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BCTYII

Omip matepiajiB € OJHIEI0 3 OCHOBHUX 3arajJilbHOOCBITHIX I1HXEHEPHUX
JUCIUIUTIH 1 TPpa€ CYTTEBY POJb y (GopMyBaHHI 1HXKeHepa OyIb-iKOi creliaib-
HocTl. OCcO0IMBO BEIMKE 3HAUYCHHS OMIp MaTepialiB Mae€ JJIsi MEXaHIYHUX, Ma-
IMHOOYIIBHUX 1 Oy/AIBEIbHUX 1H)KEHEPHUX CHeIlaIbHOCTEH.

VY kypci ,,Onip maTepiaiiB® BUBYAIOTHCA HOHSITTS MPO 1HXEHEPH1 METOAU
PO3paxXyHKyY Ha MIIHICTh, Y)KOPCTKICTb 1 CTIMKICTh €€MEHTIB MAlINH 1 CIOPY/I.

[Tig MIIHICTIO PO3YyMIIOTh 3AaTHICTh KOHCTPYKIII 1 ii JeTaneit BUTpUMY-
BaTU NEBHE HABAHTAXKECHHSI, HE PYWHYIOUHUCh.

117 ’KOPCTKICTIO PO3YMIIOTh 31aTHICTh KOHCTPYKIIII 1 ii €JI€eMEHTIB MPOTH-
CTOSITH 30BHIIIHIM HAaBaHTaXEHHSAM BIAHOCHO nedopmariii (3MiHa Gopmu 1 po3-
MipiB), TOOTO IPH 3aJJaHUX HABAaHTAXEHHAX JepopMallii He TOBUHHI MTEPEBUILILY-
BaTU MEBHOI BETUYNHH.

CriiiKicTIO Ha3UBAIOTh 3/IaTHICTh KOHCTPYKIIi a0o0 ii eleMeHTIB 30epiraTtu
MEBHY NIOYATKOBY (hOpMY MPYKHOI pIBHOBArU.

1106 KOHCTPYKIlis B IJIOMY BiJIOBi/Iajla BUMOTaM MIITHOCTI, >KOPCTKOCT1
1 CTIMKOCTI 1 OyJa HaIIMHOIO B €KCIUTyaTallii, He0OX1THO HaJaTH ii eJIeMeHTaM
HaWOLIBII paIioHadbHOI (OPMH 1, 3HAIOUM BIACTUBOCTI MaTEpiaiiB, 3 IKMX BOHU
BUTOTOBIISITUMYThCS, BU3HAUATH BIAMOBIIHI PO3MIPH 3aJIEKHO BiJ BEIMYUHU 1
XapakTepy AII0YMX HaBaHTaXKEHb.

[Ipu BHUBUYEHI OMOpPY MaTepialliB CIiJl 3BaXKaTU HA Te, 110 BBEACHHS 10 Ha-
BUYQJIBHUX MPOrPaM BUILKUX TEXHIYHUX HABUAJIBHUX 3aKJaJ1B HOBUX AUCIUILIIH,
110 BiI0Opa)karoTh CY4aCHUM CTaH HAyKU 1 TEXHIKU, IPU OOMEKEHUX TEPMIHAX
HaBYaHHS NPU3BEJIO IO CYTTEBOTO CKOPOYEHHS KUIBKOCTI ayJIUTOPHUX 3aHATH 3
Kypcy ,,Omip matepianiB®. 3amoBHEHHS MPOMYCKIB, IO 3'SBUJIKMCS BHACIHIJIOK
[bOT0, B 3HAHHI CTyJIEHTaMH OTIOPY MaTepialiiB MOXke OyTH JIOCATHYTE MEBHOIO
MIpOIO 32 PaXyHOK CaMOCTIMHOTO BHBYEHHSI HUMHU HEOOXITHUX PO3ILUIIB I[LOTO
BYKJIMBOTO JJI1 MalOyTHBOTO 1HXXEHEpa KypcCy 3a BIANOBIAHUMU NIAPYYHUKAMH.

OCHOBHUM HEJIOJIIKOM HAaBEJIEHUX BHILE MIIPYYHUKIB € Te, 110 BOHU
MICTSITh MaJly KUIbKICTh MPUKJIAIB BUPIIIEHHS 334 32 KOKHUM 3 PO3JLUIIB 1 HE
MOXXYTb NIE€pelaTh OCOOJIMBOCTI MPAKTUYHUX pillleHb. TOMYy MeTa I[bOr0 HaBYa-
JBHOTO MOCIOHMKA TIOJISAra€E B HaJaHHI JOMOMOIH CTYIEHTOBI MPU PO3B sI3aHHI1
3a/lay 3 OLIHKHU MIITHOCTI, )KOPCTKOCTI 1 CTIHKOCTI KOHCTPYKIIIM MpU pi3HOMaHI-
THUX BUAAX iX BaHTaxeHHA. /| bOro B KOXKHOMY PO3/1I1 HaBeJIEHO OCHOBHI
TEOPETUYHI NMEePEIYMOBH Y BUTIIAIl OCTATOYHUX opMyI1, TaOIuIb 1 rpadikiB Ta
MPUKIAJAA PO3B’A3aHHS XapaKTepHUX 3a]1a4y

Jlpyra yacTuHa MpUCBSIYE€HA BUBUEHHIO BUMAJAKIB CKJIAAHOTO onopy (po3-
TATAHHS — CTUCKAHHS, KpYYEeHHS, IPOCTE 3TMHAHHA), CTATUYHO HEBU3HAYYBaHUX
CUCTEM, pO3paxyHKIB Ha CTIMKICTh Ta BUZHAUYECHHS HAIPYKEHO-Ae(OPMOBAHOTO
CTaHy MpHU AUHAMIYHOMY PEKHUMI1 HaBaHTAKCHHS.
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1 CKJATHUHA OIIIP

[1ix ckiagHUM OMOPOM MalOTh Ha YBasi pi3H1 KOMOIHAIllT MPOCTUX BU/IIB Ha-
BaHTAKEHHS CTPUIKHIB (PO3TATaHHs, CTUCKAHHS, 3CYB, KpYUEHHs 00 3rMHAHHS ).

Huxue OynyTh po3TIsiHYTI:

— O/IHOYACHE 3TMHAHHA Y JIBOX TOJOBHUX IUIOMIMHAX (CKJIaJHE 1 KOCE 3TH-
HaHHS);

— OJTHOYACHE PO3TATaHHA a00 CTUCKAaHHA 31 3TMHAHHAM, 30KpeMa Io3ale-
HTPOBE PO3TATAHHSA-CTUCKAHHS;

— OJIHOYACHA J1i 3TMHAHHS 3 KPYUYEHHSM 3 PO3TSIraHHiIM abo 6e3 HbOTO.

1.1 CkiaaaHe Ta Koce 3rHHAHHSA

CxnagauM (HEIUIOCKHMM) 3TMHAHHSM HA3WMBAEThCS TaKWH BHJ HaBaHTa-
KEHHS, TIPU SIKOMY CWJIM JIIOTh Yy JEKUIBKOX IUIOIIMHAX, IO MPOXOASITh uepes
Bich Oasiku (puc. 1.1, a).

SIKIIIO HAaBaHTA)KEHHS JIIOTHh B OJHIM INIOIIMHI, IIIO HE 30Ira€ThCs 3 KO-
HOIO 3 TOJOBHHUX IUIOIIMH, TO TaKHH BMJ 3THHAHHS HA3MBAECTHCS KOCHUM
(puc. 1.1, 6).

Cunoba
g NAOWUHA

!
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Pucynox 1.1

HopMmanbHe Hanmpy»eHHs B TOYIll 3 KOOpAUHATaMu X, Yy (puc. 1.2) MoxHa
BU3HAYMTH CyMOIO HANPY)XCHb BI/l 3rHHAJBHUX MOMEHTIB M Ta M, BUKOpucC-

TOBYIOYM MPUHIINI CYNEPIO3UILII:

c=—Yy+—x, (1.1)




JC Mx ) My — 3rMHAJIbH1 MOMCHTH BI1AIIOBIIHO A0 OCCHU X TA Y,

X, Y — KOOpAUHATH TOYKH, Y SIK1M BU3HAYA€THCS HaIIPpYKCHHSA,
Jx ) Jy — OCbOB1 MOMCHTH 1HCPII11 BCI€1 (1)1pr1/1 B1IAHOCHO I'OJIOBHHUX

LHEHTPAJIbHUX Ocei Pirypu x Tay.

A\

Pucynox 1.2

HelTpasibHOIO JIIHIEIO Ha3UBAETHCS T'€OMETPUYHE MICIE TOYOK Iorepey-
HOTO Mepepi3y, Y SKUX HOpMajbHI HalpyXeHHsS AOPiBHIOOTH HyMt0. [Ipu ckna-
JTHOMY Ta KOCOMY 3TMHaHH1 HEHUTpalibHa JIiHIS IPOXOJUTh Yepe3 IEHTP Baru Ime-
pepizy Ta Ma€e KyToBUM Koe(dilieHT, 00yMOBIIEHUH 3 BUpa3y

J M
tof3 == . —4. 1.2
gp 5, M, (1.2)

Sxuo emopa HOpMaJIbHUX HAMpPYKEHb y nepepizi Oanku Oyne JiHiiHO1O,
TO MaKCUMaJIbHE HANpPY>KCHHsI BUHUKAE B TOYII, KA HAWOLIBII BiAjayieHa Bij
HelTpanbHOI JiHli. Hexall KoopaAnHATH 11€] TOUKH X ,, Y, , TOJAl MAaKCHUMaJbHE

HaIpPY>KEHHs MPU CKIaJHOMY Ta KOCOMY 3TMHAHH1 BU3HAYAETHCS 32 POPMYIIOIO

M, M

G = +—Lx,. 1.3
max J YA J A ( )

X y




YMoBa MIIHOCTI MPH CKIATHOMY Ta KOCOMY 3THHAHHI JJIsI HECUMETPUU-
HOTO Tepepizy Ma€e BUTIISI

X

— y
cSmax_ J YA+ J XAS

X y

M
M [5]. (1.4)

Konu mepepi3z cumeTpudHuid BITHOCHO 000X OCEH 1 Ma€ BUCTYIHI KYTH,
BU3HAYEHHS HAWOUIBIINX HANPY>KEHb 3HAUHO CIPOIIYEThCs. MakcuMaabHE Ha-
MPY>KEHHS B IbOMY BUMAJIKY BU3HAYAETHCS 32 (POPMYIIOI0

M M
Oy = —>+—1, (1.5)
W, W,
ne W, W, — 0CbOBI MOMEHTH OIIOPY IIepepisy.
OcCbOB1 MOMEHTH OTIOPY BU3HAYAIOTHCS 32 GOPMYJIaMH:
J
W, = )y , W, = . (1.6)
Ymax Xmax

YMoBa MIITHOCTI IIPH CKJIATHOMY Ta KOCOMY 3TMHaHHI1 JIsl O1ICHMMETpUY-
HOTO TIepepi3y 3 BUCTYITHUMH KyTaMH Ma€ BUTIIST

I'l y
=—2*+ 2 <|o|. 1.7

X y

3agaua 1.1

Busnauumu maxcumanbHi HOPMANbHI HANPYHCEHHS ONsl OANKU, AKA 30-
opaxcena na pucynky 1.3, a. Ilepepiz 6anxu — na pucyuky 1.3, 6.

M=18 kHmM q=6 KH/M

\ J
(IREEEREERRRERD Y <>Nozo
%2[*1 4 M \C%
[ |

a 4]

Pucynox 1.3



Po3zé’azanns

1 banka nparnoe Ha MPoCcTOpoBe ckiagHe 3ruHanHs (puc. 1.4, a). Po3kna-
JAEMO HaBAHTAKEHHS HA BEPTUKAIbHY Ta TOPU3OHTAIIbHY CKIIAOBI.

PosrnsitHemo HaBaHTaXeHHS, WIO Ji€ Y BEPTUKAJIbHIA IUJIOMIMHI
(muB. puc. 1.4, 6). Y BepTUKaIbHIN IJIOMIMHI J1€ PO3MOAUICHE HABAHTAXKECHHS (.

Busnayaemo onopHi peakilii y BepTUKaIbHINA TUIONIMHI, TOPIBHIOIOYH HY-
JI0O CYMH MOMEHTIB YCIX 30BHIIIHIX CHJI BIJHOCHO Toyok A Ta B
(nuB. puc. 1.4, 0):

> M, =0,

—g-4-4+6R) =0,
4.
Ry =4 ; 2_0%4 on

q-4-4-6R% =0,
R,X:q.: 4=6.4 2=8KH

J1ist mepeBipKH BUKOPUCTAEMO PIBHSHHS ZPy =0:

—q-4+R5 +R} =0,
—6-4+8+16=0,
—24+24=0,
0=0.

OO0uunCII0EMO 3HAYCHHS MOMEPEUYHUX CHII Ta 3STUHAIBHUX MOMEHTIB Yy Xa-
pakTepHUX Mepepizax:

le :QyZ :Qy3 :Ri :8KH9
Q,4=-R} =-16kH.

M, =M, ,=0kH-m,

x1
M,,=M,_;=R%-2=8-2=16kH -m.
Bbynyemo entopu no xapaktepHux nepepizax (puc. 1.4, B, 1).
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SIkuro emtopa MoNepevHrx CUJil repecikae 6a3oBy JIIHIIO Ta 3MIHIOE 3HAK 3
«+» Ha «—», TO B IIIH ToUIll OyJie MaKCUMaJbHE 3HAUYCHHS 3rUHAJILHOIO MOMEH-
Ty. 3HaAXOIUMO TIOJIOKEHHSI IIHOTO TIEPEPizy.

ZO=%=2,67M,
M, . :Rézo—qzo%‘):16-2,67—6-2,67-2’67 —213kH M.

PosrnsiHeMo HaBaHTa)XEeHHs, sIK€ JI€ B TOPU3OHTAJBHIN IIOMIMHI
(puc. 1.4, n). Y ropu3oHTaNIbHIN TUIONIKHI 1€ 30CEPEIKEHUIT MOMEHT M.

M=18 kKHM q:6 KH/M
/——-r
4 .
a E:g
gﬁ\;/_ 2 M 4 M N7
BepmukasbHa NnowuHa
Ri=8 kH q=6 kH/M Re=16 KH
6 A B .
" 2]'3 4!
72;78 B 20=2,67 M 7_,2&
8 LTI TR T T T e 0. kH
213 2|
16 ~ 16
c MW :
My, KHM
Fopu30Hmanb‘+u NAOWUHT \
Rk=3 kH M=18 kHM | Rg=3 kH
0 \AI L1l | IfCB#\'
" 2|'3 | 4
- Q,, kH
e M ]
oHC WW MU' KHM
Pucynox 1.4

Busnayaemo omnopHi peakiiii B FOpU30OHTaNbHINA IJIOMIKMHI, JOPIBHIOIOYH
HYJII0 CYMU MOMEHTIB YCIX 30BHIIIHIX CHJI BIIHOCHO TOYOK A Ta B (puc. 1.4 n):

> M, =0,

9



-M+6R; =0,

Ry =M -1 34
6 6

> M, =0,

-M+6R’, =0,
R;=M=§=3KH.
6 6

J1Jist mepeBipKH BUKOPUCTAEMO PIBHSHHS ZPX =0:

—R} +R5 =0,
-3+3=0,
0=0.

O06uuCTI0EMO 3HAUYCHHS TTOTIEPEYHUX CHJI 1 3TMHATIBHUX MOMEHTIB y Xapa-
KTepHUX Tepepizax:

Qxl :QXZ :QX3 :_Rj; =-3 KH?
Q.,=-R% = 3kH.

My, =M,, =0kH-Mm,

yl

M,,=-R}-2=-3-2=-6xH M,

M,;=R3-4=3-4=12kH "™,

M, s =Rpz,=3-2,67=8,0kH ™.

Bbynyemo entopu 3a xapaktepHuMU niepepizamu (puc. 1.4, e, x).

AHaNI3yl0uu enopHu 3rUHAIbHUX MOMEHTIB Y BEpTUKAJIbHIN 1 TOPU30HTA-
JBHIN TUIONIMHAX, BU3HAYAEMO HeOe3neuH1 nepepisu. s po3risHyToi Oanku i3
3aJlaHUM HaBaHTAKEHHAM HEOE3NEYHUMHU MepepizaMHu € J1Ba Mepepizu:

—mepepi3 3 (M,; =16kH-M, M ; =12kH-m);

—mepepi3 5 (M5 =21L3kH-Mm, M5 =8,0kH-m).

VY nanux mepepizax B OJHIN 13 IUIONIUH Jii€ MAKCUMaJIbHUM 3TUHATIBHUN
MOMEHT.
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Jlst Toro o0 BU3HAYUTH, SIKUM Mepepi3 € HalHeOe3neyHIIuM, HeoOXiT-
HO BU3HAYUTU MaKCUMAaJIbH1 HANPYKEHHS B KOXKHOMY 13 IIMX NIEpepi3iB.
2 BuzHayaemMo reoMeTpUUHI XapaKTepUCTUKH mepepi3y (puc. 1.5).
I3 copramenty (momaTok A) BUIHUCYEMO T€OMETPUYHI XapaKTEPUCTUKHU
nBoTaBpiB Ne 20:
H,=H,=20cwM,
B, =B, =10c¢wMm,

F =F, =268 cm?,

Jy=J,=115cem*,
4
I, =1, =1840cm”.

BusznavaeMo 1osiookeHHS IIEHTpa Baryd BChOro mnepepizy. Tak sik mepepis cu-
METpUYHUH BITHOCHO ocer X, Y, TO LIEHTp Baru Bcboro nepepizy C JIexuTh Ha Tie-
PETHHI LIUX OCEH, a 0C1 CUMETPIi € TOJIOBHUMU LIEHTPAIBHUMU OCAMU X, Ta Y, .

BuznauaemMo 0chOBI MOMEHTH 1HEPIIll BCHOTO MEPEepi3y BIAHOCHO TOJIOB-
HUX IEHTPaJIbHUX OCel mepepi3y 3a popMysiamMu:

I =20, +al) 1, =2 (1, +b7E)

i=1 i=1

=5c¢M, b, =b,=0cm,

2.-(115+5%-26,8)=1570 cm?,
J, =2-1840=3680cm".

y

—
Il

3  PosrmsHemo  HeOesmeunuit  mepepis 3 (M,;=16xH-Mm,
M,; =12xH-m).

3.1 BuzHavyaemo MojoKeHHS HEUTpaabHOI JiHIi B HeOe3neyHOMY nepepisi
3, obuuncooun KyToBUi KoediieHT 3a ¢popmynoro (1.2):

I, Mys| 1570 12|
T, M| [3680 16

tgp = 0,320.

Orxe, p=17,7".

3.2 YCTaHOBIIOEMO 3HAKH HAMPYKEHb BiJl KOKHOTO 3rHHATLHOTO MOMEH-
ta (puc. 1.5, a).

Po3cTaBuMO B KyTOBHX TOUKax HEOE3MEUYHOTO Mepepi3y 3HAKU 3TUHAIb-
HHUX MOMEHTIB, a OT)KE, 1 Halpy>XeHb, BBAXKAIOUM MOMEHT, SIKUA BUKJIMKA€E Ha-
MPY)KEHHS PO3TATaHHA JOJAaTHUM, a TOM, IO BHUKJIMKAE CTUCKAHHSA, —
BIJI’ EMHHM.

11
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a-—M,;=16xkH-mM, My3 =12kH-™m,
60— M,;=213xkH-M, M, =8,0kH -m

Pucynox 1.5

HelitpansHa JiHIS TPOXOAUTH 3aBXIU 4Yepe3 T1 KBaApaHTHU Tepepisy, y
SKWX BUHMKAIOTh HAMPYXKEHHSI CTUCKAHHS Ta PO3TATaHHS, TOOTO 3HAKU HaIpy-

KCHb HpOTI/IJIe)KHi.
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VY posrisiHyTOMY nepepizi HelTpaibHa JiHis npoiine yepes 11 ta IV kBan-
panTH (I kBagpaHT yTBOPEHUN JOIATHUM HAMPSIMKOM KOOPAMHATHUX OCEM).

3.3 Bu3HauaeMo MakCHMallbHI HOPMaJIbHI HANPY>KEHHs JJIs1 PO3TIISIHYTO-
o nepepizy.

Benuki HanpyXeHHS BUHUKAIOTh Y HalOUIbII BiIJaI€HUX Bi HEUTpasb-
HOT JiHIi Toukax. JlJis po3risiHyTOro nepepizy TakuMu TOYKaMH € Touku 1 Ta 3
(nuB. puc. 1.5, a).

SIkuro mepepiz CUMETpUYHHI BIIHOCHO 000X Ocell, TO MakCHUMaJlbHI Ha-
Npy>KeHHs1 BUu3HavyaeMo 3a ¢popmynoro (1.5). OckoBl MOMEHTH ONIOpPY BU3HAYAE-
Mo 3a popmyrnamu (1.6):

W_

< =
Ymax X max

JJ1st pO3IIISIHYTOTO TIEpepizy:

:ﬂzz—z(')ZIOCM’ Ymax:BIZIOCM'

max
2

OTrxe,

I I
w, = e 27057000, W, =— =980 368 car’.

} Ymax 1 O X max 1 O

Sxmo B Toumi 1 Ait0Th HAMOUIBIII CTUCKYIOUl HAIMpPY>KEHHS, TO HAMpy-
’KEHHS B Toulll | BU3HAaUal0ThCs 3a HOpMyIor0

s - Mg My 16x10”  12x107° oo
W, W, 157x10° 368x10°° ’ '

Sxuro B TouIl 3 NiOTh HAWOUIBIII HANPYKEHHS, SIKI PO3TATYIOTh, TO Ha-
MPYXKEHHS B TOYIIl 3 BU3HAYAIOTHCS 32 POPMYIIOIO

M, M; 16x10° 12x107°
N _

Ot = = —+ _ =134,5MIla
W, W, 157x10°  368x10" |

3.4 bynyemo emntopy HOpMaJIbHUX HaPYy>KeHb (IUB. puc. 1.5, a).
4 Posrasimemo nepepis 5 (M, s =213kH-m, M, 5 =8,0kH-m).

4.1 BuzHauaeMo MOJI0KEHHSI HEUTpaIbHO1 JIIHIT B TIepepi3i 5, 00UUCIIOI0-
Y1 KyTOBHM KoediiieHT 3a popmyioro (1.2):

13



tgP =

Otxe, B = 9,1°

4.2 BCTaHOBIIIOEMO 3HAKHU HAMPYXKEHb BiJl KOKHOTO 3rUHAJILHOIO MOMEH-
Ty (puc. 1.5, 6).

VY posrisiHyTOMY nepepiszi HelTpaibHa JiHis npoiine yepes 11 ta IV kBan-
panTu (I KBagpaHT yTBOPEHUI MO3UTUBHUM HANPSIMKOM KOOPJAMHATHUX OCEH).

4.3 BuszHauaeM0 MakCHUMaJibHI HOpMaJibHI HaNpyKEHHS JJIs1 PO3IIISTHYTO-
o nepepizy.

Haii6Ginpi BiggaJieHUMHU BiJl HEWTpaIbHOI JIIHIT ToukaMu € Touku 1 Ta 3
(muB. 1. 3.3).

Otxe,

M -3 -3
My 213x10° 8x10° gy,
W,  157x10°  368x10° ’

MXS

Gmaxl - W
M, My 213x10° 8x10°

"W, W, 157x10° 368x10°°

o =157,4Mlla

4.4 bynyeMo entopy HOpMaJIbHUX HaIpykKeHb (AuB. puc. 1.5, 6).

5 AHanizyroud OTpUMaHi €MpH HOPMAIbHUX HaIpYyKeHb, pOOUMO BHU-
CHOBOK TIpO Te€, 110 HaiiHeOe3MeUHIIUM NIEPEPI3OM € mepepi3 5, y AKOMY AII0Th
sruHanbHl MOMeHTH M s =213kH-M 1a M =8,0kH M 1 BUHMKaIOTh MaKcH-

MaJIbHi HOpMaJlbHi HANPYXeHHs O, = 157,4 Mlla .

3agaua 1.2

Busnauumu maxcumanbHi HOpManbHi HANPYI*HCEHHA OISl OANKU, SIKA N00A-
Ha Ha pucyuky 1.6, a. [lepepiz 6anku nokazanutl Ha pucyHky 1.6, 6.

M=30 kH-M P=35 kH 4=20 KH/ FNO .
AN
)7 3M 2m N7
z——"‘"J %
2,0x36 M
a o
Pucynox 1.6

14



Po3zé’azanns

1 banka mpaioe Ha ckinaane 3ruHaHHs (puc. 1.7, a). Po3kinagaemo HaBaH-
TaXE€HHS HAa BEPTUKAJIbHY Ta TOPU30HTAIBHY CKJIA/I0BI.

PosrnsitHemMo HaBaHTaXeHHs, sIK€ Jl€ Yy BEpPTUKaJbHIA IUJIOLIMHI
(puc. 1.7, 6). Y BepTUKaJIbHIHN TJIOMIMHI 1€ 30cepeKeHa cuia P.

Busnayaemo onopHi peakilii y BepTUKaIbHINA TUIONINHI, TOPIBHIOIOYH HY-
JI0O CYMH MOMEHTIB YCIX 3OBHIIIHIX CHJI BIJHOCHO To4ok A Ta B
(nuB. puc. 1.7, 0):

> M, =0,

~P-3+RY-5=0,
RY :P—S:ﬁ:ﬂKH.
5
> M, =0,
P.-2-RY-5=0,
R3 :PTQ:E:MKH.

Jlns nepeBipKu BUKOPUCTAEMO PiBHAHHA » P =0
-P+RY +R3 =0,
-35+14+21=0,
—-35+35=0,

0=0.

OO0uuncII0EMO 3HAYCHHS TMOMEPEYHUX CHJI Ta 3STUHAIBHUX MOMEHTIB Y Xa-
pakTepHUX Mepepizax:

Q, =Q,, =R} =14xH,
Q,,=Q,;=-R}=-21xH.

M,,=M,,=0xH-Mm,

x1

M,,=M,,=R}-3=14-3=42kH-m.

15



M=30 kHM

p=

35 kH

q=20 kH/M
a I
3M 2M_ NA7
BepmukanbHa NAOWUHA
5 er:M kH P=35kH | R§=21kH
A B N
0 71t 7 )—é
7; Al 7;>7
6 LTS T :_# q, K
42
, T 273 7
| My, KHM
X Fopusonaana NnaowuUHA "
| Ra=14 kH q=20 kH/M Re=26 kH
0 Al IREEEERERNEN
TM=30 K 7E e
27 14 | 213
e TRRHERnnmn Q, KH
| 2
0 16,9 %
) e o i
30
Pucynox 1.7

bynyemo entopu 3a xapaktepHuMu nepepizamu (puc. 1.7, B, 1).

Pozriasinemo HaBaHTa>XCHHA,

MOJIlJIEHEe HABAHTAXKEHHS (.

Busnayaemo onopHi peakiiii B FOpU30OHTANbHINA IJIOMIKHI, JOPIBHIOIOYH
HYJIFO CYMH MOMEHTIB YCIX 30BHINIHIX CWJI BIIHOCHO Touok A Ta B

(muB. puc. 1.7, n):

> M, =0,

AK€ Jli€ B TOPU30OHTAIBHIA IUIOLIMHI
(puc. 1.7, x). Y TOpU30HTANIbHIN IJIOIIKHI /i€ 30CE€peIKeHU MOMEHT M 1 po3-

M-q-2-4+R}-5=0,
RE_—M+5q-2 4:—30+20-2-4:26KH_
> M, =0,
M+q-2-1-R% -5=0,

R :M+q-2-1:30+20-2-1:14KH_

5

16



J1ist mepeBipKH BUKOPUCTAEMO PIBHSHHS ZPX =

—q-2+R, +R; =0,
—-20-2+14+26=0,
-40+40=0,
0=0.

O6uucII0EMO 3HAYEHHS MOMEPEUYHUX CHUJI 1 3STUHAIbBHUX MOMEHTIB y Xapa-
KTEpHUX Tepepizax:

Qxl :QXZ :QX3 :Ri :14KH7
Q,, =-R¥=-26kH.

M, =-M=-30kH-M,

M,,=M,;=-M+R}-3=-30+14-3=12kH u,

M,,=0kH -m.

Bbynyemo emtopu 3a xapaktepHuMH nepepizamu (puc. 1.7, e, x).

SIxuro emtopa MonepevyHux Cuil repecikae 6a3oBy JIHIIO Ta 3MIHIOE 3HAK 3
«+» Ha «—», TO B I TOYII MaEMO MaKCUMajbHE 3HAYCHHS 3TMHAIIBHOTO MOMeE-
HTY. 3HaXOJIMMO TIOJIOKEHHS [IHOTO TIepepizy:

ZO=?=1,3M.

Busnauaemo 3Hau€HHS 3TUHAIBHUX MOMEHTIB Y BEPTHKAJIbHIN 1 TOPU30H-
TaJbHIN TIIONIMHAX Y M'SITOMY Hepepisi:

M, ; =R}z, —qzo%o=26-1,3—20-1,3-1’23

=169kH -Mm.
M, =R{z,=21-1,3=273kH ™.

AHani3yrouu enopy 3ruHaJIbHUX MOMEHTIB Y BEPTUKAIbHIA Ta TOPU30H-
TaJbHIN MJIOMMHAX, BU3HAUYAEMO HeOe3neuHi nepepizu. s po3riasHyTol 0anku
13 3a/1aHUM HAaBaHTAKCHHSIM HEOe3MeYHUMU Nepepi3aMu € JiBa Mepepi3u:

—mepepiz 3 (M, ; =42xH-m, M ; =12kH-m);

—mepepi3 5 (M5 =27,3kH-M, M5 =169 kH-m).

17



VY nanux mepepizax B OJHIN 13 IUIONIUH Jii€ MAaKCUMaJbHUM 3TUHATBHUN
MOMEHT.

Jliist Toro o0 BU3HAUUTH, SIKUWA TIEpepi3 € HailHeOe3neyHImnM, HeoOXi-
HO BU3HAYUTH MaKCUMAaJIbH1 HANPY>KEHHS B KOXKHOMY 13 IIUX MEpepi3iB.

2 BuzHayaeMo reoMeTpHUUHI XapaKTepUCTUKH nepepi3y (puc. 1.8).

I3 copramMeHTy BHIHMCYEMO TE€OMETPUYHI XapaKTEPUCTHKU IIBEJIECPIB
Ne 30:

H,=H,=30cm, F =F, =40,5cm’,
B, =B, =10cwm, Jo,=J,,=5810cm",
2oy =29, =2,52¢M, Jy1=Jy2=327CM4.

O64YHCTI0OEMO TEOMETPUYHI XapaKTEPUCTUKHU CMYTH 2X36 cM:

BH, _2-36’ .

H, =36cm, B; =2cm, X = = = = =776 cm ",

F,=H,B,=36-2=72cM’, =H3B33=36'23=24CM4.
73 12 12

BusHayaemo MONOKEHHS LIEHTpa Baru BChOro mepepizy. Skio mepepis
CUMETpUYHUN BiTHOCHO oceit X, Y, TO EHTp Baru Bchboro nepepizy C JIeKuTh
Ha MEePEeTUHAHHI IUX OCEeH, a 0Cl CUMETPii € TOJIOBHUMU LIEHTPATbHUMHU OCSIMHU
X, TaYyY,.

BuznauaeMo 0chOBI MOMEHTH 1HEPIIlT BCHOTO MEPEpi3y BIAHOCHO TOJIOB-
HUX LIEHTpaJIbHUX ocel (irypu 3a popMmynamu:

1, =0, +a2F), 1, =20, +bF).

i=1 i=1

B

= = = O
a,=a,=a;=0cwMm, - % +2,52=352cwm,

b, =0cmMm,
T, =2-5810+7776 =19396 cm”,
J, =2-(327+3,522.40,5)+ 24 =1682 em*.

Ye

3 Posrmsanemo  HeOesneunuit  mepepis 3 (M,;=42xH-m,
M,;=12xH-m).

3.1 BuzHayaemo Moj0KeHHS HEUTpaabHOI JiHIi B HeOe3neYyHOMY nepepisi
3, obuuncooun KyToBUi KoediieHT 3a ¢popmynoro (1.2):

18



19396 12
1682 42

X

tgp = My =3,295
g M 295.

2y, Ms| 1

Orxe, p=731°.

3.2 YcTaHOBIIOEMO 3HAKU HAIPYKEHb BiJl KOKHOTO 3TMHAJIBHOIO MOMEH-
Ty (puc. 1.8, a).

VY posrisiHyTOMY nepepiszi HelTpanibHa JiHis npoiine uepes 11 ta IV kBan-
panTH (I kBagpaHT yTBOPEHUN JOIaTHIM HANPSMKOM KOOPJAMHATHUX OCEH).

3.3 Bu3HauaeMo MakCHMallbHI HOPMaJIbH1 HAMPY>KEHHSI IJIs1 PO3TIISHYTO-
o nepepizy.

MakcumalibH1 Hanpy>KeHHsI BU3Ha4YaeMO 3a (hopMyIioro

M M

— X Yy
cSmax_ J YA+ J XA‘

X y

Benuki HanpyXeHHS BUHUKAIOTh Y HalOUIbII BiIJaI€HUX Bi HEUTpasb-
HOT JiHIi ToukaXx. JlJis po3TJIsiHyTOro nepepizy TaKUMU TOYKAMH € TOUKH 2 Ta 6
(nuB. puc. 1.8, a).

Sxio B TouIll 2 AiOTH HAHOUIBINI CTHUCKAIOUl HANPYXKEHHS, TO HANpy-
’KEHHS B TOUIll 2 BU3HAYAIOTHCS 32 (POPMYIIOI0

X _ YX-
JY2 ] 2

X y

62:_

Sxuro B TOUIl 6 NiIOTH HAWOUIBIII HANPY>KEHHS, SIKI PO3TATYIOTh, TO Ha-
MPYXKEHHS B TOUIll 6 BU3HAYAIOTHCS 32 POPMYIIOIO

M M,
Cg=—""Y¢t X
T, T,
JI71s1 pO3TIIIHYTOTO TIepepizy:
B 2 H, 30
X, =X :73+B1 =5+10=110M, Yo =Y :71=7=15 CM.
OTrxe,
-3 -3
o, =—L08-15><102 —&Og-uxlo2 =—-110,9 MIla
19396 x10 1682x10
-3 3
P :LOB-IS><102+& 11x107 =110,9MIIa
19396x10 1682x10

19



3.4 bynyemo entopy HOpMaJIbHUX HaNpYy>KeHb (IuB. puc. 1.8, a).

Uig 913'Yc Uz

B=B=10,0 cM ;
71 A\ i .

i plila
\\

Z01EZ02F2,52 c#

H:=36 tM

Hs=36 ctM

a—M ;=42xH-m, M ;=12xH "M,
o — M,,=273kH-™m, My5 =169xH M

Pucynox 1.8
20



4 PosrisiHemo HeOesneunui nepepis 5 (M, ; =27,3kH-m, M, =16,9 xH-Mm).

4.1 BuzHauaeMo MOJI0KEHHSI HEUTpaIbHO1 JIIHIT B TIepepi3i 5, 00UUCIIOI0-
Y1 KyTOBHM KoediiieHT 3a popmyioro (1.2):

tep =17,139.

_\J M

Otmxe, B =82,0°.

4.2 YcTaHOBIIOEMO 3HAKU HANpPYKEHb BiJl KO)KHOT'O 3rUHAJILHOTO MOMEH-
Ty (puc. 1.8, 0).

VY posrnsiHyTOMY nepepizi HelTpanibHa JiHis npoiine yepes 11 ta IV kBan-
panTH (I kBagpaHT yTBOPEHUN JOIaTHIM HANPSMKOM KOOPJAMHATHUX OCEH).

4.3 BuzHauaeM0O MaKCHUMallbHI HOPMaJbHI HAPYXEHHS IS PO3IIISIHYTO-
o nepepizy.

Haii6Ginpm BiggaJIecHUMHU BiJl HEUTPaIbHOI JIIHIT TOUKAaMU € TOYKH 2 Ta 6

(nuB. 1. 3.3).
OTxe,
-3 -3
5, =—_213x10 . 15x107 _&108-11”0-2 = —131,6 MIla
1939610 1682x10" ’
-3 3
5, :%ms.lsxloz M 111072 =131,6 MITa _
19396 %10 1682x10°"

4.4 bynyeMo entopy HOpMaJIbHUX HaIpykKeHb (AuB. puc. 1.8, 0).

5 Amnanizyroun OTpUMaH1 €MIOpU HOPMaJbHHUX HAINpPYKEHb, POOMMO BU-
CHOBOK TIpO Te€, 110 HaiiHeOe3MeUHIIUM NIEPEPI3OM € mepepi3 5, y AKOMY AII0Th
sruHaNbHI MOMeHTH M, s =273kH M 1a M5 =169 KkH M i BUHHKAIOTH MaK-

CUMaJIbHI HOpMaJTbHI HarpykeHHs o, =131,6 MIla .

3agaua 1.3

Busnauumu maxcumanbHi HOpManNbHi HANPYI*HCEHHA Ol OANKU, KA N00A-
Ha Ha pucyuky 1.9, a. [lepepiz 6anku nokazano Ha pucynxy 1.9, 6.

Po3zé’azanns

1 banka npaitoe Ha ckiagHe 3ruHaHHA (puc. 1.10, a). Po3kianaemo HaBa-
HTa)KEHHSI Ha BEPTUKAIBHY Ta TOPU30HTAIIbHY CKJIAJIOBI.
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N 20
Bt/ M0 KPS K e

N° 20
LA LN o

N 07 IM N 2M Z P 20

Pucynok 1.9

q=18 KH/M M=30 KI'TP:I_ P=35 kH

A

. VTG TG TGN
e
N ;/‘ M N 2M >z
BEDmUKGﬂbHG NAOWUHA
RE=20 kH M=30 kHm |P=35 KH RE=15 kH
.
/, iz
20 .
¢ éP 5 ,, KH
40 5

e FP'WMX, KHM

[ 0pU30HMAALHA NAGWUHA

() Ri=15 kH 018 K/ Rs=75 kH
NEREREREREERERRERERERENGN
’ B2 4 ()—(k
b
¢ 2 m Qx' kH
|
» ~ﬂ£ﬁﬁﬁﬁhﬂﬂMuE;u,ﬁ» M, KHm
36

Pucynox 1.10

22



PosrnsitHemMo HaBaHTaXXeHHs, sIK€ Jl€ Yy BEpPTUKaJIbHIA IUJIOLIMHI
(puc. 1.10, 0). V BepTukanbHiil TUIOLIMHI Jl€ 30cepemkeHa cuia P ta 3ocepe-
JKeHUU MOMeHT M.

Busnayaemo onopHi peakiii y BepTUKaJIbHIN ITUIOUIMHI, JOPIBHIOIOUYHU 10
HYJi CYMH MOMEHTIB YCIX 30BHIIIHIX CHJ BigHOCHO Touok A 1 C
(nuB. puc. 1.10, 6):

> M, =0,
M-P-3+R%-5=0,
~-M+P-3 -30+35-3

Re =—— =15 xH.
> M =0,
M+P-2-R%-5=0,

Ry - M¥P2 304352,

5
J1ist mepeBipKH BUKOPUCTAEMO PIBHSHHS ZPy =0:

-P+R) +R{ =0,
—-35+20+15=0,
—35+35=0,
0=0.

O6uucII0EMO 3HAYEHHS MOMEPEUYHUX CHUJI 1 3STHHAIbBHUX MOMEHTIB y Xapa-
KTepHUX Tepepizax:

Q,,=Q,, =R} =20«kH,
Q,,=Q,;=-R{ =-15kH.
M,,=M,,=0xH-Mm,

M,, =R} -3=20-3=60«H M,
M,;=R%:3-M=20-3-30=30kH-m.

Bbynyemo entopu 3a xapaktepaumu nepepizamu (puc. 1.10, B, 1).
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PosrnsitHemo HaBaHTaKeHHsS, $Ke Jl€ B TOPU30HTAIbHINA IUJIOLIMHI
(puc. 1.10, 1). Y ropu3oHTaIbHIN MUIONIKHI JII€ PO3MOAICHE HABAaHTAXXEHHS (.

Busnayaemo onopHi peakiiii B TOpU30OHTaNbHIN IJIOIIKHI, JOPIBHIOIOYH
HYJIFO CYMH MOMEHTIB BCIX 30BHINIHIX CWJI BITHOCHO To4ok A Ta B
(nuB. puc. 1.10, n):

> M, =0,
-q-5-25+R}-3=0,

Rgzq-s?,-z,s :18-53-2,5:75KH_

> M, =0,
q-3-1,5-q-2-1-R% -3=0,

q-3-1,5-q-2-1 18-3-15-18-2-1 _

R} = 3

15 xH.

J1ist mepeBipKH BUKOPUCTAEMO PIBHSHHS ZPX =0:

—-q-5+R} +R5 =0,
—18-5+15+75=0,
-90+90=0,
0=0.

OOuunCII0EMO 3HAYCHHS MOMEPEUYHUX CHJI Ta 3STHHAIBHUX MOMEHTIB Y Xa-
pakTepHUX nepepizax:

Q,, =R} =15kH,
Q,,=R%—-q-3=15-18-3=-39H,
Q,, =0kH,
Q,;=q-2=18-2=36kH.
My, =M,, =0kH-Mm,

M,,=M,;=-q-2-1=-18-2-1=-36kH M.

Bynyemo emtopu 3a xapaktepHuMu nepepizamu (puc. 1.10, e, x).
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SIkuro emtopa MonepevHux Cuil repecikae 6a3oBy JIIHIIO Ta 3MIHIOE 3HAK 3
«+» Ha «—», TO B Li{ TOUII MAEMO MaKCUMaJIbHE 3HAYCHHS 3TMHAIBHOTO MOMe-
HTY. 3HaXOJIUMO MOJIOKEHHS L[HOTO MePepizy:

20:1—2:0,831\4.

0,83

M, . :Rf\zo—qzo%:15-0,83—18-0,83- =6,2KkH M.

AHaNI3yl0un enopy 3rHHAbHUX MOMEHTIB Y BEpPTUKAJIbHIN 1 TOPU30HTA-
JBHIN TUIONIMHAX, BU3HAYAEMO HeOe3neuHui nepepis. s po3risayToi 6ayku 13
3aJlaHUM HaBaHTAXKEHHSM HEOE3MEeYHUM MEepepi3oM € OJUH mepepi3 — nepepis 2
(M, =60kH M, M, =36 kH ™).

2 BuzHayaeMo reoOMeTpUUHI XapaKTepUCTUKH niepepidy (puc. 1.11).

U U Uz YC
HeH=Hs=20 M

Javy nYd J: /
€] X1

\
EE

RN
—_—

J

B=B2=Bs=10

3
\

X3, Xc

3, L }
ded=ds=0,56 t™

X2

Pucynox 1.11

I3 copramenty (momaTok A) BUIIHUCYEMO T€OMETPUYHI XapaKTEPUCTUKHU
nBoTaBpiB Ne 20:
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H,=H, =H;=20cwm, JX1=JX2=1150M4,
B, =B 4
I, =1, =1840cm’,

J,=1840 cm®*,

J. =115¢cm*,

y3

BusHayaemo MOJNOKEHHS LIEHTpa Baru BChOro mepepizy. Skio mepepis
CUMETpUYHUN BiTHOCHO oceit X, Y, TO LIEHTp Baru Bchoro nepepizy C JeKuTh
Ha [epeTUHAaHHI UX OceH, a oci cuMeTpii € ocsimu X, Ta Y, .

BusnauaemMo 0chOBI MOMEHTH 1HEPIIlT BCHOTO MEPEpi3y BIAHOCHO TOJIOB-
HUX LIEHTpaJIbHUX ocell (irypu 3a popmMmynamu:

n

I =Y, +aE),

i=1

£+$:§+0’52 =10,26 cm,
2 2 2 2 b1:b2:b3:OCM,
a;=0cmMm,

E(J +b, F)

I, =2-(115+1026>-26,8)+ 1840 = 7712 cm*,
J. =2-1840+115=3795cm”.

Ve
3 Posrasiemo niepepis 2 (M, =60kH-m, M, =36 kH M),

3.1 Bu3zHavyaemo MOJIOKEHHS HEUTpaJIbHOT JIiHIT B mepepi3l 2, 00UUCITION0-
4y KyTOBHM KoediiieHT 3a popmyioro (1.2):

Mys|_[7712 201019,

13795 60

\JM

Omxe, p=50,6°.

3.2 YcTaHOBIIOEMO 3HAKU HAIPYKEHb BiJl KOKHOTO 3TMHAJIBHOIO MOMEH-
Ty (auB. puc. 1.11).

VY posrisiHyTOMY nepepi3i HelTpanbHa JiHig npoiine yepes I Ta Il kBana-
panTH (I kBagpaHT yTBOPEHUN JOIaTHIM HAMPSMKOM KOOPJAMHATHUX OCEH).

3.3 Bu3HauaeMo MakCcHUMallbHI HOPMaJIbHI1 HAMPY>KEHHSI JIs1 PO3TIISIHYTO-
o nepepizy.

MakcuMalbHi Hanpy>KeHHs BU3HayaeMo 3a Gpopmysioro (1.3).

Benuki HanpyXeHHS BUHUKAIOTh Y HalOUIbII BiIJaI€HUX Bi HEUTpasb-
HOT JiHIi ToukaXx. JlJis po3TJIsiHyTOro nepepizy TaKUMU TOYKAMH € TOUKH 2 Ta 4
(nuB. puc. 1.11).
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Sxio B TouIli 2 A1I0OTh HAMOUIBIIN PO3TSXKHI HANIPYXKEHHS, TO HAIPY>KEH-
HS B TOYIll 2 BUZHAYAIOTHCS 32 (OPMYIIOIO

M, +&X
] Y2 ] e

X y

G, =

Sxmo B TouIl 4 AiOTH HAHWOUIBINI CTHUCKAIOUl HANPYXKEHHS, TO HAIpy-
KEHHS B TOUIll 4 BU3HAYAIOTHCSA 32 (HOPMYIIO0

G, = Mxy MY
4= 4~ 4
I, J,
JI71s1 pO3TIIIHYTOTO TIepepizy:
X2=X4=ﬂ=§=IOCM,
2 2
H, B, d, 20 10 0,52
Y2=Y4 b T Ty T,
OTxe,
107 107
6, =210 15 6x102 + 2101941072 =213,6 MITa
7712x10 3795%10 ’
-3 -3
6, =00 15 96x102 - 201915410 = 2136 MITa
7712x10 3795%10

3.4 bynyemo entopy HOpMaJIbHUX HaIpy>KeHb (AuB. puc. 1.11).

3agaua 1.4

Busnauumu maxcumanbHi HOpManNbHi HANPYI*HCEHHA Ol OANKU, SIKA NO0A-
Ha Ha pucyuky 1.12, a. Ilepepiz banxu nokazano na pucyuxky 1.12, 6.

M:@-K—H ™M =6 kH/M P=10 kH M:17 kH ‘M N 20
EEEEEEREEE ] 160x100x14

/)
é P=10 kH
7;72;7 2M I M 1M

)
o

Pucynox 1.12
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Po3zé’azanns

1 banka npaitoe Ha ckiagHe 3ruHaHHA (puc. 1.13, a). Po3kiamaemo HaBa-
HTa)KEHHS Ha BEPTUKAIBHY Ta TOPU30HTAJIbHY CKJIQJIOBI.

) MEOKIM gy PIOKH| MO KH
! EREEEEREEREZARR SN
7 2M - M ™
BepmukankHa naowuHa
P=10 kH
] q=6 KH/M
M=10 kH-
g . N EEEEEREEREENNEE)
g Ik T L
14 el
20=0,67 M
8 AP 6
m\
Q, kH
- 4 y
5 e My, KHM
° I VA €
”,r” 18
26 [OpU3PHMA/IbHA NAOWUHA — P
5 s/ M=10 kH-M
s 3777 'z T
10 — 10
e |||||||||||||||||||||||||@|||||||||||||||||||||Qx,KH
0 My, KHM
e 10
50

50
Pucynox 1.13

PosrnsitHemo HaBaHTaKeHHS, WO [lil€ Yy BEPTUKaJbHIA TIJIOMIMUHI
(puc. 1.13, 6). VY BepTukaibpHii MIOHIMHI Ji€ 30cepemkeHa cuna P, 3ocepemxke-
HUM MOMEHT M 1 po3MoiiyieHe HaBaHTaXKEHHS (.

