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BCTYII

Omip maTepiajiB € OJHIEI0 3 OCHOBHUX 3arajJibHOOCBITHIX 1HXEHEPHHUX
JUCIUIUTIH 1 Tpa€ CYTTEBY POJb y (opMyBaHHI 1HXKeHepa Oylb-iKOi crelliaib-
HOCTl. Oco0JIMBO BEJIMKE 3HAUEHHS OMIp MarepiaiiB Ma€ sl MEXaHIYHHX,
MalmuHOOYA1BHUX 1 OyAiBEIbHUX THXKEHEPHUX CHEI1aTbHOCTEH.

VY kypci ,,Onip MarepiainiB® BUBUAIOTHCS MOHSATTS MPO 1HKEHEPH1 METOIU
PO3paxyHKy Ha MILHICTh, KOPCTKICTb 1 CTIMKICTh €JIEMEHTIB MAIIIUH 1 CIIOPY/I.

[Tig MIIHICTIO PO3YMIIOTh 34aTHICTh KOHCTPYKIII 1 ii JeTaneit BUTpUMY-
BaTU NEBHE HABAHTAXKECHHSI, HE PyUHYIOUUCH.

117 *KOPCTKICTIO PO3YMIIOTh 31aTHICTh KOHCTPYKIIII 1 ii €JIeMEHTIB MPOTH-
CTOSITH 30BHIIIHIM HABaHTA)XCHHSM BIITHOCHO Aedopmaiiii (3MiHa Gpopmu i po3-
MipiB), TOOTO TpU 33JJaHUX HABAHTAXCHHAX JedopMallii He MOBUHHI MEPEBUIILY-
BaTU MEBHOI BETMYUHHU.

CTiMKICTIO HA3WBAIOTh 3/1aTHICTh KOHCTPYKIii a0 ii eleMeHTiB 30epiraTu
MEBHY NIOYATKOBY (hOpMY MPY>KHOI pIBHOBArH.

1106 KOHCTPYKIIiS B HIJIOMY BIAMOBIAaIa BUMOTaM MIITHOCTI, )KOPCTKOCT1
1 cTiKOCTI 1 Oyna HaAliiHOIO B eKCIuTyaTallii, HeOOX1IHO HaJaTH ii eJeMeHTaM
HaMOUIBII palioHaIbHOT (OPMU 1, 3HAIOUM BJIACTUBOCTI MaTepiaiiB, 3 SKUX BOHU
BUTOTOBIISITUMYThCS, BU3HAYATH BIAMOBIIHI PO3MIPH 3aJIEKHO BiJ BEJIMYUHU 1
XapakTepy AII0YMX HABAHTAKEHbD.

[Ipu BUBYEHI OMOpPY MaTepialiB CIiJl 3BaXKaTy HA Te, 110 BBEACHHS 10 Ha-
BYAJIBHUX MPOrpaM BUIIMX TEXHIYHUX HABYAJIBHUX 3aKJIaJ1B HOBUX JUCIUILTIH,
110 Bi10Opa)kaloTh CYYaCHHUM CTaH HAayKU 1 TEXHIKH, IPU OOMEKEHUX TEPMIHAX
HaBYaHHS MPU3BEJIO IO CYTTEBOTO CKOPOYEHHS KUIBKOCTI ayIUTOPHUX 3aHATH 3
Kypcy ,Omip martepianiB”. 3armoBHEHHS MPOMYCKIB, MO 3'SBUJIMCS BHACIIIOK
[bOT0, Y 3HaHHI CTY/ICHTAMH ONOPY MaTepialliB MOXe OyTH JOCATHYTE MEBHOIO
MIpPOIO 32 PaXyHOK CaMOCTIHOTO BHBUYEHHS HUMH HEOOXIIHHX PO3AUIIB IHOTO
BYKJIMBOTO JJI1 MAaOYyTHBOTO 1HXXEHEpa KypCy 3a BIANOBIAHUMH HiAPYYHUKAMHU.

OCHOBHUM HEJIOJIIKOM HAaBEJIEHUX BHWILE MNIAPYYHHUKIB € TE, IIO0 BOHHU
MICTSITh Maly KUIbKICTh MPUKJIAIIB BUPIIICHHS 33/1a4 3a KOXKHUM PO3JLJIOM 1 HE
MOXXYTb NIE€peaTh OCOOJIMBOCTI MPAKTUYHUX pillleHb. TOMy MeTa I[bOro HaBYa-
JBHOTO TOCIOHHMKA TOJISITa€ B HAJaHHI JIOMIOMOTH CTYACHTOBI NPU PO3B sS3aHHI
3a/lay 3 OLIHKHU MIITHOCTI, dKOPCTKOCTI 1 CTIHKOCTI KOHCTPYKIIIM MpU pi3HOMaHI-
THUX BUAAX iX BaHTaxeHHs. |71 bOro B KO)KHOMY PO3/iJIi HABEIEHO OCHOBHI
TEOPETUYHI NMEePEIYMOBH y BUTJIAIl OCTATOYHUX opMy1, TaOIuIb 1 rpadikiB Ta
MPUKIaAA PO3B’ 3aHHS 3aj1ay.

[lepmia yacTWHa NPUCBSYEHA BUBYEHHIO BHUIAJKIB MPOCTOr0 HaBaHTa-
KEHHs (pO3TATaHHS-CTUCKAHHS, KPYYCHHs, MPOCTE 3rMHAHHS), HABEICHO MPUK-
JaJu BU3BHAYEHHS T€OMETPUUHUX XapaKTEPUCTHUK MEpepi3y Ta pO3paxyHKIB ILIO-
CKOT'O HaIpYy>KEHOT'O CTaHy.



1 BABHAYEHHS PEAKIIIN OIIOP

SIx mpaBuio, 0ankd MarOTh Ti a00 1HINI OMOPHI 3aKPIIUIEHHS — OIMOPH.
KoHncTpykTuBHI (hopmMu orop I10CUTh pi3sHOMaHITHI. [ po3paxyHKy ix cxema-
TU3YIOTh Y BUTJISII TPHOX OCHOBHUX THIIIB OTIOP:

1 [apHipHO-pYXJIMBa OMOpa, y K MOXKE BUHUKATH TUIbKU OJIHA CKJIa-
noBa peakuii — R, , cipsiMoBaHa y310BX onopHoOro cTprxHs (puc. 1.1).

2 lllapHipHO-HEpYXOMa OMOpa, Yy SAKI MOXYyTh BUHUKATH JIBI CKIaJ0B1 —
BEpTHKaJIbHA peakuis R, Ta ropu3onTtanmpHa peakuis H, (puc. 1.2).

3 BameMiieHHsT (KOPCTKE 3alEMIICHHS), 16 MOXYTh OYTH TPU CKJIaJIOBI —
BepTuKaiibHa R, Ta ropusonraneHa H, peakuii ta omopHuii MoMeHT M,

(puc. 1.3).
? RA | RA ! RA RA
; T 7 WZ
Pucynor 1.1
R R R R
Ha ‘ Ha i Hy
Pucynox 1.2
MA MA RA
W[ Hy
"
Pucynox 1.3

1 Onopu 3BU4aliHO MO3Ha4YarOTh OykBamu A i B (puc. 1.4). Tpu HeBigoMmi
peaxiiii MOXHa 3HalTH 3 HACTYITHUX PIBHSAHb PIBHOBAru:
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a) cyma MPOEKIIiil yCiX CHJI Ha Bich OAJIKH TOPIBHIOE HYIIIO:
é P, =0, 3Bigku 3HaxoasTh H, (a6o X, );

0) cymMa MOMEHTIB yCiX CHJI IIIOJI0 MIapHipa A JOPIBHIOE HYIIIO:
a M, =0, 3Bixku 3HAXOATH R, ]

B) CyMa MOMEHTIB yCiX CHJI II[0J10 mapHipa B gopiBHIOE HYIIIO:
[o]

a Mg =0, 3Binku 3HaXOAATH R, .

2 Slxuo Ha Oanky i€ po3MOJiIeHEe HABaHTAXXEHHS, TO JJII BU3HAYEHHS
peaxiiiif Horo 3aMiHSIOTh PIBHOII0YOI0, KOTpa JOPIBHIOE TUIOLII €MIOPU HaBaH-
Ta)X€HHS Ta MPUKIIAJIEHA B LIEHTPI1 Bard 1[bOr0 HaBaHTaKEHHS.

4
Re o P

Ha A IC V17

Pucynok 1.4

3 3HaiisieH1 peakiii 000B'I3KOBO BapTO MEPEBIPUTH, ISl HOT'O 3PYUYHO BH-
KOpPHUCTaTH a00 JOPIBHEHICTh HYIIO CYMHU NIPOEKIIM yCiX CHJ Ha BEpPTHKAJIbHY

. [o] . . . .
Bicb g P, =0, abo yMOBY TOPIBHEHOCTi HYII0 CyMH MOMEHTIB YCIX CHJI LIOAO

aK0i-HeOy b Touku C, BIIMIHHOI Bil 4 1 B, TOOTO é M =0.
3amaua 1.1

Busnauumu onopui peaxyii ons 6anku (puc. 1.5).

M=12 kHM
P=10 kH — q=6 kH/M

| l l

A

3 M oM 4 M 177

Jiiwe-- | -=eaill}-

Y

Y

Pucynok 1.5



Po3é azannsn

1 Omnopu no3nauaemo OykBamu A i B, BuGupaemo (1oBUTbHO) HAIIPSIMOK
peaxitiii i 300paxxyemMo ix Ha pucyHky (puc. 1.6). SIkio HaBaHTa)KEHHS TIEpPIICH-
OUKYJIsIpHE 110 ocl 6anku, To H, =0.

| Ry=21KH Rg=13 kH
M=12 kHM
R L 0=6 kH/M
| A IEEREEERAL
L
_ 3mM __XQM_ﬁ b M 7_7(;7
Pucynok 1.6

2 Hesinomi peaxiiii onop 3HaX0AMMO 3 pIBHSIHb PIBHOBAaru:
aM,=0,
-M+P:3- g°4°4+Rz>6=0,
_M-P:3+q4>4 _12-10°3+6>4>4

Rg =13kH.
6
aM; =0,
- M+P9+0g24:2- R, 6=0,
R, =" M+P>9+q4>2 _ - 12+10>9+6>4>2=211<H.

6 6

3 JlJ1s1 KOHTPOJII0 BUKOPUCTAEMO YMOBH JOPIBHEHOCT] HYJIIO CyMH IIPOEK-
11{ HA BEPTUKAJIb!

aPp =0,
- P-g4+R, +Rg =0,
-10- 6°4+21+13=0,
- 34+34=0.



3agaua 1.2

Busnauumu onopui peaxyii ons pamu (puc. 1.7).

M=11 kH ‘M
P=15 kH —
q=8 kH/M|_ \
| = g 4
NI 4 M
-~ _
|
Y77 3 M =
N
Ry
R

Pucynox 1.7
Po3é azannsn

1 Onopu no3nauaemo OykBamu A, B 1 C, BubupaeMo HampsiMOK peakiiiif 1
300paxxyeMo ix Ha pucyHky (puc. 1.8).

Re=11,7 kH
P=15 kH —
C
q=8 kH/M|_ |
| = s e
Ri=33kH [|o o 4™ | M= KHM
A \ |
1 l__] |
A7 3M z 5 |
N |
He=16 kHN R
Pucynox 1.8

2 Hesinomi peaxiiii onop 3HaX0AMMO 3 PiBHSIHb PIBHOBAaru:
[¢}
aFk =0,
8



g>2- Hg =0,
Hg =0°2=8>2=16xH.
aM; =0,
M- P>3-0:2:3+R:>7=0,
_-M+P33+Qq22°3 _-11+15:3+832:3

RC : - =117 xH.
a Mg =0,
M +P>4- q22>3- R, 7 =0,
R, - M+P34- q>2>3=11+15’4' 8>2>3:3,3KH.

7 7

3 151 KOHTPOJIIO BUKOPUCTAEMO YMOBH PIBHOCTI HYJIIO CYMHU MPOEKIIN Ha

BCPT UKaJb.
aPp =0,
- P+R, +R. =0,
- 15+33+11,7=0,
- 15+15=0.

2 PO3TATAHHA-CTUCKAHHSA

2.1 OcHOBHI N0J10KeHHS Teopil

[Ipu poOOTI CTPMKHS Ha PO3TATAHHA-CTUCKAHHS Y MOro MOMEepeyHUuX
nepepizax BUHUKAE TUIBKM OAWH BHYTPIIIHIM CHJIOBUM (haKTOp — MO3AOBXKHS
cuia N.

[To3n0BXHS cuiia B JOBUIBHOMY MONEPEYHOMY MEpepi3l CTPUKHS YHCe-
JILHO JIOPIBHIOE anre0paiuHiil cyMi MpoeKIliid Ha HOro mo3A0BXKHIO BiCh YCIX 30-
BHIIIHIX CHJI, IPUKJIAJICHUX 3 OJTHOT'0 OOKY BiJI pO3TJISIHYTOTO TIepepizy.

[Ipu po3TAranHi MO3J0BKHIO CUTY IPUHHSATO BBAXKATH J0JATHOIO.

3aKoH 3MIHM TIO3JOBXKHBOI CHJIM 3a JOBXHHOIO CTPHWXKHS IOJAI0Th
y BUIJISA1 Tpadika — emopu MO310BXKHIX CHII.



VY nonepedyHHx mepepizax CTPUKHA BHUHUKAIOTH TUIBKM HOpMajbHI Ha-
MPYXKEHHS, K1 BU3HAYaI0Th 32 (POPMYIIOI0

_N
S s (2.1)

ne N —mo310BKHS CUia;
F — mioma monepeyHoro nepepisy.
[TooBkeHHsT a00 BKOPOUYECHHS CTPYOKHS BU3HAYAETHCS 32 POPMYIIOIO

DI = N—I, (2.2)
EF

ne | — noBxuHA CTPUKHS;

E — monyne mpykHocTi nepiioro poay (momynp FOnra), mis crami
E=(2,0K2,1)" 10° MIla.

VY BUMNAJAKy, SKIIO CTPHKEHb MA€ CX1T4acTO-3MIHHUU mepepi3, TO AJis BU-
3HAYCHHS 3MIHU HOTO TOBXKHUHU Gopmyny (2.2) Tpeda 3acTOCOBYBATH OKPEMO JI0
KOXHOT 3 JUISTHOK, Y MeXaxX sIKOi IJIoIIa Ta MO30BXKHS CHJIa MOCTINHI, 1 pe3yJib-
TaTH MiJACYMYBaTH:

¢ N1

DI =§ it (2.3)
i=1 ER

[Ipu BupimeHHi 0araTb0X MPAKTUYHUX 3aBJlaHb BUHUKAE HEOOXITHICTH
MOPSIT 3 TIOJIOBXKEHHSAMHU, 00YMOBJICHUMHU HAIPY>KCHHSIMH, YPaXOBYBAaTH TaKOX
MIOJIOB)KEHHS, TIOB'I3aHI 3 TEMIICPAaTYPHUMHU BIUIMBAMH. Y IIbOMY BHITQJKy TMOB-
HYy a0COJIIOTHY AedopMalliio po3MIsAal0Th K CyMy CHIIOBOI Aedopmallii Ta 4uc-
TO TEMIIepaTypHOI:

ot =N o, (2.4)
EF

e a — TeMIepaTypHUM Koe(IIeHT JIHIHHOTO PO3IIMPEHHS MaTepiany,
UIs ctani a =1,25" 10°°;
Dt — pi3Huns TemmepaTyp A0 Ta MICs HarpiBaHHS.
YMoBa MIITHOCT1 AJI1 PO3TATHYTOTO 200 CTUCHYTOI'O CTPUIKHS 3aMUCYETh-
Csl TAKUM YHHOM:

&w=%£kL (2.5)

¢ [S] — JOIIYCTUMC HAIIPYKCHHA.
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2.2 Po3paxyHKH HA PO3TATAHHA-CTUCKAHHS CTATUYHO BU3HAYYBAHUX
cHCTEM

3agaua 2.1

Ilobyoysamu entopu no3008%4CHIX CUN, HOPMATLHUX HANPYIHCEHb 3d 008-
JHCUHOI CXIOUACMO20 CMPUIICHS, HABAHMAINCEHO20, AK NOKA3AHO HA PUCYHKY
2.1, a. Busnauumu noooeodicenns cmpudicusa. Mamepian cmpuocuas — Cm3,
E=(2,0K2,1)" 10° MIla.

Po3é azannsn

1 Po3i6'eMo cTpu)eHb Ha OKpeMi IUISHKH, IOYWHAIOYH BiJl BUIBHOTO KiH-
1s1. MexxaMu JUISTHOK € TIEpepi3H, 10 AKUX MPUKIIAIEH] 30BHIIIHI CHJIH, Ta MICIIS
3MIHU PO3MIpPIB MOMEPEUHOTO Mepepizy. TakuM YMHOM, 3aJaHUl CTPUKEHb Ma€
yotupu ausaku (AB, BC, CD, DE).

2 Bu3zHaunmo peakuiro 3amemieHss R, .

oF F oF
/ y A / A
A 7/ 7 /
a Ru=150 KH P;=350 KH P,=700 KkH R=500KkH 5
AT T B C D -
/ E
14 ™M 0,6 M 0,7 M 1.3 M
0 . 1 Ni=-500 KH R =500 kH
B
N2=-5{0 kH R, =500 kH
r
. Ns=20 kH R,=700 kH . R, =500 KH
pi |
Ne—150 &H | Pe=250 &H I =700 w1 A =500 KH
e
200
' N, kH
w1
a0 500
K (:ﬁ = Mo
[TT LI ITITT]
N
I 100
00
Pucynox 2.1
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ar=o,
Ry~ B+, - P =0,
R, =P - P,+P,=500- 700+ 350 =150 kH.

3 3acTocOBYEMO METO]I Mepepi3iB, MPU IbOMY 3aJIHUIIAEMO IIPaBy Ta Bij-
KHJIA€EMO JIIBY BIJCIY€H1 YacTUHU CcTpuxkHs. [IpoBenemo nOBUIbHUHN mepepi3 Ha
ninstaii DE 1 po3ransiHemo piBHOBary BinpizaHoi yactunu (puc. 2.1, 0):

- N,- R=0,
N, =- P, = - 500 kH.

3HaK «—» TOBOPUTH Mpo Te, 1o AuisiHka DE ctuchyTa.

Jlerko momiTUTH, III0 T€ CaMe 3HAYEHHS MO3J0BXHBOT CHIIH 30€pIracThCs
st OyIb-sikoro mepepidy Ha autsHii CD (puc. 2.1, B), ToOTO:

N, =N, =-500 xH.
Hinauka CD ctuchyTa.
[IpoBenemo noButbHUIN mepepi3 Ha AustHI BC 1 po3rasiHeMo piBHOBary
BiZlpizaHoi yactunu (puc. 2.1, r).
- Ny~ B+P,=0
N; =-F +P, =-500+ 700 = 200 xH.
Hinsauka BC po3tarayra.

[IpoBenemo noBuUTbHUHN nepepi3 Ha AUAHI AB 1 po3risiHemMo piBHOBary
BiapizaHoi yactunu (puc. 2.1, n):

“Ny- R+R- B =0,

N, =-P +P,- P, =-500+700- 350 =- 150 cH.

Hinauka AB ctuchyTa.

Bynyemo emopy no3nosxHix cui (puc. 2.1, e).

4 Entopy HOpMaJlbHUX HaIlpyXeHb OACPKUMO, BU3HAUYMBIIM HOPMAaJIbHI
HaIpy>KeHHS Ha KOXKHIN 3 IUISTHOK:

) 103
Ny oS0010° e
E  2x5 10
_ 4 3
N 500100 o
FF, 25 10



. =N;_200"10°
° F 25°10°*

=80 MIla,

o =N, _-150"10°
" F 2%510°

=- 30 MI]a.

Bynyemo emtopy HOpMallbHUX HanpyskeHb (puc. 2.1, x).
5 Busnauaemo aGCcoIIIOTHE MOJOBKEHHS CTPHXKHSL:

Al = én N +
4 EF  EFR EFR, EFR, EF, 2 10°Xx5 10*
, - 500° 10°°>0.7 ,_200° 10°°>0.6 N
2°10°5710% 27 10°%5" 10°*
.- 150° 10°4.4
2" 10° x5 10"

DN NGE, NGl NGE, - 5007 10°%4.3

=-132 10 m=-1,32Mm.

3agaua 2.2

3 pospaxynky Ha miyHicms nidiopamu po3mipu nonepeuHux nepepisie
CMpUdICHIG. cmpudicenv 1 — Kpyenozo nonepeuno2o nepepizy, Cmpudsiceisv 2 ckia-
0aemwvcs i3 080X PIBHOOOKUX KYMUKIB, CIMPUdCeHb 3 — 080MABP0OB020 Nonepeu-
Hoeo nepepizy (puc. 2.2). Busnauumu abconiommue nooosscenns (YKOpoueHHs)
CMPUICHIB, AKUJO [S] =160 MI1a .

25 M LM
1 M=500 kH-M

/]

€ ]
J

R L

M
200 kH/M

q
W

2M
i
I~
U1
[
PN
T

Pucynox 2.2
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Po3é azannsn

1V posrnsiHyTOMY NpUKIIAl B piBHOBa31 nepedyBae oJHe TUI0 — Henedo-
pMoBaHa 1uiacTuHa. HaBaHTa)keHHSIMU, NPUKIAICHUMH JI0 HEl, € 30cepeKeHa
cwia P, piBHOMIpHO po3MojiIeHe HABAHTAXKEHHS 1HTEHCUBHOCTI (], apH CUJI 3
moMeHTOM M 13ycmmns B ctpukHAX N;, N, 1 Nj;. IIpu po3s’s3anH1 3agaui me-

pendavaeThes, Mo cTpkHI 1, 2 Ta 3 pO3TATHYTI, TOOTO 3yCUIUISI CIIPSIMOBaH1 J10
TOYOK MiABICY CTpUXkHIB (puc. 2.3).

» 4 M -
M=500 kHm
M, =550 kH
I — ] /JB
E Hilem
sy T | / .
S Hi——
[ R - —
=W / I'N3—41D|{H
|
|
|
|
|
|

Pucynox 2.3

2 JIoBXXHHA JIPYroro CTPUXKHSA TOPIBHIOE:!
I, =v4°+2° =45Mm.

Bu3HaunMo CHHYC Ta KOCUHYC KyTa a :

sina =£ =0,444, cosa =i=0,889.
45 45

3 banka nepeOyBae B piBHOBA31 Mij AI€I0 MIOCKOT TOBUIBHOI CUCTEMU CHJI.
Taka cucrema cui1 Mae Tpu YMOBH PiBHOBAaru.
. [o]
3 piBasiaaa @ M, =0 BusHauumo Nj:

M- P:4-q33:35+N,:5=0,

_-M+P:4+q>3:35_ - 500+450:4+200:3:35
5 5

N, = 680k H.

14



. (¢}
3 piBusiaEA @ My =0 BusHauumo N, :

M- P:4+q33:1,5+N,cosa:5=0,

-M+P34- q>3>L5:- 500+ 450:4- 200:3:15
cosa 5 0,889>5

. . (¢}
3ycumnsn N BusHaunmo 3 pisusuns pisHoBaru g B, =0:

N, = =90xkH.

P- N,sina- N; =0,
N, =P- N,sina =450- 90>0,444 = 410 xH.
[lepeBipka: é P, =0,
g>3+N,cosa- N; =0,
200>3+90:0,889- 680 =0,

600 +80- 680 =0,
680- 680=0.

4 Tlnomi mnomnepeyHUX Mepepi3iB CTPUKHIB BHU3HAYAIOTHCA 3 YMOBH
MIITHOCTI Ha pO3TAraHHs (CTUCKAHHS):

s, =&£[s] b E3 M

Fo " |s]
N, 680" 10 3
o F3— — = "10*=42,51i ?
Crpmxenn Ne 1 — [ ] 160
2
Tax sik mmoma kpyra nopiBHioe F = e ,TO D = \/ﬁ = \/4x42’5 =7,4cm
4 D 314
2 2
[Tpuiimaemo D=75cm P F = pi = 3’14:7’5 = 44,2 cm?.
90" 10°° .
Crpmxens Ne 2 — F,° l ] " 10% =561 .
SIkuro mioia oAHOro KyTuKa JAopiBHIOE F = % ,To K| =% = 5;26 =28 cMm?.
Ipuiimaemo kyruk 50x50x3 (F =2,96cm” ) b F, =2F =2X2,96=592cm°.
3
N, _410 10 " 10* =25,61i 2,

Crpmxens Ne 3— F; 3 6]~ 160

I[Tpuitmaemo nBotap Ne 20a (F; =289 cM?).
15



5 BuznaunMo a0COIOTHI OIOBXKEHHS (YKOPOUCHHS) CTPHIKHIB!

_ NI, 6807 10°%5

Al = —— =192 10 * M =1,92 MM
EF, 27 10°44,2° 10 '
103
AIZZNZIZ — ,90510 )(,4.’5_4 :34’01 10_4M:3,4MM
EF, 2 10°x5,92° 10 '
s 1A 3
Al = Nl _ - 418 10 ,>6 —=35,6" 10" m = 3,56 Mm
EF 2 10° %288 10 '
3amaua 2.3

YV empuoicnesiti cucmemi (puc. 2.4) suznauumu 3 ymoeu MiyHocmi Heoo-
xioui diamempu dyi d, cmpuoicnis, sxuo [s| =160 MITa .

0,6 w 3M/°£

e
ClK :u 0
!

= Ny
=100 kH/Mm ;
L
N TITIIT] |-
A P=60xH
3 0m (0,8 ™
Pucynok 2.4

Po3é azannsn

1V posrnsiHyToMy npukiaZl B piBHOBa3i nepedyBae cucrema TLT — JBa
HeneopMoBaHux Opyca, 3B'sI3aHHX MDK coboto ctpmxHeM CB. Skmio posris-
HyTa KOHCTPYKIIiSl CKJIaIa€ThCsI 13 CUCTEMU TiJl, BAPTO PO3TIISTHYTH OKPEMO PiB-
HOBAry ii YaCTHH y TOCIIZIOBHOCTI, III0 JJO3BOJISi€ BU3HAYUTH HEBIIOMi 3yCHILIS.

Poscikatoun ctpmwxkHi BC ta KO 1 3aMiHsi04d A110 BIAKMHYTUX YaCTUH
CUCTeMH Ha 3aJUIICHI YaCTUHU TMO3J0BXHIMH cuiaMd N; Ta N,, OIepKyeMO

PO3paxyHKOBY CXeMY, MIOKa3aHy Ha PUCYHKY 2.5.

16



0,6 M | 3,24
N,=393 ﬁiuod Ro
C 0

N1=165,8 kH

Ra 4=100 kH/M N+=165,8 kH
EEEEEIEA
H A
A —_
M P=60 KHO,8 M
Pucynok 2.5

2 CxnasiemMo piBHSIHHS piBHOBaru Jyis 6anku AB:
aM,=

- P»3- *3°15+N;>38=0,

_P»3+0q:3°15 _60:3+100:3:15

L= =1658 kH.
38 38
3
o N1 21098 107 4450 104 oM,
Y o] 160
d, =\/4F1 _ 4404 360,
p 314

[Ipuitmaemo d; =4cMm.

3 Cxnagemo piBHAHHS piBHOBaru juis 6anku CD:
aMp=
N,338- N,sin30°:3,2=0,

N, = N,>38 _1658°38 — 3938xH.

sn30°32 05332

10-3
F, 3 INZI = —393f6010 "10* =246cm?
o

d2=\/4F2 =\/4>Q4,6=5,6CM.

p 314
[Npuitmaemo d, =6cmM.

17



3anaua 2.4
Busznauumu enympiwni 3ycunns, wo suHuxaioms y cucmemi, noOawitl Ha

pucynky 2.6. Busnauumu diamemp HAUOLIbWL HABAHMANCEHO20 CIMPUICHS, AKUJO
[s] =160 MITa..

15M 3IM

M=500|kH-M
— q=200 kH/M

P11
%

2M

P=450 kH

2M

TR

Pucynox 2.6

Po3é azannsn

1 Skiio po3riisiHyTa KOHCTPYKIIS CKIAJAETHCS 13 CUCTEMH T, BAPTO PO-
3IJISTHYTH OKPEMO PIBHOBAry ii YaCTUH Y MOCHIIOBHOCTI, IO J103BOJIsI€ BU3HAYU-
TH HEBIJIOM1 3YCHILIA.

Poscikatoun ctpmwxkni AC, BC 1 CD Ta 3amiHstoun A0 BIIKUHYTHX Yac-
THUH CUCTEMU Ha 3ajJMIIeH] YyacTuHU no3aosxHiMu cuitamu N, N, 1 N3, oxep-
KYEMO PO3PaXyHKOBY CXEMY, sIKa IMOKa3aHa Ha pUCYHKY 2.7.

2 JIoBXXHMHA MEPIIOro CTPUKHS JOPIBHIOE!

I, =/15*+2% =25wM.

BuszHaunmo cuHYyC 1 KOCUHYC KyTa a :

15

sina =£ =0,8 cosa=—=0,6.
5 25

I[OB}KI/IHa APYTroro CTpu>xXHs; IIOpiBHIO€:

18



=+/3°+22 =361wMm.

BusnaunmMo cuHYyC 1 KOCHHYC KyTa b !

sinb = i =(0,555, cosb= i =0,832.
361 3,61

1.5 ™ 3 m

| M=500 xHm 1=
q=200 kH/M

B “11“?,&%

] £
3 & \\/
o~ N—=460,7 kH

, Ny=-111,1xH

N=460,7 kH
&/ Ni-111,1
C

v P=450 xH
N+~-166,8 kH
Z

Pucynox 2.7

)

3 CxnazemMo piBHAHHS piBHOBaru Jyis 6anku AB:
aM,=

M- g33:15- N;sina>4,5=0,

M-9°3>15_500- 200°3>15

= gnaxas 085 e
4 3 piBHAHHA é P, =0 BusHauumo N, :
- P- N;cosa + N, cosb =0,
N, = P+ N,cosa _ 450- 1111:0,6 = 4607 kH

cosb 0832

19



5 3 piBHSHHS é P, =0 Buznauumo Nj:

N,sina +N,sinb+N; =0,

N, =-N;sina- N,sinb=1111>0,8- 460,7>0,555= - 166,8 kH.

6 Haii0inpll  HaBaHTa)XEHUM €  JIPYTUA  CTPHXKEHb,  TOOTO
=460,7 xH..

max

N . 460,7 102,

max

3 =
i o] 160

10* =28,8cm?

d —\/£ = 4288 =6,lcm.

“\p 314
[Mpuiimaemo d =6,5cMm.

2.3 Po3paxyHKH HA PO3TATAHHA-CTUCKAHHS CTATUYHO
He BU3HAYYBAHUX CHCTEM

Cuctemu (KOHCTPYKIIil) HA3WBAIOThCS CTATHYHO HE BHU3HAUYBAHHUMH,
AKIIO KUTBKICTh HEBIIOMUX pEakiliil B'A31B y HUX MEPEBULIYE KUIbKICTh PIBHSIHb
pIBHOBAry, siki MO>KHa 3arycaTy JUisl 1aHOi CUCTEMU CHII.

Pi3HuLs MK KUTBKICTIO HEBITOMUX 3YCHIIb 1 KUIBKICTIO PIBHSIHb CTaTUKH,
Ky MOXHA CKJIACTH JJI JaHOT KOHCTPYKIli, BU3HAYa€ KUIbKICTh «3aliBUX» He-
B1IOMUX 200 CTYIIHb CTATUYHOT HEBU3HAUYBAHOCTI KOHCTPYKIIii.

CratuyHO HE BH3HAYYyBaHI CUCTEMH PO3PAXOBYIOTH LUISXOM CIIUIBHOIO
pIlIEHHS PIBHSHb, OTPUMAHUX Y PE3YJIbTATI PO3TISAY CTATUUHOI, T€OMETPUYHOT
Ta (PI3UYHOI CTOPIH 3a/aui.

Cmamuuna cmopona 3adaui. CTaHOBUMO PIBHSIHHS PIBHOBAru BiJICIYEHUX
€JIEMEHTIB KOHCTPYKIIii, 110 MICTSITh HEB1IOMI 3YCHILIA.

T'eomempuuna cmopona 3adaui. 300pakyeMo KOHCTPYKI[IIO Y JTBOX IIO-
JoxeHHsX (1o Ta micis aedopmariii) i BCTAHOBIIOEMO 3B'SI30K MIXK MEpeMilleH-
HsMH a00 epopMaliiMi OKPEMUX €IEMEHTIB KOHCTPYKIIi. OTpuMaH1 piBHSHHS
HA3MBAIOTHCA PIBHSHHIMU CHUIBHOCTI Je(opMallii.

Dizuuna cmopona 3adayvi. Ha mifcrasi 3akony ['yka, 3anmucanoro B abco-
mroTtHIA dopmi (hopmyina (2.2)), Bupakaemo aedopMariii eJIeMEHTIB KOHCTPYKIIT
gepes J1iI04l B HUX HEeBIOMI 3yCHJUISL. Y BUMAAKY 3MIHHM TEMIIEpatypu 10 aedo-
pMalliif, siki BUKJIMKaH1 30BHINTHIMY 3YCHJUISIMH, HEOOX1HO 10o1aTh aedopmaiiii,
BUKJIMKaHI TeMIEPAaTypHUM MOJOBXKeHHsAM. llijcTraBisemMo oTpuMaHi BUpa3u
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nedopmMailii B piBHSHHS CITUTBHOCTI, TICJS YOTO OCTaHH1 OYIyTh MICTUTH HEBi-
JIOM1 3YCHJLISI.

Cunme3s. Po3B’ 13yeMO PIBHSIHHS CTaTUKHU Pa3oM 3 PIBHIHHSIMU CIUIBHOCTI
nedopmariii, 3aIMCAaHUMU B 3yCUJUISIX, 1 3HAXOJAMMO HEB1IOM1 3yCHJILIS.

3agaua 2.5

Cmanesuii 6pyc H#oOpcmKo 3aKpinienuti 06oma KiHYAMU 8 HepYXOMUX
onopax i Hasanmasicenull y3006c oci cunamu P, i P,, npuxradenumu 6 iiozo

. . . 0 . .
npomiscuux nepepizax, (puc. 2.8, a). bpyc naepisaemocs na 50° C y nopiensmmi
3 memnepamyporo, npu aKii opyc 6ye 3axpinienuti. Ilobyoysamu enopy no3oo-
BIICHIX CUJL 3A OOBAUCUHOIO CXIOUACMO20 CINPUICHSL.

Po3é azanns

1 Craruuna cropoHa 3aaadi. [lin ni€ro 30BHINIHIX CHJI 1 MIPU HArpiBaHHI
Opyca B 1Oro 3aKkpiluieHHsX BUHHKaOTh peakuii R, i Ry (puc. 2.8, 0), nis Bu-

3HAYEHHS SKUX CTAaTHKA A€ JIMIIEC OHE PIBHIHHS PiBHOBArH:
aPp =0
P+P,+R, +Ry =0,
R, +R=-P - P,=-600- 400=-1000kH =- 1MH..

OTxe, 3a71a4a CTAaTUYHO HE BU3HAUYBAaHA.

2 T'eomeTpuuHa cTOpoHa 3a7ayl. 3 yMoBH AedopmMaiiii 6pyca o4eBUIHO,
o nepeminieHHs nepepizie A i K JopiBHIOIOTE HYNIO (TOMY IO BOHHU 3aKpil-
neni), rooto DI =0.

3 BigkuHemo mnpaBe 3aKpillJIeHHs 1 3aMIHUMO 10 MPaBOro 3aKpiljieHHs
HeBimoMor moku peakuicro R, (muB. puc. 2.8, 6). TakuM YWHOM, OIEPKUMO

CTaTUYHO BU3HAauUyBaHUI Opyc, HaBaHTaxkeHul cwiamu P, P, 1 Ry

Bynyemo emopy no3nosxHix cui (puc. 2.8, B).
4 ®i3uyHa cTopoHa 3aj1a4i. BusHauaemo nepeminienns nepepizy K Bin nii
BCIX CHWJI 1 B/l HarpiBaHHs:

Al=._ R.06  (R,+06)08 (R, +06pL1
2710°560" 10 27 10°»60°10°* 27 10°5 10°*
(R, +1):0,9

++1,25" 10 ° x3,4>50.

 2710°x25” 10°*

21



5 Cunres. Tak sk DI =0, o

R,>0,6 (R,+0.§°08 (R, +0.6:11

21650 10 2716550 104 27 10525 10°

(R, +1):0,9

27 10°%5 10

+1,25" 10°°3,4>60 = 0.

3eincu R, =-0,27 MH .

Omxe, R =-1-

R, =-1+0,27=-0,73MH.

