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[Tocobue oxBaThiBaeT OAWH U3 pa3liesioB Kypca «CONpPOTUBIECHHUE MaTEpPHAIOBY,
BCTPEUAIONICECS NPU PEUICHWH NPAKTHYECKUX HHKEHEPHBIX BOIIPOCOB pacyera Ha
MIPOYHOCTh, JKECTKOCTh U YCTOMYMBOCTh KOHCTPYKLIHMM MAIIMHOCTPOECHUS. B naHHOM
nocoOuu JaroTcs 3aJaHus Ha JJabopaTopHbie pabOThl, MOPSIAOK U MPUMEP BBINOIHEHUS
paboter mo Teme «lleHTpanbHOe pacTsbkeHwe U ckatve». (OCHOBBIBasCh Ha
pPacCMOTPEHHBIX  NpPUMEpax, CTYAEHTbl  CaMOCTOSITEIbHO  CMOTYT  BBITIOJHSTH
nabopaTtopHbie paboThl. [locobue mnpenHa3Haue€HO JII CAMOCTOSITENIBHOTO HW3Y4YEHUs
npeaMeTa U MOATOTOBKH K 3a4ETy U 3K3aMeHY Mo Kypcy «CONnpOTHUBICHUE MATEPUATIOBY.

JlanHOe mocoOue mNpelHa3HAYCHO [ CTYJCHTOB, HW3YYalNUX JUCHUILIAHY
«ConpoTHUBJIEHUE MaTEepUANIOB» KaK OTIEIbHBIA MPEAMET, WIM Kak OAUH U3 Pa3eoB
TaKUX JUCHUIUIMH Kak «Mexannkay, «llpukmannas wMexanukay, «TexHuueckas
MEXaHUKa.

[TocoOue npegHazHayeHo AJis CTYACHTOB MHKEHEPHBIX CIIELIMAIBHOCTEN BCeX popM
obyuenusi: 15.03.02 Texnonorudyeckue MamuHbl U obopyaosanue, 18.03.01 Xumuyeckas
texHonorusa, 19.03.02 IlpoaykTel mNUTaHUS U3 pacTUTENbHOTO Chbipbs, 20.03.01
Texnochepras 6e3zonacHocTh, 29.03.02 TexHONOrMU M MPOEKTUPOBAHUE TEKCTUIIHLHBIX
uznenuii, 29.03.05 KonctpynpoBanue u3ennii J1Erkon NpOMBIILIEHHOCTH.

CocraBurenu:  Xus0OyminHa C.®D., kana. ¢pu3.-mMart. HayK
3apunos /[.M., kana. ¢pus.-mat. HayK

Penienzenr: [MarmuaoB H.C., kaHa. TeXH. HAYK,
HuszamytauaoB M. X., KaHJ. TEXH. HAYK

© OI'bOY BO «Ydumcknii rocymapcTBEHHBIN
He(TAHON TEXHUUECKUN yHUBEpCUTET», 2018
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BBenenue

ConpoTUBIICHHE MATEPUAIOB PEIIACT YKa3aHHBIE 3aJaud, OCHOBBIBAACH KaK Ha
TEOPETUYECKUX, TAK U HA ONBITHBIX JIAHHBIX, UMEIOIINX B 3TOM HAyKEe OJIMHAKOBO Ba’KHOE
3HaYeHue. B TeopeTHMdeckod YacTH COMPOTHBIICHHE MarepuajoB Oa3upyercss Ha
TEOPETUUYCCKOW MEXaHUKE M MaTeMaTHKe, a B JKCIIEpUMEHTAJIbHONW — Ha (Qu3NKe u
MarepuagoBeneHud. CONpOTUBICHHME MAaTEpUaloB HE MCUYEPIBIBAET BCEX BOMPOCOB
MEXaHHUKH JIepopMHUpYeMOro TBEPJAOTO Tejla. DTUMHM BOIPOCAMH 3aHUMAIOTCS TaKHe
CMEXXHBIE JUCHMIUIMHBI, KAK CTPOUTENIbHAS MEXAHUKA CTEPKHEBBIX CHUCTEM, TEOPHUS
YOPYTrOCTH M Teopus IMiIacTUYHOCTU. OJHAKO OCHOBHAsi poOJjb MPU PEUICHUM 3aJad Ha
MIPOYHOCTHh MPHUHAJICKUT CONMPOTHBICHUIO MaTepuanoB. [Ipu Bcém pasHOOOpa3uu BUIIOB
KOHCTPYKTHBHBIX 3JIEMEHTOB, BCTPEYAIOIIMXCSA B COOPYKECHUSAX M MAIIMHAX, UX MOXKHO
CBECTHM K CpPaBHUTEIHLHO HEOOJBIIOMY YHCITYy OCHOBHBIX (opm. Tena, umeromue 3TH
OCHOBHBIE (OpPMBI, U SBISAIOTCS OOBEKTaMH pacu€Ta Ha MPOYHOCTh, KECTKOCTh U
YCTOMYUBOCTb.

Y4ebHOe METOIUYECKOEe MOCOOME COCTABIECHO C IIEJIbI0 OKa3aHHUS METOAMYECKOM
TIOMOIIM CTYJICHTaM IIPH BBITIOJIHEHUHN JJAa00paTOPHBIX padoT 1o Kypcy «CompoTHBJICHUE
MarepuanioB». Ilepen BbIMoNIHEHHUEM J1a0OpaTOpHOM pabOThI HEOOXOIUMO H3YyYHTh
COOTBETCTBYIOIIMIA pa3fen Kypca «ConpoTHBJICHHE MATEPHATIOB» IO  JICKIIHM,
PEKOMEHyeMbIM YYEeOHHKAM M YYEOHBIM ITOCOOHMSM, TaKKe yKa3aHWUSIM, JaHHBIM B
BBOJIHOW YaCTH HACTOSIIIETO ITOCOOHS.



OcCHOBHBIC TEPMHHBI U ONIPe/ieTeHUS

ConporuBiieHHe MaTepHAJIOB — Hayka 00 HMH)KEHEpPHBIX METoJax pacyéra Ha
IPOYHOCTB, )KECTKOCTh U YCTOMYMBOCTD JIEMEHTOB MAILIUMH U COOPYKEHU.

IIpouyHocTh — CIOCOOHOCTH KOHCTPYKIIMM, €€ YacTed W JeTajield BBIICPKUBATh
oInpeeNEHHYIO0 Harpy3Ky, HE pa3pylasch.

KécTrkocTh — CIIOCOOHOCTh KOHCTPYKLHMHM M €€ DIIEMEHTOB NPOTHBOCTOSTH
BHEIIHUM Harpy3kam B OTHOLIEHUHM JedopManuil (M3MEeHEHHE (POPMBI U pa3MEPOB).

[Ipu 3amaHHBIX Harpys3kax aedopMaliu HE JIOJDKHBI MPEBBINIATh OIMpeaeaEHHBIX
BEJIMYMH, YCTAHABIMBAEMbIX B COOTBETCTBUH C TPEOOBAHUSIMU K KOHCTPYKIUH.

YcToituMBOCTL — CHOCOOHOCTh KOHCTPYKUHMH U €€ JJIEMEHTOB COXPAHSThH
onpeAenéHHYI0 HaYalbHYIO (HOpMY YIIPYTOTro paBHOBECHS.

OcCHOBHBIMM O00BEKTaMU pacu€ra SBISIOTCS Opychs (CTEpPKHH), IUIACTUHBI,
000JIOYKH, MACCHUBHEIC TEJIA.

Bpyc — aT0 nerans ynnuHEHHONW (QOpPMBI, Y KOTOPOIl BBICOTA U IIMPUHA Majbl 110
CPAaBHEHMIO C TPETBUM pa3MEpPOM — JUIMHOM, T. €. TPETUil pa3Mep — 3HAUUTEIbHO OO0JIbIIEe
JIBYX IPYTHX rabapUTHBIX pasmepos: L >>bu L >>h.

bpyc ycnoBHO paccMaTpuBarOT B BHJE COBOKYITHOCTH NApAJUICNIBHBIX WM IOYTH
napajuleJbHBIX IPOJOJIbHBIX BOJIOKOH. CeueHust Opyca, HOpPMaJbHBIE BOJIOKHAM,
Ha3bIBAOTCS IONIEPEYHBIMU CEUCHUSMU.

[Ipsimoii 6pyc, paboTarouii Ha pacTsKEHUE — CKATHE, HA3bIBAIOT CTEPKHEM.

[Ipsimoit Opyc, paboTaroluii Ha U3rud — KpyyeHue, Ha3bIBalOT OaJIKOM.

[Ipsimoii Opyc, paboTarolnii Ha Kpy4eHHE, Ha3bIBalOT BaJIOM.

OcHoBHBIMH (hakTOpamMu paboOThl Opyca SBISIOTCS: HArpy3KH; YCHIIUS B CEUCHUSX;
nedopmManyu; nepeMenieHusi CEUeHU .

IlonepeyHoe ceyeHne — 3T0 ceueHHE Opyca MIOCKOCTHIO, MEPIEHIUKYISIPHOU €ro
ocu. Ilo cxeme Opyca pacCUMTBHIBAIOT Bajbl PEAYKTOPOB, MPUBOJOB, OaqKh U CTONKHU
KpPaHOB, 3JIEMEHTBI KOHBEHEPOB, TPAHCIIOPTEPOB U MHOTOE JIPYTOE.

Crep:KeHb — 3TO TOHKHMI M JJMHHBIA OpYyC, y KOTOPOrO pa3Mepbl MOMEPEUHOTO
CEYEHUS] HUYTOXHBI I10 CPABHEHUIO C JUIMHOM OCH.

IlnacTuHOM Ha3bIBacTCs TEJNO, Y KOTOPOrO OAMH M3 TPEX pa3MepoB (TOJIMHA)
3HAYUTEIbHO  MEHbIlIe JABYX JApyrux. [lmacTuHsl MoOryr  OBITh  KpYTJIBIMH,
IPSIMOYTOJIBHBIMU ¥ UMETH APYTHE OYEPTaHUs KOHTYpA.

O06oJi0uKka mpencTaBisieT cOOOM TelNo, OTPAaHUYCHHOE NIBYMsI KPWUBOJIMHEHHBIMU
MOBEPXHOCTSIMU, OJIM3KO PACIIOIOKEHHBIMU JpYT OT Apyra. [1o dopme 06010uKH OBIBAIOT
UUIMHAPUYECKHUE, KOHUYECKHE, cPepuluecKue u ap.

MaccuBHOe Ten0 — 3TO TENO, Y KOTOPOro BCE TPU pa3Mepa OJHOIO MOpsiKa.
PeanpHble Tena moa JACHCTBMEM HArpy3oK WJIA M3MEHEHHsS TeMIlepaTypbl MOTYT
nehopMHUpPOBATHCS, T. €. U3MEHATH CBOIO (JOPMY U pa3MepBI.

Paznuuarot nedopmanuu ynpyrue, niacTU4€CKUE U OCTATOUYHbIE.

OcHoBHbIE BUBI AeopMaLInii:

® DACTSDKEHHE U CKATUE;
e CIBUT (WU cpe3);

® KpYy4YE€HUE;

® u3rUo.



CoueraHue OCHOBHBIX BHAOB JAepopManuil MNPUBEAET K CIOXKHOMY BHIY
nedopmanum.

PacTsizkeHHe MJIM CKaTHe BO3HUKAECT, HapUMEp, B Ciydae, KOrjJa K CTEP:KHIO
BJIOJIb €r0 OCH TNPHWIOKEHBl NIPOTHBOMNOJIONKHO HampaBieHHble cuibl. I[lpu sTOM
MPOUCXOJUT MOCTYNATEIbHOE MEPEMEIICHUE CEYEHUW BJOJIb OCU CTEP)KHS, KOTOPBIU
YIJIMHSETCA, a IIPU CKATUH YKOpauuBaeTcs. MI3MeHeHne nepBOHAYaIbHOM JJIMHBI CTEPHKHS
L, obo3naueHHoe AL, Ha3biBaeTCs a0COJIOTHBIM Y/AJUMHeHHeM (TIpU PACTSHKCHHUH) MM
a0CoOIIOTHBLIM yKOpouyeHueM (mpu cxartuu). OTHOIIEHHE aOCOTIOTHOTO YJITMHEHUS
(ykopouenus) AL k mepBoHa4yaJbHOM JIMHE L CTEp)kHsS WM ero y4yacTka Ha3bIBaeTcs
CPeIHHM OTHOCHTEJIbHBIM YyIJNMHeHHeM (yKopouyeHMeM) Ha jiuHe L wimm cpemnnei
JIMHEIHOH OTHOCUTEIbHOM e opManueil CTEP)KHS UM €r0 yJyacTKa U 0003HavYaeTcs:

AL
& P = T

CnaBur, uim cpe3, BO3HUKAET, KOI/Ia BHEIIHUE CHUJIbI CMEIAIOT JIBa MapajulesIbHbIX
IUIOCKUX CEYEHUS OJJHO OTHOCHUTENIBHO JAPYTrOro IpH HEU3MEHHOM PACCTOSTHUU MEXIY
HUMH. BenmnunHa cMmemeHnss AS HaspBaeTcsi a0COMIOTHBIM cABMroM. OTHomIEHUE
aOCOJIIOTHOTO CJIBUra K PACCTOSIHUIO MEXKIY CMEHIAIOIIMMUCA IJIOCKOCTSMH (TaHT€HC
yria) Ha3bIBae€TCs OTHOCUTEJbHBIM CABHIoM. BcrnenctBue ManocTu yria y MOXHO
MPUHSATD!

