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BBE,llEHHE 

Yqe6Hoe noco6He npe..u.Ha3HaqeHo ..U.JIH cTy..U.eHTOB nocTattosoqHhlX 
cpaKyJihTeTOB, H3yqalOIII.HX TeaTpaJihHYIO TeXHHKy H TeXHOJIOrmo no 
cneu.HaJihHOCTH N2 2216. Ilpe..a.JiaraeMaH pa6oTa MoJKeT oKa3aThC51 

IlOJie3HhlM npaKTHqecKHM noco6HeM ..U.JIH scex 33HHM3l01II.HXCH KOH
CTpyHposaHHeM TeaTpaJihHhlX ..a.eKopauHH H ..u.pyroro HecTattnapTHoro 
o6opy ..u.osaHHH. 

TeMa «Onpe..u.eJieHHe uettTpa THJKeCTH TeaTpaJihHhIX KOHCTpyKU.HH» 
H3yqaeTCH B cepe..a.HHe I ceMecTpa, nocJie H3yqeHHH TeMhI «CHcTeMhl 
CHJI, npOH3BOJihHO pacnOJIOJKeHHbIX Ha IlJIOCKOCTH H B npocTpaHCTBe», 
BhlilOJIHeHHH ..a.oMallIHero ynpaJKHeHHH H KOHTPOJibHhIX pa6oT no Te
Me «OrropHbie peaKUHH 6aJIOK». 

3HaHHe TeopeTHqecKHX OCHOB H npaKTHqecKHX MeTO..U.OB onpe..u.e

JieHHH u.eHTpa TH}l{ecrH (UT) KOHCTPYKUHH rroJBOJIHeT: 
- Haxo..a.HTh UT H ue•npaJibHhie OCH ..U.JIH nonepeqHhIX ceqeHHH 

6aJIOK, COCTaBJieHHhIX H3 JII06bIX coqeTaHHH pa3JIHqHhIX reoMeTpHqe

CKHX cpopM HJIH rrpoKaTHbIX npoqrnJieu; 
- 6hlCTpo aHaJIH3Hp<rnaTb H pernaTb rrpaKTHqecKHe BOilpOChl 

ycToliqHBOCTH H JaKpenJICllHH TeaTpaJibHbIX ..a.eKopauHH JII06oH: CJIO>K

HOCTH; 
- co3..u.asaTb KOHCTPYKU.HH c HcnoJib30BaHHeM CHJihl TH>KecTH B 

pa3JIHqHblX TpIOKax H cue1mlleCKHX 3cpcpeKTax. 
HashIKH, nptto6peTeHHhle npH pa36opc npHMepos H 3a..u.aq, a TaK

.>Ke caMOCTOHTeJibHOe BhIIlOJIHeHHe ynpa>KHeHHH H 3a..u.aHHH no 3TOH 
TeMe, pa3BHsaeT yHH8epcaJibHoe yMeHHe B noJih30BaHHH fOCTaMH H 
pa3JIHqHhlMH cnpasoqHHKaMH, qTo HBJIHeTCH Ha..a.e>KHOH rapaHTHeH 
ycrreWHOH pa6oThI rrpH BhlnOJIHemn1 nocJie..a.y101II.HX, 6oJiee ycJIO>K

HeHHhlX 3a..a.aq e pa3pa6orKe TeaTpaJibHblX KOHcrpyKUHH H ..u.pyroro 
HecTaH..u.apTHoro o6opy..u.osaHHH. 

fJIABA I 

TEOPETHllECKHE OCHOBbl OHPE.UEJIEH1151 
UEHTPA TSl)l(ECTH PA3JIHllHhlX <l>HfYP 11 TEJI 

B reMe «CHcTeMbl CHJI, rrpoH3BOJihHO pacnoJio.>KeHHhIX Ha nJio
CKOCTH H B rrpocTpaHCTBe» 6blJia paccMOTpeHa OOIIJ.aH MeTO.lJ.HKa 
onpe.LI.eJieHHH paBHO.LJ.ettCTBYIOIII.eii CHJihl H ycJIOBHH paBHOBeCHH CH
CTeMbl rrpH JII06hIX KOJIHqecTBax 33.LJ.aHHhIX CHJI H pa3JIHqHblX Ha
npaaJieHHHX HX ..u.elicTBHH. 3Ta MeTO.lJ.HKa MO}l{eT OhITh HCilOJib30BaHa 
H .ll.JIH OT,LJ.eJihHhlX qacTHhlX cJiyqaee. 

3 



§ I. floHRTUe 0 11eHrpe napaAAeAbHbtX CUA 

PaccMoTpHM .u.eiicTBHe .u.ayx napaJIJieJibHhIX CHJI P 1 u P 2, npuJio
)KeHHhIX B TOqKax A u B n HanpaaJieHHblX B OJlHY cTopotty. HeTpy.u.
Ho y6e,llHTbCH, qTo .u.e:HCTBHe .u.ayx CHJI MO)KHO 38MeHHTb paBHO,lleH
CTBy10me:H CHJIOH, H ,llJIH 3TOf0 Heo6XO,llHMO, KaK H ,llJIH BCHKOH .u.py
roH: CHJlbl, onpe,lleJIHTb: TQqKy ee npHJIO>KCHHH; HanpaBJleHHe .u.eiicT
BHH; BeJiuquffy. 

Ee.nu paccMaTpuaaTb cucTeMy .aeyx napaJIJieJibHhlx cuJI KaK qacT-
HhIH CJiyqaii CHCTeMbl npOH3BOJlbHblX CHJI, TO paBHO,lleHCTBy10maH 

PABHOAEi:1CTB'l/IOW.E~ CllUlbl 

' m n 

.A c B ,,-
P., 

,, -
R 

( 

PHc. 1 

.u.ayx napaJIJieJlbHbIX CHJI, HanpaaJieHHblX B 0.llHY CTOpoHy, ,llOJI:>KHa 
6h1Th ttanpaaJieHa a TY :>Ke crnpotty u paeHa ux apHcpMeTuqecKoii 
cyMMe. TaKHM o6pa3oM, R=P1+P2. 

Tenepb tteo6xo.u.11:Mo onpe.u.eJIHTb TOqKy ee rrpuJio:>KeHuH HJIH XOTH 
6h1 cttaLiaJia JIHHHIO .u.eiicTBHH paetto.u.eiicTey10meii. CTpe.u.rroJIO:>KHM, 
LITO JIHHHH .u.eiicTe1u1 paeHo.u.eikTBy10meii (p11:c. I) rrepeceKaeT JIH
Hmo AB Me:>K.u.y 3a.u.aHHhIMH CHJiaMH a ToqKe C. CTpu 3TOM rroJio:>Ke-
11uc TOLIKH C eme Ha.u.o orrpe.u.eJIHTh. 

I-fa npe,llbI.llyme:H: TeMbl H3BeCTHO, qTo MOMeHT paBHOJI.eiicTBy10me:H: 
ornocHTeJibHO TOLIKH C JI.OJI:>KeH( 6hITh paaett HyJI10. B TO :>Ke epeMH, 
110 TeopeMe BapHHboHa, MOMeHT paaHon.eiicTBy10meii JI.OJI:>KeH 6hITh 
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paeeH anre6paHtieCKOH cyMMe MOMeHTOB CJiaraeMblX CHJI OTHOCH-

TeJibHO TOH }Ke TOlIKH: · 

Mc (R) =Mc (P1) +Mc (P2 ) = - P1AC + P2BC = 0 
HJIH 

P1 AC m 
p;-=sc=n-, 

r.n.e m+n=AB, 
T. e. JIHHHH .n.eiiCTBHH paeuo.n.eiicTBYIOIUeii ,neJIHT paccTOHHHe Me}K,ny 

aa,naHHblMH CHJiaMH (nuuu10 AB) Ha oTpe3KH o6paTHO rrporropuHo

HaJibHble eeJIHlIHHaM 3THX CHJI. 

m n 

f A1 
I r·~ .. 

Al/ 
_, 
Pt 

I· 

I 

P aeHo,neiicTByromaH R MO}KeT obITh rrpHJIO)KeHa no Jrn:uuu ee 

.n.eH:CTBHH B JllOOOH TOtIKe, HO cpe.n.u 3THX TOlleK eCTb TOJibKO o.n.Ha 

T011Ka C, KOTopaH o6Jia,naeT 3aMe11aTeJihHbIM caoH:cTeoM He H3MeH~Tb 
csoero IIOJIO}KeHHH rrpH rroeopoTe 3a.n.aHHbIX CHJI Ha 0)1.HH H TOT )Ke 
yroJI B 0.ll.HOM II TOM )Ke HarrpaaJieHHH. 3Ta TOllKa c Ha3bIBaeTCH 

ueHTpOM rrapaJIJieJibHbIX CHJI. 

p accMOTpHM )l.OKa3aTeJibCTBO 3TOro Ba)l{HOro )l.JIH rrpaKTHlleCKHX 

pacqeTOB BhIBo.n.a. f1oaepHeM CHJibI P 1 H P2 Ha yroJI a, coxpaHHH HX 

rrapaJIJieJibHOCTh H )l.JIH cHJI P 1' H P2', orrpe,neJIHM paaHo.n.eH:cTay10-

my10 R' H T011Ky ee rrpHJIO)l{eHuH - rrepeceqeHHe c rrpHMoH: A'B' B 

ToqKe C' (pHc. 2). 
JI11mu1 .n.eikTBHH paaHO.lleH:cTByrow.eH: R' orrpe,lleJIHTCH OTHome-

HHeM 



I-fa no.n.o6HH TpeyroJibHHKOB AA1C1 H BB1C1: 

A'C' AC' AC' m 
B'C' = BC' HJIH BC' = n' 

T. e. noJioJKeHHe ToqKH C' onpe.n.enHeTcH TOH JKe nponopuHeH, qTo B 
npe.n.h1.n.ymeM cJiyqae (pHc. I), a ~To 03HaqaeT, qTo ToqKa C ocTaeT

CH B npeJKHeM IlOJIO)l{eHHH npu IlOBOpOTe .n.syx napaJIJieJibHhIX CHJI 

Ha OJI.HH H TOT JKe yroJI B OJI.HOM H TOM JKe HanpasJieHHH. 

§ 2. OnpeaeJtenue Koopawwr l{enrpa napaAAeJtbHbtX cuA 

Onpe.n.eJIHM ueHTp napaJIJieJibHhIX CHJI npH HeCKOJihKHX napaJI

JieJibHhIX CHJiax Pi, P2, P3 ... Pn u 3a.n.aHHhIX KOOP.lI.HHaTax npHJIOJKe

HHH 3THX CHJI X1, X2, X3 ... Xn H Y1, y2, y3 ... Yn, npHHHThIX JI.JIH ynpome
HHH pacqeTOB B OJI.HOH IlJIOCKOCTH, B CHCTeMe npHMOyroJihHhIX KOOp

.lI.HHaT. IlpHqeM o.n.Ha H3 oceii (HanpHMep, och Oy) HanpasJieHa na

paJIJieJibHO 3a.n.aHHhIM CHJiaM. Koop.n.HHaThl ToqeK npHJIOJKeHHH pac-

Y 
P~ On 

~f- u" n. I~ -:-JP. 
1,t-- ·::-i· ~1 I I °' I 
~1 J ~ - I - ! 

I ~I. i t- -~ --- -- _P1__ t- t03 R 

1 l "'' r 1 ;:; I »I I r3 ' 

_._+ +--i- +a X1 ' ' JI 
(•' t·~~-~-f ---- -~"-- -- , 

x 

PHC. 3 

cMaTpHsaeMhIX CHJI npuse,LI.eHbI Ha puc. 3. Ha 3TOM )Ke pHcyHKe 

HatteceH TaKJKe ueHTp napaJIJieJibHhIX CHJI - ToqKa C c KOOP.lI.HHa

TaMH Xe H ye, KOTOpbie HYJKHO onpe.n.eJIHTb. 
Bem1q1rna pastto.n.eiicrny101ueii YHcJieHHO pasHa apHqJMeTHqecKOH 

cyMMe CJiaraeMblX CHJI: 

n 

R = P1 + P2 -t- P3 + ... + Pll =~Pt 
1 

P. HanpaBJieHa B CTOpOHY 3a.n.aHHblX CliJI 

nJIH orrpe.n.eJieHHH KOOPJI.HH8T ueHTpa napaJIJieJibHhIX CHJI npHMe
HHM TeopeMy BapHHbOHa. 3a UCHTP MOMCHTOB B03bMeM HaqaJio KO

op.n.HH3T 0. 
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Tor)la 

OTKy.n.a 

n 

Rxc = P 1x 1 + P2x2 + P3x 3 + ... + Pnxn = ~ P 1x 1, 
1 

P1x 1 + P2x 2 + P3X3 + .. . +PnXn L Pixl Xe= =--
P1+P2+Pa+ ... +Pn LP1. (1) 

TaK KaK ueHTp napaJIJieJibHhIX eHJI He MeHHeT eaoero noJioJKeHHH 

npH TIOBopoTe Beex eHJI Ha o.n.1rn H TOT JKe yroJI B O)lHOM H TOM JKe 

HanpaBJieHHH, TO IIOBepHeM see eHJibl TaK, l[T06bI OHH eTaJIH rrapaJI
JieJihHbl OOH Ox. no attaJIOrHH e npe.II.bI.ll.YillHM BhlBOJlOM MO:>KHO OII

pe.n.eJIHTb opmrnaTy ueHTpa rrapaJ1J1eJ11:>Hhix e11J1 ye: 
P1Y1+P2Y2+PaYa+ ... +PnYn LPtYi (2) Ye= =-~--· P1 + P2 + Pa+ ... + Pn .._ P1 

ITpu npoeTpaHeTBeHHofl eHeTeMe CHJI MOJKHo BblBeCTH cpopMyJiy 

.II.JIH KOOpJlHHaTbl Zc: 

Zc = P1z1 + P2z2 + P::iz:1 •• + PnZn = L P1z1 (3) 
P1 + P:i + P3 + ... + Pn L Pt . 

TaKHM o6pa30M, cpopMyJihI 1, 2, 3 orrpe)lemnoT KoopJlirnaThI ueH'I

pa CHCTeMbl rrapaJIJieJibHblX CHJI. B l[HCJIHTeJie HX rrpaami llaCTH CTO

:_ HT eyMMa MOMeHTOB eHJI, a B 3HaMeHaTeJie - paBHO)leHCTBYIOIUaH 3a
)laHHOH eHeTeMbl rrapaJIJieJibHblX eHJI. 

EJKeJIH ace 3a)laHHhle CHJihI HanpaaJieHhI B OJlHY cTopoHy, 3HaK 

MOMeHTa Ka~)lOH eHJibl orrpeJI,eJIHeTCH 3HaKOM eooTBeTeTay10rueii KO

OPJlHHaTbl TOllKH ee rrp11J10.iKeHHH; ee.1111 eHJihI ttarrpaBJieHhI B pa3Hble 

eTOpOHbl, TO eJie)lyeT rrpH,llep:>KHBaTbCH aJire6paHlleCKHX rrpaBHJI yqe

Ta 3HaKOB COMHO:>KHTeJieu. 

l13JIOJKeHH2UI BbIIIIe TeopHH orrpe)leJieHHH ueHTpa rrapaJIJieJibHblX 

CHJI rrpHMettnMa K onpe)leJieHHIO UT TeJI. 

§ 3. floHRTUe 0 qeHTpe TRJICeCTU reAa. 
Onpe8eAeHue qeHrpa TRJ!Cecru raep8btX reA, 

COCTUBAeHHblX U3 pa3HOp08HblX u o8Hopo8HblX .MarepuaAOB. 

Bee npe)lMeTbl H TeJia Ha 3eMJie IIOJlBepra10TcH B03JleifcTBHIO 

pa3JIHl[HbIX no eBOHM xapaKTepaM eHJI. ,lla)Ke B Tex cJiy 1rnHx, KOr)la 

KaJKeTcH, llTO Ha KOHeTpyKUHIO He )leHeTBYIOT BHeWHHe Harpy3KH, 

HanpHMep, OT)leJibHO eTOHW.aH Ha IIJiaHilleTe eueHhl .n.eKopaUHOHHaH 

cTeHKa, - see pastto TaKaH KOHeTpyKUHH 6y.n.eT HaXOJJ.HThCH IIOJl 
1303,lleJkTBHeM eHJihl npHTH:>KeHHH 3eM~lH, T. e. Ha CTCHKY )le:ii:cTByeT 

cc CHJia TH:>KeeTH. 

BeJIH4HHa 3TOH CHJIW HenocTOHHHa H 3aBHeHT OT Maeew caMoro 

TC.'Jl(] H B 3eMHbIX ycJIOBH51X -- OT paeeTOHHHH OT 3TOrO TeJia .ZI.0 

llCllTpa 3eMJIH. 3aKOH seeMHpHoro THfOTemrn, ccpopMyJIHpOBaHHbIH 

I lr.IOTOl!OM, TIOK33aJI, LfTO CHJlbl npHTH)KeHH51 (rpaBHTaUHH) yMeHb-
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OnPE,UEJlvffb PACCTO!?!HvtE ME>K)::\~ TOYKAMV1 A V1 B, 
PAcnonO>KEHHblMV1 HA nOBEPXHOCTV1 3E.MJ1V1' c. 'Y'1ETOM 
~rJlA CXO,QVlMOCTV\ ME~Y nYtHvtc;;,M111 At=V1CTBV1~ 
CV1Jl 8, 1,11 Bz , nPvtno>KEHHblX B 3TV\X TOYKAX. 

PAAYl'YC 3EMnV1 n~H~Tb 6370 KM. 

PEwEHY\E. ~- CocTABJl'?iEM PAC'-1E.TH~l-O 
PACYETHA'7\ CXEMA CXEM~ V\ nPOCTABTl~EM 

5YKBEHHblE 0603HAYEHV1~ 
BEJ1111'-1111H: 

0 
II 

1011 0 4848 x 10-s 
30" o',1454 ><10-4 

1 100' 0,2909 "10-3 

3'0011 

6 10011 

30'0011 

O,s >t 10-3 

0,17x 10-2 

0,87)(10-2 

e, M 

3,09 
92,6 

1850,o 

e- PACCTO~HV1E ME>t<):l).' T0'-1 -
KAMV\ A vt B HA noBEPXHOCTl--1 

3EMJ1V1; M.; 
Rs- ?A,r\llt~c 3EMnVt1 6,37 ><i05 KM.; 
r~ ~rarT CXQrl~MOCTV\ ME.>KJ:fY 
JlV\Hll\~MVl ,.QEV\CTBV\~ ~H -
HblX CJ1!1. 

2.. OnPE.QEJl~EM 3ABVlCV1MOCTb 
ME>f<A'Y VtCKOMblM V1 1;1cxo.a
HblMV1 .tlAHHblMV1: 

ter= ~~ = ~ ; 
D 1 6 
l,= R~,.~r=6,31"10 )(~r [M]. 

3. 3A.QAENt PA3JlV\LIHblE SHA'-iEH~ 
YrJlOB cxo,Qllttv10CT11t Jllt1Hllti:1 f=\Ect 
CTBV1~ ClltJl V1 BCE PACYE.Tbl 
CB0gv1M B TA5Jll/11._\Y. 

nPV1MEYAHV1 ~ 

TPV1rOHOMETPV1LlECKV1E 3HA"-lEHV1~ 
TAHrEHCOB ~mos nPVIHSffbl no 

11 
WE -

CTV\3HAYHblM TA5Jlllll\AM TPVllOHOME
TPl!1t.,jECKV1X c::pyHKLJ.\11Vl I/ Jl.C. XPE-

HOBA ( V13f::\.
11
HAb'KA'.

1 

M. 1978) 

T Pv-1roHOME.TPVtl1ECK~1E 3HAYEHV\~. 
5100 TAHrEHCOB :i!J10B nPV1H~Tbl no 

1.0800 11 ~ETblPEX3\-t.A'-frtblM MATEMATi.1-
55400 "-IECKV1M TA5J1V1U/•,M II B. DPl\QVICA 

----+-------t---------,___'9_J19! ___ c~~HEll1 WKOnbl . 
1°001.00'1 1,75"10-2 111500 

-4. BblBOAbl V1 3AK.fltoYEHll1E: nPV1 HE.50flbWll1X R\CCTO~H\1151X ME
>KAY CvtnAMVl ~1X J1V1HV1Vl DElllGTB\1151 
MO>KHO CYV!TATb nAPAJlJlEJlbHblMV1. 

PP~T f:4PYrY. 

PHc. 4 

8 



rnaIDTCH rrporropuuoHanbHO KsanpaTy paccTOHHHH OT Tena no ueHT
pa 3eMnu. 003TOMY Teno Ha nosepxHOCTH 3eMJIU (HarrpHMep, Ha 
rnupoTe JleHHHrpa4a, rne pa4uyc 3eMnu cocTaBnHeT 6370: KM; 3a
MeTUM, tITO y 3KBaTopa 6380 KM, a y ITOJIIDCa - 6360) MO)KeT BeCHTb 
I naH. Ecnu Teno rronHHTb Ha 400 KM Han rrosepxHocTbID 3eMJIH, To 
OHO 6yneT seCHTb y)Ke 0,9 4aH H3-3a ynaneHHH OT ueHTpa 3eMnH Ha 
6800 KM (6370-t-400=6770~6800 KM). c ysenutieHueM BblCOTbl 
Han 3eMneii Bee TeJia 6y.LI.eT yMeHblliaTbCH U3-3a OCJia6JieHUH' CUJlbl 
npHTH)KeHHH BITJIOTb .LI.0 HacTynJieHHH HesecoMOCTU. 

EcTecTBeHHO, tITO cuJibI THMeCTH HarrpasnettbI K ueHTPY 3eMJIH, 
T. e. JIHHHH neH:CTBUH 3TH.X CUJI cxonHTCH s6mrnu reoMeTputiecKoro 
ueHTpa 3eMHoro rnapa. YIJHTbIBaH, tITO paccMaTpirnaeMbie Tena, s 
TOM tIHCJie u TeaTpaJihHbie KOHCTPYKUHH, HeH3MepuMo MeHbrne panuy
ca 3eMJIH., MO)KHO cuJibI seca pa3JJHtIHhIX KOHcTpyKuuH: ctiuTaTb rrpaK
THtiecKH rrapaJJJJeJJbHbIMH npyr apyry. Bo3MO)KHOCTH TaKoro yrrpo
I.UeHHH rronTBepMnaIDTCH pactieTaMH " BbIBOJI.aMH, rrp1rneneHHbIMU Ha 
puc. 4. 

CJIO)KHB cuJJbI TH)KeCTH. Acex 3JJeMeHTapHbIX t1acn1u TeJJa unu oT-
neJJbHblX qacTei'I KOHcTpyKUHH, noJJytiuM ux pasHoneiicTBYIDI.UYID 
G=~gi, Ha3hIBaeMyID cuJJoii TH}KeCTH, unu secoM Tena. 

TotiKa C, 11epe3 KOTopyID rrpoxonuT JJHHHH neikTBHH pasHoneii
cTsyroI.Ueii' CHJJbl THMecn1 ACCX 3JJeMeHTapHbIX tiaCTHU TeJia npu JII0-
6oM ero rroJJO)KeHuu a rrpocTpattcTBe, Ha3brnaeTCH UT Tena. HTaK, 
UT Tena o6JJanaeT csoiicTBOM ueuTpa napaJJneJibHbIX cuJI u 3aHH
MaeT OTHOCHTeJibHO BCCX 3JJeMeHTapHbIX tI3CTHU TeJia HeU3MeHHOe 
IIOJJO)KeHue, " nJJH ero onpeneJJeHHH MQ)KHO HCITOJib30BaTb cpopMy
Jlbl KOOp.LI.HHaT ueHTpa napaJJ.TJeJibHbIX CH.JI. 

iloJJo)KeHue UT TeJJa 33BHCHT TOJJbKO OT cpopMbI Tena u pacrrpe
neJieHuH s HeM MaTepuaJJhHhix 11acTuu. KpoMe Toro UT ecTb reoMeT
putiecKaH TOlJKa, KOTOpaH MOMeT HaXOLI.HTbCH H BHe TeJJa (KOJibUO, 
6y6JIUK, ITOJJblH OBaJJ, MHtI H T. II.). 

n pu.Mep. Ha cyI.UecrnyIOI.UYID rrpHMoyrOJJbHYID cpypKy seCOM P1:::::: 
~ 500 naH c KoopJllHHaTaMu UT x1=I,I0 M, Y1=2,50 M; z1=0,30 M 
Heo6xo.n.uMo ycTaHOBHTb .n.eKopauuID secoM P2=200 .n.aH c Koopiur
HaTaMu UT, rrpumITbIMH B TOM :>Ke cucTeMe, X2=0,75 M; Y2=2,15 M; 
z2 = 3,80 M. Orrpe.n.eJJHTb noJJo)KeHue UT sceii KOHCTpyKuuu B HOBhIX 
YCJJOBHHX. 

PemeHue. no cpopMyJJaM I, 2, 3 uMeeM: 

P1X1 + P2X2 500Xl,10+200X0,75 = 700 =1 00 
Xe= P1 + P2 .JOO+:lOO ·,oo ' M. 

P1y1 + P2 y2 soox2,50+2oox2,1s = ~ = 2 40 . 
Ye= P1 + P

2 
= 500+200 700 ' M, 

_ P1z1 + P2z2 _ 500X0,3+200X3,80 _ ~ -1 30 
Zc - P1 + P2 - 500+:200 - 700 - ' M. 

HTaK, ycTaHosKa .n.eKopauuu Ha cpypKe rrpu 3a.n.aHHbIX ycnoBHHX 
npusonuT K He3HatiurenbHOMY cMeI.UeHHID UT sceii KOHCTpyKUHH a 
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ropH30HTaJihHOH: nJIOCKOCTH (Ha 14,1 CM K HaqaJiy KOOPJJ.HHaT, noTo

My qTo no OCHM x ,H y nepeMemeHHe COCTaBHT no 10 CM) H nepeHocy 

ero no sepTHKaJIH ITO OCH z Ha 1,0 M. 

