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NNPEAUCJIOBHUE

Comnpotusienne matepuanoB (TexHUUeckass MEXaHHKa) — HayKa O MPOYHOCTH,
KECTKOCTU U YCTOMYMBOCTH OTAEJIbHBIX JIEMEHTOB KOHCTPYKIUH.

Nuxenepy mo00# cieruaibHOCTA YaCTO MPUXOAUTCS MPOU3BOJUTEH PacueThl Ha
IIPOYHOCTh, JKECTKOCTb M YCTOMYMBOCTHb 3JEMEHTOB KOHCTpykKuuil. Camas
HE3HAUMUTEIbHAsA, HA NEPBBIM B3I, OIIMOKA B pacdyeTax MOXKET IOBJIEYb 32 COOOU
OYEHb TSKEJIBIE TMOCIEACTBUS — MPUBECTH KOHCTPYKUHMIO K paspyuieHuto. 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 CaMOCTOsITENIbHAs paboTa CTyI€HTOB—3a0YHUKOB, B TOM YHUCJIE U BBIIIOJHEHHE
UMHU KOHTPOJBbHBIX paboT. B TeueHume Kaxaoro cemecTpa CTYAEHT—3a0YHUK
BBINIOJIHSIET OJHY KOHTPOJBbHYIO pPabOTy, MNPETyCMOTPEHHYIO YYE€OHBIM IIJIaHOM
HaIlpaBJIEHUS OATOTOBKHU.

B oTnnume oT moMamHuX 3adad, Uil peHIeHUs KaKI0M U3 KOTOPBIX OOBIYHO
JOCTAaTOYHO 3HAHUU B OOBEME OJHOW TEMbI, BBIIOJIHEHHE KOHTPOJIBHON pPabOThI
TpeOyeT 3HaHMsI HECKOJIbKUX Pa3/IesioB Kypca.

Eciu mpu pemeHun 3agad M OTBETaX Ha BOINPOCHl I CaMONPOBEPKH
BO3HUKHYT 3aTPyAHEHHUS, CIEIyeT BOCIHOJIb30BAaThCS MMEIOIMIMMUCA B y4eOHUKAX U
y4eOHBIX MMOCOOUSIX YKAa3aHUSIMU 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 NPOEKTUPYEMBIX U HAXOAAIIMXCA B SKCIUTyaTalluy 31aHAN
U COOPYXEHUH, BAXKHO O0ECMEYUTh O0YUYaIOIMMUXCS METOJAUYECKUMH pa3paboTKamH,
HEOOJIBIIMMU TI0O 00bEMY, HO OXBATHIBAIOIIMMH OCHOBHBIE pa3leibl 3HAHUNA B

COOTBETCTBHH C 3a7adyaMu (HOPMHUPOBAHUS Y OOYHAIOIINXCSI HEOOXOUMBIX HABBIKOB
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pacyeToB Ha MPOYHOCTh, JKECTKOCTh U YCTOMYMUBOCTD 3JIEMEHTOB KOHCTPYKIIHUA.

Hacrosimmass wmetomuueckass pa3paboTka TMpeaHa3HaueHa Jjis CTYICHTOB-
3a0YHUKOB, H3YYalOLIMX TOJHBIA Kypc Y4YeOHBIX AUCHUILUIUH «CONpOTHUBICHUE
MarepuasioBy U «TexHuueckas MexaHUKa», B YaCTHOCTH, [JIsi CTYIEHTOB,
oOyuaronuxcs o Hanpasiaenuto 08.03.01 — «CTpouTeabCTBOY.

Meronuueckas pa3paboTKa TMPEACTaBIIET COOOW KpaTKoe H3JI0KEHHE
TEOPETHYECKOr0 Marepuana C CHCTEMAaTH3UPOBAaHHOW NOAOOPKOM 3amady MU uX
pElICHUSIMM TI0 OCHOBHBIM paszjieliaM TIOJIHOTO Kypca Y4eOHBIX TUCUHUILIIUH
«ConpoTuBIeHNE MaTepHAIOB» U « TeXHUYeCKass MEXaHUKa.

Meronnueckas pa3paboTka cOCTOUT M3 ABYX uacteld. IlepBas 4acTb cOmEpKUT
WHJIUBUAYAJIbHBIE JAHHBIE, PAaCUETHBIE CXEMbl M BOMPOCHI JJI CaMOIPOBEPKH K
3ajla4aM, BXOJSIIMM B KOHTPOJIbHYIO paboTy No 1, mpumepnl perieHus 3anad
KOHTPOJIbHOM pa0OThl C OCHOBHBIMU TEOPETUYECKUMH TOJOKEHUSIMH, CIHCOK
PEKOMEHTyeMO JTUTEPATYPHhI MPU MOJATOTOBKE K BHITIOJIHEHUIO paOOTHI.

Bo BTOpOi1 yacTu conepxarcsd WHIWBHUAYaJbHbIC TAHHBIE U PACUETHBIC CXEMBI
3a/lay, BXOMAIIMX B KOHTPOJBHYIO paboTy Ne 2, mpumepsl pemieHus 3ajad
KOHTPOJIBHOHN pabOThl C OCHOBHBIMU TEOPETUUYECKUMHU MOJIOKEHUSIMHU.

Bce 3amaun KOHTpOJBHBIX pPabOT UMEIOT OOJBIIOE YHCIO PaBHBIX IO
TPYAOEMKOCTHA BapHAHTOB, UYTO MO3BOJISIET KAXKIOMY CTYACHTY-3a0YHUKY MOJIY4YaTh

HHAVNBUAYAJIbHBIC NCXOAHBIC JTJaHHBIC.



PA3JIEJI 1. KOHTPOJIbHASA PABOTA
OO0mue MeToANYeCKHE YKA3aHUS 110 BBINOJHEHUIO KOHTPOJIbHOI PpadoThI

e CoxmepxaHue KOHTPOJIBHOM pabOTHI COOONIAETCS TMPEnoaaBaTelieM B
Hauaje ydeOHOro roja (cemecrtpa).

e lcxoanwble JaHHBIE Ui pPEIICHUS 3a7a4 BBHIOMPAIOTCS CTYJIEHTOM U3
Ta0JMI] BApUAHTOB B COOTBETCTBUU C €r0 JHUYHBIM MIKA(PPOM (HOMEPOM 3a4€THOM
KHUKKH).

[udpom cuurtarorcst Tpu nociegHue UUQPPbI, HATPUMED, €CIIM HOMEP 3a4eTHOU
KHIKKU — 27306, To yueOHbIM mudpom Oyaet 306.

Kaxxnmas Tabmuiia BapwaHTOB pasfereHa Ha Tpu dYacTh. [ momydeHwms
MCXOJIHBIX JAHHBIX HEOOXOJMMO BBIMTUCATh U3 TAOJUIIBI TPU CTPOKH: MEpBasi CTPOKa
OoTBeYaeT nepBoil nudpe mudpa; BTopasi CTpoka OTBeUaeT BTOpou (cpeaneit) uudpe;
U TPEThsl CTpOKa — mocienHeut (tperveit) nudpe mudpa. Hanpumep, ajist Homepa
3aueTHOM KHMXKK 27306 mpu pemeHny NepBoi 3aj1auu, COTJIacHO Tad. 1, morydum
CJICTYIOIIe UCXOAHBIC JaHHbIe. a =2,3M; D=3 m; Necxembl—6; C=2,6m;

A =20cm’.

e  Henp3s mpucTymarh K pelieHUo 3a/1a4, He pa300paBIIUCh TOCKOHAILHO TI0
y4eOHMKaM B TEOPHUH, CBSI3aHHOM C BBINOJHEHHWEM KOHTpOJIbHOM paboThl. [locne
M3Y4YeHUs KaXJOW TEMbl Haao 00s3aTeTbHO OTBETUTh HAa BOMPOCHl  JJIA
CaMOTMPOBEPKH — ITO CIIOCOOCTBYET JIYUIIIEMY YCBOCHHUIO TPOUIEHHOTO MaTepHalia.

e [lepen pemenueM KaxaoW 3amayvl HEOOXOJAMMO BBIMHCATH MOJHOCTHIO €€
YCJIIOBHE C YHUCJIOBBIMU JIaHHBIMH, COCTAaBUThb aKKypaTHBIM ACKHU3 B MacimTade u
yKa3aTh Ha HEM B YHCJIaX BCE BETUYUHBI, HEOOXOAUMBIE JUISI pacyeTa.

e  Bce pacdeTsl HEOOXOIUMO BECTH OYCHBb YETKO M aKKypaTHO, C MPEACTbHON
BHUMATEJIbHOCTHIO, CHaYasa B 00IIeM BUJIE, 3aTEM B YHCIIaX.

e HeoOxommMo  WCMONB30BaTh  BCE  CPEACTBA  JUIsl  CAMOKOHTPOJIS
MPaBUJILHOCTH BBITTOJIHCHHOW YacTH paboThl. Takue BO3MOXKHOCTH, KaK IPABHIIO,
MMEIOTCS Ha KaXKJI0M dTalle pacuera.

e  PemieHne T0KHO COMPOBOXKAATHCS OOBSICHEHUSIMU U YEPTEIKAMHU.

e Pacuer Ha Bcex €ro sTarnax HaJio COMPOBOXKAATh HEOOXOIUMBIMU CXEMaMU,
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pUCYHKaMH U Tpadukamu (IOCTPOSHHEM JITIOP), BHIMOJIHEHHBIMU C 00s3aTelbHBIM
co0JIt0/IeHeM MacITaboB.

I'paduueckoe odopmiieHue NOMOraeT He TOJBKO IPOU3BECTU pacuer, HO U
o0Jjieryaer €ro MpocMOTp C UEJIbI0 O3HAKOMJIEHUS C HHUM WIHM JUIsI KOHTPOJIA
IPaBUJILHOCTH BBIIIOJTHEHHOIO ATana paboThl.

e  Bce BBIYMCIIEHHS, KaK IPABUIIO, TIOCTaTOYHO IIPOU3BOANUTH C TOYHOCTBIO 10
TpeThel 3HavaIe mudpel.

e  YucroBoii BapuaHT KOHTPOJIBHON pabOThI MPEABABISAETCS K 3aIIUTE B BUC
aKKypaTHO O(OpPMIIEHHON U COpOIIIOPOBAHHOMN IMOSICHUTEIBbHOW 3alMCKU Ha JIMCTaX
¢dopmata A 4 ¢ TUTYJIBHBIM JTUCTOM, HCXOJHBIMU JAHHBIMH, BCEMU HEOOXOIUMBIMU
pacyeTamu, CXeMaMHU U YepTEKaAMU.

e Ha rturynbHOM JHMCTE KOHTPOJIBHON pabOThl JOJDKHBI OBITH YETKO
HallMCaHbl: Ha3BaHWE JUCLUMIUIMHBI, (QamMuius, HMs M OTYECTBO CTYACHTA,
HAaMMEHOBAHHUE HANpPAaBJICHUS (CHNEUUATIBbHOCTH) M MPOPUIb MOATOTOBKU, y4EOHBIM
mudp ¥ TOYHBINA TOYTOBBIN ajpec.

e Jlocne npoBepKH KOHTPOJIBHOW PabOThI CTYAEHT JI0KEH UCTIPABUTh B HEH
OTMEUYEHHBIE OIIMOKH U BBITIOJIHUTH BCE C/IETTAHHBIE €My YKa3aHMUS.

WcnpaBnenuss JODKHBI  OBITh  BJIOKEHBI B COOTBETCTBYIOLME MecTa
peLeH3UPOBAHHON PaOOTHI.

e [locne 3ammThl KOHTpOJbHas paboTa CKAHUPYETCS U €€ DJIEKTPOHHBIM

BapHUAHT BMECTE C OPUTHUHAJIOM CAACTCs Ha Kadeapy.



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

2.1. 3BAJAYA Ne 1. PACYHET HEHTPAJIBHO PACTSHYTBIX (CKATbBIX)
CTEPXXHEN HA TIPOYHOCTH

AOCOJIIOTHO KeCTKMH OpyC NPHUKpPeEIUIeH K TPeM CTepPKHAM NPH MOMOIIH
HapHUpPOB (TadJ1. 2).

TpeOyercs:
1. Omnpenenuts ycuiaus B CTEPAKHSX, BbIpAa3UB UX uepes3 cuity F.
2. Haiitn nomyckaemyro Harpy3ky [F], mpuHsB nomyckaemoe HOpMajabHOE

Hanpsoxenue Ha cxatue [o,] = 160MIla, a na pactsxenue — [o,] = 100MIla.
3. OnpenenuTs HAPsHDKEHUS B CTEPKHAX, TpuHsaB F = [F].
HcxonHble naHHble Uil peuieHusl 3adadyd BblOpaTh U3 Tadauubl 1 B

COOTBCTCTBUH C JIMYHBIM I]II/I(l)pOM.

Tao6auma 1
I/ICXOIleIe JaHHbIE

IlepBas Bropasn Tperbs

uudpa a, uudpa b, uudpa A, C,

mudpa M mudppa M mudpa em? M

(Ne cxembI)

1 2,1 1 2,1 1 10 2,1
2 2,2 2 2,2 2 12 2,2
3 2,3 3 2,3 3 14 2,3
4 2,4 4 2,4 4 16 2,4
5 2,5 5 2,5 5 18 2,5
6 2,6 6 2,6 6 20 2,6
7 2,7 7 2,7 7 22 2,7
8 2,8 8 2,8 8 24 2,8
9 2,9 9 2,9 9 26 2,9
0 3,0 0 3,0 0 28 3,0




Taoaumna 2
CxeMa 3a1a4m

@ m=Fa

<—b—>L—C+l<—av'<—a—>|
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Oxonuanue Ta0J1. 2

J
V//ll/Ill/lll/Ill/Ill/Il//Il/.ll/l/Ill/I/l/Ill//ll/Ill/lll/Ill/Ill/Il//Ill/I/l/Ill/I/l/Ill//ll/Ill/Ill/Ill/Ill/Il//Ill/I/lA
A

2A

'« d
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2.2. 3AJIAYA Ne 2. TEOMETPHYECKHUE XAPAKTEPUCTHUKHU IIVIOCKUX
OUT'YP

J1s1 3aJaHHOTO CJI0KHOTO TMONEPEeYHOro0 CedYeHHs, COCTOSIEero M3 JBYX
3JIeMeHTOB (TalJ1. 2), Tpedyercs:
1. Beimucath (BBIYUCIUTH) [JI 3JIEMEHTOB, BXOJSIIUX B COCTAB CIIOXHOTO

MOTIEPEYHOT0 CEUEHUsI, UICXO/IHBIE TAHHBIEC U3 CIIPABOYHBIX TAOIHI] (COPTAMEHTOB).

2. Ompenenuth TMOJIOKEHHE LEHTpAa TSHKECTH  3aJIaHHOTO  CIIOKHOTO
MOTEepPEYHOro ceueHus. [locTpouTs mpon3BOIbHBIC IEHTPATBHBIC OCH.

3. Hailftu BenuMYMHBI OCEBBIX U IEHTPOOESKHOTO MOMEHTOB HHEPLUHU
3aJJAHHOTO CJIOYKHOTO TOMIEPEYHOT0 CEYCHHSI OTHOCUTEIIBHO IIEHTPAIbHBIX OCEH.

4. OmpenenuTs HampaBlICHUE TTABHBIX IEHTPAIBHBIX OCEH.

5. Haiitu BenMuMHBI OCEBBIX MOMEHTOB MHEPIMHM 33JaHHOTO CJIOXHOTO
MOTIEPEYHOTO CEUYCHUSI OTHOCUTENIBHO TIaBHBIX IIEHTPAIBHBIX OCEH.

6. BoruepTuTh 3a7aHHOE CIOXHOE MOMEPEYHOE CEYCHHE B MaciiTabe Ha
MUJIMMETPOBKe popmata A4 1 yKa3aTh Bce pa3Mepbl B UUCIaxX U BCE OCH.

Hcxomnple naHHBIC [Js pEIIeHUs 3aJadd  BbIOpaTh u3 Tabdaumbl 1 B

COOTBCTCTBUH C JIMYHBIM I]II/I(l)pOM.

Tab6auna 1
HcxoaHble JaHHBIE
IlepBas Bropast Tperps
uudpa P Isene uuppa IlnacTtuna | PaBHONOJIOYHBINH
AByraBp | uugpa
mudpa p mudpa MM X MM YroJIOK
mmppa (Ne cxembr)
1 2 3 4 ) 6 7
12 1 16 1 120x12 80x80x6

2 14 2 16a 2 140x14 80x80x8

3 16 3 18 3 160x16 90x90x6

4 18 4 18a 4 180x18 90x90x7
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Oxonyanue T20J1. 1

1 2 4 5 6 7
20 20 5 200x20 90x90x8
6 20a 20a 6 220x22 100x100x8
7 22 22 7 240x24 100x100x10
8 22a 22a 8 260x26 100x100x12
9 24 24 9 280x28 125x125x10
0 24a 24a 0 300x30 125x125x12
Taoauma 2

Cxema nmomnepe4yHoOro ce4yeHust

‘\\\\\\\\\\mmm..\
R
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2.3. 3ATAYA Ne 3. KPYUEHUE CTEPXKHEM KPYIJIOTO
ITOIIEPEYHOI'O CEYEHUA

K cranbHOMYy Bajly NPHJIOKEHBI TPH M3BECTHBIX MOMeHTa M, M, M;
(Tada. 2).
TpeOyercs:
1. VY CTaHOBUTH MpU KAaKOM 3HAYEHHWH CKPYYHMBAIOLIErO0 MOMEHTa X yroi

ITOBOPOTA IIPABOI'0 KOHICBOI'O CCUCHUA PaBCH HYIJIHO.

2. JUig HailleHHOro 3Ha4YyeHUs MOMEHTa X MOCTPOUTH JIIOPY KPYTALIUX
MOMEHTOB.
3. [Ipu 3a1aHHOM 3HAYEHHH JOIYCKAEMOI'0 KacaTeabHOrO HanpsLKeHus [7]

OTIpENICNIUTh JUaMeTp Bajla M3 pacdyeTa Ha IMPOYHOCTh MU OKPYIIUTH €ro Jo
OyrKaiiineit 6oJblel BeITMIMHBI, COOTBeTCTBeHHO paBHoM 30, 35, 40, 45, 50, 60, 70,

80, 90,100 mm.

4. [TocTpouTh 3MI0PY YIJIOB 3aKPYYMBAHMSL.
S. Hailitn HanOonbIIMii OTHOCHUTENBHBIN yron 3akpyuuBaHus (Ha 1 metp
JUTUHBI ).

Hcxoonvie oannvie 0na pewenus 3adauu eviopamv u3z maoauuvt 1 6

coomeemcmeuu C JiUdUHbIM mm[)pom.

Taoauna 1
HcxoaHble JaHHBIE

R e @ My, ¥ e © R e ® E
==) = 5 E = g xkHm M ﬁ' = g 2 kHm M MlIla
1 2 4 5 6 7 8 9 10
1 1,1 1,1 1 1,1 1,1 1 1,1 1,1 35
2 1,2 1,2 2 1,2 1,2 2 1,2 1,2 40
3 1,3 1,3 3 1,3 1,3 3 1,3 1,3 45
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Oxonuyanue T20J1. 1

2 3 4 5 6 7 8 9 10
1,4 1,4 4 1,4 1,4 4 1,4 1,4 50
1,5 15 5 1,5 15 5 15 15 55
1,6 1,6 6 1,6 1,6 6 1,6 1,6 60
1,7 1,7 7 1,7 1,7 7 1,7 1,7 65
1,8 1,8 8 1,8 1,8 8 1,8 1,8 70
19 19 9 19 19 9 19 19 75
2,0 2,0 0 2,0 2,0 0 2,0 2,0 80

Tadauma 2
Cxema 3agauu
M, M, M, X @ M, M, M, X

( 0 | )
|<—a—J<—b—>|<—C—>I<—a—>I |<—a—J<—b—>|<—c»|<—a—>|

M, M, M, @ M, M, M, X

( l ( )

M, M, M, (o) M, M, M, X

( () ¢ |

\J
|<—a—J<—b—>|<—c->|<—a—>| |<—a—>l<—b—>|<—c—>l<—a—>|
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OxoHuyanue Ta0J1. 2

M, M, My X M, M, M3
( ) |
|<—a—>l<—b—>l<—C—>|<—a—>I |<—a—J<—b—>|+c—>|+a

Q <

—
—

‘-

M, M, M; X @ M, M, M; X

( 0 |( |
|<—a—J<—b—>l<—C—>l<—a—>I |<—a—J<—b—>|<—C—>|<—a—>|
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2.4.3ATAYA Ne 4. PACUET BAJIOK HA TIPOYHOCTD

Jlyist 3aIaHHBIX IBYX PACUEeTHBIX cxeM 0ayIoK (Ta0J1. 2) Tpedyercs:

1. OnpenenuTs ONOPHBIEC PEAKIIUU.

2. JIns Kaaoro ydacTka OaJIkh COCTaBUTh BhIpaKeHHs morepeuHbix cuil (Q)
u m3rudaromux MoMeHTOB(M). [ToCTpOUTH UX 3IFOPHI.

3. Cphenatb MNpPOBEpPKHM NPABWIBHOCTU TOCTPOCHHBIX JIIOP BHYTPEHHUX
CUJIOBBIX (paKTOPOB ISl OATIKH.

4. Onpenenutrh ONACHbIE CEYEHUs OalKU MO HOPMAJIBHBIM U KacaTeIbHBIM
HaANPSDKCHUSIM.

5. W3 ycnoBus NOpPOYHOCTH MO METOAY JOIMYCKAEMBIX HOPMAJIbHBIX
HaNpsDKEHUH Tpy U3ruode mosooparts:

a) Uil cXeMbl (@) NEpPEeBSHHYIO OalIky KpYIJIOTO IOMNEPEYHOro CEueHus,
MIPUHAB JAOIyCKaeMoe HOpMasbHOE Hanpsbkenue [o] = 10MI1la;

0) A cxeMbl (0) crajdbHyr0 Oanky JABYTaBPOBOIO IOMEPEYHOIO CEUEHHS,
MPUHSB JOMyCKaeMoe HopMaibHOe Hamnpsbkenue [o] = 160MIla.

6. IlpoBepuTh TPOYHOCTH TOMOOpPaHHBIX OaJOK MO  HOPMAaIbHBIM
HaIPSDKEHUSAM 10 METOY TOITyCKAE€MBbIX HAIIPSYKEHUN.

/. ITpoBepuTh IPOYHOCTH MOAOOPAHHBIX OAJOK MO KAacaTEIbHBIM HAMPSKEHUAM
0 METO/AY JOINYyCKAeMbIX HAINPSDKEHUH, TPUHSAB IS CXeMbl (@) JoIycKaeMoe
KacarejabHoe HanpspkeHue [T] = 2MIla, a niis cxeMsbl (0) TomycKaeMoe KacaTelIbHOES
Hanpsbkenue [z] = 0,6 - [a].

8. Jns omacHbIX cedyeHWil OajgoK MOCTPOUTH BMHIOPhl HOPMAJBHBIX U

KaCaTCJIbHBIX HaHpﬂ)KeHI/Iﬁ I1O BBICOTC ITOIICPCUHOT'O CCUCHMUA.

Hcxoonvie oannvie 0na pewenus 3adaqu eviopamv u3 maodauuvt 1 6
COOmMeEemcmeuu ¢ TUYHbIM Wuppom.
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Taoauna 1

Hcxoanble JaHHBIE

< ] [
& & g _ 3
EE | m | R EEl R L, | 2| EEE| 4 | €
% < kHm : l; = S <H ' I, =S5 wH/m L
2 F M 2 B M =i 2
(=) o w z
= & =
1 2 3 4 5 6 7 8 9 10 11
1 10 1,1 0,3 1 3 10| 0,3 1 3 0,6
2 11 1,2 0,4 2 4 15| 04 2 4 0,5
3 12 1,3 0,5 3 5 20| 05 3 5 0,4
4 13 1,4 0,6 4 6 25| 0,6 4 6 0,3
5 14 1,5 0,7 5 7 | 30| 0,7 5 7 0,2
6 15 1,1 0,7 6 8 1,0 | 0,7 6 8 0,7
7 16 1,2 0,6 7 9 15| 0,6 7 9 0,6
8 17 1,3 0,5 8 10 | 20| 0,5 8 10 0,5
9 18 1,4 0,4 9 11 | 25| 04 9 11 0,4
0 19 1,5 0,3 0 12 | 3,0 | 0,3 0 12 0,3
Taoauna 2
PacueTrHbIe cxeMbI 0aJI0K
s U d m
@ T g I
< | — —r>e—
1 e P TR
| 0
9 RRRRTTEY! @) 4 ﬂmwu
<_ a_lp _& L S
< |, —» e
' L ,—
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PA3JIEJI 3. OCHOBHBIE TEOPETHYECKHUE INOJOKEHUSA U ITIPUMEPBI
PEIIEHUS 3AJTAY KOHTPOJIbHOM PABOTHI

3.1. TEMA 1. HEHTPAJIBHOE PACTA’) KEHUE U C)KATUE

3.1.1. OCHOBHBIE TEOPETUYECKUE ITOJOXEHUSA
LenTpasibHOE (0OCeBOE) pacTAKEeHUE U CiKaTHE

IIpoxoJibHbIE CHJIBI M MX ONIPeieIeHne
Onpeodenenue. 1leHTpaIbHBIM PACTIKEHUEM (CoKaTHEM) HA3bIBAIOT TaKOW BHUJT

nepopmanuu Opyca, Ipyu KOTOPOM B €ro MOMEPEUYHBIX CEYEHUSIX BO3HUKAIOT TOJIBKO
npozpoibHble cuiabl N, a Bce mpoune BHyTpeHHHE cunoBble (hakTopsl (Q, My, u M,,)
PaBHBI HYJIIO.

[Ipu neHTpaTbHOM PACTSHKEHUM WM CKATUU IPsIMOro Opyca BCE €ro BOJIOKHA,
PAacIOJIOKEHHBIE BJIOJIb T€OMETPUUYECKONW OCH, IOIY4aroT OJMHAKOBOE YIUIMHEHHE
WM YKOPOUYEHHE.

Onpedenenue. CeueHusi Opyca, KOTOpPbIE PACIOJOXKEHBI B IUIOCKOCTSX,

MEPICHIUKYIISIPHBIX K F€OMETPUYECKOM OCH CTEPXHsS, HA3bIBAIOTCS MONEPECYHBIMHU
CEUYECHUSMU.
Onpeodenenue. IlpononbHast cuna N B IpPOU3BOJIBHOM IONEPEYHOM CEUEHUU

CTEp)KHSI YHCJIEHHO paBHAa alreOpandeckol CyMMe IMPOCKIHMK Ha T'€OMETPHUUYECKYIO
OCh CTEpXHS BCE€X BHEIIHUX CHJ, MPWIOKEHHBIX IO OJHY CTOPOHY OT
paccMaTprUBaEeMoOro CEYCHHUS.

lIpasuno 3naxkoe. Ecnu mnpomonbHas cusa N BBIBBIBAET PaCTSKEHUE

(YmivHEeHue) CTep’KHS OTHOCUTENIBHO IMPOBEJEHHOIO CEYEHHs, TO OHAa CUMUTAIOTCA
MOJIOKUTENBHOM, a €CJIM OHA BBI3BIBAET CKATUE (YKOPOUEHHUE) — OTPULIATEIBHOM.
nm0pbl NPoA0JbLHBIX cu. IIpaBuiia ux nocrpoeHus

JUist vicciienoBaHusl HAMPSHKEHHOTO COCTOSIHUA Opyca HeoOXOAMMO 3HaTh, Kak
U3MEHAIOTCS TpoaosbHble cuibl N 1o ero jyuHe. Pe3ynbrar nccienoBaHusi 3aKOHa
pacnpeziesieHusi MPOJOJIbHBIX CUJI MO JJMHE Opyca MOXHO TNpPEACTaBUTh B BHUJE
rpaduka, Ha3pIBAEMOI'0 MIOPOI MPOAOIBHBIX CHII.

Onpeoenenue. T'paduk, wu300paxaromuii 3akoH u3MeHeHHs N BHOJb

r€OMETPUYECKON OCH CTEPKHSI, Ha3bIBAETCS DIIOPOU MPOOJIBHBIX CHJL.

Opounamsl  3moil  5niopbl  NPeOCmasisiom codol YUCIeHHble 3HAYeHUs.
npoodoavubix cun N 6 coomeemcmeyowux ceueHusx cmepicHsi.

[Ipu moctpoenun smtopbl N peKOMEHIyeTcsl CIEeIyIoUUuid 00Ul MOPSI0K
JICUCTBUU:

1. OmnpenensieM onopHbIE peaKUU U3 YPABHEHUN PABHOBECHS (CTATUKH).

2. Pa30uBaeMm pacueTHYIO CXeMY CTEPKHs Ha y4aCTKH.
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3. Ilpumensis MEeTOJ CeYEHUM, MBICIEHHO MPOBOJAMM MOMEPEYHOE CEYEHHUE B
Ipejeiax pacCMaTpUBAaEMOr0 y4acTKa, KOTOPO€E pa30UBAET CTEPKEHD HA JIBE YACTH.

BriOupaem Ty 4YacTh CTEp)KHSA, Ha KOTOPYIO JEHCTBYET HAaWMEHbBIIEE YHUCIIO
M3BECTHBIX Harpy3ok. Jlus omnpeneneHrns BHYTPEHHEIO YCWIHS B CEUCHHUH
COBEPILIEHHO 0€3pa3INvHO, KaKyl0 YaCcTh CTEP)KHS pacCMaTpPUBATh.

4. CocraBisieM BblpaxeHus (ypaBHEHUS), TOKA3bIBAIOIINE 3aKOH U3MEHEHUS
npojosibHoM cuiabl N B mpenenax paccMarpuBaeMmoro ydactka. Ilpu stom
PYKOBOJCTBYEMCSl ONpEIEICHUEM BHYTPEHHETO CHUJIOBOTO (DakTopa M MPaBHIOM
3HAKOB.

5. Ilo 5TuM BbIpaK€HUSIM BBIYHUCIISIEM YHCICHHBIC 3HAYEHUS TTPOJIOTBHBIX CUIT
B XapaKTEPHBIX CEUCHUIX y4acTKa (Ha ero rpaHuiiax).

6. Ilo mosydeHHBIM YHCIEHHBIM 3HAYCHHUSIM NPOAOIBHBIX cuil N cTpoum
smiopy (rpaduk) STOro BHYTPEHHETO YCHIIUS.

Onopa BHYTPEHHETO YCWIMS CTPOMTCS Ha OTAENbHOW JIMHUK (Oa3ucHOM
MPsIMOiT), apajieTbHON TreOMETPUUECKOU OCH CTEPIKHS.

Ha mnone »smiopsl Mexay rpadukoM U 0a3MCHOM NPsIMOM CTaBUTCS 3HAK
BHYTPEHHETO YCWIHS U TPOBOJSITCS OPJINHATBHI.

/. JlemaeM mNpoOBEpKHM MPAaBHIBHOCTU IOCTPOECHHON SIIOPbl BHYTPEHHETO
cuiIoBoro (paxropa.

8. OrMeyaeMm OMacHOE CEYEHHE CTEP)KHS, TJe JCHCTBYET MAaKCHMAallbHOE
(Haubosbiiee) 1Mo abCOMOTHON BEIMUUHE 3HAUCHHUE MPOA0TIBHOM cuiibl N.

OmnpenesreHue HOPMAJIbHBIX HANIPSKEHUI B IONIEPEYHOM CeYeHHH Opyca

[TockoJIbKY B TONEPEYHBIX CEUCHUSX CTEPHKHSA NMPHU LIEHTPAIBHOM PaCTSKEHHUU
(cokaTHM) BO3HUKAET TOJBKO MPOAOJbHAS CHJIA, €CTECTBEHHO MPEANOJIOKHUTh, YTO
KacaTellbHbIE COCTaBIISIONIME HaMpsiKeHUsT OyAayT OTCYTCTBOBaTh, a IIOJHOE
HaIpsHKEHUE B CEYEHUH OyeT paBHO HOPMAJIbHOMY HAIPSKEHUIO.

HopmasibHOE HamnpspkeHHE B IONEPEYHOM CEUYEHHHM CTEP)KHS IPU  €ro
LEHTPAJIbHOM PACTSHKEHUM (COKaTUH) omnpeenseTcs no Gpopmyre

=7 3.1)

3HaK HaANpsKEHUS 3aBUCUT OT 3HAKa MPOJIOJBHON CUJIBI B paccMaTpUBaEMOM
CEUYEHUU CTEPIKHA.

HDG@M]ZO 3HaKkos. B ClIy4dac pacCTsAKCHHA HOPMAJBbHBIC HAIPSXKCHUA CUUTAIOTCA

ITOJIOKUTEIIbHBIMM.

Kak noxa3biBaeT ONBIT, HOPMAJIBHBIE HANPSIKEHUS PACHPENEIEHBI 10 BCEMY
CEUEHHI0O PAaBHOMEPHO, €CJIM BOJM3M 3TOTO CEUEHUsT HET TOYEK MPUIIOKEHUS
BHEILIHUX CHJI WM KaKUX — TO T€OMETPUUECKUX OCOOCHHOCTEN. DTO MPEANOI0KEHHUE

cootBeTcTBYeT npuHuny Cexn — Benana.
21



Onpedenenue. OCOOEHHOCTH TPUIIOKEHHS BHEUIHUX CHJI K PACTSAHYTOMY

CTEP)KHIO TPOSIBISIFOTCS, KaK IPaBUJIO, HA PACCTOSHUSX, HE MPEBBIIAIOIINX
XapaKTEPHBIX pa3MePOB nomnepeuHoro ceueHus /mpuHiun Cen — Benana/.
IIpoaoJsibHbIE U MONIEepeYHbIe AedopManuun
PaccMoTpuM cTepikeHb JIMHOM |, pacTAruBaeMblii IPOJOILHOM BHEIIHEH CUIION
F (puc. 3.1).

Puc. 3.1
[Tocne HarpykeHus JJIMHA CTEPKHS YBEJIMYUTCSA U CTaHeT paBHOU | + Al.
Benmuunny Al Ha3pIBalOT aOCOTIOTHBIM YIJTUHECHUEM CTEPIKHS.
MBI cuMTaeM HaNpsHKEHHOE COCTOSIHHE B CTEPXKHE OJHOPOJHBIM, MPU 3TOM

OTHOCHUTENbHAsA JAedopmaius € BIOJIb OCHU CTEP>KHS OCTAaeTCAd OJHOM M TOM XKe,

paBHOM CBOEMY CpeIHEMY 3HAUYCHUIO 110 JTHHE |

Al
&= T (3.2)

Onpedeﬂeﬂue. OtHomieHne aOCOJFOTHOTO YIJIMHCHUA  CTCPIKHA K €TI0

MEpBOHAYAIILHOM JYIMHE HA3bIBAE€TCA OTHOCUTEIbHBIM YAJIMHEHUEM CTEPKHSA €.

JI71s1 OTHOPOJIHOTO HAMPSKEHHOTO COCTOSIHUSI €CTECTBEHHO MPEIOI0XKUTh, YTO
BCE MPOJOJbHBIE BOJIOKHA CTEP)KHSI PACTITUBAIOTCS OJMHAKOBBIM 00pa3oM, TO €CTb
CripaBe/lJiMBa runore3a bepHysum (rumnoresa miIOCKUX CEUeHU ).

Onpeodenenue. Tlonepednble CEUCHHsI CTEPKHS, IJIOCKME M HOPMaJbHBIE K €ro

reOMETPUYECKON ocu 110 AedopMalliu, OCTAIOTCS IUIOCKUMU U HOPMAJIbHBIMU K €0
ocu u niocie nedopmaruu /runore3a bepaymmm/.

Kak moka3bpIBaeT ONBIT NpHU LEHTPATBHOM PACTSKEHUU (CxKaTuu) AedopMarvu
BO3HHMKAIOT HE TOJIBKO B MPOAOJBHOM, HO M B IONEPEYHOM HAMPABICHUHU. IJTO
NPUBOAUT K TOMY, 4YTO TOJ HArpy3Koll pa3Mepbl TIONEPEYHBIX CEUYEHUMU
yMeHbInaTes (yBenuuuBaroTcs). CBsi3b MOMEPEUHbIX M MPOJOJBHBIX Aepopmariuii

MOXET OBITh 3alKcaHa B BUJIC
gnonep —H 'gnpoo ) (3-3)
rje
L — Oe3pa3MepHbIi KOIPHUIIMEHT, KOTOPHIA Ha3bIBaeTCAd KOI(PHUIIMEHTOM
IlyaccoHna.

