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02 — HANpPy>XEHHs, 110 BUKJIMKAIOTh 3aJMIIKOBY IIACTUYHY JieopMallito
0,2 %, MIla
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3TB — 30Ha TEpMIYHOTO BIUIUBY

Ta iH. — Ta 1HI1
1. B. — [ICHTp Baru
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S3BAPHI3 €EJHAHHSA BUKOHAHI
KOHTAKTHHUM 3BAPIOBAHHAM

5.1 3'enHaHHSA MPH CTHKOBOMY 3BapIOBaHHI

KoHTakTHe CTHKOBE 3BaplOBaHHA Ma€ TOMIMPEHHS B PI3HUX
KOHCTpYKUisiX. Oco0nrBO eeKTUBHO HOTO 3aCTOCYBaHHS NP 3BapIOBaHHI
BHPOOIiB B MacOBOMY BUPOOHHIITBI, HAINPHUKIIAJ apMaTypH 3alli300€TOHY,
TUIMI30BaHUX KOHCTPYKIIN pam, MO3I0BXKHIX IIBiB TPYO.
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Pucynok 5.1 — 3'eqHanHs IpU CTHKOBOMY KOHTaKTHOMY 3BaprOBaHHI

KoHTakTHIM cHOCOOOM OTPUMYIOTH CTHKOBI 3'€/IHAHHS €JIEMEHTIB 3
KPYIJIUMH, KBaJPaTHUMH, NPSMOKYTHHUMH, TPyOUacTHMH, MpOQiIbHUMU
nepeTuHamMu (KyTOYKH, TaBpH, PEHKH).

I3 30inblICHHAM MepuUMeTpa JAeTall 1 3MEHIICHHSIM I TOBIIUHHU
NPOIIEC 3BAPIOBAHHS YCKIIQJAHIOETHCS.

HaiiGinbm no0pe noeqHyoThCs eJIEMEHTH OAHAKOBOIO MONIEPEYHOTO
nepepisy (puc. 5.1, 4, 6, 6).

Hiametpu 3'eqHYBaJbHUX €IIEMEHTIB KPYTJIOro nepepisy (puc. 5.1, 2),
a TaKkoX TOBIIMHH TpyO (puc. 5.1, 0) Mo MOXIMBOCTI HE NOBHHHI
BIJIPI3HATHCS OJMH BiJl OAHOIO OLIbI HIX Ha 15 %.

MOoXJIUBICTh KOHTAKTHOTO 3BapiOBaHHS BEJIHMKHX IONEPEYHHUX
nepepisiB 3aJeKUTh BiJ 001aJHAHHS, 0 BAKOPUCTOBYETHCS.

CTUKOBMM KOHTaKTHHM 3BaplOBaHHSIM 3BapIOIOTh HE TIJIBKH Pi3HI
MapKH CTajel, a i KoJIbOpOBi CIUIABH.
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CrientianbHHNA PO3paxyHOK MIITHOCTI CTHKIB, 3BaPCHUX KOHTAKTHUM
CITOCOOOM 1 TIPAITIOIYMX ML CTATHYHAM HABAHTAXKEHHAM, HE TIPOBOAUTHCS.
MiIHICTh CTUKY BiJIOBIZA€ MIITHOCTI CAMOTO CJICMEHTY.

5.2 3'enHaHHA NPH TOYKOBOMY 3BapIOBaHHI

Y OUIBIIOCT]I BHITAIKIB TOYKOBUM 3BapIOBAHHIM 3BapiOIOTH BUPOOH
32 YMOBH pO3TallyBaHHs E€JEKTPOAIB 3 JBOX CTOPIH INOJO YacTWH, IIO
3BaproIOTheA. Lle BUCyBae eBHI BUMOTH JI0 Ta0apUTy KOHCTPYKIIii.

Po3pobiteHO ycTaHOBKH, IO O3BOJISIIOTH 3IIMCHIOBATH TOYKOBE
3BapIOBaHHS IPU OAHOCTOPOHHBOMY PO3TallyBaHHI 000X €JeKTPOIiB.

TOYKOBUM KOHTAKTHHUM 3BapIOBaHHSM HAHOLIBII 4acTo 3'€AHYIOTH
€JIEMEHTH, 110 MArOTh MaJli TOBIIMHHU — B/l YaCTOK MUTIMETpa J0 JEKiTHKOX
minimerpis (puc. 5.2, a).

a, 6 - JIOCKi 3ar0TOBKH; 6, 2 - IMIIHAPUYHI 3aTOTOBKH;
0, 3 - palioOHaIbHE 3'€IHAHHS; e, o - HepallloHATbHE 3'€ THAHHS

PucyHnok 5.2 — [Ipuknany 3'enHaHb NPU TOYKOBOMY 3BapIOBaHHI
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JoOpe 3BaproloThCS MillHI 1 BHCOKOMIIIHI BYTJIELIEBI CTaji, pi3Hi
CITIaBH, 30KpeMa aJIFOMIHI€BI Ta THTAHOBI.

He pekomMeHnOBaHO [OMyCcKAaTH TOYKOBI 3'€JHAHHS EJIEMEHTIB,
BITHOIIIEHHS TOBIIMHU AKUX Olnblie 3.

TodkoBUM 3BapIOBaHHIM MOXKHA 3BapIOBATH TaKOX TpH 1 OinbIe
netaneit. [Ipu mboMy eeMeHT OUTBINOI TOBIIUHY CIIiJT YKJIaIaTH MK JBOMA
iHmMMu (puc. 5.2, 6).

3BapHUMHU TOYKaMHU 3'€THYIOTH MDK COOOI0 HE TIJIBKH IUIOCKI, a ¥
OWITiHAPUYHI  netami (puc. 5.2, 6), CTEp)KHI KpYIJIOro MEpeTHHY 3
iactTuHamu (puc. 5.2, 2) i T. 1.

JlocuTh JOWINBHI Ui 3BaplOBaHHS TOYKAMH 3arOTOBKH, IO MAaroOTh
BIAKpHTI mpodisti abo mpodisi 3 BigdbopToBKoto (puc. 5.2, 9).

Ha puc. 5.2, e nokazanuii By301 MEHII palliOHANBHUA, TOMY LIO B
mpoleci 3BapiOBaHHS BeIMKAa Maca MeTaly BBOJHWTBCS B KOHTYP
BTOPUHHOTO JIAHIFOTA, BHACITIAOK YOTO 30LTBIIYEThCS IHAYKTUBHUN OTIp
3BapIOBAJIbHOI MAILIMHU.