AS
gy~y~—.
a

Kpyuenune BO3HMKaeT mpu ACMCTBUM Ha CTEP)KEHb BHEIIHUX CHJ, 00pa3yroIIuX
MOMEHT OTHOCHUTENBHO €ro ocu. Jledopmanus KpydeHUs COINpPOBOXKAAETCS MOBOPOTOM
NONEPEYHBbIX CEYEHUN CTEpXKHSA APyl OTHOCHUTENIBHO Jpyra BOKPYT €ro OCH. YToll
MOBOPOTa OJHOIO CEYEHMS] CTEP)KHS OTHOCUTEIBHO JAPYroro, HaXOJALIErocs Ha
paccrosiHuu L, - yroa 3akpy4urBaHus ¢.

OTHoIlIEHHE YIJIa 3aKpYYMBaHUA ¢ K JUIMHE L HA3pIBa€TCS OTHOCUTEIbHBIM YIJIOM
3aKpy4yuBaHus 0 :

o=2.
L

N3rud 3aximrovaeTcss B UCKPUBICHUM OCH MPSIMOIO CTEP>KHS WIM B HU3MEHECHUU
KPUBU3HBI KPUBOTO CTEPIKHS.

[Ipoucxonsimee mnpu u3rude mnepemMenieHne Kakou-aub0 TOUKH OCH CTEpXKHS
BBIPAKAETCS BEKTOPOM, HAYaji0 KOTOPOTO COBMEIIEHO C NEPBOHAYAIBHBIM MOJOKEHUEM
TOYKH, & KOHEI[ ¢ — C TOJIOKEHWEM TOW K€ TOYKH B Je(POPMUPOBAHHOM CTEpkHE. B
NOpSIMBIX ~ CTEPXKHSX TEPEMENICHUsT TOYEK, HalpaBJICHHbIE MNEPHEHAUKYISIPHO K
HAYaJIbHOMY TIOJIO’KEHUIO OCH, HA3bIBAIOTCS MPOrudéaMu W, a HauOOJbIIUN U3 HHUX — Y.
[Ipn m3rube Takke MPOMCXOAUT MOBOPOT CEUYCHHM CTEP)KHS BOKPYT OCEH, JIeKAIIUX B
MJIOCKOCTSAX CEUEHHM, OTHOCUTEIIbHO CBOMX HAYyalbHBIX IOJIOKEHUW YIJIbl MOBOPOTA
CEYEHUH — O,(y).

IlepemenieHus1 — U3MEHEHHUE TOJIOKEHUS TOBEPXHOCTHBIX WM BHYTPEHHUX TOUEK
JeTaqd TpU BO3JCHCTBUM BHEITHUX CWI. llepeMelieHus BO3HUKAIOT MPU PACTSIKEHHH,
CXKaTWH, CJIBUTE, U3THOE, KPYUYECHUH.

BHeminue cMJbI — 5TO aKTUBHBIE CHWIBI, MPWIOKEHHBIE K paccMaTpuBaeMou
JIeTaj, a TAKKE€ PEaKTUBHBIE CHIIbI, BOSHUKAIOIIUE B ONIOPAX.
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AKTHUBHBIC BHEIITHUE CHJIBI IETIATCS Ha 0ObEMHBIE U TIOBEPXHOCTHBIC.
OO0BbEéMHBIE CHIIBI — 3TO CHJIBI, IPUJIOKEHHBIC K KaXKIOW 3JIEMEHTAPHOW YaCTUUKE
nerany (CUibl Beca, MHEPIUHU U Jp. ).

IloBepXHOCTHBIE CHJIBI — 3TO CWJIbI, MPUJIOXKEHHBIE K MOBEPXHOCTH JETalH
pazuyHbIM criocoOoM. [1oBEpXHOCTHBIE CUIIBI TOJPA3JEISIOTCS HAa COCPEIOTOUCHHBIE U
pacrpeiesiEHHBIE.

CocpenoroyeHHasi cuJjia — 3TO CUJIa, IPWIOKEHHAs Ha IJIOLIAJIKE, TPEHEOPEKUMO
MaJIOl IO CPAaBHEHMIO C IIOBEPXHOCTBIO JAc€Tanu. B pacu€THhIX cXemax MNPUHAMAIOT
IIPUWIOKEHUE COCPENOTOYCHHOU CUIIBI B TOUKE.

PacnpeneinéHnas cuia g — 3T0 CUJla, IPWIOKECHHAS HA IUIOIIAIKE, COU3MEPUMOU C
IIOBEPXHOCTBIO [IE€TaIH.

BHemHuil CKpPYyYMBaKOUIMii MOMEHT BbBI3bIBACTCSI BHEIIHMMM I1ApaMHM  CHIIL,
JNEUCTBYIOIIMMHA OTHOCUTEIIBHO T€OMETPUYECKOM OCH CTEpKHSI M JISKAIIMMH B
IJIOCKOCTAX, INEPHEHAUKYISAPHBIX K OCU CTEPXKHS, HO HE IPOXOIALIMX 4Yepe3 LIEHTP
TSKECTH IOIEPEYHOr0 CEYEHUS BaJIa.

BHyTpeHHHMe CHJIBI — 3TO CHUJIbl, BOZHMKAIOIIUME BHYTPU TeEJA, IPEHATCTBYIOIIUE
JEUCTBUIO BHEIIHUX CHUII.

OnpenensroTcss BHYTPEHHUE CHUJIbI METOJOM CEYeHHWi, T.€. JECTAb MBICICHHO
paspe3aercs IUIOCKOCTBIO Ha JBE€ 4YaCcTM M OJHA M3 HUX YPaBHOBELIMBACTCS
IIPOTUBOACHCTBYIOIIMMY  BHYTPEHHMMHM  CHJIaMH.  Bropas  4acTe  MBICIEHHO
oTOpachIBaeTcsl.

JUia paccMaTpuBaeMOM 4acTH Tak K€, Kak JUId LEeJIoro Opyca, COCTaBIISIFOTCS
YPaBHEHMS PAaBHOBECHS 110 3aKOHY CTATHKH.

HanpsikeHue — MWHTEHCHBHOCTh BHYTPEHHETO YCWJIMSA, MPUXOMAIIETOCA Ha
€AUHULY TEOMETPUYECKOW XapaKTEPUCTUKH PACCMATPUBAEMOTO CEUYEHHUsS, HAIpUMED,
IUIOIIAN CECUCHHUS.



OcHoOBHBIE THIIOTE3bI (OIYLICHUSA)

1. Marepuan AeTaiau CYMTAeTCs CILUIONIHBIM (0€3 IMyCTOT) U OJJHOPO/IHBIM.

2. Ypyrue cBOWCTBa MaTepualia BO BCEX HAMPABICHUAX OJMHAKOBBI, T.€. MaTepUal
Tena 00J1aaeT ynpyroi U30TPOIHOCTHIO.

3. Teno cuumtaercs aOCONIOTHO YHOPYTUM, €CIH TIOCIE YCTPaHCHHs TPUYHH,
BBI3BIBAIONINX Je(POpPMAIMI0 OHO IOJTHOCTHIO BOCCTAHABIMBAET CBOM IEPBOHAUYATIHHBIC
pasmepbl u ¢dopmy (aOCoNIOTHAs YIPYrocTh). IDTO JONMYIIEHHWE CHPABEMJIMBO TpU
HaNPSDKEHHUAX, HE PEBBIIIAIOIIMX TIPS YIPYTOCTH O, .

4. Jlebopmamuu maTepuasia KOHCTPYKIIMM B  KaXIOM TOYKE  MPSIMO
MPONOPLUHUOHANIBHBI HANIPSIKEHUSIM B 3TOM Touke (3akoH ['yka). 3akoH ['yka crnpaBeminB
JIUILIB [PU HAPSDKCHUSX, HE MPEBBIIAIONINX PEEI IPOINOPLHOHATIBHOCTH T, .

5. leopmariu Masbl MO0 CpaBHEHUIO C pa3MepaMu JICTalu.

6. PesynpTaT BO3ACHCTBHSA Ha KOHCTPYKIMIO CHCTEMBI HArpy30K pPaBEH CyMMeE
pe3yJbTaTOB BO3JICUCTBUSA KaXIOW HArpy3Kd B OTJEIBLHOCTU (NMPUHIIUI HE3aBUCUMOCTHU
JEeUCTBUS CUJT WM TIPUHIUIT CYTIEPIIO3ULIH ).

/. TlonepeuHoe cedeHue, IIIOCKOE 10 Aedopmalii, OCTa€Tcs IJIOCKUM M IOCIe
nedopmanuu (runoreza bepuymm).



L, I a

a,b,H, h,d

OcHOBHBIE yCJI0BHBbIE 0003HAYEHUS

JIuHeHHbIE pa3Mepbl
— JJIMHBI CTEPXKHS, OAJIKY BaJia UM UX YYaCTKOB

— TpUBEIEHHAS JJIMHA CTEPKHS

— pa3Mephbl MONEPEUYHOTO CEUCHUS

— pacCTOsTHUE — pa3Mep Pa3ABUKKU JIEMEHTOB COCTABHOTO CEUCHUS
— KOOpAWHATa MPOU3BOJLHOU TOYKHU CECUCHUS

— JIMHEHHAas BEeJIMUYMHA HETOYHOCTH M3TrOTOBIICHUS (H&THF)

I'eomeTpuyeckre XapaKTEePUCTUKH IVIOCKUX CEYEHHU U
— IUIOLIAJb MONEPEYHOTO CEYEHUSI CTEPIKHS

— CTaTUYECKUE MOMEHTHI IUIOMAAd (UTYpHI MOMNEPEYHOIO CEUECHUS

CTEP>KHSI OTHOCUTEIBHO ocet X, Y, Z

— KOOPJMHATHI UEHTPA TSHKECTU CCUECHUS
— OCEBBIE MOMEHTBI UHEPLIUU CEUCHUS

— UEHTPOOECKHBIN MOMEHT UHEPLIUU

— TMOJAPHBIA MOMEHT UHEPLUH

— paanychl UHEPIUU

— OCEBBIE MOMEHTBI COIIPOTUBIICHUS

- HOH}IpHBII;'I MOMCHT COIIPOTHUBJICHUA

Hanpsizkenust
— HOPMAJIBHOE HaNPSIKEHUE

— KacCaTCJIbHOC HAIIPSAIKCHHC

- A0IIYCKacMO€ HOPMAJIbHOC HAIIPAKCHUC
— AOIIYCKAacMOC KaCaTCJIbHOC HAIIPSKCHUC
— MaKCHUMAaJIbHBIC HAIIPSAKCHUSA

— k03¢ (dUIMEHTHI 3armaca MPOYHOCTH U YCTONYHUBOCTH

— K03 (ULHMEHT YMEHBUIEHUS HAMIPSKEHUS TPU MPOAOILHOM H3rHoe



Al

HepopMaunu U nepeMenieHUus
a0COJII0THAS MPOI0IbHAS AepopMalius

OTHOCHUTEIFHOE MPOJOJIBHOE YATUHEHHE
yroJI 3aKpy4MBaHUs IPU KPYUEHUU
OTHOCHUTEIbHBIN yTOJl 3aKpy4YUBaHUS

(W1 yroJs moBOpoTa CeYeHus Ipu U3rude)
nporud 6anku

THOKOCTb CTEPKHS

yroJi caBura, OTHOCHUTEIbHBIN
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BBoaHast yactnb

HpH PacCTAXKCHHUN, CXKATHU OT I[GI\/'ICTBI/ISI BHCIIHHUX HArpy3okK B IIPAMOM CTCPIKHC
BO3HHUKAIOT HCBUAWMbBIC BHYTPCHHUC HOPMAJIBHBIC CHJIbI N, BBI3BIBAIOINHUC B ITIOIICPCYHBIX
CCUCHUAX HOPMAJIBHBIC HAIIPAKCHUSA O .