Eeo 3nauenus nescam 6 npeoenax 0,25 + 0,35. Teopemuuecku, 1 <0,5.
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3akoH 'yka npu oceBOM pacTsizZKeHUH U CKATHH
CBsi3p MeXAy HalpsDKeHHeM M jaedopmanueil CTep)KHS NpU LEHTPATbHOM
pacTshkeHuu (CcxaTuu) JaeT 3akoH ['yka, KOTOphIii B ciy4ae OJHOOCHOTO
HANPSDKEHHOTO COCTOSHUSA MMPUHUMAET 0CO00 MPOCTOM BU/T

¢ = E°¢. (3.4)

Onpedenenue. 1lpu 1EeHTpaIbHOM pACTSKEHUM (CXKATUM) HOPMaJIbHOE

HaNpsDKEHUE MPSIMO MPOMOPIIMOHATIEHO OTHOCUTEIBHOMY YIJMHEHHUIO (3aK0H ['yKa).

Koaddumuent nponoprmonanpHoctu E, wnm moxyns HOHra, ompenemsiercs
HKCIIEPUMEHTAJIbHO, HA OCHOBE OMBITOB HA PACTSDKEHUE CHEIUAIbHBIX 00pa3IoB U3
pazauuHbiXx MatepuaioB. (s ctanu E =200 I'lla; nns mopamomunus E =72 I'lla;
misvenu E =120 I'Mlan 1. 11.).

3akoH ['yka cobmomaercs B ciiydae Tak Ha3bIBaeMbIX Majbix nedopmaruit. s
KOHEYHBIX Je(OpMaLMi CBS3b C HANIPSIKEHUSIMU [IEPECTAET ObITh JIMHEHHOM.

®opmyny 3akoHa ['yka (3.4) mMoxkHO mpeoOpa3oBaTh, BBIPA3HB HOPMAaJIbHOE
HalnpspKeHUE 1o ypaBHEHHIO (3.1), a oTHOCUTENBHOE yITTMHEeHHE — o Gopmyre (3.2).

B pesynbrare noayuum

N-1
| =—.
4 E-A

Ilo smoii popmyne ModHCHO BLIYUCTAMb BETUYUHY NOJTHO20 (00We20) YOIUHeHUs

(3.5)

CMEPIHCHSA 8 Npedesax paccmampusaemo2o yuacmia.

Ecnu HanpshKeHHOE COCTOSHUE 1O JUIMHE CTEP)KHS HE SBISETCS OTHOPOIHBIM,
TO 00IIee YIITMHEHUE MOXKET ObITh HAWJICHO KaK MHTETpalbHAs CyMMa YIJIMHEHHIA 10
OECKOHEYHO MaJIbIM y4acTKaM JITHHOHN dX

I N
Al = 0—-dx
E-A

[Tocnenueii dhopmysoil MONB3YIOTCA B T€X CiIydasX, Korja kKakas — Jju0o u3

BesnuuH N, E nnu A He mocTtosiHHA 1O IJTMHE CTEPIKHSL.

Onpeodenenue. Tlpoussenenne E-A (monmynst HOHra Ha miomajas MONEpPEUHOTO

CEUCHHsI) HA3bIBACTCA IKECTKOCTBHIO CTEP)KHA TMPHU LEHTPATbHOM PaCTSDKEHUH
(cxatun).
OcCHOBHbIE XapaKTEPUCTUKH MEXaHNYECKHX CBOHCTB MaTepHUAaJIOB
U X ONBITHOE U3Y4YeHHe

MexaHn4yeckue XapaKTepUCTHKU MaTepuaia ONpPEIENSIFOTCS MyTeM UCTBITaHUS
CTaHJIapPTHBIX 00pa31ioB. OCHOBHBIM BUOM HMCTIBITAHUN CTANU SIBJISIETCS PACTSKEHUE
CTaHJIAPTHBIX KPYTJIBIX WU TUIOCKUX 00pa3IloB, ISl KOTOPHIX CTPOSTCS AHATrPAMMBbI
pacTshkeHHs B KOOpAnWHaTax: cuiia — abcomotHoe yumnenue /F =T (4l) /.

st onpeneneHus: O0OOOLIEHHBIX MEXAHMYECKUX XapaKTepUCTUK Marepuania
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CTPOSIT AMAarpaMMbl HaNpsOKEHHUS B KOOPAMHATAX: HANpPSHKEHHE — OTHOCHTEIbHAS
nedpopmanus /o = f (g) /.

HuarpamMmma HanpsbkeHust Majoyriiepoauctod cranmu BCr.3, oOnamaromieit
BBICOKMMH IIJIACTUYECKMMHU CBOWCTBAMH U IIMPOKO MPUMEHSIEMOI B CTPOUTEIIHCTBE,
umeeT Buj (puc. 3.2)

Chyn
4 Chaay B
'y
T

— f:rm[.':rg:l
x

o 4 My M
W—Eoam— Sy —

Puc. 3.2

Ha otpe3ke OA 3aBUCUMOCTb MEXKIY HANPSHKEHUAMH W JAePOpMalUsIMU
ABJISIETCA JIMHEUHOM.
Onpedenenue. HanpskeHue o,,, COOTBETCTBYIOLIEE TOUKe A Ha Auarpamme

HANPSKEHUS, Ha3bIBACTCS MPEIEIIOM HPONOPLIMOHATIBHOCTH.

Ha otpe3ke AB nuHelHash 3aBUCMMOCTh HApyIIAETCs, HO IIPU pPas3rpyske
oOpasiia BO3HUKIIUE JePOopMallii UCUYE3AI0T.

Onpeoenenue. HampskeHue oy, COOTBETCTBYIOIIEEe TOYKe B Ha auarpamme

HaIPSDKEHUS, HA3bIBAETCS MIPEEIIOM YIIPYTOCTH.
[IpakTideckn Tropu3oHTAIbHBIM OTpe3ok CD  Ha3piBaeTcs  IUIOMIAIKOMN
TEKYUYECTH.
Onpedenenue. Hanpsixenue o, , cCOOTBeTCTBYIOllee Touke D Ha aumarpamme

HANPSKEHKS, Ha3bIBACTCS MPEICIIOM TEKYUYECTH.

[Ipy HanpsHKEHUSAX, paBHBIX MPENENy TEKYYECTH, B MAJIOYIJIEPOIUCTBIX CTANSAX
pa3BUBAIOTCS  IUIacTUYeCKue  aedopmariii, CBSI3aHHBIE C  HEOOpaTUMBIMU
nedopMalMsIMU CABUTA MEXKYy KpUCTaJIaMu (heppuTa.

[Tocne pa3BuTHs OMpENEICHHBIX TUIACTUYECKUX AeopManuii U MepecTpOrKH
KPUCTAJUIMYECKOW PEIIEeTKH CTaIM HECYIas CIOCOOHOCTh CTEPKHS YBEJIIMYMUBACTCS —
poct aedopmanuii COMPOBOXKIACTCS YBEIMUYEHUEM HANPSIKEHUH, MTPOUCXOIUT
yOopouyHeHue ctaiu. Yuactok DE nHa nuarpamme HampsikeHus: Ha3bIBae€TCs 30HOM
yrpouHeHus. [Ipu HanpsokeHHSX, COOTBETCTBYIOIIMX HauBbICIIEM Touyke FE Ha
auarpaMMe HampsDKeHHs, B ONPENEIeHHOM ydacTKe oOpaslia MOosBIsETCA
3HAYUTENIbHOE YMEHBIIEHUE Pa3MEpOB IOMEPEYHOro CeYeHus — oOpasyercs, Tak
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Ha3bpIBacMas, IIeHKa.
Onpeodenenue. Hanpsixenue 6,, = 6, COOTBETCTBYIOIEe Touke E nuarpaMmbl

HaANPsHKEHUS, HA3bIBAETCS MTPEIEIIOM MPOYHOCTU UM BPEMEHHBIM COIIPOTUBIICHUEM.
Paspymienue oOpasiia HacTymaeT BCKOpe 1mocie 00pa3oBaHUs MICHKH.
PaccMmoTpenHast muarpamMma HanpspDKEHUsST Ha3bIBA€TCs YCI0BHOL, TaK KaK MPU ee

MMOCTPOEHUU HE YYUTHIBACTCS YMEHBIIECHUE TUIOMAAN TIOMEPEYHOTO CEUCHUS TpHU

pacTshkeHuu o0pasia.

PaccmoTpeHHbI€ BBINIE HAMPSHKEHUS — MPEAes MPONOPIUOHATBHOCTH, MpEIe
yIOPYTrOCTH, TpEAeNl TeKYYeCTH W Mpeiesl MPOYHOCTH (BPEMEHHOE COMPOTUBIICHUE)
SIBJISIFOTCSI OCHOBHBIMH MEXaHUYECKUMH XapaKTEPUCTUKAMH ITPOYHOCTH U YIPYTOCTH
MaTepuana.

PacyeT Ha MPOYHOCTH P 0CEBOM PACTSIKEHUH U CHKATUHU
Metoa nonyckaeMbIX HANIPSIKEHUH

Haubonee pacnpocTpaHEHHBIM pacueTOM Ha MPOYHOCTH MPHU I[EHTPATHLHOM
pacTshKeHUU (CKaTHH) SBISIETCS PacyeT MO JIOMYCKAeMbIM HaIpsiKEHUSIM, COTJIACHO
KOTOpPOMY HauOOJbIIee HOPMAIbHOE HANpPsHKEHUE, BOSHUKAIOIIEE B Marepuase, He
JIOJKHO TIPEBBIIIAThH OMPEETICHHON BEIMYUHBI, CBOWUCTBEHHOW JaHHOMY MaTepuaiy
M yCIIOBHSM palbOThl. DTa BEIMYMHA HA3BIBACTCS JIOMYCKAGMBIM HAIPSKECHUEM, TO

eCTh
6 max < [o]. (3.6)
B kauecTBe J0MyCKAeMOr0 HAIPSKEHHUS BEIOUPAIOT BETHUHHY
[o] = =2, 37)
[n]
rie
[6] — nonyckaemoe HanpshKeHUE,
Oupes — TIPEACIBHOE 3HAYCHHE HOPMAIBHOTO HANpPSDKEHUS JUIl  JAHHOTO

Marepuaiia. ITo mpeaes TEKYYeCTH 6, I TUIaCTUYHBIX MaTepHuasoB, JIMOO mpeaen
MPOYHOCTH Gy = G4 — UL XPYIIKUX MATEPHUAIIOB;

[N] — momyckaembrii ko3 duIMEHT 3amaca MPOYHOCTH. B MammmHOCTpOESHUH
3arachl MPOYHOCTH CPAaBHUTEIBHO HeBenwku: [N] = 1,5 + 2. B cTpouTtenbcTBEe OHU
CYIIECTBEHHO BhIe: [N] = 2 + 5, 4To cBs3aHO ¢ OOJIBIICH OMACHOCTHIO BO3MOXKHBIX
MOCJIEICTBUAN MPU aBAPUH.

MakcuManbHOE HOPMAJIBHOE HANpsHKEHUE B CTEPKHE NPU  [EHTPATBHOM
pacTsikeHMHM (CKaTWM) BO3HUKAET B CEUCHHWH, T€ MPOJO0JIbHAs CHJia JOCTUTaeT
HauOOJIBbIIIEH IO MOTYJIIO BEJIMYMHBI, TO €CTh B OITACHOM CEUYEHUHU.

Onpeodenenue. CeueHue, B KOTOPOM TIPOJOJIbHASI CHJIA TMPUHUMAET

MaKCHUMaJIbHOE I10 aOCOJIOTHOM BeJIMYMHE 3HAUYeHHE Npmax , HA3BIBACTCS OIMNACHBIM
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CEUYCHHEM CTEPKHS M0 HOPMATBHBIM HAMPSKEHUSIM.
Takum 006pa3om, HaMOOJIBIIIE HOPMAJIEHBIE HATIPSDKEHHS B CTEPIKHE TIPU
IIEHTPAJILHOM PaCTSHKEHUH (CKaTHH) OYIyT paBHBI

Nmax
Gax = % (38)

CrnenoBaTenbHO, YCIOBHE IPOYHOCTH MNPU LEHTPAIBHOM PACTSIKEHUU WIH
C)KAaTUM TI0 HOPMAJIbHBIM HAINPSDKEHUSIM [0 METOAY JIOIYCKAEMbIX HaIpsKEHUH
MMEET BUJ

Ora= 2% < [o] (3.9)

B atoit popmyne

Omax — MaKCUMaJIbHOE HOPMaJIbHOE HANPSHKEHUE B CTEPIKHE;

Nmax — MaKCUMaJIbHAS TIPOJIOJIbHAS CHJIA B CTEPIKHE;

A — TIoImaah MOTIEPEYHOTO CEYCHUS CTEPIKHS;

[o] — nonyckaemoe HOpManbHOE HaNpsKEHUE.

[lpu pacueTe 5SIEMEHTOB KOHCTPYKIMH, pa0OTAIOMIMX Ha ICHTPAIBHOE
pacTsHKeHHE WM CKaTHe, BCTPEYAIOTCS 33]]a4i TPEX THIIOB:

a). Ilpoexmmuwii pacuem. 1lo 3agaHHON HArpy3Ke OIPEAEIAIOT MPOJOJIBHYIO

CUuily N u u3 yCIOBUA IIPOYHOCTH HAXOIAT BCIINYHUHY Tp€6y€MOﬁ Iiomaauv
IMOIICPCUYHOI0 CCUCHMA

ATPe6 > Nmax 3.10
Z o (3.10)

0). Onpedenenue Odonyckaemou Haepysxku. 1lo w3BecTHOM mmomamu A u

JOMYCKaeMOMY  HANpsOKEHWIO [0]  ONpeAensioT  HauOOJNBIIYI0  BEITHYUHY
JOIyCKaeMOW HArpy3Ku

[N] <[a]-A. (3.11)

B). [IpoBepounslit pacuer. [To n3BecTHbIM 3HaueHuIM N, A, [o] npoBepsroT

BBITIOJTHEHUE YCIIOBHS MPOYHOCTH (3.9).

N
Omax — n/;ax < [0']

3.1.2. KouTpoJibHbIe BONPOCHI /1JIsl CAMONIPOBEPKH 10 TeMe
«IleHTpasibHOE PACTSIZKEHHE H CKATHE)

1. Kakoii Bua npedopmaiuy Ha3bIBA€TCS I[EHTPAIBHBIM PACTSIKEHHUEM
(cxartuem)?

2. B yuem 3akirouaeTcss METOJI CeueHUit?

3. Kak onpeznensieTcs yucieHHOE 3HAaUEHUE TPOJI0IbHON CUIIBI?

4. UTo Ha3bIBAETCS AMIOPOUN MPOJOJBHBIX CUII?
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S. [1naH nmocTpoeHus AMIOPbI MPOJAOTBHBIX CHUIIL.
6. [lo xakoi ¢opmMmyre oOmpenensoTcss HOpPMaibHbIE HAMPSHKEHUS MpU
[EHTPAJIBHOM pACTSHKEHUU (CXKAaTWMU) B TPOU3BOJIBHOM TOYKE MOIMEPEYHOro

CEUCHMS CTEPHKHS?

1. Yro HazpiBaeTcs Ko3(pPumeHToM nornepeqHon aedopmarim?
8. Cdopmynupyiite 3akon ['yka. Kak oH BeIpaxkaeTcsi MaTeMaTuyecKku?
9. [To kakoii hopmMmyIie ompeaenseTcss BeIMUUHA MMPOIOJIBHON aedopMalinu

y4JacTKa CTepKHs?

10. Yro xapakTepu3yeT MOAYJb YIIPYTOCTH MepBOro poaa (Moxayis FOHra) u
KaKasl €ro pa3MepHOCTh?

11.  Or 4ero 3aBUCHUT YUCIIEHHOE 3HAYEHHUE MOJYJIl YIPYTOCTH IIEPBOTO pojaa

(monyns FOura)?

12. YTo Ha3bIBACTCA )KECTKOCTHIO CTEPKHA MIPU LICHTPAIIBHOM PACTSHKEHUU U
cxatuu?

13. Kak cTposiTca nuarpamMbl pacTsDKEHUS M HANTPSHKEHUS ?

14. [lepeuncnure XapakTE€pHbIE TOYKM  JHarpaMM  pacTSDKCHUS U
HAPSKCHUS.

15. B 4eMm pazHuia Mexay miIacTUYHBIMU U XPYNKUMU MaTepraiamu’?

16. [IepeunicnuTe OCHOBHBIE MEXAHUYECKUE XaPAKTEPUCTUKH MATEPUAIIOB.
17. Hanumuire ycnoBue MNPOYHOCTH TIPU  UEHTPAIBHOM  PACTSKEHUU

(ckatuM) TO  HOPMAJIBHBIM — HANPSDKEHHSIM 10  METOAY  JIOMyCKaeMBbIX
HaIpPSKEHU?

18. JlaiiTe ompeneneHue MOMyCKaeMOMY HANpPsDKEHHI0 W KOd(DPUIMEHTY
3araca MpOYHOCTH.

19. Kak ompenensiercss BenmWuuHA JIOMYCKAGMOTO  HAMPSDKCHUS IS
TUTACTHUYHBIX U XPYIKUX MaTepUaioB?

20. Kakue ¢aktopsl BIHMSIIOT Ha BEIWYUHY JOMYCKAEMOrO HAMPSHKCHUS |

Kod(duireHTa 3amaca mpoOYHOCTH?

Ilocne u3yuenus smoit memvl MOIHCHO RPUCHLYRUMb K peuienuro 3adauu Nel,

6KII04UEHHOI 6 KOHMPOJILHYIO pAdOmy.
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3.1.3. IPUMEP PEHIEHUSA 3AJJAYH Ne 1
«PacyeT HEHTPAJIBbHO PACTAHYTHIX (CKATHIX) CTEP:KHEH MPOYHOCTH

m=Fa Hcxoanble JaHHBIE:
( A=24wm b=2wm, c=3MA=10
L R A 2.
cM’;
kH
[0,] = 100MIla = 10 > |
cm
kH
[o.] = 160MI]a = 16 5
cm

Puc. 3.3. Cxema cmepicneson
cucmemul

JIg 3aJaHHOM PaCYeTHOM CXeMBbI CTEPKHEBOH CHCTEMbI € A0COJIOTHO
sKecTKUM Opycom (puc. 3.3) Tpedyercs:
1. Omnpenenuts ycuius B CTEPAKHSX, BbIpa3UB UX uepes3 cuity F.

2. Haiitn nonmyckaemyto Harpysky [F], nmpuHsaB gomyckaemoe HOpMajabHOE
Hanpsokenue Ha ckatue [o,] = 160MlIla, a na pactsxenue — [o;,] = 100MI1a.
3. OnpenenuTs HapsHKEHUS B CTEpKHAX, npuHsaB F = [F].

Pemenue
Onpenenenne yCUJIHii B CTEPKHAX
J11st oTnIpeieNIeHHsl YCUIUH B CTEPIKHSIX pa3pekeM CTEPIKHHM M B MECTaX pa3pe3oB
NPWIOKUM HEHM3BECTHBIC TIOKA YCHJIWS, TMpeAroyaras, 4YTO0 OHH BBI3BIBAIOT
pactsokerue (puc.3.4).

m=F-2,4

'/l///l////////////////////////////l//lg/////I//II//II///////////////I///l///l///I//II//I/////////;. '/////l///l///////////////////////////////l////////////@

N\,
d 1 Y 1
4 N 1
s |

1
1
1
m“gwm 450 450 ko! Q
R ! AR A
1
|<— . 3 —l

Puc. 3.4. Pacuemnasn cxema

30ecv u 6 OanvHeliuwem YucieHHble 3HAYECHUA, NOJIYYEHHblE 6 xoo0e paciuema,

OKpyensiem 00 mpex 3HAYauWux yugp. ,

CocrapiisieM TpU ypaBHEHUsI pABHOBECHSI (CTATUKH) C YYETOM @

M
I[IpaBHJia 3HAKOB!: X
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1. Cymma nmpoekuii Bcex CHII Ha TOPU30HTAIbHYIO OCh X paBHA HYJIO
SF,=0: —Ni;sin45°+Nysin45°=0; — N;=N,.

2. CymMmMa MOMEHTOB BCEX CHJI OTHOCUTEJIBHO TOUKHU B paBHa HyI10
S>Mg=0: —-F-2,4-m-N3-(2+3+2,4)=0;

-F-2,4-F 2,4-N3-(7,4)=0;

-F-4,8-N;-7,4=0;

N = _%:—0, 64865 F=-0,649F; — N3=-0,649 F.

3. CYMMa MOMEHTOB BCEX CHUJ OTHOCHUTEIHLHO TOYKUA D PpaBHa HYJIIO
SMp=0: —F (2,4+2,4+2+3)+N;-cos45°(2,4+2+3)+ N,-cos 45°

(2,4+2+3)-m=0; —F-9,8+2N;cos45’-7,4—F-2,4=0;
N - 10,47 —F-12,2=0;

N, = 222F _ 1 165030F =1.165F: — N, =N, =+ 1,165F.
10.47

[IpoBepsieM MpaBUIIBHOCTh BBIYKMCIIEHHS ONOPHBIX pEakUHid (CymMma MpOEKIHid
BCEX CHJI Ha BEPTUKAJIbHYIO OCh Z J0JbKHA ObITh paBHa 0):

SF, = F—Nj;-cos45° — N, - cos 45° ~N3=F —2 - 1,165F - 0,707 —

—(—0,649F)=1,649F - 1,647 F =0, 002F = 0 (£ 5%)).

Mps1 onpenenuian 4yucieHHble 3HaueHus BHyTpeHHHX ycuiuid Nj, N u N3 B
CTEPI)KHSX, BBIPA3UB UX Yepe3 BHEIIHIOW cuiy F.

U3 nonyuenmvix pe3yiomamoé 6UOHO, UMO NEPEblil U 6MOPOl CMEPI’CHU
UCNBIMBIEAIOM PACMANCEHUE, A MPEemUll — CoHcamue.

OmnpenesieHne 10NMycKaeMoOil HATPY3KH U3 YCJIOBHUS NPOYHOCTH CTEPIKHel
0 METOY JI0IyCKaeMbIX HANIPSIZKEHUI NPU PACTAKEHUU-CKATUH
VYcaoBue MNPOYHOCTM MPU  PACTSHDKEHUM WM CKATHM [0  HOPMalbHBIM

HaIPSHKEHUSIM 10 METOJTY JIOITyCKAaeMbIX HaIpshKeHuH umeeT Buf (3.9)

Nmax
Omax = —, < [o]
B aroit hopmyie
Omax — MAaKCUMaJIbHOE HOPMAaJIbHOE HAIPSDKCHUE B CTEPXKHE,

Nmax — MakCUMaJIbHas MPOJI0JIbHAS CHJIa B CTEPXKHE;

A — mIoma b NONEPEYHOr0 CEYCHHUS CTEPIKHS;
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[6] — nommyckaemoe HopManbHOE HANPSKEHUE.
OmnpenensieM HOpPMalbHbIE HANPSOHKCHHS B CTEPXKHIX, BBIPA3UB HX dYepe3
BHEIIIHIOW cuty F
N, 1,165F 0,1165F
A, 10em®>  lew?

o,=0,= ;T A= A =10 eM’;

N —0,649F
o,=—>= 0.6 92 = —0’03252F ;T Ag= 2A =210 cm” = 20 ev’.
A, 20cm lem

N3 ycrioBusi MPOYHOCTH HA PACTSXKEHUE OINPEICINM JOIMYCKAaeMYI0 Harpys3Ky

1151 1-r0 1 2-ro cTepKHEM

0,1165F kH
o, =0, Slap]; nojiydyaem O, =0, = Lon? SlOCM2 ;-
F 2> 10H = 85,8kH.
0,1165

U3 YCIOBHUA IMPOYHOCTH HaA CXKATHUC OIIPCACINM AOIIYCKACMYIO HArpy3Ky JIA

3-TO CTepXKHS

0,/<[o,]; nonyuaem |o;|= 0,035”52FS 162; ;-
> 1oxH =492kH.
0,0325

N3 1ByX MONy4YEeHHBIX YUCICHHBIX 3HAUEHUN TONyCKAaeMOUN HAarpy3Ku BEIOMpaeM
HAUMEHBIIYI0. DTO U €CTh JOMyCKaeMas cuia JJisl BCEH CTEPKHEBOW CHCTEMBI
[F] = 85,8xH.
OmnpenesieHue HANPSIZKEHU B CTeP:KHAX, npuauMas F = [F]

Tak kak F = [F] = 85, 8kH, To HanpspkeHus B CTEP>KHAX OyyT paBHbI

N; =N, =1, 165F =1, 165-85, 8xH = 99,957 xH = 100 kH;

N
1= 100”3 =10 KH2 =100 MI1a.
A, 10cm cm

N3 =-0,649 F = - 0,649-85, 8kH= — 55,684xH = — 55, 7TxH;

N -
o,=-—">= > ’7"ZH =-2,785 KHZ =-27 ,9MIa.
A, 20cm

(637
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3.2. TEMA 2. TEOMETPUYECKHUE XAPAKTEPUCTUKH
IIVIOCKUX ®OUT'YP

3.2.1. OCHOBHBbBIE TEOPETUYECKHME NOJIOKEHUA

CraTnyeckue MOMEHTBI, HX CBOICTBA
OnpenesieHue MOJI0KEHUS IIEHTPA TSKECTH CI0KHBIX CeYeHH
PaccMoTpuM mpoM3BOIBHYIO (UTYPY, PACIIOIOKEHHYIO B IEKAPTOBON CHUCTEME
koopauHat Y O zZ u moOyro Touky K (y, Z), mpuHaiiexanyro 3toi ¢purype (puc. 3.5).

A A ZC
4
K\ K dA
-
} ||
\ c Ve
7 |
Z;
| — Y.
0 |— yc —
y —>
Puc. 3.5

Touky K (y, z) orpanmumm snemeHTapHOW Tmuomaapto BenmumaoM dA. Ilo
aHAJIOTHH C BBIPAKCHUEM JUII MOMEHTA CHJIBI OTHOCHTEIBHO KaKOH-INO0 OCH MOKHO
COCTaBUTh BHIPAKEHUE MOMEHTA AJIEMEHTAPHOW TUIOMIAJA OTHOCUTEIILHO HEKOTOPOM
OCH.

[TpousBenenue snemeHTapHoi Tutomaau dA Ha koopauHaty Z Touku K (Y, 2),
NPUHAAIEKAIICH SIeMEHTApHOW IUIONIAKe, HAa3bIBAETCS CTATUYECKMM MOMEHTOM
ATOTO JIEMEHTA TUIOMIAJA OTHOCUTEIBHO OCH Y

dS, =zdA

Amnanornuno, dS, = ydA— CTaTHYeCKUH MOMEHT OJJIEMEHTa ILIOLIAIH dA

OTHOCHUTECIIBHO OCH Z.

Onpeodenenue. CTaTUYECKUM MOMEHTOM IUIOWIAAM (UTYPhl OTHOCHUTEIIBHO

KaKoW-1100 OCH, Ha3bIBAETCs ayreOpanveckas CyMMa MM WHTETrpal MPOU3BEIACHUN
IJIONIA/IN AJIEMEHTAPHOM IJIOMAAKU Ha KoopauHaty Touku K (Y, Z), mpuHaIexKarie
3JIEMEHTAPHOU TUIOIIAJIKE,

S,=[zdA; S, =[ydA. (3.12)
A A

Enununein u3aMmepeHusi CTaTUYECKOTO MOMEHTa SBJIAETCS €OWHMIA JUIMHBI B
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TPETHEUN CTETICHU — cm® (B cucreme CH — M3).

Cmamuyeckuil MOMeHm Moxcem Obimb NOJONCUMETbHBIM, OMPUYAMETbHLIM U
DABHBIM HYTIO.

IIpoBons aHamorni0 MeEXIy MOMEHTAaMHM CWJI M MOMEHTaMHU IUIOIIAJNEH, Ha
OCHOBaHHUH Te€OpeEMbl BapuHbOHA O MOMEHTE PABHOACHCTBYIOLIEH CHCTEMBI CHII U3
KypCa TEOPETHYECKOM MEXaHHWKH, MOYKHO 3aIlMCaTh CIEAYIOUIUME BBIPAKECHUS IS
MOMEHTOB ILTONIaAH

S, =Az.; S,=Ay,.,
rae

A — noaab paccMaTpuBaeMoi pUrypsi;

Y¢ U Z; — KOOPJIMHATBI €€ LIEHTPA TSHKECTH.

Ecnu mpoBectn ocu Y. M Z; yepe3 UEHTp TskecTd ¢Gurypel — Touky C, TO
CTaTUYECKHNE MOMEHTbI OTHOCUTEIBHO ATHX OCEl OYIyT paBHBI HYJIIO, T.€.

Sy =0; S, =0.
Onpedenenue. Ocu, NPOXOJALINE Yepe3 LEHTP TKECTH (UTYpPbI, Ha3bIBAIOTCS

LEHTpaabHbIMA. OTHOCUTENBHO 3TUX OCEH CTATHYECKHE MOMEHTHI PABHBI HYJIIO.

Takum oOpazom, mosydaeM (opmynbl i ONPENCICHUsS KOOpAMHAT LIEHTpa
TSXKECTU (PUTYPBI

Vo=, 7=, (3.13)

[Ipy BBIUMCIEHUM CTATUYECKUX MOMEHTOB CIIOKHOM COCTaBHOW (QUIyphI ee
pa30MBAIOT HA DJIEMEHTApHbIE WM IPOCTbIE YaCTH, JUISI KaKIOW M3 KOTOPBIX
IJIOIIA/b U MOJIOKEHHUE €€ LIEHTPa TSHKECTH U3BECTHBI.

B sTrom ciydae craTM4ecKME MOMEHTBHI ONpPEAEISAIOTCA Kak aiaredpandeckue

CYMMBI CTAaTHYCCKUX MOMCHTOB K&)K,I[Oﬁ BHeMeHTapHOﬁ Ijiomaauv

S,=S,;+S)+S ' +...=A 7, +Az. +AZ; +....
S,=S,+S,+S," + .= Ay +A Y, +A Y+

Hcnone3yst mocieqHue COOTHOIIEHUs, MojyyaeM (OpMyJibl AJisi ONpeiesieHus
KOOPJIMHAT LEHTPA TSHKECTH CIIOKHOM COCTABHOUM (PUTYpPBI

A FA Y A e AT H Ao AT
- A+ A+ A+ ... e A+A+A+...

OceBble n HCHTpOﬁe)KHLIe MOMECHTDbI HHEPIHUHA U UX CBOMCTBA

Ye

Onpeodenenue. OCEBBIM WU YKBATOPUAILHBIM MOMEHTOM HMHEPIIMH TUIONIATU

(GUrypbl OTHOCHUTEITHHO KaKOW-TMOO OCH, Ha3bIBACTCS anreOpanveckas CyMMa WA
WHTETpaJl TPOM3BEIACHUN IUIOMATU DJIECMCHTApPHOW IUIOMIAAKA Ha KBajpar
koopauHatel ToukH K (Y, z), npuHaaiexkaiiei 3IeMeHTapHOH mioriaake (puc. 3.6),
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J,=[z%dA;  J,=[y’dA  (3.15)
A

A

Onpedenenue. [TonstpabIM MOMEHTOM

WHEPIUH TI0MAIu (PUTyphl OTHOCUTEIIBHO JaHHOMN
Touku (momroca O) Ha3pIBaeTcs aaredOpanvecKas
CyMMa WM HWHTErpajl TMPOMW3BEICHUN TUIOIIAN
DJIEMEHTApHOW  IJIOMAAKKA Ha  KBajpaT HX

paccTosHuil p ot noitoca (puc.3.6)
J,=[p*dA (3.16)
A

Enuaunern w3MepeHuss MOMEHTa HWHEPUHHU
ABJSICTCA €IVMHULA JUIMHBI B YETBEPTOM CTEIICHU —
cm”, (B cucteme CH — m”, mtst mpokatabix mpoduei mo TOCTy — em?).
Ocegoti U NONAPHLILL MOMEHmMbl UHEPYUU 8Ce20d  NOJIONCUMETbHbL N0
onpeoenenuo.
Onpeodenenue. 1leHTpOOSKHBIM MOMEHTOM HMHEPUMHU IUIOWAAN  (Urypbl

Ha3pIBaeTCs anreOpanmyeckas CyMma WIH HMHTETpal TPOW3BEACHUM IUIOIIAIH
SJIEMEHTAPHON IUIOIIAKA Ha KOoOpAuHAaThl Toukd K (Y, Z), mpuHamIexKamen
AJIEMEHTapHOM TuIoMmaike (puc. 3.6)

J,,=[yzdA (3.17)
A

Llenmpobesicnvii  Momenm — uHepyuu  Moxcem — Oblmb  NOJOHCUMETLHBIM,
OMpUYAmMenbHuIM U, 8 YACMHOM Clyuae, pagHbiM HYJIO.

Ecnu, xora Obl OIHA, M3 B3aMMHO NEPHEHAMKYJSPHBIX OCEH JIeKapTOBOM
CUCTEMbl KOOPJMHAT, SBIISETCS OCBhIO CHUMMETPUHM (UTYPBI, TO LEHTPOOEKHBIN
MOMEHT UHEPIIMYU TAKOW ILIOIIAN PABEH HYJIIO.

BpruncieHue MOMEHTOB MHEPIUHMHU NpocTeNIuX (PUryp

IIpsIMOYIO0JbHUK. BBIYMCINM OCEBBIE MOMEHTHl MHEPLHUHU NPSIMOYTOJIbHUKA

OTHOCHUTEJIHHO IICHTPAIBHBIX ocelt Y u Z (puc. 3.7).

T o9A

| dz
Z
h >
C y
b
Puc. 3.7
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ITo onpenesnenuo oceBoro MmoMenTa uaepiuu (3.15)
.2
J, = { 72 dA,

rae
dA = b - dz - momags 3MeMEHTApPHOTO MPAMOYToJbHUKA (puc. 3.7).

[ToxcraBiss o 3HaK HHTErpaia BMecTo A ee 3HaUCHHE, TTOJTyUIUM
: . ;
3,=bfzrdz=2n 220 g 22
h 3 |5 12 12
2
AHaIOTHYHO MOXXHO BBIBECTH (OpPMYyJTy OCEBOTO MOMEHTAa WHEPIINH
IPSAMOYTOJBHUKA OTHOCUTEIBHO OCH Z
_hb3
12
Takum ke 00pa3oM MOKHO MONYYUTh (OPMYJIBI JJIsi BHIYMCIECHUS MOMEHTOB

J, (3.18)

WHEPLUHU TPEYTOJIbHUKA U KPYTa.
TpeyroabHUK. MOMEHTBI HHEPLIMM TPEYTOJIBHUKA OTHOCUTEIBHO LEHTPATbHBIX

ocen 'y u z

onpenensores no popmynam
_ bh3, _hb3 _ b%h?

W36 VT3 T T (3.19)
Kpyr. MoMeHTBI HHEpLIMU KPYra OTHOCUTENBHO LEHTPAIBHBIX OCEN Y U Z
(puc. 3.8) onpenensitorcst o hopmyiam
nd*
Jy=J,= 6_4; Jy, = 0. (3.20)

IHossspHBII MOMEHT MHEPLUU U €r0 CBOMCTBA
BbluncieHue noJiipHOro MOMEHTA HHEPIUU KPYra v KoJbla
B 3amauax Ha Kpy4eHHE CTEPKHEU UCITOIB3YETCS MOHATHUE MOJISIPHOTO MOMEHTA
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2 Z

—— d=2r ——
Puc. 3.8

HMHEPIINH, KOTOPBIH omnpeaensercs mo dpopmyie (3.16)
_ 2
J, = I p dA,
A
rae
P — TOJIAPHBIN pajnlyc, WM PacCTOSHHE OT Hauyaja KOOPAMHAT JO TUIOIIAIKU

dA.
[Tockonbpky

pr=x2+y?:, — J, =_[(y2 +22)dA=jy2dA+jzsz=Jz+Jy,
A A A
To ecTb

Jp=Jy + Jz=const. (3.21)
llonsapuvii momenm uHepyuu ceyeHuss pAaGeH CYMMe 0Ce8blX MOMEHMO8
UHepyuu.

Kpyr. Bpuncium noiasipHeli MOMEHT MHEPLUHMHM Kpyra OTHOCUTEIBHO ILIEHTpa
TSOKECTH. B KadecTBe  3JIEMEHTAapHOW  IUIOMIAAM  PAacCMOTPUM  IUIOIIAb
3alITPUXOBAHHOTO KOJIbIIA C paauycamu p u p + dp (puc. 3.8).

IInmomanps »Toro Koabla

dA = 2mp-dp.
Torna

d d
— (2 . N2 — 2 n3.
l,= J22mp-dp-p*=2nr[2p* dp
HOCHC I/IHTerI/IpOBaHI/IH 1 MOJACTAHOBKH HpeI[eJ'IOB HOHﬂpHBIﬁ MOMCHT I/IHepHI/II/I
Kpyra OTHOCHUTEIIbHO €ro 1eHTpa Tsbkectu C Haiiiem no hopmyse
nd*

=5, = 0,1-d". (3.22)

Kouabuo. IlonspHblii MOMEHT HMHEPUMM B 3TOM CIly4a€ pPaBEH pPa3HOCTH
MOJSIPHBIX MOMEHTOB MHEPIIMU BHEIIHETO U BHYTPEHHETO KPyroB (puc. 3.9)
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(3.23)
Trac

OceBble MOMEHTBI MHEPLUU KOJIbIA M0 aHAJIOTUU OYIyT paBHBI

J,=3,= ”634 (1-a*).

