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Harionaneuuii yHiBepcuter «Oiecbka MOPChKa aKaaeMish»

INOKPUTTA I3 ®EM 3 OCHOBOIO I3 IITPAMIIAJBHOI'O
TA PEBPUCTHUX EJIEMEHTIB

Ilpu  e6nopsioxyeanni  npubyOuHKOBUX — Mepumopii, mMpomyapis, cado60-NaApPKOBUX  OOPINCOK,
ABMOCMOSIHOK | MATIOAHYUKIE PI3ZHO20 NPUSHAYEHHS Y BEIUKUX 00CSA2aX GUKOPUCIOBYIOMb NOKPUMMSL 3 (picypHux
enemenmie mocminna (OEM), euxonanux 3 Oemony. Ilpu ix excniyamayii iHOOi cnocmepieaiomvcsi pi3Hi
Ooeghopmayii, npuuuUHAMU AKUX MOJICYMb OYMU HeGipHULl BUDID KOHCMPYKMUBHO-MEXHONIOZIYHO20 PIUenHs 1
HU3bKA Hecyua 30amHicmb nokpumms. 3 memow 3anobicanus Odegopmayiti HeoOXIOHO NPO8OOUMU NOULYK,
PO3POOKY, 00CNIONCEHHS Ma NOOANbULEe BNPOBAONHCEHHS 8 OYOigebHe 8UPOOHUYMEO HO8UX nokpummie i3 OPEM 3
NOAINWEHUMU AKICHUMU XAPAKMePUCMUKAMU.

Cmammsa  npucesuena  YOOCKOHANEHHIO — KOHCMPYKIMUBHO-MEXHOIOSIYHUX — pileHb  HOKpUMmIie
Mmpomyapia, NiuoXiOHUX OOPIHCOK, MAUOAHYUKIE PI3HO20 NPUSHAYEHHA, BUKOHAHUX 3 (Di2ypHUX eleMeHmid
MOCMIHHA. 3anponoHosano 08a 8apianmu HOBUX eleMeHMi8 MOCMIHHA 3 HUNCHbOIO OCHOB010, WO MAE 3MIHEHy
ceomempuyHy opmy — 3 OOHUM RNIPAMIOANbHUM eleMeHmMOM, DO3MAULOBAHUM 6 Yenmpi, i 3 pebpucmux
NPUSMAMUYHUX — eleMenmis, po3mauloganux no nepumempy. Po3spobneno cinomesu npo nepesacu
s3anpononosanux eapianmie DPEM. 36invuienns naowi HUXCHbOI OCHO8U 003801UMb Nepedasamu 308HIUHE
HABAHMAdICeHHs. HA OiIbWULL 00 €M HUNCHLO20 HECYH020 KOHCMPYKMUBHO20 WAPY OOPOICHLOZO 0052y, WO
0acmv  MONCIUBICTIL  NOKPUMMIO  Chputivamu  30iibiuene Hasanmascenus. Dopma HUNCHLOI OCHOBU npU
enawmysanni PEM cnpusic 000amko8oMy YWibHEHHIO HUNICHLOZO NIAHO20 WAPY T 3HUINCEHHIO MONCIUBOCTI
20PU3OHMANIBLHO20 3CY8Y Y BUNAOKY NPUKIAOAHHS 20PU3OHMANLHOZ0 HABanmadcenHs 00 noxpumms. Omoice,
nio8UWAMbCS AKICHI XapaKmepucmuKy 3anponoHO8AH020 NOKPUMMSL — HeCydad 30amHicmb | 008208IUHICb.

3pobneno  pospaxyHox eucom 6epxXHIX NPUSMAMUYHUX YacmuH Hoeux eapianmie PEM npu
3aNPONOHOBAHUX NAPAMEMPAX HUNCHLOI OCHOBU I (hopMU 8 NAAHI, pe3VTbmamu K020 8KA3VIOMb HA He3HAYHe iX
3MeHueH A wo0o sucomu mpaouyitinoi @EM 3 niackoiw ocHOBow.

Jlna  niomeepodiceHHs 2inome3 3anpoONOHOBAHUL NIAH NPOGEOeHHs eKCNepUMEeHmMI8 No  6HauU8Yy
MPUBANO20 BEPMUKAILHO NPUKIAOEH020 HA8aHmMadxcenHs Ha ocioanua @PEM i wineHicms HUMCHb020
KoHcmpykmuenozo wiapy. Obpani axmopu, wo enaueaioms Ha pobomy noxpumms i GUXIOHI napamempu.
ITioibpani neobxione obnaouanua i mamepianu.

Kniouosi crosa: icypnuil enemenm MOCMIHHS, HUNCHS OCHOBA, PEOPUCMULL NPUSMATRUYHULL eleMeHM,
nipamioanvHull elemenm, 0CiOanHs, WilbHICMb.
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HanmonaneHsiii yaHuBepcuteT «Oecckas MOpCKas akaJieMusy

IHOKPLITUA U3 @M C OCHOBAHUEM U3 IIMPAMUJIAJBHOI'O
N PEBPUCTBIX 2JIEMEHTOB

Ilpu 6nracoycmpoticmge npuOOMOBbIX MEPPUMOPULL, MPOMYapos, CA00B0-NAPKOBLIX  OOPOICEK,
ABMOCMOSIHOK U NIOWAOOK PA3IUYHO20 HA3HAYEHUSL 8 DONLUUX 00BEMAX UCNOL3YIOM NOKPLIMUSL U3 QUSYPHBIX
anemenmos mougenuss (OOM), evinonnennvix uz 6emona. Ilpu ux skcniayamayuu unoeoa HaOIOOArOMCs
paznuumslie  oepopmayuy, NPUYUHAMU — KOMOPLIX MO2Ym  Oblmb  HeBEPHblll  6blOOP  KOHCMPYKMUBHO-
MEXHON02UHeCKO20 peuleHusi U HU3Kas Hecywas cnocobrnocms nokpuimus. C yeavio npedomepaujeHust
deghopmayuii HeobX00UMO NpPOBOOUMb NOUCK, PpPA3PAOOMKY, UCCAe008aHUe U OdlbHeliuee 6HeOpeHUe 6
cmpoumenvHoe — nNpPou3goOCME0  HOGblx  nokpuimuil  uz3  D@OM ¢ YIyYueHHbIMU  KA4eCHEeHHbIMU
Xapaxmepucmuxkamu.