50 oM 25 2

/o

NONNNN

P,=600 kH / P.=400 «H
4

SN

0,6 M| 0,8M 1M 09 M

|- | et |

O\

s

P, =600 kH P,=400 kH Re=0.73 MH
_d <

4

4 —¢ a~
B C U K \S,_

A

R

0,27

ﬁ N, MH

RA+P1 =RA "0.6

RA+P| +P2 =RA‘*'1

a N, MH

0,73

0,33

Pucynok 2.8

6 OcTtaTo4yHO Oyay€EMO emopH MO3I0BXKHIX cui (puc. 2.8, 1).
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3agauya 2.6

Cmanesuii opyc nasanmagicenuti y3006xc oci cunamu P, i P,, npuxnaoe-

HuMU 00 tio20 npomidcnux nepepisie (puc. 2.9, a). Bpyc naepisaemucs na 50°C.
Misc 1ioeo npasum mopyem i 3axiadenusm € s3azop d=08wmm. Ilobyoysamu
eniopu NO300B8AHCHIX CUN A HOPMATLHUX HANPYIHCEHb 30 OOBACUHON CXIOUACTO-
20 CMPUIICHSL.

Po3é azannsn

1 Ipunyckaemo, mo Opyc Moxe nepopMyBaTUCs BUIBHO, TOOTO IpaBe
3aKyiafieHHs B3aranii BifacytHe (puc. 2.9, 0). BusHauaemo aOCONIOTHE MOOBKEH-
Hsa Bix q1i cun P, 1 P, Ta Big HarpiBanHs. [{ns 1iporo Oyznyemo entopy 1o310BxkK-

Hix cui (puc. 2.9, B).

_ 40041 10°° N 400>0,8" 10°° N 1000>0,6" 10°° N
2°10°%5°10* 2710°>60" 10* 27 10°>60" 10°*
+1,25" 10°>3,4>60=39,2" 10"* M =3,92 Mm.

2 SIkiio BeiawunMHa aOCOIIOTHOrO moaoBxkeHHs Opyca Dl Oimbiine 3a3opy
d, To MK mpaBUM TOpleM Opyca i 3aIleMJICHHSAM ITCIs HOro HaBaHTa)KCHHS
BUHUKHE cWia B3aeMoii R , BU3HAUUTH Ky 3a JOIOMOTIOI0 OJHUX JIMIIE PIB-

HSHb CTAaTUKUM HEMOXJIMBO — cHucTeMa OyJe CTaTUYHO HE BHU3HAYyBaHa
(puc. 2.9, ).
3 CratnuHa cTOpOHA 3ajayi:

aPp,=o,
P+P,+R,+R¢ =0,
R, +Ry =-P - P,=-600- 400=-1000kH =- 1MH.

4 T'eomeTrpuuHa cTopoHa 3aaadi. CymapHe mepeMilieHHs] IPaBoro TOPIs
JOPIBHIOE BEJIMYKHI 3230y, TOOTO!

DI=d=08mM=8%0"*wm.

S BigknHeMo mpaBe 3aKpilieHHS 1 3aMIHUMO JIi0 MPaBOTo 3aKpiIICHHS
HeBimoMor moku peakmiero R, (muB. puc. 2.9, r). TakuM YWHOM, OIEPKUMO

CTaTUYHO BU3HAaueHUN Opyc, HaBaHTaxkeHui cuinamu P, P, 1 Ry .

Bynyemo emtopy no3noxHix cui (puc. 2.9, 1).
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50 EI‘F 95 M - O

— / N
a ‘A P=t00H| Pz=400 kH z
A .
] B
S .
_Q,EJ M _0,8 M| 1THM B ‘0,9 M
T ) m -
6 f// ‘F"I =600 kH ng::f,.I]] kH
1000
400
y ¢||||| 1110
M, kH
vy .
R=0.42 MH ) B 06 M P04 1 R=058 MH
i |l =, f
: B e “’D"_R‘%:
.
il L N, MH
pi | Ea IT_-T
RePy=Rar0.6
042 Py +Fa =R
B
© NN EEEEE ﬁ N, MH
018
84
@ 058
J_I_I_LI__A 75, Mo
T
K

232

Pucynox 2.9

6 ®i3uuHa cropoHa 3aaa4i. Buznauaemo nepemimenns nepepizy K Big aii
BCIX CWJI Ta BiJl HArpiBaHHS:

~ R.06  (Ry*06)08 (R, +06)11
2°10°>60°10“ 2710°560° 10 2 10°%5 10°*
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(R, +1)>0,9

e g7 T 1075 53,4650,

7 Cunres. ko Dl =d, To

~ R,06  (R,+06)08 (R,+06)11
2°10°X60° 10" 27 10°>60° 10°* 2 10°>25” 10°*
(R, +1)°09

S 105558 10 +1,25 10 °x34 x50 = 8" 10 " *

3eineun R, =-0,42MH.
Orxe, Ry =-1- R, =-1+0,42=- 0,58 MH .
8 OcraTo4yHo OyayeMO emopH MO310BXKHIX cui (puc. 2.8, e).

9 Entopy HOpMaIbHUX HANpyXeHb OJIEPKUMO, BU3HAUMBIIHU HOPMaJbHi
HaIpy>KeHHS Ha KOXKHIN 3 IUISTHOK:

_N,_ 042

6, =—*= —— =84 Mlla
F  2xX5°10 ’
02:'\'2: '0,’18_4:-36Mna,
F, 2x5°10
03=N3= _,0'1§4=—72MHa,
F, 2510
N -
== 0,58 =-232Mlla

G_ —_
*F 2xX5°10°

Bynyemo emopy HOpMallbHUX HanpykeHb (puc. 2.9, x).

3agaua 2.7

Abcontromno meepoe mino (3auwmpuxosane) MAae WAPHIPHO-HEPYXOMY
onopy i niosiwene na 0sox cmpudichax (puc. 2.10). Buznawumu oiamempu none-

peunux nepepizie cmpuoicnis. Mamepian cmpusicnie — cmans 3, E=2"10° MIla,
[s] =120 MTTa .

Po3é azannsn

1 BusHayaemo CTyINiHb CTaTUYHOI HEBHU3HAYYBAaHOCTI 3ajadi, JJIsl 4OTO
3BUTbHAEMO OaJIKy BiJ 3B'SI3KiB Ta 3aMiHsIEMO iX peakiiiamu (puc. 2.11).
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SSER

=100 kH/m |P200 xH
§ 1 P11 1

| 5 M 2 M / T M
N . 2 (2F)

2.5

Pucynok 2.10

;3 M,
— m] | ‘ * 1 | !}I
M A o
3 M 2 M|/ | T M

Pucynox 2.11

Peakiii B Hepyxomomy 1mapHipi A — Ru, Ha, 3ycuimis B CTpMXHSIX —
N1, No. [Ipu pimenHi 3aayui NpumyckaeMmo, U0 CTPUXKHI PO3TATHYTI, TOOTO 3y-
CUJUISL B CTPHOKHSX CIIPSIMOBAaH1 JI0 TOYOK X MiJIBICY.

CtyniHp CTaTUYHOI HEBU3HAYYBAHOCT1 BU3HAYAETHCS K PI3HUIT MDK Ki-
JBKICTIO HEBIIOMHX 1 KUTBKICTIO PIBHSIHb PIBHOBAaru CUCTEMHM CHUJI, IO JIIOTh Ha
KOHCTPYKIIIIO.

Hepinomumu B 3aBmanHi € Ra, Ha, N1, N, a cuctema mpukiageHux 1o
OaJIKi CUJI — IJIOCKA OBLIbHA, KOTPA Ma€ TPU YMOBHU PIBHOBAru. TaKUM YHHOM,
3aJlaya € OJJMH pa3 CTAaTUYHO HE BU3HAUYBAHOIO.

2 JIoBXXHHA JIPYroro CTPUXKHSA TOPIBHIOE:!

l,=44°+3% =5um.
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BuszHaunmo cuHyC 1 KOCUHYC KyTa a !

sina =g =0,8, cosa=—=0,6.

olw

3 PosriisiHeMO CTaTUYHY CTOPOHY 3ajadyi, JUIsl 4Oro CKJIageMO Take piB-
HSHHS piBHOBAry, mo Mictwio 0 HeBigomi N1 1 Ny, AKi MiAararoTh BU3BHaUYCHHIO.
. . [o]
Taxum piBHssHHAM piBHOBaru € g M, =0:

- P:6- g22:4+N,:3- N,sna:6=0,
- 2006 - 1002 x4+ N, X3- N, x0,8x6 =0,
- 1200- 800+ N, X3- N, *4,8=0,
3N, - 48N, =2000. (2.6)

4 11100 onepkatu apyre piBHAHHS, 110 3B's3ye HeBimoMi N 1 Ny, po3ris-
HEMO '€OMETPUYHY CTOPOHY 3ajadi. [[s nboro nmojgamo cucrteMy B nedopmona-
HOMY cTaHi (puc. 2.12). I1ix giero npuKIageHUX CHII OaJika MOBEPHETHCS HABKO-
JI0 1IapHipa A, MpHU LBOMY MEPIINI CTPUKEHb PO3TATHETHCS, APYTHM CTUCHETh-
csi. Touku C Ta B npu moBopoTi 6aJIk ONUIIYTh AYTH KiJl, aje 4yepe3 MaliCTh
KyTa MOBOPOTY OaJIKM MOXKHA MPUUHATH 32 TpsiMi BiApisku BB' 1 CC', mepreH-
IUKyIsapHI AB 1 AC.

Pucynox 2.12

[lepemimenns Touku B 3a BepTHkamio Oyae JOPIBHIOBATH MOJIOBKEHHIO
nepmoro crpwxas BB'=Dl;, nepemimenns toukn C 3a Beprukawwimo CC'

DI,

Sina
criBBigHOMmEHHS oaepkaHo i3 TpukyTHuka CC'C" |y skomy kyr CC'C'=a.

27
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(puc. 2.12, 6). Lle



['eomerpuune cripigHomenHs mixk DI, i DI, MoxxHa BcTaHOBUTH, PO3T-

asiHyBim nonioHi TpukytHukd ABB' 1 ACC' (puc. 2.12, a). 3a iX momiOHICTIO
MaeMo:

BB'_AB
CC' AC’
DI, _AB
DI% AC’
Sina
AB 3

=———DIl,=——DlI,,
ACsnha 6>0,8

DI, =0,6250I,. 2.7)

DI,

5 3a momomororw 3akoHy ['yka BUpa3zuMo aOCOIOTHI MOJOBKEHHS CTPU-
xHiB DI, 1 DI, uepes nitoui B Hux 3ycwmist N; i N, (bisuuna ctopoHna 3amadi).
Skuro xapakrtep nepeadadyBaHOTO 3YCHIUIS MPU PO3TISLIl CTATUYHOI CTOPOHU
3a/1ayul He BIANOBIAAE 1€POPMOBAHOMY CTaHY CTPHOKHSI, TO Il HEBIJIMOBIIHICTD
MMOBHHHA OYTH BpaxoBaHa 3HaKoM "'MiHyc" y 3akoH1 ['yka.

_ Ny, _ 25N,

DI,
ER  EF

JInst qpyroro CTPYKHS nepeadadyBane 3ycuinIsl (SKe po3TATYeE) HE BiIIO-
Biflae nepeadadyBaHiil neopmariii CTpuxHs (CTPUIKEHb CTUCHYTHI), TOMY

Nol, _ 5N, _ 25N,

DI, =-
> ER,  2FF EF

6 Bupimytoun CrnijibHO PiBHAHHS, OTPUMAaHI MPU PO3IIIANl TPbOX CTOPIH
3ajadi (CTaTUYHOT, FeOMETPUYHOI Ta (HiI3UYHOT ), BU3HAYAEMO IITYKaHI 3yCHILIS B
CTPHIKHSIX.

[MincraBnsemo 3naineni Ol i DI, y piBusHuA (2.7):

25N, _ _ § 6o, 25N
EF

N, =-0,625N.,.

TakuMm 4uHOM, OTpUMaHe Apyre PiBHAHHS, K€ BU3HAYA€ 3aJIEKHICTh MK
N1 1 N, 3anucaBiim oOuBa piBHSAHHS, OJEPKUMO CUCTEMY PIBHSAHD!
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13N, - 48N, =2000, j3x- 0,625)N, - 48N, =2000,

N, =-0,625N,; N, =-0,625N,;
- 1857N, - 48N, = 2000, j- 6,675N, = 2000,
N, = - 0,625N.,; N, =-0,625N.,;
i N, =-300xH,
N, =187,5kH.

7 Po3Mipu nonepeuyHux mnepepiziB CTPUKHIB BUBHAUYAEMO 3 YMOBHU MIIHO-
CTi Ha po3TAraHHs (CTUCKAHHS):

si=%?£kﬂ,

Po3paxoByemo 3a Nj:

s 103
Fy 3 N =2879 107 50 1560,
s [o] 120

Fn, = 2Ry, =2%456=312cm°.

Po3paxoByemo 3a Ny:

. -3
P, ® TI\LT —30012;0 " 10* = 25cm?,
9

Sxmo HeoOxinHa wioma Fy >k, 1a Ky >F,),, To nogansmi pospa-
XYHKH BEJIEMO 3a MO3J0BKHBOI0 CHIIOI0 Nj.

Otxe, npuiiMmaemo: F =15,6 cMm?, F, =312 cMm?,

2
: : _ pD; :
SIxuro mioia KpyroBoro nepepisy n1opiBHoe F = T , TOJ1

D =\/4F1= 4>§LIE"6=44SCM.
! D 314

2
_ 31445 =159 cm?.

pD,’
[Tpuiimaemo: D, =45cm P F = 41
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_pD3

SIkuro moia KpyroBoro nepepizy aopiBHioe F, , TOA1
4F,
D, =\/ 2 = 4x31,2 =6,30cm.
p 314
D3 2
[puitmaemo: D, =65cm P F, = p42 = 3’14;6’5 =332 cm>.

3agauya 2.8

Busnauumu 3ycunisi @ CMpudsiCHax, wo niompumyroms adcoiomHo meep-
oy banky (puc. 2.13). Mamepian cmpudicnie 0Onaxosuil.

(=100 i/  M=500 xHm P=200 kH
REREE
&

é__

T T
2 m M | =
1 (F) i
- 2 (2F)
TR > ‘

Pucynok 2.13
Po3é azannsn

1 BusHavyaemo CTyIiHb CTaTUYHOI HEBHU3HAYYBAaHOCTI 3ajadi, JJIsl 4OTO
3BUTbHAEMO OaJIKy BiJl 3B'SI3KiB 1 3aMIHIOEMO TXHIMU peakiisimu (puc. 2.14).

3ajava € OJIMH pa3 CTAaTUYHO HE BU3HAUYBaHOIO.

2 JloB)KrHA IPyroro CTPUXKHS TOPIBHIOE:!

I,=+/2*+3% =36Mm.

BuzHnaunmo cuHyC 1 KOCUHYC KyTa a:

sina = i =0,833, cosa = i =0,556.
36 6
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4100 KH/m | M=S00 K P=200 kb

f1 1111 |
1 (o v s

Ha S
&
N1 Ni
_ 7 M _l 2 M _
Pucynok 2.14

3 PosriisiHeMO cTaTUYHY CTOPOHY 3ajadyi, JUIsl 4Oro CKJIageMO Take piB-
HSHHS piBHOBAry, mo Mictwio 0 HeBigomi N1 1 Ny, AKi MiajararoTh BU3BHaUYCHHIO.

. . o .
Taxum piBHsHHAM piBHOBaru € g M, =0:

- M- P:2+0>2>1+N;32- N,sina:2=0,
- 500- 200:2- 100321+ N;>2- N,:0,833>2=0,
- 500- 400- 200+ N,:2- N,>1,66=0,
2N, - 166N, =1100. (2.8)
4 11100 onepkatu apyre piBHAHHS, 110 3B's13ye HeBimoMi N 1 Ny, po3ris-

HEMO F€OMETPUYHY CTOPOHY 3ajadi. i bOro MpeCTaBUMO CUCTEMY B ne(o-
pMoBaHOMY ctaHi (puc. 2.15).

Ay B ’i&ﬁ
<H|‘i’ 3 | Cr
B

Pucynok 2.15
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[lepemimieHHss Touku B 3a BEpTUKAILIIIO MOPIBHIOE CTUCKAHHIO TEPIIOTO
crpmwxas BB'= DI, nepemimennst touku C no Beptukani CC' mos's3ane 3 mo-

DI,

JTOBXEHHSIM Apyroro ctprkHa CC'= —

(puc. 2.15, 0). Lle criBBigHOLICHHS
orpumane i3 TpukyTarka CC'C" | y axomy kyr C'CC"=a..

5 3a nmomomororw 3akoHy ['yka BUpa3zuMo aOCOIOTHI MOJOBKEHHS CTPU-
xHiB DI, i DI, gepe3 nitoui B Hux 3ycmuist Nj i N (hisnyna cropona 3amaui):

ER  EF

or = Nal2 36N, _18N,
° EF, 2EF EF

6 Po3B’A3y104M CNUIBHO PIBHSHHS, OTPUMAaHI IPU PO3IIIAl TPHOX CTOPIH

3a7auu (CTaTUYHOT, TEOMETPUYHOT Ta PI3UYHOT ), BU3HAYAEMO IIIYKaH1 3yCUILIS B
CTPKHSX:

3N, =12x_18N2 ,
EF EF
N, =-0,72N,,.

TakuMm 4uHOM, OTpUMaHe Apyre PiBHAHHS, K€ BU3HAYA€ 3aJICKHICTh MIXK
N3 1 N2. 3anucaBim oOuBa piBHAHHS, OJEPKUMO CUCTEMY PIBHSIHB!

i 2N, - 166N, =1100, j2x- 0,72)N, - 1,66N, =1100,
|
i

N, =-0,72N,; N, =-0,72N,;
- 144N, - 166N, =1100, ] - 31N, =1100,
IN, =-0,72N,; N, =-0,72N,;

I N, =-354,8xH,
N, = 2555 kH.

3agaua 2.9

Busnauumu 3ycunin 6 cmpudichax, wo niompumyoms abCcomOmHo Heop-
cmky oanxy (puc. 2.16). Mamepian cmpudicnie 00HaKo8ull.

Po3é azannsn

1 Bu3HayaeMo CTYIIHb CTAaTHYHOT HEBU3HAYYBaHOCTI 3a1a4i (puc. 2.17).
3aiava € OJIMH pa3 CTAaTUYHO HE BU3HAUYBAHOIO.
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q=100 kH/M
2 (2F) M=500 kH-M
>
N
A
ST
= g 1(F)
N 3M b M
! _’77;;/
Pucynok 2.16
c
I
!
N3 - M=500 kHM
= o
M 0=100 kH/ Mp=—
' Ha [

Pucynox 2.17

2 JIoBXHHA JIPYroro CTPUXKHSA TOPIBHIOE:!
I, =3 +3*=4.2wm.
BuzHaunmo cuHyC 1 KOCUHYC KyTa a:
sina = 3 =0,707, cosa = 3 =0,707. (2.9)
4,2 4,2

3 PosrisiHeMo cTtatuuHy cTOpoHY 3aaadi. CKiiaieMo piBHSHHS piBHOBaru
a M, =0:
- M-q3:15- N;>4+N,cosa>*3=0,
- 500- 100:3:15- N;*4+N,>0,707:3=0,
- 500- 450- N;*4+N,>212=0,
4N, - 212N, =-950. (2.10)

4 Po3riastHeMO TeOMETPHYHY CTOPOHY 3ajaadi. J[ias 1poro mpeacTraBUMo
cucreMy B aedopmoBaHomy cradi (puc. 2.18).
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Pucynok 2.18

[MepemimienHss Touku B 3a BEepTUKALIIO TOPIBHIOE CTUCKAHHIO TEPIIOTO
crpmwxas BB'= DI, nepemimenns touku C 3a ropusontamuiro CC' nos'sizane 3

D] I
cosa
Hs orpumane i3 TpukyTHuka CC'C" |y sxomy kytr CC'C"=a..

['eomerprune cniBBigaomenHs Mk Ol 1 DI, moxna BcTaHOBUTH, PO3IIIA-

MOJIOBXKEHHSIM Apyroro ctpuxus CC'=

(puc. 2.18, 6). Lle crmiBBigHOIICH-

HyBuH noaioHi TpukytHukn ABB' i ACC' (puc. 2.18, a). 3a iX moJi0OHICTIO MaEMO:
BB' _AB

cCc AC’
DI, _ AB
DI, AC’
cosa
AB 4

ACcosa 3>0,707

D, =1.89D,. (2.11)

5 ®i3uyHa cTOpoHa 3aayi:

N, _ 2N

ER EF

_N,l, 42N, _2]IN,
EF, 2EF  EF

DI, =-

DI,

6 Cunres

2Ny g0 2N,
EF EF

N, =- 198N,
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TakuM 4MHOM, OTpUMaHE Apyre PiBHSAHHSA, 10 BU3HAYAE 3aJIEKHICTh MK
N3 1 Ny. 3anucaBim oOuiBa piBHAHHS, OJEPKUMO CUCTEMY PIBHSIHB!

4N, - 212N, =-950, j4x- 198)N,- 212N, =- 950,
| |

N, =-198N,; N, =- 198N,;
j- 792N, - 212N, =-950, j- 10,04N, =- 950,
N, =-198N,; N, =- 198N,
I N, =94,6H,
N, =-187,4H.
3agaua 2.10

Busnauumu sycunns ¢ cmpuowcnsx (puc. 2.19). Mamepian cmpuoichis
OOHAKOBUI.

M M

P=200|kH N

| R
—1 =100 kH/M =

N

|

Pucynok 2.19
Po3é azannsn

1 BusHayaeMo CTyIiHb CTaTHYHOI HEBH3HAUyBaHOCTI 3anadi (puc. 2.20).
3aaya € OIMH pa3 CTATUYHO HE BU3HAYYBAHOIO.

P=200 kH Nz

NS :55/ o
/ / L1 q=100 kH/ ™

G .

: P

B
TITT ¥re v
Ra Re
Pucynok 2.20
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2 JIoBXXHMHA MEPIIOro CTPUKHS JOPIBHIOE!
I, =+3*+2% =361Mm.

BuszHaunmo cuHYC 1 KOCUHYC KyTa a :

sina = i =(0,555, cosa = i =0,832.
1 361

3 Po3risiHeMo cTaTHUHY CTOPOHY 3a/adi.
CkuiaieMo piBHSIHHSL pIBHOBaru é P, =0:
P+qg>2- Nycosa + N, =0,
200+100:2- N,>0,832+ N, =0,
- 0,832N, + N, =-400. (2.12)
4 Po3risiHeMO T€OMETPUYHY CTOPOHY 3ajadyi. [ nporo nogamo cuctemy
B 1epopmoBaHomy ctaHi (puc. 2.21).

[Tepemimenns Touku D 3a ropu3oHTaIIO JOPIBHIOE CTUCKAHHIO APYTOTO
crpmwxuas DD'= Dl ,, nepemimennst Touku C 3a ropusontauiro CC' mos'sazane 3

MOJOBXKEHHsAM mepiioro crpuxHs CC'= Ol (puc. 2.21, 6). lle cmiBBigHO-
cosa
meHHs oTpuMmane i3 Tpukytauka CC'C" |y sxomy kyr CC'C'=a .
Al
C" ' ] I."r [I]' % Ot ot \.EI
- 'T:.u | Aby : C [,
S B Bl B/, T
. = : -9 el
e Tre T FITLT
a o
Pucynox 2.21
Slxkmo CC'=DD' (puc. 2.21, a), To:
CC'=DD',
DI, -nl,, DI, -Dl,,
cosa 0,832
DI, =0,83201,,. (2.13)
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5 ®i3uyHa cTOpoHa 3aa4i:

_Ngl, 361N,

DI,
EF  EF

Nol, _ 3N, _ 15N,

DI, =- = .
° ER, 2EF  FEF

6 Cunres

361N, 15N,

=-0,832%—*,
EF

N, =- 0,346N.,.

TakuMm 4uHOM, OTpUMaHe Apyre PiBHAHHS, K€ BU3HAYA€ 3aJICKHICTh MIXK
N3 1 Ny. 3anucaBim oOuBa piBHAHHS, OJEPKUMO CUCTEMY PIBHSIHB!

j- 0832N, +N, =-400, j- 0832x- 0,346)N, + N, = - 400,
| |
i i

N, = - 0,346N; N, = - 0,346N;
i N, =-310,6xH,
1N, =107,5%H.

3HOBYJOBA EIMKOP BHYTPIIHIX 3YCUJIb AJISA BAJIOK
TA IIVIOCKUX PAM

3.1 OcHOBHI M0JI05KeHHS Teopil

Jlnst po3paxyHKy Ha MIIHICTh Ta >KOPCTKICTh 0ajJoK Ta paM HEOOXITHO
3HATU BHYTPIIIHI 3ycWUIs B OyIb-sSKOMY iX mepepi3i, TOOTO MoOynyBaTh ix
EIIOpH.

V 3araibHOMY BHIIAJIKy B Mepepizax MIOCKUX 0ajoK Ta paM BUHUKAE TPU
BHYTpimHIX 3ycwuisi: N — mo3goxHs cwia, Q — momepeyHa cuwia 1 M —
3TUHAJIBHUN MOMEHT.

[To3nomxHs cuiia N B mepepi3i JOpiBHIOE anreOpaiuHiil cyMi mpoekiii Ha
MO3JIOBXHIO BICh CTPMXKHS BCIX 30BHIIIHIX CHWJI, MPUKIAIEHUX O PO3TISHYTOI
BiJICIYeHOT 4YacTUHU paMu. [lo370BXKHS cuia, 10 BUHUKAE MPU PO3TITaHHI
CTPUKHS, YBAXKAETHCS JOJATHOIO, IPU CTUCKAHHI — B/’ EMHOIO.

[lonepeuna cuna Q AOPIBHIOE CyMi MPOEKIIN HA BICh, NEPICHIUKYISPHY
oci OaJIKM, yCiX 30BHILNIHIX CUJI, MPUKIAJACHUX 3 OJHOTO OOKY BiJl pO3TISTHYTOTO
nepepisy.
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3ruHanbHUA MOMEHT M JIOPIBHIOE CyMI MOMEHTIB yCiX 30BHILIHIX CHII 3
OJTHOTO OOKY BiJl pO3IJIIHYTOTO IIEpepi3y L1010 HEHTPA Baru LbOro nepepisy.

YcTaHOBUMO HACTYIIHI MpaBUjia 3HAKIB JIJIsl MOMEPEYHUX CHII Q 1 3ruHa-
JHbHUX MOMEHTIB M y Oajkax npu 3rMHaHHI.

[Tonepeuyna cuna Q B mepepi3i BBAKAETHCA JIOJATHOIO, SKIIO 30BHIIIHS
CWJIa TIparHe MOBEpPHYTH BiJICIY€HY YaCTUHY OalKM 3a XOJOM T'OJWHHUKOBOI
ctpiiku (puc. 3.1).

7
UFU /
Q>0 Q<0

Pucynox 3.1

3ruHanbHUA MOMEHT My mepepi3i BBAXKAEThCS JAOJATHUM, SKIIO BIH BU-
KJIMKAa€ CTUCKaHHS BEPXHIX BOJOKOH Oanku (puc. 3.2). BomokHOM Ha3MBa€eThCs
CTPUXKEHb MO3/I0BXK OcCi 0anku abo paMu 3 HECKIHYEHHO MaJICHbKHUM Molepey-
HUM TIEPEPI3OM.

M>0 M<O
Pucynox 3.2
3 orysay Ha MpaBWiia 3HAKIB JJIs 3TMHAJIBHUX MOMEHTIB M, BapTo MigK-
PECIIUTH, 110 €MIOPY 3rMHATBHUX MOMEHTIB Oy/IyIOTh HA CTUCHYTHUX BOJIOKHAX.
3.2 [1o0y10Ba enOp BHYTPILIHIX 3yCHJIb IS 0AJI0K
3agaua 3.1

Ilobyoysamu entopu nonepeunux cui ma 32UHAIbLHUX MOMEHMI8 015 0a-
KU, 300pasicenoi Ha pucyuky 3.3.
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M=30 kH-M
— P=10 kH

NN EEEEN
q=6 KH/M -
M 2M

Pucynok 3.3

Po3é azannsn

1 PoscraBnsiemo xapaktepHi nepepizu (puc. 3.4). [IoOynoBy nmouynHaemo i3
paBoro (BUILHOrO) KiHI, IPH IbOMY HEMa€e HeOOXITHOCTI y BU3HAYCHHI OIOp-
HUX peaKIliil.

M=30 KHM
— P=10 kH
4 312 !
NN
q=6 kH/M |
3M 2M
Pucynox 3.4

2 BuzHauaeMO 3HAUYCHHS TOMEPEUYHHMX CUJI Yy XapaKTepHUX TNepepizax

(puc. 3.5):

Q,=P=10xH,
Q,=P=10xH,
Q,=P=10xH,

Q,=P- q>3=10- 63=-8xH

P=10kH ~ M=3QKHM
k

» Zal

a 4] 8

P=10 kH P=10 kH

2M

Pucynok 3.5
39



3 BuzHauaemo 3HaueHHS 3THHAILHUX MOMEHTIB y XapaKTepHHUX Iepepizax:
M, =0xH>wm,
M,=-P:2=-102=-20xHm,
M;=-P>2+M=-10:2+30=10xH ™M,
M,=-P5+M+(q>3:1,5=-105+30+6:3:15=7kH>™m.
4 BynyeMo enropy 3a XapakTepHUMHU repepizamu (puc. 3.6).
S Slkmo emtopa MonepeyHux CuJl rnepecikae 0a3oBy JIHIIO 1 MIHS€E 3HAK 3

«» Ha «+», TO B L1 TOYIll MAEMO MIHIMaJIbHE 3HAYEHHS 3TMHAJIBLHOTO MOMEH-
Ty. 3HaX0AUMO TOJIOKEHHS 1bOTO mepepisy (puc. 3.7):

=ZO=1€O=1,67M,

IpaB

M,o=-P{2+2,)+M +qxzox%0:

=-10>(2+J,67)+3o+6x1,67x]"—27=J,71<H><M.
M=30 kHM
— P=10 kH
4 3|2 !
NN ENNNN
q=6 kH/M .
. 3M . Z2M _
10 10
&
Q, kH
8 ! 20=1,67 _
I 10
7 17
M, KHM
20
Pucynok 3.6
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7 ned Znpab

, = Q.
JICB q 1
anuo
z _ anaB .
Qneﬁ npas q '

Pucynox 3.7

3agaua 3.2

Ilobyoysamu entopu nonepeunux cui i 32UHANbHUX MOMEHMi8 Ol OAIKU,
300padicenoi Ha pucynky 3.8.

GOKH/M pog i TMe15 kHom
HEEEEN
LM 2M | 1TM M
Pucynox 3.8

Po3é azannsn

1 PoscraBnsiemo xapaktepui nepepizu (puc. 3.9). [ToOynoBy mounHaemo
3 MiBOro (BIILHOTO) KiHIIS.

q=10 KH/m P=8 kH| TIM=15 KH:M
:*******:: H—+H :
1 2|3 4|5 6|7 8
4 M 2M ™ M
Pucynox 3.9

2 Bu3nayaeMo 3HaU€HHSI MOMEPEYHUX CUIT Y XapaKTepHUX Iepepizax:

Q, =0xH,

41



Q,=-0°4=-10°4=-40«kH,
Q;=Q,=Q,=-0°4=-104=-40xH,
Q;=-04- P=-10:4- 8=-48kH,
=Q, =Q=Q;=-48xH
3 BusnauaeMo 3Hau€HHs 3rHHAIBHUX MOMEHTIB Y XapaKTepHUX Mepepizax.
M, =0kH>m,
4 4
M, :_qx4x§:-10><4><§=—801<H>‘M,
M; =M, =-80kH M,
_q>4>€‘i+_+_-1o>4>€‘§+_+_-160KHm
M; =M, =-160kH >Mm,

-q><4>€§+__- P = -10x4>€§+——— 8 = - 208 kH v,
2g 2g

—q><4>€§+——- Px- M _-10><4>@+_-- 8- 15 =- 223kH »u,
2% 2%

-q>«1>€%+__- P4 - M_-10><4>€%+__- 8x4- 15=- 367 kH .

4 Bynyemo enopy 3a xapaktepHumu nepepizamu (puc. 3.10).

=10 kH/Mm P=8KH| ] M=15KHM
SEEEEEENr -t :
1 2|3 4|5 6|7 8
LM 2M 1™ M
Q, kH
40
48
M, KH-M
367

Pucynok 3.10
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3agauya 3.3

Ilobyoysamu entopu nonepeuHux cuil i 32UHANLHUX MOMEHMIE 015 080
onopHoi banku, 306pasxcenoi Ha pucyuky 3.11.

P=4kH _ 4=3 KH/ M P=4 kH
HEEEEN!
M=7| kHM M=7 kHM
15 M 4 M 15M
Pucynox 3.11

Po3é azannsn

1 Busnayaemo omopHi peakxiiii, 1OpiBHIOIOYM HYJII0 CYMU MOMEHTIB YCIX
30BHIIIHIX CHII 111010 TOU0oK A Ta B (puc. 3.12).

R =10 kH ‘ R=10 kH
_ I| _
P=4¢H T_ =3 kH — FP=4 ¥H
VAT ITi14s
; s o
W=7 kHu M= |
1,5mM 4 15 mM
Pucynox 3.12
a M, =0,

- q*4:2- P>55+P:15- M+ M +4R; =0,
QA2+ P4+M-M _3:4:2+4354+7- 7

R, =10 kH.
4
é Mg =0,
q>4:2+P355- P)15- M+M- 4R, =0,
R, = AP MM _3:4:24404-T+7 _ 0

4 4
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. . o]
Jnst mepeBipku Bukopucraemo piBusuns g B, =0:

R,-0’4- 2P+Rg =0,
10- 3:4- 2:4+10=0,

20- 20=0,
0=0.
F{H:*ID kH R=10kH
P=dkH [__ G3kHmM  — P=4 gH
S L I I I I L, PO
<t 4
W] EHM W=7 kHM
1,5|'l.l'| 4 m 1J5|'|,|1

5 &
=2 T b
;

|

Iy

Pucynok 3.13

2 BuzHauaeMoO 3HauY€HHs TOIMEPEUHUX CHUJI Y XapaKTEPHUX Iepepizax

(puc. 3.13):
Q,=-P=-4xH,
Q, =-P=-4xH,
Q;=-P+R, =-4+10=6«H,
Qs =P=4xH,
Qs =P=4xH,
Q,=P- Rz =4-10=-6xH.

3 BuzHayaeMo 3HaY€HHS 3TUHAIbHUX MOMEHTIB Y XapaKTepHUX Mepepizax:
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M, =0xH>mMm,
M, =-P:15=-4:15=-6kH m,
M;=-P315+M=-4:15+7=1xH>Mm,
M¢ =0xH M,
Mg =-P:15=-4:15=-6kH"M,
M,=-P15+M =-4°15+7=1xH>m.
4 ByayeMo emropy 3a XapakKTepHUMH MEepepi3zaMHu.
S SIkuio emopa MONEPEYHUX CUII Mepecikae 0a30BYy JIHIIO 1 MIHS€E 3HAK 3

«+» Ha «—», TO B 1[I} TOYI[l MAEMO MaKCUMaJIbHE 3HAYEHHS 3TMHAJIBHOIO MOMe-
HTY. 3HAXOJUMO MOJIOKEHHS LIbOTO Mepepizy:

ZO=§=2M,

MZO =M - P(l’5+20) +RaZO - qZOZ_20 =

=7- 4X15+2) +10%2- 3>Q><§=7KH><M.

3agaua 3.4

Ilobyoysamu entopu nonepeuHux cuil i 32UHANbHUX MOMEHMIE 015 080
onopHoi banku, 306pasxcenoi Ha pucyuky 3.14.

Mot P=6 kH
K q=2 kKH/M
IR
—l_ 2™ ==1/M== 2M | 2M _ ’
Pucynok 3.14

Po3é azannsn

1 Buznayaemo omopHi peaxiiii, 1OpiBHIOIOYM HYJII0 CYMU MOMEHTIB YCiX
30BHIIIHIX CHII 11010 TOUoK A Ta B (puc. 3.15).
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aM,=0,
- P>3-022°2- M +5R; =0,
_P:3+g:2:2+M _6:3+2:2:2+4

Rg = 6kH.

5 5

é Mg =0,
P>2+0g:2°3- M- 5R, =0,

R, = P:2+Qq>2:3- M _ 632+2>233- 4:4KH.

5 5
M=4Hm  Rz=4xH - R#6 kH
— | q:2 kH/m P=6 kH

BEER

?\r\}
o]
1 J o
N

— 2 ™ |Mm| 2 M | 2 M

Pucynok 3.15

. . o
JIns1 mepeBIpKY BUKOPUCTAEMO PIBHAHHA g P, =0:

R, -0’2- P+Ry =0,
4-232- 6+6=0,
10- 10=0,
0=0.

2 BuzHauaeMoO 3HAauY€HHs TOIMEPEUHHUX CHUJI Y XapaKTEpPHUX IMepepizax

(puc. 3.16):
Q, =Q, =0xH,
Q;=Q,=Qs =R, =4xH,
Qs =Q, =-Rg =-6kH,
Qs=-Rg;+P=-6+6=0xH.
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M=dkHw R.=4kH R=6 kH
vI=4 KIriM Aq=2I{H}'M ‘ B
l 111 I‘I’ ‘ ’I]I l
q ZRRE 4= T a
$ S AP
—~1 2M 1m 2 M 2m
- e - -
3 Q, kH

m

12

f|||||||ﬂ’ﬁwwmmm

Pucynok 3.16

3 Buznayaemo 3Ha4€HHS 3rUMHAIBHUX MOMEHTIB Y XapaKTepHUX Iepepizax:
M, =M, =M;=M=4xH>M,
M,=M;=M+R,1=4+4:1=8kH M,
Mg =0xH>Mm,
M., =My;=Rg>2=6:2=12xH>m.

