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1. OcHOBHBIE TeOpeTHYECKHE CBEAEHMSI

1.1. CraTu4yeckue MOMEHTHI CeYeHUS

JIroboe cedeHne Opyca MMEET OINPEACICHHYIO F€OMETPUYECKYr0 (opMy U
wionianb A (puc. 1.1).

BeigenuM B ceueHHe dieMeHTapHyro miomanky JA, mojgokeHHe KOTOpPO
OIpe/IeNIeHO KoopauHaTaMu X u Y. CTaTHYECKUM MOMEHTOM CCUCHUS S Ha3bIBacT-
Csl MHTErpaJl Mo IJIOIIA X TPOU3BECHUS AIEMEHTaApHOH TUIOMAAKNA Ha PACCTOSIHHE
10 ocu. CTatnueckrue MOMEHTBI CEYEHUSI OTHOCUTEILHO OCcel X U Y OyAyT COOTBET-
CTBEHHO PaBHbI

Sy=JdA-y; s, =[dA-x.
A A

1.2. OnpenesieHne HeHTPA THAKECTH CeYeHH s

CraTtnyueckrne MOMEHTBHI CEUYECHHMSI OTHOCUTEIBHO OCEH, MPOXOASAIIUX Yepe3
LIEHTP TSKECTH, PABHBI HYJIO, IIOATOMY MX HMCIIOJB3YIOT JJIsI OIPEACIICHUS KOOp-
JIUHAT LEHTPOB TSKECTU C€YEHHUs. [[71s 3TOro nmpoBOAST BCIOMOIaTeNIbHbIE OCH X U
Y U KOOPJAUHATHI LIEHTPA TSKECTU CEUCHUS ONPEACIISAIOT 110 3aBUCUMOCTSIM:

X—i'y—s_x
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y
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Pucynok 1.1 - KoopinHaTBI 3JIEMEHTAPHOM IIJIOIIAIKU TIJIOCKOTO CEUCHHS

1.3. MoMeHTbI HHEPIIUH CEYeHH S

OceBbIM MOMEHTOM MHEPIHMU ceueHHs | Has3bIBaeTCs MHTErpa Mo oA u
MPOU3BEACHUS 3JIEMEHTAPHOM IJIONIA/IKK Ha KBaJpaT paccTosiHus 10 ocu. OceBbie
MOMEHTBHI WHEPIIMM CEUEHHUS OTHOCUTEIBHO OCel X M Y OYyIyT COOTBETCTBEHHO
PaBHBI

o= [dA-y?; 1, =[dA-x2.
A A
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HOJI}IpHLIM MOMCHTOM HHCPUHUHN CCUCHUA Ip HAa3bIBACTCA MHTETpPAJI IO ILIO-

raJan Ipon3BCACHUA BHeMeHTapHOﬁ IJIOMIAAKKW Ha KBaApaT paCcCTOAHMA 1O Hadala
KOOpOWHAT.

|, =[dA-p?.
A

Y4auTeiBas, 4To ,02 =x2+ y2, MoJy4aeM Ip =l +1y.

HOJ'IHpHBIﬁ MOMCHT MHCPIUHU CCUCHUA PABCH CYMMC OCCBbLIX MOMCHTOB MHCP-
O CCUCHMS.
HCHTp06e)KHBIM MOMCHTOM HHCPHHHN CCUCHUSA Ixy Ha3bIBACTCA MHTCIpaJl 110

Iiomaay Ipon3BCIACHUA BJIGMCHTapHOI;’I II0IIaAKU Ha PaCCTOAHUA 0 OCEH.

IXy:'fdA°x-y.
A

Ecnu ceyeHre uMeeT 0Cb CUMMETPUH, TO LIEHTPOOEKHBIH MOMEHT MHEpPUUU
CCUYCHMSI PABEH HYIIIO.

1.4. OnpeneneHne MOMEHTOB HHEPUMH NPOCTHIX FeOMeTPHYECKHUX (pUryp

PaccMoTpuMm orpezneneHnss MOMEHTa HHEPLUUU IPSIMOYTOJIBHOTO CEYEHUS OT-
HOCHUTEJIBHO OCH, MPOXOJIAIICH Yepe3 IeHTp Tsbkectu (puc. 1.2).