Cmamwsi nocesujeHa co8epuleHCME08ANUI0 KOHCIPYKMUGHO-MEXHOI0SULECKUX DPEUeHUl NOKPbImull
MpOmMyapos, Newmexo0HblX 00podIceK, NIOWAOOK DA3TUYHO20 HA3HAYEHUS, G6bINOJHEHHbIX U3  (DUSYPHBIX
anemenmos mowenus. IIpeodnoscenvl 06a 6apuaHmMa HOBLIX IJIEMEHMOE MOWEHUS. C HUNCHUM OCHOBAHUEM,
UMEIOWUM USMEHEHHYIO 2e0MEeMPUUECKYI0 opMY — C OOHUM NUPAMUOATLHBIM INEMEHIMOM, PACROIONCEHHbIM 8
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yenmpe, U pedPUCMBIX NPUSMATNUYECKUX DJIEMEHMO8, PACNONIOJCeHHbIX hno nepumempy. Paspabomanul
2Unomesvl 0 NPeUMyWecmeax npednoxceHHvix eapuanmos @OM. VeenuueHnue niowaou HUMCHe20 OCHOBAHUS
NO360UM NEePedasamy GHEWHIOW HASPY3KY HA OONbUULl 00beM HUNCENEHCAULe2O HECYWe20 KOHCIMPYKIMUGHO20
CNOsL OOPOANCHOU 00eXHCObl, UMO OdACH BOZMONCHOCHL NOKPHIMUK) GOCHPUHUMAMY VEETUYEHHYIO HASDY3KY.
Dopma HudcHezo ocHosanus npu  ycmpovicmee DIOM  cnocobcmeyem  OONOAHUMETLHOMY VHAOMHEHUIO
HUDICENeAHCAUE20 NECUAHO20 CNOA U CHUNCEHUIO 803MONCHOCIIU 20PUBOHTNATIBHO20 COBUSA 8 CYHAe NPUTONHCEHUU
2OPU3OHMANLHOU Hazpy3ku K nokpvimuto. CredosamenvHo, NOGLICAMCA KA4eCmEeHHble XapaKmepucmuku
NPeoNoHCeHHO20 NOKPLIMUA — HECYWask CHOCOOHOCb U 00I208EUHOCTID.

IIpouseeden pacyem 6vicom 6epPXHUX NPUSMAMUYECKUX uYacmel HoebIX eapuanmos DPIM npu
NPeONOHCEHHBIX NAPAMEMPAX HUNCHE20 OCHOBAHUA U (popme 6 Niane, pe3yibimamysl KOmopozo YKa3vleaiom Ha
He3HauumenvHoe ux ymMeHbuenue OmHoCUmenbHo eblcomul mpaouyuonnoti @IM ¢ niockum ocnosanuem.

Hns noomeepoicoenus eunomes npeonoHcer NAAH NPo8edeHUs: IKCHEPUMEHTNOE NO GIUAHUIO OTUMETLHOU
8EPMUKATLHO NPUNOIHCEHHOU Hazpy3Kku Ha ocadky POM u nromnocmy HudCeneHcauje2o KOHCMPYKMUBHO20 Cosl.
Buibpanvt ghaxmopei, erusiowue Ha pabomy nokpvimus u 6bix0OHule napamempsl. I10006panvl Heobxooumoe
000py008aHUE U MAMEPUATIL.

Kntouesvle crosa: ¢hueypHbvill s1emeHm MOWjeHUs, HUNCHee OCHOBAHUE, PeGPUCbIlL NPUSMAMUYECKULL
9neMeHm, NUPAMUOAIbHbLIL dNIeMeH, 0CA0Ka, NIOMHOCHb.
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PAVEMENTS OF FPE WITH UNDERSIDE SURFACE OF PYRAMIDAL
AND RIBBED ELEMENTS

When improvement of house adjoining territories, sidewalks, garden paths, parking lots and areas for
various purposes, pavements of figured paving elements (FPE) made of concrete are used in large volumes.
During their operation, various deformations are sometimes observed, the reasons for which may be the wrong
choice of the constructive-technological solution and the low bearing capacity of the pavement. In order to
prevent deformations, it is necessary to search, develop, research and further introduce into construction
production new pavements of FPE with improved quality characteristics.

The article is devoted to the improvement of constructive-technological solutions of pavements, foot
ways, and areas for various purposes, made of figured paving elements. Two variants of new paving elements
with an underside having a modified geometric shape are proposed — with one pyramidal element located in the
center, and ribbed prismatic elements located along the perimeter. Hypotheses about the advantages of the
proposed FPE variants have been developed. An increase in the area of the underside will allow the external
load to be transferred to a larger volume of the underlying structural layer of the pavement, which will enable
the pavement to take the increased load. The shape of the underside during the installation of FPE contributes to
additional compaction of the underlying sand layer and a decrease in the possibility of horizontal displacement
when a horizontal load is applied to the pavement. Consequently, the quality characteristics of the proposed
pavement will improve — bearing capacity and durability.

The calculation of the heights of the upper prismatic parts of the new variants of the FPE with the
proposed parameters of the underside and the shape in plan, the results of which indicate their insignificant
decrease relative to the height of the traditional FPE with a flat underside.

To confirm the hypotheses, the plan of experiments on the influence of a long-term vertically applied
load on the FPE settlement and the density of the underlying structural layer is proposed. The factors
influencing the operation of the pavement and the output parameters are selected. The necessary equipment and
materials were selected.