HaHpaBHCHHG HOPMAJIBHBIX HaHpH)KeHI/Iﬁ COBITAACT C HAIIPABJICHUCM HOpMaHBHOﬁ
CHIIBL. DTH HaIps’KCHUS €CTb HHTCHCUBHOCTL BHYTPCHHCT'O YCHUIINA N, IMPpUXOAAIICTOCA Ha
CAWHUNIY IIoIAaan IMOInepCcIYHOro CCUCHUA F:

O=—.

F
[Ipu neiicTBUM pa3HOXapaKTEPHOW Harpy3Kd Ha Opyc ¢ NEPEMEHHBIMH CEUYECHUSIMHU
HOpMaJIbHbBIE HAIIPSDKEHUS CIIEAYET OIPENEIATh 0 KaXAOMY ydacTKy Opyca no gopmyie

N.
0, =—-. W3 nony4yeHHBIX pPE3yJbTaTOB MAaKCHUMaJIbHOE 3HAYEHUE HAIPSDKEHUA O,
F

i
CPaBHUBACTCs C JOIMYCKACMBbIM 3HAYCHHUCM [O' ] JJIIsL BBI6paHHOFO WJIN HAa3HAYCHHOT'O BHUAA

MarTcpuaa ACTaIun.
YcnoBue IIPOYHOCTH IIPH PACTIKECHUU, CO)KATHU.

O max :T— [G]

JlonmyckaeMoe HOpPMajbHOE HAaIpPsKEHHE [0'] ONpEACISIETCS. B 3aBUCUMOCTH OT
KOO((QUIMEHTOB 3amaca IPOYHOCTH IO Npefelny TeKydecTh N, Wi 10 Tpeneiy
OPOYHOCTH Ny [ pacCUUTHIBAEMOM KOHCTPYKLIMHM WIM JUIsl KOHKPETHOW JEeTalu U
MEXaHUYECKUX CBOMCTB MaTepuaia Opyca O; WM Oy

O7

[o] =57 win [o]=

9%

Ny

Jlist pacuéra cTanbHBIX OpPYChEB B KYPCOBBIX padoTax Kod(h UIMEHT 3amaca 1o
TeKydecTH mpuHUMaercss N =15; 10 BpeMEHHOMY CONpPOTHBICHHIO Ny =2,5.
Hanpsbxenust o; u o, npuaumatorcs no tadbumuam I'OCT Ha matepuan Opyca.

BwmecTe ¢ HanpspkeHHSIMH O B Opyce BO3HHMKAIOT aOCONIOTHBIC TPOJOJBHBIE U

norepeunsie yuumaenus AL, wu AL, .

Nx orHomeHue K oOmiei JmHe Opyca SBISETCA OTHOCUTEIBHOM MPOA0IBHOM
AL

np

nedopmanueii &,, = U OTHOCHUTEIBHOMU TONEpeYHoil nedopmarmeii &' = —22-

AOcooTHAs BEIMYMHA OTHOIICHHUS OTHOCHTEIBHOM MOMNepedHoi neopmanuu &' K
OTHOCUTETHFHON TPOAOJIBbHON AedopMaluu &£ SBISETCS OTHOCUTENBHOU aedopmarmeit

!

g
M1 =|—| 1 HaszpIBaeTcs ko3 durmentom Ilyaccona.
g

11



[Ipyn u3BeCTHBIX TE€OMETpUYECKMX MNaHHBIX Opyca (L — nmmmna, F — muomans
NOTIEPEYHOI0 CEUEHUs) U U3BECTHOM MOJyJie YIIPYrocTu nepsoro posaa £ (Mmoayns FOnra
OpU PACTSDKEHUH) W BBIUMCICHHOM MNpPOAONbHONW (HOpManbHOM) cuine N MOXHO
onpeaenuTs adCOJIIOTHOE Y/UIMHEHUE Opyca ¢ IOMOIIbIO 3akoHa ['yka:

a-NL
E-F

Jiisa  Opyca, W3rOTOBJIEHHOTO M3 pPa3HBIX MaTepUaloB U  HArpy>KEHHOTO
HECKOJIBKMMHM CHJIaMM Ha DPAa3sHbIX PpACCTOSHHAX, IIOJHOE aOCOJIIOTHOE OCEBOE
NepEMENICHHE KOHIA BBIUMCISETCS KaK CyMMa aOCOJIIOTHBIX YIJIMHEHUW MO Yy4acTKaM B
3aBUCUMOCTH OT TOYEK MPUJIOKEHHS CHUJI M MOAYJEH yNpyrocTd MaTepuajoB IO 3aKOHY

I'yka:
AL=>"AL =Z—Ni L
E-F
Kpome ycnoBuii mo mpoyHOCTH, K OpyCy MOTYT OBITh HPEAbSIBICHBI YCJIOBHUS IO
HKECTKOCTH, TJI€ KpUTEPUEM CIYKUT JIONyCKaeMas OTHOCUTENbHAs MPOJ0JIbHas
nedopmarius.
VYcnoBue KECTKOCTU UMEET BUL!

N
=<
gmax EF_[g]
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JladoparopHasi pa6otra Nel — Pacuyer cTaTu4ecKH ONpeaeTUMOro CTep:KHs
NepeMeHHOr0 CeYeHHUs!

Jannast nmaboparopHasi paboTa TMOCBSIIEHAa PacyE€Ty Ha MPOYHOCTh U KECTKOCTh
CTaTUYECKHU OMPEJICTUMOr0 CTEP>KHS MEPEMEHHOTO CEYEHUS Ha PACTSHKEHHUE U CHKaTHUE TIPU
OCEBOM BO3/CHCTBUU BHEIIHEN TPOI0JIbHON HATPY3KH.

Hean: omnpeaenuts AeicTByrolMe B crepxHEe (pucyHok 1.1) HopmaiibHbIE
HaNPSDKEHUS O, ONPENEIUTh ITOJIHOE YIUIMHEHNE AL CTEpKHS U CenaTh BBIBOJ,.

Py

]
[] 1 1
S R— e S — - — —
3 E

Ly L, L,

il

=
i

o
&y
iy

|
SRS

Pucynok 1.1 — Cxema cTyneHYaToro CTep»KHs, Harpy>K€HHOTO OCEBBIMU CUJIaMHU

OO0wme ucxoaHbIC JaAHHbIE:
e Marepunain crepxus — ctans Cr. 4.
e (CeueHue CTEPXKHs - KBaApaT cO CTOPOHOH @, .
e Moy HOpManbHO# yrpyrocti — E = 2-10° MITa.
e Jlonyckaemoe Hanpspkenue — [o ] = 160 MITa.
e Koadduuuenr 3anaca nmpoyHOCTH IO Ipeleny Tekydecth — N, = 1,5; mo
BPEMEHHOMY CONPOTUBICHHIO — N, = 2,5,
OcTanbHble JaHHBIC AJIs1 BBHITIOTHEHHS B3ATh U3 Tabmuis 1.1.

ITopsA0OK BBHINIOJIHEHMS:

1. BeruepTuTh B MacmTabe pacuéTHYIO CXEMY.

2. OnpeeuTh ONOPHYIO PEAKIIHIO.

3. OmpenenuTh 3aBUCUMOCTh BHYTPEHHHUX ycuiauid N, OT BHEHUIHMX CHJI, HCHIOJIb3YS

METOJ CEYEHUN Ha KaXJOM YUYacTKe.
4. Bpruucnuth HOpMasbHble cruiibl N, ¥ OCTPOUTH UX BIIOPY.

5. BbluncauTe HOpMalbHbBIE HANPSKEHUS O, IOCTPOUThH UX 3IIOPY U ONPENETUTH

HanOoJiee HAPsHKEHHBIA YyYaCTOK CTEPHKHS.
6. IlpoBeputh coOmtoeHNE YCIOBUS TPOYHOCTH i Hambolsiee HAMPsHKEHHOTO

Y4acTKa CTEPKHSI MO IOMyCKAaeMOMY HANPSIHKEHUIO [0] .
7. Onpenenuth aOCOMIOTHYIO MpojaoibHYI0 Aedopmarmio Al xaxmoro ywacTka

cTepHs. Bripazute nedopmaiyu yepes3 BHyTpEHHHUE YCUITUS 0 3aKoHy ['yka.
8. BeiuncauTh BeIMUMHY HOJHOTO YJIJIMHEHUS CTEPKHS.
9. Pe3ynbTaThl U BHIBOJIBI.

13



Tabmuua 1.1 — BapuanTtbl HCXOAHBIX JaHHBIX A7 BenuuuH P, a, L,

< 1 1 1 — — | _
R R Ry O~ 1 R R = J O Y O R O O~ R PR~ R U R B P ) P B P P B R Pl
- 1| - | | | -
Plalalaidl2l2ldldl=l=l=2l2l2dlr2ldldl=l=r2ldldl=l2dal=ldgl~
L
~ _ _ — — _ | 1| _
R R = O Y =~ R Y O = O Y =~ J O Y =~ T O O = 1 P~ O R R~ P PR (R B P
1 | 1 | | 1 _
R = O O =~ = O Y O~ O O =~ = R R T = = R R T R O - P =
RS NS S S S S N S R I N Y R R R IR IR I N S R IR IR R S R R N T
© N N T NN N NIFIN NN [|F NN N D ™ NN
SIZIZ IS I IIIZNIINIIZIZS
NN oD N (N NN (NN N (T N NN TN NN NN ~
-
~ S ST ISR RS S SIS (I (SIS szl ST TIESEES
TSI IS IN|SNIF|FOF|Z %NS NFIF A FNIFIF(ANT|°|NN|TF |
SIS 233333333/ I3SIIIII IS
~N M| |O (T | < N O F (T | |F|F S AR SHE A AR
< R A | R 9 AR R R R R R AR |
D.PPmmZPPMPZZPZP2235223PPP232PW/1_PP
L N N L N N P R Ol - PR (O -V (W <O (W <O U <O P P LW <O LU Pl P O SO PR PR PNT RO
o-
~ RS R [ R AR R R AR R AR | AR [R A A |
A I R R N S I R I N N R R R Sl N G N R R N R Y
o O O O O O N N P R O L= SW 1O (W <O P <O [SU T O P R P [SWN [ O [ O (SO U (SO | U SO {0 O
LHe oldlnm |t |0 |~|lolo|lo|d|a|m|<|w|o|~lo|lo|o
AN |M 0 O I~ g ladldldld|lda|d|a|d|dlonlN NNl iAo

ndeg
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IIpuMep BbINOIHEHUS:

CTCp)KCHI) INEPEMCHHOI'0 CCUCHUSA BaHICMJ'IéH OJHHM KOHIIOM B TOYKC An HarpyxcH
IMpOaOJIBHBIMU CHJIAMHU PI CDopMa BCCX IIOIICPCHHBIX CCUYCHUM CTCPIKHA — KBaaparTr CO

CTOPOHOH &, . JIIMHBI y4acTKOB IO CTyHeHsIM — L.

Ha pucynke 1.2 nzobpaxkena B Macitabe 3aaHHasi cxema.

i
i3

ity

ity

Py

L

Lj

Ly

II -

Pucynok 1.2. — 3agaHHas cxema CTyleH4aTOro CTEPKHS,
Harpy>kK€HHOTO OCEBBIMU CHJIAMH

Tpeodyercs:

® TIOCTPOMUTH SMIOPbI HOPpMATIbHBIX ycuiuid N ;
ITIOCTPOUTH AMIOPHI HOPMAJIBHBIX HAIIPSKEHUM G ;

[ ]
® BBIYMCIIUTH MOJHOE YIJTMHECHHUE CTEPKHS AL,
[ ]

CHEJIaTh BBIBOJ O MPOYHOCTH CTEPIKHS.
Marepunain crepxHs — ctans Cr. 4.

CeueHue CTEepKHS - KBaJIpaT CO CTOPOHOM &, .
Mojty1b HOpMaIbHOH yrpyroctu — E = 2-10° MITa.
JlommyckaeMoe HalpsKeHUe — [0] =160 MI]a.

Koaddumment 3anaca npoyHoctu:

® 110 Ipeneiy Tekydectd N, = 1,5;

® [10 BPEMEHHOMY CONIPOTUBIIEHUIO N, = 2,5.

WcxonHble 1aHHbIE IO HOMEPY BapuaHTa U3 Tadauusl 1.1:

P =10 kH;

P, =+P=10«kH;
P, =-5P =-50 xH;
P, =+P=10kH;
P, =+P=10kH;

a =10 mm;

a; = 2a = 20 mwm;
a> =4a =40 mm;
az = 2a = 20 mm;
as=a =10 mm;
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L =500 mm;

L, =L =500 mm;
L, =2L =100 mm;
L; =L =500 mm;

L, =2L =100 mm.



