SUSUUSULD 9bSNER-3OEL LELD U99.U3h’L WuUALUhUESP
SEABUUapr

U3BECTHA HAIIMOHAJIBHON AKATEMMM HAVK APMEEHNU

UbjuwGhlju 49, N¢ 1, 1996 MexaHuKa

AUHAMUYECKHE KOHTAKTHbBIE 3A0AYHU O
B3AMMOJEWUCTBUU MEXAY GYHOAMEHTOM M ETO
YMNPYrMM OCHOBAHHWEM

AbpamsiH B.J1.

L. Uppuhiwdyul

Yupnigfudph b gl G lipu b b hpdph dheta qinfuuignigniapuol
wwafil n iy b g plu fulin ppllp
St ata] gugg By [ 1y guluwidph Lngip Juri g i b el Wndpfdhehi
infuignhignigub puny e ghaaif 20-fuy g Ly | i plilipg

B.L.Abrahamyan

Dynamic Contact Problems on Interaction Between the Building's
Footing and Its Elastic Foundation

MccnenoBatie BOMPOCOB, KaCAOLMXCA BIAUMOLEHCTEMA MeMay xonebnio-
WHMCS YNPYTHM COOPYXeHHeM, ero JESTKOFO PyrAaMeHTa 1 Yapyroro ocHosa-
HWA, Ha XOTOPOM OHHW ycTaHOBNeHbl, C cefcMUUECKMMMU BONHAMK, MPOAILALMMH
yepe3 ynpyroe oCHoBaHWe, HMEEeT BaXKHoE npaKTHdeckoe 3HaueHHe.

Mo-BKaMMOMY, B pamMKax NUHEHHOM TEOPHW YNPYrocTH, BO3MOMHO YCTaHOBHTH
833MMOCBA3b MEXAY TEOMETPHYECKHMHA H (PU3UUECKHMH napamMeTpamMu COOPYIKe-
HuA, ero dyHaaMeHTa W ynpyroro OCHOBAHWA CEHMCMUUECKHMA napamMerpami, H
papbMpoBaHWEM 3THX NapaMeTpoB AOCTHrHYTE ANA CEHCMHAYCCKUX napaMeTpos
MHHHUMANBHBIX 3HAYEeHWH.

lMpou3segeHHble Uccneposatiua B sToH oBnacTH MpeacTaBiAlTCA BoiNO/HEH-
HbIMH, B HEKOTOPbIX Caydasx, C YnyLeHHAMM. MpH MccneaoBaHl RONPOCOB MHOT
Aa NpUHUMaloTCA Takue Wexoftble NONYLEHWA, UTO NOJYYEHHbIE KOHE-HoIE Pe-
3yNbTATbl AN1A MCKOMBIX BEAWYUH, K COManeHnio, OKa3biBaTCcsa, Wik HeybepuTens-
HbIMM, WK TaKHe, 4TO WX HEeBO3MOXKHO MPUMEHATE Ha npakTuke. B peakux cnyua-
A% B MCCNepoBaHuax yYHTbIBaeTCa cOBCTBEHHDIA BEC MACCHBHOIO COUPYRERHA.

W3-3a oTCYTCTBMA BO3MOXKHOCTH noApobHOro WanokeHua o MeToAax, npUME-
HAEMBIX NPH HCCNefoBaHnk paccMoTpeHHbIX 3afau, W O NoNydYeHHbIX pesynbTatax,
B YNOMAHYTHIX HIKE HCCnefoBatHaX, 30ech NPUBOAATSA /b KpaTkMe JHTepa-
TypHBIE YKa3aHWA.

B3alMONEHCTBHA MeXKY KecTkMM yHaaMeHToM COOpY/KEHUA W ero ynpyrkm
OCHOBaHMEM B HEKOTOPOW Mepe MccnefoBanich 1 Ac Hallel'o CTONEeTHA W pesdynb-
TaThl 3THX MccnefoBaHui, BesycnosHo, MENoNb30BANMCE B CTPOWUTENBHOH TEXHMKE.
W2 HoBbIX WCcnefoBaHMH, BbINOAHEHHBIX B 20-0M Beke, OTHOCALMXCA K B3avMMO-
OeHCTBHIO MEXDY ECTKMMW hyHAAMEHTaMW coopymf:rmﬁ W Mx YNPYrix oChoea-
HWH, Ha KOTOPbIX Pacrno/oMeHb! yHAAMEHT C COOPyXXEHMEM, W Hepes KOTOPDIE
NPOXOAWT CeHCMMYecKan BonHa, & nepeyio ouepedb Crepyer OTMETHTD nccneno-
panua M.Buo [1] 1 A.l.Hasapoea [2,3].



