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OBILINE YKA3AHMS K BBITIOJIHEHUIO
KOHTPOJIbBHBIX PABOT

Lenbto yueObHoro kypca «TexHudyeckas MEXaHHKa» SBIAETCA (HOPMHUpPOBAHUE Y
OyayIero crenuagTucTa CTPOUTEIBHOT0 PO IS PEACTABICHUN O MOIX0/1axX, Me-
TOJAAX W YIPONIAIONIUX MPUHIIHAMAX, MPUMEHSEMBIX MPU WHXKEHEPHBIX pacuéTax
DJIEMEHTOB CTPOUTENHHBIX KOHCTPYKIMH, B TOM YUCJIE — CTATUYECKH HEOIPEICIIH-
MBIX, UCTIBITHIBAIOIINX YCIIOBUS CIIOXKHOTO Harpy»eHus, a TaKXKe HUKIMYECKU U3-
MEHSIOIMNXCS BO BpeMeHH HamnpspkeHUi. C 1elblo BEIPaOOTKU HABBIKOB BBITIOJTHE-
HUSl pacy€TOB peaNbHBIX KOHCTPYKIMM B paMKax HECTOSIIEro Kypca MmperycMoTpe-
HO CaMOCTOSATEILHOE BHITIOJHEHUE KOHTPOJIBHON paOOTHI.

Hacrosimee mocoOue mnpeanasHaueHo it ctyaeHToB Tynl'Y nucraHIMOHHOU
(3a04HOI1) opMBI 00YUCHNMS, COBMEIIAIINX yueOy ¢ MpoheCCHOHATBLHON AeATEb-
HOCTBIO, U COJICPKUT TPeOOBaHUS, MPEAbSIBISIEMbIE K BBITIOJTHEHHBIM KOHTPOJIbHBIM
paboTaM, OCHOBHBIE TEOPETUYECCKHE CBEJCHHSI, COCTABIIAIOIINE COJEpP)KaHHE KOH-
TPOJILHBIX 3aJ]aHUH, a TAKKE IPUMEPHI UX BHITIOJTHCHHUS.

TpebGoBanus, npeabaBiIsieMble K BHITOTHEHHBIM KOHTPOJIbHBIM paboTaM:

1. Kaxaplii CTyAEHT BBIMOJHAET KOHTPOJIBHYIO PabOTy B CPOKH, IPEAYCMOT-
penHbIe yueOHbIM Tpadukom. UHbopManms o mepedHe 3ajad, BXOASAMMUX B KOH-
TPOJIbHYIO paboTy, moMmemniaercsa Ha caiite UaTtepueT-uncturyta Tynl'V.

2. KonTposbHbie paboThl BBIMOTHSAIOTCS B TEKCTOBOM WJIM Ipa@UuecKOM KOMIIb-
I0TEPHOM pellakTope, MO0 B PyKOIKUCHOM BHJI€ B TETPaaH, UM HA JUCTaX Oymaru
dbopmata A4 ¢ mocnenyromiel onuppoBKON M300pakeHUs. B OKOHYATEIIbHOM BHJIE
Ka)KJlasi KOHTPOJIbHAsI paboTa A0 KHA ObITh MPEJCTaBIEHA B BUJIE OJTHOIO KOMIIbIO-
TepHoro ¢aina. Ha TuTynbHOM NuCTe JOMKHBI ObITh yKa3aHbl: yueOHOE 3aBEJCHUE,
WHCTUTYT, Ha3BaHHWE NMUCIUIUIMHBI, HOMEpP KOHTPOJBHOM paboThl, HOMEpa peliae-
MBIX 3a/1a4, paMuIns, UM U OTYECTBO CTYyJIEHTa, HOMEp y4eOHOU IpyIIIbl, HOMEP
3a4€THOM KHMXKKH, UHAUBUIYAIbHBIN HUQP CTyAeHTa, GaMIIUs U UHULUAIBI Tpe-
nojaBaTelisi mpoBepsitomiero padboty (TeroTopa). Bee nMCTHI MpencTaBiIeHHOW IS
MPOBEPKU KOHTPOJIBHON pabOThI TOKHBI ObITH MpOHYMEpOBaHbl. Ha BTopoMm nucTe
paboThl TOMKHO OBITh MPUBEIEHO OIJIaBIEHHE, B KOTOPOM YKa3bIBAIOTCS HOMEpa
CTPAHUI] KaXJI0W paccMarpuBacMon 3anauu. llepen pemienneM Kaxxaou 3ajaun He-
00XOJIMMO TOMECTUTh 3aMHUCh, COACPIXKAIIYI0 WHANBUAYAIbHBIA IHU(p CTyIEHTA.
[anee cienyer BbIUCATH MMOJHOCTHIO YCIOBUE 33/1a4M, YUCIOBBIE TAHHBIE U HOMEP
pacuéTHOM CXeMbl, COCTaBUTh B MaclITabe aKKypaTHBIN 4epTEX M yKa3aTb Ha HEM
BCE BEJIMYMHBI, HEOOXOAUMbIE JJIs pacuéra, U B OyKBEHHOM U B LIMPPOBOM 0003Ha-
YEHUU.

3. Ucxoauble naHHBIC JUIS BBIMTOJHEHHUS KOHTPOJBHBIX Pa0OT TOJKHBI OBIThH
BBHIOpAHBI IO TaOJHUIIAM JAaHHOTO y4eOHOTO MOCOOUSI B COOTBETCTBUU C WHIWBU-
nyalbHBIM muppoM cTyAeHTa. OH COCTOUT W3 IeCTH IUup HOMEpa 3auéTHOU
KHWDKKH CTYJIEHTa, K KOTOPBIM JOTIOJHHUTENIBHO Yyepe3 Ae(uc TOMUCHIBAIOTCS IBE
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nociiegaue udpel TOTO KE HOMepa 3a4€THON KHWXKKH. Hampumep, eciu y CTy-
JeHTa 3auéTHasi KHUXKKa uMeeT Homep 361291,10 npu BBIMOJHEHUN KOHTPOJIb-
HBIX pa0OT OH JOJDKEH MCTOJIb30BaTh WHAWBUIYAIBHBIA MUQP, KOTOPBIH COCTO-
uT U3 Habopa ciaenyonux nudpp: 361291-91.

Hanee, moa nudpamu mudpa BHIUCHIBAIOTCS MO MOPSIAKY HaualbHbIE Oy-
KBBI pycckoro andasura:

361291-91
aoezoe-sc3

Bce ucxonmHple MaHHBIE K 3a/ladaM TMPECTaBICHBI B BUJIEC TaONHI], BEPTH-
KaJIbHBIE CTOJIOIBI KOTOPBIX 0003HAYCHBI OMpeneéHHbIMU OykBamMu. 13 KakIoro
TaKOTO CTOJIOIA BRIOMPAETCS TO JAaHHOE, KOTOPOE PACIIOIOKEHO B CTPOKE C HOMeE-
POM, COOTBETCTBYIOIIIUM YHCITy HaJl COOTBETCTBYIOIIEH OykBo# mmdpa. Hampu-
Mep, JUIs PUBEAEHHOTO BBIIIE MPUMEpPa MHANBUIYATLHOTO MHdpa CTyACHTA IS
pemenus 3agauynd Nel u3 tabdn. 1.1 gaHHOrO MOCOOMSI BBIMUCHIBAEM CJICIYIOIIHE
HCXOIHBIE JAaHHBIE!

Homep cxemol — 1, Q=5kH [ m, P=8 kH, P1=10 xH, m=4kH [m, a=1,5u.

4. PeuieHus 3a7a4 J0JKHBI CONPOBOXKAATHCS KPATKUMHU MOSICHEHUSIMU U Yep-
TE€XaMHU, Ha KOTOPBIX BCE BXOJAIIME B PACUYET BEIMYMHBI CIENYyET yKa3blBaTh B
4qyciiaX, COOTBETCTBYHIOIIHUX paccMaTpuBaeMoOMy BapuaHTy 3ajadd. Kaxnayro
dbopmyny B pacuére cieAyeT cHadana 3amucaTh B OyKBEHHOM BHUJIE, 3aT€M MO-
CTAaBUTb COOTBETCTBYIOLIME YHMCJIOBBIE 3HAYEHUSA WU, HE NPHUBOIS NMPOMEKYTOU-
HBIX BBIYMCJIIEHUM, 3alIUCAaTh OTBET C YKAa3aHUEM PA3MEPHOCTH OIpPEAeNIsIeMOU
BEJIMUYMHBI. H)XKEHEepHBbIE pacy€Thl MPOU3BOAATCS B JECATUUHBIX IpPOOSAX C TOU-
HOCTBIO J10 TpeThel 3Havamiei nudpol Mocie 3ansiTou.

5. B cnyuae, eciau BBINOJHEHHAss KOHTPOJIbHAS pabdOTa CONEPKUT OMIMOKH,
OHAa BO3BpallaeTcsl CTYJACHTY JJIsl UCTIPABJICHUS.

Bce ucnpasienus ciieyeT BHECTH B AJICKTPOHHBIN JOKYMEHT (BMECTO OIIMO0Y-
HBIX 3amucei). McrpaBieHus!, IpeCTaBICHHBIE OTACILHO OT padOThI, K pacCMOTpe-
HUIO HE MPUHUMAIOTCSA. TakuM 00pa3oM, OKOHYATEIbHBIN MaTepHas JOJDKCH Tpe-
CTaBJISITH COOOH €MUHYI0, TIOJTHOCTHI0O 0(OPMIICHHYIO KOHTPOJBHYIO padoTy, coaep-
XKaIyl0 MPaBUIbHOE PEIIeHUE. DTOT 3JIEKTPOHHBIA TOKYMEHT MOBTOPHO OTCHLIACT-
Csl Ha TMPOBEPKY.

6. KontponbHas pabGoTa AOJKHBI ObITh BBIMOJHEHA W 3a4T€HAa K MOMEHTY
MPOBEJICHUS MPOMEKYTOUHOU aTTECTALIMH.
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3AZJAYMH, BXOIALIUE B KOHTPOJIBHBIE PABOTbBI

3AJIAYA Ne 1

JIns 3aaHHOM CTaTHUYECKU HEOTPEASIMMOM CTalbHOM OaIku TpeOyeTcs:
1) packpbITh CTATUYECKYIO HEONPEISIUMOCTD;
2) OCTPOUTH MIOPY U3TUOAOIINX MOMEHTOB;
3) nogo6paTh NIByTaBPOBOE CEUCHHUE IO YCIOBUIO TPOYHOCTH OAJIKH,;

4) onpeaeuTh yroJ moBopoTa ceueHus L u nporu6d B ceuenuu K.

Jlnst Bcex BapHMaHTOB MPUHATH: pacu€éTHOe conpoTupieHue R= 160 MlIla, mo-

nynp ynpyroctu E =2 [10° MIla.

Yucnosele naHHble OepyTcs U3 Taba. 1.1,pacuérnbie cxemsl — o puc. 1.1.

Taoauma 1.1
YucaoBble 1aHHbIE K 3aga4e Ne 1
Homep | Howmep Harpy3ka
pacu.
CTPOKH | CXEMBI d, P, P, m, Pasmep
o kH/m kH kH kH D a,m
puc. 1.1
1 1 5 10 10 4 1,0
2 2 4 8 5 6 1,5
3 3 8 6 8 4 1,0
4 4 10 8 12 2 0,8
5 5 12 5 7 5 1,2
6 6 6 7 10 7 1,0
7 7 5 10 6 3 1,2
8 8 10 11 9 4 0,8
9 9 8 8 7 5 0,6
0 10 7 5 10 6 1,0
3 3 K § B r

METOINYECKHUE YKA3AHHUA K PEHIEHUIO 3AJJAYHA Ne 1

OcnogHnble meopemuueckue céedenusn u pacuémusle Gopmynvl
1. Onpeodenenue nepemewenuiti memooom Mopa. Bviuucienue unmezpana

Mopa memooom nepemHodiceHUsr INOP

Pacuér cratuuecku HeONMpeeTUMbIX KOHCTPYKIUNA TpeOyeT BhIUUCICHUS Te-
pEMENICHUN UX CEUYEHUM.
YHuBepcalbHbIM CIOCOOOM OMpPENEICHUS MEPEMEIICHUN SBIISIETCS dHEpre-
Tudeckuil. B mpumMenenuu k 0ankaM U MIOCKUM pamMam 3TOT METOJ NPUBOIUTCS
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Puc. 1.1. PacuéTHbBIe CXeMBbI
CTATHYECKH HeomnpeaenMbIX 010K K 3aga4de Ne 1

K BBIYUCJIICHUIO UHTCI'PpAJIa Mopa:
zZ, (L1

rae A - uckomoe nepemenienne (JIMHEHHOE MEPEMEIICHUE HIIA YT0JI TOBOPOTA);
l; - nmuHa ydacTka OanKu WU pambl;

E;l; - n3rubHas ;k€CTKOCTh ITOrO y4acTKa,;

M pj - usrubaromuii MOMEHT OT BHEILIHEH Harpy3ku B MPOU3BOJBHOM CEUYEHUU
Ha y4actke lj;

M; - u3ruGarommii MOMEHT OT €IMHMYHON HATPY3KH B TOM XK€ CEYECHHUH;

N - 9UCII0 Y4acTKoB |j, Ha KOTOpbIe pa30ouBaeTcs NaHHAs Oallka MM pama.

s onpenenenus nepeMmenienus mo gopmyne Mopa HE0OOX0IUMO:
1) paccMoTpeTh Tak Ha3bIBaeMOE Ipy30Boe (3alaHHOE) COCTOSIHUE KOHCTPYK-



MU, 3al11MCaB BBIPAKEHUS JJISI BBIYUCICHUS] BHYTPEHHUX YCUJIUM, JEUCTBYIOIIUX
B MPOU3BOJIbHO BHIOPAHHOM IMOMNEPEUYHOM CEYEHHUHU KaXKJIOTO CTEP>KHS OT JeHCT-
BUS BHEIIHUX HATrPYy30K;

2) paccMOTpPETh CIUHUYHOE COCTOSHHE, JUISI Yero CHATh ¢ KOHCTPYKIIMU BCE
JNEUCTBYIOIINE HA HEE HArpy3Kd M MPHIOKHUTH B CEUEHHUH, NMEPEMELIEHUE KOTO-
poro ompejessercs, Mo 3aJaHHOMY HAlpaBJICHHUIO CAMHUYHYIO CUy (TIpU ompe-
JeJICHUY JIMHEHHOTO IMePEMEICHUS) WU SIMHUYHBIA MOMEHT (TP BBIYUCICHUN
yTJIOBOTO TIEPEMEILCHHUS);

3) 3anmucaTh BBIpaXEHUS I U3TUOAIOIMHUX MOMEHTOB, JACHCTBYIOIIHUX B MPO-
M3BOJIbHO BHIOPAHHOM MOIMEPEYHOM CEYEHUU KaXKJIOTO CTEPXKHS OT €AMHUYHOU
HATrpy3KH;

4) coctaBuTh MHTerpans Mopa, U Mocjie UHTETPUPOBAHMS MO Y4acTKaM BCEH
KOHCTPYKIHMH, BBIYUCIUTh HCKOMOE MEPEMEIIEHUE.

Ecnu uckomoe nepeMenieHue noayyuioch OTPULATENbHBIM, TO 3TO O3HAYAET,
YTO JEHCTBUTEIBHOE NEPEMEIIEHHE MPOTUBOIOJIOKHO MPUHATOMY HalpaBlie-
HUIO €IMHUYHON HArpy3KHu.

NuTerpan Mopa MOXHO BBIYHCIATH TpadoaHAIUTUUYECKH, €CIU TpeaBapu-
TEJBHO MOCTPOEHBI YMIOPBI MOMEHTOB OT 33JJaHHOW U €IUHUYHOW HArpy30K.

Pacuérnas popmyna B 3TomMm cnyqae UMeEeT BI/II[

Mpi IMi | _ < @piYi
A= Euj, EII, 21 E: B (1.2)

rae Wpj - IJIOMIAh SIIOpEl M pj OT 3a7aHHOI Harpy3ku Ha y4actke ;;
Y; - opauHara 3mopel M OT eIMHUYHONW HArpy3KH, pacloyIOKeHHas O] LEH-
TpOM TsDKecTH 3mropel M p; Ha yuactke ;.