Keywords: figured paving element, underside, ribbed prismatic element, pyramidal element, settlement,
density.

ITocranoBka npodaemMu
B ocranHHi pokM Bce 4daCTilIe TOKPHUTTS MalJaHYUKIB PI3HOTO MPH3HAYCHHS,
TPOTyapiB, MIMIOXITHUX OPIKOK, ABTOCTOSHOK OYAYIOTh 3 BHUKOPHUCTaHHSM (irypHHX
enemeHTiB MocTiHHS (PEM) 3 OGetony [1]. Taki mokpuTTsS MaroTh Oarato mepeBar Imepen
ac}aabTOOCTOHHUMH TIOKPUTTSIMU: BOHH € €CTETUYHO NMPUBAOIMBUMH, EKOJIOTIYHO YHCTUMH,
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MaloTh JOBHIMM TepMiH ekciutyaranii. HasgBHICT IMIBIB MDK OKPEMHUMH elleMEHTaMHu
3a0e3mnedye OB IIBUAKUNA BIATIK TOMOBUX BOJ 3 TOBepxHi. [Ipr HeoOXiqHOCTI MPOBEICHHS
pOOIT MO MPOKIAII MiA3EMHUX KOMYHIKalliid, iX MOYHA JIETKO po3i0paTd, a MOTIM 3HOBY
3i0partu. [TomKkomKeHI OKpeMi eIeMEHTH TIOKPUTTSI MOXKHA 3aMiHUTH Ha HOBI, IO MOJIOBXYE
TepMiH X ciyxOu. [TokpuTTs AOPIKOK 1 MalJaHUMKIB PIi3HOTO MPH3HAYEHHS MalTh OyTH
HaAiHAME 1 JnoBroBivHUMH. OpHak, iHOAI y TOKpHUTTAX 3 DPEM BUHUKAIOTH Pi3HI
nedopmMartii. /1o HUX BiTHOCSTHCS pyHHYBaHHS €IEMEHTIB, 3CYB K OKPEMHX €JIEMEHTIB, TaK 1
TUTSTHOK, BUOOTHHW, 3amaauHu, 1 Take iHme. [IpwauHu, MO NpU3BOAATH A0 IedopMarliid,
MOXYTb OyTH pizHUMH. OJHI€I0 3 HUX € HEBIpHO O0OpaHEe KOHCTPYKTHBHO-TEXHOJIOTIYHE
PILIEHHS IOKPUTTSL.

AHaJTi3 0OCTaHHIX JOCTITAKEHb | myOaikanii

JIOpOKHIA OZAT CKJIAaJaeThCsl 3 NEKUIBKOX IApiB: OCHOBH, KA € HECYYMM LIapoM,
IiJICTWJIBHUX IIapiB OCHOBH, Ta TOKPHUTTA, IO € BEPXHIM IIapoM. beToHHI eneMeHTH
MOCTIHHS, I[0 3aCTOCOBYIOThCS B OyJiBHHIITBi, MalOTh Pi3Hi (opMu B MiaHi. IX ToBIIMHA
Mosxe Oytu 300-600 mm. Bci BOHM MatoTh I1aCKy HUXKHIO OCHOBY.

Ha nopoxHiil onfr BIUIMBaIOTh SIK BEPTHKAJIbHE KOPOTKOYACHE TaK 1 TpHUBaie
HaBaHTAXXCHHS BiJ| MIIIOXO/IiB, TPAHCIIOPTY 1 TaKe iHIIE, TaK 1 TOPU3OHTAIHHE HAaBAHTAKCHHS,
HalpUKIaJ, TaJbMyBaHHs. 3OBHIIIHE HABAHTA)KEHHS NPUKIAJEHE IO IUIMTKHU INEpelacTbCs
yepe3 ii HWKHIO OCHOBY Ha HIKHIM HECy4yWil map TOpPOXKHBOTO OJATY. SIKIO 30LIBIIUTH
IUIOIly HUXKHBOI OCHOBU IUIMTKH, TO HaBaHTaXEHHA Oye NepeaBaTUCh HAa 30UIbLICHUN
00’eM Hecydoro mapy. TakuM YMHOM MOKHA 301IBIIUTH HECydy 3JaTHICTb JOPOKHBOTO
OJlry, IO B CBOIO 4YEpry HpU3Bele N0 30epiraHHs €JIEMEHTIB MOKPUTTS y MOYaTKOBOMY
MOJIO’KEHHI, 1[0 B CBOKO Yepry MpH3BEe A0 MiJBUIEHHS TePMiHy #oro ciryx0u. B 3B’s3ky 3
UM paHime Oyiau po3poOseHi Ta YacTKOBO JOCTIDKEHI JEKUIbKa BapiaHTIB MOKPUTTIB 3i
3MIHEHOIO T€OMETPUIHOI0 (POPMOIO HIXKHBOI OCHOBU [2-5]. Pe3ynbraTtu MociipKeHb BKa3alu
Ha TBUIIEHHS IKICHUX XapaKTePUCTUK TTOKPHUTTIB.