Beinenum snemeHTapHyo momanas dA Ha paccTOSSHUM Y OT HEHTPATbHOU

ocu X, tonumuoit dy. CoriacHo ompeeneHuio, 0CeBOil MOMEHT HHEPLIUH OTHO-

CHUTEJIBHO OCU X, PaBCH
_ 2
I, =[dA-y?.
A

Ye

e

dy
<Kl

b X

N

Pucynok 1.2 - K pacuery MOMEHTa MHEpLUHU MPSIMOYTOJIbHUKA



B namem ciydae snemenrapuas miomans dA=Db-dy. IToacrasnsas 3Have-
uust 0A ¥ U3MeHss Ipeieibl HHTErPUPOBAHUS, [TOIyIaeM

=

2 b
c ) 3| 12
- 5
AHaJIOTHYHBIM 00pa3oM OIPEAETSIOTCS MOMEHTHI HHEPIHH JIF00OTO TIIOCKO-
ro ceueHus (cM. [lpunoxenue 1).

y

X

Pucynox 1.3 - K pacduety MOMeHTa HHEPIIUA OTHOCUTEIILHO OCH,
MapaJyIeIIbHON NEHTPAIIBHOU OCH

Ecnu m3BecTeH MOMEHT MHEPIIMU CEUCHUS OTHOCHUTEIBHO OCH MPOXOJSIIeH
yepe3 1eHTp Tsokectd (puc. 1.3), To MOMEHT MHEpIUU OTHOCHUTEIBHO APYroi Ia-
paJIeNbHOM OCH, OTCTOsINEH Ha paccTosHud O, ompexensercs mo (GopmyJie
[lrerinepa

L=l +Ad%,

Ecnu ceuenre mMeeT CIOXKHYIO T€OMETPUIECKYI0 (OpMy, TO €ro pa3OouBaroT
Ha TIPOCThIE (GUTYPHI U €r0 MOMEHT WHEPIIMH PACCUUTHIBAIOT, KAK CYMMY MOMEH-
TOB UHEPIIMH OTJAEIBHBIX QUTYP.

1.5. 'naBHbIe OCH MHEPUMU U IVIABHbIe MOMEHTbI HHEPUMHU

Haiinem 3aBUCUMOCTb MEX]ly MOMEHTaMH MHEPLHUU OTHOCUTEIILHO OCEH X, Y
Y MOMEHTaMU MHEPLUUU OTHOCUTENIBHO OCeH U,V, TOBEPHYTHIX HA YroJl O.. YTOI O
CUMTAETCS TOJOXKUTEIbHBIM, €CJIM MOBOPOT OCYIUECTBISIETCA MPOTUB YaCOBOM
ctpenku. [IycTe KOOpIMHATBI 3JIEMEHTAPHOW TUIOMAKH A0 MOBOPOTA — X, Y, MOCIIe
noBopoTa — U,V (puc. 1.4).

N3 pucyHka cnenyer:

U=XCoSa+YysSina;, V=YycoSa—XSina.



B sTom ciyuae
2 H 2 2 -2 H .
l, = [V?dA=[(ycosa - xsina)?dA=1,cos’ a + I sin® & — 1, sin 2¢;
A A
2 : 2 -2 2 . .
l, = [u?dA=[(ysina + xcosa)*dA= I, sin? a + 1, cos’ & + I sin 20;

A A
ly = [uvdA= [ (xcosa + ysina)(ycosa — xsina)dA=
A A
I, - |y ]
=———sin2a+1,,cos2a.
2
y
v
X
u
X
O

