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MHNPEJIUCJIOBUE

B npotiecce moaroToBku BEICOKOKBATU(PUITUPOBAHHBIX KaJIPOB IO 00pa30BaTeb-
HBIM IIPOrpaMmaM BBICIIETO 00pa30BaHUs OUYE€Hb BaXKHO UCIIOJIB30BATh KOMILJICKCHBIN
MOAXO] K U3YYEHUIO CTYJCHTAMU TUCIUILINH, BKIIOYAIOIIUNA HE TOJIBKO TEOPETUYECKUE
Y TIPAKTUYECKUE 3aHATHUS, HO U CAMOCTOSITENIbHYIO padoTy CTy/IeHTA.

BaxxHbIM 371IEMEHTOM CaMOCTOATENIbHON PabOThI SBISETCS pacueTHO-Tpaduye-
ckasi paboTa, CIOCOOCTBYIOIIAsI 3aKPEIUICHUIO CTYJIEHTaMU 0a30BbIX U MOJYUYCHHIO
yrayOJIEHHBIX TEOPETUUYECKUX U MPAKTUUECKUX 3HAHUH 10 JTUCIUTIIMHE.

Pacuerno-rpaduueckas pabora «Pacder cTaTUYECKH OMNPEACTIUMBIX KOHCTPYK-
U TP pa3JIMUHbIX BUJIaX HATPYKCHUS» COIACPIKUT YEThIPE pas3zeia:

» OIlpe/ielicHUE PeaKuid CBA3CH CTAaTUYCCKH ONMPEACIIMMBIX KOHCTPYKIIHH;

» pacyeT Ha MPOYHOCTH M JKECTKOCTh MPHU PACTIKCHUH-CIKATHH,

» pacyeT Ha POYHOCTH M KECTKOCTh MPHU KPYUCHHH,

» pacyeT Ha MPOYHOCTH M KECTKOCTh IMPHU M3rHoe.

[To kaxaoMy pa3iesly BBITIOJIHSIOTCSI yKa3aHHbBIEC HUKE 3a/1aHUs.

Paznen |. Onpenenenne peakiinii CBsi3el CTaATUUECKU OMPEIETUMBIX KOHCTPYKIIUMA.
— ONpEACIUTh PEAKIIUA OTIOP M JIABJICHUE BO BHYTPEHHEM IIAPHUPE COCTaBHOM
IJIOCKOM paMbl.
Paznen |l. Pacdet Ha mpOYHOCTH M KECTKOCTh MPH PACTHKEHUU-CIKATHUH.

JIJis cTaTUdecku onpeaenuMoro opyca HeoOX0IUMO:

— ONPEIEIUTh IPOAOJIbHBIE YCUITUS, TOCTPOUTH MIOPY MPOIOIbHBIX YCUIIHIA;

— moa00paTh MONEepeYHbIC CEUCHUS, UCXOISI U3 YCIOBUN TPOYHOCTH;

— IOCTPOUTH SIIOPbl HOPMAJIBHBIX HAINPSHKECHUM W JIMHEWHBIX MEPEMEICHUN

MONEPEYHBIX CEUCHUM.
Paznen Ill. Pacuet Ha MpOYHOCTH M )KECTKOCTh MPU KPYUCHUH.

JI1st cTaTUYecKu onpeeIuMoro opyca Heo0X0IUMO:

— ONPEIEIUTh KPYTSIINE MOMEHTHI, IOCTPOUTD SIIOPY KPYTSIIHNX MOMEHTOB;

- HOI[O6paTB IMOIICPCYHBIC CCUCHUS, UCXOI U3 YCJIOBI/Iﬁ IMPOYHOCTH;



— TIOCTPOUTH AMIOPHI MAKCUMAJIbHBIX KAaCaTEIbHBIX HAMIPSIKEHUHN U YTIOBBIX Tie-
PEMEILECHUN TTONIEPEYHBIX CEUCHUM.
Paznen V. PacyeT Ha IpOYHOCTH U KECTKOCTh MPU U3THOE.
JI71st cTaTHuecKu onpeaeIuMon Oaku HEe0OX0IUMO:
— OMpEeIEeIUTh MONEPEYHBIC CUIIBI U U3TUOAIOIINE MOMEHTBI, TOCTPOUTH SITIOPHI;
— T0A00paTh MOMEPEUHbIE CEUEHHUs TPOCTON reoMeTpuueckoi (opmbl (TIPSIMO-
YTOJBHUK, KPYT, KOJIBIIO), UCXO/IS U3 YCIOBUM MPOYHOCTH;
— I IPSIMOYTOJILHOTO CEUYEeHHSI TIOCTPOUTH IPauKi HOPMAITBHBIX U KacaTelb-
HBIX HaINpsHKEHUN B OMACHOM CEUEHUU OaJIKu.
Ncxonnpie nannbie npuBeacHb! B [Ipunoxkenun — tadbmuist [13.1 u 13.3, pacuer-
HBIE CXEMBbI KOHCTPYKINH — Tabmuiibl [13.2 u pucynok 113.1, Mexannueckue XxapakTepu-
CTUKH MaTepuaioB — Tadmwuipl [13.4 — T13.7.
[Tpumep BbIOOpaA UCXOTHBIX JAHHBIX U MIOCTPOCHHS CXEMbl KOHCTPYKITU MPHBE-
neH B [Ipunoxenun.
COJIEPXXAHME TPA®UYECKOI YACTU
['pacduueckas yacTh JOHKHA COIEPHKATD:
JIuct 1 Onpenenenne peaklyii CBSI3el CTATUYECKU ONPEIETUMBIX KOHCTPYKIINN:
- 3aJJaHHBIE PACUETHBIE CXEMBI;
- CXEMBbI CUJI, IEUCTBYIOIIUX HA KOHCTPYKIIMH, OCBOOOKICHHBIE OT BHEIITHUX CBS3EH;
- CXEMBI CUJI, ICHCTBYIOIIUX HA KaXKAYI0 YaCTh KOHCTPYKILIMH ([ COCTABHOU paMbl).
JIuct 2 Pacuer Ha MPOYHOCTD U )KECTKOCTh MPHU PACTIKEHUU - CKATHH U
JIuct 3 Pacuer Ha MPOYHOCTH U )KECTKOCTh IIPU KPYUCHUU
- pacYeTHBIE CXEMbI CTATHUECKU OMPEICITUMBIX OPYChEB; AIIOPHI MTPOIOIBHBIX CHJI, HOP-
MaJbHBIX HAMPSHKCHUH W TiepeMenieHnii (st OpycheB, paboTaromre Ha pacTsHKeHUE-
CKAaTUE); SMIOPBI KPYTAIIUX MOMEHTOB, HAUOOJIBIINX KacaTeIbHbIX HANPSIKEHUN U yT-
JIOBBIX TIepeMenIeHni (17151 OpycheB, pabOTAOIIMX HA KPYUICHHE).

JIuct 4. PacueT Ha NpOYHOCTD U KECTKOCThH IIPU U3THOE.



- PaCUETHYIO CXEMY CTaTUYECKU OMPEASTUMON OalKu; SMIOPHI MONEPEUHbIX CHII
Y U3ru0AI0NIUX MOMEHTOB; rpa)Ki HOPMAJIbHBIX U KacaTeIbHbIX HAMPSXKEHUM B OIac-
HOM CEYEHHH (ISl IPSIMOYTOJILHOTO CEUCHHUSI).

Pa3aen |. OIPEJEJIEHUE PEAKIIUM CBA3EN CTATUYECKH OIIPE-
JIEJIMMbBIX KOHCTPYKIIUH

1.1 KpaTkue TeopeTnyeckune cBeJIeHUs

Teno, KOTOpoe MOXKET COBEpIIaTh J000E NIEPEMEIICHHE B MPOCTPAHCTBE, HA3bI-
BaeTcs cBOOOHBIM. Eciu mepemerieHuto Tena B MpOCTPAHCTBE MPEMATCTBYIOT KaKue-
HUOYIb IPyTHE TeJIa, CKPETUICHHBIE UJTU COMPUKACAIOIINECS C HUM, TO TAaKOE TEJI0 Ha3bl-
BaeTcs HeCBOOOAHBIM. Bee To, 4TO orpaHUuYMBaeT nepemMenieHue Tejia B IpOCTPAHCTRE,
Ha3bIBACTCA CBSA3BIO. Te0, CTpEMSCh MO ACHCTBUEM CHJI OCYIIECTBUTH MIEPEMEILICHUE,
OyIeT BO3JIeHCTBOBATh Ha CBSA3b C HEKOTOPOM cuiiol. OJTHOBPEMEHHO CBSI3b OyIeT AeH-
CTBOBATh Ha TEJIO C TAKOH K€ MO MOJIYJI0, HO TPOTUBOIOJIOKHO HAMPABJICHHOW CUIION,
Ha3bIBAEMOMW peaklell cBsA3U. Peakuys cBs3U HapaBlieHa B CTOPOHY, MPOTHUBOIOIO0XK-
HYIO TOM, KyJla CBS3b HE 1a€T NEPEMENIAThCS TEIly.

PaccmoTtpuM, Kak HampaBlIeHbl PEAKIIMM HEKOTOPBIX YaCTO BCTPEUAIOIIMXCS BU-
JIOB CBS3CH.

I'naokas nogepxnocmo unu onopa.

['maxoil Ha3bIBAIOT MOBEPXHOCTh, TPEHUEM TeJla O KOTOPYIO MOKHO NMPEeHEOPEYb.
Peakius riankoi MOBEpXHOCTH HaIpaBJIeHA IO OOIIEH HOpMaIW K ITOBEPXHOCTH CO-
MIPUKACAOIIMXCS TEJI B TOUKE MX KaCaHUS M MPUJIOKEHA B 3TOM Touke (pucyHok 1.1, a).
Ecnu oHa 13 MOBEpXHOCTEN — TOYKA, TO PEAKIUS HAIIPABJICHA IO HOPMAJU K IPyTrou

noBepxHocTH (pucyHok 1.1, 6).



Pucynox 1.1 —I'magkas noBepxHocTh Wi onopa.  PucyHox 1.2 — CBsi3b B Buie THOKOM HEpACTSHKU-

Hanpasnenne peakiuii CBs3H. MOM HUTH.

Hume.
CBs13b B BHJIe THOKOM HepacTsDKMMOW HUTH (pucyHOK 1.2) He maeT Teny yna-
JUTHCS OT TOYKU MOjBeca. Peakiiusi CBSI31 HaNpaBJIeHA BJIOJIb HUTH K TOYKE €€ TI0JIBeca.

