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1. OBIIUE YKA3AHUS U TPEBOBAHUS K BBIITOJIHEHUIO
PACUKETHO-TPAOUUYECKOM PABOTHI

Pacuétno-rpaduueckas paboTa BKIIOYAET OAHY 3ajaady, MPEACTABISIONIYIO
coboif pacuér Baja peaykropa. PacuérHas cxema Bana (cM.Hmke puc. 1) omHa u Ta
KE€ I BCEX BAPHWAHTOB, a WCXOJHBIE JaHHBIC CTYIACHT JOJDKCH B3SITh U3
MpUBEAECHHONW HUXKE TaOMHUIBI 1 B COOTBETCTBHUM C JIMYHBIM IMU(POM, COCTOSIIIAM U3
natu uudp. [opsnok ucnonszoBanus mudpa, a Takxke TpeOoBaHUS K 0(HOPMIICHUIO

pa6OTBI OCTar0TCA TAKMMH 2KC, KaK 1 B PaAHCC BBIIIOJIHACMBIX pa60TaX.

[Ipexae yem mpUCTYNUTh K BBIMOJHEHUIO pabOThl, HEOOXOAUMO MPOPadbOTaTh
M0 KOHCHEKTY JieKuuid pazgen “IIpoyHOCTh NpHU IUKIMYECKH HN3MEHSIOMUXCS
HaNPsOKEHUAX, U3yduTh TaBy 12 mo yueOHuky [1], a Taxke pa3oOpaTh pelieHus

TUIIOBBIX 3a/1a4 10 3a1a4HuKy [2] (3amaum 10.1...10.14).

2. COAJEPXAHUE 3ATAYU U UCXO/JHBIE IAHHBIE

Ban peagykropa (puc. 1) Bpamiaercs B HOIIIMIHUKOBBEIX omopax A, B u Hecér
npsaMo3yOyto 1 u koco3yOyro 2 MUIUHAPUYECKUE 3y0UaThie MIECTEPHH C PaanycaMu
HaydallbHBIX OKpYyXHOCTeM R3i, R, COOTBEeTCTBEHHO, HArpy>XeHHbIE B TOYKaX
3anerieHust yewnusaMu. Fix, Fox — okpyxkueimu; Fiy, Foy — pamuansubiMu; Foz —
OCEBBIM.

Jls Bana TpeOyercs:

1) mocTpouts 3mrOpH! H3rHdaroIX MOMEHTOB My 1 My;

2) ompeaeanuTh CYMMapHbIe H3rHOaroIIe MOMEHTH My B IOCTPOUTH UX
SIIOPY;

3) HOCTPOHTH AMIOPY KPYTAIIMX MOMEHTOB T;

4) paccuMTaTh 3HAYCHHUS SKBHUBAJCHTHBIX H3THOAIOIMNUX MOMEHTOB M, IO
TUTIOTE3€ MPOYHOCTH MAKCHUMAaJIbHBIX KacaTENbHBIX HANPSKEHHH W TMOCTPOUTh HX

3II0pY,



5) momoOpaTh quametphl Baia D; (B MecTe yCTaHOBKHM JICBOTO MOAIITUITHAKA) U
D, (B MecTe yCTaHOBKM MISCTEpHU 2) W3 YCIOBHUS CTATUYECCKOW MPOYHOCTH IIO
BBIIICYKA3aHHOW THUIOTE3¢ MPOYHOCTH, OKPYIVIUB IIOJIYYCHHBIC 3HAYCHUS B
MHJUIUMETpax N0 Ommkadmmx yucena u3 craHgaptHoro psga I'OCT 6636 - 86
(BBIICPXKKY 3 psijia cM. B mocobun [2]);

6) Ha3HAYUTh TEOMETPHUYCCKUE Pa3Mephl, MCIIONB3Yys PEKOMCHIAIMU Ha PUC.

6,0;

7) nns OMACHBIX CEYCHWH BaJia, TNIE MMEIOTCS KOHIIEHTPATOPHI HANPsIKCHUH
(ceuenus I-1....,.V-V, cMm. puc. 1,06), ompemenuth Kod(hduIMEHTH 3amaca
COIPOTUBJICHUS yCTaNOCTH (YCTaJIOCTHOW MPOYHOCTH) W CPABHUTH MX 3HAUCHUS C
aomyckaeMbIMu  BenuumHamMu (cMm. Tabm. [1.8, B mnpwiokenun mocodus [2]).
KonuyecTBO paccMaTprBaeMbIX CEUYCHHH Baja MOXET OBITh YMEHBIICHO TI0
COTJIACOBAHUIO C MPETIOIaBATEIICM.

VicxomHbIEe YUCIIOBBIC JTaHHBIC B3ITh M3 TaOd. 1. PexxuM HarpykeHus Baia

CUMTATh YCTAHOBUBIIHMMCS U YUCJIO [IUKIOB HAarpykeuust N > 10"

Tabmumna 1

Homep | Mapka Yeunnsa, kH MM

cTpokm| CTaM \ Fiy | Fiy | Fox | Fov | Fz | Ri | Ro |1 I
1 Cr5 | 62 | 226 | 3,1 | 1,155|0,655| 50 | 100 | 75 | 140
2 Cr5 | 60 | 218 | 3,0 | 1,120 | 0,630 | 55 | 110 | 80 | 145
3 20 56 | 204 | 28 |1,045|0,600| 60 | 120 | 85 | 150
4 45 52 1190 | 26 | 0970|0550 | 65 | 130 | 90 | 155
5 20X | 44 | 160 | 2,2 |0820| 0,465 | 70 | 140 | 95 | 160
6 40X | 32 |1165| 16 | 0,600 | 0,340 | 75 | 150 | 100 | 165
7 40XH| 30 | 109 | 15 (0,50 | 0,320 | 80 | 160 | 105 | 170
8 18 XT'T| 28 | 1,02 | 14 |0525|0,293 | 85 | 170 | 110 | 175
9 30XIT| 24 (0874 1,2 | 0,450 | 0,254 90 | 180 | 115 | 180
0 12XH3| 52 | 1,9 | 2,6 | 0970|0550 | 65 | 130 | 100 | 165
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3. YKA3AHUS K PEHIEHUIO 3AJTAYN

Jlutepatypa: B yueOHuke [1] uzyunte rnaBy 12, a o 3amadnuky [2] pazoepure

pemenus TumoBeIx 3ama4d 10.1...10.14.



B 3amadue CTymeHT [JO/DKEH PEMIMTh BOMPOCHl, KOTOPBIE COCTABJISIOT
CIIeyIoIIHe TpHU pasaena (CM. yCaoBUe 3a1a4H):
- MPOEKTUPOBOYHBINA pacuéT Baja Ha CTATHYECKYIO MIPOYHOCTH (BOIPOCH! ¢ 1 1Mo
5);
- KOHCTpyHpoBaHue Baya (Borpoc 6);

- IPOBEPOYHBIN PACcUYET BaIa HA YCTATOCTHYIO MPOYHOCTH (BOTIPOC 7).

3.1. TIpoeKTHpPOBOYHBII PACUYET BaJia HA CTATHYECKYIO MPOYHOCTH

3.1.1. IocTpoeHue pacyéTHOli cXeMbl BaJjia

[Tpu pacuére Bana (puc. 2,a) Ha CTATHYECKYIO TPOYHOCTH OH MPEACTABIISACTCS B
BUJIC JBYXOTMOPHOW Oankd, HArpy)KEHHOW TIOCTOSHHBIMU CKPYYUBAOIIUMH U
M3TU0AIONTUMH MOMEHTAMH, TTOTICPEUYHBIMU U TIPOJOJIBHBIMU YCHIIHSIMU OT JIETaJCH,
YCTaHOBJICHHBIX Ha Baiy (puc. 2,0). OmHa w3 omop BBIOMpAETCS IAPHHUPHO—
HEIMOABM)KHOM, Ipyras — IapHUPHO—OABIKHON (I1aBaroliei). 1o obecreynBaet
CBOOOJIHYIO OCEBYIO0 JedopMaliuio Bajda W JeJaeT KOHCTPYKIIMIO CTaTUYECKU
onpenenmumoin. Ecnu mo ycimoBusiM paboThl Basia Oe3pa3iiyHO Kakasi U3 Oomop OymeT
3aKpemieHa, TO B KauecTBE IUIABAIOIICH OMOPHI CJEAyeT BHIOWpaTh Ooiee
HArpy>XCHHYIO.

