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OBHLIAA XAPAKTEPUCTHUKA PABOTHBI

AKTyaJabHOCTh TeMbl. Tepputopus rra Poccun, B yactHocTM KpbIMCKHi
MOJIyOCTPOB — YHHKAJbHBIA PETHOH CTPAaHbI, XAPAKTEPU3YIOLIMICA 3HAYUTEIbHBIM
peKpealMoHHBIM MoTeHaaoM. OHAKO, CYIIECTBYIOIINI OCTPhIA Ae(UIUT CBOOOTHBIX
TOPU30HTANBHBIX IUIOMANOK I 3aCTPOMKH, KOTOpPBIE, K TOMY K€, OCJOKHEHBI
IPUPOIHBIMU HEYTOOBSIMU: KPYTHIMU CKJIOHAMM, OBparaMu, JOIMHAMHU, XOJIMaMH U T.I1.,
BHOCHUT CBOU KOPPEKTHUBBI B MPOIECC OCBOSHUS MPOCTPAHCTBA. Takum 00pa3oM, mepe
MPOEKTHBIMH U CTPOUTEIbHBIMH OPTaHU3AlUSIMU CTOSAT 3a/1aud BO3BEJEHHUS HA 3THUX
TEPPUTOPUSIX 3JaHUN W COOPY)KCHHMd HOBOTO THIA C TMPUMEHEHHEM HaubOoJee
MIPOTPECCUBHBIX TUTOB (DYHIAMEHTOB P MUHUMAJIBHBIX 3aTparax. B HacTosee Bpems
pa3paboTaHbl perieHus PyHIaMEHTOB B BHJIE TIEPEKPECTHO-OAIOYHOM CUCTEMBI, KOTOpast
YKJIaJBIBACTCSI Ha BHIPOBHEHHYIO JTHEBHYIO TOBEPXHOCTh HAKJIOHHOTO OCHOBaHHS 0e€3
MOJIPE3KU OCHOBaHUsI. DKOHOMUYecKask 3P(HEKTUBHOCTh IAHHOTO PEIIEHUs JOCTUTAETCS
3a cueT cokpamieHus B 2-2,5 paza oobema 3eMIIIHbIX paboT. OgHAKO, OCTAIOTCS
MPAKTUYECKA HEU3YUYECHHBIMH BOIIPOCHI PACHPENEICHUS] HOPMAaJIbHBIX KOHTAaKTHBIX
JABJICHUW TMOJ MOJOIIBOM Takoro (¢GyHJAaMeHTa W HaNpsKeHHO-AE(POPMUPOBAHHOTO
COCTOSIHMSA KOHCTPYKLIIMM IIPM B3aWMOJEWCTBUM C HAKJIOHHBIM OCHOBAHHUEM, HE
YCTAHOBJICHO BJIMSHHUE IME€PEPACIPECICHU KOHTAKTHBIX [ABJICHUN Ha HECYIIYIO
CIOCOOHOCTh (YHTAMEHTOB 110 HOPMAJTLHBIM M HAKJIOHHBIM CEYCHUSIM.

B cBs3u Cc 93TUM, TEOpPETHYECKHE U HKCHEPUMEHTAIbHbIE UCCIEIOBAHUS,
HaIlpaBJICHHBIC HA BBISBJICHUE OCOOCHHOCTEHW B3aUMOJEUCTBHUS (HYHIAMEHTOB C
HAaKJIOHHBIM TPYHTOBBIM OCHOBAaHHEM, SIBJISIOTCS aKTyaldbHBIMA U HMMEIOT Ba)XXHOE
HAPOJHOXO3SIMCTBEHHOE 3HAUYCHUE.

Crenenb pa3paGOTAHHOCTHM TeMbl JHWccepTanmuM. TeopeTuyecKuMu U
HKCIIEPUMEHTAJIBHBIMU  UCCJIEIOBAHUSIMU  B3aUMOJICUCTBUS OaJOYHBIX W IIUTHBIX
(GyHIAaMEHTOB Ha TOPU3OHTAIHLHOM T'PYHTOBOM OCHOBAaHMHM 3aHUMAIUCh MHOTHE
oTeuecTBeHHble U 3apyOexHbie ydeHsle (E.B. bamkupos, H.M. besyxos, A.H.
boromoinos, A.B. Bpouckuit, M.H. I'onpamreiin, HO.B. INombimes, M.M. I'op6yHOB-
[Tocanos, C.B. HoBuapoBuu, b.1. Jlonmmaros, B.Il. dei6a, C.1. Eptymenko, M.B.
Eropos, 10.K. 3apeuxuii, B.A. Unbunsix, M.T. Kenec6aes, I1.A. Konoranos, K.K.
Kynukos, E.H. Kyp6aukuii, I'.E. Jlaze6nuk, B.B. Jlenenes, U.4A. Jlyukosckuii, FO.H.
Myp3zenko, B.I'. Oppuxtep, A.N. Iomumyxk, O.C. Canakos, B.®. Cenopuyk, E.A.
Cununua, I''M. Ckubun, E.A. Copouan, A.A. CmupHoB, A.A. Tensakos, A.3. Tep-
MaptupocsH, 3.I'. Tep-Maptupocsn, b.JI. ®asuc, E.b. ®paiidensy, P.P. Xacanos, A.A.
Ilecapckuii, B.I'. [llanosan, B.I1. Illymosckwuii, C.U. SIkoBnes u ap.)

N3yuennem ocobeHHOCTEW pabOThl MEPEKPECTHHIX (YHAAMEHTOB 3aHUMAJIHCH
B.1O. bapeikun, A.H. boromonos, M.U. I'opOynos-Ilocanos, C.1. Erymenko, A.M.
Jlexno, B.H. IIuxyp, A.H. Tetnop u np.

HayunbIx TpyaoB, MOCBSIIIEHHBIX B3aUMOACHUCTBUIO ()YHIAMEHTOB C HAKJIOHHBIM
OoCHOBaHUEeM ObL10 3HauuTEILHO MeHblle (bapsikun b.1O., Jlexno A.M., Tetuop A.H., u
np.). OnHako, B JaHHBIX pabOTax HE MOJHOCTHIO M3YYEHBI BOIMPOCHI BO3HUKHOBEHMS
nepepacnpeaeIeHn KOHTAKTHBIX JABJICHUN B HAKIIOHHOM OCHOBaHUH. B CBs3M ¢ 3TuM,
BOIPOCHI JKCIEPUMEHTAIBHBIX W TEOPETUUYECKUX HCCICTOBAHUM B3aUMOICHCTBUS
MEPEKPECTHRIX OANOYHBIX (PYHIAMEHTOB C HAKJIOHHBIM OCHOBAaHHMEM, YUHUTHIBAIOIIMX
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($U3UKO-MEXaHUYECKUE XapaKTEepPUCTUKH TpyHTa U (yHIaMEHTa, Yroj HaKJIOHa
OCHOBAHHUSI OCTAKOTCA OTKPBITHIMHU.

Heap auccepranmum: yTOYHEHUE METOJIMKM pacyera MNPOYHOCTU IMEPEKPECTHO-
OaouHbIX (PYHIAMEHTOB Ha OCHOBE HauOojiee IIOJIHOTO Yy4yeTa HanpsKeHHO-
ne(OpMUPOBAHHOTO  COCTOSIHMS ~ HAKJIOHHOTO  OCHOBAHMS  MpU  JEHCTBUU
NepepaclpeeeHHbIX ~ HOPMaJbHbIX  KOHTAKTHBIX  JABJICHUM TOJA  MOAOIIBOM
dbyHnameHTa.

3agaum uccjiel0BaHusA, ONIPEIEIICHHBIE IS JOCTUKEHUS LIETIH:

1. ITpoBecTH HKCIEpPHMEHTAJIbHBIE MCCICIOBAaHUS B3aUMOJICCTBUS MO/IENICH
NEPEeKPECTHO-0aNTOUYHBIX (PYHJAMEHTOB C TPYHTOBBIM OCHOBAaHUEM IIPU PA3IUYHBIX YIJIax
HAKJIOHA OCHOBAHHSI.

2. BbIsBUTh OCOOCHHOCTHM H3MEHEHHS JaBJIEHUH B TPYHTOBOM OCHOBAaHUHU U
OCaIKU TMEepPEeKpPecTHO-0amoyHOro (QyHIaMEHTa TPH HU3MEHEHUWH YIJla HaKJIOHA
OCHOBaHMUS.

3. OmnpenenuTh OCOOEHHOCTH TEpepacrpeesieHus] HOPMaIbHbIX KOHTAKTHBIX
JABJICHUW 0/ TIOJIOIIBOM MEPEKPECTHO-0AIOUHOTO (PyH/IaMEHTa Ha HAKJIOHHOM
OCHOBAHHUH.

4. OGocHOBaTh BHIOOP MOJIENTM TPYHTOBOT'O OCHOBAHMS U pa3paboTaTh METOJUKY
pacuera OpAWHAT DBMHIOPbl HOPMAJbHBIX KOHTAKTHBIX [ABJICHUN IOJ MOJOLIBON
dbyHIaMeHTa.

5. Pagpaborate MeTOAMKY pacuyera MNPOYHOCTH Oanok  ¢yHIaMeHTa,
YUHUTBIBAIOIIYI0 — [E€pEpACHPEEICHUE KOHTAKTHBIX JAaBICHUM 1OJ  MOJOLIBOM
dbyHIaMeHTa U peabHyI0 cXeMy padOThl KOHCTPYKIIMH, MO3BOJIAIONIYI0 00Jiee TOYHO
OTPEAEIATh MPOYHOCTh (PYHAAMEHTOB, YEM CYIIECTBYIOLIUE METOTUKH.

Hayuynasi HoBHM3Ha pa0oTbI: COCTOUT B YTOYHEHHHM pPACUYETHOM MOJEIU
B3aMMOJICHCTBHS MEPEKPECTHO-0aT0YHBIX (DYHAAMEHTOB C HAKJIOHHBIM OCHOBAaHHMEM Ha
OCHOBE HamOoJiee MOJHOTO y4eTa €ro HampspKeHHO-Ae(OPMHUPOBAHHOIO COCTOSIHUSA, a
UMEHHO:

- SKCMIEPUMEHTAIBHO BBISIBJICHHBIE OCOOCHHOCTH B3aMMOJICHCTBUS IEPEKPECTHO -
OaJIoYHBIX (PYHIAMEHTOB C HAKJIOHHBIM OCHOBaHHUEM, BBIpaXKAalOUIUECS B U3MEHEHUU
KO3 (PUIIMEHTOB KECTKOCTH OCHOBAHMSI M €ro OCaJOK B MPOIECCe HarpyX eHus
HaKJIOHHOTO OCHOBAHUS,

- pacyeTHasi MOJIEJIb ONPENEIICHHUS OPAMHAT SIIOPbl HOPMAJIBHBIX KOHTAKTHBIX
JaBJICHUM 1OJ MOJOWIBOM (PyHAAMEHTa C Y4YETOM H3MEHSIOIIErocs Mo JUIMHE Oaiku
bynmamenta Kod(pGUIMEHTa JKECTKOCTH U U3MEHsIomehncs (HopMoil  3IIopHl,
YUHTBHIBAIOIIAS YTOJl HAKJIOHA OCHOBAHHS;

- QJITOPUTM pacueTa MepeKpecTHO-0aTOYHBIX (YHAAMEHTOB MO MPOYHOCTH C
Y4eTOM TepepacnpepesieHns] KOHTAKTHBIX [aBIEHUH IO MOAOUIBONW (yHIaMEeHTa U
nuarpamm nedopmupoBaHus 0€TOHA U apMaTypsl PyHIaMEHTA.