4 bynyemo emntopy 3a po3paxoBaHuMu 3HaueHHsIMU Q Ta M y xapakrep-
HUX Mepepi3ax.

3.3 Ilo0yaoBa enop BHYTPilIHIX 3yCWJIb 1JI51 paM
3agaya 3.5

Ilobyodysamu entopu n03008H#CHIX Ma NONEPEUHUX CUT, A MAKOIC 32UHA-
JIHUX MOMeHmI8 OJist pamu, 300padicenoi Ha pucynky 3.17.

Po3é azannsn

1 PoscraBnsiemo xapaktepHi nepepisu (puc. 3.18). [IoOynoBy mounHaeMo
3 BUILHOT'O KIHIIS.
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M=30_kH- P =20 KH

P,=30 kH
| 2m [T 2w
| a8 kH/M -
! -
Pucynox 3.17
M=30 kH-M P =20 kH
4 1, 1P,=30 kH
T 372 g
| 2m [ 2m
| a8 kH/M -
L
Pucynok 3.18

2 Bu3nayaemo 3HaU€HHS MO3/I0BXKHIX CHJI Y XapaKTepHUX Mepepizax:
N, =-P,=-30xkH,
N, =-P, =-30kH,
N; =-P, =-30«kH,
N, =-P,=-30kH,
N =-PF =-20kH,
Ng =-F =-20kH.

3 BuzHayaemo 3Ha4€HHS MONEPEYHUX CUJT y XapaKTEpHUX Mepepizax:
Q, =P, =20xH,
Q, =P, =20«kH,
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Q; =P, =20xkH,
Q, =P, =20«kH,
Qs =- P, =-30«kH,
Qs=-P,-q4=-30- 8°4=-62xH.
4 Bu3zHauaeMo 3HAYEHHS 3TMHAJIBHUX MOMEHTIB Y XapaKTepHUX Nepepizax:
M, =0xH>mMm,
M, =-P,>2=-20°2=-40kH >Mm,
M;=-PF3>2+M =-20:2+30=-10xH>Mm,
M,=M;=-PF>4+M =-20:4+30=-50kH >m,
Mg=-R:4+M+P,24+q>4>2=-20°4+30+30°4+8°4>2=134kH >m.

5 Bynyemo emntopu no3znosxkHix cuit N (puc. 3.19, a), nonepeunux cui Q

(puc. 3.19, 6), a Takox 3ruHANBHUX MOMEHTiIB M (puc. 3.19, B) 3a xapakTepHu-
MU TIepepizamu.

20
< I
30 30
N, kH
= Q, kH
20
62
a 4]
50
71 1] ‘
0
S50E 40
/é M, KHM
134

Pucynok 3.19
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3agauya 3.6

Ilobyodysamu entopu no300824CHIX i NONEPEUHUX CUT, d MAKONC 3CUHATb-
HUX MOMeHmIi8 0Jis1 pamu, 300padicenoi Ha pucyHky 3.20.

LM M
M=10 kH-M|
= | _
N
‘ P=6 K ] q=5 kH/M
Pucynok 3.20

Po3é azannsn

1 PoscraBnsiemo xapaktepHi nepepisu (puc. 3.21). [ToOynoBy mouynHaeMo
3 BUILHOT'O KIHIIS.

LM 5M
M=10 KkH-M
8 7)2 !
T Iél T
z Hw— | g
N
‘ ?_6 KH 31 =5 KH/™
3 4
Pucynox 3.21

2 Bu3HauaeMo 3HAUCHHS HOBIIOB)KHiX CUJI 'y XapaKTCPHUX nepepisax:
N, =N, =0xkH,
N, =N, =0xH,
Ny =Ny =P=6xkH,
N, =Ng=0>2=10kH.
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3 BusHavaemo 3HaueHHSI MOMEPEUYHUX CUJT y XapaKTEPHUX Mepepizax:
Ql = Qz =0xkH,
Q;=Q,=-P=-6xkH,
Qs =0xkH,

Q¢ =-0°2=-10xkH,

Q;, =Qgs =P=6xH.
4 BuznayaeMo 3HAYCHHS 3THHAIBHUX MOMEHTIB Y XapaKTEepPHHX Mepepizax:

M,=M,=M=10xH M,

M; =0xH>wMm,
M,=M;=P>4=6:4=24xH >Mm,

Mg=P>4+(>2°1=6°4+5>2>1=34kH>Mm,
M,=P>4+q>2:1+M =6°4+5>2:1+10=44xH>m,
Mg=0>2°1+M =5>221+10=20xH >m.

6
10
&
] L
Q, kH
N, kH & 5
6 6
a 4]
L4
20
10
LTI
34
M, KH-M
w 24
24
8
Pucynox 3.22
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5 Bynyemo entopu no3znosxkHix cuit N (puc. 3.22, a), nonepeunux cuin Q
(puc. 3.22, 6), a TakoK 3rHHAIBHUX MOMEHTIB M (puc. 3.22, B) 3a XapakTepHU-
MU TIepepizamu.

3agaua 3.7

Ilobyodysamu entopu no300824CHIX i NONEPEUHUX CUT, d MAKONC 3CUHATb-
HUX MOMeHmMI8 OJis1 pamu, 300padicenoi Ha pucyHky 3.23.

M=20 Kkt 4=5 KH/
HEEEEER

™ ™ 2M

2M

M

R

P=4 kH

Pucynok 3.23

Po3é azannsn

1 Busnauaemo omopHi peaxiiii (puc. 3.24). Po3cTaBisieMo XapakTepHi mepepisu.

aPp =0,
- °2+P+R =0,
Rc=022- P=532- 4=6xkH.
a Mg =0,

M+P:3-0>2°2- R.31- H, °1=0,

_M+P:3-g22°2- Rc31_20+4:3-52232- 631 _
1 1

6 kH.

Ha

ap=o,
Ha +Hg =0,
Hg =-H, =-6kH.
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. . o]
Jlnst mepeBipku BUkopuctaemo piBHsHHSI g M =0:

M+P:4-q:2:3+H,2- Hg:3=0,
20+4>4- 532°3+6:2- 6:3=0,

48- 48=0,
0=0.
R kH
MWE2D EHmM |:|:5 KH.'IM
Cla “She (1111113
S Ci il i
TIIF: 4
T 1 7 om =
Ll
)
i y LR HE
Atk
d P=4H
1 2 k., HFbkH
K=
Pucynox 3.24

2 BuzHauaemMo 3HaYeHHS TIO3IOBXKHIX CHJI Y XapaKTepHUX Mepepizax:
N, =N, =-P=-4xH,
Ny=N, =H, =6xH,
N, =N, =H, =6xH,
N, = Ny = OkH,
Ny = N,, = OxEH.
3 Busznauaemo 3HayeHHS MMOIICPCUYHUX CHUJI Y XaPAKTCPHUX Hepepisaxi
Q =Q,=-H, =-6xH,
Q,=-P=-4xH,
Q,=Q:=Q,=-P+q>2=-4+52=6«kH,
Q; =Qg =Hg =6xH,
Q, =Q,p =R =6kH.
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4 Bru3Ha4aeMo 3HaYCHHs 3TMHAIBHUX MOMEHTIB Y XapaKTepHUX Mepepizax:
M, =0xH>mMm,

M,=M;=H,°2=632=12xH>M,
M,=M;=H,2+P>2- q>2°1=6>2+4>2- 5:2°1=10kH >m,

Mg=H,2+P:3-(>2:2=622+4:3- 5:2:2=4xH M,
M., =0xkH>Mm,
Mg =Hgz>3=6:3=18kH >m,
My =0xH>wMm,
Mo =Rc’1=61=6xH>m.
5 Bynyemo entopu no3nosxkHix cwit N (puc. 3.25, a), nonepeunux cuin Q

(puc. 3.25, 6), a Takok 3ruHANBHUX MOMEHTIB M (puc. 3.25, B) 3a xapakTepHU-
MU TIepepi3amu.

6 6 6 ze=0,8 M

? of | LLLIF
— N TAT
—] 1,
— Q, kH

N, kKH ﬁ —o—
— =D
=4 6

6
a 4]

13.6

10 12
T
12

M, KH'M

TR,

6

Pucynok 3.25
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6 fAxkio emtopa MOMepevyHUX CUJl Mepecikae 0a3oBY JIIHIO 1 3MIHIOE 3HAK
3 «+» Ha «», TO B Iid TOYIlI MAEMO MaKCHMaJIbHE 3HAYCHHS 3TMHAJIBHOTO MO-
MEHTY. 3HaX0IUMO TIOJIOKEHHSI IIbOTO TIepepi3y.

zZ, =£=O,8M,
5
_ Zy _ 08 _
M;=H_ X+Pz, - q20?—6>Q+4>O,8— 5>O,8><?—13,61<H>‘M.
3agauya 3.8

Ilobyodysamu entopu no300824CHIX i NONEPEUHUX CUT, A MAKONC 3CUHATb-
HUX MOMeHmMI8 OJis1 pamu, 300padicenoi Ha pucyHky 3.26.

M=16 kH-M
P=10 kH

>
3

Q=6 kH/M

1111 ‘

TV 2 M 2M ’
Pucynok 3.26

Po3é’ azannsn
1 Busnauwaemo omopHi peakiii (puc. 3.27). Po3craBisieMo xapakTepHi
nepepizu.
a P, =0,
- P+H, =0,
H, =P=10xH.
aM,=0,
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- M+P:4+q>2>3- Rz34=0,

_-M+P4+(0g>2°3 _-16+10:4+6:2>3

=15kH.

aPp =0,
- Q°2+ R, +Rg =0,
R, =0°2- Rg =6>2-15=-3kH.

=16 kHw
Vy
8 - P=10 kH
C & &
L ;
z
=
- =r
R=15 kH R.=3H
=5 kHim i %
AEERE 5 1
_%g_ 3 AR H=T0kH
T 2 M 2w T
Pucynox 3.27

. . o]
Jlnst mepeBipku BUkopuctaeMo piBHsHHI g M =0:

-M+0q3231- R, *2+H, *4- R;>2=0,
-16+6°2°1- 3:2+1024- 152 =0,
52- 52=0,
0=0.
2 BuznayaeMo 3HaUYeHHS HOBIIOB)KHiX CUJI 'y XapaKTCPHUX nepepisax:
N, =N, =0xkH,
N,=N,=0q’2- R; =6°2- 15=-3«kH,
N. =Ny =R, =3xH,

N, =Ng=H, - P=10- 10=0«H.
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3 Buznayaemo 3Ha4€HHS MONEPEYHUX CUJT Yy XapaKTEPHUX Mepepizax:
Q, =Rz =15kH,
Q, =Rg-(q>2=15- 6°2=3kH,
Q; =Q, =0xH,
Qs =Qg =-H, =-10kH,
Q; =Qg =R, =3xH.
4 BuzHayaeMo 3HAYEHHS 3TMHAJIBHUX MOMEHTIB Y XapaKTepHUX Nepepizax:
M, =0xH>mMm,
M,=M;=M,=Rg>2-(q32:1=15>2- 6:2°1=18xH M,
M:; =0xH>Mm,
Mi=M,=H,>4=10>4=40kH >m,
Mg=H,*4- R,32=10°4- 3:2=34xH>m.
5 Bynyemo emtopy no3nosxHix cui N (puc. 3.28, a), nonepeunux cuin Q

(puc. 3.28, 6), a Takok 3ruHANBHUX MOMEHTIB M (puc. 3.28, B) 3a xapakTepHu-
MU TIepepi3amu.

2 34 40
3 3 EERECHEEN 1 18WH_W 40
- N, kH - Q. kH ; M, kHM
15 —
3 —
IHHJJ]I' pranill L
18
a 4] 8
Pucynok 3.28
3agaya 3.9

Ilobyodysamu entopu no300824CHIX i NONEPEUHUX CUT, A MAKONC 3CUHATb-
HUX MOMeHmMI8 OJis1 pamu, 300padicenoi Ha pucyHky 3.29.
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Q=8 kKH/M

e

s

LM

M=14 kH -M

P=10 kH ’9;}9

2 M M

Pucynok 3.29

Po3é’ azannsn
1 Busnauaemo omopHi peakiii (puc. 3.30). Po3cTaBnsiemo xapakTtepHi
nepepizu:
aM,=0,
- M- P>3+0>2°4- Hg>4=0,

_-M-P33+032:4 _-14-10:3+832:4 _
4 4
aPp =0,

5kH.

Hg

- °>2+P+R, =0,
R, =0°2- P=8>2- 10=6«kH.
ap=o,
- H, +Hg =0,
H, =Hg =5xH.

. . o]
Jlnist mepeBipku BUKOpUCTaeMo piBHSHHI g Mg =0.

-M+P32-32°1+R,5- H,*4=0,
- 14+10°2- 822°1+6:5- 5:4 =0,
50- 50=0,
0=0.
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q=8 kH/m

NSHERE

£ P PHzsd’ |y
Z

=
I
M=14 kHm R0
- 1
M,
1 4-./ 7 8 5 | Hed
- - Yeh
‘\/ P=10 H ’9475}
2 M 3 M
Pucynok 3.30

2 Bu3nayaeMo 3HaUY€HHS MO3/I0BXKHIX CHJI Y XapaKTepHUX Mepepizax:
N, =N, =0xH,
s=N,=-02=-82=-16«kH,
s =Ng=N;,=Ng=-H, =-5xH.
3 BuzHnayaemo 3Ha4€HHS MONEPEYHUX CUJT Yy XapaKTEpHUX Mepepizax:
Q, =0xH,
Q,=0°2=8>2=16«kH,
Q;=Q, =Hgz =5kH,
Q; =Qg =-R, =-6kH,
Q,=Qg=-R, - P=-6-10=-16xH.

4 BuzHayaeMo 3HAYEHHS 3TMHAJIBHUX MOMEHTIB Y XapaKTepHUX Nepepizax:
M, =0xH>mMm,
M,=M;=-0°2°1=-82:1=-16kH>Mm,
M,=-02°1- H;*4=-82°1- 5:4=-36kH M,

M; =0xH>Mm,
Mg=M, =R, :3=6:3=18kH M,
Mg =R, >5+P>2=6>5+10>2=50kH >m.
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5 Bynyemo emtopy no3nosxHix ¢t N (puc. 3.31, a), nonepeunux cui Q
(puc. 3.31, 6), a Takok 3ruHANBHUX MOMEHTIB M (puc. 3.31, B) 3a xapakTepHu-
MU TIepepi3zamu.

16
T . 16
S5H
§ 16
O N, kH § Q, kH M, KH-M
§ 50—
- 18
T ERNRNRRRRRRRAN) | |
5 % 6 356
16
a O 8

Pucynox 3.31

ATEOMETPUYHI XAPAKTEPUCTUKHU IIJIOCKHUX
IHEPEPI3IB

4.1 OcHOBHI 0JI0’KeHHS Teopil

MIIHICTB 1 5KOPCTKICTh KOHCTPYKIIIT 3aJI€KUTh BiJ] TEOMETPUUHUX Xapak-
TEPUCTHK MEpEPi3iB.

JIo 1IMX TeOMETPUYHHUX XapaKTEPUCTUK BIIHOCATHCS IUIONII MONEPEUHHUX
nepepiziB, MOMEHTH 1HEpIIil, MOMEHTH ONOPY, paJlycH 1HepIIii.

CratuyHuil MOMEHT mepepidy — cyMa JOOYTKIB IUIOLI €JIEMEHTapHUX
TUJIOMIAJ0K Ha IX BIJICTaHI1 10 IaHOI OCl, y34Ta 3a BCIEIO IJIOIIEIO Mepepizy:

S, = oydF, S, = OxdF. (4.1
F F

[Tpu nmapasienbHOMY MEPEHOCI OCeH CTAaTUYHUN MOMEHT MIHSETHCS Ha Be-
JUYKHY, sKa piBHA JOOYTKY IUIOIII HA BiACTaHb MK ocsamHu (puc. 4.1).

sz :SX1 +aF; Syz :Sy1 +bF' (42)

Bick, mono skoi cTaTUYHUNH MOMEHT JOPIBHIOE HYIIO, HA3MBAETHCS
LHEHTPAIbHOIO. TOYKa NEPETUHY LEHTPATbHUX OCEN HA3WBAETHCS IIEHTPOM Baru

nepepisy.
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Pucynok 4.1

Koopannaty 1ieHTpa Baru CKJIaIHOTO Mepepizy BU3HAYAIOTHCS 3a TAKHUMHU
bopmymnamu:

é F X, é E >y,
XC :% = i=1n , yC :% = i:1n , (43)
aFr aFr
i=1 i=1

ne X., Y. — KOOpAMHATH LIEHTPa Baru CKJIaJHOIO Nepepi3y BIAHOCHO IO-

YaTKOBOI1 CUCTEMH OCEH,

Xi, Y, — KOOpJMHATH IIEHTpa Baru i-i (irypu BiIHOCHO MOYATKOBOT
CHUCTEMU OCEH;

F —mutoma i-it irypu.

OcboBuM (ab0 ekBaTOpiaIbHUM) MOMEHTOM IHEpIIii UIOIII Mmepepizy Ha-
3MBAETHCS IHTETPAJI 32 IUIONICIO JOOYTKIB €JIEeMEHTapHUX IUIOMIAJ0K Ha KBaipa-
TH iXHIX BiJICTaHEH 70 TaHOI OCI.

Tak, 0cbOBI MOMEHTH 1HEpIIii JOBLIBHOTO mepepisy (puc. 4.2) BiAMOBIIHO
piBHI:

J = yodR 3, = o<édF. (4.4)

F

n

[TonsspHUM MOMEHTOM I1HEPIIT IJIOMII Iepepi3y 00 JaH01 TOUKH (T0JIr0-
ca) HA3MBAETHCSA IHTErpall 3a IUIOIICIO JOOYTKIB €JIeMEHTApHHUX IUIOIIAJIOK Ha
KBaJIpaTH IXHIX BiacTaHe# 10 momoca (auB. puc. 4.2):

J=gidF, J =3, +J,. (4.5)
F
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Pucynok 4.2

Benuuuan 0chOBUX 1 MOJIPHUX MOMEHTIB 1HEPIIiT 3aBXK/IU JTOJATHI.
BinueHTpoBUM MOMEHTOM 1HEpIIii HA3UBAETHCS IHTETpal 3a IUIOHIEI0 J0-
OyTKIB €JIEMEHTApHUX TUIONIAI0K HA TXH1 B1ICTaHI B1Jl KOOPJAMHATHUX OCEH X, Y:

Jy = Oy dF. (4.6)

F

3aJie’KHO BiJl MOJIOKEHHS OCeH BIUEHTPOBUI MOMEHT 1HEpIii MOke OyTH
J0JIaTHUM a00 B1I' EMHHUM, a TAKOX JOPIBHIOBATH HYIIIO.

OpuHuI BUMIpY MOMEHTIB 1HEpIIi — MeTp, AeHUMETp ab0 CaHTUMETP
y YETBEPTOMY CTEIIEHI.

Ocli, BITHOCHO SKUX BIJUEHTPOBHI MOMEHT 1HEpIii TOPIBHIOE HYIIO, Ha-
3UBAIOTHCS FOJIOBHUMU. ['OJOBHI OCi, III0 MPOXOASTh Yepe3 LEHTP Baru nepepi-
3y, HA3UBAIOTHCS FOJIOBHUMHU LEHTPAIBHUMU OCSIMHU.

[Ipu oOumucieHHi MOMEHTIB 1HEpIIi mepepi3iB, CKIaJACHUX 3 HAWIpPOCTi-
X TeOMETPpUYHUX (Hiryp abo craHJapTHUX MPOKATHUX MPOQLIIB, IMHUPOKO 3a-
CTOCOBYIOTbCSI (QOPMYJIM TEPETBOPEHHS MOMEHTIB IHEpIlli MpU MapajeabHOMY
nepenoci oceit (puc. 4.3).

MowmeHT 1Hepiii nepepidy BIZHOCHO Oyab-sIKOi OC1 JIOPIBHIOE MOMEHTY
1HepIii BIIHOCHO IEHTPaIbHOI OCi, MapajielbHOi JaHO1, MUIIOC HO0YTOK TUIOINTI
¢irypu Ha KBajaparT BiJICTaHI MK IIUMHU OCSIMU:

J

X

— 2 — 2
_=J,+a’F, J, =, +bF. (4.7)

BinueHTpoBuil MOMEHT iHEpIii BIJHOCHO OyAb-sIKOiI CUCTEMHU MPSIMOKYT-
HUX OCEeH JIOPIBHIOE BIILIEHTPOBOMY MOMEHTY BIIHOCHO CHCTEMH LIEHTPATbHUX
ocel, mapajgeabHuX AaHUM, IUTIOC J00YTOK Iuionll Girypu Ha KOOpAMHATH ii
LIEHTPA Baru B HOBUX OCSIX:
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JXl)’l :JXV +abF, Jchc - é_'l (JXiyi t g bIFI) (48)
Us l‘ ‘@ 4l .
_ b x|
A
X
-\
01 | I
X1

Pucynox 4.3

OcbhOBI MOMEHTH 1HEPIIIl BCHOTO NEPEPI3y 100 TOJOBHUX LEHTPATbHUX
ocell Ppirypu BU3HAYaIOTh 32 GOPMYyJIaMHU:

b, +a2F )9, =& (0, +b%F), (4.9)
i=1

pe J,. ., J, — OCbOBI MOMEHTH iHEpLUii CKIafgoBHX (iryp BITHOCHO BIiac-
HUX LEHTPAITBHUX OCEW;
a — BIICTaHb MDK LEHTPAIbHOIO BiCCIO X CKJIAIHOIO Iepepisy 1
BJIACHOIO LIEHTPAJIBHOIO BICCIO CKNIa0BOi pirypu X;;
b, — BigcTaHp MDX HEHTPAIBHOIO BicCl0 Y. CKIAIHOTO Mepepizy i
BJIACHOIO LIEHTPAJIbHOIO BICCIO CKJIa0BO1 pirypu ;.

BinueHTpoBuii MOMEHT 1HEpIIi BChOrO TNEpPEpi3y BIAHOCHO TOJOBHUX
HEHTPAJIbHUX Ocei PIrypu BU3HAUAIOTH 32 (POPMYIIOI0

JXcYc =én (JXiyi +a biFi)’ (4'10)
i=1

¢ inyi — BIJOCHTPOBHUHU MOMCHT 1HCPII11 CKIIaTOBHUX (1)1I‘yp B1IHOCHO BJIa-

CHUX LIEHTPAJIbHUX OCEM.
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3HaueHHS MOMEHTIB 1HEpIii HaOUIbII Y)XKMBAaHUX MEpepi3iB BIAHOCHO
[EHTpaJIbHUX OCel HaBeaeH1 B Tabnuil 4.1

Tabauys 4.1 — 3nauenus momenmis inepyii HAUOLILUL VIHCUBAHUX
nepepisie w000 YeHmpaibHux ocel

MomeHTH iHepIii

B :
U] nepepizy J, J,
y
I = X bh? hb®
PAMOKYTHHUK ekl —
12 12
b
- S 3
TpukyTHUK % 1t bh” —
o 36
>
b

0

Kinere

K 7))

T
7
e

) sl

d
0

Pucynox 4.4
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[TonoxeHHsT TOJOBHUX OCEW 1HEeplii 3HAXOIATh 13 HACTYMHOI 3aJI€KHOCTI
(puc. 4.4):

2J,
tg2a, = ——, (4.11)
ch ) ch

e @, — KyT MOBOPOTY OJIOBHUX LIEHTPAIbHUX OCeH (PIrypu BIAHOCHO

MMOYaTKOBO1 CUCTEMHU OCHTPAJIbHUX OCCﬁ;

chyc — BIIOCHTPOBUH MOMCHT IHCPII1l BITHOCHO IICHTPAJIbHUX OCCHU X c 1 YC ;

NN

y. —OCbOBI MOMEHTH IHEpLIii BIIHOCHO HEeHTpaibHuX ocerd X 1 Y.
Cc

JlogatHuil KyT @, BapTO BIOKJIAJATH BiA oCl X, IPOTU XOAY FOAMHHUKO-
BOi CTPLUIKH.
[Ipu oOuMcIeHHI MOMEHTIB 1HEpUIi HI0JI0 TOJIOBHUX LEHTPATbHUX OCEH
BUKOPUCTOBYIOTh HACTYIH1 (POPMYIIH:
— 2 .2 :
Jy =, cos"agtJ, sin“ag- J, , sin2a,,

XcYe

_ ) 2 -
Jy =J,_sin“ay+J,_cos"a,+J, , sin2a,. (4.12)
BianenTpoBuii MOMEHT iHEpIIii BIJHOCHO TOJIOBHUX IEHTPAIbHUX OCEH

JOPIBHIOE HYJIIO:

J, _
Joy =J,, cos2a, +°Ty°><sm 2a, =0. (4.13)

XcYe

4.2 BuzHayeHHS TeOMeTPHUYHMX XapaKTEePUCTHK IUIOCKHUX NepepisiB
3anaua 4.1
Busnauumu nonoosicennsi yenmpa eacu oanoeo nepepizy (puc. 4.5) i 06uu-
CAUMU 0CbOBI MOMEHMU [HepYyii 6Cb020 nepepizy wooo 20J08HUX YEHMPANbHUX
oceli nepepisy.
Po3é’ azannn
1 300paxyemo nepepi3 y MacmTabi i3 BKa3iBKolo po3MipiB ¢iryp. Busna-

YaeMO TMIOJIOKEHHsI IIEHTpa Baru KoxHOi 3 ¢iryp. Hanocumo Ha pHCYHOK
HEHTpaJIbHI 0ci KOKHOT dirypu (puc. 4.6).
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Busznavyaemo moiii KoxkHOi 3 piryp:
F, =12>6=60cm”, F,=243=26cm*, F,=18X4=72cm>.
2 Bubupaemo i nepepizy J10BUIbHY CUCTEMY NMPAMOKYTHUX KOOPIHMHAT
(oci X, y), BIIHOCHO O0OpaHMX MOYATKOBUX OCEH X Ta Y 3HAXOJAUMO KOOPAMHATH
LIEHTpa Baru CKJIaJaHOIo Mepepizy.
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3HaxX0IMMO KOOPJAMHATH IIEHTpa Bard I-i (irypu BiIHOCHO MOYAaTKOBOT
CUCTEMM OCEU.

X1=—%+§=-SCM, y1=g+13+g=17,5CM,
X, =0cM, y2=g+%=8,5CM,
18 2
Xg=—- —=8c¢M, =0cm.
372 2 Vs

[TincTaBnsroun OTpUMaHi 3Ha4eHHA X;, Y; Y popmyinu (4.3), maemo:

. _-5°60+0:26+8:72

—175cm,

c 60+ 26+ 72 L5em

, <17560+85:26+0:72 o
60+ 26+ 72

3a 3HaliICHUMU KOOPAMHATAMHU X, Y. HAHOCUMO IIOJIOKEHHS LIEHTpa Ba-
I'M CKJIaJHOro mnepepizy. Uepe3 LEHTp Baru CKJIaJHOTO IEPEPI3y MPOBOIUMO
HEHTPaJIbHI OC1 BCHOI'O Mepepizy, HANPaBISIIOYM iX MapajelbHO IEHTPAJIbHUM
ocsM ckimanoBux diryp (puc. 4.7).

3 BusHayaemMo OCbOBI MOMEHTH I1HEpPIli BCHOrO IMEpepi3y BITHOCHO
LEHTPAJIbHUX OCEH mepepizy.

BusHayaemMo 0chbOBI MOMEHTHU IHEPIii CKIaAOBUX (Iryp BiTHOCHO BJjac-
HUX IEHTPaIbHUX OCEH:

3 3
_12% =125 cm?, 3, =242 =720cm”,
X1 Y1 12
3 3
J _ 243 =366,2 cm?, J _13%¢ =87 cm?,
X2 12 Y2 12
3 3
J _18 =96 cm?, J _ 418 =1944 cm*.
12 s 12

3Hax0AMMO BIJICTaHb MK LIEHTPAJIBHOIO BicCl0 X CKJIaJHOIO Iepepisy 1
BJIACHOIO IIEHTPAIBHOIO BiCCIO X; i-1 CKIIa10BO1 irypu:
a =Yy, -Y.=175- 8,04=946cm,
a,=Yy,-Y.=85-804=046c¢cm,
a;=Y;-Y.=0-804=-804cm.
67



Yy Yy Us
X=1,75 M
- 12
x=-5,00 cM :=8,00 M
f
z X
ol N
L A\
\\ N =
\ J
\ AN ™~ X
Ol 3~ N 2
\ \\ XC

SR z 5| S

s Al 2

%) g T

N 1L & 5

\\ / é X3 ><
G ~
16 M
Pucynok 4.7

3HaxXoAMMO BiJICTaHb MK LEHTPAIBHOIO BICCIO Y. CKJIAJAHOTO Iepepizy 1

BJIACHOIO LIEHTPAIBHOIO BICCIO Y; I-1 CKJIaf0BO1 irypu:
b, =X,- X, =-5-175=-6,75¢cwm,
b, =%,- x,=0-175=-175cmM,
by =X3- X, =8-175=6,25cm.

IlincraBisitoun oTpuMaHi 3HadeHus J, , J,, &, b, y dopmymn (4.9),

MAa€eEMO.
J,, =125+9,46” 60 +366,2 + 0,46” X26 + 96 + 8,04 72 =10616,4 cm*,

J, =720+6,75° %60 +8,7+1,75° X26 +1944 + 6,257 x72 = 8298,6 cm”.

3agaua 4.2

Busnauumu nonoosicennsi yenmpa eacu oanoeo nepepizy (puc. 4.8) i o6uu-

CUMU 20JI08HI OCbOBI MOMEHMU IHepYii.
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14 cm

_Tmm
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Pucynok 4.8
Po3é azannsn

1 306paxkyemo nepepi3 y MacmTadi 13 BKa3iBKOI po3MipiB piryp. Akio B
nepepizi € oTBIp, MOro 3pydyHO BBaXKATH YACTHHOIO (Iryp 3 BiJ €MHOIO ILIO-
miero. PosrnsiHyTHil nepepis po30ruBaemMo Ha JBi MPOCTI YACTUHU — MPSIMOKYTHUK
1 KpYT BiJ' €MHOT IO,

Busnayaemo nosokeHHs eHTpa Baru KoxkHoi 3 ¢iryp. Hanocumo Ha pu-
CYHOK IIEHTpaJIbHI 0ci KOXHOI (irypu (puc. 4.9).

14 cM
Yy Up U

Yo |
7

NS
)

X X

G

30

Pucynok 4.9
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Busnavyaemo moiii KoxkHOi 3 piryp:

F, =30%4=420cm°,

pD? _ 314>8°
4

F, = = 50,24 cm?.

2 BignocHO 00paHMX MOYaTKOBUX oceil B Toulll C; 3HaXOAMMO KOOpAHHA-
TH LIEHTPA Baru CKJIaJHOTO Tepepizy.
Sx1o nepepiz CUMETPUYHHUM BITHOCHO Oci Y, TO LIEHTP Baru JISXKUTh Ha HIl.

3HaxX0IMMO KOOPAMHATH IIEHTpa Bard I-i (irypud BiIHOCHO MOYAaTKOBOT
CUCTEMM OCEU.

y, =0cm, y2=3—20- 7 =8cwm.

[TincTaBnsroun OTpUMaHi 3HaUeHHs Y, y popmyny (4.3), Maemo:

_03420- 8:50,24 _ Lom
Ye 420- 50,24 '

3a 3HalAEHOI0 KOOPIMHATOI0 Y. HAHOCHMO IIOJIOKEHHS IICHTpa Baru
ckiagHoro nepepizy (puc. 4.10).

- 14 cM -—
Yefup tpy | 1
2 2 !
® |~
a &
[
X
0 2 |
5
?
b X X
% E1 Xc
&
|
Pucynok 4.10

3 BusHauaemo 0CbOB1 MOMEHTH 1HEPIIil BChOTO Mepepizy BIIHOCHO r0JIO-
BHHX LICHTPAJILHUX OCEH Mepepizy:
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= 6860 cm*,

~3044°
12

3
3, =289 31500 cu?, J,
1 12 1

4 4
3, =3, = péj = pﬁ’j = 20Leu”.

=Yy -YyY.=0+11=11cwm,

b,=0cMm, b,=0cwm.

a,=Y,- Y. =8-11=69cm.

J,. =31500+1,1* x420- 201- 6,97 550 = 29426,7 cm*,

J,. =6860- 201=6659 cm”.

3agaua 4.3

Busnauumu nonoowcenns yenmpa eacu oanozo nepepizy (puc. 4.11) i 06-
Yyucaumu 0Cb08i MOMeHmuU iHepyii Gicypu GIOHOCHO 20]108HUX YEHMPATbHUX
oceti nepepisy.

30 e

— —

16 M

N°24

—l e =

Pucynok 4.11
Po3é azannsn

1 300paxyemo nepepi3 y MacmTabi i3 BKa3iBKolo po3MipiB ¢iryp. Busna-
4aeMO TIOJIOKEHHS IIeHTpa Bardm KOkHOi 3 ¢iryp. HaHocuMo Ha pucyHOK

HEHTpaJIbHI Oci KoXkHOT dirypu (puc. 4.12).
BuzHayaeMo 11011y MpsSMOKYTHHUKA!

F, =30x,6 =48cMm>.
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Pucynok 4.12

I3 copramenty (momaTok A) BHIHCYEMO T'€OMETPUYHI XapaKTEPHCTUKU
JBOTaBpa.

H,=H;=24cwMm,
B, =B;=115cwm,
F, =F, =34,8cM?,

Jyp = Jys =3460 cm”,
Jy, =J,,=198cm*.

2 BigHOCHO 00paHUX MOYATKOBUX OCEH 3HAXOJAMMO KOOPAWHATH IIEHTpa
Baru CKJIQJIHOTO nepepizy. ko ¢irypa cuMeTprdHa BITHOCHO oci Y, TO IIEHTP
Baru JIeXKUTh Ha Hiil.

Y1 =2§1+l_26=12’8CM’ y>=0cMm, y3=0cm.

y. = 12,8:48+0°34,8+0:34,8
‘ 48+34,8+34,8

=52cMm.

3a 3HAMJICHOIO KOOpANHATOIO yc HAaHOCUMO IIOJIOKCHHA ICHTPA Baru

ckiagHoro nepepizy (puc. 4.13).
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Pucynok 4.13

3 Busnauaemo 0CbOB1 MOMEHTH 1HEPIIiT BCHOTO MEpepizy BIIHOCHO T0JIO-

BHUX IIEHTPAJIbHUX OCEH mepepizy:

3 3
3, =2 1020w, 3, =10%80 _s600eut
! 12 yl 12 ’
4 =Y,- Y. =128- 52=7,6c¢cwm, bl =0cwM,
a,=Y,-Y.=0-52=-52c¢cm,
2=Yo2- Ye b2=b3=§'£5=9,25CM,

=Y;- Y. =0-52=-52cmM,

3, =10,2+7,6% 48+ 2>{3460 +5,2% x34,8)=11584,7 cm*,

3, =3600+07 48+ 2{198 + 9,257 x34,8) = 99512 cm*.

y

3anaua 4.4
Hnsa cknaonozo nepepizy (puc. 4.14), suxopucmosyiouu mabauyi copma-

menmy (0ooamxu b ma I'), ananimuunum cnocobom eusHaAUUmMu NOJOHNCEHHSL 20-
JIOBHUX YEHMPAIbHUX OCeU [ 8eIUYUHU 20]I08HUX YEHMPATbHUX MOMEHMIE IHep-

yii.
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180x110x12

36x1,6 cm

Pucynok 4.14

Po3é azannsn

CHE

1 BuzHauaeMo reOMETpUYHI XapaKTepUCTHKU CKiianoBux ¢iryp. I3 cop-
TaMEHTY BHUIIMCYEMO T€OMETPUYHI XapaKTepUCTHKH IBenepa (mogatok b) Tta
KyTHHKa (1omatok I'), a I cMyru — BU3HAYAEMO.

Tabauys 4.2 — ['eomempuuni xapaxmepucmuku nepepisy

KYTHHUK
(15[1(]?5;1 gg 4&38) CMVYTA 36x1,6 cm 180x110x12
(ACTY 8510-86)
H, =18cwm,
H1 =30cMm , H2 =36 cMm , XB?’_=21512CM,
B, =10cwm, B,=16c¢cwMm, yo:5,97z$,
z,=252¢cMm, F, =36%4,6=57,6 cM?, I:0 3:;’7 2,
= cM™,
F =405cm?, _B,H,} 16536 _ , g
Xo - =6221cm”, J =1123 CM4
J, =327 cm?, 2 12 12 X3 :
X1 3 3 J — 324 4,
J,, =8810cm*, | Jy, = H228, 3640 =12,3cm?, ya M
1 12 J. =194 cm*,
tga =0,374.