OnHuM 3 paHille 3amnpolOHOBAaHMX BapiaHTIB € (IrypHUl €IeMEHT MOCTIHHS 3
nipamMiJaIbHOK0 OCHOBOIO, BEpIIMHA SKOI HampaBieHa MgoHH3Yy. JlochimpkeHo, Mo TpH
3MEHILIEHH] KyTa MpH BEPIIHHI MipaMiau B JBa pa3u (Bix 180° bi (o) 700) OCIIaHHA IUIATKA M
J€I0 BEPTHKAILHOTO HABAaHTAXXECHHS MOXKe OyTH 3HW)KEHO B JBa pas3u, Ta B 1,3 pasu mpu
3MeHIIeHH] KyTa mpy Bepmruai mipamimn (Bix 180° mo 125%) [3]. IHmmit BapiaHT MOKpUTTS i3
@®EM mae B HIXKHIM OCHOBI 3y09acTi eleMeHTH TipaminzanbHOi ¢opmu. B HIDKHIN OCHOBI
TPbOX €KCIIEPUMEHTAIbHUX 3pa3KiB OyJIM OAMH, IT'SITh Ta JAEB ATh MipaMilalbHUX €JIEMEHTIB,
SIKi MaJM KyT TIPH BEPIIMHI mipaminy B mormepednomy mepetuni 90°, a ueTBepTHii 3pa3ok MaB
IUTaCKy OCHOBY. Bynm mpoBejeHi IOCIiAKEeHHs] Ha BU3HAYEHHS BEJIMUYMHHU FOPU30HTAIBHOTO
3CyBY 3pa3KiB MiJ Ai€l0 TOPU3OHTAIBHO NMPHUKIAJeHOro HaBaHTaxkeHHs [4]. [Ipu npomy Oyim
JIOCJIIJDKEHI SIK 3pa3KH PO3TAIIOBaHI HAa TOPU3OHTAIBHUX TOBEPXHAX, TaK 1 Ha TMOXHIAX
NOBEpXHAX. Bu3HaueHO, mIO0 3pa3ku 31 3MIHEHOI TE€OMETPHUYHOIO (HOPMOIO OCHOBHU
e(EeKTUBHIIIE TMEPENIKOIKAIOTh 3CYBY IOKPUTTSA, HDK 3pa30K 13 IUIACKOK OCHOBOIO.
Po3pobneni nekinapka BapiaHTiB MOKpUTTIB 3 @EM, 1o MaioTh peOpUCTy HHXKHIO OCHOBY.
Jocniaunu qiasHKY MOKPUTTS 31 3pa3KiB, B HIDKHIN OCHOBI SIKUX MICTATHCS TPH IPU3MaTHYHI
eJIeMEHTH, pedpa SKHX pO3TALIOBaHI MapaliebHO OAWH OIHOMY, Ta AUISHKY MOKPUTTA 3
TPaAMIIIHHUX 3pa3KiB, 0 MAalOTh IUIACKY OCHOBY. Pe3ynbTaTH MOCHTIIKEHb MOPIBHSIM Ta
BCTAHOBWJIM, IO MiJl JI€I0 BEPTHKAJIBHOI'O TPHBAJIOTO HABAHTAKEHHS IMapaMeTp OCiTaHHs
3pa3ka 3 peOpHUCTOI0 OCHOBOIO MEHIITUH, HIXK 3pa3Ka 3 IIaCKOK OCHOBOO [5].

[Ilo6 He 30inbLIyBaTH 3aTpaTH Ha OETOH Ui T€OMETPHUYHUX EJIIEMEHTIB HUKHBOT
OCHOBH, 00’€M OETOHY Ha BHUTOTOBJICHHS KOXXHOT'O 3alPOTIOHOBAHOTO 3pa3Ka MOBHHEH OyTH
piBHUM 00’eMy OeTOHY TpaAMLIHHOTO 3pa3Ka 3 IUIACKOI0 OCHOBOIO 3 Ti€l0 X (OpMOIO 1
po3mipamu B IutaHi. Lle qocsAraerbcst HUISXOM 3MEHILEHHS BUCOTH IPU3MATHUYHOI YaCTUHU
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po3pobieHux 3pas3kiB. OnHak, Npu 3HAYHOMY ii 3MEHIIEHHI, HAWTOHIN JUISHKH Ili€l
NPU3MAaTUYHOI YaCTHHHM CTAlOTh OUIBII Ypa3JMBINIMMHA TPH 30BHIIIHBOMY BIUIMBI Ha
TOKPHTTSL.

Merta pocaigxeHHs
MeToro TOCIiKEHHS € TiIBUIICHHS SKICHUX XapaKTePHUCTUK MOKPHUTTIB MIMIOXiTHUX
JOPIKOK Ta MalJaHUMKIB PI3HOTO MPU3HAYEHHS 3 (DITypHUX €TIEMEHTIB MOCTIHHSI.
JUis oCSTHEHHST METH IOCTaBieHa 3ajada 3 pO3pOOKM Ta AOCHIIKEHHS HOBHX
KOHCTPYKTUBHO-TEXHOJIOTIYHUX pIlIeHh MOKPUTTIB 13 OETOHHHX ENEeMEHTIB, L0 MaloTh
3MiHEHY T€OMETPHUYHY HH)KHIO OCHOBY.

BukiageHHs 0CHOBHOIO MaTepiajy X0CJiXKeHHS

BaxxnuBuMHu moka3HUKaMHU SIKOCTI MIIIOXITHUX JIOPIr, MaiiIaHYUKIB, aBTOCTOSIHOK € 1X
HaIIWHICTh Ta TOBTUH Oe3peMOHTHUI TepMiH ciryx0u. 11106 miaBummTH iX HECydy 31aTHICTH
Ta 3arobirTé 3CyBY OKpeMuX (PirypHUX eleMEHTIB MOCTiIHHSI, 3alPOTIOHOBaHI HOB1 BapiaHTU
MOKPHUTTIB. Y KOXXHOMY 3 BapiaHTiB 1O KOHTYpPY HWXHBOI OCHOBH IUIMTKH PO3TAIIOBaHI
pedpucTi eneMeHTH npusMatuyHoi popmu. BeepeanHi Ha ropu30HTANIBHINM MOBEPXHI HUKHBOT
OCHOBM pO3TalllOBaHI TMipaMmilaidbHI €JIEMEHTH 3 BEPIIMHOIO, HAIPABJICHOI JOHU3Y. Y
MEepIIOMy BapiaHTI OCHOBA MIpaMmiAW TOPKAETHCS OCHOBH PEOPHUCTOTO €JIEMEHTa CBOEIO
ocHoBOIO (Puc. 1), y apyromy — 3HaX0IUTKCS Ha BijcTaHi Bi pedpuctux enementis (Puc. 2).
Y KOXHOMY 3 BapiaHTIB IapaMeTp BHCOTH IMipaMilaJbHOTO €JEMEHTa CITIIBIaJac 3
napaMeTpoM BiJICTaHi Bij pedpa KOKHOTO 3 MPU3MATUYHUX EJIEMEHTIB JI0 HIXKHBOI OCHOBHU
®EM. 106 He Oyo 3aifiBuX BUTpAT OCTOHY Ha HIKHIO OCHOBY, 00’eM HOBUX ®EM moBuHEeH
JIOPIBHIOBATH 00’ €My TpaJWIiHOI ITUTKY 3 TUMH K TTapaMeTpaMu y TUIaHi, 0 AOCSATAETHCS
3MEHIICHHSIM BUCOTH BEPXHBOI MPU3MATHYHOI YaCTHHU po3podsieHnx OEM.

