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1. Ilopsinok BbIOOpa M YyTBep:KIeHHs] TeMbl pacdyeTHO-rpadguyecKoi
padoThI

Tema pacuetHo-rpaduueckoil paboOThl OmpenensieTcss CTyIEHTOM COBMECTHO C
IPENOJaBaTeIeM Ha OCHOBAaHWM INEPEYHs HANPABICHUN HAYYHO-HCCIEAOBATENIbCKOU
JeSITENIbHOCTH, €KEroJHO YTBEP)KJIAaeMbIX Kadeapamu, u 3ateM (GOpMYyJIUPYeTCs UM B
IIEPBOHAYAJILHON PENAKIINM.

2. CTpyKTYpa M coaepkaHue pacdeTHO-rpadguyeckoit padoTbl

PacuetHo-rpaduueckass pabota JOMKEH OTBEUATh CIICIYIOMIMM TPeOOBAHUSIM K
CTPYKTYpE:

— BBEJICHHUE;

— OCHOBHAsl 4acTh;

— 3aKJIIOYCHUE;

— CIIUCOK UCIOJIb30BaHHOM JIUTEPATYPHI.

Bo BBemenun oOcyxmaercs TOCTaHOBKA 3aqadyd, BBHIOOP W 00OCHOBaHUE
Ha4daJIbHBIX yCJIOBUU. B OCHOBHOM 4acTu MPUBOAATCS BCE MPOU3BEACHHBIE pacueTsl. B
3aKJIFOYEHUH AaHATU3UPYIOTCS U 00CYKIAI0TCA MTOJTYYEHHBIE PE3YIIbTaThl.

Ilenp pacueTHO-Tpaduueckoid paboOTh: BBIOpaTh MaTepuand pe3epByapa,
paccuMTaTh HArpy3Kku, JEHCTBYIOLIME HA pe3epByap, BHIOpAaTh ONTUMAIbHBIE pa3MeEpHI,
BBINIOJIHUTB PACUET HA IPOYHOCTh, YCTOMUMBOCTh U ONTPOKUABIBAHUE PE3EPBYapPaA, pacueT
Y KOHCTPYHMPOBAHUE JHUILA U TTOKPBITUS pE3epByapa.

3. lopsinok opopMiieHHsI pacueTHO-rpaduuecKoii padoThl

PacueTHo-rpadguyeckas paboTa BBINOJHSAETCS Ha KOMIIBIOTEPE Ha CTaHAAPTHBIX
muctax A4. Tekcr mewaraeTcs Ha OJHOW CTOpoHE Jnucrta. Ha cTpaHuie T0IKHO
pacnosararbesi 28-30 CTpOK, Kamxkaas M3 KOTOPBIX coxepkuT 60-65 3HakoB,
BKJII04Yas po0esbl. MekaycTpouHblid uHTEepBaia — 1,5, mpudr rekcra — 14 (Times
New Roman), B Tadaunax - 12, B moacrpounbix cHockax -10. Texct neuaraercs
CTpoyHbIMM OykBamMu (KpoMe 3arjiaBHbIX), BBIPABHHMBAETCS IO IIMPUHE C
UCIIOJIb30BAaHUEM TIEPEHOCOB CJIOB. Ha TUTYIpHOM JIMCTE€ HAANKUCh: PacYETHO-
rpaduueckas pabora nedaraercsa 18 mpudrom. [loguepkrBanue cioB U BbIIEIECHUE HX
KypCHBOM BHYTpPU caMoi paOoThl He Jomyckaercs. OHAaKO 3ar0J0BKH U MOJ[3ar0JI0OBKU
NP TEeYaTaHWU TEKCTa MUChMEHHON palOThl BBIACISIOTCS IMOIY>KUPHBIM MIPUPTOM.
AOG3amHBIA OTCTYN JOJKEH COOTBETCTBOBATH 1,25 ¢M 1 OBITh OJMHAKOBBIM MO BCEH
pabore.

OpueHTUPOBOUHBIA 00BEM pacyeTHO-rpaduueckoil paboTel coctaBisger 25-35
crpanun. B naHHbIl 00BbEM HE BXOASAT MNPUIIOKEHHUS U CIUCOK HCIOJIb30BAHHBIX
uctouHukoB. [lo cormacoBaHuio ¢ mnpenogaBaTeneM O00bEM pPabOThI MOXKET ObITh
YBEIINYEH.

CrpaHulilbl, HA KOTOPBIX M3J1AraeTcsl TEKCT, JOJKHBI UMETh NOJI: JeBoe -30 Mm,
npasoe - 10 mm, BepxHee - 20 MM, HuKHee - 20 MM.

B tekcre pabotel «BBenenuwe», Ha3Banue riaB, «3akimtoueHue» M «CIUCOK
UCII0JIb30BaHHOM JIMTEPATYPBD) MeYaTAtOTCA (HAUUHAKOTCS) C HOBOW CTPAHHUIIBI.

PaccrosiHue Mexy 3aroj0BKOM U I0/3ar0J0BKOM, 3ar0JIOBKOM U MTOCJIETYOIIUM

3



TEKCTOM, TMOJ3ar0JIOBKOM W MPEIbIAYIIMM TEKCTOM OTAEISIOT ABYMSI MOJYyTOPHBIMH
MEKCTPOUYHBIMU MHTEpPBAJIaMH, a MEXKJY MOJ3aroJJOBKOM U MOCHEAYIOIIUM TEKCTOM -
OJIHMM TIOJIyTOPHBIM MEKCTPOUYHBIM HHTEPBAJIOM.

['maBpl MHUCHMEHHBIX PAOOT HyMepyrTcs apabckumu nupaMu W JTOTHKHBI
HAYMHATHCS C HOBOM cTpaHuIbl (Jiucta). HoMep riaBel cocTout U3 uncia: 1, 2 u T.1.

3aroyioBkM  (ITO/A3arojOBKH) paCIOIararoTcs LEHTPUPOBAHHBIM (IIOCEPEIUHE
TEKCTa) CIIOCOOOM.

Ctpannubl NUCHMEHHBIX PadoT JO0MKHbBI HMEThb CKBO3HYI0 HYMepPAalUIO
apadckumu nuppamu no Bcemy tekcry. Homep crpaHunbl mpocTaB/silOT B BHU3Y
MOJIsi CTPAHUUBI MO HEeHTPY 0e3 TOYKM B KOHUe. [IepBoil cTpaHullell MHCHbMEHHOMN
paboThI sIBNIsIETCA TUTYJbHBIN nucT. OH He HyMmepyeTcs. B pabote BTopoit crpaHunei
SBIIETCS COJEPKaHUE.

TUTYNBHBIN JMCT JOJKEH COJEpKaTh HAMMEHOBAHHE YYEOHOro 3aBeleHUS,
dbopmbl 00ydeHHs, 0003HAUEHUE XapakTepa paboThl (KypcoBasi), ee Temy, (haMUIIHUIO,
MMsl, OTUECTBO BBIMTOJIHUBIIETO €€ CTYJEHTa, HOMEP Kypca U IpyNIbl, YUCHYIO CTEIICHb,
JOJDKHOCTh WJIM YUYE€HOE 3BaHHME HAYYHOTO PYKOBOJMTENSA, €ro (haMUIINI0 U WHUIIAATIBI,
rpadsr «JlaTta cqaumy», «JlomycTuTs K 3ammrey, «Jlata 3amuTtey, « O1eHKa, MECTO U TOJT
HaIMKUCAHUsS PabOTHI.

OrnaBiieHne padOThl, KOTOPOE CJHEAyeT MOCI€ THUTYJbHOIO JHCTA, JOJIKHO
COJIep>KaTh HAa3BaHMs JIEMEHTOB CTPYKTYpPhI padOThl 1 HOMEPA JINCTOB, C KOTOPBIX OHU
HAYMHAIOTCA.

[Ipy wucCnosb30BaHUM JUTEpPATypbl M LUTUPOBAHUM OTAECIBHBIX HAyYHBIX
MOJIOKEHUH CTYIeHT 0053aH OCYILIECTBIIATh B CHOCKaX CChUIKH HA aBTOPOB M UCTOUHUKH,
OTKyJla OH 3aMMCTBYET Marepuai ((pamMuwins U MHULKAIBI aBTOpa, Ha3BaHUE PaOOTHI,
MECTO U 'O/l U3JJaHUsl, KOHKPETHAsl CTPaHUIla, OTKyJa 3aMMCTBOBaHa nurara). [Ipu stom
[IUTUPOBAHHUE JIOMYCKAETCA TOJBKO B OTPAHUYECHHOM OOBEME, OMPABIAHHOM IIEJIBIO
nUTUpOBaHUS (1T  O0OOCHOBaHWS AaKTyaJbHOCTH PacCMAaTPUBAEMOIr0  BOIPOCA;
JEMOHCTPAIIMKA PA3TUYHBIX B3TJISAI0B, CYIIECTBYIONIMX B HAyKe MO MpOOJieMaM TEMBI,
MOATBEPKACHUS UM OIIPOBEPKEHUS BBIJIBUTAEMbBIX CTYJAEHTOM TE3UCOB U T.I1.).

[Ipsimoe uTHpOBaHUE B TEKCTE 00s13aTEIBHO O(OPMIISETCS C TIOMOIIBIO KaBBbIYEK.
B cityyae OykBajgbHOT0 BOCIIPOM3BEICHNUS MOJ0KEHUI HAYUYHBIX TPYAOB 0€3 yKa3aHus Ha
UX Ha3BaHUS U aBTOPOB pacyeTHO-rpaduueckas padboTa K 3alluTe HE AOMYCKAETCS.

B cnucke WCMOAb30BaHHBIX HMCTOYHUKOB JIOJKHBI OBITh YKa3aHbl TOJBKO TE
MaTepualibl, Ha KOTOpbIe UMEETCs CChUIKa (CHOCKA) B padoTe.

Eciu B KypcoBoil paboTe HMEIOTCS MNPWIOKEHUS, HUX HE0OXOAUMO
npoHyMepoBaTb. Bce JnHUCTBI  pacueTHO-rpaduyeckoil  pabOThl  JIOJDKHBI  OBITH
IPOHYMEPOBAHBHI.

Hywmepamust ctpanuil B KypcoBoil paboTe JoJKHA ObITh CIUtomHOW. CTyJeHT
OTBEYaeT 3a TPAaMOTHOCTh W AaKKypaTHOCTh OGOPMIIEHHUS pacueTHO-TpaduuecKon
paboTHI.

Hannune rpammarraeckux, opdorpaduaeckux u myHKTYallMOHHBIX OIMHOOK JTN00
HeOpexxHOoe oopMiIeHHE pabOThI MOKET MOCITYKUTh IPUUUHOMN HEYI0BJIETBOPUTEILHON
OLICHKH pa0OTBHI.



4. Ilopsiaok npeacTABJIEHNS PACYeTHO-TPauiecKoi padoThl HA 3aAIUTY

PacuetHo-rpaduyeckas paboTa, MOATOTOBICHHBIN CTYJ€HTOM B OKOHYAaTEJIbHOU
dbopme, nomKHA OBITH TMPEACTABICHA JEIONPOU3BOIUTENIO Kadenpsl B CIEAYIOIIEM
KOMILJIEKTE:

B MUCHbMEHHOMU (hopMe B MPOUTUTOM, COPOILIIOPOBAHHOM HJIM CKPETUIEHHOM BHJIE —
1 ax3emmuLsp;

B JJIEKTPOHHOH (popMe MOCPEeICTBOM HANPABJEHUS HA 3JIEKTPOHHBbIH
MOYTOBBI aapec kadenpsl TPAHCIOPTHO-3HEPreTHYeCKUX cucTemM
ttm@chebpolytech.ru — 1 3k3emmsp.

HenonpousBoautenb KadeApbl mocie perucrpauuu (akrta W JaThl CAaydd
pacyeTHO-rpaduueckoil paboThl MepeaeT ee sl MIPOBEPKU HAYYHBIM PYKOBOIAUTEIIEM.

[lepenaua pacuetHo-rpaduyecKkoi pabOThl B JIEKTPOHHOU (hopme MOKET ObITh
OCYIIECTBJIEHA IYTE€M HAaINpaBIEHUS €€ CTYJACHTOM HENOCPEACTBEHHO HayYHOMY
PYKOBOJMTEIIO 10 DJIEKTPOHHOM MOYTE.

[Tocne moctymneHusi pacueTHO-rpaduyecKoil padboThl HAa Kadeapy HaydHBIN
PYKOBOJUTEIb IPOBEPSIET €€ B TeueHue 14 KajieHIapHbIX JHEH ¢ MOMEHTA MOCTYIUICHUS
Ha Kadenpy, Mmociie 4ero BO3BpallaeT ee ACIONPOU3BOJAUTENI0 CO CBOMM OT3bIBOM. B
OT3bIBE YKA3bIBAIOTCS CIEAYIOIIHNE ITOJI0KEHUS:

— HaMEHOBaHHE y4eOHOro 3aBefeHus, Kadenpsl, GopmMbl 00yUEeHHUS;

— 0003HaueHHE XapakTepa padoThl (KypcoBasi), €€ TeMy;

— (haMHITIMI0, UM, OTYECTBO BBIMOJHUBILIETO €€ CTYJE€HTa, HOMEp Kypca U rPyIIIIbl;

— YYEHYIO CTENEHb, TOJKHOCTh WIIM YYEHOE 3BaHUE HAYYHOTO PYKOBOJUTENS, €T0
(baMUIUIO U UHUITHAIBL;

— COOTBETCTBUE TIPEJICTABIIEHHON pacueTHO-rpaduyeckoil paboThl 00IIUM
TpeOOBAHMSIM, YKa3aHHBIM B HACTOSIIIIUX METOIMYECKUX yKa3aHUsIX;

- yKa3aHHe Ha UMEIOLIUECs B KypcoBoil paboTe HeocTaTKH (Kak 1o opme, Tak U
10 COZIEP>KaHUIO pabOThI), HE MPEMATCTBYIONINE TOMYCKY pabOThI K 3aIUTE;

— BBIBOJI O BOBMOXHOCTH JIOIIyCKa pacueTHO-rpadpuueckoil paboThl K 3allUTe.

B cnydae ecnm mocTaBieHHBIE HAayYHBIM DPYKOBOJMTEIEM BOMPOCHI HE SICHBI
CTYZICHTY, OH BIIpaB€ YTOUHUTh UX Yy HAYYHOTO PYKOBOIHTENS JMYHO BO BPEMS €ro
€KEHEJIEbHBIX KOHCYNbTAlMN (IeXKypcTB Ha Kadenpe) WM JUCTAHIIMOHHO Yepes
AIIEKTPOHHYIO MOUTY.

B cnyuae ¢popmynupoBaHus HAYYHBIM PYKOBOAMTENIEM BBIBOA O HEBO3MOKHOCTHU
JIOIyCKa pacyeTHO-rpaduueckoil pabOThl K 3alUTe pacyeTHO-rpaduueckas paboTa
NOJJICKUT TMOATOTOBKE 3aHOBO C Y4YE€TOM 3aMeYyaHWil, YyKa3aHHBIX HAay4YHBIM
PYKOBOAMTENEM, U TIOBTOPHOMY TIPEJICTABICHUIO HA 3allUTy B  MOPSJKE,
PEeTyCMOTPEHHOM pa3iesiaMu 3-5, TOMY K€ HAyYHOMY PYKOBOIUTEIIO.

5. ITopsiiok 32U THI pacyeTHO-TPapuuecKoi padoThI

3amuTa pacueTHO-rpapuueckoil paboThl MOXKET MPOBOAUTHCS TOJBKO HAYYHOMY
PYKOBOIMTEIIIO.

3ammuTa pacueTHO-rpadudeckoil paboThl MPOBOAUTCS B (OopMe, YCTAHOBICHHON
Hay4HbIM pykoBoauTeseM. [Ipu ycTHoi (hopme 3amThl pacyeTHO-rpapuuecKoil padoThl
CTYJEHT JOJDKEH IMOJArOTOBUTH OTBETHI HA BOIPOCHI, MOCTAaBJIECHHBIE €My Hay4HbIM
PYKOBOJUTENEM B PELICH3UU.


mailto:ttm@chebpolytech.ru

HayuHblli pyKOBOIMTENb BIPABE IO CBOEMY YCMOTPEHMIO 3aJaBaTb CTYACHTY
JOTIOJTHUTENIBHBIE BOIPOCHI JJI IIPOBEPKH YPOBHS M Ka4e€CTBA OCBOCHMS UM 3HAHUU 110
TeMe pacueTHoO-rpaduyeckol paboThl, a Takke s JOMOJIHUTEIbHOM MPOBEPKU
CaMOCTOSITENTbHOCTH BBIMOJIHEHHSI pacueTHO-rpapuueckoil paboThI.

