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1. OBIIUE YKA3AHUA U TPEBOBAHUS K BBIITIOJIHEHU IO
PACUETHO-TPA®UYECKOM PABOTHI

PacuérHo-rpaduueckass paboTa BKIIOYAEeT OJHY 3aJady, MPEICTaBIISIONIYIO
coboit pacuér Bama penykropa. Pacuértnas cxema Basna (cM.HWXe puc. 1) onHa u Ta
e JJsS BCEX BApUAHTOB, a WCXOJHBbIC JaHHBIE CTYAEHT JOJDKEH B3SITh W3
NpUBEAEHHON HIDKE TaOMUIBI 1 B COOTBETCTBUU C JIMYHBIM IIH(PPOM, COCTOSIINM U3
sty mudp. [opsanok ucnonb3oBanus mudpa, a Takxke TpedoBaHus K 0GOPMIICHHIO

pa6OTBI OCTAKOTCs TAKUMHU KC, KaK U B paHCC BLIIIOJIHACMBIX pa60Tax.

[Ipexne yeM MpUCTYNUTh K BBINOJHEHUIO padOThI, HEOOXOIUMO MpopadoTaTh
II0 KOHCIEKTY JieKiuil pazzaen “IIpoyHOCT NpU LUKIMYECKH HW3MEHSIOLIUXCS
HaIpsOKEHUAX ', U3y4uTh TNaBy 12 mo yueOHuKy [1], a Takke pa3o0parh pelieHHs

TUTIOBBIX 3a/1a4 10 3aa4HuKy [2] (3amaun 10.1...10.14).

2. COAEPKAHUE 3ATAYN U UCXOJHBIE TAHHBIE

Ban peaykropa (puc. 1) Bpaimiaercss B MOJIIMIHUKOBBIX omopax A, B u Hecér
npsMo3yoyto 1 1 Koco3yOyio 2 MIIMHIPUYECKUE 3yOUaThie MIECTePHU C paguycaMu
HayaJbHBIX OKpYyXHOCTe Ri, Rz COOTBETCTBEHHO, HarpyeHHbIE B TOUYKaX
3anerieHus ycwiusmu: Fix, Fox — okpyxssimu; Fiy, Foy — paguaneubivMu; Foz —
OCEBBIM.

Jnist Bana TpeOyercs:

1) mocTpouTs AMEOpHI H3rMdatOIMX MOMEHTOB My 1 My,

2) onpeaeIuTh CyMMapHbIe U3rubaromme MoOMeHThl My U TIOCTPOUTD UX
SIIIOPY;

3) MOCTPOMTS IITIOPY KPYTSALIUX MOMEHTOB Tk;

4) paccuuTaTh 3HAYCHHS SKBUBAJCHTHBIX M3THOAIONIMX MOMEHTOB M,y IO
TUIIOTE3€ MPOYHOCTH MAKCHUMAJIbHBIX KAacaTeNbHbIX HANPSKEHUW W MOCTPOUTH HX

SIIIOPY;



5) momoOpate quamerpsl Bajga D1 (B MecTe yCTaHOBKH JICBOTO MOJAIIMITHUKA) U
D, (B MecTe yCTaHOBKM WIECTEpHU 2) U3 YCIOBUSA CTATUYECKOM TMPOYHOCTU IO
BBIIIICYKA3aHHOW TUIOTE3€ MPOYHOCTH, OKPYTJMB IOJIYYEHHbIC 3HAYCHUS B
MUJUTUMETpax 0 Ommkarmmx uucen u3 cranpaptHoro psga ['OCT 6636 - 86
(BBILACPKKY M3 psifia CM. B mocoouu [2]);

6) Ha3HAYUTH T'COMETPHUYCCKHE Pa3MEpbl, MCIIOIb3ys PEKOMEHIANA Ha pHC.

6,0;

7) Mg OMAacHBIX CEUCHWH Baja, IJie MMEIOTCS KOHIICHTPATOPHI HAIPsDKCHUH
(ceuenms I-1....,V-V, cm. puc. 1,0), ompemenuts KodhdumeHTsr 3amaca
COTPOTHUBJICHUSI YCTAIOCTU (YCTAJIOCTHOM MPOYHOCTH) U CPABHUTH UX 3HAUEHUS C
JIomycKkaeMbiMM BelnuMHamu (cM. Tabn. I1.8, B mnpuioxkenun mocodus [2]).
KonuyecTBo paccmaTpuBaeMbIX CEYEHH Bajla MOXET OBITh YMEHBIIECHO II0
COTJIACOBAHMIO C MPEMOJABATEIIEM.

Hcxonanbie uuclioBble JaHHBIE B3STh M3 TaOu. 1. PexuMm HarpykeHus Baja

CUMTATh YCTAHOBUBILIAMCS U YHCIIO LUKJIOB Harpysxenus N > 107,

Tabnuua 1

Homep | Mapka Yeumusa, kH MM

crpoku| CTAM | Fiy | Fry | Fox | Fay Faz R1 R2 1 l2
1 Cr5 | 62 | 226 | 3,1 | 1,155| 0,655| 50 | 100 | 75 | 140
2 Cr5 | 60 | 218 | 30 | 1,120| 0,630 | 55 | 110 | 80 | 145
3 20 56 | 204 | 28 | 1,045( 0,600 | 60 | 120 | 85 | 150
4 45 52 |1 19 | 26 [ 0970|0550 | 65 | 130 [ 90 | 155
5 20X | 44 | 160 | 2,2 | 0,820 | 0,465 | 70 | 140 | 95 | 160
6 40X | 32 |1165| 16 | 0,600 | 0,340 | 75 | 150 | 100 | 165
7 40XH| 30 | 109 | 15 | 05560| 0,320| 80 | 160 | 105 | 170
8 18 XTT| 28 | 102 | 14 | 0525] 0,293 85 | 170 | 110 | 175
9 30XTT| 24 (0874 12 | 0450| 0,254 | 90 | 180 | 115 | 180
0 12XH3| 52 | 190 | 2,6 | 0970 0,550 | 65 | 130 | 100 | 165
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3. YKA3AHMUSA K PELHIEHUIO 3AJTAYA

Jluteparypa: B yueOnuke [1] uzyuure rinaBy 12, a nmo 3agaunuky [2] pazdepute

pemenus TunoBeIX 3aga4 10.1...10.14.



B 3amaue CTyAeHT MODKEH pEIIUTh BOMPOCH], KOTOPBHIE COCTaBIISIFOT
CIEAYIONINE TPU paszzena (CM. YCIOBUE 3aa4H ):
- MPOEKTUPOBOYHBIN Pacu€T Bajia Ha CTATHYECKYIO TPOYHOCTH (BOTPOCH ¢ 1 o
5);
- KOHCTpyUpoOBaHue Baia (Bompoc 6);

- IPOBEPOYHBIN pacuéT Bajia HA YCTATOCTHYIO POYHOCTH (BOIIpoc 7).

3.1. TIpoekTHPOBOYHBII PACUYET BaJIa HA CTATHYECKYIO IPOYHOCTh

3.1.1. IocTpoeHne pacuyéTHOM cXeMbl BaJjia

[Ipu pacuére Bana (puc. 2,a) Ha CTATUYECKYIO POUYHOCTh OH IPEJCTABISETCS B
BUJE JBYXOHNOpPHOW Oalky, HArpy)KEHHOM IOCTOSHHBIMH CKPYUYMBAIOIIUMU H
M3ru0arMMA MOMEHTAaMH, MTONEPEYHBIMU U TIPOJOJIBHBIMU YCHIIMSIMU OT JIeTajei,
YCTaHOBJIEHHbIX Ha Bainy (puc. 2,0). OgHa u3 omop BbIOMpaeTcs IIapHUPHO—
HEIOABWXHOM, Jpyrasg — MapHUPHO—TIOABUKHOM (IUaBaroiiei). 9To o0ecrneynBaeT
CBOOO/JHYIO OCeByI0 jedopMmaldio Bajla U JieJlaeT KOHCTPYKIMIO CTaTUYECKHU
onpenenumoit. Eciau o yciaoBusiMm paboThl Baja 06€3pa3indHo Kakas U3 ornop Oyner
3aKperuieHa, TO B KauecTBE IUIaBalOIIel Omopsl cleAyeT BbIOUpaTh Oonee
Harpy>XeHHYIO.

