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Yactn 2

6 IlpakTnueckoe 3ansaTue Ne 6. Pacuer cBapHbIX COeJUHEHMH,
BBIIOJTHEHHBIX U3 3JIEMEHTOB, HMEIOIIMX HECUMMETPHYHOE CeYeHUe

TUOUYHBIM TPUMEPOM CBAPHOT'O COECJUHEHUS U3 DJIEMEHTOB HECHMMETPUYHOIO
CEYEHMS SABJSAETCA KPEIIEHUE YIOJIKOB K IUIACTUHAM. B 3aBUCMMOCTH OT OpUEHTALIMH
CBApHOr0 IlIBa OTHOCHUTEJIbHO BHELIHEH HAarpy3Kd BBIJIEISIOT TaK Ha3bIBa€MbIE
71000BbIE (OPHUEHTUPOBAHBI MEPIECHIUKYJISAPHO BEKTOPY HArpy3ku) U (hJIaHTOBBIC
(OpMEeHTHPOBAHBI BJIOJIb BEKTOpPA HArPy3KH) BBl (pPUCYHOK 6.1).

IlmacTHHA

NVTOmoK

1 — ¢maHTOBBIN CBapHOM 1IOB; 2 — JIOOOBOW CBApHOM IIIOB

Pucynok 6.1 — CBapHOe coeIMHEHUE 3JIEMEHTOB HECUMMETPUYHOTO CEYEHUS

B Takux CBApPHBIX COCAMHCHHAX BHCIIHAA HArpy3ka MCXKIY (I)J'IaHl"OBBIMI/I
mBaMHU PpacrnpeacibacTca B COOTHOIICHHUMU, O6paTHO IMPpOINMOpHUOHAJIBHOM pPacCCTOs-
HHUAM OT OCHTpPA TAXKCCTHU CCUCHHUS YIroJKa JO IIBOB.

3ananue 1

PaccuunTaiitTe kperieHne AByX paBHOIMOJIOYHBIX YTOJIKOB K (PaCOHKE TOJIITUHOM ¢
(trabmuua 6.1). PacueTHoe pacTsaruBamomiee ycuine B yroikax Ngs IPOXOAWT TIO
JMHUM PACTIONIOKEHUSI LIEHTPa TKECTH cedeHus. Marepuan — ctanb C245, HoMH-
HaJIbHOE 3HAYEHHE BPEMEHHOTo compoTtusieHus cramu f, = 370 Mlla. Cnocob
CBAapKU — MEXaHU3UPOBAHHAs B CPEJI€ YIJICKUCIIOro raza. BeIMOMIHUTE YepTex cBap-
HOTO Yy3J1a, KOHCTPYKTHBHO OIpeAeauTe pasmepbl (acOHKHU, MPUBEAUTE YCIOBHBIE
0003HaYEHUsI CBAPHBIX IIIBOB U YKAKUTE UX Pa3MEPhI.

Hasnauaem kateT cBapHbiX mBOB K = 6 MM. J/[aHHBIM KaTeT IIBa TEXHOJIO-
TMYECKH I1esiecoo0pa3eH, T. K. TaKOW IIOB BBIMOJHSAETCS CBAPKOW 3a OJUH MPOXO/I.
[IpuHATHIN KaTeT HA 2 MM MEHBIIE, YeM TOJIIIMHA MOJIKK YTOJKa, OHAKO OH OOJIbIIIe
MUHHMMAaJIBHO JIOIYCTUMOTO KaTteTta Ha 4 MM (Tabauna 6.2) [2].
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Taomuua 6.1 — McxonHble JaHHBIE K 3a1aHUIO |

HomunansHoe BpemenHoe | Pasmep yronka | Tommunza
Howmep Cuna
CONIPOTHUBJICHUE o 'OCT 8509, | daconkwu ¢, Dcku3 y3ia
BapuaHTa £, MITa MM VM NEea, xH
0 370 75 <75 %8 10 425 2k
1 80 x 80 x 6 6 360
2 75 <75 x5 6 280 - U -
3 70 x 70 x5 6 220
4 63 x 63 x 4 6 150 i

Ta6JII/ILIa 6.2 — MuHUManLHBIC Pa3MEPhI KaTETOB YIJIOBBIX IBOB B CTAJIBHBIX KOHCTPYKIHUAX

HomuHansHbIi MuHnumanbHbIN pa3Mep KareTa mBa K, MM,
Bun Bu npeaen mpy OOJIBLIEH TONIIUHE U3 CBAPUBAEMBIX
TEKY4YEeCTH AJIEMEHTOB {, MM
COCIMHEHMS | CBapKu cTamm f
H/Msz 4..5 16...1011...15]17...2223...3283...40 |41...80
Tasposoe ¢ | Pyunas | Jlo 285 Bkmiou. | 4 6 7 8 9 10
ABYXCTPOH- | AyToBadi Cs. 285 o 4 6 7 8 9 10
HAMHA 390 BKIIIOU.
IBamy, Cs. 390 o 5 7 8 9 10 12
HaXJIECTO4Y- 590 BKJIIOY.
HOC, YIIOBOC! Mexanu- | Ilo 285 sxmiou | 3 4 5 5 6 6
3UpOBaH- Cs. 285 o 3 5 6 7 8 9
Hast 390 BKJIIOY.
Cs. 390 o 4 6 7 8 9 10
590 BkJIIOU.
TaBpoBoe ¢ Pyunas | Jlo 375 Bkiitou. 5 7 8 9 10 12
OJIHOCTO- JyroBas
POHHUMU Mexanu- | o 375 Bkirou. 4 6 7 8 9 10
YIIOBBIMU | 3WPOBAH-
IBaMHU Has

Ilpumeuanue — B xoHcTpykuusax rpynnsl 4 no CHull II-23 muHuManbeHbIi pa3mep kKarera
OJTHOCTOPOHHUX YIJIOBBIX IIBOB YMEHBINAIOT HAa 1 MM NpH TOJILIMHE CBApPUBAEMBIX 3JIEMEHTOB
710 40 MM BKJIFOUUTENIBHO U HAa 2 MM — 1P TOJIIIMHE CBAPUBAEMBIX 3JIEMEHTOB CBbIIIE 40 MM

OddexTrBHAS TOMIMHA CBAPHBIX IIBOB [2, 1. 4.5.2]

a,=K-cos45=6-/2/2=0,42 cm.

[Io ynpomieHHON METOAMKE pacyeTa YrioBeIX MBOB [2, m. 4.5.3.3] pacueTtHoe
CONPOTHUBJIEHUE CBAPHOIO I1IBA

Fw,Rd :fVW,d a,

/.

37

= U 'a,
V3B, v T 308125

-0,42 =897 kH/cm.
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Pacuernbie ycunus mexay ¢hIaHTOBBIMU IIBAMU PACIIPEACIIIEM B COOTHOIICHUHT
0o0paTHO MPOMOPIIMOHATBFHOM PACCTOSHUSIM OT IIEHTPAa TSHKECTH CEYCHHS YToJKa
710 TIIBOB:

— 1o oOymky yronka N, =0,7-425=297,5kH;

— 1o nepy yroiaka N,,, =0,3-425=127,5xkH.

Ed.1

OnpenensieM 3(p(PEeKTUBHYIO JUTMHY CBAPHOIO IIBA IO OOYIIKY yTOJIKa:

L — NEdl

" F

W ,Rd

2975

= =16,6 cM.
28,97

Torma KOHCTPYKTHBHAS JUIMHA CBAPHOTO IIBA 1O OOYIIKY

L =L +2-a =166+2-042=174 cm.

[Tpunumaem L, = 18 cm.
Omnpenensem 3¢ (heKTUBHYIO JUIMHY CBAPHOI'O IBA 110 NIEPY yTOJIKa:

L — NEd2 — > :7ICM.

w2 2F

W Rd "0,

Toraa KOHCTPYKTHUBHAS JJIMHA CBAPHOTO IIBA I10 TEPy:

L, =L +2-a =71+2-042=879cMm.

[Ipunumaem Lox=9 cM.

3aganmue 2

CKOHCTpyUpOBaTh IMPOMEXYTOUHBIN y3el (epMbl, COCTOALICH M3 MapHbBIX
PABHOIIOJIOYHBIX YTOJIKOB (pUCYHOK 6.2). Micxo/iHble TaHHBIE JJIsl pacueTa mpeacTaB-
JaeHsl B Tabmuie 6.3. KaTeTsl MIBOB NPHWHATH PAaBHBIMA HAWMEHBINEH TOJIIIMHE
cBapuBaeMbIXx netaneit. TommuHa Qaconku paBra 10 mm. Marepuan depmbr —
cranb  C245, HOMHMHAIbHOE 3HA4YEHUE BPEMEHHOTO CONPOTUBIEHHUS  CT-
ami f, = 370 MIla = 37 xkH/cm?. Cnoco0 CBapkuM — MEXaHU3MPOBAaHHAS B CpEJE
YTJIEKUCIIOTO Ta3a.

Taomuma 6.3 — Ucxoguele JaHHBIE K 3a0aHUI0 2

Homep JlnuuHa hacoHku Harpys3ka B anemenrtax gpepmsl, kH
BapuaHTa L¢, MM N No N3 Na
0 405.,9 319,6 1242 500,9
1 480,3 450 100,4 607
2 400 580,6 389,3 145,3 5422
3 669 560 158,3 745
4 520 720,2 178.,4 923,6




e N,
T
w
=
b

\2
Pucynox 6.2 — Y3en conpsikeHus: BEpXHETOo 1mosica epMbl ¢ pacCKOCaMu

[TpuHuMaeM, 9TO KaTeThl (PIIAHTOBBIX IIBOB PaBHBI MEXIy COOOM, TOoraa IS
packoca Nel s dexTruBHas TONIMMHA CBapHBIX MBOB [2, 11.4.5.2]:

a, =K-cos45=8-4/2/2=0,57 cm.

[To ynpolieHHONM METOAMKE pacuera YrioBbIX IIBOB [2, m. 4.5.3.3] pacueTrHoe
COMPOTHUBJIEHUE CBAPHOTO I11BA

/. :L.0,57:12,18 kH/cMm.

F' = 'aw :—U.aw
w,Rd | fvw,d 1 \/gﬁw Yo : \/5—0,8-1,25

PacuetHble ycwins Mexay (IIaHTOBBIMU IIBAMU pACIpeiesieM B COOTHO-
IIEHWH, OOPAaTHO MPOMOPIHOHATHHOM PACCTOSHHUSAM OT IICHTpA TSHKECTH CEUCHUs
yroJika Ji0 IIBOB:

— 10 00yIIKY yrojka N'sz os =0,7-405,9 = 284,1 kH;

— 1o niepy yronka N'z r =0,3-405,9 =121,8 kH.

Omnpenensem 3¢ (HEeKTUBHYIO JUIMHY CBApPHOTO I111Ba 10 00ymKy yrojka 100x8:

1
N 284l
% 2F 212,18

W,Rd1

L

Torna KOHCTPYKTHBHAS JJIMHA CBAPHOTO IIBA TI0 OOYIITKY

L os=L, ,,+2-a,=11,66+2-0,57=12,8¢cMm.

1

[Mpunumaem L. o5 = 13 cMm.
OmnpenensieM 3QPEeKTUBHYIO IJTMHY CBAPHOTIO IIBa Mo nepy yroiaka 100x8:



1
L. = N ki n _ 121,8 _Sem
- 2F 2-12,18

W ,Rd1

Toraa KOHCTPYKTHBHAS JJIMHA CBAPHOTO IIBa 1O niepy yrojka 100x8

Lan=L ,+2-a,=5+2-057=61l4cm.

[Ipuaumaem L. =7 cM.

AHQJIOTUYHO BBIMIOJHAEM pacdeTsl Mg CTepkHSA Ne 2 M pe3ynpTarbl CBOJMM
B Ta0uIy 6.4.