Pucynok 1.4 - K onpeneneHno MOMEHTOB HHEPIIUU
OTHOCHUTEJILHO MOBEPHYTHIX OCeh

C “3MeHeHHeM yTiia MoBOpoTa ocel ¢ Kaxknas u3 BenuwuuH |, u |, MeHser-
Cs, a CyMMa MX OCTaeTcs Hem3MeHHOU. Cleq0BaTeNbHO, CYIIECTBYET TAKOE 3HAUYE-
HUE O = &, IPU KOTOPOM MOMEHTHI HHEPLIMH JOCTUTAIOT HKCTPEMAJIbHBIX 3HAUe-
HUW, T.€. OJUH U3 MOMEHTOB MHEPLUHH JOCTUTAET CBOEIr0 MAKCUMAaJIbHOIO 3HAaue-
HUs, B TO BpeMs IPYyrod MOMEHT MHEPLUU NPUHUMAET MUHHMMAJIbHOE 3HAYCHUE.
JIiist HaxOXK/IeHUs 3HAUSHHS 0 BO3bBMEM MEPBYIO NMPOU3BOAHYIO OT |, U mpupas-
HSIEM €€ HYJIIO:

dIU —

Py —2l, cosa, sin o + 21, Sin a cosag — 1, 0S2a =0,

OTKyJa



Hetpyano mokaszaTb, 4YTO HEHTPOOEKHBI MOMEHT OTHOCHUTENIBHO OCEHl, Io-
BEPHYTHIX Ha YIOJI O, PaBEH HYIIIO.

OCH, OTHOCHUTCIIbBHO KOTOPHBIX HGHTpO6e)KHBIﬁ MOMCHT MHCPIHUH PABCH HYJIO,
a OCCBBIC MOMCHTBI MHCPIUHU NPUHHUMAIOT 9KCTPEMAJIbHBIC 3HAYCHUS, HA3bIBAOTCS
IJIaBHBIMH OCSIMH. EcCiiM 3TH OcH SBJISIOTCS TakxXe U HOCHTpPAJIbHBIMHU, TO OHH HA3bI-
BAarOTCA I''IaBHBIMH LICHTPAJIbHBIMH OCAMMU.

OceBble MOMEHTBI HHCPUHUHN OTHOCUTCIIBHO TI'JIABHBIX OoCel Ha3bIBAIOTCS TJIaB-
HbBIMHM MOMCHTaMH HWHCPIUU. Ecau ceuenne mmeer och CUMMCTpPUH, TO 3Ta OCb
BCCTrAa sABJIICTCA OI[HOfI M3 TJIaBHBIX OCHTPAJIbHBIX ocen HHCPOHU CCUCHUA.

[TonoxurtenpHbIC 3HAUECHUS BEIUYMH

. . I, . L, . I
|X=\/%, Iy:“/%’ |u=\/::\, |V=\/% W T.I.

Ha3bIBAIOTCA paarnyCaMHd HHCPpLOUHN CCUCHHUSA, OTHOCHUTCIBHO COOTBGTCTBYIOHleﬁ
OCH.
BJ'IJ'II/IHC, HOCTpOGHHLIﬁ I10 YPaBHCHHIO

X2 y2 4
2T T
IV

Ha3bIBACTCA 3JIJIMIICOM HHCPLHNHN CCUYCHMA. 3,Z[GCI> X U Y — TJIaBHBIC OCH HMHECPLOHH.
OOBIYHO JUTHIIC HHCPOHHN CTPOAT AJIA I''TaBHBIX LICHTPAJIBHBIX OCEH.

1.6. MoMeHTBI CONPOTUBJIEHUS CeYeHUSs

MOMEHT COTIPOTUBIICHUSI CEUEHHUS OTHOCHTEIIBHO OCH TPEACTABISICT COOOM
OTHOIICHWE MOMEHTAa WHEPIMH OTHOCHUTEIHHO JAaHHOW OCH K PACCTOSHHIO [0
HauboJee y1aJeHHOW TOYKU CEYCHUS OT ITOU JKe OCH.

W, =

X
ymax
MoOMEHT CONPOTUBIIEHUS MPSIMOYTOJIBHOTO CEYEHHUs, N300paKEHHOTO Ha PHUC.
2, OTHOCHUTEIILHO OCH, IPOXOIAIICH uepe3 IEHTP TSHKECTH, paBeH

o

WX:IXC:]-Z:bh.