Ha namry agyMKy, HOKpUTTS, BUKOHAHI 32 HOBUMH BapiaHTaMU, MAIOTh TIEpeBaru mnepes
MOKPUTTSMHA BUKOHAHMMH 13 TUIUTOK 3 IUIACKOI0 OCHOBOIo. [lo-mepimre, mipamimadbHUM 1
NPU3MAaTUYHI €JIEMEHTH OCHOBH IUIUTKHU MPHU3BEAYTH J0 JOJATKOBOTO YIIUIBHEHHS MilIaHOTO
(un 3 1HIIOTO JAPIOHO3EPHUCTOrO MaTepially) IIapy OCHOBH JOPOXKHBOTO OJsTy. Take
YIIUTBHEHHS CTIpHsie 30€peXEeHHI0 MOYaTKOBOTO IMOJIOKEHHS IUTUTOK y MPOCTOpi, 1o Oyxae
3armo0iraTé yTBOPEHHIO MPOBATIB Ta IHIIUX PYWHYBaHb MOKPHUTTIB MiJ Yac iX €KCIUTyaTallii.
TakoXx yIIiJIbHEHHS! HECY4YOro Iapy OCHOBHU NMPHU3BOJIUTH A0 IiJIBUIIECHHS HECY4oi 34aTHOCTI
nokputTs. [lo-apyre, mioma HUKHBOT OCHOBH po3pobieHnx @EM 301abI1y€eThest 32 paxyHOK
OlYHMX TIOBEPXOHb TipaMifaJbHOrO Ta peOpucTHX eneMeHTiB. ToOTo, BepTUKaIbHE
HABaHTAKCHHSI Ha TTOKPUTTS OyJie TIepelaBaTHCh yepe3 Habarato 301IbIICHY HUKHIO OCHOBY
IUTMTOK Ha 30UTbIICHHWN O00’€M HECydoro Imiapy IOPOXKHBOTO OJSTY, a II€ O3Hayae, 110
MOKPUTTS 3MOKE€ BHUTpUMATH 301IbIIICHE HaBaHTaXeHHA. [lo-TpeTe, mipamimagbHUNA 1
NPU3MATUYHI €JIEMEHTH HWKHBOI OCHOBU OyayTh MEPEHIKOHKATH TOPU30HTAIBHOMY 3CYBY
IUINTOK TpH BIUIMBI HAa HUX TOPU3OHTAIBHOIO HAaBaHTaXEHHA. ToMy MOKpUTTS Oyne
MaKCHUMaJIbHO 30epiraTu CBO€ MOYAaTKOBE MOJIOKEHHS Y pocTopi. OTxke, 301IbIIEHHS HECY4Ooi
3JIaTHOCTI 1 3a100ITaHHS 3CYBY €JIEMEHTIB HOBOTO IMOKPUTTS CIPHUIATHUMYTh 301JIBIIICHHIO HOTO
0E3pEMOHTHOTO TEPMiHY CITyKOH.

Ha BigmiHy Bim po3poOiieHUX paHilie BapiaHTIB IUIMTOK, IO MAalOTh MipaMigaibHY
OCHOBY, a00 3y04acTi 4u peOpUCTi eIeMEHTH B HU)KHIA OCHOBI, HOBI TUIMTKU MarOTh peOpHCTI
€JIEMEHTH PO3TAIlIOBaHI IO KOHTYpy (mepumerpy). HaiOumbmn ypa3nmuBUMU YacTHHAMH
€JIEMEHTIB MOCTIHHS TiJl Yac eKCIUTyaTtalii MOKPUTTIB € KOHTYp Ta IIeHTpajibHa YacTHHA. B
po3po0JyieHnx BapiaHTax Il YaCTUHM TIOCWIEHI: TIO0 TIEPUMETPy — NPU3MATHYHUMH
€JIEMEHTaMH, B LIEHTPI — MipaMiJaJIbHUM eseMeHTOM. Lli reoMeTpuuHi eleMeHTH B HUKHIN
ocHoBi ®EM OynyTe mepemko/pkaTH  BIUIMBY — TOPHU30HTAJIBHOTO  HAaBaHTaKCHHS,
NPUKIIAIEHOTO 0 TOKPHUTTS B3OBK OYAb-IKOTO HAIMIPSIMKY.
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Jl51sa BU3HAUEHHS BUCOTU MPU3MATHUHOI (BepXHbO1) yacTUHH HOBUX PEM HeobxigHo
MIPOBECTH PO3paxyHKH. Po3riissHeMO TpaauIliitHuii 3pa3ok BucoToro 50 MM KBaapaTHOI popmMu
B IU1aHi 31 cropoHoro 120 MM Ta ABa 3ampornoHoBaHi 3pa3ku @EM, 3 Takoro camoro Gopmoro i
pO3MIpOM B IJIaHi, ajleé B HW)KHIM OCHOBI SIKHX pO3TallOBaHI PEOPHUCTI €IEMEHTH Ta OAMH
nipaminansHuil edemenT. B mepmomy BapianTi (Puc. 1) posrnsnemo ®EM 3 mipamiganbHUM
€JIEMEHTOM, III0 TOPKAETHCS OCHOBU PEOPUCTOTO €JIEMEHTa CBOEI0 OCHOBOIO (B OCHOBI
mipamian KBaapat 3i ctopoHoro 80 MMm), a B Apyromy Bapianti (Puc. 2) — 3HaXoguThcst Ha
BIJICTaH1 BiJ HbOTO (MipaMia Ma€ B OCHOBI KBaJpaT 31 cTOpoHOI0 20 MM); BUCOTY MipaMiau
JUIS KO>KHOTO BapiaHTa npuitMemo piBHoto 10 MMm. KyT npu pebpi npu3MaTHUHOTO €l1eMEeHTa B
TOTIepPEeYHOMY TTepeTHHi mpuitMemo pisamm 90°.