Tabnuua 6.4 — Pe3ynbraThl pacuera CBapHbIX IIBOB

Homep [IToB 1o o0ymKy [IoB o nepy
Ceuenne | N, xH -
CTPEXKHA Nos, kH | K, Mm L'v w,eMm | No,xH | K,mm | L' ., cum
1 100 x 8 4059 | 284,13 8 13 121,8 8 7
2 70 x 6 319,6 | 223,72 6 14 95,88 6 7

OmpenensieM KaTeT WIBa, MNPUKPEIUIAIONIETO (ACOHKY K BEPXHEMY TOSICY.
Harpy3ky Ha TaHHBIH 1110B BBIYUCIISIEM CIIETYIOIIUM 00pa3oM:

N, =J(N,—N,) + F* =,[(5009—124,2)’ +95° =2885 kH.

[To ycrmoButo 3amanus jymHa dacoHku coctabiseT 400 mm. Tak Kak KaTeT ImBa
HEU3BECTEeH, MpUHUMaeM () (PEKTUBHYIO JJIMHY CBAPHBIX IIBOB Ha 1 CM MEHbIIIE €€
KOHCTPYKTUBHOM. Torna sddexTuBHas JUIMHA CBApHBIX IIBOB KPEIUJICHUS BEPXHErO
nosica ¢pepMbI K (pacOHKE paBHA

L,%=4(40 - 1)=156 cm.
PacueTHoe COIIPOTUBJICHUC CBAPHOI'O IIBA HA CABUI’

/. = 37 =2136xH/cm’.

Sowa = V3B v, +3:08:125

Y ci10BuE NPOYHOCTH MO MEPBOMY MPEIECIBHOMY COCTOSIHUIO

N,
—L < fVW,a’ :

Ay "Ly



Otkyna

_ N, 3885
" fVW,d 'Ld, 21,36156

a =0,116cm™m.

Karer mBa
K=a, /cos45=0,116-2//2 =0,164 cm = 1,64 Mm.

PacyeTHbIil KaTET UMEET CIMIITKOM Majo€ 3HAaYeHHUE, M03TOMY Ha3Ha4yaeM KaTeT
mBa KOHCTPYKTHBHO. Ilo Tabnuue 6.2 MUHUMAIbHO JONMYCTUMBIM KaTeT s
TommuHBI pacoHku 10 MM 1 3a1aHHOTO CITOCO0a CBApKH PaBeH 4 MM.

Konumponvnsie éonpocut

1 Ha xkakue BuABl MNOAPA3ACISAIOTCA CBapHbIE IIBY IO HANPaBICHUIO
NIPUJIOKEHHS BHEIIHEW HArpy3Ku?

2 Kakue nedopmanuu MOryT BO3HUKATh MPU CBAPKE DJIEMEHTOB, MMEIOUIUX
HECUMMETPUYHOE ceueHue?

3 Kakue (akTophl BIHUSIOT HA BEIOOP pa3MEPOB CBAPHBIX YIJIOBHIX IIIBOB?

7 IlpakTn4yeckoe 3ansitue Ne 7. Pacuer m mopdop ceyeHuMid
ABYTABPOBBbIX 0AJI0K

B oOmem ciiygae pacdeT 0ajoK BKJIIOYAET CIEIYIONIYIO MOCIIEI0BATEIBHOCTD
NEeUCTBUI: OMNpe/IeNIeHUe OTIOPHBIX PEAKIUN U MOCTPOCHUE S0P CUIIOBBIX (PAaKTOPOB
(u3rubaromero MmomeHTa M U monepedyHor cuibl (J); OmpeaesieHue MaKCHUMalbHbIX
3HAYCHUN CHUJIOBBIX (DAKTOPOB M COOTBETCTBYIOIIMX CEUCHHH; IPOBEPKa HecyIleh
CITIOCOOHOCTH TIOJIOK M CTEeHKH Oalku; TMpoBepka Ha MECTHYD H OOIIyIO
YCTOMYUBOCTb; PACUET CBAPHBIX COCIMHCHUN.

CornacHo [3, m. 5.5.2] paznuuaroT 4YeThIpe Kjacca IIONEpPEeUYHbIX CEUYCHUM,
KJaccu(UKaIs KOTOPHIX 3aBUCUT OT OTHOIICHHUS MIMPUHBI K TOJIUHE (c/f) dacTen
CEUYCHMUS, PACIIOIOKEHHBIX B €r0 CKATOM 30HE:

1) monepeyHble ceueHus Kiacca 1 — Te, B KOTOPhIX MOXKET 00pa30oBaThCsl Miiac-
TUYECKUU MIapHUP C BpalllaTeIbHOW CIIOCOOHOCTBIO, TPEOYyeMOll i MIaCTUYECKOTO
pacuera U JOCTUTraeMoi 0€3 CHIDKEHUS Hecyllel ClIoCOOHOCTH;

2) momepevyHble CeUeHMs Kiacca 2 — Te, B KOTOPBIX MOTYT pa3BUBAThCs Iljlac-
THYeCKue Jedopmariui, HO B KOTOPHIX OTpaHMYEHa BpalllaTelIbHas CIIOCOOHOCTh
BCJIEJICTBHUE TTOTEPU MECTHOU YCTOMNYMUBOCTH;

3) nomnepeyHkle ceueHus Kiacca 3 — Te, B KOTOPBIX HAIPSKEHHE B KpAHUX CoKa-
TBIX BOJIOKHAX CTAJIBHOI'O 3JIEMEHTA IPU YIPYIOM PACHPEACICHUN HaNPsKEHUN
MOXET JOCTUTHYTh MpeAena TEKy4eCTH, HO IIOTEpsT MECTHOM YCTOWYMBOCTH
NPENSATCTBYET Pa3BUTHIO MJIACTUYECKUX ePopMaIiuii;
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4) momepevHble CeYeHHUs Kiacca 4 — Te, B KOTOPBIX IMOTEPsS MECTHOH YCTOM-
YUBOCTH HACTYMHaeT JI0 JOCTHXKEHHUS Tpejesia TEKy4eCcTH B OJHOM Miu 0oyiee 30HaX
MOIEPEYHOr0 CEUCHMUSI.

3aganue

[IpoBeauTe MpOBEPKY MPOYHOCTH M YCTOMUMBOCTH M3rHOAEMOTO 3JIEMEHTA CO
CJIEIYIOIMMU XapaKTEPUCTUKAMMU:

— MpoJeT L, MapHUPHOE 3aKperyieHre OanKku Mo KOHIIaM, COCTaBHOE JIByTaBpPOBOE
ceueHue (pUcyHoK 7.1), mosicHble MIBBI BHIIOJTHEHBI KaTreToM K (Tabnuua 7.1);

— Oajka Harpy’keHa paBHOMEPHO pacIpe/ieJIeHHON Harpy3Kkoi ¢;

— reOMETPUYECKUE XapaKTEPUCTUKN CEUECHHUS MIpeICTaBIeHbI B Tabauie 7.2.

Marepuan Oanku — cranp C255 mo I'OCT 277-72 c mnpenenom TEKy4eCTH
Marepuana f, = 235 Mlla npu tonmmune npokata 20 < ¢ < 40 mwm, f, = 245 Mlla npu
tonuuHe mpokata 10 < ¢ < 20 MM um mpenenom mpouyHoctH f, = 360 MlIla.
Koaddurmentsr Hagexuoctu: yuo = 0,931, v,1= 1,08, v.2=1,25.

AHanu3 Sm0p CHWIOBBIX (AKTOpoB (CM. pUCYHOK 7.1, 6) MOKa3bIBaeT, 4TO
MaKCUMaJIbHbIE€ 3HAYEHHUs MONEPEYHON CHUJIbI U M3rM0arolero MOMEHTa OT paBHO-
MEpPHO pPacHpeleICeHHOW Harpy3KH COOTBETCTBEHHO paBHbl O = Ves = 1422 xH,
MEgqa=3199,5 xH'Mm.

OmnpenensieM kiacc cedeHust. s 3Toro paccuuteiBaeM Ko3(GUIIMEHT €, 3aBU-

CAIIUU OT fy:
235 235
Sno,mu = = = 1 * (7' 1)
\ £, V235
Taomuua 7.1 — McxonHele JaHHBIE K 3aJaHUEO
Howmep Tposter Pacnpenenennas | Beicotra | Beicora | Hupuna |Tommuua | Tommumuaa Karer
Bapu- I Harpyska OaJIkKh | CTEHKH MOIKHU MOIKHU CTEHKU K. oum
aHTa ’ g, kH/m h, cM hw, CM by, cMm 1, CM tw, CM ’

0 316 129 124 40 2,5 1,2 1 9

1 150 120 116 38 2 1 0,8 12

2 250 130 122 32 4 1,4 0,6 12

3 300 132 126 26 3 1,2 0,8 9

4 200 128 122 36 3 1 0,8 12

[ITupuHa yacTed ceuyeHus MOJIKU
b,—(t, +2-K) 40-(12+2-1
cno’mu = f ( > ): ( - ) = 1874 CM;
: 2
c 18,4
—_romy g = 7’36 <9. € s = 9.1=9 , CJICA0BATCIbHO, ITOJIKA OTHOCUTCA K CCUCHUIO
t . , JIKU

f
kiacca 1 [3, tabnuma 5.2].
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Tabmuua 7.2 — ['eomeTprueckue XapakTepUCTUKH COCTABHOTO IBYTaBPOBOT'O CEUCHUS

OceBoil MOMEHT MowmeHT Cexropuaib-
Mowment Cratnuec- o
WHEPIUU COTIPOTUBJICHUS N HBIA MOMEHT
WHEPIUN TIPH | KU MOMEHT
Homep OTHOCHUTEIBLHO U3rudy OTHOCH- WHEPIIUU TIOTIe-

CBO6OI[HOM rnojryce-

PSSR | Ty, | s o | P
Iy Iz Wy Wz I Sy L
0 990879 | 26684,5 | 15362,5 | 1334,2 488 8631,4 10675,3
1 659237 | 18300,3 | 10987,3 | 963,2 2413 6166 6370,35
2 1228254 | 21873,2 | 18896,2 | 1367,1 1476,9 10668,7 8681,5
3 849154 | 8806,1 | 12866 | 677,39 540,6 74124 3663,6
4 995233 | 23338,2 | 15550,5 | 1296,6 688,7 8610,5 9116,5
a) 0)
z| q
= ; = A | S T N N - | S T S S N 5
, 1422
I
é CTEHKa WL Ado
M 0 0
i KH-m
by 31995

Pucynok 7.1 — PacueTHoe ceuenne Oalku (@) U SMIOPHI CHIIOBBIX (PaKkTOpOB (6)

OHpG,I[CJIﬂeM KJIaCC CCUCHHUA CTCHKH.

¢ =h —2-K=124-2-1=122 cm;
gcmenku = ﬁ = ﬁ = 0998’
[, 245
83.g, =8134< Ct— - % =101,67<124-¢,_  =121,52.

Ctenka OTHOCUTCS K ceUeHHUIO kKiacca 3 [3, tabmuma 5.2].