OT cTyJJ.eHTOB nocTaHosoqHoro ~aKyJihTeTa Tpe6yeTCH He TOJibKO 

rroHHMaHHe o6meH: TeopHH H npHHUHrra HaxmKJJ.eHHH UT JJ.eKopa

UHH:, HO H OBJia)l.eHHe npaKTHqecKHMH npHeMaMH H TBepJJ.bIMH HaBbl

KaMH B ero orrpeJJ.eJieHHH 8 caMblX pa3JIHqHbIX npOH380JJ.CTBeHHblX 

YCJIOBHHX. 
B )l.aJibHeiiweM paccMaTpHeaeTCH rropHJJ.OK onpeJJ.eJieHHSI UT e 

cnyqaSix, KOr)l.a KOHCTPYKUHH BhlnOJIHeHbl H3 pa3HOPOJJ.HbIX H O.U.HO-

50EK (6EPE3A) 

// 
,/' 

P'YKO~TKA (CTAJlb) 

PHC. 5 

pOJJ.HhIX MaTepHaJios H rrpeJJ.CTaeJISIIOT co6oH: o6oeMhI, rroeepxHOCTH 

HJIH JIHHHH. TaKoe nocJie.u.osaTeJibHOe paccMoTpeHHe .U.HKTyeTcH eme 

H TeM oocTOHTeJibCTBOM, qTQ rrpH 3TOM oomHe ~opMyJihl; orrpeJJ.eJie

HHSI UT BHJJ.OH3MeHHIOTCSI, ynpomaIOTCH. ,UJI.s1 HeKoTopbIX o6oeMoB, 

nosepxHocTeH: H JIHHHH JJ.aHHble o pacrrono.>KeHHH HX UT HMeIOTCH B 

crrpasoqHHKax. . 

Ecmr KOHCTpyKUHH COCTasJieHa H3 pa3HOPO.lJ.HblX MaTepHaJIOB, TO 

JJ.JHI onpeJJ.eJieHHH UT ee Heo6xoJJ.HMO 3HaTb sec H KoopmrnaTbI UT 
Ka.>K)l.OH COCTaBJISllOlUeii qacTH. 

flpuMep. OrrpeJJ.eJIHTh KoopmrnaTbl UT KHHHKH (.u.epeeHHHoro MO

JIOTKa); ra6apHTHbie pa3Mepbl KHSIHKH rrpHse.u.eHbl Ha pHC: 5. 
Petuenue. 06mHii UT HHCTpyMeHTa pacrroJIO.>KHTCH Ha OCH CHM

MeTpHH, TaK .>Ke, KaK H UT OT.U.eJihHbIX qacTeii: 

I. 6oiiKa H3 6epe3bI (nJIOTHOCTb n,epesa 0,65 r/cM 3 ) pa3MepoM 

12,0X6,0Xll,O CM; 
2. pyKOHTKH 113 CTaJibHOi°I Tpy6hI (IIJIOTHOCTb CT3JIH 7,85 r/cM 3 ) 

pa3MepaMH 3,0X2,6X37,5 CM. 
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06'beM 6oH:Ka 

Vi= ,UWB- 7t:
2

.U=11,0X12,0X6,0 - 3 • 14 ~ 3 •02 X12= 
..-792-84,8=707,2 CM 3 ; 

06'beM pyKOHTKH 

V = 7t (d2Hap. -d2aHyTp.) l = 3,14 (3,02-2,62) X 37 5
=0 

785 
(
9 

O-
1 2 4 Tp. 4 ' ' ' 6' 6) x 

X37,5=67 CM 3; 

eec 6oiiKa G1 =p1V1 =0,65X707,2=460 r=0,46 )J.aH; 
z 

G 
PHc. 6 

12,86 CM 
O,oo 
O,oo 

eec pyKOHTKH G2=p2V2=7,85X67,0=520 r=0,52 JI.aH. 
Tipoee)J.eM oc11 KOOPJI.HHaT x, y, z. Tor)J.a opJI.HHaTa UT 6ouKa 

.n 12,0 
X1 = 2 = -2- =6,0 CM; Y1 =0; Z1 =0; 

op)J.HHaTa UT pyKoHTKH 

fTp. 37•.5 18 8 0 0 X2= -
2
- = -

2
- , , cM; y2= ; Z2= . 

no cpopMyJie ( l) onpe)J.eJISleM UT HHCTpyMeHTa fl HaHOCHM Ha 
cxeMy (pHc. 6): 

Xe= :E ol 
6,0X0,46+18,8X0,52 12,86 12 8 

0,4u+0,52 = 0,98 = ' CM; 

Yc=O; zc=O. 
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EcJIH He06XO.lI.HMO' onpeaeAUTb ll,T a AR KOHCTPYKl{UU U3 oaHopoa

H020 MarepuaAa, y KOTOpOH Bee OTJI.eJibHblX qacTett nponopUHOHaJieH 
HX o6'beMy, TO 06my10 cpopMyJiy MO>KHO ynpOCTHTb, TaK KaK IlJIOT
HOCTb TeJia BCIO.lI.Y OJI.HHaKoaa (p - const): 

l: OtXi 01X1 + 02X2 + ... + OnXn 
Xe= -o-= 01 + 02+ ... +On 

p V1x1 + p V2X2 + ... + p V nXn V1x1 + V2X2 + ... +V nXn l: VtXt 

= p(V1+V2+ ... +Vn) = V1+V2+ ... +Vn =-v-, 

r.n.e p - IlJIOTHOCTb 0.lI.HOpo.n.Horo MaTepHaJia, seJIHlJHa IlOCTOSIH
HaSI, T. e. p - const; 

V1, V2, v n - o6'beMbl OTJI.eJibHblX qacTeii; 
x1 X2, Xn - Koop.n.11HaTbI UT 3THX qacTeii OTHOCHTeJihHO BhI6paH-

HOH cHcTeMhI Koop.n.11Har. 
11TaK, .lI.JIHi onpe.n.eJieHHSI UT TeJI c o.n.11HaKosoii nJIOTHOCThIO, He

o6xo.n.HMO H JI.OCTaTOlJHO paclJJieHHTb 3a.n.aHHOe TeJio Ha TaKHe qacTH, 
o6neMhI, UT KOTOphIX JierKo BhilJHCJISIIOTCSI HJIH ttaxo.n.SITCSI no cnpa
BOlJHHKaM (cM. CTp11J10.>KeH11e I). K TaKHM TeJiaM OTHOCSITCH Ky6, map, 
KoHyc, UHJIHHJI.P, n11paM11.n.a, npH3MhI, Top H T. n. UT sceH: cocTasHoH: 
KOHCTPYKUHH onpe.n.eJIHIOT no cpopMyJiaM: 

i: Vtxt l: viYl 1: v,zt 
Xe= -v-; Ye = -v-; zc = -v-· 

B TeaTpaJibHOH npaKTHKe HaH60J1ee qacTo npHXO.lI.HTCH HMeTh .n.e
JIO c nAOCKUMU KOHCTpyKl{UflMU, noBepXHOCTb IWTOpbtX UMeeT cpucyp

Hbte B'b4pe3bl UAU BblCTynbt, c cetteHURMU 6aAOK, COCTaBAeHHbtX' U3 

npoKaTHbtX npocpuAet1. flpH OJI.HHaKosoH: TOJilllHHe KOHCTPYKUHH, BhI
nonHeHHOH, HanpHMep, H3 JIHCTa cpaHepbI, nJiaCTHH HJIH TKaHH, 06-
lllHe <tJopMyJihI MoryT 6bITh npeo6pa3osaHhI: 

Xe= 

F1x 1 + F2x2 + ... + FnXn FtXt 
= F1 +F2+ ... +Fn =-F-' 

r.n.e t - TOJilllHHa OJI.HOPO.lI.HOH nJiaCTHHhI; 
F1, F2, Fn - nJ1oma.n.11 OTJI.eJihHhIX qacTeH, cocTaBJIHIOlllHX ceqeHMe; 

X1, X2, Xn - KOOP.llHHaTbI UT 3THX qacTett, OTHOCHTeJihHO BhI6paH
HOH cHcTeMbI Koop.n.HHaT; 

F - nJJoma.n.h ce1.JeHHS1. 

TaKHM o6pa30M, .lI.JIH onpe.n.eJJeHHH UT nJJocKoro celleHHH o.n.1rna
Koeo:H TOJilllHHhl He06XO.lI.HMO H .lI.OCTaTOlJHO pacqJleHHTb 3a.n.aHHYIO 
noeepxHOCTh Ha TaKHe qacTH, JI.JIH KOTOphlx nJIOIUa.n..11 H UT 3apa
Hee H3eecTHhl HJIH npHee.n.eHbI B cnpaeolJHHKax. K TaKHM cp11rypaM 
OTHOC51TCSI npHMOyrOJihHHKH, TpeyrOJibHHKH, KpyrH, KOJibUa, ceKTOpbI, 
cerMeHThl. <l>opMyJihl .n..TJSI onpe.n.eJieHHSI nJIOIUa.n.eii H UT tta1160Jiee 
pacnpocTpaHeHHbIX cpHryp npHee.n.eHbl B paHHeM HallleM H3JI.aHHH 
(cM. PbtBUH B. H. KottcTpyHpoeaHHe H pacqeT TeaTpaJihHhIX .n.eKopa
UHH. JI., 1982, flpHJIO.>KeHHe 14, c. 121-123. ,llaJiee KnPT,ll). 
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UT eceif cocTaeHon qrnrypbl onpe.neJIHTCH no cf>opMyJiaM: 

l: Fm. 
Xc=-F-' 

l: F1x1 
Yc=-F-. 

(4) 

(5) 

Koop.nHHaTa zc= 1/2t, noToMy qTo y.naJieHa or noeepxHOCTH o.n-

Hopo.nHou IIJ18CTHHbl Ha IlOJIOBHHY ee TOJIW.HHbl. 
B; qHCJIHTeJie cf>opMyJI 4 H 5 Haxo,llHTCH eeJIHqHHa, Ha3hleaeMaH 

cTaTttqecKHM MOMeHTOM qrnryphr. B cnpasoqHttKax ee o6o3Hall3IOT 

o6blqHO s c .no6aeneHHeM HH,lleKca OCH, OTHOCHTeJibHO KOTOpOH 3Ta 
BeJrnqHHa BhlqtHCJieHa. TaK, CTHTH4eCKHH MOMeHT qrnryphl OTHO

CHTeJibHO OCH y BbiqHCJI.HeTCH H 381IHChIBaeTCH: Sy= ~FiXi, a OTHOCH

TeJibHO OCH x: Sx=~Fiyf. 

:E f1Xt Sy . 
Xe= -F- = -F-• ( 6) 

:E f iYt Sx Ye = -F- = -F-. (7) 

Cne.noeaTeJihHO, no.n cTaTHqecKHM MOMeHTOM nJIOCKOH cf>Hryphl 

IlOHHMalOT cyMMy npOH3Be)].eHHH IIJIOllla.n.eu OT,lleJibHbIX cf>Hryp H~ 
paccTO.HHHe OT UT 3THX cf>ttryp .n.o TOH octt, OTHOCHTeJihHO KOTopoH 
BbJqHCJI.HeTC.SI 3TOT CTaTH:qecKHH MOMeHT cf>Hryphl. 

CTaTttqecKtte MoMeHThl nnocKo:H. ¢ttrypw HMeIOT pa3MepHOCTh cM 3 

H MoryT 6hITh IIOJTO)l{HTeJibHhIMH, OTpttuaTeJibHhlMH H paBHblMH Hy

JIIO. B HYJih cTaTHqecKHe MOMeHThI npespama10TCH B Tex cnyqa.Hx, 

Kor.na UT sceH: ¢Hryph1 6y.neT nearnTh Ha 3a.naHHoH: OCH. B caMoM 

.nene, eCJIH npe.nnOJIO)l{HTh Xc=O, TO 

Xe 
F1x 1 + f2X2 + ... + FnXn= ~ = 0 

F1 +F2+ .. . +Fn F 

H OTCIOJJ.a cne.nyeT, qTO 

Sy= F1X1 + F2X2 + ... + FnXn = O. 

CsoH:cTso cTaTHqecKHX MOMeHTOB npHHHMaTh HyJiesble 3HaqeHHH 

npH cosna.neHHH OCH c UT cf>ttryphI, cJie.n.yeT 3anoMHHTh, noToMy qTo 
ero MO)l{HO HcnoJib30BaTh npH onpe.n.eJieHHH UT n106h1x ceqeHHH 

TeaTpaJibHhlX ,lleKopauttH:, a TaK)l{e npH C03)1.aHHH 3¢¢eKTOB Ha cueHe. 

Onpe.n.eJieHHe Koop.n.HHaT UT nJiocKHX ¢Hryp peK0MeH.nyeTcH1 ee

CTH B CJieJI.yIOI.l.l.eM nopHLI.Ke, KOTOpbIH TIOHCHHM Ha npHMepax. nn.H 

y.n.o6cTBa see BhiqH:CJieHHH MO)l{HO CBeCTH B Ta6JIHUhl. 06pa3Ubl 

o¢opMJieHHH caMOCTOHTeJibHblX 3a,llaHHH, BKJIIQqaH Ta6JIHUhl, rrpuse

,lleHbl Ha puc. 7, 8, 9. 11cXO,llHble .n.aHHbie ,llJIH BblilOJIHeHHH caMOCTOH

TeJibHhIX pa6oT rrpHee.n.eHhI B CTpHJIO}l{emrnx III, IV, V. 
II puMep. Orrpe.neJIHTh Koop.n.ttHaT&I UT ¢Hryph1, H3o6pa)l{eHHOH 

Ha pHC. 7. 
Peute1tue. 1. 3a.n.aHHaH cf>Hrypa pa36HeaeTCH Ha MHHHMaJihHoe 

qffCJIO 3JieMeHTapHbIX qacTeH TakoH: ¢opMhl, qT06bl HX IlJIOW.a.n.ff\ H 
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,lJ;171 3,AJJ,Al-IHail C?k'lrYPbl CflPE,.QEJlvlTb K00~11HATbi L\EHTPA T9!>KECTV1 

~'1CXgD.HblE ,[lAHHblE: 

90 
,r----,f 

'~j 30~0 __ +J20 

;=h,3MEPbl B MM 

'! KooP,QVIHATb: UT 
ru101.l.INlV1 311EMEHTOB 
3.nEMEHTOB OTHOCV1TEJlbHO 

~ OCE~ ~ 
N.N FL.. XL 'd L 

% 
-

CMa. C.VI 

1 2 3 -4 

i 540,o f5,o 9,o 

2. -27;o 3,o 16,o 

3 -28,3 10.o 8.o 

4 .20,o 31,o 13,o 

5 39,3 34,13 13,o 

F= 5'44,o - -

Xe=~" = 
9714,1 

=. 17, 87 CM. i 5"44,o 

CIAT¥1\.JE.CKYIE MOMEH-
Tb! nJl0~~~1 311E -
MEHTOB OTHOCViTEjlb-
HO nFY!HSHblX ocEY. 

5 11 =FL·Xi. S.ir fi: Yi. 
Cf\ .. 13 

5 6 

BtOO,o 4860,o 

-63,o -432.o 

-288,5 -226,o 

620,o 260,o 

1339,6 510, 9 

97i4,1 4972,9" 

s .4972.9 y--"' -,- F - 54-4, 0 

PJi..CYETbl nR:>Vi3BEJl: I 
/ , PAC~ETbl nPOBEPV\Jl: , .................. i.9B ... r. 

Puc. 7 

14 

x 

5bJL-1MC,JlcHll171 n.no-
Ll.l,A,[lE~ 3JlEMEH -
TOB H KOOP,llV\~T 
V1X LJ,T 

n P~1M E\--IAHl$1/ 

PACYE-Tbl 

7 
F;::: ?:{) ><18 : 540 

x, = 3J> = 15.o 

~. == ~~ ::::. 9.o 

~ = 0,5 ·6,o ·~9 = Q,7 

.Xz.::. ! · 9 = 3,o 

~z = 12 + § . 6 = 16, a 

~""0,785·d2=Q785·q~ .. 2a3 

~ .. 2x10.,zo 

X-1=30+-~ =31,o 
y

4
::y5 ::-18.o-5.o ==l'3,o · 

F;.==- ii""}'2; 1.'57·R2=1.57·~ 
=09.25; x5~30+2+Q"!25 R 

--
= 9,-1-4 CM· 

I 
I 



0nPE.AEJlV1Tb WEHTP T71/KECTVi 3AfJiAHHOIO GE.YEHVl7\1 COCTABJ1EHH0{"0 
V13 nPOKATHblX npocµ111rit:.i::1. 

V1CXORHblE AA.HHblE : 

1.I~14 mer 8239-72 

Bb1nvic1<.V1 0'3 rocT : 
i. I .m 14 rocT 8239 -12 

i 
·f\ur_ ~ 

I 

h, so140 MM 
~1 "'73 MM 
d,::. ..:J,SMM 

B.a. =160 MM ; 
hz. • 64 MM; 

roc1 s510 -72 

PHc. 8 a 

5. L 12. 8.o 1!5•l!OAUJ . 
rocr a510-12 

LI. Cr D r~T 103-76 

3. L.~10.Q 6.3100X63A10) 

f;• fl,~ CM
2 

; 

q1 - 13,7 Kr/ nor: M .; 
~T - oc~ Cl-1MME.TPH"1' 

Fa.~ {8.~ CM 2 
; 

q.a. • 14,2 Kr/nor.M ; · 
.C 0 :::a 1,SO __ CM .• 

F3- 15,60 CM2.; 

q. - 12.,10 Kr/nor.M ~ 
X 0 = 1,50 i Yo: 3,-+0 CM. 
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~: . D fJo,nOCA CTAJ1bHA5l rocr 103-76 ; 

~ =20 MM.; · 
~ = h.2. + h3 = 6'4 + 100 = 164 MM ; 
r4 : ~- &"' = 16.~ ·2,o ... 32,s CM2 ; . 

q1 = q(BOx20)+q (85"2.0)= 12,56+13,35• 25,9{ 1<.r/nor.M •. 

5. L J-i 12.s/8.o (125~so"1.2) fOCT 8510-72 ; . 

r~ rXo, T &, = ~25 MM.; F;; =23,40 CM~ ; ~1 . . .h; = BO MM.. qs ·dB,30 Kr/nor.M.; L ... 1 d, ti 12 MM ; x. ti 2,0 ; ~.-4,22 CM. 

j.___k__J 
~C~E THAfl CXEMA : 

y 

.t-e.N KOOPfiVIH.A.Tbl ~T 

% FL C..tv\2 

XL CM ldi. CM 

T4 X = 17,o ~.q= 12.2 

x 

CrATVIYE.CKl!lE 
np~,~MF-\AHV!5'!1 PACYETbl 

MOME.HTbl 
:}JlE MEJ-!TOB CEYEHV1i;:I 

s~ CM
3

! Sx Cl\1
3 

LlyT 

1. 17,4 3,65 7,o x = 12~ - ~ -~ 6~ . 1j - .hi. - 1+ - 7 0 • 
I 2 - 2 -), ' ' ,- 2. - 2 - I , ---- 63,oi 121,s 

·---- -------- ------·-

-x2"'~ ~s,o; ~i."" h1.,.z.,= 14,o+i,s =15.~; 2. 18,1 8,o i 15,B \L.\4,8 286,o 
~ _j 

223,5l16~3 ----- -·- -- ---· 

-~~S[x-~-16o=-15~H ~Y' · lJ =h-~Q'°':0,6: 3. 15,5 14,42 I 10,6 
. 0 I I • - ! :\ I -

f?;o !12.~-- ·:;:-r -~---- I h Yl •,-, 2 . 4. 32,a 557, G : LJOO, 2 4 =-o.:+~-17,0 ~ lj4 =n,+ =-"T=-1..::., ' -
5. 23,-4 2.2,2 i 18,4 ,_5~ 9 s-l-43 0: 6- x~~6:~g'I+~ 0:22,2.; ~s·=lvhz-·~0=18,~ I I 

F= 107,_2 i 1509,o · 1.qo2,9 - - -I 

~ ... 84,2 x - s~ _ 1§09~~ =ut 08 lc._T_ 107,2.. I I J 
~ = g,. ~ '/402,9 = 131. cM. 

C f 107,z I 

" " - PAC'-lb l'>lmOJlHV!Jl · I ____ 1~_ •. 
I I 

PHc. 8 () 
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,Q.n51 3A,QAHHOVt PACLIFTH00 CXEMbi l<-:OHCTPYKL\VIVI orJPE.[\EJMTb 
~EHTP T~>KECTV1 nPV1 ,[\BYX . BAPV1AHTAX EE vicnOJ1HEHV15l. 

VlCXO,LJ,HblE tiAHHblE : 

~ ,
\' 

2 3&K. 1253 

Q ' -- / -- q_ 

a. 

2 

B /1 BAPVIAHTE a.= 1,o M V1 BblnOJl. 
HS1ETC.5! L13 CTAJ\bHblX TPY5 fJ,VlAMET-
POM 25 MM CO CTEHKOV! TOJ1~V1HO!ii 
17 5 MM. 

Bo BIOPOM BAPV1AHTE Q.. = 1, 5 M 
V1 CTAJlbHbl E TPY5bl ,D,VIAMETPOM 
30 MM C TOJlW,VlHO~ CTEHKY1 1,o MM· 

0nPE!JiE.nV1Tb PACXO,Q MATEPJ!1A
,nos, 05Ll~V1~ BEC KOHCIPYKLJ,V1V1. 

CHt:\ABA51 nPE f\IT0l--JTEHV1E HAV150J!EE 
nEIKOMY. 

CXE-~MA 

\. __ WT --- -
Xc=0,34 a. 

Ye :-0,55 a. 

PBc. 9 a 

I 
--'\-

d 

x 

-+-
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KC\W /"J,l1 t :Ai bl 

Li XL LLYL J\f.N (,M LI, T \~F"°VIMEllAHl!1~ 
:~fl. 

\,M ~"t,,M 

,1 2 3 4 5 6 7 I 

'1 ~·'a. O,o -a. O,o -20.:~ l.1. - ct +a ·2a_ 

\5 (t2 O,u ~-=>,a. 
2 30., O,:::.o O,o e2 .3 a; X ~----CL 

2 2. 

I Y2 :: 0 

l 3 "'V(2a.f t- (2~J== a.. -v8 ::= 3 2,85CL I a. -a. l2,83cf -2,83a2 

-'2,83 a. 

4- 1,4'1Q. O;sa -0,5'CL P,?1 Q
2 -OJ1 a_2 ·t4="\.{03;Cf"" av2·~1,+1 a 

5 1,41 Q. -0, 5 CL -0,5Q 0,71 a.2 -0/1 a? l5= l+ ~· '1,4'1 a. 

6 0,5a.. -a.... 0,25Ll. -0,b a!· 0,'13 Qf! 

-
L =11,1+a.. -- -- ~83 Cl

2 -6,12a?-

Xe= 
3.83 ~') 

- 0,34a. v -6,12 c.i.2 
--= -0,ss a.. ·-

11,i<t l1 we 11,14l.L 

T BAPL~AHT. et=1,o M, re'1~,A ¢ 25><23,S =/l,5 MM;q,=0,9%M; 
F = ~,11 CM 2. crv! f 1PV1J10>Kf.flv\E '!·'\ ~1 15, CTP 119, 1 ::w Kvi PTiU n. 

Xc:.:0,3+·1,o =0,3+ M; Yc-··0,So"'1,0° -0,~;5 M. 

PACXOA lPYb l ==ii,·14 )(1,o ~1 \? M. BEc (MACCA ~1TPY5 11,2x O,:J 1(1 Kr. 
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KOOpJI.HHaTbl UT OhIJIH 3apaHee H3BeCTHhI, HarrpuMep, rrpsIMoyroJib
HHKH, TpeyroJibHHKH, Kpyrn, rroJiyKpyru. CJieJI.yeT rroMHHTb, qTo UT 
TpeyroJihHHKa pacrrOJIOJKeH Ha pacCTOSIHHH 1/J BbICOTbl, C4HTaSI OT 
ocHoBaHHH, a UT rroJiyKpyra - Ha paccToHHHH 0,425: R OT ueHTpa 
Kpyra. 

Pa36uaaeM ctrnrypy Ha 5 qacTeii: rrpsIMoyroJibHHK AK,[J.11; Tpe
yroJihHHK EBK, JI.OITOJIHSIIOlllHH rrepsy10 qacTb JI.O rrpHMoyroJibHHKa; 
Kpyr c ueHTpoM Oi; rrpHMoyroJibHHK ,llE)l(3; rroJiyKpyr Ef)I(. 

2. TipoBOJI.HTCH ocu KOOPJI.HHaT, KOTOphie peKoMeHJI.yeTcH aecTH 
no KOHTYPY cfrnryphI Jiu6o rro oceabIM JIHHHSIM. 

3. OrrpeJI.eJIHIOTCSI rrJIOIU3JI.b u KOOPJI.HHaTbI UT KaJKJI.OH 3JieMeH
TapHoii qrnryphl B Bh16paHHOH cucTeMe KOOPJI.HHaT. Bb1qucJieHHH rrJio
maJI.H H KOOPJI.HHaT BeJI.yTCSI B CM. 

F2=30X 18=540 CM 2• 

F2= 1/2 X9,0X6,0=27,0 CM 2 . 

F3=0,875X6,02 =28,26 CM 2
. 

F 4 = 2,0 x 10,0=20,00 CM2. 
F 5 =0,785X0,5X 10,0 2 =39,2ti~ 39,3 CM 2

• 

Oen UT KaJKJI.OH cpuryphl cpuKcttpy10TcS1 Ha cxeMe. Bhl4HCJIHeM ux 
KoopJI.HHaThI: 

Xi = 30/2=15,0 CM, 
X2= 1/3X9,0=3,00 CM, 
X3=1Q,O CM, 
X4=30,0+1,0=31,00 CM, 
xs=30,0+2,o+o,425X5.0= 

=34,125=34,13 CM, 

Yi=] 8,0/2=9,00 CM, 
Y2= 12,0+2/3X6,0= 16,0 CM, 
y3=8 CM, 
y4= 18,0 - 5,0= 13,00 CM, 
Ys= 18,0-5,0= 13,00 CM. 