[To nToram 3amUTHl HAYYHBIH PYKOBOAUTEIH OMPEEISIET, MOXKET JIU ObITH 3alIUTa
3a4TeHa, WK TpeOyeTcs MOBTOPHAS 3aIUTA.

[lo mToram mepBoHayanbHOW WK (B Cllyyae €€ HEyAauu) MOBTOPHOM 3alllUThl
pacueTHO-Tpaduueckord paboThl HAyYHBIH PYKOBOAMUTENb CTAaBUT OTMETKY O 3allUTe
pacueTHO-Tpaduueckold padOThl B 3a4ETHOM KHM)KKE CTYJEHTA, B BEJOMOCTH U HA
TUTYJIBHOM JIUCTE pabOTBhI.

IHocne 3amMTHI peneH3us M pacyeTHO-rpauyeckasi padora moaJeKat
CKAHMPOBAHUIO CAMHM CTYAEHTOM M 3aJJMBKe B JJIEKTPOHHYI0 MH(pOPMALMOHHO-
o0pa3oBareqbHyI0 cpeay (JJiekTpoHHOe MOPT(do1u0) YedoKkcapcKOro HHCTUTYTA
(punuasa) MOCKOBCKOIO  NMOJHUTEXHHUYECKOI0  YHHMBEPCHUTETA o aapecy

http://students.polvtech21.ru/login.php, nocne dero padora B mUCbMEHHOU (opme
nepeaaroTCs CTYICHTOM JISJIONPOM3BOIUTEIIO I XpaHEHUs B apxuBe dunmana.
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BBenenue

Hensmu ocBoeHUss AUCHUIIIMHBI «COMPOTUBICHHE MAaTEepUATIOB»  SBIISIIOTCS:
W3YUYCHHE U OBJIQJICHUE TEOPETUUYECKUMU OCHOBAMH, MPAKTUYECKUMHU METOJIaMU
pacyeToB HA MPOYHOCTh, JKECTKOCTh M YCTOMYHMBOCTBH SJEMEHTOB METAJTYypPrUYECKUX
KOHCTPYKIIUH, TPAHCIIOPTHO-TEXHOJIOTHUYECKUX MallvH U MEXaHU3MOB,
HEOOXOJMMBIMU, KaK MPU W3YUYEHUU NANbHEHIIMX TUCHUIUIMH, TaK U B JalibHEUIIEH
MPAKTUYECKON JIEATETbHOCTH CIICIUAIUCTOB C IeNbl0 obecrneueHus TpeOyeMbIX
napaMeTpoB HUX HAJEKHOCTH IIPU HOPMATUBHBIX CPOKax JKCIUTyaTallUh H
MIPOTHO3UPOBAHUYU BEPOSTHBIX 3HAUEHUN neperpy30k. O3HaAKOMIIEHUE C COBPEMEHHBIMU
MOAXOJIJAMH K PacyeTy CIOKHBIX CUCTEM, JIEMEHTAMHU PallMOHAIBHOTO MPOEKTUPOBAHUS
KOHCTPYKIIMA M MEXaHU3MOB, a TaKXKe H3yYCHUE MEXAHUYECKUX XapaKTEPUCTHUK
MaTepuaoB.

[Ipu 3TOM M3yuYeHHE NUCUUILTUHBI JOJIKHO (HOPMHUPOBATH Y CTYJIEHTOB MPUHIIUIIBI
HEOOXOJIMMOCTH OJHOBPEMEHHOI0 oObOecredeHusi padoTOCIOCOOHOCTH KOHCTPYKIIUH,
TPAHCIIOPTHO-TEXHOJIOTMYECKUX MAIIMH M MEXaHU3MOB, BBITIOJIHEHUSI TpeOOBaHUMN
0€30MacHOCTH, YdKOHOMUYHOCTH U ICTETHUYHOCTH.

1. O0mme peKOMEeHAAUMH 10 BBINOJHEHHUIO pacyeTHO-rpaguyecKux pador

1. [Tepen pemieHneM 3amadyd TIO CONPOTHBICHHIO MaTEpUATIOB HEOOXOIUMO
nepenucarh MOJHOCTHIO €€ YCIOBHE C YHCIOBBIMU JaHHBIMHU, COCTaBUTH AICKHU3 B
MaciTabe u yka3aTb Ha HEM B YHCJIaX BCE BEJIMYMHBI, HEOOXOAUMBIE TSl JAIbHEUIIIETO
pacuera,

2. Pemenne 3ama4 Mo COMPOTHBICHUIO MATEPUATIOB JOIMONHINTE KPaTKUMH
MOSICHEHUSIMA W YEpPTe)KaMH, Ha KOTOPBHIX BH3yIM3UPOBAHBI BXOJSIIHME B pPacueT
BEITUYMHBI,

3. Ilepen wucmonb3oBaHWeM (GOpPMYNBI 1T ONPEACIICHHUS  HAIPSIKEHHO-
1e(pOPMUPOBAHHOTO COCTOSIHUS HEOOXOIUMO U3YYUTh COOTBETCTBYIOIIYIO TEMY JICKITHIA
M0 CONPOTHBIICHUIO MAaTEPUAIOB, YTOOBI MOHITh (PU3UYCCKUI CMBICT BCEX BEIWYHH,
BXOJISIIINX B HEE,

4. Ilpu mOACTaHOBKE B HMCHOJB3yeMYyI0 (HOpPMYJy BEIIUYUH CHIIBI, MOMEHTA WM
JUTMHBI HE0OX0IMMO TIEPEBECTH UX B OJHY CHCTEMY €AMHHUII,

5. Ilpu pemiernn 3a7a4 MO COMPOTHUBIICHUIO MAaTEPHAIIOB TOYHOCTh PACYCTOB HE
J0JKHA TIPEBBIIATE TPEX 3HAUANUX MUQP (Pe3ynbTaT perieHus 3a1a4i He MOKET OBITh
TOYHEE 3I0KEHHBIX B paCUeTHBIE (DOPMYJIBI MMPEATIOCHIIOK ),

6. 3aKkaHUYMBAaTh PAacUeThl HY)KHO aHAJIM30M PE3yJbTaTOB. AHAIHW3 PE3yIbTaTOB
peleHust TOMOXKeT N30eXaTh HeJIeTIhIX OMIMOOK U ONEPATUBHO UX YCTPAHUTh.

7. UanuBuayanpHble  3amaHus. KakIplii  CTyIEHT  BBIMOJHSICT  BapUaHT
WHIMBUIYAIIBHOTO 3aJIaHUsl B 3aBUCHMOCTH OT IOCIICTHEH IUQPHI MPHUCBOCHHOTO €My
mmdpa (cM. Tabu. 1).

Tabmuma 1

[Mocnenuss mudpa mudpa 1 (213|456 7|8[9] 0

Howmep BapuanrTa 1 (2134 (5]6[7|8]|9]10




2. YciioBusl M BADHAHTHI 3a/1aHUil K BbINOJIHeHUI0 PI'P Ne 1
«PacTszkeHHe U C:KaTHE)

YcaoBue 3a1a4um Ha PACTHKCHHUEC U CIKATHEC
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Puc.1. ITocTpoenue smtop

o _ 4 _
CranbHol crepxeHs (Moxyns FOnra £=2-19"xH/cm2) ¢ pasmepamn 4= 200
cm; £=150¢cy, €=100cm  ®w  momampl0  TONMEPEYHOrO  CEYEHMs  HIKHETO

yqaCTKan:FZmCMZ, a BEPXHETO _fe=2F=28

OCEBBIMHU CHJIAMU F=100 g, £ =300

CM2 HarpyXeH BHEIIHUMHU

kH. TTocTpouTh 3MIOPBI MIPOIOIBHBIX CHIT ¥ 1

HOPMAJIBHBIX HANpsOKeHHH ©:. OLEHATh NPOYHOCTh CTEPXKHSA, €CIM TpeelbHOe

.
HanpsokeHue (mpenea TeKydecTH) = o kH/cM2, a momyckaemblii KodhpuiimeHt

samaca ¥4 = 1.5 | Haiiru YIUIMHEHUE CTEPKHS Al |

Pemenue npuMepa 3ajiavdu HA PACTHARKCHHUE U C)KaTHUEC

OHpGI{CH}IeM 3HA4YCHUC OHOpHOﬁ pPCaKkunun R, BO3HUKAIOIICH B 3aJCJIKC

YuureiBas, 4TO P, }P.?, HAIpaBUM OIOPHYIO0 peakiuio XBHH3. Torma u3 ypaBHEHUS

PaBHOBCCHUA Z £=6 HaxXOauM:

~R+P,-P=0; R=P,-B=300-100=200



CTpouM 110py NPOAOJILHBIX ¢l -V

PazbuBaem nnuHy CTEp)KHS Ha TpHW ydacTka. ['paHuMIIaMH y4acTKOB SIBIISIIOTCSA
CEUCHMs, B KOTOPHIX MPHIOKEHbl BHEIIHWE CWJIBI W (WJIM) HU3MEHSETCS pa3Mep
MONIEPEYHOT0 CEYEHUS CTEPIKHS.

Bocnonb3yemcst MeToioMm ceueHuil. JlenaeM no oJJHoMy CEU€HUIO B IPOU3BOJILHOM
MeCTe KaXKJI0TO U3 TPEX YUACTKOB CTEPIKHS.

Ceuenne 1 — 1. OTOpocuM (WU 3aKpoeM JIMCTKOM OyMmarv) BEPXHIOK YacTh
crepxHs (puc. 1, 6). Camo ceyenue 1 — 1 MBICJICHHO CUMTaeM HEIMOJBIKHBIM. MBI

BHUJIUM, YTO BHEIIHSS CI/IJIa'%aCTHFI/IBaeT paccMaTpUBaEMYI0 HUKHIOIO YaCTh CTEPIHKHS.
OTtOpornieHHas HaMU BEPXHSSL YaCTh CTEPKHS MPOTUBOACHCTBYET 3TOMY PACTSKEHUIO.

o o o o A
DTO NPOTUBOIEUCTBUE Mbl 3AMEHVMM BHYTPEHHEW NPOJOJBHOM CHIION , HAIIPaBJIECHAOU
OT CEYEHHUSI U COOTBETCTBYIOUIEH PACTSHKEHUIO. Pa3pymieHusi CTEpHs HE NPOU30MJIET
TOJIBKO B TOM CJIy4ae, €CIIM BO3HUKAIOIAsl B ceUeHNH | — 1 BHyTpeHH:A

T

A ’
MPOJOJIbHASA CHJIA YPABHOBECHUT BHEIIHIOKO CUITY . Fﬁ)aTOMy O4YE€BHUJIHO, YTO KH.
N SP =
Ceuemie 2= 2 Buemmas cuna pacTIrMBaeT pacCMAaTPUBAEMYIO HAMHU HUKHIOIO

4acTh CTEPXKHS, a CHJIA : ee cmumher (HamOMHUM, 4TO 2 — 2 MbI MBICIICHHO CUUTAEM

HEMOABWKHBIM). [Ipruem, corimacHo ycloBUIO 3aJayd, > B Yroom YPaBHOBECUTH

r

N
9T JOBC CHJIbI, B CCUYUCHHU 2 - 2 JOJIKHAa BO3HHMKHYTh BHYTPCHHAA CHIIA 2,

HpOTI/IBO,ZLGﬁCTByIOHIa}I CIKAaTHIO, TO CCTh HAITPABJICHHAA K CCUCHUIO. Omna PpaBHa:
Ny =P, - P,=300-100=200 g

Ceuenne 3 — 3. OTOpocuM Temepb YacTh CTEPXKHS, PACIIOJIOKECHHYIO HIXKE STOTO

?‘Kr
ceueHHs. BHYTpeHHsAs TmpojoibHas Cuia - *0/DKHA YPaBHOBECUTh  BHEUIHIOIO
(peakTHBHYI0) CxXMMArOMIyIo cruity X . [ToaToMy OHaA HalpaBlicHa K CEYEHHIO M PaBHa:
AN — [
Ny=R=200 ¢

Jlerko yOoenuThcs B TOM, UTO MOTYUYEHHBIN Pe3ynbTaT HE U3MEHUTCS, €CJIM Mbl OTOPOCUM
HE HIKHIOKO, & BEPXHIOK YacTh CTEPKHSA. B 3TOM cityyae npoaoJibHas

cujia _?kSTaK}Ke HpOTHBOHCﬁCTByeT cxarturo. OHa paBHA:
Ny=P,— B =300-100=200

ITpH HOCTPOEHNH IO POIOTBHBIX CHII Oy1eM HOb30BaThCs CIELYIOIMM IPABUIOM
3HAKOB: BHYTPEHHSSI IPOJIOJIbHAS CUJIA, BOSHUKAIOIIAS B IIOIIEPEYHOM CEUEHUU CTEPIKHS,
CUMTAETCS MOJIOKUTEIIBHOM, €CIIM OHAa NPOTUBOJCUCTBYET PACTSIKEHUIO CTEpPXKHS, U
OTPHULIATENILHOM, €ClIM OHA MPOTHUBOJECUCTBYET €ro cxaTuto. OHO BBOAUTCS ISl TOTO,
YTOOBI MOKHO OBLIIO HATJISAHO BUJIETh, KaKasi 4aCTh CTEPKHS UCTIBITHIBAET Jiehopmariuio
pacTsDKeHUs, a Kakas 4acTh — Jedopmaiuio cxartus. ITO OOCTOSTEIBCTBO MOXKET
OKa3aTbCsl KpalHE Ba)XKHbIM, B YAaCTHOCTH I CTEP)KHEHM M3 XPYIKOro Marepuaia,
KOTOpBIE UMEIOT Pa3HbIE JIOIYCKAEMbIE HAIIPSKEHUS HA PACTSDKEHHUE U Ha CKaTHE.

Takum O6p330M, MbI YCTAaHOBUJIN, YTO B JI000M CEUYCHHM HUKHETO yY4aCTKa CTCPIKHA

o N, =
BHYTPEHHSS MPOJOJIbHAS CHJIA TPOTUBOJICUCTBYET PACTSXKEHUIO U PaBHA ~ 100,



B mt000M ceueHun cpeHero U BEpXHEro y4acTKOB CTEPKHS UMEET MecTO JAedhopmarius

N, =N,=-1
CXKaTus, IOITOMY ~ = Vs vo kH.

JIns TOCTPOEHMS SMIOphl MPOJONBHBIX CHJI-YIIPOBOJAMM TOHKOH JIMHHEH OCb,
napajuieNIbHyI0 OCU CTEPKHS Z (puc. 3.2, 1). BeruncieHHble 3Ha4€HUs IPOI0JIbHBIX CUJI B
BBIOPaHHOM MAcCIIITA0E M C YYETOM UX 3HaKa OTKJIa/IbIBAEM OT 3TOM BEpPTUKAJIBbHOM ocu. B
npeaenax KaxJoro M3 y4YacTKOB CTEP>KHS MPOJIOJbHAs CHJIAa OCTaeTCsl MOCTOSHHOM,
MO3TOMY MBI  Kak Obl  «3allITPUXOBBIBAEM»  TOPU3OHTAIBHBIMU  JIMHUSIMU
COOTBETCTBYIOIIMI Y4aCTOK.

OTtmeTuM, 4TO Kaxkaas JUHUS «IITPUXOBKW» (TO €CTh OpJMHATA DIIOPbI) B MPUHITOM
MaciTabe JaeT 3HaueHHUe MPOJ0JIbHON CUITbI B COOTBETCTBYIOIIEM MTOTIEPEUYHOM CEUEHUHU
CTEPKHS.

[Tony4yeHHy10 3M10py 0OBOJIUM KUPHOU JTMHUEH.