B nepeoii Uz atux paBot cTpouTcA MatemaTMueckas TeopHA KonebaHun ynpy-
TWX CUCTeM, Korpa saTyxaHWe KoneBaHui He NPUHUMAETCA BO BHWMMaHMe. [okaabi-
BaeTcA NpHMeHeHHe 3TOro MCCAefioBaHHA ANA onpefeneH s aMnanTy L KoneBaHuii
COOPYEHHA NPH 3EMNETPACEHMAX.

Bo s10pOH M3 Mccnegosauit [2], cpasHUTenbHO YNPOoLeHHbIM METOLAOM, BbIBO-
AATEA AHcbepeHyHanbHble YpasHeHUs ABMXKEHMA YNPYroro Tena, NpoMCXoAALLEro
MOA fiEHCTBHEM CEACMMUECKOM BONHBI, C YUETOM BHYTPEHHEro TpeHWs ynpyroro
Tena. B gpyroit pa6ote [3] ebiBeneHsi HHTErpo-audbdepeHLHabHble YpaBHeHUA
ABHYKEHHA YNPYTOH Cpefbl OTHOCUTENBHO hyHKUMM NEpEMELLEHHs, B KOTOPBIX Y-
TeHO B3auMoAeHCTBUE Mexay hyHOAMEHTOM COOPYXXeHHA M FPYHTOM NpH 3emaeT-
PACEHUH. PaccMaTpuBaioTcs pasnuyHble chydau: s Masbix nonepedHsix pa3me-
POB thyHAaMEHTa MO CPaBHEHWIO C ANUHOW ceficMMUYecKodt BOMHbI, & Takke ans
€nyyas c LIMPOKOH onopHoH 6a30H M HU3KHM PacnonoyKeHHeM LeHTPpa THKECTH.

B Apyroi csoeii pa6ote [4] A.l.Hasapos otmeuaert, uto B HauBonee CTpOroM
noctaxoBke npobrieMa WHXKEHepHOH celcMoNOrMK ABAAeTCA NPobAeMol MexaHH-
KH TBEPAOro AediOpPMHUPYEeMOro Tena, HauWHas C NPOUEcca BO3HMKHOBEHMA 38M-
NIeTpACeHHA B o4are, ero PacnpPocTpaHeHWs, U KOHYas ero BO3AEHCTBMEM Ha coo-
py>keHus. [1pu 3ToM coopykeHHe AO/MKHO paccMaTpWBaTscA Kak uacTe penbedia
MECTHOCTM.

B oaHoi pabote 3toro ke astopa [5], B CMANbHO YNPOLLEHHOM BUfe, mAeTCH
PAcyeT COOPY)KEeHUA Ha ceHcMocToKkocTe. B aTol pabote coopyseHue paccmat-
PHBaeTCA Kak ynpyruH Bpyc, 3awemnenHbii B 0CHOBAHWM, W OLEHWBAETCA NepHoA
OCHOBHbIX cBOBOAHBIX KoneBaHWi coopykeHus.

CeHcMHYECKE HArpy3KM Ha COOPYIKEHWA OLLEHWBAIOTCA Takke W B paborte [6],
B KOTOPOW TakyKe COOPY)KeHWe paccMaTpuBaeTcs Kak KOHCOMbHBIA cTepKeHs.

OpHolt 13 nepsbix paboT, NOCBALEHHBIX MCCAEOBaHMIO KONeBaHWi BECOMOro
Tena, nepuofHueckH Konebniowerocs nof AEHACTBHEM rapMOHWYECKOH HarpyakM,
npeactasnserca pabota Cawa [7]. 3pech Becomoe Teno Geperca ¢ KpyrnbiM oc-
HOBaHWEM W JiexalliM Ha YNpyroM W3oTponHoM nonyBeckoHeyHoM rpyHTe.

B ynpollieHHoM Buae BepTHKanbHble, YraoBbie W Apyrie Buabl konebaHuii dyH-
AaMEHTOB paccMaTtpuBanudch B pabotax [8-10].