3aBHCHUMOCTH MEKAY MOMEHTAMHU MHEPIHHUHN OTHOCUTEJIBbHO MMAPaAJJIC/IBHBIX

oceil, 0THA U3 KOTOPBIX - HEHTPAJIbHASA

JIns mpou3BOJIbHOM (DUTYpBI, TUIOMIAL KOTOpOM paBHA A, U3BECTHHI MOMEHTHI
MHEPLHUU ch ,JZC u JyCzC OTHOCHUTEJILHO IIEHTPalIbHBIX oceil Y¢ , Z¢. Heobxomumo
ONpeAeIUTh MOMCHTBI uHepuuu J, ,J, 1 J, , OTHOCUTEIBHO HOBBIX OCCH Y1 U Zj,
KOTOPBIC MapaJiiedbHbI IIEHTPATBHBIM O0CSIM YU Z¢ (puc. 3.10).

AZ
C

= A/— dA

[ —

Yy —
Puc. 3.10

®opmyJibl apajIebHOTO MEPEHOCa OCEH B 3TOM ciydae OyayT UMETh BHU]L
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J, =J, +a’A;d, =3, +b*A,;
J,. =3, +abA (3.24)

[TepBbie nBE 3aBUCUMOCTH (HOPMYITUPYIOTCS CICTYIOITIM 00pa3oM:

Z

Momenm unepyuu ueypvr  omHocumenvho 000U OCU, NAPATLETbHOU
YeHmpanbHOU, pageH MOMeHm)y UHepyuu ueypvl OMHOCUMENTbHO YEeHMPANbHOU OCU,
NI0C NpouU3BedeHue Keaopama pacCmosiHus Mexcoy 0CAMU Ha NI0WaAdb Gueypoi.

TpeTbst 3aBUCUMOCTD YUTACTCS TaK:

Llenmpobesicnvlil MoMeHm uHepyuu @Gueypvl OMHOCUMENIbHO NPOU3BOTIbHBIX
ocetl, NApaiieibHblX YEHMPAIbHbIM, PABEH YEeHMPOOEHCHOMY MOMEHm) UHepYuu
Pucypvl OMmHOCUMENLHO YEHMPATLHBIX OCell NIIOC NPOU38e0eHUe KOOPOUHAM YeHmpa
msaxjcecmu Queypvl OMHOCUMENTLHO NPOU3BONbHBIX OCell HA NIOWaob Guaypbi.

Heobxo0umo nomuumos, umo eviuienpusedernvie Gopmyavl NaApaiLlebHO20
nepenoca oceti (3.24) cnpasedrugvl moavko 6 mom cayuae, Ko20a ocu Ye U Ze —
YeHmpanibHvle OCU.

3aBHCHMMOCTDH MKy MOMEHTAMHU UHEPIUH MPH MOBOPOTE oceil

PaccmoTpum HeKOTOpYIO (UTYPY, OTHECEHHYIO K MEPBOHAYAIBHOM JEKAPTOBOM

CUCTEME KOOPJIMHAT Yy, Zg (puc. 3.11).

. 20 , dA
B a
2y y
C
7 G
\ o \D Yo
"0 \ B ]
Yo
y
Puc. 3.11

2 JYoZo U3BECTHBI.

OTHOCHTEIIBHO OCeH Yo U Zo MOMEHTBI HHEpLHUU J, , J
CraButrcs 3ajaya 1O OINPEACIECHUI0 OCEBBIX U ILIEHTPOOEKHOIO MOMEHTOB
VHEPLUM OTHOCUTEIIBHO HOBBIX OCEM Y M Z, KOTOpPBIE IIOJIYyYEHBI I1IOBOPOTOM
IIEpPBOHAYAIIBHBIX LIEHTPAIBHBIX OCEH Yo U Zg IPOTHUB XO/a YACOBOM CTPEJIKH HA yIOJl

a > 0. To ecTb HEOOXOIUMO HAWTH 3HAYECHUSA J g J, uld BBIPA3UB UX 4YepesJ o

yz ?

J,uJ a TAKXK€ IOJIOKUTEIIBHBIN YIOJl ¢ .

YoZo ’
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DopMyJibl MOBEPHYTHIX 0CEHd UMEKOT BHU]L

J,=J, cos’a+J, sina—J,, sin2a
J,=J, sina+J, cos’a+J,, sin2e (3.25)
3, -3, .
J,=—"_"8in2a+J, , cos2a
2 YoZo

IIpasuno 3nakos. 11010KUTETBHBIA YTOJI @ OTKJIAJIBIBAETCS OT MEPBOHAYAIBHBIX

ocel Yo U Zyp MPOTHUB XOJa YaCOBOW CTPEJIKHU.
Ot GopMynbl  SIBISIOTCS OCHOBHBIMH  JIJII  PacyeToOB, CBS3aHHBIX C
oTpeeICHUEM MOMEHTOB UHEPIIUH OTHOCUTEIHHO JIFOOBIX MOBEPHYTHIX OCEH.
CkuazipIBas epBoe ¥ BTOPOE BBIPAKEHUS, TTOTYIUM
J, +J,=J, +J, =const. (3.26)

CHGI[OBaTeJIBHO, npu noeopome ueHmpalbHblx ocell cymma coomeemcmeaeyrouiux
0CeBblX MOMEHMOB8 UHepYUU He USMEHAEMCA.
I';1aBHBIE OCH M IJIABHbIE MOMEHTBI HHEPUIUH
OnpezleJIeHue MOJIOYKEHMSA INIABHBIX HEHTPAJAbHBIX ocel M YMCJEeHHbIX
3HAYE€HUH IJIaBHBIX MOMEHTOB HHEPpIUH I CHMMETPHYHBLIX H
HECUMMETPHUIHBIX ceuyeHmii
Onpedeﬂeﬂue. OCI/I, OTHOCHUTCIIBHO KOTOPBIX HGHTpO6€)KHBIﬁ MOMCHT HHCPIHNH

pPaBEH HYJII0, & OCEBbIE MOMEHTBHI MHEPLUU IPUHUMAIOT DKCTPEMAaJIbHbIC 3HAYECHUS
(OTHOCUTENBHO OAHOW — MAKCUMYM, OTHOCHUTEIIBHO JApPYrod — MHHUMYM),
HAa3bIBAIOTCS TJIABHBIMU OCSIMH.

Onpedenenue. 1'maBHbIE OCH, MPOXOIAIIME YEpe3 LEHTP TKECTU (DUrypsl,

Ha3bIBAIOTCS TJIABHBIMU LEHTPAIbHBIMU OCSIMH.

3ameuanne. Ocb CHMMETPUU BCET/Ia SABJISETCA IJIaBHOW LIEHTPAJIbHOU OCHIO.

Ananusupys Gopmyiibl TOBEpHYTHIX oceit (3.25), mpUxXoauM K 3aKITIOUEHHIO O
TOM, 4YTO MIPU U3MEHEHUU YyTia TOBOPOTA 0 OCEBbIE MOMEHTBI MHEPIUN U3MEHSIIOTCS
TaK, 4YTO UX CyMMa OCTaeTcsi Heu3MeHHOH (3.26). DTo NpUBOAUT K BHIBOJLY O TOM, UTO
MOKHO HAlTH TAKO€ 3HAYEHHE YyTJIA ¢y, MPU KOTOPOM OAMH M3 OCEBBIX MOMEHTOB
VWHEPIUU JIOCTUTHET MHHUMAJIBHOIO 3HAYE€HHUs, a BTOPOM — MAKCHMAaJbHOIO, T.€.
BO3HHMKAET TIOCTAHOBKA 3aJa4ll Ha HaxXOXJEHHUE JKCTpeMyMma (YHKIUU TI0
MIEPEMEHHOM .

Brraucisist npousBognyto ot J uim J, 10 NEPEMEHHOM @, MOIy4nM

dJ

~V=2J cosa(-sina)+2J, sinacosa—-2J,

da

Z

, €os 20 =
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J,—J. .
=_2 %sm 2a+Jyoocos 2a

z

YuuTteIBas, 4To

J,=J, .
J,=—"-—"sin2a+J , cos2a
2 040

BBIPAKCHHUC IJIA HpOHSBOI[HOﬁ IMPUHUMACT BHU

dJ J, -3,
V=2 P 2 5in2a+J
da 2 Yo

[IpupaBHUBas MPOU3BOJHYIO HYJIIO, ITOTYyYaeM ypaBHEHUE, MO3BOJIAIONICE HANTH

yToJI ag

, C0S2a |=-2J ,.

N B 6in2a. +J. . cos2a. =0.
2 0 YoZo 0

N3 3TOTO0 ypaBHEHUS CIEIYET, UTO

_ 2JYoZo
tg2a,=— "y ]

_ yz | a=ao
J Yo J Zy

= 0. (3.27)

Takum obOpaszoMm, 3T1a dopmysa OnpeaesseT MOJ0KEHUE IKCTPEMATIbHBIX OCEH,
OTHOCHUTEJILHO KOTOPBIX LEHTPOOCKHBII MOMEHT WHEPIMU pPaBEH HYIO, T.C.
MTOJIO’KEHUE TJIABHBIX OCEH.

Onpedenenue. OceBble MOMEHTBI OTHOCHUTEIBHO TJIABHBIX OCEH Ha3bIBAKOTCS

T'JIaBHBIMHX MOMCHTAMM I/IHepI_II/IH.
I[JI}I OHpCI[eJ'IeHI/IH YUCJICHHBIX 3HaII€HI/If/'I TJIAaBHBIX MOMCHTOB I/IHCpI_II/II/I MOXHO
HCIIOJIB30BATh CI)OpMYJ'IBI HOBepHYTBIX OCGI‘/JI, IMOJACTABJIsIA B HUX 3HAYCHUC yrna ap.
Beinonsss 3Ty onepainuio B oOLIEM BHUAE, NOCIE HEKOTOPBIX alredpandyeckux
npeoOpa3oBaHUll TPUTOHOMETPUYECKUX BBIPAKEHUN, TMONyYUM (HOPMYIBI s
OHpCI[GJIeHI/ISI T'JIaBHBIX MOMCHTOB I/IHepHI/II/I, HC coz[epmanme yrna ao
_htd 1
i 2 T2

CJ'IGI[OBaTeJIBHO, L OIIPCACIICHUSA ITOJIOKCHUA I'NIaBHBIX HCHTPAJIBbHBIX ocer U

0,-3,F +432,. (3.28)

YUCJIEHHBIX 3HAYECHHI TJIABHBIX LICHTPAJIBHBIX MOMEHTOB MHEPLIUHA HECUMMETPUYHBIX
MOTEPEYHBIX CEUYCHUI PEKOMEHIyeTCs CAeAYIONINI 00N MOPSAI0K 1eHCTBUI:

1. TIpoBoAsT MPOU3BOIBHBIE OCH. BBIYUCISIOT CTaTUYECKHE MOMEHThI HHEPLUU
OTHOCHUTENILHO 3THX Ocel (pa30uB MpeaBapUTEIbHO CIOKHOE MONEPEYHOE CEUCHUE
Ha Psi/i IPOCTBIX (PUTYP) U HAXOMST MOJOKEHUE HEHTPA TSHKECTU CII0KHOTO CEYEHUSI.

2. TlpoBomsAT uepe3 WLEHTP TSHKECTH BCETO CEYEHHs OCH, MapaijiesibHbIe
MEePBOHAYAJILHO BBHIOPAHHBIM MPOU3BOJIBHBIM OCSIM, M HaXOASAT C MOMOLIBI0 (PopMyIl
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napajijieIbHOTO TIEPeHOCa OCed LEHTPOOEKHBI M OCeBble MOMEHTHI HMHEPLHUU
CEUEHHUsI OTHOCUTENILHO 3TUX HOBBIX IIEHTPAIBHBIX OCEH.

3. HaxoasT nosokeHue TJIaBHBIX LIEHTPAJIbHBIX ocelt U u V 1o dopmyiie (3.27).

4. HaxomsT 4ncIeHHbIC 3HAUYEHUS TJIaBHBIX LEHTPAJbHBIX MOMEHTOB MHEPIIUU
o dhopmyinam (3.25) unu (3.28).

5. 1t npoBepKH MPaBUIILHOCTH BbIYUCIEHUS Jy U Jy UCIIONIB3YIOT pABEHCTBA

Jut+dh=4y+J, n Jyw=0
IIpumeyanue. Crnenyer UMETh B BHUJY, YTO C IMOMOIIBIO 3TUX PAaBEHCTB MOYKHO

IIPOBEPUTH TOJIBKO IIPaBUIIBHOCTH BBIYMCIICHMS IIOJIOKEHHUS IVIABHBIX LICHTPAJIBHBIX
OCel M YHUCJIEHHBIX 3HAYEHHWH TIJIaBHBIX MOMEHTOB HHepuuu. CoO0IeHHE 3THX
PABEHCTB HE rapaHTUPYET IPaBUIBHOCTH BBIYMCIICHUS ITOJIOKEHUS LIEHTPA TSKECTH
CEUYECHMS, a TaKXKe OCEBBIX M LEHTPOOEKHOT0O MOMEHTOB WHEPLUUU CEUEHUS
OTHOCHUTEJIBHO LICHTPAJIBHBIX OCEH.

lna  cummempuunvix ¢uecyp TIOJNOKEHUE TIJIABHBIX LEHTPAIbHBIX OCEH
OIPEAENACTCS JOCTaATOYHO IIPOCTO.

Jlist purypsel, UMEIOIIEH OJIHY OCh CUMMETPHH, OJIHA U3 TJIABHBIX LIEHTPATbHBIX
OCEl COBHIAAACT C ITOW OCBIO CHUMMETPUHM, a BTOpas IJaBHAs LEHTpaJbHas OChb
IIPOXOJUT YEPE3 LUEHTP TSKECTH NMEPIEHANKYIISIPHO K HEW.

na uzypul, umeroweti 06e ocu cummempuu, 21agnvie 0CU co8nadalom ¢ IMUMu
OCAMU CUMMEMPUL.

MosHO cKa3aTh, YTO, €CIIU JJsl Kakod — JInOo (Uryphl ABa IJIaBHBIX OCEBBIX
MOMEHTA paBHbBI MEXAy co0OU, Toraa jro0as LEHTpaidbHasl OCh SBISETCS TJIaBHOU
(xpyr, KBaapaT, paBUWIbHbBIN TPEYTOJbHUK, TPABUIIBHBIN IIECTUYTONBHUK U T.1.).

Paaunycsl nHepuuu
Beruuciienue paanycoB HHEpUHU Kpyra

WNHorna mpu pacuerax ObIBa€T MaT€MaTUYECKU YAOOHO MPEICTaBUTh MOMEHT
MHEPLUU KaK MPOU3BEACHUE IUIOMAau (Urypbl Ha KBaApaT HEKOTOPOW BEIMUYUHBL,
Ha3bIBAEMOW PaJuyCOM UHEPLUU

Jy=4-i
rae

:2
Ly, — paanyC UHEPIUH OTHOCHTEIBHO OCH Y.

: — Iy, &+ _ Jz
ly—i\/:, i,=% [ (3.29)

Pannyc unepumu kpyra OyaeT paBeH

= (e i

Otkyna ciaeayer, 4To

(3.30)




MoMeHTBI CONPOTHUBJICHUA  UX CBOMCTBA
Onpedenenue. MOMEHTOM COMPOTUBJICHUS IUIOCKOM (PUTypbl OTHOCHTEIHHO

KaKoi-1100 OoCH, nemameﬁ B IINTIOCKOCTH (I)I/II‘ypBI, Ha3bIBACTCA OTHOIICHUC OCCBOIO
MOMCHTAa MHCPIHUHN OTHOCHUTCIBHO TOM K€ OCH K pacCToAHNIO OT OCH 10 HaunoOoee

yJIaJeHHON TOYKU (PUTYpBI
J J
W=7, W= "7 (3.31)
‘Z ‘ ymax ‘

max
3nech

W, u W, — COOTBETCTBEHHO MOMEHTbI CONPOTUBJIEHUS (PUTYPBI OTHOCHTENBHO
ocen y u z;

|Zmax| ¥ [Ymax| — paccTostHus OT oceit 10 HanboJiee YaaleHHbBIX TOYEK (DUTYPBHI.

Onpeodenenue. 1loasspHBIM MOMEHTOM CONPOTHUBIIEHUS IUIOCKOW (pUrypbI

OTHOCHUTEJILHO KaKoro-inubo IeHTpa (Mojdroca), JEKALEro B IUIOCKOCTU (PUTYpHI,
Ha3bIBAETCSI OTHOLIEHUE TMOJSPHONO MOMEHTa WHEPHUH IUIOCKOW  (UTYpBI
OTHOCHUTEJILHO TOTO K€ IIEHTpa K PACCTOSHUIO OT LEHTpa 10 HamboJjee yJIajleHHON

TOYKHU (PUTYPBI

J
W,=—"— (3.32)

)
|Pmaxl
rac
W, — mosisipHbIii MOMEHT CONPOTUBIIEHUs (PUTYPBI OTHOCHTENBHO LieHTpa O;

J, — TIOJIAPHBIM MOMEHT UHEPLIMU QUTYPHI,

Prmax| — PACCTOSHME OT LEHTPA 110 HAHOOJIEE YIANEHHON TOUKK (UTYPBI.

MOMEHTBI CONPOTHBIICHUS U3MEPSIOTCS CIUHUIIAMU JIUTMHBI B TPEThCH CTETICHH
— e, (B cucteme CU — MO).

CnoXHBIE CEYCHHWs, BCTPEYAIONIMECS B PA3IUYHBIX KOHCTPYKIUSAX, YaCTO
BKJIIOYAIOT JJICMEHTHI CTAaHIAPTHBIX MPOKATHBIX NpoduiIeH cranu (IBYyTaBpHI,
IIBEJUIepa, YroJiK| H JIp.).

PacyeT reoMeTprUeCKUX XapaKTEPUCTUK TaKUX CEUYCHHH CJIOXKEH M TPYIAOEMOK,
MO3TOMY B CIPABOYHBIX TAOJMIIAX JJIS 3TUX Mpoduieh (B copTaMeHTaX ) MPUBOISATCS
HE TOJBKO HMX T'C€OMETPHYECKHE pa3Mepbl, HO W TaKWe BaXKHbIC CBEICHMS, Kak
MIOJIO’KEHUE TISHTPA TSHKECTH, MOMEHTBI HHEPIIH, MOMEHTHI COITPOTUBJICHHS U JIP.

Oty TaOJMYHBIC JAaHHBIE HAMHOTO OOJICr4alOT BBIYMCIICHHE TI'€OMETPHYCCKUX
XapaKTePUCTHK CIIOKHBIX COCTABHBIX CCUCHHIA.

3.2.2. KoHTpoOJibHBbIE BONPOCHI /1JIsl CAMONIPOBEPKH O TeMe
«I'eomMeTpryecKue XapaKTePUCTHKHU IJIOCKUX Guryp»
1. Kakue ocu Ha3bIBatOTCS LIEHTPATbHBIMU?
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2. Yto Ha3pIBa€TCA CTATUYECKHUM MOMEHTOM IUIOMIAAN (PUTYPBI OTHOCUTEIHEHO
HEKOTOpO# ocu?

3. Kak onpenensiercss cTaTUYECKUA MOMEHT (DUTYypbl OTHOCUTEIBHO HEKOTOPOU
OCH, KOOPJIMHATHI HEHTPA TAKECTU KOTOPOH U3BECTHBI?

4. Kak BblUMCIAETCA TOJIOKEHUE IEHTPAa TSKECTH CIOXKHBIX QuUryp (s
CUMMETPUYHBIX 1 HECUMMETPUYHBIX CEYEHUN)?

5. JlaiiTe onpeneneHne 0CEBOT0 U LEHTPOOESKHOTO MOMEHTOB HHEPIIUHU (PUTYPHI.
6.[IpuBenuTe GopmMysibl MOMEHTOB MHEPIUHU MPOCTEUIINX (DUTYP OTHOCUTEIHHO
COOCTBEHHBIX TJIABHBIX LEHTPAJIbHBIX OCEH (MPAMOYTOJIBHHUK, TPEYTOJbHUK,
KpyT).

7. JlaitiTe ornpeiesieHue MOIPHOI0O MOMEHTA UHEPLIMH.

8. IIpuBeauTe GopMyIibl OJIAPHOTO MOMEHTA UHEPLIMM KpyTa U KOJIbLA.

9. Kak HM3MEHSAIOTCS MOMEHTHl MHEPLUUH IPHU MapajuIeIbHOM IIEPEHOCE OCEl,
€CJIM UCXOJHBIE OCH — LIEHTPAJIbHBIE?

10. ®opmyJibl 111 MOMEHTOB HHEPLUH HPU TOBOPOTE OCEMU.

11. Kakum cBOHCTBOM 00JaJaeT CcyMMa OCEBBIX MOMEHTOB HWHEPIIUU
OTHOCUTEJIBHO JIBYX B3aUMHO MEPIEHANKYJIAPHBIX OCEH?

12. Kakuie ocu Ha3bIBalOTCS I1aBHBIMU LIEHTPAJIIBHBIMU OCSIMU MHEPLUU?

13. Kak ompenensercs MOJOKEHUE TJIABHBIX LEHTPATBHBIX OCEH MHEPIUU IS
CUMMETPUYHBIX CEYECHUN?

14. ®opmyna ans omnpefesNeHHs] TOJIOKEHHUS TJIaBHBIX OCed HMHEpPUUU s
HECUMMETPUYHBIX CEUCHUM?

15. OmnpeneneHve YUCICHHBIX 3HAYEHUN TIABHBIX MOMEHTOB WHEPLUHU IS
CUMMETPHUYHBIX U HECUMMETPUYHBIX CEUYEHUI.

16. Paguycel naepiuu. Berancienue pagnycoB HHEPLIUU Kpyra U KOJIbIIA.

17. MoMeHTBI COPOTUBIICHUS U UX CBOMCTBA.

Ilocne u3yuenus smoit memvl MOIHCHO RPUCHLYRUMb K peuieHuro 3adauu Ne2,
6KJII0UEHHOI 8 KOHMPOIbHYIO PAOOmY.
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3.2.3. IPUMEP PEHIEHUSA 3AJTAYU Ne 2

«['eoMeTpuYecKkue XapaKTEePUCTUKH IJIOCKUX PUTYP»

/
/
/
/
/

—

I/ICXOIIH])Ie JAHHBIC:

'll’ll’ll’ll’ll’l’l’l"

[Tnactura — 200 x 20MMm;

PaBHOOOKHI yromok — 160x160x12mm.

W,

-

Puc. 3.12

JIJI1 32IAaHHOTO CJIO’KHOTO MONEPEYHOr0 CeYeHNsI, COCTOSALEr0
U3 JBYX 3JIeMeHTOB (puc. 3.12), tpedyercs:
1. Beimucath (BBIYUCIUTB) JJIs 3JIEMEHTOB, BXOJAIIUX B COCTAB CIOXKHOTO

MIONIEPEYHOTO CEUEHUS, UCXOHBIC TaHHBIC U3 CIIPABOYHBIX TaOJHUII (COPTAMEHTOB).

2. OnpenenuTh TOJIOXKEHHUE IIEHTpAa TSHKECTH 3aJaHHOTO  CJIOXKHOTO
nonepeyHoro ceueHus. [locTpouTs Npou3BOIbHBIC LICHTPAIBHBIE OCH.

3. HaifTm Beau4YMHBI OCEBBIX MU IIEHTPOOEKHOTO MOMEHTOB HWHEPIIUU
3aIaHHOTO CJI0KHOTO MOMEPEUYHOT0 CEUCHUSI OTHOCUTEIBHO ITUX IIEHTPAIBHBIX OCEH.

4.  Omnpenenuth HaNpaBJICHUE TJIABHBIX IICHTPAIBHBIX OCEH.

5. HaifTu BenMuYMHBI OCEBBIX MOMEHTOB MHEPIMH 33JaHHOTO CJIOKHOTO
MOINEPEYHOr0 CEUECHUSI OTHOCUTEIBHO TJIaBHBIX 1IEHTPaIbHBIX OCEH.

6. BoruepTuTh 3a7aHHOE CIOXHOE MOMEPEYHOE CEYeHHE B MacmiTabe Ha

MUJUTUMETPOBKE opMarta A 4 u yka3aTh BCE pa3Mephl B UMCTIaX U BCE OCH.

Pemenune

Bpinumem W nmoacunTaeM TIEeOMETPUYECKUE XApPAKTEPUCTUKUA  OTHEIBHBIX
AJIEMEHTOB, BXOJSIIMX B COCTaB CJIOKHOTO TMONEPEYHOTO CeueHUs (UCXO/HbIC
JIAHHBIC BO3bMEM M3 CITPABOYHBIX TaOJIHII /COpTaMEHTOR/).

Bbynewm cuurath, uto ninactuHa — gurypa |, a paBHONIOIOUHBIN YTOJIOK — QuUrypa
1.

®durypa | — miaactuna 200x20mm

b=20mm=2cm; h=200mm=20cm; A;=bh=220cm* =40cm’;
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bh* _ 2cm-(20cm )?

x J' = =1333,333cm* =1333em*;
Y1 12
3 3
gr=Ph _(@ew) - 206M _ 13 333330m* =13 33cn";
h > ! 12 12
C 1 yl ];121: 0'
le— b —

durypa |- pasHonoaouubii yrogok 160x160x12

b=160mm = 16cm;

A Z2
d d=12mm=12cm;
T
Zo ( 1 A, =37, 4dem’;
t > 2o =4,39cm;
b Ce Y2 J) =3 =913em*;
J), =+53Tcn’.
< ZO
b

371ech U B JajdbHEUIIEM

A1, A, — COOTBETCTBEHHO ILIOIIAIN TIEPBOUM U BTOPOU PUTYD;

A — momanbk coctaBHOM ¢urypsl (oOias MmiIomaAb 3aJaHHOTO CJIOKHOTO
MONEPEYHOr0 CEYEHU).

Bepxnue unnekcsl |, 11 y MOMEHTOB MHEpLIMK COOTBETCTBYIOT HOMEpaM (QUryp,
HX OTCYTCTBUE O3HAYAET, YTO OMPEIEIAECTCS MOMEHT MHEPLIMU BCETO CEUCHUSI.

Hanpuwmep,

| . _
J, — MOMEHT HHEpLMH NEPBO GUTYPBI OTHOCUTENBHO OCH Y1,

1 o ) o
J .2, — UEHTPOOEKHBIH MOMEHT MHEPIIMH BTOPO (PUTYypBI OTHOCHTENBHO OCEH
Y2, 2>.
3ameuanue. B cipaBoYHBIX TabyMIax (COpTaMEHTaX) 3HAYEHUS IIEHTPOOEIKHOTO
MOMEHTa HHEPIIUH yTOJIKa OTHOCUTEIBHO IIEHTPAIBHBIX OCEH MPUBOIATCS O€3 ydeTa

3HaKa. 3HaK IIEHTPOOEKHOr0 MOMEHTa WMHEPLHU 33JaHHOTO yroyika (paBHOOOKOTO
WJIM HEPaBHOOOKOTO) MOKHO BbIOpaTh B COOTBETCTBUHU C puc. 3.13.
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v

v

v

J,>0 J,, <0 J,, <0 J,>0
Puc. 3.13

Ecniu B copaBouyHbIXx Tabmumax (copTaMeHTax) 3HAUY€HHE ILIEHTPOOEKHOTO
MOMEHTa HMHEpPUUU Yrojka (paBHOOOKOTO WM HEPaBHOOOKOTO0) OTHOCHTEIBHO
COOCTBEHHBIX LEHTPAJIBbHBIX OCEl OTCYTCTBYET, TO HAaWTHU 3TO 3HAYEHHE MOKHO C
MOMOIIIBIO TpeTbel (PopMyIibl MOBEPHYTHIX oceit (3.25)

J — Jmi ,
Jyz —max ‘'min . sin2a,
2

rae
Jmax 1 Jmin - TJABHBIC ILIEHTPAJIbHBIE MOMEHTHl HMHEpPLUHU YIoOJIKa,
3HAYEHUS KOTOPBIX PHUBEACHBI B TAOJINIIAX COPTAMEHTA.

Hcrnons3ysl NpUBENCHHBIE BBIIIE CIPABOYHBIE JAHHBIE, BBIYEPTUM 3a1aHHOE
CJIOKHOE TIOTIEPEYHOE CEYEHUE B MAcIITade C yKa3aHUEM BCEX OCEH M HEOOXOIUMBIX
pa3MepoB B canTuMeTpax (puc. 3.14).

3ameuanue. 3aJaHHOE CIIOKHOE TONEPEYHOE CEYECHNE HE UMEET HU OJHOU OCH
CUMMETPHH.

OmnpeneJieHue M0J10KeHUS HEHTPA THAKECTH 32IaHHOTO
CJIO’KHOTO TOIEPEYHOro CeYeHUs!

OnpenenuM KOOpAWHATHI LEHTPOB TSXKECTU NEPBOM U BTOpoil puryp (Touek C;
1 C;) OTHOCUTENHHO MTPOU3BOJILHOM KOOPAUHATHOM CUCTEMBI Z1 Cq Y.

TouxkaCi: y. =0; z. =0

ToukaCy: Y. = §+ 4,39=5,3%m; z. = 220 —4,39=5,61cm.

OO6mr1ast Iomaab 3aJaHHOTO CIIOKHOTO MOTIEPEUYHOTO CEYCHUS
A=A+ A, =40 + 37 4=T77 ,4cm? .
Koopaunara mieHTpa TSHKECTH 3aJaHHOTO CIIOKHOTO MOTMEPEYHOTO CEUCHUS IO
ocH Y1 OyZeT paBHa
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« b, »le b,

«——
O
N
<
N

<« 2,6 »le 2,79 »

< 539 ——»

< 2 > 4,39 —>
Puc. 3.14

v = AYe,+ AYe, (40-0+37,4-539)cu®  201,586cH’
¢ A 77, Acm? 77, 4cm?
KOOpI[HHaTa OCHTpa TAKCCTH 3aJaHHOI'O CJIOKHOI'O ITOIICPCUYHOI'0 CCUCHHUA II0

= 2,604cm = 2,60cm

ocH Z; OyJieT paBHa
_ Az + Az, _(40-0+37,4- 5,61)cm’ B 209,814cm’
A 77,4cm? 77,4cm?

ITo mony4YeHHBIM 3HAYEHUSIM KOOPAUHAT HalJIeM MOJIOKEHUE LIEHTPA TSHKECTH (TOUKa

Z; =2,7105em =2,71cm

() 33JaHHOTO CJIOKHOTO MOMepeYHoro ceueHus (puc. 3.14).
3ameuanue. llentp Tsbkectn (Touka C) CIOXKHOTO IIONEPEUYHOTO CEUCHMS,
COCTOSIIEr0 M3 JIBYX MPOCTHIX (UTYp, BCET/A JTOJDKEH JIKATh Ha MPSAMOU JIMHUH,
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coeuHSONICH 1eHTpbl TsbkecTu (Touku C; m C) mepBod u BTOpoul duryp (puc.
3.14).
ITocTpoeHue HEeHTPAJBbHBIX OCel

Uepes HAUACHHBIN LEHTP TSKECTH 33JJaHHOTO CJIO0KHOTO MOMEPEYHOTO CEUECHUS
(Touka C) npoBeaeM POU3BOJIbHBIE IIEHTPAIBHBIE OCH Y¢ U Z; TApAILIEIBHO OCSM Y U
Z;, KaK 3TO MOKa3aHo Ha puc. 3.14.

OmnpeneJieHue BeJIMYNH OCEBBIX M HEHTPOOEKHOT0 MOMEHTOB HHEPUMHU
OTHOCHUTEJIbHO HEHTPAJbLHBIX Oceil

OceBoif MOMEHT HWHEPIUHU 3aJIaHHOTO CJIOKHOTO TOMEPEYHOr0 CEUCHUS
OTHOCHUTEJILHO IEHTPAIBHOM OCH Y, paBEH CyMME MOMEHTOB WHEPLUU TMEPBOU U
BTOpOH (PUTYp OTHOCUTEIBHO 3TOM OcH

JYC =J)I/C+J3I/Ic'

B coorBercTBUM ¢ (OpMyJaMH MapauIeIbHOrO IIEpeHoca OCeil MOMEHT
UHEPIUH TEPBOH (UTYpbl OTHOCHTEIBHO IICHTPAIbHOW OCH Y. PaBCH MOMEHTY
HHCPIHHUH OTHOCHUTCIIBHO cOOCTBEHHONH oOCH Y1 IIIIOC 1j1omanb 9TOU Q)Hrypbl

YMHOXCHHOW Ha KBAJIpaT PacCTOSIHUS MEXTy ocsiMHu Y U Y (puc. 3.14)
Jy. =3, +Aa; =1333 +40 - 2,71°= 1626,8 cm" = 1627 cm*,
e
a;=z¢,-3¢=0-2,71 cm=-271 cm (puc. 3.14).
AHAIIOTUYHO, MOMEHT WHEPIUH BTOPOl (PUTyphl OTHOCHTEIBHO IEHTPATBHON
oCH Y paBeH
Jp =J,+Aa; =913+374-29°=1227,5cm" = 1228 cm*,
e
az=2¢c,"%¢=5,6l cm-2,71 cm=2.9 cm (puc. 3.14).
CrnenoBareiabHO, OCEBOM MOMEHT MHEPIHHU 33JJaHHOTO CIIOKHOTO MOIEPEYHOro
CEUYCHHUsI OTHOCHTEIBHO [IEHTPAIBHON OCH Y, paBeH
J,, =1627 + 1228 = 2855 cm” = 2860 cm*,

Y
AHaAJOTMYHO, OCEBOM MOMEHT HWHEPLHH 3aJaHHOTO CIIO)KHOTO MONEPEYHOIO
CEUCHHUSI OTHOCHUTEIIBHO LEHTPAIBHOW OCHU Z. pPaBEH CYMME€ MOMEHTOB HMHEPLHU
MEPBOIl ¥ BTOPOU (PUTYP OTHOCUTENBHO ATOU OCU
_ 1! 1
J = J Lt J .
71 2 2 4
JZC —JZ1+ Albl =13,33+40-2,6" =284cMm
rae
b, = Ye,— Ye =0—-2,60cm=-2,6em (puc. 3.14).
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OceBoit MOMEHT UHEPLIMHA BTOPOM (PUTYpbl OTHOCUTENBHO OCHU Zc
JZ"C = lel +Ab? =913+37,4-2,79° =1204cm’

rie
b, = Yc,~ Ve =5,39em — 2,60cm = 2,79¢em (puc. 3.14).

CrnenoBaTenbHO, OCEBOM MOMEHT MHEPLHU 3aJaHHOTO CJIOXKHOIO IOIEPEYHOro
CEYEHUsI OTHOCUTEIIBHO LEHTPAJIbHOM OCH Z; PaBEH

J, =284+1204 = 1488cm* =1490cm’

Z

HGHTpO6C)KHLII?I MOMCHT MHCPIHH 3aJTaHHOI'O CJIOKHOTI'O ITOIICPCYHOI'O CCUCHUA
OTHOCHUTCIIbHO LCHTPAJIBbHBIX ocei Ye¢ U Zc PAaBCH CYMMC HGHTpOGG)KHBIX MOMCHTOB

WHEPIINH MePBOX U BTOPOH (PUTYp OTHOCUTEIBHO 3TUX OCEH

_ 1l "
YcZc Ycic Ycic

J, .. =3, +Aab =0+40-(-2,71)- (-2,6)=282cm"
J )I’Iczc =J ;Iflzzz + Azazbz =537+37,4-2,9-2,79= 840cmMm*

CH@I[OBaTeJIBHO, HGHTpO6C)KHBII>i MOMCHT HMHCPIHHHU 3aJdaHHOI'O CJIOXKXHOI'O
IMOIICPCUYHOro CCUCHUA OTHOCHUTCIIbHO IICHTPAJIbHBIX ocen Yc 1 Z. PaBCH

Jy =282+840=1122¢cm" =1120cm*

YcZ
MOMEHTBI HHEPIUH 3aJJaHHOTO CIIOKHOTO MOMEPEYHOr0 CEUEHUS OTHOCUTEIIBHO
LEHTPAIBHBIX OCEU Y. U Z, HAWICHBI

J, =2860cM”; J. =1490cm*; J =1120cMm".

