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1 META POBOTH

BuBYeHHST Ta OCBOEHHSI OCHOBHUX MPHUHIUIIB PO3PaXyHKy MIIIHOCTI
CTHKOBHX 3’€JHAHb 3BAPHUX KOHCTPYKIIiH.

2 3ATAJIBHI BITIOMOCTI

Cepen  pi3HOMAHITTS  3BapHUX  KOHCTPYKIIH,  BHKOHAHUX
3BapIOBaHHSAM IUJIABJICHHSIM, HaiOUIbIIEe 3aCTOCYBaHHS y BiIOBINAIBHUX
KOHCTPYKIIISIX MatOTh CTHKOBI 3’€IHAHHSI.

OOpHc CTHKOBOTO MIBY 3aJIGKHTh BiJl TOBIIUHH 3BapIOBAIBHOTO
MeTay i BHJY IiJIrOTOBKH KPOMOK €JIEMEHTIB, 1[0 CTUKYIOThCS (Tabd. 2.1).

[ig miero 30BHIIIHIX HABAaHTA)KEHb B METal LIBY 3BApHUX 3’€IHAHb
MOXXYTh BUHUKHYTH HaIlPy>KEHHS JTBOX POIIB: po0OO0Ui Ta 3B'SA3yI0UH.
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Pucynok é.l — Ipukiaan pobounx (a) Ta 38’sa3yrourx 1meis (6) [2]

Ha puc. 2.1 a BinoOpakeHo 3BapHE 3’€IHAHHS, B SKOMY JBi CMYTH,
3’€¢HaHI CTUKOBUM IIIBOM. 3BapHE 3’€THAHHSI HABAHTAXXEHO PO3TATYIOUNM
3YCUIIISIM.

3BapHi IIBW, pyWHYBaHHS SKUX CIPHYMHSE 32 COOOI0 pyHHYBaHHS
BCi€l KOHCTPYKIIii, HA3WBAIOTHCA POOOYNMH; HAIPYKEHHS, 10 JFOTh B IIHX
HIBax — pOOOYNMHU HANIPYKEHHIMH.

HamnaBnennit meran B 3BapHOMY wIBi, MO 3’€IHYE ABI CMYTH,
rmoka3aHi Ha puc. 2.1 6, mpaIfroe iHaKie, HiK y TONepeHbOMY BUIAJIKY.
HanuaBnenuit meran nedopMyeThes pa3oM 3 OCHOBHUM, IIPU [IbOMY B HBOMY
BHHUKAIOTh HANPY>KEHHS, sSKi BHACHIJOK iX CHUIBHOI pOOOTH 3 OCHOBHUM
MeTalloM y 0araTboX BHUIAJKaX He € HeOe3NmewHi uisi MIMHOCTI Bciel
KOHCTPYKIIiH 1 HA3UBAOTHCS 3B'A3YIOYH.



Ta6muus 2.1 — [puknamm miAroTOBKH KPOMOK CTHKOBHX 3’ €IHAHb, 110
BUKOHYIOTBCSl 3BaproBanHaM min ¢umocom (JICTY-H B A.3.1-11:2008,
I'OCT 8713-79) [2]

dopma Xapaxtep qDOPM;E::;ﬁ ;tmoro ToBuHN S;I\(;[SHB:_G
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SIKIO  MOAYJb TPYKHOCTI HAIUIABIEHOTO MeETaly CyTTEBO HE
BIJIPI3HAETHCS BiJl MOAYJISl IPY>KHOCTI OCHOBHOT'O, TO B IIBaX IpH iX poOoTi
B MEXax NPYXKHHUX AepopMaliiil yTBOPIOETHCS HANPYKEHHs TPUOJIU3HO Ti€i

K BCJIMYMHHU, 110 1B PO3TATYBAaHUX CMYyTax.




[Ipu pospaxyHKy MIIHOCTI 3BapHHUX 3 €IHAHb BH3HAYAIOTH JIHIIE
poboui HampyxeHHs. JlOCHiDKEHHS MiATBEPPKYIOTh, IO B OUIBIIOCTI
BHIIAJKIB TPH aHaNi3l MIIHOCTI 3BapHUX KOHCTPYKIM 3B'S3yl04YU
HaTpPy>XEHHSI MO)KHA HE BPaXOBYBAaTH.