AHanu3upys NOJTYyUYEHHYIO 3MI0PY, Mbl BUAUM, YTO B MECTAX MPUIIOKEHUS BHEITHUX CHJI
Ha DITFOPE UMEET MECTO CKAYKOOOpAa3HOE M3MEHEHME NPOAOJILHON CHUIbI Ha BEIMYHUHY,
PaBHYI0 3HAUCHHUIO COOTBETCTBYIOLIEW BHEWHEW cwuibl. [Ipuuem u3mMeHeHue
MOIMIEPEYHOr0 pa3Mepa CTEPKHS, KaK 3TO BUIHO M3 pUC. 3.2, 1, HUKAK HE CKa3bIBACTCS
Ha XapakTepe JIMopHI ¥

CTpouM 7MI0py HOPMAJILHbBIX HANPSLKeHHii © 2
HopmanbHoe HanpskeHue, BO3HUKarollee B k—M MonepeyHoM CeYeHHH CTEp>KHS MpHU
pacTsHKEHUU (C)KAaTUH), BBIYUCISETCS O clieaytoneil oopmysie
G:* = ‘Vi ;"/ F«:t

>
T

o F
rac - =1 +=— IPOJO0JIbHAasA CUJia W IJIoIIadb k-ro IMONICPCYHOTO CCUHCHUA CTCPIKHA
COOTBCTCTBCHHO.
B IICPBOM IIONICPCUHOM CCUCHHUU CTCPIKHA HOPMAJIbHOC HAIIPSKCHHUC PAaBHO

NN 100
= :—:—':—o——:-g—]_fj
5F 1o kH/cm2,
BO BTOPOM —
N, N, 240
C}':: = = = - = — = —26
FOF 1 kH/cMm2,
B TpeTBeM -
N it 240
L= : _ P __ "7 _1@
R 2F = kH/cm2

%7
CrpouM 1O BBIYMCIEHHBIM 3HAYEHUAM SMIOpY (puc. 3.2, e). B mpenenax Kaxaoro us
YYaCTKOB CTEPKHS HaIlPsHDKEHUSI IIOCTOSIHHBI, TO €CTh 3II0pa HalpsKEHUH napasuieabHa

OoCH. 3aMeTI/IM, 4TO B OTIMYHC OT SIIIOPLL N, Ha JIII0pC Y «CKa4Y0K» HNMECCT MCCTO HC
TOJIBKO B MECTax IPWIIOKCHHA BHCIIHUX CHUJI, HO XU TaM, I'AIC INPOUCXOANUT N3MCHCHHC
PasMEPOB MOIICPCYHOI'O CCUCHUA CTCPIKHA.



OnenuBaem MPOYHOCTD CTECPKHA

T
Comnocrasisiem HauOoJiblIee (110 MOYJTI0) HOPMaIbHOE HAIPSDKEHHUE , KOTOPOE B HALLIEM

IpUMepe BO3HUKAET BO BTOPOM CEUEHUH CTEPXKHS, C IOMYCKAEMbIM HANPSKEHUEM {‘3"} :
HamomuuM, 4TO nomyckaeMoe HampsbKeHHE MpeNICTaBIsieT coOoi

o
JIOJIFO OT MPEAEIIBHOTO HANPSIKEHHUS , TO €¥Th OT HANPSIKEHUS, IPU KOTOPOM HAYMHAETCS
pa3pylieHue Marepuaina. Paspyiienue craim, Kak IIacCTU4HOTO MaTepralia, HAYMHACTCS
P TMOSIBICHUU 3HAYUTENBHBIX OCTATOYHBIX nedopmaruii. [lorTomy mmns

CTaJIA MMPEACIbHOE HAIPSDKEHUE PAaBHO IIPEAETy TEKYUYCSCTH: Ton G’“. Torna
lel=a,/Inf=2415=16 .0

YcioBHE TPOYHOCTH UMEET BU/I o, {D'] . B Hamuem ciyyae
=2

o = ‘G'i kH/om? > o] = 16 xkH/cm?,

CJICAOBATCIIBHO, IIPOYHOCTDb CTCPIKHA HAa BTOPOM YUACTKC HEC oOecrieueHa.

Takum 06p8.30M mIomanab IMOIICPCYHOI0 CCUYCHUA CTCPIKHA HaA BTOPOM YYACTKE,

paBHYIO fFp=F=10 CM’, HAM HEOOXOAUMO YBEIUYUTD.

HecnoxHblll aHain3 MOKa3bIBa€T, 4YTO Ha JPYIMX Y4YacTKaxX CTEPXKHS YCIOBHE
IPOYHOCTH BBIITOJIHAETCS.

W3 ycioBusi NpOYHOCTH OIpeEIsieM TpeOyeMyo IUIOIIA b ONEPEUYHOr0 CEUEHUS
CTep>1<H51 Ha BTOPOM Y4acTKe:

=tz |v)| flel= 20016 =125 »

IIpuHMMaemM Ha BTOPOM y4acTKe £ =153 oM’

BolunciisieM yIJIMHEeHHEe BCEro CTepPiKHs =
[Tpu nepemMeHHBIX M0 AJMHE CTEP>KHSI 3HAUEHUSAX MPOJOJIBHON CHIIbI U IJIOLIAAN
MOTIEPEYHOT0 CEUEHUs yIITMHEHUE BBIYMCIIAETCS 0 (hopMyIie

rae E — monyne FOHra, a b JUIMHA COOTBETCTBYIOLLETO YYacTKa CTEPIKHA.
Torma

ag o NE Nl Nl 100°100  200-1S0 200200
EF, EF, EF, 2-16%.10 2-107.125 2-10°-20

Takum 00pa3zoM, JUITMHA CTEPKHS YMEHbBIIIAETCS HA L7 vm,

=017
CM.

Laa



3AJJAYA HA PACTAXKEHUE U C’KATHUE 151 CAMOCTOATEJIBHOI'O
PELHIEHUSA

YcioBue 3a1a4u HA PACTHKCHUE H C)KATHUE

o _ ¥ 4 o
CranbHoil crepxeHb (Moaynb HOHra E=1-10 kH/cM?) HaxommTca moj AeHCTBHEM
_,.3 B
BHEIITHUX OCEBBIX CUJI U @fmcrf 1). ITocTpouTsh SMIOPHI MPOJIOIBHBIX CUII U HOpMaJII)H,ﬁIX
HanpskeHuit . OueHnTh NpodFHOCTH CTEPKHS, €CIIH MPe/IeIbHOE

HanpsokeHHe (Ipelen TeKydecTn) <= o kH/cM®, a pmomyckaemblii Kod(hQpuIEeHT
3araca {ﬂ} =13 Haittu YIUIMHEHUE CTEPXKHs A

CXEMBI UIAA 3AJAYN HA PACTAKEHUE U C’KATHE

@ ®

LSS SIS

13



Tabmnuia 2 - MicxonHble JaHHBIE K 3a7]a4€ Ha PACTSHKEHHUE U COKaTHE

Howmep cxemsr | F, eM?| a, m| b, M| ¢, M| P, xH

1

20 |12|4a]6]11

22 146|412

24 |1,8)16]12]13

2,6 1,6 12,0 | 1,0 | 14

28 |20]1,8]1.2]15

3,0 22 |1,6 |1,4]16

32 |24 |14 ]16]17

34 |26 [12]18]18

36 [28]1,0]1,4]19

(=3 BN He ol BN K= B2 I BVS I | S

378 274 1,6 1,2 20

CM

3. YciaoBusi M BApHAHTHI 321aHNI K BbINoJIHeHU10 PI'P No 2
«CraTuyecKku-HeonpeaeauMble CUCTEMbI MIPU PACTAKEHUH U CKATUM

YciaoBue 3agauu

. . 3
JIJist cTaTUYeCcKy HEONpeNeTuMON CUCTEMBI, N300paKeHHOW Ha puc.2, a (F a

2; _FM = éCMZ; tL_m =2fDM; g_u :LﬁM; {I=i,5M; b= 248 M, c=214 M), Tp€6y€TC$I

_ oy .ipd _
ONpENENNUTh YCWIHS W HalpsHKEHUS B CTaJIbHOM (Efm_ <16 kH/cm?; {glm 16

—1.10% —
kH/cM®) 1 B MeqHOM (‘E-M =107 cH/em?; o). =8 KH/cM?) CTEpXKHSAX, BBIPA3UB MX

yepes cuiny P, a Takke HalTH JOIyCKaeMYyI0 Harpy3Ky {P } .

Pacuernas cxema

a) R, 3
Q"‘I“ Fo=30cx’
O |F60a’3 Ny=Hy Nem=
'ir r; ﬁ) 3 i
A c=2,4m 7 AR, = E
%}1 S —  : B e
P S RN B S oo ) (4
B e
: _ _ By VT,
a=1,6m b=2,0m a T C;
atb .

Puc. 2 PacueTHas cxema

14



Haxoaum ycuiius 1 Hanps:KeHusi, BOSHUKAIONIUE B CTEPKHAX

PacceueM crepkHM M H300pa3uM cucTeMy B Je(OPMHUPOBAHHOM COCTOSIHHH
(puc.2, 0). Ilox nefictBueM cuiibl P aOCOIIOTHO KECTKUIM Ha U3rub Opyc moBepHETCS Ha
HEKOTOPBIM Majblii YroJl, OCTaBasCh NPSAMOJMHEHHBIM. [IOCKOJIBKY yroyl moBOpoTa
a0COJIFOTHO KE€CTKOTO Ha U3rub Opyca Maj, MOKHO IPEANOI0KUTh, 4TO €ro Touku B u C
OyoyT mepeMemarbcs He 10 Jyre OKPYKHOCTHM, a IO BEpTUKald BHH3.
JlebopMHupOBaHHOE TMOJIOKEHUE CUCTEMBI MMOKA3aHO HA PHC. 2, 0 HAKJIOHHOW TPSIMOU
muaueit AC,. O4eBuaHO, 9TO 00a CTEPXKHS, TTOICPKUBAIONTNE OPYyC, PACTSHYTCH.

T AT

A N
HO3TOMY BHYTPCHHUC YCHIIMA ‘H , BO3HHKAIOIIUMC B IIOINCPCUYHBIX CCUCHHUAX OJTHX

CTGp)KHCfI, HarpaBUM OT CCUYCHMA. leJII/IHCHI/Ie MCOHOI'O CTCPIKHA paBHO%szGSKy,

a (:TaJH,HcﬁsP%E — OTPE3KY . Al G

JIns TII0CKOM CUCTEMBI MAapaJICIbHBIX CHJI MBI UMEEM JBA HE3aBUCHUMBIX YPaBHEHHUS
) R _::U _::',J

cratukd. Hews3BecTHBIX k€ y Hac Tpu: ~ 4, =u ~ <, (ClienoBaTeIbHO, 3aJaHHAS

CHUCTCMaA SABJIACTCA OAWH pa3 CTaTUYCCKHU HCOHpC}ICHHMOﬁ.

YToObl MCKIIIOUUTh W3 JAIbHEHIIEro pacCMOTPEHUS PEaAKIUIo Rf*-, BO3HUKAIOIIYIO B
mapHupe A, COCTaBUM ClIeIyIolee YpaBHEHUE PAaBHOBECHS:
YU, =0; N, a+N, (a=h)-Pc=0 3.1)

T AT

Y

B Hero BXOAAT JBE HEU3BECTHBIE 1 ; HOITOMY MJIA UX OmpeneneHus (To ecTh s
PaCKpPBITUSI CTATUYECKOW HEOMPEJSIIMMOCTH) HaM HEOOXOAMMO COCTaBUTH €IIE OJHO,
JOTIOJHUTENIBHOE, YPaBHEHHE.

Ou4eBHUIIHO, 4YTO YIJIMHEHUS CTGp)KHé%J-“I/I ’ﬁ’cJBmaHH Mexay coboit. M3 momoOus
tpeyronpHukoB ABB, u ACC, cienyer, 4to

BB A, ua

o0 Al a+b

LE

Wi, yunrteiBas 3akoH I 'yka,
‘;\;.“E.H
Eﬁt}':.;t = ﬂ
‘?frmg:m &+ b

Lol em (3.2)

[TorygyeHHOE HaMU JOMOTHUTENbHOE ypaBHEeHHE (3.2), CBsA3bIBaOIICE AehopMaIiuu

CTEp>KHEH, HA3bIBACTCA YPABHEHUEM COBMECTHOCTH JehopMaIiui.

[TonctaBuB B (3.1) u (3.2) UCXOJHBIE TaHHBIE 33/1a4M U BBIOJHUB HECIOKHBIE

npeoOpa3oBaHus, TMOJIYYUM CJICAYIOMYI0O CHCTEMY YpaBHEHUHW OTHOCUTEIHHO
T

T

HEU3BECTHBIX BHYTPCHHUX YCUIIMU Nyt Vem;
LEN_ +36N_ =24P, N_ =18N_,
Otcro1a Hax0UM, 4YTO YCHIINS B CTEPXKHAX PABHBI:
N_=0297P; N =03535F

Torna HanpsKEHUS

15



N — ELZ?U r = G}Gigi.px g:p@l = }';-cm = {}.SSSP = G>i?8P

*F & F 3

OnpenesisieM 10IyCKaeMYI0 HATPY3KY {—‘U }
N3 ycnoBust npOYHOCTH METHOTO CTEPIKHS
o, =00405Pslo], =8 o0

Haxoaum, 4To

&
P =182
0,0405 CHL

3 YCJI0BUA ITIPOYHOCTU CTAJIIBHOT'O CTCPIKHA
— = el —_
G, =0178P <ol =16 1y 0

16
—_=§9.0
0.178 CHL

HpI/IHI/IMaSI MCHBIICC N3 HaﬁHGHHLIX BBIIIIC IBYX 3Haq€HHﬁ, HaxXoJuM, 4TO AO0ITyCKacMasd

CICAYCT, 4TO

£=

Harpyska JUis 3aJJaHHOW CUCTEMbl paBHA {—‘U ] =899 xH.

Pacuer ctraTuyecku HEOIIPECACJIUMBIX CUCTEM - YCJIOBHME 3aJa4YU 1JIsA
CaMOCTOATEJIBbHOI0 PCIICHUA

["'opu3oHTaNbHBIA a0COMIOTHO KECTKUWA Ha M3rub Opyc, Harpy»KeHHbIA cuiiol P,
ONMPAETCS Ha WIAPHUPHO HEMOJBUKHYIO ONOPY M MOAJIEPKUBAETCS IBYMs yIPYTUMHU
CTEP’KHSAMHM, IPUKPEIUIEHHBIMU K HEMY U K OCHOBAHUSIM C ITOMOILBIO IAapHUPOB. OIMH

— 1.10% —
U3 YIPYTUX CTEPXKHEN CTalbHON (Em_ 2107 (Hiem?; {g}“*”_léKH/CMz), a Jpyroii

1108 _
M€ THBIH (E-M =107 cHiem?; o). =38 xkH/cm?) (puc. 3). TpeOyeTcs OnpeneauTh YCHIns
¥ HAIPSDKEHHS, BO3HUKAIOIIUE B CTEPIKHAX, BHIPA3UB UX Yepe3 CHly P, a Taxke HalWTH

JOIyCKAEMYI0 Harpy3Ky {—‘U } .