IIpakTnyeckasi 3HAYUMOCTb PadOThI 3aKIIOYAETCS B Pa3BUTHUH WHKEHEPHBIX
METOJ/IOB pacyeTa MepeKpecTHO-0aJ0uHbIX (PYHIaMEHTOB C YYETOM HOBBIX MOAXOJ0B K
OTIPEICIICHUIO MIOPHl KOHTAKTHBIX JAABJICHHUM MO/ TOI0IIBOM (hyHAaMEHTa B HAKIIOHHOM
OCHOBAaHHMH, a TaKKe peajbHOro aepopMupoBaHus OeToHa (yHAAMEHTa Ha OCHOBE
HanOoJiee MOJIHOTO y4eTa ero HalpsKEeHHO-1e(QOPMHUPOBAHHOTO COCTOSIHUS. MeToaunka
pacuera Mo3BOJISIET ONPEAENATh PACYETHBIM ITyTEM HOPMAJIbHbIE KOHTAKTHBIE AaBJICHUS
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COBMECTHO C HANpsHKEHHO-AC(POPMUPOBAHHBIM COCTOSSHUEM OE€TOHA M apMaTyphl
NEPEKPECTHRIX (PYHIAMEHTOB IMPHU JIOOOM YIJie HaKJIOHAa OCHOBAaHMS M JIIOOOM YpPOBHE
3arpy’>kKeHHsi KOHCTPYKIMHU, M COOTBETCTBEHHO 00Jie€ TOYHO OLEHUTh YCIOBUS
B3aUMOJICUCTBUS CUCTEMbl «OCHOBaHUE-(QYHIAMEHT» MPU MPOEKTHUPOBAHUHU, A TaKKeE
00cJIeIOBaHUM 3/TaHUK U COOPYKEHUH TIepe]] peKOHCTPYKIIUEH.

MeToa0/10THSI 1 METOAbI MCCJICIOBAHUSA.

OCHOBHBIE METOJbBI HCCIEAOBaHUSA, IMPUHATHIE B COOTBETCTBUM C 3aJayaMu
pa®oThl: HarypHble ((U3NYECKHWE) U YHUCICHHbIE KOMIBIOTEPHBIE SKCIIEPUMEHTHI,
TEOPETUYECKUM aHAIN3 U CUHTE3, MATEMAaTUYECKOE MOJEIMPOBAHNE, METO CPABHEHUS
U 1p.

Ha 3ammTy BbIHOCATCS:

- PE3yJAbTAThl MOAEIBHBIX 3KCIIEPUMEHTAIBHBIX WCCIENOBAHUM B3aUMOACHCTBUS
epPEeKPECTHO-0aMOUHBIX (YHAAMEHTOB C HAKIIOHHBIM TPYHTOBBIM OCHOBAaHUEM;

- BBISIBJICHHBIE  3aKOHOMEPHOCTH  TpaHCQOpMalMK  BMIOPbl  HOPMaIbHBIX
KOHTAKTHBIX JIaBJICHUN B 3aBUCHMOCTH OT yIJla HAKJIOHA OCHOBAHUS MOJ IOJOIIBOU
NepPeKpPecTHO-0aMOUHbIX (PYHIAMEHTOB Ha CKJIOHAX;

- MOJIEJIb TPYHTOBOTO OCHOBAHHUS C NMEPEMEHHBIM KOI(P(OUIIMEHTOM KECTKOCTH U
U3MEHSEMOM, B 3aBHCUMOCTH OT YIJla HAakJIOHAa OCHOBaHHUA, (QOPMON 3IIOPHI
KOHTAKTHBIX JIaBJICHU;

- pacyeTHasi MOJIeJIb HaIpPsHKEHHO-/1e(OPMUPOBAHHOTO COCTOSIHUS (PyHIaMEHTa
IIPU €70 B3aUMOJICCTBUHU C HAKJIOHHBIM OCHOBAaHUEM,;

- aITOPUTM W METOJIMKA pacueTa IMepPeKPeCcTHO-0IOYHBIX (YHIAMEHTOB 10
IIPOYHOCTH C YYE€TOM YTOYHEHHON MOJEIU TPYHTOBOI'O OCHOBAHUS, YUYUTHIBAIOILLEU
nepepacipesiejieHdst aBJICHUNM B KOHTAaKTHOM 30HE II0J IIOAOLIBOM IPU YHNPYro -
IJIACTUYECKOM JIe(pOPMHUPOBAHUM HAKIIOHHOT'O OCHOBAHUS,

JIMYHBIA BKJIAJ COMCKATEJA COCTOUT B €T0 YYaCTHUHM HA BCEX dTaIax Mpouecca:

- HENOCPEJCTBEHHOM YYAaCTHHM COMCKATENsl B MOJYYEHUH HCXOAHBIX JAHHBIX,
pa3pab0TKe SKCIEPUMEHTAIBHBIX CTCHIOB W METOJWUKH WCIBITAHUN, MOJEIbHBIX
HKCIIEPUMEHTAX MO MCCIECJOBAHUIO M YCTAHOBJIEHUIO OCOOCHHOCTEH B3aUMOJEUCTBUS
NEPEeKPEeCTHO-0aNOYHbIX (YHIAMEHTOB C HAKJIOHHBIM OCHOBAHHMEM; BBISBICHHH
nepepacnpeeieHdss HOpMaIbHBIX KOHTAKTHBIX JaBJICHUH MO/ MOJOIIBON (yHIaMeHTa
B [IPOLIECCE HATPYKEHUS;

- JIMYHOM Yy4YacCTUU aBTOpa B 00pabOTKE U MHTEPIIPETAIIMU AKCIIEPUMEHTAIbHBIX
JAHHBIX, B YCOBEPIICHCTBOBAHMU PACYETHOM MOJENH TPYHTOBOTO OCHOBAaHHS C
NepeMEHHBIM KOA(DPHUIIUEHTOM KECTKOCTH, U3MEHSIEMOM B 3aBUCHUMOCTH YIJIa HAKJIOHA
ocHoBanusi U1 HJIC HaKIIOHHOTO OCHOBaHMs, B pa3pabOTKE alropuTMa U METOIAMKE
pacyeTa TPOYHOCTH MNEPEKPECTHO-OAIOYHBIX (DYHIAMEHTOB C Y4YETOM YTOYHEHHOMU
MOJENN TPYHTOBOI'O OCHOBAaHMS, YUMTHIBAIOLICH MEPEpACHPENCIICHUS] AAaBJICHUNA B
KOHTaKTHOM 30HE TMOJ MOJAOIMIBOW NpPU YIPYro - IJIACTHYECKOM JAe(pOpMHUpPOBAHUU
HAKJIOHHOT'O OCHOBaHUS;

- B ampoOanuu pe3yJbTaTOB HCCJIEIOBAHUS U COIMOCTaBUTEIILHOM aHallnu3e
pE3yNbTAaTOB, IMOJYYEHHBIX IO METOJMKE aBTOpa M MO HOPMATHUBHOM METOJUKE C
ONBITHBIMH TAHHBIMU;
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- B IOATOTOBKE W HAIMCAHUHA OCHOBHBIX ITyOJMKAIHI 11O BBITIOJIHEHHOH padoTe (3
paboThI B MOJTHOM 00bEME BBITIOJIHEHO JIMYHO aBTOPOM; 12 — B coaBTOpCTBE, U3 HUX 50%
TEKCTa MPUHAJJICKUT aBTOPY).

CreneHb /J0CTOBEPHOCTH  Pe3yabTaToB. JlOCTOBEPHOCTh  IMOJYYEHHBIX
pe3ynbTaToOB obecreueHa UCITIOJIb30BAaHUEM OOILIENTPUHSTHIX METO/IMK
AKCIIEPUMEHTAIBHBIX UCCIICNOBAHUN, IPUMEHEHUEM PACUETHBIX 3aBUCUMOCTEN TEOPUI
CTPOUTETHLHON MEXaHUKH, MEXAHMKU TPYHTOB M MEXAHUKHU >KeJIe300€TOHa, XOpouieh
CXOJMMOCTBIO PE3yJNbTATOB pacyeTa C pe3yabTaTamMH, I[OJYyYEHHBIMH B XOJ€
IKCIIEPUMEHTAJIbHBIX UCCIIEA0BAHMIA.

AnpobGanusi pe3yJabTaToB padoThbl. B momHoM 00beme paboTa Obuta 0JI0KEHA U
onoOpeHa Ha oO0BeIMHEHHOM 3acenaHuu Kadenp «CTPOUTEIBHBIX KOHCTPYKLIMI»,
«I'€0TEeXHUKHU U KOHCTPYKTUBHBIX 3JIEMEHTOB 3JaHUI», « MEXaHUKU U CENCMOCTONKOCTH
COOpYK€HHID», «CTPOUTEIBHOIO WH)KMHUPUHTA U MAaTEpUATIOBENCHUS», « TeXHOIOrNH,
OpraHu3allii ¥ YHOPABICHUS CTPOUTENBCTBOM» AKaJeMHUU CTPOUTENbCTBA U
apXUTeKTypsl DeaepanbHOr0 TrOCYJIapCTBEHHOIO aBTOHOMHOIO 00pa30BaTEIbHOTO
yupexaeHus: Bbicuiero oodpaszoBanus «KpbiMckuil (enepanbHbli YHUBEPCUTET MUMEHU
B.U. Bepnaackoro» 12.10.2017 r.

Pe3ynbTaThl paboThl JOJ0KEHBI U O0CYkKACHBI HA CIEAYIOIIUX MEXIAYHAPOIHbBIX
HAyYHO-TIPAKTUYECKUX KOH(EPEHIUAX:

- Ha BceykpanHckon HAay4YHO — MpakTuyeckod KoHpepeHuun "I'eoctoiikoe
ctpouTenbcTBO", 27-28 okT. 2011r., . CuMdbeponons;

- Ha VI-o0ii MexnyHapoaHOW HaydHO-TEXHMYECKOW KoHbepeHImu "DHeprus"
(Cumdepomnoinb, Anynka, JIrobnun, Kues, JIbBoB centsiops 2012 r.);

- Ha [X-oif MeXayHapoAgHOW  Hay4YHO-TIPAKTUYECKOW  KOoH(pepeHUuu
"I'eoMeTpUyeCKOE U KOMIIBIOTEPHOE MOJIEIMPOBAHUE, IHEProCcOEPEKEHUE, IKOJIOTHUS,
muzaiiH" (Cumdepononb-Cynak, oktsiops 2012 r.);

- Ha XXII, XXII, XXIV, XXVI, MexayHapoAHbIX HAy4YHbIX WIKOJAX WM.
akagemuka C.A. Xpuctuanosuua (Anyiura, centsiops 2012,2013,2014,2016 rr.);

- Ha MEeKIyHAPOAHOW Hay4HO-TeXHUYECKo KoHpeperumu " [Tpobaemsl Teopun u
NPaKTUKA CTPOUTENBHBIX KOHCTpyKumi" (15—17 anpens 2013 r., r. Ogecca, OTACA);

- 1 MexayHaponHblii  HaydyHbId  KOHIpecc  «ODHEpProcOepexeHue u
uHpopmarmonnsie TexHonorun «ES@IT-2013» 16-22 centsibps 2013 roma, T.
Cumdepomnons — r. JIrobauH — 1. XapbskoB — r. EBnatopus;

- I KpbiMckas MexayHapo/iHas HaydyHO-TIpakTH4ecKas KOHpEepeHIus: «DHepro -
pecypcocOepekeHre 1 dKOoJIOrHYecKast 0€30macHOCTbY, 29 ceHTA0ps — 4 okTa0ps 2014
r., I. Cumdeponons — r. Cynak;

- II KpbiMckas MexIyHapoJgHas Hay4dyHO-TpaKTHYecKass KoH(pepeHus
«MeTo05I0THsI  DHEPro-pecypcocOepekeHrss U SKOJOTHYECKOM Oe3zomacHoCTH», 28
ceHTsi0ps — 2 okTsa6ps 2015 r., r.Cumdbeponons — r.Cynak.