B pabore [8] paccMaTpuBaeTca, Kpyribii B nnaHe, dyHAAMEHT, Nexaliuii Ha
YNpYroM nonynpoctpatcree Ges clenneHus, KOTopbI Noa AeHCTBMEM AWHAMWUYec-
KOW Harpy3k¥ COBEpLIAeT rOPW3OHTaNbHbIE, BEPTHUKANbHbIE W YI/IOBbIE FAPMOHH-
yeckue konebanua. B pabote [9] ropuscHTansHble, BepTHKaNbHblE U YrNOBbIE KO-
NebaHWA COOpY>KeHUA PaccMaTpHBAIOTCA C AOMYWEHHeM, YTO COOPYKEHUE MMeeT
BHA KPYr/oro UWAKMHAPA, W YTO Ha KOHTaKTHOM 0B1acTi Ha NoBepXHOCTH YNpyroro
NoNYyNPOCTPaHCTBa, B clydYae ropu3oHTaNbHBIX W BEPTHKaNbHbIX KoneBaHub, KoH-
TaKTHblEe HanpaXeHHa ABNAIOTCA nocTosHHbiMW. B pabote [10] paccmatpHsalorcs
BEpPTUKabHbIe, a Takoke Apyrve dopmbl Konebarui dyHAAMEHTOS, Nexaluux Ha
YNpYrux ocHoBaHWax 6es cuenneHus.

B page pabot H.M.Bopopauesa [11-14] paccmatpueatorcs ocecuMMeTpuuHble
rapMoH1ueckie konebaHus KeCTKOro, Kpyr/ioro B nnaHe, WTamna, Nexallero Ha
YNPYroM nonynpoctpakciee Bea cuenneHua. B Takoii »ke noctaHoeke (npH oT-
CYTCTBUW cuennenus) H.M.Bopopauee paccmoTpen Tamke u OCeCHMMETPHUYHbIEe
KonebaHua ecTkoro WTaMna ¢ Ko/bUesbiM ocHosaHuem [15]. Onpepensercs
aMNAMTYAa BepTUKabHbIX KonebaHui.

OcecuMmMeTpudtble konebaHWa HEBECOMOrO »KECTKOro Kpyrforo wiamna, fe-
Malero Ha U3oTponHoM ofHOPOAHOM YMPYroM NonynpocTpaHcTee, Mo OeHcTeM-
&M rapMOHH4ECKOW HarpyskM, ccnegoeanvck B pabote [16]. 3aeck paccMoTpeHb
ABe 3afayu: and WTamna, fexawero Ha ynpyrom ocHoBaHWM 6e3 TpeHus M cuen-
NIEHWA, M 014 WTaMna NPy NoAHOM ero cuenneHu. [pW pelleHWn 3TUxX 3anay Bbi-
BOAATCA WHTErpanbhble ypasHeHHsA, pellalolide 3afadu, W NpepnaraeTca npubau-
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SKEHHBIM METOf [NR PelieHHs 3THX YPaBHEHWUH.

BeprukanbHbie KonebaHWa KecTkoro Kpyraoro wramna, nexalliern Ha ynpyrom
nonynpocTpaHcTee 6es cuennerus, MCCNefoBantcn TakKe B paborax [17-24].

M3 yromaryTsix pabot 8 [18] paccMatpueatoTca ocecHMMeTpHUHble KonebaHwa
WiTamna, neskauiero Be3 cUenneHuA Ha ABYXCMOHHOM YNpyroM ocHoBaHM. Pele-
Hye 3a0alW CBOAMTCA K WHTErpanbHoMy YpasHEHWIO NepBoro poAa. Wcenepyiotca
BONPOCh! Pa3pelldMOCTH NOAYHEeHHOTo WHTErpantHoro ypasreHua. MNpepnaraerca
AnA pelleHus 3TOro YpasHEeHH: NpUBAIKeHHbI METOR, KOTOPbIM OCHOBaH Ha
chaKTOpH3aLMM DYHKLHHA.

BepruranbHeie konebanua Kpyribix thyHAAMEHTOB, NeXallyx Ha NOBEPXHOCTH
ynpyroro nonynpocTpaHCcTBa co cUenneHnen, uccnenosanuce B pabore [25].

