOOMEHHHUKA U CUCTEMBI OXJIaXKICHUS TTPO-
MUJICHTTIMKONIeM. PerymupoBka temmepaTypsl vcma-
pUTelNs IPOUCXOAUT MyTEeM M3MEHEHHs TON0KEHHS
LUMJIMHIPA € )KUJKUM a30TOM OTHOCHTENBbHO LIWIMH-
apa co criuptom. Cxema MoaKITIOYEeHUs CUCTEMBI HC-
KyCCTBEHHOTO OOMOpOXKEHHS MOoKa3aHa Ha pHc. 6.

MbezokepamuyecKui
wany4arens

y3r

WcnapuTens

/"

XonoguneHeiA wrad

YenamHuTENE

Puc. 6. Cxema nonkimoueHust 1abopaTopHOro 000opynoBaHUs

OKCNepUMEHTHI TTPOBOIMIIKCH B JIBA dTara: mep-
BBI 3Tan - anpo0aus CUCTEMbl yIANeHUS JIbJIa, TIe
TETIOHOCHUTEIIEM SBJISETCs ra3000pa3Hblii a30T; BTO-
pO#i ATar - anpobaLus CUCTEMBI C )KUAKOCTHBIM TeTl-
JIOHOCHUTENIeM (TPONUJIeHINIUKONG). i co3manms
BJI&YKHOCTH B XOJIOAUJILHON Kamepe MOMECTHUIIH eM-
KOCTb, MMEIOLIYI0 OOJBLIYIO TJIOMIAAb MOBEPXHO-
CTH, 1 3aJIUIIA B Hee JOBEJCHHYIO 10 KUTISHUS BOIY.

Otan nepBblid: antOMUHUEBbIH TEMI000OMEHHUK
ObLT 3aMoJIHEH MPOMUJICHIJIMKOJIEM MpH TeMIiepa-
Type -35 °C 1 noABeprHyT yJbTpPa3ByKOBOMY BO3-
JelcTBUIO Ha pazanyHbix yacTtoTax 20 k['u—38 KI'u,.
Pe3ynbrarel sKcrieprMeHTa Mokasaiu, YTo Jie] C T10-
BEPXHOCTH YAATUTh He monyuwiock. [lpu ucnbiTa-
HUM TEer1000MEHHMKA, M3rOTOBJIEHHOTO W3 M,
Jies] TaKoKe OCTasics Ha IOBEPXHOCTH TeTJIoNepeaato-
UIMX 3JIEMEHTOB. DTO MOATBEpKIaeT Hed(deKTHB-
HOCTb MCIOJIb30BaHUs MbE30METPUUECKUX H3I1yya-
Tenel 1715 ynaneHus Jbaa, a Takoke Ipyrux OTJoxKe-
HUI1 C MOBEPXHOCTH TEINI00OMEHHHKA MPU UCTIOJIb-
30BaHUM JKUAKUX TETUIOHOCUTENEH.

a
Puc. 7. Brusiaue (opMbl IIACTHH HA yJaJICHUE JIbIA:
a — U30THYTHIE TUIACTHHBI, O — TOPU30HTAIIbHBIE

Otan BTOPOM: allOMUHUEBBII TEIIOOOMEHHUK
MPOMBIIIIJICHHOTO W3TOTOBJICHUSI OBUT TMOJBEPTHYT
obMoposkenuto 110 -37 °C, B pe3ysbTare Ha ero Io-
BEPXHOCTH BO3HHK KOHJIEHCAT B BUJE CJIOS WHes,
OBUTO MPUMEHEHO YNbTPa3BYKOBOE BO3JIEHCTBHE OT
21 KI'u oo 40 KI'y [14-16]. Bpems Bozaeiicteus 1—
3 c. Jlen ypanuncs yxe uepe3 1 cekyHay. JlanpHei-
niee BO3JICHCTBHE HE N0 KaKWUX-JIMOO 3aMEeTHBIX
W3MeHeHuil B crterneHn oOMopoxenus. Mueii yna-
JIWJICA C W30THYTOW TMOBEPXHOCTH MCIAPHUTENS 10
HaIpaBJICHUIO KPETUICHUS AJIFOMUHUEBOM IJIACTUHBI.
BeposTHo, B mpolecce U3roTOBIEHUS TEMI00OMEH-
HUKa ¢ TexHojoruedd mnpunanus [ - oOpaszHoit
(hopMbl, B MECTaX MPUMBIKaHUsI TEIJIOCHEMHBIX T1a-
CTUH ¢ NpOoUIMPOBAaHHBIMU MATPyOKaMu HUCMapH-
Tesiss BO3HHUKIIO Oojiee MIOTHOE COCIUHEHHE, UTO
CMOCOOCTBOBANIO HAWIyUIIISH Mepeaaye MexaHuue-
CKHX KoJieObaHul (puc. 7, a).
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HcnpiTanns  TeruiooOMeHHUKAa  COOCTBEHHOM
KOHCTPYKLIUM TIPOM3BOAMIIUCH TIO TOH )K€ CXeMe, UTO
W TpOMBILIeHHOro paauatopa. HMccnenoanus mo-
Ka3aJjiu, 4To B [poLiecce BO3ASHCTBUS MEXaHMUECKUX
KoneGaHuit ObUIa HapyIIeHa LeJIOCTHOCTh YacTH Ma-
SIHHBIX COETMHEHHH, YTO CBUIIETENIbCTBYET O HEI0-
CTaTOYHOW HaJIeKHOCTH PaCcCMOTPEHHOTO crocoba
KperuieHHs u3mydarteneid. 9To 00bICHIeTCS BOHHUK-
HOBEHHEM TePMHUYECKUX AedopMaLuii B MecTe NpH-
Mos U3yyartens Ha rpaHule MaTepyualioB ¢ pazJiny-
HBIMH TETUIOPU3MUECKMMH 1 MEXaHUUYECKUMH CBOM-
CTBaMU. YCTaHOBJIEHA Takxke Hu3kas 3(dekTrs-
HOCTH OONTOBBIX COSIMHEHHH 3a cHET HeJOCTaTou-
HOT'O KOHTaKTa BOJHOBOJA C MOBEPXHOCTHIO TEIJIO-
0OMEHHHKA, YTO MPU IKCIUTyaTalK TaKkKe ycyryo-
JsieTcsl BO3AEHCTBUEM MEXaHUUECKMX Koie0aHUH.

Kak BunHO U3 puc. 7, MexaHu4eckue KojieOaHus
MIPUBEITN K YACTHYHOMY YIaJICHHUIO JIbJa ¢ MeTaJlTH-
YeCKMX TOBEPXHOCTEH, MOABEPrHYTHIX 0OMOpOKe-
Huto. MccnenoBanus mokasaiu Takoke, YTO cleqyeT
00paTuTh BHUMaHWe Ha (OpMY MIACTHH Teroo0-
MEHHHKa, YTO BIUSET Ha crocod mepenaun kKoneba-
HUI U 3QPEeKTUBHOCTH CHATHS HaJleAW, BOBMOKHO U
JIPYTUX OTIOXKEHHH, C MOBEPXHOCTH IIACTHH.

CrnemyeT OTMETHUTB TaKkoke HEOOXOIUMOCTD TTPO-
JIOTDKEHUSI UCCIleIoBaHMi 10 BRIGOpY Oostee addek-
THUBHBIX BUJIOB M3TyHaTesei, cnoco0OB UX coeiMHe-
HUS ¢ TIOBEPXHOCTBIO MCTIapUTENel, a Takke mare-
puana TerIooOMeHHWKa C LeNblo yIajeHus He
TOJIbKO HaleOu, HO M JPYTruX OTIOKEHWI B BHUIE
HaKWITH, YTO SBJIETCS aKTyaJbHOM 3a/1a4eil B CUCTe-
Max TeMmj0CHA0KEeHHs] MH)KEHEPHBIX CETEH.

BriBoabl. MccnenoBanust Tokasai, 4YTO IO
JeicTBUEM MEeXaHWYeCKHX KojiebaHuil Ha Terooo-
MEHHHUK BO3MOXKHO yJalleHHe JibJa C ero MoBepXHO-
cti. OnHOM K3 npobJeMm, BbISIBIEHHOH B X0Je dKcIe-
PUMEHTOB, sBMJach ciabas aKycTH4ecKas CBs3b
MEXKAy TeIUIONepeJalolMMK  JJIEMEHTaMH  KOH-
cTpykuud. Peluenue stoii mpoGnembl obecneduT
KOHCTPYKLIMSI PafiaTopa, BbIMOJHEHHAs B MOHOJIUT-
HOM MWCIOJIHEHMM ¢ M3IydaTenaeM Oe3 MasHHBIX,
CBapHBIX U OOJITOBBIX COETMHEHHUH.

Bpems Bo3pelictBus koneOaHuii He uMeeT
NPUHLMIHAAIBHOTO 3HAYCHUs, Ul yNaJleHHus JbJa
JIOCTATOYHO HECKONbKUX cekyH[. [Ibe3okepamuye-
CKHE M3JlyyaTeld He MOryT oOecneuuTb OONbLIOH
aMIUTUTYIbl KoJieOaHWii, HeoOXOaUM MoaAGop ApY-
roro BUJa usiayvaTeneil, a MIMEHHO U3ydaTeliei, oc-
HOBaHHBIX Ha 3()(eKkTe MarHUTOCTPUKLUU, TOe Ma-
TepUaJIoM [yl UCTOYHHUKA YJIbTPa3ByKOBBIX Koseba-
HUH SIBJISIOTCS MarHUTOMSTKHE TIPELMH3UOHHbIE
CIUIaBbl, UMEIOLLME B CBOEM COCTaBE JKele30, HU-
KeJlb, KOOAbT.

JIns M3roToBNIeHHs TeMI00OMEHHMKA 110 COBO-
KyITHOCTH aKyCTHYeCKMX M  TEIUIONpPOBOASLINX
CBOMCTB HanboJiee NOAXOAAIMMHU MaTepraiaMHu sB-
JIIOTCSL  JIOPATIOMMHUMN WM amoMuHuii. Meton

yaajeHus JibJa BO3JCHCTBHEM Ha TEIIOOOMEHHHK
BBICOKOYACTOTHBIMH KOJIEOAHUSMM, I/1€ TEIIOHOCH-
TelleM SIBJISI€TCS JKUIKOCTh, OECHepCreKTHBEH 10
MPUYWHE 3aTyXaHHsl yJIbTPa3ByKOBBIX BOJTH B BI3KOM
cpene.

HUccnenoranuns B o6nactu 60psObI ¢ 0bneneHe-
HHEM UMEIOT OOJIbIINE TIePCHICKTUBBI ISl Pa3BUTHS
BO3/YLUHBIX TETUIOBBIX HACOCOB, TMOBBIIICHUS WX
MPOU3BOIUTEIIBHOCTH M PaCIIMPEeHHs Jrana3oHa pa-
Ooueli TeMmepaTyphbl.
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EFFECTS OF MECHANICAL VIBRATIONS ON ICE FORMATION ON
EVAPORATOR OF AIR HEAT PUMP

Abstract. The analysis of the reasons for the insignificant spread of air heat pumps in countries with a
cold winter period is carried out. Problems arising in the heat exchanger of the outdoor unit of the heat pump
during operation in heating mode are indicated. The existing methods of anti-icing of outdoor units are con-
sidered, and their effectiveness is demonstrated, taking into account the cost of electricity and the problem of
utilizing condensate. The possibility of removing ice from evaporators of air heat pumps using the method of
high-frequency mechanical vibrations has been investigated. Laboratory equipment has been designed and
tested for experimental research of high-frequency oscillations in the structures of evaporators manufactured
by an industrial method. The possibility of their use in heat pumps, where the fight against frostbite is carried
out by the method of mechanical vibrations, is considered. Investigations of evaporators of air heat pumps
with different types of coolant for removing ice by means of mechanical vibrations on the surface of the heat
exchanger have been carried out. Methods of fastening piezoceramic emitters to evaporators of various de-
signs are considered. A comparative analysis of the materials used in the design of evaporators, a comparison
of their acoustic properties and thermal conductivity, and recommendations on the selection of material for
further research to improve the efficiency of ice destruction from the surface of evaporators are given. Ways
of increasing the degree of cleaning of evaporators from ice are identified, recommendations are given for
further research on the use of mechanical vibrations to combat frostbite of heat exchangers in air heat pumps
under conditions of operation at low ambient temperatures.

Keywords: evaporator, air heat pump, frostbite, ultrasound, piezoceramic emitters.
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COBPEMEHHBIE TEHJIEHIIVU PA3BUTHSA 3JAHUI 1 KOMILJIEKCOB
NMHHOBAIIMOHHOI'O HABHAYEHMUA

Annomauyus. Odvexmuvl UHHOBAYUOHHOLO HAZHAUCHUSL 8 CBOEM CIIAHOGICHUE U (POPMUPOSAHUU NPOULTU
02POMHBLIL NYMb, GCEOCHIBUE He20 CYUeCMEYIOUAs UHHOBAYUOHHASL UHPPACMPYKIMYPA Pa3Ho0OpasHa uoo-
wupna. Hecmomps na oepommnoe koniuuecmeo paziuyHslx munog apXumeknypHulX COOPYIICeHUll UHHOBAYUOH-
HOU HANPABAECHHOCHIU MOJICHO OMCIeOUmb U GbISAGUINb CX0JICUE HANPABICHUS CO30ANHUSL U DKCHIYamayuy ma-
KUux 00beKmos. 30anust u KoMnieKkcol UHHOBAYUOHHOU OesimelbHOCU NPeOCmAasasion coooll obveounenue
HAYKOCMKUX (DUPM C Yelblo UX DKOHOMUHECKO20 POCIA 8 HAYYHO-NPOU3E00CMEEeHHbIE 00BEKNbl, KOMOpble
pacnonazaromest Ha 00HOU meppumopuy. Iasnvivu yHKyusIMU 6HO8b 0OPA308AHHBIX HAYYHO-NPOU3E00-
CMBEHHBIX 00BEKINO08 CHIAHOBAMCA. PA3BUMUE TNEXHOI02UU MPAHChepa UHGOpMayuu mMerncoy KOMIAHUAMU-
Pe3UOeHMAMU HAYYHO-NPOUZBOOCGEHHBIX 00BEKMOB, COOelicmeue 8 CO30AHUU U PA3GUMUU HOBbIX (OPM U
BUO08 UHHOBAYUOHHBIX 00BEKMOG, NPEOOCMABICHUE 60 8PEMEHHOE GllAOeHUe U NONb306AHUE NOMEUCHUN U
meppumopuil 0Jist CyObeKmos Manoeo U cpeone20 OUHeCA; OPeanu3ayUs 83auUMo0eticingust Mexcoy oopazosa-
MEAbHBIMU YUPEIHCOCHUIMU U OUZHEC COOOUECMBOM C YEIbI0 OCYUECMBICHUSL MEPONPUSINULL HO COBMECHIHOLL
HAYUHO-UCCIIe008AMENbCKOU 0esAmMeNAbHOCHIU, He0OX00UMOT OJisl MEeXHON02UYEeCK020 PA3GUMUSL.

Paccmampusaiomest cogpemennvle meHOeHYUuY pa3eumust U QopmMupo8anus 30anutli U KOMHICKCO8 UHHO-
B8AYUOHHO20 HA3HAYEHUS 8 KOHMEKCHe MEeXHON02UYeCK020 npozpecca U COYUATbHO-IKOHOMULECKUX UIMeHe-
HULI, OCHOGAHHBIE HA AHANU3EC ONBINA NPOCKINUPOSAHUS U CHPOUMETbCNEA OAHH020 MUNA 00BeKmos, d
maxkoice uzyuenus Hayunoi iumepamypul. Coenansvl 6b18600bl 0 MOM, UMO, GbIsIGIeHHbIe MEeHOeHYUU MO2YN HO-
CUMb PEKOMEHOAMEIbHBIL XAPAKMEDP NPU COBEPUICHCINBOBAHUU UHHOBAYUOHHOU UHDPACMPYKIMYPBL 8 Pecu-

OHe.

Knrwouessie cnosa: cogpemennvie meHOeHyul, pazeumue u hopmuposaniie, KOMIIEKC UHHOBAYUOHHO2O0
HAa3HaueHust, 00vbeKMm UHHOBAYUOHHOU HANPAGIEHHOCHIY, UHHOBAYUOHHAS. UH(PPACPYKITYDA, ONbLIN NPOEKMU-

Posans.

BBenenne. B nHpopMaLMOHHBIN BEK TEHOCH-
LMl UHHOBALMOHHOTO pa3BUTHs BO BCEM MUpE, KO-
TOpasi HayajJacb MHOIO JIET Ha3aja, HaOupaeT CUilb-
Heiie o6opoTkl. MHHOBaMK cTany riaBHOM JBU-
raroled MOILIBIO COLMATBHOIO U KOHOMHYECKOIO
pazBuTHs moBcemecTHO. CormacHo [noGanbHOMY
HUCCAEA0BAHUIO U CONPOBOXKIAOLLErO ero PeHTuHry
CTpaH MMpa no HHAekcy uHHoBauuil 2020 roaa
(Global Innovation Index) ycnemHocTs 95KOHOMHUKH
CTpaHbl CBS3aHA, C HAJIMYMEM MHHOBALMOHHOIO IO-
TEeHLMala U yCJIOBUI 1J1 ero BOIUIOLLIEHUS: UHCTH-
TYThI; YEJIOBEYECKHH KanuTaa U UCCIe0BaHus; UH-
¢dpacTpykTypa Ul BeIeHHS MHHOBALMOHHON nes-
TEJNbHOCTH; Pa3BUTHE BHYTPEHHErO pblHKa M OU3-
Heca [1]. Exeroano B [ mo6abHOM HHHOBAIIMOHHOM
HHJIEKCEe OLEHUBaeTCs AeATeNbHOCTb Oonee uem 130
CTpaH U TEPPUTOPUI MHUPA, KOTOPbIE COPEBHYIOTCS
Mex 1y co0ol 3a MUpOBOe TiepBeHCTBO (puc. 1) [2].

B cBs3u ¢ 3TMM, OrpOMHOE BHUMaHHUE yIens-
€TCsl CO3/1aHMIO HOBBIX M MOJEPHU3ALMH yrKe Cyllle-
CTBYIOUIMX apXHUTEKTYPHBIX COOPY>KE€HUH, NpeaHa-
3HAYEHHBIX JUIsI COBMECTHON WHTErpaluu Hay4HO-
HCCAEA0BATENbCKOM, MPOU3BOICTBEHHON U 1€10BOM
GyHKIMIA. DBOMIOLMS TAKMX KOMIJIEKCOB MPUBOIUT
K copMHpOBaBLIelCs U YCTOHYMBOW MH(ppacTpykK-
Type HHHOBALMOHHOW JeATENIbHOCTH, TJIaBHBIMU

00BEKTaMHU KOTOPOI SIBIISIIOTCS pa3MyuHbIe TUIIbI ap-
XUTEKTYPHBIX ~ COOPY)KEHMH  HMHHOBallMOHHOM
HAarpaBJIeHHOCTH.

ABTOpPOM MpOBE/IeH aHAIN3 OTEYECTBEHHOTO U
3apy0eHOro OMbITa MPOSKTUPOBAHUS U CTPOUTEIb-
CcTBa OOBEKTOB MHHOBALIMOHHOIO HAa3HAYEHUs JUIs
BBISIBJIEHUS crielM(UKN (GOPMUPOBAHUS U TEH/EH-
il ux pazsurtusi. O600LIEeHHE OMbITA BISBUIO, YTO
CYLLIECTBYET MHOXECTBO 3[aHUIl U KOMILJIEKCOB UH-
HOBALIMOHHOIO Ha3HA4YeHWs pPa3jIM4HBIX MO CBOEH
TUIOJNIOTHH, pa3MepaM U Xapaktepuctukam. Creuu-
(PMUHOCTh MX HAMNpaBIEHHOCTH - WHHOBALIMOHHAs,
MOKa3aJia, YTO MaJeHbKHEe KOMIUIEKChl MOTYT CyIle-
CTBOBATh KaK OTJEJbHBIE CAMOCTOSTENbHbIE O0b-
€KThbl, MOTYT BKJIIOYAThCS B CTPYKTYpY OONBIIMX
KOMIIJIEKCOB C PacIIMPEHHbIM YHKLIMOHAIEHBIM CO-
CTaBOM, a TAKXKE€ MOT'YT OTHOCUTBCS M HAXOJUTHCS B
cocTtaBe Apyrux 6a3zoBbiX yupexxaeHuil. [lonoGHoe
MHOXECTBO COYETaHWUM OJarompuiTHO BIMSET Ha
npoLiece MOSBJICHUS HOBBIX apXUTEKTYPHBIX pelle-
HUH OpraHM3alMy TPOCTPAHCTB, a TaKkKe CIoco0-
CTBYeT ()OPMHUPOBAHUIO LIMPOKOIO CHEKTpa pa3Ho-
00pa3HbIX ApXUTEKTYpPHBIX pemeHuit. OaHako mnpu
BCEM MHOT000pa3uu Takux 00bEKTOB, UMEIOTCs 00-
uiMe TeHACHUMH, PUCYLIMEe BCEM UX THUIaM.
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Marepuanasl u MeToAbl. MeTOIMKA UCCIENO-
BaHMs OCHOBBIBAETCS HA CUCTEMHOM aHalu3e, KOTo-
pblil penmnosaraeT: pacCMOTPEHUE OTEUECTBEHHOIO
1 3apy0eXHOro ormbITa MPOSKTUPOBAHHUS U CTPOU-
TeNbCTBA KOMIUIEKCOB M 3[aHWH MHHOBALIMOHHOTO

CEBEPHAH AMEPWKA
1. COEAWHEHHBIE

WTATbI AMEPUKW
2. KAHADA

1. UHAM

2. UPAH (MCNAMCKASRA
PECNYB/INKA)
3. KA3AXCTAH

Ha3Ha4YeHWs; N3ydeHhe Hay4YHOU JINTepaTypbl, B KO-
TOpOM HaOIIIOAAIOTCS KIIOYEBbIe Mpoliecchl GopMu-
pOBaHUsI, pa3BUTHs, OPraHU3aLUK U CO3/IaHHsI MHHO-
BallMOHHBIX 00BEKTOB [3].

1AS ADPIKA

1. KSPAUNb

2. Kune

3. OBBEOQU-
HEMNBLIE
APABCKME
IMUPATDI

Puc. 1. Tpu cTpasbl, Tuanpyomye B 00J1acTU HHHOBALMHA B K&KIOM peruoHe [2]

HWHHOBalMOHHBIE LIEHTPHI pacCMaTPUBAIOTCS B
Tpynax A.B. AHToHOBa [4], B KOTOPBIX OH OCBELIAET
MPUHUMITBI OpraHU3allMd MHHOBALMOHHbBIX IEHTPOB,
B uccinenoBanusax C.B. Banpaiinesa [5], O.B Jluny-
eoii [6], B.Il. Muponenko [7], A.B. IlouroBoii [8],
J.C. TpudonkuHoii [9], rie noJHUMAIOTCs BOMPOCHI
rpajiocTPOUTENbHON OpraHU3allii HHHOBAIIMOHHBIX
LIEHTPOB, CUCTEMbl UHHOBAI[MOHHOTO Pa3BUTHS T1O-
JIOOHBIX YUPEKICHHUH, a TaK)Ke BOMPOCHI TUIIOJIOTH-
YeCKMX OCOOEHHOCTEH WHHOBALIMOHHBIX OOBEKTOB
[3].

OnHako COBpeMEHHbIe TEHJCHIMHM Pa3BUTHUS
JUIS CYUIECTBYIOUIMX M BHOBb CHPOECKTHPOBAHHBIX
3laHUIl U KOMIUICKCOB MHHOBAIIIOHHOI'O Ha3Haye-
HUSl OJTHO3HAYHO HE C(HOPMYJIMPOBAHBI, YTO MO3BO-
JISieT BBISIBUTh M CHCTEMAaTU3UPOBATh OCHOBHbBIE W3
HUX.

OcHoBHas Yactb. B xo/e uccnenoBaHus u cu-
cTeMaTtu3aluy 00bEKTOB ObLTH BbISBICHBI OCHOBHBIE
TEHJICHIIMU pa3BUTUsA U cnenrduka ux Gpopmupoa-
HUSI, KOTOPbIE MOXKHO paccMaTpuBaTh ¢ TOUKU 3pe-
HUS: pa3BUTUS TEHEPALHOrO TIUIaHa, (YHKIHO-
HAJIbHO-TNIAHUPOBOYHOM CTPYKTYPbI U apXUTEKTYp-
HBIX pelleHUN, UHKEHEPHBIX U CTPOUTENIbHBIX TEX-
HOJIOTHUM.

1. PacnonokeHue MHHOBalMOHHBIX KOMILICK-
COB B CTPYKType ropojia U OpraHu3aius reHepanib-
HOTO IJ1aHa.

- Ilpu onpeneneHun MecTOHAXOXKIeHUS Oyay-
L1ero MHHOBALMOHHOTO KOMILJIEKCa, OCHOBOMOJIara-
ouKM (HaKTOpOM SIBJISETCS TOCTYMHAs M pa3BUTas
TpaHCMOpTHAas MH(PACTPYKTypa: TPaHCIIOPTHbBIE Ma-
TUCTPAJIM, METPOIIOJIUTEH, TOPOJCKOW HA3eMHBI
TPAHCHOPT, JKEJIE3HOIOPOKHBIM TPAHCIIOPT U T.1.

- AHanu3 onbITa MPOEKTUPOBAHUS MOKA3all, YTO
pa3MellleHde WHHOBAIMOHHBIX OOBEKTOB MOXKET
OCYILECTBIATHCA, KAK B CTPYKTYpe ropoia, Tak  3a
ero mnpenenamu. MalieHbKHe MO BEJIMYMHE KOM-
MJIEKChl OOBIYHO KOHIEHTPUPYIOTCS B LIEHTPAJILHOM
4acTH TOPOAa, B TO BpeMsl Kak OOJIbIINE KOMILICKCHI
TATOTEIOT K NEepU(EpPUIHBIM 30HAM U 3aropoJIHbIM
TEPPUTOPUSIM.

- B Hacrosiiiee BpeMst aKTUBHO UCIIONB3YIOTCS
W 00Nalal0T BBICOKUM apXUTEKTYpHbIM TMOTEHIMA-
JIOM TepPUTOPHUHM MPOMBILLUICHHBIX 30H. Takue Tep-
PUTOPUM UMEIOT TPUBJICKATE/IbHBIE XapaKTepH-
CTHKH HE TOJILKO JIJIsl BCECTOPOHHETO Pa3BUTHS 00b-
€KTOB, PACIOJarafoluXcsi Ha HUX, HO U B LIEJIOM
MMEIOT MOJIOKUTENbHOE BIIMSHUE HA COLMAIIBHO-
HSKOHOMHYECKOE pa3BUTHUE PErUOHa.

- «lIpecTmx» TEppUTOPUM M BO3MOMKHOCTD
JAIbHEUIIIEr0 TePPUTOPUATIBHOTO Pa3BUTHS KOM-
Tiekca, AJas MOJAEPHU3aLUM OOBEKTa, MOCKOJBKY
WHHOBALIMOHHbIE KOMILJIEKCHI 110 CBOEH MpUpo/Ie sIB-
JIAIOTCS TUHaMHuYecKuMH [ 10].
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- AHanu3 onbITa MPOEKTUPOBAHUS BBISBUI OCO-
OGEHHOCTB K pacro0oKeHHIO KPYITHEHIINX KOMIUTeK-
COB 3a MpeJieslaMi FOPOACKOI arjoMepanuy 1 TAro-
TEHUIO K YHHMKAJIBHOMY MPHUPOJHOMY OKPYKEHHMIO.
Hanuuue npupoaHod U MOroaHoW cocTapBistOLLEH
MMeeT OrpOMHOE 3Ha4deHHe 11 (POPMHUPOBAHUS HH-
HOBALIMOHHOTI'O POCTAa KOMIUIEKCA U €ro COTPYAHU-
KOB.

HarnsinHo BbllenepeyrciieHHble rpagocTpou-
TeJbHbIE TE€HAEHLMH MOYKHO OTCIEIUTh Ha MpHUMe-
pax pasHbIX FOpPOJOB MHpa, HampuMep, TaKUX Kak:

Cankr-IletepOypr — «sBiseTcs LEHTPOM HHHOBa-
LMK ¥ BBICOKOTEXHOJIOTUYHBIX MPOU3BOJCTB MHUPO-
BOT'0O YPOBH3L, a G1aronpusTHoe reorpauueckoe no-

JIOXKEHHE CO3/aeT MPEANOoChbUIKK AJIS MHTepHALMO-
HaJW3allid WHHOBAIIMOHHON nesrenbHocTH» [11]
(puc. 2), Porrepnam — «3T0 KpymnHeumumi mopt EB-
POIBI ¥k MECTO Pa3MHOKEHHSI MHHOBALMiA, UMEIOILN i
SPKYIO MEXKAYHAPOAHYIO cTapTarn-skocuctemy» [12]
(puc. 3).
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Puc. 3. Kapra unnoBaunonHo# cpeasl Potrepaama. MHHoBaumoHHbI# paiion B PoTtepaame [13]

2. ®opMHUpOBaHUE APXUTEKTYPHBIX PElICHU 1
(YHKIIMOHANTBHO-TIITAHUPOBOYHOM CTPYKTYPbI MHHO-
BaLIMOHHBIX KOMILIEKCOB.

- @opMHUPOBaHUE APXUTEKTYPHBIX peUIeHUil U
(YHKIMOHANTBHO-TNIAHUPOBOYHOM CTPYKTYPbI MHHO-
BallMOHHBIX KOMILIEKCOB 0a3upyeTcs Ha YAOOHOU u
SPrOHOMHUYHOU CBS3H MEXKy OCHOBHBIMU (PYHKIIO-
HaJbHBIMH OJIOKaMH KOMIUIEKCOB (HICCIIEAOBATEIb-
CKHUH, MPON3BOJICTBEHHbIMN, IEJIOBOM, 00pa3oBaTeib-
HBIi, TEXHUYECKHUIA, BCIIOMOraTelbHbIN [§]), a Takke
Ha COCTaBe MOMEIIEHNH, HaXOIAIINXCS B 3TUX OJI0-
Kax.

- JI1s1 KpynHBIX KOMIUIEKCOB XapaKTepHOU TeH-
JleHIer nx oOpa3oBaHMs SBIIIETCS €CTECTBEHHOE
(dopmupoBaHue (MOCTENEHHO, CO BpPEMEHEM, Kak
CIeACTBEHHO NUHAMMUYECKas CUCTema), B TO Bpems
KaK MeJIKMe WHHOBAIIMOHHbIE OOBEKTHI, TAKHUE Kak
Ou3Hec-MHKYOATOPbI, KOBOPKHHT IIEHTPhI U JIPYTHE,
CO37ar0TCs Yallle BCero MCKYCCTBEHHO (CIEHabHO
CO3/ITaHHbIE JIJIS1 PeLEHUs] KOHKPETHBIX 3a]ay).

- Omnpenenennas QyHKIIMOHANBHAS 30HA OTBe-
YaeT 3a COOTBETCTBYIOIIYIO el CTaJni0 WHHOBAIIHU-
OHHOTO mporiecca U MOXeT padoTaTh Kak aBTO-
HOMHO, TaK U COBMECTHO C OCTaJIbHBIMU 30HAMHU.

- TennmeHuus koomepanuy HayYHO-TIPOM3BOI-
CTBEHHOM COCTaBJISAIOLIEH C JOPYrMMH CTPYKTYp-
HBIMU 3JIEMEHTAMU ¢ KOHUEHTpaluel MpUKJIaJHON U
HCCIeNOBAaTebCKOW NeATeNbHOCTH. Tak TOsABIIsA-
I0TCS MTHHOBAIIMOHHBIE O0BEKTHI, MHTETPUPOBAHHBIE
B 0a30Bble YUPEKACHUS: MPU YHUBEPCUTETE, MPH
MPOMBIIIIEHHOM TPEANPUAITHE, TPU HAYYHOM yupe-
JKJIEHUW, NpU JeOBOM LeHTpe. Bo3moxkHOCTb Mc-
MOJIb30BAHUSI COBMECTHOM HHQPACTPYKTYpbl B Ta-
KHUX 00BbEKTaX MPUBOJUT K MOOUIBHOCTH, KOMMYHHU-
KallMOHHOW M TUTAHUPOBOYHOW rubkocty pabouero
MPOCTPAHCTRA.

- ®opMupoBaHUe KPYMHBIX 00BEKTOB MPOUCXO-
JIUT TIO CPEACTBaM BKJIIOUEHUS B UX (QYHKIMO-
HaJIbHO-TJIAHUPOBOYHYIO CTPYKTYpy OoJiee MeKUX
CaMOCTOSITEbHBIX O0OBEKTOB MHHOBALMOHHOW Jes-
TeJabHOCTH. Tak, HampuMep, B COCTaB TEXHOMapKa
MOXKET BXOJIUTh OW3HEC-WHKYOATOp M KOBOPKWHT
LIEHTP.

- MHOr1e KOMIJIEKCHI /1715 yBEJIMYSHUS CTIeKTpa
MpEeAOCTaBIsIEMbIX YCIYr MPeAyCMaTpUBaIOT YHU-
BEpCaIbHOE UCIOJIb30BAaHUE TOMELLEHUH.

