MWHWCTEPCTBO OBPA30BAHWA PECIYBITMKW BEJTAPYCb

YuypexpeHne ob6pa3oBaHuns
«BENMOPYCCKWM rOCYOAPCTBEHHbIVI YHVUBEPCUTET TPAHCMOPTAY

Kadthenpa cTponTenbHOM MEXaHWKN

[. B. I'leoHeHKO

PACHET INMIOCKNVX ®@EPM

YuebHO-MeTO[MUECKOE II0COoDIe
IJIS CTYJE€HTOB CTPOUTEIbHBIX CIEINAIbHOCTEHN

O0obpero memoduueckoil komuccueil paxyromema I1T'C

Flomens = 2006


mailto:leoden@tut.by
Администратор
Underline


VIK 539.3 (075.8)
BBK 38.112

JI47

Pemeunsenr—Kaugugar Texunueckux Hayk B. B. Tamenkuii (YO «Benl'VT»)

JI47

Jleonenko, /1. B.

Pacuer miaockux epm: yueOHO-METO[. IOoco0ume i CTYAEHTOB
cTpouTesbHBIX crnenuainbHocTedn / . B. Jleomernko. — I'omeis:
YO «Beal'VT», 2006. — 57 c.

ISBN 985-468-075-4

W3noxeHbl KpaTKUe TeopeTHUYeCKUe CBeJeHUA O pacuere depM Ha CTaTH-
YECKYI0 IOABMIKHYIO U HENOABIIKHBIE HAIPY3KU. PaccMOTpeHBI CIOCOOBI OIi-
pezeneHusa ycunuii B (pepmax. IIpmBeneHs mogpoOHBIE NPUMEDPHI PELIEHUS
TUIOBBIX 3a7ad.

ITocobue cOOTBETCTBYeT AEHCTBYIOUIEH B HACTOAIEe BPeMs IIPOrpaMMe IO
CTPOUTENHHON MexaHUKe. IIpegHasHAUeHO IJIA CTYJEHTOB CTPOUTEJNLHBIX CIIe-
nualbHOCTEH Beex (popM oO0yueHus.

YIK 539.3 (075.8)
BBK 38.112

© Jleonenko [. B., 2006

ISBN 985-468-075-4 © Ogopmiaenue. YO «Beal'VT», 2006



OrNnABJIEHUE

1 KPATKMNE TEOPETMYECKUE CBENEHUA

1.1 TTOHATHE O MEDPME . v v v v v e v v et e ettt e e et e eene e 4
1.2 KTaCCUMUKAIIMA & « ¢ v v v v v e e v e e e et e oo eee e nen 6
1.3 KuHeMaTHUECKUN aHATUS DEPM .« v v v v v v v v o v e v v e e e e n 10
1.4 Pacuer ¢epM HA HEMOABUIKHYIO HATPYBKY « « ¢ ¢ o v o o o o 0 o« 13

1.5 Ananus HaAIPAKEHHOTO COCTOIHUSA (epM

IPY HENOABUYKHON BEePTUKAJIBHON HATPY3KE . « v v v v v v v o v & 19
1.6 Pacuer ¢epM HA TMOABUMKHYIO HATPYSKY « « v « ¢ ¢ o v o o o 0 v v 21
1.7 OmpeneneHne YCUJIUHN MO JUHUAM BIAUTHUIT .« « o o o o o o o o o o 27
1.8 IToHATHE O IIIPEHTEJIbHBIX MEPMAX « v v v v v v v v v v e v v v un 29
1.9 KunemaTuuecKuii MeTOJ ITOCTPOEHUS JUHUN BIAUAHUA . . . . . 31

2 ITPUMEPHBI PEHTEHUSA SAIJAY

2.1 Pacuer (pepM CIIOCOOOM BBIPE3AHUS Y3IOB .« v v v v o o o o o o o« 34
2.2 PacueT ()epM CIIOCOOOM CEUEHMM « « « v v v v v v v v o e e v e e v 43
2.3 Pacuer (hepM HaA TOABUMKHYIO HATPYBKY « « v o ¢ ¢ o v v o v v v v 46
2.4 PacueT IIOPEHTEIBbHBIX MEPM & v v v v v o v o o oo oo oo e e e 51
CIIHCOK JIATEPATYDBL « « « v v o o o o et e e e et et e e a e o e enaeeeas 57



Jleonenko [1. B. PacueT nnockux cepm Cait aBTopa http://mechanika.org.ru

KPATKUE TEOPETUYECKME CBEAEHUA

1.1 MoHstue o chepme

Crep:KkHEBasA CHCTEMA C JKECTKUM WM IIAPHUPHBIM COeJUHEHUEM
IPSMOJUHENHBIX JJI€MEHTOB B Vy3JaxX, OCTAIoIasicsd TeOMeTPUUYecKU
HeM3MeHsSeMOH IIoc/ie YCJIOBHOM 3aMeHBI ee JKeCTKHUX Y3JI0B IIapHUp-
HBIMU, HasdbIBaeTcsa ¢epmoil (pucynok 1.1, a).

Chepa npumeneHnusi (epm BecbMa pPasHOOOpasHA: IEPEKPHITHA
3IaHU OOJIBIIOrO IIPOJIeTa, MOCTHI, TeJEeBUBMOHHBIE Oarmuu u ap. Pa-
[MOHAJBHOCTh 3TUX KOHCTPYKIMI O00yCJIOBMJIA HX NIMPOKOE PaCIIpPO-
CcTpaHeHWe B HACTOsIIlee BpeM.

PacuetHasa cxema cdepmsbl. B peasbHBIX (hepMax CTEDPIKHU COEIU-
HEHBI MeXJy co0oil KecTko. IIpm pacuerax Bcerja TPUHMUMAIOT, YTO
BCE Y3JIbl MPEACTABJIAIOT COOOM HaealbHbIe MIAPHUPHI, & HATPYSKU Ue-
pes cucTeMy BCIIOMOTaTEeJIbHBIX KOHCTPYKIIMM IIepemalTcsi B Y3JIbI
tdepm™m (pucysnok 1.1, 6, 8).

a) 22231223 1222122212212222 %] Ilpn mapHUpHOM CcoejuHE-
HUU SJEeMEHTOB MOMEHTHI B

CTepP:KHAX PaBHBI HYJI0. B aToM
ciaydae dSJeMeHThI (pepMbl pado-
TAIOT Ha IEHTPAJTLHOE CiKaTue
WIN pacCTAKeHUe, HAIPAKEHUA
BO BCE€X TOUYKAX IIOMEPEeUHOro
CEeUEHUsS CTEeP)KHA OJUHAKOBHI.
ITO TO3BOJSAET PAaIlOHAJILHO
WCIIOJIb30BATh MAaTepuans MU TIO-
aydaTh 0oJjiee JIeTKHME KOHCT-
PYKIIMM II0 CpPaBHEHMUIO ¢ OaJi-
kamu. IlosTomMy npu mIIpPOEKTH-
poBaHUM 00JIBIIIETPOIETHBIX
KOHCTPYKIIUH IpeAIoUYTeHUE,
Pucynox 1.1 Kak [IpaBuJjo, OTAAIOT hepMaMm.

B xecTkux ysmax ¢epMbl BOSHMKAET HE3HAUNTEJIbHBIN M3Tub OT-
JEeJIBHBIX 3JIEMEHTOB, HO HaIIPpAMEHUA OT I/ISI‘I/I63. II0 CPABHEHHIO C Ha-
OpAXKEeHUuAMMN OT 0CEBOM CHUJIBI MaJibl, IIOSTOMY MMM HpeHe6pePa10T. B
TO JKe BpeMsA B psAze ciayuyaeB (HampuMep, B :Keae300eTOHHBIX (hepMax)

a
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pacueTr OCYIIECTBJIAETCA C YUETOM KECTKOCTH V3JIOB, TAK KaK IIPU WUT-
HOPUPOBAHWM BIUAHUA HUITAOAONIMX MOMEHTOB BO3MOYKHBI CYII[ECT-
BEeHHBIE ITOTPEIIHOCTH B ONpPeAeSeHNN HAIPSIKEeHHOI0 COCTOAHUSA Mac-
CUBHBIX 2JIeMeHTOB. [Ipu sToM depMa IO xapakTepy pabOThI mpuOIu-
JKaeTcsA K pPaMHBIM KOHCTPYKITMAM.

B melicTBUTENBHOCTH Ke HATPY3KW NPUJIOMKEHBI HE TOJIBKO K y3-
JlaM, HO U K OTHEJbHBIM CTEDPKHAM, T. €. PACUeTHBIE CXeMbI (hepm
BHAUMTEJIHLHO OTJAMYAIOTCS OT peaJbHBIX KOHCTPYKIuil. OgHako u B
9TOM cJydYae K HUM IpPHMEHHMAa C JOCTATOYHON CTelMeHbI0 MpubIuKe-
HUA NMIapHUPHO-CTeP:KHeBas pacueTHas cxema.

Wpeanmsanus pacueTHBIX CXeM, JaBasd BO3MOKHOCTH VIPOCTHUTH
pacueTbl, HE3HAUWTEJbHO CKa3bIBaeTCA HA WX TOYHOCTH. lIpmMeHwu-
MOCTBH IIIAPHUPHO-CTEPXKHEBON CXEMBI K peaJbHBIM (epMaM IIOATBEp-
JKJIeHA SKCIePUMEHTAIBHO.

B HEKOTOpBHIX CJay4YasiX, OCOOEHHO IIPU PEKOHCTPYKIIUMU CYIIeCT-
BYIOIIUX COOPY:KEeHWI, MOKET OKasaTbCd, UTO KPOMe Y3JI0OBOHM Hewms-
OeskHa BHEY3J0OBasA Harpyska. B dTOM ciyuae CTEep:KHM, BOCIPUHU-
MaloIe BHEY3JOBYI0 HArpy3Ky, OYAYT HCHLITHIBATH M3rub C pacTd-
JKEHMEeM WJIU CXKATheM. OTH CTEP)KHU OTAEJHHO PACCUUTHIBAIOT HA Me-
CTHYIO M3THMOHYI0 HArpysKy.

OcHoBHbIe 37eMeHTHI (epmbl. PaccrosHue Me:xKIy OCAMH OIOD
(epmbr (pucyHor 1.2) nasbiBaerca npogemom. CTep:KHM, PpPacIojo-
JKeHHBIE TI0 BHEITHEMY KOHTYPY (GepMbl, HA3BIBAIOTCA IMOACHBIMU U
00pasyoT nosca. COBOKYIHOCTb CTep:KHell (epMbl MEXXKAYy HIKHUM U
BEPXHUM ee IIOSCAMM HA3BIBAeTCA peulemkoil. Pemerka, KaK IIPaBUIIO,
COCTOUT M3 BEPTUKAJIBHBIX (CMOeK) U HaKJOHHBIX (PACKOCO8) CTEPIKHEMH.

Eciau MBbICJIEHHO ABUTraThCA BIOJb PACKOCOB OT OIOp (DepMbI K ce-
penuHe, TO IO OTHWM pACKOCaM TPUAETCS UATA BHU3, «HUCXOIUTH»,
II0 APYTMM — BBepPX, «BOCXOAWUTH». B COOTBETCTBUM C ITHUM PAaCKOCHI
MOAPA3eIa0T Ha Hucxo0auue u 8ocxodsujue.

Packocbel Bocxomslue ITaness Bepxuwuit mosic

Y

Croiika

Bricora

\ Packocsr HHC)FOJIHHII/IE \ Hwuxanii mosic

ITposer

Pucynox 1.2

Yactb ¢epMbl, pPacIoJOKeHHAS MeXJy CMe)KHBIMU y3JaMU IIosca,
Ha3bIBaeTCs NaHenbl0, a DPACCTOAHME MeXKAYy STUMU y3JaMM Iodca —
JJIVHOY IaHenu, HawboJIbIllee DPACCTOSHME MeXKIY IoAcCaMU — B8blCO-
moil ¢hepMBI.

5
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IlpakTuKa TPOEKTMPOBAHWA IMOKA3bIBAET, UTO ONTUMAJbHBEIE (ep-
MBI IIOJIYYAIOTCSA IIPU COOTHOIIEHUY PA3MEPOB BBICOTHI K IIPOJIETY IIPH-
mepso 1/8 ... 1/10.

1.2 Knaccudmkauns

®DepMBbl KJIACCUDUITUPYIOT IO HECKOJbKUM IIPU3HAKAM.
B zaBucuMocT; OT XapaKTepa CTPYKTYDPHl (DepMbI pasmesdior
Ha IJIOCKMe UM MpocTpaHcTBeHHbIe. Eciu Bce saeMeHTHI (pepM JIe:KaT B
OIHOM IIJIOCKOCTY, WX HAaBBIBAIOT nJaockumu. IIpocmpancmeenHvimu
Has3bIBAlOT ()ePMBI, V¥ KOTOPBIX OCH BCEX CTep:KHel, BKJIOUas OIOp-
Hble, He JIeKaT B OXHOI Imockoctu. Jlamee OyaeM paccMaTpuBaTh
TOJILKO ILJIOCKUE (DEpPMBI.
Ilo HasHaueHUI (GepPMBbI IOLPA3IEIAIOT:
* Ha ()epMBI IIPOJIETHBIX CTPOEHMI MocTOB (pucyHok 1.3, a);
" CTPONUJIbHBIE, HCIIOJb3yeMble B KAauecTBE HECYIMX KOHCTPYK-
U TOKPBITUIH IPOMBINIJIEHHBIX M TPAKIAHCKMX 3maHUi (pHCy-
HOK 1.3, 0), a TaKk)Xe IIOJKPAHOBEIE (DEPMBI;
* pep™mbl OarmeHHBIX (pucyHOK 1.3, 8), aBTOMOOMJIBHBIX M IPYIHUX
KDaHOB;
" (hepMBI-MaUTHI JUHUH dJeKTponepenauu (pucyHok 1.3, 2) u ap.

a)

0)

Pucynox 1.3

6
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Ilo ouepTamu mMOosAICOB (pepMul menadaT (pucyHok 1.4):
* Ha (pepMBI ¢ mapaJIeIbHBIMU IOSCAMU;

® TpeyTroJibHble (DEpMBI;

» TpamenenaabHbIe ()ePMBI;

" (pepMBI ¢ KPUBOJIMHEHHBIMH IOACAMHU (IIOJUTOHAJIbHEIE).

Y monauroHambHBIX (epM HETOPUBOHTAJILHBIMU MOTYT OBITH Kak
OoIVH, TaKk W o0a mosica. Y3Jbl B BepXHEM M HIUKHEM I0scaxX OOBIYHO
pacmojiaraioTcs MO KaKoH-1m00 KPUBOM — HIapaboJuvecKOoil, 9JINIITH-
YeCKOM, KopoOoBOil miam OKpy:KHOCTH. CTep:KHM TaKMX II0SCOB IIPH-
MOJIMHEHHBI ¥ SIBJASIOTCA XOpJaMM KDPUBOM, Ha KOTOPOW pacloJiararoT-
Cs Y3JIBL.

depma ¢ mapasieIbHBIMU MOSCAMU TpaneuneuganbHasa hepma
TpeyronbHable (PepMbI DepMbl ¢ KPUBOJUHEHHBIMU ITOACAMU

(mosruroHaIbHbIE)

A, N,

Pucynox 1.4

Ilo Tuny pemeTKu (PepMbI MOAPA3AEAAOT HA ()ePMBI C IIPOCTOI
U CJOKHOI peIleTKaMMu.

K depmam ¢ npocmoit pewwemrkoil (pucynor 1.5) oTHOCAT:
= hepMBI C PACKOCHOI peIIeTKOl, KOoTopasd IIpeJCcTaBJsgeT Cco00i

HEeIIPepLIBHBIN 3UT3ar C IONEePeMeHHO UepemyIOIIUMUCSI PacKo-
caMU 1 CTOMKAaMU;

® bepMBEI C TPEYTOJbHOI PEIIeTKON, KOoTopas o0pas3oBaHa TOJBKO
OHVMHU PACKOCAMMU C UYepeAyloIuMcsa HakJoHOM. K aTomy ke
KJaccy IIPHHAIJIEXKAT (epMbI C TPEYrOJbHOU PEIIETKON | I0-
IIOJTHUTEJIFHBIMY CTOHKAMU;

" (bepMBI C IIOJIYPACKOCHOI pelieTKoii. PelteTku Takux (epm 00-
pasoBaHBI IIyTEM 3aMEHBI PACKOCOB HA IOJYPACKOCHI. B Kaskmoi
maHeJaW MMEIOTCA ABAa PA3HBIX II0 HANPABJIEHUWIO DPAacKoca, WUAY-
WX K CTOHKE.
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@epMbI ¢ PACKOCHOM PEIIeTKOH’ depma ¢ TPEYTOJBHON pPEIIeTKon

BNNNAAA AAANANN

depma ¢ TPEYTOJBHOI PEIIeTKOMN
¥ JONOJIHUTEJIbHBIMYU CTOMKaMU

Depwa ¢ nnyacocoﬁpeeTo W
DPDDPKKKKK]

Pucynox 1.5

COXCHLIMU peulemKaMU HA3BIBAIOTCS TaKue, KOTOPHIE IIOJYYaioT-
cs HaAJNOKEeHWeM [OpYyTr Ha JApyra ABYX u 0oJiee TPOCTHIX PEIIEeTOK.
DepMmbl ¢ TAKUME perieTKaMu (pucyHokK 1.6) mompasmessioT:

*" ga (pepMBI C IBYXPACKOCHOHI peIeTKoi. Uepes KaKIyio IIaHEIb
(kpoMe KpaiilHMX) 3TOH (hepMBI IPOXOASAT OBAa PacKoca OAMHAKO-
BOr'0O HaIIpaBJIEHU;

® IByXpellleTdaThble U MHOropelreTdyaTsle (hepMbl;

" IIpeHTeJbHBIe (epMbl. VX pemieTka oOpasyeTcs BBeIeHHEM B
OOBIUHYIO PEIeTKY MOMOJHUTEJNBHBIX 3JIEMEHTOB — IIIIIPEHTEJIEN.
ITnpenrenn BOCIPMHUMAIOT MECTHYIO HATPY3KYy, MPUJIOKEHHYIO
BHE y3JI0B OCHOBHO# (hepmbl. OHM YMEHBINAIOT AJUHY IaHeJei
CXAaThIX IIOSCOB, B pPe3yJbTaTe 4Yero IIOBBIIIAETCA yCTOﬁqHBOCTB
CJKATBIX CTEPIKHEH.

depma ¢ IByXPACKOCHOI PEIeTKOMN IByxpemeruaras ¢pepma

Sz

MuoroperieTuatas dhepma

ITnpenrenbHble HepPMBbI

DI

XIXIXDIXIXIXIXIX

@

Pucynox 1.6
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Ilo HanmpaBaeHNIO OMOPHBIX pPeaKI Ui pasaumuaT Oespac-
TIOPHBIE U PAaCIOPHBIE (DEPMEI.