OTOT cmoco0 BBIYMCIEHHS MHTETpaja Mopa Ha3hIBaeTCS «IEPEMHOXKCHUEM
AITIOP», UJIU NIpaBUIoM Bepemiaruna.

MeTtoa mepeMHOXKEHUS 3MIOP NPUMEHUM I ONPEACICHUS NEePEMEIICHUN B
KOHCTPYKIHAX, COCTOSIIMX W3 MNPAMOJMHEUHBIX 3JIEMEHTOB, JKECTKOCTh KOTO-
PBIX B IpeJieaax OTACIbHBIX €€ YYaCTKOB MOCTOSIHHA.

Jlnsa onipenenieHus nepeMenieHuit mo Bepemnaruny Heo0Xoaumo:

1) mocTpoUTh 3MIOPHI BHYTPEHHUX CHIIOBBIX (DAKTOPOB OT JESHCTBHS BHEIIHHUX
CHJI, TIPU U3THOE — AIMIOPY U3THOAIOIUX MOMEHTOB;

2) MOCTPOWTH AMIOPHI BHYTPEHHUX CUJIOBBIX (PAKTOPOB OT JCUCTBHS CIUHUY-
HOH cuibl (MOMEHTA), MPHJIOKEHHOW B CEYECHHH, IEepeMEIIeHHEe KOTOPOIro OIl-
penenseTcs, 1o 3alaHHOMY HalpaBJICHUIO (IIpHU U3THOE — SIMHUYHYIO SIIOPY H3-
ru0arIIMX MOMEHTOB);

3) BBIYHMCIUTH HCKOMOE IEpeMEeIIeHUEe I KaXJAO0TO ydJacTKa MyTeM yM-
HOMXCHUS MJIOIAAA HEJIMHEUHOW SMIOphl HA OPJIAMHATY JIMHEMHOW SMIOPbI, B3s-
TYIO MOJ LEHTPOM TSKECTHU HEIMHEWHOM, U JACIIEHUS pe3yibTara Ha )KECTKOCTh
paccMaTpUBaEMOro y4acTKa.

OpauHatel Y; Ha smiope I\Wi BBIUHCIISIOTCS U3 MOMO00MS COOTBETCTBYIOIIUX

TpeyroabHuKoB (puc. 1.2).



Q) PIKJ

Puc. 1.2. Illpumep npumeHeHus npaBuia Bepemarnna

B Tex cmyuasx, korma o0e 3MIOpbl MPSIMOJWHEHHBI, MOKHO YMHOXAaTh ILJIO-
majap J10001 U3 HUX Ha OPAUHATY APYroH MOJ LIEHTPOM TSIKECTHU MEPBOM.

Ecnu smiopa OT BHEIIHEW HATPy3KH UMEET CIIOKHBIN BUJ, TO PEKOMEHIYETCs €€
IPEICTaBUTh B TAKOM BHJIE, YTOOBI BBIUMCIEHUE €€ IUIONIAN U TOJOKEHUS LEHTPA
TSKECTH ObLIIO Han0O0JIee TPOCTHIM.

[TpousBenenne Wpj [y} oTpuLaTeNbHO, €CIN 3MIOPHI OT BHEIIHUX HAarpy30K u

eAMHUYHOU CHIbl (MOMEHTA) IPOTHBOIOJIOKHBI 110 3HAKY, T.€. PACTIOJIOKEHBI 110
pa3HbIe CTOPOHBI OT OCHU CTEPXkHSA. ITO O3HAYAET, UYTO HANPABIECHUE MEPEMEILE-
HUS MPOTHBOTIOJIOKHO HAPABICHUIO €JMHUYHON CHIIBI (MOMEHTA).

2. Cmamuyecku Heonpedenumvle 6aiku. Memoo cun

banka Ha3pIBaeTCs CTATUYECKU HEOIMPENCIMMON, €CIM BHYTPEHHUE CHJIOBBIC
(GakTopel B €€ MONMEepeYyHOM CEYEHUU HE MOTYT OBITh ONpEeNeNeHBbI TOJBKO W3
ypaBHeHHI ctatuku. CraTudeckas HEONPEAeTMMOCTh OOYyCIOBIEHAa HaJTUYUEM
JHIIHHUX CBSI3€H, TO €CTh TAKUX CBS3EH, KOTOPbIE HE SBISIOTCS HEOOXOIMMBIMH
ISl 00ECIIeueHHs TeOMETPUUECKON HEM3MEHSEMOCTH KOHCTPYKIuMU. B Oamkax
JUITHUMHE CBSI3SIMU CITy’KAT TOMOJHUTEIbHBIE OTIOPHI.

Pa3HoCTh MeXAy YMCIIOM OMOPHBIX pEaKmuil OadKku M YUCIOM BO3MOYKHBIX
ypaBHEHUH CTATUKU HA3bIBACTCS €€ CTENEHbIO0 CTATUYECKOW HEONpeqeTUMOCTH,
VUTH 9UCJIOM WIAIITHHUX>» HEU3BECTHBIX.

OmHUM M3 METOJOB, MCIOJIB3YEeMBIX IS pacuéTa CTAaTUYECKH HEOIpeaeiu-
MBIX CHUCTEM, SIBIISIETCS METO/[ CHIL.

Pacuér HaumHaeTcsi ¢ BHIOOpA TaK HA3bIBAEMOW OCHOBHOUM CHCTEMBI paccMmar-
puBaeMoil KOHCTpyKnuu. CTaTHUECKH OMpeAennMas CUCTeMa, MojydaeMas U3
3aJIaHHONW OTOpachlBAaHWEM JIMITHUX CBS3€W, HA3bIBAETCSI OCHOBHOW CHCTEMOW.
Kax mpaBuio, st 3a1aHHON KOHCTPYKIIUH MOXKHO MPEIIOKUTh HECKOJIBKO Ba-
PUAHTOB OCHOBHBIX CHCTEM, U3 KOTOPBIX IS JajdbHEHIIero pacyéTa BEIOMpaeTCs
onuH. [Ipu pacuére craTuuecku HEOMpPeASTMMON Oanku ynoOHO yAaisiTh BHYT-
PEHHIOI CBS3b, MOMEIIAs MIAPHUP Ha MPOMEXYTOYHOW OMOpE WU B KECTKOU
3anenke (puc. 1.3). B aToM cinydae nuiniHeld HEW3BECTHOUM OyAeT OMOPHBINA MO-
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Puc. 1.3. CxembI cTaTHYECKH HeONPeaeJTMMBIX 010K (a) M COOTBETCTBYIOIIHE
HM OCHOBHbIE CHCTEMBI (0)

Ecnin ocHOBHYIO cucTeMy 3arpy3uTh 3aJaHHbBIMM Harpy3kamMu U peaklUsiMU
OTOPOIICHHBIX CBSI3€H, MOJYYUM SKBUBAJICHTHYIO CHCTEMY, KOTOpasi MpU Ompe-
NeNEHHBIX BEJIMYMHAX ATUX peakuui nedopmupyercs TaK ke, KaK 3ajaHHas
KOHCTpyKIus. Peakiun X; oTOpoIIeHHBIX CBA3EH ONpeneseTcs U3 04eBUAHOTO

YCIIOBHsI. IICPEMCHICHHUS 110 HAIIPaBJICHUIAM Xi B DKBHUBAJICHTHON CHCTEME

JNOJDKHBI PABHATHCSA HYIHO. /{7151 KOHCTPYKIMU C OJHOW JIMIIHEW CBA3BIO 3TO YC-
JIOBME 3alMCBIBAETCS B BUJIE OJHOTO KAHOHUYECKOI0 YPABHEHHUSI METOA CHUIL.

011X1 +A1p =0, ) |
rae 011 - HepeMelIeHUe B OCHOBHOM CUCTEMe I10 HAIIPaBJICHUIO X1 OT JeHCTBUSA
eMMHNYHOM cunbl X1 =1 uiu exunuuHOro Momenta X1 =1;
A1p - mepemenieHuE B OCHOBHOM CHCTEME II0 HANIPABIEHUIO X1 OT JEHCTBUS

BHELIHNX Harpys3oK.
s BerauciaeHus 019 U1 Aqp HEOOXOAUMO MPEABAPUTEIBHO MTOCTPOUTH BITIO-

pbl M3rMOAIOIMX MOMEHTOB: Mq - OT enmHM4HOH cuibl (MomenTa) X =1 u
Mp - or BHemHuX Harpy3ok. Koadgouuuent 011 nmpu Xq BBIUHCIICTCS yMHO-
KEHHEM dMIopbl M1 Ha 9Ty *ke amopy, a Ajp - nepeMHOkeHHEM 3m0p Mp 1
M. CUMBOJIMYIECKH 5TO MOKHO 3aIUCaTh TaK;

1 - 1 _
0117 £ (M1IMy): - Agp=— (Mp [My). (1.4)

Onpez[eneHI/IeM pC€aKounun Xl N3 KaHOHHNYCCKOIO YPAaBHCHHUA 3aKAaHYUBACTCH

PacKpBITHE CTATUYECKOM HEONPENeIMMOCTH Oallku C OJHOM JIMIIHEH CBA3BIO.
OcrayibHbIE OMOPHBIE PEAKLUH BBIYMCISAIOTCA U3 YPAaBHEHUM PaBHOBECHS, CUU-
Tasi Ternepb Xq U3BECTHOW BEIUUYMHOM.

IlepeMenieHUs B CTaTUYECKU HEONPEACIUMON CUCTEME IIOCIIE PACKPBITUA €€
HEOIIPEACIUMOCTH HaXOIATCA HENOCPEACTBEHHBIM BBIYMCICHUEM HHTErpasia
Mopa, 1160 nepeMHOKEHHUEM SIIIOP.

JUist BeluMclIeHHs mporu0a B KakOM-Iu0O ceueHMu Oalku cielyeT IO Ha-
IIPAaBICHUIO UCKOMOTIO MEPEMELIEHU K OCHOBHOU CUCTEME IIPUIOKUTDH €JIUHUY-
Hylo cuiay P =1 (upW BBIYHCIEHMM yriia TOBOPOTA — €JMHUYHBIA MOMEHT
M =1) u moCTPOUTH SMIOPY M3rMOAIOIMX MOMEHTOB M OT nelicTBUS 3TOM enu-
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HUYHOU Harpy3ku. Mlckomoe mepeMenieHre BEIYUCISCTCS MMyTeM TePEeMHOKEHUS
OKOHYATEIbHOW SMIOPHI M3THOAIOIMHUX MOMEHTOB M Ha BHOBH TOCTPOCHHYIO
samropy M.

INIPUMEP PEHIEHUSA 3AJJAYU Ne 1

Jlist cratndecku Heonpeaenumoit 6anku (puc. 1.4,a) TpebyeTcs:

1) packpbITh €€ CTATHYECKYIO HEOMPEACITUMOCTD;

2) OCTPOUTH AMIOPY MU3rHOAIOIINX MOMEHTOB OT JEWCTBUS BHEIIHUX (Mpo-
NETHBIX) HATPY30K;

3) mogob6paTh NByTaBpOBOE CeUCHUE OAIKH U3 YCIOBUS €€ MPOYHOCTH,;

4) onpeAeIUTh YIroJ MOBOpoTa ceueHus L u mporud 6anku B ceueHuu K.

YuciaoBble JaHHBIE K 3a1a4€E:.
g=6xkH/M; M =4kHM; a=1,2m; R =160MIla; E =2[105MHa.

1. Beiuucnsiem cTeneHb CTaTUYeCKON HeONpeIeTMMOCTH OaIKu.

[To ycnoBusIM 3aKpeTICHUS UMEEM YEThIpe OMOPHBIX PEAKIIUU. JABE HA OIO-
pe A u o onHoi Ha omopax B u C. JIng MIOCKOW CUCTEMBI CHJI MOXHO COCTa-
BHUTH TOJIbKO TPU HE3aBUCUMBIX YPABHEHHSI PAaBHOBECHS, TOITOMY CTEIECHb CTa-
THYECKOW HeompeaeaumMocTu 6anku N = 4-3 = 1,T.e. cucteMa OJIMH pa3 CTaTH-
YeCKH HeompeenMma.

2. Beibupaem ocHOBHYI cuctemy (o0.c.). s aToro paspesaem Oanky Haj
CpeIHeH Omopoil, TeM caMbIM, YCTPaHss JUIIHIOK CBS3b, U BCTABJISEM HaJl OIO-
POl MPOMEXKYTOUHBIN MapHUp. «JIUMIIHE» HEU3BECTHOU B 3TOM cllyyae OyIeT
n3rudaronmii MOMEHT B omnope B, kotopbiit o6o3Hauaem Xq. Ha puc. 1.4,6 no-

Ka3aHa OCHOBHAs CHCTEMa. 3arpyas OCHOBHYIO CUCTEMY IIPOJIETHBIMU HArpys3-
KaMU H JIMIIHEH HEW3BECTHOW, NOJy4aeM OJKBUBAJICHTHYIO cHCTEMYy (3.cC.)
(puc. 1.4,6). JIoCTOMHCTBO NPHUHATON OCHOBHOW CHCTEMBI NPU BPE3aHUU IIAp-
HHApa UMEHHO B CEYEHHH HaJ OMOPOIl COCTOUT B TOM, UTO TeHepb 00a Mmposera
paboTaroT Kak camocToATelNbHble 0anku AB u BC, U IpU NOCTPOEHUHU S0P MO-
I'yT pacCMaTpPUBATHCSA OTAEIBHO APYT OT APyra.

3. CTpouM B OCHOBHOU CHCTEME SMIOPY U3THOAIOIIUX MOMEHTOB OT 3aJIaH-
HOM Harpy3ku Mp.

PaccmoTpum yuactok AB. Tak Kak Ha 3TOM y4acTKe HArpy3ok HeT, JUIs Io-
CTPOEHHUS PMIOPHI IOCTATOUYHO 3HATh BEJIMUYMHBI U3THOAOIUX MOMEHTOB B ceye-
Husix A u B. Ha onope 4 no ycnosuro M = 4 kH/; na onmope B uzrudaromniuii
MOMEHT PaBeH HYIIO (OTOPHBIII MOMEHT Xq HE yYHUTHIBaeM), SIIOPa MOMEHTOB

OrpaHUYCHA NMPSIMOU JIMHUECH.

12



B
a) % C 3.C.
3a=3,6.m ’77|77 2a=2.4m 777
6) 1 0.c
7 ,7%7 s
- X, Oq=6«xHl
<\M 4 kHwm X\ﬂ/l q=0kr1/m
o Ax B E c >
Wy 7 1,2u 7717
2) N ﬁ My .kH-m
4 o @, 1432 _
0) . M1
% =0,333 V1:0,667 1 : %:0,5
%=0,667
0,971 2,93 51 47 —
e) mm My Xq ,kHm
%:0,535/('02 B -2:93 i
onc) ————_“\————Mh\ ik L M xH-m
4l=== I"”\’ ! 2,85 “wy
>~ M=14 | 7 1
3 L Y
) A= A M
1 ¥,=0,667 _
Ra=0,5 k{P=1 Rs=0,5 _
u) A Mg, m

Puc. 1.4. CraTtuyecku HeonpeaeanMas oajka:
@) - 3aJ]aHHasi CHCTEMA; §) - OCHOBHAsI CHCTeMa,
8) - JKBHBAJIEHTHAsI CHCTEMA; 2) - rpy30Bas dnopa Mp;
0) - equAMYHasi mopa Mq; e) - amopa My [ Xq;
J1c) - OKOHYaTebHast 3mopa M; 3) - smopa ot exMHIIHOro MoMenTa M7 ;

u) - MI0Pa OT eMHAYHON cuiIbl M 5

Paccmorpum yuactok BC (puc. 1.4,6). OnopHbiii MOMEHT Xq 3/1€Ch TaKXKe

HE YUYHUTHIBAEM.
BcenenctBue cuMmmerpuu mposiETHOM HAarpy3kd peakuuu omnop OyayT oJu-
HaKOBBIMH:

_ql2a _6[2[12
2

Rg = Re =72xH.