- I Kpoimckas MexIyHapoaHas Hay4YHO-TIpaKTHYecKas KOH(pEpeHIHs
«be3omacHoCTh cpenbl Kku3HeAesTenbHOCTHY, 26 ceHTsi0ps — 30 centsops 2016 1.,
r.Cumdeponoins — r.Cynax.

- Hayuno-npaxtnueckuii cemuHap «l'eoTexHMYeCcKHi aHaIW3 TPU pacyerax
HAJ3€MHBIX KOHCTPYKLMH C MPUMEHEHHEM NporpamMMmHoro komiviekca MIDAS GTX
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NX» B ®I'bOY BO «BopoHE)CKHil TOCy1apCTBEHHbBIN TEXHUYECKUI YHUBEpCUTET» 14
HOsI0ps - 18 HOsO6ps 2016 T.

Exeronnbix HAay4YHO-TEXHUYECKUX KOH(epeHuusx npodeccopcko-
MIPENOAABaTEIbCKOTO COCTaBa, CTYAEHTOB M acnupaHToB HamumoHanbHOM akaaeMuu
MIPUPOJIOOXPAHHOTO U KypopTHOro ctpoutesbcTBa (. Cumdbeponons) 2012-2014 rr. u
AKazieMlu CTPOUTEIbCTBA U apXUTEKTypbl KpbeiMckoro ¢enepanbHOro yHUBEpCHUTETA
uM. B..Bepuanckoro (r. Cumdepomnons), 20.10.2015 r; 27.10.2016 r.

Bueapenune pe3yJbTaTOB HCCIEOBAHNS.

Pe3ynbTaThl UCCIEAOBAaHUS BHEIPEHBI: B IPOEKT PEKOHCTPYKIIMK MOJIMKINHUKYU B
r. Cumdeponons mpoektHoit kommnanuein OOQO «CrambnpoekT»; mpu pa3paboTke
npoekTa (PyH/IaMEHTOB PEKPEAIMOHHOTO KOMIUIEKCAa B NIT. MUCXOp MNpeanpusiTueM
00O «KpbIMITPOSKTUHKUHUPHUHTY; MPU OIEHKE HECYIIEeH CIIOCOOHOCTU MEPEKPECTHBIX
byHIaMEHTOB CyIIeCTByOIero ckiaga B T. Jxankoi kommanueir OOO «I'panpg
KOHCTpYKTUB»; B IMKJ JIGKUUH M MPAKTUUYECKUX 3aHATUH MO JUCHUIUIMHE «3AaHUs
COOPY’KEHHUS Ha CII0KHOM penbedey», YUTaeMOu 10 MporpaMmme MoAroToBKe OakanaBpoB
no ykpynHeHHou rpynne cnenuanbHocTe 08.00.00 — «TexHWMKa W TEXHOJIOTHUH
cTpoutenscTBay, HanpaieHue 08.03.01 «CrpoutenbctBo» npoduis «lIpombliinuieHHOE
U TPAXKIAHCKOE CTPOUTENLCTBO»; B LMKIbBl JEKUWA M MPAKTHUYECKUX 3aHATUN IO
JUCHUIUIMHAM «3JaHusl M COOPYXEHHUS KypOPTHO-PEKPEALMOHHON 3aCTPOUKHY,
«DyHAAMEHTOCTPOEHUE B  CIOXKHBIX  HMH)KEHEPHO-T€OJIOTHYECKUX  YCIOBHSXY,
«DyHIaMEHThl 3aHUl W COOPYXKEHWH s ycioBui crpoutenbctBa KOOy,
«HccnenoBanue v MPOEKTUPOBAHNE KOHCTPYKIIUH, 3JaHUN U COOPYKEHUH ISl CIIOKHBIX
MH)KCHEPHO-T€0JOrMUeCKHX ycinoBuil YepHoMopckoro nodepexpss POy, yntaemsIx 1o
nporpaMMe MoAroTOBKE MarucTpoB M0 YKPYNHEHHOH rpynine crenuanbHocteil 08.00.00
— «TexHuka 1 TEXHOJIOTUU CTPOUTENLCTBaY, HanpasieHue 08.04.01 «CtpoutenbcTBOY.

Marepuaibl U pe3yibTaThl JUCCEPTALUH UCIOIb30BAIKCH MPU HANTMCAHUHU TPEX
Maructepckux pabor mno HampasieHuto 08.04.01 «CtpoutenbCTBO» B AKaJIeMHUU
cTpouTenbcTBa U apxXuTeKTypsl KOV uMm. B.M. Bepnanckoro n ogHo B BopoHexckoM
roCyJapCTBEHHOM TEXHUYECKOM YHUBEPCHUTETE.

CTpyKTypa U 00bEM JHCCEPTALIUHN.

Jucceprauysi COCTOMT W3 BBEACHMS, YEThIPEX TIJaB, 3aKJIIOUYEHHUs, CIHUCKA
autepatypsl (186 HanmeHoBanuit), u 5 npunoxenuii. OOt 00beM pabOThI COCTABIISAET
184 nedaTHBIX CTpaHUll, BKIO4asi 67 pucyHkoB, 11 Tabmui u 5 mpuIoKeHH.

COJAEPKXAHUE PABOTHI

Bo BBeeHNHM yka3aHa akTyaJlbHOCTb TEMBI, CTENEHb €€ Pa3pabOTaHHOCTH, LEIH
W 33Ja4d HCCIEAOBAaHMWS, Hay4yHas HOBM3HA, TEOPETUYECKas M IPAKTUYECKas
3HAYUMOCTh pPabOThl, METOJOJIOTUS U METOAbl AMCCEPTALMOHHOIO MCCIIEI0BaHus,
MOJIOKEHHUS, BBIHOCMMbBIE Ha 3alllUTy, CTENEHb JOCTOBEPHOCTH M  ampodarus
pEe3yIbTaTOB.

B mnepBoi rijiaBe paccMaTpuUBAacTCd COBPEMEHHOE COCTOSHHE H3YyYEHHOCTH
npo0JIeMbl ONpeIeICHUs] HOPMAJIbHBIX KOHTAKTHBIX JABJICHHUM MEepPeKpecTHO-0aJI0uHbIX
¢bynnamenToB. MccrnenoBaHusIMM  B3aUMOJICHCTBUS  (PYHIAMEHTOB C TPYHTOBBIM
OCHOBAaHUEM 3aHMMAJUCh MHOTHE OTEYeCTBEHHble U 3apyOexHble yuenble (E.B.
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bawmkupos, H.U. be3yxos, A.H. boromoinos, A.B. Bpouckuii, M.H. 'onpamreiin, FO.B.
[NomermieB, M.U. T'op6ynoB-Ilocagor, C.B. [JoBuaposuu, b.W. Jonmartos, B.I1. [ki0a,
C.U. Errymienko, M.B. Eropos, FO.K. 3apenkuii, B.A. Unbunsix, M. T. Kenecbaes, [1.A.
Konosanos, K.K. Kymukos, E.H. Kyp6ankuii, I'.E. JlazeOnuk, B.B. Jlenenen, M.51.
JlyukoBckuit, FO0.H. Myp3enko, B.I'. Odpuxtep, A.W. [Homumyk, O.C. Canakos, B.D.
Cenopuyk, E.A. Cununun, I'.M. Ckubun, E.A. Copouan, A.A. CmupHoB, A.A. TeHsKOB,
A.3. Tep-MaptupocsH, 3.I". Tep-MaptupocsH, b.JI. ®asuc, Opatidensa, P.P. XacaHnos,
A.A. Hecapckuii, B.I'. IMlanosan, B.II. [llymosckuii, C.1. fAkoBneB u np. OmnHaxo,
uccienoBaHui paboThl (yHIAMEHTOB Ha HAKJIOHHOM OCHOBAHHMH 3HAYUTEIHLHO MEHBIIE
(b.FO. bapwikun, A.M. Jlexno, A.H. Tetuop u 1p.).

Ha ocHoBanum wu3ydyeHuss W aHaimmM3a AaHHBIX PAOOT MOXXHO OTMETHTh, UTO
O0COOCHHOCTH B3aMMOJICHCTBUS MEPEKPECTHO-O0ANIOYHBIX (PYHIAMEHTOB C HAKJIOHHBIM
TPYHTOBBIM OCHOBAaHHMEM, YYHUTHIBAIOIIUE HE TOJBKO BIIUSHHE (PU3MKO-MEXaHUYECKHUX
XapaKTepUCTUK TPYHTA, HO U yrja HAaKJIOHAa OCHOBAHHS OCTAIOTCS MaJOU3y4YCHHBIMHU.
OTCyTCTBYIOT METOJIMKH pacueTa JEeUCTBUTEILHON JMIOPHI KOHTAKTHBIX JAaBJICHUN B
OCHOBAaHMM TMOJT TakuMu (yHIAMEHTaMU C Y4YE€TOM UX Mepepaclpe/iesiecHus] Hu
MIPUMEHECHUU €€ K OTPEIEICHUI0 MPOYHOCTU KOHCTPYKIIUH.

Bomnpocamu pacuera MpOYHOCTH KeJI€300€TOHHBIX KOHCTPYKUHUN, B TOM YHUCIE
GyHIaMEHTOB, TOCBSIIEHB Pa0OThl OTEUECTBEHHBIX M 3apyOexHbix yuéHbIX B.E.
babuua, B.H. BaiikoBa, A.M. bam0Oypsi, B.M. bonnapenko, C.B. bonnapenko, A.A.
I'Boznera, IO0.I1. I'ymmu, M.W. Jlogonora, B.C. lopodeeBa, A.A. [IpixoBuunoro, A.C.
3anecoBa, O.®. Unbuna, JLJI. Jlembima, H.M. Kapnenko, C.H. Kapnenko, B.U.
KomuynoBa, JI.H. JlazoBckoro, T.A. MyxamenueBa, b.C. PacropryeBa, M.A.
CanoxnnkoBa, B.C. denoposa u ap., Jle ®. Jleonrapa, L.Saennz, EKB, B.Sinha,
P.Desayi, S.Krisnuan, K.Gerstle, L.Tulin, Kabeila u MH. 1ip.