© Ymx N6
2

[TonsipHBIIT MOMEHT COTIPOTUBJICHUSI TIPENICTABIIAECT COOOM OTHOIIIEHUE TOJISIP-
HOTO MOMEHTA WHEPIIMH K PACCTOSIHUIO OT IIEHTPa TSHKECTH CEUSHUs 10 Hanbosee
YIAAJIEHHOW TOYKU CEUYECHUS




2. Illpumep pacueTa reoMeTPUYECKUX XaPAKTEPUCTHK
IUIOCKOI0 CeYeHUsI

3aoanue
[Tonepeunoe ceuenue Opyca (puc. 2.1) coCTOUT U3 NPAMOYToiabHUKA 1 ¢ pas-

mMepamu HxB (puc. 2.2) 1 HepaBHOIIOJIOYHOTO Yrojka 2 ¢ pasmepamu bxhxt (puc.
2.3). OmpenenuTh MOJIOKEHUE IIEHTPa TSHKECTH BCel (UTYpBI BO BCIIOMOTATEIb-
HOM CHCTEME KOOPAMHAT, IPUMEHUB JUISI OTOTO CTATUYECKHME MOMEHTHI IUIOCKHX
¢uryp. IlpoBecTn Ha yepTexe yepe3 HaWJEHHBIM LIEHTP TSHKECTU IMapaljIeNIbHO
BCIIOMOTaTeNIbHBIM OCSIM LIEHTpalIbHble OCH Bcell (urypsl. Haiitu oceBbie MOMEH-
Thl UHEPIIMH U LEHTPOOEKHBII MOMEHT MHEPIIUU BCEl (PUTypbl OTHOCUTEIHHO €€
LHEHTpaJIbHbIX Oceil. OnpeneanuTb MOMEHTbI COPOTUBICHUS (PUTYpbl OTHOCUTEIb-
HO 3THX LIEHTPaJIbHbIX ocel. HaliTu mosjoxeHue riiaBHbIX HEHTpPaIbHbIX Oceil (u-
I'ypbel U IIPOBECTH HX Ha yepTexke. Ha deprexe moka3aTh TakKe yroyl OBOPOTa
TJIABHBIX LIEHTPAJIbHBIX OCEH MO OTHOIICHHWIO K MPEXKHUM OCSAM M €ro HampaBlie-
Hue. OnpeaenuTh riIaBHbIe MOMEHThHI UHEPLIMHM, MOMEHTBI COITPOTUBIICHUS U PaJin-
YCBI HHEPLIMN OTHOCHUTEJIBLHO IJIaBHBIX LIEHTPAIbHBIX OCEH.

7 z

Pucynox 2.1 - Tlonepeunoe ceuenue opyca



HUcxonubie 1aHHbBIE

[ ['eomeTpuueckne XapaxkTepu-
CTUKH NPSAMOYTOJIbHUKA!
B=2¢cwm,

H=15cm

B

Pucynok 2.2 - [IpsMOyTonbHUK

17 ['eomeTpuueckue
XapaKTEePUCTUKH
) YTOJIKa:
b=14 cm,
o h=9 cm,
t=1 cm,
x0=4,58 cm,
Yo=2,12 cm,
1,=145,54 cm?,
, : , ] , X 1=444.45 v,
. S 1,=85,51 cm*,
ly=147 cm*,

\Li tqa=0,4,
X A=22.24 o\

b

Pucynox 2.3 - HepaBHOIIOIOYHBIHN yTOJIOK
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Pemenune

BhiuepunBaeM paccMaTpuBacMoe TUIOCKOE CEYCHUE B MPOU3BOJIBHOMN TPSIMOYTOJTb-
Hoii cucteme koopanHat XOY (cM. puc. 2.4).
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Pucynok 2.4 - K pacuetry reoMeTpU4e€CKUX XapaKTePUCTUK ceueHus Opyca
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Koopaunats! 1ieHTpoB Tsbkectd ¢puryp 1 u 2 (touek O u O;) BO BCIIOMOTaTeIbHOM
cucreme koopauHat XOY:

xlzgz =1lcm;

(20N RN N

ylz%:l =1,5¢cm,

x,=B+X,=2+4,58=6,58cm;
Yo=Y, =212cm.
[Tnomanu duryp 1 u 2:
A =BH =2.15=30cm?;
A,=22 .24 cv?.
OmnpenensieM KOOpIUHATHI IIeHTpa TskecTH C BCEH CIIOKHON QUTYpHI (TOUKY ITe-
peceueHus IICHTPaIbHBIX oceit Xcu Y¢)