O064YHCTI0EMO 3HAUYEHHS MOMEPEYHUX CHUJI 1 3rUHANIBHUX MOMEHTIB y Xapa-
KTepHuX nepepizax . [o0ynoBy entop mMOUYMHAEMO 13 MPABOTO (BUIHLHOTO) KIHIIS,
U [IbOMY HEMa€ HEOOXIAHOCT1 Y BUBHAUYECHH1 OMOPHUX PEAKIIIH.

le :OKH,
Q,,=q-1=6-1=6xH,
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Qy;=q-1-P=6-1-10=—-4kH,
Qys=Qy5=Q,6=q-4-P=6-4-10=14kH,

M,, =0kH-Mm,
M,,=M,;=-q-1:0.5=-6-1-0.5=-3kH M,
M,,=—q-4-2+P-3=-6-4-2+10-3=-18xH M,
M,;=-q-4-2+P-3+M=-6-4-2+10-3+10=-8kH "M,

M, ,=-q-4-4+P-5+M=-6-4-4+10-5+10=-36xH M.

Bbynyemo entopu 3a xapakTepHUMH niepepizamu (1uB. puc. 1.13, B, 1).

PosrnsitHemo HaBaHTaKeHHS, $Ke Jl€ B TOPU30HTAIbHIA IUJIOLIMHI
(puc. 1.13, n1). YV ropusoHTanbHil MIOMIMHI Ji€ 30cepekena cuia P ta 3ocepe-
JKeHUU MOMeHT M.

O6unCTI0EMO 3HAYEHHS MOMEPEYHUX CHJI Ta 3TMHAJIbBHUX MOMEHTIB Yy Xa-
pakTepHUX Mepepizax:

Qi =Qy2=0Q43=Qy4 =Qy5s =Q,¢ =P =10kH,
M, =0xH-Mm,
M,,=-P-1=-10-1=-10xH "M,
M,;=-P-1+M=-10-1+10=0kH M,
My, =M;5=-P-4+M=-10-4+10=-30kH M,

M,¢=-P-6+M=-10-6+10=-50kH - m.
Bbynyemo entopu 3a xapaktepHumu nepepizamu (puc. 1.13, e, x).
SIkuro emtopa MonepevyHux CuJil repecikae 6a3oBy JIIHIIO Ta 3MIHIOE 3HAK 3
«+» Ha «—», TO B LIl TOYIi MAEMO EKCTpEMalIbHE 3HAUEHHS 3THHAJIBHOTO MOMeE-
HTY. 3HaXOJIUMO MOJIOKEHHS L[BOTO Mepepi3y:

4
ZOZEZO,67M.

(1+z,) 0,67

M, , =Pz, —q(l+z,) =10-0,67—6-0,67-———=1,7xH-m.

AHani3yrouu enopy 3ruHaJIbHUX MOMEHTIB Y BEPTUKAIbHIA Ta TOPU30H-
TaJbHIN TUIONIMHAX, BU3HAUYa€MO HeOe3neuHui nepepis. st po3rissHyToi Oaaku
13 3aJlaHMM HaBaHTAKCHHSIM HEOE3MEYHUM TEPepi3oM € OJUH IMepepi3 — mepe-
pi3 6 (M, =36kH-M, M, =50kH ™).

2 BuzHayaeMo reoMeTpHUUHI XapaKTepUCTUKH niepepidy (puc. 1.14).

29



;o M
-M My
u \ A oM
P ]
_‘\ - \\ X2
N g
_ xex= 1867 M o
|| X948 CM\ -
=
é C1 \ L X1, XE
£ C &7 (Q E i
@" ~
/ 9 3
| o
: NIEE
[ JAN i\ ! :
W \ I 2,
2 2e=2,07 M N\ | Yoryor5,40 M %
o o o o 2
)
e | _\BeT6M | He=Hs=16 M \ 2,

Pucynox 1.14

I3 copramenty (nomatok bB) BUIMCYyeMO TeOMETpUYHI XapaKTEPUCTUKU

mBenepa Ne 20:
H,=20cwm, F =234 oM’ ,
zy; =2,07 c™, 4
J, =113 cm 7.

v
I3 copramenty (nomarok I') BUIMCYeEMO T€OMETPUYHI XapaKTEPUCTUKU

kyTukiB 160x100x14:
H, =H; =16 cm, F, =F, =34,7 cM?,
B, =B;=10c¢wm,

J. =1 .=272cm*
X, = Xg3 = 2,43 CM, S

4
Yo2 =Yo3 =5,40 cm, Jy2=Jy3=897CM )
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BusHayaemo MoNOKEHHS LIEHTpa Baru BChOro mepepizy. Skio mepepis
CUMETPUYHUNA BITHOCHO Oci X, TO LIEHTP Baru JEXUTh Ha Hid. BuzHauaeMo ko-
OpAMHATY LIEHTPa Baru CKJIaJHO1 (hirypu BiJHOCHO MOYATKOBOT CUCTEMU OCEH 3a
dhopmyIior

3HAXOAUMO KOOPJAMHATH LIEHTpAa Baru 1-1 Gbirypu BiTHOCHO IMOYaTKOBOT
CUCTEMM OCEU:

x;=0cMm, x,=%x3=2z,+H,-y,,=2,07+16-5,40=12,67 cm.
Otxe,

L _2:12,67-347
° 23442347

=9,48 cm.

3a 3HafIEHOI0 KOOPAMHATOW X HAHOCHMO IIONIOXKEHHS IIEHTpA Baru
ckiaaHoi ¢pirypu (aus. puc. 1.14).

BusnauaemMo 0chOBI MOMEHTH 1HEPIIlT BCHOTO MEPEpPi3y BIAHOCHO TOJIOB-
HUX LIEHTpaJIbHUX ocell (irypu 3a popMmynamu:

n

I =20, +aF). 1, =2 (1, +b7E,)

i=1 i=1

a, =0cm, b, =x,-x,=0-9,48=-9,48 cm,
a,=a;=B,—-X;,= b,=by=x,-x,=
=10-2,43="7,57 cMm, =12,67-9,48=3,19cm,

I, =1520+2-(272+7,57>-34,7)= 6041 ev’,

Xe

J, =113+948%-234+2.(897+3,197-34,7)= 4716 cm*.

Ye

3 Posrisiemo niepepis 6 (M, =36 kH-M, M 4 =50kH ™).

3.1 Bu3zHavyaemo MOJIOKEHHS HEUTpaJIbHOT JIiHIi B mepepi3l 6, 00UUCITION0-
4y KyTOBHM KoediiieHT 3a popmyioro (1.2):

‘ | 0041 ﬂ—1779

4716 36

\JM

Omxe, p=60,7°.
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3.2 YCTaHOBIIOEMO 3HaKU HAIIPYXEHb B1J] KOXKHOI'O 3rMHAJIBHOTO MOMEH-
Ty (auB. puc. 1.14).

VY posrisiHyTOMY nepepisi HelTpanibHa JiHis npoiine yepes 11 ta IV kBan-
panTH (I kBagpaHT yTBOPEHUN JOIaTHIM HANPSMKOM KOOPJAMHATHUX OCEH).

3.3 Bu3HauaeMo MakCUMallbHI HOPMaJIbH1 HANPY>KEHHs IJIs1 PO3TIISHYTO-
o nepepizy.

Benuki HanpyXeHHS BUHUKAIOTh Y HAOUIbII BiIJa€HUX BiJ HEUTpasb-
HOT JiHIi Toukax. JlJis po3risiHyTOro nepepizy TakuMu TOYKaMH € TOukd 1 Ta 2
(nuB. puc. 1.14).

BusHayaemo HarpykeHHS B IIMX TOYKaX 3a (OPMYIIOI0

M M,

X

0 = +—X,.
max J YA J A

X y

Sxuro B Touli 1 ni0Th HAWOUIBIII HANPYKEHHS, SIKI PO3TATYIOTh, TO Ha-
MpYy>KEHHs B Toulll 1 BU3HavYaeThes 3a HOpMyIor0

e x,=z,+H, -x,=2,07+16-9,48=8,59cm; y, =B, =10cwm;

36x107° L0x10° 4 50x10°°

= . —-8,59x107* =150,7 MIla .
6041x10 4716x10

G,

Sxmo B ToOUIl 2 MiIOTHh HAHOUIBINI CTHCKAIOUl HANPYKEHHS, TO HaIpy-
’KEHHS B TOUIIl 2 BU3HAYAETHCS 32 (POPMYII0r0

G __Mx6 _My6 X
2= 2 2
ch ch
e x, =B, —z,+x,=7,6-2,07+9,48=15,01c™m; Yy, :%:%:10 CM;
-3 -3
o, :—36X—108-10><102—L08-15,01><102 =-218,7 MIla
6041x10 4716%x10

3.4 bynyemo entopy HOpMaJIbHUX HaIpy>KeHb (AUB. puc. 1.14).
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3agaua 1.5

Busnauumu maxcumanvhi HOpMAIbHi HANPYHCEHHsL 015 OANKU, KA NOOAHT
Ha pucynky 1.15, a. Ilepepiz 6anxku nasedenuti Ha pucyuky 1.15, 6.

e ]

Z&e G=8 KH/ M 4 N
YO VZEEREERERER P=6 KH
- M 2M %
N 22
L
. ]

Pucynox 1.15
Po3zé’azanns

1 banka npartoe Ha ckiagHe 3ruHanHg (puc. 1.16, a). Po3knanaemo HaBa-
HTa)XEHHS Ha BEPTUKAJIbHY Ta TOPU3OHTAIbHY CKIIAJIOBI.

PosrnsitHemo HaBaHTaXeHHS, WIO [i€ y BEPTUKAJIbHIA IJIOLIMHI
(puc. 1.16, 6). Y BepTUKaJIbHII TUIOLIKHI JII€ PO3MOIJICHE HABAHTAXEHHS (.

Busnayaemo onopHi peakilii y BepTUKaJIbHINA TUIONINHI, TOPIBHIOIOYH HY-
JI0O CYMH MOMEHTIB YCIX 30BHIIIHIX CHJ BIZHOCHO To4ok A 1 C

> M, =0,

~q-3-15+R%-5=0,

(nuB. puc. 1.16, 6):

q-3-1,5 8315

R == 7,2 xH.
> M =0,
q-3:3,5-R} -5=0,

Ry 4335 8335 0

5
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Pucynox 1.16

J1ist mepeBipKU BUKOPUCTAEMO PIBHSHHS ZPy =0:

-q-3+Ry+R{=0,
-8:3+16,8+7,2=0,
—24+24=0,
0=0.

OO0uucIIr0EMO 3HAaUYECHHS MMOTICPCUYHUX CUJI 1 3rMHAJIBHUX MOMEHTIB Y Xapa-

KTepHUX Tepepizax:
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le :Rz}; :16,8 KH,
Q,,=R%-q-3=168-8-3=-7,2xH,
Q,,=Q,;=-R{=-72xH,
M,, =M, ,=0xH-wm,

M,,=M_=R{-2=72-2=144xH m.

Bbynyemo entopu 3a xapaktepHumu nepepizamu (puc. 1.16, B, r).

Skio emropa MmonepeyHrux CUJl mepecikae 0a3oBy JIHIIO Ta 3MIHIOE 3HAK 3
«+» Ha «—», TO B I TOYII MaEMO MaKCUMaJbHE 3HAYCHHS 3THHAIIBHOTO MOMeE-
HTY. 3HaXOJIMMO TIOJIOKEHHS 1IHOTO TIepepizy:

16,8

Zy = =2,1mM,

21—17,6I<H-M.
2

M, s =R}z, - qu 2

PosrnssHeMo HaBaHTa)XEHHS, WO [i€ B TOPU3OHTAIBHIA IUIONMKHI
(puc. 1.16, n). Y ropu3oHTanbHIN IJIOLIKHI JI€ 30CepeiKeHa cuia P:

> M, =0,
—P-5+R;-3=0,

Ry =2 =02 _jgxn,
3 3

> M, =0,
—-P-2+R% -3=0,

Ry =202 4
3003

Jlns nepeBipKu BUKOPUCTAEMO PiBHAHHA » P, =0:
—-P-R} +R; =0,
-6-4+10=0,

-10+10=0,
0=0.
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O06uuCTI0EMO 3HAUYCHHS TTOTIEPEYHUX CHJI 1 3TMHATIBHUX MOMEHTIB y Xapa-
KTEpHUX Tepepizax :

QX]ZQXZZ_ Z:_4KH9
QX3:QX4:P:6KH9
My, =M,, =0kH-Mm,

M,,=M,;=-R}-3=-4-3=-12xH M

M,;=-Ryz,=-4-21=-84kH M.

y5

Bynyemo emtopu 3a xapaktepHuMu nepepizamu (puc. 1.16, e, x).

AHaNI3yl0uu enopyu 3rHHAIbHUX MOMEHTIB Y BEpTUKAJIbHIN 1 TOPU30HTA-
JBHIN TUIOIIMHAX, BU3HAYAEMO HeOe3neuH1 nepepizu. s po3riasHyToi 0anku i3
3aJlaHUM HaBaHTAKEHHAM HEOE3NMEYHUMHU MepepizaMHu € J1Ba Mepepizu:

—mnepepiz 3 (M, ;=144xH-™m, M, ;=12 kH-Mm);

—mepepi3 5 (M5 =17,6 kH-M, M5 =8,4kH-Mm).

VY nanux mepepizax B OJHIN 13 IUIONIWH Jii€ MAaKCUMaJbHUM 3TUHATBHUN
MOMEHT.

Jliist Toro o0 BU3HAUUTH, SIKUW TIEpepi3 € HailHeOe3neyHIuM, HeoOXi-
HO BU3HAYUTH MaKCUMAaJIbH1 HANPY>KEHHS B KOXKHOMY 13 IIMX NIEpepi3iB.

2 Bu3HauaeMo reoMeTpHUYHI XapakTEepUCTUKHU nepepizy (puc. 1.17).

I3 copramenty (m0gaTOK A) BUIHCYEMO T€OMETPUYHI XapaKTEPUCTUKU
nBotaspa Ne 22:

F =306 cm’,
Hl =22 CM, 4

J =2550cm*,
B, =1lcwm,

I, =157 cem’.

I3 copraMeHTy BUIIUCYEMO F€OMETPUYHI XapaKTepUCTUKH I1Besiepa Ne 24:

H2:24CM, F2:3096CM29
B, =9cwm, J., =208cm”,
Zy = 2942 M, Jy2 =2900 CM4 .

BusHayaemo MONOKEHHS LIEHTpa Baru BChOro mepepizy. Skio mepepis
CUMETPUYHUNA BITHOCHO OcCl Y, TO LIEHTP Baru JeXUTh Ha Hid. BuzHauaeMo ko-
OpAMHATY LIEHTpa Baru CKJIaaHO1 (irypu BiJHOCHO IMOYATKOBOI CUCTEMU OCEeil 3a
dhopmyIior
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ZF] Y
y, = i:ln
> F
i=1

3HaxXoAMMO KOOpPAMHATH LEHTpa Baru i-i QIrypu BiTHOCHO MOYaTKOBOI
CUCTEMHU OCEH:

y, =0 cwm, yz_};+zo=2—22+242 13,42 cM.

OTrxe,

13,42
Ve =M=6,71CM.

3a 3HAWACHOIO KOOPAMHATOI Y, HAHOCHUMO IMOJIOXKEHHS LEHTpa Baru
ckiaaHoi pirypu (aus. puc. 1.17).

BuznauaemMo 0chOBI MOMEHTH 1HEPIIIT BCHOTO MEPEPi3y BIAHOCHO TOJIOB-
HUX IEHTpaIbHUX oceil ¢irypu 3a popMynamu:

n

J, =20, +alE), 1, =2 (1, +b7E,)

i=1 i=l1
a,=y,-y.=0-6,71=-6,71 cm,
a,=y,-y.=1342-6,71=6,71 cwm,
J. =2550+6,71%-30,6 + 208 + 6,71* - 30,6 = 5513 cm”,

J. =157 +2900 = 3057 cm*.

Ye

b, =b, =0cMm,

3 Posrasiemo niepepis 3 (M, ; =14,4xkH-m , M ; =12 xH-m).

3.1 Bu3zHavyaemo MOJIOKEHHS HEUTpaJIbHOT JiHIT B mepepi3l 3, 00UUCITION-
Y1 KyTOBHM KoediiieHT 3a popmyioro (1.2):

M,;| |5513 12|_

1,503.

\JM

Otxe, B = 56,4°.
3.2 BCTaHOBIIOEMO 3HAKKM HANPY)KEHb BiJl KOKHOTO 3TMHAJILHOI'O MOMCH-
Ty (puc. 1.17, a).
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6-M,;=17,6xH-M, M5 =8,4kH M

Pucynox 1.17
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VY posrisiHyTOMY nepepi3i HelTpanbHa JiHig npoiine yepes I Ta III kBana-
panTH (I kBagpaHT yTBOPEHUN JOIaTHIM HAMPSMKOM KOOPAMHATHUX OCEH).

3.3 Bu3HauaeMo MakCUMallbHI HOPMaJIbH1 HANPY>KEHHsI JIs1 PO3TIISIHYTO-
o nepepizy.

Benuki HanpyXeHHS BUHUKAIOTh Y HalOUIbII BiIJaI€HUX Bi HEUTpasb-
HOT JiHIi Toukax. JlJis po3TisiHyTOro nepepizy TakuMu TOYKaMH € TOYkd 1 ta 2
(nuB. puc. 1.17, a).

BusHayaemo HarpykKeHHS B IIMX TOYKaX 3a (OPMYIIOI0

M M,
~y+—X.

J J

X y

O =

Sxuro B Toui 1 Mi0Th HAWOUIBIII HANPYKEHHS, SIKI PO3TATYIOTh, TO Ha-
MpYy>KEHHs B To4lll 1 BU3HaYaeThCs 3a HOpMyIIor0

3
O, = I Yt Jy X,
Xc Ye
B, 11 H, 22
e X, =—=—=25,5¢cMm, =—+y,=—+6,71=1771 cmMm,
TS NE YT
14,4%107 12x10°°
5, =L08-17,71><102 +x—08-5,5><102 — 67,8 MIla_
551310 305710

Sxio B TouIll 2 AiOTH HAHWOUIBINI CTHUCKAIOUl HANPYXKEHHS, TO HAmpy-
’KEHHS B TOUIIl 2 BU3HAYAETHCS 32 POopMyIioro

e X, =%=%=12CM, \p) =%+B2—yc =%+9—6,71=13,29CM,

_ 144x107 1329%102 — 12x107°

—_— ——  _.12x107* =-81,8 MIla |
5513x107° 3057x107°

G,

3.4 bynyemo emntopy HOpMaJIbHUX HaNpy>KeHb (IuB. puc. 1.17, a).
4 Posrasimemo nepepis 5 (M, s =17,6 kH-m, M5 =8,4kH-Mm).

4.1 BuszHadaeMo MoJI0KeHHSI HEUTPpabHOI JIiHIT B TIepepi3i 5, 00Uncioio-
4y KyTOBHM KoediiieHT 3a popmyioro (1.2):
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tgP =

Otmxe, P =40,7".

4.2 BCTaHOBIIIOEMO 3HAKHU HAMPYKEHb BiJl KOKHOTO 3rUHAJILHOIO MOMEH-
Ty (puc. 1.17, 6).

VY posrnsHyTOMy Tiepepi3i HeWTpanbHa JiHisg npoiae yepe3 I ta III kBan-
panTu (I KkBagpaHT YTBOPEHUM 10JATHIM HAMPSIMKOM KOOPJIUHATHUX OCEN).

4.3 BuszHauaeM0 MakCHUMaJibHI HOpMaJibHI HaNpyKEHHS JJIs1 PO3IIISTHYTO-
o nepepizy.

HaiiGinpm BiggaiecHUMU BiJl HEUTPaAIbHOI JIIHIT TOYKaMU € TOYku 1 Ta 2

(nuB. 1. 3.3).
OTxe,
-3 -3
6, = P00 1791007 4 S0 550102 2 71,7 MITa
5513x10 305710 ’
-3 -3
6, =00 43995102 - B0 45,10 = 754 MITa |
5513x10 3057x10

4.4 bynyemo emntopy HOpMaJIbHUX HaAMpyKeHb (AuB. puc. 1.17, 6).

5 AHanizyoud OTpHUMaHi €MpH HOPMAIbHUX HAaIpYyKEeHb, pOOUMO BHU-
CHOBOK IIpO T€, 110 HEOE3MEeYHUM MepePi3oM € nepepi3 3, y IKoMy A1I0Th 3THHA-
nbHI MOMeHTH M, 3 =14,4kH-M 1a M, 3 =12kH M i BUHHKaIOTh MaKCHMaIIbHI

HOpMallbH1 HaNIpykeHHA &, = 82,7 MIla.

1.2 3ruHaHHA 3 KPy4YeHHAM

[Ipu aii 3ruHaHHS Ta KPY4YEHHS B MONEPEUYHMX Mepepi3ax Bajla BUHUKAE

I'STh BHYTPIUIHIX CUIOBUX (AKTOPIB: KPYTHUH MOMEHT M, 3rHHAIIbHI MOMe-

Htn M, ta M, monepeyni cuimm Q, ta Q..

JInst po3paxyHKy Baja B MEpIILY 4epry MarwTh OyTH NMoOYyI0BaHi €MiOpu
3THHAIBHUX MOMEHTIB M, M i kpyTHOro M, (sIK NpaBuiIO, HANIPYKEHHS BijL

MOJOBXKHIX 1 MOTIEPEUHUX CUJI HE3HAYHI, TOMY HUMHU HEXTyeMO). [[7s1 niporo Ha-
BaHTAKCHHS CUJIM PO3KJIAIAEMO Ha CKJIAJI0B1 Y3/I0BK KOOPJIMHATHUX OCEH, a To-
TIM OyZlyEMO €MIOpH:

— 3rUHAJBHUX MOMCHTIB BIZTHOCHO BEpTHKAaNbHOI oci (M) Bix ropusoH-

TajabHUX npoekui P, ,P, ,...,P ;
X X

Ny
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— 3rUHAJIBHUX MOMEHTIB BIJHOCHO TOpHU30HTaiIbHOI oci (M, ) Bia BepTu-
KajnpHUX npoekuid P, ,P, ,...,P
y y y
— KpYTHHX MOMEHTIB (M, ).
Maroun emropy 3ruHaIbHAX MOMEHTIB M, Ta M, MOXEeMO 1Jisi KOXKHOTO

nepepisy Bajga 3HaUTH MOBHUH 3rMHAIBHUA MOMEHT M, sK F€OMETPUUHY CyMYy

M, =M +M; . (1.8)

byayemo cymapny emopy M, . Beanuunu 3ruHaibHOro MomeHty M,

000X CKJIaJI0BUX:

OOYHCIIOIOTE TUIBKH UL TIepepisiB, y AKuMX Ha emopax M, ta M, e 3mamu.

i BeMunHM BiKJIaIal0Th 110 OJMH 01K Ta 3'€IHYIOTh YBITHYTOIO MapaboJIoko.
Binmykyemo HeOe3neuHi nepepisu, U0 CHOJy4aroTh BIIHOCHUN €KCTpe-
mMyMm M, ta M, .

YMoBa MILHOCTI MpH 3TMHAHHI 13 KPYUYEHHSIM Ma€ BUTIIS]

c= Mo <[], (1.9)

ne W, — 0CbOBUI MOMEHT OIIOPY;

an — HpI/IBeIICHI/Iﬁ MOMCHT, eKBiBaHCHTHI/Iﬁ TPbOM MOMCHTAM:
M, M, iM,,.

3
w, =™ Load. (1.10)

32

I 2 2 2
Mip = M2+ M2 +M;, (1.11)
v 2 2 2

Mjy = M2+ M2 +0.75M2, . (1.12)

[pu kpyueHH1 31 3rUHAHHAM BUHUKAIOTh 1 HOPMAJIbHL, 1 JOTUYHI HAIIPY>KEHHS:

M

o=, 1.13
W, (113
M,,

= 1.14
W (119

p
ne W, — MOJSIpHAI MOMEHT OI0pY,
nd?
= oW . 1.15
=g o (1.15)
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VY 3aranbHOMY BHIIAJIKy HaBaHTa)KEHHsI Opyca B HOro monepeyHux rnepe-
pi3ax BUHMKAIOTh YCi IICTh CUJIOBUX (haKTOPIB. Y MepeBa)kHii OUIbIIOCTI MpaK-
TUYHUX PO3PaXyHKIB BIUIUB MONEPEUHUX CUJI HE BPAXOBYIOTh 1 PO3PAXyHOK Ha
MIIHICTh POOJIATH 3a YOTUPMa BHYTPIIIHIMHM CwiIoBUMU (akropamu: N, M_,
M, M
HAHHS Ta KPYyYEHHS.

VY uboMy BHIAJIKy HOpMajbHI Ta JOTUYHI HaNpy>KEHHsSI OOYUCIIOIOTH 32
dbopmynamu:

kp> TOOTO Ha KOMOIHALIT PO3TATaHHS (CTUCKAHHS), MPOCTOPOBOTO 3IU-

G=E+M3F, (1.16)
F W,
M,,
T= ) 1.17
W (1.17)

p

Jlist mepeBipkM MIIHOCTI Bajla MU TOBHMHHI BHM3HAUMTH €KBIBAJICHTHI
(mpuBeneHi) HaMpyKeHHS 3a BIAMOBIIHOIO TEOPIE€I0 MILHOCTI Ta 3pIBHATU iX 3
JOMYCTUMUMU HANPYKEHHSAMU. Y 3B'A3KY 3 TUM, IO Bajd 3BUYAHO BUTOTOB-
JSI0THCS 13 MJIACTUYHUX MaTepiaiiB, MOXKHA BUKOPUCTATH TPETIO Ta YETBEPTY

G?IIB 21/G§F+4T§ S[G]; (1.18)
ol = .ol +312 <[o] (1.19)

Teopii MIIIHOCTI:

3agaua 1.6

Ha ean nacaooceni osa 3youacmi xoneca (puc. 1.18). Hiamemp nepuioeo
koneca D, =0,6 M, oiamemp Opyzoco koneca D, =0,4m. Konosa cuna

P, =5,00 kH . Busnauumu oiamemp npomisxncnoz2o eana peoykmopa 3a mpemsoio
meopieio MiyHOCMIi, AKUWO OONYCMUME HANPYHCEHHS [G]= 80 MIla. IIpu obuuc-
JIeHHAX npuHamu, wo padiarvha cuna T, = 0,32P,.

Di Py D2
= ’
vore T =z
SSSS SSS l
05M™ j 0,6 M 05M

Pucynox 1.18
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Po3zé’azanns

1 O0uuCII0EMO KPYTHUI MOMEHT, 1110 TIEPEIA€ThCS BAJIOM, 32 (hOPMYJIOI0

MKp:Plz7
2
M,, =P1%=5,00-0’6=1,50KH-M.

2 3a 3HaiJIcHUM KPYTHHM MOMEHTOM 3HAaXOJMMO CHJIM B 3a4eIUICHHI
(puc. 1.19, a):

M,
i Di >
M .
P, = w2150 550,
D, 0,4

a notiM pamiansHi cum T, = 0,32P;:

T, =032P, =0,32-5,0 = 1,60 kH,
T, =032P, =0,32-7,50 = 2,40 kH.

3 IlpuBoguMoO BCli CHUIM 10 IIEHTpa Baru mepepizy Bana (puc. 1.19, 0).
VY BepTHKaNIbHIN IUIOIIMHI Ha Bajl A1t0Th paaiansHa cuia T, =1,60 kH Ta xonosa
cwia P, =7,50 kH; y ropusoHTanpHiil NJIOLIMHI Ha Baj JIOTh KOJOBAa CHIIA
P, =5,00 kH Ta paniansna cuna T, = 2,40 kH. Skmo cunu P, Ta P, He nepeci-
KaloTh BiCh BaJia, TO BOHU CTBOPIOIOTH KPYTHUA MOMEHT M, = 1,50 kH - M.

AHani3 cXeMU HaBaHTAKEHHS BaJla 30CEPEIKEHUMU CUIIAMH Ta KPYTHUMHU
MomeHTamu (auB. puc. 1.19, 0) mokasye, 110 Baj Mpalioe Ha 3TUHAHHSA Y BEPTH-
KaJIbH1M TUTOUIWHI, 3TUHAHHS Y TOPU3OHTANIbHIN TUIOLIMHI Ta KpydyeHHs. Po3rmus-
HEMO KOXKHY JepopMmallito OKpeMO, KOPUCTYIOUUCh MPUHLKIIOM HE3aJekKHOCTI
aii cui.

4 PosrasiHeMoO 3rMHAHHS Y BEpPTHKaJIbHINA IUIOUIMHI. Ban HaBaHTa)keHMit
paniansHOO T, =1,60 kH Ta xonosowo P, = 7,50 kH cunamu (puc. 1.19, B).

Busnayaemo omopHi peakiii y BepTUKaIbHIN IUIOMIMHI, MPUPIBHIOOYH
HYJIFO CYMH MOMEHTIB BCIX 30BHINIHIX CHJI BITHOCHO TOo4ok A Ta B
(nuB. puc. 1.19, B):

> M, =0,
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~T,-0,5+P,-1,6+R}-1,1=0,

RY = T, -O,Sl—lP2 -1,6 _ 1,60 - 0,51—17,50 -1,6 ~ 1018 H.

> M =0,
T,-0,6+P,-0,5-R¥ -1,1=0,

gy = T-0S 1+11>2 0,5 _1,60-0,6 1+17,50 05 _ g it

J1Jist mepeBipKH BUKOPUCTAEMO PIBHSHHS ZPy =0:

-T,+P,+RX +R{ =0,
-1,60+7,50+4,28 -10,18 =0,

-11,78 +11,78 =0,
0=0.

P D2
ﬁ b Pz
== Ti ez T2
[ ] == |
UsM / 0,6 M 05 M
Ma=150 K M =150 KHM
& / P1=5,00 KH o / P,=7,50 KH
y 5 tem g 6/(12=2,40 kH
T, \ 1,60 KH . ey \ 2
Ri=4,28 kH Re =10,18 kH
T1=1,60 kH B =750 kH
g sl ,
= 3 /, E%,% 6'
2’“’ T
Mx, KH-M
RA=3,82 kH RE=1,22 KH
P1=5,00 kH 5 L T2=2,40 kH
A:z:zzI , , = .
= 7 1 3 4m '5 2
—— My, KHM
Bmaae==" = A EENEEEEEEEEERERRREnn .
T [T =
M =150 kHm M =150 Kt
L a8 ' 4
SS3 I1 E IS [:ES '5 Q
150
IR RARERRERENEENENN ||||||||||||||||||| Meo, KH-M
2Y87 %mm
lmm—rrm-r Msa, KH-M

Pucynox 1.19
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O064YHCITI0EMO 3HAUYEHHS 3TrMHAIBHUX MOMEHTIB y XapakTEepHUX Mepepizax,
10 BUHUKAIOTh Y BEPTUKAJIbHIN TIOUIUHI:

M,, =M, ,=0kH-M,

x 1
M,,=M_,=RY.0,5=4,28.0,5=2,14xH M,

M,,=M,  =P,-0,5=7,50-0,5=3,75kH M.

Bynyemo entopy 3ruHajIbHUX MOMEHTIB y BEPTHKaJIbHINA IUIOMMHI M 3a

XapakTepHUMH nepepizamu (puc. 1.19, r).
5 Po3rasineMo 3ruHaHHs Yy TOPU3OHTAIbHIN MJIOMIKMHI. Ban HaBaHTa)XeHU I
konoBoto P, =5,00 kH Ta paniansHoto T, = 2,40 kH cunamu (puc. 1.19, n).

Busnayaemo onopHi peakilii B FOpU30OHTaNbHINA IJIOMIKMHI, JOPIBHIOIOYH
HYJIFO CYMH MOMEHTIB YCiIX 30BHINIHIX CWJI BIIHOCHO Touok A Ta B
(nuB. puc. 1.19, n):

> M, =0,
P,-0,5-T,-1,64+R}-11=0,
~P-0,5+T,-1,6 —5,00-0,5+2,40-1,6

R} = =1,22 xH.
1,1 1,1
> M =0,
~P,-0,6—-T,-0,5-R% -1,1=0,
RY = -P-0,6-T,-05_—500-0,6-2,40-0,5 _ 380 KH.

11 11

J1ist mepeBipKU BUKOPUCTAEMO PIBHSHHS ZPX =0:

P-T,+R, +R5 =0,
5,00-2,40—3,82+1,22=0,
—6,22+6,22=0,
0=0.

O064HCII0EMO 3HAUYEHHS 3TrMHAIBHUX MOMEHTIB y XapakTepHUX Mepepizax,
10 BUHUKAIOTh Y TOPU30HTAJIbHIHN MIIOMIMHI:
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My, =M;s=0kH M,

M,,=M,;=-R}-0,5=-382-05=—191kH-m,

M, =M,5=-T,-0,5=-2,40-0,5=-120xH - ™.

Bynyemo emopy 3ruHalbHAX MOMEHTIB y TOPU3OHTANbHIA muomuHi M,
3a XapakTepHUMHU Tepepizamu (puc. 1.19, e).

6 Ban  HaBaHTaxXeHM  JBOMa  30CEpEKEHUMH  MOMEHTaMHU
M, =1,50kH ™ (puc. 1.19, x), siKi BU3HBAIOTH KPYy4YEHHS Baja Ha JUISAHII Bij

nepepisy 3 o mepepisy 6. byayemo emopy KpyTHHX MOMEHTIB M
(puc. 1.19, n).

7 Jns KoXHOro mepepizy Bajia 3HaXOJIUMO MOBHUW 3TMHAJIBHUIA MOMEHT
M, sK reoMEeTpUYHy CyMy 000X CKIaJ0BHX:

M, =M +M;,

3rl :M3r6 :OKH°M,

M, , =M, ;=+214>+191> =287 xH - M,

M, , =M, =1375+120> =394 kH m.

M

Bbynyemo entopy MOBHUX 3THHaIbHUX MOMEHTIB M, (puc. 1.19, k).
8 Buznauaemo HeOe3MeuHuii mepepis 1 gAiaMmeTp Bala.
AHani3 emopy MOBHUX 3TMHAJIBHUX MOMEHTIB M, Ta emropu KpyTHHX

MOMEHTIB M, moKasye, 1o HeOe3neYHUMHU Tiepepizamu € repepisu 4 ta 5. Il

[UX TIepepi3iB BU3HAUYAEMO PO3PAXYHKOBUN MOMEHT 3a TPETIEIO TEOPIEO MIITHOCTI:

Ml = M2+ M2+ MZ, =+/3,75% +1,20° +1,50° =4,21kH - u.

OcHOBHa yMOBa MIITHOCTI

HeoOxinHuit MOMEHT Omopy MONEpPEeYHOro nepepizy

M, 421x10°
X

W, > AT 10° =52,7 cm®
(0
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ko s kpyra

TO JlaMeTp JAOPIBHIOE:

[Ipuitmaemo niametp, KpaTHuil 5 MM, T006TO d =85 MM = 8,5 cMm.

3agaua 1.7

Ha npomidxcnuii e6an pedykmopa wnacaodiceni 06a 3ybuacmi Koieca
(puc. 1.20). diamemp nepwiozo xoneca D, =0,5M, odiamemp Opyzozo koneca

D, =0,3m. [Ilepeoana nomyxcnicme K =50kBr, «kymosea weuokicmo
n =200 O%B. Busnauumu odiamemp 6ana, suxopucmogylouu mpemio meopito

Miynocmi, sxuwo Odonycmume nanpyscenns |c)=80MIa. Ilpu obuucnenmsx
nputinamu, wjo paoianvra cuia T, = 0,32P;.

Di P

P, D,
< S~ .
Ty

T2 \ =z

( ‘ é@s
% 04M N\ / 0,4 M / 0,7 M

Zzzz2

Pucynox 1.20
Po3zé’azanns

1 O0uuCII0EMO KPYTHUI MOMEHT, 1110 TIEPEIa€ThCs BAJIOM, 32 (hOPMYJIOI0

K K
M,, = & ~9,55—,
Tn n
50

M, =9,55—=239kH ™.
200
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2 3a 3HaiJIcHUM KPYTHHM MOMEHTOM 3HAaXOJWMO CHJIM B 3a4eIUICHHI
(puc. 1.21, a):

b M,
1 Di >
M .
p =" _2:239 _gs6xH,
D, 0,5
M .
p,="_% _2:239 150340,
D, 0,3

a notiM paniansHi cum T, = 0,32P;

T, =0,32P, =0,32-9,56 = 3,06 xH,
T, =0,32P, =0,32-15,93=5,10 xH..

3 IlpuBoguMoO BCi CHUJM 10 IIEHTpa Baru mepepizy Bana (puc. 1.21, 0).
VY BepTuKajpHIN IJIOIIMHI HAa Bal AiI0Th paxaianeHl cwin T, =3,06kH Ta
T,=510kH; y ropu3oHTaJbHIi IUJIOLIMHI Ha Bajl /IIOTb KOJIOBI CHJIH
P, =9,56 kH ta P, =15,93 kH. fIxmo cunu P, Ta P, He nepecikatoTh BICh Baia,
TO BOHHU CTBOPIOIOTH KPYTHHI MOMEHT M, =2,39kH - M.

AHani3 cXeMU HaBaHTAKEHHS BaJla 30CEpEAKEHUMU CUIIAMH Ta KPYTHUMH
MoMeHTaMu (AuB. puc. 1.21, 6) nokasye, 110 BaJl IpallO€ HAa 3TUHAHHA Y BEPTU-
KaJIbH1M TUTOUIMHI, 3TUHAHHS Y TOPU3OHTANIbHIN TUIOLIMHI Ta KpydeHHs. Po3rus-
HEMO KOXHY J1e(hopMallil0 OKpEMO, KOPUCTYIOUNCh MPUHIUIIOM HE3aJEKHOCTI
aii cuil.

4 Po3riasiHeMO 3rMHAHHS Y BEpPTHKaJIbHINA IUIOUIMHI. Ban HaBaHTa)keHMit
paniansHumu cunamu T, =3,06 kH ta T, = 5,10 kH (puc. 1.21, B).

Busnayaemo onopHi peakilii y BepTUKaJIbHINA TUIONINHI, TOPIBHIOIOYH HY-
JI0O CyMH MOMEHTIB BCIX 30BHINIHIX CHJ BIZHOCHO TO4YOoK A Ta B
(nuB. puc. 1.21, B):

> M, =0,
~T,-0,4-T,-08+R%-1,5=0,

T,-0,4+T,-08 3,06-0,4+510-0,8
1,5 1,5

R = =3,54 xH.
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2. M

T,-L1+P,-0,7

=0,

~RY -15=

0,

T,-1L1+P,-0,7 3,06-11+5,10-0,7

Ri; = =4,62 xH.
1,5 1,5
0 P P, D
-
vwar)] T1 TZ | zzza
m v, J =
04M / 0.4 M 0.7 M
Mkp=2,39 KH'M/ 5 l\gx%g EHQ /ﬁ By-15.93 ki
Zz 1 [ 1 L L Zm
[\na] '1 2' 4' ' 6 =
Th 3 06 kH T»=5,10 kH
Ri=£4,62 kH Re=3,54 kH
T1=3,06 kH T,=5,10 kH
Azz 1 1 1 1 1 1 ZZB
o9 ] 7 3 4 5 6 =
1,85 2,48
Ri=0.42 kH R3=5.95 kH
P1=9,56 kH P2=15,93 kH
fz [ L [ L L L zzB
oY ] 7 3 4 5 6
L 17
o7, e T T T e

MKD=2,39 KH"M
w ]

MKD=2,39 KH

(72
o ] E :3 K :5 6'533
2,59
REERRRRNRRRNARN Mo, K o
4,85

WWMM’ kH-M

Pucynox 1.21

J1ist mepeBipKH BUKOPUCTAEMO PIBHSHHS ZPy =0:

-T,-T,+RX +R{ =0,

-3,06-5,10+4,62+3,54=0,
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-8,16+8,16=0,
0=0.

OO64YHCITI0OEMO 3HAYEHHS 3TMHAIBHUX MOMEHTIB, y XapaKTEepHUX Iepepi-
3ax, 1110 BUHUKAIOTh Y BEPTUKAIbHIN TUIONIUHI:

M, =M,,=0kH M,
M,,=M,_;=R%-0,4=4,62-0,4=185kH M,

M, ,=M_=R}-0,7=354-0,7=2,48 kH M.

Bynyemo emntopy 3ruHanbHUX MOMEHTIB Y BEPTUKAJIBHIN IUIOIKMHI M| 3a

XapakTepHUMH nepepizamu (puc. 1.21, r).
5 PosristHemMo 3ruHaHHs y TOPU3OHTAIBHIN MI0MMHI. Ban HaBaHTaxeHu
kosnoBuMu cuwitamu P, =9,56 kH Tta P, =15,93kH (puc. 1.21, n).

Busnayaemo omnopHi peakiiii B FOpU30OHTANbHINA IJIOMIKMHI, JOPIBHIOIOYH
HYJIF0O CYMH MOMEHTIB YCIX 30BHINIHIX CHJI BIIHOCHO Touok A Ta B
(nuB. puc. 1.21, n):

> M, =0,
P -0,4-P,-08+R}-1,5=0,
-P-04+P,-08 -9,56-0,4+15,93-0,8

R} = =595 kH.
1,5 1,5
> M =0,
~P,-1L,1+P,-0,7-R% -1,5=0,
R _—PL1+P,-07 -9,56-1,1+1593-0,7 _ 042 «H.

L5 L5
JJist mepeBipKU BUKOPUCTAEMO PIBHSHHS ZPX =0:

P,-P,+R} +R5 =0,
9,56-15,93+0,42+5,95=0,
15,93-15,93=0,
0=0.
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O064YHCITI0EMO 3HAUYEHHS 3TrMHAIBHUX MOMEHTIB y XapakTEepHUX Mepepizax,
10 BUHUKAIOTh Y TOPU30HTAJIbHIHN MIIOMIMHI:

My, =M;c=0kH M,

M,,=M,;=R%-0,4=0,42-04=0,17xH u,

M,, =M,;=R}-0,7=595-0,7=4,17kH m.

Bynyemo emropy 3ruHajibHUX MOMEHTIB y TOPH3OHTAIbHI miommHai M,

3a XapakTepHUMH nepepizamu (puc. 1.21, e).
6 Ban  HaBaHTaXeHM  JBOMa  30CEpEKEHUMH  MOMEHTaMHU
M,, =2,39kH-™ (puc. 1.21, %), sIKi BU3UBAIOTH KPY4ECHHs Bajla Ha JAUISHII Bij

nepepisy 3 o mnepepisy 4. byayemo emopy KpyTHHX MOMEHTIB M
(puc. 1.21, n).

7 Jns KoXHOro mepepi3y Bajia 3HaXOJUMO MOBHUW 3TMHAJIBHUIA MOMEHT
M, sK reoMEeTpUYHYy CyMy 000X CKIaJ0BHX:

M, =M +M;,

M, =M, ,=0xH-Mm,

3rl

M, , =M, ,=+185+017> =1,86 kH ™,

M, , =M, ;=248 +4,17° =485KkH M.

Bbynyemo entopy MOBHUX 3TMHAIBHUX MOMEHTIB M, (puc. 1.21, k).

8 Busznauaemo Hebe3IeuHuii nepepis 1 giaMmeTp Bala.

AHauni3 enopy MOBHUX 3TMHAJIBHUX MOMEHTIB M, 1 emopu KPyTHUX MO-
MEHTIB M, IOKa3ye, 0 HeOEe3MeYHuM nepepizoM € mepepis 4. g uporo me-

pepi3zy BU3HAYAEMO PO3PAXYHKOBHIM MOMEHT 3a TPETIEI0 TEOPIEI0 MIITHOCTI:

Ml = M2+ M2+ M, =+/2,48" +4,17% +2,39* =541 kH -m.

OcHOBHa yMOBa MIITHOCTI

HeoOximHuit MOMEHT Omopy MONEepeyHOro nepepizy
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x10° =67,6 cm’

w s Mo _541x107°
" 6] 80

ko mua kpyra

TO JlaMeTp JOPIBHIOE:

[

b

R R

[Ipuitmaemo niametp, kpaTHuilt S MM, T06T0 d =90 MM =9,0 c™ .

3agava 1.8

Ha npomidxcnuii 6an pedykmopa wnacaodiceni 06a 3ybuacmi Koleca
(puc. 1.22). Hdiamemp nepwiozo xoneca D, =0,8M, odiamemp Opyzozo koneca

D, =0,4m. [Ilepeoana nomymxcnicme K =50xBr, «kymosea weuokicmo
n=150 O%B. Busnauumu oiamemp 6ana, 8uKxopucmogyroyu yemeepmy meo-

pito miynocmi, sxwo donycmume nanpyoicennsn [o]=80 MITa . Ilpu o6uucnennsx
nputinamu, wo paodianvra cuna T, = 0,32P., ocvosa cuna S, =0,4P.. Buxonamu
nepegipouHUli po3pAxyHoOK 6a.1d HA MIYHICMb, 3 0210V HA NO300BHCHIO CUTLY.

D D2

S1 / == ==
P2

Py 016 M 0.5 M 0,5 M

Pucynox 1.22
Po3zé’azanns
1 O6uncIOeEMO KPyTHUI MOMEHT, 10 MIEPEIAETHCS BaJIoM, 32 (POPMYJIIOI0

30K K
M,, =>— =955~
n n

M, =9,555—O=3,18 kH-M.
150
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2 3a 3HaiJIcHUM KPYTHHM MOMEHTOM 3HAaXOJMMO CHJIM B 3a4eIUICHHI
(puc. 1.23, a):

M,
i Di ’
M .
p =" _ 2308 g o6,
D, 0,8
M .
p,="_% _2318 _1s00H,

D,

b

a notiM pamiansHi e (T, = 0,32P, ) 1 ockoBy cuiy (S; = 0,4P,):
T, =0,32P, =0,32-7,96 = 2,55 xH,
T, =0,32P, =0,32-15,90 =5,09 xH,
S, =0,4P,=0,4-7,96 =3,18 xkH.

Sxmo cuiia S; He mepecikae Bich Bajla, TO BOHA CTBOPIOE 30CEPEKEHUN

MOMEHT Mg, . O6GuncmoeMo MOMEHT Mg, 3a HACTYIIHOIO (OPMYJIOL0:

M, =8, 2 =318.08
2 2

=1,27kH M.

3 IlpuBoguMoO BC1 CHUIM 10 IIEHTpa Baru mepepizy Bana (puc. 1.23, 0).
VY BepTHKaIbHIN IUIOIIMHI HA Baj I1I0Th KoJjioBa cuna P, = 7,96 kH Tta paniansHa
cwia T, =5,09 kH ; y ropuzoHTa/bHIN IUIONIMHI HAa Bajl AlIOTh pajlajibHa CUIIA
T,=2,55xkH, xomoBa cmma P,=1590kH Ta 30cepemxeHuii MOMEHT

Mg, =1,27kH-M. Tak six cunu P, Ta P, He neperuHaroTh Bich Bajia, TO BOHU
CTBOPIOIOTH KpyTHHUI MOMEHT M, =3,18kH M.

AHaii3 cXxeMHu HaBaHTa)KE€HHS Bajla 30CEpEI)KEHUMHU CWJIAMU Ta KPYTHUMHU
MoOMeHTaMu (AuB. puc. 1.23, 6) mokasye, 110 BaJl IPaLIO€ HAa 3TUHAHHA Y BEPTU-
KaJIbHIM IUIOUINHI, 3TMHAHHS Y TOPU3OHTAJIbHIN IUIOLIMHI Ta Kpy4eHHs. Po3rius-
HEMO KOXHY J1e(hopMalilo OKpeEMO, KOPUCTYIOUNCh MPUHIUIIOM HE3aJEKHOCTI
aii cuil.

4 PosriasiHeMoO 3rMHAaHHS Y BEPTHKaIbHIN TulONIMHI. Ban HaBaHTa)keHUi
kosnoBoto P, =7,96 kH Ta paniansHoto T, = 5,09 kH cunamu (puc. 1.23, B).
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a St J == 1P
B, 0.6 M 05 M 05 Py
Ms1 =1,27 KHM Mxp:3,18 KH"M
6 Ti=2,55 kH . . // 12=5,09 kH
1 =73 4SS5 5
P1=7,96 KH =15,90 KkH
Mig=3.18 KH-M ] .
127,96 KH R{=22,60 kH ‘ R=19,73 KH g
6 1 A 1 5 L L
1 P SIS LSS g 6
2,55
T T e My, KHM
2 W
Ms1=127 KH “7e
s1=127 KHM l Rk=24,05 KkH RE=37,40 kH
5 112,55 kH ézl; | BJ@ | il
1 e SRS 6
“1’27 2,80
e W My, KHM
Mxp:3,18 KH-M 7’95 Mxp=3,18 KH?
oHc : i A s :
1 JES g 4 == Q
318 318
u L e e e e e e e e e Mg, KM
8,35
5,54
X 127
Mse, KHM

Pucynox 1.23

Busnayaemo onopHi peakilii y BepTUKaJIbHINA TUIONINHI, TOPIBHIOIOYH HY-
JI0O CYMH MOMEHTIB YCIX 3OBHIIIHIX CHJI BIJHOCHO To4ok A Ta B
(muB. puc. 1.23, B):

> M, =0,
P,-0,6+T,-1,0+R%-0,5=0,
~P,-0,6-T,-1,0 —7,96-0,6-5,09-1,0

R} = =-19,73 xH.
0,5 0,5
> M =0,
P,-11+T,-05-R%-0,5=0,
RY P -L1+T,-0,5 _796-11+5,09-05 2260 KH.

