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AHHOTALUA

Y4eOHO-MeTOIMYeCKOe MOCcOOMe COACPKUT HHIMBHUAYalbHbIE JaHHBIE,
pacyeTHbIE CXEMBbl M BOMPOCHI JUIsI CaMONPOBEPKH K 3ajJadaM, BXOISIIMM B
KOHTPOJBHYIO Pab0Ty IUCHUIUTUHBI «COMPOTUBICHUE MaTCPHAIIOBY», IPUMEPHI
pelieHusi 3aJad  KOHTPOJBHOHW  pabOThl C  OCHOBHBIMH  TEOPETHUECKUMHU
MOJIOKEHUSIMHU, CITUCOK PEKOMEHIyeMOH MpH MOJATOTOBKE K BBITIOJHEHHIO PaOOTHI
JUTEPaTypHI.

Y4eOHO-MeToInYecKoe TocoOre MpeHa3HAYCHO sl CTYJICHTOB — 3a0YHHKOB,
obOyyaromuxcsa no HampabieHuio 08.03.01 — «CTpouTenbCTBO» M CHEIUATBHOCTH
21.05.01 - «lIpuknagHas reoje3us’», W U3YYAIOUUX KypC JAUCIUIUIHMHBI
«CompOoTUBIICHIE MATEPHATIOBY.

MoskeT OBITh HCIIOJIB30BaHO CTYACHTAMH JIPYTHX TCXHHUECKUX HaAIpaBICHUHN
MOJICOTOBKH (CTIEIIMAIbHOCTEN ).

Copnepxanue mocoOust cooTBeTcTByeT DefepanbHbIM — TOCYAapCTBEHHBIM
oOpa3oBaTeIbHBIM CTaHIapTaM BBICIIET0 0O0pa30BaHUsA 110 HAIPABJICHUIO MOATOTOBKU
08.03.01 — «CtpoutennbctBo» (mpukaz3 MunoopHayku Poccum ot 31.05.2017r. Ne
481), cneumansHoctu 21.05.01 — «IIpuknagnas reogaes3us» (mpuka3 MuHOOpPHAayKH
Poccun ot 07.06.2016r. Ne 674) u «IIpumepHO#t mporpamme JAUCHUTUIAHBI
"Comnportunenne MatepuasioB", MockBa, 2012rom», pekoMeHIOBaHHOW y4eOHO-
METOAMYECKUM OOBEIMHCHUEM BBICIIMX y4eOHBIX 3aBelneHM  Poccuiickoi

deneparuu Mo 00pa3oBaHUIO B 00JIACTH CTPOUTEILCTBA.

ABTOpBI
K. T. H., ipodeccop Epemun B. /1.

K. . — mat. Hayk, noueHt CtpensHukoB [.I1.
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IIpeaunciioBue

ComnpoTuBiieHHE MaTepHalioOB — Hayka O TMPOYHOCTH, JKECTKOCTH U
YCTOWYUBOCTH OTJEITBHBIX JJIEMEHTOB KOHCTPYKITHH.

Hmxenepy m10001 CIEUATBHOCTH YaCTO MPUXOAUTCS MTPOU3BOIUTE PACUETHl Ha
MPOYHOCTh, JKECTKOCTh W YCTOMYMBOCTH JJIEMEHTOB KOHCTpyknmii. Camas
HEe3HAUYMTETbHAsI, HAa TIEPBBIA B3I, OMIMOKA B pacueTax MOKET MOBJIEYb 32 CO0O0M
OUYCHb TSDKEIBbIC TIOCIACACTBUS — IPUBECTH KOHCTPYKIHMIO K paspymieHuto. [lpu
NPOBEACHUH ITHX PAacdeTOB HEOOXOAMMO CTPEMHUTHCS K COYETAHWIO HamOONbIIeH
Ha/IeKHOCTH PaOOTHI KOHCTPYKIIMH C HANMEHBIIINM Pacxo0M MaTepuara.

ComnpoTuBIICHHE MAaTEepUajoB — OJIHA M3 CJIOXKHBIX Y4YEOHBIX JUCIUIUIUH,
U3y4aeMbIX CTYJICHTAMU TEXHUYECKUX HAIPABJICHUN MOATOTOBKH (CIICIUATBHOCTEH).

Bonbiioe 3Ha4YeHWE B 3aKPEINICHUH KaK TEOPETHYECKHMX, TaK M MPAKTHUYCCKUX
3HaHUH O Kypcy «COIMpOTHUBICHHE MaTEepHaliOB» MMEET CaMOCTOsATeIbHas padbora
CTYJCHTOB — 320YHUKOB, B TOM YHCJIC M BBITTOJIHEHUE UMK KOHTPOJIBHBIX padoT.

B Teuenme cemecTpa CTYACHT — 3a0YHHK BBIMONHSIET OJHY KOHTPOJIBHYIO
paboTy, MpeTyCMOTPEHHYIO YIeOHBIM IJIAHOM HAIpaBJICHHS IMOJATOTOBKHU. B oTnnyme
OT JJOMAIITHUX 33]1a4, JIJIS PEIICHUS KaXT0H U3 KOTOPBIX OOBIYHO IOCTATOYHO 3HAHUH
B 00bEeME OJHON TEMbI, BBITIOJTHEHUE KOHTPOJIBHON paboThl TpPeOyeT 3HAHUS
HECKOJILKHX pa3/ieJioB Kypca.

Ecnmu mpu pemieHnu 3amad W OTBETax Ha BOIPOCH JUISI CaMOIIPOBEPKH
BO3HUKHYT 3aTPYAHEHUS, CIEIyEeT BOCIOIB30BAThCS MMEIONIUMUCS B Y4eOHUKAX U
y4eOHBIX TMMOCOOMSX VYKa3aHWSIMU M PEIICHUSMH, a TakKe oOpaTUThCS 3a
KOHCYJIbTAIMEH K MPEIoaaBaTeio.

B ycnoBusix MOCTOSHHO COKpamiaromerocs B YYeOHBIX TUIaHaX BpPEMEHHU,
OTBOJMMOTO Ha WM3YYCHHE OTHX IHUCIMIUINH, W B TO JX€ BpeMsl HEOOXOIUMOCTHU
dbopmupoBanus y Oyaymux HHXEHEpOB 0a30BOTO 00beMa 3HAHUN O MPOYHOCTH,
KECTKOCTH W HAJIEKHOCTH MPOEKTUPYEMBIX U HAXOISIIINXCS B SKCIUTyaTaI[lu 3aHHAMA

U COOPYKEHHH, BAXXHO OOECIEUUTh OOYYaAIOIIUXCS MOCOOMSIMH, HEOOJBIIMMHU 10
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00beMy, HO OXBAaTHIBAIOUIMMHU OCHOBHBIE pa3jesibl 3HAHUW B COOTBETCTBUU C
3aauamMu (OPMUPOBAHUA Y OOyYalOIUXCS HEOOXOJAMMBIX HABBIKOB pPacueTOB Ha
MIPOYHOCTD, )KECTKOCTh U YCTOMUYUBOCThH AJIEMEHTOB KOHCTPYKIIUH.

Hacrosiee yueOHOe mocobue mpeaHa3Ha4eHO Ui CTYJIEHTOB — 3a0YHUKOB,
M3YYalIUX Kypc AUCHUILIUHBI «COMpOTHBICHHWE MAaTEepUaIOB», YAaCTHOCTH, s
CTyleHTOB, oOydatounuxcss 1o HampasieHuro 08.03.01 — «CTpouTenbCTBO» H
cnenuanbHoctu 27.05.01 — «IIpuknannas reoae3us.

YyeObHo-MeTOIMUEeCKOe TOoCOOUE MpEeNCTaBIsieT COOOM KpaTKoe H3JIOKEHUE
TEOPETHUYECKOTO Marepuaja C CHCTEeMaTHU3UPOBAHHOW MOAOOpPKOM 3ajad U HX
pEIIeHUSMH 110 OCHOBHBIM pa3jieiaM Kypca yudeOHoW qucuuruinabl «COnpoTHBIICHNE
MaTepHasoB.

Hacrosmiee mocobue coaepXxutT MHAUBUIYaTbHbIC JJAHHBIC, PACUETHBIE CXEMBI U
BOMPOCHI [IJII CaMOMPOBEPKHA K 3a7adyaM, BXOJSIIMM B KOHTPOJIBHYIO padoTy,
OpUMEpHbl PEIIeHHs] 3a/lad KOHTPOJBbHOM pabdOThl C OCHOBHBIMH TEOPETHUUYECKHUMU
MOJIOXKEHUSIMU Kypca yueOHOM nucuuiuinHbl «COMpOTUBICHUE MAaTEPUAIOBY, CIIUCOK
PEKOMEHyeMO JTUTePaTyphl P MOJATOTOBKE K BHIMIOJTHEHUIO PAOOTHI.

Bce 3agaun KOHTPONBHBIX pPaOOT HMMEIOT OOJIBIIOE YHCIO PAaBHBIX IO
TPYJOEMKOCTH BapUaHTOB, YTO MO3BOJISIET KAKIOMY CTYICHTY — 3a0UYHUKY MOJIy4aTh

VHIUBHUAYaJIbHbIE UCXOIHBIE JAHHBIE.
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PA3JEJI 1. KOHTPOJIBHASA PABOTA

OO0umue meToanYecKre YKa3aHUA 10 BHINIOJHEHUI0O KOHTPOJIbHOM PadoThI

o ConmepxaHne KOHTPOJBHOW pabOThl COOOIIAeTcs TMpernojaBaTeieM B
Hayase yueOHOTo roja (cemecTpa).

o Hcxomubie maHHBIC IJIs pENICHUS 3aJad BBIOMPAIOTCS CTYACHTOM H3
TaOJIUI] BapUAaHTOB B COOTBETCTBUHU C €T0 JIMYHBIM MUGPOM (HOMEPOM 3a4eTHOU
KHIDKKH).

[IIudpom cuuTarorcs Tpu nociaeaHue nudpel, HATPUMED, €CIIM HOMEP 3a4CTHOU
KHIKKU — 27306, To yueOnbM mudpom Oyaet 306.

Kaxnas Tabnuiia BapwaHTOB pas3jielicHa Ha Tpu dacTu. Jlnsg monydeHus
UCXOIHBIX JIAHHBIX HEOOXOJMMO BBIMTKCATh M3 TAOJUIIBI TPU CTPOKH: IepBas CTPOKa
OTBeYaeT nepBoit 1mudpe mudpa; BTopasi CTpoKa OTBEYaeT BTOPOH (cpeaneit) nudpe;
U TPEThs CTpoKa — mociemaHed (Tperbeit) mudpe mmdpa. Hampumep, mias HOMepa
3a4eTHOU KHIKKU 27306 mpu perieHuu nepBou 3a1a4u, COryiacHo Taou. 1, moaydum
CIIEyIONIHE UCXOAHbIe JaHuble: a =2,3M; b=3m; Necxembl —6; C=2,6mMm;
A=20cm’.

o Henb3sg mpucTynath K pemieHuIo 3a1ad, He pa300paBIIUCh JOCKOHAIBHO
o yuyeOHHWKaM B TEOPHHU, CBSI3aHHOM C BBIMIOJHEHHEM KOHTPOJIbHOU paboThl. Ilocie
U3Y4YCHHs] KaXJIOHW TeMmbl HaAo oOO0S3aTENbHO OTBETHUTh Ha BOMPOCHI TS
CaMOTIPOBEPKHU — ITO CIIOCOOCTBYET JIYUIIIEMY YCBOCHHIO TIPOUIEHHOTO MaTepuara.

o [lepen permeHnemM KakKaoi 3ajaud HEOOXOJUMO BBIMHCATH MOJTHOCTHIO
€€ YCJIOBHE C YHCIIOBBIMU JaHHBIMH, COCTaBUTh aKKypaTHBIM ACKH3 B MaciTabe u
yKa3aTh HA HEM B YKCJIaX BCE BEJIMUMHBI, HEOOXOAMUMBIE JIJISl pacueTa.

o Bce pacueTsl HE0OXOAMMO BECTM OYEHb YETKO W AaKKypaTHO, C
MpeIebHON BHUMATEILHOCTHIO, CHaYalia B 00IIIEeM BHJIE, 3aT€M B UHCIIaX.

o HeobxomuMo  wWcmons30BaTh BCE  CPEACTBA JJII  CAMOKOHTPOJIS
MPABWILHOCTH BBITIOIHEHHOW YacTu paboThl. Takue BO3MOKHOCTH, KakK IMPaBUJIO,

HMCIOTCA HAa KaXKIOM 3TallC pacycTa.
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o Pacuer Ha Bcex ero 3Tamax Hag0 COMNPOBOXIATh HEOOXOJUMBIMU
00BSCHEHUSMH, CXEMaMHU, PUCYHKaMH U rpadukamu (IOCTPOCHHUEM 3III0P).

I'padprueckoe opopmieHue MOMOraeT He TOJIBKO IPOU3BECTH PACUYET, HO U
oOJieryaer ero MpocMOTpP C LENbI0 O3HAKOMJIEHHS C HUM WIH JJI KOHTPOJS
MPaBUJIBHOCTH BBIITOJIHEHHOTO 3Tana padoThI.

I'padprueckast yacTe pabOTHI BBHIMOJHAETCA C COOMIOAEHUEM MacluTaboB, HA
aucTax Oymaru, BIIMBAaeMbIX B OSICHUTENIbHYIO 3aITUCKY.

o Bce BbluMcnenus, Kak mpaBuiio, TIOCTATOYHO MPOU3BOAUTH C TOYHOCTHIO
710 TpeTbe 3Havaniei udpel.

o YucTtoBoil  BapuaHT  pacyeTHO-rpaguyeckoil  paboThl  caaercs
IpEeroaBaTeNo Ha MPOBEPKY B BUAE aKKypaTHO 0OPMIIEHHON U COPOIIIOPOBAHHON
NOSICHUTENIbHOM 3alMCKU Ha JHUCTax mnucued Oymarum dopmata A 4 ¢ yrioBeIMU
IITAMIIAMHU, C TUTYJIbHBIM JIMCTOM, UCXOJHBIMU JTAHHBIMHU, BCEMH HEOOXOIMMBIMU
pacueTamu, BHIIIOJHEHHBIMU B OOLIEM BHJIE€ U YHCTIAX, CXEMaMH U YepTExKaMHU.

o Ha turynbHOM JMcTE€ KOHTPOJBHOM pabOThl JOJKHBI OBITH YETKO
HalMCaHbl: Ha3BaHUE JUCLUIUIMHBL, (aMWwius, UM U OTYECTBO CTYJIEHTa,
HalMEHOBAaHUE HaIpaBJICHUs (CMELUATbHOCTU) U MPO(UIb MOATOTOBKH, Y4EeOHBIN
mudp ¥ TOYHBIN TOYTOBBIN aapec.

o Kak  mpaBunmo, mnpu  mpoBepke  paboThl  mpernoaaBaTeieM
OoOHapyKUBAIOTCS OIIMOKH, HETOUHOCTH B PacyeTax U 4YepTekax, KOTOpPbIe CTYACHTY
HEO0O0XO0ANMO McHpaBUTh. Eciiu 3aMeuaHusi HECYIIECTBEHHbIE U HEMHOTOUHCIICHHBIE,
X MOXXHO YCTPAaHWTh Ha MEPBOHAYAIBHBIX JIMCTAX IMOSICHUTEIBHON 3amucku. Ecin
’KE€ OHM TAaKOBbI, YTO BHOCHMBIE HCIPABICHUS MELIAIOT 0003PEHUI0 U BOCIPUSATHUIO
MaTepuana, paboTra TMOJHOCTbIO  OdopMmisieTcss BHOBb. Ilpu  MOBTOpHOM
NpEJICTaBICHUN PAOOTHl HEOOXOAMMO NPUJIOKUTH TE€pBOHAYAJIbHBIC 3alUCU U
YEPTEXKU C 3aMEUAHUSIMU, YTO YCKOPUT €€ MPOBEPKY.

o ITociie mpoBepKH KOHTPOJBHOM padOTHI MPENOAABATENIEM U €€ 3AIUTHI

paboTa CKaHHpYETCs, U €€ OpPUTHHAJ cAaeTcsl Ha Kadenpy.

8
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PA3JAEJI 2. UHAUBUAYAJIBHBIE NCXOIHBIE TAHHBIE 1
PACUETHBIE CXEMbI 3AJTAY

2.1. 3ATAYA Ne 1. PACYET HEHTPAJIBHO PACTSHYTBIX (C)KATBIX) CTEP)KHEM
HA ITPOYHOCTbD

AOCOIOTHO KeCTKHIl O0pyC MPUKPEIUIEH K TPeM CTEpP:KHAM IPH IOMOIIH
mapHupos (TadJr. 2). Tpedyercs:

1. OnpenenuTs yCHINS B CTEPXKHSIX, BBIPa3UB MX 4epe3 cuy F.
2.  Haiitn nomyckaemyro Harpy3ky [F], mpuHsB momyckaemoe HOpMaJIbHOE
HarpspKkeHue Ha cxatue [ o] = 160 Mlla, a na pactsxkenue — [ op] = 100 M11a.

3. OnpenenuTs HANPSHKEHUS B CTEpKHAX, TpuHsaB F = [F].

Hcxoouvle Oamnnvie O0ns peuwleHus 3aoayu 6viopams u3 madauust 1 6

coomeemcecmeuu C IUYHbIM mu([)pOM

Taoauna 1
HcxoaHblie 1aHHbIE

IlepBas Bropas Tperbs

uudpa a, uudpa b, uudpa A, c,

mmdpa M mmpa M mmgpa em’ M

(Ne cxeMbl)

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
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Oxonuyanue Ta0J1. 2
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2.2.3AJIAYA Ne 2. TEOMETPUYECKHUE XAPAKTEPUCTUKU IIVIOCKUX ®UT'YP

Il.]'lﬂ 3aIaHHOI'0 CJOKHOI0 IMOmepevYHoro CCYECHusl, COCTOALICIo M3 ABYX

3JieMeHTOB (Ta0.1.2), Tpedyercs:

1. Bemucarh (BBIYUCIUTB) JJISL DJIEMEHTOB, BXOJAIIUX B COCTaB CIOXHOTO

MONIEPEYHOT0 CEYCHUSI, UCXOAHBIC JIAaHHBIC U3 CIIPABOYHBIX TAOJUIl (COPTAMEHTOB).

2. Onpenenuthb

IIOJIOKCHHC

IEHTpa

TAXKCCTH

3aJaHHOI'O

CJIOXHOTI'O

MOMCPCYHOT0 CCUCHU. HOCTpOI/ITB BCPTUKAJIBHBIC U IT'OPHU3O0OHTAJIBHBIC IICHTPAJIBHLBIC

OCH.

3a1aHHOI'O

LEHTPAJIBHBIX OCEM.

IMMONICPCYHOI'0 CCUCHHA OTHOCUTCIIBHO I'NIaBHBIX HCHTPAJIbHBIX OCEH.

3. Haiitu BeaIu4uHBI

CJIOXKHOI'O

OCCBBIX H HCHTpO6e}KHOFO MOMCHTOB HWHCPIHUHU

MONIEPEYHOTO

CCUCHMUA

OTHOCHUTCIBHO

4, OHpe,HeJII/ITB HanpaBJICHUC I'NIAaBHBIX HCHTPAJIbHBIX ocell.

5. Haitu BeIuuyuHBI

BBIOpAaHHBIX

OCCBBIX MOMCHTOB HWHCPHOUU 3aTAHHOTO CJIOKHOI'O

6. BI)I‘-IepTI/ITB 3aJaHHOC CJIOKHOC IIOIICPCHYHOC CCUYCHUC B Macmitabe Ha

MWIIUMCTPOBKE U YKa3aTb BCC PA3MCPHI B UHCJIaX U BCC OCH.

Hcxoouvle Oamnmnvie 0ns pewieHus 3adayu evlopams u3 madauust 1 6

coomeemcecmeuu ¢ IUYHbIM WM(ﬁpOM

Taoauna 1
HcxoaHble JaHHDBIE

Hepgas Bropas Tperest migpa IlnacTuna PaBHOMOJIOYHBIH
uudpa | JAsyrasp | umppa | Llseep mudpa MM X MM yroI0K
mmdpa mmdpa (Ne cxembl)

1 2 3 4 5 6 7

1 12 1 16 1 120x12 80x80x6

2 14 2 16a 2 140x14 80x80x8

3 16 3 18 3 160x16 90x90x6
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Oxonuyanue Ta0J. 1

®

il

CxeMa nonepeyHoOro cev4eHus

©

@

O,

i

®
L

o e v e

h

L

2 3 4 5 6 7
18 4 18a 4 180x18 90x90x7
20 5 20 5 200x20 90x90x8
20a 6 20a 6 220x22 100x100x8
22 7 22 7 240x24 100x100x10
22a 8 22a 8 260x26 100x100x12
24 9 24 9 280x28 125x125x10
24a 0 24a 0 300x30 125x125x12
Tadauna 2

©




Vnpasnenue yugposvix 0bpazosamenvhbix mexHoio02uil

Yuebno-memoouueckoe nocobue 051 cmyoenmos 3a04Hou popmuvl 00yYeHUs]

2.3. 3AJIAYA Ne 3. KPYUEHUE CTEPKHEH KPYTI'JIOI'O HONEPEYHOI'O
CEYEHUA

K cranbHoOMy Bajly NmpW/iO:KeHbl TPU HU3BECTHBIX MOMeHTa: M, M, Ms;

(Tadu. 2). Tpebdyercs:

1. YcTaHOBUTH IIpU KAaKOM 3HAUCHHUU CKPYYHBAIOIICTO MOMCHTA X yroJji

IMOBOPOTA MPABOT'0 KOHIICBOT'O CCUCHUA PABCH HYJIO.

2. JUist HalileHHOro 3HaueHHUs MOMEHTa X MOCTPOUTH AMIOPY KPYTIIIMX
MOMEHTOB.
3. IIpu 3agaHHOM 3HAYEHUU JTONYCKAEMOr0 KacaTeJIbHOIO HanpsikeHus [7]

OoNpCACINTb AUAMCTD BaJla H3 paCdY€Ta HA IIPOYHOCTb MW OKPYIIIUTHL C€Tr0 10

Oymkaiiineit 6omplel BeIMUYUHBI, COOTBETCTBEHHO paBHOU 30, 35, 40, 45, 50, 60, 70,

80, 90, 100 mm.

4, ITocTpouTh 3MIOpPY YII0B 3aKPYyUYUBAHUS.
d. Haiitn HanOGonbIIMii OTHOCHUTENBbHBIA Yroa 3akpyunBaHus (Ha 1 metp
JUTUHBI).

Hcxoouvle Oamnmnvie 0ns peuteHus 3aoauu evlopamv uz madauust 1 6

coomeemcecmeuu C AIUYHbIM WM(ﬁpOM

Taoauna 1
HcxoaHble JaHHBIE
2 g g -
= = S _ 3
§ é KI\I/'II:;I a, § é Mz, b, § _é qi M3, C, [T],
g = M £ £ | kHm M 2E© kHm M MIla
=] E o E = E ol
g 2 S
= ) =
1 2 3 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 Ta0J. 1

1 2 3 4 5 6 7 8 9 10
4 1,4 14| 4 | 14 | 14 4 1,4 1,4 50
) 1,5 15| 5| 15 | 15 5 1,5 1,5 55
6 1,6 16 | 6 | 16 | 16 6 1,6 1,6 60
7 1,7 1,7 | 7 | 1,7 | 1,7 7 1,7 1,7 65
8 1,8 18| 8 | 1,8 | 18 8 1,8 1,8 70
9 1,9 191 9] 19 | 19 9 1,9 1,9 75
0 2,0 201 0| 20 | 20 0 2,0 2,0 80
Taoauna 2

Cxema 3agauu

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

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

@ M, M, M, @ M, M, My, X
( l ( 0

@ M, M, M, @ M, M, My, X
( () ( ()

\J
|<—a—J<—b—>|<—C—>I<—a—>| |<—a—>l<—b—>l<—c~>|<—a—>|
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( 0 | 0
|<—a—J<—b—>|<—c—>|<—a—>| |<—a—J<—b—>|<—C—>|<—a—>|

@ M, M, M; X @ M, M, M; X
( 0 |( 0
|<—a—J<—b—>I<—C—>I<—a—>I |<—a—J<—b—>|<—C—>I<—a—>I
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2.4.3AJTIAYA Ne 4. PACUET BAJIOK HA ITPOYHOCTD

Jliist 3aJaHHBIX IBYX pacyeTHbIX cxeM 0aJsiok (TadJ1. 2) Tpedyercs:

1. Ompenenuts OMOPHBIC PEAKIIHH.

2. JInst kaxaoro ydacTka OalKd COCTaBHTh BhIpaXKeHHs morepedHbix cui (Q)
1 m3rudaronux MomeHToB(M). [TocTpouTh UX SMIOPHI.

3. CnenaTh TPOBEPKH TPABHIBHOCTH TIOCTPOCHHBIX OJIIOP BHYTPCHHHUX
CUJIOBBIX (PAaKTOPOB ISl OAJIKH.

4. Omnpenenuts OnMacHbIe CEUEHUS OalKd MO HOPMAaJbHBIM M KacaTelIbHBIM
HANPSDKCHUSIM.

5. M3 ycroBus TPOYHOCTH TIO METONY JIOMYCKaeMBIX HOPMAaJbHBIX
HANPSDKCHHUH MPU U3ruoe mo100paTh:

a) s cxembl (@) JEpPEeBSAHHYIO OalKy KpPYIJIOTO IOTIEPEYHOr0 CEeueHUS,
NPUHSB JOIycKaeMoe HopManbHoe Hanpspkenue [o] = 10 MITa;

0) nmns cxeMbl () CTanbHyH OalKy ABYTaBPOBOI'O IONEPEYHOTO CEUYCHWS,
IPUHSB JIOMTyCKaeMoe HopMalibHOE HanpspkeHue [ o] = 160 MIla.

6. IlpoBepuTh TPOYHOCTH TMOAOOpPAHHBIX  OaJOK 1O  HOPMAaJIbHBIM
HAMPSDKEHHSIM 110 METOJTY JOITYCKAEMBIX HATIPSIKEHHH .

7. TlpoBeputrh TPOYHOCTH TOMOOpPAHHBIX OaJOK IO KacaTeJIbHBIM

HANPSDKEHUSIM TI0 METOJY JOITYyCKaeMbIX HAIpsDKCHUH, TPHHSB I CXEMBI (@)
JoITycKaeMoe KacareiabHoe HanpsokeHue [T] = 2 MIla, a st cxeMbl (0) JoITycKaeMoe

KacaTelbHOE HanpspkeHue [7] = 0,6 - [o].
8. Myisg omacHbIX CeYeHHH Oajg0K TOCTPOWTH OSMIOPhl HOPMAJIbHBIX U

KaCaTCJIbHBIX HaprDKeHI/Iﬁ I10 BBICOTC ITIOIICPCUHOI'O CCUCHU .

Hcxoonvie oOanmuvle 0Ona pewenus 3aoauu evlopams u3 maodauust 1 6

coomeemcmeuu C TUYHbBIM Luuqbpom
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Taoanna 1
Hcxoanbie J1aHHBIE
g, g, g -
= = = 2
E( é m, E § g- F, |1 E § g. % q, | £
® kHm l i ’ 1 =S5 2
] = 1 s =| kH M z 2= © kH/m M l
=] E (=8 E = E ol 2
5y e 2 &
= = =
1 2 3 4 5 6 7 8 9 10 11
1 10 0,7 1 3 1,1 0,3 1 3 3,5 0,3
2 11 0,6 2 4 1,2 0,4 2 4 4.0 0,3
3 12 0,5 3 5 1,3 0,5 5 45 0,3
4 13 0,4 4 6 1,4 0,6 6 5,0 0,2
5 14 0,3 5 7 1,5 0,7 7 55 0,3
6 15 0,7 6 8 1,6 0,3 8 6,0 0,2
7 16 0,6 7 9 1,7 0,4 9 6,5 0,2
8 17 0,5 8 10 1,8 0,5 10 7,0 0,2
9 18 0,4 9 11 19 0,6 11 7,5 0,2
0 19 0,3 0 12 2,0 0,7 0 12 8,0 0,1
Tabdauna 2
PacueTHble cxeMBbI 0aJ10K
q g m
e—a— F <« le— —‘:if— c »l
< |, — |
2
q p q m
@) EFTRTTEY © ) P HWWFi
< | . le— b —pke— C !
' e,
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Oxonuyanue Ta0J1. 2

m
@) 3 IETEETERY @ o) [THI

m F q
%) \ o 7 } o
—° | —l ec b5
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PA3JAEJI 3. OCHOBHBIE TEOPETHYECKHUE ITOJIOKEHUA U
MPUMEPHI PEIIIEHUA 3AJAY KOHTPOJBHOM PABOTHI

3.1. TEMA 1. HEHTPAJIBHOE PACTA’KEHUE U C’KATHUE

3.1.1. OCHOBHBIE TEOPETUYECKHE TOJIOKEHUSA

enTpajbHOe (0CEBOE) PACTSKEHHE U CHKATHE.
IIponoabHbIe CHIBI U X ONIpe/e/ieHHe

Onpeodenenue. 1leHTpalbHBIM PACTSIKEHHEM (CKAaTHEM) HA3bIBAIOT TaKOW BUJT
nedopmanuu Opyca, Mpu KOTOPOM B €r0 MOMEPEYHBIX CEUEHUSX BO3SHUKAIOT TOJIBKO
nponoibHble cuiibl N, a Bce Ipoune BHyTpeHHUE cuiioBble GakTopsl (Q, M, u M,,)
paBHBI HYJIIO.

[Ipu eHTpaIbHOM PACTSKEHUU WITM CKaTHH MPSIMOTO Opyca BCe €ro BOJIOKHA,
PacIoIOKEHHbIE BIOJIb T€OMETPUYECKON OCH, MOIY4aroT OJIMHAKOBOE YAJIMHEHHUE
WIH YKOPOYEHHE.

Onpeoenenue. Cedenus Opyca, KOTOpBIE paCIIOJIOKEHbl B IUIOCKOCTSX,
NEPIEHIUKYISPHBIX K T€OMETPUYECKON OCU CTEP>KHSI, HA3bIBAIOTCS MOMEPEYHBIMU
CEUCHHSIMHU.

Onpeoenenue. IlpononbHas cuna N B MpOU3BOJIBHOM IMOMNEPEYHOM CEUCHUU
CTEpKHSI YUCJIICHHO paBHa anreOpandyeckod CyMMme MpPOEKIMi Ha Te€OMETPHYECKYIO
OCb CTEpXHS BCEX BHEIIHUX CWI, TMPWIOKEHHBIX IO OJHY CTOPOHY OT
paccMaTpUBaeMOro CEUECHHUS.

Ilpasuno 3naxkos. Ecmm mnpoponbHas cuina N BBI3BIBAET pacTsyKEHUE
(YyoIMHEHME) CTEp’KHSI OTHOCHUTENIBHO MPOBEIEHHOIO CEYEHMs, TO OHA CUHTAKOTCS
IIOJIOKUTENIBHOM, @ €CJIM OHA BBI3BIBAET C)KaThe (YKOPOUYEHHE) — OTPULIATEIBHOM.

NMIOPHI NPOA0JIBHBIX cuil. IIpaBuia nx nocrpoenus

Jlis uccienoBaHus HAMPSHKEHHOT'O COCTOSHMS Opyca HEOOXOJUMO 3HaTh, Kak
MU3MEHSIOTCS MpoaosabHble cuiibl N 1o ero jgnuHe. Pe3ynbTaT uccienoBaHMs 3aKOHA
pacnpeneneHuss NMpOAOJIbHBIX CHJ IO JUIMHE Opyca MOXXHO NPEICTaBUTh B BHJIE
rpaduka, Ha3pIBAEMOTI'0 IIOPON MPOIOIBHBIX CHUIL
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Onpedenenue. T'padux, wuzoOpaxarouuii 3akoH wu3MeHeHus N  Bpoib
reOMETPUYECKON OCU CTEPKHSI, HA3BIBAETCS AMIOPOU MPOJIOJIBHBIX CHIL.

Opounamsl  9motl  2NI0Pbl  NPEOCMAsaAIonM COoOOU  YUCTeHHble 3HAYeHUs]
npoooavhbix cun N 6 coomeememayrouux ceuenusix cmeporcHs.

[Ipu noctpoenun smopbl N pekoMeHAyeTCs CIEIYIOMMM 00Ul MopsSAoK
JICUCTBUM:

1. OmnpenensieM ONMoOpHBIC PEAKIIUU U3 YPAaBHCHUN paBHOBECHS (CTATUKH).

2. Pa30uBaeM pacyeTHYIO CX€MY CTEp>KHS Ha y4aCTKH.

3. IlpuMmensis MeToa ceYEHUM, MBICIEHHO MPOBOJIUM MOMEPEYHOE CEYCHUE B
npenenax paccMaTpUBaEMOro y4acTKa, KOTOpoe pa30nBaeT CTEPKEHb Ha JIBE YaCTH.

BriOupaeM Ty yacTh CTEpXkHS, Ha KOTOPYIO JIEMCTBYET HAMMEHBIIEE YHUCIIO
U3BECTHBIX Harpy3ok. Jlyis omnpeneneHus BHYTPEHHETO YCUJIWMA B CEUYCHUU
COBEpIIEHHO 0€3Pa3IMUHO, KaKYI0 YaCTh CTEP)KHS pacCMaTpPUBATb.

4. CocraBnsieM BbIpaxeHUs (ypaBHEHUs), TTOKa3bIBAIOIINE 3aKOH U3MEHEHUS
npononbHOl cunel N B mpepenax paccmaTpuBaeMoro ydactka. [lpm  stom
PYKOBOJICTBYEMCSl OIpEACIICHHEM BHYTPEHHETO CHJIOBOrO (pakTopa U MPaBUIOM
3HAKOB.

5. Ilo 3TuM BBIpaKEHUSM BBIYHMCIISIEM YUCIECHHBIE 3HAYEHUS MPOJOJIbHBIX CHII
B XapaKTEPHBIX CEYEHUIX yUacTKa (Ha €ro rpaHuIlax).

6. Ilo mosiy4eHHBIM YHCICHHBIM 3HAYEHHUSIM MPOJOJbHBIX cui N crpoum
smtopy (rpaduk) 3TOro BHYTPEHHETO YCUITHS.

Oniopa BHYTPEHHErO0 YCUJIMSL CTPOUTCS HA OTIAEIbHOM JHHUU (0a3ucHOU
MpsIMOI), TapaJJIeIbHOW T€OMETPUUYECKO OCH CTEPIKHS.

Ha mnone »smiopel mexay rpagukoM u 0a3uCHON MPSMOM CTaBUTCS 3HAK
BHYTPEHHETO YCHIIUS U IPOBOJSATCS] OPJUHATHI.

/. JlenaeM mNOpPOBEPKH TMPABUIBHOCTH TMOCTPOEHHON SMIOPhl BHYTPEHHETO
CHJIOBOTO (hakTOpa.

8. Ormedaem omacHOE CEUYEHHUE CTEpKHS, TAe JEHCTBYeT MaKCHMAaJbHOE

(HamboJiplee) 1Mo aOCOIOTHOMN BEIMYMHE 3HAUEHUE NMPoAoJbHOU cuiibl N.
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Omnpenenenue HOPMaJIbHBIX HANIPSKEHUH B NONIEPEYHOM ceuyeHHHu Opyca
IIoCKONBKY B MONEPEYHBIX CEYEHUAX CTEPKHS MPU LEHTPATIBHOM PACTSHKEHUN
(coxaTur) BO3HUKAET TOJIBKO MPOJOJbHAS CHJIA, €CTECTBEHHO MPEANOJ0XKHUTh, UYTO
KacaTelbHblE€ COCTAaBJISAIOIIME HANpsbKeHUs OyayT OTCYTCTBOBaTh, a IIOJIHOE
HaIpsHKeHUE B CEUEHUH Oy/eT paBHO HOPMAJIbHOMY HaIPSKEHUIO.
HopmanbHoe HampshkeHHME B TIONEPEYHOM CEUYEHUM CTEPKHSA IIPU  €ro

HEHTPAJTBLHOM PACTSKEHUU (CXKATUU) onpeenseTcs mo Gpopmye

_N .
G—A (3.1)

3HaK HampsKEHHS 3aBUCUT OT 3HAKA MPOJOJIbHOM CHJIbI B pacCMaTpUBAEMOM
CEUCHMU CTEPHKHS.

IIpasuno 3uakos. B cinydae pacTsoKeHUST HOPMaJIbHBIE HAIIPSYKEHUSI CUUTAIOTCS
MOJIOKUTEIbHBIMHU.

Kak mnoka3bIBaeT ONBIT, HOPpMaJIbHBIE HAIPSKEHHS PACHpPENEIEHbl IO BCEMY
CEUCHHIO PABHOMEPHO, €CJIM BOJIM3M OSTOTO CEUEHHUS HET TOYEK MPHIOKEHUS
BHEITHUX CHJI MJIM KAaKUX — TO TEOMETPUUYECKUX OCOOEHHOCTEN. DTO MPEeIoNIoKEHUE
cooTBeTcTBYET NpuHuuny CeH — Benana.

Onpeoenenue. OCOOEHHOCTH TPUIOKEHHUS BHEIIHUX CHUI K PACTIHYTOMY
CTEPXKHIO TPOSIBISIOTCS, KakK TMpPaBWIO, HA PACCTOSHUAX, HE IMPEBBIIIAIOIINX
XapaKTEepHBIX pa3MepoB monepeyHoro ceuenus /mpunnun CeH — Benana/.

IIpoagonbHbIe M MONEepeYHbIe AedopManumn
Paccmotpum crepkeHs jumHOHN |, pacTsarmBaembIii TIPOJOIBHOW BHEIIHEH

cunoit F (puc. 3.1).

Puc. 3.1

[Tocne Harpy»eHUsS CTEPIKHSI €ro JUTMHA YBEJIMYUTCS U cTaHeT paBHoi | + Al.
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Bennunny Al Ha3piBaloT aOCOTIOTHBIM YTHHCHHEM CTEPIKHS.

Mpbl cunTaem HaInps>KCHHOC COCTOAHHE B CTCPXKHC OAHOPOAHBLIM, IIPH 3TOM

OTHOCUTEJbHAS aedopManus € BIOIb OCH CTEPXKHS OCTAeTCs OIHOM W TOW IKe,

paBHOI CBOEMY CpeIHEMY 3HAYECHUIO 10 juHe |
Al
=7 (3.2)

Onpedenenue. OTHOLIEHNE aOCONIOTHOIO YIJIMHEHMSI CTEpP)KHA K €ro
NEPBOHAYAIBHOM JJIMHE HA3bIBAETCSI OTHOCUTENBHBIM YJIJIMHEHUEM CTEPKHS &.

JIJIsi OTHOPOJTHOTO HAIPSKEHHOTO COCTOSIHUSI €CTECTBEHHO IPEIOJIOKHTh,
YTO BCE IPOJIOJIBHBIC BOJIOKHA CTEP)KHSI PacTATHBAIOTCS OJUHAKOBBIM 00pa3oM, TO
€CTh CIIpaBeIJINBa TUIIOTe3a bepHyIH (TUmoTe3a MIOCKUX CEYeHUN).

Onpedenenue. Tlonepeynbie CEUCHUs CTEPXKHS, TUIOCKUE W HOPMaJbHBIC K €ro
TE€OMETPUYECKON OCH 0 AePOpMAaIiK, OCTAIOTCS TUIOCKUMHU U HOPMAJIbHBIMU K €T0
ocH ¥ nociie nedopmariuu /runoresa beprymau/.