Ha puc. 5.2, o moka3zaHa KOHCTPYKIIiS, 3BapioBaHa 3iTHYTUM
€JIEKTPOJIOM, IO BaYXKKO BHUKOHATH Ha TOYKOBOI MallWHI; Ha puc. 5.2, 3
300paskeHUH paIlioHAILHUHA BY301I.

3aekHO Bijl pO3TAllyBaHHS TOYOK JIMCTOBI TOYKOBI 3'€HAHHS
OyBalOTh ONHOPAMHI TO3M0BXHI (puc. 5.3, @), OTHOPSAHI TMONEpedHi
(puc. 5.3, 6), 3mimani (puc. 5.3, 8).

Bigcranp Mik IeHTpaMy TOYOK Y 3'€THAHHI TOBUHHO OyTH HE MEHIIIE
JIESIKOTO TPAaHWYHOTO PO3MIPY BPaxXOBYIOYH IIYHTYBaHHS CTPyMy 4epes
paHiiie 3BapeHy TOYKy. UuM Oijbllie BiJCTaHb MK 3BapHHUMH TOYKAMH,
TUM MEHIIIe ITYHTYBaHHS CTPYMY, OT)Ke, cTablIbHIlIe 1 Kpallle pe3yIbTaTH
3BapIOBaHHI.

Hiamerp ToukM d TPU3HAYAETBCSA 3aJCKHO BiJ TOBIIMHHU
3'€ZIHYBaJIbHUX EJIEMEHTIB 3 ypaxyBaHHSIM 3a0e3IeUeHHs BUCOKOSKICHOTO
TEXHOJIOTiuHOro Tporecy. Jliamerp enekrpoma d, KOHTAKTHOI MAaIIMHH
mig0UpaeThes BUXOASUM 3 HeoOXinHoro d. Sk mpasuiio,

d=(08..1,0)d,.
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@) - TIO3/I0BXKHE, 0) - TIOTEPEYHE, §) - 3MilllaHe
d - miametp TOYKH; t - KPOK TOUKH; t1 - BiJCTaHb BiJ EHTPY 3BAPHOI TOUKH JI0 KPAKO
JeTani B HanpsAMKY Aii cumu P; t, - BigcTaHb BiJl TOYKH O BUTBHOI KPOMKH B HAIIPSMKY,
HepIeHIUKYISIpHOMY ii crin P,
Pucynok 5.3 — Bunu 3'etHaHb 3 IeKiTbKOMa TOYKaMU B 3QJISKHOCTI BiJ HAIIPSIMKY
HaBaHTA)XKCHHS

Posmipu t; i t; HOpMYIOTBCS 3 ypaxyBaHHSIM TEXHOJOTiYHUX 1
CHIIOBHX (pakTOpiB.

Jlns craneBux JeTalieil peKOMEHAYIOThCS TaKi JiaMeTpu 3BapHOT
TOYKH:

d=12-s+ 4 MM — mpu s < 1,5...3,0 Mmm;

d=15-s+5MM — npu s >3,0MM (s HaiiMeHIIa
TOBII[MHA 3BAPIOBATILHUX YACTHH).

Y Jjeskux BuIAAKax OydiBeNbHI KOHCTPYKIIi MalTh TOYKH
niameTrpoM Omm3pko 3,5s i Oidbmie. 3BaproBaHHS TaKMX TOYOK
MPOBOJIUTHCS HA HU3bKOYACTOTHUX MAIIMHAX.

MoxHa npuiimaru: t = 3d; t; = 2d; t, = 1,5d.

Y mpakTuili iHOJli 32aCTOCOBYIOTh CITIBBITHOIIICHHS MiX t, S 11 d:

d=1,40,01t2+t-s— 0,1t (5.1)

Y 0OaraThoX BHITQJKaxX JiaMeTp TOYKHM BUOHMPAETHCS BiIOBIIHO 3
maHumu Tadi. 5.1.



67

Tabmurs 5.1 — [liametpu 3BapHAX TOYOK, IO PEKOMEHIYIOThCS

MiniMasabpHu giaMeTp TOYKH O, MM ISt
ToBmuna
HaWOIBIII HEpKaBIIOUNX Ta
. . | MaJoByTrJIEleBUX Ta )
TOHKOI feTal KAPOMIITHUX JIETKUX
HHU3BKOJETOBaHUX > .
MakeTy, MM RN cTajei, TATAHOBHUX CILIaBIB
cTaje
0,8 3,0 35 35
1,0 3,5 4,0 4.0
1,2 4.0 45 50
15 50 55 6,0
2,0 6,0 6,5 7,0
2,5 6,5 7,0 8,0
3,0 7,0 8,0 9,0
4,0 9,0 10,0 12,0

Touku B 3BapHOMY 3'€JHAHHI CITi/I PO3TAILIOBYBATH TAKUM YHHOM, 100
BOHH CIIPUIMaNH NMEPEBAKHO 3yCHILIA 3Pi3y, a HE BiIpHUBY.

‘)

Pucynok 5.4 — HepauioHanbsHa (a) i paioHanbHa (6) KOHCTPYKIIii BY3J1iB 3 TOYKOBUMH
3'eIHaHHAMU

Ha puc. 5.4, a noka3ana HepauioHaJbHa KOHCTPYKLiS (TOYKM B Hii
MPALO0Th Ha BiZIpUB); Ha puc. 5.4, 6 — pallioHaIbHa.

VY 3'enHaHHAX, 300paKeHUX HA puc. 5.5, a, 6, 6, npu Ail cTaTHYHUX
PO3TATYIOUMX HABAHTAXKEHBb PO3PAXYHOK MIIIHOCTI TIPOBOJUTHLCS HA 3Pi3.




3BapHi TOYKM MOXYTh OyTH OIHO3PI3HUMH (pHC.

nmBo3pizauMH (puc. 5.5, 6).
a

o

-

]

T

P R P
~— e ] e —
D FA OIS0

PP

2 2
a) pO3TalryBaHHA TOYOK, 0) OTHO3PI3HI
TOYKH, B) IBO3Pi3HI TOUKH; I') poOOTa TOUKH
Ha BiIpHB
Pucynok 5.5 — ToukoBe 3'eJHaHHS, 1110
MPAIOE Ha 3pi3 1 BiApuB

55, 6) i

PospaxynkoBa
OJTHO3PI3HIH TOYIII:

Hampyra B

4p <[1)]
T=—=<]1
md? 0
[t5] — momycTuMe Hampy:KeHHs B
TOYII MpH 3pi3i;
P — 3ycnmns 1o, NepenaeThes Ha
OJIHY TOYKY.