Y
Onpenesenue HANIPaBJIeHUS [VIABHBIX HEHTPAJbHBIX Oceil
HanpasieHue riaBHbIX HEHTPAIBHBIX OCEH 3aJaHHOTO CJIOKHOTO MONEPEYHOTO
CeYeHMs ornpeensiercs no Gopmyne

tg2a - P __ 21120 2240
0 JYc_'ch 2860 —-1490 1360
—58,6'

2a, =arctg(-1,64) = -58,6%; T 5

=-1,6350=-1,64;

~=-293"

3HaK« — »HOKa3bIBACT, YTO YI'OJl ¢, OTKIIAAbIBACTCA OT OCH Y¢ IO X0oy 4acoBOM

CTpenKu (U1 « + » — IMPOTHUB XOJIa YACOBOM CTPENIKH).
[TpoBOMM I1aBHBIE IEHTPAIbHBIE OCH U U V, KaK 3TO MOKa3aHo Ha puc. 3.14.
OnpenesieHue BeJJUYNH IIABHBIX MOMEHTOB HHEPIIUH
MoOMEHTBHI HHEPIIUA OTHOCHUTEIIBHO TJIABHBIX IEHTPAIBHBIX OCEH BBIYUCIISIOTCS
o cJeAYIMM hopMyiam
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1 2 2 ]
JW:E[(JYC_FJZC )i\/(ch_JZc ) +4JVCZC -

min

= % (2860+1490 ) ++/( 2860 1490 )? + 4-1120? ]: %[4350 +2625,7];
Joo = %[4350 +2625,7] = 3487,85cm* = 3490cm*;

Jin = %[4350 —2625,7] = 862,15cm* = 860cm” .

Tax kak J, >J, , 1O
C C

J, = =3490em*;  J, =J ;. =860cm*.
KonTpoJb (mpoBepky) NPaBUJILHOCTH BHIYUCICHHS TJIABHBIX
MOMEHTOB MHepuum J, u J,
J1J1st mpoBepKU MPaBUIBLHOCTH BBIUMCIECHUS TJIABHBIX MOMEHTOB MHEpUUU J, U J

MOJXHO HUCIIOJIb30BaTh PABCHCTBA
J,43,=3, +3, uJyu=0.

Ilposepra Ne 1:

J,+J,=J, +J, =const.
J,+J,=3490 + 860 = 4350 cm*; 3, +J, = 2860 + 1490 = 4350cm".
CrnenoBatesbHO,
J,+J, =3, +J, =4350cm* =4350cm" (+ 5%).

lIposepka evinonusemcs.
Ilposepka Neo 2:

— (JyC_JZC)

Jo=e e sin2a, 49,

_C0s2a, = (2860;490) sin(—58,6°) +

uv Z

+1120-cos(-58,6° )=-585+584 =—1em’ (£ 5%).

IIposepra svinonnsemcsi.

3ameuanue. CrnenyeT UMETh B BHIY, YTO C TMOMOIIBIO 3TUX PABEHCTB MOXKHO
MIPOBEPUTH MPABUJILHOCTh BBIUYMCIICHUS TOJIBKO HAIIPABJICHUS TJIAaBHBIX IIEHTPATBbHBIX
OCell M YHUCJICHHBIX 3HAYCHUHN TJaBHBIX MOMEHTOB uHepiuu. CoOJIIofeHHE 3THX
PABEHCTB HE TAPaHTUPYET MPABHIHBHOCTH BBIYUCIICHUS MOJOKEHUS LIEHTPa TIKECTU
CEUYEHHS, a TAK)KE OCEBBIX U IEHTPOOEC)KHOTO MOMEHTOB MHEPIIUU OTHOCUTEIIBHO €T0
LIEHTPAJIBHBIX OCEH.

B naweti 3a0aue 6ce npoeepku GbINOIHANMCA, Cle00BAMENLHO, GENUYUHDI
2/IABHLIX MOMEHMO8 UHepYyuu O 3A0AHHO20 CIONCHO20 NONEPEYHO20 CeYeHUsl

onpeoesienbl NPAGUIbHO.
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3.3. TEMA 3. KPYUEHHME CTEPXXHEM KPYTJIOI'O IONEPEYHOI'O CEYEHUA
3.3.1. OCHOBHBIE TEOPETUYECKMUE INOJIOKEHUS

OcHoBHbIe NOHATHA. KpyTSAIUMA MOMEHT

Onpeodenenue. KpyueHnrem Ha3bIBaeTCsl TakoW BUJA AePOpMallUU CTEP>KHA, MPU

KOTOPOM B €T0 MOTMEPEUYHBIX CEUCHUSIX BOSHUKAET TOJIHKO OJIMH BHYTPEHHUHN CUIIOBON
(axrop — kpyTsamuil MoMeHT M,,, a BCe poune BHyTpeHHHE cuiioBble GakTopsl (N,
Q, u M,;,) paBHBI HYIIIO.

Takum 00pa3om, KpydeHHE — 3TO Takas JedopMaliys, KoTopas COIpPOBOXKIACTCS
MTOBOPOTOM TIOTIEPEYHBIX CEYCHUIN CTEPIKHS BOKPYT HEKOTOPOW OCH IIPH HEM3MEHHOM
PACCTOSIHUM TOYEK 3THUX CEUCHHUI OT Ha3BaHHOW OCH. ECIIM ceueHUs CTEp)KHS UMCIOT
JIBE OCH CHMMETPHH, TO 3a OCh BpAIICHHUS NPUHUMACTCS TCOMETPHUYECKas OCh
crepxxHs. Takas nedopmaims, B 4aCTHOCTH, UMEET MECTO B TOM cCllydae, Korjaa K
KOHIIaM CTEp)KHS TIPWIOKEHBI CHJIBI, KOTOPBIE CBOMATCS K TIPOTHBOIOJIONKHO
HaIpaBJICHHBIM T1apaM CHJ, JACHCTBYIOIIMM B INIOCKOCTSX KOHIIEBBIX MOIEPEUHBIX
CEYCHHUI ¥ MMECIOIITUM PaBHBIC MOMEHTHI.

C KpyueHHEM Ha TMPaKTHKE MPUXOJUTCS BCTPEUATHCS JOCTATOYHO YacTO: OCH
MOJBM)KHOTO COCTaBa, TPAHCMHUCCHOHHBIC Bajibl, BUHTOBBIC MPYKUHBI, 3JICMEHTHI
MIPOCTPAHCTBEHHBIX KOHCTPYKIIMH M OOBIKHOBEHHBIM 3aMOYHBIA KIIOY — BCE 3TO
MIPUMEPHI CTEP)KHEH, paboTalOmMUX Ha KPYUSHUE.

HccnenoBanus mokasai, 4To XapakTep AehopMariii CKPYyIUBaeMOTo CTEPKHS
B 3HAYUTEJBHON CTENEHM 3aBUCHT OT (POpMBI e€ro momepedHoro cedeHus. Cpenu
CTEp)KHEH ¢ pa3MMYHbIMH (GOpMaMH TIOTIEPEUYHBIX CEUYCHUH, TI0JIBEpracMbIX
KpYYCHUIO, HAWOOJIbIlIee PacCIpOCTPaHEHUE IOMYUYMUIN CTEPKHU C KPYTJIBIM HIIH
KOJIBLIEBBIM CEUYECHHUEM.

Onpeodenenue. CTep:kHH, paboTaIOIINE HA KPYUYCHHE, Ha3bIBAIOTCS BaJIAMU.

Ecnu npsiMoll CTEpKE€Hb HAXOAUTCA B COCTOSIHUM TMOKOS WA PABHOMEPHOIO
BpalieHusi, To anreOpandeckas CymMma BCEX BHEIIHUX CKPYYMBAIOIIUX MOMEHTOB,

TIPUJIOKEHHBIX K CTEPIKHIO, paBHA HYIIO () M, =0).

KpyTtsimme MOMEHTBI, BO3HMKAIOIIME B TMONEPEYHBIX CEYEHUSIX Baja,
OIPEACIISIFOTCS 110 BHEIIHUM CKPYYMBAKOIIUM MOMEHTaM C MOMOINBI METOJa
CEUCHUU.

Onpeodenenue. KpyTsuit MOMEHT B POU3BOJILHOM IOMIEPEYHOM CEYCHHH Bajia

YUCJIEHHO pPaBeH alnreOpandyeckoil CyMME BHEIIHHUX CKPYYMBAIOIIMX MOMEHTOB,
MIPUWIOKEHHBIX K CTEPIKHIO IO OJJHY CTOPOHY OT PaCCMaTPUBAEMOI'O CEUEHMUS.

B mpocreiimeM ciyyae, KOraa CTEpKEHb HArpyeH TOJBKO ABYMs PaBHBIMU
ApYyr ApYyry IO BEJIWYMHE M HANpPaBICHHBIMU B IPOTHUBOIIOJIOXKHBIE CTOPOHBI
BHEIIHUMU MOMEHTaMHU, KPYTSAIIMIl MOMEHT B JIIOOOM MONEPEUHOM CEYEHUM CTEPKHS
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M0 BETMYMHE PABCH BHEITHEMY MOMEHTY.

B Gonee ciioxkHBIX CiIydasx, KOTJa K CTEPKHIO MPUIOKEHO HECKOIHKO BHEITHUX
MOMEHTOB, KpPYTSIIHE MOMEHTHI B TOTEPEYHBIX CEYCHUSX PA3TUYHBIX YYaCTKOB
OyIyT HE OAMHAKOBHI.

H3MmeHeHne KpyTAIIMX MOMEHTOB TI0 JJIMHE CTEPIKHS M300pakaroT rpaduuecKku
B BH/JIC JITIOP KPYTSIINX MOMEHTOB.

Onpeoenenue. I'paduk, wu3o0pakaromuil 3akoH u3MeHeHUs M,, BIOJb

r€OMETPUYECKON OCU CTEPIKHS, Ha3bIBACTCA DIFOPOU KPYTSIIMX MOMEHTOB.

Opounamel  2moti  3nOpbl  NPeOCmMasiaiom CcoOoU UYUCIEeHHble 3HAYeHUs
Kpymsawux momenmos My, 6 COOmeemcmeyrouux Ce4yeHusx Cmepi*CHI.

ITpaBuia noctpoenus >tux 3mwop M,, IPUHIUIHAILHO HUYEM HE OTIMYAOTCS
OT MOCTPOEHUS S0P APYTUX BHYTPEHHUX YCHIIAM.

Ilpn pacyerax Ha IPOYHOCTH U JKECTKOCTH IIPU KPYYEHHUM 3HAK KPYTALIErO
MOMEHTa HE MMEET 0COOOro 3HAYCHHMSA, HO JUIA yH0OCTBA IOCTPOEHMs SIOp M,
OOBIYHO MPUHUMAIOT CJEAYIOILIEE MPABUIIO 3HAKOB.

LIpasuno 3nakos. Kpymawuu momenm 6 paccmampugaemom cedeHuu Cmepoichs

CUUMAaemcsi NOI0HCUMENTbHBIM, eCIU NPU 832180€ CO CIMOPOHbL NPOBEOEHHO20 CeYeHUs
GHEWHUL MOMEHM HANPAGIeH NPOMUG X00a YACOB0U CMPETKU.

OnpeneieHne KPyTAIMX MOMEHTOB 10 MOITHOCTH «N\» 1 YHciTy 000p0oTOB BaJia «»

Ipu pacyere BajioB Ha MPOYHOCTH OOBIYHO 3a/1A€TCSl HE KPYTSIIMI MOMEHT, & MOLIIHOCTh
N, nepeaBaeMas BaJioM, ¥ YMCII0 00OpOTOB Bana .

Ecmm mommocts N, nepenaBaemasi BaioM, 3a/1aHa B JIOIIAAMHBIX CUJIAX, TO BEJIMYMHA
KpPYTSILEro MOMEHTa orpeziesiseTcs o opmyre

— N .
M, =71620 ~ (kr-cm) (3.33)

TJIe

N — MOIITHOCTB, TIEpe/IaBacMasi BaJIOM, B JL.C.;

N —yurciy 000pOTOB Basia, B 00/MHUH.

Ecm morHocTs N, tiepenaBaemast Baiom, 3amana B krtoBarTax (1 kBT, ~ 1.36 z.c.), TO
BEJIMYMHA KPYTSIIIETO MOMEHTA OTpeiesieTes o popmyrie

My, = 71620 - 1.36 -~ = 97360 (x-cm), (3.34)

e

N — MOLTHOCTB, TIEpeIaBacMasi BaJIOM, B KBT.;

N —ynrciy 000pOTOB Baia, B 00/MHUH.

[Tomy4yennsie hopMyIIbl MOKA3BIBAIOT, YTO KPYTSIIHMA MOMEHT TEM MEHBIIIE, YeM
Oonpuie yncio 000poToB Basa. CrenoBaTeNbHO, MPU MTPUMEHEHUU OBICTPOXOAHOU
MaITUHBI, JENArOIIe 00JIbIIoe YuCiI0 000pPOTOB, HArpy3Ka HA BaJl PU OJHOW U TOU
K€ MOIIIHOCTH IOJyYaEeTCsI MEHBIIE, YEM B TUXOXOAHOM MAIIMHE, IIO3TOMY JTHAMETP
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Baja, a, CJIEIOBATEJIbHO, M pa3Mepbl MAIIMHBI MPU OOJBIIMX YHCIaX OOOpPOTOB
YMEHBINAIOTCA. ITO OOBSICHIETCA TEM, UTO MPH paboTe ¢ OOJIBIINM YHUCIOM 000POTOB
YBEJIMYMBAETCS MYTh, HA KOTOPOM IPOU3BOJIUTCS paboTa, a MOTOMY IOJIy4aeTcs
HKOHOMHSA B cuiie. Ha 3TOM OCHOBBIBAETCS BHITOAHOCTH TPUMEHEHHSI OBICTPOXOIHBIX
MalIuH.
Omnpenenenue HanpsiKeHUN U 1epopMalMi IPU KPYYEHHUH BaJia
KPYIJIOT0 IONEPEeYHOro CeYeHHs

[Tpu BBIBOZE (hOpMYI IS ONIPEICICHUS HAMIPSHKSHUI U yTI1a 3aKpyYMBaHUS MIPU
KPYYEHUH BaJla KPYIVIOIO CEUEHUs MpEAIojararoT, 4ro Marepuan paboTaeT B
npeaenax nporoprruOHAIbHOCTH, TO €CTh BBIIOJIHIETCS 3aK0H ['yKa.

AHanu3upys HanpsHKEHHOE COCTOSTHHE CTEp)KHEH MpU KPYYEHUH HEOOXOIHUMO
HCXOJMUTH U3 IEUCTBYIOIINX B HEM BHYTPEHHUX YCHIIAM.

B paccmarpuBaeMOM ciydae B CEUYEHMM Bajga BO3HUKAET €IVUHCTBEHHBIN
CHJI0BOM (PaKTOp — KpYTAIUA MOMEHT M., TaK KakK, corjlacHO onpeaeneHuo, N = Q,
=Q,=0; My=M,=0.

IIpn Kpy4eHUH NMPOUCXOAUT MTOBOPOT OJHOTO CEYEHHSI OTHOCUTEIBHO IPYroOro
Ha HEKOTOPBIN YTOJI @, HA3bI8AEMbIU Y2I0M 3AKPYYUBAHUSL.

DTO CBHUJETEIBCTBYET O TOM, YTO MPU KPYUYEHUH BO3HUKAET AePopMalus
YUCTOI'O CIBUIA.

Ha ocHOBaHMM 3THX SKCIEPUMEHTAIBHBIX JAHHBIX CTPOUTCS TEOPHUS KPYUYEHHUS
KPYIVIBIX CTEP>KHEHN, B OCHOBY KOTOPOM I10JI0’KEHA TUIOTE3a INIOCKUX CEYCHUM.

[Ipenmonoxum, 4ro:

— TONEPEYHbIE CEYEHUSI CTEPKHSA, INIOCKUE U HOPMAJbHBIE K €r0 IPOIOJIbHON
oclu 10 Jnedopmanuu, OCTalOTCS IUIOCKUMH M HOPMAJIbHBIMM K HEW W TOcCie
nedopManum (ruroTe3a IIOCKUX CEUCHU);

— paauychl TMONEPEYHBIX CEYEHUH MNpu AePopMalvyd HE HUCKPUBISIOTCS H
COXPAHSIOT CBOIO JJIMHY;

— paccTosHMS (BAOJIb OCH CTEPKHS) MEXAY MONEPEUHBIMU CEYEHUSIMU CTEPIKHS
npu aedopMaliuu He U3MEHSIIOTCS, TO €CTh JJIMHA CTEPHKHS OCTACTCSI MPEKHEH;

— OPSIMOJIMHEWHAs OCh CTEPKHS (OCh KPYUYEHHs) OCTaeTCsl MPSIMOJUHEHHON U
nocie aeopmaliiu, a Bce MONepeyHble CeUEeHUsI CTEPKHS MOBOPAUMBAIOTCS BOKPYT
ATOM OCH MO OTHOUIEHUIO JIPYT K APYTY HA YIOJI .

CrpaBeITMBOCTh NPUHSATHIX TUIOTE3 MOATBEPAKAAETCS TEM, UTO NOJIYUECHHBIEC HA
MX OCHOBE (DOPMYJIIbI XOPOIIO COTJIACYIOTCS € IKCIIEPUMEHTAIBLHBIMU TAHHBIMHU.

Ha ocHOBaHMM NPUHATBIX JOMYIUEHWM KPYYEHHE KPYTJIBIX CTEPKHEU MOXKHO
MPEACTaBUTh KaK pPE3ydbTaT CIBUIOB, BbI3BAHHBIX B3aMMHBIM IIOBOPOTOM

MOTNEPEYHBIX CEUEHUN OTHOCUTEIBHO APYT IpyTa.
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BCHGI[CTBI/IG 9TOro B IOICPCYHBIX CCUYCHUAX BO3ZHHUKAIOT TOJIBKO KaCaTCJIIbHBIC
HAIIpsHDKCHUA T, a HOPMAJIbHBIC HAIIPSXKCHUA ¢ PaBHBI HYJIIIO.
KacarenabHoe HaIIPpsSOKCHUEC B IIOICPCYHOM CCUCHHMHM BaJla IIPH  KPYUYCHHHU

ompenensiercs no Gopmye

ro—r=Mep, (3.35)

Ota popmysa mMo3BOJSAET ONMPEALISITh KacaTeIbHbIC HAMPSHKEHUS B JTIO00H TOUKE
KPYTJIOTO MONEPEYHOTO CEUEHUS C KOOPAUHATOU p.
MaxkcumarnbHble 3HAYCHUSI KAaCaTEJIbHBIX HANPSKECHUN BO3HUKAIOT B KpPaWHUX

TOYKAX CEUCHUS p = I U ONpenesstoTcs no hopmyie

M-r Mg
o = Ty =5 = v (3.36)
p p
rae
I, .
W, =-= — MOJSIpHBIH MOMEHT COIPOTHBICHMS ILIOMIAId KPyra OTHOCHTEIBHO
r
€ro LCHTpa.

Kax u3BecTHO, 11 Kpyra

r-d*.2 z-d’
= = : 3.37
77 32.d 16 (3:37)
VYT01 3aKpydrBaHUs @ ONpeaeIseTcs mo Gopmyie
My ?
9=~ — (pan) (3.38)
p

Benwuuna  Gl,  nasvieaemcs  owcecmkocmuvio  cmepoicni npu - Kpywenuu.  OHa
Xapaxkmepuzyem conpomuaneHue CMEPIHCH 3aKPYUUBAHUIO.

[omHbi yron 3aKpy4rBaHMs HE BCETJIAa MOXKET XapaKTePU30BaTh KECTKOCTb CTEP)KHS
npy KpydeHnn. Ha npoTshkeHnu JTMHBI CTePyKHST KPYTSIIME MOMEHTBI MOTYT UMETh pa3HbIe
3HAKH, TI03TOMY MOJHBIA YTroJl 3aKpy4YHBaHUSI MOXKET OBbITh HEOOJBIIIMM, B TO BpeMsl Kak Ha
OTJIEBHBIX YYaCTKaX OH OKAKETCSI 3HAUUTEITBHBIM.

JIist OObEKTUBHOM OIIGHKUA JKECTKOCTH CTEpyKHSI BBOAWTCS Jpyras BeJIMUMHA -

OTHOCHTENBHBIN YIOJI 3aKPyYUBaHUS

M,
0=—2, (3.39)
GI,

HMEIOITIAs pa3MEPHOCTD Pal/CM HITH PaJI/M.
Takim obOpasoMm, Oma ciyuaes, Koeda Ha OMOEIbHLIX ydacmkax eemuduna M,

NOCMOAHHAA, OMHOCUMETIbHBILL Yeoll 3aKpy4UueaHu O Ha pacemampueaemom  yuacmnke

YUCTIEHHO PABEH YLy 3AKPYYUBAHUS 8AJId, NPUXOOSIUYE20CS HA eOUHUYY ONUHBI.
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Pacyer cTrep:KHA KPYIJIOro MONEPEYHOr0 CeYeHU sl
HA NMPOYHOCTDb H JKECTKOCTH IIPU KPYYEeHHH

Haunbonee pacnpocTpaHEeHHBIM pacyeToM Ha TMPOYHOCTh TMPU KPYUYCHHH
SABJIACTCS PacdCT 11O AOITYCKACMbBIM HAIIPSKCHUAM, COIVIACHO KOTOPOMY HauOoJIbIIEE
KaCaTCJIbHOC HAIIPAKCHHUC, BO3HHKAIOIICC B MATCpHUATIC, HC OOJDKHO IIPCBLHIIIATDH
ONpEJEICHHON BEJIMYMHBI, CBOMCTBEHHOW JAHHOMY MaTepuaily U yCIOBUSAM paOOTHI.

JTa BEJIMYMHA HA3bIBAETCS AOITYCKACMbIM HAIIPSAKCHUCM, TO CCTh

. <[r]. (3.40)
D10 TpeOOBAHUE HA3BIBACTCS )CI08UEM HPOUHOCHIU.
Onpedeﬂeﬂue. I[OHYCKaeMLIM HAIIPSKCHUEM Ha3bIBACTCA HanOOJIbIIIEE

HanpsDKeHUE, TP KOTOPOM  OOECIeYHMBacTCsS TMPOYHOCTH UM JIOJITOBEYHOCTH
MPOEKTUPYEMOTO JIEMEHTa KOHCTPYKIIHH.

JlommyckaeMoe KacaTeabHOe HaPsDKeHUE TIPH KPYyUeHUH [7], 3aBHCHT OT CBOMCTB
MaTepuasa u OT MPUHATOro KodduIlMeHTa 3amnaca mpoYHOCTH

[] = T'Ei]e" (3.41)

B ClIy4dac INIACTHYHOI'O MaTcpHala B Ka4dCCTBC OIIACHOI'O HAIIPSIKCHUA Tppeop

IIPUHAMAETCS T,, — NPEAET TEKYYECTH IIPU CABUTE, a B CIIy4ae XPYIKOTrO Marepuasna
T, — IIPEEII IPOYHOCTH IIPU CIBUTE.

B bOonvwuncmee ciayuaes  Odonyckaemvie  HANPAICEHUSs ~HA  KpYUEHue
NPUHUMAIOMCSA 8 3A8UCUMOCTNU OM OONYCKAEMbIX HANPANCEHUL HA pAcmAdCceHUue Ol
moz2o dice mamepuaid.

Bansl, sBastonmecs: OCHOBHBIMU OOBEKTaMH, PACCUNTHIBAEMBIMU Ha Kpy4EHUE,
KpOME KpYYEHUs, 4aCTO HUCTBITHIBAIOT U U3ru0. Kpome TOro, BOZHUKAIOIIKUE B HUX
HaIIpsDKEHUS TIEPEMEHHBI BO BpeMeHM. lloaTtomy, paccuuTeiBas Bajl TOJIBKO Ha
KpYy4€HHE CTaTUYECKON Harpy3Koi 0e3 yuera u3ruba v nNepeMeHHOCTH HanpsHKEHHH,
HEOOXOIMMO MTPUHUMATH MIOHMKCHHBIC 3HAUCHHUS JIOITYCKACMbIX HaNpsHKeHUH [7].

Bennunnbl nonmyckaemeix HanpsbkeHui ycranasinusatoress CH u 11

MaxkcuMallbHOE KacaTelbHOE HANPSHKEHUE B Bajle NPU KPYYEHUHU BO3HUKACT B
CEYCHMH, TA€ KpyTAIUd MOMEHT M,, IOCTHraeT HamOONbUIEH II0 MOZIYIIO
BEJINYMHBI, TO €CTb B OITACHOM CEYCHHUH.

Onpeodenenue. (CeyeHue, B KOTOPOM KPYTSIIMA MOMEHT MPUHUMAET

MaKCHUMAJIBHOE 110 A0COIOTHOW BeIW4nHE 3HaueHHE M, max , HA3bIBACTCS ONACHBIM
CEUEHHEM CTEPIKHSI [T0 KacaTeIbHBIM HAIPSHKCHUSIM [P KPYUYESHHU.

BennuuHa 7. TpeacTaBisieT coOOM 3HaYeHHE HaMOOJBIIETO KacaTebHOTO
HAMpsDKEHUS B OMACHOM CEYEHHH CTEPXKHS B HEMOCPEICTBEHHOM OJIM30CTH K €ro
BHEIIIHEH MTOBEPXHOCTH (p =T).

Takum 00pa3oMm, HauOOINBIIME KacaTelbHBIC HAMNPSOKEHHUS B CTEPXKHE IIPU
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Kpy4duCHHNU 6y,I[}7T BO3HHKATh B OIIACHBIX TOYKaX OIIaACHOI'O CCUCHH BaJjia

My
Tmax = ;;Zax (3.42)

CJ'IGI[OB&TCJ'IBHO, YCIOBHUC TIIPOYHOCTH IIpU KPYUYCHHH II0 KaCaTCJIIbHBIM
HaIIPsAKCHUAM 110 METOAY AOITYyCKACMBbIX HaHpﬂ)KCHI/Iﬁ HUMECT BU]

Mg
fra = 2 <[ (343

B aroit hopmyie
Tmax — MAKCUMAaJIbHOE KAacaTeNIbHOE HANIPSKEHNE B BAJIE;
My max — MaKCHUMAaJbHbIN KPYTAIIMA MOMEHT B BaJle;
W, — onsApHBIil MOMEHT CONIPOTHUBIICHHUS IIOIIEPEYHOIO CEYECHNUS BaJla;
[T] — momyckaeMoe KacaTelbHOE HAIPSKEHHUE.

IIpu pacyere CkpyduMBaeMbIX CTEp>KHEH HA MPOYHOCTh BO3MOXKHBI TPU BHIA
3a/1a4, pa3Inyaromuxcs (GopMon UCIIOIb30BAHUS YCIOBUS POYHOCTH:

a). Ilposepounbii pacuer. Ilo wu3BeCTHBIM 3HA4YEHMAM Mypmax, W,, [7]

MIPOBEPSIOT BBIMOJIHEHUE YCIOBHS MPoYHOCTH (3.43).

M max
Tm ax = K‘I:V S [T]
P

IIpn mpoBepke HanpsLDKEHWM 10 3aJaHHBIM Harpy3kaM M pa3MepaM CTEpKHS
ONpeNeNsoT HauOoJNbIINE KacaTelbHble HanpsbkeHud. HaunOonbline kacaTeiabHbIE
HaIIPSDKEHUSI CPABHUBAIOTCS C JIOITYCKAEMbIM HAIPSHKECHUEM.

Ecnu ycioBue mOPOYHOCTH HE BBIMOJHAETCSA, TO HEOOXOAUMO YBEIUYHTH
pa3Mepbl CEUCHUS WM YMEHBIIUTh HArpy3Ky.

0). Ilpoexmnwvii pacuem. Ilo 3amaHHOW HArpy3Ke OIPEAESIOT KPYTALIU

MOMEHT My max M W3 YCIOBUS TPOYHOCTH HAXOIAT BEIUYMHY TPEOyeMOro

IMOJIAPHOT'O MOMCHTA COIIPOTUBJICHUS IMMOMCPEIHOTO CCUCHUA

mpeb MKp max
Wy 2 R (3.44)

Ilo BenuuuHe IIOJLIPHOI'O MOMCHTA COIIPOTHUBJICHUA OIPCACIIACTCA AUMCTP
CINIOIIHOI'O KPYTJIOro MomnepeuyHoro CCUCHMA

WK HapyKHBIN 0, 1 BHYTpeHHU# O, THaMETPbl KOJIBLIEBOTO CEYCHHUS CTEPIKHS

1)

16M,

dH23m. (l:d_H—) dgza'dH

B). Onpedenenue Odonyckaemoul Hazpysxu. PellieHne 3TOW 3adadyMl CBOJIUTCS K
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ONPEIEICHUIO TPY30MOABEMHOCTU CTEPHKHS UM CTEP>KHEBOUM CUCTEMBI (HaXO0XKACHHUE
Harpy3kd, MpU JEUCTBUM KOTOPOW HANPSHKEHUS B OIMACHOM CEUYEHHHM PABHBI
JIOMyCKaeMbIM HampspbkeHusM). [lo u3BecTHONW BenWYMHE MOJSPHOTO MOMEHTA
conpotusieruss W, u JomyckaeMoMy HalpsbKeHHIO [7] ompenersioT HanOoIbIIyO
BEJIMYHUHY JIOMYCKAeMOr0 KpyTSIIEro MoMeHTa My,

[My] <[] W, (3.45)

Ilo HalineHHOMY 3HaueHuto [M,,] ompenenseTcs HOIMyCKaeMOe 3HAUCHUE
BHEIIIHEN HArpy3KH.

Pacuer Bajna Ha NPOYHOCTH HE HCKIIOYAET BO3MOYKHOCTH BO3HUKHOBEHHUS
nedopmaliuii, HeIOMyCTUMBIX MPHU €ro dKCIUTyaTaluu. bosblme yribl 3aKkpy4rBaHus
Bajia 0COOEHHO OIACHBI MPU MEepeaue UM MEPEeMEHHOI0 BO BPEMEHHM MOMEHTA, Tak
KaK IIPY 3TOM BO3HUKAIOT OMACHBIE JJIsl €r0 MPOYHOCTU KPYTHIIbHBIE KOJICOAHMUSI.

[ToaTOMY B HEOOXOAMMBIX CITy4asiX Bajibl PACCUUTHIBAIOT U HA KECTKOCTb.

YcnoBre )KeCTKOCTH IPU KPYUYEHUN UMEET BU
My,

6=
Gl,

<[6] (3.46)

IIo BenmuumHe I[IOJIAPHOI'O MOMCHTA HMHCPpHOUHU  OIIPCACIIACTCA  IHUAMCTP

CINIOIIHOI'O KPYTJIOro MOInepCYHOro CCUCHMUA

M M 32M
6., =—5<0l>1 >—5. >d>—K .
™Gl o} -1, o] "~V ac[e]

WM HapyXXHbIH d,, ¥ BHyTpeHHUH d, THaMETPhI KOJBIICBOTO CCUCHUS CTCPIKHS

d, 25| oM o g=% g o=q.d,
72"1—0! ur] a,

rae

O — HauOOoNBIINKA OTHOCUTEIBHBIN YTOJl 3aKpYUMBaHUS CTEPIKHS;

[©] — nmomyckaemblil OTHOCUTEIBHBIA YIoOJl 3aKpyYMBAaHMS, NMPUHUMAEMBINA B
muanasone 0,5 + 2 rpamyca Ha OJTUH METpP JJTUHBI CTEPIKHS.

Ha npakxmuxe 00bluno npouseoosm pacuem HA npouYHOCMb, a 3amem 0eaaiom
NPOBEPKY BbINOJIHEHUSA YCIIOBUSL HCECMKOCTU.

Ecnu mpu npoBepke OKaXKeTCsl, YTO YCIOBHUE JKECTKOCTH YJIOBJIETBOPSIETCS, TO
Ha 3TOM OOBIYHO pacueT Bajla 3aKaHYMBACTCA.

B mpotuBHOM ciyyae pa3Mepbl Bajla JOJDKHBI OBITh MOJOOpaHbl U3 YCIOBHS

xectkocTH (3.46).

M,
ek (3.47)
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3.3.2. KoHTpoJIbHbIE BONPOCHI /IJIsl CAMONIPOBEPKH 10 TeMe
«Kpy4yeHne cTep:KHell KPYrjioro nomnepevyHoro ceyeHus»

1. Kakoii Bug nedopmanivy Ha3pIBaeTCsl KpydeHUEM?

2. Yemy paBeH KpyTALIMIl MOMEHT B IIONIEPEYHOM CEYEHUU Baja?

3. [TpaBuiio 3HAKOB AJIs1 KPYTALIETO MOMEHTA?

4, Yrto Ha3bIBAaETCA SMIOPOIM KPYTAIIEr0O MOMEHTa?

5. Kakass 3aBHCUMOCT MeEXAYy KpYTSIIMM MOMEHTOM, MOUIHOCTBIO,
NepeaaBaeMoil BaJIoM, U YHCIOM 00OPOTOB Baja?

6. Kakue npennosnoxxeHus: (FMIOTE3bI) JIEXKAT B OCHOBE TEOPUM KPYUEHUS
CTEPKHSI KPYIJIOrO CeYeHUs?

7. [To xakoil Qopmyne oOnpenensoTcs MaKCUMajbHble KacaTelbHbIE
HaIPSOKEHUS! CTEPIKHS KPYTJIOro ceueHus?

8. B kakux Toukax KpyIJIOro Bajla BOSHHMKAIOT HauOOJbIIME HaNpsyKEHUS
IIpY Kpy4YEHUHN?

9. Kak onpenensieTcss ormacHoe ce4eHUe NpU KPYUEHUHU CTEPKHS KPYTJIOTro
ceyeHus?

10. Kak pacnpenenstorcs KacaTelbHbIE HANpPsDKEHUS IO TONEPEYHOMY

CEUYCHUIO Baja?

11. Hanumiire ycioBHe€ MNPOYHOCTH IO KacaTeIbHBbIM HAIMPSHKEHUSIM 110
METOJTy IOMYCKaeMbIX HAIPSIKEHUN MPU KPYUEHUU CTEPKHSI KPYTJIOTO CEUCHUS.
12. Kakue Tpu THIma 3aja4 BBITEKAIOT M3 YCJIOBUS MPOYHOCTH IO
KacaTeJIbHbIM HAIpPsHKCHUSIM T0 METOAY JOMYCKAaeMbIX HAIPSKEHUN MpH

KPY4YE€HUU CTEPHKHS KPYIJIOro ce4eHus?

13. Kakoli yron Ha3bIBaeTCs MOJIHBIM YIJIOM 3aKpy4HUBaHUsA?

14, [To xako¥i hopmysie onpeaensieTcs: MOJHbIN YroJl 3aKpyYUBaHUs?

15. Kakas BennumHa Ha3bIBa€TCS )KECTKOCTHIO CTEPKHS TIPU KPyUEHUH?

16. Hanummnre ycioBHe >KECTKOCTH MNPHU KPYUYEHHH CTEPXKHS KPYIJIOro
CEUEHUH.

Ilocne uzyuenus smoit memovl MOICHO RPUCMYRUMD K peuleHulo 3a0auu Ne 3,
GK/II0YEHH Ol 8 KOHMPOJIbHYI0 padomy.
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3.3.3. TIPUMEP PEHIEHUSA 3AJAYHA Ne3

«prueuue cmepofcneﬁ KpYy2s1020 nOnepevYHozo ceuenun»

HcxoaHble JaHHBIE:
a=2 m; b=2 m; c=2 Mm;
M;=3,0xHm; M,=2,5xHm,

( 0 M;=2xHwm,

sontire —af
AT A A 1= aona=a[ 11, |

Puc. 3.15.

M, M, M; X

K cragbHOMYy BaJly NPWI0KEHbI TPH U3BECTHBIX MOMeHTa: My, M,, M
(puc. 3.15).

Tpeodyercs:

1. YCTaHOBUTH NPH KaKOM 3HAYEHUH CKPYYHMBAIOIIETO MOMEHTa X yroj
MMOBOPOTAa MPABOTO KOHIIEBOTO CEUEHHUSI paBEH HYIIIO.

2. Jlns HaWaEeHHOro 3HAYEHHUS CKPYYHBAIONMIEr0 MOMEHTa X IOCTPOUTH
SMIOPY KPYTALIUX MOMEHTOB.

3. [Ipu 3a1aHHOM 3HAYEHHH JIOITYCKAEMOI'0 KacaTeabHOr0 HanpsLKeHus [7]
ONpEeAeInuTh JIUAMETP Bajla W3 pacyeTa Ha IMPOYHOCTb W OKPYIJIMTH €ro Jo
Oymkaieit OoJbIeit BeTMIrHbBI, COOTBeTcTBeHHO paBHOU 30, 35, 40, 45, 50, 60, 70,
80, 90,100 mm.