4. TioJiy4eHHhie pacIJeTOM JI.aHHbie u ace JI.3JibHeii11.rne Bhl4HCJie
HHH CBOJI.SITCSI B TaOJIHUy, rrpu4eM HecymecTBYIOlllHM ITJIOI.lla)l.SIM H 
oTaepcTHHM rrpucaauaaeTcH oTpuuaTeJibHbIH 3HaK. 113 Ta6JIHUhl 
puc. 7 BH)l.HO, qTQ cyMMHPYH fIJIOlllaJI.H 3JieMeHTOB c HX 3HaKaMH 
(HTOrH rpacpbl 2)' IIOJiyqaeM 06my10 IIJIOllla)l.b 3a)l.aHHOH cpurypbl. 
nepeMHOJKaSI fIJIOll.la)l.H 3JieMeHTOB Ha KOOPJI.HHaTbl HX UT, B rrpH
HSITOH CHCTeMe oceii Bbl4HCJIHeM CTaTH4eCKHe MOMeHTbl 3JieMeHTOB. 
CyMMHpoaattue OTJI.eJihHhlX cTaTHtJecKHX MOMeHTOB (HTOrH rpacp 5 
H 6) orrpe)l.eJISieT CTaTH4eCKHe MOMeHTbl fIJIOIUaJI.H 3a)l.aHHOH cpurypbl 
oTHOCHTeJibHO oceli Ax H Ay. TipHMeHHH cpopMyJihI 6 H 7, orrpeJI.e
JIHeM KOOPJI.HHaTbI UT aceH: 3aJI.aHHOH qrnryphl. 

EcJIH qrnrypa, HarrpuMep, ce4eHHe 6aJIKH, cocTaBJieHa H3 CTaH
.n:a1pTHhIX npoqrnJieii (yroJIKOB, TaBpOB, JI.ByTaBpOB, llIBeJIJiepoB HT. rr.), 
TO UT ee JierKO onpeJI.eJISieTCSI c HCIIOJib30BaHHeM )l.aHHbIX rOCToa. 
PaccMoTpHM npHMep peweHHSI TIOJI.OOHhIX 3a.LI.aq (puc. 8 a, 6). 

Xo.LI. peweHHH aHaJIOrH4eH rrpeJI.hl.ll.Yllleii 33.LI.aqe, T. e. nocJie uao-
6pa}l{eHHH ce4eHHSI' B rrpOH3BOJibHOM MaCWTa6e, HyMepau1rn rrpocpH
Jieii H npoBe,ll.eHHSI oceii KOOp,ll.HHaT rrpOH3BO,ll.HM BhlIIHCKH H3 
fOCToa, yT04HHB tteo6xOJI.HMhie reoMeTpH4eCKHe pa3Mepb1, rrJiomaJI.b, 
Koop.LI.HHaThI UT H Macey 1 nor: M rrpocpHJIH. Oco6eHHO BHHMaTeJibHO 

2* 19 



ttapyrnHTh AOCTHrttyToe c TaKHM TPY.LlOM pasHosecHe. B no.no6HblX 

CJiy4a51X rosopHT 0 noTepe TeJIOM ycTOH4HBOCTH. 

nJIH 6e30TI3CHOH pa60Tbl nepcoHaJia Ha CUeHe H ,LlJIH rpaMOTHOA 

3KCnJiyaTaUHH caMHX .neKopaUHH BeCbMa BaMHO o6ecne4HTh 3apattee 

33,LlaHHYIO ycTOH4HBOCTb ,LleKopaUHH. nJIH 3TOfO He06XO,LlHMO OBJia

,LleTh MeTO,LlHKOH pac4eTOB TeaTpaJihHblX .neKopaUHH Ha ycTOH4HBOCTb, 

HO CHa4aJia - TeopenI4eCKHMIH npe.nnocbIJIKaMH '.HOH MeTO,LlHKH. 

§ 1. flOfUlTUe 06 ycrouttUBOCTU paBftOBeCUfl reA 

B rnase I yMe yKa3bIBaJioch, 4TO ecJIH Ha KOHcTpyKUHIO (TeJio) 

He 803,LleHCTBYIOT HHKaKHe TIOCTOpOHHHe CHJibl, TO see paBHO paccMaT

PHBaeMoe TeJio 6y.neT Haxo.nHTbCH no.n 003.neH:cTsHeM XOTH 6hl co6cT

BeHHOro seca - CHJihI THMeCTH. PaccMOTpHM ycJIOBHH paeHoeecm1 

rnapHKa BeCOM G Ha TIJIOCKOCTH, noKa3aHHOH Ha pHc. IO. nosepx-

R 

R R 

G G 

TI no11m+<EHIAE 111 nonm+<EHV1E 

I nano»< EH V1 E 

PHc. IO 

HOCTb, Ha KOTOpoH: HaXO)lHTCH rnapHK, npe.ncTaBJIHeT co6oH: C04eTa

HHe sorHyToH:, BhITIYKJioA H posttoA nnocKOCTeA. EcnH npeHe6pe4b 

TpeHHeM Me)K.ny wapHKOM H nosepXHOCThlO, TO IIO,Ll 803,LleHCTBHeM 

CHJihI THMeCTH wapHKa G B03HHKaeT peaKUHH rroeepxHOCTH R, KOTO

paH ,LlOJIMHa 6h1Tb HarrpasneHa no HOpMaJIH K 3TOH IIOBepXHOCTH B 

T04Ke conpHKOCHOBemrn rnapHKa H IIJIOCKOCTH. 

113 pHC. 10 BH,LlHO, 4TO HMeIOTCH TPH OCHOBHhIX cnyqa51 pacnOJIO

)KeHHH rnapHKa, Kor.na CHJihI G H R pasHbI rro eeJIH4HHe H rrpoTHBO

rroJIO)KHhI no HanpasneHHIO H, cne.nosaTeJihHO, rnapHK ,LlOJIMeH Ha-
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xo.n.HThCH B paBHOBecuu (puc. 10 6, r, e). Ho see 3TH cJiy11au aecbMa 
pa3JIH11HhI Me}l{.n.y co6oii. 

B nepsoM cJiy11ae (puc. 10 6, «B HMe») noJIO}l{eHue wapHKa ecTb 
ycTOHlJHBOe paBHOBeCHe, TIOTOMY lJTO npH OTKJIOHeHHH rnapnKa H3 
3TOro TIOJIO}l{eHHH, T. e. npu HaXO}l{.LI.eHHH wapHKa Ha HaKJIOHHbIX: 
nJiocKOCTHX (puc. 10 a, s, .n.), cHJibI G H R 6y .LI.YT .n.eiicTsosaTb He 
TOJibKO no npHMOH, HO eme C03.LI.a.n.yT paBHO.LI.eHcTBy10my10 CHJiy, He 
pasHy10 HYJIIO, KoTopaH HeH3MeHHO 6y.n.eT ao3spamaTh wapHK s nep
soHa11aJ1bHOe noJIO}l{eHHe. CJie.n.osaTeJihHO, paaHosecHe TeJia Ha3bl
saeTCH ycTOHlJHBblM, eCJIH nocJie TIOJiyIJeHHOro HM MaJioro OTKJIOHe
HHH OT nepaoHaIJaJibHOro IlOJIO}l{eHHH, TeJIO 803BpamaeTCH B 3TO no
JIO.>KeHHe. 

Bo BTopoM cJ1y11ae, Kor.n.a rnapHK Haxo.n.HTCH Ha BhITIYKJIOH no-
sepxHOCTH (pHC. 10 r, «Ha rope»)' TO npH MaJieHWeM OTKJIOHeHHH 
OT 3Toro noJIO}l{eHHH HapywaeTcH pasHoserne Me.>K.n.y cuJiaMH G H R, 
H rnapHK HeyMOJIHMO CKaTbIBaeTCH BHH3, ace 60JibllJe H 60JibllJe OT
XO.ll.H OT CBOero nepBOHaIJaJibHOro TIOJIO}l{eHHH. flpe.n.cKa3aTb 3apaHee, 
8 KaKylO CTOpoHy npOH30H.LI.eT .ll.BH}l{eHue wapuKa, HeB03M0}1{H0. 11TaK, 
paaHoaecue TeJia Ha3bIBaeTCH HeycTOHlJHBbIM, eCJIH B pe3yJibT3Te no
JiyIJeHHOro HM MaJioro OTKJIOHeHHfl OT nepaoHaIJaJihHOfO TIOJIO.>KeHHH 
paBHOBeCHH TeJIO y}l{e He B03BpamaeTCH 8 3TO TIOJIO}l{eHHe. 

B TpeTbeM cJ1y11ae wapHK HaXO.ll.HTCH Ha ropH30HTaJibHOH nno-
CKOCTH (puc. 10 e, }I{), H npHJIO}l{eHHhie K HeMy CHJihI G HR ocTalOTCH 
ypasHoaeweHHbIMH npu mo6oM nepeMememrn wapuKa. PaaHoaecHe, 
KOTopoe coxpaHHeTCH npH MaJIOM OTKJIOHeHHH TeJia OT nepeoHa-
11aJibHOfO TIOJIO}l{eHHH, Ha3bIBaeTCH 6e3pa3JIH11HblM. 

flpu C03.LI.aHHH TeaTpaJibHbIX .n.eKopauuA Tpe6yeTCH TIOHHMaHne 
scex cocTOHHHA pasHosecHH TeJI. Ho s nepsy10 011epe.n.h Heo6xo.n.uMO 
HayIJHTbCH npaBHJibHO oueHHBaTb H o6ecne1IHBaTb pac11eTaMH ycTOH
lJHBOe TIOJIO}l{eHHe TeJia. 

§ 2. 06ecnetteHUe ycrouttUBOCTU KOHCrpyKl{UU, 

UJrtelOU{UX TOttettHYIO onopy, OCb Bpaw,eHUR 

UAU onupalOU{UXCR Ha nAOCKOCTb 

lllapnK Ha rna.n.Koii nosepxHOCTH HMeJI o.n.Hy TOIJKY onophI. B npaK
THKe 11ame BCTpe11a10TCH KOHCTPYKUHH, HMe10mue JIH6o 'HeTIO.ll.BH.>KHYIO 
och spameHHH (sopoTa, KaJIHTKH, spamaiomnecH no.n.secHhie HJIH Ha
noJibHhie cTeHKH, KJianaHbI H T . .n..), JIH6o .n.eKopau1m, onnpa10mnecH 
Ha nJIOCKOCTh (cTaHKH HJIH 6aWHH Ha nJiaH·rneTe). PaccMOTpHM yc
TOHIJHBOCTh TaKHx TeJI. 

y CTOHlJHBOCTb TeJI, HMe10mux 0.ll.HY TOIJKY onopbI, Jier11e acero npo
.n.eMOHCTpupoBaTb Ha nrpylllKe KYKJia-HeBaJIHHKa, KOTOpaH npH OT
KJIOHeHHH pyKoH B J11060M HanpasJieHHH cHosa scTaeT, noKa11uaaHcb, 
B sepTHKaJibHOe TIOJIO}l{eHHe. 3TOlf 3cpcpeKT .ll.OCTHraeTCH C03.LI.aHHeM 
KPHBOJIHHeHHoro ocHosaHHH KyKJibI H noHH}l{eHHeM ee UT (JierKHH 
sepx, yrn}l{eJieHHhIH HH3). Ha puc. 11 noKa3aH npHHUHTI .n.elicTBHH 
KyKJibI H BM.LI.HO, lJTO npu OTKJIOHeHHH KYKJibl pyKoii OT aepTHKaJIH, ee 
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UT rrO.ll.HHMaeTCH, C03.D.aeaH rroJio.>KeHHe HcycroAtrneoro paeHoeecHH. 
Tipn CHSITHH ycHJIHSI pyKH ITO)]. 803)].CACTBHCM MOMCHTa CHJI M=·Q x 
Xb KyKJia ebmpHMJIHeTCH, rrpocKaKneaeT 110 n11cpunu eepn1KaJibHOe 
DOJIO.>KeHne,, B03Bpam.aeTCH H c 3aTyxatOllll'H <JMllJIHTYJJ.OH HeCKOJlb
KH~ IIOKaqueaHHH CHOBa o6peTaeT ycTOHllHBOC pau11oeecne. 

Ha 3TOM rrpHHUHrre e TeaTpe o6bltrno co3JJ.a10TCS1 3ct>ct>eKThl «rro
KaqneaHHH Ha 80)].e», «llaJiy6hl Kopa6JISI», «K3 11311HC caMOJieTa», )l.BH

>KeHHe JIO.ll.KH HJIH IIJIOTa no peKe, TeJierH HJIH rpy30BHKa no JJ.Opore. 
TipnMepbl pacqeTa Ha ycTOiiqH0ocTh KallalOlllHXCH KOHCTPYKUHH rrpH
BeJJ.eHhl 8 rna0e III. 

YcTonq1:1eocTh TeJI, 1:1Me10m.1:1x ttenoJJ.BH>K11y10 och epam.eHHH, npo
me ecero npOJJ.eMOHCTpHpoeaTh, HCIT0Jlb3)'H 06hPllly10 JIHHeHKY HJIH 
6pycoK, TaK KaK noJio>KeH1:1e Hx UT H3eecnm. P accMoTpHM rroeeJ].e
HHe 6pycKa npH Tpex TIOJIO}l{eHH51X HeITOJJ.BH/l\llOi'I OCH 001 - eepx

aeM, HH}l{HeM 1:1 cpeJJ.HeM, npoxOJJ.HllJ.eM qepe3 UT 6pycKa (p1:1c. 12). 
flpH eepxHeM pacnOJIO.>KeHHH OCH 001 H OTKJIOllCHHH 6pycKa OT 

flOJIO}l{eHHH pa0Ho0ecHH UT TIOJJ.HHMaeTc51 (pnc. 12 a) H OTXOJJ.HT OT 
eepTHKaJIH, npH 3TOM CHJia TSl.>KeCTH Q C03)].3CT OTllOCHTCJlbHO Heno)].-
81:1.>KHOH OCH 001 MOMeHT, qffcJieHHO paBHblH QXb H 11anpaeJieHHhlH 
TaK, qTo6bl 8038paTHTh TeJIO 8 npe.>KHee ITOJIO.>f(CllHl'. llpH HH.>KHeM 

pacnOJIO>Kemm OCH 001 Hao6opoT - OTKJIOHeHHC 6pycKa H3 ITOJIO
>KeHH51 pa8H08eCHSI C03)].aeT MOMeHT QXb, HanpanJICllllbIH TaK, qTQ

Obl yJJ.aJIHTh TeJio OT rrep00HaqaJihHoro noJio.>f<eH11n (pnc. 12 6). Ha
J<OHeu, rnpH cpeJJ.HeM ITOJIO.>KeHHIH OCH epameHHH 00 I 1 COBIIaJ].alOlUeM c 

UT 6pycKa (puc. 12 8), cHJia TH.>f<eCTH Q He MO>Kl'T co3JI.aTb MOMeH
Ta CHJI OTHOCHTeJibHO OCH, TaK KaK nJieqo CHJibl b = 0. 

CJieJJ.08aTeJihHO, pa0Ho0ec1:1e TeJia, 1:1Me10m.ero T04KY orropbI HJIH 

OCb 8pam.eHHH, 6yJJ.eT: 
ycTouq1:10b1M, KOrJJ.a UT 3aH1:1MaeT caMoe HH3Koc H3 0cex 003-

MO>KHhIX J].JIH Hero coce)].HHX IIOJIO>KeHHH. 3TO C80HCTRO HCIIOJib3yeT
CH 8 npaKTHKe orrpeJJ.eJiemrn UT KOHCTpyKUHH (CM. llp11Jio>KeHHe 
VI), 

HeycToliqH8hlM, KOrJJ.a UT 3aHHMaeT caMoe BbICOKoe H3 3THX noJio
>KeHHH, 

6e3pa3JIHqHhIM, KOrJJ.a BhICOTa UT np11 ecex rroJio.>KeHHHX TeJia 
OCTaeTCSI HeH3MeHHOH. 

YcToH:qn0ocTh TeJia, onHpa10m.erocS1 Ha nJioCKOCTh, paccMoTpHM 
Ha rrpnMepe 06b1qHoro TeaTpaJihHOro cTaHKa (pHc. 13 a), ycTaH00-
JieHHoro Ha ropH30HTaJihHOM nJiaHrneTe cueHbI. TaKyJO KOHCTPYKUHIO 

MO>KHO rrpeJJ.CTaBHTb ce6e K3K npHMoyrOJibHblH napaJIJieJienHneJI. Ha 
ITJIOCKOCTH (pHC. 13 6). flpoaHaJIH3HpyeM ycTOH:qHBOCTb TaKoro TeJia 

H 8blpa6oTaeM KPHTepHH oueHKH ycTOHllH80CTH ITOJJ.06HblX KOHCTpyK

UHH. 
EcJin rrpHJIO>KHTh K paccMaTpn0aeMc>My TeJiy CHJIY P na BhtCOTe 

h (pnc. 13, I), TO rrpn orrpeJJ.eJieHHOM, orrpoKHJJ.hI8a10m.eM MOMeHTe 
Monp =PX h\ TeJio HaqHeT rro0opa11H8aTbCH 80Kpyr pe6pa AE. 0qe-
8HJJ.HO, qTo qeM 6o.1lhllle eec TeJia, TeM 60JiblllaH ITOTpe6yeTCH CHJia p 
HJIH BblCOTa h. KpoMe Toro, Ha Tpe6yeMbie 0eJinqHHbI P H h 6yJJ.eT 
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BJIHHTb H paccTOHHHe b, HBJIHIOlll.eecH rrJietIOM CHJibl TH:>KeCTW H TaK

.:>Ke C03,L1.a10mee MOMeHT Mrnepm.=GXb, y.L1.ep:>KHBaIOlll.HH TeJio OT rro
BopoTa. 

PaccMaTpHBaH rrosopoT TeJia, HarrpHMep, so II rroJio:>KeHHH, oT-
MeTHM, 'ITO CHJia TH:>KeCTH G ,Ll.aeT OTHOCHTeJibHO OCH rrosopoTa pe6-
pa AE MOMeHT, cTpeMHW:HHCH B03spaTHTb TeJio B rrpe:>KHee rroJioJKe

HHe, O,Ll.HaKO BeJIHlIHHa 3TOro y.L1.ep1KHsa10w:ero MOMeHTa Myncpm.= 
GXb1 yMeHhll!aeTcH rrporropuHoHaJihHO rrJieqy b1. 

B III rroJio:>KeHHH JIHHHH ,L1.eHCTBHH CHJihI TH:>KeCTH rrepeceKaeT ocb 

orropbl, H MOMeHT CHJ!bl TH:>KeCTH 6y,L1.eT paseH HYJIIO. Tipu 3TOM Te
JIO, eCJIH yCTpaHHTb ,Ll.eHCTBHe CHJibl p, c 0,Ll.HHaKOBOH BepOHTHOCTblO 

MO:>KeT BepHyTbCH B rrpe:>KHee llOJIO:>KeHHe, a MO:>KeT H rrepesepHyTbCH, 
rroTepHB ycTOHtIHBOCTb. B IV rroJio:>Kemrn CHJia TH:>KeCTH TeJia C03,Ll.a
eT orrpOKH,Ll.bIBaIOlll.HH MOMeHT, H rrOTepH ycTOHlIHBOCTH 6y.L1.eT rrpOHC

XO,Ll.HTb ,Ll.0 rrptto6peTeHHH TeJIOM aosoro ITOJIO:>K:eHHH ycTOHlIHBOCTH 
('V rroJio:>KeHHe Ha pttc. 13). 11rnK, TOJibKO B I H II noJio:>KeHHHX TeJio 

06Jia,L1.aeT 3a,Ll.aHHOH ycTOHlIHBOCTblO, T. e. cnoco6HOCTblO rrpOTHBO
CTOHTb ycHJIHHM, CTpeMHW:HMCH BbIBeCTH era H3 HCXO,Ll.HOro COCTOH
HHH paBHOBeCHH. 

B TeXHHlleCKOH JIHTepaType pa3JIHtiaIOT JJ.HHaMHtiecKyIO H cTaTH
qecKyIO ycTOHtIHBOCTb TeJI. TIO.LI. ,Ll.HHaMHtiecKoH ycTOHlIHBOCTbIO no

HHMaIOT crroco6HOCTb TeJia B03Bpaw:aTbCH K rrepBOHatiaJibHOMY ITOJIO· 
:>K:eHHIO no npeKpameHHIO ,Ll.eHCTBHH Ha TeJIO CHJI, HapymaIOlll.HX 3TO 
paBHOBeCHe. )J.HHaMHlleCKaH ycTOHlIHBOCTb TeJia yBeJIHlIHBaeTCH c yse
JIHlleHHeM orropHoii: nJioma.Ll.H TeJia u rroHH:>KeHHeM era UT. Jlbl:>KHHK, 
C'bea:>K:aH c ropbl, rrpHce,Ll.aer, TeM caMblM rrOHH}l<aH csoi1 UT H nosbl
waH ycTOHllHBOCTb, a aa ClleT COrHYTbIX HOr B KOJieHSIX, pa6oTaIOlll.HX 

KaK npy.>KHHbl, rrepepa6aTblsaeT TOJitIKH. TipH rrepesoaKax ,L1.eKopauHii 
,ll:JIH noHH.>KeHHH UT BHH3 yKJia,Ll.bIBaIOTCH 6oJiee TH:>Kemi1e, a csepxy 

6oJiee JierKHe. HeKoTopble ,Ll.eKopauHH, oco6eHHO o6blrpblsaeMble aK
TepaMH, Hy.>KHO KOHCTpyHpOBaTb TaKHM o6pa30M, lIT06bl HX paBHO· 
seCHe BOBCe He MOrJIO 6b!Tb HapyllleHo, T. e. Heo6XO,Ll.HMO o6ecrretIHTb 

CTaTHtiecKyIO ycTOHlIHBOCTb. TIO.LI. CTaTHlleCKOH ycTOHlIHBOCTblO ITOHH· 
MaIOT cnoco6HOCTb conpOTHBJIHTbCH BCHKOMy, XOTH 6bl H MaJioMy, 

HapymeHHIO pasHosecHH TeJia. OueHKa cTaTHtiecKoro pasHosecHH TeJI 
MO}l{eT 6bITb npOH3Be,Ll.eHa COITOCTaBJieHHeM pa6oqero ( ljlaKTHlleCKO· 

ro) K03cpcj>H!lHeHTa ycTOHlIHBOCTH c HOpMaTHBHhIM K03cj>cfJHllHeHTOM 
YCTOH'IHBOCTH. 

TaKHM o6paaoM, ,Ll.JIH o6ecnetieHHH ycTOHtIHBOCTH TeJI Heo6xo,L1.HMO, 

llT06bl MOMeHThI, y.L1.eP*HBa10mHe KOHCTPYKllHIO, 6h1J1H 6oJihllle MO· 
MeHTOB, ee onpoKH.Ll.hlBaIOlll.HX. CooTHOUJeHHe 3THX MOMeHTOB, Ha3bl· 
BaeMoe K03cpcj>H!lHeHTOM ycTOHlIHBOCTH, MO.>KeT 6b!Tb aanHCaHO B BH,Ll.e 
cflopMyJibl, KaK ycJIOBHe paBHOBeCHH: 

K = ~XJ!~PlK. ~ (K] 
pali. Monp. ,,,,.. ' 

r,Ll.e Kpao. - cj>aKTHtieCKHH K03cj>cj>H!lHeHT ycTOH4Hsocrn; 
KOHKpeTHhIX ycJIOBHH 3KCITJiyaTa!lmI KOHCTPYKUH}I; 

(10) 

3aBHCHT OT 
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MyAep>t<. - cyMMa MOMeHTOB CHJI, y.ZI.ep.>KHBBIOIUHX KOHCTPYKUHIO OT 
onpOKHJI.b188HHSI; npe.ZI.CT8BJIHeT co6oH: cyMMY rrpOH3-
Be.ZI.eHHSI 3THX CHJI ua COOTBeTCTBYIOIUHe nJie1m OTHOCH
TeJibHO 803MO)l{HOH OCH nosopoTa TeJia; 

Morrp. - cyMMa MOMeHTOB CHJI, onpoKH.ZI.hIBaIOIUHX KOHCTPYKUHlO 
OTHOCHTeJibHO TO )Ke 803M0)1{HOH OCH nosopoTa TeJia; 

{K] HOpMaTHBHblH K03QJQJHUHeHT ycrnflqHBOCTH; BeJinqnua 
HOpMaTHBHOro K03QJQJHUHeHTa ycrnfiqHBOCTH scer.ZI.a 
60JibWe e.n.HHHU.bl H ycTaHaBJIHBaeTCSI HOpMaMH Ha npo
eKTHposaHHe 8 338HCHMOCTH OT THOOB coopy.>KeHHH, HX 
ua3uaqemrn, xapaKTepa Harpy3oK H .ZI.pyrn:x cpaKTopos. 

,UJIH TeaTpaJibHblX .ZI.eKopauHH «flpaBHJiaMH TeXHHKH 6eaorrac
HOCTH JI.JIH TeaTpOB H KOHUepTHblX 3aJIOB» ycTaHOBJieH HOpMaTHBHbIA 
K03QJQJHUHeHT ycToiiqHaocTH ue Meuee 2. 

BenHqHHa uopMaTHBHoro K03cpQJHUHeHTa ycrniiqHaocTH ue HB-
JIHeTCH cJiyqaHHOH, a OTpa.>KaeT HaKOilJieHHblH OIIblT pa6oTbl KOHCT
PYKUHH a caMblX pa3uoo6pa3HblX ycnoBHHX 3KCnJiyaTaUHH. 

§ 3. Pac"leT ycrOU"lUBOCTU rearpa.llbHblX ae1eopal{UU, 
pacno.llo:JJCeHHbtX Ha zopU30HTa.llbHOU n.llOCKOCTU 

PaccMOTpHM uecKOJibKO npaKTnqecKux pacqeTos ua ycTOH4HBOCTb 
TeaTpaJibHblX .ZI.eKopaUHH Ha npHMepe HC00Jlb3083HHSI BblCOKOH cpyp
KH npH pa3JIHqHblX ycJIOBHSIX ee pa60Tbl B cneKTaKJie ua ropH30H
TaJihHOM nony. 