[Tpu ompeneneHnM Harpy30K, JACUCTBYIONIUX Ha Bajl, yCTAHOBJICHHBIC Ha HEM
naetamu (koj€ca) MBICICHHO OTOpachIBAIOT W WX JCHCTBHE Ha Bajl 3aMCHSIOT
COOTBETCTBYIOIIMMH HArpy3KamH, OMPEASTSIEMbIMH TI0 HW3BECTHBIM IpaBUJIAM
TEOPETUIECKON MEeXaHUKH (puc. 2, B, T, 1). Bexrops! paguansHbix cun Fy mepenocsar
Ha BaJl BAOJb JUHUW UX JIEHCTBUS, BEKTOPHI OKPYXHBIX Fy m oceBrix F, ycunuii —
napamienbHo camum cebde. IIpu 3ToM OT cun Fy mosBIsSIIOTCS CKpyudMBaromue I =
F«R, a or F, — m3rubarommuit M = F,R momentsl (R — pagumyc HadaabHOMI
OKpY)XKHOCTH  Kojieca). HalileHHbIC  Harpy3Kd TpEACTaBISAIOTCS B BHJE
COCTaBJISIONIMX B TPEX B3aWMHO IMEPHCHAUKYISIPHBIX TUIOCKOCTSAX (BEPTHKAIBHOMN
ZY , ropusoHTaibHOU ZX 1 nmonepeyHon XY).

Takum oOpa3om, Banm paboTaeT Ha COBMECTHOE JIEWCTBHE PACTSKCHHSI

(cxaTust), KpydeHUs W W3ruoOa, mpuuéM m3ruba B JABYX IutockocTsax (ZY u ZX).



BrusHuem pactsokeHus (CkaTHS) W IMONEPEYHBIX CHJI Ha HArpy)KeHHOCTh BaJia

MpeHeOperaroT.

3.1.2.  IlocTpoeHue FMIOP BHYTPEHHHX CHJIOBBIX (paKTOPOB
Vcnons3yst METO/] CeUeHUI 1 U3BECTHBIC MpaBmia [1], cTposT 3mrophI:
- wm3rubaromux MoMmeHToB My(z) um My(z) B Beptuxamshoit (ZY) u
ropu3oHTaATBHON (ZX) TIOCKOCTSIX COOTBETCTBEHHO;

- CYMMAapHOTIO I/I3FI/I6aIOIHCFO MOMCHTA

Mu(z)=\/MX2(z)+My2(z); (1)

- kpytaniero momenTa T(2);
- DKBHBAJICHTHOTO HW3THOAMOIIET0 MOMEHTa M,;(Z) Mo Trumore3e NpOYHOCTH

MaKCHUMAJbHBIX KaCaTCIbHBIX HaHpH)KCHI/Iﬁ

Mo =M, Z@+M 2@ 47,20 - M 2041, 20) . @

3.1.3. Pacuét nuameTpa Bajia

JInsg 3aaHHOW KOHCTPYKIMM Bajda (cM. puc. 2,a) HaWOOJBIIHWE 3HAYCHUS
HKBHUBAJICHTHOTO M3rHOAIONIEr0 MOMEHTa MOTYT BO3HUKATh B ceueHHUsX A u C. Eciu
MOCTPOUTH DIIOPHI HAPSHKEHUI B OMacHOM cedeHuH (puc. 3), TO 3JIEMEHT OMacHOM
toukn K OyIeT HaXOJHUThCSA B YCIOBHSIX IUIOCKOTO HAMPSKEHHOTO COCTOSHUS (pHC.
3,B). YcioBHEe MPOYHOCTH JIOJDKHO OBITh 3alMCAHO Ha OCHOBE OJHOH W3 THIIOTE3
(Teopwuii) mpounocTH [1]. B cooTBeTCTBHY € yCIIOBHEM 3a/1auu CIICAYET UCIIOIb30BATh
THITOTE3y MPOYHOCTH MAaKCHMAJIbHBIX KacaTeIbHBIX HANPSIKEHHUH, 4TO OBUIO YYTCHO
npu 3anucu GopMyJisl (2).

YcitoBUE MPOYHOCTH 3alMIIEM B BUJIC

M
JKB =X < y 3
c W [o] 3)

u
rae [o] — momyckaemoe HampspDKeHHME I Baja, HasHadaemoe mo Tabi. IL1 (cwm.
MIPUJIOKEHUE);

WU — MOMEHT cOnpOTHUBIICHUS U3THOY.



3
7-D
JIna Baja Kpyrjioro CIUIOIIHOIO ITONEPEYHOI0 CEUYCHUs Wu=3—2, TOTJa U3

(3) MUHUMAJIBHO JOMTYCTUMOE 3HAYCHHE JHUaMeTpa Bajia

32-M
D>3~oK8 (4)
7 [o]

Juametrp D, B Mecte ycraHoBkW miecTepHu 2 (cM. cxemy Bana [9]) cienyer
OKpYTJIUTh 70 Onrokaiiiero Oosbirero uncia u3 crangaptaoro psga (I'OCT 6636-
86), Briroyaromiero B ce0s caeayromue 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 manee uepe3 10 Mmm.
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3HavyeHue aquamerpa D; B MecTe yCTaHOBKHM MOMANIUITHUKOB HY>KHO OKPYTJIUTH
1o Ommxkaiimero 0oJibIIero yucia, okanuuBatonierocs Ha 0 wiu 5 (cormacoBanue co

CTaHJAPTHBIM PSAOM MOCATOYHBIX JUAMETPOB IMOAMUITHUKOB [8]).

3.2 KoHucTpyupoBaHue Baja
KoHcTpynpoBanue y4acTKOB Basia BEAYT C yUETOM HalIeHHBIX 3HaueHud D; u
D, na ocHoBe pexomeHnaamuii [5, 8], yacTh U3 KOTOPHIX MpHBEAeHA Ha cxeme Bajia [9].
W3 ycnoBuit yHHpUKAINHA, TOAMIAITHAUKA JTOJKHBI OBITh OJWHAKOBBIMH, TTOITOMY
JIMaMeTPhI OMIOPHBIX cTymeHeH Bana (ceuenuid A u B) paBubl D;. Ecnu okaxeTcst, 4to

D, >(D,-5) MM, TO AuaMeTp CTYIEHH MOJ IIECTEPHIO 2 CIEeAYyeT NPHUHATH PaBHBIM
D, =(D,+5) MM. Pamuychl I' rantensHbIX mepexoaoB HaszHavarotcs ¢ = (0,1...0,2)-d

(puc. 4). OcHOBHBIE pa3Mepbl MIMOHOYHBIX COCITUHEHUIN BBIOMPAIOTCS W3 CTaHIApTa
tabi. I1.4 (cM. mpritokeHue).
[Ipu ycraHoBieHuu Buaa oOpaOOTKH M YUCTOTHI MOBEPXHOCTHU HEOOXOAMMO

VMMETH B BUY CIEIYIOIIECE:!
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- BCE MMOCAI0YHBIC MMOBEPXHOCTH MO MOAMUIHUKY nutndyiot (V Ra );
- IIIOHOYHBIE Ma3bl U3rOTaBIUBAIOT (Ppe3epOBAHHEM;

- paauycHble (TanTeNbHBbIE) IMEPEXOJAbl M IOCAJOYHBIC IMOBEPXHOCTH IO

HIECTepHU 00padaTHIBAIOT TOHKUM TOYCHHEM (ZQ);
- CcBOOOJIHBIC MIOBEPXHOCTH Bajla UMEIOT IIEPOXOBATOCTH ( Rz 49/);

- TMOJIIMIHUKK W 3y04aThle KoJEca MOHTHUPYIOT Ha Bajly IO IMOCagKaMm C

HaTITOM H%6 U H7k 6 COOTBETCTBCHHO,;

- MeXAy 3y04aTbiM KojiecoM 1 W JIeBBIM MOAMIMIHUKOM (omopa A) cTOHT
pacropHasi BTyJKa U1 CHJIOBOTO 3aMBIKaHHS B OCEBOM HAaIPaBIICHUH,
UMEIoIIasi CBOOOIHYIO (C 3a30pOM) TIOCAIKY Ha Bay.