0,5 0,5
54



J1ist mepeBipKH BUKOPUCTAEMO PIBHSHHS ZPy =0:

-P,+T,+Ry +R} =0,
- 7,96 +5,09+22,60-19,73=0,
—-27,69+27,69=0,
0=0.

O064YnCTI0EMO 3HaYEHHS 3TMHAJIBHUX MOMEHTIB y XapakTEepHUX Mepepizax,
10 BUHUKAIOTh Y BEPTUKAJIbHIN TIOLIUHI:

M, =M,,=0kH M,
M,,=M,;=-P,-0,6=-7,96-0,6 =-4,78 kH - ™M,
M,,=M,;=T,-0,5=5,09-0,5=255xH - M.

Bynyemo emntopy 3ruHaJIbHUX MOMEHTIB y BEPTUKaIbHIN ITUIOMIMHI M, 3a
XapakTepHUMH nepepizamu (puc. 1.23, r).

5 Po3rasineMo 3ruHaHHs Yy TOPU3OHTAIbHIN MJIOMIKMHI. Ban HaBaHTa)XeHU I
paniansHOO T, = 2,55 kH Ta xonoBorw P, =15,90 kH cunamu, a Takox 3o0cepe-

JTPKeHUM MoMeHToM Mg, =1,27 kH ™M (puc. 1.23, n).

Busnayaemo omnopHi peakiiii B TOpU30OHTaNbHIN IJIOMIKHI, JOPIBHIOIOYH
HYJIF0O CYMH MOMEHTIB YCiX 30BHINIHIX CHJI BIIHOCHO Touok A Ta B
(nuB. puc. 1.21, n):

> M, =0,

~Mq,-T,-0,6-P,-1,0+R}-0,5=0,

. Mg +T-0,6+P,-10 1,27+2,55-0,6+15,90-1,0

R} =37,40 xH.
0,5 0,5
> M =0,
-Mg, -T;-11-P,-0,5-R} -0,5=0,
~Mg, -T,-L1-P,-05 —127-2,55-1,1-15,90-
Rx = Msi=Th 205 _ -127-255-L1-1590-05 _ sy

0,5 0,5
J1ist mepeBipKH BUKOPUCTAEMO PIBHSHHS ZPX =0:
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T,-P,+R} +R3 =0,
2,55-15,90-24,05+37,40 =0,
39,95-39,95=0,
0=0.

O064HCTI0EMO 3HAYEHHS 3rMHAIBHUX MOMEHTIB y XapakTepHUX Mepepizax,
10 BUHUKAIOTh Y TOPU30HTANIbHIH MIIOMIMHI:

M, =M, =127xH M,
My, =M;; =M, +T,-0,6=127+2,55-0,6 =2,80kH ™,
My, =M,5=-P,-0,5=-1590-0,5=-7,95xH ™,
M;s=0xH-M.
Bynyemo emopy 3ruHajibHUX MOMEHTIB y TOPH3OHTAIbHIM miommHai M,

3a XapakTepHUMHU Tepepizamu (puc. 1.23, e).

6 Ban  HaBaHTaxXeHMH  JABOMa  30CEpEKEHUMH  MOMEHTaMHU
M,, =2,39kH-™ (puc. 1.23, %), sIKi BU3UBAIOTh KPY4CHHs Bajla Ha JAUISHII Bij

nepepisy 1 mo mnepepisy 6. byayemo emopy KpyTHHX MOMEHTIB M
(puc. 1.23, n).

7 Jns KoHOro mepepi3y Baja 3HAXOJIUMO MOBHUW 3TMHAJIBHUIA MOMEHT
M,,,. K TEOMETPUYHY CyMy 000X CKJIaJ0BHX:

M, =M +M;,
M, =+/0>+127* =1,27xH M,

M, , =M, ;=478 +280> =554xH u,

M, , =M, =/2,55"+7,95> =835 kH ™,

M, c=0kH-M.

Bbynyemo entopy NOBHUX 3THHAIBHUX MOMEHTIB M, (puc. 1.23, k).
8 Busznauaemo Hebe3MmeuHuii nepepis 1 giaMmeTp Bala.
AHauni3 enopy NOBHUX 3rMHAJIBHUX MOMEHTIB M, 1 eMopu KPyTHUX MO-

MeHTIB M, mokasye, mo Hebe3neYHuMu nepepizamu € nepepisu 4 1a 5. Il

IIUX Mepepi3iB BU3HAYAEMO PO3PAXYHKOBHM MOMEHT 3a YETBEPTOIO TEOPI€I0 Mi-
ITHOCTI:

56



Miy = M2+ M2 +0,75MZ, =+/2,55% +7.95% +0,75-3,18* =8,82 kH m.

OcHOBHa yMOBa MIITHOCTI

Heo0ximHuit MOMEHT Omopy MOMEepPeyHOro nepepizy

M -3
W, > = 882XA07 60110 e
6] 80 '

ko s kpyra

TO JlaMeTp JAOPIBHIOE:

d=3 Wo =3 110,2 =10,3cMm.
0,1 0,1

[Ipuitmaemo niametp, kpatHuit 5 MM, T06T0 d =105 MM =10,5 cMm.

9 BukoHyeMO TIEpEBIPKY MILHOCTI Bajla 3 ypaxyBaHHSIM I03/10BKHbBOI CH-
mu. Ilpu 3a3HaueHOMY HaBaHTAKEHHI IIO3/I0BXKHBOIO CHJIOK € CHJa
S, =3,18kH, Tobto N =S, =3,18xH.

Busnayaemo reoMeTpuyHi1 XapaKTepUCTUKH Tepepizy:
nd®>  3,14-10,5°

= 86,5 c™m?,
4

— roma nepepizy F =

nd®  3,14-10,5°
32
— noJisipHUit MOMEHT omopy W, =2W,  =2-113,6 =227,2 M’

— OCbOBMI1 MOMEHT onopy W, = =113,6 cM°,

O6uncII0eEMO HOpMaJbHE HAMPYKEHHS B HEOE3MEUHOMY Mepepisi:

_NM, 3,18x107° .\ 8,35x107
F W, 865x10* 113,6x10°

G =73,9 MIla_

O06uucII0EMO JOTHYHI HAIIPY>KEHHS B HEOE3MEUHOMY TIepepisi:

M,  318x107

Kp

W, 227,2x10°

=14,0 MIla
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3a 4eTBEpPTOI0 TEOPIEIO0 MIIIHOCTI BU3HAYAEMO €KBIBAJICHTHI HAIIPYKEHHS:

Ol = /0% +31%, =4/73,97 +3-14,0° = 77,8 MITa <[] = 80 MIla.

SIk BUZTHO 3 PO3paxyHKY, MIIHICTh Bajia 3a0e3neyeHa.

3agava 1.9

Ha npomidxcnuii e6an pedykmopa wnacaodiceni 06a 3ybuacmi Koleca
(puc. 1.24). Hdiamemp nepwiozo koneca D, =0,5M, odiamemp Opyzozo koneca

D, =03m. [Ilepeoana nomyxcnicme K =40xBr, «kymosea weuokicmo
n =200 O%B. Busnauumu oiamemp 6ana, 8UKOpUCmogylouu mpemio meopiio

Miynocmi, sxwo Oonycmume nanpyocenns |o]=80MIa. Ilpu obuucrennsx
nputinamu, wo paoiarvha cuna T, =0,32P., ocvosa cuna S; = 0,4P,. Buxonamu

nepesipouHULl pO3PAXYHOK 8414 HA MIYHICMb, 3 YPAXYBAHHAM NO3008IHCHBOI CUTU.

3 D S
{ } %‘2
T, =z Tz

( ! ]

/ 05M T 0,6 M ’@ 0,4 M

-

i

Pucynox 1.24
Po3zé’azanns

1 O0uuCII0EMO KPYTHUI MOMEHT, 1110 TIEPEIa€ThCs BaJIOM, 32 (hOPMYJIOI0

K K
M,, = & ~9,55—,
Tn n
40

M, =9,55——=191kH m.
200

2 3a 3HaiJIcHUM KPYTHHM MOMEHTOM 3HAaXOJMMO CHJIM B 3a4eIUICHHI
(puc. 1.25, a):




2M,, 2-191

P = =7.64xH,
D, 0,5
M .
P, = w 2910 g3,
D, ,

a notiM pamiansHi cuim (T, = 0,32P, ) 1 ockoBy cuny (S, =0,4P, ):

T, =0,32P, =0,32-7,64 = 2,44 xH,

T, =032P, =0,32-12,73 =4,07 xH,

S, =0,4P, =0,4-12,73=5,09 kH .

<?

2 S2
a T1( — @ | IZlzz
= ==
/ 05 M 0,6 M / 0,4 M
Myp=1.91 kH-M Mo=191 kHM, [Ms2=0,76 KH-H
5 Pi=7,64 kH . // P=1273KH o
' Jem 3 4 |5 6 S
T1=2,44 KH —1T=4,07 kH
Ra=4,53 kH Ms2=0,76 kHM 5=1,98 kH
T1=2,44 KH : . — ,
. ! . Ak 104,07 kH{ B Jz,
T i I 4 | 5 6 ==
—10,79
D’Oim MX, KHM
’ W
122
Pi=764 kH Ri=6,57 KH Pa=12.73 KH l Re=11,46 K
0 1 ’?"Z?ZZ 1 1 1 B
1 ez 4 | 5 6 =
e [T
Mw=101 KH-t 582 Mo=191 KH;l/ .58
HC : 2 : 1 , =22
1 Jem 3 ( 5 6 S
y 191 191
IR AN R ERE N NEERERE NI EER R RN EEEN My, KHM
401 4,65
K Minasnsnsnssnsnnnnan A0l CE:
—— Maz, KHM

Pucynox 1.25
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SIkuio cuna S, He MepeTUHaE BICh Bajla, TO BOHA CTBOPIOE 30CEPEIHKEHUI

MOMEHT Mg, . O6uncaoeMo MOMEHT Mg, 3a HACTYNHOIO (POPMYIIOO:

=5,09- 0.3
2

=0,76 xH -M.

3 IlpuBoauMoO BCi CHUJM 10 IIEHTpa Baru nepepizy Bana (puc. 1.25, 0).
VY BepTUKaJbHIM IUIOIIMHI Ha Bal AiI0Th pagianbHl cwm T, =244 xH,
T, =4,07xH 1 30cepenxenuit momeHT Mg, =0,76 kH -M; y ropuzonTanpHii
IUIOIIMHI Ha BaJl Jil0Th OKpyxHi cuim P, =7,64kH Ta P, =12,73kH. Sxmo
cwin P, Ta P, He nmepernHaroTh BICh Baja, TO BOHU CTBOPIOIOTh KPYTHHUH MO-
meHT M, =1.91xH ™.

4 PosrasiHeMoO 3rMHAHHS Y BEpPTUKaJIbHINA IUIOUIMHI. Ban HaBaHTa)keHMt
panianpHumu cunamu T, =2,44xH 1 T, =4,07 kH, a Takox 30cepemxeHuM
MoMmeHTOM Mg, =0,76 kH-M (puc. 1.25, B).

Busnayaemo onopHi peakilii y BepTUKaIbHINA TUIONIMHI, TOPIBHIOIOYH HY-
JI0O CYMH MOMEHTIB YCIX 3OBHIIIHIX CHJI BIJHOCHO To4yok A Ta B
(nuB. puc. 1.25, B):

d>M, =0,
~Mg, +T,-0,5-T,-0,6+R}-1,0=0,

Mg, -T;-05+T,-0,6  0,76—2,44-0,5+4,07-0,6

R} = =198 kH.
1,0 1,0
> M =0,
-Mg,+T,-1,5+P,-04-R>% -1,0=0,
-M.,+T,-1,5+P,-04 _ . .
Ri; _ S2 1 2 _ 0,76+2,44 1,5+4,07 0,4:4’53 <H.

1,0 1,0
J1ist mepeBipKU BUKOPUCTAEMO PIBHSHHS ZPy =0:

-T,-T,+R% +R{ =0,
~2,44—-4,07+4,53+1,98 =0,
~-6,51+6,51=0,
0=0.
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O064YHCITI0EMO 3HAUYEHHS 3TrMHAIBHUX MOMEHTIB y XapakTEepHUX Mepepizax,
10 BUHUKAIOTh Y BEPTUKAJIbHIN TIOUIUHI:

M,, =M, ,=0kH-M,

x1

M,,=M,,=-T,-0,5=-2,44-05=—1,22kH M,
M, =R}-0,4=198-0,4=0,79kH-m,
M, , =R}-0,4—Mg, =1,98-0,4—0,76 = 0,03 kH - M.

By11y€MO CIIIOPY 3rHHAJIbHUX MOMCHTIB Y BCPTUKAJIbHIN TIJIOIIHWH1 Mx 3a

XapakTepHUMH nepepizamu (puc. 1.25, r).
5 Po3rasineMo 3ruHaHHs Yy TOPU3OHTAIbHIN MJIOMIKMHI. Ban HaBaHTa)XeHU I
okpyxHuMHu cunamu P, =7,64 kH ta P, =12,73 kH (puc. 1.25, n).

Busnayaemo omnopHi peakiiii B TOpU30OHTaNbHIN IJIOMIKHI, JOPIBHIOIOYH
HYJIFO CYMH MOMEHTIB BCIX 30BHINIHIX CWJI BITHOCHO TOo4ok A Ta B
(nuB. puc. 1.25, n):

> M, =0,
P -0,5+P,-0,6+R}-1,0=0,
-P-0,5-P,-0,6 —7,64:0,5-12,73-0,6

R} = ——11,46 xH.
1,0 1,0
> M =0,
P,-1,5-P,-0,4-R%-1,0=0,
R _P1,5-P,-04 _7,64-15-1273-0,4 _ 637 «H.

A

1,0 1,0
J1ist mepeBipKH BUKOPUCTAEMO PIBHSHHS ZPX =0:

—P,+P,+R} +R5 =0,
—7,64+12,73+6,37-11,46=0,
19,10-19,10 =0,
0=0.

O064HCII0EMO 3HAUYEHHS 3rMHAIBHUX MOMEHTIB y XapakTepHUX mepepizax,
10 BUHUKAIOTh Y TOPU30HTAJIbHIN MIIOMIMHI:
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My, =M;c=0kH-M,

M,,=M,; =-P,-0,5=-7,64-05=-382xH"m,

M,, =M, ;=-R}-04=-1146-0,4=-4,58kH M.

Bynyemo emopy 3ruHaibHUX MOMEHTIB y TOPH3OHTANbHIA MonmHai M,
3a XapakTepHUMHU Tepepizamu (puc. 1.25, e).

6 Ban  HaBaHTaXeHMM  JBOMa  30CEpEKEHUMH  MOMEHTaMHU
M,, =1.91kH M (puc. 1.25, x), AKi BU3UBAIOTH KPYYEHHs Basia HA JUISHI Bij
nepepisy 1 mo mnepepisy 4. byayemo emopy KpyTHHX MOMEHTIB M
(puc. 1.25, n).

7 Jns KoXHOro mepepi3y Bajia 3HAXOJIMMO MOBHUN 3TMHAIbHUNA MOMEHT
M., sK reOMETpUYHYy CyMy 000X CKIaJ0BHX:

M, =M +M;,

M, , =M, =0xH-™m,

M, , =M, ;=41222+382> =4,01xH u,

M., =+/0,032 +4,58> =4,58 xH - m,

M., . =+/0,79° +4,58% =4,65xH M.

Bbynyemo entopy MOBHUX 3THHAIBHUX MOMEHTIB M, (puc. 1.25, k).
8 Buznauaemo Hebe3IeuHuii mepepis 1 giaMmeTp Baa.
AHani3 emopy MOBHUX 3TMHAJIBHUX MOMEHTIB M, Ta emopu KpyTHHX

MOMeHTIB M, mokasye, 1o Hebe3neuHuM nepepizom € mepepis 4. [lis 1p0ro

nepepizy BU3HAYAEMO PO3PaXyHKOBHII MOMEHT 3a TPETIEI0 TEOPIE0 MIIIHOCTI:

M = \/Mi + M2+ M2 =4/0,032 4,587 +191> =4,96 kH - .

OcHOBHa yMOBa MIITHOCTI

HeoOxinHuit MOMEHT Omopy MONEepPeYHOro nepepizy

M -3
W, > - A90A0T e 6 0 en’
o] 80 '
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ko s kpyra

TO JlaMeTp JAOPIBHIOE:

d=3 %=3 62,0 =8,6 cM.
0,1

b

[Ipuitmaemo niametp, kpatHuilt 5 MM, T06T0 d =90 MM =9,0 cMm.

9 BukoHyemMo TmiepeBipKy MIITHOCTI BaJsia 3 ypaxyBaHHSIM IMO3/J0BXHbBOI CH-
mu. llpu 3a3HayeHOMY HaBaHTAXEHHI IO3JOBKHBOIO CHJIOIO € CcHia
S, =5,09xH, To6T0 N =S, =5,09 xH..

Bu3Hauaemo reoMeTpuyHi XapaKTEPUCTUKH TEepepizy:
nd*>  3,14-9,0°

— roma nepepizy F = = 63,6 M,

nd®  3,14.9,0°
32
— noJisipHuit MOMeHT omopy W, =2W, =2-71,5=143,0 cM’.

=71,5¢cM,

— OCBbOBUM MOMEHT onopy W, =

O6uncI0eMO HOpMaJbHE HAMIPYKEHHS B HEOE3MEUHOMY Mepepisi:

_N. M, _ 5,09%107° N 4,58x107°
F W, 636x10* 715x10°

c = 64,9 Mlla

O06uucII0EMO JOTHYHI HAIIPY>KEHHS B HEOE3MEUHOMY TIepepisi:

M -3
My | LOD0Z
W, 143,0x10 |

3a TpeTiero Teopiero MIITHOCTI BU3HAYAEMO €KBIBAJICHTHI HAIIPY>KCHHS:

o, =[5 +313, =1/64,9% +4-1347 =70,2 MITa < [c] =80 MITa.

SIK BUZTHO 3 PO3paxyHKY, MIIHICTh Bajia 3a0e3reyeHa.
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2 BUBHAYEHHA IIEPEMIUNIEHDb BAJIOK TA PAM

[Ipu 3ruHaHHI B TUIOLIMHI CUMETPIi BiCh OAJIKM BUKPUBISAETHCS, 3aJMIIa-
IOYUCh Y TUIONIMHI HaBaHTAKEHHs. Y pe3yibTaTi KOKeH mepepi3 (LIEHTp Baru)
OJIep)Ky€e BEpTHKAIbHE MepeMillleHHs (IIPOTWMH y) 1 MOBEPTAETHCA Ha JCSIKUN
kyt O (puc. 2.1).

0

W M

Pucynox 2.1

VYHiBepcaabHUM CIIOCOOOM Jisi BU3HAYEHHS JIHIMHUX 1 KyTOBUX HEpEMi-
HIeHb y OyJb-SKHUX MJIOCKUX 1 IPOCTOPOBUX CUCTEMAX, AKI CKJIAJAIOThCS 13 HIap-
HIpHO a00 JXKOPCTKO 3'€THaHMX NPsAMUX ab0 KpuUBHX OpyciB, € meroa Mopy.
Haii6inbiie 3actocyBanHs metoq Mopy 3HallioB A 6ajiok 1 pam, sKi BUIIPO-
OOBYIOTH Jieopmaliito 3ruHaHHs. MeTa 1aHOTO METOy — BU3HAYEHHS JIIHIAHUX
1 KyTOBHUX MEepPEMILIEHb KOHKPETHUX Mepepi3iB.

[lopsioxk BU3HAYEHHS MEpeMillleHb HACTYIHUMN: 10 Oaiku (paMu), 3BLIb-
HEHOT1 B1Jl 30BHIIIIHIX HaBaHTaXeHb, 0 NEPEPI3y, NEPEMIIICHHS IKOTO BHU3HAYa-
€TbCSI, MPUKIATAETHCS OJUHUYHA CUJIA, SIKIIO BHU3HAYAETHCA JIiHIAHE Tepemi-
HIeHHS, a00 OJUHUYHHUI MOMEHT, SKIIO BU3HAYAETHCS KYTOBE MEPEMILICHHS, Y
HaIMpPsIMKY IIYKaHOTO MEepEeMIIEHHS.

lllyxkane yiHiliHe (KyTOBE) IEPEMINIEHHS A, BHM3HAYa€THCA 32 JOIOMO-

roto iHTerpaia Mopy:

M. M,
A, :deZ, (2.1)
) EJ

X

Il Mxp — plBHHHHSI 3TUHAJIBHUX MOMECHTIB BiI[ 3a4aHOI'O HaBaHTAaXXCHHS ,

M. — pIBHSIHHA 3rMHAJIBHUX MOMEHTIB B OJMHUYHOT'O HABAHTAYKECHHSI.
OpHuM 31 CHpONIEHUX pillleHb 1HTerpasa Mopy € BHU3HAY€HHS NepeMi-
1ieHb 3a GopMynor KpaiHiX opauHat. Dopmyny KpalHIX OpJMHAT BapTO 3amu-
CyBaTH ISl KOKHOI MPSIMOJIIHIMHOI AUISHKY €MIopH, TOOTO AJis AUISHKU 0e3
371aMy eMIOpH.
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Posrasinemo oany 3 AUIsiHOK Oanku abo pamu (puc. 2.2).
dopmyia KpailHiX OpJIMHAT MA€ TaKUW BUTTIS:

1 ql’
A =—N2M a+2M_b+M b+M_a)J+———(a+b), 2.2

X X

ne M, M, — miBa Ta npaBa OpAWHATH PO3IJISHYTOI IUISHKH BaHTaX-

HOI entopu;
a, b — JiBa Ta mpaBa OpIMHATH PO3TIISIHYTOI TUITHKA OAWHUYHOT STIFOPH.

— T | T an

Ma

Pucynox 2.2

Hpyruii nonanok y ¢hopmyii (2.2) Ha3UBAETHCS MONMPABKOIO HA KPUBU3HY
€MIOpU Ta BUKOPUCTOBYETHCS, MPUPOIHO, TUIBKU HA TUX JIUISHKAX, A€ MpPUKIIA-
JIeHEe PO3IOAICHE HAaBaHTAXKCHHS IHTEHCUBHOCTI (.

[TpaBuisio 3HaKIB JJ1s1 mepuioro aoAaHka dopmyinu (2.2) HACTyHHE: SIKIIO
BIJIIIOB1/IHI OpAMHATU Ha emopax M, 1 Mi CIpsiMOBaHi B oJiMH 01K Big 6a30Boi
JHII, TO Ppe3yNbTaT «IIEPEMHOKYBAHHS» EMIOP MA€ 3HAK «ILITIOCH.

[IpaBuio 3HaKiB AJisl MONPABKY HAa KPUBU3HY, TOOTO JUIsl APYTOro J0/1aHKa
dopmynu (2.2) HacTynHe: OpAMHATH OAMHMYHOI emropi M., IO 30iraroThes 3

HaIMpPsIMKOM ONYKJIOCTI Mapaboiu Ha BaHTaXHIH €Mopi, MalOTh 3HAK ILIIOCH.

3agaua 2.1

Busnauumu npoeun y mouyi C ma kym nogopomy nepepisy D onsa oanku,
saKa nooana Ha pucyuky 2.3, a. Ilepepiz 6anku nokazaumo Ha pucyHky 2.3, 0.
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Q=10 kH/M P=6 KH M=8 itm
HEEER C D
0
20 M 20 M 1,5 M 25 M | \P50
— —
a 4]
Pucynox 2.3
Po3é’azannsn

1 Bynyemo emntopy 3ruHaibHUX MOMEHTIB BiJ 33JJaHOTO HAaBaHTaKCHHSI.
O64YnCTI0EMO 3HaYEHHS 3TMHAJIBHUX MOMEHTIB y XapakTEepHUX Mepepizax

(puc. 2.4, a):
M, =M, =M;=M=8xH M,
M,=M;=-P-15+M=-6-1,5+8=-1kH "M,

M,=M,=-P-35-q-2-1+M=-6-35-10-2-1+8=-33kH M,
Mg=-P-55-q-2-3+M=-6-55-10-2-3+8=-85xH M.

Bynyemo emnopy 3ruHaJbHUX MOMEHTIB BiJ JIii 33JJaHOTO HABAHTAXKEHHS

3a XapakTepHUMH nepepizamu (puc. 2.4, 0).

2 Buznauaemo nporud y toui C.
JIJist 1bOTO 3HIMAEMO 31 CTPUKHEBOI CUCTEMU 3aJjaHE HaBAHTAXKECHHS Ta y

touli C NpUKIIalaeMO OJJMHUYHY cuily, ToOTO P =1.
O64YHCII0EMO 3HaYEHHS 3TUHAJILHUX MOMEHTIB y XapakTEepHUX Mepepizax

BiJ Jii oquHUYHOI cuiu (puc. 2.4, B):
M, =M, =M, =0m,

M,=M;=-P-1,5=—1-15=—-1,5M,

M, =M, =
M, =-P-55=-1.55=-55M.

—P-35=-1-35=-3,5m,

Bynyemo emtopy 3ruHaabHUX MOMEHTIB BiJI /111 OJMHUYHOI CHUJIU 32 Xapak-
TEpHUMHU Tiepepizamu (IuB. puc. 2.4, B).

3 BUKOpUCTAHHAM (HOPMYJIM KpalHIX OPAUHAT «IEPEMHOKYEMO MK CO-
0010» Ha KOXKHIM JUISTHI[I €MIOPH 3TUHAIBHUX MOMEHTIB BiJl Jlii 3aJJaHOT0 HaBaH-

Ta)KEHHA Ta B1A 111 OMUHUYHOI CHIN:
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Ye =Alp=6; (2-1-1,5-8-1,5)+ 20 (2-1-1,5+2-33-3,5+33-1,5+1-3,5)+
3
,10-20 (-3,5-1,5)+ 20 (2-85-5,5+2-33-3,5+85-3,5+33-5,5)=
24EJ )
_—2,25+95,67-16,67+54833 _ 625,08
- EJ EJ
- M=8 kHM
Q=10 kH/M P=6 KH —
¢ h ANMEENEEAR Bl )
8 7(6 5|4 312 1
2,0 M 20M 15 M 25M .
_|_=____=—|—1—8|||||||||||||8|MP’KH'M
; ==
3
85
P=1
8 7|6 S|4 312 1
6 ' Hr tH : HMr, M
35
55
: M=1
1 1 1 1 -1
° : : HM:;
8 716 S 4 32 1"
Pucynox 2.4

SIkmo mepepis 6anku — gBa aotaspu Ne 30 (J, =7080cm” ), To MOMeHT

1Hep1Iii BChOT0 Nepepizy MOKHA BUBHAYUTH SIK:
J,.=2] =2-7080=14160 cm”.

Tonai mporun y touti C JOpIBHIOE:
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625,08x107°

Ve T 10° - 14160x 10" M

Pesynbrar ogepxainu 31 3HakoM «+». Lle Bka3ye Ha Te, 110 TOUKa nepeMi-
HIAE€THCS 32 HAMTPSIMKOM OJIMHUYHO1 CHJIM, TOOTO BHU3.
JlommycTuMuUi IpOruH OAJIKH TOBXKUHOIO ¢ =8 M JOPIBHIOE:

/8
_ " % 004w
ly] 200 = 004w

Sxuro nporun y Touni C MeHIIe, HiX JOMYCTUMUN MPOTUH JJIs OAJKH, TO
KOPCTKICTH Oanku 3abe3neyeHa.

3 Buznauyaemo KyT oBopoTy nepepizy D.

JIJist 1bOTO 3HIMAEMO 31 CTPUIKHEBOI CUCTEMU 3aJ]aHE HABAHTAXKCHHS Ta Y
nepepizi D npukinanaeMo oTMHUYHUN MOMEHT, TOOTO M =1.

O64nCTI0EMO 3HaYEHHS 3TMHAJILHUX MOMEHTIB y XapakTEepHUX Mepepizax
BiJI Jii OUHUYHOTO MOMEHTY (puc. 2.4, r):

M, =M, =M, =M, =M;=M, =M, =M,=M=1.

Bbynyemo emtopy 3ruHajJbHMX MOMEHTIB BiJ Jii OMMHUYHOTO MOMEHTY 3a
XapaKTepHUMH Tiepepizamu (IuB. puc. 2.4, T).

3 BUKOpUCTAHHSAM (HOPMYJIM KpalHIX OPAUHAT «IEPEMHOKYEMO MK CO-
0010» Ha KOXKHIM JUISTHI[I €MIOPH 3TUHAIBHUX MOMEHTIB BiJl Jlii 3aJJaHOT0 HaBaH-
Ta)XEHHsI Ta BiJ Jii OIMHUYHOTO MOMEHTY:

D=A2p=62’5 (2-8-1+2-8-1+8-1+8-1)+ L> (-2-1-1+2-8-1-1-1+8-1)+
3
+ 20 (—2-33-1—2-1-1—33-1—1-1)+10 20 (1+1)+
. 24EJ
L 20 (_2.85.1_2.33.1_85.1_33.1):20+5,25—34+6,67—118:—120,08‘
6EJ EJ, EJ,
Kyt noBopoty niepepizy D nopiBHioe:
-120,08x107
D =—-0,0042 pan

T 2%10°-14160%10°°

PesynbpTaT ofepskanu 31 3HakoM «—». Lle Bka3ye Ha Te, mo nepepi3z D mo-
BEPTAETHCS 32 HAMPSIMKOM T'OJAMHHUKOBOT CTPUIKH.
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JlonmycTuMui KyT IOBOPOTY MEpepi3y AOPIBHIOE:
[6]=2°=0,0349 pax.

Sxmo Kyt moBopoty mepepizy D MeHIne, HibK TOMyCTUMHM, TO dKOPCT-
KICTh Oajiky 3a0e3reueHa.

3agaua 2.2

Busnauumu npoeun y mouyi C i kym nogopomy nepepizy D ona banxu,
saKa nooana Ha pucyuky 2.5, a. [lepepiz 6anku nasedenuii Ha pucynky 2.5, o.

Po3zé’azanns

1 Bynyemo emntopy 3ruHaibHUX MOMEHTIB BiJl 3aJJaHOTO HABaHTaKCHHS.

Busnavyaemo onopHi peaxiii Bif Jii 3a1aHOTO HaBaHTAXEHHS, IOPIBHIOO-
Yyl HYJIO CyMHM MOMEHTIB YCiX 30BHINIHIX CHJI BIJHOCHO TO4ok A Ta B
(puc 2.6, a):

> M, =0,
M-q-3-2,5+Ry-6=0,

_ 3.2 —1 3.2
R, = M+c613 S _ 5+23 ’5=51<H.

> M, =0,
M+q-3-35-R,-6=0,

_M+q-3-35 1546-3-35

R, 6

13 xH.

J1ist mepeBipKH BUKOPUCTAEMO PIBHSHHS ZPy =0:

-q-3+R,+R; =0,
—-6-3+13+5=0,
—18+18=0,
0=0.

69



Q=6 kH/M
NEEEEEERENEE

4 ~ \
™ M 2M 77% 6 M

Pucynox 2.5

10 M

OO0uuncII0eEMO 3HAYCHHS 3THHATBHIX MOMEHTIB Y XapakTEepHUX Mepepizax
(nuB. puc. 2.6, a):

M, =0xH:-wm,
M,=M;=R,-1=13-1=13kH "M,
M;=M=15xH"Mm,
M,=M;=M+Ry-2=15+5-2=25kH M.

: 4=6 KH/ M M=15 kH-M
C
a PR A o8
1M M 2 M 4
Ra=13 K
13
6
Ra=0,33
0,33
8 2 2;
Ra=0,17
0
c A S5

Pucynox 2.6
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Bynyemo emntopy 3ruHaJbHUX MOMEHTIB BiJl i 3aJJaHOTO HABAHTAXKEHHS
3a XapaKTepHUMHU Tiepepizamu (puc. 2.6, 0).

2 Buznauaemo nporud y touui C.

JIJist 1bOTO 3HIMAEMO 31 CTPUIKHEBOI CUCTEMU 3aJ]aHE HABAHTAXKCHHS Ta Y
touli C NpUKIIalaeMO OJJMHUYHY cuily, To0TO P =1.

Busznauaemo onopHi peaxitii BiJ i1 OAMHUYHOT CUJIH, TOPIBHIOIOYH HYIIIO
CYMH MOMEHTIB YCiX 30BHIILIHIX CHJI BIIIHOCHO TOYOK A Ta B (puc. 2.6, B):

> M, =0,

—P-4+R;-6=0,

JI71s1 nepeBIpKH BUKOPUCTAEMO PIBHSIHHSA ZPy =

-P+R, +R; =0,
-1+0,33+0,67=0,
-1+1=0,
0=0.

O06uuCTI0EMO 3HAYCHHS 3TUHAJIBHUX MOMEHTIB Y XapaKTepHUX Tepepizax
BiJI Jii OMHWYHOI cuiu (AuB. puc. 2.4, B):

M, =M;=0wm,
M,=M;=R,-1=033-1=0,33 ™,
M,=M;=R;-2=0,67-2=134m.

Bynyemo entopy 3ruHanbHUX MOMEHTIB B A1l OIMHUYHOT CHJIM 32 XapaK-
TEPHUMHU Tiepepizamu (IuB. puc. 2.6, B).
3 BUKOpPHUCTaHHSAM (POpMYINIH KpalHIX OpAHHAT «IIEPEMHOXKYEMO MIXK CO-

0010» Ha KOXKHIM JUISTHI[I €MIOPH 3TUHAIBHUX MOMEHTIB BiJl JIii 3aJJaHOT0 HaBaH-
Ta)KEHHA Ta B1A a1 OMUHUYHOI CHIN:
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1
Yo =4, :5(2-13-0,33%

X

s (2-13-0,33+2-25-1,34+13-1,34+25-0,33) +
3

LA (033+134)+ 2 (2-25-1,34+15-1,34)=92’3_

24EJ GEJ, EJ.

Slkmo nepepiz 6anku — npamokyTHuk (b=6cm, h =10c¢M), To Mmoment

1HEepIIii BU3HAYAETHCS SIK:

3 3
J, _ 07 6107 500
12 '
Tonai nmporun y touti C JOpIBHIOE:
2,3x107°
ye 923107 092w

T 2x10°-500x10°

PesynbTaT onepxkanu 31 3HaKoM «+». Lle Bka3ye Ha Te, 10 TOYKA IEpeMmi-
HIA€THCS 32 HAMTPSIMKOM OJIMHUYHOI CHJIM, TOOTO BHU3.

3 Buznauyaemo KyT noBopoty nepepizy D.

JIJist 1bOTO 3HIMAEMO 31 CTPUIKHEBOI CUCTEMU 3aJjaHE HABAHTAXKCHHS Ta Y
nepepizi D npukiagaeMo oTMHUYHUN MOMEHT, To0TO M =1.

Busznayaemo onopHi peaxuii Bij J1ii OAMHUYHOTO MOMEHTY (pHcC. 2.6, 1):

M 1
Ry=Ry=""==0I7.

O06uuCTI0EMO 3HAYCHHS 3TUHAIBHUX MOMEHTIB Y XapaKTepHUX Tepepizax
BiJI JIii OJMHUYHOTO MOMEHTY (IUB. puc. 2.6, r):

M, =M, =0,
M,=-R, 1=-017-1=-0,17,
M;=-R, - 1+M=-0,17-1+1=0,83,
M, =M;=R,-2=0,17-2=034.

BynyeMo entopy 3ruHaJIbHUX MOMEHTIB Bif /il OAMHUYHOTO MOMEHTY 3a
XapaKTepHUMH 1niepepizamu (AuB. puc. 2.6, T).
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3 BUKOpUCTAHHAM (HOPMYJIM KpalHIX OPAUHAT «IEPEMHOKYEMO MK CO-
0010» Ha KOXKHIM JAUISTHI[I €MIOPH 3TUHAIBHUX MOMEHTIB BiJl Jlii 3aJJaHOT0 HaBaH-
Ta)XEHHsI Ta BiJ Jii OIMHUYHOTO MOMEHTY:

1
Op =4, =—(-2-13-0,17)+
b 6EJX( )
+—3 (2.13-0.83+2.25-034+13-034+25.0.83)+
3
+ 03 (083+034)+ 2 (2.25.034+15-034)= 202
24EJ, ) X

Kyt noBopoty niepepizy D nopiBHioe:

_ 46,4x107°
2x10°-500x10°®

=0,0464 pan

D

PesynbpTaT ofepskanu 31 3HakoM «+». Lle Bka3ye Ha Te, mo nepepi3z D mo-
BEPTAETHCS 32 XOJIOM I'OJAUHHUKOBOT CTPUIKH.

3agaua 2.3

Busnauumu eepmukanvhe ma 2opu3oHmanbHe NepemMilyeHHs, a MAaKoH#C
Kym nogopomy nepepizy A ona pamu, axa nooana Ha pucywky 2.1. Iputinamu

momenm inepyii nepepizy J, =2000 cm”.

M=40 KHM
A
0 2m [
T P
= <
< | N[
E_ -
‘ -
Pucynox 2.7
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Po3zé’azanns

1 Bynyemo emntopy 3ruHaibHUX MOMEHTIB BiJl 3aJaHOTO HABaHTaKCHHS.

OO0unCcITII0EMO 3HaYCHHS 3THHAJILHUX MOMEHTIB y XapaKTEPHUX Mepepizax
(puc. 2.8, a):

M, =M, =M, =M=40xH M,
M,=M-q-4-2=40-12-4-2=-56 kH - M.

BynyeMo emropy 3rHHaJBHMX MOMEHTIB BiJl JIii 3aJJaHOTO HAaBaHTAKCHHS
3a XapaKTepHUMHU Tiepepizamu (puc. 2.8, 0).

2 Bu3zHauaemMo BEpTHKAIbHE MIEPEMIIICHHS TOYKH A.

JIJIs 1IbOTO 3HIMAEMO 31 CTPMIKHEBOI CUCTEMU 3a7aHE HaBaHTAKCHHS Ta Y
TOYIll A MPUKIATAEMO BEPTUKAIbHY OJIMHHYHY CHITY.

OO0unCcITI0OEMO 3HAYCHHS 3TMHAJIbHUX MOMCHTIB Y XapaKTEPHHUX Tepepizax
BiJI JIii BEpTUKAJIbHOI OAMHUYHOT CUIH (puc. 2.8, B):

M, =0wm,
M,=M;=M,=-P-2=-1-2=-2Mm

)
Bynyemo emntopy 3ruHabHUX MOMEHTIB BiJl A1l BEPTUKAIbHOI OAMHUYHOI
CWJIM 32 XapaKTepHUMU nepepizamu (IuB. puc. 2.8, B).
3 BUKOpUCTAHHSAM (HOPMYJIM KpalHIX OPAUHAT «IEPEMHOKYEMO MK CO-
0010» Ha KOXKHIM JUISTHI[I €MIOPH 3TUHAIBHUX MOMEHTIB BiJl Jlii 3aJJaHOT0 HaBaH-
Ta)XEHHsI Ta BiJ J1i BEPTUKAIBHOI OMHUYHOT CHIIH:

2

AB =A =—"—(-2-40-2-40-2)+
A Ip 6EJX( )

4

(-2-40-2+2-56-2-40-2+56-2)+

3
28 ) ) 14
24EJ EJ

X
Tonai BepTuKanbHe MEepeMIIeHHS] TOUKH A TOPIBHIOE:

5 -144x10°
Ay = 5 3
2x10°-2000%x10

=-0,036 ™

PesynbTaT ofepskanu 31 3HakoM MiHyc. Lle Bka3ye Ha Te, 110 TOYKa Iepe-
MIIIAETHCS MO HAMPSIMKY, MPOTUICKHOMY HANPSIMKY OJIMHUYHOI CHIIH, TOOTO
BBEPX.
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= M, M H
2 2 41
8 2 0

Pucynox 2.8

3 BuszHauaemMo ropu3oHTaJbHE MEPEMIIICHHS TOYKH A.

JI71s1 IbOTO 3HIMAEMO 31 CTPUIKHEBO1 CUCTEMU 3aJ1aHe HaBaHTAXKEHHS Ta Y
TOYIl A TIPUKIIaIaEMO FTOPU30HTAIBHY OJJUHUYHY CUITY.

O06uuCTI0EMO 3HAYEHHS 3TMHAIBHUX MOMEHTIB y XapaKTEepHUX Mepepizax
BiJ1 Jii TOpU30HTAIBHOT OMMHUYHOT cvuH (puc. 2.8, T):

M, =M, =M, =0m,
M,=P-4=1-4=4wm,
Bynyemo entopy 3ruHaJIbHUX MOMEHTIB Bij /i TOPU30HTAIBHOT OJJUHUY-
HOT CWJIM 3a XapaKTepHUMHU NepepizaMu (IuB. puc. 2.8, r).
3 BUKOpPHUCTaHHSAM (POpMYINIH KpalHIX OpAHHAT «IIEPEMHOXKYEMO MIXK CO-

0010» Ha KOXKHIM JAUISTHI[I €MIOPH 3TUHAIBHUX MOMEHTIB BiJl Jlii 3aJJaHOT0 HaBaH-
Ta)XEHHsI Ta BiJ J1i TOPU30HTAIBHOT OTMHUYHOT CYIIH:
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4 12-4° — 64
A, =A, =——(-2-56-4+40-4 0+4)=——r.
AT 6E] ( " )+24EJ (0+4) EJ

X X X

Toni ropu3oHTaIbHE MEPEMIIICHHS TOYKU A TIOPIBHIOE:

B -64x107
Ay = 5 3
2x10°-2000x10

=-0,016M

PesynbTaT ofepkanu 31 3HaKkoM «—». Lle Bkazye Ha Te, 110 TOUYKa Mepemi-
HIA€ThCSI 32 HANPAMKOM, MPOTHJIEKHUM HAMPSAMKY OJMHUYHOI CHJIM, TOOTO
BIIPaBoO.

4 BuzHauaemMo KyT MOBOPOTY Mepepizy A.

JIJist 1bOTO 3HIMAEMO 31 CTPUIKHEBOI CUCTEMU 3aJjaHE HAaBAHTAXKECHHS Ta y
nepepizi A NpUKIaIaEMO OJIMHUYHUN MOMEHT, TOOTO M =1.

O64YHCII0EMO 3HAYEHHS 3TMHAJIbHUX MOMEHTIB Y XapakTEepHUX Mepepizax
BiJI Jii OMHUYHOTO MOMEHTY (puc. 2.8, 1):

M, =M, =M, =M, =-M=—1.

Bbynyemo emtopy 3ruHajJibHMX MOMEHTIB BiJ Jii OMMHUYHOTO MOMEHTY 3a
XapaKTepHUMH nepepizamu (IuB. puc. 2.8, ).

3 BUKOpUCTAHHAM (HOPMYJIM KpalHIX OPAUHAT «IEPEMHOKYEMO MK CO-
0010» Ha KOXKHIM JUISTHI[I €MIOPH 3TUHAIBHUX MOMEHTIB BiJl Jlii 3aJJaHOT0 HaBaH-
Ta)XEHHsI Ta BiJ J1i OIMHUYHOTO MOMEHTY:

2

0, =A, =——(-2-40-1-2-40-1—-40-1-40-1)+
A TP 6EJX( )
3
2 (-2-40-14+2-56-1-40-1+56-1)+ 12:4 (-1- )=—“2.
. 4EJ EJ

KyT noBopoty nepepi3zy A I10piBHIOE:

~ -112x107°
2x10°-2000x107°

=—-0,028 panx

A

PesynbpTaT ofepskanu 31 3HakoM «—». Lle Bka3ye Ha Te, 110 nepepi3 A mo-
BEPTAETHCS IPOTU XOAY TOJMHHUKOBOT CTPUIKH.
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3agaua 2.4

Busznauumu copuszonmanvhe nepemiwjenus mouku A i Kkym nogopomy ne-
pepizy B ona pamu, sika 300pasicena na pucyuky 2.3. Ilputinamu momenm inepyii

nepepizy J, =2000 cm”.

3M 2 M

!
]
)
]

q=9 kKH/M
HEEEEEN]
4'M

Pucynox 2.9
Po3zé’azanns

1 Bynyemo emntopy 3ruHaibHUX MOMEHTIB BiJl 33JaHOTO HABAaHTa)KCHHS.

Busnauaemo omopHi peakiii Big A1l 3aJaHOTO  HaBaHTaXKCHHS
(puc. 2.10, a):

>'P, =0,
q-4-R; =0,
Rp=q-4=9-4=36kH.

> M, =0,
~q-4-2+R-5=0,

q-4-2 942
5

R, — 14,4 xH.

ZP}’ =0,
-R, +R =0,

R, =R, =144kH.
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J1ist mepeBipKU BUKOPUCTAEMO PIBHSHHS ZMC =0:
q-4-2+R, -5-Ry;-4=0,
9-4.2+144-5-36-4=0,

144-144 =0,
0=0.

OO0uncITI0OEMO 3HAYCHHS 3TMHAJIbHUX MOMCHTIB Y XapaKTEPHHUX Tepepizax
(puc. 2.10, a):

M, =M,;=M,=0kH"wM,

M, =-R, -3=-144-3=432xH M,

M, =R_-2=14,4-2=288kH M,

My=Ry;:-4-q-4:2=36-4-9-4-2=72,0xkH M.

R,=14,4 kH R=14.4kH
3 f 2 hd 28,8
{1 2|4 3 720 [TTTree
g T L ! | N
S mCH —=tl3 0
| | F
=
| N = M K
[ S -+
| =
'LD_ Rg=36 kH[~L5 1
“BR
a O
Re0& 1,6 R=08 Femd 2 Rs=02
Pt |1 40 o [l I oo |
T y T o
Ly, S IS R &
| |
| T, ! T,
| |
| _ | _
G =1 5 G ! L5 | Rg0
L___L_'B F--—io “BE T
6 Z

Pucynox 2.10
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Bynyemo emopy 3ruHaJbHUX MOMEHTIB BiJ il 3aJ1aHOTO HaBaHTa)KCHHS

3a XapakTepHUMHU Tniepepizamu (puc. 2.10, 0).
2 Bu3HauaemMo ropu30HTAJIBHE MTEPEMIIIICHHS TOUYKH A.
JIJIs 1IbOTO 3HIMAEMO 31 CTPHMIKHEBOI CUCTEMU 3a7aHe HaBaHTAKCHHS Ta y

TOUILl A MPUKIAJAEMO TOPU30OHTAIIbHY OJJUHUYHY CHUITY.
Busnayaemo omopHi peakuii BiA i TOPU30OHTAIBHOI OJMHUYHOI CHIIH

(puc. 2.10, B):

P, =0,

P-R, =0,
Ry=P=1.
> M, =0,
—P-4+R.-5=0,
Re=12_14 g
5 5

ZP}’ =0,
-R,+R. =0,
R, =R, =0,8kH.
O64YnCTI0EMO 3HaYEHHS 3TMHAJIBHUX MOMEHTIB y XapakTEepHUX Mepepizax
BiJI Jii TOPU30OHTAIBHOI OAMHUYHOI CHIH (IuB. puc. 2.10, B):
M, =M;=M,=0kH"wM,
M,=-R,-3=-08-3=-24kH M,
M,=R.-2=08-2=16xkH-™m,
M;=Ry;-4=1-4=40kH-Mm

Bynyemo entopy 3ruHaJIbHUX MOMEHTIB Bij Jiii TOPU30HTAIBHOT OJJUHUY-

HOT CWJIM 3a XapaKTepHUMHU Nepepizamu (auB. puc. 2.10, B).
3 BUKOpUCTAHHSAM (HOPMYJIM KpalHIX OPAUHAT «IEPEMHOKYEMO MK CO-
0010» Ha KOXKHIM JAUISTHI[I €MIOPH 3TUHAIBHUX MOMEHTIB BiJl Jlii 3aJJaHOT0 HaBaH-

Ta)XEHHsI Ta BiJ J1i TOPU30HTAIBHOT OTUHUYHOT CHIIH:

4

3 2
A = (2.432.24 2.288-16 2.72-4,0
YA =S 6EJX( o )+6EJX( 0 y+6EJX( 0)+
3
94 (0 40)- 0144
24E]. EJ.
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['opuzoHTaNbHE MEPEMILLIEHHS TOYKU A JOPIBHIOE:

_ 614,4x107
2x10°-2000x107°

=0,154m

Ya

Pesynbrar opepxainu 31 3HakoM «+». Lle Bka3ye Ha Te, 110 TOUKa nepeMi-
HIA€THCS 32 HAMIPSIMKOM OJMHUYHOI CHJIM, TOOTO BIPaBO.

3 Buznauyaemo KyT MoBOpoOTy nepepizy B.

JIJist 1bOTO 3HIMAEMO 31 CTPUIKHEBOI CUCTEMU 3aJjaHE HABAHTAXKCHHS Ta y
nepepizi B nmpukiagaeMo ogMHUYHUI MOMEHT.

