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1 META POBOTH

BuBdueHHS Ta OCBOEHHSI OCHOBHHX MPUHIUIIB PO3PAXyHKY MIITHOCTI
CTHUKOBUX 3’ €THaHb 3BaAPHUX KOHCTPYKIIIH.

2 3ATAJIBHI BITOMOCTI

Cepen  pI3HOMAaHITTS  3BapHUX  KOHCTPYKIiH,  BUKOHAHUX
3BapIOBAHHSM IUIABJICHHSIM, HalOlIbIIe 3aCTOCYBaHHS y BiJIOBiZaIbHUX
KOHCTPYKI[iSIX MalOTh CTHUKOBI 3’ €JHAHHSI.

OOpuC CTHUKOBOTO IIBY 3QJICKUTH BiJ TOBIIMHH 3BapiOBAIBEHOTO
MeTajy i BUAY MiArOTOBKH KPOMOK €JIEMEHTIB, III0 CTUKYIOThCs (Tabm. 2.1).

ITin miero 30BHINIHIX HABAaHTAXXCHb B METaJl IIBY 3BapHUX 3’ €HAHb
MOJKYTh BHHUKHYTH HaIIpy>KeHHS JBOX POJIiB: po00Ui Ta 3B’ A3yI0Ui.

Can -

—~ |

PR o

a) 6)
Pucynok 2.1 — Ipuknaau po6ounx (@) Ta 38’s3yrounx msis (0) [2]

Ha puc. 2.1 a BimoOpaxeHo 3BapHE 3’€HAHHS, B SKOMY JIBi CMYTH,
3’€JHaHI CTUKOBHUM IIBOM. 3BapHe 3’€JHAHHS HABAHTAKEHO PO3TIATYHOUYNM
3YCHJUISM.

3BapHi LIBHM, PYHHYBaHHS SKHUX CIPHUYHMHSE 32 COOOI0 pyHHYBaHHS
BCi€] KOHCTPYKIIii, HA3UBAIOThCA POOOUYNMU; HATIPYKEHHS, 1110 JIIOTh B IIUX
1IBax — pOOOYMMH HAIPY>KEHHSIMU.

HannaBnenuii meran B 3BapHOMY IIBi, IO 3’€AHYE Bl CMYTH,
nokaszaHi Ha puc. 2.1 6, mpaitoe iHaKIIe, HIK Yy MOMEPETHHOMY BHIIAJIKY.
Hannasnenuit meran nedopmyerbcs pa3oM 3 OCHOBHHM, IPU IBOMY B
HBOMY BHHHKAIOTh HAaNpYy>KEHHS, sIKi BHACHiOK iX cminbHOi pobotu 3
OCHOBHHM METaJIOM y 0araThbOX BUIAAKaxX HE € HeOe3leuHi Uil MIlHOCTI
BCi€l KOHCTPYKIIIH 1 HA3UBAIOTHCS 3B’ A3YIOUI.



Tabmums 2.1 — Ipuknann MiATOTOBKA KPOMOK CTHKOBHX 3’ €IHAHbD,
10 BUKOHYIOThCS 3BaproBanHsIM mmif ¢urocom (JICTY-H b A.3.1-11:2008,
I'OCT 8713-79) [2]

®opma Xapaxtep dopma nonepevyHoro o YmoBHE
MiATOTOBKH 3BapHOTO [ICPETHIY JieTane, frosta-
3BapHOIO YEHHS
KPOMOK Ba KPOMOK I MM KOS
3 OnuobiuHui Q 1,5-3,0 Cl
BiIOOPTOB- %
KOIO
KPOMOK
Bes ckocy JBoOIiuHMI 2,0— C2
KPOMOK m 20,0
bes ckocy OnHOOIUHUI m m 4,0— C6
KPOMOK Ha Rl m 10,0
(hrocominHii
i AKJIa 1
31 cKocoM JIBoOiuHMit X 14,0— C13
JIBOX m 24,0
KPOMOK
31 ckocoM OnHOOIYHUHA m N 8,0— C17
IIBOX Ha L:_,‘ mmm 24,0
KPOMOK (hrocominHIN
T AKITa Al
31 ckocoM OnHOOIYHMHA 8,0— C18
IBOX Ha CTAJIbHIN @ @ 30,0
KPOMOK i AKJIa 10
3 J1BoOiuHMit ‘ 24,0- C21
KPHBOJTIHIH %& m 160,0
HUM CKOCOM
2-X KPOMOK
3 nBOMa JBoOiuHUMit % X 20,0— C30
CHMETPHYH N\ m 60,0
MU
CKOCaMH 2-X
KPOMOK
Skmo  MoAymb  TPYXKHOCTI  HAIMJIABICHOTO  METaly  CYTTEBO