4, [TocTpouTs AMIOPY YIIJIOB 3aKPyYHNBAHHUS.
S. Haiitn HanOGonbImii OTHOCUTENBHBIN yroni 3akpyduBanus (Ha 1 metp
JUTHHBI ).
Pemienue

OnpenesieHne HEM3BECTHOTO KPyTsimero MmomeHnTa (X)

Pa3zbuBaem pacueTHyr0 CXeMy CTEp)KHS Ha ydacTkd. ['paHunamMu ydacTtka
SIBJISIFOTCSL TOYKU TPHJIOKEHUSI COCPEIOTOYECHHBIX MOMEHTOB. B Hamiem mnpumepe
CTEpKEHb HMMEET YeThIpe ydacTKa, KOTOpbIe MPOHyMEpyeM cIipaBa HajeBO (pucC.
3.16).

Jlnst ompeneneHus KPyTAIMIETO MOMEHTa HEOOXOJMMO Ha KaXIOM YydacTKe
MIPUMEHATH METOJI CEUEHUN, KOTOPBIA CBOAUTCS K CICIYIOILIEMY:

1. [IpoBomM momepevyHOe ceueHue, KOTopoe pa3OMBaeT CTEPKEHb Ha JIBE

qacCTH.
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1 O O 1
— X, — e X3 — <—x2:| «— X,
L— a=2m b=2M —le— c=2M a=2m

Puc. 3.16

2. Boibupaem Ty uacth Oajkd, Ha KOTOPYHO JACHCTBYIOT W3BECTHbBIC
Harpy3KkH (JE€BYIO OT CEUCHUSI UITU TIPABYIO).
3. CocraBiisieM BBIp@OXKEHHS A KpyTsamero momeHnra (M), mpu sTom

PYKOBOJICTBYEMCSI OIIPEACIICHUEM U MTPABUIIOM 3HAKOB.

Onpeodenenue. Kpytsimmit MmomeHT (My,) — 3TO BHYTPEHHUH MOMEHT, KOTOPBIi
YUCJICHHO paBeH alnreOpandyeckoil CyMME BHEIIHUX CKPYYMBAIOIIMX MOMEHTOB,
MIPUJIOKEHHBIX K CTEPKHIO 110 OJIHY CTOPOHY OT paCCMaTPUBAEMOTO CEYEHUS.

IIpasuno suakos. Kpyrsamuii MoMeHT (M,,) CUMTAeTCS NOTOKUATEIBHBIM, €CIH

IpH B3MJISIIE CO CTOPOHBI MPOBEACHHOTO CEUEHUS BHEUIHHMI MOMEHT HaIlpaBJICH
IIPOTUB YaCOBOM CTPEJIKU.

[IpoBoauM cedyeHHe Ha MEPBOM Y4aCTKE U pacCMaTpUBAEM IIPABYIO OT CEUECHMUS
gacTh cTepxkHs (puc.3. 16), Tak Kak clieBa OT CEUEHHUS OINOPHBIE PEAKIINU
HEU3BECTHBI.

| yuactok 2> x,>0

MKp| =+ X,
Il ysactok 2> x,>0
Mkp” =+ X+ M3;
1l ysactok 2> x,>0
M=+ X+ M3+ My;
IV yyactok 2>x,>0
Miv =+ X+ Mz+ M, + My,
VYroa 3akpyuuBaHus B MpeaesiaX KakI0TO ydacTKa Ompeensercs mo Gopmysne

(3.38)

My
0=

~, (pan.),
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rae

M,, — 3HaYEeHHUE KPyTALIEro MOMEHTA Ha Y4acTKe;

| — nuHa yvacrka;

G — MOIyNb YIIPYTOCTH TIPH CIIBUTE;

Jp — NOJSAPHBII MOMEHT MHEPLMH KPYTa;

GJ, — &KeCTKOCTb MOIEPEYHOTO CEYECHUsI CTEPKHS IIPU KPYUEHHH.

Yroa TmoBOpoTa TMpaBOro KOHIIEBOTO CEYCHHUS OTHOCHUTEIBHO JIEBOTO
onpeaensaercs o hopmyite (3.38) u paBeH HYJIIO 110 YCIIOBUIO 3a1a4H

M_ | M_ .l M M
xkplV IV n xplIl " 11 n xpll " 11 + kpl

GJ GJ GJ, GJ,

|
' —0.

Pos = Poa TPt Po3 T P3y =
p

P

HOI[CTaBJ]H}I BBIpAKCHHA I KPYTAIIKUX MOMCHTOB M JJIMHBI Y4YaCTKOB B
MOCJIETHIO (GOPMYITy, TTOTydaeM

(X+M3+M,+M;)-a + ( X+M3z+M,)-b+( X+Ms)-c + X-a =0;
OTKyZa
X+(2a+b+c)+ M3 (a+b+c)+ M, (a+b)+ My-a =0;
501051
X+(2-:2+2+2) + 2 (2+2+2)+ 2,5 (2+2)+ 3-:2=0; — X =-3,5 kHm.
IHocTpoenue 3M0OPHI KPYTALUIUX MOMEHTOB

C YU4CTOM HaﬁIIGHHOFO 3HaueHUsT X KpyTAmuc MOMCHTBI Ha KaXIAOM YYaCTKC
BaJjila IPUHUMAIOT 3HAYCHUA

Mpi = X=—3,5kHMm; Mepn =X+ M;=-35+2=—1,5kHm;

M =X+ Mz+ My =-35+2++2,5=+ IxHwm;

Miv =X+ Mg+ My+M;=-35+2+25+ 3=+ 4xHwm.

Hcnonb3ys MmojiydeHHbIE 3HAYECHUS, CTPOUM JIIIOPY KPYTAIIMX MOMEHTOB, Kak
nokasaHo Ha puc. 3.17.

Omnpenesienue 1uamerpa Bajia M3 yCJIOBHS MPOYHOCTH NPU KPYYEHHUH
YcnoBsue IMPOYHOCTH IIPU KPYUCHHHU I10 KAaCATCIbHBIM HAIIPSXKCHUAM 110 MCTOAY

J0MyCKaeMbIX HanpspkeHui umeet Bun (3.43)

Kp max

M
Tmax— T < [T],

P
re
Tmax — MAKCUMAJIbHOE KacaTeIbHOE HAIIPSHKCHHE,
My, max — HauOombllee MO aOCONIOTHOM BEIMYMHE 3HAYEHUE KPYTSAIIErO
MOMEHTa (OMpPEAEIAETCA MO AMIOPE KPYTSIIINX MOMEHTOB);
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W, — nonsipHbIil MOMEHT CONPOTUBIIEHUS KPYTa;

[t] — nomyckaemoe kacatenbHOE HANIPSDKEHUE.

B omacnom ceuennu Mg, max = 4xHwm = 400xHem.

W3 ycnoBusi MPOYHOCTH HAXOIUM BEIMYUHY TPEOYEMOTro IOJIIPHOTO MOMEHTA

conpotusienus (3.44)

N3BeCTHO, 4TO TONSPHBIA MOMEHT CONPOTHUBIICHHS Kpyra OINPENEISIETCA C
MTOMOIIBIO CTIPABOYHBIX TAOJHUIT TTO hopMyIie
o 3
16
mpeb
[pupasuusas W , anst kpyrau W ' monyuaem

zd?

> 100 e’

OTKy,Z[a HaXO0JUM JUaMCTp d

3
d> o[10-200eM o6 om.
314

[IpuHUMaeM OKOHYATENBHO TUAMETP Bajia d =8,0 cm.
ITocTpoenue 3MOPHI YIJI0B 3aKPYYUBAHUS
Brruucrisiem :KECTKOCTh MONEPEYHOTO CEUEHUS CTEPKHS IPU KPYUEHUU
zd*  314-(8cm)
32
3HayeHue MOYJIS YIIPYTOCTH MPU CIIBUTE ONPEEsieM U3 CIIPaBOYHBIX TaOJIUI
G = 8-10* MITa = 8000xH/cm”.

=401,92 cm* =402 cm®.

J, =

CnenoBaTtesbHO,
G J,=8000xH/cM*402 cm*=3216-10°kHem®.
3a Hayajo OTcYeTa NPUHMUMAEM JIEBBIM HETOJABWKHBIN TOpel Bana. OnpenenseM
yIJIbI 3aKPYYHBAHUS HA KOXKJOM ydacTke /cedenust 1, 2, 3 u 4/ (puc. 3.18)
Ml 400-200(xHem?)
GJ,  3126-10°(xHcm?)

Do = =2,486-10 % (pan) ~ + 2,49 - 10(pan);
Mapn v, My i _ (400-200+100-200)

=3,109-10*(pax
GJ, GJ, 3126-10° (P

Vo2 = Po1+ Py =
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~+ 3,11 - 10%(pan);

M|
Pos = G0+ 005 = Pt 1" =3108107 + (150-200) _ 5 176102 (pan)
p
~+2,18 - 10'2(paz[);
M., (—350-200)
= Qo t P =g+ 221761072+ Y T
DPo-4 = Po-3 T P34 = Pp3 GJp 3126.10°

Hcrnonb3yst TofydeHHBIE 3HAYEHUS, CTPOUM DIIOPY YIJIOB 3aKpy4YHBAHUS, KakK
noKa3aHo Ha puc. 3.17.
OnpenesieHue HaNOOJIbIIIEr0 OTHOCUTEIBLHOI0 YIJIa 3aKPYYUBAHUS

HanGonbmmii OTHOCUTENIBHBIN YTOJ 3aKpyYUBaHUS ONpeAessieTcs: o GhopMyrie

(3.39)

M
o= e, AOOKHeM ) o9 104 P _g 08.102 PO,
GJ, 3126-10°xHewm CM M
woy @, @ 0O O

@o (1 € € Q>

«— X; — <« X3 — <—X2:] <« X; —]
<« a=2M —»f— b=2M —>e— c=2M a=2M —»
|
M, 4 Inwpa Kpymauux MOMeHnog
kHM
4 4
T >
[NANARANN HH\ \H HH\ #ﬁ X
15
| 3,5 35
0102, X Onwpa y2noe 3akpyuusanus
pan | 3, I11 |
2,49 2,18
(eI
. T e, |
0 X

Puc. 3.17
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3.4. TEMA 4. PACUET BAJIOK HA ITPOYHOCTHB ITPH
IIVIOCKOM INOINEPEYHOM H3I'MBE

3.4.1. OCHOBHBIE TEOPETUYECKMUE NOJIOKEHUS

B crpouTenbHbIX  KOHCTPYKIHMAX  I[IUPOKO  TMPUMEHSIOTCS  DJIEMEHTHI,
paboTtarorme Ha W3ru0. XapaKTepHBIM TMPU3HAKOM H3THOA SBISETCS W3MCHCHHE
KPUBU3HBI NPOJIOIBHOM Ocu Opyca.

[Ipsimoii 6pyc (cTepskeHb), paboTaronuii Ha U3ruo, Ha3bIBAETCS OATKOM.

Onpeodenenue.  CeueHus,  KOTOpbI€  pACIONOXKEHBI B IJIOCKOCTSX,

MEPIICHIUKYJISIPHBIX K T€OMETPUYECKOU OCH CTEPXHS, HA3bIBAIOTCS MONEPECYHBIMHU
CCUCHUSIMHU.

[Ipu n3rube Oanku MpPOAOJIbHBIE BOJIOKHA, HAXOJAIIUECS HA BBIMYKIONW YacTH,
pacTATrMBaIOTCsS, a HaxXOJfAIIMecs Ha BOTHYTOM dYacTh — cxkuMarorcsa. Clon
MIPOMEXYTOUHBIX BOJIOKOH, KOTOPBIE, MCKPUBISSACH, HE WM3MEHSIIOT CBOEH [IJIMHBI,
HA3bIBACTCSI HEUMPANbHbIM CILOEM.

JIunus nepecedeHus: HEUTPATBHOTO CJIOS € IJIOCKOCThIO MOMEPEYHOTO CEUEHUS
HA3bIBACTCS HEelMPAIbHOU JUHUEU UITA HEeUMPAbHOL 0Cbio (HY1e60ll TuHUel).

[Ipu nelicTBuM Ha OAIKy CUCTEMbI BHEIITHUX CHUJI, PACIIOJIO0KEHHBIX B MJIOCKOCTH,
MPOXOJAIIECA Yepe3 OJHY W3 TJaBHBIX LEHTPAIBbHBIX OCEH HHEPIUU Ka)kAO0ro
MONEPEYHOT0 CEUEHUs] OalKy, W TEPIeHAUKYSIPHBIX K €€ MPOAOJbHOW OCHU, B
KOKJIOM €€ CEYECHMHM MOTYT BO3HHMKATh JB€ BHYTPEHHUE CHJIbI — H3THOAIOIIMIA
MoMeHT M u morepevnas cwia Q. DTa MI0CKOCTh HAa3bIBACTCS CUIOBOL NAOCKOCHIBIO.

Ecnu B monepeuHbIx ceueHusix 0aaku BOZHUKAIOT OJJHOBPEMEHHO M3THOAroNIuit
MoMeHT M u monepeunast cuna Q, To Takol Bu nedopmaliiyi Ha3bIBACTCS MIOCKUM
nonepeyrviM U3euboM, €CIi TOJIbKO U3rubdaronmii MoMeHT M — yucmoim uzeubom.

B ycnoBusix uucToro u3ruba MOXKET HaXOJIUThCS BCS OaJIKka WUJIM OT/ICIIbHBIC €€
YYaCTKH.

OcHOBHBIE THIIBI OTIOP U 0AJIOK

Jist Toro droObl Oajika MOTJa BOCIHPUHUMATh BHEIIHIOK HArpy3Ky H
nepeaBaTh €€ Ha OCHOBaHHME, OHA JOJDKHA OBITh COEJUHEHA C HUM OMOPHBIMU
cBs13aMu (ornopamMu). CymecTByeT HECKOJIbKO OCHOBHBIX THUIIOB OTIOP:

e3amemiieHue uJm 3aaenaka (puc. 3.18, a)

a)

Puc. 3.18. 3awemnenue unu 3adenka
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3alieMICHHBIN KOHEll Oanku A He MOXET CMeNaTbCs HU IMOCTYMNaTelbHO (B
TOPU30HTAJILHOM W BEPTUKAJILHOM HANpaBJIEHUSX), HH NOBOpPAYMBaThCA. B Takoi
OIIOpEe BO3HUKAET PEaKIUs, COCTABJISIONIUMHI KOTOPOH SBISIFOTCS BEPTHKAIbHAS CHJIA
Ra, TpemsTcTBYIONas BEPTUKAILHOMY CMEIICHUIO, TOPHU30HTAbHAS CHiia Ha,
UCKJIIOYAIOIIass TOPU3OHTAJIBHOE CMEIIEHHEe, W MOMEHT M,, TpensTCTBYIONIMIA
moBopoTy (puc. 3.18, 6).

e [{luiimHapUYecKas LIAPHUPHO - HeNMOABHKHAA onopa (puc. 3.19, a)

a) b) IRA

LA L RA

Puc. 3.19. lHlapnupno - nenoosusicnas onopa

Ota omopa He MO3BOJIAET CEUYCHUIO OalKh B TOYKE A UMETh MOCTYIATEIbHbIC
NepeMeNIeHUs] B TOPU30HTAILHOM U BEPTHKAIBHOM HANpaBJICHUSAX, HO TPU ITOM
BO3MOXXEH TOBOPOT CEYCHHs] B OJHOW IUIOCKOCTH  OTHOCHUTEIBHO  OCHU
IMHAPUYECKOTO IapHupa. B Takoil omope BO3HUKAET peakiusi, COCTABIISIONIMHU
KOTOPOM SIBIISIFOTCSL BEpPTHKaJTbHAasg cuja Ra, TPEensaTcTBYIOMas BEPTUKAIBHOMY
CMEILIEHUIO, U TOPU30HTaNIbHAs cuila Hpa, UCKITIOUaroIas ropu30HTaIbHOE CMEIICHNE
(puc. 3.19, 0).

e[ {luimHapUYecKas HIAPHUPHO - NOABHKHAsA onopa (puc. 3.20, a)

Ota omopa MO3BOJIIET CEUCHHIO Oalku B Touke B moBopaumBaThCsi BOKpYT
[IapHUpa W TIepEeMEeNIaTbCs B TOPU3OHTAIHLHOM HAMpPABIEHWH, HO HE TMO3BOJIAET
nepeMenIaTbcsl Mo BEpPTUKANU. B Takoi omope BO3HHKAET TOJBKO peakuus Rg,
MPETSITCTBYIONIAs BEpTUKATIbHOMY cMmetienuto (puc. 3.20, 6).

Ve
§B : B

Puc. 3.20. Ilapuupno - noogusricnas onopa

Jlnms oOecmedeHus HEMOJABMIKHOCTH OajKd, TO €CTh, YTOOBI OHA MOTIJa
CONIPOTHBIIATHCS MPUIOKCHHBIM BHEIIHUM CHJIAM, HEOOXOIMMO 3alllEMHUTh OIUH €€
KOHEI[ WJX B OJHOM €€ CEYCHUHU YCTPOUTH IIAPHUPHO — HEMOABMIKHYIO OMOpY, a B
JIPYTroM — IIAPHUPHO — MOJABUAKHYIO OTIOPY.

Taxum obpaszom, HauMeHbUlee HYUCIO CBA3€ll, He NO3BOJANUWUX OalKe
nepemewamscs 8 NJI0CKOCMU OeliCmeUsi Hazpy30K, PA8HO MpPeM.
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OcHoBHbBIE BU/Ibl BHEITHMX HATPY30K, BbI3bIBAIOIIMX U3IU0 010K
Ha puc. 3.21 nokaszanbl pa3jaudHbie BUbI BHEIIHUX HArpy30K, BBI3bIBAIOIIUX

U3ru0: a — cOCPEelOTOUYECHHAs CUia; O — COCPENOTOYEHHAs Mapa CHJI ¢ MOMEHTOM M
(KpaTKo — COCPEIOTOUEHHBIII MOMEHT); 6 — PABHOMEPHO pacIpeeIeHHAs Harpy3Ka;

2 — HEepaBHOMEPHO pacrpe/ielieHHas Harpy3Ka.

a). 0). 8). 2).

F m g=const
k\ Iy
[

Puc. 3.21. Ocnognvle 6uovt enewinux Hazpy3oK

OnpenesieHue ONOPHBIX peaKIuii B 0ajKax

st ompezenieHuss BHYTPEHHUX YCWIMHA W HaMpsOKEHUH, BO3HUKAIONIMX B
AIIeMEHTaxX JI000N KOHCTPYKIIMH, HEOOXOIMMO HAWTH BCE MEHCTBYIOIIME Ha HEE
Harpy3KH, a, CJI0BaTEIIbHO, M BCE HEM3BECTHBIC OTIOPHBIC PEAKITHH.

Jlyist ompeneneHus OMOPHBIX PEAKIUU JJIsi TIOCKOW CUCTEMBI CHUJI MOXHO, B
o011eM ciydyae, COCTaBUTh TPU YpaBHEHUS! paBHOBECHS (CTaTUKH) B JIFOOBIX yIOOHBIX
KOMOUWHAIIUSX:

a). llepsas xomounayus

2 Fy = 0 — Cymma npoexyutl 6cex cun Ha 20pu30HMAILHYIO 0Cb X PAGHA HYJIO,
2'F, =0 - Cymma npoekyuii 6cex cun na epmuraivhyto oco Z pasia Hyuo,(3.33)
2’ Ma = 0 — Cymma momenmos écex cuin omuocumenbHo mouxku A pasua mymio.

Vpasaenue X Mg = 0 (Cymma momenmos 6cex cun omuocumenvho mouku B
pasHa Hyno) NCTIOIB3YETCs JUIS TPOBEPKH MPABUIIBHOCTH MTOJTYYCHHBIX PE3yJIbTATOB.
6). Bmopas kombunayus

2'Fy =0 — Cymma npoexyuti cex cui Ha 20pU30HMATLHYIO OCb X PABHA HYTIO;

2 Ma = 0 — Cymma momenmos ecex cun omuocumensrno mouxu A pasua nynio,(3.34)

2’Mg = 0 — Cymma momenmog 6cex cun omumocumenvHo mouxku B paena mynio.

VYpasuenue 2'F, = 0 (Cymma npoexyuil 6cex cun na 6epmuKkaivbHyio 0Cb Z pasHa

HYJI10) UCTIOJIB3YETCS JIJIsl TPOBEPKU MPABUIILHOCTH TTOJIYYEHHBIX PE3yJIbTaTOB.
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VYpaBHEHUs paBHOBECHUSI HYHO COCTaBJISATh TaK, YTOObI B KaXKJ0€ ypaBHEHHE,
[0 BO3MOXHOCTH, BXOJMJIa TOJIBKO OJIHA HEW3BECTHAs OIMOpHas peakuus. ITO
OOJIErYUT HAXOXKJEHUE OTMIOPHBIX PEAKIIUM.

Cocmasnas ypagneHusi pagnogecusi (Cmamuki), 0ObIYHO UCNONL3YIOM NPABUILO
3HAKO08, NOKA3AHHOe HA puc. 3.22, mo ecmb 2OpU3OHMANbHbIE U GEPIMUKATbHbIE CUTbL
NOJI0HCUMENbHbL, eCU UX HANPAGIeHusi CO8Naoarom ¢ HanpasieHusmu oceu X u Z.
Tlonoosicumenvroe nanpagienue MOMEHMOB — NPOMUB X00A YACOBOU CIPEIKU.

Z A

A@

X

M

Puc. 3.22. Ilpasuna 3nakoe

Onpedenenue. bainku, y KOTOPBIX BCE OIOPHBIE PEAKIMH MOTYT OBITh

ONpeeNeHbl TOJbKO U3 YPAaBHEHHI paBHOBECHS (CTATUKHU), HA3BIBAIOTCS CTaTUYECKU
OIPEAECITUMBIMHU.
BuyTpenHue cuiioBbie (pakTopbl IpU U3rude

[Ipu neiictBuu Ha Oanky BHEIIHEW HArpy3ku, NEPHEHAUKYISIPHON K
r€OMETPUYECKON OcHU OalIKu U PACHOJIOKEHHON B OJHOW M3 TJABHBIX IUIOCKOCTEH
MHEPLUN KaXKJI0TO MOMNEPEYHOr0 CeUeHUsl Oalki, B €€ CEUeHUsX, B OOLIEM cilydae,
BO3HHMKAIOT M3rudaromuii MoMeHT M 1 monepeunas cuia Q.

BuayTpennue cuiioBbie (aKTOpbl OINMPEACNAIOTCS Yepe3 BHEIIHWE CHIIBI,
JNEUCTBYyIONIME Ha 0ankKy, ¢ MOMOIIBIO METOAA CEYEHUM, MPUMEHEHHE KOTOPOro
Mo3BOJIsIeT ChOPMYIMPOBATH OOIIME TMpaBuia IS HAXOXKICHUS YKa3aHHBIX
BHYTPEHHUX YCUJIMI Ha KaXJIOM y4acTKe OaJIKH.

Onpedenenue. Y4acTKOM Ha3bIBa€TCs 4acTh OQJIKH, B Mpejenax KOTOpOi 3aKOH

(YpaBHEHHE) U3MECHEHUS JAHHOTO BHYTPEHHETO YCHIIHS TIOCTOSTHEH.

I'paaumamMmu ydacTka SBISIOTCS TOUKH TPHIIOKEHUS COCPEIOTOUYCHHBIX CHII,
COCPEIOTOYEHHBIX MOMEHTOB, TOUKH Hadyajia ¥ KOHIIA paclpeeieHHON Harpy3KHu.

CyTb MeTO/1a CEUEHUI CBOAUTCS K CICIYIOIIEMY:

1. MbICIIEHHO MPOBOAUM IOMEPEYHOE CEUYCHHUE, KOTOpoe pa3duBaeT Oanky Ha
JIBE YacCTH.

2. BeiOupaeM Ty 4yacTh Oanky, Ha KOTOPYIO JNEHCTBYIOT M3BECTHBIC HArpy3KH
(HaMMEHBITIee YNCII0 U3BECTHBIX HArPy30K).

3. CocraBinisieM BbIpakeHUs JJI1 u3rubaromiero MmomeHTa M 1 monepedyHo Cuiibl
Q. IIpu 3TOM pYKOBOACTBYEMCSI ONpPEACICHUEM BHYTPEHHUX CHJIOBBIX (PAKTOPOB U
MIPaBUJIOM 3HAKOB.
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Onpedenenue. N3rubaroimuit MOMeHT M B IpoU3BOJIBHOM MONEPEYHOM CEUECHUU

OaJIKM YWCJICHHO DPaBeH alreOpandeckodl CyMMe€ MOMEHTOB BCEX BHEIIHHMX CHII,
JNEUCTBYIONIUX TI0 OJIHY CTOPOHY OT TIPOBEICHHOIO CEUEHHUs, OTHOCUTEIHHO
HEUTpabHOM OCH HTOTO MONEPEYHOrO CeYeHUs (MM OTHOCUTEIBHO TOW TOYKH
IPOJIOJIBHOM OCH 0ajiKu, Yepe3 KOTOPYIO MPOXOJIUT pacCMaTpPUBAEMOE CEUCHUE).
Onpedenenue. Tlonepeunas cuna Q B MPOU3BOJBHOM MOMEPEYHOM CEYCHHUH

OalKi 4YMCIEHHO pPaBHA alreOpanyeckol CymMMme MpOEKIMH BCEX BHEIIHUX CHII,
pPacHoJIOKEHHBIX 10 OJHY CTOPOHY OT IIPOBEJEHHOIO CEYEHHs, Ha OCh,
NEPIIEHINKYIIAPHYIO K TEOMETPUUYECKON OCH OaNKH.
IIpaBwia 3HaKOB BHYTPEHHUX CHJIOBBIX (PAKTOPOB ISl 0AJI0K
IIpasuno 3naxos. N3rubaromuii MoMeHT M cuuTaercs NOJOKUTENbHBIM, €CIH

OH BBI3BIBACT PACTSHKCHHUE HMKHHUX BOJIOKOH Oaiku (puc. 3.23).

Ilpasuno 3mnaxos. HonepeqHa;I CHlla Q CUHNTACTCA HOHO)KHTGHBHOﬁ, CCJIN

BHEIIIHUE CUJIBI CTPEMSATCS BpalllaTh pacCMaTPUBAEMYI0 4acTh OalIki OTHOCUTEIBHO
IICHTPa TSHKECTH MPOBEJICHHOTO CEUCHUS 110 XOIy YacoBOM cTpenku (puc. 3.23).

M Q M

A
A 4

N N
Q

Puc. 3.23. Ilonoscumenvhvie HanpagieHus 6HYMpeHHUX CUN08bIX PaKmopos

M3rubarommii MOMEHT U TonepedHast [Jjisi 0ajoK OTpUIaTEIbHBI, €CIH
HalpaBJICHUS OTUX CWIOBBIX (DAKTOPOB TMPOTHUBOIIOJIOKHBI  HAMPABICHUSIM,
yKa3aHHBIM Ha puc. 3.23.

INIPbl BHYTPEHHUX CHJIOBBIX (PaKTOPOB

Jlns uccneaoBaHus HANPSDKEHHOTO COCTOSTHUS Oajkv HEOOXOJAMMO 3HATh, Kak
U3MeHsI0TCs BHyTpeHHue ycuaus (Q u M) mo mivHe O6anku.

YroObl MMETh HArIAIHOE MpeacTaBieHue o0 m3meHennmn Q m M mo mmHe
OaJIK¥, CTPOSIT SMIOPHI ITUX BHYTPECHHUX YCHIIUM.

Onpeodenenue. I'padukn, nzodOpakaromue 3akoHb m3MeHeHUs Q m M Bmonb

rCOMETPUYCCKON OCH 0aIK¥, HA3bIBAIOTCS COOTBETCTBEHHO SITFOPOM TOMEPEUHBIX CHII
1 SIIOPON U3rudaroIX MOMEHTOB.

OpauHaThl ATUX JMIOP MPEJACTaBISIOT COO00M YHcieHHbIe 3HaueHHsS Q u M B
COOTBETCTBYIOIINX CEUCHUSIX OAJIKH.

IIpu moctpoennn smop Q m M B cTaTHYecKH ONPEACIMMBIX CHCTEMax
PEKOMEHIYETCs CISAYIOINI 001N MOPSIOK JTeUCTBUM:
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1. OnpegensiemM ONMOpHbBIEC PEaKLMU U3 YPAaBHEHUN paBHOBECHS (CTATHKH).

2. Pa3buBaem pacueTHyIO cxeMy OalKi Ha yYaCTKH.

3. IlpumeHsis METOJl CEYEHHI, MBICIEHHO MPOBOAUM IONEPEYHOE CEUYCHHE B
mpeeax pacCMaTpUBaeMOro y4acTKa, KOTOpoe pa30ouBaeT OaiKy Ha JBE YacTH.

BriOupaem Ty 4acth Oajkd, Ha KOTOPYIO JEMCTBYEeT HAWMEHbILIEEe YHCIIO
U3BECTHBIX Harpy3ok. Jlisg omnpeneneHus BHYTPEHHHX YCUIMM B CEYCHHHU
COBEpILIEHHO 0e3pa3inyHO, KaKyl 4YacTh OajdKkd paccMarpuBaTh. BemudyuHb
BHYTPEHHUX YCWINN OYIyT OJTHU U TE€ XKe€.

4. CocrapinsieM BbIpakeHUs (YpaBHEHHs), OKA3bIBAIOIINE 3aKOH U3MEHEHHS B
mpeneiax paccMaTpUBAaeMOTo ydacTKa TMomepeyHod cuibl Q u  um3rmbaromiero
momeHTa M. Ilpu 3TOM pyKOBOACTBYEMCSI OIpEAEICHUEM BHYTPEHHUX CHUIIOBBIX
(GakTOpOB U MPABUIIOM 3HAKOB.

5. I1o 3TUM BBIpAKEHUSM BBIYHMCIISIEM YMCIICHHbIE 3HAYEHUS MONEPEUYHbIX CHII U
M3rudarolMx MOMEHTOB B XapaKTEPHBIX CEUECHUSIX ydyacTKa (Ha ero rpanuuax). Ecium
(GyHKIMOHATbHAS 3aBUCHUMOCTh YKA3aHHBIX CHJIOBBIX (DaKTOPOB HENWHEWHas,
BBIUHCIICHUE TPOU3BOANM €Ille U B MPOMEXKYTOUYHON TOUYKE, HAIIPUMEP, B CEPEANHE
y4acTKa WIH B CEYEHHH, T1Ie PYHKIUS JOCTUTAET IKCTPEMAIbHOIO 3HAUYEHUSI.

6. [1o momy4yeHHBIM YHCIICHHBIM 3HAYCHUSM MONEPEUHBIX cril Q M M3rndarommx
MOMEHTOB M cTpouM 3mtopsl (rpaduKkn) ITUX BHYTPEHHUX YCUIIHM.

Omiopa KakXI0r0 BHYTPEHHETO YCHIWSA CTPOUTCS Ha OTIACIbHON JTUHHUH
(6a3ucHOM MPSAMON), TapaIeIbHOW T€OMETPUIECKOM ocu Oanku. [ Ganok 3Mmiopsl
pacmojararTcs HEMOCPEACTBEHHO MO HEH.

B MpOoeKTHBIX CTPOUTENBHBIX OpraHU3alUsaX MPU MOCTPOSHUH S0P AJs 0aoK
MOJIOKUTEIbHBIC 3HAYCHHS MOTIEPEUYHBIX crl QQ OTKIaABIBAIOTCS BBEPX OT 0A3HMCHOM
OpsIMOM, a OTpUllaTelbHble 3HAYeHUs — BHU3. [looXuTedbHBIE 3HAYCHMS
M3TUOAIOINX MOMEHTOB M OTKIIaABIBalOTCSA CO CTOPOHBI «PACTSHYTHIX)» BOJOKOH, TO
€CThb BHHU3 OT Oa3UCHOM MpsSMOM, a OTpULATENbHbIE 3HAYEHUS — CO CTOPOHBI
«CYKATBIX» BOJIOKOH, TO €CTh BBEPX.

Takum oOpasom, osnwpa uzeubarwux momenmos M cmpoumca Ha
«PACMAHYMOM» B0JIOKHE.

Ha mone »smropbl mexay rpaduxkoM U 0a3ucHOM NpSIMOW CTAaBUTCS 3HAK
BHYTPEHHETO YCUJIUS U IPOBOISATCS OPANHATHI.

7. Jlenaem mpoBepKU MPaBUIBHOCTU MOCTPOEHHBIX SMIOP BHYTPEHHUX CHUJIOBBIX
(haxTopoB.

8. OTmeuaeM omacHble ceyeHUs Oankd, TJae MACUCTBYIOT MaKCHUMajbHbIE
(HanmOonpIKe) 1Mo aOCONIIOTHOW BEJIMYMHE 3HAYEHHS BHYTPEHHHMX CHJIOBBIX
(hakTOpoB.
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KonTpoJsb (mpoBepky) NPpaBUJILHOCTH MOCTPOEHMSI S0P
BHYTPEHHHUX CHJIOBBIX (DAKTOPOB Il 0AJIOK

Huddepenumansubie 3aBucumoctu .M. XKypackoro Mexay wuzrubarommm
MOMEHTOM, TIONEPEYHON CHUJIOW W HHTEHCUBHOCTBIO BHEIIHEH pPaCHpPEICICHHON
HArpy3Ku OINpEAesIoT CBsA3b Mexay amopaMd M u Q, mOCTpOEHHBIMH OT JIFOOOM
BHEIIIHEH HArpy3KHU. JTa B3aMMHAs CBSI3b UMEET BAKHOE MPAKTUYECKOE 3HAUCHUE IS
KOHTPOJISl MPAaBUJIBHOCTH BBIMOJIHEHHOTO MOCTPOCHHUS AMIOP U3THOAIOIIUX MOMEHTOB
Y TIONIEPEYHBIX CHUJL.

Bce mnpoBepkrM NpaBUIBHOCTH TMOCTPOCHHBIX OSIIOP BHYTPEHHHX CHJIOBBIX
(hakTOpOB I OANIOK denaromces ciesa Hanpaso.

o «Ckaukm» Ha smope Q BO3MOXHBI TOJIBKO B TE€X CCUCHHSIX OaiKkd, T
OPWIOKEHBl  COCPENOTOYEHHBIE  BHEIIHWE  CHJIBl, NEPHEHOUKYISPHBIE K
reomeTpudyeckord ocu. Ilo BemnumHE 3TOT «CKauyoK» paBeH 3Tou cuie. Ecnu ata
BHEIIIHAS CHJIa HalpaBlieHa BBEPX, TO Ha dmope Q uMeeTcs: «CKauok» BBEPX, a Koraa
CHUJIa HaIlpaBJIeHa BHU3 UMEETCS «CKauOK» BHU3.

o «Cxkauku» Ha smope M BO3MOXHBI TOJBKO B T€X CEUCHHUSX Oaliku, TIie
MIPUJIOKEHBI COCPEIOTOUYEHHBIE BHEIIHHE MOMEHTHI. [lo BENMYMHE 3TOT «CKAYOK»
paBeH 3TOMY MOMEHTY. Eciii CcOCpenOTOYEHHBIN BHEINIHUNA MOMEHT JEUCTBYET IO
XOJly 4YacoBOM CTpenkH, TO Ha dsmiope M wumeercs «CKadyok» BHM3, a Korja
COCPEIOTOYEHHBII BHEIIHUII MOMEHT JIEUCTBYET MPOTHB XOJIa YaCOBOU CTPEIIKH, TO
Ha s1ope M uMeeTcst «CKadyoK» BBEPX.

e Ha ydyacTtkax Oanku, Ha KOTOPBIX MomepedHas cwia Q MoNoKUTENbHAS,
AMIOpa M3TUOAOIIUX MOMEHTOB BO3pPACTAaeT, HA ydacTKax Oaliku, T/ TMomnepedHas
cuwia Q oTpuIaTtenbHas, dMIOpa U3rHOAONMX MOMEHTOB yOBIBaeT, a Ha ydacTKax
Oankum, Tae momepedHas cwia Q paBHA HYIIO, 3IOpa M3THOAIONTUX MOMEHTOB
noctosinHas (M = const).

e UzrubGaromuii MomeHT M nocturaer max Wik min (M,emp) B TEX CeUeHHAX
Oainku, T1Ie TorepeyHas cuia pasHa Hymo (Q = 0).

e Ha yuyactkax Oanku, rje AEUCTBYET BHEIIHSIS paclpe/esiCHHas Harpyska
WHTEHCHUBHOCTHIO (], mormepedyHas cuiaa Q HW3MEHsSeTcs 10 JIMHCHHOMY 3aKOHY, a
AIIOpa U3rMOAIONMX MOMEHTOB M Ha ATOM y4acTKE OTpaHUYEeHA KPUBOM.

e Ha ywactkax Oanmku, TIE€ BHEWIHSAS paclpeesieHHas  Harpyska
WHTEHCUBHOCTBIO (] OTCYTCTBYeET, morepedHas cuina Q mocrtosauas (Q = const), a
3MI0pa U3ruOAIOIUX MOMEHTOB M U3MEHSIETCS 0 TUHEMHOMY 3aKOHY.