B omopax Oespacnopuuvix hepm Tpu NeWCTBUM HA HUX BEPTUKAJb-
HOM HArpy3KW BO3HUKAIOT TOJBKO BEPTUKAJIbHBLIE OIOPHBIE DPEAKIIUU.
TopusoHTambHAA COCTABJIAMINAS OMOPHBIX peakIuii (pacmop) B IHap-
HUPHO-HETTOJABMKHON OIIOpe paBHA HYJIIO.

Bespacmopubie depmbl (pucyHOK 1.7) B 3aBHCHMOCTH OT PAaCIIOJIO-
JKeHUSA OIOP IOJpasjgeNdAloTcsi Ha OaJlouHble, KOHCOJbHO-0aJI0UHbIE
(bepMBI Ha ABYX omopax), a TakKe (DepMbI-KOHCOJIU, OAWH KOHEI[ KO-
TOPBIX ONEPT, APYTOH CBOOOIEH.

Banounas depma KouconbHO-0a0uHbIe (hepMBI

Am VBTB W

depma-KOHCOIH

Pucynox 1.7

B omopax pacnopuuix (pepm mpu NeWCTBUU BePTUKAJBHOU HArpys-
KU BCerJa BO3HUKAIOT HAKJOHHBIE OIOPHBIE pPeakIuu. ['0OpM30OHTATB-
Has COCTaBJIAIOINAS PEAKIINI HasbIBaeTCS pacnopom u obosHauaercs H
(pucyuorx 1.8). K pacmopHbIM, Kak IIpaBMJIO, OTHOCATCA (epMBI C
KPUBOJIMHEHHBIM OYePTaHUAM II0SCOB, HAIPUMED, apouyHble U BHUCH-
Yyue, a TaKyKe TPeXIIapHUPHbIE ()ePMEHHBIE CHUCTEMEL.

Pucynox 1.8

3ameTuM, UTO OJHA U Ta JKe M0 CTPYKType depma, HO ¢ Pa3HBIMU
OIIOpaMU MOKeT OTHOCUTBbCA K PasJIuuYHBIM KJaaccam. Tak, depma,
nsobpaskeHHass Ha pucyHke 1.9, a, sABIsSeTcA PacCIOpPHOI, a HA PUCYH-
ke 1.9, 6 — Ge3pacmopHOii.
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F F

a) 0)

Pucynox 1.9

B zaBucuMocT: OT YPOBHSA €31bI MOCTOBBIe ()ePMBI HENATCS Ha
(epmbl ¢ e3moit mOHU3Y, (GepMBI C €370i MOBepPXy U (epMbI C e370%
mocepenune (pucyHox 1.10).

depMma ¢ e300 TOHUBY depMma C e3001 ITOBEPXY depMma c e300 IIocepesuHe

7

Pucynox 1.10

PaccmorperHaa kiaccuuranua He ABJAeTCA HMcueplblBaomiei. B
Hell yKasaHbl Hambojiee TUMMYHLIE PACUETHBIE CXEMBI ILIOCKUX (epM,
KOTOpbIe IPUMEHAIOTCH B IPDAKTUKe CTPOUTEIHCTBA.

1.3 KuHematnveckuit aHanus cepm

Besakaa ¢epma, mpuMeHsAeMas B CTPOUTENLCTBE, NOMKHA IIPOEK-
THPOBAThCSA TaK, YTOOBI OHa ObLIA zeomMempuiecKu Heu3MeHseMa u
HenodsuxiHO npukpenyena k 3semse. UroObl yOoeauThCS B HeU3MeHs:eE-
MOCTH (DepMbI, NIPOBOAAT KWHEMaTWUYecKuil aHaaus. IIpu 3TOM OCHOB-
HBIMU TIOHATUSAMU SABJISAIOTCA ANCK — HEM3MEHAEMBIN 3JIEMEHT COOpY-
JKeHUS W YKCJO cTemeHeil cBoboabl W — umc/io He3aBUCHMBIX TeOMeT-
PUYECKMX IIapaMeTpPOB, OIPENeSIoIdX IOJOMKeHNe IUCKAa WJIHA CO-
OpYy’KeHUA Ha IJIOCKOCTH.

Kunemamuueckuil anaiu3 COCTOUT U3 CIENYIONINX BTAIOB:

a) ompenesieHne UHCJa CTeleHell ¢cBoOOAbl W CHCTEeMBI M IIPOBEPKA

Heo0XOMMOTO aHAJUTUUYECKOTO YCJIOBUS HEM3MEHAEMOCTH;
0) CTPYKTYPHBI aHAJM3 COOPY:KEHUSA U IIPOBEPKA HOCTATOUYHOTO
YCJIIOBUS HEM3MEHAEMOCTH.

JducKH U cmoco0bl MX coemuHeHMsA. [IpocTedIuM OMCKOM SIBJIS-
eTcA NIAPHUPHBIA TpeyroabHuUK. [Ipucoeimusas K HeMy Y3JbI C IIOMO-
IIBI0 JOBYX CTEP:KHENH, OCM KOTOPBIX He JieKaT Ha OJHOM NPAMOI,

10
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MOKHO 00pas3oBaTh HOBYIO 0ojiee CJIOKHYIO TeOMETPUUYECKH HemaMe-
HAemylo cuctemy (pucynok 1.11, a). ®epmbl, oOpasoBaHHBIE I10700-
HEIM 00pasoM, Ha3BIBAIOTCA NPOCMelUUMU.
Ipyrue Tumsl (epM MOTYT OBITH IOJYYEHBI MYTeM COeTUHEHUS
MPOCTEHINUX C YUETOM MPABUJ HEM3MEHSEMOIr'0 COeJUHEHUS TUCKOB.
IIBa pmumcKa HaA IUIOCKOCTH 00DPasyiOT IreOMEeTPUYEeCKH Heu3Me-
HSIEeMYIO CUCTEMY IIPU IIOMOIIIH:
@) MapHUpa U CTEPIKHS, 0Chb KOTOPOr0 HE NMPOXOJUT Uepe3 IIapHUP
(pucynok 1.11, 6);
0) Tpex He Mapa/LIeJbHLIX W HE TEPECEKAIONIMXCA B OJHOU TOUKE
crep:kHell (pucyHok 1.11, 8).

a)

Pucynox 1.11

Tpu IUCKa Ha IJIOCKOCTH  00pasylT TIeoMeTpHUUYecKHU
HEU3MEHAEeMYI0 CUCTEMY TP ITOMOIIH:

a) Tpex IPOCTHIX IAPHUPOB, He JeKaIluX Ha OTHON mpamoil (pu-
cyuok 1.11, 2);

0) IIecTH CTep:KHEH (Tpex Iap), MPpUYEM TOUKU IEPeceueHms Iap
He JOJIXKHBI JIeXKATh Ha OTHOM IIPSIMOIA;

8) COOTBETCTBYIOIIETO KOJMUUYECTBA INIApPHUPOB U CTEeP:KHEN (oquH
IIaPHUD ¥ YeThIpe CTEP:KHA; [Ba ITapHUPa U IBa CTEPIKH).

Yucao cremeHeir cBoO6oasl epm W ymoOHO BBIUMCIATEH IO CJIe-
IyoIrei opmy.ie
W =2VY - _C,

roe ¥ — 4YmnCIO0 y3J0B (DEpPMBI;
C — wuwmcio Bcex crepakHeR (hepMbl, BKJIIOUASA OMOPHBIE.

11
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Yucao cremeHell cBOOOABI MOMKHO BBIUMCAUTL MU IO (QOpPMYyJe
YebrIlIeBa, KOTOpPasa CIIPaBeAJIMBa AJId BCeX CTEPIKHEBBLIX CHUCTEM:

W = 3] — 21T — Cou,

rae I —KOJIm4ecTBO OUCKOB;
III —KoaMuecTBO MEKANCKOBBIX IITAPHUPOB;
Con — KOJIMYECTBO OIOPHBLIX CTEPIKHEH.

OHAKO HCIOJb30BAHWE ITOW (OPMYJIBI HEueseco00pa3H0o M3-3a CJIOMK-
HOCTH IIOJICUETA YMCJA IIAPHUPOB, KOTOPBIe B (hepMax, KAk IIPABUIIO,
KpaTHBIE.

Ecnu umcio cremeneir ceoboasr W > 0, To (pepmMa He mMeeT JOCTAa-
TOUHOTO AJIA IeOMeTPUYEeCKOl HeM3MEeHSeMOCTH KOJMYecTBa CBA3ed u
SABJISIETCA TEOMETPUUECKY M3MEHSIEeMON (MeXaHu3MOM).

AHamnTHIYECKOE YCI0BHE HEM3MEHSAEMOCTH

W < 0.

IIpu W = 0 depma mMeeT MUHUMAJIbHO HEOOXOAMMOE IJIsI TeOMET-
PUYECKON HEM3MEHAEMOCTU KOJWYECTBO CBSA3E€H M IPU IPABUJIBHOU WX
PacCTaHOBKE ABJAETCS TeOMETPUUYECKN HEM3MEHSIEMOH U CmamuyecKu
onpedeaumoir. IlIpy W < 0 ¢depma mMeeT JUITHWE CBSASU U TPHU IIpa-
BUJILHON MX DACCTAHOBKE fABJIAETCA I'eOMETPUYECKN HEM3MEHAEMOU U
cmamuuecku Heonpedesiumoil.

Ecnu depma paccumreiBaeTca 0e3 cBA3U ¢ ocHOBaHUWeM (06e3 omop-
HBIX CTep:KHeil), TO yCJIOBHE TeOMEeTPHUUECKO! Hem3MeHSIeMOCTH Oymer
CJIELYIOITNM

Cyp=2Y -3,

rae Cy — YHCIO CTep:KHEH (PepMBI.

PaBeHcTBO HYJIIO UKCIa CTeIeHel CBOOOABI KaKOM-I100 CTepikHe-
BOIl CHCTeMBbI SBJISETCA HEeOOXOAWMBIM, HO ellle HeJOCTATOUHBIM YCJIO-
BUEM €€ HEeM3MEeHSeMOCTU, II09TOMY CJEIYIOUUil 9Tal NIpPOBeAEHUS
KWHEMaTUYeCKOr'0 aHAJIN3a — CTPYKTYPHBIN aHAIN3.

CTpyKTYypHBIl aHAJN3 MOYKHO NIPOBOJUTHL HECKOJBKUMHU CIIoco0a-
vu. Ilpu mepBoM B mccaenyemon (epme oTOPACHIBAIOT IOCJIELOBATENh-
HO Y3JIBI C ABYMS CTEP)KHSIME, U €CJHM B Pe3yJIbTAaTe OCTAHETCA Tpe-
VrOJIbHUK, TO CHCTeMa TIeOMeTPpUUYECKH HemaMeHseMma. IIlpu BTOpOM
crmocobe 13 GepMbl BBIAEJSIOT JKECTKHE AMCKU M PACCMATPUBAIOT HX
coequHenue. Eciu OHU cOoefWHEHBI II0 YKA3aHHLIM BHINIe IIPABUJIAM
(cm. c. 11), To cucTema reoMeTpUUECKM HeM3MeHsIeMa.

Hampuwmep, depma, m3obparkenHasa Ha pucynke 1.12, a, cratuue-
CKM OIlpefesrMa ¥ BO3MOJKHO TeOMeTPHYECKH HewsMeHsema. Yucjio
ee y3n0B Y = 14, umcino crepxkueii C4 = 25. Pasnocts 2Y - 3 =
=2-14 -3 = 25.
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a) 1 3 5 13 11 9 7

g 4 6 14 12 10 8
0) 3 5 13 11 9 7 6 13 11
S 4 6 14 12 10 8 14 12

Pucynox 1.12

2) 13

14 12

Uccrnenyem cTpykTypy ngamHOil (epmbl. OTOpachiBaeM IIOCJIEHOBa-
TeJIbHO y3iasl 1, 2, ..., 11 (pucynor 1.12, 6, 8) ¢ AByMA CTEPKHAMU U
B pesyJbTaTe yberkmaeMcsd, UTO ocTaeTcs TpeyrojapHuk 12-13-14 (pu-
cyHok 1.12, 2). 3HauuT, cucreMa reOMeTPUYECKY HEM3MeHsIeMa.

1.4 Pacuer chepm Ha HENOABNXHYIO Harpy3Ky

Pacuer ¢epm cocrouT B ompeseseHWM NTPOAOJIBHBIX CHJI B WX
crepKHAX. OTIUUUTETBHONH O0COGEHHOCTHIO (epM SABJIAETCA TO, UTO
IIPY y3JIOBOM Iepegadye BHEITHEH HArpysKM B KauyecTBe pAaCUeTHOM
CcXeMbl mpUHUMaeTcs mapHupHad depma. IIpu sTOM B CTEPIKHAX BO3-
HUKAIOT TOJBKO IPOAOJbHBIE CHUJIBI, BBHI3LIBAIOIIVE IIEHTPAJILHOE pac-
TAKEHNe WU CiKaTue.

3amMeTuM, UTO pacueT, OCHOBAHHBI Ha TaKOW PAacCUeTHON cXxeMe,
apaderca nupuOamKeHHbIM. OH He YYUTHIBAET BIUAHUE KECTKOCTH
coeqUHEHUSA 9JIeMeHTOB B yaaax. OmHako ajda OoabIIMHCTBA (GepM,
HCIIOJIb3YEMBIX B CTPOUTEILCTBE, 3TO BIUAHVE HE CIUIIKOM BEJHUKO.

Kaaccuduramua meromoB pacuera. OmpepneseHue ITPOJOJIbHBIX
CUJI MOKeT OBITH BBIIIOJTHEHO CTATHYECKUM, I'paUuecKUM U KUHEMa-
TUYECKUM METOJaMU.

CraTuueckuii (aHAJIUTHUUYECKHI) METOJ OCHOBAH Ha HC-
MOJTL30BAHUYM YPaBHEHWH CTATUYECKOTO DPABHOBECUA B BHUIE CYMMBI
MOMEHTOB OTHOCUTEJHHO KAKOU-IN00 TOUKM WU CYMMBI IIPOEKIVH Ha
JBe B3aMIMHO IIePIEHIVKYJIAPHBIE OCH X, Y:

M, =0, YX,=0, Y =0.
k k k

ITH ypaBHEHMS MOTYT COCTABJATHCA KaK IJd Bceil (hepMbl, TaK M JJIA
Pa3INYHBIX €€ YacTeu. PaBHOBI/I,Z[HOCTHMI/I CTaTU4YeCKOro meronma dAB-
JAIOTCA €nocob 6blPe3AHUA Y3708 M CNocod ceveHull. AHAIUTUYECKUH
pacuer 0aJOYHON WJIM KOHCOJIHHO-0aJ0YHON (epMbl OOBIYHO HAUMHA-
€TCs C OIpeNesIeHUs OMOPHBIX PeaKIUi.

13
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K rpapuueckomMy MeTOLY OTHOCAT CIIOCO0 OIpeAeIeHUs CHJI
B CTEP/KHAX ¢ IOMOILIbI0 Auarpammbl Maxcsemna’ — Kpemonst”. Bnech
MBI €70 paccMaTpuBaTh He OymeM, JAHHBLIA MeTO] MOAPOOHO M3JIOKEH
B yueOHuKax [2, 6]. Kak u gpyrme rpaduueckue MeToabl, B HACTOA-
II[ee BpeMs OH HCIIOJb3YeTCS PenkKo.