Busnayaemo onopHi peaxuii Bij i OAMHUYHOTO MOMEHTY (puc. 2.10, r):

R, =0,

O06uuCTI0EMO 3HAYCHHS 3TUHAIBHUX MOMEHTIB Y XapaKTepHUX Tepepizax
B1JI Jii OAMHUYHOTO MOMEHTY (1uB. puc. 2.10, 1):

M, =M, =0,
M, =-R, -3=-0,2-3=—0,6,
M, =R.-2=0,2-2=04,
M,=M,=M-=1.

Bbynyemo emtopy 3ruHajJbHMX MOMEHTIB BiJ Jii OMMHUYHOTO MOMEHTY 3a
XapaKTepHUMH niepepizamu (quB. puc. 2.10, ).

3 BUKOpUCTAHHSAM (HOPMYJIM KpalHIX OPAUHAT «IEPEMHOKYEMO MIXK CO-
0010» Ha KOXKHIM JUISTHI[I €MIOPH 3TUHAIBHUX MOMEHTIB BiJl Jlii 3aJJaHOT0 HaBaH-
Ta)XEHHsI Ta BiJ J1i OIMHUYHOTO MOMEHTY:

05 =A,, :é(2-43,2-0,6)+ 6

X X

3
i(2.72.1,0+72.1,0)+ 04 (1+1)= 225,60
6EJ EJ

X X X

2

(2-28,8-0,4)+

Kyt noBopoty nepepizy B gopiBHio€:

. 2256%107
2x10°-2000%x107°

=0,0564 pan .

B

PesynbTaT ogepkanu 31 3HakoM «+». Lle Bkaszye Ha Te, o nepepiz B no-
BEPTAETHCS 32 HAMPSIMKOM T'OJAMHHUKOBOT CTPUIKH.
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3 PO3PAXYHOK CTATUYHO HE BU3HAYYBAHUX CTPUKHEBHUX
CUCTEM

CraTuyHO HE BU3HAYYBAaHUMHU HA3MBAIOTHCS CUCTEMH, CHIJIOBI (DaKTOpHU B
AKUX TUIBKH 3 PIBHSHB PIBHOBArv TBEPAOIo TUIa BU3HAYUTH HE MOXKHA. Y TaKUX
cucrteMax Oulblle B'sI31B, HDK HEOOXIAHO NIl piBHOBaru. Takum 4uHOM, JAEsKi
B'A3U BUSBJISIOTHCS «3aWBUMM», a 3yCUJUIA B HUX — «3aliBUMH HEBITOMUMUIY. 3a
KUIBKICTIO «3alBUX 3B'I3KIB» a00 «3aliBUX HEBIJOMHUX 3YCUJIb» YCTAHOBIIOIOTH
CTYIIHb CTATUYHOT HEBU3HAYYBAHOCTI CUCTEMHU.

OCHOBHUMU €TanaMy pO3paxyHKy CTATUYHO HE BU3HAUYBAHUX CHUCTEM €
HACTYIIHI:

1 VYcTaHOBIIOEMO CTYMiHb CTAaTUYHOI HEBU3HAYYBAHOCTI CHCTEMH,
TOOTO KUTBKICTh «3alBUX B'A31B» a00 «3aHBHUX 3yCHUIIbY.

2  Bupansioun «3aiiBl B'S3U», 3aMIHS€MO BUXIAHY CHCTEMY CTATUYHO
BHU3HAYEHOI0, KOTpa Ha3UBA€EThCsI OCHOBHOIO cucteMoro (OC).

3 3aBaHTa)Xy€MO OCHOBHY CHCTEMY 3aJJaHUM HABAHTAXKCHHSIM Ta «3aii-
BUMH HEBIJIOMUMHM 3YCHILISIMUY, IO 3aMIiHSIOTH 1110 BUJIyYeHUX 3B'sI3KiB. Taka
CHUCTEeMa Ha3UBAEThCA eKBiBasieHTHOIO cucTemoro (EC).

4 Jlns eKBIBaJEHTHOCTI OCHOBHOI CUCTEMHU 3 BUX1THOI HEB1IOMI1 3YCHJI-
7Sl MOBMHHI OyTH miiOpaHi Tak, mob aedopmailisi OCHOBHOI CUCTEMU HE BiApi3-
Hsiacs BiJ Aedopmallii BUX1IHOI CTATUYHO HE BU3HAYYBAHOI.

PiBHSIHHS miepeMilleHb, 110 BUPAXKAIOTh JIOPIBHEHICTh HYIIO MEPEMIIICHb
32 HampsMKaM{ 3alBUX HEBIIOMHUX, 3PYYHO CTAHOBUTH B KAHOHIYHIN (opmi.
KaHoHIYH1 pIBHAHHS MepeMillleHb sl OyAb-IKOi N pa3 CTaTUYHO HE BU3HAYY-
BaHOI CUCTEMHU MaIOTh TAKUN BUTIISA:

0 X +0,X, +...+8,X, +4,, =0;
0, X +0,X, +...+9,, X, + Azp =0;
............................................. (3.1)

0, X +0,,X, +...+8, X, +A, =0.

3 OTpUMaHUX y Takui Croci0 PIBHSHb BU3HAYAIOTh 3HAYEHHS «3alBUX
HEBITOMUX.

5 3HallloBIIN «3aiiBl HEBIAOMI 3YCHUJUIS», BUSHAUEHHS PEAKIINA OMop 1
noOyZi0oBa emop BHYTPIIIHIX CUJIOBUX (PAKTOpiB, a TaKOXK MiAOIp mepepizy Ta
MEePEeBIPKY MIITHOCTI pOOMMO 3BUYAITHUMU CITIOCOOAMH.

3a3HaueHa cXeMa PO3paxXyHKY 3BEThCS METOJIOM CHJ, OCKUIBKH B SIKOCTI
OCHOBHHUX HEBIIOMUX TYT BUOMPAIOTH 3YCUIIIS «3aiBUX» 3B'SI3KiB.
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3.1 Po3paxyHOK CTATHYHO He BU3HAYYBAHUX Pam

3agaua 3.1

s pamu, axa 300padicena Ha pucyHky 3.1, HeoOXiOHO:

)
2)

3)
4

PO3KpUMU CINAMUYHY HEGU3HAYY8AHICTND,

nobyoysamu enopu n03008H4CHIX i NONEPEYHUX CUJL, A MAKON’C 3CUHA-
JILHUX MOMEHMIB,

nidibpamu nepepis y ueiidi 060maspa, aKujo [G] =180 MlIla,

guzHayumu Kym nogopomy nepepizy K.

LM
M=30 kH-M
s [ =
N~ N
I L. N\
s=
~t % : ‘k
o
‘ |
/
Pucynox 3.1
Po3zé’azanns

1 BcTanoBiaroeMo CTYHiHB CTaTUYHOI HCBI/ISHaIIYBaHOCTi CHUCTCMU. HKH_IO

HEBIJIOMUX pEaKI[iii YOTUPH, a PIBHAHb PIBHOBArd MO>KHa CKJIACTH TUIBKU TPH,

TO AdHA CUCTCMA OAHWH Pa3 CTATUYHO HCBU3HAYYBAHA.

2 BubupaeMo OCHOBHY CHCTEMY, BUIAISIOUN «3ailBl 3B'SI3KM» 1 3aMIHSIO-
YK BUX1JIHY CUCTEMY Ha CTaTUYHO BU3HauyeHy (puc. 3.2, a).

M=30 KH%
=[]
~
0C < [ EC X
O -}
N
i
TT777 7
a o
Pucynox 3.2
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3 Opnepxy€eMoO €KBIBAJICHTHY CHUCTEMY, 3aBAaHTAXKYIOUH OCHOBHY CHUCTEMY
3a/ITaHUM HABAaHTAXKCHHSIM Ta «3alBUMH HEBIJOMUMU 3YCHUJUIIMUY, IO 3aMiHS-
I0Th JIII0 BUJIYYEHUX 3B's13KiB (puc. 3.2, 0).

4 Jlns Toro mo0 BU3HAYUTH «3aliBe HEBLIOME 3yCHIUID» X,, CKOPHUCTae-
MOCSI KAHOHIYHUM PIBHSIHHSAM

8, X, +A,, =0.

5 Po3rissHeMO OCHOBHY CHUCTEMY, HABAaHTAXXEHY TUIBKM 3aJaHUM HaBaHTa-
KEHHsAM. ByryeMo emropy 3ruHaibHUX MOMEHTIB BiJl 33/IaHOTO HABAHTAXKEHHS M .

OO0unCcITI0EMO 3HaYEHHS 3THHAJIBHUX MOMEHTIB y XapaKTEPHUX Mepepizax
(puc. 3.3, a):

M, =M, =0kH-M,
M;=M,=M;=-M=-30kH M,
Mi=-q-4-2-M=-20-4-2-30=-190kH - M.
bynyemo emtopy 3ruHaIbHMX MOMEHTIB BiJ [Iii 3aJJaHOIO HaBaHTAKCHHS

3a XapaKTepHUMHU Tepepizamu (puc. 3.3, 0).
6 Po3ristHeMO OCHOBHY CHUCTEMY, HaBaHTA)KCHY TUIBKH OJUHUYHOIO CH-

aor X, . byayemo entopy 3ruHajgbHUX MOMEHTIB Bl OAMHUYHOI cuin M, .

b M
M=30 kH
b 3, 30
= 5 301j-|||||||||||||||30
= | = B
N N
=% - L Mp, KHM
<2
N
&1
1 [ 190
a o
Pucynok 3.3

OO0umCITI0EMO 3HAUESHHS 3TrMHATTHHUX MOMEHTIB Y XapaKTepHHUX Tiepepizax (puc. 3.4):
M, =0wm,
M,=M;=M,=M,=-X,-2=-1-2=-2m,
M,=X,-2=1-2=2m.
83



Pucynox 3.4

Bynyemo entopy 3ruHaibHUX MOMEHTIB BiJ A1l OMMHUYHOT CHJIM 32 XapaK-

TEPHUMHU TIepepizamu (IUB. puc. 3.4).
7 BuzHauaeMo Koe(ili€HTH KAaHOHIYHOTO PIBHSIHHS, IEPEMHOXKYIOUH BiJI-

MOBIAHI €MIOPU, BUKOPUCTOBYIOUM (POPMYITy KpalHIX OpAUHAT:

8, :L(z-2-2)+i(6-2-2)+i(2-2-2+2-2-2—2.2_2.2):ﬁ,
6EJ, 6EJ, 6EJ, EJ,
4 4
p=——1(6-30-2)+ (2:30-2-2-190-2-30-2+190-2)+
6EJ, 6EJ,
3
+2o:4(_2+2):2@7_
24EJ, EJ,

8 Po3B’s13yeMO KaHOHIYHE PIBHSHHS:

24 267
EJ, EJ,

0,

24X, +26,7=0,

—26,7

X -L1xH.

9 Po3riisiHEMO €KBIBAJICHTHY CHCTEMY, TOOTO CTATUYHO BU3HAYyBaHY OC-
HOBHY CHUCTEMY, MiJ] I€I0 3alaHOI0 HABaHTAXKEHH: Ta 3HaineHoi cwm X, = L1 kH

(puc. 3.5, a), OynyeMo OCTaTOYHI €MIOPHU BHYTPIIIHIX CUIOBUX (DaKTOPIB.
O64nCITI0EMO 3HaYEHHS MO3OBKHIX CUJT y XapaKTepHUX Mepepizax:

N, =N, =0xH,
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OO0uuncnoeMo 3HaYEHHS NTONEPEYHUX CUIT Y XapaKTEPHUX Mepepizax:
Q, =Q,=-X,=-LIxH,
Q; =Q,=0xH,
Qs =X, =L1kH,
Qy=X,+q-4=11+20-4=811kH.

OGUHCITIOEMO 3HAYEHHS 3THHAILHIX MOMEHTIB Y XapaKTePHUX Tepepizax.
M] = O KH ‘M Py
M,=X,-2=11-2=22xH m,

M;=M,=M,=-M+X,-2=-30+11-2=-278kH M,
M,=—q-4-2-M-X,-2=-20-4-2-30-1,1-2=-192,2xH M.
Bbynyemo emtopu mo3posxkHix cuil N (puc. 3.5, 0), nonepeuynux cui Q

(puc. 3.5, B), a Takok 3rMHAIBHUX MOMEHTIB My (puc. 3.5, T) 3a XapakTepHUMH
nepepizamu.

M=30 kH-M
4 A |||||||(+)|||||1'|1|
T A2
<
™ N, kH
Tl L %=1k ‘
D —— |
N
&_ -1
16
a o
27,8 2,2
1.1
278 778
Q, kH Ms, KH-M
1.1
81,1 192,2
8 2
Pucynok 3.5
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10 Buxkonyemo aedopMaliifiHy nepeBipky. SKIIO B 3a/laHiii CTaTUYHO HE
BU3HAUyBaHIM CHCTEMI MEPEMIIICHHS 3a HaOpsSAMKOM X, JOPIBHIOE HYIIO, TO

100yTOK OCTAaTOYHOI €MIOPH 3rMHAIBHUX MOMEHTIB M Ha emtopi M, Mae nopi-

BHIOBaTH HYJIO, TOOTO A, =0:

A, =L(—2-2,2-2)+ 4
6EJ, 6EJ

(6-27.8-2)+

X

4
+

(2-278:2-2-1922-2-27,8-2+192,2-2)+
20-4° (c242)= ~2,9+222,4-219,2  —222,1+222,4
24EJ, EJ EJ '

X X

+

[Ipu uboMy moxmbka ckiiana:

—2221+222.4
2221

-100% =0,1%.

11 [Tinbupaemo nonepeyHuil nepepiz y BUMIISIAL IBOTaBpa.
[Ipu 3a3HaueHOMY HaBaHTAXKEHHI HEOE3MEYHUM TEepepizoM € mepepis 6,
i akoro M =M, =192,2 kH-Mm.

Po3mipu nepepizy nigoupaemMo 3 yMOBH MIITHOCT1 Ha 3THHAHHS:

192,2x10°°
>— X

> 10° =1068 cm®
180

Homep nBoTaBpa 3HAXOAMMO 3a PO3PAXyHKOBUM 3HAYCHHSAM MOMEHTY
omopy W, >1068cm’. 3a Tabmumero copramenty (JICTY 8239-72) Bubupaemo
neotasp Ne 45, st sskoro W, =1231 oM’ , J,. =27696 em?.

12 BuznauaeMo KyT moBopoTy nepepizy K.
JIy1st IbOTO 10 OCHOBHOI cucTeMU B mepepi3i K mpukiagaeMo oqUHUYHUN
MOMEHT, To0TO M =1.
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OO0unCcITII0OEMO 3HAYCHHS 3TMHAJIbHUX MOMCHTIB Y XapaKTEePHHUX Tepepizax
BiJI JIii OMHUYHOTO MOMEHTY (puc. 3.6):

M, =M, =M, =M, =0,
M;=M,=M-=1.

BynyeMo emtopy 3ruHaJIBHEX MOMEHTIB BiJl il OJUHUYHOTO MOMEHTY 3a
XapakTepHUMH TepepizaMu (IUB. puc. 3.6).

L]
=J
N

Pucynok 3.6

3 BUKOpPHUCTaHHSAM (POpMYINIH KpalHIX OpAHHAT «IIEPEMHOXKYEMO MIXK CO-
0010» Ha KOXKHIM AUISTHI[I OCTaTOYHY €MIOpYy 3TMHAJIBbHUX MOMEHTIB M Ta erto-

pY BiJ il OAMHUYHOTO MOMEHTY M, :

K:AZS:%(—2-27,8-1—2-192,2-1—27,8-1—192,2-1)+
3 —
L 204 (1+1)= 3333
24E] EJ,

Kyt noBopoty nepepizy K gopisHioe:

_-3333x107°
2x10°-27696x107°

=-0,0060 pan

K

Pesynbrat ofepxanu 31 3HakoM «—». Lle Bkazye Ha Te, mo nepepiz K mo-
BEPTAETHCS 32 HAIPSIMKOM TOJTMHHUKOBOT CTPLIKH.
JlonmycTuMui KyT IOBOPOTY MEpEPi3y AOPIBHIOE:

[6]=2°=0,0349 pax.

Sxuro Kyt noBopoty nepepizy K MeHiie, HiX JOMYCTUMUN KYT MMOBOPOTY,
TO KOPCTKICTh PaMH 3a0e3MeueHa.
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3agaua 3.2

s pamu, axa nooana Ha pucyHky 3.7, He0OXiOHO:
1) poskpumu cmamuyHry HeBU3HAYYBAHICMb,
2) nobyoysamu entopu n03008H#CHIX i NONEPEUHUX CUT, A MAKONC 32U-

HATbHUX MOMEHMIB,
3) nioibpamu nepepiz y eu2ns0i 06omaepa, axkuwo [c]=180 MIla ;

4) euznauyumu Kym nogopomy nepepisy K.

2M 4 M
q=20 kH/M

SINEEENEN]

LM

M=3§J KH-M

Pucynok 3.7
Po3é’azanns

1 BcraHOBIIOEMO CTYMIHB CTaTUYHOT HEBU3HAUyBaHOCTI cuctemu. JlaHa
CUCTEMa OJIUH pa3 CTATUYHO HE BU3HAUYBaHA.

2 BubupaeMo OCHOBHY CHCTEMY, BUIAISIOUN «3ailBl 3B'SI3KM» 1 3aMIHSIO-
YM BUX1JIHY CUCTEMY CTaTUYHO BU3HauYeHOIo (puc. 3.8, a).

Q=20 kH/M
HREREEREN
i e ’
0C EC
M=30 kHM
2 P
a 4]

Pucynok 3.8
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3 OpnepxyeMo €KBIBaJICHTHY CHUCTEMY, 3aBaHTAXKYIOUH OCHOBHY CHUCTEMY
3a/ITaHUM HABAaHTAXKCHHSIM Ta «3alBUMH HEBIJOMUMU 3YCHUJUIIMUY, IO 3aMiHS-
I0Th JII10 BIJIYYEHUX 3B's13KiB (puc. 3.8, 0).

4 Jlns Toro mo0 BU3HAUUTH «3aliB€ HEBLIOME 3yCHIUID» X,, CKOpHUCTae-

MOCSI KAHOHIYHUM PIBHSIHHSAM

8, X, +A,, =0.

5 PosriasiHemo OCHOBHY CHCTCMY, HABAHTAXCHY TUIBKH 3alaHUM HaBaH-
Ta>XCHHSIM.

Busnayaemo onopHi peaxuii Bij Jii 3a1aHOr0 HaBaHTakeHH (puc. 3.9, a):
>.P, =0,
HA = O .

> M, =0,

M-q-4-2-R,-2=0,

 M-q-4-2 30-20-4-2
2

Ry =—65 kH.

ZP}’ =0,
-q-4+R,+Rg =0,
R, =q-4-R;=20-4+65=145xH.

2M b M
Ro=65 kH § G=20 KH/m
IR EEEEEN] 30
13004
= 1605 Mo, KHM
M=30 kH-M §
A1__ . HA:O kH 130
!
Ra=145 kH
a o
Pucynok 3.9
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J1ist mepeBipKU BUKOPUCTAEMO PIBHSHHS ZMC =0:

M+q-4-2-R, -4-R,-6=0,
30+20-4-2-145-4+65-6=0,
580—580=0,
0=0.

Bynyemo emtopy 3ruHajibHUX MOMEHTIB BiJl 33/1aHOT0 HaBaHTaXeHH M,

OOYHMCIIIOIOYM 3HAYCHHS 3THHAJIBLHUX MOMEHTIB Y XapaKTCpHUX nepepi3ax

(puc. 3.9, 0):
M, =M, =M=30kH" M,
M, =M,=0kH-M,
M,=-q-4-2=-20-4-2=-160kH ™M,
M, =-Ry-2=-65-2=-130kH M.
BynyeMo emnropy 3rHHaJIBHMX MOMEHTIB Bij il 3aJIaHOTO HaBaHTAXCHHS
3a XapaKTepHUMHU Tepepizamu (puc. 3.9, 0).

6 Po3risiHEMO OCHOBHY CHUCTEMY, HaBaHTA)KEHY TUIBKU OAMHUYHOIO CH-
o010 X, .

Busznavyaemo onopHi peaxuii Bia 1ii oAMHUYHOI cuiu (puc. 3.9, a):

>'P, =0,

H, =0.

> M, =0,
X,-4-Ry-2=0,

X, -4 1-4
Re="3 "%

=2.

ZP}’ =0,
X, +R, +Ry =0,
R, =-Ry-X,=-2-1=-3.
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RB:2 |

X1=1

4 M

Pucynox 3.10

J1Jist mepeBipKH BUKOPUCTAEMO PIBHSHHS ZMC =0:

“R,-4-R,-6=0,
3.4-2.6=0,
12-12=0,
0=0.

Bynyemo entopy 3ruHanbHUX MOMEHTIB Bl OMUHUYHOI cuii M, , oOuuc-

JIIOI0YY 3HAYEHHS 3TMHAJIbBHUX MOMEHTIB y XapakTepHuX nepepizax (puc. 3.10):
M, =M, =M, =M,=0m,
M,=X,-4=1-4=4wm,
My =Ry-2=2-2=4M.

Bynyemo emntopy 3ruHaqbHUX MOMEHTIB BiJl Jlii OMUHUYHOTO (hakTopa 3a
XapakTepHUMH nepepizamu (puc. 3.10).

7 BuznauaeMo Koeil[ieHTH KaHOHIYHOTO PIBHAHHS, IEPEMHOXKYIOUYHU BiJl-
MOBIAHI €MIOPU, BUKOPUCTOBYIOUM (POPMYITy KpaliHIX OpAUHAT:

2 4 32
S = (2-4-H+—(2-4-4)="=,
H 6EJX( ) 6EJX( ) EJ,
3 —
= (L2130 4)+ 2 (-2.160-4)+ 22 (44 0)= 2007
’ 6EJ, 6EJ, 24E]J E

X



8 P0o3B’43yeMO KaHOHIYHE PIBHSHHS:

32 9867 _
EJ EJ

X X

0,

32X, -986,7=0,

~986,7

X, =30,8 kH.

9 PosrasuemMo eKBiBaHeHTHy CUCTCMY, TOOTO CTAaTHYHO BHU3HAYYBaHy OC-

HOBHY CHCTCMY, HiI[ I[i€IO 3aJaHOI'O HaBaHTAXCHHA Ta 3HaI>'II[CHOI CHUJIN

X, =30,8kH (puc. 3.11, a), OyayeMo OCTaTOYHI €MIOpU BHYTPIIIHIX CHIOBHUX

(bakropis.
. A X,=30,8 kH
R=3.4 ¢H ,l =20 EHM
IR EEREE]
Bl A
= S M, KH
= R,=52,6 kH
M=20 kH - 1
RO LA | 52,6
A
a o
49,2 70=154 M 23,7
- paiil
34 | < 680
508 36,8
q, kH Ms, KH'M
30

Pucynox 3.11
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Busnauaemo omopHi peakiiii Bim ii 3a7aHOTO HaBaHTAXKEHHS Ta CHUIIU
X, =30,8 kH (nuB. puc. 3.11, a):

>.P, =0,

H, =0.

> M, =0,
M-q-4-2+X,-4-R,-2=0,
 M-q-4-2+X,-4 30-20-4-2+308-4
2 2
ZP}’ =0,

-q-4+X,+R, +Ry; =0,

Ry

=-3,4 xH.

R,=q-4-X,—R;=20-4-30,8+3,4=526kH.

J1ist mepeBipKH BUKOPUCTAEMO PIBHSHHS ZMC =0:

M+q-4-2-R,-4-R;:6=0,
30+20-4-2-52,6-4+3,4-6=0,
210,4-210,4=0,
0=0.

O06unCTI0EMO 3HaYEHHS MO3OBKHIX CUJT y XapaKTepHUX Mepepizax:
N,=N,=-R, =-52,6 xH,

N, =N, =0xkH,

N; =N, =0xH.

O0uncnoeMo 3HaYEHHS NTONEPEYHUX CHIT Y XapaKTEPHUX Mepepizax:
Q,=Q,=0xH,

Q; =-X,=-30,8xH,
Q,=-X,+q-4=-30,8+20-4=49,2kH,
Q;=Qy=Ry=-3,4xH.
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O64YHCTI0EMO 3HaYEHHS 3TUHAJILHUX MOMEHTIB y XapakTEepHUX Mepepizax:
M, =M, =M=30kH" M,

M, =M,=0kH-M,
M,=X,-4-q-4-2=30,8-4-20-4-2=-36,8kH - ™,
M,=-R;:-2=-34-2=-6,8xH -Mm.

bynyemo emtopu mo3noxkHix cui N (puc. 3.11, 0), nonepeunux cun Q
(puc. 3.11, B), a Takok 3rUHaIBHUX MOMEHTIB M (puc. 3.11, r) 3a xapakTepHH-
MU TIepepizaMu.

SIkuro emtopa MoNepevHrx CUJil repecikae 6a3oBy JIIHIIO Ta 3MIHIOE 3HAK 3

«t» Ha «—», TO B I[IM TOYI[I MAEMO MaKCHMaJIbHE 3HAUCHHS 3THHAILHOTO MOME-
HTY. 3HaXO0UMO TIOJIOKEHHS I[LOTO Tepepizy:

_308 1 sa,
0

Z

1,54

M, , = X,z, —qz0%=30,8-1,54—20-1,54- =23,7kH M.

10 Bukonyemo aedopMaliifiHy nepeBipky. SKIIoO B 3a/laHiii CTaTUYHO HE
BU3HAUyBaHIM CHCTEMI MEPEMIIICHHS 3a HAaIOpsAMKOM X, JOPIBHIOE HYIIO, TO

N00yTOK OCTaTOYHOI €MIOpH 3TUHATBHUX MOMEHTIB Mg Ha emtopi M, Mae J10piB-

HIOBaTH HYIIO, TOOTO A  =0:

3

A15=L(—2-6,8-4)+ 4 (—2-36,8-4)+2O 4 (4+0)=
6EJ 6EJ 24E]
_-17,6-1957+2133 _-2133+2133 _
EJ, EJ, '

11 [Tinbupaemo nonepeyHuil nepepiz y BUTIISIAL IBOTaBpa.
[Ipu 3a3HaueHOMY HaBaHTaXEHHI HEOE3MEYHUM IepepizoM € mepepis 4,
i skoro M =M, =368 kH M.

Skio ochoBa cuiia HE3HaAYHA, TO PO3MIPHU Mepepi3y miadupaeMo 3 yMOBU
MII[HOCTI Ha 3TMHAHHS:

Buznaunmo HEOOX1JHUN MOMEHT OIOpY Mepepizy:
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-3
S 36,8x10 y

> 10° =204,4 e’ .
180

HOMep ABOTAaBpa 3HAXOIUMO 3d PO3PAXYHKOBHM 3HAYCHHAM MOMCHTY

omopy W, >204,4 cv’ . 3a Tabmumero copramenty (JICTY 8239-72) Bubupaemo
nBotasp Ne 22, nyst skoro W, =232 c¢m’, J =2550cm” .

12 BuzHauaemo KyT moBOpoTy nepepizy K.

JlJ1st 1boTO 10 OCHOBHOT cucTeMH B nepepisi K npukiianaeMo oguHUYHMIMA
MOMEHT, To0TO M =1.

Busznayaemo onopHi peaxuii Bij J1ii OAMHUYHOTO MOMEHTY (puc. 3.12):

H, =0,

2
O06uuCTI0EMO 3HAYEHHS 3TMHAIBHUX MOMEHTIB y XapaKTepHUX Mepepizax
BiJI Jii OMMHUYHOTO MOMEHTY (1uB. puc. 3.12):
M, =M,=M;=M, =M =0,
M, =-R;-2=-1.

2M L M N
Rs=0,5 : ¢ " M=1 |
T 2_|4 3|
’ 1
z Mz
Al Ha=0
Ri=0.5

Pucynox 3.12
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Bynyemo entopy 3ruHaJIbHUX MOMEHTIB BiJ] i1 OAMHUYHOIO MOMEHTY 32
XapaKTepHUMH Tniepepizamu (IuB. puc. 3.12).

3 BUKOpPHUCTaHHSAM (POpMYINIH KpalHIX OpAHHAT «IIEPEMHOXKYEMO MIXK CO-
0010» Ha KOXKHIM AUISTHI[I OCTaTOYHY €MIOpYy 3TMHAJIBbHUX MOMEHTIB M Ta ero-
Py Bl A1i OTMHUYHOTO MOMEHTY M_z:

=A :L(z-@g-l): 43

X X

Kyt noBopoty nepepizy K gopisHioe:

_4,53%107
2x10°-2550%x107°

=0,00085 pan

K

JlonmycTuMui KyT IOBOPOTY MEpepi3y AOPIBHIOE:
[6]=2°=0,0349 pax.

Sxuro Kyt noBopoty nepepizy K MeHiie, HiX JOMYCTUMUN KYT MMOBOPOTY,
TO KOPCTKICTh paMH 3a0e3MeueHa.

3agaua 3.3

[l pamu, axa 300paxcena Ha pucynky 3.13, HeoOXiOHO:
1) poskpumu cmamuyHry HeBU3HAYYBAHICMb,
2) nobyodysamu entopu n03008H#CHIX I NONEPEUHUX CUT, A MAKONC 32U-
HATbHUX MOMEHMIB,
3) nioibpamu nepepiz y eu2na0i 06omaepa, Axkuwo [c]=160 MIla ;
4) eusnauumu Kym nosopomy nepepizy K.

20 kH/ ™M

2M

HEER

*‘M=30 KH:M

/

q:

2M

LM LM

Pucynox 3.13
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Po3zé’azanns

1 BcTaHOBNIOEMO CTYIIHb CTATMYHOI HEBU3HAYYBAHOCTI CUCTEMH. SKIIO
HEBIJIOMUX peakliil 1’ sTh, a PIBHIHb PIBHOBArd MOKHA CKJIACTH TUIbKH TPH, TO
JlaHa cUCcTeMa JiBa pa3u CTaTUYHO HE BU3HAUYyBaHa.

2 BubupaemMo OCHOBHY CHUCTEMY, BUAQISIOUN «3alBl 3BSI3KW» 1 3aMIHSIO-
YU BUXIJHY CUCTEMY CTATUYHO BU3HAYyBaHOIO (puc. 3.14, a).

3 OnepxyeMO €KBIBAJICHTHY CHCTEMY, 3aBaHTaXYIOUd OCHOBHY CUCTEMY
3aJlaHUM HaBaHTaXXEHHSM Ta «3aWBUMH HEBIIOMUMHU 3YyCHILIIMHUY, IO 3aMiHS-
I0Th JI110 BIITYYeHUX 3B'3KUB (puc. 3.14, 0).

4 Jlnst Toro 1mo6 BU3HAYUTHU «3aiiBl HEBIIOMI 3ycuiuiss» X, Ta X,, CKOpUC-
TAEMOCS] CUCTEMOIO KaHOHIYHUX PIBHSIHB:

&QQ+SUX2+AW=O,
0, X; +05,X, +A,, =0.

lLLLL
LLL L

20 kH/M

M=30 kH'M

EC TL

X2 ' X

0C

L=

q

Pucynox 3.14

5 PosrisitHeMo OCHOBHY CHUCTCMY, HABAHTAXKCHY TUIBKH 3aJaHMM HaBaHTa-
KCHHSM. By,Z[y€MO CITIOPY 3rUHAJIBHUX MOMEHTIB Bi)l 3a1aHOI'O HaBaHTAKCHHA Mp .

OO0uncITII0EMO 3HaYCHHS 3TMHAJIBHUX MOMEHTIB y XapaKTEPHHUX Iepepizax
(puc. 3.15, a):

M, =M, =M=30kH M,
M;=M, =0xH M,
M, =M =30kH-m,
M, =M, =M;=M-q-2-1=30-20-2-1=—10kH - M.
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2M

RN

20 kKH/M

q:

| INEEEEEEEENEEERS

10

TIM=30 kH-M

Y
N7

10
30

30

Ms, KHM

2M
!

LM LM

Pucynox 3.15

BynyeMo emnropy 3rMHAIBHEX MOMEHTIB BiJI Jil 3aJJaHOTO HaBaHTa)KCHHSI
3a XapakTepHUMHU Tiepepizamu (puc. 3.15, 0).
6 Po3ristHeMO OCHOBHY CHUCTEMY, HaBaHTA)KCHY TUIBKH OJWHUYHOIO CH-

aor X, . byayemo entopy 3ruHajIbHUX MOMEHTIB Bil OAMHUYHOI cuiu M, .

OO04nCcITII0OEMO 3HAYCHHS 3TMHAJIBHUX MOMCHTIB Y XapaKTEPHHUX Tepepizax
(puc. 3.16, a):

M, =0wm,
M,=X,-4=1-4=4w,
M;=M,=0wm,
M;=M,=M, =X,-4=1-4=4m,
M;=X,-8=1-8=8Mm.

Bynyemo emntopy 3ruHaJlbHUX MOMEHTIB Bl J1i OQMHUYHOI cuin X, 3a

XapaKTepHUMH Tnepepizamu (quB. puc. 3.16, a).

- A
8 by,
me_l' TS
61 N A
< N - = 4
- N
N 4: 5
m { 4
7h, B i !
cﬁ Mi M X1=1 f, Mz, M
3l 31 X2:1
LM LM 4 M LM
a 4]

Pucynox 3.16
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7 PO3rissHEMO OCHOBHY CHUCTEMY, HaBaHTaXXEHY TUIBKA OJAUHUYHOIO CHU-
a0 X,. bynyemo emntopy 3ruHanbHUX MOMEHTIB B1Jl OIMHUYHOL cuiid M, .
O06uuCTI0EMO 3HAYEHHS 3TMHAIBHUX MOMEHTIB y XapaKTepHUX Mepepizax

(puc. 3.16, 0):
M, =M, =M;=0w,
M,=M;=-X,-2=-1-2=-2m,
M=M,=M;=-X,-4=-1-4=—4m

Bynyemo entopy 3ruHaJbHUX MOMEHTIB B All OAMHHMYHOI cuin X, 3a

XapaKTepHUMH Tiepepizamu (auB. puc. 3.16, 0).
8 BuzHauaemo koedili€HTH KaHOHIYHUX PIBHSIHb, IEPEMHOXKYIOUHU BiAMO-

BiJIH1 €IIOpH, BUKOPUCTOBYIOUH (OPMYITY KpaifHIX OpJIUHAT:

O = ! 2-4-4)+ —(6 4-4)+ 4 (2 8-84+42-4.-4+8-4+4. 8) 202,7’
6EJ, 6EJ, 6EJ. n
4 853

8= (24 4)+——(6-4-4)=
22 6EJ( ) ( ) JX

By =8, =——(-2-4-2-2-4-4-4.2-4.4) +
SR 6EJ( )

T (—2-8-4—2.4.4_8.4_4.4):—1E2J0,0,

6EJ

X X

i(2-30-4+30-4)+6EZ (2-30-4-2-10-4+30-4-10-4)+

X

lp:
X

3
£ 202 (4+4)+i(—2-10-8—2-10-4—10-4—10-8)=133’3,
24E] 6EJ EJ,
3
Azp=L(—2-30-2+2-10-4—30-4+10-2)+20'2 (-2-4)+
6EJ 24EJ,
2 (6-10-4):73’3.
6EJ

X X

9 IlepeBipsieMO IPaBUIIBbHICTH BU3HAUYCHHS KOC(IIIEHTIB KAHOHIYHUX PiB-
HsHb. PO3TIITHEMO OCHOBHY CUCTEMY, HABAHTAXKEHY TUILKU OJUHUYHHMU CHUJIa-
mMu X, T1a X,. byayemo emntopy 3ruHaipHMX MOMEHTIB B OAMHMYHUX

cut M, +M, .
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OO0unCcITII0OEMO 3HAYCHHS 3TMHAJIBHUX MOMCHTIB Y XapaKTEePHHUX Tepepizax
(puc. 3.17):

M, =0wm,
M,=X,-4=1-4=4m,
M;=0m,

M, =-X,-2=-12=-2wm,
M,=X,-4-X,-2=1-4-1.2=2m,
M, =M, =X,-4-X,-4=1-4-1-4=0m,
My=M,=X,-8-X,-4=1-8-1-4=4wu.

4

2M

%=1

2M
=<
+
=<
N
=<

3 X2:1

LM 4 M

Pucynox 3.17

Bynyemo entopy 3ruHajJbHUX MOMEHTIB BiA A1 OAMHMYHUX cui X, 1 X,
3a XapaKTepHUMHU Tiepepizamu (auB. puc. 3.17).

BukoHyeMo niepeBipKy NpaBUIBHOCTI BU3HAUYEHHS KOEQILIEHTIB Oy, O, ,
05,10y,

4 2
O(112)(1+2) 25(2‘4‘4)"‘5(2‘2‘2)4‘
2 (2-2-2)+i(2-4-4)=48’0,
6EJ._ 6EJ._ EJ.

202,77 120,0 120,0 853 48,0
O(12)142) = O11 T013 +05 +05, = EJ.  El. EJ. El. El.

X X X X X

Otxe, koediuieHTn J,,, 9,5, 0, 1 6,, BU3HAYEHI BIPHO.

BHKOHYEMO MepeBIPKY MPABUIIHOCTI BU3HAYCHHS KOSIIEHTIB A, Ta A,
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2

(2-30-2-10-2)+

A(1+2)p

_ 4 (2.30-4+30-4)+
6E]

X X

2 (2.10-4-10.4)=227
6E]

X X

3
L 202 (0+2)
24EJ

133,3 733 2067
P EJ EJ EJ

X X X

A

=A,+A, =

(1+2)p p

Omxe, koeditientn A, Ta A, BU3HAYEHi BipHO.
10 Po3B’a3yeMO cucTeMy KaHOHIYHUX PIBHSHb:

2027y 1200y 1333
EJ, EJ, EJ,

(1200 853, 733,
EJ, EJ, EJ,

202,7X, -120,0X, +133,3=0,
120,0X, +85,3X, +73,3=0,

~120,0X, —133,3
202,7
—120,0X, +85,3X, +73,3=0,

b

X, =0,59X, - 0,66,
1200- 059X O66)+853X +733=0,

7104X +7891+853X +73,3=0,

, =0,59X, —-0,66,
14,29X, +152,21 =0,

X, =0,59X, — 0,66,

X, =-10,66 kH,

X, =-7,0xH,
X, =—10,7 xH.

:
i
=
;
|
|
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11 PosrisitHeMo €KBIBaJIEHTHY CUCTEMY, TOOTO CTaTUYHO BU3HAYyBaHYy
OCHOBHY CHCTEMY, TMiJ| Ji€l0 33JaHOr0 HABAHTAXKEHHA Ta 3HAWJIEHUX CHII
X, =7,0kH ta X, =10,7xH (puc. 3.18, a), Oy1yeM0O OCTaTOYHI E€NIOPU BHYT-
PIIIHIX CUJIOBUX (PAKTOPIB.

8 B
T Iﬁ__-%
= = — W30 KH - m
o A
Sl = :
5 i
= ¥R EH
™ L HF107 6H
4 na 4w
a
é 17,0
29,3 H
N, kH
O
>
M
[l 1] N
7,0 29, T
N
——r__70
ANEEENIIEECEENEEN|
Q, kH %
10,7
6

Pucynox 3.18
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O06unCII0EMO 3HaYEHHS MO3OBKHIX CUJT y XapaKTepHUX Mepepizax:
N, =N, =0«kH,
N, =N, =0xkH,
N, =N,=X,=7,0kH,
N,=N;=X,-q-2=10,7-20-2=-293kH.

O06uuCTI0EMO 3HAYCHHS TTONIEPEYHUX CHIT Y XapaKTePHUX Tepepizax:
Q,=Q,=X,=7,0kH,
Q;=Q,=Qs;=-X,=-10,7xH,
Q,=-X,+q-2=-10,7+20-2=293kH,
Q,=Qy=X,=7,0xH.

OO0uuncIIoeMO 3HaYCHHS 3THHATBHIX MOMEHTIB Y XapakTEepHUX Tepepizax:
M,=M=30kH" M,
M,=M-X,-4=30-7-4=2xH-m™,

M, =0xH-M,
M,=X,-2=10,7-2=214xH-™m
M,=M-X,-4+X,:2=30-7-4+10,7-2=234xH ™,
M,=M,=M-q-2:1-X,-4+X,-4=30-20-2-1-7-4+10,7-4=48xH M,
M{=M-q-2:1-X,-84+X,-4=30-20-2-1-7-8+10,7-4=-232xH - ™.

SIxuo emtopa MoNepevHrx CUJil repecikae 6a3oBy JIIHIIO Ta 3MIHIOE 3HAK 3

«t» Ha «—», TO B I[IM TOYI[I MAEMO MaKCHMAaJIbHE 3HAUCHHS 3THHAILHOTO MOME-
HTY. 3HaXO0UMO TIOJIOKEHHS I[LOTO Mepepizy:

Z, = 1067 =0,53 M,

M,, =M—qz0%0—xl-4+xz(2+z0)=

=30-20-0,53- 0,53

-7,0-44+10,7-(2+0,53)=26,3kH - m.
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bynyemo emtopu mo3noxkHix cuii N (puc. 3.18, 0), nonepeunux cun Q
(puc. 3.18, B), a Takok 3rUHaIBLHUX MOMEHTIB My (puc. 3.18, r) 3a xapakTepHHu-
MU TIepepizaMu.

12 Bukonyemo negopMaliiiiny IepeBipKy.

Skio B 3amaHiil CTaTUYHO HE BU3HAUYBAaHIA CUCTEMI1 NEPEMIIICHHS 3a
HanpsAMKOM X, JOpPIBHIOE HYNIO, TO JOOYTOK OCTaTOYHOI €MIOPU 3rMHAIBHUX

MOMEHTIB M Ha emtopi M, Mae 10piBHIOBATH HYIO, TOOTO A =0:

Alszi(2-2-4+30-4)+ 2 (2-23,4-4+2-48-4+234-4+48-4)+
6EJ 6EJ
3
202 (4+4)+i(—2-23,2-8+2-4,8-4—23,2-4+4,8-8)=
24EJ 6EJ

- 90,7+112,8+53,3-2581 256,8-258,1
EJ EJ '

X X
[Ipu uboMy noxubKa cTaHOBUJIA!

256,8 —258,1
256,8

-100% = 0,5 %.

Skio B 3alaHiil CTaTUYHO HE BU3HAYYBAHIA CUCTEMI MEPEMIIICHHS 3a
HanpssMKOM X, JOPIBHIOE HYJIO, TO JTOOYTOK OCTaTOYHOI €MIOPU 3rMHAIBHUX

MOMEHTIB M Ha emtopi M, Mae 10pIBHIOBAaTH HyIt0, TOOTO A, =0:

2
A, =—(-2-214-2
2s 6EJ ( ’ )+

X X

2

(-2-234-2-2-48-4-234-4-48-2)+

20-2° 4
+ (-2-4)+——(2-232-4-2-48-4+232-4-48-4)=
24E]J 6EJ
_ —285-78,4-40+147,7 —1469+147,7
EJ, EJ, '

[Ipu upboMy nmoxubKa cTaHOBUJIA!

147,7-146,9
146,9

-100% =0,5%.

13 [TigbupaeMo nonepeyHuil nepepi3 y BUMIISIAL IBOTaBpa.
[Ipu 3a3HaYeHOMY HaBaHTAXKEHHI HEOE3MEUHHM TepepizoM € mepepis 1,
i skoro M =M, =30kH M.
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Skio ochoBa cuiia HE3HaYHA, TO PO3MIPHU Mepepi3y miadupaeMo 3 yMOBU
MII[HOCTI Ha 3TMHAHHS:

-3
S 30x10 «

> 10° =187,5¢m’
160

HOMep ABOTAaBpa 3HAXOIUMO 3a PO3PAXYHKOBHM 3HAYCHHAM MOMCHTY

omopy W, >187,5 cm’. 3a rabmuero copramenty (JCTY 8239-72) Bubupaemo

nBotasp Ne 20a, m1s sikoro W, =203 cem’, T, =2030cm*.

14 BusHauaemo KyT mOBOpoOTY nepepizy K.

Jlj1st 1boTO 10 OCHOBHOT cucTeMH B nepepisi K npukiianaemMo oauHUYHMIMA
MOMEHT, TOOTO M =1.

O64YHCII0EMO 3HAYEHHS 3TMHAJIbHUX MOMEHTIB y XapakTEepHHUX Mepepizax
BiJI Jii OAMHUYHOTO MOMEHTY (puc. 3.19):

M, =M, =M, =M, =M, =M, =0,
M, =M, =-M=-1.

M=1
i 7
\ NA6[
:\:l 1,0 1,0
5--I [
_ 62 1
= Ms
N
3l
4 M 4'M

Pucynox 3.19

Bynyemo emtopy 3ruHaTBPHIX MOMEHTIB Bif Jlii OMMHUYHOTO MOMEHTY 32
XapaKTepHUMH Tniepepizamu (IuB. puc. 3.19).
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3 BUKOpPHUCTaHHSAM (POpMYINIH KpalHIX OpAHHAT «IIEPEMHOXKYEMO MIXK CO-
0010» Ha KOXKHIM AUISIHI[I OCTaTOYHY €MIOPYy 3TMHAJIBbHUX MOMEHTIB M Ta ero-

py BiA A1 OJMHUYHOIO MOMEHTY M, :

4

0, —A, = —(2.232.1-2-48-14232.1—48-1)= -2
K 3 6E

S
X X

Kyt noBopoty nepepizy K gopisHioe:

36,7107
K 2x10°-2030x10°°

=0,0090 pan .

JlonmycTuMuUi KyT IOBOPOTY MEpePi3y AOPIBHIOE:

[6]=2°=0,0349 pax.

Sxuro Kyt noBopoTy nepepizy K MeHie, HiX T0MyCTUMHI KyT OBOPOTY,

TO KOPCTKICTh paMH 3a0e3MeueHa.

3agaua 3.4

[l pamu, axa 30opaxcena Ha pucynky 3.20, HeoOXioHO:
1) poskpumu cmamuyHry HeBU3HAYYBAHICMb,

2) nobyoysamu entopu n03008H#CHIX i NONEPEUHUX CUT, A MAKONC 32U-

HANbHUX MOMEHMIB,

3) nioibpamu nepepiz y 8uensioi 0860maspda, Ko [6] =160 MIla;

4) euznauyumu Kym nogopomy nepepisy K.

5)
4 M b M
& ’ q=20 kH/M
HEEEEER
- M=30 kH-M 2
N
Pucynox 3.20
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Po3zé’azanns

1 BcraHOBNIOEMO CTYMIHB CTaTUYHOI HEBU3HAUyBaHOCTI cuctemu. JlaHa
CUCTEMa JIBa pa3u CTAaTUYHO HE BU3HAUYBaHA.

2 BubupaeMo OCHOBHY CHCTEMY, BUIAISIOUN «3ailBl 3B'SI3KM» 1 3aMIHSIO-
Y BUX1JIHY CUCTEMY CTaTUYHO BU3HauyBaHoOIo (puc. 3.21, a).

AN

0c

+

q=20 kH/M
EEREEEEIZE

M=30 KH-M\/| v %

o

3C

Pucynok 3.21

3 OnepxyeMoO €KBIBaJIEHTHY CHCTEMY, 3aBaHTaXYIOUd OCHOBHY CUCTEMY
3aJlaHUM HaBaHTaXEHHSM Ta «3aWBUMH HEBIIOMUMHU 3yCHILISIMHUY, IO 3aMiHS-
I0Th JIII0 BUJIYYEHUX 3B's13KiB (puc. 3.21, 0).

4 J1ns Toro mo0 BU3HAUUTH «3aiiBl HEBiIOMI 3ycwiisi» X, Ta X,, CKOpU-

CTAEMOCSI CUCTEMOIO KAaHOHIYHUX PIBHSHbD:

O X, +0,,X, + Alp =0,
0, X +90,X, +4A,, =0.

5 PosriasiHemo OCHOBHY CHCTCMY, HABAHTAXCHY TUIBKH 3alaHUM HaBaH-
Ta>XCHHSIM.
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Busnauaemo omopHi peakiii  Big A1l 3aaHOTO
(puc. 3.22, a):

> M, =0,
~M-q-4-6+H,-4=0,
_M+q-4-6 _30+20-4-6

H, =127,5xH.
4
P, =0,
-H, +Hy =0,
H, =H, =127,5kH.
ZP}’ =0,
-q-4+R, =0,
R, =q-4=20-4=80kH.
Rfﬂ[l kH
M A M 320
HE1Z Skt | ; mﬂ‘ﬂﬂ 320
ul
e =20 kH'm B
" CHTITI11] Mem 2228
3 [ M=30 kM- 190
sl g HE1ZT5 H
BE
a 4]

Pucynox 3.22

J1ist mepeBipKH BUKOPUCTAEMO PIBHSHHS ZMC =0.
-M-q-4-2-R,-4+H, -2+Hy-2=0,
-30-20-4-2-80-4+127,5-2+127,5-2=0,

510-510=0,
0=0.

