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3)
BBEJAEHUE

B cBsi3M ¢ BBICOKMMHM TeMIaMU 3KOHOMHUYECKOTO Pa3BUTHSI TOPOJIOB MEpen
CTPOUTEIBHOM WHAYCTPUEH BCTaeT MpoOiieMa OCBOCHMS, KaK paHee CUYUTalIoCh, HE
INPUTOAHBIX ISl CTPOUTENbCTBA TeppUTOpUid. OJHOBPEMEHHO C JIaHHOM 3ajadyeit
MPOUCXOJIUT YCIOKHEHHE apXUTEKTYPbl U KOHCTPYKTHUBHBIX OCOOCHHOCTEH B IUIaHE U
10 BBICOTE TPAKJIAHCKUX U MPOMBIIUICHHBIX 3JaHUN U COOPYKEHHM. 3a4acTyr0 MHPOKO
pacrpoCTpaHEHHbIE U AKTUBHO TMPUMEHSEMbIE TEXHOJOIMU IO  YCTPOMCTBY
(GyHIAMEHTOB B TAaKUX CIIOXKHBIX YCIOBUAX NPUBOAAT K OOJNBIIUM SKOHOMHUYECKHUM
3arpaTaM. Tak)ke M3BECTHBI ClTydyad, KOTJa Ha 3Tale CTPOUTENbCTBA WU IKCILTyaTalluu
BO3HUKAIOT OTKa3bl OCHOBaHMS W (PYHIaMEHTOB, YTO MPUBOAUT K €€ OOIBIIUM
HPKOHOMHYECKUM 3aTpaTamM. B cBsi3u ¢ 3Toil mpoOjeMaTUKON HHKEHEPHI-TE€OTEXHUKU
MpeiaratoT HOBbIE PELICHUS] U KOHCTPYKIMU (DYHIaMEHTOB, MO3BOJISIONIUE C YUYETOM
WHKXEHEPHO-TEOJIOTUYECKUX OCOOCHHOCTEH M KOHCTPYKIMM 3JaHUSI OOECIEUYUTHh €ro
HAJSKHOCTh TMPHU DKCIUTyaTallud, a TakKXe OOeCIeYUTh BBICOKUN 3KOHOMHYECKHUI
7 deKT npu OCyIIEeCTBICHUN CTPOUTEILCTBRA.

OgHuM U3 COBPEMEHHBIX METOJIOB YCTpOWcTBa (YHAAMEHTOB MEIKOTO
3QJI0KEHUSI B CJIOXKHBIX MHKEHEPHO-TEOJOTHUUECKUX YCIOBUSX SIBJISACTCS KOHCTPYKIIUS
GyHIaMEHTOB, MMEIONINX KPHUBOJMHEWHOE OYEepPTAaHHWE KOHTAKTHOW IMOBEPXHOCTH B
MPOJIETHOM YacTH, OOpAIlIEHHOE BBITYKIOCThIO BBEPX. [JlaHHAs KOHCTPYKIIHS TTO3BOJISET
3 PEeKTUBHO BKIIIOYUTH T'PYHTOBOE OCHOBAaHHME B pabOTy, OOECIEYUB MEHBIIYIO €ro
nehopMUPYEMOCTh 3a CYET CO3JAaHMS JIOMOJHUTEIBHOTO TOPU30HTAIBHOTO OO0XKaTHs
rpynTa. CymniecTByronjasi METOAMKA MO ONPENEICHUI0 B3aMMOJEHCTBHUSI OCHOBAHMS U
(GbyHIaMEHTOB TaKOro TUIIAa TpeOyeT OoJiee JeTaabHON MPOpabOoTKU ¢ MENbI0 afanTaluu
M0l COBPEMEHHbICE HOPMATHMBHBIE IOKYMEHTBHI, a TakK)Ke BO3MOKHOW ONTHMH3ALINU
KOHCTPYKTUBHBIX pelIeHUN (yHIaMEHTOB.

AKTyaJbHOM 3aJa4vell, B CBSI3U C BBIIICU3JIOKEHHBIM, CTaHOBUTCS
UCCJICIOBAHUE B3aUMOJACUCTBUS (YHIAMEHTOB C KPHUBOJWHEWHON KOHTAKTHOM
MOBEPXHOCTHIO M OCHOBAHHUS B LEJAX TMOBBIMICHUS 3(PHEKTUBHOCTU M HAJICKHOCTU

(I)YHI[aMeHTOB MCJIKOI'O 3aJIOKCHUA.
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OO0beKkT mMcCciIeI0BaHUSI: CHUCTEMa «OCHOBaHHME — (yHAaMEHT» TMpHU
KPUBOJIMHEHHON (DOpME KOHTAKTHOM MOBEPXHOCTU

IIpenmer ucciaenoBaHusi: HAIPSHKEHHO-AE(QOPMUPYEMOE COCTOSIHUE CHUCTEMBI
«OCHOBaHME — (yHIAMEHT» MPU KPUBOJIMHEHHON (HOpME KOHTAKTHOW MOBEPXHOCTH B
YCIIOBHSIX CTaTUYECKOTO HAIPYKEHUS.

Heab  auccepTamUOHHOW  padoOTbI:  BBISIBIICHHME  3aKOHOMEPHOCTEHN
B3aUMOJICUCTBUS (PYHIAMEHTOB, MMEIOIIMX KPHUBOJIMHEWHOE OYEPTaHWE KOHTAKTHOMN
HOBEPXHOCTH, C TPYHTOBBIM OCHOBAaHUEM C MO3UIMI OIIEHKU HECYyIIeld CIOCOOHOCTH,
pacueTHOrO CONPOTHUBICHUS U AEPOPMHUPYEMOCTH TPYHTOBOTO OCHOBAHMS.

3axayu uccieI0BAHUM:

1. Onenka HampsKEHHOI'O COCTOSIHUSI TPYHTOBOI'O MAacCHBa IMPHU Pa3IUYHbIX
BAPDUAHTAX  PACHPEACICHUS BEPTUKAIBHBIX W  TOPU3OHTAIBHBIX  KOHTAKTHBIX
HaIPsHKECHNUM;

2. Paspabotka anroputma ornpenenacHus 1epOpMUPYEMOCTH OCHOBAHUS MPU
3arpy>K€HUM M0 KPUBOJWHENHOMY OYEPTAHUIO KOHTAKTHOW MOBEPXHOCTH;

3. PagpabGorka anroputmMa 1O OIpPENEICHUIO HECYHIEH CIOCOOHOCTH
OCHOBAHUs IPU PA3JIUYHBIX BAPUAHTAX KPUBOJMHEMHBIX KOHTAKTHBIX IIOBEPXHOCTEH, C
YU€TOM UX KOHCTPYKTHUBHBIX OCOOEHHOCTEH;

4. PazpaboTka anropuTMa OINpEAENICHUS PACUETHOTO  CONPOTUBIICHHUS
I'PYHTOBOT'O OCHOBAaHUS MPU KPUBOJIMHEMHOM OYE€PTaHUHM KOHTAKTHOW MOBEPXHOCTH;

5.  DKCHepuMEHTaJbHOE HCCJIEI0BAaHNUE B3aUMOJECHUCTBUS MOJIeJIen
(yHIaMEHTOB C IEPOXOBATON KPUBOJMHENHON KOHTAKTHON OBEPXHOCTBIO;

6. Ormenka 3aBUCUMOCTH Je(OPMAIMOHHBIX XapaKTEPUCTHK OT BEIUYUHBI
TOPU30HTAIBHBIX HANPSKEHUN B TPYHTOBOM MacCCHUBE.

Hay4nasi HOBU3HA:

1. Teopernueckm M 3KCIEPUMEHTAJIbHO  BBISIBIECHBI 3aKOHOMEPHOCTHU
pacnpeziesieHus] HanpsbKeHud U eopMaliiii B TPYHTOBOM MacCHBE NPU HarpyXKeHUU
pa3IMYHBIM  PACHPENEIICHUEM BEPTUKAJIBHBIX W TOPU30HTAJIBHBIX KOHTAKTHBIX

JTABJICHUM;
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2. Teopernuecku OOOCHOBAaHO  TMOBBIIIEHHWE  HECyIIEH  CIIOCOOHOCTH
OCHOBaHWsI TIpM Harpy)XeHud (pyHIaMeHTaMHd ¢ [IEPOXOBATOM W TJIAJKOU
KPUBOJIMHENHON KOHTAKTHOM ITOBEPXHOCTHIO;

3. BbIgBIEHB 3aKOHOMEPHOCTH YBEIWYCHHUS PACUCTHOTO COIMPOTHBICHHS
IrpyHTa TpU Mepefade Harpy3Kd TOCPEICTBOM (PYH/IAaMEHTOB C KPHUBOJWHEHHOMN
KOHTAKTHOM MTOBEPXHOCTHIO;

4. TeopeTHyeCKM M SKCIHECPUMEHTAIBHO BBISIBJICHBI 3aBUCUMOCTH MOIYJIA
nedopmalii OT BETUWYMHBI TOPU30HTATBHBIX HAMPSKEHUH B TPYHTOBOM OCHOBAHUHU.

Teopernueckasi M NIPaKTUYECKAsi 3HAYUMOCTb PadOThI 3aKITIOYACTCS B:

o pa3paboTke uHeHepHOro Metona omnpeneneHuss HJIC ocHoBanust mpu
Harpy>kK€HUH N0 KPUBOJIMHEWHON KOHTAKTHOW OBEPXHOCTH;

®  TIOJYYECHUU PE3YJbTATOB HATYPHBIX HCIBITAHUM pPabOThl TPYHTOBOTO
OCHOBAHUS MPH 3arpy’KCHUE IITaMIaMU C IIEPOXOBATONM KPUBOJIMHEWHOW KOHTAKTHOMN
ITIOBEPXHOCTHIO;

® MOJyYyeHUH KOIP(UIMEHTOB TOBBINIEHUS HECYHIeH  CIOCOOHOCTU
OCHOBAHMM TpPHU HCMOJB30BAHMM (PYHIAMEHTOB C KPUBOJMHEMHOW KOHTAKTHOM
ITIOBEPXHOCTHIO;

®  MoJyuyeHUH KOA(DOUIIMEHTOB TMOBBIIMICHUS PACYETHOTO COMPOTUBICHUS
IPYHTOBOTO OCHOBAaHHMSI TPH HCHOJIb30BAHUM (PYHIAMEHTOB C KPUBOJIMHEHHOMU
KOHTAKTHOM MOBEPXHOCTHIO;

®  OSKOHOMHUYECKOHW 3(P(HEKTUBHOCTH HCMIOIB30BaHUS  (PYHIAMEHTOB C
KPHUBOJIMHEMTHOM KOHTAKTHOM MOBEPXHOCTHIO.

MeToa0/10rMsl M METObI HCCIACAOBAHUNA:

® TMPOU3BENCH aHaIU3 COCTOSHHS (DYHIAMEHTOCTpOEHHUs B 00JacTu
onpenenenuss HJIC ocHoBanus 1711 GyHAAMEHTOB MEJIKOTO 3aJIOXKEHUS C TMO3UIUU
YMEHbIIICHUSI  1€(OPMUPYEMOCTH OCHOBAHMM W  TIOBBIIMICHUS DKOHOMHUYECKOM
3 PEKTUBHOCTH;

®  AHAJIUTUYECKOE MOJICIUPOBAHNE B3aUMOJICUCTBHS CUCTEMBI «OCHOBAHUE —

byHAaMeHT» TpU KPUBOJIMHEHMHOW (hOpME KOHTAKTHOM MOBEPXHOCTH HA OCHOBAHHHU
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CTPOTUX PEIICHUI TEOPUH YIPYTrOCTHU U TEOPHUH MPENIETbHOIO0 PABHOBECHS IPYHTOBOTO
OCHOBAHUS;

®  [POBEACHUE DKCIEPUMEHTAJIBHOIO  MCCIEAOBAaHUS  B3aWMOJCHUCTBUS
CUCTEMBl «OCHOBaHHME — (yHAAMEHT» NpU KPUBOJUHEHHONW (opMe KOHTAKTHOMN
MTOBEPXHOCTH;

® CpaBHEHHME peE3yJIbTaTOB H3MepeHus nedopmanuil cioeB TpyHTa Mpu
HaTypPHOM 3KCIIEPUMEHTE C PACUETHBIMU 3HAUYCHUSIMU;

®  aNTOpUTMHU3AIMSA  TIpollecca  MPOTHO3UPOBAaHHS  JAeOPMUPOBAHUS
OCHOBAaHMSI TpHU 3arpykeHuu (QyHIAaMEHTaMH C KPUBOJIMHEHHOM KOHTAaKTHOMU
MOBEPXHOCTBHIO.

JIMYHBIA BKJIAJ aBTOPA COCTOUT B:

®  aHanM3e COCTOSIHUS (pyHIaMeHTOCTpoeHus B obnactu ompeaenenus HIAC
OCHOBaHMS [JI1 (PYHIIAaMEHTOB MEJKOTO 3aJIOKCHHUSI C TIO3UIMU YMEHbIIICHHUS
neGopMUpyeMOCTH OCHOBAHHMM U MOBBIIICHUS! SKOHOMUYECKOM 3 (HEKTUBHOCTH;

®  BBHIIOJIHEHUU YHCICHHBIX U AHAJUTUYECKUX HUCCIEHOBAHUW MO aHAJIU3Y
B3aMMOJICHCTBUSL OCHOBaHMWsS, 3arpy>KEHHOTO pa3JUYHbIMU BEpPTUKAIbHBIMU U
TOPU30HTATILHBIMU HANPSKCHUSIMU,

e  Moau(dUKAIMU TMPOTPAMMHOTO OOECIeUeHUs C IIeJIbI0 BO3MOKHOCTU
OTpEJICICHUsT  HECYIIEH  CIOCOOHOCTH  TPYHTOBOTO  OCHOBaHUS C  Y4YETOM
KOHCTPYKTUBHBIX 0COOCHHOCTEN (hyHIaMEHTa;

®  BBHINIOJIHEHUU HCCIEIOBAHUIN IO W3MEHEHHUIO PACUETHOrO COMPOTHUBJICHUS
IPYHTA IIPYU KPUBOJIMHENHON KOHTAKTHOM ITOBEPXHOCTH 110 OTHOLIEHHUIO K IJIOCKOW;

®  TPOBEACHUU U TOJYYEHUU PE3YJIbTATOB HATYPHBIX SKCIEPUMEHTAIBHBIX
UCCIICIOBAaHUM Ha MOJACNISIX (PYyHAAMEHTOB B TIOJIEBBIX YCJIOBHUSX, WX aHaIU3e WU
00001IIeHNH;

®  pa3pabOTKE MHXKEHEPHOIO0 METOJa MO OIpPEACNICHUI0 AePOopMUPYEMOCTU
CJIOEB TPYHTOBOI'O OCHOBAHUS MPU yUeTe 3aBUCUMOCTH MOJYJISI AehopMaliuu TpyHTa OT

BCJIMYWHBI TOPU30HTAJIBHOT'O 00KaTHSI.
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Pe3yabTaThl HCCJIEI0BAHUA Peau30BaHbI:

e  1pu pa3paboTKe MPOEKTHON JOKYMEHTAI[MH Ha YCTPOHCTBO (PyHIaMEHTOB
22-X 3TaXHBIX KWIbIX IOMOB 110 ajipecy: I. Tromens, yi. TaBpuueckas, a. 9x1, 9k2;

e B ®OIBOY BO THUY mnpu BBHINOJHEHUH JUIUIOMHBIX HPOEKTOB IO
cnequanbHocT 270102 «IIpoMBIIIIEHHOE W TPaXkIaHCKOE CTPOUTEIBCTBO»; IPHU
BBITIOJTHEHUH MarucTepPCKux auccepranuil no HanpasiaeHUuto 270800 « CTpoUTenbCTBOY,
Marucrepckas rnporpamMmma « Teopus U MpOEKTUPOBAHUE TEOTEXHUUECKUX COOPYKEHUI».

IHo10:keHus1, BHIHOCUMBbIE HA 3ALIUTY:

®  AQHAJUTUYECKU BBISBICHHBIE 3aKOHOMEPHOCTH BIMSHUSA PaCIpPEICICHUS
TOPU30HTAJIBHBIX U BEPTUKAJIBHBIX KOHTAKTHBIX 31top Ha HJIC ocHOBaHus;

®  TEOPETUYECKH BBISIBICHHBIE 3aKOHOMEPHOCTH BIMAHHS (QOpPMBI U
XapakTepa KOHTAKTHOW TOBEPXHOCTM HA HECYIIYI0 CIOCOOHOCTh M PacyeTHOE
COIIPOTHUBIJICHUE I'PYHTOBOI'O OCHOBAHUS;

®  pe3ynbTaTbl  JKCIEPUMEHTAIBHBIX  MCCIEAOBAHUW  B3aMMOJCHUCTBUS
KpYyIHOMACIITa0HBIX MOJieNiel (pyHIaMEeHTa C TPYHTAMH €CTECTBEHHOTO CIIOKECHHUS;

®  HHXXEHEPHBIM METOJ IO MPOEKTUPOBAHUID KOHCTPYKTHMBHBIX IAapaMETPOB
(yHIAMEHTOB C KPUBOJIMHEMHOW KOHTAKTHOM MOBEPXHOCTHIO B 3aBUCHUMOCTU OT
WHKEHEPHO-TEOJIOTMYECKHUX YCIOBUM IIJIOIIAIKH CTPOUTENBCTBA;

JlocTOBEpHOCTD 3alIHINAeMbIX MOJIOKEHHI 00eCIIeunBacTC:

® [PUMEHEHHEM B padOTE KIACCHYECKUX TEOpUH, B YACTHOCTH TEOPUU
YOPYTOCTH M TEOPHUH IPENEIBHOTO PABHOBECHS TPYHTA, a TAKXKE TEOPETUYECKH H
HKCIEPUMEHTAIBHO JOKa3aHHBIX UX COBPEMEHHBIX MOJIU(UKALINA;

®  CNOJB30BAHMEM B paboTe cepTU(UUMUPOBAHHBIX U BEPU(PULIMPOBAHHBIX B
COOTBETCTBUM C JICUCTBYIOIIMMH HOPMATUBHBIMH JOKyMEHTaMu Ha Tepputropuu PO
IPOTrPAMMHBIX ITPOIYKTOB;

®  BBHIIOJIHEHUEM  OJKCIEPUMEHTAIBHBIX  HCCIECIOBAHMM C  TNOMOIIBIO
COBPEMEHHBIX allPpOOMPOBAHHBIX KOHTPOJIbHO-U3MEPUTEIBHBIX HU(PPOBBIX KOMIUIEKCOB,
TapUPOBAHHBIX MEPBUYHBIX MPeOOpa3oBaTeseii U MOBEPEHHBIX TPHUOOPOB;

® CpaBHEHHMEM IIOJIYYCHHBIX B palbOTe pPE3yJIbTaTOB C JaHHBIMH JAPYTHUX

HUCCIECAOBAHUM;
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®  COIOCTAaBJIEHUEM PE3YJIbTATOB YWCIEHHBIX UM AHAJUTHYECKUX PELICHUN C
AKCIEPUMEHTAIbHBIMU JTAHHBIMH.

AnpoGauust padoTbl: OCHOBHBbIC pe3yJbTaThl PaOOThI OBLIM JOJIOKEHBI U
obcyxnensl Ha: | Poccuiickoit yueOHO-TIPaKTHYECKONH MOJIOJICKHON KOH(EPEHIIMHU T10
reorexHuke (r. Mocka, 2015r.); MexayHapogHOW  Hay4YHO-NIPAKTHYECKOU
KoH(epeHIIun «AKTyaJdbHblE TPOOJIEMbl APXUTEKTYpPhI, CTPOUTENILCTBA, DKOJOTHH U
sHeprocoepexenus B ycioBusax 3anagaon Cubupm» (r. Tromens, 20151.); XV HaydHO
NPAKTHUECKONH KOH(EpPEHIIMH MOJOJBIX VYYEHHBIX, aCMUPAaHTOB U COUCKaTelen
TIOMEHCKOTO TOCYIapCTBEHHOI'O apXUTEKTYPHO-CTPOUTENBHOrO YyHUBepcuTeTa (T.
Tromennb, 2015r.); Il Poccuiickoit yueOHO-NPaKTUYECKOM MOJIOJIEKHON KOH(pEpeHIUU
no reorexnuke (r. MockBa, 2016r.); Il Poccuiickoii y4ueOHO-IpaKTUYECKON
MOJIOJIe’)KHOU KOH(pepeHnnu 1o reotexHuke (r. Mocksa, 2017r.); Bcepoccuiickoi
HAay4YHO-TEXHHYECKOW  KOoH(pepeHuun  «VHXEHEpHO-T€ONOrMYeCKue  M3bICKaHUs,
IPOEKTUPOBAHUE M CTPOUTENBCTBO OCHOBaHWM, (YHIaMEHTOB U IOJ3EMHBIX
coopyxxenuir» (r. Cankrt-IletepOypr, 2017r.); Bcepoccuiickoil HalMOHAIBLHON
KOH(epeHIIU ¢ MEXIYHApOIHBIM ydyacTHeM «DyHIaMEHTHI TITyOOKOro 3aJI0NKEHUS U
reoTexHu4eckue npoodsemsl Tepputopuii» (r. [lepmpb, 2017r.), HannonansHoM Hay4HO-
TEXHUYECKON KOH(EpEeHIMH C HWHOCTPAHHBIM ydacTHeM «MexaHuKa TpPYHTOB B
reoTexHuke u pyngamentoctpoenun» (r. Hopouepkacck, 2018r.)

Hyoankanuu. Hayunsie pe3ynbrarhl u3noxkeHbl B 10 HaydyHbIX paboTtax, u3
KOTOpbIX 4 cCTaThbu OINYyOJMKOBaHbl B JKypHaJax, BKIOYEHHbIX B IlepeueHn
peneH3upyemMbix HaydHbIX u3gaHuii BAK, B KOTOpBIX MOKHBI OBITH OMyOJUKOBAHBI
OCHOBHBIE HAay4YHBIE pE3yJbTaThl JUCCEPTALMI HA COUCKAHME YUYEHOM CTENEeHH
KaHIMJaTa HayK, Ha COUCKaHME Yy4YeHOW cTeneHH JmokTtopa Hayk ([lepeuenn
pELEH3UPYEMBIX HAay4YHBIX M37aHuil), | cTaTes omnyOJMKOBaHa B KypHaiax,
MHJEKCUPYEMBIX B MEXIYHAapOJIHbIX pedepaTuBHbIX 0azax Scopus, Web of Science u
JPYTHUX.

O0bem u cTpykTypa padorbl: JluccepranpoHHas pabdoTa COCTOUT U3
BBEJICHMSI, YETHIPEX TJ1aB, 3aKIIOYCHUS U CMHCKa JuTeparypbl. OOmuit 00beM padoTh

coctaBisieT 164 ctpanutl, B TOM yucie /2 pucyHka u 19 taGnmi.
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CnenmajabHOCTb, KOTOPOii cooTBeTcTBYeT aAuccepranmsa. CoriacHo
chOpMYIMPOBAHHON II€JTM HAydYHOM paOOThl, HAYYHOW HOBHU3HE M TPAKTHICCKOU
3HaYUMOCTU pEe3yJbTaTOB JAMCCEpPTAlMsl COOTBETCTBYET IMACHOPTY CHELUUAIbHOCTH
05.23.02 — OcHoBanust U (pyHAAMEHTBI, TIOJ3€MHBIE COOPYXEHHs, OTPaciib HAYKH —
TEXHUYECKNe Haykd, MyHKTy 3  «Pa3paborka HOBBIX METOJOB  pacuera,
BBICOKO?()()EKTUBHBIX KOHCTPYKLMNA U CIIOCOOOB YCTPOMCTBA MOA3EMHBIX COOPYKEHUN
IPOMBIIIJICHHOTO W TPa)XJaHCKOTO Ha3HAaueHUs», MyHKTYy S5 «Pa3paboTka HOBBIX
METOJI0OB pacueTa, BBICOKOI(P(PEKTUBHBIX KOHCTPYKIMA M CHOCOOOB yCTpoicTBa
OCHOBaHUI W (PYHIAMEHTOB B OCOOBIX HH)KEHEPHO-TEOJOTHUYECKHX YCIOBUAX: Ha
cl1a0bIX, HACHIMTHBIX, MPOCAJOYHBIX, 3aCOJCHHBIX, HAOYXaromMX, 3aKapCTOBAHHBIX,

BCYHOMCPIJIBIX, IIYIUHUCTLIX U APYTIUX I'PYHTAX).
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1 BIUSTHUE ®OPMbI KOHTAKTHOM IMOBEPXHOCTH HA HJIC

I'PYHTOBOI'O OCHOBAHUA

1.1 O6ue moJ10KeHus

IIpy HOBOM CTPOWTENBCTBE 31aHUM M COOPYKEHHM OCHOBHBIM BOIIPOCOM
SBJIIETCSL OOECIIEUEHUE €ro SKCILTyaTallHOHHOM HaJeKHOCTH U 0€30macHOCTU. IDTO
Jocturaercs ogarogaps y4€Ty BCEX HETaTUBHBIX (PAaKTOPOB Ha 3Talle MPOESKTUPOBAHMUS,
KOTOpBIE CIIOCOOHBI MPUBECTU K MPEBBILIEHUIO JOMYCTUMBIX 3HAUEHUI MO OCaJKaM M
JaBJICHUIO Ha TPYHTOBOE OCHOBaHME. KauecTBEHHbIE M B JOCTaTOYHOM OOBEME
IIPOBEJCHHBIE MHXEHEPHO-TEOJOTUYECKNE M3BICKAHUs, IIOJJHOE W TIPAMOTHOE
IPOECKTUPOBAHHUE, & TAKXKE TEXHOJIOTUYECKH BEPHOE MPOU3BOJICTBO CTPOUTEIBHBIX
paboT MO3BOJNSAET JOOUTHCS (PAKTUUECKMX IapaMeTpoB, KOTOpbIE HAaXOAATCS B
HOPMHUPYEMOM Juaria3oHe. B CBfA3M ¢ BBICOKOM 3aCTPOCHHOCTBIO KPYHHBIX T'OPOJIOB,
PE3KHM POCTOM BBICOTHOCTHU CTPOUTENBCTBA U YBEIMUEHUEM 3ariyOJIeHUs 3/1aHud U
COOPYKEHHI, BO3HUKAECT CHUTyalMs, KOIJA pPacyeTHbIE 3HAYEHUS HOPMHUPYEMBIX
NapamMeTpOB BBIXOAST 32 MpPEAENbl AOMYCTUMBIX. TOrna BO3HUKAET HEOOXOIUMOCTb
IPUHATUS PELICHHS 110 NPUMEHEHUS T'€OTEXHUYECKUX MEPOIPHUATUI MO YBEIUYECHHIO
HECyIllel CIOCOOHOCTH OCHOBAaHHS M YMEHBIIEHHUIO €ro AepOopMUpPYyEeMOCTH. TakuMu
MEpONPUATHAMM MOTYT CTarb pELIIEHHs 1O W3MEHEHHWIO NPOYHOCTHBIX U
ne(OpMaAIMOHHBIX XapaKTEPUCTUK TPYHTOB, CO3/IaHUIO CHEIHUAIbHBIX JOMOJIHUTEIbHBIX
KOHCTPYKIMH WM M3MEHEHHE KOHCTPYKTHBa (yHAaMeHTa. /[ mpuHATUS BEPHOTO
pellleHusl Ha 3Tare NPOEKTUPOBAHUS, HHXEHEPY HEOOXOIMMO MOITYYUTh JTOCTOBEPHYIO
uHpopmanuoo 00 HHXEHEPHO-TEOJOTHYECKUX YCIOBHUSAX, YTOOBI MO HMEIOIMIMMCS
METOJMKAaM M B YBSI3KE C HOPMATHUBHBIMH JIOKYMEHTAMU OLIEHUTh HANpPSKEHHOE
COCTOSIHUE€ TPYHTOBOIO MacCHBa JI0 Hayajga CTPOMTENIBCTBA W CHPOrHO3UPOBATH
HaIpsHKEHHO-IeOpMUPYEMOE  COCTOSIHMSI Ha BCEX CTaausiX CTPOMUTENbCTBA U
9KCIUTyaTalluy 3IaHus WK coopyxenus [25, 26, 70, 72, 75, 134, 176].

Metoael 1O  OMNpEAENICHHI0 TapaMeTpoB  HANPsHKEHHO-Ie()OpMHPYEMOro

COCTOSIHUSI TPYHTOBOTO MaccuBa H (¢yHIAaMEHTa Oa3upylTCsS Ha KJIACCUYECKHUX
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Teopusix, paspabotanubix B XVIII-XIX BB., KOTOpble mNpeTepneBarOT pa3indyHbIC

nopabotku u Mmogudukanuu [14, 24, 29-32, 36, 39, 42, 53].

1.2  Metoabl onpe/ejieHlsl MapaMeTPOB B3aUMOAECTBHUS CHCTEMbI

«OCHOBaHHeE — (PYHIAMEHT)

IIpn oOka3zaHWM CHJIOBOIO BO3JEHCTBHS Ha IIOBEPXHOCTb T'PYHTA B MAaCCHUBE
BO3HHMKAIOT HAIIPSDKEHUSA, KOTOPBIE pACHpOCTPAHSAIOTCS B TOPU3OHTAIBHOM U
BEPTUKAJIbHOM HAIpaBJI€HUHM OT MECTa B3aUMOJACHCTBUS CHUCTEMbl «(PyHIAMEHT-
ocHoBaHue». Ilo Mepe ynaiseHue OT TOYEK CHIJIOBOIO BO3JACHUCTBUS HANPSKCHUA
paccenBarOTCsl M 3aTyXarT. XapakTep paclpOCTpPaHEHUs II0JEeH HANpsHKEHUM B
TPYHTOBOM MAaCCHBE 3aBHUCHUT OT BEJIMYMHBI M BHUJA HArpyxeHus. OnpeneseHue noJieu
HanpsDKEHUH B TOYKAX MaccMBa HEOOXOIUMMO JJisl OLICHKH Ae(pOpMHPYEMOCTH CIIOEB
TPYHTOBOTO MAacCHBA, BBISBIICHUH BIIMSAHHS Ha coceqHUE (PYHIAMEHTHI M MOJ3EMHbIC
coopykeHus. TOYHOCTh pacyeTa B JAHHBIX CiIydasX OyAeT HampsMyIO0 3aBUCETh OT

y4ucTa BCCX BHCIIHUX (baKTOPOB, BJIMAIONIMX HAa KOHCYHYIO I[G(i)OpMaHI/II-O CJI0A I'pYHTA.

[4, 6]

JIns BO3MOXKHOCTH MCIOJIb30BAHUS TEOPUM MAaTEMATHYECKOIrO ammapara
mu(ppepeHInanbHOT0 ¥ WHTErpajbHOTO HMCYHMCIECHHUS TPYHT MPEACTaBISETCS Kak
CIUIOIIIHAs, a HE AUCIEPCHas Cpella, COCTosas U3 OTAEIbHbIX 3epeH. M3-3a Toro, 4ro
pa3Mepbl YacTULl TPyHTa 3HAYUTEIBLHO MEHbIIE radapuUTHBIX pa3MepoB (PYH/IaMEHTOB
JAHHOE JONYIIEHUE HE3HAUYUTENIbHO BIIMSAET HA WTOIOBBIE PACUCTHBIC 3HAYCHUS WU

pPE3YIbTAT CUUTACTCA KOPPCKTHBIM.

OpnHoil W3 mepBBIX MOJENEH I pacdera B3auMOACUCTBUS (GyHIAMEHTa H
OCHOBAHUS CTajia MOJIeJIb MECTHBIX ynpyrux aedopmanuid. [Ipenamnoceuiku 3Toil Moienu
obutn copmynupoBanbl H.M. dyccom B 1801 r. (pucyHok la), a cama monenb s

pacuera paspaborana E. Bunkimepom B 1867 1. [114]. Tlo momenmu Bunkiepa
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pPEaKTUBHOE HAmpsHKEHHE B JIO0OW TOYKE Ha KOHTAKTHOM MOBEPXHOCTH MPSIMO

IPOMOPIIMOHAIIBHO 0CAJIKE MIOBEPXHOCTH OCHOBAHUS B JAHHOM TOYKE:

p=c.z, (1.1)

rae P — yaenpHoe nasienue, [la;
C, — ko3 dunmeHT noctenu, H/m3;
Z — ocaJika OCHOBAHHMSI B TOUKE, M.

B  nmanmpHelimieM MoAenb MECTHBIX  yOpYrux JaepopManuid — Mmoiyyuia
npoaopkenue B padorax H.IL. IlyssipeBckoro, C.I1. Tumomenko, A.H. Kpsutosa, I1.J1.
[TacTepuaka m np. [128, 151, 157, 166, 171] B pamkax maHHO¥H Moaenu aedopmanuu 3a
npenesaMyd radaputoB (yHAaMeHTa OTCYTCTBYIOT, KaKk OYITO OH YCTAHOBJIEH Ha

IIPYKUHBbI, C;KUMAIOINXCA B IIPCACIIaAX KOHTYpa.

a) 4 6) 6) P

fe8sess

Pucynox 1 — Jledpopmanyii HOBEpXHOCTH OCHOBAHUS:

a) MO MOJIENIA MECTHBIX YIPYTuX Jedopmariuii;

0) 1Mo MOJIE N YIIPYTroro MoJIyIpoCTPaHCTBA

OpmHako B JaJIbHEHIIIEM dKCIIEPUMEHTANBHBIC UCCIICOBAHUS MOKA3aIu, YTO MPU
Harpy>KeHUU OCHOBaHUS Je(HOPMUPOBAHHE MPOUCXOJUT HE TOJIBKO MO KOHTAKTHOM
MOBEPXHOCTH. M3-3a ATOro mosBUIACh JApyras aaanTHpOBaHHAs TEOPHS IS pacyeTa
B3aUMOJICUCTBUS ~ CHUCTEMBI  «OCHOBaHHE-(QyHIAMEHT» -  TEOpuUs  YIOpyroro
MoJTynpocTpaHcTBa (pucyHok 10), kotopas Owutia mpemioxkena [.0. Ilpoktopom u

uMmena passutue B Tpyaax H.M. I'epceBanosa, H.II. [Ty3sipeBckoro, M.M. I'opbyHoBa-
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[Tocamora, b.H. XXemoukuna, . A. CumBymuau, A.I1. Cununpsiaa u ap. [36, 41, 67, 128,

136, 137, 160] 3aech dyHmameHTHas Oaaka MPUHAMAETCS JIeKalleH Ha OJHOPOJIHOM
yIOpyroM JHHEHHO-Ae)OPMUPYEMOM OECKOHEYHOM  IOJYNPOCTPAHCTBE, HMMEHHO
II03TOMY TEPMHUH «MOJYJIb YIPYTOCTH» B paMKaX JaHHOW TEOpHH O00O03HAYAIOT Kak

«Monyib AehopMaIiumy.

B pamxax omnpeneneHuss HANpsDKEHUM 1O TEOPUU YHPYTOCTH YUYUTHIBAKOTCS

cienyromue orpannyenus [55, 90, 108, 163]:

e TpPYHT paccMaTpuBaeTCs Kak JHUHEHHO-AepopMmupyemass cpema C
nedopMallMOHHBIMU XapakTtepucTukamu (v — koap¢uuuent Ilyaccona, Ey — momayinb
oO1ieit negopMaliuy rpyHTa);

®  OLEHKAa HaNpsHDKEHHOTO COCTOSIHHUSI TPYHTOBOTO OCHOBAHMSI O TEOpUU
JUHEHHO-eopMHUpyeMON cpeibl NPUHUMAETCS IPU PA3BUTUU 30H IUIACTUYECKUX
nedopManuii Ha HE3HAYUTENIbHYIO TIyOUHY;

®  HamnpsoKeHus OyIyT COOTBETCTBOBATh CTAOMIIM3UPOBAHHOMY COCTOSIHUIO
I'PYHTOBOI'O OCHOBAHUS, TO €CTh BCE TOMOJHUTEIBHOE CUIOBOE BO3JCHCTBHUE NIEPEIAHO

Ha CKCJICT I'PYHTA.

OTCyTCTBUE HMXHEW TpaHMIbl CKMMAEMON TOJIIM SIBISETCS HEIOCTaTKOM
JAHHOW MOJICTTH, KOTOPBIM MOCITY>KHJI TIOBOJIOM JIJII MOIU(PUKAIIMN JaHHON Teopru. Tak
B paborax M.U. I'opOynosa-ITlocanosa, C.C. aBsinoBa, O.4. llextepa, K.E. Eroposa,
N.K. Camapuna, I'.B. KpalleHUHHUKOBON W Jp. NOPEMJIOKEH BApUAHT BBEACHUS
HeseopMUpYyEMOTO €IS, TMOJCTUIIAIONIETO YHPYroe MOJYIMPOCTPAHCTBO KOHEUHOMU

TOJIIIHUHBI.

N3-3a 3epHUCTOCTH TPYHTA ONPEAEIUTh UCTUHHOE HAIPSIKEHHUE, BO3HUKAIOIIEE
B KaKoi-mub0 TOUKe ero MacCuBa, C UCIOJIb30BaHUEM TEOPUHU YIPYTOCTH HEBO3MOKHO.
[IpuxoauTCs OrpaHUYMBATHCS ONPENEIICHUEM CPEIHE MHTEHCUBHOCTH HAIPSIKECHHS B
TpeOyeMoll TOYKEe OCHOBAaHMSI, MPUHUMAS YCJIOBHO, YTO TPYHT SIBJISAETCS CILIOIIHBIM
TeJoM. B ToOukax KOHTaKTOB YaCTHII HAMIPsDKEHUS OyIyT BO MHOTO pa3 OOJIbIIEe CPETHUX

3Ha4YeHUH.[52]
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OnHuM M3 MEPBBIX PEIICHUN [0 OLEHKU HAMPSXKEHHOTO COCTOSHUS J1Jis
CAMHUYHON CUJIBI P, MEUCTBYIONIEH Ha JUHEHHO-Ie(hopMupyeMoe MoIyIpoCTPaHCTBO,
npeanoxeHo byccuneckom B 1885r. B 1892r. ®dnamManoM MpemyioKeHO pelIeHue Mpu
JCCTBUN JIMHEWHOW HAarpy3Kd Ha IOBEPXHOCTH IOIYIPOCTPAHCTBA (PUCYHOK 2).
Mutuen B 1902 1. paccMmoTpen ciydaid O JCHCTBMHM TIOJIOCOBOM PaBHOMEPHO
pacrpeeIeHHOM Harpy3Kd WHTEHCHBHOCTBIO (. Takxe u3BecTHBI 3aaaun YeppyTu
(1882r.) 0 JeHCTBUW TOPU3OHTAIBHO TIPUJIOKESHHOW CIWHUYHOH CHje, 3aaada

KenbpBuHa 0 C,I[PIHH‘IHOI>’I CHIIC, HpHJ’IO)KE?HHOﬁ K OCCKOHEYHO JJIIMHHOMY TCIIY U JPYI'HUC.

Ha cerogusmHuMii A€Hb CYHIECTBYIOT pPACCUUTAHHBIE TaOJHUIBI, KOTOPHIE
MO3BOJIAIOT ONPEENIUTh 3HAUCHHs HAPsDKEHUH HAa Pa3iIMuHOM IIyOMHE NpH JeHCTBUU
COCPEIOTOYCHHOTO HIIM PACIPEICICHHOIO CUJIOBOIO BO3JECUCTBUS HAa IIOBEPXHOCTH

JUHENHO-e()OpMUPYEMOTO MOIYIPOCTPAHCTBRA.

[Ipu cocpeoOTOUEHHOM CHJIOBOM BO3JIEMCTBMU Ha JIMHEHHO-AehOpMUpyEeMOe
OCHOBAaHHE BO3HHMKAET HANPSKEHHOE COCTOSIHHE, KOTOPOE XAPAKTEPU3YETCS TpeEMs

HOPMaJIbHBIMH (Oy, Oy, 0;) U TPEMs KACATEIBHBIMH (Tyy, Ty, Tzx) HANPHKEHUAMM.

CormnacuHo PCHICHUIO XK. BYCCI/IHGCKa Inpn CAMHUYHOM CHJIOBOM BO3I[€I>'ICTBPIPI

CHJIBI €€ COCTABIISIONIME ONpenesiroTes mo Gopmyiam (1.2):

3P z?
% = I T
3P 'yz-z+1—2u 1 (2R + 2)y*  z]
o, = — — -1,
Y 2m| RS 3 \R(R+2) (R+2)?-R® R3] (1.2)
_ 3P 'xz-z+1—2/,t 1 2R+ 2)x*  z\]
= om| RS 3 \RR+2z) (R+22-R° R3)|

rae X, Y, Z— KOOpJAWHATHI pacCMaTPUBAEMOM;

R=x2+y2+2z2 - paccTosaWe OT Hadaja KOOPIAMHAT [0

paccMaTprUBaEeMOU TOUYKH.
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[To pemennro @namana a1 OECKOHEYHO 3arpyKE€HHOW JIMHUM HaNpsyKEHUS

OTIPEICIISAIOTCS COTJIACHO PacUeTHOM cXeMbl (prcyHOK 2) 1o popmymam (1.3):

+o0, (b)

A\

Ox

Txz

Pucynok 2 — Cxema omnpeneieHus HalpsDKeHUH OT TMHEHHON Harpy3KH,

pacrnpeneeHHoi B pesenax ot 0 qo +oo, (+a)

, 2P 5 2P z3
0, = 0, " COS 'BZE'COS Bz?'m’
gl 2P 2P Xz
0y = 0, * Sin ﬁ—ﬁ sinf - sin ,B_? (x2 + z2)?’ (1.3)
2P x-z?

T, = Oy - Sinf - cosfp = ——-cosf - sin2f = — - ———=
e T-T T (x2 + z2)?

B nanHOM ciydae perieHue CBOIUTCS K OINpPENETCHHUIO MIIOCKOH aedopMmaiui,

TaK KaK BCE MJIOCKOCTH, MEPIEHAUKYJIISIPHBIE OCH Y, SBIISIOTCS PaBHOLICHHBIMU. MIMeHHO

IIO3TOMY HANIPSKCHUS HE COACPKAT KOMIIOHCHTY Y.