Po3paxynkoBa
JTBO3Pi3HIH TOYIII:

Hampyra B

2P ,
T = W < [To]
HaBeneni dopmymun — mis

po3paxyHky ommiei Touku. Jms i-
TOYOK — KiJIbKICTh TOYOK CTaBUTHCS
B 3HAMEHHHUK.

Y nificHOCTI B TOYKOBOMY 3'€JJHAHHI MOXYTh MAaTH Miciie J1Bi (GopMHU
pYHHYBaHHS: 3pi3 TOYOK 1 PO3PHB OCHOBHOTO METay B 30Hi 3'€THAHHSI.

30inbLICHHS AiaMeTpa TOYKM MiABMIIye ii omip 3pi3y; 30UIbIICHHS
TOBIIMHM JIETalli MiJBHINYE OIMip OCHOBHOTO MeTany po3puBy. [lpu
NpU3HAYeHHI Jiamerpa 3rigHo 3 Qopmynoro 5.1 po3paxyHOK MIITHOCTI
TOYOK MOKHA TIPOBOJIUTH TLIBKH HA 3Pi3.

Ipu poGoTi 3BapHOi TOYKM Ha BIIPHB, HANPHUKIAA B KOHCTPYKIII,

300pakeHoi Ha puc. 5.5, 2, pO3paxyHOK BEIYTh IO JTBOM YMOBaM:
a) Ha BiIpMB TI0 MEpeTHHY B IUIOMIMHI 3ITKHEHHS JAeTaned 3
ypaxyBaHHSIM PO3paxyHKOBOI IUIOIII PO3PUBY TOUOK:

O'=WS[O};]
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ne [0,] — HanpyKeHHs, 10 JOMYCKAETHCS B TOYIl TPH Biapusi (3a
IUIONIEI0 TOYKH!)

0) Ha BUpUBaHHA (3pi3) 3BapHOI TOYKH 3 OCHOBHOI'O MeTaly Mo ii
nepuMeTpy:

P
=<
i-m-d-6~

!
Ty [7o]
Jie [ — 9UCII0 OJHO3PI3HUX 3BApHUX TOUOK Y 3'€THAaHHI;

6 — TOBIIMHA HAWOUIBII TOHKOI Jeranmi, cM (mo__crpivmi

nepuMeTpa TOYKHU!)

JlomycTime Hanpy »KeHHsI B TOUI[l IIPH BiapuBi [6',] ciia npuitmatu
1ie 01BN HU3BKUM, YuM [T',].

Jlig HM3BKOBYIIIENEBUX cTajtel [t',] = 0,6 [o];
[0's] = 0,3 [0]

Jdns  ;meroBaHMX cTajJed 1 KOJBOPOBHX CIUIABIB  JIOIyCTHME
HaNpy>XCHHSI B TOYKOBHX 3'€JHAHHSIX MPUIMAalOTh Ha OCHOBI PE3YNbTaTiB
EKCIEPUMEHTIB 3 YpaxyBaHHSM YMOB HaBaHTa)KEHHsI Ta 1HIIHUX (aKTOpiB.

Jns amoMiHiEBUX CIUTaBiB PO3PAaXYHKOBE 3YCHJLISA Ha 3pi3 Tpu
TOYKOBOMY 3'€THAHHI, BUKOHAaHOMY KOHTAaKTHHM 3BaplOBaHHSIM Ha
MallliHax 3 IMITyJbCOM IOCTIHHOTO CTpyMy, MOKHa BH3HAYaTH B
3aJIeKHOCTI BiJl TOBIIMHHM OCHOBHOTO MeTaly Ta BHAY CIUIaBy,
KOPHCTYIOYHCh JaHUMU Tab. 5.2.

Tabmuns 5.2 — Po3paxyHKOBI 3ycwinisi Ha 3pi3 OJHIE] TOYKH
TOYKOBOI0 3'€IHAHHS alroMiHieBHX ciuiaBiB P, kH

ToBmuHa HalO1IBII TOHKOIO AMN AMI6 ABT1 B92T

MeTalla B 3'€ JHAaHHAX, MM

1,0 0,9 1,0 1,2 1,4
1,5 - 1,7 2,0 2,5
2,0 - 2,4 2,9 3,5
2,5 - 3,2 3,9 4,6
3,0 - 4,0 50 6,0

4,0 - 7,0 9,0 11,0
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IIpakTtano, HaWOLIBII  YacTO  3'€QHAHHS  KOHCTPYIOIOTBHCS
smimanuMu (auB. puc. 5.3, 6). HanpykeHHS B TOYI TakKoro 3'€JHAHHS
BU3HAYAE€THCS B YMOBHOMY IMPHITYIICHHI, IO BCi TOYKM TPAIIOIOTh
piBHOMIpHO:

4p

v maz < [ro]

SIkmo MaeMo TOYKH IBO3PI3HI, TO [ — 3aralbHE YUCIIO IUIOMIMH 3pPi3y
B 3'eqHaHHI. 3 ypaxyBaHHSM HEpPiBHOMIPHOTO PO3MOAUTY 3YCHIb MiX
TOYKaMHU JIOIyCTHME HAMpPYXKXEHHs [T,] B 3MilllaHOMY 3'€HAHHI JOIIIBHO
3Hn3uTH Ha 10...20 %.

B Tux BUmMaakax, KOJW TOYKOBI 3'€THAHHS CIIPUAMAIOTHh 3THHAIBHUAN
MOMEHT, iX PO3PaxyHOK MPOBOAMUTHCS 38 TAKUMH (HOPMYIIaMU:

a) JUI 3'€THAHHS 3 IBOMa TOYKaMH (PHUC. 5.6) Ccro9aTKy BU3HAYAIOTH
3pizaroue 3ycmmist T 3a dopmynoto T = M / h o MOTIM OOYHUCITIOIOTH

HaNpyXEeHHS 3pi3y B TOULI BiJl 3HANICHOTO 3YCHILIA:

=2 <[], (5.2)

PucyHok 5.6 — 3'eqHaHHA 3 IBOMA TOYKAMHU
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0) mns 3'eqHAHHS, IO CIIPUAMAaE 3TUHAIFHUN MOMEHT 1 MOTEepedHy
cury (puc. 5.7), po3paxyHOK IIONIATa€ y BH3HAUEHHI pE3yIbTYIOUOTO
HaNpyXEeHHS 3pi3y B TOUL i MOPIBHSHHI 11 3 TOMyCTUMHUM Hanpy>KEHHSIM:

Tpes = /rf,, +15 < [t'lr (5.3)

Je Tp — HAaNIPy’>KEHHsI 3pi3y B TOULi Big MomMeHTY M = P - a:
P-a-4
Ty = —2
h-nd
T — HaNpY>KEHHs 3pi3y B TOYILI BiJl ONIEPEYHOI CHIIN Q/ 2
4-Q
Tg =
¢ 2 mq?
Q = P —nonepeyHa cuia, Krc

a
7 a

2
4 1 1< ,
444 194 I | 4
? L 2}y 1 ¥
7 /
A o a

|PA_'_A 1

S ‘1‘\ 3
!