108
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Byayemo emopy 3ruHalbHEX MOMEHTIB BiJl 33J1aHOTO HABAHTAXEHHA M,

OOYHCITIOIOUM 3HAYCHHS S3TUHAIBHUX MOMEHTIB Yy XapaKTepHUX Tepepizax
(nuB. puc 3.22, a):

M, =0xH-mM,
M,=M;=R,-4=80-4=320xH M,
M,=R,-4-H,-2=80-4-127,5-2=65kH ™,
M;=0xH-m™,

M, =Hy;-2=127,5-2=255kH M
M,=-M=-30kH "™,
Mg=-M-q-4-2=-30-20-4-2=-190kH - M.

BynyeMo emropy 3rHHAJIBHMX MOMEHTIB Bij il 3aJIaHOTO HaBaHTaXCHHS
3a XapaKTepHUMHU Tiepepizamu (puc. 3.22, 0).

6 Po3rnsiHeMO OCHOBHY CHUCTEMY, HaBaHTa)KEHY TLTHKU OAMHHYHOIO CH-
o0 X, .

Busnauaemo onopHi peakuii Bix Aii oguHUYHOI cuinu X, (puc. 3.23, a):

> M, =0,

X,-8—H, 4=0,

HB:XL‘.SZ%:Z
>'P, =0,
-H, +Hy =0,
H, =Hg =2.
ZPy:O’
X,-R, =0,

R, =X, =1
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JIOI0YHU
(puc. 3.23, a):

J1ist mepeBipKH BUKOPUCTAEMO PIBHSHHS ZM c=0:

3HA4YCHHA

M, =M, =M, =0,

0=0.

MOMEHTIB

X,-4+R, -4-H, -2—-H,-2=0,
1-4+1-4-2.2-2-2=0,
8—8=0,

XapaKTEpHUX

M,=M,=-R, -4=-1-4=—4u,

M,=H,-2=2-2=4wM,
M,=X,-4=1-4=4n.

M,=-R, -4+H, 2=-1-4+2-2=0m,

4 M LM 4M LM
He=2 |4 4 o Ha=0,5 | 4 .
A 3 A 3
‘= — ‘s —
Ra=1 , N M, m . RFUi N Mz, M i ¥o=1
A 1
(>\:1 X1=1 :\:‘
| R H=2 17 R Hs=0,5
B
a 4]
Pucynox 3.23

Bynyemo entopy 3ruHaibHUX MOMEHTIB Bl OIMHUYHOI cuiau M, , oOuuc-

3TUHAJIBHUX nepepizax

Bynyemo emntopy 3ruHaJlbHUX MOMEHTIB Bl J1i OOMHUYHOI cuin X, 3a

XapaKTepHUMH Tnepepizamu (quB. puc. 3.23, a).

"7 Po3rnsinemo OCHOBHY CUCTEMY, HABAHTAKCHY TUIBKA OJUHHNYHOIO CUJIIOKO XZ .

Busnauaemo onopHi peakuii Bix Aii oquHU4YHOI cuiu X, (puc. 3.23, 0):

> M, =0,

-X,-2+Hyz-4=0,




> P,=0
-X,+H, +Hy =0,
H,=X,-H;=1-0,5=0.,5.

>.P, =0,

R, =0.

J1ist mepeBipKH BUKOPUCTAEMO PIBHSHHS ZMC =0:

-H,-2+Hy-2=0,
-0,5-2+0,5-2=0,
—-1+1=0,
0=0.

Bynyemo emntopy 3ruHanbHUX MOMEHTIB B1Jl OAMHUYHOL cuiid M, .

OO04nCcITII0EMO 3HaYEHHS 3THHAJILHUX MOMEHTIB y XapaKTEPHHUX Iepepizax
(puc. 3.23, 0):

M,=M,=M; =M, =M, =M, =0w,
M,=H, -2=05-2=1wm,
M;=H,-2=0,5-2=1wm.

Bynyemo entopy 3ruHaJbHUX MOMEHTIB Bl All OAMHHMYHOI cuin X, 3a

XapakTepHUMH nepepizamu (puc. 3.23, 06).
8 BuzHayaemo koedilli€HTH KAHOHIYHUX DPIBHSHb, MMEPEMHOXKYIOUU BiJI-
MOBI/IHI €MIOPH, BUKOPUCTOBYIOUYHN (hOPMYITY KpaiHIX OpJIMHAT:

5“=é( 4)+ E—X(244) E—X(244) E—X(24 )_S—i
= gy O 1D = 2
B =8y = g (D (2:41) =
1p=6sx( 2-320-4) ZX(—2-320-4—65-4)+ EZJX( 2-255-4)
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4

3
e (—2-190-4—30-4)+§0‘4 (4+0)= =42067
2 2 320
Ay = 2-65-1+320-1 2.255.1)= >
» 6EJX( - )+6Ex( ) EJ

X

9 IlepeBipsieMO IPaBUIBHICTh BU3HAUYCHHS KOC(IIIEHTIB KAHOHIYHHUX PiB-

HSHb. PO3IJIsIHEMO OCHOBHY CHCTEMY, HABAHTAXKCHY TUIBKM OJMHUYHUMH CUJIA-
mu X, ta X,.

BuznauaeMo omnopHi peakiii Bif aii oqMHUYHUX cwl X, Ta X, (puc. 3.24):
> M, =0,
X,-8=X,-2-Hy-4=0,

X,-8-X,-2 1-8-1-2
H, =1 Z 2 ~ - 84 =1,5.

> P, =0,

~X,+H, -H, =0,

H,=Hy+X,=15+1=25.

4 M 4 M

Pucynox 3.24
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J1ist mepeBipKH BUKOPUCTAEMO PIBHSHHS ZMC =0:

X,-4+R, -4-H, -2-H,-2=0,
1-4+1-4-2,5-2-1,5-2=0,
8—8=0,
0=0.

Bynyemo emntopy 3ruHanbHUX MOMEHTIB B1JI OAMHUYHUX ¢l M, + M, .

OO0unCcITII0EMO 3HaYCHHS 3THHAJILHUX MOMEHTIB y XapaKTEPHUX Mepepizax
(puc. 3.24):

M, =M, =M, =0wm,
M,=M,;=-R, -4=-1-4=-4w,
M,=-R,-4+H,-2=-1-44+25-2=1m,
M¢;=Hy-2=15-2=3m,
M;=X,-4=1-4=4m.
Bynyemo entopy 3ruHaJIbHUX MOMEHTIB BiA Jii OAMHUYHHUX cuil X; 1 X,

3a XapakTEepHUMHU Mepepizamu (IuB. puc. 3.24).
Bukonyemo nepeBipKy NpaBHJIBHOCTI BU3HAUYEHHS KOEQIIi€eHTIB O, Oy,,

Oy 10,,:

4 2 2
(142)(14+2) 25(2'4'4)+6EJ (2-4-4+2-1-1—4-1—1-4)+6EJ (2-3-3)+
et o4a)- 33
6EJ, EJ.

64 4 4 L3 573
O(112)142) =011 813 +8, +0,, = - - + = .

EJ, EJ, EJ, EJ, EI

X X X X X

Orxe, koedilieHTH O, 0,5, O, 1 8,, BU3HAUEHI BipHO.

BHKOHYEMO TepEBIPKY NPABHIIBHOCTI BUSHAYCHHS KOS(ILIEHTIB A, Ta A, :

4 2
Ay = 6E] (-2:320-4)+ (-2-320-4+2-65-1+320-1-65-4)+
3
2 (£2.255.3)4 2 (=2.190-4-30-4)+ 224 (440)= 238807
EJX 6EJX 24EJX EJX
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—-4206,7 320 —3886,7
+A,, = + = .
EJ EJ EJ

X X X

A(1+2)p = Alp

Omxe, koediientn A, ta A, BU3HAYEHI BipHO.

10 Po3B’a3yeMO cucTeMy KaHOHIYHUX PIBHSHb:

0, X +0,X, + Alp =0,
0, X, +0,X, + Azp =0,

4 4 42
6 x4 x 06,7:0’
EJ, EJ, EJ, {64)(1 —4X, —4206,7 =0,
—ixl+ 1,3 XﬁE:O, —4X, +1,3X, +320 =0,
EJ, EJ, EJ,
X = 4X, +6 ;1206,7 ’ {Xl _ 006X, +657,
_4X, +13X, +320 =0, ~4-(0,06X, +657)+1,3X, +320=0,
X, =0,06X, + 65,7, X, =0,06X, + 65,7,
—0,24X, —262,8+13X, +320=0, |1,06X, +57,2=0,
X, =0,06X, + 65,7, X, = 62,4 kH,
X, =-52,7 kH, X, =-52,7 xH.

11 Po3rinsiHEMO €KBIBaJEHTHY CHCTEMY, TOOTO CTaTUYHO BHU3HAUyBaHY
OCHOBHY CHCTEMY, MiJl JI€}0 3aJaHOTO HABAaHTa)XEHHSA Ta 3HAWJIEHUX CHUI
X, =62,4xH ta X, =52,7kH (puc. 3.25, a).

Busnayaemo omopHi peakuii Bil A1l 3alaHOTO0 HABAaHTAXEHHS Ta CHUI
X, =62,4xH Tta X, =52,7kH (nus. puc 3.25, a):

d>M, =0,
~M-q-4-6+X,-8+X,-2-H,-4=0,

—M-q-4-6+X,-84+X,-2 —30-20-4-6+624-8+527-2
4 4

>'P,=0,

X,-H, -H, =0,

=237xH

Hg

H, =X, -Hy =52,7-23,7=29,0 xH.
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ZPy:O>
X,—q-4+R, =0,
R,=q4-X,=20-4-62,4=17,6 kH.

Re176H
A u o 9.0
adk z) [[D]]]]E]]]]I[Igw_ﬁ
He290m g, 3 S i
=20 kHM
“ 2 N N A T e G
: oy B
N s
5_
HsZ57 B
a 4]
70,4
I1I7I'6I|IIIL-!-)IIIIIII m 70,4
—29,0
— 7" 23,12 M c96 1672
Q, kH @176§ Ms, kM
' =~ 2
E 47,4% XA \3ko“
237 62,4

Pucynox 3.25

J1Jist mepeBipKH BUKOPUCTAEMO PIBHSHHS ZMC =0:

~M-q-4-2+X,-4-R, -4+H, -2-H,-2=0,
~30-20-4-2+62,4-4-17,6-4+29,0-2-23,7-2=0,
~307,8+307,6 ~0.

Bynyemo octatouHi entopu BHYTPILIHIX CUIIOBUX (DaKTOPIB.
O06unCITI0EMO 3HaYEHHS MO3OBKHIX CUJT y XapaKTepHUX Mepepizax:

N, =N, =H, =29,0xH,
Ny;=N, =R, =17,6xH,
N, =N, =0kH,

N, =N, =X, =52,7xH.
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OO0uuncII0EMO 3HAYCHHS MOTICPEYHUX CHIT Y XapaKTEPHUX Tepepizax:
Q,=Q,=R, =176 xH,
Q;=Q,=-H, =-29,0xH,
Qs =Q,=Hy; =23,7xH,
Q,=-X,=-62,4xH,
Qy=—X,+q-4=-62,4+20-4=17,6xH.
OO0uuncIIoeMO 3HaYCHHS 3THHATPHIX MOMEHTIB Y XapakTEepHUX Tepepizax:
M, =0kH-Mm,
M,=M,;=R,-4=17,6-4=70,4xH ™,
M,=R,-4-H,-2=17,6-4-29,0-2=124xH M,
M; =0kH-M,
M,=Hy-2=23,7-2=474xH ™,
M,=-M=-30kH M,
Mi=-M-q-4-2+X,:4=-30-20-4-24+62,4-4=59,6 kH ™M
SIxuro emtopa MonepevHux CUJil repecikae 6a3oBy JIIHIIO Ta 3MIHIOE 3HAK 3

«+» Ha «», TO B 1[I TOYI[l HAaOyBa€ MaKCHMAJIbHOTO 3HAYEHHS 3TMHAJIBLHOTO
MOMEHTY. 3HaXOANMO TIOJIOKEHHS I[LOTO Mepepizy.

Z, = 622(’)4 =312w™m,

M, :—M—qzo%)+X1z0 =—3o—20-3,12.3’;2

+62,4-312=67,5xH M.

Bbynyemo emtopu mo3noxkHix cuil N (puc. 3.25, 0), nonepeunux cuin Q
(puc. 3.25, B), a TaKOX 3THUHAJIBHUX MOMEHTIB My (puc. 3.25, 1) 3a XxapaKTepHHU-
MU TIepepizaMu.

12 Bukonyemo negopMaliiiny nepeBipKy.

Skio B 3amaHiil CTaTUYHO HE BU3HAUYBAaHIA CUCTEMI1 NEPEMIIIECHHS 3a
HanpsAMKOM X, JOPIBHIOE HYNIO, TO JOOYTOK OCTaTOYHOI €MIOPU 3rUHAIBHUX

MOMEHTIB M Ha emtopi M, Mae IOpIBHIOBAaTH HYIIO, TOOTO A, =0+

:i(—2-70,4-4)+6

Als 2
6EJ

(-2-70,4-4-12,4-4)+ 2

X X X

(2-47,4-4)+
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3
2 (2-59,6-4—30-4)+2O 4 (4+0)=
_ —375,5-204,3+126,4+237,9+2133 —579,8+577,6
EJ, EJ, '

[Ipu uboMy noxubKa cTaHOBUJIA!

579,8-577,6
577,6

-100% = 0,4 %

Skio B 3amaHiil CTaTUYHO HE BU3HAUYBAaHIA CUCTEMI NEPEMIIIECHHS 3a
HanpsAMKOM X, JOPIBHIOE HYJO, TO JOOYTOK OCTaTOYHOI €MIOPHU 3rUHAIBHUX

MOMEHTIB M Ha emtopi M, Mae 1OpIBHIOBAaTH HYIIIO, TOOTO A, =0:

Ay :L(2-12,4-1+70,4-1)+ 2 (—2.47)4.1):_31’7_3196.
6E 6 EJ

X X X

[Ipu uboMy noxubKa cTaHOBUJIA!

31,7-31,6
31,6

b

-100% =0,3 % .

13 [TigbupaeMo nonepeyHuil nepepiz y BUTIISIAL IBOTaBpa.

[Ipu 3a3HaUeHOMY HaBaHTAXKEHHI HEOE3MEUHHM TEepPepi3oM € mepepis 2,
i ikoro M =M, =70,4kH-m.

Skio ochoBa cuiia HE3HaYHA, TO PO3MIPHU Mepepi3y MmiadupaeMo 3 yMOBU
MII[HOCTI Ha 3TMHAHHS:

Buznaunmo HEOOX1JHUN MOMEHT OIOpY Mepepizy:

-3
w s 104x10

; x10° = 439,1cm’ .
160

HOMep ABOTAaBpa 3HAXOIUMO 3a PO3PAXYHKOBHM 3HAYCHHAM MOMCHTY

omopy W, >4391cm’. 3a rabmumero copramenty (JCTY 8239-72) Bubupaemo
nBotasp Ne 30, st skoro W, =472cem’, J_ =7080cm” .

14 BuznauaeMo KyT moBopoTy nepepizy K.
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JI71s1 IbOTO 10 OCHOBHOI cucTeMU B mepepisi K npukianaemMo omMHUIHUN
MOMEHT, To0TO M =1.
Busznauaemo onopHi peakiiii BiJ Aii OMMHUYHOTO MOMEHTY (puc. 3.26):

R, =0,

H, =Hp =

=0,25.

M 1
4 4

OO0unCcITII0EMO 3HaYCHHS 3TMHAJIBHUX MOMEHTIB y XapaKTEPHHUX Iepepizax
BiJI Jii OMHUYHOTO MOMEHTY (1uB. puc. 3.26):

M, =M, =M, =M, =M, =0,
M, =M=1,
M,=M-H, -2=1-0,25-2=0,5,
M, =H,-2=0,25-2=05.

Bynyemo emtopy 3ruHaTBPHIX MOMEHTIB Bif Jii OMMHUYHOTO MOMEHTY 32
XapaKTepHUMH Tiepepizamu (IuB. puc. 3.26).

B LM L LM N
M=1
Ha=0,25 | 4 2,
Aﬁ/‘ 7 1,0
‘>
Ra=0] <
by
N

Pucynox 3.26

3 BUKOpPHUCTaHHSAM (POpMYINIH KpalHIX OpAMHAT «IIEPEMHOXKYEMO MIXK CO-
0010» Ha KOXKHIM AUISIHI[I OCTaTOYHY €MIOpYy 3TMHAJIbHUX MOMEHTIB M Ta erto-

py BiA A1 OJMHUYHOIO MOMEHTY M, :

GK:A%:65}{27&44+24240§+7Q40§+IL44}F
2 924L¢QQ:SQ9
X EJX
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Kyt noBopoty nepepizy K gopisHioe:

_509x%107
K 2x10°-7080%x107°

=0,0036 pan

JlonmycTuMuUi KyT IOBOPOTY MEpepi3y AOPIBHIOE:
[6]=2°=0,0349 pa.

Tax six kyT moBopoTty nepepizy K MeHIe, HiXk JOMYCTUMUNA KYT MOBOPO-
Ty, TO )KOPCTKICTh paMu 3a0e3nedeHa.

3.2 Po3paxyHOK HepO3pi3HUX 0a10K

Hepo3pizHuMu Ha3uBarOThCS Oajiku, IO OMUPAIOThCS OUIBII HDK Ha JBI
OTOPH Ta HE MAIOTh IPOMIDKHUX IIAPHIPIB.

Po3paxyHkoBa cxema Takoi O0anku nojaana Ha pucyHky 3.21. Kpaiini omno-
PU MOKYTh OYTH SIK IIAPHIPHUMH, TaK 1 3aTUCHEHUMHU.

| o [
W aa o s G 8

PosristHemo croyaTky BUMAJIOK MapHipHOTo oOnupanHs. [Ipu npomy on-
Ha 3 ONOp POOUTHCS IIAPHIPHO-HEPYXOMOIO, a 1HIII — MIAPHIPHO-PYXOMHUMHM.
Jlerko mepekoHATHCS, IO KUIBKICTh «3aliBUX» peakiliil JAOpIBHIOE KUIBKOCT1
MPOMDKHHUX Omop. Ko Oanka Mae KOpCTKE 3allleMJIEHHS, TO CTYIiHb CTaTUY-
HOT HEBU3HAYYBAHOCTI IOPIBHIOE KUIBKOCTI HIAPHIPHUX OIIOP.

Hepo3pizna Oanka € 4aCTKOBMM BHUIAJKOM CTaTUYHO HE BHU3HAUYBAHOI
CTPUXKHEBOI CHCTEMH, TOMY JI0 Hei 3aCTOCOBaH1 BC1 MOJIOKEHHS pO3paxyHKy Ta-
KHX CUCTEM.

JIJist pO3KpUTTSL CTaTUYHOT HEBU3HAUYBAHOCTI HEPO3Pi3HOT Oasiku, 300pa-
KEHOI Ha pUCYHKY 3.27, Ik OCHOBHOI CUCTEMH 3pYyUHIlIE 32 BCE 3aCTOCOBYBATH

CUCTEMY 13 BpI3aHMMH IIapHIpaMHU, SIKi 3aMIHSIOTH «3alB1» MPOMIXKHI OMOPH
(puc. 3.28, a).
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AN G G G O J A \

Pucynox 3.28

[Ipu Takomy BHOOpPI OCHOBHOI CUCTEMHU Jisl 33JIaHOT0 HABAHTAXXEHHS TO-
HIUPIOETHCS TUIBKU Ha MPOTiH, /e BOHA MPUKJIaJAeHa.

OCKUIbKM MOCTAaHOBKOIO IIApHIpA JIKBIAYETbCS 3TMHAIBHUA MOMEHT Y
JaHOMY Tepepi3l Oanku, TO AJis BIJHOBJICHHS BTPAay€HUX 3B'SI3KIB MPUKIATAEMO
710 KO’KHO1 MPOMDKHOI OMOPH JIBAa PIBHUX 1 MPOTHIIEKHO CIPSIMOBAaHUX MOMEHTH
(puc. 3.28, 0), 10 SABIAIOTH COOOIO AII0 OJHY HAa OJHY BIJJAJICHUX IIAPHIPOM
YacTHH OaJKH.

TakuM ynMHOM, €KBIBaJIeHTHA cuUcTeMa OyJe SBIATH COOOI0 HU3KY IMPOC-
TUX HIAPHIPHO 00NEepTHX OaJIOK, HAaBAaHTAXKEHUX 33a/laHUM HABAHTAKEHHSAM 1 He-
BIIOMUMU 3TrHHAIBHUMH MOMEHTaMH, 110 3aMIHSAIOTh BIAKMHYTHH 3B'S30K MIX
CYCIIHIMH MPOJIbOTAMH.

VYeci nii, moB's13aH1 3 pO3KPUTTIAM CTaTUYHOI HEBU3HAUYBAHOCTI OallOK, BU-
KOHYIOTbCS TaK Camo, sK 1 111 pam.

3agaua 3.5

s 6anku, axa nooana Ha pucyuxy 3.29, HeobxioHo:
1) po3kpumu cmamuuHy He8U3HAYY8AHICMb,
2) nobyodysamu enopu nonepeyHux cuil i 32UHANbHUX MOMEHMIB;
3) nioibpamu nepepiz y 8uensioi 0860maespda, AKuo [G] =180 MlIla,
4) susnauumu npocur y mouyi K;
5) eusnauumu Kkym nogopomy nepepizy A.

q=20 kH/M M=30 it

NEEEEEEEEEEEED

7 2M (I - M

Pucynox 3.29

120



Po3zé’azanns

1 BcTaHOBIIOEMO CTYMHIHb CTaTHYHOI HEBU3HAYYBAHOCTI CHCTEMU
(puc. 3.30, a). Jlana cuctema OJIMH pa3 CTATUYHO HE BU3HAUyBaHAa.

2 Bubupaemo ocHoBHY cucteMy. [Ipu 1poMy 3aiemyieHHs 13 IPaBOTO
Kparo 3aMIHSIEMO JOJATKOBUM MPOTOHOM HECKIHYEHHO MaJioi JOBXHHHU, TOOTO 3
nosxuHoto ¢ =0 (puc. 3.30, 0).

3 OnepyeMo €KBIBaJICHTHY CUCTEMY, 3aBaHTAXXyIOUH OCHOBHY CHCTEMY 3a-
JAHUM HaBAHTAXKEHHSM 1 HEBIIOMUM 3THHAIBHUM MOMeHTOM X, (puc. 3.30, B).

q=20 kH/M M=30 i
a EEEEEEEREEEN
7A77 2M ™M 1M
0 g 0c
A7 M=30|kH-M ﬁé;&
q=20 kH/ M — N
B EEEEEEEEEER )1
3
A ] ;
Ri=225 K gz e/ M=30iKt Re=17,5 kH

. AEEEREEREEEREAN A, .

il 2( 3 4]5 6]

'

. 175 |
I My KH-
b, KH'M
T s g | Re=0.25
Ri=0.25 0,50 DJSWW _
' v X1=1
el 2| 3 415 _
Ri=207 kH 200 H /i M=30 1Kt Re=19,3 kH
%1=7,19 kHM
K AEEREEAREREERAR A, N
el 2|3 i 5
207
u Q, kH
70=104 M ?
10,72 2.1 19'3

141 T Ms, KHM

K
1,0\‘*% 17,89 719
Ri=0,5 %0,5 RB=95
I A L1 B Mz, M

1 2| 3 4]5
Ri=025
M : H LT T ey B
il 2 3 45
et

Pucynok 3.30
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4 J1nst Toro mo0 BU3HAYUTH HEBIAOMUMN 3TMHAIBHUM MOMEHT X, CKOpHUC-
TaEMOCS KAHOHIYHUM PIBHSHHSIM

0, X, +4,,=0.

5 Po3riasiHeMO OCHOBHY CUCTEMY, HaBaHTa)XEHY TUIbKH 3aJlaHUM HaBaH-
Ta)KEHHSIM.

Busnauaemo omopHi peakimii Big A1l 3aJaHOTO  HAaBaHTaXKCHHS
(puc. 3.30, r):

> M, =0,
~M-q-2-1+R-4=0,
_ M+q-2-1 30+20-2-1

R, =17,5xH.
4
> M =0,
~M+q-2-3-R, -4=0,
R, _—M+q-2-3_-30+20-2-3 _205kH,

4

J1ist mepeBipKH BUKOPUCTAEMO PIBHSHHS ZPy =0:

-q-2+R,+R; =0,
-20-2-1+22,5+17,5=0,
—40,0+40,0=0.

Bynyemo entopy 3ruHajJbHUX MOMCHTIB Bijl 331aHOTO HaBaHTAKEHHS M .

OO0uuncII0eMO 3HAYCHHS 3THHATBHIX MOMEHTIB Y XapakTEepHUX Mepepizax
(nuB. puc. 3.30, r):

M, =M, =0kH"-™m,
M,=M;=R,-2-q-2-1=225-2-20-2-1=5,0xH ™,
M;=R;-1=17,5-1=17,5kH M,
M,=Ry;-1-M=17,5-1-30=-125kH M.

BynyeMo emropy 3rMHAIBHEX MOMEHTIB BiJ il 3aJJaHOTO HaBaHTa KCHHSI
3a XapakTepHuUMHU niepepizamu (puc. 3.30, n).
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6 Po3riasiHeEMO OCHOBHY CHUCTEMY, HaBaHTAKEHY TUIbKM OJMHUYHUM MO-
MEHTOM X .

Busnauaemo omopHi peakmii Bix All OAMHUYHOIO MOMEHTY X
(puc. 3.30, e):

Bynyemo emntopy 3ruHalbHUX MOMEHTIB B1Jl OIMHUYHOIO MOMEHTY M, .

OO0uuncIroeMO 3HAaYCHHS 3THHATBHIX MOMEHTIB Y XapakTEepHUX Mepepizax
(nuB. puc. 3.30, e):

M, =0,
M,=M,;=R,-2=0,25-2=0,50,
M,=M;=R,-3=0,25-3=0,75,
M, =X, =1.
Bynyemo emtopy 3ruHaTBPHIX MOMEHTIB Bif Jlii OMMHUYHOTO MOMEHTY 32
XapaKTepHUMH nepepizamu (quB. puc. 3.30, e).

7 BuzHauaeMo Koe(il[ieHTH KaHOHIYHOTO PIBHAHHS, IEPEMHOXKYIOUHU BiJl-
MOBIAHI €MIOPU, BUKOPUCTOBYIOUM (POPMYITy KpalHIX OpAUHAT:

4 1,33
8, =——(2-1-1)==22,
a 6EJX( ) EJ,

3
2 (2:5-0,5)+ 20? (0+0,50)+

X X

By 6EJ

1
+

(2-5-0,50-2-12,5-0,75+5-0,75-12,5-0,50) +

1 9,58

(2-17,50-0,75+17,5-1,00) = .
EJ

X X

+

8 Po3B’s13yeMO KaHOHIYHE PIBHSHHS:

3,1 X, +A1p =0,

1,33 X, + 9,58 _
EJ EJ

X X

1,33X,+9,58=0,

X, = -9,58
1,33

0,

=-719xkH M.
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9 Po3riisiHeMO €KBIBAJICHTHY CHCTEMY, TOOTO CTaTUYHO BHU3HAYyBaHY OC-
HOBHY CHCTEMY, IiJl JI€I0 3aJlaHOTO HABAHTAXXEHHS Ta 3HAWJIEHOTO MOMEHTY
X, =7]19kH M. Sxmo X, onxepkaiau 31 3HAKOM «—», TO HOr0 HamnpsIMOK 3Mi-

HIOEMO Ha npoTuiiexHuit (puc. 3.30, k). byayeMo ocTaTouHi entopu BHYTpIlI-
HIX CHUJIOBUX (haKTOPIB.

Busznadaemo omopHi peakiiii Bia Aii 3a1aHOTO HAaBaHTXKCHHS Ta 3HANE-
Horo MomeHTy X, = 7,19 kH-™ (nuB. puc. 3.30, x):

> M, =0,
~M-q-2-1-X,+R-4=0,
_M+q-2-1+X, 30+20-2:1+7,19

R, =193 kH.
4
> M =0,
~M+q-2-3-X,-R,-4=0,
R, _—M+q-2:3-X, :—30+20-2.3—7,19:20,7KH

4 4

J1Jist mepeBipKH BUKOPUCTAEMO PIBHSHHS ZPy =0:

-q-2+R,+R; =0,
-20-2-1+20,7+19,3=0,
—40,0+40,0=0.

OOuKCII0EMO 3HaUYEHHS MONEPEYHNX CUIT Y XapaKTEepPHUX Iepepi3ax:
Q, =R, =20,7xH,
Q,=Q;=R,-q-2=20,7-20-2=-19,3kH,
Q=Q;=Q,=Q;=-R; =-19,3xH.
OOuMCII0EMO 3HAUYEHHS 3THHAIBHUX MOMEHTIB y XapaKTEPHUX Ilepepi3ax:
M, =0kH-Mm,
M,=M;=R,-2-q-2:1=20,7-2-20-2-1=1,41xH - ™,
M, =-X,=-719kH-M
M;=-X,+R;-1=-719+193-1=12,11kH - ™M,
M;=-X,+R;-1-M=-719+19,3-1-30=-17,89 xkH - M.
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SIkuro emtopa MonepevyHux CUjl rnepecikae 6a3zoBy JIHIIO Ta 3MIHIOE 3HAK 3
«+» Ha «—», TO B I TOYII MaEMO MaKCUMajbHE 3HAYCHHs 3THHAIIBHOTO MOMeE-
HTY. 3HaX0JIUMO IMOJIOKEHHS L[BOTO Mepepi3y.

Z, = 20,7 =104 ™M,
0

M,, =Rz, —qz, %0 =20,7-1,04—20-1,04- 1’24

=10,72kH- M.

bynyemo emtopu nonepeunux cuit Q (puc. 3.30, u) 1 3ruHaIBHUX MOMEH-
TiB M; (puc. 3.30, k) 3a XxapaKTepHUMH Mepepi3aMHu.

10 Bukonyemo aedopMaliifiHy nepeBipky. SIKIIO B 3a/laHiii CTaTUYHO HE
BH3HAYYBaHIM CUCTEMI B3aEMHMI KYT MOBOPOTY HA MPOMIDKHIM OMOpPI1 TOPIBHIOE

HYJII0, TO OOYTOK OCTaTOYHOI E€MIOPH 3TMHAIBHUX MOMEHTIB M Ha entopy M,

Ma€ JOPIBHIOBATH HYIIIO, TOOTO A =0

3
A, =L(2-1,41-0,5)+20 2 (0+0,50)+
6EJ, 24EJ
- (2-1,41-0,50-2-17,89-0,75+1,41-0,75 -17,89-0,50) +
- (2-12,11-0,75-2-7,19-1,00 +12,11-1,00 - 7,19 0,75) =

X

_0,47+333-555+1,75 5,55-5,55
EJ EJ '

X X

11 [Tinbupaemo nonepeyHuil nepepiz y BUTIISAL IBOTaBpa.
[Ipu 3a3HaueHOMY HaBaHTAXKEHHI HEOE3MEYHUM TepepizoM € mepepis 4,
mi akoro M =M, =17,89 kH - M.

Po3mipu nepepizy nigoupaemMo 3 yMOBH MIITHOCT1 Ha 3THHAHHSL:

Wx Z Mmax ,
[o]
3
w, > 89107 166 99 4 en
180
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HOMep ABOTAaBpa 3HAXOIUMO 3a PO3PAXYHKOBHM 3HAYCHHAM MOMCHTY

omopy W, =994 cM’. 3a tabmumero copramenty (JCTY 8239-72) ubupaemo

nBotasp Ne 16, nyst skoro W, =109 cem’, J, =873 cm®.

12 Buznauaemo nporut y touri K.

JlJist 1bOTO 10 OCHOBHOI cucTeMu B Toulll K npukiiagaeMo oquHUYHY CH-
ny, T06T0 P =1.

Busznauaemo onopHi peaxiii BiJ i1 OAMHUYHOT CUJIH, TOPIBHIOIOYH HYIIIO
CYMH MOMEHTIB YCiX 30BHIIIHIX CHJI BITHOCHO TOo4oK A Ta B (puc. 3.30, n):

> M, =0,

—P-2+R;-4=0,
212
4 4
> M =0,
P.2-R,-4=0,
Ry D212 g
4 4

J1Jist mepeBipKH BUKOPUCTAEMO PIBHSHHS ZPy =0:

-P+R, +R; =0,
-1+0,5+0,5=0,
-1+1=0,
0=0.

OO0unCcITII0EMO 3HaYCHHS 3THHAJIBHUX MOMEHTIB y XapaKTEPHHUX Iepepizax
Bix 1ii oguHU4HOI cvuu (auB. puc. 3.30, x):

M, =M;=0wm,
M,=M;=R,-2=0,5-2=10m,
M,=M;=R;:1=0,5-1=0,5m.

Byayemo emtopy 3ruHaIbHIX MOMEHTIB Bif il OAMHUYHOT CHITH 32 Xapak-
TEpHUMHU Tiepepizamu (auB. puc. 3.30, n).
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3 BUKOpPHUCTaHHSAM (POpMYINIH KpalHIX OpAMHAT «IIEPEMHOXKYEMO MIXK CO-

0010» Ha KOXKHIM AUISIHI[I OCTaTOYHY €MIOPYy 3TMHAJIBHUX MOMEHTIB M Ta ero-
pYy Bif Aii oAMHUYHOI cuian M, :

2 20-2°
-~ (2-1411 1
YK T 6E] 21 ’0)+24E (0+1.0)+

X

X

1J (2-1,41-1,0-2-17,89-0,5+1,41-0,5-17,89-1,0)+

X

+

1
+

(2-12,11-0,5-7,19-0,5)= ;’65

X

X

[Iporun y Toumi K gopisHioe:

3,65x107°

YK 10°-873x10°

=0,00211 .

JlommycTUMuUi IPOruH OAJIKU TOBXKUHOIO / =4 M JOPIBHIOE:

¢4
-t Y 00w
v] 200 200 M

SIxmio mporuH y Touni K MeHIe, Hixk AOMYCTUMHIA TPOTUH A OalKH, TO
KOPCTKICTH Oanku 3abe3neyeHa.

13 BuzHauaeMo KyT MOBOPOTY mepepizy A.

JI71s1 IbOTO 10 OCHOBHOI CUCTEMHM B Tepepizi A MPUKIATaeEMO OJUHUIHUN
MOMEHT, ToOTO M =1.

Busnauaemo omopHi peakiii Big Ali OAMHUYHOTO MOMEHTY M =1
(puc. 3.30, m):

M =0,25.
4

1
4

OO0uuncII0eMO 3HAYCHHS 3THHATBPHIX MOMEHTIB Y XapaKTEepHUX Mepepizax
(nuB. puc. 3.30, m):

M, =M=1,

M,=M;=M-R, -2=1-0,25-2=0,50,

M,=M,=M-R,-3=1-0,25-3=0,25,
M, =0.
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BynyeMo entopy 3ruHaJIbHUX MOMEHTIB BiJ] i1 OAMHUYHOIO MOMEHTY 32
XapaKTepHUMH nepepizamu (auB. puc. 3.30, m).

3 BUKOpPHUCTaHHSAM (POpMYINIH KpalHIX OpAHHAT «IIEPEMHOXKYEMO MIXK CO-
0010» Ha KOXKHIM AUISTHI[I OCTaTOYHY €MIOPYy 3TMHAJIBbHUX MOMEHTIB M Ta ero-

py BiA A1 OJMHUYHOIO MOMEHTY M, :

3
0, = L(2-1,41 -0,50+1,41-1,00) + 20-2 (1,00 +0,50)+
6EJ J

X X

1

+——(2-1,41-0,50—2-17,89-0,25+1,41-0,25—-17,89-0,50)+

X

1 8,96

(2-12,11:0,25-7,19-0,25) = ——.
EJ

X X

+

KyT noBopoty niepepi3zy A I10piBHIOE:

_8,96%x107
2x10° -873x10°®

=0,0051pan

A

JlonmycTuMui KyT IOBOPOTY MEpepi3y AOPIBHIOE:
[6]=2°=0,0349 pa.

SIku1o KyT MOBOPOTY Nepepizy A MeHIle, HiXK JOIMYCTUMUNA KYT MOBOPOTY,
TO KOPCTKICTh PaMH 3a0e3MeueHa.

3agaua 3.6

s 6anku, axa soopaxcena na pucynky 3.31, HeoOXioHO:
1) po3kpumu cmamuuHy He8U3HAYY8AHICMb;
2) nobyodysamu enopu nonepeyHux cuil i 32UHAIbHUX MOMEHMIB,
3) nioibpamu nepepiz y 8uensioi 060maspa, AKuO [0] =180 MIla,
4) susnauumu npocur y mouyi K;
5) eusnauumu Kkym nogopomy nepepizy A.

M=60 Kt P=30 kH q=40 KH/M
A K IEER
A7 2M ™ 7 IM

Pucynox 3.31
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Po3zé’azanns

1 BCTaHOBIIOEMO CTYIiHb CTATUYHOI HEBH3HAYYBAHOCTI
(puc. 3.32, a). Jlana cuctema OJIMH pa3 CTATUYHO HE BU3HAUyBaHAa.
M=60 Kftv P=30 kH q=40 KH/m
S S S
A7 ZM ™ 77 '
0 ) 0C
ks o7 Was
iy P=30KH | v, GR40 KHAH
. . FIITT)
M=E0lKt P=30 kH q=40 KH/ M
r : — il 1T
B I
et 40 10
1 [T M, Kb
0,66 1,00
e ' } mm;l; 7Iim..h-‘ M
-";7 3 /77‘ 7 3 5}
M=60 ke P=30 kH =40 kH/M
g A, \/;?',i””Hé!;,\Q
K 2|3 i
i 31=36,25 KHv| %=36.25 KF
56,25
& 16,25
u NERRRNNNERRNNNNRRNANN 9, kH
22,08 %
60,00 52,08
15,83
K T Ms, KHM
36,25
0,67
Ri=0.33 5T Re=0,67
1 . LK R+ . Mz, M
o T
M=1
1,00 0,33
M ur ] TT“'_""T"'"‘"Z:" e : Ms
2)717 23 757-/

Pucynox 3.32
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2 BuOupaemo OCHOBHY cUCTEMY. SIK OCHOBHY CHUCTEMa 3aCTOCOBYEMO CH-
CTeMy 13 BpI3aHUM IIAPHIPOM, IO 3aMiHSE «3aliBy» MPOMDKHY OIOpPY
(puc. 3.32, 0).

3 OnepxyeMO €KBIBaJIEHTHY CHCTEMY, 3aBaHTaXYIOUd OCHOBHY CUCTEMY
3aJJaHUM HABAaHT@XKEHHSIM 1 HEBAOMHUM 3THHA&JIBHUM MOMEHTOM X,
(puc. 3.32, B). Takum 4YMHOM, €KBIBaJI€HTHa CHUCTEMa SIBJs€ COOOK JIBI MPOCTI
mapHipHO o0mepTi Oaliku, HAaBAaHTAXKEH1 3aJJaHUM HABAaHTAXXEHHSM 1 HEBIJOMUM
3TUHAJIBHUM MOMEHTOM X, IO 3aMIHS€ BIAKUHYTHH 3B'I30K MK CYCIAHIMH
MIPOrOHAMH.

4 J1ns Toro mo0 BU3HAYUTH HEBIAOMUMN 3TMHAIBHUNM MOMEHT X, CKOpHUC-

TAEMOCS KAHOHIYHUM PIBHSHHSIM

5 Po3risiHEMO OCHOBHY CHUCTEMY, HABAaHTA)KEHY TUIbKU 3aJaHUM HaBaH-
TaxeHHsM (puc. 3.32, 1).

Busnayaemo omnopHi peakiii Bij Ail 3aJaHOr0 HaBaHTaXKEHHS, PO3TJsa-
toun 6anky AB (puc. 3.33, a):

> M, =0,
~M-P-2+Ry, -3=0,
M+P-2  60+30-2

Ry = 3 =40kH.
> M =0,
~M+P-1-R, -3=0,

R, _~M+P-1_-60+30-1 okl

3 3

J1ist mepeBipKH BUKOPUCTAEMO PIBHSHHS ZPy =0:
-P+R, +Ry =0,
-30-10+40=0,

—40+40=0,
0=0.
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H',,'=’|[:| KH R =40 kH RB2=2EI kH HC=21:| KH
1

P=30H =40 kHim
Juele e
77 2 M T ™ 7 A7 1 ™
60
A0
Tm W, kH:m AT T T T

a o
Pucynok 3.33

Bynyemo ertopy 3ruHaIbHAX MOMCHTIB BiJl 3aJJaHOr0 HaBaHTaXeHHA M

s 6anku AB, o0UMCTIOIOUN 3HAYCHHS 3rUHAILHUX MOMEHTIB Y XapaKTepHUX
nepepizax (quB. puc. 3.33, a):

M, =M=60kH-M,
M,=M;=M-R,-2=60-10-2=40kH ™,
M, =0xH-Mm.
Busznadaemo omopHi peakirii Bif i 3alaHOTO HaBaHTaKEHHS, PO3TJIsia-

toun 6anky BC (puc. 3.33, 6). Uepe3 cumerpito 6anku BC 1 3aganoro HaBaHTta-
KEHHS MAaEMO:

R, =R, =91_401 55y

Bynyemo erntopy 3ruHaIbHAX MOMCHTIB BiJl 3aJJaHOr0 HaBaHTaXeHHA M

s 6anku BC, oO0unciiooun 3Ha4eHHS 3THMHAJIBHUX MOMEHTIB y XapaKTepHUX
nepepizax (quB. puc. 3.33, 6):

M; =M, =0xH-M.

Bynyemo emropy 3ruHanbHHX MOMEHTIB BiJ il 3a/1aHOTO HAaBaHTAXCHHSI
3a XapaKTepHUMHU Tiepepizamu (puc. 3.32, n).

6 Po3rnsiHeMO OCHOBHY CHUCTEMY, HaBaHTa)XEHY TUIbKH OJUHUYHHM MO-
MEHTOM X .

Busnauaemo omopHi peakuii Bin All OAMHUYHOTO MOMEHTY X,, PO3IJIs-

natoun 6anky AB (puc. 3.32, e):
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X, 1
R, =Ry, :?1

=—=0,33.
3

Busnauaemo omopHi peakuii Bif All OAMHUYHOTO MOMEHTY X,, PO3IJIsi-
natoun 6anky BC (quB. puc. 3.32, e):

Bynyemo emntopy 3ruHajbHUX MOMEHTIB B1Jl OIMHUYHOIO MOMEHTY M, .

OO0uuncIroeMO 3HAaYCHHS 3THHATBHIX MOMEHTIB Y XapakTEepHUX Mepepizax
(nuB. puc. 3.32, e):

M, =M, =0,
M,=M; =R, -2=033-2=0,66,
M, =M, =X, =1.

Bynyemo entopy 3ruHaJIbHUX MOMEHTIB BiJ] /i1 OJUHUYHOTO MOMEHTY 3a
XapaKTepHUMH Tnepepizamu (quB. puc. 3.32, e).

7 BuzHauaeMo Koe(illieHTH KaHOHIYHOTO PIBHAHHS, IEPEMHOXKYIOUH BiJl-
MOBIAHI €MIOPU, BUKOPUCTOBYIOUM (POPMYITy KpaliHIX OpAMHAT:

3 1 1,33
8, =——2-1-)+——(2-1-1) =22,
a 6EJX( ) 6EJX( )= E

X

Ay, :5(2-40-0,6& 60-0,66)+$(2-40-0,66+40-1,00)+

X X

3
40171 60.40)= 4833
24E]

X X

+

8 Po3B’s13yeMO KaHOHIYHE PIBHSHHS.

1,33 X, + 48,33 _
EJ EJ

1,33X, +4833=0,

X, = —48,33
1,33

b

0,

=-36,25kH ™.

9 PosrasHemMo eKBiBaHeHTHy CUCTCMY, TOOTO CTaTHYHO BHU3HAYYBaHy OC-
HOBHY CUCTCMY, HiI[ I[i€IO 3aJaHOI'O HAaBaHTAXCHHA Ta 3HaI7LZ[€HOF0 MOMCHTY
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X, =36,25kH-M. dxmo X, omepxaiu 31 3HAKOM «—», TO HOT0 HAIPSIMOK 3Mi-

HIOEMO Ha npoTuiiexHuit (puc. 3.32, k). byayeMo ocTaTo4H1 enopu BHYTpPILI-
HIX CUJIOBUX (haKTOPIB.

Busznauaemo omopHi peakiiii Bia Aii 3alaHOTO HAaBaHTAXKCHHS Ta 3HAWE-
Horo MoMeHTy X, =36,25 kH M, po3risnaroun 6anky AB (puc. 3.34, a):

> M, =0,
~M-P-2-X,+Ry,-3=0,

Ry, :M+P-2+Xl _ 60+30-2+36,25:52’08KH
3 3

> M =0,
~M+P-1-X,-R, -3=0,
_—M+P-1-X, -60+30-1-36,25

R — 2208
A 3 3
JUist IepeBipKH BUKOPHCTAEMO PiBHSHHS Y P, =0.
-30-22,08+52,08=0,
—-52,084+52,08=0,
0=0.
M50 k- R,=52,08 KH RE5625KH  Re=16.25 KH
R=22,05 kH P=30kH - b gm0 cH ‘
AL — 77 B) ( B 5 y
] 203 T A
—?-’:fh urdE, 25 kH-war
56.05
NINARAARARRRARRRNANAND O, H
008
60,00 £2, 106
1553
M, kH - b
.25
a O

Pucynox 3.34
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O06uuCTI0EMO 3HAYCHHS TTONIEPEYHUX CHIT Y XapaKTepHUX Tepepizax :
Q,=Q,=-R, =-22,08H,
Q;=Q,=-Ry; =-52,08xH.
O06uuCTI0EMO 3HAYCHHS 3TUHAJIBHUX MOMEHTIB Y XapaKTepHUX Tepepizax:
M, =M=60xH-M,
M,=M;=M-R, -2=60-22,08-2=15,83kH ™M,
M, =-X,=-36,25xkH ™.

Busnauaemo omopHi peakilii Bia Aii 3alaHOTO HABaHTa)XCHHsS Ta 3Haiize-
Horo MomeHTy X, =36,25 kH M, posrisaaaroun 6anky BC (puc. 3.34, 6):

> M =0,
X,-q-1-05+R.-1=0,
_=X,+q-1-0,5 —3625+40-1-0,5

R, 1 1 =—-1625«H.
> M =0,
X,+q-1-0,5-Ry,-1=0,

R, _X;+q:1-0,5 _3625+40-1-0,5 _5625kH.

1
J1ist mepeBipKH BUKOPUCTAEMO PIBHSHHS ZPy =0:

—q-1+Rg, + R =0,
-40-14+56,25-16,25 =0,
-56,25+56,25=0.
O6unCcII0eMO 3HaYEHHS MTONIEPEUYHUX CHIT Y XapaKTepHUX Iepepizax:
Qs =Ry, =56,25kH,
Q¢ =R =16,25kH.
O64YHCTI0EMO 3HaYEHHS 3TUHAJIBHUX MOMEHTIB y XapakTEepHUX Mepepizax:
M, =-X, =-36,25kH M,
M, =0xH-Mm.
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bynyemo emntopu nonepeunux cuii Q (puc. 3.32, u) 1 3ruHaIBHUX MOMEH-
TiB M; (puc. 3.32, k) 3a XapaKTepHUMH Nepepi3aMHu.

10 Bukonyemo aedopMaliiifiHy nepeBipky. SKIIO B 3a/laHiii CTaTUYHO HE
BHU3HAYYyBaHIM CUCTEM1 B3aEMHMI KYT MOBOPOTY HA MPOMIDXKHIM OMOpPI1 TOPIBHIOE

HYJII0, TO OOYTOK OCTaTOYHOI €MIOPH 3TMHAIBHUX MOMEHTIB M Ha emtopy M,

Ma€ JOPIBHIOBATH HYIIIO, TOOTO A =0

:L(2-15,83-0,66+60- 0,66)+
6EJ

X

Is

- (2-15,83-0,666 —2-36,25-1,00+15,83 1,00 — 36,25 - 0,66) +
3
+ L(— 2-36,25-1,00)+ 40-1 (1,00+0)=
6EJ ],

20,47-9,96-12,08+1,67 22,14-22,04
EJ EJ '

X X

[Ipu uboMy noxubKa cTaHOBUJIA!

22,14 -22,04
22,04

-100% = 0,5 %.

11 [TinbupaeMo nonepeyHuil nepepiz y BUTIISIAL IBOTaBpa.
[Ipu 3a3HaYeHOMY HaBaHTAXKEHHI HEOE3MEUHHM TepepizoM € mepepis 1,
i akoro M. =M, =60 kH M.