DTO 000CHOBBIBAET aKTYaJbHOCTh MIPOBEAEHHBIX B pabOTE UCCIICIOBAHUM C IICNIBIO
COBEPIIECHCTBOBAHUS pacueTa HOPMAJIbHBIX CEUCHHUI C YYETOM JUarpamMMbl COCTOSHUS
OeToHa CXaTOW 30HBI I TPOAOJBHBIX Oanok (yHAamMeHTa. AHANU3 JUTEPATYPHI
MoKa3zaJl, 4To Hambojee OMM3KMMH TI0 (GOpME K SKCIEPUMEHTAIBHBIM SIBIISIETCS
TeOpeTHdYecKas JauarpaMma OCETOHa C)KAaTOW 30HBI, IMOJy4YeHHas W 00OCHOBaHHAs
aBTOPOM, KOTOpasi M TMpHUHITA B KaudecTBe pacueTHoud. OpHako mnpobOsiema yuéra
HUCTIAJAIONEH BETBU I MEPEKPECTHO-O0ATOUYHBIX (YHIAMEHTOB CYIECTBYET U, KaK
MOKa3aj aHaliu3 Pe3yJIbTAaTOB YK€ BBIMIOJIHEHHBIX HCCIEIOBAHUI, OHA MOXET ObITh
peleHa B TaJibHEHIIeM IIPU MPOBEACHUH JOTIOJHUTEIIBHBIX AKCIICPUMEHTOB.

BrinmosHeHHBI aHAIM3 COCTOSIHUS BOMPOCAa MO3BOJWI CHOPMYIMPOBATH IEIb
HCCIICIOBAHUM U ITIOCTABUTH 3aaud JIJI €€ JOCTHIKCHHS.

Bo BTOpOIi ri1aBe BhIOpaHbl HAINPaBJICHUS YKCIIEPUMEHTAIBHBIX HCCIICIOBAHUM,
BBITIOTHEHBI (PU3UYECKUE SKCTIEPUMEHTHI U MPOBE/ICH aHAIN3 TIOJIYYEHHBIX Pe3yJIbTaTOB.

B xoze miaHupoBaHus SKCIIEPUMEHTA OMPEICSICHbl BapbUPYyEMbIE YTJIbl HAKJIOHA
OCHOBaHWsSI JIsi OIICHKM OCOOCHHOCTEH B3aMMOJCHCTBUSA TMEPEKPECTHO-OATOYHBIX
GbyHIaMEHTOB C TPYHTOBBIM OCHOBaHHWEeM. Pa3paboTraHa MeTOAMKa MPOBEACHUS
OKCIIEpUMEHTOB. [IpUHSTEI W 0OOCHOBaHBI: KOHCTPYKTHMBHBIE PEIICHUS OIBITHBIX
00pa3IioB MePEeKPEeCTHO-0ATOUHBIX (DYHAAMEHTOB, HEOOXOIUMBIN HA0OP H3MEPUTEITHHBIX
npuOOpOB M 00OPYIOBAHUS JIJIs1 HATPYKEHUS (PYyHIAMEHTOB.
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HcnblTaHusi NpOBOJUIUCH B CHEIHUATBHO CKOHCTPYHMPOBAHHOM MPSIMOYTOJIBHOM
rpyHTOBOM JioTKe pazmepamu 800x500x600 MM oHA U3 CTEHOK KOTOPOTO BHITIOJHEHA U3
3aKajJeHHOro crekja ToamuHoi 10MM. dDyHIaMEeHT MOAENMPOBAJICS TPEMS TUIIAMHU
METaUIMYECKUX ITaMIIOB PA3JIMYHOTIO CEYCHUS:

- IITaMIl B BHJI€ TEPEKPECTHOTO (PyHIaMEHTa M3 ABYX MPOAOIBHBIX U TpPEX
MONEPEYHBIX 0aIoOK cedeHrueM 25x25 MM;

- IITaMIl B BHJE TEpPEeKpecTHOro (yHIaMeHTa W3 JBYX MPOJOJBHBIX U Tpex
nornepeyHbix 6anok ceuennem 40x30 mm;

- IITaMIl B BHJIE MEPEKPECTHOTO (PyHIaMEHTa W3 JABYX MPOAOIBHBIX U TPEX
nornepeuHbix Oanok ceduennem 60x30 mm. Mojenp ynupanach B YIAEPKHBAIOILYIO
KOHCTPYKIIMIO, CMOJCIMPOBAHHYIO TOCPEACTBOM MeTamyeckoro mseiiepa Nel(,
CBSI3aHHOT'O >KECTKO C paMoO#l JIOTKAa U HE MMEIOIIEr0 BO3MOKHOCTh MEPEMEIIATHCS U
nedhopmupoBatbesi. Cxema 3KCIEpUMEHTAIBHON YCTAHOBKY MTOKa3aHa Ha pUcyHKe 1.
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Pucynok 1 - CxeMa 3KcriepuMEHTaIbHON YCTaHOBKHU:
1- HaKTTOHHOE OCHOBAHUE; 2- MONIEpeUHas JeHTa GyHIaMeHTa; 3- MECI035bI; 4-
VHJIMKATOpBI YacoBoro tumna 14Y;
5- mpoj1osibHas JieHTa yHAaMeHTa; 6- yaepKUBaromasi KOHCTPYKIIMS; 7- Harpy304Hast
maTdopmMma.

MarepuamoM MoAenM TPYHTOBOIO OCHOBaHUMS B MPOBEACHHOM CEpUH
HKCIEPUMEHTOB CIYKHJIa CMECh, cocTosiiast U3 95% menkoro kBapieBoro mnecka u 5%
BEPETEHHOr0 MacJa 1o Becy. Kak mokaszanu MCHbITaHUS, 3TOT MaTepuall OYeHb YJ00€H
JIJIS1 UCTIBITAHUM OCHOBAHUM, TaK KaK B HEM OBICTPO 3aTyXaroT AedopMaliiy MoJI3y4eCTH
MOCJIE TIPUJIOKEHUS OYEpPENHOM CTYIIEHU Harpy3KHu. 3arpy3ka SKBHUBAJIEHTHOI'O
Marepuasa B JOTOK MPOU3BOINIIACH CIOSIMU TOIMHONU S0 MM € UX YIUIOTHEHHEM. bbln
copMUpPOBaHBI TPU OCHOBHBIX CKJIOHA C YIjlaMH HaKJIOHA OCHOBAHHSI COOTBETCTBEHHO
a =07;15° u 30°. Ocaaku MOJIENIA U3MEPSIIUCH MMOCPEICTBOM MHIUKATOPOB YACOBOT'O THUIIA
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NY c wenoii nenmenus 0,01 MM B MecTax NOpHIOKEHUS Harpy3ku. HMHAMKaTOpbI
YCTaHABJIMBAJIUCh HA OTIEIbHBIE ONOPHI BHE JIOTKA U MPOU3BOJIMIIMN 3aMeEpPbl OCaZOK B
LIECTU ONOPHBIX TOYKax. KOHTAaKkTHBIE HAaBICHUSA U3MEPSIIUCH IPHU IIOMOIIKA MECH03
JUaMeTpoM 27 MM, IpeIHA3HAYEHHBIX JUIsl MIPUMEHEHUS B JIAOOPATOPHBIX YCIIOBHSIX,
YCTaHOBJIEHHBIX B MECTaX I€PECEUEHUS IPOI0JIBHBIX U MONEPEYHBIX OATOK (DyHIAMEHTA,
a TAKXKE MEXy HUMU.

3arpy>keHue MOJIEJIN OCYUIECTBISIOCH IITYYHBIMU IPy3aMu CTyHeHs MU 10 4 - 15
KI' B 3aBUCUMOCTH OT pa3MepoB IITaMia. Boijepixka Ha Kak10i CTyleHH HeoOXoaumast
JUIs cTabuim3anuu Aegopmaliuii mramna coctasisiia t =10 Mus.

Bcero Obu10 poBezieHO 9 cepuii MOAENIBbHBIX UCIIBITAHUNA MPU COOTBETCTBYIOIINX
yriaax HakioHa. Kaxpas cepus BKiIO4yasa B ceOsl MATh OMBITOB IPHU OJUHAKOBBIX
ycnoBusax. Dukcanus mnokasaHusi uis oOpabOTKM OCYIIECTBISUIACh MPU CIETYIOIIUX
YPOBHSX  3arpyeHus F =0;0,250,50,75L0F,. [lamee mpuBeaeM  pe3ysbTaThl

JKCIIEPUMEHTOB cO mTaminoM cedyeHueM 40x30 MM, TMOCKOJbKY OCHOBHBIE
3aKOHOMEPHOCTH COXPAHSIOTCS U I APYTUX MOJEIEH.

Ha ocHOBaHMM TpOBENEHHBIX JKCHEPUMEHTOB OBbUIM TOJY4YeHBl TIpadUKH
3aBUCUMOCTH OCaJIKM KpalHHUX OIOpP IITAMIA OT KOHTAKTHBIX JABJICHUH IOJ 3TUMHU KE
ornopamMu S = f(P) MpH pa3IUYHBIX yIJaX HAKIOHA OCHOBaHUS (PUCYHOK 2), a TaKkxke

rpa@uKkd M3MEHEHUs OCaJOK MPOAOJBHBIX Oajiok ¢yHIAaMEHTa B 3aBUCUMOCTH OT
OTHOCHTEJIBHOM JUIMHBI IPU U3MEHCHUU YPOBHS BHEIIIHEH HArpy3Kku (PUCYHOK 3).

KoHTakTHbIE HanpsAMeHUA B ocHoBaHUK P, Kr/imm2

0 0.001 0.002 0003 0.004 0.005 0006 0007

0 u.*q ;
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=#=HikHAR onopa. yron 30 =dr=gcpxHAR onopa, yron 30 —®—HikHAR onopa, yron 15
—#—gepxHAA onopa, yron 15 === \;;kHAA onopa, yron 0 === pgepxHAA onopa, yron 0

4

Ocapka S, MM

-30

Pucynox 2 - I'paduiku 3aBUCUMOCTH 0Ca0K KpalHUX onop PpyHnamenta S = f(P) Ha

TOPU30HTAIBHOM OCHOBAHHMH TP o = 0° ¥ HAa HAKJIOHHOM OCHOBAHWH MPH o = 15° U
a=30°.
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A rpadsuk AGCOMNOTHEIX OCAA0K OCHOBAHMA MO ANMHEe
npoAcniHoR Sanky Npu pasn X Yrnax uyp
HArpY3Kn
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—=— =0, 75R, yran 0 ——P=1Pp, yran O
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Pucynok 3 - I'paduku 3aBucumoctu S = f(L; / L) Ha TOPU30OHTAIBEHOM MpH & = 0°U
HAKJIOHHOM OCHOBAaHUH IIpU o =15°U o =30°;

AHanu3 NOoJIy4eHHBIX PE3YJIbTATOB MOKA3bIBAET, YTO NP YBEJIMUYECHHUH YIJIa HAKJIOHA
ocuoBanus ¢ 0° 10 30° npoMCXOAMT yBENMUEHHE BEPTHKAILHON HArpys3ku B 1,3 pasa.
Ho nipu 5TOM HOpManbHas COCTaBIAIONIAs HATPY3KHU OTIUYAETCS IPYT OT Apyra He 6osee
yem Ha 7-8%.

