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BBF.JIEHHE 

TeMB "reoMeTpaqecRBe xapaRTepscTBKB nJioCRBX ceqeenft" Hsyqa

eTca B ROHOe I ceMeCTpa IlOCJie TeMH "UeHTP T.RXeCTH TeJI" e BHilOJI

HelUJJI ~OMamHero 38~8RBR "OnpeneJieHBe oeHTpa TmtteCTB (UT) co

CTSBHOro ceqeHBR BS npoKaTHlilX npO<f)BJiel•. 3Ta T0MB RBJIR8TCH aeo6-

XO)tBMHM npo.noJD1teHBeM npJ no~roTOBRe Bcex, KTO cos~aeT TeaTpa~D

HHe AeROpaQBJI B ROHCTPYKllHB l1JIR CQeeeqecRBX ~eKTOB, DOTOMY qTo 

STll paspa60TKB Bcer.na CijJISSHH c IlOBCRSMI TaKHX reoMeTpHqecRBX 

napaMeTpoB ceqeeBI, RoTOpse npm MHRBMBJIDHHX pacxo.nax MaTepmaJioB 

B MBCCe CMOrYT 06ecneq1TD eeo6X0,11JJMH0 npoqaoCTD, E0CTROCTD B yc

TQlqJI.BQCTD KOHCTPYRilHH. ,IInH ,110CTBX0HBH STHX CBOACTB HeOdXO,llHMO 

He TOJIDKO YMeTD D0,11CqBTHB8TD nJIOIQaJlH, CTaTH119qecRBe MOMeHTH 

DJIOCKRX ceqeRBI BJll! onp0Jl8.7IHTD aeHTPH TSDl8CTB COCTBBHHX ceqeHH~, 

HO H paso6paTDCJI B CYillHOCTB TaRBX DOHRTHM KBR "~o~el!T~ £0.!!.P£T!B

~01!1f! _£e~e.!•!", BJIJUD>IItBX Ra npoqaoCTD BBJIOB H 6aJIOK nepeRpHTIA c 

60JIDmnm npOJieTSMJI B "_MO!e.!!T~ J!Hfil>YB! .!!Jl.QC!Qr.Q .Q_e~e.!!B!!"· BJIBmO

DUtMll HS zeCTROCTD B YCTQi!qBBOCTD ROHCTPYKQBA. 

IlOHllMBHJie HSSBBRRHX BHIDe JSJIOBHX TeM, npoqaoe BJIB,110HB€ TeopH

eR B npaRTJIKOI STBX pas~eJIOB xypca "TeXHOJIOrJAeOKHe OCHOBH ROH

CTPYBPOBBHBJI ••• " nosBomD>T B l18JIDHelmeM o6ecneqHTD TBopqecKYD 
~ 

pa60TY CTYJl0HTOB HS CTSPlllBX Rypcax no odOCHOBaHmo OilTBMBJI'LHHX 

BBPBBHTOB Jm6oA T08TJ)BJI1,HOI KOHOTPYROBB' C03,1181J·r BOSMOZHOCTH 

onepaTBBHoro pemeHBR pHJJ.a npoeSBOl1CTBeeeHX sa,llaq. IloHBMBHBe B 

HaBHKB BOilOJibSOBSHBR CileIXBBJibHlilX TS6JIJIQ B rpa(f)BROB, npmodpeTae

MHe npe BHIJOJIHeHHB npaRTBqecKBX paQOT DO TeMe, IlOSBO.nRT COKpaTBTL 

JlO MBHJIMl'MB SBTJ)STH BpeMeHB HS paoqeTH ROHCTPYRORI B qacTB HX 

npoqaoCTB, JleCTROCTB • JCT0111BBOCTR. 
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·;I • TimOJIOTIUI llOIIEPEtnrnX CEt!EIOOt , m: CP ABHEHHE 

Ham60Jiee npocTHe ~opMH nonepeqasx ceqeasA mmpoKo BSBeCTHH • 
.IlaBaATe nonpo6yeM BM0CTe npe.IICTBBHTb ce6e R0KBe-JIB60 ceqeHHH.HJ, 
aanpeMep, mTopa ea oKHe no.D.Bemeaa Ha KpyrJIOM HJIH KBa~paTHOM xap
amse. KaKoe ceqee11e y aecymea ROHCTPYKilHH't Koaeqao, xpyr MH 

KBa,lij)aT. 3aHaBece, nopTDeps m nexopaum11 B TeaTpe MoryT xpenwT:&
CH Ha ~epe.BRHHOM 6pycKe, Tpy6e; MOrYT 6HTD BCDOJID30BBBH npoKaT
HHe npocpHJIB HS car.mx pa3JU!qHHX MSTepmaJIOB l CTSJTh' lllOPBJIJOMHHHe
BHe CilJiaBH, IlJISCTMBCCH BT. n.). QqeBHJtHO, qTo B 3TBX c.nyqaJIX 
ceqeHMH HeCYillHX KOHCTPYKilMi! dy,nyT B .eane DPJIMOYI'OJI:&HIK0, KOJildlB, 
CJIOXROro COCT8BHOro ceqeHBH • 

.1IJIR npOCTOTH naJIDH9HillHX paccy]ff,D.eHHH 0 reoMeTpHqecKMX xapaK
TepPJCTHKax BOCDOJI:03Y9MC.fl 0}1.HO~ He3aBeprneHHOH CTY.IIeHqecKoii pa6o
TOH (pHC. I). 3To T86JIHUa, B OCHOBY ROTOPOH 6HJIH IlOJIOXeHH npe
KpaCHH8 npHHUEDH: BO-nep.BHX, .IIBIDKeHMe MHCJIH OT npocTeAmHX ~OPM 
K 60.Jiee C~O~HHM, BO-BTOPHX, KpaTKOCTb, B-TpeT:&mx, y~o6CT.BO 

ITOJib30B8HHR. I{aK BM,IlHO, TadJimta paccqzTaHa Ha 8 BepTHKBJThHHX 
rpa~, a ROJIEqecTBO ropH30HT0.JIDHi:lX CTPOR COOTB9TCTBY8T KO.JIHqecT
BY THDOB, ~OpM pa3JIHqHHX ceqeH~M. Rs nepBO~ rpa®H BPI.JlHO, qTo 
npe,nnoJiaraJIOC:D paccMOTpeT:D ? pa3JIEllHWC ce'teHmi, HB3BBHBH KOTOP~· 
~ reoMeTp~qecR~e ~opY.H npmBe~eHH BO BTopo~ rpa~e. XoqeTCH cpasy 
~e o6paT~T:D BHBMBHHe CTY~8HTO.B Ha TO, qTo Ta6~HUa Ha PEC. I co
.nep)KHT E3JIPiill8CTBa. Hanpm.~ep t Kpyr H ROJillllO: ,noCTBTO'lHO paccMO
TpeT:C o.nao KOJIOUO, T. K. eCJIE npmpaBH.RT~ ero BHYTP8HHEI .n~aMeTp 
H.YJIIO ( d = 0), TO ITOJIYqHM BCe ~aHHHe ,D,JI.R Kpyra. AHaJior~HO 
MO)KHO pewPIT:C BonpocH o RBa.npaTe, npfiMoyroJI:&HHKe, napa.JIJieJiorpaM
Me li1 poM6e. Be.n:o I\Ba,npaT MOJKHO paCCtft.aTpHBaT:C RaK npRMOYrOJibHHK' 
y KoToporo h = B , a napaJIJie.rrorpaMM KaK npHMoyroJil>HID(, Y xo
Toporo H8KJIOH pe6pa He paBeH 90° ( ( i=- 90°). PoM6' B CBOIO 
oqepe.n:o, MO&Ho paccMaTpHBBTb KaK napaJIJieJiorpaMM, y KoToporo Bee 
CTOpOHH paBHbI l'I yroJI H8KJIOHa pe6ep He paBeH 90° ( d :-;. 90°). 
TpaneUPJJO T8K.JK8 MOi~HO paccMaTpMBBT:C KaK - CJIOJKHYIO cpHrypy' COCTaB
~eHHYID ~3 Treyro~:DHID\OB E np.RMoyroJI:DHMKa. 
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YonosHoe 
o&oaHalfeHHe 
ceLJeHH~ 

fOCT 

IlP.JIMDHfDAbHMI 
TPH6A 

IlP. TP. 4Dx25x2 

racr 8645-68 

TPllfiA CTAnbHMI 
eonorAaOilPOBOA
HASl, nerKA.s1, c 
HCADBHblM nPDXD
llOM 25 HEOLV1HK06. 

0.6bl4HOH T04HOCTl-1. 

TP.2 5x 2,8 
rocr 3262-7fi 

TPH6bl CTAflbHbJE 
6ECWDBHblE 

XOADAHOAEIPOP
MMP!JEMblE 

TP. 60.x 1, 5 
racr 0734-75 

TPYfibl crAnhHblE 
an. CBAPHblf 11 
liECWDBHblE JJ.AA 
MOTOBEnOMblW-
JJEHHOCTM flf'O 

TP. 40 x 2,5 
rocr 12132-ss 

PBc. 2 

IlJIOUIAAb . 
CE'f EHHJI 

F cM2 

' 

2, '14 

2,70 

2,76 

2,94 

IlPHME'IAHIDI, 

PACqETbl 

F=AxB-
-( A-2SJ)( (B-2S) 

: 4,0 X2_,5-
-[( 4,, 0-0,4)x(2,5-0/1)] · 
= 4f0-(3,,6X2,1): 
= 10-Z56= 2.44cJ / '/ 

F =0,785(D2-d2 )= 
= 0, 785 ( 3, 35 2-2,79, 
= a,, 785 ( i1,22-

-z 1a; =2,,70cM2 

F= 0,785D2(1~9= 
= 0,785xSZ)((1-D,90J 
= 2. 76cM2 

~ 

rAE oG = d 6H~TP : 
DHaP.Y>kH 

= g~ = 0,95;~~091 
.. 

f= 0,785 D2{1-oV2)= 
= D,785 ·4,oz·(1-ft71)= 
= 0, 785 ·i6 ·0,2~ = 
= 2 S4cM2 , 

~= fo--=0.875; 
2= 0.7656 = 0,77 
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PaccMOTpBM .npyroti npHMep: ,llJIR BHilOJIH€HHR KOHCTPYKilHH peKOMeH
ltOB0HO HeCKOJIDRO THilOB CT0JIDHHX T.PYd OJlBHBKOBOit llJIHHH. ~OpMH . 
TPY6, xapaKTepHCTBKa ·mx JIHHeAHhlX pa3MepoB .H nJioma,neit cBe.neau B 
TS6JmllY Ha pmc. 2. Heo6XO.D.HMO BbtdpaTD BapHSHT TpY6G c HSHMeHD
WHM pacxonoM MeTaJIJia. HCHO, qTo npm OAHHSKOBOH JlJIEHe PJ MaTepmaJie 
HSHMeH:blllHW paoxo.n MeTaJIJia 6y,neT y TPY6bt c aam.teHJJWe1i IlJIOIIlB)ll>IO 
ceqeHHR. TaKoH Tpy6oH .RBJIJieTCR np.RMoyroJIJJHaR Tpy6a 40 x 25 x 2 
rocT 8645-68. 

IlRTaH rpa~a Ta6JieuH aa pmo. I OTBe.neaa eme o.nHoA reoMeTpBqe, 
CKOti xapaKTepPJOTm<e IlJIOCROro ceqeHM, H03B0HHOH "CTaTmqecKPJe MO
MeHTH IlJIOCKoro cetreHE.fl". '2Jrry BeJIHtrHH.Y od03H0tl0IOT 6YKBO~ s . 
Oea BMeeT pa3MepHOOTD ~HHeHHHX pa3MepoB B TpeTlJSH CTeneHH,T.e. 
MM3 , cM3 , M3, T. K. npe.noTaBJUleT co6oli B3RTYID no CBOe~tY ceqe
HHID CY'W.lfY npOM3Be~eHPJM IlJIOma~eM ~mryp Ha paCCTOHRHe .no KaRoD-
JIH60 OCH: f) = ,6' . F . s ~ t::"'f'y~ r: . 

~ y L ~ , j ,. x L- L r i. , 
BBe.neHEe B npaKTHKY pacqeTOB CTaT~qecKEX MOMeHTOB B 3HB~PJTe~LHOM 
cTeneaM odJierqaeT aaxo!UleHHe UT JIIOdoro cJio~aoro cocTaBHoro ceqe
HMR. B nRTYID rpa~y He 6y~eM BilHCHBaTJJ HHK0KHX cpopMy~, T. K. HS 

... 
npen~nYmero MaTepeaJia M3BeCTHO, qTo CTaTmqecKEe MOMeffTH Il~OCKOH 

~mrypH OTHOCBTe~lJHO JII060H ueHTPBJibHOH OCH paBHl:l HYJIIO, T. e. eCJIM 
ocm npoxo)J)IT qepes UT Toqxm C, TO x0 = O,y0 = O. 0THOCH-
Te~DHO Bcex ~pyrwc oce~ CTaTMqeoKHe MOMeHTH BCer~a MOXHO JierRO 
onpe~eJIHTD, IlOHPJMBJi CYIUHOCTD pac'tleTOB. 

.JC a 

X ..... t. A J:-7. . .... 
·--·-·- ·-·~ 

I 
I 

I .. 
Y· I. 

~ -·-
_.,,-

PMC. 3-a 

x 

B ~OPMYJIY CTaTmqecKoro 
MOMeHTB BXO.IUJT pacCTOSIHHe OT 
Il'I' SJieMeHTapHOH IlJlO~.D.KB ~o 

ocm Ox H~H no OCH Oy (CM. 
pHc. 3-a) • PaccMoTpl1JM eme pas 
nnocKoe ceqeuee npoBSBOJIDHoA 
cpopMH, T. K. ,nJI.R ~aJil>He«InHX 

paCCYJIU19HHH eac dy]J3T HHTepe
COBBTD He TO~DKO paCCTO.R:HIJJI 
no oce~, HO E KBa~paTH 3THX 
paccTOJiHHH, HTaK,eapmcyeM 

• 
n~OCKOe ceqeHJJe npOB3BO~l>HOf 
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8. 

a. 

x 

PHc. '3-6 1 e,r,tt 

cpopr.1H (pMC. 3-6)' MhlCJieHHO B 

3TOM cetleHM:H BJmeJIMM 3.JleMeH

TBPHYJO DJIOIQa,llKY 6 F (pMC. 
3-B), 3aTeM B JIJ060M MeCTe B 

nJIOOKOCTH paccMaTp~BaeMoro 

ceqeHPJR DOCTBBHM npOP.3BOJID

HYID TOtffiY 0 PJ coenHHMM STY 
TOtray 0, H83HBB8MY10 DOJIJOCOM, 

c ueHTpOM TRJK9CTH a.n:eMeHTap

HOR nJIOIQa,D.KPI 6 F ( pMc • 
• 

3-r). 0Tp830K np.RMOH s> R.BJIJI-

eTCR nepeMeHHHM M no BeJIHqPJHe 
M no HanpaBJieHmro, T. K. 3a

BPJCHT OT B38MfilropacnoJIOJK9HWI 

3JieMe HTapHOH n .. l!Olll8JJ,KH tl f' 
Tl.I TO'll(PJ 0 B nJIOCKOCTH Hamero 

CP.lleHMR. 
7CJIPJ trnpe~ TOtrH:y 0 upoBe

OTPJ )J,B8 B38MUHO nepneH)lHRY
.lI.Rp~e npRN'..ble , 'rO l'IX M01.tHO 

npPJHRTD 38 OCPJ x-x M Y-Y' a 

eOJU'I Ha STE OOM :M3 I.fl' 
aJieMeHTapttoi:i nJioma.D.RH 6 F 
OIJYCTHTI> nepneH.n~KYJI.RpH, TO 

110JiytU1M KOop.nMH3Thl 3.Jie~te HTap-
17 

HOH nJIOlltB.D,RH 6 ~ B CPICTe~ .. ~e 

Bb16paHHhlX HBME oceil. TaR~r.-! 

o6pa30M, x - paCCTORHMe OT 

UT sJieMe HTapHoi1 nJiouJ.a.nRH .~ F' 
~o OCH Y-Y, y - TO ~p ~aCCTO

.~HEe, HO 'l'0..7ThKO .no ocm x-x. 