IcHytOoTH Ba piBHOMpPaBHI METOIM PO3PAaXyHKY HA MILHICTH 3BApHUX
KOHCTPYKIIii:

- PO3paxyHOK 3a JOMYCTUMHUMH HAPyKEHHSIMH,

- PO3paxyHOK 3a TPAaHHYHUMH CTAaHAMH.

OOuaBa METOM 3aCTOCOBYIOTHCS MPH MPOSKTYBAHHI PI3HUX CIOPYA
MPOMUCIIOBOTO 1 IMBUIBHOTO TPU3HAYCHHS, HANPHKIAL, 3aII3HUYHUX,
ABTOMIOPOXKHIX 1 MICBKMX MOCTIB, IMEPEKPHUTTIB MEXiB, TPyOONpPOBOIB,
CTaJIeBUX KapKaciB JKUTIOBUX OyJiBeNb, a TAKOXK BHUKOPUCTOBYIOTHCS IS
PO3paxyHKy MIITHOCTI MAIIMHOOYAIBHUX KOHCTPYKITiii.

2.1 IIpuHOMI po3paxyHKy 3a JONMYCTHMHMH HANPYKCHHSIMH

IIpu po3paxyHKy KOHCTPYKIH 3a JOMYCTUMHMH HANPYyXCHHSIMH
YMOBA MIITHOCTi Ma€ BUTJISI;

o < o], (2.1)

e 0 — pO3paxyHKOBI HampyXXeHHS B HeOE3[EeYHOMY TEpeTHHI eIeMEeHTY,
MlIlIa;
[o] — nomycTumi Hanpyxenns, MITa.

JomyctuMi HanpyXeHHS BCTAHOBIIOIOTHCSI B 3aJICKHOCTI BiJ] TAaKUX
(hakTopis:

- BJIACTHBOCTI MaTepialiB;

- CTyIIeHI TOYHOCTi pO3paxyHKY;

- BUJIy 3yCHIIb (PO3TATHEHHS, CTUCHEHHS 1 Ta iH.);

- XapakTepy HaBaHTA)KECHHS.

Jlonycrumi  Hanpyxenns npu postarysanni [o]p [O1P 3assuuaii
Ha3WBAIOThCS OCHOBHUMH. JlOMyCTMMi HampyXeHHS NpH IHIIMX BHIAX
3ycuib (CTHCK, BUTHH, 3pi3) BHU3HAYAIOThH SIK MOXiAHI Big [0] 0lp. B
CUMBOJIM JIJIsl 3BAPHUX 3'€[JHAHB JOJAETHCS 3HAK LITPHXA, HAPUKIAL: [a'],

[7']



Y MammHOOynyBaHHI B KOHCTPYKIISIX, IO MPamiOlOTh Mij
CTaTHYHUMM HABaHTAXCHHSAMH, B OUIBIIOCTI BUMAAKIB JOMYCTHMI
Hampy)KCHHS MPU3HAYAIOTBCS B 3aJIGKHOCTI BiJl MEKiI TEKy4OCTI o 1
BH3HAYAIOTHCS BITHOIICHHSM:

o] = % (ky = 1,4 ...1,6);

B OKPEMHX BHIIAJIKaX — 3aJISKHO BiJl MEXi MIlIHOCTI (0p):

[o]p =22, (ky =2,0..2,4)
k2

e k, kqik, ks Koe(ilieHTH 3amacy MIIHOCTI.

JomyctuMi  HampyXeHHS MOXYTb OyTH 3ajaHi nudpoBuUMH
3HAYEHHSIMM a00 BCTAHOBJIIOBATHUCSA Yy BIJICOTKOBOMY BiIHOIIEHHI BiJ
JOMYCTUMUX HAIPYKeHb OCHOBHOT'O MeTany (Tabi. 2.2).