[Ipu onpeneneHUn HaArpy3ok, ACHCTBYIOLIMX HA Bajl, YCTAHOBJICHHbIE HA HEM
aetanu (kojiéca) MBICIIEHHO OTOpachlBalOT M HUX JIEHCTBUE Ha BaJl 3aMEHSIOT
COOTBETCTBYIOIIUMHM HAarpy3kamu, ONPEAEISIEMbIMU [0 HW3BECTHBIM MPaBUIIAM
TEOPETUYECKON MEXaHUKHU (puc. 2, B, T, ). BekTops! paguanbHeix cun Fy nepenocsr
Ha BaJl BJIOJIb JIMHUU WX JEUCTBUS, BEKTOPbI OKPYXHbIX Fx U oceBbix F, ycunuii —
napauienbHo camuM cede. [Ipu atom ot cun Fy nmosiBasitorest ckpyuuBawomue T =
Fx'R, a or F, — wsrubaromuit M = F,-R momentsrt (R — paamyc HauanbpHOMN
OKPYXXHOCTH  Kojieca). HaiiieHHble  Harpy3ku TOpeACTaBISIOTCS B BHUJC
COCTABJISIIOUIMX B TPEX B3aMMHO MEPHNEHIUKYISPHBIX TUIOCKOCTAX (BEPTHUKAIBHOM
ZY, ropuzoHTanbHOi ZX u nonepeyHoit XY).

Takum oOpazoM, Bajd paboTaeT Ha COBMECTHOE JCHCTBHE PaCTSIKCHHS

(cxaTHs), KpydeHuss u u3ruba, mpuuéM u3ruda B AByX miockoctsx (ZY u ZX).



BnusHuem pactsbkeHus (CxKaTusi) U TONEPEYHBIX CHJI Ha HarpyKE€HHOCTh Bajia

peHeOperaor.

3.1.2. IHocTpoeHue 3M0p BHYTPEHHUX CUJIOBBIX GaKTOPOB

Hcnonp3yst METO/I CeUeHHIA ¥ M3BECTHBIE TIpaBuia [1], CTposT Smops:

mrudarommx MomeHToB Mi(z) u My(z) B BeprukampHOit (ZY) wm
ropu30HTaIBHOM (ZX) MIOCKOCTSIX COOTBETCTBEHHO;

- CYMMAapHOro I/I3FI/I6aIOHI€FO MOMCHTA

M, (2) = \/M X2(z) +M y2(z) : (1)

- KpyTsmero MomeHTa Ty(z);
- DKBUBAJICHTHOI'O U3rHOAIOIIEr0 MOMEHTA Myy(Z) TI0 THIIOTE3€ MPOYHOCTH

MAaKCHUMaJBbHBIX KaCaTCIIbHBIX HaHpH)KeHI/Iﬁ

Moy = (M,2@ M 70 4T, 2@ = ,2) +7, 200 2)

3.1.3. PacuéTt nuameTrpa Baja

JIist 3amaHHOM KOHCTPYKIIMU Bajia (CM. puC. 2,a) HauWOOJbIINE 3HAYCHUS
SKBUBAJICHTHOTO M3rM0Al0Iero MOMEHTa MOTYT BO3HUKATh B ceueHusix A u C. Eciu
MIOCTPOUTH AMIOPHI HANPSIKEHUI B OMACHOM CE4YeHUU (pUC. 3), TO AIEMEHT ONAacHOU
Touku K Oymer HaxomuThCsl B YCIOBHSX TUIOCKOTO HAIPSKEHHOTO COCTOSHUS (pHUC.
3,B). YcinoBrUe TMPOYHOCTU JOJKHO OBITh 3alKMCaHO HAa OCHOBE OJHOW M3 TUIIOTE3
(Teopwmii) mpouHocTH [1]. B cOOTBETCTBHM C yCIIOBHEM 3a7a4M CJIEIYyeT UCIOJIb30BaTh
TUTIOTE3Y MPOYHOCTH MAKCUMAJIBHBIX KACaTEJbHBIX HAMPSHKEHUH, YTO OBLUIO YYTEHO
npu 3anucu Gopmysl (2).

VYcnoBre MpoYHOCTH 3alUIIEM B BUC

Gxs =%S [c], (3)

W,

re [6] — momyckaeMoe HampspDKeHWe NI Baja, HazHadaemoe mo T1abm. [1.1 (cm.
MIPUIIOKEHHUE);

WU — MOMEHT CONIPOTUBIIEHUS U3THOY.
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(3) MUHUMATBHO JOITYCTUMOE 3HAYCHHE THaMeTpa Bajia
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Juametrp D, B Mecte ycTaHOBKHM miecTepHU 2 (cM. cxeMmy Bana [9]) cienyet
OKpPYIJIMTh 10 Oyimkaimero Oounbluero yucia u3 cranaaptHoro psga ('OCT 6636-
86), Bkirouaromiero B cebs cienyromue pasmepsl: 16, 17, 18, 19, 20, 21, 22, 24, 25,
26, 28, 30, 32, 33, 34, 36, 38, 40, 42, 45, 48, 50, 52, 53, 55, 56, 60, 63, 65, 70, 75, 80,
85, 90, 95, 100 MM u ganee uepe3 10 mm.
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3HadeHne quamerpa D1 B MECTe YCTaHOBKH TOJIITUITHUKOB HY)KHO OKPYTJIUTh
10 Onmmxaiiero OOJIBIIETO YKclia, okaHuuBaromerocs Ha 0 win 5 (corjiacoBaHue co

CTaHJAAPTHBIM PSIIOM TTOCAI0YHBIX TUAMETPOB MOAIIUITHUKOB [8]).

3.2 KouHcTpynpoBanue Bajia
KonctpynpoBanue ydyacTkoB Baja BEIyT C YUETOM HAMAEHHBIX 3HAUeHU D1 n
D, Ha ocHOBe pekoMeHaanuii [5, 8], 4acTh U3 KOTOPHIX NMPUBEACHA Ha cXxeme Baja [9].
N3 ycnouit yHudukanuu, MOAMMIHUKA JOJDKHBI OBITh OAMHAKOBBIMH, MOITOMY
JMaMeTpbl OMIOPHBIX CTyNeHel Bana (ceuenuid A u B) pasasl D1. Ecniu okaxercs, uto

D;>(D2—5) MM, TO AMAMETP CTYINEHM MOJ HIECTEPHIO 2 CIEeAyeT MPUHATH PaBHBIM
D2 =(D1+5) MM. Paauycsl I ranTensHbIX nepexoaoB HazHavatores I = (0,1...0,2)-d

(puc. 4). OcHOBHBIE pa3MepPbI MITMOHOYHBIX COCTMHEHUN BHIOUPAIOTCST U3 CTaHAapTa
tabm. I1.4 (cMm. mputoxxeHue).
[Ipu yctanoBieHuM BHAa 0OpaOOTKH M YUCTOTHI MOBEPXHOCTU HEOOXOIUMO

HMMETH B BUJlY CJIEAYIOIICE:
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- BCE I0CAJ0YHBIC TOBEPXHOCTH MO/ MOAMUIHUKY ILIudyroT (\V/ Ra );
- IIMTOHOYHBIE Ma3bl U3TOTABIMBAIOT (PPE3EPOBAHUEM;

- palduyCHBIC (FaHTeJIBHBIe) NNEPEXoabl U MMOCAAOYHBIC ITOBCPXHOCTH 11O

HIECTEpHHA 00PadaTBIBAIOT TOHKMM TOYECHUEM (2'\?);
- CcBOGOIHBIC MOBEPXHOCTH Bana MMeior mepoxosarocts ( RZ40 \V

- TOJIIMITHUKY U 3y0uaThie KoJ&ca MOHTHUPYIOT Ha Bajly MO IMOCAaKaM C

HATSTOM H%G n H%( g COOTBETCTBEHHO;

- Mexay 3yOuaTtbiM KojecoM 1 W JIeBBIM MOJIIMITHUKOM (Oormopa A) CTOUT
pacropHasi BTYJIKa JJisi CHJIOBOTO 3aMbIKaHUSI B OCEBOM HaIlpaBIICHUH,
UMeEIoIIast CBOOOAHYIO (C 3a30pOM) MOCAJIKY HA Bay.

Pa3paboTanHblii 5CKkM3 Bajia BbIYEpUYMBAETCS B Macmrabe B CTPOroM

COOTBCTCTBHH C CYHICCTBYIOIIUMU IIPpaBUJIaMH YCPUCHUAI.