Kak moka3bIBaeT OMBIT MPU HEHTPATLHOM PAaCTHKEHUH (CKaThuh) nedopMaluu
BO3HUKAIOT HE TOJBKO B MPOJOJLHOM, HO M B TOMEPEYHOM HAIpPaBICHUU. DTO
NPUBOJAMT K TOMY, 4YTO TIO[ HAarpy3koil pa3Mepbl TONMEPEYHBIX CEUCHUH
yMEHBINAIOTCS (yBennmunuBarTCs). CBsA3b MONEPEYHBIX U TPOJOIBHBIX JehopMaIiuit

MO>KeT OBITh 3alKcaHa B BHC

8nonep = ,u'gnpoo ) (3-3)
rae
U — Oe3pa3MepHbId KOI(POUIMEHT, KOTOPHIA Ha3bIBacTCA KO3(PHHUIMECHTOM
Ilyaccona.
Ero 3nauenus nexart B npeaenax 0,25 +~ 0,35. Teopernuecku, p < 0,5.
3akon I'yka npu oceBOM pPacTSKEHHH U CKATHH
CBs3p MEXIYy HaIpsDKCHHEM H JaedopManueil CTep)KHS MpU IEHTPaIbHOM

pacTsbkeHMHM (CaThM) JaeT 3akoH ['yka, KOTOpbBIi B ciaydae OJHOOCHOTO
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HaIpPsHKEHHOTO COCTOSIHUS TPUHUMAET 0C000 MPOCTON BUJT
o = E-¢€. (3.4)
Onpedenenue. llpu LEHTPATbHOM PACTSKCHUHM (C)KaTHMM) HOPMaJbHOE
HaIpspKeHUe NPSAMO MPONOPIIMOHATIBHO OTHOCUTENBHOMY YAJMHEHUIO (3aKoH ['yKa).
Koadppunment npomnoprmonansuoctu E, unu moayns FOHra, onpenensiercs
HKCIIEPUMEHTAIBHO, HA OCHOBE OIBITOB HA PACTSXKEHUE CIELMATIBHBIX 00pa3IoB U3
paznnuHbIX MaTepuanoB. (s cranu E =200 I'lla; nns nropantomunus E =72 I'lla;
msimeni E =120 I'Mla v 1. 1.).
3akon ['yka coOmrofaercss B ciydyae TaK Ha3bIBAEMBIX MaJIbIX JAe(OpMAIIHid.
JI71s1 KOHEeUHBIX ieGopMaIiuii CBSI3b ¢ HAMPSHKCHUSIMU IePecTaeT ObITh TMHEHHOM.
®opmyny 3akoHa ['yka (3.4) moxkHO mpeoOpa3oBaTh, BBIPA3UB HOPMATIbHOE
HarpspKeHue 1mo ypaBHeHuio (3.1), a oTHocuTenbHOE yymHeHne — 1o popmyie (3.2).

B pesynbTare noiayunm

_ N

A=

(3.5)

Ilo smotii hopmyne MoHCHO 8bIUUCAMb BENUUUHY NOTHO20 (00We20) YOTUHEHUs
CMeEPIICHS 8 Npedesax paccmampueaemozo yiacmka.

Ecnu HanpsikeHHOE COCTOSIHUE TIO JUTMHE CTEP KHS HE SIBIISIETCS OJTHOPOIHBIM,
TO 00IIIee YAJIMHEHHE MOXKET ObITh HAlJIEHO KaK MHTErpaJibHAs CyMMa YJIMHEHU 110

OCCKOHCYHO MaJIbIM ydacTKaM JIMHOH dX

Il N

— -dx
O0FEA

Al =

ITocnenneit hopmysioit MOJB3YIOTCA B TE€X Ciydyasx, Korja kKakas — J1OoO u3
BesmurH N, E i A He mocTosiHHA MO IJIMHE CTEPXKHS.

Onpeodenenue. Ilponsseaenue E-A (Mmoayns FOHra Ha miomaapr nonepeyHoro
CEUCHMS) Ha3bIBACTCS JKECTKOCTBIO CTEpP)KHS TMPU IEHTPATBHOM PACTSIKEHUH

(cxatum).
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OcHOBHbIE XapAKTePHCTHKH MEeXaHHYECKHX CBOWCTB MaTepHAJIOB
M HX ONBITHOE H3yYeHHe
MexaHHUYeCKHe XapaKTEPUCTUKKA MaTepraia ONpeae/IaiOTCS IyTEM HUCTIBITAHUS
CTaHAapTHBIX 00pa3iioB. OCHOBHBIM BUIOM HCIBITAHHHA CTAJN SBIISETCS PACTSHKEHUC
CTaHIAAPTHBIX KPYIIIBIX WIH IJIOCKHX 0OpasIoB, I KOTOPHIX CTPOSITCS AMAarpaMMbI
pacTsoKeHUs B KOOpAMHATAX: cuiia — abcomotHoe yanuHenue /F =1 (4l) /.

I[JISI OIIpCaACICHUA 0606H_I€HHBIX MCXAaHUYCCKUX XAPAKTCPUCTHUK MaTcpualia

CTPOAT AuarpaMMbl HAIIPSKCHUS B KOOpJWHATax. HAIIPSOKCHUEC — OTHOCUTCI/IbHAas

nedpopmanus /o =T (g) /.
HuarpamMmma HanpsokeHus wmanoyriepoaucroil cranu BCt.3, oOnaparomeit

BBICOKHMMM IIJIACTUYECKUMH CBOMCTBAMH U U POKO HpHMeHHCMOﬁ B CTPOUTCIILCTBC,

umeeT Buj (puc. 3.2)
E
Y b -
C D
BA.-QL

Clyn
4 Ty b
T
—— T )

o 4 MMy M
W—Eoem—d Sy —

Puc. 3.2

Ha otpeske OA 3aBUCUMOCTh MEXKAY HAMPSKCHUSAMU U JAePOopMaiusIMH

SIBJISICTCS TUHEUHOM.
Onpedenenue. HanpskeHUe 6,,, COOTBETCTBYIOIIEE TOUYKE A Ha JUarpamme

HANPSDKEHUSI, Ha3bIBAETCS MPEAEIOM MPONOPIHOHATBHOCTH.
Ha otpe3ske AB nuHEWHas 3aBUCUMOCTh HapyIIaeTcs, HO TPH pasrpyske

oOpasiia BO3HHKIIIHNE TeQopMaliy UCYE3al0T.
Onpeodenenue. HamnpsxkeHue oy,, COOTBETCTBYIOIEE TOUYKe B Ha auarpamme

HaIIPAKCHUA, HA3bIBACTCA IIPCACIIOM YIIPYTIOCTH.
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[Ipaktnuecku TrOpU3OHTaNBHBIM oTpe3ok CD Ha3pBaeTcs IUIOIIAIKON
TEKY4YECTH.

Onpeoenenue. Hanpsxenue o, , COOTBETCTBYIOIlee Touke D Ha guarpamme
HaIpPsHKEHMs], HA3bIBAETCS IPEIETIOM TEKYUYEeCTH.

[Ipu HanpsHKEHUSIX, PABHBIX NPE/leNy TEKy4YeCTH, B MAJIOYTIEPOJUCTBIX CTAIAX
pa3BUBAIOTCA  IJIaCTHYEeCKuWe  AedopMalvM, CBSI3aHHbIE C  HEOOpaTHUMbBIMU
nedopMalMsIMU CABUTA MEXKy KpUcTaluiaMu deppura.

[locne pa3BuTHs ONpeNEIeHHBIX MIACTUYECKUX Jepopmanuil U nepecTpornku
KPUCTAINTMYECKON PEIIeTKU CTalu Hecyllasi ClIoCOOHOCTh CTEPXKHS YBEIMUYMBACTCS —
poct nedopmalii  CONMPOBOXKIAETCS YBEIMUYCHUEM HANPSIKEHUH, TPOUCXOIUT
ynpouHeHue crainu. Yyactok DE Ha aumarpamme HanpspKeHHsT Ha3bIBa€TCsl 30HOU
ynpouHenus. [lpu HanpsokeHUsX, COOTBETCTBYIOIIMX HauBbIcHied Touke E Ha
auarpaMMe HanpsoKeHUs, B OINpPENEJICHHOM  ydacTKe o0pasla  IOsBISETCS
3HAYUTEJIbHOE YMEHBUICHHE DPAa3MEPOB IONEPEYHOro CEeueHuss — obpasyercs, Tak
Ha3blBaeMasl, eiKa.

Onpedenenue. HanpsikeHue 6,, = 6, COOTBETCTBYIOLIEE ToOUuke E auarpaMmbl
HanpsHKEHUsI, Ha3bIBAETCS MPEEIIOM IMPOYHOCTH UM BPEMEHHBIM CONPOTUBIICHUEM.

Pa3pyimenue o06pasia HacTynaeT BCKOpe mociie 00pa3oBaHUs IEHKY.

PaccmotpenHast auarpaMma HanpsKEHUsl Ha3bIBAETCSl VCI0GHOU, TaK KaK IpU
€€ MOCTPOCHUM HE YUYUTHIBACTCS YMEHBIICHHE IJIOMIAAN MONEPEYHOr0 CEYEHUs MpU
pacTshKeHHH 00pasia.

PaccMOTpeHHBIE BBILIE HANPSDKEHUS — Hpenel MPONOPLHOHAIBHOCTH, MPEae
YOPYIOCTH, MpPEAEN TEKYYECTH U IpeAesl MPOYHOCTH (BPEMEHHOE COIPOTHBIICHUE)
ABJIAFOTCSI OCHOBHBIMM MEXaHUYECKUMHU XapaKTEPUCTUKAMH IPOYHOCTH U yIPYTOCTH
Marepuaia.

PacyeTr Ha MPOYHOCTH NPH 0CEBOM PACTHKEHUHU U CKATHH.
MeTtoa nonmyckaemMbIX HANIPSKEHU I

Haubonee pacnpocTpaHEeHHbIM pacyeTOM Ha NPOYHOCTh MNPHU UEHTPATHLHOM
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pacTsHKeHUH (CHKaTHM) SIBISIETCSl pacyeT MO JOMYCKaeMbIM HampsHKEHHUSIM, COTIacHO
KOTOPOMY HauOOJIblIIeE HOPMAJIBHOE HAIPSDKEHHE, BO3ZHHUKAIOLIEE B MaTepuale, He
JOJKHO IPEBBINIATH ONPEAECICHHON BEIWYMHBI, CBOMCTBEHHON TAHHOMY MaTepHaly

H YCIIOBUAM pa6OTBI. OTa BeIMYMHA Ha3bIBACTCS JAOIYyCKACMbIM HAIIPSI’KCHUEM, TO

eCTh
6 max < |o]. (3.6)
B kadecTBe I0OIyCKaeMOro HaMpsKEHUS BEIOUPAIOT BETMYUHY
fo] = =122, 37)
[n]
e
[6] — nonyckaemoe HamnpspKeHHE,
Owpes — TPENCIBHOE 3HAYCHHE HOPMAIBHOIO HANPSDKEHHWS JUIS  JaHHOTO

MaTepuana. JTo Mpejaesl TeKYYeCTH G, AJS TUIACTUYHBIX MaTepHaioB, JTUOO IMpeaeln
IPOYHOCTHU G,y = G — JJISI XPYIIKUX MATEPUAJIOB;

[N] — monmyckaembiii k03(duIMEHT 3amaca MPOYHOCTH. B MaIIMHOCTPOCHHH
3amackl MPOYHOCTH CPAaBHUTENIBHO HeBeNWKU: [n] = 1,5 + 2. B cTpoUTENbCTBE OHU
CYIIIECTBEHHO BhINIE: [n] = 2 + 5, 4TO CBA3aHO C OOJBIIEH OMACHOCTHIO BO3MOKHBIX
MIOCJICICTBUM MPHU aBapUH.

MakcuManbHOE€ HOPMAJIBHOE HANpsKEHUE B CTEPKHE NPU LEHTPAJIbHOM
pacTsKEHMH (C)KaTMM) BO3HHMKAET B CEUYEHUH, T'ZI€ MPOAOJIbHAS Cuja JOCTUTaeT
HanOOJIBIIEH IO MOAYJTIO BETUYUHBI, TO €CTh B OMTACHOM CEUYCHHUHU.

Onpedenenue. CeueHwe, B KOTOPOM TMpOAOJbHAs CUJa [PUHUMAET
MaKCHUMaJIbHOE MO a0CONOTHON BenuuuHe 3HadeHHE Npyax , Ha3bIBACTCS OMACHBIM
CEYEHUEM CTEPIKHS 110 HOPMaIbHBIM HAIPSKEHUSIM.

Takum oOpa3omM, HAMOOJbIINE HOPMATbHBIE HAMIPSYKEHUS B CTEPIKHE TIPU

LIEHTPAJIBbHOM PACTSKEHUHU (CKATUK) OYAYT paBHBI

N.
Omax — Zax (3.8)

CHGI{OB&TCJ’IBHO, YCIOBHUC IPOYHOCTH IIPHU LOCHTPAJIBbHOM PACTAXKCHHUN HIIN
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CXKaTuM 110 HOPMAJIBHBIM HAIIPSKCHUAM II0 MCETOAY AOITYCKACMBIX HaHpH)KeHI/II\/'I

UMEET BUL

N
Omax— me < [01 (3.9)

B aroit popmyine

Omax — MAKCHUMaJIbHOE€ HOPMAJILHOE HAIPSIKEHUE B CTEPIKHE;

Nmax — MakCcuMalibHas IPOJI0JIbHAS CUJIA B CTEPIKHE;

A — momaap MONepeyHOro CeUEHUs CTEPIKHSI;

[6] — nomyckaemoe HopMasbHOE HaMPsKEHUE.

[Ipu pacueTe »dJIEMEHTOB KOHCTPYKIMHU, pabOTAIOMMX Ha LEHTPAIbHOE
pacTsHKEHUE WM CKATHE, BCTPEUYAIOTCA 3a/1aud TPEX TUIIOB:

a). Ilpoexmuoii pacuem. Ilo 3agaHHON HArpy3ke OMNPEEISIOT MPOJOJIbHYIO
cwty N u W3 ycioBHS TPOYHOCTH HAXOJAT BEJIMYMHY TpeOyeMoM Iioaan

IMOIICPCYHOT'O CCUCHUA

ATPeo > M (3.10)
[o]

0). Onpedenenue oonyckaemoti uaepysku. Ilo wm3BecTHOM T™omamu A u
JIONYCKaeMOMY  HamNpsDKCHHIO  [G]  ompenensioT  HauOOJBINYK  BEIHYUHY
JIOITYCKaeMOM Harpy3Ku

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

B). IIposepounviii pacuem. I1o u3BectHpiM 3HadeHUIM N, A, [6] mpoBepsitoT

BBITIOJIHEHUE YCI0BUs TPpOYHOCTH (3.9)

N
Omax — Zax < [01

3.1.2. KouTpoabHbIe BONPOCHI AJIsl CAMONPOBEPKH 1O TeMe
«lleHTpajibHOE pacTsKEHNE U C:KATHE
1. Kakoit Bua nedopmaruu Ha3bIBA€TCS IEHTPAIBHBIM PACTSHKCHHEM

(cxatuem)?
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2. B uem 3akirouaeTcss METO ceueHun?

3 Kak onpenensiercs uncieHHoe 3HaYeHUE MPOAOILHON CHITbI?

4. UTto Ha3pIBaeTCA SMIOPOUN MPOJOIBHBIX CHIT?

) [Inan nocTpoeHust 3MOPbl TPOJOJIBHBIX CHIL

6. [To kakoit Qopmyne oONpenenstoTCs HOPMAJIbHbIC HAMPSIKCHUS TPU

HCHTPAJIBHOM PACTAKCHUN (C)KaTI/II/I) B HpOPI3BOJIBHOI>'I TOYKC IMOTICPCYHOT'O CCUCHUA

CTEPXKHS?
7. Urto HazbIBaeTcs K03 OUITMEHTOM TToNIepeyHoM nedopmarum’?
8. Cdopmynupyiite 3akoH ['yka. Kak oH BeIpaxaeTcsi MaTeMaTHUYECKH ?
9. [To xako#t ¢opmyse onpeaenseTca BeIUYUHA TPOJOJIbHON JAepopMaluu

y4acTKa CTEPHKH:A?

10. Uro xapakTepu3yeT MOJyJb YIIPYrOCTH NEPBOro poaa (Mmoayis FOHra) u
Kakasi €ro pa3MepHoOCTb?

11. Ot 4ero 3aBUCUT YUCIIEHHOE 3HAYEHNE MOAYJIS YIIPYTOCTH IIEPBOTO pojaa

(Mmonyns FOnra)?

12. Urto Ha3bIBaeTCA KECTKOCTHIO CTEPKHS MIPH IIEHTPAIBLHOM PACTSHDKEHUH U
cxaTum?

13. Kak cTpositcs nuarpamMbl pacTsHKEHUS U HANPSHKEHUA?

14. [lepeuricniuTe  xapakTepHbIE TOYKM JMArpaMM  PACTSDKCHHUS U
HATPSDKCHMUS.

15. B uem pa3Huiia Mex1y IUIACTUYHBIMU U XPYIKUMU MaTepraiaMu?

16. [lepeuncaute OCHOBHBIE MEXaHUYECKUE XAPAKTEPUCTUKN MATEPUATIOB.

17. Hanumnte ycnoBue TMNPOYHOCTH TPU  LEHTPAIBHOM PACTSAKEHUH

(cokaTuM) O HOPMAJIbHBIM HAMPSHKEHUSIM 110 METOY IOIYCKAeMbIX HAMPSHKEHUN?
18. JlaliTe ompeaeneHUEe JOMYCKAEMOMY HANpPsDKEHUIO U KOd(DPuUHEHTY
3arnaca MpOYHOCTH.
19. Kak omnpenensiercss BenUYMHAa JIOMYCKAEMOTO  HAMPSDKEHUS IS

INIACTUYHBIX M XPYIIKHUX MaTCpI/IaJ'IOB?
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20. Kakue Qakropbl BIMAIOT Ha BEIMYMHY JIONMYCKAEMOI'O HAMNPSKEHUS U

kod(uirenTa 3amnaca NpOYHOCTH?

Ilocne usyuenuss 5moii memvl MONCHO NPUCMYNUMb K peulenuro 3aoadu Ne 1,

BKIIIOYEHHOU 8 KOHMPOAbHYIO pAOOMY.
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3.1.3. IPUMEP PELHIEHUSA 3ATAYU Ne 1

«PacyeT HEHTPAJIBHO PACTAHYTHIX (CXKATBIX) CTEPKHEH NPOYHOCTH)

3aoaua. J1ns 3anaHHON pacyETHOW CXEMbI CTEPKHEBOM CHCTEMBI C A0COJIOTHO
XKecTKUM OpycoM (puc. 3.3) TpeOyercs:

m=Fa HcxonHbie JaHHbIE: ;
4 ) A=24m; b=2m; c=3Mm;A=10cm";

(KH)_
cem’ )’

R
bLCJ [o;.]=160Ml'[a=16(KHZ).
\cm

— 2A [0;,] =100MIla =10

Puc. 3.3. Cxema cmepocnesoii
cucmemul

1. OmnpenenuTs yCUIUs B CTEPXKHSIX, BRIpa3uB UX uepes cuy F.

2. Haittu pomyckaemyro Harpy3ky [F], mnpuHsSB pomyckaemMoe HOpMalIbHOE
HanpsKeHue Ha cxarue [o.] = 160MIla, a na pactskenue — [o,] = 100MI1a.

3. Onpenenuth HAPSIKEHUS B CTEPXKHIX, puHsIB F = [F].

Pemenue
OnpenesieHne yCHIMH B CTEPKHAX
JIns ompeneneHUs YCUIUMNW B CTEPKHSIX pPAa3pekKEM CTEPKHHM U B MeECTax

Pa3pe30B MPUIOKUM HCHU3BCCTHBIC IIOKA YCHUIIMA, IIPCAIIOIaras, 4TO OHM BbLI3BIBAIOT

pactsokenue (puc.3.4).

m=F-2,4

. ’\_,;_/\ .

1
|
I
V4 1
1
1
1
|

450 450
Chm
le— 24 —»4— 24 —>1<— 2 4>L—

Puc. 3.4. Pacuemnasn cxema
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30ecv u 6 OanvbHeliuieM YUCIEHHbIE 3HAYEHUs, NOJYYeHHble 8 X00e paciemd,

OKpy2iem 00 mpex 3Ha4auux yugp.

CocraBiisieM TpU ypaBHEHUsI pAaBHOBECHS (CTAaTUKHM) C yU€TOM IMpPaBUIa 3HAKOB:

1. Cymma mpoekIuii BceX CHII Ha TOPU30HTAIBHYIO OCh X paBHA HYJIIO
Z A

> F,=0: —Nl-sin450+ Ng'Sil’l450:O; — N; =N.,. @

&
2. CYMMa MOMEHTOB BCEX CHJI OTHOCHUTEIHHO TOYKH B paBHa HYIITO M t
X

>Mg=0: —-F-2,4-m-N3-(2+3+2,4)=0;

~F-2,4-F 2,4-N;3-(7,4)=0;
~F-4,8-N3-7,4=0;

Nj = —%:—O, 64865 F=-0,649F, — N;=-0,649F.

)
3. CYMMa MOMEHTOB BCE€X CHJI OTHOCHTEIILHO TOUku D PaBHa 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;
Ny - 10,47 —F - 12,2 =0;

10,47

[IpoBepsieM MpaBUIBHOCTH BBIUUCICHUS OMOPHBIX PEaKIUMid (CymMMa MPOEKIU

N

BCEX CUJI HA BEPTUKAIBHYIO OCh Z JIOJ>KHA ObITh paBHa ()

S F,=F—N;-cos45°—N; - cos45° ~Ng=F -2 - 1,165F - 0,707 —

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

Mps1 onpenenuyivi 4yucieHHble 3HaueHus BHYyTpeHHUX ycuiuil Nij, No u N3 B

CTEP>KHSIX, BBIPA3UB X Yepe3 BHENIHIOW cuiy F.

s NOJIYYEHHbIX pe3yibmamos 6“01—[0, umo I’l@p@blﬁ u emopod cmepoiCHU

ucnoslmbulearom pacmidsicenue, a mpemuﬁ — corcanue.
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OmnpepaesieHue 10MyCKaeMoOil HATPY3KHU U3 YCJIOBHS MPOYHOCTH CTEP:KHEH
10 MeTOy JI0NYyCKaeMbIX HANIPSIZKEHUI NPHU PACTSKeHNU-CKATHH
VYcnoBue MNPOYHOCTH NPU  PACTSHKEHUHM WM CKATUM 10  HOPMaJbHBIM

HaIpPsHKEHUSIM IO METOY JIOMyCKaeMbIX HampsbkeHuil umeeT Bua (3.9)

N
Omax — me < [01

B aroit hpopmyne
Omax — MAaKCUMalIbHOE HOPMaJIbHOE HAIIPSHKEHHE B CTEPIKHE;
Nmax — MaKCHMaJIbHAs TIPOIOJIbHAS CHJIa B CTEPIKHE;
A — IIOIIAb ITOIIEPEYHOIO CEUECHHUS CTEPIKHS;
[6] — nomyckaemoe HopMasbHOE HAMPsKEHUE.
OmpenensieM HOpPMalbHBIC HANPSOKCHHS B CTEPKHSAX, BBIPA3HB HX dYepes

BHEIIHIOW cuity F

N, 1,165F 0,1165F
A 10cm’® lem?

: - 2,
0,=0,= ; Tak kKak A;= A =10 cm";

N,  -0649F _ 0,0325F

o, = = = ,—— TaK Kak Az;=2A=2-10 em? =20 cM>.
A, 20em lem

N3 yciioBus MPOYHOCTH HA PACTSIKEHHUE ONPEAECIUM JIOIYCKAEMYIO HArpys3Ky

st 1-ro 1 2-r0 cTepKHEM

0,1165F kH
o,=0,< I_apJ; nojy4aem O, =0, = Len? < 1OCM2 ;-
> WKH _ o5 exi
0,1165

N3 ycnoBus mpOYHOCTH HAa CXKATHE ONPEAECIUM JOIYCKAEMYIO HArpy3Ky I

3-TO CTepKHSI

0,0325F kH

<16 , =
lem?® cm?

‘0'3‘3[0'0]; nomyuaem |0 =
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E> 16 kH

> =492kH.
0,0325

N3 7aByX IIONy4YEHHBIX YMCJICHHBIX 3HAUYCHUM JONYCKAEMOW HArpy3Ku
BbIOMpaeM HAaMMEHbIIYI0. DTO M €CTh JONycKaeMmas cuiia JUisl BCeH CTEp:KHEBOU

CHUCTEMBbI

[F] = 85,8«H.

OmnpenesieHue HaNpsizKeHUil B CTep:KHAX, npuHumas F = [F]
Tak kak F = [F] = 85,8xH, TO HampsiKeHUs B CTEP>KHAX OYyT paBHbI
Ny =N,=1,165F =1, 165-85, 8xH = 99,957 kH = 100 xH;

Ny _1006H _ o kH 100 pita,
A, 10cm cm

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

N —
o, = Na_ TOMKH 5 0g5 KH _ 57 oMila.
A, 20cm cMm
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3.2. TEMA 2. TEOMETPUYECKHUE XAPAKTEPUCTUKH
HJIOCKUX OUT'YP

3.2.1. OCHOBHBIE TEOPETUYECKHE ITOJIOKEHUSA

CraTHuyeckue MOMEHTBI, X CBOMICTBA

Onpenenenue MOJI0KEHUA EHTPA TAKECTH CJ0KHBIX ceueHU i

PaccMoTpyuM IpOU3BOIIBHYIO QUTYPY, PACTIOIOKEHHYIO B IEKAPTOBOW CHCTEME

koopauHat Yy O z u mo0Oyto Touky K (y, Z), puHaIIeKaIyo 3Toi urype (puc. 3.5).

A A ZC'
Z
K\ K dA
.
t L]
| Ve
z |
Z
| — Yy,
0 '_yc —
y —

Puc. 3.5

Touky K (Y, Z) orpannymmM sjeMeHTapHOW Iutomiaapio BeauumHoil dA. ITlo
AHAJIOTHH C BBIPAXKCHUEM JIJI1 MOMEHTA CUJIbl OTHOCHUTEIIBHO KaKOW-THOO0 OCH MOXHO
COCTaBHMTbH BBIPAKECHHE MOMEHTA AJIEMEHTAPHOM IJIOIIAId OTHOCHTEIBHO HEKOTOPOM
oCH.

[TpousBenenue amemeHTapHoi mwiomaan dA Ha xoopauHaty z Touku K (Y, 2),
NPUHAICKAIICH 3JIEMEHTAPHON IUTOIIAIKE, HAa3bIBACTCS CTATHUYCCKUM MOMEHTOM
3TOTO 3JEMEHTA IO i OTHOCUTEIBHO OCH Y

dS, =zdA
Ananornuno, dS, = ydA— craTu4yecknii MOMEHT »dJjeMeHTa uromaan JdA

OTHOCHTCJIBHO OCH Z.
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Onpeoenenue. CTaTUYECKUM MOMEHTOM IUIOMAAM (UTYpPbl OTHOCHTEIBHO
KaKoi-mnbo ocH, Ha3bpIBaeTCs ajredpanveckas cyMMa WM WHTErpaj MpOoU3BeIEeHUN
IUTOIIAIN AJIEMEHTAPHOM IUIOIIA KK Ha KoopauHaty Touku K (Y, Z), mpuHaiekaie

3JIEMEHTAPHOM IUIOLIAJKE

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

Enununein usMepeHusi CTaTUYEeCKOTO MOMEHTA SBJSIETCS €IUHUIA JJIMHBI B
TPEThEU CTEIEHU — cM® (B cucteme CU — MS).

Cmamuueckuii MOMeHmM MOodHcem OblMb NOIOHCUMETbHBIM, OMPULAMENbHbIM U
DABHBIM HYITIIO.

[IpoBOJs aHANOTHIO MEXKAY MOMEHTaMU CHUJ MU MOMEHTaMM IUIONIaJei, Ha
OCHOBAaHMHU TE€OpeMbl BapuMHbOHA O MOMEHTE PaBHOJICMCTBYIOUIECH CUCTEMBI CHUJ U3
Kypca TEOpPETHYECKON MEXaHWKH, MOKHO 3alucaTh CICAYIOUIME BBIPAXKECHUS IS
MOMEHTOB ILJIOIIAIH

S, =Az.; S,=Ay,.,
rjae
A — Tonaabp paccMaTpuBaeMon (Urypsi;
Y¢ ¥ Zc — KOOPAUHATHI €€ [IEHTPA TSIKECTH.

Ecnu mpoBectu ocu Y. M Z; depe3 HEHTp Tsbkectu Gurypel — Touky C, TO

CTaTHYECKUE MOMEHTBI OTHOCUTEIBHO 3TUX OCEil OyAyT paBHBI HYIIO, TO €CTh
Sye =0; S =0.

Onpeoenenue. Ocu, TPOXOAIINE Yepe3 LEHTP THKECTU (QUTYPHI, HA3BIBAIOTCS
HEHTpaIbHbIMUA. OTHOCUTENIBHO 3TUX OCEH CTAaTUYECKUE MOMEHTBI PABHBI HYIIIO.

Takum o6pazom, momydaem GOpMYIBI JJIs OMpEAeSieHUs KOOPAWHAT IICHTpa

TSKECTH PUTYPBI

Yo == Zo = (3.13)

[Ipy BBIUMCICHWHU CTATUYECKUX MOMEHTOB CJIOKHOM COCTaBHOM (UTYpHI €€

pa36I/IBaIOT Ha OJJICMCHTAPHBIC WK IIPOCTBIC YaCTH, OJIA K&)I(I[Oﬁ N3 KOTOPBIX
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IIomaab U IOJOXKCHHUE €€ HCHTPA TAKCCTU U3BCCTHHI.
B sTom ClIydaC CTaTUYCCKHEC MOMCHTBI OIIPCACIIAIOTCA KakK anre6panqecxne

CYMMBI CTATHYCCKHX MOMCHTOB Ka)KI[OI‘/’I BHGMGHTapHOfI riomaamn
| 1 11
Sy=S,+5,/+3, +..=A 7. +AZ. +AZ +...
| ] Il
S,=5,+5,+S5, + .= A Ye + A Ve, A Y,

I/ICHOHBSYSI MOCJICAHUEC COOTHOIICHU:A, MOJIydYacM q)OpMy.HBI I OIMPCACIICHUA
KOOpJMHAT LIEHTPA TAKECTH CIOKHOU COCTAaBHON (UTYpPBI
y ALY, F A Y, F A Y ; _Alzcl+A2202+Aszc3+ -----
= 2. =
¢ A+ A+ A+ .. A+ A+ A+ ..

OceBble u IIGHTpOﬁe)KHI)Ie MOMEHTBI HHEPIIUH U UX CBOMCTBA

Onpedeﬂeﬂue. OceBbIM HIIH 9KBAaTOPHUAJIbHBIM MOMCHTOM HWHCPLUHU ILIOHIAIH
(1)I/Il“ypI>I OTHOCHUTEJIBHO KaKOH-JIMOO OCH, Ha3bIBACTCA anre6panquKa;1 CymMMa HJIN
HHTCTpAall HpOI/ISBGILCHI/Iﬁ Iiomanun BHGMGHTapHOﬁ mIomaakKyu Ha  KBaJparT

koopauHatel Touku K (Y, Z), npuHaaiexarieii a1eMeHTapHo# miomaake (puc. 3.6)

J,=[7dA; J,=[y*dA (3.15)
A A

Onpeoenenue. [TonmsapHbIM MOMEHTOM
WHEPIMHU TUIONAau (PUTyphl OTHOCUTEIBHO JTaHHOU

touku (mosroca O) Ha3wIBaeTCs anreOpanueckas

CyMMa WJIA HHTETpajl TPOU3BEACHUN ILIOLIAAN

BHGMeHTapHOﬁ 10 aaKu Ha KBagpar nx

Puc. 3.6 paccrosinuii p ot nontoca (puc.3.6)
2
J,=[p"dA (3.16)
A
EnuHuniedt w3MepeHHs MOMEHTAa WHEPIHMH SBISETCS CIWHUIA JUTMHBI B

o 4 4 o
geTBepTOM ctenmeHn — ¢cM (B cucteme CU — M, I IMpOKaTHBIX mHpoduieit 1o

T'OCTy — cm?).
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Oce6oll U NONAPHBIUL MOMEHMbL UHEPYUU 6ce20d NOLONCUMETbHbL N0
onpeoeieHuUro.

Onpeoenenue. 1leHTpOOEKHBIM MOMEHTOM HWHEPIUH IUIOMATH  (QUTYpPHI
Ha3pIBaeTCsA anreOpandyeckas CyMMa WA WHTETpPaT IPOU3BEACHUA TUIOIIAIN
AJIEMEHTApHOM IUIOMIaAKK Ha KoopauHatel Touku K (Y, Z), mpuHAIeKalien

aJIeMEHTapHOM TuIoake (puc. 3.6)

J,,=|yzdA (3.17)
A

LlenmpobedsxcHvlii.  MoMeHm  uHepyuu Modcem Oblmb  NOLOACUMETLHBIM,
ompuyamenbHblM U, 8 YACMHOM ClIy4ae, pasHbiM HYJIO.

Ecnm, xots Obl onHA, M3 B3aUMHO TMEPICHAMKYJSIPHBIX OCEH JIeKapTOBOM
CHUCTEMBl KOOPJHMHAT, SBJSETCS OChIO CHUMMETPUH (GUTYpPBI, TO IEHTPOOEKHBIN
MOMEHT MHEPLMH TaKOU IJIOIIaAu PAaBEH HYIIIO.

BbIuyuc/ieHHe MOMEHTOB MHEPUMH NpPocTeHnxX Guryp

IIpsimoyronbHUK. BpuucinM oceBble MOMEHTBHI MHEPIIMU MHPSIMOYTOJIbHUKA

OTHOCHUTEJIBHO IIEHTPaJIbHBIX Ocel Y u Z (puc. 3.7).

Z A 9A

t /1 3
R = dz
Y4
h —p
C y
b
Puc. 3.7

[To onpenenennto oceBoro MomMeHTa uHepun (3.15)
_ 2
J, = { 2 dA,

rae
dA =D - dz - momaae 3aeMEHTaPHOrO MPAMOYroJibHKKA (puc. 3.7).
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HOI[CTaBJ'ISISI oA 3HaK MHTETpajia BMECCTO dA ee 3HA4YCHUC, IMMOJTYIUM

b,,2 bh _ bh?
BETEER TS

AHaANIOrMYHO MOKHO BBIBECTH (OPMYJy OCEBOTO MOMEHTa HWHEPLHH
OPSAMOYTOJIbHUKA OTHOCUTEBHO OCH Z

hb3
J=— (3.18)

Takum xe O6p2130M MOJKHO IIOJIYYUTb (I)OpMy.]IBI A1 BBIYHMCJICHHUA MOMCHTOB
HHCPpIUU TPCYTI'OJIbHHUKA U KpyTa.
Tpeyro.nbnmc. MOMEHTBI HHCPLIUN TPCYIroJIbHHKA OTHOCHUTCIIBHO

LHEHTPaJIbHBIX OCEU Y U Z

OTIPENIECIIAIOTCS 110 (hopMyIam

b%h?
JyZ: —72 . (319)

— bh3-
=367

— hbg-

J - )
‘7 36

Kpyr. MoMeHThI HHEpLIMH Kpyra OTHOCUTEJIBHO HEHTPAIBHBIX OCEHN Y U Z
(puc. 3.8) onpexnensrorcs o Gpopmynam

wd*

W=d=

Jyz = 0. (3.20)

IHonsipHBIA MOMEHT UHEPUUM U €ro CBOMCTBA.
Boruuc/ieHre MOJSIPHOT0O MOMEHTA HHEPUUH KPYyra M KoJbLa
B 3amayax Ha KpydeHHE CTEPKHEH MCIOIB3YETCSd TMOHATHE MOJISIPHOIO

MOMEHTa WHEPIIUHU, KOTOPBIH ompeneiseTcs mo ¢popmyie (3.16):
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N

(D).

— d=2r —
Puc. 3.8
J,=[p*dA,
A
riue
P — HOJIHpHBIﬁ paanyc, Wik paCCTOAHUC OT Hadadjla KOOPpAWHAT OO0 IIOIIAAKH
dA.
[Tockombky
pr=xt+y’, — 3 =[(y?+2?)dA=[y?dA+[2?dA=13,+],,
A A A
TO €CTb
Jp=Jy + Jz=const. (3.21)
HOﬂﬂprlﬁ MOMERM UHepyUuu Ccedyerusl paeeH CymMme o0ceBblx MOMEHMOoe6
unepyuu.

Kpyr. Boruncaum noJisipHbli MOMEHT MHEPLUHMHM KPyra OTHOCHTEIBHO LIEHTPA
TSOKECTH. B KauecTBe  3JIEMEHTApHOM  IUIOAAXW  PACCMOTPUM  ILIOLIAJb
3aIITPUXOBAHHOTO KOJIbIIA C paguycamu p u p + dp (puc. 3.8).

IImomane 3TOro KoJbia

dA = 2mp-dp.
Torna
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d d
— (3 . . n2 = 203,
|, = [22mp-dp - p* =2r[2p®-dp
IIOCHC HHTCFpHpOBaHHH U II0OACTAaHOBKH HpeﬂeHOB HOHHpHBﬁi MOMCHT
HMHEPIIMU Kpyra OTHOCUTENIBHO €ro IeHTpa TsbkecTu C Haitnem o ¢popmyre

wd* 4
I, =3—2 ~0,1-d".

Koabuo. IlonspHbli MOMEHT HMHEPIMU B O3TOM CJIy4ae paBeH pPa3HOCTU

(3.22)

HOJIIPHBIX MOMEHTOB MHEPLIMH BHEILIHETO U BHYTPEHHETO KpyroB (puc. 3.9)

Lz
D by
\C Y
d »
Puc. 3.9

J = =7- (1-a*), (3.23)

rae

OceBble MOMEHTBI MHEPIIMH KOJIbIIA TTI0 aHAJIOTUU OYIyT PABHBI

3,=1, =”6'Z4(1—a4).

3aBUCHMOCTH MeKIy MOMEHTAMHU MHEPUHMH OTHOCUTEIbHO NMAPa/LIeJbHBIX OCeil,
0/IHA U3 KOTOPBIX - HEHTPAJIbHaA
J171s1 mpou3BOJIbHON (PUTYPBI, MIIOIIaJAb KOTOPOH paBHA A, U3BECTHBI MOMEHTHI

WHEPIUN ch ,JZc u ch . OTHOCHUTENBHO LEHTPalIbHbIX OCE€H Yc , Zc. Heo0Oxoqumo

z

ONPEJCIUTh MOMEHTBI MHEPIUH J yu‘len J . , OTHOCUTCIIPHO HOBBIX OCEi Y1 M Z3,

Y121

KOTOpbIE MapaJileibHbl IEHTPAIbHBIM OCSIM YU Z¢ (puc. 3.10).
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A Z,
Z; A/__ dA
t H
Z
| C Ye
Z1 I
a
v l ~—~— y}
p Vi )
Puc. 3.10

dopMmyIibl TapaIeIbHOTO MEPEeHoca OCel B 3TOM cllydae OyAyT UMETh BH/]I
_ 2 A - _ 2N -
J, =J, +a’A}J, =J, +b°A;

=J,, +abA (3.24)

Y121 Ycz

[lepBbie 1BE 3aBUCUMOCTH (POPMYITUPYIOTCS CIETYIOIINM 00pa3oM:

Momenm unepyuu ¢ueypvt omHoCumenvbHO 000U OCU, NAPATIENbHOU
YEHMPATbHOU, paBeH MOMEHMY UHepyuu ueypbl OMHOCUMENbHO YEeHMPATbHOU OCU,
nIIOC npoussedeHue K8aopama pacCmoaHus Mexicoy 0CAMU Ha NI0Uaob Gueypul.

TpeThsi 3aBUCHUMOCTb UATAETCS TaK:

Llenmpobesicnvlii Momenm uHepyuu @ueypbl OMHOCUMENLHO NPOU3BOTbHBIX
ocell, NapauieibHblX YEHMPAIbHbIM, DPABEH YEHMPOOEHCHOMY MOMEHMY UHepyuu
@ueypvl OmHOCUMENbHO YEHMPAIbHBIX 0Cell NII0C NPOU3BeoeHue KOOPOUHAm yeHmpa
msdcecmu Queypvl OMHOCUMENTbHO NPOUZBOTbHBIX OCell HA NI0WAOb huypbi.

HeoOxonuMo MOMHUTBH, YTO BBIMICTIPUBEICHHBIE (OPMYIBI MapauIeILHOTO
nepeHoca oceit (3.24) crnpaBeuBbl TOJBKO B TOM Cllydae, KOrja OCH Yc U Zc —
LEHTPAIbHBIE OCH.

3aBHCHMOCTH MKy MOMEHTAMH HHEPIIUM NPH NOBOPOTE oceil
PaccmotpuMm  HekoTOopylo  QuTypy, OTHECEHHYI0 K TIEpBOHAYaIBHOMU

JeKapTOBOM CHCTEME KOOpAMHAT Yo, Zo (puc. 3.11).
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2 2, dA
| o
2y y
C
7 G
\ a \D y(g
o B
Yo
y
Puc. 3.11

, J

OTHOCHTENIBHO OCeH Yo U Zg MOMEHTBI HHEPIUHU J v o J W3BECTHBHL.

2 YoZo

CraBurcs 3aja4a II0 OIIPCACIICHHUIO OCCBBIX U IIGHTpO6C}KHOFO MOMCHTOB
HHCPpIOUKN OTHOCHUTCIBHO HOBBIX oceln y n Z, KOTOPBIC IIOJYYCHBI IIOBOPOTOM
IMCPBOHAYAJIBHBIX LCHTPAJIBHBIX ocel yo U Zj IMPOTHUB X044 JacoOBOU CTPCJIIKH HaA YIoJl
a > 0.