KunemaTnuyecKuil MeTOJ[ OCHOBAH HA IPUHIWIE BO3MOXKHBIX
mepeMelleHuil ¥ MPEeAIoJaraeT COCTaBJIeHHE yPaBHEHUH BO3MOIKHBIX
paboT BHENIHWX ¥ BHYTPeHHUX cui. Ilpu pacuere depM Ha IIPOU3-
BOJIbHYIO HEIIOJBUIKHYIO HAT'PY3KY 9TOT METOJ IIPUMEHSeTCS PeIKO U3-
3a ero Tpymoemxoctu. OgHAKO IIPU IIOCTPOCHUYU JUHUHN BaAuUAHUS (pac-
yeTe Ha MOABUIKHYIO HATPY3KY) B MPOCTHIX ()epMax OH II03BOJISAET IIO-
JIYYUTDH Pe3yJIbTAT BeChbMa OLICTPO.

Crioco6 BhIpe3aHuAa y3j0B. OH COCTOUT B IIOCJIEIOBATENHHOM IIPO-
BeleHUU Pas3pes3oB, M3 KOTOPHIX KaKIbIi OTCeKaeT OT (pepMBI II0 Of-
HOMY y3J1y.

ITopsadox pacuema:

1) ompeesIAIOT OMOPHBIE PEAKIIVH;

2) BBIPE3aIoT y3eJ, B KOTOPOM CXOAATCS He 0ojiee ABYX CTepPKHEIl;

3) B MecTax ceueHWI MPUKJIALBIBAIOT BHYTPEHHUE MPOJOJbHBIE CH-
JIBI, HAIpaBJAd WX OT ceueHuil. BHyTpeHHMe CHUJILI B Iepepe-
3aHHBIX CEUeHUEM CTeP/KHSAX PAcCMATPUBAIOT KAK BHEITHWE CH-
JIBI TI0 OTHOIIIEHWI0 K OTCEUEHHBIM Y3JIaM;

4) musi BBIPE3AHHOI'O y3Jia COCTABJSIOT YDPABHEHWS DABHOBECUS B
BUJ€ CYMMBbI IPOEKIMI Ha J0Oble ABe HemapaJljieJbHbIE OCH K
OIIPEeIeNAI0T HEN3BECTHBIE YCUJIN;

5) oTcekaloT CJeAVIOMINI y3es C ABYMS HEM3BECTHBIMU YCUJIUIMU,
OTIpPeneNsaroT UX U T. .

6) ypaBHeHUsS DPaBHOBECHUS JJIsd IOCJEJHET0 BRIPE3aHHOTO y3Ja CJIy-
JKAT [JIA IPOBEPKM pACyeToB, T. K. YCHUJUS B PACCEUEHHBIX
CTEPKHAX ysKe HallJIeHBHI.

CmocoboM BBIpEe3aHHA Y3JIOB MOXKET OBITh IIPOU3BENEH pacueT Jio-
0ol craTuuecku ompemeaumoil depMmbl. OZHAKO A CJIOMKHBIX (epm
OH MPUBOAUT K OOJIBITOMY YKCJIY COBMECTHBIX YDPABHEHUH M MpPUMEHS-
eTcsd AJIf HUX TJIaBHBIM 00pasoM KaK BCIIOMOTATeNbHBIH.

B mpocteix (epmax, 00pasoBaHMEe KOTODPHIX MOXKHO IIPOCJIEIUTH
[PUCOEAVHEHNEM HOBBIX Y3JI0B ABYMS CTEP/KHAMU, BbIpE3aHUE Y3JIOB
HAJ0 IPOM3BOJUTH B IIOCHEIOBATENbHOCTH WX 00pasoBaHusA. IIpu arom

Y Maxceean I:xeiime Kaepk (Maxwell James Clerk) (1831-1879), amr-
auiickuit GusuK, co3maTesb KJIaCCUUECKON 3JIeKTPOAMHAMUKM, OOUH M3 OCHO-
BOIIOJIOXKHUKOB CTATUCTUUYECKON (GU3NKU. ABTODP TEOPUY B3AMMHBIX (PUTYDP.

D Kpemona Jlymxu (Cremona Luigi) (1830-1903), uranbsHCKUA Teo-
meTp. B 1872 r. pasBua Teopuio B3aMMHBIX (QUIYD, IpeAosKeHHYyi0 Mak-
CBEJLIOM, B IPUJIOKEHUM K TEOPUM pacuera hepM.
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B Ka’KJOM BHOBbH BHIDE3aHHOM y3Jjie MOSABJseTcA He 0ojiee OBYX HEU3-
BeCcTHBIX cuj. OCHOBHOM HEIOCTATOK AAHHOTO cIocoba COCTOUT B TOM,
YTO MCKOMAas IIPOJOJIbHAS CHJIA BHIpA)KAeTcs uepes YCUIMSA B paHee
PacCMOTPEHHBIX CTEP:KHAX. ITO MOKET NMPUBECTU K HAKOIJIEHWUIO BHI-
YHCJUTEIbHON MOIPEITHOCTA PEe3yJIbTATOB.

CyiiHocTh cmocoba paccMOTpuM Ha mpumepe GepMbl, M300pakeH-
HOM Ha pucyHke 1.13, a.

N w,

Pucynox 1.13

OmopHbIe pPEAaKIUU OIPeJeSUM, MUCXOAA W3 CUMMETPUU HArpPys3Ku
OTHOCHUTEJIbHO CEPeIVHBI IIPoJIeTa:

V() =V8= 3,5F

Bripesxem ysen 0 u paccMoTpuM ero paBHOBecue (pucyHok 1.13, 0).
IIpukaageiBaeM K CTEP:KHSAM IPOJOJIbHBIE CHUJIBI, HAMPABICHHBIE B
CTOPOHY OTOPOIIIEHHOM uYacTH (pepMbl, IpeAIojaras, YTO CTEP:KHU MC-
TIBITHIBAIOT pacTsa:KeHue. IIpomosibHBIE CUABI OymeM o0o3HauaTh N ¢
WHIEKCOM HOMEDPOB V3JI0B, MPHUHAMIEKAIAX paccMaTPUBAeMOMY
crep:xHI0. Hampumep, B crepskae 0—1 Bo3HHKAET MPOJ0JbHAs cuia No-1.

Hauago cucrembl Koopaubat npumeM Ha omope 0. Torza

ZYZN(),lSin((X)"rVO:O n ZX:N(),ICOS((X)‘FN(),Z:O,

oTCIOA
Vo __ 35F
sin(at) sin(at) ’

Ny_g = —Ny_; cos(a) = 3,5Fctg(a) .

NO—I =

15
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Yeunue No-1 < 0, 3HAUUT, CTEPKEHL He PACTAHYT, KaK IIPeAIosa-
rajoch paHee, a c:xar. Crep:xkeab 0-2 pactanyT, T. K. Ng-2 > 0. ¥Ycu-
ausg Nog-1 m Ny_s majee cunutTaeM M3BECTHLIMI.

Bripe:xem ysen 1 u paccMoTpuM ero paBHoBecue (pucyHok 1.13, 8).
CucreMmy KoopaMHAT IpuBsKeM K ya3ay 2. Torga

Y'Y =-N; gsin(a)-F-N; ysin(@)=0,
> X =-N; gcos(a)+N;_ycos(@)+N; 3=0.

OTcroza mosyyaem

Ny osin(a)+F 25F
Nyg=- X = )
sin(a) sin(a)
Ni_3 = N;_gcos(a)— N;_o cos(a) = —ﬂcos(a) -
sin(a)
—?’ﬂ cos(a) = —6Fctg(a) .
sin(a)

Ni-2 >0, N;_3 <0, 3uauur, crep:kensb 1-2 pacTaHyT, a 1-3 cikar.

Ianee OymeM paccMaTpuwBaTh paBHOBecwe y3ja 2, 3aTeM 3 U T. [.
no ysma 7. IlpaBWiIbHOCTE OmIpENENIeHUS YCUJIWN NPOKOHTPOJUPYEM
paBHOBECHEM BBIPE3aHHOTO y3ja 8.

Cmoco0 ceueHMiT TPMMEHAETCA TOTJA, KOTJA OJHUM CEUeHUEM
MOJKHO pPasgesuTh (pepMy Ha JBe YaCTU, IPUYEM HEM3BECTHHIX CHUJ B
9TOM ceueHuu He Oosiee Tpex. OH sABIAeTCA OJHMM M3 HamboJiee IreJe-
€c000pasHBIX CIOCO00B OMpeeaeHus YCUIUN B OTHEIBHBIX CTEPIHAX
(depm, T. K. TO3BOJISAET ONMPEAEIUTh UX HE3aBUCUMO OT TOT'O, M3BECTHHI
JW yCUJIUSA B ILRYFI/IX crep:kHAX. Cmocob6 ceueHwmit HA3LIBAIOT €Ille Me-
Tomom PurTepa’.

Ilopsadok pacuema:

1) ompependaoT peakIuu CBA3€H;

2) paccekaior (hepMy Ha JABe YacTu TaKMM 00pa3oM, UTOOBI B cede-
HHUe BXOAMJIO He 0ojiee Tpex CTepKHEH C HEeM3BECTHLIMU YCH-
JUAMU;

3) orbpachIBalOT OLHY W3 UacTeil, a ee JelicTBMe HA APYryI0 3ame-
HAIOT IPOAOJbHBIMYU CHUJIAMU B IIEPEPE3AHHBIX CTEPIKHAX;

4) nna ocraBieiica YacTu (ePMBI COCTABJIAIOT YPAaBHEHUS PABHO-
Becus TaK, UTOOBI KaiKIoe M3 HUX COAEepP:Kajo OTHO HEeU3BECT-
Hoe ycmame. [Jlns 3TOro HEOOXOJWMO COCTABIATH YPaBHEHUSA

D Pummep (Ritter) Teopr Asrycr Hurpux (1826-1908), HeMemxuii (pu-
3uk. B 1863 r. mpemioxun aas pacuera ¢epM HCIOJIb30BATh CIIOCO0 CeUeHUId.
B pganpHeiimem merosn O0b11 ycoBepireHcTBoBaH @. C. dcuHCKUM.
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paBHOBecus B BHJIe CYMMBLI MOMEHTOB OTHOCHUTEJHHO TOUKHU IIe-
peceueHus ABYX HEM3BECTHBIX CHUJI WX B BHUAE CYMMBI IIPOEK-
IUi CuUJ Ha OCh, NEPIEHAWKYJIAPHYIO ABYM CTEPKHAM, €CJIU
OHU TIapaJiebHbI;

5) u3 ypaBHeHUI paBHOBECUS ONPEIe/A0T Hen3BeCTHbIe YCUIUI.

Paccmorpum mpumep (pucyuox 1.14, a).
a)

=F
0) Y
116-7 (04 8 B
N, T 7 oy L
0,5d
V,=F [ T ! V,=F

Pucyuox 1.14

OmopHble pEaKIUU OIpPeJeNuM, MCXOAS W3 CUMMETPUU HaArpysKu
OTHOCUTEJIHHO CEePEeIUHEI IIPOJeTa:

VA=VB=F.

Omnpenenum ycuame B crep:kHe 1-2. Ilnsa aToro mpoBeneM ceueHme
I-I (cm. pucynok 1.14, a). CeueHue mpoiimer uepe3 CTep:KHU 6-2 u
6-7. OrbpocuM ImpaByI0 YacTb, BBeAeM BHYTPEHHWE YCUJIUA U pac-
CMOTPHUM paBHOBecue ocTaBImeiica yactu (pucyuok 1.14, 6). IIpomosn-
Hble CUJIbI HAIIPABMM B CTOPOHY OTOPOIIEHHOI YacTH, T. €. BBeIeHHBIE
VCUIUSA PACTATUBAIOT CTeP:KHU (pepmbl. JleBas yacTh (pepMbl HAXOIUT-
cs B PaBHOBECHUU IIOJ AeiCTBMEM M3BECTHOH peaKkIuu CBA3U V, M TpPexX
HEeU3BeCTHBIX ycuauit Ni_g, Ng_2 u Ng_7.

Ycunue B croiike 6—2 HalimeM u3 ypaBHEHHs IPOEKIUI Ha BePTHU-
KaJbHYI0 OChb Y, T. K. TPOEKINM HEW3BECTHBIX YCUJIUN B CTEP)KHAX
1-2 u 6—7 Ha JaHHYIO OCh PaBHBI HYJIO:

ZYZNG,Z'FVA:O, NG,ZZ—VA:_F.
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IIpomonnHasa cuia oTpuilaTeIbHa, 3HAUUT, CTEP:KEeHb 6—2 cikar.

3a MOMEHTHYIO TOUKY NPHUHHMAaeM y3eJ, I'le CXONATCSI IBa HeMs-
BECTHBIX ycwnius. Jna HaxoxkgeHus Ni_s COCTAaBUM ypaBHEHHE MO-
MEHTOB OTHOCHUTEJHHO TOUKHU II€PECeUEeHHUS JWHWUI [efCTBHSA OCTAaB-
IINXCSA HEM3BECTHBIX — TOYKKM 6. OTHOCHUTENILHO 3TOM TOUKKM MOMEHT
cust Ng—g m Ng_7 paBeH HYJII0, X B YPaBHEHNE BXOAUT OfHA HEM3BECTHAM:

ZMﬁ = _N1—2h _VA(d + 0,5d) = 0 )
OTCIoga

Valsd _ 15d L _
h 0,75d

IIpomonbHas cuna orpumaresbHa, 3HAUUT, CTEPKEHb 1—2 ciKar.
Cuny Ng_; Haiimem, COCTaBJIAA ypAaBHEHHE DPaBHOBECHS MOMEHTOB
OTHOCHUTEJIBHO TOUKHM 2, T/ie IlepeceKaTesa cTepkuan 1-2 u 6—2:
V,15d  15d
My =Ng sh—V,(d+05d)=0, Ng,=—422"=2"F=2F
2 M, 6-7 al ) 6-17 h 0.75d

IIpomonbHas cuja MOJMOMKUTEIbHA, 3SHAUNT, CTEPKEeHb 6—7 pacTAHYT.

IIpoBemem ceuenue II-II. B ceueHume momaaum CTEP:KHU IIOSCOB
4-3, 8-T7 u packoc 8—3. Paccmorpum paBHOBecue IpaBoii uactu (pu-
cyHoK 1.14, 6):

Ny g =~

> Y=Nggsina+V, =0, Nggz=- ,VA == .F ;
sina.  sina
V,u15d  15d
Mg =-Ng_sh+V,(d+05d)=0, Ng,=—-42"=_"""F=2F;
2. Ms 8-7 al ) 8-7 N 0.75d

ZMs :N4,3h+VAO,5d:0,

VA05d _ 05d ,_ 2,
h 0,75d 3

B pesynbrare mosyumau, uro crep:kHu 4-3 m 8—3 coxarel, a 8—7 pac-
TAHYT. AHAJTOTMYHO MOKHO ONPENeSUTh YCUJINSA B APYTUX CTEPIKHIX.

OcoGennoctu pacuera KoHcoJseil. Kaxk paHee oTMeuasioch, mpu
HAXOMKACHUN YCUJIMI B CTEP)KHAX (PepMbl BHAuUaje CJIeAyeT OIpeje-
JATH peaknuu omop. OTHAKO eCJU MOYKHO COCTABUTh YPABHEHUS pPaB-
HOBECHSI, B KOTOPBIX HE YYACTBYIOT PEAKIMM CBA3eil, TO STOT JTAIl
MOKHO mpomycTuTh. Ha pucymke 1.15 umsobpaskeHa ¢epma-KOHCOJb,
IJIT KOTOPOM YCHMJIMS B CTEPIKHAX OIPEAessioT, paccMaTpuBasd PaBHO-
Becre TOJIBLKO JIEBOM YaCTU — OTCEUYEHHON KOHCOJMU.

Nyg=-
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7,

Pucynok 1.15

WckiioueHre cocTaBisgeT CcTep:keHb A—B, IJId HaXO0MXIEHuA IIPo-
JOJBbHOM CHJIBI B KOTOPOM HEOOXOIMMO IIPeIBAPUTENbHO BBIUMCINTH
3HAUeHUSA peakIuil cBsg3eil, HAIpuUMepP B TOUKe A.

1.5 AHanu3 Hanps)XeHHOro cocTosHusa depm
npy HeNoABNXXHON BEPTUKaNbHON Harpyske

Bo mHormx mpocTeiX (pepmax 6Ge3 pacuera MOXKHO IIPEACTABUTH Ka-
YECTBEHHYI0O KapTUHY pacIpelesieHNsA YCUJINN B UX CTEPIKHAX: OIpe-
JEeJINTh 3HAKMW MW [JaThb OIEHKY COOTHOI_HeHI/Iﬁ BeJIMUYMH IIPOAOJIBHBIX
cun. Ius sroro dgepMy HeOOXOAUMO CPABHUTEL C OAJMKONH — CHCTEMOM,
0oJiee IMPOCTOIL II0 0OPaA30BAHNUIO, HECYIEH TAKYIO JKe HArPy3KY.

Paccmorpum (epmy ¢ mapaieIbHBIMH IIOACAMH U COOTBETCTBYIO-
IIyI0 eil mpoctyio 6anky (pucyHok 1.16).

