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NNPEAUCJIOBHUE

Comnportunenne matepuanoB (TexHuueckass MeXaHHWKa) — HayKa O MPOYHOCTH,
KECTKOCTU U YCTOMYMBOCTH OTAEJIbHBIX JIEMEHTOB KOHCTPYKIUH.

Nuxenepy mo00# cieruaibHOCTA YaCTO MPUXOAUTCS MPOU3BOJUTEH PacueThl Ha
IIPOYHOCTh, JKECTKOCTb M YCTOMYMBOCTHb 3JEMEHTOB KOHCTpykKuuil. Camas
HE3HaYUTeNbHasA, Ha MEPBbIM B3IIIA, OUIMOKa B pacyeTax MOKET MOBJIEYb 32 COOOi
OYEHb TSKEJIBIE TMOCIEACTBUS — MPUBECTH KOHCTPYKUHMIO K pazpyuieHuto. Ilpu
MPOBEJCHUHN STHUX PACUETOB HEOOXOIUMO CTPEMHUTHCA K COYETAHHUIO HAWOOJbIIEH
HAJEKHOCTU PabOThl KOHCTPYKIMU C HAUMEHBIIIUM PACX0JIOM MaTepHalla.

ConpoTuBIEHHE MaTEepUaJIOB — OJHA M3 CIOXKHBIX YYEOHBIX TUCIHILUIUH,
M3Y4YaeMbIX CTYyICHTAMH TEXHUYECKUX HAIPABJICHHUI MOATOTOBKHU (CIIEUUATBHOCTEMN).

bonpuioe 3HaueHHE B 3aKPEIUICHHHM KaK TEOPETUYECKHUX, TAK M MPAKTHYECKUX
3HaHUN 1O Kypcam «COIPOTUBICHUE MATEpUAIOB» M «TeXHHYEecKass MEXaHUKa»
MMEET CaMOCTOsITENIbHAsA pad0Ta CTYyI€HTOB—3a0YHUKOB, B TOM YHUCJIE U BBINOJIHEHHUE
UMHU KOHTPOJBbHBIX paboT. B TeueHme Kaxaoro cemecrpa CTyAEHT—3a0YHUK
BBINIOJIHSET OJHY KOHTPOJIbHYIO pPa0OTy, MPEIyCMOTPEHHYIO YYE€OHBIM IIJIaHOM
HaIlpaBJIEHUS OATOTOBKHU.

B ortnnune oT moMamHuX 3afad, JUIsS PEeIIEHUs KaXKJIOM M3 KOTOPBIX OOBIYHO
JOCTAaTOYHO 3HAHUU B OOBEME OJHOW TEMbI, BBINOJIHEHHE KOHTPOJIBHOU padOThI
TpeOyeT 3HaHMsI HECKOJIBKUX pa3JesioB Kypca.

Eciu mpu pemeHun 3agad M OTBETaX Ha BOINPOCHl I CaMONPOBEPKH
BO3HUKHYT 3aTPYyAHEHHUS, CJIEIYET BOCIOJIb30BAaTHCS MMEIOLUIMMUCS B YUeOHUKAX U
y4eOHBIX MTOCOOUSIX YKa3aHUSIMU U PEIICHUSIMH.

B ycnoBusIX MOCTOSIHHO COKpAaILAIOIIErocsi B YYEOHBIX IUIaHaX BpPEMEHH,
OTBOAMMOIO Ha M3yYEHHUE ATHX TUCHUIUIMH, U B TO XK€ BpeMs HEOOXOAMMOCTH
dbopmupoBanus y OyAylIUX HHXKEHEPOB 0a30BOro o0beMa 3HAHUM O MPOYHOCTH,
KECTKOCTH U HAJIEKHOCTH MPOEKTUPYEMBIX U HAXOASAIIMXCSA B SKCILTyaTalluK 31aHUN
U COOPYXEHUH, BAXKHO O0ECMEYUTh O0YUYaIOIMMUXCS METOJAUYECKUMH pa3paboTKamH,
HEOOJIBIIMMU TI0O 00bEMY, HO OXBATHIBAIOIIMMH OCHOBHBIE pa3leibl 3HAHUNA B

COOTBETCTBHH C 337a4yaMu (HOPMHUPOBAHUS Y OOYHAIOIINXCSI HEOOXOUMBIX HABHIKOB
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pacyeToB Ha MPOYHOCTh, JKECTKOCTh U YCTOMYMBOCTD 3JIEMEHTOB KOHCTPYKIIHUA.

Hacrosimass merommueckass pa3paboTka mpeaHa3HadYeHAa Il CTY/ICHTOB-
3a0YHUKOB, H3YYalOLIMX TOJHBIA Kypc Y4YeOHBIX AUCHUILUIUH «CONpOTHUBICHUE
MarepuasioBy U «TexHuueckas MeXaHUKa», B YaCTHOCTH, [JIsi CTYIEHTOB,
oOyuaronuxcs o Hanpasiaenuto 08.03.01 — «CTpouTeasCTBOY.

Meronuueckas pa3paboTKa TMPEACTaBIIET COOOW KpaTKoe H3JI0KEHHE
TEOPETUYECKOT0 MaTepuaiga C CHUCTEeMaTU3UPOBAHHOM MOMOOPKOM 3amady W HX
pEHICHUSIMU TI0 OCHOBHBIM pa3jieiaM TIOJIHOTO Kypca Y4YeOHBIX JUCHUIUIMH
«ConpoTuBIeHNE MaTepHAIOB» U « TeXHUYeCKass MEXaHUKa.

Mertoauueckas pa3paboTka COCTOUT U3 JBYX yacTel. IlepBasi 4acTh COEpKUT
VMHJIUBUAYAJIbHBIE JIAaHHBIE U PACUETHBIE CXEMBbI 33/1a4, BXOJAIIUX B KOHTPOJBHYIO
paboty No 1, mpumepnl pelieHHs 3ajad KOHTPOJIBHOM pabOThl C OCHOBHBIMHU
TEOPETUYECKUMU TTOJIOKECHHUSIMU.

Bo BTOpoO#i yactu conepxarcsa UHAUBUYATbHbBIE JAHHBIE, PACUETHBIE CXEMBbI U
BOIIPOCHI JIJII CAaMOTIPOBEPKH K 3ajJadaM, BXOJAIIAM B KOHTPOJBHYIO paboTy Ne 2,
MpUMEPHl pElIeHUsT 3a7a4 KOHTPOJIbHOM pabOThl C OCHOBHBIMHU TEOPETUYECKUMHU
MOJIOKEHUSIMU, CIHCOK PEKOMEHAYEeMOW JHUTEepaTypbl TpU TMOJATOTOBKE K
BBITIOJTHEHUIO PAOOTHI.

Bce 3amaun KOHTpOJBHBIX pPabOT UMEIOT OOJIBIIOE YHCIO PaBHBIX IO
TPYJAOEMKOCTH BapUAHTOB, UYTO TMO3BOJISIET KAXKJIOMY CTYJCHTY-3a0YHHUKY MOJy4aTh

HMHAWBUAYAJIbHBIC HCXOAHBIC TaHHBIC.



PA3JIEJI 1. KOHTPOJIBHASA PABOTA
OO0mue MeToAN4YeCKHE YKA3aHUS 110 BBINOJHEHUIO KOHTPOJIbHOI padoThl

e ConepxaHue KOHTPOJBHOW paboThl cooOmIaeTcss MpernoaaBaTesieM B
Hayase yueOHOro rojaa (cemecrpa).

e lcxoanwle naHHBIE Ui pPEIICHUS 3a7ad BBIOMPAIOTCS CTYJIEHTOM U3
Ta0JWI BapUAHTOB B COOTBETCTBHUU C €r0 JIMYHBIM MU(POM (HOMEPOM 3a4eTHOU
KHIDKKH).

[Iudpom cunutaroTcss mpu nocireonue yugpuvl, HAMPUMEP, €CIIM HOMEP 3a4ETHOM
KHIWKKU — 27306, To yueousiM mudpom Oymet 306.

Kaxnas tabnuiia BapuaHTOB paszjeneHa Ha Tpu dacth. g mosydeHwus
MCXOJTHBIX JJAHHBIX HEOOXOAMMO BBIITUCATH U3 TAOIHUITHI TPU CTPOKH:

repBasi CTpoKa oTBeYaeT nepBoi nudpe mudpa;

BTOpasi CTPOKa OTBEYAET BTOPOM (cpeaHei) uudpe;

TPEThsl CTPOKA — NocHeqHeN (TpeTbelt) mudpe mudpa.

Hampumep, nst Homepa 3aueTHor KHIDKKY 27306 mnpu perieHnu nepBou 3aiayu,

coryacHo TadJ1. 1, mosy4uM clienyronme NHCX0IHbIE TaHHBIE!

b
F=16 kH; q=8 kHIm; €= 1,5 m; ; =0, 7; M pacuemmnoii cxemwt 6anku — 6;

c
m =10 kHm; z =0, 2; M ceuenusn —1; euo nepemeuwienus — npozuo.

e  Henb3s nmpucTynarh K pelieHHIo 3a/1a4, JOCKOHAIILHO HE Pa300paBIIUCh 110
y4eOHMKaM B TEOPHUH, CBSI3aHHOW C BBIMIOJHEHHWEM KOHTpOJIbHOW paboTel. [locne
M3YyUYCHHS KaXIOW TeMbl HaA0 00s3aTeIbHO OTBETUTh Ha BOMPOCHI IS
CaMOTMPOBEPKH — ITO CIIOCOOCTBYET JIYUIIIEMY YCBOCHHUIO ITPOUIEHHOTO MaTepHalia.

e [lepen pemeHnemM Kaxiaou 3ajaduv HEOOXOJIHWMO BBHINIKMCATH MOJTHOCTBIO €€
YCJIOBUE C YHUCJOBBIMU JaHHBIMH, COCTaBUTh AaKKypaTHBIM 3CKM3 B MaciiTabe u
yKa3aTh Ha HEM B YHCJIaX BCE BETUYUHBI, HEOOXOMMBIC TSI pacyeTa.

e  Bce pacyeTsl HEOOXOIUMO BECTH OYEHBb YETKO U aKKypaTHO, C MpeeTbHON

BHUMATCIIBHOCTBIO, CHa4daJla B 06H_ICM BUJC, 3aTEM B UHCJIAX.



e HeoOxomuMo  WCMONB30BaTh BCE  CPEACTBA  JUIsl  CAMOKOHTPOJIS
MPaBUJILHOCTH BBIITOJTHEHHOW YacTH padoThl. Takme BO3MOXHOCTH, KaK IMPABHIIO,
MUMEIOTCS Ha Ka)KJIOM dTaIe pacuera.

e  Pacder Ha Bcex €ro sTamnax HaJo COIMPOBOXKIATh HEOOXOAUMBIMU CXEMaMH,
pUCYHKaMH W TpadukaMu (IIOCTPOCHUEM 3ITIOP), BBIMOJIHCHHBIMH C 00s3aTEeIbHBIM
cOOJIFOeHrEM MacIITa0O0B.

['paduueckoe odopmieHue MoMoraer He TOJbKO MPOU3BECTH pacder, HO U
oOJieryaer ero MpOCMOTP C IIEIbI0 O3HAKOMJICHHWS C HHUM WIH JUIsl KOHTPOJISA
PaBUJILHOCTH BBITIOJIHEHHOTO 3Tara paboThI.

e  Bce BBIYHMCIICHHS, KaK MPABHIIO, TOCTATOYHO TPOU3BOJUTH C TOYHOCTHIO 710
TpeTbel 3Havane nudpel.

e  UucToBoiif BapuaHT KOHTPOJIBHON PabOThI MPEIBSIBIAETCS K 3aIUTE B BUJIEC
aKKypaTHO O(OPMIICHHON M COPOIIIOPOBAHHOMN MOSICHUTEIBHON 3aIMCKH Ha JIUCTaX
dbopmata A 4 ¢ TUTYJIBHBIM JIUCTOM, HCXOJHBIMU JAHHBIMH, BCEMU HEOOXOIUMBIMH
pacdyeTamu, CXeMaMHU U YePTEKaAMHU.

e Ha TUTyTbHOM JHCTE KOHTPOJBHOW palbOThl JODKHBI OBITH YETKO
HAllMCaHbl: Ha3BaHWE JUCIMIUIMHBI, (QamMuius, WM ¥ OTYECTBO CTYJACHTA,
HAaMMEHOBAHHUE HANPABJICHHS (CHENUATLHOCTH) W MPOQPWIb MOATOTOBKU, y4EOHBIM
mudp ¥ TOYHBINA TOYTOBBIN ajapec.

e Jlocne npoBepkHu MpemnojaBaTesieM KOHTPOJIbHON pabOThl CTYJAEHT J0JKEH
UCIIPaBUTh B HEW OTMEUYEHHBIC OIIMOKHU U BHITIOJHUTH BCE CICTAaHHBIC EMY 3aMEUaHMSI
U yKa3aHWUsl.

WcnpaBnenuss ODKHBI  OBITH  BJIOXKEHBI B COOTBETCTBYIOIIME  MeECTa
pelLeH3UPOBAHHON PaOOTHI.

e [Jlocnme 3amuThl KOHTPOJIbHAs paboOTa CKAHUPYETCS W €€ DICKTPOHHBIHN

BApUAHT BMECTE C OPUTHMHAJIOM CIIaeTCs Ha Kadenapy.



PA3JIEJI 2. UHAUBUAY AJIBHBIE HCXO/IHBIE TAHHBIE "
PACYETHBIE CXEMBbI 3ATAY

2.1. 3BATAYA Nel. OIIPEJEJEHUE NEPEMEIIEHAM B CTATUYECKHA

ONPEJIEJITMMOM BAJIKE

Joist 3a1aHHOM pacueTHOM cxeMbl 0ayiku (TadJ. 2) Tpedyercs:

1.
2.

OnpenenuTs ONOPHBIE PEAKIIUH.

Onpenenuth nepemenieHre (Mporud WM YroJ MOBOPOTa) B 3alaHHOM

CEUEeHNH OaJIKU C IMOMOMIbIO METO/Ia HAYAJIBHBIX IMMAPpaMCTPOB, CUUTAs, YTO }KCCTKOCTb

nornepevHoro ceyenus oOanku EJy = const.

HCXOI[HLIC JAaHHBIC IJIs1 PCIICHUA 3adda49U B3ATb U3 Ta0J. 1 B COOTBETCTBHU C

JUYHBIM UPPOM.

Tabmuua 1
HcxoaHble JaHHbIE
[
& g .
= « —
: & F g 2 a, l, b = & % m, ¢ Ne Bun
s = = — = T %
2 2| xH g = | kH/m M | - E ¢ | kHm cevyeHus | mepeMelleHHst
1 2 3 4 5 6 7 8 9 10 11
Y
1120 1 2 | 35|03 1 2 | 02| 1 rox
IOBOPOTA
Y
2 18] 2 4 3 04| 2 18| 03] 2 rox
IOBOPOTA
Y
3|16 3 5 | 25 |05 3 16| 02| 3 rox
IOBOPOTA
Y
4 14| 4 | 6 | 2 [06] 4 | 1403 1 ol
IOBOPOTA
Y
5 | 12| 5 8 | 15 07| 5 12102 2 rox
IOBOPOTA
6 | 10 6 2 3,5 0,3 6 10 | 0,2 1 [Tporu6




Oxkonuanue Tadi. 1

PacuyerHast cxema 0aJIKu

YYVYVV)

10

3 5 6 7 8 9 10 11

7 3 0,4 7 8 0,3 3 ITporu6

8 25 | 05 8 6 0,2 1 [Tporu6

9 2 0,6 9 8 0,3 3 [Tporu6

0 15 | 0,7 0 10 0,2 1 [Tporu6
Tabmauia 2
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Oxkonuyanwue Tad. 2
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2.2. 3AJJAYA Ne2. BHEHHEHTPEHHOE C)KATHE KOPOTKOI'O CTEP/KHSA

YyryHHbI KOPOTKHMH CTEpkKEeHb, MOIMEpPeYHoe CeYeHHe KOTOpPOro
NpUBeeH0 B Tadjuue 2, C:KUMaeTcs NMPoAo0JbHOI cwioil F, mpuioxkeHHoii B
Touke K.

TpeOyercs:

1. BpluucnauTh BEIWYUHBI HAMOOJBIIMX PACTATHUBAIOIIUX W CKUMAIOIIMX
HaIpsHKEHU B MOMEPEYHOM CEUCHHH, BBIPA3UB BEIUYUHBI 3TUX HANPSKEHUN yepes
F.

2. W3 ycnoBuil MpOYHOCTH HAWTHU JonyckaeMyto Harpy3ky [F] mpu 3amannbix
3HAYEHUSIX JOIYCKAEMbIX HOpMaJIbHBIX HAMPSXKEHUH ISl UyTyHa Ha cxkaTue [ o] 1 Ha
pacTsukenue [op].

Ncxoanbie qanHbIe IS pelISHUsl 3a/1a4ud BbIOpaTh U3 TabJ. 1 B COOTBETCTBUU C

JTUYHBIM UG POM.

Tabmuma 1
HUcxoanbie 1aHHBIE
S
[ ] -
S =9 < 2
: s a, ;g @, | £E3 b, (3],
é E ™M E E MIla E E > cM MIla
2. 2. o 3
= .= =
= =
= =
1 2 3 4 5 6 7
1 2,1 1 110 1 2,1 21
2 2,2 2 120 2 2,2 22
3 2,3 3 130 3 2,3 23
4 2,4 4 140 4 2,4 24
5 2,5 5 150 5 2,5 25
6 2,6 6 60 6 2,6 26
7 2,7 7 70 7 2,7 27
8 2,8 8 80 8 2,8 28
9 2,9 9 90 9 29 29
0 3,0 0 100 0 3,0 30
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2.3. 3ATAYA Ne 3. YCTOHUHUBOCTH IIEHTPAJIBHO CXKATOI'O CTEPXKHSI

CranbHoii cTep:keHb JINHOI | cckumaercs cuioii F (Ta6s1.2, 3).

TpeOyercs:
1. W3 ycnoBusi ycTOMYMBOCTH MOJ00paTh pa3Mepbl MONEPEYHOTO CeUEHUs

CTEP>KHS MPH JOIMyCKaeMOM HOpMaJIbHOM HarpsikeHuu [o] = 160 MTla.

Pacyer mpoBOAMTH C MOMOILIBIO METOJA IMOCJIEN0BATENbHBIX NPUOIMKEHUH,
MIPEABAPHUTEILHO 33aBITUCh BeTUInHOU Ko durmenta ¢ = 0, 5.

Eciu rubkocTh CTOMKM B TEpPBOM MPHUOIMKEHUH OKaxeTcss MeHbiie 50,
HEOOXOAMMO MPOEKTHYIO JJIMHY CTOWKH YBEJIMYUTh B 2 pa3a, a pu rudokoctu Oosee
150 — ymenb1IuTh B 2 pasa.

2. [IpoBEPUTH BBITIOJIHEHUE YCIOBHUS YCTOMYMBOCTH.

3. OmnpenenuTes BENWYAHY KPUTHYECKOW Cwuibl. [IpuHATE MOIyIb
YIOPYTOCTH JUJISl CTAJIbHOTO cTepKHA E = 2-1 0°> MIa.

4. Haiitn 3HaueHus nomyckaeMoM Harpy3ku M Kod(pQuIMeHTa 3amaca
YCTOWYHUBOCTH.

Hcxonanble JaHHbIE UIsl peLIECHUS 3aa4ui BbIOpaTh U3 Tadia. 1 B cOOTBETCTBUU €

JTUYHBIM UG POM.

Ta0muna 1
HcxoaHble JaHHBIE

] ] = = ; _
§ £ gg 2 E 8 & = 5 5™
8 E F, s E l, = & 2c g3 = 2 T %3
2 E = B 22 £ A% T S 2%
= < xkH = < M 3 g e v = E E R O

& £ 2 2 %6 g g 25 3

= = R ~ (=7 1S ~

= = = S

1 2 3 4 5 6 7

1 100 1 2,1 1 1

2 200 2 2,2 2 2 2

3 300 3 2,3 3 3 3

4 400 4 2,4 4 4 4

14
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2.4.

3AJIAUYA Ne 4, TBTUBAIOIUM (ITONTEPEYHBIN) YIAP

Ha nByTaBpoBy10 0aJIKy, CBOOOJHO JIeXKAINIYI0 HA JABYX omopax (Tadu. 2), ¢

BBICOTHI h maxaer rpys Q.

1.

Tpeodyercs:

Haiiti HanGomnpIrie HaMpsHDKEHUS B Oalike.

I/ICXOI[HBIG JaHHBIC IJIA PCHICHUA 3a1a41 BBI6paTB 13 Ta0J1. 1 B COOTBETCTBUH C

JUYHBIM U (POM.

Tabmuua 1
HcxoaHble JaHHbIE
IlepBasi 0 Bropas h No Tperbn l,
ungpa ’ uudpa ’ ) uudpa M
H CM ABYTaBpa

mugpa mugpa mungpa
1 2 3 4 3) 6 7
1 1100 1 11 20 1 2,1
2 1200 2 12 20a 2 2,2
3 300 3 3 24 3 2,3
4 400 4 4 24a 4 2,4
5 500 27 3) 2,5
6 600 6 27a 6 2,1
7 700 7 7 30 7 2,2
8 800 8 8 30a 8 2,3
9 900 9 9 33 9 2,4
0 1000 0 10 36 0 2,5
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Taomuner 2
PacuerHas cxema 0aJku
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PA3JIEJI 3. OCHOBHBIE TEOPETUYECKHUE ITOJIOXKEHUSA U
MMPUMEPHI PEHIEHUSA 3AJIAY KOHTPOJIBHOM PABOThHI

3.1. TEMA 1. PACUET BAJIOK HA ’ KECTKOCTb

3.1.1. OCHOBHBIE TEOPETUYECKUE NNOJOXEHUSA
Ilepemenienusi npu m10ckoM u3rudoe. OCHOBHbIE IOHATHS
U ompeeeHust

Panee ObulM paccMOTpEHBI BONPOCHI, OTHOCSALIMECS K pacyeTy OaloK Ha
npoyHoCcTh. OgHAKO B OOJBIIOM KOJIMYECTBE CIy4yaeB MPAKTHUYECKOrOo pacydera
CTEP)KHEBBIX M PAMHBIX CHCTEM, pa0OTAOMMX Ha W3TUO, HEOOXOIUMO TaKKe
IPOU3BOJIUTH UX PACUYET HA KECTKOCTb.

[Ton pacueToM Ha KECTKOCTh IOHUMAETCS OLECHKA YIPYroul MOJATIMBOCTH
MJIOCKUX CTEPKHEBBIX CHCTEM O]l JEHCTBUEM HArpy30K W MOAOOp TaKUX pa3MEpoOB
MONEPEYHOT0 CEUEHMS, MPU KOTOPHIX TMEPEMEIICHUST HE OYyIyT MpPEeBHIIIATH
JOITYCKAEMbIX BEJIUYHH.

JIns  BBIMOJIHEHHWS TaKUX pacyeToB HEOOXOJUMO HAYUYUTHCS BBIUUCIATH
MEPEMELLICHUS TONEPEUYHBIX CEYEHUM IIOCKUX CTEPKHEBBIX CHUCTEM IO IEUCTBUEM
mo0oi BHEINIHEN Harpy3ku. Kpome 3Toro, nepeMenieHus: IpuxouTcsi ONpeaeisaTh U
IIPU PacUeTe CTATUUYECKU HEONIPEAETUMBIX KOHCTPYKLIUH.

ITon peiicTBMeM BHENIHMX Harpy3ok Oanka negopMupyeTrcs U €€  OCh
uckpusisgercs (puc. 3.1).

z
&

VLA AL LA A A
g~ NN /114 1AL SIS

‘ |

y

-
-
N e m -

. -

Puc. 3.1. /legpopmayun 6anku npu uzzuode

Onpeoenenue. Ilnockas kpuBas, ¢GopMy KOTOPOM NMPUHUMAET OCh OajaKu TpHU

U3ruoe, Ha3bIBACTCS UZ0CHYMOU OCbIO, UM YNPY2OU TUHUEL.

[Tpu nedopmanuu O0aaku HEHTPHI TSHKECTH €€ MOMEPEUHbIX CEUCHUH MOJIydaroT
JIMHEMHBIE TIEPEMEIICHUS, a CaMHU CEYEHUs IOBOPAYMBAKOTCA BOKPYI CBOMX
HEUTpalbHBIX OCEd. J[oNMylIeHrne 0 MAIOCTH MEPEMENIEHUS TTO3BOJISIET CUUTATh, YTO
HANpaBJICHUS  JIMHEMHBIX  NEPEMEIICHUW  NEPHNEHIMKYISPHBI  MPOJOJIBHOMU
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(reomeTpuueckoit) ocu HepedopMupyemoro opyca.
Onpedenenue. llepemelnieHrne IEHTpa THKECTH CEUEHHUS 10 HAMPaBJICHHUIO,

NEPHEHAUKYIIPHOMY T'€OMETPUUYECKOM OcHU OanKku, Ha3bIBA€TCs MPOrHOOM Oaiku B
JAHHOM CEYEHHUH U 0003HadaeTcs OyKBOU W.
Hau6oabimmii mporud Ha3bIBacTCs cmpenol npo2uba u 0003HadaeTcs 0ykBoii f.

Onpedenenue. YTON ¢, Ha KOTOPBIM Ka)XJ0€ CEYEHUE MOBOPAYMBAETCS IO
OTHOIIEHUIO K CBOEMY NEPBOHAYAITBPHOMY ITOJIOKEHUI0, HA3bIBACTCS YTJIOM ITOBOPOTA
CEUCHMUSI.

Takum oOpa3om, mpu H3ruOe OaloOK TOYKH €€ TeoMeTpuueckor och (X)
TOJIYYal0T IMOTICPEUHbIC MEPEMEIICHUs WM MPOruObl (W), a MONEpEYHbIC CCUCHHS
MOBOPAYMBAIOTCS OTHOCHTEIBHO CBOMX HEHTpalIbHBIX oceit (Y) Ha yroa @ (puc. 3.1).

IIpoeubul (W) u yenvt nosopoma (@) vacmo HaA36IBAIOM JTUHEUHLIMU U V2I08bIMU
nepemeweHusIMU COOmMEenCmeeHHO.

IIpasuna 3naxoe. Ilporn®G (W) cUUTaeTCs TOJOXKHUTCIBHBIM, €CIH OH

MIPOUCXOJIUT BBEPX — B CTOPOHY MOJIOKUTEINBHON OCH OPJUHAT Z.

Yros 1oBOpOTa (@) CUUTAETCS IOJIOKUTEIBHBIM, €CIIU IOTEPEUYHOE CCUCHUEC
MMOBOPAYMBAETCS MPOTUB XOJ[@ YaCOBOM CTPENKH, €CIM OCh aOCIIUCC X HallpaBJicHa
cJieBa HaIpaso.

