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BBK34.47H7 
K301 
Y,D;K 620.1 (075) 

KaypOB TI. B., lllewnam 3. B. Onpe,neneHHe reouerpasecxax XapaKTepHCTHK 
nnoCKRX <PHrYP: }"Ie6HO-MeTo,nH'lecKoe nocooae / fOYBTIO CTI6ITYPTI. CTI6., 

2006.48 c.
UenbIO aacrosnrero yqe6Ho-MeTO,nwrecKoro noc06IDl HBllHeTCH paJBHTHe aa-

BbIKOB CaMOCTOHTellbHOro onpe,neneHIDI reoMeTpH'leCKHX XapaKTepHCTHK nnOCKHX 
<PHrYP. Ylfe6Ho-MeTo,nHtleCKOe noc06He co,nepJKJ{T 06IIJ;He Tpe60BaHIDI K BblnOnHe
IDIlO paclfeTHo-rpa<pHlfecKoii paoorsr, KpaTKHe CBe.neHIDl no TeopHH, sapaanru aa

,naHHii H npHMepbl pacxera.
Ylfe6HO-MeTo)l;H'fecKoe nocofiae npemrasaasaerca )l;llH CTY,neHToB cnenaans-

HocTeii 150405 (170400), 24040100 (260300), 140104 (100700), BbInonHHlOIUHX 
paClfeTHo-rpacPwreCKYIO pa60TYno KYPcy "ConpoTHBJIeHHe MaTepHallOB". 

Ta6n. 5.lfun. 26. 

PeueH3eHTbl: noueer Ka<pe,npbl reoperaaecxoa H npHKn~HOii MexaHHKH 
CaRKT-TIeTep6yprcKoro rocy,napCTBeHHOrO YHHBepcHTeTa HH<pOPMa,uHOHHbIX Tex
aonoraa. MexaHHKH H onTHKH, xaazt, <pH3. - MaT. Ha)'KA. f. KpHBomeeB; 

3aB. KacPe,npoii MaTepHanOBe,neHIDl H TeXHonOrHH MamHHOCTpoeHIDl CaRKT
TIerep6yprcKOro rocy.napCTBeHHoro TeXHonOrH'leCKOrO YHHBepCHTeTa pacTHTenI,· 
HbIX nonHMepOB, KaH)];. TeXH. aayx, npo<peccop 10. H. Macnos. 

TIO,nroTOBJIeHO H·peKOMeH,lJ;OBaHO K neqaTH KacPe,npoii COnpOTHBJIeHIDl MaTe
pHIIJlOB rOYBTIO CaHKT-TIeTep6yprcKoro rocy,napCTBeHHoro TeXHonOrH'le<:Koro 
yHHBepCHTeTa paCTHTenbHldX nomorepos (rrporoxoa N!!l OT 30 asrycra 2006 r.), 

YTBepJK,neHO K H3,naHHlO MeTo)l;WleCKoii KOMHcCHeii <PBKYnbTeTa MexaHHKH 
aBTOMaTH3HpoBaHHblX npOH3Bo,nCTB fOYBTIO CTI6fTYPTI (nporoxon N'!! 2 OT 17 

OKTH6pH 2006 r.). 

Peaaxrop H KOPpeKTOP T. A. CMHpHOBa TeMMaH 2006 r., n03. 136 
TeXH. penasrop Jl. .H. THToBa 

ceTHlUl.
Tlonn.K nesara 30.10.06. <1>opMaT 60x84/16. BYMara THn. N!!l. Ilesars o<p
 
Iles, n, 3,25. Yq.-H3,n. n, 3,25. THpaJK 100 3K3. ili,n N!! 136. UeHa "C". 3aKa3 .(JU6.
 

PH30rp rOYBIlO CaHKT-IleTep6yprcKoro rocy,napcTBeHHoro TeXHonOrHlJ.eCKOrO
acP

yHHBepCHTeTa pacTHTenbHbIX nomosepoa, CTI6., 198095, yn. HaaHaqepHldX,4. 

torOYBllO CaHKT-lleTep6yprcKHH 
rocy~apcTne:::r:::rr..:::n TeYJICnCrIPIec!Cffi 
yHHBepCHTeT paCTHTenbHblX nonaxepos, 2006 

BBE~HHE 

CTY,neHTbl ,naeBHoii <pOPMbI o6yqeHIDl, H3yqaIOIl(He KYPC "Conporaaneaae Ma

TepHIIJlOB", BbInOnHHIOT pacserao-rpaeasecsyro pa60TY "Onpenenenae reonerpa

qeCKHX XapaKTepHCTHK nnOCKHX <pHI"yp". Pa60TaBblnOnIDleTCJI COmaCHO IIIH<PPY sa

,naHHH B BH,ne rpexsaaxaoro xacna, nonysaevoro CTY,neHTOM OT npenonasarena, Be

)];ylIlero npaxrasecxae 3aIDlTIDl Brpynne. 

TIepBaJI l(H<ppa unt:cPpa yxaasrsaer cxesry CelJeHHH H3 ratin. 4. 3~aHHaJI cxesta 

COCTOHT H3 KOM6HHal(HH cne,ZJ;yIOIIlHX 3neMeHTOB cexeaaa: nayraspa, msennepa, no

t' nOCbI, OIJ;Horo ana zrsyx yronxos, CTY,neHTaM MeXaHwrecKHX cnenaansaocrea cne

I zryer Bbl6HpaTb HeCHMMeTpHlfHoe ceseaae (I BapHaHT 3~aHHH), a CTY,neHTaM HeMe

I XaHH'leCKHX cnetraansaocreit - CHMMeTpHlJHOe ceseaae (II BapHaHT 3~aHHH). 
I 

BTOPaJI H rpersa llHcPPbI IIIH<PPbI yKa3bIBaIOT aa HOMepa HnHpaaaepsr3neMeH
I TOB B 3~aHHOM ceseaaa, npHHHMaeMhIX no Ta6n. 5. Hanpaaep, npa IDH<ppe 074 HI 

sapaasre 33,naHHH Heo6xo,nHM0 B3J1Tb ayneBoii BapHaHT aecasoaerpasaoro CelJ.eHIDl 

H3 ratin, 4. 3~aHHOe cexeaae B 3!0M cnysae COCTOHT H3 ztayraspa, msennepa H 

yronxa. Torna no Ta6n. 5 BbI6HpaeTCJI, cornacao sropoa l(H<ppe marppa, ce,nbMaH 

CTpOKa ,lVUI aoxepa nayraapa H, cornacao rpersea UH<Ppe IIIH<PPa, sersepraa CTpOKa 

- ,lVUI HOMepOB tnsennepa H yronxa, 

B HCXO,nHbIX ,naRHbIX K pafiore cnenyer noxasars cxessy ceseaaa H KaJK,nhIii 

3neMeHT 3TOro CeqeHHH CyKa3aHHeM He06xo,nHMbIX paaaepos H uearpansasrx ocert 

BbI6paHHyIO HYMepal(HIO 3neMeHTOB CelJ.eHIDl cnenyer coxpaasrs B reseaae sceii 

pa60TbI. lli06paJKeHHe craaaaprasrx npocPuneii (yronxos, msennepos, ,nBYTaapOB) 

,nOnyCKaeTCH BbIllOnHHTb ynpomeaao 6e3 saxpyrneaaa B yrnax H HaKJIOHa BHYTpeH

HHX 1l0BepXHOCTeii nonox ,nBYTaBpOB H IIIBennepOB. OCHOBHbIe pasaepsr H reosrer

pasecxae XapaKTepHCTHKH ,nnx KaJK,norO craanapraoro snesreara sanaaaoro cese

HHH npaaeneasrBTa6n. 1 - 3 nocofias, 
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.[{.mI3ll,1l;aHHOro B patiore cexeaaa TPe6yeTcH: 

1. Bsmacars HCXO,lUIbIe ztaaasre. 

2. Orrpenenarr, nOJIO)l(eHHe nearpa TH)I(eCTH ceseaas, 

3. Paccsarars MOMeHTbI HHepnHH ceseaaa OTIIOCHTeJIhHO uearpansasrx ocea. 

4. HaiITH nOJIO)l(eHHe fJIaBHhIX ocea 1'1 aaaseaae rJIaBHbIX MOMeHTOB HHepnHH 

1. KPATIGIE CBE~HIDI no TEOPHH 

Ilpa H3Yl:feHHH BOnpoCOB npO'lHOCTH, )l(eCTKOCTH 1'1 YCTon'lHBOCTH crepxaea 

B03HHKaeT Heo6xo,nHMOCTL onepapoaars CJIe,ll)'IOIQHMH reoaerpasecxaaa xapaxre

pHCTHKaMH norrepexasrx CeqeHHR, TaKHMH, KaK: 

(PJIH HecHMMeTpHl:fHOrO Ce'leHHH). 

5. BLI'IHCJIHTL MOMeHTbI conpOTHBJIeHHH H P~YCLI HHepU;HH CeqeHHH OTHD

CHTeJILHO rJIaBHhIX neHTPaJILHhIX ocea, 

6. npHBeCTH xepreac aanaaaoro ceseaaa aa nOCJIe,lUIeM JIHCTe pa60TbI C YKaJa

HHeM Heo6xoiUlMbIx paassepoa H COOTBeTCTB)'IOIIJ;HX oceii. 

Pa60Ta BLmOJIHHeTCH sa O,nHOR cropoae craaztapraoro JIHCTa «popMarn A4 

(210 x 297 MM) aepTHKaJILHOrO pacnOJIO)l(eHHH 1'1 6poIIIlOpyeTcH no JIeBOMY nomo 

6YMarH. TeKcT 1'1 BbInOJIHHeMLIe pac'IeTbI rranryrca '1epHHJIaMH, pHCYHKH BLInOJI

HJIIOTCJI KapllH,l:\aIIlOM C 06J13aTeJIhHEJM co6mo,lleHHeM MacIIITa6a, KOTOpLIH BLI6H

paercs CaMOCTOJlTeJIhHO 1'13 COO6pa)l(eHHR HaHny'lWeH BhIpaJHTeJIhHOCTH sepreaa, 

Pacser cnenyer corrposozcaars 3aroJIOBKaMH C yKaJaHHeM HX H)'MepaU;HH 1'1 

KpaTKHMH nOHCHeHHHMH ,lleKCTBHR. B aHBJIHTHl:feCKHX BLIKJI~KaxcHaqBJIa 3aIIHCLI

BWOTCJI <popMYnLI, a 3aTeM no,ncTaBJUII()TCH 'IHCJIeHHhle 3Hal:feHHH CHMBOJIOB. B HTO

roBLIX pe3YJIhTaTaX ,nOJI)I(Ha 6LITL yxasasa paaaepaocrs. B OKOH'lareJILHhIX pe3yJIL

rarax cnenyer COXPaRJITL TOJILKO onpaanaaaoe KOJIHl:feCTBO 3Ha'laIQHX IJ;H<pp. 