Hlapnupnasa onopa.
[apHupHas HenmoaBukHas onopa (pucyHok 1.3, onopa A) UMeeT peaxIuio R_A :

HaIIpaBJICHHYIO IIPOHU3BOJIBHO U JICKAIIYIO B IINIOCKOCTH, nepneHmemepHOﬁ OCH H1ap-

HUDA.

P Pucynok 1.3 — lllapuupnas onopa. Hanpasie-
¥

1 HUE PEAKIIMI CBSI3U.

B

Ir—
X

b

Peakuus R, Moxer ObITh pasio-

’keHa Ha 1Be coctaBigmomue: Xa u Ya. To-

rJa MOJyJIb PEAKIIUU

R, =yX2+Y2. (1.1)

[apaupras moaBwkHas omopa (pucyHok 1.3, omopa B) umeeT peakuuio Y,

HAaMpaBJIEHHYIO MEPIICHANKYISIPHO OMIOPHON MTOBEPXHOCTH.



Copepuueckuit waprup.
Cdepuueckuit mapuup (pucynok 1.4, a) u noanstHUk (pucyHok 1.4, 6) umeror
peaxkuuio R_A , HalpaBJIEHHYIO B IPOCTPAHCTBE MPOU3BOILHO. [Ipu pemenuu 3amay pe-

aKIMs MOKET OBITh Pa3I0KEHA HA TP COCTABIAIOMHUX X ,,Y,,Z .

Pucynox 1.4 — Chepuueckuii mapHup U noansITHUK. Hanpasnenue peaxiuii cBs3u.

Kecmkasn 3a0enka (Heno008uUIHCHO 3auieMIeHHAA ONOPa)

Hwmeet PEaKIunro RA , 3dpaHCC HC U3BCCTHYIO 110 HAIIPABJICHUIO U 110 MOAYIJITO, U

MOMEHT M. JIns nmnockoit cucteMsl cui (puc.1.5) peakuus R, MoxeT ObITh pa3io-
’eHa Ha cocTaBisitone Xa U Ya 1 MOMEHT M. JI7st mpOoCTpaHCTBEHHOM CUCTEMBI CHJT

COCTaBJIIOIINX peakiuu R, OyneT Tpu (110 Yrcity KOOPIUHATHBIX Ocei X, Y, Z).

_____,R

- A
Pucynok 1.5 —Xectkas 3anenka. }_ 4
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HanpaBneHHe PCaKIU CBA3U. |
I

T

Hegecomutii cmepoitcens.
DTO TakoW CTEep:KeHb, BECOM KOTO- M,

pOTO MO CPaBHEHHWIO C BOCTIPUHUMACMOU

Harpy3Kol MOXXHO TIpeHeOpeub. Peakiusi Takoro cTepskHs (MIAPHUPHO MPHUKPETUICH-

HOTO) HampaBiieHa B10JIb ocu cTepxHs AC (puc.1.6), a y kpuBonmHEHHOTO cTepkHs BD

peakuus R HampaBieHa BAOJb NpsIMOi, coenunsitoeit Touku B u D.



Pucynok 1.6 — HeBecomslii crepxkenb. Hampasiie-

HUE PEAKLMM CBS3U.
Peakiuu onop HEOOXOAMMO paccMaTpHUBATh
KaK Harpy3ku (CHiIbl U MOMEHTBI), AEHCTBYIOIINE

Ha pacCMaTpruBacMoOC TCJIO CO CTOPOHLI OIIOP. He-

O6XOI[I/IMBIM N AO0CTAaTOYHBIM YCJIIOBUEM PABHOBC-

Cusl TClla ABJIICTCA PABCHCTBO HYJIIO I'NIABHOT'O BCKTOPA EI/I I'’IaBHOI'O MOMCHTA V
BCCX BHCIIHUX CUJI (B TOM 4YHCJIC " peaKHHﬁ CBSI3€I>1), T.C. BBIIIOJIHCHUC YCHOBHﬁ:

R=0, M =0. (1.2)

HpI/I AHAJIUTUYECKOM CIIOCO0e 3aJaHus CUJI rJIaBHBIN BCKTOp ﬁ = 0u rIaBHBIN

MoMeHTM =0 , €CJIX BBINIOJIHAKOTCA YCIIOBUSA:

R,=0,R,=0,R,=0u M, =0, M, =0, M,=0, e xorna

> P=0,>P=0,>P=0.
>'m(P)=0, > m (P)=0, > m,(P)=0. (1.3)
CJ'IG,ZIOB&TGJILHO, IJIs1 paBHOBCCHUA HpOCTpaHCTBeHHOﬁ CUCTCMBI CUJI HGO6XOI[I/IMO,

YTOOBI BBIMONHSIIUCH yCioBuUs (1.2). JIns miockoi cucTeMbl CHIT YCIOBUSMU PaBHOBE-

CUS SIBJISTFOTCS
>.P=0,>P =0 >m(P)=0, (1.4)

rae O — mobast pUKCUPOBAaHHAS TOYKA TIIOCKOCTH.
Ycnous (1.3) SBISIOTCS OCHOBHOHM (POPMOM 3amlKMCH YCJIOBUK PaBHOBECHS IS

IJIOCKOM CUCTeMBbI CHIl. Ha mpakTuke mpuMeHstoTcs Apyrue (GOopMbl 3alich yCIOBHIA

paBHOBECHA:
2.Xi=0, > M,(R)=0, > M,(P)=0 (1.5)
ZmA(§=0’ st(ﬁzoi ch(gzo (1-6)

[Tpu ucronp3oBannu (HOpMBI 3anucH ycinoBus paBHoBecus (1.6), HazpiBaeMoi

YpaBHEHUEM TPEX MOMEHTOB, HEOOXOAUMO YUUTHIBATh, UYTO TOUKHU A, B 1 C HE TOTKHBI

JIe)KaTh HAa OJJHOW MPSIMOM.



1.2 IIpuMep BbINOJTHEHUSA 321241

3agava 1. OnpenenuTs peakuy ONop U JaBJICHUE BO BHYTPEHHEM LIAPHUPE CO-
CTaBHOM IVIOCKOU paMBl.

ITOPAIOK BBIITOJIHEHMA

1. OnpenensaroTcs MecTa NPUIIOKEHUS U HAMIPABIICHUS] BHEITHUX HArPY30K, CTPO-
WTCS pacueTHAs CXeMa.

2. Beibupaetcs cuctema KOOpJIMHATHBIX OCEH, BBOASTCS PEAKIIMH OTIOP, CTPOUTCS
CXeMa CUJI, ICUCTBYIOIINX HA KOHCTPYKIIHIO B LIEJIOM.

3. CocraBHas pama pa3pe3aeTcsi N0 BHYTPEHHEMY IIAPHUPY, BBOAATCS pPEeaKIUU
BHYTPEHHETO HIAPHUPA, CTPOSITCS CXEMbI CUJI, ACHCTBYIONIMX HAa KAXXIYIO 4acTh KOH-
CTPYKLIHH.

4. CocCTaBJIIOTCS CHUCTEMBl YpaBHEHUW PaBHOBECHS, OMNPENECIAIOTCA PEaKIuu
CBSI3EH.

5. CocTaBnsIOTCA TOMOJIHUTEIbHBIE YPABHEHUS! PABHOBECHS, BBINIOIHAETCS MPO-
BEpKa MMPAaBUJIBHOCTHU PACUETOB.

3amanue

OnpenenuTs peakly ONop U JIaBICHUE BO BHYTPEHHEM LIAPHUPE COCTABHOU
IJIOCKOM pambl, HAXOAIIEHCS B PABHOBECHUHM 101 ICMCTBUEM 3aJJaHHBIX HATPY30K.
Ncxonnsie nannapie (Tabmauiibl 113.1 u I13.2):

Ne: 0 0 1
A B C
Cxema Ne 1 (pucynok 1.7);
a=0,2 m; M=3 kH m; P1=2 kH; c1=45 °; mouka npunoxcenus H; P2=4 kH,; mouka
npunodcenus E; co=60 ¢ =35 kH/m, yuacmox oeticmsus nazpysxu CL.
PEIIIEHUE
PaBHOpelicTBYOIIAs pacnpeAeIeHHON HArPy3KHU:
Q=ql; lo.=4a = Q=4,0«H,

COCT&BHHIOIHI/IC COCPCAOTOYCHHBIX HAI'PY30K:

10



P, =P cos45 =1,414xH; B, = Fsin45 =1,414xH,
P, =P,c0860" =2,0xH; P, = P,sin60" = 3,464 xH

PacuemHasi cxema pambl

3
q a a
- ) &P
K A
C M
S
P2
P
60° H i B
AL, E A
3a 15a | 1.5a

A

y
a a | 3a AYD
L =
| K 1
9! C M
< _
@ P2
A
YA‘ 60°/
Al Xa P
3a

y _
al af¥
L #
_ K C
Y
4]
™ ﬁz _ Y
Yc
A —
Ya 60 P2y Py
A )ZA Pax E X
3a 1.5a
OnpedeneHue peakuuti cesizel
cmamudecku onpedenumMbIX
sm| [Tucm| Ne dokym. |Modnucs|damaj KOHCMpyKuuu
Paspab. Jlum Jlucm | Jlucmos
Iposepun OnpedeneHue peakyuti ornop 1 4
U OasrieHus1 80 8HYMPEHHEM
KoHmp. wapHupe rnsiockol pambi
Yme.

Pucynox 1.7 — I'paduueckas gacth 3a1a4u
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KoHcTpyknuio pa3o0beM Ha JIB€ 4yacTu N0 BHyTpeHHeMmy mapHupy C. YpaBHeHus

PaBHOBECHS JIEBOM IMOJIOBUHBI:

D X =0= X, +X,-P,+P, =0;

dY,=0 = Y. +Y;+Y,-P, -P,, —Q=0;

D> M!=0= X,3a-Y,4a+Y,2a—-P,05a-P,3a+P,a+P,3a+Q2a=0
YpaBHEHUsI paBHOBECHS ITPABOM MMOJIOBUHBI:

D X =0 = —X.=0;

DY, =0 = —Y, +Y, =0;

DM =0= Y,3a-M =0

OrnpenernsieM HEU3BECTHBIE PEAKIIMU CBSI3EH

X =0;
Yo :M:S,O KH,
3a

Y. =Y, =50«xH,

X, =B, —P,, =-0,586«H,

Vv _ X 3a+Ys2a—-PF 05a+P, a-h,3a+P,,3a+Q2a
A 4a

Y =-Y.—Y,+R, +PF,, +Q=0,793 kH

=3,086 kH;

CocTtaBuM MPOBEPOYHOE YpaBHEHHUE ISl KOHCTPYKIIMH, HE pa3/IesIeHHOM Mo map-
Hupy C:

2:MiE =0= Y,4a-M +Qa+Ys3a-PF 15a-Y,3a=
=5,0-0,8-3,0+4,0-0,2+0,793-0,6-1,414.0,3—-3,086-0,6 =0

IIpoBepka comnacek.