BIJJPI3HAETHCS BiJl MOAYJISL IPY>KHOCTI OCHOBHOTO, TO B LIBaX HpH iX poOOTi
B MeXKax MPYXHUX JieopMalliil yTBOPIOETHCS HANPYKESHHS PUOIU3HO Tiel
K BEJIMYMHH, 1110 i B PO3TATYBAaHUX CMYTax.



IIpn po3paxyHKy MIITHOCTI 3BapHUX 3’€IHAHb BH3HAYAIOTH JIHUIIE
poOoui HampyxeHHS. JOCHiKeHHS MiITBEPIKYIOTh, IO B OLIBIIOCTI
BUNIAJKIB TpPH aHami3i MIOHOCTI 3BapHUX KOHCTPYKLIH 3B'A3yroui
HaNpyXCHHSI MOKHA HEe BPaxOBYBaTH.

IcHyIOTEH 1Ba piBHOTIPaBHI METONW PO3PAaxXyHKY Ha MIIHICTh 3BAPHUAX
KOHCTPYKITIH:

- PO3paxyHOK 3a JONYCTUMHUMH HANPyKEHHSIMH,

- pO3paxyHOK 3a TPaHMYHUMH CTaHAMH.

OO0wuBa METOIM 3aCTOCOBYIOTHCS IIPH MPOEKTYBaHHI PI3HUX CHOPYH
MPOMHCIIOBOTO 1 UUBUIFHOTO NPWU3HAUEHHS, HANPHUKIAA, 3ali3HUYHUX,
ABTOJOPOKHUX 1 MICBKHX MOCTIB, MEPEKPUTTIB LEXiB, TPYOOMpPOBOIB,
CTaJIeBUX KapKaciB JKUTIOBHX OyJiBeNb, a TaKOX BHKOPHUCTOBYIOTHCS JUIS
PO3paxyHKy MiITHOCTI MalIMHOOYAIBHUX KOHCTPYKIIiH.

2.1 IlpuHumMn po3paxyHKy 3a JONYCTHMUMM HANPYKeHHSIMH

[Ipn po3paxyHKy KOHCTPYKLIH 3a JOIMyCTUMHUMH HAaIpyXCHHSIMU
yMOBa MIITHOCTI Ma€ BHTJISII;

o < [o], (2.1)

JIe 0 — PO3paxyHKOBI HAaIlPYy)XCHHs B HEOE3MEYHOMY IEPETHHI EJICMEHTY,
MITa;
[0] — monycTumi Hanpyxennst, MITa.

JlomycTuMi HamnpyKeHHsS BCTAHOBIIOIOTHCSI B 3aJISKHOCTI BiJ TaKUX
(baxTopis:

- BJIACTUBOCTI MaTepialis;

- CTyTIeHI TOYHOCTI PO3PaxyHKY;

- BUJY 3yCHJIb (PO3TATHEHHS, CTUCHEHHSI 1 Ta iH.);

- XapaKkTepy HaBaHTaKEHHS.

Jlomyctumi  Hampy)XeHHS TpPU  pO3TATYBaHHI [0]p  3a3BHuail
Ha3UBAIOTbCA OCHOBHUMH. JlONMyCTHMi HampyXeHHS NpH IHIIMX BHAAX
3ycuiib (CTHCK, BUTHH, 3pi3) BU3HAYAIOTH SIK MOXiAHI Bia [0]p. B cumBonm
UL 3BAPHMX 3'€/IHAHb JIOAAETHCS 3HAK MITpHUXa, Hanpukna: [o'], [T']

Y wmammHOOyIyBaHHI B KOHCTPYKLISIX, IO INPamiOOTh Mij
CTATUYHUMH HABAHTQKEHHSMHU, B OUIBIIOCTI BHUNAAKIB  JIOMyCTUMI



HaNpY>XeHHS TPHU3HAYAIOTBECA B 3AIEKHOCTI Bil MEXi TeKydocTi o 1
BH3HAYAIOTHCS BiTHOIIEHHSIM:
Or

[O']P = k_l, (kl = 1,4 1,6),

B OKPEMHMX BHITIAJIKaX — 3aJIEKHO Biff MeXi MillHOCTI (05):

[O-]P = (kZ =20.. 2!4)

ne kq 1k, — koedinienTH 3anacy MilHOCTI.