Tak, Hanpumep, Ha puc. 3.1:

w(x)<0,a ¢ (x)>0.

[IporuGel 6anok U3MEPSIOTCA B €IMHULAX JIJIUHBI (METpax, CAaHTUMETpax WU
MUITMMETpPAXx), a YIJIbl MOBOPOTA — B Tpaaycax WK paJdaHax.

371ech U Jajee Hayajao OoTcueTra JJisi KOOPAWHAT X, Y U Z BEIOMpAETCSl Ha JIECBOM
KOHIIE OaJIKu.

Teopus nedpopmManmu 6anok, u3ydyaemasi B Kypce COMPOTHUBIICHUS MaTEpHUAaOB,
OCHOBBIBAETCS HA CIEAYIOIMINX MPEANOI0KEHUAX (TUIIOTE3ax):

1. Marepuan Oanku mnoguuHsercs 3akoHy I'yka (o0 =E-&g), TOo ecTbh
HaMpspKeHUS B 0ajIke HEe BBIXOAT 3a Mpeiesl MPONOPIHMOHAIBHOCTH.

2. Pa3Mepsl onepevHbIX ceueHn OaIKu HEBEJTUKHU 110 CPABHEHUIO C €€ JJIMHOM.

3. IlporuOsr Ganku (W) maibl IO CpaBHEHHUIO ¢ ee JuMHOW L /paccTosiHuem
MEXIy OImopaMu Oalik/, TO €CTh OTHOIIEHHE HauOosbliero mporuba f k mamHe
nposieta L Oanku ycTaHaBIMBAETCs B CIEAYIONIUX MIpeaeaax

f_ 1 . 1
L~ 100 1000’
rne
L — niuua nposiera Oanku (1151 KOHCoJed nposeT L paBeH yABOEHHOMY BBIJIETY
KOHCOJIN).
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4. VTIIbI HOBOPOTA MOMEPEUHBIX CEUCHHIT () He MPEBBIMAIOT |
| gmax] <1°=0,0175 pao.
B »TOM ciydae nans  ompeneiaeHuss HOpPOruOOB W MOYKHO HCIOJIB30BaTh
npubmmkenHoe quddepeHIanTbHoe YpaBHEHNE U30THYTON OCH OaliKu
d?w M(x)

W”(X):dXZ - El, '’ (3.1)

rae
M(x) — BbIpakeHHE H3rHOAIOIIET0 MOMEHTA, JCHCTBYIOIIETO B MOMEPEYHOM
CEUYEHUH OAJIKU Ha PacCTOSIHUM X (Ha pacCMaTpUBAEMOM y4acTKe OaJIKH);
E — Moayns ynpyroctu nepBoro poaa /moayis FOura/;
ly
Onpedenenue. Benmmuuna El,, Xapakrepusyrolas CONPOTHBIAEMOCTb OallKH

— TJIABHBI MOMEHT MHEPLIUH MTONEPEYHOIO CEYEHUS OATIKH.

M3MEHEHUIO €€ TEepPBOHAYAIBHOW (OPMBI, HA3BIBAETCS HCECMKOCMbIO OAIKU TPU
usruoe.

YImel NOBOpOTA TONEPEYHBIX CEYEHWH ¢ MOXKHO TIPUHAMATH DPAaBHBIMHU IIEPBOU
MIPOM3BOIHOM OT Iporuda W.

H3BectHO, UTO

W (x) = 1go (X),
MI0O3TOMY, B CBSI3M C MAJIOCTBIO JeopMaluii OAIOK, MOKHO CUMTaTh, 4TO IJ@ = @, TO
€CTh MOKHO 3aIUCaATh
w (X) =19¢ (x) = ¢ (X). 3.2)

Jnia pacuera OaloK Ha KECTKOCTh (ONpEIEieHHUE IMEepPEeMEIIeHUN B IUIOCKHUX
CTEP)KHEBBIX CHCTEMax) B KypCe€ COIPOTHUBIICHHUS MATEPUATIOB OOBIYHO H3YYaroT
METO]l HaualbHBIX MapaMeTpoB U Metod Mopa (uHTerpan Mopa) ¢ UCroiab30BaHUEM
npaBmiia Beperiaruia (mpaBuiia «mepeMHOKEHUS JITI0P).

MeTon HavanpHBIX HapaMeTpoB YIAOOHO TNPUMEHSATH B TOM cllyyae, KOrja
HEO0OXOJAMMO OMPEJEIUTh MEPEMENICHUSI B HECKOJIBKUX ceYeHUsIX Oanku. OCHOBHBIM
HEJOCTATKOM 3TOI'0 METOZA SIBISAETCA TO, YTO €r0 MOXKHO NPUMEHSTHh TOJBKO JUIS
pacueTa 0ajok.

Meron Mopa, B OTIMYHME OT METOJAA HAYAJIbHBIX IApPaMETPOB, SIBISIETCS
yYHUBEpCaIbHbIM. Ero MOXHO MPUMEHATH AJIA ONpPENeNeHUsl MepeMEIeHU JT0O0bIX
00BEKTOB — 0aJIOK, INIOCKUX M MPOCTPAHCTBEHHBIX pam, apoK U Ap.

Omnpenenenue nepemMenieHuil B 0aJaKax MeTOA0M HAYAJIbHBIX IAPAMETPOB

[Ipu ompeneneHuu mnepeMenieHUi OalKd METOJOM HauyajlbHBIX MapaMETPOB
(MHII), 3anuckiBaeTcsi yHUBEpPCAIbHOE YpaBHEHHE MPOTruOOB, KOTOpPOE JdaeT
BO3MOKHOCTh OMPEEIATh MPOTruO B MPOU3BOJIBHOM CEUEHUM OajKd TMpHU 00O
BHEIIIHEN HArpys3Ke.
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YHuBepcaabHOE YpaBHEHUE MPOTMOOB UMEET CIIECYIOIINI BUT

1 [Mgx? Fox + ZMl(x a;)? + ZM+

= + +
w (X) Wo T @oX £ | 2 p p

_ 4
+ ZW] (33)

rae

W (X) — BenmunHA Tporuda B MPOU3BOJIBHOM CCUCHUU OAJKW HA PACCTOSTHHH X
OT Hayaja OTCYeTa,

Wy, @9 — OpOrud M yroy MmoBOpPOTa MOMNEPEYHOTO CEUYECHHsS B Hadalie CUCTEMBI
KOOpJMHAT (KHHEMAaTUYECKHE HauaJbHbIE MTApaMETPHI);

Mo, Fo — cocpetoToueHHBII MOMEHT U COCPEOTOUCHHAs CUJia, IEUCTBYIOIINE B
Hayaje CUCTeMbl KOOPAMHAT (CTaTUYECKUE HAaYaIbHbIE TapaMeTpPhl);

M; — cocpe1oTOUEHHBII1 MOMEHT Ha PacCTOSHMHM @; > 0 OT Hayana KOOpAMHAT;

F; — cocpenoTouenHas cuna Ha paccrosHuu Dj > 0 0T Havana KOOpAUHAT;

Ok — HUHTEHCUBHOCTb PAacCHpEAEeICHHON Harpy3Ku, KOTOpas HA4YMHAETCA Ha
paccrosiHuM Cyx > 0 OT Hayana KOOpPAWHAT;

Ely — xecTkocTh onepevyHoro ceyeHus Oanku npu u3ruoe.

CooTBeTCTBEHHO, (popMyna sl BHIYMCICHHUS YIJIOB MOBOPOTA MPOU3BOILHBIX
MOTNEPEYHBbIX CEUCHH OalKu ompeaensieTcss MpocThiM JuddepeHrpoBaHueM
ypaBHenus (3.3), Tak kak @ (X) =~ W (X).

Cratuyeckre HaudajabHble mapamerpsl Mgy u Fy (cocpenoToueHHbIii MOMEHT U
COCpEIOTOYEHHAs CUJjia, ACHCTBYIOIINE B HAayaje CUCTEMbl KOOPJIUHAT) MOTYT OBIThH
M3BECTHBI (BHEIIHSISA HArPy3Ka) UK JIOJHKHBI OBITH OMPEICNICHbl U3 YCIOBUN CTaTUKU
(oTOpHBIE peaKIuu).

HewusBecTHble KMHEMAaTHYECKUE HAYAIbHBIC MapaMeTpbl Wy U @g ONPEACISIOTCS
u3 ycnosuil 3akpenienus 6anku (KAHEMaTUYECKUE TPaHUYHBIE YCIOBHS).

Kunemarnueckue TpaHMYHBIE YCIOBUS OTPa)X)arT XapakTep 3aKperUICHHs
(onupanHus) OAJIKU U COCTABIISIOTCS OTHOCUTEIBLHO TPOTUOOB U YTJIOB TOBOPOTA.

JIyist mapHUpHO omepToii 6anku (puc. 3.2) TpaHUYHBIC YCIOBUS XapaKTePU3yIOT
OTCYTCTBHE MPOTHOOB Ha OMopax

Wg = Om Wp = 0.

Jnst  xkecTko  3amiemiieHHOM Oanku  (puc. 3.3) TpaHUYHBIE  YCJIOBHS

XapaKTEPU3yIT OTCYTCTBUE MPOTUOOB U YTJIOB MIOBOPOTA B 3a/I€ITIKE
Wp = Omn 04 = 0.
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B D x _>;
- . -
T by
|<—a>|<—b—>|<—0—>| |<—a—>l<—b—>|<—c>|
Puc. 3.2. lllapnupno onepmasn oanka Puc. 3.3. ZKecmko 3auemnennan oanxka

Takum oOpasom, uid omnpeleneHus MNporuOOB U YIJIOB IOBOPOTa B
IPOU3BOJIbHBIX IMONEPEYHBIX CEUEHUSAX OalOK METOJO0M HaudajbHBIX [apaMETPOB
JOCTATOYHO JUIIb 3HAHUM BEJIWYUH Mporuba Wy M yIiia MOBOpOTa o B Hauaje
CUCTEMBI KOOpPJMHAT, TO €CTh TaK Ha3bIBAEMbIX KHHEMATHYECKHX Ha4YaJIbHBIX
napameTpoB. Ilo3ToMy JaHHBII METOA  HA3BIBAETCA MEMOOOM  HAYATbHBIX
napamempos.

[IpumeHeHne MeTola HAYaJbHBIX MapaMeTpoB TpeOyeT HENpPEMEHHOIO
BBITIOJTHEHUS clieiyromux TpedoBanuii Kneoma:

l.Hauano xoopauHaT (QUKCUPYIOT Ha JIE€BOM KOHLE OallKu W B IMpoIlEecce
peleHusl 3a/1a4i HUKYa He TIEPEHOCAT, TOJ0KHUTEIbHOE HalpaBiieHHne ocu Z (W) —
BBepx (puc. 3.4).

2. Ilpu nelicTBUM pacnpenesieHHOW Harpy3KH, He TOXOAAIIEH A0 MPaBoro KOHIA
0anku, ee HEOOXOAUMO MPOJAOJIKUTE 10 IPABOr0 KOHIIEBOTO CEYEHMSI, OJJHOBPEMEHHO

YPaBHOBEIIMBAsA €€ IPOTUBOIIOJIOKHO HANPABICHHON HAarpy3KoM TOM Ke

MHTEHCUBHOCTH, KaK 3TO MTOKa3aHO MYHKTUPOM Ha puc. 3.4.

ZT @ m @ Re @
$ Ra 1 t
thvvvvbvivey

J:& X —r D X

X3

v

a =!< b > c —»

A

Puc. 3.4. Tpeboeanus Kneowa

IIpasuna suaxos. Harpysku (Mo, Fo, M;, Fj, (k) cuuTaroTcs noaoKuTeIbHBIMH,

€CJIM OHU HamNpaBJICHbl TaK, KaK IOKAa3aHO Ha pHUC. 3.5, W OTpUUATEIbHBIMH — B
MPOTUBHOM CITy4ae.
Pacyer 0a/10K Ha &KeCTKOCTh
IIpoBepka BbINOJHEHHUS YCIOBUS HKECTKOCTH 0AJIKHU
Onpedenenue. CeueHune, B KOTOPOM nepemMenienne (mporud 0anku) NnpuHUMAaeT
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Puc. 3.5. Ilpasuna 3naKkoe memooa Ha4aAbLHBIX RAPAMEMPOB

MaKCHMaJIbHOE 110 a0COJTIOTHOM BEJIMYMHE 3HAYCHHUE, Ha3bIBACTCS OMACHBIM
CeueHHEM OalTKU U3 YCIIOBHUS JKECTKOCTH.
VY ClloBHE KECTKOCTH MTPH U3THOE UMEET BU]T
f</f]. (3.4)
3nech

f — crpena mpormba (MakcUMaNbHOE IO aOCOIOTHOW BEIMYMHE 3HAUYCHUE
nporuoa);

[ f] — BenmmuuHa nomyckaemoro nporuoa.

JIJiss IpOBEPKU BBITIONHEHUS YCIOBHS JKECTKOCTH OAlKU W3 SIIOPHI MPOTHOOB
OTIPE/IEIISAETCS B ONTACHOM CEUCHUU OaIKu MaKCHMAJbHOE 10 aOCOJIFOTHOM BEITMYHHE
3HaYCHHUE MPOruoda |Wmax| = f, kKoTopoe mojacrasisiercs B yenosue (3.4).

Bennuuna nomyckaemoro nporu6a [ f ] ayis peaabHBIX cOOpyKEHU# MPUBEICHA

B CH u I 1 MOXET U3MEHSTHCS B JOBOJBHO MIMPOKOM JUANAa30HE

L L
(= =,
WIS
L — mmnHa nponerta (myisi KoHcoJied mpoJieT L paBeH yABOECHHOMY BBUIETY
KOHCOJIH).

OOBIYHO yCIOBHE XEeCTKOCTH Oaiku (3.4) BBIMOTHSACTCS.

B npomuenom cnyuae, uz ycnosus scecmkocmu t < [f] neooxooumo onpeoenumo
Tpeo
seauuuny I, u nodobpame Hoswie pasmepuvl NONEPEUHO20 CeUeHUst OATKU.

Ymobbl  00HOBPEMEHHO  BLINOJHANUCL — YCIOBUE NPOYHOCMU U YCI08Ue
Jrcecmrocmu, HeoOX00UMO OKOHYAMENbHO 8blOpamb OOIbULee ceyeHle.

3.1.2. KoHTpOJIbHBIEC BONPOCHI IVIsl CAMOINIPOBEPKH 10 TeMe
«Pacuer 0aJI0K HA JKECTKOCTDH»
1. Kakoii Bua neopmariuu Ha3pIBa€TCS YUCTHIM U3THOOM?

2. Kakoii Buj aedopmaiiiy Ha3pIBa€TCsl TVIOCKUM TOMEPEYHBIM U3rnoom?
24



3. Kakue mnepememnieHuss mNoay4yaloT MOMNEpEYHbIE CeYeHHs OajaoK mpu
MJIOCKOM H3rude?

4. Yto Ha3bIBaeTCs yIpyrou JuHUEH (M30THYTOM OChI0) Oanku?

5. Uto Ha3pIBaeTCst mporudom Oanku?

6. UTo Ha3bIBaETCS YIIIOM MOBOPOTA MOMEPEYHOTO CEUCHUS OaKu?

7. 3anummte audQepeHIalIbHYI0 3aBUCUMOCTh MEXIY MNpOrHuOOM W
YTJIOM IIOBOPOTA CEUYECHUN OaNKy.

8. Hanummre npubiamxkeHHoe auddepeHIimaibHoe ypaBHEHHE U30THYTOU
ocH OaJsKH.

9. Uto Ha3pIBaeTCA KECTKOCTHIO Oamkm?

10. Hamumumre oOmuiA BUA  YHHUBEPCATBHOTO YpaBHEHUS IS
BBIYHMCIICHHSI IPOTHOOB TT0 METOTY HAYaJIbHBIX ITapaMETPOB.

11. Hamumure oOmuid BUA  YHUBEPCATBHOTO YpaBHEHUS IS
BBIYKCIICHUS YTJIOB TOBOPOTA CEYCHUM 110 METOJIy Ha4aJIbHBIX MapaMeTPOB.

12, M3 kakuxX YCIOBHUU OMNPEACISIOTCS HEW3BECTHBIC HaYaJIbHBIE
napameTpbl 0anku?
Ilocne usyuenua 3moii memvl MOMHCHO nPpUCMynumMs K peuienuro 3aoauu Ne 1,

GKJII0UEHHOI 8 KOHMPOJIbHYIO padomy.
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3.1.3. IPUMEP PEHIEHUSA 3AJJAYH Ne 1
«OmnpenesieHue nepeMenieHnii B CTATHYECKH ONpeaeMMoi 0ajake)

m Hcxoanble JaHHBIE:
F b
e | (=5m 2=0,6; %zo,z;
\@ le— WZW kH
L_| b —>«¢ q=15—; m =20 xkHwm;
M
Puc. 3.6. Cxema 6anxku F =30 xH.

s 3aiaHHOI cxeMbl 6ajku (puc. 3.6) Tpedyercsi:

1. OnpenenuTh ONOPHBIEC PEAKITUU.

2. C noMmompl0  METOJla  HAauyaldbHBIX  MAapaMeTpOB  ONPENEITUTh
nepemenieHus (mporud M yroy MoBopoTa) B cedeHusix Oanku 1, 2 u 3, cuuras, 4To
’KECTKOCTB IIONIEPEYHOro ceueHus oankn EJ, = const.

Pemenue
1.0npenesieHne ONOPHBIX pPeaKIUil
30ecv u 6 OanvHeuuieM UYUCIEHHble 3HAYEHUs, NOJYYEHHble 8 X0o0e pacuemad,
okpyensem 00 3 3Ha4awux yugp.
O6o3nauum omnopel OykBamMu A u C U 3aMEHUM UX JIEUCTBHUE OMOPHBIMU

peakiusamMu Ra, Ha v Re (puc. 3.7)

SO YN O BN C)
F=30xH

T Rx=11,5kH g=15kH/™m T 1
<— >
HA:O Xy B y X3 D X
2 <
< 2Mm :!: 3m =|< 1M —

Puc. 3.7. Pacuemnas cxema 6anku

Jlns ompenenieHUsT ONMOPHBIX pPEaKIUM COCTABISIEM TPU YPABHEHUS CTAaTHUKU

(paBHOBecCHS), C YIETOM ITpaBUJia 3HAKOB:

z
19
1.CymMa npoekiuii Bcex CUil Ha OCh X paBHA HYJIIO
YF,=0: -Hx=0, —» Ha=0.
2.CyMMa MOMEHTOB BCE€X CHJI OTHOCUTEIBHO ONOPBI A paBHA HYJIIO
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>M, =0: m—0-3(2+1,5) + R¢*5—-F+6 =0;
20— 15-3-3,5 + R¢5-30-6 =0;
20— 157,5 + R¢-5—- 180 =0;
3175
-3175+ R¢'5=0; R¢= T =+63,5kH; — Rc¢=+63,5KkH.
3.CyMMa MOMEHTOB BCEX CHJI OTHOCUTENHHO onophl C paBHA HYIIIO
S>M,=0: —Ra*5+m+q-3-1L5-F-1=0;
—RaA'5+20+1545-30=0;
—RA'5+20+675-30=0;
57,5
—Ra'5+575=0;, Ra= ? =+115xH; — Ra=+11,5KkH.
IIposepsiem npasuibHOCMb BbIYUCTICHUSL ONOPHBIX PeaKyuil (CyMMa npoexkyutl
8Cex CUl HA 8ePMUKAILHYIO 0Cb Z 00J19icHa 6bimb pasha 0)
>F,=+Ra-03+R¢c-F=115-153+63,5-30=75-75=0 (x5 %).
Beruuciaenue METOAOM HaAYAJbHBIX MAPpaMETPOB YUCJICHHBIX 3HAYCHUH
YIJIOB IOBOPOTA MONEPEYHbIX CeYEeHNH 1 MPOrudo0B OCH B B CeYEHHUSAX 0AJIKH

Cuumaem, umo sxcecmrxocms nonepeuno2o cevenus banrku EJy = const,
Jnst  ompeneneHuss TepeMelieHui  Oalku — HCMHOJb3yeM  YHHUBEPCATbHOE
ypaBHEHHE MeTo/a HaudalbHbIX mapameTpoB (MHII), koTopoe uMmeer ciemyroniui

BU/I
. 13
W(X) =Wy + gox + 1 |Myx? Fox N ZM (x a;)? + ZM+
EIy 2 6 p
dx (x—ck)4]
+ Z 24 !
rae

W (X) — BennuuHa Mporuba B MPOU3BOJIBHOM CEUCHHU OAJTKU HAa PACCTOSIHUU X
OT Hayajla OTCYETa;

Wp, @o — MPOrud U yroj MmoBOpoTa MONEPEYHOTO CEYEHHs B Hauaje KOOpIMHAT
(KMHEMaTHYeCKHUEe HauaJlbHbIE TapaMeTphl);

Moy, Fo— cocpenoToueHHbIII MOMEHT U COCpeIOTOUEHHAs CUIla, IEHCTBYIOIIKE B
Hayajie KOOpJAMHAT (CTaTUYECKHE HayalbHbIE MTapaMeTphl);

M; — cocpenoToueHHBIF MOMEHT Ha pacCTOSHUU &; > () OT Hayasia KOOpANHAT;

Fj — cocpenoToueHHas cuia Ha paccTosHUM bj > 0 0T Hayasla KOOPAMHAT;

Jk — UHTCHCHBHOCTb pACIpENEICHHON Harpy3k, KOTOpas HadMHAeTcCs Ha

paccTosiHuM C¢ > 0 OT Ha4yana KOOpJAWHAT;
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Ely — xecTkocTh HonepedHoro ceyeHus Oanku npu u3ruoe.
Onpenenenne HeM3BECTHBIX HAYAJIBHBIX MAPAMETPOB
HewsBecTHpIE KHHEMATHYECKHE HAYAIBHBIE TTApaAMETPBI Wy U g OTIPEICTISIOTCS
U3 TPAaHUYHBIX YCIOBUH (YCIOBUI 3aKpeIICHUS OaJKH).
B namieit 3agade 6ayka 3akperuieHa Ha mapHupHbIX oropax A u C (puc. 3.8), To
€CTh TPAHUYHBIC YCIOBUS PUHUMAIOT BUJI
Wa=W (0) =0uwc=w (5)=0.

z T @ m=20xHm @ Rc=63,5xH @
F=30xH

T Ra=11,5xH - 0=15xH/m T

. HIEEERIRERRRRRR .

HA;O_&_A X, B Z}. D X'
< 2m :!: 3m >|< 1M —l

Puc. 3.8. Boinonnenue mpeoosanusn Kneowa

HauvanbeHble napameTpsl (Hauano oTcuera Ha onope A) OyayT paBHbI

Wo=Wa=0; @=0a=7?;, Moy=M,=0xHu;, Fo=+Ry=+115«kH

Tax kak pacnpeneneHHas Harpy3Kka He JOXOJIUT JI0 MPAaBOro KOHIA Oallku, TO €€
HEOOXOUMO TIPOJOJDKUATH JI0 TMPaBOTO KOHIIEBOTO CEYECHHS, OJHOBPEMEHHO
YPaBHOBEIIMBAsA €€ NPOTHBONOJIOKHO HAIPABICHHOW HArpy3kod TOW ke
WHTEHCHBHOCTH, KaK 3TO IMOKa3aHO IyHKTHPOM Ha puc.3.8 (tpedoBanue Kiebia).

Pacuetnas cxema Oanku umeer Tpu ydactka (AB, BC u CD), xotopsie
pOHYMEpyeM cjieBa HampaBo (puc. 3.8)

| yuactok AB: 0 <Xx; <2Mm; Il yuacrok BC: 2m < X, < 5wm;
11 yaactok CD: 5m < X3 < 6m

VYpaBHEHHE METO/1a HAYaJbHBIX MTAPAMETPOB AJIs OTPEesIeHUs] TPOTHO0B AJIs

HAIllEX 3aJ1a4l UMEET CIICAYIOIINN BU/T

W (X)= @0 - X+

L1 RX'| m(x=2" q(x-2)| +RB(x—5)3+q(x—5)“|
EJ,| 6 | 2 24 6 24

1 f

‘Hl

CMbIcH pa3fesieHnst 3TOr0 YpaBHEHUSI BEPTUKAIbHBIMU JIMHUSIMU 3aKJII0YAETCS B
CJIEYIOIIEM: JUIsl ONpeesIeHHs MPoruooB Ha | yuacTke UCIOIb3YIOTCS CiaraeMbie J10
MEepBOl BEepTUKAIbHOM NUHUM (B HamieMm npuMmepe ux 1asa), Ha |l ywactke — 1o
BTOPOIl BEPTUKAJIIBHOW JUHUU (B HameM npumepe ux yeteipe), a Ha |l yuactke —
BCE Cllaraembie.

JIist monydyeHust ypaBHEHUS METOJIa HaYaJIbHbIX MapaMeTpoB ISl ONpeeIeHUs
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yIJI0B TIOBOPOTa TMOMEPEYHBIX CEUEHHH HeoO0Xoaumo mpoaudQepeHInpoBaTh
MOJIYYeHHOE BRIpKEHUE JIJISl OTIPEIeTICHUsI MPOTUOO0B, TpudeM auddhepeHInpoBaHue
TIPOU3BOANTCS 0€3 PACKPHITHsI CKOOOK. B pesynprare momydaem

1 | R, X q(x—2)3| R, (X-5)* q(x—5)3|
X)=@, + —— -m(X-2) - + +
@ (X)= o, 3 (X=2) 5 5 6

| ‘Il
Onpeoensiem Heuz8ecmublil HAYAIbHLIL NApamemp - Y20l NOBOPOmMa Q.

‘III

Hcnonp3ys rpanumyHoe ycinoBue W, = W (5) = 0, To ecTh paBEHCTBO HYIIIO
nporuba Ha onope C, U BbIpaXXK€HUE UIsl ONpEAEIeHUsI MPOrudoB Jisi BTOPOro WIN
TPETHEr0 YYacTKOB (Tak Kak cedyeHrne C NPUHAMICKUT 3TUM ydacTKam), MOIydaem
ypaBHEHUE JIs ONIPEEIICHUs] HA4aJIbHOTO yria I0BOpOTa

1 [RaG)’ _m(Su-2w7 q(sw-2w']_
EJ,| 6 2 Z

W. =W (5m) = @o-5m +

o L [1LSKH (5w 20cHu(3w)’ 155H/ (3m)* .
. . ) N
PN TRy, 6 2 24

3 2
oS+ ——[08958KHM? = 0; — ppm — L 9BOSBKEM’ _ 198kHy
EJ EJ 5M EJ

y y y

[Tocne onpeseneHus YNCICHHOTO 3HAYCHHS (o* HEOOXOIUMO C/IeNIaTh MPOBEPKY,
MOJICTABUB TOJIyYCHHOEC 3HAYCHHUE HAYAIbHOTO YIJIa TIOBOPOTA ¢o'B HCXOJHOE
ypaBHCHHE IS ONPECIICHUS] HAYaJIbHOTO yIJIa TIOBOPOTA U YOCIUTHCS, YTO MPOTHO
Ha ornope C paBeH Hym0 /W, =W (5m) =0 (£ 5 %)/

1xHwm’ 115-5° 20-3 _15-34:|_[239,6—239,6]KHM3 0

w(b) =
) 2 24 EJ

y

{— 198-5+
y

B mnaweu 3aoaue sma nposepka 6ulNOAHAEMCA, C1e008AMENbHO, YUCTIEHHOE
3HAUeHue y21a nosopoma @, ONPeOeseHHO NPAGUILHO.