Paznen |l. PACUET HA ITPOYHOCTDB U KECTKOCTD IIPU PACTS-
KEHUU-CKATUU
2.1 KpaTkue TeopeTnuyecKkue cBeIeHUs
[Tox pactskeHueM (cxxaTveM) MOHUMAETCsl Takou BUA AedopMaluu, Korjaa npu
Harpy>keHHH B MOIMEPEYHBIX CEUEHUSX Opyca BO3HHMKAIOT TOJILKO OJMH BHYTPEHHUUN

CUJIOBOM (pakTop — crxMMarolas uiu pactiarupatouias rnpoaoiasHas cuna N. [pumepom
12



PACTSDKEHUSI MOXKET CIY>KUTh OpYC, pacTATUBAEMBbIN CUJIAMU, MPUIIOKEHHBIMU K €ro
KOHIIaM (pUCYHOK 2.1).

Jl1s1 onipeniesieHrs BHYTPEHHUX CUJT M HAPSDKEHUSI PACCMOTPUM CTEPKEHD C M0-
CTOSIHHO} IIOIIA/BIO TIONEPEYHOro cedeHus: F, M2, KOTOpBIii IogBEpraeTcs pacTsiKe-

HUIO cunamu P, pucyHok 2.1,

P -~ P
- — — | —

Ni—a(-EEl'— — 5}4

Pucynoxk 2.1 — BHyTpeHHHE CUJIbI IIPU PACTSHKEHUU (CHKATHH)

HpI/I 9TOM IIpCANoJIaracTcsda, 4To INIOCKUC CCUCHHA, HOPMAJIBHBIC K OCHU CTCPIKHA
a0 ,He(l)OpMaHI/II/I, OCTAaroTCA U II0CJIC I[G(bOpMaI_II/II/I IINIOCKMMH W HOPMAJIBHBIMHU K €T'0

ocH. DTa TUNOTE3a HA3bIBACTCS THMIIOTE30M IIJIOCKUX CEJICHUMN. BHYTpCHHI/IC CHJIBI 1 Ha-

IMPAKCHUA B JIFOOOM CEUYECHUH 6pyca OIIPCACIIAOTCA C IOMOIIBIO MCTOJAA CEUYCHMMU.

[T1ockoCThIO, TEPIICHIUKYIIIPHON K OCH Opyca MBICTICHHO Pa3pekeM ero 1o JIaH-
HOMY CEUCHHUIO ¥ OTOPOCUM OJIHY M3 MOJTYYCHHBIX JIBYX YacTeil, HapuMmep, Jieyto (pu-
cyHOK 2.1). JInst oGecrieueH st paBHOBECHS OCTABIICHCS YaCTH MPUIOKUAM 10 BCEMY Ce-
YCHHIO B KQXKIIOM €ro TOUYKE BHYTPEHHHE CHIIBI, KOTOPHIC TOJDKHBI 3aMEHUThH JICHCTBHE
OTOPOIIICHHOW YaCTH Ha OCTABIIYIOCS YacTh Opyca.

PaBHopeiicTBytomas BHyTpeHHUX cril N JIeTKO orpenensieTcs U3 yCIoBHUs paBHO-

BCCH: C IIOMOIIBIO YPAaBHCHUA CTATUKU:
> X=N-P=0,

otkyna N=P.
Ecnu cuntath, 4TO BHYTpEHHUE CUJIBI PABHOMEPHO PAacHpe/IeieHbl IO CEUCHUIO,
TO HOpPMaJIbHBbIC HANPSDKEHUST BO BCEX TOYKAX CEYCHUsS OYAyT OJWHAKOBBIMH U MOTYT

OBITH OMpeIeNIeHbI TT0 hopMyIIe:

N P
c=—=—, 2.1
F F @D

13



rae F — mionanb nonepevyHoro ceyeHusl.

[Ipu peiicTBUM pacTATUBAIOIIMX CHJI IO OCH Opyca JAJIMHA €ro yBEJIHMYMBaeTCs, a
IIOIIEpEYHbIE pasMepbl YMEHbIIAOTCA. [Ipy IeHCTBUN COKUMAIOIUX YCUIIMN ITPOUCXO-
ouT obpaTtHoe siBeHue. Ha pucynke 2.2 nokaszan Opyc, pacTsIruBaeMbli IByMs CUJIaMU
P. B pesyabTare pacTsbkeHus Opyc yIIMHWICS Ha BeauunHy Al, koTopast Ha3pIBaeTCs

a0COJIIOTHBIM YJUIMHCHUEM, U IMOJIy4YrM a0COJIFOTHOE ITONIEPSYHOE CYKCHHUE ACI;

) E—

- Adl l

J T sy ——— P
o[

I+al

Pucynoxk 2.2 — Bpyc, pacTsaruBaeMslii CUJIaMHU.
OTHoIIECHNE BETUHYHNHBI A0COIIOTHOTO YAJIMHCHUSA 1 YKOPOUYCHUS K IICPBOHAYAIIb-
HOU JJINMHC WUJIW IMUPUHC 6pyca Ha3bIBACTCSI OTHOCUTEIILHOM HGdJODMaHHGﬁ. B JaHHOM

ciydac I[G(i)OpMaHI/IH :ATI Ha3bIBACTCSI OTHOCUTEIbHAS IPOIOJILHOMN ,I[ed)ODMaHPIGﬁ.

B npenenax ynpyrux nedopmainuii yCTaHOBICHO, YTO HOPMAIbHOE HATIPSIKEHUE
IpsIMO TIPOMOPIIMOHATIEHO OTHOCUTENBHON MPOJOJIbHON nedopmanuu. JTa 3aBUCH-

MOCTh Ha3bIBaeTCs 3aKOHOM | yka:

o=Ee, (2.2)
rae £ - kodhQUumueHT mpornopIiroHalbHOCTH, HA3hIBAGMBIM MOJYJIEM HOPMAJIBHOU
YIPYTOCTH.
Ecmu B hopmyiy 3akona ['yka (2.2) moaCTaBUTh BBIPAKCHHUS 8=ATI UGC= E ,

TO TIOTy4UM (POPMYITy IS OTIpEIeTICHUS yUTHHCHHUS WIH YKOPOUYEHUS TIPH pac-

TAXKCHHUHN U CKaTHH.

_ Pl

Al =—,
EF

(2.3)

rie npousBenenne EF HaspiBaeTcs jkecTKOCTBIO Opyca IMPH PacTIKCHUH— CYKATHH.

14



Jlna obOecrieyeHus] MPOYHOCTHBIX XAPAaKTEPUCTHK KOHCTPYKIMH HEOOXOAHMMO,
YTOOBI BBITOIHAJIOCH YCIOBHE IPOYHOCTH— HAUOOJIbIIIEEe HATIPSYKEHUE B TOUKAX JIFOOOT0
MOTNEPEYHOI0 CEYEHUsSI JIEMEHTa KOHCTPYKIUI HE JOHKHO MPEBBILIATE JOMYCKAeMOTro
HaIpsLKEHUd U1l AAaHHOTro Matepuana. [loatomy ycioBue mpoyHOCTH Ui pacTsAruBae-

MOTO WJIU C)KMMAeMOro Opyca MOKHO BhIPa3UTh CleyIolel pacueTHON (hopMyoil:

0:%3 0]. (2.4)

[TpakTrueckue pacueThl HA PACTIKEHUE U CHKATHE CBOJATCS K OMPECTICHUIO O]1-
HOM U3 HEM3BECTHBIX BEJIMYUH, BXOJAIIUX B 3Ty (POPMYIy MO JBYM HM3BECTHBIM WU
JIETKO OTpeesIIeMbIM U3 YCIOBUH 3a7a4 (BeIMYMHA [G] 0OBIYHO U3BECTHA).

[Tpumenenue hopmyias (2.4) O3BOJISIET PEIIUTL TPH POJIA 3a/1a4 Ha PACTHKEHUE,
CKaTHe.

1. JlaHbl pa3mMepbl MONEPEUHOTO CEYSHUSI CTEPKHsI (WK ero romaas F) u
BeJTMYMHA TPO0JbHOM cribl N (Ui UMEIOTCS BCE TaHHBIC TS €€ onpenenienus). Tpe-
OyeTcs OmpeeuTh BEJIMUYMHY HAWOOJBIIETO HAINPSIKEHUS B CEYCHHM CTEpKHs. JIJis
JAHHOTO CiIyd4ast IIPH PEIICHUH 33a4d CIIEAYET MMOJIb30BaThes (hopmyioi (2.4).

B pesynbrare pemieHHs MOXKET OKa3aThCs, YTO BEIWYMHA JCHCTBUTEIHLHOTO
HaIPSKEHUSI B CEYCHUU C MPEBBIIIACT JIOMyCKaeMoe HanpsbKeHHe [G], Torma Heooxo-
JTUMO WM YBEJIMYWTH IUIOMIAIL MOMEPEYHOr0 CEUYEHHS, WJIM, €CIM ATO BO3MOXKHO,
YMEHBIIUTH HAIPY3KY.

Paspermraercs npeBbIIeHRE WK MOHKEHUE HANOOJIBIINX HAPSDKCHHH 110 CpaB-
HEHHUIO C TOIyCKaeMbIM 110 £ 5%.

2. N3BecTHa Ui MOXKET OBITH OTIPE/ICIICHA M3 YCIIOBHS 33]]a4 BEJTMIMHA TTPO-
noJIbHOM criibl N B CEUEHHMH M JOIyCKaeMoe HamlpsyKeHHE MaTepuala [o]; Tpedyercs
OTIpeAeINTh HEOOXOAUMYIO TUIOMIAIb F monepeyHoro ce4eHus CTEPIKHS WIH, KaK TOBO-

pAT, ogo0path ero ceyeHue. B aToM ciaydae 3amaya pemaetcs 1mo hopmyiie:

F>

o
[o] (2.5)
3. JlaHbI pazMephl MOMEePEYHOT0 CEYCHUS, a TAKXKE JI0MTyCKaeMOe HaMpsHKeHUE Ma-

Tepuana; Tpedyercs OonpeAesiuTh 3HaUeHHe HauOOJIbIIEH HArPYy3KU Ha CTEPIKEHb.
15



N3 popmynsl (2.4) nomyyaem:

N=F [G]. (2.6)

2.2 IlpuMep BBINOJTHEHHSA 3a1a4YH

3anaya 2. Pacuer Ha MPOYHOCTh U KECTKOCTh IPU PACTIKEHUU-CHKATHH.
[TOPAIOK BBITIOJIHEHW A

1. Onpenensercs peakTUBHAs cuiia B 3a7eJIke Opyca.

2. bpyc pa30uBaeTcs Ha y4acTKHU.