Pacnipenenennie HanpspkeHU MPU PaBHOMEPHO PACIPE/ICNIEHHON Harpy3ke B
BUJIE TOJOCH (PUCYHOK 3) oOmpenmensercs TakkKe TpPeMs COCTABISIONIMMHU:

HOPMAJIbHBIMHU (T, Oy, 0;) U KACATENbHBIMH (Tyy, Ty 7, Tzx)-



\ fi" f¢ F‘Ill Vi‘ 1F¢| FLf ¢¢ il b

VAl (Y

x
Y g x, z)

z
Y

Pucynoxk 3 — Cxema neicTBUA MOJI0COBOM HArpy3Kku

KOMITOHEHTHI HANPSY)KEHU MOTYT OBITh BBIYUCIIEHBI U3 BBIPAKEHUI:

q|: b-x b+x] 2b-z-(b2+22_x2)
=—| arctg——+arctg + - :
" z z 1 (P42 +b) +4b* X
b 2
- d
Gx=2PZj (x-&)-dg
m -b[(x—&)erzziI
q b—x b+x 2b-z-(b2+zz—x2) (1.4)
=—| arctg +arctg - _ :
ﬂ: z z (x2+zz—b2) +4b% . X
° _&f.,[ % :ﬁ[amtgx+b—arctgx_b]-
A ; -b[(x—ﬁ)z-yzz] T - - )’
2 : (x_é)dg _ 4'P'22-b-x

_'E[(x—ﬁ)z +22] n-(b2+12+22)2—4bz-x2.

Brime u3noxxenusie (GopmMyIibl MOABEPTaTUCh A0paboTKaM U MoauduKanusam
Murtuenom (1902), I1.A. MunsiesbiM (1915), IInetixepom (1926), JIssom (1928), H.A.
[erroBuuem (1931), H.M. I'epceBanoBbim (1933), /I.E. ITonbmmnaeiM (1933), @pennxom
(1934) Mreitnopennopom (1934) I'.B. Konocossim (1935), Jlorrepom (1936), B.A.
I'acteBeim (1937), I'.B. Kopotkunbim (1938), K.E. Eroposeim (1938...1958),
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Hetomapkom (1942), I''. T'mymikoBeim (1954), A.Sl. MenseneBbim (1958), M.b.

Kopcynckum (1964), @umepom (1965), Kaunu (1972, 1974), C.I'. Kymnepom u B.41.
XauabiM (1996, 1999) u apyrumu ¢ 1enbl0 ydeTa pa3iudyHbIX (aKTOPOB, TaKMX Kak
XapakTep pacupeneicHUus HaNpsOKCHWH, >KECTKOCTh W (popma  QyHIaMEHTHBIX

KOHCTPYKIIMH U T.JI.

bonpmron BKJIaX B CHUCTEMATU3alMI0 M PA3BUTHE PACUYETOB IPHU CIOKHOM
Harpy>K€HUU T'PYHTOBOTO OCHOBaHuUs npuHaanexut A.B. [Iunsruny [113], koTopslii B
ceoux Tpynax oueHun HJIC ocHoBanus (yHZaMEHTOB pa3inuuHOM (GOpPMBI TpU
pPa3JIMYHBIX CXEMax MX 3arpyKeHUs W PA3IUYHBIX CIy4asx WX [PHIOKEHUSA

(TTOBEpXHOCTHOE WJIM 3ariy0JIEHHOE BO3/ICHCTBUE).

Pa3Butne pacuetnoit 6a3pl mo omnpeneneHuto HJIC npu mnpoexTupoBaHUU
OCHOBaHMII U  (YHIAaMEHTOB CBSI3aHO C  pPa3BUTHEM  (PYHAAMEHTOCTPOCHMS,
OpUBOASIIET0 K  MoaupukamusM  (QyHIAaMEHTOB, a TaKke HEOO0XOJIUMOCTh
CTPOMTENBCTBA HAa IUJIOLIAJAKAX C HEOJArompHUsTHBIMH TPYHTOBBIMH YCIOBHUSIMH, B
IJIOTHOM TOPOJICKOW 3aCTPOMKE, a TAK)KE MOBBIIEHUIO SKOHOMUYECKOH 3 (DEKTUBHOCTH
crpoutenscTBa. [51, 58, 59, 66, 68, 73, 89, 168, 169, 200, 201] ITostomy mpwu
IIOCTABJICHHOW 3aJ]a4€ MHTEPEC BBI3BIBAECT HATPYKEHHE OCHOBAHUSI IIPU PACIPEIEICHUN
Harpy30K MO 3aKOHY TPEYroJIbHUKA U MapadoJibl, TAKKE MPU UMEIOIINXCS HAarpy3Kax oT
CYUIECTBYIOIIMX 3JaHUA U HEOOXOAMMBIM YYeT BO3MOXHBIX TOPU30OHTAIBHBIX

HaNpsHKEHUM, BOSHUKAIOIIUX B TPYHTOBOM MAacCHBE OT BHEITHEW HArpy3KH.

1.3 PacueTHO€ CONMPOTHUBJIEHHE TPYHTA

Onpe):[eneHHe HaIPsKCHHOT'O COCTOSHUA 'PYHTOBOT'O MaCCHBA H606XOI[I/IMO JJIs
ﬂaHBHCﬁMCFO ACTAJIIBHOI'O  OIIMCaHus IMOBCACHHMA MacCCMBa C TOYKHM 3pCHHA

YCTOMYMBOCTHU U 1€POPMUPYEMOCTH.

[Ipu BO3pacTaHuMM Harpy3KM Ha T[OBEPXHOCTh (yHIaMEHTa C IJIOCKOM

KOHTaKTHOW MTOBEPXHOCTHIO CTAIUIO IepopMaliiii yIIOTHEHUS TPYHTA CMEHSET CTaus,
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B KOTOPOW BO3HUKAIOT TOYKM IUIACTUYECKUX aedopmaruii (aedopManuud CIBHUTOB).
[IpenenpHOE HANpPsHKEHHOE COCTOSIHUE JIOKAIM3YETCd B KPAaeBOW 30HE MOJ
dbyHIaMEHTaMU U C POCTOM HAarpy3K JaHHbIE 00JIACTU CTPEMATCS COCAMHHUTHCS, YTO
NPUBOJUT K OOpPa30BaHUIO TMMOBEPXHOCTEU CKOJILKEHUSI W MPOUCXOJIUT MOTEps

YCTOI‘/’I‘II/IBOCTH T'PYHTOBOT'O MacCCHBaA.

B pamkax geiictytomero CII mo npoekTUpoBaHHIO OCHOBaHWH U (DYHIaMEHTOB
OTpaHUYEHUE Ppa3BUTHUs O0JacTell NPENeNbHOIO pPAaBHOBECHUS YUMTHIBAETCS IIPU

OINPEJEICHUH PACYETHOTO CONTPOTHUBIICHHSI TPYHTA.

PacuyetHoe comportuBieHue R — 3To 3HaueHue naBiieHUs Ha (YHJIAMEHT, NPU
KOTOPOM B TPYHTOBOM MAacCHBE Pa3BUBAIOTCS 30HBI CIBUTOB Ha IITyOnHY paBHyto 0,25b

(rme b — mupuHa mogomBE PyHAaMEHTa) OT KOHTAKTHOM MOBEPXHOCTH.

Cormacno paeiictByromemy CII nns gomymieHust omnpeneneHus jaepopManuu
I'PYHTOBOI'O OCHOBAHHMSI B PAMKAaxX TEOPUU YIPYTOCTU CPEAHEE NABJICHHE 10 IIOIOLIBOM

(bYHI[aMCHTa HC OOJDKHO IIPCBLIIIATh 3HAYCHUA PAaCUCTHOI'O COIIPOTUBIICHUA

p<R (1.5)
Ha ocnoBanuu CII [141] 3nauenue R onpenensiercs mmo hopmyiie:

_ Ye1 " Ye2

R
k

[Mykzb)/u + M,dyy;; + (Mq - 1)dei1 + McCu] (1.6)

0,25m T m-ct
tne M, = ——— =, My = ——=,; M, = 9% - 10 K02 (P PHUITHEHTBI
ctg p+o— ctg p+o—3 ctg p+o—

HECYIIel cmocOOHOCTH OCHOBAHWS,

YU Vez - KOO(DPUIMEHTHI yCIoBUK pPabOThI, YYUTHIBAIOIIME TPYHTOBBIC

YCJIOBHUS M YyBCTBUTEIIBHOCTb COOPYKEHUM K HEPABHOMEPHBIM OCaJIKaM;

kK — K03 GUIHMEHT, YIUTHIBAIOIINN JTOCTOBEPHOCTD OMPEACICHUS MPOYHOCTHBIX

XapaKTEPUCTHK;
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Kk, — k03 punment, yunreBarommii 1udHepeHInpPOBaHHOE CHUKCHUE TITyOHHBI
pa3BUTHS 30H IUIACTUYECKUX JehopMannii U COOTBETCTBEHHO YMEHBIIIEHHE 3HaUeHu R

JUIS TTUTHBIX (DYHAAMEHTOB;
b — mmpuHa momomBel QyHIAMEHTA, M

YiyMUY; — OCPEOHEHHOE pPacueTHOE 3HA4Ye€HHE YJEIbHOIO Beca TIPYHTOB,

3.
3aJICTraromyc HUKC U BBIIIC ITOAOIIBEI q)YHﬂaMCHTa COOTBCTCTBCHHO, kH/m )

C) — pacdCTHOC 3HAYCHHUC YIACIIBHOI'O CHOCINICHHUA TIPYHTA, 3aJICTA0IICro

HEIOCPEICTBEHHO 10T TOA0MBOM dyHIamMeHTa, kl1a;
d; — ryouna 3anoxenus QyHIaMCHTOB, M
dy — rIyOuHa moBaa, pacCTOSHUE OT YPOBHS IUIAHMPOBKH [0 1M0JIA MTOABAJIA, M.

[Tpu BemonHennu ycnoBus (1.5) momyckaercs pacder nqedopManuii TpyHTOBOTO
OCHOBaHHUSl 10 pEUICHUSM TEOpPUM YHOPYrOCTH, Jaxe IMpH ToM (akre, UTO
HKCIIEPUMEHTAJIBHO U TEOPETUUYECKH OOOCHOBAH BBIXOJ I'PYyHTA 3a MpeJeibl JMHEHMHON

paboTHI.

OcHoBaHWEM IJII TEOPUH OMPEICICHUS PACUCTHOTO COTPOTUBJICHUS TPYHTA
nociayxuiio pemerue Ily3eipeBckoro-I'epceBanoBa-dpenvxa st THOKOTO JIEHTOYHOTO
dbyHmameHTa (paBHOMEPHO 3arpy>KCHHOW IOJIOCHI OECKOHEUHOW MPOTSIKEHHOCTH)
mpuHO D. CoOTBETCTBEHHO B paMKaX JaHHOTO pPEIICHHS HEBO3MOXKEH pacyeT
YUUTHIBAIOMIMKM  JKECTKOCTh  KOHCTPYKIIMU  (YHIAMEHTOB, pa3iu4Hble  (HOPMBI
dbyHIaMEHTa B IUIaHE, a TaK)Ke pa3UYHbIC OYCPTAaHUS KOHTAKTHOW IOBEPXHOCTH.
OmnpeneneHre pacyeTHOE COMPOTUBICHUS /MJs JAaHHBIX Ciy4aeB Tpedyer Ooiee

JETATBHOM MPOPAOOTKHU C YyUYETOM BCEX BIMSIONTUX (PAKTOPOB.

YTouHeHune GopMy MO ONMPEAETCHUIO PACYETHOIO COMPOTUBICHUS 3aHUMAIIUCh
H.H. Macnos, K.E. Eropos, O.JI. IllunoB, T.N. ®unaea, A.C. Crporanos, A.C.
Cuapckuii, A.B. [MunsarusaeiM 1 ap. Moaudukauu pacyeTHOW (HOpMyJIbl MPUBEITN KaK

K YBCIIMUCHHIO, TAK U YMCHBIICHWIO 3HAUYCHUA R.
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K.E. Eropos, O.[I. IlunoB [60] moka3asm 49To miisi ciiydash HANpsSHKCHHOTO
COCTOSIHASL OCHOBAHHWS PAaBHOMEPHO 3arpy>KCHHOTO THOKHM KpYTJbIM (yHIAMEHTOM
ko dummentet M Bozpociu Ha 7...19%. OpHako oOpa3oBaHue U pa3MeEpbl
MJJACTUYECKUX 30H 3aBUCAT OT HAMPSHKEHUM JEMCTBYIOIIMX BO BCEM TPYHTOBOM
MacCuBe, a HE TOJBKO OT T€X, KOTOpbIE JEHCTBYIOT MO BEPTUKAIM, TPOXOASINEH Yepe3

KpaeByio TOUKy pynmaamenta.[60, 61]

Taxke IlunsaruaeiM A.B. monydeHsl pemieHus Jjisi THOKOro IMPsSMOYTOJBHOIO
pPaBHOMEPHO 3arpyXeHHOro (QyHmaMeHTa, I KOTOPOTO TaKXKe OTMEYaeTCs
yBelnu4eHne KOA(P(GUIIMEHTOB Hecyleil crmocoOHoct M B cpemnem Ha 4...9% B
CpPaBHEHHMH C Harpy>keHueM ruOkoi monocom. JIis sxkecTkor mojiockl kKodpduineHTsr M

Bo3pacTtator Ha 11...49%.

CToUT OTMETUTH, YTO MOACTAHOBKA MEPECUUTAHHBIX 3HAY€HUH KO3 (PULIMEHTOB
HeCyllel cnocoOHOCTH M JTOJKHA COMPOBOXKAATHCSI KOPPEKTUPOBKON KO3PPUIIMEHTOB
YCIIOBUM pabOTHI Y 1 U Y2, TAK KaK OHHU ObUIA BBEACHBI MCKIIOUUTEIBLHO JJIA PELICHUS

[Ty3sIpeBckoro-I'epceBanoBa-dpennxa.

N3-3a CIOXKHOCTH oOmpeeeHus MHOTO(AKTOPHOTO 3HAYEHUS PACUETHOTO
COTNPOTUBJICHUS, HE pa3 MpeJjiarajioch 0TKa3aThCs OT JAHHOW BEJIWYUHBI U MEPEUTH K

pacueTy TOJIbKO 110 Hecyei crnocodnoctH [56, 57].

1.4 Pacuet Hecyuieil CHOCOOHOCTU OCHOBAHUI

Omnpenenenue Hecyiell cOCOOHOCTH OCHOBAaHMS Ha 3Tale MPOEKTUPOBAHMS
byHaamMeHTa HEOOXOIUMO JUIsl MPENOTBpAIICHHS MOSBIECHUS B T'PYHTOBOM MAacCHBE
MOBEPXHOCTEH CKOJIbKEHHS, pa3BUTHE OONbIIMX JAedopmaiuii caBUra, HapyILICHHUS
MIPUPOJHON CTPYKTYPbl. OTH SBIECHHUS MOTYT HPHUBECTH K BBINIOPY TPYHTA H3-TIOA
byHIaMEHTOB, K CHOJ3aHUID MacCc TIpyHTa B OTKOCaX, K TPOSBICHUIO

CBEpPXHOPMATUBHBIX CMEIICHUN KOHCTPYKIUHI, KOTOPBIE OIPAXKAA0T MaCCUB IPYHTA.
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Pa3BuTHe MeTomoB pacuera HeCyllell CHOCOOHOCTH OCHOBAHHM CBSI3HO C
pa3BuTHeM Teopuu mpeaenbHoro paBHoBecus rpyHToB (TIIPTY). OcHoBomonararoias
unes nis passutus TIIPT 6euta chopmymuposana L. Kymonom B 1773 1., B KOTOpOi

OH TIPEJIJIOKIIT YCIIOBUE MPOYHOCTH I'pyHTa Ha caBur [83, 86].

[TepBBIM CTPOTMM pEIICHHEM CTaTUKH CBIMyYed Cpeabl CTajio peICHUE
npempioxeaHoe W. Rankine o npenebHOM HaNPsHKEHHOM COCTOSTHHH TTOJTYTUIOCKOCTH C
HAKJIOHHOW MOBEPXHOCThIO. [IOHATHE O JUHHUIX CKOJBKEHHUSAX B TPYHTE TaKKe OBLIO
npemioxerno W. Rankine. [osBusmuecs noszaaee padotsl Mopa (O. Mohr) oo
copMyIMPOBAaTh YCIOBUE IPOYHOCTH TPYHTa B TOYKE, HM3BECTHOEC KaK YCIIOBHE
npounoctu Kymona-Mopa. CrnencrBueM 3Toro siBuiach padora F. Ketter, B koTopoii
ObLTa MpeI0KEeHA CHCTEMa YPAaBHEHUH CTaTUYECKOW TEOPHH MPEACILHOTO PaBHOBECHS
TpyHTa Ha OCHOBe JU(PPEPEHIMATBHBIX YpaBHEHUH pPaBHOBECHUS U  YCJIOBHUSA

npejensHoro paBHoBecus Kynona-Mopa.[84, 85]

OrpoMHBIi BKJIAJ] B pa3BUTHE TEOPUHU TMPEACIBHOIO PAaBHOBECHUS TAKKE BHECIH
tpyael B.I'. bepesanueBa, I'.A. I'enuneBa, C.C. T'onmymkeBuua, B.I1.[pi0b1, A.W.
KanaeBa, A.M. Kapaynosa, K.B. Koponesa, M.B. Mansimesa, B.lA. HoBoTtopiena,
FO.A. Co6onesckoro, B.B. Cokonorckoro, FO.I1. ConoseeBa, JI.P. CraBuuiepa, A.C.
Crporanosa, B.I'. denoposckoro, B.A. ®nopuna, A.K. Uepaukosa, A. Balla, J. Biarez,
A. Bishop, J. Brinch Hansen, M.E. Harr, H. Hencky, R. Hill, F. Ketter, H. Lundgren &
K. Mortensen, J. Mandel, G.G. Meyerhof, L. Prandtl, W. Rankine, H. Reissner, J.
Salengon, R.T. Shield, A.S. Vesic u np.[15, 33, 85, 86, 62, 93, 94, 140, 163, 166, 184,
186, 187]

CornacHo AEUCTBYIOIIEMY HOPMATUBHOMY JOKYMEHTY B Kauye€CTBE OCHOBHOIO
3aKOHA MPOYHOCTH TPyHTa NpuHUMaercd 3akoH KynoHa, oTpaxarouiuii 3aBUCUMOCTh
MEXIY KPUTUYECKHMMM KacaTelbHBIMA T,, W HOPMAaJbHBIMHU O, HANPSKEHUSAMH I10

IUIOIIAAKE CABUTa ¢ HOpMajbio N [142]:

T, = o,tge + ¢, (1.7)
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I7I€ (@ — yroji BHYTPEHHErO TPEHUS;
¢ — yI€NIbHOE CIICIUICHHE.

I[aHHOC COOTHOHICHUEC OIIPCACIICHO TOJIbKO IJIsI TPYHTOB HaXOIANUXCS B
CTa6I/IJ'II/IBI/IpOBaHHOM COCTOAHHH, ITOOTOMY YKA3AHHBLIC ITPOYHOCTHBIC XAPAKTCPHUCTHUKHU
H€O6XOI[I/IMO OIpCACIIATD 10 pe3yibTaramM IMPOBCACHUA KOHCOJIMAUPOBAHO-

APCHUPOBAHHBIX HCIIbITAaHUH.

3HadYcHHUE npcACIbHOI0 BCPTUKAJIBHOI'O MAAaBJICHUSA B MOMCHT HCYUCPIIAHHWA

HECYIICH CIIOCOOHOCTH OCHOBAHHS OIpeaeysioT mo Gopmyse Tepuaru [166]:

Py = VbNyEy + qufq + cN:&e, (1.8)

I7le Y — YICJbHBIN BEC IPyHTA;
b — mmpuna hyHnamenra;
q = yd — 6okoBas npurpyska (d — rimyouHa 3anoxeHus GpyHIaMeHTa);

Ny,,Ng, N; — KOIpOULIUEHTBI HECYIIEH CIOCOOHOCTH, 3aBUCAIIME OT yria

BHYTPEHHETO TPEHUS;

$yr € ¢ — XK0dbduumentsr Gopmbl GyHIaMenTa, 3aBUCAIME OT COOTHOLICHHUS

pa3MepoB NOJOIIBbI PyHIAMEHTA.

3HavyeHus KOd(POUIIMEHTOB HECYIIEeH CIOCOOHOCTH MPHUBEICHBI B CIIPABOYHBIX
TabnauIax, a 3HadyeHus Kod()PUIUEHTOB (OPMBI JIETKO OMPEACNISIIOTCS U3 MU3BECTHBIX

COOTHOIIICHUI.

@®opmyner CIT [141, 142] mo3BosIOT OBICTPO W C BBICOKOH CTENEHBIO
HAJIC)KHOCTU OTPEEIUTh 3HAUYEHUS HeCYIIel ClIOCOOHOCTH OCHOBAHHUS IOJ1 JICHTOUHBIM
dbynnamentoMm. OJHaKO 3a4acTyl0 B pEaJbHOW MPAKTUKE BCTAIOT BOMPOCHI Oosee

CJIOXKHBIX BAapHAHTOB KOHTAKTa BBaHMOHCﬁCTBHH (I)YHI[aMeHTa U TPYHTOBOI'O
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ocHOBaHuA. B wactHOCTH, modToMy B pemieHusax TIIPIT BeimensaroT Tpu OCHOBHBIX

CXCMBbI:

1 OcHoBaHme wuIeadbHO THAAKOTO ¢QyHIAMEHTa  —  cXeMa XWia,
uccienoannas B.B. Cokomorckum, A.D. Cox, C.M. Martin u np.[104, 105, 197, 198];

2  OcHoBaHue ¢ 00pa30BaHMEM >KECTKOTO sipa MOJ MOAOIBON (PyHIaMEHTa
— cxema XpucrodpopoBa, paccmorpenHas M.M. TopOyroBwsiM-IlocamoBeim,
F0.U. ConoBeeBbiM 1 A.M. KapaynoBeim, A.K. UepHukoseiM, J. Biarez [41-44, 85,
139];

3 OcnHoBanme mepoxoBaTtoro (yHmamenta — cxema [IpangTs,
uccienopannas J. Biarez, FO.M. ConoBreBriM, J. Salencon & M. Matar, C.M. Martin

[83, 197, 198, 206].

Cucremaruszanus W pa3pabOTKa HOBBIX BapuaHTOB pemienust 3amad TIIPT
npencraBiena B paborax K.B. Koponera [86], koTopslii 0000mmmn u pa3Buil
OTEUECTBEHHBIH M 3apyOEKHBIN OIBIT pacuera Hecylleld CIOCOOHOCTH OCHOBAHHM B

CTa6I/IJII/I3I/Ip0BaHHOM u HGCTa6I/IHI/ISI/IpOBaHHOM COCTOSHHHM.

B pabGore A.A. Ilponosuna [116, 117] paccmoTpeH ciydail ompeaeiaeHus
HECyIlled CIMOCOOHOCTM TPYHTOBOTO OCHOBAaHMA (YyHJIaMEHTa C KpPUBOJUHEHHBIM
OYepTaHWEM KOHTAaKTHOM MOBEPXHOCTH. 3ajjauya pelleHa C KCIOJIb30BAHUEM CTPOIHX
METOJIOB TE€OPUU TMPEICIbHOTO PAaBHOBECHS TPYHTOB JUJISl ILIEPOXOBATON KOHTAKTHOM

MOBEPXHOCTH.

1.5 IlyTu coBepuIeHCTBOBAHUS NPOEKTHPOBAHMUSA (PYHAAMEHTOB,
o0ecreynBaOUIUX CHUKEHHE 0CAIKU M NOBbIIICHHE Hecylel cClnoCOOHOCTH

TPYHTOB OCHOBaHUA

B Hacrosimee Bpems B JIMTEpPAaType BBIACISIIOT JBAa TUIA TF€OTEXHHUYECKOIO
NpOeKTUpOBaHUs KOHCTpYKLMiA [175]. CornacHo nepBoMy THUIYy MPOEKTUPOBAHUS HOBas

KOHCTPYKIUS (yHIAMEHTa WM 3allATHBIE MEPONPUATHS pa3pabaThIBAOTCS MO/
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CYIIECTBYIOIIEE HAMPSHKEHHO-Ae(POPMHUpPYyEeMOe COCTOSIHUE MaccuBa TpyHTa. Takoi Tum
MMPOCKTUPOBAHUSL HA3BIBAIOT MMACCHMBHBIN. B cilydyae akTMBHOIO THIA MPOEKTUPOBAHUS
npoucxoaut uaMeHnenue cymectByromero HJIC, 4yToObl OHO MO3BOJIUIIO BOCHPHUHSTH
Harpy3Kku OT HOBOTO cTpouTenbeTBa. [lo3TOMY mocie npoBeeHNs IEPBUYHOTO aHAJIA3a
HJIC rpyHTOBOrO MaccuBa U MpH MOJYYCHUH 3HAYEHUUN HaIpsuKeHUN U aedopmariuii,
HaXOJAIIUXCS ONMM3KO K MpEeAesbHBIM HIIM 32 HOPMATHBHBIMU TPAHUIIAMU, WUHXKEHEP
MIPUHUMAET PEIICHUE MO OPraHU3aldd MPOEKTHBIX MEPONPHUSATHN I HCKIIOUYCHUS
JAHHBIX SIBJICHUW HA MEPUOJ MPOBEACHUS CTPOUTENBCTBA U HKCILUIyaTallMH 3/IaHUS WIH

coopyxeHnus. K maHHpIM MEPONPUATHUAM MOKHO OTHECTH CIEAYIOLIEE:

1. H3meHeHue MPOYHOCTHBIX U Je(hOPMAIIMOHHBIX CBONCTB aKTHBHOUW 30HBI
TPYHTOB €CTECTBEHHOTO CIIOKCHUS:

a) Ilpou3BojmcTBO  YIUIOTHEHUS  TPYHTOB  Pa3IUYHBIMU  CIOCOOaMU
(BeITpaMOOBKAa JHS KOTJOBaHa, TIJIYOMHHOE BHUOpPOYIUIOTHEHHE, BHOpAIMOHHOE
VIUIOTHEHWE, 3aMauYiBaHKUE TPYHTOB U T.1I.);

6) Ilomnas wnm dYacTMYHas 3aMeHa TPYHTOB AaKTUBHOW 30HBI (CO3MaHHE
OTIOPHBIX TOIYIICK U3 TTeCKa, TPaBUs U T.1.), CO3aHUE HACHITICH IO COOPYKCHHUS;

B) H3meHeHHE QUBHKO-XUMHUYECKOTO COCTOSIHUS TPYHTOB ITyTEM 3aKPETUICHHSI
XUMUYECKUMH, DJIEKTPOXUMHUYECKUMHU, TEPMUUYECKUMH, OYpOCMECUTEIbHBIMA U
JPYTUMH CIIOCOOaMU;

r) ApMHUpOBaHHE T'PYHTOB (BHEAPEHHE B MACCUB IJIEHOK, CETOK, XOJCTOB H
T.J1.).

2. Apmanranus  KOHCTPYKIMA  3MaHMSI 107  CIIOKHBIC  WHIXKEHEPHO-
re0JIOTUYECKUE YCIOBHSL:

a) PamuonHanbHass KOMIIOHOBKA COOPYKEHHUS B IUIAHE U TI0 BBICOTE;

06) CoszmaHue OTCEUHBIX CTEHOK U TEOTEXHUYECKUX 0apbepoB;

B) OOxarne TpyHTa C TOMOIIBIO KAaHATOB, AHAJOTUYHO KEJIe300€TOHHBIM
KOHCTPYKITUSIM, WUJTH aHKEPOB;

r) YCTpoHCTBO (YHIAMEHTOB, CIOCOOHBIX CO3/JaBaTh KOHTPOJIHPYEMOE

HaBeaénHoe HJIC;



27

1) YBEIUYEHHE MPOCTPAHCTBEHHOM JKECTKOCTH 3JAaHMs, CO3/IAHHME JKECTKOrO
CIUTONTHOTO (PyH/TAMEHTA;

e) IloBhbilieHME MOAATIMBOCTU COOPYKEHUH 3a CUET MPUMEHEHUSI THOKUX WU
pa3pe3HbIX KOHCTPYKLNN;

k) Pa3smenienne CcOOpyKeHHSIT €  Y4ETOM  CHEUU(PUKH  MHKEHEPHO-

I'COJOIrN4YCCKUX YCJIOBI/IfI.

Bonpoc HMCKyCCTBEHHOTO YIY4IIEHUSI CTPOUTENIBHBIX CBOICTB OCHOBAHUSA
orpaxeH B paborax M.IO. Ao6eneBa, H.H. bapanoBa, A.A. bapronames,
b.B. baxonauna, B.A. boromonoBa, b.M. [anmaroBa, B.A. Epmonaesa,
M.H. UbparumoBa, B.A. WnbuueBa, B.B. JlymuukoBa, O.A. MakoBeIkoro,
A.I'. Maniununa, P.A. Manrymesa, B.I1. [lerpyxuna, A.W. [Tonumyka, E.A. Copouana,
3.I'. Tep-Maptupocsina, B.M. Yaunkoro, A.I'. lHamxkuna, O.A. [lynsTteeBa 1 MHOTHUX
apyrux. [1, 11,12, 64, 65, 111, 133, 140, 143, 146, 150, 161]

UccnegoBanusiMu  B3aMMOJECUCTBHUS  pabOThl  (DYHIAMEHTOB,  HMMEIONIUX
OCOOCHHOCTH B KOHTaKTHOM CJIO€, OTIWYAroneMcss (popMOil KOHTAKTHON MOBEPXHOCTH
¥ BBEJCHHEM JOMOTHUTEIBHBIX MAaTePUAIOB B 00JIACTh B3aUMOJICHCTBHUS, 3aHUMAIIICH
I'.T". bonmeipeB, C.A. boaasipeB, M.M. Jlyouna, P.Karnen6ax, B.1. Kpyros, I'.E.
JlaGe3nuk, B.B. JlymuukoB, E.A. Copouan, S.A. IIpono3un, I''M. Ckubun, A.H.
Ternop, 3.I'. Tep-Maptupocsu u ap. [20, 78, 95-98, 138, 146, 153-154, 191-196, 205-
207]

IIpumeHeHne COOPHBIX JIEHTOYHBIX (PYHIAMEHTOB W3 IUIUT C BBITYKJIOH
KPUBOJMHEWMHON WM TPANECUUEBUIHON MOJOMIBON TEOPETUUECKU U SKCTIEPUMEHTAIBHO
o0ocHoBaHO B pabotax I['pumyka M.C. B KOHCTpyKUUMAX AaHHBIX (YyHAAMEHTOB
MPOUCXOUT TMapabOIUYECKOe PACTIPEICICHIE PEAKTHUBHBIX IaBJICHUN C HYJIEBBIMU

3HAYCHUSAMU B KpaeBoii 30He (pucyHok 4) [9, 78, 152].



Pucynok 4 — Koncrpykuus GyHIaMeHTOB-000I0UEK:
A) nunuHapuyeckas; 0) CKiaaaJaTas; B) Turap; I') KOHU4YecKas

VY MeHbIIeHHEe KOHEYHBIX OCaJOK JICHTOUHBIX (DYHIAMEHTOB 3a CUET CTECHEHUS
TOPU3OHTAJIBHBIX W BEPTHKAJIBHBIX JAePOopMaluid MyTEM CO3aHUSI apMUPOBAHHBIX

MaCCHUBOB M3 YINIOTHCHHBIX IICCYHAHBLIX IOAYIICK HMCCJICAOBAHBLI B pa60TaX B.®. bag n

An.H. Kpaesa [9].

Takxe pallMOHaJIbHBIM PEIICHUEM MO CACPKUBAHUIO PA3BUTHUS TOPU3OHTAIBHBIX
nedopManyiii B TpyHTOBOM MAcCHUBE OT JIOMOJHUTEIBLHOTO CHJIOBOTO BO3JICHCTBUS
ABJISICTCS YCTPOMCTBO MOJIOPHBIX CTEHOK TPABUTALIMOHHOTO WJIM IIIYHTOBOTO THIIA.
JlanHbI BOMpoC 0CO0O0 aKTyajeH MpU MPOU3BOJCTBE PabOT B YCJIOBHSIX IUIOTHOM
FOPOJCKOM 3acTpoiiku. MccrnemoBaHusMM 1O CO3JAHUIO TaKUX Pa3deIUTEIIbHBIX
KOHCTPYKIIMH 3aHUMAJMCh OTEUECTBEHHBIC yuUeHble Takue kak Aobeme M.IO.,
boros C.I'., BpoBko E.N., bposko N.C., byrpos A.K., Bacenun B.A., Bepmunun B.I1.,
HanmvaroB b.U., Unsnue B.A., Kauypun .B., Kpsiruna A.M., Jlanun C.K., JIeBkuH
A.A., ManrymeB P.A., IlapamonoB B.H., Pazomosckuii /[[.E., CaBunoB A.B.,
Cemenok-CutankoB B.B., Cummarma B.I'., Co6emmn A.A., CorauxoB C.H.,
Tuxomupona JLK., Youukuiit B.M., ®aneeB A.b., UerBepukoB A.JIL., [lHamkun A.I'. u
apyrue. [2, 3, 16, 17, 28, 52, 75-77, 80, 100, 158, 159, 170, 173, 174]

VY CTpolCcTBO Te0TEXHUUECKNX 0aphepoB MO3BOJISET CO3JaTh MPETpaay Ha MyTH
pacnpocTpaHEHUs TOPU3OHTAIBHBIX JAeopMaluii OT CHIIOBOTO BO3JEHCTBUS HOBOTO
CTPOUTENBCTBA, UTO CHMKAET €r0 KOHEUHYIO OCaJKy M HE MPUBOJUT K JOMOJTHUTEIBHOMN

OCaJKe CYLIECTBYIOIIUX PSJAOM  PACIOJOXKEHHBIX 3JaHUW U COOPYKECHUMU.
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['eoTexHnyeckuii 6aprep MoO3BOJSET perynupoBaTh U coxpansate HIC ocHoBanus mon

HOBBIM H CymiecTBYrOmMM (yHaamenTom.[ 144, 174]

[IInpokoe NpUMEHEHNE B HBIHEIIHEN CTPOUTENIBHOM MPAKTUKE MOJIYYUII CIOcO0
yIIy4IIEHUS] TPOYHOCTHBIX U Je(OPMAIMOHHBIX CBOMCTB IPYHTOB IyTEM NMPUMEHEHHS
apMUpOBaHMs TpPyHTA pa3IMYHBIMU MaTepuaiamu. ['pyHT oOjazaer XopoIIMMHU
IPOYHOCTHBIMU XapaKTEPUCTUKAMH HA C)KAaTHUE U CIBWUT, HO HE 00JaJaeT MPOYHOCTHIO
Ha pacTsDKEHUE, O3TOMY IPUMEHSIIOT CIOCO0 YIydlIeHUs] CBOMCTB IyTEM BBEICHUS
YOPOYHSIOIIKUX 3JEMEHTOB B HANpPABICHUHM pPa3BUTHS JedopManuu pacTsokeHus. B
KAueCTBE AapMUPYIOUIMX MaTepUAIOB MPUMEHSAETCA I[IMPOKas Pa3HOBHIHOCTh
MaTepuasoB, HO HauOOoJbIIee PACIPOCTPAHEHUE MOIYYUIIU CUHTETUYECKHE MaTEpHUaIbl
— TCOCHUHTETUKH. 3a CUET MPOsIBICHUS apMupyroiiero 3hdexra apMOrpyHT CIOCOOCH
YMEHbILIaTh HOpPMaJbHbIE HANpPsKEHUS B TPYHTOBOM 3achilke M jAedopmanuu
KOHCTpYKUMU. B  pa3Burue pgaHHOM  00JacTM  MCCIENOBAaHUS  MPOBOJWIU

A.B. ITonomapes, B.W. Kneseko, B.I'. Oppuxtep u apyrue [63, 114, 143].

B paGorax [153-156, 178-180, 184, 187-190] paccMarpuBaroTcs
IIPOCTPAHCTBEHHBIE BApPUAHTHI JKEIE300€TOHHBIX (PYHAAMEHTOB, MMEIOIINX CIOXKHOE
reOMETPUYECKOEe OuepTaHue. B 4YacTHOCTM OHHU MPEACTaBISAIOT apKH, CKiIaadarbie
000JI0YKH, 000JOYKH B BUJE T'MIIAPOB, KOHYCOB M T.A. (pUCYHOK 4). TOHKOCTCHHBIC
AJIEMEHTHI (PYHJIAMEHTOB BOBJICKAIOT OOJBIIHNI 00BEM IPYHTOBOTO MacCHBa B padoTy,
OpU STOM MPOUCXOJIUT UCIHOJIb30BAaHUE MEHbIIEr0 oOObeMa MaTepuana Uil HX
yCcTpoicTBa. B CBOIO ouepenp NaHHbIE KOHCTPYKLMHU TPEOYIOT aKKypaTHOCTU MPH UX

CO31aHMH B CBA3HU C YCM IMOJYUYHJIN HC TAaKOC HMIMPOKOC MCIIOJIB30BAHHC.

Pemenne 1iOocKOW 3ajayd  TEOPUM YNPYTOCTH C MOMOUIBIO  (DYHKIIMH
Hanpsbkenuilt Jpu nipeioxkeno [.B. KonocossiM 1 H.M. MycxenuiuBuin i CIOAKHBIX
(GOpM KOHTAKTHBIX MOBEPXHOCTEH HA OCHOBAHMM METO]Ia KOMILIEKCHBIX MOTEHILIUAJIOB.
JlanHoe pelieHue mpeajgaraeTcs B BUAe KOMOMHALMU U3 ABYX (DYHKIMH KOMIUIEKCHBIX
HePEMEHHBIX, KOTOPbIC TPHHATO HA3bIBaTh KOMIUICKCHBIM moTeHIanom [106].

VYkazanHoe penieHue chOpMyJIUPOBAHO HA OCHOBAHUHU CTPOTMX pEIICHUH TEopuu

YIOPYTOCTH.
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[Iponozun  A.A. [115-127, 145] B cBomx paboTax WPEHJIOKUI HOBYIO

KOHCTPYKITUIO JIGHTOYHO-000J7104e4HOr0 (yHIaMEeHTa, OO0JaJaroIero CBOHWCTBOM
AKTHUBHOTO PETYJIMPOBAHUS B3aUMOJICHCTBUS C TPYHTOBBIM OCHOBAHHEM 3a CUCT CBOMX
KOHCTPYKTUBHBIX M TE€OMETPHYCCKHX IapaMeTpoB. KOHCTPYKIMS COCTOHT W3
pa3IMYHBIX 10 JKECTKOCTH M XapaKTepy paOOThI DJIEMCHTOB: NMEPBBIA — JICHTOYHBIN
(GyHIAMEHT — ONOpHAs KOHCTPYKIHUS JJIsi HECYIIUX CTCH WM KOJIOHH, 00JagaroIinii
OTPE/CICHHOW KECTKOCTBIO B IPOJOJHLHOM HAIPABJIICHWH, BOCIPUHHMAFOIIHNA
CllydaiiHble JKCIICHTPUCUTETBI TIepeladd Harpy3kd, GOpMHUPYIOIIUN Tpedyembie
KOHCOJIbHBIC YIIHPEHUS 110 HAPY)KHOMY KOHTYPY 371aHus. BTopol — ruOKmii 371eMeHT B
IPOJICTHOM YacTH, OOBCIUHSIONIMN COCCJHHE OIOPHBIC JIGHTHI B  CILIONIHOW
¢bynnament. Hawmbomee panMoHATBFHOW THOKOW CBS3BI0 MEXKIY JICHTOYHBIMH
dbyHIaMEHTaMH CIIeAyeT CUMTaTh OOpAIICHHYIO BBIMYKIOCTBIO BBEpPX 000JIOUKY,

paboTaOIIYI0 HA pACTsDKEHUE (PUCYHOK 5).