3.3. IIpoBepoYHBIii pacyeT Bajia Ha YCTAJOCTHYIO IPOYHOCTH
BcenenctBue BpamieHHss ¥ MHOTOKPAaTHOW TOBTOPSEMOCTH HATPYXKEHHS |
pasrpy3ku B TEUEHHE CpOKa CIIy>KObl Bajl HCHBITHIBAECT MEPEMEHHbIE HAIPSKEHUS,
KOTOpBhIE MOTYT BBI3BaTh YCTaJOCTHbIe paspyuieHus. llostomy mocie BbiOOpa
AMaMeTpa W3 YCIOBUH CTaTUYECKOM MPOYHOCTH M KOHCTPYHPOBAHHUS Bala
HEOOXOJUMO TIPOBEPUTh €ro Ha CONPOTUBJIEHHE YCTAIOCTH (YCTaJIOCTHYIO

MIPOYHOCTB).

3.3.1. Bri0op pacuyéTHBIX ceueHmii
YcTaHaBNIMBAIOT THUM M YHUCIO KOHIIGHTPATOPOB HAMPSHKCHWA W BBIOMPAIOT

pacyYETHBIE CEUECHUS.

3.3.2. Pacuér XapaKTepUCTHK HUKJIOB NlepeMeHHbIX HANIPSIKeHN i
Jist  kaxaoro W3  BBIOPAHHBIX  PACUETHBIX  CEUEHUH  OMNPENEssioT

XapaKTEPUCTUKHA LIHMKJIOB M3MEHEHUs HANpPsDKEHUU. [Ipyu 3TOM ydHTBIBAKOT, 4TO

11



BCJIC/ICTBHE BpAIICHUS BaJia HATIPSDKEHUST M3TM0a G MEHSIFOTCSI IO CHMMETPUYHOMY
UKy (puc. 5,a) ¢ napaMeTpamu:
- aMIUTUTY/1a HampsDKEHUH

M, . (5)
W,

Oa =0 max

- CPCOHCC HAIIPAKCHHUC

om = 0. (6)

B Teuenue CpOKa CJ'Iy}K6I>I BaJl HCIIBITBIBACT MHOI'OKPATHOC IIOBTOPHOC
HArpyKCHHUC U pasrpy3Ky, TOrAad KaCaTCIbHBIC HAIIPSKCHUA KPYUCHUSA MCHAIOTCA 110
OTHYJIEBOMY LUKy (puc. 5,0). [TapameTpbl Takoro 1ukia:

T T ’ (7)

T

=_ k
m a 2 2.W 4-W
p u

IZie IPUHSATO, YTO JUIsl Kpyrioro nomnepednoro ceueHus Wy = 2- W,

3.3.3.  OcHoBHBIE pacuéTHbIE 3aBUCHMOCTH

JUtst KaXXaoro M3 ONAcHBIX CEYEHUH HEeOOXOAMMO IPOM3BECTH PACUET Ha
YCTJIOCTHYIO IPOYHOCTh, KOTOPBI COCTOUT B MIPOBEPKE YCIOBHUS

n>[n], 8)
rjae [n] — MUHUMaJIbHO TOMYCTUMBINA KO3((PUIMEHT 3anaca yCTaJIOCTHOW MPOYHOCTH,
npuHUMaeMsblil B ipeaenax 1.3...2,0 wium no tada. I1.8 (cMm. npunoxenue);
N — DOKBUBAJEHTHBIM (CyMMapHBIN) 3amac YCTaJOCTHOW MPOYHOCTH,

COOTBETCTBYIOIINN TUIOCKOMY HAIIPSY)KEHHOMY COCTOSIHHIO B OIACHOW TOYKE CEUEHHUS
(cM. puc. 3,B), onpeaensieMblit o ¢hopmyJie

n_-n

T )
n~ +n
(e} T
B KOTOpOfI N U Ny — 3allacCbl HpO‘-IHOCTI/I 10 HOpMaJ'IBHI)IM N KaCaTCJIbHBIM
HaHpHH(eHI/ISIM COOTBGTCTBCHHO, paCC‘II/ITBIBaeMBIC 10 3aBUCUMOCTAM.
(e}
— -1 ; (10)

°© Ca’ KGD tWo Om

12



T

n = -1 , (11)
T K

Ta ™t ™1 ™m
A€ 0.1, T-1 — Hpe,Z[eJIBI BBIHOCJIINBOCTHU MaTepHaHa HpI/I CI/IMMeTpI/I‘{HLIX MUKJIax
HU3MCHCHUA HOpMaHLHBIX N KAaCATCJIIbHBIX HaHpH>KeHI/II>'I;

Ga, Ta, Om, Tm — COOTBETCTBEHHO AMIUIATYAHBIEC U CPETHUE 3HAYEHUS HAIIPSHKCHUI;

Vo, Y — KOG OUIMEHTHI YyBCTBUTEILHOCTH MaTepraja K aCHMMETPUU ITUKJIA T10
HOPMAJIbHBIM M KaCaTeIbHBIM HAMPSKEHUSIM.

Kpome toro, B ¢opmynsr (10), (11) Bxomar Keop u Kip — cymmaphsbie
KO3(QGULIMEHThl CHM)KEHUSI TMPEJEIOB BBIHOCIMBOCTU J€Tald, Y4YUTHIBAIOIIUE
BIIUSIHUE HA COMNPOTUBIICHUE YCTAIOCTH KOHCTPYKTHUBHBIX M TEXHOJIOTMYECKUX

(akTOpOB U onpeaeIseMble 10 GopMyIam:

K 1 1
K =( %+ - (12)
oD KdG KF Ky
K 1 1
K =( ° + D (13)
b Kdr KF KV

roe K., K. - KO3 PUITMEHTHI KOHIICHTPAIUUA HAMPSXKEHUN MpU U3TH0e U KPyUEHUH.

Wx 3HaueHus 3aBUCAT OT BHJla KOHIIEHTpaTopa U mpuHuUMaroTcs no tadmn. I1.3, I1.5,
I1.6 npunoxeHus;

Kic® Ky — KOIPOQUIMEHTHI BIMAHHS aOCOMIOTHBIX PasMEPOB MOMEPEIHOTO

CeueHUs1, BIOMpaeMble B 3aBUCUMOCTH OT JUaMeTpa Bajla U Marepuaia mno taosu. I1.7
NPUIIOKECHHUS;
Ke — kxoddduiiueHT BIMSHUS IIEPOXOBATOCTH MOBEPXHOCTU. Ero 3HaueHus
npuBeneHsl Ha puc. [1.1 mpunoxenus;
Kv — k03 ¢uLMeHT BIMSHUS MOBEPXHOCTHOTO YIIPOUHEHHUS, ONPEAEISIEMbIA 110
tabu. I1.9.
OtmetuM, 9TO mpuBeAéHHbIe pacuérHeie  dopmyiasl  (10) - (13)

CBUACTCIILCTBYIOT O TOM, 4YTO pacqéT 3a11acoB yCTaHOCTHOﬁ IMPOYHOCTH I’IG ) nr uNn

MOJKHO BBIIIOJIHUTD JIMOIb 3HASA KOHCTPYKIHWIO Bajla U TCXHOJIOTHIO €T0 U3IOTOBJICHUA.
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3.3.4. Pacuért ko3¢ dunueHTOB 3an1aca ¥ OLEHKA YCTAJOCTHOI MPOYHOCTH
JIns KaX7aoro M3 pacueTHhIX cedeHud Baia mo dopmynam (10), (11), (9)

pPaCCUNUTBIBAIOT KOS(i)(bI/IHI/ICHTBI 3alraca IpOYHOCTHU nc ) nr H N, 3aTEM HIPOBCPAIOT

ycioBue (8) 1 nenaroT HeoOX0IUMBIN BBIBOI.
IIpy HemocTaToyHOM NPOYHOCTH Bajda JOAOT pPEKOMEHAAMU 1Mo €€

ITOBBIIIICHHUIO.

4. IPUMEP PEIIEHUA 3AJIAYHN

PaccmoTrpuM pacuér Bama, cxema KOTOpOro IiOKa3aHa Ha puc. 6,a, a
KOHCTPYKIIHS - Ha puc. 6, 0.

HcxonHble JaHHBIC:
Fix = 12,3 xH, Fiy = 4,47 xH — cunel B 3anemieHdyd OpsMo3y0oil mectepHu 1,
COOTBETCTBEHHO OKPY’KHas M paJiuaibHas;
Fax = 6,15 xH, Foy = 2,28 xH, F,z = 1,08 xH — cunsl B 3anerieHun Koco3yooi
IIIECTEPHU 2, COOTBETCTBEHHO OKPYXKHAsS, panalibHAs U OCEBas;
I, = 100 mwm, 1,=165 MM — TuHEiTHBIC pa3Mepsl;
R1 =100 mMm, R2=200 MM — paarychl HauaJbHBIX OKPYKHOCTEH;
Cranb 45 — maTepual.