HonycTtiMi  HampyKeHHS MOXYTh OyTH 3ajaHi OU(PPOBHUMHU
3HaYeHHSAMH a00 BCTAHOBIIOBATHCA VY BiJICOBKOBOMY BiTHOIIEHHI Bij
JOIYCTUMHX HAINpPy>KEHb OCHOBHOTO MeTaiy (Tabdi. 2.2).

Ta6muus 2.2 — JlonycTumi Hanpy>KeHHs It 3BapHuX 1iBiB [3]

['pyna JonycTuMi Hanpy»KeHHs Y 3BapHUX IIBaX MpU
3’ €THAHD postarysanHi, [0']p | crucHenHi, [0']; 3pisi, [7]
[ [o]p [o]p 0,65[g]p
1 0,9[0]p [o]p 0,6[c]p

Hampuxiran, npu 3BaproBaHHI HU3BKOBYTIEIeBoi cranmi Mapku Crt3,
JUISL SIKOi JIOIyCTUMI Hampy»XeHHs MpH po3TsryBaHHi [o]p = 160 MIlla,
JIONTyCTUMI HAampy>KeHHS B 3BapHHUX IIBaX, BUKOHAHWX aBTOMATUYHUM
3BaproBaHHAM I (urocom (A3®D), HamiBaBTOMAaTUYHUM 3BapIOBAHHSM B
cepenouii 3axucHoro razy (C3I) abo pyuyHHM IyroBUM 3BaplOBaHHIM
(PA3) sxicuumu enektpopamu E42A OymyTh HACTYyTHHUMHU:

- ipu po3tsryBanHi [0']p = 160 MI1a;

- Ipu cTHCKyBaHHi [0'] ., = 160 MIla,

- ipu 3pisi [t'] = 100 MITa.

ITpu BHOOpI IOMyCTUMHX HAaNpy>KE€Hb 3BapHi 3 €IHAHHS YMOBHO
MOTITISTFOTHCS Ha JB1 TPYIIH:
I — 3’enHanHHs, BUKOHAaHI Ha aBTOMAarTax Ta HalliBaBTOMAaTax A IIapoM
¢urocy, y C3T, a takoxx P13 enexkrpomamu uiioi skocti (E42A, ES0A);
Il — 3’eaHaHHs, BUKOHAHI eJeKTpoaaMu 3Bu4aiiHoi sikocti (E42, ES0).

MeTtox po3paxyHKy 3a JOONYCTUMHUMH HAampyKeHHSMH HalOiIbII
MOIIMPEHUH, TaK SIK JOCUTh IIPOCTHUM, O € HOr0 OCHOBHOK IIEPEBATOIO.

HepmonikoMm 11b0ro MeTomy € Te, 1o BHOIp JOMyCTUMHX HarpyKeHb
a00 BCcTaHOBJICHHS KOe(iLi€HTy 3amacy MIilHOCTI MPOBOJUTHCS O€3 TOCUTh



MOBHOTO BPaxyBaHHSA YCIX yMOB poOoTu KoHCTpykuid. Tomy, Oyma
po3pobIeHa MeTOIWKa PO3paxyHKy KOHCTPYKIIH, IO OTpHMaia Ha3BY
PO3paxyHKH 3a TpaHUYHUMH CcTaHaMd. BOHa BHKOPUCTOBYETHCS MPH
MPOCKTYBaHHI OyAiBeIbHUX KOHCTPYKIIiH.

