Ha npasax pyxonucu

A F
/-;/’\: £, - b

-

JleonTtreB EBrenunt Bnagumuposuy

KOJIEBAHUS BAJIKHU
HA YIIPYI'OM BUHKJIEPOBCKOM OCHOBAHUUA
P U3SMEHEHUWU YCJIOBU OIIUPAHUS

2.1.9. CtpoutenbHasi MEXxaHUKA

ABTOPE®EPAT
JUCCepTalluy HAa COMCKaHKUE YYEHOU CTeneHu
KaH/I1/1aTa TEXHUYECKUX HAYK

r. Kypck
2021



Pa6ora Beimonuena B ®I'bOY BO «HOro-3anaaHblil rocy1apcTBEHHBIN YHUBEPCUTET».

Hayunslii pykoBOOUTEND TpaByw Baagumup Unbuu
akagemuk PAACH,
JOKTOp TEXHUYECKUX HAYK, ITpodeccop

OdunmansHbie OMMOHEHTHI Yepuos IOpuii TuxonoBu4

JOKTOp TEXHHYECKHX HayK, mpodeccop Kadeaps
CTpOUTENbHON U Teoperndeckoil mexanuku ®I'BOY BO
«HanmonansHbII HCCIIeI0BaTEIILCKUI MocKOBCKHUM
roCyJapCTBEHHBIN CTPOUTEIIbHBIN YHHUBEPCUTET»
(H1Y MI'CY)

Kypuenko Haranbsa CepreeBna

KaHIUJAT  TEXHUYECKMX  HayK, [JOLIEHT  Kadeapsl
ctpoutenbHoro mnpousBoactea GI'BOY BO «bpsHckuit

rOCyJ1apCTBEHHBIN WHXXEHEPHO-TEXHOJIOTUYECKUN
YHUBEPCUTET»
Benymas oprannsanus OI'BOY BO «ToMmckuii rocy1apcTBEHHBIA apXUTEKTYPHO-

CTPOUTEIIbHBIN YHUBEPCUTET».

3ammra aucceprauuu cocroutcs 16 oxtsaops 2021 r. B 12.00 yacoB Ha 3acegaHuu
00BbeTMHEHHOTO JuccepTannoHHOTro coBeta 99.2.026.03, cozmanHoro Ha 0asze ¢eaepanbHOTO
rOCYJIapCTBEHHOTO OIO/DKETHOTO 00pa30BaTENbHOTO YUYPEXKACHHUS BBICIIETO OOpa30BaHUS
«tOro-3amagHelii  rOCYJAapCTBEHHBIM  YHUBEPCHUTET», (PelepasibHOrO TroCyAapCTBEHHOTO
OIO/PKETHOTO  00pa3oBaTENBHOTO  YYpEXACHHS BbIcIiero obOpaszoBaHusi  «OpJioBCKuit
rocynapctBenHbiii yauBepcurer umenn U.C. TypreneBa», (henepanbHOTO ToOCyAapCTBEHHOTO
OIO/PKETHOTO  00pa3oBaTENBHOTO  YUPEXKIEHHUS  BbICIIETO  oOpasoBaHusi  «[ynbcKuid
roCyJapCTBEHHBIN yHUBepcuTeT», no azapecy: 305040, r. Kypck, yn. 50 ner Oxtsbps, 94,
KOH(epeHII-3a.

C nucceprainmeil MOXXHO O3HaKOMHUTBCS B OMOIHOTEKE YHUBEPCUTETA M Ha O(pUIINATBEHOM
caiite ®I'bOY BO «HOro-3anannblii rocyapCTBEHHBIN YHUBEpCUTET» http://www.swsu.ru.

OT3bIBBI Ha aBTOpedepaT HANpaBIATh B AUCCEPTAIIMOHHBINA coBeT mo azapecy: 305040,
r. Kypck, vy 50 ner Okts6pss, 94, PI'BOY BO «lOro-3anagHeiii rocyaapCcTBEHHBIN
YHHBEPCUTET».

ABTOpedepar pa3ociaH «___» 2021 .

VYuéHblli ceKpeTapb Konecnukon

JUCCEPTAIMOHHOTO COBETA, Anekcanap ['eoprueBuu

K.T.H., JIOLIEHT




3

OBLIASA XAPAKTEPUCTHUKA PABOTHI

AKTYaJIbHOCTB TeMbl HcciaenoBanusi. OcHOBHBIM TpeOoBaHueM denepalibHOTO 3aKOHA
ot 30.12.2009 Ne 384-®3 «TexHuueckuil periaMeHT 0 O€30MaCHOCTH 3JaHUI U COOPYKEHHIT»,
NPENBSABISAEMBIM K 3[JaHUSM U COOPY’KEHHUSIM Ha BCEX CTAIMAX >KM3HEHHOrO LIMKIIA, SBIIAETCS
obecrieyeHre O€30MACHOCTU KHU3HU M 3J0POBbS Tpa)KJaH, MUMYIIECTBA (DU3MUECKUX WIH
IOPUAMYECKHUX JIML, TOCYJApCTBEHHOI'O WJIM MYHHUIMIAIBHOTO HMMYyLIECTBa. BbinonHeHue
TpeOoBaHuii 0€30MaCHOCTH 00ECIIEYMBAETCS pean3annen TpedyeMbIX (yHKLINNA CTPOUTENbHBIX
00OBEKTOB B TEUEHUE PACUETHOIO CPOKA IKCIUTyaTalluu 0€3 0TKAa30B KOHCTPYKTHUBHBIX CUCTEM,
IPU KOTOPBIX MX JallbHEHINas SKCIUTyaTaus HeIoMyCTUMa WK HenenecooopasHa. st aToro
IIPU IPOEKTUPOBAHUY 3/TaHUH M COOPYKEHHI HEOOXOAUMO YUUTHIBATh MPEAETbHBIE COCTOSHUS
Py IEHCTBUU Hanbosee HeOIaronpUsATHBIX COYeTaHUN HArPy30K B TEUCHHUE PACUETHOTO CPOKa
CILyKOBI.

B coBpeMeHHOi1 CTpOUTENBHON MPAKTUKE /JIs1 BBIIIOJHEHUS! TPEOOBAHUN MEXaHUYECKOM
0€30MacCHOCTH 3JaHUM U COOPYXKEHHIl, KOTOpPbIE PErJaMEHTUPOBAHBI 3aKOHOJATENIbHO U
MOJIYYMJIM Pa3BUTHE B COBPEMEHHBIX HOPMATHUBHO-TEXHUYECKUX JTOKYMEHTAX, aKTyaJlbHOU
ABJISIETCS 3a/1a4a UCCIIENOBAHUSA KOHCTPYKTUBHBIX CHCTEM, U3MEHSIOIUX PACUETHYIO CXEMY B
CWJIy Pa3JIMYHbIX IPUYUH IIPU JIOKAJTILHOM pa3pyLUEHUH WU B PE3YJIbTAaTE MPOSBIECHUS OMACHBIX
MPUPOAHBIX IPOLECCOB U SIBJIEHUI UM TEXHOI€HHBIX BO3/iecTBUN. COCTOSHUSA, BO3HUKAOILIKE
IpU OCOOBIX BO3JEHCTBUSAX M CUTYyalMsIX, MPEBBILIEHUE KOTOPBIX NMPUBOAMUT K pa3pyLIECHUIO
COOpY)KEHHH ¢ KaTacTpoPUUECKUMH TMOCIEACTBUAMHU, HEOOXOIMMO YUHUTHIBATh IS
obecnieueHnst TpeOOBaHMI 0COOOH TPYIIBI MPENETBHBIX COCTOSHHA.

K 0co0bIM BO3EMCTBHAM U CUTYalUsIM OTHOCATCS 1e(opMaIlii OCHOBAHUS, BEI3BAaHHBIE
M3MEHEHHEM (DHU3MKO-MEXaHMYECKHX CBOWCTB TPYHTA, COMPOBOXKIAIOIIUECS CHIKEHHEM €ro
MPOYHOCTHBIX XapaKTEPUCTHK B PE3yNbTaTe KapCTOBBIX WM KapCTOBO-CY(P(HO3MOHHBIX
IIPOLIECCOB; TEIUIOBBIX MPOCAJOK, CBA3AHHBIX C OTTAMBAHMEM JIBIUCTBIX I'PYHTOB U 3aJICKEU
MOJ3EMHBIX JIbJOB; 3aMAYMBaHUS MPOCAZAOYHBIX TI'PYHTOB WM BCJIEICTBUE OLIMOOK NpHU
MPOM3BOJCTBE padoOT; HApyLIIEHUH MpaBWI SKCIUTyaTallUM COOPYXKEHWH; HapylIeHUH
TEXHOJIOTUYECKOr0 IMpolecca WM MOJIOMKHA OOOpYJOBaHUS M BO3HUKAIOLIME 110 APYIMM HE
YCTaHOBJIEHHBIM PUYHHAM.

B Oosnblieil creneHH M3MEHEHHWE TPYHTOBBIX YCIIOBUN BJIEUET 3a COOOMl M3MEHEHHE
YCIOBUI paboThl (QYHAAMEHTHBIX KOHCTPYKIMH, KOTOpbIE B psI€ CIy4aeB MOXHO
paccmaTpuBaTh Kak pabory Oanku, Jiexamied Ha ymnpyrom ocHoBanmu. K 3Toil cxeme
IIPUBOJATCS MHOTME 3aJa4d pacyéra 3JIEMEHTOB KOHCTPYKLUMH — IINaji, pelbCoB, CBaW,
JEHTOYHBIX  (yHIAMEHTOB,  pe3epByapoB, TpyOONMpOBOJOB,  KaHAJOB,  TOHHEJEH,
pacnpeIenuTeNbHbIX YCTPOMCTB KAMEHHBIX KOHCTPYKIMH U p.

[TosToMy pa3paboTka METOJUKH pacu€Ta KOHCTPYKIHM (B 4aCTHOCTH, 0aJIOK), JIEKALUX
Ha yIIPyroM OCHOBAHUH, C YYETOM U3MEHEHHUs YCIOBUN MX ONMPAHUs HA OCHOBAHME, SABIIAECTCS
aKTyaJIbHOU 3a/1a4ueil 1y o0ecriedeHnsi 6e30macHOCTH Kak PyHIaMEHTOB, TaK M HAXOSIIUXCS
Ha HUX HAJ3E€MHBIX KOHCTPYKLMW 31aHUN U COOpyX)eHul. Kpome TOro, akTyaJbHbIM SIBIISETCS
y4€T KaK CTaTMYECKHX, TaK U JMHAMHUYECKUX HArpy30K, a TAK)K€ MPOSBICHUE JUHAMUYECKHX
3¢ (}eKTOB NpHU BHE3ATHOM HM3MEHEHUU YCIIOBUH ONUPAHUS (PYHIAMEHTHBIX KOHCTPYKLIM.
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WmkeHepHas NpakTUKa HYXIAETCS B MPOCTBIX METOAAX PEIICHUS KOHKPETHBIX 3a4ad IS
TUIUYHBIX 3JE€MEHTOB KOHCTPYKIMH 3JaHWA M COOPY)KEHHH, CIIOCOOHBIX O0ECTEeYHTh WX
0€30M1aCHOCTb IPU OCOOBIX BO3JACHCTBUAX U CUTyaLUX.

Crenenb pa3pa0oTaHHOCTH TeMbI HCCJe10BaHuA. Borpockl pacuéra 6anok, Jexaiinux
Ha YIPYroM OCHOBAHWH, UCCIIEAOBAHBI MHOTUMH 3apyOEKHBIMU M OT€YECTBEHHBIMU YUEHBIMHU.
HccnenoBarenbckue paboThl B OONBIIEH YacTW BBHIMOIHEHBI 1O PAacy€Ty Oaliok, JIeXKamux Ha
CIUTOITHOM YOPYTOM OCHOBAHHMH, ONHCHIBAEMBIX MOJAETbI0 BuHKIEpa, W HarpyKeHHBIX
CTaTMYECKOM Harpy3kod. PesynabTarel 3THX pabOoT omnucaHel B psAjae MoHorpadui,
IIPEUMYIIECTBEHHO XX BEKa.

Brimonaennsie uccnenoBanus paboThl KOHCTPYKIUH 3a MpeaeIaMu IIepBOTO U BTOPOTO
MPEIEIbHBIX COCTOSHUM CTald OCHOBOM (POPMYIHMPOBKH M MOCTAHOBKH 33134 MPH PACYETHOM
aHaJIW3€ COMNPOTHBIIEHUS 3JaHUH M COOPYKEHUU MPOrpecCUpyrOLIeEMYy OOpYLIEHHIO B
pe3ysbTaTe JIOKAJIbHOIO pa3pyLIEHUsl OJAHOIO M3 HECYLIMX 3J1eMEHTOB. Ha 3TuX monoxeHusx
(bOopMUPYIOTCST HCCIENOBaHHUS COBPEMEHHBIX TpeOOBaHUII 0€30MacHOCTH KOHCTPYKTHUBHBIX
cucteM, (HOpMyIUPYIOTCS  KPUTEpPUH  0COOOTO  MPEAENBHOTO  COCTOSHUS  (PpaboThI
B.A. AnmazoBa, B.M. bonnapenko, A.M. benocroukoro, I'.A.T'enueBa, B.A.IT'opnona,
A.C.Toponeukoro, ILI. EpemeeBa, H.U. Kapnenko, H.I'. KenackeBa, 3.H. Koppiia,
B.U. Komuynoa, Bimi.U. Komuynoa, B.U. Kopo6ko, A.B.Kopobko, E.H. Kypbamxkoro,
N.E. MuneiikoBckoro, b.C. PacropryeBa, WN.H. Cepnuka, A.I'. Tampaszsna, B.U. Tpayiua,
H.H. Tpéxkuna,  A.A. TpeméBa, A.B. Typkora, B.C. ®énopoa, H.B. ®&noposoii,
FO.T. Yepnosa, I'.1. anupo u ap.).