To ecTh HEOOXOAUMO HAWTH 3HaYeHus J. , J, u J BBIpa3uB X 4yepe3d, |,
y z yz > Yo

J, mJ,, ,aTakkKe MOJOKUTEIBHBIN YTOI ¢ .
0 YoZo

@DopMmyJibl MOBEPHYTHIX 0Ceil UMEIOT BU/I

J,=J, cos’a+J, sine—J, . sin2a
J,=J, sine+J, cos’a+J,, sin2a (3.25)
J -J

J,=—""—"sin2a+J,, cos2a
2 040

HpCIBMJZO 3HAKOE6. [TonoxuTeabHBIN yroiua a OTKJIaAbIBACTCsA oT

MEPBOHAYAIBHBIX OCEH Yo U Zg TPOTUB XOJa YACOBOU CTPEJIKHU.
Otn  GopMynbl  SABISIOTCS OCHOBHBIMH JUISI  PAcyeToB, CBS3aHHBIX C

onpeaACICHUCM MOMCHTOB HHCPIIHUKW OTHOCHUTCIIBHO JTFOOBIX IMOBCPHYTBIX OCCH.
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CxnazapiBasi IepBOE U BTOPOE BBIPAKECHUSA, ITOTYUYUM

J, +J,=J, +J, =const. (3.26)

CrnenoBarenbHO, npu nosopome YEHMPATbHbIX oceil cymma
COOMBEMCMBYIOUUX OCEBbIX MOMEHMO8 UHEPYUU He USMEHAEMCA.
I'1aBHBIE OCH ¥ IJIABHbIE MOMEHTHI HHEPIUMN.

Omnpenenenue MOJM0KEHUSA IIABHBIX HEHTPAJbHBIX OCEl M YHUCIEHHBIX
3HAYEeHUH IIABHBIX MOMEHTOB HHEPUUH VIS CHAMMETPUYHBIX H
HECHUMMETPUYHBIX CeYeHnH

Onpeodenenue. Ocu, OTHOCUTEIBHO KOTOPBIX IEHTPOOCKHBI MOMEHT HHEPITUU
pPaBEH HYJI0, a OCEBbIE MOMEHTBHI MHEPIIMU MPUHUMAIOT JSKCTPEMasbHbIE 3HAUCHHS
(OTHOCHUTENIBHO OJHOW — MaKCUMyM, OTHOCHUTEIBHO JPYyrod — MHHHUMYM),
HA3bIBAIOTCS TJIABHBIMH OCSIMHU.

Onpeoenenue. I'maBHbIE OCH, TPOXOIAIIME Yepe3 LIEHTP THKECTH (DUrypshl,
Ha3bIBAIOTCS TJIABHBIMU I[IEHTPATBLHBIMHU OCSIMHU.

3ameuanue. OCh CUMMETPHH BCET/IA SBIISIETCA TIaBHOM LIEHTPAIBHOM OCHIO.

Ananusupyst GopMyIibl MOBepHYTHIX oceid (3.25), MPUXOAUM K 3aKITIOUCHHIO O
TOM, YTO MPHU U3MEHEHUH YTJia TOBOPOTA @ OCEBbIE MOMEHTHI MHEPLIUU U3MEHSIOTCS
TaK, 4YTO UX CyMMa OCTaeTCad HEU3MEHHOM (3.26). DTO MPUBOAUT K BHIBOAY O TOM, UYTO
MOKHO HAWTH Takoe 3HAYCHHE YIJa ¢, IPU KOTOPOM OJIMH W3 OCEBBIX MOMEHTOB
WHEpPUUU JIOCTUTHET MHHUMAJIBHOIO 3HAYEHHUS, a BTOPOW — MAKCHUMAaJbHOTO, T.€.
BO3HHMKAET TIOCTAHOBKA 3aJa4d Ha HAXOXKICHUE OJKCTpeMyMa (QYHKIUU TI0
IIEPEMEHHON .

Beraucriss npoussoanyo ot J, nim J, 1o nepeMeHHOH @, TOIyYUM

dJ

~~¥=2J3 cosa(-sina)+2J, sinacosa-2J,

q . CoS2a =
a

z

Jy .
==2 2 " sin2a+J
2 Yo

z

, COs 2a

YuureiBas, 4To
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J,=J, .
J,=—_-—""sIn2a+J , C0s2a
2 040

BBIPAYKEHUE ISl POU3BOIHOM MPUHUMAET BU]T

dJ J, -3, .
— Y= L %sin2a+ J
2 Yo

da

Z

,C0s2a |=-2],.

[IpupaBHUBas MPOU3BOAHYIO HYJIO, IOJIY4YaeM YypaBHEHHUE, MO3BOJIAIOIICE

HAWTU yroi ag

J :
2 %sin2a, +J,, cos2a, =0.
2 040

N3 3TOr0 ypaBHEHUS CIEAYET, UTO

- _ ZJYOZO
t92a¢=———— wu J

_ yz | a=a,
J Yo J 2y

= 0. (3.27)

Takum obpaszom, 3Ta Ghopmysa ONpeAeNseT MOJOKEHNE IKCTPEMATbHBIX OCEH,
OTHOCUTEIBHO KOTOPBIX HEHTPOOEKHBI MOMEHT HMHEPIMU PaBEH HYII0, TO €CThb
MIOJIOKEHUE TIIaBHBIX OCEH.

Onpeoenenue. OceBble MOMEHTHI OTHOCHUTENHHO TJIABHBIX OCEH Ha3bIBAIOTCS
[JIABHBIMU MOMEHTAMH UHEPIUU.

JIns1 onipeienieHusl YUCICHHBIX 3HAYEHUI TJIaBHBIX MOMEHTOB MHEPLUHU MOXKHO
UCIIOJIb30BaTh (POPMYJIbI TOBEPHYTHIX OCEH, OJICTABIISAA B HUX 3HAYCHUE yTJIa do.

BrimosiHsst 3Ty omneparyio B 00IIeM BUE, MOCTIE HEKOTOPBIX alreOpandecKux
npeoOpa3oBaHUl TPUTOHOMETPHUUECKUX BBIPAKEHUN, TONYIUM (OPMYIBI s

OIIPCACICHUS I'NIaBHBIX MOMCHTOB MHCPIKUHU, HC COACPIKAIIUC YIJIa dg

J ,t J, + 1 ( )2 ) 398

Jow =2 3,-3,F +43%. (3.28)
min 2 2

CJ'IGI[OB&TCJ'IBHO, JJIA onpeneneHI/m ITOJIOKCHUS T'JIaBHBIX I_[eHTpaJ'IBHBIX 006171 n

YUCJICHHBIX 3H3‘—ICHHﬁ T'JIABHBIX LIGHTpaJII)HBIX MOMCHTOB I/IHepHI/II/I HCCI/IMMeTpI/ILIHI)IX

MONEPEYHBIX CEYEHU PEKOMEHAYETCS CIEAYIOMINI 00U MOPSAIOK JEeHCTBUIA:

1. HpOBOI[HT IIPOMU3BOJIBHBIC  OCH. BeIuncnsior CcTaTM4eCKUE€ MOMEHTBI
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WHEPLUU OTHOCUTENBHO ITHX OCeil (pa30uB MpeABApUTENBHO CIOXKHOE MOMEPEIHOE
CEUeHHUE Ha PsAJ MPOCTHIX (PUTYp) U HAXOAST MOJOKEHUE [IEHTPA TSHKECTH CI0KHOTO
CeUeHUsl.

2. TlpoBomsAT depe3 IMEHTP TSHKECTH BCETO CEUYEHHs] OCH, MapaulelbHbIC
NEPBOHAYATEHO BHIOPAHHBIM MPOU3BOJIBHBIM OCSM, U HAXOIAT C MOMOIIBIO0 (hOpMYIT
napauieIbHOTO TEepeHoca Ocel IEeHTPOOSKHBIH M OCEBBbIE MOMEHTHI HHEPIUHU
CEUCHUsI OTHOCUTEIFHO dTUX HOBBIX IICHTPAIBHBIX OCEH.

3. HaxonsT nmonokeHue riaaBHbIX IEHTPaIbHbBIX ocei U u V 1o popmye (3.27).

4. HaxomsIT 4riclieHHbIC 3HAYCHHS TJIABHBIX IICHTPATHHBIX MOMEHTOB WHEPIIHH
no gopmynam (3.25) unu (3.28).

5. Iy mpoBepKH NPaBUILHOCTH BBIYUCIICHUS J, U Jy HCIIOJIB3YIOT PABEHCTBA

J+h=4+J;, u Juw=0

Ipumeuanue. Cnenyer UMETh B BUIY, YTO C IIOMOIIBIO 3THX PABEHCTB MOYHO
MPOBEPUTH TOJBKO MPABWIBHOCTh BBIYMCICHUS TIOJOKEHUS TIIABHBIX IEHTPATBHBIX
Oocell W YWCIICHHBIX 3HAYCHUU TJIaBHBIX MOMEHTOB WHepmuu. CoONIOJeHHE 3THUX
PaBEHCTB HE TapaHTHUPYET MPAaBHJIBHOCTH BBHIYHCIICHUS TIOJOXKEHUS IICHTpa TSHKECTH
CCUCHHUsS, a TaKXKE OCEBBIX M IIEHTPOOCIKHOTO MOMEHTOB WHEPIIMH CCUCHUS
OTHOCHTEIFHO [IEHTPAITBHBIX OCEH.

s cummempuunvix ¢ueyp TIONOKEHWE TIIABHBIX IICHTPAIBHBIX OCEH
OTIPEIETISIETCS TOCTATOYHO MPOCTO.

Hns  ¢urypsl, uMemeld OAHy OCh CHMMETPUH, OJIHA W3 TJABHBIX
LEHTPAIbHBIX OCEH COBMAJaeT C JSTOW OChIO CHUMMETPUHM, a BTOpas TIJlaBHas
LEHTpaIbHAsI OCh IPOXOAUT Yepe3 LIEHTP TSKECTH MEPHEHIUKYISIPHO K HEH.

Jna ¢ueypul, umeroweii 06e ocu cummempuu, 2lasHvle OCU CO8NAOAOMm C
IMUMU OCAMU CUMMEMPULU.

MOoXHO cKa3aTh, YTO, €CIIM JJIsi KaKOi — JuO0 (UTyphl Ba TIaBHBIX OCEBBIX
MOMEHTa PaBHBI MEXIY COOOW, Tornma mro0as IMEHTpalibHAS OCh SIBISCTCS TIABHOM

(Kpyr, KBagpaT, NpaBUIbHBIN TPEYTOJIbHUK, MPABUIBHBIN IIECTUYTOIBHUK U T.1I1.).
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Paaunycel mHepuum.
BurunciieHue paauycoB HHEPUHMH KPyra

WNnorpa npu pacyerax ObIBaeT MaTeMaTUYeCKH yJOOHO MPEICTAaBUTh MOMEHT
MHEPIMHU KaK MPOU3BEJCHUE IUIOMaAn (UTIypbl Ha KBaJIpaT HEKOTOPOW BEJIMYUHBI,
Ha3bIBAEMOM paguyCoOM MHEPLUU

— A.i2

rae

:2

[}, — panuyc HHEPIUH OTHOCUTENIBHO OCH Y.

Otkyna cinenyer, 4To

i,=+ = (3.29)

(3.30)

H Jy ‘]z
| = | —=_|— =
VU A VA

MoMeHTBI CONPOTHUBJICHUS U UX CBOMCTBA

Onpeoenenue. MOMEHTOM COMNPOTUBICHUS IJIOCKOW (UTYPHI OTHOCHTEIBHO
KaKoi-1u00 OocH, Jexkalle B MIOCKOCTU (PUTYpPHI, HAa3bIBACTCSI OTHOIIEHUE OCEBOTO
MOMEHTa WHEPIIMU OTHOCHUTEIIBHO TOW K€ OCH K PacCTOSHHUIO OT OCH JI0 Haubolee

yIAJICHHOW TOYKH (PUTYPHI

J y ‘J z
Wy = ;o W, = . (3.31)
‘Zmax ‘ ymax ‘
31ech
W, u W, — cOOTBETCTBEHHO MOMCHTBI COIPOTUBIICHHUS (bUrypbl OTHOCHTEIIHFHO
OoCel Y U Z;

|Zmax| ¥ [Ymax| — paccTosiius oT oceli 10 HanboJiee yaaIeHHBIX TOUYEeK (DUTYPHI.
Onpeodenenue. TlonApHBIM MOMEHTOM CONPOTHBIICHHUS TUIOCKOW (QUTYpHI
OTHOCHTEIIBHO KaKOTO-Iu00 IieHTpa (I0Jr0ca), JICKAMIEr0 B TUIOCKOCTH (DUTYPHI,

Ha3bIBAETCS OTHOLIECHHE TMOJSPHOTO MOMEHTa MHEPIUU IUIOCKON  (QUrypsl
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OTHOCHUTEJBHO TOTO € LIEHTPa K PAacCTOSIHUIO OT IIEHTpa A0 Haubosee yJaleHHOU

TOUYKH (PUTYPBI

w,=

p (3.32)

|Pmax| ’
rac

W, — NOJApHBIA MOMEHT CONPOTUBIIEHHS (PUIYPhI OTHOCHTENBHO LeHTpa O;

J, — MOJIIPHBIM MOMEHT MHEPLMHU (DUTYDHI,

Prmax| — PACCTOSIHUE OT LIGHTPA 10 HAKOOJIEE YIATCHHOM TOUKH (UIYPEL.

MOMEHTBI CONPOTUBIICHHUS U3MEPSAIOTCS SANHHUIIAMU JUTHHBI B TPEThEH CTEIEHU
—cM’, (B cucreme CH — m°).

CnoXHbIE CCUEHHUsS, BCTPEUAIOIIHMECS B Pa3IUYHBIX KOHCTPYKIHSAX, YacTO
BKJIIOYAIOT DJIEMEHTBI CTaHAAPTHBIX MPOKATHBIX mpodrield crtanu (JAByTaBpHI,
IIBEJUIepa, YIOJIKH U Jp.).

PacueT reoMeTpuyeCKMX XapaKTePUCTUK TAKUX CEUCHUH CIIOKEH U TPYIAOEMOK,
MIOATOMY B CIIPABOYHBIX TAOJIHUIAX I STHX Mpoduiiei (B COpTaMEHTax ) MPUBOIATCS
HE TOJBKO HMX TCOMETPUYCCKHE pa3Mepbl, HO MW TAaKHUC BaKHBIC CBEJCHUS, Kak
TMIOJIOKEHHUE IIEHTPA TSHKECTH, MOMEHTBI HHEPIIUH, MOMEHTBI COITPOTHBIICHHS U JIP.

DT TaOJUYHBIC JIaHHBIC HAMHOTO OOJICIYarOT BBIYHMCICHUE TEOMETPUUYCCKHX
XapaKTEPUCTHK CIIOKHBIX COCTABHBIX CEUCHHUM.

3.2.2. KoHTpO/BLHBIE BONMPOCHI AJIsl CAMONPOBEPKH 10 TeMe
«I'eomMeTpUYecKHe XaPAKTEPUCTHKH MJIOCKUX GUTYpP»

1. Kakue ocu Ha3bIBAIOTCS LIEHTPAJIbHBIMU?

2. Uto Ha3bIBaE€TCA CTATUYECKUM MOMEHTOM IUIOMAAN (GUTYPHI OTHOCUTEIHHO

HEKOTOPOU ocu?

3. Kak ompenensieTcsi cTaTH4ECKU MOMEHT (UTYpPhl OTHOCUTEIHHO HEKOTOPOU
OCH, KOOPAMHATHI LIEHTPA TAXKECTU KOTOPOU U3BECTHBI?

4. Kak BBbIUMCISETCS TMOJIOKEHUE LEHTPAa TKECTH CIOXKHBIX (uryp (mis
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CUMMETPHUYHBIX U HECUMMETPUYHBIX CEUEHUIT)?

5. laiiTe omnpesesieHre OCEBOro U IIEHTPOOEKHOIO0 MOMEHTOB HHEPLIUU (PUTYPBI.

6.IlpuBeuTe HopmMysbl MOMEHTOB MHEPLIMHU MPOCTEUIIUX QUTYP OTHOCUTEIBHO
COOCTBEHHBIX IIaBHBIX LHEHTPAIbHBIX OCel (IPSIMOYTOJbHUK, TPEYTOJIbHUK, KPYT).

7. JlanTe ornpenesneHue MoIsIpHOro MOMEHTA UHEPLIUH.

8. [lpuBenute GopMyJsibl NOJSIPHOTO MOMEHTA MHEPLIUU KPYyTa U KOJIbIIA.

9. Kak W3MEHAITCS MOMEHTBHl MHEPUMHU NPU MAPAIIETBHOM MEPEHOCE OCEM,
€CJIM UCXOJIHbIE OCH — LIEHTpaJIbHbIE?

10. ®opmysibl 1J1s1 MOMEHTOB MHEPLIUU IPU MIOBOPOTE OCEI.

11. Kakum cBoilcTBOM 001afaeT cymMMa OCEBbIX MOMEHTOB HMHEpIUU
OTHOCHUTEJIBHO JIBYX B3aUMHO NEPIECHIUKYISIPHBIX OCEi?

12. Kakue ocu Ha3bIBatOTCS TJIABHBIMU LIEHTPAIbHBIMU OCSIMU UHEPIIUU ?

13. Kak omnpenensercst MOJI0KEHUE TNIaBHBIX LIEHTPAJIbHBIX OCEH MHEPLMU IS
CUMMETPHUYHBIX CEUYCHUN?

14. ®opmyna nns ONpeAcNIeHHs IOJOKEHHWS IVIABHBIX OCEH WHEpPLUH UL
HECUMMETPHUYHBIX CEUECHU?

15. OmnpeneneHre YUCICHHBIX 3HAYEHUW TJIABHBIX MOMEHTOB HWHEPLMHU JJIs
CUMMETPHUYHBIX U HECHUMMETPUYHBIX CEUCHMI.

16. Paguycel unepruu. Boruncienue paanycoB HHEPIUHU KPyTa U KOJIbLIA.

17. MoMEHTBI CONPOTUBIICHUS U UX CBOMCTBA.

Ilocne usyuenuss 3moii memvl MONCHO NPUCMYNUMb K peuteHuro 3aoauu Ne 2,

BKNHOUEHHOU 8 KOHMPOJIbHYIO pAOOmY.
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3.2.3. IPUMEP PEHIEHUSA 3AJAYHU Ne 2

«I'eoMeTpHYecKHEe XaPAKTEPUCTHKH IVIOCKUX PUTyp»

3aoaua. st 3aJJaHHOTO CJI0’KHOTO MOTICPEYHOTO CEUCHMSI,
COCTOSIIIIETO U3 ABYX AJieMeHTOB (puc. 3.12), TpeOyeTcs:

Hcxoaubie 1aHHBIE:

InacTuna — 200 x 20mm;

PaBHoOOKM# yroaok — 160x160x12mm.

Puc. 3.12

1. Bemucarh (BBIYUCIUTB) JJISL DJIEMEHTOB, BXOJAIIUX B COCTaB CIIOKHOTO
MOTIEPEYHOT'0 CEUCHHUS, UCXOIHBIC JJAHHBIC U3 CIIPABOYHBIX TAOIHI] (COPTAMEHTOR).

2. OnpenenuTh TOJOXKEHHWE IIEHTpa TSIXKECTH 3aJJaHHOTO  CIIOKHOTO
nonepeyHoro ceyeHusi. [1ocTponTs MpoU3BOJILHBIE IEHTPAIBHBIE OCH.

3. HaiiTm BenWYMHBI OCEBBIX U IIEHTPOOEKHOTO MOMEHTOB WHEPIIUU
3aJJaHHOTO CJI0’KHOTO IMOIMEPEUYHOT0 CEUCHUS OTHOCUTEIBHO 3THUX LIEHTPAJIbHBIX OCEH.

4. Onpenenutb HaINpaBJIC€HUE TTIABHBIX [IEHTPAJIBbHBIX OCEH.

5. HaliTu BeJIMYMHBI OCEBBIX MOMEHTOB HWHEPIMU 33aJaHHOTO CIOMXKHOIO
MOMEPEYHOr0 CEUYCHUSI OTHOCUTEIBHO TJIABHBIX IIEHTPAJIbHBIX OCEH.

6. BpluepTuTh 3a7aHHOE CIIOXKHOE IIONEPEYHOE CeUeHHe B MaciuTtabe Ha
MHIJLTUMETPOBKe opmaTta A 4 u yKazaTh BCEe pa3Mephl B YHCIIaX U BCE OCH.

Pemienne

BpimuimeM # M0OACYMTAEM TE€OMETPUUECKUE XapPAKTEPUCTUKUA OTIIEIbHBIX
2JIEMEHTOB, BXOJSIIUX B COCTAB CIIO)KHOTO TOMEPEYHOTO CeYeHUs (MCXOJIHbBIC
JaHHBIC BO3bMEM U3 CIIPABOYHBIX TaOJIHUI[ /COPTAMEHTOB/).

Bbynem cuutath, uTo mnactuHa — ¢urypa |, a paBHOMOJOYHBIA YTrOJIOK —

dburypa Il.
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@urypa | — miactuna 200x20mm:

a Z 1
b=20mm =2 cm; h=200mm = 20cm;
A =bh =220cm* = 40cm’;
h ” bh® _ 2em-(20em )’
Cy |y, 30 =00 _2em(20em) 1303 3330 = 1333em*;
12 12
b’h 2em)® - 20
g1 20N _@em)-200M _ g5 a33500t = 13 330w
12 12
le— b —
15’121: 0.
®urypa |- paBHononouHbIii yroaok 160x160x12:
s 2 b=160mm = 16cm;

. d d=12mm=1,2cm;

2o | ' A, = 37,dem®:

{ > 2= y4Cm ,
A C, Yo 20 =4,39cm;

d
J, =73, =913cem*;
J!  =4537cm’.
Zo Y22,
b

31ech U B JaJIbHEUIIIEM
A1, A, — COOTBETCTBEHHO IIJIOIAU TIEPBOM B BTOPOid puryp;

A — momane coctaBHOM (GUTYphl (00Iasi TIIOMIANb 3aJaHHOTO CJIOKHOTO
MONEPEYHOTO CEYEHUS).

Bepxuue wunpexcol |, Il y MOMEHTOB HMHEpIUM COOTBETCTBYIOT HOMEpam

duryp, mX OTCYTCTBHE O3HA4YaeT, 4YTO OMNPENETSAETCS MOMEHT WHEPIMU BCETO

CCUCHMHI.

Hanpuwmep,

I ~ -
J y,~ MOMEHT UHEPIMHU MEPBOA HUIYypbI OTHOCUTEIBHO OCH Y1,
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I . . .
J y,2, ~ LCHTPOOECKHBIA MOMECHT HHEPLUHU BTOPOX (DUIyPBI OTHOCHTEIBHO OCEH

Y2, Z>.

3ameuanue. B chnpaBouHbIX — TaOnunax — (copTaMeHTax)  3HAYCHUS
IIEHTPOOSKHOTO MOMEHTAa WHEPIHU YroJika OTHOCHTEIBHO IICHTPAIbHBIX OCCH
MPUBOIATCS 0€3 ydeTa 3HaKa. 3HAK IEHTPOOCKHOTO MOMEHTA MHEPIIMU 33JIaHHOTO
yroika (paBHOOOKOT'0 WJIM HEPaBHOOOKOTO) MOXKHO BBIOpATh B COOTBETCTBUU C PHC.

3.13.

A z 4z Z A
Z A /
[ . RIR
y J y y
U )
J,>0 J,, <0 J,, <0 J,>0
Puc. 3.13

Ecniu B cnpaBouHbix Tabnumax (CopTaMeHTax) 3HAUYE€HHE LEHTPOOEKHOTO
MOMEHTa WHEPIMU Yrojika (PaBHOOOKOTO WM HEPABHOOOKOTO) OTHOCHUTEIHHO
COOCTBEHHBIX IEHTPAIBbHBIX OCEH OTCYTCTBYET, TO HAWTH ATO 3HAYEHHUE MOXKHO C

IIOMOIIBIO TPeThel POPMYJIIBI MOBEPHYTHIX oceit (3.25)

rae
Jmax 1 Jmin - T7IaBHBIE LIEHTPAJIbHBIE MOMEHTHI MHEPLIUU YIOJIKA, 3HAUEHUS
KOTOPBIX IPUBEJICHBI B TA0JIUIIAX COPTAMEHTA.

Hcnonb3ys NpUBEICHHBIE BBIIIE CIPABOYHBIE JAHHBIC, BBIYEPTUM 3aJIaHHOE
CJIO’KHOE TMOIEPEYHOE CEUCHHE B MaciliTade C yKa3aHUEM BCeX OCei U HEOOXOIUMBIX
pa3MepoB B caHTHMeTpax (puc. 3.14).

Ha puc. 3.14 B paMmkax mokas3aHbl pa3Mepsbl, B3ATbI€ U3 CIIPABOYHBIX JTAHHBIX,

OCTaJIBHBIC IIOJIYYCHBI B XO0AC pacdcTa.
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A ZC
Z]_‘
4.39
| i
< T
29 N a,
5,61 { % R
2171 a, JYc
| N
20 >
CV7 Y1
// ]

Puc. 3.14

3ameuanue. 3alaHHOE CIIOKHOE TIOMEPEUYHOE CEUCHUE HE MMEET HU OJHOM OCH
CHUMMETPHHU.
OnpenesieHne NMOJ0KEHUA HEHTPA TAKECTH 3aIaHHOTO
CJIO’KHOTO MONEPEYHOr0 CeYeHM sl
OnpeaenuM KOOPAUHATHI IICHTPOB TSKECTH MEPBOU B BTOpor puryp (Touek C;
1 C,) OTHOCUTEIILHO MPON3BOIILHON KOOPIMHATHOM CHCTEMBI Z3 Cq Yi.

TouxkaCy: y; =0; z. =0.
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ToukaC(C,: Ye, = §+ 4,39=5,39cm ; Zc, = 220 —4,39=561cm.

O6ma51 Iomaab 3aAaHHOI'0 CJIOKHOI'O IMOIMEPEYHOTO CCUCHUS
A=A+ A, =40+ 37 4 =77 4cm? .
KOOpI[I/IHaTa HCHTPA TAKCCTHU 3aJaHHOI'O CJIOKHOI'O IMOIICPCHYHOIo CCUCHUSA I10

ocu Y1 OyaeT paBHa

+ A . . ° ’
o = AYe,t AYe, (40-0+374 5,39)@” _ 201,586(:;;4 _ 2 604cH = 2.60CH.
A 77,Acm 77,4cm

KoopanHara 11eHTpa TSHKECTH 3a3JJaHHOTO CJIOXKHOTO TIOMEPEYHOT0 CEUSHUS 10
ocH Z; OyzieT paBHa

_ Azc + Az, (40-0+37,4-561)cmu®  209,814cm’
A 77,4cm’ 77,4cm°

Z: =2,7/105cm =2,71cm .

[To moJiyd4eHHBIM 3HAYECHHSIM KOOPIMHAT HAWJEM IOJOKEHHUE LEHTPA TAKECTH
(Touka C) 3a1aHHOTO CJIOXKHOTO MOTepeyHoro ceueHus (puc. 3.14).
3ameuanue. lentp Tsxkectn (Touka C) CIOXKHOTO IMOMNEPEHYHOTO CEUYEHUS,
COCTOSILIIETO U3 JBYX MPOCTBIX (PUTYp, BCEr/a MOJDKEH JIeKAaTh Ha MPSMOM JIMHUH,
coenuHAmOme 1eHTpbl Tsokectu (Touku C; u C,) mepBod u BTOpor Quryp (puc.
3.14).
ITocTpoeHue HEHTPAJIBbHBIX OCell
Uepe3s HAWACHHBIM LEHTP TAXKECTH 3aJaHHOTO CJIOKHOIO IIONEPEYHOrO
cedyeHus (Touka C) nMpoBeeM MPOU3BOJIbHbBIE IIEHTPAIbHBIE OCHU Y U Z; MAPATIIEIBHO
OCSsIM Y1 M Z1, KaK 3TO MOKa3aHo Ha puc. 3.14.
Omnpenenenue BeJTUHYUH OCEBbIX U LIEHTPOOEKHOT0 MOMEHTOB HHEPIUU
OTHOCHTEJIbLHO HEHTPAJIbHBIX OCeH
OceBoil MOMEHT HHEPIUU 3aJaHHOTO CIIOXKHOTO TMOMEPEYHOro CEeYeHUs
OTHOCHUTEJIbHO ILIEHTPAJIIbHOW OCH Y; paBE€H CyMM€ MOMEHTOB HHEpLHUU IMEPBOU H

BTOpO# (hUTYp OTHOCUTEIHHO 3TOM OCH

JYC =J)I/C+J)I’Ic'
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B coorBercTBUM ¢ (opMyslaMu NapajuIeIbHOTO IEPEHOCa OCEM MOMEHT
MHEPIUU TEpBOM (PUTYphl OTHOCUTENIBHO LIEHTPAIbHOW OCHU Y. paB€H MOMEHTY
MHEPIMN OTHOCUTENIIbHO COOCTBEHHOM OCHM Y; IUIIOC IUIOHIaAb 3TOH (QUIYypHI

YMHO>KEHHOH Ha KBaJIpaT pacCTOSTHUS MEXIy ocsiMu Y U Y. (puc. 3.14)
J, =3, +Aa; =1333 +40 - 2,71°= 1626,8 e = 1627 cm’,
rie
a;=z¢,-5¢=0-2,71 cm=-2,71 cm (puc. 3.14).
AHaJIOrMYHO, MOMEHT MHEPIUH BTOPOU (UTYPBI OTHOCHUTEIBHO IIEHTPAIBLHOMN
OCH Y. paBeH
Jp =3+ Aa; =913+374-29°=1227,5cm’ = 1228 em”
rie
az=%¢,-5¢=5,61 em-2,71 cMm=29 cm (puc. 3.14).
CrenoBaTeIbHO, OCEBOI MOMEHT WHEPIMH 3aJJaHHOTO CJIOXKHOTO IOIIEPEYHOTO

CCUCHHA OTHOCUTCIIBHO HCHTpaJIBHOﬁ OCH Y. paBCH

Jy. =1627 + 1228 = 2855 cm* = 2860 cm”.

AHaJ'IOFI/I‘-IHO, OCEBOM MOMEHT HHCPIHHUU 3aAaHHOTI'O CJIOKHOI'O ITOIICPCUHOIO
CCUCHHUA OTHOCUTCIIBHO H@HTpaHBHOﬁ OCH Z; paB€H CYMMC€ MOMCHTOB HHEPIHU

NIEPBOI U BTOPOM (PUTYpP OTHOCUTEIHLHO 3TOU OCH

3, =3l +3!

Z

J' =3+ Ab? =13,33+40-2,6° = 284cm’

rae
OceBoit MOMEHT HHEPITUU BTOPON (DUTYpBI OTHOCUTEIHHO OCH Z¢
lecl = lezl +Ab? =913+37,4-2,79* =1204cm’
rae
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b, = Yc,— Yc =5,39em — 2,60cm =2,79¢m (puc. 3.14).

CJIGIIOBB.TCJ'IBHO, OCEBOM MOMECHT HHCPUHH 3aJaHHOTO CJIOXKHOI'0O IIOIICPECYHOI'O

CCUCHHUA OTHOCUTCIIBHO HeHTpaHBHOﬁ OCH Z; paBCH

J, =284+1204 = 1488cm* =1490cm*

z

LeHTpoOexHbIiI MOMEHT HWHEPIUU 33JaHHOTO CJIOXHOTO TONEPEYHOTO
CEUYECHMsS] OTHOCUTEIBHO IIEHTPAJIbHBIX OCEH Y. U Z; paBeH CyMME LEHTPOOEKHBIX
MOMEHTOB MHEPLIUU MEPBOI U BTOPOIl (PUTYP OTHOCUTENBHO ITUX OCEeH

Tl "
J c _JYCZc—l_JYCZc

YcZ

Iy =9y, t AL =0+40-(-2,71)-(-2,6)=282cm”

J )I’::Zc = J )I’IzZz + AZaZbZ = 537 + 37)4 : 299 : 2,79 - 840CM4

CrnenmoBarenbHO, IIEHTPOOCKHBIH MOMEHT HWHEPIMU 3aJJaHHOTO CJIOKHOTO
MIONEPEYHOI0 CEUYCHUSI OTHOCUTEBHO [IEHTPAJIBbHBIX OCEH Y U Z paBEH

Iy =282+840=1122cm* =1120cm*

Yei
MOMEHTbl  HMHEPLMHU  3aJaHHOIO  CJOXHOI'O  IIONEPEYHOr0  CEYECHUs
OTHOCHUTEIIBHO LEHTPAIbHBIX OCEH Y U Z; HAWJICHBI

J, =2860cm*; J, =1490cm*; I, =1120cwm".

Y
OnpenesieHue HaNMpaBJeHNsI TJIABHBIX HEHTPAJIbHBIX OCeil
Hamnpapiienre rimaBHbIX HEHTPAJIbHBIX OCEH 3aJIaHHOTO CIIOKHOTO MOMEPEYHOTO

CEUCHHMsI OTpeieNaeTcs mo hopmysie

J )
thao =— Jefe, —_ 21120 =—2240 =-1,6350=-1,64;
ch —JZC 2860-1490 1360
L&G) =-2073°

o. =
2a, = arctg(—1,64) = -58,6°; 70
3HAK« — »IIOKA3bIBACT, YTO YI'OJ &, OTKJIaAbIBACTCs OT OCHU yc 10 Xoay qacOBOH

CTpeJIKU (1 « + » — IPOTUB XOJa YaCOBOI CTPEIIKH).

[TpoBoauM TIIaBHBIE IIEHTPAIBHBIE OCH U U V, KaK TO MOKa3aHo Ha puc. 3.14.
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OnpezleJIeHne BCJIUYHMH INIABHBIX MOMECHTOB MHEPIINHU
MOMEHTHI HHEPUHH OTHOCHUTCIIbHO I''TABHBIX LHECHTPAJIBbHBIX OCEH BBIYUCIISIFOTCS

1o cieayomum hopmyiam

1 2 2 ]
JW=5k3y0+JZC )£(3, -3, +4dZ, |-

min

= % (2860+1490)++/( 2860—1490)? + 4-1120? ]: %[4350 +2625,7];

max

Jmax = %[4350 +2625,7] = 3487,85cm* = 3490em*;

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

Tak kak J, >J, , 10
C C

J,=J, =3490cm*; J, =] . =860cm”.

KoHTpoab (MpoBepKH) NPABUJIbHOCTH BIYMCICHUS TJIABHbIX
MOMEHTOB MHepuuu J, u J,
JI1s1 IpOBEpKU MPaBUIIbHOCTH BBIYMCIIEHUS TJIaBHBIX MOMEHTOB MHEPIUU J, U

JV MOJKHO HCIIOJIB30BATh PABCHCTBA
J,+J, =JyC+JZC u Jy=0.
Ilposepka Ne 1:
J,+J,=J, +J, =const.
J,+J,=3490 + 860 = 4350 cm®; J, +J, = 2860 + 1490 = 4350cm".
CnenmoBartenabHO,
J,+J,=J, +J, =4350cm* = 4350cm* (+ 5%).

lIposepka svinonnsemcsi.
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Ilposepka Ne 2:

J -J _
= Msin 200, +J, , COS2a, = (28602 1490) sin(-58,6") +

uv Z

+1120-cos(-58,6° )= —585+584=—1cm”* (& 5%).

IIposepxa evinonnsaemcs.

3ameuanue. CnenyeT UMETb B BHIY, YTO C IOMOIIBIO ITUX PABEHCTB MOYKHO
IPOBEPUTH NMPABUIBHOCTD BBIUMCIIEHUS TOJBKO HANPABIECHUS TJIABHBIX LIEHTPAIbHBIX
OCel M YHUCIEHHBIX 3HAYEHUM TJIABHBIX MOMEHTOB HHepuuu. CoO0JeHue 3THUX
PABEHCTB HE FapaHTUPYET NPABUIBHOCTH BBIYHUCIICHUS TOJOKEHHS LIEHTPA TIKECTU
CEUCHMSI, & TAK)KE OCEBBIX U IIEHTPOOESKHOTO MOMEHTOB MHEPIIUU OTHOCUTENIBHO €ro
LEHTPAJIBHBIX OCEM.

B naweii 3a0aue 6ce npogepku 6bINOIHAIOMCA, C1€008AMENbHO, GeNUYUNbI
2NIABHLIX MOMEHMOE UHEepYuu ONsl 3A0AHHO20 CIOACHO20 NONEPEUHO20 CeYeHUs

onpedeﬂeH bl NpAaABUsIbHO.
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3.3. TEMA 3. KPYUYEHHUE CTEPXKHEHA KPYTJIOI'O IOIMEPEYHOI'O CEYEHUSI
3.3.1. OCHOBHBIE TEOPETUYECKUE MNOJIOKEHUS

Onpeoenenue. KpyueHueMm Ha3bIBaeTCs Takol BUJ JedopManuu CTEP>KHs, IPU
KOTOPOM B €I0 MONEPEUHbIX CEUYEHUAX BOZHUKAET TOJIBKO OJIMH BHYTPEHHUN CUIOBOU
(paxTop — KpyTAIUNA MOMEHT M,,, a BCe Ipoune BHyTpeHHHE cunoBbie (akTopsl (N,
Q, u M,;,) paBHBI HYIIO.

Takum 00pa3om, KpyueHue — 3To Takas Jedopmarnus, KOTopas COIPOBOXKIAETCA
MIOBOPOTOM TONEPEUYHBIX CEUEHHUM CTEPXHSI BOKPYT HEKOTOPOM OCH NMPU HEU3MEHHOM
PACCTOSIHUM TOYEK ITUX CEUEHUN OT HA3BaHHOW OCH.

Ecnu cedeHus cTepHsS HMMEIOT JBE OCHM CHUMMETPUHU, TO 3a OCh BpallCHUs
NPUHUMAETCSI TeOMETpUUecKas OChb CTepkHs. Takas nedopmarusi, B 4acTHOCTH,
UMEET MECTO B TOM CiIyyae, KOr/la K KOHIIAM CTEpPXHS MPHUIIOKEHBI CHIIbI, KOTOPbHIE
CBOIATCA K TMPOTUBOIIOJIOXHO HAMNpPABIEHHBIM MapaM CuWl, JIEWCTBYIOUIUM B
IJIOCKOCTSIX KOHLIEBBIX MOMEPEYHBIX CEYEHUM M UMEIOIIUM PaBHbIE MOMEHTHI.

C KkpydyeHHEM Ha NPAKTUKE MPUXOJIUTCS BCTPEYAThCA TOCTATOYHO YACTO: OCHU
HNOJBUKHOTO COCTaBa, TPAHCMHUCCHOHHBIE Ballbl, BUHTOBBIE MPYXKUHBI, JIEMEHTHI
IIPOCTPAHCTBEHHBIX KOHCTPYKIIMH W OOBIKHOBEHHBIN 3aMOYHBIM KJIHOY — BCE ITO
IPUMEPHI CTEPKHEHN, pabOTAIONINX HA KpyYCHHE.

HccnenoBanus mokaszand, 4To xapakTep AehopMaiii CKpydYMBaeMOTO CTEP>KHS
B 3HAYUTEJIBHOM CTENEHM 3aBHCUT OT (OpMBI €ro mnomepedHoro cedenus. Cpenu
CTepKHEH C pa3jaMuHbIMM (QopMamMH TONEPEYHBIX CEUYEHUH, IMOJBEpPraeMbIX
KPYYEHHIO, HauOOJIbIIEE PACIPOCTPAHEHHUE MOJYYWIH CTEPKHH C KPYIJbIM WU
KOJIBLIEBBIM CEYEHHEM.

Onpeoenernue. CTepkHH, paboTalolne Ha KPyUYCHHUE, Ha3bIBAIOTCS BaJlaMH.

Ecnu mpsiMoil cTepKeHb HAaXOAUTCS B COCTOSIHMM IOKOS WJIM PaBHOMEPHOIO
BpalleHMs, TO aiaredpanyeckasi CyMMa BCEX BHEIIHHMX CKPYYMBAIOIIMX MOMEHTOB,

TIPHIIOKEHHBIX K CTEPIKHIO, PaBHA HYIO (D M, =0).
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KpyTsiliue MOMEHTBHI, BO3HHUKAIOIIME B TOMEPEUYHBIX CEUCHHSIX Bala,
OTPENENAIOTCS 1O BHEIIHUM CKPYYMBAIOIIMM MOMEHTaM C TIOMOIIBIO MeTojaa
CECUCHUM.

Onpeodenenue. KpyTaiuii MOMEHT B MIPOU3BOJILHOM IOIMEPEYHOM CEUCHHUU Baja
YUCJICHHO paBeH aJre0panyeckoil CyMMeE BHEIIHUX CKPYYMBAIOIIMX MOMEHTOB,
MPWIOKEHHBIX K CTEPIKHIO TI0 OJTHY CTOPOHY OT PAaCCMAaTPUBAEMOT'O CEUCHHS.