3. Ha kaxxaoM yyacTke onpeensercs Ipoa0sibHasi CUila B CEUeHUU Opyca U CTpo-
UTCS 3II0pa MPOAOTBHBIX CHIL.

4. YcTaHaBIMBAETCSl OMACHBIA YYacTOK, JIJISI KOTOPOTO 3alKChIBAETCS YCIOBUE
POYHOCTH MOAOUpPAETCs ceueHue. BhIuHcasioTcss HOpManbHbIe HANpsKEHUS B ceve-
HusiX 6pyca. CTpouTcs 31opa HOPMAIbHBIX HATIPSKEHUH.

5. Beruncrsitores abcomoTHOE yAJIMHEHUE (YKOpOUeHHe) Opyca U nepeMenieHus
nornepeyuHsix ceueHuit. CTpouTes smopa.

3amanue
JUIsl CTaTU4eCKH ONpeieTMMOoro Opyca HeoOXOANMO:
» ONpeNeUTh MPOAOIBHBIEC YCUITHUS, TOCTPOUTH SIIOPY MPOAOIBHBIX YCUITHA;
» 1ono0paTh MOTEPEYHbIE CEUEHHS, HCXOS U3 YCIOBHIA IPOYHOCTH;
» TIOCTPOUTH SMIOPHI HOPMAJIbHBIX HAIPSHKEHUH M JTMHCHHBIX TIEpEMEICHUH IoIe-
PEYHBIX CCUCHUM.

B pacuetax Ha MpOYHOCTH NOMYCKAaEMbIE HANPS)KEHUS ITPUHATD:

Gm
— JuiA ctand ¥ criaBoB  [o]=—", [1]=0,6[c], rae o, - mpeaea TeKy4eCTH;
n
o’ o
— _B _ B p c
— JUIs YyT'yHa Y TJIacTMAacC [c],=—", [cl.=—*, tme o}, c, — npenensl
n n
IPOYHOCTH Ha PaCTsDKCHHE U ckaTue;  KodduimeHT 3amaca N=3.

Ucxonuwie nannpie (tabmmma [13.3, pacyeTHbIe CXeMbl KOHCTPYKITUH —pUCYHOK
[13.1, MexaHUYECKHE XapaKTePUCTUKH MaTepruaioB — Tabwuibl [13.4 — I13.7).
Ne: 0 0 1
A B C
16



Cxema Ne 1;
I=10a=1,0 m;a=0,1 m; a1=2a=0,2 m; a;=3a=0,3 m; a3=2a=0,2 m; as=2a=0,2 m;
q=35 kH/m; P1=qa=0,5 kH; 2P1=1,0 kH; P,=5,50a=2,75 kH; 2P,=5,5 kH,
d=0,8D.
Marepuain: opyc | - ¥5-301-41
MexaHndeckne XapakTepUCTHKU MaTepuana:
V5-301-41: E=2300 Mlla, o’ =50 Mlla; o, =180 Mlla;
Koaddunment 3anaca npussaTs N=3.
PEIHEHUE
Ornpenenum peakTUBHYIO CHITY Ra, BOSHUKAIOITYIO B 3aj1eKe (pucyHOK 2.3). YpaB-
HEHHE PaBHOBECHS ISl CTATUYECKH ONPEISIMMOTo Opyca:
R,-2P+2P,=0 = R,=2P-2P,=-9qa=-4,5«H.
OnpenenuM NpoOJOJIbHBIE CUITBI HA KaXKJOM YYacTKE HArpyKeHHs, MOJIb3YsICh Me-
TOJIOM CEYCHHM.
| yaacTok: 0<z<?2a

ypaBHEHHE paBHOBECHS OTCEUEHHOM yacTH Opyca: N, =0,

TaK KaK Ha [IEPBOM YUYaCTKE HATPYKEHHS BHEIIHUE CUJIbI HE JEHUCTBYIOT.

Il yaacroxk: 2a<z<3a
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| i |
d i d
D D D
P1 P2
I —> <
. RA/ —— .
I
<« - gy _ __ ____V__ __ _ ey ___.
/ I ——
/lA B > E ;_ G C
2
2a P1 Sa a 2a
v 11 1 |
N/ga l 0
9,0 T
11,0
(¢ 0
m L [MIla]
19.40
44.09
53.88
Al 0 [mm]
3.83
8.05
10.39 10.39
[MpoyHOCMB U XXecmKocmb yrpyaux
cucmemM rpu pasuyHbIx sudax
Wsm| JTucm| Ne dokym. |lModnuck|Jama|l Ha2PyXXKeHUs
Paspab. Jlum Jlucm | Jlucmos
Mposepurn Pac4em Ha rpo4YHocmb U xecm- 2 4
KOCMb Mpu pacmsiXeHuu-cxxamuu
KoHmp.
Ymes.

Pucynox 2.3 — I'paduueckas yactb
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ypaBHEHHE PaBHOBECHsI OTCEYEHHOM yacTu Opyca:
N, +2P,=0= N, =-2P, =-11ga=-5,5«H ,
Il ygacTok: 3a<z<8a

ypaBHEHHE paBHOBECHS OTCEUEHHON YacTu Opyca:
N, +2P,=0= N, =-2P, =-11ga =-5,5xH ,
IV yuacTok: 8a<z<10a

ypaBHEHHE paBHOBECHs OTCEUEHHON YacTu Opyca:

N,—2P,+2P,=0 = N, =2P, —2P,=—9qa = —4,5xH .

Beipazum miomiaam nonepevHbIx ceueHuit yepes napamerp D (d=0,8D).

7Z'(D2 —d2) ,
| yaacTok: Flzf:0,283D X
7Z'(D2 —dz) ,
Il ygacTok: Fzzf:O,ZBSD X
7 D?
Il ygacTok: F,= =0,785D?;
7Z'(D2 —d2) ,
IV ydacrok: F4:f:0,283D

OnacHbIM y4acTKOM, T.€. y4aCTKOM Ha KOTOPOM BO3HUKAIOT MaKCUMAaJIbHbIE HAMPS-
KEHUs, SIBISIETCA BTOPOM ydacTOK HarpykeHus. CocTaBHUM YCIIOBHE MPOYHOCTH

JUIs1 BTOPOTO y4acTKa:

0'22& = iazﬁ [o]°= Cs —60MIla
F, 0,283D n

Onpenenum quametp D u3 yciioBust npoyHOCTHU:

p > |t _ [11:5000-01 41601, = 1801 sum
[c] 0,283 \60-10°-0,283

[Mpuaumaem D=0,019 » = 19 mm, d=0,8D=0,0152 m =15,2 mm
[Tnomanu nonepeyHbIx ceUeHuit Opyca:

| yugactok: F=1,02-10" »?;
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Il yaacTok: F,=1,02-10"* »*; 11l yuacTok: F,=2,84-107"

IV yuacrtok: F,=1,02 107 4/
HampspkeHus: B TONEpeYHBIX CEUSHHUSAX CTATUYECKU ONPEIeIMMOro Opyca
| yqactoxk: 01:l =0 Mlla;

I:l
Il yqacroxk: Gz—&: —-38,90— qa _ —53,88 Mlla ;

F, D?
Il yuacToxk: O,= &: -14,01— 4a__ 19,40 Mlla;,

F, D?
IV yuacTtoxk: o, —%: -31,83 ([])a =—44,09 MIla

4

Onpenenum abCOIIOTHOE yIJIMHEHUE Opyca, Kak CyMMY Y/UIMHEHUI Y4acTKOB:

AI = Nlll :
EF,

2

Al=Nea_ 380092 _ 5 34.10%;
: ED
2

Al=Nb_ 700398 __422.10%;
F, ED
2

Al =N 636698 __383.10%
F, ED

2
A=Al +AlL +Al, +A|4=—172,59%=—10,39-103M

Onpenenum nepeMeiieHus MONepevyHbIX CEYEHU, COBNAAAIOIUX C TPaHULIAMH
Y4aCTKOB HATPYKEHUS:

ceueHue A (kecTtkas 3ajenka): A, =0;

ceuenue B . Ay =A, +Al, =—3,83mnm;
ceuenue E: Ag =A; +Al, =-8,050u;
ceuenue G : Ag =Ap +Al, =—10,39 mwm;
ceuenue C : Ac =Ag +Al, =-10,39 mm.
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PA3JIEJI 11l. PACYHET HA IMTPOYHOCTDB U XKECTKOCTbD IIPU KPYYE-
HUMN.
3.1 KpaTkue TeopeTu4yeckune cBeieHUSA
[Tpu pabGoTe Opyca Ha KPyUEHHUE B €0 MOMEPEUHBIX CEYEHUIX BO3ZHUKAET TOJIBKO
OJIMH BHYTPEHHUI CUIIOBOM (DakTOp — KpyTALMi MOMEHT M., (pucyHok 3.1). B mro-
O0oM cedyeHuU Opyca KPYyTSIIHI MOMEHT YHCIEHHO PaBEH alre0pandeckod cyMme
BHEUTHUX CKPYYHUBAIOUIUX MOMEHTOB, IPUIIOKEHHBIX 10 OJIHY CTOPOHY OT paccMar-
puBaeMoro ceuenud. [Ipu kpydeHun Opyca Kpyrioro ce4eHus: IKCIEPUMEHTAIbHO
YCTaHOBJIEHO:
— 0Ch Opyca He UCKPUBIISETCS,
— COOJII0JaeTCs TUMOTE3a MIOCKUX CEUCHU;
— panychl HE UCKPUBIISIOTCS, @ TOBOPAYUBAIOTCS
— pacCTOSHUS MEKY MONEPEUHBIMU CEYCHUSIMU HE NU3MEHSIOTCS.
Ha ocHoBaHMU 3TOr0 MOXHO 3aKIIOYUTh, YTO KpydeHUE — YUCThIN capur. Cie-
JI0BaTENIbHO, B MOMEPEYHBIX CEUCHUSIX Opyca IPU KPY4eHUH BO3HUKAIOT TOJIBKO Ka-
caTelIbHbIE HAIPsHKEHUS T. BEKTOp KacaTenbHOTO HANPSKEHUS JIEKUT B IJIOCKOCTH

IMOIICPCUYHOT'O CCUCHMUA.