B 10 ke Bpemst Mano paboT, B KOTOPBIX PacCMaTpUBAIOTCA KOHCTPYKIIMH Ha YIPYroM
OCHOBAaHHH, Y KOTOPBIX BO BPEMS IKCIUTyaTalliyl U3MEHIIUCh TPAHUYHBIE YCIOBUS 0] YaCTHIO
IUIOUIAAM ONMPaHUs, JIMOO HA YAaCTU ONMpPAaHMs OCHOBaHHE BHE3ANHO MCYe310. Takxke mano
paboT, B KOTOPBIX pacCMaTpUBAETCA U3MEHEHHE XapaKTepa BO3AEUCTBHSI HArpy3KHU B Ipoliecce
JKCIUTyaTtauuu. BHe3anHoe M3MeHeHue ycIoBUil onupaHusl OaJlku Ha OCHOBaHUE IMPHUBOJUT K
TOMY, 4YTO JAEHUCTByIOmas Ha OanKy cTaTHYecKas Harpy3ka MpeBpallaeTcss BO BHE3AITHO
MIPUJIOKEHHYIO HAarpy3KY, BBI3bIBAIOLIYIO KOJIEOaHUs, T.€. B JTUHAMUYECKYIO.

Henbro quccepranMoHHOI padoThI SIBISIETCS pa3padOTKa METOAUKU pacuéra Oanku Ha
YOPYrOM BHUHKJIEPOBCKOM OCHOBAHHMHM C KyCOYHO-IIEPEMEHHOW KECTKOCTHIO, YUUTHIBAIOIIETO
W3MEHEHHE YCIOBUA ONMHpAHUs, BBI3BAHHOE JIOKAJHHBIM, B TOM YHWCJIE€ BHE3AITHBIM,
pa3pylLIEHUEM OCHOBAHUSI.

3agaum ucciae10BaHusA:

. pElIeHHe CTAaTUYECKUX 3ajJady u3ruba OalKku Ha YNpPyroM OCHOBAHMU C KYCOYHO-
MEPEMEHHOMN JKECTKOCTHIO IPU OTCYTCTBUU OCHOBAHMSI MOJ 4aCTh0 KOHCTPYKIMH U IE€WCTBUU
Pa3INYHbIX HAIPY30K;

. OTIpeNielieHne COOCTBEHHBIX 4YacTOT KoieOaHWii Oaqkd Ha yOpyroM OCHOBAaHUHM C
KYCOYHO-IIEPEMEHHOM KECTKOCTHIO BCIIECTBUE HM3MEHEHUS YCJIOBHM ONUpPAaHUS YaCTU
KOHCTPYKIIMHM Ha OCHOBAHME;

. peleHne JAWHAMUYECKHX 3a7ad BBIHYKICHHBIX KoieOaHWl OalKku Ha YHOpyrom
OCHOBAaHHWU C KYCOYHO-IIEPEMEHHON >XECTKOCTHbIO, B T.4. IMPU BHE3AIHOM HCKIIOUYEHUU
OCHOBAHHMS I1O/1 YaCThIO KOHCTPYKIIUH U JEHCTBUN PA3INYHBIX HArPY30K;
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. Y4€T TONOJHUTENBHBIX MACC U TUHAMUYECKUX HArpy30K IIPH BHE3AITHOM U3MEHEHUU UITU
MCYE3HOBEHUH KECTKOCTHBIX XapAKTEPUCTUK YIPYTOro OCHOBAHHUS O] YACThIO OaNKHy;

. COBEPLIEHCTBOBAHUE METOJMKHM pacuéra OajoK Ha yNpyroM OCHOBAHMHM, SIBJISIOLIUXCS
byHIaMeHTaMu peajbHBIX COOPYKEHUI Ha NEHCTBUE CTATUYECKUX U JUHAMUYECKHX HArpy30K
B Clly4ae M3MEHEHHUs yCIOBUU ONUpPAaHMs 3TUX OaJIOK, BbI3BAHHBIX U3MEHEHUEM JKECTKOCTHBIX
XapaKTepUCTUK OCHOBAHMS WJIM NCYE3HOBEHUEM OCHOBAHUS 0] YaCThIO OAJIKH;

. y4€T OIHOCTOPOHHMX U JABYCTOPOHHUX CBSI3€H OAJIOK C OCHOBAHUEM.

O0bexkT ucciaenoBanus - 0ajaka Ha ynpyroM BHHKJIEPOBCKOM OCHOBaHHMM C KyCOYHO-
MEPEMEHHON KECTKOCTBIO, YUMTHIBAIOILEM M3MEHEHUE YCIOBUM ONMPAHUs, BbI3BAHHBIX
JIOKQJIbHBIM, B TOM YHCJI€ BHE3AMHbBIM, Pa3pyILIEHUEM OCHOBAHMSI MPU AEUCTBUM CTaTUYECKUX U
JUHAMUYECKHUX HArpy30K.

IIpeamet ucciaeroBaHus - METOIUKA ONIPEICICHUS YCUITUI 1 nedopMaliuii B 6amkax Ha
YIOPYrOM OCHOBAHHMHU C KyCOUYHO-IIEPEMEHHON KECTKOCTHIO IPU U3MEHEHUH YCIOBHI ONUPAHUS
yacTH OaJIKu Ha OCHOBAHUE IPU JEHCTBUU PA3INYHBIX HATPY30K.

Hayunasi HoBu3Ha padoThI:

. pa3paboTaHa TEOpPEeTHYECKH OOOCHOBaHHAsA METOAWMKA pacuéra OaJoK Ha YHOpyrom
BUHKJIEPOBCKOM OCHOBAHMM C KYCOYHO-IIEPEMEHHOU KECTKOCTHIO MPH AECHCTBUM Pa3IMYHBIX
CTaTMYECKMX M JMHAMMUYECKHUX HArpy30K B CIy4yae M3MEHEHMs YCIOBUI ONUpaHUs OAOK Ha
OCHOBaHHUE MPU UX IKCILTyaTaluu;

. MOJTy4YeHBI (POPMYIIBI TS ONIPEASIICHUS YCHIUH U ieopManuii B Gasikax MpH pa3IuaHbIX
COYETaHUAX KOA((HUIIMESHTOB MOCTEIH OCHOBAHUS MO/ Pa3IMYHBIMU YYaCTKaMU OaJoK;

. MIOCTPOEHBI 3aBUCUMOCTH JJIsl OINPENETIEHUSI YaCTOT COOCTBEHHBIX KOJeOaHUM Oanok c
M3MEHSIEMBIMU B IPOLIECCE SKCIUTyaTallM YCIOBUSIMH ONMpPaHUs Ha yIPYyroe OCHOBAaHUE, B TOM
qHClie C YYETOM COCPEIOTOYEHHBIX MACC;

. MIOCTPOEHBI 3aBUCUMOCTH IS ONpeesieHns KO3 PHUIMEHTOB TMHAMUYHOCTH U1 0ajIoK
Ha CIUIOIIHOM YIPYIrOM OCHOBAHMM W B CJIy4yae WM3MEHEHMsI yCIOBUN omnupaHusi OajoK Ha
OCHOBaHWE MpU JEWCTBUU PaA3IMYHBIX JUHAMHYECKHX HArpy30K, B TOM YHUCJIE C Y4ETOM
COCpPEA0TOYEHHBIX MaCC;

. MIPOBEJIEH aHAJIU3 BIMSHMS HA HANpPsSHKEHHO-AE(POPMUPOBAHHOE COCTOSHUE OaJoK MpH
OJIHOCTOPOHHHUX U JIBYCTOPOHHUX CBA35X C OCHOBAaHUEM PA3JIMYHBIX Pa3MEPOB HCUYE3HYBIIETO
y4acTKa OCHOBAHUS U )KECTKOCTEN JIEMEHTOB CUCTEMBI «0alka — YIIPyroe OCHOBaHHUE».

Teopernueckasi M NpaKTHYECKAasi 3HAYUMOCTB padoThl. [Ipennoxkena u TeopeTHuecKu
000CHOBaHa METOAMKA OTIPEICTICHNS YCHIINIA 1 IIEpEMEIIeHIH B OaiKax Ha yIIPyroM OCHOBAaHUH
C U3MEHSEMbIMH B IIPOLIECCE IKCIUTyaTallMM YCIOBUSIMH UX ONMPaHMs HA OCHOBAaHUE (IIPOBAJIbI
IpyHTa, IPOMOMHBI, OTTaWBaHUE, KAPCTOBbIE AePopMali U T.JA.) NPU ACHUCTBUM PA3ITUYHBIX
CTaTUYECKHUX U JUHAMHYECKHX Harpy30K.

Peanuzanus npeniokKeHHbIX METOAMK M aJrOPUTMOB pacu€ra IpHU NPOEKTHPOBAHUU
3IJaHUH U COOPY>KEHMI MO3BOJUT 00Jiee 0OOCHOBAHHO MPUHUMATh PELICHUS AJIs1 0OecrieueHus
UX MEXaHUYECKOW O€30MacHOCTH U, B YACTHOCTHU, YUUTHIBATh OCOOBIE BO3ICHCTBUS U CUTYalluU
IIPY BHE3AITHOM O0PA30BAHMHU JIOKAJIBHOI'O Pa3pyILIEHUsI OCHOBAHMS.



Mertogoorusi M MeToAbl HccJea0BaHusi. B pabore uHCHOJIB30BaHBI METO/bI
TEOpeTUYeCKOoro wucciaeaoBanus. COBEPUICHCTBOBAHUE U JONOJHEHMS CYILECTBYIOLIUX
pacy€THBIX METOJMK BBIIIOJIHEHO HAa OCHOBE OOLIENPUHATHIX IOJIOKEHUN COBPEMEHHOU
CTPOMTENHHON MEXaHHKH, COMPOTUBJICHHUS MAaTEPHAJIOB, MEXaHUKH Ae(HOpMUpPYyEMOro Tena,
MAaT€MAaTUK{, KOMIIBIOTEPHOIO MOJCIMpPOBaHMA. B kadecTBe pacyéTHOM  MOJEIHU
paccMarpuBaiiach CHUCTeMa «0aika — ympyroe OCHOBaHHE». TOYHOCTh  TMOJYYEHHBIX
pEe3yJbTaTOB OLEHUBANACH IIyTEM CPaBHEHHsI pE3YyJbTAaTOB IIPAKTHUUECKUX IPUMEPOB C
U3BECTHBIMU JIAHHBIMM M PE3yJIbTaTaMU KOMIIBIOTEPHOIO MOJEIMPOBAHUS B PACUETHBIX
KOMIUJIEKCaX.

JInuHblil BKJIAJ aBTOpa 3aKIOYaeTCs B IPOBEIEHHOM aHAIM3€ OTEYECTBEHHBIX M
3apyOeKHBIX MCCIeIOBaHU OalOK Ha yPYroM OCHOBAaHHH; PEIIEHUH MHOTOOOpPA3HBIX 3a7a4
10 pacué€Ty OAOK HAa YIPYTOM BUHKJIEPOBCKOM OCHOBaHUM IIPU U3MEHEHUH YCIOBUN ONTUPAHMS,
BBI3BAHHOM  JIOKQJIbHBIM  pa3pylLIeHHMEM OCHOBaHUS NpPU JEHCTBUM CTAaTHYECKUX U
JUHAMHYECKUX HArpy30kK, pa3paboTKe YHCIEHHBIX MoJieieil ¢ ncnosp3oBanuem 11K.

IToJs105keHNsl, BBIHOCHMBIE HA 3AILMUTY:

. MeTO/IMKa pacyéra 0ajJoK Ha yIpyroM BHHKJIEPOBCKOM OCHOBAHMM MPU U3MEHSIOLIUXCS
B IIPOLIECCE DKCIUTyaTallUM TI'PAHWYHBIX YCJIOBHSIX, OIMUCBHIBAIOIIMX HM3MEHAIOIIMECS, B T.4.
BHE3aITHO, YCJIOBHUSI OMHpaHus 0ajloK (MpoBajibl TPyHTA, MPOMOUHBI, OTTAUBAaHUE, KApPCTOBBIE
nedopMalu u T.1.);

. dopmynel ans ompeneneHuss ycwimid W nedopManuii B Oankax NpPU  pa3IHMYHBIX
KO3 PHUIMEHTAX MTOCTEIH YIPYToro OCHOBAHHUS MO PA3IMYHBIMH y9aCcTKaMu 0ajok;

. 3aBHCHUMOCTH JIJIsl OTIPEACTICHHSI YaCTOT COOCTBEHHBIX KOosleOaHnii 0aIoK C M3MEHIEMBbIMU
B IIPOLIECCE DKCIUIyaTalluy yCJIOBUSAMHU MX ONHPAHUSA HAa yIPYyroe OCHOBAHHUE, B TOM YMCIIE C
y4€TOM MPHUCOEIUHEHHBIX Macc, a Takke KOIP(QUUMEHTOB JUHAMHUYHOCTH B Cllydae
BBIHYKJIEHHBIX KOJIEOaHUM;

. aHau3 YCWINK M TepeMelIeHni 0aloK Ha YIMpyroM BHHKIEPOBCKOM OCHOBAaHUH IPH
pPa3IMYHBIX pa3Mepax OTCYTCTBHUS OCHOBaHHUS MOJ OaJKkaMM C y4€TOM OJHOCTOPOHHHMX U
IBYCTOPOHHHUX CBSI3€/ C OCHOBAHHEM U JICUCTBUMU CTaTUYECKUX U JUHAMUYECKUX HArpy3oK.