BoryuciieHue YUCICHHBIX 3HAYCHUH YIJIOB IOBOPOTA MONEPEYHbIX CCYEHUH

U nporudoB ocu 0aaku B ceyenusix 1,2 u 3

[loacTaBnsisi ynMcineHHbIE 3HA4YCHUS @o, Ra, , M U Rg B ypaBHeHHs MeTOaa
HaYyaJIbHBIX TAPaMETPOB ISl OIpeieTICHHsI IPOruOO0B U YIJIOB MOBOPOTA MOMEPEUHBIX
CEYEHUU JUIs HAlleW 3aJadd, IOJy4YaeM OKOHYATENIbHBIE BBIPAXKEHUSA IS YIJIOB

ITIOBOPOTA MOIEPEUHBIX CEUCHUHN 1 TPOTHOO0B VIS 3aJaHHOM OaJIKK

| yuactok AB: 0 <x; <2Mm; Il yuacrok BC: 2m < X, < 5wM;
11 yuacTtok CD: 5m < X3 < 6Mm
2 2 _ 3
0 (X) = 1“;1“ {— 198+ 2% _20(x-2) - —15()‘6 2|+
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2 6 ’

L 635(x-5)? _ 15(x-5)’| }

115x%|  20(x-2)* 15(x-2)*

3
Sy L -198x+
6 | 2 24

w (x) =

+
y ‘ll

6 24

_ 3 _ 4
, 835(x-5)° 15(x-5)"| }
‘lll
a). Onpedenenue UUCIEHHBIX 3HAUCHUI Y2106 HOBOPOMA NONEPEUHBIX

ceuenuui 1, 2 u 3 6anku
Ceuenue 1: X =2m; | yuacmox AB: 0 <Xy <2m;

P1=9 (2m) =

2 2 2
_ IxHw (_19’8+11,5 2 st,z kHyw®

EJ, EJ,
Ceuenue 2. x=5m; Il yuacmox BC: 2m <X; < 5m;
2 2 53 2
0y = (0(5):1KHM —19,8+11’5 5 _20(5_2)_M :_&%ﬂ_
EJ, 2 6 EJ,

Ceuenue 3: x=6m |l yyacmox CD: 5m <X3 < 6m
¢3=

2 2 _ 3 . 2

¢(6):1I<EIjM £_19’8++11,5 6" _h06-2)_ 1362 +63,5(; 5
y

6 EJ

0). Onpeodenenue UuUCAeHHBIX 3HAYCHUI NPO2UDO6 ocu Oanku 6 cewenusax 1, 2
ul
Ceuenue I: X =2m; | yuacmox AB: 0 <Xy <2m;
1xHm® 115- 23} 24, 27xHm®
EJ '

N 15(6—5)3j _ —18,55kHm?

y

Wy =W (2m) =

[— 198-2+
y y
Ceuenue 2: X = 5m; |l yuacmox BC: 2m <X; < 5m;
W, =W (5m) = 0; (Onopa C).
Ceuenue 3: x = 6m |l yuacmox CD: 5m <X3 <6m

1xkHm’ 11,5-6° _20(6—2)2 _15(6—2)4 N
2 24

W3 =W (bm) = (—19,8-6+

y
s 63,5(6—5)° +15(6—5)4J_ —13, 59 xkHwm®

6 24 EJ,
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3.2. TEMA 2. CJIO’KHOE COITPOTHUBJIEHUE
3.2.1. OCHOBHBbBIE TEOPETUYECKHE ITOJIOKEHUSA

O0mme nousTus. ['pynnsl CJ105KHOT0 CONPOTUBJICHUS

Ha mnpakTuke 9acto BCTpedarOTCs clydad, KOTJa B pe3yibTaTe JeHCTBHS
BHEIIHEH HArpy3kd B TOINEPEYHBIX CEUEHUAX Opyca OJHOBPEMEHHO BO3HUKAET
HECKOJIbKO KOMITOHEHTOB BHYTPEHHUX CHJI. B 3THX ciydasx co3Aar0Tcs KOMOMHAIMH
OpocThIX jAedopManuii: Kocoll u3ru0 (MJIOCKMM W3ru0 B JBYX IUIOCKOCTSIX
OJTHOBPEMEHHO), BHEIICHTPEHHOE pacTsHKEHUE WM  CokKathe  (IEHTPaJbHOE
PACTSKEHUE UITU CXKAaTUE C MJIOCKUM M3rHO0M), OTHOBPEMEHHOE JIEUCTBHE KPYyUECHHUS
Y TJIOCKOTO M3ruba ! T. 1.

Ilpu pacuemax ma cnooicHoe conpomusieHue 0ObIYHO UCXO0SIM U3 NPUHYUNA
He3a8UCUMOCTU OCUICMBUSL CUT, KOMOPbLUL CNPABeoIu8 Npu MAalblx 0epopmayusix.

[ToaToMy B pacyerax Ha CJIOXXHOE COMNPOTUBICHUE Opyca NPUHIIUI
HE3aBHUCUMOCTH JEHCTBUS CUJI MPUMEHSIOT TOTJa, KOTJa BIUSHHEM edopmariuii,
BBI3BAaHHBIX OJHUM BHUJOM HAarpy3k, Ha pe3yjbTaThl JCHCTBUS JIPYyTUX BHJIOB
Harpy30K MOXHO TMpeHeOpeyb (KOCOM H3rud, BHEIIEHTPEHHOE PACTSLKEHUE WIH
ckatue © T.0.). B NOpoTUBHOM ciyyae O3TOT MPUHIUI TPUMEHSTh HENb3s
(oHOBpEMEHHOE JCHCTBUE KPYUCHHS | IDIOCKOTO M3TrM0a, CKATHS (MU PACTSIKCHHS)
Y KpyYCHHUsS U T. 11.).

[IpuHIIMTT HE3aBHCHMOCTH JCUCTBUS CHJI TIO3BOJSICT MPUMEHHUTH CIOCO0
CJIIOKEHUSI JIEUCTBHUS CHJ, TO €CTh, Halas HaNpPsDKEHHsS, COOTBETCTBYIOIINE
OTZICTBLHBIM MPOCTHIM BHIAM JehopMaIuii, iX CyMMUPYIOT.

JIyisi mpYMEHEeHHsI YKa3aHHOTO METOAa HEOOXOIUMO YCIOBUTCS OTHOCHUTEIHHO
MpaBujia 3HAKOB.

IIpasuna 3nakos ona enympennux ycuaui. [IpogoibHyIO Crly, Kak U TPEXIe,

OyzeM cuuTaTh MOJOXKHUTEIBHOM, €CTTM OHA B PACCMAaTPUBAEMOM CEUEHUH BBI3BIBAET
pacTIrMBaOIIME HAPSKEHHUS.

Nzrubaromne MOMEHTHI Oy/ieM CUMTATh MOJOKUTEIBHBIMH, €CIIM OHU B TOYKAX
NepBOM YETBEPTH NPUHATON CHUCTEMBbl KOOPAMHAT (COBMNAJAIOMIMX C TJIABHBIMU
OCSIMH) BBI3BIBAIOT PACTATUBAIONINE HATIPSHKEHUSI.

Kocoii n3rud
Onpedenenue. KocbiM M3ruOOM Ha3bIBA€TCsS TAKOW BHJI U3rMOa, MpU KOTOPOM

MJIOCKOCTh JICHCTBUS CYMMapHOTO U3THMOAIONMIEr0O MOMEHTa MPOXOJUT 4epes
r€OMETPUYECKYIO OCh OQJIKH, HO HE COBIA/IACT HU C OJHOM U3 IJIaBHBIX IIEHTPATbHBIX
ocell HHEPILKHU TOIEPEUHOro ceuenus (puc. 3.9).

Paznuyaror 1Ba BUia KOCOTO U3TM0A: MIOCKUU U NPOCMPAHCMBEHHDILI.
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Cunosas nocKosms &Fﬁu\
-

Puc. 3.9

[Ipu m1ockoM KOCOM M3THO€ BHEIIHUE CUJIBI IEUCTBYIOT B OJJTHOM MJIOCKOCTH, HE
COBMNAJAIONIECH C IJIaBHBIMU IJIOCKOCTSIMU UHEPLIUH.

DTa MJIOCKOCTh HA3BIBAETCS CUNIOB0U NIOCKOCMbIO, a JIUHUS €€ MEPECEUCHUS C
MJIOCKOCTBIO ONEPEYHOT0 CEUEHHSI OATIKU — CUIOB0U TUHUEL.

[Ipu mpocTpaHCTBEHHOM KOCOM M3rH0O€ BHEIIHWE CUJIbI JEHCTBYIOT B Pa3HbIX
IJIOCKOCTSX.

O0603HauUM 4Yepe3 e yroia MEXy CUJIOBOM JIMHUEH W BEPTUKAJIBHOW TJIaBHOM
OCBIO Y.

IIpasuno 3mnakos. Yron ar OyneM CUMTATh MOJOKHUTEIbHBIM IPU MOBOPOTE

CUJIOBOM JIMHUM OT BEPTUKAJIIBHOM TJIABHOW OCH Y MPOTUB X0/ YaCOBOM CTPEJIKH.

Kak B cilyyae mpocTpaHCTBEHHOIO, TaK M B cllydyae IJIOCKOTO KOCOIro u3ruoa,
Haubosee 1eaecoo0pa3Ho UX NPUBOAUTD K IBYM MPSMBIM IIOCKUM U3THOaM.

Takum oOpa3oMm, KOCOMl M3rM0d MOXXHO paccMaTpuBaTh Kak COYETAHUE JBYX
OpPSIMBIX TUIOCKUX HM3THOO0B, BBI3BAHHBIX M3TMOAIOIIMMH MOMEHTaMH OTHOCHTEIBHO
IJIAaBHBIX LIEHTPAJIbHBIX OCEH MHEPLMH MONEPEYHOTO CEYEHHUS, TO €CTh CYMMAapHBIM
u3rubaromuii MOMeHT M, NEeWCTBYIONIMNA B CEUEHUU OAJIKH, MOXKHO Pa3JIOKHUTh Ha
nBa usrudarommx Mmomenta My u M, IelCTBYIOINX B TTIABHBIX IJIOCKOCTAX HHEPLIMN

My=M:-sinag; M,=M:cosar,
rae
M = X/MZZ + Mj — CyMMapHbld M3ru0arolii MOMEHT B paccMaTpUBAEMOM

CCUCHHU.

Ortcroaa, yroJl e MOXKHO BBIPA3UTh Yepe3 OTHOIICHUE U3THOAIOIITMX MOMEHTOB
toar = By (3.5)

M, '
Eciaun m3rubaromue MomenTel My 1 MZ MMeroT oaMHAKOBBIE 3HAKU, TO YIOJd O
MOJIOKUTENICH. B 3TOM ciyuyae cuiioBasi JTUHUS MPOXOJUT YEPE3 MEPBYIO U TPETHIO

YETBEPTU MPUHSITOU CUCTEMBI KOOP/IUHAT.
OmnpenesieHue HANPSIKEHUI MPH KOCOM M3rude

B cooTBeTcTBUM C MPUHITUIIOM HE3aBUCHUMOCTH JEHCTBUSI CUJI, HOpPMaJIbHBIC

HaIIPsAKCHUS IIPHU KOCOM n3ruoe B HpOHSBOJ’IBHOﬁ TOYKE CCUCHHA C KOOpAUHATAMU Y
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Y Z, BI3BaHHbIE H3rubaromumu MomenTamMu M, u My, onpenersitorcs mo ¢popmyiie

M
o=y 4 ¥y (3.6)
1, I,
nIn
o= M- (L0 4 ZENAE (3.7)
z y

rae

Jy — MOMEHT MHEPIIMH CEUEHH OTHOCUTEIBHO INIABHOU OCH Y,

J; — MOMEHT uHepLHH CeYeHUsT OTHOCUTENBHO TJIABHOM OCH Z;

O — YTOJI MEXKIY CUJIOBOM JIMHUEN U BEPTUKAJIBHOM TJIaBHOM OCHIO Y.

HHonoxkenue HeMTPAIbLHON (HYJIEBOM) JIMHUH
NMPH KOCOM M3rude

Jlist onpeneneHuss OMacHbIX TOYEK B MOMEPEYHOM CEYEHUHU OAJIKU MPU KOCOM
u3rude 11e51eco00pa3Ho  MpEeABAPUTENbHO TOCTPOUTh HEUTPaIbHYIO (HYJIEBYIO)
JuHUI cedyeHus. OnacHbIMM B CEYEHUM OynyT TOUYKHM, HauOoJee yHaleHHbIE OT
HEUTPaJIbHOMN JIMHUHU.

Onpedenenue.  HelTpanpbHOl  OChl0  (HYJI€BOM  JIMHHWEH)  Ha3bIBaeTCs

IrCOMCTPHUUICCKOC MCCTO TOYCK ITOIICPCYHOI'O CCUCHUA 621JIKH, B KOTOPBIX HOPMAJIbHBIC
HaIIPs’KCHUS PaBHBI HYJIIO.

CJ'IGIIOBEITGJIBHO, ITIOJIOXKCHHUC HeﬁTpaHBHOﬁ JIJUHUHU IIpU KOCOM M3rude MOKHO
YCTaAHOBHUTD, €CJIW IIPUPABHATL HYJIIO HAIIPAKCHHA B TOUKAX, IMPHUHAJICKAINUX 3TOM

JUHUU.
[Ipn kocomM wu3rube HANPSIKEHHUS] G W3MEHSIOTCS IO JIMHEHHOMY 3aKOHY.
[TonoxwuB 6 = 0, noNy4yuM ypaBHEHUE HEUTPATBHOMN JIMHUU.
[Tocne mpeobpazoBanuii moayuuMm (GopmMyily HEHTpaJbHOW JHHUHU (OCH) TIpH
KOCOM U3ruoe

tg ag = ;—Z ‘12 OF (3.8)
y

B a1oit popmyne
Olp — YTOJI MEXKIY HEUTPAIIbHOM JIMHUEN U TOPU3OHTAIBHOM TJIABHOU OCBIO Z;
O — YTOJI MEXK1y CHJIOBOM JIMHUEW U BEPTUKAJIIBHOM TJIABHOU OCBIO Y.
HetitpanpHas (HyneBas) JIMHUSI TIPH KOCOM M3THMOE MO OTHOIIEHHUIO K CHIIOBOM
JIMHUYU TIPOXOJIUT Yepe3 JIBE IPyrue YETBEPTH OCel KOOpIMHAT.
Orcroza cnefyer, 4YTo yrodl gy OTKIAJbIBAETCS OT TOPU3OHTAIBHON IIIaBHOM OCH
Z B Ty K€ CTOPOHY, UTO U YTOJI &F OT BEPTUKAIBbHOM ri1aBHOM ocu Y (puc. 3.10).
Ananusupys popmyay (3.8)

I
tgay = I—Z‘tgap,
y
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Hynesas

s

far el 7

afyz)
Puc. 3.10

HAXOJIUM, YTO B OTJIMYKE OT MPSIMOTO TIOCKOTO M3rhda Mpu KOCOM M3rube HyseBas u
CWJIOBas JMHMM B ob0mem ciydae (korma |y # I,) He Oyayr B3aMMHO
nepreHaukysapHsl (puc. 3.10).

Taxum obpazom, HeUmpanbHas 0Cb NPU KOCOM U32ude npoxooum yepes yeHmp
MAAHCECMU NONEPEUHO20 CeueHUs He NEPNEeHOUKVIAPHO K CULOBOU TUHUM.

HyneBas nmuHus OyneT neprneHauKyIspHa cuiloBod Toneko mpu ly = 1, To ecTs,
KOI/Ia TJaBHbIE LEHTPAJbHBIE MOMEHTHl HMHEPLUUU IONEPEYHOr0 CEYeHUs Oaiku
oauHakoBbl. Ho B 3TOM cityuae, Kak U3BECTHO, JIIOObIE EHTPAIbHBIE OCH CEUECHHUS

ABJISIFOTCS TJIABHBIMHU U, CJI€I0BATEIILHO, KOCOW U3TUO HEBO3MOHiCEH.

U3 dopmynsr (3.8) Takke ciieayeT, 4TO IMOJIOKECHHE HEUTpaIbHON (HYJICBOW)
JIMHUY TIPU KOCOM M3ru0e HE 3aBHCHUT OT BEIMYHMHBI U3TMOAIOIIErO0 MOMEHTA.

YcaoBue Npo4YHOCTH PH KOCOM M3rude

HauOonbiive HanpsokeHHs BO3HHUKAIOT B TOYKaX IONMEPEYHOro CEYEeHUS,
HanOoJiee yAaJICHHBIX OT HYJIeBOW JTUHUU (HeHTpanmbHOU ocw). st cedyeHmil Tuma
MPSMOYTOJIbHUKA M JABYTAaBpa, MUMEIOIIMX JIBE€ OCH CHMMETPUHU, HauOOJbLIKE IO
a0COIOTHOM BETMYMHE HAMPSKEHUS 11e71eCO00pa3HO BRIUUCIATE IO popMyIie

M| | Myl
Oug — = + Y
w, wy

(3.9)

Ha pucynke 3.10 mnokazan BWA OHIOPbl HOPMAJBHBIX HANPSOIKEHUW IS
IPSAMOYTOJILHOTO CEYEHMs IPH MOJIOKUTENBHBIX 3HaYeHusX My u M,. B aTom cirydae

HO

HanuOOIBIINE PaCTATUBArOIINC 0';61/1 CXKHUMAIOIIUEC 0. HaIIPsSXKCHHUA BO3HHUKAIOT B

JIBYX YTJIOBBIX TOUKAX CEYEHHUSI.
VYcaoBue NMpOYHOCTH MPU KOCOM M3TUOE aJisi OAIOK C PACCMOTPEHHBIM THIIOM

IMOIICPCUYHBIX CCUYCHUM UMEET BHU

IMy| | M|
Omax = W—Z * -, <ldl (3.10)

a B CJIydac NpONU3BOJILHOT'O CCUCHUA
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oo = | 7~ Zma + =2 Yimax | < [0]. (3.11)
y z
[TonGop pa3mMepoB MOMEPEYHOTO CeYeHHs OaaKyd MpPU KOCOM H3THOE SBISETCS
3aaueit 0oJee CI0XKHOM, YeM IIPH ITIOCKOM TOTIEPEYHOM H3THOE.
YcioBre NpOYHOCTH PUHUMAET BH]T

_ |M-sinag| + |[M-cos aFg|

Omax w, w, —[ ]!
WK
M W, .
Omax = 7~ WZ - |sin ag| + cos ag ) < [a]. (3.12)
y

[TonGop pa3mMepoB MOMEPEUHOTO ceueHUs OaIKu MPOU3BOIAT 10 hopMyIie

|M| .
W, > — (== |sinagp| + cosay ). (3.13)
[o] wy,
W,
Crauasa He06X0/IMMO 3a/1aThCs OTHOMICHHEM 1% , & 3aTeM HaXOJUTh Pa3MepEI
y

MOMNEPEYHOT0 CEYEHHs OATKK METOJOM MOA00pa.

s xpynkoeo mamepuana 6 Kavecmee [6] Heobxooumo npunumamo
oonyckaemoe HanpsxiceHue Ha pacmsicenue.

Onpenenenue nepopmManmii npu KOCOM H3rude

Jlns onpeneneHusi nmporuOoB B Oanike, paboTaromie Ha KOCOM HW3rud, CHOBa
BOCIIOJIb3YEMCSI IPUHIIUIIOM HE3aBUCUMOCTH JIEHCTBUS CHUIL

Tak kak KOcoill M3rud mpeacTaBisieT coOOM couyeTaHue JBYX IUIOCKUX M3THOOB,
TO TEpeMellleHuss B Oalkax MpU KOCOM H3TMOEe MOTYT ONpPENEsThCS TEMHU HKe
METOJaMHM, 4YTO M HpH IUIOCKOM wu3rube. [{ns 3Toro HeoOXOAMMO Harpys3KH,
JNEUCTBYIONIME HAa OalIKy, pa3jioXKUTh HAa COCTABJISIOLIME, MapajlieJbHbIE TJIABHBIM
LHEHTPaJbHBIM OCSIM Y M Z, U OINPEAETUTh MO OTAEIBHOCTH HPOruObl V U W IO
HaIpPaBJICHUAM 3THX ocel (puc. 3.11).

¥
-
5]

-—
Ty

-

Puc. 3.11

[TonHbIN TPOTUO B IPOM3BOJILHOM CEYEHUH OATTKH OMIPEACISIOTCS 110 hopmyie
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f=vvZ + we. (3.14)

HamnpagieHue noHoro mporuda B MpOM3BOJILHOM CEUCHUH OAJIKH OTIPEACIIACTCS
o ¢hopmMmynam

w
tgh=-

NN
Iy
@ﬁ=7¢gw. (3.15)
y

B stux popmymnax

B — yron Mexy HampaBJIeHHEM CYMMapHOTO MPOruda u BepTHUKAIbHOMN TTIaBHOM
[EHTPAJILHON OCBIO Y.

OF — YTOJI MEK1y CHJIOBOM JIMHUEW Y BEPTUKAJIBHOM TJIABHOU OCBIO Y.

AHanoruyHO MOTYT OBITh HAWACHBI YIJIbl MOBOPOTA MPOU3BOJBHBIX CEUYCHHI
OaJIKH.

[Ipu miockoM KocoMm u3rube Oajaku ee M30THYTas OCh, MPEACTaBIsET COOOM
MJIOCKYIO KPUBYIO.

®opmyna (3.15) uaentuuna ¢ popmynoi (3.8). CrnenoBaTenbHO, yroi dg = ff, TO
€CThb HanpasieHue HOJIH020 Npo2uba NepneHOUKVISAPHO HeUmpaibHou (HY1e6ot)
JIUHUU.

Taxum obpasom, npu Kocom uzeube Hanpasienue noaHo20 npoeuba (N10CKoCcmy
oegopmayuu) He coenaoaem € HIOCKOCMbIO HASPY3KU (CUNOBOU HNIOCKOCMbIO), a
3HAYUMENbHO OMKIOHAEeMCs. Om Hee 6 CHOPOHY NIOCKOCMU — HAUMeHbulel
aHcecmrKocmu OaIKu.

DT0 00CTOATENBCTBO OOBACHSET, IOUYEMY TaKON U3rMO HA3bIBAETCS KOCBIM.

Koraa I, = |, (kpyrioe cedenue, npaBUIIbHBIA MHOTOYTOJIBHUK U T.1.) INIOCKOCTh
nedopmanuu (MOTHBIM MPOTHO) COBIMAMAET C CUIIOBOM MJIOCKOCThIO. B 3THX ciydasx
KOCOM M3rnb HEBO3MOXKEH.

BHeuneHTpeHHOE pacTsaKeHHue WK CKaTHe OpychbeB 00JIbIIOH KeCTKOCTH

MHorH€e »JIeMEHTBl CTPOUTENBHBIX KOHCTPYKIIUN (KOJIOHHBI,

enl”
CTOMKM U Jp.) HAXOMITCS TOJ BO3ACHCTBHEM COKMMAIOIIUX CHJI, '

MPWIOKEHHBIX BHE IICHTpA TSKECTH ceueHus. Hampumep, Oanka

MEPEKPBHITHS, OMUpPAIOIIA’ACS Ha KOJIOHHY, IEpelaeT Harpy3ky cC
AKCIEHTPUCUTETOM € U, CIIeI0BaTEIbHO, B MIPOU3BOJILHOM CEUCHUH
| — | xosioHHBI BO3HUKaeT npojoibHas cuia N = F u usrubarommii = —
MOMEHT, paBHbIi F - e.

Onpeodenenue. Eciu Ha Opyc ACHCTBYIOT MPOAOJIbHBIC

B GICIE I I EIENe S
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CKHMAWIIMe WIM pacTATUBAIOIINE CHWIIBI, TapajsielbHOH ocu Opyca, HO
MPWIOKEHHBIE HE B IIEHTPE TSHKECTH CEUEHHUs, TO TAKOE COMPOTUBIEHUE Opyca
Ha3bIBAIOT BHEIICHTPEHHBIM CXKATHEM WJIM PaCTsDKCHUEM.

B momepedHOM CceYEHWM CTEpXKHS TIPH 3TOM OJHOBPEMEHHO JIEWCTBYIOT
npoaoJbHas (pacTATMBaKOMIas WIA CXKHMAOIIAs) CHJIa W HM3TUOAIONIMA MOMEHT,
IJIOCKOCTh JIEHCTBHUS KOTOPOTO, B OOIIEM Ciy4yae, HE COBIAIaeT HU C OJHOU W3
TJIaBHBIX MJIOCKOCTEH MHEPIIMU CEUYCHUS. B 3TOM ceueHNr MOXeT IEHCTBOBATh TaKKe
Y TIOTIEpEYHas CUJIa.

BHELIEHTpeHHO pAacTAHYTHIH WM CXKATBI CTEPKEHb, MPH pacdyeTe KOTOPOTO
MOXHO HE YyYWTHIBATh JIOMOJIHUTEIBHBIC W3THOAIONIME MOMEHTHI, pPaBHBIC
NPOU3BEIICHUSIM TIPOAOJIBHBIX BHEIIHUX cuil F Ha mpormObl V, Ha3bIBalOTCA
KECTKUMH, a CTEPKECHb, MPHU pacdyeTe KOTOPOTO MX HEOOXOIUMO YUYUTHIBATH —
TMOKHMU.

dopmyJia HOPMAJIbHBIX HANIPSIKEH Ui

[Iycth Ha cTepkKeHb NPOU3BOJIBLHOTO CEYEeHMs JeHcTByeT ojHa cuia F,
napajuiebHast €ro MPoI0JIbHONW OCH M MPUJIOKEHHAS HE B IICHTPE TSKECTH CCUCHUS.

KoopauHatel TOUKM MPUIOKEHUS CHIIBI OTHOCUTENBHO TJIABHBIX IIEHTPAJbHBIX
oceil 0003HAaUYMM uepe3 Yf M Zf, @ PACCTOSIHHME ATOW TOYKH JO IIEHTPA THKECTH
CEUCHMSI, HA3bIBAEMOE IKCIIEHTPUCUTETOM, — uepe3 e (puc. 3.12, a).