06pa3eu; O«popMJIeHHH THryJIhHOro JIHeTa rrpencrasnea B n. 4 ztaasoro rroco

6HJl:. 

nOCJIe c,na'lH pa60ThI aa nposepxy npOBO.u;HTCH ee aamara, .u;JIJl: nonroroaxa K 

KOroPOH CTY,neHTY u;eJIeCOo6paJHO HaHTH OTBeTLI na KOHlpOJILHLIe BOnpOCLI, npase

,neHHLIe B n, 5 ,naHHOrO noco6HH • 

J
 
I
 
f 
I 

• CTaTH'leCKHe MOMeHTLI nnOIIJ;a.u;H; 

- MOMeHTLI HHepIJ;HH CeqeHlrn; 

- MOMeHTLI conpOTHBJIeHHH; 

- pa.nHYCLI HHepU;HH. 

3TH XapaKTepHCTHKH B carry csoero Y3KOro rrpaxnaaaoro 3Ha'leHHH B 06IIJ;eM 

xypce reosrerpaa He H3Yl:fBlOTCJI, TaK KaK HMelOT npaaeaenae B OCHOBHOM B npene

nax 3a,naq conpOTHBneHHH crepxaea Pa3JDf'lHEJM BH,naM ,ne«popMaQHH. 

Ilnomaas JlBJIHeTCJI npocreanrea reoaerpasecxoa xapaKTepHCTHKOH 1'1 HMeer 

paJMepHOCTh H 
2. Ecna npe.n;CTaBHTL ce6e, 'ITO nonepesnoe ceseaae COCTOHT 1'13 6ec

'IHCJIeHHoro MHO)l(eCTBa aneaearapasrx nnonranox dA (PHC. 1), TO nnomans scero 

Ce'leHHH A 6y,neT paaaa 

A = fdA. (1) 

PHc.l 

y 

zo 
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---,

OrMeTHM ABa BIDKHbIX CBoHcTBa nJIOIUaAH: OHa scerna nOJIO)l(HTeJIbHa H He sa

BHCHT OT BhI60pa CHCTeMbI KoopAHHaT. 
OPMhl

OCTaJIbHble reOMeTpH'leCKHe XapaKTepHCTHKH 3aBHClIT He TOJIbKO OT 4J H 

pasxepoa ceqeHHH, HO TaIOKe H OT nOJIO)l(eHHll oceii H rosex, OTHOCHTeJlbHO KOTO

phlX ORR BbI'IHCJIlIK}TClI. 

~-------...,"""...._.......---------------_._------
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PHc.2 

PacCMoTpHM, aanpaaep, ABa crrysas H3rn6a CHJIOH P KOHCOJIbHOH 6aJIKH nps

MOyroJIbHOro nonepe'lHOrO ceseaas (PHC. 2). O'leBHAHO, 'ITO BeJIHqHRa nporn6a B 

nepaox crryxae 6YAeT 60JIbWe, qeM BO BTOpOM (fl > fz)· TaK KaK llJIOIUaAb nonepes

aoro ceseaas He H3MeHHJIaCb, TO OHa He BJIlUleT aa nporn6. ManbIH nporn6 BO BTO

pOM cnysae 06yCJIOBlIeH TeM, 'ITO nonepe'lHbIe ce'leHIDI 6anKH rrpa H3rH6e nosopa

'iHBwC-::;;l aoxpyr 0CH: Y, OTI!OC-l'ITeJThHO K()TOpoil: MoMeHT HHepIJ,HH npzaoyromaoro 

6 

nonepessoro ceseaaa Iv 3Ha'lHTeJIbHO 60JIbWe (KaK 6YAeT nOKa3aHO B pasnene 1.2, 

Iy =b· h3/12), 
qeM OTHOCHTeJIbHO OCH Z, TaK KaK Iz =h'b3/12 (rrpa h > b). 

1.1. CT8TB'IeCKHe MOMeHTbl nJIOmMH H ueHTp TSOICecrH CeqeHHH 

CmamU'IeCKUe MOMeHm61 1fJlo~aou ceseaas OTHOCHTeJJbHOocea Z H Y (PHC. 

3) onpeaensrorca no CJIeAYJOIIJ,HM 4JoPMYJIaM 

Sz = fY'dA, (2) 
A 

Sy=fZ'dA, (3) 
A 

rae A - nnomaas cesenas; dA - 3JIeMeHTapHalI nJIOW;MKa; Z H Y - KOOPAHHaThl 

3JIeMeHTapHOH nnoutaaxa B OClIX Z H Y (PHC. 3). 

y z 

zo 

PHc.3 

ECJIH OTO)l(AeCTBHTh Ka~ 3JIeMeHTapH)'lO nnomanxy C CHJIoi!:, Aei!:cTByro

w;ei!: nepneHAHKyJIJIpHO llJIOCKOCTH JIHCTa, TO Ka)l(Aoe H3 Bblpa)l(eHHH (2) H (3) MO)l(

HO paccxarpaaars, KaK cyMMY MOMeHTOB CM OTHOCHTeJIbHO ocea Z H Y, COOTBeTCT

BeHHO. Torna, cnezrys H3BeCTHOH H3 reoperasecxoji MexaHHKH reopexe Bapaasoaa 

o MOMeHTe paBHOAeHCTBYJOw;eH, nOJIY'lHTCJI 
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'\.-

Sz = fy·dA=A·yc,	 (4) 
A 

s, = JZ.dA == A·zc. (5) 
A 

za 

PRc.4 

KoopouHambl ~Hmpa tnR:HCecmu Yc H Zc Ce'leHIDI nnomaztsio A (pHc.4) 

onpenenaiorca H3 BbIpIDKeHHH 

Sz 
Yc ==A-' (6) 

Sy
zC=A' (7) 

ECJIH ceseaae, uanpassep, COCTOHT 113 npocretinrax <pllryp C DJIO~a,LlHMH Al R 

Az (PRC. 5), TO CTaTH'leCKHe MOMeHTbI nJIO~~ Onpe,LleJIHIOTCH BbIpalKeHIDIMR 

Sz 
n 

=LA;. Yc; =A[·Ycl +~. Ycz, 
;=[ 

(8) 

n 

s, =LA; ·zc; == Al ·ZC[ +Az 'Zcz, 
;=1 

(9) 

rne YC! R ZC!. YC2 R Zr:2 - KOOpJIHHaTbI uearpos THlKeCTR npOCTeHUIHX cPRryp. 

'I 

I 

:'1 8 

,i\1 

I. 
i' 

Zc	 

z 
il 
.; 

PRc.5 

KOOp,LlRHaTbI uearpa TjI)KeCTH Yc R Zc scero CeqeHIDI, cocrosmero H3 

npOCTeHIIIHX q>Hryp (PRC. 5), onpe,LleJIHJOTCH R3 BbIpalKeHHH 

n 

L A; . ze; Al . ZCl + A
2 

• ZC2 
Z = ;=1 n == A 

(10)
C	 LA; 

;=1 

n 

LA; . Ye; Al . YCI + A
2 

. YC2 
- ;=1 n ::: AYc (11) 

LA; 
;=1 

r,Lle A =Al +Az - DJIO~a,Llb Bcero Ce'leHIDI. 

CTaTH'leCKHe MOMeHTbI nJIO~a,LlH Ce'leHIDI OTHOCHTeJIbHO l(eHmpflJlbHblX ocea 

(ocea, rrpOXO,LlHlIUfX xepea QeHTp THlKeCTH nonepesaoro ceseaas) pasasr HYJIlO, TaK 

KaK KOOp,LlHHaTbI QeHTpa THlKeCTR B 3THX OCHX6y.LlYT raxxe pasasr H)'JIIo. 

CTaTH'leCKRe MOMeHTbI nJIO~a,LlH MOryr 6bITb nOJIOlKHTeJIbHbIMH H orpaua

TeJIbHbIMH B 3aBRCBMOCm OT BbI60pa ocea, OTHOCRTeJIbHO KOTOpbIX OHR onpene

JIHlOTCH. CTaTH'IeCKHe MOMeHTbI DJIO~a,LlH HMeIOT pa3MepHOCTb M
3• 
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y1.2. OceBLle, DOJJHpRLdi H l.{eRTpo6e*RLIH MOMeRTLI HRepuH" ce'leRHH 

06
y 

z raamzzz4=== 
I . :1;I z+-._.J•.ell O· ._. 

I. .I
I 
III 

i +I _bz 
PRc.7 o 

Pa3MbIllIJUIj[ aaanonrsasra 06Pa30M, aaxonaa, 'ITO oceaoa MOMeHT HHepURHPHc.6 

Oce6",e MOMeHm", UHep~UU CeqeHIDI OTHOCRTeJIbHO ocea Z R Y onpene- npJIMoyronbHRKa OTHOCRTenbHO ero BepTHKallbHOH OCR Y paaea 

JUllOTCJI no cne.zo1O~M $oPMYnaM I _ h·b
3 

y -- 

I z := Ii·dA, (12) . 12 (15) 

A OOMPH"'" MOMeHm uuepuuu Ce'leHIDI OTHOCRTeJIbHO .n;aHHOH TOqKH (nomo

ca) onpeJIenJIeTCJI no epopMYnet, := fZ 2.dA , (13) 

A I p =fp 2 .dA, (16) 
rne A _ nnomans Ce'l.eHIDI; dA - 3neMeHTapHaJI nnoIIl,a,llKa; Z R Y - KOOp,llHHaThI A 

3neMelITapHOH nnOIIl,a,llKH B OCJIX Z R Y (PRC. 6). r.n;e p - paCCTOJIHRe OT 3neMeHTapHOH nnomanxa dA JIO nomoca (PRC. 6). 

B HeKOTopbIX npocrsrx cnyxasx ocessreMOMeHTbI RHepUHH MO:lKHO BbI'lRCJllITb Onpenenaa nOnJIpHbIH MOMeHT RHepUHH Kpyra OTHOCRTenbHO ero nearpa 

aHanHTIf'leCKH. Onpe,llenHM, nanpaaep, oceaoil MOMeHT RHepUHH npJIMoyronbHRKa (pRC. 8). BbI,lleJIHM aa paCCTOJIHHH p OT uenrpa xpyra anexretrrapaoe xonsuo mapa-

I OTHOCHTenbHO ero ueHTPallbHOH ropR30HTanbHOH OCR Z (PRC. 7). HOH dp. Torna dA =2 • 7t • P • dp R 

BbI,llenHM aa paCCTOJIHRR y OT OCR Z 3neMeHTapH)'IO nonocxy BbICOTOH dy R 
R 4 4 

I p = f2 . ;r . p3 .dp =;r. R =;r. DnmpHHOH b. Ilnomans 3neMeHTapHoH nnOIIl,a,rJ;KH 6y,lleT pasaa dA =b . dy R (17)
o 2 32' 

h
 

2 2 b-h3
 

'II' I z := fy -b-dy ==,-;;- (14)
h..l.... . 

2 
1\\\" 

II 10 11
 
II

I,I
 

'It ;1e7 l . '.SlWt. 
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.l' 

Zl =- Z H Z2 = Z (pac.S), Torna n;eHTp06elKHbIH MOMeHT HHepIJ;HH ceaeaas OTHOCH

TeJIbHO n;eHTpaJIbHbIX ocea Z H Y 6y.n;eT pasea O. 

IZy = fz. y·dA = fZl' Yl ·dA + fZ2' Y2 ·dA = 
A ~ ~ 

2 2 

= fC-Z)'Y'dA+ fZ·Y·dA=O. (20) 
A A 

'! • 2 2 

! 
1PRc.8
 

B cnysae, xorna nOJUlpHbIK MOMeHT HHepn;HH Bbf'iHCJIlieTClI QTHOCHTeJIbHO aa

2 2 .2 
sanaCHCTeMbI Koop.n;HHaT, TO P =Y + Z H z 

(18)Ip=.Iz+Iy. 