1. BreruepumBaeM pacdy€THYIO CXEMYy C 3aJlaHHBIMA BHEIIHHUMH Harpy3KaMu
(pucyHok 1.3)

[l
i
i
iy

Py

= b - -] i

PI/ICYHOK 1.3. — PacueTHas cxema CTYIICHYATOI'O CTCPIKHA,
Harpy>XC¢HHOI'O OCCBBIMH CUJIaMU

B pacu€rHoii cxeMe MBICIEHHO JEIaeM 3aMEHY OIOPHOTO 3aKPEIICHUSI CTEPKHS B
Touke A peakuuei onopsl Ra.

Tak xak HaM HEM3BECTHO HAMpaBJICHUE PEAKIUU R, TO MPOU3BOIBHO yKa3bIBAEM
IIpeAnojIaraéMoe HalpaBJeHHE.

2. OmpenernsieM OMOPHYIO PEAKIINIO B 3aIIEMJICHUH.
CocraBisieM ypaBHEHUS CTATUKHA — YPABHEHHS PABHOBECHSI BCEX BHEITHUX CHJI:
ZZZO, RA+P1—P2+P3+P4:0. (1)

B mmockocth, mepneHAMKYISIpHOW K OCH Z, CHIBI OTCYTCTBYIOT, ITO3TOMY
OTHOCUTENHHO oceil X u Y oTCyTCTBYIOT U ypaBHeHus. Octaétcst oaHO ypaBHeHue £Z = 0,
U3 KOTOPOT'O HAXOJIUM:

Ra=—P1+ Py— P3— Py,

Ra=—P+5P—-P—-P=2P; Ry, =2P=2-10=20 xH. R, =20 xH.

PesynbTaT BBIYMCICHUI TOJY4eH CO 3HAKOM «+», 3HAYUT, TPHUHATOE TEpe.
pacy€ToMm, HarpaBJeHUE peakiuu Ra ObLTO BRIOpaHO MPaBUIIBHO.

3. nst onmpenenenus B 11000M MOTMEPEYHOM CEUEHHUH CTEPKHS BHYTPEHHUX YCUITHI
pasrpaHu4MBaeM ero Ha xapakrepusle yuactku (I, 11, II1, IV).

OnpenensgeM KOJIMYECTBO YYacTKOB. ['paHMIIaMM Y4YacTKOB SBJISIFOTCS TOYKH
npuioxenus BHemHux cwi A, B, C, D, E. Hymepyem yuactku (pucyHok 1.4).

OmnpenenseM 3aBUCUMOCTh BHYTPEHHMX YCWJIUN N;j OT BHEIIHUX CHUJI, UCHOJIb3YS
METOJI CEYEHUH Ha KaXIOM Y4acTKe.

B mpenenax KaxxJI0ro y4yacTka HNPOBOAMM IPOU3BOJIBHOE CEYEHHE, KOTOPOE JIEIUT
CTepKEHb Ha JIBE YacTH. B 1eHTpe TsxecTu ceueHus: n3oopaxkaeM BHyTpeHHee ycuue N;
B IIPOM3BOJIBHO  IIpeAnojaraeMoM  HampasieHuu.  llomaraem — HampaBiieHHe
MOJIOKUTENBHBIM, €CIIM OHO COBIIAJAaET C IOJOKUTEJIbHBIM HanpaBleHHEM ocu Z, a
ycwire N; mpu 3TOM pacTArMBarOLIMM, HMEKOIIMM 3HAK «IUIHOC». PaccmartpuBaem
paBHOBecre OJHOM M3 HUX. (B maHHOM mpumepe paccMaTpHUBAIOTCS JIEBBIE OTCEUEHHBIE
yactu crepxkHs.) Ha pucynke 1.4 wu3o0paxkeHbl TOJIOKUTEIbHBIC HAMpPaBICHUS
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BHYTpeHHUX Yycuiauil N;. 3anucbiBaeM ypaBHEHHUS PAaBHOBECHS OTCEUEHHBIX YacTel
CTEpKHS, KOTOPBIE BBIPAXAIOT 3aBUCHUMOCTh BHYTPEHHEIO YCWIMSA B PACCMaTpUBAEMOM
CEYEHUHU OT BCEX BHEIIHUX CWJI, JEUCTBYIOLIUX 10 JIEBYIO CTOPOHY OT CEYCHHUS.

3anuchIBAEM YypaBHEHHUS PABHOBECHsI OTCEUEHHBIX YaCTEW CTEP)KHSA, KOTOpPBIE
BBIPAXKAlOT 3aBUCUMOCTb BHYTPEHHEIO YCUIIMA B PAacCMaTpUBAEMOM CEYEHHM OT BCEX
BHEIIHUX CWJI, JEHCTBYIOIIUX 10 JIEBYIO CTOPOHY OT CEUEHHS.

Il pm o IV
_ EF& -
F: L . F.l I
i— . — - — - — - —— - — - — —_ — .
D E
B Y O
L. Ll [_.," [4
] e el L= -
HI 1-.
—_—— e —l =
4 4‘,
K. Py N>
= — i —— | —
A |
B
R,.i FL F.t .‘|I-:|
—_— bl = il
A
B [
F
R_.i FL F! 3 "Ir' N
- b e . I
A
- D
B i

Pucynok 1.4. — IlonoxeHue rpaHull y4acTKOB CTEPKHS U POU3BOJIBHBIE
HaIlpaBJICHUS] BHYTPEHHUX YCUJIMHM KaXKJIOTO y4acTKa
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Ceuenue:

Ha | yuacTtke Ra+N;=0; (2)
Ha Il yuacTtke Ra+ P+ N, =0; (3)
Ha III yuactke Ra+P;—P,+N;3;=0; 4)
Ha [V yuactke Ra+P;-Py,+P3+N,=0. (5)

W3 ypaBHeHUI paBHOBECHs OIpEIEIsieM 3aBUCUMOCTh BHyTpeHHero ycuius N; ot
BHEIITHUX CHIL:

Ha | yuactke Ra+ N;=0.

Nl - — RA. (6)
na Il ygactke N2 =—Ra—P1. (7)
ua Il yuacTke N3 =—Ra— Py + P2, (8)
Ha [V yuactke Ny=—Ra—P1+P,—Ps. ©)

4. BrruncnsieM HopMalibHbIE CHITBI Nj U CTpOUM UX 3II0pY.
N3 pasencts (6), (7), (8), (9) umeem:
N; =—20 xkH (cxartue).
N, =—30 xkH (cxartue).
N; =+ 20 xH (pactsbkeHue).
Ny =+ 10 xkH (pactsbKeHue).
3HaK «MHUHYC» B pe€3yJbTaTaX BBIYUCICHUN YKa3blBa€T Ha MPOTHUBOIOJIOKHOE
JEUCTBUTEIILHOE HAIpaBJICHUE BHYTPEHHETO YCWIHS, BBIOPAHHOTO HEBEPHO MEpes
onpenenenreM 3aBucumocteir N; or Ra Ha cxeme mus ywactkoB | u Il B
nercteurensbHocTH [ 1 11 paboraroT Ha cxatue. CTpouM 3MI0py BHYTpeHHUX ycunui N;
1o yJactkam (pucyHok 1.5).

5. OmnpenenseM HOpPMajlbHBIE HANPSOKCHHUS O, B CCUCHUAX CTEPXKHA 10 y4aCTKaM,

2 —
YUUTBIBasi, 4YTO IUIOWIAAb KBajpaTHOro mnomepeuHoro F =a’, mo ycnoBuro a = 10 mm.

3ametumM, uto 1 H2 =1MlIIa.
MM
N, —20000
o, =—Lt= =-50MIIa
Ha [ yyacTke 1 F (2 10)2 (ckartue).
N, -30000
o, =—%= =-18,75MlIIa
Ha Il yuactke 2 F, ( 41 0)2 (ckartue).
N, +20000
C,=—3 = =+50MIla
Ha III ygactke 3 F, (2 1 0)2 (pactspkeHue).
N, +10000
na [V yuacrtke o, = FA T +100 MIla (pacTsikeHue).
4

CTpouM 31I0py HOPMAIbHBIX HAIPSHKCHUH 0 yyacTKaM (prCyHOK 1.5).
W3 snropbl HOpMaJbHBIX HAaNpsOKEHUH O, BHUAHO, YTO HauboJiee Harpy>KeHHbIM
ABJISIETCA 4-1 y4acTOK CTEPKHSI.

18



| I1 I IV
= = g =1
I p,
Ry I P P
__H._ ) __ﬁ.__ — ——
A ¥
D
B ¥ C
L, Ly Ly Ly
-\’I-EDL:H
—_—— s [el—— -
A === As =30 kH
— e — — _.__ —
& | Ny=20kH
I [ —
8 [ —=C Ny=10kH
A o] N R
el e b — e e — __.___#.
E'— ___________________ .E:-....-- D
10
20 My
0 Il
50 +
AT
« TEITI s

_:.'H.H‘IIP-CI ."'n";,
kH

100

Smopa G,
Mlla

Pucynok 1.5. — Cxema nelCTBUTENBHBIX HANIPABJICHU BHYTPEHHUX YCWINHN U

smropbl Nj ¥ HapsDKEHUH O MO y4acTKaM CTEPKHS
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6. IIpoBepsieM MPOUYHOCTH CTEPKHS MO JOMYCKAaeMOMY HAIPSHKEHUIO.
IIpu HeHTpaTbHOM PacTSHKEHUN WM CKATUH YCIIOBUE IMPOYHOCTH UMEET BUJ

|O'max| S[a] WIH O, S‘N—E“X‘S[G].

Tax kax |o,,,| =100 <[c] =160 Mma, ycioBue IPOYHOCTH BBIIOIHSCTCS.

7. OnpenernsieM aOCONIOTHBIC IehOpMaITii Y4ACTKOB CTPEKHS.
1o 3axony I'yka AL, = NEi .|I:_i wm AL, = g -L

, TOIr1a UMCCM:

., _—50-500

O,
AL =21 = -12,5-102 mm;
“=TE T v
AL, = ‘72;‘2 = _18’27?1’;000 =-9,375-107 mm;
AL, =22 L _ +50'5500 —112,5-107 mM;
E 2.10
AL, = ‘74é L _ +120i(1)300 = +50,0-107% mm.

8. Beruncnsiem BeTMUMHY MOJHOTO Y/UTMHEHUS CTEPIKHSI.

N3 ycnoBuii 3akperieHus] CTEPKHS YBEJIMUYEHUE €ro O0IeH IJIMHBI Ha BETUYUHY O
BO3MOXHO (CM. pucyHOK 1.1), Tak Kak HET OrpaHUYEHUN Ha MEepeMELIEHUE BJIOJIb Ocu Z
KaKOM-JIMOO TOUKH, B TOM YMCJIE BO3MOYKHO MEPEMENICHUE U KOHIIA CTEPXHS B TOUKE E.

[TonHOE yIIMHEHUE CTEPXHS BBIpa)XaeTcs aareOpandeckod CyMmoil abCOMIOTHBIX
nedopmalinii ero yyacTKoB U UMEET BH/I:

5= AL wm §=AL +AL, + AL, + AL,;
1

0= (—12, 5-9,375+12,5+ 50) 107 =40,625-107 mm.

9. BriBoxa:

* B pesynbrare pemieHus 3anadd ONPENENICHbl YHCIIOBBIC 3HAYEHUS BHYTPEHHUX
OPOAOTBHBIX YCUJIUM W COOTBETCTBYIOIIME MM HOPMAaJIbHbIE HANpsHKEHUs B JIIOOOM
IIOIIEPEYHOM CEYEHUU CTEPIKHS.

* TlocTpoeHBI DIIOpBI BHYTPEHHUX pPACTATMBAIOLIMX U CKUMAKOLIUX YCUIIAN U
HOPMAJIBHBIX HAIIPSIYKEHUH.

* OnpeseneHo noJIHOE a0COIIOTHOE YAJTUHEHUE CTEPIKHS.

* Hauboiniee Harpy>keHHbIM siBisieTcsl 4-i1 ydacTok cTepkHA. Bce ceueHus »Toro
y4acTKa HMMEKIT OJAMHAKOBYHK) BEJIMYMHY MAaKCHUMAaJIbHOIO HOPMAJIBHOIO HAlpPsHKECHUS,
pasnyto 100 MITa.

+ JlelicTBytomye HOpPMaJIbHbIE HANpPSOKEHUS B JIFOOOM CEUYEHHWU CTEp)KHSA He
IIPEBBILIAOT TOIYCKAEMOTO HANIPSKEHUS.

