TEMA 15. YCJIOBHBIE PACYETBHI HA ITIPOYHOCTH
AJTOpPUTM pemIeHHUdA 3aaa4

1. PacuerHast cxeMa cOeIMHEeHUS
— n300pa3uTh ICKU3 COCMHECHMUS, YKa3aTh Pa3Mephl;
— T0Ka3aTh BHEIIHUE HArPy3KH, BBIPA3UB UX YEpe3 MapaMeTp Harpy3KH.

2. Buabl pa3pyuieHusi COeIUHEHUS:

— BBISIBUTh BCE BO3MOXKHBIE CIIOCOOBI pa3pylIeHUsI COCAUHEHUS: Pa3pbIB, Cpe3 Jie-
TajaeH, CMITHE;

3. Pacuer Ha MPOYHOCTH:
— 3amucaTh YCJIOBHME IPOYHOCTH Ha pa3phbiB, CPE3, CMATHUE;

4. OmnpenesieHne MCKOMOW BeJITMYUHbI:
— BBIPA3UTh U3 YCIOBUM MPOYHOCTH U BEIYUCIUTH UCKOMYIO BEJTUUUHY.

3aMedyaHud

1. Pemenre mOMKHO OBITH BBHIMIOJHEHO B 00mieM Buae. UncCioBbIe 3HAYCHUS HC-
XOJTHBIX JAHHBIX HEOOXOUMO MOACTABIISITH TOJIBKO B KOHEYHYIO PACUETHYIO (hOpMYITy
JUISl BBIYMCIICHUSI UCKOMOUM BenuyuHbl. [10/1ICTAaHOBKY BBIMIOIHATH C YYETOM pa3Mep-
HOCTeH Bcex BequuuH. OTBET MPUBOJUTH C TOYHOCTBIO JO TpPeX 3Havamux mudp
(manpumep, 8,51 kH; 5,67 mm).

2. B mpoeKTUPOBOUYHBIX pacyeTax pa3Mepbl TPeOyeTCs OKPYTIUTh B OOJIbILYIO
cropony B cooTBeTcTBUU ¢ ['OCToM 6636—69 Ha HOpMaJIbHBIE JTUHEUHBIE Pa3MEPHI,
4acTh KOTOPOTO MpUBeAeHA B Ta0. 1.



Tao0mumna 1

Hopmaneusie nunelinsie pasmepsl. [ OCT 6636—-69. Psan Ra40.
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Yucna <1 u >10 nmoay4aroT COOTBETCTBEHHO JEJIICHUEM WM YMHOKEHUEM ITPUBE-
JIeHHBIX BbImie BenuuuH Ha 10, 100, 1000 u T. 1.

IIpuMepsl pemeHHus 3a1a4

3agaua 1
Jlano
F {} b _F> 3aKIenovYHOe  COCTUHCHHE  (CM.
N {} puc. 1) nByX OAMHAKOBBIX TUIACTUH
BHAaXJIECT HarpyXeHo CHJIAMH
d <a% F = 1000 H, neiictByrommMu BIOJIb
F N ; F MIPOJIOJIBHONW OCH CcOoeauHeHus. Mare-
N % >3 — puan — cranb Cr.3 ¢ 6 =230 MIla;
~ [n 1=2.
Puc. 1
Onpeneaunrns

pasMephl JeTalel 3aKIEeNOYHOr0 COeJWHEHMs: IUMPUHY D W ToNmuHy ! IJIACTHH,
JIMAMETP 3aKJIENKH ¢, PACCTOSHUE OT LIEHTPA OTBEPCTHUS 10 Kpas IIACTUHEI d.

Pemenne

1. PacyeTHasi cxeMa 3aKJICIIOYHOIO COCAMHEHMS TT0Ka3aHa Ha puc. 21.

2. Buabl paspymieHusi coequHenus. [loreps paboTocmocoOHOCTH COENUHEHUS
MIPOU30UJIET B JTFOOOM M3 CIEIYIONUX CIIyYaeB:
2.1. Pa3pblB 0IHOM M3 IJIACTUH MO CEUYEHHUIO, OCIA0JICHHOMY OTBEPCTHUSMM O] 3a-