BeJIl{qHHbI nonspaoro H ocessrx MOMeHTOB HHepIJ;HH cexeaaa scerna 60JIbWe 

H)'JUl.
 

/{eHmpo6e:HCHblU MOMeHm UHep~uu Ce'ieHHlI OTHOCHTeJIbHO oceH Z H Y on- PRc.9
 

penensercs no lj>opMYJIe 

B cnysae, xorzta cesenae He HMeeT ocea CRMMerpHH, TO MomHO npOBeCTH Ta
IZy =. Jz·Y·dA (19) 

me ,ZJ;Be B3aHMHO nepneannxynapasre OCH, OTHOCHTeJIbHO KOTOpbIX n;eHTpo6elKHbIH A ' 

MOMeHT HHepIJ;HH 6y)J.eT pasea aymo. OCH xoopzranar, OTHOCHTeJlbHO KOTOpbIX
r.n;e A _ nnomans ceseaaa; dA - 3J1eMeHTapHalI nJlOw;a,uKa; Z H Y - xoopnaaarsr 

ueHTpo6emHbIH MOMeHT· HHepn;HH pasea aymo, aaasrsaerca maSHblMU .OCRMU 
3JIeMeHTapHOH nnontansa B OClIX Z H Y (pHC. 6). 

4• unepuuu. ECJlH rnasasre OCH npoxonsr sepes uearp TJDKeCTH cesenaa, TO OHH aa
MOMeHTbI HHepIJ;HH HMelOT pasaepaocrs M 

3bIBllIOTClI iRasHblMu ~eHmpanbHblMUOCRMU HHepn;HH cesenaa. 
l.l.eHTpo6elKHbIH MOMeHT MOlKeT 6bITb nOJIOlKHTeJlbHbIM, oTptmaTeJlbHbIM H 

MOMeHTbI HHepIJ;HH Ce'leHUR, cOCmORUfe20 In npocmux f/Juzyp, MOlKHO onpene
paBHbIM H)'JIIO. l.l.eHTp06elKHbIil: MOMeHT HHepIJ;HH scerna pasea HYJIIO npa ero BbI

JIHTb KaK CYMMY COOTBeTCTBYIOWHX MOMeHTOB HHepIJ;HH ero COCTllBHbIX lj>Hryp OT
'1HCJleHHH OTHOCRTeJIbHO nsyx nepneH,IJ;HKYJIlIPHbIX ocea, eCJ!H XOTlI 6bI o,uHa H3 HHX 

HOCHTeJIbHO TOM lKe OCR. 
lIBJUleTClI OCblO cHMMeTpHH. Harrpasrep, ,ZJ;JUl cHMMeTpWmoH lj>HrypbI B BH,ZJ;e pasao

I
 
I
 

6e.n;peHHoro TpeyroJIbHHKa scerna MOlKHO BbI,ZJ;eJlHTb napy 3J1eMeHTapHbIX llJIOW;a,uOK
 

dA, KlllK.n;alI H3 KOTOpbIX 6y.n;eT HMeTb o,uHHaKoBYIO no 3HaKY Koop,uHHary Yl = Y2 =
 

= Y H pasasre no BeJIH'iHHe, HO npoTHBOnOJlOlKHbIe no 3HaK)' KOOp.n;HHaThI
 
11
 

1\1
 

I 12 13 
, < I 1 
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1.3. 3aBHcHMoCTH Me»(JJ,y MOMeHTaMH HHep"HH ce..eHHH OTHOCHTeJlLHO na

PaJIJle.rIbHbIX oceii 

ECJlH H3BeCTHbI MOMeHThI HHepIUIH OTHOCHTeJThHO c06CTBeHHhIX neHTPaJIbHhIX 

oces ZI H Y1, TO MO:ll<HO onpenemrrs MOMeHmb' unepuuu ceueuun OmHOeUmeJIbHO 

napaJlJleJIbHbIX 11M oeeu Z H Y, CMem;eHHbIX OT neHTpaJIbHhIX OCeH ZI H Y1 sa pac

CTO'lHIDI b H C COOTBeTCTBeHHO(PRC. 10). 

Onpenemoa ocesoa MOMeHT HHepU;HH OTHOCHTeJThHO OCH Z. KOOp,ll,HHaTbI 3JIe

MeHTapHOH r:m0m;a.,n:KlidA B HOBOB CHCTeMe xoopnaaar 6y,!J;YTpasasr y = y1 + b H 

Z= Zt+ C, rorna 

fy 2dAIz == = fcY, +b)2dA == fy,2dA+2b fY1dA+b
2 fdA, (21) 

A A A A A 

PRc.l0 
II 

B BbIpa:ll<eHHH (21) nepasnt HHTerpaJI pasen ocesoxy MOMeHry HHepUHH OTHO

II CHTeJThHO u;eHTPaJIbHOH OCH Zt. BTOPOH HHTerpaJI 6Y,lI,eT pasea CTaTHqeCKOMy MO

I MeHry nnomana CeqeHIDI OTHOCRTeJThHO n.eHTPaJIbHOH OCR Zt. paanosry symo, TPe

ill 

14 

,.......... \ 
\'<:''<:') 

T - T -L 1- 1.2 
... Z - "'Z1 I ~ v, 

I p
TII.R HHTerpaJI ztaer nnontam, CeqeHIDI A. TaKHM 06paJOM, 

2Iy=Iy1+A'c (23), 

I zr == I ZlYl + A . b . c . (24) 

ECJIII. R3BeCTHhI saaxeaaa MOMeHTOB HHepn.HH OTHOCHTeJIbHOu;eH'I'paJIbHhIX ocea 

COCTaBHhIX !pRryp, TO MOMeHmb' uuepuuu OJZR CJlO3ICHOU rjJuzypb' OTHOCHTeJIbHOna

, PaJIJIeJIbHhIX HM ocea Z R Y onpe~eM1OTC'I no !P0PMYJIaM
 
I
 
I n
 r t, == '" (Iz' + A. .b2

)L..J I I I , (25)I, 
i~' 

I 

~ 
I 

I y =L
n 

(IYj + A; .c;) ,I (26)
;=, 

n 

I Zy = L(IziYi + Aj -b-, cJ. (27) 
i=' 

1.4. MOMeHTbl conpOTHBJleHHH II pa.a:nyCbl HHepnHII ce..eHHH 

Oee861MU MOMeHmaMU conpomueneuus CeqeHIDI OTHOCRTeJIbHO ocea Z H Y 

HaJhIBlUOTC'I BeJIH'lHHhI Wz R Wy, onpenenaeusre COOTHOrneHRjiMH 

I z .. 
Wz (28)= IYMAXI' 

I y 
y (29)W == IZMAXI' 

rae IYMAXI R IZMAXI- COOTBeTCTBeHHO HaR60JIbIlrne paCCTO'lHIDI OT ocea Z R Y ,lI,0 

aaafonee Y,lI,aJleHHhIX TOqeK ceseaas. 

llOJZRpHWM MOMeHmOM conpomuenenus HaJhIBaeTC'I BeJIH'lHHa, onpenenae-

MM BbIpa:ll<eHHeM 

Wp=-p , (30) 
'f MAX 

15 

~""";"("""''i'¥#''h"I.,,,,,,,,'W~.:::,,,,,,~ •.".,.,. ,J
,rW';'hie T"" nf b ........",.~ .....
$ " 

Н
А
УЧ

Н
О

-И
Н
Ф
О
Р
М
А
Ц
И
О
Н
Н
Ы
Й

  Ц
Е
Н
ТР

  С
А
Н
КТ

-П
Е
ТЕ

Р
БУ

Р
ГС

КО
ГО

  Г
О
С
УД

А
Р
С
ТВ

Е
Н
Н
О
ГО

  Т
Е
Х
Н
О
ЛО

ГИ
Ч
Е
С
КО

ГО
  У

Н
И
В
Е
Р
С
И
ТЕ

ТА
  Р

А
С
ТИ

ТЕ
ЛЬ

Н
Ы
Х

  П
О
ЛИ

М
Е
Р
О
В

 





__

, ' 

rne PMAX - Hlrn6oJIl,IUe paCCTOXHHe OT nOJIlOCa ,lIO HaH60JIee Y,lIaJIeHHOH TOqKH ce

lJeHIDl. 

J
MOMeHTLI COnpOTHBJIeHWI HMelOT paJMepHOCTb M • 

Pa()UYCaMU UHep~UU nonepesnoro CeqeHIDI OTHOCmeJIbHO ocea Z H Y 

H33bIBalOTCSI BeJIIflrnHLI, cnpenensesaae COOTBeTCTBeHHO H3 BLIpa)f(eHHH 

J!i,
iz = (31) 

iy=J!j. (32) 

Pa,lIHyCLI HHepIUiH HMelOT p33MepHOCTb ,llJIHHbI (M). 

MOMeHTbI COnpOTHBJIeHHSI H Pa.llHYCLI HHepU;HH HMelOT ncerna nOJIO)f(meJIbHbIe 

BeJIH1JHHbI. 

3JUlunCOM UHep~UU HaJLIBaeTCSI 3JIJIHnC, noayocsaa KOTOpOro jffiAAIOTCSI fJIaB

HbIe Pa.llHYCLI HHepU;HH. 3JIJ1HITC HHepU;HH nOKaJbIBaeT H3MeHeHHe MOMeHTOB aaep

II;KH CeqeHWI npa nOBOpOTe OCeH KOOp,llHHaT. 

1.5. H3MeHeH"e MOMeHTOB "Hepu"" UpH UOBopoTeoceii Koop~HHaT 

ECJIH H3BeCTHbI ocessre H u;eH1p06e)f(HLIH MOMeHTbI HHepIUiH OTHOCHTeJIbHO HC

XO,llHbIX oceHZ H Y, TO MO)f(HO onpenenars MOMemLI HHepU;HH OTHOCHTeJIl>HO ocea U 

H V, nOBepHYTLIX aa YTOJI a (PHC. 11). 