Pt i iriey [ N

P2 P2

Pucynok 5 — JIeHTOUHBII PyHIaMEHT C THOKOW CBSI3bIO

Takum oOpa3oMm, 0030p Hay4YHO-TEXHUYECKOM JUTEpaTypbl, B paMKax

HaCTOAIICTO UCCIICOAOBAHUSA, IIO3BOJIACT CACIIATh CICAYIOIMNC BBIBO/bI:

1. Krnaccuueckue W COBPEMEHHBIE METOAbl OMPEACICHUSI HaIpPSKEHHO-
nehOopMUPYEMOTO COCTOSIHMSI TPYHTOBOTO OCHOBaHUS 0asMpyrOTCS Ha TEOpUHU
YIPYTOCTH;

2. CylecTBylOT TIaCCMBHBIE M  aKTHUBHBICE METOJBl  PETYJUPOBAHUSA

BSaHMOHCﬁCTBHH CHUCTEMBI KOCHOBAHHEC — (1)YH,218,M€HT)). K maccuBHBIM METO4aM MOXKHO
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OTHECTH  (yHOAMEHTHl C  KPUBOJUHEHHOW  KOHTAaKTHOW  MOBEPXHOCTHIO,
o0ecrneunBaoIre yMEeHbIIEHUE 1e(hOPMUPYEMOCTH TPYHTOBOTO OCHOBAHUS;

3. OrmpeneneHue pPacyeTHOrO  CONPOTUBIEHUS TPYHTOBOIO  OCHOBAHMS
TpebyeT KoppekTtupoBku ¢opmynsl, mnpuBenennoit B CIT 22.13330.2016, mpu
IPOEKTUPOBAHUU (PYHAAMEHTOB, MMEIOIIMX KPUBOJUHEHHOE OUEpTaHHE KOHTAKTHOU
IIOBEPXHOCTH;

4. Hcnonb3oBaHuE TJAAKOM WIM I[IEPOXOBATON KOHTAKTHOM MOBEPXHOCTH
¢yHIaMeHTa OyJeT UMETh 3HaUYEHUE IIPU PaCIpeIeICHUM KOHTAKTHBIX JABJICHUHN U Kak
CIIEJICTBUE Pa3IN4Ke B BEJIMUMUHE HECYIIEH CIOCOOHOCTH OCHOBAHUM;

5. BrausHue Ha TOYHOCTH pacuera 1e(OpMUPYEMOCTH IPYHTOBOTO OCHOBAHUS
OyZeT OKa3bIBaTh YYET BCEX COCTABIIIIOIIMX HAMPSKEHHOIO COCTOSIHUSI TPYHTOBOIO

MacCCHBa.
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BuiBOABI

1. U3BecTHble pelIeHUS TEOPUU YOPYTOCTH TO3BOJISIIOT — OMPENETUTH
HaIpsSKEHHOE COCTOSIHUE MacCuBa  HAarpy>X€HHOI'O BEPTUKAJIBHBIMA U
TOPU30HTANIBHBIMU KOHTAaKTHBIMHM JIIOPAMH, ITyTEM MOLIATOBOIO0 HWHTErPUPOBAHUS
IIPOCTBIX BUJIOB HATPYKEHUS €0 COCTABJISIOIINX;

2. Teopusi TpeneNbHOTO pPaBHOBECHST TpPyHTAa  MO3BOJIAET  OICHUTH
YCTOMYMBOCTh MacCHMBa, MMEIOIIETO KPUBOJIMHEWHOE OYEpPTAaHUE KOHTAKTHOM
MOBEPXHOCTU CHCTEMBI «OCHOBaHHME — (PYHIAMEHT», IMyTEM IIOLIArOBOTO pEIICHUS
HECKOJIBKUX W3BECTHBIX 3aJa4, MCIIOJb3Yysd METOAbl HUTEepaluu. Taxkke CylecTBYyeT
BO3MOKHOCTb y4€Ta XapaKTepa OBEPXHOCTU KOHTAKTA — IVIAJIKas UIIM 1IEpOX0BaTas;

3. PacuerHoe compoTuBiEeHHE TPYHTOBOTO MAacCHMBa 3aBHCHUT OT XapakTepa
nepefayd Harpy3kd Ha OCHOBAaHHE, IMOITOMY y4Ye€T KPHUBOJMHEMHON (Qopmbl TpedyeT
BBEJICHHSI JOMOJHUTEIBHOrO KO3 (PUIMEHTa B UMEIOLIYIOCS HOPMAaTUBHYIO (hopMmylly,
KOTOpPBIN OYJIET YUUTHIBATh XapaKkTep Mepeiadl Harpy3KH;

4. YMeHbLIEHHE BEJIWYMHBl BEPTUKAIbHBIX JedopMaluii TPYHTOBOTO
MaccuBa MNPONOPLHUOHAIBHO BEIMYMHE TOPU3OHTAIILHOIO O0XATHsS TPyHTa, KOTOPOE
MOXXHO CO3/1aTh PpAa3JIMYHBIMU IpUEeMaMH (IIIIYHTOBBIE CTEHKH, apMUPOBAHUE
I€OCUHTETUKAMH, KPUBOJIMHEIHAs KOHTAaKTHAas TOBEPXHOCTb M JAp.), MO3TOMY
HEOOXOJMM TMOJIHBIA YYET HANpSKEHHOIO COCTOSIHUSA B TPYHTE, MpPHU ONpEIeTICHUU
neopMHUpyeMOCTH OCHOBaHHS;

5. Hcnonb3oBaHue KOHCTPYKIUN (DyHIAMEHTOB, UMEIOIIMX KPUBOJIMHEHHOE
OouepTaHHe KOHTAKTHOW MOBEPXHOCTH, Mo3BoJisAieT co3aarb HJIC rpyHTOBOro mMaccusa
CHOCOOHOE BOCIPUHUMATh OOJIBIINE CUJIOBBIE BO3ACUCTBUA, 4YeM (PyHAAMEHTHI C

IJIOCKOM KOHTaKTHOM MOBEPXHOCTHIO.
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2 TEOPETUYECKOE UCCJIEJOBAHUE HAIIPAXKEHHO-

JE®OPMUPOBAHHOI'O COCTOSIHUSI OCHOBAHMUS, ITIPU PA3JIMYHOM
SIMIOPE BEPTUKAJIBHBIX U TOPU3OHTAJIBHBIX KOHTAKTHBIX
JTABJIEHU
2.1 Ouenka HanpPsKeHHO-A1eGOPMHUPYEMOro COCTOSIHUS OCHOBAHUS NIPH

PA3JNYHBIX MI0PAX BEPTUHKAJIBHBIX KOHTAKTHBIX JIaBJIEHUH

Hanpsxenno-nepopmupoBantoe coctosaue (H/IC) ocHoBaHMS 3arpyXK€HHOTO
NEPEMEHHON pacHpeeICHHOM Harpy3kod M Harpy3koil pa3jiM4HOIO HallpaBJCHUS
MOXET 3HAUUTENIIbHO OTJIMYaThCAd OT Harpy)XeHUs BEPTUKAJIBHOH pPaBHOMEPHO
pacnpeseNieHHOM, KaK 3TO 4acTO paccMaTpHUBAETCS NMPU HHXKEHEPHBIX pacuérax IMpHU
IPOEKTUPOBAHUU JICHTOYHBIX, IUIMTHBIX WJIM HECTAaHJAPTHBIX (OpPM KOHTAKTHOU

MOBEPXHOCTU (PYHJAAMEHTOB C TPYHTOBBIM OCHOBAHHEM.

[Tonoxenue Cen-Benana (1855r.) riacur, 4To ypaBHOBEIIEHHAsI CHUCTEMa CHJI,
NPUJIOKEHHAsT K HEKOTOPOM 4YacTu TBEPAOTO Tejla, BBI3BIBAET B HEM MOSIBICHUE
HEPABHOMEPHOCTU pacHpe/ieNICHUs] HaINpsKEHUH, KOTOopas OBICTPO YMEHBIIAETCS IO
Mepe yAaJIeHUSI OT ATOM YacTh. Y CTAHOBJIEHO, UTO B TPYHTOBOM OCHOBaHUHU BO3MOKHbBIC
OCOOEHHOCTH 3arpy:KeHHUE MOBEPXHOCTH OYyAyT MposBIATbCA 10 riyounst 1,0B, a 3a
cu€T JEUCTBUS COOCTBEHHOTO Beca TpyHTa MaHHBIH S()PEKT MOKET 3aKOHUUTHCS
3HAYUTENIHLHO paHblie. Takke CTOUT OTMETUTh, UTO UMEHHO B 3TOH, OTHOCUTEIHHO
HEOOJBIION TPYHTOBOM TOJIIE, MPOUCXOAUT HAKOIUICHHE OCHOBOM YacTH KOHEYHOMU
neopManii  OCHOBaHMS, IO3TOMY HCCIeN0BaHHEe Je)OPMUPYEMOCTH JIAHHOTO
MOBEPXHOCTHOTO CJIOSI HMEET o0co00e 3HaYeHWe ¢ TOYKU 3pPEHUS OINHCaHUs

B3aMMOJICUCTBHS CUCTEMbI «OCHOBaHHE-(PYHIAMEHT.

JUisi OUEHKH XapakTepa pachpenefieHUss BEPTUKAIbHBIX, TOPU30HTAIbHBIX U
KacaTelbHBIX HANpsOKEHUH, a TakkKe pachpeaeneHus o00iacTeil  MmpeneabHoro
paBHOBecHsI TpyHTa W AePOPMHUPYEMOCTH MaccuBa ObUIO MPOU3BEIAEHO CpaBHEHHUE
pPa3TUYHBIX BAPUAHTOB SITIOP KOHTAKTHBIX JIABIICHUW TPU M3MEHSIONIMXCA 3HAYCHUSIX

BCPTHUKAJIbHOT'O U TOPU3OHTAJIILHOI'O HAI'PY>XKCHHA 110 IIUPUHE q)YHI[aMCHTa.
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JIisi aHaMUTUYECKOTO pacuera OB MPUHAT BapUaHT, KOTJA Harpys3ka Ha
TPYHTOBOE OCHOBaHME TMepenaércss paBHOMEPHO IO TMOJIOCE TPU  Pa3TUIHON
uHTeHCHBHOCTHU. [lIMprHA TMOJOCH 3arpyKeHus cOoCTaBiseT 6 M. B mepBoHadambHBIX
pacué€rax Harpy3ka mnepejaaBajach Ha MOBEPXHOCTh I'pyHTa Oe3 3ariyOsieHus. 3agaya

pemajiacb B IIOCKOM ITOCTaHOBKE.

PU3MKO-MEXaHUYECKUE XAPAKTEPUCTUKU TPYHTOBOW CpeAbl IPUHATOW IS

pacucTa NpcaACTaBJICHLI B Ta6JII/III€ l.

Tabmuua 1 — Ou3NKO-MEXaHUYECKHE CBOMCTBA TPYHTOBOM CPEIbI

dusznyecKue . .
. [IpounocTHsie cBoiicTBa | [ledopmalrimonHbie CBONCTBA
CBOMCTBA
PacueTHbIii
Bun rpynra . Yron YnenpHOE
VY nenpHbI MOYJIb Koaddumment
3 | BHYTPEHHETO | CILECIUICHHE
Bec ¥, kH/m TOCHIS ©. ° C. «Ila nedopmanuu | Ilyaccona v
perii @, : E, MIla
CyriamHoK 20,0 15,0 20,0 6,0 0,35

HanpsokeHuss B TPYHTOBOM MAacCHBE OT BEPTHUKAIBHOH pachpeaesieHHON
HArpy3K onpejensuiuch cormacHo pemenuio ['.B. KosocoBa, riae HampspkeHUs B
Toukax (X, Z) OT TMOJOCOBOW HAarpy3kd Ha ydacTke (-a, +a) mpeacTaBICHbBI
3IIEMEHTAPHBIMU COCPEIOTOYEHHBIMUA CHJIAMM, PaBHBIMU qd({, ¥ 3aMeHbl X Ha X — ( B

BbIpaxeHusix (2.1) [74]:

2P x%z 2P z3 2P xz? 2.1)

= T = —
T (x2+2z2)2" " m (x?42%)?

K R

Torma mo pe3ynbTaTy HWHTETPUPOBAHUSA MO LIMPHUHE IMOJOCHI 3arpyKEHUs
HaIpPsHKEHUS B y3JI0BBIX TOUKAX OMpeesuch cortacHo hopmynam I'.B. Konocosa kak

JUTSL ClTydasi paBHOMEPHO paclpeeIeHHON MOJIOCOBOM HArpy3Kku (:
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2q - {)*z
Oy = — f d{ =
m J [(x—{)?+x?]?
- q a—x a+x
= ;(arctg + arctg )
2aqz(x? — z% — a?)
T[(x2 + 22 — a?)? + 4a?z2]’ 2.2)
q a—x a+x 2aqz(x?* — z% — a?)
9z = E(arctg +arctg ) - m[(x?% + 2% — a?)? + 4a?z?] ;
4aqxz?

Yz T 02 + 22 — a?)? + 4a?z%]

Harmpsixenust onpenensiuch B y3JIOBBIX TOYKAX PACYETHOW CETKH, JISI ATOTO
pacueTHas 00JacTh TOA MOJOMIBOM ¢yHAaMeHTa ObUla pa3duTa CEeTKOW ¢
rOpU30HTaIBHBIM I1aroM 10 cM OT IEHTpalbHOM OCH HArpyXeHUsi M BEPTUKAIbHBIM
mrarom 10 cm. [llupuna u amuHa pacueTHoOM obiacTu coctaBwim 2,50, e b — mmpuna
dbyngaMmenTa. B kaxaoil Touke pacueTHOM 00acTH ObUIM ONPEACIICHbl HAMPSIKEHUS OT

3aJaHHOI'O JOIIOJIHHUTCIIbHOI'O BHCITHCTO HAI'PYKCHUS.

[TepBoHavyaJIbHOM BENMYMHON HATPY3KH, U3 KOTOPOUM 3aTeéM KOMOWHUPOBAIHCH
HKBUBAJICHTHBIC, OBUIO TPUHITO 3HAYEHHE PACUETHOTO COMPOTHUBJICHUS TPyHTA

onpenenerdoro mo dgopmynam CIT 22.13330.2016:

_ Ye1 " Ye2

R
k

[M, k,by; + Mydyy; + (Mg — 1)dpy;, + Mecyf] (2.3)
JIJisi TaHHBIX TPYHTOBBIX YCJIOBUH, KOHCTPYKIIMHM M 3ariayOjeHus ¢yHmaamMeHTa

sHayenue R=136«//a.

B pamkax cpaBHeHHs OBUTM pPacCMOTPEHBI HECKOJBKO BHJOB 3arpyKeHUs
Ipe/CTaBlICHHbIE Ha PUCYHKe 6. Pacrpeznenenue Harpy3ku NPUHUMAIOCH U3 YCIOBUS
pPaBEHCTBA CyMMapHOT'0 HarpyeHusi OCHOBaHMs. OuepTaHHe Harpy3Kud NPUMHHAIOCH

PAaBHOMCPHOIO M TpalCoUCBUAHOIO THIIA C MAKCUMAJIbHBIM 3HAYCHHCM Y Kpasd U
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LEHTPa MOJIOCH HArpyKEeHHsI, YTO COOTBETCTBYET (PyHAAMEHTaM C pa3IuYHON (HOopMOii

KOHTaKTHOM IMOBCPXHOCTH U KCCTKOCTBIO KOHCTPYKINH.

Tun 1
136 klla

659 Kl

Tun 2
136 klla

183 kllo

OLb CUMMempUU

.45 Ko

Tun 3

136 klla

72777 klla

OCb cumMMempul

Tun 4
184 «l1a

156 la

89 kla

227 «Mlg un >

156 kllo

45 klla

Pucynox 6 — BapuaHTbl Harpy>keHust OCHOBaHUS

Kak xapaktepHO Ml pelIeHHs TEOPUU YIPYTOCTH, YTO BCE JIMHUM PAaBHBIX

HaIpsDKEHUM, B CIIy4ae 3arpyKeHHs MO THUILY |, CXOASATCA B KPAEBBIX TOYKAX JIIOPHI

Harpy3ku (, 4TO CBHACTCIBCTBYET O HAJIUYUU OOJIBIINX IeperiaioB BCIMYHNHBI

HANPSHKCHUN Y TPaHMIT 3arPy>KEHHOTO y4acTKa MOBEPXHOCTH OCHOBaHHUS (PUCYHOK 7).
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Pucynok 7 — JIunuu paBHbIX HanpsbKeHUH (M300apel) o, (a), gy, (6) U T,,, (6) NpH
JeWCTBUU PAaBHOMEPHO PaCIpeIeICHHOM IMOJI0COBOM HArpy3KH

OnpeneneHrne UTOTOBOTO HANPSKEHHOIO COCTOSHHUS IPYHTOBOTO MacCHBa JUIS
3arpy>KeHus TUIOB 2, 3, 4, 5 IpOUCXOAUIIO B HECKOIBKO 3TANOB, IyTEM CYMMHPOBAHUS

TOJICH HAIPSDKCHHS OT OT/ICJIBHBIX YYaCTKOB pacipeesieHus Harpy3ku (pUCYHOK 8).

] ‘ 4]

| aman
_b/6 2013 b/6
9z %
| 3man ! !
Iz
_b/6 bl3 b/6,
03
[l aman
)
bi3

f % . G f
IV 3man mf

b/6_| _bl6 b3 b/6_| _b/6

Pucynok 8 — [locieqoBaTeIbHOCTh ONPEACIICHUS HAMIPSXKEHHOTO COCTOSIHUS
OCHOBAHUS
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Jlyist onpenenieHus KOHTYPOB 001acTe MPeAeIbHOTO HAPSHKEHHOTO COCTOSTHUS
B Y3JIOBBIX TOUYKAaX pPAaCUETHOM 00JacTh OBLIO MPOU3BEACHO COIMOCTABICHUE CYMMBI
[JIaBHBIX HANpsOKeHUU ©,,,, W yIila BHYTPEHHEro TpeHus ¢ . Kak ormeuanoce, B

IIEPBOY IJIaBE NPEIEIBHOE COCTOSIHUE HACTYIAET IPU YCIOBUHU:

sin © _ 01— 02 _ \/(Ux - UZ)Z + 41.)%2 (24)
max - g, + 0, + 20, ox + 0, + 20,

AHanu3 pacrpeeieHue BepTUKAIbHBIX HAMPSYKEHUM B CITydasiX HArpyKEHUs 0
SMIOpaM, TMPEJCTABICHHBIM Ha PUCYHKE 9, yKa3bpIBaeT, YTO OCHOBHOE pa3linyue B
BEJIMUMHE U XapaKTepe paclpOCTPAHEHHUS MPOUCXOIUT B IOBEPXHOCTHOM CJIOE€ PAaBHOM
mupuHe ¢yHaamenta B. C yBenuueHueM TIyOMHBI BEPTUKAJIbHBIC HAIPSKEHUS
U3MEHAIOT XapaKTep paclpeicsieHUsl, CPaBHUBASCH MO 3HAYECHHSM C PAaBHOMEPHBIM
sarpyxeareM 1o tuny 1 (pucyHok 9, 1la). Tak Ha riyOMHE paBHOW IIMPUHE
dbyHmaMeHTa pacxoXIAeHUs B 3Ha4YeHUsX He mnpeBocxomar 10% st BceX THUIIOB

Harpy>KeHHS.

CTOHUT OTMETHTb, YTO MPHU 3arPyKEHHH M0 TUIY 2 U TUy 3 10 riyounst 0,7h
TOYKM MaKCHUMyMa HaXOJATCS HE TOJ LEHTPAJbHOW JIMHUEH, a CMEIICHBI OJuXKe K
KpaeBod 3o0He ¢yHmaameHTa. [lox 1meHTpanbHON JMHUEH HAOMIOAAIOTCS TOYKUA C

MUHUMAJIbHBIMHA 3HAUCHUSAMU JIIIOPBI BCPTUKAJIBHBIX HaHpﬂ)KeHHﬁ.
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Pucynok 11 — Pacnipenenenue HanpspKeHU B TPYHTOBOM MACCHBE MO MIyOUHE
1101 LIEHTPAJIBbHOW JIMHUEHN 3arpyKEHUS:

a) BEPTUKAIbHBIE HANIPSHKEHUSA 0, 0) TOPU3OHTAIIBHBIC HAPSUKEHUS Ty,

MuHMMaNBHYIO IUIONIAAb JIIOPHI, IIPU OLIEHKE BEPTHUKAIBHBIX HANPSLKECHUU B
IPYHTOBOM OCHOBAHMHM IOJI MOJOIIBOM (yHIaMEHTa, UMEET BapUaHT 3arpy>Ke€Hus 1o
TUIY 3, B KOTOPOM MAaKCHMAJIbHOE 3HAYECHHE PACHPEACIICHHOW HAarpy3KH HaXOISTCS B

KpaeBou 30He (QyHIaMEHTa.

Pacnpenenenue TOPU30HTATBHBIX HaIpsHKEHUM npu CpaBHEHUHU
paccMaTpuBaeMbIX THIIOB 3arpykeHus (pucyHOK 110) mnMeeT He3HAUYHUTEIbHBIC
pacxokaeHusl 1o riayOuHe, pa3dpoc 3HAUYCHUN B aKTUBHOW 30HE OCHOBAHMUSI JIGKUT B
nuama3zoHe oT 4 1o 12%. 3HauuMble PacXoKICHHUS HAOJI0Ial0TCS B MOBEPXHOCTHOM

ciioe rpyHTa 10 riryounsl 0,20 n3-3a 61u30C¢TH K 00JIaCTH MPHIOKEHHS HATPY3KH.

MaxkcuManabHOE 3HAU€HUE BEPTUKAIBbHBIX HAINpPSHKEHUH 10 LIEHTPOM IpHU
rnyoune paBuo#t 0,25b 3adukcupoBaHo npH HArpy)KEHHH MO THIY S5, MPH KOTOPOM
JAHHBIE 3HAYCHMS TNPEBOCXOIAT paBHOMEpHOE 3arpyxeHue mo tumy | Ha 40%, a

3arpyseHnue 1o tamy 3 noytd Ha 100%.

[Tpu HarpyxeHuu mo Ty 2 U 3 B MOBEPXHOCTHOM clioe A0 Tiayounsl 0,25b

MaKCHMaJIbHBbIC 3HAYCHHUS HAOIIOMAIOTCS MO BEPTHKAJIBLHOM JMHUHU, MPOXOIAIIeH Ha
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paccrossauu 0,15b ot kpas ¢yHmamenta. C yBeawdeHHEM TIIyOWHBI MaKCHMAaJIbHOEC

S3HAYCHUC B NAHHBIX BApHAHTAX CTPCMUTCA K HCHTpaHBHOﬁ ocHu (I)YHI[aMeHTa.

KonTypsl obmacteit mpeneabHOro HANpsSHKEHHOTO COCTOSIHUSA MOJYYECHBI IMyTeM
COEIMHEHUS KPAaHUX TOYEK, B KOTOPBIX IIPOU30IIO HAPYLIEHNE PABHOBECHS, IIJIABHOU

KpHUBO# (prCyHOK 12).

Tun &

[ "] - TouKM npenenIbHOro COCTOSHMS TPYHTA

Pucynoxk 12 — Pacnipenenenue obnacTeit mpeieIbHOTO paBHOBECHS

Pa3nnune B Xapakrepe pacrpeiesieHHs] HallpsHKEHUH B TPYHTOBOM OCHOBAaHHUU
IPU 33JlaHUW HArpy3KHU 10 pacCMaTPUBAEMbIM BapuaHTaM, KaK OYEBUHO, CKA3aJIOCh Ha
nehopMUpOBaHUM MaccuBa. B yacTHOCTH AJig OUEeHKH 1e(OpMUPOBAHMS MaccuBa ObLI
IIPOMU3BEIEH pacyeT OCagKH [0 JIMHUAM, IPOXOJSIIMM 4Yepe3 LEHTp W Kpau

dbyHIaMeHTa.

Pacuer pedopmanmii mpousBogwiics IyTeM MpeoOpa3oBaHUs 0OOOIIEHHOTO
ypaBHeHusT [eHku (2.5). DTo MO3BONMIO pa3NeiuTh JIMHEHHYIO nedopMalio Ha
O00BEMHYIO M CABUTOBYIO yacTH. [Ipu paccMoTpeHun NaHHOW 3ajjaud 3TO pa3fesieHue
MMEET BaXHOE 3HA4YeHWe, Tak Kak B MaccuBe (opmupyetrcsa cioxnoe HJIC, rme

0oJbIIOE BIMAHUE Oy/IeT OKa3bIBaTh BEJIMUMHA TOPU3OHTATBHBIX HAMPSKEHUH.
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gZ = ZGO + K_O’ (25)

rae Go u Kg— Motynu cABUToBO#M U 00beMHOM J1eopmariu,

Eq Eo

R TCEE R CE A} 29

Tabnuua 2 — [ledhopmupoBaHue Py pa3IMuHbIX BApUAHTAX 3arpy>KEHUS

MOIIHOCTS Jedopmarius B mpeaenax cxumMaeMoi Toamu™*, Mm\%
Bapuan CIKUMAEMON C
entpansHas Kpaiinsa penHee
HarpyxeHusd *x
TOJIMIN, M ock, X=0 0oCh, X=3 M Pasmrua 3HAYCHUE
171 110 61 130
Tun 1 11,2
“H 0,0 0,0 35,7 0,0
149 118 31 128
Tun 2 11,1
“H ! 12,9 +7,3 20,8 15
Tom 3 111 129 126 3 127
-24,6 +14.5 2.3 -2,3
192 101 89 131
Tun 4 11,2
HH ! +12.3 8,2 474 10,8
Tyt 5 113 213 94 119 134
+24,6 -145 55,9 +3,1

*[Ipumeuanue: B Tabmuue cTpokax B BEpXHEH syeilke yka3aHO 3HaYEHUE
OCaJIKM B MWIIMMETpaxX, B HWXKHEH pa3HMIA B IPOLEHTaX B CPAaBHEHHH C BUIOM
3arpy’kKeHus 10 TUIY | IpHU aHAJIOTUYHOM YCJIOBHH PACIIOIOKEHUS.

**Vka3aHa pazHULA MEXKIY 3HAYEHUSIMU OCAJOK MOJ LIEHTPaIbHOU M KpailHeil
OCBIO (pyH/TAMEHTA.

[Ipu oneHKe MPUHATHIX BapUAHTOB 3arpy>KeHUsS] HAOII01aeTCsl HE3HAUUTEIHHOE
pacxokJI€HUE B BEJIMUUHE TITyOUHBI C)KUMAEMOM TOJIIIHU, OMPEACICHHOM 10 METOJIUKE,
onucanHoi B CII [141]. B wyacTHOCTH, pacXoxJeHus HE MpeBbILAOT 5%, 4YTO
JONMYCTUMO CYMTaTh HE3HAYMMOW BeJIUYMHOW. OJIHAKO TPU PABHBIX 3HAYEHUSX
C)KUMaeMOM TOJIIM B CBSI3U C Pa3IMYHOCTBIO PACIPOCTPAHEHUS] BEPTUKAIBHBIX U
TOPU30HTAJIBHBIX HANPSDKEHHM, pacdyeT aedopmariuii CioeB rpyHTa MoKa3al 3HAYNMBbIE

paznuumusi.
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[Ipy cmemieHHMM HarpyeHuss B KpaeBylo 30HY (Tunm 2 U 3) oTMedaercs
yMeHblIIeHue aedopmanuil o ueHTpaibHo ocu Ha 13 u 25% COOTBETCTBEHHO, a IO
KpaiiHell ocu yBennueHue Ha 7 u 15% coorBeTcTBeHHO. Takoe nepepacnpenencHue
nedopManuii Mo MOAOIIBOM IITaMIla MPUBOAUT K YMEHBIICHUIO PA3HUIIBI B OCAJIKAX
IO/, HAarPY3KOM, YTO MIPU PEATBHOM CTPOUTEIBCTBE OKAXKET 3HAYMMBIN MOJI0KUTEIBHBIN
b dexT Ha HaNpsSIKEHHO-1e(POPMUPOBAHHOE COCTOSTHUE (YyHIAMEHTa U BBILIEIIEKAIIUE
KOHCTpYKIMU. Taxkke Kak CIEICTBHE NIPU JAHHBIX BapuaHTaXx HarpyXeHUs
HaOJIoaeTcsl XOTh W HE3HAUYMMOE, HO CHIDKEHHE BEJMYMHBI CpellHed nedopmaiiuu

OCHOBAHMUAI.

CMelleHre HarpykKeHus K LIEHTPAJIBHOM OCH IIOKa3ajlo 3HAYMMO XyALIee
ne(hopMUpOBaHUE TPYHTOBOIO MacCHMBa C TOYKM 3PEHUS MH)XKEHEPHOTO NPUMEHEHUS
NaHHbIX BapuaHToB. HaOmromaercs 3HAUUTENbHBIA POCT Pa3sHULBI B AEPOPMUPOBAHUU
MoJ, LEHTPAJIbHOM M KpalHEW JUHUEW MOJ HarpykeHueM 110 56% u pocT cpemgHero
3HaueHusa aepopmauuu Ha 3%. JlaHHOe pacmpenesieHHe Harpy3kd Ha TPYHTOBOE
OCHOBAaHUE MOXKET JIOCTUTaTbCs IyTEM YCTpoilcTBa ()yHAAMEHTOB CO CTYNEHYaTOU

MOOIIBOM WJIM MPUMEHEHUEM NeMI(UPYIOMNX MPOKIIAIOK.

2.2 Pa3iuvHble BADUAHTHI HATPYKEHHUSI BEPTUKAJIBLHBIMH M TOPU30HTAJIbHBIMHI
KOHTAKTHBIMH 3MIOPAMU AABJICHUN
2.2.1 Cay4aii paBHOMEPHOiIl BePTUKAJbHON KOHTAKTHOM 3MIOPHI C U3MEHSIIONIecst

rOPHU30HTAJBLHOM MIOPOH PH OTCYTCTBHH 3ar.Iy0JIeHUs

Kak yxe oTmeudanoch BbIIIE, YMEHBIIEHHWE BEPTUKAJIBHBIX Jedopmaruii
IPYHTOBOTO MacCHBa BO3MOXHO TIpM YCTPOWCTBE (PyHIAMEHTOB, CHOCOOHBIX
CIEepKUBaTh TOPU3OHTaJbHBbIC AeopMaluy TPyHTAa WIM YBEIUYMBAIOIIME OOXKaTHe
IPYHTa B  TOPU30HTAIBHOM  HampaBieHUU. COOTBETCTBEHHO  yBEIMYEHUE
TOPU30HTAJIBHOTO  OOKATUSl ~ MPOMCXOAWUT 3a CYET CO3JaHMsl  Pa3IMYHBIMU
KOHCTPYKTUBHBIMH CIIOCOOaMHU YCJIIOBUM, MO3BOJISIIOIIMX BEPTHUKAIBHOE HAarpy>KeHHUE Ha

oOpe3  dyHAaMEHTa  pachpeineauTb Tak, 4ToObl  chopMupoBaigach  dIIOpa
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TOPU30HTAILHBIX KOHTaKTHBIX Aamiennid.[88, 102, 103, 107, 109, 110, 111, 135, 152,
181, 182, 199, 202]

OreHka HaMpsHKEHHOTO COCTOSIHUSI OCHOBAHM JIGHTOUHBIX (DYH/IaMEHTOB IMPH
JNEUCTBUMA TOPU3OHTAIBHBIX HArpy30K IO JUHUM KOHEYHOM M OECKOHEYHOM JIMHBI

IPOU3BOIUTCS IMyTeM HHTETPUPOBAHMS BBIPAKCHHUI IO IIMpUHE 3arpyxeHus [112,
113]:

_2q (" (x—87° _2qz°
o= | oot =
. 1 —_ 1 —_—
[(x—b)2 +2z2 (x+b)%+2z2]
B 4bqxz*® _
~ m[b? + x2 + z2]2 — 4b2x2’
_2q (" (x=§) _
= | e - &)
_4.{ (x + b)? + z*2
T n {n (x—b)2+22]

z (x—b)2+2z2 (x+b)2+22)|

q {1 (x + b)* + z° 4bxz>
= —+<{]n

T

+ :
(x —b)?>+z%2|  (b?+x?+2z%2)? —4b%x?
KacarenbHble HanpspkeHUsT OT TOPU3OHTAIBHOW HArpy3KH, IMPUIIOKEHHOW IO

10JI0CE C IMMPHHON 20 1 OECKOHEUHON IIMHBL, PABHEI (Tyy, = Ty, = 0)

. =2qu” Sl VS
B TN
= % : {arctg( ~ ) - arctg( ) +z (2.8)

Z

' ((x —xb;2b+ 22 (x +xb;2b+ 22>}

Jlns onpeneneHusi Xapakrepa BIHSHUS BEJIWYUMHBI TOPU3OHTAIBHOU HArpy3KH

(pucyHok 13) Ha HanpspKeHHO-AeGOPMHUPYEMOE COCTOSIHUE TPYHTOBOTO MAcCHBa ObUIH
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pPaCcCMOTPCHBI PA3JIMYHBIC BAaPpHAHTBI T'OPHU30HTAJILHOI'O O6)I(21TI/I$I, MMpCACTAaBJICHHBIC B

cCuMmMernpu

Ok

e | L

|

Pucynox 13 — Pacnipenenennas

ITOPHU30HTAJIbHASA HAI'py3Ka

g mepBoro

AHAJIMTHYCCKOI'O

Ta6nuna 3 — BapuanTsl
TOPU30HTAJIBLHOW HATPY3KH IS

CpaBHEHUS
['opusonTanbHas
Bapuant
Harpyska, klla
Harpy>XeHus
J1 0o Js
Ciyuyaii 1 0 0 0
Crnyuaii 2 3) 15 25
Crnyuaii 3 10 | 30 50
Crnyuaii 4 15 | 45 75
Crnyuaii 5 20 60 | 100
CpaBHEHMS OBLI pPacCMOTPEH BapHaHT

PaBHOMCPHOI'O BCPTHKAJIIBHOI'O 3aIpyKCHUA II0 BCEM MOJOCe JaBJICHUCM pPaBHBIM

paCcdCTHOMY COIIPOTUBJIICHUIO AJISA AAHHBIX I'PYHTOBBIX yCJIOBI/Iﬁ.

Tabnuua 4 — [lebopmupoBaHue P pa3IMYHbIX BapUAHTAX 3arpy>KeHUS

Hedbopmanus B mpeenax C:KuMaeMou ToJmu™,
Bapuant MoOITHOCTB Mm\%
Harpyxe- | cxkumaemon | lleHtpanb Kpaiirss Cpeniee
HUSA TOJIIIA, M Has OCb, Paznuma**

=0 0Chb, X=3 M 3HAUCHHEC
171 110 61 130

C i1 11,2

HyHan 0,0 0,0 35,7 0,0

174 111 63 132

C i 2 11,3

At 18 0,9 36,2 15

178 112 66 134

Cnyuaii 3 11,4
4,1 1,8 37,1 3,1
181 114 67 136

i 4 11

Coyaii - 5,8 3,6 37,0 4,6
184 115 69 138

Cay4ait 5 11,6
7,6 4,5 37,5 6,2
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*[Ipumeuanue: B Tabmuie cTpokax B BepXHEW sueilke yKa3aHO 3HAUYCHUE
OCaJIKi B MWUIMMETPAX, B HWKHEM pa3HMUIA B IIPOLEHTAaX B CPAaBHEHUU C BUIOM

3arpyKCHU:A 110 CIIYy4aro 1 IMIPpHU aHAJIOTUYHOM YCJIIOBHUH PACITIOJIOKCHUA].

**YkazaHa pazHHUIA MKy 3HAUCHUSMHU OCAJIOK IMOJ LIEHTPAIbHON U KpaiHen

ocblo (hyHIAMEHTA.

Ananu3 neopMUpyeMOCTH OCHOBAHUS MPH 3arPyKCHUH JTAHHBIMUA BapHAHTAMH
Harpy3ku He IOKa3aJl C MH)XCHEPHOW TOYKH 3PEHUs TOJOXKHUTEIbHOTro 3(dekra, Tak
HAOIOMACTCsl TEHICHIMS MO0 YBEIMYCHHWIO BEIMYHMHBI OCAIKH O] IEHTPAIBHOU M
KpallHel ocbl0 ImrTamma. Takxke B mnpeaenax 5%  OPOUCXOAUT  MPUPOCT
HEPaBHOMEPHOCTU JePOPMUPOBAHUSI OCHOBaHMS. JlaHHBIE PE3yNbTaThl OOBSCHAIOTCS
TE€M, YTO B TaKUX BapUaHTaxX MPOUCXOIUT JOMOJHUTEIbHOE JTOTPYKEHHUE OCHOBAHME,

IMPUBOAAIINC K PA3BUTHUIO OOJIBIINX OCaJoK.

2.2.2 Cny4aii n3MeHSIIOIUXCH BEPTUKAIbHON U TOPU30HTAIbHOH KOHTAKTHBIX

SIIIOP NMPH OTCYTCTBUU 3ar.11y6.11eﬂml

DaKTUYECKHU CI0)KHOE HArpy>KEHUE TPYHTOBOTO OCHOBAHHUSI, BO3MOKHO, CO3/1aTh
MyT€M HW3MEHEHHS OYEpPTAHUS KOHTAKTHOM MOBEPXHOCTU WJIM BBEIACHHUS KAKHUX-TO
JIOTIOJITHUTENIBHBIX 2JIEMEHTOB B KOHCTPYKLHIO (PyHIAaMEHTa, KOTOpble OyayT IMyTeM
repepacnpeesiecHuss CO34aBaTh JIOMOJHUTEIbHBIE TOPU3OHTANIBHBIE Yycuius. Kak
SKCIIEPUMEHTaIbHO J0Ka3aHo [7, 8, 13, 18, 19, 27, 37, 40, 67], mepeMeHHBIC CIIOKHBIC
BapUaHTbl HArpy>KEHHUS XOPOIIO PEATU3YIOTCI IIYTEM MW3MEHEHHUS O4YepTaHMS
KOHTAKTHOM TMOBEPXHOCTH, OTJIMYHOM OT IUIOCKOM. B wyacTHOCTH, CoO31aHUe
KJIMHOBUIHBIX, JIOMAHBIX M TMapab0JIMYeCKUX (OPM MOBEPXHOCTH MO3BOJISET 3HAUUMO
m3MenuTh HJIC ocHOBaHus B OT/IWYME OT HArPYy)KCHHS pPABHOMEPHOW THOKOM

Harpy3Komu.
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Harpyxxenne mno mnapaboiu4eckoldl TOBEPXHOCTH  BBIMYKJIOCTBIO  BBEpPX
MO3BOJISIET M3MEHUTh 3HAYEHHUS TOPU3OHTAIBHBIX HAIPSHKEHUI B TPYHTE BCIEICTBHE
TOr0, 4YTO HAYMHAET 3HAYUMO MIpeo01ajaTh BEKTOP TOPU30OHTAIbHON HArpy3ku. JlaHHas
BEJIMYMHA OyJIeT B ONPEIEIECHHOM CTENEHN 3aBUCETh HE TOJIBKO OT (DOPMbI KOHTAKTHOMN
IOBEPXHOCTH, HO M OT T'MOKOCTHM KOHCTPYKUMH (yHAaMeHTa U crocoba mnepenadyu

Harpy3kH, OT HECYIIUX KOHCTPYKIUI Ha o0pe3 pyHIaMeHTa.

JIisi  aHAJIUTUYECKOTO CPaBHEHUS BIUSHUS BEJIMYUHBI TOPU30HTAIBHOTO
o0XaTusi TpyHTa ObUIM TPHUHSATHI BapUAHTHI BEPTUKAIBHO 3arpyKEHUS TIO0 BapUAHTY
tunt | m tun |l (pucynok 14, tabmmma 5). HarpykeHue ropu3OHTAIBHON SMIOPON
KOHTaKTHBIX JaBJICHUN OBbUIO MPHUHATO 1O YETHIPEM BapuUaHTaM, TA€ MPUPOCT
Harpy>keHusi K Kpasm (pyHAaMEHTa Tak)Xe paclpeleisieTcsl M0 3aKOHY TPEYroJibHHKA.
CxeMbl Harpy>XeHusi OCHOBaHHMS TIpeAcCTaBieHbl B Tabiune S. OmnpenencHue

HaMpsHKeHUH U neopmanuii mpou3BOAUIICS 110 METOIUKE OMMCAHHON paHee.

- & gﬁ L—_:1

1 i LLL LS

= | | i

a ' N

= - 4, .

> (] )

0

o /

Pucynox 14 — Cxema pacrnpesienieHre Harpy»KeHus Ha OCHOBaHUE
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Tabnuna 5 — BapuanTel HarpyXeHusl

Howmep narpyxenus Harpy3ska, klla
BeprukanbeHOoe HarpyxeHue
q1 q> qs
Ty | 45 136 227
Tum 1 227 136 45
Tun 1 136 136 136
["'opu3oHTAIbHOE HArPYyKEHUE

91 9> 93
Cnyqait 1 20 60 100
Cny4aii 2 15 45 75
Cnyyaii 3 10 30 50
Cnyuaii 4 5 15 25

C 1uenp0 BBIABJIECHUSI

3akoHOMepHOocTer wu3MmeHeHuss HJIC ocHoBaHus

Pa3IMYHBIC BHUABI HArpy>KCHHA ObLIN CKOM6I/IHHpOBaHBI. B Ta6J'II/II_[€ 3a BApHaHT

3arpyKCHUA THUII Il I[MPUHATO paBHOMCPHOC BCPTHKAJIBHOC PACIIPCACICHHUC NABJICHHUCM

R=136 kIla 6e3 ropu30HTAIBHON HATPY3KH.
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Pucynox 15 — Pacnipenenenue BepTUKaIbHBIX HAMPSKEHUH B TPYHTOBOM MAaCCHBE

1o ryOWHE MO IEHTPAIBLHOM OCBIO 3arPy>KeHUS
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Pucynoxk 16 — Pacnipenenienre ropu30HTaIbHBIX HAMPSIKEHUN B TPYHTOBOM

MacCCHBE M0 TJIyOHHE MMOJ] HEHTPAIBHON OChIO 3arpyKEHUs

VY CcTaHOBJICHO, YTO TIPH BapHAHTAX C BEPTHKAJILHBIM 3arpyKeHHEM 10 Tumy | B
IPYHTOBOM MacCHBE B IMpejenax CXKUMAeMOM TONIIM BO3HHUKAIOT MEHBIINE
BEPTUKAJBHBIC HAMPSDKEHUS TIOJ IIEHTPAJbHOW OCh INTamMIla B CPaBHGHHUU C
PaBHOMEPHBIM pacHpe/ie/icCHHBIM BEPTUKAIbHBIM HarpyxenueM (tumn I1) (pucyHok 16).
3HayMMOe pacxoxkaeHue HaOmomaeTces mo riayounsl 0,7b, mpu BemuunHe pacyeTHOM
ckuMaemor tommm paBHou 1,8b. Ilpu BapmanTax 3arpyxkeHuss B KOMOWHAIMSX C
BEPTUKAJIILHBIM HarpykeHuem mo Tumy |l BepTuUKalbHbIE HANPSDKEHUS HMEIOT
pacxokJieHHue 0 TJyOWHBI PaBHOM HIMPHHE INTamia D B CPaBHCHHH C PaBHOMEPHBIM
pacmpe/ieJICcHHbIM ~ BepTHKaibHbIM  Harpyxenuem (tum Il1). Tlpu  npunoxenun
TOPU30HTAJIBLHOM HArpy3ku B KoMOuHanusx ¢ HarpyxeHueM tun |l HanpsbkeHus

MPEBBIMIAOT aHaiornyHblie o tumy |11 B auanazone no 60%.

Pacripenenienre rOpu30HTAJIBHBIX HAIPSHKEHUWA 0] LEHTPAIBHOM OCBIO IS
BCEX CpaBHMBAaEGMbIX BAapUAHTOB HArpy>KCHHUsS TIPEBBIINIACT HANPSHKCHUS TPU
paBHOMEpHO# pacnpenereHHoN Harpy3ke mo tumy |l mo rmy6uns 0,7b (pucynok 16).
Haubosbimme pacxoxaecHus HaOII0Aar0TCS B IOBEPXHOCTHOM cJjioe A0 TiyouHbl 0,150 u

NPEBBIIAIOT  paBHOMEpHOe 3arpyxkeHue Ha  100-350%. Takoe 3HauMmoe
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TOPU30HTAIbHOE O0KaTue TPyHTAa CKa3aloch Ha JAe(pOpPMHPYEMOM COCTOSHUU

OCHOBAHMU:I.

Haubonpmmii monoxxuteabHbli 3G (GEKT, ¢ TOUKHA 3peHUsI MEHbIIeH nedopMauu
OCHOBAHMSI, IPOSIBIIIETCA B BapUAHTAaX 3arpyKEHUsI ¢ HAMMEHbBIIUMH BEPTHUKAIbHBIMU U
HauOOJBIIMMU TOPU3OHTAJIBHBIMU HAIPSDKEHUAMU. TakuMu BapUaHTaMH SIBJISIIOTCS
koMOuHanuu ¢ tunoMm |. B wactHocTm Ha pucyHke 17 mokazaHbl pacrpeaeicHUs
TOPU30HTAJIBHBIX HANPSDKEHUH B TOPU30HTAJIBHBIX IUIOCKOCTSAX IMOJ INTAMIIOM IpHU
koMOuHanuax «l-1» wum «l-4» B cpaBHeHHH C pPaBHOMEPHBIM paCHpPEICICHHBIM

Harpy>K€HHEM.