Tab6mmst 2.2 — JlomycTuMi HaNpy>KEHHS JUTsI 3BapHUX MIBIB [3]

I'pyna JIONyCTHMIi HATIPYKEHHS y 3BAPHUX IBaX NPH
3’€/[HAHD postsrysanHi, [0']p | cTucHenHi, [0']¢; 3pisi, [7']
I [a]p [o]p 0,65[g]p
1 0,9[c]p [o]p 0,6[g]p

Hampuxitan, mpu 3BaproBaHHI HHU3BKOBYTJIENEBOi craii mMapku Ct3,
JUTSL SIKOT JIOMYCTUMI HANPYKEHHSI P PO3TATyBaHHi [0 ]p [O1p = 160 MITa,
JOIYCTHMI HAmpY)XeHHS B 3BApHUX IIBAaX, BUKOHAHWX ABTOMATHYHHUM
3BaproBaHHAIM min Qurocom (A3D), HamiBaBTOMATHYHUM 3BapIOBAaHHSIM B
cepenoBumi 3axucHoro raszy (C3[) abo pydHHM IyroBHUM 3BaplOBaHHSIM
(PA3) saxicanmu enexrpogamu E42A OymyTh HACTYITHUMH:

- IIpH PO3TATYBaHHi [0] P[JJ]p =160 MIla;
- ipu cTUcKyBaHHi [0'] ., = 160 MlTa,
- ipm 3pisi [t'] = 100 MITa.
IMpu BUOOPI MONMYCTUMHX HAMPYKEHb 3BapHi 3’€JHAHHS YMOBHO
MTONIUISIIOTHCSI HA JIBI TPYIIN:
I — 3’enHaHHs, BUKOHAHI HAa aBTOMATaxX Ta HAIIBaBTOMATax il MApOM
¢mocy, y C3I', a Takoxx P/I3 enexkrpomamu Buioi sixkocti (E42A, ES0A);
Il — 3’emnanHs, BUKOHaHI enekTpoamMu 3Bu4aiHoi sikocti (E42, ES0).
Meron po3paxyHKy 3a JOIMyCTHMHMH HAIPYXCHHSIMU HaHOUTBII




MOLIMPEHUH, TaK SIK JOCUTH IPOCTUH, IO € HOro OCHOBHOIO IIEPEBArOIO.

Henonikom nporo mMeromy € Te, 1m0 BUOIp AOMYCTUMHUX HANpy>KEHb
a00 BCTAHOBJICHHS KOe(IIliEHTY 3amacy MIlHOCTI POBOIUTHCS 0€3 JTOCUTh
MOBHOTO BpaxyBaHHs yciX YMOB poOoTH KoHCTpykuiin. Tomy, Oyna
po3po0iieHa METOAMKa PO3PaxyHKy KOHCTPYKIIH, IO OTpHMana Ha3By
PO3paxyHKH 3a TPaHUYHUMH CTaHAMHU. BOHa BHUKOPUCTOBYETHCS MPH
MPOEKTYBaHHI OyIiBEIbHUX KOHCTPYKIIIH.

2.2 IlpuHUIMNI PO3PaxXyHKY 3BaAPHMX 3’ €IHAHb 32 TPAHUYHUMHU CTAHAMU

'paHvyHMM CTaHOM KOHCTpPYKIIi Ha3WBAa€ThCS CTaH, TPH SKOMY
KOHCTPYKIIisl TIepecTae 3aJI0BOJILHATH EKCILTyaTalliiHUM BHMOTaM, IO
Mpe IBJISIOTHCS, TOOTO TIepecTae YMHUTH OITip 30BHINTHIM J1isiM (110 Hecydii
3matHocTi), abo oTpuMye HemomycTumi jedopmarii, abo Micuesi
TTOIIKO/KEHHS. 3BUYaitHi 3BapHi KOHCTPYKITii pO3paxOBYIOTHCS 10 TIEPIIOMY
TPaHUYHOMY CTaHy, TOOTO HeCydid 34aTHOCTI (MIITHOCTi, CTiHKOCTI abo
BUTPHUBAJIIOCTI).