13



N3rubarommii MOMEHT B MPOU3BOIHHOM CEUCHUH Z

2 2
M(2) = Rg Et—%: 7,22—%

U 3II0pa U3rM0Ar0IIero MOMEHTAa OrpaHNYeHa KBaIpaTHON mapadoioi.
CrpouM 3Ty napaboity 1o TpéM JIeKaluM Ha HEW TOUKaM:

ZB =0, MB =O;
6122

7=12M, M pay = 720,2- = 432xH Oy

{c = 2,4M, MC =0.
Omropa M p nokasana Ha puc. 1.4,2.

4. Ctpoum smropy M1 oT equnuynoro momenta Xq =1. Buemmntoro Harpys-
Ky M u q, npunioxeHnnyt k 6anke (puc. 1.4,8), He yuuTHIBaeM.

B ceuennsix 4 u C usrubaromue MOMEHTHI PaBHBI HYJIIO, @ B CEUCHUHU B U3-
rubaomuii MOMEHT paBeH eiuHHUIE. Dmiopa M nuHeiiHa, eé BuA MOKa3aH Ha
puc. 1.4 0.

5.CocTaBisieM KaHOHHYECKOE YPABHEHHE METO1A CUJI

611)(1 +A1p =0.
Boiuucisem kodduiuent d;; npu HemssecTHoM. Jljis sToro smopa Mi

YMHOXKaeTcs cama Ha ce0s. PazOuBaeM smiopy Ha JBa TPEYroJIbHUKA BBICOTOH,
paBHo# 1, u ¢ ocHOBanusmMu 3,6.m u 2,4 m. [Imomans Kaxa0ro U3 HUX YMHOXKA-

€M Ha OpJWHATY, PACIOJIOKCHHYI B IEHTPE TSHKECTH KaXI0TO M3 HHUX
(puc. 1.4, 0):

i,
611=E((*)_LY1+(*)ZYZ);

1 2
W =—[B61 y,=—=0667
) > L % 3
a)2=%mz,4m; 372=§=O,667.

[Tociie moACTaHOBKHM YKUCIIOBBIX 3HAYECHUHN UMEEM
1(1 1 2
611==— _EB’6|]_|:£+_|:2’4|1|:£ =—.
ElI\2 3 2 3) EI
s onpenenenust Aip nepemMHoxaeM 31opsl Mp 1 I\Wl (puc. 1.4 2, 0). Ilio-
a/1b MapabOoIMYEeCKOr0 CETMEHTa BBIUNCIISACTCS 10 (hopMyJie

rae (- ”HTEHCUBHOCTh pacnpenenéHHON Harpy3KH;
| - nmHA yyacTka OaKu 1Mo HArpy3KOW.
Briuncnsiem cBOOOIHBIN 4WiIeH KAHOHUYECKOTO ypaBHEeHUs Aqp:
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_ 1
Ap =(Mp My) =E(wP1 Oy + wpo Oy);

1 1
Wp1 =E [(Bo[4; Y1 =§ =0,333

3
624 1
Wpy =——— =—=05.
P2 12 Y2 5
HpOI/IBBeI[H COOTBeTCTByIOHlI/Ie BBIYUCJICHUS, nonyqaeM
3
Aqp :i 1[3,6E4Ii+%|:-& :i%.
Ell 2 3 2 El

Torz:a KaHOHHUYCCKOC YPAaBHCHUC ITPUHUMACT BU/

2, 58%_o
El El
OTKyAda HaXOJIUM

5856
Xy === >"=-293kH .
OTpI/IHaTCJ'IBHOC 3HAUCHHUC Xl TrOBOPUT O TOM, UTO UCTUHHOC HAIIPABJIICHHUC MO-

MEHTa HaJ MPOMEXKYTOYHOU OMOPON 0OpaTHO MPUHSTOMY MEPBOHAYAIHHO U TOKa-
3aHHOMY Ha puc. 1.4,s.

6. CTpoum >mropy U3rudarommx MOMEHTOB.

Cuurtast MOMEHT X BHEIIHEH Harpy3koil, MOXHO ONpeeIUTh OMOPHLIE pe-
aKIMM, paccMaTpuBas KaxIbli MpojeT OalKuh OTIAENbHO, a 3aTeM IMOCTPOUTH
SMIOPY MOMEHTOB OOBIYHBIM CITOCOOOM, KaK 3TO BBIMIOJHSIOCH IS CTATHYECKHU
ompenenumoit 6anku. B manHOM ciydae ynoOHee BOCTIONb30BaThCS yKE MOCTPO-
CHHBIMH DIIOPAMU.

OKBHUBAJICHTHAs] CUCTEMa HAaXOJUTCS MOJ ACHCTBUEM 3alaHHBIX MPOJETHHIX
Harpy3oK U BbIYHMCIeHHOTO MoMeHTa X1. CienoBaresibHO, OKOHYATENbHAS AIIIO-
pa U3rubaruMx MOMEHTOB MOXET OBITh IPE/ICTaBIeHAa CYMMOM ABYX 3IIOP

M=Mp+MIXj.

[lepBas smiopa yxe moctpoeHa (puc. 1.4,2), a Bropas moiry4aeTcs yMHO-
KeHHeM opauHaT smiophl My (puc. 1.4,0) Ha BbIUMCIEHHOE 3HadeHHe Xi.
Omopa M [ Xy mokazana ua puc. 1.4,e. T'€OMeTpHYECKH CKIAIbIBAEM SIIOPHI
Mp u M [X; (puc. 1.4 2, €), cyMMupys OpJIMHATHI JIIOP B XapaKTEPHBIX TOY-
Kax:

Ma=4+0=4xH [m; Mg =432-147= 285kH [m;
Mg =0-293=-293xkHO1; M¢ =0.

[To HaiiAeHHBIM 3HAYEHHUSIM M CTPOMM OKOHYATEIHHO JIMIOPY U3THOAIOIINX

MoMeHTOB (puc. 1.4,01c).

Jlns mpoBepKU NPaBUIBHOCTU pacuy€ToOB U MOCTPOCHUS SMIOPHI U3rubdato-
I[MX MOMEHTOB MOXHO HCIIOJIb30BaTh YCJIOBUE PABEHCTBA HYJIO yrila MOBOPOTA
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CMEXXHBIX CEYCHHWH Oalku Haj cpelHed omopoi (mepeMelieHrue Mo Hampasliie-
HUIO OTOPOIICHHOW CBSI3HM). DTOT Yroj BBIYUCISACTCS MEPEMHOKEHUEM OKOHYA-
TeIbHOU >mIopel MoMeHTOB (puc. 1.4, o) Ha smiopy Mj (puc. 1.4,0). Ilpu me-

peMHOXeHUM 3mtopy M ynoOHO NmpeacTaBUTh B BUJAE TPEX TPEYroJIbHUKOB, IO-

Ka3aHHBIX MYHKTUPHBIMU JIMHUSAMH Ha puc. 1.4,01c, 1 napaboIm4ecKoro cerMmeH-
Ta.

Yroa moBOpoTa CMEXHBIX CEUYCHUN OalKu HaJl CpelHEH OMOPOM BBHIYHCINM
METOJO0M IEPEMHOKEHHUS DIIOP:

1 _ _
Og = E(wﬂﬂ +upY) + w3y +wyY2).

HHOHIaI[I/I OIIIOP U COOTBETCTBYOIIUEC OPAHMHATHI IO UX ONCHTPAMHU TAKCCTHU

1 1

=—EB6D4=72; =3

2
W =—— EB,6I:293— -5274; y; —5'

w3 = - E124E1293— -3516; ¥, —:—?;

3 3

qI 6E24 =6912, vy, —1

12 12 2

OTIPEACIISIOTCS IO COOTBETCTBYIOIUM mropam (puc. 1.4,0c) u (puc. 1.4,0).

Hraxk,
1 _ _
O =E((&>1Y1 +upYy +wzyo +uyYo) =

-1 (72 - 52740% - 35160F + 6,912[-}) _ 5856-5860_
El 3 3 3 2 El

HeOGonpmas norpemHocTb BHIYUCICHUM
_|5856-5864
5,856

He npesblmaromas 5 % ,Bo3HUKIIA B pe3ylibTaTe okpyriaeHui. [lonyyeHHbii pe-

3yJbTaT CBUACTCIBLCTBYECT O TOM, 4YTO IIII0Opa 1/13r1/16a}01unx MOMCHTOB ITOCTPOCHA
IIPaBUJIbHO.

[100% = 0,068%,

7. Ilogbupaem ceueHue OANKHU MO YCIOBUIO TPOYHOCTH.
[Ipu u3rube ycinoBue NPOYHOCTH UMEET BUJ

M max M nax
X <R uwm W, >—2>
Wy R
[To osmope M (puc. 1.4,01¢c) HaxoAUM  MaKCHUMaJIbHBIH  MOMEHT
M )r(nax =4kH [, a mo ycnoBut 3agaun R = 160MIla. IloacTasmsist 3Tu yncna B

MoCJIeAHIOI (GopMyTTy, MOJYyUYrM BEJIMYUHY TPeOyeMOro MOMEHTa COTPOTUBIIE-
HUs JBYTaBpa:
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3
W, > LOG = 2500 %m3 = 25em°.
16C[10
[To Tabnuam copTamMeHTa IPOKAaTHOW CTalu MOAOUpPAaeM HOMED ABYTaBpa U

BBIIIMCBHIBACM €I'0 TCOMCTPHYCCKHNEC XapaKTCPUCTUKU.

asytasp NelO, W, = 39,7CM3, Iy = 198CM4.
(MoOMEHT CONPOTHUBIICHUS [TOJ00PAHHOIO ABYTaBpa 3HAYUTEIBHO OOJIbIIIEe TPEOyeMO-

ro pacyéTHOTO, HO MEHBIIETO pa3Mepa B TAOIHUIIE HET, IO3TOMY IIPUHUMAEM JIBYyTaBp
Ne10).

8. OmpenenseM nepeMeIieHus.
OmnpenenseM yroia noBopora cedenus L (puc. 1.4,3).
Jns 5TOTO MPUIIOKUM B Ce€YeHUHM L OCHOBHOU cucTeMbl €JUHUYHBIA MO-

mMeHT M =1 u noctpoum smropy MomeHTOoB M M. Yrom mosopora cedenus L
BBIUHCIIIEM, IepeMHoKas amopel M u MM (puc. 1.4,01c, 3):

g
8. =M My =g(®1¥3“‘®2¥4):
X

w1=1EB\6E4; y3=z=0,667;
2 3
1 1

Wy = =5 [B6[RI3, y4= 3 =0,333

B, =M My ET( EB,6B4E—E lEB,6EI293E—?f) 3’E°|42;
X

3042010°

2110t 19¢€11078
PCSYJIBT&T l'IOJ'Iy‘ICH CO 3HAKOM IIJIKOC, CJI€A40BATCIbHO, HOBOpOT CCUCHU L

IPOUCXOJUT IO HaNpaBJICHUIO €IMHUYHOro mMmoMeHTa M =1, TO ecTh mo yaco-
BOM CTpEJIKE.

o, = = 768010 > pax.

Omnpenensiem nmporu6 B ceuenuu K (puc. 1.4,u).

[IpunoxuM B ceueHHH K OCHOBHOM CHCTEMBI €IMHHYHYIO cuay P =1 u no-
cTpouM OT Heé smopy MoMeHToB Mp. Tak kak cuna P =1 mpunoxena B cepe-
nuHe npoJseta AB, omopHbie peakuu OyAyT paBHBI U HalIpaBJIEHBI BBEPX:

Ra=Rg = 0,5.
OmpenensieM MOMEHTHI B XapaKTEPHBIX TOYKAX y4acTka AB:
Ma=0; M¢=0,51,8=0,9m;, Mg=0.

[lporu6 B ceuenun K BbUMCIAETCS NepeMHOKeHHEM dsmop M u Mp

(puc. 1.4,0c, u). Tak kak u3-3a cuMMeTpHH dMIOpsl M5 nonosxkenue e 1eHTpa

TSKECTU HAXOJIMUTCS JJIEMEHTAapHO — OH HaXOAMUTCS MOCepeauHe Npoiéta 4B, a
samopa M Ha 3TOM ydyacTKe JIMHEWHas, TO yaJoOHee YMHOXXaTh €IMHUYHYIO 3III0-
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py I\Wﬁ Ha OKOHYaTeabHYyI0 M. B 3TOM ciydae niomanb 6epeTcs ¢ 3Mopbl I\Wﬁ :

a COOTBETCTBYIOLIAs OpAMHATa C JMIOPHl M paBHA BEIMYUHE CPEIHEH JIMHUU
Tpamnenuu, To €CTh aaredpanuecko moisycymme e€ OCHOBaHMUI:

_4-293

Wy = % [B6[D9; y5= =0,535.
[Iporu6 B noysx kECTKOCTH OYJIET paBeH
1 1 (1 0,867
fk =—— =——| =[B6MIM535|=——.
=g (©53) EIX(ZEB, ] :

OKOHYATEIBLHO
_0867_ 086700°
Ely 2n0cdlmosne®

PesynbTat mosyyeH co 3HaKOM IUIIOC, CIEIOBATEIbHO, MPOTUO HAIMpPaBJIEH B
CTOPOHY MPUJIOKEHHOW €IUHUYHOMN CUIIbI, TO €CTh BHU3.

= 219010 3y = 219 M.

fk
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3ATAUA Ne 2

CranpHOW Bajl MOCTOSIHHOTO CEUECHHUS Bpamaercs ¢ JacToTod N (o6/MuH) u
nepenaet MmourHocTh N (kBm). Tpebyercs monoOpaTh AMaMeTp Bajia U3 yCJIOBUS
€ro MPOYHOCTU IPU COBMECTHOM JAEHCTBUU U3TrM0a U KPYUEHUS, €CIIU U3BECTHBI
npenesn TeKy4ecTd MaTtepuana O, u KodhUuImeHT 3anaca npoynoctu N, = 3.

Yucnossie nanHbie OepyTcs U3 Taba. 2.1, pacy€THbie CXeMBbI Mo puc. 2.2.

HeoOxoaumble XapaKTepUCTUKU MaTepualia IpuBeAeHbl B Ta0m. 2.2.

METOANYECKHUE YKA3AHUSA K PEHIEHHUIO 3AJJAYHA Ne 2

OcHoenble meopemuyeckue céedeHus u pacuémusie opmynvl

Pacuér Basa Ha CTATUUYECKYIO MPOYHOCTh HAYMHAETCA C ONPEAECIICHUS AEUCT-
BYIOIIMX HA HEro Harpy3ok. Harpy3ku Ha Bay mepenaroTcs yepe3 IIKUBBI UIIU
HiecTepHU. 3Has BEJIMYMHY NepeaaBaeMod momHocTd N v yncio o00poTOB B
MUHYTY N, MOXHO ONPEAEIUTh BEIUYUHY KPYTAILIEr0 MOMEHTA, AEHCTBYIOLIETO
Ha y4acTKe Bajla MEXJy IIKMBaMU 1o Gpopmyiie

30[N
MKp ZWKHB/I (91)

[To BenWYMHE KPYTSAIIETO MOMEHTA BBIYHCISIOTCS OKPYXKHBIC YCHIIHS, MPHIIO-
’KCHHBIC K IIKMBAM M MEPEIaroIIrecs Ha Bajl. DTH YCHJIUS PAcKIaIbIBAlOTCS HA Bep-
THKAJIbHBIC ¥ TOPU30HTAIBHBIE COCTABIISIOIIHE.

Yeunus, mnepefarmnecs Ha Bal uepe3 MIECTEPHI0 3y04yaTroro 3allerICHUs
(puc. 2.1):

M, =pP2;p=2Ms
2 D

,  Px=Pcosa; P, =Psina.