B mpocTteiiiem ciyyae, Korjia CTEep)XKeHb HArpyX eH TOJBKO JIBYMS PaBHBIMU
JApyr ApYTY 10 BEJIWYWHE W HAMNPaBICHHBIMH B TPOTHUBOIIOJIOXHBIC CTOPOHBI
BHEIITHUMHU MOMEHTaMH, KPYTSIIHA MOMEHT B JIF0OOM TIONIEPEYHOM CCUCHHUH CTEPIKHS
0 BEJIMYMHE PAaBEH BHEIITHEMY MOMEHTY.

B Gonee cioHBIX cydasiX, KOT/Ia K CTePKHIO MPHUJIOKEHO HECKOJIbKO BHEITHUX
MOMEHTOB, KPYTSIIME MOMEHTHI B IONEPEYHBIX CCUCHHUSX PA3JIMYHBIX YYaCTKOB
OyIyT HE OJIMHAKOBHI.

H3meneHune KpyTSAIIMX MOMEHTOB IO JIJTMHE CTEPKHS M300paxkaroT rpadudecku
B BUJIE DIIOP KPYTAIIUX MOMEHTOB.

Onpeodenenue. I'paduk, wusoOpaxkaromuil 3akoH u3MeHeHHs M,, BIOJb
r€OMETPUYECKON OCH CTEPKHSI, HA3BIBACTCS AMIOPON KPYTSIIIMX MOMEHTOB.

Opounamsl  5motl  3n0Opsbl  NPeOCmMasasaiom coO0l UYUCTeHHble 3HAYEHUs.
Kpymswux momenmos M.y, 6 COOmMeemcmeyouux ce4eHUsxX Cmep’CHs.

[IpaBuna nocrpoenus 3TUX d10p My, IPUHIMUINAILHO HUYEM HE OTJINYAIOTCS
OT MOCTPOEHUS 3MIOP APYTUX BHYTPEHHUX YCUIIUU.

[Ipu pacuetax Ha MPOYHOCTH U YKECTKOCTh MPHU KPYUCHUU 3HAK KPYTAIIETO
MOMEHTa HE MMeEET 0co0Oro 3Ha4YeHus, HO I ynoO0CTBa MocTpoeHus smwop M,
OOBIYHO TPUHUMAIOT CJICIYIONIEE TIPABUIIO 3HAKOB.

IIpasuno 3naxoe. Kpymsawuu momenm 6 paccmampueaemom ce4enuu CmepiCHsl
cuumaemcs NOA0ACUMeNbHbIM, eClU NPU 632710€ CO CMOPOHbBL NPOBEOEHHO20 Ce4eHUs

BHEULHUL MOMEHM Hanpaejien npomue X00a 4acoesoil CmpeiKu.
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Onpeiesienne KpyTSIIAX MOMEHTOB 110 MOIITHOCTH «N» ¥ YiCTy 000pOTOB Basia «I»

IIpu pacdere BasIoB HA MPOYHOCTH OOBIYHO 33/1ACTCS HE KPYTAIINIA MOMEHT, @ MOIITHOCTb
N, nepeaBaeMas BaJiom, 1 9MCIIo 000POTOB Basia N.

Ecmm momtrocts N, miepenaBaeMasi BaoM, 3aaHa B JIOMIAINHBIX CHJIaX, TO BEIMYMHA
KpPYTSIIIET0 MOMEHTa OTpeiessieTcs 1o (opmysie

N
M, = 71620 - - (krcm), (3.33)

YIS

N — MOIITHOCTB, TIepeiaBaeMast BaJioM, B J1. C.;

N — 4KrcITy 000POTOB Bajia, B OO/MHH.

Ecm momrocts N, niepeaBacmast Basiom, 3aaHa B kioBatrax (1 kBr. ~ 1.36 2. ¢.), TO

BEJIMYMHA KPYTSIIEr0 MOMEHTA OMpeiessercs 1o (popmyrie
N
Mg, = 71620 - 1.36 - —= 97360 (xr-cm), (3.34)

e

N — MOIITHOCTb, TIepe/IaBaeMast BaJIoM, B KBT.;

N — 9rcTy 000pOTOB Baia, B 00/MUH.

[Tonmy4yennsie GopMyIIbl MOKA3BIBAIOT, YTO KPYTAIIUA MOMEHT TEM MEHBIIE, YEM
Oospiie yncao obopotoB Bana. CremoBaTenbHO, MPU MPUMEHEHHH OBICTPOXOIHON
MAaIITHBI, JIeJIafoIIeii 60JIbIII0e YUCiI0 000POTOB, Harpy3Ka Ha Baj MPU OJHON M TOU
K€ MOITHOCTH TOJIy4aeTCs] MEHbIIIE, YeM B TUXOXOJHOW MAaIlIMHE, TO3TOMY THaMETP
Baja, a, CJEIO0BaTeIbHO, W pa3Mepbl MAIIMHBI TpU OONBHIUX YHUCIaX 000POTOB
YMEHBIIAIOTCA. DTO OOBICHIETCS TEM, YTO MPHU pabOTe ¢ OONBIIUM YUCIOM 000POTOB
YBEJIMYMUBACTCS MyTh, HA KOTOPOM MPOU3ZBOAMTCS paboTa, a MOTOMY MOJTydaeTcs
HSKOHOMHUS B cuiie. Ha 3TOM OCHOBBIBAa€TCS BHITOAHOCTH MPUMEHEHHUST OBICTPOXOTHBIX
MaIITiH.

Onpenesienue HaNpsizKeHU U AeopManuil NpU KPyYeHUH Baja
KPYIJIOrO NMONEepPevYHoro ceyeHmst
[Tpu BBIBOZIE hOpMYIT [IJIs1 OTIpEICTICHUS HAMIPSKEHUHN U yTiIa 3aKPYYUBaHUS TIPU

KpY4YeHUU Bajla KpPYIJIOrO CEYEHUs IMpeaAnojarairT, 4To Marepuan padoTaer B
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npeenax NponopuUuOHATIBHOCTH, TO €CTh BBIITOIHSAETCS 3aKOH ['yKa.

AHanu3upys HanpsHDKEHHOE COCTOSIHUE CTEpKHEH MpU KPYydeHUH HEeO0OXO0IUMO
HCXOAUTh U3 JCUCTBYIOIIMX B HEM BHYTPEHHUX YCUJIUH.

B paccmarpuBaemMom ciydyae B CEUYEHHMHM Bajla BO3HHMKAET €IMHCTBEHHBIN
CHJIOBOH (paKTOp — KpYyTAIIUNA MOMEHT M, TaK Kak, coryiacHo onpeaencHuro, N = Q,
=Q;=0; My=M,=0.

[Ipy kpyye€HHH MPOUCXOJIUT MOBOPOT OJHOTO CEYEHHUS] OTHOCUTEIBHO JPYroro
Ha HEKOTOPBIN YIOJI @, HA3b18AEMbIU Y2TIOM 3AKPYYUBAHUSL.

OTO CBUJACTEIBCTBYET O TOM, YTO NPH KPYYEHUH BO3HUKAET nedopmarius
YUCTOI'O CABUTA.

Ha ocHOBaHMM 3THX 3KCHEPUMEHTATBHBIX JAHHBIX CTPOUTCS TEOPUSI KPYUCHUS
KPYIJIBIX CTEP’KHEN, B OCHOBY KOTOPO MOJI0’KEHA TMITOTE3a INIOCKUX CEYEHU.

[Ipeanonoxum, 4To:

— MOIEPEYHbIE CEUYECHUSI CTEP)KHS, MIIOCKHUE U HOPMAJbHBIE K €r0 MPOAOJIbHOM
ocu 10 nedopmainuu, OCTalOTCS IUIOCKUMH W HOPMajdbHBIMH K HEH W mocie
nedopmaiu (rUnoTe3a MIOCKUX CEUCHH ),

— paauychl TOMEPEUHBIX CEYEHUH Mpu AePopManud HE HCKPUBIAIOTCS H
COXPaHSAIOT CBOIO JIJIUHY;

— paccTosiHUA (BAOJb OCU CTEPIKHA) MEXKAY MONEPEUYHBIMU CEUCHHUSIMU CTEPIKHS
npu nedopmanuu He U3MEHSIOTCS, TO €CTh JJIMHA CTEPXKHS OCTAETCS MIPEKHEH;

— IpSMOJMHENHAs OCh CTEPKHS (OChb KPYUEHHS) OCTAETCS MPSMOJIUHEUHOU U
nociie nedopmaiuu, a BCe MONEPEUHbIe CEUCHUS CTEPKHS MMOBOPAYUBAIOTCS BOKPYT
ATOM OCH M0 OTHOLIEHUIO IPYT K APYTY HA YroJl @.

CnpaBeJIMBOCTh MPUHATHIX TUIOTE3 MOJATBEPKIAETCA TEM, YTO MOJYYCHHBIE Ha
UX OCHOBE ()OPMYJIbI XOPOIIIO COTIACYIOTCS C IKCIIEPUMEHTAIbHBIMU JTAHHBIMH.

Ha ocHOBaHMH TPUHATHIX JONYIIEHUN KPYyUYEHUE KPYIVIBIX CTEPKHEN MOKHO
MpPEACTaBUTh KaK pe3yJbTaT CJBUTOB, BbI3BAHHBIX B3aUMHBIM ITOBOPOTOM

MOINEPEYHBIX CEUCHUN OTHOCUTENIBHO APYT APYTa.
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BenenctBue 3TOro B NMOIMEPEYHBIX CEUYECHMSAX BO3ZHHUKAIOT TOJBKO KacaTeJbHbIC
HaIpsKEHUS T, @ HOPMAJIbHBIE HANPSHKEHUS ¢ PaBHBI HYIIIO.
KacarenpHoe HampshkeHHEe B IIONEPEYHOM CEYEHUWU Bajla NPU KPYYEHHUH

onpenensercs mo popmyse

ro—r=Mep (3.35)

Ota (hopmysa NO3BOJISIET ONPEAEIIATh KacaTeIbHbIE HAMIPSIKEHUS B JTI000M TOUKe
KPYTJIOT0 MOMEPEYHOro CEYEHUs: ¢ KOOPIMHATOM p.
MakcumalibHble 3HAYEHHS] KacaTeJIbHBIX HANpPSXKEHUHW BO3ZHUKAIOT B KpaHUX

TOYKaX CEUCHUS p = I U OMPEACIIOTCS 1Mo hopmyJie

Tmax = T(p=r) = | — = W (336)

rae
W, =-2 — moJsipHBIE MOMEHT CONPOTHUBIICHUS IUIONIAAU Kpyra OTHOCHTEIIHHO
r

€Tro LCHTpPA.

Kak u3BectHo, ais kpyra

r-d*-2 7-d?
= = , 3.37
7 32.d 16 ( )
VYron 3akpy4urBaHus @ ornpeaensercs mno Gopmysie
Myp-¢
p=—, (pan) (3.38)
p

Bemwuuna  Gtl, nasvieaemcs  owcecmxocmvio  cmepoicua  npu - kpyuenuy.  OHa
Xapakmepuszyem COnpomuIeHUe CIEPHCHSL 3aKPYHUBAHUIO.

IonHeliA yron 3aKpy4rBaHUsl HE BCET/la MOXKET XapaKTepHU30BaTh JKECTKOCTb CTEPKHS
npy Kpy4yeHny. Ha npoTspkeHry JUTMHBI CTePKHS KPYTSAIIME MOMEHTBI MOTYT UMETh pa3HbIe
3HAKH, TIOITOMY TIOJIHBIN YTOJ 3aKPYYHBAHUSI MOMKET ObITh HEOONBIIIMM, B TO BpeMsl Kak Ha
OTJIEJTbHBIX YYaCTKaX OH OKKETCS 3HAUMTEITHHBIM.

JInst OOBEKTHBHOM OLEHKM JKECTKOCTH CTEp)KHSI BBOAMTCS Jpyras BEIMYMHA —
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OTHOCUTEJIBHBIN YIOJl 3aKpy4YUBaHUA

My,
0=—2 (3.39)

MMEIOIIAs Pa3MEPHOCTD PaJI/CM WU PaJi/M.

Takum oOpasoM, Oma cuyuaes, koe0a HA OMOETbHbIX ydacmkax eenuuuna My,
NOCMOSIHHAS, OMHOCUMETbHBIL V20l 3aKpydusanus @ Ha paccmampueaemom  ydacmie
YUCTIHHO PABEH YTy 3AKPYHUBAHUS 8a1A, NPUXOOSUE20CS, HA €OUHULY OTUHDL.

PacueT cTep:KHSI KPYIJIOT0 MOMEPEYHOT0 CedeHHs
HA MPOYHOCTH U ’KECTKOCTh MPH KPYUYeHUH

HaubGonee pacnpocTpaHEHHBIM pacyeTOM Ha MPOYHOCTh TMPU KPYUYCHHH
SIBJIICTCS PacyeT MO JOMYCKaeMbIM HANPSHKCHHSAM, COTJIACHO KOTOPOMY HawOOJIbIIee
KacaTeJbHOE HaIPsSKCHUE, BO3HHUKAIOIIEE B MaTepualie, HE JIOJDKHO IPEBBIIIAThH
OTIPEJICIICHHON BEJTUYMHBI, CBOMCTBEHHOH JaHHOMY MaTEpHaTy M YCIOBHSIM PaOOTHI.

OTta BeJIMYMHA HAa3bIBACTCS JOIMYCKAeMBIM HAIPSDKEHUEM, TO €CTh

T <[]. (3.40)

OT0 TpeOoBaHNE HA3BIBACTCS YCA08UEM NPOUHOCHIU.

Onpedenenue.  JlomyckaeMbpIM  HAmpsOKCHHWEM — HA3bIBAaeTCS  HaWOoJbIee
HaNpsDKEHUE, TPU KOTOPOM OOCCIIEUYMBAETCS MPOYHOCTh W JOJTOBEYHOCTH
IPOCKTUPYEMOTO JIEMEHTa KOHCTPYKITUH.

Jlonyckaemoe KacaTeJlbHOE HAMpsHKEHUE TPU KPYYEeHUH [7], 3aBUCHT OT CBOMCTB

MaTtepualia ¥ OT MPUHATOTO KoddPuIreHTa 3amnaca MpoYHOCTH

[ﬂ=zﬁf (3.41)

B ciydae miacTMYHOrO MaTepuala B KayeCTBE OINACHOIO HANPSIKCHUS Tipeo
MIPUHUMAETCS T, — NPEeJea TEKy4eCTH MPU CIIBUTE, a B CIydae XPYINKOro Marepuana
T, — IIPEJIeI MPOYHOCTHU NP CIIBUTE.

B bonvwuncmee  cnyyaes  donyckaemvle — HANPAXCEHUS ~ HA  KpYyYeHue
NPUHUMAIOMCSL 8 3A8UCUMOCIU 0N OONYCKAEMbIX HANPANCEHUL HA pacmsdicenue Ois

moceo aJce mamepuaida.
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Banel, gBistonyiecsi OCHOBHBIMU OOBEKTAMH, paCCUUTHIBAEMBIMU Ha KPYYEHHUE,
KpOME KpYyYeHHs, YaCTO MCHBITHIBAIOT M M3ru0. Kpome TOro, BO3HMKaloIIMe B HUX
HalpspKEHUsI MEpeMEeHHbl BO BpemeHH. IloaToMy, paccuuThiBas Bajl TOJIBKO Ha
KpYY€HHE CTaTUYECKON Harpy3Kkoil 6e3 yuera u3ruda u nepeMeHHOCTH HANPSKEHUM,
HEOOXOIMMO IPUHUMATH MOHWKCHHBIC 3HAYCHUS JOMYCKAEMbIX HANPSDKEHUH [7].

Bennunnsl fonyckaeMbIX HanpsbkeHu yerananusatoress CH u I1L

MakcumanbHOE KacaTesIbHOE HAIpsHKEHUE B BaJle IPU KPYYEHUM BO3HUKAECT B
CEUEHHMM, TIJ€ KpYTAIUA MOMEHT M,, HOCTUracT HauOONBIIEH IO MOIYIIO
BEJIMYUHBI, TO €CTh B OIIACHOM CEUCHUMU.

Onpeodenenue. (CedyeHue, B KOTOPOM KPYTAIIUA MOMEHT MNPUHUMAET
MaKCHMAJIbHOE 110 a0COJIIOTHON BEIMYUHE 3HauYeHHE My, max , HA3bIBAETCA ONACHBIM
CEUCHMEM CTEPIKHS 110 KaCaTeJIbHbIM HAIIPSLKEHUAM IIPU KPYUCHUU.

BennunHa Tnax OpencTaBiser co0OW 3HaueHHE HauOOJBLIEro KacaTelIbHOTro
HanpsDKEHUs] B ONACHOM CEUEHUHU CTEP)KHS B HEMOCPEACTBEHHOH OJIM30CTH K €ro
BHEIIHEH MTOBEPXHOCTH (p =T).

Takum o00pazom, HanOoJbIIME KacaTeJIbHbIE HAINPSDKEHUS B CTEp)KHE IIpU
Kpy4eHHH OyJyT BOBHUKATh B OIACHBIX TOUYKAaX OMACHOTO CEUEHUs Baja

Mkp max
Wp

Tmax —

(3.42)

CrnenoBarenbHO, YCIOBHUE MPOYHOCTH TMPU KPYYEHHH MO KacaTeJIbHbIM

HAaNPSHKEHUSIM 110 METOY JOIYCKAEMbIX HAIPSIKEHUN UMEET BUJL

Mg
Tmax — ;/max <[] (3.43)
p

B stoit popmyne
Tmax — MAKCHUMAaJIbHOE KacaTelIbHOE HAIPSX)KEHNUE B BAJIC,
Myp max — MAKCUMAITBHBI KPYTSIINI MOMCHT B BaJie;
W,, — monsipHBI MOMEHT CONPOTHBIICHHS MONIEPEYHOIO CEUEHUS BaJla;

[7] — momyckaemoe kacaTeabHOE HANPSIKEHUE.
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[Ipn pacuere CKpyuyMBaeMbIX CTEPKHEH HA MPOYHOCTh BO3MOXKHBI TPU BHIA
3a/1a4, pa3Inyarmuxcs GopMoi UCTIOIb30BaHUS YCIOBUS MPOYHOCTH:
a). Ilposepounwii pacuem. Ilo wu3BeCTHBIM 3HAYCHUAM My pmax, W, []

MPOBEPSIOT BBIMOJIHEHHUE YCIOBHS TpouHoCTH (3.43)

M
Tax = _Kpmax < [T]

Wp
IIpy nmpoBepke HaNpsKEHWN O 3aJlaHHBIM HArpy3kaM MU pa3sMepaMm CTEPHKHSA
OTIPENICNAI0OT HauOOJbIINE KacaTelbHble HampsbkeHus. Haubonbliive KacatelbHbIC
HaIpSHKEHUS CPABHUBAIOTCS C JOMYCKA€MbIM HAIIPSIKEHHUEM.
Ecnm ycnoBue TPOYHOCTH HE BBHITIOJNHSETCS, TO HEOOXOJIUMO YBEIUYUTH
pa3Mepbl CEUCHUS UM YMEHBIIUTh HArPYy3KYy.
0). Ilpoexmmnuviti pacuem. Ilo 3amaHHON Harpy3Ke OMNPEICTSIOT KPyTAIIUN

MOMEHT Mgy M ¥3 YCIOBHSA TPOYHOCTH HAXOAAT BEIMYUHY TPeOyeMOro

IMOJIAPHOTO MOMCHTA COIIPOTUBJICHUSA ITOIICPCUHOI'O CCUHCHUA

mpeb MKp max
W, > =R (3.44)

I[lo BenuuuHe MMOJLIPHOTO MOMCHTA COIIPOTHUBJIICHUA OIPCACIACTCA OUMCTP

CIUIOITHOTO KPYTJIOTO MONEPEUYHOTO CEYCHUS

16M
ale]

WK HapYXHbIH O, 1 BHyTpeHHUI U, THAMETPBI KOJBIICBOIO CCUCHHSI CTEPIKHSI

d>s

16M, d,

O 23 rll-a*)r]’ d,

B). Onpedenenue Odonyckaemou Haepysku. PelieHne 3ToW 3agadyd CBOJUTCA K
OMPENICNICHUIO TPY30M0IbEMHOCTH CTEPKHS UIIU CTEPKHEBOM CUCTEMbI (HAXOXKIECHUE
Harpy3k, MNpu JEUCTBUM KOTOPOW HANpPSHKEHUST B OMACHOM CEUYEHHH PaBHBI
JOMyCKaeMbIM HampspkeHusiM). [lo KM3BECTHOW BEJNMYHMHE TMOJISIPHOTO MOMEHTA

conpotusieHus W, u JOmyckaeMOMy HaNpsDKCHUIO [T] ompenensioT HauOOJbLIYIO

BEJIMYMHY JIOMYCKaeMOTo KpyTsmero MomMmenra My,
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M) < [ W, (3.45)

[lo nalimenHoMy 3HaueHuio [M,,] ompenensercs HOIMycKaeMoe 3HA4YCHUE
BHEIIHEH HArPy3KH.

Pacuer Basla Ha MNPOYHOCTH HE MCKIIOYAET BO3MOXKHOCTH BO3HUKHOBEHUS
nedopmaluii, HeIOMyCTUMBIX MIPHU €ro SKCIUTyaTaluu. bospiire yribl 3aKkpy4nBaHUs
Baja 0OCOOEHHO OIMACHBI MPH MEpelaye UM MEPEMEHHOT0 BO BPEMEHM MOMEHTA, TaK
KaK MpY 3TOM BO3HHUKAIOT OIMACHBIE JIs1 €r0 MPOYHOCTH KPYTUIIbHBIE KOJIEOaHUS.

[ToaTOMy B HEOOXOIUMBIX CITy4asiX BaJlbl pACCUMUTHIBAIOT U HA )KECTKOCTb.

YcnoBue KeCTKOCTH NPU KPYYEHUH UMEET BU/T

K

” <[9] (3.46)
HO BCIIMUUHC HOJISIpHOFO MOMCHTA I/IHepIII/II/I OHpCJIGJISIGTCSI }IPIaMeTp

CIIJIOIITHOT' O prrnoro Honepeqﬂoro CCUCHUA

0 _ M

- <y >4 32My
"Gl

* Glo) o]

WK HapYXHbIH O, 1 BHyTpeHHUI U, THAMETPBI KOJBIICBOTO CCUCHHSI CTEPIKHSI

[9]—>I

rjae

O — HauOOoNBIINN OTHOCUTEIBHBIN YTOJ 3aKpYYHBAHUS CTEPIKHS,

[6] — nomyckaemblii OTHOCHTENBHBIA YTOJI 3aKpy4WBaHUS, MPUHHUMAEMbI B
nuanazone 0,5 + 2 rpamyca Ha OJUH METP JIJTMHBI CTEPKHSL.

Ha npaxmuxe obvluno npouzeooam pacuem HA NPOYHOCHMb, a 3amem Oelaom
NPOBEPKY BbINOJIHEHUS YCNOBUSL HCECMKOCU.

Ecnu mpu npoBepke OKaKeTcs, 4YTO YCIOBHUE KECTKOCTH YJIOBJIETBOPSETCS, TO
Ha 3TOM OOBIYHO pacyeT BaJia 3aKaHYUBAETCS.

B mpoTtuBHOM ciiyyae pasMepbl Bajia JOJKHBI OBITh MOJOOpaHbI U3 YCIOBUS

xectkoctH (3.46)

M,
e = (3.47)
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3.3.2. KoHTpoJIbHBbIE BONPOCHI /ISl CAMONIPOBEPKH 10 TeMe

«KpyueHue crepxHeil KPyrjioro nonepeyHoro ce4eHusn)

1. Kaxoit Bua nedopmanum Ha3bIBaeTCs KpyueHUEM?

2. Uemy paBeH KpyTALIMIA MOMEHT B IIONIEPEYHOM CEYEHUH Bajia?

3. [IpaBuio 3HaKOB AJIs KPYTALIErO MOMEHTA?

4. Urto Ha3bIBAETCS SMIOPOM KPYTAILIETr0O MOMEHTa?

5. Kakass 3aBUCHMMOCTD MEXAY KPYTAIIUM MOMEHTOM, MOIIHOCTBIO,

nepesaBacMon BaJoM, U YUCIOM 000pOTOB Bajia?

6. Kakue npemanonoxkenust (rumnoresbl) JeXar B OCHOBE TEOPUH KPYUYCHHS
CTEP>KHS KPYTJIOrO CEUeHHUs ?

7. [lo xakoii Qopmyse omnpeaensioTcss MaKCHUMallbHbIE KacaTelbHbIe
HAIPSKEHUs CTEPIKHS KPYTJIOrO CEUEHHUS?

8. B kakux Toukax KpyrJoro Bajla BOZHMKAIOT HaWOOJbIIME HaNpsSKEHUS

Py Kpy4YEeHUU?

0. Kaxk ompenensieTcss onacHoe ceueHue NMpU KPYUYeHUH CTEPXKHS KPYTIIOTO
ceyeHus?
10. Kak pacnpenemnsitorcss kacaTeiabHbIE HAIPSDKCHUS] IO  IMTONEPEYHOMY

CEYeHUIO Baia?

11. Hamumwure ycimoBHe TPOYHOCTH IO KacaTelbHBIM HANPSHKEHUSM TI0
METOAY JOMyCKAaeMbIX HAIPSIKCHHUHN TIPH KPYUYCHUH CTEP)KHS KPYTJIOTO CEUCHHS.

12. Kakue Tpu Tuma 3amad BBITEKAIOT M3 YCIOBUS MPOYHOCTH II0
KacaTeJIbHbIM HAMPSIKEHUSM IO METOAY JOMYCKAEMbIX HAMPSKEHUN MPU KPYUCHUH

CTEPKHS KPYIJIOro CeUeHUs ?

13. Kakoii yron Ha3piBaeTCs OJIHBIM YIJIOM 3aKpYYUBaHUS ?
14. [To xako¥ hopmyse ompeaensieTcss MOJHBIN YroJl 3aKpyIUBaHUs?
15. Kakas BenumumHa Ha3bIBa€TCA JKECTKOCTHIO CTEPIKHS MPU KPYUCHUU?

Ilocne uzyuenuss 5moti memvl MONCHO NPUCMYRUMb K peutenuto 3adauu No 3,

BKNHOUEHHOU 8 KOHMPOJIbHYIO pabomy.
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3.3.3. IPUMEP PEHIEHUSA 3AJAUYHA Ne 3

«Kpyuenue cmepircueii Kpy2nozo nonepeutozo ceueHusn
3aoaua. K cranbHOMY Bally IPUJIOKEHBI TPU U3BECTHBIX MOMeHTa: M1, My, M3

(puc. 3.15)

Hcxoaubie 1aHHBIE:

a=2m, b=2m;c=2m;

( 0 M; = 3,0kHm; M, =2,5kHm; M; =
=2xHwm; [7] =40MIla = 4(’%)
|<—a—J<—b—>|<—C—>|<—a—>| o
Puc. 3.15
TpeOyercs:

1. VYCTaHOBUTH NMPU KAKOM 3HAYEHUU CKPYUYMBAIOIIETO MOMEHTa X yroi
MOBOPOTA MPABOT0 KOHIIEBOT'O CEUEHHUS PABEH HYIIIO.

2. JIisi HaWeHHOTO 3HAYEHUS CKPYYMBAIOLIETO MOMEHTa X TOCTPOUTH
AMIOPY KPYTALIUX MOMEHTOB.

3. [Tpu 3a7aHHOM 3HAYEHUHU TOMTYCKAEMOTO KacaTeIbHOTO HAMpsKeHus [7]

ONpENCINTh JUAMETp Baja M3 pacueTa Ha IMPOYHOCTh M OKPYIVIMTh €ro Jio
Oymkaiiineit 6oJplel BeIMYMHBI, COOTBETCTBEHHO paBHOU 30, 35, 40, 45, 50, 60, 70,

80, 90,100 mm.

4. [TocTpouTs 3MI0pY YIiI0B 3aKPyYHBAHUS.
d. Haiitn HanOonpminii OTHOCUTEIBHBIM yron 3akpyuwmBaHus (Ha 1 metp
JUTAHBI ).
Pemenne

OmnpeneneHue HEU3BECTHOTO0 KPYTSAIIEro MOMeHTa X

Pa3buBaem pacueTHyl0 CXeMy CTEpKHS Ha Y4YacTKu. ['paHuIlaMu ydacTka

ABIAIOTCA TOYKH IPUIIOKCHHA COCPCAOTOYCHHBIX MOMCHTOB. B nHamem IIpuMepe
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CTEpIKEHb HMEET YEThIPE yJacTKa, KOTOPhIE IPOHyMEepyeM crpaBa Haneso (puc. 3.16)

wy @, @ O O

M

1 I O (T

<—X4_ 4—X3_‘ <_)(2 4_Xl

L— a=2m b=2M —»— c=2M a=2Mm

Puc. 3.16. Pacuemnasn cxema cmepicusn

I[J'ISI ONPCACICHUSA KPYTAIICTO MOMCHTA HGO6XOJII/IMO Ha KaXXJIOM Y4YaCTKE

MPUMEHSITh METOJ] CEYCHUH, KOTOPBIN CBOJUTCS K CIEAYIOLIEMY:

1. [IpoBoguM momnepedyHoe ceyeHue, KOTopoe pa30oMBaeT CTEPKEHb Ha JIBE
YaCTH.
2. Breibupaem Ty uacth Oanku, Ha KOTOPYH JEUCTBYIOT H3BECTHBIC

Harpy3KH (JIEBYIO OT CEUEHUS WU MPABYIO).

3. CocraBnsgeM BbIpakeHHMa I Kpyraumero momenra (M,,), mpu >ToM
PYKOBOJCTBYEMCSI ONPEICTCHUEM U IIPABUIIOM 3HAKOB.

Onpeoenenue. Kpyrsamuit MomeHT (My,) — 3TO BHYTPEHHUH MOMEHT, KOTOPBI
YHCIICHHO pPaBEeH ajre0pandeckoil CyMMe BHENIHUX CKPYYMBAIOIIUX MOMEHTOB,
MIPUJIOKEHHBIX K CTEPKHIO IO OJIHY CTOPOHY OT PacCMaTpUBAEMOI'0 CEUCHHSI.

IIpasuno 3naxoe. Kpyrammii momeHT (M,p) cuMTaeTcs mON0KHUTENbHBIM, €CIIH
IpU B3[JISIIE CO CTOPOHBI MPOBEJCHHOIO CEUEHHS BHEIIHMI MOMEHT HallpaBJiCH
IIPOTUB YaCOBOM CTPEJIKH.

[IpoBoaMM ceyeHuEe Ha MEPBOM YYACTKE M PACCMATPUBAEM MPABYIO OT CEUECHUS
gacTh crepxkHs (puc.3. 17), Tak Kak cieBa OT CEUEHHsS OMNOPHBIC PEaKINH

HCU3BCCTHHI.
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| ysactok 2> x,>0
M1 = + X;
Il yuactok 2> x,>0
M=+ X+ Mz,
1l yqactok 2> x,>0
M=+ X+ M3+ My;
IV yyactok 2>x,>0
Mpiv=+ X+ M3+ M, + My

VYron 3akpyduBaHus B Mpejiesiax KakJ0ro ydacTKa omnpejensercsa mo Gopmyse

(3.38)
Mt
Ay

(pan.),

rie

M, — 3Hau€HHE KPYTSAIIETO MOMEHTA Ha y4acTKe;

| — nuHa yvacTka;

G — MOAYJIb YIIPYTOCTH MIPH CIBUTE;

Jp — HONAPHBIA MOMEHT HHEPLIUH KPYTa;

GJ, —KECTKOCTb IIONEPEUHOr0 CEUCHHUS CTEPIKHS IPHU KPyIECHHN.

Yrom TmoBOpoTa TMpPaBOro KOHIICBOIO CEUEHUS OTHOCHUTEIBHO JIEBOTO
omnpenaensiercs o ¢popmyiie (3.38) u paBeH HYIIO IO YCIOBHUIO 3aa4H

M | M_ .l Ml M
xkplV " IV + xkplIl " 111 i xpll " 11 +

G, GJ, GJ, GJ,

Kkpl

Pos =Poa TPt Po3 T P34 = =0.

HOI[CT&BJ'I?IH BBIpAKCHHA JIA KPYTAIINX MOMCHTOB H AJIHMHBI YYaCTKOB B
MOCIEeAHIO (GOpMYITy, OJTydaeM
(X+M3+My+My)-a + ( X+M3z+My)-b+( X+M3j)-c + X-a =0;
OTKyZJa
X+(2a+b+c)+ M3 (atb+c)+ M, (a+b)+ M;-a =0;

501051
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X+(2:2+2+2) + 2 (2+2+2)+ 2,5 (2+2)+ 3-:2=0; — X =-3,5 kHwm.
IMocTpoeHue 3M0OPbI KPYTALIMX MOMEHTOB
C yderoMm HailieHHOTO 3HaueHUs X KPYTSIIME MOMEHThl Ha KaKJIOM Yy4YacTKe
BaJia MPUHUMAIOT 3HAYCHUS
M, = X=—3,5xHwm; Mpn =X+ M;=-35+2=—1,5kHwm;
Mpin = X+ Mz+M;=-35+2++2,5=+ 1xHwm;
Mpiv = X+ M3+ M+ My =-35+2+25+ 3=+ 4xHm.
Hcnonws3ys monaydeHHbIE 3HAYEHUs, CTPOUM JMIOPY KPYTSIIMX MOMEHTOB, Kak
nokasaHo Ha puc. 3.17.
OnpenesieHue AuaMeTpa Bajia U3 YCJI0BUS MPOYHOCTH NPHU KPYYeHUHU
VYcnoBue NpoYHOCTH MPU KPYUEHHUH 1O KacaTeIbHbIM HANIPSHDKEHUSIM 110 METOAY

JIOMYCKaeMbIX HanmpsokeHuid nmeet Buj (3.43)

kp max

M
Tmax = Tp <[4,

rje

Tmax — MAKCUMaJIbHOE KacaTelIbHOE HAMPSHKEHUE;

M,y max — HauOonbliee IO aOCONIOTHOH BEIMYMHE 3HAYEHUE KPYTAILETO
MOMEHTa (OompeAesieTcs Mo AI0PE KPYTAIIMX MOMEHTOB);

W, — nonsipHBIil MOMEHT CONPOTHBIIEHHS KPYTa;

[7] — nonyckaemoe kacaTenbHOE HAMPSIKECHUE.

B onacnoM ceuennu Mg, max = 4xHM = 400xHem.

N3 ycnoBus mpOYHOCTH HAXOJHWM BEIUYMHY TPEOYyEeMOro MoOJIpPHOIO MOMEHTA

conpotuBicHus (3.44)

M, max 400 kHem

[7] 4 kH

CM2

W Pet > =100cm° .

N3BeCTHO, YTO MOJSIPHBIA MOMEHT COIPOTHUBIIEHUS Kpyra ONpPENEseTCs C

TTOMOIIBIO CIPABOYHBIX TAOIHIT TT0 (hopMyJie
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7Zd3
W, =—,
16

Ipupasansas W, nns xpyrau W | momyuaem

3
7d” S 100 e
16

OTtkyna Haxoaum guameTp d

3
d> 3/—16'100CM =7,986 cM.
314

[TpuHrMaeM okoHuYaTeNbHO AuaMeTp Basa d = 8,0 cw.
ITocTpoeHue 3MIOPHI YIJIOB 3aKPyYUBAHUSA
Brruncrsiem )XeCTKOCTh MONMEPEYHOTO CEUEHHUS CTEPIKHS MPU KPYUSHUH

5 _md'_314-Bem)’

=401,92 cm* =402 cm*.
732

3HaueHune MOAYJIA YIIPYIOCTHU IIPpU CABUI'C OIIPCACIIACM U3 CIIPABOYHBIX Ta6JII/II_I
G = 8-10" MITa = 8000xH/cMm® .
CrnenoBaTenbHO,
G J,=8000xH/cM*-402 cm*=3216-10°kHem®.

3a Ha4aj0 oTCYeTa MPUHUMAEM JICBBIH HEIOBHKHBIN Topel Basia. Onpeaensiem
yIJIBI 3aKPYYHNBaHUS HA KaXKI0M ydacTke /ceuenus 1, 2, 3 u 4/ (puc. 3.17)

Ml _ 400- 200(kHem?)
GJ,  3126-10°(xHem?)

Dot = =2,486-10"%(pam) ~ + 2,49 - 107 (pan);
My v, Mg T _ (400-200+100-200)

=3,109-107%(pan
GJ, GJ, 3126-10° (b2

Po-2 =Poa TP =

~+ 3,11 - 10 (pan);

M .| (—=150-200)
A= O0 A D=+ P 31001072 4 T T o
Po-3 = Po-2 T Pr.3 = Po-2 GJ p 3126-10°

2,176-107%(pan)

~+2,18 - 10 (pan);
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(-350-200) _,

Dot = Po3 +Prg = @ Mol 1760024
0-4 0-3 3-4 0-3 GJ ! 3126 103

p
Hcnonp3ysa mosiydeHHbIE 3HAYEHHUsI, CTPOUM DMIOPY YIJIOB 3aKPYy4YMBAHHUs, KaK

Moka3zaHo Ha puc. 3.17

© , @ ®

M; M, M, X

G € G O,

<4+ X3 — [ X2 <+ Xl —]
—— a=2M —— Dh=2M —>ie— c=2M ;117 a=2m —»|
|
M., 4 Inwpa Kpymauwux MomeHmoe
kHw™
4 JlL 4
ﬁrT s )
i >
X
1,5 15
| 3,5 3,5
0102 Inwpa y2noe 3akpyvuueanus

Puc. 3.17. Dnwopel Kpymauwux MOMeHmM 08 u 27108 3aKPYYUBAHUA CHIEPIHCHA

Omnpenenenune HaNOOIbIIET0 OTHOCUTEJIBLHOIO YIJIa 3aKPYYUBAHUS

HauGonpmuii OTHOCUTENBHBIN yroy 3aKpy4YuBaHUsl ompenensercs mo Gopmyie

(3.39)

M
Mpuar _ 4OOK?CM ~=128-10"* Pan _q 5g.1072 P
GJ o 3126-10°kHewm CM M

0=
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3.4. TEMA 4. PACYET BAJIOK HA ITPOYHOCTb
IPHU IMNJIOCKOM INONEPEYHOM U3I'UBE

3.4.1. OCHOBHBIE TEOPETUYECKHUE MNOJIOKEHUS

B cTpouTenpHBIX KOHCTPYKIHSX INMHPOKO TPUMEHSIOTCS  JJICMCHTHI,
paboTtaronue Ha M3ru0. XapakTepHBIM MPU3HAKOM U3THOA SBISIETCS U3MEHEHUE
KPUBHU3HBI ITPOJIOJIBHON OCH Opyca.

[Ipsimoit Opyc (cTepkeHb), padoTaromuii Ha U3rud, Ha3bIBAETCS OAIKOM.

Onpedenenue.  CedeHHs, KOTOPbIE  PACIOJIOXKEHBI B IUIOCKOCTSX,
NEPICHIUKYIAPHBIX K T€OMETPUYCCKONH OCU CTEP)KHSI, HA3bIBAIOTCS TMOMEPECYHBIMU
CCUCHHSMU.

[Tpu m3rube OGanku MPOAOIbHBIC BOJOKHA, HAXOASIIMECS HA BBITYKIOW YacTH,
pacTATHBAIOTCSA, a HAXOAAIIMECS HAa BOTHYTOH dacth — Ckumarorcsa. Croi
IPOMEXYTOYHBIX BOJIOKOH, KOTOpbIE, UCKPUBISAACH, HE H3MEHSIOT CBOEU [JIMHBI,
HA3bIBACTCS HEUMPALbHbIM CLO0EM.

JIuHus nepecedeHrs HEUTPAIBLHOTO CJI0S C TIOCKOCTBIO MOMEPEYHOT0 CEUEHHUs
HA3BIBACTCS HEUMpPAIbHOU TUHUEU WA HeUMPAlbHOU OCbI0 (HY1e80U JUHUELL).

[Ipu peiictBuM Ha OanKy CHCTEMBbl BHEIIHUX CHJ, PACIOJOXKEHHBIX B
TUIOCKOCTH, TPOXOJSIIEH uepe3 OJHY W3 TJaBHBIX IEHTPAJIbHBIX OCEH WHEPIIUU
KaXKJI0TO TIOTIEPEYHOTO CeUeHUsI OANKM, U TIEPIEHAUKYISPHBIX K €€ IPOI0JILHON OCH,
B KQXKJOM €€ CEUYCHHH MOTYT BO3HHMKATh J[BE BHYTPEHHHE CHJIBI — H3THOATOIIHIA
MoMmeHT M u nornepeunas cuia Q. DTa MI0CKOCTh Ha3bIBACTCS CULOBOLU NIOCKOCIbBIO.