2.2 Ilpunnun po3paxyHKy 3BapHHX 3’€/IHAHBb 32 TPAHMYHIMH CTAHAMH

I'paHMYHEM CTAHOM KOHCTPYKIIi HAa3WMBA€ThCA CTaH, NPU SKOMY
KOHCTPYKIIiSl TepecTae 3aJ0BOJBHATH EKCIUTyaTallifHUM BHMOTaM, IO
Mpe’ IBISIFOThCSI, TOOTO TEepecTaE YWHHUTH OIip 30BHIMHIM misiM  (TI0
Hecyd4ill 3maTHocTi), a00 OTpUMye HeMOoImycTuMi Aedopmarii, abo Micuesi
TIOLIKO/KEHHsI.  3BMYAiiHI 3BapHi KOHCTPYKIII pO3paxoBYIOTbCA IO
MepIIOMy TpaHWYHOMY CTaHy, TOOTO Hecydid 3marHocTi (MimHOCTI,
CTiKOCTI 800 BUTPUBAJIOCTI).

Ilpy mpoexTyBaHHI KOHCTPYKIiHi yMOBa MIIJHOCTI MO TEPIIOMY
TPaHUYHOMY CTaHY 3aIHCY€ETHCS TAKUM YHHOM:

Z<R, (2.2)
R=:L
ey = )

ne N — po3paxyHKOBE 3yCHIUIS Yy KOHCTPYKII BiJf CyMH BIUIMBY

pO3paxyHKOBUX HaBaHTaK€Hb, H;

F — reomeTpruHa XapakTepUCTHKA Tepepi3y (IUI0mia, MOMEHT OMopy i
T. IL), cM%;

R — po3paxyHkoBuii orip marepiany, Mlla;

or — Mexa tekydocti, MIla;

k., — koedinient HaxiiinocTi (a0o 3amacy MiHOCTI);

N — KoedillieHT epeBaHTAKCHHS,

k — koediLieHT OAHOPITHOCTI METANY;

m — KoeillieHT yMOB pOOOTH.

Po3ninenns omHoro koedilieHTa 3amacy Ha JEKiIbKa He3aJIeKHUX



KoediIliEATIB TO3BOJISIE TPABWIIBHIIIE XapaKTepU3yBaTH BCl OCOOIMBOCTI
yMOB po0OOTH JaHOi KOHCTPYKIii (BPaxOBYIOUHM OKPEMO OCOOIMBOCTI
HaBaHTa)XKeHb, MaTepiay 1 yMOB eKCIUTyaTallii).

3HavyeHHs KOe]iUieHTIB Ta pPO3PaXyHKOBUX OIOPIB  3BAPHHUX
3’€THaHb, 3BapHI MIBU SKUX BUKOHAHI PI3HUMH CTIOCOOAMH, BH3HAYAIOTHCS
Mo TabNIUIIX B 3aJIeKHOCTI BiJl THITY 3BAPHOTO 3’ €THAHHSA, POAY 3yCHIUIA 1
knacy crani. Tabmuii HaBeaeni B JIBH, CHill ta moBiakoBiii siteparypi.
Hampuknan, ms  CTUKOBOTO — 3BapHOTO  3’€THAHHS  BHKOHAHOTO
AaBTOMAaTHYHMAM,  HANliBaBTOMAaTHYHUM 1  PYYHHM  3BapiOBaHHIM
pO3paxyHKOBi oropu R HaBeneHi B Tabd. 2.2.

Tabmuus 2.2 — Po3paxyHKOBI o1opH 3BapHHX 3’ €1HaHb [3]

Pix 3ycwms, Kitacu craseii (4ucenbHUK — 05, 3HAMEHHUK — O7)
MlIIa (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

TakuM YMHOM, METOJ PO3PaXyHKY O JTOMYCTUMHUM Hampy>KEHHSIM, €
OKpEMHM BHUIAIKOM 3arajbHILIOr0 METOLY PO3PaxyHKY 3a TPaHUYHUMH
CTaHAMH.

2.3 Po3paxyHku MiIHOCTi 3BAPHUX CTHKOBHX 3’€THAHb

Ipsvi mBu (puc. 2.2). Ilpu po3TsaryBaHHi i CTHCKyBaHHI yMOBa
MIITHOCTI OJTHAKOBA 1 3aIUCY€ETHCS HACTYITHUM YHHOM:

P
Oy = ZES[O—I]pI

p
Fiy
ne P — nmiroui 3ycwuist, H (abo krce);

F,, — TuIolia 3BapHOTO 11Ba, M° (260 MM);

[ — noBxuHa 11Ba, M (200 MM);

§ — TOBINMHA 3BapHUX IUIACTHH, M (200 MM).