3aBHCHMOCTH Me)f(,lly KOOp,llHHaTaMH 3JIeMemapHoH IIJIO~a.lIKH dA B HCXO,llHbIX 

H nOBepHYTLIX OCSIX6Y,lIYT onpenensrscs BbIpa)f(eHHSlMH 

u =y·SIN(a)+z·COS(a), (33) 

v =y·COS(a)-z·SIN(a). (34) 

16 

r
 r
 

Pac.j I 

MOMeHTbI HHepU;HH OTHOCHTeJIbHO nOBepH)'TbIX ocea U H V paBHLI 

2'dA,
Iu=fv (35)

A 

i, = fu 
2 

.dA, 
(36)

A 
~ 

I = fU.V.dAuv . (37)
AV 

BbIPa3HM MOMeHTbI HHepU;HH OTHOCHTeJIl>HO nOBepHYTbIX ocea U H V qepe3 

KOOp,llHHaTLI 3JIeMemapHoil: IIJIO~a.lIKH dA B HCXO,llHLIX OCSIX Z H Y 

Iu = f[y·COS(a)-z.SIN(a)f· dA, (38)
A 

t, ~ f[y·Sh.Y(a)+_~_·CQ_'~'Jq)J2·.4L_. 
r' I ., ... '-r~, 1-" , (39) 

A I. \ I, • 

, Ii r... 
I i 
, 

0 17 ~~- r- .~, /} 'v~_:.:_-'. -'J.' \ ~Y--+J-T 1 
, J V'\'" r\:, V 
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t.; = j[y'COS(a)-z'SIN(a)]·[Y·SIN(a)+z.COS(a)]dA. (40) 
A 

IIOCJIe BhJlIHCJIeHIDI anrerpanoa BbIpalKeHIDI MO)I(HO npHBeCTH K CJIe~meM)' BJm)' 

IZ ·COS2(a)-IIu = Zy ·SIN(2a)+Iy ·SIN2(2a), 
(41) 

2(a)+Izyt, = IZ ·SIN ·SIN(2a) + t, ·COS2(2a), 
(42) 

zIUy=IZy.COS(2a)+ 
I -I

Y.SIN(2a) (43)2 

CKJIa,D;blBaJI BblpalKeHIDI (41) H (42), nOCJIe npeotipasosaaaa nOJIY'IHM 

Iu+Iy =Iz+Iy = f(l+z2).dA=Ip • (44) 
A 

TaKHM 06paJOM, c)'MMa oceasrx MOMeHTOB HHepn;HH He 3aBHCHT OT yrna a H 

npa nosopore ocea OCTaeTCH nocroxaaoa H paBHOD nOJIHPHOM)' MOMeHTY anepnaa 

ceseaas, B3HTOro OTHOCHTeJIbHO aasana soopnaaar. 

1.6. r JlaBBLle OCR H r Jl8BRLIe MOMeBTLI RUepQHH 

C H3MeHeHHeM yrna nOBOpOTa ocea a K~blii H3 ocessrx MOMeHTOB HHepn;HH 

MeIDIeTClI, a RX CyMMa OCTaeTCH HeH3MeHHoH. 3Ha'lHT, ecrs raxoa yrOJI a = ao, npa 

KOTOpOM y MOMeHTOB HHepUHH 6yAYT 3KCTpeMaJIbHble 3HalfeHIDI. ,l:LrrH HaxOiK.!l:eHIDI 

3HalfeHIDI ao j303bMeM nepBYJO npoaasonnyro OT Iv H npapaaasea ee K aymo 

~~ =-2·Iz ·COS(ao)·SIN(ao)-2·IZy ·COS(2ao)
(45) 

-2·Iy ·SIN(ao)·COS(ao) = 0, 

oTK)',D;a nOCJIe npeofipasoaarrak nOJIY'IaeM 

2·IZy tg(2ao)= (46)I -Iy • 
z 

18 

IIoJIo)KHTeJIbHoe saaxeane yrna a OTKJIa,D;blBaeTCH OT OCH Z npOTHB xacoaoa 

CTpeJIKH (PHC. 12), a OTpHn;aTeJIbHOe - aaofiopor, no XO~ CTpeJIKH qaCOB. 

C n;eJIbIO nposepxa, HBJIlIIOTCH JIH noaepayrsie aa yrOJI ao OCH rJIaBHblMH, 

npapaaaaesr n;eHTp06eJKHblH MOMeHT HHepn;HH OTHOCHTeJIbHO RX K nymo 

I -I . 
Iuv = IZy·COS(2a)+ z y ·SIN(2a) = 0 (47)

2 ' 

DTKy,D;a nOCJIe npeofipasoaaaaa HMeeM TaKOe JKe asrpaxeaae, KaK H lfJopM)'JIa (46). 

. OCH, OTHOCHTeJIbHO KOTOpbIX n;eHTp06e)I(Hb!it MOMeHT HHepUIfH pasea ayJIIO, a 

oceasre MOMeHTbI HHepn;HH npHHHMaIOT sxcrpeaansaae 3Ha'leHHlI, HaJbIBaIOTClI 

ZJl06HblMU OCRJlfU uuepuuu. ECJIH 3TH OCH HBJIlIIOTCH TaKJKe H uearpansauxa, TO 

OHH HaJbIBaIOTClI ZJl06HbIMU l4eHmpanbHblMu OCRMU. Oceasre MOMeHTbI HHepn;HH 

OTHOCHTeJIbHO rJIaBHbIX oceii HaJblBaIOTCH ZJl06HbIMU MOMeHtnllMU unepuuu. 

Fnaeuue MOMeHmbl unepuuu ceseaas, BbI'l:HCJIeHHble OTHOCHTeJIbHO rJIaBHbIX 

n;eHTpaJIbHbIX ocea CeqeHIDI, 3aHHMaIOmHX nOJIOJKeHHe, onpezrenseaoe lfJopMyJIoii 

(46), HMeIOT CJIe~mHe 3KcTpeMaJIbHbIe 3HaqeHIDI 

I = Iz+Iy _'!- . 1(1 -I )2+4.12 
MIN 2 2 '1 z r ! ZY, (48) 

Iz+Iy 1/( )2 .2
I MAX = '" +"2''1 I z -IyJ +4·/Zy . (49) 

,l:LrrH roro qro6b1 onpenenars, OTHOCHTeJIbHO KaKoii rnaanoii OCH n0JIY'laeTClI 

[0 
MaKCHMaJIbHblii ocesoa MOMeHT HHepn;HH cexeaas, a OTHOCHTeJIbHO KaKoii MHHH

MaJIbHblii, He06xo~0 onpezrenars 3HaK sropoti npOH3BO,D;HOii 

r 2 
d Iu =-2·(Iz-Iy)·SIN(2a)+4·Izy·COS(2a). (50)
da' 

ECJIH 3HaK sropoa npOH3BO,D;Hoii npn a = ao OTpHIJ;aTeJIeH, TO OTHOCHTeJIbHO 

rJIaBHOH OCH, HaKJIOHeHHOii KOCH Z na yrOJI ao, oceaoa MOMeHT HHepn;HH MaKCHMa-

JIeH. ECJIH 3HaK sropoa npOH3BO,D;HOii npa a = ao nOJIO)l(HTeJIeH, TO OTHOCHTeJIbHO 

19 

I 

Н
А
УЧ

Н
О

-И
Н
Ф
О
Р
М
А
Ц
И
О
Н
Н
Ы
Й

  Ц
Е
Н
ТР

  С
А
Н
КТ

-П
Е
ТЕ

Р
БУ

Р
ГС

КО
ГО

  Г
О
С
УД

А
Р
С
ТВ

Е
Н
Н
О
ГО

  Т
Е
Х
Н
О
ЛО

ГИ
Ч
Е
С
КО

ГО
  У

Н
И
В
Е
Р
С
И
ТЕ

ТА
  Р

А
С
ТИ

ТЕ
ЛЬ

Н
Ы
Х

  П
О
ЛИ

М
Е
Р
О
В

 



"
 

rnaBHOU OCU, HlIKlIOHeHHOU K OCU Z aa yrOJI (10, oceaoil MOMeHT aaepuaa MUHUMa

JIeH. 

B xaxecrse npoaepxa nposeneaaux BhItrnCJIeHUU MO)I(HO UCrrOJIb30BaTb CJIe

.u;yro~ee npasano: eCJIU Izy < 0, TO rnaaaas OCb, OTHOCUTeJIbHO soropoa MOMelIT 

aaepmra MaKCUMaJIeH, npoxonar qepe3 rrepBbIi!:· U rperaa KBa.u;paHThI (I U Ill). Ec

JIU Izy > 0, TO rnasaaa OCb, OTiiOCHreJIbHO KOTOPOU MOMeHT aaepuaa MaKCUMaJIeH, 

npoxonar qepe3 BTOPOU U qeTBepTbIi!: KBa,Zq>aHThI (ll H IV) (PUC. 12). 

\ i 
:IT \i J. 

. =4\" ~.-'-'-' ... ----- .--'.__.__ . ._._ a.-. . . 
III i\ 1\7 

i \ 
i \ 

mas 

B cnysae Iz:f:. Iy 

4>oPMYna 

PUC. 12 

R3 BhIpalKeHUJI (50) nocne ynpomeaas rronysaercs cnenyio

d 2I 
u _ 

da2 -

2·(Jz -Jy ) 

COS(2a) . (51) 

I 
..J.. 
I,., 
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1.7. reOMeTpHqeCKHe xapaKTepHCTHKH rrpoCTeiiwHx c1JHryp 

1.7.1. reOMeTpH'IeCKHe Xap8KTepHCTHKH npHMoyrOJILHHK8 

y 
~ 

I. 
I 
I Z 

.cl +-'-T'_" 
I 

b 

Puc. 13 

Ocessre MOMeHThI aaepuaa OTHOCUTenbHO rnasasrx u;eHTPaJIbHhIX oceii Z U Y 

i; = b·h
3 

(52)
12 ' 

3 

t, = h·b 
(53)

12 

MOMeHThI COrrpOTHBJIeHUJI (npa IYMAXI =h/2 U IZMAXI =b/2) 

W =...!.L- =b .h
3 

·2 _ b· h 
2 

z (54)lyMAX! 12·h-6 

W =~_ h·b
3

·2 h ·b2 

y 
6!ZMAXI- 12· b (55) 

21 
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1.7.2. reOMeTpHQeCKHe xapalITepHCTHKH xpyra 

PHC. 14 

TIOJIllPHLIH MOMeHT HHepUHH OTHOCHTeJIbHO uearpa 

7l"·D4 

1p = - - (56)
32 

Ocessre MOMeHTbI HHepUKH OTHOCHTeJIbHO rnaaasrx uearpansasrxocea Z H Y 

4 

1z =1y =1p =7l"' D (57)
2 64 

MOMeHTbI conpOTHBJIeHIDI (B CHJIY CHMMeTpHH IYMAXI = IZMAXI = D/2) 

1 x- D 4 ·2 7l"' D 3 

W =Wy =_.-y-= =-z (58) 
. IZMAXI 64·D 32' 

TIOIDIpHLIH MOMeHT COnpOTHBJIeHIDI (PMAX =D/2) 

1 7l" .D 4 ·2 7l" .D 3 

--p-- ---Wp - - - (59)
PMAX 32·D 16 

Panaycsr HHepUHH OTHOCHTeJIbHQ oceii: Z H Y 

4~ J7l"·D ·4 D 
iz = iy = ,I~ = =~ . (60)(;.1 • -tr • n 2 

I...... , ,,",. I. - . 

22 

1.7.3. reOMeTpH'IeCKHe xapalITepHCTHKH KOJlbo;a 

I 

i 
r 

PHc.15 

Ocessre MOMeHTbI aaepuaa OTHOCHTeJIbHO rnasasrx ueHTpaJIbHhIX ocea Z H Y 

(npa a=d I D) 

x- D4 
4

1Z =1y =--·(l-a ) (61)
64 

TIOIDlpHhIR MOMeHT HHepUHH OTHOCHTeJIbHO nearpa 

7l" ·D4
4

l , =1Z+1y =--·(l-a) (62)
32 

MOMeHTbI COnpOTHBJIeHIDI (B CHJIY CHMMeTpKH IYMAXI = IZMAXI = D/2) 

, Wz -». = Iz~1 = ,,~~3 .(I-a') (63) 

{ 
~. 