Pucynok 5.7 — 3'eqHaHHs, 10 CHIpUIIMae 3THHATBHUI MOMEHT 1 TIOTIEPEYHY CHITY

B) mis 3'€HaHHSA 3 JIEKiJIbKOMa Toukamu B psaay (puc. 5.8), 1o
cripuiiMae TIONEPEYHy CHITy, PO3PaxyHOK BEIETHCS 3a PEe3yJbTyIoUOMY
JOTHYHOMY HanpyXeHHI0 3a popmynoro (5.3), B saKifl cknanosi Ty i Tg
O00YHCITIOIOTH 32 TAKUMU 3aJIC)KHOCTSIMH:

Bijg MOMeHTY M = P - a:

__ AMymax
M = 2.3 4,27
nd%yy
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BiJI TTOTICPEYHOT CHITH
4Q
To — ——
Q™ i,na?’

1€ Vimax — OPAMHATA TOYKH, HAMOIIBIT BiAaIeHOI Bl HEUTPAIBHOI OCi, CM;
Yy?=y?+y2+...+y? — cyma KkBampaTiB BificTaneil ycix TOUOK psTy
JI0 HEHTpaJIbHOI OCi, oM
i1 — KUIBKICTh TOUOK Y BEPTUKAILHOMY PSY.

7
A T
7 max |
Z M |
J il 7
7 ; o8
7 \ |,_, g
? M!’]ﬂ >
\j

7/ I L./\..[._ VISP |
7 l
/s A‘ N A
1 — gt ) - =)
2 / l\.,,,,,}
{/-. Il |
2//"’ _-q - e
- /ﬂr | 1

ol

Pucynok 5.8 - 3'enHaHHs 3 IeKiTbKOMa TOYKaMH B PSILY

r) aus 3'eHAaHHSA 3 JEKUIbKOMa psaamMu  TO4YoK (puc. 5.9)
po3paxyHKoBa 3aexHICTh (5.1) Oyae TakoX clipaBeIMBa, a BXiJHI B HUX
CKJIaJIOBi Ty 1 Tp HEOOXiIHO BU3HAYATH 32 TAKUMH (DOPMYIIAMH:

BiJ MOMeHTY M = P - a:

To = AM * Yimax
M~ m-nd?-Y y?
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BiJI ITOTIEPEYHOT CHITH:
4Q

Tg=T———
Q7 4, -m-nd?

JIe M — KUTbKICTh BEPTHKATBHHX PSTiB

==
ST a
WEZ R T

.\

RRRK
K

TR
KRR

L

Pucynok 5.9 - 3'eqHanus 3 JeKiTbKOMa PSATaMH TOYOK

HeoOxigHo mam'ataTd, m0 y pa3i HaBaHTaXyBaHHS MOMEHTOM i
MONIEPEYHOI0 CHJIOK JBO3PI3HOTO 3'€/HAHHS B HaBeACHUX (HopMyIax
3amicTh nudpu 4 ciig o6paTu uudpy 2.

Yacto B KOHCTPYKIiSIX 3BapHI TOYKM € €IHATBHUMH 1 POOOYHX
HaNpyXeHb HE MepeIatoTh.

Hanpuknan, npu ¢opmyBanHi npodisiiB eeMeHTIB KOHCTPYKIIi, sIKi
COpUIIMalOTh TO3J0BKHE 3YCHJUIA, TOYKH CIYyXaThb Uil 3B'S3KY MiXK
OKPEMHUMH YaCTHHAMH.

3'eqHaHHS OOLIMBOK 3 KAPKACOM TaKOX YacTO 3IHCHIOIOTh TOYKAMH.

3a3HayeHi TOYKH IPH CTATUYHUX HABAHTAKEHHAX B OLIBLIOCTI
BUIIAAKIB HE pOOJISTH ICTOTHOI'O BIJIMBY HA MIIHICTD.
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5.3 3'ennaHHs NpH LIOBHOMY 3BapIOBaHHI

[IloBHE KOHTaKTHE 3BapIOBaHHS JOIYCKA€ MOXKIMBICTH 3'€THAHHS
€JIEMEHTIB BiJl BEIbMH MallMX TOBIIMH A0 CyMapHOi TOBIIMHHU 4...6 MM
CTaJiel i KOIbOPOBUX CILIABIB.

Pucynok 5.10 — 3'enHanHS pH IOBHOMY 3BapIOBaHHI

lloBHUM 3BaplOBaHH]M, SIK NPaBWIO, 3'€IHYIOTH BHPOOH IpH
pO3TallyBaHHI POJIMKIB 3 000X CTOPIH YaCTHH, IO 3'¢HYIOThCH (puc. 5.10,
a, 6).

Ane MoXXHa POOWTH 3BapIOBaHHS 1 HA MiAKIAAII MPH PO3TAIlyBaHHI
poJHKiB 3 o1HOTO OOKY (pHc. 5.10, 6).

[lpy moBHOMY 3BaprOBaHHI MiX €JIIEMEHTAMH SKi 3 €JIHYIOThCS,
YTBOPIOETHCS IIOB NUISXOM ITOCTAHOBKH DPSIy TOYOK, IIO HEPEKPUBAIOTH
0JlHA OJIHY.

3’enHaHHS BHAILYCTOK YTBOPIOIOThH Y CHOJIYKaX €KCLHEHTPHUCUTETH, B
pe3yibTaTi SIKNX BHHUKAIOTh KPIM OCHOBHHUX MO3JIOBXKHIX CHJI 3rHHAIIBHI
MoMmeHTH. [Ipu 1bomy mnpsiMouiHiiiHI enementn (puc. 5.10, 2) nekinpka
BUKPUBIOIOTHCS (puc. 5.10, 0).