PaccToAHWe OT LLeHTPa HarpyXeHun, M PaccToAHWe OT LieHTPa HarpyeHus, M
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Pucynoxk 17 — PacnipeneneHnue ropu30HTaNbHBIX HAIPSHDKEHUM MO TTOIOIIBOM
HITaMIIa Ha pa3IMYHbIX MTyOHHAX: a) riryouna 1,5 m; 6) rimyouna 3,0 m;
B) riyouna 4,5 M
MakcumanbHOE  HarpyK€Hu€  TOPU3OHTAJIBHOW  HArpy3KOW  YBEIUYUIIO
TOPU30HTAJIbHBIE HANPSKEHUS B LIEHTPAJIBHOW 30HE B CPABHEHHM C PAaBHOMEPHBIM

Harpykenrem. Jlanuweii sddext HaOMoOmaeTcs g0 TrayOMHBI paBHOW UIMPUHE
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dbynnamenta. brnarogaps Takomy pacnpeneneHUI0 B MOBEPXHOCTHOW 30HE OCHOBAHUSA
dbopmupytoTcs MeHbline 3HaueHus aedopmaiuii. CTOUT OTMETUTh, YTO B JIaHHBIX
BapuaHTax HaOIIOAAeTCs MPAKTUUYECKU PAaBHbIC 3HAUCHHS HAINPSHKEHUN B KPACBOM 30HE

dbyHmameHTa.

BOBHCﬁCTBHG Ha TPYHTOBOC OCHOBAHHUC BdpHAHTAMH  HAI'PYKCHHUA B

KOMOHWHAIIMK ¢ THIMOM | MOXXHO TIPEICTaBUTh B BHJE PACIPEACICHHONW HArpy3Kd I10
B gactHOCTH,

KpHBOHHHeﬁHOﬁ IOBCPXHOCTH. MMPCAJIOKCHHBIC [TJI1 CpPAaBHCHUA

BapHaHThI, OyIyT COOTBETCTBOBATH KPUBU3HAM IPEICTABICHHBIM B Ta0mHIIe O.

Tabnuma 6 — CooTBETCTBHE BapUAHTOB HATPY3KHU U KPUBU3HBI KOHTAKTHOMN

MTOBEPXHOCTHU
BapuaHT HarpyxeHus I-1 -1 -1 V-1
OtHOCuTENbHAs
CTpela nojabeMa 1 1
KOHTAKTHOM 45 6,0 8,0 18,0
TIOBEPXHOCTH, h

Tabnuua 7 — [ledopmupoBaHue MPpH pa3IMYHbIX BAPUAHTAX 3arPyKEHUS

MOIHOCTD Jebopmartus B peeaax cxuMaemoit Tommm™, Mm\%
Bapuant o
CARUMacMon Hentpansuas | Kpaiiass och Cpennee
Hal"p}I)KGHI/H[ TONIIH, M N B ) PaSHI/IIIa**
ocb, X=0 X=3M 3HAYECHUE

-1 115 142 131 11 135
-17,0 +19,1 7,7 +3,8
1.2 114 139 130 9 133
-18,7 +18,2 6,5 +2,3
136 129 7 131
-3 11,3 -20,5 +173 51 +0,8
132 127 5 129

I-4 11,2
== -22,8 +15,5 3.8 -0,8
226 99 127 141
-1 117 +32,2 -10,0 56,2 +8,5
223 98 125 140
-2 116 +30,4 -10,9 56,1 +7,7
-3 115 220 96 124 137
+28,7 -12,7 56,4 +5,4




52

Mo1HOCTh JHedopmarus B mpenenax cxumaeMon Toamu*, Mm\%
Bapuant o
CKMMaeMOit >
HarpYKeHHUs Hentpansuas | Kpaitass ocs, o Cpennee
TOJIIITH, M _ _ Pazumiia
ockb, X=0 Xx=3M 3HAYEHHUE
216 95 121 135
-4 114 +26,3 -13,6 56,0 +3,8
171 110 61 130
Tun I 11,2
o ! 0,0 0,0 35,7 0,0

*[Ipumeuanue: B Tabmuiie cTpokax B BepXHEW sueilke yKa3aHO 3HAUYCHUE
OCaJKM B MWIIMMETpaxX, B HW)XHEH pa3HHLA B IPOLIEHTAX B CPABHEHUU C BUAOM

3arpyskenusd o tuny |l npyu ananoruyHOM yClIOBHH pacoNOKEHUS.

**VYkazaHa pazHUIIa MEXKIY 3HAYCHUSIMU OCAJO0K MOJ IIEHTPaJIbHOU U KpaitHel

OCBIO (PyH/IaMEHTA.

Onenka aepopMUpPyeMOCTH TPYHTOBOI'O OCHOBAaHHS Obljla IPOU3BENIEHA IO
HanOoJiee HarpyKeHHOW UEHTPAJIbHONW BEPTUKAJIbHON OCHM (yHIaMEeHTa U 1O OCH,
npoxojsiied dyepe3 Kpail Qynmamenta (tabmuma 7). Pacuér pedopmupoBaHus
IPOU3BOAWICA C Y4YETOM OIpENeJeHUs] CABUIOBOM M 00BEMHOHN aegopmanuu 1o
ypaBHeHHio [enke (2.5). YcranoBneHo, uto nedopMUpOBaHHE MO MEHTPATBHON OCH B
KOMOMHAIIMAX Harpy3ku 10 Tuny | W TOPU3OHTAJIBHBIX KOHTAKTHBIX JIIOP
YMEHBIIWIIOCh B aAuarna3zoHe ot 17 go 23%, a mo KpalHEd OCH YBEIWYWIOCH B
nuana3one oT 16 10 19% B cpaBHenuu ¢ TunoMm lll. Onpenenenne cpeanel ocaaku B
JAHHBIX KOMOWHAIMAX TIOJ TIOJIOCOM HarpyxkeHus 1o ¢dopmyne (12) mokaszano
He3HauuTenpHOE yBenndeHue 10 4%. CTOUT OTMETHUTh, UTO PE3KO CHU3WIACH PA3HULIA
MEXIy OCaJKaMH IEHTPAIbHONW U KpailHel ocu (yHIaMeHTa, YTO TOBOPUT O Oojee
paBHOMEpPHOM  J1€()OPMHUPOBAHUM T'PYHTOBOIO  OCHOBAHHA,

qTo IIpUBOAUT K

BO3HUKHOBCHHIO MCHBIIINX BHYTPCHHHX HaHpH)KeHI/Iﬁ B TCJIC (bYHI[aMCHTa.

B Bapuantax Harpy)XeHus KOMOMHALMSIMH C DMIOPON  BEPTUKAJIBbHBIX

KOHTAKTHBIX JdaBjiaeHud 1o Tuny |l HabmomaeTcss moBbllieHHWE aedopManvu Moj

ueHTpaanoﬁ OCBIO 3aIpyKCHUA, a4 TAKIKC YBCIIMICHHUC CpeHHeﬁ OCadKH B JUAIIa30HC OT

4 1o 9%.
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Pasnuunst B 3HAUeHHAX KOHEYHOM JedopMaluu MOBEPXHOCTH OCHOBAHMS
CBS3aHBI C PA3HHIICH B pACHpeNeSCHUU CIBUTOBOM M 0O0OBEeMHOHN nedopmaruii B
ckumaeMoil tonme (pucynok 19, 20). Ilpu ananmsze pas3Butus aedopmanuidi Mo
LHEHTPAJIbHOM OChbi0 npu 3arpyxeHus no tuny | u tumy Il ycranoBneno, uro npu
pPaBHOMEPHOM pacmpe/ieieHHoM 3arpykennd o tuny Il o ormerku -0,5b o6bemuas
nedopmaius npeobsiaiaeT HajA CIBUIOBOM, HMXKE 3TO COOTHOLICHUE MEHSETCS Ha
POTUBOMOJIOXKHOE. MakcumanbHble 1eopMaluyd TPOUCXOAAT B TPYHTOBOM TOJIIE HA
ormetkax ot -0,15b mo -0,3b mamee pasButue aedopmarmii MMeEET 3aTyXaroIlui
xapaktep. B komOuHanusx c 3arpykenueM 1o tumy | nepopmupoBaHie MaccuBa UMeeT
oTiM4yHOe OT 3arpyxeHusa no tuny lll. B yactHocTH, npu pacyére B MOBEPXHOCTHOM
CJIO€ TOJY4YeHbl OTpHUIIATEIbHBIE 3HAYEHHUS CABUTOBOM nedopmariuu, JaHHBIM GakT
CBSI3aH C TE€M, YTO CPEJHHE HAINPSDHKEHUS T, NPEBBIIIAIOT BEPTUKAIbHBIC HAMIPSHKCHUS
o, . llpeBbllienus o,, HajJ 3HAYCHUSIMH O, CBS3aHO C BBICOKHMH 3HAYCHUSIMU
TOPU30OHTAJIBHBIX HAINpPSDKEHUH O, B TIOBEPXHOCTHOM CIJIO€ H3-3a HMEIOLIEHCs
TOPU30HTAILHOW JMIOPHl KOHTAKTHBIX HANPSDKEHUH, Jaliee ¢ YBEIMYEHUEM TITyOWHBI
IPOUCXOAUT PACCEBAHUE JAHHOTO 3(deKxTa OT rOpU30HTAILHOTO 00KaTUs. 3HAUYEHUS
MaKCUMaJbHBIX Je(opManuii cioeB rpyHTa B orimuue ot tuna |l cmemaercs rioy0xe

1o ormetku -0,5b.

Oedopmaums, mm Oedopmauma, mm
0,0 0,5 1,0 1,5 2,0 2,5 -1,0 -0,5 0,0 0,5 1,0 15 2,0
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w0 6l1an gedopmauma = 61aA gedopmauma

Pucynox 18 — Jlepopmaniuu cnoes Pucynox 19 — Jlepopmaniuu cioes

rpyHTa nipu komOunanmu tur |1 rpyHTa nipu komOuHanuu «l - 4»



54

Oedopmauusa, mm OcapgKa, mm
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Pucynox 21 — Pa3Butre ocaaku 1Mo
Pucynox 20 — Jlepopmaniuu cioes
[EHTPOM Harpy»KEHUs MPHU Pa3TUUHbIX
rpyHTa npu komouHauuu «l - 1»
KOMOUWHAIIUAX HArPy3KU

PazButne obmieit nedopmaiuu mno rryoune B komouHanusx tvan 1, «l — 1» u «l
— 4» B 1IETOM UMEET CXOXKUM XapakTep pa3BUTHs, KPOME MOBEPXHOCTHOTO CJOS JI0
rryounsl 0,5b. Jlns xomOumuanmu «l — 1» mo ormerkum -0,16b 3mauenums mpupocra

nepopManuil MpakTHUECKH UMEIOT HYJICBbIC 3HAUeHUs (pUCYHOK 21).

AHaJIM3 PacCMOTPEHHBIX B JIAHHOM MYHKTE CIy4aeB HArpy>KEHHsS TPYHTOBOTO
OCHOBaHMsI TIOKa3ajl, 4TO B BapUaHTax 3arpyeHus ¢ TurnoM | KoHeuyHas ocajaka
npeBbimaet ocanaky mo tumy |l He 6onee 4%, 4TO MO3BOJSET UX MPUHATH KaK PABHBIE.
Jns  onpeneneHuss KO3(p(ULIHMEHTOB, YYUTHIBAIOIIUMX YBEIMYEHHE HArpy3Kd MpHU
YCTPOMCTBE (PYHIAaMEHTOB, HMECIOIIMX KPHUBOJMHEHHOM oOuYepTaHHEe KOHTAKTHOM
MOBEPXHOCTH, ObUIO MPOU3BEAEHO COMOCTABICHUE CYMMAapHOTO CHJIOBOTO Harpy>XKeHUs
HAa OCHOBaHHUS TIPU PA3IUYHON (POpME KOHTAKTHOM MOBEPXHOCTH MO OTHOIICHUIO K

3arpy»KEHUIO MO MIOCKOW KOHTAKTHOW IMMOBEPXHOCTH.
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k, = P (2.9)

rae ky, - moBbIArOmUA  KO3QQUIMEHT, yIUTHIBAIOIMA (HOPMY IOIOIIBHI
dbyHnamenTa;

*

p* - CyMMapHOE€ CWJIOBOE BO3JCHCTBHE II0J] KPUBOJWHEHMHOW KOHTAKTHOU
MTOBEPXHOCTHIO;

P - CYMMAapHO€ CHUJIOBOC BOSHCﬁCTBHC 1o, IUIOCKOM KOHTAaKTHOM IMOBCPXHOCTBIO.

yCTaHOBJ'IeHO, 4TO IIPpU HU3MCHCHHUU OTHOCHUTEJIBbHOM CTpCJiibl IIOOABCMA h ot
3HA4YCHMUA 0,05 J0 0,2 IMPOUCXOAUT YBCINYCHHUC MAKCUMAJIbHOT'O CYMMAPHOI'O CUJIOBOIO

Bo3jericTBUs Ha 10% mpu paBHOM 3HAYCHUHU OCAIKH (PUCYHOK 22).
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OTHOCUTENBHAA CTpeNnanogbema, h

Pucynoxk 22 — 3aBucumocts k03P uiinenta Harpy3kiu OT OTHOCUTEILHOM CTPEIbI

moabeMa

JlanpHeliiee yBeJIMUCHHE OTHOCUTEIIBHOM CTpeJibl oJabeMa He 1eecoo0pa3Ho
M0 TMPUYMUHE BBIXOJA 3a MpeNebl padoThl (PYHIAMEHTOB B BHJIE€ MOJOTHX O0OJIOYEK U

YBEIMYECHUIO TPYA03aTpaT MO MPOBEACHUIO 3eMJISTHBIX PadoT.

Anroput™M mon0opa KPUBHU3HBI KOHTAKTHOM IOBEPXHOCTH, C TOYKH 3PCHHS

neopMupyeMocTy, HEOOXOIUMO MPOBOJAUTH IyTEeM oOmpesaeiacHus aeopmamuii as
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pa3IMyYHBIX PAJAMYCOB KPUBU3HBI U TMOCIEIYIOIIETO aHajiu3a C BBIOOPOM Haubosee
ONTHUMAJIbHOM F€OMETPUNA KOHTAKTHON MOBEPXHOCTH MO KOHEYHOU OCaTKHU (PyH/IaMEHTA
U DKOHOMHYECKOW H(P(EKTUBHOCTU. AJITOPUTM NOAOOpA KpPUBHU3HBI KOHTAKTHOM

MOBEPXHOCTH NPEITIAraeTCsl CIE YOI

1. Onpenenuth BeAMUMHY UM XapakTep paclpeaesieHUs] KOHTAKTHBIX
BEPTUKAIBbHBIX M TOPU30HTAJIBHBIX HAIPSHDKCHUH, PAacCMOTPEB HECKOJBKO (opm
KOHTaKTHOW IOBEPXHOCTH, HAIlpUMep, MpU OTHOCUTENbHOM crpene nogbema 0,0, 0,1,
0,15u0,2;

2.  OnpenenuTh HAMPsHKEHHOE COCTOSIHUE TPYHTOBOTO MacCHMBa OT 3aJJaHHOTO
Harpy>kKe€Hus 110 U3BECTHBIM (OopMyJiaM TEOPHH YIPYTOCTH,;

3. YcraHoButh BenmuuuHy nedopmanuii moa GyHIaMEHTOM MO LEHTPaTbHOM
U KpanHe! OCU Ul ONpPENEJICHUs CPEIHEr0 3HAYCHUS U BEIWYMHBI HEPABHOMEPHOCTH
OCaJIKu;

4. IlpousBectu noaOOp KPUBHU3HBI KOHTAKTHON MOBEPXHOCTH, HCXOAS U3
KOHCTPYKTUBHBIX U TEXHOJIOTMUECKUX TPEOOBAHUM C LIEJIBIO MOJIYYE€HHUS MAKCUMAJIbHOM
3 PeKTUBHOCTH.

JUIsi IpakTHYEeCKOro MCMOJIb30BAHMS JTAHHBIM aJIrOpUTM OBUT NPENCTaBJIEH B

BU/JIEe OJIOK-CXEMBI MPEJICTAaBICHHOW Ha PUCYHOK 23.
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(1. Omnpenenense HITATEHOH MTHPHHEL
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Pucynoxk 23 — bnok-cxema omnpenenenus ocaaku GyHaaMeHTa

MIpU KPUBOJIMHEWMHON (hOpME KOHTAKTHOM MOBEPXHOCTH

2.3 ConocraBJjieHue IKCIIEPUMEHTAJBHBIX JAHHBIX ¢ AHAJIUTUHYECCKHUM PEIICHUEM

DKCNepUMEHTAIbHBIM HMCCIIEI0BaHUAM (PYHIAMEHTOB CHOCOOHBIX CO3/1aBaTh
HaIIPSDKEHHOE COCTOSIHUE MAacCUBa OTIMYHOE OT PACHPENENICHUs MOJ IUIOCKON
KOHTAKTHOW IMOBepXHOCThIO 3aHuMaiuch [102, 107, 146, 154, 164]. B pesynbrate
MOJIEBBIX U J1A0OPATOPHBIX HMCCIENOBAHUNA OBbUIM BBISABJICHBI MapaMeTpbl CIOCOOHBIE
OKa3bIBaTh BIUSHUE Ha J1e(OPMUPYEMOCTb M HECYIIYI0 CIIOCOOHOCTH OCHOBaHHs. B
yacTHOCcTH, B paborax Ilponosuna S.A. u MenbaukoBa P.B. wuccinegoano
B3aMMOJICHCTBHE MOHOJIUTHOTO >KEJI€300€TOHHOTO OMOPHOTO KOJIbLIAa OOBEIUHEHHOTO
TOHKOCTEHHOM 000J0YKOM, BOTHYTOM I10 OTHOLIEHUIO K TPYHTY C TPYHTOBBIM
OCHOBaHMEM €CTECTBEHHOTO cliokeHus. [lo pe3ynbraraM MNpOBENEHHOTO IOJIEBOTO
UCCIIEIOBAaHMsI YCTAHOBJEHO, 4YTO (YHIAMEHT B BHJE BBIMTYKJIOH BBEPX MOJIOrOH

000JI0YKH, apMHUPOBAHHON MO paJHaIbHOM cXeMe, MOATBEPAUII CBOE MPEUMYIIECTBO
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IIPU [IEPUMETPAIIBHOM HATPYKEHUH B YCIOBUSAX IOJIEBBIX UCIIBITAHNUN 110 OTHOLIEHUIO K
KECTKOMY IUIOCKOMY (YHAAMEHTY IO HECYIIel CIOCOOHOCTH M 3HAYEHUSIM OCaIOK.

C nomol1ipo0 Mecc103 B IaHHOM paboTe ObLIN MOJyYEHbl 3HAUEHNUSI KOHTAKTHBIX
HaIpsSKEHUM, KOTOPbIE BO3HUKAIOT 10 KPUBOJMHEWHOW KOHTAKTHOW IOBEPXHOCTU NPH

pa3IMYHOM BJIaBIIUBAIOIIEM BEPTUKAIBHOM YCHIIUU (PUCYHOK 24).

Pep =50 kTla p Pep = 150 kITa

2 D35 s
D
%
127

55 M 38222936 4 60 5T

rgg 0 LAl
93

g, xlla

Pep =250 klla

Pucynox 24 — Dmopa KOHTAaKTHBIX TaBJICHUH JJIS )KECTKOTO IIITaMITa U

dbyHIaMeHTa ¢ KPUBOJIMHEHHON KOHTAKTHON TTOBEPXHOCTHIO

JIns CONOCTaBIIEHUS] 3HAYEHUWW OCAJOK pEaJbHBIX IITAMIIOB, ITOJTYYEHHBIX
DKCIEPUMEHTAJIBHBIM IIyTEM, U PACUETHON METOAMKE PACCMOTPEHHOW B JAHHOM IJaBe
OBbLIO MIPOM3BENIEHO OCPEIHEHUE 3HAYCHUM HANpPSKEHUI Ha TpeX y4acTKaX HarpyKeHus

JUTSL CO3/IaHUs pacUuETHON CXEMBbI ONMCAHHOM BbINIE (PUCYHOK 25).
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PI/ICYHOK 25 — PaCHpCI[CJ'IeHI/IC KOHTAaKTHBIX I[aBJIeHI/Iﬁ IO SKCIICPUMCHTAJIbHBIM

mtamioM nipu gasienun p=150 kIla (Ilponosun f.A., MenbaukoB P.B.)

Tabnuma 8 — [lepopmupoBanue npy pa3IuIHbIX BapUaHTaX 3arpyKeHUs M0

TEOPETHYECKOMY pacueTy.

Bun Jledopmarius B mpeaeiax ckumaeMoi Tou*, Mmm\%
KOHTAKTHOHN eHTpanbpHas | Kpaliasas och, Cpennee
TTOBEPXHOCTH : OCII>), x=0 ’ X=3M Pasmmua™> 3HIE)1LII;HI/IG
nockas 13,0 8,2 4,8 9,8
0,0 0,0 36,9 0,0
Kpuponuneiinas 11,1 7 36 8,7
-14,6 -8,5 32,4 -11,2

[Ipumeuanue: *B Talnuie cTpokax B BEpXHEHW sUEHKE yKa3aHO 3HAUYCHHE
OCaJIKU B MWIIMMETpaxX, B HWKHEH pa3HHUIA B IMPOLEHTAX B CPAaBHEHHHM C BUJIOM
3arpy’>K€Hus TOJI IUIOCKOM KOHTAKTHOM MOBEPXHOCTHIO MPHU AHAJIOTMYHOM YCJIOBUHU
PacoJIOKEHHUS.

**Vka3aHa pazHUIa MEXKIY 3HAUEHUSIMU OCAJO0K MOJ LIEHTPaIbHOU M KpailHeil

OCBIO (PyH/IaMEHTA.

AHaIUTUYECKUM pacuyeToM TMpU HUMEIOUIeICs JMIope BEPTUKAJIbHBIX U
TOPU30HTAIBLHBIX KOHTAKTHBIX JABJICHUN YCTAHOBJICHO, YTO 3HAYCHHUE CPEIHEU OCaIKU
Tammna, MMEOLIEro KpUBOIMHENHYIO KOHTAKTHYIO TIOBEPXHOCTh, MeHbIIE Ha 11%, yem
0caJiKa TIOCKOTO IITaMIla PU aHAJIOTUYHOM JaBjieHun (tabnuia 8). Taxxke pacueTom
YCTAaHOBJIEHO YMEHBIIIEHUE 3HAYECHUN PACUETHBIX OCAJIOK ITOJI LEHTPAIIbHOMN U KpauHEN

OCBIO IITaMIIa.
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ComnocrtaBneHre pacyeTHBIX W OKCIEPUMEHTAIBHBIX 3HAUYEHHH  OCAJOK
(Tabnmma 9) mokasano, 3HAUYUTEIbHBIE PACXOXKICHHUS TPH CPABHEHUHU CPEIHUX OCAIOK
IITAMIOB C PA3JIMYHON KOHTAKTHOW MOBEPXHOCTHIO. B yacTHOCTH, MITaMI C IJIOCKOI
KOHTAaKTHOH TIOBEPXHOCTBIO TIOKa3al MO pe3ysibTaTaM »3KCIIEpUMEHTa OOIblmee
3HAQYEHHWE OCaJKH, YeM pacuyeTHOe, YTO MOXKHO CBs3aTh C pa3BUTHEM o0OjacTen
IpeaebHOTO PaBHOBECHS], TaK KaK JIaBJICHUE MPEBHICUIO PACYETHOE CONMPOTUBIICHUE
TpyHTa, a Takke ¢ 3(pQexToM mpope3aHus OCHOBaHHS KpasMu (yHIaMEHTa, 4TO He

YUYUTBIBACTCA IIPHU aHAJIUTHYICCKOM pPACUCTC.

Tabnuna 9 — ComocraBneHue 3KCIePUMEHTAIBHBIX U PACUETHBIX 3HAYEHUH 0CaI0K

. Cpennssa ocaaka mramiia, MM
Bupg xonTakTHOM 3 peA A 1; — Pa3nwuia,
MTOBEPXHOCTH KCIIEPUMEHTAJIbHOE acu€THOE MM
3HAaUYCHUE 3HaYeHUE
IL1ockas 15,0 9,8 5,2
Kpuonunennas 5,0 8,7 -3,7

B ciydyae kpuBONMHEMHOW (OPMBI KOHTAKTHOM MOBEPXHOCTH PaCUETHOE
3HAYEHHE MPEBBIIIACT HKCIIEPUMEHTAIBHOE. Y MEHBLICHUE B PACXO0XKICHUHW 3HAYEHUU
OCaJlOK  MOXHO  JOCTHYb  MyTeM  JOMOJHUTEIBHOIO  y4yeTa  MOBBIIICHUS
Nne(OPMAIIMOHHBIX XapaKTEPUCTUK TPYHTa BCJEACTBHE HABEIECHHOTO HANPSKEHHOTO
COCTOSIHUSA, KOTOpPO€ MOXXHO CO3JaTh 3a CYET (POPMbI KOHTAKTHOM MOBEPXHOCTH
CUCTEMBI «OCHOBaHHe-(yHIaMeHT». B yacTHocTH B paborax [5, 20-23] yka3sbiBacTcs
npsiMasi  CBSI3b  YBEJIMYEHUS MOJAYJs JAepopMaluy TIpyHTa MpU  yBEIWYCHHUH
TOPU3OHTAJIBHBIX JABJICHHM Ha oOpasel] IpyHTa NpPH €ro HUCIbITAaHUM B NpUOOpax
TPEXOCHOTO CXaTus. JlaHHOe ropu30HTaNbHOE 00XKATHE CO3/aeTCsl MPHU HarpyXeHUH
OCHOBAHMSI IOCPEACTBAM KPUBOJIMHEMHOCTH MOBEPXHOCTU OCHOBAHMS, B pE3yJIbTaTe
4Yero B MOBEPXHOCTHOM CJIO€ TPYHTa PE3KO YBEIUYMBAETCS 3HAYEHUE TOPU3OHTAIBHBIX
HaIpsHKeHUH 0, W, KaK CIEACTBUE, MPOUCXOAUT YBEIMYEHHE MOAYJS Jedopmanuu
rpyHTa E.

Takxxke  cimegyer  y4ecTb  YCIOBHYKO  «MTHOBEHHOCTB»  IPOBEICHHUS

OKCIICPUMCHTAJIBbHBIX HCCHGI[OBaHHﬁ. B YCIIOBUAX PCAJIbHOTO CTPOUTCIBCTBA U
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OKCIUTyaTallM  3JAaHUA W COOpY)KEHMH pa3Butue naedopmanuii  OCHOBaHUS
COOTBETCTBYET OoJiee JUIMTENBHBIM IPOLECC, B PE3yJbTaTe€ YEro BO3MOXKHO
3HAYNTEIILHOE HAapacTaHUE JOIMOJHUTENIBHONW OCAaJKH B PE3yJbTaTe MPOJOJKUTEIBHON

KOHCOJIMJALIMHA TPYHTOB MO/ HATPY3KOM.
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BuiBOABI

[To pesynpTaTam NPOBEJECHHOTO AHAIUTUYECKOTO pacyeTa IO OIpPEIesICHUIO
HaIPsHKEHHO-Ie(DOPMUPOBAHHOTO COCTOSIHHSI TPYHTOBOTO OCHOBAHUS 3arpyKEHHOTO
Pa3IMYHBIMU SIIOPAMU BEPTUKAIBHBIX U TOPU3OHTAIBHBIX KOHTAKTHBIX JIaBJICHUN
YCTaHOBJICHO:

1. OcHOBHOE pa3zIMuue B BEJIMYMHE M XapakTepe paclnpoCTpaHEHUs
BEPTUKAJIbHBIX ¥ TOPU3OHTAJIBHBIX HAMPSHKEHUN MPOUCXOJUT B CJIO€ PAaBHOM IIHPUHE
dbyamamenTa B oT ypoBHS KOHTAaKTHOW MTOBEPXHOCTH;

2. MuHuManbHOE 3HAUYEHHE BEPTUKAIBHBIX HAMNPSDKEHUHM B TPYHTOBOM
OCHOBAaHHMH IO/ TOJOMIBOM (yHIaMEHTa, MMEET BapHaHT 3arpy>kKeHus, B KOTOPOM
MaKCUMaJbHOE 3HAYCHHE pacClpele/IeHHON Harpy3kd HaxXOmITCS B KpaeBOW 30HE
dbyHnameHTa.

3. Pacuer ocaaku mpum CHOKHBIX (OpMax KOHTAKTHBIX ITOBEPXHOCTEH
HEOOXOJMMO TMPOU3BOJUTH C YYETOM paslelieHus JuHEeHHOW pJedopManuu Ha
CIABUTOBYI0O M OOBEMHYIO, 3TO MO3BOJIUT OTPa3UTh OCOOCHHOCTH B3aMMOJICHCTBUS
CHUCTEMBI «OCHOBaHHE-(PYHIAMEHT)» TIPH CIOKHBIX (pOpMax KOHTAKTHBIX IOBEPXHOCTEH;

4. Tlpu WU3MEHEHMH COOTHOIICHUS HArpy>KEHUS YYaCTKOB PaBHOMEPHO
pacnpeneeHHOM Harpy3Kd TIpH  YCJIOBUHM COXPAaHEHHWS HWTOTOBOTO CYMMAapHOTO
CHUJIOBOTO BO3JICHCTBUS, HAOJIOMAeTCS HE3HAUMTEIHLHOEC PACXOXKICHHE B BEITUYHHE
TJIyOMHBI CKUMAEMOM TOJIIIIH, OTNPEACICHHOM o MeToauke, onucanHon B CIT [141]. B
YaCTHOCTH, PACXOXIACHHUS HE MPEBBIMAIOT 5%, YTO JOMYCTUMO CUHMTATh HE3HAYMMOU
BEJIMUMHOM;

5. Cosznmanue JOMOJHUTEIBHOTO TOPU3OHTAIBHOTO OOXATHsl TPYHTa TIpH
BapHaHTE PABHOMEPHOT'O BEPTUKAIBHOTO 3arpy>KCHHS HE TIOKa3all C MHKCHEPHON TOUYKHU
3peHHUs TOJIOKUTEIHHOTO 3(PdeKTa, Tak HAOIIOJACTCS TEHACHIMS MO YBEIMYCHHUIO
BEJIMYMHBI OCAJIKU MO/JI [IEHTPAIBbHON U KpalHel ockio mTammna. Takxke B mipeaenax 5%
MPOUCXOIUT TIPUPOCT HEPABHOMEPHOCTH JAe(HOPMUPOBAHNS OCHOBAHMUS;

6. HaubGonpmmii mnonmoxutenbHbli AG(EKT C TOYKM 3pEHUS MEHbIIEH

)Ie(l)OpMaHI/II/I OCHOBaHHA IIPOABICTCA B BapHaHTaxXx 3arpy’XCHUA C HAWMMCHBIIMMH
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BEPTUKAIILHBIMA W HaWOOJBIIUMH TOPU3OHTAIBHBIMU  HAMPSOKEHUSMU. | aKUMU
BapHaHTAaMU SIBJIAIOTCS KOMOWHAIIMKM, B KOTOPBIX MAaKCHMAJbHBIC 3HAYCHUS
BEPTUKAJIBHBIX U TOPU30HTAIBHBIX KOHTAKTHBIX JaBJICHUN CMEIICHbl K KPaeBOM 30HE
¢ynnamenta. CTOUT OTMETUTh, YTO B JAHHBIX KOMOMHAIMSIX CHU3WJIACh pa3HUIA
MEXIy OCaJKaMH UEHTpaJbHOW M KpaitHel ocu ¢dynmamenta ¢ 36% g0 cpemaHero
3HaueHus B 5%, 4TO rOBOpUT O OoJjiee paBHOMEPHOM JAe(POPMUPOBAHUU TPYHTOBOTO
OCHOBAHUS, YTO MPUBOJUT K BOSHUKHOBEHHUIO MEHBIINX BHYTPEHHUX HAMPSIKEHUN B
Tese pyH/1aMeHTa.

7. Ilpu pacuére KOMOWHAIIMI, ONMKUCAHHBIX B MYyHKTE 6 NAHHBIX BHIBOJOB, B
MOBEPXHOCTHOM CJIO€ MOJIyYEHbl OTPUIIATEIbHBIE 3HAYEHUsl CABUIOBOW nedopmanuu,
JaHHBIN (DaKT CBSA3aH C TEM, UTO CPEIHHE HAMNPSHKCHUS Oy, MPEBBIIIAIOT BEPTUKAIHHBIC
HampsDKeHUsT 0, . B peanbHBIX YCIOBHSIX JTO TMPOSIBISETCS B (OPMHUPOBAHUU
YIUIOTHEHHOTO TPYHTOBOTO SIAPA MO/ 3arpyKEHHBIM IITAMIIOM;

8. VYwmeHbIleHHME B PACXOXKICHWUW OKCICPUMEHTAIBHBIX W PACUCTHBIX
3HAYEHUHA OCaJOK MOXKHO JOCTHYb IyT€M JOINOJHHUTEIBHOIO YYeTa IOBBIIICHUS
nedhOopMaIIMOHHBIX XapaKTEPUCTUK TPYHTA BCJEICTBHE HABEJIEHHOTO HAMPSKEHHOTO
COCTOSIHUSA, KOTOpPO€ MOXXHO CO3JaTh 3a CYET (POpPMbI KOHTAKTHOM MOBEPXHOCTH
CUCTEMBI «OCHOBaHHME-(QyHIaMEHT». JIOMOJHUTETLHOE TOPU3OHTAIBLHOE OO0XKaTHEe
CO3/Ia€TCsl MPU HArpy>KEHUU OCHOBAHUS MOCPEACTBAM KPUBOJIMHEWHOCTH MOBEPXHOCTH
OCHOBAHMsI, B PE3YJIbTATE YEr0 B IMOBEPXHOCTHOM CJIO€ TPYHTA PE3KO YBEIUYMBAETCS
3HAUYEHUE TOPU3OHTAIbHBIX HANPSHKEHUW O, U, KaK CIEJICTBHE, MPOUCXOJUT
yBEJIMYECHHE MOy Aedopmaniuu rpyHra E;

9.  VCTaHOBIEHO, YTO MPH M3MEHEHHH OTHOCHTENBHOH CTpemsl moxbeMa h oT
3HaueHus 0,05 mo 0,2 BO3MOXKHO yBEIMYEHUE MAKCHMaJIbHOTO CYMMapHOTO CHJIOBOTO

Bo3aeicTBus Ha 10% mpu paBHBIX 3HAYEHUAX KOHEUHOW OCAJIKH.
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3 HECYIIAS CHOCOBHOCTb U PACYUETHOE COIMPOTUBJIEHUE

OCHOBAHUSI ®YHIAMEHTA C KPUBOJIMHEMHOM IMOJOIBOM

3.1 O0mme MoJI0KeHUS

HanexHoil Teopueil 1O OMNPEACIICHUIO HECYIIEH CIMOCOOHOCTH TPYHTOBOTO
OCHOBAaHMsI, KOTOpasi Hallljla CBOE MOJATBEPKACHUE HE TOJIBKO MPHU PEIICHUU OOJBIIOTO
KOJIMYECTBA TEOPETHYECKUX  3aJady, HO W  MHOTOKPAaTHO  IOJTBEpKIAIach
DKCIIEPUMEHTAJIbHO, SBISETCA TEOpUs MpeAenbHoro pasHoBecusi rpyHrta (TIIPT).
Ucnons3yss u3BectHble pemeHus TIIPIT myrem wux mnpeoOGpa3zoBaHuii, IPOU3BOJISAT
pElIeHUs] HECTaHJAPTHBIX BApPHAHTOB YCTPOMCTBA (PYHIAMEHTOB JJisi BBINOJHEHUS
TpeOOBaHUI HOPMATUBHON JOKYMEHTALIHH.

B npeiictByromiem Ha cerogusamuuii aeHb CII 22.13330.2016 B myHKTax 1o
OMPENICICHUIO HECYIIe CIOCOOHOCTM OCHOBaHUM yKa3aHO, YTO «HEOOXOJIUMO
yuuThiBaTh (opMy (GyHIaMEHTa M XapakTep €ro MOAOUIBbI, HaJIW4Yhe CBs3eH
dyHIaMeHTa ¢ JpYrMMH 3JIEMEHTAaMU COOPYKEHUS, HaIUIaCTOBaHUE U CBOMCTBA
IrpyHTOB OCHOBaHMs. [IpoBepKy YCTOMYMBOCTH OCHOBaHHUS OTAEIBHOIO (hyHIaMeHTa
ClleyeT NPOU3BOAUTH C y4eTOM pabOThl OCHOBAaHHUS BCETO COOPYKEHHUS B LEIOMY.
OpHako 4eTKOM PEeKOMEHJALMU IO OMpPEAESICHNI0 HECYIed COCOOHOCTH TPYHTOBOIO
OCHOBAHMSI B CllydyasX, HalOpUMep, HEIUIOCKOW KOHTAaKTHOW IIOBEPXHOCTBIO B
HOPMATHBHOW JOKYMEHTALMU HE MPONUCAHO.

Omnpenenenue pa3BUTHUS 00JIacTeld NPENETbHOTO PABHOBECHS B TPYHTOBOM
MacCMBe B Cllydae KpHMBOJIMHEWHOIO OYEpPTaHUs KOHTAKTHOW ITOBEPXHOCTH,
oOpallleHHOr0 OT TPyHTa, HEOOXOAUMO OMNpENesiTh Ha OCHOBAaHUM HMEIOLIUXCS
TEOPETHUYECKH M HSKCHEPUMEHTAIbHO OOOCHOBAaHHBIX MO3UIMI. OCHOBBIBasCh Ha
U3BECTHBIX KOHCTPYKIMSIX JaHHBIX WHHOBALIMOHHBIX (YHIAaMEHTOB M M3BECTHBIX
pewenuni TIIPI', naTEpec BBI3BIBAET OIpeneiICHUE B3aUMOICHCTBUS KPUBOJIMHEUHBIX
(GyHIaMEHTOB, UMEIOMIMX TJaJKYI0 W IIEPOXOBATyl0 MOBEPXHOCTb, C TPYHTOBBIM

OCHOBAHHUCM.
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3.2 Pacuer Hecyleil CIOCOOHOCTH OCHOBAHMS HATPYKEHHOI0 10 KPUBOJIMHEHHOI
KOHTAKTHOM IOBEPXHOCTH

3.2.1 OcHOBHbIE YpaBHEHUSI MJIOCKOM 3a1aUM NpeleIbHOT0 PABHOBECHS

Onpenenarb HECYLIYIO CIIOCOOHOCTh OCHOBAaHHMSI NpENaraercs B paMKax
CTaTUYECKOTO METOJa TEOopuu ImpefenbHoro paHoBecuss rpyHToB  (TIIPT).

Onpenensromue ypaBHeHus miockoi 3agauu TITPI" umerot Bua:

acS—X+8Ti=0, ari—k&:y, r=osing+ccose. (3.1)
ox 0z ox oz

31€Ch ¥ — YAECNBbHBIN BEC TPYHTA, @ U C — yroJl BHYTPEHHETO TPEHUS U YIEIbHBIN

BEC IPYHTA, O U 7 — MOJyCyMMa U MOJIYPa3HOCTh INIABHBIX HANPSKECHUM:

c=21703 -01703 (3.2)
2 2

KoMrioHeHThI npeebHbIX HAMPSDKEHUH Tat0TCsl H3BECTHBIMU (hOPMYJIaMu:

o .
=G(1Fsinpcos2a) —C-Ctgp, t,, =sin@sin 2o, (3.3)
Oy

1€ O — CpeAHee NPUBEICHHOE HAIpSIKEHUE, ¢ — YTroJ HaKIOHA IEepPBOro

IJIaBHOTO HanpspkeHus kK ocu Oz (pucyHok 26):

G=c+cctgo, tha:i. (3.4)
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JIMHUS CKOJIbKEHUS
2-T0 ceMencTBa
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o _
H (e}
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JIMHUSA CKOJIbLKEHUS
1-ro cemeiicTBa

Yz

Pucynox 26 — PacrionosxeHue JTUHUNA CKOJILKEHHUS B TUIOCKOCTH 6,01, (@) U B

mwiockoctu XOz (0)

JUis penieHus NPAaKTHUUECKUX 3aJad OOBIUHO HCHOJB3YIOT KaHOHUYECKYIO
CHCTEMy ypaBHEHHi, KOTOpas OTPaXaeT H3MCHCHHE IapaMeTpoB G M O, IO
XapaKTepUCTUKaM (JIMHUSAM CKOJIbXEeHMs). Takas cuctema MOXKET OBbITh IMOJIy4€Ha U3
ucxogHoi cuctemsl (3.1) myTem psga mpeoOpazoBaHUil, MOAPOOHO OMHMCAHHBIX B

muteparype [86]. Utak, kaHOHMYECKHE YpaBHEHUS UMEIOT BU/:
dx=dztg(a£tp), do +2ctgpda = y(dz Fdx tgp), (3.5)

rae 2u = 1/2 — ¢ (pucynok 20).

31ech BEpXHUE 3HAKU B ypaBHEHUAX (3.5) 0OTBEHarOT XapaKTepucTUKam (JINHUSAM

CKOJIBKEHHsI) 1-TO cemencTBa, HUKHUE — 2-TO CEMENCTBA.

B pesynbraTe pemieHus OTHICKAB XapaKTEPUCTUKU U OMPENEIUB BIOJIb HUX
napamMeTpel G W o, HeTpyaHo 1o dopmynam (3.2) BBIYHCIUTH KOMIIOHEHTHI

MPEACIbHBIX HAMIPSHKEHUN B KaXKJ0W TOYKE OCHOBAHUSI.
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3.2.2 YucJieHHOe MHTerpUPOBAHHE KAHOHMYECKUX YPABHeHMii

JIJIsi 4MCJIEHHOTO0 WHTErpUpPOBaHUSI KaHOHWYECKHE ypaBHeHHs (3.5) cienyer

IIEpENnCcaTh B Pa3BEPHYTOM BUJE!

dx=dz-tg(a+p), dc +2ctgp- do =y(dz —dx-tgop),
dx = dz - tg(o.— ), do — 26 tge- do = y(dz + dx - tgo), (3.6)

Y 3aMEHHUTh B HUX JU(PepeHIInanbl KOHEUHBIMU MTPUPALLEHUSMH:

(x=x)=(z-2)tg(e + p),

(X=%)=(z2-12,) tg(&z — 1), (37)
(6-06,)+20,-t0p-(a —a) = y[2 -2, — (X —X) - tgg],
(6 -0,)—20, 199 (@ —a,) = y[2— 2, + (X = %,) - tgg].