B nepsoM CJiyqae (pHc. 14) nposepHeTCSI ycToiiqHeocTb <flypKH 
KaK nepe.ZI.BH.>KHOH .ZI.eKopauHH, cnoco6HOH conpOTHBJISITbCH onpoKR
JI.blBaHHIO, Kor.n.a oua, IlO.ZI.TaJIKHBaeMaSI C3a.ZI.H pa6o1IHMH cueHbl, BHe-
33IlHO uae3>KaeT nepe.ZI.HHM KaTKOM Ha npenSITCTBHe, uanpHMep, 
6pycoK, J1Ca6eJib H T. n. IlpH 3a.ZI.aHHbIX ycJIOBHSIX ycTOiiqHBOCTb cpypKH 
06ecneq1rnaetcS1 BblCOKHM KctiaHT. =2,45, qTo u npemITcTsyeT onpo
KH.ZI.blBaHHIO. 

Bo eTopoM c.nyqae (puc. 15) ueno.ZI.BH)l{HaH cpypKa 06blrpbleaeTcS1 
aKTepoM, H H3 pacqeTa BH.ll.HO, 4TO HeCMOTpSI Ha ropH30HTaJibHble 
tOJI4KH, nepe.ZI.alOll.lHeCSI OT 8KTepa cpypKe, ee yCToflqusoCTb T8K)l{e 
o6ecne4HeaeTcH. IloTepn ycToJ1qnsocTn He npou3oi\JI.eT, ecnu B ec
XOJI.HhIX .ZI.~HHhix 61;>1Jia .ll.Onymeua ue.n.ooueuKa eeJiuquHhI ropH30H~ 
T3JihHoro HMnyJibca. Be.ZI.b ecJiu ero seJIH4HHa JI.3)Ke yJI.BOHTCH, TO H 
TOr.n.a ycTOH4HBOCTh cpypKH coxpauuTcH, TaK KaK Kctia1<T· = 1,3. KpoMe 
Toro, HeIIO.ZI.BH)l{H3SI cpypKa MO.>KeT JiefKO H 6bICTpO JI.OilOJIHUTeJibHO 
pacKpenJIHTbCH OTKocaMH, OTTSl.>KKaMu u .ZI.PYrHMH <fluKcaTopaMH. Bon
pochl Ha.ZI.e.>Kuoro 3aKperIJieHHSI )l.eKopaUHH fB03.ZI.SIMH, CTOrropaMU H 
rrpHMepbI pacqeTa 3THX KpenJieHHii rrpHBe.ZI.eHbI s KHPTJI, c. 74-77. 

B TpeTbeM cnyqae (pHc. 16) Ha .ZI.BH.>KymeiicH cpypKe pacrroJiara
lOTCSI JI.Ba aKTepa, H HX HMITYJlbCbl, rrepe.ZI.asaeMble Ha cpypKy, o6ec
rre4HBaIOT cpaKTHqeCKHH K03cpcpHuueuT ycTO:iiqHBOCTH Kpa6. = 1,34. 
B 3THX ycnoeHHX nocTaT04HO cJiyqa:Huoro npenHTCTBHSI ua xo.ZI.y 
cpypKH, He3Ha4HTeJibHoro yseJIHqeHHH HMnynhca aKTepoa HJIH ycHJIHH 
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PACYET YC TOliiYVJBOCTl!l AEKOPAL.lv11/1 

YlcxooHblE .QAHHblE : OnPEAEJlVlTb YCTOlil41/1BOCTb c+>YPKV1' nEPEME~AEMOi.:1 
BPYYH;y"J{) no IOPVl30HTAJlbHOM:Y nJlAHWET':Y CLIEHbl; .:PYPKA BECOM 

250 ,O.AH c IA5APv1TAMll1 ,QWB 2,5x2,20 .x4,7 M. ~T q::>YPKVl HA Bbl

COTE 2,o M no oc1t1 vltlMMETPi.-1111. Ocvr KATKOB nP~Moro xogAD =140 
MM PACnonp)l(EHbl HA PACCT051Hf/H1 0,1 M OT nEPEAHEro "1 3AAHEJO ' 

l<PAEB c+>'YPKV1. roPV130HTAJlbHOE YCIM1V1E nEPEMEUJ.EHl/l!>I <PYPKV1 HE 

nPEBblWAET ~ = 40 AAH 1-1 nP1-1JJo>KEHO HA Bb1coTE 1,3o M or nJlAH

WETA C4EHbl. roPY1~0HTAJlbHbli;; l-1Mn'YJlbC nP11H:o!Tb 0,1 OT BECA <PYPl<l-1. 

PACYETHA51 cx~ __ MA 

2,0 

.c 
~=40PAH -T 

al 
c<)i 

r; 

~; 
.£j 

W=<2',20 M 

PEUJEHVlE : 
1. CocrA'Bn.siEM PAC4ETHYIO CXEMY, HA 

KOTOPOC1 cpV1KCl1P¥EM OCHOBHblE IA6AP1i1Tbl, 

4EHTPbl T51.>KECH1 KOHCTPYKU,VIV1 V1 T04KV1. 

nPIMlO>KEHVl.s:I ~ HAnPABJTEHl/1~ 3Ap,AHHblX 
Ci.1Jl. 

2. 3A T04KY OnPOKl-1AblBAHlt1~ nPV1Hl/l

MAEM T04K~ A - TOYKY 011V1PAHV15~ KATKA 
HA nJlAHWET. 

3. 0nPEAEJ151EM nJlEYl/I .QJl.5\ BCEX 

YAEP>K1t1BAt0w,1-1x Y1 onPOKV1AblBAIOW,V1X 

MOMEHTOB. 
4. OnPEAEJl~EM <PAKTV14ECKV1C1 K03<P-

4'1AU.IAEHT YCTO~Yll1BOCH1 KOHCTPJ'KLl,V1V1 . 

K = MYAEP~ 25Q_ = 2 45 
Cf'AKT MonP 102 ' 

rnE MY[1EP>~= G. (1,1-0,1 ) = 

:7-50 (1,1-- 0,1) = 250 JJ,AHM; 

Monp = P1 h1 + q~J12 = 

40 "1,3 -t- 0,1·250 · 2,o = 

52+ 50=102 ,[\AHM. 

3AKJ1f()l..JEHV1e 111 BblBOAbl • V13 nP~BE -
AEHHoro PACLfETA Bl-1AHO, LffO nPJA 
3AAAHHblX YCJlOBV1S1X (nEPEMEW,EHV1E 
<+'YPKlll BP:YYHYIO no rOP"130HTAJlbHOM:f 
nJlAHWETY c YCll1J1V1EM AO 40 AAH, nPvt
JlO>t<EHHoro HA BblCOTE HE 60JlEE. 1.,3 M) 
~CTOi/14111BOCTb cP¥PKV1 B COOTBETCTBVIVI 

c TPE60BAHW;jM111 nrs AJ1S1 TEATPOB 

05EcnEYV1BAETC$1, l-1 AEKOPA411SI MO>KET 
5b1Tb ppmr~EHA K CJKCflJlYATAL\1111'1-

Pnc. 14 
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nP1t1MEP. 

PACYET YCTO~Y~BOCTlll AEKOPA~~llt 

Y-IGXOAHblE AAHHblE : OnPEAEJ1V1Tb YCTOVlYV1BOCTb HEnOABV1>KHOiit cf>YPKH 
HA rOPli130HTAJlbHOM nJlAHWETE CU,EHbl nPvt 05blrPblBAHVIV1 EE 
Op.Hlt1M AKTEPOM, HAXOAS1LJ..\V1MC>=l HA BEPXHEM HACT"1JlE HA OTl\1· 
3,85 M . PACYETHbll1 6EC AKTEPA nPi..1HSITb P= 100 ,[\AH, BE.nY1L.lY1HY 
roPJl130HTAJlbHOIO V'IMnYJlbCA 0,1 OT BEGA. 

PACYETHA~ CXEMA PEWEH1!1E : 

f
"OO 

.... 

30 

P= 100µAH 

-1-- 0=.-25 AAH 

tG:250 AAH 

l 
I 

1,10 

W-2,20 

1. AKTEP CTOl-1T 'Y nEPE,[J.HEC1 
KPOMKV1 orPA.l'K,QEHVls:I . 8 3ABlt1CV1MOC -

H1 OT no3bl no nPLMlO)t(EHl-11() lf 
nPlltHV'\MAE M h = 1, 15 M -.2 ~ = 0,2 M, KAHO -

C"1M KOOPAl-1HA Tbl U I AK TE PA HA 
PACYETHYl-0 CXEMY. 

2.~3 YCJ10Blt1~ YGTO~Y~BOCTll1 
nPY1 onPOKV1AblBAHvtV1 <PYPKl-1 OTHOClll

TEJlbHO TOL.lKl.1 A onPEAEJl;;lEM PA -
504H~ cpAKTV14ECK~~ 1<(}3cpcpY1~HEHT 
YCTOIAY 1i1socn1 ; 

I(' = M~P,EP>I<~ 2 60 = 2 . 
''<J'AICT M 100 ' 

6 
' onP . 

rAE MYAEP.t=G·(1,1-0,1) + P·( i -0,1) == 
=250·1,o+100 ·0,1=260 .QAHM; 

MonP. = OroP.· 2,o +Prop.· 5,o = 
25 ·2,0 +0,1·100·5,0""100 P,AHM; 

V13 nPHBEAEHHoro f'AC4ETA 
Bf..'1AH0,4TO l<..:PAKT. =2,6.>[K]=2,o. 

TAKIAM 06PA30M, YCTOc;,Y\11BOCTb 
q>YPK Y1 nPV1 3A,QAHHblX YCJlOBVl~X 

3KCn~YATA~~~ 05ECnE4~BAETC~. 
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nP1t1MEP 
PACL..!ET ¥CTOVIL/V1BOCTV1 REKOPAWV1V1. 

~CXOilHblE D8J::lH~ 0nPE.QEJllt1Tb YCTO!i1LJV1BOCTb cpYPKVl, f1BV1>KY
Ll...\Eii1C5i no roPlt130HTAJ1bHOMY n.nAHWET'Y CU,EHbl npl!f 06b11Pbl

BAHV1V1 EE ,QBYM51 AKTEPAMV1, HAX0)4s:1W,V1MvtC~ HA HACTl/lnE 
HA OTM. 3,85 M y nEPE"AHErO OfPA>Kf:\EHV17l. BEJ1ll1YlllHA IOPll1-
30HTAJlbHOro VIMnYJlbCA 0,1 OT BECA. 

PAC YE THA c~ CXE MA 

··-15.oo 6:-0,'.? ~· D - ,_ ')0 I I 
•r-oP •- AAn ---- + 

3.B5 

L~--+--...... M 

2P =200,n.AH 

2.oo 

R=40 

-_.EJ~ J_J..)F._H l/1.~-~ 

1. nP1t1Hlt1MAEM ~T AKTEPOB 
h = 1, 15 M ; ~ == 0, 2. M ; 

2..HAHOCV1M no.no.>KEHViE U,T AKTE

POB V1 AP.Cl-1Jl, ,GEC1CTB~fOW,VIX HA KOH

CTP:Vt<~VltO, HA CXEMY. HAMEYAEM TOL.fKY 
/OCb/ 603MO)f(HOro onPOKV1AblBAHV1$1 
KOHCTP¥KLIJ,'1V1 A. 

3. OnPEAEJlSlEM Koacp<P1t1~V1EHT 
ctJAKH1LlECKOC1 YCTO~YV1BOCn1 cpYPKV1 nPIA 

3AgAHHblX YCJ10BVISIX 3KCnJ1YATAql--1vt: 

k = M¥P,l:P)i(.= 27Q = 1 3+ 
'PAKT. MonP· 202 ' ' 

rp,E M¥AEP.>if.G (1,1-0,1 )+2R(0,2-0,1 )-

=250·1,0+2·100·0,1 ==270 ,D,AHM; 

MonP = 0,1 · (j · 2,o •20 >< 5,o + R1 1,3 == 

=5"0 +100+52 ~ 202 AAHM; 

~! 
~· t I 

~-.1! _r::: 

nPIA Kcpia.kT =1,3+< [I(] -=2,o 
8KCnJWATAU,vtst c:p:YPKV1 HE,r:pn:ycn1MA' 
TAK KAI< CJ1YYAL71Hbli:1 TOJlYOK, HAnP1t1MEP, 
nPEn51TCT9V1E, nOBblWEHHbli;1 V1Mn:YJlbC 

AKTEPOB ~n~ ~CV1J1V1E PA50~111x,Mor¥T 

A 110,1 Bbl3BATb nDTEPl-0 ~CTOL71Yll1BOCH1. J],J151 
· ODECnEL.IEHV151 TPE5~EMOlii ¥CTOYlLH1BOC-

i Grp j._1-112 __ + TIA /HE MEHEE 2/ HEO&XOP,V1M f:\OnOJlf-11'1-
I j g ·~ TEJTbHbli.:i ¥AEP.>K.V1BAfOL.l.IV1r::1 MOMEHT, 
I ?!"--------?,"- BEJ1ll1Yll1HA KOTOPOro COCTABV1T 

J~· .. Ll:l -2 ·20 ,I M YAEP,'f'-+ MY~~~>K.~ CK J · MonP ; 

TOIAA Myg~~ [K] · Monp -MYAEP)lf.'-2 ><202-270 --= 135 p,AHM. MviH1t1MAJlb

Hbl"1 BEG rP¥308 nPY1 B03MO>KHOM flJlELIE rl OT 1,5 .qo 2,o METPOB 
COCTABIAT: ct=1,5M,G :::135/1,5"=-90 AAH IJIJlVl ilPVI BECE 1 nJlVITKV1 

rP¥3A 8,o AAH "-12 WT::YK. np~ nJ1E4E d ;:2,o M BEC rPY30B COCTA

Blt1T 135/2,0 = 67,5: 8::.::::: 9 WT. nPVIHV1MAEM PEWEHvtE: B Hvt>KHEM 
OCHOBAHIAV1 Cf:>¥PKV1 nPEAYCl\llOTPETb >ll.4V1K AJl~ ~KJlA.c\KlA '1Q WT. 

rP¥308. 
B 9TOM CJ1Y4AE cpAKTV1LlECi<v11::1 KoJcpCD1t1U,V1EHT ::rcToi/1Y1'1Bocn1 

-:P¥PKYI COCTAEH1T 2,1. 
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pa60llHX, rrepeMeu.r.aIOIUHX ee, H B03HHKaeT pHCK JlOTepH ycTOHllHBOCTH, 

llTO, ecTeCTBeHHo, HeJI.onycTHMO. Co3JI.aHwe )Ke cTpaxy10u.r.11x ycT

poikTB, JI.BH)KYW.HXCH BCJieJI. 3a cpypKOH JlOJI. BCeMH l.llTaI-IKeTaMH, 

eecbMa rrpo6JieMarntJHO. B paccMaTp11saeMOM npHMepe (p11c. 16) 
ycTOHllHBOCTh cpypKH 06ecrreq11saeTCH rrp11MeHeH11eM JI.OJlOJIHHTeJihHhIX 

rpy30B-rrpOTI1BOBeCOB. I1MeHHO pactieTbl Ha ycTOHllHBOCTh IT03BOJIHIOT 

onepaTHBHO 11 4eTKO OTBeTHTh Ha B03HHKaIOW.He B npaKTHKe BOnpo

Chl - 0 MHHH:MaJibHOM, HO JI.OCTaTOllHOM KOJIH:4eCTBe rpy30B-rrponrno

BeCOB, HX pa3Meu.r.emm B MeCTax, yn.o6HbIX JI.JIH pa60Tbl MOHTHpOB-

111.H:Ka, 0 KOHKpeTHblX MeporrpHHTHHX rro 6e30JlaCHOCTH H T. n. 

B npHHUHne npH co3,a.aHHH TaKH:X ,a.eKopauwi1, rrpH OTCYTCTBHH 

B03pa:>KeHHH xyn.oLKHHKa H pe}KH:Ccepa cneKTaKJIH, KOHCTPYKTOphl 

CTpeMSITCSI K TOMy, llT06bI KaTKH BbICTynaJIH rrepe.ZI. CTeHKaMH, ecTe

CTBeHHO MaCK11pyH 3TH onopbl OOJI. BblCTyna10w.we «MaCCHBHbie 6pes

Ha», «np11CTynollKH», «6epe)KKH». KpoMe Toro, B03MO:>KHO noHH:>Kemie 

UT cpypKH 3a ctJeT pacrrpeJI.eJieHH:H Macchi caMoii KOHCTPYKUHH. 

B 3THX cJiyqasix pe3KO yseJIHllHBaIOTCH yJI.epLKHBaIOu.r.He MOMeHThl H 

OTCYTCTByeT He06XOJI.HMOCTb B rrepeTaCKHB3HHH IIOllTH ueHTHepa rpy-

308. 

PaccMoTpeHHhie rrpHMephI JI.OCTaT04HO rrpocThI, TaK KaK ycTOHllH

BOCTh orrpeJI.eJIHJiaCb JI.JISI JI.eKopauHH, H3XOJI.SIIII.HXCH Ha ropH30HT3Jlh

HOH IIJIOKOCTH, H KoopJI.H:HaThI UT H JI.pyrnx TOlleK rrpHJIO:>KeHHbIX CHJI 

HBJIHJIHCh IIJietJaMH MOMeHTOB CHJI, a HanpaBJieHHSI JI.eHCTBHH CHJI COB

II3JI.3JIH c HanpasJiem1eM ocei1 CHMMeTpHH KOHCTPYKUHH. 

§ 4. Pactterbt Ha ycroiittuaocrb rearpaAbHbtX 8eKopa4uii, 
pacnoAOJICeHHblX Ha HaKAOHHOU nAOCKOCTU 

OrrpeJI.eJieHHe ycTOtt4HBOCTH JI.eKopauHH Ha HaKJIOHHOH IIJIOCKOCTH 

HBJIHeTCH HaH60Jiee 06111.HM CJiyqaeM 3TOro BHJI.3 paclleTOB, aKKyMy

JIHpy10111.eM B ce6e o6lllHPHYIO MeTOJI.HKY no o60CHOB3HHIO He TOJihKO 

ycTOHllHBOCTH JI.eKopauHii H rrapaMeTpOB HX KperrJieHH:H, HO H JI.OKa-

3aTeJibHOCTH npHHH:MaeMbIX npoeKTHbIX H 3KCnJiyaT3UHOHHhIX pel.lle

HHH. 

PacqeT Ha ycTOH4HBOCTb Ha HaKJIOHHOH rrJIOCKOCTH paccMoTpHM, 

HCIIOJ1h3YH Bee HCXOJI.HhIC JI.3HHbIC npCJI.bIJI.yw.ero npH:Mepa, HO pacno

JIOLKHM JI.BH:>Ky11.1.y10cH cpypKy c JI.BYMH aKTepaMH Ha YKJIOHe i=0,04. 
PactJeTHaH cxeMa Ha 3TOT cJiyqaii rrpHBeJI.eirn Ha pHc. 17, H3 KOToporo 

BlfJI.HO, 4TO no OTHOWCHHIO K JlJI3IIWCTY cueHbl HH:llero He H3Meim

JIOCh: UT cpypKH 11 UT aKTepa, T04KH rrpHJIOLKeHMH CHJI H To11Ka 

orrpOKHJI.hIBaHHH OCT3IOTCH HeH3MeHHhlMH no cpasHeHHIO c plIC. 16. 
I13MeHHIOTCH TOJlbKO JIHHlflf neHCTBHH CHJI TH:>KeCTH TeJI, TaK KaK OHH 

acer.ZI.a HarrpaaJieHbJ sepT11KaJibHO, a lfMilYJibChl OT sepTHKaJibHhIX CHJI 

HanpaBJIHIOTCH napaJIJieJibHO ycJIOBHOH JIHHHH ropH30HTa, npoaeJI.eH

Horo qepe3 TOllKY onpoKMJI.WBaHH:H A. 0TMe4aeM, llTO see JI.eAcTBYI0-

111.lfe ClfJlhl OTKJIOHHIOTCH Ha OJI.RH H TOT :>Ke yroJI a, COOTBCTCTBYIOW.MH 

YKJioHy. B 3aBHCHMOCTH OT seJIH4HHbI yrJia HaKJIOHa a, H3MeHHIOTCH 
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PACYET ,YCTOV1YVIBOCTV1 ,1J.EKOPAW~1V1. 
V\CXQDtlblt=. DAHt-lblE: 0nPE,[J.EJlV1Tb YCT0VlLJY1BOC.Tb Cf>..YPKV1 r1J,Bl 1.'f.:.'-IUJ.81C?\ 
. . 110 1-iA.KJlOHHOMV nJ1AHWETt1 CU,EHU. /L=- 0,04/ nP~1 05blrPbl8A 

HV1Vi EE- .L\BYM5'i AKTEPAMV\, PAcnano>KEHHblMVl HA OTM . .3&s-M 
Y nEPE,qHE.JO orPA~<JJ.EHV17\. BEV1V!l.1V1HA rnP\11.30H1AJlbHOro 
V\MnYJlbC/\ 0,1 OT BECA IPY3A. fPY3bl-nPOTv1BOBECbl 15 WT 
no 8 MH/illT. PACnOJlO.:>KE.Hbl B 2.o M OT nEP~ErO KAT KA. 

A:.wEHY1E: 
f;h.CYETt-lA5\ C.XEMA: !.<=P~PKA.. PAC.nOJlAIAETC.7\ HA 

WPV130HTATlbHDM nUlAH WFIE1 

HA CXEM~ HAt-IOC'7'lTC~ WT KOHCT-
~ i P~K~V1V1, U.T AKTEPOB 11 riP. ,D.E~CT-

T 0; X 0 =-0,10 WIO~V1X HA ~p~ Cl1Jl. B TOM 
tj

0 
=- 5,oo L1V1CJ1E rnPVl30HTAJlbl-lblE ';fCl;{-

JlVl.71 ·- \;1tvJn'~/JlbCb\. HAME.YAETC~ 
OCb VlJlVI TOLiK.r\ OnPOKv~BAHV171 

KOHCTPYKL\111V1 /TOYKA A/-GM. 
PACYE..TH~to CXt=.M~' HA PV1C.16. 

2. ~EPES TOLIK~ A Mb1cni::.HHO nPo
BO.QVlM BEPTV11<A.flb Vt roP~1SOH

TAJlb -OCVI Xr VI 81 . .B 9TOM no
.na>t<EHi-1VI cpV1KCV1PY!OTC5' "KOOP,Lll;f- · 

HATbl BCE>< Cl/1Jl - fOP~130HTAJ16-
HblE V1 BEPTV1KAT16Hb1E PACCTO- · 
Wi\!t71 OT 1DYKY1 A ECTb r!Jl~L-\Vt 
MOMEHTOB .. Ci·IJl, Yf].EBK\11EAIOLL.'iV1X 
vl OnPOKV1,IJ,bl6..:.\tOL1~ 1X KOHCTeyK
LJvHO. 

3. OnPEfJ,EJ17\EM KocJPP,l·1HATbl ~T 
~1 AP. TOYEK 1 nPV1JlO>KEHHblX 
K KOHCTf~'\ .. J_~vWl ci 1J1 :JPl--1 3A -
)JN-/HOM YKJlOHE L 11rn1 ~rJlE. c( 
Tor,q.~ . LJ, T Cf>YPKJ 1 - Xe =- 0, e2 t-- 1 1 

\:Jc.=2,oS M. 
%PM~nbl nEPEXqz:+A Vi PAC..YETl::.j 
B TE"t<.CTE. TOYHOCTb PACYEfA onPE
AEJl5lETC71 nPAKT!1L/ECKJ.11\111 t0-
05WK.EH1~M11. 

0nPEAE:..n7!E~l YCTOl .. 1l..\l 1BOCTb KOHC~~t11Vl: 

K :: M'd.qE.P.lK. o= 4 70 = 2 O'"' = r v] ::: r:i .., 
"'A'(T. 2'7-;;; > - l-1"' .... , \... : MooP. .:..1 ..... 

W MY~EPIK.::::G·Xc:.+Grp=::2_50·092+15·3·2.o ==2.30+2'40 =-470 ,Jl.AHM; 

3 3aK. 1253 

M MP.=: OroP.~c +2.Px0 + ~·ljp+ Ord:lrP-'= 25.Z.05.,.. Z·WO· 0.1+2.0·5~40·i."'1 + 

"15-.8·0:1·0.4 =.51.zs+ZO.o ... 100.o + 56-i-4.s =232 .ors::: 233 ,ziAHM. 

PMC. 17 
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JlJielJH MOMeHTOB CHJI, y .nep}lrnBalOlllHX H orrpOKH)I.bIBaIOlllHX KOHCT
pyKUHIO, HX COOTHOIIIeHHe, T. e. ycTOH'-IHBOCTb. 

BeJIHIJHHhI «HOBhIX» rrJieq y.nep)f{HsaIOmHx n orrpoKH.UblBaIOmHx 
MOMeHTOB JierKO orrpe.neJHIIOTCH JIH6o rpacf>HIJeCKHM rryTeM, JIH60 aHa
JIHTH'-leCKHM rro cf>opMyJiaM rrepeso.u.a KOOP.LI.HHaT rrpH rrosopoTe oceH: 
Ha yroJI a: 

x = x 1 cos a. - y1 sin a; 

y = x 1 sin a. + y1 cos a., (11) 

r.u.e a - yroJI rroaopoTa oceH: H3 ropH30HTaJihHoro a HaKJIOHHoe rro
JIO)f{eHHe; TpHrOHOMeTpH'-IeCKHe cf>yHKUHH yrnoa .LI.O 15°, HaH-
6oJiee qaCTO BCTpe'-IaIOlllHXCH B pac'-leTax TeaTpaJibHblX .u.e
KOpauuH:, rrpHae.nettbI s CTpHJIO)f{eHHH VII; 

Xi, Yi - «CTapb1e rrJie'-IH» y.u.ep)f{HBaIOmHx H orrpoKH.LI.blBaIOlllHX MO
MeHTOB (Koop.rr.HttaTbI UT. H TO'-leK rrpHJIO)f{eHHH CHJI rrpH 
pacrroJio.1KeHHH KOHCTPYKUHH Ha ropH30HTaJihHOH rrJiocKo
cTH; 3a Haqano Koop.nHHaT rrpHHHMaeTcH TO'-IKa orrpoKH.LI.bl
BaHHH A); 

x, y - «HOBble IIJie'-IH» y ;I.ep)f{H.BaIOlllHX H orrpoKH)I.blBaIOlllHX MO
MeHTOB. 