Pacuer 602,10k Ha IPOYHOCTH
a). HopmanbHble HANPSIZKEHUsI IPUA U3rude
[Ipu pgeiictBum Ha OanKy BHENIHEH  HArpy3KH, TEPICHIUKYISPHOM
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r€OMETPUYECKONM OcHu OalIku U PACTOJIOKEHHONW B OJHOM M3 TJIABHBIX IUIOCKOCTEH

WHEPIIUU KaXXJIOTO TOIMEPEYHOr0 CEYCHHsS OalKu, B €€ CEUeHHUsAX, B oOIeM ciydae,

BO3HHUKAIOT OJTHOBPEMEHHO M3rudaromuii MomeHT M 1 nomnepeunas cuia Q.
WN3rubaromuit mMomeHT M B momepedyHOM CeUCHHMH Okl  BBI3BIBACT

HOpPMaJIbHbIE HANPSKEHUS, KOTOPbIE OMPEENSIOTCA 10 hopMyrie
M

c :I—y - Z, (3.18)
y

rae

0 — HOPMaJlbHOE HAmpsHKEHHUE B IPOU3BOJBHOM TOYKE paccMaTpUBaeMOro
MOTIEPEYHOT0 CEUYCHUsI OaKu;

My — usrubaromuii MOMEHT B HCCIIEIYEMOM IIOIIEPEYHOM CEYCHUH OAJIKH;

|y — rIaBHBI MOMEHT MHEPIMU MONEPEYHOIO0 CEYEHUs] OTHOCUTENIBHO INIABHOM
ocu Y,

Z — KOOpJIMHATa TOYKH IIONEPEYHOrO0 CEYEHHs, B KOTOPOH Ompenessiercs
HOpMAaJIbHOE HaIPsHKEHHUE.

®opmyina (3.35) N03BOJIIET ONPEAETATh BEIMYMHY HOPMAJIBHOTO HANPSKEHUS &
B JI000OM TOYKE paccCMaTPUBAEMOI0 MOMEPEUYHOTO CEUCHUS OaJKH.

Ecin B Qopmyne (3.18) yumThiBaTh 3Haku usrubaromero momenrta My u
KOOpAMHATHI Z, TO 3Ta (OopMysa TO3BOJSET OMPENEIsITh YHCIEHHOE 3HAYCHHE
HOPMAJILHOTO HAIPSHKEHUS G U €T0 3HaK.

Ilpasuno 3nakos. I/I3FH6aIOI[IPII>'I MOMCHT My CUUTACTCA ITOJOXKHUTCIIbHBIM, CCJIN

OH BBI3BIBACT PACTSDKCHHE B TOYKaX TIEPBOM YETBEPTH PACCMaTPUBAEMOTO
MTONIEPEYHOTO CeUCHUS OaJKH.

OnpenenuM HOPMaJIbHBIE HAMPSDKEHUS B XapaKTEPHBIX TOYKAX ITOMEPEYHOTO
ceueHus Oankw, Jexamux Ha muHusIx 1 —1, 2 —2 u 3 — 3 (puc. 3.24 + 3.26).

O-m ax

pacTsiHyTbIe
BOJIOKHA

////‘

/i

Puc. 3.24. Inwopa HopmanbHbIX HARPAIHCEHUIL RO 8bICOME NPAMOY201bHO20
nonepeuno2o ceuenus danKu
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I
o

_

Puc. 3.25. Inropa HopManbHBIX HARPAICEHUIL RO 8bICOME KPY2T1020
nonepeunozo ceuenus 6anKu

I ||||
S

Puc. 3.26. Inwopa HopmanbHbIX HARPAIHCEHUII RO 8bICOME 0BYMABPOBO20
nonepeunozo ceuenus 6anKu

B Toukax momepewyHoro ceueHus, jexammx Ha quHUAX 1 — 1 uw 3 — 3, T.e.
HanOoJiee YNAICHHBIX OT TJABHOW OCH (Z = Zma), BO3HHKAIOT HAWOOIBINUC
HOPMAaJIbHBIE HAITPSKEHUS

- Yy,
Omax — 1. Smax- (3.19)
y
Iy
O6o03Hayas = y» HomydaeM  GopMyly Aisd  ONpPEACICHUSA
| Zmax|
MaKCUMaJIbHBIX HAMPSKEHUH B MPOU3BOJILHOM MONEPEYHOM CEYCHHUH OaJIKH
My
Wy

B stux dhopmymax
|y — rnaBHBIM MOMEHT HHEPLIUY MONIEPEUHOTO CEUYEHUSI OTHOCUTENBHO OCH Y,
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| Zmax | — MakCUMaJIbHOE pacCTOSIHUE, U3MEPSEMOE O OCH Z OT TJIABHOW OCH Y 10
HauboJee yAaJeHHOW TOYKU MOTIEPEYHOTr0 CEUCHUS;

W, — MOMEHT COIpPOTHMBIICHHS HOIEPEYHOIO CEYECHUs OaJKM OTHOCUTEIILHO
TJIABHOU OCH Y.

OnacHviMu moykamu NONEPedHo20 CeyeHUsl HA3bIBAIOMCs MOYKU, HANPAANCEHUS
8 KOMOPbIX 00CMU2AOm HAUOOILUIUX NO BeTUYUHE 3HAYEHUII.

B Toukax 2 — 2 momnepeyHoro cedeHus Oajakd, JeKAIMUX Ha TIaBHON ocH Y (Ha
HEUTpaAJIbHON OCH), HOpMAaJIbHbIE HAIIPSDKEHUS paBHBI HYJIIO.

Onpedenenue. HeWTpanbHOH  OChblO  (HYJIEBOM  JIMHWEH)  Ha3bIBAETCS

IrCOMCTPHUUICCKOC MCCTO TOYCK ITOIICPCYHOT'O CCUCHUA 6aJIKI/I, B KOTOPBIX HOPMAJIBHBIC
HaIPs’KCHUS PaBHBI HYJIHO.

HeﬁTpaHBHaH OChb IIpH IINIOCKOM n3rude [IpoXoauT 4YCPC3 LCHTP TAXKCCTHU
IMOIICPCUHOI0 CCUCHM IICPIICHANKYIIAPHO K CHJIOBOM JTUHUH.

MakcumanbHOe HaIIPsSKCHUC B Oajike BO3HUKAET B CCUCHHUMU, TIAC H3FH6aIOHlI/Iﬁ
MOMCHT OOCTHUTACT HauOOJIBIIEH 110 MOJYJIIO BEJIMYUHBI, TO €CTh B OITACHOM CCUCHHMH.

Onpeoenenue. CeueHne, B KOTOPOM H3THOAIOMMA MOMEHT NpPHUHUMAET
MaKCHUMaJIbHOE MO a0COJIOTHOHN BelMYMHE 3HaueHHE M., HA3BIBAETCS OIACHBIM
cedeHrueM OaJIKi TI0 HOPMaJIbHBIM HaNPSKCHUSIM.

Takum 00pa3zom, HaUOOJIBIIIKE HOPMAIBHBIC HANTPSAKEHUS BO3ZHUKAIOT 8 ONACHbIX

MOYKAX ONACHO20 ceyeHus baiKu

M

[Toctpoum 3HIOPBl HOPMAIBHBIX HANPSDKEHUH @ I HEKOTOPBIX THIIOB

MONEPEYHBIX CEYECHUM.

Onpeodenenue. I'paduk, n3o0paxaromuii 3aKOH U3MEHEHUSI HAMPSHKEHUN & 1O

BBICOTC IMOIICPCUHOI'0 CCUCHMA, HA3bIBACTCS 3HIOpOI71 HOpMaJIbHBIX HaHpH)I(CHI/Iﬁ.

Kakx cnegyer u3 dopmynsr (3.18), HOpmanbHBIC HANPSOHKEHUS G 3aBHUCST
JUHEHHO OT KOOPJMHATHI Z, U TIO0 BBICOTE TOMEPEYHOTO CEYEHUsSI 3aKOH M3MEHEHMUS
HOPMAJTBHBIX HAMPSHKEHUN MPEACTABISIET MPSAMYIO JTUHUTO.

Ha puc. 3.24 + 3.26 noka3anbl B 00111eM BHJIE SMIOPHI HOPMATBHBIX HATIPSHKCHUIMA
G IS TIPSIMOYTOJIBHOT'O, KPYTJIOTO U JIBYTaBPOBOTO MTONIEPEUHBIX CCUSHUN OaJIKH /Is
CITydasi pacTSIHYThIX BEpXHUX BOJIOKOH/.

Pacyer 0a/10K HA MPOYHOCTH M0 HOPMAJILHBIM HANPSIKEHUSIM

Pa3mepsl 2JIeMEHTOB  KOHCTPYKIMH  (ITONEPEYHBIC CEUEHWS W JIJIMHA)
HE0OX0AMMO TIOI0MPaTh TAKUMH, YTOOBI MO IEHCTBHEM BHEIIHUX HATPY30K OHU HE
pa3pymagnuch U He TOJydaau AeOopMaIlHid BBIIIE JOITYCTUMOTO Tpe/iea.

B ycioBusix MaccoBOro CTpOUTENHCTBA TaK)KE BO3HHKAET MPOoOIeMa SKOHOMHUH
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CTPOUTEIBHBIX MAaTEPUAIIOB TP MOJHON rapaHTUH MPOYHOCTU KOHCTPYKITUH.

Jlnst Ge3omacHON pabOThI KOHCTPYKIIMA HEOOXOAMMO, YTOOBI MaKCHMAJbHBIC
HaNPsDKEHUS, BO3HUKAIOIINE B €€ DJIEMEHTaX, ObLIA HUXKE TPE/IeIbHBIX 3HAUCHUH.

[TosToMy 1ipu MNPOEKTUPOBAHMU HEOOXOJIUMO MPABUIBLHO YCTAHOBUTH
HaNpsHKeHUs, o0ecneynBaroe 6€30MacHOCTh KOHCTPYKIIMH.

B mnactosimiee BpeMs NPUMEHSIIOTCS, B OCHOBHOM, JBa METOJla pacyeTa Ha
IPOYHOCTb: 10 OONYCKAEMbIM HANPANCEHUAM U NO NPEOeIbHbIM COCMOSHUSM.

Oba Merona mpecaeayoT OJIHY LIeTh — 00E€CIIEYUTh COOPYKEHUIO MPOYHOCTh U
JIOJITOBEYHOCTb.

ITepBbiit MeTON €11I€ HEAABHO IIMPOKO MCIOJIB30BAJICA B CTPOUTEIIHLHOM JIeNie U
YaCTUYHO UCIIOJIb3yeTCs B HacToslee Bpemsi. [1o aToMy MeToay pa3Mephl 2JIEMEHTOB
KOHCTPYKITUU JIOJDKHBI OBITh TaKWUMH, YTOOBI BO BCEX CCUEHUSAX HAMPSKCHUS,
BBI3BIBAEMbIC HArPY3KOW, HE MPEBBILIAIN JOMYCKA€MOW BETUYHHBI.

Btopoii, 6osiee mporpeccuBHBIM METOJ pacdeTa MO MPEACTbHBIM COCTOSHUSIM
ObLIT pa3zpaboTaH COBETCKUMH YUEHBIMH. B HacTosIIee BpeMsi OH SIBJISIETCSI OCHOBHBIM
METOJIOM, MPUMEHSIEMbIM NPU MPOEKTUPOBAHUU COOPYKEHHI B Hallel CTpaHe.
Hopmamu ycTaHOBIIEHBI TpW BHUAA MNPEIEIbHBIX COCTOAHHMI. B compoTuBieHnn
MaTepuaioB pPacCMaTPHUBAETCS TJABHBIM 00pa3oM MEpPBOE NPENEIbHOE COCTOSHUE,
CBSI3aHHOE€ C MPOYHOCTHIO KOHCTPYKIMHU, U OTYACTU BTOPOE, 3aBUCAIIEE OT Pa3BUTHS
ype3MepHbIX  AedopMmaluii,  HApyIIAIOIIUX  HOPMAJBHYIO  JKCILTyaTaluio
KOHCTPYKIIUH.

VYcnoBrue MpoOYHOCTH NPU U3TMOE MO HOPMAaIbHBIM HAIPSHKEHUSIM 1O Memooy

O0ONYCKAeMbIX HANPANCEHULI UMECT BU]T
M
Onax = - < [0]. (3.22)
y

VYcaoBue MpoOYHOCTH TPU M3THOE M0 HOPMAJIBHBIM HAMPSDKEHUSIM 1O Memooy

npeoenbHblX COCMOSIHUL UMEET BUJ
G = M"'T“;‘" <R"-K-m,. (3.23)

B stux dhopmymnax

Omax — MaKCUMaJIbHOE HOPMaJIbHOE HATIPSKEHUE;

Mpax — HaumOoJplllee 10 aOCOJIOTHOM BEIWYHMHE 3HAUYCHUE M3THOAroIero
MOMEHTa (OTIPEACIISICTCS 10 AIIOPE N3THOAIOIITUX MOMEHTOB);

W, — MOMEHT COIPOTHBIEHHUS MONEPEYHOIO CEUEHUS OTHOCUTEIIBHO INIABHOM
ocH Y (TOpU30HTAIbHAS OCh);

[6] - nomyckaemoe HOpMajgbHOE HANpsSHKCHHE MaTepuana SJICMEHTOB
KOHCTPYKITUH;

R" — HOpMaTHBHOE CONPOTUBIIEHUE MATEPHAa SIEMEHTOB KOHCTPYKIIMH;
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N — ko3 PULIMEHT eperpy3KH;
K — ko3¢ duIeHT 0OJTHOPOJHOCTH MaTepralia YJIEMEHTOB KOHCTPYKITUH;

M, — KO3(QPUIUEHT YCIOBUI pabOTHI 2IEMEHTOB KOHCTPYKIIUU.

BenuuuHa pomyckaeMbIX HampsoKeHWH [O] Ha3Ha4yaeTcss B 3aBUCHMOCTH OT
Marepuania, u3 KOTOpOro U3roToBjeHa OaJika.

[TnacTudHbIC MaTepUabl 00IaaAI0T PUMEPHO PABHBIMU MpECIaMU TEKYYeCTH
Ha CXKaTHe U Ha pacTspKeHue, nosromy [o.] = [o;] = [o].

JInst XpynKux MaTephalioB, Y KOTOPBIX MPOYHOCTh HA CXKATHE BBIIIC, YeM Ha
pacTshHKeHHE, JOMyCKaeMble HANPSDKEHUS Ha PACTSHKCHUE U CKATHE, KaK MPaBUIIO, HE
paBHBI MeXIy coboii [o,] > [0,] 1, mosTOMy, HEOOXOMMO 3aIMCHIBATH ABA YCIOBUS
HPOYHOCTH

Omax = % "Zmax, =< [0;’]; Omax = % *Zmax, S [od],
y y
e
Zmax, Y Zmax,~ PACCTOAHNSA (koopAMHATBI) OT HEUTpaAIbHOU OcU 0 Haubosee

YAQJICHHBIX PACTSIHYTHIX U CKAThIX BOJIOKOH.
Benuuuna R, paBHas
R=R"-k-m,, (3.24)
HA3bIBACTCSI pACUEMHbIM CONPOMUBIeHUeM MaTepraa JIEMEHTOB KOHCTPYKIIUH.
B 3aBrCcHMOCTH OT LI€NM pacueTa pa3jainvaroT TPY BHUJIa PACUETOB HA MPOYHOCTH!
1). [Ipoexmmnulii pacuem. B 3TOM cilydae HW3BECTHBI BHEILIHSS Harpy3ka |

Mmarepuan sjeMeHToB KoHCTpykuuu ([o] wmum R"). Tlo 3amaHHOi Harpyske
OTPENENSAIOT HAaOONBIINK U3THOaroUii MOMEHT Mp,y (110 dIIOpe M3rudaronmx
MOMEHTOB) W u3 ycioBusi mnpouHoctd (3.22) wmm (3.23) HaXoAsT BEIMYUHY
TpeOyeMOro MOMEHTA COMPOTHUBIICHHUS IOTIEPEYHOT0 CEUEHUs 10 (hopMynam:

a). [lo MmeTomy pacuera Ha IPOYHOCTH MO AOMYCKAEMBIM HAIIPSKEHUSIM

Tpe6 > Mpmax
W, = o] (3.25)
0). Ilo MeToy pacueta Ha MPOYHOCTH IO MPEACIBHBIM COCTOSHUSIM
Tpeb = Mpax-n
w, = Rk (3.26)

[To momydyeHHo¥l  BenuumHE  TpeOyeMOoro MOMEHTa  COMPOTHUBIICHUS
W;pe6 noAOHPAIOT pa3Mephbl IMOMEPEUHbIX CEUEHUM Oaaku TakuM oO0pa3om, YTOObI
NEUCTBUTENBHBI ~ MOMEHT compoTuBiaeHus W, @pUMEpHO paBHAICA OBl
TpedyemMomy W;pe6, TO €CTh

W, = WP,
Kak n3BecTtHO, MOMEHT conpoTuBieHus Wy U IPOCTHIX NONEPEYHBIX CEYCHUI
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ompexensercs mo ¢GopMyliaM Yepe3 pa3Mepbl CEUeHHUS WU MO COpTaMEeHTaM MJist
MPOKATHBIX IPOUIEH.

[TonGop cedeHus MPOU3BOIAT CICAYIONUM 00Pa30OM:

e ecnm Oamka MPOCKTHUPYETCS U3 MPOKATHOTO MPOGUIIS, TO HEOOXOIUMBIHA
HoMep mnpoduna Oepercss O TabaMIaM COpTaMEHTa MPOKATHBIX CTajed B

Tpeb
3dBUCUMOCTH OT BCIIMYNHBI Tpe6yeM0r0 MOMCHTA COIIPOTHUBJICHUA Wyp ;

e B ciy4ae mojadopa KpYIJIOro CIUIONIHOTO CeYeHHs Oanku auameTrpom d,
U3BECTHO, YTO MOMEHT comnpoTusieHus Wy onpeneinsercs 1o Gopmyie

e B cioyyac moabopa MPSMOYTOJBHOTO IOMEPEYHOr0 CEUYEHHUS OajKH
pasmepom b X h, mpensapurenbHo 3amatorcs cootHomenuneM f=h/b, t.e. h=£-D.
U3BecTHO, 9YTO MOMEHT conpoTuBieHus W, [T IPSMOYTOJIBHOTO TIONEPEIHOTO
ceueHHs Oayku onpeaesseTcs mo Gopmyiie
_b-h* _b-B-b)?_p* b
6 6 6
[TpupaBrusas Wy = W;,pe6, HaxXoJAT TpeOyeMble pa3Mepbl OaIKU

Wy

2). Onpedenenue donyckaemoil Haepys3ku. B 3TOM cilydae M3BECTHBI pa3Mephbl

nonepeunoro cedennst (W,) n matepuai aneMeHToB KoHCTpykiuH ([ o] win R").

N3 ycmoBus npounoct (3.22) wim (3.23) HaxoaaT HauOOJIBIIYIO JOITYCKAEMYHO
BEIMYMHY U3THOAIOIIETO MOMEHTA:

a). [lo meTony pacdeTa Ha MPOUYHOCTH MO JOMYCKAEMbIM HAMPSHKECHUSM

Mmax = [Mmax] < Wy - [a]. (3.27)
0). [1o meToy pacueTra Ha MPOYHOCTH IO MPEIETHLHBIM COCTOSTHUSM
Mmax = [Mmax] <W, - R* - k-m, - 1/n. (3.28)

[To HaiiieHHOMY IOMyCKAaeMOMY 3HAYCHHIO H3THOAomero MoMeHTa [Mpax]
onpeaensieTcs A0MyCKaeMoe 3HaU€HUE BHEILIHEW HAarpy3KHu.
3). IIposepoumbiii pacuem. B 3TOM cilydae W3BECTHBI BHEIIHSS HArpyska,

pasmeps! nonepeynoro ceuennst (W,) 1 marepuan 3eMEeHTOB KOHCTPYKIHH ([0 ] mmm
R").

75



Tpebyercst onpenenuTh HanOOJbIIEE HOPMATLHOE HAMPSHKEHUE, BOSHUKAIOIICE
B DJIEMEHTaX KOHCTPYKIIMU, W CPaBHUTH C JOIMYCKAeMbIM HAIMpPSHKCHHUEM, TO €CTh
IPOBEPUTH BBINIOJHEHHUE YCIOBUS TpouHocTH (3.22) min (3.23):

a). [To MmeTomy pacuera Ha IPOYHOCTH MO JOMYCKAEMBIM HAMPSHKEHUSIM

Mmax
=, =lal

Omax
Wy

0). [1lo meToty pacueTa Ha MPOYHOCTH IO NPEIETLHBIM COCTOSTHUSM
Mpax' 1
O-maX:—SRH'k'me.
Wy
0). KacarejbHble HANIPsSIsKEeHUsI IPU U3rude
[Tpu miockoM M3rude B MOMEPEUHBIX CEUCHUAX OaaKu HApSAy C HOPMaJIbHBIMH
HalpsUKEHWAMU O, BBI3BaHHBIMH M3rMOArOlUM MOMEHTOM M, BO3HHKaOT H

KacaTeJbHbIC HANpsHKEHUs T, BbI3BaHHblE nonepeyHbiMu cuwiamu Q. Ilpu stom
IpenoyiaraloT, 4YTo IO IIWPUHE IIONEPEYHOTro Ce4YeHHsl Oaaku KacaTelbHbIE
HaIpsHKEHUS T paclpeieIIl0TCsl pABHOMEPHO, U PEHEOPEratoT ero HCKPUBJICHUSIMU.

KacarenpHbple HamnpsokeHHss T B IIPOM3BOJIBHOM TOYKE paccMaTpUBAEMOIO
MONEPEYHOT0 CEUEHMs OaIKu MpH MJI0OCKOM U3rude onpeaesstores no hopmyne .M.

Kypasckoro
Q . SOTC
r=— (3.29)
b(z) - I,
rae
Q — abcomroTHas BeIWMYMHA TIOTNIEPEYHOM CHIIBI (OMpENeNsseTcs IO DIpe

MOMNEPEYHBIX CU);

§5'¢ — abCoMOTHOE 3HAYEHHE CTATHYECKOrO MOMEHTA «OTCEYEHHOH» YacTu
TIOTIEPEYHOT0 CeUeHHsI OAJIKM OTHOCHTENIBHO TJIABHOM OCH Y,

b(z) — mmprHa moNEepeYHOro CeueHMsI Ha YPOBHE pacCMaTPUBACMOM TOUKH;

I,, — TaBHBI MOMEHT HHEPIHMH MONEPETHOTO CEYEHHS OATKH.

Z — KOOpAHWHATa TOYKM TIIOTNEPEYHOTO CEUEHUs, B KOTOPOH OIpeNeNseTcs
KacaTelIbHOE HaNpsHKEHUE.

Onpeodenenue. «OTCEUEHHON» YaCThIO TIOMEPEYHOTO CEUCHMsI OaNKU SIBISETCS

4acTh MOINEPEYHOrO0 CEYEHUsS, pACIOJOKEHHAs MO OJIHY CTOPOHY OT HPSIMOM,
MIPOBEJICHHON 4Yepe3 UCCIEAYEMYIO TOUKY MapauleibHO HEUTpaibHOM OocH (TJIaBHOM
ocu Y).

B nmro6om monepeyHoM cedeHnH 0alki CTaTHYEeCKUH MOMEHT OTCEUCHHOM YacTH

;TC JUISL CaMbIX OTJAJICHHBIX OT HEMTPanbHOM ocH (ITIaBHOM OCH Y) TOYEK CEYEHUS
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PaBC€H HYIIIO, IIOOTOMY KaCaTCJIIbHBIC HAIPAXKCHUA T B HUX PAaBHBI HYIIIO.

B Toukax IONepeYHOIro CCUCHUA 6EUIKI/I, JCKAIIUX Ha HGﬁTp&JIBHOfI oCcH

1 /Z
(FHaBHOﬁ oCH y), S(}),TC = Sy = Smax, CJICOOBATCIIBHO, KAaCaTCIbHBIC HAIIPSAXKCHHUA B

HUX JIOCTUTAIOT MAKCHMAJIbHBIX 3HAYCHHI (onacuvle mouxi).

1
3ILCCI) Sy z_ CTaTUYECKUN MOMEHT IOJIOBUHBI IMOIICPCYHOI0 CCUCHUA.

C@H@HM@, 6 Komopom nonepednas cuia npurumaem MAKCUMAIbHOE No
abconomuol  eenuyuHe 3HA4YeHue, HAasvleaemcsAa ONnadcHbiIM cedeHuem oaiku no
KacamejlbHblM HANPANCEHUAM.

Takum O6p330M, HaubobwUe KacamenbHble HAnpAMCEeHUA 603HUKAIOM 6
ONACHBIX MOYKAX ONACHO20 ceyeHus: OanKu

1/2
. Qmax'Sy

T =
max b(Z)'Iy

PaccMmoTpuM pacripesielieHne KacaTelbHbIX HaIpsHKEHUH MPU MIOCKOM M3ruoe

(3.30)

10 BBICOTE HEKOTOPBIX THITOB TIONEPEYHBIX CCUCHUH (IMIOPHI T).
B orianune oOT HOpMadbHBIX HANpPsDKEHHUM pacrhpesiesieHne KacaTelbHbIX
HaIpsHKEHUH TI0 BBICOTE MOMEPEYHOT0 CEUCHUS 3aBUCUT OT (DOPMBI CEUCHUS.

Onpeodenenue. I'paduk, H300pakarONINil 3aKOH W3MEHEHUS! HANPSDKEHUN T 10
BBICOTE MTONIEPEYHOT0 CEYEHUSI, Ha3bIBACTCA SIMIOPOM KacaTEeIIbHBIX HAMPSKEHUIA.

N3 dpopmymet (3.29) BuIHO, 9TO KacaTeabHbIC HAMPSHKEHUS B 0aTIKe U3MEHSIIOTCS

OTC
Sy

bz)
I[IpsiMoyroJibHOE MoNepevYHoOe CeUueHune

I10 BBICOTC ITOIICPCUHOI'O CCUCHHUA I10 TOMY K€ 3aKOHY, UTO

B mpsimoyroneHoM ceuennu b(z) = b = const, mosToMy 3aK0oH pacnpeeIeHusI
OyleT TakuM e, YTO M JUIi CTATHYSCKOr0 MOMEHTa «OTCEYCHHOW» YacTH
TONIEPEYHOrO ceYeHus Sy .

KacarenbHble HampspKEHHssT B MPOU3BOJIBHON  TOYKE  MPSIMOYTOJBHOTO
MIOTNIEPEYHOr0 CCUCHHUS OATKH C KOOPAMHATOM Z BEIUUCIISIOTCS 1O (hopMyJie

omc 2
_Qsy™ _6Q (b,
T= - 3 o Z . (3-31)
b(z2)J, bh® { 4

Ota ¢opmylia MOKa3bIBaET, YTO KacaTeJIbHbIC HANPsHKEHUS 1O BBICOTE

MIPSMOYTOJIBHOIO TOINEPEYHOr0 CEYEHHs] HU3MEHSIIOTCA 110 3aKOHY KBaJIpaTHOU
napadoJIbl.

OnpenenuM KacaTeabHbIE HAIPSKEHUS B XapaKTEPHBIX TOYKAX IMONEPEYHOTO
ceueHus Oaykw, Jiexamux Ha JuHusx 1 —1, 2 — 2 u 3 — 3 (puc. 3.27).
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Puc. 3.27. Intopa kacamenbHblX HARPAIHCEHUIL 01 RPAMOY20TIbHO20
nonepeunozo ceuenus 6anKu

B Toukax momepewyHoro ceueHus, Jjexammx Ha quHUAX 1 — 1 mw 3 — 3, T.e.

. . h
HanOoJiee yIalieHHbIX OT HEUTpallbHOM ocH (npu 7 = =+ 3), KacaTeIbHbIC HAPSKCHUS

PaBHBI HYIIIO.
B Toukax momepeuHoro cedeHus OanKu, JIeallux Ha HEHUTpanmbHOU ocH 2 — 2
(npu z = 0), BO3HUKAIOT HAMOOJIBIINE KACATEIbHBIC HAMIPSHKCHUS (0NACHble MOYKLL).

CrnenoBaTtesbHO,
3 Q 3 Q
Thax == " T = =" —. 3.32
2 bh 2 A ( )
B aroit hopmyre
Tmax — MAKCUMAaJIbHOE KacaTeIbHOE HAMPSIKEHUE;
Q — aOcomroTHas BeTWYMHA ITONEPEYHON CHIIBI (OMpenersieTcss IO JIope

MONEPEYHBIX CUJT);

A =D - h — omanp NpsIMOYToJILHOTO OMIEPEYHOTO CEUSHHSI OATKH.

Tak xak, Hauborvuwue KacamenvHvle HANPANCEHUS BO3HUKAIOM 6 ONACHBIX
MOYKAX ONACHO20 ceverus OanKu, TO Il HAXOXKACHUS CaMbIX OOJIBIINX MO BEJTHYNHE
KacaTe/IbHBIX  HAmNpsOKeHWH B Oanke  HeoOxommmMo B dopmyny  (3.32)
moACTaBUTh Q = Qnax

. Qmax
y (3.33)

Ha puc. 3.27 nokazan oOwmuid BUA 3MIOPbl KacaTEIbHBIX HAINPSKEHUN T IS

Tmax

N | W

MPSAMOYTOJIBHOTO TTOTIEPEYHOTO CEUCHUS OAITKH.
KpyrJioe nonepeunoe ceuenue
[Ipeamnomnaraercsi, 4TO BEPTUKAIBHBIC MPOCKIIMKA KacaTeIbHBIX HaNPSHKCHUM
PAaBHOMEPHO paCIpPEICNICHbl 0 IIUPUHE KPYTJIOTO CEUEHHUs. DTH COCTaBIISIONINE
KacaTeJIbHOTO HampsbKeHUs omnpenensioTcs mo ¢opmyne (3.29). Orta dopmyna
MOKa3bIBACT, YTO KacaTeJIbHBbIC HAIPSHKEHUS IO BBICOTE KPYIJIOTO IOMEPEYHOTO
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CEUCHUS TaKXKE U3MEHSIOTCS TI0 3aKOHY KBaJPaTHOM mapadoJibl.
OnpenenuM KacaTenbHBIC HAIMPSIKEHUS B XapPaKTEPHBIX TOYKAX IMOMEPEYHOTO
ceueHus Oaiku, jexanux Ha uauax 1 —1, 2 —2 u 3 — 3 (puc. 3.28).

3 3

Puc. 3.28. Inwopa kacamenbHbIX HARPAHCEHUIL 0N KPY2/1020
nonepeunozo ceuenus OaaKu.

B Toukax kpyrioro momepeyHoro ceueHwsl, Jexkamux Ha muHuIX 1 — 1 u 3 — 3,
. . d
TO €CTh HamboJjee yJajieHHBIX OT HEUTpaabHOU ocu (npu z = :I:—Z), KacaTeJIbHbIE

HAIIPSDKEHUS. PABHBI HYJIIO, TaK Kak §5"° = 0.
B Toukax momepeuHoro cedeHus Oanku, JIexallux Ha HEHTpanabHOU ocH 2 — 2
(npu z = 0), BO3HUKAIOT HAUOOJBIINE KacaTeIIbHbIC HANIPSHKCHUS (ONACHblE MOYKU),

1/
TaK Kak §5'° = Sy 2=8
1 /2
3meck S, “ — CTaTHYECKHil MOMCHT IIOJIOBUHBI ~IOMEPEYHOTO CCYCHMs

OTHOCHUTEJILHO TJIABHOW OCH Y.
MakcuMallbHOE KacaTeIbHOE HAMPSIKEHUE JJIs1 KPYTJIOTO MOMEPEYHOr0 CEYEHUS
0aJIKi MOXHO BBIYUCIIUTH IO hopmyJie

_1.0
Tmax = 3 4 (3.34)
B aroit hopmyre
Tmax — MAKCHMAaJIbHOE KacaTeJIbHOE HAMPSIKCHUE;
Q — abcomroTHas BeIWMYMHA TIONEPEYHOM CHIIBI (OMpENeNsseTcs IO DIope

MONEPEYHBIX CUJT);
2

4
A= —3  — TWIOIA/b KPYIJIOTO NONEPEYHOr0 CeYCHHs OaKu.

Tak KakK, Hauboavwue KacameabHble HANPANCEHUA 603HUKAIONT 6 ONnACHblX

mMouYyKax onacHoco ce4eruA 6&]17('14, TO AJI1 HAXOXKACHUA CaMbIX OOIBIIKX IO BETUYNHE
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KacaTebHBIX HaNpshKeHU B Oanke HeoOxoaumo B (opmyny (3.34) moactaBUTh

Q = Qmax.
4 Q
Tmax =5 'Z"". (3.35)

Ha puc. 3.28 noxa3an oOmuii Buj 3MIOpHl KacaTENbHBIX HANPSHKCHUNA T s

KPYTJIOTro MOMEPEYHOr0 CEYSHUS OalKH.
JIByTaBpoBOe nonepeyHoe ceyeHune

XapakTepHON OCOOEHHOCTBIO ATOTO CEUEHHS SIBISIETCS PE3KOE H3MEHEHHE
IIUPUHBI CEYEHHUS [IPU NEPEXOAE OT CTEHKU JBYTaBpa K €ro MOJIKE.

[Ipu onpeneneHun KacaTelbHBIX HAIPSHKEHU B moJIKe IByTaBpa HEOOXOIUMO
UMETh B BHUJY, 4TO JUIsl UX OIpPENEJCHMs] HENb3sl HCIoJb30BaTh (Qopmyny .M.
Kypasckoro (3.29), Tak Kak MNPEANOTIOKEHUE O PABHOMEPHOCTH pacIpeeNeHUs
KacaTelIbHbIX HANpPsOKEHUM IO IIMPUHE IOJIKM 3[€Ch HE BBINOJHAETCA. Takum
00pa3oM, BOIIPOC O BEIMYHMHE M 3aKOHE PACIPECICHHS KacaTelIbHbIX HANPSHKEHUH B
IIOJIKaX JByTaBpa OCTAaeTCs HepaspeuieHHbIM. OpHako, BBHAY TOIO, YTO B ITHX
CEUYECHMSIX KacaTeJIbHbIC HAIIPSKEHUSI HEBEJTUKH, TO X OOBIYHO HE BBIYMCIISIIOT.

3HAYUTENIbHO OOJIBIINI WMHTEpEC MPEACTaBIIAIOT KacaTelbHble HAaNpSIKEHUS B
CcMeHKe IBYyTaBpa, Tak KaK, B OCHOBHOM, NIOTIEPEYHYIO CUITY BOCIPUHUMAET CTEHKA.

KacarenpHble HampspkKeHHsl B 3TOM CIIy4ae MOXKHO OIpENeisaTh Mo (opmyre
J.1. XKypasckoro (3.29)

T= R Sy~ .
b(z) -1,

Jig  3TOoro OOBIYHO OMNpPENEeNsIOT YWUCICHHbIE 3HAYEHHUs KacaTelIbHBIX
HaIpsSOKEHUN B XapaKTEPHBIX TOYKAX MOMEPEYHOrO0 CEYEHHUs, JeKAIIUX Ha JIMHMIX
4-4, 2-2 u 5-5 cmenku osymaspa (puc. 3.29).

1 t 1
y
4 4
T,
d 4-4
72-2=Tmax
2
h 2 >
y
5 5 T5.5
3 ' 3

—— b —>
Puc. 3.29. Iniopa kacamenbHblX HANPAHCEHUIL 011 08YMABP 08020
nonepeuno2o ceuenus danKu
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MaxkcuMasbpHble KacaTelbHbIE HANPSHKEHUS BO3HUKAIOT B TOUYKAX TOMEPEYHOTO
CEUEeHHs, JISKAINX Ha HEUTpalbHOW JIMHUM 2 — 2 (Ha TJIaBHOW OCH Y) JByTaBpa

(onacuvie mouku). OTceueHHast 4acTh (GUTYPHI, B 3TOM CJIy4ae, — BEPXHss MOJOBHHA

1
MOIIEPEIHOrO CCYCHHUS, OITOMY §),"° = S z
rae
1 /2
S, “— CTaTM4eCKU!l MOMEHT IOJIOBHHbI CCYCHHSI OTHOCHTEIIBHO IJIABHOI OCH Y.

(Hdnst mpokatHbIX mNpoduiael 3Ta BEJIMYMHA NPUBOJIUTCA B COOTBETCTBYIOIIEM
COpTaMEHTE).