31ech Xyi, Z1, 01, G1 U Xp, Zp, Oy, Gy — U3BECTHBIE (M3 rpaHUYHBIX YCIOBUU WIIU
U3  PE3yibTaToOB MPEIIECTBYIONIETO mara  WHTETPUPOBAHUS) 3HAYCHMUS
COOTBETCTBYIOIIMX TMEPEMEHHBIX B TOYKaX KOHEYHO-PA3HOCTHOM CETKH, X, Z, d, c -
3HAQYEHUS! COOTBETCTBYIOIIMX IMEPEMEHHBIX B HCKOMOW (Ha JaHHOM IIare

UHTErpupoBanus) Touke M (pucyHok 27).

|

Pucynox 27 — Cxema x unciennomy uHTerpuponanuto: JIC-1 u JIC-2 — nunun

CKOJIbKEHHUSA 1-TO U 2-TO ceMencTBa
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CTOWT YTOYHHUTH, YTO, TOMUMO AHQPPEPEHIINATOB MMEPEMEHHBIX X, Z, O, G, B
KaHOHHYecKHe ypaBHenust (3.6) Bxomar 3Hadenms dyHxumit o(X, z) u o(X, z). B
KOHEYHO-PAa3HOCTHOW aNMPOKCHUMAIMA 10 JUHUSAM CKOJBKEHHUS [IBYX CEMEUCTB
NPUXOJIUTCS WMETh JEN0 C JBYMs MapaMH 3HAYCHUH OTHX (QYHKIHHA, KOTOpHIC

o6o3HaueHsl B (3.7) Kak a4y U Gp (IO XapaKTepUCTHKE 1-ro ceMelcTBa), a, U Gy (0

XapakTepUucTuke 2-ro cemeiictra). [Ipuuem
oy €loy,a], 01 €[oq, 0], oy oy, al, G, €[oy,0] (3.8)

BripasuB u3 cuctemsl ypaBHeHUH (3.7) UICKOMBIE BETMYUHBI, TOTYYUM:

_ X=Xy - 1t + 2ty

z
-4
X=(Z2—-2)t; +Xq; (3.9)
o= PL=P2+01 =Gp 85,04 +8p707
app+ap
6=061—a1(0—0y)+ Py
371ech:
i =tg(oq +p), tr =tg(az —p);
a1 = 26119y, a2 = 262190; (3.10)

pL=v[z—z1 —(x=x)tgp], P2 =y[z— 122 + (X —X2)tge].

Ha KaXKIOM HIar¢ HMHTCTPHPOBAHUSA BBIITOJIHACTCA HCECKOJIBKO I/ITepaHHﬁ I10

dopmyrnam (3.9). Ha mepBoit urepanuu npuHUMaETCS

&1=0L1, &2 = 0o, 61261, 62 :C_Tz (311)
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Ha CIICAYIOHIUX UTCPpAlUAX BBIMIOJIHACTCA OCPCAHCHUC!

~  o+a ~  o+a ~ O+0 ~ O©+0
G -0t g,-%t02 5 St 5 0% (31)
2 2
OOBIuHO OBIBAaET JOCTATOYHO 3...5 UTEpaIU.

HuTerpupoBanie KOHEYHO-Pa3HOCTHBIX ypaBHeHui (3.7) mo ¢dopmynam (3.9)

BBITIOJTHSICTCS] B PAMKaX TPeX KpaeBbIX 3a/1a4 (pUCYHOK 28).

Pucynox 28 — IlocnenoBaTenbHOCTh MHTETPUPOBAHUS B paMKaX KpaeBbIX 3a7a4: a — |
kpaeBas 3agada (Komm), 6 — Il kpaeBas 3amaua (I'ypca), 6 — |1l kpaeBas 3agaua

(cmermaHHas)

JleTanpHOE ONMMCAaHWE METONOB MOCTPOEHHUS PELICHUM I KaXIO0W U3 KPAaeBbIX
3a/lay MOYKHO HaWTH B CIELMAIBHOM JuTepaType. Takum o0pa3oM, MOCTPOEHUE MOJIs
MPEIECIbHBIX HAINPSKEHUW Ui KOHKPETHOM PAacueTHOM CXEMbl CBOJIUTCSA K

OIMPCACICHHUIO ITOCIICIOBATCIIbHOCTHU KPACBLIX 3aaa4.

3.2.3 I'paHu4HbBIE YCI0BUS

['paHnvHbIC yCIOBUS MOKa3aHbl Ha pucyHke 28. Ha yyacTkax MOBEpXHOCTH OT
—oo 10 —b/2 u ot +b/2 no +oo pelictByer OGokoBas mpurpyska = yd (d — riyOuna

3ajokeHust ¢GyHIaMmeHTa), Ha ydactke ot —b/2 mo +b/2 npenenbHOe naBiieHHEe C



70

paBHOHeWcTBytomed Ny, pacnopenelieHHOe MO  KPUBOJMHEWHOW  KOHTAaKTHOM

ITOBEPXHOCTH, YPAaBHEHNE KOTOPOH UMEET BUA:

_Ahye y, (3.13)

Z—b2

rae h u b — noabem u mMprHa GyHIaMeHTa.

@)
<Y

Pucynoxk 28 — I'panuunbie ycnoBus

Hcnonb3yss JaHHYIO pacyeTHYIO CXEMy, OBbUIM PacCMOTPEHBI BapUAHTHI C
IJIAJKOM M IIEpOXOBATOM KOHTAKTHOW NMOBEPXHOCTBHIO JUIS ONKCAHMS B3aUMOJECHUCTBUS

pa3IUYHBIX BAPUAHTOB KOHCTPYKLMM (PyHITAMEHTOB.

3.2.4 Hecymiasi cnnocoOHOCTH (DYHIAMEHTOB € IJIAJKOH KPUBOJIMHEHOM

KOHTAKTHOM MOBEPXHOCTHIO

B stom cnywae mo ananorum ¢ uszBecTHOM pemieHuem B.B. CokomoBckoro
pernieHue ObII0 MOCTPOCHO JIJIsl OTHOCTOPOHHETO BBINOpa TpyHTa. [locnenoBaTenbHOCTh

KpaeBbIX 3aja4 JIsl 3TOr0 PacCueTHOrO ciyyas rnokasaHa Ha pucynke 30.
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Pucynox 30 — I[TocmeoBaTeIbHOCTD KPaeBhIX 3a71a4 B PEIICHUU JIJIS TJIaIKOU
I1OJIOIIBBI

(mpaBasi NOJIOBUHA CUMMETPUYHON CXEMBbI)

B o6nactu ABD pemraercs | kpaeBast 3aa4a ¢ rpaHUYHBIMU yCI0BUsIMUA Ha AD:

=_d+cctgo o

, T (3.14)
1-sing 2

Jlanee, mpu M3BECTHBIX MapameTpax X, Z, o, ¢ Ha Xxapakrepuctuke AB u

YCIIOBHUSIX B 0C000M Touke A:

q+cctge a(n—2a)tgp

: T<a<0, (3.15)
1-sing 2

o=

B obnactu paauansHoro Beepa ABC pemraercs |l kpaeBas 3amayqa.

Haxkonen, B obmactm O'AC mox mrammom permraetcs |ll kpaeBas 3amada c

W3BECTHOM M3 MpeAbIayIei oonacTu xapakrepucTuku AC U TpaHMYHBIX YCJIOBHUSX Ha

O'A:
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KpacBOW 3aJauyd C 33JaHHOM

bonee mnoapoOHO METOAMKA pELICHHUS

(V)

dbyHIaMeHTa
VACIBHBIA BeEC

.

(V)

[86].

IIpaBasd IIOJIOBUHA CI/IMMGTpI/I‘{HOI?I CCTKH JIMHHNHU CKOJIBKCHHSA B OCHOBAHUH

[

(V)

(V)

(V)

Cc KpHBOJ’IHHGfIHOPI moaA0mBON CO CIICAYIOIMUMHU XaApPAKTCPHUCTHUKAMU

(v

KPUBOJMHEHHOM rpaHuIleil onrcaHa B
PaccmoTpum uucienHslii nmpumep pacuera. Ha pucynke 31 mnpezacraBieHa

22°, ynenpHOE cueruienue ¢ = 16

rpyHra y = 19,5 kH/M®, YI'0JI BHYTPEHHETO TPEHUSA ¢

1,5 M, mogbeM KpUBU3HBI

IIMPWHA [TOIOIIBEI D

20 xlIa,

klla, GokoBas npurpyska (
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(V)

(V)

()

(V)

FJ'I&I[KOﬁ KPHUBOJMHCUHOU IMOAOMIBOH U 3ITI0OPA BECPTHUKAJIbHBIX HAIIPSKCHUUN 10

Pucynox 31 — IIpumep ceTku TUHUMN CKOIBKEHHS B OCHOBAaHUH (DYHJITaMEHTa C

IIoA0IIBE

SIIopa BCPTHUKAJIBHBIX

npeacTaBJICHA

YKa3aHHOM PHUCYHKE

Ha

Taxoxe

BCPTHKAJIBHOTO

IPEIEIbHOrO

PaBHopelcTByOIIas

HANPSDKEHUM 1O  MOJOIIBE.

(v

(V)

, 4 CPpCIAHCC 3HAUCHHUC BCPTHUKAJIBLHOM COCTABJLANOIICHU

naBieHus cocrtaBmwia 1270 xH

dbyHnameHra, T.e.

(v

npeaAcIbHOIO JaBJICHUSA, OIIPCACIIACMOM 110 HIMPUHE
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Pucynoxk 32 — CeTku XxapakTEpUCTHK B OCHOBaHUM (PyH/IaMEHTA C TJIaIKOU

(V)

(v

()

KpHBOJIHHCfIHOH IMOJOIIBOX M 3IIIOPEI BEPTHUKAJIBHBIX HAIIPAKCHHUH 110 ITIOJOIIBC
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[Ipoananusupyem Temepb, Kak MeHseTcss QopMmMa »SMHIOPbl BEPTHKAIBHOMN
COCTABJSIIOUIEN NPENENbHOIO JaBJIEHUS M O4YepTaHWs o00JlacTedl MpeAebHOro
paBHOBECHS IIPU YBEIWYEHUU MoabeMa KpuBu3Hbl ¢ 0 10 0,5 M B atom npumepe. Ha

pucynke 32 mokaszaHbl cooTBeTcTBYIOMIHME 3miopsl mpu h = 0 m; 0,1 M; 0,2 m; 0,3 m;

0,4 m; 0,5 m.

Ha pucynke 33 mokazan rpaduk U3MEHCHHUS CPeIHEH BETMUYMHBI BEPTHKAILHOMN
COCTaBJISIIONICH MpeaenbHoro aaeinenus Py’ = (p+C ctg ¢)/(yb) mo mMepe yBenudeHus

KpUBHU3HHI (moabeMa h) hyHmgamenTa.

w
[

\
\

N
w”

\

[y
wn

[
o

wn

OTHocuTenbHoOe NpefenbHoe flaBneHne

o

0 0,05 0,1 0,15 0,2 0,25 0,3 0,35
OTHOCUTEeNbHaA CTpena nogbema KOHTaKTHOM NOBEPXHOCTU

Pucynok 33 — 3aBucumocTtsb Py(h) st pyHgaMeHTa ¢ TiaaKoi KpUBOJTHHEHHOM

MOAOILIBOW npu @ = 22°

Kak crnenyer W3 mpUBEICHHBIX PE3YJIbTATOB, SIIOpa MPEACIBHOTO JdaBICHUS
KaueCTBEHHO MEHSIET CBOM XapaKTep MpU yBEIWYEHUH Noabema. Kpome TOro, JUHUSA
CKOJILKEHHS, OTpaHMYWBAIONIasi 00JIaCTU TPENEeTbHOTO paBHOBECHs, MpUOOpeTaeT
Touku mepernda. HakoHel, npejaenbHas Harpy3ka B JaHHOM MPUMEpPE TOJBKO 3a CUeT

YBEJIMYEHHMS ObeMa Bo3pacTaeT B 1,7 pasa.

JIJ1sl IPaKTHYECKOTO UCTIOIB30BaHUs ObLIM paccUMTaHbl 3aBUCUMOCTH Py(h) mtst
Pa3IMYHBIX YTJIOB BHYTPEHHErO0 TPEHUs (¢ U OOKOBOW NpPUTpy3KH (. 3HAYEHHUS 3/1ECh

BBIPpA’KCHBI B OTHOCHUTCIIBHBIX IICPCMCHHBIX. 3a CAVWHUIY IOJIMHBI IPUHATA HIHUPHUHA
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dyHaamenTa b, 3a enununy HanpsokeHuid — npousseaeHue Yh. Torma OTHOCHTENBHBIM

noapeM N’ M OTHOCUTENbHASI TPUBEICHHAsI OOKOBast MPUTPY3Ka (' paBHBL:

g = 3*rc-cge (3.18)

h
h=21,
b vb

a oOpaTHbI TEepexoJl, HAMpuMep, OT OTHOCUTEIHLHOI'O MPHUBEACHHOTO 3HAYCHUS

MPEeAeTbHOTO AaBieHus Py’ K (pakTHIecKomMy Py OCyIIeCTBISIETCs 0 hopmyIe:
Py = Pyyb—c-ctgo. (3.19)

B tabnuunoit popMme 3Tv 3HaUeHUs cBeaeHBI B Tabmie 10.

Tabnuua 10 — OTHOCHUTENBHOE TIpE/IeTbHOE J1aBlieHue (PyHIaMeHTa

C IJIaJIKOM KPUBOJIMHEMHOW TTOJOIIBOM

o =10°

h' q=1 qg=2 q=3 qg=5 q=10
0 2,781 5,273 7,753 12,704 25,068
0,1 2,951 5,659 8,352 13,723 27,130
0,2 3,208 6,200 9,170 15,089 29,856
0,3 3,538 6,877 10,183 16,767 33,181
0,4 3,929 7,666 11,360 18,707 37,016
0,5 4,364 8,545 - - -
¢ =20°
h' q = q = q' =3 q = q' =10
0 7,884 14,375 20,815 33,653 65,685
0,1 9,134 16,674 24,138 39,000 76,056
0,2 10,645 19,348 27,937 45,012 87,544
0,3 12,385 22,348 32,147 51,592 99,961
0,4 14,346 25,678 - - -
¢ =30°
h q'= q'= qg'=3 q'=5 g'=10
0 24,864 43,675 62,283 99,262 191,492
0,1 31,736 55,456 78,818 | 125,217 | 240,707
0,2 40,175 69,329 97,907 | 154,515 | 295,147
0,3 49,832 84,648 | 118,582 | 185,582 | 351,607
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¢ =40°

h qg'=1 q'=2 qg'=3 q'=5 q'=10

0 97,957 | 164,488 | 229,834 | 359,409 | 681,531
0,05 | 117,620 | 196,693 | 274,185 | 427,629 | 808,709
0,1 | 141,553 | 235,077 | 326,466 | 507,116 | 955,167
0,15 | 169,576 | 278,992 | 385,538 | 595,702 | 1116,069
0,2 | 201,336 | 327,602 | 450,075 | 691,049 | 1286,470
0,25 | 236,472 | 380,192 | 519,005 | 791,371 -

Hecymas cnoco6HOCTh OCHOBaHUS (PyHJIaMEHTa C KPUBOJIMHEWHON MOJOUIBOM,
TaKUM 00pa3oM, pacCUUTHIBACTCS KaKk
N, = pyb- (3.20)
Bo3sBpaiasics k Borpocy o TpaHc(hOpMaI|K S0Pl MPEASTHHOTO JaBIECHUS 10
Mepe YBEJIHMUYCHHS MObeMa, OTMETUM, YTO Haubojee SIpKo ATOT d(PPEeKT oka3pIBaeTCS
BBIPQKEH JJIsi TPYHTOB C OOJIBIIMM YTJIOM BHYTPEHHETO TPEHHS U OOJIBIIUM 3HAYCHUEM
OokoBOW TpuUTpy3ku. B kadecTBe mnpumepa Ha pUCYHKe 34 TMIOKa3aHbl SIIOPHI

BEPTHKAJIBHOMN COCTaBIIONICH npeaenbpHoro Aasnenus mnpu h'=0, h'=0,15 u h'=0,25 s

CJIEIYIONTUX UCXOAHBIX TAHHBIX (B OTHOCUTENBbHBIX MepeMeHHbIX): ¢ = 30°, q' = 10.
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Pucynox 34 — Dnropsl peieibHOTO BepTHKaILHOTO AaBneHus Py’ npu h' =0, h' = 0,15

nh' =0,25

B pesymbrare MOXXHO KOHCTATHpPOBaTh, 4YTO (opMa »dIIOp MpPeaeIbHOTO
JABJICHUSI 3aBUCUT HE TOJBKO OT BEJMYMUHBI TMOJHEMA KPUBU3HBI, HO TAaKXKE U OT
XapaKTEePUCTHUK TPyHTAa W TIyOWHBI 3ajoKeHus. HamoMHUM, 4YTO B TIEpBOM
paccMOTpeHHOM mpumepe (pucyHok 31) MakcMMaabHOE 3HAUYEHHE CMENIAIoCh U3
neHTpa ¢yHIaMeHTa, HO HE MNPUOIIKAIOCh K KpasM, OCTaBasiCh MPUMEPHO Ha

paccrostauu b/4...b/3 ot kpas pyHnamenra.

[Ipu comocTaBiieHMM 3aBUCUMOCTEW OTHOCHUTEIBHOW MPENEIIbHON HArpy3Kud OT
yria BHYTPEHHErOo TPEHUs MpU pa3IUYHbIX BapUaHTaX OTHOCUTEIbHOW OOKOBOM
NpUTrpy3ku (PUCYHOK 35) YCTAHOBJIEHO, YTO YBEIWYEHUE CTPEJIbl IOIheMa KOHTAKTHON
MOBEPXHOCTU TMpU 3HAYEHUSX VyTIia BHYTPEHHEro TpeHus Oosiee 20° MOBBILIAET
npenenbHyro Harpy3ky 10 100% B 3aBucumoctr oT @. C MpaKTUYECKON TOUKHU 3pEHUS,

JAHHBIN (haKT PEe3KOro MpUpOCTa MPENeTbHON HArpy3KH MPHU BBICOKUX 3HAYEHHUS yria
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BHYTPEHHEr0 TPEHUs TMPUMEHUM TMIpH YyCTPOCcTBE (YHIAMEHTOB B HECBSI3HBIX

MNECYaHbIX I'PYHTAX C BBICOKMMU IIPOYHOCTHBIMU XaAPAKTCPHUCTUKAMMU.

~
Q
S

a) 6) g 450 :
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OTHOCUTe/IbHOe NpefebHoe AaBaeHue
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¥
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10 15 20 25 30 35 a0 5 10 15 20 25 30 35 40

Yron BHyTpeHHero TpeHuA, rpag, Yron BHYTpPeHHero TpeHua, rpad.

v o

OTHOCUTENbHAA CTpeNa NoAbeMa: OTHOCKTeNbHaA CTpena nogbema:
t=h=0 =W=h=0,1 =d=h=0,2 wtmh=0 =@=h=0,1 =w=h=0,2
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OTHocHUTeAbHOe npeaensHoe jas/ieHne
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Yron BHyTpeHHero TpeHus, rpaa.

OTHocuTeNbHan cTpena noagbema:
wp=h=0 wlli=h=0,1 =de=h=0,2

PI/ICYHOK 35 — 3aBHCUMOCTH MMpCaACJIbHOIO JAaBJICHUA OT yIJla BHYTPCHHCTO TPCHUA

TPyHTa IPU Pa3IMYHON BEJIMUYMHE OTHOCUTEIBLHON OOKOBOM MPUTPY3KH:

a)q'=1;0) g'=3;8) q'=5

3.2.5 Hecymasi cnoco0HOCTH (PYHIAMEHTOB C IIEPOXOBATOH KOHTAKTHOIM

IMMOBEPXHOCTBHIO

Jlnst pyHaaMeHTa ¢ 1mepoxoBaToil MOJOIIBOM pelleHrne OyaeT 0a3upoBaThes Ha
u3BectHoM perieHuu FO.U. ConoBbeBa, monapoOHO omricaHHOM B JuTepaType [83-86,
138]. ITocnenoBaTeIbHOCTh KPaeBbIX 3aj7ad JjIsl 3TOTO PACUETHOIO Ciyyas MOoKa3aHa Ha

pucynke 36.

[Toctpoenue obnactu ABD mnonaHOCThIO aHAJIOrMYHO PACCMOTPEHHOMY BBIIIIE

ciydaro (QyHaameHTa ¢ miagkod mnogomBoil. OOnacts paauansHoro Beepa ABC
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onpenensiercss pemienueM |l kpaeBoll 3amauM  MpU M3BECTHBIX MapaMmeTpax

KAaHOHWYECKHX YpaBHEHMI Ha xapakrtepucTuke AB 1 ycinoBusix B 0co0oii Touke A:

q+CClYP (n-20)tgp- (3.21)

7T —
Sous——+pu-—p, Cc = -
2 =P 1-sing

T
2

rjae 3 — yroa HakJIoHa MOAOUIBEI (yHAAMEHTa ¢ KPUBOJMHEHHOM MOJIOMIBOM C

TOPH30HTAIIBIO Y €0 Kpasl.

['pannuHOEe ycioBHE MO O O3HA4YaeT, YTO ClieBa M3 OCOOOM TOUKH JUHUS
CKOJIbKEHHSI 2-TO CEMEICTBA BBIXOJUT IO KAacaTEIbHOW K MOJOIIBE, YTO O3HAYAET
BO3MOYKHOCTh BO3HMKHOBEHHS 3/1€Ch TPEHUsl corjlacHo 3akoHy Kynona. BooOuie xe,
KacaTeIbHbIC HAMPSIKEHUS 0 MUPUHE MIEPOXOBATHIX (YHAAMEHTOB MOTYT U3MEHSIThCS

OT HYJISI 10 MAaKCUMAJIbHBIX 3HAYEHUH T, = G, {9 ¢ + C.

b/2
GZ
TXZ
q
0, Ry
M @ X
C ﬁcl
@ M o =hkmn/2 B
ol K 1N 1 |
=0 T~
Zy o <+m/2

Pucynok 36 — IlocienoBaTenbHOCTh KPAaeBbIX 3a/1a4 B PEUICHUH IS IEPOXOBATOM

MOAOIIBHI (ITpaBasi MOJIOBUHA CUMMETPUYHON CXEMBI)

Hakoner, o01acTh moj mTamMnoM MOKET OBITH ompeseneHa Wik perieHuem |
KpaeBoil 3amaun Ha xapaktepuctuke AC U cUMMETpUYHOM eil oTHocutenbHO ocu Oz

xapakrepuctrke A'C (Ha cxeme Touka A’ He ITOKa3aHa, TaK KaK HaXOJUTCS CJIeBa OT OCU
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cummeTpun), unn pemenueM |1 kpaeBoit 3anaun Ha xapaktepuctiuke AC u yciaoBHsIX Ha

ocu Oz:
x=0, o=0 (3.22)

PaccMOTpuM 4YuCIEHHBI TpUMEp pacyeTa s CAEAYIOMMX UCXOAHBIX JTaHHBIX:
yIebHBINA Bec rpyHTa ¥ = 19,5 KH/M®, yrom BHyTpEHHEro TpeHHs @ = 22°, yaembHOe
cremienue ¢ = 16 xIla, 6okoBas npurpyska ( = 20 klla, mmpuna mogomBsl b = 1,5 M,

noabeM KpuBu3HbI h = 0,5 M.

Ha pucynke 37 mpeacraBiieHa mpaBasi TOJIOBUHA CUMMETPHYHON CETKH JIMHHUA
CKOJILKEHHUSI B OCHOBaHMM (PyHJaMEHTa M DIIOPbl MPEAENbHBIX HAINPSKEHUN TI0

[IOJIOIIBE G; U Tyy.

PaBHonelicTByromas cuna N, mpeaeabHOro BEpTUKAIBHOTO JABJIEHUSI COCTaBUIIA
945 kH, a cpenHee 3HaU€HUE Py BEPTUKAIBHON COCTABIIAIONIEH MPEIEIBHOIO IaBICHUSA,

omnpenensiemMoit o mupune Gpyngamenta (cm. 3.18), pasro 630 klla.

OG6pamraer Ha ceOs BHUMaHUE TOT (haKT, YTO MPHU TEX K€ MCXOJHBIX JIAHHBIX
(GyHIAaMEHT C IIEpOXOBATOM IMOBEPXHOCTHIO HECET MEHbUIIE, YeM C TIJIaJKoi. JTa
CUTYallHsl SBJIICTCS HETUIUYHOW C TOUYKHM 3PEHUS OOIICTIPHHSTHIX IMPEACTABICHHHA O
Hecylel CHoCOOHOCTH TJIAJIKUX M IIEPOXOBATHIX (PYHAAMEHTOB C IUIOCKUMU
MOJIONIBAMHU, TIOCKOJIBKY B Cjydae IUIOCKOW TIOJOMIBBI, KaK XOPOIIO W3BECTHO,

IIEPOXOBATHIN (DYHIAMEHT HECET OOJIbIIE, YeM TIIaIKUH.
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Pucynok 37 — [Ipumep ceTku JHHMI CKOTBKEHUSI B OCHOBaHUHU (yHIaMEHTa C

(V)

(V)

(V)

KpHBOJ’IHHGﬁHOH MEPOXOBATOH ITOJOIMIBOU M 3IHOPLI BEPTUKAJIBLHBIX U

(V)

KaCaTCJIbHBIX HAIIPSAXKCHHUH I10 IIOJOIIBC

Paccmotpum TpaHchopmanuio 3m0p NpeeibHbIX HANpPsKEHUW U obnacTei

MNpCaACIbHOIO PaBHOBCCHUA B O3TOM IIPHMCPC IIPH YBCINMYCHHUH IIOABCMA C 0 a0 0,5 M

(pucyHok 38).

OtMmeTuM, 4TO ouepTaHue o0JacTell MpeAeTIbHOIO PABHOBECHS TIPH YBEJIUUEHUN

YTO OYEBUJIHBIM 00pa30M CIIEIyeT U3

>

noarEmMa h IMPAaKTHYCCKN OCTACTCA HCU3MCHHBIM

(V)

OnmHako »HHIOpBl  MPENENbHBIX  HANPSHKEHUU

XapakTepa TIOCTPOCHMS peIICHUS.

MpeTepIieBalOT HEKOTOPhIe TpaHchopmaIuu.

, C yBenmueHuem h

W KOHTAKTHOM MOBEPXHOCTHIO

(v

Kak m B cirywae ¢ rmamako

BCPTHUKAJIbBHBIX

Ha OIope

MAaKCUMaJIbHOW  OpJIUHATHI

CMCIICHHUC

MIPOUCXOUT

HeoxugaHHBIM MOKHO

KOHTAKTHBIX HaHpH)KeHI/Iﬁ OT OCHTpa KPHBHU3HBLI K KpasiM.

C4uTaThb TO, 4YTO C POCTOM h HeCKOIBKO CHIXKAIOTCS 3HAYEHUS O3;. Ho IIpu 5TOM

onoctu N,, kak Oymer mokaszaHo nanee (pucyHok 39), Bce-
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CJICOOBATCIIBHO, O6HII/IM YBCIIMYCHUECM KOHTAKTHO

BepTI/IKaJIBHOﬁ COCTABHAOIICHU IIPCACIIBHBIX HAIIPSKCHUN 110

OTI[CHLHO pPacCMOTpUM IIOBCACHHUC BCIWYHNH HGCYHIGﬁ CIIOCOOHOCTH Nu u

CpEeOHETO 3HA4YCHUA Py
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Pucynoxk 38 — CeTku XxapakT€pUCTHUK B OCHOBaHUH
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Kak BuaHo u3 mnpuBeneHHOro rpaduka BeNWYMHA HECylIed CHOCOOHOCTH
BHavaje (TP MajblX 3HAYCHHUAX MOabeMa N) HECKOJIBKO CHIIKAETCs, HO 3aTeM
JIOCTATOYHO OBICTPO HAUMHAET YBEIMYMUBATHCS. DTO OOBSCHAETCS YK€ YCTAHOBIICHHBIM
CHIDKCHHEM BEPTUKAIBHBIX HAINPSDKCHUHM G, MPHU YBEJIMUYCHHH N, KOTOpoe MpH Maion
KpUBU3HE €II€ HE KOMIIEHCHUPYETCS YBEIMYEHHUEM KOHTAKTHOW IOBEPXHOCTH

(byHIAMEHT-TPYHT, KOTOPOE MMEET MECTO MPH JJOCTATOYHO OOJbIIHX h.

Tem HEe Menee, o0muii A (PexT yBennueHne Hecymel CrnoCOOHOCTH OCHOBAaHUS
dbyHIaMeHTa ¢ KPHUBOJMHEHHONW KOHTAKTHOW IMOBEPXHOCTBIO MPU YBEIWYCHUH €T0

ojbeMa B JAHHOM IipuMepe npocturaet 16%.

24

23

a

” s
: yd
yd

OTHOcHTeAbHOE Npeje/ibHoe AaB/ieHn e

0 0,05 0,1 0,15 0,2 0,25 0,3 0,35
OTHOCUTeNbHan CTpenanogbema KOHTaKTHOM nosepxHOCTU

Pucynok 39 — 3aBucumocts Py(h) amst mepoxoBaToit KOHTAKTHOW TTOBEPXHOCTH

JInst TpaKTHYECKOTO MCIOJIb30BaHMs ObLTH paccuuTanbl 3aBUcUMocTH Py(h) mms
Pa3IMYHBIX YIJIOB BHYTPEHHETO TPEHUs (¢ U OOKOBOM MPUTPY3KH (. 3HAUCHHS 37€ECh,
KaK M paHee, BBIPAKECHBI B OTHOCUTEIBbHBIX MEPEeMEHHbIX. B TabnuuHoi dopme 3TH

3HaYEeHUs cBeAeHBI B Ta0auie 11.
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Tabnuna 11 — OTHOCHTENBHOE MPEEIbHOE TaBIICHUE

dbyHIaMeHTa ¢ IepOX0BaTOM KOHTAKTHOM MOAOIIBOM

¢ =10°
h* | =1 1| g9g=2 | =3 | =5 | q'=10
0 | 3,032 | 5560 | 8,058 | 13,027 | 25,409
0,1| 2,990 | 5573 | 8,131 | 13,226 | 25,926
0,2| 3,074 | 5828 | 8,562 | 14,010 | 27,599
0,3| 3,244 | 6,252 | 9,245 | 15,215 | 30,111
04| 3,462 | 6,780 | 10,088 | 16,695 -
05| 3,705 | 7,368 - - -
¢ =20°
h* | =1 | q'= qg=3]| = q'=10
0 | 9131 | 15,764 | 22,282 | 35,202 | 67,319
0,1 | 9,073 | 15,844 | 22,516 | 35,757 | 68,696
0,2| 9,398 | 16,612 | 23,738 | 37,895 | 73,138
0,3| 9,984 | 17,860 | 25,658 | 41,169 | 79,805
0,4 | 10,730 | 19,411 | 28,028 | 45,187 | 87,960
0,5 | 11,566 | 21,142 | 30,676 - -
0,6 | 12,446 | 22,976 - - -
¢ =30°
h" | q'= g=2 | =3 | =5 q =10
0 | 30,392 | 49,791 | 68,719 | 106,089 | 198,648
0,1 | 30,271 | 50,069 | 69,436 | 107,723 | 202,640
0,2 | 31,417 | 52,505 | 73,184 | 114,116 | 215,665
0,3 | 33,434 | 56,451 | 79,078 | 123,917 | 235,239
0,4 | 35,988 | 61,351 | 86,351 | 135,954 | 259,189
0,5 | 38,850 | 66,824 | 94,479 | 149,418 | 286,022
0,6 | 41,874 | 72,626 | 103,121 - -
0,7 | 44,965 | 78,598 - - -
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¢ =40°
h* | =1 1| g9g=2 | =3 | =5 | 0q'=10
0 |126,924 | 196,600 | 263,940 | 395,858 | 720,508
0,1 | 126,556 | 197,626 | 266,483 | 401,583 | 734,431
0,2 | 131,405 | 207,072 | 280,566 | 424,957 | 781,013
0,3 [ 139,864 | 222,427 | 302,810 | 460,944 | 851,227
0,4 | 150,559 | 241,502 | 330,283 | 505,176 | 937,186
0,5 | 162,549 | 262,814 | 360,982 | 554,649 | 1033,472
0,6 | 175,231 | 285,409 | 393,606 | 607,415 | 1136,571
0,7 | 188,215 | 308,650 | 427,315 | 662,225 -
0,8 | 201,252 | 332,140 | 461,548 - -

HGPGXOI[ oT (1)aKTI/I‘-I€CKI/IX BCJIMYMH K OTHOCUTCIBHBIM H O6paTHO

ocymecTBisieTcs mo Gopmyiam (3.18)...(3.20).

3.2.6 ConocTaBiieHHEe BeJIUNIHHBI NMpEacJbHOr0 1aBJCHUA IIPH IJ1aJK0M u

LIEPOX0BATON KPUBOJIUHEHHO KOHTAKTHON MMOBEPXHOCTH

bnaromaps nmpUMEHEHHUIO PAa3IMYHBIX CTPOUTEIBHBIX MAaTEPUATIOB CYIIECTBYET
BO3MOXXHOCTh CO3/IaBaTh PA3JIMYHOTO pPOJia MOBEPXHOCTb KOHTaKTa (yHAaMEHTa U
IPYHTOBOTO OCHOBaHHMS. B 4YacCTHOCTM BO3MOXKHBI CIy4Yad TJIAAKOM W IIEPOXOBATOMU
MTOBEPXHOCTH, B PE3YJIBTATE YETO MOSIBIISIIOTCS CYIIECTBEHHBIE CHIIbI TPEHUS, KOTOPHIE,
0€3yCII0BHO, OKa3bIBAIOT BIMSHUE HAa pacHpeicicHUe KOHTAKTHBIX HAIPsSHKEHWH M Kak

CICACTBHC PA3BUTHUC obOnacrei MNpcaACiIbHOIO paBHOBCCHUA B I PYHTOBOM MAaCCHUBC.

Ha ocHoBaHUU BBINIEU3I0KEHHBIX MYHKTOB OBbLI MPOBEACH COMOCTABUTEIBHBIM
aHaNMW3 BJIMSHUS HAJIWYMS CHUJI TEPHUS HA TPEACIbHYIO HArpy3Ky MpH pPa3THYHBIX
BapuaHTaxX yrjia BHYTPCHHETO TPCHHS, a TakK)Ke BEIIMYUHBI OOKOBOW IPUTPY3KH
(pucynok 40). YcTaHOBJIEHO, YTO MpPU MAaJOM yIJieé BHYTpeHHero TpeHus ¢ = 10°
HAOMIOMACTCsl TCHACHIMS YBEIMYCHHS TPEICTbHON HArpy3Kd B 3aBUCHUMOCTH OT
OTHOCHTEJIBHOM CTPEIBI Mo beMa 000I0YKH B trana3zoHe ot 33 1o 48% B 3aBUCHMOCTH

OT BEJIMYMHBI OOKOBOW MpUrpy3ku. [Ipy n1aHHOM 3HA4YEHHM YIJia BHYTPEHHErO TPEHUs
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IJIaJIKasi ¥ LIepOoXoBaTasi KOHTAKTHAsI TOBEPXHOCTh MOKA3bIBAIOT MPAKTUYECKN PABHBIE
3HAYEHUS NPENEIbHOM Harpy3kd BO BCEM HMHTEpPBAJIE W3MEHEHHS OTHOCHTEIbHOMN
ctpenbl oaseMa oT 0 mo 0,4. [lpu GonblIuX 3HAYEHUSX yrila BHYTPEHHETO TPEHUS
@ = 40° rnagkas KOHTaKTHas TMOBEPXHOCTh B JUANA30HE OTHOCUTEIBHOWU CTpEIIbI
noabema ot 0,1 1o 0,4 nmoka3pIBaeT yBEIMUYEHHE OTHOCUTEIHHON MpeeIbHON HAarpy3KH
npuMepHo 10 90%. lllepoxoBaTasi KOHTaKTHAs! TOBEPXHOCTh B IAHHOM BAapUAHTE TaKKe
MIOKAa3bIBAECT YBEIMYECHHE MPEACIbHON HArpy3KM C POCTOM OTHOCUTEIBHOW CTPEIIbI

oJbeMa KOHTaKTHON TTOBEPXHOCTH, HO He Oosiee 28%.

@ =10° @ = 40°
5 6 250
a
) g 4 ) g 200
2 i
%o g,
E X 3 c 150 "
& = [
g5 2o
s 2
5 %2 2 %10
£ £
] 8 50
g 1 z
& 5
0 0
) 0,1 0,2 0,3 0,4 0 0,1 0,2 0,3 0,4
OTHOCUTENbHaA CTPeNa NoAbema OTHOCUTeNbHaA cTpena nogsema
KoHTakHaA noBepxXHOCTb, MpK q=1: KoHTakHas noBepxHocTb, Npu g=1:
=f==rnafKan  =lll=1epoxoBaTan =$=rnankas =ll=wepoxosaTan
40 1400 T
B) 35 y- = F) 1200
a
30 i 3 1000
25 % —
800 * —

Harpyska

600

400

200

OTHocKUTefbHanA Npefe/bHan
Harpyska
[
=]
OrHocuTenbHanA NpefefbHan

0 0,1 0,2 0,3 0,4 0 0,1 0,2 0,3 0,4

OTHOCUTENbHAA cTpena noabema OTHOCMTENnbHana cTpena nogbema

KoHTakHan nosepxHocTs, npu q=10: KoHTakHaa nosepxHoCTL, Npu q=10:
de=rNajKas e=====|epexoBaTasn i=rNafKkan ====lepexoBaTan

Pucynok 40 — 3aBUCHMOCTH OTHOCHUTEBHOMN MPEEIbHON HATPY3KH OT

OTHOCUTEJIBHOM CTpENBbI MOAbEMA KOHTAKTHOM MIOBEPXHOCTH ITPU PA3ITHYHBIX
BAapUAHTaX MOBEPXHOCTH, yTila BHYTPEHHETO TPEHUSI U IPUTPY3KU: a,0) ripu =1;

B,I') npu =10

B menom, crnemyer oTMETHUThH, YTO POCT BETWYMHBI HECYIIEH CIIOCOOHOCTH TIO
Mepe VyBEJIWYEHHUS TOJheMa KPUBU3HBI TMPOUCXOJIUT 3HAYUTEIBHO OBICTpee Y
KPUBOJMHENHBIX (PYHIAMEHTOB C TJAJKON MOBEPXHOCTHIO, UEM Y IIEPOXOBATHIX. Tak,

U3 COMOCTABJICHUS JAaHHBIX Tabmuil 8 1 9 CBUAETENBCTBYET, UTO €CIH s (PyHIaMEHTOB
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C KPHUBOJMHEHWHBIM OYEPTAHUEM KOHTAKTHOM MOBEPXHOCTH C IJIAAKOM IOJOLIBOU
HecylIas CrocoOHOCTh yBennuuBaercs 10 47% (¢ = 10°; h' = 0,4), no 52% (¢ = 20°; h’
= 0,3), no 84% (¢ = 30° h" = 0,3), no 89% (¢ = 40° h' = 0,2) no cpaBHEHHIO C
OCHOBAaHMEM TIJaJKUX (YHIAMEHTOB C IUJIOCKOM MOAOIIBOM, TO JJIsi IIEPOXOBATHIX

KPUBOJIMHEHBIX KOHTAKTHBIX MOBEPXHOCTEM 3THU K€ BEJIUYUHBI cocTaBAT 28%, 19%,

18%, 8%.

Bmecte ¢ Tem, peanmzanus BBIIUPAHHS TPyHTa IO TPHUHATOM CXeMe IS
TIATKAX YHIAMEHTOB BO3MOXHA JIUIIH ITPH OTHOCHTENBHBIX moabeMax h' = 0,5 (¢ =
10°), h" = 0,4...0,3 (¢ = 20°), " = 0,3 (¢ = 30°), h" = 0,25...0,2 (¢ = 40°), a mus
mrepoxoBathix — ipu h' = 0,3...0,9 (¢ =10°), h' =0,4...1,0 (p =20°), h" =0,5...1,2 (¢ =
30°), h" = 0,6...1,6 (p = 40°) ¢ MaKCHUMaJIbHBIM YBEJIMUYCHHUEM HECYIICH CITIOCOOHOCTH

npu Takux h' yxe o 54%, 75%, 97% u 133%.

BrlImensnokeHHbIe  MMOJ0KEHUS TIO3BOJIMIIM CUCTEMATHU3MPOBATh JIaHHBIE B
cBojHbIe TaOmmmbel 12 w 13, mpu HUCIONB30BAHUU KOTOPBIX MOXKHO OIPEICTUTh
npeaeabHyl0  Harpy3ky ¢GyHIaMEeHTa, HMMEIIIEro KPHUBOJHWHEHMHOE OuYepTaHHE
KOHTAaKTHOW TTOBEPXHOCTH, Ha TPYHTOBOE OCHOBAHWE IyTEM ONpPEICICHUS TPEaeTbHON
Harpy3ku 1oji pyHJIaMEHTOM C IJIOCKONM KOHTAKTHOM IMMOBEPXHOCTHIO M KOPPEKTHUPOBKHU

e€ C MOMOIIbIO COOTBETCTBYIOIIETO MOBBIIIAOIIETO KO3(PPumeHTa.
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Tabmuma 12 — KoaddunmenTs! Hecymiel crmocOOHOCTH IS IIEPOXOBATON

KOHTAaKTHOM MMOBEPXHOCTHU

¢ =10° ¢ =30°
h" 1g'=1|g=2|9g=3[qg'=5[qg'=10|{qgq'=1]q9'=2]q9'=3]q9'=5[q"=10
0 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00
0,1 | 0,99 1,00 1,01 1,02 1,02 1,00 1,01 1,01 1,02 1,02
02 | 1,01 1,05 1,06 1,08 1,09 1,03 1,05 1,06 1,08 1,09
0,3 | 1,07 1,12 1,15 1,17 1,19 1,10 1,13 1,15 1,17 1,18
04 | 1,14 1,22 1,25 1,28 - 1,18 1,23 1,26 1,28 1,30

o =20° ¢ =40°
h" 1g'=1|g'=2|9g=3[qg'=5([qg'=10|({qgq'=1]q9'=2]q9'=3]q9'=5[q"=10
0 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00
0,1 | 0,99 1,01 1,01 1,02 1,02 1,00 1,01 1,01 1,01 1,02
0,2 | 1,03 1,05 1,07 1,08 1,09 1,04 1,05 1,06 1,07 1,08
0,3 | 1,09 1,13 1,15 1,17 1,19 1,10 1,13 1,15 1,16 1,18
04 | 1,18 1,23 1,26 1,28 1,31 1,19 1,23 1,25 1,28 1,30

Tabnuua 13 — Koaddunnents! Hecyiei cnocoOHOCTH
IS TAJKOW KOHTAKTHOW MOBEPXHOCTH

¢ =10° 0 =30°
h" 19g'=1]109'=2]109'=3]9g'=5]|09g=10(qgq'=1[qg'=2]|q0'=3]|9g'=5]q9q =10
0 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00
0,1 1,06 1,07 1,08 1,08 1,08 1,28 1,27 1,27 1,26 1,26
0,2 1,15 1,18 1,18 1,19 1,19 1,62 1,59 1,57 1,56 1,54
03 | 1,27 1,30 1,31 1,32 1,32 2,00 1,94 1,90 1,87 1,84
04 | 141 1,45 1,47 1,47 1,48 - - - - -

¢ =20° ¢ =40°
h" 1 qg=1]19g=2]09g=3|q9g'=5[q'=10|qg'=1(qg'=2|qg=3]|9g=5]q'=10
0 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00
0,1 1,16 1,16 1,16 1,16 1,16 1,45 1,43 1,42 141 1,40
0,2 | 1,35 1,35 1,34 1,34 1,33 2,06 1,99 1,96 1,92 1,89
0,3 | 157 1,55 1,54 1,53 1,52 2,41 2,31 2,26 2,20 -
04 | 182 1,79 - - - - - - - -

[TpoBeass anmpoKCUMAIUIO YUCICHHBIX PEIICHUM, MOTYYeHBI KOIPPHUIIUCHTHI
Kh=Puxp’/ Pund(THE Pusp OTHOCHUTEIBHOC TIPUBEICHHOEC CpeaHee 3HAYCHHE
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IpeeabHON Harpy3ku (pyHAamMeHTa ¢ KpUBOJIMHEWHON MOJOWIBOM, Py, — TO XKe A

(yHIaMeHTa ¢ mIocKoii oa0IBoiA), (3.23) 1714 rIaaKkoil KOHTAKTHON HOBEPXHOCTH:

npu ¢ =10°
ky =1,3199"%% h? +(0,0907In(q’) + 0,5419)h +0,9991 ;
npu ¢ =20°
k, =1,4665q"°**h? +(0,0215In(q") +1,4659)h +0,9995;
npu ¢ =30° (3.23)
ky =2,79929"%**h? +(-0,002In(q") +2,519)h +0,9993;
pu ¢ =10°

ky =7,5793q"*** h? +(-0,03In(q") +3,723)h +0,9976 .