Me.11!'JtY 5) , x, y cymecTBYeT 
Oll8Hb npoCT8R CDR3b - B8,nh 

RBa,npaT rPinOT8HY3hl B rrp.qJ\iQ

yro~"'IpHOM Tpeyro.JinHJ.1!\r raBP B 

CYMl'J!e KBa,IJ.raTOB I<EJTeTOR 

~2= x~~ + /. 
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OdpamaeM BHHMBHRe Ha TO, qTo ~BHeAHHe pasMepH MOJltHO onpe~e
~BTL JIBdO BRSYaJIDHO, JIBdO c IlOMOIQ!,m BRCTPJMeHTOB, T. e. MOllHO 
opBeBT&posoqso onpeAe~BT'b ra6apBTH AeRopanmB, BHCOTY ~o ra~epeA 
BJIJI KOJIOCHJIKOB, pe3Mepbl dMTa B ero pes:&6H B ST2 lite pasMepH MOlt
HO YTOqHBT:& c nOMOIULRl pyJieTKB, WTSHreHQmpKyJJJI, HYTPOMepa, T00-
AOJIBT8 M ~pyrBX npa6opoB. Onpe~eJieHBe xe DJIOIQ0A0A, CTBTH1leCKBX 
MOM0HTOB HBJI.ReTCH qmcTO pac~eTHHMH onepaUHRMH, ROTOpHe HYllHH 

.ItJUI 06JierqeeW1 IlOBCe~H0BHOro TPYAB KOHCTPYKTOpa, TeXHOJIOra, 
3KOHOMBCTS npe OT6ope TeX HJIB BH.hlX B3~0JIBM, npe.ItMeTOB. 

EcTeCTB0HHO, qTo npH paspa60TKe KOHCTPYKUEA Heo6XOJU!MO rpa
MOTHO H o60CHOB0HHO pemaTD BonpocH npoqeoCTH I xecTKOCTH ROH
CTPYKUIM, mx neJiecoo6pasaocTH H 3ROHOMHqaocTB. I1paHJlM03Hoe 
CTPOHTeJIDCTBO, ROTOpoe Be~eT qeJIOBeqecRoe coo6mecTBO 30 nocJieA
HBe TPH BeKa, Bw:IBHJIO H ccpopMY~HPOBSJIO OCHOBHHe 30BBCHMOCTB, 
BJIWilOIIU!0 Ha npoqHQCTD H ~eCTKOCTD noqTH JII06HX KOHCTPYKilBH. On
HBKO npe!Ole qeM nepeiTH K asyqeamo STMX 30BHCMMOCTeH, BblBO.nJ 
~OPMYJI B rpaHHQ ~eacTBHJi STHX ~OPMYJI, IlPOAeJiaHTe C0MH He60JIL
IIlOi! onHT. 

Bo3DMHTe peAcmBHY HJIM TOHKYD JIHHeihcy H IlOJIOJKHTe ee KpaH Ha 
onopu, aano~o6ne 6aJIKe MOCTa, caaqaJia nJialllMff, a noTOM nocTaBD
Te aa pe6po. CJierxa HaJQI?v'IaH naJIDUeM Ha peAcmBHY B cpeAHel qa
CTH, BY cpa3y noqyBCTBYeTe, qTo B nepBOM CJJYqae, IlJIBIIlMff, pe~c

illHHa JieI'KO nporHeTCJl OT HBJKBTBR Ha Hee naJIDQeM, a BO BTOpOM -
Ha pe6pe - ~aEe npH CBJIDHOM Ha~PJMe BCeH PYROH, HEKBROft BH,llHMO~ 
~ecpopMaOHH He npOHCXO~MT HS-Sa BOSpocmeH JKeCTROCTH peacmHHH. 
Raxme BHBO,nH MO~O B H.YJKHO CAeJiaTD ES SToro BCeM AOCTynaoro 
onHTa? Be~D 3H8ROMYe HaM reoMeTpmqecxme xapaKTepeCTHKH - JIHHeH
HHe pa3Mepu, IlJIOIIl0.nl>, CTaTeqecKHe MOMeHTH ceqeHBR - HH11ero He 
npo.RCHJllOT. B caMoM ~eJie, BeJIHqHHa ~MHe~HHX pasMepoB g H h He 
H3MeWleTC.R (npaBna, H3MeH.ReTC.R MX IlOJIOXeHHe B npocTpSHCTBe -
OCHOB8HH8 g, pacnoJio~eHHOe ropH30HT8JlDHO, 30M0HSUl h ' pacnoJiara
eTC.R: BepTHKaJr&Ho) • Turoma~D F = .B x h PJ cTaT·MqecRPJe MOMeHTH BO
o6me OCTBTOTC.R nOCTO.RHHbIMM npH .mo6oM IlOJIOJKeHHH. Tor.na 3a cqeT qe
ro 1Ke B03HmtaeT conpoT~BJieHMe peiicrnPJHH BHemHHM HarpysRaM,npmtieM 
TaR RBHO, qTo na~e HeT He06XO~MMOCTM npH6eraTD K RBROM-~H6o M3-
Mep~T8JIDH0H TeXHMKe - CHJIOMepaM, nporPJ60MepaM PJ .npyrPJM npH6opaM. 
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KaK MOJtHOAOra.naTLCSI, pas c IlOMOlllDD y~e xopomo 3HBKOMYX reo
MeTp1AeCKB1X xapeKTepmCTHK 06'1JICHHTl> RBJI9Hl9 He y.naeTC.R - eeo6-
XO.DJ!MO HCKBTD HOBHe SSBICBMOCTB, BBOlllTD HOBHe IlOHJITHR, paspa-
6aTHB0TL TSRYD MeTOllBKY pacqeTa ROHCTPYKilHH, KOTOpaa 003,llSBa
.na 6Y B Hamel nOBCeAHeBHOA JIBSHB B03MOJltHOCTI l10K0SSTeJIDHO IlOllT
Bep)lBTb {HJIB CTOJID ~e llOKasaTeJIDHO onpoBeprHYTL) CMeJIHe aeop
l1BHBpHHe IJ10H, H0CT0HJ1SPTHHe npe.u;IOE9HHH npm paspa6oTKe .nexopa
URH HJIB cuee1qecKHX a(fxpeKTOB, .neJiaa saMHCJIH pe~HccepoB, xy.no~

HJJKOB H ,npyrnx TBopqecKBX pa60THHROB peSJil>HHME H npu onpeAe
JI9HHHX ycJIOBBJIX axoaoMHqecKB onpaB,llSHHHMH. 

2. IIOIDIDUI 0 MOMEHTAX WIEPIUm H MOTdEIITAX COIIPOTHBJIEffi1H 
IlJIOOirnx CE1IEID'IH. BIFrnCJIEHH.E MOMEHTOB l1HEPIOOi 11 
MOMEHTOB COI1POTHBJIEHID1 IIPOCTHX CElIBHIDi 

HayqHHe HCCJie.ztOBSHM, BCilHTSHM o6pa3UOB H MOlleJiei! B Jia-
6opaTOpHf!X, npaKTHRa CTPOHT8JILCTB8 B 3KCilJlYSTSUH! pasJimqeHX 
KOHCTPYKilla BWIBHJIB, qTo npB CJIO!tHOa pa6oTe coopy~eHMfi, B oco-
6eHHOCTB npm pa6oTe 3JI8M8HTOB HS KpyqeHHe H nsre6, pacqeTY Ha 
npoqsoCT]) H E8CTKOCTD MO~O ynpOCTHTL BB8l19HH8M HOBHX IlOHJITHa: 

1

"· JioMeHTH .BHepomB IlJIOCKBX ceqeuHA {o6osaaqaeTCSI 6yKBO:tt - J 
l;·OT JIBTBHCK.) H MOM8HTH conpOTHBJieHM IlJIOCKHX ceqeHHH (o6os
H0'q09TCSI JiaTIHCKOii 6yKBoi w -.l196Jll>-Be). 

BaaqaJie pacOMOTPHM MOM8HTH HHepo21. IlO,ll MOMeHTOM HH9!!QHH 
nJiocxoro ceqeaBJI nonHMam BSHTl'IO no BCebtY ceqeem cytliMY npoes
Be.neHBI aJieMeHTapHHX nJioma~oK ~ F aa KBa~paT BX paccTOHHma, 
JIIJ60 .no TOimB 0, JIB60 .no ocel x-x BJIH y-y, pacnOJIOJteHHHX B 

.nJIOCROCT! ceqeHBH. TBKHM o6pasoM, B DJIOCKOM ce'CleHHB MOJKHO BHJle

JIITD H8CKOJIDRO TEDOB MOMeHTOB 1aepn12: 

I TWl - IlOJIJiPHHA MOM0HT IJH9pll!H HJIB MOMeHT eaepomm KpJ'Cl0HH!!_, 
ROr.1ta KBS.JlPBT paOCTOJIHM npBHHMB0TCJI .no TO'qRI 0, KOTOPYIO o6sqeo 
aasH.Bam noJIIOCoM. Tor.1ta J;' 

1 =f-02 ~r =02()F+o2.d~+P2af-+ .. +\>
2td7 =jo2di;'~ 

f L J L r i H 1 J2. G l3 3 .Jn n ) J 
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IT TW1 - OCeBHe MOMeHTH, HJIH MOMeHTH BHep0BH B3rH6a. IlOCKOJID-, 
KY oce:H B IlJIOCKOrA ceqe HHH ,llBe • TO H oceBHX MOMe HTO.B TOlte ,ItBa: 

OCeBOH MOMeHT HHepUHH OTHOCHTeJI~HO OCM X-X: r 

J IF /2 2 t:' ;J T;l d £ '1 rr (-u2olf ~ = Y: 6F,. = u dr, . .,. u fl14- + u 6 + · ·· .. + g /Jr = ~7 ) 
x t. " Jj i ~~ 2 J~ :3 n n ; 

oceBOH MOMeHT HH0pllHH OTHOCHTeJIDHO OCPJ y-y: 

Bee TMDH MOMeHTOB PJHePilHH BM0IOT o.neHaKOBYIO pa3MepHOCTI> -
8,ItHH~H ,llJIHHH B qeTBepTOH CTeneHH - cr.~4 • 

. "" .. 
I16.7r.RpHHe H oceBI:le MOMeHTH HHepuPIH Bcer.na ilOJIOJmTeJI:bHH (KOHe'q-

HO, npH YCJIOBPIM, ec~E DJIOll\8~'.b IlOJIO~PITeJI])Ha), T. K. ~, x, y 
BXO,DJiT B ~OPMYJIY B KBa.lij)aTe, a mo6aH, .naxe OTpMUaTeJI])HaR BeJIH
qHHa, B03Be.neHH8R B RBanpaT, no~O}(HTeJDJHa. 

UeaTpo6eiKHHli MOMeHT MHeJllHH MO.nteT 6HT:D BeJimqeHo:ti nOJIOJKHTen
Hoii, o~pmtaTeJil>HOH E paBHOti H.YJIID B 38BPICHMOCTH OT 3HaKOB x, y, . ~. 

BXO~ B qJOpr,~JIY STOro MOMeHTa PIH€pllPIH. PacCMOTPHM CJIY'tlatt,Ro-
r.na··-tfe1lTp008JKHHM MOM€HT PJH8pllME nplilHHMaeT 3HaqeaMe0.Ha pee. 4 

I 

OCb Y-Y RBJI.fl8TC.R OC:DJO Cl-U:"iMeTpPIH nonepeqHoro ceqeHEH' H Tor.na 
.nM Jr106oi1 n.norn.a,nKJ.i ~ F' , pacrro.no~e HHOH cnpaBa OT ocM y-y Ha 
r-accTORHHRX x = a I' y = Br oT oceM, llOJIY1:1HM J xY= b Fr a.1 3j 
3c.n:e,nCTB~e c~MMeTpPI~ cetie Hii.R Bcer.zta PIMeeTc.H nJioma,nKa ~F uJie-

~a OT OCPI Y-Y, .1lJIR KOTOpotf X = -a1, Y = B1 H - JA:i-: - At{ Cf 1 ~ 1 
I'JIR RBJr'J(O~ nap.bl CMr-.'1'.IeTpPJ'tlHO pacno.JIOJK8HHblX DJIOIIe.nOK OTHOCPIT9JI])H0 

oc~ Y-Y CYMMa npOPI3Be.neHMH F~ x L. y L raBHa HYJIJ0. 
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y x 

PHc. 4 

OcB, OTHOCIT0JIDHO KOTOpHX oeHTpo6eJKHYA MOMeHT paBeH HYJDO, 
R83HBSl>T rJIS.BHHMB OCJIMH_BaepttBB. EcJIB r.na.eeee OCB npOXO.DJIT qe
pes UT ceqeaBR, TO BX aasssaDT !JI!.B~_ll!H!P!!JI!ff!!M! .QC!M,!. 
!B!m•!· YqBTHBM, qTo aeueeTpaJI:&HHe rJia.BHHe ocM o6eqHo peJtKo 
.BCTJ)eqaJ>TCR B paoqeTax, CJIO.Ba "QeHTpSJIJ,HHe" B "1HeJllBB" saqaCTY~ 

O,PJCKSIOT. 
B llBJIDBeiimeM npm pacqeTe ROHCTPYKIIBA 6y113T prccMaTpHBaT1»CJ! 

ceqeHIUI, JilM0DllB0 He Meaee OJlHOi OCI CJIMMeTPBB. F~JIB ceqeHBe 
BMeeT O,ll.HY oci, CBMMeTPH.I, TO oea JIBJI.f.leTCJI O,llHOi 13 rJISBRHX 
ocel BH8JllBH. :&ropaa rJISBHSH 001> npoxo~IT nepneHJtBKYJI.flpHO OCB 
CBMMeTPBB qepes !fl' ceqeHRJI. IlpH HBJIJAHM B ceqeHBB llBYX ocel 
CBMMeTPBB o6e J!BJIJD)TCJI rJISBHHMB rceHTpSJn,RHMB ocRMJJ. UeHTpodea
BHe MOMeHTH OTBOC.BTeJIDRO 3TBX ocel .ecer.na 6Y1!YT paBHH HYJDO • 

• 
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MeJP'JlY IlOJJRpHLIMH B oceBYMH MOMeHTaMH HH8p!lHH cymecTBY0T .B3BEM0-
3BB2Cl!MOCTb. F£JIH B cllopMJne DOJIJIPHOro MOMeHTa 3aMeHB~D BeJIBqHay 

. ~ ~ " 

g 2 ero COCT0BJifilOlllJM!, TO J =[f~6.f = f..(xc;;+Y 2
) 6f 

~ 2 . ~ 2 f 
=[.x 11F +[Y llF = J.y +J.x; 

TaxmM o6pasoM, J;,= f x + J Y = const ; T. e. Ilo-
JIRpHHft MOM8HT HHepumH ceqeHPIR OTHOCHTe~bHO KBKOH-~260 TOtraH pa

BSH cyrv1Me oceBHX MOMeHTO.B HHepnHH OTHOCHTeJILHO B3aBMHO nep
neH)JJ!KYJIRpHHX oceM, npoxo.IJJUQHX qepe3 STY TO'tKy. 3Ty 30BBCH
MOCT:& o6bfllHO HODOJID3YIOT ,It.JJJI ynpomeHWI pacqeTOB MOMeHTOB 2H0ptlEI. 

FicJIPI ,naJKe noBepayT:& OCH x-x H Y-Y Ha K0KOH-TO yroJI 0( ' TO 

cpopMYJia He H3M8HHTCH, T. K •. BeJIHtfHHa '? B ,J18HHOM CJIYqae IlOCTO-

JIHfcl. BeJIB'<IBHli f x m f y 6YJJYT msMe.HJiTl>C.fl no BeJIH"<JMHe. HO 

TaK' 'CITO VJX CYNIMa Bee BpeMR 6y.neT OCTBBBT:&C.ff IlOCTOJIHHO:t!' .BeJIJAH

no:t1 (pHC. 5). C.Jie,noBaTeJI:&HO' B KOHCTPYKUHRX HY~HO H MOJltHO .no6H
B8ToCJl TaKoro IlOJIOJifeHH.fl, npH KOTOpoM O,ll.BH H3 oce.BHX MOM9HTOB 
.noCTHraJI dbl CBOero M8KCMMYM0 H 06ecnet1HB8JI dH BHCOKYIO conpOTHB
JIJ18MOCTb KOHCTPYKilHH BHeillHMM HarpysKaM. 

;IT.JIR 38Kpen.JieHHR 3HBKOrvtCTBa c MOM8HT8MH HH8ptlBH npHBe,neM ee

CRO~:&KO npaRTHqecKPJX pacqeTOB, HCTIOJI1>3YR ~OPMY~H Tad~mIH PHO. 6 
(Bbl.BO~H ~OPMYR BhIHeCeHH B Ilpm~o~eame I M CTY~8HT8M HeOdXO.IlHMO 

03H8KOl:iETbCR c MaTeMaTPJ'l{8CKHMk! npE9MBMM nepexo,zta OT odmero Bl'UJ.8 
K KOHKpeTHHM tlaCTHhIM CJIY'tl8HM). 