[Tonepeunoe cedyeHue KIacCUMUIMPYETCS IO HaWBBICIIEMY (HaUMEHEe
OJIaroNpHUSATHOMY) KJIAcCy €ro caTbiX dactei. [loaToMy Bce momepedHoe CedeHHe
OaKi OTHOCHUM K KJjaccy 3.
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Jlist TpeTbero Kjacca CEYeHHM MPOBEPKY HECyIIeW crocoOHOCTH Ha u3rubd 0e3
yueTa BIIMSHHS TOTICPEYHON CHIIBI (B PAcUeTHOM CEYCHHWHM OHAa paBHA HYJIIO)
npoBoAuM 1o Gopmyre [3, m. 6.2.5]

W, f, 15362,5-10°-235-10°

M, =3877,8xkH"Mm; (7.2)
Yo 0,931
M
£ = 31995 =0,825<1 . (7.3)
M 38778

Rd

Hecymas cnocobHocTh Ha u3rub odecneyeHa.
[IpoBepky Hecymiell crmOCOOHOCTH Ha CABUT B YHPYTO#l CTaJuu MPOBOAMM IIO
dbopmyne [3, m 6.2.6]
T

Ed S
£ /3 7,)

1, (7.4)

re T,,— KacareiabHble HanpsokeHus, MIIa.
Kacarenspusie HanpsokeHus no ¢popmyiie XKypaBckoro

. Via*S, 1422.10°-8631,4-10™
S 990879-10"°-12-107

y w

=1,03-10°Tla=103 MIla,  (7.5)

rjae S, — CTaTHYECKUl MOMEHT CIABHUIaeMOM YaCTH CEUYCHUS OTHOCHTEILHO IEHTPAIb-
HOH OCH;

I, — MOMCHT MHEPIIUH MTOTICPEUYHOTO CCUCHUS;

tw — TOJIIIIMHA CEYCHUS B pacCMaTPHBAECMOU TOUKE.

Hecymas cnoco6HoCcTh Ha cBur 1mo popmysie (7.4) obecrieueHa:

103 _
245/(~/3-0,931)

0,68<1.

[TpoBepky 00111€ei ycTOMUUBOCTH OaKu IpoBOaUM 110 popmyiie [3, m. 6.3.2]:

el BPS (7.6)

rae M, . — pacdeTHOe 3HaYCHHE HEeCyIIeH CrOCOOHOCTH M3THOaeMOro dJIeMeHTa I10

b,Rd
YCTOWYMBOCTH TUIOCKOW (OpPMBI W3TMOa IJIsi DJIEMEHTOB, HE PACKPEIUICHHBIX W3
TUTOCKOCTH JIEHCTBUS U3THOAIOIIETO MOMEHTA,

/,
Mb,Rd =Xir 'WY T (77)

M1
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rne y,, — UIOHWXKAIIUNA KO3(pPUIMEHT Npu MNoTepe YCTONYMBOCTH IIIIOCKOM
(dopMbl u3ruda.

OnpenensgeM KPUTUYECKUA MOMEHT MOTEPU YCTOMUMBOCTU IUIOCKOH (DOpPMBI
n3ruba CUMMETPUYHOIO CEYEHUS B YIPYTrod CTaAUM MO CIAEAYIOIIEH 3aBUCUMOCTH:

+(C,Z,)-CZ, , (18)

g b

El (k I I, (kL?-G-I
cr:C]. 22 | w4z . !
(k.L) k,) 1. n El

rae L — paccTosiHhe MEX]y TOYKaMHU JJIEMEHTa, B KOTOPBIX OH pacCKpeIieH OT
OOKOBOI'O CMEIICHHS,

E — monyns FOura, E=2,1-10° H/Mm?;

G — monyns casura, G = 0,81 - 10° H/mm?;

C1, C2 — k03P PUIHEHTDI, 3aBUCAIIIME OT BHEIIHEW HArpy3Ku, ACHCTBYIOLIEH Ha
AJIEMEHT, U YCJIOBUS pacKpeIuieHus KOHIoB 3neMenta, C1 = 1,12, (2= 0,45;

k: — koa(PUIMEHT, YUUTHIBAIOMNUNA YCIOBUS 3aKPEIJICHUSI KOHIIOB JJIEMEHTA OT
MOBOPOTA OTHOCUTENBHO OCH Z — Z;

kw — K02(pULIMEHT, YUUTHIBAIOIINUNA YCIOBUSI 3aKPEIJICHUS KOHIIOB 2JIEMEHTa OT
JeTIaHalluu;

Z, — KOOpJWHATa TOYKHU MPUJIOKEHUS BHEIIHEH HArpy3Ku OTHOCUTEIBHO IIEHTPa
casura (u3ruda) ceueHus.

Tak kak ONnopHbIe YaCTH OAJKK HE 3aKPEIUICHbl OT M3rnba U JeruiaHalm, Mnpu-
HUMaeM k. = k, = 1. KoopauHaTa nieHTpa TsSHKECTH CEUeHHsI COBMAAAET C LIEHTPOM U3-
ruba, cienoBarenpHo, Zg = 0.

Torna

3,142.2,1-10'"-26684,5-1078 y
(1-9)°

M, =112

><\/(1)2.10675,3-104-10—12 . (1-9)%-0,81-10° - 4881078

= > — - =4832kH M.
1 26684,5-10 3.142-2,1-10'" - 26684,5-10
OHpC,IICJISIGM 3HAUYCHUC YCJIOBHOfI THOKOCTH:
- w . 1076 . 106
o i £, :J15362,5 10 2335 10° _ ) s64. (7.9)
M. 4832-10

CapHble JIByTaBpOBBIE CEUEHHUSI TEPSIOT YCTOMYMBOCTH MO KPHUBOU ¢ (puUCY-

HOK 7.2) npu bi <2 wnu no KpuBoi d (pUCYHOK 7.2) mpu bi >2.
f f
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B0

Pucynox 7.2 — KpuBble moTepu YCTOWYMBOCTH (3aBUCHMOCTH 3HAYEHUHN TOHMIKAIOIIETO
Koa(duimenTa y OT yCIOBHOM THOKOCTH A)

B paccmaTtpuBaeMoM ciayvae 129 3,225 > 2, IPUHUMAaEM KpPHUBYIO MOTEpU

1
ycroituuBoctH d. Torna ko3 HuiueHT, yuuThIBaloIui HauyaabHbIe HECOBEPIICHCTBRA,
a,, =0,76 [3, Tabnouna 6.3].

Onpenensiem 3HaueHue @7 B cOOTBETCTBUU € [3, 1. 6.3.2.2]:

@, =05[1+0, (A, —02)+A,, ZJ: 0,5-[1+0,76- (0,864 —0,2) +0,864> | =1,125;

1 1

Xir = : = \/ > == 0,54 .
D, + D2, “n, L125 +4/1,125° — 0,864
ITo dopmyne 7.7 monydaem
235-10°

M,, =054-15362,5-10" - =1805 kH'Mm.

b

[TpoBepky 00111e# ycTOHUYUBOCTH OaliKu TPOoBOAMM 110 opmyirie (7.6):

3199,5
1805

=1,77>1.

OO6mr1ast ycTOMYMBOCTh M3THO0AEMOTO AJIEMEHTA HE 00eCTICUCHA.
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PackperuisieM BEpXHUU CXKATbI IOSIC 3JIEMEHTA TOPU30HTAJIBHBIMHU CBS3SIMU
(pactiopkamu) ¢ maroM 3 M. YCTOWYUBOCTH TUIOCKOW (OpMBI M3ruda 3JIEMEHTOB C
JTUCKPETHBIM OOKOBBIM  PACKPEIUICHHEM CXKAThIX TOJOK oOecreueHa, eciu
yAOBJIETBOpsieTCs ycioBue [3, m. 6.3.2.4]:

o=tk g Mo (7.10)

lf,z .

rie k. — mONpaBOYHBINA KOADPUITUEHT I JaHHOM SIIOPHI MOMEHTa, ke = 0,94;

L. — paccTostHue MeX .y TOUKaMU 3aKperuieHus, L.= 3 M;

iz — paAnyC WHEPIMU SKBUBAJCHTHOM CXATOW MOJIKH, COCTOSIIEH W3 CHKATOU
NoJIKM Tuitoc  1/3  cxaTol dYacTH IUIOMIAAM TOINEPEYHOrO0 CEYEHHUsS] CTEHKH,
OTHOCHUTEJIBHO BTOPOCTEIIEHHON OCH CEUECHUS;

A1 — pe3yAabTUPYIOIIAsi THOKOCTh SKBUBAJIECHTHOM CKATON OJIKH;

My, Eq — MaKCUMaJIbHOE PacueTHOE 3HAUYEHHE H3TUOAIOIIEr0o MOMEHTa MEXIY
TOYKAMM PACKPEIVIEHUS OTHOCUTENBHO OCH V-V, M)y kq = MEea= 3200 kHM™;

k_o — MpeesbHOE 3HaU€HUE YCIOBHON THOKOCTH.

IInomane ceyeHUs, COCTOSIIETO M3 CKAaTOM moJakM U 1/3 ckaroil dactu
IUIOIIAIN CTEHKU:

A, =b -t +%-h 't = 0,4-0,025%-1,24-0,012 =149,6-10* M2,

W

MomeHT HHCPIOHUH CCUYCHUA, COCTOAIICTO U3 cKaToi moiku u 1/3 ckaTol yacTu
Iiomaan CTCHKHU:

IfZ:ib3f-tf+i-l-hw-z;=i-4o3-2,5+i-1,23-ﬁ:13339,3 oM.
12 12 3 12 12 3

Pagnyc nHepiimn 35KBUBaJICHTHOW CKATOW MOJIKHU

I 1078
oo Lee (1333930070 0,
72 N4y, \ 149,6-10°

Pe3ynpTupyromas ritOKOCTh SKBUBAJICHTHOW CATOU MOJIKU

To [3, 1. 6.3.2.4]

>

=X\

+0,1=0,2+0,1=0,3,

c,0 LT ,0



16

rae A,., — NIPSIMOJUHEHHBIN Y4aCTOK KPUBBIX MOTEPH YCTOMUMBOCTH IIIOCKOHN (op-

LT,0
MBI U3ru0a JIsl MPOKATHBIX CEYeHUM (CM. PUCYHOK 7.2).

PacueTHoe 3HaUeHHE HeCylIel CIOCOOHOCTH HAa U3THO OTHOCUTEIBHO OJJHOM U3
TJIABHBIX OCEH MONEPEUHOT0 CEYCHUS

A =15362,3-10’6£=3342,77 kH-m.

Y1 1,08

Mc,Rd = Wv} )

OO61mast ycTOWYMBOCTh OaJIKU MPU PACKPEIJIEHUU BEPXHETO MOsica TOPU30HTANb-
HBIMH CBSI3SIMU uepe3 3 M o0eclieueHa, T. K. BBINOIHSAETCS ycnoBue hopmydsl (7.10):

x_f:w:(),glgoﬁ.w:()ﬁ]
7 0,094-939 31995

[Tosica 6amoK COENUHSIFOTCS CO CTEHKOW C MOMOIIBIO YIJIOBBIX IIBOB C MUHH-
MaJbHBIM KaTETOM, PaBHBIM Kmin > 0,5t,. [lox neficTBuem n3rubaromero MOMEHTa B
MOSICHBIX IIBaX BO3HUKAIOT HOPMAJbHBIC HAIMpPSHKCHUS, KOTOPBIE CUYHUTAIOTCS
CBSIBYIOIIMMHU, M KacaTeJIbHBIC HAIIPSKEHUS, KOTOPBIC CUUTAIOTCSI pAOOYNMH.

JIJ1st OTHOCTOPOHHETO YTJIOBOTO MIBA O€3 pa3/IeiKi KPOMOK TOJIITMHA CCUCHHUS B
paccMaTpruBaeMOM TOUYKE

a,=K-cos45=10-4/2/2=7 mm.