A
//'

Pucynox 3.1- Kpyuenue 6pyca

BcenencTBrue rurnores3bl IIIOCKUX CEYEHHM, HANIPSHKEHHUS B KaXKJIOM TOYKE Ceve-
HUSI IEPIICHANKYJISIPHBI PAIAYCY, MPOBEASHHOMY B 3TY TOUKY, U TPOTIOPIIUOHATIBHBI
PACCTOSIHUIO OT TOYKHU JI0 LIeHTpa ceueHus (popmymna 3.1), pacnpenenstorcs HepaB-

HOMCPHO, UBMCHACH I10 J'II/IHGI‘/'IHOMy 3aKOHY — OT HYJIA Ha OCH 1O MAKCHUMAJIbHOT'O
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3HAYECHUS! Y TTOBEPXHOCTU CKPYUYMBAEMOI'O CTEPKHS (PUCYHOK 3.2) ompenenstoTcs

o ¢popmyie (3.2).

7€ P — PaANYC-BEKTOP TOUKH CEYEHUS,

r:Mp (3.2
g
M
T . =—, 3.2
. =i (32)

B KOTOPOW OolpenelsieTcs Hanpsbkenue, J,, W,

— I'COMCTPHUUCCKUC XaPAKTCPHUCTUKU CCUCHUSI.

Taene

Pucynok 3.2 — Dmropa pacrnipeesieHus KacaTelbHBIX HAPsDKEHHUH 10 ceueHuto Opyca

Feomempuuecxue xXapakmepucmukKu Kpy2io20 ce4eHuil, UCnojib3yemasle 6 pacuemax

Ha KpyueHue.

[TonmsapHBIT MOMEHT UHEPIIUU CEUCHUS:

nd’ 4
‘]p :g ~ 0,1d , (Jl/l4)
[TonsipHBIA MOMEHT COITPOTUBIICHUSI CEUCHUS:
J 3
=t _T9 0.2d% (),
0,5d 16

Jeghopmayuu npu kpyuenuu:

Vron IIOBOPOTAa OAHOI'0 CCYCHUA OTHOCUTCIIBHO APYIroro Ha3blBaCcTCA YITIOM 3ad-

Kpy4MBaHUs ¢ (pad) ydacTka Opyca MeXIy 3TUMH CEYeHUsIMH (CM. pUCYHOK 3.1).

Onpenensercs o ¢popmyie
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|
(P:ia (33)

rae GJ | —KeCTKOCTb CeueHus P Kpy4ueHuu, G —Monyib casura (s cram G=8-1 0
Mma), J, — HOMSpPHBIA MOMEHT HHEPLIMH CEYCHHs, [ — NIMHA yJacTKa Opyca.

OTHOCHTENBHBINA YIOJd 3aKpPYYHBAHUS

=0 _ Mo (pad/m) (3.4)
| GJ ' '

p

Hs nepopmaniy KpydeHus: IpUMEHUM 3aKkoH ['yka:
T=Gp0=Gy, (3.5)
I7I€ Y — YIOJI CABHIa.
Yenosue npounocmu npu kpyuenuu opyca:
T ax 2%3[1], (3.6)
I7I€ IOIyCKAaeMO€ KacareabHOEe HANPSIKCHUE [r] ~ (0,5 +0,6)[G] :
YcioBre NPOYHOCTH NO3BOJISET PELIATE CIELYIOIINME BUIBI 3a/1a4:

M
— IIPOEKTHBIN pacueT (mogdop ceuenus): d > 3|——;
0, 2[1]

— ONpe/eNICHUE Tpy30noabeMHocT! M, . < [’L‘]VVP;

— TpoBepka mpovyHoctu (hopmyna 3.6).
Ycnosue srcecmxocmu npu kpyuenuu opyca:

M
6 =—><0 3.7
=g < (6], 6

p

rJ1€ JOMYCKAaeMbIi OTHOCUTEIbHBIN yroJl 3aKpy4nBaHUS [9] =~ 0,05 pao/ m.

N3 ycnoBus :KECTKOCTH MOXKHO ONPENEIIUTD PANYC KPYIJIOTO CEYEHUS:

, M
d>.—Z—.
O,lG[O]
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3.2 IlpuMep BBINOJIHEHUS 321241
3anada 3. Pacuer Ha MPOYHOCTH U JKECTKOCTH MPU KPYUECHHUH.
[MTOPAOK BBITIOJIHEHU A

1. Onpenensercs peakTUBHBI MOMEHT, BO3HUKAIOIIUM B 3ajiefike Opyca, Opyc
pa30uBaeTCs Ha yYaCTKH.

2. Ha xa)x71oM y4acTke Harpy>KeHUs ONPECISIIOTCS KPYTAIIME MOMEHTBI U CTPO-
UTCS DIIOpa KPYTSIINX MOMEHTOB.

3. YcraHnaBnuBaeTcs OMACHBIM y4acTOK, JIJIi KOTOPOTO 3aIlMCHIBAETCSl YCIIOBUE
MIPOYHOCTH U MOJOUPAETCS CeueHUE. BhIUUCAIOTCS KacaTelbHbIC HAMPSHKEHUS B CeUe-
HUsx Opyca. CTpOUTCS dITIOpa KacaTelbHBIX HAMPSKEHUH.

4. Beruucnstorcest aOCOMIOTHBIN yroJ 3aKkpy4ruBaHus Opyca, Kak CcyMMa YTJIOB 3a-
KpY4YHMBaHUS YYaCTKOB Opyca M yrioBbIe TIepeMelieHusl monepeynbix ceueHuit. Ctpo-
UTCS DITIOpA.

3amaHue
Jliist cratiyecky onpeneaumMoro opyca
» ONpEIEHUTh KPYTAIUE MOMEHTBI, TOCTPOUTD AMIOPY KPYTAIUX MOMEHTOB;
» T0J00paTh MOTICPEYHBIC CEUCHUS, UCXO/SI U3 YCIOBUN MPOYHOCTH (IIPHHSTH
K03 durreHt 3amaca N=3);
» TIOCTPOMTH JTIOPHI MAKCUMATBHBIX KaCaTeIbHBIX HANIPSDKEHU U YTIIOBBIX I1e-
pPEMEILICHUI TTOTIEPEYHBIX CEYCHU .
Ucxonnsie nannbpie (Tabmuna [13.3, pacueTHbie cxembl KOHCTpYKIni —pucyHok [13.1,
MEXaHWYIECKHE XapaKTePUCTHKH MaTepruaioB — Tabmuipl [13.4 — [13.7).
Ne: 0 0 1
A B C
Cxema Ne 1; 1=10a=1,0 m;a=0,1 m; a1=2a=0,2 m; a,=3a=0,3 m; az=2a=0,2 m;
as=2a=0,2 m; q=5 kH/m; m=9,00a%=0,45 kH m?; my;=9,5qa%>=0,475 xH m?; d=0,8D.
Marepuan: opyc Il - A/] 33. Mexannueckue XxapakTepUCTUKU MaTepuana:

A/l 33: E=70000 MIla; G=27000 Mlla; o,=180 Mlla; o, =250 Mlla

Koaddunment 3amaca npuaITh N=3.
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PEHIEHUE

OnpenenuM peakTUBHBIA MOMEHT Ma, BO3HUKAIOMIMK B 3a7e1Ke. (pUcyHOK 3.3)
VYpaBHeHHE paBHOBECHS [yl CTATUYECKH ONpeAeIMMOoro opyca:

m,—-m+m,=0 = m,=m-m,=-0,50a* =-0,025 xH - m.
OmnpenenuM KpyTsIIie MOMEHTHI Ha KaXKJIOM y4acTKe Harpy>KeHUs, MOJIb3YysICh Me-
TOJOM CEUECHHM.

| yuacTok: 0<z<?2a

ypaBHEHHE paBHOBECHS OTCEYEHHON YacTu Opyca: M, =0,

TaK KaK Ha ICPBOM YYACTKC HATPYKCHUA BHCIIHNUC MOMCHTBI HC HeﬁCTByIOT.

Il yaacrok: 2a<z7<3a
ypaBHEHHE PaBHOBECHS OTCEUEHHOM YacTh Opyca: M,=0,
Il yaacTok: 3a<z<8a

YPaBHCHHC PAaBHOBCCHA OTCEUEHHOMN YacTHu 6pyca:
M,-m,=0 = M, =m,=9,5qa*=0,475 xH - m,
IV yuacrok: 8a<z<10a
ypaBHEHHE PAaBHOBECHS OTCCUYECHHOM yacTH Opyca:
M,+m -m,=0 = M, =-m +m,=0,5qa°=0,025xH - u.

BbIpazum MOMEHTBHI CONPOTHUBIIEHUSI NONEPEUHBIX CEUECHHUI uepe3 auamerp D

(d=0,8D).

7 D3 dy
| : W = 1-| =| |=0,1159D°;
Y4aCTOK o1 16[ (D]]

zD?
Il yaacTok: W,,= T =0,1963D%;

3

Il ygacTok: Wp3:7[2 =0,1963D°;

7d?
IV ydacrok: Wp4 =¥=0,1005 D3,

25



Z
2a Sa a 2a
[\ 1 1 |
9,5
MKp/qa 2o 0
35.1
3.61
T ITTTIILII] 0 [Mna]
1.91 J\ 1.91
+
a0 0% [
0 [epac]
[MpoyHOCMB U XecmKocmb yrpyaux
cucmem rpu pasruyHbIX sudax
smy JTucm] Ne dokym. |lodnucs|[ama| Ha2py»KeHusi
Pa3spab. Jlum Jlucm | Jlucmos
[lposepur Pacyem Ha npo4YHOCMb U Xecm- 3 4
KOCmb rpu KpyYeHUuU
KoHmp.
Yme.

Pucynox 3.3 — I'paduueckas yactb
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[lonsspHbIE MOMEHTBI UHEPLIMM CEUYECHUN Opyca

7Z'D4 d ) 4
I : J.,= 1-| —| |=0,0580 D",
y4acTOK =g [ (Dj j
7 D*
Il ygacTok: Jo.= 5 =0.0982D*;
7 D*
Il yuactok: J 3= 5 =0.0982D*;
md*
IV yuacTok: Jo= 2 =0.0402D".