B CTpHJio.1KeHH1H VII rrpH i=0,04, a=2°l 7'30", sina=0,039987; 
cosa=0,999200. Orrpe.u.em1.eM «HOBhie rrJielJH>> .LI.JIH acex CHJI, .neH:cT
ay10mttx Ha KOHCTPYKU.HIO: 

rrJielJH .LI.JIH TO'-IKH C - UT cf>ypKH, cToHmeH: ua HaKJIOHHOH rrJio
CKOCTH OTHOCHTeJibHO TO'-IKH orrpOKH.UhIBaHHH: 

Xe= XiCOSa -yisin = l,OX0,99920- 2,0X0,39987 = 0,9992 -
- 0,08=0,9192~0,92 M; 

Yc=Xisina+yicosa = 1,0X0,039987 + 2,0X0,99920 = 0,04 + 
+1,9984=2,04~2,05 M; 

rrJielJH )lJIH T01IKH 0 - UT aKTepos, CTOHlllHX Ha ttacTHJie cf>ypKH 
(OTM. HaCTHJia 3,85 M+l,15 M=5,0 M): 

Xo=O,l X0,9992 - 5,0X0,039987=0,l - 0,199=-0,10 M; 
yo=O,l X0,039987+5,0X0,99920=0,004+4,996=5,0 M 

(3HaK MHHyc .UJIH Xo 02HatiaeT, 4TO CHJlbl 2P npoXO;I.HT crrpaea OT 
TOtIKH A H H3 cuJI y.nep)f{HBamutHx cTaJIH cHJiaMH orrpoKH.LI.hIBaIOmH
MH); 
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nJielJH .LI.JIH T01IKH npHJIO)f{eHHH CHJihI P 1: 

Xp=2,l X0,9992 - l,3X0,039987=2,0983 - 0,05198=2,05 M; 
YP = 2, l X 0,039987+1,3 X 0,9992=0,084+1,299 = 1,38 ~ 1,4 M; 

nJie1IH .LI.JIH rpy30B-IIpOTHBOBeCOB: 

Xrp =2,0X0,9992 -- 0,30X0,039987= 1,998-- 0,012= 1,99~2,0 M; 
yrp =2,0X0,039987+0,30X0,9992=0,08+0,30=0,38~0,4 M. 

Koop.nHHaThI T01IeK peKoMeH.u.yeTCH HaHeCTH Ha pacqeTHYIO cxeMy. 



OrrpeJI.emieM ycTOifq11socTb KOHCTPYKUHH: 

_ MyJlep>K. _ 390 - l 9,__ l 7 K ct> a KT. - M - 231 0 - '6 - ,._, ' ' onp. , 

rJI.e Myaep>K. = 0 Xe+ Grp. Xrp. = 250X0,92+10><8X2,0=230 1 
+ 160~390 JI.aHM; 

Monp. = Orop. Ye +2 Pxo +Prop. Yo+ Ppyp + Qrp. Yrp. = 
= 25 x 2,05 +2 x 100x0,1+20 x 5,0+40 x 1,4+ 
+ 10xsxo,1 x t,4=51,25+20+100+56,0+3,2= 
= 230,45:::::::231' .n.aHM. 

PacqeT rroKa3blBaeT, 4TO Ha HaKJIOHHOM rrJiaHllleTe cueHbI cpaKTH

qecKaH ycTOifqHsOCTb mDKe HOpMaTHBHOH. 51cHo, qTo HY*HO orrepa

THBHO orrpeJI.eJIHTb HeJI.OCTa10mee KOJIHqecTBO rpy3os-rrponrnosecos, 
KOTOpble HaJI.O JI.06aBJIHTb npH racTpOJibHbIX Bble3JI.aX Ha cueHbl, HMe

IOlll.He yKJIOHbI: 

M~~~. = [K) M0 np. -My 11 eplK. (cy1u.) =2 X230,45-390=460,9-390= 
=70,9 JI.aHM. 

IT pH Xrp = 2,0 M noTpe6yeTCH JI.OIIOJIHHTeJibHO (K Y*e noJio
)l(eHHbIM 10 lllT.) 70,9/2,0=35,5 )laH: 8=4,44~5 lllT. no 8 ,naH/lllT. 

ITpH racTpoJIHX Ha cueHax c yKJIOHOM o6mee KOJIHlleCTBO rpy3oa

npornsosecos ;::i;oJI)l(HO 6bITb He Mettee 15 lllT. (rro 8 ;::i;aH/lllT.), TO

rJI.a cpaKTHqecKHH K03cpcpHUHeHT ycTOHllHBOCTH 6y;::i;eT: 

Kctiain. = ~~ =2,02, 

G:TO o6ecrreqHsaeT ycToliqHBOCTb, Tpe6yeMyIO npas1rnaMH TeXHHKH 6e3-

orraCHOCTH JI.JI.SI TeaTpoa. 
0JI.HaKo MaTeMaTHlleCKHe paclleTbl, npttse;::i;eHHble Bblllle, HY.>KHhl 

He acer;::i;a. 113 nepepacqeTa Koop;::i;ttHaT nptt nepexo;::i;e OT rop1130HTaJib

Horo K HaKJIOHHOMy TIOJIO)l(eHHIO BH,!J;HO, 4TO npH He60JiblllHX yr JI ax 

HaKJIOHa, rrpHMepHo JI.O 3°, MO.>KHO Ha 5-10% H3MeHHTb nepsoHa
qaJibHble KOOpJI.HHaTbl TOqeK: JI.JI.SI IIJieq MOMeHTOB onpOKH,IJ;bIBalOlll.HX 

HX yaeJIHqHaaH, a ,IJ;JIH nJieq MOMeHTOB yJI.ep)l(HBalOlll.HX - yMeHblllaH. 
TaKHe npHKH;::i;oqHbie pacqeTbI oco6eHHO sa.>KHbI a nepHOAhI nepaoHa

qaJibHblX o6cy.>K;::i;eHHH npHHUHIIHaJibHOH pa60Tbl ;::i;eKopaUHH B cneK

TaKJie. B 3TOT nepHOJI. H UT KOHCTPYKUHH HaMeqa10TCH opHeHTHpo
eoqHo, TaK KaK HeH3BCCTHbl HH MaTepHaJibl ;::i;eKopaUHH, HH HX pa3-

MemeHHe a KOHCTpyKUHH. f1p11 ablnOJIHeHHH TexHHlleCKoro rracrropTa 
roTOBOH ;::i;eKopaUHH ace pacqeTbl JI.OJI.>KH.bl COOTBCTCTBOBaTb cpaKTH

qecKHM Harpy3KaM, Hx xapaKTepy B03JI.eiicTBHH Ha KOHCTPYKUHIO, a 
IIOHCHHTeJibHaH 3aIIHCKa JI.OJI.>KHa COJI.ep.>KaTb peKOMeHJI.aUHH H orpa
HHqHTeJib'Hhle ycJIOBHH HCIIOJlb30BaHHH JI.eKopaUHH. 

BbtB08bt. 113 paccMoTpeHHhIX MaTepHaJioa rnaab1 II CKJia;::i;b1saeTCS1 

o6maH MeTO,!J;HKa pacqeTa ycTOHllHBOCTH TeaTpaJibHbIX ;::i;eKopauHii, 

ocHosaHHaH Ha onpe;::i;eJieHHH UT JI106oii KOHCTPYKUHH HJIH ee qacTH 
H Ha .n.o6asJieHHH K IIOCTOHHHO .n.eHCTBYIOlll.HM cpaKTopaM (HanpHMep, 
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CHJiaM T5DKeCTH) Tex nepeMeHHblX CHJI, KOTOpble TIOHBJIHIOTCH B ycJIO

BHHX KOHKpeTHOH 3KCTIJiyaTaUHH cneKTaKJIH (3TO MoryT 6bITb THrO

Bble ycHJIHH pa60 1rnx HJIH Jlpyrnx BHJlOB npHBOJla, 3TO MoryT 6bITh 

cocpeJlOT04eHHble HJIH pacnpe]leJieHHhle Harpy3KH OT JlpyrHx JleKopa

UHH H <<>KHBOH Harpy3KH» - aKTepos HJIH pa6o4HX cueHbl H T. n.). 

PeKoMeHJlOBaTb )l{e 6oJiee )l{eCTKYIO nocJieJlOBaTeJihHOCTh pacqeTos s 

TeaTpaJihHoii npaKTHKe TPYJlHO H3-3a cneum:}rnKH HCTIOJih30BaHHH .D.e
KopauHOHHoro ocpopMJieHHH. flpHMeHeHHe 3TOH MeTOJlHKH HJIJIIOCTpH

pyeTCH npHMepaMH rnashI III. 

r JIABA III 

TIPl1MEPbl PAC4ETA YCTOIT411BOCTl1 
TEATPAJibHbIX .UEKOPAU11YI 

MeTOJlHKa onpeJleJieHHH UT H ycTOH4HBOCTH TeaTpaJihHhIX JleKo

paumi, H3JIO)l{eHHaH s rJiasax I H II, no3BOJIHeT sonJioIUaTh CJIOJKHble 

3aMbICJibl xy .LI.OJKHHKOB H pe)l{HCcepos c OJlHOBpeMeHHblM o6ecneqe

HHeM 6e3onacHOCTH npH HX peaJIH3aUHH. H11JKe npHBOJlHTCH JlBa THna 

pacqeTOB, xapaKTepHblX .D.JIH Harnett TeaTpaJibHOH npaKTHKH. flepBbIH 

THTI - TaK Ha3bIBaeMble «nposep04Hhie» pac4eThI; 3TO B OCHOBHOM 

BbITIHCKH 113 TeXHH4eCKHX nacnopTOB cneKTaKJieH, KOTOpbie )1.eJialOTCH 

B MOMeHTbl ycTaHOBKH roTOBOH ]leKopaum1 Ha cueHe. 3THMH pacqe

TaMH nposep.HIOTCH np04HOCTb 3aKperIJieHH51 ]leKopau11H:, HX ycTOH

q11socTh np11 onpeJleJieHHhIX JlJIH 3Toro cneKTaKJIH ycJIOBH>lX ::JKcnJiya

TaUHH. 
BTopoii THTI pac4eTos cocTaBJIHIOT npHKHJlKH, «npoeKTHble» pa-· 

C4eTbl, KOTOpbie TIOMOralOT xy ,UO)l{eCTBeHHO-TIOCTa HOB04HOH qacTH Te-. 

aTpa B TIOHCKax OTITHMaJihHblX nyTeH BOIJJIOIUeHHH ]leKopaUHH, 3a]ly
MaHHblX XYJlO)l{HHKOM HJIH pe)l{HccepoM H nepsonatJaJihHO B03HHKaJO

lllHX B BHJle MaKeTOB, 3CKH30B, ra6apHTilbIX cxeM, a 3aqacTy10 H npo

CTO B BH]le ycTH b!X TIOJKeJI a Hm1. 

flpuMep. flposepHTb ycTOHl!llBOCTb J1.CKopau1rn «)KypaBJib KOJIOA

ua» B cneKTaKJie «flOTelllKH» B JleH. roe. TeaTpe IOHbIX 3pHTeJieH. 

HcxOJlHhie JlaHHbie: I) ra6ap11rnaH cxeMa JleKopaU.HH H on11caHHe 

ee KOHCTpyKU.HH (CM. pHC. 18 a, 6); 2) ycJIOBHH pa60Tbl )leKopaUHH B 

cneKTaKJie: aKTep, «BHe3aTIHO» BblCK3KHBaHHH H3 «KOJIOJlUa», BIIphl-

rHBaeT Ha BepTHKaJibHblH CTBOJI <<>KypaBJIH», npHMepHO Ha BblCOTY 

2,0 M, TIOJlTHrHBaeTCH JlO ropH30HTaJihHOH nepeKJia]lHHbl (JlO OTM. 

2,3 M) H y)l{e 3aTeM onycKaeTCH no CTBOJIY Ha TIJiaHllleT cueHbl. 

PeweHue. 113 cxeMbI BHJlHO, l!TO ycTOHYHBOCTh JleKopauHH MO)l{eT 

6b1Th rapaHTHposaHa TOJihKO npH Ha]leJKHOM 3aKperrJieHHH CTBOJia B 

OCHOBaHHH H npH JlOCTaTOl!HOH np04HOCTH CTBOJia Ha cpe3. PacqeT

HhIH MOMeHT, B03HHK8JOIUHI1 B OCHOBaHHH, MOJKeT 6bITb oueHeH M= 
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=Pl, r.Lle l - rny61rna cTaKaHa, npnHHTO 0,45 M, a P - pacqeTHoe 
ycHJIHe, orrpe,LleJIHeMoe H3 ycJIOBHH cpe3a ,LlepeeecHHbl Ha ypoeHe 
<t>JiaHI.J,a npn D= 12 CM. Tor,Lla: 

M=Pl= 1350X0,45=607,5:::::::610 .LlaHM; 
P=kFcp h]=0,8X0,785X 122Xl5= 1356,5.LlaH:::::::1350 ~aH; 

Fcp =0,785Dcp. 2 - nJioI.IJ.a.Llb cpe3a, CM 2 ; 

k = 0,8 - K03cpclJHUHeHT yMeHbllleHHSI nJIOll.(a,LlH cpe3a npH 3KC
IIJiyaTaUHH; 

ft] - ,LlorrycKaeMoe Hanp5DKeHHe ,LlpeeecHHbl Ha cpe3, .LlaH/cM 2. Be· 
JIHllHHa ft] npHHHMaeTcH no Ta6Jinue 9 (cM. KHPT,ll, c. 44). CTpnHHTO 
['t]= 15,0 .LlaH/cM 2. 

Pact1eTHaH cxeMa, onpe,LleJieHHe eeca KOHCTPYKUHH H UT 3JieMeH-
TOB npHBe,LleHbl Ha pnc. 19. p a60llHH K03clJclJHUHeHT \ ycTOHllHBOCTH 
,LleKopaUHH onpe,LleJIHTCH: 

Kpa!i. = My.11ep>K. 630 =2,45 > [K] = 2, 
Monp. 256 

r,Lle Mn~ep>1<.=M+G1 X D~F +G2X0,46+G4X2,46=610+32X0,06+ 

+12X0,46+5,0X2,46 = 610 + 1,92 + 5,52 + 12,3= 
=629,74:::::::630 .naHM; 

Monp.=0,2XG1Xl,5 + 0,2XG2X2,40 + Grp.Xl,2+0,2XGrp·X 
2,20 + PX2,3+0,2XG4X0,80==9,6+5,76+3,6+6,6 + 
230,0 + 0,8=256,36~256 .n.aHM. 

,lleKopaUHSI MO>KeT 6hITb .n.onymeHa K 3KCnJiyaTaUHH npn ycJIO
BHH TliJ,aTeJibHOro 3aKpenJieHHH onopHoro cTaKaHa H npn rro.n.pe3e 
eoJIOKOH .n.epeea ( cTeoJia) Ha ypoeHe ciJJiaHua onopHoro CTaKaHa rJiy
OHHOH He 6oJiee 2 CM. CTpH no.n.pe3ax .n.peeecHHbl Ha ypoeHe clJnaFiua 
6oJiee 2 CM eepTHKaJibHOH CTBOJI no.n.Jie:IKHT 3aMeHe. 

flpUMep. CTpoeepHTb Ha ycTOflqHBOCTb KaqaJOI.IJ.HHCSI CT3HOK B 
crreKTaKJie «Pa360HHHK» 8 JieH. roe. MaJIOM .n.paMaTHqecKOM TeaTpe. 

OnHcamrn KOHCTPYKUH1H. H pa6oTa .n.eKopaum:1 e cneKTaKJie. 
K npoeepKe Ha ycTOHllneocTb npe.n.'hHBJieHa .n.eKopaunH c ra6apit:TaMH 
,lllllB 2,4 x 2,2 x 3,60 M, BHelllHHH BH.ll. KOTOPOH noKa3aH Ha pHC. 20. 
::ho KaqaIOI.IJ.HHCH CT3HOK, COCTOHI.IJ.HH H3 JieCTHHUbl-CTpeMHHKH BblCO
TOH 3,40 M (.ll.JIHHa TeTHBbl 3,65 M)' 3aKperrJieHHOH Ha nJioma.n.Ke-Ha
CTHJie H3 .ll.OCOK TOJII.IJ.HHOH 2,8 CM c pa3MepaMH B JIJiaHe 2,4 x 2,2 M. 
B ceo10 oqepe.n.h, HaCTHJI 3aKperrJieH Ha Tpex rroJI03hHX H3 .n.ocoK 4 X 
X 20 CM. B HH>KHeii qacTH noJI03hH HMeIOT clJopMy cerMeHTa, llT9 no3-
BOJIHeT CT3HKY coeeplll3Tb KOJie6aTeJihHbie .ll.BH>Kemrn B rrpo.n.OJibHOH 
ITJIOCKOCTH (no Tnrry KaqaJIKH). · · 

CTo XO.ll.Y CneKT3KJIH BIIJIOTb ,ll.O IIOCJie,ll.HHX MHHYT ciJHH8JI3 IIQ.Ll 
KpaHHHe IIOJI03bSI CTaHKa c .LlBYX CTOpOH no.n.ee,Lle"Hbl KJIHHhH-6alllM.jl
KH, 06ecrret1nea10mne noJIHYIO Herro.n.en>KHOCTh cTaHKa. B 3TOM He
ITO.LlBH>KHOM COCTOHHHH H3CTHJI H ctpeM.SIHKa aKTHBHO 06hlrphIB310T
CH aKTepaMH - OHH cTyrralOT Ha H3CTHJI, KaK B «,LlOM», IIO,ll.HHM3IOTCH 
c Hero Ha 2-3 cTyrreHhKH BHYTPH cTpeMHHKH, BhICOBhIBaJOT ronoey e 
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PACL.jET YCTOLiiYV1BUCH1 ,0,EKOPAU,111111 ,,}+'.vPABnb KOJ10,UU,A ,, ~1 
nPOL!HOCTi,.-1 EE 3AKPEn.flEHV1<rl B cnEKTAKnE "noTEWKVI,, JlEH TI03A 

~CXO,QHblE RAHHblE: 

IA5APl--1THblE PA3MEPbl k1 f~OHCTP'YK U,V1s:1 )~EHOPALJ,V11t1 

... 1../ 

8 

,016 Joo 

-0,50M 
_2 __ / c-

.012. 

-
NN HAl-1 ME HO BAHIA E rA5APl-1Tbl, MATEPV1AJ1, OCOEiEH -

f1Pl-tME~AHIA~ 9.n. 3JlEMEHTA HOCTIA KOHCTPYK~Vlllf 
--

1 BEPH1KAnbHbl'1 CTOJ15 CTBOJl-POrATIAHA ,,D,Jllt1HO~ 4,o M ; 

~lt1AMETP KOMJ1!1 16,0 CM; 

I HA OTM. Z,3 M .O,IAAMETP -10 CM. 

2 onOPHbii:1 CTAKAH cpJlAHEU. - nnocKoE KOJlbLJ,O .D,IAAMETPOM I BO cPJlAHU.E 8 
140 x120 MM' TOJl~lAHOiA 5 MM - nPJABA- OTB.¢ 4 MM .QJlSl 
PEH K CTAJlbHOrA TP~5E ,D,lllAMETPOM rB03P,EBOfO 3A-

: 12oxH2MM, ,QJllAHOCi 480 MM. KPEnJl. HA HACTIAJlE 
----- - ----- r---

5 OCb,,>t<:tPABJl~"' : CTAnbHA~ TP~6A 30x 25 MM 1 AflV1HOi:1 
' 160 MM c PE 3b50~ no KOHLJ,AM V1 

4 l""Ai::iKAMl-1. 
--- ---- ------·-------

4 ,,HOIPABJlb"- AEPEB.s:IHHA$l >HEPAb · CTBOJl C JJ,IAAMET-
nonEPEYIAHA POM KOMJl~ -10CM, BEPWL.1Hbl -6CM; 

,QJlVIHA - 3,8 M. -
5 nAJlKA->+<EP.Qb AEPE~HHASI >+<EPAb ,!J,Jllt1HO~ 2,0 M, <:pAKTVIL.IECK"1iA 

AlllAMETPOM 4,o 74, 5 CM. BEC -1,7Kr 

PHc. 18 a 



nPO.Q0Jl)+{EHV1E TA5Jl. 

-6 KPIOKV1 HA AET. 5 CTAnbHA>l nPOBOnOKA ALA.AM. 6 MM 

7 HOHTPrP'~3 ~EPEB'TlHHbl~ , Bbl,QOJl6JlEHHbli:1 BH;/TP!.1 cpAKTM4ECK~i:i 
JlOTOK c 1 IPY30M OT lllTAHKETA no 8 Kr BEC BC60PE 

IA MEW04KOM nECKA; KPEnnEHV1E K -15 Kr 
.D,ET. 4 nPOBOnOKOlA ,[\V'IAMETPOM 5 MM 

8 BE APO }t{ECTb; HA AHO BEAPA ~>'KJlA,0,blBAEiCA TO H-<E BMECTE 

MEW04EK c nECKOM .D,.ns:l PH~m1POBKV1 C nECKOM 

nonoJ-KEHl.-151 nonEPE41.-1Hbl-}t{~PABJ1~ ""2,o Kr 
(gET4) 

PEWEHVIE: 6HAYAJ1E OflPEAEJls:lEM BEC 1/1 KOOP,O.VIHATbl LJ,T OT .QEJlbHblX 

3m:MEHTOB VI BCE~ AEKOPALJ,VIV1 B U,ErlOM, ,[J,Jl~ TAK HA3blBAEMblX f10CT0-

5=1HHO ,D,Ei:1CTB':/IOW,V1X CVIJl. 3ATEM' B 3A81'1CV1MOCTV1 OT :YCJ10BV1l::'1 111cnOJ1b30BA

HH~ ,QEKOPALJ,V1V1 B cnEKTAKJlE, onPE.O,ErnHOTC'Tl BHEWHIAE Cv1Jlbl, lr1Mn'Y1lbCbl VI 

HAnPABJlEHVl>l VIX .QEi::1CTBV151. 3rn CWlbl' B03HV1KAIOW,V1E B OCHOBHOM no BOnE 

nocTAHOBW,V1KA, 05blYHO HA3b1BAKJT flEPEMEHHblMVI CV1JlAMV1. BCE PAC4ETbl ,. 

no onPEAE.JlEHVflO Li,T CBEAEHbl B TA5JlY1LJ,'J V\ BP5lA .nlA TPE6:JKJT nos:ICHEH~i:1. . 

\ PACLIETHAs:l CXEMA 

P' 
3.150 ___ c-

____ 2_.:1Q _____ - . - ; 1.20 __ +--
I 

PHc. 186 

J:?_O_ 
-- __ '{ __ 

-o 50 
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NN HAIAMEHOBAHV1E 
MOOP,[\lilHATbl 

an_. 3/lEMEHTOB Gi LJ,T n?\11MEYAHV151, PAC~ETbl 

111 Clllll Xi Yt 

I rJocTOHHHblE CvtJlbl 

1 CT Bon 32,o O,o 1,50 ,[\EPEBO(COCHA) .f= 600 Kl/M3; 
H1 ::;4,o; Dcp. = (16+10) :2 == 13 CM ; 

Gi = F; . Ht . p = rr ~ci . H 
1 

. p = 3,14413,o i. 

·400·6·10-4
= 31 84=32 Kr· 

) ' 
0 · H1 0 -1 X1;:::: ,oo, ~1=y- ,5- ,50 M 

2 nonEPELIJAHA 12,o -0,4 2,.!lO Lz==3,80M) Dcp=(10+6):2=8 CM; 
"lt0r'PABJ151 " G2 =-0,785 -Wp ·L2. 6·10-4

::;: 0,785. B,O'l.. 
5E.3 KOHTP- ·380·6·10-4 =11,45~12 Kl; 
rP~3A Xz=-:-0,4; ¥2 =2,40 M 

3 ... l-'oHTPrP~3 15,o 1,zo 2,20 BEC KOHTPIPiY3A nOA05PAH HA 
PEnEn1u.1-1~x An>t YCTAHOBKV1 nonE -
PE4V1Hbl ,,}K:VPABJlb" (J:lET. 2) B nano -
>-KEHVIE,3AAAHHOE PE>KL-{CCEPOM. 
x3 ==1,20 ; Y3 =2,20 no SAMEPAM 
HA MECTE. 

4 BEAPO c 5,o 2,40 0,80 BEC G4 BKJllOYAET BEC 
}t{EPAbto ,LJ,ETAJlEJ'.:1 5, 6,8 . 

)J,EKOPAL.J.ll!f'.! 64 0,4 1,80 x - 12·(-0,4)+15·1,'l+5·1,20_ 25,2_ 0 
,,H<~PABllb KO- c- 64 -64- ,40 

110.D,LJ.A" B Yc 
32·1,50+12 ·2,4+15 ·2,20+ 5·0,8_113,8 _ 

C60PE I 64 -64--

i = 1,78 

]I llEPEMEHHblE C!AJlbl 

5 )J,BIAH-<EHV\E 100 o,oo 2,30 no nPVIJlO>+<EHV1IO .lI,PAC~ETHblL:i 
AKTEPA BEC AKTEPA P=100, BJllA~HV1EM -YrnA 

(3TO OKOnO 25°-30°)nPEHE5PffAEM, 
T. K. rGPV130H TAJlbHA~ CV1JlA p YBEJ1V1 -
YV1BAET B03t:J.Et'.:1CTBV1E AKTEPA HA 

I I 
,[\EKOPA l.1,\11 IO. 

IOP\1130HTAJlbHbli;1 V1Mm111bc 1 

nEPEAABAEMbli'.1 HA AEKOPAU,VtlO, 
nPVIH~T 0, 2 OT BECA 3JlEMEHTOB 

,0.EKOPAU,VIV1. 

PHC. 19 
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«cpopToqKy», yKpenJieHHYIO Me)K,lly CTyneHHMH CTpeMHHKH H T. n. 
B ,llpyroii MOMeHT cneKTaKJIH aKTep eJie3aeT Ha cTpeMHHKY c O.llHOA 
CTOpOHbl H 3aTeM Ha pyKax CJie3aeT c .llpyroH: CTOpOHbl, KaK 6hl «Orlf-
6aH» CTpeMHHKY CBOHM TeJIOM. 