Pa3paboTaHHBIii O3CKM3 Bajga BBIYEPUYMBAETCS B MacmTabe B CTPOroOM

COOTBCTCTBUHU C CYHICCTBYIOINNMMU IMPaBUJIAMH YCPUCHU.

3.3. IIpoBepouHBbIil pacyeT Bajia HA YCTAJOCTHYIO IPOYHOCTH
BcenencrBue BpameHWss W MHOTOKPAaTHOM IOBTOPSIEMOCTHM HATpyXKEHUS U
pasrpy3Kud B TEUYEHHE CPOKa CIIY>KObI BaJl MCHBITBIBAET MEPEMEHHBIE HANPSLKEHMS,
KOTOpblE MOTYT BBI3BaTh YCTaJOCTHblE pa3pywmeHus. lloatomy mnocie BbIOOpa
IuaMeTpa W3 YCIOBHM CTAaTMYECKOM NIPOYHOCTM M KOHCTPYHMPOBAHHWSA Baja
HEOOXOIUMO TPOBEPUTH €r0 Ha COMPOTUBJICHUE YCTAIOCTH (YyCTaJIOCTHYIO

MIPOYHOCTB).

3.3.1. Bbi0op pac4éTHbIX ceueHuii
YcTaHaBAMBAIOT THUI W YHUCJIO KOHIICHTPATOPOB HAMPSIKEHWA W BBEIOMPAIOT

pPACUYETHBIC CEUCHUS.
3.3.2. PacuéT XxapakTepHCTHK HMKJIOB NepeMeHHbIX HANPSIKe HU I

Jns  kaxaoro W3 BBIOPAHHBIX  PACUETHBIX  CEYEHUU  ONPENEsioT

XapaKTCPUCTUKHN LIUKIIOB HW3MCHCHUA HEalfDKGHPIﬁ. HpI/I 9TOM VYYHUTBIBAIOT, 4YTO
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BCJIC/ICTBHC BpAIICHHS Bajla HANPSDKCHUS M3rH0a G MECHSIOTCS 10 CUMMETPHYHOMY
ukiy (puc. 5,a) ¢ mapamerpamu:

- aMIIUIMTyJa HaprDKeHI/Iﬁ

M
Ga:Gmax:W_u; (5)

u
- CpeJHee HAIpsHKEHHE
o,=0. (6)
B TeueHuwe cpoka CIy:KObI Bal HCIHBITHIBAET MHOTOKPATHOE ITOBTOPHOE
Harpy;KeHHe M pasrpysKy, TOrJia KacaTelbHble HAPSHKEHHsS KPYUEHHUS MEHSIOTCS 110

oTHyJIeBoMY UKy (puc. 5,0). [TapameTpbl Takoro IUKIIa:

r =7 —_max__k __k | (7)
rae MpUHATO, YTO Ul Kpyrioro nonepeunoro cedenus Wy = 2-W,,.

3.3.3.  OcHoBHbIE pac4éTHbIE 3aBUCHUMOCTH

JIns KaXJI0ro M3 OMNACHBIX CEYEHUM HEeOOXOAMMO MPOM3BECTH PACUYET Ha
YCTAJIOCTHYIO IPOYHOCTH, KOTOPBI COCTOUT B MPOBEPKE YCIOBUS

n=[n], (8)
riae [N] — MUHUMATBHO JOMYCTUMBINA KO3 (PHUIIMEHT 3amaca yCTaTOCTHONW MPOYHOCTH,
npuHUMaeMbIi B ipeaenax 1.3...2,0 wim o tadu. [1.8 (cMm. npunoxenue);
N — OSKBUBAJICHTHBIA (CyMMapHBIH) 3amac  yCTaJOCTHOW  IPOYHOCTH,

COOTBETCTBYIOIINN TUIOCKOMY HAIPSKEHHOMY COCTOSHUIO B OMTACHOW TOYKE CCUCHUS

(cM. puc. 3,B), onpeaesseMblii 1o GopmyJie

n_-n
n=—o T, 9)
«[nz +n2
o) T
B KOTOpOﬁ N U N — 3amacel IIPOYHOCTH IO HOPMaAJIBHBIM H KacCaTCJIbHBIM

HammpspKCHUAM COOTBETCTBCHHO, paCCUUTBHIBAECMbIC 110 3aBUCUMOCTAM.:

°_1
n_= " = : (10)
Ga' oD Jrllla‘am

12



‘1
N =——r = : (11)
Ta' TD—H//T‘Tm

rac o.;, T.p. — HOPCACIbl BBIHOCIMBOCTH MaATCpHaa IIpU CHMMCTPHYHBIX IIHKJIAX

WU3MEHEHUST HOPMAJIBHBIX U KacaTeJIbHBIX HAIPSOKSHUH;
Oas Tay Om, Tm — COOTBETCTBCHHO aMILTUTYIHBIC ¥ CPEIHHUE 3HAUCHUS HAIPSIKCHUH;
Vs, Yr — KO3(DPHUIMEHTH YyBCTBUTEIIBHOCTH MaTepuaia K aCHMMETPHH IIMKJIA I10
HOPMAJTBbHBIM M KacaTeIbHBIM HAIIPSKCHHUSIM.

Kpome Toro, B dopmynsr (10), (11) Bxomir Ksp m K;p — cymmaphbie
KOO(PQOUIIUCHTB CHIDKEHHUS TPEACIOB BBIHOCIUBOCTH JICTAlH, YYUTHIBAIOIIHE

BJIIMSIHUC Ha COIPOTHUBIICHUC YCTAJIOCTU KOHCTPYKTUBHBIX MW TCXHOJIOTHUYCCKUX

(dbakTopoB U omnpezaensieMble 1Mo Gopmyliam:

K 1 1
_(_oO _1). : 12
KO-D (Kd0'+KF K KV (12
K 1
Kop =Gt Loy (13)

dr KF KV

rae K_, K~ KO3(pPUIIMEHTHI KOHIEHTPALUUA HATIPSKEHUN MPU U3TUOE U KPYUCHUU.

Wx 3HaueHus 3aBUCAT OT BHJIa KOHIICHTpATOpa W mpuHUMaroTcs mo tadm. I1.3, TL.5,
1.6 mpunoxenus;
K

, K, — xo3hdUIUEeHTh BIHUSHUSA a0CONIOTHBIX Pa3MEpPOB MOMEPEYHOTO

do dr
CEUYEHUs, BEIOMpaeMbIe B 3aBUCUMOCTH OT IMAMETpa Bajla U MaTepuania mno taoiu. I1.7
MPUIIOKEHUS,

K — ko3pduuueHT BIMSHUS IEPOXOBATOCTU MOBEPXHOCTU. Ero 3HaueHus
npuBesieHbl Ha puc. [1.1 npunoxenus,

Kv — ko3 duiiuenT BIUSgHUS TOBEPXHOCTHOTO YIPOUHEHHs], ONpEeasieMblid O
taoum. I1.9.