IlpviMep I. Onpe~eRHTo DOJIRpH!ili MOMeHT BH8pllH2 Kpyr~o~ TpydH 

60 X 55 MM. 

PerneHMe: no Tad~EUe PHO. 6 B rpa<I>e 6 HBXO.ItHM ~OPMYJI.Y IlOJIHpHO

ro MOMeHTa BHeJX,leH JJ,1IR KORDQa: 
• • 7 ~ 

jf = U,i D "(i-;x: ") = Oi 1- G,o If ( i-0, 70) ::<'~8, 9 -::;:;: 3 9 <'i"1 , 

r~e ~ - rroJJRpHuH MOMeHT mHePQHH Tpy6u, cM
4 ; 

~ 
JJ - HBPYJKHW1 ll2BMeTp TpYdH, crtt; 
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1loJ10MHHe J¥> noaopoTa ood. 

y 

x 
0 

Ilo.10MH111 noo.111 nosopo'la 
ooeA Ha yro.n rX. • 

Yi 

OOBMnamHO! IIOiiOllU!mil OC!M. 
8BSIDI088BROJDIOC~·· KOOPAKH8~ 8A8118H~~pHol nJIOmB.zucH 6F 

npB H9H8M8HHOll no~l>CI • TOtlK8 o. 
OA2= oB2+ AB'= 0Jl 1

2+ A.ll~; y2= ..?-+ y2= x~ + y~ = consi i 
0npe,lleJJ8HJfl KOOp,IUDm'I X H ~ npH 88"'8HIDIX B9JIHQBHSX x 1,y iH cl. 

17. 
x = 08 = OA - BA = 

= x 00$ o< - y st n ex ; 
I I 

y=AB=BK+lK= 
= x · ~ in oC + y cos o/.. ; 

I 1 

x 

OnpeAeBeHBe XOOPA\1HBT xI,ylnpH B&ltSHHKX BeJIHQBHBX x,y H ~. 
y 

xi= a.Al= OBI + B1A1 = 
= X ·CV$~+ Y ~in o( i 

y - OC = A A =LA - A L= r I l I 

= y co,S 0( - x ~in °' ; 
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r11 feOMeTP. xaPaKTePHCTJllKH cet1eHHH: . mMn :c 

'Yn ceLteHH~, PA3MEP F s J w ~ 
cpoPMA ~ 

G~ o~-i. ~~ e,.1 .... "' e~· CL. = 
1 2 3 4 5 6 7 8 

KPYr J, _:JiD'* 1iD' Jx=Jy= - ._ D 

0,785D
2 ~=15 1 >~ D - 32 - 'f :Jill' ' =Jg; xi~ •x 1iti' 

r Jx= 64 Wx=32 -- 2 
• 

WJJp KOnblt-0 D,d, 0)85Jfie 
~ 3 

~ D J =0,1><D· ~=ao5D· ~% -

~ ~(hi.4) 2 j ~,,. 5 x (1-o6~ )( jo(,4) -x1 ,K [YI x oe-A J, _0,05~ }\:Odl5ff Wx-~ s -n x- -% --!:I JC(4f ,,t,4) x(1-.G4) 
nPJIMOYrDnbMMK J BH3 W-BH2 Wx-~ . H 

3 6, h 8xh x=- 12. x- 6. -~ 

h - J- Ha3 W.- HB
2 
w.-~ x x 

~- 12. H- 6 
H f l}t 

llAPAJJnEnorPAMM 

4 I h 8, h Kxh J-Bh
3 W,- 8fl - x- 6 X. / IJ a x-12 

~ 6 .. 
' 

6 
npoKaTHblE Bee cnPaBO'!HLie ,llaHHbie 
nPO<l>HnH IlPHBOWtmC.R B f'OCT 

11 cnPaaoqtt11Kax ... 

PEC. 6 



NII THn 

n/n C8'18HR8• 

4oplll 

I 2 

I IloJiyapyr 
y 

}Yo 
0 Yi 

.IJ =2r 
':J 

2 a JI JI H n c. 
y 

x 
d 

a KBAAPAT, 
llOOT8BJl8HHWA 

H8 pe<Spo. 
y 

-IS-

reOK&TpHQ8CKH8 X8pK'1'8pHCTHKH oeqeaJdl 
Ilpoe-

F w pas- J '18HHll Me 

QM 0)(2 Cll4 Clla 

3 4 s 6 7 

a 
]) ff IJ " 

. 3 
} =0,if I , ~=002~D 8 x X, I ' 

tj =D 2l1J 3 Jy =0,25 l)lf 
0 I w =0 0511 

y ' 

Jrct .. B ))( =D,785 g. cf, W =0,/85X a., B x 
.Xe. a 2 , -

3 W. =0,785x }y = o, 785 a. B. 
~ 82. x a..· . 

) 

B, B B
2 

- B
2 Jx = ~ ~ iv: ~ w; = 

- B ~- g4 . - "B"- g1t • ~=~-8 
- ·.tz ' - s Vie B : 

. i 
I 

Pac. 6-a 
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d 
ft. = - cooTaomeHBe B.HYTpeaeero m BHemaero 

J) JJJJaMeTpOB Tpy6H; 
cl SS '1 

o(. =if == 
6 0 

-= a, 9 i , oc 2 -= a, s 4 ·1 o< = D,7 a : 

IlpJIMep 2. .nn.a npyTKa ~HaMeTpOM 25 MM onpe~e~HTD DOJIJ!PHH0 H 
oceBHe MOM8HTH HH8Jil~. 

PemeHl!e: 
~ ~ J, 

T = 0 i ·] =- 01·2 5 = 0 i· 39 O(i ~ 3 9 .., 4. J j' I J , I ) I CM J 

J 
J; 01 1JJ'L " 

J = = = = 0 05 JJ · 
.A y 2 ('~ J ) 

• 

J ~ . 4 If = 0 05]) =005·2,S =OOS·39)o6=i),95cn· 
~ ) ) , } ) 

Ilp~ep 3. .UJr.R peAcmHHH pasMepaMH nonepeqaoro ceqeHBR 

PemeHHe..: 

B = 4 MM, h = 50 MM onpe~e~HTD oceBHe MOMeHTH 
.HH9pUHI. 

Bh3 1=-x !2 

3 0,4 x 5,0 

!2 

1= J 
!2 

= 4,I66~4,I7 cM4 ; 

3 = 5,0 x 0,4 
!2 

= 0,4 x !25 = 
I2 

- 5,0 x 0,064 = 
!2 

Ms pacqeTa CTBHOBHTCH HCHHM, noqeMY B Il0R0~0HHH n~aIIIMR peac
illHHB ~e!'KO nporH6aeTCH (oceBO~ MOMeHT HHeptlHE oqeffD Ma~ H co-
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CTBBJJJleT B 3TO.M CJIYtlae 0,2? CM4)' a npm DOJIOJlteHHPJ Ha pe6pe MO

MeHT HH0.PillH cetleHRf! COCTBBJJR8T 4,I? cM4, T. e. ~eCTROCTL B03-

pacTaeT B' 4, I? 

0,2? 
= !5,? pasa. 

B TeXHBt1ecKmx pacqeTax ,D,JlR ooeHKH npot1HOCTPJ daJioK H BaJioB 
qacTO BCDO~LSYIOT eme OAHY reoMeTp~ecKym xapaKTepHCTBKY IlJIOCRO

ro ceqe.HM - ,MO~e!!T._C.Qill!O.!~~H.!fl.!. OTHOlll0HHe MOMeHTa PJH8p!lEH 

3Toro ceqeaHR K paccTOHHHIO OT UT ceqeaHR no HaPJdoJiee y~a~eeHott 
TOq}(H HJIB BOJIORHa aToro Ate ceqeHHJI. Pa3JIJJtl0IOT nOJJ.RpHblH MOM8HT 

conpoTEBJieHM, \,vf, oceBl:le MoMeHTl:l conpoTHBJiemm W x• WY. 

.· W = J,, W_ = }x . \J ~ h 
J> P mqx > JC '-/ rrux ' Y Xm-vx) 

~ MaX 
= MaKOBMSJILHOe paCCTOHHHe OT nOJIIOCB-TO'qKH 0 .no 
Rpa~Hero BOJIOKHB ceqeHHR. 1Ln.R Kpyra e ROJIDr(a 

~ MaX = ]} /2.; 

y MBX = MBKOHMSJILROe paOCTORHHe OT· OCH x-x ~o KpaHHPJX 
BOJIOKOH ceqeHPJH; 

x MBX = MaKCHMBJI:bHOe paOCTOJiHM OT OCPJ Y-Y llO Kpa~HMX 
BOJIOKOH ceqeHMJl. 

MoMeHTH conpOTHB..~eHBJ! MM8DT pa3MepHOCTL e~~HPIIl ~~HHH B Tpe-
T:&el CTeneHB - oM3• . 

Xot1eTCR e~e pa3 HBilOMHPJTL, qTo MOMeHTH conpOT2BJieHWI, TBR ~e, 
KaK M MOMeHTH EH8PUBH PJ npyrme reoMeTpeqecRBe xapaKTepHCTmtPJ 

ceqeHM, HBJI.fflOTCR qHCTO pacqeTHl:D!Ji I10H.RTHffi·,1H. ]03TO?v\V pasMep

HOCT:b MOMeHTa conpOT2BJI8HM TIJIOCKoro oeqeHJlR B cr.1
3 He ,UOJDfUla 

aCCOilHl!POBBT:&C.R HM c 06'beMOM TC.TIB' H~ co CTaTHG:eCJ\tl~~~ ;1,~QMO H'I'a!.iH. 

Onpe.D.eMT:b MOM8H'rH conpOTHBJieHHR npocT.etiITITTC: CP.qeHHfi MO:m.HO no 
cPOPMYJISM, np1me,neHHHM B rpacpe ? TS6J!Wl.bl Ha pHC. 6. IfiBo.nH QJO!'

MY~ BHHeceHH B IlpH~o~eHHe I. 
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IlPMMep 4. ,1Ln.R pei:tOIIlBHH 0 paaMepaME g = 4 MM, h - 50 MM onpe
~e~HTL ooe.BHe MOMeHTH oonpOTEB~eHHR. 

PemeaMe: Hs rpa<Pa 7 p:uo. 6 .D.JIJl DpJIMOYrOJILHmta 

'vfx = f x - 8- h 3 • 2 -
y MBX I2 • h 

0,4 x 52 

6 

~l - h-B3 
X 2 -

X MaX I2 X a 

5 x 0,42 

6 

3 = O,I3 OM • 

HaXOllHM 

B h 2 -
6 

--

}13 npHBe,tteHHOro pactieTa BH)J.HO, 'qTO npH IlOJIOJKeHHH "Ha pe6pe" 
(MOMeHT COilpOTHBJieHRR OTHOCETe~oHO OCH x-x) peHCillHHa m1.eeT pe-
38pBH conpOTHBJieHM BH8lllHl!M aarpysKaM B !2 - I3 pas BHille' qeM 

npH fJOJIOJKeHMB "nJiallli'.-tR" (MOMeHT conpOTBBJieHM OTHOCBTe.71.l>HO OCH 
y-y), T. K. COOTHOlli0HHe 

_\J,_x_ - I,67 =I2,8~{3. 
T_ T O,I3 
Wy 
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IlpHMep 5. CpaBHJJT:& reoMeTpJAecKme xapaKTepncTm<I .llBYX BSPRSHTOB 
ceqeama 6aJioR, noxaaaHHHXHB pmc. 7 e peKoMeHJtoBaT:& 
6aJIKy c MBKCEMBJI:&HHM conpoTBBJI9HH9M BepTBKSJIDHHM HS
rpy axaM npH YCJIOB!M, qTo JlJIBHH 6aJIOK, BX aapyJIUIHe 
pa SMepH O.ItBHSKOBH B OCH CIMMeTpBH aapJJtHOro DpJIMOY
roJI:&em<a COBII0.118DT c ocm.m CHMM8TPIH BHYTpeHHHX OT
BepcT:eit. 

PemeHEe: ,lI7m .BH6opa ceqeHHJI c MBKCHMBJIDHHM conpOTBBJieHBeM Bep
TmtSJIDHHM aarpy3KaM .nocTaToqao cpa.BHHT:& MOM0HTH co
npOTB.BJieHHR 6aJIOK OTHOCHTeJIDHO 091 x-x. BwrmcJieeme 
MOMeHTa conpOTHBJI8HHR TBKoro COCTSBHoro ceqeHHSi Tpe-
6yeT npe,D..BapeTeJI:&Horo onpeaeJieHHH oceBoro MOMeHTa 

HHSPQBH OTHOCHTSJI:&HO TOM !e OCH x-x"'2 
T. K. no 3B.118HHD oc~ CJ™MeTpHD OTBepCTMA COBilB.lla

IDT c OCRMH CHMMeTpmI .np.mv10yrOJIDHDRB, TO MOM0HTY meep
D;EH 3B.1l8HflllX 6aJIOK MOJKHO onpelleJDITl> KSK !v10M9HTH BHep
UMB HB.PYJKHOro DpJIMOYrOJI:bHHKB • HCKJilO'IEB f.;lOMe HTli MHepnH~ 
OTBepCT.HH. 

*)XoqeTCR npe.nocTepetrD OT oqea:& pacrrpocTpaaeaaoa omm6xm B 
pa cqeTax, ROr,lla ~o~el!T _ C.QD~O!J!!JI~H!Ji _ CQC.!B~H.Qti_ cI>!r_tP_!! .QD£e8e~T 
1£B! ].BiH.QC.!2_M£M~H!O~ £0!!Jl.QT~91!PJ! .£0.Q.T~Bd!Jl!2ll\!X_cp,!rlP.!.. 

TaK, lJ.JI.fl I Bapma HTa omm6oqHo nHmyT: 

'1..T1-W2 - Bxli2 x x ----- - B x h 2 = a x ra2 
-

6 6 6 

5 x !42 = 432 - !63 = 269. -
6 

IloJIYqeHHHH Ha6op CJJ3qaliHHX U~P H! B KOSH CTeneHM He COOT
BeTCTBYeT IlOH.f.ITIDO .:~A_Qrt~H! .£0l!,P.QT!B:!!el!Hf! £8~0.!!~"..!. 



g, flO 
B-80 

2 g cr-75 
B-BO 8-ao 
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74 f745,0 

73,6 2894 

PPic. 7 

305 622. ~56 

609 152 
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.ll7IH nepBoA da.mcm: 

J = J I _ J 2 = B ·H3 
x x x r2 

-- ax ra3 -
I2 

5 x !43 = 3888 - II43 = 2?45 cM4; 
I2 

= 2745 
9 

JJ..7m BTOpbH daJIKs: 

3 = 305 CM ; 

BX li3 - 0,785· a~B = 
!2 

= a x ra3 - o, ?85 x 7, s3 x a, o = 3888 - 994 = 2a94 cM4; 
!2 

\"_JII wx = ]~ 
H/2 

- 2894 
9 

3 = 322 CM , 
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- oceBol MOMeBT BHeJl?BB aapyzaoro npg
Moyr0JI1>smca, cM4; 

- oceBofi MOM0RT HHelJXBI IlpslMOJI'OJIDHOro 
OT.BepCTBR, CM4; 

- oceBoA MOMeHT BH0JllD SJIJIJIDCa, cM4; 

a - 60JIDillBR nOJIYOCD SJIJIBnca, CM, 

B - Ma~SR IlOJIYOCD 3JIJIHnca, CM; 

- H0H60~Dmee paCCTORHHe OT OCH x-x ~o 
~epxaero)KpalHHX BO~OROH ceqeHB.R, CM. 
B CHJIY CHMMeTp11 ceqeaRSI paccTORHII.R 
OT OCH x-x llO Bepxaero B HHJKHero BO~O
KOH OllHHSROBH, 

y 1'40X = __ H __ - IS = 9 CM. 
2 2 

PacqeTH, cBe~eHHHe B Ta6~mu' Ha pmc.7,HarJIJOlHO noKaSH.BaDT,qTo 
npE npaKTBqecKH paBHOBe~.PJRBX Il~OmaJlJOC ceqegzl (paCXOJKJ18HBe Boero 
0,8%) MOM0HTH conpOTIB~eHHJI BTOpoa 6aJIKH npHMepHO Ha 6% 6oJIDme 
nep.eoa daJIKE. TaRHM o6pa3oM, npeltIIoqTeHae c~e,nyeT OTJXaTo BTopoMJ 
TMilY 6aJIRH, ec~E eCTD TeXHO~OrHqecKBe B03MOMHOCTB BHilO~H9HHH 
SJIJIBDCOBH.llHOro OTBepCTMH. 

