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00pa30BaTeNbHOTO  yUpEeXJIEHUs BhIcIIEro oOpa3oBanus «CaxamuHCKUH  TOCYJapCTBEHHBIN
YHHUBEPCUTET)

Pazpaborunku:

Kocrepenko Enena AsiekcaHIpoBHA
(®.1.0. yuyenas cTeneHb, 3BaHUE, TOJDKHOCTD)

(®.1.0. yuenas cTenieHb, 3BaHUE, TOJDKHOCTD)

(®.1.0. yuyeHas cTeneHb, 3BaHKE, TOJDKHOCTH)
PaccmoTpena u pekomengoBana Ha 3acenanuu [H1K
[Ipotokoa Ne3 ot 10.01.2025r.
PekoMeHni0BaHa K yTBEPKICHUIO Y4€OHO-METOAMUYECKUM COBETOM

[IpoTtoxon Ne2 ot 16.01.2025r.



CONEP)KAHUE

[TosicHuTENbHAS 3aIIUCKa
TpebGoBanus k opopmiieHHIO pacdeTHO-TpaduuecKux padboT
Kputepun onenuBanus

[TpakTuyeckue paboOTHI

~NN Ln n B



IosicHuTEILHAA 3aMIUCKA

MeTtoauueckiue PEeKOMEHIAIMM K BBIOJHEHUIO MPAKTUYECKUX paboT 1o
yueOHoi mucummuinHe OI1.02 TexHuueckas MexaHUKa MpeAHA3HAYEHBI IS
OpraHu3allid CaMOCTOSITENIbHOW pabOThl OOy4YaIOMIMXCA BTOPOrO Kypca OYHOIO
otnenenus cnenuanbHoctu 20.02.04 TloxkapHas 6€30MacHOCTh Ha ypOKe.

CornacHo y4yeOHOro mijaHa oOs3aTelibHas ayJUTOpHas ydeOHas Harpyska
COCTaBJISIET 72 4acoB, B TOM UHCIIE 22 Yaca COCTABISAIOT IPAKTUYECKUE 3aHITUSL.

P C3yJIbTAaTOM OCBOCHHA JUCHHUILIMHBI ABJISICTCA OBJIAJICHHUC O6y‘-IaIOH_II/IMI/IC$I

npodeccronansubiMu (I1K) u o6mmmu (OK) komneTeHusaMu:

JeTaau U COOPOYHBIC
€IMHULILI 00IIIET0

Kon Kon YMmenus Koa 3nanmii 3Hanus
IIK, | ymenui
OK
OK 01, YHUTaTh BHU/JIBI MaIlIMH M MEXaHU3MOB,
OK 06, KUHEMAaTHUICCKIE MPUHIINN ACUCTBUSA,
OK 09 CXEMBI; KHHEMaTH4YeCKUE U
MIPOBOJIUTH PACUeT U JMHAMHUYECKHE
MIPOSKTHPOBATh XapaKTePUCTHKU;

THUIIbI KHHEMATHNUYCCKHUX Hap;
TUNBI COEOUHEHUH OeTalIed U

Ha3HAYCHUS; MaIIIHH;
TIPOBOTUTH OCHOBHBIE COOPOYHBIE
cOOpOYHO- SAVHUIIBI U JICTAIIH;

paz0opoyHbIe PabOTHI
B COOTBETCTBHH C

XapaxkTep COCAMHECHHS
neTaneit 1 cOOpPOYHBIX

XapaKTepOM €IVHULL;
COCIMHECHM JleTanen MIPUHLAII
U cOOPOYHBIX B3aMMO3aMCHAEMOCTH;

eIMHMIL; BUJIbI IBUKECHUHN U
OIIpENEIATh peoOpasyrolue ABHKEHHS
HaNpsOKEHUsS B MEXaHHU3MBblI,
KOHCTPYKIIMOHHBIX BU/JIBI TIEpEiay, UX
JIIEMEHTAX; YCTpPOMCTBO, HA3HAYEHHUE,
HPOU3BOAUTH IpEeuMylIecTBa U HEOCTATKH,

pacueTsl IIEMEHTOB
KOHCTPYKIUIA HA

yCJIOBHBIE 0003HAUYCHUS HA
cXemax;

HPOYHOCTb, NepeaaTouHOe OTHOLICHHUE U
JKECTKOCTb U YHCIIO;

YCTOMUMBOCTB; METOAMKY pacdera 3JIEMEHTOB
OTIpeNeNsATh KOHCTPYKLHUH Ha IPOYHOCTb,
Hepe1aTouHOoe JKECTKOCTh U YCTOMUUBOCTh
OTHOUICHHUE. IPY Pa3IUYHBIX BUJAX

nedopMaIum.




TpedoBanus Kk 0pOpMIICHUIO PACUYETHO-TPapuIecKUX padoT
1. PacueTHo-rpaduueckue paboThl JOJKHBI OBITH O()OPMIICHBI B BUJIE
MOSICHUTENBHBIX 3aIUCOK, BBIIIOJIHAEMBIX B TETPASAX B KIETKY.
2. O0sA3aTeNbHO HATMYKUE PAMKH U IITAMIIOB Ha BCEX JINCTAX B COOTBETCTBUHU C
tpedoBanusiMu 'OCT. Ha TUTYIbHOM JIMCTE KaXK10M paOOThI BBITIOJIHIETCS
TOJIBKO paMKa.
3. TekcT paboThl pEKOMEHIYETCSI paciojiaratb Ha OJJHOW CTOpOHE JucTa. Bropas
CTOPOHA JIUCTA BIIOCIIECTBUN MOXKET OBITh MCIOJIb30BaHa JJI1 BHECEHUS
UCIIPABJICHUM.
4. IlosicHuTenbHAS 3aIIUCKA MOKET OBITh BBIIOJIHEHA KOMIIBIOTEPHBIM WIIN
PYKOTMCHBIM criocoboM. B mocnenneM ciydae modepk J0JDKeH ObITh pa300pUYUBEIM, a
YepHUIJIA JOJKHBI OBITH OJTHOTO LIBETA: CHHETO HJIK YEPHOTO.
5. IlosicHuTeNnbHAS 3aliCKa 0053aTeNIbHO JODKHA BKIIFOYATh 33/IaHUE U
rpaduyeckoe ycioBHe 3aaau.
6. Bce OykBeHHbIE 0003HAUEHUS (PU3NYECKUX BETUUMH JIOJKHBI OBITh YKa3aHbI
Ha PUCYHKE WJIU MOSICHEHBI B TEKCTE.
7. PacueT 4MCIeHHbIX 3HAUEHUI BEJIMYUH JAOJKEH ObITh OPOPMIIEH CIIETYIOLUIUM
oOpa3oM: mociie pacueTHOM (HOPMYJIbl, 3aTMCAaHHON B OYKBEHHBIX 0003HAYEHUSIX, B HEE
IIOJICTABIIAIOT YACICHHBIE 3HAYCHUS BEJIMYMH, a 3aTEM IPUBOJAT PE3YJILTAT
BBIUMCIIEHUN U 0003HAUYEHNE €AMHULIBI U3MEPEHUS BETUUHHBI.
8. PaboThbl, ciaBaemMble Ha MTPOBEPKY, JOJIKHBI ObITh BBIMIOJHEHBI B IIOJTHOM O00bEME.
9. UcnipaBneHus cienyeT BHOCUTh MMyTEM 3a4€pKUBaHUSI HEMTPABUILHOTO pe3yJIbTaTa U
BIIMCHIBAHUS MTPABUIILHOTO Pe3yJibTaTa BhIIIE WK MTpaBee HenpaBuibHoro. He
JOITYCKAETCs MCIOJIBb30BAHNE KOPPEKTOPA ISl UCIIPABJICHHS HEIPABUIBHOIO
pe3ynbTaTa ¥ 3aMe4aHuil IpernoaaBaTesl.
10. IIpu pemenuu 3aaa4 npuMeHsATh cuctemy eauHul CU, a Takke KpaTHbIE U
JOJIBHBIE OT HUX.
11. JInst 0603HaueHUsI OCHOBHBIX OOIIETEXHUYECKUX BEJIMUYNH UCIOIb30BaTh
TOJIBKO CTaH/IapTHBIE CUMBOJIBI.
12. TuraTensHO MPOBEPUTH MPABUIBHOCTD BCEX BBIYUCICHUN, 00paTUTh 0c000e
BHHMAaHHE Ha COOJIIOICHHUE MPAaBUIIBHOCTH Pa3MEPHOCTEM, MOACTABICHHBIX B
(dopMyI1y 3HaUEHUH.

Kpurepuii ouenku

OueHka | KpuTepuu OUeHKH 3HaMuli cTydentoB |
“Sw JeMoHCTPHPYVET MOTHOS MoHHMaHHe npodaemel. Bee TpeGoranma.
OTTITHO npeIsABIAeMble K 3aIaHHIO, BRITIOTHEHBI. PacueTHo-rpadiueckas
patoTa BEIMOIHEHA MOTHOCTEI Ge2 OIHGOoK H HeJ0MeTOR
«d HeMoHCTPHPYET THATHTeTRHOS TOHHMAHHE MpoGIeMBl.
XOPOLIO BonsmuHcTEO  TpeboBaHMIL, NpeIbLABIASMEIN K 3aJAHHIO.
BEITTOMTHEHEL Pacuerno-rpaduteckan padboTa BRITIOTHEHA
MOTHOCTRR. HO NPH HATHYHH B Hell Gonee | HerpySoll omuGKH H
1 HemoweTa HAN 3 HeJOYETOB
w30 JeMoHCTPHPYVET WacTHUYHOE MMOHHMAaHHe npodTemsel. Mbuorme
VIOBISTEOPHTEILHO TpE(_DOBE!HIIS!_ npeIbABTACMEIS K JATAHIIKD., He BRITIOTITHEHEIL.
Pacuerno-rpadumeckas pafora BEIOIHeHa Ha 2'3 mcero obGbeMa:
pafoTa BRINOIHEHA MOJTHOCTERY, HO MPH HATHYHH B Hell Gonee |
rpyvooii omudkn 1 2 HegoueToB., HIH 1 rpyoofl ommdrn m 1
HerpyOoil omHOKH, Han 3 HerpyOele OIIHOKH. HIH 4 HeaoueTa
“2w JeMOHCTPHPYET HeMOHHMAHHE MPOOIeMbL.
HEVIOBIeTEOPHTEIEHO Hetr oteera. He OmiTO0 NOOBITKH pelHT: 3adaty. PacuetHo-
rpadurtieckans paboTa NpaBIIBHO BRIMOIHEHA MeHee wem Ha 23
Bcero ofmema HAH YHCIO OmMHIOK H HeJOYeTOB MpeBBIIIAeT
HOPMY LTA OLeHKH «3»




Ilepeyennb ommdoOK

I'pyobie ommdkn:

1.

4

Hesnanne onpeneneHnii OCHOBHBIX MOHATHIL, 3aKOHOB, TPABIUL. OCHOBHBIX
nojgokeHnii  Teopny,  Qopmya,  OOIIENPHHATEIX  CIMBOJIOE  0003HAYMEHIA
TEXHIUECKIIX BeINYIH, eIIHIL IIX [3MepeHId.

HevymMeHne BELIETATE B OTEETE ITIABHOE.

Hevmenne  npuMeHATsE  3HAHHA Q1A pelIeHNA  3aJay.  HENpaBIIBHO
cthopMyTIpOBaHHBEIE BONPOCH! 3aJadil TV HeBepHBlE OOBACHEHNA XoIa ee
PCELICHITA. HEIHAHIIC IIPIIEMOE PCIICHIIA 344", AHATOTIMUHEIX paHee PCIIcHHEIX HA
JAHATIAX.

Herpyobie ommokn:

L.

I~

(Y]

4.

Hetounoctn  (opMyIHpOBOK., oOnpedeleHHil, MOHATHIL, 3aKOHOB, TeopHil,
BBI3BAHHEIE HEMOTHOTOI 0XBATa OCHOBHEIX NPII3HAKOB ONpeaeIaeMoro MOHATHA.
OmnodKI B VCIOBHBIX 0003HAYCHIIAX HA PACUETHBIX CXeMaxX: HETOUHOCTII HepTekeil
I CKEM.

Ilponyek Il HETOYHOE HAIIICAHIE HANMEHOBAHIN SIIIHNII TEXHIMYUECKIX
BETIIH.

HepatumoHa TeHEIT BEIGOP X0Ia pelueHI.

Henouernl:

7

)

HepatmnonasibHble  3amicH  OpIH BRIMICTIEHIAX, HepallllOHaTbHBIE TMPHEMbI
BEIMIICTCHINL, TpeobpazoBaHIni 11 pelieHnil 3aaat.

ApndmeTtireckite oMok B BEMIICTEHIAX IPY00 HCKaKaOIIIe peaTbHOCTh
pe3VILTATA.

HEﬁPEH{HDE BBINTOITHEHIIC '33]]1[Ct3ﬁ, '—lEPTﬁHiﬁﬁ ITI CXEM..

Opdorpadieckiie 11 TYHKTYAIIIOHHEIE ONIIOKI.



IIpakTnyeckas padora Ne 1
«IInockas cucrtema CXOQAMIUXCS CHID

3HaTh CIIOCOOBI CIOKEHHSI IBYX CHJI M Pa3I0KEHUE CUIIbI HA COCTABISIONINE, TEOMETPHUECKUN U
AHATMTHYECKUN CITIOCOOBI ONPEACIICHHS PaBHOICHCTBYIOIIECH CUITBI, YCIOBHS pPaBHOBECHS TIIIOCKOM
CXOJSALIEHCS CUCTEMBI CHUII.
YMeTh onpenensiaTh paBHOACHCTBYIOUIYIO CUCTEMBI CHJI, pEIIaTh 3a/1a4l HA PaBHOBECHE
reOMETPUUYECKHUM U aHAJIMTUYECKUM CIIOCOOOM, palliOHAIbHO BbIOHMpasi KOOPAWHATHBIE OCH.
Pacuyetnbie popmyiibl
PaBHOzEHCTBYIOIIAs CUCTEMBI CUIT

n n
FE:HFé;"'F%y; Fﬂzngk:; FEHZ;FJW:

rae Y Fx, > Fy — npoekiun paBHOACHCTBYOIIEH Ha ocu koopauHat, Fkx, Fky — npoeknuu BeKTopoB-
CHJI CUCTEMBI Ha OCH KOOpIMHAT.

COSOpy =

Fyp'
I7ie — yToJl paBHOJCUCTBYIOIIEH ¢ 0chio OX.
VYcnoBue paBHOBECHS

%Fk: =0;
n
%Fky =,

Ecnu mockast cuctemMa CXOIsIuXces CUl HAXOIUTCS B PABHOBECUH, MHOTOYTOJILHUK CHJI JIOJKEH OBITh
3aMKHYT.

IIpumep 1. OnpenesieHue paBHOAECTBYIOIIEN CHCTEMbI CHJI

Onpenennuts paBHOAEHCTBYIOLIYIO IIIOCKOM CUCTEMBI CXOIAIIUXCS CHUIJI aHATUTUYECKUM U
reomerpuueckuM criocodbamu (puc. [11.1) Jano: F1 =10 xH; F2 = 15 xkH; F3 = 12 kH; F4 =8 xH; F5 =8
kH; al =30 a2 = 60; a3 = 1205 04 = 180 a5 = 300°

Pemenne

1. OnpenenuTh paBHOICHCTBYIOINIYIO aHATMTHYECKUM criocoooMm (puc. I11.1a)

(Flx =10 -cos30° = 8.66 gH;

F2x =15 :cos60° = 7,5 kH;

4+ F3x =—12 - cos60 = —6 kH;

Fix = —B H;

. FSx=28-cos60 =4 kH;

f Fly =10 -cos60 =5 kH

F2y =15 -cos30 = 12.99kH

4 F3v=12 -cos30 = 104 kH

Fdy =0

\F5y = —8 - cos 300 = —6.9 kH

= 5

|Fe + E; — —
SV SF= /6,167 +21,43% =22 36 «li;
E &1l6
cos aXx= Fr ; cosaXx= 2238 =(0,2755; cos aXx=74

2. OnpenenuTs paBHOACHCTBYIONIYIO IPpa)UIeCKUM CIIOCOOOM.



Puc. 111.1
C nomouipto Tpancnoptupa B Macutade 2 MM = 1 kH ctpoum MHoroyronsnuk cui (puc. [11.16).
N3mepenuem omnpenensieM MOAYJIb paBHOACHCTBYIOLIEH CUIIBI U YToJl HaKJIoOHa ee K ocu OX.
FXrp. =2 22 xH; oZx=73
Pe3ynbTaThl pacueToB HE TOJIKHBI OTJINYATHCS Ooiee ueM Ha 5%
FXan — FErp.
———100% =5%
FXau
IIpumep 2. Pemienue 3a1aun HAa paBHOBeCHE AHAJIUTHYECKHM CIIOCOO0M.

I'py3bl moABEILICHBI HAa CTEPKHAX U KaHAaTaX M HaXOAATCs B paBHOBecHU. OINpeesuTh peakiuu
crepxHeit AB u CB (puc. 111.2).

Pemenne

1. Onpenensiem BEPOSITHBIC HAITPABIICHUS PEaKIUNA
(puc. I11.2a). MeicnenHo youpaem crepxenb AB,
IIPY 3TOM CTEPKEHB CB omyckaercsi, clieZioBaTeIbHO,
Touka B ’ F = 20xl1 OTOJIBUTA€TCsl OT CTEHbI: HA3HAYEHUE
crepxHs AB — al 6) TAHYTb TOUKY B K cTeHe.

Ecnu y6pats Pue. TI1.2 crepxkenb CB, Touka B onycrurcs,
CJIEI0BATEIIBHO, crepxkenb CB noaaepxkuBaeT TOUKy

B cHU3y — peakiust HaripaBJieHa BBEpX.

2. Ocoboxaaem Touky B ot cBs3u (puc. [11.26).

3. BriGepem HampaBieHHe oceid KoopauHaT, ock OX coBmamaer ¢ peakmnueit R1.
4. 3anuiieM ypaBHEHHUS! paBHOBECHUs TOUKHU B:

n
P Fip = —R + Rpcos60° 4+ Fheos45° = ()
0

T
2 Fiy = Rpcos30° — F; — Fc0845° = 0.
D

5. W3 BTOpOro ypaBHEHUS MOJTYYaeM:
_ B+ Fosdd® _10+20-0,7
Ry = <03 30° i M= 0,866 =27 87xH.
W3 mepBoro ypaBHEHUS MMOTydaeM:
Ry = Rycos60° + Fpcos45°; R; = 28,07xH.

BoiBoa: crepxkens AB pactsanyt cunoit 28,07 kH, crepxkens CB cxar cuiioi 27,87 kH.



Pacuemno-cpaghuueckan pavoma Nel

Omnpenenenne paBHOACHCTBYIOMIEH TUIOCKOM CUCTEMBI CXOISAIIUXCS CHJI AaHATMTUYECKUM U
TeOMETPUYECKUM CIIOCOOaMHU

Bapuaut
Mapamerp
1 3|45
F,gkH [12 (8 |20 |3 | 6
FoxH |8 |12 |5 [6 |12
F,xH | 6 |2 [10 |12 |15
Fy,xkH |4 [10 {15 |15 | 3
Fs,kH |10 {6 |10 |9 |18
op,tpan (30 |0 (0 |15 | O
ag,rpan (45 |45 |60 |45 |15
az,rpan | O |75 |75 |60 | 45
ag, Tpan | 60 |30 [150 |120 |150
as, rpan | 300 |270 |210 {270 |300

3aganue. Vcnonssys cxemy puc. I11.1a, onpenenuts paBHOJAEHCTBYIONIYO CUCTEMBI CHJL.