B cpttHaJie cneKTaKJIH, KOr.lla Ha HaCTHJie pacnoJiaralOTCH .llO 
BOCbMH qeJIOBeK, KOTOpbie HaXO,llHTCH Ha BHeIIrneH: CTOpOHe CTpeM.srn
KH, He3aMeTHO ,llJIH 3pHTeJIH 6awMaKH OTO,llBJffalOT, H eech CT3HOK 
Me,llJieHHO IlOKaqHeaeTCH H3 CTOpOHbl B CTOpoHy. 

PacqeT Ha ycTOHlJHBOCTh .llOJI)KeH 6hITh rrpoee,lleH .ZI.JIH .llByx Hae-
6oJiee HeBblfO,llHblX cxeM Harpy3KH CTaHKa: npH pacrrOJIO)KeHHH aK
Tepa Ha BepxHeH CTyrreHbKe CTpeMHHKH Ha HenO,llBIOKHOM CTaHKe, 
T. e. rrpH 3aKperrJieHHH CTaHKa 6a111MaKaMH (I IIOJIO)KeHHe); npH pac
noJIO)KeHHM BOCbMH aKTepoB Ha HaCTHJie M IIOJIO)KeHHH CTaHKa B 
KpaH:HeM HaKJIOHHOM IIOJIO)KeHHH rrpH OTCYTCTBHH 6a111MaKOB (II no
JIO)KeHHe) . 

Pewenue. nepeoHaqaJibHO orrpe.n.eJIHM UT .n.eKopau1rn H ee pa
cqeTHblH Bee. 

JlecTHHUa-cTpeMHHKa B c6ope: TeTHBa - CTBOJibl cpe.n.Hero )IJl3-
Me11pa 6-:-7 CM, 4 WT. )I.JIHllOH no 3,65 M Ka)K,llbIH; Bee 0.llHOH TeTHBbl 
0,785X72X365X6Xl0-4=8,42=8,5 Kr/uIT.; rrorrepeqHHhI 113 )Kep.lleii 
.ZI.HaMeTpOM 4,0-:-5,0 CM, B TOM qHcJie 9X2= 18 llIT. cTyneHeii rrpH 
cpe.n.ueli JI.JIHHe 0,6-:-0,7 M, 3 WT. no 1,1-:-1,2 M; o6mHii pacxo.n. )Kep
.n.eii Ha cTyneHH H nonepequbie CBH3H COCTaBHT 9x2x0,65+3X1, 15= 
=11,7+3,45=15,15 nor. M; npHHHTO K pacqeTy-li6 nor. M; npH 
cpe.n.HeM )l.HaMeTpe )f{ep.n.H 4,5 CM Bee 0.ll.HOrO nor. M COCTaBHT 0,785 X' 
X4,52 XIOOX6XI0-•=0,95~ 1,0 .naH/nor. M; o6mHH: Bee JiecTHHUbl
cTpeMHHKH a c6ope (c yqernM paMhI-¢oprnqKH eecoM 5,0 .naH, aeTeeH: 
Ha.n CTpeMHHKOH BeCOM OKOJIO 7,0 .naH H 3JieMeHTOB KpenJieHHH) co
CTaBHT 8,5X4+16,0+5,0+7,0=62 .naH~65 .naH; Koop.nHHaThI UT, 
B CHJIY CHMMeTpHqHOCTH KOHCTpyKUHH npHHHM3IOTCH: 

X1 =0,0; Z1 =0,0; 

Y1=0,2+~340 =0,2+1,13=1,33~1,35 M (1,13 M - 1/3 eblcOTbl cTpe

MHHKH OT ypoeHH HaCTHJia). 
DJioma.llKa HaCTHJia: e nJiaHe 2,4 X 2,2 M, BhIIIOJIHeHa H3 .nocoK 

TOJilllHHOH 2,8 CM; Bee HaCTHJia COCTaBHT 2,4X2,2Xl7=90,l ,llaH 
,( 17 .naH/M2 - sec o.nttoro M2 HacTHJia, T. e. 2,8XIOOX0,06=16,8= 
= 17,0 HJIH rro Ta6JIHUe 12 e KttPT ,U, c. 54); Koop.llHHaThl UT Ha
CTHJia: 

X2 = 0,0; Z2 = 0,0; 
Y2=0,20 M OT rrJiaH111eTa. 

CToJI03hH: Bhmo.,1HeHbI H3 .n.ocKH 4X20 cM, Bcero 3 lllT., HIB rro
JI03bee 3aKpyrneH; o6mm1 sec 4X20X0,06X0,6X2,4X3=22 JJ.aH 
(4X20X0,06-aec o.n.Horo nor. M . .nocKH (cM. KttP.UT, c. 44); 
0,6 - rroHH)f{310lllHii K03cpcpHUHeHT, yYHThrna10m11ii 3aKpyrnem1e 
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I 

0CHCSHblE 3JlEMEHTbl KA'-4Al:Ol..L\ETOC9t CTAHKA. 

t HAcr1-1n 2:1 x 2.2 M ,,_ ,nocf<J.1 Ton~V1Hd1 2 .s cM 

2. non03bs;J 3wT. - AOCKV1 4,o x 20,o CM I ).4JlV1HA 

3AH B BV1,0E CErMEHTA. 
2,40 MI Hll\3 CPE-

3. JiECTHl 1U,A - CTPEM51HKA. 
BblCOTA B C50F'E 3,40 M - CTBOJlbl MOJ JO,Obl>'- AEPEBbEB, >KEPAv1, ca::

.0.V1HEHV1E rB03.0,E.BOE v1 60.flTOBOE. 
AEPEB~Hl--l.A'71 PAMK.A. HA rlETJl~X KPE --

11V1TC~ K CTPEMs=iHKE . 

5 BETBb .Ql.-J'f-!::Y-\ - KPEnvffcq B cTA"'-AH 11 3AKPEflH::;:\ETC~ HA 

CTPEM~~ 11--.,L . 

PHc. 20 6 
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HH3a .ll.OCKH; 2,4 M - .!1.JIHHa 0.ll.HOro nOJI03a npH llHCJie 3 llIT. B KOHCT
PYKUHH); Koop.n.HHaThI UT noJI03bee: 

X3=0,0; Z3=0,0; 

y3=0,I3 M H3 paclleTa 2
/3 BblCOTbl noJI03a OT nJiaHll.leTa npH BblCOTe 

0,20 M. 

HTaK, o6uudi eec Kat1a10meroc.H cTaHKa cocTaBHT: 

G=G1+G2+G3=65+90,I+22= 177,1=180 .n.aH, r.n.e 

G1=65 .n.aH, eec JieCTHHUhI-cTpeMHHKH e c6ope: Y1= 1,35 M; 
G2=90,l .n.aH, eec ttacTHJia: Y2=0,20 M; 
G3 =22,0 .n.aH, eec noJI03bee: y3=0,13 M. 

Koop.n.HHaTbl UT cTaHKa npH ocHx CHMMeTpHH no xc=0,00; 
Zc=0,00, a no OCH y onpe.n.eJIHTCH pacq~TOM: 

G1Yt + G2Y2 + G3y3 - 65X 1,35+90, 1xo,20+22xo,13 
Ye= o - 111,1 

- 87,75+18,02+2,86 = 108,62 = 0 614=0 62 
- 177,l 177,l ' ' M. 

,llJIH .n.aJihHeiillIHX pact1eTOe rrpHHHTO: yc=0,70 M. 
,llJIH rrepeoro cJiyllaH npoeepKH ycTOHllHBOCTH - HenO.ll.BHMHblH 

CTaHOK, aKTep, .ll.OCTHrHYB eepxa CTpeMHHKH, HallHHaeT .ll.BHMeHHe 
BHH3 - npHHHMaeM: pact1eTHhltt eec aKrepa P= 100 .n.aH; ropH30H
TaJibHhIH HMnyJihC npttmrnaercH MaKCHMaJibHhIM 0,2 P (cM. CTpHJIO
.iKeHHe II); UT aKrepa e 3TOM noJio:>KeHirn npHHHMaeTcH Ha paccTOH
HHH rrpHMepHO 0,6 M OT eepxa CTpeMHHKH, T. e.: 

XanT.=0,4; YaKT.=3,60+0,40=4,00 M. 

C yqeTOM rrpHHHTOro, cocraBJIHeM pact1ertty10 cxeMy .ll.JIH I noJio:>Ke
HHH (pHC. 21) H orrpe.n.eJIHeM pa60llHH K03cpcpHuHeHT ycTOHllHBOCTH 
)J.eK-0paum:1 npH onpOKH.ll.bIBaHHH KOHCTPYKUHH OTHOCHTeJibHO TOllKH 
A- Kpafi HaCTHJia co cTOpOHhl pacnoJioMeHHH aKTepa: xA = 1,2 M; 
YA=0,20 M. Tor.ZJ.a: 

KctiaKT. = M~.11eplK. = 296
94 

= 3,15> [K] = 2,0, 
onp. 

r.ZJ.e My~epm. = G1X 1,20 +PX (1,2 - 0,4) = 180Xl,2 + IOOX0,8== 
=216+80=296 .n.aHM; 

Monp.=0,2XG1 (0,7 - 0,2) +0,2XI00(4,00- 0,2) = 18+ 
+76=94 .n.aHM. 

J13 pacqeTa BH.ll.HO, llTO npH ITJIOTHOM 33KpenJieHHH 6allIMaKOB 
DO.ZJ. nOJI03bHMH ycTOHllHBOCTb .n.eKopauHH B paccMaTpHBaeMOM CJIY
qae OOecnellHBaeTCH. 

,llm1 II rroJio:>KeHHR rrpoeepKH ycroifqn:eocTH - HaKJIOHHOe rrono
:>KeHHe KOHCTPYKUHH. 3ToT cJiyllaH: 6oJiee cJio:>KeH H Tpe6yeT HeKo
TOphlx BCIIOMOraTeJibHbIX paclleTOB H ITOHCHeHHH. CTpe>K.n.e BCero, .ll.JIB 
orrpe.n.eJieHHH ycTOHllHBOCTH CTaHKa B HaKJIOHHOM ITOJIO>KeHHH Tpe-
6yeTCH COCT3BHTb paclleTHYIO cxeMy c yqeTOM 'HaHOOJiee HeBhlrO.Zl.HliX 
ycJIOBHH HcnoJih30BaHHH ,1I.eKopauHH. Tio3TOMy pac11eT ee,1I.eTCS1 B rrpe,a-
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t'ACYETHA$=l CXEMA (11101\0>-t\EHL!lE-) 

~~+ 
o,, p 'a, ti:= 

'l' -

P.:100 

I 

0 5AWMAK"'1 

HAl1MEHOBAHll1E T · -- sE=·e:- · 
.9/\EMEHTA \ aAEt-.1EHTA, 

i AAH 

KOOF'[l.l'1HATbl L~ 1 

x y z 

nPV1MEYAHlt1H 

n/n t--''----+--------+-------·--·-·- ----t---1--

1 

2 

UT CTAHKA
TOYKA C 

~T AKTEPA 
HABEPXY 
CTPEM~HKVI 

TOLIKA 01 

3A HA4A/\O 
180 '1,2 0,7 KOOPAV1HAT 
. . , . I _·_.._ _ _.,.. __ --i nPYIH~TA· .. --.-. -·--:~·---ti.·-- TO"-IKA B03-. 

i 
J: MO?-KHOro 

I onPOKVlAbl-

~OO ,. O,s S,s BAHl1~ KOH-
C1PYKLI,~111,, A,, 

tOPl-130HTA.llbHblVt MMnYJlbC. nPl!IHf\T ·0,2 OT 

BEJlV1LIV1Hbl BEPTV1KAJlbHblX Cl/I.Tl. 

I nono:>t<.EHV1E - KA4At-0LL1V1Vlci=i cTAHoK HEnogsvi~Ho 3AKPEnJ1EH HA nJlAH
WETE 6AWMAKAMV1, AK TEP HAl-WlHAET ABV1;-KE\-ll.'1E C BEPXA. CTPEMAHK\li 
BHV13 roJlOB0\11, KAK 5bl ,,or1t16AF1" CTPEM-~HKY CBOV1M TEJlOM. 

Puc. 21 



TIOJIO)KeHHH HepaBHOMepHOH Harpy3KH Ha HaCTHJI c K03cf>qrnuHeHTOM 
HepaBHOMepHOCTH 0,5, T. e. eCJIH c O.lJ.HOH CTOpOHbl HaXO.lJ.HTCH qeTbl
pe aKTepa, TO qHcJio aKTepoe, y.II.ep)KHBaIOIUHX KOHCTPYKUHIO OT on
poKH.lJ.bIBaHHH, npHHHTO B.Il.BOe MeHhIIIHM (4X0,5=2 qeJI.; HanpHMep, 
6oJiee paHHHH CXO.lJ. c HaCTHJia). ,Il.aJiee, 3a ToqKy onpoKH.lJ.blBaHHH 
npHHHMaeTCH Kpai1 HaCTHJia (ToqKa A), npH HaKJIOHe HaCTHJia cosna

.II.aIOIUHH c nJiaHIIIeTOM cueHbl e TOqKe A 1, qeM H onpe.II.eJUieTcH Teope
THqecKH MaKCHMaJihHO .Il.OCTH)KHMhIH yroJI HaKJIOHa HaCTHJia 6ea no

TepH KOHCTpyKUHeH .II.HHaMHqecKOH ycToiiqHBOCTH. 

Ha pacqeTa, npHBe.II.eHHoro Ha pHc. 22, BR.II.HO, qrn pa.II.Hye nepe
KaTblBaHHH CTaHKa no ropH30HTaJihHOMY nJiaHIIIeTy COCTaBJIHeT 
3,70 M, a MaKCHMaJibHbIH yroJI HaKJIOHa HaCTHJia - He 6oJiee 20°. 
(ToqHee - .II.O 18°55"). CT pH coena.II.eHHH ToqeK A H A1 c O.II.HOH cTo

poHhl HaCTHJia .II.pyroH: KpaH: nO.II.HHMeTCH Ha 0,60 M (oT nJiaHIIIeTa 
0,80 M); ueHTP IlO.Il.HHMaeTCH COOTBeTCTBeHHO Ha 0,20 M (Ha OTM. 
0,40 M). 

CocTaeJieHHe pacqeTttoH: cxeMhl H npoee.II.eHHe. oceH: Koop.II.HHaT 
.II.JIH nyqIIIero TIOHHMaHHH oco6eHHOCTeH: pacqeTa KaqaIOIUHXCH .II.eKO
pauHH: npo.II.eJiaeM no3Tanno H e HeCKOJibKHX eapHaHTax. TaK, Ha 
pHc. 23 a H 6 noKaaaHhI pasHoaHaqHhle pacqeTHble cxeMhl npu a= 
=0° - ropH30HTaJihHOM noJio)KeHuu aacTHJia. Ha nepeoli cxeMe aa 
Haqano KOOp.II.HHaT npHHHTa TOllKa 0 - MeCTO B cepe.II.HHe HaCTHJia, 
r.II.e noJI03hH KacaK>TCH nJiaHIIIeTa cueHhl. Oocne.II.HHH npHHHT aa 
nJIOCKOCTh xOz, a eepTHKaJih Ha TOllKH 0 - 3a ocb y. Bo eTopoli 

cxeMe aa Haqano Koop.II.HHaT npuHHTa ToqKa Ai. npHHa.II.Jie)Karuast 
0.lJ.HOBpeMeHHO nJiaHIIIeTY (T. e. pacnOJIO>KeHH3H B TIJIOCKOCTH xOz) 
H Kpa10 HaCTHJia npH ero l\1aKCHMaJibHOM HaKJIOHe. Me)K.lJ.Y ToqKaMH 
0 H A1, KaK, errpoqeM, H Me)K.II.Y mo6blMH TOqKaMH, ehl6paHHhlMH aa 
Haqano KOOp.II.HHaTHbIX CHCTeM, cymccTeyeT eeCbMa npocTaSI B3aHMO
CBH3b, KOTOpaH Ha H3b1Ke MaTeMaTHKH orrpe.II.eJIHeTCH cpopMynaMH: 

x=xi+xo; Y=Yi +yo; 

HJIH cnoeaMH: «CTapaH KoOp.II.HHaTa paeua uoeoA, cno>KeHHOH c Koop
.llHHaToii HOBOfO ueHTpa OTHOCHTeJibHO CTapblX oceib; HJIH: 

X1=X-Xo; Yi=Y-Yo, 

r.II.e x, y - cTaph1e KOOP.II.HHaTbl, aanpHMep, .II.JIH ToqKH 0: x=0,00; 
y=0,00; 

Xo, Yo - KOOP.Il.HH3Tbl HOBOfO ueHTpa K00p.II.HH3T 8 CTapoH CHCTeMe, 
ttarrpHMep, JJ,JIH ToqKu A1: Xo=-1,20 M; Yo=0,00; 

Xi, Yi - HOBhle KOOp.II.HH3Tbl TOqKH 0, T. e. OTHOCHTeJibHO TOll

KH A1: 

X1=X- Xo=0,00 - (-1,20) =+1,20 M; 
Y1=Y-Yo=0,00-0,00=0,00. 

Ilocne COCT3BJieHHH pacqeTHOH CXeMbl C pacnOJIO)l{eHHeM OCH g 
napanJieJihHO HarrpaeneHHIO .II.eHCTBHH CHJI TH)KeCTH He06XO,llHMO on
pe,lleJIHTb KOOP.II.HHaTbl ToqeK npHJIO)l{eHHH 3THX CHJI npH HaKJioue 
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OnPEAEnEHl/lE PA,0,t.-1YCA nEPEKATblBAHVlSI cTAHKA 

V1 MAKCl!1MAJlbHOIO YI JlA no BO POT A 

A 
li1CXO):Jr1b1E RAHHblE : 

on =2R 
Al= R 
LAIO =J... 
AB~2a.. = 2,40 M 

QC = f- = 0, 20 M 

0nPEAEJ1V1Tb __ : 

R, o<.., h, l. 

PEWEHLllE: 

1/13 rlPS!MO~TOilbHOf~ TPE~TOJ1bHll1KA OAf]. COCTAB.fl.51EM 

.QC AC 2R-[= ~. 
COOTHOWEHVlE Ac = QC i ct f , 

(2R-f)-f-a.z i 2Rt-f2= Q2; 

~- Q~ __ 1,22.+0,22. =- 1,40 T 0,04-
- 2 f - 2 . 0,2 0, 4-

R .. 3,70 M •· 

YrOJl noBOPOTA onPEAEJ1V1M, PACCMATPVIBM 
TPnToJlbHV1K Arc : 

t R-l_ 37-02. Reos ol = R- · cos ol = -- =- ' ' = 0 94-60 · 
' R 3.,? ' ' 

Rsin o/...., =a.; S . a. '11 2.. 0 8° 5 5' L n ti.., = - = -- =· 3243 · o( -~ 1 
R 3,? ' ' 

t'j r/... = 0,3428; h..,, 2· a· Si noZ..=2.·1,z ·0,3243 = 0, ?? ......... 07 8 M; 
\ 
\ O,sf B _ l:L cPAKH1LIECKAA ,D,JlV1HA nEPEKATblBAHll\.S\ 

-1-~--- JTRoC 3 1 ·3? ·19° e=---= ,+, = 
T 180° 180° 

= 1J226 M. nPV1H511A PAC4ETHASl 
AJW1HA '.!EPEl<\ATblBAH~ 

ePAC'-i = 1; 2 M 

Pa~. 22 
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PACLIETHblE CXEMbl (IJ non0>-KEHV1E,nPV1d.=0°) 

0.90 2.10 

0 0 

i~~~ I 

+a1 o7 +01 o~ 

+c ~ 

A A 

~ 
A~l 1.20 p x ~· X1 

a). 6). 

HAf1MEHOBAHV1E TCNEI<. BEC 
KAYAJlO KOOP;oOVIHAT 

}[g~ ( l_\T COCTABHblX 3.'lEMEHTA, B TO'-IKE 0 B TOYKE A1 
T04EK 8JlEMEHTOB) MH x ti z X1 t-!1 z, 

1 ToYKA 0 - ·O.oo O.oo O.oo 1.20 O.oo - R:lPv130HT AJTbH 

2 TOYKA C -LJ.T KOHCTPYKL\. 180 O.oo 0.10 O.oo 1.20 010 - V1Mn'YJlbC 

nPv1H9iT 02 
3 Tot.tKA A., - -1.20 O.oo 0.oo 0.oo O.oo O.oa OT BEJ1V1'-IVIHbl 

4 TOYKA 01 (41.!_E.Jl) 4,.. ·100 -0.90 1.35 O.oo 0.30 i.35 
oEPTV1KAJlb --
HblX CV1.11. 

5 To!.iKA Q (2 4EJT.) .z,.. 100 +0.90 1..35 O.oo 2.iO 1.35 -

Jinano>KE.H\t1E - HACTVITT KA..YAIDLL\Eroc~ CTAHKA B roPV130HTA.JlbHOM 
nono>+<EHV1V1 1 5AWMAK\I\ OTOABV'iH~Tb1 1 cJlEBA (i: 01) 
crosn -:l AKTEPA / CrtPABA ( T. 02 ) - 2 AKTEPA . HA~AJ10 
KOOP;:lVlHAT HA CXEME a) B T04KE 0 ; 
HA CXEME 6) B TOYKE A 1 . 

PHc. 23 
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cTaHKa (cM. pHc. 24). 3TOT nepectieT KOOPJJ.HHaT npH noeopoTe cH

cTeMbl KOOPJJ.HH3T Ha OJJ.HH H TOT JKe yron a yJKe BblilOJIHHJICH B npH
Mepe Ha pHc. 17 H paccMaTpHeancH e rnaee II. Bee .3TH pactieThl npH

ee.netthI Ha pHc. 24 . 
.nn.s1 TeaTpaJihHOH npaKTHKH, H36era10meH: 60JibWOro KOJIHtfeCTBa 

BblllHCJieHHH, MOJKHO TaK>Ke peKOMeHJJ.083Tb rpacpHtieCKHe npHeMhl 

onpeJJ.eJieHHH KoopJJ.HHaT TOlleK npHJIOJKeHHH CHJI npH noeopoTe HJIH 
HaKJIOHe OCeH. 

PacqeTHyIO cxeMy, H3o6pa:>KeHHYIO Ha pHc. 23, cocTaBJIHIOT e on

pe.neneHHOM MaCWTa6e Ha JIHCTe MHJIJIHMeTpOBKH; MaCWTa6hl peKO
MeH.nyIOTCH cne.ny10mHe: M 1 : 50, M 1 : 25, M 1 : 20, M 1 : 10; 3aTeM 
H3 HaMelleHHOH TOlJKH onpOKH.ll.hIBaHHH TpaHcnopTHpOM OTKJia.LI.hIBaIOT 

Hy:>KHhIH yron noeopoTa oceu a; Ha OTJJ.eJihHYIO KaJibKY nepecHHMa
IOT MacwTa6HyIO pac4erny10 cxeMy, T. e. co3.n.a10T .n.y6Jib. CTpH non
HOM COBMeIU.eHHH JJ.y6JIH H OCHOBHOro qepTe:>Ka B TOllKY orrpOKH.ll.blBa

HHH BKaJibIBaJOT 6ynasKy HJIH TOHKHH rB03.LI.HK (OCb noeopoTa) H no

eopatIHBalOT KaJibKY .uo HY>KHOro yrJia; e 3TOM noJio:>KeHHH KaJibKY 
33KpenJIHIOT KHOTIKaMH H H3 T04eK npHJIO>KeHHH CHJI npOBOJJ.HT ropH-

30HTaJIH H eepTHKaJIH .n.o rrepeceIIeHHH c ocHMH Koop.n.HHaT, 3aMepHIOT 
paccTOHHHH OT TOllKH rrosopoTa .no rrpoeKU.HH COOTBeTCTBYIOIU.HX TO
qeK H noJiytialOT He06XO.LI.HMbie pa3Mepbl nJieq .LI.JIH BblllHCJieHHH yJJ.ep

}l{HBalOIU.HX H onpOKHJJ.b183IOlllHX MOMeHTOB CHJI. 

fpa<f>HtieCKHH cnoco6 04eHb npocT, HarJIHJJ.eH H JJ.aeT npH aKKy

paTHOM BhITIOJIHeHHH errontte HaJJ.e:>KHhie pe3yJihTaThl. AHaJIHTHllecKHH 
cnoco6 paclleTa, B03MO:>KHO, .na>Ke H3JIHWHe TOtfeH JJ.JIH TaKoro BHJJ.3 

pactieTOB, HO o6JiaJJ.aeT BbICOKOH CTeneHblO .ll.OKa3aTeJihHOCTH H 803-
MO:>KHOCTHMH JJ.JIH nOHCKa OITTHMaJihHblX peweHHH. 

lfa npHBeJJ.eHHblX BbIWe paclleTOB Ka4aJOIU.erocH CTa'HKa BHJJ.HO, 

llTO .naJKe npH caMhIX HeBbirO.LI.HhlX ycJIOBHHX aarpy3KH H MaKCH

MaJibHOM HaKJIOHe ero ycTOHlJHBOCTb o6ecrretIHBaeTCH. 0JJ.H3KO ap

THCTbl H nepcoHaJI )J.QJl}l{Hbl 6b1Tb npOHHCTPYKTHpoeaHbl 0 HeJJ.ony
CTHMOCTH 60JibllIOH 0,ll.HOCTOpOHHeH Harpy3KH Ha CTa'HOK H ero aK

THBHOro pacKalJHB3HHH. )l(eJiaTeJibHO TaK:>Ke B MOMeHThl CXOJJ.a aK
Tepoe c KatiaJOIU.erocH CT3HKa c6oKy TIOJJ.CTpaxOBbl83Tb ero HJIH IIOC
Jie 33Kpb1THH 3aHaeeca HeMeJJ.JieHHO YCT3H3BJIH83Tb 6allIM3KH. Ilo 

CMhlCJiy IIheCbl H 33MbICJIY pe:>KHCCepa Tpe6yeTCH CIIOKOHHOe H Mep
HOe noKatIHBaHHe. CyJJ.H no perreTHU.HHM, yron oTKJioHeHHH OT 

eepTHKaJIH He rrpeeb111IaeT 10-12°. Hcxo.z:r.H H3 H3JIO:>KeHHoro Bhlllie, 

CT3HOK MO:>KeT 6hITb JJ.OTiyIU.eH K 3KCnJiyaTaU.HH. 
P accMoTpHM eme OJI.HY KOHCTPYKU.HIO KatiaiomerocSI cTaHKa. 
B cneKTaKJie JleH. roe. aKa.z:r.. 6onhworo JJ.paMaTHllecKoro TeaTpa 

HM. M. fopbKoro «TpH MellIKa coplfoii rrllieHHU.hI» JI.JHI co3.n.amrn cu.e
HHtiecKoro .3cp<f>eKTa «JJ.BH)l{eHHe rpy30BHKa IIO pa3MhlTOH JJ.Opore» HC

IIOJib30BaJICH CTaHOK-<f>ypKa «fpy30BHK», npHHU.HITH3JlbH3H KOHCT

PYKU.HH KOToporo HCHa H3 pHc. 25. 
B OTJIJitIHe OT npe.z:r.bI.ll.YIU.ero rrpHMepa, r.z:r.e noKatIHBaHHe 6hlJIO 

B03MO:>KHO TOJibKO B OJlHOH IIJIOCKOCTH, .z:r.eKopau.HH «fpy30BHK» MOr
Jia noKallHBaTbCH 8 mo6bie CTOpOHbl B 33BHCHMOCTH OT HarrpaeneHHH 
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Sinci= 0,3243 ; Cos<i.= 0,9460; Z BCEx H=O,oo; 
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v .... u 

Q)AKTV1YECKlltV1 (PA5041AV1) KQ3cpcpV1U,V1EHT VCTOV11...1V1BOCTV1 CTAHKA B 
HAKJlOHHOM nono>+<EHV1V1 COCTABn~ET 

Kpas = MY.O.EP.H<. 474"" 1,63< [K]=2 
· MonP. 290 , 

IAE MY.QEP~.= G·0,91+2P ·1,55=180 ·0,91+200·1,55 =163,8+310,0=~73,8"<:::474 ,D,AHM; 
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+4 ·100 ·0,16 +0,2-400 ·1,38=37,ao+78,4o+64,o+110,40=w0,6o~ 290 ,IJ,AH M. 

nPV1 PABHOMEPHO~ HAIP':l3KE HACTV1JlA (no 4 YEJl. C KA}t{AO~ CTOPOHbl) 

K MY.QEP>tt· - 784. = z 12 >. [K] =2 0 
pa&, M onP. - 069 ' '/ 1 
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ycHnHH pa6oqero, TaK KaK HH3 KOHCTPYKUHH, BbIIIOnHeHHhlH H3 B3aH
MOnepeceKalOIIJ.HXCH 6pycKOB, o6pa30BbIBan o6oeMHblH 3nnHITCOBHJJ.
HhlH ceKTOp. 