OmnacHBIM Y49aCTKOM, T.C. YHACTKOM Ha KOTOPOM BO3HUKAIOT MAKCHUMAJIbHBIC KacCa-
TCJIBbHBIC HAIIPSAXKCHUA, ABJISICTCA TpeTI/If/’I YYaCTOK HArpy>XCHUA.

CocTaBuM yCJOBHUS NPOYHOCTH JJIsI TPETHETO yYacTKa Baja.

2
3= My = .00 33[7]:0'6[0]:
W, 0,1963D

Gm
n

=36 MIla

Omnpenenum quametp D u3 ycnoBust mpoyHOCTH:

2 2
D2y 2 _ 95900001 _ o565, = 40,65 s
[7]-01963  {/36-10°-0,1963

[Mpuanmaem D=0,041 m = 41,0 mm, d=0,8D=0,0328 m =32,8 mm

[TonsapHbIle MOMEHTBI COMMPOTUBIICHUS IOTIEPEYHBIX CEYeHHI Opyca:

| yaacTok: W,,=0,1159 D*=7,99-10"°°;

Il yaacTok: W,,=0,1963D° =13,53-107° a/°;
Il ygacToxk: W ,=0,1963 D®=13,53-10° »°;
IV yuacrok: W,,=0,1005D°=6,93-10° "

[TonsspHbIE MOMEHTBI UHEPIIMH CEUCHUN Opyca

| ygacTok: J 0= 0,0580 D* =0,164-10"° u*:
Il yaactok: J,,=0.0982 D*=0,277-10"° m*;
Il ygacTok: J,3=0.0982 D*=0,277-10"° u*;
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IV yuactox: J,,=0.0402D" =0,114-10° u*.

MaxkcuMalibHbEIE KacaTelIbHEIC HapsKCHUS B IMOINICPCUYHBIX CCUCHHUAX CTATHYCCKU

onpenenuMoro oOpyca

| yqacToxk: q:ﬂ:o Mlla;
W,
Il yqacTok: 7, M, _ OMlla;
W,
2
Il ygacToxk: 7, :%: 48,38%: 35,10 Mlla;
W D
2
IV yuacrok: 7, :&: 4,97%= 3,61 Mlla.
W D

p4
OHpe,HeJII/IM a6COHIOTHBIﬁ YFOJI Bapr‘{I/IBaHI/ISI 6pyca, KaK CYMMy yFJIOB 3a1<py-

YMBaHUA Y9aCTKOB:

A= M, =0;
GJ,,
Ad,= M, =0;
GJ,,
3
Ap =i _ 483,83 90,0317 pao =1,817 opao;
GJ,, GD
3
Ap = Mals 5487 98 _0,0016 pao=0,0934 2pao.
GJ,, GD

3
AD=Ad, +Ad, +Ad, +Ad, :508,70%: 0,0333 pad=1,9102pa0

OnpenenuM yrioBble MEPEMEIICHUS MONEPEYHBbIX CEUYECHUH, COBIMAAIOIINX C
IrPaHULIAMU YYACTKOB HATPYKECHHUS

ceuenne A (kectkas 3anenka): A =0;

ceueHue B : A, =A,+A¢,=0,00163 pao=0,093zpao;
ceyenue E: Ar =A; +Ad, =0,03333 pao=1,9102pao;
ceuenue G : Ag =A; +A ¢, =0,03333 pao=1,9102pao;
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ceuene C Ao =Ag +A¢, =0,03333 pad=1,9102pad;.

PA3JIEJI IV.PACHET HA IPOYHOCTb U ’)KECTKOCTbHD I1PU U3T'UBE.
4.1 KpaTkue TeopeTH4ecKue CBeeHUsI
Bbpyc ucneITbiBaeT mpsMOM MONEpeuHbId WM3rud, €ciid JEeUCTBYIOIIME HA HEro
Harpy3KkH (COCpe0TOYEHHBIE CUIIbI, pACTIPEACIICHHbIE HAIPY3KH, Maphbl CHUII) PACcIoIo-
’KEHBbI B OTHOM M3 INIABHBIX MJIOCKOCTEW MHEPIIMH U TIPU ATOM CHJIbI TEPIEHANKYISIPHBI
K MponoiasHOi ocu Oanku (pucyHok 4.1). bpyc, pabotaromuii Ha U3rud Ha3bIBAETCS
Oankoi. [Ipn u3rnbe B nmonepeyHbIX CEUEHUAX OATKM BOSHUKAET J1BA BHYTPEHHUX CH-

JOBBIX (hakTOpa — u3rudaronmt MoMmeHT M (H -m, kH -m), v moniepeyHas cuna Q (H, kH).

B wacTHOM citydae momnepeyHas Cuijia MOXKeT ObITh paBHA HYJ0. Takoi M3ru0 Ha3bIBa-
eTcst wucmoim. ECiv jke HapsAay ¢ M3rHOAOIIMMU MOMEHTAMH B CEUCHUSAX OAJIKH BO3-
HUKAOT U TTOTICPEYHBIC CHUJIbI, U3TUO HA3BIBAIOT NONEPEUHBIM.

[Tpu m3rube mpearmonaraeTcs:

—B U30THYTOM OajIke MOMEepPEYHBIC CEYCHHS OCTAIOTCS TUIOCKHUMH M PACIIOI0KEHBI
NEPIICHIUKYIIIPHO K U30THYTOH OcH Oajiku (THIOTE3a TUIOCKUX CCUCHHH );

— TIPOJIOJIbHBIC CIIOM OAJIKU HE OKa3bIBAIOT OOKOBOTO JIABICHUS;

— Marepuai 6aiaKyu OHOPOJICH;

— nedhopMaliK CJI0CB IPOIOPIHOHAILHBI HOPMAIbHBIM HAIIPSIKCHHSIM.

I/I3r1/16a}0m1/1171 MOMEHT B CCUCHHMH OaJIKM BBI3BIBAET ITOSBIICHHE HOPMAJIBHBIX

HalpsOKEHUW G, a MOINEepevHasl CUJIa — KAacaTeJbHbIX HANpsHKeHWH T (Kak MpaBUIIO

T<K0).

Pucynoxk 4.1 — Jledopmarus u3ruda
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[Tonepeunas cuna Q B 1I0OOM NIOIEPEYHOM CEUEHUM YMCIIEHHO paBHA anaredpau-
YECKOW CyMME BCEX BHEIIHWW CHII, NEUCTBYIOIUX HO OOHY CHIOPOHY OMl NPO6€)eH-
HO20 ceuenus.

Wzrubaronuit MoMeHT M B MPOU3BOJIBHOM IOINEPEUYHOM CEUYECHUU OajKh Yuc-
JIEHHO paBeH ajredpandyeckol CcyMMe MOMEHTOB BCEX BHEIIHUX CUJI, AEHCTBYIOIIUX 1O
OOHYy CMOPOHY OM Ce4eHus, OTHOCUTENBHO TOW U3 IIABHBIX LEHTPAIBHBIX OCEH ITOrO
CEUYECHMs1, KOTOpas NEPIEHINKYISIPHA IIJIOCKOCTH HAIPY)KEHHUS.

[IpaBui0 3HAKOB /1JIs1 MOMEPEYHBIX CHJT M U3TMOAIOIIMX MOMEHTOB IIPE/ICTABIEHO

Ha pUCYHKe 4.2.

PI/ICYHOK 4.2 — HpaBI/IJ'IO 3HAKOB JIA IIOIICPCUYHBIX CUJT U I/I3FI/I6aI-OH_[I/IX MOMCHTOB

IToniepeuHas cuiia B CEYEHHUH TOJIOKHUTENbHA, €CJIM BHEIIHUE HArpy3KHU Bpa-
IAI0T OTCEYCHHYIO YacTh OAJIKM IO YacOBOM cTpenke. M3rubdaroniuii MOMEHT B ceve-
HHU TTOJI0XKUTEIICH, €CJIM BHEIIHUE HArPY3KU CTPEMSTCS CoKaTh BEPXHUE BOJIOKHA
OaJIKu.

HopmanbHbie HanpsHKEHUS 110 BBICOTE MOMEPEYHOTO CeUeHUs 0allKu N3MCHS-
I0TCS 10 JIMHEWHOMY 3aKkoHY ((hopmyna 4.1). Ha BepxHel 1 HUKHEH TpaHUIIAX cede-
HUS HaNPsOKCHHUS MakcuMalibHbI (hopmyna 4.2) Ilpu pacTshkeHUH TPOJOIBHBIX BOJIO-
KOH OaJIKu HaIpsHKEHUS MOJ0KUTEIbHBI, PU CKaTUHM — OTpHUIaTeIbHBI. OCh X —

HEUTpaabHasi OCh CEUCHUS, Ha KOTOPOM HAMPSIKEHUS paBHbBI HYITIO (pUCYHOK 4.3).
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I Omerx

Pucynoxk 4.3 — Jledopmarus n3ruda. Pactipenenenue HOpMallbHBIX HAIPSHKEHUN TI0 BBICOTE TIOTIE-

PEYHOTO CeYeHUs

GZJM-y, (4.1)

X
rae M — u3rubaromuii MOMEHT, Jx — 0CeBOM MOMEHT WHEPIIMU CEUCHHS, } — pac-

CTOAHHUEC OT HeﬁTpaHLHOﬁ OCH 10 TOYKH IJIA KOTOpOﬁ OIIPCACITACTCA HAIIPAKCHUC.

c... =—, (4.2)

rae W, —— oceBoil MOMEHT CONPOTUBIIEHUS CEUECHUSI.