OTtmeruM, dro mnpuBenéHHBIe pacu€tHele ¢opmynsl  (10) - (13)

CBUACTCILCTBYIOT O TOM, 4YTO pacqéT 3a11acoB YCTaHOCTHOﬁ IMPpOYHOCTHU nG ) nT un

MOKHO BBIIIOJIHHUTD JIMIIb 3HASA KOHCTPYKI[HUIO Bajla 1 TCXHOJIOTHIO €0 U3I'OTOBJICHUA.
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3.3.4. PacuéTt kod(ppUIIHEHTOB 3aMaca 1 OI[eHKA YCTAJOCTHOI MPOYHOCTH
JIs KakIoro W3 pacyeTHBIX ceueHWi Bajga mo ¢opmynam (10), (11), (9)

pPacCUUTHIBAIOT KOA(DPUIIMEHTHI 3amaca MpOYHOCTH n_,n_ M N, 3aTeM MPOBEPSIOT

ycnoBue (8) u nenaroT HeoOX0TUMBIN BBIBO/I.
[Ipy HEZOCTAaTOYHOM MPOYHOCTH BaJla JAOT PEKOMEHJAUUM IO €€

ITOBBIIIICHHUIO.

4. IPUMEP PEHLIEHUSA 3AJTAYHN

PaccmorpuMm  pacuér Bajma, cxeMa KOTOpPOro IIOKa3aHa Ha puc. 6,a, a
KOHCTPYKIIHSI - Ha puC. 6, 0.

HMcxonHble JaHHBIC!
Fix = 12,3 xH Fiy = 4,47 xH — cunel B 3amemieHnd mpsiMo3y0oit mectepHu 1,
COOTBETCTBEHHO OKPY)KHAS U paJiHaibHAS;
Fox = 6,15 xH, Foy = 2,28 xH, F,z = 1,08 xH — cuiael B 3anemieHMd Koco3yOoi
MIECTEPHU 2, COOTBETCTBEHHO OKPYKHAsI, paJnalibHas U OCEBas;
I, = 100 MM, 1,=165 MM — nTuHEHHbBIC pa3MepHI;
R; = 100 mm, R,=200 MM — paamychl Ha9albHBIX OKPYKHOCTEH;
Cranb 45 — matepual.

Ban Bpamaercs B mogmmunaukax A u B u paGoTtaet B 006;1acTH MHOTOLIMKIIOBOM
yeramocts (N, > 107 [IUKIIOB) B yCTAHOBHBIIEMCS PEKUME.

Heobxommmo:

1) OCTPOUTH SIIOPHI U3rUOAIOITUX MOMEHTOB My, My;

2) IOCTPOHUTH MIOPY CYMMAPHBIX U3rHOAOIUX MOMEHTOB My;

3) HOCTPOUTH IMIOPY KPYTAIIMX MOMEHTOB T ;

4) TOCTPOUTH ODMIOPY SKBUBAJICHTHBIX HM3THOAIONIMX MOMEHTOB M.,
PAaCCYMTAHHBIX II0 THIOTE3¢ NPOYHOCTH MAKCHMAJIBHBIX KacaTelIbHBIX
HaNPsOKCHUH;

5) momoOpath quaMeTphl Bajla U3 YCIOBHS CTAaTHUYECKOM MPOYHOCTH;

6) Ha3HAYHUTH TCOMETPHUCCKUEC Pa3MEPHI,

14



7) BBITTOJIHUTH TIPOBEPOYHBIN pacyET Bajia Ha YCTAIOCTHYIO MPOYHOCTb.

0)

o
Fl‘ M~
ol | L=
II!n AN
1,5x45° , © rs
\/Ra 0.8
A
E—— ._.C_. .._._]._
Y
10 | | 5
(1,6...2,0)ds
4.1.

r

D,

ds

\/ Ra 0.2

Ny
>

2D;

(2,5..3)D;

Y

1,5x45°

(Bompocskl 1 — 5)

Puc. 6
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[Toctpoenue smrop msrudarommx MomeHToB My, My. CoctaBuM pacd€THyIO
CXeMy Baja B BHJI€ JIBYXONOPHOW Oanku, mpeacTaBieHHOW Ha puc. 7/, a. Ilocne
MepeHoca Ha Ball BCEX CHJI, JACHCTBYIOIIMX Ha IIECTEPHHU, MOSBISIOTCS JBa
CKpy4HMBaroImux MoMmeHTa B ceueHusix J u C

T1 = le 'Rl = 12,30,1 = 1,23 kH M;

T2 = ng 'R2 = 6,150,2 = 1,23 kH M
1 u3rubaronuit MoMeHt B ceueHuu C

M =F,z-R,=1,08-0,2 = 0,216 xH m.
Omopy A BblOMpaeM NIAPHUPHO-TIOABUKHOM, a omopy B — mapHupHO—
HenoABWXXHOU. M3 puc. 7, a ciaemyer, 4To Bajd pabOTaeT Ha COBMECTHOE JEHCTBUE
ckatus, KpydeHus u m3ruba B BeptukaibHOH (ZOY) um ropusonrtansHOu (ZOX)
IJIOCKOCTSAX. BiusiHMeM cxaThsi U TONEpPEeYHBIX CHJI HAa HarpyeHHOCTb Baja
npeHeobperaem. Kpydenwe u u3rud paccMOTPUM OTHAENIBHO, HWCHOIL3YS MPUHLIUI
HE3aBUCHUMOCTH JCUCTBHUS CUIL.

N3ru6 B BepTukanbHoi iockoctu ZOY (puc. 7, 0).

Omnpenenum peakiuu onop Y v Yg U3 ypaBHEHUM paBHOBECHUS

> M,;=0: — F1y: 0,43 + Y 40,33 - F,y - 0,165 + M=0,

4,47-0,43+2,28-0165-0,216 _ g 31 . 1T-
0,33

YMa=0: -YB:0,33+M -Fyy 0,1+ Fpy-0,165=0,

otkya YB = 0,216-4,47 (());; 2,28-0165 _ 0.44 K.

Tposepka: YY=—Fiy + Ya—Foy + YB=—4,47 + 6,31 — 2,28 + 0,44 = 0.

OoTKyZa Y=

Haitném n3rubarorme MOMEHTH My B XapaKTEpHBIX CEUCHHUAX Basa (B
ceuenusx A, C, D u B):
Mx(A) == Fy-0,1=-4,47-0,1=- 0,447 xH m;
Mx(C)yes = — F1y - 0,265 + Y 40,165 = - 4,47 - 0,265 + 6,31 - 0,165 = - 0,143 xkH

Mx(C)upas = YB - 0,165 = 0,44 - 0,165 = 0,073 kH u;

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

[To mosmy4eHHBIM 3HaUCHUSAM cTpouM 3mopy My (puc. 7, B).
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AHaJOTHYHO paccMaTpuBaeM M3THUO Bajla B TOPU3OHTAIBHOM miockoctu ZOX
(puc. 7, ).

OnpeneneHue CyMMapHbIX H3THOAONIMX MOMEHTOB My M TMOCTPOCHHE HX
smopbl. Tak Kak Bajl HMEET KpYrioe MONEPEYHOE CEUECHHE, TO H3rudaroiue

MoMeHThl My u My MOXHO CBecTM K CyMMapHOMYy HU3THOaronieMy
MOMeHTyMuzw,M)%-l-Mi. B ceuenmsax A, C, D u B 3mauenus M, Oynyr

COOTBCTCTBCHHO PaBHBI

M, (A) —J(-0,447)2 +1,23? =131 KH

[ 2 2 .
MU(C)HeB_\/( 0,143)° +112% =113 kH M

M, ©)y, = \/(0,073)2 +1122 =1122 xHM;
M, (@) =M (B)=0.