Po3mipu nepepizy nigoupaemMo 3 yMOBH MIITHOCT1 Ha 3THHAHHSL:

-3
W > 60x10 o

) 10° =333 cm’
180

HOMep ABOTAaBpa 3HAXOIUMO 3a PO3PAXYHKOBHM 3HAYCHHAM MOMCHTY

omopy W, >333cm’. 3a Tabmuuero copramenty (JCTY 8239-72) BuGupaemo
nBotasp Ne 27, st skoro W, =371cem’, J, =5010cm*
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12 Buznauaemo nporut y touii K.

JI71st IbOTO 10 OCHOBHOT cucTeMu B Toulll K mpukiagaeMo OJMHUYHY CH-
ay, T06T0 P =1.

Busznauaemo onopHi peakitii BiJ A1 OAMHUYHOT CUJIH, TOPIBHIOIOYH HYIIIO
CyMH MOMEHTIB BC1X 30BHIIIHIX CHJI BITHOCHO To4oK A Ta B (puc. 3.32, n):

> M, =0,

—-P-2+Ry-3=0,

J1ist mepeBipKY BUKOPUCTAEMO PIBHSHHS ZPy =0:

-P+R, +R; =0,
-1+0,33+0,67 =0,
-1+1=0,
0=0.

O06uuCTI0EMO 3HAYEHHS 3TMHAIBHUX MOMEHTIB y XapaKTepHUX Mepepizax
BiJ Jii ogquHWYHOI cyuu (auB. puc. 3.32, n):

M, =M, =M; =M, =0M,
M,=M,=R,-1=0,67-1=0,67 m.

Bynyemo entopy 3ruHanbHUX MOMEHTIB BiJ A1l OMMHUYHOT CHJIM 32 Xapak-
TEPHUMHU Tiepepizamu (IuB. puc. 3.32, ).

3 BUKOpPHUCTaHHSAM (POpMYINIH KpalHIX OpAHHAT «IIEPEMHOXKYEMO MIXK CO-
0010» Ha KOXKHIM AUISIHI[I OCTaTOYHY €MIOpYy 3TMHAJIbHUX MOMEHTIB M Ta ero-
Py Bl A1 OMMHUYHOT CHITH M_2 :

2
Y :6E—(2-15,83-O,67+60- 0,67)+

X

1

(2-15,83-0,67-36,25-0,67)= 1986

X X
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[Iporun y Toumi K gopisHioe:

_19,86x107°
2x10°-5010x10®

Ve =0,0020 M _

JlommycTUMuU POruH OAJIKU TOBXKUHOIO / =4 M JOPIBHIOE:

/4
-t Y 00w
v] 200 200 M

Sxuro nporun y Touni K menmie, Hix A0MyCTUMUN MPOTUH JJIs OAJKH, TO
KOPCTKICTH Oanku 3abe3neyeHa.

13 BuzHauaeMo KyT OBOPOTY mepepizy A.

JIJist 1bOTO 10 OCHOBHOI CUCTEMU B Mepepizi A MPUKIATaeEMO OJUHUYHUIMA

MOMEHT, To0TO M =1.
Busnayaemo omopHi peakiii Big All OJUHUYHOrO MOMeHTy M =1

(puc. 3.32, m):

R, =R, =%=%=o,33.

OO0uuncII0eMO 3HAYCHHS 3THHATBHIX MOMEHTIB Y XapaKTEepHUX Mepepizax
(nuB. puc. 3.32, m):
M, =M-=1,
M2 :M3 :RB '120733'120733M,
M, =M, =M, =0.
Bynyemo emtopy 3ruHaTBPHIX MOMEHTIB Bif Jii OMIMHUYHOTO MOMEHTY 32
XapaKTepHUMH nepepizamu (quB. puc. 3.32, m).

3 BUKOpPHUCTaHHSAM (POpMYINIH KpalHIX OpAHHAT «IIEPEMHOXKYEMO MIXK CO-
0010» Ha KOXKHIM AUISIHI[I OCTaTOYHY €MIOpYy 3TMHAJIbHUX MOMEHTIB M Ta ero-

py BiA A1 OJMHUYHOIO MOMEHTY M, :

A= é (2-60,00-1,00+2-15,83-0,33+60,00-0,33+15,83-1,00)+
- (2-15,83-0,33):55’21.
X EJX
KyT noBopoty nepepi3zy A I10piBHIOE:
-3
55,21x10 ~0,0055 pa.

AT 2%10°-5010x10"°
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JlonmycTuMui KyT IOBOPOTY MEpepi3y AOPIBHIOE:
[6]=2°=0,0349 pa.

SIku1o KyT MOBOPOTY Nepepizy A MeHIle, HiXK JOIMYCTUMUNA KYT MOBOPOTY,
TO KOPCTKICTh paMH 3a0e3MeueHa.

3agaua 3.7

s 6anku, axa nooana Ha pucynky 3.35, HeobXiOHO:

1)  poskpumu cmamuyHy He8U3HAYYBAHICMb,

2) nobyoysamu eniopu nonepeuHux Cui i 32UHATbHUX MOMEHMIE;
3) nidibpamu nepepis y suenadi 060maspa, AKuio [0] =160 Mlla;
4)  euznauumu npoeun y mouyi K;

5) eusnauumu Kym nogopomy nepepiszy B.

Po3zé’azanns

1 BcTaHOBMIOEMO CTyNiHb CTaTUYHOI HEBU3HAYYyBAaHOCTI CHCTEMU
(puc. 3.36, a). Jlana cuctema JiBa pa3u CTaTUYHO HE BU3HAUYYBaHA.

2 Bubupaemo ocHOBHY cuctemy. llpu 11bomMy 3amiemMiIeHHs 3 JiBOTO Kparo
3aMIHSIEMO JOJATKOBUM MPOJILOTOM HECKIHYEHHO Majioi JOBXKHMHH, TOOTO 3 J0-
BKUHOIO (=0, a MNpoOMDKHY ONOpY 3aMIiHSEMO BpI3aHUM IIAPHIPOM

(puc. 3.36, 0).

4 G0KH/M  P=20«H M=30 Kt

EEERE K B

2M ™ M “IMm 2M 4

Pucynox 3.35

3 OnepxyeMoO €KBIBaJIEHTHY CHCTEMY, 3aBaHTaXYIOUd OCHOBHY CUCTEMY
3aJJaHUM HABaHTa)XKCHHSAM 1 HEBIJOMMMHM 3TMHAJIBHUMU MOMeHTamMu X; Ta X,

(puc. 3.36, B). TakumM 4YMHOM, €KBIBaJICHTHa CHUCTEMa SBJs€ COOO JIBI MPOCTI
mapHipHO oOrepTi 0ajiku, HaBaHTaXEH1 3aJaHUM HaBAaHTAKCHHSIM 1 HEBIIOMH-
MU 3rMHaJbHUMU MOMeHTaMu X, Ta X,, 10 3aMIHSIOTh BIIKUHYTI 3B'SI3KH M1XK

CYCIIHIMH MPOTOHAMH.
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4 Jlns Toro mo0 BU3HAYUTH HEBIOMI 3THHANbHI MOMEHTH X; Ta X,,

CKOPHUCTAEMOCS CUCTEMOIO KAaHOHIYHUX PIBHSHb:

0, X, +0,,X, +A1p =0,
05X +05,X,+A,, =0.

‘4 q=0kH/M  P=20KH M=30 K
a HEERENR K JB
2M M M7 1 L ZM A7
6 ¢ 0
VN A7 M-30/Kt 77
X q=10 kH/m P=20 kH %5 | X 1
B ( EEERER L/ ¢
g=10 kH/M P=20 kH -
r JENEEENENRY Ht B HH —C
1 213 45 €47 g9 0L
D .
i | Mp, KHM
1,00
e 7 [T
( ot o "
050
K ‘.ﬁ—rr'rr‘l"l'mﬂ— -
; Ak )
q=10 kH/Mm =
. (Av,rutu,, A WA} e
$1 R R AN E 0f
x1=18,02 KH:M X=3,21 kHM =
23,20
..3'.2.0.....H|H|||IIIIIII|||||¢|||I||||||| Q, kH
16,80
8,39 160 .
n e T e et Ms, KH-
L
[~ 5,21
18,02 23,47
R:=0725 0,50 D75 Re=0,75
a=U, — 8=t
1 23 45 847 g9 ay
PN s
H } +4 et HH U 3 M
1 23 4 %3,77 89 oy

Pucynox 3.36
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5 Po3riasiHeMO OCHOBHY CUCTEMY, HaBaHTa)XEHY TUIbKU 3aJlaHUM HaBaH-
TaxeHHsM (puc. 3.36, 1).

Busznadaemo omopHi peakiiii Bif Mii 3alaHOTO HaBaHTaKEHHS, PO3TJIsjia-
toun 6anky AB (puc. 3.37, a):

> M, =0,
~P-3-q-2-1+R,-4=0,
_P-3+q-2-1_20-3+10-2-1

R, p =20xH.
> M =0,
P1+q-2-3-R, -4=0,
RA:P~l+q~2~3:20~1+10~2~3:20KH
4
R=20KH RB1=2CIKH Rﬁ:ﬂ'JKH R=10kH
I3|:1 0 kHm P=ztkH TIMEIOEH M
Al TITTTTTY kS 65 BM? 1L 4C
1 213 41 5 a4
59 2 M T M Mz-ﬁ;: 77:]7;1 ML 2 wm Tt

]
2 20

il e A e L

Pucynox 3.37

J1ist mepeBipKH BUKOPUCTAEMO PIBHSHHS ZPy =0.

—-P-q-2+R, +Ry =0,
-20-10-2+20+20=0,
-40+40=0,
0=0.

Bynyemo erntopy 3ruHaIbHAX MOMCHTIB BiJl 331aHOTO HaBaHTaXCHHS M

s 6anku AB, o0UMCITIOIOUN 3HAYCHHS 3rUHAILHUX MOMEHTIB Yy XapaKTepHUX
nepepizax (qus. puc. 3.37, a):
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M, =M, =0kH-M,
M,=M;=R,-2-q-2:1=20-2-10-2-1=20kH ™M,
M, =M; =Ry 1=20-1=20xH M.

Busnadaemo omopHi peakirii Bif i 3alaHOTO HaBaHTaKEHHS, PO3TJIsia-
toun 6anky BC (puc. 3.37, 6):

Ry, =R.=—=""=10kH

M _30
3 3

Bynyemo erntopy 3ruHaIbHAX MOMEHTIB BiJl 331aHOTO HaBaHTaXCHHS M

s 6anku BC, o0unciioroun 3Ha4eHHS 3TMHAJIBHUX MOMEHTIB y XapaKTepHUX
nepepizax (qus. puc. 3.37, 0).

M,=M,,=0xkH "M,
M; =Ry, -1=10-1=10xH ™M,
My=-R:-2=-10-2=-20kH M.

BynyeMo emropy 3rMHAJIBHMX MOMEHTIB BiJ Jil 3aJJaHOTO HaBaHTa KCHHSI
3a XapaKTepHUMHU Tiepepizamu (puc. 3.36, n).

6 Po3riasiHeEMO OCHOBHY CHUCTEMY, HaBaHTAXEHY TUIbKM OJMHUYHUM MO-
MEHTOM X .

Busnauaemo omopHi peakuii Bix All OAMHMUYHOTO MOMEHTY X,, PO3IJIs-

natoun 6anky AB (puc. 3.36, e):

Bynyemo emntopy 3ruHalbHUX MOMEHTIB B1Jl OIMHUYHOIO MOMEHTY M, .

OO0uuncroeMo 3HaUCHHS 3TMHAJIFHIX MOMEHTIB Y XapaKTepHHUX Tepepizax
(nuB. puc. 3.36, e):

M, =X, =1,
M, =M, =Ry, -2=0,25-2=0,50,
M, =M, =Ry, -1=0,25-1=0,25,
M, =M, =M, =M, =M,, =0.
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Bynyemo emntopy 3ruHanbHUX MOMEHTIB BiJl J1i OJUHUYHOTO MOMEHTY X,

3a XapaKTepHUMHU Tiepepizamu (IuB. puc. 3.36, e).
7 Po3rasiHEMO OCHOBHY CHUCTEMY, HaBaHTa)XEHY TUIbKH OJUHUYHHM MO-
MEHTOM X, .

Busnauaemo omnopHi peakuii BiJ Jii OAMHUYHOTO MOMEHTY X,, PO3IJIs-

natoun 0anky AB (puc. 3.36, x):
X, 1
R, =R, =—2=-=025.
ATRBITT T

Busnauaemo omnopHi peakuii BiJ Jli OAMHUYHOTO MOMEHTY X,, PO3IJIs-

natoun 6anky BC (quB. puc. 3.36, x):
X, 1
R,, =R.=—2=—=0,33.
B2 ReT Ty

Bynyemo emntopy 3ruHanbHMX MOMEHTIB B1Jl OIMHUYHOI'O MOMEHTY M, .

OO0uucroeMo 3HaUEHHS 3TMHAJTFHIX MOMEHTIB Y XapaKTepHUX Tepepizax
(nuB. puc. 3.36, x):

M, =0,
M, =M, =R, -2=0,25-2=0,50,
—M, =R, -3=025-3=0,75,
M6=M7=X2=1,
M, =M, =X, ~Ry,-1=1-0,33-1=0,67,
M,, =

=

O

Bynyemo emntopy 3ruHanbHUX MOMEHTIB B1Jl J1i OMUHUYHOTO MOMEHTY X,
3a XapaKTepHUMHU Tepepizamu (auB. puc. 3.36, x).

8 BuzHauaemo koe(ilieHTH CUCTEeMH KaHOHIYHUX PIBHSHb, MEPEMHOXKY-
I0YM BIJMOBIJHI €MIOPU, BUKOPUCTOBYIOUH (OPMYITY KpalHIX OpJUHAT:

4 1,33
8, =——(2-1-1) =22,
! 6EJX( ) EJ
4 2,33
8 Q)+ ——(2-1- 1) =222
» = 6EJ( )+ ( = EJ
0.67
S - =
12~ 21 6EJ ( )

X
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3
= L(z -20-0,50 +20-1,00)+ 102 (1,00 +0,50) +
6EJ J

X X

Ip

1

+ (2-20-0,50 +2-20-0,25+20-0,25+20-0,50)+

X

1 27,50

2.20-0,25)=
X( 25) B
2 10-2°

A, =——(2.20-050
2p 6EJ( ’ )+24

+

(0+0,50)+

X X

+é(2.20.0,50+2-20-0,75+20-0,75+20-0,50)+

X

1 1

+

(2-20-0,75+20-1,00) + -

X X

2

(2-10-0,67 +10-1,00) +

24,17
+ .

(-2-20-0,67)=

X X

9 Po3B’s13yeMoO cucTeMy KaHOHIYHUX PIBHSIHB:

O X, +9,X, + Alp =0,
0, X +0,,X, + Ay, = 0,

133, 067, 27,50
X, X, + =0,
EJ, EJ EJ, {1,33)(1 +0,67X, +27,50 =0,
067y 23 2417 0,67X, +2,33X, + 24,17 =0,
EJ. R EJ_
~0,67X, — 27,50
=Rt {Xl —0,50X, 2068
’ 0,67-(~0,50X, —20,68)+2,33X, +2417=0
0,67X, +2,33X, + 24,17 = 0, 67 (050X, ~2068)+2,33X, +2417=0,
X, = —0,50X, — 20,68, X, = —0,50X, — 20,68,
034X, — 13,86+ 2,33X, +2417=0, |199X, +10,31=0,
X, = —0,50X, — 20,68, X, =—18,02kH M,
X, =-521«H, X, =-521kH M.

143



10 PosrisitHeMO €KBIBaJIEHTHY CUCTEMY, TOOTO CTaTUYHO BU3HAYyBaHy
OCHOBHY CHUCTEMY, IiJ] JI€I0 33JaHOTO HABAHTAXXEHHS Ta 3HAWJEHUX MOMEHTIB
X, =18,02kH-m ta X, =5,21kH-™ (puc. 3.36, u), 0yayeMo oCTaTO4YHI €NIOPU

BHYTPIIIHIX CUJIOBHUX (haKTOPIB.
Busznadaemo omopHi peakiiii Bia Aii 3a1aHOTO HAaBaHTAXKCHHS Ta 3HANE-
HuXx MoMeHTIB X, =18,02kH-m 1a X, =5,21kH M, po3rasaaroun Ganky AB

(puc. 3.38, a):
2 M, =0,
—-P-3-q-2-1+X,-X, +Ry,-4=0,
_P3+q-2-1-X,+X, 20-3+10-2-1-18,02+5,21

R]g] - =16,80KH
4 4
> M, =0,
P-1+q-2-3+X,-X,-R,-4=0,
RA:P-1+q-2-3+X1—X2 :20-1+1O-2-3+18,02—5,21:23,20KH
4 4
Ra=23,20 kH Rei=16,80 kH | Re2=11,74 kH Re=11,74 kH
q=10 kH/M P=20 kH ~1M=30 kH-m
SENENNEENS — o oy HH T
( 1 AERE t’;,li,) (,}E,J 89 0f
xi=18,02 kKHM 2y ™ IM | %S21KHM | 1y ™ oy
23,20

WWW%”U LT ||||€P||||||\1|1'74
0, kA M
|0

16,80
839 11,60

mﬂwm\ Ms, KH'M /\’\'6'53

[ > o W
18,02 23,47

a 4]

Pucynox 3.38

J1Jist mepeBipKH BUKOPUCTAEMO PIBHSHHS ZPY =0:
-P-q-2+R, +Rg, =0,
-20-10-2+23,20+16,80 =0,
-40+40=0,
0=0.

144



O6uncII0eMO 3HaYEHHS TONIEPEUYHUX CHIT Y XapaKTepHUX Iepepizax:
Q, =R, =2320xH,
Q,=Q,=Q,=R, —q-2=2320-10-2=320kH,
Q; =Q, =—Ry, =-16,80kH.

O64YHCTI0EMO 3HaYEHHS 3TMHAJILHUX MOMEHTIB y XapakTEepHUX Mepepizax:

M, =-X,=-18,02kH- M,

M,=M;=-X,+R,-2-q-2-1=-18,02+23,20-2-10-2-1=839xH - M,
M, =-X,=-521kH-M,
M, =M;=-X, +Rg, 1=-521+16,80-1=11,60 kH -™m.

Busnauaemo omopHi peakilii Bia Aii 3alaHOTO HABaHTa)XCHHsS Ta 3Haiize-

Hux MoMeHTIB X, =18,02kH-m T1a X, =5,21kH ™M, posrnsgatoun 6anky BC
(puc. 3.38, 0):

_M+X, 30+5.21

Rgp, = Rc 3

—11,74xH.

OO6unCcII0EMO 3HaYEHHS MTONIEPEUYHUX CHIT Y XapaKTepHUX Iepepizax:
Q,=Qy=Qy=Q,, =Ry, =11,74xH.
O64YnCTI0EMO 3HaYEHHS 3TUHAJILHUX MOMEHTIB y XapakTEepHUX Mepepizax:
M, =-X,=-521kH"™m,
M, =-X, +Ry, - 1=-5,21+11,74-1=6,53 kH - ™,
M,,=0kH-™m,
My =-R.-2=-11,74-2=-23,47xH -M.

Bbynyemo emntopu nonepeunux cui Q (puc. 3.36, K) 1 3ruHaIBLHUX MOMEH-
TiB Mg (puc. 3.36, 1) 3a xapaKTepHUMH MEepepi3aMHu.

11 Bukonyemo aedopmailiiiny nepeBipky. Ko B 3afaHiil CTaTUYHO He-
BHU3HAYYBaHIM CHCTEMi B3a€MHHI KyT TIOBOPOTY Ha MPOMDKHUX OIMOpPax JOPiB-
HIOE HYJIO, TO 100YTOK OCTaTOYHOI €MIOPHU 3THHAIBHUX MOMEHTIB M Ha emopu

M, ta M, mae nopiBHIOBAaTH HY/0, T00TO A\ =0 Ta A, =0:
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Ay = L(—z'18,02-1,00+2-8,39-0,50—18,02-0,50+8,39-1,00)+
s 6EJ

X

10-2°
+

(1,00 +0,50)+
24EJ

1
+

(2-8,39-0,50+2-11,60-0,25+8,39-0,25+11,60-0,50) +

1

+——(2-11,60-0,25-5,21-0,25)=

X

~ —9,42+5,00+3,68+0,75 —9,42+9,43
EJ EJ '

X X

[Ipu uboMy nmoxubKa cTaHOBUJIA!

9A3=942 100% = 0,1 %.

b

2 10-2°

A, =—(2-8,39-0,50-18,02-0,50)+ (0+0,50)+
6EJ .
+ ! (2-8,39-0,50+2-11,60-0,75+8,39-0,75+11,60-0,50) +
. (2-11,60-0,75-2-5,21-1,00 +11,60-1,00 - 5,21-0,75) +
. (-2-5,21-1,00+2-6,53-0,67 —5,21-0,67 + 6,53 -1,00) +
L2 (_2.23)47.0767):—O,21+1,67+6,31+2,45+O,23—10,48:
X EJX
_ —10,69+10,66
EJ '

X

[Ipu uboMy nMoxubKa cTaHOBUJIA!

10,69 -10,66
10,66

-100% = 0,3 %.

12 [TigbupaeMo nonepeyHuil nepepiz y BUMIISIAL IBOTaBpa.
[Ipu 3a3HaYeHOMY HaBaHTAXKEHHI HEOE3MEUYHHM TepepizoM € mepepis 9,
g akoro M =M, =23,47 xkH - M.
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Po3mipu nepepizy nigoupaemMo 3 yMOBH MIITHOCT1 Ha 3THHAHHSL:

O =2 <[],

X

Buznaunmo HEOOX1JHUN MOMEHT OIOpY Mepepizy:

-3
W > 2347x107

. 10° =147 cm’.
160

HOMep ABOTAaBpa 3HAXOIUMO 3a PO3PAXYHKOBHM 3HAYCHHAM MOMCHTY

omopy W, >147 cm’. 3a Tabmumero copramenty (JCTY 8239-72) BuGupaemo

nBotasp Ne 18a, mst stkoro W, =159cem’, T =1430cm*.

13 Buznauaemo nporun y touri K.

I[JISI oboro Jo OCHOBHOI CUCTEMU B TOIH_Ii K MMpUKIaJa€EMO OAMHUYHY CHU-

ay, T06T0 P =1.
Busznauaemo onopHi peaxiiii BiJ i1 OAMHUYHOT CUJIH, TOPIBHIOIOYH HYIIIO

CYMH MOMEHTIB YCiX 30BHIIIHIX CHJI BITHOCHO TO4YOK A Ta B (puc. 3.36, m):

> M, =0,
-P-3+R;-4=0,

Ry=P212 s

> M =0,
P.1-R, -4=0,

Re=PI-lgos

J1ist mepeBipKH BUKOPUCTAEMO PIBHSHHS ZPy =0:

-P+R, +R; =0,
-140,25+0,75=0,
-1+1=0,
0=0.
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OO0uuncIroeMO 3HAaYCHHS 3THHATBHIX MOMEHTIB Y XapakTEepHUX Mepepizax
BiJ Jii OMHUYHOI cuiu (AuB. puc. 3.36, m):

M, =M;=M,=M;=M,=M,,=0Mm,
M,=M,=R,-2=0,25-2=0,50 ™,
M,=M;=R;-1=0,75-1=0,75m.

Byayemo emtopy 3ruHaIpHIX MOMEHTIB BiJ /il OAMHUYHOI CHITH 32 Xapak-
TEPHUMHU Tiepepizamu (IuB. puc. 3.36, M).

3 BUKOpPHUCTaHHSAM (POpMYINIM KpalHIX OpAHHAT «IIEPEMHOXKYEMO MIXK CO-
0010» Ha KOXKHIM AUISHI[I OCTaTOYHY €MIOPYy 3TMHAJIBbHUX MOMEHTIB M Ta ero-

Py Bl J1i OIMHUYHOI CUIIH M_3 :

2 10-2°
== (2-8,39-0,50—18,02-0,50)+ 0+0,50)+
YK 6EJX( ) 24EJX( )
— (2-8,39-0,50+2-11,60-0,75+8,39-0,75+11,60-0,50) +
b (2-11,60-0,75—5,21-0,75)=10’01.
X EJX
[Iporun y Toumi K gopisHioe:
-3
10,01x10 _0.0035y

YK T 10° - 1430% 10

JlomycTUMUM IPOrUH OAJIKK TOBXKUHOIO /=7 M JOPIBHIOE:

¢ 7
-t 0035w
v] 200 200 oM

SIxmio mporuH y Toumi K MeHIe, Hixk JOMyCTUMHA POTUH I OalKH, TO
KOPCTKICTH Oanku 3abe3neyeHa.

14 BuzHauaeMo KyT OBOPOTY nepepizy B.

JIJist 1bOTO 10 OCHOBHOT CHCTEMHM B Tiepepi3i B mpukiiagaeMo ogMHUYHMIMA
MOMEHT, To0TO M =1.

Busznauaemo omnopHi peaxitii Bif i OAMHUYHOTO MOMEHTY M =1, po3r-
nsnaroun 60anky BC (puc. 3.36, H):



OO0uuncIr0eMO 3HAaYCHHS 3THHATBHIX MOMEHTIB Y XapaKTEpHUX Mepepizax
(nuB. puc. 3.36, H):

M =M,=M;=M,=M,=M,=0,
M, =M=1,
M, =M, =X, -R,-1=1-0,33-1=0,67,
M,, =0.
Bynyemo emtopy 3ruHaTBPHIX MOMEHTIB Bif Jlii OMUHUYHOTO MOMEHTY 32
XapaKTepHUMH Tnepepizamu (quB. puc. 3.36, H).

3 BUKOpPHUCTaHHSAM (POpMYINIH KpalHIX OpAHHAT «IIEPEMHOXKYEMO MIXK CO-
0010» Ha KOXKHIM AUISIHI[I OCTaTOYHY €MIOpYy 3TMHAJIbHUX MOMEHTIB Mj Ta ero-

Py Bix Jii OAMHUYHOIO MOMEHTY E :

0, = é(— 2-521-1,00+2-6,53-0,67—5,21-0,67 +6,53-1,00) +
2 (-2-23,47-0,67)= 854
X EJX
Kyt noBopoty nepepizy B gopiBHio€:
—8,54x107
85010 " 0030 pax_

BT 2%10°1430x10°°
JlonmycTuMui KyT OBOPOTY MEPepi3y AOPIBHIOE:
[6]=2°=0,0349 pax.

Sxuro moBopoTy mnepepizy B MeHie, HK TOMyCTUMHI KyT MOBOPOTY, TO
KOPCTKICTh paMH 3abe3rnedeHa.

3agaua 3.8

s 6anku, axa nooana Ha pucynky 3.39, HeobxioHO:
1) pozkpumu cmamuuHy He8U3HAYY8AHICMb;
2) nobyodysamu enopu nonepeyHux cuil i 32UHANbHUX MOMEHMIB,
3) nioibpamu nepepiz y 8uensioi 060maspda, AKuo [0] =160 MIla,
4) susnauumu npocur y mouyi K;
5) eusnauumu kym noeopomy nepepizy C.
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Pucynox 3.39
Po3zé’azanns

1 BcTaHOBMIOEMO CTyNiHb CTAaTUYHOI HEBU3HAYYBAaHOCTI CHCTEMU
(puc. 3.40, a). Jlana cuctema JiBa pa3u CTaTUYHO HE BU3HAYYBaHA.

2 Bubupaemo ocHOBHY cucTemy. [IpoMiXKHI ONOpU 3aMiHSEMO Bpi3aHUMU
mapHipamu (puc. 3.40, 6).

3 OnepxyeMoO €KBIBaJIEHTHY CHCTEMY, 3aBaHTaXYIOUd OCHOBHY CUCTEMY
3aJJaHUM HABaHTa)XCHHSAM 1 HEBIJOMMMHM 3TMHAJIBHUMU MOMeHTamu X; Ta X,

(puc. 3.40, B). Takum yMHOM, €KBIBaJEHTHA CHCTEMa SIBJSiE COOOIO TPHU MPOCTi
mapHipHO oOrepTi 0ajnku, HaBaHTaXEHI 3aJaHUM HaBAaHTAKCHHSIM 1 HEBIIOMH-
MU 3rMHaJIbHUMU MOMeHTaMu X, Ta X,, 10 3aMIHSIOTh BIIKUHYTI 3B'SI3KM M1IXK

CYCIJTHIMH TPOJIbOTAMH.
4 Jlns Toro mo0 BU3HAYUTH HEBIIOMI 3THHANbHI MOMEHTH X; Ta X,,

CKOPUCTAEMOCS CUCTEMOIO KAaHOHIYHUX PIBHSHb:

5 Po3rnsiHeMO OCHOBHY CHUCTEMY, HaBaHTa)KEHY TUIBKH 33/laHUM HaBaH-
TaxxeHHsM (puc. 3.40, ).

Busznauaemo omopHi peakirii Bif Mii 3alaHOTO HaBaHTaKEHHS, PO3TJIsia-
toun 6anky AB (puc. 3.41, a):

> M, =0,

P-1-Ry, -2=0,
Ry = =20 10kt
2 2
> My =0,
P-3-R,-2=0,
RA:P—.?):&;:?)OKH
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Pucynox 3.40
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R =10 H hEI0 kH -1
P=20H =30 kH b1 Re5 kH [F210 kHM
'%' :3 4?} Bglliii tE;I1=T"1 1 ta' ¢ Cclg ’LJD
1 M . A M 10
1 Mgk} 7z M T M=] 1T M 2 M g
20
M, kH- Mt
WW 10
20
a O 8

Pucynok 3.41

J1ist mepeBipKH BUKOPUCTAEMO PIBHSHHS ZPy =0:

~P+R, —Ry, =0,
~20+30-10=0,
~30+30=0,
0=0.

Bynyemo entopy 3rHaIbHUX MOMEHTIB BiJl 33/[aHOTO HAaBaHTAXEHHA M

s 6anku AB, o0UMCTIOIOUN 3HAYCHHS 3rUHAILHUX MOMEHTIB Yy XapaKTepHUX
nepepizax (quB. puc. 3.41, a):

M, =M, =0xkH-Mm,
M,=M;=-P-1=-20-1=-20kH M.

Busnayaemo omnopHi peakiii Bij Ail 3aJaHOr0 HaBaHTAXKEHHSI, PO3TJsa-
toun 6anky BC (puc. 3.41, 6):

> M =0,
~M-q-2-1+R,-2=0,
~ M+q-2:1_30+10-2-1

R, 5 =25kH
> M =0,
~M+q-2-1-Ry,-2=0,

R, :—M+q-2-1:—30+10-2-1:_5KH

2
JIns epeBipKy BUKOPHCTAEMO PiBHAHHA » P, =0
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—q-2+Rp +R(; =0,

~10-2+25-5=0,
~25+25=0,
0=0.

Bynyemo emiopy 3sruHabHUX MOMEHTIB BiJl 33/[aHOTO HABaHTAKEHHS M

s 6anku BC, oO0unciiooun 3Ha4eHHS 3TMHAJIBHIX MOMEHTIB y XapaKTepHUX
nepepizax (quB. puc. 3.41, 6):

M;=M;=0xH-™m,
My =-R4,:1-q-1:0,5=-5-1-10-1-0,5=-10xH - ™,
M, =-Rg,-1-q-1-05+M=M;+M=-10+30=20xH M.

Sxio 3amane HaBaHTaxkeHHS Ha Oamnii CD BigcyTHIN, TO

Bbynyemo emntopy 3ruHaqbHUX MOMEHTIB Bij Jii 3aJJaHOT0 HAaBaHTAKEHHS
3a XapaKTepHUMHU Tiepepizamu (auB. puc. 3.40, ).

6 Po3risiHeMO OCHOBHY CHUCTEMY, HaBaHTA)KEHY TUIbKU OJUHHUYHHUM MO-
MeHTOM X, . BuzHauaemo onopHi peakuii BiJ 11i OAMHUYHOTO MOMEHTY X, pO-
srasigaroun 6anky AB (puc. 3.40, e):

R, =R, =—Ll=—=05.

X, _1
2 2

Busnauaemo omopHi peakuii Bif All OAMHUYHOIO MOMEHTY X,, pPO3IJIs-
natoun 6anky BC (quB. puc. 3.40, e):
X _1ys
2 2

Bynyemo emntopy 3ruHajJbHUX MOMEHTIB Bl OJUHUYHOTO MOMEHTY M, .

OOuuncimoeMO 3HAYEHHS S3TUHAIBHUX MOMEHTIB y XapaKTepHUX Tepepizax
(nuB. puc. 3.40, e):
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BynayeMo emtopy 3rHHaJIBHIX MOMEHTIB BiJl JIii OTMHUYHOTO MOMEHTY X
3a XapaKTepHUMHU Tiepepizamu (auB. puc. 3.40, e).

7 PO3riasiHEMO OCHOBHY CUCTEMY, HaBaHTaKEHY TUIBKM OJMHUYHUM MO-
MEHTOM X, .

Busnauaemo omnopHi peakuii B JI1i OJUHUYHOTO MOMEHTY X,, PO3IJIs-
natoun 6anky BC (puc. 3.40, x):

X
Ry, :Rc1 :72

l=0,5.
2

Busnauaemo omnopHi peakuii BiJ JI1i OJUHUYHOTO MOMEHTY X,, PO3IJIs-
natoun 6anky CD (nuB. puc. 3.40, x):

Xy
2

Bynyemo emtopy 3ruHaTBHIX MOMEHTIB BiJl OIMHUYHOTO MOMEHTY M
OO0uuncIIoeMO 3HAYCHHS 3THHATBHIX MOMEHTIB Y XapaKTEepHUX Mepepizax
(nuB. puc. 3.40, x):
M =M,=M;=M,=M,=0,
R

4,:1=0,5-1=0,5,

Bynayemo emntopy 3rHHaIbHUX MOMEHTIB Bijl Jiil OTMHHYHOTO MOMEHTY X
3a XapaKTepHUMHU Tepepizamu (auB. puc. 3.40, x).

8 BuzHauaemo koe(ilieHTH CUCTEeMH KaHOHIYHUX PIBHSHb, MEPEMHOXKY-
I0YM BIJMOBIJHI €MIOPU, BUKOPUCTOBYIOUH (OPMYITY KpalHiX OpJUHAT:

1,33
=21 D+—2-1:- )= ,
8 6EJ< )+ Ex< D=
1,33
== 21 D+——2-1-])=
52, 6EL,( )+ EX< D=y
033
S - -
2= 21 6EJ( )

X

1 10-1°
A, = ~20-10 ~2.10-0,5-10-1,0 1,0+0.5
tp 6EJ( ’)+6EJ( ’ ’)+4J(’+’)+

X

154



3
L (2:20-0,5)+ 10-1 (0,5+0,0)=_5’83,
6E) J EJ

X X X

3
=L (2210-05)+ 22 (0,0+05)+

*» 6EJ, 24EJ 6EJ,

(2-20-0,5+20-1,0)+

+1,0)= 283
EJ

X X

3
N 10-1 (O,
24E)

9 Po3B’s13yeMO cucTeMy KAaHOHIYHUX PIBHSIHbB:

0 X +0,X, + Alp =0,
0, X, +0,X, + Azp =0,

1,33 X, + 0,33 X, 47 583 _ 0.
EJ, EJ, EJ, {1,33){1 +0,33X, -5,83=0,
0,33 X, + 1,33 X, + 583 _ 0. 0,33X, +1,33X, +5,83 =0,
EJ, EJ, EJ,
-0,33X
X, = 0’331 323+ 583 {xl — 025X, +438
’ 0,33-(—0,25X, +4,38)+1,33X, +583=0
033X, +1,33X, +5,83 =0, 33-(-0.25X, +438)+133X, +5, ’
X, =—-0,25X, + 4,38, X, =-0,25X, +4,38,
—0,08X, +1,45+1,33X,+583=0, |1,25X,+7,28=0,
X, =—-025X, +4,38, X, =5,.83kH M,
X, =-5,83kH, X, =-583kH ™M

10 PosrisitHeMO €KBIBaJIEHTHY CUCTEMY, TOOTO CTaTUYHO BU3HAYyBaHy
OCHOBHY CHUCTEMY, IiJ] JI€I0 33JaHOTO HABAHTAXXEHHS Ta 3HAWJEHUX MOMEHTIB
X, =583kH M 1ta X, =583 kH M (puc. 3.40, n), 6ynyeMo OCTaTOUYHI €NIOPU
BHYTPIIIHIX CUJIOBHUX (haKTOPIB.

Busznauaemo omopHi peakiiii Bia Aii 3a1aHOTO HAaBaHTAXKCHHS Ta 3HANE-
Hux MomeHTiB X, =5,83kH-M Ta X, =5,83kH ™M, posrnsaatroun G6anky AB

(puc. 3.42, a):
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> M, =0,
P.1+X,-Rg -2=0,

R, _PeAX) 2014583 o0 0
2 2

D> M; =0,

P-3+X,-R,-2=0,
P-3+X, 20-3+583

R, = L= ~— =3292kH.
2 2
_ Re10,83 kH Rerd0,83 kH
P=20 kH R0 M RBHE,HEfH . ﬁnﬂm . (RerL82H Re2,32 kH
, ,g, 45:) (_Bcfﬁiis,}’ﬂis. ;E o
1 3
1 o 2w A o e 1w b B 47
1292
DT g, 0, kH -
T 10831 0
20,110 A Bnp0
5,23 f i3
b, kH-ra THTh\ by kH M
10,00 [T
553 5,03
Il

a o 8
Pucynok 3.42

J1Jist mepeBipKH BUKOPUCTAEMO PIBHSHHS ZPy =0.

-P+R, —Ry, =0,
-20+32,92-12,92=0,
-30,92+32,92=0,
0=0.
O0uuncnoeMO 3HaYEHHS NTONEPEYHUX CHIT Y XapaKTEPHUX Mepepizax:
Q,=Q,=-R, =-20,00xH,
Q;=Q, =Ry, =1292kH.

O64YHCTI0EMO 3HaYEHHS 3TUHAJIBHUX MOMEHTIB y XapakTEepHUX Mepepizax:
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M,=0kH-wM,
M,=M;=-P-1=-20-1=-20kH - ™,
M, =X, =5,83kH ™.
Busnayaemo onopHi peakilii BiJl [1i 3a1aHOT0 HaBaHTa)KCHHS Ta 3HaiiJie-

HUX MoMeHTIB X, =583kH-M Ta X, =583 kH-M, posrsgaroun 6anky BC
(puc. 3.42, 0):

> M; =0,
-M-q-2-1-X, =X, +R¢,-2=0,
_M+q-2-1+ X, +X, 30+10-2-1+5,83+5,83

R 5 5 =30,83 kH.
> M =0,
~M+q-2-1-X,-X, -R,-2=0,
R, _—M+q-2:1-X, - X, :—30+10-2-1—5,83—5,83:_10,83KH

2 2
J1ist mepeBipKH BUKOPUCTAEMO PIBHSHHS ZPy =0:

—q-2+Rp + R =0,
-10-2+30,83-10,83 =0,
-30,83+30,83=0,
0=0.
OOGUHCITIOEMO 3HAYEHHS TIONEPEYHMX CHII Y XapaKTEPHHUX Mepepizax:
Q.=-R,, =—1083H,
Q,=Q, =Ry, —q-1=-10,83-10-1=-20,83 kH,
Qy =R, =-3083kH.
OOGUKCITIOEMO 3HAYEHHS 3TMHAILHUX MOMEHTIB Y XapaKTEpHUX TIepepizax:
M, =X, =583kH-M,
M, =X, ~Ry,-1-q-1-0,5=583-10,83-1-10-1-0,5 =10 kH - m,
M, =X, Ry, 1-q-1-0.5+M=M, +M=—10+30=20«H-u,
M, =X, =583 kH M.
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Busnauaemo omopHi peakilii Bia Aii 3alaHOTO HAaBaHTa)XCHHsS Ta 3Haiize-

HUX MoMeHTIB X, =583 kH-M 1a X, =5,83kH M, posrmsanatoun 6anky CD
(puc. 3.42, B):

X, 583

Re =Rp =" ====292H

OO0uuncnoeMO 3HaYEHHS NTONEPEYHUX CUIT Y XapaKTEPHUX Mepepizax:
Qy=Qy=R,=292xH.
O64YnCTI0EMO 3HaYEHHS 3TUHAJILHUX MOMEHTIB y XapakTEepHUX Mepepizax:

My =-X, =-583kH M,
M,,=0xH-M.

bynyemo emntopu nonepeunux cui Q (puc. 3.40, k) 1 3ruHaAIBLHUX MOMEH-
TiB M; (puc. 3.40, 11) 3a XapakTepHUMH TEepepi3aMHu.

11 Buxkonyemo aedpopMaiiifiHy nepeBipky. SKIIO B 3a/laHiii CTaTUYHO HE
BHU3HAYYBaHIM CUCTEM1 B3a€EMHUHN KYT MOBOPOTY Ha MPOMDKHHUX OMOpPaxX JOpiB-
HIOE HYJIO, TO 100YTOK OCTaTOYHOI €MIOPH 3rUHATBHUX MOMEHTIB M Ha emopu

M, ta M, Mae nopiBHIOBaTH HYIt0, TOOTO A\, =0 Ta A,  =0:

A, = L(z -5,83-1,0-20-1,0)+
6EJ,
+ 1] (2-5,83-1,0-2-10,00-0,5+5,83-0,5-10,00-1,0)+
3 3
,20 (L0+0,5)+ 1 (2-20-0,5-5,83-0,5)+ 101 (0,5+0,0)=
24EJ, 6EJ 24EJ,
~ —2,78-0,90+0,63+2,85+0,21 —3,68+3,69
EJ, EJ,
[Ipu upboMy nmoxubKa cTaHOBUJIA!
369368 1005 =0.39%.
1 10-1°
Ay, =——(-2-10-0,5+5,.83-0,5)+ (0,0+0,5)+
6EJ, 24EJ,
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10-1°

L (2.20-0,5-2-583-1,0+20-1,0—5:83-0,5)+ (0,5+1,0)+
» 24EJ
v 2 (2.583.10) —1,18+0,21+];1,JZ4+0,63—3,89 _ —5,0];+ 5,08

[Ipu uboMy noxubKa cTaHOBUJIA:

3082507 160% =02 %.

b

12 [TigbupaeMo nonepeyHuil nepepiz y BUMIISAL IBOTaBpa.
[Ipu 3a3HaYeHOMY HaBaHTAXKEHHI HEOE3MEUHHM TEepPepi3oM € Tepepis 2,
g akoro M. =M, =20,00 kH - M.

Po3mipu nepepizy nmigoupaemMo 3 yMOBH MIITHOCT1 Ha 3THHAHHSL:

Wx Z max ,
[o]
-3
W, 5 2000107 ) 6 =125cm’
160

HOMep ABOTAaBpa 3HAXOIUMO 3a PO3PAXYHKOBHM 3HAYCHHAM MOMCHTY

omopy W, >125cm’. 3a tabmunero copramenty (JCTY 8239-72) BuGupaemo

mBotasp Ne 18, myst skoro W, =143 ¢em’, T =1290 em*.

13 Buznauaemo nporut y toui K.
JIJist 1bOTO 10 OCHOBHOI cucTeMu B Toulll K npukiianaeMo oquHUYHY CH-

ay, T06T0 P =1.
Busnayaemo omopHi peakuii Bii oguHu4HOI cuian P =1, posrasaatoun

6anky AB (puc. 3.40, m):

> M, =0,

P-1-Ry,-2=0,
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Ry =—=—=05
BI 2 2
> M =0,
P-3-R,-2=0,
R,=23_13_y5
2 2

J1ist mepeBipKH BUKOPUCTAEMO PIBHSHHS ZPy =0:

-P+R, —Ry, =0,
-1+15-0,5=0,
-1,5+1,5=0.

O06uuCTI0EMO 3HAYCHHS 3TUHAJIBHUX MOMEHTIB Y XapaKTepHUX Tepepizax
BiJ Jii oquHUYHOI cuiu (auB. puc. 3.40, m):

M, =0m,
M,=M;=-P-1=-1-1=-10mM,
M,=M;=M;=M,=M;=M,=M,,=0M.
Bynyemo entopy 3ruHanbHUX MOMEHTIB BiJ] A1l OJIMHUYHOT CHJIM 32 Xapak-
TepHUMHU Tepepizax (auB. puc. 3.40, m).

3 BUKOpPHUCTaHHSAM (POpMYINIM KpalHIX OpAHHAT «IIEPEMHOXKYEMO MIXK CO-
0010» Ha KOXKHIM AUISIHI[I OCTaTOYHY €MIOPYy 3TMHAJIBbHUX MOMEHTIB M Ta erto-

Py Bl A1 OMMHUYHOT CHITH M_3:

1 2 18,06
=—(2-20,00-1,0)+ 2-20,00-1,0-5,83-1,0)=——.
= gy g -5
[Iporun y Toumi K gopisHioe:
18,06x107°

Vi =0,0070m |

T 2%10°-1290x10°°

JlommycTUMuUi POruH OAJIKU TOBXKUHOIO /=7 M JOPIBHIOE:
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¢ 7
T 0035w,
v] 200 200 oM

Sxmo nporuH y Tourli K MeHIe, HiXk TOMyCTHMHEN MPOTHH 71 OAJIKH, TO
KOPCTKICTH Oanku 3abe3neyeHa.

14 BusHauaemo KyT noBopoTy nepepizy C.

JIJist 1bOTO 10 OCHOBHO1 cucTeMH B niepepi3i C NpuKIagaeMo OAMHUYHUMA
MOMEHT, To0TO M =1.

Busnauaemo omopHi peakitii Bif i OAMHUYHOTO MOMEHTY M =1, po3r-
nsparoun 6anky CD (puc. 3.40, H):

M 1
—=—=05.
2 2

OO0uuncII0eEMO 3HAYCHHS 3THHATBPHIX MOMEHTIB Y XapaKTEpHUX Mepepizax
(nuB. puc. 3.40, H):

M, =M, =M;=M, =M, =M, =M, =M, =0,
M, =M=1,
M,, =0.

Bynyemo emntopy 3ruHaJIbHUX MOMEHTIB BiJ] /i1 OAUHUYHOTO MOMEHTY 3a
XapaKTepHUMH nepepizamu (quB. puc. 3.40, H).

3 BUKOpPHUCTaHHSAM (POpMYINIH KpalHIX OpAMHAT «IIEPEMHOXKYEMO MIXK CO-
0010» Ha KOXKHIM AUISIHI[I OCTaTOYHY €MIOpPYy 3TMHAJIBbHUX MOMEHTIB M Ta erto-

Py Bij A1 OTMHUIHOTO MOMEHTY M_3:

__2 (p.583.10)= 289 —3.89x107

eC - 5 -8
6EJ EJ, 2x107-1290%x10

X

=-0,0015pan .

Sxmo KyT moBopoTy nepepizy C MeHIle, HiX JTOMyCTUMHUI KyT IOBOPOTY
[9] =2°=0,0349 pan, To )KOPCTKICTh pamu 3a0e3IeueHa.
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4 CTIAKICTb CTUCHYTHUX CTPUKHIB

CriiiKicTIO Ha3UBAIOTh 3/IaTHICTh KOHCTPYKIIi a0o ii eeMeHTIB 30epiraTtu
MEBHY NIOYATKOBY (hOpMY MPYKHOI pIBHOBArU.

3rvHaHHS CTPUXHS, MOB'A3aHE 31 BTPATOIO CTIMKOCTI MPSAMOIHINHOT ¢o-
pMU HOro piBHOBAru, Ha3UBalOTh MO3JOBKHIM 3TUHAHHAM (pucC. 4.1).

P<p P>R,

p

7 ,

Pucynox 4.1

HaiiGinpiie 3HaueHHs TPUKIAZACHOT MO IEHTPY CTUCKYIOYOT CHITH, JI0 KO-
ro NpsIMOJTiHIMHA popMa PIBHOBArM CTPUIKHA CTiKa, HA3UBAETHCSI KPUTUYHUM.

Po3paxyHok Ha CTIHKICTh MOBUHEH 3a0€3MeYUTH POOOTY eleMeHTa KOHC-
TPYKIi IpH MOYATKOBiM GopMi HOro mpy>kKHOI piBHOBArv, TOOTO Mpu HaBaHTa-
KEHHSX, MEHIlIe KpUuTuyHuX. [Ipuyomy, ¢akTuuHO Aif0Ya CTHCKaKoya Cuia, 10
JIOIYCKA€ThCA, TIOBUHHA OyTH B JI€AKY KUIBKICTh pa3 MEHILIE KPUTUYHOT:

[p]= o (4.1)

[0, ]

ae [P] — JIOMyCTUME 3HAUYCHHS CUJIH, 110 CTUCKAE CTPUKEHD;

P
XOBYIOTb;

[n.. ] —3ananuii (HeoOX1AHMIT) KOE(DILIEHT 3a1acy CTIMKOCTI.

p KPUTHYHC 3HAYCHHA CTUCKYIOYO01 CUJIN IJId CTPHUIKHA, JAKY po3pa-

HopManbHe Hanpy»eHHS B MONEPEYHOMY Mepepi3l CTUCHYTOIO CTPHIKHSA,
10 BIATNOBIAA€ KPUTUYHOMY 3HAUEHHIO CTHUCKYIOYOI CHIIM, T€X HAa3UBAIOTh KPH-

THYHHUM
P
O =5 (42)

ne  F—moma nonepednoro nepepizy.
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BinHolieHHs 3BeIeHOT TIOBXKUHU CTPUXKHS W/ 0 MIHIMAJIBHOTO pajiyca

1Hep1Iii oro nmonepevyHoro nepepizy 1. Ha3MBAIOTh THYUYKICTIO CTPUKHS:

p=bBl (4.3)

e 1. — MIHIMaJbHUI pajalyc 1HepLii nepepisy;
L — KOe(]IIIEHT MO3I0BXKHBOTO 3THHAHHS a00 KOe(DIIEHT 3BEACHHS
JIOBKHUHU, 110 3aJICKUTh Bl YMOB 3aKPIIUICHHS KIHI[IB CTPUIKHS,
{ — NOBXHWHA CTPUKHS.