Ban Bpamaercs B noamunaukax A u B u pabotaet B 00j1acT MHOTOITUKIIOBOM
ycranoctu (N > 107 HUKIIOB) B yCTAHOBHBILEMCS PEKHME.

Heo0xonumo:

1) mocTpouTs 3mopsl U3rubdarommx MoMeHToB My, My;

2) TIOCTPOUTH IIOPY CYMMAapPHBIX H3THOAIOIINX MOMEHTOB My;
3) MOCTPOUTH IMOPY KPYTSIIUX MOMEHTOB Ty

4) TOCTPOHUTH OIIOPYy OSKBUBAJICHTHBIX HM3THOAIONIUX MOMEHTOB My,
pPACCUMTAHHBIX II0 THUIIOTE€3€ MPOYHOCTH MAKCUMAIBHBIX KacaTeJIbHBIX
HaNPsLKCHUU;

5) mompoOpaTh AMaMETPhI Bajla U3 YCIAOBHS CTATHYECKOM MTPOYHOCTH;

6) Ha3HAYUThH FEOMETPHUYCCKHIE Pa3MEphI;

14



7) BBITIOJIHUTB TPOBEPOYHBIH pacyéT Bajia Ha yCTATOCTHYIO TPOYHOCTb.

: |y Y

?

d5:D1-10
H7
- k6
ds=D1-5
de=D>+10
H7
k6
o]

1.5x45° B
«/Ra08 VRa0.

_.-_.C_,_.,__'_)_________--_C __________

Y o
10 5 | | fa Vinir I3 )] d:0"45

N
.|
2}
Py
QD
o
oo
Py
jsb)
o
[N

\
v
A

Y
Y

(1,6...2,0)ds (0,8...1,0)D; 25.3D; D

A
Y
A
Y

Mt My vl

Puc. 6

4.1. TIpoeKTMpPOBOYHBINi PpacyéT Bajla HA CTATHYECKYI0 MNPOYHOCTH
(Bompocsl 1 —5)
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[Toctpoenue smrop marudaromumx MomeHToB My, My. CoctaBum pacuéTHyro
CXeMy Bajla B BHJE JBYXOIOpPHOW Oajku, INpeacraBieHHoW Ha puc. 7, a. Ilocme
MepeHoca Ha BaJl BCEX CHI, JCHUCTBYIONIUX Ha IIECTEPHHU, MOSBISIOTCA JBa
CKpyYHMBarOIMX MOMeHTa B ceueHusx [ u C

T1 = F1x ‘R1 = 12,30,1 = 1,23 KHM;
T2 = sz ‘Rg = 6,15‘0,2 = 1,23 kKH M
1 U3ru0aronuii MOMEHT B ceueHun C

M=Fyz-R,=1,08:0,2=0,216 xH m.

Onopy A BbIOMpaeM HIIapHUPHO—TIOJBMKHOM, a omopy B — mapHupHO—
HernoABWxkHOM. U3 puc. 7, a crienyer, 4to Bajl pabOTaeT Ha COBMECTHOE JICHUCTBHE
CKaTus, KpydyeHHs U u3ruba B BepTukaibHOU (ZOY) u ropuzoHTanbHOU (ZOX)
IJIOCKOCTAX. BiMsHuEeM cCXXaTusi W TONEPEYHbIX CHJI Ha HArpy>KEHHOCTh Baja
npeHeOperaem. Kpydenue u u3ru0 paccMOTpPUM OTACNIBHO, MCHOIB3YS MPUHIIMI
HE3aBUCUMOCTH JACHCTBUS CUIIL.

M3ru6 B BepTukambHOUM 1mockoctu ZOY (puc. 7, 0).

Omnpenenum peakiuu onop Y au Yg U3 ypaBHEHUN PAaBHOBECHUS:

dM=0: —Fqy: 0,43+ Y 40,33 — Fyy - 0,165 + M=0,

4,47-0,43+2,28-0,165-0,216 — 6.31 xkH:
0,33
YMa=0: —YB-0,33+M-Fiy-0,1 +Fyy-0,165=0,

0,216 4,47 - 8; 2,28 0165 _ (44 1.

ITposepka: Y Y=—Fiy+ Ya—Foy+YB=-4,47+6,31-2,28+0,44=0.

oTkyaa Y a=

OTKyJa YB =

Haitném nzrubatromme MmoMeHThl Mx B XapaKTepHBIX CEUCHUSIX Baja (B
ceuenusx A, C, D u B):
Mx(A)=—-Fiv-0,1=-4,47-0,1=-0,447 xH m;
Mx(C)es = — F1v - 0,265+ Ya-0,165 =—4,47 - 0,265 + 6,31 - 0,165 =- 0,143 xH

Mx(C)upas = Y5 - 0,165 = 0,44 - 0,165 = 0,073 kH m;

Mx(D) = Mx(B) = 0.

ITo mostyyeHHBIM 3HaU€HUSIM cTpouM 3mtopy Mx (puc. 7, B).
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AHaJIOTUYHO paccMaTpHBaeM M3rHM0O Bajia B TOPU3OHTAIBHOM MIockocTH ZOX
(puc. 7, 1).

OmnpeneneHrne CyMMapHBIX HM3THOAOIIMX MOMEHTOB My M TMOCTPOCHHE HX
smiopel. Tak Kak BaJl HMMEET KpYIJIOe IIONEPEYHOE CEUCHHEe, TO H3THOAaroIIHe

MoMeHTBI Mx 1 My MOXXHO CBECTH K CYMMapHOMY H3THOaromeMy
MoOMeHTy M, :1/M§+M§. B ceuennsx A, C, D u B 3nauenus M, Oynyt

COOTBCTCTBCHHO PAaBHLI

M, (A) = \/(—0,447)2 11,232 =1,31 kHm;

M, () _ J(0,1432+1,122 =113 xH

JICB

My Oy, = J©0,073)2 41,122 1122 «H m;
M, (D) =M, (B) =0.

[lo monmydyeHHBIM [aHHBIM TIOCTPOMM JOIIOPY CYMMapHBIX H3THOAIOIINX
MoMeHTOB My (puc. 7, e). Ha yudactke AC »smiopa MMeeT HENMHEHHBIA XapakTep
(TyHKTHpHAsI KpUBas C BBIMYKJIOCTHIO BHM3). JIJIsI yIpOIIEHUST BBIYMCICHUHN DITIOPY
Ha OTOM YYacTKe MPUHUMAIOT JIMHEWHOM (crutomHas JjauHuUs). Ilpu  sTOM
NOTPEIIHOCTh UAET B CTOPOHY YBEJIMYEHUS 3amaca MPOYHOCTH.

[TocTpoenue 3mopbl KpyTAIMKMX MOMEHTOB Tk (puc. 7, k). J[Ba CKpyunBarommx
momenTa T1 u T, (cm. puc. 7, a) BbI3BIBAIOT KpyueHue Ha ydacTtke AC KpyTsaium
MOMEHTOM

Tk=T1=T,=123xHm.

[TocTpoeHue »MmIOpbl SKBUBAJEHTHBIX M3THOAIOMMX MOMEHTOB Mokp (puc. 7,
3). Jns Opyca Kpyrioro mOMEPEYHOTO CEUEHUs DSKBUBAJICHTHBIE W3THOAIOIINE
MOMEHTBI TI0 THUIOTE3€ TMPOYHOCTH MAKCHUMAJIBHBIX KacaTEeIbHBIX HAMPSHKEHUN

MOCYUTHIBAIOT IO Cleayromel popmye

M = 2 2 2_\/ 2 2
5KB Mx + M +Mk = Mu +Tk

y

Haiiném 3nauennst Mk B XapaKTEpHBIX CEUEHUSX BaJa:
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Moks (D) = y0+1,232 =1,23 kH m;
Moks (A) = V1,312 +1,23% =1, 79 kH M;
Mois (C)aee = \1,13% 41,232 =1,67 kH M ;
Mois (C)p = V1,222 +0 =1,122kH m.