3. CoBpeMeHHbIe MHHOBALIMOHHBIE KOMILIEKCHI
U LIGHTPBI YXKe SBJISIOTCS MHHOBALMOHHBIMU MPOEK-
TaMU U NPEIIoiaraloT HaluuMe caMbiX NepeJoBbIX
MH)XEHEPHBIX U CTPOUTEIbHBIX TEXHOJIOTUH.

- [lpumenenne sHeprocOeperarommux TeXHOI0-
CUH B DKCIUTyaTallid MHHOBALMOHHBIX KOMILJIEKCOB.

- Ucnonb3oBaHue COBPEMEHHOIO TEXHUYECKOTO
000pyIOBaHUS M HKCTIEPUMEHTATILHBIX CUCTEM, Tpe-
OyeT ruOKoOro peuieHus, KOToOpoe OTBeYaeT MoTped-
HOCTSIM HccnefioBaTesieil. B pesynbrare TpeGoBanus

K TEXHOJIOTMYECKOW MH(pPacTpyKType UMEIOT TeH-
JISHIIO K yBenuueHuto [14].

- [IpumeHeHre yHuBepcalbHBIX TpaHCPOPMHU-
pPYeMbIX MPOCTPAHCTB, AJIS JOCTHIXKEHHUS HaWIyy-
IIero pe3yJibTara.

TeHaeHUMN NpUMEHEHHUs HOBBIX TEXHOJIOTHIA B
MPOEKTUPOBAaHUE U CTPOUTENILCTBE MHHOBALIMOHHBIX
KOMIIJIEKCOB, TO3BOJISIIOT 3 (HEKTHBHO HCMONB30-
BaTh M MEHSATH IUIAHUPOBOYHBIE M TEXHOJIOTHYECKHE
XapaKTepUCTUKU MOMELICHUI 00beKTa, a TaKkKe OT-
BEYAOT 3a Ka4eCTBO BHITyCKaeMoro npoaykra [15].

BeiBoabl. TeppuropuaiibHOe pa3BUTHE TOPO-
JIOB, TMOBbIILIEHHE YPOBHs TpeOoBaHMWil obluecTBa K
yno0cTBy, KOMpOpTY M (DYHKLHMOHAIBHOCTH, €Xe-
JTHEBHOE COBEPILICHCTBOBaHNE MH()OPMALIMOHHOTO 1
TEXHUYECKOTO TMporpecca HaXoAiT HEeMmocpeICTBEeH-
HOEe OTpaskeHHe B pOPMUPOBAHUE COBPEMEHHOI ap-
XUTeKTYpHI. [IpoekTHBIe peleHnss MHHOBALMOHHBIX
KOMIUTEKCOB TIOCTOSIHHO COBEPIIEHCTBYIOTCS W MO-
JNEPHU3UPYIOTCS B COOTBETCTBHM C aKTyalbHBIMU
TeHIECHLIUSIMHU CBOETO BpeMeHH. B cBs3M ¢ yem, kax-
JIbIi pa3 Takoil 00BEKT UMEET CBOM YHUKATBbHBIN 00-
pa3 C WHOUMBUAYaJIbHBIM TPaJOCTPOUTENILHBIM,
(DYHKUMOHAIBHBIM, aDXUTEKTYPHBIM U TIIAHUPOBOY-
HBIM pelieHueM. Hacrosiiee uccrenoBaHue moka-
3a510, YTO BBISBIICHHBIE COBPEMEHHBIC TEHICHLIUH
pa3BUTHS U (HOPMHUPOBAHUS KOMIUIEKCOB M 3AaHUI
WHHOBAI[MOHHOTO Ha3Ha4YeHHs, MOTYT TIOMOYb B
MIPOEKTUPOBAHHH, CTPOUTENBCTBE M SKCIUTyaTalllN
00BEKTOB JTAHHOT'O THIIA, & TAKXKE HOCAT PEeKOMEeH/1a-
TEeJIBHBIM XapakTep MpH JajJbHEHIIeM COBEpLIEH-
CTBOBAHUM MHHOBALIMOHHOM MHPPACTPYKTYpPbI B pe-
THOHE.
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MODERN TRENDS IN THE DEVELOPMENT OF INNOVATIVE BUILDINGS AND
COMPLEXES

Abstract. The establishment of innovative facilities took a long way, therefore the existing innovative
infrastructure is diverse. Despite the huge number of different types of architectural structures of innovative
orientation, it is possible to track and identify similar areas of creation and operation of such objects. Build-
ings and complexes of innovative activity represent the association of high-tech firms for the purpose of their
economic growth in research and production facilities, which are located on the same territory. The main
functions of the newly formed research and production facilities are: the development of information transfer
technology between companies-residents of research and production facilities, assistance in the creation and
development of new forms and types of innovative facilities; provision of temporary ownership and use of
premises and territories for small and medium-sized businesses; organization of interaction between educa-
tional institutions and the business community in order to implement joint research activities necessary for
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technological development. The article considers the current trends in the development and formation of build-
ings and complexes of innovative purpose in the context of technological progress and socio-economic
changes, based on the analysis of the experience of design and construction of this type of objects, as well as
the study of scientific literature. It is concluded that the identified trends can be recommended for improving

the innovation infrastructure in the region.

Keywords: modern trends, development and formation, innovative complex, innovative focus, innovative

infrastructure, design experience.
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TEOUH®OPMAIIMOHHBIE TEXHOJIOT'MH B I'PAJIOCTPOUTEJILHON
AEATEJBHOCTHU

Annomauua. Ilpoyecc pazgumus meppumopuii noopasymesaem 8061eyeHue 8 He2o UCCIe008aAHUT 3eM-
JIENONb308AHUSL U 3eMHOU nogepXHOcmU. OHU 8 3HAYUINENLbHOU CIeNneHU He0OX00UMbL HO YeaoMY POy meM U
680npocos. Ycmoiluugoe pazgumue 860 MHO20M 3AGUCUNT OM KOHMPOAs HAO nocieocmeusmu usmernenutl. I'HC
Modicem 00Cmuib 51Mo20 O1a200apsa C8OUM PA3IUYHBIM CHOCOOHOCHIAM, KOMOpble MOZYM UCHONb308AMbCA
epadocmpoumenamu u auyamu, npunumarowgumu peuterus. I HC mooicem pabomams Kax UHCMPYMEHm U KaK
cucmema uiu 0agice 2pynNna cucmeM, Komopule pabomaion 00Ho8peMeHno uiu nociedogamenvro. I UC sens-
emcs OOHUM U3 Hauboee AMNCHBIX NPUTNONHCEHUU ePA00CmpPOoUmelbcmed. JlanHoe ucciedos8anue nocesyeHo
0COOEHHOCHISIM UCTIONL30BANHUSL 2OUHPOPMAYUOHHBIX MEXHOA02ULL 8 2PA)OCHPOUMENLHOM WAAHUPOGAHUU.
Buisignenvr npoonemer oepanuuenus ucnonvsosanus I'HC 6 epaoocmpoumenvcmee. PaccmompeHnvl OCHO8HbLE
suovl I'HC @ epaoocmpoumenvcmese, Komopblmu AGNISIIOMCS YIPAsiIeHUue 6a3amu OaHHbIX, 8U3YANU3AYUSL, NPO-
CIMPAHCMBEHHBLI AHAIU3 U NPOCMPAHCINGEHHOE MOOCTUPOBAHUE, d MAKJICe HAUDOTIee YACHO UCNONb3YeMbIe
QyHKYUU (UHMEPNONAYUSL, HAlOJCeHUe Kapmbl, Oyghepuzayus U usmepeHue CA3HOCMU) U GAPUAHINBL UX UC-
NONB308AHUA 8 3AGUCUMOCIU O PA3IUYHBIX 3A0QY U SMAN08 2pA0OCMPOUMENbCMEa, d MaKdice npeumyuje-
CMBa pacmpoguvlix U 8eKMOPHbIX OaHHbIX. Takoice 6 cmanbve 0mMpadceHo 803HUKHOBEHUE U PA3BUNILE CUCTEMbL
noooepoicku meppumopuaivHo-npocmparncmeeruvix peuteruti (C{CO) u cucmemsl n000epHCKU NAAHUPOSA-
nus (IICO) 6 epaoocmpoumenvcmese. Chopmynuposana ponv I'HC 6 ananuze npocmpancmeeHno20 niaHupo-

BAHUA.

Knwueevie cnosa: epadocmpoumeﬂbcmeo, 28014Hd)0pMd14u0HHbl€ mexHoJlocuu, 3emjienov3oeanue, cu-

cmemvl NOOOEPHCKU NAAHUPOBAHUSL.

Beeaenne. ['eonHpoOpMaLMOHHBIE TEXHOIOTHU
(manee ['MIC) urpatot G0NbIIYIO POITH B TPAAOCTPOH-
TeNbHBIX MPUIOKEHHUSIX M Tpolieccax I1aHUpOBa-
Husl. TeHaeHUMu pocta ropoAoB M PacLIMPEeHUsT UX
MacluTaboB MOXKHO aHAJIM3UPOBATD C MOMOLLBIO TEX-
Hostoruit 'MC u npumeHATh UX NMpU U3YyUEHHUH MpU-
FOAHOCTH TOPOJACKUX MPOCTPAHCTB IJIs1 Pa3BUTHUS
rpagoctpoutenscTBa (puc. 1). [Ina omnpenenenus
paiioHOB, MPUrOJHBIX AJIS pOocTa rOpoaoB, HEOOXO-
MO YUYMTBIBaTb HEKOTOpbIe (akTopbl. ['oponckue
[UIAHUPOBLLMKY HUCHONB3YIOT POCTPAHCTBEHHYIO
6a3y nanubix 'MUC B xauecTBe MHCTpYMEHTA OLIEHKH
u monenupoBanus. [MC — aTo oHnaiiHoBas u aBTO-
HOMHasi HH(pOpPMALIMOHHAs CUCTeMa TUIAHUPOBAHUS,
HMMEIOLLAasi MHOXKECTBO MPOrpaMM, AOCTYMHBIX U Oec-
[JIATHBIX [J1 UCIoJib3oBaHus, Hampumep, QGIS.
CHwxkeHHMe 1IeH Ha ee 000py/aoBaHue SBIsIeTCS Of-
HOW W3 OCHOBHBIX mpuuuH TOoro, uro I'MC craHo-
BUTCs Bce OoJiee BaXKHBIM BIIEMEHTOM CUCTEM MOJ-
JIepKKHU T1aHupoBaHus. JlocTynmHoCTh HHpOpMaLuu
W JIaHHBIX SIBJISIETCS OJHMM M3 OCHOBHBIX Mpensr-
ctBuii ang BHeapenus [UC B rpagocTpoUTenbCTBE.
Jpyrum npensitcTBueM siBnseTcst oOpasoBaHUe JItO-
Jlel, yJacTBYIOLIMX B POLIECCE NPUHSTHS PELLIEHUH.
Hecmotps Ha To, uro 'MIC Obliiv cO3aHbI B KOHIIE
1960 roga, A0 mocjaeaHEro BpeMEHU OHa He MpuMe-
HSUIaCh MHTEHCUBHO. DTO NPOU3O0LLIO U3-3a BbICO-
KOM cTOMMOCTH 000pyA0OBaHUs, KOTOPOE MOXKET pa-
Gotarb B cucteme. IMEHHO MOITOMY HECKOJIBKO OT-
JIEJIOB MJIAaHUPOBAHUS YCTAHOBWUIM €ro B IEepBbie

JTHH, B OCHOBHOM B YHHUBEPCHTETCKHX J1a00PaTOPHSIX
[1]. Ha kapTorpadguyeckux KOMIbIOTepaX OCHOBHOM
Maccoil paHHUX CHCTEM ObLIM MpPOrpaMMHble CHU-
CTeMbl C OrPaHUYEHHBIM KOJMYECTBOM aHaJIUTHYe-
CKHX 3a1a4. B To Bpems camoe MOLLHOE MporpaMm-
Hoe olecrnieyeHre ObLTO OCHOBaHO Ha ceTke. B pe-
3yJIbTaTe€ CHW)KEHUE CTOMMOCTM O0OpyAOBaHH,
KOMIBIOTEPOB U nepudepuiiHbIX YCTPOKMCTB cOnpo-
BOKAAETCsl MOBBILIEHUEM MPOU3BOAUTEILHOCTH all-
MapaTHOro M MPOrpaMMHOrO OOecIHeyeHus, Oco-
OEHHO MPOU3BOJUTENILHOCTH MPOLECCOPa KOMITbIO-
tepa [2]. TUC crana Gonee noctynHoi, MeHee Tpy-
JIOEMKOI W OrnepaTUBHOK Oiarogaps AOCTHXEHUAM
B 00JIaCTH CTPYKTYP AAHHBIX U CBSI3aHHBIX C HUMH
BeKkTOpHbIX anroputmoB ['MC. C nHavana 1980-x ro-
noB uucio noaszopareneil [UC B pa3zButbix cTpa-
Hax, ocobeHHo B EBpone u CeBepHoit AMepuike, 3Ha-
YUTEJIBHO BO3POCJIO HA MHOTMX YPOBHSX, a TaKXKe B
MYHULMNANBHBIX U PETMOHATBHBIX YUPEKISHUIX
[3]. B 1990-x rogax CTOMMOCTb KOMIIBIOTEPHOTO
000pyZI0BaHUs U MPOrpaMMHOro odecrieueHus ele
Oonee CcHU3WIACh, M pa3BUBAIOLLMECS CTPaHbI
Havanu ucnomas3oBaTh [ UC B ropoackoM ninaHupo-
BaHUM. MHOTrHMe CTpaHbl, HE3aBUCUMO OT TOTO, SIBJIS-
FOTCS1 JIM OHU Pa3BUTBIMU UJIM pa3BUBAIOLLUMUCS, aK-
THBHO MCMOJNB3YIOT UHCTpyMeHThl [ MC npu npuns-
TUU pelueHud. BmecTe ¢ TeM B pa3BUTHIX CTpaHaxX
Oonee 2 GEeKTUBHO COACHCTBYIOT MPUHATHIO pellie-
Huti [4]. TUC umeeT BO3MOKHOCTH KOMOMHHPOBATH
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HECKOJIbKO THUIOB JaHHBIX M W3BJEKaTh MHpOpMa-
LIMI0, KOTOpasi MOXKET MCIOJIb30BaTbCS MPH MPHHS-
TUU peuieHuil. [IpocTpaHcTBeHHbIE M TaOJIMYHbIC
JaHHbIe 00paldaThIBAIOTCS U YBSI3BIBAIOTCS C KOOPAM-
HauMOHHbIM MecToM B cucteme ['MC. Dto nemaer
n3yuyaemble oOnacTh 0Oosiee pealMCTUYHBIMU JIJIs
aHasiu3a U B KOHEYHOM MTOre AJIsl OKa3aHUs TOMOLLU
JIMPEKTUBHBIM OpraHam B puHsATHH pemrenus. [ UC

Jlanukle /

WCTIOJNIb3YET CUCTEMY 3alpOCOB AJIsl PEJOCTABICHHS
Y BU3YaJlM3aliK JaHHBIX U UX 00paboTkw [5].

[InaHUpPOBILMKKM MOTYT MPOBOJUTH OLEHKY
MNPOCTPAHCTBA C MOMOLIBIO TaKUX reo-oOpabarbiBa-
IOIIMX apTedaKkToB, Kak KapTorpadupoBaHHe, pac-
4eT MoJIOCHl Mponyckanus u Oydepusamms B cpene
I'nc.

v

leo-obpadoTra R
T'HC
@ . T LR
- [=1
?? ——HnhopMaiua /[ pemeHpe—————»
by

IMpocTpaHcTEeHHEIH aHAIH3

I'pagocTPOHTEILCTEO

baza 1anHBIX/ TaHHbBIC,
He oTHOCHIMHecA k THC

Puc. 1.06m1as cxema rpagocrpontenscto U [TMC

U3 Bcex ¢yHkumii reooOpabOTKH HalOKEHHE
KapThl, noxanyi, Hanbosnee nonesHo [6]. Kaprorpa-
¢us aBnsgeTCS BOXKHBIM MHCTPYMEHTOM, KOTOPBIH T0-
POACKHE MIAHUPOBLIMKMA MCTOJb3YIOT MPU OLEHKE
3eMJIETIONIb30BaHUs, OCOOCHHO [UISi COCTABJIEHUS
KapT KaJUCTpanoB. DTO 0ObACHSETCS BBICOKOM TOY-
HOCcThIO mporpammuoro obecneuenus [ UC B cpas-
HEHUU ¢ OObIYHBIMM MeToAamMu. B ropoackom mna-
HUPOBAHUM HCMOJIb3YETCS MHOMKECTBO METOAOB
I'C, kotopele BapbHUpYIOTCS B 3aBHCHMOCTH OT
cdepbl OxBara, Liejieil 1 pa3mMepa UccieayemMoro pai-
oHa. O1HaKO MOXHO CKa3aTb, YTO yIpaBieHue 6a30ii
JaHHbIX U BU3yajau3alys, TOMUMO MPOCTPAHCTBEH-
HOTO aHaiu3a U MOAEIMPOBAHMUS, SBISIOTCS KIIOUe-
BBIMM 3JIEMEHTaMHU MpUKIagHblx nporpamm [HIC B
obnactu ropoackoro mianuposanus [3]. [loaromy
OHa MOXKET MCMOJIb30BaThCs AJISl U3yUeHUs pacipe-
JIeJIeHUs] COLMAIbHO-OKOHOMUYECKUX U DKOJIoruye-
CKHUX JIaHHbIX, a TAKXKE AJ151 BU3yaM3aLlu pe3ybTa-
TOB MPOCTPAHCTBEHHOI O aHAJIM3a U MOJIeJIMPOBaHUS,
KOTOpbIE JOJKHBI KOHTPONMPOBATbCA AWPEKTHB-
HbIMH opraHami [ 7]. [TomruMo pa3nuyuHbIX BUJOB UC-
nonb3oanus ['MC cyinectBytoT (yHKIMU Tpo-
CTPAHCTBEHHOIO aHalIMu3a, KOTOpPbIe BKJIIOYAIOT MO-
JeIMPOBaHUE M UHTEPMONSLMIO, HANOKEHUE KapT,
Oyhepuzaluio U NPOCTPaHCTBEHHYIO KOOPAWHALIMIO.
KoHeuHo, 3T0 BO MHOrOM 3aBUCHT OT LieJIM UCTIOJIb-
30BaHMs 3TUX QyHKUUH [§].

B ropoackoM miaaHMpoOBaHHM TOPOACKHE 3a-
CTPOMKM BapbUpYIOTCS B 3aBUCUMOCTU OT Pasiivy-
HBIX 3TaloOB W YPOBHEH, KOTOpbIE MOIYT MOBJUSThH
Ha paiioH, KoTopblii OyaeT pazBuBatbes. M Haubonee
pacnipoctpaneHHsiMu posisimu [MIC B ropoackom
IUIAHUPOBAHUM SIBJISIIOTCS YIPABJIEHUE FOPOACKUMHU
JNaHHBIMKW U CTpaTeruyeckoe miaHupoBaHue [9].
[InaHupoBaHre MOXET BapbUPOBATHCS OT BCEro ro-
pozna 1o cyO-permoHa ropozaa, paiioHOB WIIM Jaxe
nopor. Yauie Becero Kk paioHaM rOpoJCKOrO pa3BUTHS
OTHOCATCsI BCe 0OBEKTbI, HAXOALMECS 0] HABECOM
ropoackux parionos [10]. lns kaxkaoro ypoBHs mia-
HUPOBAHUS CYLLIECTBYET HECKOJIbKO 3TaroB: onpene-
JIeHUe LieJIeil; MOJeTMPOBaHUE U MPOTrHO3UPOBAHHUE;
OCYILECTBIICHUE OLUEHKHU albTePHATUBHBIX BapUaH-
TOB MJIAHUPOBAHMSA; MOHUTOPHHI; TOArOTOBKAa W
OCYILECTBJICHUE HOBBIX M3MeHeHul B miaHax [10].
IIpocTpaHCTBEHHBIN aHaIW3 U YOpaBieHUE MAaH-
HBbIMH OoJlee pacrpocTpaHeHbl B MIOBCEAHEBHOM To-
polckoi nnaHupoBke. [IpocTpaHCTBEHHOE MOAEIU-
pOBaHUe BCE LIMPE UCTIONb3YETCs B CTPaTerHueckoM
TUIaHUPOBAHUU. YIIpaBJeHUE AaHHBIMU U UX BU3ya-
JM3alus LIMPOKO UCTIONB3YIOTCS B CUCTEME 00I1ero
ynpasienus (puc. 2). HakoHeu, O60sbLIMHCTBO
¢yukumnit 'UC ucnonb3ytores mpu MiIaHUPOBAHUU
yrpaBjieHUs AJIs BU3yalu3alMU M MPOCTPAHCTBEH-
HOIrO aHa/IM3a, a TaKKe yyeTa 3eMJIENOoJb30BaHUs:

e KkaprorpadMpoBaHuE;
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® TpUKIIAJHOW 00pabOTKY ITAHUPOBAHUS;

® [POLIECCOB MPWJIOKEHUWA IJI yNpaBJeHUS
MOCTPOEHHUEM;

® 3eMJICMOJIb30BAHUE;

® [POMBILIJIEHHBIX U KOMMEPYECKUX OTYETOB;

® OpraHM3allly OT/BIXA U CEJTbCKUX OOBEKTOB;

® OLICHKA YKOJIOTMYECKOr0 U SKOHOMUYECKOI0
BO3JEHCTBUS;

® cTparermyeckoe MiiaHWPOBaHHE 3eMJICTIONb-
30BaHMsl / TPAHCIIOPTA;

® aHanKM3 BOAOCOOPHON TUIOLIAM U HATUUUS
0OIIIECTBEHHBIX OOBLEKTOB;

® aHaNIM3 COLMANILHOMN cdepbl.

MpocTpancTeennoe MeAemuposante. Il TIpocTpaHcTREHHELH aHATHI.

m OrobpaxeHne.

mVopasmenne bazamH DAHHBIX.

CocTaRneHHe IaHa
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Puc. 2. Ucnone3oBanmne ¢pynkumit T'MIC B rpagocTponTenscTBe

OcnoBHast yactb. Hanbonee yacto ucnosn3y-
emble pynkiuu TMC npu nnaHUpoBaHUM — 3TO
MPOCTPAHCTBEHHBI aHAJIU3 W TPOCTPAHCTBEHHOE
MoJieTIMpoBaHue, BU3yaiusauus. B paccmarpuBae-
MoM uccnenoBanun Bebcrep K.JDk. uw [ynuaiing
M.®. pacckazanu 0 TOM, KaKuM 00pa3oM TeopeTuye-
CKMIA BKJIaJl B IPalOCTPOUTENBCTBE COCPEOTOUEH Ha
ynpaenenun aanaeiMu [UC, Bu3yanumzanum, npo-
CTPAHCTBEHHOM aHanu3e u MogenupoBanuu [11, 12].
BebGcTep mokaseiBaer, uto ucnosib3zoBanve ['MC B
MpOLIECCe OMUCaHMs, MPOTHO3UPOBAHUS U TJTAHUPO-

$58838%%8

Lk
Ypasa

BaHUS ABJISIETCS CYIIECTBEHHO UHBIM (puc. 3). B 06-
1IeM YIpaBJIeHUH Yallle UCTONb3yeTcsl ONUcaHue, B
TO BpeMs Kak Mpejcka3aHue U MpelicaHue yaiie
WCTIOJNIB3YFOTCS TTPH MOJArOTOBKE Tu1aHoB. Ha pazmny-
HBIX 3Tanax MOATrOTOBKH MCIOJB3YIOTCS pa3jiuyHble
3HaHus U Metoauku. [Ipu cTpaTernyeckoM mjiaHu-
POBaHHHU TOPO/ia UCTIOJIBL30BATh PACTPOBbBIC TaHHBIC
npolile, YeM BeKTOpHbIe. B cBs3u ¢ TeM, uTo pactpo-
Bble JaHHbIe HE TPEOYIOT BBICOKOTO pa3pelieHHs,
MOKPBIBAIOT OOJIbIIIME 00JaCTH, U 3TO Jierye Jyis y4a-
CTHs B pacyeTax.

2 28

Ofogee yIpasneaHe

Onucasne

KoHTPOIE pazBlTHR

CocTERNeHHE NN3H

Mporuoz = PexosicHaaAa

Puc. 3. Xapaxrepuctuka pyukuuit [ IC B rpagocTpouTeNnsHOM AATEIEHOCTH

[Tpu He0O6XO0AUMOCTH OLIEHKH BBICOKOTO pa3pe-
LIEHUS JIy4lle HMCIMOJIb30BaTh BEKTOPHbIE NAaHHBIE.
HIMeHHO M03TOMY OH MCMOJIB3YETCs AJ1sl perMoHallb-
HOro IulaHupoBaHus. Hanpumep, BEeKTOpHbIE NaH-
Hbl€ MEHbIIE UCMOJIb3YIOTCS MPU aHAIU3€ MPUTOA-
HOCTH TeppuTopHii. BekTopHble naHHble Hanbosee

MPUMEHUMBl NIPU aHANM3€ TPAHCIIOPTHOM CEeTH, B
TOM 4ucIie MapuipyTHoii [13].

Oyukunu ['MC pa3nuyHbl U1 UMEIOT pa3InyHOoe
MPUMEHEHUE MPU U3YyYEHUU POCTa TOPOJOB U €ro
stanoB. Moaenuposanue ¢ nomotusto ['MC u paspa-
0OTKa aJbTePHATUBHBIX CLICHAPUEB SBIISIOTCS Oollee
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HaJIKHBIMH, YeM TPOCTOE OMpeeieHne Lelei s
npoliecca ranupoBanus. st kaxkioro srtamna pocra
ropogoe 'MC Moxker mnpemoctaBisTh, 00pabaThI-
BaTh U 00pabaThiBaTh JaHHBIE U3 Pa3IMUHBIX pecyp-
COB M TUMOB. M1 MOXeT W3BJie4b JOCTOBEPHYIO WH-
(dhopmairio 13 3TUX TaHHbBIX [9].

Wusenrtapusauus pecypco. 'MC obecnieun-
BaeT SKOHOMHIO BPEMEHH, Korjia 0a3bl JAaHHBIX JIpY-
rux cucrtem obpabareiBarotes B pamkax ['MIC. TMC
ofecrieurBaeT HKOHOMMIO BpeMeHH, Korga 0asbl

———» Onpenengqne Lenei

,

MueexTapuaaumn

JIAHHBIX JIPYTHX CHCTEM, HarpuMep, JaHHbIE JIU-
CTaHILIMOHHOTO 30H/IUPOBAHUS O 3eMJICTIONL30BAHUHT
M OKpYJXKarollel cpefe oOpabaThIBAlOTCA B paMKax
I'mc.

JlucTaHIIMOHHOE 30HAMPOBAHUE SBJIAETCS WJie-
aJbHBIM WCTOYHWMKOM naHHbeiX mius [UC [14, 15].
33 mMoxkeT moMoub onpeAeuTb U3MEHEHUS B 3eM-
JIETIOIb30BAHHUH U UX BpeMeHHbIe paznndus (puc. 4)

[9].

pecypcoe

y

AHanma
> CYLIECTBYIOWNX
CUTYauuA

! Monenwposaxue u
| MPOTHO3MDOBaHMe

v
PaspatoTxa

BapHaxTLl
fNaHupoBaHnA

¥

Boifiop
BapPHaHTbI
NNaHUPOBAHKA

e P@ANN3ALAA NNAHA
Oue+Ka Nnawa, / ’
MOHUTODKWHS,

\ nobpaTHan cerb &

»

JApyrie 6a3bl TAHHBIX | MOTETH.

Puc. 4. Unterpauus I'UC, 1133 u apyrux 6a3 qaHHbIX

Tekymasi catyanusi. ['opoaa, naHHble MO KO-
TOPBIM MOJYYEHbI B X0/ie 00CIeI0BaHus, MOTYT 00-
pabaTbIBaTbCsl, XPaHUTbCSA U OLIGHUMBATHCS B paMKax
I'NC. Bbyap To ¢u3nueckue naHHble, Takhe Kak
KapTbl CKJIOHOB U MECTHOCTH, 3KOHOMHYECKHE AaH-
Hbl€, TaKWE Kak KapTa pacnpeneneHus BBII, couu-
anbHble JaHHblE, TAaKUE KaK KapTa pacrnpeleseHus
HacesleHus W T.0. DTU AaHHble U WHQOpMAaLUs Wr-
paroT BaKHYIO pOjib B NMPHUHATUM PELIEHUs, Koraa
OHU MCTIONB3YIOTCS IOJDKHBIM 0OpasoM. fapa npu-
POAHOI cUCTEMBI MOTYT ObITb OOHAPY>KEHbI ¢ TIOMO-
LIbIO JAWCTAHLUMOHHOIO 30HAMPOBAHUS W APYIHX
AKOJIOTHYECKUX MaHHbIX [10].

IIporuo3sl 1 HX MoaeJHpOBaHHE. DKOHOMU-
YECKUH POCT W NMPUPOCT HACETEHUS! MOJKHO TaKKE
nporHo3upoBath ¢ nomouibio ['MC. CoBpeMeHHbIe
nemMorpaduueckie MOJENM, a TakKe M3MEHEHUs B

9KOHOMHUKE U KIMMaTe UM HAceleHUH, MOXKHO MO-
JIeJIMPOBAaTh C MOMOLLBIO NPOCTPAHCTBEHHOI'O MOZE-
nupoBaHus pacnpeaenenus [17]. Hampumep, ¢ uc-
MOJIb30BAHUEM COLMANbHO-9KOHOMUYECKUX M 3KO-
JIOTHUUECKUX JaHHBIX, XxpaHsmuxcs B [MC, Obuin
pa3paboTaHbl MOJIENIM TOPOJCKOW OKpy»Karoleit
cpeabl Aj1sl BbIsIBIEHUs 00J1acTei, NpeAcTaBIsoLMX
HKOJIOTMYECKUI MHTEpeC, U KOH(IMKTOB /10 U 1ocie
pazButus [18]. C nomonipio ['MIC MoxHO Taxoke Mo-
JeJIMPOBaTh pa3/ivuHble CLeHapuu pocta. DPheKTbl
MOJEMPOBAHUSI MOSKHO BU3YaJIU3UPOBATh rpaduye-
CKH, obJieryas B3aMMOJI€HCTBUE C JIMLIAMU, NPUHU-
Marolmumu peuienus [7, 19]. Pazpaborunku ninaHoB
MOTYT MCMOJIb30BaTh 3Ty WH(OpMaLMIO Ui BbIpa-
0OTKM anbTepHATUBHBIX MOIXO/I0B K INTAHUPOBAHHIO
U PYKOBOJACTBY OyAYLIMM POCTOM, YTO MO3BOJIUT U3-
0exkaTh TaKMX KOH(JIUKTOB.
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CrpaTernu TuIaHUpPOBaHUS MOTYT OBITH pa3pa-
0OTaHbI MPU BCECTOPOHHEM MCTOJIb30BaHUU UH(OP-
MalWM TOPOACKMX KapT u cnoeB. Kpome Toro,
MOKHO M3MEHHWTh MOJEJb, YTOObI OTBETUTH Ha BO-
Mpoc, Ha KOTOPbI HEOOXOAMMO OTBETHUTH IS pellie-
HUS Bompoca u npuHATHS pernenus [9]. Coueranue
I'MC u ee BO3MOXKHOCTEH MPOCTPAHCTBEHHOTO aHa-
J3a W MPOCTPAHCTBEHHBIX MOJEJIEH MOXKET OINTH-
MU3UpPOBaTh pa3paboTKy ajJbTePHATUBHBIX IJIAHOB
[20].

HecmoTps Ha To, 4TO mpouecc NpUHATHS peLle-
HUW HOCHUT TMOJIMTHYECKU XapakTep, yuactue ['MIC
MOJKET cocoOCTBOBATh MPUHATHIO PELUSHHUS MyTeM
MpenocTaBieHuss HWHPOPMALIMHU, KOTOpas MOXKET

MPOSICHUTh U3ydaeMblid Bonpoc. M 3To MoxkeT crno-
cOoOCTBOBaTh OLIEHKE CIICHAPUEB TUIAHUPOBAHUS
[20]. Texnuueckas oOpaTHas CBSI3b MO BBIOOPY ajlb-
TEPHATUBHBIX pelleHUd MOKeT ObITh obecrieueHa ¢
nomonipto ['MIC ¢ MHOrOKpUTepHaIbHONW OLEHKOH
BbIOOpa [21].

Peanuzanus mnaanoB. Jlns  obecrieveHus
YCTOWYMBOCTH Topojackux tepputopuii [ MC moxer
WCTIONIB30BAThCS JUISl U3MEPEHHUS W CMSITYEHHS TI0-
crnencTBUil pocta Ajs paiioHa. [locne 3Toit paboTh
MOTYT OBITh MPeIoKEeHbl KOPPEKTUBHBIE MEPHI TI0
YMEHBIIIEHUIO aHTPOTIOTeHHOTO BO3ACMCTBUS U TIO-
CJIGJICTBUI SKOHOMUYECKOM JeaTenbHocTH [20].