IIpn mpoexkTyBaHHI KOHCTPYKIII yMOBa MIIIHOCTI IO TIEPIIOMY
TPAaHUYHOMY CTaHY 3aIMHCYEThCSI TAKAM YHHOM

~<R, (2.2)
R=15,
kg =

ne N — po3paxyHKOBE 3yCHIUIS y KOHCTPYKIii BiJi CyMH BIUIMBY

PO3paxyHKOBHX HaBaHTa)KeHb, H;

F — reomerpr4Ha XapakTepUCTUKa Mepepisy (IUIoma, MOMEHT OIopy i
T. 1), CM?;

R — po3paxyHKkoBuii orip martepiany, Mlla;

ot — Mexa Texydocti, MIla;

k., — xoediuient Hamiiinocti (a0 3amacy MilHOCTI);

n — koedilieHT nepeBaHTaKEHHS;



k — xoediLlieHT OTHOPITHOCTI METaY;
m — Koe(illi€eHT yMOB pOOOTH.

Pozainenns omHOro KoedillieHTa 3amacy Ha JEKUIbKa HE3aJICKHUX
Koe(ili€HTIB J03BOJISIE MPABWIBHILIE XapakTepU3yBaTH BCi OCOOIMBOCTI
YMOB pPOOOTH JaHOi KOHCTPYKIii (BPaxOBYIOUHM OKpPEMO OCOOJMBOCTI
HaBaHTa)XKeHb, MaTepialy 1 YMOB eKCILTyaTallii).

3HavyeHHs Koe(illiEHTIB Ta PO3PaxyHKOBUX OIMOPIB 3BapHUX 3’ €JHAHD,
3BapHi IIBM SIKAX BHKOHAaHI PI3HHMH CIIOCOO0aMHU, BHU3HAYAIOTHCA I10
TaOJIMIIAX B 3aJISKHOCTI BiJI THITY 3BApHOIO 3’ € THAHHSI, POy 3yCHJLIA 1 KIacy
crami. TaOmuii waBemeni B JIBH, CHill Tta noBigkoBiii miTepaTypi.
Hampuknan, it CTHKOBOTO — 3BapHOrO0  3’€qHAHHS  BHKOHAHOTO
ABTOMATHYHUM, HalliBABTOMAaTHYHHUM 1 pyYHUM 3BapIOBaHHSM PO3PaxXyHKOBI
oropu R HaBezieHi B Tab. 2.2.

Tabnuis 2.2 — Po3paxyHKOBI OIOpH 3BapHUX 3’€JTHAHB [3]

Pin 3ycums, Kiacwu craneii (Y4HCENbHUK — 05, 3SHAMEHHUK — 07)
MIla C38/23|C44/29|C46/33|C52/40| C60/45 |C70/60|{C85/75
Cruck 210 | 260 290 | 340 380 440 | 530

3pi3 130 | 150 170 | 200 230 260 | 310

TakuMm YMHOM, METOZ PO3pPaXyHKY IO JOMYCTUMUM HAIMPYXEHHSAM, €
OKpEMHUM BHUMAJKOM 3arallbHIIIOr0 METOMY PO3pPaxyHKY 3a TPaHHYHUMH
CTaHAMU.

2.3 Po3paxyHKH MilIHOCTi 3BapHHMX CTHKOBMX 3’€IHAHb

Hpsami mBu (puc. 2.2). Ilpu po3TsaryBaHHI i CTHCKYBaHHI yMOBa
MIITHOCTI OJTHAKOBA 1 3aIMICYETHCS HACTYITHIUM YHHOM:

P _F '
Gm_Fm_é‘-lS[o-]p’

ne P — niroui 3ycuiutst, H (abo krc);
F,, — miomma 3BapHOro maa, M2 (a6o Mm?);
l — noBxwuHa mBa, M (200 MM);
& — TOBIIIMHA 3BapHUX IJIACTUH, M (200 MM).
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PospaxynkoBa noBxuHa IBa | mpUiMaeTbcs PIBHOIO (QaKTUUHIH,
SIKIIIO KiHII ITBA BUBEJICHI HA BUBIIHI IJIaHKU. Po3paxyHKOBa TOBIMHA IIIBA
& OepeThbCs PIBHOIO TOBUIMHI OCHOBHOT'O METajy SKIO IIOB BUKOHYETHCS 3

IIOBHHM ITPOBApPOM.