Pacuer craTuyecku HeONpPEaACJINMMBIX CUCTEM IIPHU PACTHKCHUH U CKATHH —
PACYE€THLIC CXEMbI K 3aa4e€ JJIsd CAMOCTOATCIbHOI'0 PCIICHUA

16



Ta6J'II/IIla 3- HNucxoaneie JAaHHBIC U1 CAMOCTOATCIIBHOI'O PCIICHUA

Pucynok 3. PacuetHas cxema

Howmep cxemsl | Fer, cM? | Fyy, oM | Lo, M| L, M| @, M| b, M| ¢, M
1 1,0 2,0 1,0 |1,0 11,0 1,0 10,5
2 1,0 2,0 1,0 10,8 11,0 10,8 ]0,6
3 2,0 4,0 1,0 11,0 |1,0 |1,0 | 1,2
4 3,0 5,0 1,6 14 11,6 |1,4 11,0
5 4,0 6,0 1,8 14 11,8 1,4 11,0
6 2,0 4,0 1,2 11,2 |1,2]1,2]0,6
| 20 130 |12 |10 121008
2 30 |40 |10 |10 [10]10]14
3 4,0 5,0 1,8 1,6 |1,8 11,6 |1,2
4 5,0 6,0 2,0 1,6 12,0 11,6 |1,2
5 3,0 4,0 1,4 |14 |14 ]1,4]0,7
6 3,0 5,0 14 |1,0 |1,4]1,0]0,8
1 4,0 5,0 1,2 1,2 11,2 11,2 ]1,6
2 5,0 7,0 20 |1,8 12,0 1,8 |14

17




4. YciaoBusi M BApUAHTHI 3a1aHuil K BbinoiHeHu1o PI'P Ne 3
«KpyueHne cTep:KHsI KPYTIJI0To ceYeHusD»

YciaoBue 3agauu

K cTanbHOMY Baily HOCTOSIHHOTO IIOTIEPEYHOr0 ceueHus (puc. 4) MpUI0KEHbI YEThIpe

Af. =1.5 Af. =55 Af, =37
BHEIIHUX CKPYYMBAIOIIUX MOMEHTA: M, =13 kH-M; My=323 kH-M; My =3,

; — — . !
kH - M; M, =18 kH'M. JIIMHBI y4aCTKOB CTEpXKHS: a=153 M; ri’=2M, =1y, d=12 M.
TpebyeTrcs: MOCTPOUTH SIMIOPY KPYTAINIUX MOMEHTOB, OMNPEACIUTh AUAMETP Baa IpU

iTE = & kH/cM2 ¥ TOCTPOUTH SIIOPY YIIIOB 3aKPYUMUBAHHS [OMEPEIHBIX CEUCHNI CTEPIKHS.

a) Mi=15xHxM M;=32xHM
JM;(=2KH:M M=35xHnM \ My=18xHn
4 3 - 2 1 A
4 N\ oy “‘-\}‘\ P . 7
A(C-T S — i — | S -
P =7 7 g o
4 4 B 3 c Z2p i1 g
a=1,5m b=2nm c=Ixm d=1,2m
6) - e - o -
2,0 2.0
@ 0.5 0,5
L] rrl Ll
@EH-H
1.8 1.8
5,0 5,0
0,.0208
e) 00,0156 -
% m
0,0052

80,0165

Puc. 5 Pacuetrnas cxema

Pemienue 3aga4yu KpyueHue CTEPKHS KPYIJoro ce4eHus
OmnpenensieM peakTUBHbIH MOMEHT, BOSHUKAIOUIUI B 7KeCTKOM 3a/1eJ1Ke

A
O0o3HaUMM MOMEHT B 3aJCJIKC _f--’fI/I HallpaBuUM €ro, HAIIpUMCEp, IIPOTHB XOI4d

4acoBOU CTpeNiKHU (IIpU B3TJIA/I€ HABCTPEUY OCH Z).
3anuiieM ypaBHeHHe paBHOBecus Baja. [Ipu 3Tom Oynem nosib30BaThCs CIEAYIOIIIM

IMPaBUJIOM 3HAKOB: BHCITHUEC CKPYUYHBAIOITNC MOMCHTDBI (aKTI/IBHBIe
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MOMEHTBI, & TAK)K€ PEAKTHBHBI MOMEHT B 3a/I€JIKE), Bpallarollue Bajl MNPOTUB XOJa
4acoBOU CTpesiku (IIpH B3TJIAZIE HA HETO HABCTPEUY OCH Z), CUMUTAEM MOJIOKUTEITbHBIMH.
Torna

3 M MO M, — W~ =D S ¥ 3Do18=2

3HaK «IUIIOC» B IIOJIY4YCHHOM HaMM BBIPAKCHHHU TI'OBOPHUT O TOM, YTO MbI yraJalin

A
HaImpaBJICHUC PCAKTUBHOI'O MOMCHTA f--’f , BOBHHKAIOIICTO B 3aCJIKC.

CTtpoum 3m0py KpyTHAIIUX MOMEHTOB

o o A o
HaHOMHI/IM, YTO BHYTPCHHUHN KPYTALIUHA MOMCHT ~ f‘_, BO3HHUKAIOIMIMK B HCKOTOPOM

MOTIEPEYHOM  CEUEHUW  CTEpKHS, paBeH anreOpandeckoil CcymMMe  BHEIIHHX
CKPYUYMBAIOIINX MOMEHTOB, MPUJIOKEHHBIX K 000N M3 paccMaTpUBAaeMbIX YacTEH
CTEpkHS (TO €CTh ACHCTBYIOIIMX JIEBEE WM MpaBee CleIaHHOro ceueHus). [Ipu stom
BHEIIHUWN CKPYYMBAIOIIUNA MOMEHT, BPAILAIOIIMN PAaCCMAaTPUBAEMYIO 4YacThb CTEPXKHS
MPOTUB XOJa YaCOBOW CTpeNKU (TIpH B3IJISAEC HA MOMEPEYHOE CEUYCHHE), BXOJUT B ATY
aNredpanyecKyro CyMMY CO 3HAKOM «IUTIOC», a TIO X0y — CO 3HAKOM «MHUHYC).

COOTBETCTBEHHO, IIOJI0KUTEIIbHBIN BHYTPEHHUU KpyTALIUNA MOMEHT,
MPOTUBOACHCTBYIOIINI BHEIIHUM CKPYYMBAIOIIMM MOMEHTAM, HalpaBJi€H IO XOIy
4acOBOM CTpeNKH (TIpH B3TJISA/IE HA TOTIEPEYHOE CEYEHUE), & OTPUIIATENIbHBINA — TPOTHUB €€
Xo/1a.

PazOuBaem JIMHY CTepXHS HA YeTbIipe ydacTka (puc. 4, a). ['paHuIiaMu y4yacTKOB
SABJISIFOTCS T€ CEYEHHUSI, B KOTOPBIX MPUIIOKEHBI BHEITHUE MOMEHTHI.

Jlemaem mo 0JHOMY CEYEHHIO B MPOMU3BOJIBHOM MECTE KaXJOTO U3 YETHIPEX YUACTKOB
CTEpIKHS.

Ceuenne 1 — 1. MpiciieHHO OTOpocUM (WJIM 3aKpOeM JIUCTKOM Oymaru) JIEBYIO

y A, =18 1.
JaCTb CTCPIKHA. Y100BI YPAaBHOBCCHUTL CKpPYUYHMBAOIUM MOMCHT “ kH M, B

MMOoNnepeYHOM CCUHCHHUH CTCPKHA AOJIKCH BO3HHKHYTH paBHBIﬁ €My U IIPOTHBOIIOJIOXHO

. . A
HAIIPaBJICHHBIM KPyTAUNA MOMEHT . C%y4eTOM yNOMSHYTOTO BBILIE IIPaBHJIa 3HAKOB

M’z: =-M,=-L8xH M.
Ceuenusi 2-2u3-3:
M, =-M,-M.=-18-32=-30
] kH-Mm;

M, =-M,-M,+M,=-18-32+55=505

Ceuenue 4 — 4. UtoObl onpeaenuTb KpyTAIIUA MOMEHT, B ceueHuH 4 — 4 0TOpocum
IIPaBYIO 4acTh CTEPKHA. Toraa

;11’5_. = +ﬁ.-f:! = +7 «HM

JIerko Y6CI[I/ITBC$I B TOM, 4YTO HOJ'Iy‘ICHHBIfI pE3YyJIbTAT HC UBMCHHUTCA, €CCIIN MbI

0oTOpOCUM TETEeph HE MPABYIO, a JIEBYIO YacTh cTepKHs. [lomydyum

M, =-M,-M;+ M, + M, =-18-32+55+15=22
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s moctpoenus 3MI0pbl KPyTALIUX MOMCHTO]%prOBOI[I/IM TOHKOHN JIMHUEH OCh,
napauielibHyl0 ocu cTepxKHs z (puc. 4, 0). BbluucieHHbIE 3HAYCHHS KPYTSAIIUX
MOMEHTOB B BBIOpAaHHOM MaclTabe U ¢ yY4eTOM MX 3HaKa OTKJIAJIbIBa€M OT 3TOil ocu. B
Ipeaenax Kaxaoro U3 y4acTKOB CTEP KHS KPYTALIUNA MOMEHT ITOCTOSIHEH, ITOATOMY MBbI
KaK Obl «3allTPUXOBBIBAEM» BEPTUKAJIBHBIMU JIMHUSIMU COOTBETCTBYIOIIMHA YYaCTOK.
HamomMHuM, 4TO KaIblid OTPE30K «IUTPUXOBKW» (OpJAMHATA 3MIOPHI) AAET B MPUHATOM
MacmTabe 3HaYeHUE KPYTALIEr0O MOMEHTa B COOTBETCTBYIOIIEM IMONEPEYHOM CEUEHUH
crepxHs. [lonydennyro smopy 00BOAMM KUPHOM JIMHUEH.

OTtMmeTuM, 4TO B MECTax MNPWIOKEHUS BHEIIHUX CKPYYHMBAIOLIMX MOMEHTOB Ha

A
3IIOpE fanr MOJIYYMJIA  CKQYKOOOpa3HOE W3MEHEHHE BHYTPEHHETO KPYTSIIETO
MOMEHTA HA BEJIMYMHY COOTBETCTBYIOIIETO BHEITHETO MOMEHTA.

OmnpenensieM AuaMeTp Bajia U3 yCJI0BHS NPOYHOCTH
VYciioBue MpOYHOCTHU MPU KPYUEHUHU UMEET BUT
Ad

oo = < 1]

7

5
3 3
W, =ad" /16 ~0.24° .
Trac - — HOJ'IS[pHBII/I MOMCHT COHpOTI/IBJ'ICHI/IH (MOMCHT

COMPOTHUBJICHUS TIPU KPYUCHUN ).
HawnGonbmuii mo a0CONMIOTHOMY 3HAYEHUIO KPYTSAINMHA MOMEHT BO3HHKAaeT Ha

A, = |=s00
BTOPOM y4acTKe Bajia:  ~=* = kH-cm.

Torga TpeGyemblii TuaMeTp Bajia onpeaensercs mo hopmyse

OkpyIJisist NOJyYEHHOE 3HAYEHUE J0 CTAaHAAPTHOTO, IPUHUMAEM AUaMETpP Bajia
pPaBHBIM d =T0ywm.

OmnpenensieMm yrJjibl 3aKpy4uBaHus nonepevHbix ceyeHuii A, B, C, DuE n
CTPOMM 3MIOPY YIJIOB 3aKPYyYUBAHUSA

GI
CHauyasia BBIYMCISIEM KPYTHUJIBHYIO JKECTKOCTh CTepxkHs  #, rae G — Moayib

— 4 s 4
cupura, a 1o =% f32~01d" HOJISAPHBIA MOMEHT MHEpLUH. [Toaydnm

_ . -1 . 's4 _ T, 1
GI,=08-10°-01-7 =182 10° ;o

Vil 3aKpYUYHNBAHUA HA OTACJIBHBIX YHACTKAX CTCPIKHA PABHBI!
M. G 200-150

@.-45 == = T :{}.i};f"é
GI,  192-10°
: paz;
M_b 505.200
Pop = —— = ~ = 0,0052
GI, 192-10
: pan;
M_ ¢ —3060-100
Pop = —— = =—0.0260

GI. 192.10°
‘ pan;
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Af,d  —180-120
G = — = =_0,0113
GI, 192-10

pan.

VTOM 3aKpyUMBaHKS B 33/1€IIKH PABEH HYJIIO, TO €CTh © 4 o . Torma
@, =@, +@,,=0+0.0136=0,0156 pa;

@ = @5 + @5 = 001536 = 0.0051 = 0.0208 pa;
@r = @p @ = 00208 - 0,0260 = -0,0052 pa;
@r =@, + Oy = 00052 - 0,0113 = -0,0163 paj.

Dnropa yrioB 3aKpy4rBaHus OKa3aHa Ha puc. 4, B. OTMETUM, YTO B MpeJieiax JJINHBI
KaXJ0TO U3 YYaCTKOB BaJIa YTOJ 3aKPYUMBAHUSA U3MEHSETCS 110 TUHEHHOMY 3aKOHY.

YciaoBue 3a1a4u HA Kpy4eHHe ""KpyrJioro' crep:KHs 1Jis
CaMOCTOAATEIbHOI PadOThI

Kectko  3ameMJIEHHBIM  OJHMM  KOHLOM  CTaJlbHOM  CTEpKEeHb  (MOAYJb
— it
G=08-10" ry/em

AT,
MOMECHTaMH ~ 1.

Tpebyercs:
* IOCTPOUTH SIIOPY KPYTSIIHUX MOMEHTOB;

CABUTA %) KPyIJIOrO MONEPEYHOrO CEUEHUS CKPYyYMBAECTCH YETHIPHMS

* IPU 3aJJAaHHOM JIOIyCKA€MOM KacaTeIbHOM HAIPSKEHUN H = % xH/cM? m3 YCIIOBHS
MIPOYHOCTH OMPEACIUTh JUAMETP Balsia, OKPYIJIMB €T0 0 OJMKANIIETO U3 CIeAYIOMNX
3nauenuii 30, 35, 40, 45, 50, 60, 70, 80, 90, 100, 200 mm;

* IOCTPOUTD IIOPY YIJTIOB 3aKPYUHUBAHUS IMOINICPCUYHBIX CEUYCHUM CTCPIKHA.

BapnaHTm PACYCTHBIX CXE€M K 3a/1a14€ Ha KPYUYCHHUE CTCPKHA KPYIJI0To
ceueHud AJd CaAaMOCTOATEC/IbHOI'O PCIICHUSA
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Puc.4 PacueTHble cxeMbI

Tabnuua 4 - icxoaHble yCIOBUS JIJIs1 CAMOCTOSITEILHOTO PELICHUS

Homep cxeMbl M (Mo ) M, M fa, 15 fefd,
1 1,0 12,0 1,0 1,0 1,0] 1,2 1,4] 1,6
2 L0 |20 |1,0 |0,8 |1,2]11,4]|1,6]1,9
3 2,0 14,0 1,0 1,0 1,41 1,6] 1,0] 1,2
4 3,0 |50 1,6 1,4 1,611,001 1,214
5 40 |60 |1,8 |14 |1,1]1,1]1,8]L,5
6 20 [40 |12 |1,2 |L3|L3|L,5]1,1
7 20 3,0 |1,2 [1,0 JLS|LS|L3|L3
8 30 [40 |10 [1,0 |L7|L7|L5|14
9 40 |50 |1,8 [1,6 |1,9|19|1,7|L3
0 50 16,0 |20 |1,6 |1,2]1,4]1,4]1,2
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5. YcaoBusi u BApuaHTHI 331aHNH K BblnosiHeHu10 PI'P Ne 4
«IIpsimoii monepevyHbIil U3rnd»

YciaoBue npuMepa 3a1a4d HA NPSIMOM MONepeYHbId U3rud

=2
Jlns KOHCONBHOHM Oanky, Harpy’kKeHHOW paclpesielIeHHONW Harpy3Kod HMHTEHCHBHOCTBIO g kH/M u

COCpPEOTOYECHHBIM MOMEHTOM Af =50y (puc. 5), TpedyeTcs: TOCTPOUTH AMIOPHI NEPEPE3BIBAIOIINX

Eouire L%’
CHJI IT-M3ru0arommx MOMEHTOB , TOA00paTh OaJKy KPYIJIOrO IMOMEPEYHOTO CEYCHHMs IPHU JIOITYyCKAaeMOM

=16

kH/cM* ¥ npoBEpHTH TPOYHOCTH OAKM IO KacaTelbHBIM

{IJ=E

HaIlpSDKEHUAM IIPU  JOIYCKAEMOM KacaTeJIbHOM HAIPSKEHUN kH/cm?. Pasmepsl

HOPMaJTEHOM HaINpSKEHUH [GJ
Gamku @ = Ly € =2y =4y

a M =70 kH M M=30xH M q—=20xH/u

A1 2|3 4 .6
[ kana}_ﬂ O

A e
R=40xH

a;=1u a;=2mM

g = -

" =4 u -

o) “
perrT ot (Qp KH
40 .