MonbaoaaTenscKuid MHTEpdec

Cuctema

Cved YNpasneHyuA Ha
OCHOBE MOaeneH

CoanaHue | oLUEHKa
ANLTEQHATUE

INuup NpMHMMAaloWLEes pellEHUE

~
[ucnned reHepaTop leHepaTop OTYeTOR BrifipaHHan
ansTepHaTvea
v

Puc. 5. Bzaumopeiicteuss [MIC, CZICO u I1CO B rpaaocTpouTeabHON e TeIbHOCTH

Onenka njaHa, MOHHTOPDHHI W oOpaTHas
cBsa3b. Coueranve ['MC u nucTaHIMOHHOTO 30HAM-
POBaHMs CHOCOOCTBYET JKOJIOTMYECKOMY MOHHWTO-
puHry uccienyemoro paiioHa. 'MC moxer Tarke
HCIOJIb30BaThCA U1l IPOBEPKHM CJIOKHOCTH HKOJIO-
FMUYECKOro BO3AEHCTBHS TOTO UM MHOTO ACHUCTBUS U
ero mocjeAcTBUM s okpyxatowei cpenbl [9]. s
rpagocTpouTenscTBa, B pamkax ['MC, 3anpelicTBo-
BaHbl CUCTEMbI MOJAEPIKKU NPOCTPAHCTBEHHbIX pe-
wenuit (CACO) u cuctemMbl NOAASPIKKU MJIaHUPOBA-
nus (I1CO).

Cuctembl MONNCPIKKM TPUHATUS  pELUeHUH
Oblnu pazpabotaHbl B koHLE 1960-x — Havane 1970-
X FOJIOB B OTBET HA HEAOCTATKU CUCTEM YIIPaBIeHUS
undpopmanmeii (MCM) [22]. Oanako, okazaioch J0-
CTaTOYHO CJI0XKHO 00ecneunTb aHAIUTHUUECKOE MO-
JEIMPOBaHUsl M BOBJIEUb YYaCTHUKOB IPajoCTpOM-
TEJIbHOM AESITENbHOCTU (PErMOHANBHYIO U MECTHYIO
BJIACTh) B MPOLIECC MPUHATUS PELICHUH.

CJCO obecneunBaeT OCHOBY sl UCIIOJIb30Ba-
HUS CUCTEM ynpaBieHus 6a3aMu JaHHbIX, aHAJTUTH-

YeCKMX Mojeneil ¥ rpagukoB. DTa pamoyHas INpo-
rpamMma npu3BaHa COAEHCTBOBATh YKPEIICHHUIO Mpo-
LIECCOB MPHUHATHS PELLEHUI MyTeM yOBJIETBOPEHUs
MpocbO, KOTOPbIE JI0XO OMUCaHbI, YACTUUHO Kaye-
CTBEHHbl WJIM MOJIy CTPYKTypupoBaHbl. Onpenesne-
HUE paMOK MPUHSTHS pelleHri ObUI0O NPUMEHEHO K
MPOCTPAHCTBEHHOMY KOHTEKCTY Ipu pa3paboTke
YPOBHE# 3aUThI 10CTYyMA (pUc. 5), KOTOPBIE OMTUCHI-
BatoT apxurektypy CACO. Drta cucrema no3Bossier
JvLaM, MPUHUMAIOLIMM peLIeHHs, BbIOMpaTbh U3
MHOXECTBA BapUAHTOB Ha MECTHOM YPOBHE, TaKMX
KaK uaeanpHoe pacroyiokeHue mkonbl [23]. [pun-
LMI CUCTEMbl MOJIEPKKHU TIaHUPOBAHUS 3aKJIIOYa-
ercs B pa3paboTKe MapajieIbHOro IMIaHUPOBaHUS
(ITIC). IIIC, xak BrepBble MpeayioxKuI Xappuc,
npeacTasiseT codoli HabOp KOMMNBbIOTEPHBIX METO-
JIOB ¥ MOZeJIel, KOTOpble MOMOraroT (yHKLMH Tia-
HupoBaHus (1989 rox) [24]. DTa cuctema conepKUT
MHO’KECTBO JIEMEHTOB MH(OPMALIMOHHBIX TEXHOJIO-
Ui C pa3iMyYHBIMM peanu3alMsiMy Ha PasIM4HbIX
sTanax npoiiecca miaHupoBaHus [26].
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Uro kacaercst apyroit uHdopmanuu, TO OHa
JIOJDKHA TAKXKE BKJIKOYATh MOJHBIN CIIEKTP OOBIYHBIX
METOJIOB ITaHupoBaHus. CienyeT paccMOTPeTh 3KC-
MEPTHBIE CUCTEMbI, CUCTEMbI MOJACP>KKH TPUHATHS
peleHnid (Hampumep, MHOTOKPUTEpUalIbHbIA aHa-
JIN3 PeLIeHuit), TUIep-CUCTEMbl U CUCTEMBI IPYTIIO-
BOW mojajep>Kku MpUHATHs peleHuid. Kak ormeua-
JIOCh paHee, CHWKEHHE LIeH CIeNalo €€ OTKPBITOH
JUISl BCeX CJIOeB OOLIeCTBa, a He TOJBKO A1 Jabopa-
TOpUI1 YHUBEPCUTETOB M KPYMHBIX KomnaHuii. Mc-
MoJb30BaHMe reorpaduueckix HH(OpMaLIMOHHBIX
cucteM (I'MC) umeet BaskHOE 3HaUYeHUE 117151 oOecIie-
YEeHHs YCTOMUMBOTO pOCTa, YKPEIIEHUS TEPPUTOPH-
anbHOTrO MJIAHUPOBAHMSA U YIIPaBJICHUsI TEPPUTOPUEH
CUCTEMBbl PEerMoHaNIbHBIX MoceseHui. MmeHHo no-
3TOMY MYHHULMIIAINTEThI MPEKPACHO MOAXOASIT AJIS
WCTIONBb30BaHKs B CBOEH AEATENILHOCTH B 00JacTh
ycToiunBoro pazsurus [20].

TenaeHIHH, BINSAONIAE HA HCHOJIb30BAHHUE,
TUC. TUC B Monensax rpagocTpOUTENbCTBO BapbH-
pyetcs OoT cnabo CBS3aHHBIX apXHUTEKTYp A0 TECHO
CBA3aHHBIX M MHTErPUPOBAHHBIX apXUTEKTYp (pHC.
6). Oxcnopt/umnopt naHubix mexay ['MC u nmpy-
TMMH CHCTEMaMH TUIAHUPOBAHUS SIBJISETCS YaCThIO
HWHTETPaLvv, OCHOBAHHOW Ha B3aMMOCBSI3aHHOM ap-
XuTeKType cuctem (puc. 7). JlanHble skcmopTHpy-
toted n3 ['MC u HanpaBhsAOTCS BO BHEUIHIOKO MPO-
rpaMmy ¥ HaoOOpoT. Pe3ynbTaTel MonenupoBaHus
MokHO BepHYTh B [ IC 1iist oToGpaxkeHus, OLIEHKH U
MaHUNYJISAOUA. DTOT MOAXOJ 4YacTO HCIOJb3yeTcs
MpyU MPUHATHU pelleHud no pany dakropoB. Bee
0oMbLIYI0 MOMYJSIPHOCTh MPUOOpETaeT co3aaHue
MOJTHOCTBIO MHTErPUPOBAHHBIX MOJAENE MiIaHupo-
Banus ['MC. Mcnonp3oBaHre HemporpaMMHBIX MO-
Jleneil SKOHOMUT Bpemsi mosib3oBarens. [lo-mpex-
HEMY HeoOX0aMMbI c1abo CBA3aHHbIE U TECHO B3au-
MOCBSI3aHHBIE aApPXUTEKTYpbl, €CIM HauboJiee 4acTo
HCHOJIb3YEMbI€ MOAEIM IUITAHUPOBAHUs HE MOJIHO-
cteto uHTerpupoBansl B ['MC. Jlns ueneil nnaHupo-
BaHUs BHU3yalM3alds [NaHHbIX SBJSIETCS 4YpE3Bbl-
YailHO MOJIe3HOM. DTO MOMOXKET IIaHEeTOoJI0raM Io-
HSATB Y BBIBEPUTH pe3yabTarsl [1]. [lone3Ho npencra-
BUTb PE3YJIbTaThl CII0’KHBIX O3ULMOHHBIX MO/IETICH.
[losTomy Bu3yanusauus AaHHBIX B IOJAEPIKKY MpO-
Lecca MPUHATHUS peLIeHui o BOMpocaM MjiaHUupoBa-
HUs SIBISIETCS BecbMa IMOJIE3HbIM HHCTPYMEHTOM
I'UC, a ynoGHble ajis nonbs3oBarenel GpyHKIMU MPo-
cmotpa caenanu [ UC Gonee nose3HbIMU 114 TIAHU-
poBaHua. OOQHUM U3 MOCTEOHUX OOCTHKEHUH B 00-
mactu ['MC, okazaBmMX CyIIECTBEHHOE BO3/IEH-
CTBHE Ha I'PaloCTPOUTETILCTBO, SBIIETCS 00BbEeTMHE-
HUE Pa3/IMUHbIX TUNIOB MYJIbTUMEIUHHBIX JaHHBIX U
ucnonszoBanue ['MC B cpege UnTepHera/unTpa-
HeTa. Mcnonb3oBanue dororpaduii, Buneo, adpodo-
TOCHUMKOB U 3ByKa B I UC mMokeT momMo4b MpoeKTH-

pOBLIMKaM JIy4llleé MOHATh MpobsieMy IUIAaHUPOBa-
HUS, HaJ KOTOpoi oHM pabotatoT. [lnaHupoBIrKY
CMOTYT MOJIy4uTb OoJiee TOUHBIN BU Ha TUIAaHUpYe-
Moe nometenue, oobeauHus ['MC u BupTyanbHyto
peanbHOCTB [9].

ITporpammuoe obecnieuenne 'MIC moxeT GbITh
Ba)KHOIM YacTblO €ro MpHUMEHEHUS B TpagoCTpOU-
TEeJIbCTBE, HO BIIOJIHE CMPABEAIMBO CKa3aThb, YTO 3TO
HeuTo Oosnbliee. T GakTopbl MOTYT OBITH OAHUMH
W3 HauMeHee CYLIeCTBEHHBIX, KOTJa peub WAET O
BrausiHuK ['IC Ha poct ropoaos. Ecnu nuua, npuHu-
MarolllMe PeLleHHs, He HUCIOJb3YIOT CUCTEMY MO~
JIepKKM TIPUHATHSL pelleHuii, To oHa OecrnosesHa,
HE3aBUCHMO OT TOTO, HACKOJIBKO OHA CJIOXKHA WITH
cnoxHa. Jns ycnemnoro BHeapenuss I'MIC Gonee
BaxHel ['MIC, moackue pecypcbl M OpraHM3alioOH-
HBIE MepeMeHHbIe, YeM TexHojorus. s obecneve-
Hust apdexruBHoctr ['MC Hanbosee Beero paccmar-
pHUBArOTCS TPH HabOpa yCIIOBHii:

1) ompeneneHue 0KUAAHUKM KITMEHTOB U yueT
pecypcoB OpraHv3allM SBISETCS 4YacThlO [1aHa
yrpaBJieHHs: THPOPMAITHEIA;

2) BOBJEYEHHME JIoAeH Ha BCeX YPOBHAX Op-
raHW3alvy BO BCe BUIbI MHPOPMALMOHHBIX TEXHO-
JIOTHiA;

3) TIOBBIIIEHHBIE YPOBHU OPTaHWU3allMOHHOMN
Y DKOJIOTUYECKOH CTaOUITBHOCTH.

B pazBuTHIX cTpaHax 3amjaHWpOBaHHBIE Opra-
HU3aLMK, UMEIOLME HEe3HAYMTEeNIbHOE BIMSHHUE Ha
yupexxaeHue, cooOuparoT 00JbLIOe KOJHYECTBO AaH-
HBIX, KOTOpbIE MUCMOJb3YIOTCs Ul MIAHUPOBAHHUS.
Kpome Toro, orcyrcTByIOT MexaHU3Mbl obecrieue-
HUs1 TOYHOCTHM COOpaHHbIX AaHHbIX. Koraa-To cuura-
JIOCh, YTO KJIHOYEBBIMU NPENATCTBUAMU Ha IyTH UC-
nosb3oBaHust 'UC B npouecce pocta ropoJioB B pas-
BHBAIOLIMXCA CTpaHax sBJsAIOTCS 00OpyAOBaHHE,
nporpaMMHoe obecreveHue 1 JIIoAcKue pecypesl. B
JNEeHCTBUTEIBHOCTH OTCYTCTBHE OOHOBJICHHBIX TaH-
HBIX SIBISETCSl CaMbIM CEpPbEe3HbIM MpPEnsSTCTBUEM
st yenewmHoro vcnonb3oBanusi [’ UC B pasBuBato-
muxcst crpaHax. CpouHo TpeOyercss MHCTUTYLHMO-
HaJlbHas CTPYKTypa i obecreueHus perysisipHoro
cOopa 1 OOHOBJIEHHSI COOTBETCTBYIOLLMX aHHbIX.

3akmouenne. CoBpeMEHHOe TUIAaHMPOBaHUE B
Pa3BUBAIOLMXCS CTPAHAX HE MPOJABUHYJIOCH ANEKO
3a npenensl [ MIC. Bo3M0KHO, 4TO TUTaHUPOBLIUK H
CpeAcTBa MOArOTOBKH €11l€ HE TOTOBbI K UCIIOJIb30Ba-
Huto nanHbiX W apxuoB I'MC. Hecmotps Ha 31O,
MpeuMyLIecTBa U NMOTeHLMalbHbIE 00acTH npuMe-
Henus ['MC no-npekHeMy Heu3BeCTHbI OOJIbIIMH-
CTBY MJIAHUPOBILUMKOB B Pa3BUBAIOLUMXCS CTpaHax.
Kpome Toro, xots Ha cOOp AaHHBIX ObUIO 3aTpayeHO
MHOI0 ycunui, Ha npeoOpa3oBaHUE NAHHBIX B WH-
bopMaLMIO 1 IPUHSTHUS PELLICHHUH 10 TIaHUpOBa-
HUIO OBIJIO 3aTPauy€HO OTHOCUTENBHO MaJIo.
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CnabocBsi3aHHast ApXUTEKTypa
Puc. 7. Bunsl apxurektyp unrerpauuu ['MC

Haubonee none3HbIMU MHCTPYMEHTAMU Pa3BU-
THS TOPOJOB SIBJISIOTCS UCTAHLIMOHHOE 30HMpPOBa-
nue u I'UC. MoxkHo caenath BbiBOJ 0 ToM, uto ['MIC
MOJKET IOMOYb B aHAJIM3€ MPOCTPAHCTBEHHOIO IL1a-
HUPOBaHUS. DTO MOKA3bIBAET, YTO 00NACTb MpUMe-
Henus [ UC mbiTaeTcs mpeonosieTs aHAIUTUYECKHE
OrpaHUy4eHUsl, HarpUMep, NOJrOCPOUYHBbIE PACUETH.
I'MC Bce mmpe ucnonb3yercs B yUpeKACHHUIX Ia-
HUPOBAHUS B Pa3BUTHIX U Pa3BUBAIOLLMXCS CTpaHaX.
[losToMy MHOrMe nenapTaMeHTbl IJIAHUPOBAHUS T1e-
peuuin Ha [UC, a He mporpammHoe oOecreyeHue
U1 cocTaBieHust kapT. B nacrosiee Bpems ['MC
npeacTaiser co0ol (yHKIMOHATILHYIO U JIOCTYTI-
HYI0 MH(OPMALMOHHYIO CHUCTEMY IUIAHMPOBAHUS,
MOBBIILIAIOLLYIO YJOOCTBO MCMOJIb30BaHUA U (QYHK-
LIMOHAIILHOCTH MporpaMmMHoro obecneuenus, [ MC u
MO3BOJISIIOLLYIO 3HAUYMUTENbHO CHU3UTb CTOMMOCTb
anmaparHoro obecneuenus ['MC, uro caenano ero

BeCbMa MOJIe3HbIM Ha pa3/iMuHbIX ypoBHsx. Henas-
HUE U3MEHEHMs, cBa3aHHble ¢ BKIodyeHuem [MIC B
MOJENM IJIaHUPOBaHMs, MpocMoTpa U MHrepHera,
cnoco6ctoBaniu aHanuzy ['MC pocra ropomos. Oc-
HOBHbIE OrpaHuueHus B ucnoas3zosaHuu I'MC cero-
JIHs1 B TOPOJCKOM IJTAHUPOBAHUU CBS3aHbI HE C TEX-
HUYECKMMM acleKTaMM, a C HaJMYMeM JaHHbIX, Op-
raHW3aUMOHHBIMU HM3MEHEHUSIMM U MpodeccroHa-
nu3MoM nosiezoBatenel. ['IC Haxoaut cBoe npume-
HEHME B IPaJlOCTPOUTENILCTBE KaK aHATUTUUECKUH U
MOJENU Py UHCTpYMEHT. OH MOXKeT ObITh NPH-
MEHEeH K miMpokoMy Kpyry 3anau. ' MC Taxoke nomo-
raeT NMpOBOJUTH TEXHUKO-YKOHOMHYECKOe 00OCHO-
BaHMe 00bEKTa, HapUMep, VIS ONpeaeIeHus TOro,
MPUTrOICH JIM Y4YacTOK Ui KOHKPETHOro (pyHKLHO-
HanbHOro 3aanus. [ UC B 9K0710rMueckoM miaHupo-
BaHUM BCE 4allle NPUMEHsETCS AJsl peLleHus Mpo-
0J1eM NpPOCTPaHCTBEHHOrO MOACIMPOBAHUsL, IIe OHA
oKazajach BecbMa LieHHOH U nose3Hoi. Kpome Toro,
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I'MC nomoraer mnpenoctaBnsaTh HH(opMaluoo 00
9KOJIOTUYECKON MPUTOJHOCTH 3€MIIH, €€ YPOBHE W
xapakTepe 3arps3Henus. OHa Takoke MOXKET ObITh HC-
MOJIb30BaHA Ul OMNpeAeseHHs LelecooOpa3sHOCTH
co37aHMs 30HBI IS ynaneHus u obpaboTku OTXo-
noB. Crnietyer u3y4nTh M MPUHATH BO BHUMaHUE Ta-
Kue (hakTopbl, Kak XMMHUYecKre, Onoaoruyeckue, To-
norpaduyveckie U (UINUECKHUE CBOWCTBA paioHA.
[Inpoko pacrpocTpaHeHHbIE IPOOIEMBI, TakKHe Kak
BOJIHO-OOJIOTHBIE YTOJbsl, MOTYT OBITH JIETKO pe-
weHsl ¢ momouipto ['MC v TexHoONOrMi AUCTAaHLMOH-
Horo 3oHaupoBanus. [ UC akkymymnupyeT u mipeo-
CTaBJISICT Pa3/IMYHbIC ACMEKThl MPOCTPAHCTBEHHON
nHpOPMAaLIMK B paMKax oHOM cuctemsbl. ['eorpadu-
YeCcKHe TaHHBIE MOTYT OBITh C JIETKOCTBIO MPOaHAIHU-
3upoBaHbl U 00paboTaHbl. DTO TO3BOJIET Oolee
00BEKTMBHO M300pakaTh pa3fiUuHble BapHaHThI
mudposoii uHopMmanmu. 'MC u nucraHumMoHHOE
30HIMPOBAHNE TPUMEHSIOTCS COBMECTHO KakK WH-
CTPYMEHTBI IPaJOCTPOUTENLCTBA.
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GEONFORMATION TECHNOLOGIES IN URBAN PLANNING

Abstract. The process of studying urban planning implies the involvement of land use and land surface
studies. They are largely necessary on a range of topics and issues. Sustainable development depends on con-
trolling the effects of change. GIS can achieve this through its various capabilities, which can be used by urban
planners and decision makers. GIS can operate as a tool and as a system, or even as a group of systems that
work simultaneously or sequentially. GIS is one of the most important applications of urban planning. This
study is devoted to the peculiarities of the use of geoinformation technologies in urban planning. The problems
of limiting the use of GIS in urban planning are identified. The main types of GIS in urban planning, which
are database management, visualization, spatial analysis and spatial modeling, as well as the most commonly
used functions (interpolation, map overlay, buffering and connectivity measurement) and options for their use
depending on different tasks and stages of urban development, as well as the advantages of raster and vector
data. The article also reflects the emergence and development of spatial decision support system (SDSS) and
planning support system (PSS) in urban planning. The role of GIS in the analysis of spatial planning is formu-

lated.

Keywords: GIS, decision-making, systems of urban planning, urban planning.

REFERENCES

1. Longley P.A., Goodchild M.F., Maguire D.
J., Rhind D. W. Geographic information systems and
science.: John Wiley & Sons, 2005. 404 p.

2. Burrough P.A., McDonnell R., McDonnell
R.A., Lloyd C.D. Principles of geographical
information systems.: Oxford university press, 2015.
329 p.

3. Cullingworth B., Nadin V. Town and
Country Planning in the UK.: Routledge. 2003. 481
p-

4. Rajabifard A., Binns A., Masser [, &
Williamson 1. The role of sub- national government
and the private sector in future spatial data
infrastructures. International Journal of
Geographical Information Science. 2006. No. 7. Pp.
727-741.

5. Haklay M. How good is volunteered
geographical information? A comparative study of

OpenStreetMap and Ordnance Survey datasets.
Environment and planning B: Planning and design.
2010. No. 4. Pp. 682-703.

6. Scholten H.J., Stillwell J. Geographical
information systems for urban and regional
planning.: Springer Science & Business Media,
2013. 276 p.

7. Lonshakov D.A., Perkova M. V., Bolshakov
A.G., Tribuntseva K.M. Creating conception of
recreational areas development on the example of
small urban settlements. Research Journal of
Applied Sciences. 2014. No. 11. P. 887-892.

8. Perkova M., Kolesnikova L., Korotun E.
Formation of Engineering Thinking in Multilevel
Architectural Education. Key Engineering
Materials. 2018. Pp. 24-30.

9. Al-Sawafi M., Perkova M., Al-Jaberi A.
Study of changes in the land use of the territory of
Belgorod using remote sensing and GIS methods
[[zuchenie izmenenij v zemlepol'zovanii territorii g.

61


mailto:Abokharima@gmail.com
mailto:Abokharima@gmail.com

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

2021, Ne6

Belgoroda s  ispolzovaniem  distancionnogo
zondirovanija i GIS metodov]. Bulletin of BSTU
named after V. G. Shukhov. 2019. No. 1. Pp. 103—
111. (rus)

10. Al-Sawafi M., Perkova M. Rayman and
Skyhelios as tools for modeling urban climatology

[Rayman 1  Skyhelios  kak  instrumenty
modelirovanija gorodskoj klimatologii].
[interactive-plus.ru] editor. Ceboksary.

URL:https://interactive-plus.ru/e-
articles/507/Action507-472891.pdf, (date of request:
01.08.2018). (rus)

11. Goodchild M.F. Two decades on: Critical
GIScience since 1993.The Canadian Geographer/Le
Géographe canadien. 2015. No. 1. Pp. 3—11.

12. Webster C. Emergence, spatial order,
transaction costs and planning.: Asghate Publishers
Ltd Farnham. 2010. 336 p.

13. Brotchie J., Hall P., Newton P., Nijkamp P.
The future of urban form: the impact of new
technology.: Routledge, 2017. 390 p.

14. Pradhan B., Abokharima M. H., Jebur M.
N., Tehrany M. S. Land subsidence susceptibility
mapping at Kinta Valley (Malaysia) using the
evidential belief function model in GIS. Natural
hazards. 2014. No. 2. Pp. 1019-1042.

15. Zamyatin A., Markov N. Analysis of the
dynamics of the Earth's surface based on remote
sensing data [Analiz dinamiki zemnoj poverhnosti
po dannym distancionnogo zondirovanija Zemli]:
Litres. 2018. 175 p. (rus)

16. Wegmann M., Leutner B., Dech S. Remote
sensing and GIS for ecologists: using open source
software.: Pelagic Publishing Ltd, 2016. 178 p.

17. Longley P.A., Goodchild M.F., Maguire
D.J., Rhind D.W. Geographic information science
and systems.: John Wiley & Sons, 2015. 133 p.

Information about the authors

18. Alshuwaikhat H., Abubakar 1., Aina Y.,
Adenle Y., Umair M. The development of a GIS-

based model for campus environmental
sustainability assessment. Sustainability. 2017. No.
3.439p.

19. Perkova M.V. Methods of Identification
and Resolution of Urban Conflicts and
Contradictions of Development at the Level of
Municipal Area. Academia. Architecture And
Construction. 2018. No. 4. Pp. 74-83.

20. Perkova M., Baklazhenko E., Vaytens A.
Urban Conflicts of the Belgorod Regional
Settlement System and its Elements. IOP Conference
Series: Materials Science and Engineering. 2018.
032014.

21. Veronesi F., Schito J., Grassi S., Raubal M.
Automatic selection of weights for GIS-based
multicriteria decision analysis: site selection of
transmission towers as a case study. Applied
geography. 2017. Pp. 78-85.

22. Pires S.M.M. Sustainability indicators and
local governance in Portugal. Universidade de
Aveiro (Portugal), 2011. 307 p.

23. Zhang W., Zhou J., Liu Y., Chen X., Wang
C. Emergency evacuation planning against dike-
break flood: a GIS-based DSS for flood detention
basin of Jingjiang in central China. Natural Hazards.
2016. No. 2. Pp. 1283-1301.

24. Harris B., Batty M. Locational models,
geographic information and planning support
systems. Journal of Planning Education and
Research. 1993. No. 3. Pp. 184-198.

25. Chernysh A.S., Gubarev S.A. Development
of elastic deformations of loess soils depending on
humidity [Razvitie uprugih deformacij lessovyh
gruntov v zavisimosti ot vlaznosti]. Vector of geo-
sciences. 2018. No. 2. Pp. 17-20. (rus)

Al Sawafi Mohammed Hasan, postgraduate of architecture. E-mail: Abokharima@gmail.com. Belgorod State Techno-
logical University named after V.G. Shukhov, Russia, 308012, Belgorod, Koctokova str., 46.

Received 02.03.2021

I[J'lﬂ HUTHPOBAHUA:

Anb Caadu M.X. ['eonHpOpMaIIMOHHBIE TEXHOJIIOTHUH B TPaJIOCTPOUTENIbHOM AedTenbHocTH // Becthuk BI' TY
um. B.I'. LllyxoBa. 2021. Ne 6. C. 52—62. DOI: 10.34031/2071-7318-2021-6-6-52-62

For citation:

Al Sawafi M.H. Geonformation technologies in urban planning. Bulletin of BSTU named after V.G. Shukhov.
2021. No. 6. Pp. 52—62. DOI: 10.34031/2071-7318-2021-6-6-52-62

62


mailto:Abokharima@gmail.com

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

XUMHNUYECKAA TEXHOJOI'UA

DOI: 10.34031/2071-7318-2021-6-6-63-70
*Bezenuee A.U., Kpusenko 10.10.
benzopoockuii 2ocyoapcmeennwlii HAYUOHATLHBLI UCCTEO08AMENLCKUL YHUBEPCUMEN
*E-mail: vesentsev@bsu.edu.ru

2021, Ne6

I'maiPO®OBMN3AIIA TOHKOAUCIIEPCHOI'O MEJIA

AHnnomauua. [IpupooHvlii MOHKOOUCTePCHBIU Mell (KapOOHam Kalbyus) AGNAEmMC WUPOKO UCNOIb3)Ye-
MbIM DYHKYUOHATIHBIM HANOIHUMENEM KOMNOZUYUOHHBIX MAMEPUATIO8, NPUMEHACMBIM 60 MHO2UX OMPACIISIX
npomviuLiennocmu. Pazeumue yenyoneunvix ucciedo8anuti QuaUKo-XuMuueckux ceoucme 2uopopooHozo
Mena, 6e3ycno8Ho, cCnocobcmayem pacuupenuio odaacmetl NPUMeHeHUsl 3M020 YenHo2o Mmamepuand. Ananusz
HAYYHO-TNEXHUYECKOU TUMepamypbl HOKA3AL, YO HA OAHHBLY MOMeHIN OMCYMCMEYIOM UCCIe08AHUsL NAPA-
Mempos8 NOpUCMOo CIPYKIMypsl U MEKCIMYPHBIX NOKA3ameiell NpUpOoOHO20 Meld PAa3iuiH020 2PAHYIOMempu-
yecko20 cocmasa, mem 60nee HOBEPXHOCIMHO 0OPAOOMAHHO20 (2UOPOPOOUZUPOBAHHOL0) HCUPHBLIMU KAPOO-
HOBbIMU Kuciomamu. /st 2uopoghobuzayuu kapooHama Kanvyus NPAKMUYECKoe npUMeHeHue NOAYYUIU Kap-
bonosvie kuciomol gpaxyuti C17 — C20, umo 06yciosneno Haruyuem y Smux KUciom 0oCmamouno OJNUHHbIX
Vene8000POOHBIX Yenell U PeakyuOHHO-CROCOOHOU KapOoKkcunbHoll epynnvl. Qopabomka mena 2uopopoousu-
pyoweti 006askoil npudaem emy ciedyloujue npeumyljecmsd neped Heoopadbomanubim. npedomepaujeHue
Habopa eiazu, OMCYymcmeue CRedCUsans U YIyuuieHue mexHoI02udecKux cGolUCMaE (Colnyyecns, cOGMecHiu-
MOCHIb C NOIUMEPOM U Opyeue).

B oannoii pabome npeocmasnenvl pe3yiomanivl XUMUYECK020 U MUHEPATOSULECKO20 AHATUZ08 NPUPOO-
noeo mena Ileuncrkoeo mecmopodicoenus, Oannvle no OuPpepenyuanpHoMy pacnpedeienuio Yacmuy, cme-
neHu 2uopohooHOCHIU U UCCACO0BAHUI) MEKCHYPHBIX XAPAKMEPUCMUK HeOOpabOmMAanHo20 u 2uopopodouzupo-
BAHHO20 MOHKOOUCHEPCHO20 Mead. [Ipogedena oyenxa GnusHuUs cHOCODA U3MeNbUeHUsl HA ePAaHyIoMempuye-
CKUIl COCMAB U BbISIGNICHUE COBOKYNHO20 GNUSHUSL CHOCOOA UBMENbYEeHUs U 2UOPOPoOU3aAYUU HA MEeKCTNYDHbLE
Xapakmepucmuxy npupooOHo20 meia. YcmanogneHo, umo 0opadomxa nogepxXHoCmu Yacmuy Meja JCUpHuIMU
xuciromamu (cooepoicanue CI18 ne menee 65 macc. %) erusem na npoyecc aocopoyuu 2azo00pasHozo azomd.

Knioueewie cnosa: men, kapoonam xanvyus, HAnOJIHUMeENb KOMROZUYUOHHBIX MAMEPUAnos, uopopoou-
3ayus, aocopoyusa, oecopoyus, MEKCHypHble XapaKmepucmuKuy.

BBeaenne. [Ipuponssiii men — sto Genas wnu
JKenToBatas cnabOLEeMEHTUpPOBAaHHAs TOpHas [Mo-
POAa 0CaI0UHOr0 MPOUCXOKACHHUS HA OCHOBE MUHE-
pana kaneuut (CaCOs), 0Opa3oBaHHOTO U3 0OJIOM-
KOB CKEJIETOB MHOTOKJIETOYHBIX MOPCKHX IJIAHKTO-
HOBBIX BOJlOpOCei KOKKOJIUTO(hOPHUS
(30—40 macc. %) u kopHeHOkek-popamuHudep (1—
20 macc. %), oceBIMX B BUJIE WA U3 BOJABI TEILIBIX
Mopei. B coctaB Mena BXOJUT BbICOKOIUCIIEPCHBII
KpUCTaJUTMUeCKU KanpuuT (1o 50 macc. %) u He-
kapOoHaTHble ipumecH (110 3 macc. %). B MenoBbix
nopoaax 3a()MKCHPOBAHO MPUCYTCTBUE PaKOBUH
MOJUTIOCKOB, KPEMHEBBIX T'yOOK, JIWIHUH, KOPaJOB,
KOHKpeLUit KpeMHsl, upuTa v pochopura. XuMuue-
CKMH CcOCTaB Meja pa3iMuYHbIX MECTOPOKACHUM
HaxoJUTCs B Cleayroulux npenenax, macc. %: CaO
— 47-55; MgO - 0,1-1,9; SiO, — 0,2-6,0; ALLO3 —
0,24,0; (Fe2O3+FeO) — 0,02-0,7; CO,—40-43 [1].

KapOonaTtHas 4acTb MpUpOAHOro Mella COCTOUT
W3 TPeX TPy KOMIIOHEHTOB: OPraHM4eCKUX OCTaT-
KOB (pacTUTENIbHBIX W KMBOTHBIX), KPHUCTAJUIMKOB
KaJIbLIUTA C YETKO BBIPAKEHHBIMU I'PaHIMH U M30-
METpUYHOro KanbLuta. OpraHM4ecKue OCTaTKH —
OCHOBHasl 4acTbh MeJa, COCTOAIIAsI U3 KOKKOJIUTOB U
tdopamunudep (1o 22—40 macc. %), Takxke BCTpeya-
I0TCA paKOBUHBI MHOLEpaMoB (Mectamu 1o 13-20

Macc. %), CKeeThl MIIAHOK, MOPCKUX €Xei, JIMITHA,
KpeMHEBBIX TyOOK, Kopayuios [2, 3].