[ToBenenue pyHmaMeHTa XapakTepu3yercss OCOOCHHOCTSIMU U3MEHEHUS 0CaIOK OIOp
M KOHTaKTHBIX JAaBJICHHUN MoJ Harpy3koi. OHM UMEIOT HEpaBHOMEPHBIN xapakTep. Tak
0CaJIK OMOP Yy yJIepKUBAIOIEH KOHCTPYKIIMH CYIIIECTBEHHO HUXKE, YEM BEPXHEU OTOPBHI.
WX cooTHOMIEHNE B MPEIETBHOM COCTOSIHUM OCHOBaHUs paBHO S,/ S,=0,68 npu « =07,

S,/5,=0,55 mpu « =15, npu «=30°S,/S,=0,43. DTO CBA3HO C BIAUSHUEM >KECTKOU HE

CMEIaEMOU IIEPOXOBATOM CTEHBI YAEPKUBAIOLIECH KOHCTPYKIMU, T.€. IPUCYTCTBUEM CHJI
TPEHUSA TPYHTA [0 €€ MOBEPXHOCTU, KOTOPHIE 3aTYXalOT II0 MEPE YAAJIECHUSA OT CTEHBI.
PazHuna B KOHTAaKkTHBIX JABJIIEHUAX BO BCEM JHMAIla30HE HArpPYKEHUs TaKKe
cyliecTBeHHa. HepaBHOMEPHBINM XapakTep pacupeieiieHUs KOHTAKTHBIX JABJICHUN B
HaMOOJIbIIEH CTETIEHH MTPOSIBISIETCS B IPEACIBHOM COCTOSIHUM OCHOBAHMSI, B KOTOPOM HX
COOTHOIIIEHHUE N0 KpAMHUMHU ONoOpamMu coctaBuio: P /P, =111 npu a«=0°; P, /P, =135
npu « =15° P /P, =167 pu « =30°. JlaBieHWUs BbILIE y YACPKUBAIOIIEH KOHCTPYKLIHH,
XOTS OCaJKu B JTOM 30HE MEHbLIE. B IpenesbHOM COCTOSSHMM OCHOBAHMS 3IOPA
pacupeneneHne KOHTAaKTHBIX JABJIIEHUU MO0J ONOpPaMU Ha TOPU30HTAJIbHOM OCHOBAHUHU
UMeeT TpanelueBUIHbIN XapaKTep, YTO BUIAHO HA PUCYHKE 4.
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OTHoCUTenbHaA AnvHa npogonbHon 6ankn

0.25 0.5 0.75

0 1
0.000 l

KoHTaKkTHBIe HanpsxeHUA

-0.006 F

-0.008

—m—yron 0: P=0,25Pp =r=yron 0: P=05Pp yron 0: P=0675Pp =m=yron 0: P=1Pp
—e—yron 15, P=0,25Pp —e—yron 15, P=0,5Pp —m—yron 15, P=0,75Pp —4—yron 15, P=1Pp
yron 30.P=0.25Pp —+—vyron 30. P=0.5Pp == yron 30, P=0.75Pp yron 30. P=1Pp

Pucynox 4 - 3meHeHue 3mop KOHTAKTHBIX JIaBJIEHUN B OCHOBAaHUU B 3aBUCUMOCTH OT
yTIJIa HAKJIOHA OCHOBAHUS U BHELIHEN HArPy3KH

[Ipu yBenuuenun yria HakinoHa ocHoBanus oT 0° 1o 30° usmeHsIOTCS B CTOPOHY
YMEHBIIEHUSI COOTHOUIEHUS OCAJOK MPOTHUBOIOJIOKHBIX omop B 1,6 pasa, mpu 3TOM
COOTHOIICHMSI KOHTAaKTHBIX JaBJICHMM yBenuuuBatrorcs B 1,5 paza. Ha ocnHoBanuu
BBILIEU3JI0)KEHHOTO MOYHO CII€JaTh BBIBOJ O TOM, YTO C YBEJIMYEHHEM YIJIa HAKJIOHA
OCHOBAHHUs MEHBIIMM OCaJKaM, KOTOPbIE BO3HUKAIOT Y yAEP/KUBAIOLIEN KOHCTPYKLIHH,
COOTBETCTBYIOT OOJIbIIINE JaBieHUs B OCHOBaHUU. 1 Ha000poT, B Haubosee yaaleHHOM
OT yAEpKHUBAIOUIEH KOHCTPYKIIUM TOYKE OCHOBAHMSI OOJIBIINM OCaJIKaM COOTBETCTBYIOT
MEHBIINE JaBleHUs. ITO OOYCIIOBJIEHO CYIIECTBEHHBIM YMEHBLICHHEM BIMSHHS Ha
BEITMYMHBI 0CAJIOK HOPMAJILHOM COCTABJISIONIEH BEPTUKATBHOM HATPY3KH HA (PYyH/IAMEHT,
BCJICJICTBHE POCTa yrila HAKJIOHA OCHOBaHHUs. [Ipu 3TOM pacrer BiusHUE CABUTAIOLIEH
CUJIbl OT BEPTUKAJIbHOM HArpy3KH, KOTOpas YBEJIMYMBACTCS C POCTOM YyIJIa HAKIJIOHA
ocHOBaHMs. OHa CYHIECTBEHHO YBEJIMYMBACT CHJy TPEHHS Ha KOHTAKTE C
YAECPKUBAIOIIEN KOHCTPYKIMEM M  COOTBETCTBEHHO MPEISITCTBYET  Pa3BUTHUIO
nedopmaliuii B rpyHTOBOM OCHOBaHMH. KpoMe TOro, mporucXouT YIUIOTHEHHE FPYHTA B
30HE KOHTAaKTa C YJEpPKUBAIOLIEH KOHCTPYKUMEW. ['pyHT B 3TOM 30HE HAXOIUTCS B
HEOOBIYHOM  HANpsDKEHHOM  cocTosiHuM. Ero  gedopmanuu W nepeMenieHus
OTPAaHUYMBAIOTCS C OTHOW CTOPOHBI YIECPKUBAIOIIEH KOHCTPYKLUEH, C IPYTOM CTOPOHBI
(GyHIaMEHTOM M C TPETbe CTOPOHBI I'PYHTOM HAKJIOHHOI'O OCHOBAHHS, KOTOPBIH
nepeMeIaeTcsl Mo BO3AeHCTBUEM NOBOPOTa (PyHAAMEHTa BOKPYT TOYKHU COTPSIKECHHUS
HAKJIOHHOW (PYHJIaMEHTHOM OAJIKU U YACP>KUBAIOIICH KOHCTPYKIIMEH.

W3 aHanmu3a SKCIEPUMEHTAIBHBIX JAHHBIX BBIABIICH XapaKTep U3MEHEHUS O0CaI0K
1o JuIMHE (yH/ITaMEHTHBIX 0aJO0K B HAIIPABJICHUHU CKJIOHA, MOAYMHSIOMIUNCS JTUHEHHOMY
3aKOHY.
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N3menenne kod(pPUIMEHTOB KECTKOCTH OCHOBAHUS B 3aBUCHMOCTH OT BHEIIHEU
Harpy3kl M COOTBETCTBYIOIIEH OCAIKH, IMOJYYEHHBIE HDKCIEPUMEHTAJIbHBIM ITYyTEM,
NPUBEACHBI HA PUCYHKE O.

OTHOCUTENLHAA ANKWHA NPOSOILHOA GanKu

1] 0.25 0.5 0.75

i ﬁ%:
L4 ?—____:————;:t:-_-_."::-"_— d---""""-f'_ —

.-f"'”f”""
A

Kool MenTl KecTRooTi

]

—

=
=
/

-
14

——yron 0,F=0,25Pp —8—yron 0, P=0,5Fp —s+—vyron 0, P=0,75Fp —8—vyronl, P=Fp
—s—vyron 15, P=0 25Pp —=—yron 15, P=05Pp —%—yron15 P=0,75Pp —+—yron 15, P=Fp
—e—vyron 30, P=0,25Pp —+—yron 30 P=05Pp yron 30, P=0,75Pp —&—yron 30, P=Pp

Pucynox 5 - I'paduku usmenenus: korhGUIMEHTOB )KECTKOCTA HAKIIOHHOTO OCHOBAHMS
K =f(L/ L) mpu pa3nuuHbIX yriiax HAaKJIOHA OCHOBAHHUS U YPOBHE 3aTrPyKCHHS

Pe3ynbTaThl HCIBITAHUI IOKA3BIBAIOT, YTO IIPU HE3HAYUTEILHOM YPOBHE BHEITHETO
3arpyxeHust B omnbiTax 10 0,25P, KO3(pQPUIUEHTHl KECTKOCTHM Ha TOPU30HTAIBHOM
OCHOBAHUM MPAKTHUYECKH PaBHbI MEX]y coOoil. COOTHOIIEHNE KpallHUX 3HAYCHUM B
sToM ciyyae coctaBiser 1,03. Ilpu yBenuueHur yria HAKJIOHA HEPAaBHOMEPHOCTH
K0>()(PUIMEHTOB KECTKOCTH OCHOBAHHUS BO3PACTAET M JOCTUIAET IIPH yrie HakiaoHa 15°
-K,/K,=1,23, mna yrna 30° - K,/ K,=1,48. Ilpu manbHeHIIEM YBEIMYEHMH HATPY3KH
BILIOTH JI0 pa3pylieHus ocHoBanus P = P, u pocte yria Hakinona ocHosanus 10 30° sta
HEPaBHOMEPHOCTH YBeIUuuBaercsa u gocturaer npu yrie 0°-K, / K,=1,4; npu yrae 15° -

K,/ K,=2,25; nipu yrae 30% K, / K,=4,53. K, - K03 (QUIUEHT )KECTKOCTH OCHOBAHMS O]
OTIOPOH Y YICPKUBAIOIICH KOHCTPYKIHH, K, - KOOPPHUIUEHT )KECTKOCTH OCHOBAHHS IO

OTIOpO¥, HamOoJiee YIATCHHOW OT YIEpKUBAIOMIEH KOHCTPYKIIMH. Takum o00pazom,
AMIOPHI pactpeaeneHus KodpUIUEHTOB )KECTOKOCTH MTPHUOOPETAET XapaKTep Tpaneuu
C MaKCUMaJbHOM OpJIMHATOW Yy YyAep:KUBaroUled KOHCTpykumu. IIpm sTtom mo
aOCOJIIOTHOMY 3HAY€HUIO COOTHOIICHHE KO3(PPUIMEHTOB >KECTKOCTH MEXAY COO0Oi
CYILIECTBEHHO BO3pPACTET TOJBKO Ui epBOii onopsl. B aTom cinywae K° / K7 =1,71-1,89.

Jiis BTOpO#t onopel K3 / K2=1,19-0,8. 310 00yCcI0BIEHO Ha HAIII B3TJISA TEM, UTO TPYHT

OKOJIO yJIePKUBAIOIIEH KOHCTPYKIIMA MEHSET CBOU XapaKTEPUCTHKHU, CTAHOBSICH OoJiee
IJIOTHBIM 32 CYET OTPAHNUYCHHOTO TIEPEMEIICHUS TI0 TOPU30HTAIIH.

Jlis  MCroNb30BaHUs PE3yJbTAaTOB OSKCIEPUMEHTOB B PAacueTHOW MPaKTUKE
HEOOXOJMMO TEpPEeHTH OT aOCOMIOTHBIX MOKA3aHWKW K OTHOCHTEIHHBIM BEIMYMHAM
KO2(PPUIIMEHTOB KECTKOCTH OCHOBaHU 5K . [Ipu TOM 32 OTHOCUTENBHBIN KOA(PPUTIMEHT
KECTKOCTHU B ATOM CJTy4ae MPUHUMAETCS COOTHOIIICHUE

oK, =K% /KJ
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K2=PR)/S;

rae K —kKod()QUIUEHT )KECTKOCTH OCHOBAHUS B JIO00H i - OF TOYKE 10 TO0LIBOM
dbyHIaMeHTa Ipu yriie HaKJIOHA OCHOBaHUS PaBHBIM « ; K — KO3(PHUIIMEHT KECTKOCTH
OCHOBAHMUSI O] KpalHEeW TOYKOW MPOJI0IbHON (yHAAMEHTHOM JICHTHI, PACIIOI0KEHHOM
TOPU30HTAILHO, KOTOpash HamboJjee yaaleHa OT yACpPKHUBAIOIICH KOHCTpyKmuw, P -
KpaeBO€ KOHTAaKTHOE [aBJICHHUE TMOJ 3TOM >XK€ TOYKOH; S)-—o0cajka IaHHOM TOYKH
dbynnamenta. [ns ompeneneHus ocaakd S. PEKOMEHAYETCS YTOYHEHHBIM METOJ
MOCIIOMHOrO cyMMHpoBaHusi, u3noxxkeHHoid B CIT22.13330.2011.