CreneHb 10CTOBEPHOCTH Pe3yJbTAaTOB MCCIe10BaHMI. J[0CTOBEPHOCTh PE3yJIbTaTOB
UCCIIEZIOBaHUSl OOecredeHa NMPUMEHEHHEM MPHUHATHIX (U3NYECKHX THUIOTE3 CTPOUTEIBHOM
MEXaHUKHU U CONPOTUBIIEHUS MATEPUAIOB; IPUMEHEHUEM CTPOTUX MATEMAaTHYECKHX METOJIOB
peleHus 3a1a4 M COBPEMEHHBIX YMCICHHBIX METOJAOB, a TaKK€ IMOATBEPKAACTCS XOPOLIEH
CXOAMMOCTBIO TECTOBBIX IPHUMEPOB C pe3yjibTaTaMH M3BECTHBIX PELIEHUH M pellIeHuH,
MOJIYYEHHBIX C IPUMEHEHUEM PACUETHBIX KOMILJIEKCOB.

AnpoOanusi pa6orel. Pe3ynbTaThl palbOThl AOKIAABIBAIUCHE M OOCYXAANUCh Ha
CIEeNyIOINUX HayuyHbIX Meponpusatusax: VII MexayHaponHblil cuMno3uyM «AKTyalbHbIE
po0JIeMbl KOMITBIOTEPHOTO MOJEIMPOBAHMSI KOHCTPYKIUI U coopykeHui» (r. HoBocubupck,
2018 r.); MexayHapoaHas KOHQEpeHIHuss 1o (QU3UKE MaTepUaioB, CTPOUTEIbLHBIM
KOHCTPYKLMSIM U TEXHOJIOTHSIM B CTPOUTENIBCTBE, IPOMBIIIIEHHOCTH U ITpou3BoacTBe (MPCPE
2020) (r. Bmagumup, 2020 r.); MexayHapoaHblii Hay4dHO-npaktuueckuii ¢popym SMART
BUILD-2020 «Ctpoiika nonutexa» (r. Spocnasib, 2020 r.); XIII Bcepoccuiickast MonoaéxxHas
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KOH()EepEeHIMsI aCIUPAHTOB, MOJOJBIX YUYEHBIX, CTYJEHTOB U IIKOJIBHUKOB «COBpEeMEHHbIE
TEXHOJIOTUU B CTpoutenbcTBe. Teopus u npaktuka» (r. [lepmp, 2021 r.); HayuyHBI ceMUHAp
kadenpel «CtpourensHas u Teopetnueckas mexanuka» HUUY MI'CY (r. Mocksa, 2021 r.).

Martepuansl auccepTali B MOJHOM OOBEME JOJOKEHBl HA PACIIMPEHHOM 3aCEJaHHUU
kadenpsl «YHUKanIbHbIE 31aHusA U coopyxkeHus» OCA FO3I'Y (r. Kypck, 2021 r.).

BHeapenue pe3yiabTaTOB HCC/AeAOBaHUs. Pe3ynpTaTel IuCCepTalMOHHONW PabOThI
obutn ucnonb3oBaHsl AO «[IHUUIIpom3panmii» npu BeimonHennn HUOKP B pamkax
roCy/apCTBEHHOT 0 3a1aHusi MuHcTpos Poccun o pa3BUTHIO HOPMATUBHOM TEXHUYECKOM Oa3bl,
HaNpaBJICHHON Ha o0ecreyeHne OE€30MacHOCTH 3JaHUM M COOpPYKEHHH H TNpPUMEHEHHE
NIEPEIOBbIX HMHHOBALIMOHHBIX TEXHOJIOIMI IPOEKTUPOBAHUS W CTPOMUTENIBLCTBA IO TEME
«CoBepIIEHCTBOBAaHNE METOJIOB pacuyéTa 3allUTHl >KeJIe300€TOHHBIX KOHCTPYKIUHU 3AaHUN U
COOPYKEHHUH OT MPOrPECCUPYIOIIETO OOPYIICHUS C yIETOM 1e(hOpMAITMOHHON MOIEIH 0COO0TO
MIPEETBbHOrO0 COCTOsIHUS»; npu pa3pabotke Ceoma mpasui CII 385.1325800.2018 «3ammura
31aHUM W COOPYXKEHHMM OT mporpeccupyiomero oopymenus. IlpaBuna npoeKkTHUpoBaHMUS.
OcHoBHBIE TIOJIOKEHUS», WM3menenuss Nel k CII385.1325800.2018; «Ilocobus 1o
IIPOEKTHUPOBAHUIO MEPOIPUATUN MO 3aAIIMTE 3JaHUNA U COOPYKEHUH OT MPOTrPECCUPYIOLIETO
oopymenus (Hacts 2)» (k CII 385.132800.2018 ¢ uzmenennem Nel).

My6naukanun. MaTepuanbsl quccepTanuy OMyONMMKOBaHBI B 7 HaydHBIX paboTax, W3
KOTOPBIX 5 cTarell B *KypHalax, BKIIOYEHHBIX B IEPEUEHb PELICH3UPYEMBIX HAyUHBIX U3JIaHUN
1o ciucky BAK P® u 2 craThu B KypHaslax, UHAEKCUPYEMbIX B MEKIYHAapOIHOM 0a3e JTaHHBIX
Scopus.

CTpykTypa M 00beM JHCCEPTALMH.

Juccepranusi COCTOUT U3 BBEJEHUS, YETHIPEX IJIAB, 3aK/IIOUEHUS, CIIUCKA JIUTEPATYPbI
(111 naumeHoBaHMii, B TOM uMciie 19 Ha MHOCTpaHHBIX s3blkax). Pabora uznoxena Ha 131
CTpaHHULIE MAILIMHOIIMCHOTO TEKCTAa U MPWJIOKEHUA Ha 1 cTpaHuLe, coaepkuT 59 pucynkos u 37
TaOJInIL.

OCHOBHOE COIAEPKXAHME PABOTbI

BBeaenmne mocBsieHO 00OCHOBAaHUIO aKTyaJIbHOCTH TEMbI UCCIIEI0BAaHUSA, OMUCAHUIO
o01Iel XapaKTepUCTHKU padOTHI U (OPMYITUPOBAHHIO €€ OCHOBHBIX TOJIO0KESHHH.

IlepBasi ri1aBa pabOTHI CONEPKUT aHAIM3 TEXHUYECKOW JUTEpaTypsl U 0030p padboT
OTEYECTBEHHBIX U 3apyOEKHBIX aBTOPOB B 00J1aCTH JTUHAMUYECKHUX PAacu&TOB OATKU HA yIIPYTrOM
ocHoBaHuu. [lpuBoauTcs aHaJIUTUYECKUH 0030p MoOJENedl TIPyHTOBOIO OCHOBAaHUS,
MIPOAHAJIN3UPOBAHbl JUHAMUYECKHME MOJEIM OajnoK, JIekKalMX Ha YOPYIrOM OCHOBAaHMH.
PaccmoTpenbl  Merompl  pacu€éTa KOHCTPYKIMH Ha Je(OPMHPYEMOM OCHOBaHHH C
UCTIOJb30BaHUEM UG (GEPEHINANIBHBIX yYPAaBHEHHH B 3aBUCHUMOCTH OT MPUHSATBHIX MOZETEH
OCHOBaHHUA. JlJI1 MOJNydeHHs TOYHOIO PpELIEHUs 3a7aud KoieOaHUM YINPYTrux CTaTUYECKU
HEONPEJEIUMbIX CUCTEM HUCIIONB3YETCS METO/1 pa3/IeIeHHs IeEpeMEHHbIX. bonbine ynpoueHus
Ia€T METOJl HaYaJIbHbIX IIapaMeTPOB, KOTOPBIM MO3BOJIAET 3alIMCaTh B TOTOBOM BUJE PELLIECHUS
3aJla4 IpY OCHOBHBIX TUIAX Harpy3ok. OTIeNbHO pacCMOTPEHBI BOIIPOCHI PacCEesTHUS SHEPIrUn
npu KoJNeOaHUsX, OMUCAHBI METOABl MX yd€Ta NpPH JWHAMHUYECKOM pacdyére, OCBEIIeHa
npobirema y4y€Ta COBMECTHOH pabOThl KOHCTPYKIHMHA C OJHOCTOPOHHUMH CBSI3SIMH C



OCHOBAHUEM.

Bompockl pacuéra cTpOUTENbHBIX KOHCTPYKLMH, MOJBEPraroIIUXCs JUHAMUYECKHM
BO3JCMCTBUSAM, pACCMOTPEHbl MHOTHMMH HW3BECTHBHIMH Y4YEHBIMH. OTmeTuM  paboThI
A.H. KpsinoBa, C.II. Tumomenko, W.M. PabunoBuua, .M. babGakoBa, B.JI. bugepmana,
b.I'. Kopenera, B.W. Kopo6bko, H.H.JleontseBa, JI.C.JIsaxoBuua, B.JI. Monapyca,
SL.T'. TlanoBko, A.E. Caprcsana, H.K. Cautko, A.®. Cmupnosa, A.W. Leltauna, FO.T. YepHoBa
u npyrux yu€Hbix. [lonaBnsiomnee 60IbIIMHCTBO pabOT MO TUHAMHKE B3aMMOACHCTBUS OAKH 1
OCHOBaHHUs BBINOJIHEHO [UISl CIIy4aeB, KOIrJa pacu€THas CXeMa CHUCTEMBbl «0ajka — ymnpyroe
OCHOBaHHE» B HArpy>KEHHOM COCTOSIHUU HE U3MEHSETCS.

Ob6ocHOBaHAa HEOOXOUMOCTh PELIEHMS] BOIPOCOB BBIHYK/IEHHBIX KOJIEOAHUN CUCTEMBI
«banka — ympyroe OCHOBaHHE» NPU H3MEHEHHWU YCJIOBHUN OMUpaHus OajJoOK Ha YIpyroe
OCHOBaHHE, T.€. P U3MEHEHUHU PAcUYETHOW CXEMBbl HarpyXKeHHOH Oanku. Pemenue Bompocos
o0ecrieueHns] MEXaHNYECKOH 0e30MacHOCTH HEBO3MOXKHO 0€3 pemeHHs 3a1ad HCCIeTOBaHMS
JUHAMHUYECKHX MPOLIECCOB B KOHCTPYKTUBHO HEJIMHENHBIX CUCTEMAX, U3MEHSIOIINX PACUETHYIO
CXeMy TMpH BHE3alTHOM OOpa30BaHMM HEJCTEPMHHHUPOBAHHOTO JIOKATBHOTO pPa3pyIICHHS
OCHOBaHMUS.

Bropasi riaBa BKIIOYaeT pe3yJbTAaThl PEIIEHUS CTaTUYECKUX 3aj1ad u3ruba Oamnkw,
paclojiO)KEHHOM Ha yOpyroM BHUHKJIEPOBCKOM OCHOBAaHMM C  KyCOYHO-IIEPEMEHHOMU
KECTKOCTHIO, KOTOPBIE B NalbHEUIIEM OYyIyT HCIIOIB30BaHbl B KAUECTBE HAYAIBHBIX YCIOBUI
UCCIIEIOBAaHUsl JTUHAMUYECKOrO0 MpOLEecca MPH BHE3AIHOM H3MEHEHMM YCJIOBHM ONMMpaHUs
CUCTEMBI «0ajKa — yIpyroe OCHOBaHHE».

PaccMOTpeHbI TpH OCHOBHBIE pacyETHBIE CXEMbl OaJKHM CO CBOOOJHBIMHU KOHIIAMH,
PacroJ0KEHHOM Ha yIPyroM BUHKJIEPOBCKOM OCHOBaHuM (puc. 1 — 3):

F
4o - 7
o e ‘% Pucynok 1 I/IsMcEHeHHe yCnoBHH
e e ONMPAHMS OJHOW W3 KpaeBbIX YaCTEU
> "o % o w OanKu
| al SL
do i ¥
5 S S S S S Pucynok 2 — Izmenenue YCJIOBUU
Necccrc I 77777 ONMpaHUs CpelHEN YacTu OanKu
; al. SL L vL 1
T T
¥ Y x )
oy —— ——— 1= PucyHok 3 - MI3meHeHue yCIIOBUI
Y To d ONMpPaHUs ABYX KPAaeBbIX YacTel OamKu

HuddepennuansHoe ypaBHEeHHE JUHUM TPOTHOOB JJisi OalKW MOCTOSTHHOTO CEYEHUs

WMEET BUI: yVi(x) + 4p*y(x) = %, (1)

4, b
rae y(x) — BenmumHa ocagku (mepememieHus), (M); f8 = T :(;5 K03 urueHT

OTHOCHTEIBHOM JKECTKOCTH yIpyroro ocuosanus, (1/m); r(x) = —ryby(x) - HHTEHCHBHOCTH
peakuuu ynpyroro ocHosanus, (H/m); 1y - koadduument nocremu, (H/m?); b — mMUpHrHa OaJIKH,
(Mm); q(x) - pacmpenenéunas Harpyska, E — MOXyJIb ynpyrocTu marepuana Oanku, (Ila);
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[ - MOMEHT MHEPLMH MIOTIEPEYHOTO CEUeHHst Oanku, (M*).