Ilo nanHbIM JI.A. ApXaHrenbckoro NpUpoaHbIN
Men B cpegHemM coctout Ha 10 mace. % n3 00J10MKOB
CKEeJIeTOB MHOTOHUTO4YHBIX, Ha 10 macc. % u3 pako-
BUH (popamuHudep, Ha 40-50 macc. % U3 TOHKHX 3e-
pEH KaJbLMTA, U3 NEPEMEHHOI0 KOJIMUeCTBAa KOKKO-
JUTOB U 2—3 Macc. % HekapOOHATHBIX pUMeceii [4].

Ilo pannemm Illymenko C.U. [2] npuponnslit
Mell, 3aierarolui Ha Teppuropun Kypckoi Maruur-
HOW aHOMAaJIMM, XapaKTepU3yeTcs CJELyIOLUM MU-
HepaJbHbIM cocTaBoM: 90-99 macc. % kanbuura,
T.€. YUCTOr0 KapOOHaTta Kajbiys, 1—-8 macc. % riu-
HUCTBIX MUHepanoB, 0,2—6 macc. % kpemHezema. B
KayecTBe aKLECCOPHbIX MUHEPaIOB BO3MOYKHO MpHU-
CYTCTBHME NUPUTA, [MayKoHUTa, onana, bapura. Co-
JiepykaHue OKCHIOB ene3a konebnercs ot 0,02 mo
0,7 macc. %.

TexHuueckuii NPOLYKT Ha OCHOBE MPUPOAHOTO
MeJia SIBJIIeTCS MHOTOTOHHA)KHBIM HEAOPOTrMM HH-
I'PEAMEHTOM KOMIMO3ULMOHHBIX MAaTE€pUaJIOB Ha IO-
JIMMEPHOI OCHOBE, KOTOPbIE LIHPOKO UCIOJb3YIOTCS
BO MHOTHX OTPaciisiX NPOMBILIICHHOCTH TaKUX KaK:
CTpOMTEIIbHAs, Pe3UMHOTEXHUYECKAs, JTJAKOKpacouHasi
U T.1. BO3MOKHOCTB MCIIOJIB30BaHUS MeJa B KaKIOH
OTIeNbHOM OTpaciv B MEPBYIO oyYepenb 3aBUCUT OT
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€ro XUMHUYEeCKOT0, MUHEPaJIOTHYeCKOr0 M IPaHyJIo-
METPHUUYECKOTO COCTAaBA.

B Hacrosiiee BpeMs HavboJiee LIEHHBIMU M BOC-
TpeOOBaHHBIMU COPTaMHM Mella, MCIMOJb3YyeMOro B
MPOM3BOACTBE KOMIO3ULIMOHHBIX MaTepHasoB, SB-
JIIOTCSL TOHKOUCTIepcHBIe ¢ cofepkanueM CaCOs
He MeHee 97 Macc. % M CpelHUM pa3MepOoM YacTHIL
(D50) 1-3 MKM, KOTOpBIE TMO3BOJIAIOT 00ECrevnTh
BBICOKHE KCIUTyaTallIOHHBIE, B TOM Yuciie PU3NKO-
MEXaHUYECKHUE, XapaKTePUCTUKNA KOMIO3UIIMOHHBIX
MaTepHajoB MPHU BHICOKOM MX HAMOJHEHWW KapOo-
HaTOM Kajblus [3, 5].

B cBs3u ¢ BeipocuiMu TpeOOBaHUAMH K Kaue-
CTBY FOTOBOTO KOMITO3ULIMOHHOTO MaTepuara, npe-
MPUATHS TIEpPEelllsIi Ha WCIOJIb30BaHWE TOHKOIUC-
MEPCHOr0 MeJia ¢ MOAM(UIMPOBAHHOW MOBEPXHO-
cThto. MoauduumpoBanue Mesia MPOUCXOIUT MyTEM
3aKperyieHns Ha TIOBEPXHOCTH €T0 HaCTHI] TOHKOTO
cnos ruapododuzaropa. [lorepxHocTHas 06paboTKa
(rugpodobuzanus) Mena paHee MPOBOAMIIACH C Lie-
JbI0 TIPUAAHUS YacTULAM BOJOOTTAJIKMBAIOLIMX
CBOMCTB [6].

Tak kak HamMoOJHMTENIO Ha OCHOBE Meja Mpu-
cyla CHocoOHOCTh arperMpoBaHusi MpU HE3HAYM-
TENILHOM YBJIAXKHEHUH U3-32 OOJIBIION «CBAZHOCTH
YacTHIl, TO BOBHUKAET MPobIieMa CIIe)KUBaHUs B OyH-
Kepax M JajibHeillee 3aTpyJHEeHUEe B TPaHCHOPTHU-
POBKHM W UCIOJIb30BaHUM. [ ycTpaHeHHs TaHHOTO
SBIICHHUS Mell THAPO(GOOU3UPYIOT, YTO TrapaHTUpPYyeT
BOJIOOTTAJIKMBAIOLLEE CBOWCTBO M BBICOKYIO CBHIMY-
yecTh [7].

O06paboTka MOBEPXHOCTH YAaCTHL] MeJia CTeapu-
HOBOW KHMCJIOTOM CITOCOOCTBYET YIIYHILISHHUIO PEOJIo-
FMUYECKUX CBOWCTB MOPOLIKOB MPU HEOONBIIOM W3-
MEHEHUH UX (PU3MKO-MeXxaHuUueckux cBoicTs. O6pa-
0OTaHHBIN CTEAPUHOBOWM KHUCJIOTOW MeJ B IIPOMBIIII-
JICHHOM MacliTabe HaXOIUT MPUMEHEHKE B KauecTBe
HAMOJIHUTENS psAla MIacTU30J1el U He MmiacTU(UIIY-
POBaHHOTrO MOJAUMBUHUIXIOpUAA [8].

B KOMMNO3MLIMOHHBIX MaTepHuajgaXx Ha OCHOBE
MOJUMEPHON MaTpHiibl UCMOJB30BaHUE TUAPOdO-
OM3MPOBAHHOIO MeJia COCOOCTBYET MOYUYEHHUIO O/1-
HOPOJAHOM CMeCH, YBEJIMYEHHUIO COBMECTHUMOCTH
HATOJTHUTENISl C HETOJSIPHBIM TOJIMMEPOM, CHIKE-
HUIO TIOIJIOLIEHUs MiacTUdUKaTopa U CylIECTBEH-
HOMY YMEHBILIEHHIO cebecTOMMOCTH mpoaykTa [9,
10].

AHanuz nuTepaTypHBIX JaHHBIX MTOKa3al, YTO B
HacTosillee BpeMsi OTCYTCTBYeT MH(opmalus o na-
pameTpax MOPUCTON CTPYKTYPbl U TEKCTYPHBIX IO-
KazaTeJsix MPUPOTHOrO MeJia Pa3iInYHOro rpaHyJsio-
METPUUYECKOro COCTaBa, TeM OoJiee ruipododuzupo-
BaHHOTO JKUPHBIMH KapOOHOBBIMU KHUCJIOTAMH.

Martepuansl u MeToabl. B pabore ucnonb3o-
BaH MeJl IPUPOAHBIA TOHKOIWCTIEPCHBINM MOTy4YeH-
Hbiid no TY 5743-001-50984326-2007, npousBoau-

tenb OO0 «Ilonuron-Cepeucy» (benaroponckas 00-
nacte). [Ipeanpusarre B Ka4eCTBE ChIPbs UCIOJIb3YET
meut [1llenHCKOro MecToposKaAeHHs, pacroIOKEHHOTO
B KopouaHckom paiione benroponckoii obnactu. B
KavecTBe ruapodobdu3aTopa UCIOIB30BAH CTEAPHH,
KOTOPBIN TIpe/iCTaBIsAeT COO0H cMech JKUPHBIX KHC-
JI0T, coAepKaluxX He MeHee 65 macc. % cTreapyHO-
Bo# kucnotsl C18.

Hccnenyembie oOpasiel Mena Ne 1 u Ne 2 nipen-
CTaBJSIOT cO00I MOPOLLOK, MOJTYHYEHHbIH CYyXUM U3-
MeJIbYEeHHeM TPHUPOAHOrO Mena B  MOJIOTKOBO#
MmenbHuLe. O6pasiubl Mena Ne 3 1 Ne 4 momy4eHs! Imy-
TEM MOKpOro NoMojia B BEPTHKAJIbHOW IIAPOBOMH
(6bucepHoii) menbhuile. O6pasubt Ne 1 u Ne 3 otiu-
yaroTcst ot 06pazuoB Ne 2 u Ne 4 rem, uTo mociegHIe
ObLT 00paboTaHBI CTEAPUHOM, KOTOPBIM HAHOCHJICS
METOAIOM pachblUIeHHs paciuiaBa ruapodobduzaropa
B MeJIbHULIE THIA Ae3uHTerparop. TexHonornueckas
muaust B OO0 «llomuron-CepBuc» cocTout u3 06o-
pyzAoBaHus ucnaHckol ¢pupmbl «Micron Procesy.

XuUMHUECKH cOCTaB Mesla ONpeaesif Mo Me-
tomukam ['OCT:

® MacCOBYIO JIOJIO YTJIEKUCIIOrO KalbLUs U yT-
JIEKUCIIOTO MarHus B TepecdeTe Ha YrieKHcIblil
kanbLyid onpenensuin no 'OCT 21138.5-78;

® MacCOBYIO JOJIIO MONYTOPHBIX OKCHIOB JKe-
ne3a u amromunms — o 'OCT 21138.7-78;

® MacCOBYIO JIOJIO BEILIECTB HEPACTBOPUMBIX B
cojigHoi kuciore — o 'OCT 21138.6-78,;

e MaccoByro jgomo Mapranma — mo ['OCT
21138.9-78;

e maccoBas aoss necka — no ['OCT 19220-73.

INoaroroBky 06pa3LoB A1 aHaIM3a POBOAUIN
no 'OCT 21138.0-78 «Men. O6uue TpeboBaHus K
METOAAM aHaIu3a».

MuHepanoruieckuil CocTaB UCClieyeMbIX 00-
pa3LoB onpeAessyii MEeTOJOM PEHTreHO(a30BOro
aHanu3a c ucrnosnb3oBaHueM nudpakromerpa Ultima
IV. UzyueHue MUKPOCTPYKTYpbl 00Opa3lioB Mena
OCYILLECTBIISUIA € MOMOLIBIO PAaCTPOBOrO HOHHO-
anekTponHoro mukpockona QUANTA 200 3D «FEI
Company». HccnenoBaHus npoBeAeHbl B LIEHTPE
KOJUIEKTMBHOI'O Mosb30BaHus «TexHosorun u Ma-
tepuansl HUY «benl'V».

I'panynomerpuieckuii coctaB 0OpasLoB ompe-
JIeJISLUIM C TOMOLLBIO J1a3€pHOI0 aHAIN3aTOPa YaCTULL
«LaSka». Onpenenenue runpododHOCTH 00pa3LoB
Mena omnpeaesisijii MEeTOIOM, CYLIHOCTb KOTOPOro
COCTOMT B OLIEHKE CIIOCOOHOCTH IMOPOILIKA HE CMa-
yuBatbcs Bonoil. llepeuncneHnble uccienoBaHus
MPOBOAWIM B NPOM3BOACTBEHHOM JabopaTtopuu
00O «Ilomuron-Cepuc.

HsmepeHue ynenpHOH MIIOLIAAM NOBEPXHOCTU
W MOPUCTOCTH 0Opa3LoB Mejla NPOBOAUIM Ha aBTO-
MaTUYECKOM ra30-aJCOpPOLIMOHHOM  aHaju3aTope
TriStar 1 3020. MccnenoBanus npoBeeHbI B LICHTPE
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KOJIJIGKTUBHOT'O Tob30BaHMs « TexHomorun u Ma-
tepuansl HUY «benl V.

OcHoBHas yacTh. Paznuune B criocobax momy-
YeHHs UCCIIeyeMbIX 00pa3lioB TOHKOJUCIIEPCHOTO
MeJia 00yclaBlIMBaeT MPOU3BOJICTBO MPOAYKTOB pas-
HOTO TPaHyJIOMETPUYECKOTO COCTaBa, ¢ Pa3iIMYHOM
MOPUCTOCTHIO U YACIHLHOM MOBEPXHOCTHIO.

JlaHHbIE XMMUYECKOTrO aHajiu3a WCCIIEeAyeMBIX
00pa3loB Mella CBUJACTENLCTBYIOT, UTO MaccoBas
nonst CaCOs; coctaBngeTr He MeHee 98,5 macc. %,
MgCO3 — menee 0,5 mace. %, cymma MOJyTOPHBIX
okcnaoB (Al,Os+Fe;03) — menee 0,1 %. Maccosas

nons Mn?* — ne Gonee 0,005 macc. %. HekapGonart-
Has 4acThb B 00pa3iax cocrasiser He Oosee 1,2 macc.
% M npeacTaBiieHa KpUcTallaMy HU3KOTeMIeparyp-
HOT'O TPUrOHAJBLHOTO KBapla U [JIMHUCTBIMH MHHe-
panamu, py 3TOM COfiepKaHHhe 3epeH Mecka COCTaB-
nset He 6onee 0,01 macc. %.

Ilo pe3ynbraTam peHTreHo(]a30BOro aHaamza
(puc. 1.) ycranoeneno, uro men lllenHckoro mecro-
POJKAEHHs TMOJHOCTBIO TPEACTaBIeH MOHOMMHE-
PaJIbHBIM KaJlbLIUTOM, OIpeAesieMbIM MO XapaKTep-
HBIM /17151 HEeTO MHTEHCHUBHBIM pedJieKcam.

MaccoBoe pacripesiesieHle YacTHILl OnpeiesieH-
HOro pa3Mepa MpeAcTaBlIeHo B Tab. 1.

8.0e+004 -
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/t—ﬂ\ (a5 ]
@ 6.0e+004+
2
= 4.0e+004-
2
= o o o Eﬁ
2.0e+004- wy a0 S o o =
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Puc. 1. PerTrenosckas mopomrkoas audpaxrorpamma mena [llemHCKOTO MECTOPOXKICHUS

Tabnuya 1
MaccoBast 1011 YACTHII, COOTBETCTBYIOIINX 32AAHHBIM 3HAYECHHAM PA3MEpPOB
MaccoBasi 1015 4aCTHLL 3aJaHHOro pasmepa, %o
Pa3Mep 4acTHll, MKM
MeJi cyxoro nomoua Mej1 MOKpOro IoMoJia
0,1-0,5 8,5 14,2
0,5-1 21,7 38,6
1-3 47,1 42,9
3-5 15,6 3,6
5-10 4,0 0,7
10— 15 2,5 0
Bonee 15 0,6 0

Jns Mena cyxoro momona Gosbliuas A0Js Ya-
cruy (47,1 macc. %) HaxomuTcs B JuarnazoHe
1-3 MKM, IPUCYTCTBYIOT YacTHIbl O0Jiee 5 MKM B KO-
nuyectBe 7,1 macc. %.

Jlns mena mokporo nomoia 6osiee 80,5 macc. %
YyacTHUL HaXoaaTcs B avanaszone 0,53 MKM, Koiaude-
cTBO yactul] 0osee 5 MM — 0,7 macc. %.

Jannsie no nuddepeHuanbHOMyY pacrpeene-
HUIO 4YacTul] MeJia (B JOrapu)MU4ecKol ImKae),
MPOM3BEIEHHOTO0 Ha TMPOMBILIUIEHHBIX YCTaHOBKaX
CYXUM M MOKPBIM CITOCOOOM TTOMOJIA MPEJICTABJICHBI
Ha puc. 2.

Cpennuii paszmep uactun (/150) mena cyxoro
MOMOJIa COCTaBSIET OKOJIO 2 MKM, TMPHU MaKCUMAaJlb-

HoM pas3mepe vactul (/199) Gonee 15 mxm. Makcu-
MaJIbHBIN pa3mMep YyacTHL Mela MOKpPOro MoMosa co-
CTaBJIET OKOJIO 5 MKM, IPU CPeIHEM pa3Mepe ua-
CTULL — | MKM.

JlazepHblii aHaMM3aTOP MO3BOJIIET OMPENCIUTh
pazmep vactuil 6e3 yuera ux gpopmsl. C 11eJ1bto omnpe-
neneHust popMbl YacTHIl MPOBEIACHO HCCieoBaHNe
yKa3aHHbIX 00pa3L0B METOA0OM CKaHUPYIOLIEH dJIeK-
TPOHHOI MUKpockonuu. [Ipy aHamm3e 3MeKTPOHHBIX
¢dororpacduii (puc. 3) ycTaHOBJIEHO, YTO Mell CyXOro
W MOKpPOTo MOMOJIa B OCHOBHOM COCTOUT U3 pa3py-
LIEHHBIX KOKKOJIUTOB U UX 00J10MKOB. BeTpeuatoTces
KOKKOJIUTBI IBYX MOP(OTHIIOB: TEPMAIUThI U LUK~
JaonuThl. Pa3Mep KOKKOMMT MOpP(OI0rnyecKoro
THUINA TPEeMajuT MO BHEUIHEMY IUaMeTpy okojio 10

65



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

2021, Ne6

MUKPOH, TOT/Ia KaK [UKJIOIUTBI OKOJIO 5 MKM. B 00-
Hield Macce MOPOLIOK CYyXOro M MOKpOro Inomosia
npeacTaeiser co0oi OOJOMKM KOKKOJNHUT pa3sHOH
(hopMbI 1 pazmepa. Men MOKporo romoJia uMeeT 60-
Jiee OKaTaHHbIE YaCTHLIbl, YeM MeJl CyXOro rnomorna.

% 100

80

PeanuzoBaHHas Ha 3aBOJI€ TEXHOJIOTHUS MOBEPXHOCT-
HOM 00paboTKU, MO3BOJISIET PABHOMEPHO MOKPHIBATH
KOKIAYIO YaCTHUILy TOHKHM CJIOeM ruipododusaTopa,
ModTOMy  MUKpodoTorpadpuu  o0pabOTaHHBIX U
HeoOpabOTaHHBIX YACTHI] HE UMEIOT CYIIECTBEHHBIX
OTJIMYMH.

60
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Puc. 2. 3aBucUMOCTb MacCcOBOM A0JU U pa3sMepa 4aCcTull Mejia OT croco6a nomosa
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Puc. 3. Mukpogotorpapuu 06pa3oB Meja CyXoro 1 MOKpOTo Crocoda n3Melb4eHus!
a — obpazen Nel — JTso = 2 MmkM, 6 — oOpazen; Ne3 [Iso = 1 Mkm

Onpeaenenve ruapohoOHOCTH Meja MPOBO-
JIAJIU 1O CIIeYIOlIel METOJIUKe: CTeKJISHHBIN cTa-
KaH 3aroJIHsIW JUCTUIUIMPOBAaHHOM BoJoH Ha 50
MM HIbke Kpas. OT MoAroTOBICHHON NPOOKI OTBE-
LIKMBAJIM 2 I aHAIU3UPYEMOro MOPOLIKa, 3achiNain
ero Ha MOBepXHOCTh BOAbl. CTakaH ¢ BOAOW U MO-
POIIKOM OCTaBIIsIM B mokoe Ha 24 4. Ilopomok
cunTaroT ruapodoOHBIM, eciu 3a 24 4 OH He oca-
JKJaeTcs Ha JIHO, U He OyJeT HaOJIio1aThes CMavu-
BaHHUs NMOPOLLKA BOJOM.

O6pasnpl Nel u Ne3 cpasy ke mociie 3achina-
HUS B CTaKaH MOJHOCTBIO OCaX/1aeTCs Ha JTHO B pe-

3yabTare cMaunBaHusa Bogoi. O6pasipl Ne2 u 4 mo-
BEPXHOCTHOOOpaOOTaHHbIE CTeapuHOM 4epe3 24
yaca He CMauyuBalOTCS BOJIOM U HE OCAXKAAIOTCS Ha
JTHO.

PasHuna B AuanazoHe pa3mepa yacTul Mela cy-
XOro U MOKPOTO U3MelibueHUs 00yciaBiuMBaeT pas-
JIMYUE UX TEKCTYPHBIX CBOWMCTE.

Ha puc. 4 npencrapnena 3aBUCUMOCTb CyMMap-
HOro oObeMa Mop OT pa3Mepa Mop B UCCIEIyEeMbIX
obpasuax Mena. Ock abcIMce OTpaXxaeT pasMep 1op
B aHrcTpemax A, och OpAMHAT OTpaskaeT yelbHbIN
00beM Top B cM7/T.
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Puc. 4. 3aBucuMocTs CyMMapHOTO 00beMa TIOp OT pa3Mepa Mop B o0pasnax mMesna

CornacHo craHaapTa MexxIyHapoaHOro coro3a
TEOPETUYECKON U NMPUKIIAAHON XMMHH TIOPBI pa3zMe-
pom menblie 0,4 HM KiIaccuGUIUpYIOTCS Kak cyO-
MHUKpoMopsbl, pasmepom 0,4-2 HM — MHUKpOMNOpbI, 2—
50 HM — Me30TopkI, AuamMeTpoM Gonee S0 HM — Mak-
poropsr [11].

[To momy4yeHHBIM AAaHHBIM YCTAHOBIEHO, UTO
Bce wHccneayemble o0pa3lpl TOHKOAMCIIEPCHOTO
MeJia TIPEICTaBRISIOT co0OH MOPOIIOK ¢ KOMOHWHA-
LIMEN ME30- U MaKpomop.

AHanmu3 TEeKCTYPHBIX XapaKTepUCTUK Mela
(Tabu. 2) mokazan cieayrolie pe3yJibTaThl:

—ruzpododu3aIys Mea co CpeIHUM pa3MepoM
YacTHLl 2 MKM (TIOJTy4eH CyXHWM MOMOJIOM) YMEHb-
IaeT ero yAeJbHYIO MOBepXHOCTh B 1,27 pasza c
2,24 m?/r (o6pazen Ne 1) mo 1,76 M*/r (oGpazen Ne 2)
M*/r. CylECTBEHHbIE MU3MEHEHHSI B COOTHOLIEHHMH
KOJIMYEeCTBa MaKpo- K Me30rop ot obuiero oobema
nop He npouzouuiu. [1pu aTom cpennuii pazmep nop
yBenuuwicsa Ha 16 % —c 86,04 no 100,16 A, aobbem

nop ymensiuics Ha 9,2 % ¢ 0,004838 no 0,004429
em’/r.

— caMylo OOJIBIIYIO Y/IENBHYIO TIOBEPXHOCTh M
o0BeM mop umeeT obpazen Ne 3 — MeJ co cpeAHUM
pa3Mepom uacTHll | MKM, MOJTy4eH MOKPBIM MOMO-
oM. OOpaboTka TMOBEPXHOCTH YACTHI[ JaHHOTO
MeJia MPUBOIUT K U3MEHEHHIO TIPOLIEHTHOTO COOTHO-
LICHUS ME30- M MaKpormop: KOJIUYECTBO ME30MOop
yMeHbIMIock ¢ 55,2 (obpazer; Ne 3) no 50 % (06-
pazery Ne 4) ot obmero konudecTsa mop. Ilpu sTom
yZAenbHas MOBEPXHOCTh yYMEHbIIMIach B 1,5 pasa ¢
4,22 no 2,71 mM*r u o6beM mop cokpatuics Gosee
uem Ha 30 % ¢ 0,012169 mo 0,008048 cm*/r. Cpen-
HUI pa3Mep Mop NpakTHYECKU He U3MEHUJICS.

— M30TepMbl HU3KOTEMIepaTypHO afacopOuuu
W aecopOLMU a30Ta Ha o0pa3uax TOHKOAUCIIEPCHOro
Mesia 6e3 00paboTKK MOBEPXHOCTH YACTHIL U THAPO-
¢$oOM3MpPOBAHHBIX CTEAPUHOM TPECTaBIeHbl Ha
puc. 5 u puc. 6.

Tabnuya 2

TeKCTypHLle XAPAKTCPUCTUKH AHAJIU3UPYEMBIX MaTE€pPUAJI0B

Ne o6pazua [MapameTpsl V iebHas MOBEPXHOCTh, M2/T 061?\:;[ :Op’ Cpennuii pasmep nop,
1 Tlso = 2 MKM 2.2491 0,004838 86,04
2 Hso = 2 mxm, 1,7688 0,004429 100,16
ruapodoOHBIi
3 Tlso = | MKM 42291 0,012169 115,09
4 Hso = I mxm, 27177 0.008048 118.45
ruapodoOHBIiH

[To knaccudukauuu muzorepm ancopdbuuu bpy-
Hayaspa [12] nonyyeHHbie U30TepMbl OTHOCATCS K [V
THUITy W30TEPM, KOTOpbIE COOTBETCTBYIOT (H3Hye-
CKOI copOumu. XapakTepHbld NMpPU3HAK HU30TEPMbI
IV Tuna — Hanmuuue NeTiav KanuulsipHO-KOHIEHca-
LIMOHHOI'O TUCTepe3uca.

Cornacho knaccudukaimun MIOTTAK nosyuen-
Hbl€ TIET/IM TUcTepe3rca oTHocsATes K Tumy HI.

U3 nonyyeHHbIX AaHHBIX YCTAHOBJIEHO, YTO KO-
JIMYECTBO aJICOPOUPOBAHHOIO ra3000pa3HOro azora

Oodbie Bcero B oopasie Ne 3-mei, 6e3 moBepXHOCT-
HOW 00pa0OTKHM, CO CpelHUM pa3MepoM 4dacTull |
MKM, NOJly4yaeMblii MOKpbIM MOMOJIOM. s Mena ¢
YMEHBIIIEHUEM CpeaHero pasmMepa uactui ¢ 2 a0 |
MKM (oOpaserr Ne 1 u Ne 3) HaOonaeTes yBenude-
Hue ajgcopoumu npu P/Py=0,60 B 2,1 paza ¢ 0,9 no
1,9 eM’/r.

O6paboTka MOBEPXHOCTH YACTULL MeJIa CO cpell-
HUM pa3MepOM YacTHL 2MKM CIIOCOOCTBYET CHUIKe-
HHUIO KOJMYeCTBa ancopOMpOBAHHOTO as3oTa NpH
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P/P¢=0,60 ¢ 0,9 o 0,7 cM’/r, T.e. Ha 20 %; 17 Mena
co cpenHUM pazmepom dactull 1 Mkm — 1,9 no 1,1
cM/r, T.e. Ha 42 %.

[Ipu P/Py=0,95 nns ruapodobHOro mena an-
copbums coctansger 2 u 5 cM>/r, uto Ha 15 % npu
cpelHeM pa3mepe HacTul] 2 MKM W Ha 36 % mpu
cpeqHeM pazMepe HacTHUll | MKM MeHblle, YeM AJis
0o0pa3loB Mella aHAJIOTMYHOTO T'paHyJIOMeTphye-
CKOTO cocTaBa 0e3 MOBEpXHOCTHON 00paboTku, co-
OTBETCTBEHHO.

Ancop6ums 6onee 1 cm/r ayist o6paszua Ne 1 go-
cruraercs nipu P/Py=0,70; nns obpasua Ne 2 - npu
P/P¢=0,85; nns obpazua Ne 3 - yxke npu P/P¢=0,06;
st oopaszna Ne 4- pu P/Py=0,47. JlanHble pe3yiib-
TaThl KOPPEIUPYIOTCS € MOMYYSHHBIMU 3HAUYCHUAMHU
o0BbeMa Mop B KaKI0M HcclieyeMoM odpasie. bosb-
mast aacopbuus obpasua Ne 3 oOycioBineHa 00ib-
MM 00BEMOM TIOP O CPABHEHHIO C JIPYTUMH 00pas-
LAMH.
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Puc.5. I30TepMbl HU3KOTEMIIEpaTypHO# aacopOLuK U JecopOLry a30Ta 00pa3oM CyX0oro moMora.
(Ocb «X» — oTHOCUTENBHOE NaBieHue P/Py, rie P — u3mepsieMoe nasnenue, Po — naBleHne  HaChILMICHUS;
0Ch «Y» — KOJINYECTBO aJcOPOMPOBAHHOTO Ira3000pa3HOTo a30Ta ).
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Puc. 6. U3oTepmbl HI3KOTEMIIEPaTypHOU aIcOpOLMK 1 AecopOIMHy a30Ta 00pa3oM THAPOPOOM3UPOBAHHOTO Meia.
(Ocb «X» — oTHOCUTENBbHOE AaBieHue P/Py, roe P — usmepsemoe naBnenue, Po— naBieHne HaChILEHUS;
0Cb «Y» - KOJMYECTBO afcOPOMPOBAHHOTO ra3000pa3HOro a30Ta).
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BriBoabl:

1. JlokazaHo, 4TO TEXHUYECKHI MPOIYKT TOH-
KOTo W3MeJIbY€HHUs! MPUPOJHOrO Mejla MpeicTaBieH
yacTHLIAMU KaJIbLIUTa CO CPeIHHUM pazMepoM |2
MUKpOHA C XapaKTepHON KOMOWHAalMel Makpo- u
Me30nop.

2. YCTaHOBIEHO, YTO MOKpBIH MOMOJ Mena
MO3BOJISIET MOTYYUTh MOPOILIOK ¢ Oonee y3KUM Iuc-
MEPCHBIM pacnpee/ieHUeM YacTULL CO CPEIHUM pa3-
Mepom (D50) — Imkm u ¢ MmakcumanbsHbM (D99) —
4AMKM.

3. Tloka3aHo, 4To 00pabOTKa MOBEPXHOCTH Ya-
CTHI[ MeJla CTE€APUHOM MO3BOJISET MOIyYUTh TOpPO-
LIOK, YacTHLbl KOTOPOro He CMauuBalOTCs BOJOMW,
T.e. 00JaaaoT ruipoPOOHBIMU CBOWCTBAMHU.

4. BbIsBIEHO, 4TO 00pabOTKA MOBEPXHOCTH Ya-
CTHL MeJla CTEAPUHOM CMOCOOCTBYET YMEHbIIEHUIO
aacopOuuu azora ipu P/Py=0,95 na 15 % npwu cpen-
HeM pa3Mepe dacTvil 2 MKM 1 Ha 36 % nipu cpeqHeM
pasmepe yacTull 1 MKM.
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HYDROPHOBIZATION OF FINE CHALK

Abstract. Natural fine chalk (calcium carbonate) is widely used functional filler for composite materials
used in many industries. The development of in-depth studies of the physicochemical properties of hydrophobic
chalk contributes to the expansion of its application. The analysis of scientific and technical literature has
shown that at the moment there are no studies of the parameters of the porous structure and textural parame-
ters of natural chalk of various granulometric composition, especially superficially treated (hydrophobized)
with fatty carboxylic acids. Carboxylic acids of C17 to C20 fractions are practically applied for hydrophobi-
zation of calcium carbonate that is conditioned by presence of these acids with enough long hydrocarbon
chains and reactive carboxyl group. The treatment of chalk with hydrophobizing additive gives it the following
advantages over untreated chalk: prevention of moisture accumulation, absence of caking and improvement
of technological properties (flowability, compatibility with polymer and others). The paper presents the results
of chemical and mineralogical analyses of natural chalk from the Sheinsky deposit, data on the differential
distribution of particles, the degree of hydrophobicity, and the study of the textural characteristics of natural
and hydrophobized fine chalk. The influence of the grinding method on the granulometric composition is eval-
uated and the cumulative effect of the grinding method and hydrophobization on the texture characteristics of
chalk is revealed. It is established that the surface treatment of chalk particles with fatty acids (C18 content
not less than 65 wt %) affects the process of nitrogen gas adsorption.