OCHOBBIBasICb Ha BBIIICU3I0KECHHBIX TOJOXEHUAX, MPEJIOKEH aITOPUTM
OTIpEJICICHUs] HECYIIed CIOCOOHOCTH OCHOBAaHUM, 3arpy>KeHHbIX (yHIaAMEHTaMH,

HUMCIOIIIMMH KpHBOJ’IHH@fIHO O4UcpTaHuC KOHTAaKTHOM IIOBCPXHOCTH:

1. OcHOBBIBasCh Ha TPYHTOBBIX YCIOBHUAX, a TaKKe€ Ha KOHCTPYKTHBHBIX
rapamMeTpax NPOEKTUPYEMOTO 3JaHUS U  UCIMOJIb3ys M3BECTHYIO Meroauky TIIPT,
OTIpENENAETCsl HeCyllash CIIOCOOHOCTh TPYHTOBOIO OCHOBAHHMS KakK IOJ TUIOCKOU
KOHTAaKTHOM MOBEPXHOCTHIO;

2. OmnpenensieTcss 3HA4YCHHWE TMPHUBEACHHON OOKOBOM mpurpy3ku ( B

COOTBETCTBHUHU C (POPMYJION:

, q+c-ctg(p
Q="
vb

3. Hcmonp3ys pa3paboTaHHbIC CIpaBOYHbIC TaOmuIpBl (Tabiuua 12 u 13),
MIPOU3BOJIUTCS TIOJI00P HEOOXOJAMMOM OTHOCHUTEIIBHOM CTPEJbl MOabeMa KOHTAKTHOM
MOBEPXHOCTH, 00ECTIeUNBAIOIICH HAEKHOCTh TPYHTOBOT'O MacCuBa. 371eCh HEOOXOAMMO

oOpaTuTh BHHMMAaHHE Ha TPOCKTHUPYEMYIO KOHCTPYKIHMIO (yHAaMEHTa C LEJbI0
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KOHTPOJISI HaJW4Us WM OTCYTCTBHSI CHJI TPEHHS IO MOBEPXHOCTH CONPUKOCHOBEHUS
rpyHTa U pyHAaMeHTa (TIaaKasi Wid IIepoXoBaTasi KOHTAaKTHAsl TOBEPXHOCTB);
4. Tlo ompeneiaeHHOMY 3HAYEHUIO OTHOCHUTEIBHOTO MPENEIbHOIO JaBJICHUS

Py’ TPOU3BOAMTCS MEPEX0T K pakTudeckomy P, mo popmyre:

Py = Pyyb—c-ctge

5. Hecymas cnocoOHOCTh OCHOBaHUSI (YyHIaMEHTa C KPUBOJIMHEHHOU

MOJOIIBOM, TAKUM 00pa30M, PAaCCUUTHIBACTCS KaK

Ny = pyb.

I[JBI IMPAaKTHYCCKOT0 HCIIOJIb30BAaHHA I[aHHBIfI AJIrOpruTM OBLI NpCaACTaBJICH B

BU/JIEe OJIOK-CXEMBI MPEJICTAaBICHHOM Ha PUCYHOK 41.



91

[ 1. OnpegeneHAe HITaNEHOH IMAPHHEL A

dyHIaMeHTa by 0 HHEEHEPHO-
TEOIOTHEECKHM YCTOEHAM [LIOMATKH
’

L 2
2. OnpeneneHAe BePTHKATEHOH
COCTAETTIOMEH CHIIE OPefeNEHoTo
CONpPOTHEJIEHHS OCHOBAHHA Ny,
coraaceo CIT22.13330

¥

3. OmpegencHAe PAREHOTEHCTEVIOMER
IpEfeIEHOTO BePTHEATEHOTO JARTCHAS
Pu

L 2

4. OnpegencHHEe 3HI9CHEA IPHESACHHOR
OOKOEOH IIPHTPYZEH §

Y

5. Ilombop oTHOCHTEIEHOH CTpPeIIEl
NoJEeMa KOHTAKTHOH MOBEPRHOCTH A

v

6. OnpeneneHAe DOERIMAIITETO
xoadpHITHERTA HecymeH cnocoOHOCTH
k), VIETEIEAIOMETO KPHEHEZHY <
KOHTAKTHOH HOBEPXHOCTH

v

7.0npenencHAe OpeIeTEEOTD
EEPTHEATEHOIC AARIEHHE Py [IPH
KpHEO/IHHeHHOH (opMe KOHTAKTHOH
TIOBEPEHOCTH

N

v

HE GBIROTHAEMCA
8.1 Veemi9eHHe KPHEHIHEL

8. IIpoeepra yomoemz N =N e —T e

SHIROVTHAEMCR

9. TTpoexTHpoRaHHe dVHIaMEHTA OO
ONpedeneHHEM b, /1, g

Pucynok 41 — brok-cxemMa ornpeiesieHus Hecyliel CrnocoOHOCTH OCHOBAHUS

MIpU KPUBOJIMHEHMHON (hOpME KOHTAKTHOM MOBEPXHOCTH (PyH/IaMEHTA

3.3 PacueTHoOe conpoTHBIIEHUE TPYHTA

PacyeTHOe compoTHBIIEHHE IPyHTa OCHOBaHUS ()YHIaMEHTOB C KPUBOJIMHEHMHOMN
KOHTAaKTHOW ITOBEPXHOCTBIO PEKOMEHYETCS BBINOJHATH HA OCHOBAHWM TPAaJAUIIMOHHO

IPHUHATOTO B OTCUHCCTBCHHOM IIPOCKTUPOBAHHU IIPpaBHJIA, COIJIACHO KOTOPOMY 3a
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pacyeTHOE CONPOTHUBIICHHE IPUHUMAETCS TaKasl BEJIMUYMHA J1aBJICHUA (B JAHHOM CIIy4yae
— BEPTUKAJILHOM COCTABIISIONIEH), TPH KOTOPO MaKCHUMallbHasi TTIyOMHA pa3BUTHS 30H

Pa3pymicHus B OCHOBAHUU JOCTUT'ACT BCIIMYMUHBI b/4.

Jlist onipenenennsi 30H pa3pylieHUss TPyHTa ObLT WCITOJIB30BAH MPOTPAMMHBIH
komiutekc Plaxis 2D.2016, koTopblii MO3BOJKI ONPEACIMTh HAMPSIKCHHS B TOYKAX
MaccuBa NPH KPHUBOJIMHEWHOM OYEpTaHWU ToBepxHOcTH TpyHTa [131]. PacuerHas

CXeMa MJI pCIICHUA 3aa49U IIPCACTABIICHA HAa PUCYHKC 42.

[:Iaﬁnﬂou

- 0 ,

bk, h
b4

Pucynoxk 42 — Cxema ajist onpeieJIeHUsI paCu€THOTO COMPOTUBIICHUS TPYHTA

[Ipu »TOM BHEIIHSST HArpy3ka MOXKET OBITh CMOJIETUPOBAHA Pa3HBIMU
cnocobamu. Bo-mepBrIX, MOTYyT OBITh 3aJaHbl >KECTKOCTb U TI'E€OMETPUYECKHE
napameTpbl KpUBHU3HBI M HAarpy3ka Ha Hee. Bo-BTOPBIX, MOKET OBITh 331aHO JaBJICHUE
[0 KPUBOJIMHEMHOMY OYEPTaHUIO NOAOWIBLI. IIpyM 3TOM naBiieHME MOMKET 3a1aBaThbCs
PAaBHOMEPHOE W HEPABHOMEPHOE, II0 HOPMAJIM K IIOAOLIBE, BEPTUKAIBHO WU

ropusoHTaabHO [147].

Pacuer He0oOXOIMMO MPOM3BOAWUTHL TMOIIATOBBIM MeTOmOoM. Ha mepBom 1mare
3aJaeTcsl Majiasi BEJIMYMHA BHEIIHCH HArpy3Ku. B OCHOBaHMU PaCcCUUTHIBAIOTCS
HANpPSDKCHUS 10 JIMHEHHO-1ehopmupyemort Mmoaenu. [lociie yero Ha ymbuu Z = — b/4
(mTpuxoBasi JUHUS Ha pUCYyHKe 42) Bhruucisercs (yHKIus TuactTuaHoctd KynoHa-

Mopa:
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f =1—osingp—ccose, (3.24)

r'ic 6 U T— IIOJYyCYMMA U IOJYPA3HOCTD I'NTaBHBIX HaHpH)KeHI/Iﬁ 01 U Oa.

[Tpu ManbIX 3HAYCHHSX BHEIIHEH HArpy3kd Ha JimHUW Z = — b/4 Bcroqy f < 0.
Opnako mpuMepHO ToA Kpasmu (QyHAaMeHTa dTa (QYHKIUSA OyIeT IOCTUTATh

MaKCHUMAJIbHBIX 3HAUCHUH.

Ha mnocmenyromuyx marax pacyera IIOCTEIIEHHO YBEJIMYMBACTCS BHEUIHSAA
Harpy3ka W TpH KaXJIOM e¢ 3HadeHWH Bbrumcisiercs f mo Bcelt nauamm z = — b/4.
Haxonen, mpyu HEKOTOPOM BENMYMHE BHEIIHEN HArpy3KH B OJHOM M3 TOYEK JIMHUU Z = —
b/4 ¢ynxmus f gocturHer Hyns (WM, y4YUTBIBAs, YTO TIOMCK BEAETCS YHUCIICHHO,
HEKOTOPOr0 MAaJIOTO IMOJIOKHUTEIBHOTO 3Ha4deHHs). DTo OyAeT O3HauyaTh, YTO B ITOU
TOYKE NP TaHHON BHEIIHEW Harpy3Ke 30HbI pa3pylI€HUs! BOEPBBIE JOCTUTIH TITyOUHBI

b/4. Dra BHeWIHsS Harpy3Ka U OyIeT KICKOMBIM PaCYCTHBIM CONPOTUBIICHUEM IPYHTA.

[keifm?]
20,00

60,00
80,00
-100,00
1 12,00
[—— -140,00
[—— -160,00
[—— -180,00
[ -200,00
—— -220,00

—— -240,00

~260,00
~280,00
~300,00
> x
-320,00

a

Cartesian effective stress o',

imum value = -33,31ki/m? (Element 211 at Node 992)
e = -310,4kNjm? (Element 860 at Node 6867)

Pucynox 43 — Pacnipenenenue BepTUKAIBHBIX HAMIPSKEHUHN 0, B TPYHTOBOM

MaCCHBE 0]l KpUBOJIMHEWHOW KOHTAKTHOU MOBEPXHOCTHIO B Plaxis 2D
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[/m3]
40,00

20,00
0,00
20,00
-40,00
60,00
-80,00
-100,00
-120,00
-140,00
-160,00
-180,00
200,00
220,00
-240,00
-260,00
-280,00

-300,00
-320,00

340,00

Cartesian effective stress o',
Maximum value = 27,43 kN/m? [Element 751 at Node 4229)
e = -332,2 kN/m? (Element 744 at Node 7337)

Pucynox 44 — Pacnipenenenue ropu3OHTaIbHBIX HAIPSHKEHUH 0, B TPYHTOBOM

MacCCHBE I10J] KpUBOJIMHEWMHONW KOHTAKTHOW MOBEPXHOCTHIO B Plaxis 2D

-50,00
60,00
> X

70,00

Cartesian shear stress o,

Maximum value = 55,29 kiN/m? (Element 467 at Node 5367)
Minimum value = 64,50 kijm? (Element 836 at Node 6153)

Pucynok 45 — PacnipeiesieHue KacaTelbHbIX HAMPSIKEHUH Tyy, B TPYHTOBOM

MacCHBE T0]] KPUBOJIMHEHHON KOHTAKTHON TTOBEpXHOCTHIO B Plaxis 2D

Ilo omnmcannoM MCTOJUKEC ObLIH pacCuuTaHbl BCJIMYHMHBI  PACUCTHBIX
COHpOTI/IBJIeHI/Iﬁ I'pyHTa 1pU pPa3HbIX HUCXOJHBIX AAaHHBIX JI BCPTUKAIBHO

PHUJIOKEHHOM Harpy3ku (pucyHok 43-45).

PCSYJIBTaTLI pacyucTa INIpUBCACHLI K CTAHAAPTHOMY BU/TY:

R=kg (%[Mykzbyll + qu17|‘| +(Mq _1)db7;| +Mcc, :U , (3.25)
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rae M,, My, M¢ — k03 dunenTs!, 3aBUCSIUE OT yIiia BHYTPEHHETO TPEHHs, KOTOPBIE,

KaK HCTPYAHO IIOKAa3aTb, MOT'YT OBITH paCcCUHUTAHLbI 110 U3BCCTHBIM q)OpMYJIaMI

nl4 M T M m-Clgop

M = , =1+ , C: .
ctgo+¢p—m/2 ctgo+o—m/2 ctgo+o—m/2

Y q—
3HaueHne KO3((dHIMEHTa pPacUETHOrO CONPOTHBIICHUS OCHOBaHUA Ky

ompenenseTcs mo ¢popmysie:
ky = (3.26)

r7ie Kp- TOBBIIIAIOMINNA KO3()PHUIMEHT pacCYeTHOTO COMPOTHUBIICHUS OCHOBAHUA,
YUUTBHIBAIOMIMKN PopMy MO0MIBHI PyHIAMEHTA;

R* - pacueTHOE CONPOTHUBIIEHWE OCHOBAaHUS MPU KPUBOJIMHEHHOW KOHTAKTHOM
IIOBEPXHOCTH;

R - pacueTHOE€ CONpPOTUBIEHUE OCHOBAaHUSA NPHU IUIOCKOM KOHTAaKTHOU
IIOBEPXHOCTH.

Paccunrtannbie ko3 duireHTsl Kr mpruBeacHbI B TadmuIE 14.
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Tabnuma 14 — KoappuimeHTsl pac4eTHOTO CONPOTUBICHUS

TPYHTOBOTO OCHOBaHHUS Kg

¢ =10° ¢ =30°
h* | g=19g=2|9g'=3|q'=5|09'=10|g'=1{9g'=2|q'=3|9g=51{09g=10
0 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00
0,1 | 1,08 1,10 1,11 1,12 1,12 1,04 1,05 1,05 1,06 1,06
02 | 1,12 1,15 1,17 1,18 1,19 1,08 1,10 1,11 1,12 1,13
0,3 | 1,18 1,24 1,26 1,28 1,30 1,14 1,18 1,20 1,21 1,23
04 | 1,26 1,34 1,38 1,41 1,43 1,23 1,28 1,31 1,33 1,36
05 | 1,34 1,46 1,51 1,54 1,55 1,33 1,40 1,43 1,46 1,50
@ =20° ¢ =40°
h* | g=1(9g=2|9g'=3|q'=5|09'=10|g'=1{9g'=2|q'=3|9g=51{09g=10
0 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00
0,1 | 1,06 1,08 1,08 1,09 1,09 1,02 1,03 1,03 1,03 1,04
0,2 | 1,10 1,13 1,14 1,15 1,16 1,06 1,07 1,08 1,09 1,11
0,3 | 1,17 1,21 1,23 1,25 1,27 1,12 1,15 1,17 1,19 1,21
04 | 1,26 1,32 1,35 1,37 1,40 1,21 1,25 1,28 1,30 1,33
05 | 1,36 1,44 1,47 1,49 1,52 1,31 1,36 1,40 1,43 1,46
[IpoBens anmpoOKCHMAIMIO YHUCICHHBIX PEIICHUM, MOIyYeHbl KO3(P(UIIMCHTHI
kr (7):

OCHOBAHHUA IPOUCXOAUT 3a CUCT YBCIWYCHUA CTPCIIbI

yCTaHOBHeHO, 4TO 3HAYUMOC YBCIMYCHHUC PACUCTHOI'O

npu ¢ =10°

ks = (0,1825In(q") +0,7244)h +0,995
pu ¢ =20°

ky = (0,14141n(q") +0,7387)h +0,982
mpu ¢ =30°

ks = (0,14861In(q") +0,6745)h +0,973
npu ¢ =10°

ks = (0,1385In(q") +0,6357)h +0,962

(3.27)

COIMPOTHUBJICHUA

noagbeMa KOHTAKTHOH

IMOBCPXHOCTH. IToBbIICHME pacd€THOr0o COIMPOTHUBIICHHA I'PYHTAa MOXKET NOCTHUIaThb B
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cpenieM 50% B 3aBUCHUMOCTH OT CTpEibl MOJbEMAa KOHTAKTHOW IMOBEPXHOCTH,

TPYHTOBBIX YCIIOBUH U 3ariayOienus QpyHaamMenTa.

OnpeneneHne  pacyeTHOrO  CONPOTUBJIEHUS ~ TPYHTOBOTO  OCHOBAHUSA
3arpy’KEHHOTO0 1O  KPUBOJMHEHHOW  KOHTAKTHOW TMOBEPXHOCTH  HEOOXOIHUMO

IMIPOU3BOAUTS I10 CICAYIOIICMY AJITOPUTMY:

1. OcHOBBIBasSICh Ha TPYHTOBBIX YCIOBHUSAX, a TaKK€ Ha KOHCTPYKTHBHBIX
napameTpax NpOeKTHpyeMoro ¢GyHAaMeHTa M HWCHOJb3ys HM3BECTHYIO METOJUKY,
OMpENENACTCS PAcYETHOE CONMPOTHUBJICHUE TPYHTA KaK IMOJ] IJIOCKOM KOHTAaKTHOM
MTOBEPXHOCTHIO;

2. OmpenensieTcss 3HA4Y€HHE TNPUBEACHHOW OOKOBOW Tmpurpy3ku (' B

COOTBETCTBHH C (POPMYIIOi:

, q+C'Ctg(|)
qg=—"
vb

3. Hcnonp3ys pa3paboTaHHYIO CIpaBOYHyr Tabnuiy 14, mpou3BOAMUTCS
no00p HEOOXOAMMON OTHOCHUTEIBFHOW CTpENbl MOAbEMa KOHTAaKTHOW MOBEPXHOCTH,
oOecrieynBaoIieil TpeOyeMoe pacyeTHOE CONPOTHBJIEHHE TPYHTOBOTO MACCHBA.

PacueTHOE CONPOTUBJIEHUE IPYHTA ONPENENIIETCs 10 HopMyIie
R=k,| 2272 M Kby, + M dy, +(M,~Ddy7, +Mc, ] |;
R K A7 Y17 q b1l RERE

JIJIsl IpaKTHYeCKOTO0 WMCTOJIB30BAHMS JTaHHBIA alrOpPUTM OBUT TIPEACTABICH B
BHJIC OJIOK-CXEMBI MPEJCTABICHHOW Ha pUCYHKE 46.
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P
1. IlpueATs mHpHAY GVHIAMEeHTIA b B
HEECHEPHO-TE0IOTHIE CKHE VCIOEHT

TUIOMIATEF

v

2. OnpenennTh pacieTHOS

CONpOTHETeHHE R mg dyEgaMenTa
33TAHHOH OTHPHHE b,
cormacao CIT 22 13330

v

3. OnpeneHTE 3HAYEHHE IPHESNSHHOH
OOKOBOH NPHTPY3KH §

v

4. TlopoOpars OTHOCHTEIEHYIO CTPRITY
MOTEEMA KOHTAKTHOH IOBEPXHOCTH A

v

5. IIpHHATE NOEEIIAKIHH
Ko3(dHIHERT pacdeTHOTO

COMPOTHENEHHT, VIHTEIEAOITHA {

KPHEH3HY KOHTaKTHOH MOBEPXHOCTH

v

He EBHOTHAEMCR

6.1 VReTHIHTE KPHBHZHY

6. IIpoeepHIE yeaorHe R>pep KOHT = el

i& MROTHAEMCR

7. IlpuaaMaem b, &, g~

Pucynox 46 — brnok-cxema onpeneneHus pacuieTHOTO CONMPOTUBIICHUS
TPYHTOBOTO OCHOBAHHSI

IPU KPUBOJIMHEWHON (hOpME KOHTAKTHOM MOBEPXHOCTH

CTOUT OTMETHTH, YTO MPU OOOCHOBAHUH HWHBIX PACUYETHBIX CXEM OTIUYHBIX OT
pucyHka 42 HeoOX0oIWMO TMPOW3BOAUTH TiepepacdeT KOod(PPHUIIMEHTOB pacdyeTHOTO
COTPOTUBIIEHUSI TpyHTa (TpUBEACHHBIX B Tabmuie 14) mpu HEO0OXOIUMOCTH
COTIOCTABUTEIIBHOTO aHajdW3a WM PAcCYUThIBATh CIWHUYHOE 3HAYCHHUE IO
KOHKPETHYIO KOHCTPYKIHUIO (GyHAaMEHTa W WHXKEHEPHO-TECOJIOTMUECKUE YCIOBUSI.
[ToMmuMO MpOTPaMMHBIX KOMILJIEKCOB HAIPSKEHHOE COCTOSIHHE TPYHTOBOTO MacCHBa

TAKKE MOXXHO OIPCACINTDL, UCITIOJIB3YA aHAIIUTUUCCKUEC MCTO/bI, OITMCAHHBIC BO BTOpOfI

TJIaBC.
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BuiBOABI

1. Dmniopa npeaenbHOro AaBiICHUS KaYeCTBEHHO MEHSET CBOM XapakTep IMpu
yBEIMYEHUH NoabeMa. KpoMe TOro, JuHUS CKOJIbKEHUsS, OIpaHHYMBAIONIAsl 00JacTh
NpelesIbHOTO paBHOBECHS, MpuoOperaeT Touku mneperuda. I[lpenenbHas Harpys3ka Ha
TPYHTOBOE OCHOBAHHE IPU KPUBOJMHEHHOM OYEPTAaHUM KOHTAKTHONM NOBEPXHOCTH
MOET NpeBOCXOAUTh Ha 80% aHaJIOrMYHBIA MapaMeTp IMpU IUIOCKOH KOHTAKTHOM
MTOBEPXHOCTH;

2. @®opmMma >3II0p MPEeneabHOro JaBICHUS 3aBUCHUT HE TOJBKO OT BEIMYMHBI
oJlbéMa KPUBU3HBI, HO TaKXe€ M OT XapaKTEPUCTUK TPYHTA U TIIyOUHBI 3aJ0KEHMS.
MaxkcumanbHOE 3Ha4eHHE CMEIIAeTcs OT LEeHTpa (yHAaMeHTa, HO He MPUOIMKAETCS K
KpasiM, OCTaBasiCh IPUMEPHO Ha paccTosiHuM b/4...0/3 ot kpas hyHmamenTa;

3. YBenuueHue cTpenbl MOAbEMa KOHTAKTHOW MOBEPXHOCTH IMPH 3HAYEHUSX
yria BHYTpeHHEro TpeHus Oomnee 20° moBbImaeT mpenaenbHylo Harpy3ky mo 100% B
3aBUCUMOCTH OT ¢ TpHU TJIAJKOM IOBEPXHOCTM KOHTAaKTa CHUCTEMBbI «OCHOBAHHUE-
¢ynnament». C OpakTHUECKOM TOYKM 3pEHMs, AAHHBIM (aKkT pe3KOro IMpupocTa
NpeNeIbHON HArpy3KH MpPH BBICOKUX 3HAYEHUS YIJIA BHYTPEHHETO TPEHUS NPUMEHUM
OpU YCTPOMCTBE (YHIAMEHTOB B HECBSI3HBIX II€CUYAHBIX TIPYHTaX C BBICOKMMHU
MIPOYHOCTHBIMU XapAKTEPUCTUKAMU;

4. Ilpu 0oIMHAKOBBIX XapaKTEPUCTUKAX 'PYHTOBOIO OCHOBAHUA, (PYHIAMEHT C
KPUBOJMHEHHOW IIEPOXOBATOM KOHTAKTHOM TIOBEPXHOCTHIO OO0JagaeT MEHbIIEH
Hecyllel CoCOOHOCTBIO, UeM C TJIAJIKOM. JTa CUTyalusl ABISETCS HETUTUYHOMN C TOUKU
3peHUs] OOUICNPUHATHIX MPEJICTaBICHUA O HeCylell CHOCOOHOCTH TJaJKuX U
HIEPOXOBATHIX (PYH/IAMEHTOB C TJIOCKUMU MOI0IIBAMU;

5. Ilpu manom yrie BHyTpeHHero Tpenus ¢ = 10° HaOmoqaeTcss TeHICHIINS
YBEIMYEHHMS NPEIEIbHON HArPY3KH B 3aBUCHUMOCTH OT OTHOCUTEJIBHOM CTpPEJIbl ObEMA
000104k B auana3zoHe oT 33 10 48% B 3aBUCHUMOCTA OT BEJIUYHUHBI OOKOBOM
npurpysku. IIpu 1aHHOM 3HaY€HUM yria BHYTPEHHETO TPEHHMS TJIaJKas U MIepoxoBaTas
KOHTaKTHAsl IOBEPXHOCTh IOKa3bIBAIOT MPAKTUYECKU PABHBIE 3HAYEHUS IPENEIbHON

Harpy3kH BO BCEM MHTEpPBAJIE U3MEHEHUSI OTHOCUTEIBbHOM cTpensbl noabeMa ot 0 1o 0,4;
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6. [Ilpu OonpIux 3HAYEHUSAX yrja BHYTpeHHero TpeHus ¢ = 40° rimankas
KOHTAKTHas IOBEPXHOCTh B JUaIa30He OTHOCUTENbHOU cTpenbl noabema ot 0,1 1o 0,4
MIOKa3bIBAET YBEJIWYCHUE OTHOCUTEIBHOW MpEeNesIbHON Harpy3ku npumepHo 110 90%.
[IlepoxoBatas KOHTAaKTHasi IMOBEPXHOCTh B JIAHHOM BapUaHTE TaKXKE ITOKA3bIBACT
yBEJIMUEHHUE TMPECTbHON Harpy3ku ¢ pPOCTOM OTHOCHTEIBHOM CTpeNbl ToJabeMa
KOHTAKTHOM MTOBEPXHOCTH, HO He Oosiee 28%;

/. YBeIWYEHUE PACUECTHOI'O COMPOTHUBIICHHUS OCHOBAHUS MPOUCXOAUT 3a CUET
YBEJIMYEHUsI CTPEJIbl MOoJbeMa KOHTAaKTHOM moBepXHOCTHU. [loBBIlIEHHE pPacyeTHOTO
CONPOTUBJICHUSI TPYHTa MOXET nocturath 50% B 3aBUCUMOCTU OT CTpEJIbl MObEMA

KOHTaKTHOW MTOBEPXHOCTH, TPYHTOBBIX YCIOBUH U 3ariy0sieHHs PyHIaMeHTa.
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4 HATYPHBIE DOKCHEPUMEHTAJIBHBIE NCCJIEJOBAHUSA PABOTBI

IITAMIIOB C PA3JIMYHBIM OYEPTAHUEM KOHTAKTHOM
IHHOBEPXHOCTH

4.1 O0mme moy10keHus1. 321a4M IKCIEPUMEHTAJILHOTO HCCJIeI0BAHUSA

lenpt0o  mpoBeneHHsT  MacIITaOHOTO  HATYpPHOTO  AKCIEPUMEHTAIBHOTO
UCCJICIOBAHMS CTajJi0 BBISIBICHWE 3aKOHOMEPHOCTH BIUSHUA (HOPMBI KOHTAKTHOM
MOBEPXHOCTH Ha paclpe/eiCHUe KOHTAKTHBIX [IaBJICHUN ©  J1e(popMHUpPYyeMOCTb

I'PYHTOBOT'O OCHOBAHUA CCTCCTBCHHOI'O CIIOKCHUA.
3aI[aanH HaTypHOI'O ITIOJICBOT'O UCCICAOBAHUSA CTAJIN:

e ompeneiieHHEe (PUBHKO-MEXaHUYECKUX CBOMCTB TPYHTOB  ClIararolimx
OCHOBAHME;

®  U3YYCHHUE XapakTepa pacOpelesicHHs] KOHTAKTHBIX JIaBICHUN MOJ
MOJIONIBOM HcClieTyeMbIX (hYHAAMEHTOB MPU UX CTATUUECKOM HarpyKEHUU;

e  ompeaeneHue AeopMalMK CIOEB TPYHTOBOIO OCHOBAHUS;

e  OIpejelieHHe XapakTepa paclpocTpaHeHuss oO0JacTeil MpeaesbHOTro
COCTOSIHUSI TPYHTA MPHU CTYIIEHYATOM HarpyKeHUHU;

®  uU3y4YeHUE BIUAHHUS OOKOBOrO 00XaTusi Ha JepopMallMOHHBIE CBOWCTBA

I'PYHTOBOT'O MacCHBa.

HatypHblii sKCIIEpUMEHT TPOBOIUIICS C aBrycTa 1o Hosi0ps 2014 1.

4.2 MeTtoauka npoBeJeHusi IKCIepuMeHTa

4.2.1 Tlnomaaka npoBeaeHUsI UCCJIeT0OBAHMH

ODKCHEepUMEHTaIbHAs IUIOMIAJIKA HAaXOAuJIach B CEBEpPO-3allaJlHOM YacTH
Bocrounoro paitona ropoaa TroMeHU B panlioHe nepecedeHust ynul OearoHuHCKOro U

UepsumeBckuii  TpakT. OO030pHas cxema paiioHAa PACMOJIOXKEHUS IUIOMAIKA
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npeacTraBieHa Ha pucyHke 47. PaHee naHHas TeppuUTOpUs MCHOJb30BAIACH IS
BBIPAIIIUBAHUS 3€PHOBBIX KYJBTYp. TEXHOI€HHOrO BO3JECUCTBHAS HAa TIPYHTOBOE
OCHOBAaHUE HMIKE IMOYBEHHO-PACTUTENIBHOTO CJIOS HE 3adukcupoBaHo. VHXKEHepHbIE

KOMMYHHKAaIIUH OTCYTCTBYIOT.

K DKcliepuMeHTaIbHAS

IIomaaka

PI/ICYHOK 47 — O63opHa;1 CcXcMa pacCIIOJOKCHUA BKCHCpHMeHTaHBHOﬁ IJ10Ma iK1

Penbed moiomanku paBHUHHBIA. YYacTOK HaXOAUTCA Ha IPaBOOEPEKHOM

YETBEPTOW HAMIOMMEHHOM Teppace co 3HAUCHUSAMHU a0COJIFOTHBIX OTMETOK B JIMAIa30He

oT 86,7 o 87,7 M.

MomHOCTh MOYBEHHO-pacTUTENbHOrO ciiog oT 0,3 mo 0,5 m. Ilepen nHauamom
AKCTICPUMEHTAILHOT0 UCCICAOBAaHNS ITPOU3BOIMIIACH CPE3Ka JAHHOTO CJI0S Ha TITyOuHY

1 M A0 TPYHTOB €CTECTBEHHOTO CIIOXKEHUS.

B rpyHTOBOUM TOJIIE JKCIEPUMEHTAIBHOM IUIOLIAJAKUA 3aJIErar0T O3EPHO-
AJUTFOBUAJIBHBIC TJIMHUCTBIE OTJIOKEHUSI Pa3IMYHOM KOHCHUCTEHIUHU (OT TBEPIOH 10
MSATKOIIJIACTHYHOM). ['pyHTBI 00J1ajal0T OJHOPOJHOM HEHAPYIICHHOW CTPYKTYpOH.
CramnmoHapHblii ypoBeHb IMOA3EMHBIX BOJI ycTaHOBieH Ha otMmetrkax 0,5 — 0,8 m or

JTHEBHOM MOBEPXHOCTHU 1O COCTOSHUIO Ha aBryCT — ceHTsA0ph 2014 roxa.

[IpenBaputenbHO ObUT  MpOU3BEAEH OTOOpP OOpa3loB  HApPyIICHHOW W

HEHAPYIIEHHON CTPYKTYpPBI JUIsl ONpeneieHus (QU3NKO-MEXaHMUECKUX XapaKTEPUCTHK
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rpyHTOB (pucyHOK 49). [Ipon3BOACTBO JAHHOTO BHA PabOTHI MPOU3BOMIOCH COTIIACHO
['OCT 12071-2014 «['pyntsl. OtOo0p, ymakoBKa, TPAaHCIOPTHUPOBAHHE U XpaHEHHE

00pasIoBy.

HccnenoBanus rpyHTOB Tpom3Boaminck cormacHo 'OCT 5180-2010 [49] u
['OCT 12248-2010 [45] B nabopaTtopHbiX ycinoBusx Ha 6aze PI'BOY BO «TroM['ACY»
B paMKax CYIIECTBYIOIINX HOPMAaTUBOB [46-48]. OmpeneneHo, 4TO HEMOCPEACTBEHHO
MOJI TIOJIOIIBOM MCCIIEyEeMbIX IITAaMIIOB 3aJieraeT TBepjas riirHa MOIIHOCThI0 0,9 —
1,1 M, KoTOpas TOACTHJIAETCS CYIJIMHKOM  MSTKOIUIACTUYHOW  KOHCHCTEHLIUU
MOIIHOCTBIO OKOJIO 5 M., HIKE 3aJIeTaeT MeCOK CpeaHell KpymHOCTU. [ pyHTOBBIE BOBI
oOHapy-xeHbl Ha rimyoune 0,6 — 0,8 M. oT moBepxHOCTH. OCpeTHEHHBIE XapaKTEPUCTUKH
TPYHTOB OCHOBaHMS MpHUBEACHbI B Tabmuie 15. PacnonokeHne 3KCIepUMEHTAIBHOTO

ITaMIIa Ha T'COJIOTHYCCKOM pa3pe3C IPCACTABIICHO HA PUCYHKC 45,

Tabmuua 15 — PU3UKo-MEXaHUYECKHUE XapAKTEPUCTUKU IPYHTOB IIOMIAIKU
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1 (00(10] 0,79 | <0,0 | 17,4 15 31 | 3.3 | 57 19 I'muua TBepmas
2 11060 080 | 062 [185| 15 | 17 |27 | 30| 8 Cyrmamox
MATKOIINIACTUYHBIU
3 6066|060 | - |191]| 31 | 2 | 25| - | 25 | Mecoxcpenneit
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["runHa mbepdos
¥=17,bkH/ M, =15
C,=3Mla, E=19MIMa

LUz NUHOK

MAZKONALCMUSHSI
%=18,5kH/M, =15
C,=17xMo, E=8MIo

Pucynox 48 — Ilporecc otbopa Pucynox 49 — I'eonorudeckue ycioBus

00pa3loB rpyHTa AKCIIEPUMEHTAJILHON TIOIIAAKU

4.2.2 TexHOJOTHA M3TOTOBJICHHUSA 00HEKTA UCCIECI0BAHUSA

HccnenyeMbiM OOBEKTOM B paMKax HATYpHOTO OKCIEPUMEHTA SIBJISUIUCH
TPYHTOBOE€ OCHOBAaHHME M JKECTKHE OCECHMMETPHUYHBIC IITAMIIbI, AHUAMETPhI KOTOPHIX
coctaBisui 1200 MM ¢ pa3nuyHOM (QoOpMON KOHTAKTHOM TOBEpPXHOCTH. KpuBu3Ha
OMMUCHIBAJIACh KBAJApPAaTHbIM YypaBHEHHWEM U 3aJaBajlaCb 10 BCEMl KOHTAKTHOMU
MOBEpXHOCTU. JJIsi CO37aHUs JKECTKOCTH HCHBITHIBAEMBIX IITAMIIOB B KadyeCTBE
apMUPOBAHUS MCIOJI30BAIUCH MPOCTPAHCTBEHHBIE KAapKAachl U3 CTEKJIOILIACTUKOBOMW
apMaTypbl U METaJUIMYECKUE CETKU. Takke NJisi CpaBHEHUS ObLI M3TOTOBJICH IITaMII C

IJIOCKOM KOHTaKTHOM MOBEPXHOCTBIO.

[IITammbl OBLTM U3TOTOBJICHBI U3 MOHOJIMTHOTO OETOHA KJlacca MO MPOYHOCTH Ha
cxatue B25. ApmupoBaHue BepXxHEH 30HBI MPOU3BOJUIOCH M3 CTEKJIOIIACTUKOBOM
cTepHeBoi apMmatypel @12 MM ¢ marom 150 MM B TpPOJOIBHOM W IOIEPEUYHOM
HalpaBJICHUU.  APMUpPOBAHME  HWXKHEM  30HBl  MPOU3BOJAMIOCH  THYTHIMU
METAITMYECKUMH CEeTKaMH u3 cTepkHer @4 mm ¢ mmarom siaeiika 50x50 mwm.

CoeauHeHue apMaTypHbIX KapKacoB MeEXAy COOOH OCYHIECTBIISUIOCH HPHU TOMOIIH
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HEHJIOHOBBIX U CTaNbHBIX XOMYTOB. [IpenBapuTenbHO coOOpaHHBIE MPOCTPAHCTBEHHBIE
apMaTypHbIe KapKachl YCTAHABJIHUBAJIUCH B ONATYOKY HETIOCPEICTBEHHO Mepe HauaaioM

oetonupoBaHusi. KoHCTpyKTHBHAs cxema ITamMIoB MpuBegeHa Ha pucyHke 50. Bcero

OBIJIO U3rOTOBJICHO 4 IITamMIia.

a) e o 0) "

Pucynox 50 — KoHCTpykTHBHAs cXeMa SKCIIEPUMEHTAIBHBIX IIITAMITOB:

a) mramn Nel — ¢ MI0CKON KOHTAKTHON MOBEPXHOCTHIO;

~ o ~ f 1 .
0) mrramn Ne2 — ¢ KpUBOJIMHEHHON KOHTAKTHON MTOBEPXHOCTHIO, T

~
e

B) mramn No3 — ¢ KpUBOJMHEHHOW KOHTAKTHOM MOBEPXHOCTHIO, — =

Q|+

o

N o f
r) wramn Ne4 — ¢ KpUBOJIMHENHON KOHTAKTHOW MOBEPXHOCTHIO, 5=

Texnomornyeckass MoCIeAOBATEIBHOCTh YCTPOMCTBA OOBEKTOB HCCIIECTOBAHHUS
ObL1a ClIeayroIas:
®  PEKOTHOCIHMPOBKA MECTa MPOBEIACHUS IKCIIEPUMEHTATBHBIX NCCIICI0OBAHHM;

L CpC3Ka ITOYBCHHO-PACTUTCIIBHOI'O CJIOA H INIAaHHUPOBKA ITIOBCPXHOCTHU OO

I'PYHTOB €CCTCCTBCHHOI'O CJIOKCHHA C IIOMOIIBIO CPCACTB MCXaHU3AIUN,

®  pa3MeTKa I'paHull IJIOMAJKU U MECT YCTPONCTBA ITAaMIOB (pUCYHOK 47 a);

L4 YCTpOﬁCTBO JUACPHBIX CKBAXKHWH IJIs1 BHCAPCHUS FJ'IY6I/IHHBIX MapokK;

®  yCTAaHOBKA ITYOMHHBIX MapOK B IPYHTOBOE OCHOBaHUE (PUCYHOK 47 0);

e  pyuHas 0pabOTKa TPyHTa C LEJIbI0 CO3JaHMS TUIOCKONW M KPUBOJIMHEHHON

KOHTaKTHOW MOBEPXHOCTHU C MOMOUIBIO IA0IOHOB (pUCYHOK 47 B, T);
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®  U3rOTOBJICHHE apMATYpPHBIX KapKacOB U3 CTEKIJIOIIACTUKOBOW apMaTyphl U
METATTNYECKUX CETOK;

®  U3rOTOBJICHWE W  YyCTAaHOBKAa  OManyOku  uis  OCTOHHWPOBAHUSA
IKCIIEPUMEHTATBHBIX IITAMIIOB,

e  VYKJIAJKa MECCA03 MO KOHTAaKTHOM MOBEPXHOCTH «IITAMII - OCHOBAaHHE»
(pucyHok 47 n);

e  MOHTaX apMaTypHOro Kapkaca B onaiayOKy (pUcyHOK 47 e);

e  OCTOHMPOBAHME IITAMIIOB U yX0J] 32 HUMHU. OkujlaHue Habopa MPOYHOCTU
OetoHa B TeueHue 14 nHel (pucyHok 47 x);

®  CHATHE ONagyOKH CO ITaMIOB (PUCYHOK 47 3).

doTtopukcanus TEXHOJOTMYECKOTO MPOLIECcCa YCTPOMUCTBA IKCIEPUMEHTAIbHBIX

IITAaMIIOB NMPUBEACHA HA pUCYHKE D1.