20



JlabGopaTopHasi padora Ne2 — PacueT cTaTH4YeCKHU HEONPeIeJTUMOTr0 CTEPKHS
MOCTOSIHHOTO CeYeHUsI

Hannast nabopatopHasi paboTa mocBsIIIeHa pacuéTy Mo ONpeIeTICHUI0 3aBUCUMOCTEN
BHYTPEHHUX yCWJIMWA U JedopManuil OT BHEIIHUX CHJI B CTaTMUYECKH HEOIPEAeTMMOM
CTEP>KHE MOCTOSIHHOTO CEUEHUS MPHU PACTSHKEHUH U CKaTuU (pUcyHoK 2.1).

Heas:
® ONpPEACIUTh BHYTPEHHUE HOpMalibHble ycuius N B MOMEPEUHBIX CEUEHUAX
CTEPIKHS;
® [IOCTPOUTH AMIOPY HOpMaNIbHBIX ycuiaui Nj;
® IIOCTPOUTH DIIOPY JIMHENHBIX ITIEpEMELICHUN A.

P| IJ_" PJ-

e w’."-.';'a. S

i

|

i

!

!

|

|
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|
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|
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Pucynok 2.1. — 3aganHas cxeMa MOCTOSIHHOTO TONIEPEYHOr0 CEYEHHS,
Harpy>kK€HHOT'0 OCEBBIMU CHIJIAMU

JlanHble /1S 3a71a4d BEIOpaTh U3 TaOaumb! 2.1 1 1o pucyHky 2.2.

Pemrenue 3aaun BBIOIHUTD B anredpanyeckom Buje, B cumBonmke P, L, N, A, E, F
0€3 YHCIIOBBIX 3HAUCHHUI.

ITops10K BBHINIOJTHEHMSI

1. BerueptuTh B MacmTabe pacy€THYHO CXEMy C YKa3aHUeM 3aJlaHHbIX W
PEaKTUBHBIX CHJI U TPAHMI] Y4aCTKOB.

2. CocTaBUTh YpaBHEHUE CTATHUKH.

3. OnpenenuTth CTENeHb CTAaTUHYECKON HEONPEACTMMOCTH.

4. CocTaBUTh YPAaBHEHHE COBMECTHOCTH JeOpMAIIHIA.

5. PackpbITh CTaTUYECKYIO HEOIPEAEIUMOCTh C HCIOJb30BAHUEM OCHOBHOW U
DKBUBAJICHTHOW CUCTEM.

6. Onpenenuth BHyTpeHHUE yeuius Nj M MOCTPOUTH UX DIIOPY.

7. Onpenenuts nepememieHuss AL, ¥ IOCTPOUTH UX AIIOPY.

8. BriBOI.

21



Tabmuua 2.1 — BapuaHTbhl FEOMETPUYECKHUX TAPAMETPOB CTEPKHS

el B B
1 1 L 1,8L 0,2L 0,4L
2 15 1,2L 1,6L 0,4L 0,6L
3 16 14L 1,4L 0,6L 0,8L
4 17 0,6L 1,2L 0,8L L
3) 10 1,8L L L 2,0L
6 14 2,0L 1,21 1,21 L
7 23 1,6L 0,4L 1,4L 1,6L
8 13 2,4L 0,6L 1,6L 1,6L
9 18 2,0L 0,8L 0,8L 2,0L
10 19 2,0L L 2,0L 1,2L
11 20 L 1,8L L L
12 26 1,2L 1,6L 1,2L 1,2L
13 8 1,4L 1,4L 1,4L 1,4L
14 25 1,6L 1,2L 0,6L 1,6L
15 2 0,8L L 1,8L 0,8L
16 28 2,0L 1,2L 2,0L 2,0L
17 4 L 0,4L L L
18 27 1,2L 0,6L 1,21 1,21
19 22 14L 0,8L 1,4L 1,4L
20 11 0,6L 1,8L 1,6L 0,6L
21 30 1,8L 1,6L 0,8L 1,8L
22 5 2,0L 1,4L 2,0L 2,0L
23 7 1,6L 1,2L L 1,6L
24 29 2,4L L 1,2L 2,4L
25 6 2,0L 1,2L 1,4L 2,0L
26 12 2,0L 0,4L 0,6L 2,0L
27 9 L 0,6L 1,8L L
28 3 1,6L 0,8L 2,0L 1,6L
29 24 2,4L 1,4L 1,6L 2,4L
30 21 2,0L 1,2L 2,4L 2,0L
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Pucynok 2.2. — Cxembl CTATUUECKH HEONPEAETUMBIX CTEPKHEN
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Pucynok 2.2. — CxeMbl cTaTUYECKU HEOMPEIETUMbIX CTEpKHEN (TPOI0KEHNUE)
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Pucynok 2.2. — CxeMbl CTaTUYECKH HEONPEACIIUMBIX CTepKHEN (TTPOI0TAKEHNE)
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IIpuMep BbINOIHEHUS:

CTep)KGHI) IMOCTOAHHOI'O ITIOIICPECHYHOI'0 CCUCHMHA 3aleMJIEH obouMu KOHIIaMH H

Harpy»keH MpoI0JIbHBIMU cHiiaMu P; (pucyHok 2.3).

s P, P, P; B
v
..... _(—,_._._,_,_,.*_),_,_,_,_.’_).,_,_,_,_ Z.,_ -
Z
Ly L, L; L,
- - - -

PI/ICYHOK 2.3, — 3aI[aHHa}I CcXeMa CTCPIKHA ITIOCTOAHHOTO ITOIICPCYHOI'O CCUCHU A,

Harpy>XC¢HHOI'O OCCBBIMH CUJIaMU

Hean:
® DACKPBITH CTATUYECKYIO HEOMPEACIUMOCTH;
e noctpouTs 3mopsl Nj 1 AL, .

3anauy pemiaeMm B anredOpandyeckom BUJE.

HNcxognple paHHBIE T1I0 HOMEpPY BapuaHTa u3  Ttabmumel 2.1

cxeMa Ne 10 pucyHky 2.2.
Buemnune oceBwie cuibl: P =2P;, P, =P, P3;=P.
Paccrostnus mexay Toukamu npuiioxkenus cwit: Ly = L, = L3 =L, = L.
Monaynb ynpyroctu Matepuana CTepkHs E.
[Tnomaar monepeyHoro ceyeHus crepxus F.

1. BeruepurBaeM pacyeTHYIO cxeMy (PUCYHOK 2.4).

PucyHok 2.4. — PacueTHas cxema CTEpKHsI, HAarpy>KEHHOI'O OCEBbIMU aKTUBHBIMU U

PCAKTHUBHBIMH CUJIaMHU
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Tak kak cTepKeHb CTAaTUYECKH HEOMPENeTUMBbIN, HEOOXOAMMO TPEIBAPUTEIHLHO B
MeCTax 3aKpeIICHUS ONPEICINTh 3HAUCHUE PEaKTHBHBIX CHJI, MO3BOJISIONIMX PACKPBITH
HEOMPEICTUMOCTb. J{JIs1 3TOro Ha cXeMe B MecTaX 3aKpeIlJICHHUS MTOKa3bIBacM HEU3BCCTHBIC
peakiiuu Ra uw Rpg ¢ mnpous3BoiabHBIMH HampaBieHusMU. OnpeensieM TpaHMIlbI
xapaktepHbix yuactkoB AC, CD, DE, EB.

2. CocraBisieM ypaBHEHHs pAaBHOBECUS BCEX AKTHUBHBIX M PEAKTUBHBIX CHII
(YpaBHEHHUSI CTATHUKH).
27 =0. RA—P1+P2+P3+RB:0. (1)
OtHocuTenbHO oceid X W Y ypaBHEHHS HE MOTYT OBITh COCTAaBJEHBI, TaK Kak
OTCYTCTBYIOT CHJIbI, JEHCTBYIOLIME B HAIPABJICHUU OSTUX OCEl (NEpHEeHIUKYJISIPHBIX
K ocu Z).
[TonydeHo onHO ypaBHeHHUE (Ny,) C ABYMS HEM3BECTHBIMH (Ny).

3. OHpGI[CJUICM CTCIICHb CTaTUYCCKOM HEONpeacINnMOCTH.
CreneHp cTaTH4YeCcKOM HEONPECaACINMOCTHU (nCCH) OIpeACIACTCA KaK Pa3HOCThb
MCXKIOY KOJIMYCCTBOM HCU3BCCTHRIX U KOJIMYECTBOM ypaBHeHHfI
Nceg = Ny — nyp; Nceg = 2-1=1.
CreneHb CTaTHUYCCKOMU HEONPEACINMOCTH Nccy PaBHA €IMHUIE, CICAOBATCIIBHO,
CHUCTEMA (CTCPIKCHB—OIIOPHI» OAWH pa3 CTATHYCCKU HCOIIPpEACINMA.

4. CocraBiisieM ypaBHEHHE COBMECTHOCTH JI€(pOpMaLIUid.
PernieHne BBIMONHSEM C WCIOJNB30BAHUEM «OCHOBHOW» (pUCYHOK 2.5) wm
AKBUBAJICHTHOW CHUCTEMBI (PUCYHOK 2.6).

R, p
A B
4L
Pucynok 2.5. — OcHoBHas cucrema
R, ﬂ P, P, P X 7
A . ——)— — — - — P — . — .. P — — . —. — —_—
A C D E B
L, L, L; Ly
[ > - > >

PucyHok 2.6. — DKBUBAJICHTHAsl CXEMa CTEPIKHS, HATPY>KEHHOTO OCEBBIMU
AKTUBHBIMU U PEAKTUBHBIMH CUJIAMU
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«OCHOBHas» CHCTEMa TMOJNIYy4aeTCs U3 3aJaHHON MyTEM OCBOOOXKIIEHUS OT JIMIIHEH
cBa3u. lIpuHMMaeM 3a IMIIHIOO CBSI3b 3allleMJIEHUE B onope B.

HarpyxaeM «OCHOBHYIO» CHCTEMY 3aJaHHbIMM CHJaMUd W HAaKJIaJbIBAEM
CJIEIyIOIEEe YCIIOBUE SKBUBAJICHTHOCTH €€ 3aJJaHHOM CUCTEME: IIEPEMEILICHHE CeUeHUs B B
3aJIaHHOM U «OCHOBHOI» CUCTEMaXx JI0JKHO OBITh OJINHAKOBBIM, T.€.

AB =0.

B ceuenun B npunoxuM (PUKTHBHYIO HEU3BECTHYIO CUIy X, BEJIMYMHA KOTOPOH
OyZeT yIOBJICTBOPATH YCIOBHIO 3KBUBAJICHTHOCTH (CM. PUCYHOK 2.6).

Ilepememiennue Ap B cedeHuM B BbIpa3uM 4Yepe3 NPWIOKEHHBIE HArpys3KH,
IPUMEHSS IPUHIUI HE3aBUCUMOCTH JIEHCTBUSI CHIL:

Ag =0y (X)+ D A5 (P) =0, 0

rae Ag (X ) — HepeMeIleHHE ceueHus B 0T HeM3BeCTHOM CHIIbI X
Ag (P,) — MEPEMENICHUE CEUEHUS B OT Ka)X10U U3 U3BECTHBIX CUI Py, P;, Ps.

VYpaBHeHue (2) — 3To ypaBHEHHE COBMECTHOCTH Jie(hopMaItui.
Harpy3ku, BbI3BIBaIOIME CXKAaTHE, CUMTAEeM OTPHUIIATEIbLHBIMU, a HApaBICHUE HUX
JEeWCTBUS ITPOTUBOIOIOKHBIM HaIPaBJICHUIO OCH Z.

Beipasum ypaBHeHue (2) yepes 3akoH I'yka AL, :ﬁ Hedbopmaiyu o 3aKoHy
Rl
['yka B 3aBUCUMOCTH OT JCHCTBUS Ka)KJOW CHUJIbI, TEOMETPUUECKUX PA3MEPOB U MOIYJIS
YIOPYTOCTH MaTepHalia CTEPIKHS UMEIOT CIIEYIOIIEE BhIPAKECHHE:

2o(R)=2 2 ®
ao(p) =Pl le), @
AB(F%)=P3.(L1E+_|L:2+L3); (5)
AB(X):X.(Lﬁ:;LﬁL[l) 6)

[ToacraBnsist Beipakenust (3), (4), (5), (6) B dopmyny (2) u 3ameHsisi CUIIOBBIE U
reOMETPUYECKHE MapaMeTphl Ha JaHHBIC BApUAHTA 33Ja4l, B pe3yJbTaTe MpeoOpa3oBaHUil
MOJIYYHM:

2P-L P-2L P-3L X-4L
=— + + — =0

= 7
° E-F E-F E-F E-F )

5. PackpeiBaeM CTaTHYECKYIO HEOIpeaeauMocTb. Pemias coBmecTHo ypaBHeHus (1)
u (7), naxogum Ra u Rp.
R,—B+P,+P+R;=0;
_2P-LJr P-2L+ P-3L X-4L
E-F E-F E-F E-F
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N3 ypaBHenus (7) Haxoqum X = % P, cnenoBarensHo, Ry = % P.