B np~epe Ha pmc. 2 paccMBTpHBa~cR Bonpoc o BH6ope Tmna Tpydw 
c H8HM9HD1IIHME 3aTpaTaM}l MBTepHBJia .BepHeMC.ff K STHM HCXOlUIHM ,JtSHHHM 
B onpe~e~HM BapmaHT Tpy6H,OTBeqaIOIItHM MBROPIMB~LHOH xecTKOOTH H. IvraK
CHMB~oHOH npoqHQOTH npm BepTmta~LHYX HarpysKax.Pe3y~DTSTH pacqeTOB 
TBKJlte npome Boero paocMaTpHBSTL ·B BH.lle TB~PJQH (CM~ pmc. 8): 



ruf. I Tmn TPY 6R, 
BBPH- cetieHHe, 
aH- pa3MepH 
TOB 
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I. ITpRMoyroJr:c
Ha.R Tpy6a 
40x25x2 MM 2 ,14 5 ' I? 2 ' 5 

2. Bo.nora3onpo
Bo.nHa.R Tpy6a 
33A5 X 2?,9 
X G,8 2,?0 3,27 I,95 

3. Tpyda TOHRO
CTeHHB.R 
60x57 
$ = ! , 5 2,? 6 I2, 0 

4. 'l'py6a 
40 x 35 
~ = 2,5 MM 2,94 5,3 

5. Tpy6a TOHKO
CTeHHa.R 
60 x 57,5 
p = I,25 MM 2,26 I0,4 

Pnc. 8 

4,0 

2,65 

3,50 

J _ BH~ ~h~ -
X-l2, -·fa, =b,f68J 

\ T 517 -8 I') r w JC = J = c!J, t) ."V c;:; I 'C) ) 
2,0 

J =OD5·6a~(i-o BJ.) ·-120 x • , J . ' 

\& T /2 02 · 2 J~ · 3 vv ~ !: ' = 6i .. o-cn 
x 6', 0 .~ ~ 

J = 0 0'5·4"(1.-059) = 5 30; .x:. I I I 

Ix= o,05 ·C;o"-(i-0,8'1)= 
-=0)05·1296'·0,.{o=lD,4; 

w :::: d0,4·2 ~'5,SOr.M3; 
x 6',0 
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: ~K BM,ItHO, no coo6pa~eHH.RM ~eCTROCTH m npoqHOCTB npe,llIIoqTeHBe 
c~;WeT oT,naTD Tpy6e c HBPY~HHM ~HaMeTpoM 60 MM. IlpB aToM, ecJIB 

. . ' - . 

TOJiiliJ.inn CTeHK" I, 5 MM (BapH~HT 3)' TO no cpaBHeHHIO c BSPHBHTOM I 
pacxo.n r,1B'!·epHaJia yBeJizq1maeTc.fl Ha 

I3%( 2, ?6 - 2,44 
2,44 

x IOO = r3,I% ), MOM8HT HH8PflBH, BJIHSIIOIIlHA 

Ha xecTKOCTD 6aJIKM, B03pacTaeT B I2,02 = 2,3 pa3a, a 
5,I? 

MOMeHT conpOTHBJI8HM.R, BJIRHIOIIWH Ha npotrHOCTb, .B03pacTaeT B 

4,0 
2,6 

= I,54 pasa. 

:EcJIE npm HBPY~HOM .nHaMeTpe 60 MM TOJIIIlBHY CT0HKB DPBHRTD 

$= I,25 MM (BapmaHT 5)' TO MOJKHO pacxo.n MaTepmaJia COKpSTHT:& 

Ha 2,26 - 2,44 X !00 = - ?,4%, a MOM0HT BHeIIXBB H 

2,44 

MOM9HTH conpOTHBJieHHR no cpaBHeHmo c BapnaHTOM I 6Y"JJ3T COOTBeT~ 
CTB8HHO BW!le .B 1_,0 :0 I,35 pasa. 

BH6op OilTHMaJioHOro BapmaaTa 3B.BBCET OT easaaqeHH.fl KOHOTPYR
UH~ H p.R.Ita lJJlYrBX cPaKTOpOB, KOTOpHe aeo6xo~BMO YM0TL BHqBOJIJITL, 

aaa~B3EPOB8Tb npm paspa60TKe KOHOTPYKilMM TeaTpBJibHHX ,nexopan11A. 

IlpHMep 6. .1IJIR· paBeo6e.n.peaaoro TpeyroJI1>Hmta c octtoBaHHeM 
B = 5 CM m BHCOTOH h= 9 CM onpe~eJIHTb reoMeTp1qe
CKme .xapaKTepHCTMKE OTHOCBT8JioHO OOH x-x, npoXOJtH
meli qepe3 UT ceqeHM napaJLJieJihHO ·ocao.aaa210 (cr1.. 

PHO. 9). 
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UT' 
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JC 
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~ 

PemeHme: 

a :=SO i 

·--+------Jl 1 

!'Ee. ,9. 

y 
0 

11 
f)J 

~ I 
i 

i 

" ;\ 

~I 
......___ !'("'_ I -,~.;'·, 

t 
("'' -,J 

<::t--., 
II 

~ 

( - _J_. B X \-\ = 0, 5 X 5 X 9 = 22, 5 cr-.12 • 
2 

2. Onpe,neMeM oceBOH MOMeHT HHeprtHJII OTHOCPJTeJil>HO OCH 

x-x, npoxo.ttmneif 'tlepe3 UT ce'tJeHHR napa.71n:e .. 1I1>Ho oc

HOBaHmo TpeyroJI:OHm<a no cI>op~-~.Jie ( cr.1. Ta6JIWlY na 
pmc. 6). 

)x = B x h 3 = 5 x 93 = IOI,25 cM
4• 

36 36 

3. Onpe,neJI.R:eM oceBHe MOHeHTl:l conpoTHB,JieHHR ce'tJeHM. 
BBM.n.Y Toro, qTo UT TpeyroJil>Hm(a pacnoJioiKeH Ha B.bl-

coTe h I = I/3 OT CC HO Ba HM.fl' TO .no BepmHHbl Tpe

yrOJil>HHKa OT OCH x-x OCTaeTC.fl h ') = 2/3 h ,T.e. 
~.I 

6 CM. TaKw.~ o6pasor .. ~, tteo6xo.nHMO ocpe,neJIET]) B 
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HeCHMMeTp1rqaoM ce'IeHME JtBB MOMeHTa conpOTHBJieHHH.: 

WI_ 
x - - IOI,25= I6,8?5 = I6,9 cM3; 

6,0 

w~ = Jx 
I/3 h 

3 - IOI,25= 33,?5 = 33,8 CM ' 

3,0 

r.ne 

\. rxr w - oceBOH MOMeHT conpOTHBJieHPISI npH paCCTOH-

.fIHJ!H h 
Y !':~X = 2 = _g h OT OCH X-X .ItO 

3 

\ ,,. TXIT -vv oceB011 MOMeHT conpOTBBJieHM npm paCCTOH-

HPIH h 
y r·rax = I = .! h OT OCH x-x .no 

3 

OCHOBBHHR TpeyroJI:OHmta. 
IIpPJMeHeHEe B TeaTpaJI:oHoi1 npaRT!Ke Me

TBJLJIOKOHCTPYI~PIM no~'Iac ~OBOJIDHO CJIO~HYX KOH~HrYPBilHH 

·rpe6yeT YMSHM B onpe,neJieH.HHX H0.BHKOB pa60TH C rOCTaMH 
I1 pa3H006pa3HH~.I11 cnpaBOtIHPJKBHE. 

11pPir·.!ep ? • Onpe.neJIPIT:O OCHOBHHe reoMeTpzqecRHe pasrv1epu, noJioxeHme 
I.IT' MOMe HTH BHepU~H PI J:l:lOMe HTH conpoTHBJie HHJI CTBJIDHO
ro paBHODO.JIO'llHOro yroJJ]{a J~ 2, 8 rOCT 8509-?2 (pPIC. 
IO). 



-30-

Y/ y 

I 
I 

/ 
I 

I 
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cl 

- - •. ___.Iii.~-
~ 

x ;~ 
0 

'\: . ---
I 

fi I ___ _J 

PEc. IO 

PemeHHe: Hs TOCT 8509-?2 ll.7IR sa~aaaoro npo(flHJIR ~ 2,8 MOEHO 
BHilHCBT:D: 
OCHOBHHe pa3MepH - 28 x 28 x 3 f'AM 

nJioma.nI> c eqe HM f = I , 62 c,.l 

Maoca npapmJI.R i = I,2? Rr/nor. M 

pacCTOHHme OT eapyJKHOH 
cTopo.HH noJIKH no UT·ce-
~eHHR (paCCTOHHHe MeiKJlY 
oc.RMH x1-x1 H x-x) Yo= 0,80 cr .. lf 

MOMeHT mHepUHH ceqeaHR 

OTHOCHTeJffiHO OCH x-x Jx= I,16 CM4 • 
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B rOCTe npHBe.neHH MOMeHTH RH0ptlHH ceqeHBR OTHOCBTe~LHO H 

.D-,PYrHX oceA, HO He npime.neHH MOMeHTH·conpOTBBJI0HHR ceqeHKR,KO
TOpHe He06XOl1EMO BliNHC~BTo: 

-
_.J_x_ - I,!6 
B - y 0 

2,8 - 0,8 

F£JIB IlOHRTHR MOM9HTOB HHepUHM H MOM0HTOB conpoTRBJI9HHH, HX 
pacqeTH ,llJIR ceqeHER npOCTblX ~OpM YCB00HH, TO MOJKHO nepeATH K 

onpe,neJieHMM MOMeHTOB PIHSIIlEH 131 MOMeHTOB conpOTHBJI9HPJ.R OJIOlltHHX 
t!JopM ceqemrtt. 

3. CHIME crrocoru BWIBCJIEHMR MOr~OB IDiEPUMtl 
CJI OJitIIUX C ETIJIIDi 

Jlnfl onpe.neJieHJlJJI nJioma.ne~ ceqeamA cJioJKHoa ~opMH 3To ceqeane 
odblqao paottrreHHIOT Ha TaKHe rrpocme cpopMH, IJJIOlllBJU! KOTOpHX MOJKHO 
BWU!CJI.RT:& des ooodax saTPY.naeaira. 11.Jioman:& ceqeHB.R c.'l!OJlWOA cpop
MH no.nyqaeTCR CYMMHPOBaID!eM (MHTerpmpoBaHMeM) IlJIO~lleA COCTaB
JI.RJOIItHX ~uryp. P.yROBO,llCTBJ.RCI> 3Tm~~lii coo6paEeHHRMH' MOJKHO Bliql

OJIRTL H MOM0HTH BHepnmm CJIOEHHX ~HI'YP· 
Ilpe.ncTaBMM cede ~POH3BOJil>HOe ceqeaHe JIJ06of;t CJIOJKHOH <l)opMH Pl B 

IIJIOCKOCTE STOro ceqeHBH npoBe~eM npOH3BOJil>HYID OC:b xtxl.B o6meM 
BMe ooeBOH MOMe HT HH8pQEJ{ TaKoa cpmrypH no AB HHOMY Bl:.lllle onpe,zte-

30Il!00T:&: 



x 
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T. e. oceBoti . MOMe HT PJHepUPJe ceqe HM CJIO~HOM cpopr~ J XI 
npe,ncTaBJT...fleT co6oU CYMJ.1Y npOH3B8,D,8Ht'1ii SJieMeHTapHHX nJioma.noK 

6 F Ha RBa.npaT paccTO.RHI1M OT I.IT Ka1moiil 8JI~r.,1eHTapHoi1 n.noruaJlKM 
.no pacc;:I8Tpl.1B88MOi1 OCH (B ,IJ,8HHOM CJIYqae .no OCE Xr - Xr) (p1r1c. 

II-a). 

c 

BcJI~ pa 36HT:C CJIOJKHYJa cDOPMY ce-

q e HM.R nJ10IU8)1,:CIO F1 Ha H8CRO.JibKO tia

CTAM, HanpPJMep, F1 , f 2 , F 3 F 
ll F~ ( (pHc. II-6), TO ocPDh!e MOHt:HTh! 

l_)) HHe~HH Ka~oli,qacTH B cyr~1e ~8IDT 
-~ / ~.~OMeHT PIH8T""PJE BC8M CJIOJKHOii (f111rypbl: 

Y. -X l"' -:x l _____ ... ________ . J. 

.Xt x ___ ...___ J_ 

~ 

_, 

! 

LI, T' r '1 r .Yr h I i 
TD '11(' .1 C 

.r 
ja_ c 

r.ne 

x 
! 

-
- 1. 

1 
-

-2 -·3 

+ + 
"'V' ., ./\-i 

- Mor.·!eHT VIHP.pu~PJ nepnoti qacTPJ ce

qeHKR OTHOCHTe~oHO OCH XI - XI; 
- ~ F2 c:, .1 

-x -= [ y-· Llf 
I 
~ 

:x·1. • l I 

- f{Of.-IeHT HHCpllt1H B 1ropoi,~ 'l!0C'1'H Ct:

tte HPJR OTHOCMT~?JioHO OCM XI - XI; 

g 
PPJC. II 
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- L~OM0HT EH9pllMH TpeT])ef.t 'Cl0CTH ce

'Cl9HHH OTHOCHT9JI])HO OCH XI - XI; B 

ceqeHHH l!MeeTCH OTBepCTPJe, Il03TOMY 

IlJIOJllS.n]) ceqeHHH BKJilOtiaeTCH B pacqeT 

CO 3HBKOM MMHYC. 

TaKJn.1 o6pa 30M, MOMe HT ~HepUHB c.noJKHOM cpErypbl OTHOC.BTeJI:oHO 

.TIJ06oi1 OCH paBen CYMMe MOM8HTOB PIH8PQl'UJ COCTBBHIDC ee 'Cl0CT8M OT

HOCPJTeJI:DHO TOM jl{8 OCE. Pa36HBK0 Ha ttaCT~ 6wra npOJ13Be.neHa npo
H3BOJibHO I~ JJ.JIR COKpameHVl.R Od'beMa BWIPICJieH1rt'1· t ecTeCT.B8HHO' HYiK

HO eTpeM:AToCJl !{ MHHiiMBJ1:0HOMY PJX qmc.ny. Ha KBKEe Ee qacTn JIY'tl

me Jl8JIHT:C CJIOJ.UIYJO cppirypy? KaK onpe,neJIPJT:C MOM8HThl PJH0pUPJPI Ka;{{
).J.OM t18CTYI OTHOc~rreJibHO npONI3BOJioHOfr 001'1 Xr - Xr ?! PeKOMeH.na

UPJH no pa 36~BKe CJ!O)KHOi11 <In1rypbl Ha qa CTH .na Hbl IIpE peme HHM npPJ
MepoB t a Bhlt!l1CJieHI1e MOMeHTOB MH8pllPIH OTHOCPJT8JI:CHO .mo6o:ti OCPI 

paCC?·'lOTp~M npMMeHHT€JicHO K ne~BO:fii tiBCTM BhI6paHHOro CetieHPIR 

(p11c. II-B). 
ITpe,n.BapPJT8JI:CHO Ha DOMHJIIM' qTo DOJIOJKe HtJie iJ:T ,D.JIJI .modoro cetie

HI-i.R MOJKHO JierKo onpe.neJIHT:C, MCnOJil>3Y.R CTBTPJ'tleCRHe MOM0HThl DJIO

Cl\Oro cetieHPJR. HanoMHHM TaR.iKe, tJTO I~T - sar·.1eqaTe.:rr:ottaR Totraa, 

KO'ropaR H~: r .. :eH.F.LeT CBoero DOJIOJK8Ht1R npM JIJ060M noBopoTe ceG:eHJllR. 

--iere 3 8TY TOtiI\Y f:IOEHO Df,OBeCTH JIJ06or. RO.JIHtIP.CTBO ocefi no,n .. 7IIO

OhIU HaKJ10Hor.,.1. 

Bhl6epeM TaI\YFO oc1 xe - x
0

, I\OTopaR npoXOJlHJia 6H qepes UT 

BH6paHHOM H8f.1PI tI8CTH cetieH~R H ChLJ.Ia 6h! napaJIJie.lffiH8 3B)l8HHOM 

oe11 Xr - Xr· Ilonpo6yeM Tenep:c onpe,ne.JIPIT:O MOM8HT EH8PQPIH 3TOt1 

qacTH CA'tl€HW1 OTHOCHTeJibHO npOH3BOJIDHOM OCH Xr - Xr np~ CJie

,IJ..YJOIUMX HCXO)lHUX ,naHHHX: 

a 
y 

- u:r;o~3BOJI:CHa.R sa,naHttaR oc1; 

- U8HTp8.7IbH8R oc:o tiaCTPJ ~HrypH (OCb Xe - Xe nponene-

Ha napaJIJieJI:oHo ocM x 1 - .xr G:ep~s UT tiaCTH cetieHM); 

- f;3CCTORH~e r.18l\Jl.Y OCRMH; 

- -cacCTORHMe OT OCIJJ Xe - Xe .no 3JieMeHTapHOH CT.JIOl.U8,nKJa 

L\ ~ ; 
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- pacCTOHHEe OT OCE XI - XI .no a~eMeHTapuoA IlROII{B.ztKH 

ll F; 
- MOMeHT EHSIJlHM nepBOH qacTH eeqeHHR OTHOeHTe.JffiHO uea

TpaJinHO~ OCH Xe - Xe. B o6meM BH.ne 

F~ 
JI xc = l_ y2 6 F . 