Pucynok 51 — TexHoMOrn4eckuii mporecc ycTpomucTBa SKCIEPpUMEHTATbHBIX
HITAMIIOB: @) Ch€M PACTUTEIBHOTO CIIOS M pa3METKa SKCIIEPUMEHTAIIbHON
TJIOIIA/IKK; 0) BHEIpEHUE ITYOMHHBIX MapoK; B, T') py4dHas 10paboTKa 1
YCTPOMCTBO KOHTAKTHBIX MTOBEPXHOCTEM; /1) yCTAaHOBKA ONMATyOKH U pacKiiajika
MECCJI03; €) YCTaHOBKa apMaTypPHBIX KapKacoB; k) 0ETOHUPOBAHUE IIITAMIIA; 3)
oO1IMi BUJ IITaMIa nepe]] UCIIBITAHUEM.
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[Tocne oxxmmanust Habopa MPOYHOCTH OETOHA HKCIEPUMEHTATBHBIX IITAMIIOB
MPOU3BOJAUIIOCH YCTPOMCTBO HArpyKarolleld CUCTEMbI ISl HMCIBITAHUS TPYHTOBOTO

OCHOBAHHUS CTAaTUYECKOMN Hany3K0ﬁ.

4.2.3 Ilpudopsl U 060pyI0BaHHE

Harpyxenue ucrpIThiBaeMbIX (YHIAMEHTOB Ha SKCIIEPUMEHTAIBHOMN TUIONIAIKE
MPOM3BOAMIIOCH TPH TOMOIIM  JIOMKpPara OJHOCTOPOHHETO  THAPABINYECKOTO
«OHEPIIPEI» rpy3onoaseMHocThio 100 TC ¢ pydyHBIM HACOCOM [IJIsl CO3/IaHMS TOKA U
JaBJICHUSI TUJPABIMYECKON KUAKOCTH. KOHTpOIb JaBieHUs B THUIAPOCHUCTEME
OCYIIECTBIISUICS C TOMOINBIO MacisiHOro MaHomeTpa Ha 250 Kkre/em?, KOTOPBIN
MpEeIBapUTENIbHO ObLI OTTAapUPOBAaH B JIAOOPATOPHBIX YCIOBUAX TMPH TOMOIIU

AIIEKTPOHHOTO JITMHAMOMETPA U TUAPABINYESCKOTO TIpecca (PUCYHOK 52).

n
(=]

(=]

a) 0)
300

B) %-
< 250 Y
|-
z
= 200
(="
5
£ 150
5 P ad
Z 100 /
£ A
=
Z
=

0.00 100.00 200.00 300.00 400.00
INokazanus 1unamometpa , kH

Pucynok 52 — JloMkpat ruipaBIdyeCcKuii: a) THAPABINYECKUN TOMKPAT C pyYHOU
MacJIOCTaHIIMEH; 0) mpoliecc TApUPOBKU MAaHOMETPA; B) TAPUPOBOIHAS
3aBUCUMOCTD JIJISI MAHOMETpPA
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Harpy3ka ot qomMkpara Ha SKCIIEpUMEHTAIBHBIN IITAMII IEPEAABATIACH TOUYECUHO.
JIoMKpaT yCTaHaBIMBAJICA HAa CHUCTEMY W3 JIByTaBpOB M IIBEJUIEPOB, COOpPAHHBIX
«KOJIOAUEM» M ONMpAIOLIMECs] Ha INTaMI B YETBIPEX TOYKax uepe3 (QaHEpHbIE
noakiankd. Takum  oOpazoMm, obOecreduBaeTcs paBHOMEPHOE CHMMETPUYHOE

Harpy>XC¢Huc MOJICIIN OIIBITHOT'O Q)YHI[aMGHTa.

PeakTuBHOE ycuime OT IOMKpaTa BOCIPUHUMAIOCh OalKOM M3 JIBYX CTaJbHBIX
nByTaBpoB Ne35 mmunor 5 m. JIByTaBpbl onupaiuck Ha pyHaamentHbeie 010ku ObC,
noBepx HUX ykjiaabBaiuch O0noku OBC 24.6.6 nis co3maHusl CTaTHYECKOTO TPy3a,
KOJIMYECTBO KOTOPBIX OBUIO ONpPENENIEHO W3 NPEIBAPUTEIBLHOTO pacuéra Harpy3Ku
HEOOXOJUMOW Ui  HUCYEepHaHUsl Hecylled CHOocOOHOCTM  OcHOBaHusA.  Jlis
JOTIOJTHUTENBHOTO BKIIIOUEHHSI B pPa0OTy HUIKHUX OJIOKOB OBLIO TNPOM3BENECHO HUX
OINOSICBIBAHUE CTAJIBHBIM TPOCOM JHAMETPOB 12 MM M THOCIEAYIOIIEH CTAKKON
tanpenamMu. OOWIMN BUJ SKCIEPUMEHTAJIBHOTO IITaMIla U HAarpyKarolled CHCTEMBI

MPEJICTABIICH Ha PUCYHKE S/ 1.

KoHTpoabs BepTUKATBHBIX NEpeMenieHui Mojenei GyHIaMeHTOB U TIIyOMHHBIX
MapoK MPOU3BOUIICA TIpH oMol nporuoomepoB 6I1AO c nienoit nenenus 0,01 mm u
porudOMepoB, M3TOTOBJIEHHBIX Ha 0a3ze MHAMKATOPOB "yacoBoro tuma MU-10 ¢ neHoi
nenenus 0,1 M. B kadecTBe CTpyH MNpPOrMOOMEpPOB HCHOJb30BaIaCh MPYKUHHAS

CTajbHas MPOBOJOKa quaMeTpoM 0,3 mMm.

BuHTOBBIE TIyOMHHBIE MapKd YCTAaHABIMBAINCh B AKTUBHYIO 30HY IOA
HKCIEPUMEHTAIbHBIMU IITaMnaMd. OHU NPEACTaBIAIOT COOOH MeETaTUYECKH
CTEp>KE€Hb, UMEIOIIMI OJIMH W3 CBOOOJHBIX KOHLIOB B BUIE KOHYca. J(MameTp cTepxkHs
lcm u pamuaa 5 cM. K maHHOMY CTEp)KHIO MO BCE UIMHE NpPHUBapeHbl BUHTOBBIE
JIOMACTU C HapY>KHBIM JIHAMETPOM 3 CM U3 JIUCTOBOM CTaJIM TOJUIMHOW 2 MM. BTopoii
CBOOOJHBIN KOHEN, (PUKCUPYIOLIMKCS B HAMpaBISOIIEH TpyOe BO BpeMsi BHEAPEHUS
MapKy, CTOYEH NOJ KBajapaT co cTOpoHoM 0,7 cM, Takke B JAHHOM TOpLE MapKu
MMEETCSl CKBO3HOE OTBEPCTHE Uil KpPEIUICHHs CTAJIBHOW CTPYHbl IPU I[OMOILHU
METaJUIMYECKOro mMTu@Ta. YCTaHOBKAa MapOK Ha MPOEKTHYIO OTMETKY MPOU3BOAMIOCH

IpU TIOMOIIM BHEAPSIONICH TPyObl nuameTpoM 16 MM, K HUKHEMY KOHIY KOTOpPOU
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pUBapUBajIach 3ariylika ¢ KBaJpaTHbIM OTBEPCTHEM ISl (PUKCAMU Mapku. Mecto
COTPSDKCHHMS] MApKU W 3ariIylIKH OOWJIBHO MPOMAa3bIBAIOCh TEXHUYECKOW CMa3Kou
«JIuton-24» g obecrieyeHUs] COCKAIb3bIBAHUS MAapKU U3 BHEIPSIONIEH TPYOBI mepen
HavajloM OKcrmepuMeHTa. OOmM BHI W YepTeX BUHTOBOM TIyOMHHOW MapKu

MPUBEACHBI HA PUCYHKE 53.

N3mepeHne KOHTAaKTHBIX HANPSDKCHHH TI0 TIOBEPXHOCTH COMPUKOCHOBEHHUS
ITPYHTOBOTO OCHOBaHUA W MoJeNu (YyHIaMEHTa OCYIIECTBISJIOCh C IMOMOIIBIO
OJTHOCTOPOHHHUX JaTYMKOB JaBiieHUs — Meccao3. COopka Meccio3 MpOUCXOuiia Ha
ocHOoBe Metoauk npennoxkeHHbix J[. C. bapanoBa, A. B. I'omm, b. M. /lanmaroBa u
npyrux aBtopoB [10, 50]. JInst cobmtonenus TpedoBaHus Mo yIpyroi padboTe mMaTepuana
KOpIlyca Meccno3bl Hcnosib3oBaiica ThuTaH Mapku BT1-0. KoHctpykuus meccmossl

Mpe/ICTaBlIeHa Ha PUCYHKE S4.

a)

50

Pucynoxk 53 — ['1yOuMHHBIC MapKu: a) 4epTek IITyOMHHON MapKu; 0) 0OIIHiA BH]T

MapKy; B) IITyOMHHBIE MapKH MepeJ MOTPYKEHNUEM B TPYHTOBOE OCHOBaHHUE
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Pucynok 54 — Mecco3a : a) yepTek KOpIyca MECCI03bl; 0) OOITUi BUI MECCAO3BI
Ha MIOBEPXHOCTH I'PYHTA; B) TAPUPOBOUYHBIN rpaduk; r) HHTEPPENC TPOrpaMmbl

cOopa JTaHHBIX

KoHTakTHBIE MeCCIO3bl MMENM HAPYXKHBIA auameTp 36 MM, NP TOJIIMHE
paboueit MemOpansl 0,8 mM. J[Be yacTu KOpIyca MecC103bl COCIUHSIIUCH M0 CPEICTBAM
CUCTEMBl  «Ha3-IIMI» € MPOMa3KoM MecTa  COCAMHEHUS  YHHUBEPCAJIbHBIM
MAHOKPWJIATHBIM KJieeM. {1 mpenoTBpalleHus MonajgaHusl Biard BHYTPb MECCII03bI
CTBIK IO KOHTYPY 3aIlOJIHSUICS 3MOKCHJIHBIM KIJIEEM, IIOCJIE OTBEPKIAEHUS KOTOPOIO

MCCCI03a AOMOJHUTCIIbHO ITIOMCIIAIACH B PC3NHOBYIO MeM6paHy.

B koHCTpykmuu Mecclo3 TPHUMEHSUINCh  TEH30PE3UCTOPHI  (hOJIBrOBBIC
koHcTaHTOBbIe 2DKII-5%x200. OHU MPOKIEHBAINCH HA BHYTPEHHIOIO CTOPOHY padoueit
MeMOpaHbl, a TAK)KE€ Ha KOMITEHCAIITMOHHYI0 TUTAHOBYIO TUIACTUHY, KOTOpasi HAXOIUIach

BO BHYTPCHHCM IIPOCTPAHCTBC MCCCIO3bI. KOMHCHC&TOp NpcaHasHa4dyCH  AJIA
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HCKIIIOYCHMA TIIOIpCIIHOCTH B H3MCPACMBIX 3HAYCHUAX, BBI3LIBAEMON BHEIIHUMU

dakTopaMu cpebl, HapUMEp, NepenagaMyu TeEMIEPaTyphl.

Peructpanus u npeoOpazoBaHHEe 3JEKTPUUECKOTO CUTHAJIA C TEH30PE3UCTOPOB B
udpoBoil ocymecTBisuiach ycrpoiictBom Compact RIO mpoumsBoacTBa KOMIaHUU
National Instruments. IIpeoOpa3oBaHyie H3MEHEHUS COITPOTHBIICHUS TCH30PE3UCTOPOB B
€AUHULIBI U3MEPEHUSI JABJICHUM MPOUCXOAWIO MO WHAWBUIYATBLHBIM TappPUPOBOYHBIM

3aBUCHUMOCTSIM JIsI KOHKPETHOM MECC03bI (PUCYHOK 54 B).

OO6paboTka 1U(pPOBOTO CUTHAJNA, €TO HAKOIUICHHE W BHU3yaJM3aIusl B PEKUME
PEATBHOTO BPEMEHH IMPOWCXOIUIIH MTPH MTOMOIIH CIIEIUATBHO pa3padOTaHHOTO B Cpe/ie

LabVIEW mnporpammuoro npoaykra TENZO (pucynok 54 r).

TappI/IpOBKa MCCCIAO03 IMPONU3BOAUIIACH ITOCJIC UX MIOJTHOM C60pKI/I, I CO3daHUs
HWHANBUYAJIbHBIX 3aBUCHUMOCTEH MCXKAY BCIMYHMHAMHU PA3HBIX pa3MepHOCTCﬁ JJIA
KOHKPCTHOI'O JaTYMKa. B YaCTHOCTH, Hp€O6pa3OBaHI/I€ KOOIUPOBAHHOT'O CUT'HAJIA AHH B
CAMHUIIBI JOaBJICHHUA 11O pa6oqeﬁ IIOBCPXHOCTU HAT4YHKA. TapI/IPOBKa MECCOAO03
oCymeCTBsJIaCh  ITHCBMATUYCCKMM  METOAOM B 6ap0KaMepe, COCTOSIHICﬁ u3
IrepMCeTUYHOIr0O MCTAJUIMICCKOI'O 6aKa, KOMIIPpECCOpPA, HArHCTArOMICTO B HCTO BO3AYX, U

MaHOMeTpa JiJisl (PUKCALMK TaBICHUS.

Ilocne He MeHee uYeM JBaJUaTH LUKIOB «HArpyeHUe-pasrpy3Ka»
MPOU3BOAMIIACH TAPUPOBKA KaXKJIOW MECCIO3bl JO MOMEHTa BbIXOAa €€ paboThl Ha
NpsAMYI0 JUHUIO. TapupoBKa NMPOU3BOAWIACH IYTEM YBEJIMYEHUS BEJIMYMHBI JaBICHUS
crynensimu o 20 klla. ITokazanus Ha Kaxmod CTyneHH (PUKCUPOBAIACh MO JAHHBIM
AIIT nna kaxmoil Meccaos3bl. Pabora mpou3Boauiachk MpU MOMOIIM CHEIHATBHOM
IporpamMMmbl JUIsl CO3/aHMS TApPUPOBOYHBIX 3aBUcHUMOCTER. IIpoBeneHne TapupoOBKH
MPOUCXOMIIO KaK MPHU BO3pPACTaHUM, TaK U YMEHBIIEHUU JABJIEHUS, T.€. ISl TIOJIHOTO
UKJIa «Harpy3ka — pasrpy3ka». Meccao3bl, Jarolye MorpemHocTs 6ouee 8% mocie
20 1WKIOB, BBIOpAKOBBIBAIUCH. TakuMm oO0pa3om, I KakKIOH MeCcCIo3bl Oblia
NOJyYeHa WHIWBUAyaJbHAs TAapUPOBOYHAS  3aBHCUMOCTh  (PUCYHOK 54  B),

HCIIOJIb3yCMas IJIsA Hp606pa3OBaHI/I$I JaHHBIX, ITOJIYYCHHBIX B XO/JIC SKCIICPUMCHTA.
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4.2.4 TlopsinoK NpoBeJeHNsI HATYPHBIX IKCIIEPUMEHTOB

HatypHoe 3KcreprMeHTaIbHOE WCIBITAHHE IPYHTOBOTO OCHOBAHMS IITaMIIaMU
npoucxoauiio cornacHo 'OCT 20267-2012 «I'pyHTbl. MeTo1bI TOJIEBOTO ONPEAEICHUS

XapaKTEPUCTUK MPOYHOCTU U AHOPMUPYEMOCTH.

[IpoBeneHME TMONEBBIX HCIBITAHUN TPOBOJUIOCH COTJIACHO pa3paboTaHHOM
METOOUKE MPOBEACHUS HATYPHOTO OHKcHepuMeHTa. [loAroTOBHUTENBHBIN  3Tal

MPOUCXOJIUI B TA0OOPATOPHBIX U MOJIEBBIX YCIOBUSIX.

[ToaroroBuTenbHbIE PAOOTHI B JIAOOPATOPHBIX YCIOBUIX 3aKIIOYAIUCh B COOpKE
U MIPOBEPKE PabOTOCHOCOOHOCTH IITyOMHHBIX BUHTOBBIX MAapOK, KOHTAKTHBIX MECCI03 U
noMkpara. Ha stane nmpoBeJeHHs OJIEBbIX pabOT OCYIIECTBIISJIACh BHEAPEHUE MapoK
Ha TMPOCKTHYIO OTMETKY, pacKjiaJka KOHTAaKTHBIX MECCA03 10 KOHTaKTHOMN
MOBEPXHOCTH, YCTAHOBKA pENEPHOM CHCTEMBI, COOpKa HArpy>Karwllel CUCTEMBI,
YCTAaHOBKA JATYMKOB I MU3MEPEHUS NEPEMEIICHHM, MOAKIIOUYECHNE alapaTypbl s
duKcalMy  HampsDKEHUH. OTambl  yCTPOMCTBA  SKCHEPUMEHTA  COMPOBOXKAAINCH

doTodukcaruen.

Ilocne ompeneneHuss KOHKPETHOIO MECTa PACIOJNOKEHUS KaXIOTO IITaMIia
MPOU3BOMIIACH pydYHasl JAOpabOTKa TPYyHTA M pa3METKa MECT BHEIAPECHHS TITyOMHHBIX

BHHTOBLIX MAapokK.

TexHonorus BHeApeHUs TIAYOMHHBIX MapoOK Ha MPOEKTHYIO OTMETKY ObLia
clelylouas: Ha NEepBOM JTale MPOUCXOAWIA NPOOMBKA JHMAEPHON CKBaXKUHBI Ha
OTMETKY HE€ MPEBBIMIAIOIIYI0 TPOCKTHYIO Ha 0,5 M MeTaITMYeCcKOil TpyOol aruamMeTpom
32 MM, 3aTeM JaHHas TpyOa H3BIEKalach MU OIMycKajgach TiyOmHHas wmapka. Jlo
HEOOXOMMOW OTMETKHM TIyOMHHash MapKa 3aBHHYMBAIACH MO YaCOBOM CTpEJIKE MpHU
IIOMOIIIA Ta30BOr0 KJ04a NPU JONOJHUTEIBHOM BEPTUKAIBHOM BJABJIMBAIOIIEM
ycunuu. Ilocnme nHanpapistomas Tpyda aumamerpoM 16 MM 11 riyOMHHOM MapkKu
MPUTIOTHUMAJIACh BBEPX Ha BBICOTY HE MeHee 100 MM ¢ 1enblo pa3beIUHEHUS] MapKU U

Hanpasisiromed. Hampasistromas  ocraBajiack B TpyHTE JJIi  COXPAHEHUS OT
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IIOBPEXJAEHNUN CTPYHBI M JUI1 HEJONYLIEHUS BO3ZHMKHOBEHHUS €€ TPEHMS O T'PYHTOBBIU

MaCCHB.

Bepxuuii cBOOOAHBIM KOHEL CTPYHbl HaMmaTblBAJICA Ha OJOK JaTdyuKa
nepeMenieHnii Ha moaTopa obopoTa. Ilocime 3TOro K KOHILy CTPYHBI KPEHWICS TPy3-
IPOTUBOBEC, KOTOPBIN MOJAOUPAJICS U3 YCIOBHSI paBEHCTBA JIaBJICHUS MAapOK Ha TPYHT U
IPUPOJTHOTO JAaBJICHUS TPYHTa B MPOCKTHOM YpOBHE paboThl Mapku. biok matdmka
NEPEMEIEHU pacnojlarajcsi B IPOCTPAHCTBE TaK, 4YTOOBl YYacTOK CTPYHBI,
BBIXO/SIIMNA W3 HANpaBIAIOIIEH TpyObl M NPUKPEIUICHHBI K MPOTHUBOBECY, ObUIH

CTPOTO BEPTUKAJIBHBI U MAPAIUICIIBHBI IPYT APYTY.

CxeMa pacrnosnoxeHusi TIyOMHHBIX MapOK B aKTUBHOW TOJIIE TPYHTOBOIO

OCHOBaHMsI M300pakeHa Ha pUCYHKE 55,

0,150

_ Sl . - . 0,000

-0,300

-0,600

Mr3 N

-1,200

1,800

Mranez

-2,400

® - riyOMHHAs Mapka

Pucynox 55 — Cxema pacmomnoxeHus rTyOnHHBIX MapOK

st hopMupoBaHusl KPUBOJUHEHHOTO OYEPTAHUS KOHTAKTHOW TOBEPXHOCTH
OB M3TOTOBJICHBI KECTKUE MIA0JOHBI JUIS Ka)XXI0W KpUBU3HBI. OH COCTOST U3 JIBYX
JIEPEBSIHHBIX OPYCKOB COEIMHEHHBIX Mo yriioM 90° v TIacTUHBI U3 TOHKOW JIMCTOBOM

CTaJu, C MOMONILI0 KOTOPOl ouepumBaiachk KpuBuzHa. CheM TpyHTa MPOU3BOJIUIICS
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ATamamMu ¢ MMOMOIIBIO CTaJIbHBIX Immareneid. Pabora mpousBoaunacs cexropamu 1o 45°.
KoHTpons ¢opMupoBaHus KpPUBU3HBI MPOU3BOIWIICS TMPH TOMOIIM I1abjJoHA |

CTPOUTCIIBHOI'O YPOBHA.

Beprtukanpaple iepeMerienust mramia GUKCHPOBAIUCH TPEeMs POTUOOMEPAMHU
2
6IIAO B TOukax, HAXOJAIIUXCS HA PACCTOSIHUU 37 (rme r — 3TO paauyc LITamma) OT

LEHTpa wmrTaMna. TOYKK pacmnoyiokeHbl ¢ yrioBbiM marom 120°. CoennHeHUE TOYEK
mTamMna U OJoKa JaTYMKa TEPEeMEIICHHUS MPOU3BOJWIOCH MO CPEACTBAM CTALHOMN
NPY>KUHHOM MPOBOJIOKH nuaMeTpoM 0,3 MM MO METOJIMKE, KaK y IIyOMHHBIX Mapok. K
CBOOOJIHOMY KOHITy CTpPYHBI, IPOIYIIEHHOMY dYepe3 OJOK JaTyuka MNepeMelIeHUM,

Kpenwiicst npotuBoBec Maccon 200 r.

@dukcanusi KOHTAKTHBIX  HANPSDKEHUM  OCYLIECTBISJIACH € MOMOIIBIO
MEMOpaHHBIX  MECC/I03, KOTOpblE  pacKIaJblBAINCh  HAa  MPEABAPUTEIHHO
CIUIAHMPOBAaHHYK)  KOHTAaKTHYI0 IOBEPXHOCTb. MeCTOo  yCTaHOBKM  MECCHO3bI
CMAUMBAJIOCh HEKOTOPHIM KOJIMYECTBOM BOJBI, 3aT€M JaTYMK BIABJIMBAICS B
IPYHTOBBIM MaccuB Ha 5 MM. OpueHTalus JaTyuka — padoueit MemOpaHoit BHU3. s
NpEeAOTBPAIlCHUSI TOBPEXKACHUS KaOedst OT MeCCIO3bl uepe3 Telo IITamia OH
MPOMyCKajcsia 4Yepe3 ropupoBaHHYIO IIACTHUKOBYIO TpyOy. CxeMa pacmoioxKeHUs

KOHTaKTHBIX MECCJI03 MPEJCTaBICHA HA PUCYHKE D6.

V' - KOHTaKTHas Meccao3a

Pucynok 56 — Cxema pacnonoxkeHusi KOHTaKTHBIX MECC03

JlaTuuku mepeMenieHud TIIyOMHHBIX MapoK U IITaMIa KpPenmuwinuch Ha

HETOJABM)KHOM PENEpHON CUCTEME, KOTopasi MpeAcTaBisiia co00H MPOCTPAaHCTBEHHYIO
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TpeyrojapHyto ¢epmy. OmopaMu penepHONl CHUCTEMBbl CIYXWJIH CTalbHbIE TPYOBI
nuameTpoM 40 MM, BOUTBIEC B TPYHTOBBI MacCHB Ha OTMETKY 1,5 M Ha pacCTOSIHUM HE

MCHCC 1,5 M OT HCCJICAYCMOTO IITAMIIA.

BepTtukanbHble NEpEMEIIECHHsS] PEIEPHOM CUCTEMBI HA NEPUOJ IPOBEIACHUS
UCIIBITAHUS OTCJICKUBAJIMCh BBICOKOTOUYHBIM HUBeaupoBaHueM. CymmapHas ocalika He

npesbicuia 0,2 M.

Harpy3ka oT AOMKpaTa Ha 3KCIIEPUMEHTAIbHBIN IITaMII [IEPEJaBaIach TOYEUHO.
JIoMKpaT yCTaHaBIMBAJICA Ha CHUCTEMY W3 JBYTaBpOB M IIBEJUIEPOB, COOpPaHHBIX
«KOJIOJLEM» M ONMpAIOLIUecs] Ha LITaMIl B YETBIPEX TOUKax uepe3 (aHEepHbIE
nonkiaanaku. Takum  oOpazoMm, oOecreduMBaeTCs pPaBHOMEPHOE CHUMMETPHYHOE

Harpy>XC¢Hu<c MOJICIIN OIIBLITHOT'O (bYHI[aMeHTa.

PeaktuBHOE ycwiine OT IOMKpaTa BOCIIPUHUMAJIOCH OalKOW M3 JBYX CTaJIbHBIX
nByTaBpoB Ne35 mmunoi 5 M. JIByTtaBpbl onupanuck Ha pyHaamentHbeie 010ku OBC,
noBepx Hux ykiaasBanuch 01oku OBC 24.6.6 s cozmaHus CTaTUYECKOTO TIpy3a,
KOJIMYECTBO KOTOPBIX OBUIO MOAOOPAaHHO W3 MPEABAPUTENIBHOIO pacu€ra Harpy3Ku
HEOOXOoMMMOW  JyIi  MCUEpIaHus  Hecylledl  crmocoOHocTH — TpyHTOB.  Jlms
JIOTIOJIHUTEJILHOTO BKJIIOUEHHS B PabOTy HIDKHUX OJIOKOB OBUIO MPOW3BEICHO HX
OMOSICBIBAHUE CTaJbHBIM TPOCOM JHAMETPOB 12 MM U MHOCIHEAYIOUIEH CTSIAKKOU

TaJyipenaMu (PUCYHOK 57a).
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Pucynok 57 — CtaTrueckue UCIBITaHUS TPYHTOBOTO OCHOBAHUS IITAMIIAMU:
a) oOIIMI BUI HATpy>Kalolllel CUCTEMBI; 0) pacnpeenuTeabHas CUCTEMA; B)
TUAPABINYECKUAN TOMKPAT B HATPYKAIOIIEH CHCTEME; T') TaTUYMK IepEeMEeIEeHUs

611AQO; 1) cxeMa UCTIBITaTEIbHONW YCTAaHOBKHU



118

HarpyxeHue SKCHepHMEHTAIBbHOIO INTaMIla MPOU3BOJAMIIOCH CTYIEHSIMH IO
0,025 MIla, 9T0 COOTBETCTBYET BEJIMYHHE JABICHUS OINPEISIEHHOMY 110 HOpMaMm [46].
Jliia Oonee TOYHOTO HccaenoBaHus 1e(OPMUPOBAHNS OCHOBAHUS IMOCIEAHUE CTYICHU
Harpy>kenus 3agaBanuch o 0,0125 Mlla. Kaxxnas crynens naBieHUs! BbIIEPKUBAIACh
0 yCIOBHOW craOunm3auuu jaedopmanuy TpyHTa. 3a KPUTEPUM  YCIOBHOM
cTaOWIM3alMy [PUHUMAIACh CKOPOCTh BEPTUKAIBbHON naedopmanuu TrpyHTa HE

npesbliaromnias senuurna 0,1 MM 3a mocnenHue 2 yaca HaOIIOCHHUS.

OtcyeTsl M0 TporudoMepam corjacHo [46] Ha KaKIOW CTYNMEHW Harpy>KCHHS
¢ukcupoBauCh uyepe3 Kaxaple 15 MUHYT B TeueHue mnepBoro 4vaca, 30 MUHYT B
TEYEeHUH BTOPOTO yaca M jainee yepe3 | yac 10 ycloBHOM crabuiuzauuu aegopmaiiu
rpyHTa. [lokazanus ¢ meccao3 QukcupoBanuch Kaxabie 30 CeKyHI B TEUEHHE MIEPBOTO
gaca OT Hayajla CTYNEHU W 3aT€M Ka)KIble JIB€ MUHYTHI 10 KOHIIA JTAHHOM CTYNEHU

Harpy>XeHusl.

3auKCUpOBaHHBIE 3HAYEHMsI BEPTHKAIbHBIX NEPEMELICHUS TOYEK IITaMIia U
[NIyOMHHBIX MapoK, a TaKK€ KOHTAKTHbIE HANPSLKEHHS MO3BOJIWIM MPOAHATU3UPOBATh
ocobenHoctn HJIC rpyHTOBOro OCHOBaHUSI MCHBITAHHOTO MOJAEIAMH (yHAAMEHTa C

paznu4YHON (POPMOI KOHTAKTHOM MOBEPXHOCTH.
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4.3 Pe3yabTaThl JKCNIEPUMEHTAJIBHOT0 HCCIE0BAHNS B3aNMO/IeliCTBUS MOjeJieil
(pyHaaMeHTa C [PYHTOBBIM OCHOBAHUEM
4.3.1 Pacnpenesienue 1aBJjeHUi 0 KOHTAKTHOM MOBEPXHOCTH

IKCIICPUMEHTAJbHBIX HITAMIIOB U I'PYHTOBOI'O OCHOBaAHHUSA

[To pesympraram coOpaHHBIM W OOpaOOTaHHBIM C MECCAO3 M almapaTypsl
CompactRIO, KOTODBIE dbukcupoBamu KOHTAaKTHBIE JABIICHUS MEXKITY
HKCIIEPUMEHTAJILHBIMU [ITAMIIAMU M TPYHTOBBIM OCHOBAaHHUEM, OBLIM IOCTPOCHBI
rpaduky TOKa3bIBAIOIIME paclpesiefieHue JJaBleHHE MO0 TMOoAomBe (yHIaMEHTa
(pucyHok 58). Ha nmanHbIX rpadukax OTMEYAIOTCS YYacTKH JIMHEHHBIX 3aBUCHMOCTEH
JIaBJICHUS Ha IITAMIT U KOHTAKTHBIX HampshkeHuu. JlaHHbIA xapakTep HaOIr0aaeTcs 10
HalpsDKEHUM TPUMEPHO PaBHBIX pacuyeTHOMY comnpoTuBiaeHuto rpyHta R. C
YBEJIMYECHHEM Harpy>XeHusi B paboOTy BKIIOYAETCsS IICHTpajibHAsg YacTh IIITaMIia, a

JaBJICHUA B KpaeBoﬁ 30HC IPUHHUMAOT MCHBIINEC ITPUPAIICHNA.

Naenenwne Ha wramn, Kr/cm2 Naenexue Ha wramn, Kr/cm2
0,00 0,25 050 0,75 1,00 1,25 150 1,75 2,00 0,00 025 050 075 1,00 1,25 150 1,75 2,00

a) 0,00

HKoHTaKTHOE paaBneHne, Krfcm2
-
P
&
-
n
=

KoHTaktHoe aasneHue, Krfcm2

F]

2,00

2,25 2,25

2,50 2,50

[asnexue Ha wramn, krfcm2

000 025 050 075 100 125 150 1,75 2,00 r)
B) 0,00
0,25 . 3 7

Pucynox 58 — I'paduku pazBuTus

KOHTAKTHBIX I[aBJ'IeHI/Iﬁ B 3aBUCHUMOCTH OT

KoHTaKTHOe gaBnenue, Kkrfcm2

N
]

BCPTHKAJIBHOT'O JABJICHUA HA IITAMII U

2,00

cXema pacroyOKEeHUs: Mecca03 (2):

2,25

- a) mtamn Ne2; 6) mramm Ne3; g) mrramn
No4.
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[lo ompeneneHHBIM KOHTAaKTHBIM JABJICHUSIM OBLIM PAaCCUUTAHBl OCPETHEHHbBIE
Harpy3Kky Ha TPyHTOBOE OCHOBaHHUE (pUCYHOK 59). YcraHOBIeHO, yTO y mTammna Nel ¢
IUIOCKOM KOHTAKTHOW IOBEPXHOCTHbIO HAaMOOJIbIIEE JaBJIICHUE BO3ZHUKAIOT B 30HE
YIAJIEHHOM OT Kpas IITaMIia Ha BeauuuHy paBHyro 0,25D. Tak kak Mecco3sl Obud
YCTAaHOBJICHBI HA KPUBOJIMHEHMHYIO IIOBEPXHOCTb, TO OIPEACICHHBIE II0 JTaHHBIM
JaTYMKAM HaNpsDKEHUsT ObUIM pPa3jiokKeHbl Ha BEPTUKAIbHYIO U TOPHU3OHTAIbHYIO
COCTABISIIONIYI0. BepTHKalbHOE M TOPU3OHTAJIBHOE HArpyXeHUs B JAHHOM Clydae
pacupenesroTCs MO0 TUIly TPAlleUA ¢ MUHUMAJIBHBIM 3HAYE€HUEM B LICHTPE IITAMIIA U
MakCUMalbHbIM 1O KpassM. C yBEIMYEHHEM OTHOCHTEIBHOM CTpEebl MOoAbeMa
KOHTaKTHOW MOBEPXHOCTH MPOUCXOJUT pas3rpy3ka KpaeBOM 30HBI 3a CUET CHUKCHUS
BEPTUKAJIIBHOM  COCTAaBIAIOIICH, HO NPOUCXOJUT YBEIWYEHUE TOPU3OHTAIBHOTO
oOxatusi rpyHTa. B cpaBHenun mramma Ne2 u mramna Ne4 naHHoe oOxarue
YBEJIIMYUBAETCS B CPEAHEM B 2 pa3a. YBeJIMUEHUE TOPU3OHTAIBHOTO 00KaTUsl CTECHSIET
BEPTHUKAJIbHBIE U TOPU3OHTATIbHBIE JIe(hOpMalliU CIOEB IPYHTA, YTO YMEHBIIAET OOIIYIO
KOHEUYHYIO ocaiKy. OTMEYEeHO, YTO Ha HAYAJIbHBIX CTYIEHSX HArpyXEeHUs OTMEYAEeTCs
OTCYTCTBHE KOHTAKTHBIX JABJICHMM B LEHTPAJbHOM 30HE IITAaMIIA, PacHpeIeiCHUE

Harpy>KeHHsl IPOUCXOIUT 10 KPaeBOU 30HE.
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Pucynox 59 — OcpeiHeHHbIE 3HaYEHUsI BEPTUKAJIBHBIX U TOPU30HTAIBHBIX
Harpy30K Ha PyHTOBO€ OCHOBAHHE, BOSHUKAIOIINX MO/ MOJIO0IIBOMN
AKCIEPUMEHTANIbHBIX IITAaMIOB, IIpu AaBieHuu P=100 klla: a) mramn Nel;

0) mrramn Ne2; B) mrramn Ne3; 1) mtamm Ned

Onropbl  JIaBJICHWM MO MOJOIIBE IITaMIla € TUIOCKOW M KPHUBOJMHEHHOU
KOHTAaKTHOM MOBEPXHOCTBHIO MMEET 3HAUUMBIE OTJIMYMS HA BCEX CTYNEHSX HArPYKECHUS
(pucynok 60). Kak ObUTO OTMEUEHO BBIIIEC SIIOpa BEPTUKAIBHBIX HANPSHKCHHH IS
mramna Nel ¢ mepBbIX CTYNEHEH HarpyKeHus HMEET TpaneluueBUIHBIN XapakTep
pacrpeneneHus, Aajlee ¢ YBEIMYEHUEM BIABIMBAIOLIECTO YCUJIMS Ha IITaMH 30HA
MAaKCUMAJIBHBIX HAIPSDKEHUM CMEIaeTcs K LEHTpajJbHOM 30HE. [[ng mramrioB c
KPUBOJMHEMHON  KOHTAaKTHOM  ITOBEPXHOCTBIO OTMEYaeTCs  paclpeieieHue
BEPTUKAIBHBIX HAMPSKECHUN B BUJE TpPalCUUU C MAKCUMAJIbHBIM 3HAY€HUEM B KPAcBOU
30He. B oTiimune ot mrtamna Nel B OCTalbHBIX SKCIEPUMEHTAIBHBIX IITAMIAX YAAIOCh
(buKcUpOBaTh BO3HUKAIOIIME TOPU3OHTAJIbHBIC KOHTAaKTHBIC HampsbkeHus. Mx

pacrpesiefieHde MPOUCXOUIO MO 3aKOHY TPEYroJibHUKA C HYJIEBbIM 3HAUYEHHEM II0JI
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IIEHTPOM ITamiia. MakcUMaldbHOE TOPU30HTAILHOE KOHTAKTHOE HANPSDKEHUE II0
3HaueHnto B cpenHeM coctaBisieT 0,4-0,6 p ot BHemHero maBieHust Ha mmramm. C
YBCIIMYCHUEM CTpPEIbl IMOAbEMa KPHBH3HBI KOHTAKTHOH IMOBEPXHOCTH IPOHUCXOIUT
IPOIOPITMOHATILHOEC ~ YBEJIMYCHUE  3HAYCHHHW  TOPH3OHTAIBHBIX  MaKCHMAJIbHBIX

3HAYECHUMU.

Pep, =50 xlTa P, = 100 kIla

a)

Pucynox 60 — Dmtopbl KOHTaKTHBIX AaBiaeHUH s mTamma Nel u mrramma No2

Jlns onpeneneHust pa3BUTHs 00JacTel MpeeIbHOTO PaBHOBECHUSI B TPYHTE ObLI
MIPOU3BEAECH pacueT IO AIrOPUTMY, PAaCCMOTPEHHOMY BO BTOpOM riase. Harpyska Ha
OCHOBaHHE ObLJIa TaKXkKe paslieliecHa Ha TPU ydYacTKa MO OCPEAHEHHBIM 3HAYCHHUEM
KOHTAKTHBIX HANPSKEHUM COTJIACHO AKCIIEPUMEHTATILHOMY UCCe0BaHn0. Pacuer Obut
MPOU3BEACH MpU JaBieHUM Ha ocHoBaHwe P =175 klla. Xapaktep ¥ BEIUYUHBI

Harpy3ku 3ajgannbie s mramna Nel u mramna No2 npencraBieHbl Ha pucyHke 61.
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Pucynok 61 — OcpeiHeHHbIE 3HaYEHUsI HArPY3KU HA OCHOBAHHE I10 PE3yJIbTaTaM
AKCIIEPUMEHTAJIBLHOT0 UCCIIEIOBAHUA: a) Harpy3ka noj mramnom Nel (mtockas

KOHTAKTHasl IOBEPXHOCTH); 0) Harpy3ka moj mramrnoM Ne2 (¢ KpuBOJIMHEHHON

o 1
KOHTAaKTHOHU IMOBCPXHOCTBIO, % = E )

OnpeneneHHple  007acTH  MPEAEIbHOTO PAaBHOBECHS MPEJACTABIEHbI  HA
pucyske 62. YcrtaHoBineHo, 4To sl mTammna Ne2 rimyOuHa pacrnpoCTpaHEHUs JaHHON
obnactu He mnpeBblmaeT BeauuuHbl 0,25D, UYTO COOTBETCTBYET HOPMAaTUBHOMY
3HAYEHUIO TJIyOWHBI MPU JIABICHUH COOTBETCTBYIOIIEMY PACUETHOMY CONPOTHUBIICHUIO
rpyHTa. [ns mramna Nel ¢ miockoil KOHTAKTHOM MOBEPXHOCTHIO MPU aHAIIOTMYHOM
JIaBJICHUU Ha IITaMN 00JacTh MPEeAeIbHOTO PaBHOBECHUS PACIPOCTPAHSIETCS Ha TITyOuHy
0,6D. Ompeneneno, 4To B ciaydae KPUBOJIMHEHHOW KOHTAKTHOW MOBEPXHOCTH O0JIACTH
IIPEAECIBbHOTO PABHOBECUs JIOKAIM3YETCAd Yy Kpas IITaMna W HE CTPEMUTHCS K

LHEHTPaJIbHOM 30HE B OTJIWYKE OT mramia Nel ¢ mIOCKOW KOHTAaKTHOM MOBEPXHOCTEHIO.

Pucynox 62 — Pacnipenenenue obmacTeit mpe1eIbHOTO paBHOBECHS 10T

OKCIICPUMCHTAJIbHBIMHY IITaMIIaMHU
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4.3.2 lepopMupyemMocTh TPYHTOBOIO OCHOBAHMS MPH UCIIBITAHUMN

IKCIEPUMEHTAJTbHBIMA IITAMIIAMHA

[Io OKOHYAHWIO  CTaTHYECKOTO  HWCIBITAHWS  TPYHTOBOTO  OCHOBAHWSI
OKCIIEPUMEHTAJIBHBIMM  IITAMIIAMH, cOopa ©  00paboTke  wWHpOpPMAIMU  C

perucTpupyroliei annapatrypsl OblT1 TOCTPOEH IpaduK 3aBUCUMOCTU OCAKU IITaMIIa OT

Harpy3ku (pucyHok 63).
JasneHue Ha wtamn, MMa
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Pucynoxk 63 — I'padvik 3aBUCUMOCTH OCAJIKH IIITAMIIOB OT HATPy3KH

[To u3BecTHBIM (hopMyaM ObUTH OTPECIICHbI 3HAYCHUSI TTPEICIbHBIX JTaBICHUM

JJIsl TPYHTOBOI'O OCHOBAHM U BEJIMYHMHA PACUYCTHOTO COIIPOTUBIICHUS .

L HAYaJIbHOC KPUTHUYCCKOC JTABJICHUC HA I'PYHT KaK JUJIA INIOCKOI'O KPYyrJIoro

bynaamenta onpenaensiock o popmyne K.E. Eroposa u T..dunaeBoii[61]:

p*=(1+S'“(/’}.y-h+cos‘p.c=Bo-y.h+ Dy - ¢ =99, 09/1a
MO Ile
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®  pacueTHOE CONMPOTHBIICHUE TPYHTA onpeaeisiiock mo Gopmyne CIT [141]:
R= %[My'kz'b']/” +Mq'd1'7/I|| +(Mq—1)'db‘]/l|| +MC~C|| :| = 169, 55klla

L4 nNpcaAcIbHOC KPHUTHUUYCCKOC HTAaBJICHUC Ha TPYHT OHNPCACIIIOCH 110

dopmyite [15]:

. N D .
- %ﬁu N, .7 d + N, .C = 222,87xlla

JIuneitHast paboTa TPYHTOBOIO OCHOBAHMS TMOJ  SKCIEPUMEHTAIbHBIMU
mramrnaMu Nel u Ne2 HabGimronaercst B Auanasone aasieHuit ot 0 go p*. C yBenuueHue
OTHOCHUTEJNIBHOM CTpPEJIbl IMMOABbEMA KOHTAKTHOM ITOBEPXHOCTH JIMHEWHBIM XapakTep

paboTel ocHoBaHud noA mramnamu Ne3 u Ne4 yenmuuiics Ha 25%.