J e
A N P
~a—f—-0) g Y = —- (G mm
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' ===
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Pucynox 2.2 — IIpsiMuii CTUKOBUI LIOB, 110 MPALIOE HA PO3TATYBaHHS [2]
Koci mBu (puc. 2.3). SIKIo CTUKOBHUI OB CIIPSMOBAH i JSIKAM
KyTOM 0 IO HampsAMKy il 3yCHJUISI, TO Y 3BapHOMY IIBI BHHHUKAIOTH SIK
HOpPMAaJTbHi (0,;) TaK 1 JOTHYHI (T,,) HAIPY>KCHHS.

—

o /\' i~ p P —
3 — =
Gy = (0} \j‘f’“‘_—'_‘_'_""‘ —@—

Lo Ay , el

Pucynoxk 2.3 — Kocuif cTukoBuUii OB, 10 MPALIIOE HA PO3TATYBaHHS [2]
YMOBa MIIIHOCTI Ma€ BUTJIS;
N P-sinsin a '

Oy = — =
R 51
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T P-coscos a ’
Ty = F_ = < [T ],
- 8l
ne N — HopMmanbHe 3yCHILIS, sIKE CIPUUMAEThCsa KocuM iBoM, H;
T — moTuvHe 3yCUIUIs, SIKe CIPUIMAETHCSI KOCUM IBOM, H;

@ — KyT MK HampsiMOM TOJIOBXXHBOT CHIIM 1 BICCIO KOCOTO 1IBa, TPa/l.
N = P:sinsina,

T = P -cos cos a .

3 KOHTPOJIBHI 3AITUTAHHA 1JIs1 CAMOIIEPEBIPKH I
KOHTPOJIIO HHIAT'OTOBJIEHOCTI CTYAEHTIB 10
POBOTHU

1. Sxi Hanmpy>keHHs y 3BapHOMY 3’ €IHAHHI 3BYThCSI POOOYNMH, a SKi
— 3B’ si3yrounmu? [IpoimocTpyiiTe e eckizaMu.

2. SIK 3amMCYEThCS yMOBA MIITHOCTI ISl CTUKOBHUX 3’ €HAHb?

3. SIki OCHOBHI METOH PO3PaxXyHKY Ha MILHICTh 3BAPHUX 3’ €THAH?

4. Sk BU3HAYAIOTHCS JIOMYCTUMI HATPYXKEHHS JUI METally 3BapHOTO
mBa?

5. SIkKMMM  HampyXEHHSMH BH3HAYAETHCS  MIIHICTh 3BapHOTO
CTHKOBOI'O 3’€IHaHH, o a00 T ?

6. Sk pO3NOAINAIOTHCS HATPYXKEHHS B KOCHX IIBax?

4 MATEPIAJIM, IHCTPYMEHT, IPUJIA/IU, OBJIAJTHAHHSA

1. 3pa3ku CTUKOBHX 3’ €JHaHb 31 craii CT3, pydHe 3BaprOBaHHS
BHKOHAHO enektpogamu E42 aco ESOA.

2. Mranrennupkyns JCTY TTOCT 166:2009.

3. Jlinitika BumiproBanbHa metanesa JJCTY I'OCT 427:2009.

4. PospuBna mammna YMM-20.
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5 BKA3IBKHU 3 TEXHIKH BE3IIEKHA

1. Hdo nmabopaTopHuUX pPOOIT OMYCKAIOTHCS CTYASHTH MiCIIs
THCTPYKTaKy 3 OXOPOHH Ipalli Ta MOXKEXKHOT OE3MeKH.

2. 3a00pOHSETbCI ~ BMHKATH  CNEKTPUYHI  TNpWiIagd  Ta
oOyagHaHHs 03 J103BOJTY 3aBidyr0uoro jgadopaTopiero abo BUKIaIava.