2 3o0pakyemo mepepi3 y MacmTadi (puc. 4.15). BuzHadaeMo MOI0KECHHS
IIEHTpa Baru KoxHOi 3 ¢iryp. HaHocuMO Ha pUCYHOK IEHTpasibHI OC1 KOXKHOT
¢irypu 1 BUOMpaEMO MOYATKOBY CUCTEMY OCEH.
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Pucynok 4.15

3 3Hax0aUMO KOOpPAMHATH LIEHTPA Baru CKJIAJHOTO Tepepizy:

= X1R T Xh X5 y. = yih +Yoh +ysh
’ FR+F+F , ’ F+F+F ,
X1=i+&=§+@=l5,8CM, y1=i—zo=§— 2,52 =15,48 cm,
2 2 2 2
X, =0cM, y, =0cwm,
_aB, ., O_ 26 O_ _ aH,  0_ a6 O_
X3 =-C—=+Xy+=-C = +t252== =-C - Yor=-C¢ - -597==
g2 g &2 2 S PRRLFI P 7]
=-332¢Mm, =-12,03¢cm,
. _158>405+0>57,6+(- 332):337 — 40lom,
40,5+57,6+33,7
> +0> + (- >
y. _1548>40,5+0°57,6+(- 12,03)>33,7 _ 168 cu.
40,5+57,6+33,7

4 3a 3HaI>iIIeHPIMPI KOOpAHAaTaMH XC’ yC HaHOCHUMO IIOJIOKCHHA OCHTPA

Baru CKJIAHOTO mepepizy (auB. puc. 4.15). Uepe3 meHTp Baru CKIAIHOTO Mepe-
pi3y MPOBOJMMO LEHTPaAJIbHI 0C1 BChOTO MEepepi3y, HAIPABIAIOUH iX HapaieabHO

LHEHTPAJIbHUM OCSIM CKJIaJIOBUX PITyp.
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5 BuznauaemMo 0ChOBI MOMEHTH 1HEPIlii BCHOTO MEepepi3y BIIITHOCHO TOJIO-
BHHX LICHTPAJILHUX OCEH mepepizy 3a hopMyiamu:

— 2 2 2
ch - Jxl +a1F1 +Jx2 +a2F2 +Jx3 +8.3F3,

— 2 2 2
J, =J, +biR +J, +b3F, +J, +biF;,

& =Yy, - Y. =1548- 1,68=138cwm, b, =X, - X, =158- 4,01=11,79 cMm,
a=Y,-Y.=0-168=-168cm, b, =x,- x,=0- 401=-4,01cwm,
a=Y5- Y. =-12,03-1,68=-1371cm, by=x;- x,=-332- 4,01=-7,33cmM,

c

J,. =327+138° 405+ 6221+1,68” 57,6 +1123+13,71* 83,7 = 21881 cm*,

J, =5810+11,79° ¥40,5+12,3+4,01° 67,6 + 324+ 7,33” x33,7 = 14513 cm*.

6 BuszHauaemo BiAIIEHTPOBUI MOMEHT 1HEPIIi 3a (OPMYJIIO0

Juy. =diy, TR +J,, +abF + Jes T agb;F;.

XYe — VX1

Hust biryp, y sikux € xoua 6 onna Bick cumerpii, J,, =0, Tobr0J, , =0,

JXzYz =0.
Buznaunmo BilIEHTPOBHI MOMEHT 1HEpIIli KyTKa, 10 HE JOPIBHIOE HY-

110, 32 (hOPMYJIOIO
ny = (‘Jx - Jmin)tga .
BignosigHo 1o ¢opmynu (4.6) BiAlleHTpOBHUH MOMEHT iHEpIlii KyTKa B

HepIIOMY 1 TPEThOMY KBaJpaHTaxX Mmo3uTuBHuU (puc. 4.16), ToMy 1m0 100yTOK
KOOPJMHAT X 1Y Ma€ NO3UTUBHUMN 3HAK.

S ©

o J|o

———

Pucynok 4.16
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J,.,. = (1123- 194)>0,374 =349 cm*.
3Y3

Jyy, =0+138°11,79°40,5+0+1,68°4,01>57,6 + 349+

cY

+13,71%7,33X33,7 =10713cm*.

7 BuzHa4aeMo I10JIOKEHHS TOJIOBHUX OCHTPAJIbHUX ocei:

23, . 2x0713

J, -, 14513- 21881

tg2a, =

2a,=-70998° b a,=-35499°.
JlongaTHi KyTu @, BIAKJIAJAIOTHCS IPOTH X0y FOJUHHUKOBOI CTPLIKU.

8 BusznauaeMo MOMEHTH 1HEPIIi BITHOCHO T'OJIOBHUX LEHTPAIBHUX OCEH:

Jy =3, cos’a, +J, sin*a,- J, , sin2a,,

XcYe

Jy =, sin*a, +J, cos’a, +J,, sin2a,,

XcYe

cosa, =0814, sina,=-0581, sin2a,=-0946,
J, = 21881>0,814% +14513>0,581% - 10713X- 0,946) = 29532 cm*?,
J, =21881>0,581% +14513x0,814° +10713- 0,946) = 6868 cm*.

9 BuKoHyeEMO TEpeBIPKH, 1110 KOHTPOIIOIOTh MPaBUIBHICTh apudmeTry-
HUX OOYHCIICHb:
a) Jy, Ty, =ty

21881 +14513 = 29532 + 6868,
36394 = 36400.

Moxubia: 2200~ 35394 13006 = 0,020 .
36394
Jo -3, .
0) Juv =3, COS2a, +Tsm2aO =0,
Jyy =10713>0,326 + 21881 2 14513 (- 0,946) =3492,4 - 34851.
IToxuoOxa: 3492,4- 34851 xX100% = 0,2%.
34851

10 Pesynbrat po60TH 3BOAMMO 10 Tabuii 4.2.
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Tabauys 4.3 — ['eomempuuni xapaxmepucmuku nepepisy

- Koopnunatu o %
S m Q . cee
a % & % LICHTpa Baru <ED{ S ? MowmenTu IHCPHII a b
Q =t & 5 CKJIaJIOBUX E g = ckiagoBux Qiryp
Q .
ZE ZE | o |78
= Xi Yi I:I JXi in inyi
1 Hjl\ze;gp 15,80 [15,48| 40,5 | 327 | 5810 | 0 | 13,8 |11,79
Cwmyra
2 36x16 0 0 576 [6221| 12,3 0 -1,68 |-4,01
KyTtok
3 180x110x12 -3,32 |-12,03| 33,7 |1123| 324 | 349 |-13,71(-7,33
Swatineni | J, ,en® | Jy ,on? [, ot | @0, | Jy, vt | Jy, o
BCJMAMHI 51881 | 14513 10713 |-35,499 | 29532 | 6868

11 I'padiuHo 300pakyeMO MOMEHTH 1HEPIIii.

Binomi momenty inepuii Jy_, J, , J, , 1ot nepepizy 6pyca BITHOCHO

NEAKOI CHUCTEMH MEPHEHAUKYISIPHUX oOced X, Y (JXC =21881cm”

Jy. =14513cm*, J

y XcYe
1Hepu11 Ta TOJIOKEHHSA IT'OJIOBHUX OCEM.

- 4 : -
=10713cm™). [oTpiOHO BHU3HAYMTU TOJIOBHI MOMEHTH

Y reomerpuuniit miomwmni Jy , J, - (puc. 4.17) 6ynyemo toukn D, i
Dy, 110 BIJMIOB1JIal0Th MOMEHTAM 1HEPIIil BITHOCHO ocel X, Y. AGcuucamu ux
TOYOK € 0CbOB1 MOMeHTH iHepuii OK, = JXC , OKy = ch ; OpAMHATaMU — BijIle-
XY ? KoY ! KyDy =- ‘Jchc . SIkmro

TOYKHU HaJEXKaTh OJHOMY Jl1IaMETpy, TO, 3'€IHABIIU iX, OJEPKUMO LIEHTP Kpyra

HTPOBHM MOMEHT 1HepIii J npuaomy K, D, =J
inepuii C. I3 uentpa C omucyemo koo paaiycom CD, =CD, . Bouo nepecikae
Bich abcuuc y Toukax A ta B. OueBuaHO, 1110 aOCHUCH IIMX TOYOK — BIAPI3KH
OA Tta OB —1 € mykaHi ronoBHi MOMEHTH 1Hepii J;, Jy, .

JJist BU3BHaYeHHS HANPSAMKY TOJOBHUX Ocell modynyemMo poKyc Kpyra iHe-
puii. I3 mieto meToro 13 Touku D, mpoBenemo JiHIo, MapajlenabHy ocl X, A0 Ie-
peTuHy 3 kpyrom y ¢okyci M. 3'egnyroun dokyc i3 Toukamu A, B kpyra, onep-
’KMMO HarnpsiMKu rojioBaux oceir U ta V (muB. puc. 4.17).
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Pucynok 4.17
3agaua 4.5

Hnsa cknaonozo nepepizy (puc. 4.18), suxopucmosyouu mabauyi copma-
menmy (0ooamxu A, b)), anarimuunum cnocobom euzHauumu nOJONCEHHs 2010~
BHUX YEHMPATbHUX OCell | BeIUYUHU 20TI0BHUX YEHMPALbHUX MOMEHMIE iHepyil.

B

t )
= w

o8 N

R

—

Pucynok 4.18

Po3é azannsn

1 BuzHauaeMo reOMETpUYHI XapaKTepUCTHKU CKiianoBux ¢iryp. I3 cop-
TaMEHTY BUIIUCYEMO T€OMETPHUYHI XapaKTEPUCTUKH IIIBEJIEpa Ta IBOTaBpa, a JJIs
CMYTH BU3HAYAEMO.
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Tabauys 4.4 — ['eomempuuni xapaxmepucmuku nepepisy

ILIBEJIEP Ne30 JIBOTABP Ne 30
(ICTY 8240-89) CMYTA S0x2,0 em (JICTY 8239-89)
H, =30cwMm, H,=20cm, H. =
Bl =10 cMm , BZ =50cmMm , 5 3__1205CM )
z,=252cu, F, =5052,0=100cm?, 3 M,
K, =405cm? B,H,' _ 20%60° Fa= 4650,
TSIy, = e = ST = 20833em, | 5 =337 o
J. =5810cm* © 12 12 X !
X1 ' 3 3 - 4
) _H,B,> 5000° _ . | 3, =7080cm®.
Jyl - 327 CM4, Jyz - 12 - 12 - 3313 CM , Vs

2 300pakyemo mepepi3 y MacmTadi (puc. 4.19). BuzHadaeMo MOI0KCHHS
IIEHTpa Baru KoxHOi 3 ¢iryp. HaHocuMo Ha pUCYHOK IEHTpabHI OC1 KOXXHOT

¢irypu 1 BUOMpaeMo MOYaTKOBY cuctemy oceit B Toulli Co.

M
Hy=20 ¢

3
-
5
2 L) X3
.1 &
I,
i . (]
b T, f ] ol
5 ~ I 5 3
-y
% 1 "'-—-——_____\"I-\|\ . C X'l:
i o X2, X
= Al %:=3,22 CM \
= —
2 7i=2.52 O ~ x
= il | -
/ 5 U
=
we-352 e | w1600 _ =3
1
%‘I
L/
T ——""] -
L1 | N
BelDch Be=d
Pucynok 4.19

3 3HaxoAMMO KOOpJIMHATH LEHTpa Baru CKJIAJHOrO mepepisy 3a (popmy-

namu (4.3):
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a, 0_ a0 0 a3, H,0_ a0 300
X, =-C—=+2Z2,T=-¢c— +252== y,=-02- Ltri=-g—-—"x=
g2 G €2 182 24 &2 29
=-352cwM, =-10cm,
X, =0cM, y, =0cwm,
X3:i+i :Q+§ =16 M, ygzi_ &_@_ %_18’2501\/[’
2 2 2 2 2
_-352°40,5+0:100+16:46,5
¢ = =3,22¢cMm,
40,5+100+ 46,5
- 10:40,5+0:100+18,25:46,5
c— =2,37cMm.
40,5+100+ 46,5

4 3a 3HaI>iIIeHPIMPI KOOpANMHAaTaMH XC’ yC HaHOCHUMO IIOJIOKCHHA LCHTPA

Baru CKJIaHOTO mepepizy (auB. puc. 4.19). Uepes meHTp Baru CKIAIHOTO Mepe-
pi3y MPOBOJMMO LEHTPAJIbHI 0C1 BCHOTO Mepepi3y, HAIPABIAIOUYM iX HapaneabHO
LHEHTPAJIbHUM OCSIM CKJIaJIOBUX (ITyp.

5 Buznauaemo 0ChOBI MOMEHTH 1HEPIlii BCHOTO MEpepi3y BIIIHOCHO TOJIO-
BHHUX LIEHTPAJIbHUX OCeil mepepizy 3a popmysnamu (4.9):

a =Yy, -Yy.=-10- 2,37 =-12,37 cm,
a,=Y,- Y. =0-237=-237cm,
a;=Yy;- Y. =1825- 2,37 =1588 cm,

b, =X, - X, =-352- 322=-674cM,
b,=X,- X,=0- 322=-322cwm,
b, =X,- X, =16,00- 322=12,78cm,

., =5810+ 12,37 40,5+ 20833 + 2,37% X100 + 337 + 15,882 46,5 = 45465 cm*,
J,. =387+6,74% x40,5 +33,3+3,22° 400 + 7080 +12,78% x46,5 = 17972 cm".

6 Buznavaemo BifIICHTPOBUH MOMEHT iHepilii 3a (hopmyioro (4.10).
Hust cumerpuynux ¢iryp J,, =0, ro6t0 J, \ =0, J, , =0, J, , =0.

X3y3
Joy. =0+(- 12.37)5(- 6,74):405+0+(- 2,37)>(- 322)5100+0+
+15,88%12,7846,5=13577 cm*.

7 BuzHa4aeMo I10JI0KEHHS TOJIOBHUX OCHTpPAJIbHUX ocei:
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2]
e o 2437 _ oocn

J, -, 17972- 46465

tg2a, =

2a,=-44,644°, b a,=-22322°.

JlongatHi KyTu @, BIAKJIALAIOTHCS MIPOTH X0y FOJUHHUKOBOI CTPLIKU.
8 BuznayaeMmo MOMEHTH 1HEPIIi BIIHOCHO TOJIOBHUX LEHTPAIBHUX OCEH:

cosa, =0,925, sina,=-0,380, sin2a,=-0,703,
J, = 454650,925° +17972>0,380% - 13577X- 0,703) =51040cm*,

J, =45465>0,380° +17972>0,925° +13577X- 0,703) =12398cm”.

9 BukoHyeMO MeEpeBIpKH, 110 KOHTPOIIOIOTh MPaBUIBHICTh apudmeTHy-
HUX O0YHCIICHb:

a) 3+, =3, +dy,
45465 +17972 = 51040 +12398,
63437 » 63438.
63438- 63437
: »x100% = 0,002%
IToxubOka: 63437 0 0,
Io-d, .
0) Juv =3Iy, COS2a, +#>@n 2a,=0,
Juy =13577>0,711+ 45465 2 17972 x- 0,703) = 9653 - 9663.

[Toxu6Ka: 9663- 9653 x100% = 0,10% .
9653

10 Pesynbrat po6oTH 3BOAMMO 10 Tabnuii 4.3.

Tabauys 4.5 — ['eomempuuni xapaxmepucmuku nepepisy

5 = Koopaunatu | o E

£ . = 2 uentpa Baru | S % MomeHnTH iHepiii

9 E P CKIAmoBHX | 5 S Z.| cxnagoBux diryp a b

&2 23 bir =2 !

3 5 P 5

(D]

= 8 X Yi Fl JXi in JX.Y.
1 Lﬁeggp 352 | -1000 | 405 | 5810 | 387| 0 |-12,37| -6,74
2 gol‘j(-‘/z% 0 0 100 | 20833|33,3| 0 | -2,37 | -3,22
3 H;fgagp 16,00 | 18,25 | 46,5 | 7080 | 337 | 0 | 1588| 12,78
maiineni | 3 oyt | Jo,om® | o, ow® | @0, ° | Jy ew* | Jy, v
BECIIMYUHHU ¢ ¢ crc

45465 17972 13577 | -22,322 | 51040 12398
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11 I'padiuno 300paxyemo MmoMeHTH iHepiii (puc. 4.20).

W
Tz
] [
0 B
TR
L)
Jy=17072
Jer=l GG
=104
Pucynok 4.20
5 3rNHAHHA

5.1 OcHOBHI N0J10KeHHS Teopil

Po3pi3HsioTh uncTe 1 nonepeyHe 3ruHaHHs. [l YMCTUM 3rUHAaHHAM PO-
3yMIETHCS TaKUW BUJ HABaHTAXKEHHS, MPU SIKOMY B TMONEPEYHUX Mepepizax Opy-
ca BUHMKAIOTh TUIbKHM 3TMHAJIbHI MOMEHTH, a TIONEPEYHI CHIIM JOPIBHIOIOTh HY-
mo. Y BUMAJKY MOMEPEYHOro 3rUHaHHA B Mepepizax Opyca BUHUKAE HE TUIbKU
3ruHajgbHUM MoMeHT M, ane ¥ nonepeyna cuna Q.

[Ipy momepeyHOMY 3rMHAaHHI BUHHUKAIOTh HOPMaJIbHI 1 JOTHYHI Hampy-
xenns (puc. 5.1).

Bennunna HOpMalbHUX HANpyXeHb y JOBUIbHIN TOYIIl TEpepi3y, po3Ta-
IIOBAHOI HAa BUCOTI Y, BU3HAYAETHCS 32 (OpMYII010

M
s=—2Xy, 51
3 y (5.1)

X

ne M, — 3ruHajIbHMI MOMEHT HAaBKOJIO T'OJIOBHOI OCl X IOIEPEYHOIrO
nepepizy;
J, — OCbOBUI MOMEHT IHEpLIi NONEPEUYHOIr0 Mepepi3y BIAHOCHO
TOJIOBHOI OCI X;
Yy — BiJICTaHb BiJl HEUTPAJIBHOI JIIHIT 10 TOYKH, Y SAKI BU3HAYAETHCS

HaIpy>KCHHS.
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Pucynor 5.1

HopManbHi Hanpy>keHHs MpU 3rMHaHH1 3MIHIOIOTHCS 32 BUCOTOIO Nepepi-
3y 3a JIHIHHUM 3aKOHOM 1 Ha0yBalOTh HAMOUTBIINX 3HAYEHb Y TOUYKAX, HAMOLIbII
BiJIJaJICHUX BiJl HEUTpanbHOi ocl. Halibuibii HOpMasibHI Hanpy>KeHHs] BUHUKA-
I0Th Y MOINEPEYHOMY Tepepi3i, /i€ 3ruHAIbHUI MOMEHT MaKCUMAaJIbHUM, 1 BU3HA-
Yar0ThCs 38 GOPMYJIIOL0

M
S=TEy L (52)
X
Jliis mepepi3iB, CHMETPUYHUX BIIHOCHO HEUTPaNbHOI OC,
M
s =&, 5.3
W (5.3)

X

J : :
ne W, = h/X2 — MOMEHT OMOpYy Mepepi3y Mpu 3ruHaHHI a00 OCLOBUN MO-
MEHT OIopYy, CM°.
MoOMEHTH ONOpYy HAWMPOCTIMIHUX MEepepi3iB OOUUCIIOITh 3a HACTYITHUMHU
bopmymnamu:

MPIMOKYTHUK —
hZ
W, = b—, (5.4)
6
ne b — cropona nepepisy, napanenbHa HeHTpabHIH OCI;
KpyT —
3
w, =P4 o (5.5)
32
KUIbIIE —



w =2—d23(1- a*)» 01d%(1- a*), (5.6)

X

ae a =% (muB. Tabm. 4.1).

YMoBa MIITHOCTI MPHU 3TMHAHHI 0aJKU 13 CHMETPUYHHUM MEPEPI30M BiHO-
CHO OC1 X Ma€ BUTJISI

W

X

(5.7)

[Ipy HEecumMeTpUYHOMY Tepepi3l BITHOCHO OCl X yMOBa MIITHOCT1 3aIlu-
HIEThCS TaK:

s, = ma Voo Els]. (5.8)

max J

X

JloTH4YH1 HanpyXeHHs B JAOBUIBHIM TOYIIl MOMEPEYHOTO Mepepizy BU3HA-
qaroThcs 3a popMyioro KypaBCbKOro

£ =9 (5.9)

ne Q —momepeyHa cuia B po3MJISTHYTOMY Iepepisi,
x

S, — cTatuuHUil MOMEHT BiIHOCHO HEWTpanbHOi OCi Ti€i yacTUHU
nepepizy, 1o po3TallloBaHa MO OJHY CTOPOHY BiI IpPsIMOi, IPOBEAEHOI yepe3s
JaHy TOYKY, TOOTO CTaTHYHHI MOMEHT IUIOIII Bifpi3aHOi yacTUHH (TIpsiMa Mpo-
BOJIUTHCS MapaieIbHO HEHTpabHii ocCi);

b — mmpuHa nepepizy Ha piBHI PO3TIISTHYTOT TOYKH;

J, —MOMEHT 1HepIii BChOro Nnepepi3y BIIHOCHO HEUTPAIbHOI OCl.
YMoBa MILHOCTI 32 JOTUYHUMU HAIPY>KEHHSIMU M€ BUTIIS]L
*
t . =xgh]. (5.10)
bJ

X

3BUYAIHO JIs CTaJIEBUX OalOK MPUHMAIOTh! [t] » O,G[S] .

5.2 BuzdHaueHHsI HOPMAJbHHUX i JOTUYHUX HATIPYKE€Hb NP 3rUHAHHI
3agaua 5.1
Buznauumu naiibinowi HopmanvHi HANPYIHCeHHs, WO BUHUKAIOMDb ) NONe-

peunomy nepepizi oanxu (puc. 5.2, a). Buznauumu HOpMaibHI HANPYIHCEHHS 8
mouyi D (puc. 5.2, 6). [lo6yoyseamu eniopy HOpMAIbHUX HANPYIHCEHD.
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Pucynox 5.2

Po3é azannsn

1 JIns BU3HAYEHHS MaKCUMalbHUX HOPMaJbHUX HAMpPYXKEHb CKOPUCTAE-
mocst popmyioro (5.7), a 1t BU3HAYCHHST HOPMAJIbHUX HAIpyXeHb y Touii D —
dbopmyioro (5.8).

2 Bu3HauyaeMo OIOpPHI peakiiii, MIPUPIBHIOIYH O HYJSI CYMHU MOMEHTIB
yCiX 30BHIIIHIX CHII BiTHOCHO TOo4YoK A Ta B (puc. 5.3):

é M, =0,
- 0>3>35+5R; =0,
_ q>3>3,5=10>3>3,5

Rg = 21xH.
5
a Mg =0,
g:3°15- 5R, =0,
R, = q°3°15_10°3°15 _ 9 kIl

5

. . o]
Jns mepeBipku Bukopucraemo piBusuns g B, =0:

R, - 0°3+Rg =0,
9- 10:3+21=0,
30- 30=0,
0=0.

86



RAzg KH q=10 KH/M RB=21 KH
A B
2 M 3M ’
Pucynok 5.3

3 Bu3zHavaemMo 3HaueHHS MOMEPEUYHUX CHJ 1 3TMHAJIBLHMX MOMEHTIB y Xa-
pakTepHuX nepepizax (puc. 5.4):

Q =Q,=Q; =R, =9xH,
Q,=-Rg =-21kH.
M, =M, =0xH>wMm,
M,=M;=R,32=92=18xH>m.

RA=9 KH q=10 KH/M RB=21 KH
Al ANEEEREN}:
1 23 4
oM M ’
9 Z6=2,1M
[l ]] Q, kH
| A
18 22,1 21
M, KH-M
Pucynox 5.4

Bynyemo emtopy 3a xapakrepHumu nepepizamu (1uB. puc. 5.4).
SIkuro emtopa MonepevHrx CUJil repecikae 6a3oBy JIIHIIO Ta 3MIHIOE 3HAK 3
«+» Ha «», TO B [ii TOYIi Oy/ne MakCUMalbHE 3HAYCHHS 3THHAIIBHOTO MOMEH-

Ty. 3HaXOAUMO TIOJIOKEHHSI I[LOTO Mepepizy.

zZ, =§=2,1M,

M,o=R,Z, - qzoz—zo =21%1- 1O>Q,1><2?’1 =221 kH xu.
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OueBuIHO, 110 MPU 3a3HAYCHOMY HaBaHTaXKEHH1 OaJIKu
M =221xH>Mm.

4 BuzHayaemo reOMeTpI/Iqﬂl XapaKTePUCTUKHU JIAHOTO nepep13y
— OCbOBUI MOMEHT 1HEpIIIi Iepepi3y BIAHOCHO IOJOBHOI OCI X

3 3
J, = bh = 10;;5 =2813cm?,

12

— OCBOBU MOMEHT OIOPY Mepepi3zy BITHOCHO TOJIOBHOI OC1 X

2 2
W, = bg =1O’§5 =375cm°

5 Buznayaemo MakcuMaiabHE HOpMaJbHE HAMIPY>KEHHS

M

S — max

max W

X
221X0°
s =2"""Y =-59MIla.
X 3753107 ©

6 Busnayaemo HopMalibHE HaNpyKeHHs B Toull D:

Mmax
J

Sp =

yDv

X

1€ Y — BIACTaHb BiJ HEUTpanbHOI JiHiI 10 Touku D,

221 10°

Op —ﬁﬁﬁ' 10-2 :43,2 MIla .
2813 10

7 bynyemo emntopy HOpMalbHUX HanpyxkeHb (puc. 5.5).
0
l S 59
1 s
i /7/ 43;%
)

7/

b=10 cM o, Mia

h=15 ™
Z M

Pucynok 5.5
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3amgaua 5.2

Busnauumu natiOinouwi HOpMAanbHi HANPYAHCEHHS, WO BUHUKAIOMb ) none-
peunomy nepepisi banxu (puc. 5.6, a), nepepiz sxoi noxkazano na puc.yuky 5.6, 6.

14 ™
Q=6 kH/M
Frrvvvyvvvvey . =
1,2 M 5 ™
2 M
a 4]

Pucynok 5.6

Po3é azannsn

1 I[JISI BH3HAYUCHHA MAKCHUMAJIBHUX HOPMAJIBHUX HAIIPYXCHb CKOPHUCTAE-

Mocst popmysioro (5.7).
2 bynyemo enopu monepeyHux Cuil 1 3SrHHAIbHUX MOMEHTIB.

Bu3nayaemo 3HaueHHS MOMICPCUHUX CUTT 1 3TUHAJIBHUX MOMEHTIB Yy Xapak-

TepHux nepepizax (puc. 5.7):

Q, =0xH,
Q,=q°L2=612=7,2xH.
M, =0xH>mMm,

M, =—q>§l,2><l?2=—6>§l,2><l?2=4,321<H>q\4.

Bynyemo emtopy 3a XxapakTepHUMH Tiepepizamu (IuB. puc. 5.7).

Q=6 kH/M
trrrrrreryre

1
2 12 M
7.2
m‘a, kH
W M, KHM
4,32

Pucynox 5.7
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OueBuIHO, IO MPHU 3a3HAYCHOMY HaBaHTAKEHHI OallkKM MaKCHUMAaJIbHHI
MOMEHT Oyne B nepepisi 3aknanens M, =4,32xkH M.

3 BuzHauaemo reoMeTprUYHI XapaKTEPUCTUKH JAHOTO Tiepepisy.

300paxxyemMo mepepiz y MacmTadi 13 BKa3iBKOWO po3MmipiB ¢iryp. Posris-
HYTHH TIepepi3 MOAUIIEMO Ha JBi MPOCTi YACTHHH — JIBA MPSIMOKYTHUKH. Bu3Ha-
4aeMO TIOJIOKEHHS IIeHTpa Barm KOKHOI 3 ¢iryp. HaHocmMo Ha pucyHOK
HEHTpaJIbHI 0ci KoxkHOT dirypu (puc. 5.8).

Busnayaemo reoMeTpuyHi XapaKTepUCTUKH MPIMOKYTHHUKIB!

[IpssmokyTHUK 1 [IpsimokyTHUK 2

E =162 = 32 cm? F, =14x3=42cm?,
1 b
3 143 4
JXl :2;%'-26 :682,7CM4. JXz - 12 _31’50M '
14 ™
- L y1, y2) Ye
| (2 2
bl P X2
|| ! Xe
=| & Al =f =
el Ik a f 1 =
pu [1_:, 1 X1, X
r Vo

2 M

Pucynok 5.8

BigHOCHO 00paHMX MOYATKOBHX OCEH 3HAXOAMMO KOOPIAMHATH IEHTpa
Baru CKJaJHOro mepepizy.

Sxuro girypa cuMeTpruyHa BiTHOCHO OC1 Y, TO LIEHTP Baru JISKUTh Ha HIN:

n

a k>,

yc — |=1n
aFr

i=1

y; =0cMm, VY, =%+g =95c¢cwM,

_0:32+95542

= 5,39 cu.
Ye = i o
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3a 3HAMJICHOIO KOOPAWMHATOKO Y. HAHOCHUMO TIIOJIOKCHH:A LCHTpA Baru

CKJIaIHOTO mepepizy (auB. puc. 5.8).
BuzHnadyaemMo 0ChOBHI MOMEHT 1HEpIIiT BCHOrO MEpepi3y BIITHOCHO T'OJIOB-

HOi ocl X!
g 2
ch = a. (‘]xi +ai FI)
i=1

a’l - y]_ - yc = O_ 5139 =- 5139 CM, az = yz - yC = 9,5' 5,39 = 4,11CM,
J, =6827+(-539)?32+315+4,11° 42 = 2353 cm*.

BusnauaeMo OChOBUN MOMEHT OIOPY MEpepi3y BITHOCHO T'OJIOBHOI OC1
X, 3a hopMyII010
— XC
W, = :
Y max

JC ymax - BiJICTaHB BiII HOCHTpA Baru 10 TOYKH, MAaKCUMAJIbHO BiJIJIaJICHOI

BiJI LIGHTpa Bary,

Y mex =E+yc =E+5,39=13,39CM,
2 2
W, = 2353 =175,7 cm®.
© 13,39

4 Bu3HayaeMO MaKCUMaJbHE HOPMAJIbHC HAIIPYKCHHSI .

M, 432°10°

S max - -
W 1757  10°°

X

=24,6 MIla

3agaua 5.3

s cmanesoi 6anku (puc. 5. 9) 3 pospaxynxy na miynicme nioiopamu po-
3MIpU Kpyeno2o, npsamoxymnozo (cnissionouennsi cmopin h=2b) i dsomasposo-
20 nepepizig, AKuO0 [s ] =160 MIla . Bubpamu onmumanvruii eapianm.

M=12 kH™M p=00 «H

%7/1,0 M 50M ’

Pucynoxk 5.9
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Po3é azannsn

1 Jlns migbopy po3mipy nepepiszy ckopuctaemocs hopmyoro (5.7).
2 BuzHnayaemo OMopHi peakilii, JOPIBHIOIOYM HYJIIO CYMH MOMEHTIB yCiX
30BHIIIHIX CHJI BiTHOCHO TOo4YoK A Ta B (puc. 5.10):

é M, =0,
- M- P10+R,>4,0=0,

_M+P51,0 _12+20510 _

R
B 4.0 4.0

8 kH.

éMB=O,
- M+P330- R,34,0=0,
_-M+P330 _-12+20°30

A =12 xH.
4,0 4,0
M=12 kH'M p=20 kH
A B
Z}Wﬂm 30M ‘
hhﬂZKH Re=8 kH

Pucynok 5.10

. . o]
Jns mepeipku Bukopucraemo piBnsuns g B, =0.

- P+R, +R; =0,
- 20+12+8=0,
- 20+20=0,
0=0.

3 BusznavaemMo 3HaueHHS MOMEPEUYHUX CHJ 1 3TMHAJIBLHUX MOMEHTIB y Xa-
pakTepHux nepepizax (puc. 5.11):

Q,=Q, =R, =12kH,
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Q;=Q, =-Rg =-8kH.
M, =M =12xH >wm,
M,=M;=M+R,>10=12+12>1,0=24xH>Mm,
M,=0xH>m.

Bynyemo emtopy 3a XxapakTepHUMH Tiepepizamu (auB. puc. 5.11).

M=12 kH™M p=20 kH

A g ik n B

1 273 4

“10M 30 M
Ra=12 kH Re=8 kH

12
é qQ, kH

2
-WW M. KM

9]

12 -7l

Pucynox 5.11

OueBuiHO, O IPU 3a3HAYEHOMY HaBaHTa)xeHH1 Oanku M, =24 xkH ™.

4 3 ymoBH MilTHOCTI (5.7) BU3HAYMMO HEOOXITHMI MOMEHT OTIOPY Mepepizy:

103
W, 2 %' 10° =150 cm®.

S 17151 KpyTJI0ro MONEPEYHOro Nepepizy MOMEHT ONOPY JOPIBHIOE:

3
W =pd » 0,1d3,
32

X

ne d — miameTp nepepizy.
3BIACH OJIEPKYEMO!

ds 3 m =3 @ =11,3CM.
01 01
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[Mpuiimaemo niametp, kpatHuit 5 MM, T06T0 d =115MM =115¢Mm.

[moma xpyry

- pd® 314%15?

=103,8cm?.
4

6 17151 IpSIMOKYTHOTO TIOTIEPEYHOTr0 Mepepizy MOMEHT ONOPY JOPIBHIOE:!

Sxmo h=2b, 1o

2 3 3
W, = b0y _ 4b° _20°
6 6 3

3BIACH OJIEPXKYEMO!

[Mpuiimaemo: b=6,1lcm, h=122cm.

ITnoma nmpsAMOKyTHHKA
F=bh=61422=744cm°.

7 Homep nBOTaBpa 3HAXOJIUMO 332 PO3PAXyHKOBHM 3HAYCHHSIM MOMECHTY
ormopy W, 3 150 cM>. 3a tabmuuero copramenty (JICTY 8239-72) Bubmpacmo

asotaBp Ne 18a, nis sikoro W, =159 em®. Moro wioma F=254 cM.

8 Ilpu 3ruHaHHs BepxHi mapu OAJKH CTUCKAIOTHCS, TOJ1 SIK HMXKHI pO3Tsi-
rytotbes. Cepenni x 1mapu ne@opmyroTbes Masio. BHyTpiliHI HampyX eHHS B
OaJill pO3NOAUIAIOTECS TAKUM YMHOM: Y3JIOBXK OCl CUMETPIi 3yCHJUIS JOPiBHIO-
I0Th HYJIIO Ta MPOHOPIIIIHO 3pOCTaIOTh Y MIpy POCYBaHHS 10 KpaiHbOro (Bep-
XHBOTO 200 HMIYKHBOTO) APy, AOCITal0YM MaKCUMyMYy caMe Ha CaMUX 30BHIIII-
HiX mapax. O4eBUIIHO, IO cepeHi Imapu Oallku MPSIMOKYTHOTO 1 KPYIJIOTO
MOTEePEYHOro Nepepi3y MPalio0Th 13 BEJIMKUM HEJOBaHTaAXXEHHAM. ToMy MOXKHA
3aMICTh MPSIMOKYTHOTO Ta KPYTJoro nepepisiB BUOUpATH TaKUil mepepi3, B KO-
My IUTOIIA MONEPEYHOro nepepizy cepeaHix mapiB Oyne menie. Takum nepepi-
30M € JABOTaBp.

Kpim Toro mepepiz BBaKaeThCs palliOHAIBHUM, SKIIO BiH 3a0e3mnedye Mi-
IHICTh OaJKW MPpU MIHIMaJIbHIN ii Ba3i, TOOTO MU MIHIMAJIbHIN MJIOIII TTONepey-
Horo nepepizy. [lnomna nonepeynoro nepepizy MeHIle y ABOTaBPOBOTrO mepepi-
3y. OTxe, mpuitMaeMo IBOTAaBPOBUM MEpePi3.
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3agaua 5.4

Buznauumu naiibinowi nHopmanvHi HANPYIHCeHHs, AKI GUHUKAIOMb Y none-

peunomy nepepizi oanxku (puc. 5.12), nepepizu sxoi noxazani na pucynxy 5.13.
Busnauumu nopmanoni nanpysicenns 6 mouyi D (Ous. puc. 5.13, a, 6). I[1o6yoy-

8amu enopu HOPMAIbHUX HANPYHCeHb OJisl 3aNPONOHOBAHUX NepPePI3iE.

Q=6 kH/M
HEEEEN
M b M M|
Pucynox 5.12
\P 20
0 I B/ ﬁ
|z ’
0,4 o SR .
Y -
|
14 ™M 2 M
a o

Pucynok 5.13
Po3é azannsn

1 /Inst BU3HAa4YeHHs] MaKCHUMaJbHUX HOPMAJIBHUX HANpPYXEHb CKOPUCTAE-
mocst popmyioro (5.7), a 1 BU3HAYCHHST HOPMAJIbHUX HAIpyXeHb y Touii D —

dbopmyioro (5.8).
2 BuzHayaemo OMoOpHI1 peakilii, JOPIBHIOIOYM HYJIIO CYMH MOMEHTIB yCiX
30BHIIIHIX CHJI BiTHOCHO TO4YoK A Ta B (puc. 5.14).
aM, =0,
- °4:3+R3z36=0,

= q>g>3 =043 1o

Rg
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M 4 m 1m

Pucynok 5.14

. . o]
Jns mepeipku Bukopucraemo piBusuns g B, =0.

- >4+R, +R; =0,
- 634+12+12=0,
-24+24=0,
0=0.