[To maHHBIM SKCIIEPUMEHTA MOYy4Y€Ha COOTBETCTBYIOMIAs Ta0auIa 1, CBA3bIBaIOIIAs
OTHOCHUTENbHbIE KO3 duLuenTsl 6K = f(a /¢, L /L).
Tabnuua 1 - 3nauenus ko3pHUIMEHTOB SK B 3aBUCUMOCTU OT YPOBHS HarpyKeHUs,

OTHOCHUTEJILHOTO yIjla HAaKJIOHA OCHOBAHUS U OTHOCHUTEIBLHOM JIJTUHBI.
P=0.04P, P=0.25P, P=0.5P, P=0.75P, P=1P,

a/@ a/Q a/Q a/@ a/Q

0 0.5 1 0 0.5 1 0 0.5 1 0 0.5 1 0 0.5 1

Li/
L
0 |-103|-1.19 | -1.77 | -1.98 | -2.09 | -435 | -1.77 | -2.23 | -4.62 | -1.85 | -2.15 | -3.38 | -164 | -16 | -3.1
05 | -098 | -1.22 | -1.41 | -1.35 | -1.61 | -2.09 | -1.3 | -1.94 | 229 | -1.32 | -2.02 | -2.01 | -1.26 | -1.23 | -15
1 | 4 |01 ]-119| 4 [-135|-112| 1 [-166]-124| -2 |[-178] 12| -1 | -1 | -08

Ha ocHoBaHuM mojyyeHHBIX SK MpHU KaXIOM YpOBHE HAarpy>KeHHsl CTPOUTCA
o0beMHasl smopa U3MeHeHHsl SK;, MOBEPXHOCTh KOTOPOMl pa3OuBaeTcsi Ha HECKOJIbKO

pacueTHBIX IIOCKOCTEH, MMEIOIINX CIEAYIOIee YpaBHEHHE B 00IIEM BUJE:

A%J_r BL1CSK+D=0

Q
rie  A,B,C—kod(p UIMEHTH TUIOCKOCTH, BBIYMCICHHBIE 110 KOOpAWMHATAM TOYEK

INIOCKOCTH B 3aBUCUMOCTH OT L /L u al/¢ B3ITBIX U3 Tabmuubl | mpu

COOTBETCTBYIOIIEM YPOBHE BHEIIHEN HArpy3KHU.

I[Ipu 5TOM yroj BHYTPEHHETO TPEHHs IPYHTAa ¢ He JOJDKEH mpeBbimarh 35°. Dto
OTPAHUYECHHE BBI3BAHO 33JaHHBIMU MMAPAMETPAMU MOJECIUPOBAHUS OCHOBAHHSI.

B Tpetbeii ri1aBe pa3padboTaHa METOMKA pacdeTa dIMIOPhl HOPMAThHBIX KOHTAKTHBIX
JABJICHUW TI0J] TOJONIBOM TEPEKPECTHO-OAIOYHBIX (DYHIaMEHTOB Ha HAKJIOHHBIX
OCHOBAHHUAX C WCIIOJIB30BAHUEM MOJEIN OCHOBaHMS BHHKIEpa ¢ NEPEMEHHBIM
KO2(PPUIIMEHTOM JKECTKOCTH.

Hcnonb3yercss METONI yIIPYTUX pEIIEHUM, MPEeII0KeHHOTO A.A. VIbIOMIMHBIM, T11€
HEJIMHEWHAas 3aJada CBOAMUTCSA K ITOCJIEAOBATEIBHOCTH JIMHEMHO-YNIPYTUX 3aJad B
pe3yJibTaTe MPUMEHEHHUs Mpoliecca MOCIeI0BATEIbHBIX MPUOIMKEHUH.

PacuerHas cxema ¢pyHaaMeHTa NpeCcTaBiIeHa Ha pUCYHKeE 6.
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Pucynok 6 - O61m1as pacueTHasi cxeMa HaKJIOHHOM (yHIaMEHTHOM Oamkyd Ha CKJIOHE
1- ynep:kuBaroiias KOHCTPYKIUS; 2- (yHIaMEHTHAsI MPOAOJbHas Oanka

PaccmarpuBaercss  TpamelMeBHAHAs ~ 3MIOpa  KOHTAKTHBIX  JABJICHUWA  C
MaKCUMaJlbHOW OpJAMHATON P 1o HWXKHEH Onopoi mNepeKpecTHOro (QyHIaMeHTa u

MUHMMAaJIbHOHN P, - moa BEpXHEM.

Oc00EHHOCTBIO pabOTHl Y3J0BOTO COCTUHEHUS SBISICTCS TOSBICHHE B MECTE
KOHTaKTa OaJIKU C YACPKUBAIOIIEH KOHCTPYKIIUCH OT NEHCTBUS CABHUTAIOIICTO YCHUIIHS

n n
Ny = >N, , HAIIPABJIEHHOTO BJI0JIb CKJIOHA, IBYX CUII: T =) N, cosa (1) ropusoHTanbHOM
i=1 i=1

n
peaKLuy ONOPbI ¥ CUJIbl TpeHus F, => N cosaf, (2).
i=1
Ha koHTakTe rpyHTa M (pyHAaMEHTHON Oaiku Na)xe MpU MajbX HepeMelleHHsIX
yIEPKUBAIOIICH KOHCTPYKIUU OyIeT BO3HUKATh CWJIA TPEHHS, KOTOpas B IEPBOM
NPUOIIMKEHAN pacIIpeiessIeTCs TIO/1 TOAOIIBOM paBHOMEpHO. Toraa oHa onpenenuThest
10 CIEAYIOLIEH 3aBUCUMOCTH
n
F: =Y G xcosaxf; (3)
i=1
PaccmoTpuM ypaBHeHHS PaBHOBECHsI BCEX CHJ, ACHCTBYIOIIMX Ha Oajiky, Mpu
NPOCIIMPOBAHNY UX HA MECTHBIE KoopauHaTHBIE ocr OY* u OX* 1 ypaBHEHHE MOMEHTOB
OTHOCUTENBHO TOYKH O.

D> X“=Txcosa+F; +F7 xsina+» G xsina =0 (4)
i=1
>y« :Z;Gi><00305+Z£Gi><c0304><sin204—ZGi cos? a sina x f}fp—%x Lxb=0 (5)
n 2P, +P
2M,=2G, cos X~ x| L——=| =22 |20 (6)
i=1 2 3 P2+P1

Hcxons U3 ycnoBUM NPUMEHEHUS MOJAEIIA OCHOBAHUS MOJIYYUM JOIMOJIHUTEIBHOE
yCIIOBUE
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h_K'S (7)
R, KSS;
rae K{,S;- COOTBETCTBEHHO KOA((UIIMEHT KECTKOCTH M 0CaJKa OCHOBAHUS B HIKHEH
TOUYKE CKJIOHA Ha KOHTaKTe OAJIKU U yJEp>KUBAIOIIEH KOHCTPYKLUU NPU yIJI€ HAKIOHA
OCHOBaHUSA « ; K{,S{- COOTBETCTBEHHO KO3(PPHUIIMEHT KECTKOCTU U OCaJIKa OCHOBAHMS
0] BEpXHEH TOUKOM PyHIaMEHTHOM OaNKy PH yTiie HAKJIOHA OCHOBAHUS « .

W3 ypaBHeHuit (4 - 7) monyduM BBIPQXKCHUS Ui ONPEACICHHUS XapaKTePUCTUK
AMIIOPHI

P, =2P AK (8)

P,=2P (1-4K) (9)
rae  AK :Kl”+K—I£2”55 (13), - ko3dduIHEHT OoNpeACNAIOMUN COOTHOIICHUES
IpPaHUYHBIX KOA((OUITMCHTOB )KECTKOCTH OCHOBAHMS Ha HAYAJIbHBIX ATAllaX HArpyKEHUsI
KOHCTPYKIIMH, P, = % - cpemHee JaBJCHHME TMOJ NOJOUIBOW (yHIAMEHTa; J,-

KO3 (PUIIMEHT, YYUTHIBAIOUIUN HEPAaBHOMEPHOCTh pacHpenesieHus OCaZOK MO JIJIMHE
ckiioHa. KoaduuumeHnt J, MeHseTcsl B 3aBUCUMOCTH OT yTJia HaKJIoOHa OCHOBaHug oT 1,47
mpu « =0 1o 3,31 npu a =45°.

Pemas ypaBHenue (5) oTHOCUTENHHO AK ompenenuM OO0mIyro (GopMyrty sl €ro
HAXOXKJECHUS:

0,66 PCPLZb—ZGiCOSa X, 3x ) G;cosa X,
AK = — =2- - (10)
0,33xP,L’b P,L2b
Hcnone3ys Beipakenue (10) B mepBoM mpubmmkeHur 1o ¢gopmynam (8) u (9)
OTIPEIIEIISIOTCS KPAeBbIe KOHTAKTHBIC IaBlieHUs P, u P, 7S TpamemueBUIHOM SIMIOPHI U

OKOHYATEJIbHO TIOJIy4aloT PacyeTHYIO TpamlelUeBUAHYI0 HE TepepacrnpeaesieHHYO
SMIOPY KOHTAKTHBIX JIaBJICHUH B OCHOBAaHUHM IO/ HAKIIOHHOW OalTkoi pyHIaMeHTa.

KoadduimeHTsl KECTKOCTH OCHOBAHUS B PACUYCTHBIX TOYKAX OMPEICSISIFOTCS TI0
METOJIMKE, N3TI0KEHHOM B TJIaBe 2.

[Ipeanonarasi, 9To TepepachpeesieHne KOHTAKTHBIX JaBICHHUN CBS3aHO KakK C
nedopmarsiMu - GyHIAMEHTHBIX 0Oalok, Tak #W ¢ JeGopManusiMHd OCHOBAHUA,
koa(huIeHTs nepepacnpeaeneHus OyayT ONpeesIThCS B OMOPHBIX M MPOJETHBIX
PACUYETHBIX CEUCHHSIX 0aIOK MO CIEAYIOMIUM 3aBUCUMOCTSIM:

- 11 KpaitHelt cHusy onopsl Ap,, = K, f; (11)
- TS BCEX CPEIHUX o1op Apy, = Ki, (f+f.;) (12)
- JUIs BCeX MPOJIETHBIX CeueHnit Apy, = K, f;; (13)
- I KpatHETO BEPXHETO OIOPHOTO cedeHus Ap,, = Kl (f+f,. ); (14)
- U1 BepxHeii koHcomu 4p,, =K| f_ . (15)

rae f,f,, - mporuObl HIKE U BBIIIE PACTIONOKEHHBIX MPOJOJIBHBIX 0aJOK JICHTHI;
f,.- TPOrMO KOHCONM JIEHThl, PACIOJIO)KEHHOM B BEPXHEHl 4YacTH CKJIOHA; -

KOHC
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KOA((PUIMEHT, YYUTHIBAIONIUN PA3HOCTh MPOTHOOB 0ajloK  MPOAOIBHON JICHTHI
dbyHIaMeHTa, pU perysaspHOr CTpyKType dhyHaaMmenTa »=0,5.