TIOIDlpHbIii: MOMeHT conpOTHBJIeHIDI (PMAX =D/2)" 

L, 7l"·D3
4

Wp =--=--·(1-a ) (64)
PMAX 16 

Panaycsr HHepUHH OTHOCHTeJIbHO ocea Z H Y 

• • ~y D r:--:i2l = l y = - =_. V11+ a- (65)z . A 4 . 

23 

/' 

Н
А
УЧ

Н
О

-И
Н
Ф
О
Р
М
А
Ц
И
О
Н
Н
Ы
Й

  Ц
Е
Н
ТР

  С
А
Н
КТ

-П
Е
ТЕ

Р
БУ

Р
ГС

КО
ГО

  Г
О
С
УД

А
Р
С
ТВ

Е
Н
Н
О
ГО

  Т
Е
Х
Н
О
ЛО

ГИ
Ч
Е
С
КО

ГО
  У

Н
И
В
Е
Р
С
И
ТЕ

ТА
  Р

А
С
ТИ

ТЕ
ЛЬ

Н
Ы
Х

  П
О
ЛИ

М
Е
Р
О
В

 



i

, ' 

1.8. CTaH~apTuble npoKaTuble npocIJuJJu 

L 
PRc.16 

TIpOMhIIIIJIeUHOCThIO BblIIYCKaIOTCg craanaprasre npoxarasie rrpO«j>mIR (nay

raapsr, llIBeJIJIepbI, yrOJIICH (PRC. 16), xoropsre MOryr 6bITb RCnOJIb30BaHbI KaK ro

TOBbIe 3JIeMeHTbI KOHCTp)'KIJ;RH (6aJIKH, CTOHKH, 3JIeMeHTbI «j>epM R np.). 

Pasxepsr npoxarasrx rrpo«j>mIeH CTaH.l(apTH30BaHbI R zraasr B Ta6JIRQax copra

MeHTOB npoxaraoa CTaJIH, xoropsre npaaonsrca B rrpmIO)KeHIDIX nO'lTR scex Y'le6

IDIKOB a c60pHHKOB 3lma'l no corrpoTHBJIeHHIO MaTepRaJIOB. B 3THX Ta6JIHQax npa

BOMTCg see pa3MepbICeqeHHil: R OCHOBHbIe reoaerpasecxae XapaKTepRCTHKH rrpo

KaTHbIX rrpo«j>HJIeil B COOTBeTCTBHH C HX HOMepoM. 

B Ta6JIHQax 1, 2, 3 npaaeneasr BbIIIHCKH R3 COpTaMeHTOB npOKaTHOH CTaJIH, 

conepxamae Heo6xo,lUiMbIe .nJIH BbillOJIHeHHH paCqeTHOH pa60TbI OCHOBHbIe paaxe

phI R reoxerpavecxae XapaKTepRCTHKH rrpo«j>mIelt saaaauoro no yCJIOBHIO CeqeHHH. 

~ onpeneneaaa reouerpaaecsax xapasrepacrax nOJIOCbl cnenyer RCnOJIb

30BRTb pacsermae «j>OPMYJIbI ,ZVIJI npsaoyronsaaxa. Ilearpotieacaue MOMeHTbl HHep

QHH .nByraBpa, nrsennepa R nOJIOCbl OTHOCHTeJIbHO HX rJIaBHbIX QeHTPaJIbHblX oceH 

pasasr HYJIIO. U;eHTpo6e)KHbljt MOMeHT RHepQHH paanofioxoro yronxa OTHOCRTeJIbHO 

ero QeHTPRJIbHbIX ocea Z a Y (PRC. 17) orrpenensercs no «j>opMYJIe 

I = IMAX -IMlN ·SIN(2a)
Zy 2 (66) 

24 

r.ne I MAX =Izo - MaKCHMaJIbHblR MOMeHT HHepQHH yrOJIKa; I MIN =!Yo - MRHRMaJIb

HbIR MOMeHT RHepQHR yrOJIKa; 3TH BeJIIf<IRHbl H3BeCTHhI R3 Ta6J1RQ COpTaMeHTa CO

maCHO aossepy yrOJIKa. 

;(, ,I 

Yo"" 

t, Y 
Zo Z~ 

"- ! // -,
-, 

. I / -, 
! .*-~<o z -----l " -~ ~ 

I • 

< ... 

"Yo //Yo 

Z 
.----? 

Yo/ 
/

/ 

)I( I 

-, 

"- ~Y / / YoZo".. 
k I,' , 

Yo/
/ 

"~o 

//ZoYo"-

... 
PRC. 17 

,. 
I U;eHTpo6e)KHblR MOMeHT HHepQHR pasaofioxoro yronxa OTHOCRTeJIbHO ero. 

QeHTPaJIbHblX ocea Z R Y (PRC. 17) 6y.neT RMeTb rrOJIO)KHTeJIbHYIO mIR OTpHQaTeJIb

ayio senasaay B 3aBRCHMOCTH OT 3HaqeHHH yrna a, onpenenaexoro pacnonoxe

HReM yrOJIKa OTHOCRTeJIbHO KOOp.nHHaTHblX ocea Z H y. 

ECJIH .nJIH COBMem:eHIDl OCR Zo C OCbIO Z HImO nOBepHYTb OCb Zo no sacosoa 

CTpeJIKe, TO a =-45 0 R Izy < 0, a eCJIR .l(JIjJ COBMem:eHHH OCR Zo C OCbIO Z aano no

BepHYTb OCb Zo npOTRB '1aCOBOR CTPeJIKH, TO a = 45 0 R Izy > o. 

25 
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I 

II:i!! 

ill 

i
I: 

I!I~
 
Ii
,I 

,III

r 

TllIOKe 3HaK ~eHTP06e)J(Horo MOMeHTa KHepUHH HaH60nee npocrn MO)f(lfO on

peaenars cne.n;yro~M 06pa30M: ecna npa BbJ6paHHOM HanpaaneHUH ocea KOOPIl;H

HaT (PHC. 18) 38lIlTpHX.OBaHHlUI ofinacrs nonepesnoro cesesas yronxa nonanaer B 

nOnO)J(HTenbHbIH HnH 0TP~aTenbHbIH xaanpar, TO Izy < 0, BnpOTHBHOM cnysae 

Izy>O. 

~y 

! Izy< 0 

10.t=-._.-...+ 

I

I Izy< 0 

z '0 
.~._._.-

-j,Y
Ii Izy> 0 

.~._.~ 

1'-y 
! Izy> 0 

!o.+-._.

PHC. 18 

B Ta6n.l H 2 3Ha'ieHIDI oceasrx MOMeHTOB HHepUHH ,lUUI nsyraspa H nrsennepa 

npaaeneasr OTHOCHTenbHO ocea Z Ii y, nOKa3aHHbJX na pRC. 19 H20, COoTBeTCTBeH

BO. Ecna nsyrasp HJIH nraennep nosepayrs OTHOCHTeJlbHO 3'rHX ocea aa 90 0, TO 

3Ha'IeHIDI ocessrx MOMeHTOB HHepWIH Iz HIy rrOMeHJllOTCJl MeCTaMH. 

26 . 

..... 

III .-..:1 

d 

.&: 

b 

PHC. 19 

Tafinana 1. .llByraBpbI (BCOOT~eTCTBHH CfOCT 8239- 93) 

N!! 
.n;B)'T:mpa 

h, 
CM 

b, 
CM 

t, 
CM 

d, 
CM 

A, 
CM2 

i, 
CM4 

Iy, 
CM4 

16 16 8,1 0,78 0,5 20,2 873 58,6 
18 18 9 0,81 0,51 23,4 1290 82,6 
20 20 10 0,84 0,52 26,8 1840 115 
22 22 11 0,87 0,54 30,6 2550 157 
24 24 11,5 0,95 0,56 34,8 3460 198 
27 27 12,5 0,98 0,6 40,2 5010 260 
30 30 13,5 1,02 0,65 46,5 7080 337 
33 33 14 1,12 0,7 53,8 9840 419 
36 36 14,5 1,23 0,75 61,9 13380 516 
40 40 15,5 1,3 0,83 72,6 19062 667 
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z 

,
I'r-0_ ....::l 

PRc.21PRc.20 

Ta6mm;a 2. IIIBeJIJIepbI (BCOOTBeTCTBRR C[OCT 8240- 93) Ta6nHua3. Yromrn paBHo6oKH~ (B COOTBeTCTBHR C[OCT 8509 - 93) 
-N!! 

maennepa 
h, 
CM 

b, 
CM 

d, 
CM 

t, 
CM 

A, 
CM2 

Iz, 

CM4 
Iy, 
CM4 

ZO, 
CM 

16 16 6,4 0,5 0,84 18,1 747 63,3 1,8 
18 18 7 0,51 0,87 20,7 1090 86 1,94 
20 20 7,6 0,52 0,9 23,4 1520 113 2,07 
24 24 9 0,56 1 30,6 2900 208 2,42 
27 27 9,5 0,6 1,05 35,2 4160 262 2,47 
30 30 10 0,65 1,1 40,5 5810 327 2,52 
33 33 10,5 0,7 1,17 46,5 7980 410 2,5Q 
36 36 11 0,75 1,26 53,4 10820 513 2,68 

2928 

b 

Aa' 
/

/ 
, /

I //
"" . /
" I /
~.r,-"--;"~ 

~I' I{~__---!!.-~:""-""----J)l 

..Q 

IMIN,A, Iz = Iy, ZO, 
yronKa 

d,b, IMAX •N!! 
CM4CM4 CM 

1,78 
CM2CM CM CM4 

11,2 
73,9 ' 
42,927,17,280,663 x 6 6,3 

. 19,3 2,0646,6 
2,15 

8,780,67,5" 75 x 6 
24,8 

2,19 
94,659,811,50,87,575 x 8 

23,5 
34 

90,4579,380,680 x 6 8 
2,43130 
2,51 

82,110,60,690 x 6 9 
43,8 

2,75 
16810613,90,890 x 8 9 

60,9 
74,1 

23314715,60,8100 x 8 10 
2,83284 

81,8 
17919,210 1100 xl0 

3315 
149 

19817,20,8110x8 11 
3,4557136024,3112,5125 x10 
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1'. 

OKOHqaHRe Ta6JJ. 4
2. BAPHAHThI 3A,l(AHBH 

Tafinana c II BapUaHT - CHMMeTpH'lHOe ceseaae 

I 

I 
ji 

r' 

III' 
:Ii 
,I,ll 

1:1I 

(,!:(JIJI crynearos HeMeXaHlf'leCKHX CneURaJILHOcTeii) 

I sapaaar - HeCHMMeTpHtiHOe cexenae
 

():(JUI crynerrros MeXaHlf'leCKHX cnenaansaocrea)
 

Q)L.-.J I ®I 
Q)~ ® -1 1 J-!-I

1 J 
I 

0 1 I CD 

1 JH 
0o -1 

JL1 
0

1 
®
I[

rI 

lH l

0 L -l
1

0~ 
~---+---

CD 
W

I 0Tr. 
W 
1 

0 L1-l 
®r. 

~ I I 

°1 
rI 

®r.
I I 

I 
..J ..JHr 
-

31 
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'1'. 