PacueTHoe 3HaUeHHE BHEIIHUX YCWJIMM B MOSCHBIX IIBaX OAJIKW HA €AUHUILY
JUTUHBI [2]

V.. S 103-6325-10°
Fyy g =22 (1422107632510 7 _ 617 iy = 9 ke, (7.11)

I, 990879-10™°

rae Sy — CTaTUYECKUH MOMEHT MHEPLIMH NOJIKM OTHOCUTENBHOM EHTPAIBHOMN OCH,
Sy =by -tf -(0,5h,,+0,5¢,)=40-2,5-(0,5-124+0,5-2,5) = 6325 e’ (7.12)

PacyeTHyi0 Hecymlyr0 CHOCOOHOCTH CBApHOTO COCAUHEHHS [y rs C JByMS
YTJIOBBIMU IIBAMHU OTPEIEIIAeM T0 caeayroueil popmyre:

F, o =L-2-aw _ 3% 5.07-29 kH/em.
3By, J3-0,8-1,25

Torna

F, ., =9xH/em < F, ., =29 kH/cm.
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[TpoBepka MPOYHOCTH ABYXCTOPOHHEIO IIBAa BBHIIOJIHEHA C OOJBIIMM 3arnacoM,
11eJIeCO00Pa3HO yMEHbILIEHHWE KaTeTa IIBOB JO MHUHHUMAJIbHO PEKOMEH]IOBAaHHOTO
3HayeHus K = 5 mm. Torna nomygaem

a, = K-cos45=5-/2/2=42 mm;

F .. =L-2-aw __ 3% 5042176 kHlem;
BBy, V3-0,8:1,25

F,, =9 «Hlem < F, ,, =17,6 xH/cwm.

[IBBI, KOTOPBIMU IPUBAPHUBAIOTCSA PEOPA KECTKOCTH, SBISIOTCS CBSA3YIOIIMMHU U
pacyeTy He MOJJIeHkaT.

Konmponwvnsie éonpocol

1 Kakue BHyTpeHHUE CWIOBbIE (DaKTOphl  BO3HUKAIOT TIpU  pabote
CBapHBIX OaIOK?

2 Kakue pedopmanii MOTYyT BO3HUKATh TIPH CBapKe TaBPOBBIX W
JIBYTaBPOBBIX OATOK?

3 Uto Takoe moTepsi yCTOMUUBOCTH CBAPHOTO TABPOBOI'O CEUCHUS?

8 IlpakTtuueckoe 3ansitue Ne 8. Pacuer oOparHOoro mporuba
TABPOBBIX CBAPHBIX 0AJIOK

B Gankax HanOosiee CyUIECTBEHHBI B MPAKTUYECKOM OTHOILICHHUU CIIEAYIOIIHE
BUJBI TIEPEeMEIICHUI: W3ru0, 3aKpydyuBaHUE, TPUOOBUIHOCTH IOJIOC M MOTEps
yCTOMYUBOCTHU. M3ru6 6amok BOZHUKAET OT MPOJIOJIBHBIX M IMOMIEPEYHBIX IIIBOB.

Benuunna wusruba cBapHO#l TaBpOBOMl M JIBYTaBpOBOM OalKu B 3HAUYUTEITHHOMN
CTEIIEHU 3aBUCUT OT KOJIMYECTBA U MECT PACIIOJIOKEHUS CBAPHBIX IIBOB.

M3rubbl OT MPOAOJBHBIX IIBOB MOXHO ONPEACIHUTh, HCIOJb3Yys BEIUYUHBI
(UKTHBHBIX yCAJOYHBIX CHJI. BeauumHy yCajo4yHOW CHJIBI B 3aBUCUMOCTH OT
KOJIMYECTBA IBOB W KOHCTPYKIMH Oankw (TaBp, NBYTaBp) MOXKHO OIPEICITUTH
o ¢hopmyiam:

p=17-L (8.1)
Ves
niin
P, =1,7DK?; (8.2)

P, =(1,15..117)P, (8.3)
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HNJIN

P, =115P,; (8.4)
P, =2P, (8.5)
nJIn
P, =2P,, (8.6)

rae K — kareT 1IBa, CM;

D — xoadpdunuent, npu pyunour cBapke D = 40000, mpu aBTOMAaTHYECKOU
cBapke D = 30000;

¢ — MOIIHOCTb Oy , g = 0,24 - [ - U,

V cp— CKOPOCTh CBAapKH, CM/C;

I — cBapOYHBIH TOK, A;

[Ipu cBapke npepBIBUCTHIM IIBOM yCaJ04YHAs CHJIa OT KaXJA0r0 y4acTKa 11Ba

P =P, (8.7)

v4 .IIPEP

rae t, — JJIMHA y4acTKa IIBa,
! — IIar NpepbIBUCTOrO I1BA.
OO01as ycagouHas cuja OT MPEPbIBUCTOrO 1IBa
quoszu = PY'J.HPEP n, (8~8)

/i€ 71 — KOJUYECTBO YUYACTKOB MPEPHIBUCTOIO IIIBA.
Bennunna ykopoueHus 0ajKu 1ocjae CBapKu

qu L
= (8.9)
rine F — miomanbs cedeHus, cM>

E —monyns ynpyrocty, E = 2,1-10° MI1a;
L — nnvna mBa.

B dopmyne (8.9) Pyy ompenensiercs no ¢dopmyne (8.1) wnam (8.2) mocne
HAJIO)KEHUSI TIEPBOTO IIBa B TaBPOBOM coeauHEHUU U 10 dopmyiie (8.3) uau (8.4)
TIOCTIC HAJIO’KEHUS ABYX IIIBOB.

B dopmyne (8.9) P,, coorBercTByeT BenuuuHaMm Pip U Ps,4, OTpakarolum

HOPSZOK U KOJMYECTBO HANOXKEHHs IIBOB. MHIEKCHl YKa3bIBaIOT, MO KaKoW U3
dopmy onpenenseTcs ycagouHas cuia.

[Tpu cBapke NBYTaBpOBO# OalKé WUIpaeT PoJib MOCIEIOBATEIHHOCTh COOPKH U
CBapKkH MNOsICHBIX IBOB. Eciam Oanka coOupaercsi cpa3y (CTEHKa U JIBE MOJIKH) U
POU3BOJIUTCS MpUXBaTKa, TO B (opmyie (8.9) 3a 1uiomangs ceueHus] NpUHUMAETCs
BCE CEYeHHus, a ycaaoudHas cuia Oeperca Psg. Ecim ke cobupaercs TaBp
OCYILIECTBIIIETCSl CBapKa JBYX IIBOB, TO CHayaJla PAaCCUUTHIBAIOT YKOPOUYCHHS OT
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JIBYX HIBOB (IUIOLIAJb CEYEHUSI [’ COOTBETCTBYET CEUECHHUIO TaBpa), 3aTEM pacCyu-
THIBAE€TCSI YKOPOUECHHUE OT ABYX APYrUX IIBOB (ycamoudHas cuiia P3g4), a 3a miomans
CeUYeHUs MPUHUMAIOT Bce ceueHus ByTaBpa. CyMma ABYyX pacueToB COCTaBUT 00IIee
YKOpPOUEHHE OAJIKU.

[Tpu cBapke OaIKu MPOUCXOIUT TTPOIOJIBHBIN U3THO.

Jlist 6anku TaBpOBOTO CEYEHMS MPOAOJIbHBIN U3rH0 onpenesnsercs no popmyse

P, e’
= 8.10
Yor =g B (8:10)

rae Pyy — ycanouHas cuiia, paccuuThiBaeTcss o dopmynam (8.7)—(8.10), ¢ unmex-
coM | unu 2 npu HAJIOKEHUU OJHOTO IIBA U MHIAEKCaMU 3 WK 4 MOCie HAJIOKEHHS
JIBYX IIIBOB;

L — mmna mBa;

J — MOMEHT HHEPLUH, CM*;

€ — PacCTOSIHHE OT LIEHTPA TSHKECTH CEYEHUS JI0 [IEHTPa TSAKECTU IIBOB.

[locne cBapku ABYTaBpOBOM Oaliku OOHIMN MpPOrMO MpU MOCIEI0BATEIBHOM

cOOpKe U CBapKe

y06 = Y1 _YZQ

r7e Y1 — Nporud OalKy OT IEPBOTO M BTOPOro MBOB (ycagodHas cuia Pi ), Iiomais
CEUYEHHUS paBHA CEYCHUIO TaBpa;

Y2 — nporu® OalKM OT TPEThEro M YETBEPTOro IIBOB (ycadouHas cuia Pig),
IJIOIA]Ib CEUCHHS BCETO JIBYyTaBpa.

Jlns ompeneneHuss MOMEHTa WHEpIUU TpeOyeTcss 3HaTh MECTO TMOJIOKEHUS
IIEHTpa TSKECTU cedeHus. J[Jis JByTaBpOBOW OalKy IIEHTP CEUYCHHUS HAXOJUTCS B
IIEHTpe ceueHus OaKu.

Jlns TaBpoBO# OalKu MpU PACIOJIOKEHHH OCel KOOpAMHAT, KaK yKa3aHO Ha
pucyHke 8.1, KoopaArHATY IIEHTPA TSHKECTH CEUEHUS BBIUUCIISIEM 110 opmyJie

rae F — miomazs BCero ceueHus TaBpa, cM>;
Sy — CTaTUYECKUl MOMEHT, CM°,

b 0
S =b-8 | =+8, |+a-5, —2.
X 1 2 2 2 2

MOMEHT UHEPIIMU CEYEHUS TaBPOBOU OaNK1

5 b b 2 4.8 8,V
J="1"48-b-| =48, +—248,-a-| y,——=| .
12 1 (2 2 ycj 12 2°a (J’c 2)
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A

Pucynok 8.1 — I'eomeTpuueckue XapakKTepUCTHKU TaBPOBOU OaIKu

Paccrosinre OoT meHTpa THKECTH CEeYEHUS 10 IEHTpa TSHKECTH IBa B TPYOBIX
pacdeTax MOXKET ObITh paCCUYUTAHO 1O (HOpMyJIe

K
e:yc_82_3’

riae K — kaTetr cBapHOro 11Ba, MM.
[Ipn HarmtaBke IIBa HA KPOMKY IIOJKH MPOTHO OaJKH OCYIIECTBISCTCS B
obpatHyto cTopony. B dopmyne (8.10) HeoOX01MMO MPUHSTH

el :b+82_yC'

CyMMapHBIi porH0O OT HAIOKEHHUS ABYX IOSCHBIX IIBOB HAa KPOMKY CTEHKH
COCTaBUT PAa3HOCTh TPOTHOOB OT TOSCHBIX MIBOB MHHYC TIPOTHO OT IIBa
HATUTABJICHHOTO Ha KPOMKY CTEHKH.

[Tpu cBapke TaBpOBBIX M IBYTaBPOBBIX 0aJOK BOHHKAET MOTIEPEUHAs U YTIIOBas
nedopmanus (rpruOOBUIHOCTH TOJIOK).

[Tpu pacuere HEOOXOAMMOTO OOPATHOrO BHITMOA WIIM YCUJIUSI TIPHOKATHS OAJIKU
OPUHUMAIOT HArpy3Ky ¢ Ha KpPOMKY Oallki Kak paBHOMEPHO pacIpeesIeHHYIO
COTJIACHO PUCYHKY 8.2.

[Tpu 5TOM TIporu6 Ganku 1Moj AeWCTBHEM TaKOM HArpy3KH

A
flzq_._,
E-J 384

rae L — mymHa 0ajJKu, MM;
E — monyns ynipyroctu matepuana 6anku, MIla;
J — MOMEHT UHEPUMHU CEYEHUs OanKu, Mm*,
[Tporu6 Ganku OT yCaJOuHON CHUJIIbI

P e -’
f: ye 0
* 8-E-J



Pucynok 8.2 — Cxema HarpyskeHus Oanku

Jlns nmpenoTBpaieHus nedopmannu u3ruda mporuodsl 0ajaku oT AeCTBHS yca-
JIOYHOM CHJIBI M BHELTHEN HArpy3KH JIOJKHBI OBITh PABHBI:

fi=1

Torna

P -e
qg=9,6-——.