Keywords: chalk, calcium carbonate, filler of composite materials, hydrophobization, adsorption, de-
sorption, texture characteristics.
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AHAJIMTUYECKOE HCCJIEJOBAHUE ITPOLIECCA PA3I'PY3KH
KOBIIEHA DJIEBATOPA

Annomauus. Llenvio cmamvu A615emMcs AHANU3 UCCIEO08AHUL, Pe3YIbmAamsl KOMOPbIX UCHOAb3VIOMCSL
npu pacyemax 31e8amopos ¢ YMePeHHbIMU CKOPOCTIHLIMU PENCUMAMU, OISl BbIACHEHU NPUSOOHOCHIU UX OM-
OeJIbHBIX NON0JHCeHUU 0TI pa3paboOmKy RApamempos YeHMpOoOE’HCHOU pazepy3Ku CKOPOCHHBIX 571€8AMOPO8.
Snauumenvuvlil unmepec Npeocmagision mpyosl, NOCESUEHHbIE HeNOCPEOCMBEHHO UTU KOCBEHHO UCCIE006a-
HUIO pabomvl CKOPOCHHBIX 21€BAMOPO8, Pe3VIbMANIbl KOMOPBIX He NOIYUUIU OOCMOUHOU MPAKMOBKY U PA3-
sumust. B cessu ¢ mem, umo sgpghexmugrnocmes pabomul CKOPOCMHBIX D€8AMOPOE ONPEOCIEMCIL He MOIbKO
Kauecmeom YeHmpoOelCHOU pazepy3Ki, HO U pabomoil IeHMOYHO-0APAOAHHO20 MeXanusmMd Oe3 nPobYKCO8KU,
BO3HUKACTN HEOOXOOUMOCIb AHANUZA UCCTCOOAH UL, HANPAGIEHHBIX HA peulenue Smotl npooiemvl. B cmamve
npugedenvl U36eCmuble peuleHust OJisk OnpedesieHus NApamempo8 YenmpooesCHoOll pazepy3Ku, Komopvie 0a3u-
PYIOMCA HA PA3TUYHBIX 2UNOMEe3dX OGUIICeHUs Yacmuy Mamepuana eHympu koguia. Hzyuenvl (puzuxo-mexa-
HUYeCKUX AGNEHUS, KOMOopble GIUAIOM HA OBUICEHUS YACMUY MAMEPUAA 8 KOGULE 2T1e8amopd, 8bls8NIeHbl npe-
umMyujecmea u HeOOCMamKu Kaxcooil 2unomessvl. Teopemuyeckoe ucciedosanue npoyeccd YeHmpooesiCHo
Pazepy3Ku OCNONHCHACMCA MeM, Yo NPU OBUNMCEHUU U 8bIXO0e MAMepuaia U3 Kosula Mvl umeem 0ejlo C He-
VCMOUHUBHIM OBUICEHUEM CHINYYE20 MAMEPUANd 0O OeLiCINEUeM USMEHAIOUeTICS. CUCTNEMbL CUTL: CUTl NPUMS-
JHCEHUSL, YEHMPODEIUCHOU U KOPUOIUCOBOT CUT, CUIbl mpeHust. Mesicoy mem, Kak u38ecmHo, odjice camwle npo-
cmvle Cyuau OBUNCEHU MAMePUAa NPU 2PASUMAYUOHHOM UNU CMEULAHHOM pedcume pazepy3Ku mpyoHo ROO-
oalomcsa meopemuieckomy ananuzy. B ceasu ¢ smum, Obiiu YCmMAaHo8IeHsl 3a8UCUMOCIU U Memoobl HOCPO-
eHU MPAeKmopull O8UNCEHUSL MAMePUAa, a MAKdice aKmyalbHOCHb UCHOb308AHUS 020 WIU UHO20 YPas-

HEeHUA.

Knrwoueesie cnoea: yenmpobesicnas pazepy3ra, KOBULOBbLI 311e8aMop, Mpaekmopust OGUNCEHUsL, OMHOCU-

meJjlbHast CKOpocCnite, HOpus, Y20/l Menmanusl.

JlaHHas cTaThs aKTyajbHa IJs OTPaciu Celb-
CKOr0 XO3sIICTBa. YBEJMYEHUE YPOXKANHOCTH, 3ep-
HOBBIX KYJbTYp SB/SIETCS OJHMM M3 [JIABHBIX
HaIpaBJICHUM B CEJILCKOM XxO3siicTBe. KMMeHHO
3epHa, BcE OoJiee ysI3BUMBbI K MEXaHU4YE€CKOMY BO3-
JIEUCTBHUIO, NPU HEOJAHOKPATHOU Meperpy3Ke Mmoces-
HbIX MaTe€pUaloB BOZHUKAET TPABMUPOBAHUE 3HAUU-
TEJIbHOM YacTH 3epHa, YTO MPUBOAUT K €ro Mocjieay-
romuM HeBcxonaM. Mcxoas u3 atoro ¢akropa, Bo-
[poC pacyera NapaMeTpoB 1eBATOPA SBJISIETCS BaXK-
HOM M aKTyaJIbHOHM 3aJa4eli, MO3BOJIAIOUICH Ha OC-
HOBE a/IeKBaTHbIX MaTeMaTUYECKUX MOJeed ONTu-
MU3UPOBATh KOHCTPYKLIMOHHBIE U TEXHOJIOTMYECKHE
rnapameTpa 3J€BaTopa Mo KpUTepyu0 MUHUMAJIbLHOTO
TPaBMUPOBAHUS 3€pHA.

OCHOBHBIM (haKTOPOM, OMpPeAESIONINM Mapa-
METpPbI JIGHTOUYHOro OapabaHHOro MeXaHHW3Ma HO-
puu, SBISETCs MPOLIecC pa3rpy3Ku KOBLUEH U CBS-
3aHHBIN C HUM XapaKTep CBOOOHOTO IBHXKEHUS 3ep-
HOBOTI'O MIOTOKA B F'OJIOBKE, OT KOTOPBIX 3aBUCST MPO-
HU3BOJIUTEIBLHOCTh M KAueCTBO MEpPErpy3ku 3epHa.
Kak mnpaBuiio, BbICOKONPOW3BOAUTENbHbIE 3JIEBa-

TOpBbI ¢ OOJIBILION CKOPOCTBIO IBW)KEHMS JICHTHI pa-
00TalOT B peskMMe LEHTPOOEKHOM pasrpy3Kku KOB-
uiel, KOTOPbIi HAUMEHee U3YyYeH B CBSI3M CO CJIOXK-
HOCTBIO (PM3MKO-MEXaHUUECKOro mporecca.
OneBarop — 3TO MalllMHAa HENpepbIBHOIO Aei-
CTBMs, PEACTABIAIOIAs cO00I BEpTUKATbHbIH J1eH-
TOYHBIN (B HEKOTOPBIX clly4asX LEMHON) KOHBeiiep,
npeaHa3HaYeHHbIH Ui NepeMeLleHrs] HACBIMHbIX U
LWITYYHBIX I'PY30B MOJ YIJIOM, KaK Mmpasuiio, 60—82 °.
OCHOBHBIMM MapaMeTpaMu SIBJISIIOTCS MOLIHOCTb Ha
MPUBOIHOM Bajly 3JI€BATOPa, MOLIHOCTb JIBUIaTels,
4acToTa BpalleHus MPUBOIHOIO Baja 3jeBaropa, mne-
penaTovHOe YMCIIO MEXKAY BaJOM JBUraTelis U Npu-
BOJHBIM BaJIOM 3JieBaTopa. Tak ke BaXKHEHIIUM Ma-
paMeTpoM SBJISIETCS MPOLIECC pa3rpy3Ku, B KOTOPOM
Oonblloe BHUMaHUE yaelseTcs TpaBMUPOBAHUIO Ma-
Tepuasa o CTEeHKHU Kopiyca snesaropa. [Ipouecc pas-
IPY3KH CBIITy4Yero Marepuana COCTOMT U3 JBYX B3au-
MOCBSI3aHHBIX 3TaroB: MEPBbIi - 3TO ABMKEHHUE Ma-
Tepuasa BHYTPU KOBLIA C AajbHEHIINM BbIOPOCOM,
BTOPOM - cBOOOIHBIN NOJIET 3epHa B TOJIOBKE HOPUU
MO TPaeKTOPUU, MapaMeTpbl KOTOPOil 3aBUCAT OT
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CKOpPOCTH W yIjia MeTaHus 3epHa. [laHHble mapa-
METpPbI MATION3yUeHHBI, XOTsl OYEHb aKTyaIbHbI, €CTh
TUMOTE3bl PA3IUYHBIX YUEHHBIX, KOTOPHIC BEJTU pa3-
pabOTKHU O TEOpUH JIBHKEHUS YaCTHIl BHYTPH dJieBa-
TOpa, HO KaKAas TUroTe3a pa3HWLA C IPpYrod U He
YUUTBIBAET TOrO WM WHOro aktopa. [loatomy
HY’>KHO TPOBECTH aHaJIU3 TEOPETHUYECKUX 3aKOHO-
MEpHOCTeH pacueTa 3JeBaTOPOB, BBISBUTH MPEUMY-
LIECTBa U HEOCTATKH KAKAOH METOAMKH, C LEIbIO
co37aHMs pacueTHOM 0a3bl AJIs MOCTPOSHUST HOBBIX
MaTEeMaTHYECKUX 3aKOHOMEPHOCTEH, KOTOphIe T03-
BOJIAT CO3/1aTh TEOPETUYECKHE OCHOBBI pacyeTa CKO-
POCTHBIX 3JICBATOPOB, C YYETOM TE€X KPUTECPHEB U Ta-
paMeTpoB, KOTOPbBIC paHbIIIe YYTSHBI HE ObLIH.

OcHoBHasi yactb. Hauano pazpabotku Teopru
KOBIIOBBIX 3JIEBATOPOB ObLJIO TOJIOKEHO paboToM
A.B. Cukepuna [10]. B ocHOBY Obljia TIOJI0OXKEHA T'H-
note3a O TOM, 4YTO TMpPH BBIOpOCE MaTepHaia u3
KOBIIIA YaCTHUIBI TOJKHBI JBUTATHCS BIIOJIb HIDKHEH
WM BepXHeH CTEHKU B 3aBUCHUMOCTH OT KMHEMAaTH-
YeCcKOoro pekumMa. bbutn cocTaBieHbl U pacCCMOTPEHBI
YPaBHEHHS IBIKEHUS YaCTULIBI MaTepraia 1o BHyT-
peHHel CTeHKe KOBINA, BBISCHEHO CYIIECTBEHHOE
BJIMSIHUE KOPHOJMCOBOIO YCKOPEHHMsl Ha cOpoc ya-
cTutbl [6].

PazeuBas upeto A.B. CukeprHa o IBWXEHHUU
YacTUllbl MaTepuala 1Mo TUIOCKOW CTeHKe KOBIIA C
yuerom cunbl Kopuonuca, npodeccop I1.C. Ko3sb-
MUH COCTaBHII ¥ J1aj penienue auddepeHansHOro
YpaBHEHHUs [IBMKCHHMS YaCTHUIbl Marepuaiga Tio
BHEIIHEe KPOMKE KOBIIA, KOTOPOE /AaeT 3aBUCH-
MOCTb MEXAY NPOHASHHONW YaCTULIEW MO CTEHKE Iy~
TeM S ¥ YIJIOM TOBOPOTa MeprieHAUKYIIsIpa, TpoBe-
JIEHHOTO U3 LIEHTPa BpalleHHs Ha JIMHUIO MII0CKOCTH
MPAMOJIMHEMHOM CTEHKM KOBLLIA, OMNPEIESIOLIEro
nosnoxeHue kosuia [11]. Pewnenue gaHo B BUae ot-
Hotuenus S/4 (h - paccTosiHUE MOJTIOCca), KOTOPOE Bbi-
pakaeTcsi [POMO3AKMM COYETAHUEM MOKa3aTelbHbIX
Y TPUTOHOMETPUYECKUX (PYHKIMI YIJIOB MOBOpPOTA
wt u yrna tpenus p. [1.C. Ko3pmun noctpoun psn
rpadMKOB, MO3BOJISAIOLIMX MMONYUYUTh MPUOIHKEH-
HbIE BBIPAXKCHMUS.

B naneneiimem H.K. ®@aneesbiM [ 19] 6b110 ce-
JIAHO MPEATOJIOKEeHHE, YTO BIUSIHNUE CUJI TPEHUS MIPH
JBIKEHUH YacTHI] TIO CTeHKaM He3HAYWTEJTbHO, TaK
KaK COCTABJISIOIINE CUJIbl UHEPIIUU U CUJTBI TSIKECTH
JIEHCTBYIOT B pa3Hble CTOPOHBI M pa3HHUIla UX HeBe-
JIMKa, a KOPUOJMCOBas cuiia Mana. B cBs3u ¢ aTuMm
H.K. ®aneep cuuraet, uTo BhIpaxkeHue s S/h Mo-
JKeT OBITh ynpolleHo, npunumas p = (. AHanus pe-
mennii A.B. Cuxepuna u [1.C. Ko3bmuna, npose-
nenneiii HK. ®aneeBriM, mokasan, 4To ABH)KEHHE
YaCTHII TI0 BHELITHEH CTEHKE NP yIJie MOBOpOTa Me-
Hee 90 ° HeBO3MOXKeH, MOCKOIbKY He BBITIOJHIETCS
YCIIOBUE OTCYTCTBHUS OTPhIBA YacTUL OT cTeHKH. [1pu
STOM YCTAHOBJICHO, YTO JJIMHA BEpPXHEH CTEHKH

KoBIIa [ = s, He JJOJKHA MPEBBIIIATh BeIM4nHY | =
0,4 - g, rie ry-panuyc Oapabana.

Hns Toro, uroObl yacThua mpouuia MmyTsh [ =
0,4 - 5, KOBLI JOMKEH MOBEPHYTHCSI OT BEPTHUKAIIb-
HOW OCH Ha yroJi:

<p=wtz110-3%”5, (1)

N3 dopmynsl nomyuaem @ = 81°. Ipakruye-
CKHe pacyeThl MOKa3bIBAIOT, YTO 3TOT yroi Oosblue,
yem 90 — ¢@,,, (¢, - HAYATIBHBIA YTOJ IBWKEHHS), a,
clieloBaTeIbHO, MaTeprall He MoNnaaaeT B OTBOJHOM
pykas (J10TOK) aneBaTopa. [loaTomy ass moaHOro ot-
CYTCTBHSI OOpPaTHOM CBINIM B XOJIOCTYIO BETBb dJieBa-
TOpa AJMMHA TMepeAHed CTeHKH He MOXeT ObITh
6osbiie, yem 0,25 - 15. B ¢Bs3M ¢ 3TUM 17151 BBICOKO-
CKOPOCTHBIX 3€PHOBBIX HOPHWI-3]IEBATOPOB PEKO-
MEHIyeTCsl IPUMEHSTh JI0OCTAaTOYHO OOJIbIINE aua-
MeTpbl 6apabaHOB MPU OTHOCUTEIHHO MAITbIX pa3Me-
pax KOBILEH, KaK U OCYILECTBISIOCh B HOPUSX CTa-
PBIX KOHCTpYKLMit [3].

H.K. ®ageeB Tak:ke OTMEUAET, YTO 3THU 3aBHCH-
MOCTH HeJlb3sl KCTIONb30BaTh 715 aHAJIM3a ABKEHUS
MaTepuala, KOTOPbI He JIEKUT Ha CTEeHKax KOBIIA,
TaK KaK MCTMHHOE HanpaBJIeHUEe IBHKEHUS YacTHL] B
KoBIIe TMpakThueckd He u3BecTHo. H.K. ®Danees
MpearnoiaraeT, 4To BBIXOJA MaTepuana M3 KOBILIA
MPOMCXOANT B pe3ysibTare OTpbIBA YacTHL OT TO-
BEPXHOCTH, 00pa30BaHHOMN pa3/ieIUTeIbHON THHUEH
PA (puc. 1), coequnstomeit nomntoc P ¢ Toukoii A Ha
KPOMKE BepXHel CTeHKM KoBIua. Takoe Hampasiie-
HUe JBIDKEHUS MaTepuana B KOBLUEe He ObLIO Moj-
TBEPK/IEHO AalIbHEHIIIMMU HAOIFOACHUAMU [5].

[podeccop IN1.C. Ko3bMUH Npeanionkun Takke
METO/ MOCTPOSHUS TPAEKTOPHIA, ABMIKEHHE YaCTULIbI
B FOJIOBKE 3JI€BaTOPA, [oJiaras, YTo KOOpAMHAaThl TO-
4yeK napaboNMYecKOil TPaeKTOPUM MOXHO omnpene-
JIMTb C MOMOLLBIO YPaBHEHUH:

2
x=19-t;y=%. 2)

Koopnunara x orknaneiBaeTcs BAOJIb Kaca-
TEeJIbHOM, MPOBEASHHOM B JIIOOOH TOUKE Ha OKPY>KHO-
CTH paJuyca BHEIIHel KpoMKku KoBia Ry, [2]. Touku
Ha KacaTeJIbHOM BbIXOJSAT COOTBETCTBEHHO /sl Bpe-
MEHHU t, KOTOpOe MOC/IeA0BaTEIbHO MPUHUMAETCS B
nonsx cekyHabl nopsaaka 0,1; 0,2; 0,3 u t.4. U3 kax-
JI0M TOUKM Ha KacaTeNnbHOU, NePIEHAMKYISPHO K ro-
PU3OHTAJIbHOM TJIOCKOCTH OTKJIAABIBAIOTCSl OTPE3KH
paBHble ¥ . CoeauHsss KOHLbI OTPE3KOB MJIABHOM
KPUBOH, MOjy4aeM MapaboM4ecKyl0 TPaeKTOPHIO
JBW)KEHUS! HaCTHULbl C HAYAJIOM B TOUKE KacaHHUsI.

Ha puc. 2 npuseneHa cxema nocTpoeHus Tpaek-
Topuii u popmbl ronoeku 1o metoay [1.C. Kozpmuna
JUTSI IEHTPOOEKHO-TPaBUTALIMOHHOM pasrpy3ku [12].

Takol MeToA MOCTPOEHUs] TPACKTOPUW SBIS-
eTcsi MPUONMKEHHBIM, TIOCKOJIbKY CKOPOCTh MeTa-
Hue ¥ npruHUMAaeTCs paBHOM NepeHOCHOH J,,, TO €CTh
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OKpY>KHOM CKOpOCTH JieHTbl. Ha camom aesne npu co-
YeTaHUM BPALLATEbHOTO M MOCTYMaTeIbHOrO ABU-
JKeHU abcomMoTHas CKOPOCTh MeTaHUs OyeT ornpe-
JIENIAThCS TeOMETPUUECKOH CyMMO# mepeHocHoM U,
Y OTHOCHUTENIbHOU Jg CKOPOCTEH IBMYKEHUS YaCTHLIBI
npu BeIOpoce u3 koBia [4]. BenuuuHa v Hanpasiie-
HHe BeKTOopa abCOMOTHOM cKkOopocTu OyeT 3aBUCETb
OT BEJIMUMHBI M HaNpPaBJICHUs BEKTOPa OTHOCHUTEIb-
HOM cropocth. D10 obcToarennbcTBo yuen H.K. Da-

JleeB, mosarasi, YTO OTHOCHTEIIbHOW CKOPOCTBIO SIB-
JISeTCSl CKOPOCTh JABW)KEHHUS YaCTHIIBI BIIOJIb BEpPX-
Hel KpPOMKHM KOBINA, W KOTOPYHO MPHOIMIKEHHO
MOXHO OMPEETUTh MO 3aBUCUMOCTH:

9, =0 3s

rzwt’

3)

rae S — npoineHHbIN 10 copoca myTh, wt — yroJ mo-
BOpOTa KOBILA 32 BPeMs ABMXKEHHS YacTHLbI, ¥ —
CKOPOCTb JICHTBI.

{/.’

Puc. 1. TIpenensHoe NMONOKeHHE MOBEPXHOCTH MaTepHaa
o rmockoct PA: h — BeicoTa momoca; P — noitoc; A — KpOMKH KOBIIA

iy

Ks

A A A A A S A

P

Puc. 2. Cxema noctpoenust TpaekTopuii u popmbl orudatouieii ronosku mo merony I1.C. Kospmuna:
R, — panuyc 6apabaHa; R; — paauyc BHELIHell KpOMKH; a; — g — TOUKU NOCTPOEHUs ¢ 1arom B 30°;
K; — K¢ - KacatenbHble TpaekTopun; H - BeicoTa mapabodbl; i — BbICOTA MONOCA; X = Ut — ypaBHEHHE IBWKEHUS
3epHa

IlpenBapuTenbHblii aHaIU3 MOKAa3bIBAET, YTO

9TOT

crnocod

onpeaeneHus

OTHOCHUTEIBHOMI

CKOPOCTHU MNPEACTABJIACT Oounblve

TPYAHOCTH,

MOCKOJIbKY

TpeOyeT TIpOMO3IKMX BBIYMCIICHHI.

Kpome Toro, B 3TOM cilyyae BEKTOp OTHOCHUTEIbHON
CKOPOCTH HarpasJjieH B CTOPOHY JBHKEHUS KOBLIA U,

cJie/IoBaTeNbHO, CKOPOCTh MeTaHus OyneT OoJblie
nepeHocHol [7]. BenanuuHy aGcontoTHOM ckOpoCcTH
MO’KHO OMNpPEAESUTh TOJBbKO MyTeM FreOMETPUUYECKUX
MOCTPOEHUH.

B paborte [16] paccmoTpeH npoiiecc pa3rpy3Ku
KoBIUeH Oe3 AHA, YTO BXOAAT APYr B Apyra H
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UMeIoe  CHeUU(pUUECKYI0  MPSMOJIUHEHHYIO
dopmy (puc. 3). B npouecce wuccnenoBaHus
MPUHATO, YTO MaTepuasn CKOJBb3WUT BAOJNb BEpXHEH
MPSIMOJIMHEHHON  CTEeHKM KOBIIA M BEKTOp
OTHOCHUTEJIbHON CKOPOCTU HalpaBj€H BAOJbL 3TOH
CTeHKM. B 3TOM cilyyae BEKTOpP OTHOCUTENIbHOM
CKOPOCTH HarmpasJieH MoJ YTJIOM K paJinyCy KOBIIA U
OTKJIOHEH B CTOPOHY ero nBwmxeHus. s
LEHTPOOEKHON pasrpy3ku MOJIYHEHO ClleAyroLlee
3HA4YE€HUE OTHOCUTENIbHOM CKOPOCTH:

rie A — BbUIET KOBINA, & — YroJl MOPry3K! KOBIIA,
y = 180/n — yron, o0pa3oBaHHbIi paguycamu 1, U
7; (N — YMClIO KOBLIGH HA JUIMHE T T), ¢ — Yroi
Tpeuusi. CornmacHo  ¢opmynbl  ckopocTb U,
YBEJIMUMBACTCA C YBEIIMYEHHUEM YIJIOB ¢ U Y W
YMEHBIIAETCS C  YBEIMYECHHUEM Yria TPEeHHUs
(koaddunrenta TpeHus). AOCONIOTHAs CKOPOCTh
BbIOpoca U, Gombliie MepeHOCHOW CcKopocTH U, u
COIJIACHO TEOMETPUUECKON CXeMe YBEJIMUMBACTCS C
YBEIIMYEHHEM OTHOCHTENbHON ckopocTh U, [8].

_ 2 (r+A)cos2(a—¢)
9, = w\/(r +A) o ) 4

).r N FF"H

, \\ / U,
i T

N &
- e
A

g I

Puc. 3. CxeMa Kk ompefieNIeHHIO OTHOCHTENEHOM CKOPOCTH MEepeMeIeH:s MaTepraia pH HEeHTPoOeKHOM pasrpyske
KOBILIA: A — BbUIET KOBILIA; (¢ — YTOJl TPEHUS; ¥ — YTroJl MEKAY Ty U 1y ; ¥, — abComoTHas CKopocTs BbiOpoca; U, —
NEePEHOCHOs CKOPOCTh; ¥, — OTHOCHUTEJIbHAs CKOpOCTb; F,™ n K™ — cunbl nHepLuK

C yuetoM 3HaueHud U, , TOCTPOEHBI
TPAeKTOPUHM CBOOOTHOTO MOJIETA YACTUIl MaTepuaia
B rojoBke Hopuu no metonuke I1.C. Kozbmuna, a
TaKke HaHECeHbl BEPXHSS W HWKHSS TPaHULBI B

CKOpPOCTHOH KMHOCheMKkH (puc. 4). HMccnenoBanue
MpOBEIEHO MPU KUHEMATHUYECKOM pEKMME C
nokazatesiem p = 0,425 (9, = 2,4 m/c, Dg = 0,5 m)
[18].

BUIOC KpI/IBI:IX, HOJ'[y'-IeHHbIX C IIOMOILIIBIO
e = = O o
/* AN ? S
700 . : 5
601 — S B ,
{ 2 - ~r. / A - *L
500 v s = et
V1 T P
Q| a7 > —-’::.S;r - -
}5 Uﬂ I /- K 7§‘ 7 h‘:--““"‘"‘- // B
/A A 1] ]
A7 l% 7 -~
o T
o0
] >

Puc. 4. Tpaekropun IBUKEHUS YaCTULL, ONPENEIAIOIINE IBHKEHNE TOJOBKH:

1 — BepxHUil mpezes TpaeKTOPUH MOJIETa YaCTHL, MOTYyYEHHbIH CKOPOCTHOI KMHOCBEMKOM; 2 — CyMMa KpPUBBIX,
MOJY4€HHBIX MyTeM NOCTPOEHHUS C yUETOM TPEHMS YaCTULl O CTEHKY KOBILA; 3 — BEpXHUI Mpeles KPUBbIX,
MOCTPOEHHBIX 0e3 yueTa TpeHusl; 4 — HWKHUI Tpesiel TPaeKTOPHii 1oJieTa YacTHLL, MOJTyYeHHbII CKOPOCTHON
KUMHOCBHEMKOiL
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Kax BuaHO U3 puc. 4, MOCTpOEHHbBIE pacUyeTHBIS
TPaeKTOPUH JBMKSHHUS YacTHILL C Y4€TOM MX TPEHUS
0 CTEHKY KOBILA, TaK U 0e3 yueTa TpeHus abCoMIOTHO
HE BIHMCBIBAIOTCS B pealibHble KPUBOJMHEHHbIE
rpaHWIbl TOTOKA, OMNpE/eIeHHbIe C TOMOLIBIO
CKOPOCTHOM KWHOCBEMKH, OZJHAaKO
H.K. ®aneeB He maeT mo 3ToMy MOBOAY HHKAKHX
obbsichenmii. Ha camom  gene  TpaekTopuu
MOCTPOSHBI 0  HETPAaBWIILHO  OMpe/IeIEHHOMY
3Ha4YeHMto (Kak Mo BeJWYMHe, Tak MW 10
HampaBJICHHUIO) OTHOCUTENbHOW M  abCOMOTHON
CKOPOCTH. 3Ha4deHHWe OTHOCHTENBHOW CKOpOCTH U,
no Qopmyne (4) He 3aBUCHT OT yrjla MOBOPOTa
KOBIIA U MPH ABWKEHHUHW KOBILA [0 KPYTy SBJISETCS
BEJIMYMHOM TOCTOSHHOW, B TO BpeMs, Kak OyneT
MOKa3aHO Jajiee, peaJibHO OHA YBEJIMYMBAeTCS OT
HyJIsl 10 MakCUMyMa TpH yriie MOBOPOTa KOBIIA B
npenenax 0+180°. BekTop oTHOCHTEIHHON CKOPOCTH
JIBIDKEHUS 4acTHL OyIeT HalpaBJieH 10 OTHOILEHUTO
K paauycy KOBIIa B CTOPOHY, MPOTHBOMOJIOKHYIO
HamnpaBJICHUIO BpallleHHWs, W, COOTBETCTBEHHO,
BeJINYMHA a0COTFOTHOM CKOPOCTH W HampaBJIeHUe ee
BeKTOpa OyayT APYrMMH, TpH 3TOM BeIWYHMHA
abCOJIFOTHOM CKOPOCTH U, He OyneT Oosbliei, YyeM
BenMuMHA TepeHocHor U, [9]. BcemeactBue sToro
TPACKTOPUH TOJIeTa YacTHIl OyIyT Kopoue U Oosee
KPUBBIMM, YTO M 3aHUKCHpOBana CKOPOCTHas
KMHOCBHEMKA.

[Mpumenenne  GonmbIIMX
SNIEBATOPHBIX  HOPHSX
Kpeiimepmanom c
"CoroznponmMatuuusl”  [17].
BBISICHUTD BO3MOXHOCTb

CKOpocTe  Ha
uccnepopanuch .M.
COTPYAHUKAMU
CraBunace 3ajgauva
MOBBILIEHHS

N
.

MPOU3BOJUTEIILHOCTH HOPUHM IMYTEM [OBBIIICHUS
CKOpocTH pabourx opraHoB. JIMMHUTOM CKOpOCTH
CITy?KWJIO OAHO M3 CIIEIYIOLIMX YCJIOBHUM: 3aMETHOE
paspylIeHHe 3epHa; o0paTHas Chillb B HUCXOSALLYIO
BeTBb (He Oounee 1,5...2 %); mosBiIeHHe ChIMa 3epHa
Ha BOCXOJsNICH BETKe; YCIOKHEHHE KOHCTPYKIIWH,
rmaBHbIM ~ oOpa3om,  rosnoBku.  Mcmbitanus
MPOBOJVITUCH HA CKOPOCTIX 2,3; 3,68; 4,86 n 6,2 m/c
JUIS LIECTH TUIOB KOBLUEH pPAa3NIMYHON €MKOCTHU U
KOHCTPYKUMH. B kauecTBe  MOJOXKHUTENbHBIX
pe3y/NbTaTOB  MOXXHO  OTMETHTh  ClIeAylollee:
BOMPEKH OBITYIOIIEMY MHEHHIO O TOM, 4TO C
YBEJIMUEHHUEM CKOpPOCTH 0e3 COOTBETCTBYIOLIETO
yBeJIMUeHUs nuamerpa OapabaHa oObeM oOpaTHOM
ChINU Oy/ieT yBenuuuBarthes [ 1], Oblia COBEPIIEHHO
YeTKO BbISIBJIICHA TEHJICHIIUS K CHYKEHUIO 00paTHOM
CBIIMM TIPU YBEJIMYEHUU CKOPOCTH JeHThl. [loutn
MOJTHOE BhIOpACHIBAHWE ObIJIO MOIYYEHO Ja)e TpH
MajioM auaMerpe Oapabana (500 wmM) npu
MPUHYIAUTENBHOM JBW)KEHHHM 3€pHa C HU3KUM
KPUBOJIMHEHHBIM ~ CBOJAOM TOJIOBKM B  BHIE
W30THYTOTO JKEJEe3HOro JIMCTAa, TPU JIOCTATOYHO
BBICOKOM CKOpOCTH JieHTBl 3,68 ™m/c (puc. 5).
KoadduumeHT 3anonHeHns KoBia MPaKTHUECKH He
BJIMSET Ha BbIOpachiBaHUE 3epHA U OOPATHYIO ChITIb,
HO BJIUSIET HA MPSIMYIO ChITb (ChIMb B BOCXOJIAIILYIO
BeTBb  Hopuu). llpm  mogpeme  ypoBeHb
€CTeCTBEHHOT0 OTKOCa 3€pHa B KOBILE HE NOJDKEH
MpeBBIIaTh 5° 4TO W omnpenaenser HeoOXOIUMbIe
napamMeTpsl koia [20].

HcnbiTaHuss mpoBONMIKCH AJi MUICHWLbl U
OBca, BJI@XHOCTb 3EPHOBOrO  Marepuana He

YKa3blBajl1ach.