Puc. 3.12

Jiig m000ro MOMEepeyHOro CeueHusl JeMCTBHE BHEIEHTPEHHO MPUIIOKEHHON
cuiibl F MOXHO 3aMeHUTh AeiicTBueM HopMalibHOM cuiibl N = F, npunoxeHHol B

LIEHTPE TSHKECTH CEUCHHMs, U JEUCTBUEM JIBYX M3rubaromux MomeHToB My u M,
(puc. 3.12, 0).

Takum 06p330M, B COOTBCTCTBHUH C IIPHUHIMUIIOM HC3aBUCHUMOCTH I[GﬁCTBH?I CHII,
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HOpPMAJIbHBIE  HAMpPSDKEHUS TPU  BHEIEHTPEHHOM PACTSDKEHMHM  (CKaTHHM) B
MIPOU3BOJIBHON TOUKE CeueHUsl OYIyT CKIIAIbIBAThCA U3 HANPSKEHUH LEHTPaIbHOTO
pacTsbkeHus (CKaTusl), BBI3BAHHBIX MPOAOIbHON cuiioit N = £ F, 1 HanpsokKeHU oT

n3ru0a, BBI3BAHHBIX M3rHOarommmMu MomenTamMu My u M,
N M M
o=—+—2-y+-2.7 (3.16)
A I I
IIpu sTOM
MZ:F‘yF; My:F'ZF; N::tF; Iy:A.iJZZ; IZ:A'iZZ.
[Tocne mpeoOpa3zoBanmii ¢dopmyna [JIs ONPEACIICHUS HAMpsHKCHUH B
MPOU3BOJILHOW TOYKE CEYEHUs] C KOOpAWMHATAMU Y W Z TPU BHEUEHTPEHHOM

pPaCTSHKEHUH (CoKaTUM) IPUHUMAET BUJL

N YVF.Y Zr .Z
o=~ (L+ =+ (3.17)
A iy Ly
B stux dhopmymnax
G — BEIUMYMHA HOPMAJBLHOTO HANpPsHDKEHUS B JIIO00OM TOYKE CEUeHUs C

KOOpJIMHATaMH Y U Z;
N — BeIuYMHa MPOJAOIBLHON CUJIBI;

A-— Iomaab IMOIICPCYHOr0 CCUCHUS CTCPIKHA,

Ve, Z — KOOpPIHHATBI TOYKH IIPHUIIOXKCHHUS BHENIHEN CHJIEI F, B3ATBIC
OTHOCHUTCIILHO TI''IABHBIX HeHTpaHBHBIX Oceﬁ CCUCHUA CTep)KHH;

.2 _ I_y 2 ]_Z

ly =2 1 =~y — KBAIpaThl PaZMyCOB MHEPUUH CCUCHHS OTHOCHTENLHO

TJIaBHBIX IIEHTPAJBHBIX OCEH.
IHonoxeHnue HEMTPAIBLHOM (HYJIEBOI) JIMHUH
IPHU BHELICHTPEHHOM PACTSIZKEHUU (CKATHH)

JUist ompezaeneHHsl OMAcCHbIX TOYEK B IONEPEYHOM CEYEHUH Opyca mpu
BHELIEHTPEHHOM PaCTSHKEHHUU (CHKAaTHM) 1eJIeCO00pa3Ho MpeaBapUTEIbHO MOCTPOUTD
HEUTpaNbHYIO (HYJIEBYIO) JIMHUIO ceueHMs. OTacCHBIMH B C€YeHHUH OyayT TOuku 1 u 2,
HanOoJIee yaaJeHHbIC OT HeHTpaabHOH (HyJeBOM) inHuK (puc. 3.13).

Onpedenenue.  HeWTpanbHOl  oCbl0  (HYJEBOM  JUMHUEN)  Ha3bIBaeTCA

reOMEeTPUUYECKOE MECTO TOUEK MONEPEYHOro ceYeHHs Opyca, B KOTOPbIX HOPMAaJIbHBIE
HaIpsHKEHUS! paBHBI HYJIIO.

CrnenoBaTenbHO, TMOJIOKEHUE HEUTPAIIBHOM JIMHUM TPH  BHELUEHTPEHHOM
PaCTSHKEHUU (CKATUU) MOKHO YCTaHOBUTB, €CJIM MPUPABHATH HYJIO HANPSOKEHUS B
TOYKaX, MPUHAJICIKALIUX ITON JIUHUH.

[Tocne mpeoOpazoBaHuil MOJYYUM YpaBHEHHUE HEUTpPaAIbHON JIMHUU B BUJE
OTpe3KOB 8y U @, (puc. 3.13), oTcekaeMbIX ATOM JIMHUEH Ha IVIABHBIX LEHTPAIIbHBIX
ocsX Y U Z,
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Fcameann Has
Hyneeqs nuHLAa
Faoamenstas

Puc. 3.13
2 iy
ay=— — a,=— —. 3.18
R (3.18)

CBoiicTBa HEUTPAJIBLHOM JTUHHUU
IPU BHELEHTPEHHOM PACTSIZKEHUH (CXKATHH)

e Touka mnpunoxenuss K  BHEUNEHTPEHHO  JIEMCTBYIOIIEH CHUJIBI H
COOTBETCTBYIOIIAs €M HEUTpAJIbHAS JIMHUSA HAXOIATCA 110 pa3Hble CTOPOHBI OT LIEHTpa
TSOKECTH CEYEHHUsI, TO €CTh HEWUTpaJbHAs JIMHUS IEPECEKACT KOOPAWHATHBIE OCH B
TOYKaX, NPUHAICKAIIMX KBaApPaHTy, IPOTUBOIIOJIOKHOMY TOMY, B KOTOPOM
HaXOJUTCS TOYKA ITPUIOKEHUS CUJIIBI.

e [Ipu npubmmkeHUH TOYKU MpuiIokeHUuss K BHELEHTPEHHO NeWCTBYIOLIEH
CUJIBI K HEHTPY TSKECTU CEYEHUsI, HEUTPAJIbHAS JIMHUS YAAISIETCSA OT HETO.

e [Ipu yganenun Touku npuioxkeHuss K BHEHEHTPEHHO ACHCTBYIOIIEH CHIIbI
OT LIEHTpA TSHKECTH CEUCHUS, HEUTpabHasl JIMHUS MPUOIMKAETCS K HEMY.

e FEcimum Touka mpuioxeHus K BHEUEHTPEHHO JCHCTBYIOUIEH  CHJIBI
pacrionaraeTcsi Ha OJHOM M3 IVIaBHBIX LIEHTPAJIbHBIX OCEH CEYEHMs, TO HEUTpAJIbHAS
JUHUA OyJIeT NepPHeHANKYJIIpHA STOU OCH.

e FEcimum Touka mpuioxeHuss K BHEUEHTPEHHO JCHCTBYIOUIEH  CHIIBI
nepeMeniacTcs BJOIb HEKOTOpoi mpsmMoi a — b (puc. 3.14), To cooTBEeTCTBYIOIIAS Cif
HeWTpasbHasl JIMHUS BpAIAeTCs BOKPYT BHojHe omnpexaeicHHou Touku C. [lpsmas
meopemal.

e Ecnu HeWTpanbHas JMHUA BpaulaeTcss BOKpYr HekoTopoil touku C (puc.
3.14), To cooTBeTCTBYyIOIIAsl TOYKA MpuiokeHUus K BHEIEHTPEHHO ACHCTBYIOIICH
CHJIBI TIEPEMEIaeTCsl BJOJb HEKOTOPOW BIIOJHE OMNpEACICHHON mpsiMoi a — Db.

|O6pamnas meopemal.
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fynesan nukuE

Puc. 3.14

e [lonoxxeHne HEUTPAIIBHOW JIMHUU HE 3aBUCUT OT BEJIMYUHBI BHELIECHTPEHHO

JIEUCTBYIOIIEH CUJIBI.
YcioBue NPOYHOCTH NPU BHELEHTPEHHOM PACTAKEHUM (CHKATUM)

Haunbonpine HampsokeHHsS BO3HUKAIOT B TOYKAX IIONIEPEYHOTO CEUCHHS,
HanOoJiee yIaJICHHBIX OT HEUTpaJIbHOUM OcH (HYyJI€BOM JIUHUN).

ITIpoBeaeM napanieabHO HEUTPAIBHOM JIMHUM KacaTeJIbHbIE K KOHTYPY CEUCHUS
U HalJIeM omacHbie TOuku 1 1 2 B pacTsHyTOU U cxkaTol 30Hax (puc. 3.13).

VYcioBusi MPOYHOCTH JUISI ITUX TOYEK MPU BHEIEHTPEHHOM PaCTSHKEHUU
(CcKaTUM) UMEIOT BH]I

o=% (1 + 22+ T <] (3.19)
z y

Ota Qopmyra crpaBenauBa U B ciaydae AEHCTBHs CokxuMarolien cuiel F, eciu
HET OMACHOCTH BOBHMKHOBEHUS MPOJIOJIBHOTO U3TH0A.

Pacyer Ha mnpouHOCTH Opyca, CXKATOro WIM PACTIHYTOIO BHELEHTPEHHO
MPWIOKEHHOW TMPOAOIBHON BHEIIHEW CHUJION (T. €. MPU OTCYTCTBUM IMONEPEUHBIX
CHJI), IPOBOJUTCS Hauboyiee MPOCTO, TaK KaK B 3TOM ClIlydae BHYTPEHHHUE YCUIIUS
OJIMHAKOBBIE BO BCEX MOMNEPEYHBIX CEUEHUAX CTEPHKHS. I CTEpKHA C MOCTOSHHBIMHU
pasmMepaMu Ce4eHHUs B IIpelesax KaXkJOoro y4acTKa BCE CEYEHUs SBIAIOTCA PABHO
onacHbIMU. J[JI1 CTEpXkKHA C NEPEMEHHBIMH ITONEPEYHBIMU pa3MEpaMH CEUYCHHUS
OIIACHBIM B IIpeeax KaKI0r0 y4acTKa SABJISETCA CEUCHUE HAUMEHBIIIETO pa3Mepa.

[Ipy mmacTM4HOM Marepuasie Ui NPOBEPKH NPOYHOCTH  JTOCTATOYHO
ONIpPEACNUTh HANpPSKEHHE B TOUYKE C HAMOOJBIIMM IO aOCOIIOTHOW BEIMYMHE
HOpPMAaJIbHBIM HarnpsbkeHueM. [lpu XpynmkoM Marepuane HeoOXOJUMO ONPEeIUTh
HauOO0JIbIINE PACTATUBAIOLINE U CKUMAIOIINE HAMIPSKEHUS.

Anpo ceuenus. [locrpoenue sapa ceyeHust

[Ipy BHELIEHTPEHHOM paCTSDKEHUU (CXKATHHM) HEHTpajbHas JUHUS B O0OIIEM

cllydae MOXET MPOXOAUTh U BHE ceueHud. J(elcTBUTENbHO, eclii BHEWHsAsA cuia F
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OPUWIOKEHA B LIEHTPE TSKECTU CEYEHUs, TO HEUTpalibHAas JIMHUS HAXOIMTCS B
OECKOHEYHOCTH, TaK KaK HaIpsHKEHHUSI B 3TOM ClIydae paclpeiesieHbl M0 CEUEHUIO
DPABHOMEPHO.

[lo Mepe yaaieHHs] TOUKM MPUIOKEHUS CHIIbI F OT IIeHTpa TSHKECTH CedYeHMs,
HEUTpaJibHAasl JIMHUS OYJET MPUOIMKATHCA K CEYEHUIO U TTPU HEKOTOPOM TOJI0KEHUH
TOYKHM TMPUJIOXKEHUSI BHEIIHEW cuiibl F BrepBble KOCHETCs KOHTypa ceueHus. llpu
JNAJbHEUIIIEM YBEJIWYEHUHM OKCIEHTPUCUTETa HEWUTpajdbHasg JHUHUA IEpeceyeT
ceduenue. [Ipu 3ToM HOpMasbHbIE HANPSIKEHHUS B CEYEHHH OyAYyT pacTATMBAIOIINE U
CKUMAIOLIHE.

[IpeacraBnsier wWHTEpeC HAWTH Takyrd OOJACTh PACHOJOKEHHS TOYEK
NPWIOKEHUS! BHEUIHEH cuwibl F, MpU KOTOpPHIX B MONEPEYHOM CEUEHUU CTEPKHS
HaIpspKeHUs: OyOyT TOJIBKO OJHOrO 3HaKa. OJTO BaXXHO ISl CTEp)KHEH IUI0XO
COTIPOTHUBIISAIOIIUXCS  pacTskeHHto (OeToH, KupnuuHas Kiajgka, yyryH). s
KOHCTPYKIMH M3 TAaKUX MATEPUAIOB MPEANOYTUTENBHO, YTOOBI B CEUYECHHH
HanpspkeHuss ¢ < 0, TO ecTh, YTOOBl HEUTpalbHasl JMHUA HE IEpeceKalla KOHTYP
ITONIEPEYHOTO CEYEHUS.

Taxast 001acTh Ha3bIBAETCS SIAPOM CEUCHHUS.

Onpedenenue. SITpoM cedeHHs] HA3bIBAETCA BBIYKJIAs 00J1aCTh, paClONIOXKEHHAs

BOKPYI LIEHTpa TSDKECTH CEYEeHMs, oOyiajaroniasi CBOMCTBOM, YTO BHELIHSA
IIPOJOJIbHAS CUJIA, IPWIOKEHHAs B JIFOOOH €€ TOYKE, BBI3BIBAET 110 BCEMY CEUEHUIO
HaIIPsSKEHUS OJTHOTO 3HAKa.

IIpn pacuere BHEUEHTPEHHO CXKATBIX DJJIEMEHTOB, W3TOTOBISEMBIX U3
MaTepualla, IIOX0 BOCIPHHUMAIOIIETO PACTATMBAIOIINE HAIPSIKEHHs, BAXKHO 3HATH
dbopMy UM pa3mepbl sApa CEYEeHHs. OTO TO3BOJISIET, HE BBIUMCIAS BEIMYUHY
HAIIPSKEHUH, 110 DKCLEHTPUCUTETY COKUMAIOLIEH CUIIbI yCTaHABIMBATh, BOSHUKHYT B
ITONIEPEYHOM CEYEHUU PACTATUBAOLINE HAMIPSYKEHUS UJIU HET.

Ili1an mocTpoeHus sigpa ceyeHus

1. IlpoBoasaT HeHTpanbHbIE JHHUHM, COOTBETCTBYIOUIME UX MPEACIbHOMY
MOJIO’KEHUI0. JTO OyIyT KacaTelbHbIE K MIONEPEYHOMY CEUEHUIO CTEPIKHS.

2. HyMepyIoT X B MOCJIEI0OBATEILHOM MOPSIZIKE.

3. Jns KaxaoW W3 3TUX HEUTPAIbHBIX JUHUKA HAaXOASAT COOTBETCTBYIOLLYIO €U
TOYKY IIPUJIOKEHUS CUJIBI.

4. Ilony4yeHHbIE TOUKH COEIUHSIOT OJHY C APYrOW B TOM K€ MOPSIKE, B KAKOM
OBLITM IPOHYMEPOBAHbBI KacaTelIbHbIE HEUTPaIbHbIE JINHUU.

5. IlostyyeHHBIN KOHTYP SBJISAETCSA SAAPOM CEUCHUS.
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CoBmecTHOe eiicTBHE H3rHda
C HEHTPAJIBbHBIM PACTHKEHUEM (CKATHEM)

Ha npaktuke wacTto BcTpeyaroTcs ciy4yau, KOrJa Ha CTEpKEeHb JIeUCTBYIOT
OJTHOBPEMEHHO IMONEPEYHbIE W MPOAOJbHbIE Harpy3ku. Ilpum 3TOM mpomoIbHBIE
Harpy3Ku MOTYT ObITh MPUIIOKEHBI U BHELIEHTPEHHO.

Ecim Ha Oanky [€WCTBYIOT MNPOJOJBHBIE UM IONEPEYHBbIE HArpys3KH,
NepeceKaroliue ee och, TO B OOIEM clilydyae B MOMEPEYHBIX CEYEHUSX BO3HUKAIOT
usrubarone MoMeHTel My 1 M,, neiicTByromue B IByX INUIOCKOCTSX, ITOIEPEYHBIC
cunel Q, u Q,, a Takxke npononbHas cuna N (puc. 3.15).

-+ D
= A My
— —*x
o Y
v _{’v{x
=4
¥
F

Puc. 3.15

Takum 00pa3oM, B 3TOM citydae OyAeT CIOKHbBINA (KOCOM) U3rub ¢ LIEHTPAbHBIM
pacTshKEHUEM WM ckathueM. HopmallbHOe HampspKeHHE B TMPOM3BOJIBHOM TOYKE
CEUCHHS CTEPXKHS B 3TOM ClIydae OompeAessieTcs mo Gopmyie

a:%+’:’—:-y+?-z (3.20)
y

N3rubaromuye MOMEHTHI, MPOJOIBHYIO CHUIY M KOOPAMHATHI TOYKU, B KOTOPOM

BBIYHCIISIOT HAMPSHKEHUS, TOACTABIISAIOT B 3Ty (DOPMYITY CO CBOUMU 3HAKAMHU.

Ilpasuna 3naxos. HpOI[OJ'II)Haﬂ CHJIa CHUHTACTCA HOJ'IO)KPITGJ'IBHOFI, €CJIni OHa B

paccMaTpUBAEMOM CE€UYEHHMHU OAJIKU BBI3BIBACT PACTATUBAIONINE HAIPSKECHHS.

Hsrubaromme momentel My m M, cuMTarorcsi MOJIOKHMTENBHBIMU, €CIH OHU
BBI3bIBAIOT PACTSHKEHNE B TOUKAX IEPBOM YETBEPTH PACCMATPHBAEMOIO MONIEPEYHOIO
CeYeHUs OaKH.

Pacyer Ha MPOYHOCTH IPY COBMECTHOM ACHCTBUM U3ruda
M LeHTPAJIbHOI0 PACTSKeHHs (CIKATHS)

[IpeneOperas KacaTeNbHBIMM HANpPsDKEHUSIMU OT HOIEPEYHBIX CHJ, MOXHO

CUMTaTh, YTO YCIOBUE IPOYHOCTU B HTOM CIIydae MMEET BH]{
Omax < [0].
HanGospiine HOpManbHbBIE HANpPsOKEHMS BO3HHMKAIOT B OINACHBIX TOYKAX
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MOMEePEYHOro CceyeHus, Hauboyiee yAaJeHHBIX OT HEUTpambHOM ocu (HyJeBOH
JIVHUHN).

B ciyuae pacuera crepxHel Mpou3BOJILHON (POPMBI MONEPEUHOTO CEUCHUS TS
OTIPEIEICHUSI OMACHBIX TOUEK CEYCHUS HEOOXOIUMO MPEABAPUTEIBHO YCTAaHOBUTH
MOJIO)KEHUEe HeWTpanbHOU (HyneBod) nuHUU. CrocoO ompeneneHus MOJI0KEHUs
HEUTpaJIbHON JTMHUU OBLT TIOKA3aH NP PaCCMOTPEHUN BHEIICHTPEHHOTO PACTIKCHUS
(cxaTus).

YcaoBue IpOYHOCTH 711 TUX TOYEK MTPH COBMECTHOM JICHCTBUH KOCOTO M3rnda
U IICHTPAJILHOTO PACTsHKEHUS (CKaTHsI) UMEET BUJT

N M, M
a=z+;-y+1—:'25[0] (3.21)

B ciydae coBMecTHOTO JIEHCTBHSI TUIOCKOTO M3TH0A B TIaBHOM 1tockocTu OYX u
IEHTPAJIBHOTO pacTsKEHUsl (CKaTtus) TpexXwieHHas ¢opMyia IMpeBpamiaercs B

JIBYXYJIEHHYIO

N M,

O':Z'*';'YS[O'].

OtH GOopMyJTIbI TPUMEHSIOT U TIPU pacyeTe Ha IMPOYHOCTh IUIOCKMX paM U apoK
MaJIOW KpUBU3HBI. OMacHbBIMHA B 3TOM CJIy4dae SIBJISIFOTCS T€ CEYCHMS, TIAE JCUCTBYET
HauOOJILIINI U3THOAIOIINH MOMEHT.

IIpu coBmecTHOM JEWCTBMM H3rMba W ILEHTPAIBHOTO CXKATUSI TPUMEHSTh
MOJTy4YeHHBIC (hOPMYJIBI MOXKHO JIMIIIb K KOPOTKHUM CTEP KHSM OOJIBIION KECTKOCTH,
TaK KakK B CJIy4ae TOHKOTO JIJTMHHOI'O CTEPKHSI BO3MOYKHA MOTEPs] yCTOMYMBOCTH.

3.2.2. KoHTpoJibHBbIE BONPOCHI /1JIsl CAMONPOBEPKH 10 TeMe
«CJ105kHO€ CONPOTUBJICHUE)
1. Kakue ciyuad CONPOTUBIICHHUS CTEpKHEW HA3bIBAIOTCSA CIIOKHBIM

COINPOTHUBJICHUEM?

2. B yem cyTh npuHIIUTIA HE3ABUCUMOCTHU JCHUCTBUSI CHII?

3. Kaxoii Bun nedopmanmu cTep>kHsi Ha3bIBAETCSI KOCHIM H3THO0OM?

4. K xakuM mpocTedmuMm BujaMm aepopManvd MOXKHO CBECTH KOCOH
u3rud?

5. ®opmyna Juisl ONpeeieHUs] HOPMAIbHBIX HAIIPSHKEHUH B CIIydae KOCOro
n3ruoa?

6. [IpuBenuTe ypaBHEeHHE HEUTPATIBLHOM JIMHUHU B ClTydae KOCOTO U3ruoa.

7. Kakre TOYKM NONEPEYHOr0 CEYEHHUs Ha3bIBAIOTCS onacHbiMU? Kak 3TH

TOUKH ONPEEINIAIOTCS B CIy4yae Kocoro u3ruoda’?
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8. Kak ompenensiercs nepopmanus 6anku B ciayyae Kocoro uzruoda’?

9. Kakoii Bua aeopmaiiiyi Ha3bIBACTCSI BHELEHTPEHHBIM PaCTSKEHUEM
WIH C)KaTheM?

10. K kakum mpocteiimum BuaaMm aedopMallid MOXKHO CBECTHU
BHELIEHTPEHHOE pacTsbkeHue (cxatue)?

11. Kakoifi mnpuHmMn ucnoib3dyercd s BbiBoja  (pOpMyIibl
HOPMAaJIHHOTO HANPSDKEHUS B CIIy4ae BHELIEHTPEHHOTO ICUCTBUS CUIIBI?

12. dopmyna Ui ONpeneaeHUs] HOpMaibHbIX HaNpsKEHUI B ciiydae
BHELIEHTPEHHOTO JICUCTBUS CUITBI.

13. JlaliTe onpenesieHne HEUTpAIbHOW NuHUHA. [IpuBennTe ypaBHEHHE
HENTpaIbHOM JIMHUU B CIIy4ae BHELIEHTPEHHOT'O IEUCTBUS CUJIBI.

14, Ilepeuncnure CBOMCTBA  HEWUTPAIbHOM JIMHAM B Clly4ae
BHELEHTPEHHOT'O JIEHCTBUS CHUJIBI.

15. Kak omnpenensercs TMONOXKEHHE ONACHBIX TOYEK B ClIyyae
BHELIEHTPEHHOTO JICUCTBUS CHITBI.

16. Hanummre ycimoBue NpPOYHOCTH Uil XPYIKOrO MaTepuaia B

CJIy4ae BHEIEHTPEHHOTO JICUCTBUS CUJIBI.

17. Kakoii BuI wuMeeT ycCIOBHE MPOYHOCTH [JIsl IUIACTHYHOTO
Marepuana’?

18. JlaiiTe omnpenenenue sapa cedeHud. [lman moctpoeHus sapa
CEUCHUH.

19. dopMya I ONpeeICHUs] HOPMAJIBHBIX HANPsHKCHUN B CIydae

OJIHOBPEMEHHOTO ACHCTBUS N3rnda U LEHTPATLHOTO PaCcTsHKEHUS (CykaTus)?

Ilocne uzyuenus 3moii memvl MO}CHO RPUCHYRUMb K pelieHuio 3a0auu Ne 2,

6K1I04UEHHOI 8 KOHMPOJIbLHYIO pAdOmy.
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3.2.3. MPUMEP PEHIEHUSA 3AJAYH Ne 2
«BHeleHTpPeHHOE C:KaTHe KOPOTKOI0 CTEPKHSI»

K HcxoaHble TaHHBIE:

f | a=4cm; b=6cm;
o

. ~ [6.] = 160MITa = 16("Hz);

l cm
J [0,] = 40MIla = 4(’(}[2)

cm
« 2 ple— b
Puc. 3.16. llonepeunoe ceuenue YyryHuoiu KOPOTKHM CTEPKECHD,

nonepevyHoe cevyeHue KOTOPOro H300paKeHO
Ha puc. 3.16, cxkumaeTcs: NPo0JLHOI cWiI0i F, npuiio:keHHoi B Touke K.
Tpeodyercs:
1.BerancnuTh  BEMWYMHBI HAWOONBIIUX PACTATHBAIONIUX W COKHUMAIOITUX

HANPSDKEHUN B MONEPEYHOM CEUYEHUM, BBIPA3UB BEJIMYMHBI 3TUX HAIPSXKEHUN 4epe3
F.

2. U3 ycnoBuii MpOYHOCTH HAWTU JOIyCKaeMmyro Harpysky [F] mpu 3amaHHBIX
3HAYEHUSIX JOIYCKAEMbIX HOPMAaJIbHBIX HANPSXKEHUH U1l YyTyHa Ha cKaTue [o,| 1 Ha
pactshxeHue[ op).

Pemenne
Hcnionb3ys CIIPABOYHbBIE TaOIULIBI, BBIUHCIIUM F€OMETPHUUECKHUE
XapaKTEPUCTUKHU  OTACIBHBIX JJIEMEHTOB, BXOJSIIMX B COCTAaB  CIIOXKHOIO
MOMEPEYHOT0 CECUECHUS.
3aJaHHOE CIIOKHOE TMOMNEPEYHOE CEYEHHE YYTYHHOTO KOPOTKOTO CTEPHKHS

COCTOMUT W3 NPSAMOYTOJBHHUKA U MONYKpyra. byiem cuurtarb, 4TO NpSIMOYTOJIBHUK —

¢urypa |, a nonykpyr —durypa I1.