[lo monydYeHHBIM JAHHBIM TOCTPOUM DBIIOPY CYMMapHBIX H3THOAIOIINX
momeHTOB My (puc. 7, €). Ha ydactke AC smiopa uMeeT HEIMHEHHBIA XapakTep
(ITyHKTUpPHAS KPUBasi C BBIMYKIOCThIO BHU3). [l YIPOIIECHUS BBIYMCICHHNA JITIOPY
HAa O9TOM Y4YacTKe NPUHUMAIOT JUHEHHOW (crutomHas JjwHHSA). [lpu 3TOM
MOTPEIIHOCTh UJIET B CTOPOHY YBEJIMUEHUS 3amaca MPOYHOCTH.

[TocTpoeHue SMIOPBI KPYTAIMIUX MOMEHTOB T (puc. 7, k). JIBa CKpyYHBAIOIIHX
MoMmeHTa T1 U T, (cM. puc. 7, @) BBI3BIBAIOT KpydeHue Ha ydactke AC KpyTSimm
MOMEHTOM

Ty=T1=T,=1,23 kH m.

[TocTpoeHue 3MmIOpbl SKBUBAJACHTHBIX H3rHOAIOmux MOMeHTOB Myyp (puc. 7,
3). Jlusg Opyca KpyrJioro IOMEPEYHOrO CEUSHHUS DKBHBAJICHTHBIC W3THOAOIINE
MOMEHTBl TI0 THUIIOTE3€ MPOYHOCTH MAKCUMAJIbHBIX KAacaTEeJIbHBIX HaIPSKEHUM

MOJICYUTHIBAIOT 1O ClIeayroIiei popmyie

MBKB:\/M 2.M 24m 2=\/|\/| 2,1 2.
X y k u k

Haiiném 3nauenust Mogg B XapakTepHBIX CEUCHUSIX Baja!
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Mos (D)= /0+1,232 =1,23 xH m;
Mos (A) = 1,312 +1,23%2 =1,79kH wm;
Moks (Chaes = Y1132 +1,232 =1,67 kH ™ ;
Moks (C)up = V11222 +0 =1,122kH m.

YdacTku 3MIOPHI, COOTBETCTBYIoNME HHTEepBaiaM Bana DA u AC, HenmuHeiHbI
(yHKTHpHBIE KPUBBIE C BBIMYKIOCThIO BHH3). Kak u B cimywae ¢ amopoir My , atn
YYaCTKU TPUHUMAEM JIMHEHHbIMH (CIUIONIHBIE JMHUHU), a TOTPEIIHOCTh BEIET K
YBEJIMYEHHIO 3aI1aca MPOYHOCTH.

[TonGop muamerpoB Basa D; m D, (cm. puc. 6, 0) U3 yClIOBHs CTaTUYECKOU
npoyHoCcTH. M3 smiopsl Mskp BUAHO, YTO HAMOONBIINME 3HAYCHUS SKBHUBAJCHTHOTO
M3ru0Aa0IIEero MOMEHTa COOTBETCTBYIOT cedeHHsIM A 1 C. MUHMMAaIbHO JOITYCTUMOE

3HAYCHUC AUaMCTpPa BaJla B CCHCHUH A

. 3
3/32 M, (4 32.1,79.10

-3 5= 0,0645 M.
m-[o] 3,14-70-10

3nech [o] — AOMyCTUMOE HANPsKEHHUE I Baja, KOTOPOE MPUHATO paBHBIM 70
MIla (ra6m. IL.1, cMm. mpuioxkenue). [Ipu 3TOM yUYHTBIBAIOCH, YTO H3MCHCHHE
HaIpsDKeHW BO BpalarolieMcsl Bajie MPOUCXOAUT MO CUMMETPUYHOMY IUKITY, a
MaTepuai — yriiepoauctas craib Mapku 45 (og = 900 MIla, cm. Tadm. I1.2).

AHanoruyHo HaﬁHéM MHWHUMAJIBHO JOIIYCTHMOC 3HAYCHHUC JUAMCTpa BaJjla B

ceueuuu C
32.167-10°

D, === =0,0625 m.
3.14.70-10

OkpyriMB TOJy4YEHHOE 3HA4YeHHWE B MuUMMeTpax D; g0 Onumxaimiero
Oombiiero yucna, okanunBatomerocss Ha 0 winu 5, momyunm D; = 65 MM — nuametp
CEUYEHUH CTyINeHe! Basia Mo/l MOAIIUITHUKHY.

Tax xak D, < Dj, To nmameTp cedeHHs CTYNEHHW Baja MO/ IIECTepHIO 2 B
COOTBETCTBHH C PEKOMEHIAIueH (cM. 1. 3.2) IpUHUMAaeM paBHBIM

D,=D,+5=65+5=70 mMm.
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N

A

y T1 T2
0 ™
X D A C B
F:x\l > Foz
: &% - @
1y k FZX
\ Foy
1;=100 Mm 1,=165 Mm 1, =165 Mm
< >l > < >
Fiyv=4,47xH  Ya=6,31 xH M=0,216 kHm Ys=0,44 xH
—
D A C > Fzz:1,08 kH ZB B
& -~
F2Y22,28 kH
@ 0,073
0,447
F1X212,3 xkH XB:6,8O xkH
D A C \B i;
XA:12,95 xkH sz:6,15 xkH
kHMm N \\\\\\m
1,31 1,13
@ T L2
xkHwMm \l\l\l\l\'\l\r\
® 1,23 1,23
kHMm
1,79 1,67
/ [~ _—— b et | — = =
1,23 - 1,122
kHMm

Puc. 7
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4.2. KoucrpyupoBanue Bajia (Bonpoc 6)
Ha3nawaem reomeTpuyeckue pa3Mephl Bajia, HCHOJIB3YsS PEKOMEHIAIMH Ha
cxeMme Baia (cM. puc. 6):

d, =D, =65 MM,

d,=D,-5=60 MM,

d, =D, -10=55 MM,

d; =D, +10=70+10=80 MM,

b, =0,8D, =0,8-65=52 MM,

b, =3D, =3.70 =210MM,

by = D, =70 MM,

b, =1,9d. =1,9-55=104 MM.

[IprHUMaem paauycChl TAITEIBHBIX IEPEXOI0B r :0,1di (i=1..,5).
N3o0paxxaem 5cku3 Bama (puc. 8), Ha KOTOPOM IIOKa3bIBaeM pa3Mephl,

s+ (\V/Ra H7 . H7
mepoxoBarocth nmoBepxuocreil (V Ra ) u mocamku ( o 3y04JaThIX KOJEC, e
r

TIOJIIITUITHUKOB).

4.3. TlpoBepoYHbIi pacyéT Bajia Ha YCTAJOCTHYIO MPOYHOCTH (BOmpoc 7)

B mpakTuke pacu€ToB oceil M BaJIOB MOJB3YIOTCSA PeKOMEHIAIUsAMuU [5] mis
onpenieNieHus HEOOXOIUMOCTH MPOBEJICHUSI PACU€TOB HA IUKIMYECKYIO MPOUYHOCT.
B mnacTtosimieM mnocoOuu B y4eOHBIX ILEISAX OMNpPEIeNIeHbl 3amachl YCTaJOCTHOU
MPOYHOCTH BO BCEX CEUCHUSX, TJIe HMCIOTCS KOHIICHTPATOPBI HANPsDKEHUH (CeUeHHUs
I-1 ... V-V, cm. puc. 8).

BriOepeM MexaHUYEeCKHE XapaKTePUCTUKHA MaTepuajia Baia — ctanu 45 (tao.
I1.2 mpusosxeHus):
op = 900 MlIla; or = 650 Mlla; tr = 390 Mlla; c.; = 380 Mlla;
1.1 = 230 MIla; 78 =0,1; . =0,05.

Ceuenwe I-1 (cm. puc. 8).
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KonuienTpatopamMu HamnpssKeHUR SIBASIOTCS: TalTelb, HampshKEHHAsl Mocajka
CTYMNHIIBI IECTEPHU Ha BaJ U HAJTUYKUE BOJIU3H CEUCHUS IINMOHOYHON KaHABKHU.