51cHO, llTO BCH MeTOJJ.HKa onpeJI.eJieHHH ycTOHllHBOCTH, ITOJI.p06HO 
paceMOTpeHHaH B npeJI.bIJI.ym.eM npHMepe, ITOJIHOeTbIO ITO.II.XO.II.HT if K 

3TOMY CJiyIIalO, ycJIOJKHSIHCb TeM, qTo JI.eKopaUHIO 'Ha onpOKHJJ.blBaHHe 

HYJKHO npoeepHTb He B OJI.HOH ITJIOCKOCTH, a B JJ.BYX (npOJI.OnbHOH H 
noITepeIIHOH)' a BITOnHe B03MOJKHO, qTo JI.aJKe H B Tpex ITnOCKOeTHX, 
HaITpHMep, B KOCOH ITJIOeKOeTH, T. e. B ITJIOeKOCTH, pacITOJIOJKeHHOH 

ITO.II. yrnoM K OCHM Ox H Oz. BeJI.b no cyTH JI.ena TaKaH JJ.eKopaUHH, 
ITOJI.06Ho BaHbKe-BcTaHbKe HJIH KYKJie-HeBaJIHHKe, HMeeT IToqTH CB0-

60JI.HYIO TpaeKTOpmo llBHJKeHirn, KOHeqHO, npH KOHTaKTe OCHOBaHHH 
c ITJiaHrneToM. B OTJIHIIHe OT HrpyrneK, rJI.e noJioJKeHHe UT HeH3MeH

HO, BHYTPH «fpy3oe11Ka» pa3Mem.a10TCH TPH aKTepa, pa6oq11if, ,na H 
caMa KOHCTPYKUHH HMeeT coJIHJI.HhIH sec, a, cJieJI.oBaTeJibHO, ao ape
MH ee pacKallHBaHHH B03HHKalOT JI.HHaMHlleeKHe CHJlbl, CHJibl HHep

UHH ... AKTephI, o6hirpbleast JI.eKopaUHK>, ecTaK>T, ITepeMem.aK>TCH, exo
JJ.HT H BhIXOJI.HT, T. e. H3MeHHIOT ITOJIOJKeHHH UT eHeTeMhI. KpoMe To
ro, HaqaJio H KOHeu 3cpcpeKTa ITPOXOJJ.HT B TeMHOTe, a npOJI.OJIJKaeTeH 

BCH «ITOe3JI.Ka» He 6oJiee 1,5-2 MHHyT. Bee 3TH cpaKTOpbI Heo6XOJI.HMO 
yqHTblBaTb ITPH eocTaaneHHH pacqeTHblX exeM H pa3pa60TKe HHeTpyK

UHH ITO 6e30ITaCHOCTH ITPH HCITOJih30BaHHH TaKHX JI.eKopauHH:. 

Ew.e cnoJKHee, HO BO MHOro pa3 HHTepeeHee KOHCTpyHpOBa'HHe 

JJ.eKopau11ii K HOBhIM eneKTaKJIHM. PaecMoTpHM rrpHMephl e03JJ.aHHH 
JJ.eKopauHii, rJI.e paetieTbl Ha yeTOifqHBOCTb ch1rpanH perna10w.y10 ponb. 

Ha pHe. 26 ITOKa3aHa JI.eKopaUHH «Jleca y eTeH MOHaeThlpH ..• », 

npeJJ.nOJKeHHaH xyJJ.OJKHHKOM A.· <l>peH:e6epreoM JJ.JIH nocTaHOBKH" «Bo
pHca foJJ.yHoea» A. C. IlyrnKHHa a JleH. roe. TeaTpe IOHhIX 3pHTe

Jieii. Ilo 3aMblcny xyJJ.OJKHHKa, JJ.eKopauHH, OTJJ.aJieHHO HaITOMHHaIO
IUaH cTpOHTeJibHhle neca, JJ.OJIJKHa 6h1Jia pacITOJiaraThCH BJJ.OJih 6enhlx 

60KOBblX nopTanoe H, HapHJI.Y e ITJiaHllieTOM cueHhl, aKTHBHO o6bl
rpb1BaTbCH aKTepaMH, BblXOJJ.HIIJ.HMH Ha HaCTHJihl CTaHKa H3 3THX 60-
KOBblX nopTaJIOB. 

XyJJ.OJKeCTBeHHhIH o6pa3 cITeKTaKJIH JJ.OCTHraJI MHOr03HaqHoro 

o6o6m.eHHH. BeJJ.b Jieca, ycTaHoBJieHHbie y «CTapHHHOro MOHacTblpH», 

CHMBOJIH3HpoeaJIH TPYJJ. H MaTepHaJihHl>Ie 3aTpaThI JKHeyw.ero noKo
JieHHH no coxpaHeHHIO JJ.PeBHHX CTeH - «3THX HeMblX CBH)J.eTeneii 

npornnoro», JI.a H eaMH CTeHhl, KaK 6bl ITOJJ. BJIHHHHeM 3TOH 3a60Tbl, 

OJKHBaJIH, BCIIOMHHaH 0 CYJJ.h6ax ITpeJI.KOB 8 eJIOJKHhle MOMeHTbl Ha
rneii HeTopHH. Bonee Toro, e KYJibMHHaUHOHHhlH MOMeHT cITeKTaKJIH, 

KOrJJ.a npOTHB06opcTByK>IIJ.He CTOpOHhl nepeXOJJ.HT OT CJIOB H yrpo3 
K OTKpbITblM BOeHHhIM JI.eHCTBHHM, eTaTHllHbie, MaCCHBHbie «Jieca» 

o60HX nopTaJIOB BJI.pyr HallHHalOT .llBHraTbCH, ycTpeMJIHHCb JJ.pyr Ha 

.npyra. no 3aMbICJiy peJKHCCepa H XYJI.OJKHHKa, 3TOT 3cpcpeKT pe3Koro 
H 6ecKOMnpOMHCCHOro JI.BHJKeHHH orpOMHblX Mace cpypoK c 60JibllIHM 
qHcnoM CTaTHCTOB, TIOJlllHHHBllIHXCH 3TOMY JlBHJKeHHIO, 6blJI eeebMa 
ueo6xO)J.HM HMeHHO B )J.eTCKOM TeaTpe. 
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0.n.HaKo nJiaHHpOBKa TeaTpa IOHhIX 3pHTeJien (CM. pHc. 27) npe.n.o
cTaBJIHJia JJ.JIH 3THX rneCTHMeTpOBblX JJ.eKopaUHH TOJlbKO 80-85 CM, 

qTo6bl ycTaHOBHTb ¢YPKY H o6ecneqHTb ee npoxo.n. BJJ.OJib nopTaJIOB. 

PH>c. 26 

Ilpose.n.eHHble pacqeTbl ycTOuqHBOCTH ¢ypKH TIOK838JIH, qTQ ycTpOii
CTBO J'lerKOH BepxHeH qaCTH CT8HK8, 3arpy3Ka JJ.OilOJIHHTeJibHbIMH 

rpyaaMH (paccMaTpHB8JICH .n.aMe BapHaHT yTHMeJieHHH OCHOB8HHH 

6aKOM c BOJJ.OH, pacnOJIOMeHHblM no.n. HHMHHM 'H8CTHJIOM CT8HKa)' 
Kopoqe rosopH, ueJihIH pH.n. MeponpHHTHH He cMor JIH o6ecrretIHTb He-
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06xo,nirny10 caMOCTOHTeJibHYIO ycTOHIJ:HBOCTb BblCOKOH cpypKH c Ta

KOH .llHHaMHKOH. IToHH.>KeHHe ee BhlCOThI He OTBeIJ:aJio 3CTeTHIJ:eCKHM 

Tpe6oeamrnM, 3a,llaIJ:aM crreKTaKJIH, 1ITO H rrpHBeJIO K OTKa3y OT 

«,llBH.>KYIUHXCH JieCOB» H rrp1rneHeHHIO cpypKH .llpyroro THrra, KOTOpaH, 

B .3aBHCHMOCTH OT pa3BOpOTa H MeCTa Ha cueHe, CTaHOBHJiaCb MOHa

CTblpCKOH KeJibeH, KOHOBH3bl0, qacTblO KOp1IMbl Ha rpaHHUe JIHTOB

CKOH, ceHoaaJIOM, Ha6JIIO.llaTeJibHbIM rryHKTOM ao apeMH cpa.>KeHHH ... , 

H, KOHe1IHO, TO}Ke IIO,llBepraJiaCb pacIJ:eTaM Ha ycTOH1IHBOCTb H 6hIJia 

HCIIOJlb30BaHa B crreKTaKJie «EopHC fo)lyHOB». 

Pac. 28 

Ho apHcpMeTHKa, rrpoeepHH 3aMbICJibl xy.llO.>KHHKa, He ecer,lla HX 

OTaepraeT, cKopee Hao6opoT, a 6oJiblllHHCTBe cJiyqaea rroMoraeT pea

JIH3aUHH 3a,llyMaHHOro, 1ITO H ,llOKa3blBaeTCSI Ha CJie,llyIOIUeM rrpH

Mepe. 
PaccMoTpHM cpoTOrpacpHIO MaKeTa crreKTaKJIH (cM. pHc. 28), 

npe,llJIO.>KeHHoro xy.llO.>KHHKOM JI.JIH nocTaHOBKH a He60JiblllOM TeaTpe. 

,lleKopaTHBHOe ocpopMJieHHe HeCJIO:>KHO H COCTOHT H3 CTaHKa BblCOTOH 

.llO 2 M c JlBYMH JieCTHHUaMH, JI.eKopaTHBHOH Tpy6'b1, He60JiblllOfO 

naHJI.yca-BbICTHJIKH H apaIUaIOIUerocH Kpyra c TpeMH Bblpe3aMH. 

3TOT Kpyr, JI.HaMeTpOM 3,6 M, 3aKperrJieHHblH c6oKy IIO.ll HaCTHJIOM 

CTaHKa, HBJIHeTCH OCHOBHbIM JlHHaMHIJ:eCKHM 3JieMeHTOM cneKTaKJIH. 

ITo 3aMhICJIY xy)lo.>KHHKa, Kpyr c Bhlpe3aMH Heo6xoJI.HMO 6hIJIO CKOH

cTpyHpoeaTb TaK, IJ:T06bl OH «3aCTblJI» B TOM IIOJIO.>KeHHH, B KOTOpoe 

ero IIOCTaBHT aKTep, BXO,llH B «,llBepb» - npHMoyroJibHblH Bbipe3, -

H OCTaBaJICH HeIIO.llBH.>KHbIM, noKa .llpyroH: aKTep He 3aXOTeJI 6bl o6bl

rpaTb JI.pyroe OTBepCTHe - «60JiblllOe OKHO 6oraTOro oco6HHKa» HJIH 

«HJIJIIOMHHaTop Ha rrapoxo,lle», H OIIHTb Kpyr )lOJI)KeH OCTaBaTbCH He-
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IIO)lHH)l{HblM B TOM IlOJIO)l{eHHH, B KOTopoe ero nocTaSHT aKTep Jier

KHM JlSHmeHHeM pyKIL 
TioHHTHO, qTo ocymecTSHTb 3aMbICeJI xy)lO)l{HHKa MO)l{HO, eCJIH )lJUI 

KOHCTPYKU.HH Kpyra ttal1:T11 noJiomeHHe 6e3pa3JIH4Horo pasHosecHH, 

T. e. cosMeCTHTb och spam~HHH H UT KOHCTPYKU.HH. 
KoHCTPYKTHSHO Kpyr MOmHo BbinOJIHHTh Ha KapKace H3 )lepe

SHHHhIX 6pycKOB HJIH Tpy6, K KOTOpoMy npHKpenHTb TOHKYIO cpaHe

py, OKJieeHHYIO TKaHblO H pacrrncaHHYIO no 3CKH3Y xy)lO)l{HHKa. TipH 
KOHCTipy1HposaHHH KapKaca HymHo eme yqecTb yCTpoM:cTso «CKJia)la 

SHYTPh» )lJIH yJlo6crna nepeso3KH )leKopau.1111 (ra6apHT 1,9+3,6 M 

n03SOJIHT racTpOJIHposa_Tb Ha JII06ol1: cu.eHH4eCKOH nJIOll.I,a)lKe). 

Xo)l pactieTos no onpe)leJieHHIO UT KOHCTPYKU.HH H npHeMbI orr

pe)leJieHHH cosMemeHHH orn spameHHH Kpyra c ero UT rro)lpo6Ho 

paccMoTpeHbI s TipHJiomeHHH VIII, KOTopoe ocpopMJieHo s s.u)le rro
HCHHTeJihHOH 3anHCKH «TexHOJIOrH4eCKHe rrpe)lJIO)l{eHHH Ha KOHCTpyK

THBHYIO pa3pa60TKY )leKopau.HH». 
XoTeJIOCb 6hI o6paTHTb sHHMaHHe Ha o6HJIHe 11HcpopMau.110HHoro 

MaTepHaJia, KOTOpoe IlOHSJIHeTCH s pe3yJibTaTe KOMnJieKCHOH npoeKT

HOH npopa6oTKH 3aMbICJia xy)lomHHKa HJIH pem11ccepa-nocTaHosm11-

Ka. llettCTBHTeJibHO, pactieTal\rn SblHCHeHO, qTo 3aMbICeJI xy)lO)l{HHKa 

SbinOJIHHM, H )lJIH ero peaJIH3aU.HH norpe6yeTCH 45-;- 50 nor. M Tpy6hI 

)lHaMeTpOM 20 x 18 MM, sec KapKaca COCTaBHT OKOJIO 20 )laH, noTpe-

6yeTCH 5 JIHCTOS 4eTbipexMHJI.1HMeTposoI1: cpaHepbI pa3MepoM 1,5+ 
X 1,5 M, npH4eM H3 11 M 2 Henocpe)lcTBeHHo s KOHCTPYKU.HIO no11)leT 

6, 1 M 2 , sec cpattepbI cocTaSHT 17 )laH, noTpe6yeTcH 15 nor. M TKaHH 

nrnpHHOtt no 0,8 M, cTaJibHaH rroJioca, npyTOK Ha cKo6hr, TPH .nepe

SHHHbIX 6pycKa H T. )l. 
KpoMe Toro, H3rOTOBJieHHbitt Kpyr Heo6xo)lHMO 6yJleT oT6aJiaH

CHposaTh, H sec 6aJiaHca Ha KpaIO Kpyra )lOJI.>KeH 6h1Tb s npe)leJiax 

1,5-2,0 )laH. 

TipH nepeB03Kax KOHCTPYKU.HH secoM JlO 40-;-45 )laH ee ra6apHTbI 

JlllIB COCT3SHT 3,6X 0,3X2,8 M. 
TioJiyqeHHble CBe)leHHH C03)l3IOT S03MO)l{HOCTb )lJIH tieTKOH pa6o

Tbl He TOJlbKO nOCTaHOBoqHQH ~aCTH TeaTpa, HO H scex JlpyrHX 

CJiym6, yqacTBYIOIUHX s ShmycKe cneKTaKJIH - OT)leJIOS CHa6meHHH, 

3KOHOMHqecKoro, MaCTepCKHX H T. n. 

XoqeTcH eme pa3 HanoMHHTh H o Tpe6yeMoii ToqHOCTH pacqeTos, 

oco6eHHO TaKHX, KaK KOOpJlHIIaTbI UT KOHcTpyKU.HH, sec, nJiomaJlH 
H T. n., H COCJiaTbCH Ha socnOMHHaHHH 3HaMeHHTOro MaTeManrna H 

Kopa6JiecTpoHTeJIH, aKa)leMHKa A. H. Kpb1Jiosa, KoTOpb1l1 eme B KOH
u.e XIX B. nHcaJI: «51 BbICTasJIHIO KaK npHHU.Hn, qTo BbJqHcJleHHe 

)l0Jl)l{H0 npOH3BO)lHTbCH c TOH CTeneHblO TOqHQCTH, KOTopaH Heo6xo

)lHMa )lJIH npaKTHKH, npHqeM BCHKaH HesepHaH U.Hcppa COCTaBJIHeT 

onm6Ky, a BCHKaH JIHllIHHH U.Hcppa noJioBHHY Oll1H6KH» 1• HymHo rroM
HHTb, qTo pa60THHKY xy)lomecTBeHHO-nOCTaHOBOqHoM qacTH nopyqeHO 

c nOMOll.I,blO pacqeTOB, npHKH)lOK peaJIH30BaTb xy)lO)l{eCTBeHHble 3a,Ua

qH, H qTo OH He cqeToBOJl H He 6yxraJITep. 3To - Jlpyrne cneu.HaJib

HOCTH. 
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TeopernqecKHe npe.n.rmcbIJIKH no Haxo.1K.L1.eHHIO UT JII06oH: TeaT

paJibHOH KOHCTPYKUHH, MeT01rnqecKHe yKa3aHHH no pacqeTy UT H 

ycToflqHsocTH neKopanww, a TaKJKe npaKTHqecKHe npweMbI, npone; 

MOHCTpHposaHHbie ,Ll.JIH pa3JIHqHbIX ycJIOBHH 3KCnJiyaTaUHll, Ha MOH 
B3rJIH.LI., HBJIHIOTCH TeMn Heo6xo.L1.H:MbIMH: 3JieMeHTaMn «rnTa6Hoii KYJib

TYPbI» s pa6oTe xy.n.om:ecTseHHo-nocTaHosoqHbIX qacTeii TeaTpos, 

BJia,L1.eH KOTOpbIMH: MO./KHO CMeJIO nporH03HposaTb caMble CJIQ)KHbie ne

Kopauwn, HaqHHaH c caMOH paHHeii CTa,Ll.H:ll H:X B03HH:KHOBeHH:H ,Ll.0 HX 

C,Ll.aqn B 3KCnJiyaTaUH:IO, H36eraH cepbe3HblX npocqeTOB H, KaK CJie,Ll.

CTBH:e 3TOro, 6ecKOHelJHblX nepe,Ll.eJIOK. 

1. BocnoMHHaHHH OTHOCHTCH K 1891-92 rr. CM. KpbtAOB A. H. BocnoMHHa
HHH H 011epKH. M., 1949. C. 120. 
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onPEAEJIEHHE U.T TEATPAJibHblX AEKOPAU.HH 
OfibITHbIM nYTEM 

Or1Pf:,c;i::m~11vit:: L~T TEATF~AJ::::iHbJX 
Af::-~.rJP,C..Ll,11tl1 ont::JTHLi M r:yTEM 

B Tt:P:TPAJlb'-1.':)Yi nP•\KTv~f-{E H,E,=>E,C,KO E~83H~'KA:_=.T HE(J5/,0,D,>-1 -
MOCTb OnPEAE.nEHi,;151 U;f /Jfl>1 ,L\EKG?!"""-U,!-1~1, Bbli10Fc-;~hHb!/. V13 HEODHO -

PO.QHblX M,c\TEP:t'!AD03. PAn!='ll1fJIC:P, COLIETAHV1E pr=:t-,EBA ,r:PAH~Po', qt=:p -

HblX V! U,BEThbG< l'vlETAnnoB 1-1111-1 ,.YcKOPA~V1Vt) COUcTAfDL.1.1iV1X CJiO)HHblE 

rEOMETPv1UECKViE .::POPMbi,(KAI-{' HA11Pv1MEP, CTEHKvi' BOPUTA~ OiPAAbl J 

APKVI) 11.rY;'=KJi.LJ,ViE SOJlbW'JE KO.nV.qECTBO KPV1BOJll/1HEi:1HblX 3JlEMEHTOB. 
B 3Ti,1X cnYL.lA~L< ,~HAnVIT!ll'-1ECKV1E 1--1 r-PActJY1LfECK!-1E cnoc05bl HA><.m+<

,D,EHV151 U,T .QC.KOPA~vt!A ~BJl<MIOTC>=l SECbMA TPY,D,OEMKt1Mv·1 v1 TOl,.O.A 
~A06HEE V1 roPA3,LJ.0 TDLlHEE nonrn+<EHVIE U,T rv10>-KHO onPE,[!,EJ1111Tb 
onb!THblM rnJTEM . 

,D,n51 onPEJJ,EJ1EHV1s:l LJ,TonbiTHblM m/TE~·~ HE06'XOAV1MO V1\\!IETb 
K';/COL!EK MEI'..A. V1 05bll.lHbli'..1 OTBEC -wnArAT V1JlV1 TOHKl/ti:1 TPOC c HE50.nb· 

Wl-1M IP'Y30M HA KOHU,E. PA50TA no HAXO>-KAEHvHO U,1 ,.0/1>-l TEATPAJlb
HblX ,.O.EKOPAU,Y\[;1 MO}t{ET nPOV1CX0,1J.V1Tb cnE~~i-OW,v1M 06PA30M: 

BHAL!.C;JlE K. WT.A.HKETY , 
onvw,EHHOl'vlV BHV13, riPVIKPEnJl.s:l -

IOT OTB EC IA K OTBECY 8 TOY KE 
,,A" (PV1C.~-1) 3Ar{PEnmuoT ,IJ,E -

KOPALJ.VliO. TOYKA A HA )J.C:KO -
PA~\11!11 cpV1KCV1PVETC~ MEnOM. 
3ATEM OTBEC BMECTE C ,[\EK.O

PALJ.VIE~ noµ,HL-1MAETC51 . ECTECT-
BEHHO,. lffO LJ,T 3Ai'.:1MET HA\11-

60JlEE H"18KOE 1113 8CEX 803-

MO>t<HbiX ncri0>+<EHV1L::1 J T. E. PAC
ncna>+<V1TC5=1 aAOJlb Jl\/1H\,1V1 OT
BcCA HA O,C,HOJA BEPTV1KAnllt c 
TO~Koi-1 A no J1V1HlllV1 A-A1 . 3TY 

JlVIHVllO HE05XO,O.lllMO 3Aq::>V1K -
CV1POBATb HA ,0,EKOPALl,lr1vt. 
nEPBOHAl~AnbHO B03MOHU-i0 

MEnOM OTMETVITb nonm+<.EHV1E 
TOL!KV1 A1 , A 9ATEM, on~cTviB gE
~PAU,tAIO, HA flJl.L\HWETE 110T5~"Tb" 
HA JJ,EKOPALJ,lllit1 HAMEJlEHHblM 

WHVPKOM nlllHllllO A.-A·1-
"! 3ATEM TY r+<E OnEPALl,\.1110 

'."':PO,IJ,EJlt.iBA!OT, 3AKPEnY1B )J,EKO -

PA.IJ,V1tQ HA OTBECE B TOYKE,,8,, 

(P1r1c.'y'l-2) ToLlK.A nFPECELIEHV1R 
nlllH"1~ .AA1 Yi BB1 RsnriETcri Ll; T 
p,EKOPAU,vt!A. O.r.1HAKO no ABYM 
nogBEWIABAHVIRM HEJ1b35=1 C~,[l\llTb 

0 TO'-iHOCH1 nomtllEHHOrn PE3'JT:b
TATA BBvt,[J,~ BECbMA PA3n!A'-iHb!>'. 

Pl-1C. 'i!_ -1 



nPv1llO>t<EHV1E VI (nPO.Qon>KEHVIE), 
( 

TiPAKTiAYECKV!X 05CT05HEnbCTB, B TOM LlV1CJlE ill CJl~l1Ai'.1HbiX OWV160K. 