2

[Tonnas Harpy3ka Ha OaJIKy

Jlnst cayyast co3anust 0OpaTHOTO BhIrnOa HEOOXOAMMOE yeuiue (PUCYHOK 8.3)

48 f-E-J

0 7

Ecnu B Mmecte mpunoxenus cuiabl (1 (Mo cxeMe Ha pucyHke 8.3) B mpejaenax
OaJIKM yCTaHOBUTH YTOpP, TO MO KOHIAM OalK¥l ISl CO3MaHusl TPeOyeMoro BhITHOA
0ayiKu creayeT NPUIOKUTh YCUIne

&:&:%,

Jlns cxeMbl, MOKa3aHHOW Ha pUcyHKe 8.4, eciau B mecte npuiioxkeHus O» u Qs
YCTAHOBUTH YIOP, TO MOKHO OMPEACIUTh HEOOX0JUMbIE 3HaUCHUsI R4 U Rp.

3P el
O =0 c-(B3L —4¢?)
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A B
Ra Rs

Pucynox 8.3 — PacueTHas cxema Oanku

C

I Ra
Pucynox 8.4 — PacueTHas cxema Oanku

[Tony4yennsie 3naueHus: cuil Ry, Rp, >, O3 MOryT OBITb OCHOBOM JIJIsi pacyeTa
IPUKUMOB COOPOUHO-CBAPOYHBIX MPUCTIOCOOTCHUH.

3aganue

Onpenenute BeIMYUHY Iporuda 0anok i ciyyas cxeM (CM. pUCyHKH 8.2—8.4)
(3HaueHuss Benu4yuH L, e, Py. 3amaeT MNpemnojaBaTeNb, a BEIUYUHY ¢ TPUHATH
paBHo# 100 mm).

[TpoBeneHHbIE pacyeThl 3aHECUTE B OTYET 10 (popme Tabuuibl 8.1.

Tabnuna 8.1 — PacueTHble u SKCIIEpUMEHTAIbHBIE TaHHBIE

Hmuna L, mm | [Iporu6 f, mm | Qi1,xH 0>, xkH 03, kH R4, xH Rp, xH

KOHmPOJleble 60NpPoOCol

1 Kak onpenensiercst BeTuunMHa mporuda cBapHoit 0anku?

2 Kakue nedopmaruu MOTYT BO3HUKATh NMPH CBAapKe TaBPOBBIX W JIBYTaBPO-
BBIX OaJIOK?

3 Kakue QaxTopsl BIHMSIOT HAa BETUYHMHY AcPopMaIvii U MEepeMelIeHUN MpH
CBapKe TaBPOBBIX U JIBYTaBPOBBIX OAIOK?
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9 IlpakTnueckoe 3ansaTue Ne 9. Pacuer u moadop ceuyeHuid CToex
U OMOPHBIX KOPOOYATHIX 0AJIOK

Croiika (KOJOHHA) — BEPTUKAJIBHBIM 3JIEMEHT KOHCTPYKIUH, pabOTAIOMIMA
OpPEeUMYIECTBEHHO Ha cxaTtue. CToiKM mnepefaroT Harpy3Ky OT BbIIIENIeKaUUX
KOHCTpYKIui (O6anok, ¢pepm) Ha ¢yHAaMeHT. B cToiikax pa3nnyaroT TpU OCHOBHBIE
YaCcTU: BEPXHIOI0 — Or'0JIOBOK, BOCIPUHUMAIOIINN HArpy3Ky; CPEIHIOI — CTEPKEHb,
HECYUIMIl Harpy3ky; HIWKHIOIO — 0a3y, Iepelarollyl0 JaBJIEHUE CTOMKM Ha
byHIaMEHT.

CxaTble 3J€MEHTBHl OBIBAIOT YCJIOBHO IIEHTPAIbHO-CHKATBIMU (IIPOAOJIbHAS
CKMMAIOIAsl CWJIa JIEWCTBYET IO OCH 3JEMEHTa) W BHEUEHTPEHHO-CKAThIMH
(mpomoipHas cuja NPWIOKEHA C 3KCHUEHTPUCUTETOM OTHOCUTEJIBHO BEPTHUKAIBHON
OCH 3JIEMEHTa WJIM Ha 3JIEMEHT BO3JEWUCTBYET MpPOJOJIbHAs CWJIa U W3THOArOIIUN
MOMEHT COBMECTHO).

3ananue

[IpoBecT pacyuer LEHTPAIbHO-CKATOM KOJIOHHBI BBICOTON L, HArpy»XE€HHOM
pacueTHOM Harpy3koil Neq (Tabnmuua 9.1). B cedeHnn KOJOHHBI MPUHATH TPYyOy W3
ctanu S235 o 'OCT 277-72 ¢ npeaenom tekyuyectu f, = 225 MIla npu tonmmne
¢daconnoro npokara ¢ < 10 MM u npeaenom npouroctu f, = 370 Mlla [3, Tabnuna 2].
KoadpunmenTsl HaeKHOCTH TPUHATD Yo = 1, yu1 = 1. CXeMBbI 3aKpeIieHHs] KOHIIOB
KOJIOHHBI TIPEJICTaBIICHbI Ha pUcyHKe 9.1.

Ta6muna 9.1 — UcxoaHsle JaHHBIE K 3aIaHUIO

Howmep BapuanTa Bricora L, m Harpyska Neq, kH | HoMmep cxemsl 3akperuieHus
0 4,65 307 1
1 8 250 1
2 6,4 367 2
3 5,2 520 3
4 3,5 280 4

N2 ]} Ne2 | Ne3 Ne4 l
’—{7“ ; 7Y II_III‘ L - \ '

/ / / \

] / / \

I 1 / 1

[ L | L I ks L

\ i \

\ \ \
\ A\ \

# : ;
n=1 u=20,7 n=20,5 p=2

Pucynok 9.1 — Cxemsl 3akperuieHus
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B mnepBoM mpuONMIKEHHH MOI00pP CEUYCHHUS CTEPIKHS KOJIOHHBI OCYIIECTBIISICM
CICAYIOIIUM 00pa3oMm:

N,, 307-10°

A= = ——=2,27-107 M* = 2270 mm>. (9.1)
0.6 f, /Yo 0,6-225-10°/1

Cornacno I'OCT 10705-80 Tpybwr cmanvrwvie snekmpoceapHvie. Copmamenm
BBIOMpaeM TpyOy auameTpoM d = 180 MM U TOJIIHUHOW CTEHKH ¢ = 4 MM, KOTOpas
vMeeT miomans cedenus 4, = 22,1 cm?. PaccunraeM reoMeTpuuecKUe XapaKTepHC-
TUKHU JAHHOTO CEYEHUS.

MoMeHT nHepuumn

n(d' —(d—20)") _314-(180° —(180—2-4)")

=8,57-10° mm*.  (9.2)
64 64

I=1=1 =

Pannyc nnepiun

[ [857-10°
r=r. =r.= |—=_|———=62,2 MM.
4V 2.21-10° ©-3)

Jl1st onipesieNieHus Kiiacca ceueHus: BhIYHUCIsieM 0e3pa3MepHblid KpUuTepuit

o PP,
f, \225

Tak KaK BBIMOJHSACTCS CIACAYIOIIEE YCIOBUE, CCUCHHE OTHOCHM IIEPBOMY KJlacCcy
[3, Tabauma 5.2]:

Td:%ﬂssso-sz =50-1,02° =52,02.

Haxoaum pacdueTHyO JUIMHY KOJIOHHBI ITPU ITPOBEPKE YCTOMYMBOCTH UCXOMS U3
CXEMBbI 3aKPEIUICHHS] 1 COOTBECTBYIOLIETO KOA(pPUIIMeHTa npuBeACHHOW JIUHBI LL:

L =L-p=4651=465mM. (9.4)

[Ipo4HOCTH HEHTPATBHO-CKATOTO DJIEMEHTA CYUTASTCS 00SCIICUCHHOU MpH
BBITIOJTHEHUU YCIIOBUS

<, (9.5)
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PacdeTrHOe 3HaueHME HECYIEeH CTOCOOHOCTH ceueHus Kiacca |

A - 1074 .10°
N =— f, 22110 1225 W 4977 . (9.6)

Y o

Hecymias cnocoOHOCTh ceueHuns 1Mo MPOYHOCTH 00ECTICUeHA, T. K. BBITIOTHACTCS
ycinosue hopmyisl (9.5):

N
NC

307
497,7

Ed

2<1.

) —

,Rd

O61ua;1 YCTOﬁqHBOCTB KOJIOHHBI IIPpHU HOCHTPAJIBbHOM CXKATHUH OIIPCACIIACTCA
BBIIIOJIHCHUCM CJICAYIOMICTO YCIIOBHA!

N

<1, (9.7)
Nb,Rd

rae Nprs — pacueTHOE 3HAUYEHHE HECYLIEH CIHOCOOHOCTH CXKATOro 3JEMEHTa IO
YCTOWYUBOCTH.
JIns ceyenus kmnacca 1

4 - f,

M1

Nb,Rd =X (98)

e ( — MOHIKAIOIUH KO3(PPHUIIMEHT yCTONYMBOCTH, KOTOPBIN 3aBUCUT OT T€OMETPHU-
YECKUX ITAPAMETPOB CEUECHUS, IPEAEIIA TEKYUECTH U MOAYJISA YIIPYTOCTH CTAJIN.

[Ipy HEHTPATIBHOM CoKaTUM 3JIEMEHTOB 3HAUYEHUE ) B 3aBUCHUMOCTH OT YCIIOBHOM
THOKOCTH A CIELyeT OMpeNeNaTh 10 COOTBETCTBYIOIIEH KPUBOH NOTEpH yCTONYH-
BOCTH WJIY 110 (hopMyJIe

Y= ! npu y < 1. (9.9)

O +ND -1

B paccmarpuBaemom ciydae ajist TpyObl U3 TOpsiueKaTaHOM CTalu HaXOJIUM, YTO
MCKOMOM KPUBOU MOTEPU YCTOMUMBOCTH SIBISIETCS KpuBad a [3, Tabnuua 6.2].
VYcaoBHas TMOKOCTD J1J1s1 IOTIEPEYHBIX CEUeHH Kiacca 1

- L
7\4: cr

1465 1
[ A,

= =0,56. (9.10)
8,57 959
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3HaueHue ruOKOCTH

5
A =T £:3,14. ﬁzgig_
f | 225

Kospdunmenrt, yuuTbBaronumii HayajabHble HecoBepiieHcTBa, o =0,21
[3, Tabnuma 6.1]. Onpenensiem 3aadeHne @ B cooTBeTcTBUU C [3, m. 6.3.1.2]:

D=0,5- 1+a.(X—0,2)+X2J= 0,5-[14+0,21-(0,56—0,2) +0,56> ] = 0,69;

1

y = =0,91.
0,69 + /0,692 — 0,56
CrnenoBarenbHo, 110 dhopmyiie (9.8)
-4 6
N 20,91.22,12 107 -225-10 4529 kH.

b,Rd

Hecymast cnocoOHOCTh 10 YCTOMYMBOCTH MPHU U3rnde odecnedeHa:

N
N

b,Rd

307
452,9

Ed

0,68<1.

Kak BumHO W3 pacuera, 3aJjaHHOE CEYEHHE KOJOHHBI MPHUHATO C JOCTATOYHO
OOJIBIIUM 3amacoM IO MPOYHOCTH W ycroruuBoctu (dopmynsl (9.5) u (9.7)).
B peanbHOM NpOEKTUPOBAHUM IMAapaMETPhl CEYEHUM MOAOMPAIOT TaKUM 00pa3om,
YTOOBI JOCTUTHYTh MAaKCUMaJIbHOW IKOHOMHUYHOCTH perieHuit. [loaTomy mpensapu-
TelIbHAsl TUIOMIANb Cce4YeHUsi Ai, BbIOpaHHAs B TIEPBOM MPUOMIKEHUU, TpeOyeT
KOPPEKTUPOBKHU.