Tpe6yeTCR onpe.neJIHTn oceBOH MOl./!€ HT HHepµMH nepBoii qacTM 

~mrypH OTHOeET8RnHO oem Xr -- Xr· 
B o6meM BPI,D,e oceBOM MOMeHT 

Ji E 2 r =Ly tir 
x.i f 

Yr = Y + a, 

EH€PUMM OTHOCHT€JIDH0 OCH xr-xI 

Pacc::IoTp~~.1 Ka>rJJ.lf'Zi H3 Tpex tLJieHoB ypaBHP.HM: 
~ 

Ile£BID1 tLJieH BMa E.' y2 
ll F npe.ncTaBJI.ReT co6of,i MoMeHT 

HHe~Mlt! nepBOM 'tiaCTH ce'lleHPJ.H OTHOCBT8JIDH0 ueH~paJinHOti 00~ 

Xe - Xe' BhtllHeJie1n~e KOToi;ax 6WIO OCB08HO B npe.nbl.IlYIIUiX nprit:epax. 

B TadJIHQe Ha pMC. 6 .naHH (POPMYJIH' no KOTOpln.~ JI€I'KO onpe,D,eJmTn 

MOMeHTbl HHepr~PI~ n~OCTHX no (QOpMe (fleryp. i.Jor.re HTH FJHP.p~MM n~oKaT

Hh!X npocpMJieH )1.8HH B fOCT. 
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Fi 
BTopoa 'lJieH BH.Ita 2a L y 6.F npe.ncTaBJI.ReT co6oA cTaT1AecK~A 

MOMeHT OTHOCETe~LHO TO~ Ee OCH(ueHTPBJILHO~ OCH Xe - Xe); BeJIHqM

Ha ero paBHa HYJIIO, T. K. OC'.E> Xe - Xe, HBDOMHHM, npOXO.IlHT qepes 
UT paccMaTpimaeMoii t1acTm ceqeHm.a. BTopoii tLJieH ypaBHeHWI npeBpa-
ma e TeJI B HY Jil>. 

~ 

'l)?eTHa qJieH BH.llB a2 t_ !4F npe.neTaBJIReT codott "npoH3Be.ne-

HBe KBa.npaTa paCCTO.flHH.fl "a" Ha CYl\-tri•1Y aJieMeHTapHI:lX IlJIOtnallOK' 
B3HTHX DO BCett IlJIOIIlBllH paccMaTpHBaeMOH traCTB eetieHH.R", HJIH npo
CTO IlJIOtna.nI> nepBoA qaeTE cetreHHSI. 

TaKEM o6pa3oM, 

1._e..; MOMel!T_PI!;!e].U!!M_o.!H.QC!T~JI.§H.Q ;!!JO~O! .QC! :ea!e.!! ,MO~el!Tl !HfilJ

_YI!! .QT~O.Q.H_!8;!JJ,!!O .. Q~H!P~Jl!H£il_ 0£H.L .!!,P£B$11.£ ff!!O! QBRS;!JI~JI_eH.Q ~J!B.!!

.!!O.!,_n!,!10.£ filJ.QH~B~fI!e ... n,:!OJSB8H.,cI>!rlP~ 1;!0..,.K!8J!P,ST.,..P~C.£T.QR!!B~ 

!a8!11J. ,2Tf1M! .QC!!f'-•1£. 

IIpmMeBeHHe BHB8.ll8HHOH cpopMYJUl paCCMOTpHM Ra npHMepax. 

Ilp~ep 8. 

PemeHPie: 

Onpe,neJI~T:O oceBble MOM8HTH HHepQHPI H conpOTMBJieHH.fl 
daJIKPI, nonepeqHHe pasMepu KOTopott npHBe,neHH Ha 
pmc. !2-a. 

3a,naaaoe cetleHPJe CEMMeTpHtlHO, H B CHJJY CBMMeTpHPJ 
u ceqeHPIR pactreTa noJio~eHRR rJiaBHHX ueaTpaJI:oHHX oceH 

He Tpedy~TCR. TipOBO.D.HM oce CBMM8TPHH x-x H y-y. 
Totnta mx nepeceqeHHR - IlT Boero ceqeaen. 

PaccMaTpBBa.R: nonepe'tiaoe ceqeame, BMm.1, qTo OHO 

c<IJOpMEPOB8JIOC:O H3 qeTbipeX (fJHryp -_BHemHero np.RMOY
roJI:OHoro KOHTypa pa 3HepaMH B = 8, O cti, H = I8, 0 
CM, nJioma,n:o.ro F = I44 er.~ H Tpex OTBepcTHM -
QeHTpa~DHO pacno~o~eHHoro np.HMOyrOJIJJHoro OTBepoTHH 

B 2 = 6, 0 CM, h 2 = 2, 0 CM, IlJIOIUSllLIO 12 CM2 Pl .Il.BYX 
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or&.t/> 60 
x, 

orB.0(;0Y20 
~ ~ 

~ 

~ ~ <:::> 
co ~ x1 
~ 

~ ~ ~ 
OTP.>.~ bD 

Xt 

80 

PJJc. !2 

Kpyr~HX OTBepcTBI' ~BQ.MeTpOM 6,0 CM, ueeTpH KOTOPHX paBaoyna
~eHH OT OCI x-x HS 5,0 CM. Ilnoma~L KB!OlOro Kpyr~oro OTBepCTMH 

F = 0, 785 x lJ 2 = 0, 785 x 62 = 28,26 c~. UeHTP xpyra - . 
Il0HTP Tjl]l9CTB xpyr~oro ceqeHRJJI, Il03TOMY npoBonBM qepe3 3TOT 

neHTP OCI X3 .._ X3 B X4 - X4 napaMeJIDHO OCH x-x. PacCTOSl-

RHe M0JKJl.V 3TBMJI QC.RMB B OC:&ID X-X COCTSBHT 83 = 84 = 5,0 CM \CM. 

PHO. 12-6). 
T. K. MOM0HTH IH0pllBH C~OEHOA ~BrypH CRJianHBBDTCSI H3 MOMeH

TOB BH0PQHH COCTaBJIJll)ntBX ~BrYP OTHOCHT0~DH0 TOH xe OCE, MOESM 

san1caT:& 

{ 2 3 
- ·+- ·t-+-

x x ~x: x x 
' 
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- oceBol MOMeHT BH0p!lJJB' ceqeHBJI daJIRB OTHOCBTeJI!,RO 
OCI x-x; 

- ocesoA MOMeHT BBepQBB IlpJIMOJrOJll,HIKB (~IJI'Jpa I) OT

HOCBTeJil>HO ocB x-x. Il.JIOJQBll:& Wlfl'YPH - !44 c~, a1 =· 

0; J ~ - MOMe RT BR0Jllllll <IJl!I'YPH I OTHOCBTeJI:&HO 
c 

aeHTPSJIDHOA OCH x-x, 

11_ rt +a2F= rt 
x - Jxc f I Jrc 

3 ~ 

_ BH = 8 t& =3888 "· 
12 12 C/1; 

- oceBoi MOMeHT HHeJ:IIHH Ilp.RMOYrOJILROro OTBepcT~ 

((pB!'ypa 2) OTHOCJllTeJIDHO OCH x-x. Il1Ioma.n1» OTBep

CTBH - !2 c~, a2 = o. MoMeHT IR01JlBR ~JII'YpH 2 
~ 8. h,~ . 

oTHOCHTem,ao neaTpaJI'DHoil 001 T = Pv c:; 

Jxc L2 
·3 3 

e,~ h2, b. e = /, M>,,'I. 
i 2 - 18 L v~, J 

- oceBOH MOMeHT HHepnmm KpyrJioro OTBepCTBJI (cpmry

pa 3) OTHOCHT0JI'DHO OCH x-x. IlJioma~:& OTBepCTHH -

28,26 cM2, 83 = 5,0 CM. MoM9HT BB0pUBI ~HI'l'PH 3 

OTHOOET0JI1JHO OCPJ X3 - X3 J 3 = D, OS]}¥.: 
Xe . 

• 
' 
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- oceBoA MOMeHT HHepllHB Kpyr~oro OTBepCTHR (~HrJpa 4) 

OTHOCHTe~DHO OCH x-x. IlJioma~D OTBepCTHH - 28,26 c~,;;,, 
84 = - 5,0 CM. MoMeHT HH9JXIHI OTHOCHT0~DH0 OCH X4- X4 

J !J = 0 0 S .z/t = 618 C.M ft; x I I c 
. ~ 2 

J 'f = lit + cf. F = o o s ] + (- 5 a) · 2 a ;~6 = 
X Xe 'I 4 , ) , 

= f ~ 8 + TQ6 5 = 7 'l { 3 \.M If: 
I I ' J 

OceBOI MOM0RTCODpoTHB~0HHH 

.9 0 

3 260 j(;· CM . 
) ) 

----
/ 

Ilnoma.nI. 6aJIKH F = Fi -( Fd t- ~~Ti; ) -
=/'1'1-(12-r2 28,2<) = 75, Lt8 cn

2 

f = 7\ 5 CM
2 

PacqeTH noKasa~H, qTo paccMoTpeaHoe ceqeaHe no BOeM noxasa
TeJI.RM reoMeTPBqeoKBX xapaKTepMOTHK yoTynaeT KOHOTPYRQHRM 6a~oR, 
npHBe,ne HHHM Ha pHC • ? • 
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IlpJJMep 9. Onpe~eJIBTD reoMeTpeqecRBe xapaxTepHCTHRM llJJJI <I>ePtait 
BHCOTOI \ = 30 CM, o6pa30BSHHOI BS ll.BYX paBHOilO-

JIQqfWX yroJIROB Ji 2,8 no rOCT 8509-72. 

Pemease: Hs rocT 8509-72 J1J1JI sanaaaoro np<)(f)BJIR Ji 2, 8 BHilBCH
BaeM (MOJtHO BOCDOJIDSOBST1'C.f! .naHHHMJlf BS np~epa 7): 

.. 

OCHOBHHe pasMepH yroJIJta - 28 x 28 x 3 MM; DJIOmBlll> 

ceqeHM - I,62 c~; x0 = y0 = 0,8 cM; J x = 
c 

I,!6 cM4• .U7.r.R aarJIJlllHOCTB MOltHO COCTBBHTL pacqeT
HYID CX9MY (CM. pmc. 13) B onpeAeJIHTD pacCTORHme 

a = 1- Yo = I5,0- 0,80 = I4,2 CM. 

2 
OceBoif MOMeHT HH8ptlHH <I>epMH OT

HOCBT8JIDH0 OCH x-x onpeAeJIReTCJI no 
<Popl(YJie 

J = _J (j + ctF') = 2 ( { 16-r1~ r/"'. i. (.;(2) == 
x ""' \ Kc \ , ' , 

Pnc. 13 

"' 2 (1 JC +201. c;/f 162.) =· 2·· 32l,8. 
~ I ' I . ........ 

c J"Yl 
) 

T 
~'x 

r !1.'J G D - -- J c.1" r 

OceBoAMoMeHT conpoTHB~eHHR OT

aocmTeJILHO OCH x-x 

J x c s ·'>/> - J. 3 - 3 w = . = f 5 - 't ) UY/ 0 

x Hrf2. 



OceBO~ MOMeHT mHePQHB OTHOCBTeJil>HO OCH Y-Y onpe~e~BTCB BS 
YCJIOBBR COBMe~eHBH oeHTPSJIDHOI OCH yroJIKa c rJiaBHOD QeHTpaJID
HOZ OCDD ~epMH (c = O) 

BBBll.V Toro, qTo no xpaAHBX BOJIOKOH no 3TOft OCB pasHile pac
CTOSIHBJI, Bll'IHCJIJleM Jl,Ba MOMeHTa COilpOTBBJI0HHR: 

J ~ '1 
'~ J \..) .:..J 

0,8 ) 

PacqeTHaa nJI01118.nI> <PepMH F' q,=2 f yr=2x I , 62=3, 24 ctl-. 

Macca I nor. M KOHCTPYKQHH - 2 x I,2'7 = 2,54 xr/nor. M. 

Hs npime~eaaoro pacqeTa BeCDMB uarJiffllHO BBnao, qTo ~a~e 
npm aesaat111TeJIDHOM no BeJIJABHe "co6CTB0HHOM" MOMeHTe EH9ptlBH 
ceqeHBSI yroJIKa MOJKHO cos~aBaTD KOHCTPYRilIDO c 6oJIDmHMH BeJilfCIH
HSMB MOM0HTOB HHepumB B OdHOBHOM sa cqeT YB9JimtleHHH BHCOTH 
<f)epMH. B KOHCTPYRUHRX, nepeRpHBSIOIIlHX seaqeTeJIDHHe npoJieTH (.aa
npBMep, MOCTH, nepeRpHTBff B 3~aHBRX, Ha~ caeRoA, npoJieTH ~epM 
B TeaTpaJIDHHX CTaHKaX llJl.R npoxo~a no~ HHMJ! ~ypoR c apTHCTBMB 
B AeKopanBJIMJf ET. n.), Tpe6yeTCH cetreHHH co 9eaqHT9JIDHHMJJ rro 
BeJIBtlBHe MOMeHTBMI! BH0PilBB I MOMeHTBMJI conpOTl'JBJI8HHI. 3RORO
MJl)qHOCTb KOHCTPYKilHa B ~OCTMraeTCH B OCHOBHOM yBeJmqeHHeM BH
COTH ~epM. B Tex CJJYqaJDC, xorna BHCOTa orpaHHt{BBSeTCJl xynoJKHz
KOM, npHXO~HTCR YBeJIBqBBBTD qHCJIO ~epM HJII npHMeHHTD ~pyrme 
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~PMH npoRSTHHX npo<l>unel. IlOCKOJIDKY MOMeHTH BHeJllBH xapaRTepH~Y
DT Q~HOBpeMeHHO I KOJU!11eCTBO MBTepaana B ceqeHHB B ero pacnpene
JieHJJe OTROCBT0JILHO ooel ceqeaBR, TO BSJI0&0HH8H Berne MeTOJU!KS no
SBOJUleT ICilOJIDSOB8TD CSMHe pasaoodpasHHe no ~OpMe coqeTSHBR npo
RSTHHX npocpJL11el B B SSBBCIMOCTB OT DOCT8BA0HRHX sa.naq onpe~e
JIJITD ODTl!M8JIDHH0 BSpHSHTH KOHCTPYKllll. 

4. BlffiiCJIEHHE MOMEHTOB IDIEPW1H Ji·MOMEHTOB 
COIIPOTI1BJIEJOOI COCTABHHX CE1lEHID! H3 
IIPOKATHHX TIP~KJifill 

3roT BOnpoc pacCMOTJ)BM, BHilOJIHJUI CJI0JlYDDlVIO npaKTH11eCRYIO 
padoTy. 

3a.na HBe 

Onpe,lleJIHTD OC9BHe MOM0HTH BHepaBR H MOMeHTH conpoTBBJI0HBH 
llJIH SSllBRHoro nonepeqaoro ceqeHBH 6aJJKB (cM. pmc. I4). Onpe.ne
JIITD Macey I nor. M KOHCTPYROBH. 

Pe me a11e 

3a~aqa onpe.neneaBJ! MOM0HTOB HH8J'.llBB B MOMeHTOB conpoTBBJI0HWI 
,JlJIH sa.naeaoa COCTBBHOf 6aJIKB pacna.naeTCH HS BeCKOJIDRO 3TSDOB. 
Bo-nepBHX, aeo6xonBMo onpe~eJIBTD noJioxeHRe rJiaBRHX oeaTpaJIDHYX 
ocefi, T. e. OilJJe~eJIBTD noJio~eame UT cocTaBaoro ceqeHBJ!. Bo
BTOpHX, BIRHCJIHTo OTHOCHT0JioHO 3THX ocea MOM0HTH BB0JllBB BC0X 
<Pmryp, COCTS.BJIJmIItBX 6aJIKy. CyMMa MOMeHTOB IJH8JllBf COCTSBHHX ~B
ryp OTHOCHTenDHO rJiaBHHX ueHTPSJlbHHX oceA onpe.lleJIBT MOMeHT 
BH0JllHB Boero COCTBBHOro ceqeHHH. B-Tp€TDIX, onpe.neJIHTo MOM€HTH 
conpOTBBJI0HBJI COCTBBHOH 6aJIKB. 
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~T .nonoca ~x20 lUGT 103-?6 

AayT'3Bp }(!. 10 IDCT 8239-72 

JeeJJJiep JI! 5 IOCT 8240-72 

PBc. I4 

JlnB 6HCTporo B xaqecTBeHHOro BHDO~HeHHR 3S~0HWI peKOMeHll.V-
0TCH c~e.ttYIDIIlSH MeTO~BKa pa6oTH: 

I. paCCMOTpeTD ceqeame COCT0BHOA daJJRI, pactt11eHHB 3TO ceqeaee 
aa npocTeAmme ~mrypH, no~o~ea1e UT RoTopex BSBeCTHH B~B ~er
Ko onpe~eJIIMH. B HaweM sa~aHBB BX TPB; 

~ ·BHillCBTD BS rOCT OCHOBHHe pasMepH, n~oma~D, no~o~eHHe UT, . ' . 