3. VY BUMajKy BUSBICHHS HEMONAJO0K OONaJHAHHS CTYAEHT
MMOBHMHEH HEraliHO MOBIIOMUTH BHKJIaJada abo 3aBiayr0doro JiabopaTopiero.

4. VY BunajKy BAHUKHEHHS IMOKEXi a00 MOpa3KH eNeKTPUIHUM

CTPYMOM CTYJIEHTH TIOBHMHHI JiSITU Yy BIJIIOBIIHOCTI i3 3aTBEPIKECHUMHU
THCTPYKIIISIMH 3 OXOPOHH IPaIli Ta OXKEKHOT Oe3EeKH.

6 IMMOPSJIOK MMPOBEJEHHS JIABOPATOPHOI POBOTH

1. 3pobuTH ecKi3u 3pa3KiB, MO MOCTIIHKYIOTHCS.

JIOCTIPKEHHIO TiUIATalOTh 3pa3KH, 3 JOMYCTHUMHMHU HAaNpPyXEHHIMHI
JUIs OCHOBHOTO METally pH po3TsryBanHi [o]p= 160 MITa (16 xrc/mm?).

2. 3pobuTH BHUMIpIOBaHHS MTOBXMHH ITBA Ta TOBIMMHU IUIACTHHU
crukoBoro 3’eauanus (I, §).

3. BusHaunTH 101y MOMEPEYHOro Mepepizy METary MBa CTHKOBOTO
3’ennanns (F).

4. BcTaHOBHUTH TMOCIHTIJOBHO 3pa3KH, IO TOCTIHKYIOTHCS Y POPUBHY
Marmmay Y MM-20.

5. 3poOuTH HaBaHTaXXEHHS 3pas3KiB 10 pyHHYBaHHS, (QIKCYOUH
3YCHIUIS, TIPU KX BiIOynocs pyiHyBaHHs CTHKOBOIO 3’€HaHHS (Pp).

6. PospaxyBaTu HampyKeHHs, TpU SKHX BiAOylocs pyHHYBaHHS
CTUKOBOTO 3’€IHaHHS (07).

7. Pospaxysatu jomyctume 3ycuiis (Py,n) s JaHOro 3paska 3
ypaxyBaHHAM JOMyCTHMOTO HATPY)KEHHS B 3BapHOMY LiBi [0 ],.

8. OTpumani naHi 3aHecTH 10 TadI. 6.1.

9. 3a po3paxoBaHHM JOMYCTUMUM 3YCHJUISM ISl IPSIMOTO 3BapHOTO
mBa (P, ), po3paxyBaTu HOPMabHI Ta JOTHYHI HAIIPYXKEHHS B KOCOMY IIIBI.

Bennuuny kyra (o) MK HanmpsIMKOM MO370BXHBOI cuiu (P) 1 Biccro
KOCOT0 IIIBa KOKEH CTYJEHT OTPUMY€E Y BUKJIagaya iHAUBITyaIbHO.
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10. 3poOuTH aHami3 OTpUMaHMUX PE3yNbTATIB 1 MATOTYBATH BUCHOBKH
3 1a00paToOpPHOi POOOTH.

Tabmuiss 6.1 — Pe3ynbTaTH eKCIEPUMEHTAIBHOTO BHU3HAYCHHS
MIITHOCTI CTHKOBHX 3BapHHX 3’ €THAHB
Ne Tun L S, Fm,2 Pp, Op, PAOH,
n/m | enektpoma | MM | MM MM Krc | kre/Mm® | Kre
1 E42
2 ESOA
7 3MICT 3BITY
1. Mera poborn.
2. Ecki3u 3pa3kiB, 110 AOCHTIHKYIOTBCSA 3 PO3MIPAMH.
3. Pesynbrati mociigiB Ta po3paxyHKH.
4, AHaji3 oTpUMaHUX Pe3yabTaTIB.
5. BucHOBKH 110 POOOTI.
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