KOHmPOJleble 60NPOCHI

1 Ha BocnpusTHEe KakMX Harpy30K pacCUMTBHIBAIOTCS KOJIOHHBI JJisl 3IaHUM U
COOpYKEHUH ?

2 Yto Takoe moTeps yCTOMYUBOCTH CEYEHUS KOJIOHHBI?

3 Kak omnpeenuTh HeCYITYIO CIIOCOOHOCTh KOJTOHHBI?
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10 IIpakTn4yeckoe 3ansaTue Ne 10. Pacuer cBapHbIxX (pepm

depmMaM Ha3BIBAIOT pelIETYAThIE KOHCTPYKLUMH, paboTaroliue Ha W3ruo.
OnemMeHThl (hepMbl (TI0sica, pacKOChl, CTOMKU U T. JI.) UCTIBITHIBAIOT TOJIBKO MPOJI0JIb-
HbIE PACTATUBAIONIME WJIM CXKUMarolue Harpy3ku. [1o cxeMam pemieTku pa3inyaroT
depmbl ¢ TpeyrompHo# (pucyHok 10.1, @) u packocHou (pucynok 10.2, 6) pemier-
KaMU. DTH PELIETKU SIBJISIOTCS OCHOBHBIMH.

HcxomupIMu TaHHBIMU TSI TPOCKTUPOBAHUS SIBJISIFOTCS MPOJIET (PEpMBI U Harpy3-
ku. [IpoekTupoBaHuEe HAYMHAIOT C OMpPEAETCHUS] BHICOTHI ()epMbl U TEOMETPUUECKOU
cuctembl. ONTUMAJIbHYIO BBICOTY (DEpMbI yCTaHABIMBAIOT B 3aBUCUMOCTH OT €€
nposjera M Tuma pemerkd. s cTponmuibHBIX (QEepM XapaKTEpPHO OTHOIIECHUE
L/H = 6...8. Yron HakioHa packocoB o = 45° g KOHCTPYKLUUH C TpEyrojbHOU
pemeTkoii u 33°...55° ¢ packocHoil. Ha mpakTuke BbICOTY ()epMBbI CIEAYET YBA3BIBATD
¢ rabapuTaMu TpPAaHCHOPTHBIX cpeacTB. llpu mnepeBo3ke MO JKEIE3HOM Jopore
HAauOOJBIINN pa3Mep KOHCTPYKIMH MO BEPTUKAIU paBeH 3,8 M, MO TOPU3OHTAIN —
3,2 M, a o JyiuHe — 13 M 119 OJTHOM 4YeThIpeXOoCHOM 1iaTdopmbl. Depmbl JJIMHOM
nposieta 18 M MOCTaBIAIOTCS HA MOHTaX LIEIMKOM; TIpu niposieTrax 24 u 30 M — B BUJIE
JBYX OTIPaBOYHBIX yacTeil jiuuHoil 12 m 15 M; mpu nponerax 36 M — B BUJIe Tpex
yacTen JIMHOM 12 M.

a)

! NN/

L

i -
a — (hepMa ¢ TPEYTroJIbHON PEIIeTKOM; 6 — epMa ¢ paCKOCHOM PEIIeTKOM; L — JUTMHA MpoJIeTa
¢bepmbl; H — BbIcoTa (hepMBbl; 0L — yroJl HAKJIOHAa PACKOCOB

Pucynok 10.1 — OcHOBHBIE TapaMeTphl IIIOCKUX (epM

Ilocnedosamenvnocms pacuema gpepm
1 CocraBiieHre pacueTHOM CXeMbl C IPUBEECHUEM pacIpeieIeHHbIX Harpy30K K
COCPEI0TOYEHHBIM B y3Jax (pucyHok 10.2):

P=qd, (10.1)

Tl ¢ — pacyeTHas OroHHas Harpyska, H/m;
d — pacCTOsIHHE MEX/1y Y3JlaMU BEPXHEro Mosica, M.
JlomoyHUTENbHBIE YCUIIHS, AEUCTBYIONME HAa (epMy, MPUHUMAIOT B COOTBETCT-
BUM C TEXHUYECKUM 3aJlaHuEeM (CHEromasi, Harpy3ka OT Beca IOJAbEMHO-TPaHC-
MOPTHOTO 000PYI0BaHMSI, COOCTBEHHBIH BEC U T. II.).
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Pucynok 10.2 — Pacuetnas cxema gpepMbl

2 Omnpenenenue peaknuu B omopax ¢epmsl. [Ipu sTom depmy paccMaTpuBarOT
KaKk OaJIKy, pacrHoJIO)KEHHYIO Ha JIBYX OINOpax: IIApHUPHO-HENMOABMKHOW M IIap-
HUPHO-IIOJIBUKHOM.

3 OmnpeneneHue ycuinui B CTEPKHSAX (DEPMbI C MPEIINONOKEHUEM, UTO Y3IIbI
IPEICTaBIAIOT cOO0M mapHUphl. i1 3TOro UCMOIB3YIOT HECKOJIBKO METOJ/IOB: aHa-
JUTHYECKUe (METOJI BhIPE3aHMs Y3JIOB, METOJ CEUCHMI) U TpaduyecKkuil (quarpam-
Ma MakcBemna — Kpemownsl). I'paduueckuii mMeron Oosee yaoOeH s depm c
HAKJIOHHBIMH MOSICAMHU.

MeTto BeIpe3aHusi y3j10B yI00HO MCHOIb30BaTh, KOI/IA HAJ0 HAWUTH YCHIIHS BO
BCeX CTepkHIX (GepMbl. OH CBOAMUTCA K IMOCIEIOBATEILHOMY PACCMOTPEHHIO YCIIO-
BUI PaBHOBECHS CHJI, CXOISAIIMXCS B Ka)KIOM M3 Y3JIOB, ONPEICIICHUIO YCWIHI B
crepxHsax (epmel. [Ipu pemenun 3agad cnocobOM BbIpe3aHUs y3710B HEOOXOIUMO
coOI0aTh CIEAYIOIINE MPABUJIA: MEPBBIM BBIACIAIOT TOT y3€J, B KOTOPOM Haxo-
IUTCS MHUHUMAJIBHOE YHCIO CTEpKHEH C HEU3BECTHBIMH YCHIMSAMHU (CM. pUCy-
HOK 10.2, y3en 1); BHyTpeHHUE CWJIBI B CTEPXKHSAX 3aMEHSIIOT BHEUTHUMH U HaIpaB-
JSFOT UX OT y3J1a, MPEAIoIIaras, 4To BCE CTEPKHH PACTSHYTHI; ONPEAECISAIOT YCUIINS B
CTEP>KHSX U3 YCIOBUW paBHOBecHs. Eciau mpu pacuere 3HaY€HHUE YCWIIUS MOJTy4aeTcst
CO 3HAKOM «MHUHYC», TO CTE€P>KCHb Ha CaMOM JIEJI€ CXKaT; €CJM B y3JI€ CXOIATCS JBa
CTEP’)KHS U HAarpy3Kd B HEM HET, TO 00a CTpeXKHs He pabOoTaloT; €ClU B y3J1€ CXOIATCS
IIBa CTEpXKHS M Harpy3ka HalpaBjieHa BIOJb OJHOIO U3 HHUX, TO BTOPOH CTEPKEHb
He paboTtaeT; mepexois OT y3lda K Y37y, pacCMaTpUBAIOT aHAJIOTWYHO PaBHOBECHE
Ka)/10T0 y3Ja.

Hanpumep, mist pepmbr Ha pucynke 10.2 ang onpeneneHus yCUIUNA B CTEpXK-
Hsx 1-2, 1-3 BeIpe3atoT y3en 1, oTOpachIBalOT BCIO PepMy CO BCEMH JI€HCTBYIOIIUMHU
yCuIusMH, KpoMme y3na 1. BHyTpeHHue cuibl B cTepxkHiaX 1-2 m 1-3 3ameHsror
BHEIIIHMMU U HAIPaBIIAIOT UX OT y3Ja (pucyHok 10.3).
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Y3eal V3ea 2

O,SP N1_2 NZ—B

Nipeed Ny
N Ry

Pucynok 10.3 — Meton BeIpe3aHust y3j10B

3anuchIBAIOT yCJIOBUs paBHOBecHs. CyMMa MPOEKIMA Ha OCh Y
> P,=-05P-N,_, =0,

OTKyJa
N, ,=-0,5P.

3HaK «MUHYC» MTOKA3bIBAET, YTO CTEPKEHb 1—2 paboTaeT Ha cxKaTHeE.
Crepxenb 1-3 He paboraer, T. K. » P =N, , =0.

Jna ompeneneHuss yCWIMH B CTEpXKHSAX 2-3 W 2-5 BbIpE3alOT y3en 2
(cM. pucynok 10.3).
C yuerom Toro, uto ) P =R, + N_, + N, ;sina=0, N, , =—0,5P.

[Tomy4arot

_0,5P-R,
sinot

N

2-3

Tax kak peakius onopsl R4> 0,5P, To cTepkeHb 2—3 paboTaeT Ha CxKaTHE.
U3 ycnosus Y P, =0.

Y P =N, cosa+ N, =0.
Otkyna

(R, -0,5P)cosa
sin o '

N

2-5

CrepxeHb 2—5 paboTaeT Ha PacTsHKEHHE.

[IpaBuABHOCTH BCEX  pacyeTOB  IOATBEPKIAACT  BBINOJHEHUE  YCIOBHM
paBHOBECHS B MOCIIEIHEM y3i1e 14.

4 Tlonbop ceuyeHust 3aeMEHTOB (pepMbl. OCHOBHBIE THUIIBI CEUEHHMI CBAapHBIX
¢depm mpuBeneHsl Ha pucyHke 10.4. Bce crtepkHH (epM AOKHBI YIOBIETBOPATH
YCJIOBHUSIM ITPOYHOCTH, CKATBIE 3JIEMEHTHI JOMOIHUTEIBHO JTOKHBI YAOBIETBOPSTH
YCJIOBUIO YCTOMYHUBOCTH.
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0)
y

—

a — JUISl COKaThIX M PACTSHYTBIX CTEP)KHEW pelIeTKH (packoCOB, CTOEK), PACTSAHYTHIX MOSCOB;
O — AN CXKATBIX U PACTAHYTHIX IOSICOB; 6 — Ul CXKAThIX ONOPHBIX PACKOCOB; 2 — JJISl CTOEK,
K KOTOPBIM NPUBApUBAIOTCS BEPTHUKAIBHBIE CBS3U; O — TPYObI pa3IMYHOTIO CEUCHHUS

Pucynox 10.4 — Busibl monepeuHbIx CEYeHUN JIEMEHTOB JIETKUX (epMm

[ToxOop ceueHust pacTSIHYTHIX CTEPKHEN HAUMHAIOT C OMpeNeTeHus: TpeOyemoit

IUIOIIA M TIOTIEPEYHOTO CEUEHUS CTEPKHS Fyp, HCTIONB3YS POPMYITY

rae N — ycuine B crepkHe, H;

Fmp :N/[G]a

[6] — nonyckaemoe Hanpsikenne, Ml1a.

[Ipu ompeneneHnH ycuiuii B CTEPKHSAX MOXKET BO3HUKHYTh BapHaHT, KOrja B

HEKOTOPBIX CTEPXKHAX YCHJIME Majo WM BOBCE OTCYTCTBYET. B 3TOM ciydae pasmepsl
CEUEHHS CTEPKHEN ONPEEIISIOT M0 MPEAESTbHO I0IMyCTUMON rnOKocTH (Tadbmuma 10.1).

(10.2)

Tabmuua 10.1 — IIpenenbHble THOKOCTH CKATBIX U PACTAHYTHIX 3JIEMEHTOB (hepM U CBsi3ei

PacTsiHyThIN CTEpXKEHD

ONeMeHT KOHCTPYKIHNU CoxaThpIi CTCPIKCHDb Cratnueckas I[I/IHaMI/I“ICCKaH
Harpyska Harpyska
1 Tlosica, onopHbIE pacKoChl U CTOM- 120 400 250
KM, IIEpEJAIOIINE ONIOPHBIE PEAKIIUU
2 Ilpoune 3rmeMeHTsl hepMm 150 400 350
3 Cps3u 200 400 400

[TonGop ceueHusi cKarblX CTEpPKHEH HAYMHAIOT C OMpeAesieHus TpedyeMoi

TUTOIAM TIOTIEPEYHOTO CEUEHUS CTEPIKHS Fyp, UCTIONB3YS POPMYITY

Ewp = Nig[o],

rjae ¢ — KodhPUIMEHT MpoJ0IbHOTO U3rKuoa.