AHanuTHuYecKoe pelieHrne ypaBHeHMs (1) BBIIIOJIHEHO METOJIOM HayaJlbHBIX apaMeTPOB
JUTSL KQXKJ0T0 yyacTka Oanku, ¢ ucnoib3oBanueM pynkiuit A.H. Kpbiiosa.

JUid WuiocTpauuy pelieHuil U ¢ LEJIbI0 OINpEAENCHUs BIMSHMS HAa HanpsLKEHHO-
1e(OpMHUPOBAHHOE COCTOSIHME OaIKy M3MEHEHHS JIUHBI 0L yacTh Oaiky MpU HCKIIOYSHHUU
YOPYroro OCHOBaHUS, JEHCTBHM COOCTBEHHOTO Beca OalKH Gy M COCPENOTOYEHHOW CHibl F
(puc. 1 wm 2) BbINOJHEHBI pacy€Tbl [y TPEX 3HAYEHUN MNPUBEAEHHOW JUIMHBI OaiKu
LB = 2,2;3,86;5,1 npu 3nauennsax kod3puuuentos nocrenu: ry = 5; 50 u 150 MH/M> u tpéx
BapUAHTOB JUITMHBI YacTH OATTKK ¢ UCKITF0YaeMbIiM ocHoBaHueMm 6L = (1/6) L;(1/4) L;(1/3) L.

Hcxomubie mannple: 0anka mpsMoyroisHOro cedeHus 1,25x1,5(h) m amunoit L = 18,0 m
13 MaTepHaa II0THOCTBIO p = 2500 kr/M’ ¢ Moxynem ynpyroctd E =21,0x10° MIla. Ha 6anxy
JEHUCTBYIOT COOCTBEHHBIN Bec g, W cocpenorouennas cuna F = 100,0 kH, npunoxxennas B
Touke d.

Pesynprarsl pacuéra nmpu M3MEHEHMM YCJIOBUHM ONMpaHUs NpaBou (puc. 1) m cpegHen
(puc. 2) yacTu Oanku sl pa3HbIX 3HAYeHUH mapameTpoB LS u §L u, nyis cpaBHeHHs, Oallku Ha
CIUIOIIIHOM yIPYyTrOM OCHOBAaHMH IPEICTaBIIEHBI HA pUC. 4 U 5 1 B Taba. 1 u 2.

0,01 - -2 000 - :
Lp=3,86 i Lp=3,86
s 0,00 - ok o -1 500 = [
"‘g- =~ I‘;“:-_\.:- _E.!ooo_ / /_/| \
80,01 - : ' , . N
2.7 - = L, | - -y
= N =500 AN L N
0,02 4 M i R . o,
0,0 3,6 72 108 144 180 g 0 = ' = i
| i AP [ iz AYBL —: s AJEL = 0,0 3,6 7,2 108 144 180

Pucynok 4 — IIporuGs1 (M) u usrubaromue MmomeHThl (KH'M) 06anku Ha ynpyrom oCHOBaHUU
npu Lf = 3,86 u u3MeHEeHnH YCIOBUN ONMUPAHUS MO TIPABOM YaCThIO

0,000 - _ -250 -
B=3,86 | LpB=3,86
—-7'-7/"‘:' 0

0,001 "0 —~Te—— T s
2 - = o P~ -7
< i T 4 3250 \\‘x\ ’r/_/
= = = - " - - . = s
5 0,002 L.~ & R LTl
& - —| : \[ S

S 500 P
0,003 - 'm = - "
0,0 3,6 72 108 144 180 750
—L =-==1/6L == 1/4L — - 1/3L 0,0 3,6 7,2 10,8 14,4 180

Pucynok 5 — IIporu6sl (M) n uzrubaromue MmomeHTsl (KH'M) Oanku Ha ynpyroM OCHOBaHUHU
npu Lf = 3,86 1 u3MeHEeHNHU yCIOBUN ONMUPAHUSA MO CPEAHEN YaCThIO

Tabnuua 1 - PegynpraTtel pacuéra 06anku Ha ynpyroM OCHOBAHUHW IPH WU3MEHEHHH YCIOBUH
ONMPAHMS IPABON 4aCTH

[Tporu6 crpaBa (Vimax), M Nzrubarommii MOMEHT (M4, ), KHM
OcHoBaHue
LB L (5/6)L | (3/4)L | (2/3)L L (5/6)L | (3/4)L | (2/3)L
2,2 0,01166 | 0,02792 | 0,04490 | 0,07382 | -229,0 | -890,0 | -1329,9 | -1845,8
3,86 0,00142 | 0,00534 | 0,00965 | 0,01645 | -143,8 | -737,8 | -1179,5 | -1716,8
5,1 0,00054 | 0,00292 | 0,00586 | 0,01069 | -107,8 | -662,7 | -1092,5 | -1624,2
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Tabnuua 2 - PegynpraTtel pacuéra 06ankd Ha yNpyroM OCHOBAHWHU IMPH WU3MEHEHHH YCIOBUH
ONMpaHUs CpeliHel YacTu OanKu

[Tporu6 crpaBa (Vimaex), M Nzrubarommii MOMEHT (M4, ), KHM
OcHoBaHue
LB L (5/6)L | (3/4)L | (2/3)L L (5/6)L | (3/4)L | (2/3)L
2,2 0,00860 | 0,01081 | 0,01232 | 0,01422 | 201,44 5344 708,1 886,6
3,86 0,00094 | 0,00141 | 0,00179 | 0,00232 | 123,8 358,5 496,7 655,0
5,1 0,00033 | 0,00056 | 0,00077 | 0,00108 | 89,2 264,8 368,3 489.,9

Paccmotpena ta ke Oajika Ipy M3MEHEHUHU YCIOBUN ONMUPAHUS JABYX KPaeBbIX HacTeu
(puc. 3), KOTOpast UCMIOJIB3YETCs JUIsl PEIICHUS 3a/laui n3ruda Oanku Ha yIpyroM OCHOBAHUH C
OJIHOCTOPOHHHUMH CBSI3SIMHU.

UucneHHbIM METOJIOM MOCIEI0BATEIbHBIX UTEpALUN OMpesiesieHa Haubosiee BEposATHAsS
pacuy€THasi cxeMa CUCTEMBbI «0allka — YIpyroe OCHOBaHME», MPHU KOTOPOM 3HaueHHE Mmporuda
OaJIKu paBHO HYJIIO B TOUKE COMPSHKEHUS yUaCTKOB OaJIKH, pabOTaIOLIUX COBMECTHO C YIIPYTUM
OCHOBaHHEM B 30HE€ KOHTAaKTa M HE3aBUCHMMO OT OCHOBaHMS B 30HE OTpbiBa. B Tabm. 3
MpeACTaBICHBl Pe3yJbTaThl pacuéTa OAKM MPU ABYCTOPOHHUX M OJHOCTOPOHHHX CBSI3SIX C
YIOPYTUM OCHOBAHHUEM.

Tabmuma 3 - PesynmpraTsl pacuéra Oalku Ha YNPYroM OCHOBAaHHM C OZHOCTOPOHHUMH U

JIBYCTOPOHHUMHU CBSI3SIMH TTPH U3MEHEHHUH YCIIOBUI ONTMPAHUS MPABOM YacTh Oasiku
JIBYCTOPOHHHE CBSI3U OIHOCTOPOHHUE CBA3H
LB 6L JlnunHa [Tporu6 y, m M, 05, JlnvnHa [Tporu6 y, m M, 05,
OTPIBA,M | cyieBa | cnpasa | KHM | OTpeIBa,M | cpepa | cmpaBa | KHM
2,2 (1/4)L 1,62 -0,0033 | 0,0449 | -1329,9 2,16 -0,0049 | 0,0462 | -1316,7
2,2 (1/3)L 1,8 -0,0108 | 0,0738 | -1845,8 3,42 -0,0415 | 0,1032 | -1745,4
3,86 2,7 -0,0002 | 0,0165 | -1716,8 4,14 -0,0006 | 0,0167 | -1710,3

[lo pe3ynbraraM pacy€TOB CTAaTMYECKHX 3a7ad M3ruda Oalikv, pacCIONOKEHHOW Ha
YOPYrOM OCHOBaHHMM, IPH HMCKIIOYEHUH M3 pabOThl OCHOBAaHUS OJHOW M3 YacTel Oanku,
OIPEJIENIEHO, YTO IEPEMEILECHNS U BHYTPEHHHE YCUIIUS OAJIKH YBEIMYMBAIOTCS IPU YBEIIUUEHU U
JUTMHBI YaCTH Oallku ¢ UCKII0YaeMbIM ocHoBaHueM. C yBenndeHueM JIHHbI §L mpaBoil yactu
0anKu C MCKII0YaeMbIM OCHOBAHHWEM M YBEJIHMUYEHUEM NMPHUBEAEHHOW TUIMHBI L Oanku MOXKeT
MIPOUCXOIUTH OTPHIB JICBOHM WIIM CPEIHEH YacTh OaJIKK OT yPyroro OoCHOBaHus. B OonbmmHCTBE
CllydaeB OTpPHIB HE BO3HMKAET, TaK Kak Oajlka MMeEeT JOCTAaTOYHO OOJBIION NpUTPY3
MOCTOSIHHBIMM Harpy3kaMmu. [Ipu oTpeiBe OgHONM yYacTu Oallku OT yNpPyroro OCHOBAHMS B
pEe3yJbTaTe UCKIIOUEHUSI OCHOBAHUSA IOJ] IPYTOM 4acThio OajJKu IMPH OJHOCTOPOHHUX CBS3SIX
0aJIKu ¢ yIpyruM OCHOBAHHEM YBEIIMYUBACTCS IJTMHA 30HBI OTPHIBA U YBEIINIUBAIOTCS IPOTUOBI
JICBOTO M TMPABOTO KOHIIOB OalKW, HO YMEHBIIAIOTCS 3HAUEHUS H3THOAIONMX MOMEHTOB B
CEUYEHHUAX OAJIKM 10 CPABHEHMIO C TOM )K€ OaJIKOW MPH IBYCTOPOHHUX CBSI35X C OCHOBAHUEM.

B Tperbeii riaBe pelleHbl JUHAMUYECKUE 3a7a4d CBOOOJHBIX M BBIHYKIEHHBIX
KosiebaHnii OajIKi HA YIPYroM OCHOBAaHHH C KyCOYHO-TIEPEMEHHOH KECTKOCTBIO, B TOM YHUCIIE
IIPY BHE3aIIHOM HM3MEHEHUM WM HMCYE3HOBEHUM JKECTKOCTHBIX XapaKTEPUCTUK YIPYIroro
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OCHOBAaHMS IO/ 4YacTbiO Oanku, MpH [CHCTBUM IUHAMUYECKHX HArpy30K M C Y4ETOM
JIOTIOJIHUTEIBbHBIX PUCOEAUHEHHBIX Macc. PaccMOTpeHbl OCHOBHBIE pACUETHBIE CXEMBI OaKU
co CBOOOJHBIMU KOHLIAMH, PACIOJIO)KEHHON Ha YIIPYTOM OCHOBAaHUU MPU U3MEHEHUH yCIOBUI
ONMMpaHUsl OJAHOM KpaeBOM YacTH, CpEeJHEH 4acTH M JABYX KpaeBbIX uacTed Oanku (puc. 6).
JleiicTBuEe NPUCOEAMHEHHBIX MAcC M JIMHAMUYECKMX HArpy30K Ha KaXKIOM ydacTKe Oasku
aL,8L v yL paccMOTpeHO B MPOU3BOJBHBIX TOUKAX (PHUC. 6 a - T).

141 145ft) I3t Fift) Foft) Fif1)
o[ 73] 7§, 0_171] 73] .
e ———‘——————i—i—— —-————Ef——————'—-—
' 7707, 7 7| =0
N d |7 L ds L 2| | ds |75 MNd \ri| | dy |72 ds |
a‘} | (f; | d(, L d_) ok d4 do I
al L 2 | al. oL | L
L 'S # L #
a) Ha CIUIOLIHOM YIIPYI'OM OCHOBaHHUH 0) mpu W3MEHEHWHW YCIOBHH ONHUpPAaHUS Ha
YIIPYroe OCHOBAHHUE IIPaBOM 4acTH
%Jr-f.r) ¥-:(r) Fi(1) ?-”{") %'-3(’) Fyft)
m [m3] [113] I iz i
o § [ g n 7] 7
[— — ——f— ————— 1= Ooe——— gy — —— &
A / b -f"_';_o! __/" / 7 7 ¥ f”jz(} ’, / /’/// !”3=0
’ f df # ri ’ d-'} l d-s ’ "3 }!f—j—/d . d)’ t 2 r d’_
| d, d4 dlr, dz d4 dﬁ
: - i _
al oL yL L al oL 1 ¥ " |
L | L 1
B) IPU U3MECHEHUM YCJIOBUM OIMpaHWsA HA TI) NPU U3MECHEHUU YCJIOBUM OINMPAHMS Ha
YIIPYroe OCHOBAHHUE CPEAHEN YaCTH YIIPYro€ OCHOBaHHUE ABYX KPAeBbIX YacTEH

PucyHok 6 - banka ¢ npucoeIMHEHHBIMU MacCaMH Ha yIIPyroM OCHOBAHMH IIPH JAEUCTBUU
JIMHAMUYECKUX HArpy3ok F;(t), F,(t), F5(t)

[Ipn BHE3aIHOM HCYE3HOBEHUM OCHOBAHUS I0J KaKOH-IMOO dYacTbio Oajnku WIU
0o0pa30BaHUM BHYTPH OCHOBAHMSA TIIOJIOCTH TMOJA KAaKOW-THOO dYacTbio Oajku, A0 3TOTO
MOKOSIIIIENCS Ha CIUIOIIHOM YIPYIOM OCHOBaHHMM, MPOUCXOAUT HapyIIEHHWE PaBHOBECUS B
cucreMe «Oanka — ympyroe OcCHOBaHME». banka M OCHOBaHWE HAYMHAIOT KOJEOAThCS C
HEKOTOPBIMH COOCTBEHHBIMH YacTOTaMH, BO3HMKAIOT MHEPLUUOHHBIE CHJIbL, YYET KOTOPBIX
MO3BOJISIET PACCMOTPETH PABHOBECHE BCEW CUCTEMBI.