Pacuemno-ecpagpuueckasn paboma Ne2
Omnpenenenne paBHOICHCTBYIOMIEH TUIOCKOW CHCTEMBI CXOISIIMXCS CHJI aHATUTHIECKAM CIIOCOO0M

Mo sagawsm m CENCMII W3 pac. 4

i 2 3 4 5 & 7 8 @ 10 Fu Fa
Bapwasyid uH
T
)] a1 oz 03 : 04 05 06 o7 ! L] L] 0.4 0.5
(41 [N 12 13 14 15 6 17 s 19 0.3 0.8
21y | 22 23 24 25 26 27 28 29 0.6 0.4
TR 31 32 33 41 35 36 37 35 29 L. 0.5
4 40 41 42 43 44 45 46 47 48 0.5 [ER. 2
L 48 57 56 55 54 53 S 51 S0 0.8 0.4
i | 60 63 61 L G4 Ly 65 69 L] 0.4 0.2
il 75 7l 76 T2 77 73 i8 74 79 1.2 o.H
Kob i B5 Bl BG BZ B7 83 .. B4 9 0.5 1.0
S ] | 92 93 91 05 Ut o7 i o LIRS ] 0.6
ER. 23]
_r >

B AR

EREREED

g g ip i
e
AT A

v

it

;

3apanue. OnpenenuTs peakliMy CTepKHEH, yaepxxuBaromux rpy3bl F1 u F2. Maccoii crepxHei
npereOpeub. CxeMy CBOETO BapHaHTa CM. Ha pUCYHKe. UHCIIOBBIC TaHHBIC CBOETO BapHAHTA B3SITh U3
TaOJIALIBL.
IpakTuyeckoe 3ansaTue Ne 2
«I1nmockas cucremMa Mpou3BOJIBHO PACTIONOKEHHBIX CHUI»

3HaTh TeopeMy llyaHco o npuBeeHUM CUIIBI K TOUKE.
YMeTh NpUBOAUTD MPOU3BOJIBHYIO MIIOCKYIO CUCTEMY CHUJI K TOUYKE, ONIpPeIesisi BEIMUNHBI [IaBHOTO
BEKTOpA U TJIABHOTO MOMEHTA CUCTEMBI.
3Hath TpH (POPMBI ypaBHEHUI paBHOBECHUS U YMETh UMH MOJIb30BATHCS NP ONPEIEICHUH peakluuii B
oropax 0amOYHBIX CUCTEM.
OcHoBHbIe GOpMYJIbI M NIPEANOCHLIKH pacyeTa

10



Bupl onop 6anok u ux peakiuu (puc. [12.1)

F F
PN L s
€ A

B
R x RJ.'
a) 777 6) 2

Puec. [12.1

MoMeHTHI maphl CHJT U CUJTBI OTHOCUTENIBHO TOUKH (puc. [12.2)

I'1aBHBIN BEKTOP

I'maBHEIN MOMEHT

VYcnoBus paBHOBECHS

[Iposepka:
i)
% ﬂ’llek}B ={.

n n
2. EFE: = D; %m{Fk]A = ﬂ; %m[Fk]H =0
[Iposepka:
n

Pacuemno-cpaguueckan paboma Ne 3

Omnpezenenne peakuii B oropax 0ajgouyHbIX CUCTEM IO IEUCTBUEM COCPETOTOUEHHBIX CHUJT ¥ TIap CHJT
3aganue. OnpenenuTh BETUYUHBI pEakluid B orope 3ameMieHHon 6anku. [IpoBectu mpoBepKy
MIPaBUIILHOCTH PEIICHUS.

11
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BapuanuT
IMapamoerp
1 2 3 <4 o L& T 8 a 10
1, kH 4 6 - 10 |12 |14 |16 |18 | 20 | 22
g, kH /M 2 2 2 2 2 3 3 3 3 3
m, kKH-m 5 10 |15 |20 |25 |30 |35 |40 |45 | 50
a, M 0,2 |0,2 10,2 10,2 |0,2 |0,3 |0,3 0,3 [0,3 10,3

Pacuemno-cpaguueckan paboma Ne 4

Onpezenenue peakuuil B onopax 0alo4HbIX CUCTEM MO JEHCTBUEM COCPEAOTOYEHHBIX CHII M ITap CHII
3aganue. OnpeaenuTh BeIMUUHBI peakluil B IIapHUPHBIX onopax Oanku. [IpoBectu mpoBepky

MIPABUJIBHOCTH PEIICHHUS.

= F o o I Lo d
A so [ JILLILIL 2 | alllllll] ) fses B
hrer orer W freve
-] £ _1;-_, b Za o e
al 7]
0/ v ; .
A L L Aeor o | fILILILLL hal” o
&1 2 _Il. F-l ni"' -] F g ']I- a
e ) =)
4 w o | e (TIITEITL
— — L & [ - B m‘iwn £ 2 - = l_ﬂ_’.‘ﬁw
P wl
Bapuant
Tlapamerp
1 2 3 4 2 G i 8 g 10
F,. wH 10 |20 |30 |40 | 50 |60 | F0O [ 80 |90 |100
g xkH/m |2 |2 |2 |2 |2 [4 |4 |4 |a]a
iy, KEH-n 15 |25 | 35 45 | 565 |45 | 356 | 25 |16 5
a, M 0,4 0,4 |04 |04 |04 |06 |06 |06 |06 |06
ez F, F oy F F
I o 2 so” |
"%‘a 2ex d’“é“ﬂ l ﬁ"ﬂ Sax ﬂ+
| d T ) 1 |
a) &)
Fy Fy F, e
] 5""6 l ! - |
”‘t"?d 2 i d+ﬂ ! n-'é'h"a 2:5 . 7] "&m
| 1 T (o 1 '1
-t )
Ky ) 2 e ol
1 T | !.(ds’ 5
Mﬁwiﬂ Zer Pra 3 ol i ﬁ"o 3a |a-m¢'-
= 1 | T g 1 d
e <)
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BapuanT

ITapasmerp
1 2 3 4 5 6 7 8 9 |10
Fi, xkH 10 |12 (14 |16 |18 |20 |22 |24 |26 |28
F;,kH |5 |55|6 (657 |75]8 [85] 9 |95
m, xH-m 14 |13 |12 | 11 10 9 5 T G 5
a, s 0,3 |0,3 |0,3 |0,3 |03 |02 |0,2 |0,2 |0,2 |0,2

IIpakTnyeckoe 3ansaTue Ne 3
«LlenTp TsxECTI»

3HaTh METOJIbI ONIPEICTICHHS IEHTPA TSHKECTH TeJa U IUIOCKUX CEUCHUH, (OPMYITBI [Tt
onpeaeneHus nojaoxenus LT miockux ceueHuid. YMeTh onpenensTh
MOJIO’KEHUE TIEHTPA TSHKECTU CIIOKHBIX TE€OMETPUIECKHUX (QUTYD, OTIPEIENIATh MOJIOKEHHE IIEHTPa
TSOKECTH (PUTYp, COCTABICHHBIX U3 CTAHIAPTHBIX TPOQIITCH.

OcHoBHbIe GOpMYJIBI M IPEANOCHUIKH pacyeTa

LenTps! TsKECTH NpocTeiux cedenuit (puc. 113.1)

B

h & // % 2
v w0 'ﬁ%////é e =35
b | 3
b
a) 6) 8)
Puc. I13.1

['eomeTprueckue XapaKTEpPUCTHKU CTAaHAAPTHBIX MPOKATHBIX npoduieii B [Tpunoxenun 2.
Metons! pacuera:

1 METOJI CHMMETPUH;
2 METO/I pa3/ieJICHHsI Ha MIPOCThIE YaCTH;
3 METOJI OTPUIATEIbHBIX TIIOIIAIEH.
KoopauHaThl IEHTPOB TSKECTH CIIOKHBIX U COCTABHBIX CEUEHUI:

L] m

2 Apz > Ak

0 0

e = = . — 4
[ A i Yo A 1

rae Ak — momaau yacteii ceuenus; xk, yk — xoopaunatel LT gacteii ceuenus; A — cymmapHas
IUIOIIAAb CEUEHHS,

[Tpumep 1.
OnpenenuTs NOJOXKEHNUE LIEHTPA TSHKECTH (PUTYpBI, IPEeICTaBIEHHON Ha puc.3.2
Pemenne
PazbuBaem urypy Ha Tpu yacTu:
_}‘L 20 eM 1 — npAMOYTONLHUEK,

Ay = 10-20 = 200cm?;
2 — TpeyroJnHHK,
Ay =1/2-10-15 = 75¢em%;
3 — xpyr, A3 = TR%;
Az =3,14-3% = 28 3cu?,
Puc. 3.2

NED
OO

R
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T ¢puryps 1: 1 = 10 eM; 1y = 5 oM.
T burypm 2: 22 =20+1/3-15=25em; 32 = 1/3-10 = 3,3 em.
UT durype1 3: x3=10cm; y3 =5 oM;
i 200-10+75-25—-28,3-10 A
200+ 75—-283 ' )

AHanoruydso omnpenensercs yc = 4,5 cM.

IMpumep 2.

OnpenenuTh KOOPAWHATHI IIEHTPA TSHKECTH COCTaBHOTO ceueHus. CeueHne COCTOUT U3 JIUCTA U
MPOKATHBIX TIpoduteit (puc. 3.3).

IIpumeuyanue. Yacto pambl CBapUBAIOT U3 pa3HBIX MpoQuiIeH, co3aaBas HEOOX0AUMYIO KOHCTPYKIIHIO.
Taxum 00pa3oM, yMEHbIIAETCs pacXo MeTaslia U 00pa3yercss KOHCTPYKIUS BBICOKOM MPOYHOCTH.
Jlnist cTaHAapTHBIX MPOKATHBIX Mpoduieil COOCTBEHHBIE T€OMETPUIECKHE XapaKTEPUCTUKH N3BECTHBHI.
OHu npuBOAATCSA B COOTBETCTBYIOIIMX CTaHIAPTaX.

Pemenue.
D b f O603Ha4nM (UTYypHl HOMEPAMHU U BBITTUIIEM U3 TaOJIUIL
A ;: e y HE00XO/IMMBIE JaHHBIE:
"';'fl'..fff:. f!r'}'f!!}'f{ﬁ 1 mBEJLICP Ne 10 (FOCT 8240-89), Beicota h = 100

| MM; IIMPUHA TOJIKH b = 46 MM; Tutomaab ceueHus Al =
lWseanep M 10 10,9 cMm2;
2 nByTtaBp Ne 16 (I'OCT 8239-89); Beicota 160 MmM;

Jl‘
: mupuHa noaku 81 mm; miomans ceuenus A2 — 20,2
i cM2;
Reyrasp Ne 16
Puc.3.3
Jucr $x 100
3 3 auct 5x100; TonmuHa 5 MM; IUPUHA

100mM; momians ceyenuss A3 =0,5« 10 =5 cm2.
Koopounamoer yenmpos msdicecmu kaxcoou ghucypbt MOACHO ONpedeums no Yepmexncy.
CocTaBHOE CEYCHHE CUMMETPUYIHO, TIOITOMY IEHTP TSHKECTH HAXOJIUTCS HA OCH CHUMMETPHH U
koopauHara xC = 0.

Migennep 1: y=a+ho+zp;y1=054+164 144 = 17,54 cuM.

ha
Onpenenenne Apyrasp 2: yr=a+ iy =05+ 16/2 =85cu. LIEHTpA TIKECTH

COCTaBHOI'O Jwer 3: ya=a/2=025cMm. CEYEHMS:
OwnbKa!
_ A+ Agys + Asys
Al +As+ 43

~10,9-17,54 +20,2-8,56+5-0,25

== = Iﬂ ¥
o= 109+202+5 ™

IMpumep 3
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Onpenenuts KOOPAUHATHI LIEHTpa TSHKECTU CEUEHUs, IIOKa3aHHOTro Ha puc. 3.4 a. CeueHne COCTOUT U3
IBYyX yroikoB 56*4 u mBeniepa Ne 18. BbIMOIHUTH NPOBEPKY NPaBUIBHOCTH ONPEECIICHUS OJI0KEHUS
LIEHTPA TSKECTH. YKa3aTh €ro MOJIOKEHNE Ha CEUEHUH.

Pemenune

1.
Pazo6nem ceuenue Ha nmpodriu mpokaTa: aBa yroika 56 * 4
u mBesep Ne 18. O6o3naunm ux 1, 2, 3 (cm. puc. 3.4 a).
2.
VYkaxkeM HEeHTPBI TSHKECTH KaX10T0 NPpoduIIst, UCTIONb3Yys
tabi. 1 u 4 mpwi. [, u o603naunm ux Cl1, C2, C3.
3.
Bribepem cucteMmy koopanHATHBIX oceid. OCch y COBMECTUM
C OCBIO CHMMETPHH, a OCh X TIPOBEIEM

Puc.3.4
gepe3 IEHTPHI TSHKECTH YTOJIKOB.
4.
OnpenenyiM KOOPAMHATHI IIEHTPA TSHKECTH BCETO CEUCHHS.
Tak kak och y COBIaaeT ¢ OCbI0 CHMMETPHH, TO OHA
oA 6 IPOXOIUT Yepe3 LIEHTP TKECTH ceueHus:, moaTomy XC = 0.
Koopaunaty YC onpenenum o ¢popmyiie
i Ay, + Ay, + Ay, ;

A+ A + A4,

[Tonb3ysich TabaMIIAMU MPUIIOKEHUS, ONPEAETUM IUIOIIAN KaXKA0T0 Mpo(uis U KOOPAUHATHI LIEHTPOB
TSDKECTH:

W

h™ ?",‘tll.\l
43¢

7
Z
rl
%

-

A =438 cM?, ¥, =0; 4, =4.38cm?, y,=0;
A3 = 20,? C-Hz, »n= %} 15 &Hm} - 1,52 + 1,94 - 3,.‘6 CM.
Koopaunatsl y1 1 y2 paBHBI HYJI0, TaK KaK OCh X TPOXOJUT YEPE3 LIEHTPHI TSHKECTH YTOJIKOB.
[ToncTaBuM NOTyYeHHBIE 3HAYECHUS B QOPMYITY JUIsl ONIPEACTICHUS V!
438.0+438-0+207-346 7162
ik - =243 cm.
re 438 + 438 + 207 2546 >

5. YKaxkeM LeHTp TSHKECTH cedeHus Ha puc. 3.4 a u o6o3naunM ero Oyksoii C. [Tokaxem paccTosHue
YC=2,43 cM ot ocu x o Touku C.
[TockonbKy yroJiku CHMMETPHYHO PACTIONOKEHBI, UMEIOT OJIMHAKOBYIO TUIOIIAIh U KOOPAUHATHL, TO Al
= A2, yl =y2. [Toatomy popmyina mist onpeneneanst Y C MOKET ObITh yIPOIIEHA:
Yo = Ay, + Ayy,y :
: 24, + A;
6. Bemmomaum npoBepky. i 3TOro 0Ch X MPOBEAECM 10 HIDKHEMY Kparo MoKy yroika (puc.3.4 6). Ocb
y OCTaBUM, Kak B repBoM pemieHuu. Gopmyssl s onpeaeneHus Xc U Yc HE U3MEHSIOTCA:
Xe =0; yo = 24,3, + Ay :
24, + A,
[Tnomanu npodumneit ocTaHyTCs TAKUMU K€, & KOOPAUHATHI LIGHTPOB TSKECTEH YTOJIKOB U LIBEJIEpa
WU3MEHATCA. Bimwuiiem ux:
A=A =438 eMi y + Yo = by — 7y = 5.6 - 1,52 = 4,08 cm;
Ay =20,7 oM yy = by + Zoquy = 5,6 + 1,94 = 7,54 cm.

Haxoaum KoopAnHATY EHTPA TSKECTH:

_2-438-408 + 207 - 754

40 2.438+207

ITo nHaitneHHpIM KOOpAMHATaM Xc ¥ Y HaHOCHM Ha pucyHok Touky C. HaiinenHoe aByms criocobamu
MOJIO’KEHUE IIEHTpa TSHKECTH HAXOAMUTCA B OJIHOM U TOil ke Touke. [IpoBepum 3T0.
Paznania mexay koopauaaramu Y C, HaiiICHHBIME TIPU TICPBOM M BTOPOM PEIICHUH, COCTABIISICT:
6,51 - 2,43 =4,08 cm.
DTO paBHO PACCTOSHUIO MEXTY OCSMH X IPHU TIEPBOM M BTOPOM PEIICHUH:

=651 cMm.
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5,6 -1,52=4,08 cm.

OtBet: Yc = 2,43 cM, eciM OCh X IPOXOIUT Yepe3 LIEHTPHI TSKECTH YIOJIKOB, UIU Yc = 6,51 cMm, ecnu
OCb X IPOXOJUT IO HUKHEMY Kparo IOJKH yroJIKa.

Pacuemno-cpaghuueckan paboma Ne5
Omnpeznenenue HeHTpa THKECTH GUryp
3ananue 1.0npenenuTb KOOPAMHATHI EHTPA TSHKECTH 3a/1aHHOTO TUIOCKOTO CEYCHHUS

1 2 3 4 5 6 T 8 9 |10
B,sx |100 {110 |120 {130 {140 |150 {160 |170 | 180 | 190
b, mm 60 | 7O |80 |90 |100 |110 {120 {130 {140 |150
H, s 80 |90 (100 j110 120 |130 |140 {150 |160 {170
h, s 50 |60 |70 |80 {9 |100 {110 |120 |130 |140
R, »m 20 |25 |25 |30 |30 |40 |40 |SO | SO |60

3apanmue 2. OnpenenuTs KOOPAUHATHI LICHTPA TAKECTU COCTABHOTO cedeHusl. CeueHus: COCTOSIT U3
JIUCTOB C TIOTIEPEYHBIMH pa3Mepamu, a X 6 u npokatHbiX npoduieit mo 'OCT 8239-89, T'OCT 8240-89
u I'OCT 8509-86. Yronok BeIOMpaeTcsi HAMMEHbIICH TOMIIUHBL. PazmMepsl cTaHaapTHBIX Mpoduiiel B
[Ipunoxenun 5-7 .



BapuanTt
TMapasuerp
1 2 3 4 5 6 T 8 9 10
Ne mipennepa | 18 |18a | 20 |20a | 22 [22a | 24 |24a | 27 30
Nt gpyranpa | 18 |18a | 20 |20a | 22 |22a | 24 |24a | 27 30
Nt yronxa B - 9 9 10 10 11 11 12,5 14
a, MM 180 (200 (200 |220 |220 |240 |240 |260 | 270 |300
&, mana 5 5 5 5 5 5 6 [ 6 6
; + =
| |
| |
| |
'% | ? |
a) ! &
w
[ 4
I = = I %l====—
a) 1 z)
| =
a i -] |
| |
| |
| L |
a e)

IIpakTHyeckoe 3anaTue 4

«Kunematuka touku. [Ipocreiiime BUIbI JBMKEHUS TBEPIOTO TEIIA»

3HaTh GOPMYJIBI TSI OTIPE/ICIICHUS TApaMETPOB MOCTYIATEIBHOTO U BPAIIATEIBHOTO JIBUKCHUHN U
KHHEMAaTH9IEeCKUE TPauKy.

YMeTh onpenensTh KHHEMAaTHIeCKHEe apaMeTPhI Tella TPHU MOCTYNATEeIbHOM H BpaIlaTeIbHOM
JBUKCHUSIX, ONIPENICIATh ITApaMETPhI JIF000M TOUKH Tea.

Vxkazanus.