Puc. 5. TpaekTopuu ABUKEHUS 3€pHA NPU NPUHYAUTENBHON pa3rpys3ke:
1 — >kene3HbI KOKYX; 2 — TOTOK AJIS ChbINY; 3 — JIEHTa

Uepes cneuuanbHble MpoO3payHble CTEHKU
FOJOBKM  KMHOCBhEMKOW  Obll  3aduKcUpPOBaH
XapakTep  TpaeKTopuii  BbIOpoca  3epHa B

OTHOCUTEJIbLHOM JIBMXKEHUU W Ipe€ArnoJjiaracmblie

TPaeKTOPUM IBMXKEHUS YAaCTULL B IOTOKE 3€PHOBOTO
Matepuana [20]. [lomydeHHble NaHHBIE HAIJISIHO
MOKa3bIBAIOT, YTO OTHOCUTEIBHOE IBMKEHUE YaCTHL]
HE TPOUCXOAMT BIOJb CTEHKHM KOBINA, a TIOA
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JIeHCTBHEM LEeHTPOOeKHONW CHIIBI BhIOpachIBaeTcs
BBEPX 10 KPUBOJMHEUHOU TPAEKTOPUH, BBITYKIJIOCTh
KOTOPOIl HampasyieHa B CTOPOHY ABM)KEHHsI KOBLLIA.
Ha puc. 5 uerko BMIHO, YTO OTHOCHUTENbHAs
CKOpPOCTh BbIOpOCa yBEIMUYMBAeTCs OT HyJsS 10
MakCMMyMa MpH TMOBOpOTe KoBIIA B mpexenax 0-
180°.  Ilpm  TakoW  TpaeKTOpUM  BEKTOp
OTHOCHTEIIEHON CKOPOCTH OyAeT OTKJIOHAThCS B
CTOPOHY, MPOTUBOMOJIOKHYIO  HarpaBJICHUIO
JBW)KEHUs KOBILA, YTO CYLIECTBEHHO MOBJMSET Ha
BEJIMYMHY M HanpaBiieHWe BeKTOpa abCOMOTHON
ckopoctn Mmetanus [15]. K coxanenmo, I'.H.
KpeiimepmanoM nomyuieHbl OWIMOKM B JAHHBIX O
KonuyecTBe OOpaTHOW ChIMM TpPU  Pa3IMUHBIX
KMHEMaTU4YeCKUX PEeXXMMaX U NPH Pa3IniIHbIX TUIAX
UCTIBITYeMbIX KoBIIeH. OcoOblil MHTEepecC BBI3BIBAIOT
JaHHbIe O KOJIMYECTBE CHINM B Hayajle pasrpy3Ku
(cbimb No2). Ceirb Ne 1 u3mepsnach B HIDKHEH 4acTH
Hucxofdedd BeTBH (B xonoctoit TpyGe). TI'.H.
Kpeiimepman MoJ4epKUBAET ocobyto
MOJIOXKUTENBHYIO POJIb OTPaHUYUTENIFHOTO CBOJA
ronoBkd. OnHaKo Tmpemiaraemble UM KOHTYpPBI
TOJIOBOK, TIOCTPOEHHBIX Ha OCHOBE TPaeKTOPHH MO
metony I1.C. KozpmuHa Ge3 ydera OTHOCHTENbHON
CKOPOCTH, SIBJISIFOTCS] TPOMO3/IKMMH U UX TTapaMeTpbl
HE COOTBETCTBYIOT TMapamMeTpamM COBPEMEHHBIX
TOJIOBOK BEOYLIMX 3apyOeKHBIX MPOU3BOIUTEICH.
Haunbonee ueHHbIM MaTepuanoM Ui H3Y4eHHs
rpolecca JBMKEHHUS 3€PHOBOTO MaTeprasia B KOBLIE
Mpu  BbIOpPachIBaHUM  SBJISIIOTCS  PE3YJIbTaThl
rccnenoanus, npoeeneHHoro [1.I1. AprembeBbiM 1
npuBeneHHble B ucTtouHuke [13]. Tpaektopum,
nonyyeHHsle IL.II. AprempeBbBIM ¢ MOMOLIBIO
CKOPOCTHOH  KMHOCBEMKHM MpPU  OTCYTCTBUM
OrpaHUYMTENFHOIO CBOJA TOJIOBKH, MO XapakTepy
COBMAAAlOT C TPAEGKTOPUAMH, MPUBEAECHHBIMU B
pabore [14], oHAKO LIEHHOCTD 3aKIJIIOYAETCS B TOM,

YTO  OHM  MOJMY4eHbl /sl  KOHKPETHBIX
KUHEMaTHYECKUX PEIKHMOB.
Dnearop, paboTaroluii B pexxume

LEHTPOOEKHON Harpy3Kku, SIBJISETCS MeTaTesbHON
MmawiHoi. [loaToMy moctpoeHue napaboaMUYEcKUX
TPaeKTOpuil cBOOOIHOrO MoJjeTa 3epHa B TONOBKE
HOPMM B NPSIMOYIOJIbHBIX KOOPAMHATAX C HA4yaJioM
KOOpAMHAT B TOYKE BbLI€Ta MOYKHO MPOBOAUTH MO
ypaBHEHHUIO 0e3 yueTa COMPOTUBIIEHUS BO3yXa:

— . g-x? 5

y=xtga — g )

rime x u y — TOPU3OHTAJIbHBIE W BEPTHUKAJILHLIC
KOOpAUHATBI YaCTUllbl, 0.’0 — Yrojl HakjJoOHa K

TOPU30HTY KacaTelIbHOW K TPaeKTOpUW B Hauaye
rosieTa, TO €CTh YIrojl BbUJIeTa dYacTHlbl, Uy —
HayajbHasi CKOPOCTh BblIETa (CKOPOCTh METaHUs).
BriBoabl. bbuiu npoaHaiu3upoBaHbl METOJUKU
OTEYECTBEHHBIX U 3apyOEKHBIX YUEHBIX 1O pacyeTy
napamMeTpoB JBIKEHHUS YacTHll B TOJIOBKE DJieBa-

Topa-HopuH. CorocTaBlIeHNE TEOPETUUECKUX U DKC-
MEPUMEHTAJIbHBIX JAHHBIX M0KAa3all0, YTO BbIpaXke-
Hus npodeccopa I1.C. Ko3pmuHa omnpeneneHus
OTHOCHTENILHOH CKOPOCTH MpeJCTaBisieT Oofblluue
TPYOHOCTH, TIOCKOJIBKY TpeOyeT TpOMO3IKHMX
BBIYMCIICHUH W HE MOTYT OBITh IPUMEHEHBI B Kaue-
CTBE 3aBUCUMOCTH B PaCUETHOW MOJENU JIBMIKEHUS
3epHa B rojioBke 3seBaropa. Hanbonee nocropepHoit
spnsiercst metoauka [L.I1. AprembeBa momyueHHas C
MOMOLLBIO CKOPOCTHOM KMHOCBHEMKH, XOTS OHa He
YUMTBIBaeT CONPOTHBIEHUE Bo3ayxa. JlaHHas Mo-
JIeJIb TIO3BOJIAET MOCTPOUTH TPACKTOPUH IBHKECHUS
YacTHULbI B FOJIOBKE JIeBATOpa U MOXKET ObITh MpH-
MEHEeHa i pacieTa KOHCTPYKLHMH 3J1eBaTopa BbICO-
KOW MPOU3BOAUTEILHOCTH.

IIpu BBIOOpE TOW WM MHOW METOIWKH pacdeTra
napamMeTpoB JIBMXKEHUSI HaCTHLL B dJieBaTOpe CleayeT
YUMTBIBaTh BIUSIHUE COIMYTCTBYIOIIErO BO3AYLIHOTO
MOTOKa, a Talkke TO OOCTOSTENBCTBO, HYTO TMPH
JOBW)KEHUHM 4YacTHUbl B TOTOKE OHAa BCTpeyaer
MeHbllee CONPOTHUBIEHHE, YeM MpH OJAWHOYHOM
IBKeHUH Tena. OKOHYaTeNbHBIH BBHIOOP MOXKHO
caenaThb npu MOCTPOCHUH HECKOJIBKHUX
KOHTPONBHBIX TPAaeKTOPUA M OLEHUTh BIIHSHUE
COTNIPOTHUBIICHUS BO3/yXa, U YCTAaHOBUTH Hambolee
HeOJIaronpHSTHBINA XapaKkTep TPaeKTOPUH TIPH yaape
YaCTHULBI O CBOJIbI TOJIOBKH.

HUHcemounuxk  ¢unancuposanua.  ['panma
npezuoenma Poccuiickoii  @eoepayuu N  MK-
4006.2021 4.
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ANALYTICAL STUDY OF THE UNLOADING PROCESS OF ELEVATOR BUCKETS

Abstract. The purpose of the article is to analyze the main results of the works that are used in the calcu-
lations of elevators with moderate speed modes, to clarify the suitability of their individual positions for de-
veloping the parameters of centrifugal unloading of high-speed elevators. Works devoted to the study of the
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operation of high-speed elevators, the results of which have not received a decent interpretation and develop-
ment, are of considerable interest. As the efficiency of high-speed elevators is determined by the quality of
centrifugal unloading and by the operation of the belt-drum mechanism without slipping, there is a need to
analyze the work aimed at solving this problem. The paper presents known solutions for determining the pa-
rameters of centrifugal unloading, which are based on various hypotheses of the movement of material parti-
cles inside the bucket. The physical and mechanical phenomena that affect the movement of material particles
in the elevator bucket are studied. The advantages and disadvantages of each hypothesis are revealed. The
theoretical study of the process of centrifugal unloading is complicated by the fact that during the movement
and exit of the material from the bucket, there is an unstable movement of the bulk material under the influence
of a changing system of forces: the forces of attraction, centrifugal and coriolis forces, and the friction force.
Meanwhile, even the simplest cases of material motion under a gravitational or mixed discharge regime are
difficult to analyze theoretically. In this regard, the dependencies and methods of constructing the trajectories
of the material movement are established, as well as the relevance of using a particular equation.
Keywords: centrifugal unloading, bucket elevator, trajectory, relative speed, noria, throwing angle.
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TOYHOCTh OBPABOTKH OTBEPCTU KOMBUHUPOBAHHBIM
NHCTPYMEHTOM

AHnHomauua. B npomvluinennocmu cmpoumenvHuiX MAmMepuanos, YeMeHmHou, NOPOUIKO8OL Memaiyp-
2UU NpUMeHslemcs pasiuuHoe KpynHozabapumuoe 000pyoosanue 01 nomona cuipwvs. Taxoe obopydosanue
npu SKCHIyamayuu No0Gepeaemcss GHEUHUM GO30eUCIBUIM, OCODEHHO 6 MeCmAax CHIbIKA, CHUNCAIOUUM
HAOEJICHOCHb V37108, Um0 NPUGOOUN K O0OCPOYHOU 3ameHe uzHauusaemvix oemanei. Kpynnvie y3ivl nOMONb-
HBIX MelbHuY coedunsiomes granyamu. Kpensmesi gpranyvl bonmamu, uacms u3 KOmopwvlx OO0JHCHbL OblNb
NPeYUIUOHHBIMY, MAK KAK OHU GOCUPUHUMAIOM HAZPY3KY 000PYO0BAHUSL U 0DeCneNusaiom 2epmMemuuHoCb
coeounenus. Omeepcmusi ROO NPeYU3UOHHBIE DOIMBbL COOMBEMCIMEEHHO OO0JINCHbI ObIIMb MOYHLIMU U KAYe-
cmeennvimu. llpusooumces ucciedosanue odpabomru omeepcmuii 3eHKePOM-paszepmKkon. Y uncmpymenma
pedicyuue sleMeHmyl, 8 6U0e MHO202PAHHBIX NAACTUH, HA KOPNYCe KPEeNsmcs MEXaHUYeCcKU, Ymo oaen Go3-
MOJICHOCHIb NPU UBHOCE WU NOJIOMKE OblCmpO 3ameHums niacmury. Taxoii coopubiil KOMOUHUPOBAHHYLII pe-
ACYUPUTT UHCIPYMEHHT NO3BOJIACT BLINOTHUMb 3eHKEPOBAHUE U PA36ePMbIGAHUE 8 00HY ONePayuio u mem ca-
MBIM COKpAMUMb 8pemst 00pabomKu 00H020 OMBEEPCIUSL U 8 YeNOM 6CeX NPEYUZUOHHBIX OMEePCMuil 60 (aan-
Yax pemMoHmupyemotl MeJvHuybl. Beisedena 3asucumocms mouHoCmu nPeYUsUOHHO20 OMEepcmus no opme
U NPOCMPAHCINGEHHOMY OMKIOHEHUIO ON1 PEICUMOB Pe3aHuUst 00pabomKU Npu UCHONBLI0BAHUU KOMOUHUPOBAH-
HO20 UHCIPYMeHmMA. 3a8UCUMOCb YCIMAHOGAeHA OJisl 00PAOOMKU ¢ UCTIONB308AHUEM NEPEHOCHO20 YCMPOli-
CMBA ¢ GLLOGUIICHBIM WINUHOETIeM, KAK Hauboee npumensemoe obopyoosanue npu pemonme. IIpedcmagnen-
HAsL 3A6UCUMOCTb NO360JIeM CHPOZHO3UPOBANTS MOYHOCHL 00PAOOMKU OMEEPCTNUL KOMOUHUPOBAHHBLM UH-
CIPYMEHIOM C YYemoM JICeCMKOCINU MEXHONI02UYECKOT CUCIEeMbl U PACCYUMAams mpeoyemyio moYHOCHb

pazeepmxi.

Knwueevie cnosa: omeepcmusl, MejlbHUYb, d)]laHL]bl, npeyusuUoHHble OmeepCcmus, 1<0M6uHup06aHan7 UH-

CIPYMEHM.

BBeaenne. KpynHorabaputHoe o6opynoBaHue
3a MepUo]] IKCILTyaTalMy MOIBEPraeTcsi pa3inuHbIM
BUJIAM PEMOHTA, CBSI3aHHBIM C 3aMEHOW M3HOLIEH-
HBIX WJIM MOJIOMaHHBIX Y3710B Wi AeTaseid. [lomosnb-
Hble MEJIbHMLIbI, IPUMEHSIeMbIE Ul MPOU3BOACTBA
LeMeHTa, paboTaroT Mo HenpepbiBHOMY LUKY. [lo-
3TOMY CpPOKM pPEMOHTa, NpPH KOTOPOM MeNbHMLA
OCTaHABJIMBAETCS, OTPAKAIOTCS HA 00beMe BbIITyCKa
uemeHTa. /s cokpalieHusi BpeMeHH MPOCTOEB, CBS-
3aHHBIX C PEMOHTOM KPYMHOradaputrHoro ooopyao-
BaHMs, BEyTCsS M3bICKaHMs TEXHOJIOTHI U COOTBET-
CTBYIOLLIMX CPEICTB 15 peMOHTA. K TakuM TexHos10-
UM OTHOCHUTCSl 00paboTka 6e3 1eMoHTaxka 00opy-
JIOBAHMS WJTH 110 MECTY MOHTaka 3aMEHSIOLLETO y3J1a
C HCTOJIb30BaHMEM HECTAlIMOHAPHBIX CPEACTB MeXa-
HU3aLM1 PEMOHTHBIX pabOT TaKHX, KaK EPEHOCHBIC,
HaKJIaHbIe W TIPUCTABHbIE YCTPOWCTBA MM CTAHKH
[1, 2]. Bpamaroiuecs: 4acTH MOMOJBHBIX MeJIbHUI]
coeMHSIOTCS  (piIaHIAMH, KOTOpbIE CKPEIUISIOTCS
OosiTamMy, TOJIOBUHA WM TPEThsl HacTh KOTOPBIX
MPUXOJUTCS Ha Mpeuu3noHHble OonTel. Ha cpes pa-
0OTAaIOT TOJIBKO MpELM3UOHHbIe OOJITHI, TaK KakK Ha
HUX TPUXOJMTCS BCS Harpyska, BOCHPUHHMaeMas
npu pabote obopynoanuem [2, 3]. Bo dnannax non
NpeLU3UOHHbIE OOJThI, COOTBETCTBEHHO, OJIKHBI
ObITh 00paboTaHbl Npelr3MOHHbIe oTBepcTHs. s
obecrieueHrs] TPOYHOCTU U YCTONUMBOCTH (riaHile-
BBIX COEIMHEHHMH KPBILIEK ¢ KOPIYCOM MOMOJbHBIX

MEJIbHUL] Ha NMPEeLM3MOHHbIE OTBEPCTHUS yCTAHABIIH-
BAIOTCs NOBBILICHHBIMU TPEOOBAHUSIMH [0 TOYHOCTH
(OpMBI, IIEPOXOBATOCTH MOBEPXHOCTH U MPOCTpPaH-
CTBEHHBIM OTKJIOHeHMsM [3, 4]. [IpeunsronHbIe OT-
BepcTUsl BO (paHLIEBBIX COEAUHEHHSX MOMOJbHBIX
MEJIbHUL, Ha LEMEHTHbIX MNPeINpUsITHsIX TpH pe-
MOHTe 00padaThIBAIOT C MPUMEHEHHEM MEPEHOCHBIX
CTaHKOB WJIM YCTPOMCTB, WM Jaxke BpyuHyto [4, 5].
IlepeHOCHOH CBEpaMIIbHBIA CTAHOK yIOO€H B JKC-
TUTyaTalUM, TaK KaK UMEEeT y3eJl KperIeHHs, C TIOMO-
IbI0 KOTOPOTrO OH YCTAaHABJIMBAeTCsA Ha (IaHLbI C
¢uxcupoBaHueM Ha oOpabaTbiBaeMOE OTBEpCTHE U
kpenutcs [6]. [lepeHocHOE ycTpOicTBO y37a Kper-
JIeHUs] He UMEeT U ero HeoOXOJUMO MPOEKTHPOBATD
Y U3roTaBJIMBATh Ha caMoM 3aBojie [4].

B nanHoii pabote paccMaTpuBaeTcsi TEXHOJIO-
I'sl COBMECTHOM 00pabOTKU MPeLU3HOHHBIX OTBEp-
CTUH BO (hIaHLEBBIX COEAMHEHUSX MOMOJBHBIX
MeJIbHULL 3¢HKEPOM-Pa3BepTKOl C IPUMEHEHUEM Tie-
peHocHoro ctaHka. B paboTe ncrnonp3oBaHbl Mcclie-
JIOBaHMsI, KOTOpbIEe POBOMIIMCH HA PA3IMUHBIX Lie-
MEHTHBIX 3aBO/IaX, CBSA3aHHbIE ¢ 0OecreuyeHrueM Tou-
HOCTH 00pabOTKU OTBEepCTUl BO (hIaHIIaX MEIbHHIL.
Ha onHuX npeanpusTHsx NpUMeHsIach paszienbHas
TeXHOJOorusi 00pabOTKU OTBEPCTUH C MCIONIB30Ba-
HUEM CTalMOHAPHBIX CTAHKOB, HA JPYTHUX UCIONb30-
Bajlach COBMecTHas 00paboTka OTBEpCTUl MO MECTY
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MOHTaka C TPUMEHEHHEM TEePEeHOCHBIX YCTPOWCTB
[4].

Metogonorusa. CoBMmelieHHe oceil oTBepcTHit
B COeUHAEMBIX (JIaHLIAX SBISETCS OJHUM M3 OCHOB-
HBIX TpeOOBaHMI MPEUM3UOHHBIX OTBEpPCTHIl. DTO
TpeboBaHue obecreunBaeTCsi COBMECTHOM 00paboT-
KOH OTBEpCTHI C HCIONb30BaHUEM MEPEHOCHBIX
CTaHKOB WJIH YCTpoiicTB. OGpaboTka Mpen3nOHHBIX
OTBEPCTHH BBHITIOJIHAETCS 32 HECKOJIBKO TEPEXO/I0B:
CHayaja CBepJIeHHe OTBEpPCTUsl B CIUIOLIHOM Me-
TaJlle, 3aTeM 3eHKepOBaHHe U, €C/IU TOYHOCTb BbICO-
Kasi, TO BBITIONHseTcs pa3BepTbiBanue [4]. Kaxmprii
nepexoj] CBA3aH C 3aMEHOH pexyllero HHCTpY-
MEHTa, JIJ1sl Yero OH BBIBOAWTCS U3 30HBI pe3aHus Ha
paccTosiHue, MO3BOJIAIOIIee N3BIIeYb HHCTPYMEHT 13
LINMHAENS cBepauibHOU rosioBku. Ilocne ycra-
HOBKHM HOBOTO MHCTPYMEHTA B LIMWH/IENb CBEPIINIIb-
Has TOJIOBKA TepeMelaeTcs B HarpaBJIeHHUH 30HBI
pe3anus. Takum oOpa3om, MHOTO TiepexoiHas obpa-
60TKa, CBA3aHHAs C 3aMEHON PpEKyLIero HMHCTpPY-
MEHTa, BIIMSET Ha TPYAOEMKOCTb 0OpabOTKH, CBS-
3aHHYIO CO BCIIOMOTATeNIbHBIM BpPEMEHEM, 3aTpayu-
BaeMbIM Ha OTBOJ, CMEHY W MOJBOJ B 30HY pPe3aHus
nHcTpyMenta. O6paboTka oTBepcTHH KOMOHMHHMPO-
BaHHBIM HHCTPYMEHTOM — 3€HKEpOM-pa3BepTKOM
TMO3BOJISIET COKPAIIaTh U OCHOBHOE BpeMs, Tak Kak
OJIHOBPEMEHHO BBITOJIHAETCS 3¢HKEPOBaHNWE U Pas-
BEpThIBaHUE, a Takoke BpeMs Ha 00paboTKy Bcex OT-
BEPCTHH BO (pIIaHIEBBIX COSAMHEHUSX B LIETIOM.

O0paboTka TPEM3UOHHBIX OTBEPCTHUH MOCe
CBEpJICHHS] 3eHKepOM-pa3BepTKOM MO3BOIsAET obec-
MEeYNTh TOUHOCTh OTBEPCTHH U COKPaTHTh BpeMs Ha
00paboTKy — omnepaTHBHOE U B LIEJIOM 3a BeChb Ie-
prio 00pabOTKM BCeX OTBEpCTHU B OJHOM (priaHiie-
BOM COEJIMHEHUH MeNbHULBI [S5]. 3eHkep-pa3BepTka
ABJsieTCs COOPHBIM KOMOMHUPOBAHHBIM HHCTPYMEH-
TOM, Y KOTOPOTO PEXKYIINE SIIEMEHTBI TIPEICTABIISIOT
CTaH/apTHbIe MHOTOTpaHHbIe HerepeTayrBaeMble
TBEPJOCIUIABHbIE TUIACTHHBI, 3aKperJisieMble Mexa-
HUYECKM Ha KOpITyce MHCTPYMEHTa BHHTaMH (pHC.
1). Y unctpymeHTa ABa 3y0a, KOTOpbIe pa3/iesieHbl
NPSMBIMHA CTPY’KEYHBIMH KaHaBKaMH Uil BbIBeJle-
HUSI CTPY>KKH M3 30HBI pe3aHus. Takoli KOMOMHHUPO-
BaHHBIA MHCTPYMEHT MMeEET J[BE PEXYIIHE YaCTH.
IlepBas 4yacTb — 3eHKep, OCHaIIEeHa KBAaApPaTHBIMH
TJIaCTUHAMU, BTOpas YacTb — pa3BepTKa, OCHalIeHa
TpeXrpaHHBIMH TUTACTUHAMU. TOYHOCTH OTBEpCTHi
obecrieunBaeTcss BTOPOH CTYMEHBIO MHCTPYMEHTa —
pazBepTkoi. [I[pumMeHeHe MHOTOTpaHHBIX TUIACTHH,
3aKperyIsieMbIX MeXaHM4YEeCKH, TO3BOJIET OBICTPO
MOBEPHYTh X Ha JIPYTYIO TPaHb WM CMEHHTH TPH
nzHoce. [Ipu 3ToM He TpeOyeTcs Hanazka, Tak Kak
BBICOKasl TOYHOCTh TUIACTUH o0ecrieunBaeT Tpedye-
MYIO TOYHOCTbh MHCTPYMEHTa B Tpeiesax JOMycKa.
CoeaMHUTENIEHON YacThl0 MHCTPYMEHTA SBIISETCS
KOHMYECKHH XBOCTOBHMK, KOTOPbIM HWHCTPYMEHT
yCTaHaB/IMBaeTCs B IUMWHIENb CBEPIMIBHON To-
JIOBKH MEPEHOCHOTO CTaHKa MJIM YCTPOMCTBA.

Puc. 1

OCHOBHOM MpUITycK Mpu 00pabOTKe CHUMAETCS
3€HKEPOM, KOTOPbIH YCTpaHIET OTKIOHEHUs OT LU-
JMHAPUYHOCTH, YBOJ W HWCKPHUBIICHHE OCH OTBep-
cTusl, BO3HUKAtoLe npu ceepienunu [7]. [1o pesynb-
TaTaM SKCHEPUMEHTATIbHBIX JaHHBIX YCTAHOBJICHO,
YTO BeJIMYMHA OTKIIOHEHWH TeM OoJibllie, ueM
Oonbiie riyOWHA CBEpJICHUs, KOTOpas 3aBUCHT
HETMOCPeICTBEHHO OT TOJIUIMHBI 3aroToBku [4]. Pas-
BEpThIBaHHWE 00eCNeYrBaeT TOUHOCTh OTBEPCTHS T10
pa3Mepy M LIepOXOBaTOCTh MOBEPXHOCTH.

U3 Bbillle U3TI0KEHHOTO CJIYeT, YTO HeoOXO0-
JIUMO ONpENEeIUTh TOYHOCTh OTBEpPCTHUS, KOTOpas
obecrieunBaeTcs 36HKePOM-Pa3BEPTKOM.

OcHoBHasi yacTh. BennunHa n3MeHeHus nua-
METPOB OTBEPCTHS B MOMEPEHHOM CEYCHWU 10 Beeit
TOJILIIUHE 3arOTOBKU MPH 00paboTKe 3eHKepOM-pas3-
BEPTKOM 3aBUCUT OT ycnoBuid pabotbl. OOpaboTka

. 3eHKep-pa3BepTKa

BBIMOJIHAJIACH € MCHOJIB30BAHUEM  T€PEHOCHOrO
cTaHKa (yCTpOICTBa) C BBIABH)KHBIM LIMTUHIETEM, Y
KOTOPOTO MU pe3aHue yBeJIMUMBACTCs IJIMHA Ha Be-
JAUYMHY TIyOHMHBI CBEplieHHs. 3eHKep-pa3BepTka
paccMaTpuBaeTcs Kak IBYXCTyMeHuYaTas KOHCOJIb-
Has 0Oajika, 3aKperyieHHas B INNHWHAENe CTaHka. B
npolecce OOpaOOTKU IIMUHJENb BbIBUTAETCS B
HarpasJIeHUH ABHKEHUS MOJaYH, TEM CAMBIM YBEIU-
YHMBACTCS JJIMHA KOHCOJIM, YTO OTpayKaeTcs Ha Mpo-
rube MHCTPYMEHTA 1, COOTBETCTBEHHO, HA TOYHOCTH
00paboTku oTBepcTHs. CBOOOHBIN KOHEL] UHCTPY-
MEHTa B npolecce 00pabOTKU HArpyKaeTcsi CUIaMu
pe3anus [8]. Cuna momauu, neWcTByIOIas Ha WH-
CTPYMEHT, BbI3biBaeT P, oceBoe ycunue u M, KpyTs-
mrit MOMeHT. OTKaTHe HHCTPYMEHTA IIPOUCXOMT B
HalpaBj€HUW JAEUCTBUS PaBHOAEHCTBYIOLIMX CHJI
[9] oT paguanbHBIX P, U TaHreHUMAIbHBIX P. CHI,
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BO3ZHUKAIOLLKX MPU 3€HKEPOBaHUU P = JPf + Pf u
2 2 —
pasBepthiBatuu P, = [P +P. , rae P,=AP, — He-

ypaBHOBELICHHAs paJdalibHasi CHJIa TIPH 3eHKepOoBa-
Huu u P,=AP); npu paseepteiBanuun; P.=AP; — He-
ypaBHOBELICHHAsl TAHT€HLIMAIbHAs CHJIA TP 3eHKe-
poBanuu u P.=AP.; npu pa3seprbiBanuu. Heypas-
HoBeweHubie cunbl APy, APy, AP, u AP.; moryt
JICiCTBOBATH B JIFOOOM HArpaBJIeHHH 1O paInyCy OT-
Bepctust. Bennunnbl AP, u APy, cBsi3aHbI C OCEBbIM
YCHIIMEM U BBIYHCIISIOTCS 10 3aBUCUMOCTH [9]:

— s 3enkeposanus AP,=0,008P,, H;

— anst pazsepteiBanus AP),=0,006P,;, H.

3HaueHus ocesoro ycunus P, u P, onpenens-
torcs o gopmyse [10]:

— st 3enkepoBanust P =10-C,-¢t*- S - K,

- TUIst
P, =10-C,-t;-S"-K,,
rae Cp—k03hdUIMEHT, 3aBUCILINH OT yCIOBUH 00-
paboTky; ¢ — riyOWHA pe3aHus TP 3eHKEPOBAHUH,
MM; ¢; — TITyOMHA pe3aHus MPH Pa3BepTHIBAHUH, MM;
S — nopnava Ha 060pOT, MM/00, 1T 3eHKEPOBAHUS U
pa3BepThIBAHMS OJHA M Ta e, X U ) — MOKa3aTeu
cTeneHu; K, — monpaBoYHbIN KO3()GHULMEHT, 3aBHUCS-
muit oT 0OpabaTeiBaeMOro MarepHara.

Benuunnbt AP, u AP, cBf3aHbl ¢ KPYTAILIUM
MOMEHTOM W BBIYHCIISFOTCS TI0 3aBUCUMOCTH [9]:

— nuist 3enkepoBanus AP.=0,038'M,,/d, H, rne d
— IMaMeTp 3eHKepa, MM;

— s passeptbiBanus AP.=0,031'"M,,./d;, H,
rae d; — auaMeTp pa3BepTKH, MM.

KpyTrsumii MmoMeHT npu 3eHkepoBanuu M.y,
Hm, onpenensierca no ¢popmyie [10]:

M,,=10C,y D? S K),

rae C,— ko3 duuuent, 3aBucsiuii OT yciaoBuii 00-
paboTku; D — nuaMeTp OTBEpCTHsl, COOTBETCTBYET
JMaMeTpy 3eHKepa, MM; ¢ — [IyOMHA pe3aHus, MM; S
— mojiaya Ha 0bopoT, MM/00; X, ¥ U g — MoKa3arenu
cTeneHu; K, — MonpaBoYHbIil KO PUILIMEHT.

Kpytsaummii MmomMeHT nipu pasBepTbiBaHUU M1,
Hm, onpenensiercs no ¢popmyie [10]:

v :Cp-tx-Szy-Dl-Z
7! 2-100

rae C, — koo uumeHT, 3aBucauiuii OT ycJIoBHiA 00-
paboTku; Dy — AMameTp OTBEpPCTHS, COOTBETCTBYET
MaMeTpy pa3BepTKH, MM; { — IITyOMHA pe3aHHus, MM;
S. — nmonayva Ha 3y0, MM/3y0; Z — 4uncIio 3yObeB pas-
BEPTKH; X U ) — OKA3aTeNU CTCICHH.

[lpu Bpe3aHWM MHCTPYMEHTa B 3arOTOBKY OH
nprodpeTaeT Onopy M TOraa CUCTeMa «UHCTPYMEHT
— LUMUHJEIbY) NEePEXOJUT OT KOHCOJIBHOM CXeMbl B

pa3BepTHIBAHUS

cxeMy co criensiied Harpy3koii [11]. Takum o6pa-
30M, Ha CBOOOJHBINA KOHEL| HaK/Ia[bIBAeTCsl CBS3b B
BHJIE TIOJBVKHOTO HIapHUpa (puc. 2). Takas cucrema
KMHCTPYMEHT — IUMHUHJENbY», KaK CTEepXeHb Mepe-
MEHHOTI'O CEeUSHMS C 3a/1€IKOH Ha OTHOM KOHLIE U MOo-
JBWOXKHBIM LIAPHUPOM Ha APYroM, OyIeT sBISTHCS
cTaThyecky Heonpeaenumoin [12].

Jns onpeneneHust TOUHOCTH OTBEPCTUS, MOMY-
yaeMol npu oOpaboTke, HEOOXOAUMO MPOCIEIUTD
BJIMSIHUE PEXKUMOB M CUJT Pe3aHHUs Ha TEXHOJIOrnye-
CKYIO CHUCTEMY «MHCTPYMEHT — LiNMuHAeNby». B naH-
HOW cHCTeMe MCKJIIoYaeTcsi AeTanb, TaKk Kak OHa
MpeACTaBIsieT MACCUBHBIM )KECTKHI 00BEKT, B KOTO-
pOM npou3BoAUTCS 00paboTka oTBepcTHid. CHitbl pe-
3aHWs BOZHHMKAIOIIKE MPU 00padoTKe Ha CTONBKO He-
3HAUUTENIbHBI, YTO HE BBI3BIBAIOT AedopMaumnu Jie-
Tau.

PaccmarpuBaemas cuctemMa «UHCTPYMEHT —
LIMTAHIEIB) MPEACTaBIIEHa CXEMOM, B KOTOPO# BbI-
Jensitores Tpy ydactka (puc. 2). IlepBoiii yuacTok —
paccTosiHie OT onopbl A (MOJABMKHBIN APHUP) 10
TOYKH B, KOTOpOE MPUXOIUTCS HA 3€HKEP MHCTPY-
MeHTa. BTopoi#i ydyacTok — paccTosiHMe OT Touku B
(nmepexon 3eHKepa B pa3BepTKy) A0 Touku C (MecTo
CTbIKa MHCTPYMEHTA CO LUMHUHAETEM), MPUXOAUTCS
Ha pa3BepTKy. TpeTuil yyacTok — paccTOsSHHE OT
Toukn C A0 TOYKH D, KOTOpoe MPHUXOAWTCS Ha
WnuHAeAb (MOABUXHAS 4acTh cuctemsbl). lInuH-
Jiesib B Tpoliecce paboThl BBIABMIAeTCS OT TOpLA
KOpITyca CBEpJWJIbHON TOJNIOBKM Ha AJHMHY O0pa-
6oTku otrBepcTus. Kakaplii M3 y4acTKOB CXEMBI
HMeeT CBOE CeUeHHe, )KECTKOCTb U JUIMHY. [{nuHa Ha
MEepBOM Y4YacTKe MOCTOsSHHAs W paBHA JJIMHE 3€H-
Kepa MHCTPYMEHTa, AJIMHA BTOPOro y4acTKa paBHa
JUIMHE Pa3BepPTKU, & HAa TPETbeM Y4YacTKe [JIMHA
LIMKAHAENS, BEIMYMHA NepeMeHHas M 3aBUCUT OT
JUTUHBI 00pabOTKH, T.€. OT TOJIIMHbI 3arOTOBKH.

IToa neficTBUEM PEKUMOB pE3aHUs BOBHUKAIOT
CHJIbl pe3aHusi, KOTOpble YIPYro AeOopMHUPYIOT CH-
CTeMY «MHCTPYMEHT — LUIMHJE/bY, BbI3bIBas MpO-
6 (OT)KMM) UHCTPYMEHTA, YTO M3MEHSET IUaAMETP
oTBepcTHs No ero AnuHe. Beanuuny nporuba (ot-
JKMMa) CUCTEMbl MOYKHO BbIUMCIIUTb, UCIIONb3YS OC-
HOBHOE JUddepeHInaibHOe YpaBHEHHE YIPYroii
JuHuu [12]:

d’y M)

ax*  EJ(x)
rae M — u3rubarolyi MOMEHT CUCTEMBI; E; — MO-
IyJb YNPYrocTHM paccMaTpUBaeMOro y4acTka WH-
CTpyMeHTa; J; — MOMEHT MHEpLMHU paccMmarpuBae-
MOT0 y4acTKa UHCTPYMEHTA.