MiHiManbHUN pajilyc 1HEpIii BA3BHAYAIOTh 3a HACTYITHOIO (POPMYJIOIO:

(4.4)

ne J. . — HaliMEHIINIl MOMEHT iHepIii nepepizy;
Takox BBOIATH MOHATTS T'PAHUYHOI THYYKOCTI, IO 3aJIEKUTh TUIBKU BiJ

MEXaHIYHHUX BJIACTUBOCTEH MaTepialy CTPHKHS Ta HE 3aJISKUTh Bil HOTO PO3MIpIB:

Ao =T [—, 4.5)

e G, — FPaHuIls MIPOTIOPIIHHOCTI.

3aJIe’KHO B1J] THYYKOCT1 CTPUKHI YMOBHO MOJUISIOTH HA TPU KaTeropii:

1 CTprkHi BEJUKOT THYYKOCTI A > A, JUISL IKMX PO3PaxyHOK Ha CTiid-

KICTB BelleThes 3a popmysoto Eiinepa

P, =——min, 4.6
kp (IM)Z ( )

3HadyeHHsT Koe(ilieHTa 3BEJEHHS JIOBXKUHHU JJI BHUMAAKIB 3aKpITUICHHS
KIHI[IB CTPUKHS, SIK1 HalyacTillle 3yCTpI4aloThCs, HaBe/IeHI Ha PUCYHKY 4.2.

) ) 3 3

G o 7

p=10 n=0,7 p=0,5 p=2,0

Pucynox 4.2
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2 CTpuxKHI CepeHbOI THYUYKOCTI Ay <A <A AK1 pO3paxoOBYIOTh Ha

mpen °

CTIMKICTD 32 emnipudHoio popmyioro @. C. SAcuHchKoro:
Oy, =a—DA, 4.7)

ne a Ta b — koedilieHTH, sIKI BU3HAUCH1 TOCIITHUM HIIsIX0M. BoHU moc-
TiMHI1 1JI1 TaHOTO MaTepiay.

3HadeHHs KoeQilieHTIB a Ta b, a TakoX 3HAYEHHS THYYKOCTI, NPU SAKUX
3acTocoBHa ¢opmyna (4.7), HaBeaeH1 B Tabaui 4.1.

Tabnuys 4.1 — 3nauenns xoeghiyienmis a ma b, a maxooic 3HauenHs
CHYYKOCMI, NPU AKUX 3aCmocosHa hopmyaa (4.7)

Marepian a, MIla b, MlIa Ao Mper
Craneb:
Ct2 264 0,70 60 105
Ct3 310 1,14 60 100
20, Ct4 328 1,15 60 96
45 449 1,67 52 85
HMrwopanyminiid [[16T 406 1,83 30 53

3 CrpmxHi Manoi rHY4YKOCTI A < A, SIKI PO3paXOBYIOTh HE Ha CTIHKICTb,

a Ha MIIHICTG. J{JI1 HUX KPUTHYHE HAIIPY>KEHHS BBAXKAETHCS MOCTIMHUM:
=Or.

YMoBa CTIMKOCTI Ma€ BUTJIS:
<[o], (4.8)

e @ — KOeQIUIEHT 3MEHIIEHHS OCHOBHOTO JOMYCTHUMOIO HaIpy>KEHHS
(¢=0...1), 3HaUeHH AKOTO JIJIsl PI3HUX MaTepiaaiB 1 THYYKOCTI MOJIaHl B J0/a-
Ty JL

[Ipu mpoeKTyBaJIbHOMY PO3PaxXyHKY B PO3paxyHKOBiH (opmysi Ha CTiil-
KicTh (4.8) € 1Bl HEB1IOMI BETUYMHU — KOeillieHT ¢ 1 mykaHa roma F. Tomy
npu 1iAO0p1 nepepiziB TOBOAUTHCS KOPUCTYBATUCS METOAOM MOCHIAOBHUX Ha-
OJIKeHb, BapilolOUM BENIMYMHY KoedimieHTa ¢. Y mnepmriii cnpobi O6epyThb
¢, = 0,5 1 Bu3HavaroTh HeOOXIAHY Iutonty F, minOuparots nepepis. Ilinidpanunii
nepepi3 NepeBIpAOTh 1 BCTAHOBIIOIOTH (PaKTUYHE 3HAYEHHS ¢,. Bu3zHavaroTh

(daKkTHUYHE HANIPY>KEHHA Ta MOPIBHIOIOTH HOTO 13 JOMYCTUMHUM 3HAYEHHSM. SIKIIO0
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(akTHYHA HAINpPY>KEHHS 3HAYHO BIAPIZHAETHCS BiJl JOMYCTUMOI, TO PO3paXyHOK
HOBTOPIOIOTh, IPUNHSABILIN CEPEIHE 3a BEIMYMHOIO 3HAUEHHS MDK @, Ta @, :

_PitPs

0 )

AJTOPUTM TPOEKTYBAJIBLHOTO PO3PAXyHKY TMOJAHUN y BUTJISIAI CXEMH Ha
pUCYHKY 4.3.

+
| 0 = P1+¢2

Pucynox 4.3

3agaua 4.1

Busnauumu éenuuuny KpumuuHux cui i HANpyiceHv 01 CMOoAKA, AKUL 30-

. : 2
bpascenuti Ha pucyuky 4.4, a, npamoxymnozo nonepeunozo nepepizy 4x8 cm
(puc. 4.4, 6). Mamepian cmoska — cmano Cm. 3 3 epanuyero nponopyituHocmi

I

mooce oymu: (,=25m, {,=125m, £, =0,625m.

6., =200 Mlla ma epanuyero mexywocmi o =240 Mlla. [Joesxcuna cmosxa
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8

4 M

Pucynok 4.4
Po3zé’azanns

1 Buznayaemo rpaHU4HY THYYKICTh CTPUKHS:

5
My = | =314 121 g0,
G 200

BuzHayaeMo rHyd4KICTb A, 3a GOPMYJIOO

a—o
7\/0: bT.

Hns crami Ct. 3 a=310MIIa, b=1,14 Mlla, orxe,

a—o; 310240

A =
0 b 1,14

=61,4.
2 BuzHayaeMoO T€OMETPHUYHI XapaKTEPUCTUKH TIEpPePi3y:
— IIoIIA momnepeyHoro mnepepisy — F=bh=4-8=32cm?,
o8

— MIHIMQJIbHUH MOMEHT 1Hepuii — J . = TR 42,7 em”,

. . o s J min 42,7
— MIHIMaJbHUM paalyc HepIi — 1, = P 3 =116 cMm.

4  BuzHayaeMoO THYYKICTb CTPHXKHSA 32 (HOPMYJIOI0



[Ipu 3a3HaueHomy BuAl 3akpirieHHs pL=0,7.
OTXe, THYUYKICTh CTOSIKA IIPU PI3HIN JOBXKUHI CTPUKHS JOPIBHIOE:

WL 07250 o0
i L6
12
=2 0T0B g5y,
i 116
By =B 07020599
i 1,16

min

4 BuszHayaeMO KPUTHUYHY CHIIy Ta KPUTUYHE HAMPYKEHHS JJIs CTOSKA
3 TOBXHUHOK (| =2,5M.

Axmo A, =2, (150,9>100,0 ), To 1€l CTOSIK — 1€ CTPUKEHb BEIIUKOT

npex

THYYKOCTI, TOMY KpUTHYHA CUJIa BU3HAYAEThCA 3a (hopmyiioro Eitnepa:
n’E) . 3,147-2x10°-42,7x10°°
(ne)’ 0,7-2,5)

- . Pkpl . 275)(1073
L F 0 32x107

P

kpl =

=0,275MH =275kH ,

=85,9 MIla .

5 Bu3HauaeMoO KPUTUYHY CHJIY Ta KPUTHYHE HANPY>KCHHS JJIA CTOsIKA 3
JOBXHHOIK ¢, =1,25M.

Sxmo Ay <A, <A

cepeaHbO1 THYYKOCT1, TOMY KpUTHYHE HAMIPY>KEHHSI BU3HAYAETHCS 32 POPMYIIOIO
®. C. ScuaCcbKOrO

pex (61,4 <75,4<100 ), To 1e#t CTOSIK — 1I€ CTPUKECHB

OTrxe,

Gyps =310-1,14-75,4 =224,0 MIla,

P, =0,,,F=224,0-32x10" =0,7177MH =717 xH .

6 BusHauyaeMO KpPUTHMYHY CWIIy Ta KPUTHUYHE HAIPYXKECHHS IS CTOSKA
3 JOBXKUHOW /5 =0,625 M.

SAxmo A <A, (37,7<61,4 ), To ueit CTOAK — 1€ CTPUIKEHb MaJIOl THY4KO-
CTi, TOMy KPUTHYHE HAINPY>KCHHS BBAXKAETHCS MOCTIHHUM, TOOTO:

Oy,3 =01 =240 Mlla,

P

kp3

=0,,,F =240,0-32x10™* = 0,768 MH = 768 xH ,
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3agaua 4.2

Busnauumu oonycmume Ha8anmasiceHHs HA CMPUNCEHb, AKUL 300padice-
HUll Ha pUcyHky4.5, a, nonepeunuii nepepiz — ogomasp Ne 14 (puc. 4.5, 6). Ma-
mepian cmpudicns — cmanb Cm. 3 3 epanuyero nponopyiunocmi 6, =200 Mlla.

Heobxionuti xoegiyienm 3anacy cmivxocmi [n_. ] =3,0.

I

P
N

=18 M

Pucynok 4.5
Po3zé’azanns

1 Buznayaemo rpaHU4HY THYYKICTh CTPUKHS:

5
dgg = A:3,14-1/2“0 =100 .
o, 200

2 I3 copraMeHTy (10AaTOK A) BUIUCYEMO I€OMETPUYHI XapaKTEPUCTUKHU
nBotaspa Ne 14:

— MiHiManbHuE MOMeHT inepmii J . =419 cm®,

— MIHIMaJIbHUH pajaiyc iHepuii 1. =1,55 cm.

3 Busnauaemo rHyukicth cTpukHs. Ilpu 3a3HaueHOMY BUA1 3aKpIIUICHHS
i =10. O1xe, THYYKICTb CTPYKHSI TOPIBHIOE:

ul  1,0-180
i 155

min

A= =116.

4 Bu3Ha4aeMO KpUTHUYHY CHUITY.
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Sxmo A, = A (116 >100,0 ), To maHuit CTPUKEHBb — 1€ CTPUKECHD Be-

npen

JIUKOI THYYKOCTI, TOMY KPUTHYHA CUJIa BU3HauYaeThes 3a (popmyoro Einepa:

b _ n°E) . 3,14%-2x10°-41,9x10°°

T () (1,0-1,8)°

5  JlomycTUMe HaBaHTaXEHHS BU3HAYAETHCS 32 HACTYITHOIO (POPMYIIOIO:

=0,255MH =255%H _

P
[P]=[ kp]=%=85KH.
nCT

3agaua 4.3

Ha cmanesuti cmosk die cmuckyroua cuna P =150xH (puc. 4.6, a). Tpe-
ba nepesipumu Ha cmiuKicms cmosiKk mpyouacmozo nepepizy (puc. 4.6., 6) i3
xpomomoniooenosoi cmani (o, =540 MIla, E= 2x10°1fa ), sxwo neobxio-

Hull Koeiyienm 3anacy cmitikocmi [n_ |=3,4.

=25M

a o
Pucynox 4.6

Po3zé’azanns

1 Buznayaemo rpaHM4HY THYYKICTh CTPUKHS:

5
o = 7| =314 21 604
ou 540
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2 BuzHayaeMoO T€OMETPHUYHI XapaKTEPUCTUKH TIEpPePi3y:
— TUIOLIA TOTIEPEYHOT0 Mepepizy:

n(D’-d?)_314.(7.6* - 6,4?)

F= =13,2 c™m?,
4
— MiHIMaJIbHUM MOMEHT 1HEPITIi:
4 14 4 4
- n(D* -d*)_314-(7,6' ~6.4 ):81’4CM4’
64 64

— MIHIMaJbHUU pajlyc 1HEpIi:

imin = \/Jmin = \/81’4 = 2,48 CM.

F 13,2

3 Buznauaemo rHydkicTh cTpukHs. [Ipu 3a3HaueHOMY BUI 3aKPITUICHHS
n=0,7. OTxe, THyYKICTh CTPUXKHS JTOPIBHIOE:

ul  0,7-250
i 2,48

min

7\‘:

=70,6.

4 Bu3zHayaeMO KpUTUYHY CHUITY.

ko A, = A (70,6 > 60,4 ), To 1e¥l CTOSIK — 1€ CTPUKEHb BEIIUKOT

npen

THYYKOCTI, TOMY KpUTHYHA CUJIa BU3HAYAE€ThCA 3a hopmyiioro Eitnepa:

n’E) ... 3,14%-2x10°-81,4x10°°

o = (o)’ (0,7-2,5)

=0,524 MH =524 kH |

5 Busnayaemo koedilieHT 3amacy CTIMKOCTI:

P
n, =ﬁ=ﬁ=3,49>[nm].
P 150

TakuM 4MHOM, YMOBA CTIHKOCTI BUKOHYETHCS.

3anaua 4.4

1Tioibpamu po3mipu nonepeunozo nepepizy cmoska. Cmosk i 1io2o nepe-
pi3 306padiceni Ha pucyHky 4.1. Mamepian cmosika — cmane Cm. 3. Hopmanvhe
oonycmume HaANPY’CeHHs [G] =180 MIla.
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P=500 kH

I

15 M

{=

Pucynok 4.7
Po3zé’azanns

| ®akTuyHe HAPYXEHHsI IOBUHHE 3aJJ0BOJIBHATH HACTYNHIN HEPIBHOCTI:
09[c] <o <1,05[c],
0,9-180<c<1,05-180,
162 <0 <189.
2 IIpuiimaemo: @, =0,5.

Busznavyaemo 1Iiomy nomnepeyHoro nepepisy:

P 500x107

= x10* =55,5¢cm”
¢,[cc  0,5-180

F>

. 2
3a copramenToMm (nomatok b) mpuiiMmaemo mBenep Ne40 (F=615cm”,
Lyin =1y, =3,23 cM).
Busnauaemo THYYKiCTh CTprkHs. [Ipu 3a3HaueHOMY BUII 3aKpIMJICHHS
i =0,5.0Txe, THYYKICTh CTPHKHS JOPIBHIOE:

wl  0,5-150
i 323

min

7\‘:

=232.

3a tabnunero (AuB. nogaTok Jl) mpu JiHIMHIA IHTePIOISIIT

0,96 - 0,94

¢, =0,96 - -(23,2-20)=0,954.
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dakTuuHe HaIlPpYKCHHA:

oo P 500x10°°
oF 0,954-61,5x10™

=85,2 MIla << [c]=180 MIIa _

0,5+0,954

3 Ilpuiimaemo: @, = =0,727.

Busnavyaemo mIomy nomnepeyHoro nepepizy:

P 500x107
¢,[oc  0,727-180

F> x10* =38,2 cm”

3a coprameHToM (nomaToK b) mpuitmaemo mmsenep Ne 30 (F =40,5 cm?,
Lin =1y = 2,84 cm).

Bu3sHayaeMo rHyUYKICTh CTPUXKHS:

wl  0,5-150
i 284

min

7\‘:

=264,

3a TabauIero MpH JIIHIMHIN IHTePIOIIIi:

0,96 - 0,94

¢, =0,96— -(26,4-20)=0,947 .

dakTuuHe HaIlPpYKCHHA:

P 500x10°°

6=—= —=130,4 MIla << [6]=180 MIla
oF 0,947-40,5x10 '

0,727+ 0,947

4 IlpuitmaemMo: ¢, = =0,837.

Busznavyaemo 1Iiomy nomnepeyHoro nepepisy:

P 500x107

F> =
¢,[oc 0,837-180

x10* =33,2cm”

3a copramenToM (nomatok b) mpuitmaemo mBenep Ne 27 (F=35,2 cM?,
Lyin =1y, =2,73 c™m).

min

Bu3sHayaeMo rHyUYKICTh CTPUXKHS:

o Bl _05-150
i 2,73

min

=27)5.
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3a Tabnmiiero koediieHTiB ¢ (Hoaatok Jl) mpu JiHIAHIN IHTEPIOJISIIII:

0,96 - 0,94

P, = 0,96 — -(27,5-20)=0,945.

dakTuuHe HaIlPpYKCHHA:

P 500x107°

o=—= —=150,3 MITa << [6]|=180 MIIa ,
oF 0,945-352x10

0,837 +0,945

5 Ilpuiimaemo: @, = =0,891.

Busnavyaemo 1Iio1y nomnepeyHoro nepepizy:

P 500x107°

F> =
¢,[cc 0,891-180

x10* =31,2cm”,

3a coprameHTOM (101aTOK B) mpuitmaemo mBenep Ne 24a (F =32,9 cm?,
Lpin =1y = 2,78 cM).

min

Bu3sHayaeMo rHyUYKIiCTh CTPUXKHS:

wl  0,5-150
i 278

min

7\‘:

=27,0.

3a Tabnmiiero koediieHTiB ¢ (Hoaatok Jl) mpu JiHIAHIN IHTEPIOJIAILII:

0,96 - 0,94

¢, =0,96— -(27,0-20)=0,946.

dakTuuHe HaIlPpY>KCHHA:

P 500x1073

6=—= —=160,7 MITa << [6]=180 MIIa
oF 0,946-32,9x10

6 3a copramentoM (nomatox b) mpuitmaemo mmsenep Ne 24 (F =30,6 cm?,
Lyin =1, = 2,60 c™m).

min

Bu3HayaeMo rHyUYKICTh CTPUKHS:

wl  0,5-150
i 2,60

min

7\‘:

=28.8.
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3a Tabnmiiero koediieHTiB ¢ (Hoaatok J1) mpu JTiHIAHIN IHTEPIOJIAILII:

0,96 - 0,94

©, =0,96 - -(28,8—-20)=0,942.

dakTuuHe HaIlPpYKCHHA:

P 500x10~°
oF 0,942-30,6x107*

=173,5MIla ~[c]=180 MIIa _

Sxmo daxtuune HanpyxkeHHs o =173,5 Mlla = [cs] =180 MIla, to criii-

KICTh cTOsiKa 3a0e3neuenHa. OcraTouHo npuiiMaemo msesnep Ne 24.

3agaua 4.5

1Tioibpamu po3mipu nonepeunozo nepepizy cmoska. Cmosk i 1io2o nepe-
pi3 306padiceni Ha pucyHky 4.2. Mamepian cmosika — cmane Cm. 3. Hopmanvhe
oonycmume HaANPY’CeHHs [6] =180 MIla.

P=300 kH

N

=3 M
3h

Pucynox 4.8
Po3zé’azanns

1 dakTHyuHE HANIPY>KEHHS TOBUHHE 33J0BOJIbHSATH HACTYIHINA HEPIBHOCTI:

0,9[c] < o < 1,05[c],
0,9-180 <5 <1,05-180,
162< 6 <189.
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2 Bu3zHayaeMoO T€OMETPHUYHI XapaKTEPUCTUKHU TIEpPEPI3y:
— TUIOLIA TIOTIEPEYHOT0 Mepepizy:

2
F=h-3h=3h",
— MiHIMaJIbHUA MOMEHT 1HEPITii:

_3h-h’ 3h*

J in =0,25h",
12 2

— MIHIMaJIbHUHN pajlyc 1HEepIi:

4
i L =1/0’25£1 =0,289h.
F 3h

3 IIpuitmaemo: ¢, =0,5.

Busznavyaemo 1Iiomy nomnepeyHoro nepepizy:

P 300x107°
¢,[oc 0,5-180

h:\/E:‘/?’?,’?’ =3,33cMm.
3 3

MiHiManbHUN pajlyc 1HEPITii:

F> x10* =33 3cm”

OTrxe,

i =0,289h =0,289-3,33=0,96.

Busznayaemo rHyukicTh CTpwkHA. [Ipu 3a3HaueHOMY BU1 3aKpilICHHS
i =0,7.0Txe, THyYKICTb CTPUXKHS IOPIBHIOE:

,_ Wl _07-300
i, 096

min

=218.

ITpuitmaemo: ¢, =0,19.
daxkTUYHE HAPYKEHHS

P 300x10°°

G=—= — =474 MIla >>[c]=180 MIla |
oF 0,19-33,3x10

0,5+0,19

4 IlpuitmaemMo: @, = =0,345.
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Busnavyaemo 1Iiomy nomnepeyHoro nepepisy:

P 300x10°
¢,[oc  0,345-180

h:\/E: 1483 _401cm.
3 3

MiHiManbHUN pajiyc 1HEPITii:

F> x10* = 48,3 cm”

Otxe,

1. =0,289h=0,289-4,01=1,16.
Bur3HauaemMo rHyYKICTb CTPUKHSL:

o _ R _0.7-300
i 116

min

=1810.

IIpuitmaemo:

0,23-0,21

¢, =0,23 - -(181,0-180) = 0,228.

dakTuuHe HaIlPpY>KCHHA:

S 300x107
oF 0,228-483x107*

=272,4 MIla >> [6]=180 MIIa |

5 [puiiMaemo: @, = 0,345 ; 0,228 _ 0,287.

Busznavyaemo 1Iio1y nomnepeyHoro nepepizy:

P 300x107
¢,[oc 0,287-180

h:\/E: ,/58’1 =4,40 c™m.
3 3

MiHiManbHUN pajiyc 1HEPITii:

F>

x10* =58,1cm”

OTrxe,

i =0,280h=0,289-4,40 =127.
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Bu3HayaeMo rHyUYKICTh CTPUXKHS:

po 07300 ey
1o 1,27
IIpuitmaemo:
©, =029 — 929-0,26 (165,4-160)=0,274.

dakTuuHe HaIlPpYKCHHA:

P 300x107°

6=—= —=188,4 MITa ~ [6]=180 MITa .
oF 0,274-58,1x10

Sxmo ¢akrtuyHe HanpyxkeHHs o =188,4 MIla = [cs] =180 MIla, to criii-

KICTh  cTOosika  3abe3reueHa. OcCTaTOYHO  MpUMMAEMO: h=440cm,
3h=13,20cmMm.
3anaua 4.6

Jna 3a0anozo cmoska, po3paxyHKosa cxema AK020 300paddiceHd 8 aKco-
Homempii Ha pucyHky 4.9, a, 3 ymosu cmitixocmi nidibpamu ma payioHaibHO
posmawysamu 1io2o nepepiz (puc. 4.9, 6). OcnogHne donycmume HA CMUCKAHHS
HANpY*CeHHs [G] =160 MIla, mamepian cmosaxa — cmane Cm. 3.

4,5

Pucynox 4.9
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Po3zé’azanns

| dakTHyYHE HANIPY>KEHHS IOBUHHE 33J0BOJIbHSATH HACTYIHINA HEPIBHOCTI:

09[c]<o<1,050c],
0,9-160<0<1,05-160,
144 <0< 168.

2 BuzHawyaeMo 3HaueHHs KoeQilli€eHTa 3BEJCHHS MOBXHHU IS TUIONIMH
ZX ta ZY (puc. 4.10).

7ZX Y

z Z
‘ P=550 kH ‘ P=550 kH

L LN
~F ~
\ X | Y
7 7
l“/ly = 1’() Uy = 190

Pucynox 4.10

3 IIpuitmaemo: ¢, =0,5.

Heo6xiaHa muiola nonepeyHoro nepepizy:

3
P _550x10 x10* = 68,8 cm”

F>
¢ [c]  0,5-160

[moma oxgHOTO MIBEIIEpA:



[Tpuitmaemo mBenep Ne 20a. I3 copramenty (nonatrok b) omucyemo ioro
r€OMETPUYH1 XapaKTePUCTUKHU:

H,=H, =H;=20c¢cwMm,
z, =2,07 cm,
F =F, =F, =234 c™?,
Joy=113cm*, T, =7, =1520 cm®,

4 4
J, =1520cm*, T =T, =113cm

Bu3zHnauaeMo 1os0keHHs 1ieHTpa Baru Beiel ¢pirypu (puc. 4.11).

Sxuio girypa cumeTpuyHa BiJTHOCHO OC1 Y, TO LIEHTpP Baru J€XUTh Ha Hiil.

Busnayaemo koopAHHATY LIEHTpa Baru CKJIaAHOI QIrypu BIIIHOCHO MOYATKOBOI
CUCTEMH OCeH 3a POopMyII0I0

n
ZF] Y
_i=1
yC =- n
2F
i=1
l.'h-Y(
Uz Us
\

ﬁr’/

X2, X3
Xe
Cz C C; ™M
.2 3. T
DB e
N[ Vo ax
— G \
fa
Hy
Pucynox 4.11
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3HaxoAMMO KOOPJAMHATH LIEHTpa Barv i- Qirypu BIZHOCHO MOYATKOBOI
CUCTEMHU OCEH:

y, =0cM,
Yy =Y; :ﬂ+zo =E+2,07=12,07 cM,
2 2
g, = 2-12,07-23,4 = 8,05 oM.
3.234

3a 3HAWACHOIO KOOPAMHATOI Y. HAHOCMMO TOJIOKEHHS LIEHTpa Baru
CKJIaJIeHO1 (irypH.

Busnayaemo och0BI MOMEHTH 1HEpIii BCi€i (Girypu BIZHOCHO T'OJIOBHUX
LHEHTPAJIbHUX Oocel Pirypu 3a hopmynamu:

n

ch :Z(in +ai2Fi)’ ch

i=1

i(‘]}’i + b12F1 )’
i=l1

a,=y,—y.=0-8,05=-8,05cm,

4 =a, =y, ~Y. =
=12,07 -8,05=4,02 cm,

b, =0cwm,
b, =b, =z, =2,07 cm,

J

X

=113+8,057-23,4+2-(1520 + 4,02% - 23.4) = 5426 o,
I, =1520+2-(113+2,07%-23,4)= 1947 cu*.

y

3HaX0IUMO pajlyCH 1HEpIIii IJis mepepizy:

I
1, = \/—I’“’ = 5426 =8,79 cM™, i, === 1947 =527 cwm.
F 3-23,4 * \F 3.23,4

3HaXOAMMO THYUYKICTh CTPUKHS

/ .
010450 oo

p W L0450 g
i 8,79 g 5,27

XC yc

Mlani BezleMo po3paxyHOK 3a OLIBIIOIO THYYKICTIO A, =85,4.

3a TabuIIeIO NIPH JTIHIAHIN 1HTePIOJISIT

0,75-0,69

¢, =0,75~ -(85,4—80)=10,718.
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dakTuuHe HaIlPpYKCHHA:

P 550x107°

6=—= —=109,2 MITa << [5]
@F 0,718-3-23,4x10

4 Tlpuitmaemo: @, = P 42‘([)2 _9° +20’718 =0,609.

Heo0xiaHa mutoma nonepeyHoro nepepizy:

-3
bs P 55010

> = x10* =56,4 cm”
¢,[c] 0,609-160

56,4

F
[Inoma ogHoro mBenepa F, = 3 = 3 =18,8 cm”.
[Tpuiimaemo mBenep Ne 16a.
z, =2,00 cMm,

T T _ 2
F =F =F =195cm",
J, =823cem*,J, =7, =788 cm’
¥l ) y3 ? )
BusHagaeMo ocbOBUI MOMEHT 1HEPIIi BCIET PIrypH BIIHOCHO OCL Y,

b, =0cmMm,
b, =by =z, =2,00 cm,
T, =823+2.(788+2,00%-19,5)=1137 cm*.

3HaXOIII/IMO MIHIMAaJIbHHUH Paa1yC 1HCPII1l 1yc .

I
B, == 137 g4 41em
Y F \3-19,5

3HaXOAMMO THYUYKICTh CTPUKHS

myl _1,0-450

ye T .
i 441

=102.1.

3a tabnunero koediieHTiB ¢ (1oaarok [{) mpu dAiHIAHINA IHTEPHOALIT

0,60 -0,52

®, = 0,60 — -(102,1-100)=0,583.

181



@akTUYHE HANIPYKEHHS

P 550x107°

6=—-= —=161,2MIla ~[o]
oF 0,583-3-19,5x10

Sxumo daxtuune HanpyxkenHs ¢ =161,2 MIla = [cs] =180 MIla, to cTiii-
KICTh cTOsIKa 3a0e3nedyeHa. OcraroyHo npuitmaemMo mBesnep Ne 16a.

3anaua 4.7

s 3a0ano2o cmoska, po3spaxynkoea cxema siko20 NoOAHa 8 AKCOHOMeM-
pii Ha pucyuky 4.12, a, 3 ymosu cmitikocmi nidibpamu ma payioHaibHO po3ma-
wysamu tioco nepepiz (puc. 4.12, 6). Ocnogne donycmume HA CMUCKAHHA HA-
NPYHCEHHSL [G] =160 MIla, mamepian cmosarxa — cmane Cm. 3.

|z

P=600 kH
12a
. . A
Ln LA % /
o y
3a 60
X
A
a O

Pucynox 4.12
Po3zé’azanns

1 dakTHyYHE HANIPY>KEHHS TOBUHHE 33J0BOJIbHSATH HACTYIHINA HEPIBHOCTI:

09[c]<o<1,050c],
0,9-160<o0<1,05-160,
144 <0< 168.

2 BuznauaeMo 3HaueHHs Koedilli€eHTa 3BEIACHHS TOBXHHU IS TUIOIIHH
ZX ta ZY (puc. 4.13).
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Y

|z
P=600 kH

/X
|z
P=600 kH

‘ N

=35Mm
=35Mm

!"l’y :()75 ux :2’0

Pucynox 4.13
3 BuszHayaemo reoMeTpUYHI XapaKTepUCTUKH nepepidy (puc. 4.14).

12a
Y,
U, Tc Us
b» bs :

—1[/ Xc, X1, X2, X3

2

5a

6a

Pucynox 4.14

ITnoma nonepe4yHoro nepepisy JOpiBHIOE:
2 2 2 2
1 240a” -1
n(ia) 604’ — SZa _ 240a - 8ma _ 45872

F=12a-5a-2
Busnauaemo mnonoxkeHHs 1eHTpa Baru Bciei ¢irypu. Sxmo ¢dirypa
cuMeTpuyHa BiZHOCHO ocelt X, Y, TO eHTp Baru Bchoro nepepizy C JICKUTh Ha

NEPETHHI UX OceH, a oci cumeTpii € ocamu X, Ta Y, .
BusnayaemMo 0CbOBI MOMEHTH 1HEPIIii MPSIMOKYTHHUKA:

3 3
J :%:125214"1},]:@:72034,

x1
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BuzHnauaemMo 0CbOB1 MOMEHTH 1HEPIIIT KpyTa:

_m(3a)’ _25434a’

4
v ) =3,97a"

J,=1]

Busnayaemo ochOBI MOMEHTH 1HEpIii BCi€i (Girypu BIZHOCHO T'OJIOBHUX
LHEHTPAJIbHUX ocel Pirypu 3a hpopmynamu:

n n

ch = Z(in +ai2Fi)9 ch = (in +b12F1),
i=l1 i=1

a,=a,=a,;=0cMm, b, =0,b,=b,=3a.
J, =125a*-2-397a* =117,06a"

=584,89a*

2
J, =720a* -2 (3,97314 +952. 2122 )

3HaX0IUMO pajJlycH 1HEpIii IJis mepepizy:

4 I 4
ixc = ILC = % =1,60a, iyc :\/ e _ 584,&312 =3,57a.
\ F 45,87a F 45,87a

4 Ilpuiimaemo: @, =0,5.

Heo0xiaHa muiola nonepeyHoro nepepizy:

-3
P _000x10" 166 _75cm?

F>
o[o]  0,5-160

Sxmo F=45.87a%, To

a= | = |- _128em
4587 \ 4587

3HaX0IUMO pajlyCH 1HEpIii IJis mepepizy:

1, =1,60a =1,60-1,28 = 2,05 cm, i, =3,57a=3,57-1,28 =4,57 cm.
3HaXOAMMO THYUYKICTh CTPUKHS

. | .
b W1 23%0 o il 05350
g 4,57

Xc 2 yc

=38,3.

3 METOI0 palioHAJIBHOTO PO3TalllyBaHHS Mepepizy HeoOXiaHO, 00 OLTb-
oMy KoedillleHTOB1 | BIIMOBIZaB OUIBIIMI pajiyc iHepuii, ToOTO mepepis
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HCO6X1IIHO IIOBCPHYTH Ha 90 , TOA1l padlyCu 1HCPI1l IOMIHAKOTBECA MICHAMU,

To0TO: 1,, =4,57 CM, iyc =2,05¢cM.
Tomi
. | .
p =l 2350 ysan 0y By 05350 o6
i 4,57 o 2,05

yc

Jlani BeneMo po3paxyHOK 3a OUIBIIOIO THYUKICTIO A, =153,2.
3a TabauIero MpH JIIHIMHIN IHTePIOIIi:

0,32-0,29

¢, =0,32~ -(153,2-150)=0,310.

dakTuuHe HaIlPpYKCHHA:

P 600x107°

6=—= - =258,1MIla >>[o].
oF 0,310-75x10

5 Ipuiimaemo: @, = P 42-([)2 _0° +20’310 =0,405.

Heo6xiaHa muiola nonepeyHoro nepepizy:

-3
bs P 600x10

> = x10* =92,6 cm”,
¢,[o] 0,405-160

SIkmo F=45,87a%, TO

a= F = 92,6 =142 c™m
45,87 45,87 '

3HaX0IUMO pajlyCH 1HEpIii IJis mepepizy:
1,, =1,60a=1,60-1,42 =227 cm, i, =3,57a=3,57-1,42=5,07 cm.

3 METO0 palllOHAJIBHOTO PO3TAlllyBaHHS NEPEpI3y MOBEPTAEMO MEpepi3

ra 90°, To6To: 1,. =507 cm, iyc =2,27 cM.
Tomi
. | .
p =l 23504500y B 05350 o,
1 5,07 o 2,27

yc

Jlani BereMo po3paxyHOK 3a OUIBIIOIO THYUKICTIO A, =138,0.
3a TabauIero MpH JIIHIMHIN IHTePIOISIi:

0,40-0,36

®, =0,40— -(138,0-130)=10,368.
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dakTuuHe HaIlPpYKCHHA:

P 600x1073

c=—= —=176,0 MITa >>[c].
oF 0,368-92,6x10

+ 0,405+0,368
6 Tpuiimaemo: @, = L 2% = 5 =0,387 .

Heo6xiaHa muioia nonepeyHoro nepepizy:

-3
F> P 600x10

> = x10* =97,0cm>
¢,[o] 0,387-160

Sdxmo F=45,87a* , TO

az | = [270 a5 en
4587 \ 4587 '

3HaX0IUMO pajlyCH 1HEpIii IJis mepepizy:

i, =1,60a=1,60-1,45=233cm, i, =3,57a=3,57-1,45=5]9cm.

3 METOI0 palllOHAJIBHOTO PO3TallyBaHHs NIEpepi3y MOBEPTAEMO IIEpepi3 Ha

90°, T06TO: 1,. =519¢cm, iyc =2,33cM.
Toni
. | .
Kxczgx1:2 3502134)9’ Kczk'ly :O,S 350275’1-
1 5,19 o 2,33

yc

Jlani BeieMo po3paxyHOK 3a OUIBIIOIO THYUKICTIO A, =134.9.
3a TabyuIIeto TIPH JIHIAHIN THTEPIOJIALIII:

0,40-0,36

®, =0,40 - -(134,9-130)=0,384.

dakTuuHe HaIlPpY>KCHHA:

P 600x107

G = = — =160,9 MITa = [5].
¢o-F 0,384:97,0x10

SIkmo (axTHuHe HampyxeHHs o©=160,9 MIla ~[c|=180MIla, To criii-
KICTb cTOsKa 3a0e3nedyeHa. OcTaTo4yHo npuiiMaemo: a = 1,45 cm.
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5 JE®@OPMYBAHHA CTPUXHIB IIPU
ANHAMIYHOMY PEXXNUMI HABAHTAXKEHHSA

5.1 3myueHi KOJIMBAHHA CUCTEMHU 3 OTHUM CTeNeHeM BUJIbHOCTI

JluHaMiYHUM HA3WBA€ThCS TaKe HABAHTAXKEHHS, SIKE CYIPOBOIKYETHCS
CUJIaMU 1HEPIii pO3TISHYTOT CHCTEMH.

HaiiGinpiie HOpManbHE HANPY>KEHHS MPU KOJUBAILHOMY JAUHAMIYHOMY
peXKUMI1 HaBAaHTAXKCHHS JOPIBHIOE:

c,. =k o_, (5.1)

A a-cr

e k 1 JTUHAMIYHUN KOEDIIIEHT;

O ., — HOPMaJIbHC HAIIPY?KCHH: IIPU CTATUIHOMY HaBaHTa)KECHHI.

JluHaMi4HUI KOeIIEHT MPU KOIMBAIHLHOMY PYCl CUCTEMHU B HAMMPOCTI-
[IMX BUIAJIKaX BU3HAYAETHCS 32 (POPMYIIOI0
P
k. =1+ EOB , (5.2)

pis
ne P, — makcumaspHe 3HaueHHs 30yIKYIOUN CUIIM, IPUKIAJCHOT CTa-
THYHO;
G - Bara TuIa;

B — KoedilieHT HAPOCTAHHS KOJIMBAHb.
KoedirieHT HapocTaHHS KOJIMBaHb 0€3 3aTyXaHHS BU3HAYAEThC:

— (5.3)

¢ () —yacroTa SMYIICHUX KOJIMBAHb,
® — Kpyrosa 4aCTtoTa BJIACHUX KOJIHMBAHb.
KPYFOBa qacTOTa BJIACHUX KOJIMBAHb BU3HAYACTHCA:

®= i:ﬁ: S (5.4)
., m O, m

1€ g — MPUCKOPEHHS CUJIM Baru;
O, — cTaTuyHa Jnedopmallis po3TAraHHs MPYKHOI CUCTEMH Mif JIEI0

CT
Macu Q;
C — JKOPCTKICTh IPY>KHOI CUCTEMU;
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d,; — HEepeMillleHHsI Macu MiA JI€}0 CTaTUYHO MPUKIAJEHOI OJUHUYHOI
CWJIN B HalPSMKY KOJIMBaHb;
m — Maca Tiia.

[lepemimenss 6,, Moxe OyTH BU3HAUECHE 3a IONIOMOI oo iHTerpaiza Mopy:

— 115 GaJIOK 1 pam:

M M dz
5, = [ —2E1—=1=, (5.5)
)
— 1t hepM:
NpN,dz
~£ EF

[Mepiox KOMMBaHb BU3HAYAETHCS 32 (HOPMYJIIOIO
2
T="Ccon |5 —on |5, (5.7)
® dcr m

3agaua 5.1

Ha weenepniti 6anyi (puc. 5.1) ycmanosnenuii 0gueyn macor 3 m, sAKuil

pooums 400 O%B. Bioyenmposa cuna inepyii, sika 6uHUKAE 6HACIIOOK HeBPIG-

Hosadicenocmi 0bepmogux yacmun osucyna, oopienioe T =0,3mg. Brachoro 6a-

2010 6ANOK 1 CUNOI0 ONOpy cepedosuwa Hexmyemo. Busnauumu nopmanvne Ha-
NPYAHCEHHS, AKe BUHUKAE 8 HeDe3neyHoMy nepepizi OanKu.

Po3zé’azanns

1 BusHauaeMo mepeMmileHHs Macu TiJ JII€F0 CTATUYHO MPUKIAACHOT Ou-
HUYHOI CWJIM B HAIPSIMKY KOJINBAHb.

m=3m

N 20

2M 3M

Pucynox 5.1
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JlJist IbOro B TOYIIl YCTAaHOBKHM JBUTYHA (puC. 5.2, a) NPUKIATAEMO OJU-
HUYHY cuiy, To6to P =1 (puc. 5.2, 0), 1 BU3HaUYaeMO OMOPHI peakiii Bia Jii
OJIMHUYHOI CUJIY, IOPIBHIOIOYM HYJIO CYMHU MOMEHTIB yCiX 30BHIIIHIX CHJI Bij-
HOCHO TOUOK A Ta B (auB. puc. 5.2, 6):

—P-2+Ry-5=0,
R, P2 12 0,
5 5
EEMB: )
P-3-R,-5=0,
P- 1-
RA:——gz—é:Oﬁ
5 5
m=3m
a
0

Pucynox 5.2

J1ist mepeBipKH BUKOPUCTAEMO PIBHSHHS ZPy =0:

-P+R, +R; =0,
-1+0,6+0,4=0,
—-1+1=0,
0=0.

OO0uncITII0EMO 3HaYCHHS 3THHAJIBHUX MOMEHTIB y XapaKTEPHHUX Iepepizax
BiJI Jii OAMHWUYHOI CUJIH (IUB. puc. 5.2, 0):

M, =M, =0wm,
M,=M;=R,-2=0,6-2=12m.
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Bynyemo entopy 3ruHaqbHIX MOMEHTIB BiJ Jii OMUHUYHOI CHJIM 32 Xapak-
TEpHUMHU Tiepepizamu (IuB. puc. 5.2, 0).

3  BHUKOpPHCTaHHAM  (GOpPMYJIM  KpaWHIX  OpIMHAT  BHU3HAYAEMO
HEPEMIILEHHS O, :

2 2,4
S, =6E—(2-1,2-1,2)+ 6 (2-1,2-1,2) ==,

X X X

3

SIxmo nepepis 6anku — meerxep Ne 20, To MomeHT ineprii J, =1520 cum®,
a MoMeHT onopy W, =152cm’.

Toxi nepemimieHHs d,; 1OPIBHIOE:

2,4%x107°

8, = — —=7,9x10"° wH
2x10° x10°-1520x10

2 Busznagaemo KpYroBy 94aCTOTY BJIACHHUX KOJINBAHb:

1
0= ! = — - =20,5 ¢
o, m 7,9%x107-3x10

3 Bu3nagaemo KpYroBy 4aCTOTYy 3MYIICHHUX KOJINBAHb:

™0 _314-400

=—= =419c¢™",
30 30

4 BuzHauaeMo KOe(ilIEHT HAPOCTAHHS KOJIUBAHb:

B=r = 032,
O 41,9
L= =0, <2
) 20,5

5 BuzHauaemo HaiOiIbIIe HOpMATbHE HANPY)KCHHS NPH KOJIHBAIBHOMY
pyCl CUCTEMU:

Mg +MB _ Mimn(G+TP)
W W

X X

b

(S M — 3rMHaJIBHUI MOMEHT BIA J1i Baru ABUI'YHA;
M — 3ruHanbHUN MOMEHT BiJ A1l BIALIEHTPOBOI CUJIM 1HEPII.

[Ipu 3a3nauenomy Bual HaBaHTaxkeHHss G =30kH, T=9kH.
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Otxe,

-3
_1,2-(30+9-0,32)x10 _259.6 MITa

(6)
8 152x107°

3agaua 5.2

Ha pawmi (puc. 5.3) ycmanoenenuii ogucyn macoro 3 m, skuti pobumo
700 O%B. Bioyenmposa cuna inepyii, sixa eunukace 6HACIIOOK He8PIBHOBAMICE-

Hocmi obepmosux yacmun dsueyna, T =0,3mg. Bracuoro eacoro 6anox i cunorw

onopy cepeoosuwja Hexmyemo. Buznauumu nopmanvrie HanpysiceHus, sKe GUHU-
Kae 8 Hebe3neunomy nepepizi 6aiKu.

Po3zé’azanns
1 BusHauaeMo mepeMmilieHHs Macu Tij €0 CTATUYHO MPUKIAACHOT Ou-
HUYHOT CHJIM B HaNPSIMKY KOJIMBaHb.
JI71st IbOTO B TOYI[l YCTAHOBKU JABUTYHA (pHUC. 5.4) MPUKIATa€EMO OJIMHUY-

Hy cuiy, To6To P =1.

m=3m

2 M /

4 M

15
- 20 t™

Pucynok 5.3

O06uuCTI0EMO 3HAYCHHS 3TUHAJIBHUX MOMEHTIB Y XapaKTepHUX Tepepizax
BiJI Jii OMHUYHOI cuiu (AUB. puc. 5.4):

M, =0wm,
M,=M;=M,=P-2=1-2=2M.

Bynyemo emtopy 3ruHaIRHIX MOMEHTIB Bij JIii OMHUYHOI CHITH 32 Xapak-
TEpHUMHU TiepepizaMu (IuB. puc. 5.4).
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2 2 1
F
) B2
Mi, M
ks =
Pucynok 5.4

3 BUKOPUCTAHHSIM (POPMYIIM KpalHIX OpJMHAT BU3HAYAEMO MEPEMIILIEHHS J,, :

:L(2.2.2)+i(6.2.2): 18,7
6EJ, 6EJ EJ

X X

11

Buznaduaemo MOMEHT 1HEPIIIi Iepepi3zy Ta MOMEHT OTOpY:

c=d_15_¢7s,
D 20
4 4
1= (o) =220 g 754)= 5366 e,
64 64

W, :“3—23(1—&):3’1‘;—'2203(1—0,754): 537 oM’

Toxi nepemimieHHs d,,; 1OPIBHIOE:

_ 18,7x107
2x10° x10°-5366x107°

=1,74x10"° m/H |

11

2 Busznagaemo KpYroBy 94aCTOTY BJIACHHUX KOJINBAHb:

1
0= ! = — ;=138 ¢!
o, m 1,74x107-3x10

3 Bu3nagaemo KpYroBy 4aCTOTy 3MYIICHHUX KOJINBAHb:

™ _314-700

== =733¢7.
30 30
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4 BuzHauaeMo KOe(ilIEHT HAPOCTAHHS KOJUBAHb:

B 1 - ! = 0,04
Q7733
> 13,82

5 BusHayaemo HalOUIbllIe HOpPMaJbHE HANPYXXEHHS NPHU KOJUBAIBHOMY
pyCl CUCTEMH.
[Ipu 3a3nauenomy Bual HaBaHTaxkeHHss G =30kH, T=9kH.

OTrxe,

-3
_2-(30+9-0,04)x10 1131 MITa

(0)
8 537x10°°

3agaua 5.3

Ha pawmi (puc. 5.5) ycmanoenenuii 0gucyn macoro 5 m, skuti pobumo

600 O%B. Bioyenmposa cuna inepyii, sixa eunuxac 6HACIIOOK He8PIBHOBAMICE-

Hocmi obepmosux uacmun dsueyna, T =0,3mg. Bracuoro eazcoro 6anox i cunorw

onopy cepedosuwja Hexmyemo. Buznauumu nopmanvhe Hanpysicenus, siKe GUHU-
Kae 8 Hebe3neunomy nepepizi oanku. Obuuciumu KiibKicmvs 0bepmis 08ucyHa,
npu AKOMY HACMAE PE30HAHC.

m=3m

N

2M

N 30

2M 3M

Pucynoxk 5.5
Po3zé’azanns

1 BusHauaeMo mepeMmilieHHss Macu MiJ JII€F0 CTATUYHO MPUKIAJACHOT Ou-
HUYHOI CWJIM B HAIPSIMKY KOJINBAHb.
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JIJist 1bOTO B TOUIIl YCTAHOBKHU JABUTYHA (puUC. 5.6) MpUKIATAEMO OJUHUY-
HYy cuiy, To0T0 P =1, 1 BU3Ha4aeMo omopH1 peaxuii Bij /i OAMHUYHOI CHUIIH:

> M, =0,

~P-5+H,-2=0,

1B R He=25

=20 A M

7 M M

Pucynok 5.6

OO04nCITII0OEMO 3HAYCHHS 3TMHAJIbHUX MOMCHTIB Y XapaKTEPHHUX Tepepizax
BiJI Jii OMHUYHOI cuiu (AuB. puc. 5.6):

M,=M;=0m,
M,=M,;=R,-2=1-2=2m,
M,=M¢=-P-3=-1-3=-3m.