Koaddunmentsl  mepepacnpenesieHus]  YBEIMYWBAIOT  OMOPHBIE  OPJIWHATHI
TPANCLIMEBUIHON SMIOPHI KOHTAKTHBIX JIABJICHUM W YMEHBIIAIOT MPOJIETHBIE. BHEIIHMIA
BU/I DITIOPHI M1O]T 1-0¥ OasIKOM MpeicTaBiIeH Ha PUCYHKE 7.

PucyHok 7 - PacueTtHas 3mropa KOHTAKTHBIX JABJICHUN

[Tocie 3Toro, UCNOB3ys METOJ MOCIEIOBATSIBHBIX MPUOIMKCHUN U 33]1aBasICh B
pPaACUETHBIX CEYCHUSX HOBBIMH KOHTAKTHBIMU JABJICHUSMH, TPOBOJIUTCS aHAJIOTHYHBINA
pacuer, T.e. ONPEEISIIOTCS HOBbIE YTOYHEHHBIC OCAAKH U KOI(D(UITUSHTHI KECTKOCTH
OCHOBAHHSI.

[Iponienypy mombopa u mepepacuera MOBTOPSIOT IO TEX TOp, MoKa HE Oyner
co0IroaaThCsl yCIOBUe

n n+1
psup,sp -p
£=—"——0%

WP < 0,05 (16)

psup,sp

n+l

TIE Py, — AaBJIEHHE B OCHOBAHHWHU Ha MPEIBIIYIIEM dTare UTEPAIMi; Py, — TOXKE

HAa MOCJIEAHEM ATAIle UTEPALIUH.

JI71st TpOBEPKU TOCTOBEPHOCTH JTAHHOTO aJlropuTMa ObUT IMPOBENIEH PACUET S0P
KOHTaKTHBIX JaBJICHUN M0oJ (GyHAAMEHTOM U3 MEPEKPECTHBIX JEHT Ha IECYAHOM CKJIOHE
U CPaBHEHHE MOJIYYEHHBIX pE3yJIbTaTOB C JAaHHBIMU HKCIIEPUMEHTOB, NMPUBEJIECHHBIX B
pabote bapeikuna b.1O. Takxke aHalorMuHbIi QyHIaMEHT ObLIT PACCUUTAH C TTOMOUIBIO
YHCJICHHOTO MOJICJIMPOBAHUS B TeOTeXHHUYECKOW niporpamme «Plaxis 2D».

PaccMoTpensl pe3yapTarsl ONPEAEICHNUs] KOHTAKTHBIX JABJIEHUW ITOJ I1OJIOLIBOM
MSATH TIEPEKPECTHO-0AIOYHBIX KPYITHOMACIITAOHBIX 00pa3IioB (yHIaMEHTOB MPHU YIIax
HakoHa ocHoBauus a=0°; 17% 25% 34% 45° ConocraBuTenbHBIN aHANIN3 TIOKA3all, YTO
npemjiaraemMasl MHXEHEpHas: METOJIMKA IOJyYEHHMs 3IMIOPbl KOHTAKTHBIX JABJICHUI B
OCHOBAaHMU C YYETOM JEHCTBUTENbHBIX JedopManuil TMOJTHOCTBIO aJleKBaTHA M
YUUTBHIBAET OCOOEHHOCTHU e(POPMHUPOBAHUS TAKOTO TUIA (PYHIAMEHTOB Ha HAKJIOHHBIX
OCHOBaHMAX. PacXOoxaeHns MeEXay HKCIIEPUMEHTAIbHOM JIIOPOM U TEOPETUYECKOU
COCTaBWJIO B cpeaHeM He Oosee 19%, 4To BIOJNHE NMpUEMIIEMO MJisi MPaKTUYECKHUX
WHXEHEPHBIX 3a]1a4.
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B yerBepTOii I1aBe HAa OCHOBAaHMHM OOPAOOTKHU HKCHEPUMEHTATIBHBIX JAaHHBIX
pa3paboTaHa METOJIMKa pacueTa MPOYHOCTH MEPEKPECTHO-0aT0YHbIX (PYHIAMEHTOB Ha
CKJIOHaX IMPU COBMECTHOM JEHCTBUM M3TUOAIOIIMX MOMEHTOB M MPOJOJIbHBIX CHJI Ha
OCHOBE J1Ie(pOpMaIMOHHON MOJIENH.

PacueTHas cxeMa HOpMaJIbHBIX CEYEHUH MPEACTABICHA Ha PUCYHKE 8, HA KOTOPOM
MIPEACTABIICHBl PACUYETHBIE OINOPHBIE W MPOJIETHBIE CEYEHUS MPOAOJIBbHOW JIEHTHI
dbyHnamMeHTa W yCWiIMs, JACHCTBYIOIIME B HEW OT COOTBETCTBYIOLIUX KOHTAKTHBIX
JABJIEHUM B TPYHTOBOM OCHOBAHUHU.

o Mot CESLE SN
P -
a) Miwe | - _?’E { ot

~ ~

X . ¥
el M o | e | T - M he | e M|
&y Jx M £
dsfe > T d b
L — [-ETTETY ) — ~—
LY

6)

Pucynok 8 - Pacuetnast cxema mpo0JIbHON HAKIOHHOW JIEHTHI PyHIaMEHTa:
a - pacueTHbIEC CEUCHHUS; O - SMIOpa U3rHOAIOIINX MOMEHTOB; B - 3II0pa
HOPMAaJIbHBIX KOHTAKTHBIX JABJICHUM.

Pacuer mpoYyHOCTH HOPMAJIBHBIX CEUYEHHM NPOJOJBbHBIX OallOK MEePEeKPECTHHIX
(GbyHIaMEHTOB MPOU3BOJUTCS C UCIIOJIB30BAHUEM CIIEAYIOIIUX TOMYIICHUIA:

— YypaBHEHHS, KOTOpbIE YCTAaHABIMBAIOT COOTHOILIEHUS MEXAy JedopManusaMu
OeToHa C)KaToOM 30HbI U PACTAHYTOM apMaTyphl, GOPMHUPYIOTCS MUCXOS U3 JTUHEHHOTO
3aKOHA pachpeesieHus, T.e. CTPOATCS Ha OCHOBE TUIOTE3bl IUIOCKMX CEUYECHHH.
PactsnyThIil 0€TOH U3 pacueTa UCKIIIOYAETCS,

— CBA3b MEXAY HaIlPSOKEHUSIMU o, B CXKaToM OeToHe W ero aedopmaiusiMu e,

YCTaHABJIMBAETCA MCXOJAS U3 MapaMeTpOB OWIMHEHMHOW auarpaMMbl COCTOSIHUSL CO
CJIEIYIOLIMMHU XapaKTEPUCTHUKAMU:

npu 0<¢ <¢g, 0,=6F, (17)
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npu &) S SE, (18)
&E,(1- Kﬂvm)

%= E _
12-K)+¢, Rib(l_ﬂvpl)

b
rie &, =KR, /E,—MakcumaneHble ynpyrue gedopmanuu OeToHa; &, —
npenensHbie aedopmanun 0eTOHA CXKATON 30HBI NMPH BHELIEHTPEHHOM CXKaTuH;, E, -
HavaJIbHBIA MOJYJIb IehopMaruu OEToHa.
K =0,3 — ypOBEHb HAIPSIKCHHM, 10 KOTOPOTO CXKaThlii O€TOH paboTaeT ympyro;
v, —ko3(uuuent ynpyroctu 6€TOHa CKaToi 30HBI HpU o, =R, , [- NOHMKAIOIMH
KO3 PUIMEHT, YIUTHIBAIOIINN HETMHEWHBIN XapaKTep padoThl OETOHA CYKATON 30HBI JIJIS

CKaTO-U30THYTHIX Oanok (yHmamenTa. [[ns 6etoHoB kinacca B20-B30 o yrouyHeHHbIM
JQHHBIM MOKHO IIPUHUMATD V| = 0,5, f=0,4.

Torna nedopmarinu 6€TOHA COOTBETCTBEHHO BBIPA3STCS
(1! 2- K) n Rbn

© T E (- fKiy) —nA- BT,

O, o o
rac 77=—b— ypOBeHB HaHp;DKeHI/II/I B CXKATOHU 30HC 6eTOHa HpOI[OHBHBIX 63HOK
F\:‘bn

¢dynnamenrta. @opmyia (19) mpumennma 1pu ¢, > ¢, , -

(19)

- CBA3b MEXY HaIPSHKEHUAMH o, U AedOopMalMsIMU & apMaTypbl OMUCHIBAETCS

uaeanu3upoBaHHoON auarpamMmoun [IpanaTnsg ¢ yCIOBUSAMH, 4YTO JO JOCTHKECHUS
HaNpPSOKCHUSIMA  PACUYETHOTO COIPOTUBIICHUS R, OMMCHIBAETCA YPAaBHEHUEM 3aKOHa

I'yka. [lpu 3HaueHusIx o, > ¢, apmarypa aedopmMupyercs OeCpensiTCTBEHHO T.€.

npu 0<¢g,<e, o, ,=¢kE; (20)

npu ¢, <é&, <&, 0,=R; (21)
- YCJIOBUA PAaBHOBCCHA BHYTPCHHHUX U BHCHIHUX YCI/IJII/Iﬁ

> N =N,+N;+N, =0 (22)

S M=M(M)+M,+M=0 (23)

B 5Tux ypaBHEHHSX NPUHATHI CIEAYIOUINE 0003HAUCHUS:
N, - paBHOJEICTBYIOIIasl B OETOHE CXKATOM 30HBI;

N, — paBHOJEHCTBYIOILIAS B PACTIHYTOU apMaType;
N,,, —BHELIHSASA NMPOAOJIbHAS CUJIA OT BECA 3/1aHMsI, COOPYKEHUS;
M, =N,Z, - MOMEHT paBHOJEHCTBYIOIIEH B CXKaTOM OETOHE OTHOCHUTEIBHO IIEHTpa

TSYKECTH PACTSIHYTOW apMaTyphl;
Z, — IJIeYO BHYTPEHHE Napbl CUJI;

M — M3rudaronuii MOMEHT B CEUCHUM OaIKu, OMPEAeIIeMbIN U3 pacueTa CUCTEMbI
NEPEKPECTHBIX (PYHJIAMEHTHBIX OaJloOK C Y4YeTOM IepepaclpeieieHHON 3IIOpbl
KOHTAKTHBIX JIABJICHUM;

M, = N,e- n3rudarommii MOMEHT OT CHJIbI N

tot 1

e - DKCLICHTPUCUTET ACUCTBUSI CUIIBI N, , OTHOCUTEIBHO PACTAHYTON apMaTypBbl.
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- KOHTAKTHBIC [aBJICHUS B PACUETHBIX CEUYCHMSX OalIKU HAXOIATCS C YYETOM
nepepacnpeeieHus.