[lge ocecuMMeTpUUHblE auHaMHUYecKkHe 3aaati o AedcTBMM KpYraoro ynpyroro
WTaMnNa, HAaXoAALerocs Ha NOBEPXHOCTH YNpyroro noAynpocTpaHcTea, ¢ fonylie-
HWeM, uTo oBnacTs KOHTAKTHOTO Kpyra Ha noBEPXHOCTH nonynpoCTpaHcTsa MeHs-
eTcs (MPW CATMK WTaMn PacliMpAeTes, NP1 OTXOAS cyrkaeTca) paccMaTpHBanuch
B pabore [26].

OcecumMMeTpHuHble konebaHna KpYrNoH YNpyrol nauTel, nexallen Ha ynpyrom
nonyNpPocTpaHcTeE, paccMaTpHBanuch Takke B pabore [27].

OcecuMMeTpuiHble KonebaHua JKecTKoro wramna Ha ABYXCNOMHOM ynpyrom
no/yNpocTpaHCTee MccnenoBanuce B pabore [28]. B aToi paboTe npu paccMoTpe-
HUW 3afadu 0B OcecHMMETPUUHON subpauuu sarnybneHHoro 8 BEpXHUA YNPYTHH
cnoil ocHOBaHMA KpYrforo »xectkoro Wramna (npd pageHcTee BBICOTHI WTaMna W
ToAlMHB! CNoA) NPUHUMAaeTEA, YTO sarnyBrieHue Manoe, W YTO Kacate/bHble Har-
pAXEHWA NOf C/I0EM W LITAMMOM OTCYTCTBYIOT. PelueHue 3afadd cBefieHo K WHTer-
panbHOMy ypaBHeHHIO BTOPOro PoAa. KOHTAKTHbIE HanpayKeHWs Nof WiamMnom on-
pefenaloTca € UCNOoNb30BaHHEM TEOPHH BoIHETOB.

B pape pator B. A Babelwko [29-32] Wccneposanice MHTErpanbHble ypaBHeHWs
W CHUCTEMBI WHTErpanibHbix YpaBHeHUH AXHAaMUUECKHX KOHTaKTHBIX 3afay Teopul
ynpyrocti. B aTux, a TaKke U B HEKOTOpBIX npyrux pabotax 3T0ro astopa, ycra-
HAB/MBAIOTCA CBOMCTBA hYHKUMA M AAep, BXOAAUMX 8 uHTEerpanbHble ypaBHeHHA,
npu KoTophbix obecneuxsaerca eQMHCTBEHHOCTb pelleHWi paccMaTprBaeMbIX HH-
TerpanbHbIX YpaBHEHWA W CTAHOBHTCA BOSMOMHbIM NOCTPOMTE 3TH pellenHua npub-
AvpkeHHbIMM MeTopamu. B paGote [33] pelleHne 3apaqn © konebaHWax Kpyrnoro
\iTaMna CBOAMTCA K WHTErpasbHOMY YpaeHeHWio nepeoro popa. Bonpocbl cy-
\lECTBOBAHWA W EAMHCTBEHHOCTH PELerma ITCro ypasHeH1a Bbinu vccnefosatbl B
BbilleynoMaHyTbix paborax B.A.Babetluko.

B moHorpadmn HM.M.Boposuya 1 B.A.Babewko [34] npusogATCcA MaTeMaTHHEC-
Wi aHANM3 W MPHKNAAHble MeToAbl PelleHHa AMHaMHHECKUX cMmellaHHblX 3ada4
TeopuH ynpyrocT. 3TH MeToAbl MOTYT 6biTh MCNOMb30BaHbl NPY PACCMOTPEHHH
subpauuit geTanei MaliuH, chyHAaMEHTOB H ocHopaHui. B paboTte n3yyaeTcs Tak-
e BONPOC PaspelMmMocTi pasnuyHbX THNOB WHTErpanbHsIX ypaBHEHHH.

HecHMMeTpHUHbIE KOHTaKTHbie 3afadu, oTHoCAWMECs K KoneBaHWAM MHEeCTKMX
WITAMNOB, MM hyHAAMEHTOB, YCTaHOBNEHHBIX Ha YNpYyTix ocHOBaHMAX, NpUBAEKa-
joT K cebe BHWMaHWe MHOPHX Wccnepopatenen.

B pabore [35] vccnepyeTca BAHAHME NPOTSHKEHHOCTH COOPYXKEHHA B CBASH C
npoxonaeHemM ceficMUUecKoil BONHbI Uepes ynpyroe ocHoBaHWe CODPYXKEHMA.