Puc. 1. Haoune 300paxennst nepumoro sapianta ®EM 3 HHIKHBOI0 0CHOBOIO i3 mipaMigaJbLHOrO
Ta peOPHCTHX eJIEMEHTIB

T
T

Puc. 2. HaouHe 300pa:kenns Apyroro Bapianta ®EM 3 HH:KHBOI0O 0CHOBOIO i3 mipamigajabHOTO
Ta peOPUCTHX eJ1eMEHTIB

Jlns meprioro BapiaHTa CIOYaTKy pO3paxyeMO O0’€M MipaMilalbHOTO €JeMEHTa B
OocHOBI MIUTKUA. OCHOBOIO IIi€1 MipaMiau € KBajapatr 31 cTopoHor0 80 MM 1 BucoToro 10 MM.
OTpuMyeMo, 10 06’ eM mipamian gopisaioe 21333 Mu.

Po3paxyemo 00’eM YOTHpPHOX NPU3MATHUYHUX €JIEMEHTIB OCHOBU. KoXeH 3 Hux €
3pizaHuM 3 OBOX OOKiB. OCKUTBKHM IIi PEOPHCTI €IeMEHTH MaloTh KyT IpU HUKHBOMY peOpi
90° i BrcoTy 10 MM, TO IIHPHHA TpaHi, O CIIBIIAAE 3 HIKHBOIO 0CHOBOKO MEM, nopiBHIOE
20 mMm. Po3rnsiHeMo oJuH 3 HUX, ki Ha Puc. 1 po3ramoBanuii niBopyd. s po3paxyHKy
fioro 00’eMy ysiIBUMO, 1110 BiH He € 3pizaHuM (Puc. 3), To0TO, fOro TOpibOBi rpaHi (MIOMUHU
NIEPETHHY IBOX B3a€EMHO NEPHEHIUKYISIPHUX MPU3MATUIHUX €JIIEMEHTIB) € TIOAOBKCHUMH 10
KOHTYPY IUIMTKH (CIIBMAJalOTh 3 IUIOMIMHOIO OIYHUX CTOpIH TUIMTKH). Po3paxyBanu, 1o
00°€M IONOBKEHOr0 NPU3MATHYHOTO eleMeHTa gopiBHioe 12000 mm’. Ha Puc. 3
HOJJOB’KEHOIO0 YAaCTHHOIO JIIBOTO NMpU3MaTH4HOro eneMeHTta € nipamiga ABCDE 3 BepmuHOrO
A 1 ocaoBoro BCDE. Takux wacTus — 1Bi (TI0 OJHIHN 3 KOKHOTO 00Ky mpu3MH). Po3paxyemo
00’em mipaminu. OcHoBoro mipamigu € tpaneuis BCDE, Ttak sk pebpo CD € napaneabHUM
pebpy BE. Pedpo AC € BucoTOrO TipamMiii, BOHO TIEpIICHIUKYIIpHO 110 pedpa BC 3a ymoBotro
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(xyT ipu pebpi CD nopisioe 90°). ITicis mpoBeneHHs HEOOXITHUX PO3PAXYHKIB OTPHMAITH
06’em mipamimn ABCDE, siknii nopismioe 6mmssko 1000 mm®. Jlmst pospaxyHKy 00°emy
3pi3aHOr0 MPHU3MATUYHOI'O €JIEMEHTa BiJHIMEMO 3 00’€My MOIOBXEHOT0 MPU3MAaTHYHOTO
ejleMeHTa 00’eMM mMipamija, po3TalloBaHUX 3 JBOX OokiB. OTpumainu, mo 00’€M OFHOTO
3pi3aHOro peOpUCTOro MpU3MaTHYHOTO eneMeHTa aopisHioe 10000 MM, IX B OCHOBI muIHTKH —
YOTHPH, TOMy 00’€M NpPH3MATHYHHMX eeMeHTiB cranoBuTh 40000 Mm>. Cyma 00’emiB
MipaMiagbHOTO 1 MPU3MATUYHHUX EJIEMEHTIB OCHOBU IUIMTKHU MEPUIOro BapiaHTa JOPiIBHIOE
61333 M. Po3paxyeMo BHCOTY HPH3MATHYHOI YaCTHHH caMoi IuTKH. O6’eM TpagHuiiHOi
IUTMTKH, 10 Oyna oOpaHa js MOpiBHSAHHSA, AopiBHIoe 720000 MM, BigaimMemMo Big HBOTO
00’€eM eleMEHTIB OCHOBH, Ta PO3paxyeMo BUCOTY. [1icis mpoBeneHHs po3paxyHKIB OTpUMaIIH,
110 BUCOTa NMPU3MATUYHOI YaCTUHM IMEPILIOrO BapiaHTa IUIMTKU JOPIBHIOE OIU3BKO 45,7 MM,
TOOTO BOHA MEHIIA, HIXK JIJIs1 TPAAUIIIINHOT INTUTKY Ha 4,3 MM.