Ecnim B momepeyHbiXx cedeHHsAX Oankd BO3HUKAIOT  OJIHOBPEMEHHO
m3rubaroruii MomeHT M u momepeunas cmima Q, TO Takod BuA JedopmManuu
HA3bIBACTCA TUIOCKUM NONEPEeUHbIM U32UOOM, €CITH TOJIBKO U3rndaronuii MomMmeHT M —
YUCTNBIM U32UOOM.

B ycnoBusix yucToro marnba MOXeT HaXOJUTHCS BCS Oajika WM OT/ACIIbHBIC €€

YYaCTKH.
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OcHOBHBIC THIIBI OIIOP U 0AJIOK
Jist toro 4rtoObl Oanka MOIVIa BOCIPUHMMATH BHEIIHIOIO HArpy3Ky H
nepenaBaTb €€ Ha OCHOBAaHUE, OHA JOJKHA OBITh COEJAMHEHA C HUM OIOPHBIMU
cBs3siMu (oropamu). CylecTByeT HECKOJIbLKO OCHOBHBIX THUIIOB OTOP:

e 3amemJieHune Wiu 3aaeaka (puc. 3.18, a)

a) b) AR,
mF’ M A
A HaY A

Puc. 3.18. 3amemnenue unu 3adenka

3ameMieHHbIN KoHel 0anku 4 He MOXKET CMEeNIaThCs HU MOCTynaTelabHO (B
TOPU30HTAIIBHOM M BEPTHKAJbHOM HAIPABJIEHUSAX), HU MOBOpAyMBaThCA. B Takoii
OIIOp€ BO3HUKAET PEAKLUsA, COCTABIAIOIIMMU KOTOPOH SBIISAIOTCS BEPTUKAJIBbHAS CUJIA
Ra, THpensarcTByromas BEPTUKAJIBHOMY CMEIIECHUIO, TIOpU30HTaNbHass cuwia Ha,
UCKJIIOYAIOIAsl TOPU30HTAIBHOE CMEIIEHHWE, W MOMEHT Mj,, NpensarcTBYOMuUn

noBopoty (puc. 3.18, 0).

o luwinHapuyeckas IIAPHUPHO - HEMOABMKHAS onopa (puc. 3.19, a)

a) b) +RaA

r LRA

Puc. 3.19. Illapnupno - nenoosusicnas onopa

Dra omopa He IMO3BOJISET CEYCHUI0 OaKM B TOUKE A MMETh MOCTYIMATEIbHbIC
MEPEMECIICHUS B TOPH30HTAIIBHOM M BEPTHKAJILHOM HANpAaBICHUAX, HO IPH 3TOM
BO3MOKCH IIOBOPOT CEYCHHS B OJHOW IUIOCKOCTH  OTHOCUTEIBHO  OCH
MAJIMHAPUYCCKOTO MapHUpa. B Takol omope BO3HUKAET PEAKIUs, COCTABISIONIUMU
KOTOpPOH SIBJISIOTCS BEpPTHUKaIbHAas cujida Rp, OPEmsITCTBYIOMIAs BEPTHKAIbLHOMY
CMEIICHHUIO, U TOPH30HTaNIbHAs criia Hpa, HCKITI0Uaromas ropu30HTaIbHOS CMEICHUE
(puc. 3.19, 0).
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e Ilnnunapuyeckass IIAPHUPHO - MOABMKHASA onopa (puc. 3.20, a)
Ota omnopa MO3BOJSET CeUeHUIO Oanku B Touke B moBopaumBaThCcsi BOKPYT
HiapHUpa M MEepEeMEellaTbCsd B TOPU3OHTAJBLHOM HAMPABIEHUWHU, HO HE IMO3BOJSET
nepeMeniarbcsi Mo BepTUKadu. B Takoil omope BO3HHMKAeT TOJbKO peakuus Rsg,

MpensTCTBYIOIAs BEpTUKAIbHOMY cMeleHuto (puc. 3.20, 0).

\§B - B

Puc. 3.20. Hlapnupno - nodsusicnas onopa

Jlns obecrieueHus] HEMOJBIKHOCTH Oaldkh, TO €CTh, YTOOBI OHa MOTJIa
COTNPOTHUBIISITHCS MPWIOKEHHBIM BHEIIHUM CHJIaM, HEOOXOIUMO 3aIlleMUTh OJUH €€
KOHEIl WK B OJTHOM €€ CEYEHHH YCTPOUTHh HIAPHUPHO — HEMOJBHXHYIO OINOpPY, a B
IPYroM — IIAPHUPHO — MOJBUKHYIO OIIOPY.

Takum o0bpasom, HaumeHbuiee YUCIO CB53€l, He NO3BONAWUX OalKe
nepemewamscs 8 NI0CKOCMU 0eliCmaUsl Hazpy30K, PA6HO MPeEM.

OcHOBHBbIE BU/IbI BHCIIHUX HATPY30K, BbI3bIBAKIIMX U3rud 0a10K
Ha puc. 3.21 noka3zanbl pa3inyuHble BHUJIbI BHEITHUX HArPy30K, BBI3BIBAIOIIUX

U3THO:

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

=f(x
F l m g=const q¢ ) T
TITTITIY R
é </ X
B | :\.\
< | q
Puc. 3.21. Ocnosnuvie 6uobl 6HeUIHUX HAZPY30K
° a — CoCpCcaoTO4YCHHAA CHUjia,
. 6 — coCpemoTOYeHHass TMapa CHJI C MOMEHTOM M (KpaTko —

COCPEIOTOYECHHBIIT MOMEHT);
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o 6 — pPaBHOMEPHO pacrpe/iejeHHas Harpy3Ka;
o 2 — HEpaBHOMEPHO pachpe/iejeHHas: Harpy3Ka.
Onpepnesnienue ONOPHBIX peaKkuil B 0aakax

Jna onpeneneHuss BHYTPEHHUX YCWIMM M HaANPsUKCHUN, BO3HUKAIOIIUX B
AJIEMEHTaX 000 KOHCTPYKLMH, HEOOXOOUMO HaWTH BCe ACHCTBYIOUIME Ha Hee
Harpy3KH, a, CJIeJ0BaTeIbHO, U BCE HEU3BECTHBIE OMOPHBIE PEAKIUU.

Jlns ompenesieHusl OMOPHBIX PEAKIUM IS TUIOCKOM CUCTEMBI CHUJI MOXHO, B
o0111eM citydae, COCTaBUTh TPU YPaBHEHHSI PABHOBECHS (CTAaTHKH) B JIOOBIX YIOOHBIX
KOMOUHAIUSX:

Harpy3KH, a, CJIeJ0BaTeIbHO, U BCE HEM3BECTHBIE OMOPHBIE PEAKIUH.

Jlns ompenesieHusl OMOPHBIX PEAKIUM IS TUIOCKOW CHUCTEMBI CHUJI MOXHO, B
o011ieM citydae, COCTaBUTh TPU YPaBHEHHS paBHOBECUS (CTATUKU) B JTIOOBIX YIOOHBIX
KOMOUWHAIUAX:

a). Ilepsas komounayus:

2 Fy = 0 — Cymma npoexyutl cex cui Ha 20pU30HMANbHYIO OCb X PABHA HYIO,
2'F, =0 — Cymma npoekyuii 6cex cun na sepmuxanvhyio ocs Z pasia nymo,  (3.48)
2’ Mp = 0 — Cymma momenmog écex cui omHocumenbHo mouku A pasna Hymio.

VYpasuenune X Mg = 0 (Cymma momenmos écex cun ommocumensno mouxku B
PABHAa HYJH0) UCTIONB3YETCS JUIsl MPOBEPKU MPAaBUILHOCTH MOTYYEHHBIX PE3YIbTATOB.

0). Bmopas komounayusi.
2'Fy = 0 — Cymma npoexyutl cex cun Ha 20pU30HMAIbHYIO OCb X PABHA HYIO,

2’ Ma = 0 — Cymma momenmos ecex cun omuocumenvrno mouku A pasna nymo, (3.49)
2’ Mg = 0 — Cymma momenmog cex cun omrnocumenvHo mouku B pasna nynio.

VYpaBuenne X F, = 0 (Cymma npoexyuii 6écex cun ma 6epmuKkaibHyio0 OCb Z
PpasHa Hyar0) UCIOJIb3YETCS JJIsl MPOBEPKU MPABUIIBHOCTH MOJYYEHHBIX PE3YyJIbTATOB.

VYpaBHeHUsT paBHOBECHS HY>KHO COCTaBIISITh TaK, YTOObI B KaXK/10€ ypaBHEHHE,

II0 BO3MOXKHOCTH, BXOJWJIa TOJIBKO OJHA4 HCHU3BCCTHAA OIIOpHAsA pCaKIu:d. 210
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OOJIErYUT HAXO0XJACHUE OMOPHBIX PEAKIIHIA.

Cocmaenas ypasnenus pagnosecus (Cmamuku), 00bIYHO UCTONIL3YIOM NPAGUILO
3HAK08, NOKA3AHHOEe Ha puc. 3.22, m.e. 20pU3OHMANbHLIE U GEPMUKATLHBIE CUTbI
NONOACUMENbHYI, eCU UX HANPAGIeHUs COBRAOAIOm C HANPABAEHUAMU ocel X U Z.

Tlonoorcumenvroe HanpaejleHue MOMeHmoe — nponiue X00a 4acoeotl CMPpEKU.

Z 4

d@

X

M

Puc. 3.22. Ilpasuna 3naxos

Onpedenenue. banku, y KOTOPBIX BCE OMNOPHBIE pPEAKIMH MOTYT OBITh
OTIpeIeNICHbl TOJLKO U3 YPaBHEHUU PaBHOBECHS (CTATHKH), HA3BIBAIOTCS CTATHYECKU
ONpeIeIUMBbIMH.

BHyTpenHue cuiioBbie (aKTOPHI NP U3rude

[Ipu peiictBum Ha OalKy BHEIIHEW HArpy3ku, TMEPIeHAUKYIIPHON K
TCOMETPUYECKON OCH OallkM M PaCIOI0XKEHHON B OJHOW M3 TJABHBIX IUIOCKOCTEH
MHEPIMH KaXKJOTO MONEPEYHOr0 CeUYeHUs Oalku, B €€ CEUCHHUAX, B OOIIeM cliiydae,
BO3HHMKAIOT M3rnbaromuii MomeHT M 1 momnepeunas cuia Q.

BuyTpennue cunoBeie (aKTOpHI ONPEACNSIOTCS Yepe3 BHEUIHUE CHIIBI,
JEUCTBYIONINE Ha OayKy, C TIOMOIIBI0O METO/JA CEYCHHWH, MPUMEHEHHE KOTOPOTO
Mo3BOJISIET CHOPMYIHPOBATH OOIMKE TpaBWia IS HAXOXKICHUS YKa3aHHBIX
BHYTPEHHHX YCHJINHA Ha KOKIIOM y4acTKe OajIKu.

Onpeoenenue. Y4acTKOM Ha3bIBACTCS YacTh OANKH, B TIpeIesiax KOTOPOM 3aKOH
(ypaBHEHUE) U3BMEHEHUS IAHHOTO BHYTPEHHEr0 YCUJIUS MOCTOSIHEH.

I'pannnamy y4acTka SIBISIFOTCS TOYKM NPUIIOKEHUSI COCPENOTOUYECHHBIX CHII,
COCPENOTOUYECHHBIX MOMEHTOB, TOUKH Ha4yajla U KOHIA PACIIPEICIICHHON Harpy3KHu.

CyTbh MeTOZIa CEYEHHI CBOJAUTCS K CIEAYIOIIEMY:

79



Vnpasnenue yugposvix 0bpazosamenvhbix mexHoio02uil

Yuebno-memoouueckoe nocobue 051 cmyoenmos 3a04Hou popmuvl 00yYeHUs]

1. MBbICJIEeHHO MPOBOJMM MOMEPEUHOE CEUEHUE, KOTOPOoe pa30duBaeT OaiKy Ha
JIBE YACTH.

2. BeiOupaeM Ty yacTh Oajku, Ha KOTOPYIO JIEUCTBYIOT U3BECTHBIE HATPY3KU
(HaMMeHbIlIee YUCIIO U3BECTHBIX HAIPY30K).

3. CocraBnsieM BbIpakeHMsI sl u3ruoaromero MomeHta M u momnepeyHoit
cunbl Q. Ilpm 3TOM pyKOBOACTBYEMCSI ONpEIEICHUEM BHYTPEHHHUX CHJIOBBIX
(aKkTOpOB U MPaBUIIOM 3HAKOB.

Onpeoenenue. W3zrmbaronmit MomMeHT M B mOpOU3BONIBHOM MONEPEYHOM
CEYCHHH OaJIKM YHMCIIEHHO paBeH ajre0pandyeckoil cyMMe MOMEHTOB BCEX BHEIIHHMX
CWJI, JEUCTBYIOIIMX IO OJHY CTOPOHY OT IMPOBEICHHOIO CEYEHHS, OTHOCHTEIBHO
HEUTPaTbHON OCH A3TOTO MOIMEPEYHOro CEUeHUs (WM OTHOCHUTEIBbHO TOW TOYKHU
IPOJI0JILHOM OocH OajKu, Yepe3 KOTOPYIO MPOXOIUT pacCMaTpUBAEMOE CEUCHHE).

Onpeoenenue. Ilonepeunas cwia Q B MPOU3BOJILHOM IONEPEUHOM CEUECHUU
OaJIKM YUCJIEHHO paBHA alreOpanyeckod CymMMe MPOEKIHM BCeX BHEUIHUX CHUJI,
pPACIIOJIOKEHHBIX TI0 OJHY CTOPOHY OT TIPOBEJEHHOIO CEYEHHUs, Ha OCb,
NEPICHIUKYISIPHYIO K TEOMETPUIECKOM OcH OaJKu.

IIpaBu/1a 3HAKOB BHYTPEHHUX CHJIOBBIX (paKTOPOB 1151 DAI0K

IIpasuno 3naxos. N3rudaronuit MoMeHT M cumMTaeTCs MOJIOKUTEITBHBIM, €CITU
OH BBI3bIBAET PACTSHKEHUE HIDKHUX BOJOKOH Oanku (puc. 3.23).

IIpasuno 3naxos. Ilomepeunass cuma Q cyUTaeTCs MOJIOKUTEIBHON, €CITU
BHEIITHUE CUJIBI CTPEMSATCSA BpAIllaTh PACCMATPUBAEMYIO YaCTh OadKU OTHOCUTEIHHO

[IEHTPa TSHKECTH MIPOBEACHHOTO CEUYCHUS IO X0y YaCOBOM CTpeiku (puc. 3.23).

M Q M

N \/'\'
Q

A

Puc. 3.23. ITonoxcumenvrvle HANPAasIeHus 6HYMPEHHUX CUN0BbIX (PAKMOPO8
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N3rubaromuit MOMEHT W MOmepeyHasi cuiia JJisi 0aloK OTPUIATENIbHBI, €CIU
HaIlpaBJICHUS OTHUX CHJIOBBIX  (PAKTOPOB  IPOTHBOIIOJIOKHBI  HATPABIICHUSM,
yKa3aHHbIM Ha puc. 3.23.

ONpbI BHYTPEHHUX CHJIOBBIX (haKTOPOB

JI1st uccneqoBaHus HAMPSKEHHOTO COCTOSIHUSI OQJIKU HEOOXOJIUMO 3HAaTh, Kak
U3MEHSIOTCS BHyTpeHHue ycuinus (Q u M) no qimne 6anku.

UToObl MMETh HArjisiIHOE TpenactaBieHue o0 maMmeHeHun Q m M mo nnuHe
OaJIKH, CTPOSIT SIIOPHI ATHX BHYTPCHHUX YCHUITHM.

Onpeodenenue. I'paduku, nzodbpaxaronue 3akoHbl n3MeHenuss Q u M Baosb
TEOMETPUYECKON OCU OaIKU, Ha3bIBAIOTCSI COOTBETCTBEHHO AIIOPOM MOMEPEUHBIX CHIT
U DIIOPOI U3rHOarIIMX MOMEHTOB.

OpauHaThl ATUX S0P MPEACTABISIOT co00M yncieHHble 3HaueHus Q u M B
COOTBETCTBYIOIIIMX CEUCHUSIX OAJIKH.

[Ipu moctpoenun smop Q m M B cTaTMUecku OmMpeAeNMMBIX CHUCTEMax
PEKOMEHTyeTCsI CIIEAYIOIUN OO MTOPSIOK JEHCTBHIA:

1. OnpegensiemM ONMOPHBIE PEAKIMU U3 YPaBHEHUN paBHOBECHS (CTATUKH ).

2. PazOuBaeM pacueTHyIo cxeMy OajKu Ha YYaCTKH.

3. [Ipumensis MeTOA CEYEHUI, MBICIICHHO MPOBOJUM TOMEPEYHOE CEUCHUE B
npenenax paccMaTpUBAEMOT0 y4acTKa, KOTOpOoe pa30uBaeT OaliKy Ha JBE YACTH.

Breibupaem Ty bacTh Oanku, Ha KOTOPYIO ACHCTBYET HAMMEHBIIEE YHCIIO
M3BECTHBIX Harpy3ok. /Jlms ompeneneHuss BHYTPEHHHX YCWIMM B CEUEHUU
COBEpIIIEHHO 0e3pa3Nu4yHO, KakKyl dYacTh OalKkd paccMaTpuBaTh. BenwmuuHbI
BHYTPEHHHX YCWJIUM OyIyT OJTHU U TE XKE.

4. CocraBnsieM BblpaxeHus (ypaBHEHHs), MOKa3bIBAIOIINE 3aKOH U3MEHEHUS B
mpeienax paccMaTpPUBAEMOTO y4yacTKa TmomepeuHor cwibl Q u  wm3rubaromero
mMomeHta M. Tlpu 3TOM pyKOBOACTBYEMCSI OIpEAeIeHHEM BHYTPEHHUX CHIIOBBIX

(aKTOpOB U MPABUIIOM 3HAKOB.
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5. I1o 5TUM BBIpQKCHHUSAM BBIYHCIIIEM UYUCICHHBIC 3HAYCHHSI TOMIEPEYHBIX CHUT
1 M3rHOAIOIIUX MOMEHTOB B XapaKTEPHBIX CEUCHUSAX ydacTKa (Ha ero rpaHuIax).

Ecmm  QyHKIMOHANbHAS 3aBUCHMOCTh YKa3aHHBIX CHJIOBBIX (DaKTOPOB
HEJIMHEIHAs, BBIYUCIICHUE MTPOU3BOIUM €IIIe U B MPOMEKYTOUHON TOUYKE, HAIIPUMED,
B CEepeIWHE Y4YacTKa WJIM B CCUYCHHH, TNe (QYHKIUS JOCTUTACT DKCTPEMAIbLHOTO
3HAUYCHUSI.

6. Ilo mNOAyYEeHHBIM 4YHUCJICHHBIM 3HAYCHUSAM TIOTMEPEYHbIX cuil Q
u3rubammux MOMeHTOB M cTpoum 3miopsl (rpaduKkn) ITUX BHYTPEHHUX YCUIIUM.

Omopa KaXJI0TO BHYTPEHHETO YCWIHMS CTPOMTCS Ha OTACIBHON JIMHUA
(6a3ucHOM TIpsAMOIt), MapaeaIbHON TeoMeTpuueckoit ocu Oanku. [ 6anok Smopsl
pacrioararoTcsi HeoCPEeICTBEHHO MO HEH.

B MpOEKTHBIX CTPOUTEIIBHBIX OpraHU3alUIX MTPU MTOCTPOSHUH S0P IS OaJIOK
MIOJIOKUTEIIbHBIC 3HAYCHUS TONEePEeYHbIX ¢l Q OTKIIaIbIBAIOTCS BBEPX OT 0a3MCHOMU
OpsIMOM, a OTpUIATeNIbHbIE 3HAa4YeHUss — BHHU3. [loJOKHUTENbHbIE 3HAYEHUS
U3rudaronmx MOMEHTOB M OTKJIaABIBAIOTCSI CO CTOPOHBI «PACTSIHYTHIX» BOJIOKOH, TO
€CTh BHHM3 OT 0a3uCHON MpsSIMOH, a OTpULIATEIbHBIE 3HAYEHUS — CO CTOPOHBI
«CXKATHIX» BOJIOKOH, TO €CTh BBEPX.

Takum oOpa3om, onwopa uzeubarowux momenmos M cmpoumcsa Ha
«PACMAHYMOMY» B0JIOKHE.

Ha mome »smiopel Mexnay rpadukoM u 0a3UCHOH MPSIMOM CTaBUTCS 3HAK
BHYTPEHHETO YCHUJIUS U IPOBOJISITCS OPJINHATHI.

7. Hemaem TIpOBEPKH TMPABUIBHOCTH TIOCTPOCHHBIX OHMIOP BHYTPEHHHX
CUJIOBBIX (DaKTOPOB.

8. OrMeuaeM omnacHble CeYeHHs Oanku, TA€ JCUCTBYIOT MaKCHMalbHBIC
(manbonpiue) 1O aOCOMIOTHOW BEIWYMHE 3HAYCHUS BHYTPEHHHX CHIIOBBIX
bakTopoB.

KoHTpoab (MpoBepKH) NPAaBHIbHOCTH NOCTPOCHUS IIOP
BHYTPEHHHMX CHJIOBbIX (AKTOPOB 1151 02JI0K

Hudbdepenumansubie 3aBucumoctu .M. KypaBckoro mexay wu3rudaronum
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MOMEHTOM, IIONEPEYHOU CHWJIIOW M HMHTCHCHUBHOCTBIO BHEIIHEW PACIPEIEIECHHON
Harpy3Ku OMNpEIENsioT CBA3b Mexay smopaMu M u Q, mocTpoeHHBIMH OT JIHOOOM
BHEIIHEW Harpy3Ku. JTa B3aMMHAas CBS3b UMEET BAXKHOE MPAKTUYECKOE 3HAUCHUE IS
KOHTPOJISI PAaBHJILHOCTH BBITIOJIHEHHOTO MOCTPOEHUS AMIOP U3THOAIOIINX MOMEHTOB
Y MOTNEPEYHBIX CHJL.

Bce mnpoBepku MpaBUIBHOCTH MOCTPOEHHBIX HMIOP BHYTPEHHUX CHUJIOBBIX
(dakToOpoB JIJ1s1 OAJIOK denaromcsi cieea Hanpaso.

o «Cxkauku» Ha smiope Q BO3MOXHBI TOJBKO B T€X CEUEHUSAX OaiKu, e
NPUJIOXKEHBI  COCPEIOTOYEHHbIC  BHEIIHWE  CWJIbl, NEPHECHAUKYJSIPHBIE K
reoMeTpuueckor ocu. Ilo BenMyMHE ATOT «CKA4OK» paBeH 3Tou cuie. Ecimm 3Ta
BHCIIIHSS CUJIa HaMpaBJIeHa BBEPX, TO Ha 3Mtope Q MMeeTcst «CKadoKk» BBEPX, a KOT/a
CuJia HaIllpaBJ€HA BHU3 — UMEETCS «CKAYOK» BHHU3.

o «Ckauku» Ha smiope M BO3MOXHBI TOJBKO B T€X CEUEHHUSX Oajku, Te
IPWIOKEHBI COCPEIOTOUYCHHBIE BHEIIHHUE MOMEHTHI. [[0 BEIMUYHMHE ATOT «CKA4OK»
paBE€H 3TOMY MOMEHTY. ECiM COCpemOTOYECHHBIM BHEIIHUNA MOMEHT JEUCTBYET IO
XOJly 4YacoBOH CTpeNKW, TO Ha dmope M HMeeTcs «CKadoK» BHHU3, a Korjaa
COCpPEIOTOYCHHBIM BHEINIHUHA MOMEHT JIEMCTBYET MPOTUB XOJa YACOBOW CTPEIIKH, TO
Ha s1ope M UMeeTcsl «CKauoK» BBEPX.

e Ha yuactkax Oanku, Ha KOTOpBIX MomepedHas cwia Q MOJoKUTENbHAS,
SMIOpa M3THOAONIMX MOMEHTOB BO3pAcTaeT, Ha y4yacTKax Oaiku, T/e TorepeyHas
cwia Q oTpuiatrenpHas, SIMIOpa H3THOAOIIMX MOMEHTOB YOBIBACT, a Ha y4YacTKax
Oanku, Toe momepedHas cwia Q paBHa HYJIO, JMIOpa HM3THOAONIMX MOMEHTOB
nocrossHHasi (M = const).

e MsrubGaromuii MomeHT M gocturaeT max unud min (M,.emp) B T€X CEIEHUIX

Oaiku, T1Ie TorepeyHas cuiia papaa Hyio (Q = 0).
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e Ha yuactkax Oanku, rae JEHCTBYET BHEIIHsSS paclpeiesieHHas Harpyska
MHTEHCUBHOCTBIO (|, momepeyHass cuia Q H3MEeHseTcs MO JIMHEWHOMY 3aKOHY, a
AMIOpa U3ruOArOIMX MOMEHTOB M Ha 3TOM y4acTKE OrpaHUY€Ha KPUBOM.

e Ha yuwactkax Oanku, TIe BHEUIHSAsA paclpelesieHHas  Harpyska
WHTEHCUBHOCTBIO ( OTCYTCTBYeT, momnepeuHas cwia Q moctosHHas (Q = const), a
AMIOpa U3rudaroIIMX MOMEHTOB M U3MEHSIETCS 110 TUHEHHOMY 3aKOHY.

Pacuyer 60aJ10K HA IPOYHOCTH
a). HopmasibHbIe HanIps2KeHUs IPH U3rude

[Ipu peiictBuM Ha Oanky BHENIHEH HArpy3kKd, NEPHEHIUKYISIPHOM
TEOMETPUYECKON OCH Oallki W PaCIOI0KEHHON B OJHOW W3 TJABHBIX IUIOCKOCTEH
MHEPLMH KaXKJOTO MONEPEUYHOro Ce4YeHusl OajKd, B €€ CEUYCHMsX, B OOIIeM ciydae,
BO3HHUKAIOT OJTHOBPEMEHHO u3rudaromuii MomeHT M u nonepeunas cuina Q.

Wzrnbaromuii MoMeHT M B momepedyHOM Ce4YeHHH OajaKkyd BBI3BIBAET

HOpMaJIbHbIE HAIPSKEHUS, KOTOPBIE ONPEALISIOTCS 1o popMyIie
My

c=—"1, (3.50)
I

rIie

6 — HOPMaJIbHOC HANpPSHKEHHWE B TMPOU3BOJIBHONW TOYKE paccMaTpuBaEMOro
MOTIEPEYHOT'0 CCUCHHS OaNIKU;

My — m3rubaromuii MOMEHT B HCCIEAYEMOM IIONEPEYHOM CEUEHUU OaKH;

|y — rIaBHBI MOMEHT HHEPLMU IOIEPEYHOIO CEYEHUSI OTHOCUTENIBHO IIIaBHOM
oCH Y;

Z — KOOpJAWHATA TOYKM IONEPEYHOr0 CEUEHHUsS, B KOTOPOW OMpenemseTcs
HOPMAaJTbHOE HAMPSHKESHHUE.

®opmyna (3.50) mo3BoISIET ONMPENENATh BETUYHHY HOPMAJIBLHOTO HAMPSIKSHUS

G B JII000 TOYKE pacCMaTPHUBAEMOT0 MTOMEPEYHOT0 CEUCHHS OaKH.
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Ecin B ¢opmyne (3.50) yuyuteiBaTh 3HakHM wu3rudaromero mMomenra My u
KOOPJMHATBI Z, TO 5Ta (OpMyJa IO3BOJSAECT ONPEIENATh YHCICHHOE 3HA4YEHHE
HOPMAJILHOT'O HAIIPSKEHUS O U €0 3HaK.

IIpasuno 3nakos. Usrn6aronmii MOMeHT My cuuTaeTCs MOJOKHUTENBHBIM, €CIIH
OH BBI3BIBAET PACTSHKEHHE B TOYKAX IEPBOM YETBEPTH PaccMaTpUBAEMOrO
TIOIIEPEYHOI0 CEYECHUs OaJIKH.

OmnpenenyM HOpPMabHBIE HANPSKEHHMS B XapaKTEPHBIX TOYKAX IMONEPEYHOIO

ceueHus Oank, jgexanux Ha quausax 1 —1, 2 —2 u 3 — 3 (puc. 3.24 + 3.26).

O max
Z 4
L .

pacTsiHyTbIE
BOJIOKHA

Puc. 3.24. Dniopa HOPpMATLHBIX HARPANCEHUIL RO BbICOME NPAMOY20TbHOZ0
nOnepeyHo20 ceuenus danKu

o'm ax

PaCTAHYTBIC
BOJIOKHA

NN

Puc. 3.25. Dniopa HopmanbHbIX HARPAIHCEHUN NO 8bICOME KPY2T1020
nonepeunozo ceueHus 6anKu
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z 7 O max
1ty 1 /
(2
g PpacTaHyTbie w
@ @ BOJIOKHA

SN ISR

3 3

«—ph —

Puc. 3.26. Inopa HopmanbHbIX HARPAICEHUI NO BbLCOME 0BYMLABPOBO20
nonepeynozo ceuenus 0anKu

B Toukax momepeuHoro cedeHus, jexamux Ha JguHuaX 1 — 1 u 3 — 3, T.e.
HanOoJiee yHaJIeHHBIX OT TJIaBHOW OCH (Z = Zmax), BO3HHUKAIOT HAHUOOJBINNE

HOPMAJIBHBIC HAIIPAKCHUA

M
-y
Omax — ; * Smax- (3.51)
y
Iy _
O6o3nayas —— = W,, momywyaem ¢opmyly nid ONpEACICHUSA

| Zmax!
MAaKCHUMAJIbHBIX HaprDKeHHﬁ B HpOI/I?)BOJ'H)HOM HOHepeqHOM CCUCHHNHU 6aHKI/I

M
Omax — W_y (3.52)
y

B stux ¢opmymax

|y — raBHBIM MOMEHT MHEPLUH MIONIEPEYHOTO CEUYEHH OTHOCUTENIBHO OCH Y,

| Zmax | — MakcUMalIbHOE paccTOSTHUE, U3MEPSAEMOE IO OCH Z OT TJIaBHOU OCH Y
710 HanOoJIee YAATIGHHON TOYKH MTOTIEPEUYHOTO CEUCHUS;

Wy — MOMEHT CONpPOTHUBJIECHUS IMONEPEYHOIO CEUEHHs OAlKU OTHOCHTEIIBHO
IJIaBHOU OCH Y.

OnacHvlMu mouKamu NONEPeYHO20 CeYeHUs HA3bIBAIOMC MOYKU, HANPANCEHUS]

6 Komopbuslx docmueaiom HauboOIbUWUX NO 8eIUYUHE 3HAYEHULL.

86



Vnpasnenue yugposvix 0bpazosamenvhbix mexHoio02uil

Yuebno-memoouueckoe nocobue 051 cmyoenmos 3a04Hou popmuvl 00yYeHUs]

B Toukax 2 — 2 monepedyHoro ceueHus Oajaku, JIKaIUX Ha TJIaBHOU ocu Y (Ha
HEUTpaJIbHON OCH), HOPMaJIbHbIE HANPSYKEHUSI paBHbBI HYJTIO.

Onpedenenue. HeuTpanbHOM  Oochl0  (HYJNIEBOM  JIMHHEH)  Ha3bIBaeTCs
FEOMETPUUECKOE MECTO TOUEK MOMEPEYHOTO CEUCHUS OAIKH, B KOTOPBIX HOPMAaJIbHbBIC
HaIpsDKEHUs paBHBI HYJITIO.

HelitpanbHast och Mpu IJIOCKOM M3rHOE TPOXOAUT HYepe3 IEHTP TAKECTU
MOTIEPEUYHOT0 CEUCHUS TIEPIIEHIUKYIIIPHO K CUIIOBOW JIMHUMU.

MakcuMainbHOe HampsiKeHUue B Oake BO3HUKAET B CEUCHUH, IJI€ U3TUOAIOIINIA
MOMEHT JJOCTUTAEeT HAauOOJIbIIIEH 110 MOYJIF0 BEIMYUHBI, TO €CTh B OITACHOM CEUCHUH.

Onpeodenenue. CeueHue, B KOTOPOM U3THOAONIUNA MOMEHT MPUHUMAET
MaKCHUMaJIbHOE 10 a0COJIIOTHOW BeNu4YuHE 3HaueHUuE Mpmay, HA3BIBAETCS OMACHBIM
cedeHueM OaJIKi TI0 HOPMaJIbHBIM HAIPSHKCHUSIM.

Takum o6pazom, HaubOOJbIIME HOpPMAJbHBIE HANPSDKEHUS BO3HHUKAIOT 6

ONACHBIX MOYKAX ONACHO20 ceyeHusi banxku

Mmax
Omax — 1, (3.53)
WJ’
ITocTtpouM 3HIOpbl HOPMAJIBHBIX HANPS)KEHUHM 6 JUIsI HEKOTOPBIX THUIIOB
MIONEPEYHBIX CEUCHUM.

Onpeoenenue. I'paduk, n300pakaroMKi 3aKOH U3MEHEHHS HANIPSDKEHUH G TI0
BBICOTE MOTIEPEYHOTO CEUCHMSI, HA3bIBACTCS AMIOPON HOPMAJIBHBIX HAMPSIKEHUH.

Kak cnenyer u3 dopmynst (3.50), HOpManbHBIE HANPSDKEHUS O 3aBHCST
JUHEHHO OT KOOPJMHATHI Z, U 1O BBICOTE TOMEPEYHOT0 CEYCHUS 3aKOH M3MEHEHUS
HOPMAJIbHBIX HAIPSHKEHUHN TIPENICTABIISAET MPSMYIO JTUHHIO.

Ha puc. 3.24 + 3.26 moka3zaHbpl B 0OmEM BHUJE OIIOPHl HOPMAJIBHBIX
HAMPsHDKCHUH 6 JUISE TIPSIMOYTOJIBHOTO, KPYTJOTO W JABYTaBPOBOTO TOMEPEUHBIX
CEUYCHMI OaJIKU /JIsl CITydasi pAaCTIHYTBHIX BEPXHHUX BOJIOKOH/.

Pacuyer 62,10k HA MPOYHOCTH 10 HOPMAJIbHBIM HATIPSKEHUSAM

Pa3Mepbl 371€MEHTOB KOHCTPYKUMM (IIONEpEYHbIE CEUYECHUS U JJIMHA)
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HEO0O0XO0MMO MOA0UpaTh TAKUMU, YTOOBI MO IEMCTBUEM BHEIIHUX HArpy30K OHU HE
pa3pylaiuch U He NOJdydaiu AeQopMaluid BbIIE JOMYCTUMOTO Mpeena.

B ycioBusix MaccoBOro CTpOMTEIbCTBA TAKXKE BO3HUKAET MpoOieMa S3KOHOMHHU
CTPOUTEIBHBIX MATEPUAIIOB IPU MOJHOW TapaHTUU MPOYHOCTH KOHCTPYKIIU.

Jlnst 6e3omacHOi pabOThl KOHCTPYKIIMKM HEOOXOIUMO, YTOOBI MaKCHMAJIbHBIC
HAIPSHKEHUSI, BO3HUKAIOIINE B €€ JIEMEHTaX, ObLIIN HUXKE TIPEJICIbHBIX 3HAUCHUH.

[ToaToMy mnpu NOpPOESKTUPOBAHMU HEOOXOJAMMO TPABUIBLHO YCTAaHOBUTH
HanpsHKeHUsI, o0ecneurBaroniue 6€30MacHOCTb KOHCTPYKIUU.

B HacTtosiiee BpeMs NPUMEHSIIOTCS, B OCHOBHOM, JIBA METOJA pacuera Ha
IPOYHOCTb: 10 OONYCKAEMbIM HANPANCEHUAM U NO NPEOENbHLIM COCMOAHUAM.

O6a MeTrona npecneytoT OJIHY 1eldb — 00€CTIeUUTh COOPYNKEHUIO MPOYHOCTD U
JOJITOBEYHOCTb.

[lepBblii METOA €1Ie HENABHO HIMPOKO MCIIOIB30BAJICS B CTPOUTEIBHOM JEJE U
YaCTUYHO UCIIOJIb3YyETCA B HacTosllee Bpems. [1o aToMy MeTony pa3Mepbl 31€EMEHTOB
KOHCTPYKIIMHM JOJDKHBI OBITh TaKMMH, 4YTOOBI BO BCEX CEUEHHUSX HaIpPSIKEHUS,
BBI3bIBAEMbIEC HATPY3KOH, HE IPEBBIIIAIN JIOITYCKAaEMON BETUYUHBI.

Bropoii, 6osiee mporpeccUBHBIM METOJ pacyeTa IO MPeIeIbHBIM COCTOSHHUSAM
OBLT pa3paboTaH COBETCKMMHU yYeHBIMU. B HacTosIIee BpeMs OH SIBIIETCS OCHOBHBIM
METOAOM, MPUMEHSIEMBIM MpPU NPOCKTUPOBAHUU COOPYKEHUH B HaIlel CTpaHe.
HopMamu ycTaHOBiIEHBI TpU BUJA MPEAEIBbHBIX COCTOSIHUNW. B compoTuBiieHUU
MaTepHaiOB PacCMAaTPUBAETCS TJIABHBIM 00pa30oM IEpPBOE MPEACIbHOE COCTOSHUE,
CBSI3aHHOE C NMPOYHOCTBHIO KOHCTPYKLIMHU, U OTYACTH BTOPOE, 3aBUCSIIEE OT PA3BUTHUS
ype3MEepHbIX  nedopmaruii, — HapymIalOMMX  HOPMAJIBHYIO  OKCILTyaTaluio
KOHCTPYKIIHH.

VYcnoBue npoYHOCTH MPU U3rHMOE MO HOPMAaIbHBIM HAMPSIKEHUSIM 1O Memooy

00NyCKaembvlxX HanpsiceHull UMeeT BUJT

Mmax
Omax = w, <[a]. (3.54)
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VYcnoBue NpoYHOCTH MPHU U3rHOE MO HOPMAJIBHBIM HAIPSKEHUSIM 1O Memooy

l’lpeaeﬂbelx COCMOSHUL UMEET BHU

M .
Grnax = ’I’A‘/—“"" <R"-K-m,. (3.55)
y

B stux gopmymnax

Omax — MAaKCHMaJIbHOE HOPMaJIbHOE HAIPSIKCHUE;

Mmax — HauOosblliee MO aOCOMIOTHOW BEJIWYMHE 3HAYCHHE H3THOAroero
MOMEHTa (OTpeIeIIIeTCs MO MIOPE U3THOAIOIINX MOMEHTOR);

W, — MOMEHT CONpOTHUBIEHHUS MONEPEUHOIO CEYEHUS] OTHOCUTEIBHO TJIaBHOU
ocH Y (ropu30oHTaJIbHAS OCh);

[6] — nomyckaemoe HoOpManbHOE HAMNpsHKEHHE MaTepHaia dJIEMEHTOB
KOHCTPYKIIHH;

R" — HOpMaTHBHOE COIPOTHBIIEHHE MaTepHaja SJIEMEHTOB KOHCTPYKIIHH;

N — K03 PUIIUEHT Meperpy3KH;

K — k03¢ GUIHEHT OJJHOPOAHOCTH MaTepHalia JIEMEHTOB KOHCTPYKIIHH;

M, — K03 PUIUEHT yCI0BUI pabOTHI AIEMEHTOB KOHCTPYKIIUU.

Bennunna momyckaeMbIX HaNpsDKEHUE [ O] Ha3HavaeTcs B 3aBUCHMOCTH OT
Marepuaia, u3 KOTOpOro M3roToBJIeHa OaKa.

[TnacTuuHble MaTepHaibl O00JaJAlOT MPUMEPHO PpaBHBIMH  MpeciiaMu
TEKy4eCTH Ha CXKaTHE U Ha pacTsKeHue, nosrtomy [o] = [g,] = [a].

JUIsE XpYIIKHX MaTepHajioB, y KOTOPBIX MPOYHOCTh HA C)KATHE BHINIC, YeM Ha
pacTsoKeHue, JOIyCKaeMble HAIIPSHKCHHS Ha PACTSHKCHHE M CKaTHe, KaK MPaBUIIo, HE
paBHBI Mex1y coboit [o;] > [o},] 1, mo3ITOMY, HEOOXOIUMO 3aNUCHIBATE JBA YCIOBUS
MIPOYHOCTH

Mmax Mmax
O'max - I .Zmaxp S [O’p], O'max - I ° Zmaxc S [O-c]y
y y

rac

Zmax, ¥ Zmax,~ PACCTOTHUSA (KoOpJIMHATHI) OT HEUTPAJIBHOW OCH 10 HanboJee
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YAQJICHHBIX PACTAHYTHIX U CKATHIX BOJOKOH.
Benmuuuna R, paBHas
R=R"-k-m, (3.56)
Ha3bIBACTCS pACYEmMHbIM CONpOmMuUGieHyuemM MaTepraa 3J1€eMEHTOB KOHCTPYKIIHH.