VY

(O PN_ x

Puc. 2.1. llpuBeaeHne OKPYKHbIX YCHJIUM, 1eliCTBYIOIIMX
HA MIECTEPHIO 3y04aToro 3anenjienus, K OCH Baja
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Puc. 2.2. PacuéTHble cXxeMbl BAJIOB



YuciaoBble JaHHBIE K 3aga4ye Ne 2

Tab6auua 2.1

Homep | Homep Pazmep, m N, n,
CTPOKH | pacy. Mapxka
CXEMBI cTanu
10 a b C Dq D> kBt | 00/Mun
puc. 38
1 1 0,5 0,3 0,3 0,4 0,6 20 120 5
2 2 0,4 0,5 0,5 0,2 0,6 15 380 45
3 3 0,3 0,7 0,3 0,3 0,5 10 380 X0
4 4 0,4 0,3 0,5 0,2 0,4 16 280 3
5 5 0,6 0,8 0,4 0,4 0,6 18 280 X
6 6 0,4 0,5 0,3 0,3 0,6 12 120 35
7 7 0,5 0,3 0,3 0,2 0,5 14 120 4
8 8 0,6 0,4 0,5 0,5 0,5 20 280 X30T
9 9 0,4 0,6 0,3 0,4 0,4 15 380 3
0 10 0,8 0,4 0,7 0,3 0,5 17 380 30
3 xK a o B r i xK e
Taoauua 2.2
MexaHuuyecKHe XapaKTePpUCTHKHU CTaJel
IIpenen IIpenen [Ipenen BBIHOCIMBOCTH
Mapka TEKY4eCTH MPOYHOCTH MIpu U3rude MpY KPYYEHUH
cTalia 0., Mlla O, , Mlla 0_1, MlIla T_1, Mlla
3 250 420 195 115
4 280 460 220 -
5 280 520 220 130
30 300 500 235 125
30XI'T 750 950 450 260
35 320 540 260 155
40X 500 730 320 200
40XH 650 820 360 210
45 280 560 250 150

Ilpumeuanue. Ecnu 1., B Tabnuiie He JaHO, TO UCIOJIB3YETCS IMIUPUUECKAs
bopmyna 1, = 0,60,;.

Ycunus,

(puc. 2.3):

D D_.D

M, =2t——t—=t—;

2 2 2

_2My,

D

Q=3t; Qx=Qcosa; Qy=Qsina.

nepejalmniMecss Ha Bal 4Yepe3 IIKUB pEMEHHOW mepenadyu
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Puc. 2.3. [IpuBeneHne OKPY:KHBIX YCHJINI, 1eHCTBYHOIINX
HA IIKUB PeMEHHOM Nepeaaym, K OCH Baja

Harpy3ku, neiicTByroniue Ha Baj, BBI3BIBAIOT €r0 Kpy4eHHE U U3TUO B ABYX
B3aMMHO IEPIEHIMKYJISAPHBIX MIOCKOCTAX. st pacuéra Bajla Ha NPOYHOCTH
CleAyeT MOCTPOUTH SMIOPBI U3THMOAIOLMX MOMEHTOB B BepTUKaNbHONU My u ro-

pusoHTanbHOW My MIOCKOCTAX M 9MIOPY KPYTAIMUX MOMEHTOB M, .

YcnoBue MpOYHOCTH Bajla 3alMMCBIBAETCS I OMACHOTO CEYEHUs, B KOTO-
poM pacu€THBIN (MPUBEICHHBI) MOMEHT UMEET MaKCHUMAJIbHYIO BEJTUIUHY.

[To TpeTbel runoTe3e NMPOYHOCTH PACUETHBIA MOMEHT B ONIACHOM CEYEHHUU BbI-
YUCISIETCS IO (popMyIIe

- 2 2 2
Mp—\/MX+My+MKp, (9.2)

rie M - PACYETHBIA MOMEHT;
My, M y " u3rudaroIme MOMEHTBI B pacCMaTpUBaEMOM CEUYEHUH BaJja,

M, - KpYTSILIHiI MOMEHT B 5TOM XK€ CCUCHHH.

Ecny 1momnokeHne OnacHOrO CE4YeHUs HE OYEBHJIHO, BBIUHCISIOTCS PAaCUETHBIC
MOMEHTHI JJIl HECKOJIbKUX CEUEHUl Bayia W JJis JaJbHEUIIero pacuéra BeIOMpaeTcs
CEYEHHE C HauOOJIBIIUM PACUETHBIM MOMEHTOM.

W3 ycnoBus npoYHOCTH Basia

Mmax max
V]\i = nZIB <[a], (9.3)
u
32

rae M;)nax - MAKCUMAJIbHBI PaCUYETHBIA MOMEHT;

W, - MOMEHT CONPOTHBIICHUSI CEUCHUS TTPU U3THUOeE;
[0] - momyckaemoe HampspDKEHHE, OINpenesieMoe MO MPeaeNly TeKYy4YeCcTH O

o
¥ 3a1acy MpoYHOCTH N, OTHOIIeHHEM [0] =—L
T

BBIYUCIIACTCA TpC6y€MOC 3HAYCHHUC AUaMCTpa Balia

max
J32M7

d2g———.
mi(fo]

(9.4)
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INIPUMEP PEHIEHUSA 3AJAYU Ne 2

CranbHOW BaJl TOCTOSIHHOTO cedyeHus (puc. 2.6, a) Bpamaercs ¢ MOCTOSH-
HOH yrj0Boi cKopocThio N = 120 00/MuH 1 mepenacT yepe3 MIKUB JUAMETPOM
D, = 0,6 M, momuocts N = 20 kBT.

[Togo6paThe AuaMeTp Baja M3 yCJIOBHUS €r0 MPOYHOCTHU, €CIU Ball U3TOTOB-
neH u3 cranu Mapku Ct. 50 ¢ npenenom tekydectu matepuana 0, = 380 MlIla u
KO3 HUIIMEHT 3amaca NPOYHOCTH MO OTHOWICHUIO K Mpeeny TeKkydectu N,= 3.

OcranpHbIE YMCIOBBIC JAHHBIC K 3a/1a4e:

a=0,3m; b=0,3m; ¢c=0,2Mm; D;=0,3Mm.

1. Onpenenenne Harpy3o0K, MePEaAIONIUXCS Ha BaJl.

Ha puc. 2.6,a nmoxa3zaHbl ycuiusi, MpHJIOKEHHbIe K MKUBY (ceduenue D) u k
mectepe (ceuenue B).

KpyTamuii MOMEHT, nepelaBaeMbli 4epe3 IIKUB Ha BaJl:

_30[N _ 30120

*  nin mia2c

Harpy3ku, neiicTByromniue Ha Baj, ONPEACIAIOTCS ¢ YI4ETOM TOTO, YTO OK-

PYKHBIC yCUJIHWs, MPUIOKEHHBIe K ImKkuBaMm (puc. 2.4, 2.5),n1pu mnepeHoce uUx B

ICHTP TMOMEPEYHOTO CEUCHHUsS Baja MPUBOIATCS K CHJIaM, M3THOAIOMHUM €T0 B
JIBYX IIOCKOCTSX, U CKpy4HBaroniemy MmomeHty (puc. 2.6,0).

M = 159 kHwm.

MK = Pﬂ,
Ay ) 2
P | D.=0,3m
V L M p=Mx = 2H9_ 156,
N s AN, T
/ - l/ P, =P, = P=106«H;
P P, =P, =0.
Puc. 2.4. lllectepus B
M, =2t 22 P2 = D2
2 2 2
¥} Dz=0,6m y g=2Me 2059 _gap
M, D> 06
D X G,; o ¥ Q=tr2A=3=3054=150xH,
° t & Qg =Qy =Qsin60° =
60 YQ
o =159sin60° =1377xH;
Puc. 2.5. llIxkus D Q. =Qy =Qcos60" =

=159c0s60° = 795kH.
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Pacuérnas cxema Bana rnokasana Ha puc. 2.6,0.

D2:O,_6M y
D,0,3. N P
- " S .
a) A '
Bl C D t
= 60°,
a=0,3m b=0,3m |c=0,2m
| { 2t
y Ql &
6) A MK C MK /b/ y4
VAB
X a=03u ‘P b=0,3m 77%7 c=0,2u XD
1,59
8) ’ | M, , kH-m
R4y=9,891<H Rcy:13,061<H to:13,77KH
777 fP:].O,GKH 777 D
2,97 275
0) M, , kHm
R2,65kH R.710,6xH LQX:7,951<H
C Z
e) A4 7
i 777 D
X
1,59
0,795
nC) My, kHm

Puc. 2.6. PacuérHasi cxema ¥ 31I0pbl MOMEHTOB BHYTPEHHHMX
yCuJimii B MonepeYHbIX ceYeHUAX Bajia

2. [locTpoeHue 3m0p U3ru0a0IUX U KPYTAIMIUX MOMEHTOB.

N3 ycnoBuit Harpyxkenus Baia (puc. 3.5, a) cieayeT, 4TO OH HCHBITHIBACT
kpy4enue Ha yqactke BD nmoctosHHbIM KpyTsmum MoMeHTOM M), = 159KH M,

3MI0pa KOTOPOTro nmokaszaHa Ha puc. 3.5,8.

Cxema Harpy3o0K, IpUJIOKEHHBIX K Bajly B BEpTUKAJIbHOU MJIOCKOCTH, MpPE.I-
cTaBiieHa Ha puc. 3.5,e. s mocTpoeHHss 3MIOPH U3rHOAIOMIUX MOMEHTOB OT
JNEUCTBUSI 3TUX CHJI, Baj paccMaTpUBAETCs KakK MpocTas IABYXOIOpHas Oalika,
JJIsl KOTOPOM CIEAYET BBIYMCIUTh BEPTUKAIBHBIE OMIOPHBIE PEAKIIMU:
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2Mp =0; ~PI03+Qy[08~Ry_ [06=0;
—106[03+137708~ Ry [06=0;
Ry. =1306 H;
>mc =0, -R, [06+P[03+Q, [02=0;
~Ry, [06+10603+13,7/7[02=0;
Ry, = 989 kH.

IIpoBepKa BEIYMCIECHUN ONTOPHBIX PEAKLIMM!
>Y =0 —989+106+1306-13,77=0.

Brruucnsem usrubaronie MOMEHTHI OT J€MCTBUS BEPTUKAJIBHBIX CUJ B Xa-
PAKTEPHBIX CEUYCHUAX BaJia!

My =0; Mg =-Ry, (a=-989(D3=-297 kH [i;
My =0; Mg =-Qyc=-1377[02 = -275H G

[To BBIUMCIEHHBIM 3HAYEHHUSM IOCTPOEHA 3MIOpa U3ruOaArLIUX MOMEHTOB
My, OT QHeHWcTBUS CHJI, DPACIOJIOKEHHBIX B BEPTHUKAJIBHONH ILIOCKOCTH

(puc. 3.5, 0).
Ha puc. 3.5 e moka3aHbl Harpy3Kku, MPHJIOKEHHBIE K Bajdy B FOPH30HTAJb-

HOM IIOCKOCTH (111 HAIJIAJHOCTH YepTexka cxema mosepuyra Ha 907).
JInst MOCTPOSHHS SIMIOPBI U3TUOAIOIIMX MOMEHTOB OT ACWUCTBHSI ITUX CHII BbI-
YHCIISTIOTCS] TOPU30HTATIBHBIE OMTOPHBIC PEAKIIHH:

Y ma=0; —Ry_ [06-795[08=0; Ry =106xH;
Yme =0; Ry, 06+ 795[02=0; Ry, = 265xH.

[IpoBepka ompeneraeHus TOPU30HTAIBHBIX OMOPHBIX PEAKIIUA:
>X=0 - RXA + RXC -Qy =—265+106- 795=0.

N3rubaronire MOMEHTHI B XapaKTECpHBIX CCUYCHUAX BaJia.
My =0, My =-Ry, [1=-26503=-0,795 xH [,

My =0 My =-Qy [02=-795[02 =159 kH G1.
[Io BBIYUCICHHBIM 3HAYEHUSM MOMEHTa CTpouTca »snwpa M

(puc. 3.5 o).

y

3. [Togbop momepedHoro cedeHus (onpeaesicHue JuaMeTpa Baia).
Marepuan Bana — ctainp Mmapku Ct. 50, nonyckaemoe HanpsiKeHue s KO-
TOpOM
380
T 3
Pacuérnrie MOMEHTBI o TpEThEN TUIIOTE3€ [IPOYHOCTHU
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— 2 2 2 .
Mp = \/M x tMy +M;, B xapakTepHBIX CCYCHMSIX Baa:

A _ 2 2 2 _A.
Mp = [MZu+ME +M2, =0;

B _ 2 2 2  _ 2 — .
MB = [MZg+MZ, + M2, = 2072 +0795 + 155 = 346 xH I;

C_ 2 2 2 _ 2 2 2 _ .
MS = IMZc+ M3+ M2, =275 + 1507 + 150° = 355 kH Gr;

D _ 2 2 2 _ 2 _
MB = MZp +M2_ +M2, ==/0+0+159 = 159 kH 1.

HauGonpiiero 3HaueHus pacu€THbIi MOMEHT AgocTuraet B ceyenuu C, cre-
JIOBATEJIbHO, OHO U SBJISIETCS OMACHBIM C€UeHHEM. TakuM 00pa3om,

M '@ =M = 355xH 1.
HNckoMbili fuaMeTp Baa:
4/32IM p =:</32E355|103
o] 1267 010°
[Mpuarmaem quameTp Bajga d=66 mm.

d= =0,0659Mm .

Vkazanue: Benmu4MHY qUaMeTpa Baja MPUHUMATh, OKPYIJISISl 10 OJMKaNUIIero 46THOTO
1eJI0ro yuciia (MM), a TaK)Ke OKaHYMBAOIIErocs Ha 5.
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3ATAUA Ne 3

Jlnst cTanbHOTO Bajia MOCTOSTHHOTO CEYEHHS, PACCMOTPEHHOTO B MPEABIIY-
el 3a7a4ue, BHIMOJHUTH MPOBEPOYHBIN PACUET HA MPOYHOCTH MPHU HATIPSHKECHUSAX
B €0 MOMEPEYHBIX CEUCHUSIX, IMKINIYECKN U3MEHSIONIUXCSI BO BpeMeHn. CuuTa-
€TCsl, YTO HOpMaJIbHbIE HANIPSHKEHUS U3MEHSIOTCS IO CHMMETPUYHOMY IUKITY, a
KacaTeJIbHBIE — 10 MYJbCAITUOHHOMY.

B pacuére ydyecTth BIMsHHE HAa MPOYHOCTH Bajla KOHIEHTPALMU HaIpsiKe-
HUM, CO3/]aBa€MON HAJIWYMEM IIMOHOYHBIX KAaHABOK B CEYCHUSX, TJI€ UMEIOTCS
IIKWBBI, ¥ BIUSHUE MPECCOBOM HACAJKH MOAMIUITHUKOB — B OMOPHBIX CEYCHUSX.
O6paboTka MOBEPXHOCTH Bajia — TOHKask 00ToYKaA.

HopmaTuBHBIH 3amac ycTajqoCTHON IPOYHOCTH NpUHATH [N] = 1,5.

Ycunus, mpuaoXKeHHbIe K Baly U BXOJSIIUE B pacuy€T, OepyTcs U3 pelICHUs
3amaun Ne 2; MexaHUUYECKHE XapaKTEPUCTUKU MaTepuaia — u3 tabmu. 2.2. Heoo6-
XOJUMBIE CTIPABOYHBIC JTAaHHBIC MPUBOSITCSI B METOAMYECKUX yKAa3aHUSIX K JaH-
HOM 3ajaue.

METOANYECKHUE YKA3AHUSA K PEHIEHUIO 3AJTAYHA Ne 3

OcnogHnvle meopemuueckue cee0eHus u pacyémusvie opmynvl

OCHOBHBIE MMOHSATHUA.

MHorue neTanud MalivH B MPOLIECCE SKCIUTyaTalluy MOJBEPralTcsa IeHcCT-
BUIO HANpPSDKCHUH, MUKIMYECKH H3MEHSIOIUXC BO BpemeHH (puc. 3.1), yto
OPUBOAUT K MOSIBICHUI0O MUKPOTPEUIMH, UX POCTY M, KaK CJIEJCTBUE 3TOTO, K
paspyuieHuo MaTepuaina. Paspymenue moa nelcTBUEM MOBTOPHO-IEPEMEHHBIX
HaIpS)KEHUN HAa3bIBACTCS YCMAIOCMHbLIM pa3pyulenuem WIH YCMaiocmuio Ma-
mepuaa.