40

€) 40 40

40 {iiﬂ i

e

Puc. 5 PacuetHas cxema

Pemienue 3aga4u "'npsaMoii nonepevyHbid u3rud"
OnpenensieM ONOpPHBbIE peaKun

['opu3oHTanbHas peakuus B 33JEJKE 7 4paBHa HYJIO, TIOCKOJIbKY BHEIIIHHE
Harpy3Ku B HaIlpaBJIEHUH OCU Z Ha OaJIKy HE JEHCTBYIOT.
Bri6upaem HampaBieHUs OCTaNIbHBIX PEAKTUBHBIX YCUIIMI, BOSHUKAIOLIUX B 33JI€JIKE:

BCPTUKAJIbBHYIO PCaKINIO R’*—HaHpaBI/IM, HallpuME€p, BHU3, 4 MOMCHT f-'f— Imo xony

JyacoBOU CTPCIJIKH. Hx 3HaueHus OonIpcaACIsIEM U3 ypaBHCHI/Iﬁ CTaTuKu:
M, =0; Y=0
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CocTaBisissi 3T ypaBHEHUS, CUATAEM MOMEHT MOJOXKUTEIbHBIM IpPU BpallleHUH
IPOTUB XOJa YacOBOW CTPEIKH, a NPOEKLUUIO CHJIBI IIOJIOXKUTEIbHOW, €CIU €€
HaIlpaBJIEHUE COBMAIAET C MOJIOKUTEIbHBIM HAIIPABIEHUEM OCH Y.

s IICPBOT'0 YpAaBHCHUA HAXOAUM MOMCHT B 3aCJIKC i%‘f-’i:
;- ™
aﬂ- .
SM, =M, M+ ga:{ I-= =0
N 2z A
s " - "
£ H 2 1
My=-MsqmlI-21=-50+20-2-[4-21=70
kS - . - kH M.

N3 BTOpOro ypaBHEHUSI — BEPTUKAIBHYIO PEAKIIUIO LY

>Y¥=-R,+qa,=0; R,=ga,=20-2=40

3 .
HOJIy‘-IeHHBIC HaMH IIOJOXUTCIIbHBIC 3HAYCHUA JIA MOMeHTa{ “1 BCPTHUKAIbHOU

peakuuu %«gaﬂenxe CBUJIETEIHCTBYIOT O TOM, YTO MBI YTa/Iajii UX HAMPABICHUS.
CTtpouM >mi0psl nepepe3bIBAIOIINX CHJI Qﬁ-’n U3rudarIuX MOMEHTOB M,

B cooTBeTCTBHM C XapakTepoM 3aKpeIICHHs] U Harpy>KeHus Oaiku, pa3OuBaeM ee
JINIMHY Ha JBa ydacTka. [lo rpaHuIiaM KaXIoro M3 ATHUX YYaCTKOB HAMETHUM YEThIpe
MIOTIEPEYHBIX CEUeHUS (CM. PHC. 5), B KOTOPBIX MBI U OyJIEM METOJIOM CEYCHUN BHIYUCIISATH
3HAUCHUS MePEPE3bIBAIONINX CHII U U3THOAIONUX MOMEHTOB.

Ceuenune 1. OTOpocHM MBICICHHO MPaBYyIO YacTh OaldKW. 3aMEHUM €€ JCHCTBUE Ha

. . O,
OCTaBIIYIOCA JICBYIO qacCTb IICPCPEC3bIBAIOIICHU CHIION ~*'m I/ISFI/I6aIOH_II/IM

A .
MOMCHTOM . EJISI y,[106CTBa BBIYUCJIICHHA HX 3HAUCHHUH 3dKPOCM OT6pOHI€HHy1-O HaMH

NpaByl0 4YacTb OalKU JHMCTKOM OyMarv, COBMeINas JIEBBIM Kpaill JHMCTKa ¢
paccMaTpUBaEMbIM CEUEHHUEM.

HanomHuM, uyTO mepepesbiBarollas CHJIa, BO3HUKAIOIIAs B JIIOOOM IIONEPEYHOM
CEUYCHMH, JIOJDKHA YpPaBHOBECHTb BCE BHEIIHME CHJbl (aKTUBHbIE W PEAKTUBHBIC),
KOTOpbIE JEHCTBYIOT Ha paccMaTpUBaeMyro (TO €CTh BUAMMYIO) HaMU 4YacTb OAaJIKH.
[ToaTomy nepepespiBarolias Cuila 10JKHA ObITh paBHA aJIreOpandecKoil CcyMMe BCEX CHII,
KOTOPbIE MBI BUJHM.

[IpuBeneM u mNpaBUIO 3HAKOB /I IEpEpe3bIBAIOIIEH CHUJIbI: BHEIIHSSA CHIIA,
JEICTBYyIONIas HA pacCMaTpUBAEMYI0 YacTb OAJKM M CTPEMSILAACS «IOBEPHYTHY 3Ty
4acThb OTHOCHUTEJIbHO CEYEHHs M0 XOJy YacCOBOM CTPENKH, BBI3BIBAET B CEUCHUU
MOJIOKUTENIbHYIO TIEPEPE3bIBAIONIYIO CHITy. Takas BHEUIHSS CUJIa BXOJIMT B

23
anreOpandecKyr CyMMY JUISI OTIPEJICTICHUS ~—“CO 3HAKOM «ILTFOCY.

B Hamewm ciydae Mbl BUAMM TOJIBKO PEAKIIUIO OIOPHI |, KOToga‘-;[ BpALLIAET BUIUMYIO
HaMU 4acTh 0aJIK1 OTHOCUTENIHHO MEPBOr0 CEUCHHS (OTHOCUTEIBHO Kpasi TUCTKA OyMarm)

MIPOTHUB X0/1a 4acoBOM cTpenku. [loaromy
g, =-R,=-10 .

H.
W3rubaromuii  MOMEHT B JIOOOM CEUEHHUU JOJKEH YpaBHOBECUThH MOMEHT,
CO3/1aBa€Mblii  BHJAUMBIMH  HaMM  BHEIIHUMHM  yCUJIMSAMM, OTHOCHUTEIIBHO

paccmaTtpuBaeMoro ceueHus. Ciae0BaTeNbHO, OH PaBEH alreOpanyecKkor cymme
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MOMEHTOB BCEX YCUJIMH, KOTOPBIE IEUCTBYIOT HA pACCMAaTPUBAEMYIO HAMH YacTh OaJIKH,
OTHOCUTEJIBHO PacCMAaTPUBAEMOIO CEUEHHUs (MHBIMU CJIOBaMHU, OTHOCUTEIBHO Kpas
nucTtka Oymarn). [Ipu 5ToM BHEWIHASI HAarpy3Ka, U3rudaroias paccMaTpuBaeMylo 4YacTh
0anky BBIMYKJIOCTbIO BHH3, BBI3BIBAET B CEUEHUU IIOJOXKUTEIBHBIN HM3THOAIONIHIA

MOMEHT. I MOMEHT, co3/1aBaeMblil TaKOW Harpy3Koil, BXOAUT B alreOpandeckyro CyMMy

A
1A OIPEACIICHUA ~ f“CO 3HAKOM «IIJTFOC».

MpbI BUIUM JBA YCUIIUS: PEAKLIUIO fmoment B 3alleIKe . O%)fHaKO y CHIIBI IIJIEYO R,
OTHOCHUTENBHO ceueHus | paBHO HyI0. [loaTOMy

M, =+M,=70 KM

3HaK «IUTOC» HAMU B3ST IOTOMY, YTO PEAKTUBHBI MOMEHT wthbaet BUJIUMYIO HAMU
4yacTh OaJKU BBITYKJIOCTbIO BHU3.

HamomHuM, 4TO mpu OmnpeAesieHnHd 3Haka M3ru0arolero MOMEHTa Mbl MBICIEHHO
OCBOOOXK/IaeM BHAMMYIO HAaMH YacTh Oalkd OT BceX (PAKTUUECKUX OIMOPHBIX
3aKpEIJICHUH U MPEACTABISIEM €€ Kak Obl 3alllEeMJIICHHOW B pacCMaTpPUBAaEMOM CEUYECHHH
(To ecTp JeBbIM Kpail JUcTKa OymMarn HAaMH MBICJIEHHO MPEJICTABISAETCS MKECTKOU
3a/ICIKON).

Ceuenue 2. [To-npexxHemy OyJieM 3aKpbIBaTh JUCTKOM OyMard BCIO IIPABYIO YacTb

R f;

OaJIKH. TCHCpB, B OTJIIMYHC OT IICPBOI0 CCUCHH:A, Y CUJIbI “MOABUIIOCH IJIEYO: - 1M

IToaTomy
g =-R,= —4{?K

L2

. M =M, - Ra =+70-40-1=30

Ceuenne 3. 3akpbiBasi IpaByIO YacTh OaJKH, HailieM
0, =R, =40 4y

M =+M,-Ra +M=+70-40-1+50=80
Ly} K] AL KH'M.
Ceuenue 4. 3akpoeM JIMCTKOM JIEBYIO YacTh Oanku. Toraa

— — — —F:‘ . = —
., get, = =20 2=-40 <H-

b

H-wMm.

: 2
% _op2.Zoa0

- 2 KH"M.
Ceuenue 5. [lo-mpexxHeMy 3aKpoeM JieByIo 4acTh O0anku. bynem nmertsb
g, =—ga=-20-2=-40 .

M, =+gqa

H;
2
M, =ga.2-020.2.2240
i 2 2 kH-m.
Ceuenue 6. OnsaTh 3aKpoeM JIEBYIO YacTh Oanku. [lomydnm
g, =M, =0

. 0.
[To HalileHHBIM 3HAYEHHUSIM CTPOMM JITIOPHI Mepepe3bIBAIOIUX cuil —- (puc. 5, 0) u

A
M3rUOAOITUX MOMEHTOB ~ 1, (puc. 5, B).
ITom He3arpyXeHHbBIMH Y4YacCTKaMHM DJMIOpa [EPEpPE3bIBAIOIINX CHJI  UJIET
napajiyieIbHO OCH OaJIKH, a MOJ paclpeIeICHHON HArPy3KOW ¢ — 10 HAKJIOHHOMW MIPSIMOM
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. . ) .
BBepX. [log onopHoit peakiueit }?{a SMIOpE  MNMEEeTCs CKa4OK BHU3 HA BEJIMUUHY ITOU
peakuuu, To ecTh Ha 40 kH.

Ha smrope uzru6aronimx MOMEHTOB Mbl BUAMM H3JIOM I10]] OIOPHOM peakiueil . Vi
M3JI0Ma HaIlpaBJ€H HABCTpeuy peakuuu omnopsl. Ilon pacnpeneneHHol Harpyskou (
AIIOpa U3MEHSETCS MO KBaJIpaTHUYHOM MapaboJie, BHIMYKIOCTh KOTOPOIl HampaBieHa

A
HaBCTpeuy Harpyske. B ceueHun 6 Ha 3n10pef * HKCTPEMYM, IOCKOJIBKY 3II0pa
nepepe3bIBatOLIe CHUIIBI B ’TOM MECTE MPOXOAUT 3/1ECh UEpPE3 HYJIEBOE 3HAUCHHE.

Onpenensiem Tpedyemblii JUAMETP NMONEPEYHOI0 CeYeHUS 0AIKHU
VYcnoBre NpoYHOCTH O HOPMAJIbHBIM HAMPSKEHUSIM UMEET BU/L:

= 2 < o]

rl
rae P Momenrt CONMpOTHUBJIEHUS Oanku mnpu usrude. g Oanku Kpyriaoro

TIONIEPEYHOTO CEUEHUSI OH PABCH:
ad’

W o=
T 32
HaubGomnpimuit mo abCoMOTHOMY 3HAYEHHUIO M3THMOAIONMA MOMEHT BO3HUKAET B
A, =|M.|= 8000

b

= (.17

TPETHEM CCUCHHH OaJIKU: kH-cwm.
Toraa TpeOGyembiil nuameTp O6asiku onpeaensercs mo popmyie

[Ipuanmaem d =170y, Torma

AL 2000
o =mmo T 64
R NTE
32 kH/cm2 =~ [‘7} =16 kH/em?.
«IlepeHanpsKeHNe» COCTABIIAET
16,616

-106% = 3,75% < 3%

16
YTO JOITYyCKAETCS.

IIpoBepsieM NPOYHOCTH 0AJIKH M0 HAMOOJIBIINM KACATEIbHBIM HANIPSAKEHUSIM
HauGonpime kacaTenbHble HANpPSHKEHUs, BO3HUKAIOUIUME B MOMEPEYHOM CEYEHUU
OaJIKK KPYTJIOrO CeYEHUsl, BBIYUCIIAIOTCS 10 popMmyie

4

.
- _ Fovam

femax T

5
rac F=mi /4 — II0Ia/Jib IOMICPCUHOIr0 CCUCHMA.

23 .
CornacHo »smrope ~*, HauOoJpliee MO anredOpanyeckol BEJIMYMHE 3HAYCHUE

0,,..=P..|=40

MEPEPE3BIBAIOLIECH CUIIBI PABHO ~ - ™t -1

kH. Torna
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40 340
F. === —=10,235
i 3F 3. 7% 13-
4 kH/om2 < (71 = SxH/em?,
TO €CTh YCJIOBHE MPOYHOCTU M MO KAcaTEJbHBIM HAIPSKEHUSM BBITIOJIHSIETCS,
puyYeM, ¢ OOJIBIINM 3aM1acoM.

MNPUMEP PEIIEHUS 3AJIAUYH "TIPAIMOM MTONEPEYHBINA U3T'UB" Ne2

YcaoBue npuMepa 3a1a44 HA NPSAMOM MOINEepPeYHbIA U3rud
g=210

Jng mapHUpHO onepTod OalKu, HarpyeHHOM pachnpeieseHHOW Harpy3Kod MHTEHCHUBHOCTBIO

kH/M, cocpemoTodeHHO# Ccuioit =30 u COCPEJIOTOYEHHBIM MOMEHTOM M =060 gy (puc. 6),

Af
TpeGyeTCﬂ IIOCTPOUTH IJIIOPBI MEPCPE3bIBAOIIUX CHUJL U I/ISFI/I6aIOH_II/IX MOMCHTOB n HOILO6paTB
Ic|=16
=8

0aJKy ABYTaBpOBOT'O MONEPEYHOTO CEYECHHUS MPHU )IOHT'CKaeMOM HOPMAJIBHOM HaNpPsHKECHUH

kH/cM” 1 I0ITyCKaeMOM KacaTeIbHOM HaIpSKEHUH [2‘ kH/cm?. TIponer Ganku {=6y

a) R—=37,5xH Rg=1325xH
A M ﬂ kHM A P=50xH

Ar;iﬁs%r‘
7 2%3

¥ i 7 tB 6”
] s 4715
| Ll el

q:
LO51=3x
- I =6M i =6 M
37,5 36 ; 50
) ®

82,5

73

Puc. 6 Ilpumep 3anaun Ha npsAMoi U3rud — pacueTHas cxema
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Peuienue npumMepa 3a1aum Ha NpsiMoii U3rud

OmnpenesisieM ONOPHbIE peaKkuNu
R, H,

2

Jlig 3ajaHHON IAPHUPHO ONepTOi Oanku HEOOXOAMMO HAMTH TPH OMOPHBbIE peaKLuu:

u = £ . [lockonbKy Ha OajKy JEMCTBYIOT TOJBKO BEPTUKAIBHBIC HATPY3KHU, IEPIICHANKYIISIPHBIE K €€

H,=0

OCH, TOpHU30OHTAJIbHAs PCaK A HEIIOIBHKHOM HIapHHpHOf/'I OIIOPhIL A paBHa HYJIIO:

. R, R
HamnpasiieHus: BepTHKAIBHBIX peakiuidi - ¥ = £ BpIOMpaeM Npou3BoJIbHO. HanmpaBuMm, Hanpumep,
o0e BepTUKAIIbHBIE peaKkiuu BBepX. J{Jisl BEIYMCIICHNS WX 3HAUEHUH COCTABUM J[BA YPAaBHEHUS CTAaTHUKHU:

M, =05 M, =0
i g .
HanomHuM, 4TO paBHOJCHCTBYIOIIAs MOTOHHON Harpy3KH q , PABHOMEPHO pACIIPENEICHHON Ha

Y4acTKe HHHHOﬁ 1, paBHa (fr , TO €CTh paBHA IUIOIIAAN J3IIOPLL 3TOM Harpys3ku M IpHJIOKCHA OHA B
LHCHTPC TAXKCCTU 3TOM OIIIOPBI, TO €CTh NOCPEANHE JJIMHBI.