KJICTIKH.
2.2. OnvHapHBIN Cpe3 3aKJIENOK B CEYEHUH, COOTBETCTBYIOIIEM TNIOCKOCTH KOHTAKTA
IIJTACTHUH.
2.3. JIBOMHOM cpe3 OAHOW M3 IUIACTHUH IO IMAapajulesIbHBIM IJIOCKOCTSAM OT Kpasl OT-
BEPCTUH MOJI 3aKJIENKU K KPato TUIACTUHBI.
2.4. CMsaTue 0AHOM U3 IJIACTUH — IUIACTUYECKOE TEYEHNE MATEpPHUAIIa B OKPECTHOCTH
OTBEPCTHUS MPUBOIUT K TOMY, UTO €ro (hopmMa CTAHOBUTCS SJUTUITHUYECKOM.
3. Pacyer Ha MPOYHOCTH.
3.1. Pacuer mutactuH Ha pactsbkeHue (pa3phiB). 3alUIlIeM YCIOBHE IPOYHOCTH MPU
PaCTSKEHUU:

o
JlomyckaeMble HANIPsDKEHUA [ O | = — = 115 MITa.

(7]
I[eﬁCTBYIOMHG HOPMAJIBHBIC HAIIPSKCHUA BBIYUCIIAIOTCA KaK OTHOIICHUE HOPMAJlb-
HOM CHUJIBI NB OIIaCHOM CCUCHHUMU K INIOIIaan CCUCHH I S:

N F
N=F; S=(b-2d)-¢; = = .
: ( Y
B pesyibrare ycioBre mpoYHOCTH MPHOOPETACT BU/

F
(b-2d)-t
3.2. Pacuer 3akJenok Ha cpe3. 3alnuiieM yCIOBUE TPOUYHOCTHU:
<
Tep S [ Tep ].
Jlonyckaemble HaNpsHKEHUs: cpe3a MPUMEM PaBHBIMU
[T.] =030 = 69 Mlla.
cp T

JlelicTByronue KacaTelbHbIE HANPSHKEHUS CPe3a BBIUMCIISIOTCS KaK OTHOIIEHUE IO-
nepeunoit cuiabl () B cEYEHMH cpe3a K IUIOIIAAN CEUSHHUS Cpe3a Scp:

< [o].

_F g _mp2 _ _0 _2F
0770 %™ d Ty Trp
B pesynbTaTe yclioBre NpOYHOCTH 3aKJIEMOK Ha cpe3 MpHUoOpeTaeT B
2 F
—' < [T ]
T d p

3.3. Pacuer minactuH Ha cpe3. [elcTByroIMEe KacaTeabHbIE HAIPSXKEHUS Cpe3a
BBIYKMCIIAIOTCS KaK OTHOIIEHHE MorepeuHoi cuibl () B CEYEHHH cpe3a K IUIOIaIH
ceuyenus cpesa S
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0= F
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B pesynbTaTe yciioBre NpOYHOCTH IJIACTHH HA cpe3 MpUoOpeTaeT BUA

F
2ta [Tep 1

3.3. Pacuer 3aKkJI€OYHOr0 COEIMHEHUSI HA CMSITUE. Y CJIOBUE MTPOYHOCTH HA CMSI-
THE UMEET BU/L:

p

c < [oc_].
CM CM
I[OHYCKaeMbIe HaIIPAKCHUA CMATHA IIPUMCM PABHBIMHU
[6.]=09c. = 207Mlla.
CM T

JlencTByIOIMEe HANPSHXKEHUS CMSTHS BBIUMCIISAIOTCS KaK OTHOUICHWE CMHUHAIONIEH
cunel oy B CCUCHHU CMATHUS K IUIOLIA/H CMATHUS SCM:

F Fen F
Fo=753 Sa=dts 0y =3—=737
CM
B pesynbTaTe ycnoBue npoYyHOCTH Ha CMATHE IPUOOPETAET BU/T
F
<
2dr = L%l

4. Pazmepbl coeTUHEHMUS.
4.1. OnpenenuM auaMeTp 3aKJICTIOK U3 YCIOBUS MPOYHOCTH 3aKJICTIOK Ha CPE3:

2 F 1/ 6 12
d > '\/TC— = 0,798 - F = 0,798 - (1000 H/ 69-10 Ila) =

[T,] [T,]

= 0,798 - 0,00381 m = 0,00304 m = 3,04 mm.
4.2. OnpenenuMm TONIIMHY MIACTUH U3 YCIOBUS MPOYHOCTH HA CMSTHE:

F 6
t 2 = 1000 H / 2-0,00304 m-207-10 IIa) =
>d [0 o] ( )

= 0,000795m = 0,795 mMm.
4.3. OnpenenuM MUPUHY IJIACTUH U3 YCIIOBHS IPOYHOCTU HA PACTSKEHUE:

F 6
b=22d+ W= 2-0,00304M+1000H/(0,OOO795M- 115-10 ITa) =

= 0,0170 m = 17,0 mm.