CnocoOHOCTh MaTepualla CONPOTUBIATHCS YCTAIOCTHOMY Pa3pyLICHUIO Ha-
3BIBAETCA 8bIHOCAUBOCMbIO. IIpOBEpOUHBINA pacu€T Ha BEIHOCIMBOCTD CBOJAUTCS K
BBIYMCIICHUIO 3arlaca YCTaJOCTHOW MPOYHOCTU U CPABHEHUIO €r0 C HOPMAaTHB-
HBIM.

o)
Oa
O-max 1\ /1| A-O-
Om N2/
Omin t
@) T .

Puc. 3.1. 'padpuk u3MeHeHHsI HUKJIMIECKOTO HANIPSI>KEHNsI BO BpeMeHH
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1. XapakTepucCTUKHU LIUKIOB HAMPSKEHUM.

HanpskeHus, Nepuoaudeckd HU3MEHSIOIUECS BO BPEMEHH, HA3bIBAIOTCH
nukanyeckumu. Ha puc. 3.1nmoka3zaHa 3aBUCUMOCTD IIUKIUYECKOTO HAMPSIKECHUS
OT BPEMEHH.

OCHOBHBIE XapAKTEPUCTUKHU I[UKJIA:

Omin - MUHAMAJIBHOE HAIIPSDKEHUE LIUKIIA;
Omax - MAKCUMAJIBHOE HANPSIKEHUE;

(0} + O mi
Om = max2 MIN . cpennee HanpsKEHNE IUKIA; (3.1)
(0] = Omi
04 = max2 MIN - aMnIMTYHOE HANPSHKEHHE IUKIIA.
Kaskplif IIUKJ XapaKTepusyeTrcs ero ko3pGuIueHToOM aCHMMETPHU
G .
r = Omin (3.2)
Omax

YacTHBIMU Cly4assMU LMKJIOB SIBJISIFOTCS CUMMETPUYHBIA M IyJIbCAallMOH-
HbIH, TpaUKu KOTOPBIX MPUBEACHBI HA puC. 3.2.

OCHOBHbBIE XapaKTEPUCTUKHU 3TUX LUKJIOB CIEAYIOLIUE!
CHUMMETPUYHBIN LUK

0' .
Omin = Omaxs Om=0 03 =0max; T =Gﬂ =—1: (3.3)
max
yJIbCALMOHHBIN LIUKJI

a) O'/\ R
Opmax /l_\ m t
Omin] 10’ i O‘rIn:O i !

6) O‘A

O-max /!_\ L T
N/ N\ [0

Puc. 3.2. lukJbl HANPSAKEHUN: a - CHMMETPHUYHBIIi; 6 - MyJAbCALMOHHBIH

>
Q

2. I[lpenen BEIHOCIUBOCTH.

MakcumanbHOE HaMpsKEHHE IUKJA, MPH KOTOPOM CTaHIAapTHBIN o0pasel
BBIJICPKMBACT HEOTPAHMYEHHOE YHCIO IHUKIOB HArpyXEHHWH, HE pa3pymiasch,
HAa3bIBACTCS NpeoeioM 8blHOCIUGOoCmuY MaTepuana. J{ns mpeaena BEIHOCIUBOCTH
OpUHATO 0003HauYeHue O, (I - K03 PHUIHEHT ACHMMETPHUH IUKIIA).
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Jns cuiMMeTpUuYHOro nukna r = -1,
[ToaTOMy npesiesn BBIHOCIUBOCTH, ONPEEIAeMbI P YUCTOM H3THOE, 000-
3Ha4yaercss O_q, a IPU YUCTOM KpydeHUHU T_1.

3. Kosadppunuent cHmxenus npeaeaa BHIHOCIUBOCTH.

Ha Benuuwmny mpenena BRIHOCIMBOCTH Matepuana, Kpome koddduiuenta
ACHMMETPHH IHUKJIA, BIUSAET LEJNBIA Pl pasIudHbIX (PakTOpoOB, B MEPBYIO Ode-
pelIb KOHyeHmpayus HANpsdCeHuli, pazmepvl obpazya uiu O0emanu, Kaiecmeo
0bpabomku nogepxHocmu.

Jlns Toro 4ToOBl y4ecTh BIHSIHHE ITUX (DAKTOPOB, BBOJISITCS COOTBETCT-
ByIOIIHE KOYPHHUIIMESHTHI, BETUUYUHBI KOTOPBIX OMPEACISIOTCS dKCIIEPUMEHTAIb-
HO WJIM U3 TEOPETHUUYECKHUX MPEANOCHUIOK W MPUBOSITCS B CIIPABOYHOUN JUTEpA-
type. Ilpu pemenun paccmaTpuBaeMoy 3agadyu uUcHoJb3yroTcsa Tadn. 3.1-3.4,8
KOTOPBIX TPUBOISITCS:

Ko, K - 9ppexTrBHBIC KOIPPUIHMEHTHI KOHIIEHTPAIIUH 111 HOPMAJIBHBIX M KacaTeib-
HBIX HaNpPSDKEHUN U KOA(P(UIMEHTHI CHIDKEHUS TIpejieNia BBIHOCIHBOCTH TIPH
MPECCOBOM Mocaake moamunHuKoB (Tadn. 3.1, 3.2);

Y, - k03D PUIMEHT YyBCTBUTEIHLHOCTH MaTepralia K acuMmMeTpuu 1ukia (tadmn. 3.3).

€5, €7 - KOOPGUIMEHTHI BIUSHHS aOCOTIOTHBIX Pa3MEPOB CEUCHHsI COOTBETCTBEHHO
JUTISI HOPMaJIbHBIX U KacaTeJIbHBIX HaNpsuKeHu (tadi. 3.4).

KoadduipeHT BIusHUSA KauecTBa 00pabOTKH MOBEPXHOCTH [3 ompeaesercs mo
rpadukam, npuBeeHHBIM Ha puc. 3.3.

CoBMecTHOE BIHUSHUE BCEX yKa3aHHBIX (AKTOPOB Ha BEIUYUHY IIpejena
BBIHOCJIMBOCTH JE€TATU YYUTHIBACTCA KOdP(PUIIMEHTAMU CHUXCHUS TpeJiesia Bbl-

HOCJIIMBOCTH II0 HOPMAJIbHBIM M KacCaTCJIbHBIM HAIIPAXKCHUAM ko-a, kT()’ BbIYHC-
JIIEMBIM MO AMIIUPUYECKUM (HOopMyIam:
1 ke 1
Ko =&+——J; ke =—L+=-1. (3.5)
0 0
€&s B er B

4. 3amnac ycTaa0CTHOW MPOYHOCTH (BHIHOCIUBOCTH).
3anac ycTajqoCTHOM MPOYHOCTH MO HOPMAJIbHBIM HANPSIKEHHSIM HPU CUM-
METPHYHOM IHUKJIC HATPYKCHUsI onpeessieTcs mo Gopmyiie
A (3.6)
Ko ,0a
rae 0.1 - Ipeiei BEIHOCIMBOCTH MaTepraa;
0, - aMILTUTYTHOE HAIPSHKCHHE [THKIIA.
3amac ycTaJOCTHOW MPOYHOCTH IO KAcaTeJIbHBIM HAMPSDKCHUSM IPU He-
CHUMMETPHYHOM IHKJIC OMpeAeasieTcs mo hopMye
T

3.0

Ng =
Ky, Ta +WrTm

rae T.p - Dpelen BBIHOCIUMBOCTHA MaTepuaia Ipyu Kpy4eHuUH,;
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Ta, Ty - aMINIMTYAHOC M CPEAHECC HAIIPSKCHUS IUKIIA.

3amac BBIHOCIMBOCTH Baja IMPU COBMECTHOM AEWCTBUHM M3THOA M KPYyUEHHUS

omnpenesseTcs no dMnupuyeckoil popmyse

O‘ICBI/I,Z[HO, YTO BBIYMCJIECHHBIN 3aI1ac BHIHOCIHUBOCTHU JOJIDKCH OBITH HE MEHEEe

HOPMAaTHUBHOTO.

2

—_ Noy

>

(3.8)

Ta6auna 3.1
DddexTUBHBIE KO3PPUIHEHTH KOHIEHTPANIMA HANpsKeHuit K, K,
IS BAJIOB CO IIMOHOYHBIMH KAHABKAMM

39

DddexTuBHbBIE IIpenen npounoctu Marepuana O, , Mlla
KO3 (PULIHEHTHI
KOHIIEHTpaLlUH
Ko, Kr 400 | 500 | 600 | 700 | 800 | 900 | 1000 | 1200
Kg - ipu n3rute 1,301 1,38| 1,46| 1,54 | 1,62 | 1,69 | 1,77 | 1,92
K; - mpu kpywenun | 1,20 | 1,37 1,54 1,71 188 2,05 2,22 2,
Taoauna 3.2
Koa¢ppunueHTsI CHUKEHHS MIPeiesia BBIHOCJIUBOCTH Bajia
IPH MPECCOBO MOCAAKe MOAIIUIHUKA
Koadpunu- | Jna- Kosdpduuunents! Kg /€5 u Ky / € 11 npenena
CHTBI METD, IIPOYHOCTU MaTepuana O, , Mlla
MM 400 | 500 | 600 | 700 | 800 | 900 | 1000 1200
30 225|250 2,75| 3,00 | 3,25 | 3,50 | 3,75 | 4,25
Ko /g 50 2,75 3,05| 3,36 | 3,66 | 3,96 | 4,28 | 4,60 | 5,20
>100| 2,95| 3,28 | 3,60 | 3,94 | 4,25 | 4,60 | 4,90 | 5,60
30 1,751 1,90 | 2,05| 2,20 | 2,35 | 2,50 | 2,65 | 2,95
Ke/€q 50 205|223 252|260 | 2,78 | 3,07 | 3,26 | 3,62
>100| 2,17| 2,37 | 256 | 2,78 | 2,95 | 3,16 | 3,34 | 3,76
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Ta6auna 3.3
3HaveHus1 KOAPPUUUEHTOB YYBCTBUTEJIbHOCTH MaTepuaJjia
K aCHMMeTpHUH HUKIa Yg, P

Matepuan Wy W
VYraepoaucras crans 0,=400...500MIla 0,05 0,0
VYraepoaucras W JIerHpOBaHHAs CTaJb
0, =500...800MITa 0,10-0.15 0,05
JlernpoBannas crans 0,=800...120QMIIa 0,15-0,20 0,05-0,10
B
!
1.0 . 4
I N
0.8 — I
\ | NS
TN
0.4 T~
T
0.2 | O, (MIla)

400 600

800 1000 1200

Puc. 3.3. 3aBucumocts ko3puiueHTa KayecTsa 00padoTKu
MOBEPXHOCTH [3 OT mpejesia MPOYHOCTH MaTepUaa:
1 - 3epkasibHOe MOJTUPOBaHUE; 2 - TOHKOE HUIN(oOBaHME;
3 - TOHKas 00TO4YKA, 4 - HAJIHYNE OKAJIHHBI

3Havenune macmITadOHOro paKTopa £,= €;
B 3aBHCHMOCTH OT AuameTpa BaJja d

Tab6auna 3.4

Matepuan Koaddunmentsl €, = €; npu nuamerpe d, Mmm
10 20 30 40 50 70 100 200

raepommera ctath | g g0 | 92| 088 084 082 076 070 0,53
0,=400...50aMIIa ; ’ ’ ™ T ’ ’ ’
VYraepoaucras u jie-

THpOBaHHAs CTaIb 0,97 | 089| 085 081 0,78 0,73 0,68 0,p1
0,=500...80QMIIa
JlerupoBaHHasl cTab | i
0,=800...120(MITa 095| 086| 081 0,77 0,74 069 0,65 0,p9
JlerupoBaHHasl cTab | i
G,=1200...1400MI1a 0,94 | 083| 0,77, 0,73 0,70 0,66 0,62 0,p7




INIPUMEP PEHIEHUSA 3AJJAYU Ne 3

[Ipou3BecTu MPOBEPKY HA YCTATOCTHYIO MPOYHOCTH Bajia, PACCMOTPEHHOTO
B 3a7aue Ne 2. B pacuére mpuHSTh, YTO HOPMaJbHBIC HAMPSHKECHUSI U3MEHSIOTCS
0 CUMMETPUIHOMY ITUKJTY, & KaCaTeIbHbIE — 10 MYyJILCAI[MOHHOMY.

YuecTh GakTOphl, CHUIKAIOIIKE TIPEIe]T BRIHOCIMBOCTH: KOHI[GHTPAIIUIO Ha-
NpsOKEHUH, pa3Mepsl U cioco0 00paboTKu MOBEpXHOCTH neTanu. HopmaTuBHBIN
3amac ycrajrocTHoi npouynoctu [N] = 1,5. O0paboTka MOBEPXHOCTH Baja — TOH-
Kas o0ToUKa.

HeoOxonumbie qaHHbIE IS MPOBEPOYHOTO pacuéTa Baja B3SATHl U3 yCIOBUS
3agayu Neo 2.

1. OnpeneneHne MaKCUMaJIbHBIX HANPSIKEHUN B CEYECHUU.

Jlns paccuMThIBAEMOIO Bajla OMNACHBIM siBIseTCs cedeHue C, e MOMEHTHI
MakcumaibHbIe (puc. 2.6).

JuameTp Bana OblI ONpeeseH NPpU PEIICHUH Npeablayen 3agaun Ne 2.

d = 66Mm = 6610 M.

Brruuciasem MOMEHTBI COIIPOTUBJICHUA CCUCHUA BaJla IIpU €TI0 n3ruode n Kpy4c-
HUU.

3 —3\3
w,,, =19 - TR0 7 5650076 \3;
32 32
3 -3\3
w,, =14 _TO600 )7 56 4m06,3.
16 16

[To smropam MmomeHTOB (puc. 3.5 6, oic, 0) HAXOAUM KPYTAINIUA ¥ U3THOAF0-
M€ MOMEHTHI, AcicTByIomue B ceueHuu C: kpyrsamuil momeHt M, = 1,59kxHw;

nzrubarone MoMeHTsl My = 2,75kHmu M y= 1,59xHwm.

MakcumalbHbIC HOPMAJIBHBIC HAIPAKCHUA OT COBMCCTHOI'O I(CﬁCTBH?I Hu3-
THOOB B JABYX IIIIOCKOCTAX.

2 a2
) \/m _ J (275010°)° + (159110°)° =1127010°TTa =1127MITa.

Omax =

W5, 28210 °
MakcumanbHBIE KacaTeIbHEIE HAIIPsKCHUA OT KPYUCHUA
M il
Ty = e = 199 0_36 =282010°TTa = 282 MITa.
W, 56400

2. OnpejenenHre XapakTePUCTUK HUKJINYECKUX HAMPSIKEHU.
[lo ycnoBuio 3aauv HOpMajbHbIE HANPSKEHUS U3MEHSAIOTCS MO CHUMMET-

PUYHOMY IHUKITY, CIICOA0OBATCIBHO
Om=0; 053=0ma =1127Mlla; r=-1
Kacarenbubie HaIIPAXKCHUA U3MCHAIOTCS 110 IYJIbCAIMOHHOMY ITUKITY
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Tm =T = 05T hax = 050282=1408 MIla; r=0.

3. MexaHWYecKre XapaKTepUCTHKH MaTepuaa.
HeoOxoaumbie XapaKTepUCTHKH MaTepHaia BHIUCHIBAIOTCS U3 Ta0d. 2.2 @
JAHHOM TIpUMepe — B3STHI U3 ClipaBovHUKA): 1y ctanu Mapku Ct.50: 01 = 380

MlIla; o, = 700MIla; 0.1 = 300MIla; 1.4 = 180MI]a.

4. Boruncnenue K03QpHUIIMEHTOB CHUKEHUS Mpejesia BRBIHOCIUBOCTH.

N3 tadn. 3.1-3.4 BpinuchiBalOTCAS KO3PUIIMEHTH, HEOOXOIUMbIE AJIsS pac-
yéta. Ceyenune C sBIAETCA OMOPHBIM, U KOHLEHTpALMS HANPSKEHUN co3qaéTcs
MPECCOBOM MOCAAKON MOIIIUIHUKA.