, . MOMeHTY BHepUBI <f}Bryp B Macey I nor. M • .IVJJI Ramero sa~BHM: 

a). CTSJIDHaa no~oca 80 x 20 MM, rocT ro3-76 
-··. -··- ....... __ .., ____ _..._, ___ ._ . -

8
. ') ~ 

"·"' ~ --= 5.3,)21"7 . 
12 I ) 

J__ . 
·::n 

~: --1 -. -- -}-j:-i 
l---·· ·- ._....,______., 

1 __ _8L . -~ 

.3 3 
h.{ 8t _ c] 8 I} - it --= Q,_J 33i..°'Lq_ · 
le~ 12 I 1 



.f-_B __ J~----·---a{ 

R --

8 
--·--··------f 
lo Y I --· i 

.X' .) 

'~ t 

Pac. !5 

F 3 = 6,r6 c~? 

]y
3
- (lx)= 22,8 CM

4 

lx;(fy)- 5,63 CM
4 
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'J, = 4,84 xr/nor. M 

d) llBJTSBp "' IO rocT 3239-72 

h2=!00MM 

g2= 55MM 

$ - 4,5 MM 

t - 7,0 MM 

R - !2 MM -

F2= !2 c~ 

i - 9,46 xr/nor. M 

B) IDBeJJJiep .I 5 rOCT 8240-72 

83Ch)=50MM 

h 3 {B) = 32 MM 

~ = 4,4 MM 

t = 7,0 MM 

y
0 

( Z
0
)= I,!6 CM 
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IililHCRH BS rOCT HeOOXO~HMO OTKOppeKTJr!POBBTD B 30BBCHMOCTB OT 
no~oxeHWI ~BI'YP B KOHCTPYKIIBB. PeROMeH.ll.VeM Bee BHCOTH B ~Hrypax 
o6osHaqaT:D OYRBOA n h "' a ropH30HTBJI:DHHe pasMepH dyKBol "B" c 
,no6aBJieHHeM HOMepa (HH.lleRca) ~HrypH. B paccMSTpHBaeMoM sa~aHBB 
.IlJJJl CTaJI'.DHO~ IlOJIOCH I .IlBYTaBpa 6YKBH BSMeBJITL HeT HB~OdHOCTB,T.K. 
BX nOJIO~eHHe B KOHCTPYKilHH COBna,naeT C rOCT, He06XO~BMO TOJIDKO 
npocTaBHT'.D BH)leKCH ~HI'YP· ,U7r.R illBeJIJiepa, OCH KOTOporo B KOHCTPYK
UBB IlOBepHJTH, HY!tHO " saMeHBT:b Ha B3, a pasMep "B" o60SHaqHT:b 
" h 3". AHaJiorlAHYRl padoTY aeo6xo,nBMO npo,neJiaT:D c Koop.nEHaTaMm 

UT H c MOMeHTaMH BHepUHI. CTapse odosaaqeHHH 3aKJIIOqHT:D B cKod
KB He saqepKHB0H H pHllOM SSilHCST'.D HOBHe odosaaqeeJI.R. Heor.na, 
qTo6H He BHOCHT'.D HOBHX odosaaqeHHH, B306paxamT ceqeame daJlRH B 
DPOHSBOJIDHOM M0CillTa6e H YKBSHBSIOT Ha cxeMe qncJieH.RHe SHaqeHHJI 
Bcex xapaKTepHHX pasMepoB. Bo BCJIKOM cJIYqae, STY no.nroTpBlfTe~:o-, .. . 
ff.YE qacT:D paOOTH H.YJKHO .neJiaT:D oqeH'.D BHHMBT8Jll>HO c IlOJIHHM IlOHB-
MBHH8M cymecTBa pacqeTOB. 

P a c q e T H 

I. Onpe,neJieame UT cocTaBHoro ceqeeHR. lJaHaoe ceqeHHe m~eeT Bep
THKBJil>H.YRl OO:b Clr!MM9TPMH. ,U7r.R onpe,neJISHWI IlOJI0~8HBR OCH x-x 
npHMeM OC:b X2 - X2 H OO:b Y-Y sa CBCTeMY oceA KOOp~BHaT B 

onpe~e~HM Koop.nmHaTH UT Boero ceqeHBH. Tio~oxeH~e UT acex ~~
ryp, BX n~oma.nn H pa9cTOHHHJI .no OCH X2 - X2 HSBeCTHY. ITo-

JI'YqeHHHe ,ll0HHHe CBeneM B Ta6Jieuy B qepe3 CT0TMqecKHe MOM8HTH 
onpe~e~BM He~ocTammymKoop~HHaTy y0 : (cM. c. 45) 

no pe3YJI~TaTaM pacqeTa onpeneJIJleM B BH6paHHOM CBCTeMe KO
opll)IH8T noJioMeame UT cetieHM. HaHOCHM oc:o x-x, a ecJIPJ cxeMa 
He MaClllTadHaH, TO "npHBR3HB0eM" STY 00:& K H3BeCTHHM OC.RM,no
JIOJK0HBe KOTOPHX yxe H~3B8CTHO (CM. p:ec. I6). 
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I IlJioma.n1> 0p.nl!Ha- CTaTuqe- IlpBM8119HHJ!, pacqeTe 
<IJB- cl>Bl'YPH Ta Irr CKHH MO-
ry- 2 FL,, Y· CM M8HT_ 
PH L J 

~x=t_~ .. F: CM 

CM3 
-

I. I6,0 6,0 96,0 
BI h2 

Yr= ·I = ~,o + IO =I+5=6,C 
2 2 T 

~-- ~---- - - - - 4 .. - - - - -
.. .- ... - - .-.i . ..--.~----.. ..- ~- --- -- .- ~---

~ 

2. I2,0 0,0 0,0 
..._..._.. __ .-i ._.. . .-, . .._ ------ --·~·- ...... .-.- ~- - ------- - _ ........ ____________ ............. 

! . 

3. ! 
! 

t 

i 

i 

6,I6 -6,I6 -':I"! 9 
' Yr,f=. h 2 + 'l 

2 D 
- IO 

2 
+ I,I6= 

- 5,0 + I,!6 - 6,I6.CM 
I 

! ~ 
I 34' !6 - 58' I y c - ,;:J x:. - 58 I I - I'? CM 

I F' 34,!6 _ _.... ___ _.._ ____ .. ____ -,~_;: ___ ._......., __ --·-~·· ----· --·-·· --··---~ ....... ~.-·--~-----~~ 

2. Onpe.neJIJleM OC0BHe MOM8HT~ HH8pitH~ ceqeHHR. 

OrHOCJJTeJThHO OCH x-x: Jx = j; + J~ + J! = 30!,2 + 

~32,7 + 386,2 = 920,I = 920 cM4, 

r~e l"x - MOMeHT MHeJIIHH Boero 9B~8RHOro ceqeHBJI; 

- MOMeRT MH8IJlBH nepBol ~BI'YPH (DO~OCH) OTHOCB
T8Jil>HO OCI X-X. 
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~ 
t'\i' . XJ. 
II 

~ 
l't) 

~ 
If) 

J. 
~' ~' 

~ H • • 

/.lT 
~ .... 0'1 ~~ ,, 
~ 

x • x ~ 
~ ~ .. 
e:::i ' 
(;i 

X2 x~ 
~qs 

~ 
~ c:::. 

~ 
(() 0) 
q) 

O)~ 
N c;.o "\ I 

" 'u fl 

3 ~ ~ 'di 

83::: 5,0 

PHc.I6 
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= 5,33 + 295,84 = 30!,!7 CM4 = 301,2 CM4; 

Ji - MOM0HT HHePUBH BTOpoft ~Bl'YPH l.D.BYTSBpa) OTHO
CHTe~LHO OCH X-X. 

Ji = Ji + a~ F 2 = 198,0 + I, 702 • !2,0 = 
2 

!98 + 34,68 = 232,7 CM4; 

Ji -MOMeHT HH0PUHB TpeTbefi ~BI'YPH (IDBeJIJiepa) OT
HOCBTe~LHO OCH X-K. 

Ji= Jx
3 

+ a~F3 = 5,63 + 7,862 • 6,16 = 

4 386,2 CM • 

0THOCHTeJI:&HO OCH Y-Y: J y = J ~ + J; + J ~3 = 85,3 + !7, 9 + 

r,lle J Y 

J; 

+ .2 .. ?)8 = 126,0 CM
4 , 

- MoMeHT IHeJXlHB Boero sa~aaeoro ceqea1a. OcL y 
COBilaJlaeT C OCSIMB CBMMeTpHR 4JJJrYP CI, C2, 03 =0; 
O; 

- MOMeHT HHepUJJB nepBoA ~1rypH lnonocH) OTHOCBTe~D
HO OCH y-y, npB Cl = 0 

... .] ; = J Y 
1 

+ c¥ FI = h I B j . + O = 2 • 8
3 ~ 

I2 !2 

.- MOMeHT HHepI.lHI BTOpOH ~arypy l.ItBJTSBp) 

~ ;J; = J 12 + c~f 2 = J YG = 17,9 cM
4

; 
' 

- MOMeHT RReIJlBH TpeTDeA ~HrypH lmBe~~ep) 

J: = J Y3 + a~F'3 = JY3 = 22,8 CM4. 
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TaKHM o6pasoM, oceBHe MOMeHTH meepuma Bcero ceqeHHH onpe~e~e

HH Jx = 920 cM
4

; JY = 126 cM
4• 

3. OnpeAeJJ.ReM oceBHe MOMeHTH conpoTBB~eHHR. 

0TBOCBTeJThBO OCH X-X: 
.D.JIJI Bepxemc BOJIOKOH nOJIOCH npB 
H1 = 5,30 CM 

W i = J X = 420 = I73,58 = I73,6 cM
3; 

HI 5,3 

w~= 

,D)JJt KpoMOK mBeJIJiepa npm H2 = 9,90 CM 

J X = 920 = 92,93 = 93,0 CM
3, 

H2 9,9 

0THOCHTe~DH0 OCI Y-Y: 

rJJ.e Br 
2 

- MaKCHMa~bHOe y,na~eHHe BOJIOROH OT ocm Y-Y 

(BO~ORHa noJIOCH). 

TaKHM odpasoM, oceBHe MOMeHTH conpoTHB~eHHR scero ceqeHHR 

Wx = 93,0 cM3; W"Y = 3I,5 cM3• 

4. Onpe,neJIHeM Macey I nor., M KORCTPYRQMH: 

'ft= 'l,r + '}2 + ~3 = 12,6 + 9,46 + 4.84 = 26,9=270~~. -M • 

B 3a~aR1U1X .IJ.JI.R caMOCTOHTe~bHOA pa6oTH, aeaJiormqHHX paccMoT
peHHOMY BHme, npBHJITH, KaK npaBWIO, npoKaTHHe npocpHJIH 60JioIDHX 
pasMepoB' no CBOHM napaMeTpaM ~!11JIO MCDOJID3Y8WJie B TeaTpaJII>HllX 
KOHCTPYKUBHX. Srro Bb13BBHO TeMJi o6CTORTeJI:bCTB0MPI, 'qTQ' BO-nep
BHX, HB 3TH npocpH~H HM8IDTCH BHnHCKH 23 rOCT BO MHOrHX cnpaBoq
HHKBX m yqe6HOM JIHTepaType, a BO-BTOpHX, B pacqeTaX BHDYKJiee 
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OTpS!tBl)TCR oco6eHHOCTH pa60TH daJIOK B BepTJJK0~DHOA H ropHSOH
TanDHOI D~OCKOCTJIX, ~erqe npocne~HTL peanBS8QBI> Ra npaKTBRe 
HaBHKOB npm6JIHX8HHHX B}iqHCJieHmA. 

5. I'PA~~ CIIOCOE OI1PE.1IFJIEHYUI TEOMETPYI~ 
X.APAKTF.l>HCTIIK CEtIEHHR H3 IlPOKATHllX IIP~HJIRVl 

HecoMHeHHO, qTo onpe~eJieame reoMeTpMqecKmx xapaKTepmcTBR 
ceqeHHM CBR30HO c noBO~DHO rpOM03)lKBMB BHqHcJieHH.RMH, H, IlOMB
MO DPBHUBil2BJILHHX om160R, BilO~He B03MOXHH H apmcpMeTmqecKBe. 
:EcJIH eme yqecTD, qTQ Ha IlO'ArOTOBKY cneKTaKJIR BpeMeHB Bcer~a 
MBJIO, MBTepmaJIH, 38JIQgeHHH0 B qepTeJKBX ROHCTPYKOHH TeaTpa~DHHX 
~eKopaQHM, saqaCTYD He COBnanaDT c HM9DtnHMHCH y BSrOTOBBTeJIR ••• 
B STHX YCJIOBIHX 6ecxoaeqHHe npocqeTH DJIOIIlB~ea, MOM0HTOB BHeJllBI 
MJIH MOMeHTOB conpOTBBJieHHA He HM6JOT CMHCJia B MoryT npeBp8TBTLCJI 
B BHKJIB,IJ.KH, He OTpaJKBDIIU!e cymeCTB0 ~eJia, BB KOHeqHOM HTOre H8 
npaKTm<e npPJBO.D)IT IlOCTBHOBoqaHA nepCOHBJI K "MSTeMaT~eCROMl' 

HHrHJra3MY" H H3rOTOBJieHmo T98TpaJIDHHX ~eKopanint, aaneHOL HS 
"cTporocTD rJiasa" MJIM "BHCillY~ HHTYmtero" nsroTOBHTeJIJI. Maormx 
OWH60K MOXHO H36eJKBTL, eCJIH Be Bna~aTD B xpaaeoCTB B p89YMHO 
coqeTaTL TeopeTmqecKH~ SH0JIH3 c npaRTmqecKHMH nocTH~eHH8MB 
TeaTpa • 

.ILrui eamdoJiee qacTo npHMeamomMxcs B TeaTpa~Daoa npaRTHRe MB

TepmaJIOB - 6pycKH, Tpy6H, ~epMH H3 Tpy6 H nepBHX HOMepoB yron
KOB pa3JIMqHHX TOCT - M HBH60Jiee pacnpocTpaHeHHHX pasMepOB <!>ePM 

.,,. 

aBTopoM 6.wtH paspa6oTaau TadJIHilH .ItJIJI pacqeTa aJieMeHTOB KOHCTPYK-
uma TeaTpanLHHX nexopaoma. B IlpBJio~eHHm II npBBOJtRTCH rpa~JJKB JJ)lJI 

cpepM E3 Tpyd H yroJIKOB, nocTpOeHHWC no .na&HHM STIDC T8dJI~. IlOJIL-
30BBHHe rpa<PmtaMPJ HeC~O!tHO m He Tpe6yeT ocodHX IlOHCH0HHA,o.naaRO 
~JI.R 38KpenJieHHH npaRTHqecKHX HaBHKOB paOOTH c rpa~JIK8MI paOCMOT
PBM CJie,D..YmlllYm CITY80HD. 

3anpoeKTEPOBaHHSR nepBoaaqa~LHO ~epMa BHCOTOA \ = 30 CM 

E3 paBHOilO~oqHoro yroJIKa ~ 2,8 rOCT 8509-72 ~OJDtHa 6HTL 98MeHe
Ha Ha ~pyree yroJIRB, HM0DIIlH9CH y B3rOTOBHTeJIJI. KpoMe Toro, xy
~OEHHR H pexeccep HSCTSBB8DT Ha CHB39HBB BHCOTH ~epM AO 
22-25 CM. 
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B STOA npaKTBqecKoA CBTYSUBH, KOr~a aeodxo~BMO IlPBHHTD 6H
CTpoe pemeHBe, MOrYT BgpyqHTo rpacpHRH. ITO~D30BBHHe rpa~HKSMH,He

OKO~l>KO YCTYD8R TS6JIBOSM B ToqaoCTH, n03BOJIJDOT 6HCTpee OIIeHHT~ 

061IlYD CHTYBOBE. H3 pacqeTa (CM. npBMep 9) PJJIH no rpacpBKaM IT,3 
MOltHO Bw:ICHl!TD, qTo npH ~ = 30 CM H yroJIRaX Ji 2,8 ROHCTPYRIIM 

lfiepMH mAeeT nJIOIIIB.JtD cetrnH~ F = 3,24 cJ!.; q, = 2,54 Kr/nor.M; 

J x = 655 cM
4; Wx = 43,7 cM

3• 

ITO rpaepmtaM Il,4 H IT,5 l1JI.R BHCOTH cpepM 22 CM H 25 OM H 

,JtJm MOMeHT8 COilpoTHBJieHHJI -\/'lfx = 43,7 cM3 onpe,JteJIIIeM "8KBJllll8-

~eHTHHe" B03Mox.HHe Bap1aHTH 3aMeHH. Totraa nepeoeqeaH.ff ropmsoe
Ta~DHHX H BepTHKB~DHllX JIMHHA yKa~eT 6~BJKBlbnme BOSMOltRHe BBPHSH
TH KOHCTPYRilHB ~epM. Pesy~DT0TH noxasaama rpa<PmcoB JlJTH peay~t

TBpymmero BH6opa .nyqme CBeCTH B Ta6~MQY (CM. PBC. L?). 