B pabote [36], npy noMoluy KpaTHbIX WHTErpancs, nofiydeHo ypasHeHHe ANA
onpepenetns nopataMBoCcTH rpyHTa (ynpyroro ocHoBaHHA NofA chyHARMEHTOM) NPH
NefcTBUH rapMOHHUECKOM BEPTUKANBHOM HArpys3KH. 370 ypaBHeHWe pellaeTcs
uMcNeHHO.

B paborax [37-41] paccmaTpreanvce yrnosble KonebaHWa KeCTrHX wramnos
(cnnowHoro Kpyraoro KOJIbLEBOro), HaXOAALWMKCH Ha ynpyrom nonynpocTpaH-
cTee Ges cuenneHus.



B paborax [42-45] wuccnepyroTca yrnoBele WM ropM3oHTanbHele KonebaHus
YKECTKOro WTamna, ¢ KpyroebiM ocHoBaHuem. B paccMoTpeHHbix 3agaqax guHamu-
ueckHe Harpy3ku BepyTcs NPMACKEHHbBIMM HENocpeAcTBEHHO K LTaMnam. 3adauu
O FOPW3OHTaNbHBIX W YINOBbIX KONeBaHWAX PACCMATPMBANOTCH HE3ABMCMMO 4DYr
ot apyra. lpu 3ToM pewenre 3afadun ob yrNoBoix KONeBaHMAX WTaMMN2 CTPOWTCH
C AonylUeHWeM, UTO KacaTe/lbHble HanpsKeHus Ha BCEH MNOBEPXHOCTH YNPYForo
nonynpocTpaHcTea (B TOM 4Mcne W nop WTamMnom) oTcyTcTByioT. B 3apaue xe o
FOPH3OHTaNbHbIX KonebaHWAX LiTamna, Ha BCEH NOBEPXHOCTH YNPYroro noaynpo-
CTPaHCTBa, CHYMTAIOTCA OTCYTCTBYIOLUMMMWCA HOpManbHble HanpaXkeHus (WTamn ne
HaxoOWTCA NOA Harpy3KoW, WAM oH Hesecombin). B paborte [44] cuuraercs, uto
hyHOAMEHT MOXKET NoABepraTbca H3ruby.

HccnepoBaHuio ropu3oHTanbHeiX W YrAoBbIX KoneBaHWi MecTKMX WTamnos -
hyHAAMEHTOB noceAlweHbl Takke paboTol [46-52]. B pabotax [46, 49] peweHua
3afay NPMBORATCA K WMHTerpanbHbiM ypaBHeHMAM BToporo pofa. B pabBorte [50]
3afjaya pelaeTca HenocpefcTBEHHO YWCNeHHbIM MeTodom. B pabote [48] uccne-
AOBaHHe ropW3OHTaNbHbIX W YrAoBbiX KonebaHWH paccmaTpuMBaloTCR B CBRIAHHOM
supe. B pabote [51] BMecTe ¢ yrnoBoiMu KoNeBaHMAMK DACCMATPHEAKOTCH TRKKE
W KpYTH/bHble Konebanua.

Bubpalund CKONbIAWMACA W KauaIOWMXCA (DYHOAMEHTOE, WM OKPYKAIOLWER WX
noyebl, H3yyanuce 8 paborte [53].

lop13oHTantHble W yrioBble KonebaHWA LWTAMAOB, B YCNOBMAX NAOCKON 3afa-
YK TEOPHH YNPYrocTH, pa3nuyHbiMK cnocobaMu WccnefoBanuch Bo MHorux pabo-
Tax. Takue 3apaum paccmaTpHBanuch Takke B MoHorpadmu B.M. Ceiimosa [54], 5
KOTOPOH COAEPXKATCA TakXkKe W WCCNefoBaHMA HEKOTOPbIX 3afaq O KonebaHuax
HECTKMX LUTAMMOB Ha YNPYrom nofynpocTpaHCTEE.