B HEeKOTOpBIX BapHaHTax MPH ONPEICICHUN TPACKTOPUH CIICTYET yUIeCTh U3BECTHBIC U3 TPUTOHOMETPHH
bopMyIIBL:

sin ‘e +cost@=1cos2a=1-2sin ‘@=2cos’@—1cos2a=1-2sin" @ =2cos’ -1

sin 2o = 2sin & -cos

KacarenpHOE ycKOpeHHE MOXHO HaXOAHUTh IO popmyie

18



v.o-a.+u -a,
o = ] ;

v
IIpumep
JlaHbl ypaBHEHUs IBUKEHHSI TOYKH B INIOCKOCTH XVY:

i 3
x=—2cos—r+3 v=2sin —r—1
4 8

(X, y - B MeTpax, t - B CEKyH/1ax).
Onpenenuts ypaBHEHUE TPACKTOPHH TOUYKH, JUII MOMEHTa BpeMeHH t1= 1 c. HaiiTu CKOpOCTh U
YCKOpPEHHE TOYKH, a TAK)KE €€ KacaTelIbHOEe M HOPMAJIbHOE YCKOPECHHUS U PaInyC KPUBU3HBI B
COOTBETCTBYIOIIEH TOUKE TPACKTOPHH.
Pemenne

1. Jlnst onpeneneHus ypaBHEHUs TPACKTOPUH TOYKU MCKIIIOYAeM U3 ypaBHEHUN JABHKEHHUS t.
[TockonbKyY t BXOAWUT B apTyMEHTHI TPUTOHOMETPHIECKUX (PYHKIIUH, T/Ie OJTUH apTyMEHT B/IBOE
OouiblIIe JPYroro, UCIOIb3yeM (opMyIry
=1-2sin"| —¢

\ 8
W3 ypaBHEeHHI ABIKEHHUS HAXOAUM BBIPKEHHS COOTBETCTBYIOMINX (DYHKITUI U TIOJICTABIISIEM UX B
IpeabIIyIee BHIpaXKCHUE:

A T

-
Y — 1 — Fejy - L4
cos2ax=1-2sin " & 4

(T} 3—-x
cos —1f|=
L4

"2

OKOHYATEIBHO HAXOIUM
y=ly+1) +1
CrpouM rpaduk 3Toi GyHKINH, TPEACTABISIOMNNA CO00H B TJaHHOM cilydae mapadoiry.

1[0 N R R g i'—r"j

1 |- = e l__._,l
_{E.‘ I _: i R [ .
= TR R

- — “f
1
|

i -

Onpenenum MoyI0KeHUE TOUKHU Ha TPACKTOPHHU:

T -
xlt =t)=—2cos—+3=159

L

. T
vie=r)=2sin ——1=-0.23
M.
2. CKOpOCTh TOYKH HAHEM I10 €€ MPOSKIIHSIM Ha KOOPIUHATHBIE OCH:

2

I[lput=1c
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v =111m/c, v =073 M, v=133 m/c
[TokaskeM Ha PUCYHKE MOJIOKECHHE TOYKH TPH t=t1, BEKTOP CKOPOCTH U €T0 COCTABIISIOIIHE.
3. AHaJIOTMYHO Hai/IeM YCKOPEHUE TOYKH:

dv. ™ [m1) dv, 1 . [1)
a, =—2="cos —t| a,=—>=—sin —¢

dr g w4 ). T ar 32

IIput=1c
w2, Ay 087 a =)’ a=0388
4, KacaresbHoe ycKOpeHue HaiieM 110 Gpopmylie

La, +b.a,
{‘If: ==
L

[loncraBnsis paHee HailIeHHbIE YUCIIOBbIE 3HAUEHUS, TIOTy4aeM
_111-087+0.73-(-012) _ 0.66

1.33 m/c2

5. HopmanbHoe yckopeHue

a, =058
[Ipu t =1 c. momy4yaem U m/c2
N300pa3um BEKTOp YCKOPEHUS TOUYKH M €T0 COCTABJISIFOIIHE, Tpudem HpaBI/IHBHOCTB

a. . a. . - 0. =
PEIICHUA KOHTPOJIHMPYEM KaK IO COCTABJISTOIIUM U TaK " 110 I/ilr 'IFC

Iy

™ X
vt

p=—
6. Paanyc KpMBU3HBI TPAEKTOPUU .
[ToncTaBmnsist YMCIEHHBIE 3HAYEHUS, HAXOIUM

= 13_3 =305
0.58 M.

Orger: Y =133 e, 4= DESM/CZ a. = GjﬁM/Cz’ a,= G=3SM/c2, p=305

Pacuemmno-cpaghuueckan paboma Ne6

Omnpeznenenre napaMeTpoOB MOCTYMATEIFHOTO U BPAIaTEIFHOTO IBUYKCHUS Tela

3aganue.1 Ilo 3aaHHBIM ypaBHEHUSM JBM)KCHUS TOUKH M HalTH M N300pa3uTh HA PUCYHKE BUJI €€
TPACKTOPHUU U JIIsl MOMEHTa BpeMeHHU t = t, (C) HaliTH MOJI0’KEHNE TOYKU Ha TPAEKTOPUU, €€ CKOPOCTh,
TIOJTHOE.

3aganue 2. KacarenpbHoe 1 HOpMaJIbHOE YCKOPEHHUSI, & TAKKE PAANYC KPUBU3HBI TPACKTOPUU B
COOTBETCTBYIOIIEH TOYKE. YKa3aTh HAa PUCYHKE BEKTOPHI CKOPOCTH U YCKOPECHHSI, & TAKXKE BCE
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HAWJICHHBIE B XOJI€ PELICHMS 3a1a4d UX KOMIIOHEHTHI

IIpakTu4yeckoe 3ansaTue Ne 5
«PaboTa 1 MOIIHOCTb.
OO1u11e TeopeMbl TUHAMUKI

3HaTh 3aBUCUMOCTH JIJIs1 ONIPEEIICHUS MOIIHOCTH MPU MOCTYNATEIbHOM U BPAIIATEIIbHOM JABUKCHUSX.
KITJI.
3HaTh OCHOBHBIC YPAaBHEHUS IMHAMUKY TMIPH MTOCTYNATEIbHOM M BpallaTEIbHOM JIBMOKEHUAX TBEPIOTO
TelAa.
YMeTh pacCUUTBHIBATh MOIIHOCTh C YY€TOM MOTEPh HAa TPEHUU U CUJT HUHEPLIHH.
yMeTb OHpCI[eJISITL HapaMeprl JOBUXKXCHUA C ITIOMOIIBIO TeopeM JOTUHAMUKHA.
PacuetrHbie (hopmy.ibl
MOoOUIHOCTB NMPHU MOCTYNATEIIBHOM JABUKEHUU

P=Fvcosa,
rae F — nocrosinnaas cuna, H; v — CKOpoCTh ABMIKEHUS, M/C; 0L — YTOJI MEX/Ty HAlPaBICHUSIMU CUJTBI
148 HepeMeH_leHI/ISI.
MoUIHOCTh NMpHU BpalllEHUN

P =Mo,

rae M — Bpamarommii MoMeHT, HM; ® — yrioBast ckopocTs, paj/c.

Koadduruent nonesnoro aecTpust

Pron

K= F=r

rae Prion — nosne3nas MouHocTh, BT; P3aTp — 3aTpadueHHas MoOmHOCTh, BT

Cuna unepuuu
Fuan=-ta,

IJie a — YCKOPEHHE TOYKH, M/C2; T — Macca, KT.

OcHOBHbBIC YPABHEHUS] JTMHAMHUKHU
[TocTynarenbHoe ABMxKEeHUE TBepAoro tena: F = Ta.

Bpamarensnoe aBuxkenue TBepaoro tena: Mz =J e, rae
Mz — cyMMapHbIii MOMEHT BHEIIHUX CHUJI OTHOCUTEIBHO OCU BpauieHus, Hu;

J — MOMEHT HHepUUU OTHOCUTEIBHO OCH BPAILIEHHUS, KT M2

€ — YIJIOBOE YCKOpEeHue, paj/c2.

IIpumep 1. I'paduk nuzmMeHeHus: CKOpocT nudTa npu
noabeMe u3BecTeH (puc. 5). Macca nudra ¢ rpyzom
2800 kr. Onpenenuts HaATSKEHUE KaHaTa, HA KOTOPOM
MoJIBEIIeH JIN(T HA BCEX yYaCTKAX MOIbEMA.

ie Puc.5

Puc.5.1
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Pemenue
1. PaccMoTpum yuyacTtok 1 — noabem ¢ G YCKOPEHHUEM.
CocraBum cxemy cui (puc. 5.1). Fu

VYpaBHeHUe paBHOBeCHUs KaOWHBI JUPTa:

-

2 F,=0, T =G~Fu, =0,T1 =G+ Fou;, = mg +ma,;
rne T — 0 HaTsoKeHue kaHarta, G
— CHJIA TSKECTH;

Fun — cuita uHepuuy pacTaruBaroas KaHar.
Jns onpenenenust ycKOpeHUs Ha y4acTKe | yuTem, 4To ABMKEHUE HA 3TOM YYaCTKE PaBHOIIEPEMEHHOE,
CKOPOCTh
v = g+ al; vg = O

CrnenoBaTenbHO, YCKOPEHUE:

g =—=— ;=125 t-,:,.’cz.

OnpepensieM ycuine HaTsDKEHUS KaHATa MPU MOABEME C YCKOPEHHEM
T1=2800(9,81 + 1,25) =30 968 H;
T1=30,97 xH.
2. PaccMOTpuUM y4yacTOK 2 — paBHOMEPHBII MOABEM.
I=-G=0; Th=G=mg;

Ty = 2800 9,81 = 28 xH.
YckopeHue 1 cuila HHEPLMM paBHbI HYI0. HaTspkeHne kaHaTta paBHO CUIIE TSKECTH.

3. YyacTok 3 — noabeM ¢ 3aMeIIeHUEM. Y CKOPEHHUE HAIPaBJIEHO B

al o Fioe CTOPOHY, 0OpaTHYIO HampaBleHuIo noabeMa. CoctaBuM cxeMy cui (puc. 5.2).
T YpaBHEHHE PaBHOBECHS:
Fun+T3-G=0
r Puc.5.2
Otcroma
G T3=G - Fun3= mg - ma3
Yckopenue (3aMesieHne) Ha ’TOM y4acTKe ONPeAeIeTcsl C y4eTOM TOro, YTO L
=0 )
tg+agts=0; a3= ——l:l—u-; a3 = = ufl:z.

ts G

HaTSDKeHI/Ie KaHaTta HpI/I 3aMCJICHUU 10 OCTAHOBKHU:

T3 =2800 (9,81 — 5/6) =25 144 H; T3 =25,14xH

TaKI/IM o6pa30M, HATSODKCHUC KaHAaTa MCHICTCA HpI/I KaXXI0M IMoAbEME U OHYCKaHI/II/I, KaHaT BbBIXOJIUT U3
CTpOS[ B pe3yﬂLTaTe yCTaJ'IOCTI/I MaTepI/IaJ'Ia. Pa6OTOCHOCO6HOCTB 3aBUCHUT OT BpeMCHI/I.
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Hpumep 2. [locae orkmovenns OIBATATENS Kogeco pammycoas 0,5 a0
u maccoft T00xr Mmeno yraosymoo “acToTy Bpa-
wenua 300 o6 /v, Onpenenute MoMenT Tpenns
B MOQIMITHUKAX, eCIH BaJl KOJecA OCTAHOBWICS
qepes 1,5 vuH. Bpamesawe npuraTe paBnonepe-
MEHHBIM, KOMECO CYHTATS CIAOUIHLIM LM THH IDOM
(pme. 17.9).

Pewernue

1. 3anumem ypasHeHue JHHAMMHKH PR Bpa- P
LIeHM]: S

rae My — cyMMAPHEIR MOMEHT BEEWIHNX CiTl; J — MOMCHT HHEDUINN:
£ — yrnosoe yckopeume; M, — nemxyuori mostenT; M., — moment
Tpenns (cun conpoTusnenus).

2. Onpenenus ¥yraoBoe yCKopeHne o GOpMyTe LIS VTI0BOE CKOpO-
CTH NPH PABHONEPEMEHHOM MBMACHIN:

w - 300
30

w = wop+et; w-%: Wy = = 31,4 paa/fc; w = 0 (ocranoaxa).
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Tormaa

L 31.4 ]
r o= =y g 15.60 0,35 pan/c”.

3. Onpenemms MOMEHET MIePINK KOMeCa, CHMTAR ero CTLIOMIMEIA W —
Jm‘“ﬁ": rz 2
z -
T = m.z - mzu'd = 87,5 xr-m>,

4. Onpencnncm peamMMEY TOPMOIHOIO MOMEHTA — MOMCHTA TPCHNR
s poanummnmamekax: Ay, = 0; —AM.p = Je;

—Af,y, = 87,5(—0,35); My, = 30,625 H-a.

INpasep 3. llxus opreaoanToes BO BPAILEHNE PDEMEHROR Depensgesy
(prc. 17.10). Harmmenne peayuredi peren pemuas S; = 120 H, penossoro
— 53 = 50 H. Macca muxusa 200 xr, auasmerp 80 My, MOMCHT cOonporm—
praeana » nomunnarkax 1,2 H-m, Onpeneants yraonoe yoKoOpeHne BasTa
npenetperas ero smaccoit. [llkus cuRTATE TOMKOCTOHNLIM LIHANMAPOM.

Pewenue

= s 1. Mcnoas3yos ocHOBIIOS YPaBHCIINe TH-
u/' = masmxn My = Te.

2. Omponenses CYMMAPHLE MOMeRT

DHCIIHMX CItJ

S Mz = 515 — $25 — Meoap:
Puc. I7.10

Mz =120.228 50,098 5o

3. PaccumTmBacs MOMCHT MHEODLMKM IIKHBA, RIIMSHINCM BANA Tpeme-

Giperars:

a
T = mr?; J =200 (%‘E) = 0,128 xr-m3.

4. Oppenenses yraonoe YCXOPEHEE LLIKKBA

B A __ 2
£ 7 £ == 0.1 12,5 pana/c*“.

Pacuemno-epaghpuueckan paboma Ne7

Pacuer MOIIHOCTHU C y4eTOM MOTEPh HAa TPEHUE U CUJI HHEPLIUU

3aganue . CkopocTh KaOMHBI TU(Ta MACCON T U3MEHSIETCS COrIacHo rpadukam. OnpeaenuTh BETHINHY
HaTSDKEHMsI KaHaTa, Ha KOTOPOM MOJBEIIEH JIUQT, pH noabeMe U onmyckaHuu. [To MakcumanbHOM
BEJIMYMHE HATSDKEHHS KaHATa ONPEACTUTh MOTPEOHYI0 MOITHOCTh 3JIEKTPOIBUTATEIIS.
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e F] dq'Jl- T J___’g_ - 3 4 ﬂ‘: ") ‘_E - T 4 B 5 0 I.,l-:
:':"'-,-1 PT-..M
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z ]‘l
I Ii- ‘ :!
s T T T T ,}; T & & 8w r}:
&) : o
[TapaseTp i o
1 2 3 4 3 6 T 8 9 10
Maceca m, xr |500 | TOO |750 | 800 |600 | 800 {600 | 450 | 900 | 850
KILI sexawwasa| 0,8 10,75 | 0,8 10,75 |08 |O,75 |08 |0,75 | 0,8 |0,75

PexomMeHnaanum no BHINOJHEHUIO 32 JaHUS.
1. Ucnonb3ys npunuun lanambepa, onpeaenuTh HaTSXKeHUE KaHAT KaOUHbI T Ta Ha KaXI0M

Y4aCTKC IBHUKCHHUA

2. OnpenenuTh MaKCUMAIHbHOE HATSDKCHHUE KaHaTa.

4. Ilo MaKCUMAJIbHOMY HATSKCHUIO KaHATa ONPCACIINTG MAaKCUMAJIbHYIO l'IOTpC6HyIO MOIIIHOCTD AJIA

oJrbeMa Tpy3a.

5. Ilo 3agaHHOI BEeIMYHHE KHI[ MCXaHU3Ma OIPCACIINTbL MAKCUMAJIbBHYIO MOIIIHOCTL ABUTATCIIA.

Pacuemmno-epaguueckan paboma Ne8
Onpenenenue napaMeTpoB JBUKEHHSI C TIOMOIIBIO TEOPEM TUHAMHUKHI

BapmanT
Mapaserp
1{2{s|a|s|efl7]8]9]10
d,m |045]0,45|0,55{0,45|0,36|0,35|0,28 | 0,30| 0,32 0,34
m, KT 35 45
I ]u.aﬂ_ﬁ,ﬂ 0,42(0,35|0,45 0,44 |0,43|0,36|0,37| 0,38

3apanmue. [IIkuB Maccoil T TOPMO3UTCS 3a CUET MPIOKATHSI KOJIOAOoK cuamu 2 kKH (puc. 8).
Onpenenutb BpeMsi TOPMOXKEHUS IIKUBA, €CJIM B MOMEHT HaJIO’KEHHUS KOJIOAOK YacTOTa BpallleHUs
mkuBa paBHa 450 o6/MuH. [Ipy pacyeTe MIKUB MPUHSATH 3a CILIONIHOW TUCK. J[BYDKEHUE CUUTATH

paBHO3aMCIJICHHBIM.
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Puc. 8

Pexomenganum no BBINOJIHEHUIO 32/IaHHUS.
1. ITo BenmmuMHe yCHIINS NPUKATUS KOJIOJOK K TUCKY U 33JaHHOMY KO3((UIIMEHTY TpeHUs
OTIPEAEIUTH MOMEHT TPEHUS KOJIOOK.