Hs Ta6JimxH BJUlHO, qTo MPEHO y~oB~eTBopmTD npocD6y xy~o~HHRa 
H peJimccepa, CHH3HTD BHCOTY cpepMH .no 22 CM H H3rOTOBJI.RTo ee PI3 
paBeono~oqaoro yroJlKa 45 x 28 x 3, pacno~oxHB yro~oK MB~oft 

IlOJIROA BepTm<B~DHO. 
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D · BHco-· MaTep:eaJI IlJioma,n'E Mac ca MoMeHT IlpJJMe118HBJ! 
B0pH- .T~· ~epMH {Tmn ce'teHH.f. ROHCT- 'conpo-
0H- ~_<\)ep- npoKaTHHX 2F PYKUJJB TRBJie-
TOB 1 Mil npo(f)BJieit 'k HM 

liq, CM B3 CTSJIB) CM Wx xrl 
nor.M 

CM3 

I. 30 Yr.~8x3 3,24 2,60 43,? rocT 8509-?2 
{II, 3) 

2. 25 Yr.36x3 4,2 3,3_ 45,0 rOC'l' 8509-72 
(Il,3) 

- - - - - - ----~ ~-_. .... - - - i- - - -
... ~~II ----~ - - ... .- ._,. -

3. 25 Yr.40x32x~ 4,0 3,2 43,4 rOC'l' !9772-?4 
XOJIO,nHorayTHe 
yroJIRB (Il,5) 

- -- --- ----------- - - - - -- - - - ~ ~. -~--...~-~~-

4. 25 Tp.3Ux26; 4 ,t1 3,? 43,0 roCT 8734-75 
TOJIIIllHa 

CTeHKE -
2,0 

5. 22 Yr.45x28x3 4,3 3,4 42.0 rOCT· 8510-72 
{Il, 4) 

- -- - -- -~---..~ -- - - ------ - - - . --~--------~ 
6. 22. Yr.50x36x3 4,9 3,8 45,5 rocT Ir.17?2-74 

... 
(Il,5) 

h!c. I? 
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H.7LJm3H.ff npOCTOTH Il0~D30BSHHR rpa~mtaMH H T06JI}!IlaMB o6HtrHO 
npH.BO~HT R ae,noyMeHHOMY BOnpocy: "EC.JIB 6es BCJIKHX BHtlBC~eHHA no 
Ta6~BUaM e rpa~BKaM Moaeo onpe,neJIHT:& aeo6xo,nPJMHe reoMeTpmqecRHe 
xapaKTep!CTHRB ceqeHBI B BH6paT:& THil KOHCTPYRllHB, TO K qeMY aTM 
,nOJII'le "MY'tleHPJ.ff H DHTRH" xy,noJKHHKOB MaTeMBTM'qeCKBMI ~OPMYJIBMH H 
Bm<Jia,D.KaMl!? He npome JIB DOKB3BTD, RaK DOJID30BST:&CR rpa~mtaME H 
Ta6.nPJQaMm?" 

OTBeT MO~eT 6HTD .nocTaToqao npocT H KpaTOR: "HeT, He npome, 
·TaR H0.Il0 ! " lleiiC'l.'BHTeJI'DHO T8K Ha.no, 'tlT06H Blij)0CTBT:& rpaMOTHOrO 
TSBTPBJI'DHOro pa60THBKB, cnocodaoro, B03r~aBJIJlfl KOJLTieKTMB, npH
H!M9T:& OTBeTCTBSHHHe pemeHmn. 

Ilo.nc~eTH DOK03HB0IDT, qTo TOJI:DKO ,llJIR H3rOTOB~eHBR TeaTpaJI:&-
u 

HHX KOHCTPYKUIH H€30MeTHO ,UJIR Hae CBMHX BCilOJin3YIDTCR .necRTKH, 
eCJIB He COTHH caMHX pa3HHX MaTepMaJIOB, BllDYCKBIDIIWXCR npe,nnp~R
TERMH MHOrHX OTpacJieA npoMHIDJieHHOCTH CTPBHH no .neHCTBYIDIUilM 
rOCT, Be.IlOMCTB8HHhlM CT8H.D.BpTaM H T8XHM'tleCRHM YCJIOBliRM. 

PaHI>llle, Kor.na B TeaTpe roBOPHJIH, tITO "Q_)epMa m3 Tpy6H", Bee 
IlOHHMa.JIH, tITO pe'tl:& H,UeT 0 KpyrJIOW Tpy6e (a K8K9R eme MO~eT 6UTn 
"Tpy6a"?). Cero.neH KpyrJIHe TPYdH BHI1YCK010TC.R no ,neCRTPI rocT VI 

HeCKOJIDKHMJJ TY. KpoMe Toro, BHDYCKaroTCR RBa~paTHHe, npRMoyro~o
HHe H cpaCOHHHe Tpy6H. ITepeqeHb TOJibRO rOCToB Ha 8TH Tpy6H 38HH
M38T CTpBHl!QY IlJIOTHOrO T€KCT8. B KB}KJJ.Or!. TOCTe HM8IOTCR ,neC.RTRH, 
a maor.na HeOKOJibKO COTeH THnopa3MepoB. B,nyMaiiTeCo, B rOCTe 
I362I-?9 ".1I.BYT8BpH" H0CtlHTHBaeTCJi 63 THnopa3r.'iepa, a B npe,1thl,n.y
meM rOCTe I362I-68 6HJIO Boero 8 T:enopa3MepoB. B rOCTe I3622-79 
"TaBp" HBCtUJTHBaeTCJi 6oJiee 700 TEilOp83MepoB ( C8Ml>COT - He one
'ClaTRa). 

~3Y't18R reoMeTpE'qeCKBe xapaKTepHCTHRH ce'tleHMH, BH Hayq~JIHCo 
oneHPIBBTb TOJI'DKO reoMeTpBIO, TBK CKB38To cpoprviy npe.nMeTa' a Be.no 
CKOJI:DKO HIOaHCOB eCTb B co,nepJK8HPIM, B CBOHCTBax MaTep~aJIOB. 
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TaKMM odpa30M, B STOM orpoMHOM Mope-OK·eaae KOHCTPYKTHBHHX 
MaTepEa~OB BHdop OilTMMa~oHllX napaMeTpOB TeaTpaRDHOH KOHCTPYKUMM 
CTBHOBETCR 60Ree TPY~HHM. rpa~MKH H TBORHIU:l MOryT OXB0THTo ~Billo 

He3eaqHTe~DHYD qacT:o MaTepMaRoB. HcnoRDSOBaa1e rpa<I>HRoB H TadRmt 
HOCMT CKOpee BCilOMOraTeJil>Hl:lH xapaKTep, o6HqHo MOXeT HCil0RD30-
B8TDCR llJIR opHeHTMPOBKH, )lJIJr yqe6Horo npouecca. Bee pacqeTH ne
peBeCTH aa rpa~HRH H9B03MO~HO, T. K. "aaBeCTH cnpaBKY" B TSKOM 
TO~CTOM TOMe m~H Aa]lt0 TOMax, COCTO,flIItHX H3 rpa~HKOB dy~eT HB
CKO~oKO He ~erqe, qeM cne~aTo H8CKO~oKO KOHKpeTHHX pacqeTOB.TeM 
6o~ee, KBR IlOK83HB0eT OilHT, npE KOHKpeTHHX CMTYBOHHX, npm Ha~H
qmH cnpaBoqHMKOB, Bl:AIC~HTe~DHO~ MaillHHKM-KB~DKYJIJITOpa H r.nydoxo
ro IlOHHMBHHR TeOpHM B8CD pacqeT na~e rrpH He6o~olliOM HBBHKe aa
HBMaeT Boero H8CKO~oKO ~H.YT. 

TaKMM odpa3oM, ~erqe nonroTOBHTo sHa~mero qe~oBeKa-cneona~e
cTa, Boopy~HB ero xopomeH TeopmeM B BHYtJitOM, qeM saroTaB~H.BaTL 
BnpoK decqHc~eHHHe rpa~HKH, KOTOpHe MOrYT E He noaanodHToCH. 

Ec~H npHBe~eHHHe coodpa~eHHR noMor~H OCOSHBTD aeodxonBMOCTL 
npoxona CKB03L ~a6spHHTH MaTe~~THqecKHX noxasaTe~oCTB e MeTo
~HqecKas paspa6oTRa CTa~a TOH nyTeBOnHOH HHTL~, KOTopaa noMo
r~a pasodpaT:ocR B TeopHH reoMeTpmqecKMX xapaKTepmcTBK n~ocKoro 
ceqeHHR, npHBWia H8BHKH pacqeTOB MOM8HTOB EHeJmHA H MOMeHTOB 
conpOTMB~eHMH .modax KOBCTPYKUM~, HayqHJia no~L30B8HBIO cnpaBoqnm~ 

MaTep11aJIOM, rpa<I>eKaMH .B Tad~ima~.m' TO BBTOp-cocTaBBT8JID cqmTaeT 
CBOID 3a~aqy BHilOJIHeHHOH. 



IT p H JI 0 ~ e H m e I 

BW30.Dll ~OPMYl MOMEHTOB 11HFPUHH 
H MOMEHTOB COI1POTI1B1IEHIDl ,ITJIH ITPOCTEVlnrnX ~Hr'YP: 

(Kpyr, KOJIDtlO, np.RMoyrOJil>Hm<,TpeyroJILHHR) 

JinR nepexo.na OT cpopuy.JI MOMeHTOB HHeprxzit odmero BPI.zta K KOH
KpeTHHM qaCTHHM cpopMaM ceqeamA BOCilOJin3YeMCH BblBOllSMB o.naoro H3 
pa3ll0JIOB MaTeMaTBRH' KOTOpH~ H03HB8JOT EHTerpaJIE>HHM mcqHcJieHHeM. 

~eTerpa.JIDHOe mcqmc.Jieame npe.ncTaBJIJleT co6o~ o6lllHA MeTon on
peJleJieHBH n.Jioma.neA, o6~eMOB E oeHTJ)OB T.RJKeCTI, no.nyqHBlliHA CBOe 
CHCT8MaTHqecKoe pa3BHTH0 c KOHUS XYII B. B Tpynax 3HaMeHHTOro 
MBTeMBTHRa r.B.nea6HMlB (!646 - !7!6) aaqa.nLaag 0YKB0 C~OBa 
cyMMa ( 5lJY'.,M~.A ) o6osaaqa.nacl> saaRoM S , a BhtpaJKeHPie Beef! cpya-
KQHH J ydx JieR6HWl ea3HBaJI HHTerpaJioM (oT JiaT. intestal1s 
ue.nOCTHHft). Il03llHee ~.-B.~pDe (I768 - !830) ycoBepmeHCTBOBBJI 

a 
o6osaaqeane nea6amoa' npm.naB eMY BM ( LI cl..\' ' r.ne a PI B -

. Ja 

aaqaJil)HOe H KOHeqaoe 3HaqeHBR -x, 30TeM no.R.BHJICH ~ TBKO~ CPIMBOJI: 

f F 
t KOTOPH~ YK03HBaeT, qTo HHTerp1poBaHHe (cyr~poBaHme) 

aeo6xo.nBMo npomsBeCTH no Bcea paccMaTpBBaeMo~ n.Jioma.nH ceqeH~R. 
IlpMM0Wlfi 3TH o603H0tl0HM' MO]KJIO CK03BT'.D: "ITOJI.R}HU:lti MOMeHT 

BHelIXHH npeJlCTaBJIReT co6o~ HHTerpaJI BH)la ••• " HJIH Ha H3&Ke Ma-
c 

J? ,,,f J.J 2 d F TeMaTHR~ 3TO sanHmeTCH: , a oceBoH MOMeHT 
, 

BHepUHI OTHOCHTeJIDHO OCM x-x sanmmeTCH B o6meM BH,ne: 

]~=ff y2df 
Onpe~eJimM MOM0HTH BHePQHB H MOMeHTH conpOTBB~eantt ,nJUI npocTe~
llIBX BB.llOB ceqeazl: Kpyra, KOJIDUa, Dp.RMOYTOJI'.DHEKa, napaJLJie~o

rpaMMa m TPeyroJIDHHKa. 
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Qn]elJe:!.!e]B~ E.O:Z!J!!?H.Qr..Q !!O~e.!!T! .!HfilYB! ! 

l!~~H.Qr..Q !!O!!el!T.! £O.[P£'1'.!!Bd!e!~ 

AJT! !.Plr! ! !O~a 

I. K P Yr 

]) 

!'me. I, l 

IlOJIRpHHI MOMeRT RBeptIBB B o6meM 
Bane npe.itCTBBJieR BHTerpaJIOM 

J9=JJ,idF 
r,lle ~ - nepeMeHmilt paJlBYC, BSMe

HJDODU!A cBoe saaqeame OT 
HJJJJ! B ueHTpe xpyra ~o 
MBKCBMBJil>HOro 3HaqeHBH 

D /2 (pmc. I, I) 

df .,2ri~d~ - MeMeHTSpHaR IlJIOIQEl)1Ka. 

npe~CT8BJIJIIOIQSH .D.JIBHY 
OKPJJIHOCTR 2 51 SJ , YMHO

~eHH8JJ Ha TO~lllHHY c~og 

d~ 

Ilo,11,CTSBBM B ~PMYJI.Y o6mero BH,D,a SHatreHWl s=> H df ,D,Jill 

Kpyra. Tor,tta 

3aTeM BHHeCeM TIOCTOHHHHe Be~HqBHH sa SH8R BHTerpa~a I yxeaeM 
rpaHHOH HHTerpMpoBaHMJJ OT 0 .no I = D /2, T. e. "B03])MeM BH
Terpa~" (M~M, HHHMH C~OBSMJJ, onpe~eJIHM CYMMY DpOISBe~eHBA RB8~
paTOB paccTOHHHa Ha 3~eMeHTapaue n~OJQaJJ.KB no BCeMY paCCM8Tpll.B8-
CMOivtY ceqeHHIO): 



B MaTeMBTHqecKmc cnpaBoqHm<ax npHBe,lleHH cPoPMYJIH ~JIJI pemeHEH 

EHTerpaJIOB pa3JIHqHwc BH,ltOB. HanpHMep, B "CnpaBoqeHKe no MaTeMa
Tmce" (M.' !9?6, § 298, c. 406) no TaOJIPJile PIHTe!'J)aJIOB H8XO,llPJl\1 

pemeaee HHTerpa~a Biuta J hri 

xndx = ~ .. 1 

npz YCJIOBHB, qTo n :J - I. 

,Il7I.R eamero c.nyqaJI EHTerpaJI npHHHMaeT BM.n 

, 

I!OJIJipHHH MOM€ HT conpOTPJBJie Hl'tUI .ItJLR Kpyra -

'i 

JI D 2 ----
~2D 

. - ~ 
·1'- . ' ' . . .,, 

16 
~ 

z 0,2 D .. 



II. I\ 0 JI b U 0 

.IJ 
-- ·-- ----··-------

J 
<p< 

]} 
• 

2 2 J 

o(= 
d 

• 

]) ' 

PHo. I, 2 
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ITOJIJlpffllfi M~MeHT HH9JilMH AJTJ! 

KOJIDOB B o6meM BMe B!ipBJKBeT

CH ~PMYJIOI F 

Jg: J 1/df 
m a~eMeHTapaaH nJioma.D.Ka 

x df = 2 ·1i rdr 
-+--~ 

BepaxaeTCH TOI Me. cpopMJJIOI, 
T. e. onpeneJIHeTcH TaK ge, 
RaK m .ItJIR xpyra, a nepeMeH
amt pa.nnyc ~ B3MeH.ReTca B 

rpaHmiax OT BffYTpeaHero ~o 
BHemeero ~BaMeTpa, T. e. OT 

d /2 .no D h (pec.I,2). 