P {P K{P iP iP }P P

S A

dddd | dfd]d] yild,d e
Pucynox 1.16

OnpeznenvM TPOAOJBHYIO CUJIY B CTEpKHe HUKHero mosca N,. Co-
CTaBUM ypaBHEHHUS PaBHOBeCHUS JIEBOHW uyacTu ()epMbl M OaJKU B BHIE
CYMMBI MOMEHTOB OTHOCHUTE/JIbPHO TOYKHN K, 13 KOTOPBIX IIOJYyUYUM

nis depmel Nh=V,-2d-P-2d-Pd;
nis 6anky MY¥* =V, -2d-P-2d-Pd.
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IIpaBele 4acTH 3TUX BHIPAKEHMI PaBHBI, CIef0BATEILHO, PABHEI U
nessie: N h =M%", Orciona

N M6aﬂ/h,

T. €. NnpodoJjibHble CUJbL 8 NOoACAX QepMv. NPONOPUUOHANbHbL U32U-
oaowum momenmam 6 ceueHusx coomeemcmeywuieii o6aaxu. Hawu-
Oosbllivie 3HAUYEHUS YCUJIWU BOSHUKAIOT B CepeanHe IpoJieTa, Hau-
MeHbIIe — y omop. C yBelnuyeHWeM BBICOTHI h 3HAUEHWS TMPOAOJILHBIX
CUJI YMEHBITIAI0TCS, ¥ Ha000POT.

OIHAKO 110 KOHCTPYKTHUBHBIM COOOPaKeHUAM HeXKeJaTelbHO yBe-
JUYUBATH BBICOTY h 0e3 yBeqmueHus AJIUHBLI naneau d. [aa zambosee
yIooOHOTO COeIMHEHUS CTepPKHeH B ysjax YIJbl MEXKIY I0oAcaMu u
packocaMu He IOJIKHBI CJIHIIKOM OTJauuarhesa oT 45°. Ho yanumenue
maHeJ W MTPUBOAUT K TOABJAEHWIO OOJBINUX YCUJIWM B CTEP:KHAX, a
cJIeZIoBaTeNbHO, K YBEJIWUYEHWIO PAa3MEpPOB IOIEPeUHBIX cedeHwuit. UTo-
OBl TOT0 M30eXKaTh, IPOEKTUPYIOT IOJYpPacKOCHBIe (CM. PUCYHOK 1.5)
U MIIpeHTeJbHbIe (CM. PUCYHOK 1.6) (epMBbl.

B depmax, paboraromux Ha HEIOABMIKHYI0 HArpys3Ky, CTPEMATCS
nsberaTh OOJBINNX M3MEHEHUH yCHUIWUI B mosAcax, a 3HAYUT, U 0OJb-
IMUX W3MEHEHWU IIONMEPEeYHBIX CeUeHWH mosicoB. g 3TOro BBICOTY
(bepMBI mealoT IepeMeHHOH — MIPOIOPIMOHAJILHOM opauHATAM 0ajou-
HOIi AIIIOPHI MOMEHTOB (pucyHoK 1.17).

YYYIVIVYYYYVVITY i 2

;}:HHHHHZ% & — 1

Pucynox 1.17

OmnpeznenuM TPOJOJBHYIO CHJIYy B HUCXOZAMmEM packoce N, (cM.
pucynok 1.16). CocrtaBuM ypaBHEeHUE PABHOBECHS B BUJE CYMMBI IIPO-
eKI[Mi Ha BePTUKAJIbHYIO OCh, U3 KOTOPHLIX IOJYUNM

naa gepmer N, sina =V, —38P;
nna 6ankn Q% =V, —3P.

IIpaBele 4acTH TUX BHIPAMKEHUI PaBHBI, ClIef0BATEILHO, PABHEI U
nesele: N, sina = Q%" . Orcrona

N, = Q%" /sina,
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T. €. NPodoJibHble CULbL 8 PACKOCAX (epMbl NPONOPUUOHAJLbHbL None-
PEuHbLM CULAM 8 CeueHusx coomeemcemaynuieil 6aiKu.

s ymeBO#l TOJIOBUHBI OaJKU Qﬁa” > (0. CuemoBaTeJbHO, 8 HUCXO-
0AWUX PACKOCAX YCUAUS NOJONUMESbHbL, IMU CMEPHHU PACMAHY-
mbl. AHAJOTMYHO MOXKHO COCTABMTBL BBIPAXKEHUE IJIs IPOLOJILHON CH-
JBI B BOCXOJSINEM packKoce u croiike. Iloayumm, 4TOo CHJIBI 37€Ch OT-
PUIATENBHEI, T. €. 80CX00AULLLE PACKOCHL U CTNOUKU CHCAMBL.

1.6 Pacuet chepm Ha NOABNKHYIO HArpy3Ky

ITodsuxcuoii Hazpy3koili GyneM Has3bIBaTh TaKylo, Kak IPaBMJIO,
BEePTUKAJBHYI0 HATrPy3Ky, KOTOpas MOYKET IepeMeIaThCA B Ipefesax
coopysxenus. IlogobHasa HarpyskKa CO3qaeTcs, HalpuMep, ABUMKYIINM-
Cs 0 MOCTY TPAHCIIOPTOM WJIM IepPeMelIaioIUMUCA II0 IOJKPAHOBBIM
MyTAM MOCTOBBIMM KpaHamu. IIpy 9TOM ycuius, BOSHMKAIOIIHNE B CO-
OpysKeHum, OyAyT 3aBHUCETH OT IOJIO}KEHWS HArpy3Ku. BymeMm cumTaTh,
YTO HArpys3Ka IepeMeIraeTcd IO COOPYKEHUIO ¢ HeOOJBITUMU YCKOpe-
HUAMU, T09TOMY AWHAMUYECKUMU 3(P(eKTaMu, BOSHUKAWOIIUMU IIPU
9TOM, MOJKHO IIpeHe0peyus.

3azava pacueTa COOPY:KeHUN Ha MOABMIKHYIO HArpy3Ky COCTOUT B
OIpeJieJIeHNY BHYTPEHHUX YCUJIUM B ee CEUeHUSAX IIPHU JIOOM ee IIo-
JIO}KeHUU. B uUacTHOCTH, BaKHO HANTH HegbizoOHelluiee WU ONACHOE
NnoJoNdCeHue HAzpYy3Ku, T. e. TaKoe IMOJOKeHNe, TPU KOTOPOM yCUJINE B
JAHHOM JJIEMEHTe KOHCTPYKIIMU [JOCTUTAET MaKCUMAaJBLHOTO 10 MOAY-
10 3HaveHusa. Ilo ycuauaM, BOSHMKAIOIIMM IIPU OMACHOM IIOJIOKEHUHN
HarpysKu, U BBIMTOJHAETCS IOAOOD CeUEeHUS CTEepP:KHEH B cHcTeMe.

IlocKoabKY ()epMBI YaCTO HCIOJB3YIOTCS B IIPOJIETHBIX CTPOEHUAX
MOCTOB, B KauecTBe HECYIMX KOHCTPYKI[UI 35CKAJaTOPOB B METPO,
KaK CTPEeJbl MOJBEMHBIX KPAHOB, TO MX YACTO IPUXOJUTCH PACCUUTHI-
BATh Ha JeHWCTBUE HMOABUKHON HATPY3KU.

Pacuer cTep:KHEBBIX CHCTEM HA MOABUKHYIO HArPy3Ky BBIIIOJIHS-
eTcsA TIPU IIOMOIIM JUHUM BAUAHUA. JuHuell eausnus (1. B.) Ha3bIBa-
eTcA rpauK, MOKA3bIBAIOIMN 3aKOH M3MEHEeHUSA KaKoro-iaubo (akTo-
pa B OZHOM B3aJJaHHOM CEUEHWU COOPY:KEHUS NIPU JBUKEeHUU 06e3pas-
MepHOTO Tpy3a P = 1 mo Bceii cucreme.

JluHuM BIMAHUA B HPOCTBIX OaJxax. PaccMOTpUM IIPOCTYIO GAIKY
Ha JIBYX OIlOpax, IepeKphiBaoilyio mpoJer | (pucynorx 1.18, a). Ilo-
CTPOUM JIMHUW BINSHUA OIOPHBIX peakimii V,, Vp m msrudaroiero
MoMeHTa M¢ B ceueHUU B IieHTpPe OaJIKu.

IIycrs emuHMumas moABusKHasdA cuia P = 1 mpuioskeHa Ha pac-
CTOgHMU 2z OT JieBo#M omopsl. OHa BBIBOBET B omopax A u B BepTH-
KaJbHbIe peaknuu. OmpenesimM ux U3 YPaBHEHUH CTATUKU:

YMy=0, Vi1-P(-2)=0;
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>M,=0, -Vgl+Pz=0,

oTCIOa
l-z z
V, = ; V==
A > VB .

l l
CrpouM JIMHUM BANSAHUA OaJOUYHBIX OIOPHBIX pearimii V4, m Vp
(pucynor 1.18, 6, 6). IlomokuTenbHBIE OPAWHATHI OTKJAIBIBAEM
BBEPX.

a Yy
) z P=1
C z
A 53 B
VA AV,
0,51 -~ 0,51 X
0) 1
3. v, | NI
8) 1
I.8.V, i
0,251
2) s pas,,,
1 M Tesaf o Drgg
. B. M,

Pucynox 1.18

Wrak, nmpu mepememieHUM Tpys3a OT JIEBOHM OMOPHI K ITPABOM BeJH-
YyWHaA OMOPHOM peaknuu V, YMEHBIIAETCS OT E€JUHUIBI MO HYJIA IO
JUHEITHOMY 3aKOHY.

Ilnsa mocTpoeHUA JMHUM BJIUAHUA Marmbaromiero mMomenTa Mc He-
00X0AMMO PacCMOTPETh JBa CJiydas, KOTZa I'Py3 HAXOAWTCS JieBee M
mpaBee paccmarpuBaemoro ceuenus C. Pesynbrarel 6ygeM BecTu B
TabauuHoi (popme (Tabuauma 1.1).

Wsrubaromuii MOMEHT B cepeguHe IpoJiera 0aJKK pPaBeH HYJIIO IIPHU
HaxXOMKJeHUU I'pysa Ha omopax (pucyuHok 1.18, 2) m mocTturaet Makcu-
MaJIbHOTO 3HAYEeHWs, KOTJa IMOJIOMKeHNe eINHWYHON CHUJIBI COBIAZAeT C
paccmarpuBaeMbIM cedeHueM (mpu z = 0,51, M. = 0,25]).

BakHO YeTKO YSCHUTH PA3HUIY MEKIY SIIOPOH U JUHUEH BInA-
Hud. [Ipm mocTpoeHMU Inwops. OUpPefeNAlTCA BHYTPEHHUE YCUJIWA B
PaBINUYHBLIX CeUeHUAX OaJKU NMPH HEIOABMKHON Harpyske, a IpH IIO-
CTPOEHUU JUHUU BAUSAHUSL OIPeNesseTcs yCUare B KAaKOM-TO OIHOM
CeUeHUN TPU PASHBIX IIOJOMKEHUAX EeTUHUYHON CHJIBI, AEHCTBYIOIIEH
Ha CUCTEMY.
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Tabruya 1.1

T'pys P=1gesee . C (z < 1/2)

I'pys P =1 npasee 1. C (z = 1/2)

McnpaB = 0; - Mc + VB 0,5l = O,

Mc = VB 0,5l = 0,52’
(YypaBHeHUE JI€BOU IPAMOI)

McﬂeB = O, Mc - VA 0,5l = 0,

Mc=V,40,60=0,5(1-2)
(ypaBHEHUE TPaBOM PAMOIA)

Mc|2=0 =0; Mc|z = 0,251 MC| = 0,251, MC|Z:l =0

=0,51 2=0,51

Bosee mompo0HO MOCTpoeHMe JUHUN BAUAHUA B 0aJKax pPaccMOT-
peHo B mocobuu [5].

JIMHUM BJIMAHUSA NPH Yy3J0BOM mepemgade HArpy3Ku. B depmax
HarpyskKa OOLIYHO IepeJaeTcs Ha Y3Jbl ITOCPEACTBOM BCIIOMOTATENH-
HBIX KOHCTPYKIIMI, HampuMep Uepe3 HACTUJI W CHUCTEMY MTPOAOJLHBIX
U TONepeuHbIx 0aok (pucyHok 1.19).

NN

Hacrun

.

7

-

IIposonbHBIE GATKH

/

Ilonepeunsle 6aTKn
Pucynox 1.19

Ilosic, MO0 KOTOPOMY IEepeABUraeTcs MONBMMKHAS HATPY3Ka, HA3BI-
BaeTCsi 2PY308bLi.

Ilns mocTpoeHUs JUHUN BANAHUSA B CTEPXKHAX ()epM IPHUMEHSIOT
Te JXe IPUeMbI, YTO M IIPH ONpPeJe/IeHNH YCUJIHWN B HUX OT JeHCTBUS
HEIOABUKHON Harpysku (cmoco0 ceueHUii, CIIOcO0 BBIPE3aHUs y3JI0B).
Heo0xomuMo TOJBKO BBECTH KOOPAMHATY €IUHUYHON CHUJIBI HA T'PY30-
BOM II0fIC€ W IIPOAHAJM3NPOBATH 3aBHCHUMOCTh BEIWUMHBLI YCUJIUS B
CTepIKHE OT IIOJIOMKEHNS Ipysa.

JIVHUY BIWAHUS YCUINN B IAHEJIAX BEPXHEr0 M HUMHETO II0SCOB
(ep™MBI cTpOATCA, KaK IPABUJIO, C ITOMOINLI0 YPaBHEHUI pPaBHOBECHS
MOMeHTOB. Ha mIpoTs:KeHuM pacCceueHHOW IaHeJu, I0 KOTOPOH [IBU-
JKeTCs TPY3, MPOBOAUTCA ITepefaTodyHas MPAMAas, COeIUHSIONIas IIPo-
eKI[MY Y3J0B (PepMbl HA JUHWU BIANAHUA.
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Ilpu mocTpoeHHMM JIWHUHM BINSHUSA CJIeIyeT pPasjIndaTh OBa BHUIA
ceueHUN: Mmexnc0yonoproe U KOHCOAbHOe. MeIyoloOpHOe ceueHUE pas-
nenser (epMy Ha OBe YacTh, B KaKION M3 KOTOPHIX HAXOIWUTCSA OXHA
u3 omop. KoHcoibHOEe ceueHMe Tak:Ke meauT (GepMy Ha [OBe YacTH,
mpuyeM OfHA M3 HHUX CBOOOJHA OT OIMOPHBIX peakiuii. Cmocob Tmo-
CTPOCHUS JUHUYN BIAWAHNUSA 3aBUCUT OT BHJA CEUESHUS.

IlopAamoKk MOCTPOEHWA JUHUN BIUSHUA MPOJONBHBIX CHUJI B CTEPIK-
HAX MEXIYOIOPHON UYacTu:

1) cTpoAT JUHUY BINAHUS OMOPHBIX PEaKITHIA;

2) mpoBOIAT ceueHue He Oojiee UeM uepes TPU CTEPKHSI, B TOM

Yyucjie ¥ paccMaTpPUBaeMbIii;

3) cocraBasaioT ypaBHeHuA XY = 0 mam XM = 0 mpaBoii uyacTu
depmbl, Korga Tpy3 P = 1 cieBa OT ceueHHWs, W JIEBOHM UaCTH,
KOTJla TPy3 cIpaBa OT ceueHuA. [Ipum sTOM B ypaBHEHHUE [OJIK-
HBl BXOAWTb TOJHKO HCKOMAasfg IPOZOJbHAA CHUJIa M OXHA U3
OTIOPHBIX PeaKIluii;

4) moj ysmaMu pAacCeYEeHHOTO CTEPMKHS TPY30BOr0 II0SCA CTPOST
TepelaToOuHyI0 MPSAMYI0, CjieBa OT IepemfaTOYHON ITPOBOAAT Jie-
BYIO TIPSMYIO, CIIpaBa — IIPaByIo.

Tlopsimork mocTpoeHWsA JWHWUN BIAUAHUSA MPOAOJHHBIX CHJI B CTEPIK-

HAX KOHCOJMH:

1) mpoBomAT ceueHume He 6ojiee UeM uepe3 TPHU CTEPIKHA, B TOM
YucJae U paccMaTPUBaeMbIii;

2) cocrapasiorT ypaBHenus XY = 0 uiau M = 0, Korga rpys P = 1
cjleBa U CIIpaBa OT CEeUeHMs, BCErja paccMaTpuBas pPaBHOBeCHE
OTCEYEHHOUW KOHCOJU. Ec/im MCIOJb3yI0T ypaBHEHUWE MOMEHTOB,
TO KOODPJMHATY Z I'Py3a OTCUUTHIBAIOT OT MOMEHTHOH TOUKH;

3) mox ya3jmaMu pPaCCeUeHHOTO CTEP:KHS TPY30BOTO IIOSCA CTPOAT
IepeIaTOUYHYI0 MPAMYI0, CJIeBa OT IepefaTOYHON ITPOBOAAT Jie-
BYIO IIPSIMYI0, CIIpaBa — IIPaByIo.