Nzrubaromuii MOMEHT Uil paccMaTrpuBaeMoi
cuctembl (puc. 2) OyJe UMETh BUI:

Mx)=R,-(I+x)=P-(I+x)—F-(, +x)+ R, -x (1)
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rae P — HeypaBHOBELUEHHAas paBHOIAEHCTBYHOLLAS
cuiia MpU 3eHKepOBaHWM; P — HeypaBHOBELIEHHAs
paBHOJEICTBYIOLIas CWla TPH Pa3BEPTHIBAaHHUH;
R4 — peakuwus B onope A; Rp — peakuus B onope D; [
N Fr

W

— JUIMHA UHCTPYMEHTa; [; — IJTMHA pa3BepTKH; X —
JUTMHA IITMUHAENs (BeIMYMHA TIepeMeHHas ).

Kpp

p &4 7
.

sy

{y

[

X

Puc. 2. Cxema ny1g pacuera nporuda cucTeMbl

dzy_ 1

[IpeoOpazoBanHoe auddepeHInanbHOe ypaB-
HEHHe YIPYyrou JIMHUKU CUCTEMBI:

= R,-(l+x)—-P-(I+x)-P-(I +x)+R, -x|- )
& " Er e =P xR+ 0+ Ry 5]
B cucreme Ha cTbike BTOPOr'o U TPETHETO YUacT- ll +Xx
KOB B Touke C U3MEHSIOTCS AUaMETPbI NOMEPEYHBIX RA =P+ l)l l +x >

ceveHui 3Tux y4actkoB. B Touke C HeTt cocpenoTo-
YEHHOW CHJIbl, HO Ha HEE BO3IECHCTBYET BCs
Harpyska, BOCIIpMHMMaeMas Ha yJacTKax MepBOM H
BTOpOM. [[J1s1 yCTaHOBJIEHHS TOJHOW 3aBUCHMOCTH
HEoOXOIMMO OTpeNIeNTUTh 3HAYEeHHs PeaKkHii B OTOo-
paxAu D.

CHauvasia HaxoaWuTCs peakuys B oniope A — Ry,
KOTOpasi ~ OmpenenseTcd MO  3aBUCUMOCTH  —

D> M, =0,
R, (I+x)—P-(I+x)-PF(, +x)=0,

OTKyaa

riae x uamensercs ot 0 k H, H — myinHa o6paboTku
OTBepCTHsl (TOJIMHA 3arOTOBKH).
Peakums B onope D — Rp onpenengercs o 3a-

BHCHMOCTH — ZM =0,
B ~1)= Ryl +3)=0,

OTKyJa
/-1
R,=P—'.
[+x
[IpounTerpupoBaB obe uvactu paBeHCTBa (2),

TOorjaa yroj noBopora 0CH MOKHO OMNpEACIMThb 110 3a-
BHUCHUMOCTHU:

2 2 2 2
g(x)=M=L. RA.(Z'HC) _p.(l"'x) _Pl.(ll +X) +R, - 4C |, 3)
dx  EJ, 2 2 2 2
Huterpupyst BTOpUUHO, HAXOIUTCS BbIpAXKEHUE
JUIs onpeiesieHus mporuda (omxuma) — y(x).
3 3 3 3
vy =g, X _p U p (FX)  p X ovip | (4)
EJ, 6 6 6 6

CornacHo ytBepxkaeHuto [12] mpou3BOJIbHBIE
nocrosiHHble BenuuuHbl C; U D; Ha BCeX ydacTKax
paccmaTpuBaeMoil cuctembl paBHbl. Torma pocra-
TOYHO ONPEJEIUTh NMOCTOSHHbIE BEJIMYUHBI Ha Tep-

BOM y4acTke. Y 1anuB u3 ypaBHeHuidi (3) u (4) coot-
BETCTBYIOIIME HATPY3KH Ha MIOCIIETYIOMIMX yHacTKaxX
CHUCTEeMBbI, MOYKHO TIOJTYYUTh YPaBHEHHUS /1715 IEPBOTO
yJacTka:

2 2
e(x)=dy(x)= | RA-(Z+X) _P‘(Z+x) wcl (5)
dx  EJ, 2 2
3 3
yo)=—— | g, L _p U o | (6)
EJ, 6
[Mpuaumaercs, uro C; = C u D; = D 1o yTBep-
JKIEHHIO, W3JI0’keHHOMY Bbille. B ypaBHeHus (5) u
(6) BBOIUTCS peakuus Ry, TOoraa:
2 2
0(x) = ay(x) __ 1 (P+R-Il +xj‘(l+x) _P‘(I+x) LCl (7)
dx  EJ, I+x 2 2
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3 3
V) = ——. (P+Pl~l‘+x )y p U oip)| (8)
EJ, I+x 6
JIng 3anaHHOM cHCTEMBI C 3a1eIKOH YTroJ MOoBo- npu x=0 cnenyert, uto =0 u y~=0, Toraa:
pota u porud (OT>KUM) OCH B He paBHBI HYJIO [12].
Jnsa onpenenenns noctosHHbIX BenuynH C u D 3a-
JIat0TCsl TPAHUYHBIE YCIIOBUSL:
1 ? I’ A 9
ol)=6,=—-||P+P-L | —=P.-—+C|, C=-P-—; )
EJ, 2 2 2
1 r P -1
=y =—-|P+R-+|——P-—+D| D=P-—. (10)
)=y, EJ, ( 1 ) 6 6 s

[ToacTtaBuB nosyuenHsle 3HaueHust Ry u Rp, C
u D B ypaBHeHue (4) BeIBOAMTCS (hopMyIia Juis onpe-
JieJieHusl poruda MHCTPYMEHTA B JIFOOOM TOYKH 1O
JUTHE 00pabaThIBa@MOro OTBEpCTUS — J(X):

Y= (P+P1

EJ, I+x) 6 6

rae E; — Momynb yNpyroctd pexylero HHCTpY-
menta, E£;=2,1'110° Mlla; E> — MOay/ib yIIPyrocTu
wnuHaens, £,/=2,1:10° MITa; J; — MOMEHT UHEPLIUM
pexyiero uHcTpymenta, J;=0,045:d” mm*; J> — mo-
MeHT unepunu mmunaens, J,=0,05(d,~ —d,*) mm*,
rne d, — Hapy>XHBIH U d; — BHyTPEHHUI TUAMETPBI
LIMAHAENS.

Benunuunna y(x) ykasbiBaeT Ha MEpPeMEHHOCThb
nporuda (0TKHMa) OCH WHCTPYMEHTa, a BMecTe C
TE€M Ha M3MEHEHHe AuameTpa Mo AJMHE OTBEPCTHS.
Jns oleHKH UMIMHAPUYHOCTH 00pabaThiBaeMOro
OTBEPCTHUSl 3€HKepOM-pa3BepTkod B ¢opmyny (11)
BBOJISITCS] UCXO/IHbIE JAHHbIE U HECKOJILKO 3HAYSHUH
[EPEMEHHOI BEIMYMHBI X MO JJMHE OTBEpCTUs. Be-
JyurHa niporuba (OTKMMa) MHCTPYMEHTa, a COOT-
BETCTBEHHO MOrPEITHOCTh 00pabOTKU B BUIIE pa3-
OMBKH (yBeJIMUCHUsI TMaMeTpa OTBEPCTHS ), 3aBUCUT
OT JUIMHBI OTBEPCTUS U CUJIbI PE3aHusl, T. €. PEXUMOB
pe3aHusi — rayOuHBl pe3aHus, MOJAa4d U YacTOThI
BpallleHuss MHCTpyMeHTa. Jnuny obpabatsiBaeMoro
OTBEpPCTHSI U3MEHATH HENb3s, OHA JOJDKHA ObITH Ta-
KO, kakoi Tpebyercs. Y nepeHOCHbIX YCTPOMCTB 1
CTaHKOB, /715l YMEHbLUEHUS! UX rabapuUTHBIX pa3Me-
POB M MAacChl, KOMIIAKTHbIE CBEPJIMJIbHbIE ONIOBKH,
[O3TOMY Y TaKMX KOHCTPYKLMH MOCTOsSIHHAS Mojaya
W YactoTa BpauleHus. Takum oOpazom, cuia pesa-
HUSI, ¢ KOTOpPOM CBsi3aH Mporu® (OTKUM) HUHCTPY-
MEHTa, 3aBUCUT OT IITyOWHBI pe3aHus, MpUXOslie-
ecsl Ha 3eHKepoBaHWe W pa3BepTbiBaHue. [loaTomy
peryaupoBaTh Mporud (OTKUM) MHCTPYMEHTa clie-
IyeT riyOuHO# pe3aHus Ha 3eHKepOBaHUE U pa3Bep-
ThiBaHUWe. J[ng paccMaTpuBaeMoil TEXHOJIOTMUECKOH
CUCTEMBI MPU U3MEHEHUH JUIMHBI 00paboTKU OT B |
MM 0 100 MM HabmoaaeTcst pa3OMBKa OTBEpCTHS,
MMEIOLIEro KOHYCHYIO (hOpMy ¢ MUHUMAJIbHBIM JAHa-
METPOM Ha BXOAHOM TOpLIE U1 MaKCUMaJIbHbIM AUa-
METPOM Ha BBIXOJJHOM TOpLIE OTBEPCTHSI.

3 3 3 2
'Il+x)'(l+x) p U0 Gy Ik PR

. x3 '(l—ll)’ (1 1)
2 6 E,-J, 6-(I+x)
N3menenne amamerpa oOpabaThiBaeMOro oOT-
BEpCTHUsl OMpeAessieTcss MOocyie BbIYUCICHUS Beu-
YHHBI pa30UBKH ¥(x) 1o ¢opmyiie (11) B HECKONMBKUX
TOYKAX IO JUTMHE OTBEPCTHs, TPUHUMAs pacCTOsIHUE
MEK/Ty TOYKaMH C paBHOMEPHBIM IIaroM. 3HadeHHe
auaMeTpa oTBepcTus D;, MM, B paccMaTpHBaeMoi

TOYKE BBIYMCIIAETCS 110 3aBUCHMOCTH:

D =d,+2y, (12)
rne d, — AeMCTBUTENbHBIA TUaMeTp pa3BepTKH, MM;
Vi — BeJIMYMHA pa30MBKH B paccMaTpUBaeMOH TOUKE,
MM.

BenvuuHa OTKIOHEHHMS OT LMJIMHAPUYHOCTHU
ornpezenseTcs Mo MOMY4YeHHbIM 3HaueHUsIM D;, MM,
MO KOTOPBIM YCTAHABIIMBAETCS MAKCHUMAJIBHBIM U
MHUHUMAaJIbHBIA AHaMeTp OTBePCTHS — Dyar U Diin.
Juamerp oTBepcTHs sBAsSETCs AOMYCTHUMBIM, €CIH
MOrpeIHOCTs 00paboTKu Ap, MM, HAXOJAUTCS B Mpe-
Jlenax I0MmycKa Ha JuameTp otBepctus — 1D,, MM:

A,=D, —D, <TD,. (13)

[IpenenvHble OTKIOHEHHs, KOTOpble HeoOXo-
JUMO HAJIOKUTh Ha pa3Mep auaMeTpa HOBOW pas-
BEPTKH, OIpPEENAIOTCS C YUeTOM BO3MOXKHOM Mak-
CUMaJIbHOM pa3OMBKU Viar, MM, BO3HUKAIOLIEH MpPH
MaKCHMaJbHBIX 3HAUEHHSAX MCXOIHbIX IaHHBIX —
JUTUHE OTBEPCTHS, TyOMHBI pe3aHusl, MoJaul 1 va-
CTOTbI BPallleHUs] MHCTPYMEHTA.

HoMuHanbHblii 1uameTp pa3BepTKU paBeH HO-
MHHAJIBHOMY JMaMeTpy oTBepcTHs. BepxHee oTkio0-
HEeHMe JuaMeTpa pa3BepTku ESd,, MM, onpeaensieTcs
C YYETOM BEIMYMHbI MAaKCUMAJIbHOW Pa3OUBKH Viar,
MM:

6

ESd,=ESD, =2y, (14)
rae ESD, — BepxHee OTKJIOHEHUE OuaMeTpa OTBep-
CTHS, MM.

HwxHee OTKIOHEHMe OuaMeTpa pa3BEpTKH
Eld,, MM, onipepensieTcst ¢ y4eTOM J0MycKa Ha U3ro-
TOBJIEHHE Pa3BEPTKU:
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Eld,=ESd,-Td,, (15)

rae Td, — nomycK Ha qUaMeTp pa3BepTKH, MM, IMpHU-
HUMAaeTcs 10 CTaHJAapTy B 3aBUCHMOCTH OT KBaJIU-
TeTa TOYHOCTH oOpabaTeiBaeMoro oreeperus [13].

BuiBoasl. Ilpennaraemas TexHosorus mo Mc-
MOJIb30BAHUIO 3EHKEpa-pa3BepTKU i 00paboTKU
MPEeLU3UOHHBIX OTBEPCTHI BO (prIaHLIEBBIX COeUHE-
HUSX KpYIMHOraGapuTHOro 0oO0OpyAOBaHMsS MO3BO-
JseT:

— COKpaTHTh OmepaTHBHOE BpeMs OO0padoTKH
OTBepCTHil BO (h1aHIIax MeJIbHUIL OT 1,5 vaca Jyist He-
GosbIMX MenbHUI 10 4,3 "aca Ui KPYTHBIX MelTb-
HUIL OTHOTO (pJIAHLIEBOTO COEAMHEHHUS;

— OLIGHUTb LIWJIMHAPHUYHOCTL 00paboTKH MpeLu-
3MOHHBIX OTBEPCTHI 3€HKEPOM-pPa3BEPTKOH  BO
(hmaHUEBBIX COSTMHEHUAX KPYMTHOrabapuTHOro 060-
PYIOBaHMS;

— paccuMTaTh AMAMETP U MpeaesibHble OTKIIOHEe-
HUS pa3BepTKH cOOPHOTO MHCTPYMEHTA.
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ACCURACY OF HOLE PROCESSING WITH A COMBINED TOOL

Abstract. Cement, powder metallurgy and various large-sized equipment are used in the industry of build-
ing materials for grinding raw materials. During operation, such equipment is exposed to external influences,
especially at the joints, which reduce the reliability of the units. This leads to the early replacement of wearing
parts. Large components of grinding mills are connected by flanges. The flanges are fastened with bolts, some
of which must be precision, since they take the load of the equipment and ensure the tightness of the connection.
The holes for precision bolts, respectively, must be accurate and of high quality. A study of the processing of
holes with a reamer is given. The cutting elements of the tool, in the form of multifaceted plates, are mechan-
ically attached to the body, which makes it possible to quickly replace the plate in case of wear or breakage.
Such an assembled combined cutting tool allows to perform countersinking and reaming in one operation and
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thereby reduce the processing time of one hole and, in general, all precision holes in the flanges of the mill
being repaired. The dependence of the precision hole accuracy on the shape and spatial deviation from the
cutting modes of processing when using a combined tool is derived. The dependence is established for pro-
cessing using a portable device with a rising spindle, as the most used equipment for repairs. The presented
dependence makes it possible to predict the accuracy of machining holes with a combined tool, taking into
account the rigidity of the technological system and calculate the required reamer accuracy.

Keywords: holes, mills, flanges, precision holes, combined tool.
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AJITOPUTMBI KHHEMATHYECKOI'O YIIPABJIEHUS
MHOT'O3BEHHBIMH MAHUNTYJISIHUOHHBIMHA POBOTAMU
HA OCHOBE HEUETKOW HEMPOHHOM CETHU

AHHOmauua. B cmamve paccmMompeHna 603MOMCHOCHb NOCHIPOCHUS Al2OpUMMA KUHEMAmuyecKo2o
VIpagieHus Oiisi MAHUNYJISYUOHHBIX POOOMOB8 ¢ NOCAeO08AMENbHbIM COeOUHeHUueM 38eHbes. Ilpednacaemces
nocmpoetue cucmemvl YNpasieHus Ha OCHO8e Heuemkotl HeliporHol cemu. [Ipedcmasnenvl pe3yivmamel HKC-
nepUMeHMANbHLIX UCCACO08AHULI N0 NOODOPY NAPAMEMPO8 HeYemKOU HelPOHHOU cemu 8 cOOMEemcmaul ¢
8bICINABIEHHBIM KpUmepuemM ONMmuMAanbHOCHu (1o 6bicmpooeticmeuio) ¢ yuenom nociedyioue2o umepayuoH-
Ho20 ymounenust memooom Hoiomona-Paghcona. Paccmampusaiomes maxue napamempnsl cemu Kaxk Koaude-
CMBO U MUN GYHKYUL NPUHAOLEHCHOCHIU V31108, 00beM 00YUaIOWet] BbIOOPKU C PAZHBLIM KOIUYECMBOM HOOX0-
006 npu ooyuenuu. Ilpeonrazaemes anzopumm opmuposanusi 00yuaioueil blOopKU OJisk HeUEMKUX HeUPOHHBIX
cemeil ¢ Yenvio CHUNCEHUs OUUOKY RO3UYUOHUPOBAHUS pAO0Ue20 OpeaHa MAHURYIAYUOHHO20 MeXAHU3MA
60u3U sHewHell epanuybl paboueil oonacmu. IIpooemoncmpuposana 603MoACHOCIb AOANMAYUYU ANCOPUN-
MO8 KUHEMAMUYECKO20 YHUPAGTICHUSA NYMeM KOPPEKMUPOGKU RAPAMEMPO8 (PYHKYUT NPUHAONEIHCHOCTIU 8 Y31aX
cemu Npu GuINOIHEHUU OOHOMUNHBIX 3a0ay, HA OCHOGEe OAHHBIX YmouHsioujeco aneopumma Hviomona-
Pacghcona. B pamxax oannoit pabomul Ovbll nposedeH CpasHUMEIbHbII AHATU3 PA3PAOOMAHHO20 ANlCOPUMMA
KUHeMamu4ecko20 YNpasieHus ¢ aleopummamu Hd OCHO8e UMePAYUOHHO20 U HelpoCceme8o20 Menooos pe-
uleHUss 0OPaAMHOU 3a0ayU KUHEMAMUKYU MAHUNYIAYUOHHO20 poboma. COellan 6bl800 0 NOGvLULeHULU ObICTNPO-
Oeticmeust OJisl pacyemos aneopummos KUHeMAmuyecko20 YnpasieHus npu CoOXpaHeHuu mpeoyemoi moino-

Cmiu.

Knwueesnie cnosa: 06pamHaﬂ 3a0a4a KUHemamuku, ,’VlaHul’lleﬂZ/[MOHHblel p060m, HeYemkas HeﬁPOHHa}l
centv, AllcOPpUMM KUHEMAmMU4eCcKo2o ynpaesienus, umepayuonioe ymoiynernue.

BBenenne. B coBpeMeHHBIX aBTOMAaTU3UPOBAH-
HBIX MPOM3BOJACTBEHHBIX CHCTEMAaX BaXKHYIO POJb
WUrpaloT MHOTO3BEHHbIE MPOCTPAHCTBEHHbIE MeXa-
HU3MBI — MaHUITYJISILMOHHbBIE poOoThI. [lpuknanHas
3HAYUMOCTb  POOOTOB-MAHUMYISATOPOB  MHOrO-
KpaTHO Obljia onucaHa B pa3jivyHbIX 0030pHBIX CTa-
ThsiX. B mocnenHue roapl 3HAUMTENBHO paCIIMPU-
Jach 0O0JACTb NPUMEHEHHUs POOOTOTEXHHUECKUX
cpencts. B cBsi3u ¢ 3TUM BO3pacTatoT TpeGoBaHUs K
Ka4yecTBy MX paboOTbl, & MMEHHO MX TOYHOCTU M
ObIcTponeiicTBHIO. BOJIBIIMHCTBO COBpEMEHHBIX Ma-
HUIYJIATOPOB CTPOSTCS Ha 0a3e DIeKTPUUECKUX Hc-
MOJHUTENIbHBIX MEXaHU3MOB U BKJIFOUAIOT CJIOXKHbIE
AJITOPUTMbl YIPABJIEHUs, KOTOPblE YUUTHIBAIOT He-
JIMHEHHOCTb M HEOMpPeeCHHOCTh JUHAMHUYECKON
MOJENIM B YCIOBHUSX AEHCTBUS BHELIHMX BO3MYLLle-
HUU. B CBS3M ¢ 3TUM CUHTE3 CUCTEM YIIPaBICHUS Ma-
HUIMYJIILMOHHBIMM MEXaHU3MaMHU CBS3aH C pelle-
HUEM LIeJIOro KOMIUIEKca 3aiay U3 pa3iuyHbIX Hayy-
HBIX oOnacTeid. B o01ieM Buie MOXKHO BBIIGJIUTD 1B
OCHOBHBI€ I'PYMIIbI 3a4a4:

® YIpaBJICHUE HCMOJIHUTEIbHBIMU MEXaHU3-
MaMH, BKJIIOHAIOLee 3a1a41 MOCTPOSHHS ONTUMaJIb-
HBIX 32KOHOB YNpaB/ieHHs, U KOHTPOJb COCTOSHUS
YCTPOKHCTB;

e aHajM3 KMHEMAaTHKH, BKJIIOYAIOLIMK obecrie-
YeHHe He0OXONMMON MaHUIYIATUBHOCTH U MOCTPO-

eHHe aHaTMTUYeCKUX 3aBUCUMOCTeW AJisl omnpene-
JIEHHOM F€OMETPUUYECKON CTPYKTYPbl MaHUMYIsLIHU-
OHHOTrO po0oTa.

JaHHast cTaThsl MOCBsLIEHA PELUEHUIO BTOPOMU
IpyIIbL 33714, 8 MMEHHO MOCTPOSHUIO ajirOPUTMOB
KhHemaruueckoro yrpasieHus. C uensto obecreue-
HUs1 JTyU1IMX BO3MOKHOCTEH [J1s1 HAXOKAEHUsl peLie-
Hust O3K MHOro3BeHHbIX POOOTOB MaHUITYJISITOPOB
MPUMEHSIOT KOMOMHUPOBAHHBINM MOAXO0] HA OCHOBE
HEHpPOHHBIX ceTell U HeueTkow Joruku [1]. OcHoB-
HO€ MPEeMMYIUECTBO HEUETKUX HEHPOHHBIX ceTeil
(HHC) 3aknrouaercs B MX YHUBEPCATIbHBIX BO3ZMOXK-
HOCTSIX MO annpoKCcHMalMy B COBOKYMHOCTH C pea-
Juv3alueil JTOruky paccysKaeHui, obecrneurnBaeMbIX
uHTepnperupyembiMu  npaBuiamu  «Ecnu-Top.
Crpykrypa HHC cxoxa co cTpykTypoil HelipoHHOMH
CeTH MPSIMOrO paclpocTpaHeHus (Hanpumep, MHO-
rOCJIOWHBIA TepcenTpoH) ¢ oOy4YeHHeM IO ajro-
pUTMy OOpaTHOro pacrpoctpaHeHust owmoOku. He-
YeTKHe HepOHHBIE CeTH (PaKTUUECKH SIBIISIOTCS CH-
cTeMaMH, KOTOpble 0O0ecneuuBaloT OO0beANHEHUE
JIBYX pa3jMyHbIX MOIXOAOB MyTEM KOMOHWHUpOBa-
HUS YEJIOBEKOIMOJOOHOIr0 CTUNS pacCyKAEeHWi He-
YETKHUX CHCTEM ¢ 00yUEHHEM U KOHHEKLIMOHHUCTCKOM
CTPYKTypoii HelipoHHBIX ceTed. Kaxkaplii u3 cioes
HHC xapakrepuzyercs HabOpoM mapaMeTpoB
(pyHKUMAMM TPUHAIIIKHOCTH, HEYETKUMH pellaro-
IIMMH TIpaBUIIaMH, aKTUBALMOHHBIMU (YHKLMIMH,
BecaMM CBSI3€ii), HACTPOHKa KOTOPbIX MPOU3BOAMUTCS
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aHAJIOTMYHO OOBIYHBIM HEWPOHHBIM ceTsaM. B pabo-
Tax [2, 3, 4] coenaH BBIBOZ O TOM, YTO B CPaBHEHHH
C OOBIYHBIMHM HEMPOHHBIMH CETSAMH, CETH HA OCHOBE
HEYETKOW JIOTUKK 00J1aJatoT HauaydIlei cXoauMo-
CThIO MPH MEHbIlIEeM TpebyeMoM o0beMe o0yuaro-
et BEIOOPKH 1S 3a1a4 CO CIIO’KHBIM MaTeMaThye-
cknM omnucanueM. Taxxe npumenenne HHC obGec-
MEYNBAECT TapaHTUPOBAHHYIO IaAKOCTh BBIXOJHOMN
(GYHKIMHK, YTO HEOOXOAMMO JUTS pelIeHus KUHeMma-
THYeCKHMX 3aa4 npu noctpoenuu CY aiis obecrneye-
HUS CJIeJOBaHMUs 33aJaHHOW TPACKTOPHUU JABIKEHHS
pabodero opraHa MaHMITYJISILMOHHOTO poboTa. He-
YETKHE HEHPOHHbIE CETH YCMEUIHO MPUMEHSIOTCS B
peleHny oOpaTHOM 3aJauM KMHEMaTWKd AJsl pas-
JIMYHBIX KOHCTPYKIHMA pOoOOTOB-MaHHUITYSTOPOB. B
cratesax [5, 6] mpennaratorcs HHC nns pemenuns
O3K MaHMITYJISLMOHHBIX pOOOTOB C IBYMSI, TPEMs U
MATHIO 3BeHBbSIMU. B aHHBIX paboTax npencTaBieHbl
PE3yNbTaThl 3KCIIEPUMEHTANIBHBIX UCCIIEIOBAHNHN 10
npumenennto HHC, onuckiBaroTest anroputmsl Gop-
MUpOBaHHUs 00yuUaroleil BBIOOPKH ¥ MPOAEMOHCTPHU-
pOBaHa 3aBUCMMOCTb TOUHOCTH pacueTa OT MOJTHOTBI
oOyuatomeii Beioopku. Pemenne O3K s poGora
SCOROBOT ER-IV ¢ npuMeHeHHeM Helpo-Heu&ET-
KHX ceTeil ObIIIo paccMoTpeHo B pabote [7]. bbutn
MPOBENEHbl SKCIEPUMEHTABHBIE — MCCIIeOBaHUS
npeactarieHHoro Meroaa pewenus O3K, kotopsie
MPOAEMOHCTPUPOBATIM  BO3MOXKHOCTH TOCTPOEHUS
CY peansHOTrO BpeMeHu. PaccmaTpuBanocs nmpume-
Henue HHC pnga anroputMoB KHHEMAaTHYECKOTO
YOpaBieHUs TaAKUX MaHUMYIATopoB kak PUMA 560
(8,9, 10], PUMA 600 [11], DeltaRobot (DOB) [12],
SCARA [13, 14]. Taxxke paccMaTpHBaIoCh peLIEHUE
O3K 17151 pyku 4esoBeKa ¢ IIECTbIO CTeMeHsIMH I10-
JNBWKHOCTH [15] u manbua kuctu [16], naHHble Uc-
CJ1eJOBaHUsl IEMOHCTPUPYIOT o0ecrneyeHue BO3MOXK-
HOCTH IJIABHOIO U3MEHEHMs1 KOOPAMHAT IPH BbINOJI-
HeHuu 3aaanus. Paa pabor [17, 18, 19, 20] nocss-
weH paccmotpenuto peweHuss O3K merogamu Ha
ocHoBe HHC myia koHCTpyKUMiA MaHMITYJISTOPOB C
M30BITOYHOCTBIO. B naHHBIX paboTax MpoaeMoH-
CTPUPOBAHO rapaHTHUPOBAHHOE HAXOXKIACHHUS €AMH-
CTBEHHOIrO PEeLICHUs, a TakKe NpeacTaBleHHble pe-
3yJIbTaTbhl SKCIIEPUMEHTOB CBUAETENBCTBYIOT O BO3-
MOJKHOCTSIX MPUMEHEHUs] HEHPO-HEUSTKUX CeTel B
CY u30BbITOUHBIMU pOOOTAMHU.

B paGote paccMoTpeHa MexaHMUecKas CTPYK-
Typa MaHMITYJISITOpA C OCAeA0BaTEbHBIM COSIMHE-
HueM 3BeHbeB. [lepBoe 3B€HO MaHUMyIATOPa COeaAU-
HEHO C OTIOPHOM CTOMKOW (OCHOBaHMEM), a MOCHe-
Hee CHaOXKEHO TOUYEUHBIM pabovyrM OpraHoM - CIpe-
nepom. [Ipouece kuHeMaTUUYeCKOro ynpasiaeHus Ma-
HUIMYJIATOPOM CTPOMUTCS HA OMpeaesieHUH TaKuX yr-
JIOB [TIOBOPOTA MEXAHU3MOB B LIAPHUPHBIX COEIMHE-
HUSAX, TPU KOTOPBIX obecneurBaeTcs IBHIKCHHUE
TOUKH MO 3alaHHOl TpaekTopuu. J{ns paccmarpusa-
€MbIX MAaHMITYJSILMOHHBIX MEXaHU3MOB, CHUCTEMa

YpaBHEHUH OMHUCHIBAIOLIAS WX KUHEMAaTHKy HMeEeT
CHEeAYOLIUNA BULL:

x = [Zh=1(Lm - sin(TpL1Qp))] - cos Qo
Y = [Zhea (L - sin(Z5Lq Q)] - sin Qo (1)

z = Lo + En=1(Lm - cos(TpL1 Qp)),

rIe 7 — KOJMYECTBO COMPSIKEHHBIX 3BEHBEB,
YUaCTBYIOIIMX B OTHOCHTEIBHOM JBW)KEHHM; L, —
JUTMHBI 3BEHbEB; Ly — BBICOTA OCHOBAHUS; (), — yIJIbl
MOBOPOTa 3BEHBEB; X,),Z — KOOpAMHATHl pabouero
oprasa.

CxemMa  aIropuTMOB KHHEMATHYECKOIO
ynpasJjieHHsi. B OCHOBY anroputmMoB KHMHeMaTHhde-
CKOrO yMNpaBieHHs JAJsl BRIOpPAHHOM Tpynrmbl MaHU-
MYJISILMOHHBIX MEXaHW3MOB, OMMCHIBAEMbIX YpaBHe-
Husmu (1), MonokeH TMOPUIHBIA METOJ| pelIeHHs
o0OpaTHOM 3anauu KMHeMaTHKH. [IpemnaraemMbrii Me-
ToI Ga3zupyeTcs Ha MocieI0BaTeIbHOM MPUMEHEHUN
HEUYETKON HEWPOHHOM CETH I NMOMCKA HAYAJIBHOTO
NpUOMKEHUS W TIOCTIeIYIOIIEro HUTepallmoOHHOTO
yTouHeHus metonoM HerotoHa-Padcona. Ha puc. 1
nmpeacTaBieHa cxemMa pa3paboTaHHOTrO anropurMa
KMHEMaTU4eCKOro yMpaBieHHs, BKJIIOYAKOIIEro mo-
uck pewienuss O3K. [IpuHumn paboTsl BKIIOYAET B
ce0s clieyrolye dTanbl:

e rocTpoeHue pabouell 00nacTH, UCTONB3YS
AIITOPUTMBI PELICHUS MPSIMOH 3a1aul KMHEMAaTHKH,
KOTOpasi B JAalbHEHIEM HCMONb3yeTcsl ISl Tpo-
BEPKH BXOKICHHS JKENaeMbIX KOOPAMHAT (X, , Z)x U
(dbopmupoBaHus 00y4arolieil BBIOOPKH [T HEUETKUX
HeiipoHHbix cereld (HHC,...HHCY);

e epegaya KOOpAMHAT HA O0yYEHHbIE HEUeT-
KWe HEHpOHHbIE CETH COOTBETCTBYIOLIME KOJMYe-
cTBY UcKOMBIX yriioB (HHC),... HHC,) v Kak pe3yib-
TaT UX paboTHl MOy4yaeM yribl MOBOPOTA 3BEHLEB
(Qo.. .. On)sncs

® Ha pelleHUH MPsIMOI 3aAadu KUHEMaTHKU
S(Qo,...0On)unc OCYILIECTBIISICTCS MPOBEPKA HA JOCTH-
skeHus Tpedyemoti Tounoctu ais pertenus O3K, u B
Cllyyae ee HeI0OCTaTOYHOCTH IPOBOAMUTCS yTOUHEHHE
B OKPECTHOCTSIX HalCHHbIX 3HAYCHHUH;

® IIpU JIOCTHKEHUH TpeOyeMoil TOUHOCTH pe-
uienue (Qo,...On)p Nepenaéres Ha Nporpammupye-
Mbll toruueckuii koutposuiep (IUIK) roe peanuszo-
BaH PeryJisiTop KOOPAMHAT, OTCJIEKMBAIOLIMI HC-
MOJIHEHUE MepEMELICHUIA;

e repelaya yNpasJsIOLIEro BO3AECHCTBUA ye-
pe3 CepPBOKOHTPOJLIEPbI HA SJIEKTPUUECKHUI1 MPUBOLL.