B paBortax 3.E.XauuaHa [55-57] uccnenoBanuch, Kak BAMSHWE NPOTAMEHHOCTH
pyHOaMeHTa, Tak M BNWAHME BbICOTbl COOPYeHuA. [lpou3BeneHHbie pacuersi Ha
CEHCMOCTOWKOCTb COOPYMEHHH AaloTcA B (hopMe, YAOBHOR Ans NpUMEeHeHMs &
HHKEHEePHOW NpaKTUKe.

duHamuyeckas peakuua yNpyroro ocHoBaHWA OT KonebaHWH yHOAMEHTOE NPOM3I-
BOMbHOH chopMbl (B TOM UMcie M NPAMOYronbHbIX) M3yuanacs B pabotax [58-63]. B
pabotax [59, 61] yKasbiBaeTcs, YTO MPM PacCMOTPEHMM KOHTAKTHOM 3afiaduu dyHpa-
MEHTa € YNpyriM OCHOBaHWeM, [NA BbIACHEHWS MCTHHHOMD XapaKkTepa AMHaMMYECKOM
PeaKunk ocHoBaHHA, HeobxoAnMo obAsaTentHO YuMTbIBaTE AABneHHe dyHaaMeHTa (To
ecTb HeoBXOAMMO NPHHHMAaTL BO BHUMaHWE BEC thyHoamenTa). AsTopbl pabotb: [59],
Ha 4YacTHOM NMPWMEPe, MOKAa3anu BAWAHHE OCafKW KPYrnoro (yHgameHTa, B ocober-
HOCTH €70 UEeHTpanbHOW TOYKHM, Ha peakuMu YNpyroro OCHOBAHWA MOL hyHOAMEHTOM.
[Mo-supumomy, B 3ToH paboTe BnepBbie OTMEUAETCH, YTO 3aKOHBI PACTPEneNEeHHs KOH-
TAKTHBIX HanpAXKeHUH nof doyHOAMEHTOM B AWMHAMMYECKHX 3afladax OCTABNAKT CBoe
B/MAHHE peakUWK YNpYyroro ocHoOBaHHA, M, C 3TOH TOUKM 3PEHMA, MOL DYyHOAMEHTOM
nepemeLLeHia AoMmKHbI BbiTh onpegeneHbl Npexae, Yem BLIACHAETCA XapakTep gqHa-
MHYECKOH PeaKUMH YNpyroro ocHoBaHMA.

B pabotax [62, 63] nonyueHbl uHTErpanbHbie ypasHeHHs, KOTOpble B fanbHei-
leM pelialoTcs YMceHHbIMM MeTodaMu. 3Qech Wcciefyercs B3auMoaedcTeue
HKECTKOro NPAMOYroNbHOro yHAaMeHTa € CEHCMHHECKWMH BOMHAMM MPH OTCYT-
CTBMM Beca doyHAAMeHTa, HO C y4eToM clUenneHWs dyHAaMeHTa C ero ynpyrim oc-
HOBaHWeM - NoAynpocTpaHCTEOM.

BepTHkanbHbie WM ropuaoHTanbHbie KoneBaHWA KpyrnbiX dyHAAMEHTOE pac-
cMaTpuBanuch B pabotax [64-68].

B pa6orte [69] uayyanuch konebaHua annMnTHUECKMX dyHAAMEHTOR.

B pa6ote [70] wccneposanuce BepTHKanbHble KONEBaHWA KPYrNOro »KecTkoro
byHAAMEHTA, NEeXallero Ha HacbILWEHHOM JKWAKOCTBIO YNPYTroM AOAYNpocTpaH-
cTee. Pellenne 3agayd cBefleHO K MHTErpantHOMYy YpaeHeHWio BTOporo poga. [u-



HaMMuueckas 3afada o konebaHWAX MAccMBHOTO dyHOaMEeHTa, NeXallero Ha aHw-
30TPONHOM OCHOBaHWM, paccMarpuBanack B pabote [71].

BepTukanbHble KonebaHua KpyroBoro wWwiamna, fexallero Ha ynpyroM nonayn-
POCTPaHCTBE, WMEIOLEro UWAWHAPHUYECKYIO MONOCTh, Mccnefoeanucs B pabote
[72]. B atoH paboTe Wcnonb3oeaHbl TEOPWA MapHbIX WMHTErpanbHbiX YpasHeHWH W
WHTerpancHoe npeobpasosaHWe Bebepa-Oppa. B paboTe npuBOAATCA YWCNEHHblE
peaynhTaThL

Bubpalyu OBYX KPYT/biX LUTAMNOB pa3HbiX PafvycoB Ha MOBEPXHOCTM YNpyrou
CNOMCTOW cpefdpbl, KOrfa WTamnbl He KacaloTcA ApYr ApYyra v noj wramnaMu ot-
CYTCTBYIOT KacaTe/lbHble HanpsKeHws, paccMaTpueanice 8 pabote [73].