B kauecTBe mpumMepa PacCMOTPHUM IIOCTPOEHME JHWHUN BINSAHUA
OIIOPHBIX PeakIuii M yCUJaui B cTepskHAX 1-2, 3—4 m 3-2 mua dep-
MbI, m3o0paskenHO# Ha pucyHke 1.20, a. OmopHble peakiuu B 6ayiouy-
HOIl ¢epMe COBIANAIOT C OIOPHBIMU PEaKIUSIMHU COOTBETCTBYIOIIEH
mpocToil Ganku. 3HAUWUT, W JUHUU BIUAHUS OIOPHBIX pPeaKIuii B
(depme OymyT Takue ke, Kak B Oankxe. Ha pucynxe 1.20, 6 moxasaHbl
JUHUU BANAHUA V4 u Vp.

Pacceuem depmy ceuernmem [—I u moouepesHO PACCMOTPUM PaBHO-
Becue ee JIeBOM M MpaBoil uacreil (pucyHox 1.21).

Ycunue B crepskHe 1-2 ompejenisieM U3 ypaBHEHWA MOMEHTOB OT-
HOCUTEJIbHO y3Jia 3, Tle IepPeceKalTcs OCH IBYX APYTUX CTEP:KHEH.
IIpomonbHy0 cuay B CTep:KHE 3—4 MOJIYUYMM, COCTABISASI YpaBHEHUSA
paBHOBECUS MOMEHTOB OTHOCUTENbHO TOuKM 2. Ilpoemumpysd cuibl Ha
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BEPTUKAJBHYIO OCh Y, MOJYYUM IPOJOJbHOE YCHJINEe B CTep:KHe 3—2.
Bce ycwnus BhIpasKkaioTcA uepe3 PEAKIIMU OIOp, W JUHUKM BIUSHUS
OyayT MOAOOHBI JIMHUAM BJIWSHHNS COOTBETCTBYIOIIMX OIIOPHBIX peak-
nuii. Pesyabrarel cBemem B Tabauiy 1.2.

I'pysoBoit mosic

a) Ny \\le (8epxruil)
. K72
0)
=77 |2,5d
1,5d} T h
h T \e“a‘o»\\kj\ e
8) o | " P MTpa
J.B. N;, L=
——————— 1
2) JI.B. N. Meeer | AT sinal
.B. IV3 9 npaAma - ——
1 ® [W T 2t
- 70 asas Npam
sinof ] AR fp
P |
) J.B. N,
/les, mas
np%gﬂ == Tpasas NP7
a| M —==<C
h Mepeparo4Has
npAmMan ~ __
3d
h

Pucynox 1.21
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B ob6miem cayuae, 4ToOBI IHOCTPOUTEL JIMHUM BIANSAHUSA, HEOOXOIMMO
VUUTBIBATh PACIIOJIOMKEHNe I'PY30BOr0 I0sSCa, T. €. Iosca, 0 KOTOPOMY
mepeMeliaeTca MOABMKHAS HATPY3Ka.

Tabruya 1.2
I'pys P = 1 neBee ceuenua [-1 I'pys P = 1 upasee ceuernns [-]
> M =0; Vz25d-Ny h=0; | > M3*®=0; Ny ,h-V,15d=0;
2,5d 15d
Ny, =——V, Ny, ="V,
3-4 h B 3-4 h A
(ypasrenue negoit npamoii) (ypasnenue npasoii npamoil)
D Y™® =03 Vyg—Ny,sina=0; D Y™ =03 Vy+Nyysina=0;
1 1
Nyg=— Vs Nayg=—— Va
sina sina
(ypashnenue ne6oil npamoil) (ypasrnenue npagoit npamoil)
> M5 =0; Vz3d+N, ,h=0; > M3*® =05 -V,d-Ny3h=0;
3d d
N 9 = ——V N 9 = _—V
1-2 h B 1-2 h A
(ypasrenue ne6oil npamoii) (ypasnenue npasoii npsamoil)

IIpenmoso:KuM, UTO I'PY30BBIM SBJISAETCSA BepXHUI Imosc. PaccMor-
pUM TMOCTpoeHMe JUHWUM BiausHuA. Iasa storo, corsacHo Tabuauie 1.2,
OTJIOKUM HaJ JIeBOH omopoil BeiquuuHy 1,5d/h U mOCTPOMM CKOPpPEK-
TUPOBAHHYIO JIMHUIO BIUAHUSA OMOPHON peakiuum V, (IITpuxoBas Ju-
HUua Ha pucyske 1.20, g). Hag mpaBoii omopoii BBEPX OTJIOKUM OTpe-
30K 2,5d/h ¥ MOCTPOUM JIeBYIO BeTBb JIUHUY BAUAHUSI N3_4.

IIpoerupyem y3abl 1 m 2 Ha JUHWUM BAUAHUSA U TOJYUYEHHBIE TOY-
KH coefuHseM IpAMoi JjauHneir. Takum o0Opasom, JIUHWS BIUAHUS
yeunusa Ns_4 COCTOMT M3 3 YUYACTKOB: JieBee TOUKM 1 CIIpaBeIWBBI
ypaBHeHUS [Js JIeBON IpAMOil, mpaBee TOUKKM 2 CIPaBeIJWBHI ypasB-
HEeHUA I IPAaBOM IPAMOM, B IpefielaX PacCeueHHOU Tpy30BOM IaHe-
au 1-2 pacmoJiaraercs mepefaToyHas mIpaMas.

AHAJOTUYHO CTPOATCA JUHUU BAUMSAHUA ycunauit N3 u Ni_g (pu-
cyuok 1.20, ¢, 0).

Paccmorpum gBuikeHme Harpysku P = 1 mo HuKHeMy moscy (pu-
cyHok 1.22, a). JIluHUM BAUAHUA OMOPHBIX pPeEaKIWi OYAyT TaKUMU
JKe, Kak Ha pucyHke 1.20, 6, T. K. OHM He 3aBHUCAT OT TOTO, KAaKOH
II0SIC TPY30BOI.

YpaBHeHUe JIeBOIl IPAMON CIpaBelIWBO JieBee TOUKKM 3, a ypaBHe-
HHe IpaBoil mpsmoii — mpasee Touku 4. IIpoemmpyeM aTH y3JbI HaA
JVHUY BJIUSHUS U COeIUHsSEM IIOJyUYeHHBbIe TOUKHU MeXKAy coboil mepe-
JaTOUHOM mpsaAMoM. JIMHUM BIUSHUS AJA YCUJWN B CTEPMKHAX IIOKAa-
3aHBI HA pucyHke 1.22, g, 2, 0.
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Pucynox 1.22

1.7 Onpepgenexnve ycunuii No INHNAM BAUSHUSA

C IIOMOIIbIO JUHWN BAUSHUSA MOYKHO ONPENEeIUTh YCUJIUSI B CTEPK-
HAX (epMBbI IPU JeHCTBUY HEIOABUIKHON HATPY3KHU.

3arpy:keHue coCpeJOTOYeHHBIMHU cujaamu. IlycTs mo rpysoBomy
MosACy ABMKeTcA Ipy3 BecoMm P. Torga ycuame B cTep:KHE

N = Py,
Tfe Yy — OPAMHATA JIMHUY BIUSHUSA TOJ TOYKON IMPUIOKEHUSA CUIbI P.
HeficTBuTeNbHO, Y — yCHUJIWe, BO3BHUKAaOIlee B CTep:KHe OT JelcT-
BUA IPUJIOKEHHOM B NAaHHON TOUKE eIVWHWYHOU CHJIBLI. B cuiy JuHen-
HOCTH 33/lauV, IPU yBeJWUYEeHWU HArpys3ku B P pas, ycuime B cTepiKkHe
TOKe BO3PacTeT BO CTOJBKO Ke pas.

Ecnu rpysoBoii mosc ¢epMbl 3arpy:KeH HECKOJIBKMMU COCPEIOTO-
YyeHHbBIMU cuaaMu (pucyHoK 1.23), TO Ha OCHOBaHWM IIPUHIIWIIA CY-
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MIePIO3UITNY YCUJINE B CTeP:KHE OyAeT ompeneaaTbesa 1Mo hopMmyJie

n
N = Piy; + Ryyp + Py + .. + Pyy, = 2 By,
i=1
I'Ze Yy; — OPAWHATA JWHUM BANAHUA NOX cuioil P; (cM. pucyHok 1.23),
B3ATasi CO CBOMM 3HAKOM.

HpI/I 9TOM [JIAd Harpys30K, HallpaBJIEHHBIX BHHN3, IIPOM3BEJECHUE Oe-
perca CoO 3HAKOM, COBIALAKIIMM CO 3HAKOM OPAWMHATHI JIMHWMN BJIWUA-
HUA.

|
|
|
|
|
|
|

el

Pucynox 1.23

3arpy:keHue pacimpeaejJeHHON Harpyskoi. Ilycts Ha yuacTke
JJIWHON L Tpy30BOTO Iosca AEHCTBYEeT DPABHOMEPHO pacIpejesieHHAas
Harpy3Ka WHTEHCUBHOCTBIO (.

Bo msbe:kanme HemopasyMeHUWi IoJYepKHEM, UTO 31eCh, KaK pa-
Hee, TaK U Jajiee, CYUTAETCA, UYTO HArpysKa MPUJIOKEeHA K BCIOMOra-
TeJbHBIM KOHCTPYKIIMAM, a C HUX — IlepefaeTcs Ha yaJbl (epmbl. B
9TOM CJIyuae yCcuJjue B CTep:kHe (pepMblI onpeneasaeTcsa mo ¢opmyJe

N =qo,

rge ® — IJIOMIAAb, OTPAHMUYEHHAsS JUHWEH BJIUAHUA IIOJ 30HOU meHcT-
BUSA HarpysKH q.

HelicTBUTENBHO, BBIJEJNM B 30HE [IEeHCTBUS HArpy3KM ( YYacTOK
OeckoHeuHO MaJioii mawHON dz (pucyHok 1.24). dnemeHTapHas paBHO-
JelCTBYIOIIaA CHUJa, JelcTBylomas Ha (epmy, ¢ 9TOro ydyacTKa CoO-
craBiager dF = q dz, a ycuime, BO3HHKawIlee OT ee IeHCTBUA B
crepexre, dN = dF y(2)= q dz y(2).

s Toro 4uTOOBI HAWTW yCUJIWE B CTEDP)KHE OT AEHCTBUA BCEN Ha-
IPY3KH, HEOOXOAUMO MPOUHTErpupoBaTh dN o JInHe:

N = -[dN = qu(z)dz = qj y(x)dz=qo .
L L L
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dz
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"dF=qc:lz
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> Y(z)

Pucynox 1.24

______ T NY
i

J.B.N

OTmMeTnM, UYTO ILJIOIIAAL HEOOXOAWMO OMPENENATh C yUYeTOM 3HAaKa,
T. €. YacTh ILIOIIAAM ® CHU3Y OT TOPUBOHTAJIBLHON ocu Oepercs co
3HAKOM MUHYC.

1.8 MNMoHaATne o WnpeHrenbHbIX hepmax

Ecnu saMeHWUTh OWMH WM HECKOJbKO CTep:KHe# (epmbl Gouee
CIIOKHBIMY dJIEMEHTaMH, MMEOIUMK BUI (PepM, TO MOKHO IIOJYUUTH
cocraBHyI0 (Gepmy. HacTHBIM ciayuaeM TakuxX (epM MOKHO CUMTATH
wnpeneebHvle hepMbl.

IIInpenrenbabie ¢gepMbl 00pasyioTcss U3 (epM C IIPOCTOIM pelrer-
KOH, Y KOTOPBIX BCe WJIM HEKOTOpBIE IaHEeJIW IPY30BOTO I0fAcCa IIyTEeM
BBEeIeHUS JOIMOJHUTENbHBIX CTEPIKHEeH IToApasgenasioTcs Ha YacTH.
®epMbI ¢ TPOCTOI peIIeTKON 0e3 JOMOJHUTENILHBIX CTEPIKHEH, BXO-
IAIMe B MITPEHTeNbHYI0 (epMYy, HashIBAIOT OCHOBHULMU.

K pasgemenuio mameseil oCHOBHOI ¢(epMbl mpuberaioT B (epmax
OOJIBIIION BBICOTHI, IMEPEKPBIBAIOIINX OOJIBININE IPOJeThl. deMm O0oJibIle
BbICOTA (hepMBbI, TEM MeEHbIIe yCUJIusA B ee modcax. 1Io KOHCTPYKTUB-
HBIM COOOpasKeHMsaM yIOoOHO pacIiojiaraTh PacKochl mon yriom 45°
mosicaM (pepMbl, ITOSTOMY YBEJIWUYEHHE BHICOTHI (hepM IPUBOIUT K yBe-
auueHuio ee maHesei. Tak, mpu aTom yciaoBum B (pepMe ¢ mapasijieib-
HBIMU TIOSICAMY TAaHEJI! JOJKHBI ObITh PABHBI BHICOTE.

OgHaKO TPOEKTHMPOBaHME OOJBIIMX TaHejell GepMbI MOCTa BBIBHI-
BaeT YBEJWYEHME MACChl €ro IPoe3’Kell yacTu. JKOHOMHSA MaTepuaja,
JoCTUTaeMasi IpKU YBEJIUUYEHUU BBICOTHI (DePMBI, MOXKET OKa3aThCs
MeHbIIIe 3aTPaT HAa YCTPOMCTBO IPOE3Kel yacTu. ITO mpobieMa MOKET
OBITHL pellieHa BBOJOM B KaKIYIO IaHeJIhb T'PY30BOTO IOscCA IIIPEHTe-
saeii. IlInpenzenv — 3TO AONOJHUTENbHAA (epma, CTepKHU KOTOPOU
BOCIDMHUMAIOT JIWIIb MECTHYI0O HArpysKy M IEPefaioT ee B Y3JBI OC-
HOBHOI (epmbl. Ecau Harpyska B mpefesiaX JAaHHOTO INIIPEHTEJNS OT-
CYTCTBYET, TO YCUJIUS B €r0 CTEP:KHAX PABHBI HYJIIO.

29



Jleonenko [1. B. PacueT nnockux cepm Cait aBTopa http://mechanika.org.ru

Illnpenresu MO3BOJSIOT IIOCTABUTH IMOIEPEUYHbIE OAJKH HE TOJBKO
B OCHOBHBIX y3JaX (PepMBI, HO U B [ONOJHUTEJIbHLIX, TEM CAMBIM
YMEHBIINTH MIPOJIET U PA3MepPhl CeUeHU BCIIOMOraTeIbHLIX 0aJIoK.

Illopenrenu MOTYT OBITH 00HOAPYCHuIMU W 08YyxsapycHbvimu. Of-
HOSIPYCHBIE IIE€PeJal0T HArPysKy, MPUJIOMKEHHYI0 K y3jaM I0sica Bep-
THKAJbHO K JTOMY JKe MOosCy. [[ByXbApyCHBIE IepefaroT Harpysky,
MPUJI0KEHHYI0O K OJHOMY II0ACY, B Apyroi mosc (pucyHok 1.25).

depma ¢ OTHOAPYCHBIMU IIIIpeHTeAAMU  Pepma ¢ ABYXAPYCHBIMU MITIPEHTEIIMU
(rpy30BoOii OsiC HUKHUIT) (rpy30BOii OSIC BEPXHUIT)

POV OONO

Pucynox 1.25

dnemMeHTH! (pepM, B COCTaB KOTOPHIX BXOIAT OJHOSPYCHBIE IIIPEH-
resu (pucyHok 1.26), MOKHO pasdUTh HA TPU I'PYIIIHL:

1 SmeMeHTBl, KOTOpBbIE IPWHAAJEKAT TOJbKO OCHOBHOU (epMme.
Ycunusa B HUX BBIYMCISIOTCA PACUETOM OCHOBHOUM (epmbl. OHUM He u3-
MEHAIOTCA IPU BKJIOYEHWM B (epMy HIIpeHTreseil. ITU 3JIEMEHTHI IIO-
KasaHbl Ha pucyHkKe 1.26, a CIIOIIHON JUHUEN.

2 OneMeHTHI, IpPUHAAJEKAIME TOJbKO IIIPeHredaM (IIITPpUXoBasd
JuHUA Ha pucyHKe 1.26, a). Ycunaua B HUX HAXOAATCS U3 YCJIOBUSA
paBHOBECUS OTHAEJBbHBIX UYACTEH IIIpPEHTesNsI, KOTOPHIA paccMaTpPUBAET-
cd KaK OTIeJbHaA JBYXOIMOpPHas depMma.

3 Crepoxuu, mpuUHALIEXKAIlie ONHOBPEMEHHO OCHOBHOI (epme u
HIIpeHreai0 (IBoMHAS JuHUA Ha pucynke 1.26, a). Ycuiue B HUX OI-
pelesdnT CYMMHUPOBAHMEM YCUJIWI, BOSHMKAWIINX B dJJE€MEHTe Oc-
HOBHOU (hepMBI U IIIIIPEHTEIS.

B depmax ¢ ABYX'BAPYCHBIMH IIIPEHTEIAMU WMEETCA UYeTBepTas
Ipynmna CTep:KHel. OTO CTEeP:KHU OCHOBHOU (DepMbl, JWHWUMW BIAUAHUA
IS KOTOPBIX MMEIOT DAa3JIMYHBIA BUJ IIPU €3[e IOBEpPXy U IIPU e3]e
MTOHU3Y.