Jlist onpenienieHusl KacaTelbHbIX HANPsDKEHUH B TOYKaX, JEKAIIUX HA JIMHUSIX
4 —4 5 — 5, HAXOJAT CTATUYECKUM MOMEHT MOJKHU (OTCEUCHHAsi YaCcTh CECUCHUS —
3allITPUXOBAHHAS MOJI0YKA JIByTaBpa, puc. 3.29)

1/ 1/ CTEHKH 1/ h 1
_ _ 2 _ 2 — 2 _g.(%_ Lo
S;),TC = S;I,OHKH = Sy Sy = Sy d (2 t) >

(E-e)=s/2-2 (¢

2 Yy 2 2
[To moMy4YeHHBIM YHCICHHBIM 3HAYCHHUSM T B ceueHMSIX 2 — 2, 4 —4u 5 -5

CTPOSIT JMIOPY KacaTeIbHBIX HAMIPSHKCHUH 10 BHICOTE CTEHKH JIByTaBpa (puc. 3.29).

B Oankax CruiomiHOro ce4eHusl 4Yalle BCEro BeNWYMHA KacaTesbHbIX
HANpPsDKEHUH 110 CPaBHEHUIO ¢ HOPMAaJIbHBIMU HAIPsDKEHUSMU HEBEJIMKa, U OOJIbIIeH
YacThIO MPOU3BOJUTH MPOBEPKY MPOYHOCTH OAJNKHU MO KacaTeIbHBIM HaIPSKEHUSIM
HET HEOOXOUMOCTH.

B kopoTkux Oankax, CHUJIBHO HAarpyX€HHbIX BOJIM3M ONOp, M B Oankax
TOHKOCTEHHOTO NpOoQuis KacaTellbHblEe HANpPSKEHUS] MOTYT MMETh CPAaBHHUTENIBHO
OOJIBIIYIO BEJIMUKHY.

Ilosmomy na npaxmuke 00bIYHO NOOOUPAIOM pa3Mepbl NONEPEUHO20 CEYEeHUs.
Oanku U3 yclio8us NPOYHOCMU NO HOPMATbHLIM HANPAICEHUAM, a 3amem Yoice
npogepsiom, y0061emeopsem iU 8blopanHoe ceuenue OAIKU YCl08ur0 NPOYHOCMU NO
KacamenoHbIM HaANPAACEHUSIM.

B arom ciydyae mpoBepka MPOYHOCTH MO METOAY JOMYCKAaeMBbIX KacaTeJbHBIX
HaIpsHKEHUN TPOU3BOJIUTCA 1O (popMyIie

1,
= Jmaxdy " _ 3.36)
Timax b1, ~ [7], 3.
rae
[7] — nonyckaemoe kacaTenbHOE HAMPSKEHUE TPU M3THOE.
Jns  cTanbHBIX 0ajgoKk OOBIYHO MPUHUMAKOT JIONMyCKaeMoOe KacaTesbHOe
Hanpsbkenue [z] = 0,6 - [a].
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3.4.2. KoHTpOJIbHbIE BONPOCHI /IJIsi CAMONIPOBEPKHM 110 TEMe
«PacueT 62JIOK HA MPOYHOCTH NMPH IIOCKOM MONEPEYHOM H3rude»

1 Kakoii Bun nedopmanuu HazbIBaeTCs U3THOOM?

2 Kaxoii ciydail m3runba Ha3pIBa€TCS YUCTHIM U3THOOM?

3 Kakoli cimydaii n3ruba Ha3bpIBaeTCs INIOCKUM MONEPEYHBIM U3rHO0OM?

4, B kakoM ciryyae u3rud Ha3bpIBaeTCs NPSIMbIM?

3) YTO NpouCcXoAUT € IPOAOIbHBIMU BOJIOKHAMU MaTepuaa Ipu u3ruoe?

6 Kakue BHyTpeHHHE CHJIOBBIE (AKTOpPhl BO3HHMKAIOT B IONEPEYHBIX

ceueHusx oanku?

7. Yemy paBeH U3rudaromuii MOMEHT B IPOU3BOJIBHOM CEYEHUH OaJIKU?
8. Yemy paBHa nornepeyHas cujia B IPOU3BOJILHOM CEUEHUH Oanku?
9. Kak onpenensieTcst 3HaK MONepeyHoOr CUJIbl U U3rMOAIOIEro MOMEHTa B

MOTIEPEYHOM CEUCHUHU OanKu?

10. UTo Ha3bIBAETCS CUIIOBOM IIOCKOCTHIO (CHIIOBOM JTMHUEH)?

11. UTto Ha3bIBaeTCsI HEUTPAILHOM (HYJIEBOM) TMHUEH?

12.  Yro Ha3pIBaeTCs SMIOPON MONEPEUHOM CUIIBI U M3TUOAIOIIEr0 MOMEHTA?
13. J171s1 4ero cTposITCs SMIOPbl BHYTPEHHUX YCUIIMM MPU U3ruoe?

14, [1man nocTpoeHus MIOP BHYTPEHHUX YCUITUN TP U3rHOe.

15. [lepeuncnure  OPOBEPKH  MPABWIBHOCTH  IOCTPOEHHBIX  OIIIOP

BHYTPEHHHX YCHJIUN MPU U3THOE.

16. HazoBute rumorespl, KOTOpble MPUHUMAIOTCS TPHU BBIBOJE (POPMYIIbI
HOPMAaJIbHBIX HANPsHKEHUN MPU YUCTOM U3THOE.

17. dopmyna s ONpeaeseHrss HOPMAJIBHBIX HAINPSKEHUNW B TPOU3BOJIBHOM

TOYKEC ITOIICPCUYHOI'O CCUCHUA OaJIKH.

18. Kak omnpenensercs onacHoe cedyeHHEe OalKu MO HOPMalbHbIM
HanpsoKeHUsIM?
19. Kak ompenensitoTcsi onacHple TOYKH TOMEPEYHOTO CEUCHHST OAJIKU IO

HOPMAaJIbHBIM HaIPsKECHUSIM?
20. Hamumure ycinoBue MNPOYHOCTH TPH  U3THOE TI0O HOPMAIbHBIM

HaIPsDKEHUSM 10 METOAY JONyCKAEMBIX HanpsbkeHui. Kakne 3agaun pemarores
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C IOMOLIBIO 3TOTO YCIOBUSA?

21. Yrto Ha3bIBAETCS SMIOPON HAIPSHKEHUS ?

22, Omnopa HOPMaJIbHBIX HaNpsDKEHUM mpu u3ruode. Kak ¢ momoipo 3Toi
AMIOPHI ONPEAEIUTh HANPSKEHHS B IPOU3BOIBHOM TOUYKE MOMEPEYHOIO CEUECHHUS
Oanku?

23. ®opmyna Kypasckoro .M. 18 ompeneneHus — KacaTeIbHBIX
HaIpsHDKEHU TpH U3ruoe.

24, Kakoli BuJ UMEIOT 3MIOPbl KaCaTEJIbHBIX HANPSKEHUH NI TONEPEYHBIX

CEUEHUH OaNKU MPSIMOYTOJIBHON (POPMBI, IJI CTEHKU ABYTaBpa?

Ilocne u3zyuenusn moit memovt MO}CHO RPUCMYRUMDb K peuleHuto 3a0auu Ne 4,

6KJII0UEHHOIl 8 KOHMPOILHYIO PAOOMY.
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3.4.3. IPUMEP PEHIEHUSA 3ATAYH Ne 4

«Pacuer 0aJIOK MPOYHOCTH»

Jliis 3a1aHHBIX ABYX cxeM 0asiok (puc. 3.30 u 3.34) Tpedyercs:

1. OmnpenenuTs ONOPHBIC PEAKIIUU.

2. JIyig xaxaoro ydacTka OaJlKu COCTaBUTh BBIpaKEHHS MmonepedHbIx cui (Q)
1 u3rubaronux MoMeHToB (M). ITocTpouTh UX SIIOPHL.

3. Cphenath MNPOBEPKHM TPABMIHBHOCTH TIOCTPOCHHBIX OJIIOP BHYTPEHHHUX
CUJIOBBIX (paKTOPOB.

4. Onpenenuth ONAaCHbIE CEYEHUs OaTKU MO HOPMAJIBHBIM U KacaTeIbHBIM
HaANPSHKCHUSIM.

5. W3 ycnoBuss TPOYHOCTH IO METOAY JOMYCKACMBIX HOPMAJbHBIX
HaIpsHKEHUHN Tpu U3rude moa00paTh:

a) 1715l CXeMbI (@) JEpEeBSHHYIO OAJIKY KPYTJIOrO MONEPEYHOTO CEUCHHUS, IIPUHSB

JOTMycKaeMoe HopMalibHOe Hanpspkenue [o] = 10M11a;

0) s cxembl () CTalbHYI0 OalKy JIBYTaBPOBOTO TMOMEPEYHOTO CEYCHHS,
MPUHSB JOMyCKaeMoe HopMalbHOe HampsbkeHue [o] = 160MIla.

6. [IpoBepuTh MPOYHOCTH MOJOOPAHHBIX OATIOK MO HOPMAJIBLHBIM HAMPSKEHUAM
10 METOJTY JTOTTyCKAEeMbIX HaIIPSKEHUH.

7. IIpoBepuTh IPOYHOCTH MOJAOOPAHHBIX 0ATOK MO KacaTelbHBIM HAMPSKEHUSIM
0 METOJy JOIMYCKAaeMbIX HANpsOIKCHUH, TPHHSB JUIS CXEMbI (@) JOMyCKaeMoe
KacarejabHoe HanpspkeHue [T] = 2MIla, a niis cxeMbl (0) TomycKaeMoe KacaTelIbHOES
Hanpspkenue [z] = 0,6 - [o].

8. Jlms omacHbIX cedeHWil 0ajoK TMOCTPOUTH DMIOPhl HOPMAJIBHBIX U

KaCaTCJIbHBIX HaprDKCHI/Iﬁ I10 BBICOTC IOIICPCIYHOTO CCUCHMU.

CXEMA (a)
Hcxoanbie JaHHBIE:
(i
| YYYYIVYY li=4m; all,=0,5; q=10«kH/m;
k\—a—ﬂ F m=8 kHm; F=15kH;
< |l —p H

[o]=10MITa=1| ", |.
M

Puc. 3.30. Cxema d6anku
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Pemenue
OmnpeneseHue ONOPHBIX peaKUnu

JI71s1 KOHCOJIBHBIX OaJlOK, B BUJIE UCKIIIOUCHHS, ONOPHBIC peakinu Ra, Ha, 1 Ma
MOKHO HE OTIPECIISITh, @ BECTH MAJbHEHIIINI pacuyeT cO CTOPOHBI CBOOOTHOTO KOHIIA
Oanmku. YucIeHHbIC 3HAUEHUS OMOPHBIX PEaKIIHid, B Ciiydae HEOOXOIMMOCTH, MOKHO
onpenenuTh mo smopaM Q u M, HCTIONB3YS MPABUIIO «CKAYKOBY.

IMocTpoeHue 3m0p nonepeuHoii cuiibl Q u u3rudaromero momenta M

30ecv u 6 OanvHeliuieM YUCTIEeHHble 3HAYEHUs, NOJYYEeHHble 8 X00e pacuemd,
okpyansem 00 3 3Ha4awux yugp.

Pa3OuBaeMm pacyeTHyio cxeMy Oalku Ha ydacTKd. B Hamem mpumepe Oanka
umeeT aBa yuactka (AB u BC), koTopsle mpoHyMepyeM ciipaBa HalieBo (puc. 3.31).

®

X5

2M —>I<— 2M >

>
N

Puc. 3.31. Pacuemnas cxema 6aiku

[IpoBoauM cedyeHHe Ha KaKJOM Y4YaCTKE M pacCMAaTpUBacM IIPaByk OT
MPOBEJICHHOTO ceueHHsI yacTh Oanku (puc. 3.31), Tak Kak cjaeBa OT CEYCHHS OMOPHBIC
peaKuy HEU3BECTHBI.

I yuacTok CB: 0 < X; <2wm (Hauajao oTcYeTa Ha MPaBOM KOHIIE OAJIKH).

OmnpenensieM BeTUYMHY nonepeyHoi cuiibl Q Ha mepBoM ywacTke. s aroro
MPOEKTUPYEM BCE BHEIIHUE CHIIbI, PACIOJOKEHHBIE CIpaBa OT MPOBEICHHOTO
CEUEHHUs, Ha OChb Z, MEPIECHIUKYJIAPHYIO reomerpudeckoi ocu Oanku. Ilpu stom
PYKOBOJCTBYEMCSI ONPEICICHUEM BHYTPEHHErO CHJIOBOTO (hakTopa W TPaBHIOM

3HAKOB.

CocrasisieM BbIpaKEHUE IS TONIEPEYHON CUIIBI }_l

QX)=—-F+q-x;=—15+10 - x;.

3nech ¢ * X;— PaBHOACHCTBYIONIAs CHUJIa paCIpENeICHHOM Harpy3ku (,
PacCIIOJIOKEHHAs CIIPaBa OT CEYEHHUs MOCPEANHE YUacTKa IJIMHOM X;.

[lonepeunast cunma Q Ha MEepBOM ydyacTKe SBJSETCS JHMHEWHON (yHKUIMEH
KOOpAUHATHI X;. JlJia mocTpoeHus ee rpaduka ornpeaesseM 3HAYeHUE MOMepeyHOM
CWJIBI HA TPAHULIAX 3TOr0 y4acTKa

Q(0)=-15+10 - 0=- 15 xkH (3HaucHKe Ha MPaBOI TPAHUIIC YIACTKA);

Q(2m)=-15+10 - 2 =+ 5 kH (3HaueHue Ha JIeBOW IPAHUIIEC YUACTKA).
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Ilockonvky nonepeunas cuna Q mensiem 3HaK 6 npeoenax y4acmka, Onpeoensem
KOOpOUHAmMy ceyeHus, 8 KOMOpPOM OHa obpawjaemcsi 6 HYIb (8 2mMom ceuyeHuu
uzeubarowuii momenm M npunumaem sxcmpemanvroe 3Havenue)

QX)) =—15+10-%=0; X=15/10=1,5m; — Xo=1,5m.

Omnpenensgem BenuuuHy u3ruOaromero Momenta M Ha mepBom yuactke. [l
ATOrO BBIYMCIISIEM MOMEHTHI BCEX CHJI, PAaCHOJIOKEHHBIX CIpaBa OT IPOBEIECHHOIO
CEYEHMS, OTHOCUTEJIbHO IEHTPA TSKECTU MPOBEIECHHOIO MNOMEPEYHOI0 CEYEHHUs C

YUCTOM IIpaBHJIa 3HAKOB.

CocraBisgem BBIPpAXXCHUEC I H3FI/I6aIOH_ICFO MOMCHTA @| D
M(Xl):F-xl—q'xl'?ZIS-Xl— 10'?:15'X1—5x1:

= Xy (15 = 5 Xy).

W3rubarommiik MoMeHT M Ha TEpBOM Y4YaCTKE SBISIETCS KBaJAPATHYHON
¢yHkuel koopauHatel X;. s moctpoeHus ee rpaduka ompeneisieM 3HaueHHe
M3rudaromero MOMEHTa Ha TpaHUIAX 3TOr0 y4yacTKa M B HAWJIEGHHOM CEYEHHH C
KOOpJUHATOM Xo = 1,5 m

M (0) = 0 xHm (3HaueHue Ha IpaBOil rpaHULE YYACTKA);

Moyxemp. = M (1,5m) = +1,5 - (15 - 5 - 1,5) = +11,25xkH'm = + 11,3 xHw™m
(3HAYCHHE B CEUCHUU OAJTKHM ¢ KOOPAMHATOMN Xg = 1,5 m);

M@2m)=2-(15-5"2)=+ 10 xHm (3HaueHue Ha JEBOI1 rpaHUIIE YUACTKA).

II yuactok BA: 2m < X, >4M (Hauasio oTcueTa Ha MPaBOM KOHIIE OaJKH).

OmnpenensieM BenUYMHY nornepeyHoi cuibl Q Ha BTOpoM yuwacTke. s aToro
MPOEKTUPYEM BCE BHEUIHUE CHUJIbI, PACIOJIOKEHHBIE CIpaBa OT MPOBEACHHOIO
CEYeHUs1, Ha OCh Z, EPIEHANKYIISIPHYIO TEOMETPUUECKON OCH OAJIKH.

[Ipu 3TOM PyKOBOACTBYEMCS ONPEIEIEHUEM BHYTPEHHETO CUJIOBOTO (pakTopa u
®
CocrapiisieM BbIpaXeHHE JIJIs1 TOTIEPEYHOMN CHUJTBI }_l
Q(XX)=—-F+q9g-2=-15+10-2=+5kH.

[Tomepeunast cuma Q Ha BTOPOM yYacTKe SIBISETCS TOCTOSIHHOM, TpaduKoM

IIpaBUJIOM 3HAKOB.

Takoi (YHKIUU CIYXKHUT MpsiMas, mapajuiesibHas ocu X. Jljist moctpoeHus ee rpaduka
ompeelisieM 3HaUeHHUE MOMEePEUHON CUJTbI Ha TPaHUIIaX 3TOr0 y4acTKa

Q (2m) =+ 5 xH (3Hauenue Ha PaBoii TPAHHUIIC);

Q (4m) =+ 5 xH (3HaueHuUe HA JIEBOU rpaHUIIE).

OmnpenenseMm BenuunHy u3rubaroniero momenta M Ha BTOpoMm yuactke. Jls
ATOTO BBIUMCISAEM MOMEHTBI BCEX CHJI, PACIOJIOKEHHBIX CIIpaBa OT MPOBEICHHOTO
CEUYEHHUs, OTHOCUTEIBHO IIEHTPa TSKECTU MPOBEJAECHHOIO IOMEPEYHOTO CEUYEHHUS C
Y4€TOM IpaBuJjia 3HAKOB.
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CocraBisgeM BBIPAXKCHUE JJIA I/I3FI/I6aIOH16FO MOMCHTA @
M(X)=F %X—-q:-2-(X2—1)-m=15-%, —20 (x,—1)-8=— |_D
—5-%X+ 12.

Nzrubarommii MoMeHT M Ha BTOPOM y4YacCTKE SIBIISICTCS JIMHEHHOW (pyHKUMEH
KOOpAUHATHI Xp. J{7s mocTpoeHus ee rpaduka ompeneisieM 3Ha4eHHe W3TMOaroIIero
MOMEHTA Ha IpaHuIaX 3TOT0 yyacTKa

M (2Mm)=-5 -2+ 12 =+ 2 kHw™m (3HaueHue Ha MIpaBoO rPaHUIIE);

M (4m) =-5 -4+ 12 = - 8 kHwM (3HaueHHUE HA JICBOI TPAHMUIIC).

[Io momydeHHbIM 4YMCIIEHHBIM 3HaueHusM Q u M B XapaKTepHBIX CEUEHUSX
OaNKkyu CTPOMM B MaciuTabe 3MIOpPHI MOMEPEUYHBIX CHII M U3THOAIOIINX MOMEHTOB, KaK
MoKa3aHo Ha puc. 3.32.

W

m=8kHm @ 0 =10KH/v
g' RN INERNNRER RN
|A \B D +

X1
« F=15¢H

A

»la
L §

2M

y'y
)
=

v

3”10[)(1 nonepeuHslx cujl

5
Ll
{&
“H“m

“6

Inrpa uzudawuux MomMeHmos

M ,xHm

11,3

Puc. 3.32. Inwopur nonepeunoii cunvt Q u useubarouiezo momenma M

Jlnuny Oanku, a maksice 3MOPbl NONEPEUHOU CUTbL U U32UDAIOWE20 MOMEHMA
HeoOxX00uMo sviuepmums 6 macumaode. Ilpusedem 00UH U3 803MOINCHBIX BAPUAHINOS.
macuma6b onunsvt oanku: Iem - 0,5 m; macwmab ocu Q. 1 cm - 10 kH; macuma6b ocu

M: 1 cm -5 kHm.

87



B npoexmuvix cmpoumenvHuiXx OpeaHu3ayuax 3M0pa U3UOAUUX MOMEHMO8
CMPOUMCSL HA PACMAHYMOM B0JIOKHE, M.e. NOJIONCUMENbHbLE 3HAYEeHUs U3LUOAIOUUX
MOMEHMO8 OMKAAOBIBAIOMCS BHU3 OM OA3UCHOU NPAMOL.

Ha »sniope M  e6mecme co 3Hakom RnYHKMUpOM NOKA3AHbI NOJIONCEHUS
PACMAHYMBIX 80NOKOH.

KonTtposs (npoBepku) NpaBUJILHOCTH NOCTPOCHHBIX IIOP
BHYTPEHHHUX CHJIOBBIX (PAKTOPOB

Bce mnpoBepku MNpaBHIBHOCTU MOCTPOCHHBIX JIIOP BHYTPEHHHUX CHIIOBBIX
(haxkTOpOB 1JIs1 OAJIOK denaromcs clieda Hanpaso.

o «Ckaukm» Ha smope Q BO3MOXHBI TOJIBKO B TE€X CEUCHMSIX Oajiku, I7ie
MPWIOKEHBl ~ COCPEOTOYEHHBIE  BHEIIHWE  CWIbl, MEPIEHIUKYJISPHBIE K
reomeTpuyeckoi ocu. [lo BenwuMHE 3TOT «CKAuyok» paBeH 3ToM cuie. Eciaum sta
BHEIITH:S CUJIa HAIIpaBJIeHa BBEPX, TO Ha dmiope Q MMeeTcst «CKavok» BBEpX, a KOoraa
CHUJIa HAIIPABJIEHA BHU3 UMEETCS «CKAa4OK» BHU3.

e «Cxkauku» Ha smope M BO3MOXHBI TOJIBKO B T€X CEUYEHHUAX Oajku, rie
IIPWIOKEHBI COCPENOTOYEHHBIE BHEIIHWE MOMEHTHI. [[0 BEIMYMHE 3TOT «CKA4OK»
paBeH 3TOMY MOMEHTY. Ecii COCpenOTOYEHHBIM BHEIIHWM MOMEHT ACHUCTBYET IO
XOJly YacOBOM CTpEJIKM, TO Ha »mope M uMeercs «CKadyoK» BHHU3, a Korja
COCPENOTOYEHHBIN BHEIIHUM MOMEHT JIEUCTBYET IPOTHUB XOJId YaCOBOU CTPEIIKH, TO
Ha smtope M UMEeTCsl «CKa4y0K» BBEPX.

e Ha yuacrtkax Oanku, Ha KOTOpbIX MomepedyHass cuia Q MOJOXKUTETbHAS,
3MIOpa M3rHOarIMX MOMEHTOB BO3pacTaeT, Ha ydacTKax Oasiku, rie HonepedHas
cwia Q oTpuIarenbHas, MIOpa M3THOAIOIINX MOMEHTOB YOBIBaeT, a Ha ydacTKax
Oanku, ThAe momepeuHas cwia Q paBHa HYIO, JMIOpa M3rHOAIONMX MOMEHTOB
nocrosinHas (M = const).

e Msrubarommii momeHnT M nocturaer max wim min (Myem,) B TEX CCUEHHAX
Oasnku, rjae nonepeyHas cuia pasaa Hys1r0 (Q = 0).

e Ha yuactkax Oajiku, rjae AEMCTBYeT BHEILIHSS paclpelesieHHas Harpys3ka
MHTEHCUBHOCTBIO (], momepeuHas cujia Q M3MeHseTcsl MO JUHEHHOMY 3aKOHy, a
AMIOpa U3rMOAIOIIMX MOMEHTOB M Ha 3TOM y4acTKE OrpaHU4YeHa KPUBOM.

e Ha yuwactkax Oanku, TIe BHEWHSASA paclpelesieHHas  Harpyska
MHTEHCUBHOCTBIO (] OTCYTCTBYeT, nonepeuHas cuia Q moctosHHas (Q = const), a
AMIOpa U3rHOaOIIMX MOMEHTOB M U3MEHSETCS 10 JIMHEHHOMY 3aKOHY.

B naweit 3a0aue 6ce mu non0MHCEHUA GbINOIHAIOMCA, C1€006AMEIbHO,
INIOPBL BHYMPEHHUX CUTIO08BIX PAKMOPOE NOCMPOEHbL NPABUTLHO.
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IToaGop KpyrJI0ro ceuyeHusi AepPeBAHHON 0AIKH
10 METOYy JI0IyCKaeMbIX HANPsSIZKeH Uit
VYcaoBue mpoOYHOCTH MpU U3rHOE MO HOPMAIbHBIM HAMPSHKEHUSM 1O METOIY
JOITyCKAaeMBIX HampspDKeHUH umeet Bu (3.22)

Mmax
Omax = 7 <[a].
Wy

B atoit popmyne
Omax — MAaKCUMaJIbHOE HOPMAJIbHOE HANIPSDKEHHUE,
Mmax — MakCHUMaJIbHOE€ MO aOCOJIOTHOHM BEJIMYMHE 3HAUYCHHE HW3THOArOIIEro
MOMEHTa (OIpeeNseTcs Mo MIOPe U3rHdAIOIINX MOMEHTOB);
W, — MOMEHT CONpOTHUBIICHHs IIONEPEYHOIO CEUECHHs OalKM OTHOCHTEIILHO
[JIaBHOM OCH Y,
[o] — nonyckaemoe HOpManbHOE HaNpsKEHHUE.
N3 ycioBus TPOYHOCTH oOmpeneiseM TpeOyeMyro BeIUYMHY MOMEHTa
COITPOTHBIICHUS MOTIEPEUHOTO ceueHus Oaku (3.25)
W et > M.
Y T e
Pa3mepsl monepeyHoro ceyeHus: OAIKu Mog0NParOTCs U3 YCIOBUS
W, = Wy'””eﬁ :
B onacHoMm ceuyeHuu Oanku MO HOPMaJIbHBIM HampspKeHHsM (ceueHue D,
puc. 3.32)
Mpax = 11,3 kHm = 11,3-10°*MHwm.
Ucnions3ys HepaBeHcTBO (3.25), ompenensieM TpeOyeMylO0 BEIMYHMHY MOMEHTa
COMPOTHUBJICHUS TIOTIEPEYHOTO CEUCHUSI OaIKu
W > M. . 11,3'101\;:’IMHM
[o] 105
=1,13-107-10° cm® = 1130cm”.

Mowment conporusienus Wy kpyriaoro cedeHus: quamerpom 0 BeIYUCISIETCS 110

=1,13-10°m° =

7

v

A\

dhopmyiie (CM. CIpaBOYHbBIC TAOIHUIIHI)
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td3
32°
, IOJIy4aeM

mpeo
y

[Tpupasuusas Wy u W

3

T 1130 o
32 2 CM .

OTtkyna HaxoauM auameTp d

3
d 2532 1130em™ _ 55 505 (M =22.6 om.

| 314

PCZS’Mepbl ceueHutl aep€6ﬂHHblx INIEMEHN0E, CO2JIACHO mp€60661HuﬂM

MEXHON02UU, OKPY2IAIOMCS 00 pasmepa, kpamruozo 0,5 cm.

C y4eTroM TEXHOJIOTHYECKUX TPEOOBaHMIA MPUHUMAEM KPYIJIOE TOMEPEIHOE
ceuenue Oanku quamerpom d = 23,0 cm.

IIpoBepka MPOYHOCTH OAJIKH MO0 HOPMAJBLHBIM HANPSKEHUSAM
10 MeTO/y JI0IyCKaeMbIX HANPsSIzKeHUil

[TpoBepsieM BBITOTHEHUE YCIOBHSI MPOYHOCTH TMPH HM3THOE IO JOIMYCKACMBIM
HOpMaJIbHBIM HampspkeHusiM (3.22). C aToil menbio omnpezaenseM (GaKTUUECKHiA
MOMEHT COTPOTHBIICHUS
nd®  314-23,0 cm)®

32 32

Haxonum MakcuManbHOE HOPMAIbHOE HAIIPSKEHUE

M_. 11,3107 3MHm

max

"W, 1,19:1073w3

W, = = 1193,89 cM® =~ 1190 ev® = 1,19-1077

o)

= 9,50 MITa < [o] = 10 MITa.

Vcnosue npounocmu no memooy Oonyckaemvlx HOPMAIbHLIX HANPAXCEHULL
gvinonnsiemcs. banka nedoepyaicena.
[IpoBepsieM BBITIOJIHEHUE YCIIOBHS SKOHOMUYHOCTH

[a]_o-max 0 1 - ,50 0 0
- — = — — :|: 0
£ T 11000 = ——==100% = 5,0 % (+ 5%)

Ycnosue sxonomuunocmu 6binoaHAemcs.
Ycnoeua npounocmu u 3KoHOMUYHOCMU GLINOIHAIOMCA.
IIpoBepka NPOYHOCTH MOAOOPAHHOIO CeYeHUs DATKHU
10 KacaTeJbHbIM HANPAKEHUAM

MakcuMallbHbIE KacaTENbHbIE HAMNPSDKEHUS BO3HUKAIOT B ONACHOM CEYECHHUH
0aJKu B TOUKAX MMOMEPEYHOT0 CEUCHUS, JICKAINX Ha HEUTPATbHOW JIMHUH (OCh Y).

JUist KpyIJioro MONEPEeYHOro CeyeHusi OalKku MaKCHUMallbHbIE KacaTelbHbIe
HaMPsOKCHUS BRIYUCIIIOTCS 110 opmyiie (3.34)

_4 ] Qmax

T ju—
max 3 A '
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IDIS
Tmax — MAKCUMAJIbHOE KacaTelbHOE HaIMPSKEHUE.
Q.nax — MAaKCUMAJIBHOE TI0 a0COJIFOTHOM BEIMYMHE 3HAYCHHUE MOMEPEUYHON CHITBI
(ompenenseTcs 1o 3MIOPE NONEPEUHBIX CUI).
-d?

A= 4~ [UIOIa]Ib KPYIJIOTO NONEPEHOrO CeeHN OaJIKu.

VYcaoBue NpoYHOCTH MPU U3rMOE MO KacaTeIbHbIM HANpPsLDKEHHSIM MO METOIY
JOIyCKAEMBbIX HANPSKEHUH 7151 KPYIJIOTO CEUEHUs1 OAJIKU UMEET BUJ

—_ 4 Qmax
— < [1].

Tmax = 3 A <

3nech

[7] — nomyckaemoe kacatenbHOE HANPSHKEHUE.

B omacHoM cedenuu Ganku 1Mo KacaTeIbHBIM HanpsoKeHUIM (ceueHue C,
puc. 3.32)

Qmax = 15kH=15- 1073 MH.

[Tpu mpUHSATHIX pa3Mepax MoMepeuHoro ceueHus oanku nuamerpom d = 23,0cm

IUTOMIA/(h KPYTJIOTO MOMEPEYHOTO CeUeHHs OalIKu paBHA
_md?  3,14-23,0%107*

A = = 415-10" M2
4 4
CrnenoBaTeibHO,
4 Qpmax _ 4 151073 MH MH
= =2 = = 0,482 —=0,482 MIla < [t] = 2 MI]a.
tmax =57 Ty 3 a15.10-% 2 _ 04825 =048 a<lt] e

Vcnosue npounocmu no kacamenvbHbIM HANPSAHCEHUSAM BbINOIHAECTCAL.

B npomuenom cnyuae, uz ycnogus npouHocmu npu uszeube no KacamelbHbiM
HANPsACEHUSIM N0 Memoody OONYCKAeMblIX HANPSNCEHUL HeoOX00UMO nooobpams
HoBble O0IbuLLe pa3ZMepbl NONEPEUHO20 CedeHUsl OANKU.

[TpuaMaeM OKOHYATENBHO OANKy KPYTJIOTO MOMEPEYHOTO CEYCHHS TUaMETPOM
d =23,0 cm.

IMocTpoenue 3MIOP HOPMATBHBIX M KacaTeJbHbIX HANPSIKEHU
B ONACHBIX CEYEHMUSX

a). Inpa HOPMANbHBIX HANPAICEHUTL NO 6bLCOME NONEPEUHO20
ceuenus 0anKu

B onacHoM cedyeHun Oajku MO HOPMAaJbHBIM HampsbkeHusM (ceuenue D, puc.
3.32) pacTsaHyThl HUKHUE BOJIOKHA, MMO3TOMY HOPMAJIbHBIE HAINPSKEHUS B TOUYKAX
MOTIEPEYHOTO CEUEHUS, JeKamux Ha JuHUM 1 — 1 — oTpumarensHbie, a B TOYKaX
MOMEPEYHOI0 CCUCHUS, JICXKAIIMX Ha JTUHUHU 3 — 3 — MOJIOKUTENbHBIE (puc. 3.33).
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1 —950

///

~

-

0,482

2,

S

y

PaCTAHYTBIC
BOJIOKHA

Hanpsixenus B Toukax qunHun 1 —1
Gl_]_ = — Gmax = — 9,50 MHa.

B Toukax momepeyHoro cedycHwWs, JSKANIMX Ha HEUTPaTbHOW JUHHMH (TJIaBHAS

0Ch Y) 2 — 2, HOpMaJIbHbIC HANPsDKCHKS paBHbI O
G = 0.
Hanpsoxenus B Toukax JuHud 3 — 3
033=* Omax = + 9,50 MIIa.

Hcnonp3yst mogydeHHbIE JaHHBIE, CTPOUM JIII0PY HOPMAJIBHBIX HAIIPSKEHUN 110

BBICOTC IIOIICPCUHOI'O CCUCHUA 62UIKI/I, KOTOpad Fpa(l)I/I‘IeCKI/I H306pa>1<aeTc51

HAKJIOHHOH mpsMoit uuueH (puc.3.33).
B naweii 3a0aue mouku, nexcawue na aunusx 1 — 1 u 3 — 3 nonepeunoco

Ce4Y€eHUsl, ABGIAIOMCA ORACHBIMU MOUKAMU RO HOPMATIbHBIM HANPAHCEHUAM, OHU

Haubonee yoanenvl om Hetumpaivrou aunuu (puc.3.33).
0). Dnropa KacamenbHbIX HANPAIHCEHUIL HO 8bICOME NONEPEUHOZ0

ceueHus 0aiKu

Kak Opuio 10Ka3aHo BbIIC, MAKCHUMAJBHBIC KaCaTCJIbHBIC HAIIPIXKCHUA

BO3HHUKAIOT B TOYKaxX IIOIICPCUHOI'O0 CCUCHMA, JICKAIIMX Ha HGfITpEUIBHOﬁ JIMHHUH

(rmaBHas ock Y) 2 — 2 (puc. 3.33)
Tmax = T2_2 = 0,482 MHa.

Touku, nexcawue Ha HeUMpaIbHOU TUHUU (0Cb Y) 2 — 2 NONEPeYHo20 cevenusl,

ABNAIOMCS ONACHBIMU MOYKAMU NO KACAMENbHLIM HANPANCEHUAM.
B Toukax monepeyHoro cedeHus, aexamux Ha quHusIX 1 — 1w 3 -3

(puc. 3.33), kacarenbHbIC HaMPsKeHUs paBHbI 0 , TO €CThH
T11 =T33 =0.

HCHOJ’IBSYH IMMOJYYCHHBIC JAHHLIC M YUMUTBIBAA, UTO KaCaTCJIbHBLIC HAITPSXKCHUA
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IO BBICOTE€ MOMEPEYHOI'O CEUEHHs] H3MEHSIOTCA MO0 NapaboIMYecKOMy 3aKOHY,
CTPOMM 3ITI0PY KacaTeJIbHBIX HANpsHKEHUI, KaK 3TO MoKa3aHo Ha puc. 3.33.

CXEMA (0)
m e ¢ - HcxoaHble JaHHBIE:
1 a=2m; b=3m; c=1Im;
N@ \ q = 15kH/m; m =20xkHm; F =30xH;
a —bl—b ¢ o kH
[o] =160MIla =16 — |.
Puc. 3.34. Cxema 6anku m

Pemenune
OnpenesieHue ONMOPHBIX peakuni
O603Haunm onopsl OykBaMu A U B COOTBETCTBEHHO W 3aMEHUM HX JICWCTBHE
onmopHbIMU peaknusaMu Ra, Ha 1 Rp (puc. 3.35).

Z

_ Re=63,5kH
4 R=1156H @) , M=20xHm () °

HA:O

X3 .
3M >l IMm —V‘

A
)
=
\ 4
A

Puc. 3.35. Pacuemnasn cxema danku

Jlns ompeneneHusl OMOPHBIX PEAKIUN COCTaBJsieM TPU YpPaBHEHUSI CTaTHUKU
(paBHOBECHS), C YUETOM ITpaBUJia 3HAKOB:

1. Cymma mpoekIuii Bcex CHJl Ha TOPU3OHTAIBHYIO OCh X

paBHa HYJIIO Z@
>F,=0:—H,=0 H,=0 y

2. CyMMa MOMEHTOB BCEX CHJI OTHOCHUTEIHHO OMOpHI A X

paBHA HYJIIO
>M,=0:m-q3(2+,5)+Rg5-F6=0;
20-15-3-3,5+Rg'5-30-6=0;
20 -157,5+ Rg-5-180=0; —317,5+Rg5=0;
3175
-5

3. CyMMa MOMEHTOB BCEX CHJI OTHOCUTEIBHO OTIOphI B paBHa HyII0
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d>My=0:-Ra5+m+q31,5-F1=0;
—Ra'5+20+154,5-30=0; —Rpa'5+20+67,5-30=0;
575

—RaA'5-57,5=0; — Ra =11,5 kH.