3 Bu3znavaemMo 3HaueHHS TOMEPEUHUX CHJ 1 3TMHAJIBHHUX MOMEHTIB y Xa-
pakTepHuX nepepizax (puc. 5.15).

R=12 kH 46 KH Re=12 ¥H

F\.‘.HHHY.‘.%
¢T3 '
7

X 4m (Y

%/‘*“

¢
Q, kH

o=z I

24
AT
Pucynox 5.15
96
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Q =0Q,=0Q;=R, =12kH,
Q,=Qs=Q; =-Rg =-12xH.
M, =My =0xkH>Mm,
M,=M;=R,1=12>1=12xH M,
M,=M;=Rg:1=12>1=12kH >m.

Bynyemo emtopy 3a xapakrepaumu nepepizamu (aus. puc. 5.15).
SIkuro emropa MonepeyHux CHUIl mepecikae 0a30By JIIHIIO Ta MIHS€ 3HAK 3
«+» Ha «—», TO B I[i TOYI[I MaEMO MaKCUMajbHEe 3HAYCHHs 3rHHAIIBHOTO MOMe-

HTY. 3HaXO0UMO TIOJIOKEHHS IILOTO TIepepizy.

ZO=_=2M,

M, o =R (L+2,)- qzoz—zo =12X1+2)- 6>Q><§ = 24 xkH % .

OueBuHO, O IPU 3a3HAYEHOMY HaBaHTa)xeHH1 Oanku M, =24 xkH M.

4 PosrnsiHeMo niepepis, NojJaHuii Ha pucyHKy 5.13, a.

Horo moxinseMo Ha JBi MPOCTi YaCTUHM — NPAMOKYTHHUK 1 Ta OTBip y BH-
Al TpsIMOKyTHHKA 2 Bix' emuoi miomti (puc. 5.16). Tomy mo B mepepisi €
OTBIp, KOT0 3pyYHO BBAXKATH YACTUHOIO (IrypH 3 BiJI' EMHOIO TUIOLIEIO.

4.1 Bu3zHavyaeMO TOJIOKEHHS LIEHTpa Bard JaHOro nepepizy. Skmo nepe-

pi3 cuMeTpu4HMM BiTHOCHO oceld X 1Y, To neHTp Baru C JIeKUTh HA MEPEeTUHI

ocell cUMeTpii.

1 v 2
‘ e
/ 39,3
7
5 D - 32,8\ =
( = = z ><E
14 o -
i
39,3
e G, M
Pucynok 5.16
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4.2 Bu3HauaeMO OCHLOBUH MOMEHT 1HepIii Hepepi3y BiIHOCHO T'OJIOBHOI
oct X:

_14%4°
12

J

_132%0°

J =16128cm”, J,_ =—"""" =8800cm*,
2 12

=J

c X1

- J,, =16128- 8300 = 7328 cm”

X

4.3 Bu3Ha4aeMO 0CbOBHI MOMEHT OIIOpY IIEPEPI3y BITHOCHO T'OJI0BHOI Oc1 X .

W, =

X
Y max

1€ Yme — BUICTaHb Bl HEMTpaJIbHOI JIIHIT JO HAHOLIBII BiAAANEHOI Bl
HEUTpaIbHOI JiHII TOYKH.
J1st pO3TIIsiHYTOTO NEPepi3y Y o =12 M. 3BIACH OJIEPKYEMO:

W, = 7328 _6110m.
12

4.4 Bu3sHauaeM0O MaKCUMaJbHe HOpPMAaJIbHC HAIIPYKCHHSI .

- = M,_, _ 247107
W 611 10°°

X

=39,3Ml]a

4.5 Bu3HauaeM0 HOpMaJibHE HAIPYy>KE€HHs B TouIll D:

Mmax
J Yoo

Sp =
1€ Yp — BIACTaHb BiJ HEUTPaNbHOI JIiHII 10 ToukH D.
: 24 :
JI1st pO3TIIAHYTOTO nepepizy Yp = B 2=10cwMm. 3Biacu oaepKy€eEMO:
2103
24" 10

Cp :ﬁ&ol 10-2 :32,8MH3 .
7328 10

4.6 Bynyemo enropy HOpMalibHUX HanpyxeHb (puc. 5.16).
5 Posrnsinemo nepepi3, noganuit Ha pucyHky 5.13, 6. PosrnsHyTtuii nepe-
pi3 MoaiIsieMO Ha JBI POCTi YacTuHH — cMyra 1 ta menep 2 (puc. 5.17).
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oY,
Hi=20 tm
5 104.1
. K
5oy G, g
g “ %- A A -FV
= ¥ 39,4
[ e
Cp
5
g 2 1 Qﬁ 5| | Z
” BB
1 Z7/E = 13.6
5 a, Mla
Pucynox 5.17
Busnayaemo reoMeTpuyHi XapaKTepUCTUKH cMYTH 1:
H, =18cMm, B, =2c¢cwMm, ; _BlH13_2x183_972CM4
F =H,B, =18 =36¢cm?, 12 '

I3 copramenty (momarok b) BHIIUCYeEMO T€OMETPHUHI XapaKTEPHCTUKU

uiBenepa 2:

HZZZOCM, 8227,6CM, F, =234 2 J., =113 4
. 207o , =234cm”, X2 — CM .

5.1 BinHOCHO 00paHuX MOYAaTKOBUX OCEH 3HAXOJIMMO KOOPAUMHATHU LIEHTpA
Baru CKJIaJHOTO nepepizy. Skiio ¢irypa cuMeTpuyHa BiTHOCHO OcCl Y, TO HEHTP
Baru JIEKUTh Ha HiK, X, =0.

3Hax0AMMO 3HAYEHHs KOOPAMHATH Y, 3a (hOpMYJIIOI0

_Ryithy, _

Ve F+F

JJist pO3IIISIHYTOTO TIEpepizy:

y1=OCM, y2:%+20=%+2,07=1107CM.
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3BIACH OJIEPKYEMO!

y, =1E0P234 _ a6 o
36+234

3a 3HAMJICHOIO KOOpANHATOIO yc HaHOCUMO IIOJIOKCHHA IICHTPA Baru

CKJIagHOTO mepepidy (auB. puc. 5.17).
5.2 BuzHauaeMo OChOBUM MOMEHT 1HEPIIii BChOT'O Mepepi3y BITHOCHO TO-
JOBHOI LeHTpasIbHOI oc1 X 3a (hopMyJI0I0

—_ 2 2
3, =3, +alR +J, +ak,.

Jlst po3rasiHyTOTO Nepepizy
a=Yy,-Y.=0-436=-436c¢n, a=Y,- Y. =1107- 436=6,71cm.
3BIACH OJIEPXKYEMO!

J,, =972+4,36° 36 +113+6,71° x23,4 = 2823 cm”.

X

5.3 BuzHauaeMo MakcUMalibHE HOPMaJIbHE HANPY>KEHHS:

M
S = Jmax Y max -

Xc

Jist pO3IIISIHYTOTO TIEpepizy:

H 18

Y mex =71+yc —7+4,36=13,36<:M.

3BIACH OJIEPKYEMO!

24" 1073

O = ——————5 %3,36" 10°? =113,6 MIla
2823° 10

5.4 BuzHauaeMo HOpMajbHE HanpyxeHHs B Touii D:

JJist pO3IrIISIHYTOTO Iepepizy:

yD=%— yc=%— 436=4,64cm.

100



3BIACH OJIEPKYEMO!

s a3
o, :L]'O_SM,M' 10?2 =39,4 MIla
2823" 10

5.5 Jlns mobyA0BM entopy BU3HAYMMO HampykeHHs B Toulll K 3a ¢popmynoro

Jist pO3IIISIHYTOTO TIepepizy:

v =B, +&1_y 0=76+85 4369=12240u.
g2 7} e2 [}

3BIACH OJIEPKYEMO!

s an-3
o =2 197 224" 10% =1041MTTa
2823 10

5.6 Byayemo emopy HOpMalbHUX HANPYXeHb (IuB. puc. 5.17).

3agaya 5.5

Ilobyodysamu entopy OOMUYHUX HANPYAHCEHb, WO BUHUKAIOMb ) NONepey-
Homy nepepizi oanxu (puc. 5.18, a), nepepiz sixoi nokazano na pucynxy 5.18, 6.

M=30 kHM P=90 kH

0,3
7 2M M ‘

12 M

14 ™
18 ™

Pucynok 5.18
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Po3é azannsn

1 /Iy BU3HAYCHHS TOTHYHHUX HAMPYXeHb cKoprucTaemocs Gpopmyioro (5.9).
2 BuzHnayaemo OMopHi peakilii, JOPIBHIOIOYM HYJIIO CYMH MOMEHTIB yCiX
30BHIIIHIX CHJI BiTHOCHO TO4YoK A Ta B (puc. 5.19):

é M, =0,
- M- P>2+R,35=0,
_M+P:2 30+90:2

Rg =42 xH.
5
a Mg =0,
- M+P:3- R,:5=0,
R, =" M+P:3_- 3O+90>3=481<H.

5 5
M=30 KH-M P=90 kH
A B
7 2M 3M ’

RA=48 KH RB=42 KH
Pucynok 5.19

. . o]
Jns mepeBipku Bukopucraemo piBHsaus g B, =0:

- P+R, +Ry =0,
- 90+48+42=0,
- 90+90=0,
0=0.

3 BusznavaemMo 3HaueHHS MOMEPEUYHUX CHJ 1 3TMHAJIBLHUX MOMEHTIB y Xa-
pakTepHux nepepizax (puc. 5.20):

Q,=Q, =R, =48xH,
Q,=Q, =- Ry =-42«H.
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M, =M =30kH M,
M,=M;=M+R,>2=30+48>2=126kH >Mm,

M, =0xH>m.
M=30 kHM P=90 kH
A i 7773 B
7A77 2M M
Ra=48 kH Re=42 kH

48

qQ, kH

126 42

[

T Wm M, KHM

Pucynok 5.20

Bynyemo emtopy 3a xapakrepuumu nepepizamu (nus. puc. 5.20).

OueBuHO, O IPU 3a3HAYCHOMY HaBaHTa)xeHH1 Oanku Q. =48kH.

4 PosrisiHeMo niepepis, NoJaHuil Ha pUCYHKY 5.18, 0.

PosrisnyTHit nepepi3z po3ouBaeMo Ha JIBl MPOCT1 YACTUHHU — MPSIMOKYTHUK 1
Ta OTBIP Y BUIVISI PSMOKYTHHKA 2 Bif' eMHOI rwioni (puc. 5.21). SIkio B epepisi
€ OTBIp, HOr0 3pyYHO BBaXKATH YaCTUHOIO (DIrypH 3 Bl EMHOIO IJIOLICIO.

1 Yc 2 1
[ ) 2
/ Vm//_
/3
4
Zls C X
2| 0,3 M
\
12 M
Pucynox 5.21

4.1 Bu3zHavyaeMoO TOJIOKEHHS LIEHTpa Baru JaHOro nepepizy. Skio nepe-
pi3 cuMeTpu4HMM BiTHOCHO oceld X 1Y, To neHTp Baru C JIeKUTh HA MEPEeTUHI
ocell CUMeTpii.
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4.2 Bu3HauaeMO OCHLOBUH MOMEHT 1HepIii mepepi3y BiIHOCHO T'OJIOBHOI
oct X.:

_1248° _ s 11,4443
T 1o =3832cem”, Jy =————

3. =J, - J,, =5832- 2607 =3225cm*.

Xe X1

J = 2607 cm?,

X

S [Ins noOy0BU entopy TOTUYHUX HANpPYy>KeHb OOYUCIMMO 3HAYEHHS t B
JCKLIBKOX XapaKTepHUX To4uKax (muB. puc. 5.21):
a) y KpaitHix BojokHax (y Touri 1);
0) y Micni 3mMiau mupuHu nepepisy (y Toukax 2 i 3), npudoMy BBaxae-
MO, III0 TOYKH 2 Ta 3 PO3TAIIOBaH1 HECKIHYEHHO OJM3BKO 0 MEXI1 3MIHU IIUPU-
HU TIepepisy, aje JIeKaTh Mo Pi3HI CTOPOHM BiJ L€l MEXi;
B) Y TOYI[I HEWTpaJIbHOI JTiHIT (Touka 4).
5.1 Jinst Touky 1 cTaTMYHMI MOMEHT IUIOWIi BixciueHoi wactuan S, =0,

TOMY IO JiHIS, SKa NPOXOAUTH Yepe3 TOuKy 1 mapanenbHO HeUTpaabHOT JiHii,
HE BIJCIKA€ HisKOI Tuionil. TakuM YMHOM, OTHUYHE HAIpPYKEHHS B Toull 1
t,=0MIla.

5.2 JInst Touku 2 mmpuHa nepepizy b =12 cm, cTaTHYHUNA MOMEHT ILIOIII

BiZICIYCHOI YaCTUHU JOPIBHIOE CTATUYHOMY MOMEHTY MpPSIMOKyTHHKa 12° 2 cm

(puc. 5.22).

12 M

8 ™

2 M

Pucynox 5.22
Toni

S, =1228=192cm°.

OTxe, JOTUYHE HAPYXKEHHS B TOYII1 2

- 48" 10°x192" 10°
21271023225 10°®

=2,4Mlla
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5.3 /linsg Touku 3 CTAaTHYHUHM MOMEHT IUIOII BiJICIYCHOT YaCTUHU 3a/IUIIa-

* x .
€TbCA NIPAKTUYHO TUM CaMMM, ToOTO S 5 =S , =192 cM®, are mUpHHA mepepisy

b=0,6cMm. Tomy 10THYHE HAIPYKEHHS B TOYIIl 3.

48 10°X92° 10°°

T, = — —___=47,6MIla
2>0,3 10253225 10

OTtxe, Tpu Mepexo/1i BiJl TOUYKH 2 10 TOYKH 3 JOTHYHE HANIPYKEHHS PI3KO
3pOCTae.

5.4 Jlns Touku HewTpanbHoi HiHil (Touka 4) mupuHa nepepizy b =0,6 cm,
a CTaTUYHHWI MOMEHT IUIONII BiJCIY€HOT YaCTUHHU BAapTO B3SATH JJS TIOJOBHHH
nepepizy (puc. 5.23).

12 ctM

3,5 ™

8 ™

7 M

2 M

0,35 M

Pucynok 5.23

Tomi
S, , =128+ 2x0,3x7 35 = 206,7 cm°.

OueBuIHO, 110 11e HAWOUIbIIA BETMYMHA CTATUYHOTO MOMEHTY ILJIOII Bi-
. . . x *
JiciueHOT YACTHHM JUIA JaHOTO mepepizy, T0610 S, ., =S, , = 206,7 cM°.
OTxe, TOTUYHE HAINIPY>KEHHS B TOUII1 4:
48" 10°°x206,7” 10°

Ty = Trx = — ———— —91,2Mlla
2>X0,3" 10 °x3225" 10

6 Ha miacrtaBi nux JaHux OynyeMO emiopy AOTUYHUX HANpPYKEHb IS
BEPXHBOT MOJIOBUHH Tiepepizy. i HKHBOI MMOJIOBUHU Yepe3 CHMETPito mepepi-
3y BIZHOCHO ocl X emtopa Oyae cuMmeTpuyHo. OTpuMmaHa entopa HaBeJeHa Ha

PUCYHKY 5.24.
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Yc 1
2
% S— 24 476
n_ =
4
C / g2 A
1T
s 24 47
T, Ma
Pucynok 5.24

3agauya 5.6

Hna cmanesoi 6anku (puc. 5.25) eusnauumu nomep 06omasposo2o nepe-
pizy, AKWo [S] =160 MIla . Ilo6ydysamu entopu 3mMiHu HOPMATLHUX MA OOMUY-

HUX HANPYHCeHb 3a BUCOMOI0 NONEPEUHO20 nepepizy 080Maspo8oi 6AIKU.

P=100 kH

04 -IM=10 kH‘M

Pucynok 5.25

Po3é azannsn

1 Bynyemo entopu monepeyHux CUII Ta 3TUHATBHUX MOMEHTIB. [1o0ynoBy
MOYMHAEMO 13 TPaBOTO (BUIBHOTO) KiHIIS, IPH [IbOMY HEMAE HEOOXITHOCTI y BH-
3HAYEHH1 OMIOPHUX PEaAKIil.

Busnayaemo 3HauU€HHS MONMEPEYHUX CHUJI 1 3TUHAJIBHUX MOMEHTIB Y Xapak-
TepHuX nepepizax (puc. 5.26):

Q, =Q, =P=100xH.
M, =-M=-10kH>Mm,
M,=-M-P>0,4=-10-100>0,4 = - 50 kH >m.
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Bynyemo emtopu 3a xapakTepHUMU niepepizamu (1uB. puc. 5.26).

P=100 kH|__
: |
0.4 —~{M=10 kHM
100
@ |Q, KH
I
SOL 0
Pucynok 5.26

OueBuHO, IO IpU 3a3HAYEHOMY HaBaHTaxkeHH1 Oanku Q. =100kH,
M« =90kH M.
2 3 ymoBwu MitHOCTI (5.7) BU3HaYaeMO HEOOXIIHUI MOMEHT OOy Mepepizy:

.
s 103
W, 3 % 10° =312,5¢cm®,

3 Homep nBoTaBpa 3HAXOJIMMO 32 PO3PAXYHKOBHM 3HAYCHHSIM MOMEHTY
omopy W, 3 3125cm>. 3a tabnuuero copramenty (JICTY 8239-72) Bubupaemo
aBotaBp Ne 24a, nns sikoro W, =317 oM.

I3 COPTAMCHTY BHUIITUCYEMO I‘eOMeTpI/I‘{Hi XapaKTCPUCTUKU JTBOTABpA.

H=24cm, B=125¢M, F=375cm?, J, =3800cm*,
d=056¢cm, t=098cwM, W, =317cm?, S, =178cm*.
4 Bu3zHayaeMO MaKCHMallbH1 HOPMaJIbH1 HATIPYKEHHS:
s 103
Oy = M e S0 10 =157,7Mlla |

™W, 3177 10°
Entopa HopManbHUX HanpyXeHb HaBEJ€HA Ha PUCYHKY 5.28.
5 Jlnst moOyI0BYM €Miopy TOTUYHHUX HANpPYKEHb BU3HAYa€MO 3Ha4YeHHS {
B JICKUTbKOX XapakTepHux Toukax (puc. 5.27):

a) y KpaitHix BojokHax (y Touri 1);

0) y MiCIIi CITOJIy4eHHs TOJIHII 31 CTiHKOIO (y Toukax 2 Ta 3), MpUIoMy
BBA)KA€EMO, 110 TOYKU 2 Ta 3 pO3TAIIOBaH1 HECKIHYEHHO OJIM3bKO 10 MEX1 MOJIu-
101, ajie JeXaTh 10 Pi3HiI CTOPOHU BiJ L€ MEXI;

B) Y TOYI[I HEWTpaJIbHOI JIiHIT (Touka 4).
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2
-
>
iy 4
> |0
ol b - Xc
NN
:P: +~ d:O,56 M
\
B=125 ™
Pucynox 5.27

(v . . . .o &
5.1 [Ins touku 1 ctaTMuHMI MOMEHT ILIONII BiiciueHoi yactuuu S, =0,

TOMY IO JiHIS, SKa NPOXOJUThH Yepe3 TouKy 1 mapanenbHO HeUTpaabHOT JiHii,
HE BIJCIKA€ HIisIKOI Tuionll. TakuM YMHOM, OTHUYHE HAIpPYKEHHS B Toull 1
t,=0MIla.

5.2 Jlnst Touku 2 mmpuHa nepepizy b =12,5cm, cTaTHYHUN MOMEHT ILIO-
11l BIZICIYEHOT YaCTUHU JIOPIBHIOE CTATUMHOMY MOMEHTY MOJIUIli. 3 TOCTaTHHOIO
TOYHICTIO MOJIUIIFO MOYKHA BBAYKATH MPSIMOKYTHHKOM 3 po3mipamu B t.

Toni
s, =B 19=125.008:8%. 0901412
e2 2g e2 2 g

OTxe, JOTUYHE HATIPYXKEHHS B TOYII1 2

- 100”1072 ¥141° 10°°
> 125" 10°2>3800" 10°®

=3,0MlIla

5.3 Jlinsg Touku 3 CTAaTHYHUM MOMEHT IUIOII BiJICIYCHOT YaCTUHU 3a/IuIIa-
* _ * _ 3 .
€TbCA MPAKTUYHO TUM XKe, TOOT0O S ;=S , =141cM”, ane mupuHa mnepepizy

b=d=0,56 cm. ToMy noTHYHE HaNPy>KEHHS B TOYIl 3

- 100” 103 x141” 10°°
® 0,56" 10°2x3800° 10°®

= 66,3MIla _

OTtxe, Tpu Mepexo/1i BiJl TOUYKH 2 10 TOYKH 3 JOTHYHE HANIPYKEHHS PI3KO
3pOCTae.
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54 Jlnga Touku HeHTpanapHOI JiHII (Touka 4) mUpHHA TEpepizy
b=d=056cwm, a craTHYHKUI MOMEHT ILIOIII BiJICiY€HOT YaCTUHU BapTO B3SATH

JUIS TIOJIOBHHH Mepepizy S, o =S4 =S, =178 em®.

OT1xe, JOTUYHE HAPYXKEHHs B Toulli:4

100 103478 10°°

T4:Tmax = S, ) S ) :83,6MHa_
0,56" 10 - x3800" 10
Y. !
2
57,7
:{ — 3,0—/\66,3
(3 o/ P\
A
- Xe 83,6
L é —3.0—66.3
F—'/ R —
52T o, Mg T, Mg
Pucynok 5.28

6 Ha miacrtaBi nux JaHux OynyeMO €miopy AOTUYHUX HANpPYKEHb IS
BEPXHBOI MOJOBUHU Nepepi3y. s HUKHBOT MOJOBUHH, TaK SIK MEpepi3 CUMET-
pUYHMIA BITHOCHO oc1 X, TO €nopa JOTUYHUX HAIPYKEHb Oyle CUMETPUUHOIO.

OTtpumana entopa HaBeJeHa Ha PUCYHKY 5.28.

3amaua 5.7

Busznauumu natibinowi Hopmanvui ma OOMUYHI HANPYHCEHHSL, WO BUHU-
Karoms y nonepeunomy nepepizi oanxu. llepepiz oanku npedcmaenenuii Ha pu-
cyuky 9.29. Ilpu pospaxyunxax npuiinamu: Q.. =100xkH, M, =50xH M.

1 PosrasiHyTuii mepepiz po30UBaEMO Ha JIBl MPOCT1 YaCTUHU — ABOTaBp 1
ta cmyra 2 (puc. 5.30).
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20 M

1,2 t™

N> 24

AL

Pucynok 5.29

Po3é azannsn

I3 copramenty (momaTok A) BHIIHCYEMO T'€OMETPUYHI XapaKTEPHUCTUKU
nBoTaspa 1:

Hy=24cm, B, =115¢em, F =348cm?%, J,, =3460cu*.
d, =056¢cm, t; =0,95¢cwm,

Busnayaemo reoMeTpuyHi XapaKTEepUCTUKH CMYTH 2!

H,=12cm, B, =20cwm, ] _B,H,° _20%,2°
F, =H,B, =12x0=24cum?, T12 12
2 BigHOCHO 00paHMX MOYATKOBUX OCEW 3HAXOJIMMO KOOPAMHATH IIEHTpa
Baru CKJIaJHOTO nepepizy. Skiio ¢irypa cuMeTpuyHa BiTHOCHO OcCl Y, TO HEHTP

=288cm*.

Baru JIGKUTh HA HIM, TAKUM 4yMHOM, X, = 0.

3Hax0AMMO 3HAYEHHs KOOPAMHATHU Y, 3a (hOpPMYJIIOI0

y. = Ry; + Ry, _
* R+R
JJist pO3IrIISIHYTOTO TIepepizy:
H, H, 24 12
=0cwM, =1+ 2=-""4+2"=126cm.
Ya Y2 5 o T o,
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H.=1,2 c™m

B=20cm AY2Y2 Ye
- -2 1 0
QL\4‘<</#/i;:Q56CM f
— -
i C T
5 X, X
S8 —
I < L§> Cl
T | | o = =
N~ 07__ (&) (&)
T 5208
= 7 g o
= 1,
i
B:=11,5cm
Pucynok 5.30
3BIACH OJIEPKYEMO!
12,6:24
Y. =————=514cm.
348+24

3a 3HAMJICHOIO KOOpANHATOIO yc HAaHOCUMO IIOJIOKCHHA ICHTPA Baru

ckiIaaHoro nepepizy (aue. puc. 5.30).
3 BuzHauaeMo OChOBUH MOMEHT 1HEPIIii BChOTO MEPEPi3y BIAHOCHO T'0JIO-

BHOI LIEHTpasIbHOT oc1 X 3a (hopMyII0t0
J =3, +alR +J, +aF
Xc Xq 1'1 Xo 202
JJist po3IIISIHYTOTO IEpepizy:

=Y, -Y.=0-514=-514cwm,
a,=Y,-Y.=12,6- 514="7,46cwm.

3BIACH OJIEPKYEMO!

J,. =3460+5142 34,8+ 2,88+7,462 24 = 5718 cm”.
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4 Bu3HayaeMO MaKCUMaJbHE HOPMAJIbHC HAIIPYKCHHSI .

M
s = J;“Cax Y max -
JJist pO3IIISIHYTOTO TIEpepizy:
H _ 24

Vime =+ Yo = +514=1714 0.

— M
2
3BIACH OJIEPKYEMO!

_ 50"10°°

Cmax = o g 47,147 10° > =149,9MIla .
5718 10

S Jlnst manoro mepepizy HalOUIbIIOT BETUYMHU JOTUYHI HAMPYKEHHS J0-
CATalOTh HA HEUTpabHIM JHIT, TPUIOMY

t — QSmax
max '
bJ,
ne S, — CTaTUYHMI MOMEHT IUIONII BiJCIY€HOi YaCTUHH IOJIOBUHU

nepepisy.
Jnst toukn C mmpuna nepepisy b=d; =056 cm. Cratnunuii MOMEHT

IOl BificiueHol yacTuHH 1wioni (puc. 5.31) BU3HAYA€THCS TAKUM YHHOM:

Sy =1150,955817,14- 0’7959+ 0,56 {17,14- o,95)><17’Lé0’95 =2555cm°.
e a
Xc

I C l
>
=
3
= | R de=0,56 e
R ain
5 ]

1 Y

)
B=11,5 t™
Pucynox 5.31
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OT)Ke, MAaKCHUMAJIBHC JOTHUYHC HAIIPYKCHHA IJIS1 JaHOT'O nepepisy:

100" 103 %255,5" 10°°

Trax = —— - _8=79,8MHa_
0,56" 10 “ 718" 10

3agaya 5.8

Ilobyodysamu entopu HOpMANbHUX MA OOMUYHUX HANPYHCEHb, WO GUHU-
Katomv y nonepeurnomy nepepizi oanxku (puc. 5.32, a), nepepiz sxoi noxazano
Ha pucynky 5.32, 6.

S—
- ) N 16
P=40 kH M-S_QKH M q=25 KH/M [
HEEEENR —
M >} ™M 2M 2M «“
a 4]
Pucynox 5.32

Po3é azannsn

1 Buznayaemo omopHi peaxiiii, 1OpiBHIOIOYH HYJI0 CYMU MOMEHTIB YCIX
30BHIIIHIX CHJT BiTHOCHO TO4YoK A Ta B (puc. 5.33).

- M=50 kH-
A EEEEEEN
™ “IM 2 M 2 M P77
RA=48 kH RB=42 kH
Pucynok 5.33
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é. MA :01
- M +P31- q>2>4+Ry35=0,
_M-P31+03234 _50- 4031425234

R, =42 xH.
5 5
a Mg =0,
- M+Ps6+@>2:1- R, :5=0,
R, = M*PIEHEL_ - 50440642521 _ 0 0y

5 3)
J1ist mepeBipKr BUKOPUCTAEMO PIBHSHHSA é R, =0:
-P-g2+R, +Rz =0,
- 40- 25°2+48+42=0,
- 90+90 =0,
0=0.

2 Bu3zHauaemMo 3HaYCHHS MOIMEPEYHUX CHJI 1 3TMHAJIBHMX MOMEHTIB y Xa-
pakTepHuX nepepizax (puc. 5.34):

Q, =Q,=-P=-40xH,
Q=0Q,=Q;=Q,=-P+R, =-40+48=8xH,
Qg =-Rg =-42«xH,
Q,=-Rg+(’2=-42+25>2=8«kH.
M, =My =0kH>Mm,
M,=M,;=-P>1=-4031=-40xH >m,
M,=-P2+R,>1=-402+48:1=-32kH M,
Mg =-P32+R,1+M =-40:2+48°1+50 =18 kH M,
Mg=M,=Rg>2- q>2:1=42>2- 25:2°1=34xH M,
M;=Rg>4- (>2>3=42>4- 25>2>3=18kH ™.
Bynyemo emtopu 1o xapakTepHux nepepizax (aus. puc. 5.34).
SIkuro emropa MonepeyHux CHJl mepecikae 0a30By JIIHIIO Ta MIHS€ 3HAK 3

«+» Ha «—», TO B 1M TOYI[l MAEMO MAaKCUMaJIbHE 3HAUEHHS 3TMHAJIIBHOTO MOMeE-
HTY. 3HaXO0UMO TIOJIOKEHHS IILOTO Tepepizy.
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42
z,=—=168
o5~ LO8M,

M, = RgZ, - quE°=42xL68 ZS&GSXJ% 35,3 kH %

R =48 kH

R 542 tH
P=40 kH M=ol K =25 kHi
| A TTTT 11118
q Kj Fl S B|7 é}
1m ?9:1I'-.-1__- 2m 2m AT
. Z=1,68 M
[T T T T 2, kH

% 34

a0 47
13

M, kHm

40

Pucynok 5.34

OueBuIHO, 110 MPU 3a3HAYCHOMY HaBaHTAXEHHI HEOE3MEUHUMHU Mepepi-
3aMM OaJIKM € TPH Mepepi3u:

nepepis, y AKOMY Jii€ HaWOUIbINNN 3rUHAJIBHUNA MOMEHT (mepepi3 2,
M o =M, =40xH >m);

- mepepi3, y SKOMYy [i€ HaWOuUIblna momepedHa cwia (mepepi3 8,
Quax = Qg =42xH);

nepepis, y SAKOMy BEJIUKI 1 TonepevyHa cujia, 1 3TMHAIBHUNA MOMEHT,
T00TO B mepepizi 2 (Q, =40xH , M, =M, =40xH >m).

3 PosrasineMo nepepis, nojaHui Ha pUCyHKY 9.32, 0.

PosrnsHyTuii nepepi3 noAuIsiEMO Ha TPHU MPOCT1 YaCTHUHU — mmBenepu 1, 2
ta aBotaBp 3 (puc. 5.35).

I3 copramenty (nomatok b) BUnrcyemMo reoMeTpryHi XapaKTEpPUCTUKH IBE-
nepiB Ne 14:

H,=H,=14cMm, B, =B, =58c¢wm, e
d,=d,=049¢cm, t, =t, =0,81cm, 1 = F, =15, CM4,
201:202 :1’67CM1 JX1=Jx2=491CM .
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I3 copramenTy (101aTOK A) BUITUCYEMO T€OMETPUYHI XapaKTEPUCTUKH JIBO-
taBpa Ne 16:
H,=16cm, B, =81lcm, _ , ) )
d3 =0,50¢cm, t;=0,78cwm, F;=20,2cm”, JX3 =873cMm".

[VARE
12 I
B:=8,1 cm
‘ — -
R N
3
=
o
5 X3
= C, d:=0,50 cm !
: = ||| et
~ g 5
DRITS 8
LT &
C = i
=3
e
= G _ C >y X
o S ~ —
I:E § _ . Z01=1,67 cM
I 24'5 W dl:0,49 CM
NN w
B.=5,8 cm
Pucynok 5.35

4 BiIIHOCHO O6paHI/IX MMOYaTKOBUX OCEH 3HAXOJAUMO KOOPpAWHATHU HCHTpPA

Baru CKJIQJIHOTO mepepi3y. SAkmio ¢irypa cuMeTprudHa BITHOCHO oci Y, TO IIEHTP
Baru JIEKUTh Ha HiH, X, =0.
3Hax0AMMO 3HAYEHHs KOOPAMHATHU Y, 3a (hOpMYJIOI0

y. = Ry, + Ry, + Ry,
’ F+F+F
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JJ1st pO3IIISIHYTOTO IEepepizy:

H, H, 14 16
= =0cwMm, :—1+—3=—+—=15,00CM.
Yy1=Y,=UcM, VY; 5 o oo
3BiJICH OJEPKYEMO:
_15,00:20,2 589 e,

Ye = 215,6+ 20,2

ITo 3HalifeHiii KOOpAUHATI Y, HAHOCUMO IOJOXKEHHS LIEHTPa Baru CKIaj-

Horo niepepizy (nuB. puc. 5.35).
5 BuznauaeMo 0CbOBHII MOMEHT 1HEpIIii BCHOTO Mepepi3y BIAHOCHO TOJI0-
BHOI LIeHTpasIbHOT oc1 X 3a (hopMyII0t0

_ 2 2 2
3, =, +alR+J, +aiF,+J, +alF.

JJ1st pO3IIISIHYTOTO TIEpepizy:
a=a,=y,- Y. =0-589=-589¢cwm,
a; =Y;- Y. =1500- 589=911lcm.
3BIACH OJIEPKYEMO!

3, = 2491+ 5897 15,6)+873+9,11> 20,2 = 4614 cm”

6 PosristneMo miepepi3, y SIKOMY OJHOYACHO BEJIHMKI 1 MOlepeyHa cuia, i
3rHHAIBHUI MOMEHT, To0TO nepepi3 2 (Q, =40xH , M, =M, =40kH m).

Bu3znauaemo MmakcumasbHe HOPMAJIBHC HAIIPY>KCHHSI .

JJist pO3IIISIHYTOTO IEpepizy:

H 14

Y mx =71+H3- Ye =E+16— 589=1711cwm.

3BIACH OJEPKYEMO!

40° 10°°

O max = A a7 A8 xl?,ll, 10 2= 148,3 MIla .
4614° 10

7 Iy moOyIOBH €IIOPY HOPMAIbHUX HAIIPYXKEHb BU3HAYMMO HAIPY>KEH-
us B Toutli 13 (puc. 5.36) 3a popmyoro
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4,5
10 6, 7
— .
( 8 9 A
13 1,12
Pucynox 5.36
J1st pO3IIIsiHYTOTO Hepepizy:
Yis =% *tYe =%+5,89=12,89CM.

3BIACH OJIEPKYEMO!
40" 10°° .
G :%&2,89 102 =111,7 MITa
4614° 10
8 s moOy0BU entopy TOTUYHUX HANpPYy>KeHb OOYUCIMMO 3HAYEHHS t B
JCKUTbKOX XapakTepHUX Toukax (auB. puc. 5.36):
a) y KpaitHix BojokHax (y Toukax 11 13);
0) y MicIii 3MiHu mmpuHA nepepisy (y Toukax 213,415,617,819, 11
i1 12), npuyoMy BBa)Ka€EMO, IO TPAHUYHI MEPEPi3u PO3TALIOBAHI HECKIHUCHHO
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OJIN3BKO IO MEX1 3MIHU LIMPUHU MEpepisy, aje Jexarhb Mo Pi3HI CTOPOHU Bix
i€l Mexi;
B) y Toulli He#TpanbHOi miHil (Touka 10).
8.1 JIna Ttouoxk 1 1 13 crarmyHMii MOMCHT ILIONII BIJICIYEHOI YACTHHHU
X . coo I
S ; =0, ToMy 1o AiHii, 10 NPOXOAATH yepe3 Touku 1 Tta 13 mapasienbHO HEUT-

paNbHOI JIIHI1, HE BIACIKAIOTh HIAKOI MJIomli. TakuM YMHOM, TOTHYHI HAIPY>KEH-
HiBTOoukax 1tal3 t, =t,; =0MIla.

8.2 lnst Toukn 2 mmpuna nepepizy b=B; =81lcm, cratnuHnii MOMEHT
IJIOLII BIACIYEHOI YaCTHMHHM JOPIBHIOE CTATUYHOMY MOMEHTY MNPSMOKYTHHKA

81 0,78cm (puc. 5.37).

8328,1 M
1| I}
i
| > A
o
= N
S = Ne)
= X &
S92 >
g + L
= g
Y Ty Xc
——
Pucynox 5.37
OTxe, JOTUYHE HATIPYXKEHHS B TOYII] 2
40" 10°x06" 10°°
_ 40" 10°406"° 10 —12MIla.

27811024614 10°

8.3 /i Toukn 3 CTaTHYHUM MOMEHT ILJIONII BiJACIYEHOI YACTHHHU 3ajIUIIIa-
* _ * _ 3 .
€TbCA MIPAKTUYHO TUM CaMMM, ToOTO S 53 =S, , =106 cm~, asie mupuHa nepepiszy

b=d, =050cMm. Tomy noTH4HEe HAPyKEHHS B TOUIIi 3.

- 40" 10°x06" 10°°
® 05 1024614° 108

=18,4 MIla .

OTtxe, TIpu Nepexo/1i BiJl TOUYKH 2 10 TOYKH 3 JOTHYHE HANIPYKEHHS PI3KO
3pOCTae.