Ta6JIHua 5 3JIeMeHThI CeqeHIUI - crannaprasre npoxaraae rrpocPlUIH 

.N'g 
BTOplUl Qocllpa mocllpa TPeTbH QHcIIpa mocllpa 

,lJ;ByraBp 

(pHc.19) 
nOJIOca 

WBeJIJIep 

(pHc.20) 
yrOJIOK 

(pHc.21) 

1 18 220 x 10 16 63 x 6 

2 20 240 x 12 18 75 x 8 

3 22 260 x 10 20 80 x 6 

4 24 280 x 12 24 90 x 8 

5 27 300 x 14 27 100 x 8 

6 30 320 x 12 30 110x8 

7 33 360 x 16 , 33 100 x 10 

8 36 400 x 18 36 125 x 10 

9 40 400 x 20 30 9Q x6 

0 16 .. 180 x 10 27 75 x 6 

;t:..Y, 

01 ! 
o ~3po • Z1 

"C _._. -) F=f:-t-·_·t7
Z3

b1 It - h3 \1 ~ 
PHc.23 

1.Ilapauerpsr yrOJIKa pasaofioxoro 90 x 8 rOCT 8509 - 93:
 
2,
b l = 90 MM = 9 CM, d l =8 MM =0,8 CM, Zol =2,51 CM, AI =13,93 CM

4•I ZI =In = 106,11 CM\ IMAX = 168,4 CM
4, IMIN = 43,8 CM

QeH1p06e)lou.rli MOMeHT HHepUHII pasaocoxoro yronxa OTHOCHTeJIbHO ero 

nearpansasrx oceil Y1 H Zl paCCqHTblBaeTCH rro cPoPMYJIe 

I Zl YI 
_ IMAX - I MIN • SIN(2 .a) , 
- 2 

3. IIPHMEPhI PACtiETA rne yron a =45 0, TaK KaK COrJIaCHO pHC. 17,llJ1H COBMelJl:eHHH OCH Zo C OCblO Zl H~O 

3.1. HecUMMeTpHlfBoe Ce'leBHe 

3.1.1. HCxO,lJ;Bble ,lJ;aBBble 

,nOBepH)'Tb OCb Zo nporas qaCOBOn ClpeJIKH, 'rorna 

- 283,83-74,09 .SIN(2.4So) = 62,3cM4 
I z lYl - 2 

3a.llaHHaH no yCJIOBHIO cxexa CeqeHHH HMeeT BH,ll, 

-200x20 
/ 

L9Ox8 r (24 

~~ 

., 
2. Ilapasrerpu msennepa .N'224 rOCT 8240 - 93: 

h2 =24 CM =240 MM, ~= 90 MM = 9 CM, d2 = ~6 MM = 0,56 CM, t2 = 10 MM = 1 CM, 

Zo2 = 2,42 CM, A2 = 30,6 CM
2, IZ2= 2900 CM

4, In = 208 CM 
4• 

QeHlp06e)I(HbIH MOMeHT HHepUHH IIIBeJIJIepa OTHOCHTeJIbHO oceii Y2 H Z2 pa-

I
I-i 

I 
PRc.22 

32 

BeR 

I Z2 Y2 = OCM 
4 , 

33 

( 
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TaK KaK OCb Z2 gBJUIeTCJI OCblO CHMMeTpRR, a 3Ha'iRT rnaBHOH u;eHTpaJIbHOH OCblO. 

3. Ilapaaerpsr nOJIOCbI 200 x 20: 

h3 =20 CM =200 MM, 63 = 20 MM = 2 CM, A3 =h3 ' 63 = 20 ·2 = 40 CMZ 
, IZl•Y3 = 0 CM". 

Ocenae MOMeHTbI HHepmm nOJIOCbI OTHOCHTeJIbHO ee rnasasrx u;eHTpaJIbHbIX 

ocea Y3 a Z3 Onpe.l\eJUIIOTCg, RCnOJIb3YJl .pOPMYJIbI (52) H (53),l\JUI npmwyrOJIbHHKa 

I Z 3 = 
h . t5 3 20 . 23 

4 
--= ---= 13,3 CM 

12 12 ' 

I Y3 
_t5.h3_2.203_1333 4 
- - - eM

12 12 

3.1.2. Onpeaeneaae nOJI03reHHR nearpa TR'l(eCTH Ce'leOHR 

KOOp.l\HHaTbI uearpa TJDKeCTH scero ceseaas paccaarsraarorcs no epoPMYJIaM 

Zc 
Al 'ZCl + A2 'ZC2 + A 'ZC3 = 

A 

Yc = 
Al . YCI + Az • Ycz + A . YC3 

A 

rae A - ITJIOIIJ;Mbscero ceseaas, 

A'" Al + Az + A3 = 13,93 + 30,6 + 40 = 84,53 CMz, 

Zcb YCb ZC2' YC2, ZC3, YeJ  KOOp.l\HHaTbl nearpos Tg)J(eCTH COCTaBHbIX'Iac

TeH ceseaas, TO ecrs yrOJIKa, IDBeJIJIepa R nOJIOCbI COOTBeTCTBeHHO (PHC. 24). 

KOOp,!(HHaTbl uearpa TIDKeCTH scero ceseaaa Zc Ii Yc HaH60JIee yztofiaee on

penenars, B3gB B xasecrae KCXO.l\HbIX oceH KOOp.l\HHaT nearpansaae OCH COCTaBHbIX 

.pKryp ceseaaa TaKHM 06pa30M, '1T06b1 60JIbIDaJI '1aCTb acero ceseaas nonanana B 

rrepBblH rrOJIO)J(HTeJIbHbJH xaaapaar, B .l\aHHOM cnysae TaImMH OCgMR XBJUIIOTCJI 

,l neerpansaae OCR yrOJIKa Yl R Zl' 

Torna KOOp.l\HHaTbI nenrpa TlDKeCTK yronxa YI H ZI B 3THx OCJlX 6y~ pasasr 

HYJIIO. a KOop.l\HHaTbI u;eHTpOB TJI)J(eCTRmBeJIJIepa H'nOJIOCbI B OCID{ YI H ZI 6y~ 

COOTBeTCTBeHHO paaasr 

34 
'III 

Zcz=Zol + Zo2 = 2,51 +2,42 =4,93 CM =49,3 MM, 

Yc: = O,S • hz - ~I = 0,5 • 24 - 2,51 = 9,49 CM = 94,9 MM, 

Zc3 = ~I + 0,5 • h3 = 2,51 + 0,5 • 20 =12,51 CM = 125,1 MM, 

ye3= hz+0,5 • 63- ~I = 24 +0,5 • 20 - 2,51 =22,49 CM = 224,9 MM. 

Terreps MO)I(HO onpenemrrs KOOp,nHHaTbI nearpa TJl)J(eCTH acero Ce'leHIDI 

Zc = 0 ·13,93 + 30,6 ·4,93 + 40 '12,51 = 7 7 CM = 77 MM 

84,53 ' 

- 0·13,93+30,6.9,49+40·22,49 -1408 -1408
Yc - - , CM - , MM

84,53 • 

Onpeneasea no 3THM KOOp,llRHaTaM nearp TJDKecTR acero ceseaas (TO'iKa C) H 

nOKa3hIB~M nearpansaae OCR scero ceseaaa Z R Y (pRc.24). 

3.1.3. Onpenenenae MOMeHTOB HHepUHH OTHOCRTeJlbHO ~eHTpaJJbHblX oceii 

Ocessre H u;eH1p06elKHblH MOMeHTbI HHepIJ;HH scero Ce'leHIDI OTHOCHTeJIbHO 

ero u;eH1paJIbHbIX ocea Z H Y paCC'i~TbIBaIOTCg no cne)lylO!IJ;HM epoPMYJIaM 

n n n 

Iz =L..J '"a; + A.b~)
I, 

t, ='" (Iv.
II 

+ A.c~)
I, 

='"~ (/z.v. + A.b.c.)
I I ,I I L..J I 

I Zy ILl I 

~ ~ ~ 

rzte paccrosaas Me)J(,ZQ' napamreJIbHblMH OcgMH COOTBeTCTBeHHO pasasr 

b3= Yei - Ye, C3 =Zci - Zc, 

TO ecrs bl =- Ycl =-14,08 CM = -140,8 MM, 

bz = - Ye +Ycz = -14,08 +9,49 = - 4,59 CM = - 45,9 MM, 

b3= YC3 - Ye =22,49 -14,08 =8,41 CM = 84,1 MM, 

CI=-Ze= -7,7cM=-77MM, 

Cz =Zcz- Zc = 4,93 + 4,93 = - 2,77 CM =- 27,7 MM, 

C3 = Zc3 - Zc = 12,51-7,7 = 4,81 CM = 48,1 MM. 
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; :. 

Torzta MOMeHThI HHepQHH OTHOCHTeJIbHOQeH1paJIbHldX ocea Z H Y 6Y.l:lYT paaau 

I z =: 2:n 

(IZi + A j b;2) =106,11 + 13,93 '(-14,08)2 + 2900 + 
i=l 

4,+ 30,6· (-4,59)2 + 13,3 + 40.8,41 2 
=: 9254 ,8 CM 

I, =f (In + Ajc;) =: 106,11 + 13,93 ·(-7,7)2 + 208 + 30,6 .(-2,77)2 + 
i=\ 

+ 1333 + 40 .4,81 2 
=: 3626,4 CM 4, 

I zr =2:
n 

(IZiYi + Ajbjc j) =62.3 + 13,93 . (-14,08)· (-7,7) + 
j=l 

+30,6·(-4,59)·(-2,77)+40 ·8,41·4,81 = 3579,7 CM 
4• 

3.1.4. Onpeneneuae nOJlmKeHHB rJl8BHbIX oceii HRepUHH 

Onpeaenau nOJIO)J(eHHe maBHbIX ocea no 4!0PMYJIe 

2·Izy
tg(2ao)= 

I Z -Iy ' 

r~e 3Ha'l:eHIDI BeJIH'l:HH,BXO,nHIQHX B sry 4!opMYJIY, y*e 6b/JIH onpezteneasr paaee, 

2·Izy = 2·3579,7 =-127tg(2ao) = 
I z -Iy 9254,8 - 3624,4 " 

1 
ao =2.arctg(-1,27) =-25,9 0 

TaK KaK snaseaae ao nOJIY'!HJIOCb OtpHQaTeJThHbIM, TO OTJIO:lKHM 3TOT yron no 

'l:aCoBoil: crpenxe OT OCH Z H nposenesr rnasayio QeHTpaJIbH)'IO OCb D. OCb V 6Y~eT 

eil: nepneanaxynspaa (PHC. 24). 

3.1.5. Onpe.QeJIeRUe 3KCTpeMaJIbRblX 3Ua1.JeRHH rJIaBUblX MOMeRTOB HRepUHH 

Cnasana onpeztenaa, KaKOe aaasenne (MaKCHMaJIbHOe HJIH MHHHMaJIbHoe) 6y

,neT Y rJIaBHOro MOMeHTa HHepllHH ceseaas, B31lTOro OTHOCHTeJIbHO maBHoil: OCH D, 

pacnOJIo)J(eHHoH non yrnox ao K QeHtpaJIbHOH OCH Z. ~ sroro onpezexasr 3HaK 

Bb/Pll)I(eHIDi 

d 2I _ 2.(J -J )u z y_ 2·(9254,8-3626,4) =-18822,4 
da2  COS(2a) COS(2· (-25,90 

) ) 

TaK KaK pe3YJIbTaT BbIp8)J(eHIDI nOJIY'!HJIc" 0tpHQaTeJIbHbIM, TO ssaseaae MO

MeHTa HHepQIDr OTHOCHTeJIbHO rJIaBHOH QeHtpaJIbHoil: OCH D 6y,neT MaKCHMaJIbHbIM 

, I - I z +Iy ~'~(I -I \2 4.12 _ 9254,8+3626,4
MAX- + z y)+ zr :" +
222 

+±l9254,8;3626,4)'+4.(3579,7f ~ 10994cM'. 