Wcnonws3ys nanasie Tabn. 3.2 @pu 0, = 700 MIla u d = 66 mMm), nyTém
JIMHEUHOW UHTEPIIOIAMHA HAXOIUM:

g d = 50mm :—0 = 366; g d = 100mMm :—0 = 394.
o o
Ins d = 66Mm k—c = 3,66+3’94;?”66 (66-50) = 375.
€o 50
Jns d = 50mMm ﬁ = 260:; i d = 100mMm ﬁ = 278.
€1 €1
Jns d = 66mMm :—T = 2,60+%J (66—-50) = 266.
T

[To puc. 3.3 onpenensieMm Ko03hGUIUEHT BIUSHUA KauyecTBa 00pabOTKH IO-
BEPXHOCTH MPHU TOHKON 00TOUKE:!
B =0,90.
KoadduimeHT 4yBCTBUTENTFHOCTH MaTepraia K aCHMMETPHUH ITUKIIa Oepércs u3
Tabin. 3.4:
W, = 0,05.
KoaddunuenTsl cHUXKEHUS Tpejena BBIHOCIMBOCTH C y4€TOM BCEX pac-
CMOTPEHHBIX ()aKTOPOB UMEIOT CJIEAYIOUINE 3HAUCHUS

1 1

=—0 +=-1=375+—-1= 386

o es B 3 09 i

ke, =Kl o oper L o1=277,
& B 09

5. Onpenenenue 3anaca ycTaJOCTHONU NPOYHOCTH.
3amac ycTaJOCTHOW MPOYHOCTH MPU U3TH0E M KPYUCHHU:
o- 300
1 - = 069
Ko ,0a 38601127

Ng =
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N = T _ 180 = 453
kp,Ta +Wy By 27701408+ 0051408

3amac ycTaJOCTHOM MPOYHOCTH IMPU COBMECTHOM JEHCTBUU M3THOa U Kpy-
YeHUS

_ nhghy _ 0690453

n= =
Jn2+n2 /0692 + 453
3amac YCTaHOCTHOﬁ INpOYHOCTH Bajla HC O6CCHC‘{€H, TaK KaK OH MCHBIIIC

HOpMaTHUBHOTO. J[MaMeTp Baja HEOOXOAUMO YBEIMYUTHh WU BBECTH YIIPOUHSIO-
Iyt 00padboTKy.

= 0,682<[n] = 15.

Ilpumeuanue. Eciin OnIaCHBIM SIBIISIETCS CEYECHUE, B KOTOPOM HACAXEH ILIKUB,
TO KOHILIEHTpAaIMsl HANpPsOKEHUW CO3Ma€TCA 3a CYET WIIMOHOYHOW KAaHABKU WU JJIA

onpexaencHus kodppunreHtoB K, K, €5 U & HYKHO HCHOIB30BaTh TabI. 3.1u
Tabin. 3.3.
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3ATAUA Ne 4

C 3agaHHOI TOUKOM M neTanu cBsi3aHa cuUcTeMa JIEKapTOBBIX KOOpPAUHAT X, Y, Z.
Pacuérom orpeeneHsl KOOPANHATHBIC HANPSDKCHUS B 9TOM TOUKE: Oy, Oy,07, Tyy,

Tyz: Tz (tadn. 4.1). IIpoBecTn HccaeIoOBaHuEe HANPSHKEHHO-Ie()OPMUPOBAHHOIO
COCTOSTHUSI OKPECTHOCTH TOYKH M. Marepuan qeTaiy cuuTaTh YIPYTHM U U30TPOTI-

HBIM, C MOJyJieM ynpyroctu E =2 [10°MTTa koapuimentom Ilyaccona Y =0,3.

HccnenoBanue HanmpspkEHHO-1EQOPMUPOBAHHOTO COCTOSIHHSI OKPECTHOCTH TOY-
K1 M feTany BBINIOJIHUTE B CIEAYIOLIEH ITOCIEN0BATEIBHOCTH.

1) N300pa3nuTh B aKCOHOMETPHH SAMHUYHBINA JICMEHT, BBIJICICHHBINA B OKPECT-
HOCTH TOYKM M KOOpJIMHATHBIMU CEYEHUSMHM, U MOKA3aTh HANPSIKEHUS, IEUCTBYIO-
M€ HA IPaHAX 3TOrO DJICMEHTA.

2) 3anmcaTh TEH30p HANPSHKCHUH B 9TOH TOYKE B OCsAX X, Y, Z.

3) OnpenenuTts anredpandeckrue HHBAPUAHTHI TEH30pa HampskeHuit 14, 1,, 13.

4) 3anmcaTh anredpandecKkue ypaBHEHUS [UI ONpPEICIICHUs TIIaBHBIX HaIpsKe-
HUU U IJIABHBIX OCEH TEH30pa HAIpPsDKCHUU. BBIYMCINTH IaBHBIC HanpsKeHUs O,

02, 03.
5) BrruncnuTh HampaBIsIONIe KOCUHYCHI TJIABHBIX oceil Hampspkenuit |, 11, 11

¥ 1300pa3uTh B MPOCTPAHCTRBE X, Y, Z OCH TWIaBHBIX Hanpsokenwit |, 11, 111
6) 3amucaTth TeH30p HaNpsDKeHUH B Touke M B rimaBHbIX ocsx |, I, [II. Onpene-

. 0 O O _
JIMTh aJIrCOPanvYCCKNC MHBAPHUAHTBI 9TOT'O TCH30pa 1 127137, POBEPUTH IIpa
BHUJIBHOCTBH BBIYUCIICHUSA I'JITABHBIX HaHp)I)KeHHﬁ, CpaBHHMB BCIINYHNHBI anre6panquKHX
0 0 0
1 2 '3

7) Onpenennuts HOpMaJbHOE O, W KacaTedbHOE T, OKTadIpHYECKHE Ha-

UHBAPUAHTOB ¢ BesimuuHamu |4, |,, 13 cooTBeTcTBEHHO.

npsbkenus. B npoctpanctse rnaBHbix oceit |, I, Il u306paszuth ogHy u3 oktagpuye-
CKHX TUIOMIAJOK ¥ TIOKa3aTh HOPMAJIbHOE M KacaTelbHOE HANpPsHKCHUS, NEUCTBYIO-
M€ Ha 3TOM TJIOIIAJIKE.

8) OnpenennuTh BeIMYMHY HAHOOJBIIETO KAacaTEIbHOTO HANPSDKEHUS Tmgy- B
npocTpaHcTBe TiaBHbIX oceit |, I, Il u306pas3uTh muomanaky, Ha KOTOpOW JAEHUCTBYET
HanOoJIbIIIee KacaTeIbHOE HAIIPSHKEHUE U TTOKa3aTh 3TO HAIPSKEHUE.

9) Bocmosib30BaBIIMCE COOTHOIICHUSAMHU 0000IEHHOTO 3akoHa ['yka, ompee-
JIUTh BEIMYUHBI [NIaBHBIX Jepopmanuil €1, €5, £3.

10) Ber4rcinTh OTHOCHTEIIbHOES H3MEHEHHE 00bema A .

11) OnpenenuTh yAECTbHYIO MOTEHIMAIBHYIO SHEPTHIO YIPYToil nedopMariu
OKPECTHOCTH TOYKH M:

- DHEPIUIO U3MeHeHus 00bEMa W, ,

- sHepruto popmounsmernenuss Wy ,

- IOJIHYIO yAeNbHYI0 3Hepruto W .
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12) Onpenenuth pacu€THOE HAINPSDKEHUE B TOYKE M 1O THUIIOTE3€ HAMOOIBIINX
KacaTeJIbHbIX HaNpPsLDKEHUI Glrl)l :

13) Onpenenuth pacu€THOE HAMPSHKEHUE B TOYKE M 10 THIIOTE3€ yIEIbHOM
NOTEHI[MAIbHON SHEPTUHU (POPMOU3ZMEHEHUS GIB/ :

14) Onpenenuth pacu€THOE HAMpPSDKEHUE B TOYKE M 1O THIOTE3€ MPOYHOCTH

Mopa G\F/) :

YucnoBble naHHbIE MPUHUMAIOTCA Mo Tabm. 4.1.

Taoauna 4.1
YucaoBble 1aHHBIE K 3a1a4e Ne 4
Ho- Benuuunel Hanpsokennit, MIa
Mep Oop/Ooc
CTpo- Ox Oy 0z Txy Tyz Txz
KM
1 -22 56 -71 0 0 -30 0,50
2 52 -12 30 0 23 0 0,46
3 -100 28 -64 -33 0 0 0,43
4 80 -46 57 0 0 15 0,40
5 -32 78 -67 0 -40 0 0,37
6 60 -66 19 50 0 0 0,33
7 -90 30 -47 0 0 -28 0,30
8 70 -22 82 0 54 0 0,27
9 -42 48 -51 -15 0 0 0,23
0 74 -38 32 0 0 42 0,20
hi| e xK 3 xK

METOINYECKHUE YKA3AHHUSA K PEHIEHUIO 3AJTAYM Ne 4

OcnogHnble meopemuueckue céedenusn u pacuémusle Gopmynvl

1. Tensop nanpsacenuti
Hanpspk€aHoe cocTosiHue Mallo OKPECTHOCTH TOYKH J1e(OpMUPYEMOTro TBEP-

JIOTO TEJa OMPENEISIETCS IMIECThI0 HE3aBUCUMBIMM KOMIIOHEHTAMHM TEH30pa Harpsi-
JKEHUH.
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Ox Txy Ixz
Tzx Tzy Oz
WNHnexkcanus HanpspkeHUW wnmocTpupyeres puc. 4.1, tae X, Y, Z — KoopAuHaT-
HBIE OCH, CBSI3aHHBIE C paccMaTpuBaeMon Toukoir M aedopmupyemMoro tena.
[IepBbIi HHAEKC Y HANPSKEHUSI COOTBETCTBYET HAMMEHOBAHUIO OCH, HOpMaJlb-
HOU K IUIOIIAJIKE, BTOPOM — OCH, ONPEAEISAIONIENA HAITPABICHUE 3TOTO HANPSIKEHUS.
HopwmanbHo€ HanpsKEHWE CUMTAIOT MOJIOKHUTENBHBIM, €CJIM OHO HAalpaBJIEHO B Ha-
MIPABJICHUH BHEIIHEW HOPMAJH K IIJIOIIAJKE.

21 07 Ty

Puc. 4.1. HanpsizkeHusi HA TPaHsIX BbIEJEHHOI0 3JIeMeHTa

3a IMOJIOKUTEIBPHOE HANPABICHUE KacaTEIbHOIO HANPSHKEHUS NMPUHUMAIOT Ha-
IpaBJIEHUE COOTBETCTBYIOLIEH KOOPJAMHATHON OCH, €CIIH MOJIOKHUTEIBHOE HalpaBJie-
HUE HOPMAJIbHOTO HAIPsDKEHUS Ha pacCMaTpUBAaeMOM IUIOIIAJKE COBIALAET € MOJIO-
YKUTEIbHBIM HANPABICHUEM COOTBETCTBYIOIEH €My KOOpJIMHATHOW ocu. Bce Ha-
NpsDKEHUS, TOKa3aHHbIE Ha pucC. 4.1,9BISI0TCS OJI0KUTEIbHBIMH.

B cooTBeTCTBUYU C 3aKOHOM MapHOCTH, KacATEJIbHbIE HANPSKEHHS, CHMMETPUY-
HbI€ OTHOCUTENBHO IJIABHOM 1MAaroHaIu TEH30pa HAIPSKEHUH, paBHBI MEXy COOOH.

Txy = Tyxs Tz T Txg, Tyz T Tgy. (4.2)

2. I'masnvle nanpscenus

VY nro6oit Touku neOopMUPOBAHHOTO Tela MOXKHO BBIJCIHTh TPU B3aUMHO-
MEePIEHIUKYJISIPHBIC TUIOIIAAKH, HA KOTOPBIX KacaTeIbHbIC HAMPSIKECHUS PABHbI HY-
mo. Takue rmmomaaky Ha3bIBaKOTCS TJIaBHBIMH, 4 HOPMAJIbHBIE HANPSIKECHUS, JCUCT-
BYIOIME HA 3TUX IUJIOMIAJKaX, HA3BIBAIOTCS TJIaBHBIMM HOPMAJbHBIMU WJIA MPOCTO
TJIaBHBIMU HanpsbDKeHUsAMU. HanmpaBiieHUs riaaBHbIX HANPSHKEHWM HA3bIBAKOTCS TJIAB-
HBIMM HAIpPaBJICHUSIMU, WUJIW TJIABHBIMM OCSIMU TE€H30pa HAIpsHKEHUM B paccMaTpu-
BaeMOM TOYKE TeJa.

I'naBHBIE HampskeHHs 0003HauarOT O1, Op U O3. Hymepauus riaBHbIX Ha-

NpsDKEHUN BBIOMpAeTcs Tak, YTOObI MEXAy aaredpandyeckuMy BEIMUYMHAMU STUX Ha-
NPsKEHUH ObIIIM 00€CIIeYeHbl COOTHOLIEHUS 01 2 0o 2 03.
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Ecnu B paccMarpuBaeMoOl TOUYKE Tejla B KAYE€CTBE KOOPIAUHATHBIX OCEN IIPUHSATH
IJIABHBIE OCHU HAIIPSKEHUH, TO TEH30P HAIIPSKCHUN ITOIYYUT BUJ

o] 0O O
Ty=|0 o, 0] (4.3)
0O O O3

DJEMEHT, BBIJCICHHBIM B OKPECTHOCTH pPacCMAaTPUBACMOM TOUYKH TJIABHBIMH
TIOMIAIKaMH, TIOKa3aH Ha puc. 4.2.

I O,

Ci;/—>

Puc. 4.2. 'naBHble HATIPSIZKEHUS

[Ipu BBIOpaHHBIX KOOPAMHATHBIX OCAX X, Y, Z MOJIOKEHHUE MPOU3BOJBHON Ha-
KJIOHHOM IJIOMAAKN OIMPEACIACTCA CAMHUYIHBIM BEKTOPOM BHEIITHEH HOpMaJIA V K
ITOM IUIONIAJKE, COCTABJISIFOIIAM C KOOPAWHATHBIMH OCSIMH YIUIbI O, 3 ©u Yy
(puc. 4.3).KocuHyChbI 3THX YIJI0B Ha3bIBAIOTCS HAMPABJISIONIMMH KOCHHYCaMHU:

| =cosa, m=cosp, n=cosy. (4.4)

Puc. 4.3. BekTop BHelIHel HOPMaJIU K MPOU3BOJIbHON HAKJIOHHON IUIOIIaAKe

HpI/I Bbl6paHHbIX KOOpI[I/IHaTHbIX (01650, € X, y, Z 1 NU3BECTHBIX KOMIIOHEHTAX TCH30-
pa HaHp}I}KCHI/Iﬁ B OTHUX 0OCAX, HJIA OHpCI[CJ'ICHI/I}I IIOJIOKCHUA T'JIaBHBIX IIJIOIIAA0K HUC-
HOHI‘)BY}OT CI/ICTeMy aJIFe6paI/I‘-IeCKI/IX ypaBHeHI/Iﬁ

Tod +Tym+(0,-2)n=0,
rac Z - I''TaBHBIC HaHpH)KeHI/Iﬂ,
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U COOTHOIIIEHUE MEX 1y HAMPABJISAIONUMH KOCHHYCAMHU
12+m2+n?=1. (4.6)
Bcenencreue yciosus (4.6) cucrema ypaBHeHuit (4.5) uMeeT HeHyleBoe peliie-
aue wig |, mu n.
CrenoBatenbHO, ONMpPEaeIUTeNb CUCTeMbl (4.5) moimkeH OBbITh paBeH HYIIHO.
[IpupaBHSIB HYJIIO ONpEACIUTENs CUCTEMbI ypaBHeHHH (4.5), mocie ero pacKpbIThs
HOJYYMM KyOMUYECKOE ypaBHEHHE [T OTPEACIICHIsI BEJMYMH TJIaBHBIX HAMPSDKEHUH

S3-1 % +1,E-13=0. 4.7)
VYpaBrenue (7) Ha3bIBAIOT XapaKTEPUCTHUECKUM ypaBHeHHEM. KodddummeHTs

XapaKTCPHUCTUICCKOI'0 YPAaBHCHUA OIIPEACIAIOTCA BEIPAXKCHUAMUA

— 2 2 2.