XS, x4 +xy A, _1-30+658-22,24

Xo = =3,38 cm
2 A A + Ay 30+22,24
>4 A+ A4, 30 + 22,24

OceBble MOMEHTBI HHEPIIMU OTHOCHTEIBHO IIEHTPAIbHBIX oceit X u Y !
IXC = le + IX2 +a12 -A1+a§ Ay
IYC =1y, +1y, +b12 -A1+b22 Ay,
TIe ap;d,;b;b, - paccTosHUS OT HEHTPOB TSHKECTH KaXKIOTO COPTAMEHTA JIO IICH-
TpanbHbIX oceld X . u Y.
Paccrosinus a; ot ocu Y, u by ot ocu X
ap=y1—yc=15-521=229cm,;
A, =yc—yp,=521-212=3,09¢cm;
by =xc—x=338-1=238cwm;
b, =x, —x-=658-338=32cm.

MowmenTsl naepiuu Guryp 1 u 2 OTHOCUTENHHO COOCTBEHHBIX IIEHTPAIBHBIX OCEH:
JUJISL IPSIMOYTOJIbHUKA

_B-H® 2.15°

_ 4
[Xl B =562,5¢cm”,
3 3
Iy = H-B”_15-2 =10cem”.
! 12 12
JUISL YTOJIKA IX2 =145,54CM4, [Yz =444,45CM4.

Torna

12



Ly —=562,5+14554 + 2,292 .30 + 3,09 - 22,24 =1077,7 cm™*:

X
ly, =10+444,45+2,38° .30 +3,2% - 22,24 = 852,1cn*.
OmnpenenseM HEHTPOOESKHBIE MOMEHT UHEPLIMM OTHOCUTEIBHO LEHTPAIBHBIX OCEH
X cH YC .
Ichc = leYl + IX2Y2 + alblAl + a2b2A2.
[IpsAMOYTOJIBHUK MMEET TOPU30HTAJIBHYI0 M BEPTUKAJIBHYIO OCH CUMMETPHUU, SB-
JISIIOIINECS COOCTBEHHBIMU TJIABHBIMU HCHTPAJIbHBIMH OCAMU (bHprBI. Cnenona-

tenbHo |y y =0.
Jl1st yronka eHTPOOCKHbIH MOMEHT HHEPLHH |y v, = 147cem®.
Tornpa
I x.v. =0+147+2,29-2,38-30+3,09-3,2-22,24 = 530,4 cm*.

OnpezxejmeM MOMCHTBI COIIPOTHUBJICHHUSA OTHOCHUTCIBbHO HCHTPAJIbHBIX ocen XC u
Yo

|
X
Wx — ¢ ,
oy
max
I
Y,
WYC - ¢ y
XITB.X

I€ Xpax» Ymax - MAKCUMAaJbHBIE PACCTOSIHUS OT LIEHTPAJIBHBIX OCEH 0 HauboJee

YAAJICHHBIX TOUCK CCUCHUA.
Xpax =B+b—Xc =2+14-338=12,62cm;
Ymax =H — e =15-5,21=9,79¢cm.

Torma
. = 10777 _1101en;
c 9,79
. = % = 67,50]143 .
¢ 12,62

OmnpenensieM MOJIOKEHUE TJIaBHBIX IeHTpalbHbIX ocet U u V. Yron moBopora
OCEN HANJEM U3 BBIPAKECHUSA

Q20 = 2lyeye  2:53032
ly I, 1077,7-8521
C C

—4,701.

Otkyna

, _ arcg (-4,701) __ag.
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Tak kak yroa OTPHUATENBHBIM, TO MOBOPOT OCEHM OCYIIECTBIAEM IO YaCOBOM
CTpEJIKE.

OrnpenensieM TIIaBHbIE MOMEHTBl MHEPLUHUHM OTHOCUTEIBHO TJIABHBIX LIEHTPAIbHBIX
oceit U n V:

Iy, +1y 1
! mexc :%ii\/('xc v ) Aty
min
Iy +1y 1
Ireax = Iy :%—FE\/(IXC B IYC)2+4I)2(CYC -
:1077’7;852’1% (1077,7-852,1)" +4-530,4” =1507 2cn*;
Iy, +1y
lin = lv :%_E (IXc _IYC)2+4I)2(CYC -
_ 1077’7; 9521 1 J4077,7-8521) +4-530,42 = 422, 6 cn.