XapakTep pabOTHI 9JIEMEHTOB INIIPEHTeJbHBIX (epM IIpepoIpese-
JIeT TOCJeNOBAaTeNbHOCTh WX pacueTa. CorjacHO TPUHITUIY CYIIEepIo-
3UIINI, HATPY3KYy, NMPUJIOKEHHYI0O B IPOMEKYTOUHBIX y3JiaX, pacIpe-
JIeJA0T B y3Jbl OCHOBHOH (epMbI (IIITIPEHTENM BBHIKJIIOUAOT M3 pabo-
THI) ¥ OLPENENIAOT YCUINUA B CTEPIKHAX OCHOBHOHN (hepMBIL.

PaccMmoTpum (epMy C OZHOSPYCHBIMHU IIMPEHTEeJIAMU B TPY30BOM
HWKHeM 1mosice (cM. pucyHoK 1.26), K Koropomy B y3nax 4, 3, 7 mpu-
Joxkenbl cunbl F. Harpysky F B y3ie 4 pacmpenensiioT IIOPOBHY MeXK-
oy ysaamu 1 u 3. Cuny F B ysie 7 pacupenensioT B y3iabl 3 u 6 oc-
HOBHOU ¢pepmbl. Taxum o6pasoMm, y3abl 1 um 6 HArpysKeHBLI CHJIAMU
0,5F, a yzen 3 — cuaoir 0,5F + 0,5F + F = 2F (pucymox 1.26, 0).
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Hayee 3arpy:KaioT ILINPEHTeJN B IIPOMEKYTOYHBIX y3JaX MECTHOHW Ha-
IPY3KON M, CUMTasd, YTO OHU MMEIOT JKECTKHEe OIOPHI B y3JaX OCHOB-
HOII (hepMBI, OIPEJEJIAIOT YCUIUSA B dJEeMeHTaX MOMOJHUTENILHOU ¢ep-
MbI (pucyHOK 1.26, 8). Ycmims B OOIIMX CTEPIKHSAX OCHOBHOM (hepMBbI
¥ IINIOpeHresell ompemesdioT ajaredpanvecKuM (C yueToM 3HaKa) CyM-
MUPOBaHUEM.

B mnpenrensHoit pepme Ha 10-15% wu3MEHATCS YyCUJIUS B CTEPHK-
HAX TpeThell rpynmel (IpUHALJIEKAIUX ONHOBPEMEHHO OCHOBHOIM
(epme ¥ MmIIpeHreNI0). YMeHbIIATCA pPacueTHble IWHBI 9JIeMEHTOB
IPY30BOT0 TOSICA W PACKOCOB, YTO OCOOEHHO BaKHO [JIA TOBBHINIEHUSA
YCTOMYMBOCTH CKATHIX DJIEMEHTOB.

Tlopanox HOCTPOEHUA  g)
JIVHUY BIUAHUSA aHAJIOTUYEH
MOPAAKY BLIUKCICHUA VCHU-
JUW OT HeNOJBUKHON Ha-
rpysku. JIMHUU BAUAHUS B
CTEPKHAX OCHOBHOU (hepMbI
CTPOATCA KakK Iada (epMbl C
IIPOCTOHM PeIIeTKOM; JUHUU
BIMAHUA B CTEPIKHAX ()
IITpeHregeil — Kak [AJA BHI-
pe3aHHOU ABYXOTOPHOU (ep-
MOUYKHW; JIMHUU  BJIUSHUA
YCUJINM CTep:KHel, o0Iux
IJIsI OCHOBHOW (hepMBI U
IITPEeHTeNsA, OIpPeNesaoTcs
aare6pandeckKuM  CyMMupo- 6)
BaHWEM  OpJAWHAT  JUHUHN
BIUAHUSA, TOCTPOEHHBIX B
OCHOBHOI (hepme 06e3 yuera
IINPEHTeNA U B BBIPE3aHHOM
HIIIPEeHTeJIe. Pucynox 1.26

F

1.9 Kunemaruueckuit meroq nocTpoeHunsa NIVHVIA BANSIHUA

Kak u B m1060If CTEp:KHEBOUW cuUCTeMe, AJIS BLEIUNCJIEHWS YCUJIUNA B
CTePIKHAX (PepMBI IIPH IIOABMMKHON M HEIOABMMKHON HAUPY3KaX MOMK-
HO HCIOJb30BaTh KuMHeMaTmuecKuii meron. OH OCHOBAaH Ha IPUHITHUIIE
BO3MOJKHBIX IepeMelleHuii 1 3JI0KeH, HampumMep, B [5].

PaccmoTpuM mocJ/ief0BaTeNbHOCTh IIOCTPOCHUSA JIMHUN BINSAHUS
MPOJOJBbHBIX CUJ 3TUM METOIOM:

1) meob6xommMoO OTOPOCUTH CBfA3HL (paspesaTh CTep:KeHb (epMbI),

COOTBETCTBYIOIIIYI0 pPAcCMATPHBAEMOMY VCUJIHIO, IIPEBPATHUB
(epMy B MeXaHHU3M C OJHOU CTEIEHBIO CBOOOEI;
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2) TOoJIyUeHHOMY MeXaHH3MYy CJIeJyeT COOOIIUTh eINHUYHOe Iepe-
MellleHre 110 HAMPAaBIEHWIO IIPOAOJbHON CUJLI B OTOPOIIEHHOM
CTepIKHE;

3) omiopa BepTUKAJIbHBIX II€PEMEIeHUl Y3J0B TPY30BOTO IOsca
(epMBI ¢ OTOPOIIIEHHLEIM CTep:KHEM Mo ¢hopme OyAeT COBIAAATh
¢ JIMHMEN BINAHUS PACCMATPUBAEMOrO YCHJIMS.

IlepemelrieHuss y3J0B CYUTAIOTCS MAJBIMU. B COOTBETCTBUU C STUM
MOJKHO IIpeHeOpeub TOPU30HTAJILHLIMM IIePeMeIleHUuIMN U MIPUHATH,
YTO y3JIbI CMEIAI0TCA TOJBKO II0 BEPTUKAIN — BBEPX WJIM BHUS.

PaccmoTpuM craTuMuyecKHu oOIpeneJuMMyi0 OajiouHyl0 ¢epMmy C Ia-
pasinenbHBIMU Tosicamu (pucyHok 1.27, a).

Paspexxem B (epme onuH CcTep:KeHb, Hampumep, 3—4', moayuyum
MeXaHW3M C OJHOM cTemeHbIo ¢BOOOALI (pucyHok 1.27, 6). B meBoit u
mpaBoii yacTAX (GepMbl BBIAEJINM Heum3MeHseMble YacTh MeXaHu3Ma —
gucku I u II. Crep:kuu moscoB 3—4 u 3'-4' 00pasyioT «IOJ3YyH», H0-
nyckaromuii casur auckos I u II. 3amaem mepemeredne 6 = 1 B Ha-
IpaBJIeHUN MPOAOJBLHON CHUJILI B OTOPOIIEHHOM CTep:KHe (B3auMHOe
conmmkenue y3iaoB 3 u 4'). Jluckm mOBOpPaYMBAIOTCS OTHOCUTEIHLHO
OTIOp, OCTaBasCh MapaebHBIMU APYr Apyry. OuepraHue TPy30BOTO
mosica mo (popme OyaeT COBIAZATH C JUHMEN BAUAHUA YCUJIHAA B pac-
Koce N3_4.

Ilanee paspekeM B 3aZlaHHOIN (epMe CTepKeHb 3—4 BepXHEero Imos-
ca (pucynork 1.27, 8) um s3ajgamgum nepemerreHue 0 = 1 Kak B3auUMHOE
conmmxenue ya3aoB 3 u 4. ucku I u II coequueHbl B y3ie 4', OTHOCHU-
TEJHHO KOTOPOTO ¥ IPOMCXOIUT WX B3aWUMHBIM moBOpoT. QuepTanue
JUHUY BIUAHUA N3_4 COBIAZAET C OUePTAHKMEM I'PY30BOTO0 IOsca.

AHajOrMvYHO IOCTPOMM JIMHHUIO BIWAHUS IIPOJOJLHOM CHJIBI B
cTep:KHe HIKHero mosica Ny_g. B pesyabTaTe B3anMHOrO COIMIMKEHUS
yasoB 5' u 6' agucku I u II moBopaumBatoresa (pucyuok 1.27, 2), ysea b
ITOJHNMAETCS BBEPX, UTO COOTBETCTBYET JUHUY BAUSHUSI Ny_g.

Pagpexxem croiiry 2—-2' m 3amagmm mepemerrerue 6 = 1 Kak B3a-
uMHOe cOamkenne y3aoB 2 u 2' (pucynork 1.27, 0). I[nsa moay4eHHOTO
MeXaHu3Ma C OJHOI CTelleHbI0 CBOOOABI cTep:KHH 1-2 m 2—3 moBopa-
YMBaIOTCA, y3ea 2 omyckaerca BHuM3. OuepraHme BepxHero (Tpys30BoO-
ro) mosica mo ¢opMe COBIIAJaeT C JUHUEH BJIUSHUA IPONOJbHOH CHUJIBI
B cToiike No_o.

3aMeTuM, UTO BBIYMCJIEHWE OpPAWHAT JUHUM BAUAHUSA, IIOCTPOEH-
HBIX KHHEMATHYECKHM MeTOJOM, AOCTATOUYHO TpygoeMKo. OcobeHHO
CJIO}KHO HAWTW OPAMHATHI I (hepM C HellapaJlIeIbHLIMU MOSCAMH, CO
cJI0:KHOI perteTkoii. IlosTomMy uailie Bcero KMHEMATUUYECKHH METOJ,
IPUMEHSIOT AJIA TPOBEPKU JWHUU BIWAHUSA, IOCTPOCHHBLIX CTaTHUUe-
CKUM METOIOM.
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E NMPUMEPBI PELLEHNS 3AOAY

2.1 Pacuer hepm cnoco6om Bbipe3aHuUs y3no0B

NMPUMEP 1. [Ina pepmsl Ha cxeme (pucyHoK 2.1) TpeGyercsa BbIUMC-
JIUTH YCUJUS BO BCEX CTEPIKHAX (PepMBI CIIOCOOOM BHIPE3aHUS Y3JI0B U
IIOCTPOUTH JIMIOPY MPOAOJbHEIX cui, npuHas F; = 300 kH, F, = 200 xH.

IIporymepyeM ysubl (bepMbl B IOPALKE UX BRIPE3AHUA TAKUM 00pasoM,
yT0OBI B BHIPDE3AHHOM y3Jie ObLIO He 0ojiee MBYX HEM3BECTHBHIX YCHUJIWH.

OmnpegenuM peakiuu omop. g 3TOTO cocTaBUM ypaBHEHUS PaBHOBE-
CUs MOMEHTOB OTHOCUTEIbHO ToueKk 0 u 7, mpeABapuUTeILHO HAIPABUB pe-
aKIU¥M BBEPX:

> M, =0, -Fd-F -2d-F,-3d+V, 4d=0,
k

v, :i(SFl+3F2):i(3-300+3-200):i-1500:375 KH ;

>M,, =0, -V,-4d+F,-3d+F,-2d+Fd=0,
k

v, = i(BFl +F)= i(5-300+200) =—.1700 = 425 xH .

1
4

F1¢2 4 FJG

I=4d

>

Pucynox 2.1

Peaxmuu omop moJIOKUTEIbHEI, 3HAUUT, UX HaIpaBJeHIe COBIALaeT C
BLIOPAHHBIM pamee. BLITOJIHUM IIPOBEPKY:

Y, =V,-F —F —F,+V, = 425300 - 300 — 200 + 375 = 0.
k
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ypaBHeHI/Ie PaBHOBECHUA BBIIIOJHAETCA, CJI€O0BATEJIBHO, PEAKIINN OIIOPD BBI-
YNCJIEHBbI BEPHO.

Ina ymo6cTBa BRIUMCIEHUSA OMPENENUM YTOJI O
d
tgla)=—=1,
(0)=2

orcioza o = 45°.
BurunciuMm 3HAUYEHWS TPUTOHOMETPUUYECKUX (DYHKIIUH
sin(a) = sin(45°) = 0,707,  cos(a) = cos(45°) = 0,707 .
Briperxkem ysesn 0. BayTpennme ycuiams HampaBuM OT y3Jja (PUCYHOK

2.2, a). CocraBuM ypaBHEHUS PaBHOBECUS IMPOEKIIMI CUJI HA KOOPAWHAT-
HBIE OCH:

>Y,=0, N,,sin(a)+V,=0,
K

Np,=-——0 - 425 _ _6o1xH;
sin(a) 0,707

> X, =0, Ng,+N,,cos(a)=0,
e

N, , = -N,_, cos(a) = —(— 601- 0,707 )= 425 xH .

IIpomonsrasa cuna N, , <0, ciemoBaresbHO, crep:keHb 0—2 coxar.
Ycunue N, , > 0— crep:xeHb PacTAHYT.

Bruiperxkem yses 1 (pucynor 2.2, 6). CocraBuM ypaBHEHUS PABHOBECUSA
IPOEKIINI CUJI HA KOOPAWMHATHLIE OCH:

2% =0, N,=0;
e

>X,=0, N, ;,-N,,=0, N, ,=N,,=425xH.
Te
Crep:xxenb 1-3 pactanyr. Ycuime B cToiike 1-2 HysmeBoe, 3HAUUT,
CTEPIKeHb He HArPysKeH.
Bruipe:kem ysen 2 (pucyHok 2.2, g). CocTaBuM ypaBHEHUS PABHOBECUSA
MPOEKINI CUJI HA KOOPAUHATHLIE OCH:

>Y, =0, -N,,sin(a)-N,,-N, ,sin(a)-F =0,
K

N - N, ,sin(a)- N, , - F -
2-3 sin(a)
_ —(— 601'0’707)_0_300 =177 kH;
0,707
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>X, =0, N,,+N,,cos(a)-N,,cos(a)=0,
k
Ny, =-Ny, cos((x) + Ny, cos(oc) =
=-177-0,707-601-0,707= 425 xH .

Yeunus B cTep:kHAX 2—-3 M 2—4 IOJOKUTEJIbHBI, CJIeJ0BATEIbHO,
CTEePIKHU paCTHHy’I‘BI

0) YIN,,
A 2 T
- N1 A N1-3
NA 1 e Sl —_—
1
Y|
8)
F, 2 N2.4
N a
214/ \ Nz 3
$ N,,
d) N y e) Y|
N
a
N i \ N, Ny, OL( sts_
4-3 5 X
3)
Y| N
) B-6
F,
Ny, 6 AN
——— — — — — — — — _
(03 * NB»5
4—
N\ Nes
¢ Ny
Pucynoxk 2.2
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Bruiperxkem ysen 3 (pucyHOK 2.2, 2). CocTaBuUM ypaBHEHUS PABHOBECUS
IIPOEKIINI CHUJI:

k

N, , = F, — Ny ,sin(a) =300 -177-0,707 = 175 xH ;
> X, =0, Nyz+Ny,—N;,cos(a)=0,
k

Ny 5 = Ny ; + N3 ,cos(a) =425 +177-0,707 = 550 kH .

Yeunus B cTep:kHAX 3—4 m 3—5 IOJOKUTEJbHBI, CJI€I0BATEJIbHO,
CTEeP?KHU MCILITBIBAIOT PACTKEHUE.

Boipe:xem ysen 4 (pucyuok 2.2, d). CoctaBuM ypaBHEHUA PABHOBECUS
IPOEKIMIl CUJI Ha KOOPAUHATHLIEC OCH:

>Y, =0, —-N,;-N,;sin(a)=0,
e

Nos _ 175
sin(fa) 0,707
k

=-247 xH;

Nys=-

N, ¢ =N, ,—N, 5cos(a)=-550— (- 247-0,707) = 375 xH .

IIpomosibHBIE CHJIBI OTPHIATENLHEI, CJIEJ0BATEIbHO, CTEPKHU 4—5 u
4-6 cyxaThI.

Bruiperxkem ysexn 5 (pucynok 2.2, e). CocraBuM ypaBHEHUS PABHOBECUS
IIPOEKIIN CUJI HA BEPTUKAJNBHYIO U TOPU3OHTAJIBHYIO OCH:

>Y,=0, Njg+N;s,sin(a)=0,
k

Ny ¢ = -N,_, sin(a) = (- 274-0,707) = 175 xH ;
>X,=0, N;,-N,,-N,, cos(a)=0,
k

N, , =N, ,+N,_cos(a)=550—-247-0,707 = 375 xH .

CTep:KHU PACTAHYTHI, T. K. YCUJIUSA MOJOMKUTEIHHEI.

Bruiperkem ysen 6 (pucyHok 2.2, x). B aToM y3je TOJIBKO OZHO HEUS3-
BecTHOe ycunue Ny .. Jlnd ero onpezeseHNs COCTaBIM ypaBHEHVE DaBHO-
BECHUS IPOEKIIUH CUJI HA BEPTUKAIBHYIO OCh:

>Y,=0, -N,,-N,,sin(a)-F, =0,
k

37



Jleonenko [1. B. PacueT nnockux pepm  Cawt aBTopa http://mechanika.org.ru

“Nos = _ =175-200 _ 00 4
sin(a) 0,707
VYpaBHeHME TPOEKINI HA TOPUBOHTAIBHYIO OCh MCIOJIb3yeM B KauecT-
B€ IIPOBEPKHU:

Ng ., =

>X, =0, -N,,+N,,cos(a)=0,
e

N, = Noa =375 _ 5304,
cos(a) 0,707
Crepsxenb 6—7 coxar, T. K. Ny , <O0.