Bubpauuu dyHaaMeHToB McchedyioTcs Takke B paborte [74].

JKcnepUMeHTaNbHble UCCNefoBaHUs KonebaHui thyHOaMeHTOB BbINOAHANMCE B
pabotax [75, 76]. B pa6ote [75] cTpoutca thyHKUMA, CBASLIBAIOWAA aMNIWTYAY
rapMOHWUYECKOH cHAbl, BeficTeyioulel Ha yHAaMeHT, ¢ aMnWTYAoH koneBaui
dyHaameHTa.

B pabore xe [76] WMccnegoeanuce cedcmuueckue konebaHua TBEpAbIX Ten W
hyHAAMEHTOB, Bbi3BaHHLIX 3eMneTpaceHusMd. OnpepenaioTca amMnAMTYAbl Kone-
BaHui dyHOaMeHTa, AMHaMWUECKWe XapaKTEPHMCTHKM YRPYrMX ocHoBaHHH dhyHAa-
MeHTOB (KO3thhULMEHT HECTKOCTH, Ko3thdHUMEHT AeMNpHUPOBAHKA W Apyrve na-
pameTtpbl). B atol pafote BbiACHEHO, 4TO KO3IHULIMEHT MECTKOCTH OCHOBaHWA
yMeHbLIABTCH NpY YBeNHYeHUM YacToTbl konebaHui.

3aBUCHMOCTh CEHCMMUYECKWX NapaMeTpoB OT reoMeTpUHecKHX W hU3MYEcKmMX
napaMeTpoB KOHCTPYKUMWHA Wccnegyetcs 8 pabote [77].

AMNAMTY bl KoNeBaHui ynpyrux Ten BeluMchatoTcs Takke B pabotax [78,79].

B paborte [80] paccMaTpMBaloTCsl rOPH30OHTaNbHbIE W YIIOBble rapMoHWYecKHe
KonebGaHua, CLENMEHHOro © YNpYrdM MofynpocTpaHcTBOM, KPYroBoro B NAaHe,
MECTKOro BecoMoro cyHAaMeHTa, Korfa AeHcTBylolas AuHaMHYecKas HarpysKka
NPHACKEHa HenocpencTeeHHO K dyHOameHTy. 3Aech OnpefenieHle KOHTaKTHbIX
HanpsXeHWi nod ¢yHAAMEHTOM Ha MNOBEPXHOCTW YNPYroro nonynpoctpaHciea
CBOAMTCH K PELUeHUIO CUCTEMbl WHTErpasbHbiX ypaBHeHWH BToporo popa. Bbiso-
[ATCA aHaNWTHUECKHE BbIpaXKeHWA ANA onpeaeneHus aMninTyzl ropH3oHTaNbHBIX H
yraosbix konebahui dyHpaMeHTa. 3TH aMNAKTYAbl BbipaXaloTca Hepes reoMeTpr-
ueckue U huauyeckue napameTpsl hyHAaMeHTa W ero ynpyroro ocHoeaHHs, Yepes
KOHTAaKTHbIE HanpsXeHWA, BO3HWKLWME nof dyHAAMEHTOM, a Takue Yepes amniu-
TyAy, Bbi3biBalolel konebaHWA rapMOHMYECKOH Harpy3kd W ee YacToTHoro napa-
MeTpa.

B pabore [81] paccMaTpWBalOTCA FOPH30HTanbHble, BEPTHKanbHbie W YrioBble
rapMoH1deckue KonebaHWa CLENNEHHOTo C YNPYrdM NonynpocTpaHCcTBoM, Kpyro-
BOrO B M/IaHE, YKECTKOTO BECOMOro (byHpaMeHTa, KOrfa AeHCTBYiOU@asn rapMoHH-
yeckas Harpy3Ka npusioXeHa Ha NoBEPXHOCTH YNPYroro MonynpocTpaHcTea - oc-
HOBaHHS hyHAAMEHTa, Ha KOHEUHOM PaccTORHWM OT dyHaamenTa. BoiBefeHbl aHa-
NHTHUECKHE thopMy/ibl AN5 ONPEeAeneHHs aMNaHTY A konebaHmm.