(10.3)
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B dopmyne (10.3) nBe neusBecTHbIC: Fip U @, CIEOBATENBHO, 3a7a4y HEOO-
XOJUMO peuiaTb METOJOM IOCJeI0BaTeNbHbIX MNpuOmmkeHuil. B nepsom npudiu-
KEHUU 3aJ1af0T THOKOCTH A JJISl TIOSICOB, OMOPHBIX packocoB U cTtoek A = 80...100,
JUTSL OCTaJIbHBIX CXKaThIX cTepkHel pemerku A = 100...120.

Koadduument ¢ onpeaensror o tadmuue 10.2 (Hanpumep, a1 3HaueHus Ao = 80
ko3 dunrieHT npononbHoro m3ruda @ = 0,715). 3atem HaxoAsAT Fupo IS TIEPBOTO
NpUOTIKEHUS M BBIYUCIIAIOT PaJANyYChl MHEPIIMH CEYCHUS 10 CIEAYIOMUM (GOopMyIIaM:

o= l/ho ; (10.4)
ryO = ly/}\a(), (10.5)

rne lx, [, — pacueTHbIe JJIMHBI CTEPKHSA B TJIABHBIX TIOCKOCTSIX.

Yr1oObI MOJ00paTh CEYCHHE CHKATHIX DJIEMEHTOB (pepM, HEOOXOANMO OTPEACTUTh
pacueTHbIC JJIUHBI CTEPKHEH B TIIOCKOCTH (epMbl [y U pacyeTHbIC UIMHBI CXKATHIX
CTEp>KHEW U3 MIO0CKOCTH (epMbl /. Iy BepxHero nosica /x OyAeT paBHO pacCTOSHUIO
MEXIy LEHTpaMu Y3JIO0B [x = [, jyisi omopHoro packoca . = 0,5/1, s oCTaabHBIX
CKaThIX packocoB U ctoek [, = 0,8/ (pucynok 10.5). CBs3u mo BEpXHUM IMOscCaM
(depMBbl YMEHBIIAIOT PACCTOSHUE MEXAY Yy3JIaMH, 3aKPEIUICHHBIMA OT TOPH30H-
TaJIBHOTO CMEIIEHUS, TO3TOMY /[, = 2d, T. €. pacCTOSTHUIO MEXIY 3aKPEIUICHHBIMH OT
TOPU30HTATILHOTO CMEIICHHS TOYKaMH.

[To 3HaueHuUIO MIOLWAAM U PAJAUYCOB MHEPLMH Fxo U 70 BHIOMpaAIOT HamOojee
HnoJXos1Iee ceueHue u3 copramenta. [lo Hanbosnpieit THOKOCTH U3 Ax U Ay, KOTOpas
HE JIOJDKHA TMPEBBINIATh 3HaUYeHUN TaOauIel 10.2, HAXOASIT MUHUMAIBHBIN KOdhdu-
IIUEHT MPOJIOJILHOTO M3rH0a Q@min. ECIM OH CYLIECTBEHHO OTIMYAETCS OT IEPBO-
HA4aJIbHOTO, TO MPOU3BOIAT MepepacueT U KOPPEKTHPOBKY CEUCHUSI.

Tabmuna 10.2 — Kosddurmertsr ¢

I'ubkocTh Mapka cranu

DIIEMEHTa A Crans 3 09T2C 10XCH/T
0 1 1 1
10 0,988 0,986 0,985
20 0,97 0,965 0,962
30 0,943 0,932 0,927
40 0,905 0,888 0,878
50 0,867 0,837 0,823
60 0,82 0,78 0,764
70 0,77 0,71 0,682
80 0,715 0,637 0,604
90 0,655 0,563 0,523
100 0,582 0,482 0,437
110 0,512 0,413 0,37
120 0,448 0,35 0,315
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Oxonuanue Ta0munel 10.2

['ubxocTh Mapka cranu

>JIEMEHTA A Cranb 3 0912C 10XCH/I
130 0,397 0,302 0,264
140 0,348 0,256 0,228
150 0,305 0,226 0,198
160 0,27 0,2 0,176
170 0,24 0,178 0,156
180 0,216 0,16 0,139
190 0,196 0,142 0,126
200 0,175 0,129 0,112
210 0,16 0,118 0,102
220 0,146 0,108 0,093

TommuHy (hacOHKH OINPEACISIOT KOHCTPYKTHBHO, MCXOMS M3 YCHJIAS B OTIOPHOM
packoce, mo tadmure 10.3. TommmHaa GhacoHOK OOBIMHO MPUHUMAETCS OJMHAKOBOW BO
BCEX y3J1axX.

Ta6muma 10.3 — Pexomenayemas TommuHa GacoHOK

Ycunue B onop- <150 160...250 260...400 |410...600 {610...1000 | 1010...1400 {1410...1800 >1800
HOM  packoce,
kH

Tonmmaa daco- | 6 8 10 12 14 16 18 20
HOK, MM

PesynpTarel mombopa cedeHHMM MPEACTaBIAIOT 1O ¢opMme, yKa3aHHOM B
tabsmue 10.4.

Ta6muma 10.4 — IIpumep nmogbopa ceueHuid cTep KHEH

0003- | Pacuer- PacuerHsie Pamunyc ['u6-
[Ipuns- Tomum-

Haye- | Hoe [Ino- | anuHBL CM | HHEPLIKH, CM KOCTh Hanps-
ute- HHE | YCH- T A Ha Omin | JKEHHE
MeHT CTepXK-| JHe, «re o |k ly x ry (acon- A | Ay MlIla

HUE KH, MM
HS kH

Bep- 6-7 | +734 1r 39,4 |1252| 252 | 3,87 | 5,6 14 65145 — +186
XHUH 125%8

OsIC

Huwk- | 2-5 | +660 | 4L | 36 [600] 1200 2,58 | 6,86 | 14 |233|175| - | +184
HUN 110x8

osIC

Pac- 2-3 | =362 1r 39,4 |354| 443 | 3,87 | 5,6 14 88 1148(0,314| 21
KOCBI 125%8
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CTep>kHHU PelIeTKU U3 YTOJIKOB MPUKPEIUISIIOTCS K y3I0BbIM (haCOHKaM YTJIOBBIMU
mBaMH 1o 00yIKy U 1o nepy (pucyHok 10.6). Benuunna ycwnmmii mo niepy N, u 1o
00ymiKy Nos omipenensiercs mo ¢popmyaam

N =9N; (10.6)

N, =(-7)N, (10.7)

rae N —pacuetrHoe ycunue, H;
vy — K03 puImeHT, xapakTepusyomuidi HeCUMMETPUIHOCTh CEUYCHUS, Y = Zo/b
(c M. pucyHok 10.6).

| | Hetopmupyeman cxema o

_ B nnocmc_ﬂl tEpMEl .:S%
== >
-~
W
| L
' Hedopmupyeman cxema
d d 2d o WMEZ MNOCKOCTH qJEpI'u'IbI
— | e :
NfCBﬂaM
Pucynox 10.5 — Cxema onpenenenus Pucynox 10.6 — PacuetHas cxema
ACYETHBIX JJIUH 3JIEMEHTOB (hePMBI CBapHOTO y311a
y

JIns paBHOIOJIOYHBIX YTOJIKOB mMpuHuMaroT y = 0,3, /sl HEpaBHOIOJIOYHBIX
MPUKPEIUICHHBIX y3KOM mojkoi y = 0,25, 1y HepaBHOIOJOUYHBIX MPUKPEIJICHHBIX
mpokoi nosikou y = 0,35.

TpeOyemyto JUIMHY CBAPHBIX HIBOB OMPEEISAIOT, UCXO/IS U3 YCIOBUS IPOYHOCTH
YTJIOBBIX IIBOB Ha YCJIOBHBIN Cpe3:

bwea no 0byuKy — No6/(B K06wa); (108)

Lwsa no nepy = Nn/(B K wa), (109)

rae Kos, Ky — KaTeTbl CBapHBIX MIBOB MO OOYIIKY U TIO TIEPY, M;
R,y — pacueTHOE conpoTUBIIEHHUE YTIOBOro mBa, Ay ctau Ct 3 R,y = 180 Mlla;
B — xoadpduument ¢popmsl mBa. g pyuHoit gyrosoit cBapku 3 = 0,7; nis me-
XaHu3upoBaHHoOM cBapku 3 = 0,8; myist aBTomMaTuaeckoit ceapku 3 = 0,9.
Karetpl yriioBbIX IIBOB HE JOKHBI TPEBBINIATh MUHUMAIBHOW TOJTUHBI
MeTaJljia MOJIOK yrojika U (pacoHOK. Pe3ynbTaThl pacuera CBapHBIX IIBOB CBOJSTCS B
tabnuiy 10.5.
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Tabmuua 10.5 — Pe3ynbTarhl pacueTa CBapHBIX IIBOB

Howmep [IoB mo 00ymIKy [IToB no epy
CeucHue N, xH
CTCPXKHA Nos,xH | Kos, MM Lusa, MM | Nu, kH | Kun, MM | Liusa, MM
1-2 1r 780 585 8 220 195 6 110
160x100x9

KOHmPOJleble eonpocol

1 Kakue pacueTHble METOABI MOKHO MCIOJIB30BATh JJISI ONPEICIICHUS] YCUIIAN B
cTepkHsIX hepm?

2 Ot xakux (paKTOPOB 3aBHCAT pa3Mephbl CBAPHBIX IIBOB JJISI COCTUHEHUS dJie-
MEHTOB (epM B y3ein?

3 Yro Takoe ko3 PULMEHT MPOAOILHOTO U3ruda 1 Kak OH OINpeAesseTcs?

11 IIpakTnuyeckoe 3ansarue Ne 11.

000JI0YKOBOI'0 THIIA

Pacyer KOHCTpPYKUMH

K 0007104KOBBIM KOHCTPYKIUSM OTHOCSIT BEPTUKAIBHBIC IUIMHIPUUYECKUE
pe3epByaphl C MUIOCKUMH U CHEPUISCKUMHU ITHUIIAMH, CHEepudecKue pe3epByaphl,
rasrojibAepbl, PECUBEPHI, TPYOONPOBOJALI W T. N. PacueTHbIMU Harpy3kamu st
000JIOYKOBBIX KOHCTPYKIIMM, KakK TPaBWIO, SBJISIIOTCS THAPOCTATUYECKOE WM
M30BITOYHOE JaBJICHUE, a TAK)KE U3rHOAIOIINe MOMEHT U YCUIIUSI, BEI3bIBAEMBIC TIepe-
najgaMu Temreparyp. ToJuHA CTEHKH 00O0JIOUYKOBBIX KOHCTPYKIIMM Maja Mo CpaB-
HEHUIO ¢ UX TabapUTHBIMU pa3Mepamu. B cBsI3u ¢ 3TUM IpeanoiaraeTcs, 4To Hamps-
KEHUSI B CTEHKEe OOOJOYKM pachpelielieHbl paBHOMEPHO 1O €€ TOJIIIUHE.
KomnoHeHTsI HanpsiKEeHUH pacCYUTHIBAIOT TI0 hopmysiaM u3 Tadomuiel 11.1.