Ox Txy Txz
l3=]Tyx Oy Tyz| =0x00,+ 2Ty Ty 1 — 0,12, =0\ Tox—0,T5y.
yx Yy ltyz xYyYz xytyztzx xtyz ytzx ztxy
Tzx Tzy Oz
Ot KO3()PUIIMEHTHl HA3bIBAIOTCS aJre0panyecKuMHU WHBapUaHTaMU TEH30pa
HaIIpsDKEHUM, T.K. IIPYU MOBOPOTE KOOPAMHATHBIX OCEH MX BEJIWYMHBI OCTAOTCSA HeE-
HN3MCHHBIMH.
XapakTepucTUUECKOE YPaBHEHUE UMEET TPU BEUIECTBEHHBIX KOPHS 2 , HAIOLIUX
TPH 3HAYCHHUA I''TAaBHBIX HaHp}I}KCHI/Iﬁ 01,021 0'3. HOI[CTaBJI}I}I IMOOYCPEaAHO 3HAYC-

HUS TJIABHBIX HANPSDKEHUH B JIBa HE3aBUCUMbBIC YpaBHEHHS CUCTeMbI (4.5) u ucmob-
3ys ypaBHeHHE (4.6), MONIy4YrM TPH CHCTEMBbI YpaBHEHHUH, JAlONUe TPH TPOMKHU 3Ha-
geHuit |, M, N, onpexensionue HaNMpaBICHUS IIIABHBIX OCEH HANPSHKEHUH H TOJIO-
YKEHUE TPEX TJIaBHBIX IUIOMIAIOK.

N3 Tpéx TmaBHBIX HANPSHKEHUN OJIHO SBIAECTCS HAMOOJBITMM HOPMAJbHBIM Ha-
MPSOKEHUEM B pACCMATPUBAEMOM TOYKE, OJHO — HAMMEHBIIUM, a OJTHO UMEET Mpo-
MEXKYTOUYHYIO BEJIMUUHY .

01 =Omaxs 03 =Omin- (4.9)
Ecnu nanpsix€HHOE COCTOSTHUE 3a/1aHO B TJIABHBIX OCSIX, T.€. M3BECTHBI TJIaBHBIE
HanpsDKeHUs: 01 2 Oo 2 O3 U IaBHbIe Hanpasienus |, Il 1ll, To nHBapuanTel TEH30-

pa HanpspkeHu# (3) UIMEIOT BH]T
117 =01 +0; +03;

I 50) =010 + 0503 + 0307; (4.10)

|§O) =010203.

3. Oxmasopuyeckue HanpANCeHUs.
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HJIOIHaI[KI/I, PaBHOHAKJIOHHBIC KO BCECM TpeM TJIaBHBIM OCsAM, HA3bIBAIOTCA OKTa-
SAPHUYCCKUMHU IINIOIAAKAMMU. B OKPCECTHOCTHU paCCManHBaGMOﬁ TOYKHW MOJKHO IIpO-
BCCTHN BOCCMb OKTARJIPHUUYCCKUX IIOIIATO0K. HanpaBnyﬁomHe KOCHHYCBI OKTa3JApHUyic-

1
CKUX INIOMAA0K HMCIOT BCIIMYHUHY | =m=n =+x—, a COOTBCTCTBYIOIIWEC YIJIbI

V3

a=B=y= +5474°. Hanpsokenus, AeMCTBYOMME MO OKTA3APUUECKAM IUIOMIAIKAM,
Ha3bIBAIOTCS OKTA3IPUUESCKUMHU HANIPSKEHUSIMU U OTNIPEIETISIOTCS BBIPAXKEHUSIMU

1
Ooxm = 5 (01 +0p + 03)

T = 3\(01-02)2 +(02 =092 +(0g-0p)?.  (411)

Ha puc. 4.4noka3aHa oiHa U3 BOCbMHU OKTa3J[pUUYECKUX IUIONIAJ0K U HampsiKe-
HUS, IEMCTBYIOIIME HA 3TOU TUIOMIAJKE.

Puc. 4.4. Oxrasapuyeckue HaANpsKeHUsI

4. 3Kcmp€Ma]Zbel€ KacameilbHble HANPAJNICEHUA

[To momankam, nmapajieabHbIM OJHOMY M3 TPEX TTIABHBIX HANPABICHUHN U paB-
HOHAKJIOHHBIM K JIByM APYT'MM TJaBHBIM HalpaBJICHUAM, E€HCTBYET TPOHKa SKCTpe-
MaJIbHBIX KacaTeIbHBIX HAIPSKEHUI

_01703.  _02-03.. _01-0?
T3 = » I32 = 121 = :
2 2 2

Hanpsokenue Tq3 ACHCTBYET IO IIOLIAJKE, NapajlieJbHON INITaBHOMY HaIpaB-

nenuto |, HanpskeHue Tg, - MO IUIOINAJKE, MAPAIICIbHOW HAIPaBIeHUIO |, Toq - IO

IJI0IIAIKe, TapajuiesibHOW HanpaBienuto ||l .

N3 yka3zaHHBIX TPEX SKCTPEMAIBHBIX KACATEIbHBIX HANPSKECHUU OJHO, JIEUCT-
BYIOIIIEE MO TUIOMIAAKE, MapalJIeIbHON BTOPOMY TJIABHOMY HAMpPaBJICHUIO, SIBIISIETCA
HanOOJIBIIIM KacaTeIbHBIM HAMPSHKEHUEM B PACCMAaTPUBAEMOM TOUYKE Tela

01—-0 3
Thax =T13 = 5 (4.12)

Ha puc. 4.5 nokazana miomajaka, 1Mo KOTOpOW JAEHCTByeT HaumOoJIblllee Kaca-

TEIbHOE HANPSIKEHUE T oy = Tq3.
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Puc. 4.5. Hau6oabiee kacaTejbHOe HAIPSIZKEHUE

5. Hanpsioicenus Ha niowaokax oouie2o noaoiCceHusl

Ecnu rnaBHBIC HaNpaBieHUS W TJIaBHBIC HANPSHKEHUS W3BECTHBI, TO HaIpsKe-
HUS Ha HAKJIOHHOM TIJIOMIAIKEe OOIIEro MOJI0KEHUsI, BHEIIIHSISI HOPMaJIb K KOTOPOil V
cocTaBIIseT ¢ riIaBHbIMU HanpasieHusmi I, 11, 1l yrasr aq, 05, O3 COOTBETCTBEHHO,

C HallpaBJAIOIMUMHU KOCUHYCAMH | , M, N, OIIPCACIIAIOTCA BBIPAKCHUAMUA
O,y =0yl +0,om+0,3n =04l 2 4 02m2 + 03n2 (4.13)

- 2 2 2 2 _ 2 2 2 2
Ty = \/le +0y2 +0y3—0yy = \/(Gll) +(oom)” +(agn)” — oy, ,

roe Oy = O'1| ; Oy2 =0o2M; Oy3 =03N — MNPOCKIMH ITOJHOTO HANpPsKECHUA O,

JEUCTBYIOIIEr0 Ha paccMaTpUBaeMOM IUIONIAJKe, Ha TIaBHble Hampaienus |, |l u
[l . Haknonnast mutomnaaka o0IIero moJIoKeH!s U ISUCTBYIONINE Ha HEW HAPSKCHUS
MoKa3aHbl Ha puc. 4.6.

Puc. 4.6. HakjoHHAad IUIOIIAAKA 001IEro MOJI0KEeHUs

6. lllaposoii men30p u 0esUamop HaANPHCeHUl

Cpenusis apudmerndeckas BeIMYMHA HOPMAJIbHBIX HaNpsDKEHUM, ACHCTBYIO-
IMX N0 TPEM KOOPAMHATHBIM IUIOMIAJKaM, HA3bIBAETCA CPEHUM HOPMAaJbHBIM WU
THAPOCTATUYECKUM HAMPS)KEHUEM B pacCMaTpUBAEMOU TOUKE

1 1
oy =§(0X+oy+cz) =§(01+02 +03). (4.14)
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CpenHee HOPMAJIBHOE HAIPSDKEHUE OIPEAEIIET BCECTOPOHHEE PAaBHOMEPHOE
PACTSDKEHUE WIIM CKaTHE B pacCMATPUBAEMOM TOYKE M OTBETCTBEHHO TOJIBKO 3a W3-
MeHeHue o0bEMa 3NIeMeHTa MaTepuaia, BBIEICHHOTO y 3Toi Touku. Ecnu oT xom-
IIOHEHTOB TEH30pa HAIPSIKEHUW OTIEIUTh BEIWYMHBI CPEIHET0 HOPMAJIBHOIO Ha-
NpsDKEHUS, CBSI3aHHBIE ¢ 00BEMHON nedopmanueid, TO MOIyYUM KOMIIOHEHTHI Ha-
npspkeHuit Oy —0q; Oy —00; 07 —00; Txy; Tyz; Tzx, CBA3aHHBIC TOJBKO C H3Me-

HeHueM (GOopMbl JIEMEHTa MaTepuaja y paccMarpuBaemMoil Touku. Takum oOpazom,
TEH30P HANPSKEHUN MOXKHO NMPEACTABUTH B BUAE CYMMBI IBYX COCTABIISIFOILINX
TH =Tu[ +ﬂH, (415)
rae Ty — IapoBOM TEH30p HANPSIKEHUN, KOMIIOHEHTAMH KOTOPOTO SBIISIOTCS
CpelHME HANpsKEHUs O(, CBA3aHHBIE TOJIIBKO ¢ 00BEMHON Aedopmary-
€1 3JIEMEHTOB MaTEpUAIIA,;
/[y — IeBuaTop HaIpsHKEHUH, KOMIIOHEHTAMU KOTOPOI'O SABJISAIOTCS IIPUBEIEH-
HBIC BBINIC HAMPSDKEHUS, CBSI3aHHBIC TOJBKO C (JOPMOM3MEHEHUEM dJIe-

MEHTOB MaTepuaia.
[ITapoBo¥i TEH30p HAIIPSKEHUN UMEET BUJ

Op O O
Tyr=| 0 og O | (4.16)

0 0 o

JleBuaTop Hamps>KEHUH 3alChIBaeTCs B popMe
Ox—0p Txy Txz
Ay =| Tyx Oy=0p Tyz | (4.17)
Tzx Tzy 0z=0g

HecmoxHo 3aMeruTh, 4YTO TMEPBBIM HHBApPUAHT JACBHATOpPA HAIPSIKEHUN

I 1 g =0.
Ecim HaHpH)KéHHOC COCTOAHHUE 3aJaHO I''IaBHBIMHW HAIIPAKCHUAMU, TO IH&pOBOﬁ
TEH30p UMEET BUJ

Op 0O O
Ty =| 0 ag 0|, (4.18)
Y| 0

0O O Op

1
rae Og =§(0'1 +05 +03);
B CBOIO OUYEPE/ib, JICBHATOP HANPSHKESHUH MOTYIUT BHU]I
01—-0p 0 0
ﬂH = 0 02 —=0p 0 . (4.19)
0 0 03—=0p
N3 Beipakenwnii (4.11)u (4.14) cnenyer, 4To cpenHee HOpMaiabHOE (THApPOCTa-
THUYECKOE) HAMPSDKEHUE PABHO OKTadAPUUYECKOMY HOPMAIBHOMY HAMPSIKCHHUIO B pac-
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CMaTpUBacMOil TOYKE W 3TU HAMPSDHKCHHS MPOMOPIHUOHAILHBI IEPBOMY WHBAPHAHTY
TeH3opa Hanpsukenuit (4.8), (4.10).

1. Tenzop oegpopmayuii

JlehopMUpOBaHHOE JOCTOSHHE MAJIOW OKPECTHOCTH TOYKH Tejla IPH BHIOpaH-
HBIX KOOPJAWHATHBIX OCSX X, Y, Z, OIUCBIBAETCS TEH30POM e opMaIiuii
( e 1 1. )
X 2ny 2sz
1 1
Thg= Eyyx €y Eyyz : (4.20)

1Y 1Y €
(2 2x 5 ¥zy z

rac EX’ Sy, 82 - OTHOCHUTCJIbHBIC YIJIMHCHUSA B HAIIPABJICHHUHU KOOPAWHATHBIX ocen

WU JIMHEWHbIC KOOPJIMHATHBIC 1edopMalliH;
Yxy: Yyz: Yz» - CABHIH MEXIy KOOPAHHATHBIMU ILIOLIAKAMH (rpansMu ai1e-

MEHTa MaTepHualia, BHIICIEHHOTO Y PACCMAaTPUBAEMOU TOUKH).
Ecnu rnaBHble HanpaBiaeHUs! U3BECTHBI, TO TEH30p Ae(opmaliuii B rI1aBHBIX 0CAX
MMEET BUJ

&1 0 O
Ty;=|0¢g 0] (4.21)
00 €3

rac 81, 82, 83 - JIMHCHUHBIC I[e(l)OpMaHI/II/I B T'JIABHBIX HAIIPABJICHUAX, HA3bIBACMBIC

TJIaBHBIME Je(OpMAIHAMH.

Ecnu ynpyroe TBEpIOE TENO W30TPOINHO, TO HANPABIEHHS TIIABHBIX Jedopma-
Ui COBNAJAIOT C HANPABJICHUAMH COOTBETCTBYIOIIMX TJIABHBIX HATIPSKEHMUIA.

OnHa u3 TIaBHBIX JeGopManuii ABISETCS HAUOOIBIINM OTHOCUTEIBHBIM Y IJIH-
HEHUEM B PACCMATPMBAEMOMN TOYKE, OJIHA — HAMMEHBILMM, a. TPETh UMEET MPOMeE-
JKYTOUHYIO BEJIHYUHY

€1 = Emaxs €3 = Emin- (4.22)

8. O606wénnvui 3axon I yka
Jl1ig TUHEHO-1epOPMUPYEMOTO, YIPYTOro TeJia OCHOBHBIM (PU3UYECKUM 3aKO-
HOM, CBSI3BIBAIONIMM HampspKeHUs u aedopmariuu, spiusercs 3akoH ['yka. J{ms uzo-

TPOIHBIX TEJ MPH HM3BECTHBIX TJIABHBIX HAMPABICHHUSAX M TJIABHBIX HAMNPSKCHUSX,
0000mEHHBIN 3aKk0oH ['yka nMeeT BUA
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€= é[ol (o2 +03)]
€2 =é[02 ~u(oz+0y)] (4.23)

1
€3= E[Gs ‘H(Gl +02)]’

rae E - monyns FOHra;
M - koaddurment [lyaccoHa.

9. O6vémnas depopmayus

VYrupyroe nedhopmupoBaHue Teiaa COMPOBOXKIAECTCA M3MEHEHHEM €ro oObéMa..
Ecnu Hanpsiak€HHOE COCTOSIHME Tella 3aJaHO B TJIABHBIX OCSIX, TO OTHOCUTENIbHAs
00bEMHas neopMalivs Tella OnpenessieTcs COOTHOIICHUEM

1-2u

A=gj+eyp+teg= (01 +0, +03), (4.24)

rae €1, €2, €3 - [NIaBHbIE JeopMaly B pacCMaTpUBAaEMOU TOUKE;
01, O2, O3 - [VIaBHBIC HAIIPSDKEHUS B 3TOM TOUKE.