B 3aBucuMocTM OT 1enAM pacyeTa pa3ivyaloT TPU BUAA PACUETOB Ha
MIPOYHOCTb:

1). Ilpoexmmuvlii pacuem. B 3TOM ciiyuyae W3BECTHBI BHEIIHSS Harpy3ka u
marepuan oieMeHToB KoHcTpykiuu ([o] wmwmm RY). ITlo 3amanHoli Harpyske
OTPENICNIAIOT HAMOOJBIINNA W3rUOAIINNH MOMEHT Mpa (10 dmIope U3rudarImx
MOMEHTOB) W u3 ycioBus mnpoyHocTd (3.54) wumum (3.55) HaxoAsT BEIUYUHY
TpeOyeMoro MOMEeHTa COIPOTUBIICHUS MOMIEPEYHOTO CEYEHUS MO (PopMyJiaMm:

a). IIo MCTOAY pacCucTa HA IIPOYHOCTD I10 AOIMYCKACMBIM HAIIPSKCHUAM

Tpeb Mimax
Wy® > = (3.57)

0). [lo meToy pacyeTa Ha MPOYHOCTH MO MPEAETHHBIM COCTOSTHHUSIM

6 . Mpmax'n
wibet > —max -
Y TRk -my

(3.58)

[lo momydyeHHOW  BenwumHE  TpPeOyeMOro  MOMEHTa  CONPOTHBIICHHSI
W;,pe6 noJAOMPAIOT pa3Mephl MOMEPEYHBIX CEUCHUU OalKh TaKMM OO0pa3oM, YTOOBI
NeHCTBUTENbHBII  MOMEHT conporusieHuss W, IOpuMepHO paBHsAICA  Obl
TpeOyeMoMy W;,pe6, TO €CTh

W, ~ WTpe6.
y y

Kak n3BectHo, MOMeHT conpoTuBieHus Wy 1JIs IpOCTBIX MONEPEUHBIX CEYEHUN
ompezensieTcss no GopMmyiaamM dYepe3 pa3Mepbl CEUYCHHUS WU 10 COPTaMEHTaM JIJIst
MPOKATHBIX TIPpOoduIIeH.

[TonGop ceueHust MPOU3BOIST CICTYIOIINM 00pa3oM:

e ccnu Oanmka TPOEKTHPYETCS W3 MPOKATHOTO MPOQMIIs, TO HEOOXOIUMBIN

HoMep mipoduss Oepercs MO TaOmMIlaM COpTaMEeHTa TMPOKATHBIX CTajled B
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Tpeb
3aBUCUMOCTH OT BEJIMYHHBI TPEOYEMOTO MOMEHTA COMMPOTHBIICHHUSI Wyp ;

e B Ciydae moadopa KpyrJoro CIUIONIHOTO CeYeHUs: Oanku auamerpom d,
U3BECTHO, YTO MOMEHT conportuieHus Wy onpenensercs o popmyie

m-d3
Wy = 32

€6 o
[Tpupasuuas Wy = W;p , HAXOJIAT TpeOyeMblil 1uamMeTp Oanku

3 . 1/ TPeo
32 Wy
—x

d>

e B ciyyae moa0opa MpsIMOYroJIBHOTO MOMEPEYHOro CeUeHHs OallKU pazMepoM
b x h, npenBapurenbHo 3amatorcs cootnomenuem f=h /b, To ecte h= - b.
3BecTHO, 4TO MOMEHT conpoTuBieHust Wy JUisi IpsSIMOYTOJIBHOTO TTONEPEYHOro

cedeHust Oanku onpenensercs mno popmye

_b-h® _b-B-bp2_p* b3

Wy ==% 6 6
[IpupaBuusas Wy = W;pe6, HAXOJAT TpeOyeMble pa3Mephbl OAIKU
36 - WTpe6
b> ﬁzy ; — h=p-b.

2). Onpeodenenue donyckaemou nazpysku. B 3TOM cilydyae U3BECTHBI pa3Mepbl
nonepeynoro cedenus (Wy) u MaTepuai sneMeHToB KoHcTpykiunH ([ o] wim R”).
N3  ycnoBust mpounoctu (3.54) wmm  (3.55) HaxomaT HaMOOIBIIYIO
JIOTYCKAaeMYI0 BEIMUYMHY HU3TrH0Ar0NIero MOMEHTA:
a). Ilo meTony pacdera Ha MPOYHOCTH MO JIOMYCKAEMbIM HAIPSKEHUSIM
Mmax = [Mmax] < Wy' [01 (359)
0). [lo meToxy pacdyeTa Ha MPOYHOCTH IO MPEAETHHBIM COCTOSTHHSIM
max = [Mmax] <W, - R*-k-m,- 1/n. (3.60)
[To HalimeHHOMY JIONyCKacMOMY 3HAYCHHIO H3THOaroniero MoMeHTa [Mmax]

onpeaACIACTCA A0ITYCKACMOC 3HAYCHHUC BHEIITHEH Harpy3Ku.
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3). Ilposepounsviti pacuem. B 3TOM cilydae W3BECTHBI BHEUIHSISI Harpyska,
pasmepsl nonepeuHoro cedenus (Wy) u maTepual 3J1eMEHTOB KOHCTpYKIMH ([0 | uin
R").

Tpebyetcs onpenenuTs HaMOOJbIIEE HOPMAJILHOE HANPSXKEHHUE, BOSHUKAIOIIIEE
B DJJIEMEHTaX KOHCTPYKIIMH, U CPAaBHUTH C JOMYCKAa€MbIM HAINPSIKEHUEM, TO €CTh
HPOBEPUTD BHITIOJHEHHUE YCIIOBUs TPoYHOCTH (3.54) niu (3.55):

a). [lo MmeToy pacuera Ha MPOYHOCTH O JIOMYCKAEMbIM HAIPSYKEHUSIM

Mmax

o -—<|0o]
max w, <[d]

0). Ilo MeTony pacueta Ha MPOYHOCTH MO MPEICIbHBIM COCTOSTHUSIM

Mupgax'
Omax — w <R"-k-m,.
y

0). KacareabHble HanpsiskeHusi NpH U3rude
[Tpu miockoM u3rube B MONEPEYHBIX CEUCHUSX OaJTKU HaApsy ¢ HOPMaIbHBIMU
HANpsDKEHUSIMU @, BBI3BAHHBIMU M3THOAOIIMM MOMEHTOM My, BO3HHKAalOT H
KacaTeJbHble HANpsOKEHUs T, BbI3BaHHBbIE morepedHbiMu cuiamu Q. I[lpu sTom
OpEeNIoiaraloT, 4YTo IO IIUPUHE IMONEPEYHOT0 CeueHUs Oallku KacaTelbHbIe
HANPSDKEHUSI T PacIpeielsIIoTCsl pABHOMEPHO, U MTPeHeOperaroT ero MCKPUBICHUSIMU.
KacarenpHple HampsikeHus T B IPOU3BOJBHOM TOYKE pPacCMaTpUBAEMOIO

MONIEPEYHOr0 CeUEHHUs OAIKU MPH TIOCKOM M3THOE onpeenstoTcs mo ¢opmyne J[. .

Kypasckoro

Q . §OTC
r=—"=2— (3.61)
b(z) -1,
rne
Q — alOcosroTHasT BEJIMYMHA IIONEPEYHOM CHJIBI (OIPEACISICTCS IO JIIOPE

MONEPEYHBIX CUJI);

S;’,TC— a0COJIIOTHOE 3HAYECHHUE CTATUYECKOIO0 MOMEHTA «OTCEYECHHOM» YacCTH
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MONEPEYHOr0 CEYEHUSI OATKU OTHOCUTENBHO IJIaBHOM OCH Y,

b(z) — mmpuHa MoNEepeYHOro CeUSHMs Ha YPOBHE pacCMaTPUBACMOMN TOUKH;

I y — TTIaBHBI MOMEHT HHEPLIUH [IONIEPEIHOrO CEUCHNUsS OAIKN.

Z — KOOpJMHATa TOYKH IIONEPEYHOTO CEYCHHS, B KOTOPOW OmpeaessieTcs
KacaTeJbHOE HaINpsKEHUE.

Onpeodenenue. «OTCEUCHHOI» YAaCThIO MOMEPEUHOTO CEUCHUSI OANKK SIBISCTCS
YacTh IMOMEPEYHOTO CEUCHUS, PACIOJIOXKEHHAas IO OJHY CTOPOHY OT MpPSMOM,
IPOBEJICHHOIN Yepe3 UCCIeNyeMyl0 TOUKY MapajuleIbHO HEHTpalbHOM OocH (TJIaBHOM
ocu Y).

B nro0oM momepedyHoM cedeHUM OalKyd CTaTUYECKUA MOMEHT OTCEYCHHOM

4acTu S‘}),TC JUISL CaMbIX OTAQJICHHBIX OT HEHUTpaJIbHOM ocH (TJIaBHOW OCH Y) TOYEK

CCUCHHA paBCH HYJIIO, IIOOTOMY KaCaTCIIbHbBIC HAIIPSKCHUA T B HUX PAaBHBI HYIJIIO.

B Toukax IMOIICPCYHOI'0 CCUCHUA 6aJ'IKI/I, JICKAIIIUX Ha HeﬁTpaHBHOﬁ ocHu

1 /2
(rmaBHOM ocH Y), S;’,TC = Sy = Sinax» CIEIOBATENBHO, KacaTeIbHbIE HAIPSIKEHUS B

HUX JOCTHUTAIOT MaKCUMAJIBHBIX 3HAUYCHUM (0naCHbl€ I’I’lO'{KI/l).

1
3ILGCI> Sy 2 _ CTaTUYCCKHUM MOMEHT ITOJIOBHHbI IMOIICPCYHOI'0 CCUCHUA.

Cequue, 6 KOomopom nonepeyHas cuia npuHumaem MAaAKCUMAaibHoe Nno
abcontomHuol  8euduUHe SHAYeHUue, Ha3zvleaemcsa OndcHbiM CcedYeHuem oaniku no
KacamejlbHbIM HANPANCEHUAM.

Takum 06pa30M, Haubovbuwiue Kacamesbhble HanpAasiceHus 603HUKAIONT 6

ONACHBIX MOYKAX ONACHO20 CeyeHus OaniKu

1/2
_ Qmax'sy

Tmax = b2)1, (3.62)

PaccmoTpum pacrnpenenenue KacaTelbHbIX HANPSKEHUN NPU MIIOCKOM M3rude

10 BBICOTE HEKOTOPBIX THUITOB TIONEPEUYHBIX CEUCHUH (SIIOPHI T).
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B oranune ot HOPMAaJIbHBIX HaHpﬂ)KeHI/Iﬁ pacupeaciIiCHUC KacCaTCIbHBIX

HaIPSHKCHUH 110 BBICOTE MOMIEPEYHOT0 CEUSHUS 3aBUCUT OT (hOPMBI CEUCHHUS.
Onpedenenue. I'paduk, n300pakarInil 3aKOH U3MEHEHUs HAIPSHKEHUN T 1O

BBICOTC IMOINIECPCYHOTO CCUCHUS, HA3BIBACTCA BHIOpOﬁ KaCcaTCJIbHBIX H&Hpﬂ)KGHPIﬁ.

N3 ¢dopmyner (3.61) BuAHO, 4YTO KacaTeidbHbIE HAIpSHKEHUS B Oalike

OTC
Sy

b(z)

N3MCHAKOTCS 10 BBICOTC IOIICPEUYHOI'O CCUCHUA 11O TOMY K€ 3aKOHY, YTO

IIpsiMoyro/ibHOE nonepeYHoe ceyeHue
B npsimoyronbsHoMm ceuenun b(z) = b = const, mosTomy 3akoH pacrpeseieHus
Oymer TakuM e, 4TO M Ui CTaTUYeCKOr0 MOMEHTa «OTCEYCHHOI» YacTH
TOTEPEYHOrO CeUeHUs Sy'°.
KacatenbHple HampspKeHUST B MPOU3BOJIBHOW  TOYKE MPSMOYTOJBHOTO

IMOIICPCYHOT'O CCUCHUA 0anKu ¢ KOOp,HHHaTOﬁ Z BBIYUCJIISIOTCA 110 (i)OpMy.]IC

Qs _6Q (n*_,
= =—<.| = -7
"Tb@3, "ot | 4 (3.63)

OTta <1)0pMlea IMOKa3bIBACT, YTO KaCATCJIBbHBLIC HAIIPAKCHUSA 110 BBICOTC

NPSMOYTOJILHOTO TIOMEPEYHOTO CEYCHHUS H3MEHSIOTCS TI0 3aKOHY KBaJIpaTHOMN
napaloJbI.
OmnpenenuM KacaTelbHBIC HANPSHKEHUS B XapaKTEPHBIX TOYKAX IOMEPEYHOTO

ceueHus Oankw, jgexanux Ha muHusax 1 —1, 2 —2 u 3 — 3 (puc. 3.27).

)

Puc. 3.27. Dnwopa kacamenbHblX HARPAIHCEHUIL ONA NPAMOY20TIbHOZ0
nonepeunozo ceueHus 6anKu
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B Toukax momepeuHoro cedyeHus, jexamux Ha guHuax 1 — 1 u 3 — 3, T.e.

. . h
HanOoJiee ylaJeHHbIX OT HEUTpaIbHOU ocu (npu 7 =+ E), KacaTeJIbHbIC HAPSHKEHUS

paBHBI HYJIIO.
B Toukax momepeuyHOro cedyeHus Oajku, JIeKaluX Ha HEUTpalbHOM ocu 2 — 2
(npu z = 0), BO3HUKAIOT HANOOJIBIINE KacaTeIbHbIC HANIPSHKEHUSI (ONACHble MOYKU).

CrnenoBarteiabHO,

(3.64)

Tmax ——

|

I
N W
> |

B aroit hpopmyne

Tmax — MAKCHMaJIbHOE KacaTeIbHOE HAIPSKEHHCE,

Q — abconroTHasl BEMWYMHA TIOMEPEYHON CHIIBI (OMpENeNseTcs MO DIIope
MIOTIEPEYHBIX CHII);

A =D - h — wiomaap MpSIMOYTOJIBHOTO MOTIEPEYHOTO CEYCHUS OATKH.

Tak kak, Haubonvwiue kacameibHvle HANPICEHUS BO3HUKAIOM 6 ONACHLIX
MOYKAX ONACHO20 CeyeHUss OAIKU, TO TSl HAXOXKICHUS CaMbIX OOJBIIMX IO BEJTMYUHE
KacaTC/IbHBIX  HampsDKECHHM B Oanmke  Heobxomumo B dopmyny  (3.64)

oACcTaBUTh Q = Qmax

3.0
Tmax — E ) T;;ax (3.65)

Ha puc. 3.27 mokazan oOmuii BUI SMIOPHI KacaTeNbHBIX HAINPSKEHUN T IS
MPSIMOYTOJIEHOTO TTOTIEPEYHOTO CEYCHHS OATTKH.
Kpyrioe nonepeynoe ceuenue
[Ipenmonaraercs, 4To BEPTUKAIbHBIC MPOEKIIMH KacaTeNbHBIX HANPSKCHHM
PaBHOMEPHO paclpenesieHbl O MUPUHE KPYTIOTO CEYeHHsS. DTH COCTaBISIOIINE
KacaTeJIbHOTO HamnpspKeHUs ompexaenstores mo ¢opmyne (3.61). Dra dopmyna
MOKAa3bIBACT, YTO KAacaTeNbHbIC HAMPSIKCHHSI MO BBICOTE KPYIJIOTO MONEPEYHOTO

CEUYEHUS TaK)K€ U3MEHSIOTCS 10 3aKOHY KBaJIpaTHOM MapadoJibl.
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OHpGI[GJ'H/IM KacCaTCJIbHBIC HAIIPsSKCHUA B XaPAKTCPHBIX TOYKAX IMOINCPEUHOIO

ceueHus Oanku, jgexammx Ha JuHusax 1 —1, 2 — 2 u 3 — 3 (puc. 3.28).

Z a
“Z T

2

7

vy 3 0"

Puc. 3.28. dnopa kacamenbHblX HANPAIHCEHUIL 0151 KPY2T1020
nonepeynozo ceuenus 0anKu.

B Toukax kpyrioro momnepeyHoro ce4eHus, jexamux Ha tuausax 1 —1u 3 - 3,

. . d
TO €cThb HauOoJyiee YHAJICHHBIX OT HEHUTpaJbHOW ocH (mpu 7 = :I:—z), KacaTeJIbHbIC

HaNpsHKEHUs PaBHBI HYJIHO, Tak Kak §y'° = 0.

B Toukax momepedHOro cedeHus: Oanku, JeKalIuX Ha HEUTpallbHOU OCH 2 — 2

(npu z = 0), BO3HUKAIOT HAUOOJIBIINE KAacaTEIbHbBIC HAMIPSKCHHS (OnACHble MOYKUL),

1
Tak Kak Sy’ = S, 2=8 ox
1 /2
3meceS, ©  — CTATHYECKHA MOMCHT MOJOBHHBI IONEPEYHOTO  CCYCHHS

OTHOCHUTEIIBHO IJIaBHOM OCH Y.
MakcumanbHOE KacaTelbHOE HaIpsKEHUE A KPYTJoro IONEPEYHOTO

cedeHwus 0K MOHO BBIYUCIIUTH 1O (hOpMyIIe
(3.66)

B stoit popmyrne

Tmax — MAKCUMaJIbHOE KacaTeJIbHOE HAIIPSKEHHE;

96



Vnpasnenue yugposvix 0bpazosamenvhbix mexHoio02uil

Yuebno-memoouueckoe nocobue 051 cmyoenmos 3a04Hou popmuvl 00yYeHUs]

Q — alOcosroTHas BEJIMYMHA TOMEPEYHOM CHJIBI (OMpeAeNsieTCs MO JMIope

MONEPEYHBIX CUI);
2
d

4
A= —3 — IWIOMIab KPYIJIOTO NONEPEYHOro CeYeHH s Oanku.

Tak KaKk, Hauboavbuue KacameibHble HANpAISHCeHUusl 603HUKAIOM 6 ONACHbIX
mo4Kax ondcHoco ce4€eHuUsl 6CUZKM, TO )11 HAXOXKACHHSA CaMbIX OOJBIINX MO BEIUYNHE

KacaTeJbHBbIX HampshkeHUd B Oanke Heobxomaumo B ¢dopmyny (3.66) moactaBUTh
Q = Qmax

4 Q
Tmax — 5 ) 1Zax. (3.67)

Ha puc. 3.28 mokazan oOmuii BUJ 3MIOPHI KAacaTeIbHBIX HAMpPSDKCHUN T IS
KPYTJIOTO MOIMEPEYHOTO CeueHus Oaku.

JIByTaBpOBO€ MonepevYHoe ceyeHmne

XapakTepHO OCOOEHHOCTBIO JTOTO CEUYEHHUsl SBIAETCA PE3KOe H3MEHEHUE
IIMPUHBI CEUYCHUS MPU NIEPEXO/I€ OT CTEHKU JBYTaBpa K €ro MOJIKE.

[Ipu onpeneneHuy KacaTeNIbHBIX HANPSIKEHUN B HOJIKe IBYTaBpa HEOOXOIUMO
UMETh B BHIY, YTO HJIsi MX OINpPEICICHHS HENb3s HUCIoyib3oBaTh (opmyny [.U.
Kypasckoro (3.61), Tak Kak TPEAINOJIONKEHHE O PABHOMEPHOCTH pacIpelelICHUs
KacaTeJIbHBIX HANPSKCHUNW MO IIMPUHE IMIOJIKK 3/eCh HE BBIMOJHSAETCA. Takum
o0pa3oM, BOIIPOC O BEJIMYMHE U 3aKOHE PACTIpPEICICHHs KacaTeIbHbIX HAMPSXKEHUN B
MOJIKaX JIByTaBpa OCTaeTcs HepaspemeHHbIM. OJIHaKo, BBUAY TOTO, YTO B 3THX
CEUYEHUSIX KacaTelIbHbIE HANPSIKEHUS HEBEIUKH, TO UX OOBIYHO HE BBIYHCIISIOT.

3HAUUTENbHO OONBIINI MHTEPEC MPEACTABISIOT KacaTelbHbIE HAIMpPSIKEHUS B
cmenKe JIByTaBpa, TaK Kak, B OCHOBHOM, NTONIEPEUHYIO CHUJTy BOCIPUHUMAET CTEHKA.

KacarenbHble HampsoKeHHsI B OTOM CIIy4ae MOKHO OMpPEAENsITh 1o Gopmyrie

J.1. XKypasckoro (3.61)

Q- §OTC
r=—2
b(z) -1,
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,HJIH TOr0  OOBIYHO ONpCACIIIIOT YHUCJIICHHBIC 3HAYCHHA KaCAaTCJIbHBIX
HaprDKeHI/Iﬁ B XapaKTCPHBIX TOYKaAX IOINCPCUHOI'0 CCUCHUA, JICKAINUX Ha JTUHHUAX

4-4,2—-2 u 5-5 cmenku osymaspa (puc. 3.29).

v

TZ-ZZTmax

«—ph —

Puc. 3.29. Dniopa kacamenbHblX HANPAXHCEHUIL 011 08YMABPOBO2O
nonepeyHozo ceuenus 6ankKu

MakcumalnbHbIe KacaTelIbHbIE HAIPSKEHUSI BOSHUKAIOT B TOUKAX MOMEPEYHOrO
CEUCHMSI, JISKAIIUX Ha HEUTpaJbHOW NUHUU 2 — 2 (Ha TJIaBHOM OCH Y) JABYyTaBpa

(onacnvle mouxu). OTCeueHHAas: YacTh (UTYPHI, B 3TOM Cilydae, — BEPXHssI MOJOBHUHA

y
TIOTIEPEYHOTO CEUECHHUS, TIOITOMY Sy = § y 2
rae
1 2
S y CTaTUYECKUII MOMEHT ITOJIOBUHBI CEYCHUS OTHOCHUTEIBHO TJIaBHOM OCH Y.

(Ims mpokaTHBIX mpodwiied 3Ta BeIWYMHA IPUBOIUTCS B COOTBETCTBYIOIIEM
COPTaMEHTE).

Jlns ompeniesieHusl KacaTelIbHBIX HANPSHKCHUN B TOUKAX, JIEKAIIUX HA JIMHUAX
4 —4 u5 -5, HAXOAAT CTATUYECKUNA MOMEHT MOJIKU (OTCEYEHHAs] YaCTh CEUEHUS —

3aIITPUXOBAaHHAS MTOJIOYKA JIByTaBpa, puc. 3.29)

1/ 1/ CTEHKHU 1/ h 1
_ _ 2 _ 2 — 2 _g4.(2_ P
S;),TC = S;I,OJIKH = Sy Sy = Sy d ( t) >

98



Vnpasnenue yugposvix 0bpazosamenvhbix mexHoio02uil

Yuebno-memoouueckoe nocobue 051 cmyoenmos 3a04Hou popmuvl 00yYeHUs]

s (o

[To monyYeHHBIM YHMCICHHBIM 3HAYEHUSIM T B ceueHusIXx 2 — 2, 4 —4 u 5 -5
CTPOSIT SIIOPY KacaTeIbHBIX HAMPSKCHUI MO BBICOTE CTECHKHU AByTaBpa (puc.3.29).

B Oankax CIUIONIHOTO CEYEHMs 4Yallle BCEro BeJIMYMHA KacaTeIbHBIX
HAIPSHKEHUN TI0 CPAaBHEHUIO ¢ HOPMAJIBHBIMU HANPSIKEHUSIMHU HEBEIUKA, U OOJbIIEH
YaCThIO MPOU3BOJAUTH MPOBEPKY MPOYHOCTU OANKHM MO KacaTeJbHBIM HAMPSIKECHUSM
HET HEOOXOAUMOCTH.

B kopoTkux Oankax, CHUJIBHO HArpy>XEHHBIX BOJM3M OINOp, W B Oankax
TOHKOCTEHHOT'O TPOQuUs KacaTelbHbIE HAMPSHDKECHUS MOTYT WMETh CPaBHUTEIIBHO
OOJIBIIYIO BEJIMUUHY.

Iloomomy na npaxkmuke 0ObIUHO NOOOUPAIOM PA3MeEPbl NONEPEUHO20 CeUeHUs]
OanKu u3 YCioeusi NPoYHOCMU NO HOPMAIbHLIM HANPANCEHUAM, d 3amem yoice
nposepsiom, y0081emeopsiem i 8blOPaAHHOe ceuenue OAIKU YCa08Uo NPOYHOCMU NO
KacamenbHbIM HANPSHCEHUSAM.

B sTOoM ciydae mpoBepka MPOYHOCTH MO METOIY JOIMYCKAaeMBbIX KacaTeIbHBIX

HANPSDKEHUI POU3BOIUTCS IO popMyIie

1/2
_ Qmax'Sy

Tmax = @)1, <[], (3.68)

rIie
[7] — mommyckaemoe kacareapHOE HANPSHKEHUE TIPU U3THOE.
JUIss  CTampbHBIX OaJOK OOBIYHO TPHHHMAIOT JOIYCKAeMOE KacaTeJIbHOES

Hanpspkenue [z] = 0,6 - [o].

3.4.2. KoHTpO/BbHBIE BONMPOCHI 1JIsl CAMONPOBEPKH 10 TeMe

«PacyeT 0aJI0K HA IPOYHOCTH NMPHU MJIOCKOM MONEPEYHOM H3rude»

1. Kakoii Bug gedopmanuu Ha3bIBaeTcst U3ruoom?
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2. Kaxoii cinyyaii u3ruda Ha3bpIBa€TCsl YUCTHIM U3THOOM?

3. Kakoii cnyyail u3rn6a Ha3bIBaeTCs IMIIOCKUM MONEPEYHBIM U3rHO0M?

4. B kakom cityyae u3rud Ha3bIBaeTCs NPSIMbIM?

5. YTo mMpoMCXOAUT C MPOIOJIBHBIMHA BOJJOKHAMU MaTepuaa npu u3ruoe?

6. Kakue BHyTpeHHUE CWIOBBIE (DAKTOPHl BO3HHUKAIOT B MOMEPEYHBIX
CeUYEHUAX Oanku?

/. Uemy paBeH U3rubaromuii MOMEHT B IPOU3BOJILHOM CEYEHUU OAJIKH?

8. Uemy paBHa nomnepeyHas cuijia B IPOU3BOJILHOM CEYEHUU OaJIKH?

9. Kak onpenensiercs 3HaK MOMEPEYHOM CHUIIbI M M3THOAOIIET0 MOMEHTA B
NOTIEPEYHOM CEUEHUU Oanku?

10. Yto Ha3pIBaeTCSA CHUIOBOM INIOCKOCTHIO (CHIIOBOM JTUHUEH)?

11. Yro Ha3pIBaeTCS HEUTpATLHOU (HYJICBOW) TUHHUECH ?

12. Yro Ha3bIBaeTCA SIMIOPOH MOMEPEYHOM CUITBI M U3TH0ar0IIero MoOMeHTa?

13. [ns 9ero cTposiTCs 3MIOPbl BHYTPEHHUX YCUIIMIA MPU U3ruode?

14. Tlnan nocTpoeHus MIOP BHYTPEHHUX YCUIIUHN TIpU U3ruoe.

15. IlepeuncnuTe  TPOBEPKU  MPABUWIBHOCTH  IMOCTPOCHHBIX  DBIMIOP
BHYTPEHHUX YCWJINU MPHU U3rHOeE.

16. HazoBute rumore3bl, KOTOpbIE NMPUHUMAIOTCS TPH BBIBOJAE (OPMYIIBI
HOPMAaJIbHBIX HAMPSHKEHUH TPU YUCTOM U3ruoe.

17. ®opmyna qis onpeAeneHuss HOpMaJbHbIX HAMPSXKEHUI B TPOU3BOJIBHOM
TOYKE MOTEPEYHOT0 CEUEHUS OAKHU.

18. Kakx omnpenensercs omacHoe cedeHHe Oalku 1O HOPMAaJIbHBIM
HaIpsKeHUsIM ?

19. Kak ompenensitoTcsi omacHbIe TOYKH TMOTEPEUYHOTO CEUYCHHS OanKu IO
HOPMaJIbHBIM HaMpPsiKEHUsIM ?

20. Hammmwure ycimoBWe TPOYHOCTH TMPU H3rHOE 1O HOPMATbHBIM
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HaIpsDKEHUSIM IO METOAY JOIyCKaeMblX HanpsbkeHuil. Kakue 3amaum pemarorcs c
MOMOIIBIO 3TOTO YCJIOBUS?

21. Yto Ha3bIBaeTCS MIOPON HANIPSIKEHUS ?

22. DOniopa HOpMalbHBIX HampskeHUd mpu u3rude. Kak ¢ momoipio 310
SOIOPBI ONPENEIUTh HAMpPSHKEHUS B MPOU3BOJIBHOW TOYKE IOMEPEYHOrOo CEYEHUSs
Oasku?

23. @®opmyna Kypackoro JI.M. nns omnpeneneHuss — KacaTelbHBIX
HANpPsLKEHUH MpU U3ruoe.

24. Kakoi BUJ UMEIOT 3MIOPBI KacaTeNbHBIX HANPSHKEHUHN I MTONEPEUHbIX

CEUYEeHMM OaJKu MPsMOYTOJIbHON (DOPMBI, I CTEHKH JIByTaBpa?

Ilocne uzyuenus smoti memvl MONCHO NPUCMYNUMb K peuieHuro 3adavu Ne 4,

BKIIIOYEHHOLL 8 KOHMPOIbHYI0 pAOOMY.
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3.4.3. IPUMEP PEHIEHUSA 3AJAYH Ne 4

«Pacyer 02J10K NPOYHOCTH»

3aoaua. 1ns 3ananHbix AByX cxeM Oanok (puc. 3.30 u 3.34) tpebyercs:

1. OmnpenenuTs OMOPHBIE PEAKIIUH.

2. JInst Kaxaoro yyacTka OalKd COCTaBHTh BBIpaXKCHHsI momepedHbix cui (Q)
u m3rudaronux MomeHToB (M). ITocTpouTh UX SMIOPHI.

3. Cpaenatb mNpPOBEPKH NPABUIBHOCTU IOCTPOCHHBIX JIIOP BHYTPEHHUX
CUJIOBBIX (DAKTOPOB.

4, Omnpenenutb OMacHbIE CEYCHHUsS OAJKW MO HOPMAaJbHBIM U KacaTelbHBIM
HaIPSHKEHUSIM.

5. U3 ycrnoBus mNPOYHOCTH TIO METOAY JOMYCKAaeMbIX HOPMAaJIbHBIX
HANPSDKEHU MPpU U3rude noqo0paTh:

a) 715l cXeMbl (@) AepeBsTHHYIO OaNIKy KPYTJIOTO MOMEePEeYyHOro CeUeHUs, MPUHSB

JomycKaeMoe HopMainbHOe HanpsikeHue [ o] = 10MIla,

0) mis cxeMbl () CTalbHYIO Oajaky JBYTaBPOBOTO IOIMEPEYHOIO CEUYEHUS,
MPUHSB JOIyCKaeMOe HopMalibHOE Hanpsikenue [o] = 160MIla.

6. [IpoBepUTh MPOYHOCTH NMOIOOPAHHBIX 0AJIOK IO HOPMAaTbHBIM HAMPSIKEHUAM
10 METOY JOIYCKAEMbIX HAIPSIKCHHM.

7. IlpoBeputrhb MNPOYHOCTH TMOAOOpPAHHBIX OaJOK MO  KacaTeIbHBIM
HANPSDKEHUSIM TI0 METOJY JOITYyCKaeMbIX HaIpsDKCHUH, TPHHSB I CXEMBI (@)
J0IycKaeMoe KacaTenbHoe Hanpspkenue [T] = 2MIla, a s cxeMsl (6) q0mycKkaeMoe
KacaTeJbHOE HanpshkeHue [t] = 0,6 - [o].

8. s omacHbIX CEYEeHH OalloK MOCTPOUTH DJIIOPhl HOPMAJbHBIX U

KaCaTCJIbHBIX HaprDKeHI/Iﬁ I10 BBICOTC ITIOIICPCUHOI'O CCUCHU.

102



Vnpasnenue yugposvix 0bpazosamenvhbix mexHoio02uil

Yuebno-memoouueckoe nocobue 051 cmyoenmos 3a04Hou popmuvl 00yYeHUs]

CXEMA (a)
M cxoaHble JaHHBIE:
m 4 li=4m; all;=0,5 ¢q=10xH/m;
ﬁ:mm‘ LA At mh e A ’
B ) F m=8kHm; F=15kH;
< |, —— H
! (o] = 10MITa = 1) |,
Puc. 3.30. Cxema 6anku m
Penienune

OmnpenesieHne ONMOPHBIX peaKIMi

JIJIsi KOHCOJIBHBIX 0ajoK, B BHJIC WUCKIIOUCHUS, OMOPHBIC peakiuu Ra, Ha, u
Ma MOXXHO HE OIpenessaTh, a BECTU JATbHEHIINNA pacdyeT cO CTOPOHBI CBOOOIHOTO
KOHIIa Oanku. YKCIeHHBIE 3HAYCHHsI OMOPHBIX PEaKIni, B ciaydae HEOOXOIMMOCTH,
MOYKHO OTIpeIeNUTh 110 AmopaM Q u M, UCTIONB3ys MPaBUIIO «CKAYKOBY.

IMocTpoenue 3mop monepedHoii cuiabl Q 1 u3rudéarmero momenta M

30ecv u 6 OanvHeliuleM YUCTEHHblE 3HAYEHUs, NOJYYeHHble 8 X0O0e paciemd,
oxpyansem 00 3 3Hauauux yugpp.

Pa3buBaem pacueTHyro cxemy Oalku Ha ydacTKd. B Hamem mpumepe Oanka

umeet a8a yuactka (AB u BC), koTopsle mpoHyMepyeM ciipaBa HajieBo (puc. 3.31)

I X,
< 2M —>I4— 2M >

Puc. 3.31. Pacuemnasn cxema 6anku

[IpoBoauM ceueHHMe Ha KaXKJIOM YYacTKe M paccMaTpuBaeM IMpaByl OT
MPOBEJICHHOTO ceueHUs 4acTh Oanku (puc. 3.31), Tak KaKk cieBa OT CEYCHHS OTIOPHbBIC

pPCaKin HCU3BCCTHEIL.
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I yuactok CB: 0<Xx; <2m (Hauajo oTcueTa Ha MPaBOM KOHIIE OaJKu).

OmnpenenseM BeIMYUHY TomiepeyHor cwibl Q Ha mepBoM ydactke. [ aToro
MPOCKTHPYEM BCE BHEIIHHWE CHJIBI, PACIOJOKCHHBIE CIIpaBa OT MPOBEICHHOTO
CEYCHHMsI, HA OCh Z, TEPICHIUKYISPHYIO TeoMeTpudeckoi ocu Oanku. Ilpm sTOoM

PYKOBOJICTBYEMCSl OIpE/ACICHHEM BHYTPEHHETO CHIJIOBOTO (akropa U MpaBUIIOM

3HAKOB. @

CocrapisieM BbIpaK€HUE JIs TIOTIEPEYHON CHUITBI }_l

Q (Xl) = —F+q x1=—15+10-x;.

3necb ¢ * X)— PpaBHOJCHCTBYIOIIAs CHJIa pacHpenesieHHON Harpy3ku (,
PacroIOKEHHAsI CTpaBa OT CEYECHMsI MOCPEIUHE YYacTKa JUTMHON X,

[lonepeunass cuna Q Ha MEpBOM ydacTKe SBJISETCS JIMHEHMHOW (yHKIMEH
KOOpAuHAThl X;. Jisi mocTpoeHus: ee rpaduka ompenensieM 3Ha4€HHE TMOMEpPEeUHON
CWJIBbI Ha TPAHUIIAX ATOTO yYACTKA'

Q(0)=-15+10 - 0=- 15 xH (3HaueHue Ha MpaBoO¥ rPaHHUIIC yIaCTKa);

Q (2m)=-15+10 - 2 =+ 5 xH (3HaueHue Ha JEBOM I'PAHUIIE yUACTKA).

Ilockonvky nonepeunas cuna Q MeHaem 3HAK 6 npeoeiax yydacmia,
onpeoessaem KOOPOUHAM) CeYyeHus, 8 KOMOpoM OHA obpawujaemcs 8 Hyl1b (6 3mMom
ceuenuu useubarowui momenm M npunumaem s3xcmpemanvroe 3Havenue)

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

OmnpenenseM BeauuuHy u3rubaromero Mmomenra M Ha mepBom yuactke. J{is
3TOr0 BBIYMCISIEM MOMEHTBI BCEX CHJI, PACIIOJIOKEHHBIX CIIpaBa OT MPOBEIEHHOIO

CCUCHHA, OTHOCHUTCIIbHO HCHTpAa TAXKCCTH IIPOBCACHHOI'O IIOIICPCYHOI'O CCUCHHA C

Y4ETOM TpaBUjia 3HAKOB. ® D
CocTapisieM BbIpa)KeHHUE JJIs1 U3rH0aroIero MOMEeHTa |
2
_ X1 X1 2 _
M (Xl)—F°x1—q° X1'7—15’X1— 107—15 'X1—5x1—
= Xl-(15— S'X]_).
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Wzrubaronmii MoMeHT M Ha MNEpBOM Y4YacTKe SBIAETCS KBaApPaTUYHOU
¢yHkuuen KoopauHatbl Xi. Jns mocTpoeHusi ee rpaduka ompeienseM 3HauyeHue
M3rubaromero MOMEHTa Ha TpaHHUIaX 3TOT0 y4YacTKa M B HAWJEHHOM CEYEHUU C
KoopauHatoul Xo = 1,5 m

M (0) = 0 xHm (3HaueHue Ha IpaBOil rpaHULIE YYaCTKA);

Moxemp. = M (1,5m) = +1,5 - (15 = 5 - 1,5) = +11,25xkH'™m = + 11,3 xHm
(3HaueHHE B CCUCHUH OAITKU C KOOPAMHATOM Xo = 1,5 m);

M(@2m)=2"-(15-5"2)=+ 10 kHwm (3HaueHue Ha JICBOI TPAHUIIC YUACTKA).

II yuactok BA: 2Mm < X; >4Mm (Hauaso oTcueTa Ha MPaBOM KOHIIE OaJKH).

OmnpenensieM BeIMUMHY TonepeyHoi cuiibl Q Ha BTOpoM ywacTke. s aToro
NPOEKTUPYEM BCE BHEIIHHME CHJIbI, PACIOJOKEHHBIE CIpaBa OT MPOBEIECHHOTO
CEUEHMSI, Ha OCh Z, IEPIEHANKYISPHYIO TEOMETPUUECKOM OCH OaNKu.

[Tpu 3TOM PYKOBOJCTBYEMCS OIpENEICHUEM BHYTPEHHETO CHUIIOBOIO (hakTopa

}

" IIPaBUJIOM 3HAKOB. @

CocrapisieM BbIpaKEHUE 7S] TIOTIEPEYHON CHJITBI

Q(X)=—-F+q9-2=-15+10-2=+5kH.

[lonepeunas cuna Q Ha BTOpPOM y4acTKe SIBISIETCS TOCTOSHHOM, rpadurom
TakoW (DYHKIIMU CIY>KUT IpsmMasi, napaieabHas ocu X. Jns moctpoenus ee rpaduka
oTpejieNisieM 3HaueHUE TIOTIePEYHON CUJIbl Ha TPaHUIlaX dTOTO y4acTKa

Q (2m) =+ 5 xH (3HaueHue Ha MpaBoO¥ TPAHHUIIC);

Q (4m) = + 5 xH (3HaueHue Ha 1€BOM IpaHuULIE).

OmnpenenseM BeauuuHy uirubaromero MmomeHnra M Ha BTopoMm ydactke. s
ATOrO BBIYUCISIEM MOMEHTBHI BCEX CHJI, PACHOJOXKEHHBIX CIpaBa OT MPOBEIECHHOTO
CEYEHMsI, OTHOCUTEJIBHO LIEHTPA TSKECTH MPOBEJECHHOIO IMONEPEYHOI0 CEUEHUs C

)

Y4ETOM IpPaBUjIa 3HAKOB.

CocTapisieM BbIpaKeHHUE JJIs1 U3rH0aroIIero MOMEHTa | D

MX)=F-X2—q-2-(X2—1)-m=15-% —20 (Xp—1)—8=—5"Xz+ 12,
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Nzrubarouuii MoMmeHT M Ha BTOPOM y4YacTKe SIBJIAETCA JIMHEHHOM (hyHKIMEH
KOOpJUHATHI Xp. i mocTpoeHus ee rpaduka onpeaesseM 3HauyeHUEe U3rudaroniero
MOMEHTA Ha TPAHUIIAX ATOTO y4acTKa

M (2Mm)=-5 -2+ 12 =+ 2 xkHw™ (3HaueHue Ha NpaBoi rpaHUIIE);

M (4m) =—-5 -4+ 12 = — 8 kHw™ (3HaueHHe Ha JIEBOM TPAHHUIIEC).