OCKiNIbKH  €NIEMEeHTH, $Ki 3’€IHYIOTHCS IIOBHUM 3BapIOBaHHSM,
MaroTh MaJli TOBIIMHY, BIUIMB 3THHAIEHOTO MOMEHTY HE3HAYHU 1 Horo mpu
PO3paxyHKy MiLTHOCTi HE BPaXxOBYIOTb.
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HanpyxenHs y mBax Ipy IIOBHOMY 3BaplOBaHHI BH3HAYalOTh 3a
YMOBOIO 3pi3y:
P
la

T=—< 1],
ne P - cua, 110 i€ B 3'eqHaHHI;

a - NIMPUHA 11Ba;

| - noB>kKHa mIBa.
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6 3'€CAHAHHSA IPU CHEINIAJNBHHUX
METOAZAX 3BAPIOBAHHA

6.1 3'enHaHHS NPH eJIEKTPOLLIAKOBOMY 3BAPIOBaHHI

EnexrpomnutakoBe 3BaploBaHHS € OJJHUM 3 IPOTPECUBHUX OE3IyrOBUX
MpoIleciB  3BaproBaHHiI. BOHO 3a0e3mednsiio CTBOPEHHS KOMOiIHOBaHMX
MIPOKATHO-BUJIMBHO-KOBAHO-INTAMITIOBAHUX BHPOOIB BEIMKHUX IEpepisiB,
o0'eqHaHUX B €IMHHI arperar.

I[lum crocoOOM 3BapiOlOTh KOHCTPYKLIi pam, OapaOaHIiB, BENIHKUX
MaIIMHOOYAIBHUX BY3IiB, CIIOPYl METAIypPriiiHUX KoMIulekciB i 1. m. Ilpu
EJIeKTPOIUIAKOBOMY  3BapIOBaHHI  YKIQJaHHA IMIBIB  poOmaATh y
BEPTUKAIBHOMY TOJOKEHHI, BUKOHYIOTH CTHUKOBi, KYTOBI 1 TaBpOBi
3'eqHandas. Hepiako mi crmomykd € He poOOYMMH, a 3B'S3YIOUHMU.
EnexTponuiakoBuM 3BaploOBaHHAM 3'€IHYIOTh B OCHOBHOMY €JIEMEHTH, IO
MaroTh ToBIUHH 30...1000 MM i Oinblile, ajie B ISIKUX BUIAJKaX 3BapIOIOTh
1 MeHIn TOBIMHU. [luM MeToIOM 3'€IHYIOTh MK COOOK JIUCTH, ILIUTH,
TiJla KPYTJIOTO Tepepi3y, TOBCTOCTIHHI TPyOH, HAPUKIIAA IMyCTOTII BaJH 1
T. IL

S
|
1
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Pucynox 6.1 — [Ipuxinaz mBa npu eJIeKTPOLITaKOBOMY 3BapIOBaHHI

EnexTponuiakoBUM 3BaprOBaHHSAM MOXKHA 3'€IHYBaTH Pi3HI MapKH
cTajieli: HHU3bKOBYIJICIICBI, BYIJICIIEBI, HU3bKOJEropani Tta iH. Take
3BapIOBAHHS HE BUMAra€ CKOCcy KpPOMOK, Y€ MPOJIYKTUBHE i EKOHOMiuHE
(Mano BHUTpavaeTbCs MPHUCAAHOTO IpoTy i (irociB). OnHaK KOHCTPYKLII,
3BapeHi eJIEKTPOILIAKOBUM 3BaprOBAHHSM, IPU BEJIMKiA TOBIUHI CTIHOK
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4acTO JIOBOJUTHCA TiAgaBaTH TepMidHIM oO0podmi — BIOMyCcKy 1
HOpMai3alii /Ui 3HATTS 3aIHUITKOBUX HANPYT 1 MOMIMIIEHHS CTPYKTYpH.
Lle nemro 300poXKy€e BUPOOHHUIITBO.

EnexTponutakoBUM 3BaplOBaHHSIM 3BapIOIOTHCS JIE€Talll 3 TATAHOBUX 1
AIIOMIHIEBHX CIIIABiB.

Y OUIBIIOCTI BHIAJKIB PO3PAaXyHOK MIBIB TMPH €IEKTPOILIAKOBOMY
3BapIOBaHHI HE BiAPI3HSAETHCS BiA MEPEBIPKH HANPYKEHb B OCHOBHOMY
€JIeMEHTI KOHCTPYKIIii, TaK SIK TUIOIIa IIBa OyBae MpH IbOMY €KBiBaJeHTHA
TUTIOIII OCHOBHOTO MeTany. JJOBOMUTHCS JHUIE B ACIKHX BHUIAAKAX y MICII
CTHKIB 3HIXYBATH HANpPYTY, L0 JTOITYCKAETHCS.

6.2 3'eqHaHHS NpU 3BapPIOBAaHHI TePTIAM

Meton edexkTHBHUH, Tak SK TpH IOMY BHTPAuYacThCS Maja
KUTBKICTh €Heprii. 30Ha po3irpiBy Mae HEBEIUKY MPOTSDKHICTD, a 3'€THAHHS
mocuth MinHI. lUM MeToqoM 3BaproiOTh IHCTPYMEHTH, HPHBAPIOIOTH
piXydy YacTMHY 1O Jep)aBKM 3 BUPOOHOI cTami. Moro BUKOPHCTOBYIOTH
Npyd BHUTOTOBIICHHI 3aKJIaJHUX YaCTHH apMarypu 3alli3o0eToHy, MpH
3BapIOBaHHI JESKUX BUPOOIB 3 TPyO, JAeTaseil MalivH.

3BaploBaHHA TEPTSAM TMPOBOAMUTHCA 3TiAHO OfHIET 31  cxem,
300paskeHHuX Ha puc. 6.2.
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a) - npu obepTaHHi OHIET neTai, 6) - mpu 00epTaHHi 000X JeTalleid; ¢) - 3BaAPIOBAHHS 3

HPOCTABKOIO, 1110 00EPTAETHCS; 2) - IPU MOCTYMAIBHO-TIOBOPOTHBOMY Pyci
Pucynok 6.2 — CxeMa 3BapIOBaHHS TEPTAM

VY mporieci BIIHOCHOTO OOEpTaHHS JeTalel, MPUTHCHYTUX OJUH JI0
OJTHOTO, TOPII 3'€HYBaJbHUX €JIEMEHTIB po3irpiBatroThes. [lpu mocsrHeHHi
noTpiOHOI TemIeparypy, WIO 3aJIeKHTh BiJl Marepiany, oOepTaHHs
NPUNUHAIOTH 1, 30UIBIIYIOUM CHIy P, BHUKOHYIOTH ocajpkeHHs. JloOpe
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3BapIOIOTHCS MK COOOI0 HE TUIBKW OTHOPITHI, a W PI3HOPITHI METaNH,
HaIPUKJIAA CTaIh + MiIb + aTIOMIHIHN.