[To pesynpTaTam aHaiu3a pabOTHl TPYHTOBOI'O OCHOBAHHSI MPHU CTATUYECKOM
UCIIBITAHUM  [ITAaMIAMUA C  Pa3UYHOM KPUBU3HOM KOHTAKTHOW TMOBEPXHOCTH
YCTaHOBJICHO, YTO BO BCEM JIMalla30HE HarpyxeHus ocajaku mramma Nel (¢ miockoi

KOHTaKTHOW MOBEPXHOCTHIO) B cpenHeM Ha 10% Ooubiie, yem ocaaku mramna Ne2 (c

. o f 1
OTHOCUTEJILHOU CTPEINIOH mojibema o = 1—0) u B cpeaHeM Ha 20% Oouibliie, 4eM OCaJIKu

. o f_1
mramna Ne4 (C OTHOCHUTENIBHOW CTpeNod Noabema 7= E) BO BCEM Juala3oHe

Harpy>KeHHs.

HeobOxoaumo  OoTMETHTb, YTO TpPH  Harpy3Ke€ paBHOW  pPaCUYETHOMY
CONpOTUBJICHUIO TpyHTa R pa3nuiia B ocanke mramna Nel u mramna Ne4 cocraBisier
17%, dYTO TOATBEPKTACT OTIMYHME HE TOJBKO HMTOTOBOTO J1e(OPMHUPOBAHHOTO
COCTOSIHUSI OCHOBAaHUsI, HO ¥ B MEPBYIO OYEPEIb HAMPSHKEHHOTO COCTOSHUS. MeHbIIne
ocanku (yHIAMEHTa C KPHUBOJWHEWHON KOHTAKTHOW MOBEPXHOCTHIO OOBSCHSIOTCS

CAEP)KMBAHUEM TOPU3OHTAIBHBIX IIEPEMEIICHUII B TPYHTE€ B CHIYy XapaKTepHOU
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F€OMETPUH, BBIPAKEHHOW OOBEMHO HANPSDKEHHBIM —COCTOSIHUEM TPYHTa  IOJ

000JIOUKOM.

ITo pesynbraram aHaiu3a COOpPaHHBIX JAHHBIX C JATYUKOB MEPEMEILCHHM,
YCTAHOBJICHHBIX Ha TJIYOMHHBIX MapKaX, TMOCTPOCHBI SMIOPhl  BEPTUKAJIbHBIX
MEPEMEIICHUI TOYEK TPYHTOBOIO MAacCHBa NOJ LEHTPAJbHOM M KpaillHEH OCBIO
MOJICNIBHBIX MTaMITOB. B gacTHOoCcTH B Tabnuie 18 mpeacraBieHpl JaHHBIC AIIOPHI IS
LEHTPAJIbHOM OCH JJII BCEX YETBIPEX SKCIEPHUMEHTAIbHBIX MOJEJIEH NpPHU JaBICHUU
PaBHOM TIEPBOMY PACUETHOMY KPUTHYECKOMY JaBiieHuto p=[00x[la v tipu naBlieHUU
IPUMEPHO PAaBHOMY pacuyeTHOMY 3HaueHuto P=175 xlla. Caexyer OTMETUTh, YTO MpHU
nasnenun 100 xIla Gonbiias yacte gedopmanuu (nopsaka 80%) nokanmuzyercs B U3
Nel, mpencraBieHHBIM TIIMHOW TBEPAOW, MPHU NAIBHEWIIEM YBEJIWYCHUM NABJICHUS 10
175 «klla mnpuBOAUT K  yBEIUMYCHHIO Je(QOPMUPOBAHUS  HIDKHETO  ci1aboro
MOJICTUJIAIONIETO CJI0A. B COOTHOIIEHHH C BEpXHUM Oo0Jee MPOYHBIM CIIOEM B

MOCJIEAHEM CIydae J10Jis oOlel ocaaku cHuxkaeTcs 10 60%.

XapakTep U3MEHEHUs 3MI0pP 1ePOPMUPOBAHUS TPYHTOBOTO MAaCCUBA C MIyOMHOM
JUIl IITaMIIOB C IUIOCKOM M KPHUBOJIMHEMHOM KOHTAaKTHOM NOBEPXHOCTBIO TIOJ
LIEHTPAJIbHOM OCBI0 HOCUT KAa4E€CTBEHHO CXOXHH BHJ, HO YETKO IIPOCIIECKUBACTCS
YMEHBIICHUE TNEPEMENICHU TOYEK IPU NEPEXOJE OT IUIOCKOM KOHTAaKTHOU
IIOBEPXHOCTH K KPHUBOJMHEWHOM M Jajie€ C YBEIWYECHUEM CTpeJbl noabema. B
YaCTHOCTH, PACXOXKIECHUE B 3HAUEHUSI BEPTUKAIBHBIX NIEpeMeleHnii 1 mramma Nel u
Ne2 B cpennem cocraBmsieT 15-20%, a B cpaBHeHnu mtamma Nel u Ned 310 3HaueHue

yBenuuuBaeTcs 10 25-45%.

Cxxumaemasi TOJIIa, OMNpEAeNieHHAas B paMKax I[OJIEBOr0 HCCIEAOBaHMS,
3HAYMMO OoTiau4aeTrcs oT onpeneneHHoi cornacHo CII [141]. Kputepuem onpeneneHust
IPaHULIBl C)KUMAEMOW TOJIIIM B IMOJEBOM HCCIEAOBAHUM CIY>KWJIO MOJHOE 3aTyXaHHUH
nedopMaui CIIOEB, OMpeneIsieMod Mo MIyOMHHBIM Mapkam. Tak, Uid IITamIoB B
JaHHBIX TPYHTOBBIX YCIOBUAX IpH AaBieHud Ha mramn 100 kIla ona cocraBiser He
oonee 2D (rme D — 510 nuamerp mitamma), npu e€ pacueTHoM 3HadeHun 3D. [lns

MITAMIIOB C KPUBOJIMHEHHOM KOHTAKTHON MOBEPXHOCTHIO PACUETHOE 3HAUCHHE TITyOUHBI
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COKMMAEMOM TOJIIH JISKUT B AuanazoHe 2,8 — 3,0D. JlaHHbIe pe3ynbTaThl COTIACYIOTCS
¢ wucciemoBanmsmu  [91, 116, 117], koTopele OTMEYald 3HAYAMO MEHBIIIYIO
HKCIIEPUMEHTAJIFHYIO C)KUMAEMYI0 MOIIHOCTH MO OTHOIIEHHUIO K PACUETHOW Jla)ke MpHU

IPUMEPHO PABHBIX 3HAYEHUAX KOHEYHOU OCaaKu (pyHIaMEHTa.

B

JLiist

MOBBIMIAIOINX KOA()(HUIMEHTOB ObUT MPOM3BEIEH pacueT MPeaelbHBIX Harpy3oK Ha

Bepu(dUKAIMU  TMPUMEHEHUS  MPEeJI0KEHHBIX TpeThell  TJiaBe
IPYHTOBOE€ OCHOBAaHHE HAa OCHOBAaHWU MMEIOIIETOCS IMOJEBOT0 HKCIEPUMEHTAIHLHOTO
uccienoBanus. llomyuuBiumecss pe3ysbTaTbl pacyeTa HeCylledl CIOCOOHOCTH U
pPac4YeTHOTO CONPOTHRIICHHS OCHOBAHUS MpeACTaBiIeHBI B Tabimie 16 u 17. YucneHasie
3HAQYEHUSI OMPEJICIICHHBIX XapaKTEPUCTHUK C BBICOKOW CXOJMMOCTBIO COBIAIAIOT C
UMEIOITUMHUCS SKCIIEPUMEHTAIBHBIME pPe3yJibTaTaMHu (PUCYHOK 64), 94TO TOATBEpIKIACT
CTEIEHb JI0CTOBEPHOCTH TEOPETUYECKH MOJYYEHHBIX B TPETHEW IJ1aBE IMOBBIIIAIOIINX
KOO (PUIIMEHTOB,  YYHUTHIBAIOIINX KOHTAKTHOU

KpHBOHHHCﬁHOe OucpTaHHuC

MTOBEPXHOCTH.

Tabnuua 16 — Onpenenenue HecyIiel crnocOOHOCTH TPYHTOBOTO OCHOBAHUS

Crpena I'myOuna Bboxogoii Orrocur. Kospdmmmerr Hecymas [Ipenenbaoe
MOJAbEMA | 3aJI0KEHHS | HPUTPY3 boxoBoit Hecymel cnocodnocT, ABJICHHE
ﬁ " . d n P KII')Iz npurpys g, CIIOCOOHOCTH ocHoBanus | HKHa Pu,
’ ’ 9 klla Ky N, xH
0 0,1 1,74 3,3 1,00 269,4 2245
0,1 0,12 2,09 3,3 1,01 2715 226,3
0,125 0,15 2,61 3,3 1,02 275,6 229,7
0,2 0,24 4,18 34 1,08 291,4 242,8

Tabnuua 17 — OnpeneneHue pacueTHOTO COMPOTUBIIEHUSI TPYHTOBOTO OCHOBAHUS

Crpena I'myOuna Bokooi %Ziggg;l' Koadduuuent Pacuernoe
nojbeMa | 3aJI0KEHHsI | TPHUTPY3 HDHIOVE O pacyeTHOTO COIIPOTHBIICHHE
h, m d, m g, xIla p K%}; 9 conpoTuBieHUs Kg R, xIla
0 0,1 1,74 3,3 1,00 170,0
0,1 0,12 2,09 3,3 1,09 185,3
0,125 0,15 2,61 3,3 1,11 188,7
0,2 0,24 4,18 3,4 1,15 195,5
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Pucynox 64 — I'padyik 3aBUCHMOCTH OCAJIKH OT JaBJICHUS Ha SKCIIEPUMEHTATBHBIN

mrramir Ned

Jlist aHanmu3a paBHOMEPHOCTU Ae(POPMHPYEMOCTH TPYHTOBOTO OCHOBAHHUSI IOJ
HKCIIEPUMEHTAJIBHBIMU IITAMIIAMUA OBLIO MPOU3BEJIEHO COIMOCTABICHUE BEPTUKAIBHBIX
NEPEMEIICHUI TOYEK TPYHTOBOIO MACCHBA PACIIOJIOKEHHBIX IIOJ LEHTPAIBHOM U
KpaeBOii 30HOI dKCTIepUMEHTANBHBIX (pyHAaMEeHTOB (prucyHOK 65). Kak BuaHO Xapakrep
BEPTHUKAJIbHBIX MEPEMEILEHUN TOYEK MAacCUBa, HAXOJIALIMXCSA Ha TITyOuMHE, aHAJIOTMYEH
MEepeMEIICHUSIM TOYEK Ha MOBEepXHOCTH. HalmromaroTcss y4yacTKu € WX JIMHEWHOU
paboroit 1o Harpy3ku paBHoil 100kIla, mamee ¢ Bo3pacTaHuEM Harpy3Kd MPOUCXOIUT
oOpa3oBaHMe 00JaCTe MpEeAETbHOTO COCTOSIHUS B TPYHTOBOM MAacCHUBE U IOITOMY
XapakTep KpUBOM MpuoOpeTaeT HeauHenHHoe ouepraHue. [IpubmmkeHue kO BTOpOM
KPUTHUYECKON Harpy3Kd YyBEJIMYHMBAET OO0JIACTH HApyILIEHUS PAaBHOBECHUS B TIPyHTE U
COOTBETCTBEHHO MPOUCXOAUT MHOTOKpAaTHBIA NpUPOCT aAedopmanuu 1Mo TIIyOHHE,
KOTOpBIE HAXOIATCSA B paMKax CxXuUMaeMou Toiumu. B yactHocty mns mramna Ne2
(pucyHOK 65) Takoil Xxapaktep B Je()OPMUPOBAHMM OCHOBAHHS HAOIIOJACTCS J0
rJIyOMHBI paBHO AMAMETpy mTamna. OTMEUYEHO YMEHbBIIEHHE PA3HOCTH B BEPTUKAIBHBIX
MEPEMEILICHHSIX TOUYEK IPYHTOBOTO MAacCHBa, HaXOASAUIMXCS B LEHTPAJIbHOM U KPacBOU
30HE Ha OJIMHAKOBOM TINyOMHE, 4YTO paHee OTMEYaJoCh B paMKax aHAJIUTHYECKOTO

pacudeTa BO BTOPOU IJ1aBe.
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HepaBHOMEpHOCTh mepeMenieHus TO4YeK, Haxomsanmxcs Ha riayoune 0,3 m ot
noBepxHOCTH, A mrammna No2 coctasisier 0,004, uto B 3 paza MEHbIIE YeM B Cilyyae
mramna Nel ¢ MIOCKOM KOHTAaKTHOW IOBEPXHOCTHIO. AHAJIOTMYHOE COOTHOILICHHE
HAOMIOaeTcsl I OCTAJNbHBIX HCCIEIyeMBbIX TOYEeK MaccuBa TrpyHTa. Takoe
nehopMUpOBaHUE TPYHTOBOTO OCHOBAaHWS MPHUBOJAMT K MEHBIIUM JAehopMalusM Tema
dbyHIaMeHTa U Kak CJe/ICTBUE K 00Jee paBHOMEPHOMY IEpepaACTIPEICTICHUI0 YCUITUN B

KOHCTPYKIUHU (yHIaMEHTa U MEHbIIIEMY TPEIIMHOOOPa30BaHUIO.

Tabnuna 18 — Dnropbl BepTUKAIBHBIX MTEpEMENICHUN TOUEeK

B I'PYHTOBOM MACCHUBC 110/ OKCIICPUMCHTAJIIbHBIMU HITaMIIaMH

npu p=p*=100 xIla npup = R =175 klla

A e A MM
11,09 0,0 38,0

0.3 231

.4 1,02

MIrammo Nel
[Tnockast KOHTaKTHAsI TOBEPXHOCTh

02

Hlramn

24 'pao

OTHOCHUTEIbHAS CTpé€iia moapEMa
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Pucynok 65 — BepTukanbHble nepemMeIieHus: Touek TpPyHTOBOTO MacCHBa B
LIEHTpaJIbHOM (a) M KpaeBoii (0) 30HbI TPYHTOBOTO OCHOBAHUS O] YKCIIEPUMEHTATBHBIM

mrramiiom Ne2
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ComnocraBneHue pe3yabTaToB pacyeTa Ae(GOopMUPOBAHUS IPYHTOBOIO MAaCCHBA C
AKCIIEPUMEHTAILHBIMU JaHHBIMH TIPEICTABICHBI Ha pUCYHKax 66, 67. Pacuérnbie
3Ha4YeHus jaedopmaruii  clIO€B TpyHTAa MOJYy4YeHbI TyTeM y4éTa OO0BEMHOIO
HaIPSHKEHHOTO COCTOSIHUS MO YpaBHEHUIO ['eHKu. PacueT mpon3BoaMIICS NPU JaBICHUU
p=175 «lla c orpanudyenuem cxumaemon Ttommm cormacio CIT 22.1333.2016.
PacueTHoe U 3KCIIepUMEHTaIbHOE 3HAUYECHHE KOHEYHOW ocaaku mTamia Nel ¢ miuockoit
KOHTaKTHOW TOBEPXHOCTBIO oTimyarorca He Oonee 3%. OmHako 3KCHEPUMEHTAIBHO
yCTaHOBJIIEHO, 4To Oonee 60% nedpopmanuu Qopmupyercs Ha TIyOMHE He

npesbimaroniei 0,5D, nanee ¢ rimyounoi nepopmupoBanue 3aTyxaet Ha Tiyoune 2D.

ConocraBneHre paOOTbl OCHOBaHMSI 3arpy’KeHHOro mrammnoMm Ne2 ¢
KPUBOJIMHETHOM KOHTAaKTHOW ITOBEPXHOCTBIO ITOKA3bIBAIO TAKKE HE3HAUYUTEIBHOE
OTJMYKEe OOLMX OCaJ0K LITaMIa IO pe3yibTaTaM pacueTa U 3KCHEPUMEHTATIbHOI'O
ucciaenoanus. OTMmedaeTcss TMPEBBIIICHUE PACYeTHOM CKMMAEMOW TOJIM U
HKCIIEPUMEHTAJIbHON B 2 pa3a, YTO paHee MHOTOKpPAaTHO ObLIO OTMEYEHO B padoTax

Jlymiaukosa B.B., [Ipono3una S1.A. u apyrux [91, 116, 117].
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Pucynoxk 66 — BepTukanbHbie Pucynoxk 67 — BepTukanbHbie
MEPEMELIECHHS TOYEK TPYHTOBOTO MEPEMELICHHS TOYEK TPYHTOBOI'O MACCHUBA,
MacCHUBAa, ONIPE/ICIICHHBIC OTIPEICJICHHBIC SKCIIEPUMEHTAIBHBIM
AKCIIEPUMEHTAIBHBIM U PACUETHBIM nyteM, npu p=175klla

nyteM, npu p=175klla
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PabGota rpyHTOBOrO OCHOBaHHUS B JIMHEHHOW cTaguu JedOPMHUPOBAHUSA 10
Harpy3ku He npesbimatonieit p=100klla no pe3yabTaraMm CONOCTABICHUSI PACUETHBIX U
HKCIIEPUMEHTAJILHBIX JaHHBIX MOKa3ajao 3¢ (exT yMeHblleHus 1ehOpMUPOBAHUS CIOEB
TPYHTA IIPU IIEPEXO0JIE€ OT INIOCKOM KOHTAKTHOW IMOBEPXHOCTH K KPUBOJIMHEMHOMN W IIpU
JAJIbHENIIIEM YBEJIMYEHUH OTHOCUTEJIBHOW CTpeibl noabeMa (pUCyHOK 68). 3Haunmoe
OTIIMYME PACUYETHBIX M HKCICPUMEHTAIBHBIX 3HAYEHUW OOBSCHAETCS OTCYTCTBHEM
yueTa BIHMAHHUA HANPSDKEHHOTO COCTOSHUS MacchBa Ha €ro  JedopMalrioHHbIE
XapaKTEepPUCTUKU. BO3MOKHOCTh yuéTa NaHHOTO BIIUSHHS MO3BOJMUT MOJYy4UTh Oosee
BBICOKYIO CXOJIUMOCTb PE€3YyJIbTATOB.

BepTukanbHble NepemeLyeHus, MM
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Pucynok 68 — BepTukanbHble epemMeIeHus: ToYek TPyHTOBOTO MacCHBa

I10 DKCIIEPUMEHTAIBHBIM U pacyeTHBIM AaHHbIM, p=100kI1a

4.3.3 Bausinne 60xkoBOro 00:xxatTust Ha 1e)OpMaAIHOHHbIE XapPAKTEPUCTHKH

TPYHTOB

Bonee sCHBIM B OTHOILIEHWH HANPSXKEHHOTO COCTOSHUA 00paslia TpyHTa U, 4TO
OCOOEHHO CYIIECTBEHHO, MO3BOJISIOMIMMH YIPaBIATh OOKOBBIMU JehopMalusiMu WK
HaIpsHKEHUSIMU, SIBIISIETCS IPUOOP TPEXOCHOTO cxkatud (ctabuiaoMerp). BriepBeie MeTo
UCTIBITaHUS B cTrabuiomeTpax ObL1 npepioxed H.H. JlaBuneHKOBBIM U HE3aBHUCUMO OT

Hero .M. IlokpoBckum [/4]. B KoHCTpyKuuHM mpuOOpa, B OTIMYHE OT Ciydas
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OJIHOOCHOTO CXKaTWsl, KPOME BEPTUKAIBHOTO MAAaBJIEHUSI CYIIECTBYET BO3MOXKHOCTH
co3/1aBaTh OOKOBOE JaBlIeHHWE Ha 0Opasell IpyHTa, YeM OrpPaHUYMBACTCS BEIUUYMHA €TI0

OOKOBOTO PaCIuPCHUA OT YBCIINUCHUSA BepTHKaJIBHOﬁ COCTaBJISII-OHleﬁ Harpy3KHu.

B Hacrosmee Bpems HauOojee MIMPOKOE PACIPOCTPAHEHUS MOIYUUIH
CTaOMIIOMETPBI, B KOTOPBIX OOKOBOE JAaBJICHUE CO3JACTCS IMyTeM HAarHETaHUs KUJKOCTH
(Boma, TIMIIEpUH U Jp.) B KaMepy MpuOopa, B KOTOPOW HAXOIUTCS HCCIETyEeMbIH

oOpasell rpyHTa, pa3AeIeHHbIN OT KUIAKON Cpe/ibl C MOMOIIbIO PE3UHOBON MEMOpaHBI.

Tabnuna 19 — ®u3uko-MexaHu4eCcKre XapaKTepPUCTHKU TPYHTOB

BKCHepI/IMeHTaHBHOﬁ I1omaaKku

= S xR 1)
5 8 3 = “s | Se| . o
S = s S = = ) < Sg= O = =
T 7L I3 5 as o = o S . 5 =,
© B = S o ~ e = = = > = Y
> O g = = - < R N e g - [
n|lZ3gS| x| g Sl Be| O EN| o | 2N 2
SR CE | Ex| 8| 28| 2|2z B s =&
= == | S8 =2 | 85| E|§E| = 2 5 =
2 Ss | 55| B | Es| 8| 5| £ | ES 2
3| 2 = |l g = | 8&| & | 2 & 5
= 3 = = g | &9 .=9 9 8 =
orlro 2 L E | 3|5 |S|Eg| E|fE| &
2 S > | & g R| = = =
o = > =z
1 |100(10] 0,79 <0,0 | 17,4 15 31 3.3 5.7 19 I'nuna
2 110(6,0] 0,80 0,62 | 185 15 17 2.7 3.0 8 CyriImHOK
3 6,0 6,6 0,69 cp.mn. | 19,1 31 2 25 - 25 ITecok

Jist v3yuyeHus BIUSHUA OOKOBOro oOkatusi Ha AedOpMHUpPOBAHHE TPYHTOB,
3aJICTalOIIMX B aKTHBHOW 30HE JKCIIEPUMEHTAIBHOM Tutomiaaku (tabmuma 19), Obuin
MIPOBENICHBI MCCIIEIOBAHUS Ha CTAOMIIOMETPUUECKUX Mpubopax, B kamepe tumna A. s
MOJIYYCHHUS  3aBUCHMOCTEH W3MEHEHUS MOAyJs jaepopManud OT  BEITHYHUHBI
TOPU30HTAJIBLHOTO O0XaTHs TPyHTa OO0pa3ilbl HCHBITHIBATUCH TPH BCECTOPOHHEM
nasnenun 50 klla, 100 xITa u 200 Ila (pucynox 69). [lo pe3ynapTaTam HCHBITaHUN
OBLTM HAWICHBI 3HAYCHUS MOMYNs nedopMarvy s JOTIOJHUTEIBHOTO JaBIICHUS B

pa3n4HbIX AuanazoHax (popmyna 4.1).



134
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Pucynox 69 — Pesynbratsl cTabminomerpudeckux ucnbitanuii UI'D Ne2

CYINIMHKA MATKOINIACTHUYHOI'O

E1 B tgal, EZ ES tgaz, E3 ES tga3 (41)

3aBUCUMOCTh  MoOAyJdsl  jaepopManuMyd  OT  BEJIMYMHBI  TOPU3OHTAIBHBIX
HanpspkeHuil (pucyHok 7/0) mMeeT JWHEWHBIN XapakTep, 3HAYCHUE TOPU3OHTAIBLHOTO
JABJICHUSI MPOMOPIMOHAIBHO YBEJIMUYMBAET JKECTKOCTh IpyHTAa. CTOUT OTMETUTH, YTO
JUIsL  CYTJIMHKA MSTKOIUIACTUYHOW KOHCUCTEHIIMU TMPUPOCT MOAYJs aedopmaiuu
npoucxoaut B 1,5 pasza OwicTpee, ueM AJis TBEPJOW TJIUHBI, YTO, OYEBUAHO, CBSI3aHO CO

CTPYKTYpOU CKEJNETa TPyHTA.



135

W3 Nel MnuvHa TBepaan WMI3 Ne2 CyrnMHOK MATKONAacTUYHbIA
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Pucynok 70 — I'paduku 3aBucUMOCTH MOAYIIS 1ehOpMaliiy OT BETHUHUHBI

TOPU30HTATILHOTO 00XKaTHUs

OcHOBBIBasACh Ha TONY4YEHHBIX 3aBUCUMOCTIX E = f(o,), ObUTO paccuMTaHo
B3aUMOJEHUCTBUE JKCIEPUMEHTAIBHOro Imramna Ne3 W TIpyHTOBOrO OCHOBAaHMS
(pucyHok 71). 3HaueHUs TOPU3OHTAIBHBIX W BEPTUKAIBHBIX HANPSHKECHUH IMOJTyUCHBI

TCOPCTUYICCKU IIPpHU YUCTC BKCHCpHMeHTaﬂbHOﬁ SIIIOPBI KOHTAKTHBIX H&prDKCHHfI.
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Pucynox 71 — I'paduk 3aBUCUMOCTH OCAJIKH OT JaBJICHUS Ha

AKCIIEPUMEHTAIIbHBIN mTaMn Ne3

PacueTHas 3aBUCUMOCTD OCaJIKH IITaMIla OT JaBJICHU:A ITOKa3aJia PaCXOXKIACHUC C

sKcTiepuMeHTaabHOM B cpenHeM Ha 30%. [lpumHuMas BO BHMMaHHE, YTO Ha CIa0bIX
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BOJIOHACHIIICHHBIX TPYHTaxX corjlacHo uccienoBanusm [28, 99, 100, 143, 148] ocanka
IpHUpacTacT BO BpEMEHH, Ha rpaduKe BbIJICICHA 30HA SKCIICPUMCHTAIBHBIX 3HAYCHHIA,
moKasbIBaromas mpupoct aedopmaruu Ha 15-20% B 3aBHCUMOCTH OT TPYHTOB,
OITAJIAIONTNX B aKTUBHYIO TOJIITY OCHOBaHUs. [Ipy ydere HapacTaHUs OCAIKH IITamIia

BO BpCMCHHU CXOIUMOCTD C paACYCTHBIMU 3HAYCHUAMM JICKHUT B AUAIIA30HC 10 10%.

OTtHocuTeNbHan Aedopmauus, a.e Nedopmayua, mm
a) . OO,(]O 0,01 0,02 0,03 0,04 0,05 0,06 6) 0 10 20 30 40 50

el —

)/ 05 7

2,0 ﬂ

=&— PacueTHoe 3HaueHWe —l-3KcnepyumenT (Npu t->o0) —&—PacyeTHoe 3HaueHHe ~l- JKCNepuMeHT (NpH t->ea)

Pucynok 72 — Pa3zutue nedopmanmu mo riryOrMHe MpHu TaBICHUH HA

mrramn p=175 klla: a) otHocuTenbHas nedopmarust; 6) abconroTHas aedopMalus

CormoctaBienue pasButhe jaedopManud Mo TiayOuHe (PUCYHOK 72), Takxke
MOKA3aJI0 CXOAMMOCTh PACUYCTHBIX M OSKCIECPUMCHTAIBHBIX 3HAYCHUH B aKTUBHOUN
toune. Pacxoxaenne 3HaueHUI B TOBEPXHOCTHOM CJIO€ MOKHO CBSI3aTh C TE€M, YTO MPHU
OTIPEJICIICHUH PACUYCTHOTO 3HAYCHUs MedopMaliiil He YYHUTHIBaeTCS (DakT mpope3aHus

KpassM# (yHJIaMEHTa TPYHTOBOTO OCHOBAHUSI.

OCHOBBIBasICb Ha  BBIIICU3JIOKECHHBIX  TOJIOKEHUSAX, Il OMNpeAecHuUs
neopMHUpYEeMOCTH TPYHTOBOTO OCHOBAHHUS 3arpy’KEHHOTO IO KPHUBOJHWHEHHOM

KOHTaKTHOM IMOBCPXHOCTU PCKOMCHAYCTCA UCIIOJb30BATh CICAYIOMIYIO MCTOAUKY:

1. Omnpenenuth HaNpsHKEHHOE COCTOSHUE TPYHTOBOTO MacCHUBa IPHU
WCITOJIb30BAaHUN H3BECTHBIX PEIICHWH TEOPUM YIPYTOCTH TPHU PA3IMYHBIX SITIOpax
KOHTAKTHBIX JIaBJICHUH WJTU TIyTEM YUCJICHHOTO MOJICITUPOBAHHS,

2. JlabopaTopHbIM TIyTEM OMPEACTUTH MOAYIh JedopMaluid TPYHTOB

aKTUBHOM TOJIIIU B HpI/I60an TPEXOCHOTO CXKaTug IIPU Pa3JIMYHBIX BCIMYMHAX
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TOPU30HTAIHLHOTO 00XaTHUsl B MPEAesiax CO3AaBa€MOTO JOMOTHUTEIBHOTO BO3JACHUCTBUS
(manmpumep, oz= 50kIIa, 100xIIa, 200kIIa);
3. Jlms  KaxXIoro HMHKXEHEPHO-TEOJIOTMYECKOTO DJIEMEHTa  OIpPEICTUTh
3aBHCHMOCTH MOJYJIS AepopMariu OT BETUMIHHBI BCECTOpOHHEro oOxatus E = f(a,);
4.  Omnpenenuth nedopMalid CJIOEB TIPyHTAa AKTHUBHOM 30HBI, HCIOJIb3YS
0000mIeHHOe YypaBHeHHE [€HKM W TIOMy4YeHHBIE 3aBHCUMOCTH Je(POpPMAIlMOHHBIX

XapaKTEPUCTHK OT OOKOBOTO 00KATHSI.
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BuiBOABI

B PE3YIBLTATC IIPOBCACHUA IIOJICBOTO SKCIICPUMCHTA OBLIIO BBISIBJICHO, UTO:

1. V mramnoB ¢ KpUBOJMHEHHONH KOHTAKTHON IMOBEPXHOCTHIO OTMEYAETCS
JIMHEMHBIA XapaKTep 3aBUCUMOCTH JABJICHUS HA IITAMII U KOHTAKTHBIX HANPSKCHUU
NPy JAaBICHUSX PAaBHBIX PAcYeTHOMY COMNpPOTUBJICHUIO TpyHTa. C yBEeIUYEHUEM
Harpy>keHHs aKTHBHEH B paOOTy BKJIIOUYAETCS IIEHTpaJIbHAS YacTh IITAMIIa, a JTaBICHUS
B KPaeBOM 30HE NPUHUMAIOT MEHbIIIUE MTPUPAILICHUS,

2. BeprukagpHO€ M TOPU3OHTAIBHOE HArpy>KCHHS OCHOBAHHUS B CiIydae
KPUBOJIMHEMHOW KOHTAKTHOW ITOBEPXHOCTH PACHPEICISIIOTCS 10 THUIY Tpaneuuu ¢
MHHUMQJIBHBIM 3HAYEHHWEM B IIEHTPE IITaMna M MakCHUMaldbHbIM 1o Kpasm. C
YBEJIMUYCHUEM OTHOCUTEIIBHOU CTPEJIbI MOABEMA KOHTAKTHOW MTOBEPXHOCTH MPOUCXOIUT
pasrpy3Ka KpaeBOM 30HBI 3a CYET CHUIKEHHUSI BEPTUKAIBHON COCTABJISIOUICH, IPU 3TOM
MPOUCXOJIUT YBEIMUYEHUE TOPU3OHTATILHOTO 00KaTHs TPYHTA;

3. OrmpeneneHo, 4To B Ciiyyae KPHUBOJHWHEWHOM KOHTAKTHON ITOBEPXHOCTHU
0o0JlacTU MPENIEIbHOTO pPAaBHOBECHUs,, NPH 3HAYCHHUSAX JABJICHUSA [JI0 PacyeTHOTO
CONPOTHUBIICHUS TPYHTA, JIOKAJIU3YIOTCS Yy KpaeB INTamIla M HE CTPeMsTCS K
LEHTPAJIBHOM 30HE B OTIWYKE OT mramia Nel ¢ mIoCKoi KOHTAaKTHOM MOBEPXHOCTHIO;

4. C yBeIMYEHUEM OTHOCUTENBHOW CTpeiabl MOJbEMa  KOHTAKTHOM
f 1 N
MOBEPXHOCTH JI0 3HA4CHUs = _ JIMaNasoH JIMHCHHOU paboOThl OCHOBAHUS MO

mITaMIiamMH yBenuauiics Ha 25%;

5. Menbmme ocagku (pyHIamMeHTa C  KPUBOJIMHEHHONW  KOHTAKTHOM
MMOBEPXHOCTHIO OOBSACHSIIOTCS CACPKUBAHUEM TOPU30HTAJBHBIX MEPEMEIICHUN TpyHTa
U3-TIOJ] IITaMIla B CHJIy XapaKTepHOW TEOMETPUU U BBIPAKEHHBIM OOBEMHO-
HaNpsHKEHHBIM COCTOSIHUEM TPYHTa B aKTUBHOW 30HE;

6. [l mTaMmoB B JaHHBIX TPYHTOBBIX YCJIOBHSIX TPU JABJICHUHU HA IITAMIT
100 xITa cxxumaemast Tomtia cocrapiset He 6osee 2D, mpu e€ pacuernom 3nauenuu 3D.
Jimg mraMnoB ¢ KpUBOJMHEWHOM KOHTAKTHOW IMOBEPXHOCTBIKD PACUETHOE 3HAYCHUE

TIIyOWHBI CKUMAEMOU TOJIIIIH JIKUT B Auana3one 2,8 — 3,0D;
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/. Jnga wraMnoB ¢ KPUBOJMHEMHOW  KOHTAaKTHOW  IOBEPXHOCTHIO
HAOIOJaeTCsl YMEHBIICHHE HEPAaBHOMEPHOCTH TMEPEMEIIEHUSI TOYEK TIPYHTOBOTO
MaccuBa B CpeJHEM B 3 pa3a, IpU COIMOCTaBJIECHUU JedopMaluil MoJ LEHTPAIbHON U
KpaitHeil ocbto mramioB. Takoe neopMUpPOBaHNE TPYHTOBOTO OCHOBAHUS MIPUBOIUT K
MEHBIINM JAedopmanusM Tena GyHAaMeHTa U Kak CIEACTBHE K 00jiee paBHOMEPHOMY
NEPEepPacHpeeNICHUI0  yCUIMM B KOHCTPYKUMM  (QyHIaMEHTa U MEHbLIEMY
TPEIMIMHOOOPA30BaHUIO B CpaBHEHUH C (yHAAMEHTAMHU C IUIOCKOM KOHTAaKTHOMN
IIOBEPXHOCTBIO;

8. Pacuernple  3HaueHuss ~ Hecymed  CIMOCOOHOCTM W PacueTHOTrO
CONMPOTHUBJIEHUS! TPYHTOBOI'O OCHOBAaHUSA C BBICOKOM [JI WHXEHEPHOM TOYHOCTH
CTEIEHBIO COBIAJAIOT C HMMEIOLIMMUCA 3KCIIEPUMEHTAJIbHBIMU pe3yibTaTaMH, YTO
MOATBEPKIAET JOCTOBEPHOCTh TEOPETUYECKM IMOJYYEHHBIX B TPETbEW TIJaBe
NOBBILIAIONIMX ~ KOA((PUIMEHTOB,  YUYUTHIBAIOIIMX  KPUBOJIMHEWHOE  OuYEpTaHUE

KOHTaKTHOM ITOBCPXHOCTH.
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3akJIroueHue

1. [lpemnoxeH aiaroputMm omnpeneiacHuss aeGOpMUPYEMOCTH TPYHTOBOTO
OCHOBaHWsI, TIpU B3aUMOJICHCTBUM CHCTEMBl «OCHOBaHHE-(YHIAMEHT»  IPH
KPUBOJMHENHON (hopMe KOHTAKTHON MOBEPXHOCTH, a TAK)KE TEOPETUUECKU 0OOCHOBAHO
yMEHbIIIEHUE  J1e(OPMUPYEMOCTH  OCHOBAHUS  MOpPU  3arpy>KCHUU  JIaHHBIMU
dbyHIaMEHTaMU TPU PEIICHUH 33/1a91 B paMKaX TEOPUU YIPYTOCTH;

2. Ilpennoxxena metojauka pacdera Jedopmaivii TPYHTOBOTO OCHOBAaHHUS C
Y4ETOM 3aBHCHUMOCTH MOJAYJs nedopmanuu TpyHTa OT BEIMYMHBI TOPHU3OHTAIHHOTO
ooxkatuss E = f(o,) . JlaHHBIE 3aBHCHMOCTH TpeJyIaraeTcs TOJydaTh ITyTeM
MPOBEJICHUSI CEPUM UCTIBITAHUS TPYHTA B MPUOOPAX TPEXOCHOTO CXKATHUSI;

3. Ipennoxxena MeTonuka OmpeneiaeHUs] HECYIIEH CIIOCOOHOCTH TPYHTOBOTO
OCHOBAaHMSI TIpU 3arpykKeHUH (PyHIAMEHTAMH C KPUBOJUHEHHBIM OYEepTaHHUEM
KOHTAKTHOM TOBEepXHOCTH. (COCTaBJICHbl CIPABOYHBIC TAOJMIBI TMOBBIIIAIOIINX
K03 PUIIMEHTOB HecyIeld CIOCOOHOCTU MPU U3MEHEHUH CTPEIbl OAbeMa KOHTAKTHOMN
MMOBEPXHOCTH, & TAKXKE YUYUTHIBAIOIINE XapaKTep KOHTAKTHOW MOBEPXHOCTH: TJIAJIKas
WK IuepoxoBarad. Jloka3aHO, YTO TPYHTOBOE OCHOBAHHWE 3arpyEHHOE TJIAJKON
KPUBOJMHEMHON KOHTAKTHOW ITOBEPXHOCTBIO IIPU OJMHAKOBBIX XapaKTEPUCTHUKAX
IPYHTOBOTO OCHOBaHUA 00J1ajaeT O00JIbIIe Hecyliel CIOCOOHOCTHIO.

4.  VYCTaHOBJIEHO, 4YTO B paMKaXx NPUMEHUMOCTH (PYHIAMEHTOB C
KPUBOJMHEUHBIM OYEPTAHUEM KOHTAKTHOW ITOBEPXHOCTH, C TEXHOJOTMYECKOU TOYKHU
3peHns (pU OTHOCHTENBHOH cTpene moasema h go 0,2), yBennmueHHe HecylleH
CcrocoOHOCTH BO3MOXKHO B mipeaenax a0 10% u 100% nansa mepoxoBaToi U TIIAJIKOU
KOHTAaKTHOH TIOBEPXHOCTH COOTBETCTBEHHO. Ormpeensoniee 3HA4YCHHE HMEIOT
KOHCTPYKIUsL (PyHIameHTa (CTpena moabeMa KPUBU3HBI U XapakKTep KOHTAKTHOM
MTOBEPXHOCTH), €T0 3ariay0JeHue, a TakKe MPOYHOCTHBIE XapaKTEPUCTUKU TPYHTOBOTO
MacCHBa, U3 KOTOPBIX HAaUOOJIbIIIEE BIMSHUE OKA3bIBACT YTOJI BHYTPEHHETO TPEHUS (@,

5. Ilpennoxena meTtoauka U KOI(PPUIUEHTH PACUETHOTO COMPOTUBIICHUS,
KOTOPBIE MO3BOJISIOT OMPEACIIUTh PACUETHOE COMPOTUBIICHHE TPYHTOBOIO OCHOBAHUS

IIpY KPUBOJMHEMHOM OYEPTAaHUM KOHTAKTHOW MoOBepxHOCTU. [lyrem uuciaeHHOro
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MOJIEJMPOBAaHUSI  OOOCHOBAHO  TIOBBIIIEHHE PACUYETHOTO  CONPOTHUBIEHUS  TIpU
YBEJIMYEHHUH CTPENbI TOAbEMA KOHTAKTHOM MOBEPXHOCTH;

6. YcTaHOBIEHO, UYTO TIPH OTHOCHTENBHOH cTpene mogbema h mo 0,2
pacyeTHOE CONPOTUBIEHUE TPYHTOBOIO OCHOBaHHUA yBenumuuBaercsa 10 20%.
Omnpenensiomee 3HAYeHHE HMEIOT CTpela TMOAbEeMa KPUBU3HBI, 3ariayOsieHue
dbyHIamMeHTa, a TakKe MPOYHOCTHBIE XAPAKTEPUCTUKH TPYHTOBOTO MACCHUBA, U3
KOTOPbIX HAUOOJIbIIIEE BIMSIHUE OKA3bIBAET YIOJl BHYTPEHHETO TPEHUS (]

/. BbImomHEHBI  SKCHEPUMEHTAJIbHBIE  HUCCJIEIOBAHUS  B3aUMOJCHCTBUS
ITPYHTOBOTO OCHOBaHHSI CO IITaMIaMH{, HMEKIHNMHU KPUBOJIMHEWHOE OYEpTaHUE
KOHTAKTHOM TmoBepxHOCTH. lIpousBenena Bepuduxanus kod3hUIIMEHTOB Hecylen
CHOCOOHOCTH M PAaCYETHOI'O CONPOTHUBJIECHUS TPYHTOBOTO OCHOBAHMs, MOJYYEHHBIX B
paMKax TeopeTHyecKoro uccieaoBanus. llonTeBepxaeHa BO3MOXXHOCTb YBEIUYCHUS
Hecylel cnocooHocTu ocHoBaHus 10 10% B 3aBUCHUMOCTH OT KPUBHU3HBI KOHTaKTHOM
IIOBEPXHOCTH, & YBEIMYECHHUE PACUETHOTO CONPOTHBIECHMS 10 15% B pamkax AaHHBIX
MHKEHEPHO-TEOJOTUYECKHUX YCIOBUAX IKCIIEPUMEHTAIBbHOM IUTOIIA IKH.

IpenyioxkeHnnsi M PpeKOMEHAAUMH K JajbHeillneil pa3padoTke TeMbl:
pa3BUTHE UJIEU OIpeaesieHHus AePOpMalMH, PACUETHOTO COMPOTHUBICHHUS W HECyLIEH
CIIOCOOHOCTH TPYHTOBOI'O OCHOBaHMsI MpU 0O0Jiee CIOKHBIX OYEPTAHUAX KOHTAKTHBIX
MOBEPXHOCTEH B KOMOWHAIIUM HECKOJBKUX KPHUBU3H M IIJIOCKUX KOHTaKTHBIX
MOBEPXHOCTEH; OMpEEICHUE 3aBUCUMOCTH MOJYJs Jedopmalii OT HANpsS>KEHHOTO
COCTOSIHUS; ONIPEIEIICHHE ONTUMAIIBHOTO OYePTaHNsl KOHTAKTHON NOBEPXHOCTH C TOUKHU
3peHuss AeQOPMUPYEMOCTH U TEXHOJOTMM HX YyCTPOWCTBAa JUIsl  BBISIBICHUS
HPKOHOMHYECKH A(PPEKTUBHBIX PEIICHUI; JOopadOTKa MPEAJIOKEHHBIX METOAMK IS

paboThI B TPEXMEPHOM MOCTAaHOBKE.
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