47, ®durypa I — npsimoyrojibHuk b x h =4 x 6 cm

b=4cm; h=6cm; A;=b-h=4-6cm° =24 cm’
bh®  4em-(6cm)°

h > J,, = =T2cm’;
Cily, 12 12
3 3

)= bh _ (4em)” - 6cm _ 39en
t12 12
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®urypa II — moaykpyr, imamerpom d = 2b = 12 cm

F N 22
Z0=0,212-d=0,212:-12 cm = 2,544 = 2, 54 cwm;
2 2
d g p, =74 _314-(20n) o oo 56 Sew?:
i 8 8
J!' =0,0245d* =0,0245 - (12cm )* =508 032¢m* =508cm*;
Zo J,' =0,00687d* =0,00687 - (12cm )* = 142,456 cm* = 142¢m*

HCHOHBSYH MMPUBCACHHBIC BBIIIC MCXOJHBIC CIIPABOYHBLIC JAHHBIC, BBIYCPYNBACM
ceueHrue B MacmrTade ¢ YKa3aHUCM BCCX ocerl H H€O6XOI[I/IMI>IX PasMCpoOB B

canTumetpax (puc. 3.17).

Zl a A 22
H.JIL

C, Yi Y2 y

"

1,35

«— 3,19 >

<7L4,54_.
4 4>L2,54_.

Puc. 3.17. Ilonepeunoe ceuenue cmepicus
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30ecv u 6 Oanvheliuem ducleHHble 3HAYUEHUs, NOJYYeHHble 8 XoOde pacyemd,
oxpyensiem 00 3 3Havawux yugpp.

HOpMaJ'II)Hble HaIIPpSAKCHUA B CIIYUYAC 6HEYEeHMPEeHHOo20 corcamus HaXOOATCA I10

dopmyite (3.17)

N YVF.Y Zr .Z
o=— (1+=5=+—
A i2 i2
z y
B aroit hopmye
G — BCIMYMHA HOPMAJIBHOTO HANPSOKCHHWS B JIIOOOM TOYKE CEUCHUS C

KOOpJIMHATaMH Y U Z;
= — F — BeuumMHa CXKUMAIOLIEH MPOJAOJILHON CUJTHI,
A — momaae MoNnepeyHoro CeYeHus;
VF, ZF — KOOpJWHATHI TOYKU K TNPUIIOKEHUS BHEICHTPEHHON Cuibl F, B3sTHIC
OTHOCHUTEIILHO TJIABHBIX HEHTPAIBHBIX OCEN 3aJJaHHOTO CEYEHUS;

i2 m i2 — KkBajgpaThl PaAMyCOB MHEPLUHUU 3aJaHHOTO CEYEHHS OTHOCHTENIBHO

y
[JIABHBIX [IEHTPAIBHBIX OCEH, KOTOPBIEC OMPEACIISIIOTCS Mo popMyram
2 J y 2 J z
TATTA

BoruuciieHue BeJIMYMH HAUOOJIBIINX PACTATHBAIOIINX U COKUMAKLINX
HANPSIZKEHW B MONEPEYHOM CeYeHU U
a). OnpeaesieHue MOJIOKEHUS HEHTPA THAXKECTH CeYeHUS

3aaHHOE CJI0KHOE MONEPEYHOE CEYEHUE UYyTYHHOTO KOPOTKOTO CTEP/KHS UMEET
och cummeTpun Y (puc. 3.17), koTopas sSBIsieTCA ITaBHOM 1IEHTPATBHOM OCHIO.

BTopy1o rinmaBHy0 HEHTPAIBHYIO OCh IIPOBEAEM ITOCIE ONPEIEICHUS TTOJIOKEHUS
IIEHTpa TSHKECTH dTOM COCTaBHOU (DUTYPBI, KOTOPBIM HAXOAUTCS HA OCU CUMMETPHH Y.

OnpenenseM KOOPAUHATHI LIGHTPOB TSKECTH MEPBOMl U BTOpoi puryp (touek C;
1 C3) OTHOCUTENHHO MTPOU3BOJILHOM KOOPAUHATHOM CUCTEMBI Z1 Cq Y.

Touxka C; - Ye, = 0. Touka Gy, = G + 2,54) =4,54 cm.

O6H_Ia51 miomanab 3aJaHHOT'O CJIOXKHOI'O Honepequro CCUCHUA
A=A, +A,=24+565=280,5cm’ = 80,510 m°.
KOOpI[I/IHaTa HCHTpa TAXKCCTHU 3aJaHHOI'O CJIOXKHOI'O HOH@pC‘IHOFO CCUCHUA 110
ocu Y Oyzer paBHa

_ A1Yc,HA2Yc,  (240+56,5:4,54)cm3 _ 256,51cM3
Ye A - 80,5cm2 ~780,5cm2
IIo HOJ'IyIIGHHOMy 3HAUYCHUIO KOOp)II/IHaTBI yc HaxXoIuM IIOJIOKCHHUC ueHIpa

=3,1864 cm = 3,19 cm.

TskecTH (Touka C) 3aaHHOTO CJI0XHOTO MOIEPEUHOTo cedeHus (puc. 3.17).
0). [locTpoenne riiaBHbIX HEHTPAJIBHBIX OCei
Ocb cummetpun Y (puc. 3.17) sBisieTcs TIaBHOW IIEHTPAILHON OChIO.
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IIpoBogum dyepe3 Touky C BTOPYK TIUVIABHYIO LEHTPAIBHYHO OCh Z,
MIEPIIEHIUKYJIIPHYIO TJIABHOW LIEHTPAJIBLHOU OCH Y.
Tenepv 2cnasnvie yewmpanvHvie ocu Y U I AGIAIOMCA OCHOBHOU CUCMEMOU
Koopounam npu peuteruu 3aoayu (puc. 3.17).
B). OnpeneseHne MOMEHTOB HHEPUHMHU M KBAJAPAaTOB PAINyCOB HHEPUHHU
MONEPEYHOI0 CCYEHHS CTEPKHA OTHOCUTEIbHO [VIABHBIX LHEHTPAJbHBIX Oceil
JIns  omnpenesnieHWs TJABHBIX MOMEHTOB HWHEPUUU 3aJaHHOTO  CJIOKHOTO
MOTEPEYHOT0 CEUYEHHUsI BOCTIOIb3yeMcs (popMyliaMu MapajlieIbHOTO MEPeHoca Ocei.
OceBoil MOMEHT WHEPUMHU 33JaHHOTO CIIOXKHOIO TIONEPEYHOrO0 CEYEHUS
OTHOCHUTENIBHO TJIABHOM LIEHTPAJbHOM OCH Y pPaBeH CyMME€ MOMEHTOB HHEPLHH
NepBOM U BTOPOM (PUT'yp OTHOCHUTEIILHO ATOM OCH

| I | I 4
J,=3)+3)) =3, +J =72+508=580cu".

AHanornyHo, MOMEHT HMHEPLHH 3aJaHHOTO CJIOKHOTO MOMEPEYHOrO0 CEUEHUS
OTHOCUTEJIBHO TJIABHOM LIEHTPAJIbHOM OCH Z PaBEH CYMME MOMEHTOB HWHEPLMH
MEPBOIl U BTOPOU (PUTYp OTHOCUTEIBHO 3TOU OCU

1l 1
J, =J,+J, .

B coorBercTBUM ¢ QopMmynamMu mapamieNbHOrO IIEpeHOoca OCeil MOMEHT
WHEPIUU TEpBOM (PUIYypbl OTHOCHTEIBHO TJIABHOW LEHTPAIbHOM OCH Z paBeH
MOMEHTY UHEPLIUU OTHOCUTEIbHO COOCTBEHHOW OCH Z; IUTIOC IJIOLIA/Ab 3TOU QUrypHl,
YMHOXCHHOW Ha KBJIpaT PacCTOSIHUS MEXIy ocsiMu Z; 1 Z (puc. 3.17)

3! =J!+ Ab? =32+24.319% = 276,226 cu” = 276 cm”;
b, = Y — Yo =0—3,19em =-3,19¢m (puc. 3.17).

AHanoruyHo, MOMEHT HWHEpPUUU BTOPOM (UTYypbl OTHOCUTENBHO TJIaBHOU
IEHTPaIBHOU OCH Z OYJET paBeH

J'"=J3"+ADb2=142+56,5-1,35° = 244,971cm* = 245cm*;
b, =Y., — Yo =4,54cem—3,19em =1,35¢m (puc. 3.17);

CH@I[OBaTeJIBHO, MOMCHT MHCPIHH 3aJaHHOT'O CJIOXHOI'O IOIICPECYHOI0o CCUCHUA

OTHOCHUTEJIBHO TJIABHOW LIEHTPAJIbHOU OCH Z PABEH
J, =276 +245=521cm".

Bpruncnsiem kBagpaT paaumyca MHEPLUUM 33aJaHHOIO CJIOKHOTO IIONEPEYHOro
CEUEHHUSI OTHOCUTEIIBHO TJIABHOW LIEHTPAJIbHOM OCH Y

i2 _Jiy_ 580 cm’ _
Y A 80,5cm?

7,20497 em? =7,20cm’;| i =7,20 om’.
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Brraucisiem kBaapar paavyca MHEPUMHM 33JaHHOIO CII0KHOTO IIONEPEYHOTO
CCUCHUIA OTHOCUTCIIBHO FJIaBHOfI HCHTpaHbHOﬁ ocu Z
o _ J, 52lem*
7 A 80,5cm?

=6,47205cm> =6,47 cm®; | i? =6, 47cM’.

r). Onpenesnenne KOOPANHAT TOYKHU K, B KOTOPOil npuJioxkena cuia F
Yk = —(:+ 3,19) =-5,19c™m; Zx = +(2) = 3cm (em. puc. 3.17).

n). HaxoxneHue nmoJioskeHus1 HeMTPaJIbHOM JIUHUHA
Otpe3ku, oTCeKaeMble HEHUTpaIbHOW JIMHUEW Ha TJIABHBIX LEHTPAJIbHBIX OCSX,

OTIPEACIIAIOTCS 0 ciaeayronuM Gopmyiam (3.18)
2

lz. — i
a.y = - },_K, az - Z_::,(.
CnenoBatTelbHO,
i2 A7cw’
a, =z = BT o466em =1,25em (a prc. 3.17 — otpesox CM);
Yy —5,19cm
-2 2
| 7,2
a,=—"-= L ) dem (1a puc. 3.17 — orpesok CL).
Zy 3cm

[IpoBonsa uepe3 Touku M u L mpsmyro, moimydaeM MOJOXKEHHE HEHTpaTbHOMN
muaun (HJL) (puc. 3.17).
e). OnpenesieHue KOOPAMHAT ONACHBIX TOYEK

Onpe()eﬂeHue. OnacHbIMH TOYKaMU IMOIICPCYHOI'0 CCUCHUSA ABJIAIOTCA TOYKH, B

KOTOPBIX BO3HUKAIOT HAMOOJBIITNE HATPSKCHMUS.

OmnacHele — 3TO TOYKH, HanOOJIee yAaICHHbIE OT HEUTPAIbHON JTMHUH.

Ha puc. 3.17 — s1o Touku K (Touka mpunoxenusi cuiisl F) u D. Onpenensiem ux
KOOPJIMHATHI

Touka K : yx =—5, 19cm; zx = 3cm (puc. 3.17).

Touxka D :yp=4,3cMm;  zp=-2, Scm (puc. 3.17).

Koopaunater Touku D HalineHsl rpaduyuecku, TO €CTh U3MEPEHBI PACCTOSTHUS OT
touku C 1o Touku D 1o ocu Y u ocu Z.

Tonyuennviii pe3yrbmam YMHONCUIU HA MACUMAOHBLI KO3 Guyuenm (vepmedic

NONnepeyHo20 ceyeHust O0NHCeH Oblmb GbINOIHEH 8 Macumaobe).
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k). OnpenesieHne HAMOOJIbIINX PACTATHBAIOMIUX U COKUMAKOIINX
HATNIPSIZKEHU A

HopwmainbHble HanpskeHus B onmacHOM Touke K

S YiYi , Zeli | F : 1+(—5,19cm)(—52,19cm)+
A i) iy 80,5¢cMm 6,47 cm
-2
+W __ 641F  79-107F (CKaTHE).
7,.2em? 80,5 cm? lem?
HopwmaibHble HanpsbKeHHs B onacHor Touke D
o0 __Flis y}fzyD N Z'szD ___F : 14 (519 CM)(4:,3CM)+
A i) iy 80,5¢cm 6,47cm
+ (Bem)(-2,5¢m) (-3,49)F 4,34-10°F ( )
=- = ACTSKEHHE).
7,2, ° 80,5cm’  lew’

Onpenesienue nomyckaeMoii Harpy3ku [F] u3 ycioBuii npounocTu Ha
pacTssKeHHe U CiKaTue
VYcnoBre MpOYHOCTH Ha CKATUE UMEET CJICTYIOIIUM BU]T
| okl <[ oc]

CnenoBaTtesbHO,

7,96-107%F kH kH
= - <16—; — FS—16 - =201kH.
lem cm 7,96-10

‘O'K ‘

VcnoBre MPOYHOCTH Ha PACTSHKEHNE MMEET CIIEAYIOIINI BH
| op| <[ Gp]

CrnenoBartesbHO,

-2
=4,34-10 FS4KH F < AxkH

> 2; —> _—_2=92,2KH.
lem cm 4.34-10

Op

N3 nByx HepaBeHcTB F < 201 kH v F < 92,2 kH BbiOvpaeM MeHbllIee 3HAUCHUE
CWJIBI, TO €CTh JOIyCKaemasi Harpy3ka JUisl YyI'YHHOIO KOPOTKOIO CTEpXkHsS Oyjaer
paBHa

[F] = 92,2 kH.
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3.3. TEMA 3. YCTOMYUBOCTD IEHTPAJIbHO C)KATBIX CTEPKHEM
3.3.1. OCHOBHBIE TEOPETUYECKMUE INOJIOKEHUS

Bo MHOrux cnyyasx NpOEKTUPOBAHUS HHXKEHEPHBIX COOPYKEHUU OOBIYHBIX
pacuyeToB Ha MPOYHOCTh W JKECTKOCTh OBIBACT HENOCTATOYHO JJISI TOTO, UYTOOBI
MOJIYYUTh TMOJHOE MPEJCTaBICHUE O paboTe coopykKeHUs. BbIsicHeHHe TOro, 4to
HANPSDKEHUST HE TPEBOCXOAT JOMycKaemoro (IpeaeibHOro) 3HAUYCHUS, €lle HE
MO3BOJISIET CJlleJaTh BBIBOJ O OE30MacHOCTH HKCIUTyaTalli COOPYKEHHUsS. ITO
BBI3BAHO TEM, YTO HapsaAy C TPoOJIEeMOM MPOYHOCTH CYIIECTBYET MpodiieMa
YCMOUYU8oCmu COOPY>KEHUS U €ro AJIEMEHTOB.

Onpedenenue. YCTOWYMBOCTH €CTh CBOWCTBO COOPYKEHHSI OKa3bIBaTh
CONPOTHUBJICHUE TOCTOPOHHUM CIy4YalHBIM BO3JIEUCTBUSIM U CaMOCTOSITEIBHO
BOCCTAHABIIMBATh CBOE TMOJOXEHHE M (GopMy paBHOBECHS B AePOPMHUPOBAHHOM
COCTOSIHUM, KOT'/Ia CIIy4aiiHble BO3/IEHCTBUS NCUYE3ALOT.

Onpeodenenue. Ilepexon coopyXeHUS M3 YCTOMUMBOTO COCTOSIHUSI B

HCYCTOfI“IHBOG Ha3bIBACTCA HOTepeﬁ YCTOI‘/'I‘-IHBOCTI/I.
FpaHHuy 9TOr0 Mnepexoga Ha3bIBAOT KpUmudeCKum cocmosHuem COOpPyKCHUA, a

COOTBETCTBYIOIINE HArPY3KU U HANIPSKEHUS — KPUMUYECKUMU.
Onpedenenue. lloteps yCTOMYMBOCTH MNPAMOIMHEHHON (POPMBI

o

pPaBHOBECHs IIEHTPAIbHO CXKATOrO IPSAMOIO CTEPXKHSA HAa3bIBAETCA ol
e+

IPOJIOJBHBIM U3rHOOM. v ¥
Onpedenenue. Haumenblliee 3HaYE€HHUE IEHTPAIBHO ITPHUIIOKEHHON e

CKUMarolen cuiibl F, mpu KOoTOpoW mepBOHayandbHas MPAMOJIMHEHHAs .'
dbopMa paBHOBECHSI CTEP)KHS CTAHOBUTCS HEYCTOMUYMBOM, Ha3bIBaeTCs :
KPUTUYECKON CHJIOMN. :
[losiBieHHe NPONONBHOTO H3rHba OMAcCHO TEM, YTO MpPU HEM
MPOUCXOJUT OYEHb CHUJIBHOE HapacTaHWe NPOruOOB TMpU MaIOM 7777
HapacTaHUM CxKUMaromend cuibl. [IporuObl W Harpy3Ku CBsI3aHBI MEXKIY COOOi

HEJIMHEMHOW 3aBUCUMOCTEIO.
VYcioBue  yCTOMYMBOCTM — LEHTPAIBHO  CHKATOIO  CTEPKHSA IO METONY

I[OHyCKaeMBIX HaHpH)KCHI/If/'I NMCECT BHU/
N
= —<[d] (3.22)

Omax — oA
B a1oit popmyne
Omax — MAKCUMAIIbHOE HOPMAITbHOE HAMPSKEHNE B CTEPIKHE;
N — npoonbHast cuia, Bo3HuKaroias B crepskae(N = F);

A — noma e NoNepeyHOro CEYEHUs CTEPHKHS;
¢ — KO3h(UIMEHT TPOJOJIBHOIO M3ruda LEHTPAIbHO — CXKAThIX CTEp)KHEU

o1



(ko3 PuIMEeHT MOHMKEHUSI OCHOBHOTO JIOMTYCKAeMOTO HaIPSYKEHHUS );
[c] — nomyckaemoe HOpMaTbHOE HaNpPsKEHUE.
[TpumeHsis yCioBHE YCTOMYMBOCTH, MOYKHO BBITIOJIHSTH TPY BHJIA pacyeTa:

1. Ilpoexmuwviti pacuem. Ilo 3amaHHOM Harpy3ke F u gomyckaemomy

HAMPSHKECHUIO [0] HaXOOAT BEIMYHMHY TPeOyeMOH IIOMAAH MOINEPEYHOr0 CEUCHUS
METOIOM TIOCIICIOBATEIIBHBIX MPUOIMKEHNN, HaunHast co 3HadeHust @ = 0,5, Tak Kak
O<@p<1)

N
¢-[o]
2. Onpeoenenue oonyckaemou nHazcpysku. Ilo wn3BectHor mmomagun A #

Ampe6 =

(3.23)

JO0IMyCKaeMOMY HAIPSHKEHUIO [ O] ONPEeIsIoT BEININHY JIOTYCKAeMON Harpy3KH
INJ=[Fl<¢ -[o] -4 (3.24)

3. IIposepounviii pacuem. I1o u3BecTHBIM 3HaueHusIM F, A, [0] 1 @ ipoBepsrOT

BBIMOJIHEHUE YCIIOBHS YCTOMUNBOCTH (3.22)

N
Omax — ﬁf[g]

Onpedeﬂeﬂue. BenuunHa BHenIHeH CUJIbI, IIpU IIPCBBINICHUN KOTOpOﬁ TCPACTCA

YCTOMYMBOCTh JAHHOTO BUJa AedopMalud 3JIeMEHTa KOHCTPYKIIMH, Ha3bIBACTCS
KPUTUYECKOMN CHJIOH.
BemnunHa kpurraeckoi cuibl (F, ) onpenenserces no cuenyomum hopmynam:

— ecau 3akoH ['yka BbINONHAETCA, TO €CTb Agaom. = Anpes, TO BEIHYHHA
KpuTHyecKoii cuitsl (F, ) onpenensiercs no popmyiie Jiinepa
2
7 EJ .
F, = — . (3.25)
(ul)
— ecnu 3akoH ['yka He BBINONHAETCS, TO €CTh Apuam. < Anpes, TO BEIMYHHA

KkpuTHyeckoii cuitbl (F, ) onpenensercs no popmyie Termaiiepa — Slcunckoro
F,=A-(@-b-A). (3.26)
B stux dopmymnax
E — Moayne ynpyroctu mpu pacTsyKeHUU- CKaTHH (CTIpaBOYHAS BEJIMYMHA);

Jmin — MUHUMAaJIbHBIN TJIaBHBIH MOMEHT UHEPITUU CEUCHUS CTEPIKHS,

L — nivHa crepxHs;

A= _'u—l— TUOKOCTh CTEPIKHS;
|

_ ‘] min .
min \ A !

Imin — MUHUMAaJIbHBIN paginyc HHEPIUH | |
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U — K03 PUIMeHT NpUBEACHHON JIJTMHBI, 3aBUCAIIUN OT CIIOC00a 3aKperyieHus
KOHIIOB CTep>kHsl. Ero 3HaueHus nmpuseieHsl Ha puc. 3.18

F

N~ N| e~

u=1 Hu=2 u=0,5 u=0,7 u=0,5 u=0,35
Puc. 3.18. Korygpgpuyuenmut npueedennoit onunvl

Aipen — TIPEIENIBHAS THOKOCTD CTEPKHSA (Aypeo = 100 11t cTaim Ct. 3 U Aypep = 70
JUIsL IEpeBa);
A — 1uTOII1a1h TIOTIEPEYHOTO CCUCHUS CTEPIKHS;

a, b — koappunmenTsl, ucnonkzyemsie B popmyie Termaiiepa — ScuHCcKoTO,
(a=310 MlIla, b= 1,14 MIla — gns ctanu CT. 3).
Koad¢unuenT 3anaca yctoliunuBocTH onpeaensercs 1o Gopmyiie

k = i (3.27)
" [FY |

W3 npuBeAeHHBIX BbIIIE BBIPAKEHUH BUIHO, 4YTO KO3(PPUUIUEHT @ —

KO3 GULIMEHT MPOAOJIBHOr0 M3rvbda HMEHTPATbHO — CXKATBhIX CTEP)KHEH B KOHECUHOM
UTOrEe 3aBUCUT OT IUIOLIAJM MOAOMPAEMOro CE4YEeHMsI, IOITOMY IMOAOOp pa3MepoB
MONEPEYHOT0 CEYEHMSI CTEPXKHS OCYIIECTBIISIETCS METOJIOM MOCIEA0BATENIbHbBIX
MPUOIMKEHUT.

CyTb 3TOro MeTo/1a 3aKJIF0YaeTCsl B TOM, YTO B IMIEPBOM NPUOIMKEHUH 3a1a€TCA
3HaueHne @, (ymobono mpuamMmath ¢ = 0,5, B cepenmHe amama3oHa, TaKk Kak OH

n3MeHseTcs B npeaenax 0 < @ <1).
Tpeb o
[Tocne atoro no opmyne (3.23) onpenenstor Alp , IO HAallICHHOMY 3HA4YE€HUIO
Tpeb .
Alp 3aTeM BBIYUCISIIOT Jmin, Imin, A1 B TIO TaOIMIE YCTAaHABIWUBAIOT (PaKTUYECKOE
3HaueHue 4. [Ipu HecoBNMaZeHUN @ U @4 AT BTOPOTO MPHUOIMHKEHUS TPUHUMAIOT

P1+@q
o = — M BCE TOBTOPSIOT JIO TEX TOp, TMOKa HE OyAeT BBIMOIHATHCS

HEPaBEHCTBO |@, — @, | < 0,02.
OnBIT MOKa3bIBACT, YTO IOCJIC BBITOJIHCHHS 3TOT0 HEPABEHCTBA PacueT MOKHO

CUMTATh 3aKOHYCHHBIM. YTOUHUB (OKPYIJIMB) pa3Mepbl CEUEHHUs, HEOOXOAMMO
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cIeNaTh NPOBEPKY BHIMIOJHEHHUS YCIOBUSA YCTOMUYUBOCTH.

B kaxnoil mnomeITKe, IMOCJE TMOJYyYeHUs 3HAYCHUS [iomamu Ap, I
ompeneneHuss Kodpduimenta MpoaoIpLHOTO W3THOA ¢, HaM HEOOXOAMMO 3HAThH
3HaYCHUE MHUHUMAJIBHOIO paguyca MHEPUUU Ipin, IMOITOMY JUIS  KasKIOTro
0IOMPAEMOT0 CCUCHUS TI0JIC3HO BBIPA3UTh Imin uepes F.

3.3.2. KoHTpoJibHbIe BONPOCHI /1JIsl CAMONIPOBEPKH 0 TeMe

«YCTOMYMBOCTDH HEHTPAJIBHO CKATBIX CTEPIKHEH»
1. B 4em 3akmroyaercs SIBJICHHE NOTEPU YCTOWYHMBOCTH LEHTPAJIBHO CXKATOIO
CTEpKHA?
2. Kakoe paBHOBECHOE COCTOSIHHUE€ THOKOTO LIEHTPAJIbHO CXKATOTO CTEPKHS
ABJISIETCS] YCTOMYMBBIM, O€3pa3InuHbIM HIIM HEYCTOUYUBBIM?
3. Kakas cuna Ha3bIBaeTCAd KPUTHUECKOW?
4. 3anummute Gpopmyiy Dilsiepa IIsl ONpeaeIeHNus KpUTUIECKON CUIIBI.
5. Kak onpeznensiercss npuBea€HHAs IJMHA EHTPAIBHO CKATOTO CTEPIKHS?
6. 3anummTe Gopmynay Oiiyiepa ¢ y4eTOM YCIOBUM 3aKpEIUIEHHUS LEHTPaJIbHO
CKaTOro CTEPIKHS.
7. Yto Ha3bIBAETCA THOKOCTHIO CTEPIKHS?
8. Uto Takoe npezaenbHas THOKOCTh LIEHTPAIBHO CHKaTOTO CTEPXKHS?
9. YcnoBus npuMeHUMOCTH (hopMyJibl Ditniepa?
10. ®opmyna AcuHckoro. YciaoBus €€ NPUMEHUMOCTH?
11. Kak 3anuceiBaeTcs ycIOBUE YCTOMYMBOCTH LIEHTPAIBHO CKATOTO CTEPKHS U
KAaKUe 3aJ1a4yl PelIaloTCsl C MOMOIIbIO ATOTO YCIOBUS?
12. Kak ompenensiercss Ko3(hOUIIMEHT MPOAOIBLHOTO HM3rMba M OT 4Yero OH
3aBUCHT?
13. Kak onpenensieTcs BeM4MHA IOIMMYCKAEMOM HArpy3KH.
13. Yro Takoe k03P hUIMEHT 3armaca yCTOMYUBOCTH?
15. Kak nonOupatoT cedeHue LEHTPAJbHO C)KATOro CTEPXKHs MpPU pacyeTe Ha
YCTONYUBOCTH?
Ilocne usyuenus 3moii memvl MOMHCHO RPUCMYRUMD K peuienulo 3a0auyu Ne 3,

6K1I04UEHHOI 8 KOHMPOJIbLHYIO PAOOmYy.
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3.3.3. IIPUMEP PEHHIEHUSA 3AJAYU Ne 3
«YCTOMYMBOCTH HEHTPAJIBLHO CKATOI'0 CTEPHKHA)

F
s
2 -

—3 HcxoaHble JaHHbIE:
L | =4 m=400cm; F=200kH;
2

y H
A [o] = 160MITa = 16"
= M
V4

T
I<—3a—>|

Puc. 3.19. Pacuemnas cxema

y

«

CrajabHO# cTep:KeHb 1JIMHOM | cxkumaercs cuiioii F (puc. 3.19).
Tpeodyercs:
1. N3 ycnoBusi ycTOMYMBOCTH MOJ00paTh pa3Mephbl MOMEPEUYHOTO CEUCHUs

MpU JOMyCKaeMOM HOpPMaibHOM HanpspkeHuu [o] = 160MIla. Pacuet nmpoBOAHUTH C
MOMOUIBI0 METOJA MOCJIEAOBATEIbHBIX MPUOIMKEHNUN, MPEABAPUTENHHO 33/1aBIIKChH
BeIMYHUHOM Kod(Pummenta ¢, = 0,5.