M2 nonyueHHbix B pabotax [80, 81] pesynbTatos, ocyuiecteneHuemM npepe/ib-
HOTO Nepexopa, NpM YCTPEMAEHWW YacTOTHOrO Napamerpa K Hy/w, noiy4eHbl pe-
LIEHWA COOTBETCTBYIOLMX 3afay cTaTHieckor TeopuM ynpyrocty [80, 82).

BonpocaM, cBA3aHHbIM € pacnpocTpaHeHWeM YNpyrkx BO/H B COOPYXKEHUAX,
nocealleHa MoHorpadua [83].

OTMeTHM ellle, UTO 3afauM, NOCBALLEHHblE KonebGaHMAM IKECTKMX dyHAaMEH-
TOB, HccnegoBanuct Takxke 8 pabotax [84-86]. .

ConocTaenas pasfqiHble MCCNeaoBaHKa, KacalollMecs B3aHMOJEHCTBHA Mexay
FEOMETPHYECKUMM M (DHIMUECKHMH NapaMeTpaMH COOPYXEHWH, WX YKECTKMX tyH-
[OAMEHTOB W YNPYIMX OCHOBaHWH € CeHCMMYECKWMW NapameTpami, MoXHO Aenatb
BbIBOJ, UTO Ha BEAWUMHBI CEHCMWYECKMX NapaMeTpoB BaXkHOEe BAWAHWE WMEET pac-



NONOXKEHHE LeHTpa TAKECTH COOPYXKEHMA M Ero JKecTKOro (pyHaaMeHTa SMecie
B3ATHIX, & TAKMKE BWA CLENNEHMs MECTKOro (PyHAAMEHTa K YNPYromy OCHOBAHUIC.

W3-3a BbLICOKOrO PAcnofoMeHHs LEHTPa TAMKECTW YBENWUMBAICTCA HMREDLASH:
Hble CHAbl, & TAKXKe M CelcMHYecKue napaMeTpbl MYHAAMEHTA 1 COOBYIERMA.

C 370/ TOUKH 3PEHWA ANA MOHWKEHUA BENMUMH CEHCMULECKMX [EtaMEe Do
KOHCTPYKUHH, NOANEXALX NOCTPOEHUIO B CEMCMMHECKY AKTHBHBIX parorax, che-
[yeT No/b3oBaThcA HOBOW BPXMTEKTYPOH, B KOTOPOH, NPH KOHCTPYMPOBAanHy SA&-
HWM, BCAKMMH crocobamy HeoBXOAUMO [OCTHIHYTB HU3IKOMY PAacmofIOMEHAIC
LUEHTPa TAXECTU BCero 3daHus (PeKoMeHAyetcs, HanmpuMep, HWKHWE 3Tandi Bbl-
COTHBIX 3AaHWH MOCTPOMTE M3 THKEMbIX MaTepuancs, BEPXHHE 3Taxu - w3 Jer
KHX).

LA MOHWKEHHS CeliCMUUECKUX NapaMeTpoB HeoBxoaumo Tawxe Noasu/isHo
onpefeniTs OCaiky LEHTPanbHOW TOYKW MECTKOTO (PyHAaMeHTa 3aanus, v, 3asu-
cAll{e OT 3TOM OCaAKM, KOHTAKTHbIE HANPXKEHMA NO4 (PYHAaMEHTOM.

18 BbIACHEHWA HaWNydlero cnocoba ycTaHOBAEHMS XXECTKOTO ynhameHia
Ha ynpyromM HEOAHOPOAHOM OCHOBAaHWM (MONHOE CUEN/EHWE. MATKOE ELEMNEHNE,
AONyCKalollee YacTHUHOE CKOMbXKEHWE pyHAamenTa Ha ynpyrom OChoBarki,
cUeNNEeHHe CNOHCTOrO (pyHAAMEHTa, COCTABNEHHOTO M3 ABYX KECTKMX QynAamen-
TOB C YNPYIMM TOHKMM CNOEM MEXAY HUMM), NO-BUAMMOMY, CAEAYET NPOBECTY A0~
NONHUTENbHbIE WMCCNENOBAHWS € PaccMOTPEHMEM HOBbIX 3afiad © Konebaruax
hyHAAMEHTOB, pa3nuyHbiM 0BpPa3oM COCTaBAEHHBIX W Pa3NiHHbIM obpa3oMm ycTa-
HOBNEHHBIX Ha YNpPYyroM OCHOBaHHH.
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