2. OnpenenuTb MOMEHT MHEPLIUU TUCKA.

3. Ucnonb3ysl OCHOBHOE ypaBHEHHUE JUHAMMKH, OIPEIEIUTDH YTI0BOE YCKOPEHHE (3aMeJIEHHE)
IIPU TOPMOKEHHH.

4. U3 ypaBHEHUsI CKOPOCTHU IPU PaBHOIIEPEMEHHOM JABM)KEHUHU ONPEAEIIUTh BPEMsI TOPMOKEHHUSL.

IIpakTyeckas padora Ne6
«Pacyer Ha MPOYHOCTH U JKECTKOCTh MPHU PACTSHKEHUH U COKATUN

Omnpenenenue nMpoaoabHON CHIIbI Ni peKOMEHAYETCS HAYMHATh CO CBOOOTHOTO KOHIIA CTEPIKHSI, TaK KaK
3HaYEHUE PEAKTUBHOI CHUIIBI B 3aJI€JIKE HEM3BECTHO (JIMOO MpEeABAPUTEIHHO ONPEACTUTH 3HAUCHUE
peakuuu B 3ajeike). s onpeaeneHus npo1osibHOM cuiibl Ni Ha KaXI0M YYacTKe HCIOIb3yIOT METOA
CEUCHUH, pyKOBOJICTBYSChH MPABUIIOM: MIPOIOJIbHAS CHJIA B TFOOOM CEUYEHUHU CTEPXKHS paBHA
anredpanvyeckoi CyMMe MPOEKIMM BCeX BHEIIHUX CHJI, PACIIOJIOKEHHBIX IO O/IHY CTOPOHY OT CEUEHUS
Ha OCh CTEPIKHS:

& el
COTOpRRE

N= 3F

I
W CEUEMIEN

[IpononpHas cuiia cuuTaeTcs MOJ0KUTENBHOM, €CIIM OHA COOTBETCTBYET Ae(POpMalK PaCTSKEHUS U
OTPULIATENIHOMN, €CTI OHAa COOTBETCTBYET Aedopmariun cxarus. Koadduments! 3amnaca npoyHOCTH
YYaCTKOB CTEPKHS I XPYIKUX MaTepHalIOB ONPEAEISIOTCS C YUYETOM BUJa AedopManuy Ha yJacTKax
(pacTsokeHHe WK CxkaTHe) 1o popmye:
ni = 6B/0l,
7l G1 — HallpsDKEHUE Ha 1-M yJacTKe CTepXKHS;
OB — IIpeJiesl MPOYHOCTH MaTepHala Ha cyKaThe WU pacTsKeHHe (COOTBETCTBEHHO GBCXK WIIH GBD).
JUJ1s1 OLIeHKM POYHOCTH CTEPXKHS HEOOXOAMMO CPaBHHUTD JACHCTBUTENbHBIN K03 (HUITMEHT 3amaca
MIPOYHOCTH Ni € IOMyCKaeMbIM K03 GUIMeHToM 3anaca npodHocTd [n]. Caenars 3aKI0YeHue 0
IIPOYHOCTH.
Jl1st KOHKpeTHOTO 3HaueHus [n] (BBIOPATh CAMOCTOSATEIBLHO) OMPEACIIUTh, HACKOJIBKO JEHCTBUTEIbHAS
Harpyska Ha CT€p)K€Hb COOTBETCTBYET €r0 Harpy304HOW CIIOCOOHOCTH:
o.-[o]
Ag, =—F——
o]
riae [6]— nonyckaemble HapsHKEHUS 71 MaTepuaia CTepKHS.
CooTBeTcTBEHHO, Ipu AedopMalu pacTsikeHus [6] = [op] = oBp / [n];
npu nedopmanuu cxatus [6] = [ocxk] = oBCX / [n].
Ha ocHOBaHuM BenMYMHBI 3HAYEHUS AGI MOKHO C/IeTIaTh BBIBOJ O PallMOHAILHOCTH 3a/IaHHBIX
pa3MepoB CTepKHS (JIomycKaeTcsl PeBbIlIeHUe Harpy3ku He 6osee 5%, AomyckaeMblid HEAOTpy3 — HE
oonee 15%).
BbIBO/ 0 panimoHaIbHOCTH pa3MEpPOB CTEPXKHS JieraeTcs 1o Haubosee onacHoMy ydacTtky. [loctpoenue
SMIOPHI NIPOAOJIBHBIX MIEPEMEIIECHNN CIIETyEeT HAUMHATD OT 3a/1€JIKU CTEPXKHS, T1€ IPOI0JIbHBIE
nepemenieHust oTcyTcTBYIOT (AlQ = 0). [lepemenienne kakoro-1moo ydactka (i) CTEp>KHsI OTHOCUTEIBHO

3aACJIKU OMPCACIIICTCA KaK
N, 1
Al =Al_, + 5%
A4 -E

1002
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rac

Ali-1 , Ali — nepemenieHns Ha4aIbHOTO U KOHEYHOT'O CEUEHHs paCCMaTPUBAEMOr0 yyacTka (1) CTepxKHS;
Ni — mpoJobHas cuila Ha pacCMaTPHUBAEMOM YYaCTKE CTEPIKHS;

Al — TUIOIAaah CEYEHUS pACCMAaTPUBAEMOTO YUACTKa CTEPIKHS;

li — nMHA paccMaTpUBaEMOro y4acTKa CTEPIKHS;

E — momyne FOHra marepuana crepyxssi.

Ilopsinok BbINOJHEHNS

1. BeluepTuTh CXEMY CTEPIKHS CO BCEMH YMCIEHHBIMU JaHHBIMU. ONpenesnTs BHYTPEHHHUE
npoosibHBIe CHITBI Ni Ha KaXKI0M y4acTke. HauepTuts cxeMy ¢ 3Mropoil BHyTPEHHUX CUIT

Ni.

2. OnpenenuTh HAPSHKEHUS Gl Ha KaXI0M ydacTke. HauepTuTth cxemy ¢ 31mopoid HanpsHKeHui oi.
3. Onpenenuts aedopMany Kaka0ro ydactka crepxkss Ali 1 ero noyiHyo aegopmanuto.
Haueptuts cxemy c smtopoit nepopmanuii Ali.

4. Onpenenutb KOXPPHUIMUEHT 3amaca NPOYHOCTH CTEPXKHS ¢ yU4eTOM BHa AedopManu Ha
ydacTKax (pacTsbkeHHue WiK cxaTtue). OLeHUTh 3anac MPOYHOCTh CTEPKHS Ha ONACHBIX ydacTKax.
JlaTb 3aK/IH04EHHE O POYHOCTH.

5. J1aTb 3aKJIIOUYEHUE O PAllMOHAIBHOCTH Pa3MEPOB CTEPKHSI (HEAOCTATOYHAS IIPOYHOCTD

WX 3HAYUTEJIbHBIA HEOTPy3).

IIpumep:

i LT
11— Jlano: F1 = 80 kH; F2 =70 xkH; F3 =40 xH; 11 =1,0 M; 12 = 13
f—'—"'i ~Fy— . F =0,5M; A=10cMm 2 ;
1 MaTepuan crepxkus — auyryH CH15: E = 0,9%105 MIla;
0 b L b oBp = 150 MIla; oBcx= 650 MIla.
| Haiiru: a) onpenenuTh aehOopMaIHio
Y CTEpIKHsT; 0). OIICHUTH TIPOYHOCThH CTEPIKHS
Pemenne:
1. Pa306uBaeM cTep:KeHb Ha yYacTKH, HAYWHAs CO CBOOOJHOTO (HE
Nyl s F: 3aKPEIUICHHOT0) KOHIIA, U OTIPEIeIIsieM BEIMYUHY MPOAOIBLHOMN
cuiiel Ni B pesienax KakJJoro yyacTka ¢ y4eToM MpaBuiia 3HAKOB
I yuactok: N1 =F1 =80 kH;
IT yuacrok: N2 =F1 - F2=80-70=10 xH;
T Y < [ R F 2% I yagactok: N3 =F1 —F2 -F3=80-70-40=-30 xH.
Puc.6.1

I, Ni .
sraox CTPOHM 3ITIOPY MPOA0MbHEIX cr Ni (prc. 6.1).

2. OmpenensieM BeIMYUHY HaNpsHKEHUH S1 B Ipeienax

+

E_

: KakJI0r0 yJacTKa
i . o I yuacroxk:
O mmpeaedm - s1 =N1/ Al =280-103 /(2-10-10-4 ) =40-106 TTa = 40 MIIa;
. #‘ & II ygacTok:
o

s2=N2/A2=10-103 /(2-10-10-4 ) =5-106 ITa = 5 MI1a;
8 ogy I Ali III yyacTok:
@ ™ s3=N3/A3=-30-103 /(1,5-10-10-4 ) =20-106 Ila = -20 MIla.
e CTtpoum >1K0py HanpsokeHui si (puc. 6.1).
3. OmnpexenseM nedopManiy KaX0r0 y4acTKa CTEPIKHS
Ali, HauMHAs OT 3aJIEJIKH, TaK KaK TaM MPOJI0JIbHBIC MepeMeIieHus: oTcyTcTBYIOT (Al0 = 0)
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Crpoum smtopy nedopmanumii Ali (puc. 6.1).
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=—0.11- 107 =011 s

Nsoly o, =30 17 .05
A-E L5-10-107" .09 10"
Al, = Al + i: ~0,01-107% + 19: “fl Al — =010 + 0,02 107 ==009-107" =009  wam;
A, E 200107 -0.9-10"
. i
Al, = Al + u: =09 10" + ’m"r'? 10 =000 10 +022:- 107 =043 107 =013 um.
i -k 200-107 .09 10"
4. OnpenensieM Kod(hPUITUEHT 3armaca MPOYHOCTH U OIICHUBAEM MTPOYHOCTH CTEPIKHS B
npenenax kaxzaoro ydactka ([n]=2,0...5,0):
I yqacTok: cTep)KeHb pacTsATruBacTCs
nl = oBp /61=150/40=3,75 > [n] — ycnoBHE NPOYHOCTH BHIIOIHACTCS;
II ygacTok: cTepKEeHb pacTATMBACTCS
n2 = oBp /62=150/5=30 > [n] — ycii0BHE MPOYHOCTH BBIMIOJIHSIETCS;
III yyacTok: cTepKEHb C)KUMAETCS
n3 = oBcxk /63=650/20=32,5 > [n] — ycnoBHe MPOYHOCTU BBITOTHSIETCS.
5. OuleHrBaeM parMoOHAIBHOCTh Pa3MEpPOB CTEPKHS B OMMaCHOM ceueHuu. [Ipumem [n]=
3. OnacHoe cedeHue - [ yuacTok.
JlormyckaemMoe HalpsbKeHHe TIpH pacTsbkeHuu: [op] = oBp /[n] = 150/3 = S50MI]a.

Henorpys crepxus

40 - 50

Ao = A 100% = 20% > 15%.

(T

Pacuemno - zpaghuueckan pavoma Ne 9

Pacyer cTynmeHuaToOro cTeps>KHs Ha MPOYHOCTH M KECTKOCTh MPH e(hOpMaliU PACTSHKEHUE U CKATHE
3aganue. OUEHUTH POYHOCTD XPYIKOTO CTYIIEHYATOTO CTEPKHS MPH 1ehopMaliuy pacTsHKEHUe
(cxatue). OnpenenuTs 1eOpMaLnIO CTEPHKHS.

CrepxeHb n3roronieH u3 uyryna CH35:

MOJTyJIb TPOJIOILHOM yIpyrocTu Marepuaia ctepxkus E = 1,4%105 Mlla;

npees NPOYHOCTH NpH pacTsbkeHuu: oBp = 340 MlIla;

npu cxatuu: oBcxk = 1100 MlTa.

Jomyckaemblii K03 GUIMEHT 3amaca CTaTHYECKOW MPOYHOCTH [N] BEIOPATh CAaMOCTOSATEIBHO (1715
XPYIKUX MaTtepranoB npuauMaeM [n]=2,0...5,0). Becom crepxxHs npeHeOpeyb.

Cxema crep:xHs npuBezieHa Ha puc. 9.1. Jlanuble /u1g pacuera npuBeaeHbI B Ta0I. 9.1.

Tabmuna 9.1

Ne papuanra F 1 kH F_-.T:H mll A,ew’ lm Lim lim
1 I3 80 110 30 0.3 04 0.2
1 30 15 |00 2 0.1 0.3 0.4
3 45 63 125 24 04 0.5 0.1
4 b0 60 120 26 0.3 0,1 0,6
5 75 50 35 28 0, 0,3 0.5
b 90 43 30 30 0,3 0,2 0.2
7 105 35 50 32 0,3 0,3 0.3
8 120 i0 45 34 (.5 0.2 04
9 135 20 65 36 0,1 0.5 0.3
10 130 13 6l 40 04 0,2 0.6

Puc. 9.1
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IIpakTyeckas padora Ne6.1
«[IpakTHUeCKHe pacyeThl Ha CPe3 U CMATHE»
CMsATHE U C/IBUT SIBJISIFOTCS] pa3HBIMU BUAAMU J1ehOpMaIiiH,

MPUBOISAIIMMHU K PA3IUYHBIM BUIaM pa3pylIeHUs

KOHCTpYKUHUH (puc. 6.1). OnHako Ha MpaKTUKE 3T J1Ba BUA

nedopManuu 0OBIYHO JEHCTBYIOT OTHOBPEMEHHO H,

COOTBETCTBEHHO,

Puc.6.1

pacyer Ha CMSITHE U CABHUT OCYIIECTBIISIETCS COBMECTHO.

CwMmsiTHe — BHJI KOHTAaKTHOTO Pa3pylICHHUs TOBEPXHOCTHU U3/EIHs, BEI3bIBAEMBIN 1EHCTBHEM

HOPMAaJIbHBIX C)KUMAIOLIUX CHJI B 30HE KOHTaKTa (HallpuMep, CMITHE MOBEPXHOCTHU JETalu MO TalKon

Y TOJIOBKOH 007Ta).

YcnoBre NpoYHOCTH HAa CMATHE B OOIIEM BUJIE
F,

= 4‘.'“ = [ﬂ'—}r'."‘ rae

M

F

Fem — cxxumaromias cuina, HopMasabHasi K IOBEPXHOCTH CMSITHS;
AcM — mIom@aak, Mo KOTOPOM MPOUCXOIUT CMSTHUE;
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[G]CM — JOIIYCKACMbIC HAITPAKCHHUA HA CMATHC.

JUJ1st IPOCTOTHI PacyeTOB MPEATIONIATAIOT, YTO HANPSHKSHUS CMSITHS PACIIpeIeNICHBI TI0 TUIOIAaAN
KOHTaKTa paBHOMEpHO. Eciu conpukacaroTcs AeTany U3 MaTepHaioB pa3HOM TBEPAOCTH, TO pacyeT Ha
CMSITHE OCYILECTBIISIETCS JUIsl IeTaJld U3 HauboJsee MATKOro MaTepuania.

Cpes — BuI pa3pylleHHus, BbI3bIBaeMblil leopManyeit ciBura.

VYcnoBre Npo4HOCTH Ha Cpe3 B OOIIEM BUJIE:

2
T = -‘LP i[rll,,._,

Qcp — casuraromas (epepe3bIBaroiias) CUia,
Acp — momiaipb, Mo KOTOPOH MPOUCXOUT CPE3;
[t]cp — momyckaemble HAMPSKEHUS Ha CPE3.
IMopsiiok BHINIOJIHEHMSI
1. U3 pemenns p-r.p «PacueTr cTyneH4aTroro cTep kHsl Ha IPOYHOCTh U )KECTKOCTh IpU
nepopMali pacTsHKEHHUE U CHKaTHe) BBITUCATh 3HAUEHUS HOpMaIbHOM cHiIbl Ni U JuamMeTp
crepxHs di B orope
2. U3 Ipunoxenus 1 BeImucaTh 3HAYEHUS JOIMYCKAEMBIX HAMPSKEHUH Ha cpe3 [tc] u cmsaTue [oeM |
MaTepHasa CTep>KHs.
3. VI3 ycrnoBust IpOYHOCTH HA CMATHE ONIPEAETUTh BEJIMYMHY TUIOMIAAN CMATHS ACM.
4. Onpenenuts nuameTp D ronoBku crepkHs.
5. W3 ycnoBus MpOYHOCTH HA CPe3 OMPEACIINTh BEJIMUMHY ITOMaau cpe3a Acp.
6. OnpenenauTh TOMMUHY b TOJIOBKU CTEPKHSL.
IMpumep:
Mano: N3 =-30kH; A3=1,5-A=15cm 2 ;
[tc] =53 MlIla; [cem]= 120 MI]a.
Haiimu: HeoOXoauMble pa3Mephl TOJIOBKU CTepkHA (nuametp D, Tonmuny b).
Pemenne:
1. Ompenensiem 1uaMeTp OCHOBAHHUS CTEPKHS (B MECTE 3aJIeNIKH):

d, =1||4"4J :JJ'”'M_: = 437107 =437 mnm.
Fra 314

Oxpyrasem pesyiabTat corsiacHo 'OCT 6636 — 69 (Ilpunoxenue 2) : d3 = 45 mm.

2. Onpenensiem quamerp D rosoBku CTeprkHs U3 YCIOBUS IPOYHOCTH HA CMATHE:
] 4
Feug N, 30-10

[‘T](:u B [fT](_” 2 120-10°

30Ha CMATHS MPEJICTABIISIET COO0I KOJIBIIO C BHYTPEHHUM AuaMeTpoM d3 1 HapyKHBIM TuameTpom D

I -f'{'r.‘!_f'l".‘l,_r:.lr J = J{ff-}-ﬁj)fﬂ :4?.3'Iﬂ_J :4?',‘?_1,{_1;‘
= 314

Oxpyrisiem pesynbrat cornacHo I'OCT 6636 — 69 : D =48 mm.
3. OmpezensieM TONMIMHY b TOJIOBKH CTEP>KHS U3 yCIOBUS TPOYHOCTH Ha CPe3:

Q, N, 30-10°

A= =25-107" o

A = = = = 571077 »’.
* . L 5w
30Ha cpe3a MpeCTaBIIsAeT cO00H HMIMHIP C BHYTPEHHUM quaMeTpoM d3 u BeICOTO# b, TO ecTh
Acp =p-d3-b.
Taxum o6pazom,
A 57-10"

cp

b: —
T-d, 314-45-10°°
OtBer: D =48 MM; b =4 MMm.

=40-107 =40 wmm.

Pacuemno - cpaguueckan paboma Ne 9.1



Pacuer Ha mpo4HOCTh NpHU AehOpMaIK CMATHS U CIBUTA
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3ananme .CtepxeHb U3 NpeablAyIIel paboThl 3aKpeIieH B
e V| OTI0pe MPH MOMOIIY OJBUKHOW KPYTJIOW TOJ0BKH (pHcC. 9.2).
/ W3 ycnoBus NpOYHOCTH HA CMSITUE U CPE3 MaTepualia CTePIKHS
Z OIIpe/IeNIUTh

Puc.9.2

mraMetp D u TommuHy b roJIOBKH CTEpP)KHSI.

Pa3mepsl cTepkHS U BEIMYUHY HArpy30K B3STh U3 PEIICHUS MPeIbIayIiei paboThl .
Janubie mo Matepuaty crepxHs ([tc], [ocMm])

em. Tlpunoorcenue 1

IIpakTnyeckas padora Ne 7

«I"'eoMeTpruecKkre XapaKTEpUCTUKU CEUEHUI»

Hopsigok BeINOTHEHHUS

1. MOMEHT uHepIUH CI0XKHON (PUTYPHI SBISIETCS CYMMOW MOMEHTOB MHEPIIMH YacTel, Ha KOTOpbIE
ee pa3OuBaroT. Pa30uTh 3aannyo GUrypy Ha IpOCTEHIINE YacTH, IS KaXKI0TO ONPeNeTUTh
TJIaBHBIC IICHTPAJIbHBIE MOMEHTHI HHEPIIUH 110 U3BECTHBIM (hOPMYJIaM.

2. MOMEHTBI UHEPIIMH BBIPE30B U OTBEPCTUN MOXKHO MPEACTABUTh OTPULIATEIbHBIMU BETUYUHAMHU.
3. 3a1aHHBIE CEYEHUS CHMMETPHUUHBI, IVIABHBIE LIECHTPAJIHBIE OCU COBIAJAIOT C OCAMU
CUMMETPHUU COCTABHOI'O CEUCHHMS.

4. MOMEHTbI MHEPLIMH YaCTEH, YbH IJIaBHbIE LIEHTPAJIbHbIE OCU HE COBIIAJAIOT C [JIaBHBIMU
LEHTPAJIbHBIMU OCSIMH CEYECHHSI B 1IEJIOM, IEPECUYUTHIBAIOT C TOMOIIBIO (POPMYIIBI JIJ7Is MOMEHTOB
MHEpLUU OTHOCUTEIIBHO NapaJUIeNIbHBIX Ocei. PaccTosHre Mexly napajuieIbHbIMUA OCSIMHU
ONPEIEIUTH IO YEPTEKY.