8.4 Tnst Touku 4 mupuna nepepizy b=d; =0,50 cm, cratnunnii MOMEHT
TUIONII BiJICIYEHOT YACTUHU JOPIBHIOE CyM1 CTATUYHUX MOMEHTIB IPSIMOKYTHH-

kiB 81" 0,78cm 1 0,50" 14,44 cm (puc. 5.38).
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B3:8,'| ™M

|
ds=0,50 ™
>
o |5
5 0~ |
= S IRE
S|z E| e
TR th
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| b
L =
o
—
| (@)
\ XC
Pucynok 5.38

Tomi

S., =81>0,78%46,72+0,5044,44>9,11=171cm>.
OTxe, JOTUYHE HANPYXKEHHS B ToUIll 4.

- 40°10°271 10°
* 050" 10°% 4614” 10°®

= 29,6 MIIa |

8.5 Jlis Toukn 5 cTaTHYHUM MOMEHT ILJIONII BiJACIYEHOI YaCTHHHU 3ajIdIIIa-
* * .
€TbCA NMPAKTUYHO TUM caMuM, To0T0 S, , =S ; =171 cM?, ane mupuHa mepepisy

b=B; =81lcm. ToMmy noTHUHE HaNpy>KEHHS B TOUI] 5:

- 40°10°471 10°°
> 8,1 102x4614" 10°®

=1,8Mlla

OTtxe, Tipu niepexo/1i Bil TOUKH 4 10 TOYKH S JOTHYHE HANIPYKEHHS PI3KO
yOyBae.

8.6 st Toukun 6 mmpuna nepepizy b=B; =81lcm, cratnuHnii MOMEHT
TUIOLII BiJICIYEHOT YACTUHU JOPIBHIOE CyM1 CTATUYHUX MOMEHTIB TPhOX MPSIMO-
KyTHUKIB. JBOX mpsMokyTHukiB 81  0,78cM 1 oOmHOro mpPSIMOKYTHHKA

0,50" 14,44 cm (puc. 5.39).
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83:8,1 ™M

ds=0,50 e

t3=0,78 ™M
14,44 M

17,11 M

16,72 M
Hs-21ts=

Umax

911 ™

T‘ 1,50 M

Pucynok 5.39
Toni
S, s =81>0,78416,72 + 0,50 X14,44>9,11 + 810,78 ¥1,50 =180 cm>.

OTxe, JOTUYHE HANPYXKEHHS B TOUII1 6:

- 40" 10°°x180" 10°°
® 81 10%4614" 10°®

=2,0MIla

8.7 JInsg Touku 7/ CTaTHYHUIA MOMEHT ILIOIII BiJICIY€HOI YaCTUHH 3aJIHIIIa-
* X .
€ThCsl IPAKTHYHO THM CaMuM, T0670 S, ; =S, ; =180 cM®, ane mmpuna nepepisy

b=2B,=2:58=116¢cwMm.

ToMy gOoTHYHE HANIPYKEHHS B TOYII /-

- 40” 10°x180" 10°°
" 11,67 102 x4614° 10°®

=14 Mlla

OTmxe, ipu TIEpexo/ii BiJl TOYKU 6 0 TOUKU / TOTUYHE HANPY>KEHHS yOyBae.
8.8 [l Touku 8 mmpuna nepepizy b =2B; =2:58=11,6 cm, crarnunuii
MOMEHT ILJIOIII B1/ICIY€HOT YACTUHU JOPIBHIOE CYyM1 CTATUYHUX MOMEHTIB YOTH-
PbOX MPSIMOKYTHHKIB: TBOX MpsIMOKYTHUKIB 81" 0,78 cM, OIHOTO NPSIMOKYTHH-

ka 0,50 14,44 cm 1 ognoro npsimokyTHrka 11,67 0,81cm (puc. 5.40).
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Bz=8,1 ™

ds=0,50 M

1711 M
16,72 t
t~0,81 cM
t:=0,78
Hs-2ts=14,44 M

Umax=
150 ™

1,01 cM
9,11 ™

Xc

2BF1.6 e

Pucynox 5.40
Toni

S; g =81>0,78x16,72 + 0,50 %14,44>9,11+ 810,78 %,50 +
+11,6>0,81x1,01=189cm>.
OTxe, JOTUYHE HANPYXKEHHS B TOUII1 6:

- 40° 10°x189" 10°°
® 11,67 10%x4614" 10°®

=14 Mlla

8.9 /s Toukn 9 cTaTHYHUM MOMEHT ILJIONII BiJACIYEHOI YACTHHHU 3ajIdIIIa-

* x .
€TbCS IPAKTUYHO THUM CaMUM, TOOTO S, 4 =S 4 =189 cM®, ane mmpuHa nepepizy

b=2d, =2:0,49=098cm.

ToMy gOTHYHE HANIPYKEHHS B TOYII /-

40" 10°x89° 10°°

Ty = —— ——— =16,8Mlla
0,98" 10 “x4614" 10

OTtxe, Tpu nepexo/1i BiJl TOUKH 8 10 TOUKH 9 JOTHUYHE HANIPYKEHHS PI3KO
3pOCTae.

8.10 ns toukm 12 mmpunHa nepepizy b=2B; =2:58=116cwm, craTnu-
HUW MOMEHT IUIOIII BiJICIY€HOI YACTUHU JOPIBHIOE CTATUYHOMY MOMEHTY Mpsi-
mokyTtHuka 11,6” 0,8lcm (puc. 5.41).
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Pucynox 5.41

Toni
S =11,6>0,81242,49 =117 em®.
Otxe, JOTUYHE HANPYXKEHHS B TouIll 12:

_ 40°10°x417° 10°
T = T AN-2 S 1A-8
11,6 10 - x4614" 10

=0,8Mlla

8.11 JIns Touku 11 cTaTUYHHMIT MOMEHT IUIOIII BiICIYEHOT YACTUHH 3aJIH-
* *
MAEThCS MPAKTHIHO THM CaMHM, T06T0 S, 10 =S, ;; =117 cM®, ane mupuHa ne-
pepidy b=2d, =2:0,49=0,98cm.

Tomy gotnyne HanpyxeHHs B Touli 11:

_40710°%417  10°
Ty — A2 ~1A-8
0,98 102 x4614" 10

=10,4Mlla

Omxe, npu nepexoi Big Touku 12 no touku 11 notuyHe Hanpy>KeHHSA pi-
3KO 3pOCTaE.

8.12 [Ins Touku HeWTpanbHOi JiHii (Touka 10) mmpuHA mEpepizy
b=2d, =2:0,49=0,98cm, a cTraTu4HUil MOMEHT IUIOMII BiJICIYEHOT YaCTHHU

BapTO B3STH JUIS MOJIOBUHU Tiepepizy (puc. 5.42).
Toni

S, 1 =11,6>0,81%12,49 + 20,49 X1 2,08 6,04 =189 cm>.
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s | = O | =
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2 |2 5 S
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Wl T
= + d1=0,+9 ™M
Y Y
\ \
Bl M |
Pucynox 5.42
Otxe, noTuuHe Hanpy>keHHs B Tourli 10:
s 13 s 16
40" 10°° 89" 10 ~16,8MTla_

T =
0,98 1024614 10°®

9 Ha niacraBi oTpUMaHUX JaHUX OyAyeEMO €MIOpH HOPMAIbHUX 1 JOTHY-

HUX HaIpyKeHb IS 3a1aHoro nepepizy. OTpuMaHi emnopyu HaBeJeHl Ha pUCYH-
Ky 9.43.

1
O a hMla 14 ﬁj .kl

— FE_s'J 12 8.4

e

Xc T
{ 3
8, 9 1,4 ’]6'8
3 1,12
J (0.8~ /104
A
17
Pucynok 5.43
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5.3 IloBHa nepeBipka MilTHOCTI MPU 3rUHAHHI

OtpumaHni GopMysIH i HOPMAIBHUX 1 JOTUYHUX HAMPYKEHb MPHU TUIOC-
KOMY 3TMHaHHI JIal0Th MOJIUBICTh 3alMMCAaTH YMOBU MIITHOCT1, HEOOXI THI JJIsl TIe-
PEBIPKH MIITHOCTI Ta MiA00py Mepepi3iB AeTalieH, 0 MPaIloI0Th Ha 3rMHAHHS.

YMoBa MIIIHOCTI MOBUHHA OyTH 3amucana JJjig HeOe3MmeyHoi TOUKHU OalKH,
TOOTO Ti€T TOUKH, JIe MaTepiall nepedyBae B HAOUTbII HAPYKEHOMY CTaHI.

He6e3neynotro Toukoro Oyze o/IHa 3 HACTYIHUX TPHOX TOYOK:

a) TOYKa, /¢ HOPMaJIbHE S HANPY)KCHHS J0CATa€ HAMOLIBIIOT BEIMYMHH;

0) Touka, Jic TOTUYHE { HANPYKEHHS J0CSITae HAUOUIBIIOT BEIMYHHHY,;

B) TOYKa, ¢ S Ta t, Xoua i He HAOyBalOTh HAHOUIBIINX 3HAUYCHB, alle Y
CBOili KOMO1HAIll CTBOPIOIOTh HAWOLIBII HEBWUT1JIHE CIOJYy4YEHHS, TOOTO CTBO-
PIOIOTHh HaMOUIbIIE €KBIBAJCHTHE HANPYKEHHS 3a MPUUHSATOIO JIJISI PO3PAXYHKY
Teopieto mirHocTi. [Ipy oMy Taka Touka MOXe OyTH HE OJIHA.

[lepma HeOGe3neyHa Touka Oyje po3TalioBaHa B KpaHIX BOJIOKHAX TOTO
nepepizy, /e 3ruHaJbHUM MOMEHT Ma€ HaWOLIblle 3HAYEHHS. YMOBa MIIIHOCTI
3aMUIIEThCS Y BUTIISAL

=% £[s]. (5.11)

X

Smax

Hpyra HeGe3neuyna To4ka rnepedyBae Ha HEUTpaIbHIN JiHIT TOTO epepisy,
Jie TIoTIepeyHa crjla Mae HaiOinbIine 3HadeHHs (Oyab-sKa TOYKa Ha JUISHI HEl-
TpansHOTO mapy, ne Q=Q, ). Y Takiit Touwi Oyne 4ucTHii 3cyB, 1 yMOBa Mill-

HOCTI 3aMUIIEThCS Y BUTTISI1

_ QS
e = =) £t]. (5.12)

[TonoxeHHs TpeThOi HEOE3MEUHOT TOUKM He HACTUILKU BU3HAUYEHE. AJie e
0 BoHa He OyJsia 0OpaHa, y Hili Oyje TUIOCKUN HApyKEHUN CTaH.

ExBiBasieHTHa HaNpy>KE€HHA B Takii TOYI[l MOXe OyTH po3paxoBaHa 3a pi-
3HUMU TEOPISIMU MIITHOCTI.

JInst po3paxyHKy OalioK 13 TJIACTUYHUX MaTepilaiaiB PEeKOMEHIYEThCS KO-
PUCTYBaTUCS YMOBaMU MilTHOCT1, orpuManumu 3a |11 1 1V Teopisimu:

s, =vs2+at? £[s],
sV =s2+3t? £][s].

VY nepeBaxHii OUTBIIOCTI BUNIAJKIB HEOE3MEUHOI TOUYKOIO € KpailHs TOY-

(5.13)

Ka Toro HeOe3ne4yHoro nepepizy, ie M =M .
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3agaya 5.9

s cmanesoi 6anku (puc. 5.44) nioibpamu po3mipu 060maspoeoco, Kpye-
1020 ma npsmoxkymruozo (h=2b ) nepepizis, subpamu onmumaibHuil 6apianm
ma 3pooumu noeHy nepesipKy Ha MiYHICMb 3 Yemeepmor meopicto MiyHOCMI.
Hopmanvne donycmume Hanpysicenns [s ] =160 /la

qe60 H/w POt MK

HEEEEE

’ 2 M M <1 1M

Pucynox 5.44
Po3é azannsn

1 Buznayaemo omopHi peaxiiii, JOpiBHIOIOYH HYJII0 CYMU MOMEHTIB YCIX
30BHIIIHIX CHJT BiTHOCHO TO4YoK A Ta B (puc. 5.45).

p=5Q kH M=40 kH™M

q=60 kH/M
EREREN :
Ra=105 kH Rg=65 kH
Pucynox 5.45
aM, =0,
- M- P>2- >2:1+Ry 4 =0,
R, =M *P2tq2ol_40+50°2+60°21 _ o 1y
1 4
a Mg =0,
- M+P32+¢>233- R, 24=0,
R, =-M*P2+q>2>3_-40+50°2+060°2>3 _ 05 4y

4 4
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. . o
JIns1 mepeBIpKY BUKOPUCTAEMO PIBHAHHA g P, =0:

-P-g2+R, +Rz =0,
- 50- 60:2+105+65=0,
- 170+170=0,
0=0.

2 Bu3HavaeMo 3HAYCHHS MMONEPEYHUX CHJI Ta 3TMHAJLHUX MOMEHTIB y Xa-
pakTepHux nepepizax (puc. 5.46):

Q, =R, =105kH,
Q, =R, -0*2=105- 60:2=-15xkH,
Q;=R,-(0°2- P=105- 60:2- 50 =- 65xkH,
Qs =Qs =Q, =Q; =- Ry = - 65kH.
M, =My =0xH>Mm,
M,=M;=R,>2-q>2°1=105>2- 60:2°1=90kH >Mm,
M; =Rg3’1=651=65kH M,
M, =Rg>1- M =6531- 40=25xH M,
M;=M,=Rg>2- M =652- 40=90kH >m.
Bynyemo emopy no xapaktepHux nepepizax (nus. puc. 5.46).
SIxuro emtopa MonepevyHux CUjl rnepecikae 6a3oBy JIHIIO Ta 3MIHIOE 3HAK 3

«+» Ha «—», TO B I[I{ TOYI[l MAEMO MaKCUMaJIbHE 3HAYEHHS 3TMHAJIBHOIO MOMe-
HTY. 3HAXOJUMO MOJIOKEHHS LIbOTO Mepepizy:

Z, _%_1751\4

M,, =R,z - q20?°=105><l,75 60><],75><]"—25 91,9 kH 1 .

I[JIH 3a3HA4YCHOTO BUY HABAHTAXXCHHI.

Qmax =105kH, Mmax =919kH ™.
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R =106 kH R0 kH

=40 kH: m
s o0 40
SEEEEEEEN] LB
K] 33 1|'s ]
LA 2 M 1w | 1w 717
105
I Q, kH
| ] N
70=1.75 v P91111E
£S5
91,9' "
1t
%
: M, KH: M
Pucynox 5.46

3 [ligoupaemo nepepis. 3 ymoBu MittHoCTI (5.7) BU3HAYMMO HEOOXI1THHM
MOMEHT OIIOpPY epepizy:

W s 919407

§ x0° =574,4 cm®.
160

JJist KpyTJIOro MOMEePEeYHOTo Nepepi3y MOMEHT ONOPY JTOPIBHIOE:

3
W =pd » 0,1d3,
32

X

ne d — miameTp nepepizy.
3BIACH OJIEPXKYEMO!

ds 3\‘/WX —3\‘/574’4 =179cm.

o1 \ 01

[Mpuiimaemo niametp, kpatHuit 5 MM, T06T0 d =180 MM =18,0 cm
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[To11a kpyroBoro nepepizy JOPiBHIOE:!

- pd® 314x18,0°

=254,3cm2.
4

J171s1 TpSIMOKYTHOTO TOTMIEPEYHOTO Mepepizy MOMEHT OIMOPY JTOPIBHIOE:!

2
w, =2
6

Sxmo h=2b, 1o

2 3 3
W, = D20y _ 4b° _20°
6 6 3

3BIACH OJIEPKYEMO!

SHCT R,

[Mpuiimaemo: b=9,5¢cm, h=19,0cm.
IInoma nmpsAMOKyTHHKA!

F=bh=95%9,0=1805cm?.

Homep nBoTaBpa 3HaXOAMMO 3a PO3PAXYHKOBUM 3HAYCHHSAM MOMEHTY
omopy W, 3 5744 cM>. 3a tabmunero copramenty (JCTY 8239-72) BuGupaemo

neotasp Ne 33, mist sxoro W, =597 em>. Voro moma F =538 cm?.

[lepepi3 BBaxaeThCs pallioHATBHUM, SKIIO BiH 3a0e3neuye MIIHICTh 0a-
KU TIpY MIHIMaJIbHIH ii Ba3i, TOOTO MpH MiHIMaJIbHIN IO ONEPEYHOro nepe-
pi3y. SIKIIO IJI011a MONEPEYHOro Mepepizy MEHIle y ABOTABPOBOIO Mepepizy, TO
MpUHRMaeMO TBOTABPOBUI TIEpepi3.

Hns neotaBpa Ne 33 BUIIUCYEMO 13 COPTAMEHTY HEOOXIIHI F€OMETpUYHI1
XapaKTePUCTUKHU:

H=33cm, B=14cm, J, =9840cm*, S =339cm°.
d=0,7cm, t=112cM,

4 TlepeBipsieMO MILIHICTh 32 HOPMAJIbHUMU HAIPY>KEHHSAMH.
HeGe3neunum Oyne mepepi3, y SKOMY Ji€ HaUOUIbIINK 3TUHAIBHUN MO-
meHt (mepepiz z, M =M, =919kH*m). ¥ camomy mepepizi HaWOiIbIIi

Hampy>keHHs OyAyThb Y HalOUIbII BiIJAJICHUX BiJ HEHUTPalbHOI JIIHII TOYKaXx,
T00TO B Toukax 1 ta 7 (puc. 5.47).
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! 1 oM 150,8 (153,9) 1,2 (1,9) v Mila
1 I F A4~ ——F 236 1594
| AT T = 1407 A\
7 r\g = A © - \
5 o | X \
LN
o |y \
> | N \
g " | \ X
% y \ | — 1319 % 38,1
T |
d=0,7 M /
-— ‘5 /
X° " /
_ .07 - _/
' 236 1594
V 150,8 (153,9) 12 (19)
Pucynok 5.47

YMoBa MILHOCTI 32 HOPMAJIbBHUMHU HAINpPYKEHHSAMU:

S e = £ 5],

~ 91,9 10°

O = o — =153,9MITa £[c] =160 MI1a .
597" 10

YMOBa MIITHOCTi 110 HOPMAJIBHUX HAMPY>KEHHSX BUKOHYETHCS.

5 I[epeBipsieMO MIIHICTH 32 TOTUYHUMH HAINPY>KEHHSIMHU.

HebGesneunum Oyzae mepepi3, y sSIKOMY JAl€ HalOuUIblla morepevyHa cuia
(mepepiz 1, Qo =Q; =105kxH). ¥V camomy nepepisi HalOLIBIII HAPYKESHHS
OyayTh y TOUIli Ha roJIoBHIK oci X, ToOTO B Toulli 4 (auB. puc. 5.47).

YMOBa MIITHOCTI 32 TOTHYHUMU HATIPYKCHHSIMHU:

t oo = QunacSy £[t],
bJ

X

. 105" 10°°x339" 10°°
™ 0,77 10%>9840" 10°®

=51,7 MIla £ [t| = 96 MITa_

Jlns1 cTaneBux 6aJIOK MPUIMAIOTh: [t] » 0,6[8] =0,6°160 =96 MIla.
t ex =517 MITa £ [t] = 96 MITa .

VYMoBa MiI_IHOCTi 3d JOTUYHUMHU HAIIPYKCHHAMU BUKOHYETBCA.
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Jliist moOyI0BH €MIOpU TOTUYHUX HANpyKEHb MPU HAWOUIbLIIN monepey-
Hiit cui (Q,,,, =105 kH ) Bi3HAawMMO KOTHYHI HANPYXXEHHS B Toukax 2Ta 3, 5 1a 6.

Jlnst Touok 2 ta 6 mmpunHa nepepisy b =B =14cm, cTaTHYHUN MOMEHT

IO BIJICIYEHOT YAaCTUHHM JOPIBHIOE CTATUYHOMY MOMEHTY TOJIMIIl, TOOTO
npssMokyTHuka B™ t =14 112 cm.

Tomi
S, 56 = Bty =14%,12X5,94 = 249,9 cm®,
ne Ye=—- % —33_—21'12 =15,94 cm

OTxe, TOTUYHE HAINIPY>KEHHS B TOUKax 2 Ta 6:

o 105" 10°%x249,9 10°°
@ O 1471020840 10°

=1,9MlIla

s Togok 3 Ta 5 cTaTHYHMIT MOMEHT IIIOIII BiACIUEHOT YaCTUHH 3ajIHIIIa-
* *
€ThCs PAKTHYHO THM CaMHM, T00T0 S, 55 =S, , s = 249,9 cM®, ane mmpuna ne-

pepizy b=d =0,7 cm. Tomy noTn4Hi Hanpy>KeHHs B TOUkax 3 Ta 5:

o, o105 102 x249,9” 10°°
® "G 07 1029840 10°®

= 38,1 Mlla .

OTmxe, npu nepexoi Bix Touku 2 (6) no touku 3 (5) qoTHYHE HAMPYyKEH-
HS PI3KO 3pOCTAE.

6 IlepeBipsiemo mepepi3 Ha CHOUIBHY 1110 HOPMaJIbHUX Ta JIOTUYHUX Ha-
MPY>KEHb 32 YETBEPTOIO TEOPIEIO0 MIIIHOCTI:

sV = /s?+3t? £[s].

[lepeBipka poOuUTHCSA B mepepisl, /e 3TUHAIBHUI MOMEHT Ta MolepedyHa
cwia OnM3pKi 10 HaWOUIBMMX 3HadeHb, ToOTO B mepepisi 3 (Q; =65kH,

M, =90kH >m), a B camoMy nepepisi — y Touli, e 3'¢AHy€ThCS IMOMHLS 1 CTIHKA

JBOTaBpa, a JOTHYHE HANpyKeHHS MaKCHMallbHe, TOOTO B Toulli 3
(muB. puc. 5.47).
Busnauaemo HopMasbHe HampyskeHHs B Toukax 2 (3) ta 5 (6):

— —_ — _M3
S2TS5@® TSE TSe T 3 Ys.
X
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JUis po3ristHyTOro nepepisy Ys = % -t= %3 -112=1538cwm.

3BIACH OJIEPKYEMO!

90" 10°°

S . =S, =S, =S, =——— X538 10% =140,7 MIla .
@ ~3@ 736 ~°0 ~9g10” 10°°

Ji1ist noOy10BH €MIOpy HOPMaJIbHUX HANpPYKeHb MPHU 3THHATBHOMY MOMe-
HTI M; =90kH >M BH3Ha4MMO HaNOLIBIII HOPMaJIbHI HAIIPYXKECHHS, Kl BUHH-

KarTh y Toukax 1 ta 7 (quB. puc. 5.47):

M, _ 90 10°
°w =3m T W T597" 10°

X

=150,8 MIla

Busnayaemo 1oTHYHI HAMIPY>KEHHS B TOYIIl 3:

— QSS)*(S

t(3)_ bJ

X

Jlnst Touku 3 mupuHa nepepizy b =d =0,7 cM, cTaTHYHUIT MOMEHT TUTONIT

BIJICIYE€HOT YACTUHU JIOPIBHIOE CTATUYHOMY MOMEHTY MOJIUIIi, TOOTO MPSMOKYT-
Huka B” t=14" 112 cm.

Tomi
S;3 =Bty =142,12x15,94 = 2499 cM°,
H t 33-112
=—-—=——"-=1594
ae Ye 5 5 > cM

O1xe, JOTUYHE HANPYXKEHHS B TOYIIl 3.

_ 657 1073 X249.9° 10°°
e ~ A9 1n2 A8
0,7 10 x9840" 10

= 23,6 MIla.

JI1s ToukH 2 CTaTUYHHN MOMEHT ILIOII BiJICIY€HOT YaCTHHHM 3aJIMIIAETHCS
* x 3 .
IPAaKTUYHO THUM caMuM, To0To S , =S, ;=2499cm”, ane mupuHa nepepizy

b=B=14cm. ToMy 1OTHYHI HAIIPY>KEHHS B TOUIIi 2:

_ 657 10°%249,9" 10°

_ =12 MII
'® 714" 1079840 10°° a.

JIist TOYKM HeWTpanpHOI JiHil (Touka 4) mupuHa nepepizy b=d =0,7 cMm,

132



a CTaTUYHHWI MOMEHT IUIONII BiJCIY€HOT YaCTUHH BApTO B3SATH JAJS TIOJOBHHH
. . x _ x _ 3
nepepizy: S pax = O =339¢cM™.

OTxe, JOTUYHE HANPYXKEHHS B ToUIll 4.

_ 65710°>339" 10°°
T~ 102 © 108
0,7 10°°>9840° 10

=31,9Mlla .

JUIsi HUKHBOT TOJOBUHM TMEpEPI3y uepe3 CUMETpPilo BIJHOCHO oci X
te =t =236Mlla,t g =t, =12MIla.

Po3paxoByeMo ekBiBaJIeHTHE HAMpy>KEHHS B TOYIIi 3 32 YETBEPTOIO TEOPi-
€10 MILIHOCTI:

s" =./140,72 +3>236° =146,5MIla <[s] =160 MITa .

3agaua 5.10

s cmanesoi 6anxu (puc. 5.48) nioiopamu posmipu 06omaspoeozo nepe-
pi3y ma 3pobumu noeHy nepesipky Ha MiYHICMb 3a MPemvboi Meopierd MiYyHOC-
mi. [Jonycmume nopmanvre nanpyxcenns [s | =160 Mlla.

M=30 kH- P=20 kH
= 2110 KH/M q=10 kH/M

EEER P11

Z P>
1M 2 M 2 M 2 M

Pucynok 5.48
Po3é azannsn

1 Buznayaemo omopHi peaxiiii, 1OpiBHIOIOYH HYJII0 CYMU MOMEHTIB YCIX
30BHIIIHIX CHJI BiTHOCHO TO4YoK A Ta B (puc. 5.49).

é M, =0,
- M- P3-022:2- q:2°6+Ry:5=0,

_M+P:3+0g32:2+0922°6 _30+20:3+10:2>2+10°2:6
5 5

=50 kH.

Rg
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é Mg =0,
-M+P2+0q32:3- ¢°2:1- R, 5=0,

_-M+P:24q2:3- o221 _ - 30+20:2+1052:3- 100221 0

Ra

Ra=10 kH Re=50 kH

Pucynox 5.49

. . o]
Jns mepeBipku Bukopucraemo piBusuns g B, =0:

-P-0°2- g°2+R, +Ry =0,
- 20- 10>2-1032+10+50=0,
- 60+60=0,
0=0.

2 Bu3Hnayaemo 3Ha4YCHHS MOMEPEYHUX CHJI 1 3TMHAIBHMX MOMEHTIB Y Xa-
pakTepHux nepepizax (puc. 5.50):

Q,=Q,=Q; =R, =10kH,
Q,=R, - q>2=10-10:2=-10xH,

Qs =R, - g>2- P=10-10>2- 20=-30«kH,
Qg =O0xH,
Q,=0>2=10:2=20xH,

Qs =Q: =q>2- Ry =1032- 50=-30xH.
M, =M =30xkH M,

M, =M, =M +R, 51=30+1051=40 kH>m,
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M,=M;=M+R, >3- q>2°1=30+10>3- 10°2>1=40xH >Mm,
Mg =0xH>Mm,
M,=My;=-0°2°1=-10°2°1=-20kH >m,
M;=M,=-0>2°3+Ry;°2=-1022:3+50>2=40kH >m.

R =10 tH R =50 kH
F=20kH
IESO KHM = =10 kH/m =10 kHim

T 1 ERERN
9\1 7% 45 [k i
s A

1 m 2 M 2 M 2 M

19 >

Zo=1 M 20

E}}l | % QK-

%%

£
40 10 30
30 m
\ Ml EH- p

W

Pucynok 5.50

Bynyemo emtopy 3a xapakTepHuMH niepepizamu (auB. puc. 5.50).

SIkuro emtopa MonepevyHux CUjl rnepecikae 6a3oBy JIHIIO Ta 3MIHIOE 3HAK 3
«+» Ha «—», TO B i TOYI[I MAaEMO MaKCUMajbHE 3HAYCHHs 3THHAIIBHOTO MOMeE-
HTY. 3HaX0JIMMO TOJIOKEHHS [IHOTO TIepepizy:

ZO=1—8=1M,

M,o =M +R,(1+2,)- qzoz—zo =30+10X1+1)- 1ox1>% = 45kH »u.

Jns 3a3Ha4eHoro Buny HaBantaxkeHus Q. =30kH, M, =45kH M.

3 [ligoupaemo nepepis. 3 ymoBu MitHoCTI (5.7) BU3HAYMMO HEOOXITHHM
MOMEHT OIIOpPY epepizy:
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WX 3 max ,
s
. -3
W, 3 45 107 g0 - 281,3cm®
160

Homep nBoTaBpa 3HAXOAMMO 3a PO3PAXyHKOBHUM 3HAYCHHSIM MOMEHTY
omopy W, 3 2813 cm>. 3a tabmuuero copramenty (JICTY 8239-72) Bubupaemo

neotaBp Ne 24, s sxoro W, =289 cm®.
Hnst nBotaBpa Ne 24 BUnucyeMo i3 COpTaMEHTY HEOOXIIHI F€OMETpUYHI1
XapaKTePUCTHKH
H=2dou, B=1loew, J, =3460cm*, S, =163em’,
d=056cm, t=0,95¢cmMm,

4 TlepeBipsieMO MILIHICTh 32 HOPMAJIbHUMU HAIPY>KEHHSAMH.

HeGe3neunum Oyne mepepi3, y SKOMY Ji€ HaUOUIbIINK 3TMHAIBHUN MO-
MeHT (mepepi3 Z,, M =M,,=45kH*M). ¥V camomy mepepi3i Benuki Ha-
Npy>KeHHs1 OyayTh Yy HaOUIbII BIAAAJIEHUX B1J HEUTpaNbHOI JiHII TOYKaX, TOO-
T0 B Toukax 1 ta 7 (puc. 5.51).

B-1.5 cv
y . /," o BELERT 09
Ry T =T T )
R 7
RS xe =/
L IR
E LTl Lr'l Y
=y = L v
) ¢ 5,
< |7 A | X 250
o
- /
d=0,56 ™ Y
5 //
6
‘ _wmy P
Y / 195
7 55,7 138,4 0,9
Pucynox 5.51

YMOBa MIITHOCTI 110 HOPMAJIbHUX HAMPYKEHHSX:
M
Sax =~ £s];
W

X
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_ 45710

O = ———r—— =155,7 MIla £ [6] =160 MIla
289" 10

YMOBa MIITHOCTI 32 HOPMaJIbHUMU HANPY>KCHHSIMH BUKOHYETHCS.

5 I[epeBipsieMO MIIHICTH 32 TOTUYHUMH HAIMPY>KEHHSIMHU.

He6esneunum Oyzae mepepi3, y sSKOMY JAl€ HalOUIbIla morepevyHa cuia
(mepepiz 1, Q. = Qs =30kH). ¥V camomy nepepi3i HaiiOLIbIII HANpPY>KEHHS
OyayTh y TOUIli Ha roJIOBHIK oci X, ToOTO B Toulli 4 (auB. puc. 5.51).

YMoOBa MIITHOCTI 32 TOTHYHUMU HAPYKCHHIMHU:

R
i =OmSp [t]
max bJ ’

. = 30" 10°%63 10°
™ 0,56" 10°%x3460" 10°°

X

= 25,2MIla £ [t| =96 MIla |

Jl1s1 cTaneBux 6aJIOK MPUIMAIOTh: [t] » 0,6[8] =0,6°160 =96 MI]1a.
t ex =517 MITa £ [t] =96 MITa .

YMoBa MILIHOCTI 32 JOTUYHUMU HAINPY>KEHHSIMU BUKOHYETHCS.

Jliist moOyioBY €Miopu TOTUYHUX HAMpPY>KEeHb MPU HAWOLIbIIIN monepey-
Hil cuni (Q,,,, =30 kH ) Bu3HauMMO HOTHYHI HAPyXXEHHS B TOUKax 2 Ta 3, 5 Ta
6. s Toyok 2 Ta 6 mupunHa mepepisy b=B=115cwm, craTuuHuii MOMEHT

IJIOMII BiJICIYEHOT YACTUHHM JOPIBHIOE CTATUYHOMY MOMEHTY TOJIMIll, TOOTO
npsiMmokyTHuka B™ t =115" 0,95¢cm.

Tomi
S; ,6 = Bty =11,5>0,954153=1259 CMS,
H t 24-095
=—-—=———"—=1153
ae Ye 5" 5 > 153 cMm

OTxe, TOTUYHE HAIIPY>KEHHSI B TOUKax 2 Ta 6:

I _30710°%%259 10°
@ @ 115 102x3460" 10°®

=0,9MlIla .

s Toyok 3 Ta 5 craTHUHMIT MOMEHT IIIOIII BiACIYEHOT YaCTUHH 3ajIHIIIa-
* *
€ThCS TIPAKTHYHO THM CAMHM, TOOTO S, 55 =S, ,5 =1259 cm®, ane mmpuna me-

pepizy b=d =056 cm. Tomy noTHYHI HaNIpy>XCHHS B TOYKax 3 Ta 5:

e = 30° 103x125,9° 10°°
® "G 056" 102x3460" 10°°

=19,5MIla .
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OTtxe, npu nepexoi Bix Touku 2 (6) no trouku 3 (5) qoTHYHE HAMPYKEH-
HS PI3KO 3pOCTaE.

6 IlepeBipsieMo Tniepepi3 Ha COUIBHY A10 HOPMAJbHUX 1 JOTUYHUX HAIPY-
’KEHb 32 YETBEPTOIO TEOPIEO MILIHOCTI:

sV = [s?+3t? £[s].

[lepeBipka poOUThCS B Miepepisi, A€ 3TUHATBLHUI MOMEHT 1 MOIepeyHa Cu-
na Onu3bKi 10 HAHOUTBIIMX 3HaUeHb, TOOTO B mepepisi 5 (Qg =Q,, =30kH ,

My =40kH *m), a B camomy mepepi3i — y TodIli, A€ 3'€AHYETHCS MONNYKA 1 CTi-
HKa JIBOTaBpa, a JOTUYHE HAIPY>KEHHS MakcUMalibHe, TOOTO B Touli 3
(muB. puc. 5.47).

JloThyHe Hampy>KeHHs B TOYIl 3 MPU MaKCUMAaJbHINA MONEpedHid cuil
t,=19,5Mlla.

Busnauaemo HopMasbHe HampyskeHHs B Toukax 2 (3) ta 5 (6):

—_ —_ —_ —_ 5
S@2 5@ =S =Se = 3 Ys.

X

JUis po3risiHyTOro nepepisy Ys = % -t= % - 0,95=11,05¢cm.

3BIACH OJIEPKYEMO!

40° 10°° 2
Sy =S, =S, =S ,.,=————X105 10" =127,7 MIla .
) ©) (5) ©® ~ 3460" 10°®

Jliist noOy10BH eMIOpy HOPMaJIbHUX HANpPYKeHb MPHU 3THHATBHOMY MOMe-
HTI My =40kH M Bu3HaunMo HalOLIBLII HOPMAJIbHI HANPYKEHHS, Kl BUHH-

KaloTh y Toukax 1 ta 7 (quB. puc. 5.47):

_. _Mg_40710°
0 =30\ " 2897 10°

X

=138,4 MlIla .

Po3paxoByeMo €KBIBaJIEHTHE HAINpPY>KEHHS B TOYIl 3 32 TPETHOIO TEOPI€IO
MIIHOCTI:

s "V =,127,72 + 4x49,5? =1335MIla <[s | =160 MIla .
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3agaua 5.11

Buxonamu nosny nepesipxy miynocmi 6anxu (puc. 5.52, a), nepepiz sixoi
npeocmasienull Ha pucyHky 5.52, 6.

Tz (4 )

P=20 kH M=30 kH-
- Mq=1U KH/M
! HEEEEEEEEEE
™| 2m 2M . b M
a
Pucynox 5.52

Po3é azannsn

1 Buznayaemo onopHi peaxiiii, 1OpiBHIOIOYH HYJII0 CyMU MOMEHTIB YCIX
30BHIIIHIX CHJI BiTHOCHO TO4YoK A Ta B (puc. 5.53).

P=20 kH
!

M=30 kHM

Q=10 kH/M

HEEEEEEEEE

4

™ 2 M

/

2 M

LM

Rg

Ra=10 kH

Rs=70 kH

Pucynok 5.53

é M, =0,

M- P:1- g°6:6+Ryz:5=0,

_-M+P1+g36:6 _ - 30+20:1+10:6°6

5

é. Mg =0,
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M+P:4+q>2°1- q°4>2- R, >5=0,

_M+P:4+q22:1- g24>2 _30+20°4+10:2>1- 1034:2
5 5

R, =10xH.

. . o]
Jnst mepeBipku Bukopucraemo piBusuns g B, =0:

- P-g°6+R, +R; =0,
- 20- 10°6+10+70=0,
- 70+70=0,
0=0.