PospaxyHkoBa JoBkHMHA I1Ba | TpPUAMAETbCS PIBHOKO (QaKTHUHIMN,

SIKIIIO KIiHI[I I11Ba BUBEJICHI HA BUBIHI IJIaHKK. Po3paxyHKOBa TOBIIKHA I11Ba
& OepeTbcs PIBHOIO TOBIIKMHI OCHOBHOTO METAITy SIKIIO IIIOB BUKOHYETHCS 3
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N

\

~ :.—:’i
p . p —
B S | \»--—-—-—-—.-—--- — T )
: N ==
< G,
P oo P -
- 20 1 S -
]

PucyHok 2.2 — IpsiMuii CTUKOBHIA LIOB, LIO TPALFOE HA PO3TATyBaHHs [2]
Koci mBH (puc. 2.3). SIKm0 CTUKOBUI MIOB CHPSMOBAH IIiJ] JESIKHM
KyTOM O [0 HampsMKy Iii 3yCHJUIs, TO y 3BapHOMY IIBI BUHHMKAIOTH SIK
HOpMauTbHi (0y,) Tak i moTuuHi (T,,) HANPYKEHHSI.

£
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Pucynok 2.3 — Kocuii CTHKOBHI I1I0B, 1110 TPAIIOE Ha PO3TATYBaHHS [2]
YMoBa MIITHOCTI Ma€ BUIJISI;

- T _ Pcosa
mw= e T s

ac N — HOPMAJIbHEC 3YCUJLIA, IKC CHpHﬁMa€TBCH KOCHM IIBOM, H;

<[],
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T — TOTUYHE 3yCUILIA, IKE CIIPUAMAETHCS KOCUM IIBOM, H;
Q — KyT MDXK HammpsiMOM TIOJTOBKHBOT CHITH 1 BICCIO KOCOTO IIBA, TPa/I.

N =P -sina,

T =P-cosa.

3 KOHTPOJIbHI 3AITUTAHHA AJ
CAMOIIEPEBIPKH I KOHTPOJIIO
NIATOTOBJEHOCTI CTYAEHTIB 10 POBOTH

1. fxi HanpyxeHHsl y 3BapHOMY 3’ €HaHHI 3BYThCS pOOOUUMH, a SIKi
— 3B’ sytounmu? [IpoinrocTpyiite 1ie eckizamu.

2. SIk 3ammMcyeThcs yMOBa MIITHOCTI /i1l CTUKOBHUX 3’ €THAHb?

3. SIki OCHOBHI METO/Y PO3PaXxyHKY Ha MII[HICTh 3BapHUX 3’ €THAHB?

4. Sk BU3HAUYAIOTHCA JOMYCTUMI HATIPYXKEHHS JUIsl METaIy 3BapHOTO
mBa’?

5. SlkuMu  HampyXEHHSMH BHU3HAYA€THCS  MIIHICTH  3BapHOTO
CTMKOBOTO 3’€JHaHHs, 0 200 T ?

6. SIK pO3NOMIIAIOTHCS HANIPY>KEHHS B KOCHX IIIBaX?

4 MATEPIAJIN, IHCTPYMEHT, IPUJIAAU,
OBJAJIHAHHA

1. 3pa3ku crTukoBUX 3’eAHaHb 3i cram CT3, py4yHE 3BaplOBaHHS
BUKOHAHO enekTponamu E42 a6o ES0A.

2. Wlranrennupkyns JCTY 'OCT 166:2009.

3. Jlinilika BumiproBasibHa MeTaneBa JICTY "OCT 427:2009.

4. Po3pusHa MammHa YMM-20.
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5 BKA3IBKH 3 TEXHIKHU BE3IIEKHA

1. o mabopatopHHX pOOIT OMYyCKAlOTBCA CTYACHTH MICIA
IHCTPYKTaXKy 3 OXOPOHH TIpalli Ta IMOKEXKHOI OE3MeKH.