5. Ilpu BbIIOJHEHUM 3a/1aHus 2 IJIaBHbBIE LIEHTPAIbHBIE MOMEHTBI HHEPLMH OTAEIbHBIX
cTaHAapTHHIX npoduneit onpenenuts no Tadmumam ['OCT (IIpunoxenune 5,6,7)

6. s MCOIb30BaHHBIX B COCTABHBIX CEUEHUSAX I10JI0C MOMEHTBI MHEPLIMU OIIPEIEIUTD 110
W3BECTHOM (opMyJie AJisi IPSIMOYTOJIbHUKA.
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MoOMEHTH MHEeDUHH OPOCTeHIINX CeYeHNN
Ipssoyzoasrnux u xeadpam (puc. I17.1)

Ocenste: &
J,—mmnf,s%;

hb?
J,"nmmH.ﬂ,=T2-_

MoMeHT HHEepIUM OTHOCUTEJIbHO NapaJuiebHbIX oceil (puc. I17.3)

Je =T, +0°A,

rae J; — MOMEHT RHEDINN OTHOCHTEIRHO OCH
II,

J:, — MOMENT MHEDUMM OTHOCHTEARHO OCH
IpZo; A — NAGWIANL CEvEHEN; @ — PACCTONHME
Pue. I17.3 MEKIY OCAMH.

Pacuemno - zpaghuueckan pavoma Nel(

OmnpeneneHne reOMETPUYECKIX XapaKTEPUCTUK TUIOCKOTO U COCTABHOTO CEYECHUI

3aganue 1. BerauciuTh TaBHbIC IEHTPATLHBIE MOMEHTHI HHEPIIUY CEUCHUM, TIPEICTABICHHBIX HA
cxemax. [Ipu pacueTax BOCIIOIB30BAThCS JAHHBIMU TaOJHIIbI, BRIOPaB HEOOXOIUMBIC BEIIMIHHBL.



4 -
oy, »a 72 |80 |88 |96 |98
dy, MMM 12 J14 |16 |18 10 12
Fi, sane 72 |80 |88 |96 |98 |72
B, »eng 36 |42 |48 |54 |60 |36
a, nang 48 152 |56 |60 |58 (48
My, »ana 16 J18 |20 |22 |24 |16
by, »ns 32 136 |40 j44 J48 |32
ha, w 6 | 8 ]lu 6 |8 Jio




3anamme 2. BuuncanTs raoassue USHTPATLHLIE MOMEHTH HHED-
UMY cOCTARBHEIX cevenmit. [Ipu pacuere BOCTIONBIOBATLCN AAHHLIME TA-
Gamnsl, subpas meolxonouMulie peMymHL. [ eomeTpuyeckne xapaxTeps-
CTHKM CTAIM ropagexaTtanoit swbpats no FOCT 8239-89 (Banxm asy-
taspossie) 1t TOCT 8240-89 (lllpeanepu).

N
N
3
X
2
b
N
X
OSROD0RNEN

e

1]1]2)]3|]4|5]|6)]7]8]9]10

Ne mmennepa |10 |12 |14 |16 |18 |20 |22 |24 |27 |30
N nayraspa |10 |12 |14 |16 |18 |20 |22 |24 |27 |30
a, MM 8 |10 |12 {14 |16 |8 |10 {12 |14 |16

c, MM 10 |15 |20 |25 |30 |10 {15 |20 |25 |30

IIpakTnyeckas padora Ne 8
«Kpydenue. PacueTsl Ha IPOYHOCTH U )KECTKOCTH TIPU KPYICHUN
Jlst 0603HaYeHUST KPYTAIIMX MOMEHTOB HCITOIB3YIOT Pa3Hble BapHaHTHI (CM. puc. 8.1).

Benununna BHYTPCHHCTO KPYTAICTO MOMCHTA MKp Ha Yy4aCTKC BaJia

vy {’_‘ f':}_ #| 9., ompenemsiercs ¢ MOMOIIBIO METOA CEUCHHIT Yepe3 BHEIIIHIE

(Bpamaronye) MOMEHTEHI 110 TIPABHILY:
s\ 7

BHYTPEHHUH KPYTSIIUI MOMEHT B JIFOOOM MOMEPEYHOM CEUEHHHM Baja YMCICHHO paBeH alredpanyeckon
CyMM€ BHELTHUX MOMEHTOB OTHOCUTEIBHO MPOI0JIBbHON OCH BaJla, IPHIIOKEHHBIX MO OJTHY CTOPOHY OT

paccMaTpuBaACMOTIO MOIMICPEUHOTO CCUCHUS:
& ool
EMANED

ST

A CEUENIR

KPYTSIIIII/Iﬁ MOMCHT IIPUHATO CYUTATH IMOJOKUTCIIbHBIM, €CJIU IIPU B3TJIAA€ CO CTOPOHBL OTCEUYCHHOU
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4aCTH BaJjia OH 6yI[eT HaIlpaBJICH IPOTUB 4acoBO CTPCJIKU.

[Ipm xKecTKo 3aIEeMIEHHOM BaJle OIIPEACIICHHE BEIMYMHBI BHYTPEHHUX KPYTSIIMX MOMEHTOB
PEKOMEHAyeTC s HAaUMHATh CO CBOOOIHOTO KOHIIA Bajla, TaK KaK B 3TOM CJIy4ae HEeT He00X0AUMOCTH
ONPEIEATh PEAKTUBHBI MOMEHT B 3aJIEJIKE.

YcnoBue IpOYHOCTH KPYTSALIErOCs Bajla UMEET BUL:

J'II-' :f M

e — :"‘”' -f_i[rlm.,.
I{F'I'

rie
t xp MaX — MaKCUMaJIbHbIE KacaTeJIbHbIE HAMIPSDKEHUS B CEYEHUH Ha 1-M y4acTKe BaJia;

[t]kp — TOMyCKaeMble HANPSKEHUS KPYUCHHUS,

Mkpi max — MAKCUMaJIBHBIA BHYTPEHHUH KPYTAIIMI MOMEHT Ha 1-M y4acTKe Bajia;

Wpi — nosipHBIIE MOMEHT CONIPOTHBIICHUS CEYECHHUS i-T0 yyacTKa Baja.

Jnst Bana kpyrinoro ceuenuss Wp=mn-d3/16~=0,2 - d3.

TakuMm oOpa3om, JUaMeTp Baja U3 YCJIOBUS IPOYHOCTH HA Ka)KJIOM Y4aCTKE ONpPEeIsieTcs Mo

dbopmyre:

Onpenenenue yrioB 3aKpydrBaHUs Bajia ClIeyeT HAUMHATH OT 3a/I€JIKU, TJe YroJl 3akpyunBanus Aj0=
0.

J1J1s y4acTKOB Bajia MOCTOSHHOTO CEUEHUS IPU HE N3MEHSIOIIEMCS KPYTAILIEM MOMEHTE YTIoJl
3aKpy4YUBaHHS ONpeEAesieTcs o popmyie:

'&‘f AP X 'IFJ

Ap. = Ap_, + ‘5'-*’_,.,] 2 rme

Aji-1, Aji — yribl 3aKpy4rBaHUsl HAYAJIBHOT'O M KOHEYHOT'O CEYEHUS paCCMAaTPUBAEMOT0 1-I'0 y4acTKa
BaJa;

li — puHa yyacTka Bajia, Ha KOTOPOM OIPENENSIeTCsl YTl 3aKpyUnuBaHUs;

Jp1 — nosnsipHBIE MOMEHT MHEPLIMU CEUEHUs 1-TO yyacTKa BaJa.
Jnst Bana kpyrioro ceuenust Jp=mn - d4/32=0,1 - d4.

VY ciioBHE KECTKOCTH 3aKpyUHMBAEMOT0 BaJia IMEET BH/I:

M,.
Opp = 'J_M'{“'}- = [E»"]”, , Trae
i

Oxpi — OTHOCUTEIBHBIN YTOJI 3aKPYUYHNBAHMS CEUCHUI HA 1-M yJ4acTKe Bajia;

[@]kp — nomMycKaeMblii OTHOCUTEIBHBIHN yToJ 3aKpYUHBaHHUS;

G — Momynb cABUra MaTtepuania Baja.

J1s y9acTKOB BaJia TIOCTOSIHHOTO CEUEHUS TIPH HE M3MEHSIFOIEMCS KPYTSIIIEM MOMEHTE MEXKIY
a0CcoMOTHBIM (Aji) 1 OTHOCUTENIBHBIM (@kp;) yTiIaMy 3aKpyUMBaHUS CYLIECTBYET 3aBUCUMOCTb:
A_]l = @Kpi : 11,

rje li — IIrMHa COOTBETCTBYIOIIETO YYacTKa Baja.

IMopsinok BHINIOJIHEHMSI

1. BoruepTuTh cxemy ¢ yKa3aHHEM YHCIIOBBIX TAHHBIX.

2. CocTaBUTh YpaBHEHUE BHYTPEHHHUX KPYTSIIUX MOMEHTOB 1o yuacTkam (Mkpi). [Toctpouth

SMIOPY BHYTPEHHUX KPYTSIIUX MOMEHTOB I10 JJIMHE BaJa.

3. Onpenenuth qUaMETPhI CTYTIICHEH Balia, UCXOIs U3 ycloBus poaHocTH (di). [TomydeHHsbrit
pe3yabTaT okpyuTh corsiacHo ['OCT 6636-69 no OGnvkaiIiero 3HaueHUus U3 psijia MPeArnoUTUTETHBIX
yucen R 40 (cm. [punoxenue 2).

4. OnpenenuTh MaKCUMallbHbIE KacaTelbHbIe HAIPsDKEHHUs tKpl Baja Ha KaXKIOM y4acTKe.

[TocTpouTs 3M0py MaKCUMAaJIbHBIX KacaTeIbHBIX HANIPSKEHUHN 1O JITTMHE Baja.

5. Onpeaenutsb yriibl 3aKpy4duBanus Aji 1o jymmHe Bayia. [1ocTpouTh AII0py YIiloB 3aKpy4YrBaHUS Baja.
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6. OnpenenuTh OTHOCUTENBHBIEC YIIIbI 3aKPYYMBAHUS Baia OKpi HA KAXKIOM YUYacTKe.
[IpoBepuTh, yAOBIETBOPSET JIK BaJ YCIOBUIO XKECTKOCTHU. J[aTh 3axitouenue.IIpumep:

or; , O , Javo: G= 810" Ila; [6] = 1,75 107 pai; [¢] = 30 M.
Ni=60Hm: T= 100 Hu Ty = 210H0; Ty = 500 Haa = b=e =02 x;
Hatimu: a) nonepedisie pamepil B1a w3 YCA0BHA NPOHHOCTH;
() HANPAACHIA HA YHACTRAX BANA,

? . _T 20 .0, B) Y16 JAKPYHHBANIISA BLUIA 110 1NNE,

e R ) NPOBEPHTE BRIICIHERIE YCIOBHA KECTROCTI HA YHACTRAX B,
Peuenue:
| Paslusaem man w3 ysacTew, HawmHas co  ceobogworo (we
TAKPEILICHHOT0) KOHILA, W ONPEACIAEM BEIHMHHY BHYTPEHHENO KPYTHILETO
somenTa M, B 0peALIaN KEKA0T0 YHACTKA ¢ Y4ETOM NPABIIA JHAKOB,
| ysacrok: M = 1) = 60 How;
I yuacrok: My = T, Ty = 60— 100 = 40 H -,
I ywacrok, My =T, =T+ T; = 60100+ 210 = [70 H-w;
IV yuacrok: M, =T, Ty + T3 Ty = 60 100 + 210-300 = -330 H.w,
Crpolin niopy BHYTPEHHIX KpYTILHX MoMenTos A, (puc. 4.2).
2. Onpeienses auamepsl cTyneneil B, HCXOIN 13 YCAOBHA NPOYHOCTIL,

'M??'[ &
d., 2= = =215-107° =213 ywm.
V02l Yo2.30-10

M™ =330

I d

T =
¢ T02d, 02-(3810°F

ey, ey TR, TR, T, T, T, T, TR,

=-301-10° =-30,1 Mlla.

CrtpouM »mropy HanpspKeHui ti (puc. 8.2).

peay Oxpyest pesysrar cornacho FOCT 6636-69 (Tpwowetme 2 s = 22w,
v [ 30
Y02 Y02 30000
g i Oxpyrases pesyasrat cornacto [ OCT 6636-69: dig = 38 au,
s Memma 3, Onpesensen Bennsiuy HANPRACHNi 1, Ha KIKI0M YHACTKE BAIA:
H”J = M M 6l

I

= 380007 =380 wm,

|l
Il

|

Lo

’ =282:10° = 28,2 Mita;

I =
W 02d, 0222107
I Jﬁ e M -l

=188 100 =188 MIla;

a2 Wiie y M - = -
'”Fﬁ“ Nﬁm;umu il 0,2:d,, 02422:107)
&l il Ml-rl I?ﬂ
. - =155.100 =155 Mlla;

= -

o 02:d}, 02-038:10°)
Puc.8.2

4. OnpenensieM yribl 3aKpyduBaHust Aji o AJMHE Bajia, HAUMHAS OT 33JICTIKH, TaK Kak TaM Jedopmarun

otcyTcTBYIOT (AjO = 0).
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M, M,- -310-0.2
.-fjll;l'-"‘. _'.f'lﬂ, +#2;1ﬂ,+ . : E.'; =+ - = :—1?15-;”"‘ pad;
G-J,, G-01-d;, 0.1-8:107(38:107)
M, ¢ - 17002
Ap. = dp, +—2——=-396- 10" + i =396 007"+ 204- 107 ==192- 107 pad;
s T 018107 (38107 ) a
M,:b =40:0.2
.iq.ﬂ-z;h'.'f,+—£'-—-‘—:-ﬁi3-fﬂj+ " = 92007 =427 107 ==6,19- 107" pao;
: G01-d, 008107 (22100 )
M,-a 60-0.2
= A, + ———==019- 107 + hebedan ==6,19-107 +640-107 =021- 107 pao.
A G 018107 (22107 ) "

Ctpoum 3m10py YIJioB 3aKpyunBaHus Baja Aji (puc. 8.2).
5. IlpoBepsieM BBITIOJTHEHUE YCIIOBUS JKECTKOCTH Ha yyacTKax Basa. OnpeenseM OTHOCUTEIbHbIE
yTJIbl 3aKpYUYMBaHUs Basia OKpi HA KaKJJOM y4YacTKe:

M 3 -3 _ —3 .
9, | ,|J _396-107 396-10 —198-10° 2[0],, = 17.5-107 paoi:
0,1-G-d}, a 0,2 :
M 107 107
- | | : _204-107 _2,04-10 —102-107 <[6), =17.5-10° padin;
0,1-G-di, b 0.2 :
...Mﬂ ..?- - Ei 2 l
s M| y JAAT- T 44710 =214-107 2[@], =17,5-107 paoin;
©01-G-dl, c 0,2 i
M : i L1073
9, = | -'| - =6’4ﬂ 10 =ﬁ’4” 10 =320-107" E[HL =175-10"° pacim.
0,1-G-di, a 0,2 :

VYcnoBue xkectkoct Ha ydactkax I, I, IV He BeinmonHsieTcs. Pa3Mepbl monepeyHoro ceueHus Bajia
HEO00XOIUMO YBEIHYHUTH.

Pacuemno - zpaghuueckan pavoma Ne 11

Pacuer Bana Ha MPOYHOCTH U )KECTKOCTh MPU KPYUCHHUU

3apanune. K n1ByXcTyneH4YaTOMY CILIOIIHOMY Bajly, OAMH KOHEI] KOTOPOTO KECTKO 3aKPEIUIEH B OMOpE,
MIPUIJIOKEHBI COCPEAOTOYEHHBIE Bpallaoliie MOMEHThI. ONpenenuTs NoNnepeyHble pa3Mephl Baia U3
YCJIOBHS IPOYHOCTH €T0 CTYINEHEH Ha KpydeHue. OnpenenuTh HaMPSHKEHUs U yTIIbl 3aKpyYnBaHUs Bajia
no jynHe. [IpoBepuTh, yAOBIETBOPSET JIM OTYUYEHHBIN Bajl YCIOBUIO KECTKOCTH HA YYaCTKaX.

Baun uzrorosien u3 cranu: moaynb capura G = 8 1010 Ila, momyckaeMblit OTHOCUTEIBHBIM YOI
3akpyuuBanus [@] = 1,75 - 10-2 pag/m.

Cxema Bayia mpuBesieHa Ha puc. 11.1. JlanHsie 11t pacdera npuBeeHs! B Ta0ur. 11.1.

Tabmuma 11.1

“p:;m au | b | e | Tmw | T | mAte | T, Hom | o, M
| Ll 0 | 08 20 | 20 | 310 | 600 50
2 09 | 02 | 10 2 90 | 290 | 5% %
3 0,7 0.4 1.2 24 180 300 580 70
r 14 | 06 | 06 T 0 | 280 | 510 | 65
5 12 | 08 | 09 B 60 | 20 | S0 | 60
6 0 | 1. 4 3% 150 | 260 | 550 55
7 02 1 09 | 16 i W0 | 50 | S0 ] 50
8 04 | 07 | 18 2 30 | 240 | 50 | 4
5 06 | 14 | 20 | % 20 | B0 | S0 | %0
i0 08 | 12 | 07 0 0 | 20 | 510 3
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Puc. 11.1

lu 1t Giyicnn dasinanm
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Lo Tg lig Tg e To I el o o
\ Ty To |\ o T | o T | o gl AR KL
P -t | ¥ 1| ¥ P e ) I s o s | i -
el b : 3 /
3 ) 6 6|6 é
6 0 (oI 9 & 0 00
Lo T o T To Tg ol ol ol gl
} o To | Y o T | kg Tg | o gt | o ¢ /
LE | 3 N 1 o e | 4
) 0 [ ) & 0 0 ) 0 AN ;
u?r’;h i !E!-Hg i H'H‘ccb‘l H..bii'in‘ P I T |
Ly T R Ly g ol pf o ol
3 o To | fo Tg | ) ko T | ol of F | ol o ¢
k|3 y ; E
“'“ ‘._ - - — b ——— ‘— - — s —— - _qI‘ o a—— _‘;
i) 5 3 L L
0 © ¢ 9 0 o ¢ 7 9 ;
A P S P afbytih ] n‘,c' bl o, [] h_?n?u il b '{Du
To To g b ol ok i gl : oh ol
g Tg o Te | o ol y AN 4 ol of "
on | §- sl | W bl |t & | Ll 8 | 2k 2l
PC | | 1
1 @ Cr : ) 8| 0 ¢ ] o 0
B AT T u?cnh ] i h”tfu 2 i b?t{au
o Te lig T ol ol ¢ ok . ol g
] To To | o Tg | ofi of o of A [
LY. % }_ o N— ._. —_—ak e & i ._: Mo & s & ) N S . _._=
x| ; 4 4
3 ) 6 | ) 6 0|6 © | 0 ¢ ;
l?lah‘ i w(?cﬁh i |n ﬁ(?t?j# 0, 9 ¢
g by Lo Tg el ol ol ol . el gl
\ e To | \ tg To | ol of | of oF ol ¢f 1
| \ L : 4
my | ¥ Tt | | S =t | BIE e | = —
Iﬂ.” ﬁ e} 3 J 9 w g) 1 4] Q ':') 4’ i a2
u?t‘“ﬁ' [l Il..}t'..tﬁ i, vrh?c ] Il b?;cn Il ﬁ'_‘:?,l'_w
IIpakTHyeckasi pa6ora Ne 9

«PacyeTsl Ha MPOYHOCTH MPH U3THOEH»
CoriacHo MOJIOKEHUSM CTaTUKHU BCAKOE HECBOOOIHOE TBEPOE TEJO (MepeMenieHne KOTOPOro

OTPAHUYEHO CBS3SIMU C IPYTUMH TeJIaMH ) MOKHO pacCMaTpHUBATh Kak CBOOOIHOE, €CIT OTOPOCHUTH
CBSI3U M 3AMEHUTH UX JICHCTBUE CHJIAMH PEAKIIUU 3TUX CBS3CH:

Bu ceain

"

Peakunu

¥,

——

X,

¥,

P
A
*‘3=| uALvL

Hazsaune cesm

WAPHHPHO-NO/IBIEHIA 0N0pa

UIAPHHPHO-HENO/BHAHAA ONOPA

IR

Koauuectso
peakumii

]

Pacnipenenennyro Harpy3Kky q peKOMEHAYETCS MPEABAPUTEIHHO 3aMEHUTh SKBUBAJICHTHOM

COCpPeIOTOYEHHOM cuitoi Q:
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In  In

1
e 4, (vl :,,r%_
Q=q+,\', [u]

JI71st HaX O AeHUS BETUYHMHBI M HAIIPABJICHUS PEaKIUil CBs3el UCTIONIB3YIOT YCIOBHS pAaBHOBECHS
CHUCTEMBI CHJI, COTJIACHO KOTOPBIM, CUCTEMA CHJI HAXOJIUTCS B COCTOSTHUU PABHOBECHS, €CITH
anrebpandeckas cyMMa MpOEKIUH BCeX CHJI Ha OCH KOOpJIMHAT paBHA HYJIIO U airebpandeckas cymma
MOMEHTOB BCEX CHUJI OTHOCHUTEJIBHO JIF0O0M TOUKHU TaKKe paBHa HYJIIO:

> Xx=0
{Sr=0
|2 M, =0

HampaBnenue cui peakiuii CBs3eil BBIOUpaOT MPOU3BOILHO. ECciiu 3HaUeGHUS CUIT TP pellieHUH
MOJIy4YaTCsl OTPULIATETIbHBIMU, TO UICTUHHOE HAIIPABJICHUE PACYETHBIX CHJI IPOTUBOIOJIOKHO
MIpeIBAPUTENILHO BBIOPAHHOMY.