Torna MOMeHT aaepuaa OTHOCIiTeJIbHO maBHoil: uearpansaoa OCH V 6y,neT 

HMeTb MHHHMaJIbHOe anaseaae, paaaoe 

I I 1 I \2 2 _ 9254,8+3626,4 _
I = z + y --'1J{Iz-"Iy ) +4·IZy - 2 

MIN 2 2 
------:-::;-----iJ(9254,8; 3626,4)' +4.(3579,7f ~ 1887,2CM'. 

TaK KaK Izy > 0, TO maBH3" OCb, OTHOCHTeJIbHO KOTOpOil: 'MOMeHT aaepuaa 

MaKCHMarreH, npOXO,nHT xepea BTOpOil: H'IeTBepThIil: xsaztpaarsr (OCb D). 

BbIllOJIHHM nposepxy nposeneaasrx BbI'IHCJIeHHH 

Ip = Iz + Iy = IMAx + IMIN = 9254,8 + 3626,4 = 10994 + 1887,2 =1 2881,2 CM 4. 

37 
36 

• .rr'¢ ¥ t c't"! . otI 't' 

Н
А
УЧ

Н
О

-И
Н
Ф
О
Р
М
А
Ц
И
О
Н
Н
Ы
Й

  Ц
Е
Н
ТР

  С
А
Н
КТ

-П
Е
ТЕ

Р
БУ

Р
ГС

КО
ГО

  Г
О
С
УД

А
Р
С
ТВ

Е
Н
Н
О
ГО

  Т
Е
Х
Н
О
ЛО

ГИ
Ч
Е
С
КО

ГО
  У

Н
И
В
Е
Р
С
И
ТЕ

ТА
  Р

А
С
ТИ

ТЕ
ЛЬ

Н
Ы
Х

  П
О
ЛИ

М
Е
Р
О
В

 



z 

Z, 

0') 

~ 
0') 
II 
N 

'U
>

jY, f-':: 
, " 

Zc=C1= 

Zcf49.3~c3=48.1 

z~125.1 

1' • 

PRc.24 

3.1.6. OnpeileJleHHe MOMeHTOB cOnpOTHBJleHHH H panayeon HHepUHH CelJeHHH 

10994 = 11,4 CM = 114 MM 

84,53
tv =~I; = 
. - f4 =/1884 = 4,72 CM == 47,2 MM'v - ~A V84,53 

~ onpeneneaas pa.nHYCOB HHepU:HH CeqeHWI see He06xo,QliMhIe BeJillliRHhI 

W 
v 

= ~_ 1887,15 
Uua - 10,67 = 176,86 CM 3 

UMAX = ui.= Zz • cos 00 + Yl • sin ao, 

Zz = b1 - Cl - Zol = 9 - 2,77 - 2,42 = 3,81 CM, 

Yl=- Yc  ZOI = -14,08 - 2,51 = -16,6 CM, 

UMAX =3,81 ·0,8995- (-16,6) . (-0,4368) =10,67 CM. 

CHalJaJIa orrpenemoz aHaJIHTHlJeCKH no epoPMYJIaM (36) H (37) Koop,QHHaThI 

HaH60JIee Y,QaJIeHHbIX OT rJIaBHbIX uearpansaux oceii U H V TOqeK I H 2 (PHC. 24) 

VMAX =VI =YI • cos Oo-ZI· sin (10, 

YI = - Yc - Zol =  14,08- 2,51 =  16,6 CM, 

ZI = - bl - Zc+ Zol =..,.. 9 -7,7 + 2,51 = -14,19 CM, 

VMAX =-16,6·0,8995  (-14,19)· (- 0,4368) =21,12 CM, 

Torna saaseaae MOMeHTOB cOnpOTRBJleHWI OTHOCHTeJIbHO rJIaBHhIX 

uearpansnsrx oceii 6Y,QeT paBHO 

W -~ - 10994 _ 520 5 3
V - - -, CM 

Vua . 21,12 ' 

H3BeCTHhI 

Haif,neHHbIe panaycsr anepnaa OTKJIa,nbIBaeM nepnennaxynspao COOTBeTCT

BYIO~ OCHM (iu.L U, iv.L V) (PRC. 24). 
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3.2. CHMMeTpHqHOe CeqeHHe 

3.2.1. nCXO~Hble ~aHHble 

rf:r-r~ ~ 
T~ 

Y2 ~X8 

Q2 

~
.~Z2

1f=§~ 
PRc.25 

1. Ilapaxerpsr nonocu 200 x 8: 

hI = 20 CM = 200 MM, 6 = 8 MM = 0,8 CM, Al = ht'6 = 20'0,8 = 16 c~. 

TaK KaK OCR Zt R YtHBJ1HlOTCH OCHMH CHMMerpRR, a 3Ha'IHT R rJ1aBHbIMH 

4
lleHTpaJJbHbIMH OCHMH, TO IZIV1 = 0 CM • Ocesue MOMeHTbI anepnaa n0J10CbI OTHO

CmeJ1bHO ee rnasasrx nenrpansasrx ocea Zt R Yt H~eM, HCnOJ1b3yH <pOPM)'J1bI (55) 

H (56)):IM npHMoyrOJ1bHUKa 

3 3 
- hi' 8 _ 20.0,8 _ °85 4I Zl - - - , CM

12 12 ' 

_ 8 . hl
3 

_ 0,8.20 3 
_ 533 4I n---- - CM 

12 12 

2. Ilapasrerpsr nsyraapa .N'e20 rOCT 8239 -93: 

hz-= 20 CM = 200 MM, bz= 100 MM =10 CM, dz = 5,2 MM = 0,52 CM, tz =8,4 MM = 

0,84 CM, Az = 26,8 CM:, IZ2Yl = 0 CM'" IZ2 = 1840 CM~, IV2= 115 CM~. 

40 

:";,, _h' ._~_... _ 

3. Ilapasserpsr nraennepa .NH6 rOCT 8240 - 93: 

h3=46 CM =160 MM, b3=6,4 CM = 64 MM, t3 = 8,4 MM = 0,84 cM,d3=5 MM = 0,5 CM, 

Z, 4•Zo = 1,8 CM, A3= 18,1 CM IZ) = 63,3 CM
4, IV3 = 747 CM

4, IZ)v3 = 0 CM

3.2.2. Onpeneneane nOJlO'ICeUHH ueurpa TH'lCeCTH CeqeUHH 

Koopziaaarsruearpa TJDKeCm scero ceseaas H~eM no <poPM)'J1aM 

AI • ZCI + A 2 • ZC2 + A • ZC3 
Zc 

A 

_ Al • YCI + A z . YC2 + A • YC3
Yc 

A 

rne A - nnontaas scero ceseaas, 
2A = Al + Az + A3 = 18,1 + 23,8 + 16 = 60,9 CM , 

Zeh YCh zcz, Ycz,ZC3' Yo - xoopnaaarsr ueHTpOB TJDKeCm COCTaBHbIX xac

reH Ce'IeHIDl, TO ecrs n0J10CbI, nsyraspa R IIIBeJ1J1epa COOTBeTCTBeHHO (PRC. 26). 

TaK KaK sanaanoe cexeane HMeeT OCb CHMMerpRR, TO UeHTpbI TIDKeCTH 

COCTaBHblX sacrea ceseaas HaXO,n:HTCH na HeH, n03ToM)' 

ZCt = Zez= ZC3 = 0 CM. 

BepTIl:KMbH)'IO xoopnaaary n0J10)KeHHH uenrpa nl)KeCTR scero Ce'leHUH YC 

HlUl60J1ee y,n:06HO onpezrenars, 83HB B KaqeCTBe BTOpOH RCXO,n:HOH OCR ropU30H

ransayro lleHTpMbH)'IO OCb O.l{HoH R3 COCTaBHbIX <pRryp Ce'leHIDl TaKRM 06pa30M, 

'lT06LI 60J1bIIIaH 'IaCTb scero ceaeaas pacnonaranacs ssnne aee. B ,n:aHHOM CJ1Y'1ae 

TaKOH OCblO HMHeTCll UeHTpMbHaH OCb n0J10CbI ZJ, TaK KaK OHa HaxO,n:RTCH Hau60

nee HR3KO no OTHOrneHHIO KO acessy CeqeHRIO. Toraa opztaaara uenrpa TH)I(eCm no

J10CbI YCt 6y,n:eT pasaa HYJ1IO, a opmraaru ueHTpOB TH)I(eCTH nsyraspa U IIIBeJ1J1epa 

6y.nyr HMeTh n0J10)I(HTeJ1bHbIe 3HaqeHHH, TO ecrs 

Ycz =0,5 • hz+0,5' 6 = 0,5 . 20 + 0,5' 0,8 = 10,4 CM =104 MM, 

YC3 =0,5 . 6 + h2+ Zo= 0,5 . 0,8 + 20 + 1,8 = 22,2 CM =222 MM. 
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Teneps MO)IQIO onpezrenars KOOp):{HHaTbI nearpa TJDKeCTR scero CeqeHillI. Or

HOCmeJIbHO RCXO,znIbIX ocen Zt R Yt OHR 6y~ COOTBeTCTBeHHO pasaa 

Zc=O MM, 

18,1· 22,2 + 26,8 ·10,4 + 0·16 = 11,2 CM =: 112 MM 

Yc = 60,9 

Onpeaenaex no 3TIfM Koop,ZJ;HHaTaMuearp TJDKeCTH scero ceseaas (TOqKa C) H 

noxaastaaex nearpansasre OCH scero CeqeHIDI Z H Y (PRC. 26). 

3.2.3.Pacser MOMeUToB BHepUHH eeneaaa OTHOCHTeJILUO ueHTpaJlLHLIX oceii 

TaK KaK sanaaaoe ceseaae HMeeT OCb cRMMelpHH Y, TO 3T8 OCb HBIDleTCH 

rnaaaoa uearpansaoti OCblO, see OCTaJIbHbIe rJIaBHbIe OCR eii nepneH.n;RKYJIHPHbI. 

Torna ueHTpo6e)f(HbIH MOMeHTbI HHepUHH scero cexeaas OTHOCHTeJIbHO ero rJIaB

HbIX UeHTpaJIbHbIX ocea Z R Y 6y.n;eT paaea HYJIIO. 

Ocessre MOMeHThI RHepUHH scero ceseaas OTHOCRTeJIbHO ero riIaBHbIX 

UeHTpaJIbHbIX ocea Z R Y onpe.n;eIDIIOTCH no lPoPMYJIaM 

n 

Iz
. 
=L

n 

(IZi + A;b;) I Y =L(IYI + Alc;) ,, 
1=11=1 

rae paCCTOHHWl Me)f(,lJ;y napaJIJIeJIbHbIMR OCHMR COOTBeTCTBeHHO pasasr 

b 3 = Yci - Ye, C3= Zci- Zc, 

'ro ecrs b l = - Ye =- 11,2 CM ==- 112 MM, 

b 1 ==-Yc +Ycl =-11,2 + 10,4 =-0,8 CM =-8 MM, 

b 3 = YC3 - Yc = 22,2- 11,2=11 CM = 110 MM. 