4.4. Onpenenum pacCTOSHUE OT LIEHTPA OTBEPCTHUSA 10 Kpas IJIACTHHBI U3 YCIIOBUS
IPOYHOCTH ITACTUHBI HA CPE3:

6
a > L = 1000H / (2-0,000795 M- 69:10 Ila) =
21 [T ¢pl

= 0,00911 m = 9,11 mm.



4.5. OxpyrauM pasMepsl B 0onbinyto ctopony mo I'OCT 6636-69: d = 3,2 mwm;
b=18mm;t = 0.8 MM; @ = 9,5 mMm.
OTtBeT

Pa3Mepsl 3aKJIEIIOYHOTO COEANHEHMS:
d=32mm;b = 18Mm; f = 0,8 MM; @ = 9,5 MM.

3agaua 2

Jlano

d BbonToBoe coennHenue (CM. puc. 2) Harpy>k€HO CHIION
F = 3000 H, neiictByromieil BI0JIb MPOAOILHON OCH CO-

},  COMHCHHUSL.

N . N Marepuan — crans Cr.5 ¢ 6, =280 Mlla; [n, ]=2.
LN

Onpeneaurns
F pa3Mepsbl JeTajell COeIMHEHUs: TuaMerp 0oiTa a’1 , Ina-
Puc. 2 METp T'OJ0BKH 60JITa d., , BLICOTY TOJI0BKM GonTa /1 .
Pemenue

1. PacueTHasi cxema O0JITOBOrO COEAMHEHUS [TI0Ka3aHa Ha puc. 2.
2. Buasbl pa3pyuieHus COCAUHCHUS:

2.1. Pa3pmwiB 6onTa.
2.2. Cpe3 rosioBku 00iTa: MOBEPXHOCTHIO Cpe3a SBIACTCS HUIUHAPUYECKAs TIOBEPX-

HOCTb THAMETPOM d, 1 BBICOTOH /1.
2.3. CMATHE B KOHTAaKTe ILIUTHI M TOJIOBKM OOITa: IOBEPXHOCTHIO CMATHUS SBJIAETCS
TJIOCKOE KOIBIIO C BHEIIHUM JINAMETPOM ¢, 1 BHYTPEHHUM JHAMETPOM d .

3. Pacyer Ha NPOYHOCTH.
3.1. Pacuer GonTa Ha pacTspkeHUE (pa3pbiB). Y CIIOBHE IPOYHOCTH MPHU PaCTsAKe-

= 140 MITa.

HAM: O < [ o ]. Homyckaemble HANIpsKEHUA [ G | =

[n ]
JleCTBYIOIIME HOPMAJIbHBIE HAIPSIKEHUS BHIYMCIIAIOTCS KAK OTHOLIEHHE HOPMAJb-
Holt cuibl N K miomaau cedenus oonra S:

T ,2 N 4 F
N=F,; S =—d ; O = ——= —+-—.
4 "1 p S = d12
B pesynbTaTe ycnoBue npoyHocTH 00JITa HA PacTsHKEHHUE MPUOOpETaeT BU/L:
4 F
—-—, = [O].
T d,

3.2. Pacuert rosjoBku 0oiTa Ha cpe3. 3aluilieM yCIOBUE TPOUYHOCTHU: Tep < Tep ].

Jlommyckaemble HalpsKEHUS cpe3a MPUMEM PaBHBIMU [ Tep ] =0,6[c] = 84 Mlla.