YpaBHEHHs paBHOBECHS IIETIECO00Pa3HO COCTABIATH TAKMM 00pa3oM, 4TOOBI B HUX BXOJMIIA CyMMBI
MOMEHTOB CHJI OTHOCUTENIBHO TOYEK, Yepe3 KOTOpbIe MPOXOAST HEU3BECTHBIE peaKInU cBsi3eil. B aTom
Cllyyae B KaXKJI0€ YpaBHEHHE BOWUJIET TOJILKO OJJHA HEU3BECTHAs BEJIUUMHA.

Benuuunbl BHyTpeHHEH nonepeyHo cuiibl Q u n3rudaromero MoMeHTa Mu3 Ha i-oM yJacTKe Oanku
OTIPEIEIISIOTCS C TIOMOIIBIO METO/Ia CEUCHHI Yepe3 BHEIIHUE CHIIBI U U3TUOAIOIINE MOMEHTHI 110
MpaBuiIa:

- TIONIEpeYHasi CHiia B JIFOOOM CeueHUU OaKy paBHA anreOpandeckoil cyMMe MpOeKInii BCexX
BHEUIHUX CHUJI, PACTIONIOKEHHBIX 110 OJJHY CTOPOHY OT CE€UYEHHUS, Ha OCh, MEPIEHANKYIISPHYIO OCH

¢ el

P 1Y
Oanku

* U3rHOAOIIHIf MOMEHT B JIFOOOM CEUCHUH OAlIKU paBeH alreOpandeckoil CyMMe MOMEHTOB BCEX
BHEIIIHUX CHJI, PACIIOJI0EHHBIX 110 OJJHY CTOPOHY OT CEUEHHsI, OTHOCUTEIILHO IIEHTPa TSHKECTH JaHHOTO
ceueHus

AT e
freniing

M, = NI
i

JJ1s TOCTPOEHHUS S0P MONEPEYHBIX CHII U U3THOAIONIX MOMEHTOB HEOOX0JUMO 3aMucaTh
COOTBETCTBYIOIINE aHATUTUICCKUE BBIPAKECHUS [T KOKI0TO ydacTka Oanku. [Ipu aToM HE0OX0arMMO
IIOMHUTB O MpaBmiax 3HakoB 11 Q u Mu:

- morepeyHas cuiia Q cCUuTaeTcs MOJIOKUTEIbHOM, €CIIM BbI3BIBAIOIAsl €€ BHEIIHISA CUIIA CTPEMUTCS
MOBEPHYTH 0ATKy OTHOCHUTEIBHO PAaCCMaTPUBAEMOT'O CEUCHHUS IO XOIy YACOBOU CTPEJIKU;

- M3rudaronIii MOMEHT MU cunTaeTcs MOJIOKUTEIbHBIM, €ClIi Oallka Ha pacCMaTpPUBAEMOM
y4acTKe U3TH0aeTCs BEIMYKIOCTHIO BHU3.

[Tpu nmocTpoeHuu MO cleAyeT UCTIOIb30BaTh AU epeHInaIbHbIe 3aBUCUMOCTH MEXIY
pacmpeesieHHON Harpy3Koi, ONEePeUHON CUION U M3TrHOAI0IUM MOMEHTOM:

_dQ _d’M,
$ dx d’
YcnoBre NpoYHOCTH P U3rubde Oanku UMeeT B!
s _-1“_{:"“ {[ ]
o, = —=|T - rae
H',L-.-

IMopsiioK BHINIOJTHEHU S
1. BoruepTuTh cxemy OalKku ¢ yKa3aHHEM YHCIIOBBIX 3HAYCHHI Pa3MepOB U MPUTIOKEHHBIX CHIL.
2. OcBoOOIUTH OaNKy OT CBsI3eH U M300pa3UTh ICHCTBYIONINE HA HEe BHEIIHUE CHITBI U
41



peakuuu OTOPOIICHHBIX CBA3EH.
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3. BeiOpaTh cucteMy KOOpAWHAT, COCTAaBUTh YPaBHEHHS PABHOBECUS U OINPEEIUTh

peakuuy OTOPOIIEHHBIX CBA3EH.

4. IIpoBepuTh MPaBUIBHOCTD MOJYYEHHBIX PE3YJIbTATOB, COCTABHUB JIOTIOJHUTEIHHOE
ypaBHEHHUE PAaBHOBECHSI.

5. Onpenenuth 3HaUEHUS] BHYTPEHHEH nmonepeyHoi cuibl Q mo yyactkam 6anku. [loctpouts
smtopy pacnpeneneHus Q.

6. OnpenenuTh 3HaUCHUSI BHYTPEHHET0 U3THOAI0NIEro MOMEHTa Mu 1o yyacTkam Oajku.
[TocTpounts 3mropy pacnpeneneHus Mu.

7. HaliTi U3 ycl0BHS MPOYHOCTH MO HOPMaJIbHBIM HANIPSDKEHUSIM MUHUMANBHYIO BETUUUHY
OCEBOI'0 MOMEHTA CONPOTHUBIICHUS CEUECHUS OAJIKU.

8. IlomoOpath 1Mo BeNMUYMHE MOMEHTA COMPOTUBJICHUSI HOMEP Mpoduis OaaKu U BBIHUCATH €T0
OCHOBHBIE XapaKTEPUCTUKHU (HOMEP, MOMEHT CONpoTHBIeHNs WX, TUIomaas A, MOMEHT HHEPLIUU
Jx, cratnyeckuii MOMEHT SXx):

- neytaBpa (I'OCT 8239-89) (cm. Ipunoxenue 6);

- mBesiepa (TOCT 8240-97) (cm. [Ipunoxenue 7).

IMpumep
JMano: m=2xH-m; P=10xH; q=3 xH/m; 11 =12 =3 m; I3 =4 ™m; [c]u= 120 MI]a.
Haiimu: a) BeNMUUHY U HAaIIPABJIEHUE OMOPHBIX PEAKIIMI;

0) BeIMUMHY BHYTPEHHEH MonepeyHoi cuiibl Q 1Mo ydacTkam Oankw;

B) BEJIMYMHY BHYTPEHHETO M3rHOArOIIero MOMeHTa MU 10 ydacTkaM Oallku;

r) mo100paTh pa3Mepsl NpoQuiis OATKKU U3 YCIOBUS MPOYHOCTU IO HOPMaTbHBIM
HATIPSHKCHUSIM.

Pemenue:

1. OnpenensieM BeJIMYMHY U HapaBiIeHUE OMOPHBIX PEeaKIHil Oanku. 3aMeHsIeM peakluu
peakuusmu cBsaszeit (Puc 9.1).

[IpuBoauM pacmpeneneHHyIo Harpy3Kky K cocpegoroueHnoit cuie:Q = q-11 =3-3 =9 xH.
CocraBnsieM ypaBHEHHs PABHOBECHS U ONPEJIENISIEM HEU3BECTHBIE ONIOPHBIE PEAKIIMH.

X ==X.=0
XY, =—0-P+Y, +Y, =0
EMy=m+Q-(l,/2+L,+1,)=-Y,-(L+1,)+P-1,=0

X,=0:
L] " 1 " L]
Y, =m+Q (L,/2+L,+1,)+ P, =__+£?' 83+10 J=Fﬁ.95 EE
- L4k 7
Y,=0+P-Y;=9+10-1693=2,07 xH.
Ilposepka:

COCTaBJIAAEM JOIIOJIHUTCIIBHOC YPABHCHHUEC PABHOBCCHA MOMCHTOB OTHOCUTCIIBHO TOYKH A:

M, =m+Q-(1,/2)-P-1,+Y, (L, +1,)=2+9-15-10-3+2,07-7 = 0.
Y, =169 kH: Yy =21 kH.



2. OnpezensieM BeIMYUHY BHYTpPEHHEH nornepeuHoi cuiibl Q 1o yyacTkaM OajkH.

Paz6uBaem Oanky Ha ygacTku. [ paHHIIBI y9aCTKOB — TOUKH MPUIIOKEHUS COCPETOTOUCHHBIX CHII U TIap
CHJI, Ha4aJIo ¥ KOHEI pacrpeieleHHOM Harpy3ku. PaccmarpuBaemas 6ainka uMeeT 3 ydacTka.
Onpenensiem 3HaueHne Q Ha KaKJJOM y4acTKe.

L VYACIOK:

0<x1<IL.

CocTaBuM ypaBHEHHE MPOEKIINI BCEX CHII, pACIOJIOKEHHBIX CIeBa OT CEUEHUS Ha OCh Y C yUETOM
MpaBuJjIa 3HAKOB:

Q(x1)=-g-x1.

Bennunna Q nMHENWHO 3aBUCUT OT BEJIMYMHBI KOOPAUHATHI X 1.

OueBuaHo, uto smiopa Q(x1) Oyaer mpencTaBiIsATh NPAMYIO, HAKIOHHYIO K ocH X. J{J1s mocTpoeHus
SMIOPHI MOTIEPEYHOM CUITBI Ha [-OM yJacTke TOCTaTOYHO ONpPEACIUTh 3HAUeHUs CHIIbl Q B Hayase U B
KOHIIE yJacTKa:
mpu x1 =0 Q(0)=-q-0=0;
mpu x1 =11 Q(I11) =-q 11 =-3*3 =-9 xkH.

Ecam smropa Q mepecekaeT och X B HeKoTopoi Touke K, Heooxoaumo Haiitn 3HaYeHue XK u3
ypaBHEHHUS

Q(xK) =0, Tak kak OHO TTOHAIOOWTCS B JAIBHEHUIIIEM MPH HAXOXKIECHUU 3HAYCHUH M3THOAFOIIIX
MOMEHTOB Ha 3TOM Y4acTKe.

I yuacmok:
0<x2<I2.
CocTaBuM ypaBHEHHE MPOEKIINI BCEX CHII, PACIIONIOKEHHBIX CJeBa OT CEUEHHUs Ha OCh Y:
Qx2)=-ql1 +YA=-3-3+16,9=7,9 xH.
Benuunna Q Ha 3TOM y4acTKe HE 3aBUCHUT OT BEJIMYMHBI KOOPAUHATHI X2.
Omopa Q(x2) OyaeT mpeACcTaBIsATh NPSIMYIO0, TapaUIeTFHYI0 OCH X
1 yuacmoxk: 1jist yIpOUIeHHs pacueTOB pPaCCMOTPUM IMPABYIO YacTh OAKH
13 <x3 <0.
CocTaBuM ypaBHEHHE MPOEKIHI CUJI, pPACTIONOKEHHBIX CIpaBa OT CEYCHHsI Ha OCh Y:
Q(x3)=-YB=-2,1 kH.

Benuunna Q Ha 3TOM y4acTKe HE 3aBUCHUT OT BEIMYMHBI KOOPAMHATHI X3.

Omopa Q(x3) OyaeT mpeACcTaBIATh NIPSIMYIO, TapaAJUICTHLHYIO OCH X.

Ctpoum smropy nomnepedrsix cut Q(x) (cm. puc. 9.2)

3. OmnpenenseM BeTUYMHY BHYTPEHHETO M3THOAIOIET0 MOMEHTa MU 10 yyacTKaMm Oajku.
1 yuacmok:
0<x1<Il.

CoctaBuM ypaBHEHHUE MPOEKIINH MOMEHTOB BCEX CHJI M Map CHJI, PACTIONIOKEHHBIX CJIeBa OT CEUYCHUS Ha
OCb Z C YYETOM TpaBuiia 3HAKOB:

M(x1) =-m -q-x1 - x1/2.
Omropa M(x1) Oyaer npeacTaBiasaTh coboit mapadoiry.
Jlng noctpoenust napadosibl HEOOX0AUMO ONpeAEIUTh 3HaueHus M(X1) B Tpex TouKkax:
- B Havajie yvactka (x1 = 0),
- B KoHIIe y4acTka (x1 = 11),
- B cepeauHe ydactka (x1 =11/2),
ecsn smropa Q(x1) He mepecekaeT och X Ha JaHHOM y4acTke, niH B Touke K (x1 = xK),
ecnu smropa Q(x1) mepecekaer och X Ha JaHHOM ydacTke B Touke K.

npu x1=0 M(0)=-m-q-0=-2,0 kH"™m;
mpu x1 =11 MAl)=-m-qll12/2=-2-3-32/2=-15,5xH w™m;
mpu x1 =11/2 M11/2)=-m-ql12/8=-2-3-32/8=-54
kKH-M.
1l yuacmok:

0<x2<I12
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CocTaBuM ypaBHEHHE NIPOEKIMII MOMEHTOB BCEX CHJI U TIap CHJI, PACIIONIOKEHHBIX CIEBA OT CEUYECHHUS Ha
oChb Z:
M(x2)=-m-qll - (11 /2+x2)+ YA - x2.
Benuunna M siMHENHO 3aBUCUT OT BEJIMYMHBI KOOPAMHATHI X2.
Omropa M(x2) OyzaeTr npeAcTaBIATh NPSIMYI0, HAKJIOHHYIO K OCH X. JIJIsl MOCTPOEHUS 3MIOphI
JIOCTaTOYHO ONPEENIUTh 3HaYeHUsI M(x2) B Hauaje U B KOHIE yYacTKa:
npu x2=0 MO0)=-m-qll - (1/2+0)+ YA -0=-2-3-32/2=-15,5 kH"wm;
npu x2=12 MA2)=-m-qll - (1 /2+12)+YA-12=-2-3-3-(1,5+3)+16,93-3=8,3kH-™m.

I yuacmox: pacCMOTPHM TPABYO YaCTh OAIKH
13<x3<0.
CoctaBuM ypaBHEHHUE MPOEKINH MOMEHTOB BCEX CHJI M MAp CHJI, PACTIOI0KEHHBIX CIIpaBa OT CEUCHUS
Ha OCh Z:
M(x3)=YB - x3.
Bennunna M nmuHEHHO 3aBHCUT OT BEIMYMHBI KOOPAWHATHI X3.
Omopa M(x3) OyaeT npeacTaBiasTh OIPSIMYI0, HAKJIOHHYIO K OCH X.

mpu x3 =13 M(3)=YB -13=2,07 -4 =83 kH-m.
mpu x2=0M(0)=YB - 0=0«H-wm;
CtpouM >miopy U3rudarmmux MOMEHTOB M(x) (cM. puc. 9.2).
4. OnpenensieM pa3Mepbl CEUCHHSI OATKU U3 YCIOBHS IIPOYHOCTH IO HOPMAJILHBIM HATIPSKEHHSIM:

‘:w max
ATOT > [
nl.' - H:__r < [Ull 3
i
Haxomnm oceBoit MOMEHT COpOTUBIIEHUS Oanku B omacHOM ceduennn (|[M(x)max| = 15,5 kH-m):
o _ M 155-10°
x i

o], ~ 120-10°

=1292.10°%=1292 on’.

Pacuemno - cpagpuueckan paboma Ne 12

Pacyet Ha mPOYHOCTH NPU MPSIMOM MOTIEPEYHOM U3rHOe

3ananmue. JIByxonopHas 0ajgka HaXOIUTCS MO IEUCTBUEM CUCTEMBI CHJ1 1 MoMeHTOB. [logo0paTs
pasMepsl U THIl Tpoduiist 6aTKK U3 yCIOBUS IPOYHOCTH 110 HOPMAIBHBIM HampsikeHus M. banka
M3TOTOBJICHA M3 CTAJIM: IOITyCKaeMble HanmpsbkeHus usrnoda [o]u = 120 MITa. Cxema Oanku npuBeeHa
Ha puc. 12.1. JlannHsle 11 pacyeTa npuBeeHsl B Tadm. 12.1.

Tabauma 12.1

ﬂ“l'i:“ i P.kH m, kH'm i, KH/m fm lam fim
| 10 21 28 10 2.2 0.5
2 12 23 26 1.1 20 0.6
3 14 25 24 1.2 1.5 0.7
4 16 27 22 1.3 1.6 0.8
5 18 29 20 1.4 14 09
6 20 3l I8 1.5 1,2 1,1
7 22 13 16 1,6 1,0 1.2
8 24 15 14 1,7 0.8 1.3
9 26 37 12 1.8 0.6 1.4
10 28 39 10 19 0.4 1.5
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Puc 12.1
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Pacuemno - zpaghuueckan pavoma Ne 12.1
CpaBHEHHE POYHOCTH OATIOK Pa3IMUHBIX ceueHU. BRIOOp onTHMaNbHOTO CeueHus
3apanmne. OUEHUTh 5KOHOMUYHOCTD UCIOJIB30BAHUS PA3IUYHBIX Npoduie i 6aaok, paboTaromux
Ha n3ru6. BeiOpats Hanbomnee pannoHaIbHBIN MPO(UITH.
CxeMy Harpy>keHus OaJIKM U BEJIMUMHY BHYTPEHHUX YCHIIUH B3SATh U3 pemeHus p-r p Nel2.
['eomeTpruecKre XapaKTEPUCTHKU CEYCHUH OaIoK pa3iIuaHOro npodwis npuseaeHs! B [Ipunoxennn
10
IMopsi0K BHINOTHEHUS
1. Jns 6anku u3 p-r pNel2 mogoOpaTs reOMETpUYECKUE pa3Mephl OTIEPEUYHOTO CEYCHHUS,
BBIYUCIIUTH IJIONIA]b A U OCEBOM MOMEHT CONpOTUBICHUS WX;
- neytaBpoBoro npodust (I'OCT 8239-89) (cm. IIpunoxenne 6 ),
- wsesnepa ( FOCT 8240-97) (cm. Ilpunoxenue? );

- kpyraoro mpodmma (d) (W, =wd /32,
- npamoyroassoro npoduan (Wb=2) (W, = b’ / 6);
- KBazpatHoro npodua (a x a) (T = 7 /).
2. OHGHI/ITL PAaOHAJIBHOCTD HOI[O6paHHLIX CEYECHMH M0 3HAYECHHUIO YACIBbHOTO
MOMCHTA COIIPOTUBJICHUA
_(XapagcTepI/Bonmero OTHOIICHHUEC ITPOYHOCTH IO HOPMAJIbHBIM HAIIPSZKCHUSAM OaJIKH K ee BCCY):
w=MW/ 4",
rae
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WX- MOMEHT CONPOTUBIIEHUS MOMEPEUHOT0 CEUYEHUSI OTHOCUTENIHFHO HEUTPabHOM ocH Oanku; A-
TUIONIA/Ib TTOTICPEYHOTO CEUCHUS OAITKH.