2 Bu3zHauaemMo 3HaYCHHS MOIMEPEYHUX CHJI 1 3TMHAJIBHUX MOMEHTIB y Xa-
pakTepHuX nepepizax (puc. 5.54).

R=10kH R=70 kH
P=20kH  MEZD kHw
—= g=10 kHM
Al Y .nH#g.HHHH
‘;égyz 3 N e |
- e

T M Z M 2 oM 4

4(]
4 | [,
] | Q kH

|||||||lu\ﬁ
10

M, kH- b
9 W

50

A0

Pucynok 5.54

Q,=Q,=R, =10xH,
Q;=Q,=Q;=R, - P=10- 20=-10«H,
Qg =O0xH,
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Q,=0°2=10:4=40xH,
Qs =0°4- Ry =1024- 70=-30xkH,
Q; =0°6- Rz =10°6- 70=-10xH.
M, =My =0kH>Mm,
M,=M;=R,31=1031=10xH >m,
M,=M;=R, >3- P22=10:3- 20°2=-10kH >m,
M, =-q4:2=-1034>2=-80xH >m,
Mg=-q>4°2+M =-104:2+30=-50kH >m,
M;=M,=-0°6°3+R;32+M =-1026°3+70>2+30=-10kH >m.

Bynyemo emtopy 3a xapakrepuumu nepepizamu (1us. puc. 5.54).
3 PosrasineMo nepepis, nojaHui Ha pUCYHKY 9.52, 0.

PosrnsHyTnii mepepi3 moAuIseEMO HAa TPU MPOCTI YaCTUHU — IuBelnep 1,

aBotaBp 2 i cmyra 3 (puc. 5.55).
I3 copramenty (momatok b) BHIIUCYeEMO T€OMETpPHUHI XapaKTEPHUCTUKH
mBenepa Ne 20:
H, =20 B, =7 =0,52
1=20cm, B, =7.6cm, d, =0,52cm, F =234cm?, J,, =113cum®*.
t, =090¢cwm, z,, =2,07cmMm,

I3 copramenty (101aTOK A) BUIHCYEMO TEOMETPUYHI XapaKTECPUCTHKH JBO-
taBpa Ne 20:

H,=20cMm, B, =10c¢wMm,
d,=052cwm, t, =0,84cm,
Bu3HayaemMo reoMeTpudHi XapaKTePUCTUKH CMYTH 3:
H;=2cm, B; =16c¢Mm, _BgH33_16>Q3
F, =H, B, =2X6=32cm?, =T T

F, =268cm?, J,, =1840 cm™”.

=10,7 cm®.

4 BiIIHOCHO O6paHI/IX MMOYaTKOBUX OCEH 3HAXOJAUMO KOOPpAWHATHU LCHTpPA

Baru CKJIaJHOro nepepizy. Skimo ¢irypa cumerpryHa BiIHOCHO Ocl Y, TO HEHTP
Baru JIEKUTh Ha HiK, X, =0.

3Hax0AMMO 3HAYEHHs KOOPAUHATHU Y, 3a (hOpMYJIIOI0

_Ryi tRYy, tRys
F+F,+F

Ye
JJist pO3IIISIHYTOTO TIepepizy:
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y, =0cwm,

Yo =12 +i = 2,07"'2—20 =12,07 cm,

2
H, 2
Y3=2Zy+H,+—==207+20+—-=2307cm.
2 2
| Urd Y3\
Bs=Tp e
G
P I
3 .
= —
—~—
5
%
T
= C Xc
(e}
P G X
T d==0,52 cM
p
55|55
2 slsleE
S N R
. € R %1 X
=] = G4
o | B 1
T @
o o
é
t=0,90 M B2=10 cm
H=20
Pucynok 5.55
3BIACH OJIEPKYEMO!
12,07:26,8+ 23,07:32
== : : =12,92 cm.

Ye 234+268+32

3a 3HAMJICHOIO KOOpANHATOIO yc HaHOCHUMO IIOJIOKCHHA HCHTpPA Baru

CKJIaHOTO mepepidy (auB. puc. 5.55).
5 BuznauaeMo 0CbOBHII MOMEHT 1HEpIIii BCHOTO Mepepi3y BIAHOCHO TOJI0-

BHOI LIEeHTpasIbHOT oc1 X 3a (hopMyII0t0

J

— 2 2 2
Xe Jxl +a1F1 +Jx2 +a2F2 +Jx3 +a3F3'
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JI71s1 pO3TIIIHYTOTO Mepepizy:
=Y -Y.=0-1292=-1292cm,
a,=Yy,-Yy.=12,07- 12,92 =-0,85cm,
a; =Y;- Y. =2307-1292=1015cm.

3BIACH OJIEPKYEMO!
J,. =113+12,92?>23,4+1840 + 0,85 26,8 +10,7 +10,15” x32 = 9186 cm"”.

6 Busznauaemo MakcumanabHe HOpMaJbHE HAMIPYKEHHS.
YMoOBa MILHOCTI 32 HOPMaJIbHUM HAIpPY>KEHHSIM Ma€ BUTJISI:

M
S mac = " Yina £[s].

Xc

HebGe3neunum Oyne mepepi3, y sSIKOMY Ji€ HaWOUTbIINNA 3rUHAIBHUN MO-
MmeHT (mepepiz 7, M, , =M, =80kH>M). ¥V camomy mepepi3i HaiOLIbIIi
HanpyXeHHs OyIyTh y HaWOLIbII BiAAalCHIA BiI HEHUTpaJbHOI JIiHIT TOYI,
t00TO B TouIi 13 (puc. 5.56).

JJist pO3IrIISIHYTOTO TIepepizy:

y .. =(B,- z,)+y, =(7,6- 2,07)+12,92 =18,45 cm.

3BiJICH OJEPKYEMO:
- = 80" 103
™ 9186" 10°®
S mex =160,7 MITa £ [s] =170 MITa .

X18,45" 102 =160,7 MIIa |

OTxe, yMOBa MILHOCTI 32 HOPMaJIbHUMH HAMNPYKEHHSIMU BUKOHYETHCS.
7 [lepeBipsieMO MIITHICTh 32 TOTUYHUMHU HANPY>KCHHIMHU.
YMoOBa MIIHOCTI 33 JOTUYHUMU HAMPYKEHHSIMU Ma€ BUTIIAL

= QuaSs g ]

tmax bJ

X

He6esneunum Oyzae mepepi3, y sSIKOMY JAl€ HalOuUIblla morepevyHa cuia
(mepepiz 1, Q. =Q; =40kH). ¥ camomy mepepisi HalOLIBII HAPY>KEHHS

OyayTh y TOUIll Ha rOJIOBHIHM oci X, ToOTO B Toulli 6 (auB. puc. 5.56).
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Jlns  Touku HeWrTpambHOi JriHIT (Touka 6) mMpHHA TEpepizy
b=d, =052cMm, a craTHyHUll MOMEHT IUTOLIi BiZICIYCHOT YaCTHHU BApPTO B3ATH

JUIsl TIOJIOBUHM TIepepi3y, TOOTO:

Sx B H3$ - __+ BZt @ t2 O+d (y 3_ t2)xm=

2 @ é 2@ 2

_16>Q>§J,15- —-+10>084>@31+%9+
29 2 g

+0,5241115- 2- 0,84)x A5 22 084 1091 e,

OT)Ke, MAaKCHMAJIbHC HAIIPYKCHHA
T s 106

40° 10°° x409,1" 10 ~343MITa

T =
m*0,562° 102 x9186° 10°®
Jlns1 ctaneBux 6aJIOK MPUIAMAIOTh: [t] » 0,6[8] =0,6>170=102 MI1a.
- =34,3MIla £ [t| =102 MTTa .

YMoBa MILIHOCTI 32 JOTUYHUMU HAIPYKEHHSIMU BUKOHYETHCS.
8 IlepeBipsieMo nepepi3 Ha CHUIBHY 10 HOPMAJIbHUX 1 JOTUYHUX HAIpy-
KEHb 32 YETBEPTOIO TEOPIEO MILIHOCTI:

sV = /s?+3t? £[s].

[lepeBipka poOUTHCS B Miepepisi, A€ 3TUHATIBHUI MOMEHT 1 MOIepeyHa Cu-
nTa OJIM3BKi 10 HaHOLTBIMIMX 3Ha4eHb, TOOTO B mepepizi 7 (Q; = Q. =40xH,
M, =80kH>m).

JJist BU3HAUYEHHS TOYKH, y SIKI HOPMaJIbHI 1 IOTUYHI HaMpy>KEHHs Xo4a 1
He HaO0yBarOTh HAWOUIBIINX 3HAUYEHb, aje Y CBOid KOMOIHALli CTBOPIOIOTH Hail-
OUIBIII HEBUT1IHE CIOJIYyYCHHS, TOOTO CTBOPIOIOTH HAWOUIbIIIE €KBIBAJICHTHE Ha-
MpYXKEHHs, HEOOXITHO MOOYyIyBaTH €MIOpU HOPMAJIBHUX 1 JOTUYHUX HaIpy-
KEHb.

Jiist noOy10BY €miop HOPMaIbHUX 1 JOTUYHUX HANPYKEHb HEOOX1THO BU-
3HAYMTH HACTYIHI JaHi:

1)  TOuYKH, y IKHX BU3HAYAIOTHCS HAMpyKeHHs (IuB. puc. 5.56);
2) Binctanp Y Bin HEUTPaJIbHOI JIHIT 10 TOYKH, Y SIKIi BU3HAYAETHCS

HaIpy>KCHHS;
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3)  HOpMaybHE HANPYKEHHSA S B JOBUIBHIM TOYI mepepi3y, po3TaliioBa-
. : \Y
HOT Ha BUCOTI B (S =—'VY );
XC
. . . .. ' . ~
4)  cTaTMYHUI MOMEHT IUIONII BiJICIYEHOT YaCTHHU S, BITHOCHO HEWT-
paibHO1 OC1 Ti€l YaCTUHM Mepepidy, 10 PO3TalloBaHa MO OAWH OiK
BiJI IPSIMO1, MPOBEEHOT Uepe3 JaHy TOUKY;
5)  mmpuHy nepepizy b Ha piBHI pO3MIISHYTOT TOYKH;
*
Q7S
bJ,

Po3risitHeMo KOXHY TOYKY OKpeMo (1auB. puc. 5.56).

6) JOTUYHE HAnpyXeHHs t B Touri (t =

Touxka 1.
y, =B, +H,+H -y =7,6+20+2-1845=1115¢cwm,
s 10-3
6 =0 1049115 10% =971 M
9186° 10 ’
S, =0cm°,
b, =B;=16¢wMm,
t,=0MlIla.
Touxka 2:
Yy, =Yy, - Hy =1115- 2=915¢wm,
1073
Gy :Llo_s@,lS’ 10°* = 79,7 MIla
9186° 10 ’
_ H;0_ 20 _ 3
S, =BH,8Y, - 22=16x281115- £2=3248cn°,
e 2 g e 29
b, =B; =16¢wMm,
40” 10°°>324,8” 10°
Ty = O, O_2>G ’8, 0_8 = 0,9 MIla
16" 10 “>9186" 10 ’
sV =./79,72 +3>0,92 =79,7 MIla.
Touxka 3:

Y;=Y,=915¢cm, S;=5,=79,/Mlla,
Sis =S, =3248¢cem°,

146



b, =B, =10¢wMm,

_40° 10%x324,8” 10°°
T ~ . -2 . -8
10" 10°“x9186" 10

=1,4Mlla

sV . =.797%+3x,4% =79,7 MIla.

Touka 4:
Ye=Y1- H3' tz =1115- 2- 0,84=8,31cwm,
s 10r3
Oy = Llo_s 8,31 102 =72,4MIla
9186° 10
, =B.H af/ ——+ B.t, af/ +———S;2+th2g + 1202
=3248+10%084:88,31+ 2349= 3011 o
e 2 g
b,=B,=10cm,
40" 10°x391,1° 10°°
T = O' 0-2><39 — -8 =1,7MHa,
10" 10°2>9186" 10
sV, =47242+3,72 =725MIla.
Touka 5:
Y5 =Y,=83lceM, s =S, =724 Mlla,
S¢s =S4 =39L1cm’,
b, =d, =0,52c¢cwm,
, -3 , -6
r = 40 ,10 _2><391,1 10_8 —38MIla
0,52° 1029186, 10
sV . =72,4% +3:32,8% =92,0 MIla.
Touka 6:

Y¢=0cm, sq=0Mlla, t g =t , =343 Mlla.

Touxka 13:
Viz = Ymax = 18,45 cwm, 6(13) =Oax — 160,7 ‘HE‘I
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Se1s =0cm’,
b, =2t, =230,90=180cwm,

t 43 =O0MiIla
Touka 12:
Y =Vis- (B, - d,)=1845- (7,6- 052)=1137 cm,

oo 80103
13~ 9186108

S:<12 = 2t1(Bl - dl)g 17T

X11,3710°? = 99,0 MIla

B, - do_

+=190,0cm

=2x090%7,6- 0,52)€11,37+
e 1]

7,6- 0,520
2

b, =2t,=2°090=18¢cwm,

6
T = _ 40" 10°°x190,0° 108 - 46MITa.
1,8 10?9186 10°

sV, =1/99,0° +3x4,62 = 99,3 MITa.

Touxka 11:
Y11 = Y1, =11,37 cM, S (13 =S (1) = 99,0 Mlla
S.,; =S.,, =190,0 cm®,
b, =H,=20cm,

40" 103x90,0° 10°
T T 507102 0186” 10°°

=0,4Mlla

3KB 11 \/99 02 + 3>0 42 = 99 O MllIa .

Touxka 10:
Yi0 = Y13~ B; =1845- 7,6=10,85¢cm,
s 1073
Cao ~ % X10,85" 10> =94,5MIla
Sei0=Si2 +H dlc,:ylo ¥ %9- 1900+ 2050 52&@85 07529_ 3055 cu
1]
b, =H; =20cwMm,
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6
tao = _ 40" 10°°x305,5" 108 =07 MITa.
20 10°%>9186" 10

1\

sV . =4/94,5% +3>0,72 =945 MIla .

Touka 9:
Yo = Y1 =1085¢m, S (g =S gp = 94,5 MIla,
Sco =Sy10 =3055cem’,
by =B, =10cwm,

_ 407 10%x305,5" 10°
T9 =707 112 -
10" 10 “ »X9186" 10

=1,3Mlla

sV . =.9452+3%,32 =945MIIa.

Touka 8:
Yg =VYi3- B;- 1, =1845- 7,6- 0,84=10,01cwm,
s a3
g — L].O-B x10,01” 10 %2 = 88,3 MIla ,
9186 10
Sx Ss<10 + thzgf/ t—29—30555+1O>084>6001— 0—243— 3861cm
bg =B, =10c¢wm,
, -3 , .6
T = 40, 10_2 ><386,1, 10_8 —17MIla_
10" 10°“»9186" 10
3K138 \/88 32 +3>{L72 —883MHa
Touka 7:

Y, =Yg =10,01cM, S (1) =S (g = 88,3 Mlla |
S, =S, =3861cm?,
b,=d,=052cm,

s s
o, = A0T107G86L10° _ oy
0,52" 10°2x0593" 10 ’

sV . =./8832+3x32,3% =104,5MITa.
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OTtpumaHi 1aHi 3aHOCATHCS 70 Tabnumi 5.1.

Tabauys 5.1 — Jlani o3 no6yooeu entop HOPpMAnLbHUX | OOMUYHUX

HANPYIICEHD
v

Homep y, MM s, MIla S;, io® b,Mmm | t,Mlla S s

TOYKH MIla
1 11,15 97,1 0 16 0 —

2 9,15 79,7 324,8 16 0,9 79,7

3 9,15 79,7 324.8 10 1,4 79,7

4 8,31 12,4 391,1 10 1,7 72,5

5 8,31 72,4 391,1 0,52 32,8 92,0
6 0 0 409,1 0,52 34,3 —

7 10,01 88,3 386,1 0,52 32,3 104,5

8 10,01 88,3 386,1 10 1,7 88,3

9 10,85 94,5 305,5 10 1,3 94,5

10 10,85 94,5 305,5 20 0,7 94,5

11 11,37 99,0 190,0 20 0,4 99,0

12 11,37 99,0 190,0 1,8 4,6 99,3
13 18,45 160,7 0 1,8 0 —

3a orpuMaHumMu JaHuMH (auB. Ta0m. 5.1) Oyayemo emropu HOpMaabHHX
Ta JOTUYHUX HAMPYKEHb.

SIKIIO y BCiX PO3IVIHYTHX TOYKaxX S'v,. < [S] =170MIla (nuB. Tadm. 5.1),

OKB
TO YMOBa MIIHOCTI 32 YETBEPTOIO TEOPIEI0 MIITHOCTI BUKOHYETHCS JIJISl BCIX PO3-
TJISHYTUX TOYOK.

6 KPYUEHHS
6.1 OcHOBHI N0J10KeHHS Teopil

Kpydennst — Bug nedopmarliii, 10 XapakTepU3yeEThCS B3AEMHUM IOBOPO-
TOM TIOTIEPEYHMX TIepepi3iB Opyca Mix BIUIMBOM MOMEHTIB (ITapu CWII), IO JIFOTh
y nux nepepizax (puc. 6.1).

[Ipu kpydeHH1 B KO)KHOMY Tepepi3i Opyca i€ TUIbKUA OJUH BHYTPIIIHIN
cuIoBui (paktop — kpyTHud MmomMenT M, (M,).

KpyTHHi1 MOMEHT OpiBHIOE anredpaiuyHiid CyMi 30BHILIHIX MOMEHTIB, 1110
CKpPYUYIOTb, PUKJIAJACHUX MO OJUH O1K BiJl epepizy.

KpyTHHII MOMEHT yBa)kaeTbCsl JOJATHUM, SIKIIO MPH MOTJIsAA1 3 OOKY 30B-
HIIIHBOT HOpMaJl A0 Tepepidy BiH OyJe CHpSIMOBAHUM MPOTH T'OJWHHUKOBOI
CTPUIKH.
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Pucynox 6.1

[Tpu po3paxyHKy BajliB 4acTo OyBae 3ajiaHa nepegana notyxHicts K y ki-
JoBaTax Ta 4yacToTa oOepTaHHsS N B oOeprTax 3a XBWIHUHY. [Ipu nboMy KpyTHHI
MOMEHT MOK€ OyTH BU3HAYCHUU TAKUM YUHOM:

M = 9,55% . (6.2)

[Ipy kpydeHH1 B KOKHOMY Tepepi3l BUHUKAIOTh JOTUYHI HAIMpPY>KEHHS,
AK1 B IOBUIbHIHM TOYIll IEpepi3y BU3HAYAIOTHCS 32 (HOPMYIIOI0

t=——-r, (6.2

;
ne M, —KpyTHHI MOMEHT y repepisi Opyca;
I — BIACTaHb BiJ LEHTpa Nepepidy 0 TOYKH, Yy SIKIM BHU3HAYAETHCA
HaIpPY>KEHHS;
J, — monapruit MOMeHT iHepuii epepisy.

MakcumainbHi TOTHYH1 HANPY>KEeHHS! BUHUKAIOTh Ha KOHTYpI nepepizy:

M
t =@ (6.3)

r

ne W, —nonsipHMii MOMEHT OTOpY Mepepizy.

dopmynu A1 BUBHAYEHHS TOJIIPHOTO MOMEHTY 1HEpIIIi 1 MOJISIPHOTO MO-
MEHTY ONOPY JUIsl KPYTJIOTO 1 KIIBIIEBOTO Tepepi3iB HaBeIeH1 B Tabmill 6.1.

SIKuo KpyTHHM MOMEHT Ta JllaMeTp Mepepidy Ha AUIAHIN Opyca JTOBXKU-
HOt | € mocTiiHMMHK BEJTMYMHAMH, TO KyT 3aKpy4yBaHHS
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ne GJ. — KOPCTKICTh CTPUKHS TPU KPyUESHHI.

(6.4)

Y BUNAJAKY MOCTIHHOTO KPYTHOTO MOMEHTY JIMIIE B MEXaX OKPEMHX Ii-
JSTHOK Opyca abo cXim4acTol 3MiHU HOro momnepeyHoro nepepizy gpopmyiny (6.4)
MO>KHA 3aCTOCOBYBATH TUIBKH MO JUISTHKAX.

MinnicTe Opyca, 10 MOpaioe Ha KPYUCHHS, BBaXKAIOTh 3a0€3MEUYEHOIO,
AKIIO HAWOUTBII TOTUYHI HAIPYXKEHHS, 10 BUHUKAIOTh y HOro HeOe3MeuHOMY
MIOTIEPEYHOMY TIepepi3i, He MePEeBUIYIOTh JOIMYCTUMUX 3HaYeHb. TaKkuM YHHOM,

yMOBa MIITHOCT1 Ma€ TaKUM BUTJISI:

Mwﬁm

ae [t] — JIOIyCTUME HANpPYKEHHS IPU KPYUESHHI.
KpiM po3paxyHKy Ha MILIHICTh BaJIU PO3PaXOBYIOTh 1 Ha KOPCTKICTh, 00-
MEXYIOUH BITHOCHI KYyTH 3aKpy4yBaHHs J€SKOI0 IOMYCTUMOIO BEJIMUYUHOIO [q]:

(6.5)

=——£]q]. 6.6
ay (6.6)
Tabauys 6.1 — Xapakmepucmuxu nepepizie npu KpyueHHi
dopma nepepizy J W,
iy

f"'ff-i_;n:;:‘-“

7 4 3
5. s | 2w

| o 32
iy
&
e
W i pD* pD?
. P21 a%) a- a“)
: b 32 16
BN
L »01D*(1- a*) »0.2D3(1- a*)
X
| _d
:1:.: : s D
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6.2 Po3paxyHKH HA KPY4Y€eHHSI CTATUYHO BU3HAYYBAHUX CHUCTEM
3agaua 6.1

Cxiouacmuil cmanesuti Opyc Kpyeio2o NONEpeuHo20 nepepisy HCOPCmKO
3aKpinIenuti 0OHUM KiHYeM Ma HABAHMAdCEHUU, K NOKA3AHO HA PUCYHKY 6.2.
Ilobyodysamu entopu KpymHux MOMeHmi8, MAKCUMANbHUX OOMUYHUX HANPY-
ocensb. Buznauumu xkymu nosopomy nonepeunux nepepizie. Ilepegipumu miy-
Hicmb Opyca npu [t] =60 MIla.

Po3é azannsn

1 Emtopy KpyTHUX MOMEHTIB OYyye€MO, TOYMHAKOYH Bijl BUTbHOTO (JIIBOTO)
KIHIIS, 1110 J1I03BOJIsI€ HE BU3HAYATH PEAKTUBHUI MOMEHT Yy 3aTUCHEHHI.

Mq=1 KHM Ms=4 KHM
My=2 KHM =

[o®)
i
)

dr6 M
d==5 ™

%
/ 15 M 0S5 M /U,/SM 05M | 05M

Pucynox 6.2

[lepepizamu, ae NMpUKIAICH] 30BHIIITHI MOMEHTH, CTPUKEHDb MOJUIIETHCS
Ha Tpu autsHkd: |, 11, [ (puc. 6.3, a).

[IpoBiBIIM NOBUIbHUN TIEpepi3 a-a Ha AUISHII | Ta ckiagarouu JJis 3aju-
nieHoi yactunu (puc. 6.3, 6) piBHAHHS piIBHOBaru é M, =0, ogepxyemo:

Kpyruuit Mmoment M, 30epirae mocriiiHe 3Ha4eHHs y BCiX mepepizax

OUISHKY |

JUist iHIOUX JIUISHOK 3HaXOAMMO KPYTHI MOMEHTH SIK anreOpaiuyHi cymu
30BHIIIHIX MOMEHTIB, MPHUKJIAJICHUX MO OAWH Oik (y HAIllOMYy BHUIAJIKy — JIIBY)
BiJl nepepi3y. BijciueHi yacTuHU OKpeMo He 300paxyeMo.
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Hinsaka |-

mirsgaka |1:

Mi=1KHM Mz=4 KHM
M,=2 KHM

a
drb M
d=b M
d=8 M

P
15 M 05 M /ﬁ5n 05 M 0,5 M

v ,
[TTTITEE TTTT
B /|1||||||||||||(—:J||||||||||||| 1 Mg KE

4
LN

40,8 ]
Jﬁ 3
#; PEIHI
. l T ‘1 <, Mo
— \T
23,6 | 28
40,8
Pucynok 6.3

3a oTpMaHUM JaHUMHU OYIyEMO EMIopy KPyTHHUX MOMEHTIiB. Emropa mo-
JlaHa Ha PUCYHKY 6.3, B.

2 Jlns 3HaxO0JKeHHS HeOe3MeYHOro nepepizy OyayemMo enwopy Makcuma-
JBHUX JTOTHYHHUX HANPYKEHb, KOPUCTYIOUHUCH POPMYIIOIO

154



Bu3znauumo HOJISIpHi MOMCHTH OIIOPY IJISI KOKHOT'O niaMeTpaZ

3 3
w,, =Ph 3148 _ s 4,
16
3 3
w,, =P 3148 o 5w,
16
3 3
Wi 3 = I?ld; - 3148 =100,5cm°.

Bu3HaunMo TOTUYHI HANIPY>KEHHS TSI KOKHOI TUISHKH:
— ninsaka AB (M, =- 1xH>m, W, = 42,4 cm):

My, -110°

’E pu— —_
MaxAB W, 424710°

=- 23,6 MllIa :

— ninsuka BC (M, =-1xkHm, W, , = 24.5cm°):

M, -110°

"C pu— pu—
mexBe W, 245 10°

=- 40,8 MITa :

— ninsaka CD (M, =1xH>m, W, , = 24.5cm°):

Mgy _ 171207
W, 245710°

T =40,8Mlla

— nimstaka DK (M, =1kH>m, W, ; =1005cm®):

_ Mkpll _ 103
W, 10057 10°°

T =10Mlla
— ninsaka KL (M, =-3xHom, W, 5 =100,5¢cm>):

— Mkplll — -3 10_3
e w, 100,57 10°°

T =-29,8Mlla
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3a 3HallIeHNMU 3HAaYEHHSIMU JOTUYHUX HANPYKEHb OyyeEMO EIIOpYy MaK-
CHMAJIbHUX JTOTUYHUX HanpyxeHs (puc. 6.3, r).

He6e3neunumu BusiBuimcs nonepeuni nepepizu AuisiHok BC ta CD. Ta-
KUM YMHOM, HEOE3MEUHUMU BUSBUIINCS HE T1 IEPEPI3H, Y SIKUX KPYTHUH MOMEHT
MaKCUMaJlbHUH. YMoBa MinHOCTI t . £ [t BUKOHY€TBCH.

3 Bu3zHauuMoO KyTH MOBOPOTY MOIMEPEYHUX NEPEpi3iB, BUKOPUCTOBYIOUH
bopmyy

BuszHaunmo noisipHi MOMEHTH 1HEepUii 151 KOKHOIO JllaMeTpa:

4 4
3, =P 3146 o0,
32
4 4
o, oPdE 3148 o
2 2
4 4
3,,=Pd 38 )
2

BuzHnauaemMo KyTH MOBOPOTY, MOYMHAOYH 13 3aTUCHEHOT'O KIHIIS.
Busznauaemo kyT moBopoty mepepizy K, skuii JOpIBHIOE KYTYy 3aKpydy-
BaHHA OUITHKA KL:

_ Mkplll 30,5 -3 10°>0,5

i = =-4,66"10"° pan
b=y, T8 1002 10° P

Busnavaemo Kyt noBopoty nepepizy D BigHocHO nepepizy K:

[ M 05 110°50,5
Gy, 810402 10°

=1,55" 10"° pan.
AOcomoTHHI KyT moBopoTy mepepidzy D (BigHOCHO 3akiajeHHs) IOpiB-
HIO€ aireOpaiuHiil cyMi KyTiB 3akpyuyBanHs AuisHok KL ta DK:
i o=« * o =(- 466+155) 10° =-3,11" 10" pax .
Busnavyaemo Kyt noBopoty nepepizy C BimHOCHO niepepizy D:

_M,°05  1710°>0,5

i - =10,20" 10°
Jo ™G, T8 10"613 10° pat.
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AOcomtoTHH# KyT moBopoty mepepizy C (BiZHOCHO 3akjaJeHHs) JOpiB-
HIO€ anreOpaiuHiil cymi kyTiB 3akpydyBanHs AuisiHok KL, DK 1 CD:

i =ikt ok ti oo =(- 466+1,55+10,20)" 10 =7,09" 10°° 644 .
Busznauaemo kyT nmoBopoTy nepepizy B BimHocHO nepepizy C:

M, 05  -1710°x05
GJ, 810°%613 10°

=-10,20" 10 pax |

) Bc
AOCOMIOTHHI KyT HMOBOPOTY mepepizy B (BigHOCHO 3akiajeHHs) JOpiB-
HIO€ anreOpaiuHiil cymi kyTiB 3akpyuyBanHs auisHok KL, DK, CD 1 BC:
i 6 =)« ti ok ti oot se = (- 4,66+1,55+10,20- 10,20)" 10°° =
=-3,11" 10 pax.
Busznayaemo KyT moBOpoTy nepepizy A BiJHOCHO nepepi3y B:

Mo 25 -1710°%4,5
GJ, 8 10*427°10°

=-14,76" 10"° pan |

JAB

AOCONIOTHHI KYT MOBOPOTY mepepidy A (BiZHOCHO 3aKiIaJieHHs) TOPiB-
HIO€ anreOpaiuHiil cymi kyTiB 3akpyuyBanHs AuisHok KL, DK, CD, BC ta AB:
i A =ikt ook oot se t as = (- 4,66+1,55+10,20- 10,20- 14,76)" 10°° =
=-17.87 10° pan,

3agaua 6.2

Busznauumu 3 pospaxynxie na miynicms ma Hcopcmricms HeoOXiOHI po3-
Mmipu nonepeunoco nepepizy eana (puc.6.4) y 0sox eapianmax. a) nepepiz —
Kpye, 0) nepepiz — Kiibye 3 8IOHOUEHHAM SHYMPIUHbO2O diamempa 00 306HIlL-
nvoeo a =0,7. Ilepepiz sana seaxcamu 3a 6cicto 006xicunor0 nocmivunum. Ilpu-
UHAMUY: [t] =25Mlla i [9] =5,3" 10°° pan/m . Ban obepmaembcs i3 yacmomoio
obepmanns N =22000/xB . [lepeoana nomyxcnicme mae HACMYnHi 3HAYEHHS.
K,=48xBr, K, =22xBr, K; =14kBTt, K, =12kBr.

Po3é azannsn

1 MomeHTH, TiepeaHi KOKHHUM 31 MIKIBIB (3HAYEHHS KPYTHUX MOMEHTIB),
BH3HA4YaeMO 32 (hopmyIioro
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Mg = 9,55% .

OTxe:

M, = 9,55ﬁ 9,55><£ =2,09kH »xu,
220

n
M, = 9,55& 9,55><£ =0,96 kH »m,
220

n
Ks 9,55& =0,61xH »m,
n 220

M, = 9,55& = 9,55><£ =0.52kH »m.
n 220

™~

X S X

</ kL

| X[ [T

M TIXTTTTII

M TIXTTTTII

T T IXT T TTT

Pucynox 6.4

2 byayemo entopy KpyTHUX MOMEHTIB.

Entopy KpyTHUX MOMEHTIB OyayeMoO, MOYMHAIOYM Bif JIiBOro KiHis. Ile-
pepizamu, i€ MPUKJIafeH] 30BHINIHI MOMEHTH, CTPUKEHb MOJUISETHCS Ha TPHU
ainsak: |, 11, 1 (puc. 6.5). BusHaurMo KpyTHI MOMEHTH Ha KOKHIH JIISHII

nutsiaka |

Mypi =M; =2,09xH>Mm;

nuisHka |1:
Mipn =My - M, =2,09- 096=113xH>m;
nuisaka |11
M =M;- M- M3 =2,09- 0,96- 0,61=0,52kH ™.
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3a OTpUMaHMMH JaHMMH OyAyeEMO €IIOpYy KPYTHHX MOMEHTIB
(muB. puc. 6.5).

S s = <
Lo [ H v H —
T ] B <[
A [ 7 & Bz
| I I
2,09
113
0,52
T, ki
Pucynok 6.5

3 Buznauaemo HEOOXiH1 pO3MIpH MOMEPEUHOI0 Mepepi3y Baja.

Buznadyaemo HEOOX1IHHI MOJSIPHUNA MOMEHT OTMOPY Mepepi3y Bajia 3 po3-
PaxyHKYy Ha MIIHICTB:

3Biacu

s 103
W s 209710°

0° =83,6 cm®
P 25

Dk

Sy O

Pucynok 6.6
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JliameTp Basia Kpyrijoro nepepisy (puc. 6.6, a):

|16W,
L =3 r =316>63’6=7,52CM.
p 314

30BHIIIHIN JiaMeTp Baia KuiblieBoro nepepizy (puc. 6.6, 0):

D=3

16W, —\/ 162836 =825cMm

plt- a*) ~ {3140- 0.7°)
Busznauaemo He0OXiIHUI MOJAPHUNM MOMEHT 1HEPIIii Mmepepi3y Baja 3 po-
3paxyHKY Ha )KOPCTKICTh:

M

J 3 kp max

" ¢ld

3Biacu

. -3
J s ,2’?9 19 —"10° =493cm*”,
P8 10*55,3" 10

JliameTp Bajia KpyrJjioro nepepizy:

132J
D, =4— 2432x493=8,42CM.
p 314

30BHIIIHIN laMeTp Bajia KUIbLEBOIO Mepepizy:

D=4 y =9,02cMm.

~V314ft- 0.79)

16W, _ [ 165493
p(l— a“)

HeoOxinHi po3mipu mepepizy 3 po3paxyHKy Ha dKOPCTKICThb OUIbIIE,, HIXK 3
pOSp&XYHKy Ha MH_IHICTB TOMy 1X 1 HpI/II/IMaEMO B HKOCTI OCTaTOYHUX 3 Oprr'

JeHHsAM (OKpYIJIIEMO B OUIBIIY CTOPOHY JIO JiaMeTpa, KpaTHOro 5mm), To0To

D,=85cm, D=95cM.

6.3 Po3paxyHKH Ha KPy4YeHHSI CTATHYHO He BU3HAYYBAHHX CHCTEM
3agaua 6.3

Cmanesuu cmpudicenb Kpyai020 nonepeuno2o nepepizy Ha8aHmadCceHuu
napamu cun (puc. 6.7). Busnauumu diamemp nonepeunoco nepepizy cmpudicHs,

AKWO %=0,5, nooyoysamu entopy MAaKCUMAIbHUX OOMUYHUX HANDYIHCEHD,

NPULIHABUIU OONYCMUME HANPYHCEHHS [t] =80 Mlla.
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/ My=80 KkHM

/ Mz=60 kHM
05 M 15 M 05 M 05 M
Pucynox 6.7

Po3é azannsn

1 BuzHayaemo CTyMiHb CTATUYHOI HEBU3HAUYBAHOCTI CUCTEMU. 3BUIbHS-
€MO CTPW)XEHb BIJ] 3B'SI3KiB, 3aMIHSEMO IXHIMH PEAKTUBHUMU MOMEHTaMH B 3a-
kmageHusx — M, i My (puc. 6.8, 6).

/ My=80 KHM

j 29

161

/ My=60 kH™
— — — — — o
05 15 M Aosu| 05m "
e
///M1:80 K /
Ma / My=60 KH Ms
K L L b
I /
632 / //
£33
o &
[T TSI T - <14
T 24
ST ! It
[T 11 . Tf 1 . M-
HINIREINIRIER
AL
Pucynox 6.8



YMOBOIO pIBHOBAru CTPHKHS € TUIBKU OJHE PIBHAHHA KPYTHHUX MOMEHTIB

(¢} . . .
a M, =0. Cxiagaemo piBHSIHHS pPiBHOBaru CTPYKHS, B3SBIIIM CyMY MOMEHTIB,

MIPUKJIAJICHUX IO CTPYIKHS BITHOCHO HOTO OCI:

M, +80- 60+M, =0,
M, + Mg = - 20.
SIK BUIHO, PIBHSAHHSA MIiCTUTH IBa HEBIZOMHUX MOMEHTH. 3ajaya € OIMH

pa3 CTaTUYHO HE BU3HAYYBAHOIO.
2 Ilepepizamu, 1€ NMpUKIAJCH] 30BHIIIHI MOMEHTH, CTPHXKEHBb TOUISETh-

cst Ha Tpu nuisHkd: |, |1, 1. BusHaurmo 3Ha4eHHs] KpyTHUX MOMEHTIB Y Mepepi-
3aX CTPUIXKHS, PO3IJISAAI0UN BIICIYeH] IPaBl YACTUHH:
nuisHKa |
My, =Mg;
nuisHka |1:

mirsgaka |1:

3 Po3rasineMo reoMeTpuuHy CTOPOHY 3a/1aui.

YMoBu aedopmarlii CTpUKHS MOJATAIOTh Y TOMY, IO KYT 3aKpy4yBaHHS
KiHIIEeBHX IepepiziB A i B mopiBHroe Hymo , T00TO | , =] 5 =0.