Eciun tuOKoCTh CTOWKM B TEpPBOM MPHUOJMKEHUU OKaxeTcs MeHbine S0,
HEO0OXO0MMO TPOEKTHYIO JUIMHY CTOMKHU YBEIMUYUTH B 2 pa3a, a Mpu ruOKocTu Oosee
150 — ymenpmuTh B 2 pasa.

2. [IpoBepUThH BBHITIOJTHEHHUE YCIOBUS YCTOMYMBOCTH.

3. OnpenenuTh BEIMYMHY KpUTHYECKOM cwibl. Moayne ynpyroctu E = 2-1 0
Mlla.

4. HaliTu 3HaueHus] JOMyCKaeMOW Harpy3ku u Kod(dduuueHnta 3amnaca
YCTOMYMBOCTH.

Pemenue
OmnpenesieHue pasMepoB NONEPEYHOI0 CEYECHUS CTEPKHA
METOAO0M MOCJIe0BATEeIbHBIX NPHOJIHKEHUH
VYcioBue  yCTOMYMBOCTM — LEHTPAIBHO  CHKATOIO  CTEPKHSA IO METONY
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JOITyCKAaeMBbIX HampsbKeHU uMeet Buj (3.22)

N
Omax — ﬁ < [O-],

rae

Omax — MAKCUMAJIbHOE HOPMAJILHOE HAIPSHKCHHUE B CTEPIKHE;

N — npozosbpHas cuiia, Bo3HHKarolias B crepskae (N = F);

A — TUTOIIIa I TIOTIEPEYHOTO CCUCHUS CTEPIKHS;

¢ — Ko3((}HIMEHT MPOIOJILHOTO W3rMda IECHTPAIbHO — CXKATBIX CTCPIKHEH
(k03 PUIHEHT TOHMKEHUS OCHOBHOTO JIOITYCKaEMOTO HAIPSKCHHS );

[c] — nommyckaemoe HoOpMaIbHOE HANPSDKEHUE.

W3 ycrnoBus yCTOWYMBOCTH OTpefeisieM TpeOyeMyr IUIOMaas MOMEePEIHOTO
ceuenus (3.23)

AP F _ 200xkH _ 12 5 cm? AT 12,5 cm?
B kH ’ B '
plo] 916 7 @ @
cm
[l1omanp momepedHoro cedenust crepxus A = 3a’. [pupasruBas A u A™
MoJTy4aemM
? 2 2 0dene
3a22m—>az 12,5cm” _2,04cm IR S ToaeM
¢ | 3p Jo \/5

BrIpa3suM reoMeTrpuyecKue XapaKTEPUCTHUKH ITONEPEYHArO CEYCHMS CTEPHKHSA

qyepes pa3mep d.
MuHUMAaIBHBIT MOMEHT HHEPIMA ¥ MHHUMAJILHBIA PalyC HHEPIIMN 3aIaHHOTO
MOTICPEYHOT'0 CEYCHUS CTCPIKHS PaBHBI

3 o] =3a-a3=§_i _ P _ | @ _ a
mn Ty 12 4 ™A A \4.3a2 3,46

CnenoBatesbHO,
1:_”1 =O,5-400cm-3,46=692cm - 2=_,ul =692wn
Imin a a Imin a

CDOpMy.TIBI, O6BC}1€HHBIC B paMKy, HCIOJB3YyCM B MCTTOAC MOCICTAOBATCIIbHBIX
MPUOJIMKEHUT.

Ipubnuoxcenue Nel. TlpuHumMaeM 4YHCIEHHOE 3Ha4YeHHE Kod3(duuueHTa

poI0JIbHOTO M3rubda ¢, = 0,5.

CrenoBaTelibHO,
a> 204 _ 5 68 g2 892 _ o400 150,
o5 2 88¢em

B cootBercTBUM C YCJIOBHUEM 3aJa4y YMCHbIODACM IOJIMHY CTCPIKHA B JBa pasa,
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TOT/Ia THOKOCTh CTEPXKHS TOXKE€ YMEHBIIUTCS B JBa pas3a, To ectb A=120. Takum
o0OpazoM, AJi onpeieseHus: THOKOCTH MoTy4aeM HOBYIO (hOpMyITy

_ 346c¢cMm
a

A

Hcnonvsys mabauyy kosghuyuenmos npooonrvHo2o useuba ¢ yYeHmpaibHo
colcamolix 21eMeHmos (npujoxcenue 2), no 3HaveHuro 2uokocmu cmepicua A = 120
HaxoOum 3nauenue kospguyuenma npodonvnozo useuba @, = 0,45.

TaK Kak (07 ¥ @1 HE COBIIANH, JIeJIaeM IIPOBEPKY

l@1 — 7] =10,5— 0,45 = 0,05 > 0,02,

CJIEIOBATENLHO, IEPEXOIUM K CIETYIOMIEMY TPUOIMKEHUIO.

Ipubnuoxcenue Ne2. IlpuHuMaeM 4YHUCIEHHOE 3HA4Y€HHE Ko3(uuueHTa

MPOIOJBLHOTO U3rubda ¢, paBHOE
@1+ ¢y 05+045
o2 2

=0,475.

CnenoBaTtesbHO,

52046 _ 5 g6 ~3.00cm; A= STOM

az
0,475 2,96 cm

Hcnonvsys mabauyy Kosghguyuenmos npooonrvHo2o useuba ¢ yYeHmpaibHo

=117.

CoICamulx  971eMeHmo8  (npunodicenue 2), MemoooM JUHEUHOU UHMEPNONAYUU

onpeoensiem Q.

A @
110 0,52
117 g
120 0,45

A4 =120-110=10 4@ =0,45-0,52=-0, 07
Al =117-110=7 A@,=¢%—-0,52.
W3 nponopiiuu 44, - Ap, = AA, - A@y Haxoaum

_ 44, - A, 7'(_0,07)_

4 , 5—0,52= =200 _ 0049,
ICGYY 2 10

Torna
95=0,52-0,049 =0, 471.
Tak kak @% 1 ¢, HE COBIATM, JIENAEM IIPOBEPKY
|@ — @,| = 10,475 — 0,471| = 0,004 < 0,02,
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OnpIT NOKa3bIBAET, YTO IOCJIE BBITOJIHEHHS 3TOTO HEPABEHCTBA PACUET MOXKHO
CUMTaTh 3aKOHYECHHBIM. YTOYHHUB (OKpYIJIUB) pa3Mepbl CEYEHHs, HEOOXOAMMO
00513aTENIBHO CAENIaTh IPOBEPKY BBIITOJIHEHUS YCIOBUS YCTOMUMBOCTH.

IIpoBepka BbINOJIHEHHS YCIAOBHUSI YCTOHYNBOCTH
YcnoBue  yCTOMYMBOCTM — LEHTPAIBHO  CXKATOIO  CTEPKHA 1O  METOLY

JIOITyCKAaeMBIX HampsbKeHui umeet Buj (3.22)

N
Omax — ﬁ < [O-],
rIe
N=F.

Brraucnsiem 4ymncieHHoe 3HavYeHHE (HAKTUUECKOW IUIONMIAaN IOA0O0PaHHOTO

CEYEHUs CTEPIKHS
A?*" = 3a’ = 3.(3,00em)* = 27 ,0cm?

_ F _ 2001<H2 =7,41ﬂ2=74,1M1m<[a ] =75,4MlIla,
A?am 27 Ocm cm ’

o)

e
[o,] — nomyckaemoe HampskeHHE Ha yCTOHYMBOCTD, PABHOE
[0,]1=¢;[0]=0471-160MIla =754MIla

Ycnosue ycmoﬁqueocmu 6blNOJIHAEMCA.

HpOBepﬁeM BBIIIOJTHCHHUC YCJIOBUA S9KOHOMHWYHOCTH

[o,]-0] 75,4-741
o= —1.100% ="""__ "
[o,] 75,4

100 % = 1,72% < 5%.

Venosue skonomuunocmu evinonnsemcs.

Venosus yemotiuusocmu 1 5KOHOMUYHOCMU  SLINOJHAIOMCA, CLe006AMEIbHO,
NPUHUMAEM OKOHYAMENbHO YEHMPAIbHO CHCAMbIL CMEPHCEeHb NPAMOY20JbHO20
nonepeuno2o cevenus pazmepom b xh =9 x 3cm.

Takum obpazom,
AP™ =27 Ocem?; Apam = 11T Qpaem = 9% =0, 471,

OnpenesieHue BeJIMYNHBI KPUTHYECKOMH CHJIBI
Tak kak Apum = 117 > Aupeo = 100, TO KpUTHYECKYIO CHIIy ONpPENENSEM IO

dbopmyie Diinepa (3.25)
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xkH

) 3,142.2.10* * . 20 3cm*
FK — T E‘J;qin — cm 5 =4OOI(H,
P () (0,5-200cm)
rIe
3 4
E=2.10°MMa=2-10' *2; 3 = 3a-a’ _ 3-(3,00cx) =20,3cm".
cm 12 12

OmnpeneJieHue BeJIHYUHBI J0NYCKAEMOIl HATPY3KH
U KO3 PuumeHTa 3anaca yCTOUUYMBOCTH
N3 ycnoBusi yCTOMYMBOCTH OMpEEsieM BEIUYMHY JOMYCKAaeMOl Harpys3ku
(3.24)
[F1<o-[o] Apam < 0,471 - 16 - 27,0 < 203xH.
KoaddunmenT 3amaca ycroliunBocT OyJeT paBeH

_ ke _400kH _
Y [F]  203kH

1, 97.

HOHY‘-ICHHOG 3HAa4YCHUC KOB(i)(l)I/IIII/IeHTa 3alriaca YCTOﬁqHBOCTH HaxXoaAuTCsa B

JoIycKaeMsbIX i cranu npenenax (1,8 <k,< 3).
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3.4. TEMA 4. ITAHAMMYECKOE JIEICTBUE HAT'PY3KH
3.4.1. OCHOBHBIE TEOPETUYECKHUE ITOJIO)KEHUSA

Yuer cua unepuuu. Koddgdpuuuenr nunammanocTu

B npenpinymmx Temax ObUIM PacCMOTPEHbI METOJBI pacueTra Ha MPOYHOCTh
TOJBKO C YYETOM CTAaTUYECKUX HArpy30K. B EHCTBUTEIBHOCTHM HAa COOPYKEHHS U
MalllHbl JEUCTBYIOT HE TOJbBKO CTaTUYECKHE, HO W JUHAMHYECKHE CHIbl. B
OOJIBIIMHCTBE CBOEM 53TO CHJIBI HMHEPLUH, BEIMYMHA KOTOPBIX BO MHOTO pa3s
IPEBBIIAET CTATUYECKUE CUJIBI.

B »Tux caydasx BOmpOC O MPOYHOCTH HENB3sl PELIUTh, HE NPHUHUMAs BO
BHHMAaHUE XapaKTepa [BHXKEHUS pPACCMAaTPUBAEMOM 4YacTU COOPYKEHUS WIH
MAaIlUHBI.

Takpe 3agauv  CONPOTUBICHUS MAaTEpPUANIOB, IIPU PEIIEHHMH KOTOPBIX
YUHUTBIBAIOTCS U TUHAMUYECKUE HATPY3KH, HA3bIBAIOTCA OUHAMUYECKUMU.

JIMHaMUYECKMMH Harpy3kamu SIBJSIFOTCSL CWJIbl HMHEPLUMH JIeTajedl MalluH,
JIBWKYIIUXCS BO3BPAaTHO — MOCTYNATENbHO, LEHTPOOEKHBIE CHIIBI BpaIarOIINXCS
4acTel IpH IyCKE B XOJ M OCTAHOBKE MAIMHBI U HArpy3KH, NPHUKIAIbIBAEMbIC B
TE€YEHUE BeCbMa KOPOTKOTO IPOMEKYTKA BpEMEHH (yIapHble HArPYy3KH).

Cyl11ecTBEHHON OCOOEHHOCTBIO JMHAMUYECKUX HArpy3o0K SIBISE€TCS OoJbIast
CKOPOCTh HX MNPWIOKEHHS, B PpE3yJbTaTE YEro OJJIEMEHTHI, ITOABEPraroOIInecs
JNEHUCTBUIO TaKUX HAarpy3oK, IOJYy4YarOT 3HAYNUTEIBHBIE YCKOPEHMS, BIUSHHEM
KOTOpPBIX Ha HaMpsHKEHHO — Je(OPMHUPOBAHHOE COCTOSIHUE KOHCTPYKIIUU HEJb3S
npeHedpeyb, Kak 3TO JeJIaeTCs IPU PACCMOTPEHUH JAEUCTBUS CTATUYECKUX HArpy3o0K.

[Ipn 3TOM, AMHAMHUYECKHE HANIPSHKEHUS CYILIECTBEHHO U3MEHSIIOT U CaM IIPOLIECC
ne(popMUpPOBaHUs, B pe3yIbTaTe Yero NoBeJACHUE Te NP AeUCTBUU OJJOOHOTO poja
HaIpsKEHUM OKa3bIBACTCA OTIMYUTEIBHBIM OT MOBEAECHUSA TEN B Clydac ACHCTBHS
CTaTUYECKUX HAIPSKCHUU.

Hanuuue yckopeHuil CBsiI3aHO C BO3HUKHOBEHHEM OCOOOr0 pojaa CHII — CUl
uHepyuu, BEJIMYAHA KOTOPBIX ONPENEIIACTCS IPOU3BEICHUEM MACChl DJIEMEHTApPHOIO
o0bema Tella Ha YCKOPEHHE LIEHTPa TSAKECTU ITOro 00beMa, a HarpaBjieHUE 00paTHO
HAIIPaBJICHUIO YCKOPEHHUS.

Cunbl MHEpUMH, TaK K€ Kak MU COOCTBEHHBIA BeC, MNPEACTaBIAIOT COOOM
OoOBbEMHBIEC CUJIbI, TaK KaK MPUJIOKEHBI K KaXJOW 3JIEMEHTapHOW YacTuile oobema
Tena.

[Ipu pacuere cTEep>KHEBBIX CUCTEM OOBEMHBIE CUJIbI MHEPLIUU 3aMEHSIOT CHJIaMU
MHEPLUHH, PpACOPENEICHHBIMM 10 JUIMHE OCH KaXJOro CTEpXkHSA, TO €CTh
pacnpeneneHHOr IOTOHHOW HHEPLIMOHHON HArpy3KOM.

NHTEHCUBHOCTh  pACIPENENIEHHOM  TOTOHHOM  WHEPLMOHHOM  HAarpy3Ku
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BBIpA)KaeTcs B H/M, KI/CM U T.[.

B wyacTHOCTM, Npy BpamieHUU Tella C YIJIOBOM CKOPOCTBIO ) MMEET MECTO

[EHTPOCTPEMUTEIBHOE YCKOPEHHE
a=w?-r, (3.28)
rje

I — paguyc — BEKTOP TOUYKHU.

CrnenoBaTenbHO, Ha JIOOOW DSJIEMEHTApPHBIM O0BEM BpaIaloONMIErocs Tea,
UMEFoIIero maccy dm, neficTByeT cuiia MHEepIuH (LEHTPOOSKHAS CHIIA)

dS, =dm-w*-r (3.29)

BenuuuHa cuil uHEpUUH MPU KOJIEOAHUAX 3aBUCHUT OT YaCTOTHI KOJIeOaHUs U €€
aMIIUTyIbl. Korma 9acToThl BEIHYKIEHHBIX M COOCTBEHHBIX KOJICOAHUH COBITAIAIOT,
MMeeM SIBJICHHE pE30HaHCa, KOTOPOE€ OYEHb ONAaCHO [UJIsi  CTPOMTENIbHBIX
KOHCTPYKIIUH.

3Has BEJIMYMHY U HANpaBJICHUE 3TOM CHUJIbI, C TOMOIILI0 IpUHIMNA JJamamOepa
MOXHO COCTaBUTh YCJIOBUE JWHAMUYECKOTO PAaBHOBECHUS, OTKYyJa OIpPEACISIIOTCS
YCHIIUS, IPUJIOKEHHBIE K TPAHSIM PACCMaTPUBAEMOT0 AJIEMEHTA U HaIPSKEHUS.

Jlnst  ympomieHwWsl pemIeHus 3a7ad  JWHAMHKA BBOJST TaK Ha3bIBACMBIM
Koaghpuyuenm ounamuurnocmu K,,,.

JIns MOy4YeHHs] YMCIEHHBIX 3HAYEHUN BHYTPEHHUX YCWINW, HAIIPSIKEHUW WIH
MepeMenIeHU OT JMHAMUYECKOTO BO3CHCTBHUS HATPY30K B pacueTax TUHAMUYECKAs
Harpy3Ka 3aMEHSIETCS CTaTHYECKOM, a HalICHHBIEC OT HEE YCWIIHS, HANPSOKCHUS WA
MepeMENIeHUs] YMHOXKAIOTCS Ha TUHAMUAYECKUN KO3 PUIIMeHT

SduH - Scmam ) K()MH (330)

Juunamudeckuii  kodpdunment K,,, BO MHOTHX CIy4yasx OINpEIeIsIeTCs
aHAJIMTUYECKH, a B TEX CJIydasix, KOT/a 3TO cAelaTh TPYIHO, — SKCIIEPUMEHTAJIBHO.

Omom koaghuyuenm 3aeucum om 6uUOA OUHAMUYECKOU HASPY3KU, Om
PAaA3Mepo8, MAcCChl, HCECMKOCMU COOPYHCEHUS U psOa OpyeUux ¢haxmopos.

Y4eT cuJ1 HHEPUUH TPU PABHOYCKOPEHHOM JIBH:KEHHUH Tpy3a

PaccMoTpuM paBHOYCKOpPEHHBINH TTOabeM Tpy3a Q, MOABEIMIEHHOTO Ha CTATbHOM
TPOCE IJIOIIA/IBI0 TIOTIEPEYHOTO ceueHust A; 0OBEMHBIN BEC MaTepualia Tpoca paBeH
¥; TPy3 IIOHUMAETCS C YCKOpEeHHeM a cm/cek’ (puc. 3.20).

HeoOxoaumo ompenenuts HampsoKeHWE B TMPOU3ZBOJIBHOM CEUEHWH Tpoca Ha
PacCTOSIHUM X OT TOUKH TOABECa rpy3a.

OTtcedyem HIKHIOIO YacTh ¥ pacCMOTPHUM ee paBHoBecHe. [lomyunm

> x=0.-0,A-Q-Q,-S, =0.—>0HA—Q—7AX—Q+Tija:O.

Otcrona
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Puc. 3.20

o, :%4_}/.x+%.[%+7.Xj:(%—y-xj-(l+gj.

[Ipu craTdeckoM JielCTBUM HArpy3Ku (a = ) OyneM uMeThb

o=y
Torna
v, =0, -[1+§j. (3.31)
O0603HaUYNM
Ky =1+ g (3.32)

Ky — IMHaMHAYECKH KO3 (PUIMEHT IPU PAaBHOYCKOPEHHOM MOABEME Ipy3a.
Torna

O0p = Ocm * K()MH (333)
Takum obpazom, HanpsdiceHue om OUHAMUYECKOU HA2PY3KU PAGHO HANPAICEHUIO

om CMamu4eckou HAa2py3Ku, YMHONCEHHOU HA OUHAMUYECKUU Kodgguyuenm npu

PABHOYCKOPEHHOM noobeMme 2py3a.

JluHamudeckuii Kod((GUIIMEHT TPU PaBHOYCKOPEHHOM ToabeMe rpysa (3.32)

3aBUCUT OT BCJIMYHMHBI YCKOPCHHA 4@, C KOTOPBIM OCYHICCTBIIACTCS IMOABCM I'pPy3a,

IMOOTOMY JUHAMHWYCCKHUEC HAIIPAKCHUSA MOTYT 3HAYUTCIILHO IIPEBLIIIATE CTATHYCCKHC.

YcnoBue MpOYHOCTH UMEET BUJT
o, <|o] (3.39)

HJIn

Oom < Lol (3.40)

Ko

62



Y4uuThiBaTh BAMSHUE CWJI WHEPUUU TPUXOAUTCS, B YACTHOCTH, NPU pacyeTe
COOPY’KE€HHUM, PACTIOJ0KEHHBIX B MECTHOCTSX, IIOJIBEPKEHHBIX 36MIIETPSCEHUSM.

[Ipu 3emieTpsiceHnu 3eMHasi TOBEPXHOCTh U YaCTH COOPYKEHUH, 3aKpETIICHHbIE
B TpPYHTE, MEPEMEIIAIOTCS C HEKOTOPBIMU YCKOPEHHSIMH, B pE3yJbTaTe 4YEro
COOPY>KE€HHUS HCHBITHIBAIOT JIEWCTBHE CUJI UHEpUMU. Ha 3Tu cuibl JOJDKEH OBITh
MPOU3BEACH pacyeT COOpYyKeHHH. PacueTHas BeaMYMHA HAUWOOJBIIETO YCKOPEHUS
JIBWKEHHUSI 3€MHOW TIOBEPXHOCTH YCTaHABIMBAETCA CIEIUATbHBIMU TEXHUYECKUMU
YCJIOBUSIMU B 3aBUCHUMOCTH OT CHJIbI 3€MJICTPSICEHUs (XapaKTepu3yemoul B Oaiax);
9Ta BEIMYMHA MOXET ZOCTHTaTh | M/cek’ i Gouee.

JlelicTBHE YAAPHOIl HATPY3KHU

YacTHbIM clydyaeM JIUHAMUYECKOW HArpy3Ku SBJSIETCS yAapHas Harpyska,
KOTOpasi HanOoJiee onacHa JJi MPOYHOCTH KOHCTPYKLIMH.

[Tox ynapoM NMOHMMArOT B3aMMOJCHCTBHE JBIKYIIMXCA TEN B pPe3ylbTaTe MX
CONPUKOCHOBEHHSI, CBSI3AHHOE C PE3KUM M3MEHEHHEM CKOPOCTEH TOUYEK 3THX TN 3a
BECbMa MAaJIbIi MPOMEXYTOK BpeMEHHM. Bpems yaapa odeHb Majio, a cuia yzaapa
JIOCTUTAET OOJBIION BETUYUHBI (yIap NMaJarollero rpy3a npu 3a0uBKe cBail U T.1.).

3amaya ompezesieHUsl HaNpsHKEHUM MpH ynape B OOIIeM BUJIE IMPEACTaBISET
3HAUUTEIbHBIE TPYJIHOCTH, MOATOMY B MH)KEHEPHBIX pacyeTax 3Ty 3aJady pelaroT
IIPU CIEAYIOUINX MPEANOI0KEHUAX (IPUOIMKEHHAs TeOpus yiapa):

1. Hampsoxkenust oT ygapHOW Harpy3ku OyJeM ONpeNeNsTh B CTEPXKHSIX,
pa3Mephbl MOMEPEYHOr0 CEYEHUsI KOTOPBIX MaJibl 10 CPABHEHUIO C JUIMHOM.

2. [Ipu onpeneneHny HanpsLKEHUM OylieM mpeHeOperaTb Maccoi CTEPKHA,
a CJIEIOBATEIbHO, U €r0 CUJIaMU UHEPLIMH.

3. Cuny, TpWIOKEHHYHO B  MecTe  yaapa, OyleM  CuUuTaTh
NpONOPLUMOHANILHON JehopManivy, JOIMycKasi, 4TO HAaNpsOKEHUs NpU  yAape He
MPEBBIIIAIOT MPEEIOB YIPYTOCTH.

JUtst cTep)KHEH, B 3aBUCHMOCTH OT HAINPABJIECHUS yJapa M0 OTHOLIEHUIO K OCH
CTEPKHS M XapakTepa IPOUCXOIAIIUX AeOopMalIHii, pa3InyaroT MPoI0JbHBINA yAap U
MOTIEPEUHbIN (M3rubdaroIIuii) yaap.

IIponoabHbIi yaap

Paccmotrpum citydaid mpooiapHOro yjuapa rpysa no HenoaBw:xHomy teny. [lycTe
rpy3 BecoM G mamaet ¢ BHICOTHI N Ha HEMOABWKHBIN cTepkeHb (puc. 3.21).

CkopocTh Tena B MOMEHT yAapa OIpEAesieTcss MO HU3BECTHOH Qopmyie
CBOOO/IHOTO TaJIEHUS

v=,/2gh (3.41)
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Puc. 3.21

OTa CKOpOCTh 3a O4YE€Hb KOPOTKHH MPOMEKYTOK BpEMEHU YyJlapa,
MCUUCISEMBII THICAYHBIMHU WA COTBIMU JOJIAIMH CEKYHJIbI, YIIAJET 10 HYJIA.

bnaromapst  OonblIoi  BelIWYMHE  YCKOpEHHUsS  (3aMeIUIeHUs]))  BO3HMKAET
3HAYUTEIIbHAS CUJIa HHEPIMH, BEJIMUYUHON KOTOPOM U OIpeeIsieTcs NeUCTBUE yaapa.

OpHAaKO TEOPETUYECKH TPYAHO YCTAHOBUTH 3aKOH HM3MEHEHMsI CKOPOCTH, a,
CIIEIOBATENIbHO, W BEIMYMHY CHJIBI HMHEPLMH. 31€Ch MPUMEHSIETCS IPYrod IyTb,
OCHOBAHHBII Ha 3aKOHE COXPAHEHUS SHEPTUN U HA CIEAYIOIINX JTOMYIICHUSX:

1. Hanpsi>xeHus ipu yape He MPEeBOCXOIAT Mpeena NponopUUOHAIBHOCTH, TaK
4TO 3aKOH ['yKa IIpu y1ape cOXpaHseT CBOIO CHILY.

2. Tena mocne ynapa HE OTHENSIOTCS IPYT OT JIPyra, TO €CTh yAap CUYUTAETCS
HE YIPYTHUM.

3. Macca HEMmOABMKHOTO CTEP)KHSI CUATACTCS MAJIOM MO CPAaBHEHHUIO C MacCOM
YAAPSIOLIETO TEJIA, I03TOMY B pacyeT He IPUHUMAETCS.