10. Ilomenyuanvnas snepaus ynpyaot deghopmayuu

[Ipu ynpyrom aedopMupoBaHHHM B MaTepHayie Teja HAKaIJIUBAeTCS SHEPrus,
Ha3blBaeMasi MOTEHIMAIbHON 3Hepruei ynpyroi nedopmanuu. Y aeibHas NOTEHIIM-
allbHas SHEPrusl ynpyrou nedopmaiiiy, HakarjauBaeMasi B KaXI0i equHuie oobéMa
MaTtepuana, s JMHEHHO-1eQOpMUPYEMOT0 YIPYroro Tejla ONpeaesieTcsi COOTHO-
HIEHUEM

1

W= |(0f + 0% +08) - 2(010, + 0203+ 0301)], (4.25)
3Ta 3HeprI/I$I MOXKET 6BITB HpeI[CTaBHeHa I[BYMH COCTAaBJIIIOIIMMHU
W =W, +Wp, (4.26)
re W, =1gEZ“ (01 +0y +03)? (4.27)
- yaeHBHaﬂ IIOTCHIIMAJIbHAs 3HeprI/I$I N3MCHCHUSI 06’BéMa;
W =201 -~ 07)2 + (03 - 03)2 + (03 - 0)? (4.28)

6E
- yZieJibHAs MOTEHIMANIbHAS SHEPrusi GOPMON3MEHEHHUS.
Taxoe npeacraBiaeHue ynpyroi suepruu aedopmaiii COOTBETCTBYET pa3iioKe-
HUIO TEH30pa HAIPSKEHUN Ha IapOBOW TEH30p U JAEBUATOP HANPSKEHUM.



11. Pacuémnule nanpsoicenus

IIpu onieHKE MPOYHOCTH MaTEpHUAIIA, HAXOIALIErOCs B CIOXKHOM HANpsKEHHOM
COCTOSIHUH, HCIIONB3YIOTCS DPa3MuYHble KPUTEPUM MPOYHOCTH, (POPMYJIHUPYEMBIE B
COOTBETCTBUU C MIPUHATON TMIOTE30M MPOYHOCTH. /{151 KOHCTPYKIMOHHBIX METAJIIIOB
B IUIACTUYHOM COCTOSIHUM IIPU OLIEHKE MPEIEIBbHOIO COCTOSIHUS B KauyeCTBE KPUTE-
pUsl TEKYYECTH HMCHOJB3YIOT TaK Ha3bIBAEMbIE PACUETHBIE WJIM 3KBHBAJICHTHBIC Ha-
IPSDKEHUST B PaCCMaTPUBAEMOM TOYKE, BBIYMCISIEMBIE C HCIIOJIB30BAaHUEM TEOPHUH
HauOOJBIINX KaCATENbHBIX HAMPSKEHUI WM TEOPUHU SHEPTUH (POPMOU3MEHEHUS.

[Ipu ucnonp30BaHUN TEOPUM HAMOONBIIMX KacaTelIbHbIX HANPSDKEHUH pacdeér-
HO€ WJIA SKBUBAJIEHTHOE HANPSHKEHUE ONPEEISAETCS COOTHOLIEHUEM

n _ ~ _
Op =01-03. (4.29)
PacuétHoe mnm SKBUBaJECHTHOE HAMPSKEHUE MO TEOPUH dHEpTrum GhopmMousme-
HCHUA ONPCACIIACTCA COOTHOIICHUEM

op =%\/(Gl_02)2"‘(02_03)2"'(03_01)2- (4.30)

PacuérHOE WiM SKBHBAJIEHTHOE HAIPSKEHUE N0 TEOPUM NMPOYHOCTH Mopa on-

PEACTIACTCA COOTHOIICHUEM
AV
Op =01 - Kog, (4.31)
_Oop .
rac K =—= - oTHOIlIEHHE NpCAC/IbHBIX HAIIPSKCHUH IIPU PACTSKCHUHN U CI)KATHUU.
Ooc

Bue 3aBucumoctu oOT HpPIHHTOﬁ TAIIOTE3bl IIPOYHOCTHU paC‘{éTHOC YCIIOBHEC

MIPOYHOCTH B PacCMaTPUBAEMON TOUYKE MPHU JOOOM THIE HAMPSHKEHHOTO COCTOSHUS

HUMEET BU
op <[o], (4.32)

e O - pacuCTHOE UM SKBUBAJICHTHOE HANPSKCHHE B PAaCCMaTPUBACMOH TOUKE;

[O] - ocHOBHOE nOITycKaeMoe HaNpsHKeHHUE PU IPOCTOM PaCTSHKCHHUU.

INPUMEP PEHIEHUSA 3AJAYU Ne 4

C 3agaHHOM TOukKoM M AeTanu cBsi3aHa CUCTEMa JIEKapTOBBIX KOOpAUHAT X, Y, Z.

Pacuérom onpenenensl KOOpANHATHBIE HAIPSYKEHUS B 3TOM TOYKE:!
Ox =80M!la; oy =—-40Mlla; 6, =30MIla;

Txy =—20MIla; Ty, =Ty, =0.
Marepuan gertanu CUYATACTCSA YIPYTHUM UM U30TPOMHBIM C MOIYJIEM YIPYTOCTH

E =200 Mlla koaduimentom Ilyaccona U =0,3. OTHOIIEHUE TpeaeIbHBIX Ha-
IPsDKCHUN TIPH pacTshkeHnn u exatun K=0gp /0= 0,5.1IpoBecTn ucciaenoBanue

HaMPsKEHHO-TePOPMUPOBAHHOTO COCTOSTHUS OKPECTHOCTH TOUKH M neranu.
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Pemenue.

1. M3o0pakaeM €IMHUYHBINA AJIEMEHT, BBIJCJIECHHBIH B OKPECTHOCTH TOYKH M

KOOPJAMHATHBIMU CEUCHHUSIMH M ITOKa3bIBAE€M HAIPSDKEHUS, IECHCTBYIOIIME HAa TPaHsIX
sToro anementa (puc. 4.7).

2. 3anuchiBaeM TEH30p HANPSOKEHUH, CBA3aHHBIN C 33JJaHHON TOYKOM B OCSIX X,

Y, Z
Ox Txy Txz 80 -20 O
Ty =|Tyx Oy Tyz|=|—-20-40 0
Tzx Tzy Oz O O 30

3. Onpenensem anredpandecKre MHBAPUAHTHI TEH30PA HANPSKECHU M
l1=0x+0y +0, =80-40+30=70 Mlia;
— 2 2 2 _

= —80[20- 40[B0+80B0—- 202 = —2400 MI7a*:

Ox Txy Txz
I =T Oy Tys =000, + 2T TyoT —GT2 —GTZ—GTZ_
37 |'yx Yy tyz=YxVYyYz xy'yztzx xtyz ytzx ztxy —
Tzx Tzy Oy

= —80[Z0[B0-3020% = -10810° MIlaS.

2! 0,=30_, (MIla)

Ty=20
—{t,720 | 4040
e
Ox:80

Puc. 4.7. 3ananHoe HANPSIZKEHHOE COCTOSTHUE

4. OnpenernsieM TJIaBHbIE HANPSKEHUs U TJIaBHbIE OCH HampsikeHuit. [{s aToro
3aMHUCHIBAEM CHCTEMY alre0panvecKux YpaBHCHHH OTHOCHTENIBHO TJIABHBIX HATPsI-
KCHUH 2 W HANpaBJSAIONUX KOCUHYCOB |, M, N IIaBHBIX HANPaBICHHIA.

(Ox =) +Tyym+T4,n=0
Tyx +(0oy =2)m+1y,n=0 (4.33)
T +TyMm+(0,=2)N=0
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KOTOPYIO JOIOJIHAEM YCIOBUEM
12+m2+n?=1. (4.34)
C y‘{éTOM 3alaHHbIX BCIWMYMH KOMIIOHCHTOB TCH30pPa H&Hpﬂ)KCHPIﬁ, OTJINYHBIX

OT HYJIsA, IPUBEAEM ITY CUCTEMY K BUY
(8C-%)I -20m=0

- 20 +(-40-2)m=0 (4.35)
(30-3)n=0
12+m2+n?=1. (4.36)

Tax Kak Tz = Ty = 0, 3aKir04aeM, 4T OCh Z SIBISCTCS OJHON U3 TPEX ITIABHBIX

ocell HampsDKEHUH, a HampsbkeHue 2 =0,; = 30MIla — riaBHBIM HaIPSKEHUEM.
Hampasistomiuye KOCUHYChI €10 HaIllpaBJIeHUs, T.€. IIIaBHON OCH Z
| =0; m=0; n=1.
['1aBHBIE OCH HANpPSKEHUH B3aUMHO NEPIEHIUKYISIPHBI, I03TOMY CIIEYIOIINE
IIBE TJIaBHBIE OCH HAIIPSKEHUH pacnonararTcs B IJIOCKOCTH X, Y.

JIns 5TUX HaAnpaBJIeHUN
n=0; 1#0; m#0.

C yuérom N =0 cucreMy paspeliaiiux aireopandeckux ypaBHenuii (4.35)u
(4.36)mepenuiiieM B BHIE

(8C-3)I -20m=0
-20 +(-40-2)m=0 (4.37)
12 +m? =1. (4.38)
Onpenenurens, COCTaBIeHHBIH 13 Kodddumurentos mpu |, m B cucreme (4.37),
IPUPaBHUBAEM HYIIIO
80-%) -20 |_
-20 (-40-3)
Y MPUBOJIUM K KBaJPaTHOMY YPaBHEHUIO
52 - 405 -360(=0,
peliast KOTopoe, MOJIYYUM BEIIMYUHBI IBYX APYTHUX TJIaBHBIX HAIPSOKCHUN
>, =20++/400+3600=8325 MIla
25 =20-6325=-4325Mlla.

5. loacraBum 4 B mepBoe ypaBHeHHe cucteMbl (4.35)u, pemras ero coBmecT-
HO ¢ ypaBHeHueM (4.36)
-3259-20m=0
124+4m? =1
nonyunm | =0,987;, m=-016.
AHanoruuHo, noActasisist 2o = —4325 Mlla BO BTOpOE ypaBHEHUE CHCTEMBI
(4.35)u, pemas ero copmectHo ¢ ypaBHeHueM (4.36),momyunm | =0,16; m =0,987.
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BreimuceiBaem HaﬁHeHHbIe BCINYHUHBI I''TaBHBIX HaHpH)KeHI/Iﬁ H COOTBCTCTBYIO-
e UM HAIPaBJIAIOIC KOCHMHYCHI I'NTaBHBIX H&l’[pil)KCHPIﬁ. HpI/I 9TOM IJIs1 HyMEpalunuu
I'JIABHBIX HAIIPSKCHHUE MOJIB3YEMCs IPUHATBHIM YCJIIOBHEM 01 2 0 2 03.

01 =8325 MIla; I, = 0,987, my = —016; m=0

0o =30 Mlla; l> =0; my = 0; n, =1

03 =-4325 Mlla; |3 = O16; mg = 0,987, ng = 0.

B nmpocrtpancTBe X, Y, Z 10 HANpaBIAOMIMM KOCHHYCAaM CTPOMM IJIaBHBIE OCH

nanpspkenui |, 11, 11l (puc. 4.8).M300pa3um 37eMEHT, BbIICICHHBIN ITaBHBIMHU T1JI0-
magkamu (puc. 4.8;r1aBHBIC OCU IOBEPHYTHI).

Z 1l 03:43,25
MIT
Il A (MiTa)

n,=1 =-0,16 my=0,987 =] —->O'2=30 I

va 7 R J/ >

,=0,987" o 0=8325
S I I I

| “ x4 g

Puc. 4.8. ''1aBHBIE OCH M 3JIEMEHT € IVIAaBHLIMH IJIOIAAKAMHA

6. 3anuceiBaeM TeH30p HampspKeHHi B Touke M B riaBHbIX ocax |, I, 11l u on-
penensieM anredpandecKkue MHBAPUAHTHI 3TOT0 TEH30pa
op0 0 O 8325 0 0

Ty=l0o0, 0|=| 0 30 0 |,
0 0 o3 0 0 -4325
119 =6, +0, + 03 =8325+30-4325= 70 Mla;
119 = 0,0, + 0,03 +030; =8325MB0-30#325-8325@325= ~2400 MTa?;
119 = 010,03 =8325MB00-4325) = ~10801.0° M1Ta®.
C UHBa-

TORNQ
2 ' '3

puantamu lq, lo, |3 cooTBeTCTBEHHO, OTMEYaEM UX TOXKAECTBEHHOCTH H, CIEI0BA-

0
CpaBHUBas BETUYHMHBI AIreOpandecKux MHBAPUAHTOB | 1( ),

TCJIbHO, JOCTOBECPHOCTH BCJIMYMWH I'NTaBHBIX H&Hpﬂ)KCHHﬁ.

7. OHpC,Z[CJ'IHCM BCJIMYMHBI HOPMAJIbHOI'O M KaCaTCJIIbHOI'O H&Hpﬂ)KCHHﬁ, ,Z[CﬁCT-
BYIOIIHNX HA OKTA3JJPUUCCKUX IIOIIaaKaX.

Oy = %(01 +05+03) = % (8325+30-4325) = 2333 MIla

1
Toxm =§\/(01 ~0,)% +(0p —03)% +(03-01)% =
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- %J53252 +7325% +1265% =5184 Mila.

B mpoctpancTse rinaBubix Hanpasienuii I, I, 1l u3zobpaxkaem ogny u3 okTa’a-
prueckux miomanok (puc. 4.9)u mokaspiBaeM HaNpPsHKCHUs, JCHCTBYIONINE HA dTON

1,
5

TUToNIaaKe (U1 OKTadApUIECKOM mmomanku | =m=n=

Puc. 4.9. OkrasapuyecKkue HANPSIKEHUS HA TJIOIIA/IKE

8. Brruucisiem HanboJibIiee KacaTelIbHOE HAIIPSIKEHNE

Thax = 9 ;03 = 8325_;_4325) =6325 Mlla.

HanpspkeHue T, JEHCTBYET Ha IUIOWIAJKE, MapajiIeIbHON TJITaBHOMY Halpas-

aenuto || 1 paBHOHAKIOHHOM K riaBHbIM HanpasiaeHusM | u Il .
N300paxkaeM 1uioniaiKy, Ha KOTOPOM NEHCTBYET HANPSKEHUE T, U MOKA3BI-

BaeM 310 Hanpspkenue (puc. 4.10).

IIIT

9]

Puc. 4.10. [Laomaaka ¢ HAaMOOJbIIUM KacaTeJbHbIM HANPSKEHHEM

9. OnpenenseM BeTUYMHBI TJIABHBIX JedopMaliuii oKkpecTHOCTH Touku M. Cuu-
TaeM MaTepuas JeTaddl JUHEHHO-YIPYTUM H BOCIOJIB3YeMCS COOTHOIICHUSMH
00001ménHoro 3akona I'yka.

g1 = é[ol ~p(oy +03)] = » [105 [8325- 03(30- 4325)] = 43611074,
£ = é[oz ~H(oz+oy)]=— 105 [30- 03(- 4325+8325)| = 09107
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£3= é[()':g ~u(og +05)| = - 05[ 4325- 03(8325+30)] = 386010 *.

10. OmpenensieM OTHOCUTENIbHOE H3MEHEHUE 00BEMa OKPECTHOCTU TOUKH M.
A=g +g,+E5= (436+ 09— 386) 10+ = 140010 4.

11. BoruncnseM yneabHyI0 MOTEHIIMAIBHYIO SHEPTHIO YIIPYTroi aedopMannu

OKpPECTHOCTH TOYKU M:
Vﬂeanaﬂ MOTEHIIMATbHAS SHEPT s U3MEHEHUSI 00bEMa

-2y 1-2
\M/_ (01+02+0 ) S(ZEU)O-(%sz
=w 233%F = 163010 ° MH3 = 1630032
2(2[10 M u

VY aenpHas NOTEHLIMATbHAS SHEPTHUS (POPMOUZMEHEHUS

1+
Wy == l01 —0,)2 + (0 - 03)2 + (03 - 1)

6E
=AWz =309 g2 - 26200073 M - 26200 P A0
2E 212110 M M

IHomaas YACJbHAad IMOTCHIUAJIbHAS SHCPIUsi
W =W, +Wy, = (163+2620)[10° = 27,83EL03H = 2783003 2% ﬂ"’c
M ]I/l
12. OnpenensieM pacu€THOE HampsHKeHHWE B ToUuke M 1o rurnore3e HaubOoJIbIINX

KacaTeIbHbIX HAIIPSIKEHUN
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