M3mepeHneM HaxoauM paccTosHUs: Uy, =13,09cm, Vi =6,18cm.

OnpenensieM MOMEHTBI CONPOTHBIICHUS OTHOCHUTEIBHO TJIABHBIX IIEHTPAJIBbHBIX
ocen UnV:

W, = ly _107.2_ 5438800
Vmax ’
_ v 4226 o 28 .
Vou,, 13090

OnpenensieM pagnycbl HHEPUUHA OTHOCUTEIBHO TJIABHBIX [IEHTPAIBHBIX OCEM:

i = | :\/ BO7.2 5370y
S A \30+22,24

= v | 42208 _oe
S A \30+22,24

IIpoBepka:
\lXc\+\|YC\:\|U\+\|V\

1077,7+852,1=1507,2+422,6
1929,8=1929,8 (cm?)

14



3. KonTpoJbHble 3a1aHusl

BbruepTuTh Ha MUJUIMMETPOBOM Oymare B MaciiTade 3alaHHOE IONEPEUHOE
ceuenne Opyca (tabma. 3.1, puc 3.1), mpoBecTn BCioMoraTeslbHbIE OCH. BhImucaTh
u3 'OCToB HeoOxoauMbIe pa3Mepbl U BEIMYUHBI Kaxa0i purypsl cedenus. [Ipo-
CTaBUTb OCHOBHBIE pa3Mepbl Ha depTexe. OnpenenuTs MOJ0KEHUE LIEHTPa TsKe-
CTH BCE€l (UIrypbl BO BCIIOMOTaTENbHON MNPSIMOYTOJIBHOM CHUCTEME KOOpAMHAT,
IPUMEHHUB JIJIS1 ATOTO CTAaTUYECKHE MOMEHTHI miockux ¢uryp. IlpoBectu Ha yep-
TEXE 4Yepe3 HAWJAEHHBbIA LEHTP TKECTH NapajljIeIbHO BCIIOMOTATEIBHBIM OCAM
LEHTpaJIbHbIE OCH Bcel Qurypsl. HailTu oceBble MOMEHTHI MHEPLIMH M LEHTPO-
OEKHBII MOMEHT MHEpLUUU BceH (DUIYphl OTHOCUTENIBHO €€ LEHTPAIbHBIX OCEH.
Omnpenenutb MOMEHTBI COITPOTUBIICHUS (PUTYpPbl OTHOCUTEIBHO ATUX HEHTPAIbHBIX
oceil. HaliTu moJyio’keHre IIIaBHBIX LEHTPAIbHBIX OCe (PUTyphl U MMPOBECTH UX HA
yeprexxke. Ha yepreke mokaszarh yroy moBOpOTa TJIAaBHBIX LIEHTPAIbHBIX OCEH IO
OTHOUIEHUIO K IPEKHUM OCSIM M €ro HarpasiaeHue. OnpenenuTs riIaBHbIe MOMEH-
Thl UHEPLMU, MOMEHTBI CONIPOTUBIICHUS U PAaANyChl HHEPLUUN OTHOCHUTEIBHO IJIaB-
HBIX LEHTPAJIBHBIX OCEH.

HCXOI[HBIG JaHHBIC

Ta6nuna 3.1 - BapuanTsl 3aganuit

- ITpoxaTtHbie npodunu
=
< Yronku Yronku
= JByTaBpsl, | llIBemneps,
= PABHOIIOJIOYHbIC, | HEPABHOIOJIOYHEIE,
sl HOMEP HOMEP

MM MM
1 12 12 80x80x6 100x63x6
2 14 14 80x80x8 100x63%8
3 16 14a 90x90x6 100x63x10
4 18 16 90x90x8 110x70%8
5 18a 16a 100x100x8 125%x80x8
6 20 18 100x100x10 125x80%10
7 20a 18a 100x100x12 125%x80%12
8 22 20 100x100x14 140x90%8
9 22a 22 110x110x%8 140x90x10
10 24 24 125x125%10 160x100x10
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