[Tpu 3BaproBaHHI TEPTSIM OTPUMYIOTh CTUKOBI 1 TaBpOBi 3'€AHAHHS 3
BUCOKUMH MEXaHIYHUMH BIJIACTUBOCTSAMHU. PoO3paxyHKOBI Hampyra B
3BapHOMY 3'€JHAHHI TPH [HOMY BHSBISIOTHCA  CKBIBAJICHTHHMH
HaNpPYXCHHSM B OCHOBHOMY MeTali. JIomycTHMi Hanpyryu BCTAHOBIIOIOTHCS
Ha OCHOBI CIIEIIAJIbHUX JOCII/IIB.

6.3 3'ennanns npu qudysiiinomy 3BapoBanHi

JdudysiiiHe 3BaproBaHHs NO3BOJSAE 3'€IHYBAaTH METAIM, HEMETaleBi
MaTepiaiy i MeTalld 3 HEeMETaJIeBUMH MaTepiaaMH.

3BaploBaHHs TPOBOJHUTECS Y BaKYYMHHX Kamepax NpU CTHCHEHHI
3'€IHyBaJIbHUX CIIEMEHTIB Ta iX HarpiBaHHI JO TeMIIEpaTyp, MEHIIUX
TeMIIepaTypH IUIaBJICHHs MaTepiany. ToMy B TaKHX 3BapHUX 3'€IHAHHSIX HE
CIIOCTEPIra€ThCcsl  ICTOTHUX 3MiH  (DI3UKO-MEXaHIYHHX  BIIACTUBOCTEH
MOPIBHSIHO 3 OCHOBHMM MaTepianioM. Jly)ke BEeTHKHH BIJIMB Ha MEXaHI4Hi
BJIACTHUBOCTI CIOJYK HAJAlOTh TEMIIepaTypa HarpiBy, MUTOMHI THUCK Ha
KOHTAKTHHUX TOBEPXHIX, CTYIiHb BaKyyMy B KaMepi, CIoci0 MiATOTOBKH
HOBEPXOHB, TPUBAIIICTH TIPOIIECY.

HdudysiiiHe 3BaproBaHHs J03BOJISIE 3AIMCHUTH Pi3HOMaHITHI (GopMu
CIIONYK T1I0: TUIOIIMHI; KOHIYHIA TIOBEpXHi; UWIHIPUYHIN IMOBEpXHi;
CKJIQIHUM pPeNbe(HUM HOBEPXHSIM.

BusHaueHHsI po3paxyHKOBUX HANpyXeHb B 3'€THAHHSAX MPH [[OMY
croco0i 3BaprOBaHHS MPOBOJUTHLCS TaK CaMo, SIK 1 B €JIEMEHTaX OCHOBHOI
KOHCTpYKIii. JlomycTrMi Hampyru MOBHHHI OyTH TpHU3HAYEHI BIiAIOBITHO
JI0 TIPOBEJICHUX CIICIiaJIbHUX EKCIIEPHMEHTIB.

6.4 3'eqHaAHHS OTPUMAaHi X0JI0AHMM 3BAPIOBAHHAM

XoJNoMHUM 3BaplOBaHHAM HA3WBAIOTh IMPOIEC 3'€HAHHS METATIB B
pe3ybTaTi IIaCTHYHOL JedopMariii HUISIXOM OCa/PKyBaHHs 0€3 HarpiBaHHs.
HaiikpammuM 4nHOM 3'€IHYIOTBCS XOJIOJHMM 3BapIOBaHHAM METaIH 3
KyOI4HOIO TPaHEIEHTPOBAHOIO CTPYKTYPOIO, SIKi MalOTh XOPOLIl TUIaCTHYHI
BJIACTHBOCTI: aJIlOMIHIHN, MiJb, IX CIUIaBH, ayCTEHITHA CTaJIb 1 T. 1H.

BakyyM 3HauHO TmOKpallye YMOBH XOJIOJJHOTO 3BapIOBaHHS.
OunmieHHss 1 BHUPIBHIOBaHHS IIOBEPXOHb, IO 3BapIOIOTHCS, a TaKOXK
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CTBOPEHHS Ha HUX aKTUBHUX IICHTPIB TOCATAIOTHCS 32 PaXyHOK IUIACTUIHOT
nedopmarrii.

IIpu xonmogHOMY 3BaplOBaHHI BHKOHYIOTHCSI CTHKOBI 3'€THaHHS 1
3'€IHAaHHS BHAITYCTOK.

Cxema XOJIOTHOTO 3BapiOBAaHHS CTUKOBOTO 3'€THAHHS HaBeJCHA Ha
puc. 6.3, a. Ha puc. 6.3, 6, B mmoka3aHa cxeMa XOJIOAHOI'O TOYKOBOI'O
3BaproBanHsl (1 — 3BaproBaHi nUCTH, 2 — TyaHcoHw). [lpu mornmGnenHi
MMyaHCOHA BiIOyBa€ThCA TIACTUYHA NedopMariisi. SKIo 3aMiHUTH TOYKOBI
IyaHCOHU POJHMKOBHMH, TO MOKHA OTPHMATH XOJOJHUM 3BapIOBAHHIM
IIOBHI 3'€HaHHsA (puc. 6.3, 2).
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Pucynok 6.3 — 3'eqHaHHs, OTpEMaHi XOJIOTHIM 3BapIOBaHHIM

ToukoBuii Ta IIOBHUN BHJIM XOJIOAHOTO 3BapIOBaHHS 4YacTille
3aCTOCOBYIOTh B CIIOJNYYHHMX a00 Ci1a00 HAIPSHKEHWX 3'€THAHHSX, TaK SK
BJIaBJICHHS BUKJIMKA€ KOHIIEHTpallito Hanpyr. Hecydy 37aTHiCTh 3'€HaHb
BCTAHOBJIIOIOTh €KCIIEPUMEHTAJILHO 3 YPaxyBaHHSAM BJIACTUBOCTEH METAJIiB
1 TeXHOJIOTii BUPOOHHUIITBA POOIT.

Po3paxyHOK MIITHOCTI CTHKOBHMX 3'€JHaHb, 3BapECHUX XOIJOJHUM
CrocoO0M, MOXKE HE MPOBOJUTHUCH 30BCIM, TaK SK X BJIACTUBOCTI 4acTO HE
BIJIPI3HSIOTHCS BiJl BIIACTUBOCTEH OCHOBHOrO Marepianmy. Po3paxyHok
MIITHOCTI 3BapHHUX TOYOK Yy HAITyCTKOBUX 3'€JJHAHHSAX IPOBOJMUTHCS Ha 3Pi3.
Ha BifipuB Taki TOYKH MPAIOIOTh HEAOCTATHBO 3aJ0BLIBHO. JlOmycTHMI
HAIPyTy IPU3HAYAIOTHCS 38 JaHUMHM JOCIIJIIB.