TI'eomempuueckue xapakmepucmuku ceueHuil, UCNOIb3yeMble 6 pacuemax Ha u3cuo.
Kpyanoe ceuenue

OceBoil MOMEHT UHEPIIUU CEUECHUS:

7Z'd4 4
‘]X :Jy :Hz0,0Sd , (Jl/l4)

;- OceBoll MOMEHT COIIPOTUBIICHHUS CEUEHHUS:
J J J J
X = X — X ; Wy_—y :—y ,(]l/l3).
Ymax 0,00 Xmax 0,90
d W, =W, ~0,1d° .
IIpamoyeonvhoe ceuenue
|11
OceBoit MOMEHT UHEpLUU CCUCHHUS:
¥ bh? hb®
J Jo=—-; J,=—-, (M.
" = BT )
Ocesoit MOMEHT CONIPOTHUBJIEHUS CEUYEHUS:
b W= bh? W= hb? 3
g T )
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KOﬂbl/!eGOe cevyeHue

4 1 4
. nD
OceBoii MOMeHT uHEpIMH Cevenus: J, =J, = H(l c?) , (%
OceBoOii MOMEHT COMIPOTHBIICHHUS CEUCHMS :
X
> T[DS
Wx :Wy = —(1_ C4) ) (MS)
32
Ycnosue npounocmu npu uszuoe:
MT/L’)"’
O pax = W - S[G], (4.3)

X

IAu [G] - AOITYyCKAaCMOC HAIIPSAKCHUC, BBI6I/IpaCTCSI TaK K€, KaK IIPU PACTAKCHHHU -

C)KaTHH.
YcnoBHe MPOYHOCTH MO3BOJISICT pelliaTh TPH BHJIA 3a/1a4:
Mmax .
— nogoop ceuenust W, > ﬁ :

— onpezeneHue rpy3onoabeMHoctTd M < [cs]WX ;

M
— TMPOBEPKA IMPOYHOCTH G, = ﬁ < [0].

X
[Tpu pacderax Gayok Ha MPOYHOCTH HEOOXOMMMO YYUTBIBATH, YTO MPU H3TUOE
BO3ZHUKAIOT JehopmMaIuu pacTsHKEHHsS] OJTHUX BOJOKOH M CKaTwsl Apyrux. Ecmu mis

Marepuana Oanku [0]p = [G]c, TO pacyeT BeAyT Mo Haubojee HarpyKEHHbIM TOYKAM
CeUeHHsI. XPYIKUE MaTepUabl OOBIYHO XapaKTEPU3YIOTCS TEM, YTO [G]p < [G]c . Takue

Oayki HEOOXOAMMO TPOBEPATh HA MPOYHOCTH MO PACTATHUBAIOIIUM U COKHUMAIOITIM
HanpspkeHusIM. CedeHusl, CAMMETPUYHbIE OTHOCUTEIIBHO HEUTPAIIBHOM OCH, pacCUH-

TBIBAIOT 110 HAUMCHBIIEMY JOIIYCKACMOMY HAIIPAXKCHUILO.
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IIpy HECUMMETPUYHOM, OTHOCUTEIIBHO HENTPAIbHONU OCH, CEYEHUU PAacCyeT Clie-
JIyeT BECTHU U 10 PACTATUBAIOLIUM U [0 CKUMAIOIIUM HarpsbkeHusiM. [Ipu Beibope pa-
[IUOHATHLHON (3KOHOMUYHOM C TOYKH 3pEHUS PaCX0JI0BaHUs MaTepuana) GopMbl ceye-
HUS 0aJKu, CIEAyeT YUYUTHIBATh, YTO JJIsI MOBBILIECHUS HECYIEH CTTIOCOOHOCTH (YMEHb-
IIEHUS Gmax) HEOOXOUMO CTPEMUTHCS K YBEIUYCHUIO OCEBOI0O MOMEHTA COMTPOTUBIIC-
HUS. Y CTaHOBJICHO, YTO K PallMOHAIBHBIM (hOpMaM CEUCHHsS TIPU U3rUOEe OTHOCSTCS TE
(GbOpMBI MONIEPEYHOTO CEUEHHUS, Y KOTOPBIX MTPU OJIMHAKOBOM PacXoJie MaTepHaa oce-
BOW MOMEHT COMPOTHUBJICHUS HAMOOJBIITUH.

4.2 llpumep BBINOJHEHUS 3212491
3amaua 4. PacdeT Ha MPOYHOCTH M )KECTKOCTh MPHU U3THOE.
ITOPAJOK BBITIOJTHEHUA
1. OnpenensroTcst OMOPHBIE peakiuu Opyca.
2. OmnpenenstoTcs TMONEPEUHbIE CHIIBI W U3THOAIONIe MOMEHTHI Ha Ka)JIoM
ydacTke HarpyxeHusi. CTposITCs SMIOPBHIL.
3. YcraHaBnuBaeTCsl OMacHBIA Y4acTOK, JIJIsI KOTOPOTO 3alKCHIBAETCS YCIOBUE
IPOYHOCTH U MOAOUPAIOTCS ceueHus Opyca.
5. BeibupaeTcsi 53KOHOMUYHOE CEUEHHUE.
3ananue
JI1st cTaTU4IeCKH ONpeeTuMoi Oanku
— OIpEeNeNuTh TOMEPEYHbIE CHJIBI U W3THOAIONINE MOMEHTBI, TTOCTPOUTH
3IIOPBI;
— moxo0parh MOMEPEeYHOe CEeYCHHUE 3aaHHOU (HOPMBI, UCXOAS U3 YCIOBUH
NPOYHOCTH (IPUHATH KOdDPuImeHT 3anaca n=3);
— TIOCTPOUTH 'paK HOPMAJIbHBIX HAMPSIKEHUN B ONTACHOM CEUYEHUU;

Ncxonnple mannplie (Tabmuma I13.3, pacyeTHbIe CXeMbI KOHCTPYKIIUHA —pHCYHOK
[13.1, MexaHUYEeCKHE XapaKTePUCTHKH MaTepruaioB — Tabmuibl [13.4 — [13.7)

Ne: 0 0 1

A B C

33



Cxema Ne 1 (pucynok 4.4); 1=10a=0,5 m;a=0,05 m; a1=2a=0,1 m; ax=3a=0,15
m; az=2a=0,1 m; as=4a=0,2 m; q=5 kH/m; P1=qa=0,25 kH,; m;=6,00a=0,075 xH m?;
h=1,5b; d=0,8D. Marepuai: 6pyc Il — Cm 20.
MexaHnuecKue XxapakTepucTuku marepuana: Cm.20: E=200000
Mlla; G=80000 Mlla; o, =250 Mlla;c, =420 Mlla.
Koaddunment 3anaca npunsats N=3.
OmnpenennM BepTHKATBHBIE PEAKIIMH B MIAPHUPHBIX onopax Ra, Re. YpaBHeHus

PaBHOBECH:A JIA CTATUYICCKHU OHpeﬂeHI/IMOﬁ OaJIKH:

DM =0

T
{—RA-10a+ml+q-4a-O+Pl-2a=0
-R;-10a-m, —q-4a-10a+P,-8a=0

R, :mﬁ—':’l'za:o,gqa:o,zo;d{;
10a
10a
npoeepka
DY, =0 =N R,+Rs—PF+q-4a=0;

npoeepka coulilacob

OHpGI{GJ’II/IM IMOIICPCYHBIC CHUJIBI H I/ISFI/I6aIOHlI/I€ MOMCHTBI Ha KaXIOM Y4YACTKC

Harpy»eHusl, OJIb3ysACh METOIOM CEYEHHUM.

| yaacTok: 0<z<?2a (cmpaBa)
Ql =-0z
M, =0, 5c]z2

Torga Ha rpaHUIaX y4acTKa

Qyrm0) =0 Qyso2a) =—29a=—0,5xH
My, =0 My, = 20" =0,025kH - u
Il ygacTok: 2a<z<4a (cmpaBa)
Q,=-0z-Rg

M, =0,5¢z° + R, (z-2a)
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Pucynox 4.4 — I'paduueckas yactb
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raa Ha rpaHunax ydJacTKa
Q2(2=2a) :1,8qa =0,45kH Q2(2=4a) =—0, 2qa =-0,05«xH
)= 0,4qa’ = 0,005«H - m

M, =2qa’ =0,025xHm M,

(z=2a) (z=4a
, =R,
Il ygacTok: 0<z<8a (cneBa)
M;=Rz—my

Torna Ha rpaHuIax y4acTka
Q3(z=0) :0,8qa:0,2 xkH Q3(z=8a) :O’8qa :O’2 KH

My, =—60a" =—0,075x/n My, 5, =0,4ga* =0,005 kH -

(z=8a
OnacHoe ceyenue — ceuenue 4, M __ =—6qga’ =—0,075xH m.

Tak kak B OITaCHOM CEUEHHH MOMEHT OTPHIIATEeIbHBIN, BEpXHUE BOJIOKHA PACTSI-
HYTbHI, HUJKHUE - CIKATHI.
Ilon0op ceuenni

YcaoBue IMPOYHOCTHU

2
oo —Mm|_6da <[] = =83,33MI1a,
™ W W, n

M
= W, 2‘ max‘ = [ - =0,9-10°x% =0,9¢°
[G] 83,33-10
1. IlpsmMoyroybHOE h/b=1,5;
bh?

Wx = ? = 0,375b3

b23£:0,0134n4:l,34cm, F=b-h=2,69cm*
0,375

2 Kpyrnoe

3
W = zd
32

2
d> s/% —0,0210=2,10cm, F:”Z' =346 e’

3 Komsuesoe d/D=0,8;
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W

d

4
1- (—j =0,0580D%;
D

3 i =0,0250m =2,5¢cm, F
0,0580

2
_7Db* 1_(
4

2
j =1,77 cm?
D

Haunboiiee PKOHOMHYHBIM SIBISETCS KOJIBIIEBOC CCUCHHUC, 3aTCM ITPAMOYT'OJIBHOC

(kBazmpaTHOE ceueHue) ceueHus. HaumeHnee "KOHOMUYHBIM SIBIIIETCSI KPYTJIO€ CEUEHUE

(Tabnuia 4.1).