N3 ypaBuenuss paBHoBecusi (1) RA:%P. Takum o00pa3om, crarmueckas

HCOINIPCACIINMOCTD PACKPbITA — BCC BHCUIHNC CUJIbI CTAJIM N3BECCTHBIMU.

6. Onpenemnsiem BHyTpeHHHE yeuius N; MeTogoM ceuenus. B oOmiemM ciydae MOXHO
Ha KaKOM-JTM0O y4acTKe IIOCKUM CEYCHHEM pPa3/IeUTh CTEPKEHb Ha JIBE YACTH: JEBYIO U
npaByio. PaccmarpuBas paBHOBeCHME OJHOW W3 HUX NpH ACUCTBUU BHYTpeHHUX N; H
BHEITHUX P; CHJI MOJKHO BBIYMCINTG 3HaueHue N;. B maHHOM mpumepe paccMaTpuBarOTCs
JIeBbIC OTCEUEHHBIC YaCTH.

Ha I ygacTke N1:—RA=—%P.
3 5

Ha II ygacTtke N2=—RA+2P:—ZP+2P:ZP.
3 1

Ha III ygacTke N3:_RA+2P_P:_ZP+2P_P:ZP-
3 3

Ha [V yuacTke N4:—RA+2P—P—P:—ZP+2P—P—P:—ZP.

[To moTy4eHHBIM 3HAYEHHSIM CTPOUM SIIOPY HOPMAaJIbHBIX yCHIIHA (PUCYHOK 2.7).

7. OnpenensemM nepeMenieHus rpanndnbix ceuenuit A, C, D, E, B.
[lepemenienne KOHIIA Kakoro-nubO ydacTKa paBHO cyMMe nedopmanuit

L

IPEIBbIIYIINX YYaCTKOB U €ro adcontoTHON aeopmanuu: A, = A, | + Z

(EF),
Jedbopmanust cxaTusi CYUTACTCS OTPULIATEIILHOM.
IIepemenienue ceuenus A: A,=0.
N, L 3PL
ITepememnienue ceyenus B: Ag=A,+—2-2= :
peNEHt ° " E-F  4EF
I[Tepemerenne ceyenus C: Ac=Ag + N, L SPL oPL _ 2PL :
E-F  4EF 4EF  AEF
[Tepemerenue ceuenus D: Ap =Ac + N, L3 ZPL PL _3SPL
E-F 4EF 4EF ~AEF’
[Tepemenienue ceuenus E: Ap =A, + N,-L, _3SPL_3PL

E-F 4EF 4EF
CtpouM »smiopy mepeMelieHuid 1o pe3yJibTaTaM IMOJYyYeHHBIX KOd()(PUIIUEHTOB
(cM. pucyHOK 2.7)

8. BriBo.

[TocTpoenue »smropsl mepemenieHnii A sBisieTcss aeGopMalmOHHOM MPOBEPKOM
MIPAaBUJIBHOCTH BBIYMCIECHHUM. PaBEHCTBO HYJII0 NEpPEMENICHUsS] KOHLIEBOIO CeYeHUs Ag
MTOKa3bIBACT, YTO CTATUYECKASI HEOIPEIEIIMMOCTh PACKPBITA BEPHO.
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Pucynox 2.7. — Dntopsl BHyTpeHHUX ycuiuil N u mepemenienuii A
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JlabGopaTopHnasi padora Ne3 — PacueT cTaTH4eCKHU HEONPeAeJTUMOTr0 CTEPKHS
nepeMeHHOro ce4eHu st

JHannast nmaboparopHasi paboTa TMOCBSIIEHAa Pacdy€Ty Ha MPOYHOCTh U KECTKOCTh
CTaTUYECKH HEONPEIeTUMOTO CTEPKHSI TMEPEMEHHOIO CEUEHHUs TMpPU HEHTPAIbHOM
pacTshkeHuu U ckaThn. CTEp>KeHb UMEET KECTKOE 3allleMJICHUE IO KOHIIaM.

Heab: u3 yciaoBuil MPOYHOCTH U >KECTKOCTH MOM00paTh Oe30macHbIe JUaMETpPhI
XKECTKO 3alIeMJIEHHOTO CTaJbHOTO CTEP>KHSI IEPEMEHHOIO CEUYEHHUsA, HarpyKeHHOIrO

COCPEIOTOUYCHHBIMA TTPOAOIBHBIMU CHITaMH (pHCYHOK 3.1).

JlaHHBIC IS BBITIOJIHEHUS B3ATh U3 Taommi 3.1 u 3.2.

# I
_g____' 1% ___:_%___L,
7 -- Z
) I| | Ij 1. ,I L .F_| .

Pucynok 3.1. — Cxema cTepkHSI IEPEMEHHOTO CEYEHHS,
KECTKO 3alIEMJIEHHOTO MO KOHI[aM

OTtHomeHUS MCKAY AUAMCETPpaMH IIOICPCUYHOI'0 CCUYCHMA CTCPKHA HA YUIACTKAX H
Iomaay ImoIcpeuYHOro CCYCHUA OIPCACIIAIOTCS 110 3aBUCHUMOCTAM

mei=1,2,3,4u F=F o

B pacuerax npuHsTh:
e N, =15 (s IIACTUYHBIX MATEPUAIIOB);

e N, =25 (ans XpyNKUX MaTEpPUAJIOB).
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Tab6muma 3.1 — BapuaHThl HCXOIHBIX TaHHBIX 1 P U «,

Bapuant P fé Fs % % %
1 10 6 5 0,5 1,3 1,7
2 8 7 5 0,4 0,9 1,2
3 5 11 -8 1,0 1,0 1,2
4 10 -5 5 0,5 1,5 2,0
5 3 3 7 1,5 1,5 1,0
6 6 4 12 1,2 1,0 1,0
7 10 7 -5 1,3 0,8 1,0
8 8 6 6 0,6 0,6 1,5
9 -10 -5 5 0,5 0,8 0,7
10 8 10 5 0,6 1,0 1,0
11 6 -3 11 1,5 1,2 1,0
12 5 -1 -10 0,5 0,5 1,0
13 12 -8 —2 1,0 1,5 1,3
14 2 6 2 1,2 0,5 1,5
15 3 3 -10 1,5 0,5 0,7
16 —7 —2 11 1,0 1,0 1,5
17 5 -12 -5 1,2 1,5 0,5
18 -5 —2 -12 0,8 0,4 1,5
19 10 5 -5 0,5 1,5 2,0
20 3 0 -10 2,0 0,8 0,5
21 5 -12 8 1,5 1,0 0,5
22 4 -3 -12 0,8 0,5 1,2
23 3 0 -10 1,0 1,5 0,8
24 -4 3 12 0,5 0,5 1,2
25 -9 12 -11 1,2 1,0 1,0
26 -10 -5 -5 0,5 0,7 1,3
27 -10 5 -5 0,5 0,9 0,7
28 5 0 12 1,0 0,5 0,5
29 3 0 -15 1,5 0,8 0,5
30 10 -5 -5 0,5 1,5 0,6

3I[CCB P| — BHCIIHsA OCCBas COCPEAOTOUCHHAA CHJIA, «; — OTHOHICHHC AUaMETpa

CTCPIKHA Ha paCCMAaTPpUBACMOM Y4YaCTKE K JUAMCETPY CTCPIKHA IICPBOI'O YUAaCTKaA.
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Tabnuua 3.2 — BapuaHThl JaHHBIX: JUIMHBI YYaCTKOB CTEpKH L, ; MaTepuan

CTEPKHS U JOTyCKaeMasi OTHOCUTEIbHAs AehOopMaIIHsI [gi]

Bapuanr L l L, M‘ Ls ‘ L, Marepuan crepxHs [Ei]
1 0,7 05 | 03 | 05 Bpomza bp. AS 4-10°"
2 0,5 04 | 05 | 05 Crams Cr. 3 3-10
3 0,6 08 | 04 | 05 Jlatyns JIC59-1 2-10°°
4 0,5 03 | 06 | 05 Cramb CT. 5 4-10°
5 0,2 03 | 03 | 04 Bpomza KMi3-1 310"
6 0,7 0,2 0,3 0,5 Cranb 20 2-107*
7 0,5 0,5 0, 0,4 JlaTyHb J168 1-10*
8 0,4 0,6 0,2 0,3 AnromuaneBbii crias AJ113 3-10*
9 0,6 03 | 06 | 0,3 AJTFOMHHHEBBIH critas AJI13 2-10°"
10 0,4 08 | 06 | 0,2 Craunb 4 410"
11 0,8 04 | 06 | 06 Cranb 40X 310"
12 0,2 04 | 06 | 07 Craub 30 310
13 0,7 0,2 0,3 0,5 bponza KMi3 410
14 0,5 0,5 0, 0,4 AmomunueBsii crias J[16 2:10%
15 0,4 06 | 02 | 03 JlaTynb J168 1-10°"
16 0,6 03 | 06 | 03 Crans Cr. 3 310"
17 0,4 0,8 0,6 0,2 AmromunueBbii cruiaB AJI13 2:107%
18 0,8 04 | 06 | 06 Cranb CT. 5 410"
19 0,2 04 | 06 | 07 Crais 30 310"
20 0,6 0,8 0,4 0,5 AnmromunueBsIii crias J[16 2:107%
21 0,5 03 | 06 | 05 Bponsa bp. A5 4-10°"
22 0,2 03 | 03 | 04 Craub 20 2-107"
23 0,7 02 | 03 | 05 Jlatyns JIC59-1 4-10°"
24 0,5 0,5 0, 0,4 Crais Cr. 5 4-107"
25 0,4 06 | 02 | 03 Bponza KMi3-1 3-10°°
26 0,6 03 | 06 | 03 Craib 20 2:-10°"
27 0,4 08 | 06 | 0,2 JlaTynb J168 4-10°"
28 0,8 0,4 0,6 0,6 AnromuaneBbii crias AJI13 2-107%
29 0,2 04 | 06 | 07 Cranb CT. 5 4-10"
30 0,5 03 | 06 | 05 Craib 30 310"
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ITopsaa0K BBHINIOJTHEHHS

1. Bereptuth B MacmrTade pacyéTHYI0 CXeMy C YKa3aHHEeM aKTHUBHBIX U
PEaKTUBHBIX BHEITHUX CHIL

2. CocraBuTh ypaBHEHMs cTaTuku. OmpeAenuTb CTENeHb CTaTHYECKOU
Heonpeneaumoctu (CCH).

3. Onpenenutsb npuBeEHHbIE BHyTpeHHUE yerinst Nj B pezenax KaKaoro y4acTka.

4. CocTaBUTh YPaBHEHHE COBMECTHOCTH JeOpMAIIHiA.

5. PackpweITh CTaTHYECKYI0 HEOIMPEACTUMOCTh CTEP)KHS, PEIIMB COBMECTHO
ypaBHEHUE CTATUKU U YPABHEHHE COBMECTHOCTH JeOpMAITHA.

6. Beruncnuts HopManbHble cuilbl N, M TOCTPOUTH UX 3IIOPY.

7. BeIMOJHUTH MPOBEPKY MPABUILHOCTH BEIYUCIICHUH.
8. BpluncnuTh TPUBEAEHHBIM JTUAMETP CTEPXKHS IO YCIOBHIO IIPOYHOCTH U
KECTKOCTH.

9. Beramnciauth Iiomaab Fi IMOIICPCUYHOI0 CCUCHUA Ha KAKIOM YUACTKE CTCPIKH:I.

10. Onpenenuth AecTBUTENBHBIEC HAPSHKEHUS. O, U IOCTPOUTDH UX SIIOPY.
11. BeluuciuTh BEIMYUHY POAOJIbHON nedopmarun Al Ha kaxaoMm ydacTke.

12. Onpenenuth nepeMeIieHus CEYECHU Ha TpaHUIAX YYacTKOB BIOJb OCH Z H
IIOCTPOUTB IMIOPY MEPEMENIEHUN.
13. Cuenatpb BBIBOJBI.

IIpumep BbINOJIHEHUS

CrepxeHb TMEPEMEHHOTO TOMEPEYHOro CEYEHUs 3alieMyIEH OOOMMHU KOHIIAMHU B
Toukax A u B v HarpyxeH npoosibHbIMU cuiiaMu. Ha pucynke 3.2 nzobpakeHa 3a1aHHast
CcXeMa CTEPHKHS.