80

XomnomHe  3BaplOBaHHA ~ 3aCTOCOBYETBCI B ENEKTPOTEXHIIIL,
BaKyyMHOMY MaIlMHOOYIyBaHHI 1 T. iH.

6.5 3'enHaHHs NPH YIbTPA3BYKOBOMY 3BAPIOBAHHI

3BaploBaHHA  YJNBTPa3ByKOM  METalliB  3aCTOCOBYETHCA B
npuiano0yayBanHi. [Ipu ynbTpa3ByKOBOMY 3BaplOBaHHI 3'€JHYIOTHCS
MOBEPXHEBI IIapH METaly, 3BIIbHEHI BiJI OKUCHUX ILUIIBOK Ta acOPOOBaHUX
rasis (puc. 6.4.).
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1 - HanpsIM KOJIMBaHb XBHIIEBOAY; 2 - XBHJIEBIX; 3 - metaii; 4 - onopa
PucyHok 6.4 — Cxema yJabTpa3ByKOBOTO 3BapOBaHHs METaNiB (KOJMBaHHS XBHJICBOLY
napalesbHi IONMHAM, 10 CTUKYIOTBCS)

3aTHICTh YIbTPa3BYKOBHUX KOJMBAaHb PYHHYBATH IIOBEPXHEBI ILTiBKH
Ja€  MOXIIMBICTh 3BapIOBaHHS METANiB 13 3aXWUCHUMH TOKPUTTSIMHU.
YbTpa3ByKOM 3'€QHYIOTbCS IJIACTHYHI  METalH, alIOMiHIH, Mizp,
ayCTeHITHa cTagb, TaHTad. MOXIMBE 3BapIOBaHHS HEMETAIIYHUX
MartepialiB, HaNpUKIa]] KepaMiKH.

Y IbTpa3ByKOM 3BapIOIOTh €IEMEHTH MaJllX TOBIIWH, SIK TIPABHUIIO, HE
Oimpme 1..2 MM i 0coOIMBO 1OOpe 3BapIOIOTHCS IYyXKe TOHKI €IEMEHTH.
MoskuBe IPUBaPIOBAHHS TOHKOTO €JIEMEHTA JIO TOBCTOTO.

[lpu ynpTpa3zByKOBOMY 3BaplOBaHHI OTPUMYIOTH TOYKOBI 1 HIOBHI
3'eIHaHHs, aHAJIOTIYHI CIOJIyKaM KOHTaKTHOTO 3BaproBaHHs. Po3paxyHok
MIIIHOCTI TPOBOAMTHCS HAa 3pi3 TaKk caMo, SIK 1 PO3PaxyHOK 3'€IHaHb,
BUKOHAaHUX  KOHTAKTHHUM  3BapioBaHHsAM.  JlomycTumi  Hampyru
BU3HAYAIOTHCS HA OCHOBI CIIEIialIbHUX €KCIIEPUMEHTIB.
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6.6 3'enHaHHS NPH eJIEKTPOHHO-NPOMEHEBOMY 3BapIOBaHHI

EnexTpoHHO-TIpOMEHEBE 3BapiOBaHHS 3MIHCHIOETHCS y BakyyMi B
crenianbHUX Kamepax. Lle 3BaproBaHHS 3aCTOCOBYIOTH AJISI CHeELialbHUX
COPTIB cTalieil, TYroluiaBKUX 1 aKTUBHUX METANiB, HAIPHUKIAJ TaHTAIYy,
[UPKOHII0, MomiOAeHy Ta iH.. J[OIIBHO BWUKOPHUCTaHHS EJIEKTPOHHO-
MPOMEHEBOTO 3BapIOBAHHS U ACSIKHX MapOK THTAHOBUX 1 alIOMiHI€BUX
CIUIaBiB, a TAKOX ISl 3'€THAHHS PI3HOPIAHUX MaTepiaiB.

[lpn  eneKTpOHHO-TIPOMEHEBOMY 3BapIOBaHHI JDKEpENo  Teruia
CKOHIICHTPOBAHO B MaJloMy 00Cs31, TOMY 30HH MPOIIIABIEHHS 1 TEPMIYHOTO
BIUIUBY MAalOTh JAyK€ HE3HayHy IIUPHUHY. 3aBISKH BiHOCHO BHCOKOMY
ctymeHto Bakyymy B kamepi (0,1...0,01 Ila) mexaHiuHi BIaCTHBOCTI 3BapHUX
3'€IHaHB TIPH IIbOMY CHOCO01 3BapIOBAHHS BHSBIISIOTHCS BHCOKHMIL.

EnexTpoHHO-TPOMEHEBUM  3BaplOBaHHSAM  BHKOHYIOTH  CTHKOBI,
TaBpOBi 1 3'eAHaHHS BHAMyCTOK. KpiM TOTO, BHSIBISETHCS MOXIUBUM
BUKOHYBaTH IIBM B 3aMKHYTHX 00’eMax. YKIagaHHA IIBIB MOXHA
NPOBOJWTH TPH PI3HUX TNPOCTOPOBUX TMOJOXKEHHsX. EnekTpoHHO-
MPOMEHEBE 3BAPIOBAHHS 3HAXOIHThH 3aCTOCYBAaHHS B €JIEMEHTAX, SIK MaJIHX,
TaKk 1 HaJBENWKHX TOBIIMH B EHEPreTMYHOMY MAIIMHOOYAyBaHHI, B
npunago0yayBaHHi i T. iH.

Po3paxyHok MiIHOCTI 3'€IHAHb TIPU EJIEKTPOHHO-IIPOMEHEBOMY
3BapiOBaHHI B 0araThbOX BHIAJKaX 3BOJHUTHCS JIHMIIE 1O PO3PaXyHKY
MIITHOCTI OCHOBHOI JIeTaJli, TaK sK 3'€IHAHHS MOXYTh OyTH MPUHHSATI PiBHO
MIIIHUMH OCHOBHOI jietayi. Hepiko mpaBuibHA OIliIHKA MIIIHOCTI 3'€IHAHb,
0COOJIMBO  PI3HOPITHUX METaJliB, POOUTHCS HAa OCHOBI CIELiaIbHO
HPOBE/ICHUX EKCIIEPUMEHTIB.