Tabmuia 4.1 CpaBHeHUE ceUeHUI

Ceuenne Wy, cm® F, cm? FIF coneya
KomabueBoe 0,9 1,77 1
[TpssMmoyrosbHOE 0,9 2,69 1,52
Kpyrnoe 0,9 3,46 1,96

[TocTpoenue rpaduka HOpMaJIbHBIX HAMIPSKESHUH JJ1s1 TPSIMOYTOJIBHOTO ceve-

HUsL. HeﬁTpaHLHaﬂ OCbhb CCUCHMHA ITPOXOOUT YCPEC3 HCHTP TAKCCTH CCUCHHA C. Ha

BerHeﬁ I'paHUIC CCUCHUA HaMOOJIbIITNE TTOJOKUTSITBHBIC HAIIpsIZKCHUA O

p

max » HA HIDK-

HEl TpaHHUIIe CeYCHHs — HAaHOOJIbIINE OTPUIIATSIIBHBIC HATIPSKEHUS G, .

o7 =[c]=83,33 MIla;

max *
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MMPUJTOXKEHUE

1. Tpeoboeanue k ogpopmaenuio pacuemno-zpaguueckoii padvomot

PacuetHo-rpaduueckast pabota COCTOUT U3 YETHIPEX JTUCTOB rpaduuECKOr 4acTu
U TOSCHUTENBHOM 3anmucKku. ['paduueckas 4acThb BBINIOJHSAETCS HAa YEPTEKHOU Oymare
dopmara A4 o I'OCT 2.301-68. Kaxaplil TUCT yepTeKel TOIKEH UMETh OCHOBHYIO
HaJNUCh (YIJIOBOM IITaMII), PACTIONIOKEHHYIO B IPABOM HUKHEM YTy (popmarta, U co-
JiepKaTeNbHbIE 3ar0JIOBKU K KaXKJIOMY IMOCTPOCHUIO Ha ucte. Bee Haanmucu aenarotcst
YEPTEKHBIM MIPU(TOM, HAYMHAIOTCS C TMPOMHUCHBIX OYKB M pacrojiararoTcsl mapai-
JIebHO OCHOBHOM Haamnucu. [TocTpoeHus Ha TUCTax JeNarTCesl B MaciiTabax B COOTBET-
ctBuM ¢ 'OCT 2.301-68. TekcT MOSICHUTEIBHOMN 3aNIMCKU pa3MeNIaeTcsa Ha OJHOM CTO-
poHe mucuei Oymaru ¢opmata A4. PyKOMUCHBIN TEKCT U (DOPMYJIbI MUIIYTCS YSPHU-
naMu M niactoi. [losicHuTenpHas 3amucKa JIOJDKHA COIepKaTh TUTYJIBHBIN JTUCT, 3a-
JlaHuEe, OCHOBHOM TEKCT 3aMKMCKHU, BKITFOYAIONTUN YEThIpe pas/iesa, CIUCOK UCII0Ih30BaH-
HOM IUTEpaTyphl.

2. Ilpumep eévib6opa ucxoOHvlx OAHHBIX

J11st BBIOOpa MCXOHBIX IAHHBIX HEOOXOIUMO O] TPEMSI MMOCIeTHUMHU U pamMu
HOMEpa 3a4eTHON KHIDKKU moanucath OykBel A, B, C. U3 kaxxqoro BepTHUKaILHOTO
crosionia Tabmumel 111, 0603HaYeHHOTO BHU3Y OYKBOM, B3SITh YUCJIO, CTOSIIEE B TOPH-
30HTAJILHOM CTPOKE, HOMEP KOTOPOI COBMAAET C HOMEPOM OYKBBHI.
Hanpumep, Ne 31324. Tlpu C =4, B =2, A = 3 noixyyum cieayrouiee:
Cxema Ne 4, a=0,3 m; momenm napwot cun M=4 xH m,; cocpeoomouennasn cuna P1=3
kH; cn=45 °: mouxa npunoxcenus E; cocpeoomouennas cuna P2=2 kH; mouxka npu-
noxcenusi K; co=30° uumerncusnocms pacnpeoenennoti nazpysku =6 xH/m; yua-
cmoxk Oeticmsusi pacnpedenennou nHaepysku CL.

Pacuernas CXEMa, COOTBCTCTBYIOIIAA BBI6paHHBIM JdaHHBbIM, IIOKa3aHa Ha PHUCYHKC

I12.1.
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Pucynok I12.1 — IlocTpoenue pacyeTHON CXeMbl KOHCTPYKLIUU (BapuaHT 324)

3. Hcxoouvie oannsle 015 6bINOSIHEHUA PACUEMHO-2PApuyecKoil padonol.

3.1 3agaual.OnpeaenuTts peakiuy ONoOp U JaBiIeHHE BO BHYTPEHHEM LIAPHUPE

COCTaBHOM IUIOCKOW paMBl.

Tab6auma I13.1 Ucxonuble 1aHHbBIE

o, a,
5 / \ B Pacnpenenennas Harpyska
Touxk Touxk
M
Cx a, a P a P>
Ne KH o o d,
eMa | M pu- , | TIpH- , y4a- Hanpasne-
M ° ° KH/
J10- K J10- K CTOK HHUC
M
XKe- H | xe- H
HUA HUA
111 102 2 L (45| 1 E |60 3| CK 4 |Ha ropuson-
21 2 /03| 3 E 602 | K [30| 4| CL 5 [TAIbHBIX
313104 4| H |33 L [60]2] EK | 6 pracmax
q
41 4 (02| 2 E (451 | L [30| 3] CK | 4 |WLLLilll
5| 5 03| 3| K |30 2| E |45 4| cL | 5 | Hasepru-
KaJIBHBIX
6| 6 |04]| 4 L [60[3| H [45| 2| EK | 6
y4JacTKax
717 102 2 H |30|1| L |60|3| CK | 4
8| 8 03| 3 E (452 | H |60| 4| CL 5

w
O




0,4 30 H |45 CK
0,2 60 E |30 CL
B C B C B

Ha naxmon-

HBIX y4acT-

%,
s

40




Tabnuua I13.2. CxeMbl KOHCTPYKLIHMA

cxema 2

cxema 4

Beq'T

30°

B A

cxema 6

k-—-p<l

cxema 1

cxema 3

cxema 5

S

B

4a

2?:

A

¢
N

[Tponomxenue tadauis 113.2.
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3.2.

3anmada 2. Pacuer Ha IPOYHOCTH U KECTKOCTh IIPU PACTKEHUHU-CIKATUN

3anaya 3. PacueT Ha MPOYHOCTH U KECTKOCTh MPU KPyUEHUU

3ananue 4. Pacuer Ha MPOYHOCTb U KECTKOCTh NPU U3THOE

Taomuia [13.3 UcxoaHble 1aHHBIE

M| Cxe-| 1I=10 |a1 (a2 |as |as | ( P1 P, mx my | h/ | d/ | Marepuan
ma a (kH/m) b | D bpyc | bpyc Il | Bpyc 11l | BpyclV
(m)
111 04 | 2|3 |5|3a] 5 |10q]| 15q |50q9a|55qa|l, |04 | 1ICMA |JJO90- Y [8-36 C1.20
alala a a 2 2 0 1
2 2 05 [ 3|42 |4a| 10 | 20q | 2,59 | 6,00ga |6,59a | 1, | 0,5 | conomu- |JIO 70- CYH 24-44 | Cm.30
alal|a a a 2 2 5 Mmepbl 1
noauamuoa
3 3 06 [ 2|55 |2a| 15 |30q | 3,59 | 7,0ga | 7509a | 2, | 0,6 |xanponon B |JIC 74- [CH 32-52 | Cm.40
alala a a 2 2 0 3
41 4 08 |42 |4 |3a| 20 | 409 | 4,59 |8,0qa |85qga| 2, |0,7| xanpon |JIC 63- CY 38-60 | Cm.50
alala a a 2 2 5 3
5| 5 10 |3 3|2 |5a| 5 |50q]|55g]|90ga|95qga| 3, |08 | ¥5-301-41 |JIC 60- CY 40-64 | Cm.60
alala a a 2 2 0 1
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04 | 2|43 |2a| 10 |10q | 1,59 |50qa |55qa | 1, |04 | IICMA |AMz3 (418-36 |BT5S
alala a a 2 2 0

05 |3 |53 |3a]| 15 |20qg | 259 |6,0ga|659a| 1, | 0,5 | cononu- AMz5 (CY 24-44 | BT 6
alal|a a a 2 2 5 Mmepol

noauamuoa

06 | 2|2 |3 |4a| 20 | 3,09 | 3,59 | 7,0ga | 7,509a | 2, | 0,6 |xanporon B | AMe 6 (CH 32-52 | BT 14
alala a a 2 2 0

08 |4 |34 |2a| 5 |40qg]|4,5q |80qga|85qa| 2 |07 | xanpon A/l 31 (CY38-60 | BT 20
alala a a 2 2 5

10 [ 3|2 |2 |2a| 10 | 509|559 90qga|95qa| 3, |08 | V¥V5-301-41 | 4733 (CH40-64 | BT 21
alala a a 2 2 0

B c|C|B|B| C C A B A B | A4 A B A C
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Tabnuna [13.4 MexaHnueckue XapakKTepUCTUKH TJIaCTMACC

Mapxka Monyns ynpyro- | IIpexgen npouno- | Ilpenen nmpouno-
ctu E, Mlla CTHU IIPU pacTs- | CTH IIPU CXKATUHU
xenuu o, Mlla o., Mlla

[Homuctupon IICM /] 2700 37 100
CononumMepsl noauamuaa 1600 70 120
Kanponon B 2100 90 110
Kanpon 2800 65 110
®enomnact ¥Y5-301-41 2300 50 180

Tabnuma I13.5 Mexanndeckue XapaKTepUCTUKH YyTyHa

Mapxka Monyns ynpyroctu | Ilpenen npounoctu | [Ipenen mpounoctu
E, Mlla IIPU PACTSKCHU U MIPU CKATUH
o?, Mlla o., Mlla
CY 18-36 80000 180 700
CY 24-44 110000 240 1000
CY 32-52 130000 320 1200
CY 38-60 160000 380 1400
CY 40-64 170000 400 1600

Tabnuma [13.6 Mexanndeckre XapaKTepUCTUKH CTAIIN

Mapka Monyns ynpy- |Monyns casura (IIpenen tekyue- | [Ipenen npou-
roctu E, Mlla G, Mlla ctu o, Mlla |svoctv o,, Mlla

Cm. 20 200000 80000 250 420

Cr. 30 200000 80000 300 500

Cr. 40 200000 80000 340 580

Cr. 50 200000 80000 380 640

Cr. 60 200000 80000 410 690
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Tabnuma I13.7 Mexannueckue XapaKTEepUCTUKH CILIABOB LIBETHBIX METAIJIOB

Mapxka Monyns ynpy- Monynb [Ipenen texy- | Ilpenen mpou-
roctu E, Mlla casura G, 4ECTH O,,, HOCTH O,
Mlla Mila Mila
JaTyHb
J10 90-1 105000 40000 85 280
JIO 70-1 105000 40000 110 350
JIC 74-3 105000 40000 120 350
JIC 63-3 105000 40000 120 320
JIC 60-1 105000 40000 130 370
AJOMUHUEBBIE CILJIABBI
AMr 3 70000 27000 80 180
AMTr 5 70000 27000 110 250
AMTr 6 70000 27000 150 300
Al 31 70000 27000 130 200
Al 33 70000 27000 180 250
TUTaHOBBIE CILIABBI

BTS5 110000 42000 630 700
BT 6 110000 42000 750 800
BT 14 110000 42000 800 900
BT 20 110000 42000 830 950
BT 21 110000 42000 860 1000
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