Pesynbrarhl Hay4HBIX HccienoBaHUi [5] MOKa3bpIBAOT, YTO TPH HAJIUYNH
HECKOJIbKUX KOHIEHTPATOPOB HANpPsDKEHUNW B OJHOM CEUEHHH, PE3yJIbTUPYIOIIEEe
3HAQYEHUE MOJIy4aeTCs CYMMHPOBAHUEM BIMSHUS OTJEIbHBIX KOHIIEHTPATOPOB IO
JIOCTATOYHO CJOKHBIM 3aBUCUMOCTSIM, KOTOpbBIE €€ HE HAIUIM MNPAKTUYECKOTrO
npuMeHeHus. Takke yCTaHOBJIEHO, YTO 00Jiee CUIIbHBIE KOHIIEHTPATOPHI MOTJIOMAI0T
MeHee 3Haunmble. [lodToMy pacdy€rsl OPOU3BOAAT C YYETOM JIMIIb OIHOIO
KOHIICHTPATOpa, UMEIOIIETO HauOOoIbIlIee 3HAaUCHUE.

OddexTuBHbIe KOAPPUIMEHTH KOHIIEHTPALUU TPU HATUYUU HINOHOYHOU
KaHaBKkU TpuHUMaioTcs o Tabn. [1.3 mpunoxkenus. [Ipu og = 900 MIla momyunm

K, =19, Kr =18. C yuéroM KO>(pPUIIHEHTOB BIUSHUS AOCOIIOTHBIX Pa3MEPOB

norepevHoro ceueHuss K, =K, =0,76 (ta6u. [1.7 npuiokeHus) HaiaEM 3HaAUYCHUS
do dr

K03 DHUITMEHTOB CHIKEHUS TIPeieia BEIHOCIUBOCTH

K K
_ O :—1’9 :2’5’ T :—1’8 :2,37
K 0,76 K 0,76

do dr

OddexTuBHbIe KOIDDUITMEHTH KOHIIEHTPAIIUY VISl BAJIOB C TAJITENBIO paanyca

r =01ds ompenensem mo Tabm. I1.5 npunoxenus. [Ipu B:%:@:LOQ, L 01
d d; 55 ds

n

op = 900 MIla nonyunm K_ =1, 43, K, =117 (c yuérom mnrepnomsiuun). Torna

KOB(i)(l)I/IHI/IeHTBI CHMKCHUA npeacia BBIHOCJIMBOCTH PaBHbI
K K
o I8 _1gg, Tt Mg
K 76 K 0,76
do dr

3HadyeHuss K03(G(PUIMEHTOB CHUXKEHHUS Tpejieia BBIHOCIUMBOCTU NJis Bajia C

MOCAIKOM MeCcTepHHU HaaéM mo Tabi. [1.6 mpumoxeHus.
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[Ipu mocanke l:—g og = 900 MIla u d,=55MM wuHTEPHOIUPYS IOTYIHM:

K K
O =322, T =244,
K

Kda dr

CpaBHuBasi Mexay coOoi 3HaueHHs KOA(D(PUIMEHTOB CHIDKCHUS Mpejaela
BBIHOCJIMBOCTH, YCTAHABJIMBAEM, YTO HAWOOJBIIYI0 KOHUEHTPALMIO BbBI3BIBAET
nocajika mectepHu Ha Bajl. [loaToMy nocnennue 3HayeHus: KO3PPUIUEHTOB U OyAyT

MPUHATHL B pacy€T oOmuMX KO3()PUIMEHTOB CHUXEHUS TpeJesa BEIHOCIUBOCTU IO

dopmynam (12) u (13):

_ Ko 1 1 .
K = +——-1=322+—-1=3,46 ;
oD K K 0,81
do F
K
K .= T+i—1:2,44+i—1:2,68,
tD K K 0,81
dr F
rnie Ke = 0,81 - xkodddurment, yduThIBaIONMi BIUSHUE MIEPOXOBATOCTH

MOBEPXHOCTH, ompeaenseMerii mo puc. I[1.1 mnpunoxkenus. B Hamem ciaydae
&
o0paboTka — ToHKas o0Touka ( V), o =900 MIIa.

Haiiném wu3rubaromue MOMEHTHI B paccMarpuBaemMom cedeHuu |-l mpu
z, =52 MM (cM. puc. 8):

MX =-4,47.0,052 =-0,232 kH m;

My =12,3-0,052=0,640 xkH m;

M, = \/(—o, 232)2 +0,6402 = 0,681 kH M.

MOMEHT CONpPOTHBIEHHUS] M3rUO0y CEYEHUs, OCJIa0JEeHHOrO0 IIIOHOYHON
KaHaBKOH, onpeaenum o tabi. I1. 3 mpunoxenwus:

w 795 bt(ds—t)® _314(55-10°)° 16-10°-5-10°(55-10° ~5.-10°°)’

. ~ = 14,5.10° M,
32 2d, 32 2-55-10

rae b u t — mupuHa U r1yOMHa IIIMOHOYHOM KaHABKU, NpUHMMaeMsble 1o Tadma. 1.4

npunoxenus. [Ipu d, =55 MM Halaém b =16 MM, t =5 MMm.
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HopwmanbHble HanpskeHust OT U3ruda B Bajie U3MEHSIOTCS 10 CUMMETPUYHOMY
UKITY. AMIUIUTYJ]Ja HOPMaJIbHBIX HanpsbkeHui B ceuenud |-1 paBHa

M, 0,681.10°

u

W 14,5.10°°

u

=46,9 MlIa.

Torma xod3¢¢duieHT 3amaca yCTAIOCTHOW NPOYHOCTH MPU BO3ACUCTBUU

HOPMAJTBHBIX HANIPSDKEHUH JUTS 3TOro cevueHus 1o ¢popmyie (10) OyneT paBen

o, 380

n = — = =
“ " 6,K_, 46,9346

2,34.

I[J'IH KaCcaTCJIbHBIX HaHpH)KCHI/Iﬁ IUKIT HATPY>KCHUA IIPUHUMACTCA OTHYJICBBIM,
T.K. BaJl UMCECT MCPUOJNICCKHUC OCTAHOBKH, d HAIIPSKCHUA U3MCHAIOTCA OT HYJIA O0

MAaKCUMAJbHOI'O 3HA4YCHMII. AMHJ’II/ITy,Z[a H CPCAHCC 3HAYCHUA HAIIPSAKCHHA IHUKIIA

paBHBLI:
T 39,8 T, 123-10° .
r =7 =-MaX _>%%_199 MIla, rie __k _ 232V _a9g MIla;
a m 2 2 Tmax Wk 30,8 _10—6 )
3 Y 10-3)3 103 .2.10°3 (EE.10-3 _E£.103)2
Wk:ﬁd5_bt(d5 t)> _314(55-10°)° 16-10°-5-107(55-10° -5-10") _308.10°°
16 2ds 16 2.55.107

M° — MOMEHT COIPOTHBICHUS KPYYEHUIO CEUEHHUsI, OCIa0JICHHOTO IIMOHOYHOM
KaHaBKOMH, onpeaensieMbrii mo Tabm. [1.3 npunoxeHus.

Kosdpdunment 3amaca  ycTamoCTHOM  MPOYHOCTH  MPU  BO3ACHCTBUU
KacaTeJIbHBIX HAINPSKCHHUH JUIS paccMaTphBaeMoro cedeHus Bajia mo ¢opmyse (11)
paBeH

T
— -1 230

T - . . -
7, K p*v. 7, 19,9-2,68+0,05-19,9

Cymmapsbiii K03QGUIMEHT 3araca yCTallOCTHON MPOYHOCTU B ceueHuu -1 mo

BhIpakeHUI0 (9)

"™ 234434

_ —2,06.
Joni 2,347 44,347
o T

n =
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[IpuHrMaeM, 4TO paccMaTpUBaeMblid Basl Oy/eT U3TOTOBIIATHCS MPU OOBIYHOM
YPOBHE TEXHOJIOTUH, OTPAaHUYEHHOW OJHOPOAHOCTH MaTepuayla U MPUOIMKEHHOM
pacuéTHOM cxeme. B 3TOM ciaydyae MHMHUMAJIbHO JONYCTHMOE 3HA4YCHHUE

KO3 GUITMEHTa 3amaca MPOYHOCTH MOXKHO NPUHATH paBHbIM 1.5..2,0 (Tadm. I1.8

npuiiokenus). CiieoBaTenbHO, 3arac IPOYHOCTH B ceueHuH |-l oOecrieueH.