.Dns:i KOHTPorn::i i iOJTYLffHHOIO PE3'YJ1bTAT1~ HE06XOAVll'v'.O nPOBC:CTV1 EW,E 
v TPETbE l KOHTPOnbHOE no.[\BEWv18AH\11E ,IJ,EKOPAlJ,iA\11. 

nPl-1 TDETbEM nog3El!JlllBAHVIV1 nv!H":_fl EE1,KAK noAmmo, HE '.lEPE
CcKAETC>i c rn.1r1V1;::iMV1~,A 1 111 BB1 a op,Ho11t TOL..lKE, A 05PA3-YIOT TPE-Y -
ronbHV!K Abe' TAKv1M 06P/\30M Ll,T AAHhOt:1 ,O,EKOPA~\11111 Jl:=}t{llff B 
r.:::c.:gE.-:lAX non~~EHHOIO TPE~IOJlbHll1KA. ECJllll PA3MEPbl T?EYIOJlb -
Ht-IKA nOJWYV1JllltCb 3HN-iVITEJlbHblMVI l TO CJlEAYET nPOV138ECTV1 EU.1,E 
O.QHO no,o,BEWVfBA-
Hi11E nPV1 i-lOBOM 
nonrn+<EHV1V1 AEKO

PAu,111111 ( HAnPVIMEP, 

Jl!),HV1R AAt) V1 3A -
TEM Bbi5PATb TE 
TPIA nV1HlllV1, KOTO-
PblE AAAVT HA\11 -

MEHbWV.~ TPE~ -
ffiJ1bHV1K (PVIC.Y.!-3). 

B TEX CJl~LIA
s:tX' KOIAA onPEJJ,E
JWlETC5=1 Li,T B no
nblX ,IJ,EKOPALJ,Vl~X 
TvmA WAPA' CCPE
PVIYECKVIX noBEPX
HOCTE!'.:1 PEKOMEH
JJ,~'ETC.s:I n111HvtV1 f1Ai; 

BB1; EE1; ,!J,.0.1 COE -
)J,111Hf\Tb WH-:VPAMVI 
lllJ1V1 PE3V1HKAMVl, 
HArJls:1,0.HO ~KA3blBA\O
ll.liV1MV1 nonrn+<EH~E U,T 
TAKIAX AEKOPALJ,!11~. 

~Jl~ onPE,O,EnEHV1~ Ll,T 
KP'YnHblX 06bEMHblX )J.EKOPALJ.Viti 

"1CnOJlb3~IOTC~ T~ H-<E nPVIEMbl 
PA60Tbl, HO ,D,ns:i ,IJ.OCTV1TKEHV1~ HE-
05XOJJ,HMOC1 TOYHOCTV1 V1CnOJlb3YtoT 
JJ,BA OTBECA, noJJ,BEWEHHblE HA CAMOCTO-

.RTEJlbHblX LUTAHKETAX nc:PEA AEKOPAU.V1Ei;1, PV1C. Y[-2 
KDlDPblE 06PA3~fOT,,CTBOP",TE. nflOCKOCTb 
CEYEHL-1>::-, nPOEU,i-1P'YEMYfO HA .O.t:KOPALJ,ltHO _ B TEX Cll~YA'TlX, r<.Or,[lA HA 
r;nAHLIJETE HAHECEHA KPACKOi:1 OCb CLl,EHbl BECbMA Y,0.05HO OTBECbl PAC-:
noT!AIATb TOLiHO H.l\.Q 3Tot.i OCbi{). 

,I},05.L\BJl~fl i--;:.''Y3bl) H.ll.nPVIMEP MEWOL4KV1 c nECKOM) MO.rKHO PEntnltl

POBATb nOJlO>t<EH>lt:= U.T .. ~El-<.OPALJ,V1v/' T.E. nOHV1>t<ATb' nOBblWATb' OTHO
C!.-!Tb B CTOPOH:I L,EHTP T~T+<ECTV1. TAKAs::I,, 5AnAHCV1POBKA" OC06EHHO 
E.A>+<HA )°:]/1'1 Kf~HEH',l..lECKViX 1 .JJ,BJll}+{'jill,V1XC51 f].EKOPAU,Vli/1 ill nPlll C~SAA
HV1V1 ClJ,EHl'1Lit:C:{V1X 3QXf-JEKT08. 
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-- 101J,\-Z/\ c 
f..c-=== Ct-:;; 0/\0 M 
':JC:. ~ h ~ ~ j so \'-/\ 
--------------------------~ 
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UPHJIO)l(EHHE vn 
TPHfOHOMETPHqECKHE Cl>YHKUHH YfJIOB .ll.0 15°, 
HAH60JIEE qACTO BCTPEqAIOll\HEC.SI B PACqEJAX 

TEATPAJibHbIX .ll.EKOPAUHH 

i, 1 /n tg Ct sin a cos Ct 

- 0°30'00" 0,008727 0,008727 0,999962 
- 1°00'00" 0,017455 0,017452 0,999848 

0,02 1°08'45" 0,020000 0,020000 0,999800 
- 1°30'00" 0,026186 0,026177 0,999657 

0,03 I 0 43'08" 0,030000 0,029996 0,999550 
- 2°00'00" 0,034921 0,034900 0,999391 

0,04 2°17'30" 0,040019 0,039986 0,999200 
0,05 2°51 '30" 0,050026 0,049964 0,998751 
- 3°00'00" 0,052408 0,052336 0,998630 

0,06 3°26'09" 0,060044 0,059936 0,998202 
- 4°00'00" 0,069927 0,069756 0,997564 

0,07 4°00'20" 0,070024 0,069853 0,997557 
0,08 4°34'30" 0,080019 0,079764 0,996814 
- 5°00'00" 0,087489 0,087156 0,996195 

0,09 5°08'40" 0,090020 0,089667 0,995972 
1/10 5°42'40" 0,100009 0,099513 0,995036 
- 6°00'00" 0,105104 0,104528 0,994522 
1/9 6°20'25" 0,111113 0,110433 0,993884 
- 7°00'00" 0,122785 0,121869 0,992546 
1/8 7°07'30" 0,125000 0,124034 0,992278 

0,13 7°24'30" 0,130025 0,128940 0,991652 
- 8°00'00" 0,140541 0,139173 0,990268 
1/7 8°07'48" 0,142857 0,141429 0,989950 

0,15 8°31'52" 0,150000 0.148347 0,988936 
- 9°00'00" 0,158384 0,156434 0,987688 

0,16 9°05'25" 0,160000 0,157991 0,987441 
1/6 9°27'31" 0,166667 0,164335 0,986406 

0,17 9°38'53" 0,170000 0,167615 0,985853 
- 10°00'00" 0,176327 0.173648 0,984808 

0,18 10°12'20" 0,180029 0,177180 ·o,984178 
0,19 10°45'30" 0,190007 0,186667 0,982423 
- 11°00'00" 0,194380 0,190809 0,981627 
1/5 11°18'40" 0,200021 0,196136 0,980577 
- 12°00'00" 0,212557 0,207915 0,978148 
- 13°00'00" 0,230868 0,224951 0,974370 
- 14°00'00" 0,249328 0,241922 0,970296 
1/4 14°02'19" 0,250000 0,242575 0,970013 
- 15°00'00" 0,267949 0,258819 0,965926 



TExHonornYECKV1E riPEnno>t<EHV1~ 
HA KOHCTPYKTV1BHYIO PA3PA50TK-Y ,[l,EKOPALJ,V1V1 

cnEKTAKn~ ~---
TEATPA __ _ 

VloxoAHblE AAHHblE: 1. MAKET XYAO>t<HvH<A. 

2. rA6AP111THblE PA3MEPbl KPVrA ,Q1=3,60 M 

c TPEMs:I OTBEPCT111>=1Mll1: ,lJ,2= 1,65 M ; ..0,3=0,70 M 111 nPs:IMOYrOnb

Horo OTBEPCTV1~ 1,30 x 0, 50 M. 

0C05b1E ~CJ10BV1~: '1. KPYr noBOPAl...1V1BAETCs:! AKTEPAM111 no XO[J,Y 

)J,EillCTBVls:I. ,Qns:i .IJ.OCTll1>t<EHV1s:I KPYrOM 6E3PA3J11-1YHOro PABHOBEC\11~ 
nPOBEPlllTb B03MO>KHOCTb COBMEW,EHVls:I ocvr BPAl4EHl-1s:I KPYrA 

(TOYKA 01) C LJ,T KOHCTPYKLl,VIV1. 

2. nPEAEJlbH bl E rA5APV1Tbi .O,EKOPALJ.Vlt1 HE 
gon>+<.Hbl nPEBblWATb ,1J, x W x B = 4,o x 2,20 x O,ao M. 

3. V13roTOBJlEHVIE AEKOPAU,111!'.:1 HAMEYE.HO B 
MACTEPCKIAX TEATPA C nP1t1MEHEHV1EM HEAEcp111LJ,V1THblX MATEPVIAJlOB. 

PEWEHlllE : 1. C MAKE'TA 11111111 rA6AP111THblX t..ffPTE>+<.E~ XY,IJ.O>t<Hll1KA 

CHlllMAEM PA3MEPbl V1 Bbl'"'tEPYV1BAEM 3AAAHHYIO q;>J.'1r;y-py B MACWTA5E 

IAJ1V1 COCTABJls:IEM CXEMY . ( PVIC. '.{)11 --1) . 

2. 0PV1EHTVIPYEM CELjEHV1E VI nPOBO)J,V1M OC\11 KOOP,D,lllHAT. 

HALlAJlO KOOP,ll"1HAT nP111HVIMAEM B LJ,EHTPE KP'JrA (TOYKA 01). 
3. PA36V1BAEM nnoc·KOE CELIEHVIE HA OT..QEJlbHblE c:p!f1rYPbl 1 

L.1,EHTPbl iS1>t<ECTV1 KOTOPblX 3APAHEE 11138ECTHbl. 
-4. OnPFAF:Jl~FM LJ,T BCEt1 cp111rYPbl (CM. TA6Jll-1~~). 

¢?0 
----~ 

y 

0 
0 

~ 

Pt,1C. i;11i -1 

x 
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m,20 

-2,14 

TA511. )1 

... ~ ~p~~:f~~,:~-;.---1 

F1 ==0,785 -~/= 0,7~5-·-3,62 = 1 
=0785·12,96 =10,20 ; 
x1 ~ O,oo; y1 = O)oo 

·------------ ----- ---------F2=0 78;.)if:-0-,7--8-5---1,-6--5-'2= 

-2,14 =0,
1

795·2,72 = 2 ,14 ; 

O,oo O,oo 

o,oo \oo 
x2=0oo; '.J2= 1,oo 

1--- '"------------~------------- ------- -- ---- -- - -- ' 2· --

1 

F3=0,?s5·Jl3 =0,785·0,?2:: 

I z 
i 

-0,38 -0,so -0,60 0, 30 o, 23 = o, 785 · 0,49 = 0, 38 ; 
X3=--0,BO; 'Y3=·0,60 ~ 

,___ _____ -------- ----- ----- .......... ~-----------------·----

F4= B4 · H4 ~0,5 ·1,3o = 

I 
/4 -0,65 0750 -1,oo -0,33 0,65 = 0,65; 

X4 =0,50: "Y4-=-1,oo: 
~--F-= ___ +_6_

1

_0_0---+-----...... =-===+~_=o~,o-3-+-1 ---1,-2-6-+--F-==~1·-o-,-2-----2-,14-0,3s-0,65= 
...__ _____ _.L-_ __,I ________ __l __ --~-·=_+_6_,_o __ 3 ; 

Xe= SY= ~o.o3 =00o5M; Ve= Sx = -
1

•26 =-0,21 M.; 

L 
F 6,o3 ' F 6,o-3 

: __________ ~ --~.--------- -··----. -- --- ------ ______ ....:....~----- -·--- ------------ --- ------------------ - -----------

:,. ~>A3PA5ATblBAEM PAl~l/\OHAJlbHYK) CXEMY PACKPO~ flVICTOB 
3x-.;. 4x M'M cpAHEPbl l HAMEL\AEM CTblKvt JlVICTOB. ( 1=-)vic ~vl11-·2) 

PAC~E THA<rl CXEMA PACKPO>=l ( p213ne f!:.1 B Cl"!) 

150 150 
-t--~75____ y---?5 ___ -

:t=- - r:-----rr- --- . . 
i .L 

g I' o +--+-+--~---\. 
..... Ul 

'....... t.n ! I"'-

0 col ..-I 
I 
J 

05W,Acrl flOTPE5HOCTb HA 
1113,IJ.EJlVIF.. - ~)J1VICTOb 

115MX1,5M; 
I lPl-1 nnow,AD.V1 KPWA f..iE3 
OTBEPCT1t1l:1 10,2 M 2

1 PAC -
XOJJ, 5 JMCTOB -11, 25 M2 . 
noTEPVI - 10 '-lo. 
BEC cpAH EPbl HA KP-Yr C 

"YL..JETOM BblPE30B ,..___ 1? Kl. 

ilo CflPABOL\HblM .AAHHblM" 
MACCA 1 M'2 4-X MM c:pAHEPb\ ~ 
CYXOM COCTO~HVIV1 2,?5-:3,o Kr • 

MACCA ~ JlV!CTA 1,5x1,5 M 

nPVI t""' 4 MM 5,2. ~ 6,8 KL 
06bEM -- 0,01 M3/_mtcT. 

P\11C. YJIT - 2 
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nPH.flO>KEHIAEVlll(nPOgan>f<EHHE} 

6. ~AMEYAEM KOHCTPYKLJ,IAIO KAPKACA 1113 CTAnbHblX TPY6 ·,D,~A -
~TPOM 20X18 MM (B03MO:>K.EH BAPVIAHT V19 ,D,EPEB$tHHblX SPYC
KOB 3,5 x?,5 CM 111 .OP. BAPIAAHTbl). nPV1HVIMAEM MAKCVIMAJlbHbli:1 nPO
flET .D,Jl$l 4x MM q:>AHEPbl HE MEHEE 112 Wl-1Pl-1Hbl JlVICTA - 0,75 M IA 
3ABEPWAEM KOHCTP\/VIPOBAHVIE KAPKACA CO CJ1E,D,YIOW,V1MVI TEXHV1-

LlECKVIMVI YKA3AHV1s:lMIA no ErO IA3rOTOBJ1EHHIO: . . 
1). HA 11 CKnAJJ,E BHYTPb ,, nPV1BAPV1Tb no MECT~ 4 HEPA3bEMHblE 

nETJH1, 06ECnEYV1B 3A30P ME>-KJ],\I nJlOCKOCT~MVI HE MEHEE 20 MM. 

. 2). B MECTAX CTblKOBK\11 J11ACTOB Cf>AHEPbl ME>t<,D.~ C060lA IA SHEW -
.HIAM KOHTYPOM J1\11CTOB HA TPV6bl ,,3An0,[1,JlV1U,O ,, nPIABAPIATb YWKVI 1113 
CTAnbHOi:1 noJlOCbl '15x30 MM' TOJlW,IAHO~ 2-3 MM c OTBEPCTV1s:lMVI 

'2,5 -3,5 MM nOA 3AKJ1EnKIA. B CPE~HEL:1 YACTVI JlVICTbl 3AKPEnJl~HOTCs:I 
3AKJ1EnKAMV1 YEPE3 TP'Y6bl. . 

3). c HEBIAAV1MOLA 3PVITEJllO CTOPOHbl HA KAPKAC nPIABAPV1Tb no 
MECTY B 3x Ps:l.OAX no 4 CK06bl B KA>K.O.OM .OJl~ nPOrn/CKA PACWV1BHblX 
6PVCKOB. 6P'YCK\I\ .uom+~Hbl nPOXO.O,IATb BHE 30Hbl OTBEPCTV1Vt. 

4). nEPE.JJ. 3AKPEnflEHV1EM <:pAHEPbl KAPKAC ,D.OJlrKEH 6b1Tb OKPAWEH 
B CEPbl\::1 LI,BET. . . . 

7. OnPE,O,EJWlEM LlT KAPKACA . )J,Jl~ VA05CTBA PACLlETOB, onPEAE-

JlEHV1E LJ,T KAPK.ACA nPOBEAEM PA3AEJlbHO .ons:i I-o~ ,1 BEPXHEt:i " 4ACTIA -

V1 II-ot:1,,HVl>+<HEi:1,,4ACTY1. ( P1-1c. v111-3) v111-4) 
BEP')(H~c;:I LlACTb KAPKACA "1MEET OCb CVIMMETPV1V1 IA, CJ1E,UOBATEJ1b

H01 HE05XO.QIAMO HA~TVI TonbKo Yc1 , nPV1 3TOM ~ I anEMEHTA LJ.T nonv -
OKPY>+<HOCTV1 onPJ.AEns:lETCs:l Xr = o,oo; Yr= 0,636 R = 0,636 . 1,80 = 1, 21 M; 

)J,Jls:l HV1>+<HEVI YACTL.'1 KAPKACA HE06X0.[\"1MO onPEAEJlVITb 06E KOOP -
JJ.VIHATbl. nonO>+<EHY1E Ll,EHTPA TH>+<ECTIA KAPKACA 6E3 'YL.lETA CK06, nA -
noK, nETEJlb V1 T. n . .nErKO OnPEAEJl~IOTCs:l no PE3VJlbTATAM PACL.lETOB, 

nPEACTABJlEHHblX B IA5JlVIU,AX c:, 3. TA6n. 2 

-1 6? 
Xe= 

s~1+s~u 
20,45 + 23,64 = - Op4 M; NN 8Jl.% Li,M Yi,M 

Lr+Lrr 

'Ye= 
SxI +Sx11 

L1 + Ln 

16,so+(-1?,gz) _ -1,12 _ 
20,45+2.3,64 - 44,og -

= -0,03 M; 
I BEPXH~~ ~ACTb KAPKACA . 

180 180 

75 75 

---t 
75 ?5 

x 

1 
2 

3 
4 
5 

6 
7 

8 
9 
10 
11 

I 
PVIC. Viii - 3 

5,65 1,21 
5,18 1,00 
0,40 1,50 
0,40 1,50 

0,88 0,75 

I 0,88 0,75 
1,45 0,75 
1 ,45 0,75 I 

0,28 
i 

0,14 
0,28 0,14 
3,60 I O,oo 

Lr~:. 20,45 -

Y- = 16,80 = 0 82 M . 
lC 20,45 ' 1 

X1c ~ o,oo M; 

Sx=YiLi 

6,84 
5,18 
0,60 
0,60 

0,66 

0,66 

1,09 
1,09 
0,04 
0,04 
0,00 

16,80 
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IT H~>-KH~~ ~ACTb KAPKACA. 

y 

NN 3Jl. Li,M Xi,M n/n 
12 5,65 o,oo 
13 3,60 o,oo 
~4 2,20 -0,80 
15 0,20 -0,BO 
16 0,75 -1,45 
-17 0,46 -1,40 
18 0,56 -0,30 
19 0,54 -1,oo 
20 0,26. -0,32 
21 1,10 -0,22 
22 1,16 -0,16 
23 2,0B +0,08 
24 0,50 +0,10 
25 1,75 +0,60 
26 0,97 '+ 1,04 
27 1,16 +1,05 
28 0,30 +0,30 

29 0,40 -0,90 

L"= 23,s4 -
I 

x 

p1;1C. VIII -A 

TA6Jl. 3. 

'Yi, M Sy=Xi·Li Sx=Yi·1i 

-1, '21 O,oo -6,84 
-O,oo o,oo O,oo 
-0,6_0 I -1,76 -1,32 
-0,10 -0,16 -0,02 
-0,25 -1,09 -0,19 
-0,70 -0,64 -0,32 
-0,20 -0,17 -0, 11 
-1,15 -0,54 -0,62 
-0,56 -0,08 -0,15 
-1,28 -0,24 -1,41 
-1,35 -0,19 -1,57 
-0,92 +0,17 -1,91 
-0,45 +0,05 -0,23 
-0,?0 +1,05 -1,23 
-0,75 +1,01 -0,73 
-0,60 +1,22 -0,?0 
-0,18 +0,09 -0,05 
-1,3<? -0)36 -0,52 

- -1,67 -17,92 

-17,92 - -0 76 M. 
23,64 ) ) 

8. OnPE.O.EilEHvtE UT KOHCTPVKLJ,vtvi KPYrA HE nPE,QCTABV1i- 3A
TPY,LJ,HEH:1(:1, ECJlY1 nPVfH·S:Hb, YTO KAPKAC V1310TABJlV1BAETC5l L-13 CTAJlb
HblX TPY6 ,':li..1AMETPOM 20x18 MM. Tor.14A, nPV1 MACCE 1 nor. M lP'J6bl 
G,47 Kl V1 PACXO,[J,E TP~6 HA vt310TOBJ1EHVIE KAPKACA 44, 1 nor. M 
06~"1!'.:i BEC KAPKACA COCTABVIT Ll4,1 X 0,47 = 20, 73 KrC . 

1 

Li,EHTP Ts:l>t<ECT\11 KOHCTP'YKL.1,1-1V1 KP'.llA: 

Gcp ··Xcp +GK .XK 1?,o · (-O,oos) + 20,73. o,o4 _ -O,oa5 +o,829 
Xe= Gcp+GK 1?,0+20,73 -~= 
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X = O, 744- = 0 020 M ; c 37,73 ' 

Gcp. v~ + ~K-'J"( - _g)o -_(-0,'2.1) ~ 20~. O,o3 ::= -3,57 + Q,622 
Ye= Gcp+GK - 1?,o + 20,73 37,?3 

= -~,9~ =-0 078 M. 
37,73 ) ' 

V13 nPlllBE,0.EHHOro PACI...\ ETA B111AHO, L.ITO LJ, T KPVrA OTCTOl!IT OT 
rEOMETP't1L.IECKOro U,EHTPA KPYIA TOl..\KV1 01 HA 8,05 CM V1 PACnOJlO.>+<EH 

no.o, ~T.flOM OT BEPTvtKAJlbHO~ OC\11 14°20
1 

MECTO ,l].JlSI 

'5AJ1AHCA 

R"' 1,75 
a:l 
I' 
0 
c5 
I 

X II 
-): 

Xe :0,020. 

4 

x 

-':I 
~=14°201 

e= -Yxa + Yrl = -Vz.,02 -t-7,8 2 =Y4,o+ 60,84. 

=I/ 64 84 == 8 05 CM · . , ' , 
i,oA = Xe = 2,o = 0 2.564 · R = 14°201_; 

15 1 'de 7,8 ' ' r 

PV1C. VIII -5 

SinJJ = 0,2479; 

Cos fl"" 0,9688 ; 

9. OnPE.O,EllEHv1E MECTonono>+<EHV1«;l 6AnAHCA VI Ero BECA .(PV1C.Y!!l-5) 
lln$\ COBMEW,EHV1~ OC\11 Or c UJ KOHCTPYKLl,\11V1 HE06XOAV1MO B KOHCTP'YK
U,"'1IO BBECTV1 ,, 5AJ1AHC ", T.E. TAK0\'.:1 rpy3, KOTOPb\\)i 6bl Ll,T KOHCTPYKLl,VIV1 
nPIABEJl B T01-fK'll Or. Ornm+<VIB TPAHCnOPT\APOM YrGJl f3 =14°20', Y5ErK)J.A
EMC~, t..fTO Jl\llH\ll>l nEPECEYET 50JlbWOE OTBEPCT\llE V1 ,D,J1S1 PA3ME~EHvt~ 
LA.nAHCA OCTAETC~ PACCTO>lHVIE B nPEAEJ1AX OT 1,80 ,llO 1,70 M. 
llPlAHV'1MAEM PACLIETHOE nnEYO .O,JWI 6AJ1AHCA 1,75 M. "Tor.uA BEC 6AJlAH
CA, nPV1 ~TOPOM ~T KOHGTP':fKLJ.lAV1 COBnA,[lET c TOY KOL;; Or COCIABV1T 

QxR.=Gx£; 
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e a,o5 Q6011 = G xR = 37,73 x175 ""'.' 1,74 JJ,AH, 

rAE ~015an - BEC 6AJ1AHCA , AA H ; 

G - BEC KOHCT~'iKLl,L.-1V1 KPV~A, AA H; 
. -e - PACCTORHV1E OT OCVI BPAW.EHVI~ /J,O LJ.T KOHCTPYKLl,\llV1 j 

R - PACCT05lHlAE OT OCV1 BPAUJ.EHV!s:I .0.0 LJ.EHTPA 5AJ1AHCA; 

1113 PAO-lETA BViAHO, 1..no rP'J30M AO 2,o AAH nP!--1 nJlEYE ~' 75 M 
MO>t<.HO 5Y,0.ET OT5AJ1AHCV1POBATb. KP'ff V1 C03,0.ATb 6E3PA3JlV14HOE PABHO -
BECHE. PA50Tbl no 6AJlAHCHPOBKE /J.OJ1H<Hbl BblnOJlHs:ITbCfl noCJlE V13roTOBJlE
HV1SI BCElA KOHCTPYKLl,V11A, TAK KAK B PAC,~ETAX HE Y4TEH (,o,A 8 3TOM V1 HET . 
HE06XO,[\lAMOCTvt) BEC PA3nVILIHblX MEJlKL.-iX IA3AEJ1V1Vt (nAnOk) CK06, 5PYCKOS. 
TKAHV1, KJlEs:I V1 T. n.) 

HA OCHOBAHVIVI nPOAEJlAHHO~ nPOEKTHOi'.1 nPOPA60TKVt MO>+<HO 
onPE.UEJlVtTb PACXO,D, OCHOBHblX MATEPL'IAJlOB, nOACLIViTATb CTOIAMOCTb "1X 
nPV105PE~""EH\.:'1H VI llf3rDTOBJlEHVI~) PEWVITb BOnPOCbl nPOKATA cnEKTAKJl~ 
1-1 nPOY. 

KPOME Toro' onPE,llEJllAB onOPHblE PEAKLl,Vllll OCIA' HA KOTOPO~ 
BPAL.LlAETC~ KP~ff, MOH-<.HO onPE.QEJlHTb ErO B03AEC1CTBIAE HA CTAHOK. 

A 

G ==40.D.AH 

O= 1,20 M B=0,3M 

RA= G ~ = 40 · 0,
3 = -10 .n,AH ; 

a. 1 ,2. 

PVIC. VIII -6. 

Rs= G (a.+B) = £10· 1•2+o,3 = 40 · 1 25 = 50 .nAH · 
a. 1,2. ~ 

nPOEHTHblE nPOPA50TKl-1 .QO.Jl>+<Hbl KOMnnEKCHO OXBATblBATb BCE 
HAV160JlEE CJ10rKHblE sonPOCbl KOHCTP~IAPOBAHIAs:I TEATPAJlbHblX 
AEKOPA~"11'.1. . 
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