VYyacTku 3Mophl, COOTBETCTBYOIME MHTepBaiaM Baa DA u AC, HenmrHEWHbI
(MyHKTUpHBIE KPHUBBIE C BBITYKJIOCTbIO BHU3). Kak u B ciiydae ¢ smopoit My , atu
Y4aCTKU TMPUHUMAEM JIMHEHHBIMHU (CIUIOIIHBIE JIMHWHU), a MOTPEIIHOCTb BEIET K
YBEJIMYEHUIO 3a1aca MPOYHOCTH.

[TonGop nuamerpoB Baja D1 u Dy (cm. puc. 6, 0) U3 ycloBUS CTaTUYECKON
npo4yHocTU. M3 smiopbl Mskg BUAHO, 4TO HAMOOJIBLINE 3HAUYEHUS HKBUBAJIEHTHOTO
M3ru0aroero MOMEHTa COOTBETCTBYIOT ceueHussM A u C. MUHUMabHO AOMYCTUMOE

3HAYCHUC TUAaMCTpPa BaJila B CCHCHHUHA A

. 3
D :3/32 M ke (4) = 45/32:1,79-10° _ ¢ 0645 M.
1 n-[o] 3,14 - 70 10°

31ech [0 ] — 1onycTUMOE HaNpsKEHUE IS Bajla, KOTOPOE MPUHATO paBHbIM 70
MIlla (ta6n. IL.1, cm. mpunoxkenue). Ilpu 5TOM y4YUTHIBAJIOCHh, YTO HU3MEHEHHE
HaIpsSHKEHUH BO BPAILAIOIIEMCS] Baj€ MPOUCXOJUT MO CHUMMETPUYHOMY LHUKIY, a
Marepuan — yriaepoauctas ctanb Mapku 45 (o = 900 MIla, cm. Tabu. 11.2).

AHanornyHo HalJIEéM MUHHMAJIBHO JOIyCTUMOE 3HAY€HHUE JWaMeTpa Baja B

ceyeuuun C

s 32.1,67-10°

——— =0,0625m.
2 \/3,14-70-10

D

OxkpyriuB TMOJIyYEHHOE 3HAuU€HHWE B MWuIMMeTpax Di 10 Onmxaiiiiero
OoJplIero yucia, okanuuBaromerocs Ha 0 wiu 5, noayuyum D1 = 65 MM — auamerp
CEUCHU CTYIICHEW BaJIa MO MOIIUITHUKH.

Tak xak D; < Di, To nuamerp cedeHus CTyleHU Bajia IMOJ IIECTEPHIO 2 B
COOTBETCTBHUHM C peKOMEHJalueu (cMm. m. 3.2) NnpuHUMaeM PaBHbIM

D2=D1+5=65+5=70 mmMm.
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T1 \Tz
yA 0 M
—
X D A C E B
F:x\ . 2z ‘@
a | B
) v R l\« Fox
\ Fay
11=100 MM 1o=165 MM 1, =165 MM
< > >l >
Fiv=4,47xH  Ya=6,31kH M=0,216 xkHm Ys=0,44 xH
D cl* Zs 1B
0) A . Foz=1,08 kH 4B
= -~
Fov=2,28 kH
0,073
M
y )
kHwm WJJ 0,143
0,447
Fix=12,3 kH X=6,80 xkH
r D A C \B E:
\ Xa=12,95 kH Fox=6,15 kH
: 1,23 1,12
! m\\\\m
kHwm
131 1,13
e) @ il \]l-’izlil\l\'\y\f\r\
kHwm
1,23 1,23
* @ [EI00000000
kHwm
1,79 1,67
T TTTTITTT] iz
) 1,23 _ ,
kHwm

Puc. 7
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4.2. KoncrpynpoBaHue BaJja (Bonpoc 6)
Hasznauaem reomerpuyeckue pa3Mephl Bajia, UCIIOIb3Ysl PEKOMEH AN Ha
cxeMe BaJia (CM. puc. 6):
d; = D1 =65 MM,
ds=D1-5=60 MM,
ds =D;1-10=55 MM,
ds=D2+10=70+10=80 MM,
b:1=0,8D1=0,8-65=52 MM,
be = 3D, = 3-70 = 210 MM,
bz =Dy =70 MM,

bs=1,9d5=1,9-55=104 MMm.

[IpuHMMaeM paauycel rajaTelbHbIX IepexoqoB r =0,1d (i =1,...,5).
i i

N3obpaxkaem 53cku3 Baja (puc. 8), Ha KOTOPOM TIOKa3bIBaeM pa3Mephl,

H7 . H7
1epoxoBaTocTh noBepxHocred (V Ra ) u mocankwm ( k_6_ 3y0uaThIX Koléc, e
r

MOAIIUITHUKORB).

4.3.  TlpoBepouHBIii pacyéT Bajia HA YCTAJIOCTHYH NPOYHOCTH (Bompoc 7)
B npakTuke pacu€ToB 0ceil ¥ BaJOB MOJIb3YIOTCS peKOMEHIauusIMu [S] m1st
onpeaeneHus HeOOXOAUMOCTH MPOBEJICHUS PACUETOB HA LIMKIMYECKYIO IPOYHOCTD.
B nacrosimieM mnocoOMM B y4e€OHBIX LENAX OMpEeiCHBbl 3amachl  YCTaJOCTHOM
IPOYHOCTH BO BCEX CEUCHUSX, IJI€ UMEIOTCS KOHIIEHTPATOPHI HANIPSDKEHUM (CeueHuUs
I-1 ... V-V, cMm. puc. 8).
Bribepem MexaHWYeCKHUE XapaKTEPUCTUKU MaTepHaia Baja — craiu 45 (Tadun.
I1.2 npunoxxenusi):
og = 900 MIIa; o1 = 650 MIIa; tr = 390 MIla; 6., = 380 MIla;
1.1 = 230 MIla; Vg = O,l;wT =0, 05.

Ceuenue |- (cMm. puc. 8).
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KoHueHntpaTopamMu HanmpspDKeHHUM SIBIISIOTCS: TalTeNb, HaOpsDKEHHAS MOCaaKa
CTYTIHIIBI IIIECTEPHU HA BaJl U HAIMYWE BOJIM3U CEYCHUS IIMOHOYHOM KaHABKH.

Pe3ynbTaThl HaydHBIX HCCIENOBAHMI [5] MOKa3bIBAIOT, YTO MPU HAIUYUU
HECKOJBKMX KOHIIEHTPATOPOB HAMPSHKEHWNW B OJHOM CEUCHUH, PE3yJIbTHPYIOIIEEe
3HAUEHUE TMOIYYaeTCs CYMMHUPOBAHHEM BIMSHUS OTAEIbHBIX KOHIIEHTPATOPOB IIO
JOCTaTOYHO CJIOKHBIM 3aBUCHUMOCTSIM, KOTOpBIE €II¢ HE HANUIM TPAKTHIECKOTO
npuMeHeHus. Takke yCTaHOBJIEHO, UTO 00Jiee CUIIbHBIE KOHIIEHTPATOPhI MOTJIOMIAI0T
MeHee 3HaunMmble. [lodToMy pacdérbl MPOW3BOMAT C YYETOM JIUIIL OJHOTO
KOHIIEHTPATOpa, UMEIOIIET0 HauOOoJbIllee 3HaYCHHE.

OddextuBHbie KOIDPUIIMEHTH KOHIEHTPAIMU NPU HATUYUHM IITTOHOYHOMN
KaHaBkU NpuHuUMaroTcs mo Tabin. I1.3 mpunoxenus. [lpu o = 900 MIla momyuum

Kg =19, K =18. C yuérom KO3(PULIMEHTOB BIUSHUS aOCOJIIOTHBIX pa3MEpOB

MIONEPECYHOr0 CCUCHUS chs = Kdr =0, 76 (tabmn. I1.7 npunosxeHus) HalIEM 3HAUCHUS

KOB(b(bI/IHI/IeHTOB CHMIKCHUA IIPCACIIa BBIHOCIIMBOCTH !