3. Cnenatb BbIBOX (BBIOpaTh Hanbomee palmoHaIbHOE CEUCHHUE).

Hpumep persenun sadavu

Jao: W= =1202 ex’

Haimu: HAHDOTEE PAIBICHATEHOS CEMEHNE 110 OATKH, paboTmomredi HA MIrub.
Pawenue: 1. Onpeaeanem reom KHE XAPAKTEPHC THEMN CescHii

) myrasp N 18: W= 43,000’ A =234 o': Je = 1290,0 on’: Sk = 81,4 o
6)mmerzep MeSa: W= 132,00 A = 22,2 c0: Jx = 1190,0 cM*: Sx = 76,1 oo,

2, J.u 129.2

g) xpyr: I, = xd /32, caezonaremsmo d =d = 1096 ev’
x 314

Oxpyranem, coraacuo [OCT 6636 - 69 (Tlpsroxenne 2) d=11 cu.

. x.d' 3410 g x.d° 314-1F y
¥ = = = = = - -
T o 1306 ex, A y 05 en’.

" w
r) npasoyromeuux (hb=2): W,=bW /0 =24/ 3; b= i'j—"- ={15.1202 =58 ew;
A=b-h=2 YV =2.58=63¢ev
Dxsagpar: Wy=a' /6 a={6.W,={6.1202=02¢ew; A=d" =02 =846ew

W
2. Ouenpaen pauMONATLHOCTS Cenemnit @ = TI.

A’
1430 1320
a) asyTasp mnmn.’}ﬁ; 0) mpeiep m=m=1,.’#.
1306 1292
B) KpyVT mﬂ?ﬁj_’=ﬂ'H: r) MPAOMOVTOIRMIK m-mnﬂii.
Dsspir o= ";:; =017

[lo crenemn paMOHATLHOCTH CENEHHA COOTHOCATCR CIEIVIONINM 0OPAIOM
MBETICP | ABYTARD | MPEAMOVTOIRNK : knagpat - spyr=126:126:023:017:0,14

Buigod: manboee panionatenan Gopaa ceneiiny ~ HIBETIEP M AVYTARD, HAIICHEE PAITHONATRHAR — KPYT.

IIpakTyeckas padora Ne 10
«Pacyer O6pyca Kpyriaoro nornepeyHoro CeuyeHust pu COYETaHUU OCHOBHBIX J1e(opMaLuiny

Vmetb pacCcUuTaTh 6pyc KPYTJIOTO MOIEPEIHOTO CCUCHUS HA MIPOYHOCTD ITPU COUCTAaHUU OCHOBHBIX

JeopMarimid.
I'eomeTpruecKue XapaKTEPUCTHKU KPyTa M KOJIbla

Kpyr (puc. 10.1) Komnswo (puc. 10.2)

Puc.10.1 Puc. 10.2

.ﬂ=:,=-‘§§~. R i S,
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MoMeHTBI COIIPOTHUBJICHUS:

Kpyr KOJIBITO
IInomann
nd®
We=W, = ';—2{1 - %) = 0,1d%(1 - *);

IInomann ceuenmii:

. rd?

A=—; J'iigfdj—tfi},

YcnoBue MMPOYHOCTHU IIPpU COBMECTHOM HCﬁCTBHH I/ISFI/I6a U KpYYCHUA:
Maue

O>ske Wx < [ o ]
09kB < [0]
OKBUBAJIEHTHBIE MOMEHTHI:
IpU paCydCTEC IO TMNOTEC3C MAKCUMAJIBHBIX KaCATCIIbHBIX HaHpH)KCHHﬁZ

Mo 1 = v M2 + MZ;

IIPU pacyeTe M0 SHEPreTHUECKOM THoTe3e (HOPMON3MEHEHUS:
II.'.—""':"
Moy v =+ M2 +0,T5M2.

IIpumep: M3 yciaoBust MpOYHOCTH paccUUTaTh HEOOXOIMMBIN TuameTp Baja. Ha Baimy ycTaHOBIEHBI
nBa kojeca. Ha xoneca neiictBytot nBe okpysxabie cuibl Ft1= 1,2kH, Ft2= 2kH u nBe paguansHbie
CWIIBI B BepTuKanbHOM mockoctu Frl= 0,43kH, Fr2= 0,72kH (puc.10.3). JluameTpsl Konec
cootBercTBeHHO paBHbl d1=0,1 M ; d2=0,06 m. [IpunsaTs a1a Mmatepuana Bana [6]=50 MIla. Paccunrars
pa3mepsl ceuenus npu c= 0,8 (¢ = dBu/d). Becom Bana u konec npeHeOpeys.

Pemenue.

VYkazanwue. Vcnonb3yeM NpUHLIUI HE3aBUCUMOCTH JEHCTBUS CHJI, COCTaBJIsIEM pacUueTHbIE CXEMbI Bajia
B BEPTUKAIBHOU U TOPU3OHTAILHOM TUIOCKOCTAX. OmpeenseM peakiiuu B oropax B TOPU30HTAIBHON U
BEPTUKATBHOMN TIOCKOCTSIX B OTAENbHOCTH. CTPOUM SMIOpHI M3rndaromux MoMeHnToB. [loa neiictBuem
OKPY>KHBIX CHUJI BaJl CKpyunBaeTcs. OnpenensieM ASHCTBYIONUN Ha Baly KPYTAIIUNA MOMEHT.
CocraBinisieM pacueTHYIO cXeMy Baja.

1. KpyTsmuii MOMEHT Ha Baly:

Puc.10.3, Puc. 10.4

N3rub paccmaTprBaeM B IBYX IUIOCKOCTSX: TOpu3oHTanbHOM (1. H) u BepTukanpHoi (1. V).
B ropuzoHTaibHON MIIOCKOCTH OMPEAEIIEM PEAKIIMH B OIOPE:

S mi = Fua-RE(a+b)+ Fula+b+c)=0;
1,2-01-RE.04+2-05=0; RH=28«H.
Zmﬁ = RY(a +b) — Fi,b+ Fye = 0;

RY.04-12.0342-01=0. RY =04xH

Omnpenensiem nsrubaronire MoMeHThI B Toukax C u B:
MH =400-0,1 =40H »; MH =—2000-0,1 = 200H - n.

B BepTHKanbHOU MJIOCKOCTH ONPEIEIIAEM PEAKIIMU B OIIOpE
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Emﬂ—ﬂla R%(a+b)—Frla+b+ec)=0
—-RY-04+043-0,1-0,72-05=0; Rf=-0,79xH.
Yy mY =RY(a+b) ~ Fr,b= F,C =0,
Rﬁ -04-043-0,3-0,72-0,1=0; RY% =0,5xH.
Omnpenensem u3rudaromnyie MoMeHThl B Toukax C u B:
M,}({=RV a; Mﬁ-anu 0,1 =50H M.
Mg =Fpe; ME =720-01=T72H

CymmapHsle nzrudaromue MoMeHThl B Toukax C u B:

Mg = ‘/{Mg}i +(MY)?%; Mg = A0 +50° = 63H - m.
Mg = \/(MH}? +(MY)?; Mg = /(2002 + (72)2 = 215H - m.

B Touke B MakcuMallbHBIN H3rHOAIONINIT MOMEHT, 3/1€Ch Ke IEHCTBYET U KPYTSAILIUI MOMEHT.
Pacuer nuameTtpa Bana BeeM 1o Haubosee Harpy>KEHHOMY CEUEHHIO.
2. DKBUBAJIECHTHBIII MOMEHT B TOUKEe B 110 TpeTheil Teopun npouyHoCTH
Myt = VMI+ ME Mgy = V2157 + 607 2 223H - .
3. OnpenensieM 1uaMeTp Bajla KPyIJIOro MOMEPEUHOro CEUYEHUS U3 YCIOBHS POYHOCTH

E Man
[D’] Wee=0, ltf3 m = [G’];

M“B 1 223'1{]3 oty
d;‘” o.1c] dz 0.1-50 = 35,5 MM,

OxpyTrIsieM MOyYeHHYIO BeTuauHy: d= 36 Mm.

IIpumeuanue. Ilpu BEIOOpE IMaMETPOB Basia MMOJIB30BATHCS CTAHAAPTHBIM PSIOM JHaMETPOB
(ITpunoxenwue 1).

4. OmpenensieM HEOOXOAMMBIE pa3MephI Basla KOJIbLEBOTro cedenus mnpu c= 0,8; c=c =
dBH/d, re d- HapyXHBII TuamMeTp Baja.

M:!xu ]
Toa = GBI ) <7

Wz = 0,1d*(1 - ¢) (xomsuo); d > ¢ U_I(_lﬂ%:ﬂ_[al'

Z[I/IaMeTp BaJla KOJIbICBOI'O CECYCHUA MOKHO OIPCACINUTD 110 Q)opMyne

d, 1
d-:::u - e dromuo = dupyr V1 — ¢4;
dxomue = 36%/1 - 0,8%;  d 2 42,5
[Tpumem d = 42mm. Ileperpyska HesHaunrtenbHas. dBH = 0,8d= 0,8%42 = 33,6mMm. Okpyrisem a0
3HayeHus dBH = 33MM.
5. CpaBHUM 3aTpaThl MeTaJIa MO IUIOLIA/IIM CEUEHHs Bajla B 000MX Cllyyasx.
[Tnomans momepevyHoro ceueH sl CIUIONIHOTO Bajla

nd® 3,14 36°
Axpyra, = o & 1018 mae’.
[Imonaae monepeyHoro CeUeHus mojioro Baia
m 3,14(42% — 332)
Am_nbnﬂ-n - Z{dz dgmy—rp]' Avonena, = T 530 pn”
[Tnomanp monepeyHoro ce4eHus CIUIONTHOTO Bajia TIOYTH B JIBa pa3a OoJibliie Baia KOJIbIIEBOTO CEYCHUSI:
Ay 1018
— i — D,
Az 530

Pacuemno - cpagpuueckan paooma Ne 13
Pacuer Opyca KpyTrioro NonepeyHoro ce4eHus Npyu cCoOYeTaHNH OCHOBHBIX JeopMaruii
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3aganme. 111 IpOMEXyTOYHOI'O Bajla PeIyKTOPOB, IIEPEJAIOIIEro MOIIHOCTh P Iipu yriioBoi CKOpOCTH
®, OTIPE/IETUTh BEPTUKAIbHYIO U TOPU30HTAIBHYIO COCTABJISIOLINE peaKIUi MOIIUITHUKOB, TIOCTPOUTD
SMIOPBI KPYTALIETO MOMEHTA U U3rM0aIOIUX MOMEHTOB B BEPTUKAJILHON M FOPU30HTAIbHON
IJIOCKOCTsIX. ONpenenuTh TuaMeTphl Basa 1mo cedeHusM, npuHsas [c] = 100 MIla u nonaras Fr = 0,364
Ft . Pacyer npoBecTu No runore3e MaKCUMaJIbHBIX KacaTeIbHbIX HAPSKEHUH.

Ykazanue. OKpyXHYI0 CHITy ONPeNeIUTh Mo Ghopmyie

F;=%E, rae M=£.
d W
Cxema Basia npuBezieHa Ha puc. 13.1. Jlannsle 1 pil_cqua H}f-).I/IBe,I[eHLI B tabn. 13.1.
Tabmuua 13.1
Bapuanr
[Mapamerp
1 2 3 4 S5 6 T 8 9 | 10
PxBr |40 |38 |36 |34 {32 |30 |28 |26 | 24 | 22
w,panfc |70 |65 |62 |58 |54 |50 [46 |42 |38 | 34
a, MM 60 |70 {80 |90 |100 |60 |70 |80 |90 {100
dy,mm |60 |70 [80 |90 [100 [110 [120 [130 140 [150
dy, mm |250 |240 {230 {220 {210 {200 | 190 {180 {170 {160
Puc.13.1
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Mnmokemle 1¢ 101 1k<ule. almyeciolecponrtea 1lekoroonix mare |l1allos
) Jlow-tkat.otvre] Anptkoeiyse | Moo, [+ ]
I AJpe.wmuoe ”f’ ’,O’j?, I1p,0,1 nuttprxava| wullpsoctllus | yupyrocmi| Kmeppuictietim
omtpua.l cot1pomutrnariiue | LAY 1" paupC.- 111IOCm" , Ee IIT' )
Hucpe'J Hu c.uamut ’ ngoccoiu [
umnu | UMR.| U1 dTla |ty mpal 1101 mna | mou
|Cram,: Cr3 380 200 120... 160 2.0
10 340 210 120... 1(,0 2.0
20 420 240 120.=160 2.0
25 4(,0 280 2,0
30 500 300 170... 210 2.0
35 540 320 170...220 2.0
40 580 340 180...240 2,0..2,1
45 610 j6Q 190... 250 2.0..2.1
50 640 380 200...260 2.0..2.1
55 660 390 216 2,1
%0 590 210 | 20,280 | (03-04orf 0508 31 0.3
200 460 280 - 2.0
601 710 420 23U=320 2.1
20X 800 650 2,0
40X 1000 800 240...340 2.1
JOXM 950 750 370 2.0
40XM 1000 900 290 2.1
30XT'CJI 1100... 1700 |850... 15008  340".500 2.0
y,yH: Cul5 150/650 - 53 120 08...1,5
Cu3s 340/1100 B = 90 130 3. 15] 0.23.0.27
fip11.\1evaw,e. (locJrc Kocoitut.})ud A,"Jsxpyniwx M3TCpLUIIOB )1t.11131111pene/JMp(Y'LUOITI 11p11 C-£.11-11111
IMmrgakenle2 Hon)laapypie auneifnpie  aivepel,[OCL 6636-69(tbnarMenTe)
Ra 20 Ra40 Ra 20 Ra40 Ra20 Ra 40 Ra 20 Ra40 Ra20 Ra40
1.0 100 4.0 4.00 16.0 160 63 63 250 250
1,05 4,20 17,0 67 260
1.1 1,10 4.5 4,50 18,0 18,0 71 71 280 280
1,15 4,80 19,0 75 300
12 1.20 5.0 5.00 20,0 200 80 80 320 320
1,30 5,30 21.0 85 340
1.4 1,40 5,6 5,6 22,0 22.0 90 90 360 360
1,50 6,0 24.0 95 380
1,6 1,60 6,3 6,3 25,0 25,0 100 10() 400 400
1,70 6,7 26,0 105 420
1.8 1,80 7,1 7,1 28.0 28.0 110 110 450 450
1,90 7,5 30.0 120 580
2,0 2,00 8,0 3,0 32 32 125 125 500 500
2,10 8,5 34 34 130 530
2,2 2,20 9,0 9,0 36 36 140 140 560 560
2,40 9,5 38 150 600
2,5 2.50 10.0 10,0 40 40 160 160 630 630
2,60 10.5 42 170 67/0
2.8 2,80 11.0 11,0 45 45 180 180 710 710
3.00 11,5 48 190 750
3.2 3,20 120 12,0 JU JU 200 20U 30U 30U
3,40 13,0 53 210 850
36 3,60 140 14.0 56 56 220 220 900 900
3,80 15,0 60 240 950
[p11.11e+1a,111e.11 1 pattolisiel 1111,1, ctarndpto” p.111,08(Ra5. R,10. Ra20. Rnd0) mpmlellells,pJ11U,1Ra20, Rod0c 6oa« ienOli

1 -pmamtleli



[Ip11noxelme3. TpyOsl rranbl,bie 371e"-rpocBapl 1bie mpsmomos| 1sie {B cootserctBlle ¢ 'OCT 10704-91)

pa:Tepbl
.,_.apyxusi] MNMnowaQb 7| vO A c¢M'| Nnpy TONWHHE CTEHKN b. MM
amavetpl o T a |16 [ 18] 2] 2.2l 25 28] 3 [ 32]35] 38| 4 [45] 5 |55
10 028033
10.2 | 029] 034
T2 [035]041]047] 02
13 Jo3s] oaafosifosy
14 0411043105510 62
16 | 047] 056] 064 O 12
18 | 03]0]o3losfon
19 |os7loe67]o77l 087 097 | 107
49 060 TO/ITTOSZTO92]T 103 1.13
21 3 | 064] 076] 0871000 | T10] 121
22 | 066 JO78]001 102 1 14| 126
24 | 072 [ 086 JOO9O [ 1T 3] 125] 138] 151] 169
25 10750090 J1oa]1is] 131 144] 158] 177
26 |0 0J03] 10812301 13701 151] 164] 184
27 |os2]oo7 ] T3] 18] 142] 157] 171 192
28 | O8] 101 ] 117 13301 481 163] 178] 200
30 OO Toof o6 143 [ 159 176 1.92] 206
32 J097] 1160 135] 153] 171] 188] 200] 232] 2.57] 2.73
33 T00] 120] 1390 158] 176] 195] 2.13] 2 39] 2.66] 2.83
337 122 142] 1e1] 180] 199 218] 245] 272] 289
Eje) | L4spl1oes] 1383 20 22 2200 2835 301
36 T31] 1o2] 1 5] 1051 214l 23] 203] 2021 3 11
38 T30 | 16111851 2000 2261 2471 2003012230
20 T2 | 10019 |26l 20 26 20| 327] 349
42 154 § 1781203 | 2.27] 2.51] 2 75] 3 10| 3.48] 3.67
44 .5 13 189216 24l 26 2920 3301 3.67] 3.91
25 T65] 192 | 218] 244] 2 70] 2 96] 3 34] 3.71] 3.96
48 205 233 261 289] 316] 3 57| 3.97] 4 24] 4 50] 489
40 D 2 UO 250 2065) 2 Y1 3 18] 506U 4001 4 2 453 492
51 218 248 | 2 78] 308] 337] 381] 4 24] 4 52] 480] 522
53 2271 2 53] 2 89] 3 20] 3511 396] 4411 4 71] 500] 544
54 231] 263] 295] 3 27] 358] 204] 450] 480 | 5 10] 5 55
57 244 2 78] 3 12] 348] 379] 4 28] 4,77] 509] s41] s88
oU 2055 2931 3291 364 3991 4 511 5.03 5.327 S /1] 6 211 6.71
63.5 23| 3111349, 386] 423] 2791 534] 5.70] 606] 6591 7.12
70 3021 344] 385] 427] 463] 530 5011 631] 671] 731 7.90] 829
73 318 359) 4 02] 446] 489] s 53] 6.17] 6 59] 701] 764] 8.26] 867
[4°) 3281 3 /40 4191 4065 5 10f 5 0 44] 038 31 9 sol] 904 ié)) 1Ty 121
88 4341 4871 520] 593] 6711 749] 801] 852 0 20] 1009 10 59 1180] 1303 1423
89 439] 493] 546| 600] 679 758| 8 10| 862] 940] 10174 106q 1194] 13 | 1441
19
102 5.66] 6.28] 6.89] 7 81] 8.72] 9.33] 9.93] 10.83 11,77] 12 31] 13 78] 15.29 16.6]
108 6.00] 6.66] 7.31] &.28 9.25 9891 10574 11.48 12.43 13 06] 14.62] 16.17] 1'/.7
114 634 7031 7.72] 8 75] 9.78] 1049 11 1] 12.14 13 15] 13 32| 15.47] 17.11] 18.74
127 708 785] 82| 977 1092f 1169 1244 1357 14| 15| 173 191 2094
70 | 48
133 742| 823] 904] 1024 1149 1229 1304 14.23 15 4] 16 24 18.19 20 | 2203
10
14U ST 86 OS2 10 /9 120q [Z291) 15 /4 1500016 250 1/ 08y 1Y IS5 21T 200 25 2]
152 8401 9421 1039 11 31 121 1411630 1711859 2084 230%] 25 3
74| 12 04l 95 68
159 SR [EE) RUE: BEREE RERE REXC RIS BSVA U BEEY RARE EZSE BPIC
168 939] 10494 11.49 12.99 14 54 15 54 16 54 18.04 1959 20 | 23.10f 25.59 28 0
60
1778 9905[1104] 12,13 1379 1539 1644 1759 19.14 2076] 2184 24,49 27.1 20
76
193,717 12.04 1323 ISON 16 /4 1799 19 14 20.90f 22 66] 23 s3] 26./3] 29.6F 2.5
219 17 0] 19 01] 2039 21 64 23.64 25 6§ 27 00] 30.3133 60] 36 87
4484 . O 22 1Y 24 2] 2 2872 50 21 5_f 3 412
1 b
273 29 62] 32 12] 33 79] 37 94] 4208] 46 2
325 20 39 4S 29 50 24| 55 18
3556 a7 19 ?? S504] 60 4
0
377 46 85| 52 63] 58 40] 64 14
206,4 S0 54] 56 191 63 02 | 69.24
420 S5 00] 59.56 61)8 72.6]
530 82 43] 90 Y
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M pllnoxelllle 4T py6 b1 cr™blble KBauilatabie. TOCT8639-82 (d11arment)