Heab: u3 yciaoBus MPOYHOCTH M KECTKOCTU MOA00paTh O€30MacHbIE TUAMETPHI
KECTKO 3a1EMJIEHHOTO CTEPXKHsS  IIEPEMEHHOI0 CEUeHUH, Harpy>K€HHOI0
COCPENOTOYEHHBIMY CHIIAMH.

Pucynok 3.2. — 3aganHasi cxeMa CTEp>KHS

HcxonHble maHHBIE MPUHATHI 10 HOMEPY BapHaHTA u3 tabmun 3.1 u 3.2;
cxema Ne 1o pucyHky 3.1.
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JlaHo:

P, =4 xH; a, =1, |, =0,5m;
P, =6 xH; a, =1.2; |, =0,3 m;
P, =12 xH; a, = 1; l,= 0,6 m;
a, =1, l,=0,5m.
o, =260 MITa, o, =500 MITa, £ =2-10° MIla, [¢] =4-10™.
[Tpunumaem ko3¢ GUIMEHT 3amaca MPOYHOCTH MO Tekyuectw N, = 1,5; mo

BPEMEHHOMY CONPOTUBIIEHUIO N, = 2,5.

1. BeruepunBaeM pacyeTHYIO CXEMY.

[loxg peiicTBMEM BHEIIHMX cHJ Pj B MecTax 3aKpeluIeHHs] CTEP)KHS BO3HUKAIOT
peaknuu. Ha pacu€THol cxeme (pucyHOK 3.3) OKa3bIBaeM 3aMEHY OMOPHBIX 3aKpeIICHUH
cTepkHs B Toukax A u B peakumamu omop Ra m Rp. Ha cxeme ykasbiBaem
IIPEAIOIaraéMoe HallpaBJICHUE PEAKIUN.

P P, Py
.H_g E.H

S —— __.—p____.—.*.__-_#__gh.
A 8
Oom ) O3m | oM | 05M

Pucynok 3.3. — PacueTHas cxema CTaTU4ECKHA HEONPEIECTUMOTO CTEPKHS

2. CocraBnsieM ypaBHEHHs cTaTUku. OrnpenenseM CTeNeHb CTaTHYEeCKOU
Heonpeaenumoctu (CCH) cTepxHsi.

27 =0. —RA+P1+P2+P3—RB:0. (1)

[TonyueHo ogHO ypaBHEHUE ¢ IBYMsI Heu3BeCTHBIMU Ra 1 Rg. JIuniHee HensBecTHOE
YKa3bIBa€T Ha CTATUYECKYIO HEOTIPEIETUMOCTh CTEPIKHSI.

CreneHb CTaTUYECKON HEOMNPENEIUMOCTH OIPENEIseTCs KaK pPa3HOCTh MEXKIY
KOJINYECTBOM HEU3BECTHBIX N, W KOJWYECTBOM BO3MOXKHBIX ypaBHEHHMH Ny,. B nanHOM
npumepe N, = 2, Ny, = 1.

CCH=n,-ny,=2-1=1, T.e. cucrema oJjiH pa3 CTaTUYECKH HEONPEIEINMA

CCH=1.

Takum oOpa3zoMm, K ypaBHeHHIO cTathku (1) HeoOXomuMo 100aBUTH €€ OJHO
HEJI0CTarollee ypaBHeHUE. [[OMOJHUTENbHOE YPAaBHEHUE MOYKHO COCTaBUTh Ha OCHOBE
YCJIIOBUH COBMECTHOCTH JedopMaiuii 3JeMEeHTOB (y4acTKOB) cCHCTeMbl. JJisi 3TOTrO
ompeieIisieM KOJUYECTBO U TPAHUIIBI YYACTKOB CTEPIKHSI.

3. PasrpanuumBaeM JIMHY CTEp’KHS Ha XapakTepHble ydacTku. Omnpenensem
BHYTpeHHHE TMpojoibHble ycunuss Ni. OmnpenensieM MOJOKEHHE TPaHULl XapaKTEPHBIX
yuacTkoB 1o januHe crepxxkns A, C, D, E, B, ux kommuectBo u Hymepyewm ux I, I, III, IV
(pucynok 3.4).
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PI/ICYHOK 34 — PaCHpC,Z[eJIeHI/IC " ITOJIOKCHHUC I'PAHHUIL] YIaCTKOB CTATHYCCKH
HCOIIPCACINUMOI0O CTCPIKHA

B npenenax kaxuoro ydactka (pucyHoOK 3.5) mpOBOJMM IPOU3BOJIBHOE CEUEHUE,
KOTOpOE€ JENIHUT CTEePKEHb Ha JBE YacTH. B LEHTpe TSHKECTH CEYeHHs] H300pakaeM
BHyTpeHHee ycuiue N; B mpeamoiaraeMoM MpPOU3BOJBHOM HarpasieHuu. [lomaraem
HaIlpaBJICHUE IMOJOXKUTEIbHBIM, €CIM OHO COBHAJAET C MOJIOKUTEIbHBIM HAaIPaBIECHUEM
ocu Z, a ycunue Nj pacTsIruparouiuM, UIMEIOIIMM 3HaK «IUTKOC», €CJIM OHO HAIpaBJIEHO OT
ceyeHus. CocTaBisieM paBHOBECHE OJHOM M3 OTCEUYEHHBIX yacTed. B pgaHHOM mpumepe
paccmarpuBaeM JieBble OTceuéHHble yacTu. Ha pucyHnke 3.5 n300pakeHbl MOJI0XKUTEIbHbIE
HampaBiieHUs] BHyTpeHHUX ycunuil N;.

3anuceIBacM YpaBHEHHUs PABHOBECHS OTCEUEHHBIX YaCTEW CTEPHKHS.

CeueHue:

Ha | yuacTke —R,+ N, =0;

na Il yuacTke -R,+B +N,=0;

na III yuacTke —R,+P, +PF,+N,;=0;

na IV yuactke -R,+FP+P,+F,+N,=0.
N, =R,; (2)
N,=R,—F; (3)
N;=R,-R—-F; 4)
N4:RA_P1_P2_P3' (5)

N3 ypaBHEHUll paBHOBECHS OIpEEsieM 3aBUCUMOCTh BHyTpeHHero ycuiusi N ot
BHEIIHUX CHIL.

4. CocTtaBisieM ypaBHEHHE COBMECTHOCTH JIe(pOpMaIIni.

N3 ycnoBuil 3akperuieHusl yBeIUYEeHHE (yMEHbLIEHHE) OOIIel JJIMHBI CTEPKHS O
HEBO3MOXHO (CM. PHUCYHOK 3.2), MOATOMY YypaBHEHHWE COBMECTHOCTH JAepopManuii
BBIpaKAET ajreOpanveckyro cymmy aedopmaiil yHacTKOB CTEPKHS M UMEET BUJ

Al +Al, + Al +Al, =0 (6)

36



Bripaxaem nedopmaruu B ypaBHeHUH (6) yepe3 BHyTpeHHHE ycunus Nj mo 3akoHy
N -l
I'yka Al =——, mostoMy 11 CTEepKHs, M3TOTOBJICHHOTO U3 OJHOTrO Marepuaina, E,
il
MO>XHO 0003HAYUTH Yepe3 MOCTOSHHYIO Benmnuuny E .
N1-|1+N2-|2+N3-I3+N4o|4:0- )
E-R E-F,b, E-F E-F
B ypaBnenuu (7) cienaem 3ameny ycuinii Nj Ha COOTBETCTBYIOIINE BRIpKEHUS (2),

3), (4). ().

: R,-P)l, (R,-P-P):l, (R,—P-P,—P)-I
A
R Il +( A l) 2+( A 1 2) 3+( A 1 2 3) 4

=0. 8

E-F-of E-F-af E-F-& E-F-of )

| I .« 1 IV
2] ] = =
P,| P P
R, C | Ry
___._r _._._h_._lr_._...._} __: .E,.__._-...
1 C D E B

Pucynox 3.5. — IlonokeHnre rpaHuil y9aCTKOB U HAPaBJICHUS
BHYTpeHHUX ycuiauil N; cTepxkHs
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5. PackpbiBaeM CTaTHYECKYIO HEONPENEIMMOCTh CTEPKHs, pelias ypaBHeHus (1) u

(8).
[Toncrapisis B (8) Bce M3BECTHBIE BETUYUHBI, HAXOIUM Ra.
R, -500 N (RA - 4000) -300 N (RA —4000 - 6000) -600

+
1? 1,22 1?
( R, —4000 - 6000 — 12000) -500
+ e =0
Ra=9,862 xH.
[Toncrapinsis HalinenHoe 3HaueHUE Ry B (1) Haxoaum Rp.
-R,+P+P,+PF,—R; =0. -9862+40+6+12-Rz=0.

Otkyna Rp = 12,138 kH. Bce HensBecTHbIC BHEIITHUE CUJIbI HAICHBI.
CraTtudeckasi HEONPEACIUMOCTh PACKPHITA.

6. BpiuuciasieM HopMmasibHble BHYTpeHHUE cuibl Nj, TMOACTaBiIsIs HalJeHHOE
3HaUYEHME BHEIIIHEH peakTUBHOM cuiibl Ry B ypaBHenus (2), (3), (4), (5).

N; = 9,862 xH; B ceuenusix | yuactka neicTByeT pacTATMBaIOIIECE YCUIHE,

N, = 5,862 xH; B ceuenusx Il yyacTka aeiicTByeT pacTArHBaroIIee yCUINE,

N3 =— 0,138 kH; B ceuenusx 111 ygacTka — cxkuMaroIee yCuimne;

N4y =— 12,138 kH; B ceuennsax IV yuacTka — cxumaroiiee ycusue.

N3 u Ny B pe3ynbTaTe BBIYUCICHUNA TMOJYyYWJIA 3HAK «—», CJIEAOBATEILHO,
HEMPaBWIHHO ObUIO BHIOPAHO MPEABAPUTEIHLHO HAIPaBJIECHNE BHYTPEHHUX CHIL.

[Ipu npanbHe#IeM pelIeHUH HEOOXOJUMO WM TOMEHSTh HalpaBJeHUS, WU
rmoacTaBiIATh N3 1 Ny cO 3HAKOM «—».

Ctpoum smropy N; (pucyHok 3.6).

7. CpenaeM m0OpOBEPKY BBIYUCICHHUM, IIOJACTABMB IIOJIYYECHHBIC 3HAYCHUS
HOPMAaJbHBIX CUJl B ypaBHeHHE (3) ¢ y4€TOM 3HAKOB PACTATMBAIOIIMX M CKUMAKOUIUX
YCWIMH U 3aJaHHBIX COOTHOLIECHUN ¢, MTONEPEUHBIX CEYEHUN CTEPIKHS.

1(9,862-0,5 5,862-0,3 -0,138-0,6 -12,138-0,5
> + —+ > + > =0 mMm.
EF 1 1,2 1 1

Pesynbrar mpOBEPKM MOATBEPKAAECT NPABUIBHOCTH PACKPBITUS CTAaTHYECKOMN
HEOIPEIEIIMMOCTH.

B 1eicTBUTENBHOCTH KOHELl CTEPXKHS B TOYKE B HE MOXKET UMETh NEPEMELICHUN,

TaK Kak KECTKas 3a/1eJKa MPENSITCTBYET ATOMY.
8. BeruuciisieM pUBEICHHBIE HOPMAJIbHBIE HANIPSKEHUS O .

o=

BeIpasum ux depes miomans ceueHus F .
3HaveHus cuil N, mpuHMMaeM 0 MOIYJIIO.

. INJ 9862 9,862

F-df F-1* F
. IN,| 5862 4,071

F-a? F122 R

o)

(o}
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s |Nj 0138 0,138
F-a? F-12 F '
v _ N, 12,138 12138
R R12 R

[lo mpuBEeAEHHBIM HANPSIKEHUAM BUIHO, YTO OIACHBIM yYaCTOK — YETBEPTHIN, TAK

KakK
O_IV >O_I >O_II >O_III )

I - I . I . v .
" - = ]
P I P;
R__! 1 2
H__._._, __L__ __.,._:...__$ “““““ '{:,.
A C D E B
(. 5m 0. 3m 0. 6m 0.5m
o ol
9 862
5 862
S
U (AR jﬂiﬂﬁ-ﬂ! N, kH
i, 138
64,10
% 2604 12,138
{0
I Imopa 6, MIla
0. 897 —
0.2
197 78.89
]WW”‘WM FInmopa O, MM
]

Pucynok 3.6. — Dmiopbl N, o 1 6 cTaTUYECKH HEONPEAEITUMOTO CTEPKHS

9. U3 ycioBus NPOYHOCTH M JKECTKOCTU ONPENENSiEM IPUBEIECHHBIA AUAMETP
CEYEHMS ONACHOTO Y4YacTKa, TaK KaK HAa YETBEPTOM YYaCTKE JIEUCTBYIOT MaKCHUMAaJIbHbIE

2
HAIpsUKEHMs, UCIIOJB3Ys 3aBUcUMOCTh F =F - ¢, T.e. U1 onacHoro ceuenus

2
. 2_7Z'd1 2
F4—Fl-054——4 ay,

rae O, — mpuBeeHHBIN TUaMeTp.
[IpeaBapuTEIbHO BBIUHUCIIAEM JOIYCKAEMOE HOPMAIbHOE HAIIPSKEHUE.
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Hcnonb3ys ko3 uiueHT 3anaca NpoYHOCTH MO TEKY4YECTH, OTyYaeMm:

[o ]_ﬁ=2—6:_173,(3) MITa,

[TpuHrMaeM [G] =170 MIla.