Ko =29 _o5; Ko A8 a7
ch 0,76 Kdr 0,76
OddexTuBHbIE KOADOUIMEHTHI KOHUEHTPALMH JIsl BAJIOB C TANTEIBIO pajnyca
ri=0,1ds onpenensiem o tadu. I1.5 npunoxenus. Ipu E: di: 60_:1,09, rl_: 0,1
d ds 55 ds

n

o = 900 MIla momyunm K o =143, K. =117 (c yuérom uuTepnoniuuu). Torna

KOB(I)(I)I/IHI/IGHTBI CHHIXXCHHA npcaciia BBIHOCJIMBOCTH PaBHBI
K 1,43 . K

Lo Les LI e

do 070 g 07

3HaueHust K0O3PPUIUEHTOB CHUKEHUS TIpejiesia BBIHOCIUBOCTH JJIs BaJia €

MOCAJIKON IIeCTepHU HaaéM o tab. I1.6 npunoxeHus.
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Ilpn mocajke k_6 op = 900 MIla u ds=55MM UHTEPHOJUPYS TMOTYUUM:

K K
9 -322: T —2,44.
K K

do dt

CpaBHuBasg Mexay co0oil 3HaueHHs KOX(P(UIIMEHTOB CHIDKEHUS Mpesena
BBIHOCIIMBOCTH, YCTAHABJIMBAE€M, YTO HAWOOJBIIYI0 KOHIIEHTPAIIMIO BBI3HIBACT
nocajika mectepHu Ha Bail. [loaToMy nocnennue 3HaueHus: K03(QPUIIMEHTOB U OyIyT

I[IPUHATBL B pacqéT O6HII/IX KOB(b(bI/IHI/ICHTOB CHMJKCHUS TIPCACiIa BBIHOCINBOCTHU IIO

dbopmyam (12%1/1 (13):

K = o421 .32t 1-346;
oD g — 0,81
K do KF :
-t 1 1
K = +—— -1=2,44+ -1=2,68 ,
D g 0,81
K dt KF ,
rne Ke = 0,81 — xodpduiueHT, yduTHIBAIONIMN BIMSHHUE IIEPOXOBATOCTH

ITOBCPXHOCTH, OHpGIIGJIfIGMBIﬁ II0 puc. IT.1 IIPUIIOKCHUA. B Hamem clIy4dac

25
00paboTka — ToHKas 00TouKa ( \/), c = 900 MI1a.
B
Haiiném wusrubaromime MOMEHTHI B paccMaTpuBaeMoM cedueHuu |-1 mpum
21 =52 MM (cMm. puc. 8):
M "= —4,47-0,052=-0,232 xH m;

M y =12,3-0,052=0,640 kH m;

M, =/(-0,232)2 +0,6402 = 0,681 KH m.

MoMEHT CONpOTUBICHUS M3rHOy CEYEHHs, OCJIA0JICHHOTO IIMOHOYHOM

KaHaBKOH, onpeenum 1o taou. 1. 3 mpunoxenus:
nd S bt(ds—t)2 3,14(55-10°)* 16-10°-5-103(55-10° - 5-107%)?

W = _ - _

u“o32 2d

= 14,5-10° M3

. 32 2-55-10°7
rae bu t — mupuHa U rTyOMHA MIMOHOYHOW KaHaBKH, MpUHUMaeMble o tadu. [1.4

npuiioxeHus. Ilpu ds =55 MM HalaéM b =16 MM, t=5 MM.
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HOpMaJ'IBHBIe HAIIpsHKCHUA OT 13ruba B Bajie M3MEHSIOTCS 110 CUMMCTPUYHOMY

LHUKIIy. AMIUIUTYZa HOpMaJIbHBIX HANpsKEeHUH B ceueHuu |-1 papHa
M . 0,681-10°

W, 14,5-10°

=46,9 MI]a.

Oa =

Torma koadduimeHT 3amaca YCTaIOCTHOM MPOYHOCTH TMPHU BO3JECUCTBUU
HOPMAJIbHBIX HAIPSHKEHUM 111 3TOTO ceueHus no popmyne (10) Oyaet paBeH

o_ 380
N, =oK—=176,93,46 =234
a oD

]_IJ'ISI KaCaTCJIbHBIX HaHpH}KCHI/Iﬁ IMUKJI HAIrpy>KCHUA IIPUHUMACTCS OTHYJICBBIM,
T.K. Ball UMCCT IICPUOANYCCKUC OCTAHOBKH, d HAIIPSAIKCHUA U3MCHAIOTCA OT HYJIA OO

MaKCHUMAJIbHOI'O 3HAYCHMI. AMHJ’II/ITYI[a N CPCAHCC 3HAYCHUS HAIPAKCHUA HHKIIA

paBHBIZ 398 T
o=t = MaX="""=199  MIa, e Tt = 12310° MI1a;
a m 2 2 X Wk 30,8-10°° 398
nd® bt(d -t)? 3,14(55-10°%°% 16-103.5.10 (55-103 —5-1073)? 6
W, =—3 S - - — =30,8-10
16 2ds 16 2.55.103
M3 — MOMCHT COHpOTI/IBJIeHI/I}I pr‘leHI/IIO CCUCHUA, OCJIa6J'I€HHOI‘O HIHOHO‘{HOﬁ

KaHaBKOM, ornpesensiemMsbii mo tabin. 1.3 npunoxenus.

Koapdunument 3amaca  yCcTaJloCTHOM  HPOYHOCTH TPH  BO3JCUCTBUHU
KacaTeJIbHbIX HAMPSKEHUH ISl pacCMaTpuBaeMoro ceueHus Bajia no gopmyne (11)
paBeH

hn- = 230 = 4,34,
Tt K p vt 19,9-2,68+0,0519,9

T

a

Cymmapnbiii k03¢hQUITMEHT 3anaca yCTaloCTHOM MPOYHOCTH B ceueHuu -1 mo
BeIpakeHHIO (9)

oM 234.434
2 2 2
\/né +n? 2,342 +4,34

n = = 2,06.
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121:52\ | o
-~ _— ('I“I
22:74 o)
> \%
B Z3=126 -
- Z4=185 S >/ /}
: t=6
I >
Puc. 8

24



[TpuaMMaeM, 9TO paccMaTpuBaeMblii Bajl OyleT W3TOTOBIATHCS MPU OOBIYHOM
YPOBHE TEXHOJIOTHUH, OTPAaHUYCHHON OJHOPOJHOCTH MaTepuana U TPHOIMKEHHON
pacu€éTtHOM cxeme. B 3TOM cilyyae MHMHUMQJIbHO JONMYCTUMOE 3HAYCHUE
kod(pdumeHTa 3amaca IPOYHOCTH MOXKHO TPHUHATH paBHbIM 1.5..2, 0 (ta6m. IL.8

npuioxkenus). CienoBaTensHo, 3amac IpoYHOCTH B ceueHuu [-1 obecrneueH.

Ceucnue Il — 1l (cm. puc. 8).

I/I3m6a}0mne MOMCHTBI B paCCMATPUBACMOM CCUCHHUU C KOOpI[I/IHaTOﬁ Zy = 74

MM DaBHBI
Mx =-4,47 - 0,074 =- 0,331 xH m;
My =123 0,074 =091 xH m;
M, = \/ (-0,331)2 +0,912 =0,968 KkH M,
MomeHT COIIPOTHUBIICHUA U3ruoy pu ds =60 MM
nd?3 (RO.1A-33
W, —4 _3,14-(60-10~) ~21.2.10°6 M3,
32 32
[Tonspubiii MomenT conpotuBienus Wy = 2-W, = 42,4-10° m>,
0,968-10°
AMIUIUTY1a HOPMAJIGHBIX HAPSOKEHUH N3ruba 6 = My = = 45,7 MIla.
a W, 21,210°
Ammumaryaa u cpenHee HATIPSKEHHUS LKA
T 103
Tt o=t =Ko 1BIC oy,

a m ZWp 2-42,4.10°°

r D 65
KoHIIeHTpaTOpoM HanpskeHus apnsercs rantens. [lpu _~ =01, ~=""=108

dy d 60
1 o, = 900 MIla ompenensiem no Tab6a. I1.5 mpunoxenus K, = 1,44, K, = 1,17 (c

WHTEPIOJIALIUEH).
3HayeHue Kod(POUIIMEHTOB BIMUSHUS aOCOJIOTHBIX Pa3MEpPOB IOMEPEUHOTO

ceuenuss mo Tao6u. 1.7 mpunoxenus. Ilpu d = ds = 60 MM U o, = 900 MIla

HHTEPHIOIUPYS NOIYyYuM K do = KCIT =0,71.
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Koadduument BiugHHS 1IEpOXOBATOCTU MOBepxHOcTH 1o puc. [L.1

R, 40
npuiioxenus. Jlis \/ u o =900 MIla, opueHTHUpysich Ha TpyOO€ TOYECHHE,

mariném Krg=0,73.