I[eﬁCTBYIOMHe KaCaTCJIbHBIC HaHpﬂ)KeHI/ISI cpe3a BBIUUCIIAKOTCA KaK OTHOIIICHUC I10-
nepeunoii cuiabl () B CEYEHMHU cpe3a K IUIOIIAAN CEUSHHUS Cpe3a Scp:
F
O=F;, S_=mndh r=Q= .
cp 1 o S nd h

cp
B pe3ynbTaTe ycnoBue npoyHOCTH rOJIOBKM 00JITa Ha cpe3 MpuoOpeTaeT BUJL:

F
< Iz .
wd i = LTl
3.3. PacueT Ha cMSTHE B KOHTAKTE IIUTHI M TOJOBKH 00JTa. YCIIOBHE POYHOCTH

Ha cmsATHE UMeeT BuA: G, < [G_ ] . Jlomyckaemble HANPSKEHUs CMATHA IPUMEM
pasupivu [O ] = 2,0[ o] = 280 MIla. /leficTByromme HAmpsDKCHHUS CMSTHS

BBIYHCIIAOTCA KaK OTHOIIICHUC CMHHaIOHleﬁ CHIJIBI FCM B CCUCHHUHN CMATHA K INIOIIAIN

cmarus S
CM
3 om 2 2 _ Fen 4 F
FCM—F, SCM_T(dz _dl ), GCM__S _E'dzz_dlz .
CcM
B pesynbTrare ycluoBue NPOYHOCTH HA CMATHE IPUOOPETAET BUL:
4 F
— I°=d° < [o,]

4. Pazmepsbl coeTMHEHMSI
4.1. OnpenenuM auameTp 00JITa U3 YCIOBHUS IPOYHOCTH HA PACTSIKEHUE:

d > \/%%: 1,128 - V%= 1,128 - (3000 H / 140-10° TTa) ~ =

= 1,128 - 0,00463 m = 0,00522 m = 5,22 mm.
4.2. OnpenenuM BBICOTY TOJIOBKU 00JITA U3 YCIOBHS MPOYHOCTH HA CPE3:

F 6
h > = 3000 H /(7 -0,00522 m - 84-10 Ia) =
nd, [Tl

= 0,00218 m = 2,18 mm.

4.3. OnpenenuM auamMeTp roJIOBKH 00JITa U3 YCIOBUS MTPOYHOCTH HA CMSITHE:

F
[C ]
2 6 1/2
= [(0,00522m) +4-3000H/ (m-280-10 ITa)] = 0,00639 M = 6,39 Mm.
4.4. Oxkpyrium pasmepsl B 6oibiinyto cropony o 'OCT 6636—69: d1 = 5,6 mm;
d, = 6Tmm; h = 2,2 mm.

Ot1Ber

d,2Nd’+ =

Pa3sMepbl GOITOBOrO COEIUMHEHHS:
d = 56mm;d, = 67mm; h = 2,2 Mm.



IIpakTHuyecKkoe 3aagaHHue

3agaua 17
Jlano
3akJenoyHoe coequHeHue (CM. puc. 3) Harpy»eHo COCPEIOTOUYCHHBIMU CUJIAMU

F', neiictByromuMu BIOJIb MPOIOIBLHON OCH COeIUHEHus. VICXOAHbIE NaHHbIE IPH-
BOAATCS B TaOJI. 2. MexaHMYeCKHe XapaKTePUCTUKN MaTEPHUAIOB B3SITh U3 TA0JI. 3.

r O ro oo, 12
— Oa b b— Pan W an
{} \UJ UV
d N
% > A R Yot F
d \jﬂ % A
ST U\
Cxema 3.1 Cxema 3.2
Puc. 3
Tabawnia 2
Hudpa [TopsinkoBeIit HOMEp UG PHI B BApUAHTE
Bapu— 1 2 3 4
aHTa [ n. ] F,xH MaTepHall cxema
0 1,8 1 40X 17.1
1 1,9 2 40XH 17.2
2 2,0 5 Cr. 3 17.1
3 2,1 10 Cr. 4 17.2
4 2,2 20 Cr. 5 17.1
5 2,3 50 20 17.2
6 2,4 100 35 17.1
7 2,5 200 45 17.2
8 2,6 500 20XH 17.1
9 2,8 1000 40H 17.2
Onpeneaurns

PaSMCpBI COCAMHCHUS U3 YCIIOBHBIX PACUYCTOB HA PACTAKCHUC-CIKATHEC, CPE3, CMATHUC.




MexaHndecKue CBOMCTBA CTAJIEN

Tabmuua 3

Marepuan Mapka | ¢ Mla | 6 ,Mla | T MIa | E,ITa

Cr. 3 230 380...470 160
Cranb Cr. 4 240 430...550 170

yIJIEPOAUCTAS Cr.5 280 520...650 190 200
20 220 400...500 160
35 270 550 190
45 320 600 220
20XH 600 800 350

Cranb 40H 400 700 260 210
JIETUPOBAHHAS 40X 800 1000 440
40XH 750 900 390