Byayemo emtopy 3ruHaIRHIX MOMEHTIB BiJ /il OMHUYHOI CHITH 32 Xapak-
TEPHUMHU Tiepepizamu (IUB. puc. 5.6).
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3 BUKOPUCTAHHSIM (POPMYIIM KpalHIX OPJIMHAT BU3HAYAEMO MIEPEMIILICHHS J,, :

=L(2-2-2)+ 2 (2:2:242-3-3-2-3-3-2)+ 3 (2.3.3):16»3_
GEJ, GEJ GEJ EJ

X X X

811

SIkmio mepepis 6anku — qeotap Ne 30, To MoMeHT iHepmii J, = 7080 cm*,

a MoMeHT onopy W, =472 cM .
Toxi nepemimieHHs d,,; 1OPIBHIOE:

B 16,3
2x10°%x10°%-7080%x107°

=1,15x10° w/H..

611

2 Busznagaemo KpYroBy 4aCTOTY BJIACHHUX KOJINBAHb:

1 1
O = = — - =132¢"
o, m 1,15x107-5x10

3 Bu3nagaemo KpYroBy 94aCTOTY 3MYIICHHUX KOJINBAHb:

™ _314-600

- =628¢".
30 30

4 BuzHauaeMo KOe(IlIEHT HAPOCTAHHS KOJUBAHb:

B = ! = ! = 0,046 .
Q2 62,8
1-== - =
w 13,2

5 BuzHauaemo HaiOiIbIIe HOpPMATbHE HANPY)KCHHS MPH KOJIHBAILHOMY
pyCl CUCTEMU:

Mg +MB  Mimx(G+TB)
ST W, T w

X X

b

Jie M — 3rMHaJIBHUII MOMEHT BIA J1i Baru ABUI'YHA;

M — 3ruHanbHUN MOMEHT B[ /A1 BIALIEHTPOBOI CUJIM 1HEPII.
[Ipu 3a3HaueHomy Buai HaBaHTaxkeHHss G =50kH, T=15kH.
OTrxe,

-3
o _3-(50+15 o,ozf)xm 320 MITa
472 %10
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Busnauaemo PE30HAHCHY YaCTOTY. Pe3onanc Hacrtae Ipu 36iI‘y BJIACHO1
YaCTOTH KOJIMBAHb 1 YaCTOTH SMYIICHUX KOJINBAHDb, TOOTO Ipu

OT)Ke, PE30HAHCHA YaCTOTA MOKC 6YTI/I BHU3HA4YCHA.

300 30-13,2
- — '~ _126 00
I TR e

3agaua 5.4

Ha gepmi (puc. 5.7) ycmarnoenenuii osuecyn macorw 4 m, aKkuti pooumo

500 O%B. Bioyenmposa cuna inepyii, sixa eunuxac 6HACIIOOK He8PIBHOBAMICE-

Hocmi obepmosux uacmun dsueyna, T =0,3mg. Bracuoro eazcoro 6anox i cunorw

onopy cepeoosuwa Hexmyemo. Buznauumu natibinbuie HopmaivHe Hanpy*HCeHHs.
Obuucrumu Kinbkicms 0b6epmié 08u2yHa, npu AKOMY HACMAE Pe30HAHC.

Po3zé’azanns

1 BuzHauaemo 1OBXXKHHY KOKHOTO CTpHokHS (puc. 5.8):

(,=ly=30m,
0, =lg=+2"+15" =2,5m,
(=10, =71 +15" =18M,

l,=l,=10mMm,
ls=15mMm.

m=4 m

15M

D=8

2M 2M 2M

Pucynox 5.7

2 Bu3HauaeMo CUHYCHU Ta KOCUHYCH KYTIB HaXHJIy CTPUXKHIB:
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L5 2,0

sina=—-=0,6, cosa=—=0,8,
. 1 1
sinf3 = = =0,833, cosP = 0 =0,555.
L8 1,8
Ra=0,5 Rs=0,5
1 = 9
A P=1 .
A 2
> g 3 7 Ve
LN | 2 g
— S -
Y
Cl4/ D \6
o 2M 2 2M
Pucynok 5.8

3 Bu3zHadaeMo nepeMilieHHsl MacH MiJ JI€I0 CTATHYHO MPUKIAACHOI 0/11-
HUYHOI CUJIU B HAIIPSIMKY KOJIMBAaHb.

JI71st 1IbOTO B TOUIIl BCTAHOBJICHHS ABUTYHA (JMB. pHC. 5.8) MpHUKIaTaEMO
OJIMHUYHY cuily, TOOTO P =1, 1 BU3BHauaeMo OMopHi peakiii Bix a1l OAMHUYHOL
cwid. ko gpepma € CHMETPUYHOIO, TO

R, =R, =0,5.

[TepemimeHHs 0,, BU3HaYaeMO 3a JOIIOMOro0 1HTerpaiza Mopy:

811

I
S C—y
ﬁZ
|z
o
N
I
~ C—y
S e
N
I
™M
Z
e

OO6unCTI0EMO 3HAYEHHS TO3JO0BXKHIX CHJI Y KOKHOMY CTPMIKHI BiJ il
OJIMHUYHOI CHJIH, PO3IJISAAI0uN KOKEH BY301 oKkpeMo (puc. 5.9).

Y
Ns
N;=1 Ne=1
D
/
a o 8

Pucynok 5.9
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Posrasinemo By3oi A (puc. 5.9, a):

P =0,

R, —-N,sina=0,

R
N, =— A :E
sinoe 0,6

>'P,=0,
N, +N,cosa=0,

N, = -N, cosa =—0,833-0,8 =—0,666.

=0,833.

Posrasinemo By3ou C (puc. 5.9, 6):
ZP}’ =0,
N,sina+ N;sinf3=0,

N, = _Nz.sina _ _0,833-0,6 — 0.
sin 3 0,833

>'P,=0,
— N, cosa+N;cosB+N, =0,

N, =N, cosa— N, cosp =0,833-0,8+0,6-0,555=1,0.

Posrasiuemo By3oi D (puc. 5.9, B):

P, =0,

N, =0.
Sxuio gpepma cumeTpuyHa, TO:

N, = N, = 0,666,

N, =N, =0,833,
N, =N, =-0,6,
N, =N, =1,0.
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OTtpumani 1aHi 3aHeceMo 70 Tabuuii 5.1 Ta 00YHCINMMO 3HAYESHHS Z N2/, .

Tabnuys 5.1
Homep e ) )

CTPHIKHS g N N; Nt
1 3,0 —0,666 0,444 1,332
2 2,5 0,833 0,694 1,735
3 1,8 —0,6 0,36 0,648
4 1,0 1,0 1,0 1,0
5 1,5 0 0 0
6 1,0 1,0 1,0 1,0
7 1,8 —0,6 0,36 0,648
8 2,5 0,833 0,694 1,735
9 3,0 —0,666 0,444 1,332

D N7t =9,43

Busnayaemo 1uionly MOMEpPedyHOro mepepizy  KUTbI
D =8cMm iBayTpimHIM d=0,9D=0,9-8=7,2 cMm miamerpamu:

7 314
F =Z(D2 —d?)= p

Toxi nepemimieHHs d,,; 1OPIBHIOE:

9,43

(82-7,22)=9,55 cm*.

n N2/
8”=z — =

~ EF.  2x10°x10°-9,55x10™*

4 Buznagaemo KpYroBy 94aCTOTY BJIACHHUX KOJINBAHb:

1

=
W= =
\/611m

5 Bu3zHnauaemo KpYroBy 94aCTOTYy 3MYIICHHUX KOJINBAHb:

(0 _3,14:500

=30"

30

5x107%-4%10°

=70,0c™"

=525¢".

6 Buznauaemo KoeilieHT HApOCTaHHS KOJUBAHb:

= 2,27 -

13 30BHIIIHIM

=5x10" m/H |



7 BusHadaemo Hali0inbllle HOpMATbHE HANPYKEHHS TPU KOJTHBAIBHOMY
pyCl CUCTEMU:

NG +NiB Nimax(G+TB)
* F F ’

i N — NO310BXKHS CUJIa B A1l Baru IBUT'YHa;
N — N0310BXHA cuja Bl A1i BIALEHTPOBOI CHUIIM IHEPIII.
[Ipu 3a3Hauenomy Buai HaBanTaxkeHHss G =40xH, T=12kH.
1,0-(40+12-2,27)x107°

OTxe, c,= 955210~ =70,5 Mlla

8 Bu3zHauaeMo pe30oHaHCHY 4acTOTy. Pe3oHaHc HacTae mpu 30iry BIacHOI
YaCTOTH KOJMBAHb 1 YaCTOTHU 3MYIIIEHUX KOJUBaHb, TOOTO IIPH

OT)Ke, PE30HAHCHA YaCTOTA MOKE 6YTI/I BH3HA4YCHA.

300 30-70,0
_ _ Y _ 00
n, = = 314 =670 AB.

3agaua 5.5

Ha ¢hepmi (puc. 5.10) ycmanosnenuii 0gucyn macorw 5 m, wo pooumov

200 O%B. Bioyenmposa cuna inepyii, sixa eunukac 6HACIIOOK He8PIBHOBAMICE-

Hocmi obepmosux wacmun ogueyna, T =0,3mg. Bracnorw eazoro b6anox i cunorwo

onopy cepeoosuwa Hexmyemo. Buznauumu natibinbuie HopmaivHe Hanpy*HCeHHs.
Obuucaumu Kinbkicms 0bepmis 08u2yHa, Npu AKOMY HACMYNAE PE3OHAHC.

2M

m=tm |_ D=10cM _
2M M

Pucynox 5.10
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Po3zé’azanns

1 Buznauaemo 1OBXXHMHY KOKHOTO CTpHoKHS (puc. 5.11):

0, =~2*+3* =3,6lwm,

l,=5Mm,
(,=+2"+2* =283 m,
l,=2M.
4
A r B
) B 1
b
N
3
2 S
P=1
§ A
2M L M _

Pucynox 5.11

2 Bu3HauaeMoO CUHYCHU Ta KOCUHYCH KYTIB HaXHJIy CTPUXKHIB:

sin o =i1 =0,555,

b

cosa, = il =0,832,

b

: 2
sin 3 = cosf3 :2—83: 0,707.

b

3 BuszHadaeMo nepeMilieHHsl MacH MiJ JI€I0 CTATUYHO MPUKIAAEHOI 0/11-
HUYHOI CUJIU B HAIPSIMKY KOJIMBAHb.

JInst poro B TOYINl YCTAaHOBKM JBHUryHa (AuB. puc. 5.11) mpukiamaeMo
OJIMHUYHY cuily, To0T0 P =1.

[lepeMmimeHHs 0,, BU3HaYaeMO 3a JOIIOMOro0 1HTerpansa Mopy:

5 _[NpNydz _ dz &N/
—I — —{ -



OO6unCTI0OEMO 3HAYEHHS! TO3JO0BXKHIX CHJI Y KOKHOMY CTPWIKHI BiJ il
OJIMHUYHOI CHJIH, PO3IJISAAI0UN KOKEH BY301 okpemo (puc. 5.12).

> N N B

o N =180

Pucynox 5.12

Posrasiuemo By3oi A (puc. 5.12, a):

>P, =0,

—P+N,;sma=0,
P 1
Ny=——= =1,80.
sinaa 0,555

>.P, =0,
—N,cosaa—N, =0,
N, =-N,cosa =-1,80-0,832 =-1,50 .

Posrasinemo By3ou B (puc. 5.12, 0):
ZP}’ =0,
—N;sina—N;sinf3=0,

N, :_Nl.sma :_1,80-0,555 141,
sin 3 0,707

>'P,=0,

N, cosa—N;cosp-N, =0,

N, =N, cosa—N;cos =1,80-0,832+1,41-0,707 = 2,50.
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OTtpumaHi JaHi 3aHeceMO JO0 TaOonuii 5.2 Ta OO0YUCIMMO 3HAYEHHS

SN,

Tabnuys 5.2
Howmep 0 ﬁl F ﬁz.
CTPHKHSA ! vt
1 3,61 1,80 3,24 11,70
2 5,00 -1,50 2,25 11,25
3 2,83 —-1,41 1,99 5,63
4 2,00 2,50 6,25 12,50

D Njt, =41,08

Busznayaemo 1uiomly MOMEPEYHOro IMepepidy KUIbIM 13 30BHINIHIM
D =10 c™ 1 BHyTpimHIM d =9 cM giameTpamu:

F =§(D2 )= 3’314 (102-92)=14,9 cm*.

Toxi nepemimieHHs d,,; 1OPIBHIOE:

LN/ 41,08
0, _Z =

= = 5 - " =1,38x10"" w/H |
— EF  2x10°x10”-14,9x10

4 Buznagaemo KpYroBy 4aCTOTY BJIACHHUX KOJINBAHb:

1 1
®= = — 3 =38,1c™"
o, m 1,38x107"-5x10

5 Bu3zHnauaemo KpYroBy 94aCTOTYy 3MYIICHHUX KOJINBAHb:

™ _314-200

2 =209¢".
30 30

6 Buznayaemo KoeilieHT HApOCTaHHS KOJMBAHb:

g1 ! ~ 143,

2 2
L I
38,1

2
)
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7 BusHadaemo Hali0inbIlle HOPMATbHE HAMPYXKEHHS TPU KOJTHBAIBHOMY
pyCl CUCTEMU:

Ng +NB  Nima(G+TB)
T E T F

b

i N — NO310BXKHS CUJIa BX A1l Baru IBUT'YHa;
N — N0310BXHA cuja BiX A1i BIALEHTPOBOI CHUIIM IHEPIII.
[Ipu 3a3HaueHomy Bual HaBanTaxkeHHss G =50kH, T=15kH.

OTrxe,

o 2,50-(50 +15-1,43)x107°
g 14,92 x10™*

=119,8 MIla_

8 Busznauaemo PE30HAHCHY 49aCTOTY. Pe3onanc HaACTyIIa€ IIpu 36iFy BJIacC-
HOT YaCTOTH KOJIMBAHb 1 YaCTOTH SMYIICHUX KOJIMBAHD, TOOTO npu

OT)Ke, PE30HAHCHA YaCTOTAa MOKC 6YTI/I BHU3HA4YCHA.

300 30-38.1
_ _ o _ 00
n, = = 314 =364 AB.

5.2 Po3paxyHoOK eJieMeHTIB KOHCTPYKUIi NPH 32JaHUX NPUCKOPEHHAX

BusnayeHHs1 HanpyXeHb 1 IEpEeMillleHb MPHU 3aJaHUX NPUCKOPEHHIX 3a-
CHOBaHO Ha MpPHUBEJEHHI 3aJlay JMHAMIKM JI0 3aJa4 CTAaTUKHU 3a JOMOMOTOIO
npuHiuny lanamobepa.

[e#t mpuHIUI MOJSTa€ B HACTYMHOMY: SIKIIO B OyAb-sIKMi MOMEHT 4Yacy
710 KO’KHO1 MaTepiaibHOI TOYKH JIaHOi CUCTEMHU MPUKIIACTU CUJTY 1HEpIii i€ TOo-
YKH, TO Il CHJIM 1HEpIli OyAyTh ypIBHOBaXXyBaTUCS 3aJlaHMMH CHJIAMH, IO Ji-
I0Th Ha CUCTEMY, 1 pEaklisiMHU 3B'SI3KiB, TOOTO CHCTEMa MOXE PO3TISIATUCS K
nepedyBaroyua B CTaH1 CIIOKOI0 (200 MPSMOJIHIHHOTO PYXY).

Cuna iHepuii 10piBHIOE 100YTKY Macu MarepiajabHOT TOUYKHU Ha 11 MPUCKO-
PEHHS Ta cpsIMOBaHa YO1K, MPOTUIICKHUN TPUCKOPEHHIO:

F,=ma. (5.8)

1H
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3agaua 5.6

Buznauumu npu [6] =70 Mlla neobxiOHuti diamemp mpoca, Ha AKOMY Ni-

osiwenuti ganmagic macoro my =3000 kr (puc. 5.13), akuu nionimae 3 nocmiii-

HUM npuckopenuam a =4 1‘%2 . Macy mpoca ne epaxosysamu.
c

40

Va

&)

me=3000 k2

Pucynox 5.13
Po3zé’azanns

| BuzHauaemo cuily Baru BaHTaxy:
G =mgzg =3000-10=30000 H=30xH.

2 3acTtocoByroun npuHuun Jlanamobepa, IpUKIaAa€MO 10 BAaHTAXY 1€ CHU-
Ty 1HepIii:

F, =mya=3000-4=12000H=12kH,

CHpPSIMOBaHY MPOTHIIEAKHO MPUCKOPEHHIO (puc. 5.14, a).
3 3actocoByrouu MeTOI repepiziB (puc. 5.14, 6), BU3HaUYaEMO MO3/10BKHIO
CUJIy, IKa BUHHKAE B MIOTIEPEUHOMY TIepepi3i Tpoca:

>'P,=0,
N-G-F, =0,
N=G+F, =30+12=42kH.
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4 TlinOupaemo nepepi3 3 yMOBU MIIHOCTI IIPHU PO3TATaHHI:

N
G=FS[G].

a=4 M/ 2 N=42 kH

1G=m,g=30 KH G=m,g=30 KH

! Fu=mgya=12 kH * F.=12 kH
a 4]

Pucynox 5.14

3Biacu

OTrxe,

d=‘/4—F= 4-6 =2.8cM.
n 3,14

[IpuiiMaemo niameTp, KpatHuii 3 MM, 10610 d =3 CM.
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3agaua 5.7

Baconemxa 3 eanmasicem pyxaemvca no noxuiiu nAOWUHI 3 NOCMIUHUM

NPUCKOpeHHAM a = 2 i 2 (puc. 5.15). Buznauumu HeoOXioHui diamemp mpo-

ca, akwo maca eazonemxu 3 eanmadxcem mg =4000 kr, xoegiyicnm mepms
f =0,15, donycmume nanpysicenns onss mpoca [G]= 60 MIla. Macy mpoca ne

8paxoeyeamu.

f o=20°

Pucynox 5.15

Po3zé’azanns

| BuzHauaemo cuily Baru BaHTaxy:
G =myzg=4000-10=40000 H = 40 xH.

2 3actocoByroun npuHnun Jlanam6epa, NpuKIagaEMoO A0 BarOHETKH, 1110
PYXa€EThCS, CUITY 1HEPILIi:

F, =mpa =4000-2 =8000 H =8 xH,

CIpPSIMOBaHY MPOTHJIEAKHO MPUCKOPEHHIO (puC. 5.16).
BuzHavaemo 3HaYCHHS CHJIM TEPTSI, CIIPSIMOBAHOI IPOTUIICKHO IITBHIKOCTI:

Frp =fGcosa =0,15-40-0,940 =5,6 kH .

3 3acrocoByroun MeToJ TepepisiB (puc. 5.17), BU3HaUYaeEMO TMO3/I0BKHIO
CHUJTY, III0 BUHUKAE B MOMEPEUYHOMY TEepepi3i Tpoca:

>'P,=0,

N-Gsin20° - F, —F,

:())
N =Gsin20° + Fp +F, =40-0,342+5,6+8=273 kH.
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G=mg=40 kH

Pucynox 5.16

GSino

Fy=8 KH

Gcosa

f a=20°

Pucynox 5.17

4 TlinOupaemo nepepi3 3 yMOBU MILHOCTI IPH PO3TATAaHHI

N
c=—<|o].
N <o
3BiaCcH
3
F:ﬁzwxlo‘* =4.,55cm’
o] 60 '
OTxe,

[Ipuitmaemo niametp, KpaTHuil S MM, T00TO d = 2,5 CM.
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5.3 Po3paxyHOK ej1eMeHTIB KOHCTPYKUIN HA Jil0 yAIapHUX

HAaBAaHTAaKECHDb

Sxuo Tu1o Baroto G =mg majae 3 BUCOTH h Ha MPYy>KHY CUCTEMY, TO Bi-

n0yBa€eTbCs yaapHa B3a€MOJ s, Ka ACKUIbKa pa3iB NepeBUILYE eDEeKT CTATUYHOT

mii crnm Q.
HexTyroun Macor NpyKHOi CHCTEMH, KOe]ilieHT quHamiynocTi k mo-

’KHA BU3HAYUTH 32 (OPMYJIIOIO

2h
k =1+ _[1+—
x N (5.9)

CcT

A, — IIepeMIIIEeHHS B TO4Ll yaapy B1X CTAaTUYHOI Aii cuin G =mg.

ne

Ilepemilmienns A Ta HANPYKEHHS G , NIPH yAapi 3HAXOAATH 33 (POPMyYIIAMHU:
A, =k,A,, (5.10)
c,=k,o (5.11)

3agaua 5.8

Banmaoic macoro myg =1000 xr naoae 3 eucomu h=5cm na cmanesui

opyc nocmitinoeo nepepizy (puc. 5.18). BusHauumu HanpyiceHnus, sKi 6UHUKA-
I0Mb y nonepeyHux nepepizax oOpyca (6e3 ypaxyeanHs 61ACHOI 8a2u 6aHMANIC)).

Po3zé’azanns

1 Bu3nauaemo CUITYy BAlr' BAHTAXKY:

G=m_,g=1000-10=10000 H=10H.

2 BuzHauaemo Moy nonepeuyHoro nepepisy opyca:

o (D’ —dz): 3,14-(107 —82):2&3 -
4 4

3 OO6uMciuMO mMepeMillleHHd B TOYLl yAapy Bil CTaTUYHOI Al CUIU
G =m,g. fAxmo cuna G xaie y310BxkK oci cTpuxkHs (puc. 5.19), To gane nepemi-
IIEHHS BU3HA4YaeMO 3a 3aKOHOM ['yka B aOcomoTHIM (opmi MpH PO3TATaHHI.

ITpu nupomy no3aoBxkusa cuna N =G =10kH.
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mg=1000 ke

—||||I

r

W G=

Pucynox 5.18

‘N=G=1O KH

—||||I

W 6=

Pucynox 5.19

Onepxyemo:

0,35x107* M

b
o
—
A x
T |
O | OO
— | O
X |-
o
| —

X
I\
[l
= | A
Z | @
[l

5

<

210



4 BusnauaemMo KoeQilieHT TMHaMIYHOCTI K |

2
=1+ 1+— 4, 25x10 S _545
T 035 %10

5 OOyuciuMoO HampyXeHHs B TOYIl yIapy BiA CTaTHUYHOI Jii CHUIU
G =mgg. Tak gk cuna G xie y3n0Bx oci ctpmwkHa (N =G =10kH ), To nane

HaIpY>KEHHs1 BU3HAYA€EMO 32 (POPMYJIIOIO

-3
N 10107

G, =
“ F 283x10™
6 BuzHauaemMo Hanpy»eHHsI, 1110 BUHUKAIOTh y TIONIEPEUHHX Tiepepizax oOpyca:

6,=k,0, =54,5-3,5=190,8 MIla .

3agaua 5.9

Banmaoic sacoro G =0,75 xH naoae 3 eucomu h =1cm na cmanesy b6anxy

0gomaspogoco nepepizy (puc. 5.20). [eomasp Ne 20. 3piensmu Hatibinouii
CMamu4ti ma OUHAMIYHI HANPYIHCEHHS [ NPO2UHU Ni0 8aHmaxicem OJisl UNAOKIG
32UHAHHA Y OANKU 8 NAOWUHI, HaUbiIbwoi ma HaumeHwoi scopcmkocmi. Ilpu

PO3PAXYHKY 6IACHY 842010 OANKU He 8pAX08)8amiu.

p G=075kH[ ] 1

£=1M

h=1M

Pucynox 5.20
Po3zé’azanns

1 bynyemo emiopy 3ruHaJbHUX MOMEHTIB BiJl 3aJaHOTO0 HaBaHTaXXKEHHS

(puc. 5.21, a).
OO04nCITII0EMO 3HAYCHHS 3THHAJIBHUX MOMEHTIB y XapaKTEPHUX Mepepizax:

M,=0kH-wM,
M, =-G-1=-0,75-1=-0,75xkH -m.
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a 2 1,
(=1M
Mp, KHM
6 ors W
v *Pﬂ
g 2 1
M, M
F
1,00
Pucynox 5.21

Bynyemo emntopy 3ruHaJbHUX MOMEHTIB BiJ JIii 33JJaHOTO HABAHTAXKECHHS
3a XapaKTepHUMHU Tiepepizamu (puc. 5.21, 0).

2 Buznayaemo mepeMmilieHHsl B TOYIl yJaapy BiJ cTatuyHoi aii cuimu G.
VY Touli ynapy npukiagaeMo OJuHUYHY culty, To6to P =1 (puc. 5.21, B).

O064YnCII0EMO 3HAYEHHS 3TMHAJIbHUX MOMEHTIB y XapakTEepHUX Mepepizax
BiJ Jii oquHUYHOI cuiu (auB. puc. 5.21, B):

M,=0m,
M,=-P-1=-1-1=-1m.

Bynyemo entopy 3ruHaJIbHUX MOMEHTIB BiJl JIii OJJMHUYHOI CUJIU 3a Xapak-
TepHUMU nepepizamu (puc. 5.21, r).

3 BUKOpUCTAHHAM (HOPMYJIM KpalHIX OPAUHAT «IEPEMHOKYEMO MK CO-
0010» Ha KOXKHIM JUISTHI[I €MIOPU 3TUHAIBHUX MOMEHTIB BiJl JIii 3aJJaHOT'0 HaBaH-
Ta)KEHHA Ta B1A a1 OMUHUYHOI CHIN:

1 0,25

A, =——(2-0,75-1,00)= ===,
6EJ EJ

X X

3 OOuucauMO Hampy>KeHHs B TOYIl ynapy Bin ctatuyHoi Aii cunu G.
Haii611b1111 HOpMaIbHI HAaNPYKEHHsI B MONIEPEYHOMY TIepepi3l OanKku Mpu cTaTu-
YHOMY HABaHTA)KE€HH1 PiBHI:

ITpu 3a3HaueHOMY BuAl HaBaHTaxkeHHd M, =0,75kH M.
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4 Po3risiHeMO BUIAJIOK 3rMHaHHS y OajKy B IJIOMIMHI HAaHOLIBILOT KOpC-
TKOCTI (puc. 5.22, a).

Y
X y X
a 4]
J =1840cm*; J =115cm%;
W, =184 cm’; W, =231cm’.
Pucynox 5.22

0,25 0,25x107°

o : ~ =6,79%x107 ™
~EJ. 2x10°-1840x10 '

JuHamMigHUI KOe(Ii€HT JOPIBHIOE:

2
k, =1+ 1+— 2 110 =182 |
67 x10~ 6.79 x10~°

Haii611b1111 HOpMalibHI HaNpy>KEHHsI B MOMEPEYHOMY Mepepizi Oaiku mpu
CTaTUYHOMY HaBaHTa)KEHH1 PiBHI:

-3
C, = My _ 075x107 4,1 MIla
W 184x107° '

X

Haii6 b1 1uHaMI4H1 Halpy>KeHHS
c,=k,0,=18,2-41=74,6 Mlla .
JIuHaM1YHUI TPOTUH
A, =k,A, =182 6,79 x10° =123 x10°> m =1,23 mMm .
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5 Po3ryisitHeMO BHMAAO0K 3TUHAHHS OalKM B IUIONIMHI HAMMEHIIIO1 KOPCT-
KocTi (puc. 5.22, 0).

Busnauaemo niepeMiiieHHs B TOYIll yAapy Bl cTaTUUHOIL 1ii cuiu G :

025 0,25x107°
Rl T 2x10°115x10°°

=10,9%107* M |
JIuHaM14HUI KOe(III€EHT:

i)
=1+ 1+— b2 X0 539
9 %10~

Haii611b1111 HOpMalibH1 HaNpy>KeHHsI B MOMEPEYHOMY Mepepizi Oaiku mpu
CTaTUYHOMY HaBaHTa)KEHH1 PiBHI:

M -3
GCT — max — 0975 X 10_6 _ 32’5 MHa
W 23,1x10 '

X

Haii6 b1 1uHaMI4H1 Hallpy>KEeHHS:
c,=k,0.,=539-32,5=175 Mlla .

JluHaM14HUI TPOTHH:
A, =k,A, =539-10,9 x10™ =588 x10™" m = 5,88 MM .

6 Ilpu craTuuHiii A1 HABAaHTAXKEHHS HAMPYKEHHS B APYroMYy BUIMAJKY Oi-
JblIe, HDK Yy nepuomy, y 7,93 pasu, a npu ii yaapHii aii — Tuibku B 2,36 pasmu.
Take po3xo/KeHHsI 00YMOBJIEHE TUM, 110 B APYrOMY BUMAJAKY *OPCTKICTh Oa-

KM 3HAYHO MEHIIE, HIXK y MepIIoMy, 10 TPU3BOJUTH 10 ICTOTHOTO 3MEHIIIECHHS
JTUHAMIYHOTO KOoe(ilieHTa.
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HomaTok A

— JBOTABPH
) "@% CTaJieBi rapsiyeKaTaHi
d (3a T'OCT 8239-89)
< X X
y

| 0

Tabnuys A.1
Homep Pozmip, Mmm F, Jy Wy Iy Sy Jy Wy Iy
npodimo b |d P o™ | e’ oM’ cM oM’ em’ oM’ o™

10 100 | 55 |4,5] 7,2 | 12,0198 |39,7 |4,06 |23,0 |17,9 (649 |1,22
12 120 | 64 (48| 73 | 14,7 350 |58,4 |4,88 |33,7 (27,9 |872 |1,38
14 140 | 73 |49 7,5 | 17,4572 |81,7 |5,73 |46,8 (41,9 | 11,5 |1,55
16 160 | 81 (5,0 7,8 | 20,2 873 109 6,57 62,3 |58,6 | 14,5 |1,70
18 180 | 90 |5,1 | 81 | 23,4 (1290 | 143 7,42 | 81,4 | 82,6 |18,4 | 1,88
18a | 180 | 100 |5,1 | 83 | 25,4 1430 | 159 7,51 | 89,8 | 114 |22,8 |2,12
20 200 | 100 |5,2 | 8,4 | 26,8 (1840 | 184 828 | 104 | 115 |23,1 |2,07
20a | 200 | 110 |5,2 | 8,6 | 28,9 2030 | 203 837 | 114 | 155 |28,2 |232
22 220 | 110 |54 | 8,7 | 30,6 2550 | 232 9,13 | 131 | 157 |28,6 |2,27
22a | 220 | 120 |54 | 8,9 | 32,8 2790 | 254 9,22 | 143 |206 |34,3 |2,50
24 240 | 115 |5,6 | 9,5 | 34,8 3460 | 289 9,97 | 163 | 198 |34,5 |2,37
24a | 240 | 125 |56 | 9,8 | 37,5 3800 | 317 10,1 | 178 |260 |41,6 |2,63
27 270 | 125 16,0 | 9,8 | 40,2 [5010 | 371 11,2 | 210 |260 |41,5 |2,54
27a | 270 | 135 16,0 (10,2 | 43,2 5500 | 407 11,3 {229 |337 |50,0 |2,80
30 300 | 135 |6,5 (10,2 | 46,5 [7080 | 472 12,3 268 |337 |49,9 |2,69
30a | 300 | 145 |6,5|10,7 | 49,9 7780 | 518 12,5 292 |436 |60,1 |295
33 330 | 140 |7,0 [11,2 | 53,8 9840 | 597 13,5 (339 419 |59,9 |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
55 550 | 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

Tabauys A.2 — Hopmanwni ninivni posmipu, mm (3a TOCT 6636-69)
10 | L1 | 12 ] 1,4 ] 16 | 1.8 | 20 ] 22 ] 25 | 28 | 32 | 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

217



Honarok b

d
!
—
: HIBEJEPU
! cTaJieBi rapsiueKkaTaHi
N : N (3a T'OCT 8240-97 a6o ICTY 3436-96)
= B )
|
_
i IIpuxiaan no3HaYeHH:
>~ lIsenep 30 TOCT 8240-97
y!
b
Tabnuya b.1
Po3mip, Mmm
Homep F | Jx | Wy | ix | Sx | Jr | Wy | iy | Z
podimo|  z b d ¢ e | oemt | e | em | em’ | vt | oM | eu oM
5 50 | 32 | 44| 70 | 6,16 | 228 | 9,1 | 1,92 | 5,59 | 5,61 | 2,75 | 0,95 | 1,16
6,5 65 | 36 | 44| 7,2 | 7,51 | 48,6 | 15,0 | 2,54 | 9.0 8,7 | 3,68 | 1,08 | 1,24
8 80 | 40 | 45| 74 | 898 | 89,4 | 224 | 3,16 | 13,3 | 12,8 | 4,75 | 1,19 | 1,31
10 100 | 46 | 45| 7,6 | 10,9 | 174 | 34,8 | 3,99 | 204 | 20,4 | 6,46 | 1,37 | 1,44
12 120 | 52 | 48 | 7,8 | 13,3 | 304 | 50,6 | 4,78 | 29,6 | 31,2 | 8,52 | 1,53 | 1,54
14 140 | 58 | 49 | 8,1 | 156 | 491 | 70,2 | 5,60 | 40,8 | 45,4 | 11,0 | 1,70 | 1,67
14a | 140 | 62 | 49 | 87 | 17,0 | 545 | 77,8 | 5,66 | 45,1 | 57,5 | 13,3 | 1,84 | 1,87
16 160 | 64 | 5,0 | 8,4 | 18,1 | 747 | 93,4 | 6,42 | 54,1 | 63,6 | 13,8 | 1,87 | 1,80
16a | 160 | 68 | 5,0, 9,0 | 19,5 | 823 | 103 | 6,49 | 59,4 | 78,8 | 16,4 | 2,01 | 2,00
18 180 | 70 | 5,1 | 8,7 | 20,7 | 1090 | 121 | 7,24 | 69,8 | 86 | 17,0 | 2,04 | 1,94
18a | 180 | 74 | 5,1 | 9,3 | 22,2 | 1190 | 132 | 7,32 | 76,1 | 105 | 20,0 | 2,18 | 2,13
20 [ 200 | 76 | 5,2 | 9,0 | 23,4 | 1520 152 | 8,07 | 87,8 | 113 | 20,5 | 2,20 | 2,07
20a | 200 | 80 | 5,2 | 9,7 | 25,2 | 1670 | 167 | 8,15 | 95,9 | 139 | 24,2 | 2,35 | 2,28
22 | 220 | 82 | 54| 95 | 26,7 | 2110 192 | 8,89 | 110 | 151 | 25,1 | 2,37 | 2,21
22a | 220 | 87 | 5,4 | 10,2 | 28,8 | 2330 | 212 | 8,99 | 121 | 187 | 30,0 | 2,55 | 2,46
24 | 240 | 90 | 5,6 | 10,0 | 30,6 | 2900 | 242 | 9,73 | 139 | 208 | 31,6 | 2,60 | 2,42
24a | 240 | 95 | 5,6 | 10,7 | 32,9 | 3180 | 265 | 9,84 | 151 | 254 | 37,2 | 2,78 | 2,67
27 | 270 | 95 | 6,0 | 10,5 | 35,2 | 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 | 43,6 | 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 | 13,5 | 61,5 |15220| 761 | 15,7 | 444 | 642 | 73,4 | 3,23 | 2,75
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onaroxk B

d
1 7 X0 KYTHUKU CTAJIEBI
S
4 - T'APAYEKATAHI
/
) N c/‘
X e N x
B . N I
— i s _T %
X7 / N 1
X0 Yo b =
Tabnuys B. 1
Po3mip, MM . I i I ;
Howmep F, I, IX’ X0 X0 Yo Yo Z9°
KyTHHKa| b d oM’ om? ma)i’ max, mlr}; min, oM
oM ™M cM ™ cM
) 20 3 1,13 0,40 0,59 0,6 0,75 0,17 0,39 0,60
4 1,46 0,50 0,58 0,8 0,73 0,22 0,38 0,64
3 1,43 0,81 0,75 1,3 0,95 0,34 0,49 0,73
2,5 25 4 1,86 1,03 0,74 1,6 0,93 0,44 0,48 0,76
5 2,27 1,22 0,73 1,9 0,92 0,53 0,48 0,80
2,8 28 3 1,62 1,16 0,85 1,8 1,07 0,48 0,55 0,80
3 1,74 1,45 0,91 2,3 1,15 0,60 0,59 0,85
3 30 4 2,27 1,84 0,90 2,9 1,13 0,77 0,58 0,89
5 2,78 2,20 0,89 3,5 1,12 0,94 0,58 0,93
3.2 3 3 1,86 1,77 0,97 2,8 1,23 0,74 0,63 0,89
> 4 2,43 2,26 0,96 3,6 1,21 0,94 0,62 0,94
3 2,04 2,35 1,07 3,7 1,35 0,97 0,69 0,97
3,5 35 4 2,67 3,01 1,06 4,8 1,33 1,25 0,68 1,01
5 3,28 3,61 1,05 5,7 1,32 1,52 0,68 1,05
3 2,35 3,55 1,23 5,6 1,55 1,47 0,79 1,09
4 40 4 3,08 4,58 1,22 7,3 1,53 1,90 0,78 1,13
5 3,79 5,53 1,21 8,8 1,52 2,30 0,78 1,17
6 4,48 6,41 1,20 10,1 1,50 2,70 0,78 1,21
3 2,65 5,13 1,39 8,1 1,75 2,12 0,89 1,21
4.5 45 4 3,48 6,63 1,38 10,5 1,74 2,74 0,89 1,26
> 5 4,29 8,03 1,37 12,7 1,72 3,33 0,88 1,30
6 5,08 9,35 1,36 14,8 1,71 3,90 0,88 1,34
3 2,96 7,11 1,55 11,3 1,95 2,95 1,00 1,33
5 50 4 3,89 9,21 1,54 14,6 1,94 3,80 0,99 1,38
5 4,80 11,20 1,53 17,8 1,92 4,63 0,98 1,42
6 5,69 13,07 1,52 20,7 1,91 5,43 0,98 1,46
56 56 4 4,38 13,1 1,73 20,8 2,18 5,41 1,11 1,52
> 5 5,41 16,0 1,72 25,4 2,16 6,59 1,10 1,57
4 4,96 18,9 1,95 29,9 2,45 7,81 1,25 1,69
6,3 63 5 6,13 23,1 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
4,5 6,20 29,0 2,16 46,0 2,72 12,0 1,39 1,88
5 6,86 31,9 2,16 50,7 2,72 13,2 1,39 1,90
7 70 6 8,15 37,6 2,15 59,6 2,71 15,5 1,38 1,94
7 9,42 43,0 2,14 68,2 2,69 17,8 1,37 1,99
8 10,7 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 8,78 46,6 2,30 73,9 2,90 19,3 1,48 2,06
7,5 75 7 10,1 53,3 2,29 84,6 2,89 22,1 1,48 2,10
8 11,5 59,8 2,28 94,6 2,87 24,8 1,47 2,15
9 12,8 66,1 2,27 105,0 2,86 27,5 1,46 2,18
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IIpoooeoicennss mabnuyi B. 1

Po3mip, MM . I / I /
Homep F, I, 1 X0 X0 Yo Yo z0
KyTHHKA oM> x4 X max, max min, min ’
b d o oM em? ’ em ! ’ o™
CM CM
5,5 8,63 52,7 2,47 83,6 3,11 21,8 1,59 2,17
8 80 6 9,38 57,0 2,47 90,4 3,11 23,5 1,58 2,19
7 10,8 65,3 2,45 104,0 3,09 27,0 1,58 2,23
8 12,3 73,4 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 90 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 43,8 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 13,8 131 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 19,2 179 2,05 284 3,84 74,1 1,96 2,83
12 22,8 209 3,03 331 3,81 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
12.5 125 10 243 360 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 32,5 602 431 957 5,43 248 2,76 3,90
10 31,4 774 4,96 1229 6,25 319 3,19 4,30
1 34,4 844 4,95 1341 6,24 348 3,18 435
12 37,4 913 4,94 1450 6,23 376 3,17 4,39
16 | 160 14 | 433 1046 4,92 1662 6,20 431 3,16 447
16 49,1 1175 4,89 1866 6,17 485 3,14 4,55
18 54,8 1299 4,87 2061 6,13 537 3,13 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 5,54
20 76,5 2871 6,12 4560 7,72 1182 3,93 5,70
25 94,3 3466 6,06 5494 7,63 1438 3,91 5,89
30 111,5 4020 6,00 6351 7,55 1688 3,89 6,07
27 220 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 491 7,11
28 133,1 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'

Xy :J’
— i KYTUKU CTAJIEBI
\ ¥ : TAPSYEKATAHI HEPIBHOCMY XHI
X i (3aI'OCT 8510-93)
|
'
Q \'\i
xW i
I\
I\ =
\
| Y4 =
l o )
—"\u
ay
Tabnuysa I'.1
Po3mip, . Kyt
Howmep MM F I., I, Ly | tw X HAXHUITY
2 " Y min | min 0| Yo :
KyTHHKa b d cM oM om 4 ; oM oM ocClu,
CM CM tga
2516 | 25 |16 3 | 1,16 | 0,70 0,22 0,13 | 034 | 0,42 0,86 0,392
3 30 | 20| 3| 143 | 127 0,45 026 | 043 | 0,51 1,00 0,427
4 | 1,86 | 161 0,56 034 | 043 | 054 1,04 0,421
3| 1,49 | 1,52 0,46 028 | 043 | 0,49 1,08 0.382
322 1321200 4 | foa | 193 0,57 035 | 043 | 0,53 1,12 0,374
3| 1,89 | 3,06 0,93 0,56 | 0,54 | 0,59 1,32 0,385
425 | 40 | 25| 4 | 247 | 3,93 1,18 0,71 | 0,54 | 0,63 1,37 0,381
5| 3,03 | 473 1,41 0,86 | 0,53 | 0,66 1,41 0,374
3 20 |30 | 4| 267 [ 418 2,01 1,00 | 0,64 | 0,78 1,28 0,544
5 | 328 | 5,04 2,41 1,33 | 0,64 | 0,82 1,32 0,539
3] 2,14 | 441 1,32 0,79 | 0,61 | 0,64 1,47 0,382
4528 145 1 281 4 | 550 | 568 1,69 1,02 | 0,60 | 0,68 1,51 0,379
3 | 242 | 6,18 1,99 1,1s | 0,70 | 0,72 1,60 0,403
3.2 150 1320 4 | 37 | 7og 2,56 1,52 | 0,69 | 0,76 1,65 0,401
4 | 358 | 11,4 3.7 2,19 | 0,78 | 084 1,82 0,406
3:6/3.6 | 56136 o | 4y | 138 | 448 | 2066 | 078 | 0.88 | 1.6 0.404
4 | 404 | 163 5,16 3.07 | 087 | 091 2,03 0,397
5 | 498 | 199 6,26 372 | 0,86 | 0,95 2,08 0,396
6.3/4 1 63 1401 | S0 | 233 7,28 436 | 0,86 | 0,99 2,12 0,393
8 | 7,68 | 296 9,15 558 | 085 | 1,07 2,20 0,386
5 | 556 | 2341 | 12,08 | 641 | 1,07 | 1,26 2,00 0,576
6 | 660 | 27.46 | 14,12 | 7,52 | 1,07 | 1,30 2,04 0,575
6.5/5 1 651500 5 | e | 3132 | 1605 | 860 | 1.06 | 134 | 208 0,571
8 | 862 | 3500 | 18,88 | 9.65 | 1,06 | 1,37 2,12 0,570
7/45 |70 [45] 5 | 559 | 27.76 9,05 534 | 098 | 1,05 2,28 0,406
5 | 6,11 | 3481 | 1247 | 724 | 1,00 | 1,17 2,39 0,436
6 | 725 | 40,92 | 14,60 | 848 | 1,08 | 1,21 2,44 0,435
TS TS0 g g7 | 4677 | 1661 | 9.69 | 1.08 | 1.25 2,48 0,435
8 | 947 | 52,38 | 18,52 | 10,87 | 1,07 | 1,29 2,52 0,430
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IIpoooeocennss mabauyi 1.1

Posmip, . Kyt

Howep MM F. 1, Iy’ sz’ ’zf’ xp. | yo HaXMILy
KyTHHKa om 2 ot o min | min o fi oc1u,
b d CM4 cM tg(x

s | so | so | 5 | 636 | 4164 | 1268 | 757 | 1,09 | 113 | 2.60 | 0387
6 | 755 | 4898 | 1485 | 888 | 1.08 | 1.17 | 2.65 | 0386

6 | 815 | 5206 | 2518 |13.61| 129 | 149 | 247 | 0547

86 | 80 | 60 | 7 | 942 | s9.61 | 2874 | 1558] 129 | 1.53 | 2.52 | 0.546
8 | 10,6 | 66.88 | 32.15 |17.49| 128 | 1.57 | 2.56 | 0.544

55 | 7.86 | 653 | 197 | 11.8] 1.22 | 126 | 2.92 | 0384

956 | 90 | 56 | 6 | 854 | 7006 | 212 | 127] 122 | 128 | 2.95 | 0384
8 | 112 | 909 | 271 | 163 121 | 1.36 | 3.04 | 0.380

6 | 9590 | 983 | 306 |1820| 138 | 142 | 323 | 0393

7 | 101 | 1130 | 350 2083 137 | 146 | 328 | 0392

10/6,3 1 100 | 63 | ¢ | 1% | 1270 | 392 |2338| 136 | 1.50 | 3.32 | 0391
10 | 155 | 1540 | 471 |2834| 135 | 1.58 | 3.40 | 0387

7 | 112 | 1140 | 383 | 2277) 141 | 152 | 324 | 0415

10/65 | 100 | 65 | 8 | 127 | 1383 | 43.0 | 2524| 1.41 | 1.56 | 328 | 0414
10 | 157 | 1555 | 517 | 3060| 140 | 1.64 | 337 | 0.410

65| 114 | 142 | 456 | 269| 1,53 | 1,58 | 3.55 | 0.402

W7 1100070 17 1139 | 172 | 546 | 323 ] 152 | 164 | 3.61 | 0400
7 | 1a1 | 227 | 137 | 34| 176 | 1.80 | 401 | 0407

8 | 160 | 256 | 830 | 488 175 | 1.84 | 405 | 0.406

12,5/8 1125 1 801 15 1 197 | 312 | 1000 | 593 | 174 | 1.92 | 414 | 0.404
12 | 234 | 365 | 1170 | 695| 1.72 | 2.00 | 422 | 0.400

8 | 180 | 364 120 | 703 | 1,98 | 2,03 | 449 | 0411

14/9 11401 90 | 1o | 20 | 444 146 | 855 | 1.96 | 2.12 | 458 | 0.409
o | 220 | 606 186 | 110 | 220 | 2.23 | 519 | 0391

10 | 253 | 667 204 | 121 | 219 | 228 | 523 | 0.390

16/10 1 160 | 100 |5 | 557 | 784 239 | 142 | 218 | 2.36 | 532 | 0.388
14 | 347 | 897 272 | 162 | 216 | 2.43 | 5.40 | 0385

10 | 283 | 952 276 | 165 | 242 | 2.44 | 588 | 0375

I8/11 1180 1 110 o 1 33 | 1103 | 324 | 194 | 240 | 2.52 | 5.97 | 0.374
11 | 349 | 1449 | 446 | 264 | 275 | 279 | 6,50 | 0392

12 | 379 | 1568 | 482 | 285 | 274 | 2.83 | 6.54 | 0392

201125 1200 | 125 | 0| 43’9 | qg01 | ss1 | 327 | 273 | 291 | 6.62 | 0390
16 | 498 | 2026 | 617 | 367 | 272 | 2299 | 671 | 0.388

12 | 483 | 3147 | 1032 | 604 | 354 | 3.53 | 7.97 | 0410

16 | 63.6 | 4091 | 1333 | 781 | 3.50 | 3.69 | 8.14 | 0.408

2516 1 250 1160 | 1o | 21 | 4545 | 1475 | 896 | 3.49 | 3.77 | 823 | 0407
20 | 785 | 4987 | 1613 | 949 | 3.48 | 3.85 | 831 | 0.405
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Honarok /1

KOE®IUIEHTHU @ OJ1s1 PIBHUX MATEPIAJIIB

Tabnuysa /1.1
I'Hy4KicTh CT(.:TZH;, 5 C(Tjijsn’ %TI?[JII(B YaByn | MepeBo
2=t
l

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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Haesuanvuuii nocionux

OBYAPEHKO Bosiogumup AHapiioBu4
KAITIOPOBHY Csitinana BorogumupiBHa
JEHBIINKOB Ouaexcanap KOpiiioBu4

OIIIP MATEPIAJIIB
IIpakTukym
Yacruna 2
Penaxrop I. I. IpaxoBa
Komm’roTrepHa BepcTka O. C. Opna
103/2003. ITign. 1o apyky dopmar 60x84/16.
[Tamip opcernuit.  Ywm. npyk. apk. 13,02. O6ma.-Bua. apk. 11,01.
Tupax MIPUM. 3am. Ne

Jlon6ackka neprkaBHa MalTMHOOY/TIBHA aKaJaeMis
84313, m. Kpamatopcek, Byi. IllkaninoBa, 72
CB1701ITBO TIPO BHECEHHS CY0’€KTa BUABHUYOI CIIPABU
1o Jlep>kaBHOTO peecTpy
cepist JIK Ne 1633 Bix 24.12.2003