[lo mony4eHHBIM YUCIEHHBIM 3HaueHUsIM Q m M B XapakTepHBIX CEUEHUSX
OaJIKM CTPOUM B MacliTade 3MI0phI MOMEPEUYHBIX CUJI U U3rHOAIOIIMX MOMEHTOB, KaK

MoKaszaHo Ha puc. 3.32.

@ m=8kxHm @

q=10xH/™m
NEEEN INERRENERN N
R A \ B D . A
X2 e F=15xH
< 2M :|: . 2m >
Q.xH 1 Iniopa nonepeuHvIx Cul
5 G} 5
| - X M

Iniopa uzeudawux MomeHmos

11,3
Puc. 3.32. dnwopel nonepeunoii cunvt Q u uzeuoarouiezo momenma M

g
X ,M

M,xHm ¥ 10

,ZZJZMHy 661]11(‘1/!, a makoice Inpbsl nonepe%oﬁ Cuisl U u32u6ai0u4€20 MOomMerma

Heobxoo0umo evivepmums 6 macuimaoe. llpusedem 00uUH U3 803MONCHBIX BAPUAHMOB:
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macuma6 oaunvl oaaxu: Iem - 0,5 m; macwma6 ocu Q: 1 cm - 10 kH; macumab ocu
M: 1 em - 5 kHm.

B npoexmnuvix cmpoumenvHblx opeanuzayuax snopa useubarouux MOMeHmos
CMpPOUmMcs Ha PACMAHYMOM BOJIOKHE, M.e. NOJONCUMETbHbIE 3HAYEHU U32UOAIOUUX
MOMEHMO8 OMKIAO0bIBAIOMCS 6HU3 OM OA3UCHOU NPAMOU.

Ha onwope M emecme co 3HakomM NYHKMUPOM NOKA3AHBL NOJIOMNCEHUS
DPACMAHYMbIX 80J0KOH.

KouTpoJb (mpoBepkH) NpaBUJIbHOCTH OCTPOECHHBIX MIOP
BHYTPEHHUX CWJIOBBIX ()aKTOPOB

Bce mnpoBepku NpaBUIBHOCTH MOCTPOCHHBIX 3MIOP BHYTPEHHHUX CHIJIOBBIX
dbakTOpoB 1151 OATIOK denaromces creéa Hanpaso:.

o «Cxkauku» Ha smiope Q BO3MOXHBI TOJBKO B TEX CEUCHUSAX OalKu, TIe
OPWIOKEHBl  COCPEIOTOYEHHBIE  BHEIIHHWE  CWIblL, MEPHEHIUKYJSPHBIE K
reoMeTpudeckoil ocu. Ilo BenudyMHE 3TOT «CKA4OK» paBeH 3ToM cuie. Ecim ata
BHEITHSSI CHUJIa HAIlpaBjeHa BBEpPX, TO Ha 3Mtope Q MMeeTcs: «CKavyoK» BBEPX, a KOTaa
CuJia HaIllpaBJ€HA BHU3 UMEETCS «CKA4YOK» BHU3.

o «Ckaukm» Ha smope M BO3MOXKHBI TOJBKO B T€X CEUCHHUSIX OajKu, TJIe
IPWIOKEHBI COCPEOTOUYECHHBIE BHEIIHME MOMEHTHI. I[0 BETMYMHE 3TOT «CKAYOK»
paBE€H 3TOMY MOMEHTY. ECiM COCpelOTOYECHHBIA BHEIIHUNA MOMEHT JEUCTBYET IO
X0y YacOBOM CTpENIKM, TO Ha 3mope M HMeeTcs «CKadoK» BHHM3, a Koraa
COCPENOTOUYECHHBIM BHEIIHUM MOMEHT JIEMCTBYET MPOTUB XOJ1a YaCOBOM CTPEIIKH, TO
Ha snrope M uMeeTcs: «CKauoK» BBEPX.

e Ha ywactkax Oanku, Ha KOTOpBIX MomepedHas cwia Q TMOJIoKUTEIbHAS,
AMIOpa M3rudarIINX MOMEHTOB BO3pAcTaeT, Ha ydyacTKax Oaliku, rAe MolepeyHas
cwia Q oTpumarenpHas, SIMIOpa M3THOAIOIIMX MOMEHTOB YOBIBACT, a HAa ydacTKax
Oanku, THe momepedHas cwia Q paBHa HYJIO, JMIOpa HW3THOAONIMX MOMEHTOB

nocrosiHHas (M = const).
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e I3rubGaromuit MomeHT M pocturaeT max uiad min (Myyemp) B T€X CEUEHUAX
Oasku, TIe TonepeyHas cuiia papHa Hyio (Q = 0).

e Ha yuactkax Oayiku, rje JEHCTBYeT BHEUIHSA pacHpelielieHHas Harpys3ka
MHTEHCUBHOCTBIO (|, momepeyHass cuia Q H3MEHseTcs MO JIMHEWHOMY 3aKOHY, a
AMIOpa U3ruOAOIIMX MOMEHTOB M Ha 3TOM y4acTKE OrpaHUY€Ha KPUBOM.

e Ha yuwactkax Oanku, TJe BHEUIHSAS paclpelesieHHas  Harpyska
MHTEHCUBHOCTBIO (] OTCYTCTBYET, momepeyHas cuwia Q mocrosinHas (Q = const), a
AMIOpa U3rudaOIIMX MOMEHTOB M U3MEHSIETCS 110 TUHEHHOMY 3aKOHY.

B naweii 3a0aue 6ce amu nonodceHus 8bINOIHAIOMCA, C1e008aAMeNbHO, INIOPbL
BHYMPEHHUX CUTIO8bIX (DAKMOPO8 NOCMPOEHbl NPABUNBHO.

ITonGop KpyrJaoro ceueHus AepeBIHHOM 0ATKH
10 METO/Y 0MyCKaeMbIX HANPsIzKeH Uil
VYcioBue MpoYHOCTH MPHU U3rMOe MO HOPMAIbHBIM HANpPSDKEHUSM 10 METOAY

JOIyCKaeMbIX HanpspKkeHui numeeT Buj (3.54)
M
Omax — <[a].

B aroii hpopmyne

Omax — MAaKCUMaJIbHOE HOPMAaJIbHOE HATPSKEHUE;

Mpmax — MakcHUMajabHOE I10 aOCOJIOTHOM BEJIMYKMHE 3HAYECHHUE W3THOAIOIIEro
MOMEHTA (OTMPeNeNsAeTCs M0 AMIOPE U3THOAIOINX MOMEHTOB);

Wy — MOMEHT COIpPOTHBIECHHUS IONEPEYHOIO CEUEHHs OAlKU OTHOCHTEIIBHO
[JIaBHOU OCH Y;

[6] — nomyckaemoe HopManbHOE HaNpsHKEHHUE.

N3 ycrmoBus TpOYHOCTH oOmpenensieM TpeOyeMyro BEIMYMHY MOMEHTA
COIIPOTHUBJICHHUSI ITONIEpeyHOro ceueHwust Oanku (3.57)

W mpeo > Mmax
Yoo T [d
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Pa3mepsl nonepeyHoro ceueHus 0aiaku noaOUparoTcs U3 yCIOBUS
Wy = W "<,
B onacHoMm ceueHnu Oanku 1O HOPMalbHBIM HampsbkeHusiM (cedenue D,
puc. 3.32)
Mmax = 11,3 kHm = 11,3-10°MHwm.
Ucnonwsszys HepaBeHcTBo (3.57), onpenenseM TpeOyeMyr BETUYMHY MOMEHTA

COMMPOTHUBJICHU: ITOMICPCHHOT'O CCUCHUA OaJkn

w mes > Miwe 11,310 MHu

> > =1,13-10° M3 =
Y [o] 10%

=1,13-103-10° cm® = 1130em°.

MowmeHT COIIPOTHUBJICHUA Wy KpyrJIoro CCHCHUA JUaMCTpOM d BEIYHCIIAETCSA 11O

N
>

—d .
dbopmyrie (CM. cripaBOYHBIE TaOJIHIIBI)
md3
Wy =—-.
32
Hpupasrusas Wy u W "7’ | nonyuaem

wd3 3
—>1130cw™m".
32

OTtkyna HaxoauM quameTp d

32-1130¢m?®
d >3 = 22,582 cm = 22,6 cm.
3,14
Pasmepvr  ceuenuti  Oepessannvix  31eMeHmMO8,  CO2NACHO — MPebOBAHUAM
MEXHOI02UU, OKPY2IAIOMCsL 00 pazmepa, kpamuozo 0,5 cm.
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C y4eToM TEXHOJOTMYECKMX TpeOOBaHUWU MPUHUMAEM KPYIJIOE IOMEPEYHOE
ceuenue Oanku aguamerpom d = 23,0 cm.
IIpoBepka npo4YHOCTH 0AJIKH IO HOPMAJIBHBIM HANPSIKEHUAM
10 METOY J0IyCKaeMbIX HaNPsizKeH il
[IpoBepsieM BBINOJIHEHUE YCIOBHUS MPOYHOCTU MPHU U3THOE MO JOMYCKaeMbIM
HOpMaJnbHBIM HanpsbkeHusMm (3.54). C »Toil uenbpio ompenensieM (pakTUYECKUU

MOMCHT COITPOTHBJICHHA

nd®  314-23,0 cm)®

32 32 = 1193,89 em®~ 1190 em® = 1,19-107° ¢

HaXO}II/IM MAaKCHUMAJIbHOC HOPMAJIbHOC HAIIPAKCHUC

My, (JL310TMEN 10 MII
— max — = < = .
O-max Wy 1,19'10_3M3 ’ a [O-] a

Ycnosue npounocmu no memoody oOonyckaemvix HOPMANbHLIX HANPANCEHULL
gvinonnaemcs. banka neooepyacena.

HpOBep}IGM BBIIIOJIHCHUC YCIIOBUA DKOHOMHUYHOCTH

— ——MAX 1000 = ———2100% = % (£ 5%).
o 1100% = = E=100% = 5,0 % (£ 5%)

Venosue skonomuunocmu 8bInOIHACMCAL.
Venosust npounocmu u 39KOHOMUYHOCIMU BbINOIHSIOMCAL.
IIpoBepka NPOYHOCTH MOJOOPAHHOTO CEYEHUS DATKHU
M0 KacaTeJbHbIM HANIPSKEHUSIM

MaxkcuManbHbIE KacaTelbHbIC HAIPSKCHHS BO3HUKAIOT B OMACHOM CCYCHUHU
OaJIKM B TOYKaX MOMEPEUYHOTO CEUCHHUS, JIS)KAIUX HA HEHTpaIbHOU JTHHUHA (OCh Y).

JUIss KpyrJIOro TOMEPEYHOTO CEYeHUs OaJKM MaKCHUMAallbHbIC KacaTelIbHbBIC
HaANPSDKEHUS BRIYUCISIFOTCS 110 hopMmyite (3.66)

_4 . Qmax

T - '
max 3 A

rac
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Tmax — MAaKCHUMAaJIbHOC KaCcaTCIIbHOC HAIIPSKCHHUC.

Qnax — MakcuMajbHOE MO aOCOJIIOTHOM BEJIMYMHE 3HAYEHUE IONEepeUHON
CHWJIBI (ONPEAEIIAETCS MO JIIOPE MONEPEYHBIX CHIT).

2
wd
A= T — TUIOIIA/Ib KPYTJIOTO MOTMEPEUYHOr0 CEUCHUS OaIKH.

Ycnosue MpOYHOCTHU TIPH n3rude 1Mo KacaTeJlbHBIM HAIIPSOKCHUAM 110 MCTOAY

HOITYyCKaCMBbIX HaHpH)KeHI/II\/’I AJIsL KPYTJIOTO CCUCHU S OaJIKM UMEET BU

4 Qmax
T - - —— <]t}
max= 5 T2 < [7]

3nech
[7] — nomyckaemoe kacaTebHOE HAMPSKCHUE.
B omacHoM ceueHun Galku 10 KacaTelIbHBIM HanpspkeHusM (ceuenue C,
puc. 3.32)
Qmax = 15kH =15 - 1073 MH.
[Tpu npUHATHIX pa3Mepax MornepeuHoro ceueHus o6anku auamerpom d = 23,0cm
TUTOMIA/Ib KPYIJIOTO MOTIEPEUYHOT0 CEYCHHUs OAJTKU paBHA

m-d?  3,14-23,0%-107* 4
A= T 2 =415-10" m".

CraenoBaTenbHO,

4 Qmax _ 4 15107 MH MH
- . - . = 0,482 — = 0,482 MIla < =2 MI]la.
Tmax = 3 A 3 415104 M2 M2 2=l !

Yenosue npounocmu no xacamenbHbiM HANPANCEHUSM GLINOJIHACMCAL.

B npomuenom cnyuae, uz yciosusi npounocmu npu uzeube no KacameibHbiM
HANPANCEHUAM NO Memoody OONYCKAeMbIX HANPSNCEHUU HeoOXo0umMo nooobpamo
HOBble O0NbUUe pazmMepbl NONEPEeUHO20 CedeHUst OaIKU.

[IpyHruMaeM  OKOHYATEIBHO OaJKy KPYIJIOTO  IONEPEYHOrO  CEUCHUS

nuametpom d = 23,0 cm.
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IlocTpoenue 3M0pP HOPMAJIBHBIX M KACATEIbHBIX HANIPSAKEHU I
B ONIACHBIX CEYECHHUAX
a). Inwpa HOPMAIbHBIX HANPAICEHUIL NO 6bICOME NONEPEUHO20
ceuenusn Oanku
B onacHOM ceueHunu 6aliku 0 HOPMAILHBIM HanpsikeHusM (ceueHue D,

puc. 3.32) pacTsSHYTbl HM)KHHE BOJIOKHA, IMOATOMY HOpMajbHble HAMNPSIKEHUS B
TOYKAaX IOMEPEYHOr0 CEUEHHUd, Jiexamux Ha JuHuu 1 — 1 — oTpunarenbHble, a B
TOUYKAX MONEPEUHOTO CEUCHHMSI, JISKAUTUX HA TUHUU 3 — 3 — MOJIOKHUTEIIbHbBIE

(puc. 3.33).

- 0] ,MIla

0,482

J pacTsIHyTblE
BOJIOKHA

9,50

Puc. 3.33. Dntopvt HOpMATBHBIX U KACAMENbHBIX HANPANHCCHUL
8 ONACHbBIX CeUECHUAX DAIKU KpYy2ji020 nonépeuHoco ceuenun
Hanpsixenus B Toukax auHun 1 — 1
011 = — Omax = — 9,50 MITa.
B Toukax momepevyHoro ceveHwus, JSKANUX HA HEHTpaIbHOU JUHUH (TJIaBHAS

0Ch Y) 2 — 2, HOpMaJIbHbIC HANPsDKEHUS paBHBI 0
G20 — 0.
Hampsixkenus B Toukax nuHuu 3 — 3
033=*+ Omax = + 9,50 MI1a.

Hcnosnb3ys moilydeHHBbIE AAHHBIE, CTPOUM JIIOPY HOPMAJbHBIX HaINpSKEHUM
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M0 BBICOTE TIOMEPEYHOTO CEUCHHUs Oaaku, KOTopas TrpadudecKd H300pakaeTcs
HAKJIOHHOM mpsAMoit muHuei (puc.3.33).

B naweii 3a0aue mouxu, nexcawue na aunuix 1 — 1 u 3 — 3 nonepeunozo
ceyeHusl, AGNAIOMCS ORACHBIMU MOYKAMU MO HOPMATIbHBIM HARPANCEHUAM, MAK
Kak onu Haubosnee yoanienvl om neumpanrohou aunuu (puc.3.33).

0). dniopa KacamenbHbIX HANPAIHCEHUIL NO BbICOME NONEPEUHO20
ceuenus 0anKu

Kak Opuio 1moka3zaHo BbIIIC, MAKCHMAJIBHBIC KaCaTCIIbHBIC HAIIPAKCHUA
BO3HHUKAKOT B TOYKaX IMOIICPCUYHOI'O CCUCHUA, JICKAIIUX Ha HeﬁTpaHBHOfI JIMHHU N

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

Touku, nexcawue Ha HeUMPAIbHOU JuHUU (0Cb Y) 2 — 2 nonepeunoco cevenusl,
AGNAIOMCS ORACHBIMU MOYKAMU NO KACAMEJIbHBIM HARPAICEHUAM.
B Toukax momnepedyHoro ceueHus, Jexxamux Ha iuHusIX 1 —1u 3 -3

(puc. 3.33), kacaresabHbIe HanpsoKeHuUs paBHbBI O , TO €CTh
T11 = Ta3=0.

Hcnonb3yst mOTyYeHHbIE TaHHBIE U YUUTHIBAsA, YTO KacaTelbHbIC HAMPSKEHUS
[0 BBICOTE TIOTIEPEYHOTO CEUCHHS] HM3MEHSIOTCA M0 MapaboIMvyecKoMy 3aKOHY,

CTPOHM S3ITIOPY KacaTeJbHBIX HAIIPSDIKCHHM, KaK 3TO IMOKa3aHo Ha puc. 3.33.
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CXEMA (6)

Hcxoaubie 1aHHBIE:

m &\ 4 J,F

a=2m; b=3m; c=1Im;

s -
% a —h—b ¢l q = 15kH/m; m =20xHm; F=30kH;

2

kH
Puc. 3.34. Cxema banku [ol =160MIla = 16( )
M

Pemenue
OmnpeneseHne ONOPHBIX peaKIMil
O603HaunM omopsl OykBamMu A U B COOTBETCTBEHHO M 3aMEHUM HUX JICHCTBUE

oropHbIMH peakiusaMu Ra, Ha 1 Rg(puc. 3.35).

A YA
— Rg=63,5xH

\ Ry=11,56H @  M=20K<HM @l Bt @ F=30xH

g=15xH/m

o

ol

A
w
=
y
Y
3

— 2M —
Puc. 3.35. Pacuemnasn cxema danku
g onpenesieHuss ONMOPHBIX PEAKIUKA COCTABISAEM TPHU YPaBHEHHUS CTAaTHKHU

(paBHOBECHSI), C YUETOM ITpaBUJia 3HAKOB:

1. Cymma npoekuuii Bcex CHl Ha TOPU30HTAIIBHYIO OCh X

z
paBHa HYJIIO: @
>F =0:-H,=0 H,=0 M )

2. CyMmMa MOMEHTOB BCEX CHJI OTHOCHUTEIBHO OMOpHI A

paBHA HYJIIO!

M, =0:m-q3-@2+1,5 +Rg'5 - F6=0;

20 — 15-3-3,5+ Rg'5 — 30-6 = 0;

20 — 157,5 + Rg'5 — 180 =0; —317,5+ Rg'5 = 0;
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317 5
RB = 5 = 63,5 kH.

3. CyMMa MOMEHTOB BCEX CHJI OTHOCUTENIBHO onopsl B paBHa HyII0:

>My;=0:—Ra5+m+q31,5-F1=0;

“Ra'5+20+154,5-30=0; —Ra5+20+67,5-30=0;
575

—RA'5-57,5=0; — Ra =11,5 xH.

IIposepsiem npasuibHOCMb BLINUCIEHUS ONOPHBIX PeaKyull (CymMma npoexKyuil
8cex CUl Ha 6ePMUKATIbHYIO 0Cb 1 00acHa 6bimb pasHa 0):
YF,=*+*+Ra-q3+Rg-F=115-153+63,5-30=75-75=0 (+ 5%).

ITocTpoenue 3miop nonepeyHoi cuwibl Q u m3rndawiero moMmenta M

Pacuetnas cxema Oanku umeer Tpu ydactka (AC, CB u BD), koropsie
poHyMepyeM ciieBa Hanpaso (puc. 3.35).

I yuactok AC: 0< x, <2 (Ha4ajo oTcueTa Ha JE€BOM KOHIE OaJKn).

OmnpenensieM BelMYUHY nonepeyHoi cuibl Q Ha mepBoM yuactke. s aToro
IPOEKTUPYEM BCE BHEIIHHUE CHJIBIL, PACIIOJIOKEHHBIE CJIEBA OT IPOBEAECHHOIO
CEUYCHMsI, HA OChb Z, TEPIECHIUKYSIPHYIO TeoMeTpuueckoir ocu Oanku. [lpu stom
PYKOBOJICTBYEMCSI OIpE/ICICHHEM BHYTPEHHETO CHJIOBOTO (akTopa M TPaBUIOM
3HAKOB. @

CocraBiisieM BbIpaXeHUE JJIsl TONEPEUHOU CHIIbI T_|

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

[lomepeunas cwia Q Ha TEPBOM y4YacTKE SIBISETCS TOCTOSHHOM, TpauKom
TakoW (DYHKIIMU CITY>KUT TpsMasi, mapaieabHas ocu X. J{ns moctpoenus ee rpaduka
onpeessieM 3HaueHHEe MOMEePEeYHON CUJIbl Ha TPaHMIlaX 3TOTO yYacTKa

Q (0) =+ 11, 5 kH (3HaueHmne Ha IEBOM TPAHUIIC yIACTKA);

Q (2m) =+ 11, 5 xH (3naueHue Ha MpaBOW TPAHMIIC YIACTKA).

OnpenensieM BenuuuHy u3ruOaroniero momeHta M Ha mepBoMm ydactke. J[iis

9TOI0 BBIYHUCIIEICM MOMCHTBI BCCX CHJ, PACIIOJOKCHHBIX CJICBa OT IIPOBCACHHOI'O
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CEUYCHUsI, OTHOCUTEIBHO IIEHTpAa TIKECTU TMPOBEACHHOTO IMOMNEPEYHOTO
CEUYECHUS C YUETOM IMpaBuia 3HAKOB. C ®
CocrabiisieM BbIpakeHUE JIJIs1 U3TrUOaronero MOMeHTa _|
M (X]_) =+ RA'X1=+11,5'X1.

N3rubaronuit MoMeHT M Ha TIEPBOM yYacTKe SIBISCTCS JUHEHHOW (pyHKIMEH
KoopauHAThl X;. JJist mocTpoeHus ee rpaduka ompeaeisieM 3Ha4eHUE M3THOaroIero
MOMEHTa Ha TpaHuIlax 3TOT0 y4yacTKa

M (0) = 0 xkHm (3HaueHue Ha JeBOM IPaHUIIE YIACTKA);

M@2)=+11,5 -2 =+ 23 xkHm (3HaueHue Ha TpaBOM I'PAHUIIE YIACTKA).

IT yuactok CB: 2< x, <5 (Hayano oTcueTa Ha JEBOM KOHIE OaJIKn).

OmnpenensieM BeIUYMHY TorniepedHoi cuiibl Q Ha BTOpoMm ydacTke. s 3Toro
IMPOCKTUPYEM BCE€ BHEIIHUE CHJIBI, PACIOJOXKEHHBIC CJIeBa OT IPOBEJIECHHOIO
CEUYEeHHUs, Ha OCh Z, TMEPICHAMKYJISIPHYI Te€oMeTpHueckoi ocu Oanku. [Ipu stom
PYKOBOJICTBYEMCSI ONPEICIICHHEM BHYTPEHHEro CHJIOBOrO (akTopa W MpPaBUIOM
3HAKOB. @

CocTtaBnsieM BbIpaK€HUE JJIs IOTIEPEYHOMN CUIIBI T_|

Q(Xz):"' RA—Q’(X2—2)2+11,5— 15 - (X2—2):+41,5—15'X2

3mech q * (X, — 2) — paBHOJACHCTBYIOIIAS CHJIa PacIpEeC/ICHHON HATPY3KH (],
pacIoIOKEHHAs CIeBa OT CCUEHUS OCPEAMHE ydacTKa JIHHOM (Xo — 2).

[lomepeunass cuma Q Ha BTOPOM y4YacTKe SIBISICTCS JIMHEWHOW (yHKIHEH
KOOpAWHATHI Xp. I mocTpoeHus ee rpaduka ompeacisieM 3HaueHHUE IONepeYHOM
CHUJIbI Ha FpaHHUIlaX 3TOT0 y4acTKa

Q(2)=+415-15-2 =+ 11,5 kH (3HaueHue Ha JICBOW IPAHHUIIC yIACTKA);

Q5B)=+415-155=+41,5-75 = - 33,5 xkH (3HaueHue Ha paBOi TpaHUIIC
y4acTKa).

Ilockonvky nonepeunas cuia meHsem 3HAK 6 npeoeiax yuacmid, onpeoessiem
KOOpOUHamy, npu KOmopou oHa oopawaemcs 8 Hyib (8 3Mom cedeHuu uzeubarouuil

MOMEHRM NPUHUMAEM IKCMPEMATIbHOE 3HCZ'¢€HM€)
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QX)) =+41,5-15-%=0;, — %X =41,5/15=2,77Tm.
OmnpenensieM BenuuuHy uirubarouiero momeHta M Ha BTopoM yuactke. [l
ATOTO BBIYMCIISIEM MOMEHTBI BCEX CHJI, PACIIOJIOKEHHBIX CJIEBA OT IPOBEIAEHHOIO
CEYEHUSI, OTHOCUTENIBHO LIEHTPA TSKECTH IMPOBEAEHHOTO IONEPEYHOTO CEUCHHUS C
y4eTOM MPaBUIIa 3HAKOB. C @

_|

CocrabiisieM BbIpakeHUE JIJIs1 U3THOAIOIIEro MOMEHTA

(X,—2)

_9)\2
M(X2)=+ RAXZ_m_q(XZ_z)ZT :11,5X2—20—15(X2 2) —

=-20+115x,—7 5( X,— 2)°.

Wzrubaronuit  MmomeHT M Ha BTOPOM YYacTKe SBISETCA KBaApaTUYHOM
dyHKIIMEH KOOpIUHATHI Xp. Jnsi mocTpoeHusi ee rpaduka ompesenseM 3HaueHue
M3rudaronero MOMEHTa Ha TpaHMIIAX ATOTO Y4YacTKa M B HAWJECHHOM CEUEHUU C
KOOpAUHATOUN Xg = 2,77 m

M(2) = —20+115-2-7,5(2—-2)*=-20+23=+ 3 xHwm (3HaueHue Ha
JIEBOM FPaHULE Y4YaCTKa);

Merp = M(2,77) = —20+115-277 -7 5(277 =2)* =+ 7,408 kHm =

= + 7,41 kHwm (3HaueHHUE B CeueHUH OaJIKU C KOOPAUHATON Xo = 2,77 m);

M(B) = —-20+115.-5-7,5(5—-2)>= —30 kHm (3HaueHHWC Ha MPaBOU
IrpaHUIIC Y4acTKa).

III yuactok BD: 0<X3<Im (Hauano orcuera Ha MPaBOM KOHIIE OaIKH).

OmnpenensieM BeIWYNHY MonepedyHor cuibl Q Ha TpeTbeM ydacTke. J[Jis aToro
MIPOCKTUPYEM BCE BHEIIHWE CHUJIbI, PACIOJIOXKEHHBIE CIpaBa OT IPOBEAECHHOIO
CEYCHHsI, HA OCh Z, TIEPICHIUKYISIPHYIO TeoMeTpudeckoir ocu Oanku. [lpm sTom
PYKOBOJICTBYEMCSI ONPENEIICHHEM BHYTPEHHEro CHJIOBOrO (hakTtopa M MPaBUIOM

}

HAKOB.
3 (0) @

CocraBiisieM BbIpaXeHUE ISl TONEPEYHOU CHIIbI

Q (Xs) = + F =+ 30 kH.
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[Tonepeunas cuna Q Ha TPEThEM YYacCTKE SIBISETCS MOCTOSIHHOM, TpauKoM
TakoW (YHKIIUU CIIYKUT MpsiMasi, mapajuiesibHast ocu X. Jljist moctpoeHus ee rpaduka
ompeesisieM 3HaueHHE MOMEePEYHON CUJIbI Ha TPAHUIAX 3TOTO y4acTKa

Q (0) = + 30 xH (3HayeHKe Ha IPABOI I'PAHUIIC YIACTKA);

Q (2m) = + 30 xH (3HaueHue Ha JIEBOU rpaHUIIC YUACTKA).

OmnpenensieM BeaIu4YnHy usrubaromiero Mmomenta M Ha Tpetbem ydactke. Jlis
ATOTO BBIYUCIISIEM MOMEHTHI BCEX CHJI, PACIOJOXKEHHBIX CMpaBa OT MPOBEICHHOTO
CEUYECHUsI, OTHOCUTEJILHO IIEHTPA TSHKECTH MPOBEIACHHOTO IMOMEPEYHOTO CEYEHUS C
Y4ETOM TPaBUIIA 3HAKOB. @

CocrapisieM BbIpaK€HHE JIJIs1 U3THOAIONIEro MOMEHTa |_i)

M (X3) =—F-x3=-30"xzs.

Wzrubaronuit MoMmeHT M Ha TpPEThbeM y4acTKe SIBJISETCS JIMHEHMHON (yHKIMeH
KOOpAUHATHI X3. J{Jisi mocTpoeHus: ee rpaduka onpeaenseM 3HauyeHUEe U3rudaroniero
MOMEHTA Ha TpaHuIlaX 3TOTO y4acTKa

M (0) = 0 xkH™m (3HaueHue Ha MTpaBO rpaHUIIC YIACTKA);

M (1) = — 30 kHwm (3HaueHue Ha JICBOM I'PAHHUIIE YYaCTKa).

[lo monmy4eHHBIM YUCICHHBIM 3HaueHUsIM Q m M B XapakTepHBIX CEUCHUSX
0aJKy CTpOMM B MaciTade 3MIOPHI MOMEPEYHBIX CHUJI U U3THOAIOIIMX MOMEHTOB, KaK
nokKaszaHo Ha puc. 3.36.

Jnuny banku, a maxdce 3n0pbl NONEPEUHOU CUTbL U U3UOAIOWEe20 MOMeHmA
Heobxooumo evluepmums 6 macumaode. [Ipueedem 00UH U3 B03MONACHBIX BAPUAHMOB
macwmaba: macuma6b oaunst oarxku: 1 cm - 1,5 m; macuimabd ocu Q: 1 cm - 10 kH;
macuma6 ocu M. 1 cm - 10 kH-m.

B npoexmuuvix cmpoumenvHbix opeanuzayuax smopa uzudarouux MoMeHmo8s
CMPOUMCS HA PACMAHYMOM 80IOKHE, M.e. NON0HCUMEIbHbIEe 3HAYEHUS U3LUOAIOWUX
MOMEHmMO8 OMKIAO0bIBAIOMCSL 6HU3 OM OA3UCHOU NPAMOLL.

Ha onwope M emecme co 3HakomM NYHKMUPOM NOKA3AHBL NOJONCEHUS

PACMAHYMbIX 60JIOKOH.
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R A=11,5«xH 0 m=20xHMm @ Rg= 63,5KH@ F =30xH
gq=15xH/m
y
Ha
| 2m > 3m pe— I —
Q.xH 3|mopa HONEPeUHbIX CUl 30 30
11,
115 HLo
+ >
i X\ M
i 335
Iniopa uszhbaowux Momenmos 30
! : A
! /
| <:
0 | 1] 0
I o
() 3 ’
il |
M, kHm | 23

Puc. 3.36. Dntopot nonepeunoit cunvt Q u uzcubarouiezo momenma M

KoHTpoab (IpoBepKH) NPaBUIBLHOCTH OCTPOECHHBIX MIOP
BHYTPEHHHMX CHJI0BbIX (aKTOPOB
Bce mnpoBepkr MpaBUIBHOCTH NOCTPOCHHBIX J3MIOP BHYTPEHHHUX CHUJIOBBIX
(bakTOpOB 17151 OAIOK denaromcsi clieea Hanpaeso'
o«Cxkaukn» Ha Hmope Q BO3MOXKHBI TOIBKO B TE€X CEUCHUSAX OalKu, TJE
MPUJIOKEHBI  COCPEIOTOYCHHBIE  BHEIIHWE  CWJbI, IEPHECHAUKYJSAPHBIE K
reoMeTpudecKkord och. llo BemMuMHE 3TOT «CKa4oK» paBeH 3TOoM cuie. Ecim 3Ta

BHCIHIHAA CWJla HaIlpaBJICHA BBEPX, TO HA 3IIIOPC Q HMCCTCA «CKAa4Y0K)» BBCPX, a4 KOraa
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CUJIa HAIpaBJI€HA BHU3, UMEETCA «CKAYOK» BHU3.

o «Ckauku» Ha smope M BO3MOXHBI TOJIBKO B TE€X CEUEHHUSIX Oajku, e
MIPUIIOKEHBI COCPEOTOUYEHHBIE BHEIIHME MOMEHTHI. [l0 BENWYMHE 3TOT «CKAYOK»
paBE€H 3TOMY MOMEHTY. ECIM COCpPENOTOYEHHBIM BHEIIHUNA MOMEHT JIEUCTBYET IO
X0y YacOBOM CTpEJIKHA, TO Ha dmope M HMeeTcs «CKadoK» BHHM3, a KOorjaa
COCPEOTOUYCHHBI BHEIIHUM MOMEHT JIEMCTBYET MPOTUB XOJa YACOBOW CTPEIKH, TO
Ha smope M UMeeTcsl «CKauoK» BBEPX.

e Ha yyactkax 0Oanku, Ha KOTOpBIX MomnepeuyHas cwia Q ToyoXKuTeIbHas,
AMIOpa M3ru0arIIMX MOMEHTOB BO3pPACTAET, HA y4yacTKax Oayiku, rje MorepeyHas
cuina Q orpuiarenpHas, dMIOpa U3THOAIOIIUX MOMEHTOB YOBIBaeT, a Ha y4acTKax
Oanku, rae momepeyHas cwia Q paBHa HyNIO, 3MOpa W3THOAOIIUX MOMEHTOB
noctosiHHas (M = const).

e MsrubGarommii MomeHT M nocturaer max wid min (M,gemp) B T€X CEYEHHAX
Oanku, rIe monepeyHas cuiia pasHa myio (Q = 0).

e Ha yuactkax Oanku, rjae JEHWCTBYET BHEIIHSS paclpeeseHHas Harpyska
MHTEHCUBHOCTBIO (], momepedHas cwia Q u3MeHseTcs MO JTUHEHHOMY 3aKOHy, a
3IIOpa U3THOAIONTUX MOMEHTOB M Ha 3TOM y4acTKe OrpaHUYeHa KPUBOM.

e Ha ywactkax Oanku, TJe BHEIIHSSA paclpesieieHHas  Harpyska
MHTEHCHUBHOCTBIO (| OTCYTCTBYeT, momepednas cuwia Q mocrosaHas (Q = const), a
AMIOpa U3rHOAOIINX MOMEHTOB M U3MEHSETCS TI0 TUHEHHOMY 3aKOHY.

B naweu 3a0aue 6ce amu nonodcenusi blNOIHAIOMCA, CLE008AMENLHO, INIOPbl
BHYMPEHHUX CUTO8bIX (DAKMOPO8 NOCMPOEHbl NPABUTBHO.

Ion0op cevyeHnust cTaabHOI 0AJKH IBYTABPOBOI0 MONEPEYHOI 0 CeYeHU S

10 MEeTOAY JI0IyCKAeMbIX HANIPAKEHUIl
VYcnoBue NpoYHOCTH NP KU3THOE MO HOPMAJIBHBIM HAIPSIKEHUSIM 0 METOIY

JOITyCKaeMBIX HAIpsDKCHHU nMeeT BUJ (3.54):

O-max = ]‘\i}nax < [O']

y
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B aroit hopmyne:

Omax — MAaKCUMaJIbHOE HOPMaJIbHOE HAIPSKEHUE;

Mmax — MakcumanbHOE MO a0CONIOTHOW BEIMYMHE 3HAYEHUE H3rHOAIOIIEro
MOMEHTA (OIPEACIISIETCS M0 AII0PE U3THOAIOIITUX MOMEHTOB);

Wy — MOMEHT COIpPOTHBIICHUS IONEPEUYHOTO CEYEHUsl OalKh OTHOCHUTENIBHO
TJIABHOM OCH Y;

[6] — nomyckaemoe HopMasbHOE HaMPsKEHUE.

W3 ycnoBus TpOYHOCTH ompefenseM TpeOyeMylo BEeIMYMHY MOMEHTa

COIPOTHUBJICHHS IONIEPEYHOro ceueHus Oanku mo dpopmyie (3.57)

W mpeé > Mmax
oo T[4

Pa3mepsl nmonepeyHoro ceueHus Oajaky MoaOUpaloTCa U3 YCIOBUS

~ mpeo
W, = W "<

y
B OIIaCHOM CCUCHHU 6aJ'IKI/I I10 HOpMaJILHLIM HaHp}I}KeHI/IHM (CC‘{GHI/IG B,
puc. 3.36)
Muax = 30 kHM = 30 -10 > MHwm.

Hcnonws3ys HepaBeHCTBO (3.57), onpenenseM TpeOyeMyr0 BEIUYUHY MOMEHTA

CONPOTHUBIICHUS
M H
Wympe6 > max _ 3000xHcm = 187,5CM3z 188 CM3.
[o] kH
16—
cm
CnenmoBartenabHO,

W ¢ =188 oM.

y

Ilo copramMeHTy CTaJbHOIO MPOKATHOIO JBYyTaBpa OJMMXKaWIIMM K Wy’”"eﬁ =

3 3
=188cM” sBIAETCA 3HAYCHHE MOMEHTA CONPOTUBIICHUSA Wy = 184 cm’, koropoe

COOTBETCTBYET ABYTaBpY Ne 20.

llpunumaem cewernue cmanvuotl 6anxku 8 sude ogymaspa Ne 20.
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DaKTUYECKUA MOMEHT CONPOTUBJIEHHUS 15 AByTaBpa Ne 20 paBeH
W 2 = 184 cm® = 184-10° M.

IIpoBepka npoyHocTH 0AJIKH
10 METOAY JO0IyCKAEeMbIX HOPMAJIbHBIX HANIPSAKESHUI
[IpoBepsieM BBINOJIHEHUE YCIOBUS MPOYHOCTH Oajlkd MO HOPMaJIbHBIM

HANpPsHKEHUSIM 110 METOJy JIOMyCKaeMbIX HampsikeHui (3.54)

. qumax _ 3000KH§‘M — 16,304 1<H2
W s 184 cm cm

o = 163MIIa > [o] = 160MITa.

Ha ocHOBaHMM TOMYy4EHHOrO pe3yibTaTa YyCTaHaBIMBAaeM, 4YTO Oayika
neperpyKeHa.

OnpenensieM BEIMUUHY NEPETPY3KU

[6]-0p 160 — 163
§="—"—".100%="——_——-100 = 1,88% < 5%.
(5] 160

[Teperpy3ka HaxX0IUTCS B JONYCTUMBIX mpeenax (& < 5%).
IIpoBepka NPOYHOCTH MOJOOPAHHOTO CEYEHUS 0AJIKH

110 KacaTeJbHbIM HANIPSKEHUAM 110 METOAY A0IYCKAEeMbIX HANIPSAKeHUH
Kacatenpubie HanpsixeHus (T) B NPOU3BOJIBHON TOYKE IMOMNEPEYHOTO CEUEHHUS

Oanku onpezenstores mo Gopmysie .M. Kypasckoro (3.61)

oTC
_QSy
@,
23,
rIie
Q — alOcosroTHas BEJIMYMHA IIONEPEYHON CHJIBI (OIpPEACISIETCS IO JIIOPe
MONEPEYHBIX CUJI);
§57¢ — abCoNmoOTHOE 3HAYEHME CTATHYECKOTO MOMEHTa OTCEYEHHOH YacTH
MOTEPEYHOr0 CEUCHUS OaJKHU;
b(z) — TommuHa MOTIEPEYHOTO CEYCHUs OAJIKK HAa YPOBHE TOYKH ITOTICPEYHOTO

CCUCHHU, B KOTOpOﬁ OoNpCaACIAIOTCA KaCaTCIbHBIC HAIIPSAXKCHUA
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Jy — T7IaBHBIM MOMEHT HHEPIUH MONEPEYHOTO CEUCHHUS OANIKN.
YcinoBre MPOYHOCTH MPU U3rHOE MO KacaTeIbHBIM HAMPSIKCHUSAM [0 METOIY
JOMYCKaeMbIX HanpsbkeHui nmeet Buj (3.68)

0TC

Q max- Sy

= <
Tmax b(z)-Jy <[7]

rae
[7] — nomyckaemoe kacaTebHOE HAMPSKCHUE.
Jlst 6aI0K ¢ TOMEPEYHBIM CEYEHHEM U3 TPOKATHBIX CTAIBHBIX JIEMEHTOB
[t] =0,6:[c]=0,6 - 160 MIIa = 96 MIIa.

B Hamiem npuMmepe ONMACHBIM CEYEHHEM I10 KacaTeIbHBIM HAIPSKCHHUSIM
SBJISIETCS CEUYEHHE, PACIIONIOKEHHOE HA OECKOHEYHO MalloOM PACCTOSHHHM BIIEBO OT
ceuenus B (puc. 3.36), rae

Qmax = 33,5 kH.