Torma
SN
EM)_=+R£I—{;EE—PF+EE—M=€};
glopli-Liiar 206.8550.06:5060
Ry=—= v 4 S N, VAR g
7 ! 6 o kH;
<~ ] Lot
L;lifﬁ:—ﬁil—ﬂf—}’;-‘-{}f;:G
i { il &
A —Posgls —60-50-—+20-6.-—
R, = i 2. 4 2-373
: ! & ~ xH.

JlenaeM IpOBEPKY: zr=9

HamomHuM, 4To CHIIbI, HallpaBJI€HUE KOTOPBHIX COBHAAAET C MOJOXKHUTEIbHBIM
HaIpPaBJIEHUEM OCH Y, IPOEKTUPYIOTCA (IIPOELUPYIOTCS) HAa ATY OCh CO 3HAKOM ILIIOC:
PY=R -FP+R;—qgl=0
37.5-530+1325-2-60=0; p=0
2

TO €CTh BEPHO.
CTpouM 31m10psbI Nepepe3bIBAIOIINX CHJI Qf—n U3rudaroIux MOMEHTOB M,

PazOuBaeM minHy Oajdkud Ha OTAENbHbIE YYacTKH. [ paHUIlaMU 3THX YYacCTKOB
SBIISIOTCA  TOYKH TPUIOKEHHUS COCPENOTOYCHHBIX YCWIMHA (aKTUBHBIX  W/HMIU
PEaKTUBHBIX), a TaKXe TOYKH, COOTBETCTBYIOIIME HAdadly M OKOHYAHHWIO JEHCTBUS
pacnpenesieHHOM Harpy3kd. TakuxX y4acTKOB B Hamen 3ajgade noiydaercs Ttpu. [lo
rpaHUIaM ATHX Y9aCTKOB HAMETHM IIIECTh OTIEPEYHBIX CEUYCHHI, B KOTOPBIX MBI U Oy1eM
BBIUMCIISTh 3HAYEHUS TMEpPEepe3bIBAIOIIUX CHJI M HW3THOAIOIIUX MOMEHTOB (pHC. 6,
a).

Ceuenune 1. OTOpoCHM MBICIEHHO MPaBYIO YacTh Oanku. [1ys y1o0cTBa BHIYHCICHUS

. _ Af
nepepe3pIBarOIEH CHIIBI U U3THOAFOIIETO MOMCgHTa , i
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BO3ZHMKAIOIIMX B 3TOM CEYEHHMH, 3aKpPOEM OTOPOIIEHHYI0 HaMH YacTh OAJIKH JUCTKOM
OyMaru, COBMeIlas JIEBbIM Kpal JIMCTKa OyMaru ¢ CaMiuM CEYEHHEM.
[lepepespiBatoasi cCuiia B CEUEHHH OaJIKUM paBHA alnreOpandeckoil cymme Beex

BHCIIHUX CHUJI (aKTI/IBHbIX u peaKTI/IBHBIX), KOTOPBLIC Mbl BUJIUM. B JaHHOM CJIy4dac MbI

BUJIUM PEAKIUIO0 OMOPbI L NOTOHHYIO HAarpy3Ky ¢, pacrpeiesieHHYI0 Ha O€CKOHEYHO

MaJIo JyinHe. PaBHOIEHCTBYOIAs IOTOHHOM HAarpy3Ku paBHa HyJto. [loatomy
=+R,=373
s 47 77 kH.

3HaK «IUTIOC» B3SIT MOTOMY, YTO CHJIA R, BpaliaeT BUIMMYIO HaMHU YacTh OajKu
OTHOCHUTEIHHO TEPBOTO CeUeHUS (Kpas JIMCTKA OyMaru) mo Xo/Iy 9aCOBOM CTPEIKH.

N3rubaromuii MOMEHT B CEYEHUU OAJIKM paBeH alreOpandeckod CyMMe MOMEHTOB
BCEX YCUJIMI, KOTOPBIE Mbl BUJIUM, OTHOCUTEIBLHO PACCMATPUBAEMOI'0 CEUCHUS (TO €CTh

OTHOCUTENBHO Kpas JMCcTKa Oymaru). Mbl BUIUM pEaKUUIO OIMOPbI Rin ITOTOHHYIO

Harpy3Ky ¢, paclpeesieHHYI0 Ha O€CKOHEYHO Mayoi aiuuHe. OJHAKO Y CHUJIbI = 4IIJIEHO
paBHO HyJIO. PaBHOIEMCTBYOIIAa MOTOHHOM HAarpy3Ku Takke paBHa Hyto0. [loatomy
AM_ =0
Ceuenue 2. [To-npexxaemy OyZieM 3aKpbIBaTh JHCTKOM OyMard BCIO TIPAaBYIO 4acTh
Oanku. Temepp MBI BUIUM PEAKIIHIO Ron Harpy3Ky (, J€MCTBYIOIIYIO Ha y4acTKe
o £f2 o o
JUTUHOM l . PaBHOzEHCTBYIOIIAs TOTOHHOM HAarpy3KH paBHa gif2 . OHa mpunoxxeHa

o 2
MOCPEINHE YYACTKA JJIMHON t . [Toatomy

! 6
O, =+R,—g—=+375-20--=-223
f 2 2 KH:
N 6 6 6
M, =+R,——g-—=+375~-20—-— =225
: 2 21 P 24 KH-M.

HamomuuM, 4T0 TIpu OmpeAesieHnH 3HaKa W3THOAIoNero MOMEHTa Mbl MBICIEHHO
OCBOOOXK/IaeéM BHJAMMYIO HAaMH 4YacTh Oalkd OT BceX (DAKTUYECKUX OIMOPHBIX
3aKpETUICHUN U TIPEJICTABIISIEM €€ Kak Obl 3aIllIEeMJICHHOW B PACCMaTPHUBAEMOM CEUYCHHH
(To ecTh JEBBIM Kpall JUCTKAa OyMard HaMH MBICIEHHO TPEJICTABISETCS MKECTKON
3a/ICJIKON).

Ceuenne 3. 3akpoeM npaByro 4acTh. [lomyunm

I 6
O =+R,—g—=+375-20.—=-22%
=3 : 2 KH’

-

+60=812%
kH-m.
Ceuenue 4. 3akpbIBaeM JUCTKOM IpaByIo yacTh Oanku. Torga
=+R, —qgl=+3735-2.60=-825
Q‘L‘__ 4 q H ;3 KH,
[ . 6
M, =+RI-gl—+M=+:375-6-20-6-—+60=-75
0 ¥ F .
2z < kH M.
Teneps, 119 KOHTPOJIA MPAaBUILHOCTH BBIYUCICHUH, 3aKPOEM JIMCTKOM Oymaru
JEBYI0 4YacTh Oanku. MBI BHUIUM COCPEJOTOYEHHYIO CUly P, peakiuio TpaBon

b | SR
A | O

_. B
ﬁ.f.b=+Ri——g—g-{—ﬁ,f:+3;}§.5_2§},
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OTIOPbI sy MOTOHHYI0 HAarpy3Ky ¢, paclpelesiCeHHYI0 Ha OSCKOHEUHO MaJIod JIMHE.
PaBHOeliCTBYIOIIAsl IOTOHHOW HArpy3Kku paBHa HyJr0. [loaTtomy
L =+P-R. =+530-1325=-815
<. g y " kH;
£ &
M, =-P—=-30-—=-75
' 4 4 KH'M.

To ecThb Bce BEPHO.

Ceuenue 5. [lo-pexxHeMy 3aKpoeM JIEBYIO 4acTh Oanku. bynem nmersb

g =+FP=5

"

kH;
{ &
M =-P-=-5—=-75
4 4 kH-m.
Ceuenne 6. OnsaTh 3aKpoeM JIEBYIO YacTh Oanku. [lomyunm
Q_vq_ =+P =30 KH:
AM_=0

. 0.
[lo HaiiieHHBIM 3HAYEHHSIM CTPOMM SIIOPHI Mepepe3biBaIux cut{puc. 6, 0) u

Af
U3ru0A0IIUX MOMEHTOB - *

Yo6exmaemMcst B TOM, 4TO MOJl HE3arpyKEHHBIM YYaCTKOM 3ITI0pa Mepepe3bIBAIOIINX
CWJI UJET MapajuiebHO OCU OajKu, a MoJ pachpe/ieICHHON Harpy3Koil q — Mo MmpsiMoid,

. 2 .
HUMCIOIIICHU HAKJIOH BHU3. Ha SMIOPE “HIMECTCA TPU CKayKa: oA peakueu 'EfBBer Ha

37,5 xkH, nox peakuueit — Blﬁ%’px Ha 132,5 xH u mox cuioit P — Bau3 Ha 50 xH.

Ha smrope n3ru0armnimx MOMEHTOB Mbl BUJIUM HU3JIOMBI 10T COCPEOTOYECHHOMN CHIION
P v nmox onopHbIMU peakuAMU. YTJIbl U3JIOMOB HalpaBJICHbl HABCTPEYY ATUM CHJIAM.
Ilon pacnpeneneHHOM HArpy3KOM WHTEHCUBHOCTBK) ¢ OJIIOpa HU3MEHSETCS 1O
KBaJpaTUYHON Mapaboie, BBITYKIOCTh KOTOPOM HalpaBlieHa HaBcTpedy Harpyske. [lox
COCPEOTOYCHHBIM MOMEHTOM — CcKadok Ha 60 xH ‘M, TO ecTh Ha BEJIUYMHY CaMOIO

A
MOMeHTa. B cedenun 7 Ha  3mwope o DKCTPEMYM, IOCKOJIBKY JIIHOpa
IIEPEPE3BIBAOIIEN CUJIBI JUISl 3TOTO CEYEHMS MPOXOAMUT YEpe3 HYJIEBOE 3HAYCHHE

=0 .
(Q § ). OTpeaenuM paccTOSHHE ~ 0T cedeHHs 7 10 JTeBOi OMOPHI.

[TepepesbiBaronias cuia
g, =+R,—qz, =+375-20z7, =0

Otcrona
v —ﬂ— 373 = {878
g 20 M
DKCTpeMallbHOE 3HaYEHUE U3rM0AIONIero MOMEHTA B CEYCHUH 7 PaBHO:
z 1.8375
M_=+Rz, -2,22=+37.5-1875-20-1.875 ——~ = 3516
2 kH-m.
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Omnpenensiem TpedyeMblii MOMEHT CONIPOTUBJIEHNUS 0AJIKU U3 YCJIOBUS

MNPOYHOCTH IO HOPMAJIBHBIM HAIIPHKCHUAM

Af

CormnacHo smrope = *, MAaKCUMAJIBHBIA 110 ajreOpandecKoil BeJIMUMHE U3THOArOIINI

A, =M a|=8250
MOMCHT BO3HHKACT B TPETHEM IIOICPCHHOM CCUCHHU OaKu: HEE -

kH-cMm. Torna

Af 25
ﬁ,r’ﬂ“—’&& a Tram _ E‘Z {‘} - 515

o E"ﬂ 16 cM®.
=518 o~

ITo copramenTy nondupaem npytaBp Ne 30a, uMerOmMi =

HpOBepﬂeM MPOYHOCTb 0aJIKM 10 HAauO0O0JILIIUM KacaTeJIbHbIM HaNpPsKCHUAM
HanbGonpmme kacaTelnbHBIC HaIpsKCHUA, BOZHHUKAIOIMKWC B ITOIICPCYHOM CCUCHHU

JIBYTaBPOBOM OaJIKU, BBIYUCISAIOTCS 1O (hopMmyIie
S

_ imem ¥

T‘.I!L“i f:d

IIo COPTAMCHTY IJIA BI)I6paHHOFO HaMHM ABYyTaBpa OIPCACIICM, YTO CTaTUYECKUH

— 07
MOMCHT IIOJIOBHMHBI CCUCHHUA OTHOCHUTCIBHO HGfITpElJILHOI?I ocHu S-‘*’ 91 CM3, MOMCHT

. ., I =7780 4 d =065
WHEPLUU OTHOCUTEIBHO HEUTPAIbHOU OCH ~ & CM’, a TOJIIUHA CTEHKU :

CM.

0. .
CornacHo SMIOpEe - HauOOJIbIIEE IO anre6pap1qe(:1<01/1 BCIIMYNHC 3HAYCHUC

Q =lo. |=825

MEePEPE3bIBAIOIICH CUJIBI ~ &=t
. |Qj. wmx 82,5292

mEx —— = B _
Id 7784065 xkH/em2 < {7]= SkH/cM?,
TO €CTh YCIIOBUE MPOYHOCTH 10 KACATEIbHBIM HATIPSHKCHHSIM BBITIOHSCTCS.

kH. Torna

-
i

= d

BAPUAHTBI 3AJIAY IO TEME "IIPAMOM NONEPEYHBINA U3T'UB"
JJISA CAMOCTOSATEJBHOI'O PEHIEHUA

YcioBue 3a1a4M HA MPAMOM U3TU0 MJISI CAMOCTOATEIBHOIO peleHust

JIist ABYX 3ajaHHBIX cXeM OalloK TpedyeTcs:

0. A,
1. MOCTPOUTH AIIOPHI TIEPEPE3BIBAIOITNX CHIT U U3THOAONTUX MOMEHTOB 1

,
2. momoOpaTh W3 YCIOBHS TMPOYHOCTH MO HOPMATHHBIM HAMPSIKEHHSIM ( iLTJ =16
kH/cM?) Ganky Kpyriaoro HonepedyHOro CEYeHUs s CXEMBl Ha pUC. 7, a ¥ Oanky
JBYTaBPOBOTO MOMIEPEYHOTO CEUEHUS JTsI CXEMEI 0
3. OpoBepuUTH MPOYHOCTHh MOAOOPAHHBIX OAJOK MO KacaTeNbHBIM HANPSHKEHHSIM (

ir]=3 kH/cm?).
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BapI/IaHTbI PACYETHLIX CXEM

OGN

St

Py

D

Y

® @@ ® © &® O 6 O

© ©

q. r 9 i
il
M Wﬁﬂ) r ST 6)
A %
. q P Z % Ml
et s g P
T M —
XL
; ? 2 HIT—
P M"m!l- /] hesiifie- ” 6)
M
_/q i q. et
SAETAERL a) vy VTE 6)
AP . %/ 'tP 2 M_;,,
g iy |P - q
YT TTs 3 ﬂ) L i 3 ﬁ')
E
e % P ot ’
RS RRRERARRERRR: a) AIHIEREIEIITINNT ¥
- ip By M J
g > - ia a
i B S e 1 e,
M Fe 1 M
4 ~SHITHTY ) ¥ TTHTOT;%’
A E
N p 5% | ,
o e ,,-q M o q -,
7 ¥ P ) YT TITTETTTY
/ ML - s
of
, I SN P R S Mi™
7 ¥ ST ) STARXTIARELARY o
o [
v E g .
P q " q 1
?mew T " 2) . " \
o
2 wL.? P
A P P2 q o)
AT Ya) ; I TTIITTET;
L’
17 1 2 A
P f - i A
i1; ; ia; ay 7 w 32
: = pt ="

Puc.7 PacueTHEIE cXEMEI
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Ta6nnua 5- I/ICXOIIHBIX JaHHBIX K 3a1a4€C IJI1 CaMOCTOSTCIIbBHOT'O PCILICHUA

Homep ; v »
exempr | | @ fE w1 |9
(puc. 7) M kH-M| xH | kH/m
1 3102 10,6 02 |8 5 |10

2 4103 10,5 102 |7 6 |11

3 5104 |03 |03 |6 7 |12

4 6105 |03 |02 |5 8 |13

5 3104 |04 |02 |4 9 |14

6 4106 0,1 103 |8 10 |9

7 5102 |04 |03 |7 5 |10

8 6102 |06 |02 |6 6 |11

9 3103 10,5 0,2 |5 7 |12

0 4104 104 102 |4 8 |8

6. Yci10BUS 1 BAPDHAHTHI 3aJJaHUH K BbINOJIHEHUIO PI'P Ne 5§
«[eoMeTpuYecKre XapaKTEePUCTHKH IJIOCKUX ceyeHus '

YcioBue B IpuMepe pelieHus 3a1a4m

JJis1 COCTaBHOTO MONEPEUYHOI0 CEUEHUS CTEPXKHS, COCTOAIIETO U3 paBHOOOKOTO YroJika
No 7 ¢ Tonmmunou crenku 8 MM, mBesiepa Ne 22 u osiockl 180720 MM, TpeOyeTcs HalWTH
MOJIOKEHUE IEHTpa TSKECTH CEUEHUS, HAIpaBJICHUE IIABHBIX IEHTPAIbHBIX OCEH
MHEPIMM U U V, a TaKKe BBIUUCIUTH TIJaBHbIE IIEHTPAIbHbIE MOMEHTHI

1505 (S0 005051 ImE’I/I Iﬂ'ﬂ.