Bripe:xxem ysen 7 (pucymok 2.2, 3). YCUIUA B CTEPKHAX, IPUMBI-
KaloIUX K 9TOMY Y3Jy, N3BECTHBI, TO9TOMY YCJIOBUS PABHOBECUS MCITIONIh-
3yeM B KaueCTBe IPOBEPKU MPABMILHOCTH IIPOBEAEHHBIX BHLIUMCICHMI:

>'Y, = N, ¢sin(a)+ V, = -530-0,707 + 375 =0;

k
> X, =-N,, N, ¢cos(a)= — 375~ (~530-0,707) = 0.
k

YcioBusa paBHOBeCHs COOJIIOJAIOTCS, CAEI0BATEILHO, YCUINSI B CTEPIK-
HAX HaWJeHBbI BePHO.

Tlo moryueHHBIM JAHHBIM CTPOUM 3IIOPY MPOJOJLHBIX CUJ B CTEPIK-
HAX ¢epMbI (pUCYHOK 2.3).

550 375

601 = : I
ol is 530
= éz
- 175 4] 175 £ -
SNIER SN
177 274 2
i ll I S BT X
&) ) & &)
425 425 550 375
N, kH
Pucynox 2.3

NMPUMEP 2. Insa xorconbHOM (hepMbl, TOKA3aHHON Ha cxeMme (pucy-
HOK 2.4), TpedyeTcs BBIYHCIUTD YCUJIUA BO BCEX CTEPKHAX CIIOCOOOM BEI-
pesaHus y3J0B 1 IIOCTPOUTD JIIOPY IPOLOJbHBIX CUi, npuHaB F= 450 xkH.

Borumcaum 3HaueHUs CHHYyca M KOCHHYCa 3aJaHHOTO yIJa:
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V3

sin(a) = sin(60°) = 5 = 0.866, cos(a) = cos(60°) = 0,5,

V3

tg(o) = tg(60°) = /3 = 1,732,  ctg(a) = ctg(60°) = 5 = 0577,

W3 ycaoBuii paBHOBecus Bceil hepMEI OIPEIeJNM PeakIuu CBA3U H 4,
Hg, V.

;Mkfo, Fd+Fd+F-2d+F-3d—-Hgdtg(o)=0,

3

Hy = 9F ctg(a)=9- 450- =~ = 2339 «H ;

>Myz=0, Fd+Fd+F-2d+F-3d-H,dtg(a)=0,
k

3

H, :9Fctg(a):9~450-?=2339 KH ;
>Y,=0, Vy,-F-F-F-F-F=0,
k

Vg =5F =5-450=2250 xH.

<HA_§;4 4L Fl 3

f

H, B
1
%%/ I 2¢
F F
‘@F

Vs

[=3d ‘
Pucynoxk 2.4

Bripe:xem ysen 1 (pucynok 2.5, a). CupoernupyeM CHJIBLI, ITefCTBYIO-
e B y3je, Ha OCH KOOPAMHAT

3Y,=0, N,sin(a)-F=0,
k
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F 450
sin(o) 0,866
>X, =0, -N;,—N, zcos(a)=0,

Pucynoxk 2.5

40



Jleonenko [1. B. Pacuet nnockux pepm  Cawt aBTopa http://mechanika.org.ru

Packoc 1-3 pacTaHyT, cTep:KeHb HUKHero mosca 1-2 cixxkar. Berumce-
JIEHHOe yCHUJIVie OTKJIaABIBAeM Ha JI0pe MPOJOJbHBIX CUJI (PUCYHOK 2.6).

Bruipe:xkem ysen 2 (pucyHok 2.5, 6). CocTaBUM ypaBHEHUS PAaBHOBECUSA
TMPOEKITNI CUJ Ha KOOPAWMHATHBLIE OCH:

k
YX, =0, Ny,-N,;=0, N, =N, =-260cxH.
k

Croiika 2—3 pacTsaHyTa, CTep:KeHb 2—5H ciKarT.
Briperxkem ysen 3 (pucyHok 2.5, 6). CocTaBuM ypaBHEHUS PABHOBECUSA
MPOEKIINI CUJ HA KOOPAMHATHLIE OCH:

>Y,=0, -N,,sin(a)-N;,— N, sin(a)-F =0,
k

N35: — =

_ =520-0,866 450450 _ .0 o
0,366

> X, =0, —N,,—N,scos(a)+ N, cos(a)=0,

Ny 4 =Ng 4 cos(oc) —Nj 4 cos(a) =
=520-0,5-(-1559-0,5) = 1040 xH .

Packoc 3—5 cikar, cTep:KeHb BepXHEro mosca 3—4 pacTAHYT.
Paccmorpum ysen 4 (pucyHok 2.5, 2). CocTaBuM ypaBHEHUS PaBHOBe-
CHsT IPOEKIINIl CHJI HA KOOPJUHATHBIE OCH:

k
ZXIC=O’ N4_3_N4_A=O, N4_A=N4_3=104:0KH.
k

Croiika 4—5 cixara, CTEPIKEHb BepXHEro mosica 4—A pacTaHyT.
Bripeskem ysen 5 (pucyHok 2.5, ). CoctaBuM ypaBHEHUS PaBHOBECUS
IIPOEKIINi BCceX CUJI, NeHCTBYIOINX B y3Je, Ha KOOPAUHATHBIE OCH:

>Y, =0, N sin(a)+ Ny, + Ny zsin(a)-F=0,
k
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_ —(-1559:0,866) - (- 450)+ 450 _ ;o0 - ;
0,866

> X, =0, Ny,-N;p+N;,cos(a)- Ny ,cos(a)=0,
K

Ny g =Ng o+ Ny 5 cos(oc) —Ny_4 cos(a) =

-260-1559-0,56 -2598-0,5 = -2339 xH .
IIpomosbHasi cuja B CTep:kHE 5—A MOJOMKUTENbHA, 3HAUUT, 3TOT
crep:xeHb pacTanyT. CrepsxeHb 5—B pacTAHYT.

Bripexxem ysen B (pucyHok 2.5, e) u oupeneaum ycuiane N, g, UC-
[I0JIb3Ys YPABHEHNE PABHOBECHUS IIPOEKIINIl CUJI HA BEPTUKAIBHYIO OCb:

3Y,=0, N,pz+Vy=0, N, =-V,=-2250«H.
k

CocTaBMB ypaBHEHNE HA TOPU3OHTAJIBHYIO OCh, BHIIOJHUM IPOBEPKY,
T. K. BCe YCUJIUA B y3Jie HAM HU3BECTHBI:

ZXkZO’ NB—5+HB:0’ NB—5:_HB:_2339KH'
k

1040 1040
2250 @ @
o I
b A -]
X 1] 450
X = §§
2598 — |
N ;7 1559 i: N\ 520
e zé -
B ACA=E
ES) ] =
= g% 450
N 1
= N?THH:\H;;H\\C\\\H\/T'
EN4EEEAYIEENIEEEEEAYARNEERZE
N 260 260
2339 N. kH
Pucynox 2.6

Yennua Ny ,, BIUHCIEHHBIE B y3Jax 5 U B, coBmajgawor, ciemoBa-
TeJIbHO, YCUJINE B CTep:KHe B— 5 HalifeHO BepHO.
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Takum 00pa3oM, MBI BEIUMCIUIN 3HAYEHUSA MPOAOJBHBIX CUJ BO BCEX
CTEP)KHAX (pepMBI.

KouTponeM npaBuIBHOCTH PACUETOB MOKET CIYKUTH PABHOBECHE y3Ja
B (pucysoxk 2.5, x):

>Y, = -N,,sin(a)- N, , = - 2598 0,866 — (- 2250)= 0 ;
k

>X,=-H,+N, ,+N, cos(a) = — 2339 + 1040 + 2598-0,5 = 0.
k

ypaBHeHI/Iﬂ PaBHOBECHA BBIIIOJIHAITCA, 3SHAYUT, pacueT BBIIIOJIHEH BEPHO.
HO IIOJIY4YeHHBIM Dpe3yJjbTaTaM CTPOMM OJSIIIOPY IIPOAOJBHBIX CHJI B
CcTep:KHAX (epMEI (CM. PUCYHOK 2.6).

2.2 Pacuer chepm cnocobom ceueHuin

NMPUAMEP 3. [Ina dpepmbl, MoKasaHHOH Ha pucyHke 2.7, Tpebyercsa
BBIYMCJIUTD YCUJIUSA BO BCEX CTEPIKHAX (PepMBI CIIOCO00M CeUeHUI, IPUHSB
F =200 H.

Onpenenvm peakiuu omnop. I[ysa 3Toro cocraBuM ypaBHEHVE PaBHOBE-
CHsT MOMEHTOB BCEX CIJI, JeHCTBYIOUX Ha ()ePMY OTHOCHUTEIBHO TOUKH A:

>My =0, -Fd-F-2d-F-3d-F-4d+Vy-4d=0,
k
VB=1S’TF=%-200=500KH.

Tak xax Harpyska Ha (epMy CUMMETPHYHA, TO PEaKI[UH OIOpP PaBHBI
MeXKIy co0oii, T. e.

V, =V, =500 «H.

F F F
A5y c s

| /

I 7
' H3+F ar v
d

| ——————————————— |

Pucynoxr 2.7

IIpoBenem ceuenue /-/ 1 pacCMOTPHUM PaBHOBECHE JIEBOM YacTH (PHUCY-
HOK 2.8, a). Onpenenum ycuiave B crep:kHe 1-2. J[1d 3TOTO COCTaBUM
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ypaBHeHUe paBeHCTBa MOMEHTOB OTHOCUTEJIHLHO TOUKM A — TOUKe Iepece-
YeHUA IBYX OPYTUX CTEPKHEH:

ZMICA:O’ N172d=0, N172:0.
k

A 1
3 x
v oy 1 Na
<d—><d—>
Yy
) |
f .,
PR I
e \
N4—3 ,/ N N4-6
- —_—
1 4 \ X
14 14
Pucysoxk 2.8

Haiimem mpomosibHEIE CUJIIBI B CTeP:KHAX A—-3 1 A-2
k
Ny 3=V,-F=500-200=300«H;
44
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>Y, =0, N,,sin(a)-F+V,=0,
k

N, , = F=Va_200-500 o .
sin(a) 0,707

s ompenesieHUsA YCUJIWH B CTEPIKHAX 2—5 U 2—3 mpoBeieM ceueHue
II-II n paccMOTpUM paBHOBecHue JeBoil yacTu (pucyHok 2.8, 6). 3a Mo-

MEHTHYIO TOUKY NPUHMMAaeM y3eJ 3, I'le IIepeceKaroTcsa CTepKHu A—3 u
2-3:

SMy; =0, -N,,d+Fd-V,d=0,
k

N, =F—V, =200-500=-300 xH .

Ycunue Ng_3 ompefenuM u3 ypaBHEeHUSA PABHOBECHUS MPOEKIIUI CUJI Ha
BEPTUKAILHYIO OCh:

Y, =0, N, ,-F+V,=0,
k

N, 3 =V, — F = 500 — 200 = 300 H .

IIposemem ceuemme II[-III, oT6pocuM NPaBYI0 YAaCThb M PaCCMOTPUM
paBHOBecue BTOPOU ITOJOBUHHI (PUCYHOK 2.8, 8). s HaX0XKIEHUA yCHU-
JuSA B cTep:KHe 3—4 3a MOMEHTHYIO TOUKY IPUHHMAaeM y3eJ 5:

S My =0, Ny, d+Fd+F-2d-V,-2d=0,
k

Ny , =2V, —3F =2-500—3-200 = 400 xH .
Ycunue N3_5 onpefielnM, CIPOELIPDOBAB BCe CUJIBL HA OCh Y:
>Y,=0, Nj;sin(a)-F-F+V,=0,
k
2F -V, _2:200-500 _ . .
sin(a) 0,707

YTo6bl HaliTH ycuaue B cTep:xue A—1, BeIpeskeM y3esa 1 1 paccMOTpUM
ero paBHOBecue (PUCYHOK 2.8, 2).

ZYk=O’ _Nl—A_F=O’ Nl_A=_F=_2OOKH.
k

Ng_5 =

Crep:xennb 4—5 Oymer HyJIeBBIM (PHUCYHOK 2.8, 0), T. K.
zYk:O’ N4_5:0.
ke

YuursiBasg cuMMeTpHio (epMbl ¥ HATPY3KUW OTHOCUTENHHO CTEPIKHS
4-5, MpPOJOJbHBIE CHJBI B OCTAIBHBIX 9JEMEHTAX MOKHO HE BBHIUUCIIATH:
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oHU OyIyT PaBHBI YCUJIUSIM B CUMMETPUUYHBIX CTEP:KHAX, BBIUMCIEHHBIM
pamee, T. €.

Ny g =Nz 5=-141xH, Ny ; =N, 5 =-300 xkH,
N4—6 = N3—4 =400 xH ’ N6_7 = N2_3 =300 kH .
N7*B:NA72:_424 KH, N778:N172:0’
NG—B = NA—S =300 KH, N8—B = Nl—A =-200 xH .

Iasee cTpouM 3IIOPY MPOJOJLHBIX CUJI (PUCYHOK 2.9).

300 300
S
424
200$ = 300 300% 424 %
) + Ol ONYe =] 200
+ 141 | 141 == EE
2D = E
NG : NH# Bl 5 s e 2
300 ' 400 400 300
N, kH
Pucynox 2.9

2.3 Pacuer chepm Ha NoABNXHYIO Harpysky

NPUMEP 4. [Tna dgepmol, noxasanuoii Ha pucynke 2.10, tpebyercs
IIOCTPOUTh JINHUU BIUAHUSA OIOPHBIX PEAKIUWN WM IMPONOJHHBIX CHUJ B
crep:KHAX 2—-3, 2—-8, 7-8, 3-8, 8-9. I'pys mBMKETCA IO BepXHEMY IIOACY.

JIuHUY BAMAHUA OMOPHBIX PEAaKIuil B hepMe OYIyT TAKUMHU Ke, KaK B
banke (pucyHox 2.10, 6).

Pacceuem depmy ceuenvem I—-I m moouepegHO PACCMOTPUM PaBHOBE-
cue ee JIeBO u mpaBoii yacteii (tabauma 2.1).

Ycunume B crep:kHe 3—2 omnpefesseM U3 ypaBHEHWS MOMEHTOB OTHO-
CUTEJLHO y3Ja 8, T/ie mepeceKaroTcsa OCH IBYX APYrux crep:kmeii. IIpo-
JOJBHYIO CUJIY B CTEp:KHEe 8—7 mOJyYnM, COCTABJSASA YPaBHEHUS PaBHOBe-
CHUsI MOMEHTOB OTHOCHUTENIhHO TOuKH 2. CIpoernpoBaB CUJIbI HA BEPTHU-
KaJIBHYIO OCh Y, ONIPEJIeJIUM ITPOJIOJILHOE YCUJINE B CTEPIKHE 8—2.

Bce ycmnusa BeIpaskamoTCA uepe3 PeaKIWU OIOp, W JIMHUU BIUAHUA
COOTBETCTBYIOIINX BeTBeH (IIpaBOii U JIeBOU NMPAMBIX) OYAYT MOAO0HBI JIU-
HUAM BIUSHUS COOTBETCTBYIOIINX OIMOPHBIX PEaKIIUiA.

JleByro mpAMYIO IPOBOAUM JieBee y3ja 2, MPaByio IPAMYIO — IIpaBee
ysaa 3. Ha quHWM BIMAHUS IpoenupyeM y3Jbl 2, 3 U coeIUHAEM Iiepe-
xomHOM mpaMoni. I3 momobus BeIYUCIAEM XapaKTepHbIe KOOPAWHATHI JIN-
HUM BIUAHUS.

IIposemem ceuenne II1-I1 (Tabauma 2.2).
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6
o

1,41

Pucynok 2.10
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Tabruuya 2.2
T'pys P =1 neBee ceuenusa [I-1] T'pys P = 1 npaBee ceuenns II-11

YM;""=0; — Nggd +Vg3d= | YM;""=0; Nsod-Va2d=0;

o Ngog=2V,

No_g =
9= 3 Vs (ypaBHEHUE TIPABOI IIPSIMOI)

(YpaBHEHUE JIEBOI IIPAMOIN)

YYP®=0; — N3gg+ Vg=0; Y™ =0; Ng3+ V=0
N3 g=Vg Ng3=-V,
(ypaBHEHUE JIEBOI HPSIMOIT) (ypaBHEHME IIPABOY IIPAMOM)

Ycunue B crepikHe 3—8 HAXOAUM U3 YPAaBHEHUA MPOEKIIUI BCEX CHUJI
Ha BEPTUKAJIBHYIO 0Ch. II[pUHAB 328 MOMEHTHYIO TOUKY y3€eJ 3, ONpeeIuM
yeuaue B crepikae 9—8. Tak Kak Ipy30BBIM IOSICOM ABJSETCSA BEPXHUI,
TO TPaBYI0 NPAMYI0 IIPOBOJUM IIpaBee y3Jja 3, JIeBYIO — JieBee yajaa 2.
IIpoekmiuy y3/10B Ha JUHUIO BIUSHUA COeIUHAEM IEPEXOMHOMN IIPAMOM.