4. TloTepeil yacTH SHEPruM, MNEpeleamed B TEIJIOTY U B DHEPrHI0 KoJie-
0aTeNbHOTO JIBIXKEHHS COYIAPSIONIUXCS TN, MpeHeoperaem.

[IpupaBHsem paboTy majaroliero rpy3a NoTeHIUAIBHON dHEPTuu Je hopMaiuu
CTEPKHS.

Pabota, coBepiiaemasi BeCoM maJiaroliero rpysa, Oyaet paBHa

W =G(h+Aly,,), (3.42)

rae

Aly,,;, — IEpeMelieHre B TOUKE yAapa, paBHOE YKOPOUSHHUIO CTEPIKHSL.

[ToTenmuanbHas 3Heprus AedOpMAIMH MTPU CKATHUH paBHA

u=al2 EA

S (3.43)

N3 stux nByx ypaBuenuii (3.42) u (3.43) nonydaem

2 FEA
G(h +AI0MH) = AIOMH .ﬁ’
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158)0%1
2
Al EA—2GlAly,, —2Ghl =0

PaB,Z[eJIHB BCC YJICHLI 3TOI'0O YPABHCHHA HA JKCCTKOCTDH CTCPIKHA EA, IMOJIY4YuM

2 Gl Gl,
AlauH—ZEAI()uH —2ah = 0.

B sTom YpPpaBHCHHUH BCINYHUHA

Gl/EA=Alg,
rae
Algm — aOCONIIOTHOE YKOpPOUYEHHE CTEP)KHS OT CTAaTHYECKH MPUIIOKECHHOW
Harpysku G.
Torna
A2 —2AlgmAl g, —2Algmh =0 (3.44)

PemuB 3T0 KBagpaTHOE YpaBHEHHE OTHOCUTEIBHO A |, TOTyIrM

Al = Al £+ A1, +20Al,, (3.45)

OcraBnsis 3HaK IUIIOC, (PEIIEHHE CO 3HAKOM MHUHYC IE€pel pPaJuKaIoM
MPOTUBOPEUUT (PU3NYECKOMY CMBICITY 33/1a4H ), IOJTYy4aeM OKOHYATEIbHO

Ay, = Alcm(1+ /1+ Z—h] = Al Koy (3.46)
Al .y,

Kun - IMHaMUYECKUI KO3(PPUUKUEHT MTPU NPOAOIBLHOM YIape, paBHbBIN

rac

K = (1 + 1+ = ) (3.47)

PaznenuB 06e yactu nocneanero ypapuenusi (3.46) Ha IJIMHY CTEP)KHS U YMHOXKHB
Ha Moaynb yrpyroctu E, mepeiizem, Ha OCHOBaHMM 3akoHa ['yka, oT medopmaruii K

f 2h
GauHZGcm(l-l- 1+r]=0chauH (348)
cm

N3 stux dopmyn (3.46) u (3.48) BuOHO, YTO BEIMYWHBI JUHAMHYECKOTO

HaIIPSKCHUAM

NIepeMEIIICHHST U HATIPSDKCHUS 3aBUCST OT BEJMYMHBI cTaTrueckoi nedopmarmu Alqy,
yIapsieMOoro Tena.

Uem Oonbiue cratmyeckas aeopmanus (MpU MPOYMX PaBHBIX YCIOBHSIX), TEM
MEHbIIIe TUHAMHYECKUE HampsbkeHus. BoT mouemy amst cMsaryeHus yaapa NpuMEHSIOT
MIPOKJIAAKH (PE3UHOBBIE, IPYKUHHBIE), aroliue Oobiive aepopmaruu.

Ecmu B dhopmyny (3.47) nnst BeraucneHuss fuHaMudeckoro kodddummenta K,
VZ
IIPH MIPOJIOJILHOM yaape BMecTo 2N moacTaBUTh paBHOE eMy > T0 oIy M
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K= [1+ [1+ ﬁ (3.49)

Ilpu corcumarowem yoape, 60 uzbedxcanue npoooIbHO2O U32UOA OUHAMUYECKUE
HANPAXCEeHUs. He OOJIHCHbL NPEBOCX00UMb KPUMUYECKUX HANPAACEHUII.

YacTHble ciydan IpoI0JIbHOTO yaapa:

1. Paccmotpum cnydail, korga BbICOTA MAJACHUS TPy3a paBHA HYJIIO, TO
ectb h = 0. Taxou cryuaii Hocum Hazéanue 6HE3ANHO20 NPUTLONCEHUSL HASPY3KU.

OH uMeeT MeCTO, Hampumep, MPU BHE3AMHOM OOpBIBE TpoOca, Korjga TIpy3
OMyIIEH JO CONPUKOCHOBEHHS C ONOpaMud WM TPU «PaCKpY>KaJTUBAHUM
KEJIe300€TOHHOTO TIEPEKPHITHS, KOT/la CTOWKM OmanyOKu yOWparoTCsi MTHOBEHHO,
HaIpUMep, y1apoMm.

Torna mpu h = 0 u3 popmynsl (3.47) umeem

K()un = 2.

CrnenoBaTtesbHO,

Al = 2Al; — O = 26 (3.50)

Ilpu 6He3anHOM npunodCeHUU HASPY3KU 8 ClyYde HpOoOOoJbHO20 yoapa
oehopmayuu u HanpsadxceHus. 8080e OONbULE, YeM NPU CIMAMUYECKOM OetCmeuu moti
JHce Hacpy3Ku.

2. Ecnu BeIcoTa majgeHusi h 3HauntenbHO OoJbIe CTaTUYECKOH nedopmamnun

Alc,, TO s ompenencHus AMHAMUYECKOro Ko3((HIMEHTa MOTYyYrUM CIICTYIONIYIO

Ky =1+ \/1+ 2h _ \/ 2h (3.51)

I cm Alcm

MPUOJIMAKEHHYIO HOPMYITY

IHonepeunsblii (M3rudarouumii) yaap

PaccmoTpumM Oanky Ha JBYX Omopax, MOJABEPrarolnyrocs IeHcTBHiO rpy3a G,
KOTOPBIH MajaeT ¢ BbICOTHI N Ha cepenuuy nposieta (puc. 3.22).

y f, GF—A h )
\ 4 — >
'\A\ \\\\\_I"”///m B

W
I
I

< | N
Puc. 3.22

dopmyna JHHAMHUYECKOro  KodduimeHta A cioydas [ONEPEYHOro

(M3rubaroIero) yapa MMeeT aHaJOTMYHBINA BHUJI, TOJBKO B 3TOM ciydae BMecTo Aly,
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CIIe/TyeT MPUHUMATh CTATHICCKUI Mpornd Oaiku B MecTe yaapa A, = T,

K = (1 + |1+ Az—h) (3.52)

cm

AHanoruyHo, Kak M JJis MPOJOJIbHOTO yJapa, MOXKHO PACCMOTPETh Cily4dau
BHE3AITHOTO TPUIIOKEHUs Harpy3ku nipu h = 0 u nmpu oveHb O60JbIIOM 3Ha4YeHUH N,

YacTtHele ciaydyan nonepeyHoro (M3rudaroiiero) yaapa:

1. Paccmotpum cnydail, korga BbICOTA MAJACHUS TPy3a paBHA HYJIIO, TO
ectb h = 0. Taxou cryuaii Hocum Ha36aHUe BHE3ANHO20 NPUTONHCEHUSL HASPY3KUL.

Torma mpu h = 0 u3 popmyiel (3.52) umeem K, = 2.

CrnenoBartesnbHO,

foun =2 F0m; — Opum= 20 (3.53)

Ilpu 6He3anHoM npunodiceHuu HazpysKu 6 Ciydae MONepeyHoro (M3rudarolero)
yaapa degopmayuu U HanpsaxceHus 8080e OoabuLe, Yem npu CMamuyeckom Oetcmseuu
Mo dce Hacpy3KU.

2. Ecnmu  Bbicora mameHuss N 3HAYMTEIBHO OOJIBINE  CTATUYCCKOM
nepopmaruun A, = f.,, TO IS ONpenmeNieHHs JAUHAMHYECKOrO KO3 HUIMEHTA

MOJIYYHUM CJIETYIONIYIO TPUOIKEHHYIO POpPMYITY

K = (1 + |1+ A”; ) = A”; (3.54)

N3 mnonydeHHbix Bbime ¢GoOpMysl BHAHO, YTO 4YeM OOJIbIlI€ CTaTHYeCKas
nedopMalus ynpyro CUCTEMbI, TEM MEHbIIIE TUHAMUYECKUN KOA(DPUITUEHT.

[Ipu cTaTuyeckoM ACMCTBUM Harpy3KH HaIpsKEHHS B CUCTEME HE 3aBUCAT OT
MOJYJIsl YIPYrOCTH MaTepHalia, a MpU YJapHOM — 3aBUCAT, TaK KaK BEIUYMHA

nedopmaniii 00paTHO MPOIMOPIIMOHATIEHA MOAYJIIIO YIPYTOCTH.

3.4.2. KoHTpoJibHbIE BONPOCHI IJIS CAMONPOBEPKH 0 TeMe
«/luHaMmmuuyeckoe AelcTBHE HATPY3KI)

1. B uem 3akmouarorcss oOlIM€ TNPUHIMIBI pacuera dJIEMEHTOB
KOHCTPYKIMH HAa JUHAMUYECKOE BO3/ICHCTBUE HATPy30K?

2. [To xakoil (opmyiie BBIYUCISETCS AMHAMUYECKUN KOA(DPUIMEHT mnpu
PaBHOYCKOPEHHOM MTOABEME Ipy3a?

3. Kakue nomymenust (rumoressl) NPHUHATHL HPHU  PacyeTe 3JIEMEHTOB

KOHCTPYKIIMH Ha yIApHYIO HArpy3Ky?
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4, Kakoi1 ynap Ha3pIBaeTCs IPOJOJIBbHBIM?

S. [To xakoil gopmyse BBIYUCISIECTCA AMHAMHYECKUNA KOA(P(GUIUEHT NpU
POAOIBHOM ynape?

6. [To xaxoif popmyrne BBIYHCIAETCS AUHAMUYECKUN KOIPPHUIMEHT, eciu
BBICOTA MaJIeHHS rpy3a h 3HaYUTENbHO OOJIBIIE CTATHUECKOW nedopMaIyu, Ipu
IPOAOIBHOM ynape?

7. Yemy paBeH AMHAMUYECKUH  KOX(G(GUIMEHT TpU  BHE3AMHOM
IPUIIOKEHUH HATPY3KHU IPU IPOAOIBHOM yape?

8. Kaxkoi1 ynap Ha3pIBaeTCsl NONEPEYHBIM (M3rHOArOIINM)?

9. [lo xakoil (opmyisie BBIYUCISETCS AMHAMUYECKUH KOA((PUIMEHT npu
nornepeyHoM (u3rudaroiiem) yaape?

10. [To xakoii (opmysie BBIUHMCIAECTCS TUHAMUYECKHU KO3(PQPUUIHUEHT, eciu
BBICOTA MAJICHUS rpy3a N 3HAYUTENBHO OOJBINE CTATUYECKON JIeOpMAITUH, TIPU
nornepeyHoM (u3rudaroiiemM) yuape?

11. Yemy paBeH JuUHAMUYECKUAd  KOA(P(GUIHMEHT TpH  BHE3AITHOM

PWIOKEHUHN HArpy3KH MpHU MonepeyHoM (M3rudaroliem) yaape?

Ilocne uzyuenusn smoit memovt MOICHO RPUCMYRUMb K peuleHuto 3a0auu Ne 4,
6KJII0YEHHOIl 6 KOHMPOJIbHYIO padomy.
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3.4.3. IPUMEP PEHIEHUSA 3AJAYU Ne 4

«M3rudarommii (monepevyHsblil) yrap»

h f: Q Hcxoanblie JaHHBbIE:
Wgw Q=200H; h=5cm;

‘ | I osymaep Ne 40; { =4 m.
N
4

Puc. 3.23. Pacuemmnasn cxema

Ha nBytaBpoByio 6aJjiKy, cBOOOIHO JIe:KALIYI0 Ha ABYX onopax (puc. 3.23), ¢
BBICOTHI h maxaer rpys Q.
Tpeodyercs:
1. HaiiTu HauOoJb1IMe HATIPSIKEHHUA B OaJike.
Pemenue
MaxkcumanbHble TUHAMAYECKHE HANPSDKEHUS NP YAapHOM H3TH0e MOTYT OBITh
omnpeeieHsl o hopmylie

o cT
O-de - knamax J

rac

n

0 yax — MAaKCUMAJIBHOC JUHAMHUYCCKOC HAIIPAXKCHUC,

CcT

0 ,ax — MAaKCHUMAJIBHOC CTATHYCCKOC HAIIPAKCHUC,

K, — nuHamMudeckuit K03(OHUUUEHT, KOTOPEI B 3TOM CIIydae ONPEACIACTCs II0

bopmyre

B aroit hopmyre
h — BbICOTa MaIcHUs TPY3a;

A, — abCOIIOTHOE 3HAYEHUE CTaTUYECKOrO NMPOruda B MecTe yaapa.

Takum oOpazom, Isi perieHus AUHAMHYECKOW 3ajaud HEeO0OXOJUMO pPEIIUTh
CTATUYECKYIO 3aJjady Ha OIpeJesieHne MaKCUMaJIbHOIO HaNpsiKEHUs W Mporuda B
MecTe yaapa.

PacuetHas cxema craTuueckoil 3aj1auu mpuBeieHa Ha puc. 3.24 a.

OnpenesieHue ONOPHBIX peaKkI Uil

s onpenenenust onopHeix peakiuit Ra, Ha 1 Rg m1s 6anku, n3o0pakeHHOM
Ha puc.3.24, coCTaBUM TPU ypPaBHEHHs CTaTHKU (PaBHOBECHS), C YUYETOM TpaBHIIa
3HAKOB:
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3mopa u3zu6a10u4ux MOMEHMO6
| 200

Puc. 3.24. Pacuemnas cxema cmamuueckoil 3a0auu u
aniopa u3zu6a10u4ux MOMEHMO6

1.CymMa npoekiuii Bcex Chil Ha OCh X paBHA HYJIIO 4@
Y2F,=0: -Hx=0, —» Ha=0. KB_Z(
2.CyMMa MOMEHTOB BCEX CHJI OTHOCUTEBHO ONOPBI A paBHA HYJIIO

>M,=0: Rg4-Q5=0;, > Rg= 54Q :5'200H:250H;
3.CyMMa MOMEHTOB BCEX CHJI OTHOCUTEIHHO ONOpHI B paBHa HYITIO
SM, =0: —Ryd=Q1 =0; - Ra=—2 == 50H.

IIpogepsiem npasuibHOCMb BLIYUCIEHUSL ONOPHLIX PEaKyuil (Cymma npoexyutl
8Cex CUl Ha 6ePMUKATLHYIO 0Cb I 00dicHa 6bimb pasHa 0)
>'F,=Ra +Rg—Q=-50+ 250 — 200 = 250 — 250 = 0 (£ 5%).
IMocTpoenue 3M0OPbI U3rHOAIOIMX MOMEHTOB
banka umeer 2 yuactka AB u BC.
Vuacmox AB: 0<%, <4
M (X1) = Ra*X1=-50" Xy
M(@©0)=0; M(4)=-50"4=-200 Hwm.
Vuacmoxk BC:  1>X,2=0
M (X2) = —Q * X, =—200 - Xy;
M(@©)=0; M(1)=-200-1=-200 Hm.
Hcnonb3ysl Moyd4eHHbIE 3HAYEHMs, CTPOUM D3IIOpPY H3rHOAIOIUX MOMEHTOB

(puc. 3.24, 0).
OmnpenejieHHe MAKCUMAJIBLHOIO CTATUYECKOT0 HATIPSAKEHU S

B omacHOM cedeHun 1o HopMabHBIM HanpsokeHusIM (cedenue B, puc. 3.24)
M _ =200Hm =20000HcMm.

Max
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N3 cnpaBouHBIX TabmwIl (COPTAMEHTOB) OIPEACIIIEM MOMEHT COIMPOTUBIICHUS

st iyTaBpa Ne4(
W =953 CM .
CrnenoBaresibHO, MAKCUMAJIBHOE CTAaTHYECKOE HAMPSDKEHUE OYy1eT paBHO
¢ = M _ ZOOOOHEM ~21,0"L =0,21MITa.
W 953cMm CM

y

Onpenesnenue craTuyeckoro nporuda B ceuenun C
Jia ompexneneHuss nporuda BOCIOJIb3YEMCS YPaBHEHHUEM METO/a HaydaJbHBIX

IMapaMcCTpOB. Hauamno orcuera BI)I6I/IpaeM Ha JICBOM KOHIIC 6aJ'IKI/I, TO €CTb Ha OIIOpC A

(puc.3.25).
TN
0]
LA BL ||

X —»
X—>

1Im
4—4M4PI4—V

Puc. 3.25. Pacuemnas cxema

OmnpenesieHue HeU3BECTHBIX HAYAJIbHBIX IAPAMETPOB
HewnsBecTHbIe KMHEMAaTHUECKUE HAYAIBHBIE TTapaMeTphl Wy U (o OTIPEACIISTIOTCS
U3 TPAaHUYHBIX YCIOBHUH (YCIOBHI 3aKpeIICHUsI OAJIKH ).
B narmeit 3amaue Oanka 3akperyicHa Ha mapHUpHbIX onopax A u B (puc. 3.25),
TO €CTh TPAHUYHBIC YCIOBUS IPUHUMAIOT BUJI
Wa=w(0)=0; wg=w(4)=0
CrnenoBaTenbHO, HAYAJIbHBIC TTAPAMETPHI JJIs 3TOM Oanku OyayT paBHBI
W():WAZO; (DQZ(DA:?;MOZO; F0:+RA:—50H
VYpaBHeHre MeTOJa HadaJdbHBIX MMAPAMETPOB JUISI BBIYUCIICHHUS MPOTUOOB IS
ATOM OAIKK UMEET CIICTYIOIINA BU]T

| yuacTok: 0< x <4 Il yuactok: 4<x<5

1 | Ryx®  Rg(x-4)°

EJ,| 6 | 6

W (X) = @o - X+ ‘
1

Ucnonb3yst rpaHuyHOE€ YycClIOBHE Ha MpaBoi omope B, u BblpaxeHue s

mporuoa, MmojayyaeM ypaBHEHHUE IS OMPEICTICHUSI HAYAJIBHOTO yTJIa TOBOPOTA Qg

1 | R (4m)°
EJ, 6
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W (4m) = @g - 4m + = 0;




@o - 4m+

1 |:—50H(4M)3:| 0 g L {50}1(41\4)3}:133,3}11\42

0=
EJ, 6 EJ,| 6-4m EJ,

HOI[CT&BJ'I}I}I IMOJIYUYCHHOC 3HAYCHHUC g B YPABHCHUC JISI BBIYHCIICHUA HpOFI/I6OB

JUISL 3TOM Oaliku onpenesiseM nporu6 B ceuenun C

3 3 AV 3
T [0 5 5 50°5° 250(5-4)"]__334Hm"
J 6 EJ,

y

Wc =W (5m) =

Buviuucnenue scecmrxocmu o6anku npu useube
N3 cripaBoYHBIX TaOIUIl ONpeAesieM MOAYJb YIIPYTOCTU MPU PACTSHKCHUU IS
CTaJIu W TJIaBHBIM MOMEHT nHepuuu Jjis aeytaBpa Ne 40
kH

2

E =2-10°MIla 22-1081(1_[3(
M

j; J, =19062cm* =19062-10° m*.

[ToaTOMY 3KE€CTKOCTb MOMEPEYHOTO CeUeHUsI OAJIKU TPU U3rude OyieT paBHa

EJ, =2-10° (gj :19062-10° m* = 38124xHm” = 38124 -10° Hu®.
M

Craruueckuii nmporud 6anku B ceueHuu C OyJeT paBeH

334Hm’

= ya 10 7 = 87610 M=8,76:10" e,

cm ‘ c

OHpGI[eJIHCM BCIIMYUHY AHHAMHWYCCKOI'O KOZ)(i)(bI/II_[I/IeHTa IIpu H3FH631-0H1€M

k=14 1+ 2N o1y gy 20M o
A, | 8,76-10" cm

CrnenoBaTenbHO, MAKCUMAJIBbHOE JUHAMUYECKOE HANPSKEHHE OyIeT paBHO

o =K, 6L, =108 0,21 MIla~ 22,7 MIIa.

(momepedyHoOM) yaape
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GL

COIPABOYHBIE TABJHUIBbI

JJIS1 BBIIIOJIHCHHUSI KOHTPOJILBHbIX paﬁoT H IPAKTHICCKHX 3aHATHI
110 ANCHOUIIJIMHaAM «COHpOTI/IBJ'IGHI/IG MaTCpUaIOB»

n «TexHuueckas MEXaHUKa»

[punoxenue 2



9/

ABYTABPbBI CTAJIBHBIE 'TOPAYEKATAHBIE

R h — BbICOTA;

d — TommuHa CTEHKH;

t — cpeaHss TOJIKHA TO0JIKY,

| = = R — paguyc BHYTPEHHETO 3aKpYyTJICHUS;
I' — paguyc 3aKpyIjeHUs I10JIKH;

W — MOMEHT CONpOTUBIICHMS;

S — cratnyeckuii MOMEHT MOJIYCEUECHMUS,;

! b | — pagryc nHepIHH
b
Pazmep, mm CrnpaBo4Has BeJTMYHHA IS OCH
IL
YHOT : :
NBYTaBpa| h b d t Ceqenus, ow’ l, W, iy S, I, W, I,
M’ oM’ cM M’ em’ M’ cM
1 2 3 4 5 6 I 8 9 10 11 12 13
10 100 | 55 4,5 1,2 12,0 198 39,7 4,06 23,0 17,9 6,49 1,22
12 120 | 64 4.8 7,3 14,7 350 58,4 4,88 33,7 27,9 8,72 1,38




LL

[Iponoimkenue

1 2 3 4 5 6 7 8 9 10 11 12 13
14 140 | 73 4.9 7,9 17,4 572 81,7 5,73 46,8 419 11,50 1,55
16 160 | 81 50 7,8 20,2 873 109,0 6,97 62,3 58,6 14,50 1,70
18 180 | 90 51 8,1 23,4 1290 143,0 1,42 81,4 82,6 18,40 1,88
20 200 | 100 | 52 84 26,8 1840 184,0 8,28 104,0 115,0 23,10 2,07
22 220 | 110 | 54 8,7 30,6 2550 232,0 9,13 131,0 157,0 28,60 2,27
24 240 | 115 | 56 9,5 34,8 3460 289,0 9,97 163,0 198,0 34,50 2,37
27 270 | 125 | 6,0 9,8 40,2 5010 3710 | 11,20 | 2100 260,0 41,50 2,94
30 300 | 135 | 65 | 10,2 46,5 7080 4720 | 1230 | 268,0 337,0 49,90 2,69
33 330 | 140 | 70 | 112 53,8 9840 597,0 | 1350 | 339,0 419,0 59,90 2,19
36 360 | 145 | 75 | 123 61,9 13380 7430 | 14,70 | 4230 516,0 71,10 2,89
40 400 | 155 | 83 | 130 12,6 19062 953,0 | 16,20 | 5450 667,0 86,10 3,03




8.