Ilo~CT0BJiff eM B ~OpY~MY o6~ero 
BMa 3Haqeana ~ m d f nJJJI 
ROJIJ,Ua, BHHeceM IlOCTOHHHHe 
Be~HqBRH sa 3H8K BHTerpa~a B 

yKaEeM rpaHl[lH HRTerpJ!pOBSHBJI: 

J f Fl,- (F 2 

~"' .r cif .::J / 2n_rdr == 

F 

-= 2J.·f p3dg ~ 

[ 
o 'i l .D/z 

=2.'fr~ = 
4 . d/2 
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-
d '1 

64 

ITOJIRJlBHA MOMeHT corrpOTHB~eHHH KOJIDQa: 

J = 

.QnJ?e&e_:!!e.!!B~ .QC~B_!!X_M.QM~H!O~ !HfilYB.! ! 

.QC ~B!!JC _ M.QM~ H_!O_! .QO J!P.QT,!B:!0 .!!H!! 

~ !£0:!L£0_B_R~Y!8 

Me~ 110.IVlpRHM Jr B oceBYMJll J X' J y MOMeHTaMJJ BHep

OBI n~oCKBX ceqeemf cymecTBYeT onpe~e~eHHaR CBH3D (pHc. I, 3). 
Ec~B TOtma 0 aaqa~o KOOPJU!H8T (T. e. TOtma nepeceqeHHR .ItEYX 
BSBl!MHHX nepnean:HKYJI.RPHHX oceA x Hy), TO nepeMeHHH~ pa,D.Myc 9 

(PBCCTOJIHBe OT T. 0 llO rrr aJieMeHTapaoA IlJIOIIlB,D,RH d F ) JIBJI.ReTCH 

rmnoTeffY30I B npaMoyrOJil>HOM TpeyroJil>HHKe c KaTeTaMH x B y: 

~ 2 = x2 + y2. 



·Tor~a 
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y 

y 

oi_.x_~~ x 

Pmc. I, 3 

r 
(
-F .. F 

· ·) - I I 2 2 .-
... ) 1' = (.) -d 1- := .· p< + y ) d \ = 

. _) J _) 

-F~ -~rF?..df J- T -_/ x-d\- ~ lj" ~ . y +vx, 

.£Yt1M!! .QC~B.!!X_M.Qf.,~H!O_!! !Hfill!!B! .QT1!0.£H!0ifbJ!O 
pzx_B!a~.if_!!o_n~pQe!91!R.l.JJID.']H! .QCf l_p!B.!!a_nQ
d!JI.£H.Qtq MO!:!el!TZ ,!Hfill!!I.!! .QTl!O£H!ed!l>.!!O_T.Q~H 
!101!0£el!B! ~T!X_ 0£0!! 1H!!'l!J!l! !O.QPAH~a1). 
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K P 1 r A B cBJIY cBMMeTP•• 

J x =J y HJIB Jf = 2] x = 2Jy; 

J J, - -X - n -
'-

\A/ Jx 
Wt:: DJ 

. /2 

.D)I.R K 0 JI :0 1l A 

J =1 = J~ = 1;D"(1-.L1i) = ot1D4{i-/4) =O osn4'1_1...~) 
x y 2 ~2 . 2 2 , - l I ·' 

'vJ = Jx == o,a5D
4

( h!.
41 == 0 1 D~{~ -..£ 4) 

x Dk 0 ' 

.Qn:ee&e:!!0l!B~ .QC~Bl!JC_M.QM!H!O! ! 
! !:!0!0 !!TQB _ C.QD:(?O_!B!JI~.!!1 __ ~ 

fill!M.2Y£0!:bl!JJ!B.a.Il!!.P!!Jl!9;l!O!:P!!MM8 _H_ Tj!ezr.Q.Jl!!H!K! 

m. TI p R M 0 y r 0 .iI :0 H 11 K 

OceBOA MOM0HT BH0pUBB OTHOCBTe~'.bHO OCB Ox J1Jlff npHMoyrOJIDHH

Ka B Odl!leM Bille J f F 2 
x = Y -dF , r.ne Ox, Oy - 001 CHMMeT-

PIB oeqeaBR, TOllKa O - UT ceqeaJJJI, y - paccTOHHMe OT HeaTpaJID
aol 001 Ox llO llT SJieMeHTapaoA DJIODlBltRH. 

df = B·d y - 3JI9M0HTapHaH IlJIOtna,llKa. 



y 

x 0 

h 

PPIC. I, 4 

- ·--

-
' = '-.) \ 

-6!-

Ilo~CTSBJIJleM B <IK>PMYJIY OdlllerO BB
AB seaqeHIR B~eM8BT8peol D~OD'8~
RB rrpBM0HBTeJn,HO K DpJIMOJrOJIDRB
RY ,JCTSHSBJIBBaeM rp8HJDlH BBTe
rpmpOBSHBR (pie. I, 4) 1 onpe~e
JJJleM oceBol MOMeRT BBe~·· OTRO
CRT0JIDHO OCB OX IJIJJ X-X J1JIJI DpR
MOyronE>Hl'IKS. 

Jx -j-~2df -j~t~Jy ~ 
f + h/2 

=tfy2dlJ: y2 dy:: 
J s 

= b[ y ~ rhtz ~ ~ ~3- r-~/2) -
'.7) ·- h I . 

I' h"" --h~ (h~ ~~) 
:b(~ - 8·3'=~,2'-t -t- 24 = 

~ h 5 

12 1 
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OceBHe MOMeHTH conpoTHBJI8HM . 
I 

'1J '( ., ' 
OTHOC!Te~nHO OCH Ox - h I 

I ·t 
~ 

~,'~ Jy 
(}} OTHOCMT8JII>HO OCB -

&;~ 
'-

IY. IT AP A JI JI E JI 0 r P A MM 

d.Y 

h 
x x 

c IJ 

., ~ I ;) ,, ' r} h-' , ... l ·' . - - -- -.fz. ~ 6 l 

h b ~ '1 h b z. / -· -· -·-
~ 

-
I "" (.; I!-

J 

.llJm onpe,ne.JieHHR oceaoro Mo
Me HTa ~aepu~ni n apaJLJieJiorpaM
Ma c,nBeHeM npm.1oyro.JI:OHID\ 
ArBrC n TaK, qTo6H SJieMeHTap-

HHe IlJIOll{a,D.KPI - no~OCRH 

~.t f = B d y OCT0JIHCI> napaJI
JieJioHH canPJ ce6e (pPJc. I, 5), 
npM STOM Bee 8~PJ 3.JieMeHTap
HHe nJioma.n.Rm pacnoJIO)KBTCR B 
npe,ne.nax napaJL7!eJiorpa1'.-1J1·1a 

ABC] M cyr111Aa npoPJ3Be,ne HMi1 

y 2 df He H3MeHPITC.R. 

CJie.noBaTeJI:oao, MOMeHT PIHeprr0H 
napa.JIJieJiorpaMMa .ABC.U OTHOCM

TeJII>HO OCH x-x paneH MOM8HTY 

PHc. I, 5 paBHoBeJIMRoro eMY np.s:u.~oyro .. TI:o-

Hm<:a ArBrC J{ 
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Y. T P E Yr 0 JI :0 H H K 

h 

Pie. I,6 

Onpe~e~ea1e oceBoro MOMeHTa 
BHePQBB Tpeyro~DHBRa paCCMOTPBM 
B na aTa na : 

I a T a n. Onpe~e~BM Beaqa~e MO

MeHT HH0POBH TpeyrOJIDHBK8 OTHO
CETSJIDHO OCH Xr - Xr,IJPOXO.DJl
mel qepes OCHOB8HB8 TpeyroJILHl
Ra. 

OceBol MOM8HT JIHepQBB OTHOCl
Te~DHO STOA OCB B o6meM BB.ne MO
EeT 6HTD npe~cTaB~eH 

F J xr = J Y2dF 
Ha pnc. I,6 BMHO, 'CITO mgpwaa 
a~eMeHTBPHOH n~oma.ttRH B Tpey-

rOJIDHHRe 23MeHJieTCH B 38BICBMOOTH OT ee BHCOTH HSA OCHOBSHJ!eM, 
T. e. JIBJIHeTCR nepeMeHaoa Be~gq1moA H SBBBCBT OT BeJIBqBHH oc
HOBBH.HJI B H paoCTOHHHH y. ~H H3MeHeHBH npODOptlBOHSJIDBH B Mog

HO COCTBBHTD nponOp!lHIO ' 
~x h ·-Y ---

h 
4i : ~ 1· .\ 

~ -~ = -h . h ·-u l . 
O. ' I ; ) ... ' 

tx = t ( ~ - t). 
TaKHM o6pasoM, 



··-

-64-

12 

T. e. J X = 
I 

-.. _ 

B h 3 

!2. 

OceBoa MOMeHT HHepOBH OTHOCBTeJIDHO OCH Xr - Xr OCHOBa

HBR TpeyroJil>Hm<a He RBJIJleTCSI tteHTp0.7IDHllM MOMeHTOM MHepilHH. 

Il a T a n. Onpe.neJIPIM ueaTpaJI])HHif NIOMeHT naepame TpeyroJII>HHKa, 
BOOllOJil>SOBaBmHCI> B3B9CTHOI c'f>oPMY~oa 

·r T 2 r. 

-

.j XI = ._;. X + a \ ' 

- oceBoii MOMeHT HHepumH, or,peiteJieHHHD OTHOOHT9Jil>HO 

OCHOB8Hl'IH Tpeyro.Jll>Hmta (oci, Xr - Xr) 

J x - oceBOii MOM8HT HHepnmH OTHOCBTeJI:bHO OCM x-x,npo-
Be~eHHO~ napaJIJieJIDHO ocHoBaHH~ qepes UT ceqeHEH 
(UeHTpaJI:bHHii MOMeHT MHelJllHB) 

a - paCCTOHHHe MeJKJJ.Y napaJIJieJil>HHMH OC.RMH -Xr - Xr 

H X-X, a = I h (CM. pee. I,6-a) 
3 

F - DJIOIQBJll> TpeyroJIDHm<a F - I B x h .. ' ' 2 
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R 

x 

B c 

Pmc. I, ? 

11 BSI?BSHT 
Onpe~e.111M neaTpaJIDHHI oceBbA 
MOMeHT BH0JllRI TpeyroJIDHBKS OT
HOCHT0JIDH0 OCH x-x, ROTopag sm
JIJI0TCR QeHTPSJIDHOI OCDD,rrpoxo
ABT qepes UT Tpeyro~DHmta H pa
cno.11oxeea aa BHCOTe I/3 OT oc
HOBBHBR TP0YrOJIDHHKa B napaJI
JI8JIDH0 eMY lCM. pmc. I, ?). 
QqeBMHO, qTo B STOM c.113n1ae 
oceBoft MOM0HT HH0PQHH B o6meM 
BBJte MOXeT 6HTD PJHTerpaJIOM 

BMB r F + 2/3 h 

Jx =) t/dF ~ y 1 df 
-

1/3h 
(I) 

rAe rpaHiJilY HHTerpHpOBBHHSi OT - I 
J 

h .no 2 
3 

, a wmpPJHa 

Tpeyro.Jll>Hl!KS HS OCH x-x, 06osaaqeHH8H Br = ~ B ~CXO.IVI HS 

rrponoPQ1m :r - 2~3 h ) SJieMeHTapaaH nJioma.llKa d F uoJReT 

d f = Bxd y, a nepeMeHHSH mnpnaa Bx onpe-

BX _ 2/3 h - .!/ • 
BI 2/3 h ' 
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~ 0 
1

2· ) 2 8(''h-3 ) v =b !-h-y .. ··:-h= -- ,y_ = 
X ilj /' 3 1 . :J2·h ; 
_ ~ ( f _ .3 lJ j _ 2_ ~' ' ~ ·- %, I~ ) .::: 

- 1 \ . 2 h ! - 5 \, 2 ti / 
.' J 

- 'Z y ). 
-8(3-h/1 

... 

TaRHM o6pasoM, mepnaa a~eMeHTapaoA n~oma,n.Ke aa JD06oM paccTo
HHHH y OT OCH x-x onpe~e.JlffeTCR <POPMY~O~ 

BX :: B~-~-- - -~-- ) 
{2) 

llpoBepiw no.nyqeHH.YJO (flopl\1YJJ3 (G)' Il0,llCT0BJI&R paSJIJABHe SH8'19HBJI 

y: 

.D.JI.H BepmHHl:l TpeyroJIDHHKa A npH y = + 2 h 
,, LI I J /2./., h) I /) ; 2 2 ..p 1) 

0 .x ~ .. p -;f - h : ;.: [' ! ·~ - ; ) = ,C1 c = 0 . 
·. ' "" ,. } 

.D.JIJl OCI x-x npm y = 0 

[)x t,' /
1 z. .Q I _ P) ,l ~ , , J _ 2 v. _ v, • 

(" .:: v ( s - h I - [) / ~ ~ I - 3 /) - ''t , 
J1JIH OCHOBBHWI TpeyroJrDHHKa !£ npH y = - I h 

. . 3 
f) J I 2 (. ~'1 h J ' I 2 f' : } ' ~ l I J 
·~ = ,, .· -;- - h I - /{ I - . + .. -· I - J). ( -- .. + -- . - R . 
. ~ . .:J ,.. - ,,. . 3 ,/ / - (J r 3 - // 

. . I • . . 1 : _J ,' 
I 
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{ 
2. ( g h ~ 15 h li ) }. ( 2 h:; {5 h ~ )' 

= & 3 2r3 - hB1-4 = ~ .,21 - E.!J_/1 = 
P. \ ..... 

= ~ (2.Lt h "5 - 15 h 3 ) -- g . g h 
3 

:;_ ~ .h ~ - ~ h ~ 
27·3·4- 27·5·'1 3.5 Lt 56 , 

B h~ 
J)( ::: 36 

(3) 

lopMY~a (3) mono~L3YeTCH ~JI.fl onpe~e~eBPIR (ueeTpa~DHoro) oce
Boro MOMeHTa Tpeyro~DHHKa, r~e 
B - OCHOB8Hme Tpeyro~DHmta, 
h - BHCOTa TpeyroJil>HBKB. 
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Il P H JI 0 :I E H M E II 

rPA~WGf ,II,JIH OIIPEJIFJIElrnH MOiEHTOB HHEPllHH 
H MOMmTOB COI1POTI1BJIEHIDi lUIR EAJIOK H 4>EPM 

l13 EPYCKOB, TPYE H YI'OJIKOB 

Hmite npmBeneHH rpa~BKE ,nJia onpeneJieHBR MOM0HTOB BHeplllB I 
MOMeHTOB conpOTH.B~eHBH 6a~OK HS nepeBRHHHX dpycROB I ~epM 13 
Tpy6 H yro.mcoB. 

PMC. n, I - MoMeHTH HHeptlHH 6pycKOB mmpmeoa B OT I ~o 5 CM, 
BHCOTOH h OT 4 no !2 CM 

P~c. IT, 2 - MoMeHTH conpoTH.BJieHBJI 6pycxoB mspmaoA OT I AO 5 CM, 
BHCOTOA OT 4 no !5 CM 

P~c. Il, 3 - MoMeHTH CODpOTBBJieHBR cpepM BHCOTOA JJ.O 20 CM BS 
Tpy6 HapyJUIHM AHCMeTpOM OT 8 .D.O 20 MM 

Pmc. n, 4 - MoMeHTH conpoTHBJieHBR ~epM BHCOTOA OT 5 JJ.O 25 CM 
MS Tpy6 .D.MSMeTpOM OT 8 AO 40 MM 

PMC. IT, 5 - MoMeHTH conpoTH.BJieHeH ~epM BHCOTOi ~o 40 CM BS 
paBHOilOJIOqeoro yroJIKa rOCT 8509-72 

PMC. Il, 6 - MoMeHTH conpOTHBJieHB.R ~epM BHCOTOA ~o 40 .CM BS 
HepaBHOilOJIQqHoro yroJIRa TOCT 85!0-72 

PHc. II, 7 - 1.t>MeHTH conpoTBBJieHBR cpepM .BHOOTOI 40 CM 113 rBJ
Toro HepaBHOnonoqaoro yroJIKa rOCT Iffl2-74. 

Pee. IT, 8 - MoMeHTH conpOTBBJieHHS wepM BHCOTOI AO 40 CM BS 
AIOPSJillMHHHeBoro paBeononoqaoro yroJIKa 
rocT I3?37-80 

Pmc. Il, 9 - UoMeHTH CODPOTBBJI0HWI wepM BHCOTOft AO 40 CM B3 
KBBJt'PSTHOA Tpy6H rocT 8639-68 

PMC. II, 

P11c. II, 

IO - MoMeHTH conpOTBBJieHIUI ~p!4 BHOOTOA .D.O 40 CM IS 
npm..oyroJI:&HHX Tpy6 rOCT 8639-68 (IIJ1poxol CTOpOHOA ) 

rop11BOH'1'8JloHO 
II - To ze, eo mapoKoA cTopoeo~ BepTHKB~DBO 
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