ITpusmamu4Ha 8epxHA
yacmuna ©EM

VagHa nodosxceHa YacmuHa
718020 NPUIMAMUYHOZ0
eleMeHma HUNCHLOT 0CHO8I
@BEM - nipavioa ABCDE

IIpusmamuyHi pedpucmi
ETEMEHMU HUNCHLOT
IMipamioansuuil enemerm ocHosu O®EM

HUMcHbOT ocHosu PEM

Puc. 3. Haoune 300paskenns oqHoro 3 kytiB ®EM (nmepuuii BapiaHT) 3 yBHOIO 010B:KCHOI0
yactuHo (mipamina ABCDE) peGpucToro npusMaTH4HOro €JIeMEHTa B HUKHII OCHOBI

Pozpaxyemo BHCOTY MpU3MATUYHOI YACTUHH IUIUTKU JUJISL APYTOTO 3alpOIIOHOBAHOIO
BapianTy miuTku. OO6’e€M mipamiau, pO3TalIOBaHO! 1 IEHTPI HMKHBOI OCHOBH IUTUTKH,
posrarmoBauoi Ha Bincrani 30 MM Bix peOPHCTHX €IEMEHTIB IOpIBHIOE Gnu3bK0 1333 MM .
O6’em peOpUCTUX NPU3MATHYHUX EJIEMEHTIB y IpyroMy BapiaHTi Takuil camuif, sIK 1 B
nepuioMy. 3arajJbHUM 00’€M MipaMiZaJbHOTO 1 MPU3MATHYHHUX EJIEMEHTIB OCHOBH TUIUTKH
nopiBHIOe 61u3bK0 41333 M. Ilicas HPOBENCHHS PO3PAXYHKIB OTPUMANH, L0 BHCOTA
MPU3MATHYHOT YaCTUHU JIPYTOro BaplaHTa IUTMTKH JOPiBHIOE Om3bko 47,1 MM, TOOTO BOHa
MEHIIIA, HIXK [Tl TPAANIIIIMHOT TUIUTKH Ha 2,9 MM.

Jnst  mATBEpIDKEHHS BHINEO3HAUYCHUX TIMOTE3 HEOOXIMHO JOCHITUTH  SKICHI
XapaKTepUCTHKH 3alpOIIOHOBAaHUX MOKPUTTIB. Hampukian, 3’scyBaTu, 3aJIeXKHICTh OCITaHHS
®EM 1mpu  pi3HHX MapaMeTpax BEPTHKAJILHOTO KOPOTKOYACHOTO Ta  TPHUBAJIOTO
HABAaHTA)XCHHS, BU3HAYUTH NapaMeTpu 3¢cyBy ®EM mpu ropu30HTaILHOMY HABaHTAXECHHI Ta
iH. CrovatKky IJIaHYE€ThCS TOCHIAUTA POOOTY HOBUX BapiaHTIB IMOKPUTTIB IIiJl BIUIMBOM
BEPTUKAIBHOTO TPUBAJIOTO HABAHTAXXCHHS B JaOOpAaTOPHHUX yMOBax. B HaTypHUX yMoBax Ha
po6oTy MOKpHUTTIB BIIMBae Oarato (akrtopiB. s mabopaTropHUX IOCHTIKEHh OCHOBHUMH
¢dakTopamMu oOpaHi HACTYIHI: BEpTHKAJIbHE HABAHTAXXCHHS, YaCc MOTO BIUIMBY Ha MOKPHTT,
TOBIIWHA, IIUIBHICT Ta BOJIOTICTh HIPKHBOTO IIAPY OCHOBH II1]] TOKPUTTSIM.

[Tnanyerscss pocmigutu Tpu 3paska PEM: mepmuit — 3 HHXKHBOIO OCHOBOIO 3
peOpUCTUMHU MPUBMATUYHUMH €JIEMEHTaMH Ta MipaMiJajJbHUM €JIEMEHTOM, OCHOBa SIKOTO
TOPKAETbCA PEOPUCTUX EJIEMEHTIB, IPYTHid — 3 HWKHBOIO OCHOBOIO 3 pPEOpUCTUMHU
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NpU3MaTHYHUMU €IEMEHTaMH Ta MipaMiJalbHUM €JIEMEHTOM, OCHOBA SIKOTO 3HAXOAMUTHCA Ha
BiZICTaHI BiJ] peOpUCTHX €NEeMEHTIB, TpeTiii — Tpagumiiauii ®EM 3 1uiackoro HIKHBOIO
ocHoBoto. dopmy B miaHi, Ta pO3Mipu 3pa3KiB IJIAHYETHCS Y3SITH 3 TUMHU K CaMUMHU
napamMeTpam#, MI0 PO3MVIIHYTI BHIIE TNPH PO3PaXyHKY BHCOTH BEPXHBOI MPU3MATHYHOI
yactuan PEM. MartepianoM KOHCTPYKTUBHOTO IIapy, Ha SKUWA OyIyTh yJalITOBYBaTUCh
3pazku ®EM, oOpaHO npiOHO3EPHHUCTHH TICOK, BOJIOTICTh Ta MIUIBHICTH SKOTO JUISI YUCTOTH
eKCIIepUMEHTy OyIyTh MaTu TOCTiiiHI mapametpu. Lli mapamerpu OyayTh BUMIpPIOBATUCH
0e3mocepeIHbO Mepel MPOBEICHHIM JJOCITiIKCHb.

Kopuctyrouncr KiIacHYHOIO TeOpi€ro TIIaHyBaHHS EKCIEpPUMEHTIB, Oyna oOpaHa
TpuakTopHa TPHPIBHEBA MOAEITH CKOPOUCHOTO TUIaHY.

daxTopamu, 110 BILIMBATUMYTh Ha IOKPUTTS OOpaHi:

X| — BeTMYMHA BEPTHUKAIBHO MPHUKIIAICHOTO HABAHTAKEHHS, KT

X, — Yac BILUTUBY BEPTUKAIBHO MPHUKIAICHOTO HABAHTAKEHHS, TOI.;

X3 — TOBIIMHA KOHCTPYKTHBHOTO MIIIAHOTO APy ITiJ{ HOKPUTTSM, CM.