MaxkcuManbHbIe KacaTejdbHble HAIMPSKEHHS BO3HHUKAIOT B OMACHOM CEYECHHHU
oanku (Q = Qmax), B TOUKAX MOMEPEYHOrO CEUEHUS, JICHKAIUX Ha HEUTPATIBHOM CIIOE
(na ocu Y), mostomy b(z) = d.

OtcedenHass 4actb (UTypbl — BEpXHSS IOJOBHHA TOMEPEYHOTO CEUYCHHS,

_gh
=82,

OTC
nosTOMy Sy

31ech

o

y° — CTaTUYECKMA MOMEHT MOJIOBUHBI ceueHus. ([l mpokaTHbIX npodunei

3Ta BEJIMYMHA MIPUBOJUTCS B COOTBETCTBYIOIIIEM COPTAMEHTE).
N3 coprameHnTa npokatHoM cranv Jyis aByTaBpa Ne 20 BBIIHMCHIBAEM CIEAYHOLINE
3HAYECHUS

h=20 cm; d=5,2 mm=0,52 cm; t=8,4 Mmm = 0,84 cm;

J,=1840 cm*; sy}/2 =104 cm”.
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HpOBCpHGM BBIITOJIHCHHUC YCJIIOBUA IPOYHOCTHU IIPU U3rude 10 KacaTeJIbHBIM

HAINPSHKCHUSAM 110 METOJIY JIOIyCKaeMbIX HanpspkeHui (3.68)

. SOTC 3
Qmax y 33,5kH 104 cm kH
Tmax — = = 4CM_2 -

b(z-J,  052cm-1840cu*

= 36,4 Mlla < 96 Mlla.

VYcnoBue NMpOYHOCTH IO KacaTENbHBIM HamnpsKeHUsAM Ui aBytaBpa Ne 20
BBITIOJTHSIETCSI.

B npomuenom cnyuae, uz ycnosus npouHocmu npu uszeube no KacameibHbIM
HANPANCEHUAM NO Memo0dy OONYCKAeMbIX HANPSNCEHUU HeoOXo0umMo nooobpamo
HOBble OONbUlUe pazmepbl NONEPEeYHO20 cedeHus OAaIKU.

OkoHYaTeNbHO MPUHUMAEM OalKy C TMOMEPEeYHbIM CEUEHHUEM M3 CTAIBHOIO
npokatHoro aBytaBpa Ne 20.

IocTpoeHue 3M0P HOPMAJIBHBIX M KACATEIbHBIX HANIPSAKECHUI
B ONIACHBIX CEYEHU X 0AJIKH
a). Iniopa HOPMANLHBIX HANPANCEHUTL HO 6bICOME
nonepeyno2o cevyenusa 0aiKu u3z ogymaspa

B onacHom ceyeHum Oanku MO HOpPMaibHBIM HampsikeHUsIM (cedeHue B,
puc. 3.33) pacTsHYTBbl BEpXHUE BOJIOKHA, MIOPTOMY B OMACHBIX TOYKaX, JISKAIIUX Ha
auann 1 — 1 nBytaBpa (puc. 3.37), HOpMalIbHOE HAMNPSIKEHUE IMOJIOKHTEIBHOE M
paBHO

011 = + Omax = + 163 MI1a.

B Toukax, nexamux Ha HEHTpanpbHOW JWHUM 2 — 2 (OCh Y) JBYTaBpa,

HOpMaJTbHOE HampspKkeHne paBHoO 0
O — 0 MITa.

B omacHpIx TOYKax, NeXamMX Ha JIMHAM 3 — 3 JBYTaBpa, HOPMAaJIbHOE

HaIpsHKeHWE OTPULIATENIbHOE U PABHO
033 = — Omax = — 163 MI1a.
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163

g MIla

3
" b 7 163

L 2

Puc. 3.37. Dniopa HOpMATLHBIX HANPANHCEHUIL RO BbICOME 0BYMABPOBOIU OANKU

Hcnonws3ys nonydeHHbIe TaHHBIE, CTPOUM SITIOPY HOPMAIBHBIX HANPSIKEHUN 110
BBICOTE€ JIByTaBpOBOM Oanku, KoTopas Tpaduyecku wu300pakaeTcsi HAKIOHHOM
npsiMoit iuuuei (puc .3.37).

0). Inwpa KacamenbHbLIX HANPANCEHUIL 8 NPEOEIAX 6bICOMbI CMEHKU NOnePeuHo20
ceuenus 6anKku uz ogymaspa
B onacHom cedyenunn Oajikuy Mo KacaTeIbHBIM HaNpsHKEHUSIM (ceueHue B,

puc. 3.36) momepeuHas cuia paBHa

Qmax = 33,5 kH.
N3 copramenTa npokatHoii ctaym 11 aByTaBpa Ne 20 MeeM CIieyroIue 3Ha4YeH s

h=20cm; d=5,2 mm=0,52 cm; t=8,4 Mm = 0,84 cm;
J,=1840 cm*; sy}/2 =104 cm”.

OrnpeneniM KacaTeNbHBIE HAMPSDKEHHS B XapaKTEPHBIX TOYKAX TOMEPEYHOrO CEUCHIS,
nexanmx Ha mHuIX 4 — 4, 2—2 u 5-5 npyraspa (puc. 3.38).
KacarenbHble HampsoKeHHsI B OTOM CIIyd4ae MOKHO OMpPEAENsITh 1o Gopmyrie

J.1. XKypasckoro (3.61)
~ Q S;Tc

b(2)J

y
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2
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233
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Puc. 3.38. Sniopa KacamenbHbIX HANPAICEHUIL NO BbICONE CIEHKU 08YMABPA

B omacHpIX Toukax 2 — 2, JeXalMxX Ha HEUTpaJbHOM JMHUM (OCh Y) JIBYTaBpa,
KacaTeIbHbIC HAPSDKEHNS PaBHBI Tmax
T2-2 = Tmax = 36,4 MI1a.
Jlsist ompesieNieHus] KacaTeIbHbIX HANpPSsOKEHUH B TOYKAX, JISKANTUX HA JTMHHIX

4—-4ub5-5, HalileM CTaTUYECKUI MOMEHT «OTCEUEHHOM» YacTh (ITOJIKHU JBYTaBpa)

MOTIEPEYHOTr0 CeUeHHUs OaTKU OTHOCUTEIBHO TJIaBHOM OcH Y

— t):

oTc _ _cl/2 1/2cTeHKH _ ~1/2 ) h 1
Sy = spomm=gl/2 gl =8,/2—d- (-1 = (

N | =

=104-0,52-5 (5~ 084) =104 - 218=822 exr’

Breruncinsem kacatelbHbIC HANPSKEHUS B TOYKaX, JICKAIIMX HA JHHUAX 4 — 4
nb-5

Qmax " Sy°™" _ 33,5kH - 82,2cm3 -
d-1,  0,52cM-1840cm*

kH _

T4-4 = T5.5= =2,88 — =

= 2,88-10 MIla = 28,8 MIla.
[lo momydeHHBIM 3HAYEHHWSM CTPOMM 3ITFOPY KACATENBHBIX HANPSDKEHUM IO BBICOTE

CTeHKH JiByTaBpa (prc. 3.38).
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yIPYTroCTH U TacTuuHocTH: yueoHuk. — M.: HULl UH®PA — M, 2014.

2. AnexcangpoB, Anatonuii BacunbeBuu, [loramos, B. JI. ComportusieHue
MaTepuasoB: YUeOHUK IS CTYACHTOB CTPOUTEIBbHBIX CHEIUaTIbHOCTEN BYy30B. — M.:
Briciias mkoma, 2004.

3. Anapee B.UM. Texuuueckas mexaHuka (ISl y4aluXcsi CTPOUTEIBHBIX
BY30B U (¢akynbreToB): yueoHuk / B.U. Aunpees, A.I'. [laymkun, A.H. JleonTseB. —
M.: U3parensctBo ACB, 2012.

4. Epemun B.JI. CompoTuBieHue MaTepuagoB W TEXHUYECKas MEXaHHUKa
(Hacts I): meToauyeckas pa3paboTka MO MOJATOTOBKE CTYJIEHTOB K MPOMEXKYTOUHOU
(utoroBoit) arrectanuu. - Pocros-na Jlony: AI'TY, 2018.

5. Epemun B.JI. ConpoTuBiieHHE MaTEepUalOB M TEXHUYECKas MEXaHHKa
(Yactsp Il): MeToauueckast pazpaboTKa 1Mo MOATOTOBKE CTYJCHTOB K MPOMEXYTOUHON
(utoroBoit) arrectaunu. - Poctos-Ha Jony: AI'TY, 2018.

6. Epemun B.JI., Crtpenpnuxo [.Il. OnpenenecHue BHYTPEHHUX YCUIIUH,
HaIpsDKEHUH U niepeMentieHnii. [loctpoeHue 31mop BHYTPEHHUX CHIIOBBIX (DAKTOPOB B
Oankax ¥ Tockux pamax. — Pocros-na Jony: JII'TY, 2019.

/. Artapos, H. M. ComnpoTuBieHne MaTepuajoB B MNpPUMEpPAX MU 3aJaydax:
YyeOHoe mocobue A CTyAEHTOB, oOydaromuxcs no HampasieHuto 270100.— M.:

NHOPA - M, 2010.
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Vnpasnenue yugposvix 0bpazosamenvhbix mexHoio02uil

Yuebno-memoouueckoe nocobue 051 cmyoenmos 3a04Hou popmuvl 00yYeHUs]

HNPUJIOKEHUSA
[Ipunoxenue 1

O6pasen ohopMieHUS
TUTYJIBHOTO JINCTA KOHTPOJILHOU paboThI

MHMHHUCTEPCTBO HAYKH M BHICHIEI'O OFPA3BOBAHUSA
POCCHVICKOW ®EJEPAIINA

®EJIEPAJIBHOE I'OCYJAPCTBEHHOE BIOJ)KETHOE OBPA3OBATEJIbLHOE
YUYPEKJEHUWE BBICIIETO OBPA3SOBAHUSI
«IOHCKOM T'OCYJAPCTBEHHBIN TEXHUYECKUH YHUBEPCUTET»

Kadeapa «ConpoTruBjieHue MaTepuaIoB»

3aounas ¢popma oOyuenust

DakyJabTeT
KOHTPOJIBHAS PABOTA Ne
no
(HauMeHOBaHUe TUCIUIIUHBI)
udp
Crynenr

(HampagJieHue /cnienuajbHOCTh/, MPOPUIIb MOATOTOBKH)

Ajpec cTyaeHTa

(Kype, rpynmna) (®.1.0.)

PocroB—na-/lony
2020 ron
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CITIPABOYHBIE TABJINIbBI

JUIS BBINIOJIHEHUSI KOHTPOJIBHBIX Pa0d0T U NMPAKTUYECKUX 3AHATHIA
no aucHuiinHaM «ConpoTUBJIEHUE MATEPUATIOB» H
«CrnenuajbHbIe BONIPOCHI CONPOTUBJICHUA MATEPHATIOB)

6¢1

7 ouHXoLIUd] |
BNHOhAQO 19 dO NOHRODE 9OUIHIOAULD BLLQ dINQOIOU 20MIIhNQOUIW-OHOIh A
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0€T

71
d
o
h

Oobo3nauenus:
A- nrowaows ceuenus
J- momenm unepyuu ;
I- paouyc unepyuu ;
W- momenm
CONnpoOmuBIeHus |

S- cmamuueckuti momenm
nojyce4eHus .

CopTraMeHT NPOKATHOM CTAJIN

JIByTaBpbI CTaJIbHBIC TOPSIYEKATHBIE I'OCT 8239-89
Mo h b d t A Jy W, iy Sy J. W L, |8z
S o o o | em® | em?* Lem® ] em en® e lem®|em |25°
10 [100| 55 (45| 7,2 | 12 198 | 39,7 | 4,06 23 | 17,9 16,49 |1,22| 9,46
12 1120 64 |48 73| 14,7 | 350 | 58,4 | 488 | 33,7 | 279 | 8,72 |1,38| 115
14 [140| 73 |49 | 75| 174 | 572 | 81,7 | 573 | 468 | 41,9 | 11,5|1,55| 13,7
16 [160| 81 | 5 | 78| 20,2 | 873 | 109 | 6,57 | 62,3 | 58,6 | 14,5|1,70| 159
18 [180| 90 [51) 81| 234 | 1290 | 143 | 7,42 | 814 | 82,6 | 18,4 |1,88| 18,4
18a | 180 | 100 [ 52| 83 | 254 | 1430 | 159 | 7,51 | 89,8 | 114 | 22,8 | 2,12| 19,9
20 [ 200|100 [ 52| 8,4 | 26,8 | 1840 | 184 | 8,28 | 104 | 115 | 23,1 [2,07| 21
20a [ 200 | 110 [ 5,2 86 | 28,9 | 2030 | 203 | 8,37 | 114 | 155 | 28,2 | 2,32 | 22,7
22 1220 110 | 54| 8,7 | 30,6 | 2550 | 232 | 9,13 | 131 | 157 | 28,6 | 2,27 | 24
22a | 220 120 [ 5,41 89 | 328 | 2790 | 254 | 9,22 | 143 | 206 | 34,3 |2,50| 25,8
24 1240|115 |56 95| 348 | 3460 | 289 | 997 | 163 | 198 | 345 (2,37 | 27,3
24a | 240 125 (56| 9,8 | 37,5 | 3800 | 317 | 10,10 | 178 | 260 | 416 | 2,63 | 29,4
27 |270|125| 6 | 98| 40,2 | 5010 | 371 | 11,2 | 210 | 260 | 415|254 | 31,5
27a | 270| 135 | 6 |10,2| 43,2 | 5500 | 407 | 11,3 | 229 | 337 | 50 |2,80| 33,9
30 (300 135]6,5|10,2| 46,5 | 7080 | 472 | 123 | 268 | 337 | 49,9|2,69| 36,5
30a [ 300 145 | 6,5]|10,7| 499 | 7780 | 518 | 12,5 | 292 | 436 | 60,1 |2,95| 39,2
33 |330| 140 | 7 [11,2] 53,8 | 9840 | 597 | 13,5 | 339 | 419 | 59,9 (2,79| 42,2
36 |360(| 145|75(12,3| 61,9 | 13380 | 743 | 14,7 | 423 | 516 | 71,1 |2,89| 48,6
40 | 400 155 8,3 13,0 72,6 | 19062 | 953 | 16,2 | 545 | 667 | 86,1 | 3,03| 57
45 |1450[ 160 | 9 [14,2] 84,7 | 27696 | 1231 | 18,1 | 708 | 808 | 101 [ 3,09| 66,5
50 | 500 170 | 10 [ 15,2 100 | 39727 [ 1589 | 19,9 | 919 | 1043 | 123 | 3,23 | 78,5
55 | 550 180 | 11 |16,5| 118 | 55962 | 2035| 21,8 | 1181 | 1356 | 151 | 3,39 | 92,6
60 | 600 190 | 12 |17,8| 138 | 76806 | 2560 | 23,6 | 1491 | 1725 | 182 | 3,54 | 108
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T€T

yA

SAISSSSLL7Z ]

7

>
W
\

IlIBenJiepsl cTaIbHbIE TOPYEKATHBIE

TI'OCT 8240-89

W

v

AYO‘ '

Oobo3nauenusn:
A- nrowaow ceuenus |

!

J- Momenm unepyuu ;
| -paouyc unepyuu,
W- momenm

CONPOMUBTICHUS |

S- emamuueckuii

MOMEHM NOJIYCEYEHUA .

N AR

nJolalcTATS W 1S [ 1W.1L] %z
Ne o oum Voo Poume L em? ) oem® Vem3 b em Lem® Lem? Lemdlem | em = E
5150132144 7 |6,16| 228 | 91 11,92 559 1]561|2,751095] 1,16 4,84
6516536 |44 72]|751] 48,6 15 | 2,54 9 8,71368]|108] 1,24 59
8 180140 |45 741898 894 |22413,16| 13,3 ]1128|4,7511,19] 1,31 7,05
10 100 46 | 45| 7,6 | 109 174 | 348|399 20,4 |20,4]|6,46|1,37| 1,44 8,59
12 {120 52 | 48| 7,8 | 13,3| 304 | 50,6 |4,78] 29,6 | 31,2]8,52|153| 154 10,4
14 §140] 58 | 49| 8,1 156 491 |70,2| 56 | 40,8 | 454 11 |1,70| 1,67 12,3
14a)1401 62 | 491 8,7 | 17 545 | 778|566 451 | 575 13,3]1,84] 1,87 13,3
16 11601 64 | 5 | 84 | 18,1| 747 |93,4]16,42| 54,1 | 63,3]| 13,8 1,87 1,8 14,2
16aj160| 68 | 5 9 1195] 823 | 103 16,49 59,4 | 78,8 16,4 2,01 2 15,3
18 §180| 70 | 5,1 | 8,7 | 20,7 1090 | 121 | 7,24 69,8 | 86 17 12,04 1,94 16,3
18a§180| 74 | 51| 93 |22,2| 1190 | 132 }|7,32| 76,1 | 105 | 20 |2,18]| 2,13 17,4
20 12001 76 | 5,21 9 234 1520 | 152 | 8,07 | 87,8 | 1131 20,5]2,30| 2,07 18,4
20a]200] 80 | 5,21 9,7 | 25,2| 1670 | 167 | 8,15] 959 | 139 | 24,21 2,35| 2,28 19,8
22 12201 82 | 54| 95]126,7| 2110 | 192 |8,89| 110 | 151 | 25,1|2,37| 2,21 21
22a]1220| 87 | 54110,2]| 28,8 2330 | 212 | 8,99 | 121 | 187 | 30 | 2,55 2,46 22,6
24 12401 90 | 5,6 10,01 30,6 | 2900 | 242 | 9,73 | 139 | 208 | 31,6 | 2,60 2,42 24
24212401 95 15,6110,71 329 3180 | 265 19,84 | 151 | 254 | 37,21 2,78 2,67 25,8
27 12701 95| 6 [105]135,2| 4160 | 308 | 10,9| 178 | 262 | 37,3 | 2,73 | 2,47 27,7
30 130011001 6,5]111,0]1405| 5810 | 387 | 12 | 224 | 327 | 436284 2,52 31,8
3313301105 7 |11,7]146,5| 7980 | 484 | 13,1| 281 | 410 | 51,812,97| 2,59 36,5
36 360} 1101 7,5112,6|53,4] 10820 | 601 | 14,2 350 | 513 | 61,7 3,10| 2,68 41,9
40 §400] 115 8 13,51 61,5 15220 761 | 15,7 | 444 | 642 | 73,4 3,23 2,75 48,3
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49}

YTr0JIKH CTAJIbHBbIE ropssu€cKaTHbIC PABHOIIOJIOYHLIC

I'OCT 8509-86

b d A Jy iy J o I vo Jyo iyo Jy Z,

M mm | mm | em? en | em en | em ent Lem | en? cm

Yo Z X 5 20 3 1,13 04 10591 063 |075] 017 | 0,39 | 0,23 0,6
T;S?'d_ . 20 4 1,46 05 0581 0,78 |0,73] 022 | 0,38 ] 0,28 0,64
% 55 25 3 1,43 081 1 075] 129 ] 095] 034 | 049 ]| 047 0,73
b é y ’ 25 4 1,86 103 10,74 162 | 093] 0,44 | 048 | 0,59 0,76
Zy g 28 | 28 3 1,62 1,16 1 085 1,84 | 107 | 0,48 | 055 ]| 0,68 0,8
. lﬁﬁ o |30 3 | 174] 145 Jo91| 23 [115] 06 | 059 085 | 085
P 30 4 2,27 1,84 | 09 292 | 1,13 | 0,77 | 058 | 1,08 0,89
«—>b 392 32 3 1,86 1,77 | 0,97 2,8 1,231 0,74 | 0,63 | 1,03 0,89
’ 32 4 2,43 226 109 ] 358 | 121 | 094 | 062 ]| 1,32 0,94
Oobo3nauenusn: 35 3 2,04 235 | 107 3,72 | 1,35 097 | 0,69 | 1,37 0,97
A- niowade ceuenus 39 | 35 4 2,67 301 | 106 | 476 | 1,33 | 1,25 | 0,68 | 1,75 1,01
J- momenm unepyuu ; 35 5 3,28 361 | 105] 571 ] 132] 152 | 0,68 2,1 1,05
i- paduyc unepyuu . 40 3 2,35 355 | 1,23 ]| 563 | 155 147 | 0,79 | 2,08 1,09
4 40 4 3,08 458 | 122 7,26 | 1,53 19 10,78 ] 2,68 1,13
40 5 3,79 553 | 1,21 | 875 | 152 23 |1 0,78 | 3,22 1,17
45 3 2,65 513 | 139 | 813 | 1,75 | 2,12 | 0,89 3 1,21
45 | 45 4 3,48 6,63 | 1,38 ] 1052 | 1,74 | 2,74 | 0,89 | 3,89 1,26

45 5 4,29 803 | 1,37 | 1274 | 1,72 | 3,33 | 0,88 | 4,71 1,3
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eet

Ilpooonincenue

Yo o b d A 2 J y4 Iy J X04 I vo J y04 yo J yz4 Z,
mm | mum | cm cm cm cM cm cm cm cm cm
Tlg 50 3 2,96 711 | 155 ) 1127 1 1,95 2,95 | 1,00 | 4,16 1,33
b 5 50 4 3,89 921 | 154 ] 1463 ] 194 38 | 099 | 542 1,38
50 5 4.8 11,2 | 153 | 17,77 1 192 | 463 | 0,98 | 6,57 1,42
i 201 50 6 569 | 1307 ] 152 ] 20,72 | 191 ] 543 | 098 | 7,65 1,46
56 56 4 4,38 131 | 1,73 | 20,79 | 218 | 541 | 1,11 | 7,69 1,52
’ 56 5 541 | 1597 | 1,72 | 25,36 | 2,16 | 6,59 11 ] 941 1,57
63 4 496 | 1886 | 1,95 ] 299 | 245 781 | 1,25 11 1,69
6,3 | 63 5 6,13 23,1 11941 368 | 244 | 952 | 125 | 13,7 1,74
Obo3nauenus: 63 6 728 | 27,06 | 193 | 4291 | 243 | 11,18 | 1,24 | 159 1,78
A- nrowade cevenus ; 70 | 4,5 6,2 29,04 | 2,16 | 46,03 | 2,72 | 12,04 | 1,39 17 1,88
J- momenm unepyuu 70 5 6,86 | 31,94 | 216 | 50,67 | 2,72 | 13,22 | 1,39 | 18,/ 19
I- paduyc unepyuu . 7 70 6 8,15 | 3758 | 2,15 | 59,64 | 2,71 | 1552 | 1,38 | 221 1,94
70 7 942 | 4298 | 214 | 68,19 | 269 | 17,77 | 1,37 | 25,2 1,99
70 8 | 10,67 | 48,16 | 212 | 76,35 | 2,68 | 1997 | 1,37 | 28,2 2,02
75 5 7,39 395 1231)]6265)291| 164 | 149 | 231 2,02
75 6 8,78 | 466 | 23 | 739 | 29 19,3 | 1,48 | 27,3 2,06

1,5 )| 75 /7 |1 1015)] 533 | 229 | 846 | 289 | 221 | 147 | 3172 2,1
75 8 11,5 59,8 | 228 )| 949 | 287 | 248 | 1,47 35 2,15
75 9 12,8 66,1 | 2,27 | 105 | 286 | 275 | 1,46 | 38,6 2,18

0o x1990d¢hni annovovdu
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141"

Yo

b
Zy

Ilpoodonscenue

A

Y

Oobo3nauenus:

A- nrowaow cevenus

J- momenm UHepyuu ,

I- paouyc unepyuu .

b | d A J, i, | J0 [iw | 3w [ie | Iv Z
M MM | MM M 2 cM 4 M cM 4 M cM 4 M cM ! (7]
80 | 55| 8,63 52,7 | 247 | 836 | 311 | 218 | 159 | 309 2,17
8 80 6 9,38 570 | 247 ] 904 | 311 | 235 | 158 | 334 2,19
80 7 1085 | 653 | 245 | 104 | 309 | 270 | 158 | 38,3 2,23
80 8 12,3 734 | 2,44 116 3,08 | 30,3 1,57 43 2,27
90 6 10,6 82,1 | 2,718 | 130 3,5 340 | 1,79 | 481 2,43
9 90 7 12,3 943 | 2,77 150 | 349 | 389 | 1,78 | 554 2,47
90 8 13,9 106 | 2,76 | 168 | 3,48 | 438 | 1,77 | 62,3 2,51
90 9 15,6 118 | 2,75 186 | 3,46 | 48,6 | 1,77 68 2,55
100 6,5 | 12,8 122 | 309 193 | 3,89 | 50,7 | 1,99 | 714 2,68
100 7 13,8 131 | 308 | 207 | 3,88 | 542 | 198 | 76,4 2,71
100 | 8 15,6 147 | 307 | 233 | 3,87 609 | 1,98 | 86,3 2,75
10 100 ]| 10 19,2 179 | 305 284 | 3,84 | 741 | 19 | 110 2,83
100 12 | 228 209 | 303 ] 331 | 381 | 869 | 195 122 2,91
100 14 | 26,3 237 3 375 | 3,78 | 993 | 194 | 138 2,99
100 | 16 29,7 264 2,98 416 3,74 112 1,94 152 3,06
1 110 | 7 15,2 176 3,4 279 | 429 | 72,7 | 2,19 | 106 2,96
110 | 8 17,2 198 | 339 | 315 | 428 ] 818 | 218 | 116 3
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GET

Yo z

fg d
m

O06o3Ha4YeHus:
A - romaab ceUeHUs;
J - MOMEHT uHepIHH;

| = paanyc UHEPIHH

[Iponomkenue

b, d, A, Jy, Iy, J xor I xor Jyor I yor Jya Zo,

Ne MM MM (:M2 CM4 CM CM4 cM CM4 CM CM4 CM
1251 8 19,7 294 3,87 467 4,87 122 2,49 172 3,36

125] 9 22,0 327 3,86 520 | 4,86 135 2,48 192 3,4
125 1251 10 24,3 360 3,85 571 4,84 149 2,47 211 3,45
’ 1251 12 28,9 422 3,82 670 | 4,82 174 2,46 248 3,53
125 | 14 33,4 482 3,8 764 | 4,78 200 2,45 282 3,61
1251 16 37,8 539 3,78 853 4,75 224 2,44 315 3,68
1401 9 24,7 466 4,34 739 5,47 192 2,79 274 3,78
14 | 140 | 10 27,3 512 4,33 814 5,46 211 2,78 301 3,82
140 | 12 32,5 602 4,31 957 5,43 248 2,76 354 3,9

160 | 10 31,4 774 496 | 1229 | 6,25 319 3,19 455 4,3
160 | 11 34,4 844 495 | 1340 | 6,24 348 3,18 496 4,35
16 160 | 12 37,4 913 494 | 1450 | 6,23 376 3,17 537 4,39
160 | 14 43,6 1046 | 4,92 | 1662 6,2 431 3,16 615 4,47
160 | 16 49,1 1175 | 4,89 | 1866 | 6,17 485 3,14 690 4,55
160 | 18 54,8 1290 | 4,87 | 2061 | 6,13 537 3,13 771 4,63

160 | 20 60,4 1419 | 4,85 | 2248 6,1 589 3,12 830 4,7
18 180 | 11 38,8 1216 5,6 1933 | 7,06 500 3,59 716 4,85
180 | 12 42,2 1317 | 5,59 | 2093 | 7,04 540 3,58 776 4,89
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ocT

Oxonuanue
b d A Jy iy ‘JXO ixo ‘]YO iyo ‘]yz Zy
e mm o em® Lem* Lem Lem* Lem e | em | en? cM
Yo z 200 | 12 | 47.1 | 1823 | 6.22 | 2896 | 7.84 | 749 | 3,99 | 1073 | 5,37
fg d ; 200 | 13 | 500 | 1961 | 6.21 | 3116 | 7.83 | 805 | 3,98 | 1156 | 542
200 | 14 | 546 | 2097 | 6.2 | 3333 | 7.81 | 861 | 397 | 1236 | 546
b 1 y| 20 [200] 16 | 62 | 2363 | 6,17 | 3755 | 7,78 | 970 | 3.96 | 1393 | 554
l ZOI 200 | 20 | 765 | 2871 | 6.12 | 4560 | 7.72 | 1182 | 393 | 1689 | 57
: A7 200 | 25 | 943 | 3466 | 6,06 | 5494 | 7.63 | 1438 | 391 | 2028 | 589
&, . J 200 | 30 | 11,5 | 4020 | 6 | 6351 | 7.55 | 1698 | 3,89 | 2332 | 6,07
< ), 12201 14 | 604 | 2614 [ 683 a4r0 | 86 [ 1150 [ 438 [ 1655 [ 59
Obo3nauenus: 2201 16 | 686 | 3175 | 6,8 | 5045 | 858 | 1306 | 4,36 | 1869 | 6,02
A- nrowads cevenus ; 250 | 16 | 784 | 4717 | 7,76 | 7492 | 9,78 | 1942 | 498 | 2775 | 6.75
J- moenm unepyuu ; 250 | 18 | 87,7 | 5247 | 7,73 | 8337 [ 9,75 | 2158 | 4,96 | 3089 | 6,83
i- paduyc unepyu . 250 | 20 | 97 | 5765 | 7,71 | 2160 | 9,72 | 2370 | 4,94 | 3395 | 6,01
25 250 | 22 | 1061 | 6270 | 7,69 | 9962 | 969 | 2579 | 493 | 3691 | 7
250 | 25 | 119,7 | 7006 | 7,65 | 11126 | 9,64 | 2887 | 4,91 | 4119 | 7.11
250 | 28 | 1331 | 7717 | 7.61 | 12244 | 959 | 3190 | 49 | 4527 | 7.23
250 | 30 | 142 | 8177 | 7,59 | 12965 | 9,56 | 3389 | 4,89 | 4788 | 7.31
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LET

Yro0JIKH cTaJIbHBbIE ropa4¢KaTHbIC HCPABHOIIOJIOYHbBIC

I'OCT 8510-86

V4
—
d
_»
B
A y
Zy d
\ A 4 /ﬁmx
Yo * J
>
< b
Oobo3nauenusa:

A -niowaow ceuenus ;
J -momenm unepyuu |
| -paouyc unepyuu .

B b d AT Jy iy J2 . | Jve | Yo | %
No 2 4 4 4
MM MM MM CM cM CM cu CM CcM CM CM
25/16] 25 | 16 | 3 | 116 07 Jo078] 022 044 022 [0,42] 0,86
sop |32 | 201 3 J149] 152 ]101] 046 [055] 047 | 049] 108
32 | 20| 4 |194] 193 | 1 | 057 [054] 059 |053] 1,12
40 | 25 | 3 [189] 306 [127] 093 | 07 | 096 |059] 1,32
425 | 40 | 25 | 4 | 247] 393 | 1,26| 1,18 | 069 1,22 |0,63] 1,37
40 | 25 | 5 [3,03] 473 [125] 1,41 [ 068 | 1,44 |066] 1,41
sspg |5 | 28 [ 3 Jo1a] 441 [148] 1,32 | 079] 1,38 [0,64] 147
45 | 28 | 4 | 28| 568 | 1,42] 1,690 | 0,78 1,77 | 0,68] 1,51
50 |20 | 32 | 3 Jod2f618]16] 199 foor] 201 [ora] 16
50 | 32 | 4 |317] 798 [159] 256 | 09 | 2,59 |0,76] 1,65
536|206 | 36 | 4 ]3s8] 114 f178| 37 [102] 374 [084f 182
56 | 36 | 5 |441] 138 [1,77] 448 | 101 45 |o8s] 1,87
63 | 40 | 4 404 163 [201] 516 [ 113] 525 [0,91] 2,03
6o |03 | 4015 Ja08] 190 ] 2 ] 626 [112] 641 [095] 208
63 | 40 | 6 | 59| 233 [19] 729 | 111 7,44 |099]| 2,12
63 | 40 | 8 |768] 296 [196] 915 [ 1,00] 927 |1,07] 2,2
7145 1 70 | 45 | 5 |559] 27,8 [ 223] 9,05 [ 127 ] 9,12 | 1,05] 2,28
75 | 50 | 5 |611] 348 [239] 125 | 143 12 |1,17] 2,39
75651 75 | 50 | 6 |725] 409 [ 238 146 | 142 141 | 1,21] 2,44
75 | 50 | 8 |947] 52,4 [235] 1855 | 1,4 | 17,8 | 1,29] 2,52
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Oobo3nauenusn:
A -nrowaow ceuenus
J -momenm unepyuu |
| -paouyc unepyuu .

IIpooonicenue

B b d A Jy Iy J, i, Jy Yo Z,

M MM mm | omm | em® | em? cm em’ cM ent | em | em
8/5 80 50 5 6,36 | 416 | 256 12,7 | 141 | 132 |113] 2,6
80 50 6 755] 490 | 255] 1485 14 | 155 | 1,17] 2,65
90 56 55 1786 653 |288]| 19,7 | 1,58 | 20,54 | 1,26 | 2,92
9/5,6 90 56 6 8541 706 | 288 21,2 | 158 | 22,23 11,28] 2,95
90 56 8 ]11,18) 909 | 2,85 27,1 | 156 | 28,33 | 1,36 3,04
100 63 6 9,58 | 98,3 3,2 30,6 | 1,79 | 315 |1,42] 3,23
10/6.3 100 63 7 11,1 113 | 3,19 350 | 1,78 36,1 | 1,46 3,28
100 63 8 126 | 127 | 3,18 392 | 1,77 | 40,5 | 15 | 3,32

100 63 10 | 155 | 154 | 3,15 | 47,2 | 1,75 ] 48,6 |158| 3,4
11/7 110 70 6,5 |11,45] 142 | 3,53 | 45,6 2 46,8 | 1,58 | 3,55
110 70 8 139 172 | 351 546 | 1,98 | 559 | 1,64] 3,61
125 80 7 141 227 401 73,7 | 229 | 747 | 1,8 | 401
125/8 125 80 8 16,0 | 256 4 83,0 | 228 | 84,1 |1,84] 4,05
125 80 10 | 19,7 ] 312 | 398 100 | 226 | 102 | 1,92] 4,14
125 80 12 |1 234 365 | 395 117 | 2,24 | 118 2 | 4,22
14/9 140 90 8 180 364 | 449 120 | 258 | 121 |2,03]| 4,49
140 90 10 | 22,2 | 444 | 447 146 | 258 ] 147 | 2,12 ] 4,58
160 100 9 2291 606 | 515] 186 | 2,85 | 194 | 2,24] 5,19
16/10 160 100 10 | 25,3 | 667 |513| 204 | 284 | 213 | 2,28] 5,23
160 100 12 1 30,0 784 |511| 239 | 282 ]| 249 |2,36]| 5,32

160 100 14 | 34,7 897 |5,08]| 272 2,8 282 | 2,43 ]| 54
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OrxoHnuanue

4 7 o B b d A Jy i J, i, J. Ly, | 2

d - MM MM wm | em? em’ cM em’ cm em’? cM cM
—> 18/11 180 110 10 28,3 952 5,8 276 3,12 295 | 2,441 5,88
B 180 110 12 33,7 | 1123 | 5,77 324 3,1 348 | 2,52 | 5,97
200 125 11 349 | 1449 | 6,45 446 3,58 465 | 2,79 6,5
7 y 200 | 125 | 12 | 379 1568 | 643 | 482 | 357 | 503 |2,83] 6,54

Z, d 20/12,5

vy W/%;. 200 125 14 439 | 1801 | 6,41 551 3,54 575 12911 6,62
y ] A 200 125 16 498 | 2026 | 6,38 617 3,52 643 12,991 6,71
> 0 b J 25/16 250 160 16 63,6 | 4091 | 8,02 | 1333 | 458 | 1351 | 3,69] 8,14

3asucumocmup mexncoy mexanuueckumu eounuyamu CH, CI'C u
B6HECUCHEMHBIMU eOUHUUAMU

Im =10%cm Iem =107 m I1H =107 kH IxkH =10°H 1a=1H/m"
Im? =10% em? ITem? =10 m? 1H =10° MH IMH =10° xH IxIla=1xH/m*
Im® =10°em’® Ienm® =10° a8 IkH =10° MH IMH =10°H IMITa=IMH/m°
In* =10°% em® ITenm® =107° m* 1t =10 kH lxr =10 H IMH =100 t

IxITa =10° Ia

IxITa =102 MIla

IMIIa =10° kIla

IMITa = 10x2/cm

1xH/cm > =10MITa
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Tabiauua MOMEHTOB HHEPIMH U MOMEHTOB CONPOTHBJICHUS POCTEHINNX (PUTyp

‘in ‘JZ

— 0ceBble MOMEHNbl UHepyuu

Jp — NOJAPHLIU MOMEHMbL UHEPYUU;,

Wyl WZ

_ Z z
" . N\
y N
& y
«—b Puadll SN
b h h 2d
A=Dbh =— | Zp== Zg =— 2, =—=0,212d
Yo 3 0=3 0=3 0= 5
3 3 2
y=£ Jz=m A=m A=m A=”d ~0,393d°?
12 12 2 2 8
_bh® _bh® _d(m_8),
Jy, =0 Jy, =0 Y36 Y36 Y 16\8 9z
~0,00687d *
2 3 3 3 4
w, =20 w,=w, ="~ | 5,0 3, =20 g 2™ 002454
6 32 36 48 128
~0.1d°
2 R 3 2
h LU BV b h _ _
WZ:T N AT =T Ty Ty =0 Ty =0
Oobo3nauenun: Y,7Z— yeHmpaivHble OCU, A — nnowaos gueypet;

Jyz — yenmpobeosicnulii Momenm unepyuu,

Wp— I’lO]ZﬂprlIZ MOMEHRM CONPOMUBTIEHUAL.
— 0CceBbvle MOMEHMbL CONPOMUBICHUA,
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Tab6mua ko3¢ puureHToB NPOAOILHOI0 U3rnda () HEHTPAJILHO CHKATHIX JJ1EMEHTOB

3HavyeHus1 KOA(pPUuHeHTOB a U b 11t

HEKOTOPbLIX MATCPHUHATIO0B, HCII0JIb3YEMbBIX

B (opmye ®@.C.Scunckoro: o, =a—bi

MatrepuaJ Mila | MiTa Anpeo
Craiabp 310 | 1,14 | 100
[epeBo 40 |0,203| 70

Tuokocmo J
MarepuaJ
30 | 40 | 50 | 60 [ 70 | 80 | 90 | 100 | 110 | 120 | 130 | 140 | 150 | 160 | 170 | 180
Cr 2,3 (cranp) | 0,9410,9210,8910,86(0,81|0,75] 0,69 0,60 (0,52 (0,45|0,40 (0,36 0,32 (0,29 0,26 | 0,23
JlepeBo 0,930,871 0810,7110,61)0,47]0,3710,30(0,25(0,2110,180,15(0,13 0,12 0,10 | 0,09
Ilpumeuanue: 3uauenus ¢ 011 depesa onpedenenvi 8 coomsemcemeuu co CH u Il 11 =25-80 no ¢popmynam
2
Q= 1—0,8(%) yecmu ALT0 ; o = 3390 yeciu A>T70. TI'me 24 =.ﬂ— 2UOKOCMb CMEPIHCHSL,
lmin
u— Koagpguyuenm npusedenust onunvt ; | - onuna cmeporcust; imin — MUHUMATBHBLIL PAOUYC UHEPYUU.

MexaHudeckue XaPAKTCPUCTUKHA MaTCpUAJIOB

Craas Menb Yyryn | depeBo
E G a )4 E a E E
MIIA | MIIA | 1/epao | kH/mM® | MIIA 1/zpad MIIA MIIA
2,06:10° | 8-10* | 125107 | 78 | 0,98:10° | 165-107 | 1,1810° | 0,98-10*

Anpeo — NpeoenvHas 2uOKOCms CmepIiCHs

Oobo3nauenusn: E -mooynv ynpyeocmu npu pacmsiorcenuu,

G - mooynw ynpyeocmu npu coguee,
v —koaghpuyuenm Ilyaccona;,
Y - 00veMmHublll 8ec;

E

G=— —
2(1+v)

a — memnepamypHulil Kodppuyuenm 1uHeluH020 pacuiupeHus.
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nopsl nonepeyHbix cuil Q, m3rnd6arommx momeHToB M, IporudoB V U yrjioB noBopora ¢

A q LA

54 al YYYYYVVVYVYYVYVVYY : ’4 |
Q A | QT:A I > QT
RS al - o) 0

ql 2 /2 m =

; ) mI"“I"“H“ﬁ'ﬂ|Ill||!!!||!!!II!!!mumm B O MM@WWWM 0], MY
M I ¢ A

] v ] o
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2EJ 3EJ °" 6EJ’  8EJ Pp=—ri
6EJ
O003HaAUYCHHUSA:

@-yToJI IOBOPOTA TIONIEPEYHOTO ceueHUs;V - mporuo;f- cTpena npornda (MakcuMabHBINA IPOTHO).
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