Metonuka pacuéra OajoK Ha yNpPyroM BHHKJIEPOBCKOM OCHOBAaHHMM IpH JEHCTBUU
CTaTUYECKUX U TMHAMHYECKUX HATPY30K B CIIydae M3MEHEHHsI YCIOBUN ONUPaHUs dacTel Oamok
Ha OCHOBAaHME IOCTPOEHA IYTEM IOCIEJOBATEIBLHOIO PELIEHUS HWXKECIEAYIOIUX 3a7ad ¢
MCII0JIb30BaHMEM pacu€THOM Monenu Oanku beprynnm - Ditnepa:

1) pemraercs cratuyeckas 3ajada ONpeneaeHs epEMEIICHU U BHYTPEHHUX YCUINN B
0arnke, pacroJ0KEHHON Ha YIIPYTOM OCHOBAaHWH, IPU UCKIIOYEHUH M3 PaOOTHI OCHOBAHHS IO
4acThbiO OaJIKU. 3HAYEHUs] CTATUYECKUX NEPEMEILIEHUI UCIIOJIb3YIOTCS KaK HayalbHbIE YCIOBUS
JTUHAMUYECKOro mpornecca (KoiaebdaHuil), BOSHUKAIOUIETO MOCJE€ BHE3AMHOI0 MCKIIOYEHUS U3
paboTBl OCHOBAHUS IO/ YaCThI0 KOHCTPYKIUHU. 3HAYCHHS CTATUYECKUX BHYTPEHHUX YyCHUIIMA
UCIOJIb3YIOTCS JUIsl CPABHEHUS C TUHAMUYECKUMU;

2) uccneayroTcsi CBOOOJHBIE TIOTIEpeYHbIe KoeOaHus OalKi Ha yIpyroM OCHOBAaHUH C
KYCOYHO-IIEPEMEHHOM KECTKOCTHIO BCIIEJCTBUE HM3MEHEHUS YCJIOBHI ONUpPAaHUS YaCTU
KOHCTPYKLIMHM Ha OCHOBAHMUE;
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3) uccneayIoTCs BRIHYKICHHBIE TIONIEPEeYHbIE KOJIeOaHus Oallki Ha yIpyroM OCHOBaHUHU
C KYCOYHO-IIEPEMEHHON XKECTKOCThIO, B TOM 4YHUCIIE NPU BHE3AIHOM W3MEHEHUU WJIU
MCYE3HOBEHUM >KECTKOCTHBIX XapaKTEPUCTUK YIPYroro OCHOBAaHUS IOJ 4YacTbio OalikH,
BBI3BAHHBIE PA3JIMYHBIMU BUIaMU JUHAMUYECKON HArpy3KH, IyTEM pa3iloKeHUs 3TOM HArpy3Ku
B psiJl 10 COOCTBEHHBIM (hopMaM KOjeOaHUM.

HuddepennmansHoe ypaBHEHHE BBIHYKACHHBIX IMOMEPEYHBIX KojeOaHWil Oanku mpu

J11000M 3aKOHE U3MEHEHHS BO3MYIIAKOIIei cuitbl q(x,t) HMeeT BHI:
aty(x, 8%y(x, ay(x,
oy el + U y(xt) + eOuM+ ry(x,t) = q(x,t), (2)

ox* ot? ot
rae y(x,t) — gyukius nporuba Gaku, 3aBUCsAIIas OT KOOPAUHATHI X U BpeMmeHu t, (M); q(x,t)

— BO3MYIIAIOIIA HATPY3Ka, H3MEHSIOIAACS BO BPEMEHH 1; L — IOroHHas macca Oanku (H+c*/m?);
&9 — K03 (ppHIMEHT 3aTyXaHUS.

Ce0000Hble Konedanusa 6a1Ku HA yRPY2OM OCHOBAHUU C Y4EMOM OUCCUNAMUBHBIX CUTL
onmcanbl ypaBHenueM (2) npu q(x,t) = 0. ITomydeno Beipaxkenue i nporuba Ganku y(x,t)
pu €€ CBOOOIHBIX KOJIEOaHUsX:

y(x,t) = X721 X;(x)e ™ (Cj sin w;t + D; cosw;t), (3)
. El
IJI€ Wj — 9aCTOTa CBOOOMHBIX KOJIECOaHUM Oalku: w; = (7 J{f + i) 4)

[Mocrosunbie C; u D; ONpenensoTCcs M3 HavalubHbIX yciaoBui. OOBMHO B HayasIbHbIA
MoMeHT Bpemenu mipu t = 0 m3BecTHa QyHKUUS craruueckoro nporuba y(x,0) = f(x) u
HavaabHas ckopocth 6anku y(x,0) = 0.

BriHyXeHHBIE TOMEpEUHbIE KOJEOaHUsI MOTYT OBITh BBI3BAHBI PA3JIMUHBIMU BHAAMHU
IMHAMAYECKOH Harpy3ku. B pabore momydeHo pemenue AudQepeHIHaTbHOr0 ypaBHEHUS
BBIHYK/IEHHBIX TOMEPEYHBIX KoJeOaHuil Oanku Ha yHIpyroM OCHOBaHHH IpPHU JIFOOOM 3aKOHE
U3MEHEHHS IIPOU3BOJIBHON JIUHAMUYECKON HArpy3Ku q(x,t).

Buinystcoennvie konedanusn 6anku Ha ynpyzom 0CHOBAHUU C YUEMOM OUCCUNRAMUBHBLX
CUJl npu 0elicmeun nPou3601bHOI HAZPY3KU.

Ipencrasum q(x,t) B Buge pama q(x,t) = X532, q;(t) X;(x), ymuoxus na X;(x) dx un

S

UHTETPUPYSI, TIOJTYIHUM: q;(t) = M.
Jo X ]Z(x) dx
IIpu peiictun Ha 0ajKy cucteMsl cuit Y, P;(t) 8§(x — x;), tae P;(t) — cuia, mpuitoskeHHas
B TOUKe X;, 6(x — x;) — nenbra GyHKums, GpyHKuus q;(t) onpenenuTcs U3 BIPAKEHHS:
2 Pi(t) X j(x;)
q;(t) = W- (6)
Jlanee, kak u mpexae, npeactaBuM GyHknuio nporuda y(x,t) B BuIE psaa, MOITYyIUM
HOJIHOE PEUICHUE 3a/aYd O BBIHYKICHHBIX KOJICOAHHSX OalKkd HA yNPyroM BHHKIEPOBCKOM
OCHOBAaHUU IIPU ACUCTBUU NTPOU3BOJIBHON HAIPY3KHU:
e = sinw j(t-§)dE (7)
Hwj

y(x,t) = XjZs Xj(x) [e_nt(cj sinw;t + D; cosw;t) + fotqf(f)

Jlanee paccMOTpHUM pPsifi HACTHBIX CIIY4YaeB.
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Buinyscoennvie konedanusn 6anku Ha ynpy2om 0CHOBAHUU C YHEMOM OUCCUNRAMUBHBLX
CUJ1 npU 0elicMeuU 6HEe3ANHO NPUNOIHCEHHOU cubl P.
[TomyueHo ypaBHeHHE (PyHKIMU poruda Oamku:

oo PXj(b) [wj—e ™ (nsinwjt+wjcosw;t)]
y(x,t) = X752, X;(x) " T

) 8
5 ®)

e G = folXjZ(x) dx. 9)

Ecnu 3aTyxanneM MOXHO mpeHeOpedb, TO BBIYHCIAS HHTErpai (9), moirydnM pernieHne

3aJlaud B OKOHYATEJIbHOM BUJIE:
y(.t) = L2 X)X, (b) “w—]“’”) (10)
Buvinyswcoennvie konedbanus 0Oanku Ha YynpyeomM OCHOGAHUU RNPU  OeliCMEUU
COCPEOOmMOYEHHO20 UMNYNbCA S.
JlelicTBHE MMITyJIbCa PABHO3HAYHO KPATKOBPEMEHHOMY JIEUCTBHUIO Cwibl S = PAt npu
koHeyHOM S u At — 0. IlonyueHo ypaBHeHue nporuda 6ajiku npu AEMCTBUM COCPEAOTOUEHHOT O

HMITyJIbCa S:
sinwjt

y(x,t) = =52 X;(x) X;(b) = (11)

Wj

Buinyscoennvie konedanusn 6anku Ha ynpy2om 0CHOBAHUU C YUEMOM OUCCUNRAMUBHBIX
CUl npu Oelicmeuu GUOPAYUOHHOU HAZPY3KU OT BO3MYIIAIONIEH CHIIbI, U3MEHSIOUIEHCS 1O

FapMOHI/I‘{eCKOMy 3aKOHy, OIIUCBIBAKOTCA ypaBHeHI/IeM:
4 2
EI2XED TV e 2D L ry(x,t) = qolx) Sin(pt + @), (12)

ox* ot2 ot
rae p — 9aCcToTa BBIHYKICHHBIX KoJieOaHuid, Qo — HavyaJbHBIA CABUT q)asm.

Wcrnonb3yst METOJ| pasleieHHs MEPEMEHHBIX, PA3JIokuM (GyHKIHIO q(x,t) B ps 1m0
byHIaMeHTanbHBIM (QYHKIUSAM 337a49i 0 CBOOOAHBIX KoeOaHusx. B obmem cinydae ¢ yuéTtom
3aTyXaHusl Mporud Oaaku Npu JEeUCTBUN HA HEE BUOPALIMOHHOW HArpy3KH:

y(x,t) = X724 hiX;(x) [e‘"tAj sin( wjt + @;) + N;sin(pt + @q + 5]-)]. (13)

[Tpumensist MmeTox HadanbHBIX mapameTpoB U pyakun A.H. KppimoBa noixydeno tounoe
pelIeHne TUHAMUYECKUX 3a/lay CBOOOJHBIX U BBIHY)KIECHHBIX KOJeOaHUN Oallku Ha yIpyrom
OCHOBAHUMU C KyCOYHO-IIEPEMEHHOM KECTKOCTBIO, B TOM YHUCJE C Y4ETOM JONOJHUTEIbHBIX
IIPUCOECAVHEHHBIX MAcCC, JJII OCHOBHBIX PACYETHBIX CXEM IIPU BHE3AIIHOM HM3MEHECHHHM WIH
VCYE3HOBEHUH KECTKOCTHBIX XapaKTEPUCTUK OCHOBAHMS U3-32 U3MEHEHNUs YCIOBUI ONUPAHUS
OJIHOM MM ABYX KPaeBbIX YacTeW UM cpeqHell yacTu O6anku (puc. 6).

YerBeprasgs TriaBa BKIIOYAaeT B ce0s pe3ynbTaTbl IMPAKTUYECKUX pacdEToB,
WUTIOCTPUPYIOLUX pEUIeHMs], ToIy4YeHHble B TiaBe 3. MccinenoBanbsl nonepevHble KoueOaHus
OaJKi Ha YIPYroM OCHOBAaHHM TIPH JEHCTBHHM BHOpAnMoHHOW Harpys3ku F(t) = F sinyt,
BHE3AITHO NPHWJIOKEHHOM CHIIBI P M COCPEIOTOYEHHOTO MMITyJbCca S, B TOM YHCIE C y4ETOM
NPUCOENMHEHHBIX MacC, UIsl OanKd, pacloIOKEHHOW Ha YIPYroM OCHOBAaHMHM B CIIydae
BHE3AIIHOIO W3MEHEHMS YCJIOBUM ONMPAHMS KpPAacBOW WIM CpEeIHEW dYacTu. TOYHOCTH
IIOJIyYEHHBIX pE3yJIbTATOB OLEHEHAa IyTEM CPaBHEHMS C M3BECTHBIMM DEIICHUSAMU H
pe3yapTaTaMyd KOMIBIOTEPHOIO MOJEITUPOBAHUS.
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Konebanua 6anku Ha ynpycom OCHOGAHUU NPU UIMEHEHUU YCA06UNl ORUPAHUA U
delicmeuu 6UOPAYUOHHOU HAZPY3KU

Paccmotpena ta ke Oanka npu JedcTBUM COOCTBEHHOTO Beca (o U BUOPAITMOHHOM CHIIBI
F(t) = F sinyt, npuioxeHHoi B Touke d 6e3 y4éra (puc. 7 a) U ¢ y4€TOM MPUCOESTUHEHHOM
maccel my = 10194 xr (puc. 7 6).