Ucnonb3ys kodpduimeHT 3amaca NpOYHOCTH MO BPEMEHHOMY COIPOTHBIICHUIO,
MOJIY4YHM:

[o]= 22 =2 _ 500,0 MITa.
ng 2,5
[TpuHrMaeM [G] =200 MlIla.

U3 ABYX 3HAYCHUH AOITYCKAaCMbIX HaHpH}KCHI/Iﬁ OKOHYATCJIbHO IIPpUHHUMACM
HaMMCHBIICC

[a] =170 MIla.
Ompenensiem quametp 0, U3 yCIOBUS MPOYHOCTH.
VY cioBue MpOYHOCTH CTEPKHS:

F4
oo N
L.ai,100,, = 7 a <[o].

Tak kak F, =

3
4N, | _J4-12,138-10 .54 v

Otkyna dnpoq =d,; 2 \/ 170-3,14-1%

[Mpuaumaem d =10 mm.

npou

[o] 7 a;

Omnpenensem nuametp 0, U3 yCIOBUS KECTKOCTH.

Ilo 3akony I'yka o = E¢ nwnn u =Ee¢.
4

v

YciaoBue )KECTKOCTH & = — < [5 , E= | < ] TOrzaa

4 N
ofcecm ‘ ‘ 5 4 12 ]:138 5 —13,9 MM.
7T 0(4 2-:10°-4-107-3,14-1

W3 HalieHHBIX IO yCJIOBI/I}IM ’KECTKOCTU U IIPOYHOCTU [OHAMETPOB BbIOMpaeM
HanOonbmuii d, = 14 mm.

10. Onpenensem mnomanu F cedeHuii CTepKHs 10 y4acTKaM.

[Mpuanmaem d . = 14 Mm.
2 2
F = ”2 al =%-f =153,86 mMm’.

F,=F -a?=15386-1,2° = 221,56 mm°.

F,=F, -a?=153,86-1* =153,86 mm".

F,=F -a’=15386-1*=153,86 mMm".
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11. Onpenensiem nefCTBUTEIbHbIE HANPSDKEHUS O, HAa Y4YacTKax M CTPOMM HX
AMIOPHI (CM. PUCYHOK 3.6)

3
o, = N, _9.862-10° 64,1H/mm? = 64,1MI1a .
F, 153,86
3
o, = N, _5968-10° 26,94H/mm? = 26,94MI1a
F, 221,56
— . 3
o, = N, 0138107 —0,897H/mm? = —0,897MIla
F, 153,86
— . 3
o,= & = 12,138-10 = —78,89H/MM2 =-78,89MI]a.
F, 153,86

12. Haxommm BenmmumHy mnpomonbHoW nedopmammu Al Ha KaxkmoMm ydacTke,
YUUTBIBas 3HaK BHyTpeHHero ycuinus N, :

N,-l, 9,862-500-10°

Al =—-+= - =0,16 mm.
E-F  2-10°-153,86
3
Al = N, -1, _ 5,8625 300-10 — 0,040 .
E-F, 2.10°-22156
—_ . . 3
Al = Ny-ly 0,1385 600-10 — 0,003 mu.
E-F, 2-10°-153,86
—_— . . 3
Al, = Nl _ 12,1358 500-10 0197 v
E-F, 2-10°-153,86

13. Haitnem nepemernenus ceuennit A, C, D, E, B:
0, =0, Tak Kak ceueHHe A UMEET KECTKYIO 3a/1€TIKY;
0. =0,+Al,=0+0,16=0,16 mm;
Op =0, +Al, =0,16+0,04=0,20 mm;
Oz =0, +Al; =0,20—-0,003=+0,197 mm;
0y =0 +Al, =+0,197-0,197 =0 mwm.
Ctpoum smropy niepemeriennii ceuenuii A, C, D, E, B (cm. pucynok 3.6).

BriBon:

e [locnenoBaTenbHOCTh BBIUMCICHHM Tepemenienuit ceuenuit A, C, D, E u
PaBEHCTBO HYJIO TMEPEeMEIICHUS TOYKM B yKa3pIBalOT Ha MPaBWIBHOCTH
PACKPBITHSI CTAaTUYECKONW HEONMPENCTUMOCTH W TPABWIBHOCTh PEIICHUS
3alayd 10 OMNpPEACNICHUIO HampsiKeHud, aedopmanuii U 0e30IMacHbBIX
pPa3MepoB MOMEPEUHBIX CEUYCHUN CTEPIKHS.

o [IpunsaTeie B pe3ynabTaTe pacuéTa pa3Mepbl TUaMeTPOB MOMEPEUYHBIX CEUCHUN
CTEpkHsS olecreyaT ero padoTOCIOCOOHOCTb, TaK KaK YAOBIETBOPSIOT
YCIIOBUSIM IMPOYHOCTH U )KECTKOCTH.
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OOmue MOJIOKEHUsI M YKAa3aHHMSA M0 BBINOJHEHHIO JJA00pPaTOPHbIX padoT

[lepen BbIMOIHEHHEM J1A0OPATOPHOUM PabOTHI HEOOXOAMMO 3aIKCATh MOJHOCTHIO €€
Ha3BaHUE, ycloBue (1e/b), BCE MCXOJHBIC JIaHHbIE W BBIYEPTUTH 3aJaHHYI0 cxemy. Ha
3aIaHHOM CXEM€ JOJKHBI OBITh YKa3aHbl YCIOBHBIMH OOO3HAYEHUSMH BCE BHEIIHUE
Harpy3k, COOTBETCTBYIOLIME BAPUAHTY 3aJaHUs. PelleHHe TOJKHO CONMPOBOXKIATHCSA
KpPaTKUMH TOCJIEeI0BATEIbHBIMU, O€3 COKpAIlEHUs CJIOB, OOBSICHEHUSIMU U YepTeKaMH, Ha
KOTOPBIX BCE BXOJIAIIME B PACUET BEIMUYUHBI JOJKHBI ObITh MOKa3aHbI TOJBKO B YCIOBHBIX
obo3naueHnusx. Ilpm wucnonp3oBanmM (HOpMYT ©  JaHHBIX, OTCYTCTBYIOIIMX B
PEKOMEHIyeMOW JHUTEepaType, HEOOXOAMMO KpPAaTKO M TOYHO YKa3aTh HMCIOJb30BaHHBIN
uctounuk. [loacraHoBka 1udp MOHKHA BBITONTHITHCS TOJHOCTBIO, 0€3 COKpAICHUH.
Brruucienuss TOJDKHBI BECTHCh ¢ TOYHOCTBIO IO TPEX3HAYHBIX ITUGP C 00s3aTEITHHBIM
YKa3aHUEM Pa3MEPHOCTU TMOJYYEHHOro pesyibrata. [lopsmok M mocienoBaTenbHOCTH
BBITIOJTHEHUS J1Ta00paTOpHON pabOThl MPUBEJEHBI B MPUMEpPAx BBIMOJHEHUS KaXIOU
paboTHI.

KonuyecTBo paboT, 00beM Kak/10M U CPOKU BBIMOJTHEHUS ONpeNeNsitoTes Kadenpoit
B COOTBETCTBHUU C MPOrPaMMOM MO0 YIEOHON JUCIUIUIMHE U YYeOHBIM IpaduKoMm.

CTyAeHT JOJKEH B3STh JJIs KaXJA0W padoThl U3 TAaOJUIBI U PUCYHKA JaHHBIC B
COOTBETCTBUM ¢ HoMmepoMm cBoero mudpa. [locnennss uudpa mmdpa cCOOTBETCTBYET
CXeMe, IPEeANOCIEHsAS — JaHHBIM K 3a/1a4e.

Pa0oThl, BBINIOJIHEHHBIE C HAPYIICHUEM 3TUX YKa3aHHM, pacCMaTpUBaThCA HE OYIyT.

B uyeprexxax MOMKHBI OBITH MPOCTABJICHBI YHCIIOBBIE JAHHBIE COOTBETCTBYIOIIETO
BapuaHTa (He OyKBEHHbIE 3HaueHwus!). PacueTbl MPOU3BOAUTH TOJBKO C YHCIOBBIMHU
3HaYCHUsIMU. YepTexk AOKEH ObITh aKKypaTHBIM U HarsAHbIM. Pelienue 3amauu
HEOOXOJIMMO COIMPOBOXKAATh KPATKUMH TOSICHEHHSMU (Kakue (OpPMYJIbl WU TEOPEMBbI
MPUMEHSIIOTCS, OTKYyJa MOJy4aroTCsl T€ WM HWHBIE Pe3yibTaThl U T.I.) U TOAPOOHO
u3jaraTb BECh XOJ pacyeToB. UepTekM M CXEMbl B TEKCTOBOM YACTH BBIMTOJHSIOTCS B
KapaHJamie B COOTBETCTBHM ¢ TpeOoBaHUsAMH EauHONH CHCTEMBI KOHCTPYKTOPCKOM
nokymentaruu (ECKJl). Bce rpaduku u 3mIOpbl  JOJDKHBI  CONEPKATh UYHCIOBBIC
BEJINYMHBI B XapaKTEPHBIX TOUKAX U pa3MEPHOCTb.

Heobxoaumo  ykas3piBaTh pa3MEpHOCTh BCEX BEIWYMH U TOJAYEPKUBATH
OKOHYATEJbHBIC PE3YJbTaThl. PelieHus MPOU3BOAUTh B MEKIYHAPOIHOW CUCTEME E€IUHHUIL
(CH). OcHOBHBIE €IMHUIIBI IPUBEJAEHBI B MPUIIOKEHUU.
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HaunmenoBanue,

Hpuiaoxenue A. ExuHuubI usmMepeHuni

o0O3HaUYCHHE WU npaBujia IMPHUMCHCHUSI OCHOBHBLIX CIHWHMUII

u3Mepenus pusndeckux BenuunH ycranoniensl 'OCT 8.417-2002 [6].

M, KT, C

CM, MM

xH, MH

H/m?

MH/m?

BT, kBt

M, kI, C

k' /cm?

Kl''M

J.C.

Mexaynapoanas cucrema exunui (CH)

METp, KHUJIOTPaMM, CEKyH/a; €IWHUIIBl JUIMHBI, MAacChl, BpPEMEHHU
(OCHOBHBIE €AMHUIIBI)

JIOJIbHBIE €IMHUIIBI JUTUHBI (CAHTUMETP, MUJUTUMET)P)

HbIOTOH, equanna cwibl (1 H = 1/9,81 xI' = 0,102 kI')
JOJIbHBIE €IMHUIIBI CHJIbI: KUJIOHBIOTOH, METaHBIOTOH

(1 xH=10°H; | MH = 10° H)

eJIMHUIIA HanpsDKeHUs U naByienus (1 H/m? ~ 1,02-10° k[ /em?)
JI0JIbHAS €TMHUIIA HATIPSHKEHUS U 1aBJICHUS

(1 MH/™M* = 10° H/m* = 10,2 T'/em?)

TOKOYJb, equnuia padotsl (1 JIx = 1/9,81 kI['-m =0,102 xI"-m)
BAaTT; KWJIOBATT — €IMHULIBI MOIIIHOCTH

(1 kBt =102 xI"-m/c =1,36 1.c.)

Texnuueckas cucrema equnun (MKI'CC)
MeTp, Kuiorpamm-cuia, cekynaa (1 xI' = 9,81 H)
tonna-cua (1 T=10° k"= 9,81-10° H = 9,81 xH)
eAMHUIA HATPSDKEHUS U JTABJICHUS
(1 xI/em® = 9,81-10° H/m® = 0,0981 MH/M)
equauIa padotsl (1 kI''M = 9,81 JIx)
BHECUCTEMHAsI €IUHUIIA JIOMAANHAS CHJIa

(1 m.c. =75 xI""m/c = 0,736 xBT)
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