4 PosrnsiHeMo (hi3M4HY CTOPOHY 3ajaui.

Kyt 3akpyuyBanHs nepepisy A abo mepepizy B BuzHauaeTbcs K cyma
KYTIB 3aKpYy4YBaHHSI OKPEeMHUX JIUISHOK CTpUXHS. Bupa3sumo B piBHAHHI CHUIb-
HOCTI1 fedopmarlii abCONIOTHI KyTH 3aKpy4uyBaHHS AUISTHOK CTPUXKHS 3a popMy-
JI010 3aKOHY ['yKa rpu KpydeHHi

i = Ml |
GJ,
Busnayaemo KyTu 3aKpyyyBaHHS Ha KOXHIN JUISHIIL:
ninsaka BC:
_Mg>05.
BC = ~ .
- GJrl
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mursaka CD:
_Mg>05,

Joo =~y

GJr 2

mursaka DK
[ (M- M,)15_ (M- 6015,
oK G‘Jr2 G‘Jr2 ,

mursaka AK:

i =(Mg- M, +M,):05_ (M- 60+80)05 _ (Mg +20)°05
a GJ, GJ, GJ, ,

ne J.,, J,, — MoJsipHI MOMEHTH 1HEpIlii MoNnepeyHux nepepisiB Baja jaia-
metpoMm D i d BignosinHo.

Sx1o 3a yMOBOO % =05, o

D4
Ji= p32 ,
4 4 4
Jrz — pd — p(015D) — pD >0,54 — 0,54 >dr1-
32 32 32
| =Ma05, Mg>05, (Mg- 6015, (M +20)05
GJr 1 GJr 2 GJr 2 GJr 1

3 ypaxyBaHHSM CHIBBiJHOIIEHHSA MDK J; 1 J;, BUpa3 i | , 3alHIICTh-

Cs Tak.

Mg>05, Mg>05  (Mg-60)°15 (Mg+20):05_
GJ, G»05%'J, G»5'], GJ,

Ja_

0.

SIxuio }/G 3 1 0, uel CMBMHOXHUK MOYHa CKOPOTHUTH, 1 PIBHSHHS 3a-
ri
[MUIIETHCI TAKUM YHHOM:.

Mg >O,5+ (Mg - 60):15

M >0,5+ + (M +20)>05=0,

05" 05"
0,5Mg +8Mg - 1440+ 24M +0,5M , +10=0,
33M =1430,
Mg =43 3kH>m.
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OTtxe,

M, =-20- Mg =-20- 433=-633kH M.

5 Bu3nayaemMo BeTMYMHU KPYTHHX MOMEHTIB Ha JTUISTHKAX CTPHIKHS
muTsHKa |

My =Mg =433kH>m;

mrsaka |

Moy =Mg - M, =My - 60=433- 60=- 16,7 kH m;

mirsgaka |1:

M =Mg- M, +M; =My - 60+80=Mg +20=433+20=633kH>™m.

3a OTPHMMAaHHMHU 3HAYEHHSIMH OYyIyeEMO €IMIOpy KPYTHHX MOMEHTIB
(puc. 6.8, B).

6 JliameTp CTpM>KHS BUZHAYMMO 3 YMOBH MILHOCTI CTPYIKHS NIPU KPYTIHHI:

¢ =Mon 1]
W

max
r

Haii6inpmia Benuanna KpyTHoro Mmomenty Mg . =585 kH M Ha mins-

HI1 cTprwkHa AK Ouibiioro giamerpa, sl SIKOro MOJIAPHUNA MOMEHT OINOpY BU-
3Ha4yaeThes 3a popMyIoro

_pD®
EST
3Biacu
:i/l6M comac :i/l6><63,3' 10°. 0 1590m
nlt| 3,1480
OT1xe,

d=D>0,5=159:05=7,95¢cm.

Haii6inpmia Benuanna kpyTHoro Mmomenty Mg . =43 3kH>M Ha mins-

Hii ctpwkHs CD Menmoro giamerpa, AJist SKOTO MOJSPHUN MOMEHT 1HEpIii BU-
3HAYA€ThCS 32 GOPMYJIIOIO

_pd®
r2 16
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3Biacu

16M 1073
d :i/ Xp max :i/l6M3,3 10°. 10> =14,0cw™m |
1]

3,14>80
OT1xe,
= i = E =28,0cm
05 05

[Mpuiimaemo: d=14,0cm, D =28,0cm.
7 BynyeMo enopy MakCUMaJbHUX JOTHYHUX HAMPYKEHb, KOPHUCTYIOUUCH
dhopmyIor

¢ Mo
max Wr h

Busznauumo HOJISIpHi MOMCHTH OIIOPY IJISI KOKHOT'O niaMeTpaZ

pD® 3140803

= 4308 cm°,
16 16

Wr1=

pd®  314x4,0°

=5385cm’.
16 16

Wr2=

BuszHaunmo 1OTHYHI HaNpY>KeHHS AJI KOKHO1 AUTSHKU:
ninsrka BC (M, = 433xH M, W, ; =4308 cm’):

My, 433710°

T —_ —
"EC W, 4308 10°°

=10,0MIla -

nimstaka CD (M, =433kH>m, W, , =5385 em®):

_My _ 4337107
™ w, 5385710°

T =80,4 MTTa -

ninsrka DK (M, =- 16,7 kH>m, W, , =5385cm°):

My, -167"10°
R W, 5385710°

T =-31,0 MITa -

pimsaka AK (M, =633xH>m, W, ; =4308 em®):
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Mg 6335 10°
MXAK W 4308° 10°°

pl

T =14,7 MIla_

3a 3HaiiIcHUM 3HAYEHHSM JOTUYHUX HAINpYyXeHb OYyAYEMO €MmIopy Mak-
CHUMAaJIbHUX IOTUYHHUX HaNpyxeHb (puc. 6.8, 1).

3agaua 6.4

Cmanesuu cmpudicenb Kpyai020 nonepedyno2o nepepizy Ha8aHmadiCceHuu
napamu cun (puc. 6.9). Busnauumu diamemp nonepeunoco nepepizy cmpudicHs,

AKWO % =0,7, nobyoysamu eniopy MaKCUMAIbHUX OOMUYHUX HANPYIHCEHb, NPU-

UHABWU OONYCIUME HANDYHCEHHSL [t] =80 Mlla.

/41570 KHM M2=80 kH-M

05 M 15 PAE

Pucynok 6.9
Po3é azannsn

1 BuzHayaemo CTyMiHb CTATUYHOI HEBU3HAUYBAHOCTI CUCTEMU. 3BUIbHS-
€MO CTPUKEHbB BiJ B'31B, 3aMIHAE€MO iXHIMU PEAKTUBHUMU MOMEHTAaMHU B 3aKJja-
neHuax — M, 1 Mg (puc. 6.10, 6).

YMOBOIO pIBHOBAru CTPHKHS € TUIBKU OJHE PIBHAHHA KPYTHHUX MOMEHTIB
[¢} . .
a M, =0. CxnamaeMo piBHSHHS PIBHOBAard CTPUKHSL:

M, +M,- M, +Mg =0,
M, +70- 80+Mg =0,
M, + Mg =10.
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Sk BUIHO, PIBHAHHS MICTUTH JIB1 HEBIIOMI. 3ajjaya € OJUH pa3 CTAaTUYHO
HE BU3HAYyBaHOIO.

2 Ilepepizamu, e NMpUKIAACH] 30BHIIIHI MOMEHTH, CTPHXKEHBb TOUISETh-
yst Ha Tpu AuistHKY: |, |1, [1]. BusHauumMo 3HaueHHs KpyTHUX MOMEHTIB Yy mepepi-
3aX CTPUIXKHS, PO3IJISAAI0UN BIICIYeH] TPaBl YACTUHH:

ninsHKa |
My, =Mg;
ninsaka ||
Mo =Mg - M, =My - 80;
ninsaka 1

3 Po3rasineMo reoMeTpuuHy CTOPOHY 3a/1aui.
YMoBu gedopmarlii CTpUKHS HOJATAIOTh Y TOMY, IO KYT 3aKpy4yBaHHS

KiHIIeBHX epepiziB A i B nmopiBHroe Hymo , T00TO | , =] 5 =0.

4 PosrnsineMo (hi3M4HY CTOPOHY 3ajaui.

//M1=70 KHM M,=80 Kt

0,5M 15 M A o5
//MA//%’h=7U KHM M2=80 kHM /MB

6 A D B - cL____1®
Il [ P
L~ /
/ / 47,0
37,0 o
B T ] # AL e
230 39,9
47.8
- =N C‘L II:# %, MM
42 6
Pucynox 6.10
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Kyt 3akpyuyBanHs nepepisy A abo mepepizy B BuzHauaeTbcs K cyma
KYTIB 3aKpYy4YBaHHSI OKPEeMHUX JIUISHOK CTpUXHS. Bupasumo B piBHAHHI CHUIb-
HOCTI1 fedopmarlii abCONIOTHI KyTH 3aKpy4uyBaHHS AUISTHOK CTPUXKHS 3a popMy-
JI010 3aKOHY ['yKa rpu KpydeHHi

BusHayaemo KyTu 3aKkpyyyBaHHS Ha KOXHIN JUISHIIL:
nunsaka BP:

J _Mgz20,5.
BC GJ., ,

nursaka CD:

_ (Mg - M,)*15 _ (Mg - 80)°15,
GJr2 GJr2 ,

J oo

nursaka AD:

_ (Mg~ M, +M,)05 _ (Mg - 80+70):05 _ (M - 10)°05

J AP G‘Jr 2 G‘Jr 2 G‘Jr 2

ne J.,, J,, — MoJsipHI MOMEHTH 1HEpIlii MOoNepeyHux nepepiziB Baja jaia-
metpoMm D i d BignosinHo.

S0 3a yMOBOIO % =0,7, 10

g1 =%(1' a4)= p3[;4 (1' 0’74)’
_pD*
2T 3

OTtxe,
3, =3,0- 07%).

Mg>05, (Mg - 80)°15 (Mg - 10)°05 _
: GJr1 GJrZ GJr2

0.

3 ypaxyBaHHSM CHIBBiTHOIIECHHS MK J;, 1 J,, BUpa3 s | , 3alMIIeThCs TaK:
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Mg>05  (Mg-80):15 (Mg - 10):05 _

) GJ,,(1- 0,7%) GJ, GJ., 0

J a

SIxmio }/G J 1 0, meil CriBMHOXHUK MOYXXHA CKOPOTHUTH 1 PIBHSHHS 3a-
ri

MUIISTBCI TAKUM YHHOM.

iﬂ_b(;(;’f +(M, - 80) 45+ (M, - 10)>0,5=0,
0,66M , +15M - 120+ 05M , - 5=0,
2,66M , =125,
Mg =47,0xH>m.

OTtxe,

M, =10- M; =10,0- 47,0=-37,0xH M™.

5 Bu3nayaemMo BeTMYMHU KPYTHHX MOMEHTIB Ha JTUISTHKAX CTPHIKHS
muTsgHKa |
Myp =M, =47,0kH>Mm;

mrsaka |

Mkpll :Mb' M2 :Mb' 80:47,0' 80,0:'33,0KH)M,

minsgaka |1:

Mo =My - M, +M; =M, - 80+70=M, - 10=47,0- 100=37,0xH>m.

3a OTPHMMAaHHMHU 3HAYEHHSIMH OyIyeMO €IMIOpy KPYTHHX MOMEHTIB
(puc. 6.10, B).

6 JliameTp CTpM>KHS BUZHAYMMO 3 YMOBH MIIHOCTI CTPYIKHS NIPU KPYTIHHI:

max

¢ =Mon 1]
W

r

Haii6inbma enuunna kpyraoro Mmomenty M. =47,0kH>M na nins-

Hil ctpuxHa BC kpyriioro mornepeyHoro nepepizy, Uil SIKOrO MOJSPHUNA MO-
MEHT 1HEPIIil BU3HAYAETHCA 3a (HOPMYJIOIO
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3Biacu

“10° =15,8cm

M iome _ [ 16>48,0°10°°
7] 3,14>8041- 0,7%)

OT1xe,
d=D>0,7=158°0,7=11,06c™m.

7 Bynyemo entopy MakCUMabHUX JOTHYHUX HANPYKEHb, KOPUCTYIOUUCH
dhopmyIior

¢ Mo
max Wr -

BI/ISHa‘II/IMO HOJISIpHi MOMCHTHU OHOpy JJIA KOXKHOTI'O niaMeTpaZ
3 3

3 3
W, - PD®_314458

= =774 cm°.
16 16

Busznaunmo 1OTHYHI HaNpY>KeHHS AJI KOKHOT AUTSIHKU:
ninsrka BC (M, =47,0xHsm, W, ; =588cm®):

My, _ 4707107
mhe T w,  588°10°

pl

T =78,9MTTa ;

pimsaka CD (M, =-330kH>m, W, , =774 cm®):

M ) s 13
e =L =2 330 196 = 42.6,0 MIa -
W, 774" 10 !

pimsiaka AD (M, =37,0xH>m, W, , =774 cm®):

_ Mkplll _ 37,00 10°°

’E —_
MExAD W, 774°10°

=47,6Mlla ,

3a 3HaliIcHUM 3HAYEHHSM JOTUYHUX HAINpYyXeHb OYyAYEMO €MIopy Mak-
CHUMaJIbHUX TOTUYHHUX HarpyxeHb (puc. 6.10, r).
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HonaTok A

Y.
\ s JABOTABPU
) f{ﬂZ% cTaJIeBi rapsiyeKkaTaHi
d (3a TOCT 8239-89)
X X

IMpukaag no3HAYECHHS:

- HBotraBp 30 I'OCT 8239-89
_T(y‘
[/

Tabnuys A.1
Homep Pozmip, mm F, Jx W ix Sk Jv Wy Iy
npodimol b d t em® | om? oM oM om® em? o’ M

10 100 | 55 (45|72 | 120198 |39,7 [406 |230 |179 (649 |1,22

12 120 | 64 (48|73 | 147350 |584 [488 (33,7 |279 |872 |138

14 140 | 73 (49|75 | 174572 |81L7 |573 |468 |419 |115 |155

16 160 | 81 (50| 7,8 | 20,2 873 | 109 6,57 [62,3 |586 |145 | 1,70

18 180 | 90 (51| 81 | 234 (1290 | 143 742 (814 |826 |184 |1,88

18a | 180 | 100 (51| 83 | 25,4 (1430 | 159 751 898 |114 |228 |212

20 200 | 100 [5,2| 8,4 | 26,8 1840 | 184 828 |104 |115 |231 |2,07

20a | 200 | 110 |52 | 86 | 2892030 | 203 |8,37 |114 |155 |282 |2,32

22 220 | 110 |54 | 8,7 | 30,6 2550 | 232 913 | 131 |157 |286 |227

22a | 220 | 120 |54 | 89 | 328 2790 | 254 |9,22 |143 | 206 |34,3 |250

24 240 | 115 |56 | 95 | 34,8 3460 | 289 997 |163 |198 |345 |237

24a | 240 | 125 |56 | 9,8 | 37,5 3800 | 317 10,1 | 178 | 260 |416 |2,63

27 270 | 125 |6,0| 9,8 | 40,2 5010 | 371 11,2 | 210 | 260 [415 |254

27a | 270 | 135 |6,0 | 10,2 | 43,2 5500 | 407 11,3 | 229 |337 |50,0 |280

30 300 | 135 |6,5|10,2 | 46,5 [7080 | 472 12,3 | 268 |337 |499 | 2,69

30a | 300 | 145 |6,5|10,7 | 49,9 [7780 | 518 125 | 292 |436 |60,1 |295

33 330 | 140 |7,0|11,2 | 53,8 9840 | 597 135 | 339 |419 |599 |2,79

36 360 | 145 |7,5|12,3 | 61,9 13380| 743 14,7 | 423 |516 |71,1 |2,89

40 400 | 155 |8,3 (13,0 | 72,6 [19062| 953 16,2 | 545 | 667 |86,1 |3,03

45 450 | 160 | 9 |14,2 | 84,7 [27696| 1231 | 18,1 | 708 |808 |101 | 3,09

50 500 | 170 |10 | 15,2 | 100 39727| 1589 | 19,9 | 919 |1043 | 123 | 3,23

95 550 | 180 |11 |16,5 | 118 55962| 2035 | 21,8 | 1181 | 1356 | 151 | 3,39

60 600 | 190 |12 |17,8 | 138 [76806| 2560 | 23,6 | 1491 | 1725 | 182 |3,54

Tabnuys A.2 — Hopmanoni ninituni posmipu, um (32 TOCT 6636-69)

1,0 1,1 12 14 1,6 1,8 2,0 2,2 2,5 2,8 3,2 3,6

4,0 4,5 5,0 5,6 6,3 7,1 8,0 9,0 10 11 12 14

16 18 20 22 25 28 32 36 40 45 50 56

63 71 80 90 100 | 110 | 125 | 140 | 160 | 180 | 200 | 220

250 | 280 | 320 | 360 | 400 | 450 | 500 | 560 | 630 | 710 | 800 | 900
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Honarok b

g
_—
i q IIBEJIEPA
! cTajieBi rapsiueKaTaHi
y L (3a TOCT 8240-97 a6o JICTY 3436-96)
<| A - -
!
I Zo
! IIpukJiag no3Ha4YeHHS:
.
i [Isenep 30 TOCT 8240-97
y!
b
Tabnuys b.1
Po3mip, Mmm
Howmep F Ix | Wk Ix S Jy Wy Iy Zo
podimo| b d t em? | em® | em® | em eM® | o | om® | com oM

5 50 | 32 | 44

70 | 616 | 228 | 91 | 1,92 | 559 | 561 | 2,75 | 0,95 | 1,16

6,5 | 65 | 36 | 44

72 | 751 | 486|150 | 254 | 90 | 87 | 368 | 1,08 | 1,24

8 80 | 40 | 45

74 1898 | 894|224 | 316|133 | 128 | 475 | 1,19 | 1,31

10 | 100 | 46 | 45

76 | 109 | 174 | 348 | 399 | 204 | 204 | 6,46 | 1,37 | 1,44

12 | 120 | 52 | 4,8

78 | 133 | 304 | 506 | 478 | 296 | 31,2 | 852 | 1,53 | 1,54

14 | 140 | 58 | 4,9

81 | 156 | 491 | 70,2 | 5,60 | 40,8 | 454 | 11,0 | 1,70 | 1,67

14a | 140 | 62 | 49

87 | 170 | 545 | 77,8 | 566 | 451 | 57,5 | 133 | 1,84 | 1,87

16 [ 160 | 64 | 50

84 | 181 | 747 | 934 | 6,42 | 541 | 636 | 13,8 | 1,87 | 1,80

16a | 160 | 68 | 5,0,

90 | 195 | 823 | 103 | 6,49 | 594 | 788 | 16,4 | 2,01 | 2,00

18 | 180 | 70 | 51

8,7 | 20,7 | 1090 | 121 | 7,24 | 69,8 | 86 | 17,0 | 204 | 1,94

18a | 180 | 74 | 51

93 | 222|119 132 | 7,32 | 76,1 | 105 | 20,0 | 2,18 | 2,13

20 | 200 | 76 | 52

90 | 234 | 1520| 152 | 8,07 | 87,8 | 113 | 20,5 | 2,20 | 2,07

20a | 200 | 80 | 52

9,7 | 252 | 1670 167 | 8,15 | 959 | 139 | 242 | 235 | 2,28

22 | 220 | 82 | 54

95 | 26,7 | 2110| 192 | 889 | 110 | 151 | 25,1 | 2,37 | 2,21

22a | 220 | 87 | 54

10,2 | 28,8 | 2330| 212 | 8,99 | 121 | 187 | 30,0 | 255 | 2,46

24 | 240 | 90 | 56

10,0 | 30,6 | 2900 | 242 | 9,73 | 139 | 208 | 31,6 | 2,60 | 2,42

24a | 240 | 95 | 56

10,7 | 329 | 3180 | 265 | 9,84 | 151 | 254 | 37,2 | 2,78 | 2,67

27 | 270 | 95 | 6,0

105 | 352 | 4160| 308 | 10,9 | 178 | 262 | 37,3 | 2,73 | 2,47

30 | 300 | 100 | 6,5

11,0 | 40,5 | 5810| 387 | 12,0 | 224 | 327 | 436 | 2,84 | 2,52

33 | 330 | 105 | 7,0

11,7 | 46,5 | 7980 | 484 | 13,1 | 281 | 410 | 51,8 | 2,97 | 2,59

36 | 360 | 110 | 7,5

12,6 | 53,4 |10820 | 601 | 14,2 | 350 | 513 | 61,7 | 3,10 | 2,68

40 | 400 |115| 8,0

135 | 61,5 |15220| 761 | 15,7 | 444 | 642 | 73,4 | 323 | 2,75
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onarok B

d
1 7 X KYTHKHU CTAJIEBI
/
9 v e T'APSYEKATAHI PIBHOBOKI
0 p
x . N, x
R . At ¢ 7~ Illpukiaax mo3HaYeHHI:
l
X1 Vo b UT X1 Kyruk 50x50x3 T'OCT 8509-93
Tabnuys B.1

Po3mip, MM . I | | |
Howmep F, Iy | X X0 X0 Yo Yo Zg
KyrHuka| b d oM? om ma)g, max, m”} min, oM

oM cM cM c™ cM

> 20 3 | 113 0,40 0,59 0,6 0,75 0,17 0,39 0,60
4 | 146 0,50 0,58 0,8 0,73 0,22 0,38 0,64
3 | 143 0,81 0,75 13 0,95 0,34 0,49 0,73
2,5 %5 | 4 | 186 1,03 0,74 16 0,93 0,44 0,48 0,76
5 | 227 1,22 0,73 1,9 0,92 0,53 0,48 0,80
2,8 28 3 | 162 1,16 0,85 18 1,07 0,48 0,55 0,80
3 | 1,74 1,45 0,91 23 1,15 0,60 0,59 0,85
3 30 | 4 | 227 1,84 0,90 2,9 1,13 0,77 0,58 0,89
5 | 2,78 2,20 0,89 35 1,12 0,94 0,58 0,93
392 - 3 | 1,86 1,77 0,97 2,8 1,23 0,74 0,63 0,89
’ 4 | 243 2,26 0,96 3,6 1,21 0,94 0,62 0,94
3 | 204 2,35 1,07 37 1,35 0,97 0,69 0,97
3,5 3B | 4 | 267 3,01 1,06 4,8 1,33 1,25 0,68 1,01
5 | 328 3,61 1,05 5,7 1,32 1,52 0,68 1,05
3 | 235 3,55 1,23 5,6 1,55 1,47 0,79 1,09
4 o | 4 | 308 4,58 1,22 7,3 1,53 1,90 0,78 1,13
5 | 379 5,53 1,21 8,8 1,52 2,30 0,78 1,17
6 | 448 6,41 1,20 10,1 1,50 2,70 0,78 1,21
3 | 265 5,13 1,39 8,1 175 2,12 0,89 121
45 4 | 4 | 348 6,63 1,38 10,5 1,74 2,74 0,89 1,26
’ 5 | 429 8,03 1,37 12,7 1,72 3,33 0,88 1,30
6 | 508 9,35 1,36 14,8 1,71 3,90 0,88 1,34
3 | 29 711 1,55 113 1,95 2,95 1,00 133
5 5 | 4 | 389 9,21 1,54 14,6 1,94 3,80 0,99 1,38
5 | 48 | 11,20 1,53 17,8 1,92 4,63 0,98 1,42
6 | 569 | 1307 1,52 20,7 1,91 5,43 0,98 1,46
56 56 4 | 438 131 173 20,8 2,18 5,41 1,11 152
: 5 | 541 16,0 1,72 25,4 2,16 6,59 1,10 1,57
4 | 49 18,9 1,95 29,9 2,45 7,81 1,25 1,69
6,3 63 5 6,13 231 1,94 36,6 2,44 9,52 1,25 1,74
6 | 7.28 27,1 1,93 42,9 2,43 11,20 1,24 1,78
45 | 620 29,0 2,16 46,0 2,72 12,0 1,39 1,88
5 | 686 31,9 2,16 50,7 2,72 13,2 1,39 1,90
7 70 6 | 815 37,6 2,15 59,6 2,71 155 1,38 1,94
7 | 942 43,0 2,14 68,2 2,69 17,8 1,37 1,99
8 | 107 48,2 2,13 76,4 2,68 20,0 1,37 2,02
5 | 7,39 39,5 2,31 62,6 2,91 16,4 1,49 2,02
6 | 878 46,6 2,30 73,9 2,90 193 1,48 2,06
75 75 7 | 101 53,3 2,29 84,6 2,89 22,1 1,48 2,10
8 | 115 59,8 2,28 94,6 2,87 24,8 1,47 2,15
9 | 128 66,1 2,27 105,0 2,86 27,5 1,46 2,18
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IIpooosoicennss mabauyi B.1

Po3mip, MM ) |y i I i
Homep F, |y | X 0 X0 Yo Yo ZO’
KyTHHKa G om max, max min, min
b d CM o 2 ! oM 2 ! CM
cM cM
55 8,63 52,7 2,47 83,6 311 21,8 1,59 2,17
8 80 6 9,38 57,0 2,47 90,4 311 235 1,58 2,19
7 10,8 65,3 2,45 104,0 3,09 27,0 1,58 2,23
8 12,3 734 2,34 116,0 3,08 30,3 1,57 2,27
6 10,6 82,1 2,78 130 3,50 34,0 1,79 2,43
9 % 7 12,3 94,3 2,77 150 3,49 38,9 1,78 2,47
8 13,9 106,0 2,76 168 3,48 438 1,77 2,51
9 15,6 118,0 2,75 186 3,46 48,6 1,77 2,55
6,5 12,8 122 3,09 193 3,88 50,7 1,99 2,68
7 138 131 3,08 207 3,88 54,2 1,98 2,71
8 15,6 147 3,07 233 3,87 60,9 1,98 2,75
10 | 100 10 | 192 179 2,05 284 3,84 74,1 1,96 2,83
12 22,8 209 3,03 331 381 86,9 1,95 2,91
14 26,3 237 3,00 375 3,78 99,3 1,94 2,99
16 29,7 264 2,98 416 3,74 112,0 1,94 3,06
11 110 7 15,2 176 3,40 279 4,29 72,7 2,19 2,96
8 17,2 198 3,39 315 4,28 81,8 2,18 3,00
8 19,7 294 3,37 467 4,87 122 2,49 3,36
9 22,0 327 3,86 520 4,86 135 2,48 3,40
125 | 125 10 24,3 360 3,85 571 4,84 149 2,47 3,45
! 12 28,9 422 3,82 670 4,82 174 2,46 3,53
14 33,4 482 3,80 764 4,78 200 2,45 3,61
16 37,8 539 3,78 853 4,75 224 2,44 3,68
9 24,7 466 4,34 739 5,47 192 2,79 3,78
14 140 10 27,3 512 4,33 814 5,46 211 2,78 3,82
12 32,5 602 4,31 957 543 248 2,76 3,90
10 31,4 774 4,96 1229 6,25 319 3,19 4,30
11 34,4 844 4,95 1341 6,24 348 3,18 4,35
12 37,4 913 4,94 1450 6,23 376 3,17 4,39
16 160 14 43,3 1046 4,92 1662 6,20 431 3,16 4,47
16 49,1 1175 4,89 1866 6,17 485 3,14 4,55
18 54,8 1299 4,87 2061 6,13 537 313 4,63
20 60,4 1419 4,85 2248 6,10 589 3,12 4,70
18 180 11 38,8 1216 5,60 1933 7,06 500 3,59 4,85
12 42,2 1317 5,59 2093 7,04 540 3,58 4,89
12 47,1 1823 6,22 2896 7,84 749 3,99 5,37
13 50,9 1961 6,21 3116 7,83 805 3,98 5,42
14 54,6 2097 6,20 3333 7,81 861 3,97 5,46
20 200 16 62,0 2363 6,17 3755 7,78 970 3,96 554
20 76,5 2871 6,12 4560 7,72 1182 3,93 5,70
25 94,3 3466 6,06 5494 7,63 1438 391 5,89
30 1115 4020 6,00 6351 7,55 1688 3,89 6,07
22 220 14 60,4 2814 6,83 4470 8,60 1159 4,38 5,93
16 68,6 3175 6,81 5045 8,58 1306 4,36 6,02
16 78,4 4717 7,76 7492 9,78 1942 4,98 6,75
18 87,7 5247 7,73 8337 9,75 2158 4,96 6,83
20 97,0 5765 7,71 9160 9,72 2370 4,94 6,91
25 250 22 106,1 6270 7,69 9961 9,69 2579 4,93 7,00
25 119,7 7006 7,65 11125 9,64 2887 4,91 7,11
28 1331 7717 7,61 12244 9,59 3190 4,89 7,23
30 142,0 8117 7,59 12965 9,56 3389 4,89 7,31
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Homarok I

Xg ;y
di |
Uy, i KYTUKU CTAJIEBI
: ¥ : TAPSAYEKATAHI HEPIBHOBOKI
Jl | (3a TOCT 8510-93)
N
0 \:
xI N
I\
I\ o
SR > .
T = IMpukaag no3HAYECHHS:
la \
k=" Kytuk 50x32x3 T'OCT 8510-93
Y b
Tabnuys I'.1
Po3wmip, KyT
H MM | Iy ly» HaXWJI
oMep F, | Ix Y. | min | min | %0 | Yo -
KyTHHUKa bl d| o 2 om om? h oM oM oc1 U,
B cM oM tga
2516 | 25 | 16 | 3 | 116 | 070 | 022 | 013 | 034 | 042 | 086 0,392
w2 |30 |o0| 3| 143 | 127 | 045 [026 [ 043 [ 051 | 100 0,427
4| 18 | 161 | 056 | 034 | 043 | 054 | 104 0,421
3 | 1490 | 152 | 046 | 028 | 043 | 049 | 108 0.382
322 132120 4| J94 | 193 | 057 | 035 | 043 | 053 | 112 0,374
3| 18 | 306 | 093 | 056 | 054 | 059 | 1,32 0,385
425 |40 | 25| 4 | 247 | 393 | 118 | 071 | 054 | 063 | 137 0,381
5 | 303 | 473 | 141 | 086 | 053 | 066 | 141 0.374
w3 | a0 | ag| 4 | 267 | 418 | 201 | 109 | 064 | 078 | 128 0.544
5 | 328 | 504 | 241 | 133 | 064 | 082 | 132 0,539
3 | 214 | 441 | 132 | 079 | 061 | 064 | 147 0,382
45028 | 45 | 28| 4 | 580 | 568 | 169 | 102 | 060 | 068 | 151 0,379
3 | 242 | 618 | 199 | 118 | 070 | 072 | 160 0,403
532 150 |32 4| 397 | 798 | 256 | 152 | 069 | 076 | 165 0,401
4 [ 358 | 114 | 37 | 219 | 078 | 084 | 182 0,406
5636 | 56 | 36| o | 441 | 138 | 448 | 266 | 078 | 088 | 186 0,404
4 | 404 | 163 | 516 | 307 | 087 | 091 | 203 0,397
5 | 498 | 199 | 626 | 372 | 086 | 095 | 208 0,396
634 163140 ¢ | 590 | 233 | 728 | 436 | 086 | 009 | 212 0,393
8 | 768 | 206 | 915 | 558 | 085 | 107 | 220 0,386
5 | 556 | 2341 | 1208 | 641 | 1.07 | 126 | 200 0576
655 | 65 | 5o | 6 | 660 | 2746 | 1412 | 752 | 107 | 130 | 204 0,575
: 7 | 762 | 3132 | 1605 | 860 | 1.06 | 134 | 208 0,571
8 | 862 | 3500 | 1888 | 965 | 106 | 137 | 212 0,570
745 | 70 |45 5 | 559 | 27.76 | 905 | 534 | 098 | 1.05 | 228 0,406
5 | 611 | 3481 | 1247 | 724 | 1,00 | 117 | 239 0,436
e | 7 | 5o | 6 | 725 | 4092 | 1460 | 848 | 108 | 121 | 244 0,435
: 7 | 837 | 4677 | 1661 | 969 | 108 | 125 | 248 0,435
8 | 947 | 5238 | 1852 | 1087 | 107 | 120 | 252 0,430
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IIpoooeocenns maoauyi 1.1

Posmip, ) Kyt
| s [ HaXWIy

Homep MM F, [y Iy u u XA, , .
KyTHIK on? | o (My4 min | min CS )CIS oci u,
B b | d o | om tga

o5 | g0 | 5o | 5 | 636 | 4164 | 1268 | 757 | 1,09 | 1,13 | 260 | 0387
6 | 755 | 4898 | 1485 | 883 | 1.08 | 117 | 2.65 | 0.386

6 | 815 | 5206 | 2518 |1361| 1,29 | 1,49 | 2.47 | 0547

86 | 80 | 60 | 7 | 942 | 5061 | 2874 | 1558 129 | 153 | 252 | 0,546
8 | 106 | 6688 | 3215 |1749| 128 | 157 | 256 | 0544

55| 7.86 | 653 | 197 | 118| 122 | 1.26 | 292 | 0384

956 | 90 | 56| 6 | 854 | 706 | 212 | 127|122 | 128 | 295 | 0,384
8 | 112 | 909 | 271 | 163| 121 | 1.36 | 3.04 | 0380

6 | 950 | 983 | 306 |1820| 1,38 | 142 | 323 | 0393

7 | 111 | 1130 | 350 |2083| 137 | 146 | 328 | 0392

10/63 | 100 | 63 | o | 1565 | 1270 | 3092 |2338| 136 | 150 | 332 | 0,301
10 | 155 | 1540 | 471 |2834| 135 | 158 | 340 | 0,387

7 | 112 | 1140 | 383 | 2277| 141 | 152 | 324 | 0415

10065 | 100 | 65 | 8 | 127 | 1383 | 430 | 2524| 1.41 | 156 | 328 | 0414
10 | 157 | 1555 | 517 | 3060| 140 | 164 | 337 | 0,410

65 | 114 | 142 | 456 | 269| 153 | 1,58 | 355 | 0,402

W7 |10 170 | 5" | 139 | 172 | s46 | 323| 152 | 164 | 361 | 0,400
7 1a1| 227 | 737 | a34| 176 | 180 | 401 | 0407

8 | 160 | 256 | 830 | 488| 175 | 1.84 | 405 | 0.406

1258 1125 | 80 | 15 | 197 | 312 | 1000 | 593 | 174 | 1.92 | 414 | 0404
12 | 234 | 365 | 1170 | 695| 172 | 200 | 422 | 0,400

8 | 180 | 364 | 120 | 703 | 1.98 | 2,03 | 449 | 0411

14/9 1140 | 90 | 15 | 222 | 444 | 146 | 855 | 196 | 212 | 458 | 0409
9 | 220 | 606 | 18 | 110 | 220 | 223 | 519 | 0301

10 | 253 | 667 | 204 | 121 | 219 | 228 | 523 | 0,390

16/10 | 160 | 100 | 35 | 350 | 784 | 230 | 142 | 218 | 2.36 | 532 | 0.388
14 | 347 | 897 | 272 | 162 | 216 | 243 | 540 | 0,385

10 | 283 | 952 | 276 | 165 | 242 | 244 | 588 | 0375

1811 | 180 | 110 | 35 | 337 | 1123 | 324 | 194 | 2.40 | 252 | 597 | 0374
11 | 3490 | 1449 | 446 | 264 | 275 | 2.79 | 6550 | 0,392

12 | 379 | 1568 | 482 | 285 | 274 | 283 | 654 | 0392

2011251 200 | 125 | 90 | 439 | 1801 | 551 | 327 | 273 | 291 | 662 | 0390
16 | 498 | 2026 | 617 | 367 | 272 | 299 | 671 | 0,388

12 | 483 | 3147 | 1032 | 604 | 354 | 353 | 7.97 | 0410

16 | 636 | 4001 | 1333 | 781 | 350 | 369 | 814 | 0,408

2516 | 250 | 160 | 19 | 71"y | 4545 | 1475 | 896 | 349 | 377 | 823 | 0407
20 | 785 | 4987 | 1613 | 949 | 348 | 3.85 | 831 | 0.405
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Honarok /1

KOE®IIIIEHTHU ] JJIA PI3BHUX MATEPIAJIIB
Tabauys /1.1
rquKrerITB CTCT:H:; 5 C(T::Jéb %TI?IJII(B YasyH Jlepeso

e

0 1,00 1,00 1,00 1,00 1,00
10 0,99 0,98 0,97 0,97 0,99
20 0,96 0,95 0,95 0,91 0,97
30 0,94 0,92 0,91 0,81 0,93
40 0,92 0,89 0,87 0,69 0,87
50 0,89 0,86 0,83 0,57 0,80
60 0,86 0,82 0,79 0,44 0,71
70 0,81 0,76 0,72 0,34 0,60
80 0,75 0,70 0,65 0,26 0,48
90 0,69 0,62 0,55 0,20 0,38
100 0,60 0,51 0,43 0,16 0,31
110 0,52 0,43 0,35 - 0,25
120 0,45 0,36 0,30 - 0,22
130 0,40 0,33 0,26 - 0,18
140 0,36 0,29 0,23 - 0,16
150 0,32 0,26 0,21 - 0,14
160 0,29 0,24 0,19 - 0,12
170 0,26 0,21 0,17 - 0,11
180 0,23 0,19 0,15 - 0,10
190 0,21 0,17 0,14 - 0,09
200 0,19 0,16 0,13 - 0,08
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Haesuanvruii nocionuk

OBYAPEHKO Bosogumup AnapiiioBu4
KAITIOPOBHMY Cgitinana BorogumupiBaa
JAEHBIIINKOB Ouaexcanap FOpiiioBu4

OIIIP MATEPIAJIIB
IIpakTuKym
Yactuna 1
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