. o)
%(U ,j,_‘
(l . - Y O _ my

al ] oL

al oL

a) 0e3 NpUCOeTMHEHHONW MaCChl 0) ¢ mpucoeAMHEHHOI Maccoit
PucyHok 7 - banka Ha ynmpyroM OCHOBAaHUH IIPY U3MEHEHHUH YCIOBUN ONMpPaHUs MOJ IIPaBOM
YaCThIO U JICUCTBUH BUOPAITMOHHON CHUIIBI
Hcnonb3yst BeIpakeHue Kod((HIMEHTa OTHOCUTEIBHON KECTKOCTH OCHOBaHUSA 3,
MPUHATOTO MPH perienuu ypasaerus (1) u popmyiy (4), momydum:

2 2
wh= (0 -1) = Bl Lo B _apt (14)
Koadpdpunuent J{f NPUHAMAET BEIIECTBEHHOE 3HAYCHUE, €CIH uw]-z > 1, 3TOT CIIy4ail u
MMEEM B BHJy B JAIbHEHIIIEM.
KopHu 9acToTHOTO YpaBHEHHUS Ui 4acTH OaJKy Ha yIPYyroM OCHOBAaHUHU O0O3HAYNM X,
a ans yactu 0e3 ocHoBaHUsA - k;. OnpenenriM KOPHU U YacTOTHI COOCTBEHHBIX MOMEPEUHBIX
KoneOaHui OanmKu IUIsl MEpBBIX YeTHIPEX (GopM KomeGaHWid M3 YCIOBHS PABEHCTBA YACTOT

k

COOCTBEHHBIX KOJEOAHMIl JBYX yacTed Oanmku w; = wj

i, Ha yIpyroMm ocHOBaHuUU aL u 0e3

ocHoBanus OL. PesynbraTel mpeacraBineHsl B Tabm. 4 u 5.

Tabnuna 4 - Kopar 1 dactotsl (pa/c) COOGCTBEHHBIX MOMEPEYHBIX KOJEOAHWN Oalku Ha yIPYroM
OCHOBAHMU NP MCKIIOYCHUU OCHOBAHUS MPABON 4acTH OaJIKu

< I Ynpyroe ocHoBanue 7,=50 MH/m?> Ynpyroe ocHoBanue 7o=5 MH/m?

2 N

= L.; cIuIomHoe L cieBaal = (3/4) L cIulomHoe L cieBaal = (3/4) L
S g i w; i k; Wi, K w; i k; w;

0,1217 | 115,84 | 0,1212 | 0,1212 | 115,82 | 0,1217 | 40,60 | 0,1212 | 0,1212 | 40,58
0,2626 | 142,99 | 0,2419 | 0,3302 | 135,54 | 0,2626 | 93,14 | 0,26 | 0,2713 | 91,26
0,4363 | 262,81 | 0,4303 | 0,4247 | 257,02 | 0,4363 | 239,35 | 0,4357 | 0,4382 | 238,71
3 0,6109 | 477,72 | 0,6082 | 0,6174 | 473,83 | 0,6109 | 465,25 | 0,6106 | 0,6115 | 464,85

N =] O

Tabmuua 5 - Kopuu u  yactotsl (pag/c) COOCTBEHHBIX MOMEPEYHBIX KoyieOaHWil Oanku ¢
npucoeTMHEHHOM MacCOi Ha yIIPYroM OCHOBAHHUH IPH UCKIIIOYEHUH OCHOBAHUS MTPAaBOM yacTH Oalku

5 3 Ynpyroe ocHoBanue 7,=50 MH/m> Ynpyroe ocHoBanue 7o=5 MH/m?

é L.é cIuiomHoe L cieBaal = (3/4) L cruiomHoe L cieBaal = (3/4) L

S g M w; M ki w; M w; M ki w;
0,0225 | 114,37 - - - 0,0609 | 38,08 | 0,0379 | 0,1707 | 36,20

0,2309 | 132,2 | 0,2192 | 0,3222 | 129,00 | 0,2428 | 81,70 | 0,2416 | 0,2554 | 81,05
0,4110 | 239,1 | 0,4056 | 0,4341 | 234,26 | 0,4134 | 215,45 | 0,4129 | 0,4159 | 214,94
0,5847 | 440,13 | 0,5822 | 0,5926 | 436,50 | 0,5853 | 427,28 | 0,5851 | 0,5861 | 426,99

W =[O
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1o pe3ynbraram pacu€ToB ONPENEIEHO, YTO MPU UCKIFOUEHUHN YIIPYTroro OCHOBAHUS MO/
94acThi0 OaJIku YacToTa COOCTBEHHBIX TOMEPEYHBIX KOJeOaHW OalKky yMEHBIIACTCS H
KosiebaHHs COBEpUIAIOTCS MeUIeHHee. B ciaydyae mpucoennHeHHs: MacChl my K Oajike 4acTtora
CBOOOJHBIX IONMEPEYHBIX KOJEOAHU yMEHBIIAETCSI 10 CPAaBHEHUIO C aHAJOTMYHBIMU
3HAYeHHUSMHU YaCTOTHI OANKH 0€3 MpUCcoeTMHEHHON MaCCHI.

1.5
[Toctpoensl mepBble deThIpe (HOPMBI :
konebanuii Oanku (puc. 8). OmpeneneHo, 4To .

dbopMbI KoONeOaHW OaNKu MPU HCKIFOYCHUU

0.0 36 72 0.8 14,4 180
——1 dopma — - 2 hopma =+ =3 dopma

YOPYroro OCHOBAHHUS IOJ YacTbl0 OalKu U - - ogopma

Pucynox 8 — @opmebl konebanuii 6anku Ha
yIIPYroM OCHOBaHHUHU

0anKku Ha CIUIOIIHOM YOPYTOM OCHOBaHUU
TOX/IECTBEHHBI.

N3rubnasie popmMbI HAYMHAIOTCS CO BTOPON YaCTOTHI, MEpBas 4aCTOTa COOTBETCTBYET
MEPEMEIIEHUI0 OAIKH, KaK KECTKOTO Tela.

PaccmoTpuMm nelicTBue Ha Ty ke OanKy COOCTBEHHOTO Beca (, U BUOPAIIMOHHOW CHJIBI
F(t) = F sinyt, npuioxennoi B Touke d = SL, neiicTByromeii ¢ yacroroir y=160 pan/c, 6e3
yuéra 3aryxanwus. J[mmHa yactu 6anku 6e3 ocHoBanus 6L = (1/4) L.

Onpenenum AMHAMUYECKHE MPOTrMObI U MOMEHTHI Oanku (puc. 7a) mMpuU UCKIIOUYECHUU
YIPYTroro OCHOBAHHUS IO/ MPaBOW 4acThio Oanku. J[isi comocTaBieHus pe3yIbTaToB pacu&ToB
MOCTPOYM DIIOPHI JIsl OAJTKH, PACIIOIOKEHHON Ha CIUTIOIIHOM YIIPYTOM OCHOBaHUH. Pe3ybTaTsl
pacu€ToB MpencTaBieHbl HA puC. 9 U B Tab. 6.

DMopkI MPOTUOOB, M Onopsl MOMEHTOB, x10 kH'M

0,0010 50,0000
40,0000
20,0000
20,0000
10,0000

o.0000
10,0000
20,0000
0,0 3,6 7.2 10,8 14,4 18,0 0,0 3,6 7.2 10,8 14,4 18,0

0,0005
02,0000

00,0005

0.0010

0.0015

OCHOBAMKME CRAOLWHOS — — ocHoBaHWe cnesa 3/4 L

OCHOBaAHWE CNACWHOS — — ocHoBaHwe cnesa 3/4 L

PucyHok 9 - banka Ha ynpyroM OCHOBAHMM IPHU W3MEHEHMM YCIOBUW ONMpAHUs NpaBOU
YaCTH U JIEHCTBUU BUOPAIIMOHHON CHJIIBI

Tabnmuna 6 - Pe3ynprarel JAUHAMHYECKOTO pacuéra Oalku TPU HUCKIIOYCHUH YIPYToro
OCHOBaHUS NMPABOW YaCTHU U JEHCTBUU BUOPAIIMOHHOMN CUJIBI

Yrpyroe ocHoBaHue Yrpyroe ocHoBaHue
Lp o CfLIONIHOS L -Clen a%H;Bg 3/4) L dopwa | yenpasa | Mo,
Yeunr 5| Yenn > My, yHCKI; ) wen 0| Mucins yﬁﬁf’“a e M.,
M M kH m M M kH M
3,86 0,0004 | 0,0011 | 407,7 | 0,0002 | 0,0004 | 233,2 0,59 0,42 0,57
2,2 0,0001 | 0,0001 | 121,0 | 0,0001 | 0,0001 | 121,8 1,0 0,94 | 1,007

[Ipu uCKIIIOYEHNH YIPYTOro OCHOBAHUS MPABOil YacTH OAJIKU 3HAYEHUS] JUHAMUYECKUX
nporu0oB M M3rHOAIOIIMX MOMEHTOB yMEHbIIMINCH Ha 41-58 % u ymensmmnuch Ha 11,4 %
3HaYeHHs OTHOIIEHUH Y4acTOT ¥2 /w? K COOTBETCTBYIONIMM 3HAYEHHUAM JIs OATKH Ha CILIOIHOM

YIIPYTOM OCHOBAHUHU.

PesynpTaTel ompeneneHuss AMHAMMYECKMX IPOrMOOB M MOMEHTOB Oalku C
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MPUCOEIUHEHHOW MAcCOM MPU UCKIIIOUEHUHU YIPYTrOro OCHOBAHUS IOJ IMPAaBOW YacThio OajKu
(puc 76) mpencTaBiieHsl B Ta0II. 7.

Tabmuna 7 - Pe3ynbrarel JUHAMUYECKOrO pacyéra OaJKM C MPUCOEIUHEHHOW Maccod Npu
VCKJIFOYEHUH YIIPYTOro OCHOBAHUS NPABOM YaCTH M IeWCTBUM BUOPALIMOHHOM CHJIBI

Yrpyroe ocHoBaHue Yrpyroe ocHoBaHue
L cIIomHOE L cieBa aL = (3/4) L ydopua | yempasa | M,
g e e | Menns | Vs | Yackn o | Mucon | Y| Yan | Men
M M kHm M M kHm
3,86 0,0001 | 0,0003 | 106,0 | 0,0001 | 0,0002 | 105,7 1,0 0,73 0,99
2,2 0,0001 | 0,0001 | 121,0 | 0,0001 | 0,0001 | 121,8 1,0 0,94 | 1,007

[Ipu uCKIIIOYEHUH YyIPYTOro OCHOBAHUS MPaBOil YacTH OAJIKU 3HAYEHUS] JUHAMUYECKUX
poru0oB B cepearHe Oallki HEe M3MEHWINCH, a TPABOTO KOHIIA OaNKu yMeHbIIWIHCh Ha 27 %,
JUHAMUYECKUM H3ru0aroluii MOMEHT YMEHBIIWICS HE3HAYUTEIbHO, TOJbKO Ha 1 %, u
YBEJIMYUINCH 3HAYEHHS OTHOIIEHUH Y2/ w? Ha 5 % K COOTBETCTBYIOLIMM 3HAYEHUAM JUIs OANKH
Ha CIUIOIIHOM yIPyTrOM OCHOBaHUHU.

BHe3anHoe nckiIroueHne OCHOBAHMSA MO YaCThIO OaJIKU MPUBEAET K KOJICOaHUSIM OaTKH.
MakcuManbHOE CyMMapHOE MepEMEIICHHUE PU BHE3AITHOM MCKIIFOUEHUHU YIPYTOro OCHOBaHUS

104 4aCThO OaJIK¥M 3aMUIIEM B CJICAYIOIIEM BHUAC:
cTaT AUH )

Ymax = (yI/ICKJ'I *+ Yuckn (15)

MaKCUMaJIbHOE TEPEMEIICHUE, Vcan — COOTBETCTBYIOUIEE MAaKCHMAIbHOE

rac )Gﬂlaﬂf )GdCKﬂ

UH
CTATHYECKOE TIEPEMENIEHHE, Yoy - MAKCUMAIIBHOE IMHAMUYECKOE MIEPEMEIICHHE.

Cratudeckuii mporud Mpu UCKIIFOYSHUH OCHOBAHMUSI 110 YaCThIO OAIKU Y, oan TIPUMEM KaK

HayaJbHbIEC YCIOBUS U3yUYCHMs TMHAMUYECKOTO MPOIIECCa.

®opmyity Uit onpeneneHus Ko3G@UiureHTa CyMMapHOro epeMeIeHNs IPU BHE3AITHOM
UCKJIFOYEHUH YIPYroro OCHOBAaHHUS IMOJ YacThio Oalku ¢ yuyé€ToM BbipakeHus (15) 3anumem B
BHJIE:

craTr AVH
1= Ymax _ YuckntVuckn _ 1+
- crat craT -
Yuckn Yuckn

B (opmyne (16), KOTOpOe OIpENeNnuT AMHAMUYECKYIO

JUH
Yuckn

crat’
Yuckn

(16)

UH
COOTHOILIEHUE Vier /YT

CTaT

n00aBKy OTHOCHUTEIIbHO CTaTHYECKUX MEPEMEIICHUN Yyonn,

Ha30BEM KO3 puImeHToM
JMHAMHYHOCTH [IePeMELLEeHHH 1 0003HAUNM: A, = Yt/ Vicer. AHAIOIMYHO BbIpaxeHu:o (16)

nonyyuM  Gopmyday s KodhQUIMEHTa JUHAMHUYHOCTH  HM3rHOAIONIMX  MOMEHTOB:
AUH cTaTr

AM = MI/ICKJ'I/ My cxn-
[Toctpoum pansa  Ganku  (puc. 7a) rpaduku  KO3IP(PUUUMEHTOB AMHAMHYHOCTH

IEPEMENIEHUH A, M M3rubarOIMX MOMEHTOB Ay JUIS HEPBBIX TPEX U3TMOHBIX (OPM KOIeOaHuMi
(puc. 10 — 15). Ipunsito, uto BHOpanuoHHas cuia F(t) meificTByer ¢ 4acTOTOM BBIHYKIEHHBIX
kosnebanuii y B uatepBaine 40 - 600 pan/c mis 6anku ¢ mapamerpom LS = 2,2; 115 - 600 pan/c
mis LB = 3,86 u 200-600pan/c mus LE = 5,1. Jlnuna vactm Oanku Oe3 OCHOBaHUS
6L = (1/6) L;(1/4) Lu (1/3) L.