2. 3a00poHsETHCS BMUKATH EIEKTPHYHI MPpHUIIa Iy Ta 00nagHaHHs Oe3
JIO3BOJTY 3aBiIyIOUOTO JIabopaTopiero ado BUKIIaaayva.

3. Y BUmanky BUSBICHHS HEMOJAI0K O0JIaJIHAHHS CTYJCHT MOBUHEH
HETaiHO MOBIJOMUTH BHKJIaa4a abo 3aBiayr0uoro JadopaTopiero.

4. Y BUNaAKy BHHUKHEHHS MOXEXi ab0 MOpa3KH eICKTPUYHHM
CTPYMOM CTYIEHTH TOBHHHI [iATH y BIAMOBITHOCTI i3 3aTBEPHKCHUMU
IHCTPYKIIISIMA 3 OXOPOHU TIPalli Ta MOKEXHOI OE3MEeKH.

6 MOPSAJTOK MNPOBEJEHHS JABOPATOPHOI
POBOTH

1. 3po0uTH ecKi3u 3pa3KiB, MO JOCTIIKYIOThCS.

JlocniDKeHHIO MUIATAI0Th 3pa3KH, 3 JOIYCTHMUMH HaIpyKCHHSIMU
JUIS OCHOBHOTO METauly TIpH po3TsiryBauHi [o]p= 160 MITa (16 krc/mm?).

2. 3poOuTH BHMIPIOBaHHS JOBXXMHHU IIBA Ta TOBIIUHHU IUIACTHHU
cTrKoBOro 3’exuanns (I, §).

3. BuU3Ha4nTH TUIOLLY IOIEPEYHOT0 Mepepi3y METaIy IIBa CTHKOBOTO
3’ennanss (Fy).

4. BcTaHOBUTH TOCIIJIOBHO 3pa3KH, IO JOCIIKYIOTECS Y PO3PUBHY
MmamuHy Y MM-20.

5. 3pobuTn HaBaHTaXKEHHS 3pa3KiB 10 pyHHYBaHHS, (iKCyIOUH
3YCHILIA, IPH SIKMX BiI0yJ10Cs pyHHyBaHHS CTUKOBOTO 3’ €/IHaHHA (P,).

6. PospaxyBaTh HamnpyXeHHS, NPH SKUX BiIOyJNOCS pyHHYBaHHS
CTUKOBOTO 3’€/IHAHHSA (7).

7. PospaxyBartu jomycrtume 3ycuins (Py,;) U JaHOro 3paska 3
YpaxXyBaHHSAM JIOIyCTUMOTO HATIPYKEHHs B 3BapHOMY 1IBi [0'],,.

8. OrpumaHi aaHi 3aHecTH 0 Tabm. 6.1.

9. 3a po3paxoBaHUM JOMYCTUMUM 3YCHIUISAM JJIsl IPSAMOTO 3BaPHOTO
mBa (Pyoy), PO3paxyBaTd HOPMallbHi Ta JOTUYHI HAIpPYKEHHS B KOCOMY
HIBI.
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Benuunny kyta (o) MiXK HanmpsIMKOM TO310BKHBOT ciiti (P) 1 Biccto
KOCOTO IIIBa KOJKCH CTYJICHT OTPUMY€E y BUKJIa[a4a iHIMBITyaIbHO.

10. 3pobutn aHami3 OTpUMaHUX PE3yNbTATIB i MIATOTYBAaTH BUCHOBKU
3 1abopaTopHOi poOOTH.

Tabmuns 6.1 — Pe3ynmpTatu eKCHEPUMEHTAILHOTO BU3HAYCHHS
MIITHOCTI CTUKOBUX 3BapHUX 3’ €THAHB
Ne Tun L 0, F,, by, Op, Pron
/I | eleKkTpoja MM MM MM kre | kre/mm? | kre
1 E42
2 ES0A

7 3MICT 3BITY

Merta poboTu.

Ecki3u 3paskiB, mo JOCTiHKYIOThCS 3 pO3MipaMHu.
PesynpraTu mocmiiB Ta po3paxyHKH.

AHani3z oTpUMaHMX pe3yJIbTaTiB.

BucHOBKH 110 POOOTI.
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