OkoHuaHue

1 2 3 4 5 6 7 8 9 10 11 12 13
45 450 | 160 | 9,0 | 142 84,7 2769 | 12310 | 1810 | 708,0 808,0 | 101,00 3,09
50 500 | 170 | 10,0 | 152 100,0 39727 | 1589,0 | 19,90 | 9190 1043,0 | 123,00 3,23
55 550 | 180 | 11,0 | 16,5 118,0 55962 | 20350 | 21,80 | 11810 | 13560 | 151,00 3,39
60 600 | 190 | 12,0 | 17,8 138,0 76806 | 2560,0 | 23,60 | 14910 | 17250 | 182,00 3,54




6.

llIGeJlJlepbl cmajibHble copAaveKamanvle

- h — BeICOTA;
f bd b — mmpuHa noku;
d 2 d — TONIIMHA CTEHKH;
_’%' : ¥ R — paanyc BHYTpEHHETO 3aKpYIJICHUS;
=| — —— I' — paguyc 3aKpyrJIeHUs TOJKHU;
- Zo — paccTosiHie OT ocu Z—Z 10 Hapy>KHOM I'paHu CTEHKHU;
‘27 | — MOMeHT uHepLHH;
f W — MOMEHT CONpOTUBIECHUS;
S — craTn4ecKkuii MOMEHT TUTOIIAH TTOTYCEUCHHUS;
2o " | — panuyc UHEpIUH
Tromans CnpaBoyHasi BeJIMYHHA /151 OCH
Homep
h | b | d t TOIIePEYHOro Y-y 7-7 Yo
MBS M [ MM | M | v ceyeHus cM
Jepa ) I Wy I Sx ly W, ly
™ 4 3 3 4 3
cM cM cM cM cM cM cM
1 2 3 4 5 6 7 8 9 10 11 12 13
5 50 | 32 44| 70 6,16 22,8 91 1,92 5,99 561 2,75 | 095 | 1,16
65 | 65 | 36 |44 | 7.2 7,91 48,6 150 | 2,54 9,00 8,70 368 | 108 | 1,24
8 80 | 40 | 45| 74 8,98 89,4 224 | 316 | 2330 12,80 | 4,75 | 119 | 1,31




08

OkoHYaHUE

1 2 3 | 4 5 6 7 8 9 10 11 12 13 14
10 | 100 | 46 |45 | 76 10,90 174,0 348 | 3,99 20,40 20,40 | 646 | 137 | 1,44
12 | 120 52 |48 | 78 13,30 304,0 506 | 478 | 29,60 3120 | 852 | 153 | 1,54
14 | 140 | 58 |49 | 81 15,60 491,0 70,2 | 560 | 40,80 4540 | 11,00 | 1,70 | 1,67
16 | 160 | 64 | 50| 84 18,10 747,0 934 | 642 54,10 63,30 | 13,80 | 1,87 | 1,80

16a | 160 | 68 | 50 | 9,0 19,50 823,0 103,0 | 6,49 59,40 78,80 | 16,40 | 2,01 | 2,00
18 | 180 | 70 | 51| 87 20,70 10900 | 1210 | 7,24 | 69,80 86,00 | 17,00 | 2,04 | 194
18a | 180 | 74 | 51| 93 22,20 11900 | 132,0 | 7,32 76,10 | 105,00 | 20,00 | 2,18 | 2,13
20 | 200 76 | 52| 90 23,40 15200 | 152,0 | 8,07 87,80 | 113,00 | 20,50 | 2,20 | 2,07
22 (220 82 | 54| 95 26,70 21100 | 1920 | 889 | 110,00 | 151,00 | 2510 | 2,37, | 2,21
24 1240 | 90 | 56 | 10,0 30,60 2900,0 | 2420 | 9,73 | 139,00 | 208,00 | 31,60 | 2,60 | 2,42
27 | 270 95 | 60| 105 35,20 41600 | 3080 | 10,90 | 178,00 | 262,00 | 37,30 | 2,73 | 2,47
30 | 300|100 |65 11,0 40,50 5810,0 | 387,0 | 12,00 | 224,00 | 327,00 | 4360 | 2,84 | 2,52
33 |330|105| 70| 11,7 46,50 7980,0 | 4840 | 13,10 | 281,00 | 410,00 | 51,80 | 2,97 | 2,59
36 | 360|110 | 7,5 | 12,6 53,40 10820,0 | 601,0 | 1420 | 350,00 | 513,00 | 61,70 | 3,10 | 2,68
40 | 400 | 115| 8,0 | 135 61,50 15220,0 | 761,0 | 15,70 | 444,00 | 642,00 | 73,40 | 3,23 | 2,75




18

Cmans npoKamHan y2ioeasi pasHonoiounHan

/i’v
L~
Z( / yO
\ A | /
B
) A,
B"' AN } 8
T T7A N 2
Homep .
Cl'[paBO‘-IHLIe BE€JINYUHBI 1JIFl OCECH Macca
yrojikal p Rl r Inomann
1M AJIMHBI
I[OlIepe‘-lHOFO y - y yO - yO ZO - ZO yl - yl Hpo(l)nﬂﬂ,
ceueHus, - : : Z,
(!M2 Iy Iy Iyomax Iyomax Izomin Izomin Iy1 cM
MM A X . . KT
CM CM cM CM CM M CM
1 2 415 6 7 8 9 10 11 12 13 14 15
1,13 0,5010590,63( 0,75 | 0,17 | 0,39 0,81 0,60 0,89
2 20 3,5(1,2
1,46 0,40(0,58]0,78| 0,73 | 0,22 | 0,38 1,09 0,64 1,15




8

[Iponomkenue

1 2 13| 4 ) 6 7 8 9 10 11 12 13 14 15

25 | 25 3 35| 19 1,43 08110,7511,29( 095 | 0,34 | 0,49 1,57 0,73 1,12
’ 4 |7 ’ 1,86 1,0310,74(162] 0,93 | 0,44 | 0,48 2,11 0,76 1,46

28 |28 3 140] 13 1,62 1,16 {0,851 1,84 | 1,07 | 0,48 | 0,95 2,20 0,80 1,27
32 |32 3 45| 15 1,86 1,7710971280| 1,23 | 0,74 | 0,63 3,26 0,89 1,46
4 2,43 2,26 (0,96 |358| 1,21 | 0,94 | 0,62 4,39 0,94 1,91

36 |36 3 45| 15 2,10 2,56 (1,104,061 1,39 | 1,06 | 0,71 4,64 0,99 1,65
4 2,75 3291109521 1,38 | 1,36 | 0,70 6,24 1,04 2,16

3 2,35 355(123]563| 15 | 147 | 0,79 6,35 1,09 1,85

4 401 4 |50 1,7 3,08 45811221726 153 | 1,90 | 0,78 8,53 1,13 2,42
3) 3,79 553 (120|875 1,54 | 230 | 0,79 10,73 | 1,17 2,97

3 2,65 513139813 1,75 | 2,12 | 0,89 9,04 1,21 2,08

45 |45 4 |50] 1,7 3,48 6,63 | 1,38 |10,50| 1,74 | 2,74 | 0,89 12,10 | 1,26 2,73
5 4,20 8,03 |1,37112,70f 1,72 | 3,33 | 0,88 15,30 | 1,30 3,37

3 2,96 7,11 1,55(11,30f 1,95 | 2,95 | 1,00 12,40 | 1,33 2,32

50 |50 ] 4 |55] 18 3,89 9,21 11,54 (14,60( 1,94 | 3,80 | 0,99 16,60 | 1,38 3,05
5 4,80 11,201 1,53 |17,80] 1,92 | 4,63 | 0,98 20,90 | 1,42 3,77




€8

[Iponomkenue

1 | 2| 3 |45 6 718 9 | 10| 11| 12 13 14 | 15
6 les| 4 lsol 20 4,38 13,10/1,73| 20,80 2,18 [ 5,41 | 1,11 | 2330 | 152 | 3,44
’ I e 5,41 16,00/ 1,72| 25,40 2,16 | 6,59 | 1,10 | 29,20 | 157 | 4,25
4 4,96 18,90(1,95|29.90 | 2,45 [ 7,81 | 125 | 3310 | 1,69 | 3,90

63 [63| 5 |7.0]23 6,13 23,10[1,94|36,60| 2,44 | 952 | 125 | 41,50 | 1,74 | 481
6 7,28 27,10{1,93[42,90| 2,43 |11,20| 1,24 | 5000 | 178 | 572

45 6,20 29,00{2,16 [ 46,00| 2,72 |12,00| 1,39 | 51,00 | 1,88 | 487

5 6,86 31,90[2,16 [50,70| 2,72 [13,20| 1,39 | 56,70 | 1,90 | 5,38

70 [70| 6 |[80]27 8,15 37,60[2,15|59,60 | 2,71 |1550( 1,38 | 6840 | 1,94 | 6,39
7 9,42 43,00(2,14 (68,20 2,69 |17,80| 1,37 | 80,10 | 1,99 | 7,39

8 10,70 [48,20/2,13|76,40| 2,68 | 200 | 1,37 | 91,90 | 2,02 | 837

5 7,39 39,50(2,31|62,60| 2,91 [16,40| 149 | 69,60 | 2,02 | 5,80

6 8,78 46,60[2,30[73,90] 2,90 |19,30| 1,48 | 83,90 | 2,06 | 6,89

75 |75 7 | 930 10,10  |[53,30{2,29(84,60| 2,89 |22,10| 1,48 | 98,30 | 2,10 | 7,96
8 11,50  |59,80|2,28|94,60| 2,87 [24,80| 1,47 | 113,00 [ 2,15 | 9,02

9 12,80  |66,10| 2,27 [105,00| 2,86 |27,50| 1,46 | 127,00 | 2,18 | 10,10

5,5 8,63 52,70{ 2,47 [ 83,60 | 3,11 |21,80| 1,59 | 9320 | 217 | 6,78

o laol © loolso 9,38 57,00(2,47| 90,40 | 3,11 |2350( 158 | 102,00 | 2,19 | 7,36
| 2 e e 10,80  [65,30|2,45|104,0| 3,09 [27,00| 1,58 | 119,00 | 2,23 | 851
8 12,30  |7340|2,44|116,0| 3,08 [30,30| 1,57 | 137,00 | 2,27 | 9,65




v8

[Iponomkenue

1 2 3 41 5 6 7 8 9 10 11 12 13 14 15

6 10,60 82,10 [2,78|130,00f 3,50 |34,00( 1,79 | 145,00 | 2,43 | 8,33

90 | 90 7 100l 3.3 12,30 94,30 (2,77]150,00f 3,49 |138,90| 1,78 | 169,00 | 2,47 | 9,64
’ 8 ’ ’ 13,90 106,00(2,76|168,00| 3,48 [43,80| 1,77 | 194,00 | 2,51 | 10,90
9 15,60 118,0012,75|186,00] 3,46 48,60 1,77 | 219,00 | 2,55 | 12,20

6,9 12,80 122,0013,091193,001 3,88 [50,70| 1,99 | 214,00 | 2,68 | 10,10

7 13,80 131,00 3,08/207,00] 3,88 [54,20| 1,98 | 231,00 | 2,71 | 10,80

8 15,60 147,00(3,07233,00f 3,87 [60,90| 1,98 | 265,00 | 2,75 | 12,20

10 l100| 10 [12,0] 4,0 19,20 179,0013,05|284,00] 3,84 74,10 1,96 | 333,00 | 2,83 | 15,10
12 22,80 209,00]3,03|331,00] 3,81 |86,90| 1,95 | 402,00 | 2,91 | 17,90

14 26,30 237,00(3,00(375,00] 3,78 199,30 1,94 | 472,00 | 2,99 | 20,60

16 29,70 264,0012,98|416,00] 3,74 112,00 1,94 | 542,00 | 3,06 | 23,30

1 110 7 120l 20 15,15 176,0013,40(279,00] 4,29 (72,70 2,19 | 308,00 | 2,96 | 11,90
8 ’ ' 17,20 198,00(3,39315,00| 4,28 81,80 2,18 | 353,00 | 3,00 | 13,50

8 19,70 294,00(3,87 (467,00 4,87 |122,00f 2,49 | 516,00 | 3,36 | 15,50

9 22,00 327,00(3,86(520,00] 4,86 |135,00f 2,48 | 582,00 | 3,40 | 17,30

125 |125 10 14.0| 46 24,30 360,00]3,85|571,00] 4,84 149,00 2,47 | 649,00 | 3,45 | 19,10
12 28,90 422,0013,821670,00 4,82 |174,00f 2,46 | 782,00 [ 3,53 | 22,70

14 33,40 482,00]3,80|764,00| 4,78 |200,00f 2,45 | 916,00 | 3,61 | 26,20

16 37,80 539,00]3,78|853,00] 4,75 224,00 2,44 |1051,00| 3,68 | 29,60




g8

[Iponomkenue

112 4 5 6 7 8 9 10 11 12 13 14 15
24,70 466,0014,34 (739,00 5,47 [192,00 2,79 | 818,00 | 3,78 | 19,40

14 1140 10 [14,0] 4,6 27,30 512,00 | 4,33 | 814,00 | 5,46 | 211,00 2,78 | 911,00 | 3,82 | 21,50
12 32,50 602,00 [ 4,31 957,00 | 5,43 [ 248,00 2,76 [1097,00| 3,90 | 25,50

10 31,40 774,00 [ 4,96 [1229,00] 6,25 | 319,00 3,19 [ 1356,00 | 4,30 | 24,70

11 34,40 844,00 | 4,95 (1341,00| 6,24 |348,00| 3,18 | 1494,00| 4,35 | 27,00

12 37,40 913,00 | 4,94 11450,00{ 6,23 | 376,00 | 3,17 [1633,00| 4,39 | 29,40

16 |160| 14 |[16,0| 5,3 43,30 1046,00] 4,92 |1662,00{ 6,20 |431,00| 3,16 |1911,00| 4,47 | 34,00
16 49,10 1175,00( 4,89 |1866,00] 6,17 | 485,00 3,14 |2191,00| 4,55 | 38,50

18 54,80 1299,00] 4,87 |2061,00{ 6,13 |537,00| 3,13 |2472,00| 4,63 | 43,00

20 60,40 1419,00( 4,85 |2248,00] 6,10 | 589,00 3,12 | 2/56,00| 4,70 | 47,40

18 1180 11 160! 53 38,80 1216,00] 5,60 |1933,00{ 7,06 |500,00| 3,59 |2128,00]| 4,85 | 30,50
12 ’ ’ 42,20 1317,00( 5,59 |2093,00] 7,04 | 540,00 3,58 |2324,00| 4,89 | 33,10

12 47,10 1823,00] 6,22 |2896,00( 7,84 | 749,00 | 3,99 |3182,00| 5,37 | 37,00

13 50,90 1961,00| 6,21 |3116,00] 7,83 | 805,00 | 3,98 |3452,00| 5,42 | 39,90

14 54,60 2097,00] 6,20 |3333,00f 7,81 | 861,00 3,97 |3722,00| 5,46 | 42,80

20 [200( 16 |18,0] 6,0 62,00 2363,00( 6,17 |3755,00] 7,78 | 970,00 | 3,96 |4264,00( 5,54 | 48,70
20 76,50 2871,00( 6,12 |4560,00] 7,72 |1182,00] 3,93 | 5355,00( 5,70 | 60,10

25 94,30 3466,00] 6,06 [5494,00( 7,63 [1438,00( 3,91 [6733,00| 5,89 | 74,00

30 111,50  [4020,00] 6,00 |6351,00f 7,55 |1688,00 3,89 | 8130,00| 6,07 | 87,60




98

OkoHYaHHUE

112] 3 4 5 6 7 8 9 10 11 12 13 14 15

29 220 14 210! 70 60,40 2814,00]16,83( 4470,00 [ 8,60 [1159,00] 4,38 [4941,00| 5,93 | 47,40
16 ’ ’ 68,60 3175,00(6,81| 5045,00 | 8,58 [1306,00] 4,36 |5661,00| 6,02 | 53,80
16 78,40 4717,0017,76| 7492,00 | 9,78 [1942,00] 4,98 |8286,00| 6,75 | 61,50
18 87,70 5247,00(7,73| 8337,00 | 9,75 |2158,00] 4,96 |9342,00| 6,83 | 68,90
20 97,00 5765,00]7,71{ 9160,00 [ 9,72 |2370,00] 4,94 [10401,00f 6,91 | 76,10

251250 22 |24,0| 8,0 106,10 |6270,00]7,69] 9961,00 [ 6,69 |2579,00{ 4,93 [11464,00| 7,00 | 83,30
25 119,70 |7006,00(7,65]11125,00] 9,64 |2887,00] 4,91 [13064,00f 7,11 | 94,00
28 133,10 |7717,00]7,61112244,00f 9,59 |3190,00( 4,89 [14674,00{ 7,23 | 104,50
30 142,00 |8177,00]7,59112965,00[ 9,56 |3389,00( 4,89 [15753,00{ 7,31 | 111,40




/8

CraJjib NpoKaTHas YrJIOBasi HEPABHOMOJIOYHAS

\
\
J _ B, b — mmpuna 60bIIeH 1 MEHBIIIEH TTOJIKH;
- | |, | — MOMEHT ¥ paJnyC HHEPIHUH,
—+h— »y Yo, Zo — PACCTOSIHUE OT LIEHTPA TSHKECTU 10 HAPYKHBIX TPAHEH MMOJIOK
8
. M1
x— N =
Lo
8 | plg Iiomann CrnipaBoyHasi BeJIMYMHA /151 OCH Viox
Homep nonepeyHoro Yo | Zo l, | Haksiona
yroJjika CeueHHUS, y-y -2 u-u em | em | em” ocu
2 . .
MM ™ Iy Wy Iy Iz Wz I; Iumax Iv min tga
e’ eM® | em | em | em® | em | em* | oM
1 2 | 3|4 5 6 7 8 9 10 | 11 12 13 | 14 | 15 16 17
412,5 40 |25 4 2,47 3,93 149 |(126| 118 | 063 [069| 0,71 | 0,54 063|137 | 1,22 0,381




88

[Iponokenne

1 2 | 3|4 5 6 7 8 9 10 | 11 12 13 ] 14 | 15 16 17
4528 | 45|28 | 4 2,80 568 | 190 [142| 169 | 080 |0,78| 1,02 |060|0,68|151| 177 | 0379
56/36 | 56 |36 |5 441 1382 | 3,70 |1,77| 448 | 165 [101| 265 |0,/8|088|187| 450 | 0404
6,3/40 | 63 | 40 | 6 5,90 2331 | 558 |199| 729 | 242 |111| 436 (086|0,99|212| 744 | 0,393
7145 70 | 45| 5 5,99 27,16 | 588 |223| 905 | 262 |127| 534 098|105|228| 912 | 0,406
8/5 80 | 50 | 6 7,95 4898 | 9,15 |255| 14,85 | 3,88 | 1,40 | 888 |1,08|117|265| 1550 | 0,386
9/5,6 90 | 56 | 8 11,18 90,87 | 15,24 | 2,85 | 27,08 | 6,39 | 1,56 | 16,29 | 1,21 |136|3,04 | 2833 | 0,380
10/6,3 |100| 63 | 6 9,58 98,29 | 1452 | 3,20 | 30,58 | 6,27 | 1,79| 1820 11,38 |142|323| 31,50 | 0,393
10/6,3 |100| 63 | 8 12,57 126,96 | 19,01 | 3,18 | 39,21 | 8,17 | 1,77 | 23,38 |1,36| 1,50 | 3,32 | 40,50 | 0,391
10/6,3 |100| 63 | 10| 1547 153,95 | 2332 | 3,15| 47,18 | 9,99 [1,75| 28,34 | 1,35| 1,58 | 3,40 | 48,60 | 0,387
117 | 110| 70 13,93 17154 | 23,22 | 351 | 54,64 | 1020198 | 3231 | 152|164 3,61 | 5590 | 0,400
125/8 |125| 80 | 8 15,98 225,62 | 30,27 | 4,00 | 80,95 | 1347|228 | 4882 |1,75/184 |4,05| 84,10 | 0,406
14/9 | 140| 90 | 8 18,00 363,68 | 38,25 | 4,49 | 119,79 17,19 | 2,58 | 70,27 | 1,98 | 2,03 | 4,49 | 121,00 | 0,411
14/9 | 140| 90 (10| 2224 | 44445 4719 |4,47|14554 | 2114|256 | 8551 | 1,96 | 2,12 | 4,58 | 147,00 | 0,409
16/10 |160|100|10| 25,28 666,59 | 61,91 | 5,13 | 204,09 | 26,42 | 2,84 | 121,16 | 2,19 | 2,28 | 5,23 | 213,00 | 0,390
16/10 | 160|100 | 14| 34,72 897,19 | 84,65 | 5,08 | 271,60 | 35,89 | 2,80 | 162,49 | 2,16 | 2,43 | 5,40 | 282,00 | 0,385
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OkoHYaHHUE

1 2 | 3| 4 5 6 7 8 9 10 | 11 12 13 | 14 | 15 16 17
18/11 |180|110| 10 | 28,33 | 952,28 | 78,59 | 5,80 | 276,37 | 32,27 | 3,12 | 165,44 | 2,42 | 2,44 | 5,88 | 295,00 | 0,376
18/11 |180|110| 12 | 33,69 | 112256 | 93,33 | 5,77 | 324,09 | 38,20 | 3,10 | 194,28 | 2,40 | 2,52 | 5,97 | 348,00 | 0,374
20/125 |200|125| 12 | 37,89 | 1568,19 | 116,51 | 6,43 | 481,93 | 49,85 | 3,57 | 285,04 | 2,74 | 2,83 | 6,54 | 503,00 | 0,392
20/12,5 |200|125| 14 | 43,87 | 1800,83 | 134,64 | 6,41 | 550,77 | 57,43 | 3,54 | 326,54 | 2,73 | 2,91 | 6,62 | 575,00 | 0,390
20/125 |200|125| 16 | 49,77 | 2026,08 | 152,41 | 6,38 | 616,66 | 64,83 | 3,52 | 366,99 | 2,72 | 2,99 | 6,71 | 643,00 | 0,388
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Feomempuuecxue xapakmepucmuKu njiioCKux ceueHuil

C o Ilnomans OceBoit MOMeHT | MOMEHT CONPOTHBJICHUSA Pative HHeDLH i, |
eent ceuenusi A unepuuu |y, I, Wy, W, any pumu ly, I;
42
'//.
O ‘/' i b? ly=1, == W, =W, = ~0,118b ly =i, =—=~0,28%
)I///‘ 12 6 12
42
L b* -b! b* —bf b2 4+ P2
= y 2 R 1 = _ _ L + b_l_
e I B e R
wis
4 3 . a
2 —1,=2 _yy, = N2at 3 | iy=i,=—2=~0,289%




T€

IIponomxenne

ILlromann OceBoil MOMEHT MoMeHT COnpoTHBJICHUSA Paauyc unepunu
Ceuenne .
ceyenus A uHepuuu |y, |, Wy, W, Iy, 1
r bh? bh? . __h .
_20 . W, == Iy =——~0,289h;
) =13 G Y12
[I) IZ:—12 WZ :T z J— !
42 3 3
g he _yhd _bhd—p . \/bh by hf
S | ohenn | 0T 2 W=""gn 12(Bh-bihy)’
7 | _b*h-bih w. = DPh—b’hy | hboP—hib?
b z 12 ’ 6b 27\12(bh—b )
nd? nd? nd? B nd? nd3 - _d
7 | bl ey Wy Wem g W =g V=Y
Z ﬂ(d4—d14) n(d4_dl4)
< i) Tt(d _dl) Iy IZ 64 ’ Wy WZ 32d ’ d2+d12
y :- =
4 n(d*-df) n(d -~ y =l 3
I, = W. = !
P 32 -
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IIponomxenne

Cevernte ILnomanb OceBoit MOMEHT MOMEHT CONpPOTHBJICHHS PanuvVe HHEDINH i, i
ceuenusa A naepuuu |y, |, Wy, W, any pi Yz
: W.s =01912r3 =0,0239d3
=V, - = , ’ .
v | rd2 xr2 | 1y=011r*=0007d%; | 7 ; .| i,=0264r=0132d;
% nd® _mr Wy =0,258r% =0,0323d°; _
8 2 |, =0,4r* =0,025d* i, =0,5r =0,25d
=5y W, =0,4r3 =0,05d°
AZ
_bh?, bh?. | . =_N_ <0.236h:
< y bh | bhd | hp3 Wys =777 Wym =757 Y 18
~ —_ =—, = —
27 2 P8 T3 | b bh? oD L0236h
b/3 2l =" A =5 J18
b
zZ
) _bh®, bh?. |, =< 0,.236h;
< Ay bh | _bn® _hb? Wie =g W=7 | V" a8
Y 2 Y736 '*T 48 bh? b
Q _bh” i, =—2_ ~0,204b
| W, =22 N




OKoHYaHHe

€6

IL1omann OceBoil MOMEHT Moment .
Ceuenue A N CONPOTHUBJICHHUSHA Papuyc nnepuun |y, |,
ceueHus P yr Iz Wy, W,
‘Z
4 W _h*(@*+4ab+b?%) .
) ) | PP @ +aab+p%). ® 12(a+2b) i _\/hz(a2+4ab+b2)_
{ a+h, ’ 36(a+b) W _h*(a®+4ab+b?) |’ 18(a+b)’
b 2 | _h(*-a") " 12(2a+b) [
, _h2a+b) 48(b-a) W - h(b*-a*) ’ 24
° 3(a+bh) * 24(b*-Dba)

Ipumeuanus:

1. Wyg, Wy, Wo7, W, 4 — oceBBie MOMEHTBI cOnpoTHBICHHS KpaiiHUX BepxHHUX (B), HmkHuX (H), mpasbix (I7) n

neBbIX (//) BOJOKOH COOTBETCTBEHHO.
2. EquHUIBI U3MEPEHUN BEIIUYWH:

2 _an4 2.
- tomaas ceuenus 4A: M- = 10" ecm”;

- OCEBBIC H MONSAPHBIA MOMeHTHI nHepuu: |y, 12, 1, m? =108 em?;
- 0ceBbIe M MoNsApHbIA MoMeHTh! conpotusienns:. Wy, W, , W, M =10%cm®;

- paanychl HHepLUH: ly, I, M= 102 cm.
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3aBuUCHUMOCTb Mexay Mexanndeckumu eauaunamu CU, CI'C n
BHECHMCTEMHBIMH €IMHULIAMHU

Im =10%cMm

lem =102%Mm

1H =10°xH

1xH =10°H

1 MTa=1 H/Mm?

1 M2 =10%cm?

1 em® =10 m?

1H =10°MH

IMH =10°H

1 kITa=1 kH/m?

1 v =10%cm

lem® =10°%0°

1xH =10°MH

I1MH =103kH

1 MITa=1 MH/Mm?

1 m* =10%cm?

1em® =108 M*

I T =10kH

I kr =10H

1 MH =100T

1 xITa = 10°T1a

1 xITa = 10> MIla

1 MITa = 10°kIIa

1 MITa = 10 kr/cm>

1 kH/cm?=10 MIIa

Tabdauna ko3(pPUIHEHTOB NMPOJI0JIBHOI0 U3rM0a ¢ HEHTPAJIBbHO CXKATHIX 3JIEMECHTOB

Mare- I'nokocTh 4
puaJj 10 20 30 40 50 60 70 80 90 100 | 110 | 120 {130 | 140 | 150 | 160 | 170 | 180
Cr.2,3
099109 ]094]092]089(086)]081}0,75]0,69| 0,60] 0,52]0,45(0,40 | 0,36|0,3210,29| 0,26 0,23
(cTagm)
Hepeso | 0991097]093}|087| 08 }|0,72)061|047]0,37(030]0,25(0,21|0,18| 0,15} 0,130,112 | 0,10] 0,09

3HaueHus ¢ 1 aepesa omnpezenensl B coorBeTcTBuu co CHull 11 —25-80 mo popmynam:

PR
Q= 1_0’8(ﬁj ,ecmu A<70;

41— KOd(PPUIMEHT IPUBEICHUS JUIMHBL, | — IIMHA CTEPXKHS, Imin — MUHUMAJIBHBIN palyCc HHEPIIUU

_ 3000

227

min

|
ecim A>70, roe A = _L— THOKOCTb CTECPIKHS,




G6

3Havenust ko3ppumuenToB a u b, ucnonbzyempix B popmysie @.C. Scunckoro,
JJISI HEKOTOPBIX MaTEePHUAJIOB

(G =a—b-2)
Marepuain a, MIlla b, Milla Anpeo
Crajab 310 1,14 100
JepeBo 40 0,203 70

Anpeo - TIPEICIIBHAS THOKOCTD CTEPIKHSA

MexaHnun4yeckue XapaKTePUCTUKHU MaTEepPHUaJI0B

Cranb ME/Ib Yyryu [epeso
E a 3
) ’ , kH/
MTIa G, MIla 1/rpan ?, KH/Mm E, MIla o, 1/rpan E, Mlla E, Mlla
2,06-10° 8-10* 125-107 78 0,98-10° 165107 1,18-10° 0,98:-10%
0O003HAYCHUSA: G E
2+ v)

E - Moayns ynpyroctu mpu pacTsbKeHUHU; Y - 00beMHBIN Bec; v - Koaddunment [lyaccona;

a - TeMnepaTypHblid KodhPUIMEeHT TuHelHoTo paciuupenus; G - MOJyJb yIPYroCTH MPU CABUTE.




96

SMIOPHI IONEPEYHBIX CUJI Q, U3TMBAIOIIIUX MOMEHTOB M, ITIPOTUBOB V H YI'JIOB IOBOPOTA @

HEKOTOPBIX BAJIOK
F F
- S = 4 "
Z) | s A e A J | "l
Q ! > Q4
Fb/l
G (1= 0
0 )
Fa/l F
O TR o= -
M UGS ¥ e
Fba/l
@ &
T ¢

)
< >
o
o
=0=

4 vV A
ve f
N WWWW§WWWWWW“
Fba
@A_—ﬁ(a'FZb),
_Fa o _oml . m®
oy =P g _F P =gea ! ) TR 2R
2EJ 3EJ
ez _ £ @) a
©T 3E) |

O003HAYEHNSI: @ - YT0JI IOBOPOTA MOMEPEYHOro ceveHus ; V - mporud; f- crpena mpormda (MakcumaabHbIii PoOruo).