17

'J
_fL“___f AN N
1”

™
- 5/6L

0,050 _l‘ T " -
LA AN
\ e
(W P (A
0,025 1 1 \'\
K
0,000 o s 8 +
< T © =
Pucynok 10 — Koaq)q)nuneHT Ay mpu L = 2 2
VAR R
I w
1,0 - 4~
) }-'\
o5 - / [! \\‘-
é;/ _ \Q_:;,
0.0 s o S [=
'E 5 - = HCI'IJ'IO“IIIHOE OCHUB?HME L
PHcyHOK 11 — Koaddurmenr Ay, npu LB = 2 2
0.250 - 'lI Tl l \
0,200 —. ﬁ “- \_/ [l:
0,150 J' 5 l“l
o100 1Y l\\ \ f‘ 1 .\"\'
o050 | Q,:: e d /// \,‘ N
a.000 - :- s ot -fh e

2.5

2,0
X5
1,0
0.5
0.0

ﬂ?

CNAOWHOe ocHOBaHMe L

!329

PHcyHOK 12 - Koaq)q)nuneHT Ay an Lp = 3,86

o
- =3/4L

Pucynox 15 — Koapdunment Ay, npu LS = 5,1

Jlnst 6anku ¢ mpucoequHEHHON Maccoii (puc. 7 0) u mapametrpom LS = 3,86 moctponm
rpaduxn A, 1 Ay 11 TpEX M3rMOHBIX popm Konedanui (puc. 16 u 17).
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™
cnncuuHoe OCHCIBaHIdF_' L -+ 5/6L

Pucynox 17 — Koapdunment Ay, npu L,B = 3,86

Taxxe, paccMoTpuM Ty Ke OanKy, COCTOAIIYI0 M3 TPEX YYaCTKOB NPHU W3MECHEHHH
YCIIOBUW OINUPAHUSI TOJ CPEIHEH YacThl0O W JIEHCTBUU COOCTBEHHOTO Beca (, U TPEX
BUOpaoHHbIX cuil F; (t) = F,(t) = F5(t), npuioxeHHbix B Toukax d, = 0,1 M, d, = 5L/ 2 u
de = yL (puc. 18 a). I paccmotpum Ty ke 6anky (puc 18 0), K KOTOpOil MPHIOKUM B TOUKAX
d, = 0,1 (m),d; = 8L/ 2uds = yL Tpu maccel m; = m, = ms.

%"; () J?Fg( 1 ?}(ﬁ) % A1) % S(1) % ()
m m [1n5]
o) 2 o) L

P g7 A R 777 | i
¥ d ! ¥ d4 | d(, r 1 d; l Yo ) d3 5 rs ! d_; | Fo
al J, oL L f d; s £ dy ’ .lr dg ’
' / ¥ 1 L el 1 oL | YL |
L
a) 6e3 MPUCOEAMHEHHBIX MacC 0) ¢ mpucoeAMHEHHBIMU MacCaMu

Pucynok 18 - banka Ha ynpyrom OCHOBaHMM NpPH W3MEHEHUM YCIOBUWA ONMHUPAHHUSA O]
CpeIHei 4acThIO U ICWCTBUN BUOPAIIMOHHBIX CHIT

[Toctpoum rpapuku A, u Ay mna Tpéx u3rubHBIX GopM Konebanui Oanku Oe3
npucoequHEHHBIX Macc (puc. 19 u 20) u ¢ npucoennHéHHBIMU MaccaMu (puc. 21 u 22).
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Pucynox 20 — Koapdunuent Ay npu LS = 3,86
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0,500

CI'IJ"IOUJHO(‘ DCHDBaHMQ L —
Pucynox 22 — Koadpdunment Ay npu LS = 3 86

PaccmotpuM pesynbTaThl pacu€ToB, npeacTaBieHHbIX Ha puc. 10 — 17 u 19 - 22.

Bo Bcex pacu€THBIX Clydasx 3Ha4€HUE KO3 (PUIMEHTa TMHAMMYHOCTH IEPEMELIEHUH A,,
B MEXPE30HAHCHBIX 30HAX ACWCTBUS BUOPAIMOHHOW HArpy3kd B HECKOJBKO pa3 MEHBIIE
3Ha4eHHU KOAPPUIIHMEHTA TUHAMUYHOCTH N3THOAIONNX MOMEHTOB Ay;.

C yBenmnyeHWeM [UIMHBI yYacTKa OalKd C HCKIIOYaeMbIM OCHOBaHWeM OL mpu
OJIMHAKOBOU MpUBENEHHON yTrHE Oayiku L yMeHbIatoTcs 3Ha9eHus KodGHUIIMEHTOB /'ly U Ay
¥ YMEHBIIIAETCSl MIMPUHA PE30HAHCHBIX 30H. C yBenmW4yeHHWeM 3HadyeHus napamerpa Lf mpu
OJMHAKOBOH JUTMHE y4acTKa OalIKH ¢ HCKII0YaeMbIM OCHOBaHUEM JL yBETUUMBAIOTCS 3HAUCHUS
KO3()(UIIUEHTOB Ay, 1 Ay

IIpu cxeme 3arpyxeHus, n300paxEHHON Ha puc. 18, pe3oHaHCHass 30HA ISl BTOPOM
U3TMOHON (OPMBI COOCTBEHHBIX KOJICOAHHWI pacdy€éToM HE ONpEeIeHa, OJIHOBPEMEHHOE
AeicTBHE IBYX BUOPALMOHHBIX CHJI HA KOHIIAX OAaJIKK M OJHON BUOPALIMOHHOM CHIIBI B CEpEeIuHE
NPUBOANT K aHTUPE3OHAHCY JJIsl BTOPOil (hopMbI KoseOaHWi A7l MapaMeTpoB MPUBEAEHHON
mmnbl 6anku LB = 3,86 u5,1. [lpunoxkenue k Oalike IOMOJHHUTEIHHBIX MPUCOCTUHEHHBIX
Macc MO>KHO pacCMaTpUBaTh KaK TaCUTENb KOJIeOaHNUH.

[Tpu wCKIIOYEHUH YIPYroro OCHOBAHUS IOJ YacThI0 OalKd, B Cllydae yduéTa BIHMSHUS
IVICCUTIATUBHBIX crJI B Matepuaie 6anku (mpu 6 = 0,3), u3yueHo u3MeHeHne

BCJIMYMHBI  aAMIUTUTYIbl  BBIHY)KICHHBIX Ig

KonebaHuii TpH pe3oHaHCE. 3aBUCUMOCTD z

kodpdunmenra  AWHAMHYHOCTH A OT 2

U3MCHEHHsI OTHOIICHHS Y /w; TPEICTaBICHA b _

Ha puc.23. TloaydeHo  MaKCHMalbHOE o= 06 07 08 09 ij b1 L2 13
sHauenue  Koddpduimenta  A=10,47  1mpH  pycynox 23 - TIpaduk u3MeHenus A mpu

y/wy = 10. pe30HaHCce

OnpeneneHo, YTo B pE30HAHCHOM 30HE IPH MCKIIOYEHHWH YIPYTroro OCHOBAaHUS YaCTH
0anky 3HAYEHUS AWHAMUYECKHX TIEPEeMEIICHUI W BHYTPEHHHX YCWIMHA OalKku CleayeT
OIpPEAEIIATh ¢ YYETOM 3aTyXaHUsl KOJeOaHU.

PaccmotpuM Tenepp citydall OJHOCTOPOHHHUX CBSI3€M C YIPYTMM OCHOBAaHHEM TOW XKe
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Oanku (puc. 7), UCTIONB3YsI YUCICHHBIA METO/T TIOCTIEA0BATEIHHBIX UTEPAIIU.
[Ipu oTpbIBE OT YIIPYTrOro OCHOBAaHMSI JIEBOM YaCTH OAJIKU U3-3a UCKIIOUECHUSI OCHOBAHUS

MOJI TPABOX YaCThIO OAJIKW BHIYMCIICHBI MaKCHUMAIbHbIE 3HAYCHHUS TUHAMUYECKUX MPOTHOOB U
MOMEHTOB INPU JABYCTOPOHHUX U OJHOCTOPOHHMX CBA3SX OAJKU C YIPYTMM OCHOBAaHUEM 32
MOJIOBHHY Teproja konebanuii (puc. 24). Pesynbrarsl pacu€ToB MpeacTaBiIeHbI B TabIuUIE 8.

Tabnuua 8 - Pe3ynprarel pacuéra 6anku mpu WCKIIOYEHUH YIPYTOro OCHOBAHUS MO MPaBO
4acCThIO C YYETOM OTphIBA OT OCHOBAHMS JIEBOM YaCTU

OI[HOCTOpOHHI/IC CBA3HU ,HByCTOpOHHI/Ie CBA3HU OTpbIB MOprIB OTpbIB
max max max
Lp yr(;chglcﬂB | M r(;;rcllj;m ) ;)r;rclz);m iy | Vmaxs M, Cmax; Ymax Moy | Qmax
M kH™M xkH M kHM xkH
3,86 0,0004 | 201,3 89,5 0,0005 | 227,9 87,7 0,83 0,88 1,02

W3 tabnuiibl 8 ciaemyeT, 9To Mpy OJJHOCTOPOHHHX CBS3SX OaJIKU C YIIPYTUM OCHOBAaHUEM
npu LB = 3,86 mimHA yyacTka OTphIBA JICBOTO KOHIA OaKK yMeHbIIIACh Ha 32 %, a JuyinHa
y4acTKa OTpbIBa MPABOT0 KOHIIA Oanku yBenmmuuiachk Ha 10 %, Takke yMEHBIIWINCH 3HAYCHHE
4acTOThl COOCTBEHHBIX Kojiebanmii ¢ 135,54 nmo 129,23 pan/c m MakcHUManbHBIE 3HAYCHUS

TUHaAMU4YecKoro nporuda Ha 17,4 % u AMHAMUYECKOro U3ruodaroniero Momenrta Ha 12 %.
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a) IBYCTOPOHHHE CBSI3U C OCHOBAaHUEM

0) OTHOCTOPOHHHE CBSI3U C OCHOBAHUEM

PucyHok 24 - basika npu UCKIIOYEHUH YIPYTOro OCHOBaHUS MPaBOW 4acTh

PesynbTaTsl pacuéra ToM ke OanKu ¢ MPUCOeTMHEHHON Maccol (puc. 70) mpeCcTaBICHbI

B Ta0iI. 9.

Tabmuua 9 - Pesynbrarel pacuéra 6anku mpyu UCKIIOYEHUH YIPYTOTO OCHOBAHHUS TMOJ MPaBOM
YacCThIO C YYETOM OTpBIBA OT OCHOBAHMS JIEBOM YaCTH

OI[HOCTOpOHHI/IC CBA3U HByCTOpOHHI/Ie CBs3H1 OTpPBIB MOprIB OTpPBIB
max max max
LB ;;:;f;m 3 Mr(;;rcll);m 3 fr;rcll);m ) }’maxs MmaX! Qmaxa ymax Mmax Qmax
M kHM xkH M kHwM xkH
3,86 0,0002 | 103,0 40,7 0,00022 | 106,0 40,7 091 0,97 1,0

W3 tabmuib 9 ciaemyeT, 9To Mpy OJHOCTOPOHHUX CBSA3SX OaJIKU C YIIPYTUM OCHOBAaHHUEM



21

npu Lf = 3,86 anmHa yyacTKa OTphIBA JIEBOTO KOHIA Oamku ymeHbInmitach Ha 32 %, a qinHa
ydacTKa OTpBIBA NMPABOTO KOHIA OaIKu yBenudmiack Ha 12 %, Takke yMEHbUIMINCH 3HAUCHHE
4acTOThl COOCTBEHHBIX KOJEOAHMH M MaKCHUMaJlbHbIE 3HAYEHMs JMHAMHYECKOrOo IMpormda Ha
9,1 % w nuHaMu4ueckoro u3rudaromero MomMeHTa Ha 2,8 %.

Konebanusa danku na ynpy2om 0CHO8AHUYU RPU U3MEHEHUU YCI06UIL ORUPAHUA YACMU
OanKu u oelicmeuu 6HE3anHO NPUI0NHceHHou cuivl P

Paccmotpeno aeiictBue Ha Ty ke 0aiKy (cM. 1aBy 2) cCOOCTBEHHOTO BECa (y ¥ BHE3AITHO
NpUIOKEHHONH B Touke d cuiael P (puc. 25). Haubonpmme nuHaAMHYECKHE TMEPEMEIICHUS
BBIYMCIEHBI IpU COSw;t = —1, Te.nput =w/w; =T;/2 qna j = 1.