Ceuenue Il — 1l (cm. puc. 8).
N3rubaroniue MOMEHTHI B pacCMaTPUBAEMOM CEUYEHUU C KOOPJUHATON Zp = (4
MM pPaBHBbI:
Myx =-4,47 - 0,074 = - 0,331 xH w;
My =12,3-0,074 = 0,91 xH wm;

M, = \/(—0,331)2 +0,912 =0,968 kH M,
MowmeHT COIIPOTUBIICHUS u3rudy npu d, =60 MM

_md; _314-(60-10°)°

—212-107 m°.
32 32

Wy

[Nonsapuslil MoMeHT conpoTusnenus W, = 2-W,, = 42,4-10° M®,

y M, 0,968-10°
AMIIIMTYIa HOPMAJIbHEIX HAPSKEHHUH n3ruba o = —4 ==~ — =45,7MI]a.
a Wu 21,2-10

AMHJ’II/ITYI[a n Cp€aHCC HaIIPSXKCHUA OUKJIa

T 103
tor = =k o BB e,
a Mo 2:42,410

Konuentparopom HanpsikeHus sSBISIETCS rantenb. [Ipu L =01, 2 = @ =108

4

Moo =900 MIla ompenensem mo tabm. I1.5 mpunoxenms K, =144, K, =117 (cC

HUHTEPIOJIAIACH).
3HaueHre KOXG(PUIMEHTOB BIUSHUSA aOCOTIOTHBIX Pa3MEPOB TMOMEPEUHOTO

ceyeHuss mno Tabn. IL.7 mnpunoxenus. Ilpu d=d,=60 MM u GB:900MHa

HHTEPIOJUPYS HOAYyIUM K do = K dr = 0,71

25



Kospduument BausHUS 1mIepoxoBatocTd moBepxHoctu mno pwuc. [1.1

R, 4
npunoxenus. Jlns \/ u o =900 MIla, opueHntupysich Ha Trpy0oe TOUYEHHE,

nanném Kg =0,73.
Torma oOmue KOIPOUIMEHTH CHIDKEHHS TIpefesia BBIHOCIMBOCTH TIO
dopmynam (12), (13):

_La4 i—1 2,40; K _Li7 i—1 2,02.

GD_071 0,73 tD 071 0,73

3armackl ycTanmocTHOH npounocTH 1o Gopmynam (10), (11) u (9):

Lo 380, ~ 230 .
o 457.2,40 T 14,5.2,02+0,05-14,5
3,46-7,66
n = =31, 4ro 0OJIbIlIE MUHUMAJIBHO JOMYCKAeMOTO 3HAYCHUS
\/3,46° +7,66°
[n]=1,5...2,0. YcTanoctHas nmpouyHocTs B cedenuu |l — || qoctaTouna.
Ceuenue Il — 111 (cm. puc. 8).

Koopaunara z3 = 126 mm. M3rubaromye MOMEHTBI paBHBI:

MX =-4,47-0,126+6,31-0,026 = —0,339 kH Mm;

M y =12,3-0,126 -12,95-0,026 =1,213 kH wm;

=(-0,339)? +1,213% =1,28 kH m;

MowmeHT COINPOTHUBIICHUS u3rudy npu D, =65 MM
3 -3y3

w, == DI _314-(65-107) _26.9.10-°M°.

32 32

[Monspueni momeHT conpotuBnenus Wp =2-W,; =538 0% M2,

AMIUINTYJHOE U Cpe/lHEE 3HAYEHHS LIUKIIOB HATIPSKCHHUIA!

3
_ 12810 476 MIla, o -0;
“a 26,9-10 m
1,23-10°

T. =T :’—%:11,4 MllIa.
a m 2.538-10
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KonueHtparopamu HanpspKEHAN — SIBISIIOTCS TAITENb W CPEAHENPECCOBast

H7 ..
mocaaka _6 IIOAUINITHHKA. Pacuér ceuenus |I-I IIOKa3ajl, 4YTO 3Ha4CHHC
r

s exTuBHOTO KOd(PhUIIMEHTa KOHIIEHTPAIIMH OT ITOCAIKH HAMHOT'O OOJIbIIE, YeEM OT
ranrenu. [lodToMy ydYuThIBaEM TOJIBKO TIOCAIKy, Il KoTopod mo Tabm. IL.6

NIPUIIOKEHUS TIPU G = 900 MIIa u D, =65 MM HaxoauM:

K K
—9 _—4,38; r -31.
K K

do dr

[To puc. II.1 npunoxenus mnpu G, =900 Mlla u umudoBaHUM MONTYYUM
K. =0,9.

3HavyeHuss oOumMXx KOA3(PPUIHUEHTOB CHMXKEHHUS Mpeliesia BBIHOCIUBOCTH IO
dopmynam (12), (13):

K =4,38+i—1=4,49; K =3,1+i—1=3,21.
oD 0.9 D 0.9

3armackl ycTanmocTHOH npodnocTH 1o Gopmynam (10), (11) u (9):

380 230

n_ =————=178; n_ = =6,2;
O  47,6-4,49 T 11,4-3,21+0,05-11,4
n - 17862 =17>[n]_. =15.
2 2 min
V1,78 +6,2
YcranoctHas npounocth ceuenus |1 — 111 obecrieuena.

Ceuenue IV — IV (cMm. puc. 8).

KOHHGHTpaTOpaMI/I HaHpH)KeHI/Iﬁ SABJIMIOTCS. HINNOHOYHAs KaHaBKa, TaJITCIIb,

.. H7
HaIIPpsXKCHHAs 11oCaaKa k_6 SY6‘-IEITOFO KoJieca. Meroauka ONpCACICHUA CYMMApPHOTO

Kod(pduinenTa 3amaca yCcTalOCTHOM MPOYHOCTH N aHAIOTMYHA METOAUKE, KOTOpas
npuMeHsuiach npu pacuéte ceuenus |-l. IlpoBepounbie pacu€rbl MoOKa3aiM, YTO

n_= 3,0, n_ = 9,4u n=2,8, To ecTh 3amaC MPOYHOCTU JOCTATOUYCH.

Ceuenue V — V (cm. puc. 8).
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B aTOM cedyeHMM NpPOBEPKY YCTAIOCTHOM MPOYHOCTH MOYXHO HE IPOBOIMTH,
T.K. 3aBEJOMO SICHO, YTO 3amac Npo4yHocTu Oyner Beimie, yem B ceueHuu |1 — 11,
Huametpsl ceuenuit V — V u Il — lll ogunakoBsie, cymmapHbie K03 (UIIMEHTHI
CHW)KEHMS MpeJIeNia BBIHOCIMBOCTH COBNAJAIOT, @ CHIIOBbIE (DAKTOpHI B ceyeHuu V —

V HamHoro menebie, yeM B ceuenuu Il — 111 (cm. puc. 7 u puc. 8).
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[Tpunoxenus