Tabmuna 11.1 — HanpspkeHust B TMIHHAPUIECKUX B CHEePUIECKIX 000T0UKaxX

KoHeTpyKius Hanpsixenue
MEPHUIUOHAIBHOE Gl KOJIBLIEBOE G2 KacareiabHOe

CreHKa IIMIMHAPUYECKOTO pe3epByapa, p-r (y-y+p)r —
HaxoJsIIeToCsT  MOJ  BHYTPEHHUM - .
JTABJICHHEM XHUJKOCTHU U raza 26 0
CreHka IWIMHAPHUYECKOTO  COCY[a, p-r p-r —
HaXOJSIIETOCs] TOJA BHYTPEHHUM () * T—
WM HapYy’KHBIM (—) JaBJIEHUEM ras3a p 26 0
Crenka chepuueckoro cocyaa, p-r p-r —
HaXOMSAIIErocs MOJ BHYTPEHHUM (+) * *
WJTU HApPY>KHBIM (—) TaBJICHHEM rasa p 26 26

KUIKOCTH, KI/M>

Ilpumeuanue — & — TOJNIMHA CTEHKH COCYJa, M; 7 — PaJlyC CPEAMHHOW MOBEPXHOCTH, M;
¥ — pac-CTOSHHE OT MOBEPXHOCTH XHJKOCTHU /0 PacCMaTpPHUBAEMOIO CEYEHHsI, M; Y — IJIOTHOCTh
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3aganme 1
Omnpenenure TOJIIHUHY CTEHKH CTalbHOIO C(EpUUECKOro pesepByapa oObe-
MoM V. VicxonHble TaHHbIE TpUBEACHbI B Ta0muie 11.2.

Tabmuma 11.2 — Mcxomusle JaHHBIE K 3a0aHUTO 1

Howmep O06nem pe3epByapa [TmoTHOCTB N36pITOUHOE [Ipenen mpounocTr
BapHUaHTa V, > JKUJIKOCTH 7, r/cM® | maBnenme, MIla craiu cs, Mlla
0 600 0,8 0,2 500
1 800 0,8 0,2 320
2 1000 0,8 0,2 380
3 1200 0,8 0,2 400
4 2000 0,8 0,2 420

O6beM ceprueckoro pesepByapa BeIUUCIsIEM TTO popMyIie
4
V:§Tc-r3, (11.1)

TIe 7 — paauyC BHYTPEHHEN IMOBEPXHOCTHU PE3EpByapa, M.
Torma nuameTp pesepByapa

3-V _,[3-600
4m 4.3.14

D=2r=2- =10,5 m.

OmnpenenseM pacdyeTHOE [aBICHHE p KaK CYMMYy THAPOCTaTHYECKOTO W
U30BITOYHOTO AABJICHUN ¢ COOTBETCTBYIOIIMMHU KO3 PUIMEeHTaMu 3araca:

p :lal'peu()pocmam +192'pu36 :l’l'Y'h'g+1’2'pu36 =

=1,1-800-10,5-9,8-107° +1,2-0,2 = 0,091+ 0,24 = 0,331 MI1a.
Haxonum pacdeTHyro TOIMHMHY 00071049KH 110 (hopMyJie

_ pD _ 0331-105
4¢c]-p 4-142,86-0,33

Sp =0,006 M, (11.2)

rae ¢ — KO3(pPHUIMEHT CHIKEHHUS IOMYyCKAEeMBbIX HAMpPsDKEHWH Ha CBapHBbIE coe-
JUHEHHUS TI0 CPABHEHUIO C JOIYCKAaEMbIM HAIIPSKEHUEM Ha OCHOBHOW MeTalI, @ = 1.

[6]=%2 =% _ 14786 wiTa, (11.3)
n

5

rje n — Kod(ppuimeHT 3amnaca MpoYHOCTH, JIJIsi CHEPUIECKUX pe3epByapoB n = 3,5.
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OxkoHuaTenbHas TOJIIMHA CTEHKH 3aJa€TCS C y4eTOM MPHUOABKU HA BBITSIKKY
MeTaJlia P BaJIbIIOBKE WM miTaMioBke C1 v mpubaBku Ha KOppo3uto Ca:

S, =8Sp+C,+C,=6+05+0,5=7 MM. (11.4)

3ananue 2

Paccuurare reoMerpuueckue mapamMeTpbl BEPTUKAIBLHOIO IUJIUHIPUYECKOTO
pesepByapa u3 ctanu 0912C nna xpanenus HedTtu (pucyHok 11.1). Hcxonnsie
JaHHBIE TIpeJICTaBlIeHbI B Tabmume 11.3.

Bri6upaem BricoTy pesepsyapa mo tabmuue 11.4. lng pesepByapa o6bEMOM
V' =20000 M® mpuHIMaeM HOMHHAIBHYIO BBICOTY pe3epByapa H, =16wm. Jljis usro-
TOBJICHUSI CTEHKH BBIOMpaeM CTaIbHOM JUCT ¢ pazMepamu B moctaBke 2000 x 8000 mm.
C yderom 00pabOTKM KpPOMOK JIUCTAa C IEJbI0 TMOJTYYEHHUS NPABUWIHHOW MPSIMO-
yTOJIBHOM (POPMBI TP AATBHEUIIIUX pacueTax MPUHUMAIOTCS CIEIYIOUIUE ero pa3me-
pel: 1990 % 7990 mMm. COOTBETCTBEHHO, KOJMYECTBO TOSICOB B pe3epByape Oyner
paBHO N, = 8. TouHnas BeicoTa pe3epByapa H = 1990-8=15920 mm.

: 2 I;"iS-SbITOi'-IHOE :
Tk e
= I H
H| B I I
- I
= | l
1 - | '
pH
. D =2r
Pucynok 11.1 — Pacyernas cxema
Taobmuma 11.3 — McxonHble JaHHBIE K 3aIaHUIO 2
Bapuanr O6nbeM pesepByapa V, m° [InotHOCTH HEdTH ¥, I/CM>
0 20000
1 21000
2 22000
3 24000
4 25000
0,9

5 26000
6 27000
7 28000
8 29000
9 30000
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Panuyc pesepByapa onpenensiercs u3 Gopmyibl st 00beMa HUITUHIPA:

V=n-r-H, (11.5)

3
r=.] d :1/20000 10 =20002 MMm.
nH n-15920

[IepumeTp pesepByapa L, ¥ 4uCI0 JIUCTOB B mosice NV,

L =2-nw-r=2-1m-20002 =125613 mmMm; (116)
N = L _ 125613 ~157. (11.7)
L 7990

[IpeamoYTHTELHER OKPYTIISATH YHUCIIO JUCTOB B IOSICE 10 IEJ0r0 MIH BEIOMPAThH
HOCJIEAHUM JTUCT PaBHBIM IIOJIOBHHE JUTHHBI JINCTA.
[Mpuanmaem gwucio auctoB B mosice N, =16, Torma mepumetp pesepByapa

L =16-7990=127840 mwm,

a OKOHYATEJIbHBIN PainyC

n

L =127840:20346 MM.

=

2.t 2w
YTouHeHHBIH 00bEM pe3epByapa

V=mnrH=n-20346"-15920 ~ 20704 M.
HomunanbHas TonmuHa KakI0ro nosica CTEHKHU pe3epByapa tu pacCUMUTHIBAECTCS
o gopmyie

t, =(y-g-(1—1i—GL)+1,2-p)%+Ath+Ath, (11.8)

rae eL :\/r'(tL _Ath _Ath)’

{1 — Ha3HAYEHHAs1 HOMUHAJIbHAS TOJIIIMHA I10SICA CTEHKH, IIPUMBIKAIOILEr0 CHU3Y K
I-MY CTBIKY, M;

Aty — IPUITYCK Ha KOPPO3HIO MOSICA, IPUMBIKAIOIIETO K i-My CTBIKY CHU3Y, M;

Atwy — MHAHYCOBOM [JOIIYCK HA IIPOKAT II0SCA, NMPUMBIKAIOLIETO K i-MYy CTBIKY
CHU3Y, M;

R — pacyeTHOE conpoTHBIIEHNE MaTEpHaa MOsCa 10 PeAey TeKydecTH, I1a;

p — HOpMaTUBHOE U30bITOUHOE JlaBieHue, Mlla;

g — yCKOpeHHe cBOOOIHOTO IajieHus, g = 9,8 m/c?;
H; — paccrosiHHEE OT 3epKaja MpoayKTa JI0 i-TO CThIKA TIOSICOB, M.
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PacyeTHOE€ cCONMpOTUBIICEHHME MaTepuUalla CTEHKU PE3EpBYyapoB MO Ipeaeny
TEKy4eCTH Oompeesercs mo Gpopmyre

R v -
R=tw VeV (11.9)

Vo Yo

rae R, — HOpPMAaTHBHOE CONPOTHBICHHE DACTHKCHUIO METalla CTEHKH, PaBHOE

MUHAMAJIBLHOMY 3HAYCHHUIO TIpejesia TEKy4eCTH, TNPUHHUMAeMOMY II0 TOCY-
JApCTBEHHBIM CTaHIapTaM Ha JUCTOBOM mpokar, i ctaiau 0912C Ryn =325 MlIla;

Y. — KO3pPUIMeHT ycnoBui padboTsl, v, = 0,7 — i HWXKHero nosca, y, = 0,8 —
JUTSI OCTaJIbHBIX TTOSICOB,;

Yt — TeMIeparypHbiil ko3 uumenr, Yr = 1;

Ym — KOOPOUIUEHT HAJEKHOCTH 110 MaTepuany, Ym = 1,025;

Yn — KOOPPUIIMEHT HAZCKHOCTH MO OTBETCTBEHHOCTH, JUISI KJlacca onacHocTu |
Yn =1,2; nna xnacca Il vy, =1,1; mna knacca I vy, =1,05; s xnacca IV 'y, =1.

HomunanbHas TomHa nepBoro nosica CTEHKU pe3epByapa

20,346
t,. =(900-9,8-(15,92-0)+0)————+0,001+0,001=0,0166 mmpu 6,, =0;
Ul ( ( ) )201’77‘106 p Ll
Lnosic :M:201,77 MHa
1,025-1,1

HomunanbHas TonmuHa BTOPOro Mosica CTEHKHU pe3epByapa

t,, =(900-9,8-(13,93-0,545) + O)Lém6 + 0,001+ 0,001 =0,0124 M.
230,6-10

. .

0,, =+/20,357-(0,0166—0,001—0,001) = 0,545 M.

o = 325-08-1 =230,6 Mlla.

1,025 - 1,1

Pe3ynbTaThl pacyeTa TOJIIUHBI fy KaXKJOrO MOsica CTEHKHU CJIEAYyeT OKPYTJIUTh

JI0 TIEJI0TO YHCjla W MPUBECTH K CTAHJIAPTHBIM 3HAYEHUSM Ha TOJIIMHY MpoKaTa Io

I'OCT 19903. IlocnemHum »3TamoM pacuera SBJISETCS CPAaBHEHHUE IMOJYYEHHOM
TOJILIMHBI MOSCOB C MUHUMAJILHO JIOMTYCTUMBIM 3HAUEHHUEM fmin TIO TaOIMIE 11.5.
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Tabnuna 11.5 — MuHUMAaNIBHO TOMyCTUMAs TOJIIMHA JIUCTOB CTEHKHU pe3epByapa tmin

Huamerp pesepByapa D, m | Mo 15 Bkmrou. | CB. 15 go 25 Cs. 25 10 40 Cs. 40 no 65

TosmuHa ¢ min, MM 5 6 8 10

KOHmpo./leble eonpocol

1 Kak ompenemsercs pacdyeTHas TOJIIMHA CTEHKH IIHJIMHIPHYCCKOTO
pe3epByapa?

2 Kakne KOMITOHCHTHI HANPsSHKCHUH MOTYT BO3HHKHYTH B CTCHKE ITUJIMH]I-
pUYECKOro pe3epByapa?

3 Kakue nmpumnycku Ha TOJIIHMHY JHUCTOB Pe3epByapa 3aKjaJbIBalOTCS B IMPOESKT-
HOW TOKYMEHTAIUN?
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