KomnuectBo Gopm konebanuid, MPUHATHIX B pacu€re, y4TEHO B CIIEKTPE UIMHOW 25w,
rne wq — nepsas u3ruOHas yactora. OmnpeneneHbl 4YacTOThl COOCTBEHHBIX IONEPEYHBIX
xonebanuii Oanku. Beruucnensl 3HaueHns KO3(Q(OUIMEHTOB TMHAMUYHOCTH II€pEMEIIEHU A,
IIPU UCKIIIOYEHHUH YIIPYTOr0 OCHOBAHMSI TIOJT YACThIO OAJIKH U JE€HCTBUU BHE3AIMHO MPUIIOKEHHON
cwibl. Pe3ynbrarsl pacy€ToB npeacrasiieHbl B Ta0a. 10 u 11.

y /
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a) HUCKJIIOYEHHE OCHOBaHMsI TMOJ] MpaBoi O) UCKIIOUYEHHE OCHOBAaHUS TMOJ CpeaHel
YacThIO OaIKH YacThIO OaIKHu
PucyHok 25 - banka npu n”3MEeHEHNHU YCIOBUN ONTMPAHMSI U IEHCTBUU BHE3AITHO MPUIIOKEHHOU

CHJIBI

Tabnuua 10 — A, Ipu HCKITIOYEHMHU yOPYTOrO OCHOBAHMS NPABOM YacTH Oajku

ITapamertp 0 CrnomHoe VckmoueHre 0CHOBAHMsI 1OJ1 IPABOM YacThIO OATIKU
CUCTEMBI g GE) OCHOBaHUE OL= (1/6) L 6L= (1/4)L 6L=(1/3) L
«banka - | 2 F y(x), Mmm y(x), Mmm y(x), MM y(x), Mmm
OCHOBaHHC | ™ |y — 9m|x= 18M[x= 9M|x= 18m|x= 9m|x= 18M[x= IM|x= 18m
Lp =386 | A 0,166 | 0,056 | 0,155 | 0,014 | 0,121 0,011 0,056 | 0,011
Tabmuua 11 — A, Ipu HCKITIOYEHMHU yOPYTOrO OCHOBAHMS CPEJIHEN 9aCTH OalIKu

ITapamertp 0 CrnomHoe VickmroueHre 0CHOBAHMsI MOJT CpEIHEH YacThio Oallku
CUCTEMBI g GE) OCHOBaHUE OL= (1/6) L 6L= (1/4)L 6L=(1/3) L
«bamka— | 3 & y(x), M y(x), Mm y(x), MM y(x), Mm
OcHOBaHHC | ™ |y — 9m|x= 18M[x= 9M|x= 18M|x= 9m|x= 18M[x= IM|x = 18Mm
Lp =386 | A 0,183 | 0,407 | 0,035 0,27 0,023 0,27 0,017 0,29

OmnpeneneHo, 4To MpU UCKITFOYCHUHN YIIPYTOT0 OCHOBAHMSI TTOJT YACThIO OATTKU U ICWCTBUH
BHE3AITHO TPHWJIOKCHHOW CWJIBI P BBI3BIBAEMBIC €H0 TEPEMEIICHHS] 3HAYMTEILHO MEHbIIE
MEePEeMEIEHN OT CTAaTUYECKON Harpy3Kd. AHaJIN3 COIOCTABJICHUS MOJNYYCHHBIX PEe3yJIbTaTOB
pacu€ToB W BBIMOTHEHHBIX ¢ mnpuMeHeHneM [IK cBuumerenbcTBYeT, 4TO OTHOCHTENbHAS
MOTPENTHOCTh BRIYUCIICHUN HE TMPEBBIMIACT JUIsi COOCTBEHHBIX YaCTOT TOMEPEYHBIX KOIeOaHu
- 0,5 %, nns nepemenienuit — 1,26 %.
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Konebanusa 6anxku na ynpy2om 0CHO6AHUU RPU U3MEHEHUU YCIOGUIL ORUPAHUA RPAGOTL
yacmu u 0eicmeuu cocpedomo4eHH020 UMnyabca S

Paccmotpeno peiictBue Ha Ty ke Oanky (cM. TJaBy 2) COOCTBEHHOrO Beca ¢, U
COCPEOTOYEHHOTO MTHOBEHHOro wumnyisca S = PAt (puc. 26). IIpomomxuTenbHOCTh
nevctBust MrHoBeHHOTO uMmiyibsca T = 0,001 c.

i T
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a) HUCKJIIOYEHHE OCHOBaHMsI IMOJ] MpaBoid ©O) HUCKIIOUYEHHE OCHOBAHUS TMOJ CpeAaHel
9acThIO OalKu 4acTH
PucyHnok 26 - banka npu M3MEHEHMH YCIOBUI ONUpPAHMUS U ACUCTBUM COCPEIOTOYEHHOIO
VMITYJIbCa

OmnpezneneHpl 4aCTOTH COOCTBEHHBIX MOMEPEYHBIX KOJIeOaHwi OaaKi B CIEKTPE JUITMHOM
25w;. Beraucnensl 3HaueHHs KOO(Q(GHIMEHTOB IMHAMMYHOCTH NEpEMElIeHui A, mpu
WCKJIIOYEHUH YIPYroro OCHOBAaHMS IOJ 4YacTbl0 OalKW M JEHCTBUU COCPEIOTOYEHHOIO
umnyibca. Pe3ynprarel pacu€ToB mpeacTaBieHs! B Tadn. 12 u 13.

Tabnuua 12 — A, Ipu HCKITIOYEHMHU yIPYTOrO OCHOBAHMS NPABOM YacTH Oajku

ITapamertp 0 CrnomHoe VckmoueHre 0CHOBaHMsI 1OJ1 IPABOM YacThIO OATIKU
CUCTEMBI g GE) OCHOBaHUE OL= (1/6) L 6L= (1/4)L 6L=(1/3) L
«anka— | 3 F y(x), Mm y(x), Mm y(x), Mm y(x), Mm
OcHOBaHME | ™ |y — 9m|x= 18M[x= 9M|x= 18M|x= 9m|x= 18M[x= IM|x= 18Mm
Lp =386 | A 0,04 0,048 0,03 0,009 | 0,023 | 0,005 0,01 0,003
Tabmuua 13 — A, Ipu HCKITIOYEHMHU yIPYTOrO OCHOBAHMS CPEHEN 9acTH OalKu
[Tapamertp 0 CrnomHoe VckmroueHne 0CHOBAHMsI MOJT CpeIHEH YacThio Oallku
CUCTEMBI g GE) OCHOBaHUE OL= (1/6) L 6L= (1/4)L 6L=(1/3) L
«bamka— | © & y(x), Mm y(x), Mm y(x), M y(x), Mm
OCHOBaHME | ¥ [y - 9Mm[x= 18M|x= 9M|x= 18M|x=9M|x= 18M|x = 9m|x = 18Mm
Lp =386 | A 0,02 0,04 0,008 | 0,039 | 0,006 0,04 0,004 | 0,043

Ornpezeneno, 4To Mpu UCKIOYEHUH YIIPYTOro OCHOBaHUS MO/JT YaCThIO OaIKu U AeHCTBUU
COCPEJIOTOUYEHHOTO HWMITYJIbCa BBI3BIBAEMbIE WM IEPEMEILICHUS] 3HAYUTEIBHO MEHbIIIE
NEpPEMEILEHNI OT CTaTUYECKOW HArpy3Kd M OT BHE3AIHO MPWIOKEHHOW CHJIbl. AHaIu3
COMOCTABJICHUS] TOJNYYEHHBIX PE3YyJbTAaTOB PACUETOB U BBIMOJHEHHBIX ¢ mpumeHeHueM [IK
CBUJICTEIILCTBYET, YTO OTHOCHUTEJbHAS MOTPEIIHOCTh BBIYMCICHUM HE TMPEBBIIIACT Jid
COOCTBEHHBIX YacTOT TomepedyHnx konebanuit — 0,5 %, mis nepememennii — 1,81 %.
OTHOCUTENbHAS MOTPEIIHOCTh BBIUUCICHUN B COTMOCTABICHUU C U3BECTHBIMU PEIICHUSIMU HE
MIPEBBIIIAET /JI1 COOCTBEHHBIX YaCTOT MOMEPEUHbIX KoyieOanui — 2,4 %, /il nepeMenieHnii —

0 %.
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3AKVIFOYEHUE

1) [TomydyeHo perieHre CTaTHYECKHUX 3a/ad W3ruda Oankd Ha YNpPyroM OCHOBAHHUH C
KyCOUYHO-IIEPEMEHHON KECTKOCTBIO IPU OTCYTCTBHUM OCHOBAHUS IOJ Pa3IMYHBIMU YacCTSIMU
Oalky, Kak HayalbHBIX YCJIOBUH HCCIENOBAHUS JAMHAMMYECKOIO IIpoliecca. BrIsgBiIEeHbI
3aKOHOMEPHOCTH paclpeeleHHs] BHYyTPEHHUX YCHJIMH IO JAJIMHE OalKu B 3aBUCUMOCTH OT
CXEMBI HAaTPY>KEHHsSI U JUITMHBI y9acTKa 0amku 6€3 OCHOBAHHS.

2) Pemiena 3amada onpeaeneHusi 4acToT U GOpM COOCTBEHHBIX MOMEPEYHBIX KOJICOaHHI
OaJIKi Ha yNpyroM OCHOBAHMM C KyCOUYHO-TIEPEMEHHOMN KECTKOCTBIO BCJIEICTBUE MU3MEHEHUS
YCJIOBU ONUPAHUS YACTH KOHCTPYKIIMU HA OCHOBAHHUE.

3) [lonyueHo penieHHMe OUHAMUYECKUX 3aJad BBIHYKICHHBIX KoOJeOaHWH Oanku Ha
YIOPYrOM OCHOBAaHUU C KyCOYHO-IIEPEMEHHOMN KECTKOCTHIO, B T.Y. IPY BHE3AITHOM HCKIFOUEHUH
OCHOBaHHUS I0OJ 4YacTbl0 KOHCTPYKLMH, W JACHCTBUM pa3lIW4HbIX Harpy3ok. HcciaepoBaHo
BJIMSIHUE BHE3AITHOIO M3MEHEHUS YCJIOBUM ONMpaHUs 4acTH OajKu Ha yNpyroe OCHOBaHUE, B
pe3yapTaTe KOTOpPOTO [EHCTBOBABIIAs CTATHMYECKAas HArpy3ka IPEBPAIacTCs BO BHE3AIHO
MPUIOKEHHYIO TMHAMUYeCcKyt0. Ha OCHOBaHMM MOTyUYEHHBIX pEIIEHUN AMHAMUYECKUX 3aJa4 U
BBINIOJIHEHHBIX YHMCJIEHHBIX UCCIIEI0BAaHUN MOKa3aHbl 3aBUCUMOCTH MaKCHUMAaJIbHBIX 3HAUYE€HUUN
IMHAMAYECKHUX MEePEeMENICHI U YCHINH OT aMIUTUTY/] U YaCTOT BBIHYKACHHBIX KoJeOaHMi, a
TaK)K€ OT pa3MEpOB HMCUYE3HYBUIETO Y4YacTKa OCHOBAaHUS U KECTKOCTEW AJIEMEHTOB CUCTEMBI
«banka — ynpyroe OCHOBaHHME» M OT BEITMYMHBI M PACIOJIOXKECHHS MPUCOCTUHEHHBIX K Oanke
JOTIONIHUTENBHBIX Macc. [Ipu uccienoBaHUM BBIHYKIEHHBIX KOJIEOAHUI U3yUYEHbl PE30HAHCHBIE
3¢ deKTsl A1 OaJNKK PU UCKIOYEHUU YaCTU OCHOBAHMS.

ConocraBiieHUE BBIIIOJHEHHBIX PE3YJIbTaTOB JIWHAMUYECKUX PACYETOB C M3BECTHBIMU
JaHHBIMU M Ppe3yJbTaTaMU pPACUYETOB, BBINOJHEHHBIX C HCIOJB30BAHUEM IPOrPaMMHBIX
KOMILIEKCOB, CBUAETEIBCTBYET O XOPOIIEH CXOAUMOCTH.

4) U3yueHsl BBIHY)XJE€HHble KosieOaHusi OajJOK Ha YNPYyroM OCHOBAHUU C
OJIHOCTOPOHHHUMH CBSI35IMH IIPU BHE3AITHOM HCKJIIOYEHHHM OCHOBAHMS IMOJ KaKOW-IH0O0 4acThio
OaJIKM U JEHCTBUU CTAaTUUECKUX HArpy30K U JMHAMHUYECKHUX Harpy3okK.

IlepcnexTuBoli fAajibHelimeidi pa3paloTKM TeMbl IIPEACTABISAETCA pa3BUTHE U
IPUMEHEHHE MPEAJIOKEHHONM METOAMKM pacuéta OajloK Ha BUHKIEPOBCKOM YIPYroM
OCHOBaHUU C KyCOYHO-IIEPEMEHHOM KECTKOCTBIO, B TOM YHCJIE IPY BHE3AITHOM U3MEHEHUU WU
MCYE3HOBEHUH KECTKOCTHBIX XapAKTEPUCTHUK YIPYTOro OCHOBAHMS 10/ YaCThIO OAJIKU ¢ yUETOM
MHEPLMHM OCHOBAHUS, a TaKXE MCIOJb30BAHHE OTJIMYHBIX OT MPUHATHIX B paboTe Mopenei
OCHOBAaHHUS U JUHAMUYECKUX MOJEIEN OaIKu.
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