Bonu OyayTh MaTH HAacTyMHI piBHI BapilOBaHHS:

X1 =70 xr (-), 140 xr (0), 210 kr (+);

X2 —0,5rox. (-), 36, 5 rox. (0), 72,5 rox. (+);

X3—12cm (-), 16 eMm (0), 20 M (+).

3HaueHHs BEpTUKAJIbHO MPUKIIAICHOTO HABAaHTAXKEHHSI 00paHi NMPUOIN3HO TaKUMH, SIK
1 mpu poOOTI MOKPUTTIB Mij yac iX ekcruryatauii. [lnanyeTscst oTpuMaTH BEIMYMHU BUX1THUX
napameTpiB — OCIJIaHHS JOCIITHOTO 3pa3Kka IiJ] BIUIMBOM BEPTUKAJIBHOTO HAaBAaHTAKEHHS Ta
MIUTFHOCTI MILIAHOTO APy MiJ] 3pa3KaMH.

I[Ipu mnpoBeneHHI eKCHEPUMEHTIB OyJne BHKOPHUCTOBYBAaTHUCH pPO3POOJICHUN Ta
BUTOTOBJICHUW pAaHIIIe MOCHITHUN CTEHH, M0 CKIATAEThCs 13 KopoOa Ui yJamTyBaHHS
JOCTIPKYBaHOTO TIOKPUTTSI Ta BaXKENIO JJIA MepeAadl BepTHUKaIbHOIO HaBaHTaKeHHs. J[is
BUMIpIB MapaMeTpiB OCIAaHHS IUIaHY€THCSI BUKOPUCTOBYBATH 1HAMKATOPU YaCOBOTO THITY, SIK1
OylyTh PO3TAIIOBaHI MPH KOXXHOMY 3 YOTHPBOX KYTIB JOCIITHOTO 3pa3ka. J|yisi BUSHAUYCHHS
napaMeTpiB UIUIBHOCTI MIIIAHOTO IIapy MiATOTOBIEHO: METaJeBe KiJIble A 3abopy
MiI[aHOTo MaTepiany 3 BHYTpIlIHIM 06’ eMOM 65 cM’, [IBi IUIACTHHH 3i CKJIa Ta BarH.

[licna npoBeneHHs eKCIEPUMEHTIB, Oyae 3poOJeHHMI MOPIBHAIBHHMA aHammi3 ix
pe3yabTatiB. SIKIO0 HAaMEHINe 3HAYeHHs OCIAaHHS MPU HAWOUIBIIOMY 3HA4Y€HHI NIIUIBHOCTI
BUSIBUTBCS y 3pa3KiB 31 3MIHEHOI T€OMETPHUYHOI (OPMOIO, HDK Yy 3pa3ka 3 IIACKOIO
OCHOBOIO, II¢ MIATBEPIUTH, IO iX HIDKHS OCHOBAa TEPEIIKO/KA€ 3MIHI IIOYaTKOBOTO
nonoxennss ®EM y npocrtopi, ToOTO 6€3peMOHTHHI TepMiH CIy>OU Takoro MOKpHUTTs Oyje
Bumuid. HaliMeHIle 3HaYeHHsI OCIJaHHSA 3pa3ka MpPU HAWOUIBIIOMY 3HAa4Y€HHI HIIIBHOCTI
BKXXYTh Ha ONITUMAJIbHUI BapiaHT MOKPUTTSL.

[Ipu miaTBepKEHHI HAIIMX TiMOTe3 Mpo mepeBard MokputTiB i3 ®EM 31 3MiHEHOIO
Te€OMETPUYHOIO (POPMOIO HIKHBOI OCHOBU BIJJHOCHO TpPaHLiHHUX MOKpUTTIB 3 ®EM, mio
MarOTh IJIACKY OCHOBY, 3 JBOX 3alpOTIOHOBAHMX BapiaHTIB Oyae oOpaHe T€ MOKPUTTS, SKE
OyJie TOCIiIKYBaTUCh HAJAII.

BucHoBku
3anpornoHOBaHi JBa HOBUX KOHCTPYKTMBHO-TEXHOJIOTIYHHMX PIIICHHS TOKPHUTTIB 3
@®EM, B HWXHIM OCHOBI SKMX pPO3TAlIOBaHI MipamifaidbHUN Ta peOpHCTI NpU3MaTHUHI
CJIEMEHTH.
Po3rnsHyTI TioTe3u CTOCOBHO IepeBar HOBUX BapiaHTIB MOKPUTTIB.
Po3paxoBaHi BHCOTH BEpXHIX MNPHU3MAaTHYHUX YacTUH TIPH 3alPOIIOHOBAHUX
napameTpax HOBUX BapiaHTiB PEM.
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Po3pobnennii mnaH ekcnepuMeHTalNbHUX JocikeHb. OOpaHi OCHOBHI (haKTOpH, 10
BIUIMBAIOTH HAa pOOOTY TMOKPHUTTS Ta iX MapaMeTpH, a TaKOXX BHXIiJHI MapaMeTpH, IO
XapaKTepU3yIOTh SKICHI XapaKTepUCTUKH MOKpHUTTIB. IlimiOpano HeoOxigHe oONagHAHHA 1
marepianu. Ilicmst oOpoOkHM 1 aHamizy pe3ysibTaTiB €KCHEPUMEHTY ONTHMAaJbHHNA BapiaHT
MOKPUTTS OyJIe TOCIHIIKYBAaTUCh HAAall TIPU 1HIIMX BX1JHUX MapaMeTpax.
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