) L -],
w, -w,
Ltt . t . > . ott o ot t i . ¢ 01
o : &y S G DR LRF ° e lq" M uv .l. s
% ) ‘ N 00 " te % ’ %,‘ 3 '] "t
O . ° 1: »0' . B. %_ } 3 ’
0. ey G- P o ° °
4
.. " . (h..
HEn— "'
hd C. 210,
El vV Lt o" , E.IV v L 5 't o. " . , t ‘t o
0. o) r g PP N l' | ® o LM B R R R
O
vV ( tﬂ O
10 08T 0083 0222 10039 0.079 35 [a0 46836701 730 [ a117] 70 [e0 [1a7a]11.57]98.60]28.20
oemn U0 1 U,Z750 U, U2 U,00 NAVE B =+, S, U0 ] +,0U U 10,000 10,1 7100, 001,02
s U540 U,209 O, 045 0,099 40 1.2 1o | 1,0 D, 2% L0 0,0 J10, /414, /1]110,01]99,0
1 U,398 [ U351 U,050 0,100 ST 2 78| 5.0 3 301909 | .13 [ 39,05 [ 22,20
La 10,4481 0,352 | 0,053 §0,107 200 2971 2331 7,071 3,531 80 | 3,5 110,50] 8,24 J101,44]25,36
15 U8 10,443 0,348 | 0.127 10,196 75| 5.00 ] 2,85 8.42 | 4,21 72,0 [11,881 9,33 [113,17[28,20
0910494 ] 0388 ] 0,161 [0,215 3,0] 4,28]336]9.,61] 4,81 5,0 114,57]11,44§134,73(33,68
1,0 | 0,543 ] 0,426 ] 0,176 ]0,233 3,501 490 3.85]10,66f 5,33 6,0 |17,14]113,46]153,84]138,46
12 ] 0.6381 0.501 | 0,199 0,265 40]1s,48] 430]11.57] 5.79 7.0 19,60]15.38]170.63]42,66
1,41 0,728 1 05711 0.220 J0.293 5016571 5.16]113.01] 6.50 8.0 121.94117.22]185.20§46.30
151 0771 1 06051 0229 10305 60173541592 11396] 608 90124 17018 970107 cal40 41
B e R T i e o e s e i e e e e i
o e e e e Sros manky sl e B L ) B Eaatrey s
T TS T oSS T U aa s 0T 0] 5,80 [ 5506 [ 13,071 0,011 90 [ 30 [T0, 28807 [123,82125,03
L2 0,878 0689 | 0,510 10,510 5,01 6197] S,47]15.45] 7.36 4.0 [13,48]10,59 |164,63]306,58
L4 1,01 0,791 0,572 10,572 6,0 18,021 6,30[16,69] 7,95 5,0 [16,57]13,00J197,12]43,80
LT 1,071 | 0,841 0,600 [0,6008 45 | 2,0] 3,37] 2,65 [10,29] 4,57 6,0 [19,54]15,34]226,44150,32
O 1,37 L0757 0,723 10,723 30] 3,38 3,83 | 14,IS| 0,29 0 |22.40[T 7.58|252, 71| 56,10
25 [UST 0,763 0599 T 0,740 [0,592] 3,5] 5,60 4,40 [ 15,79] 7,02 80 [25.14]19,73)276,08|61,35
0,91 0,854 0,670 | 0,820 ]0,656 4,016,228 14,93]17,25] 7,67 100 | 3,0 J11,48]9,02 J178,95]35,79
1,0 1 0,943 ] 0,740 | 0i897 0,718 501 7,571 5,94 ]19,66] 8,38 4.0 ]15,08]11,841229.71]45,94
121 1,12 | 0,878 1,04 10,835 6,0 ] 8,74 ] 6,86 ] 21.42] 9,52 5,0 ]18.,57]14,S8276,30155,26
1.4 1.29 L01 118 10945 7019201 769122 60110.04 60 12194117 221318 89163 78
1,5 1.37 107 1.24 10.996 8.0110.741 8.43123 231 10.33 7.0 125.20119.781357.62071.52
2.0 177 1.39 133 1221 50 201 3771206114361 574 RO 12K 34127 250302 QSR7R 53
251 214 168 177 1141 23514641 364117271 691 90 131.37124 620424 11084 82
3.0 2.48 193 L95 LS6 3001 5481431110031 7071 110 L0 12434110 114433 SORTR R3
30 LOR 1 09231 0703 130 10270 3s5l63001 4041223510 R94 o422 00101 oglasg 14088 75
09 103 0811 14510 066 4017081 55612454100 0 121 saloa 7.053Q 11007 24
L0 114 0897 150 1106 asl 784 616126 51110601 Q0 24‘)7774Q<mm|nA11
1.2 L 36 107 L6 1124 301l es7l 731222411308 120 LaQ 126 74100 agls72 94895 49
13 146 L1l 1.99 1323 c0loaogl 790131 15110 46 2013020124 198647 00K07 8
141 1,57 1,23 2,12 | 1,41 7,0111,20] 8,79 133,28] 13,31 i e e e
1,5 1,67 1,31 2,24 1,49 8,0112,34] 9,69 | 34,70} 13,88 138 S 3028778 8212958t
20° 2,17 1,70 © 2,79 1,86 60 2,0 Z,57 3,50 2545 8,48 140 06,0 31,57 24,76 935,19 133,0
2,5 2,64 2,07 327 2,18 2,5 5,64 4,43 30,81 10,27 7.0 36,40 28,57 1061,44 151,6
30 3,08 2,42 3,66 244 3,0 6,69 5,25 3S,81 11,94 8,0 41,14 32,29 179,8 168,S
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35

35 380  27S 398 2.6S 3,5 7,70 6,04 40,44 13,48
40 388 3,04 423 282 40 8,68 6,82 44,73 14,91
08 1,083 0850 2,10 120 5,0 10,57 8,30 52,30 17,43
09 121 0953 234 134 6,0 12,34 9,69 S8,60 19,53
141,85 1,48 345 1,97 7,0 14,00 11,00 63,71 21,24
L5 1,97 155  3,6S 2,09 8,0 15,54 12,20 67,71 22,87
20 257 202 461 263 70 30 788 6,19 5845 16,70
25 314 246 544 3,11 35 910 7.4 6634 18.95
30 3,68 28 6,17 3,52 4,0 10,28 8,07 73,74 21,Q7
35 420 330 6,78 3,88 50 12,57 9,87 87,12 24,89

150

180

0.0 48,77 35,931290.S 843
70 39,20 30,77 3224 763
8,0 4434 3481 472.8 1963,
9,0 49,37 38,75 6143 152
10,0 54,28 42,6117472 32,9«
80 53.944234 6340 92,6
9,0 60,17 47,23 9004 22,2
10,0 66,28 52,03 153.9 504
12,0 78,17 61,36 023:0 402,51
14,0 89,59 70,33

40434 i-492
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[Ipl1noxenlle 5 Yro.lwl cramsilbie ropsue karal lpte pagHorlonoul Ibie.
IoCr 8509-93(¢pparmeHT)

b - WwypnHa nonku;

t - TOMLWMHA MOJSIKN;

R « pagunyc BHYTpPEHHEro 3akpyrneHus;

2 * pafimyc 3aKkpyrreHus rnorsok;

F- nnowaab nonepeyHoro ceyveHus:;

1" MOMEHT UHepLuH;

Xg + PaAcCTOAHWE OT LIeHTpa TSHKECTU [0 HAPYXXKHOW rpaHu Norku;
7,,,= UEHTPOOEXHbI HOMEHT UHEPLIAN;

1* paguyc nHepLmu.

CnpaBo4HWe 3Ha4YeHui BenuyuH ane ocetl
"1y vl t| RY| ¢ Hece.
3 Fe.h-J X-X Xo- Xo Ve ye el 1 H,
s HM Ix, cmq Wi, cu] i< 1"max,c.nq iwcmax,c 1o minemp w cud 1,0mined Oo|  Kr
e
-
2 | 20| 3] 35} 14 1.13] o040 ] 028059 0,63 0,75 0,17 020 ] 039 | 023] 060] 0,89
250 29 31 35) 1.4 1.43] o081 ] o046]o7d 129 0,95 0,34 033 ] 049 [ 047] 0.73] 112
2,81 28] 3140)1.3 1,62 1,16 0,58 | 0,8 1,84 1,01 0,48 0,42 0,55 0,68 0,80] 1,27
340l 1 174] 145 ] o067 o0 230 1,18 0,60 053] o059 ] 085 ] 085] 1.36
> o] oo e | os ood ™ 292 L3 | 017 | oo61] 058 | 1.08] 0.89] 1.8
345014 186] 177 077]094 280 1,23 0,74 050 | 063 ] 1.03] 0.89] 1,46
52 32 a5 ] 23] 206 | tooJood sss 121 094 | o071 o062 | 1.32] 094] 1.91
345014 204] 235] 093]104 372 1,38 0,97 071 | 069 | 137 ] 097] 1.60
35 35T a5 14 308] 301 ] 147104 571 1,32 1,52 102] pes | 210 1.05] 2,58
3] 50014 238] 355 122]124  S.63 1,55 1,47 095 ] 079 | 2.08] 1.09] 1.85
4 40 41 5,01 1,4 3,08 4,58 1,60 | 1,2:2 7,26 1,53 1,90 1,19 0,78 2,68 1,13] 2,42
s| soliqd 3.00] 553 195]12] 878 1,52 2.30 139] o078 | 320 1.17] 208
3] s0lid 268 5131 156[139 813 1,75 2,12 124 089 | 300 121] 2,08
45 | asp 4] 5.0) 1.4 348] 663 ] 2.04f139 1052 1,74 2,74 154 08 | 38 ] 126] 2,73
s|soliq4 429] so03] 251134 1274 1,72 3,33 181 | o088 | 471 ] 1.30] 337
3)sslid 296] 701 ] 1904]154 1127 1,95 2,95 157 ] 100 | 416 )] 133] 232
5 | sol 4l 55)1.d4 38 921 ] 254154 1463 1,94 3,80 1951 099 | s42 | 138] 3,05
6] 55l 1.4 5.69] 13.07] 369015 2012 1,91 543 2,63 ] 098 | 7651 146] 447
4l 6ol2d 438] 13300] 321 1,74 2079 2,18 5,41 252 111 | 769 ] 152] 344
M ERE 60]2d sa41] 1597] 396 | 1,7] 2536 2,16 6,59 297 | 110 | 941 | 187] 425
4170124 496] 1886 4,09 | 1.9 29,90 2,48 7,81 3,26 1,25 11,00 1,691 3,90
63 | 63l 5] 70124 6.13] 23.10] 8,08 1.94 36,80 2,44 9,52 387 12s | 1370 1,74] 4.81
6] 70124 728] 2706] s9s]i190] 4291 2,43 1118 | 444 ] 124 | 1590] 1,78] 5.72
49 801271 620] 29,04] S,67 | 2,19 46,03 2,72 12,04 4,83 1,39 17,00 1,88 487
7 | 70l 5] 80]24 6.86] 31.94] 627]2.1d  50.61 2,72 13r22 | 492 ] 139 | 1870 1.90] 5.38
6] 80]24 s.15] 3758] 743|214 59.64 2,71 1552 | 566 138 | 22.10)] 1794] 6.39
s)ool3d 739] 3983] 721 ]23) 6265 7,91 1641 | 5741 149 | 23.10] 2.02] 5.80
75 | 7sL 71 o0l3d 1015] s5334] 9.89 [ 224 84,61 2,89 2207 | 7431 147 | 3120] 2,10] 7,96
8190130 11,500 59,84] 11,18] 2,28 94,89 2,87 24,80 8,16 1,47 35,00 2,1S| 9,02
5.4 9.01 3.4 8.63] 52,68] 9.03] 2.47 83,56 3,11 21180 7,10 1,59 3090 ) 2.17] 6,78
6] 90l3d 938] $6,97] 9.80 | 2/44 9040 3,11 2354 | 760 158 | 3340] 2.19] 7.36
8 80 71 9,0]3.4 10,88] 65,31 11,32 24y 103,60 3,09 26,91 8,55 1,58 38,301 2,23] 8,51
8] o.0l3d 12.30] 73.36] 12.80] 244 11639 3,08 3032 | 944 157 | 43.00] 227] 9,65
6] 10,4 3.3 10,61] 82,10] 12,49] 2,78 30,00 3,50 33,91 9,88 1,79 48,101 2,43] 8,33
9 ool 81 10,433 13,93} 106,11y 16,36] 2,76 168,42 3,48 43180 12,34 1,77 62,30) 251] 10,93
9] 10,439 15.60 118.00] 18.29] 2,74 186,00 3.46 48,60 | 1348] 1,77 | 68.00] 2.:5s] 122
6,5 12,4 4.4 12,82] 122,10] 16,69]3.09 193,46 3,8<] 5073 | 1338] 199 | 71.40) 2.68] 10,06
il B WX BPAI S B AL EVARE) BPER IRALS EPAS RSN R 7A08 | I8ST| 196 | TTU00] Z83| 150
71124 4q 1s.15] 115.61] 21.83]3.4d 278.54 4,2.9 7268 | 1736] 219 | 10600] 2.96] 11.8
Y s 24 ad 17.20] 198.17] 24.77] 339 31451 428 81,83 | 1920] 2.8 | 116,00] 3.00] 13.5
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h - BbicoTa JByTaBpa;

b - wnpuHa nonku;

Mpruton.'t!sme 6 IByraspsi cral Ibssie ropsuexaransie TOCT 8..239-$9 (bparmesit)

S = TOJILWMHA CTEHKU;

t - cpeaHAS TONIIMHA TIOJNKH;
R - paanyc BHYTPEHHETO 3aKpYTJICHUS;
2 - paauyc 3aKpyTJ€HUs TTOJIKH

| - MOMEHT uHepuuy;

W - MOMEHT CONpPOTUBIEHUS;
S - cTaTU4YecKUil MOMEHT MoryceYeHus;

i - pagMyc MHEpIMH.

Pa3smepb!” MM CrpaBo4HbIe 3HAYCHUS JUIsl OCCil
Homep R | 2 sl I X-X y-y
TOIEePEYHOT0
nsyraspa | h b S t He Gosee cetzlenvm, M"Kr L em"”| e, om® | i om S, cM’ | s ceme | Wy, em | iv, em
cm
10 100 | 55 4,5 7,2 7,0 | 2,5 12,0 9.46 198 39,7 4,06 23,0 17,9 6,49 1,22
12 120] 64 4.8 7.3 7,5 1 3.0 14,7 11,50 350 58.4 4,88 33,7 27,9 8,72 1,38
14 140 ] 73 | 49 | 7.5 | 80 | 3.0 17.4 13.70 | 572 81,7 | 5.73 | 463 41,9 1150 | 1.55
16 160 ] 81 5,0 7,8 8,5 | 3.5 20,2 15,90 873 109.,0 6,57 62,3 58,6 14,50 1,70
18 180 | 90 5,1 8,1 9,0 | 3.5 23,4 18,40 1290 143.0 7,42 81.4 82,6 18,40 | 1,88
20 2001 100) 5.2 8.4 9,5 | 4,0 26,8 21,00 1840 184.,0 8,28 104,0 115.,0 23,10 2,07
22 2201 110} 5.4 8,7 10,01 4.0 30,6 24,00 2550 232.,0 9,13 131,0 157.,0 28,60 | 2,27
24 2404 115 5,6 9.5 10,5 | 4.0 34.8 27,30 3460 289,0 9,97 163.0 198.0 34,50 2,37
27 270] 125 6,0 9.8 11,0] 4.5 40,2 31,50 5010 371,0 11,20 2100 260,0 41,50 2,54
30 300 | 135] 6.5 10,2] 12,0] 5.0 46,5 36,50 7080 472,0 12,30 268.,0 337.,0 49,90 2,69
33 330] 140) 7.0 11.2) 13,0} 5.0 53.8 42,20 9840 597,0 13,50 339.,0 419,0 59,90 | 2,79
36 360 | 145) 7.5 12,3 14,0 | 6,0 61,9 48,60 133801 743.0 14,70 423,0 516.,0 71,10 2,89
40 400 | 155 ] 83 13,0] 15,0} 6,0 72,6 57,00 19062 953,0 16,20 545.,0 667.,0 86,10 | 3.03
45 450 1 160 ] 9,0 1421 16,0 7.0 84,7 66,50 276961 1231,0] 18,10 708.0 808.,0 101,00 |} 3,09
50 500 § 1704 10,0} 152) 17,0] 7.0 100,0 78,50 39727 1589,0] 19,90 919,0 1043.,0 123,00 3.23
55 550] 180 11,0] 16,5] 18,0 7.0 118,0 92,60 55962 | 2035,0f 21,80 | 1181,0) 1356,0 151,00 ) 3.39
60 600 | 190] 12,01 17.8] 20,0} 8,0 138,0 108,00 | 76806 | 2560,0 | 23,60 | 1491.0 1725,0) 182,00 ] 3,54
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N I I

Mponoxesne 7 IIIM'jJnepoicra,1bBbie ropsyet:araspie.’OCT8'.40-97(pparmest)

h - BeicoTa (1IBEILIEPA);
b - mmpuHa IOJIKH;

S = TONLWMHA CTEHKU;
t - TOJNLLUHA NOJIKU;

R - paguyc BHYTPEHHETO 3aKpYTIJICHUS;
2 - paanyc 3aKpyIJICHHS TTOJIKU;

L Xo - paccTosiHME OT ocu Y - Y 00 HaApy»KHOH IpaHH CTCHKU;
F - iomags MONEepevyHoro CeYeHUs;
[ - MOMEHT nHepuum;
W - MOMEHT CONpPOTUBIEHUA;
i - pamuyc UHEpLHH;
B Sx - CTaTU4ECKUA MOMEHT norslycevyeHus.
b 1
Howmep h I b I s |M -1—n'e-ﬁ-(ne-e1 R e for- omaj;bnonepellllorf Macc.a1 )C(?x—" SRR TSR T R vy X
. 0,CV
INBeTtepa ceueBIOIF > ( M.II- 1., cM Wx.cMm' | ix,cMm SX,CM' !,.cme [ W,.cm] io,cm
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