PacueTrnas cxema
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V (min)

AY Yy
¥ii AY;
x;—2,02cu - | x=221cmM
\ "z,ﬂ S s |
¥a -.
Yzo10Kk 70X70X3 \ R " [Heennep Ne 22
\'\ 1:»...... X,l
!
« Xg1 U (max
; X
g A ] 2 f St
y =25,9°

S s TN\
™ — EJ& $ >

[N

N ¥; B

|
O
4 = * { NG ‘\‘\ ; {,r{;

~ Hloroca 180x20
i Xr—4.93cu
=

Puc. 8 PacueTHas cxema

Pemrenue npuMepa 3aga4u ''reoMmeTpudecKue XapaKTEePUCTUKH IVIOCKUX cedeHu "

OmnpenensieM KOOPAMHATHI HEHTPA THKECTH MONEPEYHOI0 CEYEHMS
Pa3zmepsl 1 reoMeTpruecKre XapaKTEPUCTHKH YTOJKa W IIBEJUIEPA YCTAHABIMBAEM IO
copraMeHTaM. BeruepunBaeM cedeHue B macmrabe. BelOupaem ocu cpaBHEHUs y U v,
pacrnosiarasi X Mo KOHTYpy iBesuiepa. MiIMeHHO B 9THUX OCAX MBI U OyJieM ONpeesTh
MOJIOXKEHUE LEHTPa TAXKECTH BCero cedeHus. st kaxaoro aneMeHTa ceueHus (yroska,

IIBE/UIepa M MOJNOCHI) MPOBOAUM COOCTBEHHBIC LEHTpanbHbie ocH i i (’ =L 2 3),
napauIebHbIC BHIOPAHHBIM OCSIM CPaBHEHHS X i - .

KoopnuHate! eHTpa TSHKECTH BCETO MmomnepedHoro cedeHus (touka C), coCTOsIIero us
Tpex 37eMeHTOB (yronka — 1, mBemiepa — 2 ¥ TOJOCH — 3), BBIYUCIIAIOTCS T10

bopmynam:
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v = S}' _ S;=E+Sy2 —i—S__d _ in +F2*1:2 _F:“::

* F  F +F +F F,+F,+F,
,_Sx_Sx;*i"gx:“i‘sgxs_sz';{‘F:}"z‘*Fﬁ;i
“TF R+E-F  R-E+F
F,Z[egi':fl/l x_

! F,
OCEH CpPaBHCHMUA, —

[
JJICMEHTAa B OCsIX CpaBHCHUI.

(Tabm. 6).

X
iomanp JJIEMCEHTA, ‘H

J

Ta6JII/IHa 6- OHpCI[GJIGHI/IG KOOpAWHAT HCHTPA TAKCCTH ITOIICPCYHOI0 CCUCHU A

CTaTUYCCKUC MOMCHTBI COOTBCTCTBYIOIICTO J3JICMCHTA OTHOCHUTCIBHO

KOOpAMWMHATBI LCHTpa TAKCCTU

Beraucnenuss mpow3BOaMM B TaOIWYHOM dopme

Koopaunarst CraTnuecKkre MOMEHTHI
Inowans IIEHTpa  TSDKECTH | OJIEMEHTa  OTHOCHTEIBHO — OCei
Howmep HaumenoBanue )
JJIEMEHTA : S, 5.
3JIEMEHTA 3JIEMEHTA . JJIeMEHTa - cpaBHeHus 'y F
i oM? i B e
=Lem | Y em S =Fx M S =Fy , oM
1 Vromok 10,67 -2,02 17,02 -21,55 181,60
2 [Isemnep 26,70 2,21 11,00 59,01 293,70
3 ITonoca 36,00 9,00 -1,00 324,00 -36,00
S Bce ceuenue 73,37 361,46 439,30
Koopaunar LEHTpa TsKeCTH nomnepeyHoro cedeHus (touka C) B ocsx
bl
cpaBHeHHS X , F :
S 13 5 43930
D PR S iy ¥ 1
F 7337 oM; F 7337 CM.

ITo HaliIcCHHBIM 3HAYCHUSAM -

" R
ceuenust Touky C ¥ IIPOBOJUM LIEHTPAIbHBIE OCH M %,

« ¥ F:0TMEUaeM Ha YEPTEKE IEHTP TSHKECTH BCETO

3aMeTUM, YTO ULEHTP TKECTH Bced (GUTYphl JOJDKEH pacroyiaratbCs BHYTPH

TPEYrOJIbHUKA,
MOTEPEYHOTO CEUCHHUS.

BCPpIIMHAMU KOTOPOTO ABJIAKOTCA ILCHTPLI

TAKCCTH IJICMCHTOB

BbruuciisieM MOMEHTBI HHEPLHUH BCEI0 NMOMEPEIHOIo CCYCHUSI OTHOCUTEC/IBHO

o 4
HEHTPAJIbHBIX 0CEH Fop

OceBbie U HCHTpO6€)KHBIﬁ MOMCHTBI MHCPIHUU CCUYCHUA OTHOCUTCIBHO HCHTPAJIBbHBIX

ocell ONpPeIEISIOTCS 10 CISAYIOMHUM HOopMyIIam:

i, = {I:-i - ""{:F) + (“-sz + ¥ B }'“ {Il + ‘5”{;3&)‘

ey

3z = {I&:z - ”TK?E‘F_; }+ {I&:} - :{‘EZEFI}_E_ {Iys - léiﬂ}

Ix;;m'_g = II::-.-‘;_ + X‘]i}zﬂzﬁ}q— {I.T:J.-'z - x{?’f:..};ﬁ:Fl)q:_ EIXEJJ3 + Xga¥as
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B

{ £ .1,
3Ha4eHUsT  OCEBBIX MOMEHTOB  MHEPIMM  yrojika ™  *y\  mBemiepa ' =

o . I
OTHOCHUTEJIBHO COOCTBEHHBIX HCHTPAJIBHBIX OCCHU in/I J *OIIpeaciisICM 110 COPTAMCHTY

(cM. mipudt. 1). JIu1st moJI0Chl OCEBBIE MOMEHTHI MHEPIIMM COOTBETCTBEHHO PABHBI:
5.2 18°.2
=——=12 I, =—=0972

E-:t:- v,
12 cm*; 12 cm®.
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[leHTpoOEX)HBIE MOMEHTHl HWHEPIMM WIBEUIEpAa “*W MOJOCHI ¥ paBHBl HYJIIO,
MOCKOJIBKY X COOCTBEHHBIE LIEHTPAJIbHbIE OCH ABIISIOTCS OCSIMU CHMMETPHH.
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[leHTpoOEXKHBIT ~ MOMEHT  HMHEPIMH  YroJIKa ™* OTHOCHUTEIBHO  COOCTBEHHBIX
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IIEHTPANBHEIX ocel i1 2 Bpramcisercs mo Gpopmye
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rac f’“”I/I Im’i“-— MaKCUMaJIbHbI 1 MMHHMMAaJIbHBIN TJIaBHBIC MOMEHTBI HHCPIIMU YT'OJIKAa

COOTBETCTBEHHO. [10 COPTAMEHTY HAXOMHM, uT0 T=e = 1097 oyt g Lain =19.97 o

o . !y
ITeHTpOOEKHEI MOMEHT MHEPIMH YTOJKa HE PaBeH HYIO, TMOCKOIBKY OCH M <:He
SIBJIIFOTCS JJISI HETO TJIABHBIMU IEHTPAIIbHBIMU OCSIMU UHEPIUU (TJIAaBHBIE IIEHTPAIbHbIE

OCH T PAaBHOGOKOT'O YroJIKa MOBEPHYTHI OTHOCHTENBHO oceil 1 +1Ha yrom 450).
3HaK IEHTPOOES)KHOI0 MOMEHTa MHEPLUU YroJyika (Kak, BOPOYEM, U I JH000M apyroi
(GUTYpBI) 3aBUCUT OT HAMPABIICHUS KOOPAMHATHBIX Oceil. OH JIETKO OmpenemseTcs
cienyrouuM oopazoM. CoriiacHO ONpeeIeHHIO, IIEHTPOOSKHBIA MOMEHT UHEPIIUH
(Urypsl paBeH MHTErpanty, B KOTOPOM dJIeMEHTapHas Iuomanka 4F yMHOXaeTcs Ha
MPOU3BEJICHUE PACCTOSTHUM OT 3TOW IUIOMIAJAKH JI0 KOOPJAUHATHBIX OCE. MBICIEHHO
pa3AenuM YroJIOK Ha TPU IUIONIAJU, PACIOJIOKEHHBIC, B HAIllEM Cliydae, B IEpPBOM,
TPETHhEM U YETBEPTOM KBaJIpaHTaX. JTH IUIOMIAJH, B CBOIO OYEpEdb, pa300beM Ha
AJIEMEHTapHbIE  IUIOMIAAKUA. BugHo, dYro [ SJIEMEHTApHBIX  IUIOIIAJIOK,
PACIIOIOKEHHBIX B MEPBOM U TPEThEM KBAJpaHTaX, PACCTOSHUS OT AJIEMEHTAPHBIX
IUIONIA0K 10 KOOPAMHATHBIX OCEM HMMEKT OJWHAKOBBIM 3HaK. I[losromy 1ipu
WHTETPUPOBAHUU M0 IUIOMIAJH, PACTIOIOKEHHON B ATUX KBaJApaHTaX, Mbl MOJYyYUM 3HAK
«mIoc». B yeTBepTOM KBaJpaHTE pacCTOSAHMS OT IUIOMIAJOK J0 KOOPAMHATHBIX OCEi
MMEIOT pa3Hbl€ 3HAKU, YTO MPU MHTETPUPOBAHUU JACT 3HAK «MHUHYC». OUEBUIHO, UTO,
CYMMUPYS OJYyYEHHBIE PE3YJIbTAThI, MbI, B UTOTE, MOJYYUM IOJO0KUTEIIBHOE 3HAUCHHE
LEHTPOOEKHOr0 MOMEHTA HHEpUUHU yroika. CieoBaTelbHO,
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I, =+—{76,3%5 —10.97}1=2810
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Tenepb onpecAcisiICM KOOPAHWHATBI LECHTPOB TAXKCECTHU OTACIIBHBIX 3JICMCHTOB CiB

A
EHTPAJIBbHBIX OCIX Koy S

TUISl yTOJIKa
X =%, —x, =—2.02 493 = 695 cm;

=¥ -y, =17.02 -595=1103CM;
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Xy =¥, —x,=221-493=-272

Ya=Ji- ¥ =1100-599=501 .

4l W ;
JJIs1 ITOJIOCHhI
Hga =X, —x_ =9.00-493=407
Yoz = 32—y, =—L00 559 =-0.9% -
I[aHBHeﬁMHe BBIYHUCJIICHHUA MOMCHTOB HMHCPIHMH BCCTO IIONCPCHHOIO CCUCHUA

v ! o
OTHOCHTEJIFHO LIEHTPAIBHBIX OCcell 41 - S IIpou3BOUM B TabIMuHOI Gopme (Tadu. 7).

o X B
Ta6n1/1ua 7 - Onpez[eneHHe MOMCHTOB MHCPUHU CCUHCHHA OTHOCUTCIIbHO HCHTPAJIbHBIX OCCU 87 J d

Ne | Haumenosan | Ilmoman MowmenTs! uHepiu | KoopauHatsr "IlepeHocHBIE" MOMEHTHI HHEPIIUH,
a7e | He dJeMeHTa b OTHOCHTENBHO LIEHTPA TSKECTH B om?
Me 3JIeMEHTa CcOOCTBEHHBIX ¥a o ¥a
HTa HEHTPATBHBIX ociax  ~H
. N R
fem? oceit’ ! mt
}x }1- Hog Yoy wr L%}T Vo d:
A , CM4 o , CM4 T4 , CM wE , CM Hra Ly Ko i Al L
1 VYronok 10,67 48,16 48,16 28,19 -6,95 515,39 1298,12 -817,95
2 [IBemnep 26,70 2110,00 151,00 0 -2,72 197,54 670,17 -363,85
3 ITonoca 36,00 12,00 972,00 0 4,07 596,34 1758,96 | -1024,17
S Bcee ceuenns | 73,37

[Tponomxkenne tadmn. 7

Ne HaumenoBanue | MOMEHTHI HHEPIIUH OTHOCHUTEIBHO IIEHTPAIbHBIX Ocei
J5IeM 3JIEMEHTa ¥, X, .
eHTa oo, oM

I, +¥:F, I, + % F vy, ¥ Sudof

1 Vromox 1346,28 563,55 -789,76
2 lBesiep 2780,17 348,54 -363,85
3 ITonoca 1770,96 1568,34 -1024,17
S Bce ceuenns

[Tocne okpyrieHus BHIYUCICHHBIX 3HAYCHNH MOMEHTOB MHEPIIUH IO TPeX 3HAYaIIMX HU(pP, OKOHYATEIHHO,

MOJIy4YUM

I_=5900
i C

m*; 4

M.

I =2480 I =-2180
g CcM’; R i C

Onpez[e.mleM IMOJIO’KEHHUE I'JIABHBIX NEHTPAJBHBIX ocel HHEPIOUMA U U V

. X ¢
Vron HakjgOHAa TJIaBHBIX IIEHTPAIbHBIX OCEd U M V K LEHTPAIbHBIM OCIM ~ “H F3cooTBeTcTREHHO
orpeessaeM U3 CICAYIONMEH (GOopMYJIb:

2., -2-2180

Hpie

teddt, = — =127

I, -1, 39002480
: o _ g
OTcroa Hax0UM, YTO Ea@ =313 " %= 238 .

84 X <
OTkapIBacM MOJIOKUTEIBHOE 3HAYCHUE yIlla = OT OCH ~ “IMPOTHB XOJa YaCOBOM CTPEIKH U MPOBOIUM

TJIaBHBIE IIEHTPaJIbHBIE OCH U U V (CM. pHC. 8).
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OCB, OTHOCHUTCJIIbHO KOTOpOﬁ MOMCHT MHCPpUHUH MAKCHUMAJICH, COCTABJIACT MEHBIIHMN yroic TO U3

I =3980

o ! . . .
LHCHTPAJbHbIX OCCU {;I/IJ'II/I ‘} 4 , OTHOCUTCIIbBHO KOTOPOHU OCCBOU MOMCHT 60J'IBH_I€. HOCKOHLKy e

I =143

cm4 60J'IBH.[€, yem % CM4, OCh U ABJIACTCA OCBKO OTHOCHTCIBHO KOTOpOﬁ MOMCHT MHCPLIUU

CCUCHMA MAaKCHUMaAJICH, TO €CTh OCh U — OCh max. COOTBCTCTBCHHO, OCh V SIBIIIETCS OCBIO min.

f .

BuI1unciisieM 3HaYeHHS IVIABHBIX HEHTPAJbHbIX MOMECHTOB HHEPIHUH T H I""’“ﬂ JJIA
3aJAaHHOI'0 IOIIEPECYHOT0 CCUCHUSA

3Ha4YeHUs TIIaBHBIX IIEHTPATBHBIX MOMEHTOB HHEPLUH BCEl (PUTYPBHI ONpeAesStoTes 1o hopmyIie

I_«z—fﬂ;j 2
Iﬂﬂm:*:R‘T—EJ{I%—I '}‘-—'-4.3

Fad A

Torma

SQ00 + 2480 1 3 : 5

I =#i;\/§59i}ﬂ —2480F = 4.{— 21807 = 4190 £2770
I =1 =4190+27706=6960 , I =1 =4190-2770=1420
T e CM, s e % CM

cm?;

KOHTpOJ'IeM IMPaBUJIbHOCTH IMOCIICAHUX BBIUMCJICHHH MOYKET CJIIYKUTD CICAYIOUICC yCIOBUC!

fo+I =i +1

T mun

Nmeem

5900 + 1480 = 6960 + 1420 7380 = 738¢

YcaoBue 3a5a4u AJ151 CAMOCTOSITEILHOTO PeLIeHHs 110 TeMe ''reoMeTpruyecKue
XapPaKTePUCTHKH IVIOCKUX CeYeHui"

g 3a1aHHOTO TIOTIEPEYHOr0 CeueHusi CTepKHS (puc. 9), cocTosmero U3 ABYX MPOKATHBIX mpoduieil u

IIOJIOCHI, Tpe6yeTc5[ HaAWUTHU TIOJIOKCHHE HEHTpa TSXKECTU CCUCHHA, HAIIPABJICHUC TIJIAaBHBIX LHCHTPAJIbHBIX

. f f_.
OCeil MHEPLIMHU U U V, a TAK)KE BHIYMCIIHUTD TJIABHBIE IIEHTPAJIbHBIE MOMEHTHI MHEPIIMH ~ 2%y ~ 242 | JlaHHbIe
B3STh U3 COPTAMEHTA JBYTABPOB, YTOJIKOB U LIBEJIJIEPOB.