IIoCKOJIbKY see BepTRKaJIbHbIe UeH1paJIbHbIe OCR lPHryp B Ce'leHHH COBna

.llalOT, TO 

CI =Cl = C3=0 MM. 

Tor.n;a MOMeHTbI HHepl(RR OTHOCHTeJIbHO ueHlpaJIbHbIX ocea Z R Y 6y.n;YT 

paBHbI 

n 
I == L (Iz; + Alb;) == 0,85 + 16·(-11,2)2 + 1840 + 

z 
1=1 

+ 26,8. (-0,8)2 + 63,3 + 18,1.11 2 == 6118,4 eM 4, 

n 
I == L (In + Alc;) == 533 + 115 + 747 =1395 CM 4.y 

1=1 

3.2.4.BbllIHCJleUHe MOMeUTOB COnpOTHBJIeHBH H paAHYCOB HuepUHH Ce'leHHH 

3HaqeHHH MOMeHTOB COnpOTRBJIeHillI cexeaas OTHOCRTenbHO rIIaBHbIX
 

ueHTp3JIbHbIX oceii Z R Y onpe.n;eIDllOTcH no lPopMYnaM
 

I yI Z 
z Wy 

== IZMAXI'W = !YMAX!' 
rne jYMAXI R IZMAXI - COOTBeTCTBel:lli0 HaH60nbiliRe pacCToHHWl OT rIIaBHbIX 

U H1paJIbRbIX ocea Z R Y no HaH60nee y.n;aJIeHHbIX TOqeK CeqeHWl.
e

B .n;aHHOM cnysae TaKHMH TO'IKaMR XBIDIIOTCH TOqKH 1 R 2 (PRC. 26). Onpene-

JIHM HX xoopnaaarsr aHaJIHTH'IeCKH 

YMAX = b3 - Zo+ Ya - Ye= 6,4-1,8 + 22,2 -11,2 = 15,6 CM = 156 MM, 

z~ =0,5' hi = 0,5·20 =10 CM == 100 MM. 

Torna 3Ha'ieHilll MOMeHTOB conporasneaas OTHOCRTeJIbHO rJIaBHbIX 

UeH1paJIbHbIX ocea Z R Y 6y~ pasasr 

6118,4 =3922 CM3 
Wz 15 6 , ' , 

1395 = 139,5 CM3 

WY =lQ 

4342 
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Onpezteneaae pa.n:HYCOB HHepQHH cexeaas npOH3BO,/(HTCll no CJIe.nyK>mHM 

<PoPMYJIaM 

(1;_ 6118 
1 ,4 = 10 eM = 100 MMiz = -fA 60,9 

. - f4 = ~1395 = 4,7 CM = 47 MM • 
iy - VA 60,9 

HaH,/(eHHhIe p3,lJ;HYChI HHepQHH OTKJIa,n:hIBaeM nepneH,/(HKyIDIpHO COOTBeTCT

BYIDlQHM OCllM ( iz.L Z, iy.LY ) (PHC. 26). 

.. t ~,~,~,y 2 
I "I' 

~ I 
,Z1C1.-_. --,,,, '--',. .... . . CD. . 

I
 
U')
I 
~ 

f1= 
I :>.EI~I
 .~._'" 

II~I 'IP 
I 
. .a 

N I 
N I z 

~ 
)N I C . \/ 'v .Z2 ' i.I " I ....... - .
 ,ro- /.-=-- . 

» ," -"-ro-It) , C2 
>. to 

1.1' iy=47 .4v 0 ". ~ IIr0 0 

I . 
~ , .a 

~ ~ 

II II l- N 

._'"8 I III I 
~

~ 

:>. 
-200x8 >'<

I I 
I i /I,. I ,i.I ,t-J1/ \1/ . .-. . 

1 
".I' 

C3110 , , z.nai1OO 
"/ 1.1' 

" .... 

PHc.26 

44 " 

4. oseA3E~ O(J)OPMJlEHIDI THTYJlbHorO JlHCTA 

cI>e,/(epaJIbHOe areHTCTBO no o6paJoBaHHIO 

Focynapcrseaaoe ofipaaoaarensaoe yspeseieaae 

sucnrero rrpotpeccaoaansaoro o6paJoBaHHll 

«CaHKT-ileTep6yprcKHH rocynapcrseaasra 

TeXHOJlOrH'IeCKHH yHHBepCHTeT paCTHTeJlbHbIX TIOJlHMepOB~ 

Karpeztpa COnpOTHBJIeHHll MaTepHaJIOB 

PaC'IeTHO-rpaIjJH'IeCKWI pafiora N!!l 

ODPE~JIEHHErEOMETP~ECKHX 

XAPAKTEPHCTHK llJIOCKOX (J)HrYP 

KACM.223.111.000 rn 

BhITIOJlHHJI ilPHHllJI 

CT)',/(eHT 223 rpyTITIbI aCCHCTeHT 

CH,/(0POB A. C. Kaypoa H.B. 

CaHKT-ileTep6ypr 

2006 

4S 
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5. KOHTPOJThHbIE BOIIPOCbI AJUI CAMOIIPOBEPKH 

I.	 qTO H83bIBaeTCH reOMeTpH'ieCKHMH XapaKTepHCTHKaMH nonepesaoro CeqeHHH H 

.lUIJIlfero HX HlI,LIO 3HaTb? 

2. qTO H83bIBaeTCH CTaTHlfeCKHM MOMeHTOM nnoruana? 

3. B qeM H3MepHeTCH CTaTHlfeCKHii MOMeHT IUIOII\lI,L\H? 

4. KaK orrpenemrrs KOOp,ll;HHaTbI uearpa TH>KeCTH IUIOCKOH q>HTypbI? 

5. B KaKOM cnysae CTaTHlfeCKHH MOMeHT IUIOII\lI,L\H pasea H)'JII()? 

6. KaKHM 06p830M BbIlfHCJIHTb CTaTHlfeCKHH M9MeHT nJIOIUlI,LIH CJIO)f(HOH epHTypbI? 

7. qTO,JI83b1BaeTCH OCeBbIMMOMeHTOM HHepIUiH CeqeHHH? 

8. B qeM H3MepHeTCH ocesoa MOMeHTHHep~ cexenas? 

9. qTO H83bIBaeTCH nOJIj{pHbIM MOMeHTOM HHep~HH CeqeHHH? 

10. B lfeM H3MepHeTCH nO~HbIH MOMeHT HHep~HH cesenaa? 

ll. qTO H83bIBaeTCH ~eHTpo6e>KHbIM MOMeHTOMHHep~H ceseaaa? 

12. KaKHe MOMeHTbI HHep~HH scerna nOJIO>KHTeJIbHbI? Ilosesry? 

13. OrHOCHTeJIbHOKaKHX oceii ~eHTpo6e)KHbIHMOMeHTHHep~H pasea HyJlI()? 

14. KaK H33bIBaIOTCH OCH, npoxoztantae sepes uearp Tj{)KeCTHCeqeHHH? 

IS. KaK onpenemrrs oceaoa MOMeHTHHep:qHH epHTypbl OTHOCHTenbHO napannensaoa 

OCR? 

16. qeMy pasea ueHTpo6e:lKHbIH MOMeHT HHep~H epHTypbI OTHOCHTeJIbHO napan

JIeJIbHOH OCH? 

17. KaK onpenensrorcs MOMeHTbI HHep~ CJIO>KHOH epHTypbI? 

18. KaK H3MeWlIOTCH MOMeHTbI HHep~HH npa nosopore ocen KOOp,ll;HHaT?
 

19'. KaK onpenenaerca nOJIO>KeHHe rJIanHbIX ocea HHep~H npa.nosopore ocea KO


Op,ll;HHaT?
 

20. KaK onpeaemrrs BeJIHlfHHbI rJIaBHbIX MOMeHTOB HHep~HH? 

21. KaK onpenensrorcs 3KcTpeMaJIbHbIe 3HalfeHHH MOMeHTOB HHep:qHH ? 

22. qTO H83bIBaeTCH MOMe~ToM conpOTHBJIeHHH ceseaas? 

23. lITO Ha3biiiaeTCii nOiliipHbIM MOivIeHTOlvI COrrpOTniiJ1GHiUi Ce~eHIDi? 

24. B qeM H3Mepj[}()TCH MOMeHTbI conpOTHBJIeHHH CeqeHHH? 
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25. 4TO TaKOe paaayc HHep~HH? 

26. B qeM H3Mepj[}()TCHPll,LlH)'CbI HHep~HH CeqeHHH? 

27. KaK BbIlfHCJIHTb MOMeHT HHep~H epHTypbI OTHOCHTeJIbHO ~eHTpaJIbHOH OCH C 

DOMOlI\blO panayca aaepuaa? 

28. KaK onpeaensercs 3HaK ~eHTp06e>KHoro MOMeHTa HHep:qHH pasaotioxoro yron

KS? 

29. KaK onpenenmotcs reoaerpa-recxae xapaKTepHCTHKH npHMoyrOJIbHHKa, xpyra H 

xonsua OTHOCHTeJIbHO rJIaBHbIX ~eHTpaJIbHbIX oceii? 

30. KaKHe CYII.leCTBYIOT 3anHCHMOCTH Me>K,D;y nO~HbIM H oceBblMH MOMeHTaMH 

HHepl\HH ceaeaas? 

31. 4TO H83bIB8lOT DpOKaTHbIMH npOepHJIjlMH H ,ll;JIH qero OHM Cny:JKaT? 

32.KaK BbIlfHCJIHTb reoxerpasecxae XapaKTepHCTHKH OTHOCHTeJIbHO OCH CHMMepHH 

CeqeHHH? 

33. KaK H3MeHHTCH reosserpasecxae xapaKTepHCTHKH OTHOCHTeJIbHO rJIaBHbIX ~eHT

PaJIbHbIX ocen npHMoyrOJIbHHKa npa ero nosopore aa 90°? 

34. 4ro H83bIBaeTCH rJIaBHbIMH OCHMH H rJIaBHbIMHMOMeHTaMH HHepl\HH ceseaaa? 

35. KaK onpeaensiorca reosrerpasecxae XapaKTepHCTHKH ,!l;JIj{ nOJIOCbI? 

Bu6J1Horpa4»HQeCKHH cnHCOK	 .-

AneKCaH,Z:q)OB A.B., IloTaIIOB B.):{., ):{ep>KaBHH D.Il. ConpoTHBJIeHHe xarepaa

lIOB: yqe6HHK. - M.: BbICIIIaH IIIKOJIa, 2004.- 384 c. 

rOCT 8239 - 93. CTaJIb ropsxexaraaaa. DaJIKH nayraapossre. 

rOCT 8240 - 93. CTaJIb ropssexaraaaa. IIIBeJIJIepbI. 

rOCT 8509 - 93. ~TaJIb ropaxexaranaa. YrOJIKH paaaofioxae, 
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