IIpogepsiem npasuibHOCMb BLIYUCIEHUS ONOPHLIX PEaKyuil (CymMma npoexyuti
8cex CUl Ha 6ePMUKATLHYIO 0Cb I 00cHa O6bimb pasHa 0)
>F,=+Ra-Q3+Rg-F=115-153+63,5-30=75-75=0 (+ 5%).
IHocTpoenue 3m0p nonepevyHoi cuiibl Q U n3rudawmero momenta M
Pacuyetnas cxema Oanku umeer Tpu ydactka (AC, CB u BD), xotopsie
IpoHyMepyeM ciieBa Hampaso (puc. 3.35).

I 'ygacrok AC: 0 < x, <2 (Hayasno oTcyeTa Ha JEBOM KOHIIE OAJIKH).

OmnpenenseM BenMWUuHY TornepedHor cuibl Q Ha mepBoM ydacTke. (s sToro
IIPOCKTUPYEM BCE BHEIIHHUE CHUIIbI, PACIIOJOXKEHHBIE CJI€BAa OT IPOBEIECHHOIO
CEUEHHUs, HA OChb Z, NEPIECHIUKYISAPHYIO TreomeTpudeckoil ocu Oanku. Ilpu stom
PYKOBOJCTBYEMCSl ONPEJEICHUEM BHYTPEHHEIO CHUJIOBOrO (hakTopa M NpPaBUIIOM
3HAKOB. ®

CocrasnsieM BbIpaKEHUE IS TONIEPEYHON CUIIBI T_|

Q (X]_) =+ RA =+ 11,5 kH.

[lonepeunast cuna Q Ha MEpBOM YYacTKe SIBISETCS MOCTOSIHHOM, TpauKoM
TakoM (PyHKLMU CITYKUT Mpsimasi, napajuienapHas ocu X. s moctpoenus ee rpaduka
OTIpENEIIIEM 3HAUYCHHE MONEPEYHON CUJIbI HA TPAHUIIAX 3TOI0 y4acTKa

Q (0) =+ 11, 5 xH (3HaueHue Ha TEBOI rPaHUIIE YIACTKA);

Q (2m) =+ 11, 5 xH (3Hauenue Ha MpaBoii TPAHUIIC YIACTKA).

OmnpenensieM BenuuuHy u3rudaromiero MomeHra M Ha mepBoM ydactke. s
ATOTO BBIYMCISIEM MOMEHTBHI BCEX CHJI, PACIIOJOKEHHBIX CIIEBA OT IMPOBEIECHHOIO
CEYEHUsl, OTHOCUTEIBHO ILIEHTPA TSKECTU ITPOBEACHHOIO IONEPEYHOTO CEYEHUs C
YY€TOM IIpaBHJia 3HAKOB. @

CocTasisieM BbIpa)K€HHUE JIJIs1 U3rH0aroIero MOMEHTa C—'

M (Xl):'l‘ RA'X1=+11,5'X1.

N3rubaromuii MOMeHT M Ha MEpPBOM y4yacTKe SIBISIETCS JIMHEWMHOW (yHKIMen
KOOpIUHATHI X;. JlJig mocTpoeHust ee rpaduka onpeaensieM 3HauYeHUe U3rhOaroliero
MOMEHTA Ha TPaHUIIaX 3TOr0 y4acTKa

M (0) = 0 xkHwm (3HaueHue Ha JIEBOU rpaHULIC yUacTKa);

M2)=+11,5 -2 =+ 23 kHm (3HaueHue Ha paBoil rpaHULIEC YUaCTKa).
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Il yuactok CB: 2 < x, <5 (Hayayo oTcyera Ha JIEBOM KOHIE OaJIKH).

OmnpenenseM BeNMUYWHY TOTNEpeYHON cuiabl Q Ha BTOpoM ydactke. [y sToro
MIPOEKTUPYEM BCE€ BHEIIHHE CHJIbI, PACIOJIOXKEHHBIE CJIEBA OT MPOBEIECHHOIO
CEYEHMs, Ha OChb Z, MEPIEHIUKYISIPHYIO reoMeTpuueckoil ocu Oanku. IIpu 3Tom
PYKOBOJICTBYEMCSI OTPEJEIICHHEM BHYTPEHHETO CHJIOBOro (hakTopa W IMPaBUIIOM
3HAKOB. ®

CocrapisieM BbIpaXeHHE JIJ1s1 IOTIEPEYHOM CHJTBI T_|

Q(Xg):'l‘RA—q : (X2—2):+11,5— 15 - (X2—2):+41,5—15‘X2

3mech ( * (X2 — 2) — paBHOJCHCTBYIOIAS CHJIA PacIpECIICHHOW Harpy3ku (,
pacIioJIo’KEHHAsI CJIeBa OT CEUYCHUS TIOCPENHE ydacTKa JUIMHOMH (X; — 2).

[Tonepeunas cuna Q Ha BTOpPOM YYacTKe SIBISECTCS JMHEHHOW (yHKIMEH
KOOpIMHATHI Xp. JlJIg mocTpoeHus ee rpauka ONpeAesseM 3HAYeHUE MOMepeyHOM
CWJIbI HA TPAHUIIAX 3TOrO y4acTKa

Q(2)=+415-15-2 =+ 11,5 xkH (3HaueHue HA JICBOI IPAHUIIC YIACTKA);

Q(5) =+415-15-5=+ 41,5 - 75 = — 33,5 kH (3HaueHHe Ha MPaBOW TPaHMIIC
y4acTKa).

Ilockonvky nonepeunas cuia meHsiem 3HAK 8 Npeoerax yuacmkd, onpeoensiem
KOOpOUHAmy, npu KOMopou oHa 0bpawjaemcs 6 Hyib (8 IMOM CeueHuu uzeubarowuil
MOMEHmM NPUHUMAem dIKCMPEMAIbHOe 3HAYEeHUEe):

QX)) =+41,5-15-%=0;, — %X =41,5/15=2,77 m.

OmnpenenseM BeauuuHy u3rudaromiero MomeHta M Ha BTOpom yuactke. s
ATOr0 BBIUMCISIEM MOMEHTBHI BCEX CHJ, PACHOJIOKEHHBIX CJI€Ba OT IMPOBEIECHHOIO
CEYECHMS, OTHOCUTEJIBHO LIEHTPA TSHKECTU MPOBEIECHHOIO IONEPEYHOI0 CEYEHHUs C
YUYETOM IIPaBUiIa 3HAKOB. C @

_|

CocTasisieM BbIpa)K€HHUE JIJIs1 U3rM0aroIero MOMEHTa
M(X2) =+ RaX,— m—q(xz—Z)@ =11L5x,— 20—15M =
=-20+115x%,—7 5( X,— 2)°.

W3rubaromuiik. MomMeHT M Ha BTOPOM Yy4yacTKe SBJISETCS KBaJApaTUYHOM
byHkumer koopauHaThl Xp. s moctpoeHus ee rpaduka onpenensieM 3HAueHUe
M3ruOAIOIIer0 MOMEHTAa Ha TpaHMIaX 3TOr0 y4yacTKa W B HaMJIEHHOM CEYEHHH C
KOOpJIUHATOM Xo = 2,77 m

M(2) = —20+11,5-2—7 5(2—-2)? = =20+ 23 =+ 3 kHm (3HaueHHE Ha JIEBOI
TPaHUIIE YYACTKA);
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M erp = M(2,77) = =20+115-277 =7 5(277 —2)* =+ 7,408 kHm =

= + 7,41 kHwm (3HaueHue B CeUCHUU OATTKU C KOOPJAUHATOU Xo = 2,77 M);

M(5) = -20+115-5-7 ,5(5—-2)? = —30 kHm (3HaYcHHE HA MIPABOIl rpaHUIIC
y4acTKa).

I yuactok BD: 0 < X3 < 1M (Hauao oTcueTa Ha MPaBOM KOHIIE OAIKH).

OmnpenenseM Benu4UHY mnornepeyHoit cuibl Q Ha TpetbeMm ydactke. st aToro
IPOEKTUPYEM BCE BHEIIHUE CHJIbI, PACIOJOKEHHbIE CIIpaBa OT MPOBEIEHHOTO
CEYCHHS, Ha OCh Z, MEPICHIUKYSIPHYIO TeoMeTpudecko ocu Oanku. [Ipu sTom
PYKOBOJICTBYEMCSI OTPECICHHEM BHYTPEHHETO CHJIOBOTO (hakTopa W IPaBUIIOM
3HAKOB. &)

CocraBisieM BBIpaXCHHE JIJIS1 TIOTIEPEYHOMN CHJITBI }—l

Q (X3) =+F=+30kH.

[Tonepeunas cuna Q Ha TpPEThEM YYACTKE SIBIAETCS IMOCTOSIHHOM, rpadurom
Takoi (YHKIUU CIYKUT MpsiMasi, mapajuiesbHas ocu X. st moctpoeHus ee rpaduka
oTpeeNsieM 3HauYeHUE TIOTIEPEYHON CHITBI Ha TPAHMIIAX ATOTO Y4acTKa

Q (0) = + 30 xH (3HaueHue HA TPABOM I'PAHUIIE YIaCTKa),

Q (2m) =+ 30 xH (3HaucHUE Ha JIEBOW I'PAHMIIC YIACTKA).

OmnpenenseM BenuuuHy u3rudaroriero momeHta M Ha TpetbeMm ydacTke. Jljis
ATOTO BBIYMCIISIEM MOMEHTBI BCEX CHJI, PACIOJIOKEHHBIX CIpaBa OT MPOBEACHHOTO
CEUYCHHS, OTHOCUTEIIbHO IIEHTPA TSHKECTU MPOBEJIEHHOTO MOMEPEYHOTO CEUEHHUS C
@
CocragisieM BbIpa)K€HUE JIJIs1 M3THOAI0IIEro MOMEHTA |_D

M (X3) =—F-x3=-30 - xs.
N3rubaromuii MOMeHT M Ha TpPEThbEM y4YacTKe ABISIETCS JUHEHHOW (yHKIMen

Y4ETOM IpaBujia 3HAKOB.

KOOpAUHATHI X3. {151 mocTpoeHust ee rpaduka onpeaensieM 3HauYeHUe N3ru0aroiiero
MOMEHTA Ha TpaHUIlaX 3TOr0 y4acTKa

M (0) = 0 xHm (3HaueHHe Ha paBOil rpaHULIE yYaCTKA);

M (1) = — 30 kHwm (3HaueHue Ha JIEBOI rpaHMIIC yUacTKa).

[To monmydeHHBIM YHCIICEHHBIM 3HadeHWsM Q m M B XapaKTEpHBIX CEUEHUIX
0aJIKi CTPOUM B MacIlITade AMIOPHI MOMEPEYHBIX CHUJ U U3THOAIOIIUX MOMEHTOB, KaK
Imoka3aHo Ha puc. 3.36.

Jlnuny Oanku, a makdice 3M0OPbl NONEPEUHOU CUIbL U U32UDAIOWEe20 MOMEHMA
HeoOX00uMo eviuepmums 6 macuimabde. Ilpusedem 0OUH U3 BOZMONCHBIX BAPUAHMOB
Mmacwmaba: macuma6b oaunsl oanxku.: 1 cm - 1,5 m; macwmad ocu Q: 1 cm - 10 kH;

macwmab ocu M: 1 em - 10 kHm.
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R a=11,5kH 0) m=20xHm 0 Rg= 63,5KH® F=30xH
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| 3 I
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: =) ’
5 |
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0 5 il °
il e
M, kHm ! 193

Puc. 3.36. Intopvt nonepeunoii cunvt Q u useubarouezo momenma M

B NPOEKMHBIX CMPOUMETIbHbIX OpPcAHU3AYUAX INIOpaA 1/[321/[661101/!41/1)(? MOMEHNOB
cmpounicsa Ha pacmAaHynom 60JI0KHe, m.e. NOJIOHCUME/IbHble SHAYEHUA 1/[321/[661}01/{414)6
MOMEHMO8 OMKAAObIBAIOMCSL 8HU3 OM OA3UCHOU I’lp}ZMOZZ

Ha onwpe M  emecme co 3uHaxkom NYHKMUPOM NOKA3AHbL NOJONCEHUA

PACMAHYmMblX 60JI0KOH.

KoHnTpoJb (mpoBepkH) NPaBUJIBHOCTH MOCTPOCHHBIX 3IOP
BHYTPEHHHUX CHJIOBBIX ()AKTOPOB
Bce mnpoBepku TpaBUIBHOCTH TOCTPOCHHBIX OIIOP BHYTPEHHHX CHJIOBBIX
(haxToOpOB 1J1s1 OATIOK denaromces clieda Hanpaeo.
o «Ckauku» Ha smope Q BO3MOXKHBI TOJBKO B TE€X CEUYEHHUSAX OaJIKu, T
MPUJIOKEHBl ~ COCPEAOTOYEHHbIE  BHEIIHWE  CWJIbl, [EPHEHIUKYJSIpHbIE K
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reomerpudyeckor ocu. Ilo BemmumHE 3TOT «CKadyok» paBeH 3tou cwie. Ecnm ara
BHEIIHSS CHJIa HAalpaBJieHa BBEPX, TO Ha smtope Q MMeeTcsl «CKayoK» BBEpX, a KOrnaa
CHUJIa HaITpaBJICHA BHU3 UMEETCS «CKA4OK» BHU3.

e «Ckaukm» Ha smrope M BO3MOXKHBI TOJBKO B T€X CEYEHUSAX Oanku, Ine
MPWIOKEHBI COCPEJOTOYEHHBIE BHEIIHWE MOMEHTHI. 1[0 BEIMYMHE ATOT «CKAYOK»
paBeH 3TOMY MOMEHTY. Eciii COCpeNOTOYEHHBIN BHEHNIHUNA MOMEHT JEUCTBYET IO
XOJly 4YacOBOM CTpENKH, TO Ha smiope M umeercs «CKadyoK» BHH3, a Korja
COCPEIOTOYEHHBIN BHEIIHUM MOMEHT JIEUCTBYET IPOTUB XOJ1d YaCOBOU CTPEIIKH, TO
Ha ’mtope M UMeeTCsl «CKau0K» BBEPX.

e Ha yuactkax Oanku, Ha KOTOPBIX MmomepeyHas cuia Q MONOKHUTETbHAS,
SMI0pa M3rHOAIOIIMX MOMEHTOB BO3PACTAET, Ha ydyacTKaxX Oalku, TJe MonepedHas
cmia Q oTpuIatenbHas, 3MIOpa M3THOAIONIMX MOMEHTOB YOBIBaeT, a Ha ydacTKax
Oanmku, e momepedHas cwia Q paBHa HyJIO, JMIOpa HM3TUOAIONIMX MOMEHTOB
noctosiHHasi (M = const).

e Msrubarommuii MomeHT M nocturaer max wim min (Myem,) B TEX CEUEHHAX
Oaiku, T]Ie TorepeyHas cuia pasHa Hymo (Q = 0).

e Ha yuactkax Oayiku, TJle E€WCTBYET BHEIIHsS pacHpelesieHHas Harpyska
MHTEHCUBHOCTBIO (], momepeuHas cuia Q M3MeHseTcsl MO JUHEHHOMY 3aKOoHy, a
AMIOpa U3rndaroIMX MOMEHTOB M Ha 3TOM y4acTKe OrpaHMYeHa KPUBOM.

e Ha yuwacTtkax Oanku, TI€ BHEWHSASA paclpelesieHHas  Harpyska
WHTCHCUBHOCTBIO (] OTCYTCTBYeT, mornepednast cwia Q mocrosiaHas (Q = const), a
AMIOpa U3rHOAOIIMX MOMEHTOB M U3MEHSETCS 10 JIMHEHHOMY 3aKOHY.

B naweu 3a0aue 6ce amu nonodxicenus: 8bINOIHAIOMCS, C1e008AMENbHO, INIOPbl
BHYMPEHHUX CUTIOBbIX (PaKmMOpO8 NoCmMpOoeHbl NPABUTILHO.

IHox0op cevyeHust cTajabHON 0AJIKHU ABYTABPOBOI0 NONEPEYHOI0 CEYCHUSA
10 MeTO/1y JI0IyCKaeMbIX HaNPsizKeHUil
VYcnoBue MpoyHOCTH MpHU M3rHOe MO HOPMAJIbHBIM HANpPSKEHUSIM TI0 METOIY

JI0MyCKaeMbIX HanpspkeHui umeeT Bu (3.22)

o Jvamaxs[a].

y

max

B sroit hopmye:
Omax — MAaKCHUMaJIbHOE HOPMAaJTbHOE HAIPSKEHNE;
Mmax — MakcuMajbHOE TO aOCOJIIOTHON BENWYMHE 3HAYCHHE W3THOaroIIero

MOMEHTA (OTIPEACIISIETCS 10 AMIOPE N3THOAIOIITUX MOMEHTOB);
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W, — MOMEHT CONpOTHUBIIEHHs IOIEPEYHOIO CEUEHUs OalKu OTHOCUTEIBHO
TJIABHOM OCH Y;
[o] — nonyckaemoe HOpManTbHOE HaNpsKEHUE.
W3 ycinoBUS TIPOYHOCTH OIpeaensieM TpeOyeMmylo BEIMYMHY MOMEHTa
COIPOTHBIICHUS TIOMEPEUHOro ceueHus Oanku mo Gopmyie (3.25)
W\ et >%
b [e]
Pa3mepsl monepeyHoro cedeHus OANKu MOJOUPAIOTCS U3 YCIOBUS
Wy = W ",
B omacHoM ceueHMM Oanky MO HOPMaJIbHBIM HampshDKeHUSM (cedeHue B,
puc. 3.36)
Mmax = 30 kHm = 30 10 ° MHwm.
Hcnone3yst HepaBeHCTBO (3.25), ompenensieM TpeOyeMyr0 BEITMYMHY MOMEHTA
COTIPOTUBIICHUS
Wy'””eﬁ > M. _ 3000xHcem
[o] KH

16
on’

=187,5em*~ 188 o’

CrnenoBatesbHO,
W "% =188 cm”.

y

[lo coprameHTy CTaJbHOIO MPOKATHOI'O JABYTaBpa OJMXKAWUIIMM K W;”"eﬁ =

=188cm® sBIsCTCS 3HAYEHHE MOMEHTA conporusnenus W, = 184 oM, KOTOpOe

cooTBeTcTBYET AByTaBpy Ne 20.
Ilpunumaem cevenue cmanvrot oanrku 6 sude ogymaspa Ne 20.

DaKTUYECKUN MOMEHT CONPOTUBIICHUS 17151 1ByTaBpa Ne 20 paBeH
W " =184 cm® = 184-10° w’.

IIpoBepka MPOYHOCTH GAJIKH 10 HOPMAJIBHBIM HANPSIKEHUSIM
110 METOY A0y CKaeMbIX HaNPsSIKeHUil
[IpoBepsieM BBINIOJIHEHUE YCJIOBHUA NPOYHOCTH OalKd 1O HOPMAaJIbHBIM
HAMPSHKCHUSM TI0 METOY JIOyCKaeMbIX HanpspkeHui (3.22)
M 3000 kHem xkH

o max = 16,304

mex = n7 param 3 = 163MIla > [o] = 160MI]a.
W 184 cm

Ha ocHOBaHMM TOJIy4€HHOrO pe3yibTaTa yCTAHAaBIMBAaEM, 4TO Oayka
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Neperpy-xexa.

OmnpenenseM BeIMYUHY MEPETPY3KU

6] -G 160 — 163

[o]

[eperpy3ka HaXo0IUTCS B JOMYCTUMBIX npenenax (o < 5%).

o -100% = -100 = 1,88% < 5%.

HpOBepKa MPOYHOCTH nonoﬁpanﬂoro ceueHus 0aJIKm

M0 KaCcaTCJIbHBIM HAIIPAKCHUSAM IO METOAY NOIMMYyCKA€MbIX Haﬂpﬂ)l(eHI/Iﬁ

KacarenbHbie HanpsbkeHusi (T) B MPOU3BOJBHONW TOYKE IMOMEPEYHOTO CEUEHUS

Oanku onpenensiores mo ¢popmyie .M. XKypasckoro (3.29)

_ QS)(/)TC
VEEE
b(2)J,
rae
Q — alcomoTHasE BeMWYMHA TMONEPEYHON CHUJIbI (OMpeersieTcss MO dIIpe
MONEPEYHBIX CHJI);
$3'¢ — abCOoMOTHOE 3HAYEHUE CTATUYECKOTO MOMEHTA OTCEYEHHOH 4YacTH

HIOTNIEPEYHOTO CCUCHHUS OAJKH;

b(z) — TommmHa MonepevHOro ceueHus OANKM Ha YPOBHE TOYKH IOIIEPEYHOTO
CCUCHUSI, B KOTOPO ONPEEIISIOTCS KacaTeIbHbIC HAPSKCHHUS

Jy — TIaBHBII MOMEHT MHEPIUH MOIEePEYHOr0 CCUCHUS OalTKH.

YcnoBre MPOYHOCTH MPH U3THOE MO KAcaTeNIbHBIM HAMPSHKCHUSAM 10 METOIY

JO0MyCKaeMbIX HanpspkeHui umeet Bun (3.36)

e
[7] — nomyckaemoe kacatenpbHOE HANPSKEHUE.
Jlnst GastoK ¢ HOIEPEYHBIM CEYEHUEM U3 IPOKATHBIX CTAILHBIX DJIEMEHTOB
[1] = 0,6:[c ] = 0,6 - 160 MIIa = 96 MIla.

B HameM InpuMepe ONACHBLIM CEYEHHEM I10 KacaTelbHBIM HAIPSHKCHHUAM
SBJISIETCS CEUCHME, PACIOIOKEHHOE Ha OSCKOHEYHO MajioM PACCTOSHUU BJIEBO OT
ceuenus B (puc. 3.36), rae

Qmax = 33,5 kH.

MakcumanbHble KacaTelbHbIE HAIIPpsOKCHHUA BO3HHUKAIOT B OIIACHOM CCUYCHHH
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oanmkn (Q = Qmax), B TOUKaX IMOMEPEYHOTO CEUCHHUS, JISKAIUX Ha HEHTPATHLHOM CJI0€
(1a ocwu Y), mostomy b(z) = d.

OtceuenHass 4acTb (UTYphl — BEpPXHSS IIOJIOBMHA TIOMEPEYHOTO CEUCHUS,
nostomy S;°°= 83/2.
3nech

9Ta BCJIMYMHA IPUBOJUTCA B COOTBCTCTBYIOIICM COpTaMeHTe).

— CTaTHYECKUI MOMEHT TOJIOBUHBI ceueHus. (J{s mpokaTHBIX mpoduieit

N3 coprameHTa TIpoKaTHOM cTaymm it aByTaBpa Ne 20 BBITHCHIBACM  CIICIYIOIINC
3HAYCHUSI
h=20cm; d=5,2 mm=0,52 cm; t=84 mm = 0,84 cm;

J,=1840 cm’; Sy}/2 =104 cm”.

[IpoBepsieM BBIMOJTHEHHE YCIOBUS MPOYHOCTH TPU M3THOE MO KacaTeIbHBIM
HANPSHKCHUSM TI0 METOY JIOTyCKaeMbIX HanpspkeHwui (3.36)
0TC
Qmax' Sy 33,5kH 104 cu3

kH
Tmax — ) 4‘_2 =
cM

. "~ 0,52 cm-1840 cm*
b(z) Jy ,52 CM cM

= 36,4 MIla < 96 MI]a.

VYcaoBue MPOYHOCTH TO KacaTeNbHBIM HampsDKEHUsM Juist nByTaBpa Ne 20
BBITIOJTHSIETCS.

B npomuenom cnyuae, uz ycnosusi npouHocmu npu uszeube no KacameibHbiM
HANPsACEHUSIM N0 Memoody OONYCKAeMblIX HANPSNCEHUL HeoOX00UMO nooobpams
HOBble OONbULLE PAZMEPbl NONEPEUHO20 CeyeHUs OAKU.

OkoHYaTeNbHO TMPUHUMAEM OaJIKy C TOMNEPEYHBIM CEUYCHHEM W3 CTAJIbHOTO
npokatHoro asytaspa Ne 20.

IocTpoeHne 3MIOP HOPMATBHBIX U KacaTeJbHBIX HANIPSIKeHUii
B ONMACHBIX CEYEHHUSX DATKH
a). Inopa HOPMANLHBIX HANPANCEHUT NO 6bICOME NONEPEUHO20
ceuenusn 0anKu u3z 08ymaspa

B omnacHom ceueHunn Oaiku MO HOPMaJdbHBIM HampspDKeHUsM (cedeHue B,

puc. 3.33) pacTsHyThl BepXHHUE BOJOKHA, TOATOMY B OMACHBIX TOYKaX, JIEkKAITUX Ha

auaun 1 — 1 nByTaBpa (puc.3.37),
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Puc. 3.37. Inwopa HopmanbHbIX HARPAICEHUIL RO 8bICOME 0BYMABPOBOI OAIKU

HOpMaJIbHOE HANPSHKEHUE TOJI0KUTEIIBHOE U PABHO
011 = + Omax = + 163 MIa.

B Toukax, 5exammux Ha HeWTpaimpHOW JwHMH 2 — 2 (OCh Y) JIBYTaBpa,

HOpMaJbHOE HanpskeHue pasHo O
Oop = 0 MITa.

B onacHbIX TOUKax, NeXallMX Ha JUHUUM 3 — 3 JBYTaBpa, HOpMalbHOE

HaIpspKEHUE OTPULIATEIbHOE U PABHO
033 = — Omax = — 163 MI1a.

Hcnonb3ys nony4eHHbIE JaHHbIE, CTPOUM 3IIOPY HOPMAJIbHBIX HAIPSHKEHUN 110
BBICOTE€ JIBYTaBpOBOM Oasikk, KoTopas Trpaduyuecku H300paxaeTcss HAKIOHHOM
npsiMoit muauel (puc .3.37).

0). Iniopa KacamenvbHbIX HANPAICEHUI 8 NPEOEIAX EbICOMbL CHEHKU
nonepeuno2o ceuenus 0anku u3 ogymaepa

B onacHoM cedeHun O6asiku 1o KacaTesIbHbIM HallpsHKEHUsIM (ceueHue B,
puc. 3.36) monepeyHas cuja paBHa

Qmax = 33,5 kH.

N3 copramenTa npokaTHo# ctamy i AsyTtaBpa Ne 20 nmeeM crieayromye 3Ha4eHNs

h=20cm; d=5,2 Mmm=0,52 cm; t=8.4 mm = 0,84 cMm;

J,=1840 cm’; sy% =104 cm”.

Onpe;lem/nw KacCcaTCIIbHbIC HAIMPSLKCHUA B XAPAKTCPHBIX TOYKAX ITOINCPCYHOI0 CCUCHM,

nexamx Ha JmHuIX 4 —4, 2—2 u 5-5 nByraBpa (pric. 3.38).
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Puc. 3.38 Inropa KacamenvHbIX HANPAIHCEHUIL NO 6bICOME CMEHKU 08YMABpPa

KacaTtenpHble HampspKEHHS B OTOM COy4ae MOYKHO OIPEACNIATh Mo (opmyire
J.1. XKypasckoro (3.29)

QS;TC
T= .
b(2)J,

B omacHpIX TOukax 2 — 2, Nekanmx Ha HEWTpaTbHOW JMHMHM (OCh Y) JBYTaBpa,
KacareJbHbIE HAMPSDKEHUS PaBHBI Tax
T2.2 = Tmax = 36,4 Ml 1a.
Jlyist onpenienieHusi KacaTeIbHBIX HANPSDKEHUM B TOYKAaX, JEKAIUX HA JHMHHUSIX

4 —4 5 -5, HailleM CTaTUYECKUI MOMEHT «OTCEYEHHOW» YacTH (ITOJIKK JBYyTaBpa)

IMOTICPCUYHOI0 CCUCHUA OaJIKM OTHOCUTEIBHO TJIaBHOM OCH y

oTc — _cl/2 1/2cTeHku _ o1/2 ¢h 1 E _
sy = spomr=s2 - sy gt g (2oL (2o

=104-052-3- (5 -084)°=104 - 21,8=822 exr’

Brruucnsem kacaTeiabHbBIC HAIIPpSOKCHUA B TOYKaAX, JICKAIUX HA JIMHHUAX 4 -4

nb5-5

Qmax - S 33,5kH - 82,2cm> - g KH _
d-1, ©0,52cM - 1840cm* T omZ
=2,88-10 MIla = 28,8 Ml]a.

[lo monmydeHHBIM 3HAYEHHSIM CTPOMM JITHOPY KacaTeIbHBIX HApsDKEHWH IO BBICOTE

T4-4 = T5.5=

CTeHKH JByTaBpa (puc. 3.38).
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[Tpunoxenue 1
Oopazey opopmnenusn
MUmynbH020 AUCIMA KOHMPOJIbHOU PAOON bl
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CIHHPABOYHBIE TABJHUIbI

JUISE BBIIOJIHEHHUSI KOHTPOJILHBIX Pa00T M NMPAKTHYECKUX 3AHATHH
no aucuumiImHaM «ConpoTuB/ieHHEe MATEPUAIOB
n «TexHnmueckass MEXaHHKA»

[Tpunoxenue 2



L0T

ABYTABPbBI CTAJIBHBIE 'TOPAYEKATAHBIE

R h — BbICOTA;

d — TommuHa CTEHKH;

t — cpeaHss TOJIKHA TO0JIKY,

| = = R — pagnyc BHYTPEHHETO 3aKpYyTJIEHUS;
I' — paguyc 3aKpyIrieHus MOJIKHY;

W — MOMEHT CONpOTUBIICHMS;

S — cTaTHYeCKU MOMEHT IMOJTYyCCUCHHUA,

1 'b'ixd' | — paguyc HHEPILIUU
b
Pazmep, MM CrnipaBoyHasi BeJIMYMHA /151 OCH
IL
YHOT : -
ABYTaBpa) - h b d t ceuerusi, e’ | by Wy ly Sy 1, W, Iz
em? o cM oM’ em? o cM
1 2 3 4 5 6 7 8 9 10 11 12 13
10 100 | 55 45 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 33,7 279 8,72 1,38




80T

[Iponoimkenne

1 2 3 4 5 6 7 8 9 10 11 12 13
14 140 | 73 | 49 | 75 17,4 572 81,7 5,73 | 46,8 419 11,50 1,55
16 160 | 81 | 50 | 78 20,2 873 109,0 | 6,57 62,3 58,6 14,50 1,70
18 180 | 90 | 51 | 81 23,4 1290 | 1430 | 7,42 81,4 82,6 18,40 1,88
20 200 | 100 | 52 | 84 26,8 1840 | 1840 | 828 | 1040 | 1150 | 23,10 2,07
22 220 | 110 | 54 | 87 30,6 2550 | 2320 | 913 | 1310 | 1570 | 28,60 2,27
24 240 | 115 | 56 | 95 34,8 3460 | 2890 | 997 | 1630 | 1980 | 3450 2,37
27 2/0 | 125 | 60 | 98 40,2 5010 | 3710 | 11,20 | 2100 | 2600 | 4150 2,54
30 300 | 135 | 65 | 10,2 46,5 7080 | 4720 | 1230 | 2680 | 3370 | 4990 2,69
33 330 | 140 | 70 | 112 53,8 9840 | 5970 | 13,50 | 3390 | 4190 | 59,90 2,19
36 360 | 145 | 75 | 123 61,9 13380 | 743,0 | 14,70 | 4230 | 5160 | 71,10 2,89
40 400 | 155 | 83 | 13,0 12,6 19062 | 953,0 | 16,20 | 5450 | 6670 | 86,10 3,03




60T

OkoHuaHue

45 450 | 160 | 90 | 14,2 84,7 27696 | 12310 | 1810 | 7080 | 808,0 | 101,00 3,09
50 500 | 170 | 10,0 | 152 100,0 39727 | 15890 | 19,90 | 919,0 | 1043,0 | 123,00 3,23
55 550 | 180 | 11,0 | 16,5 118,0 55962 | 20350 | 21,80 | 1181,0 | 1356,0 | 151,00 3,39
60 600 | 190 | 12,0 | 17,8 138,0 76806 | 2560,0 | 23,60 | 14910 | 17250 | 182,00 3,54




0Tt

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




17T

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




¢Tl

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




€Tt

[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




vT1

[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

7,0 5 6,86 31,90[2,16 [50,70| 2,72 [13,20| 1,39 | 56,70 | 1,90 | 5,38
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




qaT1

[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




9T1

[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

16 12 37,40 913,00 | 4,94 11450,00{ 6,23 | 376,00 | 3,17 [1633,00| 4,39 | 29,40
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




LTT

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
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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
a8 | blg romann CrnipaBoyHasi BeJIMYMHA /151 OCH Viox
Homep NONepeyHoro Yo | Zo l, | Haksiona
yroJjika ceueHMs, y-y -2 u-u em | em | em” ocu
2 . .
MM ™ Iy VVy Iy Iz Wz I; Iumax Iv min tga
em’ ev® | em | oemt | ev® | em | em® | em’
1 2 |34 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 0,63 |137| 1,22 0,381
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[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




0¢t

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




1¢T

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
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Ipumeuanus:

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

neBbIX (//) BOJOKOH COOTBETCTBEHHO.
2. EquHUIBI U3BMEPEHUN BEJTUYHH:

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®;

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

BHECUCTCMHBIMMHM ¢ AMHHUNIIAaMH

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(pPUuIHEHTOB NMPOJI0JIBHOI0 U3rM0a ¢ HEHTPAJIbHO CXKATHIX 3JIEMEHTOB

Mare- I'moxoctpb 4
Pt ol 20 [ 3040 [ 50 60] 70 80 90 [ 100 220 220 [ 230 | 240 [ 150 | 160 [ 170 [ 180
Cr. 2,3
! 099109 |0941092|0,89(086]|081]0,75|069|060|0,52|0,45]0,40]|0,36|0,32]0,29|0,26|0,23
(Craab)
Hepeso | 099]0971]093]087]| 081]0,71|061]0,47]0,370,30|0,25(0,21|0,18| 0,15 | 0,13 | 0,12 | 0,10 | 0,09
3HaueHus ¢ s aepeBa omnpezaenensl B coorBeTctBuu co CHull 11 —25-80 mo popmynam:
AY _ 3000 2l
p=1-08 — | ,ectm 41 <70, = —,—, ecnn 2>70, tane A =-—— rubKOCTh CTCPIKHS;
100 A Imin

41— KO3(PPUIMEHT IPUBEACHUS JUIMHBI, | — IIMHA CTEPIKHS, Imin — MUHUMAJIBHBIN palyCc HHEPIIUU




3Havenust kodppuuuenToB a u b, ucmoab3yembix B popmyiae @.C. SIcuHckoro,

JAJIA HEKOTOPBLIX MaTepuajioB

(6,=a—b 1)
Matepuan a, Milla b, MiIla Anpeo
Craian 310 1,14 100
JlepeBo 40 0,203 70
Anpeo - TIPENICIIbHASL THOKOCTD CTEPIKHS
'g MexaHu4YecKre XapaKTePUCTUKHA MATePHAJIOB
Craab MEJb Yyryu [epeso
E a 3
1 ’ , H/
MIIa G, MlIla 1/rpan 7, KH/M E, Mlla o, 1/rpan E, Mlla E, Mlla
2,06-10°|  8-10 125107 78 0,98-10° 165107 1,18:10° 0,98-10"
= L O003HAYEHNA:
2A +v)

E - Moaynb ynpyroctu npu pacTsbkeHUd; p - 00beMHbIN Bec; v - koadduuuent Ilyaccona;

@ - TeMIEpaTypHbIA KOADPHUITUEHT JIMHEHHOTO PACIIHNPEHUS,

G - MOyJb YIIPYTOCTH TIPH CIIBUTE.
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00603HaYeHHNA:

@ -yTroJI TOBOPOTA MOMEPEYHOTO ceueHus; V - mporud; f - ctpena mpornba (MakCHMAaTbHBINA TTPOTHO).



8¢l

OKoHYaHHe

Fb/l

Fb/l
Fa/l i Fail
0 X
Fba/l
<& ee
i W
vcrf
Fba
=——(a+2h);
(N 6EJ|( )
=—2 (17 —a?);
Pg 6EJ|( )
F (ab)2 3
- , Ipu X = a,
3EJ |
FI®
— , IpuX=a=p=—

q

YYVVVVVVVYVVVVYVYVY .

I
TR =

:::%:""II""I||||||III|||-..... )

g

™
f

ql3.¢:ql3.
B 24E]’

I F
ARSI

(0]
N X
[
@A S| A
T
e o
Vo 4+ V; ------------- ......." I
W]
” :%; o, :_(%(m +3a);
Fal?

vo= 0,0642 , ipu X = 0,578l
EJ

Y ——F—az(l+a)' __Fal
T T3E) P T Ty