BapuaHTm PACYE€THBLIX CXEM K 3a/ia9e "reOMeTpnquKne XapaKTEePUCTUKHA
IUIOCKHUX ceueHui" AJIA CAMOCTOATEIBHOTO PEIICHUSA
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Puc.10 PacuerHbIe CXEMBI

Ta6JII/II_[a 8 - BapI/IaHTLI HUCXOAHBIX JAaHHBIX K 3ala4€ I CaMOCTOATCIIbHOTO pCHICHUSA

IC{X(?;ZII) Homep Howmep Pazmepsnl E;JCT;?HE‘
(puc. 10) mBesuiepa | AByTaBpa | yrojka M
1 24 12 100x100x8 12
2 22 14 100x100x10 |12
3 20 16 100x100x12 |12
4 18 18 100x100x8 14
5 16 20 100x100x10 | 14
6 14 22 100x100x12 | 14
7 12 24 100x100x8 16
8 24 22 100x100x10 |16
9 22 20 100x100x12 | 16
0 20 18 100x100%8 10
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6. YcioBus U BapuaHThI 3a1aHNi K BbINoJaHeHHIO PI'P Ne 6
«HanpsizkeHHOe COCTOSIHUE B TOUKE TeJia

YciaoBue 3aaaun

~—

=7

=12 = = [ - — (v}
Jlano “: =L H/ew?, O 77 kH/em?, =~ '3 ® kH/cv? (puc. 11, a). Haiitu rnaBHbIe

o P s
T

HaIpsHKCHUA - HalmpaBJICHHA TJIABHBIX IIIOIAAOK W MAKCHUMAJIBHOC

.
KacaTeJbHOC HAIIPSOKCHUE | e

PacueTrnas cxema

a) o= 4 kH/em? b)

y a3— -6 xHicm?
2y
G, o; ag=18,5°
o T é !I‘F 6 xH/cm? i\q‘
/ i A -
/ / ﬂ-z CH
e @//A’//Al o= T Tl
Ty
oy

Puc.11 Pacuetrnas cxema

Pemenue npuMepa 3ajiavu Ha HANPAKCHHOE€ COCTOSTHHE B TOYKE TEJIa

HanomHum npaBuiia 3HaKOB sl HOPMAJIbHBIX U KaCaTEJIbHBIX HAIIPSKCHUU.
HopmanibHoe HaIpsHKEHUeE, COOTBETCTBYIOLIEE PaCTSIKEHUIO, CUMTACTCS
MOJIOKUTEIBHBIM, & CKATUIO — OTPULIATEIIHLHBIM.

KacarenbHOE HampsKEHHE CUHATAETCA  MOJIOKUTENBHBIM, €CIM  OJHOBPEMEHHO
BBITIOJIHAIOTCS (MJIM OJTHOBPEMEHHO HE BBIMOJIHSIOTCS) CIACAYIONINE JIBA YCIOBUS:
HalpaBJICHUE  HAIPsOKEHUsST  COBIAAAET € IIOJIOXKUTEJIBHBIM  HAMPABICHUEM
COOTBETCTBYIOIIEH KOOPAUHATHOMN OCH;

BHEIIHSAS HOPMaJlb K IUIOIIAJAKE, HA KOTOPOW OHO BO3HHUKAET, HAIIPABJIIEHA B Ty K€
CTOPOHY, UTO U JIpyras, COOTBETCTBYIOIIAsl, KOOPAUHATHAS OCh.

Onpene.]meM rJIaBHbIC HATIPHKCHHU A, BOSHUKAIOIINIMEC HA TPEX INIABHBIX
miomaaxkax, npoxoadamux 4epe3 pacCMaTpuBacMyr0o TOUYKY TBEPAOIro TeJia
]_—[JISI IJIOCKOI'O  HAIIPsAKCHHOI'O  COCTOAHHMA OAHO K3  TJIABHBIX HaHpH)KeHHﬁ,

BO3HUKAIOIMICC HaA IIOMTAAKE C HOPMAJIBIO X, paBHO HYIJITO.
BrruncisieMm 3HaueHUs ABYX APYIUX I''TaBHBIX HaHpH)KCHHfII

& %[ci_ +o,+ o -a,f +4f_i—]:§%3+(—4}+xﬁi3—(‘43f: 46 =14

kH/cm?;

1 ' T 7| Lt NE 2
&* =E[JL_+5;_: +J{;r¢.—cry;| +¢@]=E§z+{—¢}—\f[u—{—¢}} +3-{-6) }[z_éKH/CMz.

R
VuureiBas, uto ©: = 2= Y3 okoHUYATENHHO HMEEM:
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= Bm/ew?, 9279, 9 = O xp/ent.

G, + G, +F. =G+, +F_
Jenaem mipoBepky (- = TS TE s 7):
H+0+{-6)=0+{-~+12 ;1 8=8 16 ecmp BEpPHO.

Haxoaum moJjioskeHne rijiaBHbBIX ILIOIIAT0K

& +on®

Vsl , OHIpCACIHIIONIUEC IMOJIOKCHUC ABYX B3dMMHO ICPIICHAUKYJISIPHBIX

IJIOMIAA0K, Ha KOTOPBIX BOZHUKAIOT I'JIABHBLIC HAIIPAKCHUSA GEI/I 53, OIIpCACIIAOTCS U3

bopmybl

r,  I-{-6) _ a7

c.—c, 12-(—4

(g2, =

~ g cag® = 0. on0 - 71 0
Orcrona: “0 ™ 1857 L og - 907 =-18537 + 007 =715 .

HamomHuM, 4TO yroyi cuMtaercs MOJOKHUTEIbHBIM, €CITU OH OTCUUTHIBAETCA OT OCU Z
IPOTUB XO0/1a YaCOBOM CTPEIIKH.
Haiinenusie yribl (cMm. puc. 11, 0) onpenensitoT U HanpaBiIeHUS «JICHUCTBUS» TIABHBIX

P A
HapsODKEHUM iU 2.

Onpene.ﬂﬂeM Hau0oJIbIIee KacaTeJbHOe HaIPsAKEHUE, BOSHUKAKOIIIECC B

paccMaTpuBaeMoOl TOYKeE TeJia
F -0 14 — {0}

- 1035 -
2 Z kH/cMm?2.

i
OHO «eiicTByeT» Ha IUIOLIAJKE, KOTOpas HAKJIOHEHa IOJA YIIOM 437 NepBOH U TPEThEH TITaBHBIM

ILTOIIAIKAM.

IIpumep 3aJa4H ISl CAMOCTOSATEILHOIO PelIeH s — HANPSIZKEHHOE COCTOSIHNE B
TOYKE TeJaa

% YcaoBue 321241 ""HANPSIKEHHOE COCTOSIHAE B TOYKe Teia"

U3 Harpy>KCHHOT'O TBEpPAOro T€jia, HaXOoAAIIECTOCA B paBHOBé%fI/II/I, OKOJIO HGKOTOpOﬁ TOYKH BBIACICH

SJIEMEHTApHBIM  Mapajiesienune]; co CTOPOHAMHU dx , | dz. Cumraercs, 4YTO Ha JBYX €ro

-
[ ..~ T
napajuiCJIbHbIX TI'paHAX C HOPMAJIbIO X HOPMAJIbHBIC “HW KacaTe€JbHEIC HaNps>XXKCHUSA ¥ =

OTCYTCTBYIOT, TO €CTb HaIpsXKCHHOC COCTOAHHUEC  ABIACTCA  IINIOCKHM. Bwmecto 00BEMHOTO
napajuieaenumneia, ¢ nejbro yIpoucHusa, Ha pUcC. 11 nmoka3aH IUIOCKUH DJIEMEHT: €T0 MIpOCKUM Ha

3z N .
IIJTIOCKOCTB * . ]_HTpI/IXOBKOI/I YKasaHa BHYTPCHHAA O6J'IaCTB 2JICMCHTA. Tpe6yeTc;1 HAaWTU TIJIaBHBIC
T, 2O, 20,
HaIps>KCHUS = + -, HaIpaBJICHUA TJIaBHBIX IiomaaoK #©W  MaKCHUMAJIbBHOC KaCcaTCJIbHOC

-
HampsDKCHHUE &,
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Tabnuua 9 - icxoaHble JaHHBIE K 337ja4€ HAMPSKEHHOE COCTOSIHUE B TOUKE TeJla

BapuaHT Y xH/em2 o , KH/cm2 =T , kKH/cm2
1 10 6 3
2 2 —7 7
3 3 6 —6
4 4 -5 5
5 5 4 —4
6 6 3
7 7 2 —2
8 -7 ~1 !
9 -6 -2 -7
10 -5 3 6
11 4 4 -5
12 -3 5 4
13 -2 6 -3
14 ~10 7 2
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Cnncok peKoMeHyeMoi JJUTepaTypbl

a) OCHOBHasl JTUTEpaTypa:

1. Acanymuna, E. 0. ConpoTuiieHHE MaTepHajoB: IMOCTPOEHUE OIIOP BHYTPEHHUX
CUJIOBBIX (hakTOpoB, U3THO : yueOHoe mocobue st By30B / E. FO. Acagynuna. — 2-e u3m.,
ucrip. W jgom. — MockBa: MzmarensctBo FOpaiit, 2023.— 115c¢c.— (Beicmee
oOpazoBanue). — ISBN 978-5-534-09944-7. — Texkcr : snexkTpoHHbIN // OOpa3oBaTeibHas
wiatgopma FOpaiir [caiiT]. — URL: https://urait.ru/bcode/514394

2.Axmetr3siHOB, M. X. CompoTuBIEHHUE  MaTepUajoB : Y4YeOHMK JJIT  BY30B/
M. X. Axmer3snos, . b. JlazapeB. — 2-e u3a., nepepad. u mon. — Mocksa : 3gaTenscTBO
FOpaiit, 2023. — 297 c. — (Bricmee oopa3oBanue). — ISBN 978-5-534-08113-8. — TekcrT :
DJIEKTPOHHBIN // OO6pazoBaTenbpHas miatgopma Opaiirt [caiiT]. —
URL.: https://urait.ru/bcode/510621

3. BagumBunu, H. B. ConpoTuBneHnrue MaTepranioB U KOHCTPYKIHM : y4eOHHK JjIsl BY30B /
H. B. Banmumswim, C. C. I'aBpromna. — Mocksa : M3narensctBo FOpaiit, 2023. — 429 ¢. —
(Beiciiee oOpazoBanme). — ISBN 978-5-9916-8247-3. — TekcT : »IEKTPOHHBINA //
O6pa3zoBarenbHas mwiatdopma FOpaiit [caiit]. — URL: https://urait.ru/bcode/511770.

4. Aranun, B.I. ConpoTuBieHue MarepuasoB: y4eOHMK M TPAKTUKYM MJid BY30B /
B. I'. Atanmun. — 3-e usn., nepepab. u gon. — Mocksa : M3marensctBo Opaiit, 2024, —
438 c. — (Bwicuiee obpazoBanue). — [SBN 978-5-534-15962-2. — TekcT : 37€KTpOHHBIHN //
Oo6pa3zoBarenbHas mwiatdopma FOpait [caiit]. — URL: https://urait.ru/bcode/536540.

5. Bamumsumu, H. B. ConpoTuBienue MaTepraioB U KOHCTPYKIIHAN ;| YYeOHUK 711 BY30B /
H. B. BanumBunu, C. C. I'aBpromnd. — Mocksa : U3narensctBo FOpaiit, 2025. — 429 ¢. —
(Beiciee  o6pazoBanue). — ISBN 978-5-9916-8247-3. — Tekct : dIeKTpOHHBIA //
Oo6pa3zoBarenbHas mwiatdopma FOpaitt [caitt]. — URL: https://urait.ru/bcode/560869.

6. KpuBomanko, C. H. ComnpoTuBieHrne MaTepuanoB : y4€OHUK U PAKTUKYM JJi BY30B /
C. H. KpuBomanko. — 2-e u3f., nepepad. u gon. — Mocksa : U3narensctBo FOpaiit, 2026. —
397 c. — (Beoicmiee obpazoBanue). — ISBN 978-5-534-00491-5. — TekcT : 2JIEKTPOHHBIH //
O6pa3zoBarenbHas mwiatdopma FOpaitt [caiit]. — URL: https://urait.ru/bcode/582745.

0) JOMOJTHUTENbHAS IUTEepaTpya

1. JuomkoBckuii, B. M. [lpuknagHas mMexaHuka : ydeOHOe MocoOue miisi BY30B /
B. M. 3uomkoBckuii, W. B. Tpounkuii ; mojn HayuHoi penakuueir B. . Bemikypuesa. —
Mockga : M3marenscTBo FOpaiit, 2022. — 286 ¢. — (Bricmiee o6pa3zoBanue). — ISBN 978-5-
534-00196-9. — TekcT : smekTponHbIN // OOpa3oBarenbHas miaTtdopma FOpait [canT]. —
URL.: https://urait.ru/bcode/492223

2. Aranun, B. . ConpoTuBieHne MaTepraos : y4eOHUK U MPAKTUKYM 1)1 By30B / B. T'.
AranuH. — 3-e u3f., nepepad. u gon. — Mocksa : U3narensctBo HOpaiit, 2023. — 438 c. —
(Beiciiee oOpaszoBanue). — ISBN 978-5-534-15962-2. — TekcT : 2JIEKTPOHHBIM //
Oo6pa3zoBarenbHas mwiatdopma FOpaitt [caiit]. — URL: _https://urait.ru/bcode/510357.

3. BamumBuiu, H. B. ConpoTuBieHue MarepuanioB U KOHCTPYKUUHU : YUYEOHUK s
By30B / H. B. BamumBunu, C. C. I'aBpromun. — Mocksa : U3narensctBo FOpaiit, 2024, —
429 c. — (Bwicuiee oOpazoBanue). — [SBN 978-5-9916-8247-3. — TekcT : 27neKTpOHHBIN //
Oo6pazoBatenbHas mwatdopma FOpaiit [caiir]. — URL: https://urait.ru/bcode/536795.

4. Kpusomamnko, C. H. ComnpoTuBieHrne MaTEpHAJIOB : Y4EOHUK M TPAKTUKYM JUISI
By30B / C. H. KpuBomanko. — 2-e u3j., nepepad. u qon. — Mocksa : U3narensctBo FOpaiir,
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https://urait.ru/bcode/492223
https://urait.ru/bcode/582745
https://urait.ru/bcode/560869
https://urait.ru/bcode/536540
https://urait.ru/bcode/511770
https://urait.ru/bcode/510621
https://urait.ru/bcode/514394

2025.— 397 c.— (Bricmee oOpasoBanue). — ISBN 978-5-534-00491-5. — Tekcr
anekTpoHHbli  //  OOpasoBarenpHas  miatdopma  FOpaiit  [caiit]. —  URL:
https://urait.ru/bcode/559877.

5. Banumsunu, H. B. ConpoTuBiieHre MaTepuaioB U KOHCTPYKIIHM : yUeOHUK sl By30B /
H. B. Banumsunu, C. C. I'aBprommH. — Mocksa : U3natensctBo OpaiT, 2026. —

429 c¢. — (Briciiee oopazoBanue). — [SBN 978-5-9916-8247-3. — TekcT :

anekTpoHHBIN // OOpa3oBatenbHas miatdopma Opaiit [caiiT]. — URL:
https://urait.ru/bcode/583689
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