3ajmaya  CBOOMTCA K  ONPEACICHMIO BCEX KOMIIOHEHTOB  HaIpsHKEHHO-
ne(hOpMUPOBAHHOTO COCTOSIHUSL PACYETHOrO HOPMAJIBHOTO ceueHUs (PyHIaMeHTa U K
HAXOXKJEHUIO €r0 HEeCyIled CIOCOOHOCTH B 3aBUCHMOCTH OT YpPOBHS HANpPsDKEHUM B
cKaTol 30He OETOHAa 7 W MOJHOCTHIO MEpepacpe/eICHHOW SIMIOPbl KOHTAKTHBIX
JABJIEHUI B HAKIIOHHOM OCHOBaHUU.

Jlns pacuera npeaiioKeH CAEAYIOMMNN aJrOPUTM:

1. 3amaroTca MCXOAHBIE JaHHBIC: FEOMETPUYECKHE pa3Mmephl b,h h,; maHHble 1O
ApMUPOBAHMIO 4;a ; PACUYETHblE M HOPMAaTUBHBIE XAapAaKTEPUCTUKU MaTepUasoB
R, R, E, E..R,.

2. Omnpenensitorcs mnokazarenn g pacyera HJIC HopmanbHBIX —cedeHUM
dbyH1aMeHTa:

— 3a/Ial0TCS 3HAYEHUs YPOBHS HANpPsKEHUU B HamOoJiee CxkaTo Guope coxaTou
30HbI Oanok n =0.....1,2 cmarom Azp =0,05;

— OIpEeNETSeTCs] PACYETHOE COOTHOIIEHHE AM MEXAY CyMMAapHBIM HU3THOAIONINM
MOMEHTOM M., U TpelenbHBIM MOMEHTOM aisi 6etoHa kiacca B25-B30 mo
3aBUCUMOCTH

AM =169 -0.137+0.15; (24)

— HaxoJATcs AepopMaliy U HaMpsDKEHUs KpaitHeil puOpsl OeTOHA CHKaToil 30HBI,

— HCIIOJIb3YS 3aBUCUMOCTh MEXAY HAapPsLDKEHUSIMU apMarypbl U O€TOHA, U CUMTAs,
YTO M3MeHeHus naedopmanuii OynyT HaAmpsSMYyIO 3aBUCETh OT MPHUPALICHHS MOMEHTA,
HaxXoAATCs ehopMaliy pacTAHYTON apMaTyphl IO CIEAYIONIEH 3aBUCUMOCTH

g = o o)\ (25)
© (G T Eb)

— OINPENENSIIOTCS HAIPSKEHUS B apMaType

o, =¢, E,, tne E, =200000 MITa (26)

— paccUMTHIBA€TCS BBICOTA CKATOW 30HBI OETOHA B CEYEHUHU C TPEUIMHON IO

bopmyie
x =2l 27)

&y, T &

— ompenensaeTcss KpUBU3HA Kele300eTOHHON (yHIaMEHTHOM Oajkv B CEUYCHHH C
TPEUIUHON

1 _&tE (28)
P ho
— HaxXOoOUTCsA YCIOBHO VYIIpyras BBICOTA C)KaTOM 30HBI OeTOHA X, KoOTopasd

XapaKTepU3yeT yIpyryro paboTy c:kaToi 30Hbl OeTOHA
KRy,

XI:%Eb

Ecmm x, >h, To mpuHuMaeMm mjis pacuera X =h

(29)

— OIpeEeNSeTCs] COOTHOIICHUE MTOJTHOM BBICOTHI CXKAaTOM 30HBI O€TOHA U YCIOBHOM



21

v = %. (30)

— HaxoJATCS BeroMorarenabHbie kKodpduimentsr K , K , Xapakrepusyromue padboTy
OETOHA B CKATOU 30HE U UX COOTHOIIIEHUE

KC=0,441//2—0,4—2,2|n"’;5 (31)
K, =0,22p% 2,2y +2+11In "”gs (32)
— OTpeESIeTCS PAaBHOACHCTBYIONIAs B OCTOHE CXKATOM 30HBI IO (hOopMyJIe
R, b
Ne=-r"—K (33)
- Eb
Yo,

— ompefenseTrcsd pacCTOosSHUE OT HauOojee CXKATOW TIpaHU CEUECHHUS 0
paBHOJICUCTBYIOIIEH B OETOHE

Xy =& X (34)
[K, /K]
74

rae &= - K03(hPUIMEHT, KOTOPBI YCTAHABIMBAET PACCTOSIHUE OT CXKATOU

rpaHu 3JIEMEHTa JI0 PaBHOJICUCTBYIOLIEH B OETOHE CXKATOM 30HBI B JOJIIX OT BBICOTHI
C)KaTOM 30HBIX |
— OIPEIEIACTCS IUIEY0 BHYTPEHHE Maphbl CHUII

Zc = hO — XN (35)
— BBIYUCIIACTCA HECyIIasd CIIOCOOHOCTH CEYEHHUS
Mceq = Nb Zb (36)

- Ha OCHOBAaHUH OIIPpCACIICHHBIX JaHHBIX CTPOATCA 3aBUCHUMOCTHU

x=f(e)iM=F(z) 2= f(M);L=f(s)B=f(s);M=f(B) rae B- KECTKOCTS
p p

)Kene300eToHHON (DyHIaMEeHTHOM OaJIKu, KOTOpasi pacCUYMThIBAETCS 1Mo (popMmyie

B=tm (37)
Y2

— ompeaeyseTcs ~ M3ruOarIMi MOMEHTM  OT JEMCTBYIOIIUX KOHTAKTHBIX

pacy
JaBJICHUN TIPU JIOOOM pacueTHOM YpOBHE BHEIIHEW HArpy3ku OoT oTmopa rpyHta. [Ipu
BBIIIOJIHEHUH YyCJIOBUS M . <M_ pacyeT INpPEeKpallaeTcs M CEYECHHE CUYUTAETCS

paci) M
YBEJIMYEHHE KOJIMYECTBA apMaTyphl, pacyeT MPOU3BOJUTCS CHOBA.

B npuiioskeHMAX IPEICTaBICHbl CBEACHMS 00 HWCIBITAHHBIX (yHIaMEHTax, a
TaK)K€, UWHbIE MaTepuasbl, IOATBEPKIAIOUIME PpPE3YybTaTbl JUCCEPTALUOHHOIO
UCCIIEJOBAHMSL.

pacy

nonoOpannbM. [Ipu ycinoBun M MIPOU3BOANTCS U3MEHEHUE CEUCHUS OaTKU WIIN

y

3AKIIOYEHHUE

[Ipumenenune nepekpecTHO-0an0uHbIX (YHAAMEHTOB JIJI OCBOCHUS TEPPUTOPUI CO
CIIO)KHBIMU HMHXEHEPHO-TEOJIOTUYECKUMHU YCIOBUSIMU HMMEET PsAJl 0COOEHHOCTEH, UTO
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IPOSIBISIETCS. B M3MEHEHHWHM HAMPSHKEHHO-Ie(POPMUPOBAHHOTO COCTOSHUS TPyHTA
OCHOBaHMS U KOHCTPYKLMH (PyHJIaMEHTa B MPOIIECCE HATPY>KEHUS.

B cneacTBue HEZOCTATOYHOIO KOJMYECTBA SKCHEPUMEHTAIBHO - TEOPETUYECKHUX
uccnenoBannii HI{C ocHoBaHuii 1 QyH/1aMEHTOB Ha CKJIOHAX, CYIIECTBYIOIINE METOIUKH
pacyeTa TaKMX KOHCTPYKIMH HE YYUTHIBAIOT OCOOEHHOCTH B3aUMOJCHCTBUSL CHUCTEMBI
«OCHOBaHUE - GyHIAMEHT.

B xozme »KCHIEepMMEHTaATbHO-TEOPETUYECKUX HCCIIEIOBAHUM YCTAHOBJICHO, YTO
SMIOpA KOHTAKTHBIX JABJICHUW HMMEET HEPAaBHOMEPHBIM XapakTep C YBEIMYECHUEM
OpJIMHAT TI0 HAIpaBJICHUIO CKJIOHA. JlaHHBIN (hakT 00yCIOBIEH 0COOBIM HAMPSKEHHBIM
COCTOSSHUEM TpPYyHTa B 30HE IIPUMBIKAHHS OCHOBAHUS K CTEHE YIACPKHUBAOUIEH
KOHCTpYKIMU. HemocpencTBeHHO 3a yAepKUBAIOWIEWM KOHCTPYKLUHMEH MPOUCXOIUT
M3MEHEHHE XapaKTEPUCTUK TPYyHTA, B YaCTHOCTU H3MEHEHHUE €ro IUIOTHOCTH. ITO
YIUIOTHEHHE BO3HUKAET 32 CYET OCOOCHHOCTH B3aUMOJICHCTBUS TPYHTOBOTO OCHOBAHUS
C MPAKTUYECKHM HECMEIIAEMOW KECTKOW BEPTHUKAJIBHOM CTEHKOW YyAEpP/KHUBAIOLIECH
KOHCTPYKIIMU U (PyHIAaMEHTOM. Takke yCTaHOBJIEHBI OCOOCHHOCTH Pa3BUTHUS OCAJIOK
KOHCTPYKIIMU (PyHAAMEHTA, YTO BBIPAXKAETCS B YBEJIMUYCHUHU OCAJIKU MO Mepe YaJeHUs
OT YJEPKUBAIOLIENH KOHCTPYKIUU.

Pa3paboTaHHbIi aJIrOpUTM pacueTa SMIOPhl KOHTAKTHBIX AABICHUM C YYETOM HX
nepepacupeaeeHnsl B OCHOBAHUY C UCTOJIb30BAHMEM KOHTAKTHOM MOJIEN HANPSIAKEHHO-
ne(opMUPOBAHHOTO COCTOSIHUSI OCHOBAHUS € TIEPEMEHHBIM KO3 (PUITUEHTOM KECTKOCTH
M03BOJISIET Han00JIee TOYHO TPOU3BOIUTH PACUET MEPEKPECTHO-0ATOUHBIX (DYHIAMEHTOB
Ha CKJIOHAX, YYUTHIBash BCE OCOOCHHOCTH B3aMMOJICUCTBHSI CHUCTEMbI «OCHOBAaHUE -
byHIaMEHT».

Mertoauka ©  adrOpuTM  pacyera HOPMAJIbHBIX CEUYEHHUW  IPOJIOJIBHBIX
XKene300€TOHHBIX 0aJIOK HAKIIOHHOTO MepeKpecTHO-0amounoro ¢pyHaaMeHTa 31aHui Ha
CKJIOHaX Ha OCHOBE Je(hOpMAaIIMIOHHON MOJIENIN JJTA€T BO3MOXKHOCTH IIPOU3BOIUTH PACUET
1 KOHCTPYUPOBAHUE TaKuX (DYHIaMEHTOB C JIOCTATOYHOM CTETEHBIO TOUHOCTHU, a TAKKE
aBTOMATU3UPOBATh pacCyeT KOHCTPYKUMUU (yHIaMEHTa, YUYUTHIBasS pa3zHOOOpa3HbIC
(hakTopBHl.

CIHUCOK PABOT, OITYBJIUKOBAHHBIX ABTOPOM IO TEME
JTNCCEPTAIINMA

OcCHOBHOE coZiepKaHHe JUCCEPTAIIMOHHON PadOoThl OMyOIMKOBAHO B CIEIYIOLINX
HaYYHBIX paboTax:

IIy6amkanuu B BeIyIIHX peleH3HPYeMbIX JKypHAJaX M H3JaAHHUAX,
pexomenaoBaHHbIX BAK P®:
1. bapeikun, A. b. K Bompocy ompeneneHuss pacueTHOH SHIOPHI HOPMaJIbHBIX
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28-38.
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