B npouecce paboTbl MaHUIyISATOpa OCYLIECTB-
JsieTCs HAKOIUIEHUE CKOPPEKTUPOBAHHBIX AHHBIX
W3 UTEPALIMOHHOIO ajJropuT™Ma YTOUHEHHs U Ha pe-
LUIGHWU TpSIMOM 3aJaud KUHEMaTHKH (X, V, z), =
f(Qo,...0On)p. TlomyueHHble naHHbIE HMCTONB3YIOTCS
JUIs TeHepalysi Koppektupyoiero oydepa Buf, ko-
TOpBIA MPUMEHSETCS 715l KOPPEKTUPOBKHU 00yyaro-
nieil BLIOOPKK M YTOUHEHUS MapameTpoB (YHKLWI
MPUHAJIEAKHOCTH B y3J1aX CETH.
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I'naBHBIM NperMyLLECTBOM MpeIaraeMoro a-
ropuT™Ma KUHEMaTH4eCKOro YIMpaBJeHUS SIBJISETCS
MOBBIILIEHHE CKOPOCTH BBIMOJHEHMS! PacueToB MpHU
KOHTpOJIMpYeMOH To4YHOCTH. llpumeHeHue Heuet-
KHMX HEHPOHHBIX CeTeil Mo3BOJIsIeT MoJayy4aTh pelle-
nue O3K 3HauMTenbHO ObICTpee KJIACCHUECKUX Me-
TOJIOB, U MO pe3y/ibTaTaM SKCIIEPUMEHTOB Ha MOUCK
OJIHOTO pelIeHusl 3aTpauuBaeTcs He Ooinee 4 Mc.
Taxoxe ogHrM 13 3HaUMMBIX npenmMytnects HHC sB-
JsieTcss OTCYTCTBHME 3HAUMTENbHOW 3aBUCMMOCTH
MPOAOILKUTEILHOCTH PAcYETOB OT CJIOMKHOCTHU KOH-
CTPYKLMH T.€. CUCTEM YPaBHEHWH €€ ONUChIBaIO-
mmx. OnHako B ciyyae npumeHeHns Tonbko HHC He
yaaeTcs JOCTUYb TpeOyeMol TOYHOCTH pacueToB. B

I

CBSI3M C 3THUM Ipeasaraercs TMOpUAHBIA adrOpUTM,
couetarouuii B cebe JOCTOUHCTBA 00OUX METOJIOB:
BBICOKYIO TOYHOCTb U ObicTpoaelicTeue. Takum 00-
pa3om, ucnonb3yst HHC ans nosydeHus HauaabHOTO
NpUOTKEeHNS, 3HAYUTETIbHO COKPAILAeTCsl KOJTnye-
CTBO MTEpaLMi YUCIECHHOrO METOJA U, COOTBET-
CTBEHHO, BpeMsI HCITOJIHEHUS aJlTOPUTMa KMHEMaTH-
yeckoro ympamieHus. IlpumeHeHue Heu€Tkon
HEHPOHHOW CeTH TakXke MO3BOJIAET M30aBUTHCSA OT
CYILIECTBEHHOT O MPH UTEPALIMOHHOM TMOJIXO/e SBJIe-
HUSl HEOJIHO3HAYHOCTH, BO3HHKAIOLIEro MpH peuie-
Hun O3K, u obecrieunBaet Oosiee BHICOKYIO MPOM3-
BOJMTEIBHOCTh C BO3MOXKHOCTBIO aJanTalHH.
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Puc. 1. Cxema anroputMa KUHEMAaTUYECKOTO YIPABIEHUS

OpnHako HeoOX0MMO OTMETUTb, YTO MPeABAPU-
TeNbHBINA MPOLIECC FeHepaluu U 00y4eHUs] HeHpOH-
HBIX ceTeil TpeOyeT NMPOAOIHKUTEIBHOIO BPEeMEHH.
Jns obecnieuenus: pemenuss O3K MHOro3BeHHbIX
MEXaHU3MOB C MCIMOJIb30BAHUEM HEHPOHHBIX CeTel
HEOOXOIMMO OOMbIIIOE YUCIO 00YYaloIUX MpUMe-
poB. IlpyuMeHeHHEe MUMEHHO HEYETKHUX HEHPOHHBIX
ceTeil 00yC/IOBJIEHO BO3MOXKHOCTBIO COKpAlLEHUs,
MO CPaBHEHMIO C OOBIYHBIMU HEMPOHHBIMU CETIMHU,
obbema oOyuarolleil BLIOOPKH MPU NOJTY4YEHUH J10-
CTaTOYHOIO MPUOIMKEHHUS PELLEHUsI U 00ecTieYeHUs!
BO3MOJKHOCTEH aflanTaluy B npotecce padoThl.

CTpykTypa He4éTKOi1 HeliponHoii ceTH. B pa-

6oTe nmpennaraeTcs TOCTPOEHHME  aJAaNTHUBHOM

HEeHpOHHOW ceTH HeyeTkoro BeiBoaa Takaru - Cy-
reHo (ANFIS), nyrem o0yueHHs: cUCTEM HEUYETKOTO
BbiBoa (FIS), kak ¢yHKIMU npUHAIEKHOCTH, HA
peLIeHHH KMHEMaTUYeCKUX 3ajay isi MHOI'O3BEH-
HOrO MaHUMYJISLUMOHHOrO poGota. [lns oOyueHus
ceTel reHepupyeTcs KapTa 3aBUCHUMbIX KOOPAMHAT
Ha pelIeHUM NpsAMOM 3anayu KuHeMmaTtuku. Ilouck
OCYILECTBISIETCS B MJIOCKOCTH BpALICHUs 3BEHBEB.
Konmunuectso HHC pgomkHO coOTBETCTBOBATH KOJIH-
YECTBY MUCKOMBIX YIJIOB IIOBOPOTA 3B€HbEB MAHUITY-
nsiTopa. B kauecTBe TMHIBUCTUYECKUX MEPEMEHHBIX
B paMKax JaHHOM 33/lauM BBICTYMAOT 00JIacTH pabo-
yell 30Hbl, epeKpbiBaroLMe Apyr apyra. I1o yetsipe
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JanazoHa JJis KaXIoW KOOpAMHATBI pabouero op-
raHa MaHuWITyJisiTopa. BBenem criemyroiue JIMHTBH-
cThyeckue nepeMeHHble: <«Jlnanazonsl mo X», T,
D>, <«/lnanazowel mo Y», Ty, Dy>, rne D, =

[Xmin; Xmax]s D, = [Vmin; Ymax] — wx obmactu
OMpEAC/ICHUA, BBIYHUCIIACMbIC U3 HpﬂMOfI 3aJa4u Ku-

. — 1 72 3 74 —
HEMATHKH; T =1{T¢,T¢, T, T}, T, =

{1}, T2, T3, Ty } — ux Tepm-MHOKeCTBA.

CtpyKTypa ucronb3yeMold B paboTe ceTH rpea-
cTaBjeHa Ha puc. 2. BbIxoaHble GyHKUMM MpUHAT-
JISKHOCTH MPEACTaBIeHbI B BUJIE TUHEWHOW 3aBUCH-
MocTH. C MOMOIIBIO HEUETKOrO BBIBOJA OMHUCHIBA-
ores 16 mpaBWi, TO KOTOPBIM OCYIIECTBIISETCS
CBSI3b MEXIY 3aJaHHBIMU KOOpAMHATAMU M MCKO-
MBIM YIJIOM NOBOpOTa 3BeHa. CpaBHEHHE W MPHHS-
THE PeIIeHHs pea3yeTcsl ¢ MOMOILBIO MPOIYKIIHU-
OHHBIX TPaBUIT BUJIA:

ECJIM «nocwinka 1» Y «nocwinka 2», TO «zaxniouenuey,

Tae «nocwlika I, 2» U «3aKI0YeHUe» SIBIISIOTCS He-
YCTKHUMH BBICKAa3bIBAaHHUAMH.

Puc. 2. CTpykTypa HeueTKol HeHpOHHOM ceTu
yrjla TPEX3BEHHOU KOHCTPYKIIMHM) MaHUMYJISLMOH-
HOro po0OorTa.

B kauectBe mpumMepa Ha puc. 3 mpencTapiieHa
MOBEPXHOCTh BBIBOJIA JIJIS1 KICKOMOTO YIJia (IepBOro

Q:, [rpan]

100
™

—
S0 e 100
YS: [MM] \/""{sm
[

o 1500

Xs, [vn]

Puc. 3. [ToBepxHOCTb BbIBOAA NEPBOrO yria
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Heo0Oxonnmo OTMETHTB, YTO NPU MPOBEIEHUN
pacuetoB O3K B mpocTpaHcTBe HeoOXoAwMa KOp-
PeKLMs yriia B 3aBUCHMOCTH OT TEKYILEro KBaipaHTa
paboueii 30HBI.

B pabote Obln mpoBeneHbl WicCIeTOBaHUS TI0
noadopy TakMX MapamMeTpoB HEUETKUX HEWPOHHBIX
ceTeld, MpU KOTOPBIX MX COBMeCTHas paboTta ¢ airo-
pPUTMaMHM YUCICHHOTO WTEPALMIOHHOTO YTOYHEHHS
OyayT rapaHTHpPOBAaHHO 00ECTIeUMBATH HAXOXK/ICHUS
pelleHns] MPU YCTaHOBJIEHHON TpeOyeMol TOYHO-
cTi. B cooTBeTCTBMM € 3a7auamMM MpaKkTHUECKOM pa-
OOTBI aNTOPUTMOB KHHEMATHUYECKOTO YTIPaBICHUS
Obl omnpesesieH cieayIoUMid KpUTepUid onTHMallb-
Hoctu g HHC:

mm(tnp)
tnp < tnpmax > (2)
Adyue < Adyyc max

i€ ty, — BPEMs MOUCKA PELIEHUS; typmay — MAKCH-
MaJIBHO JIOMYyCTUMOE BpeMsl OUCKa peteHus; Ad .
— OTKJIOHEHHE pabovero opraHa oOT 3alaHHO# TOUKH
JUTS HaliieHHoro mpubimkeHHoro pemenus O3K;
Ad e max — MaKCHMaJIbHO JIOIyCTHMOE OTKJIOHE-
HUeE.

Pacuer oTkNOHEeHHs MPOBOIMIICS HA PEeLICHUH
MPSIMOM 3aJ1a4¥ KUHEMATHKH 10 clieaytomied dop-
MyJie:

AdHHC = {x; Vi Z}_mT {X; Y Z}HHC9 (3)
re {X; ¥; Z}uue = frpk(Quuc) — pewenne npamoii
3aJauu KHHEMATHKH /715 YTTIOB TTOBOPOTA 3BEHBEB U3
HHC.

Hcxons U3 npoBeaeHHOr0 aHaIW3a JIUTEPATY Pbl
Y DKCTIEPUMEHTAJIbHBIX UCCIIeJOBAaHUH, U1 MAHUITY-
JSILMOHHBIX MEXAaHU3MOB 3aJaHHOM CTPYKTYpBI,
OblIM  MPUHATHL  cJedyIoUMe  OrpaHUYeHus:
typmax = 5 [Mc], Ad,ye max = 50 [Mm]. B cooter-
CTBHMM C IaHHBIMU TPeOOBaHUSAMU U UCXOS U3 Mpel-
CTaBJICHHOTO KPUTEpUs ONTUMAILHOCTH (2) ObLTH
COCTAaBJICHBI CJIEYIOIIME PeKOMEeHIAalu 1S rapa-
merpoB HHC: o6bem oOyuaroineii BEIOOPKH peKo-
MeHmayercs ot 1500 mo 3,0 - 10° Touek, B 3aBUCHMO-
CTM OT BBbIUMCIIMTEIbHOM MOLIHOCTH YCTpOicTBa
yhpaBJieHUs; MpeasaraeTcs MCIoJb30BaHUE YEThl-
pex 00001LEHHBIX KOJIOK0I1000pa3HbIX uiH [ayccos-
CKMX (YHKLMH MPUHALIEKHOCTH VIS OAHOTO y37a
ceTH; Mpu 00yUYEHHUH pEeKOMEHAyeTcsl He MeHee 15 u
He Oonee 30 MoaxoA0B, OrpaHU4eHUe i BepxHeil
rpaHuLbl KOJIMYECTBA MOAXO/M0B OOYCIOBJICHO MC-
KIItoueHueM TiepeoOydeHHocTH (overfitting) ceTu.
HeuéTtkue HelipoHHBIE ceTH ¢ NMPeAOKEHHBIMH Ma-
pameTpaMu NpPOJEMOHCTPUPOBAIM HAWITy4IIHe T0-
Kasarenu AJis paboThl B COBOKYMHOCTH C UTE€PALIMOH-
HbIM YTOUYHEHMEM B CHCTEMaX KHHEMaTH4YeCKOro

yNpaBieHus Ul peaju3aliy BBIYMCICHUH B pe-
JKMMe peanbHOrO BPEMEHH.

Jlnst paccMaTpuBaeMoil rpymmbl KOHCTPYKLMI
MaHHUIYJISTOPOB BO3MOYKHO BO3HHMKHOBEHHE CHHTY-
JISIPHBIX MOJIOKEHWH 3BEHBEB MPU HAXOXKICHNUH JKe-
JIAeMOTO TIOJIOXKEHHs pabovero opraHa BOJIM3H rpa-
HUIIBI paboyeit o6nacTu. 1o 00yCIOBICHO TIPEXK/Ie
BCErO MPUMEHEHHEM HMTePallMOHHOTO YTOYHEHHUS B
anroputme noucka pemenus: O3K, koTopsiii He Mo-
JKeT o0ecrevnTh HaxoxKaeHue peuieHus. Paspewie-
HUe NpoOJieM CUHTYJISIPHOCTH /715l IPeACTaBISHHOTO
anroputma petiears O3K MO>KHO BBITIONHUTS ITyTeM
MPUMEHEHHUS] ero COBMECTHO C allrOpUTMaMHu Tpa-
eKTOpHOro rmuaHvupoBanus. [lpu coBmecTHOM wc-
MOJb30BAHUM C JAaHHBIMU aJITOPUTMaMH  MOXKHO
obecrieunTbh HEOOXOIMMOE BBICTpPAaBAaHHE 3BEHBEB
Manumnyastopa [21, 22]. Ucnons3oBanue npejara-
€MOTr0 THOPUIHOTO aJrOpUTMa rapaHTUPOBAHO T103-
BosisieT HaiTh peutenre O3K, oHaKo ero To4HOCTh
BOJM3M CHHTYJISIPHBIX —TOJIOKEHWH  CHIDKAeTcs
BCJIEJICTBHE TMOJIyYeHHsT HEJOCTATOYHOrO YTOYHe-
HUA. [TOBBICHTH TOYHOCTH BO3MOXHO (hopMHpoBa-
HUEeM o0ydarolei BhIOOPKH ¢ YBEJIMYEHHBIM Ha0o-
POM JIaHHBIX BOJIU3M CHHTYJISPHBIX TTOJIOKEHUI 3Be-
HBbEB MaHUMyJsATOpa. Takum oOpazoM, MOKHO yBe-
JMYUTh TOYHOCTh HAXOXKICHUS peIIeHHs BOJIM3U
rpaHuubl paboueit 06macTd MpU CHWKEHUH TOYHO-
CTH Ha OCTaJILHOU yacTH pabodeii obsact. OqHaKO
B HanpHeWmem npu HaxoxaeHuw pemenus O3K c
WCTIOJNIb30BaHUEM HMTEPALMOHHOTO YTOYHEHHS, 3TO
yBeJInueHHe olIMOKU OyJIET CKOMITIEHCUPOBAHO.

st o0ydeHuss HeueTKHUX HelipoceTeil ObLIO
CreHepyupoBaHo J1Ba Tumna o0yuyaroliero Habopa aaH-
HBIX C MCHOJIb30BAHMEM pPAa3IMYHBIX AJTOPUTMOB
(opMHUpOBaHKs, OCHOBAHHBIX HA PELICHUW MPSIMOM
3a/1a4¥ KHHEMATUKH: ¢ (PUKCHPOBAHHBIM ILIATOM H3-
MEHEHMsl YIJIOB TOBOPOTA KAaXKIOr0 M3 3BEHbEB
(HHC 1-ro Tuna) u ¢ maromM, yMeHbIIAIOLUMCS TTPH
npubAM>KeHUH K BHELIHEl rpaHuue padoueid obna-
cti (HHC 2-ro tuna). KonnuectBo Touek, oOyuato-
KX HAOOPOB TAHHBIX JBYX aJITOPUTMOB paBHbI. Ha
puc. 4 npeacTaB/ieHO U3MEHEHHE OLUMOKH MO3ULHO-
HUpOBaHUsl paboyero opraHa MaHUMyasTOpa MNpU
pacuére O3K Tonbko HeilipoceTeBbIM MeTOJOM Oe3
WUTEPaLIMOHHOTO YTOUHEHUS U1 3alaHHOM TpaeKTo-
pun. JlaHHblli rpadMK WUTIOCTPUPYET CHHKEHHE
OIIMOKH MO3UIIMOHUPOBAHUS BOJTU3U rPaHuLbl pabo-
yeli oOnactu (B KoHLe TpaekTopun). CTOUT Takxke
3aMETHUTh, YTO Ha MPOTHKEHUH OOJIbIIeH YacTH Tpa-
ekTopuu omroka Bo Bropom ciyuae (nias HHC o0y-
YEHHBIX C YBEJIMUSHHBIM KOJIMYECTBOM O0YyYaroLMX
NpUMEpOB BOJW3M TpaHULbl) OOJsblIe, OJHAKO B
JaJIbHeHleM OHa yCTpaHseTcs ¢ MOMOLIbIO UTepa-
LIMOHHOTO YTOYHEHHUSL.
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Puc. 4. Ommbxka st paznuaaeix HHC

Pe3yabTaThl IKCNEPHMEHTAJLHBIX HCCJIe10-
BaHmii. b1 NpoBeneH cpaBHUTENBHBIN aHATN3 pas-
paboTaHHOrO aNropuTMa KMHEMaTU4eCKOro ynpas-
JIEHUs! C aJITOPUTMaMH Ha OCHOBE UTEPALMOHHOIO U
HelipoceteBoro MeronoB pewenus O3K. Meroauka
MPOBEIEHUS OSKCMNEPUMEHTAIBHBIX HCCIeIOBaHUH
BKJIIOYAJla HaXOXKICHHWE YIJIOB TOBOPOTA 3BEHBEB
i OTpabOTKM pabovYrM OpraHoM MaHWITYJISITOpa
3aJaHHBIX TpaekTopui. B kadecTBe 3amaHust pac-
CMaTpUBaJIMCh 3aMKHYTbIE TPAEKTOPUHU B TpeXMep-
HOM MPOCTPAHCTBE, CTPOrO HAXOJsLMECS B I'PaHU-
uax paboueit obnactu manumyJstopa. [logbop Tpa-
€KTOPHIi U MX MOCTPOeHUE ObLIM BBINOJHEHbI C yue-
TOM OXBara OoJiblIei yacTu padoueti obnactu. C uc-
MOJIb30BAHMEM JITOPUTMA PELIEHUs NPsAMOii 3a1auun
KMHEMATHUKH U HAa OCHOBE MOJIyYEHHBIX B pe3yJibTaTe
9KCMEpUMEHTa JaHHbIX, ObLIM paccyuTaHbl 3Haue-
HUsI MUHMMAJIBHOTO, CpeJHero (MeAMaHHOe 3Haue-
HHME) U MAaKCUMaJbHOIO OTKJIOHEHHs paboyero op-
raHa oT 3ajaHHOW TpeOyemol koopauHatel. HMccrne-
JIOBaHUSI MPOBOJAMIIUCH Il Pa3IMYHbIX 3HAYCHUH
3aJaHHOK TpeOyeMOHW TOYHOCTH TONoXKeHus: |,
1:107 1 110 Mmm. Pe3ybTaTsl SKCIEpUMEHTAIBHBIX
WcclieIoBaHul nipencTasieHbl B Tadauie 1. U3 mo-
JYYEHHBIX JaHHBIX MOXHO cJejaTh BbIBOA O BO3-
MOKHOCTH MpPUMEHEHHUs pa3padOTaHHOro ajro-
pUTMa KMHEMaTHUYEeCKOro YNpaBieHUs B CHCTEMax
peasbHOro BpeMeHM. Takoke pesynbTaTbl dKCIEpU-
MEHTOB NPEAIaraeMoro ajlropuTMa 1€MOHCTPUPYIOT
BO3MOXHOCTb YCMELIHOTO YTOUHEHHUS 10 TpeOyeMoit
TOYHOCTH B 3a/Jayax YINpPaBICHUS MaHMITYJISILIMOH-
HBIMH MEXaHHU3MaMHU C OOJIbIIMM YMCIIOM 3BEHbEB.

B pabote npoBeneHbl SKCriepUMeHTabHbIE HC-
cJeloBaHMs, HampaBl€HHbIE Ha pa3pelleHue MNpo-
OJieMbl HAXOXK/IEHUS pelieHust oOpaTHOM 3a1a4u Ku-

HEMAaTWKW BOJMM3M BHELIHEH TpaHuLbl pabodeil 00-
nactu. PaccMoTpeHue mpoBeAeHO Ui MaHWIYJs-
TOpa ¢ MATHIO 3BEHbSIMH, 00ECTIEYUBAIOIIUMU 6 CTe-
neHed mojBwKHOCTU. Ha ocHOBe mpeacTaBiieHHON
paHee MeXaHMUYeCKON CTPYKTYpHI (cUcTeMa ypaBHe-
Huii (1)). g naHHOTO THTNA CTPYKTYPBI MaHHITYJIS-
Topa ObUIO BBEJICHO OrpaHMYEHHE HA MAaKCUMATIbHO
JIOIyCTUMBIE YTIIbl TOBOpOTa 3BeHbeB 10 90 rpany-
coB. B kauecTBe TecToBOro 3afaHWs IJs pacuéra
ObLa BeIOpaHa JIMHeHHas TPaeKTopuYsl IBHXKEHUS pa-
0o4ero opraHa MaHUITYJISATOPa U3 POU3BOJILHOM KO-
opauHathl ({xnp= 500, yyp= 500, z,p= 1600} ) k BHewI-
Heli rpaHuue paboueii obmactu ({xp= 1800, y,—=
1039,231, zp=500}), coctosiiias u3z 1000 Touek. Pe-
3yJIbTaThl SKCIIEPUMEHTOB MPeJICTABICHbI B TAOIHLE
2. VI3 noy4YeHHbIX JaHHbIX BUAHO, YTO CpeaHss (Me-
JIMaHHas) OMIMOKA MO3UIUOHUPOBAHUS (IUCTAHIIMS
pabouero opraHa A0 >KelnaeMoi TOYKH) He M3MEeHs-
eTcs MpH pas3MYHbIX anropurMax (HOpMHUpPOBAaHUS
00yyarolMX BbIOOPOK U HAXOOUTCS B yCTAHOBJIEH-
HbIX rpaHunax (Mexee 1 [Mm]). OnHako 2-0ii mogxon
MO3BOJISIET CHU3UTh MAKCUMAJIbHYIO OLUMOKY J1J1s1 TH-
OpunHoro anroputma pacyera O3K 3a cuer ydera
CJIOXKHOCTH YTOYHEHHUs pelleHHs BOJIM3U TPaHULbI
paboueii obnactu (cHwkeHue omuOku Ha 78,5 %).
Takoke 3a cyeT 3TOro B LIeNOM CHUXkKaeTcs Tpedyemoe
KOJIMYECTBO UTEPALIMH alrOPUTMA YTOUHEHUS U KaK
CIIeJICTBUE TOBBIIIaeTCs ObIcTpoaeiicTBHE (MPUOITH-
3uTeNnbHO Ha 54 %).

PazpaGoTaHHblii anroput™M KHHEMaTHYECKOIo
ynpaBieHus TpeaycMaTpruBaeT KOPPEeKTHPOBKY TMa-
paMeTpPOB HEUETKUX HEMPOHHBIX CETEeH B mpouecce
9KCIUTyaTallud MaHUIYJATOpa Ha HapaOOTaHHBIX
YTOUYHEHHBIX JaHHBIX. TakuM 00pa3oM, MpH BITION-
HEHUH OTHOTHIHBIX 3aa4 OCYIIECTBIISIETCS aanTa-
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s aaroputMmoB. B taGnune 3 mpeacraBiieHsl pe-
3yJIbTaThl SKCIIEPUMEHTOB TPU BBITIOJIHEHUH pacye-
TOB JJISl TpEX-, MATH- U BOCBMHU3BEHHBIX KOHCTPYK-
LM MaHUIYJISLMOHHBIX POOOTOB C YCTAaHOBJIGHHON
TOYHOCTBIO pacy&éToB 1 MM AJsl MoJjioXkeHus: pado-

yero oprana. PacdeTsl npencrasieHs! A pa3pado-
TAHHOTO MMOPHUAHOrO AIrOPUTMa KHHEMaTHYECKOro
YOpaBiIeHUs U ero ajanTHpPOBaHHON BepcHH, CKOp-
PEKTUPOBAaHHOH Ha OCHOBE NAaHHBIX, MOTYYEHHBIX
1ocJjie MPOBEICHHUS YTOUHSIOLMX PAcUETOB.

Tabruya 1

Pe3yJ’leaTl>l IKCOHEPUMEHTAJBHBIX ncc.ﬂenonaﬂuifl

Merton pacueTa HrepaunoHHslit Heitpoceresoii [pennaraemslit ruOpuAHBII
KoanyecTBO 3BEHLEB 3 5 8 3 5 8 3 5 8
. HIJCPT":‘;J;’C"‘?:T‘;“;C 2,577 | 16,033 | 39,671 | 0,982 | 1,552 | 2,477 | 1,085 | 1,771 | 2,771
§ min 16 15 12 10 13 13
Z . Kp‘l’i‘e’;‘;e:;;" med | 138 | 2625 | 11876 14 16 18
2 = max | 11429 | 42296 | 71871 60 73 161
é min | 0332 | 0,023 | 0,152 |11,477|21,611|46,919| 0831 | 0612 | 0,095
é 0"‘;‘3"3’ med | 0,972 | 0,949 | 0,871 |16,616]25,772|65,724| 0,959 | 0,912 | 0,811
max | 1,000 | 1,000 | 1,000 |21,722]28,123|82,244| 1,000 | 1,000 | 1,000
. ngcl’:j‘;g’c“:‘;‘“;c 3,034 | 21,070 | 47,461 | 0,947 | 1,517 | 2,489 | 1,388 | 2,042 | 3,050
§ min 78 43 32 18 35 17
EE K{;’;‘:;::;EO med | 298 | 3417 | 12866 33 43 78
S max | 15356 | 70539 | 100843 169 249 455
éﬁ min | 0265 | 0,206 | 0,064 | 11475 | 21608 | 46920 | 0,818 | 0,575 | 0,066
2 OM“::_'lﬁ';f?’ med | 0,966 | 0,948 | 1,000 | 16604 | 25786 | 65720 | 0,962 | 0919 | 0,824
max | 1,000 | 1,000 | 1,000 |21713|28112 | 82257 | 1,000 | 1,000 | 1,000
. ngcpffgg’c":;g“;c 3,754 | 24,660 | 53,729 | 1,001 | 1,617 | 2,599 | 1,713 | 2,354 | 3,363
§ min | 119 65 47 28 58 33
¥ e | med | 459 | 4201 | 13771 68 70 | o
S max | 16350 | 91262 | 106436 180 195 485
é}"‘ min | 0,342 0,157 0,060 | 1,15:107 | 2,16:107 | 4,69-10" | 0,825 0,611 0,053
é OM";"f(;f?’ med | 0965 | 0946 | 0941 |166107 | 258107 | 657107 0,958 | 0,918 | 0,824
max | 1,000 1,000 1,000 |2,17-107 | 2,81-107 | 8,23-10" | 1,000 1,000 1,000
Tabnuya 2
Pe3yJ’ll>TaT]>l CPAaBHUECTJ/IBHOI'O aHA/IN3Aa AJITOPUTMOB Oﬁy‘lel-ll/lﬂ HCYECTKHUX HeﬁpOHHLIX cere
Oo6yyenue HHC 1-ro Tuna O6yyenne HHC 2-ro Tuna
IMpoao/KUTEeTbHOCTH pacyera, Mc 6841 3117
min 2,715 1,694
Omudka nociae HHC, mm med 36,462 39,507
max 55,202 82,400
min 0,283 0,127
Oumrnbka nocjie yroYHeHusl, MM med 0,903 0,903
max 52,549 11,274
min 5 3
KonauyecTBo nrepauuii med 20 24
max 50000 27367
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Tabruya 3
Pe3yabTaThl CPABHHETJIBHOIO AHAIH3A AANTALNH AJITOPUTMOB KHHEMATHYECKOT0 YIIPpABJICHHUS
AJITOPUTM pacyeTa HeanantupoBaHHbIi A nanTupoBaHHbII
KonnuecTBo 3BeHbEB 3 5 8 3 5 8
IMpono/KuTEJBLHOCTL pacyera, Mc 1,095 1,765 2,771 0,686 0,854 1,251
min 11 12 12 3 6 11
Komriecreo med 13 15 16 8 10 12
urepaunii
max 60 72 157 36 46 55
BeiBoanbl. 3. Mentes A., Yetkin M., Kim Y. Comparison

1. Ilpu Mcnonb30BaHUM AITOPUTMA KMHEMATH-
YECKOro YMpaBJEHUsI HA OCHOBE HEUETKOW HEWpOH-
HOM CeTH JIOCTHIraeTcs Hawly4luasi MPOU3BOANTEIb-
HOCTb CHCTEMBI, OIHAKO cpefHee OTKJIOHeHHe (au-
CTaHIMS [0 LIeJNN) 3HAYMTENILHO TMpeBbIIIaeT ycTa-
HOBJIEHHYIO TOYHOCTb.

2. Bpewms, 3aTpauriBaeMoe CUCTEMOIl yrpasiie-
HUS Ha pacyeT KOOPAMHAT JAJisl KIIacCUYeCKOro uTe-
parmionHoro anroputMa pemenus O3K, 3Haum-
TEJbHO YBEJIMUMBaETCs MPH YBETMUEHUH (UKCa 3Be-
HBEB) CIIO)KHOCTH KOHCTPYKLMH MaHHUMYJISLHUOH-
HOTO poboTa.

3. TlpomomkuTenbHOCTh pacyeToB HelpoceTe-
BBIM W MpeqjiaraeMbiM TMOPHIHBIM criocobaMu He
MMeeT 3HAYMTENbHON 3aBUCHMOCTH OT CJIOKHOCTH
KOHCTPYKLIMH (YHMCI1a 3BEHBEB).

4. C WCroNb30BaHUEM TMPEUIOKEHHOIO TH-
OpWAHOro anropuT™Ma KWHEMAaTHUYECKOTO yrpasiie-
HUS IOCTUTaeTCs 3HAUMTENIbHOE yBEITMYEeHHE TIPOM3-
BOJIUTENBHOCTH (COKpaLleHue BPEMEHH MPOBEACHUS
pacyeToB) NpU KOHTPOJIMPYEMOM TOUHOCTH.

5. PaccMmoTpeH cmoco0 CHKeHHs OIIUOKH
pacyera Mo3uLMM paboyero opraHa MaHWMyJsATOpa
BOJIM3M BHELIHEH rpaHubl paboyeii 001acTH 3a cuer
anroputMa (opmupoBanus oOyuarouiero Habopa
JaHHBIX 11 HEYETKUX HEHPOHHBIX CeTed ¢ y4eToM
coxpaHeHMs OOLIel TOYHOCTH pacueTa Ajs mpeia-
raemMoro ruOpuHOro aaropuTMa KMHEMaTHYeCKOro
yrpaBJIeHUs.

6. [lpumeHenue apgantauuu Iis rUOPUAHOrO
JIrOpUTMa KMHEMaTHYECKOTO YIPABJICHHUS IO3BO-
JISieT CYLIeCTBEHHO COKPAaTUTh KOJIMYeCTBO Tpelye-
MBIX LMKJIOB MTEPALMOHHOrO YTOUYHEHMs U, Kak
CJIe/ICTBHE, MOBBILIAET MPON3BOAUTENLHOCTE CY.
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ALGORITHMS FOR KINEMATIC CONTROL OF MULTI-LINK MANIPULATION RO-
BOTS BASED ON A FUZZY NEURAL NETWORK

Abstract. The paper considers the possibility of constructing a kinematic control algorithm for manipu-
lating robots with a serial-connected links. The construction of a control system based on a fuzzy neural net-
work is proposed. The results of experimental studies on the selection of parameters of a fuzzy neural network
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in accordance with the set optimality criterion (in terms of speed), taking into account the subsequent iterative
refinement by the Newton-Raphson method, are presented. The following network parameters are considered:
the number and type of node membership functions, the size of the training sample with a different number of
training approaches. An algorithm for forming a training sample for fuzzy neural networks is proposed in
order to reduce the positioning error of the working body of the manipulating mechanism near the outer
boundary of the workspace. The possibility of adapting the kinematic control algorithms by adjusting the pa-
rameters of the membership functions in the network nodes when performing the same type of tasks, based on
the data of the Newton-Raphson refinement algorithm, is demonstrated. In the framework of this work, a com-
parative analysis of the developed kinematic control algorithm with algorithms based on iterative and neural
network methods for solving the inverse kinematics problem of a manipulative robot is carried out. The con-
clusion is made about the increase in the speed for calculations of kinematic control algorithms while main-

taining the required accuracy.

Keywords: inverse kinematics problem, manipulative robot, fuzzy neural network, kinematic control al-

gorithm, iterative refinement.
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