CropaBouHbIE JaHHBIE K pacueTaM Ha MPOYHOCTh IPU NEPEMEHHBIX HAarpy3Kax

Ta6muma I1.1
Jlonmyckaemble Hanpsbkenus uzruda, Mlla
[Ipenen JlonmyckaeMble HaMpsHKEHUs Ha W3THO npu
Marepuan IIPOYHOCTH pexKUMax
og Mlla | pexxum Il pexum I pexum
400 130 70 40
400+500 170 75 45
Yrneponucras 300+600 200 95 55
cTajb
600+700 230 110 65
700+900 240 130 70
JlermpoBaHHas 800 270 130 75
crath 800+1000 330 150 90

| pexxuM: Harpy3Ka MOCTOSIHHAS 110 BETUYHHE U 3HAKY

Il pexum: Harpy3ka W3MEHSETCS IO BEJIMYWHE OT HYJIA [0
MaKCHMyMa, HO He MEHSETCS 10 3HaKY (ITyJIbCUPYFOIIIasi)

Il pexum: Harpy3ka U3MEHSIETCA U MO BEIWYUHE U 1O 3HaKy oT + M

10 — M (cummeTpudHasi)

Ke nosmpobka v,

& Qﬁ
08 S\ﬂgdgge Le___

¥
T s i
YoMy,
05 ~ E A
%

04 Ll ..ﬂ#'fé’ Siig.

(]

400 600 800 1000 200 GyMa

Puc. I1.1. 3nauenue kos3puiinenTa BIUSHUS MIEPOXOBATOCTU MOBEPXHOCTH Kg
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Taomumna I1.2

MexaHnnyeckue XapakTepUCTUKH MAaTEPUAIOB BAJIIOB U OCEU

Hunamerp S S - - -
Mapka |3aroToBKu b ! ] ]
cTanm MM MIla Yo Ve
He Ooliee
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
0o 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
20 X 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 | mrobou 950 750 520 450 260 0,1 0,05
18XHBA| mro6oi | 1150 850 620 540 300 0,2 0,1
20XH3A| mro6oit | 1000 850 550 450 250 0,2 0,1
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t1

W uzeub

Hemmo ~—

W

Hemmo

7d® bt(d-t)

32

2d

kpyuenue _ 7U d3 . bt (d _t)

16

2d

Taomuna I1.3

OddexTuBHBIC KOAPDUIIMEHTH KOHIIEHTPALIMKA HANPSIHKEHUMN 151

BaJoOB C OI[HOﬁ " JIByMs HIIIOHOYHBIMH KaHABKaMH

og MlIa
Xapakrep
Harpy>KeHus 500 600 700 800 900 1000
N3rub 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
Tabnuma I1.4

HomuHanbHBIE PasMEPLI CCUCHMA HIIIOHKKW B MM

Jnamerp Basa b h ¢ "
MM
Cs.10 | mo 14 4 4 2,5 1,6
14 18 5 3) 3,0 2,1
18 24 6 6 3,5 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 50 4,1
48 55 16 10 50 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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Tabnuua I1.5

OddexTuBHbIC KOIPDUIUEHTH KOHIIEHTPALUUA HAMPSHKEHUH

JJIA BaJIOB U 0OCEM C TaiTeIsIMu

N3ru6 K, Kpyuenue K;

— — og Mlla og Mlla

<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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Tabmuma I1.6
KoadunrenT camxenunii npeaena BBIHOCIUBOCTH MIPU U3TUOE U MPU KPYUEHUU

IUJIs BQJIOB M OCEU y KPAEB HACAKEHHBIX JIETAJIEN

o}

Juamerp N3ru6 nipu og Mlla

Ilocanka do
500 600 700 800 900 1000

Bajla B MM

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

Juametp Kpyuenue nipu o Mlla

Ilocanka dr
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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KoaddunrenT BausiHust abCOMOTHBIX Pa3MEPOB

nonepeynoro ceyenns Ky, =K,

Tabmauua I1.7

d MM
Marepuan
10 20 30 40 50 70 100 | 120
Yriepoaucras cTajb
0,98 | 092|088 (085|082 0,76 | 0,70 | 0,63
op = 400 + 500 MIla
Yrinepoaucras u
neruposanHas crans | 0,97 | 0,89 | 0,85 | 0,81 | 0,78 | 0,73 | 0,68 | 0,61
og = 500 + 800 MIla
JlerupoBaHHas cranb
0,9 | 0,86 | 0,81 | 0,77 | 0,74 | 0,69 | 0,65 | 0,59
og = 800 + 1200 MIla
JlerupoBaHHas cranb
0,94 | 0,83 | 0,77 | 0,73 | 0,70 | 0,66 | 0,62 | 0,57
og = 1200 = 1400 MIIa
Tabmuma I1.8
MUHUMAaIIBHO JOITYCTUMBIE 3aIachl MPOYHOCTH [N]
®dakTOphI, OKa3bIBAIOIIHNE BIUSHUC ]
Ha 3a1ac MPOYHOCTH
a)  [lnsg pacuera mo mpeaeny TeKy4ecTH
BecbMa IIaCTUYHEIN MaTepHal O =045+ 0,55 1,2+1,5
Op
[TnacTudaHbIf MaTepHa or - 0,55+ 0,70 14+138
Op
ManonnacTUIHbIA MaTepHa or - 0,70 + 0,90 1,7+272
Op
0)  Jlus pacueta 1o mpezeny BBIHOCIUBOCTH
[Ipr TOBBINICHHOW OJHOPOJIHOCTH MAaTepHalia, BBICOKOM
Ka4eCTBE TEXHOJIOTMM H3TOTOBJICHUS, OOJBIIONH TOYHOCTH
OIpeIeNeHUs HAPSKEHUI 1,3+1,5
[lpy  OOBIYHOM ypPOBHE TEXHOJIOTHMH W3TOTOBJICHUS,
OTPaHWYEHHOW OJIHOPOJHOCTH Marepuaina, NPUOIMKEHHOU
PacUYeTHOM cXeMe 1,5+2,0
[pu MTOHKEHHOM OJTHOPOJTHOCTH MaTepuaia,
OPUCHTHPOBOYHOW  OIICHKE  MEXaHWYECKHX  CBOWCTB,
MOHIKEHHOW TOYHOCTH pacuera, s JeTaleii OoJIbIIoro
muametpa (d [1 250 mm) 2,0+3,0

35



Taomuna I1.9

3naueHus Ko3QUIMeHTa BIUSHUS TOBEPXHOCTHOTO yrpouneHus (K,)

B 3aBHCHMOCTH OT BHJIa 00paOOTKHU U JraMeTpa oopasma

Bupg 06pabotku Tum o6paszma Juametp, MM Ky
be3s xonnenTparuu 7...20 1,2...14
OO0Oxartka HaMpsHKEHUH 30...40 1,1...1,25
poMKamMu C KoHILIEHTpaIen 7...20 15...2,2
HaIpPsHKEHUM 30...40 1,3...1,8
be3s xonnenTparuu 7...20 1,1...1,3
O6nyBKa HanpsHKEHUH 30...40 1,1...1,2
TpOOBIO C KoHIIEHTpaIen 7...20 14...25
HaIpPsHKEHUM 30...40 1,1...1,5
be3s xonnenTparuu 8...15 1,15...1,25
A3oTupoBaHue
HaIpsHKEHUM 30...40 1,10...1,15
Ha TJIyOUHY
C KoHIIEHTpaIue 8...15 1,9...3,0
0,1...0,4 mm
HaIpPsHKEHUM 30...40 1,3...2,0
bes xonnenTparuu 8...15 1,2...2,1
LlemenTanus
HaIpsHKEHUM 30...40 1,1...1,5
Ha TJIyOUHY
C KoHIIEHTpaIen 8...15 15...25
0,2...0,6 mm
HaIpPsHKEHUM 30...40 1,2...2,0
bes xonnenTparuu 7...20 1,3...1,6
3akajKa TOKaMH HampsHKECHUH 30...40 1,2...1,5
BBICOKOM YaCTOTBI C KOHIIEHTpaIen 7...20 16...2,8
HaIpsHKEHUM 30...40 1,5...2,5
MaHUPOBAHKC be3 koHIeHTpauu
H P P 10 1,8

Ha T1youny 0,2 Mmm

HANPSKEHAN
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