3amMeTuM, UTO BUJ JUHWYU BJIUSHUA YCUIUSA B CTEDPKHE 3—8 3aBUCHUT
OT TOJIOXKEeHUA I'Py30BOro mosca. IlepemaTounas mpsaMas B 9TOM ciydae
pacmpocTpaHsaeTcsA B MPeJEeiaX pPacceueHHON MaHeJ U TPY30BOTO MOsAca.

MPUNMEP 5. [I1a pacueTHO# cxeMbI (pepMBI (CM. PUCYHOK 2.4) Tpeby-
eTcA: @) MOCTPOUTH JIMHUU BIANSAHUS B CTePKHAX 3—4, 3—5, 2—5; 6) mpu
TIOMOIIY JUHUHN BIANUSHUS ONPEAeanTh 3HAUeHUA N3-5, No-5, N34 OT Heii-
CTBUSA Y3JIOBBIX COCPENOTOUYEHHBIX HATrpy30K (pucyHOK 2.11) u cpaBHUTS ¢
BBIUMCJCHHBIMU B mpuMepe 2. ['pys ABMIKETCS 10 HUMKHEMY II0SACY.

TlocTpoenue JUHUI BAUAHUS B CTEPIKHSAX KOHCOJBHBIX (DepM HMMeeT
HEKOTOPEbIe 0COOEHHOCTH.

Il TOCTPOeHUS INHUY BAUAHUSA YCUIUS B CTepPiKHe 3—4, M300pasKeH-
HO Ha pucyHke 2.11, a, paccCMOTPUM paBHOBECHE YAaCTH KOHCOJU CIIPpaBa
oT ceuenus I—I, mojaras, 4To Ha Heil Haxoguresa rpys P = 1. Cucremy Ko-
OpIUHAT CBAXKEM C y3JIOM 2, oCh Yy HaIlpaBUM BBepX, z — Bupaso. Cocra-
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BUM YPaBHEHUSA PABHOBECUA IPaBOi yacTu (pepMbl. Pe3ysibTaThl BRIUMCIIE-

HUli cBefeM B Tabauiry 2.3.
Tabauuya 2.3

I'pys P =1 neBee ceuenusa I—1
(eBee yaia 5)

I'pys P = 1 npaBee ceuenus 1—1
(mpaBee yaia 2)

TM" =0,
N374 =0

(ypaBHEHUE JIeBOI IPAMOIN)

ZM5HpaB: 0; N3 4d-P(z+ d) =0;
N, - Pe+d _z
d d

(ypaBHEHME IIPABOY IIPAMOM)
N3'4|z:0 =1; N3'4|z:d =2.

Y M5 =0; YM™ =0; -Npsd-P2z=0;
Na-5=0 N2_5=_E=_i
(ypaBrerme n1esoit mpAMOH) (ypaBHEHHE npiBoﬁ n(gﬂMoﬁ)
Nys|, ,=0; Nys _,=-1.
YY™® =0; — N3 ssin(a)=0; | XY™ =0; —Nz;sin(a) — P = 0;
Nas= 0 P L _ 1155

(ypaBHEHUE JIEBOU TIPAMOIT)

Nys5=-— ==
sin(a) 0,866
(ypaBHEHME TIPABO¥ IPAMOIN)

a)
0) _
1,08
1
JI. B. N, |Jlesas mpa
JI. B. N, [Jlesan mpsvasl I
-5
| = =
| | pa%?”p,y 1
"0
JI. B. N, |flesan npavasd 1 g

1,15 Tipasas npanan

Pucynox 2.11

1,15

IIpu Haxo;KIeHWU Tpys3a JieBee
y3ya 5 mpaBas 4acTb ()epMbI OyIeT
He Harpy’KeHHOM, II09TOMY pacce-
YeHHBbIE CTEPIKHU CTAHYT HYJIEBBIMU.

CropoernupyeM y3Jbl 2 M 5 Ha
JquHUU BausaHusa. llonydeHHBIE Ta-
KuM 00pasoM TOUYKU COEIWHUM IIe-
pemaTouHOUW mpaMoii. JImHUM BauA-
HUS IIOKas3aHbl Ha pucyHke 2.11, 6.

Hcnons3ys JuHWUM BIUAHUSL,
BBIYUCJINIM YCUJIUS B CTEPKHAX OT
3aflagHOl Harpysku. Ilada sroro
3HaUYeHWe CUJIbBI YMHOMKUM Ha ODAU-
HATy JIVMHUW BIUAHUA TOA HeHd (c
y4eToM 3HAKa) W IMOJyUYeHHBIE IIPO-
U3BEJIEHUA CJIOKM:

N2_5 =F. (_1) = _450 xkH ;
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Ny ,=F-1+F-1+F -2=4F = 4-450 = 1800 xH ;
Ny, =-F-1155-F-1,155 - F-1,155 = 3,465F =
=3,465-450 = 1559 kH .

TlonyueHHbIe YCUIUSA COBIIAZAIOT C BHIUMCIEHHLIME PaHee IIPU pacyeTe
(bepM™BI crTocOOOM BhIpE3aHUA Y3J0B HA HEMOABUKHYIO HATPY3KY.

2.4 PacueTt wnpeHrenbHbiX thepm

MPNMEP 6. [lna mmpenrenbHoi (epMmbl (pucyHok 2.12, a),
TpedyeTcs:

1 PaBHOMepHO pacIpefeseHHYI0 HATpy3Ky OT COOCTBEHHOTO Beca
q = 40 kH/M 3amMeHUTb HArpyskoil, IPUJIOKEHHOH B y3iax (epMEl.
Ilarenpb mmpeHreasa NpuHATH d = 5 M.

2 Ompepenurs ycuiaus B cTep:kHAX 2-5, 3—-37, 3—4', 3’4’ mmpeH-
reJIbHOM (hepMEIL.

3 ITocTpoUTh TUHUIO BAUSHUAA YCUINA B 9J1eMeHTe 3—3 IIIpeHreJIbHON
epMmEI.

4 Tlpu TOMOINM JWHUW BIUAHUA OIPENENUTHb YCUJINE B CTEPIKHE
3—3" u cpaBHUTH C PE3YJIbTATOM, MOJYUEHHBLIM B II. 2.

Pacuer Ha HeMOABUIKHYIO HATPY3KY. PaBHOMEDPHO pacipefieIeHHYI0
Harpy3Ky OT COOCTBEHHOTO Beca (pepMbI MPUBEAEM K Y3J0BOU (PUCYHOK
2.12, 6). Torma Bo Bcex IPOMEKYTOUHBIX y3JaX 3amaHHON (epMEI Oymer
ImepezaBaThCA y3JI0Bad HArpysKa

F=qd= 405 =200 xH,
a Ha OIIOpHEIe y3Jbl — HarpysKa
ﬂ = M =100 kH .
2 2

OcuoBHasa ¢epma (0e3 IImpeHreseii) u y3JoBad Harpyska,
IIPUJIOKEeHHAsA K Hell, TOKa3aHbl HA pucyHKe 2.13.
U3 ycioBus CUMMETPUHN OIOPHLIE PeaKIuu

_8F 8-200
2 2
Tak Kak BbICOTA PaBHA AJIMHE IIaHEJU OCHOBHOII (hepMbI, TO YIOJ Me-

JKIY pacKocaMu U ImosicamMu cocraBisdeT 45°. IIas ymobcTBa maabHEHIITNX
pPacueToB BHIUMCANM 3HAUEHUS TPUTOHOMETPUUECKUX (DYHKITUH

sin(a) = sin(45°) = 0,707, cos(a) = cos(45°) = 0,707 .

V, =V, = 800 H.
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a)

5 5
2 5 7 8
6)
JI. B. N,
Tepepatounas npamas____--—~"
o 0:353) __]/_:-———“’:"
xHc ! - ,
) JI. B. N, 3 [ I

& 11,43 | THE

1,414 [€ >
{ipasaf _‘f‘fw—a‘ﬂ

~

0,707

0,884

Pucysox 2.12
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Yeunuss B cTepKHAX (epMBI OMpeesseM IIPW TOMOIIW CcIocoda
CEeUeHUH.

1 2 I 5 7 8

Pucysoxr 2.13

s ompenmesieHUs YCUIKUA B CTepPiKHe 2—5 3aJaHHON ()epMBbI, KOTOPBIi
SABJIAETCS OJEMEHTOM IepBOH TPYNIbI, T. € MPUHAIJIENKUT TOJHKO
OCHOBHOII (pepme, mpoBemeM ceuenue I[—I. CocTaBuM ypaBHEHUE
paBHOBecus JI€BOII OTCEUEHHOM dYacTu ()epMBI OTHOCHUTEJNBHO y3Ja 3
(pucyHok 2.14)

S M;=0, -V,-2d+F2d-N,;-2d=0,
k

— — Yy
Ny s =F-V, = 1 2 I N, 5

=200-800 = -600 xH. A ) ‘/"'3

Yeunne B packoce 3-3°, ! e
SJIEMEHTE TPEThEH TPYIIBI, ~ : ’
ompefiesiieM Kak CyMMy ABYX ° || /N
VCUINH, OZHO U3 KOTOPBIX &5
JIeficTByeT B CTepIKHE v F I
OCHOBHOU (hepMBI, a IPyroe —B A ' —
CTep:KHe [OIOJHUTEIbHOI (B 2F3 I N,,
IIITPEHTeEe): Vi . 0d

N3 3 =Nz 5+ Ng's.

Pucysoxk 2.14
Veunue Nj . ompexenuM, CIPOEI[POBAB BCe CHJIBI Ha OCh Y:

ZYk =0,
k

N3 ssin(a)-F-2F +V, =0;

3F-V, _3.200-800 _
sin(at) 0,707
53
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Onpenenum ycunue N g . Boigesum mmpenreas 3-3'—4, nposenem

ceuernue [I-II (pucyHOK 2.15, @) u paccMOTPUM paBHOBECHWE JIEBOU YaCTHU
(pucyHok 2.15, 0):

>Y,=0, Nj,sin(a)+0,5F =0;
k
05F  0,5-200

N, = - — 141 xH.
53~ Tsin(@) 0,707 ¢

Ycunue B packoce 3—3°

Ny g = N§ 5 + NI, =283 - 141 =424 xH.

VYceuaue B crep:kHe 3—4 ' onpenesnM Kak CYMMY YCUJINH B cTepikHe 3—4
OCHOBHOI (pepMBI ¥ YCUJIUS B CTeP:KHE 3—4  ITOMOJHUTEILHOR

_ n7O0 x
Ng 4 =Ng 4 +Ng 4.

0,5F

Pucynox 2.15

Il HaXOMKIeHUs YCUINA B CTepKHE 3—4 3a MOMEHTHYIO TOUKY IIDH-
HuMaeM y3ea 5 (cM. pucyHoK 2.14).

S Mys=0, Ny, 2d+F-4d+2F-2d-V,-4d=0,
k

Ny, =2V, —4F =2-800 — 4- 200 = 800 xH .

Veunue N3, HaiifeM U3 ypaBHEHUS IPOEKIWI CHJI Ha TOPU3OHTAIb-
HYI0 0oChb (cM. pucyHOK 2.15, 0).

> X, =0, Nigcos(a)+ Ny, =0;
T

N§ , = -N§', cos(a) = —(~141)- 0,707 = 100 xH .
Torma
N3_4/ = N§_4 + Néu_4/ = 800 + 100 = 900 KH .
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CrepskeHb 3 —4  IPUHAAJIEIKUT TOJHKO HITIpeHreaio. [[ya onpenenenus
ycuius B HeM BbIperkeM y3es 4 (pucyHok 2.15, 6) u cocTaBUM CyMMy
MIPOEKITNI HA BEPTUKAILHYIO OCh:

zYkZO’ N;}_Al'_F:O; N?_4V:F:2OOKH.
k

Pacuer Ha mMOABUIKHYIO HATPY3KY. I'py3 P = 1 ABM:KeTCS IO HUKHEe-
My mosicy. IlocTpouM JuHUM BAUAHUA B cTep:kHe 3—3 . CTep:KeHb OTHO-
cUTCS KaK K OCHOBHOHN (epMe, TaK U K IIIIPEHTEJI0, IOITOMY JWHUIO
BIUAHUA TOJYYUM CJIOKEHWEeM JUHWN BIUSHUSA, IOCTPOEHHBIX A
CTeP:KHA 3—5 OCHOBHOU (DepMBI U CTEP:KHA 3—3 IINpPEHTeNd.

s mocTpOoeHMA JIMHUY BIUSAHUA YCUJINA B CTEPIKHE 3—5 clesiaeM ce-
yenue [-I u mocjemoBaTeIbHO PACCMOTPUM pPaBHOBECHE JIEBOM UM IpaBOM
yacreii. CocTaBUM ypaBHeHUE IPOEKIINHA BCeX CHUJ Ha BePTUKAJIBHYIO OCh
¥ MOJIYYMM ypaBHEHUE JIEBOW M MPaBOW IPAMBIX. Pe3yabTaTsl BHIUHMCIIE-
HUs mpuBefeHbl B Tabauiie 2.4. [lanee cmpoerupyeM y3iabl 3 u 4 Ha Ju-
HUY BIUAHUS W TOJYyUYeHHbIE TOUKM COeIWHUM IepeJaTOYHON MpAMOM
(pucysok 2.12, g). Ilosyunm JuHUIO BAuSHUS yeuaus Ng s .

Tabruua 2.4
I'pys P =1 neBee ceuenus I-/ T'pys P =1 npaBee ceuenus I-/

y
|

) s I N,

ZYﬂPaB — 0; ZYneB — 0;
—N5_s sin(a) + Vg = 0; Nz-5sin(a) + V4 = 0;
\%
N = ——A =
Ny 4 = Ve _ Ve _ 1,414V, 5 sin(a)
sin(a) 0,707
VA
. . =——A_ - _1414V,
(YpaBHeHHe 1€BOIi IPAMOI) 0,707

(ypaBHEHME TIPABOY MPAMOIT)

JIlnsa nocTpoenusa JUHUM BAuAHUA yeuausa N . BBIPeKeM IINpPEHTeNb,
mpeaBapUTEIbHO 3arpy3uB y3ea 4  cuioit P = 1. IIposenem ceuenme [ —I/
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(pucyuok 2.12, 2) u paccMOTpUM paBHOBecue ysJja 3 (pucyHok 2.12, 9)
JOIOJHUTEJIbHONU (hepMBbI

2Y=0; Nj, sin(oc)+§ =0;

P 1
2sin(a)  2-0,707
IIpu pacmono:xenny HArpy3Ku B y3jax 3 u 4° ycuue B cTep:KHEe 3—3°

paBHO HyJi0. JINHNS BANAHUA IPOLOJILHOMN CUIBI B 3JIeMeHTe 3—3  IIIPeH-
reJis MOKas3aHa Ha pucyHke 2.12, e.

NE, = =0,707.

CymMmapHasa JuHUA BAuAHUA N3 3 B HIIPeHTeJbHOHI (hepme
_ o it
1.B. Ng_g =1.B. Ng_5 + 1. B. Ng_g/.

Ha nmuHum BIMAHUA YCUIUS B CTEP:KHE 3—5 OCHOBHOM (hepMEI OTKJIA-
IBIBaeM o y3joM 4 ¢ yuerom 3Haka opauuaty 0,707. Iloayuaem TOUKy
¢ opaunartoii 0,884 u, coemunuB ee ¢ BepmmHamu opauuat 0,353 (mox
yaimom 3) u 0,707 (mom ysiom 4), HMOJYyUYUM Pe3YJbTUPYIOIIYIO JUHUIO
BIUSHUA B cTepikHe 3—3  (pucymox 2.12, ixc).

Onpenenenune yeuauii. C mOMOIIBI0 TUHUY BIUSHUS BEIYUCIUM yCH-
Jnve B cTep:kHe 3—3  mpu meiicTBUU Ha (epMy paBHOMEDHO paclpeeseH-
Holt Harpys3ku q = 40 kH/m (cm. pucyHor 2.12, a).

_x 5-x - Touky mepeceueHus JUHUN BIUSHUS
C HyJIeM OIpeJe M W3 Ipomopiuu (pu-
0,353 cyHOK 2.16)
0,884

’ 0,353 0,884
=7 - ; 0,353(5 — ) = 0,884 ;

5 | x 5—x

Pucynok 2.16 x =143 wm.

HJIOH_IaI[I) JIMHUU BJINAHUA
- 0,353 - (10 +1,43) _ 202w, o = 0,884 - (30 - 1,43)
2 2
® = - o, =2,02-12,61=-10,59 m.
3HaK MUHYC IIepe g O3HA4YaeT, UTO 9Ta YaCThb JIMHUU BJIIMAHUA JIe-

JKUT HUXKE OCH.
Torma

=12,61m,

Ny 5 = qo=40-(-10,59) = -424 «H .

CpaBHeHnue 3HaueHuil yeuiausa Ng g, IOJYYEeHHOIO0 ABYMS CIIOCO0AMH,
IIOKAa3bIBAET, UTO PACUETHI BBIIIOJHEHBI BEPHO.
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