Torma o6mme kodDPHUIMEHTHI CHWKEHUS TIpelneia BBIHOCIHBOCTH IO

dbopmynam (12), (13):

(o Lo ok ML o0

D 0,71 073 tD 0,71 0,73

3amachel yCTaJIoOCTHOM npouHocTH 1o popmysnam (10), (11) u (9):
380 230

= —=3,46; n = =17,66;
G  45,7-2,40 T 14,5-2,02+0,05-14,5
3,46-7,66
n = =3,1, 4TO 0OJIbIIIE MHUHUMAJBHO JOMYCKAaeMOI0 3HAYCHHS
\/3,46% +7,667
[n]=1,5...2,0. YcranoctHasa npouyHocTs B ceueHuu |l — Il mocratouna.
Ceuenue 1 — 111 (cm. puc. 8).

Koopaunara zz = 126 mm. Mzrubaroriyie MOMEHTHI PaBHBI:
M, =—4,47 -0,126 +6,31-0,026 =-0,339 kH wm;

M y =12,3-0,126 -12,95-0,026 =1,213 xkH ™m;

M, =+/(-0,339)2 +1,213? =1,28 kH m;

MomenT COIIPOTHUBJICHUS U3ruoy npu D1 =65 MM
nD°  314.(65-103) _ 3
WI/I = 1 = = 26,910 6 M.
32 32

[onspublii MoMeHT conpoTusienus Wp =2 -W;;=53,8-1078 M2,

AMHHHTYJIHOC N CPpCAHCC 3HAYCHUA TUKIIOB HaHpH)KCHHﬁI

1,28.10°
6. = 229 476 MIla, _0:
a~ 26,910 °m
. 3
T. =1 —&:11,4 Mll]a.

a~m 2.538.10°
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KOHHCHTpaTOpaMI/I HaHpﬂ}KCHI/Iﬁ SABIIIOTCA TalITCIIb M CPCAHCIIPECCOBAsd

H7 ..
mocamka nommunauka. Pacuér ceuenms |-l moxkazan, dYTo 3HAUYCHHUE
ré

s dexTuBHOTO KO3(PPUITMEHTA KOHIICHTPAIIUN OT MOCAAKA HAMHOTO OOJIBIIE, YeM OT
rasiteny. Ilo3TOMy y4yuThIBa€M TOJNBKO NOCAAKYy, ISl KOTopod mno Tabm. I1.6
NIPHIOKEHHA TP o, = 900 MIla u Di:=65 MM HaXOauUM:

K K

o=438; ' _31

KdG KdT

Ho puc. II.1 mpunoxenus npu o, =900 MIla u numpoBaHUN MOTYyIUM

Kr=0,9.

3Ha4YCHUS O6HII/IX KOB(i)(bI/II_[I/ICHTOB CHMKCHUS IPCACIa BBIHOCIIMBOCTH I10

dbopmynam (12), (13):

KG :4,38+_1 -1=4,49; K :3,1+_1 -1=3,21.
D 0,9 tD 09
3amachel ycTajaocTHOM mpouHocTH 1o popmynam (10), (11) u (9):
n —30 178 0 - 220 = 6,2;
G  47,6-4,49 T 11,4.3,21+0,05-11,4

n=_171862 _175[n] . =15
1,782 46,22 min

VYcranoctHag npounocts ceuenust |1 — 111 obecneuena.

Ceuenue IV — IV (cm. puc. 8).

KOHL[@HTpaTOpaMI/I HaHpH)KeHI/Iﬁ ABJIAIOTCA. IIIIOHOYHAsA KaHaBKa, I'aJITCIIb,

H7
HaHpH)KéHHaH nocajka 3y6anOFO Kosieca. MeToauka OIIpCACIICHUA CYMMApPHOIO
k6

KOBCI)(I)I/ILII/IGHTEI 3ariaca YCTaHOCTHOﬁ IIPOYHOCTH N aHAJIOTMYHA METOJUKE, KOTOpas

IIpUMEHsIIACH ITpU pacuére ceuenus [-I. [Iposepounbie pacy€rel mokazanu, 4ro

N =3,0, .= 9,41 n=2,8, TO ecTh 3armac MPOYHOCTH JOCTATOUCH.

Ceuenue V — V (cm. puc. 8).
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B 3TOM ceyeHuM IPOBEPKY YCTAJIOCTHOM IIPOYHOCTH MOKHO HE IIPOBOJUTH,
T.K. 3aBE€JJOMO SICHO, YTO 3amac MpoyHocTu Oyzaer Bblle, yeM B ceueHuu I — 1.
Huametpsl ceuennit V. — V u Il — Il ogunakoBble, cymMmMmapHbie KO3()PHUIIMEHTHI
CHID)KEHHUS TpeJieNia BEBIHOCIMBOCTH COBMAJAIOT, a CUIIOBBIE (DAKTOPHI B ceueHUU V —

V namHoro Mesbliie, ueMm B ceuenuu 111 — [T (cm. puc. 7 u puc. 8).
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[Tpunoxenus

CrnpaBoYHbIE€ JaHHBIE K pacueTaM Ha IPOYHOCTH MPU MEPEMEHHBIX HAarpy3Kax

Taomuna 1.1
Jlonmyckaemble HatpspKeHus u3ruoa, MIla
[Ipenen Jlonmyckaemble HapsLKEHMS Ha U3THO Ipu
Marepuan MPOYHOCTH pexuMax
op Mlla | pexum Il pexxum I pexum
400 130 70 40
400+500 170 75 45
Yriepoaucras 300+600 200 95 55
cTajb
600700 230 110 65
700900 240 130 70
JlerupoBanHnas 800 270 130 75
cralb 8001000 330 150 90

| pexum: Harpy3Ka MOCTOSIHHAS TTO BETUYMHE U 3HAKY

Il pexxum: Harpy3ka H3MEHS€TCS MO BEJIMYMHE OT HyJIsS [0
MaKCHUMyMa, HO He MEHSETCS 10 3HAKY (TyJIbCUPYIOIIast)

Il pesxxum: Harpy3Ka U3MEHSIETCS ¥ TI0 BEJIMYMHE U TI0 3HaKy oT + M

10 — M (cummeTpudHas)

| K¢ nwmm&a “\’7
et W
08 t\\\@”ﬁ:%"\\ v
Ptge |
| 0,6 \\ \ @

’@7”
e\ 5,
\k-@glgﬁ# i

400 600 &0 1000 P00 @M

Puc. I1.1. 3nauenue ko3 duiineHTa BIUSHUS IIEPOXOBATOCTH MOBEpXHOCTH Kr
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Taomuma I1.2

MexaHnuecKkue XapakTepUCTUKN MaTeEpUaIoB BajIoOB U OCEH

Huamerp

OB oT TB (X} T1
Mapka |3aroToBkm
cram MM MIIa Yo Ve
He OoJiee
Cr5 000 520 280 150 220 130 0 0
Cr6 000 700 370 210 320 190 0,16 0
000 560 280 150 250 150 0 0
45 120 800 550 300 350 210 0,1 0
80 900 650 390 380 230 0,1 0,05
000 730 500 280 320 200
40 X 200 800 650 390 360 210
120 900 750 450 410 240 0,1 0,05
000 820 650 390 360 210
40 XH
200 920 750 450 420 250
20 60 400 240 120 170 100 0 0
20X 120 650 400 240 300 160 0,05 0
12XH3 120 950 700 490 420 210 0,1 0,05
18XT'T 60 1150 950 665 520 280 0,15 0,1
30XI'T | mroboi 950 750 520 450 260 0,1 0,05
18XHBA| mob6oit | 1150 850 620 540 300 0,2 0,1
20XH3A| mob6oit | 1000 850 550 450 250 0,2 0,1
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t1

uzeuo

W

KpyueHue

W

Hemmo

nemmo

nd® bt(d-t)
32 2d
nd® bt(d-t)
T 16 2d
Taomuma I1.3

OddexTuBHBIE KOIDPUITUEHTH KOHIIEHTPAIIUN HATIPSHKEHUH JJ1s1

BaJIOB C OI[HOﬁ N ABYMs IIITOHOYHBIMH KaHABKaAMHA

Xapakrep os Mlla
HarpyxeHus 500 600 700 800 900 1000
N3ru6 K, 1,50 1,60 1,72 1,80 1,90 2,00
Kpyuenne K, | 1,40 1,50 1,60 1,70 1,80 1,90
Tabnuna 1.4

HomunansHsbie pasMCpPhbI CCUCHU S HIIIOHKHU B MM

JlnameTp Bana b h ¢ "
MM
Cs.10| mo 14 4 4 2,5 1,6
14 18 5 5 3,0 2,1
18 24 6 6 3,9 2,6
24 30 8 7 4,0 3,1
30 36 10 8 4,5 3,6
36 42 12 8 4,5 3,6
42 48 14 9 5,0 4,1
48 95 16 10 5,0 5,1
55 65 18 11 5,5 5,6
65 75 20 12 6,0 6,1
75 90 24 14 7,0 7,2
90 105 28 16 8,0 8,2
105 120 32 18 9,0 9,2
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Taomuma I1.5

O dexTuBHBIC KOIDPUIIMEHTH KOHIIEHTPAIINH HATIPSKEHHIA

JUTS BAJIOB U OCEU C TAJITEIISIMU

N3ruo K, Kpyuenue K,

o |0

og Mlla og Mlla

Q_|ﬁ

<500 800 >1000 | <500 800 > 1000

0,02 1,70 1,88 2,05 1,24 1,29 1,33
0,05 1,48 1,57 1,63 1,15 1,18 1,20
1,05 0,10 1,28 1,33 1,36 1,08 1,10 1,12
0,15 1,20 1,23 1,25 1,06 1,08 1,09
0,20 1,16 1,20 1,22 1,05 1,06 1,07

0,02 2,00 2,24 2,47 1,40 1,52 1,62
0,05 1,64 1,70 1,75 1,25 1,28 1,30
1,10 0,10 1,37 1,42 1,45 1,12 1,16 1,18
0,15 1,27 1,31 1,34 1,09 1,12 1,14
0,20 1,20 1,24 1,27 1,06 1,08 1,10

0,02 2,12 2,68 3,10 1,64 1,73 1,80
0,05 1,81 1,97 2,10 1,40 1,45 1,48
1,25 0,10 1,47 1,54 1,60 1,20 1,27 1,32
0,15 1,35 1,40 1,43 1,15 1,20 1,24
0,20 1,30 1,32 1,34 1,09 1,13 1,16

0,02 2,42 = - 1,76 1,97 2,14
0,05 1,91 2,06 2,20 1,48 1,56 1,62
1,50 0,10 1,53 1,61 1,67 1,24 1,32 1,38
0,15 1,38 1,44 1,48 1,19 1,25 1,29
0,20 1,33 1,36 1,38 1,10 1,18 1,24
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Taomuma I1.6
KoaddumumenT cHmkennii mpeena BBIHOCIMBOCTH MPU U3THOE U MPU KPYICHUH

JUTSI BAJIOB M OCEN Yy KpaeB HACa)KEHHBIX JIeTalIeh

K
Tnamerp N3ru6 __° npwm o Mlla
Ilocanka Kio
Bajia B MM

500 600 700 800 900 1000

H7/r6 2,50 2,75 3,00 3,25 3,50 3,75
<30 H7/k6 1,88 2,06 2,25 2,44 2,63 2,82
H7/h6 1,63 1,79 1,95 2,11 2,88 2,44

H7/r6 3,05 3,36 3,36 3,96 4,28 4,60
50 H7/k6 2,28 2,52 2,75 2,97 3,20 3,45
H7/h6 1,98 2,18 2,38 2,57 2,78 3,00

H7/r6 3,29 3,60 3,94 4,25 4,60 4,90
> 100 H7/k6 2,46 2,70 2,96 3,20 3,46 3,98
H7/h6 2,13 2,34 2,56 2,76 3,00 3,18

T

Kpyuenue pu og Mlla

Juametp
ITocanka K

500 600 700 800 900 1000

Bajla B MM

H7/r6 1,90 2,05 2,20 2,35 2,50 2,65
<30 H7/k6 1,58 1,64 1,75 1,86 1,98 2,09
H7/h6 1,38 1,47 1,57 1,67 1,77 1,86

H7/r6 2,23 2,52 2,60 2,78 3,07 3,26
50 H7/k6 1,87 2,03 2,15 2,28 2,42 2,57
H7/h6 1,60 1,71 1,83 1,95 2,07 2,20

H7/r6 2,37 2,56 2,76 2,95 3,16 3,34
> 100 H7/k6 1,88 2,04 2,18 2,32 2,48 2,80
H7/h6 1,68 1,83 1,94 2,06 2,20 2,31
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KoaddunmenT Bnusiaus abCoMOTHBIX pa3MepoB

nonepevHoro ceueHus Ky, = Ky,

Taomuma [1.7

d mm
Marepuan
10 20 30 40 50 70 100 | 120
Yruepoaucras craib
098092088 |08 | 082 0,76 | 0,70 | 0,63
op = 400 + 500 MIla
Yraepoaucras u
aerupoBannas ctans | 097 ( 0,89 [ 0,85 | 081 | 0,78 | 0,73 | 0,68 | 0,61
op = 500 + 800 MIIa
JlerupoBaHHas CTaIb
095086 | 081|077 | 0,74 069 | 0,65 | 0,59
op = 800 + 1200 MIla
JlernpoBaHnHas ctainb
09 (083|077 | 0,73 | 0,70 | 0,66 | 0,62 | 0,57
op = 1200 + 1400 MIla
Tabnuua I1.8
MUHHMMAJIBHO JOMYyCTUMBIEC 3a11achl IPOYHOCTH [N]
@aKTOpBbI, OKa3bIBAIOIINE BIUSHHE [n]
Ha 3aI1ac IPOYHOCTH
a) Jludg pacdera no npeaeny TEKy4ecTH
BecbhMma muracTuuHBIN MaTepran G_T =0,45-+0,55 12+15
OB
[TnacTuaHbBI MaTepra G_T =0,55+0,70 14+18
OB
MastortacTuuHbIA MaTepua G_T =0,70+0,90 17+22
OB
6) Jns pacuera mo npezeny BBIHOCIUBOCTH
[Ipy MOBBIIEHHONW OJHOPOJHOCTH Marepuana, BbICOKOM
KaueCTBE TEXHOJOTUU W3TOTOBJIEHUS, OOJBIION TOYHOCTU
OIpEEIICHUS HAIPSHKECHUII 13+15
I[Ipy O0OBIYHOM ypOBHE TEXHOJOTUM H3TOTOBJICHUS,
OTPaHUYCHHOW OJHOPOAHOCTH MaTepuaia, NPUOMKEHHON
pacyeTHOI cxeme 1,5+20
[Tpun MOHW>XEHHOU OJHOPOJAHOCTH Marepuala,
OPUEHTHUPOBOYHOM OLICHKE MEXAHUYECKUX  CBOWCTB,
MMOHM)KEHHOW TOYHOCTU pacdeTa, NSl JeTaneil O0JbIIoro
aunametpa (d o 250 mm) 2,030

35



Taomuma I1.9

3HaueHU K03(PPHUIMECHTA BIUSHUS ITOBEPXHOCTHOTO yrpouneHus (K)

B 3aBHCHMOCTH OT BHJ1a 00pabOTKH 1 AramMeTpa oOpasiia

Bun 06pabotku Tun obpazua Hnametp, MM Kv
be3 koHueHTpamm 7...20 1,2...14
OO6kaTtka HaIpsKEHUN 30...40 1,1...1,25
POJIMKaMH C KOHIIEHTpaluen 7...20 1,5...2,2
HaIpsKEHUN 30...40 1,3...1,8
be3 koHneHTpanmn 7...20 1,1...1,3
O6nayBKa HaIpsKEHUN 30...40 I,1...1,2
JPOOBIO C KOHIEHTpayei 7...20 1,4...2,5
HaNpsHKCHUN 30...40 I,I...1,5
be3s koHneHTpann 8...15 1,15...1,25
A3oTHpOBaHUE
HaINpsHKCHUN 30...40 1,10...1,15
Ha TITyOUHYy
C xoHIIeHTpauen 8...15 1,9...3,0
0,1...0,4 mMm
HAPSKCHU N 30...40 1,3...2,0
be3s koHneHTpanum 8...15 1,2...2,1
LlemenTarus
HaNpsHKECHUN 30...40 I,I...1,5
Ha TIyOuHYy
C xoHIIeHTpanuen 8...15 1,5...2,5
0,2...0,6 Mm R
HanpsoKEHU N 30...40 1,2...2,0
bes koHueHTpaun 7...20 1,3...1,6
3akajgkKa ToOKaMH HanpsoKEeHU N 30...40 1,2...1,5
BBICOKOM YaCTOTBI C KOHIICHTpAIIHECH 7...20 1,6...2,8
HaIpsKEHUN 30...40 1,5...2,5
MaHUPOBAHUE be3 koHneHTpamn
H P P 10 18

Ha r1youny 0,2 MM

HaIpsHKECHUN
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