6.7 3BapropaHHs BUOYyXOM

3BaproBaHHA BUOYXOM € OAHUM 13 MPOLECIB 3'€AHAHHS PI3HOPIAHUX 1
omHOpimHUX MetaniB. llepcriekTMBHE BUKOPUCTaHHA eQeKTy BHOYXY
TOJIOBHUM YMHOM JUISI OTPHMAaHHSI JIBOIIAPOBHX E€JIEMEHTIB 1 BUPOOHHIITBA
HaIIaBJIeHb. 3BapIOBaHHS BUOYXOM JIy’Ke MPOIYKTUBHO.

[Ipu npaBUIBHOMY TEXHOJOTTYHOMY IPOLIECI MEXaHi4HI BIACTUBOCTI
BUSIBJISIIOTHCS CTAOITHbHIMH 1 BUCOKHMH.
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6.8 3BaproBaHHs J1a3epoM

3a ocraHHI pPOKHM TIEPCIIEKTHBH 3aCTOCYBaHHS Jlazepa s
3BapIOBaHHs 3HauyHO po3mupwincsa. CTBOpeHHs Ja3epiB  BHCOKOi
MOTYXXHOCTI ~ JIO3BOJIIE  3BAapIOBaTH  SK  E€IEMEHTH  TOHKOCTIHHHX
KOHCTPYKIIiH, Tak 1 KOHCTPYKIiHA TOBIIWHOIO B IECSATKH MUTIMETPIB.

Moro 0coGIuBOCTI — TPaHUYHO By3bKA 30HA TEPMIUHOTO BIUTHBY i
MaJli BENMYMHH 3IMIIKOBUX Jedopmamiid. JlocsiraeTbcsi KHHIKAIbHE
IPOIJIABJICHHS.

IImacTidHi BIACTUBOCTI IBIB BHCOKIi, HampuKiIax moB 3i craigi Ct3
BUTpUMYE Bopa3oBuii neperut Ha 180 °. EexkTruBHE 3acTocyBaHHS azepa
JUIs1 3'€ IHAHHS 3arapTOBAaHUX CTajeH.

JlazepHe 3BaplOBaHHSA VCINITHO 3aCTOCOBYETHCA [UISL 3'€THAHHS
MaJIUX TOBIIWH, TIEPEBAKHO MEHIIE MiIIMETPa, HEPIAKO y (hOpMi TOUOK MpH
BHCOKIif inTencuHocTi eneprii 10°...10° Br/cM? mpoTsroM MisepHo Maoro
MIPOMIXKKY Hacy.
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73C€ENJHAHHA IPU 3BAPIOBAHHI
HIACTMAC

3BapioBanHsi rapsiuuM mnoBiTpsim. Ilpm 3BaproBaHHI TOBITpA,
Harpite creuialbHUM mNansbHUKOM 10 250..300° C B 30HI 3BaproBaHHS,
JEKiNbKa OXOJIODKYETHCS. 3BaplOBaHHS 3IMCHIOETBCS MPHCATOYHUM
MPYTKOM, IO TIOJAETHCA B 0OpPOOIIEHHS 1IBa BPYYHY a00 HaIliBaBTOMATOM.

3BapoBaHHsI HarpiBajJbHUM ejieMeHTOM. J[aHuii cnoci® 103BoIIsIE
3BapIOBaTH KyTOBI, TaBPOBi 1 CTUKOBI 3'¢AHaHHSA. [Ipuxnad — 36aproéants
1IBX gixon.

OnHuM 3 PI3HOBHIIB JIAaHOTO CIIOCOOY €  €IIEKTPOIMITYJICHE
3BapIOBAaHHS Jy)K€ TOHKHX IUTIBOK TOBIIMHOIO B COTI YacTKU MiliMeTpa.
IIpy 1pOoMy By3bKa MeTalieBa CTpIYKa MPHUTUCKAETHCS JO IUTIBOK IO
3'€THYIOTBCSl BHAITYCTKY, HATPIBAETHCS CTPYMOM 1 IIBHUIKO OXOJIOKYETHCSL.

3'eqHaHHA MAIOTH JOCTATHIO MILHICTD.

3BapOBaHHsl __CTPYMAMM _ BHCOKOI__vactoTH. IluM crmocoOom
3BapIOIOTh TOJIBIHUIXJIOpU, Tojiamix Ta iH. PosirpiB meramed, mio
3'€MHYIOTBCA TPOBOJIUTHCS POJHMKAMH, Yepe3 SKi IMPOMyCKAeThCA CTPYM
BHUCOKOI1 4YaCTOTH.

3BapoBaHHs _TepTaM. TepTsM 3BaplOIOTh CTHUKOBI 3'€JJHAHHS,
MIEPEBAYKHO Tila 00epPTaHHS — CTEPXKHI KPYTIIOro MEPEeTHHY, TPyOu.

3BapOBaHHs yJIbTPa3BYKOM TUIACTMAC € OJHHUM 3 TPOTPECHBHUX
criocobiB ix 3'emHaHHsA. BoHO mpoBomuThcs 3a cxemor Ha puc. 7.1
KonuBaHHS XBHJIEBOMY CHIpPSIMOBaHI HEPIEHAUKYISAPHO  IUIOMIMHAM
€JIEMEHTIB, 10 CTHKYIOThCS. 3BapiOBaHHsS 3a3BUYail  TPOBOJUTHCS
OJHOCTOPOHHIM ~ CIIOCOOOM, e B  JESKHX BHIAgKaxX JIOLUIBHO
pO3TalIyBaHHS XBHJIEBOIIB 3 IBOX CTOPIH.

YIbTpa3ByKOM MOJKHA 3BapIOBaTH TOHKI TUIIBKH, a TaKOX JETali
TOBIMHOIO B KUIbKAa MUIIMETPIB 3 PI3HMX TEPMOIUIACTHYHHMX MAaTEepiaiB:
MOJIICTUPOITY, TIOiETUIIEHY, MTOJiBIHUIXJIOPHU LY, BiHIIJIACTY i T. 1.

[Ipu  ynbTpa3ByKOBOMY  3BapiOBaHHI  OTPUMYIOTH  3'€JHAaHHS
BHAITYCTOK 1 TaBpOBI 3'€JTHAHHSI.
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3'eqHaHHS BHAITYCTOK IMPH 3BApIOBAaHHI yIBTPAa3BYKOM MOXYTh OyTH
TOYKOBHMHU 1 IIOBHUMH.
lp
2

’ %EL )
257"
Gz
@/ 4
[
1 - xBuyIeBiz; 2 - HANIPSAM KOJIMBaHHS XBHJIEBOAY; 3 - A€Tawi; 4 - onopa

Pucynok 7.1 — Cxema ysIpTpa3ByKOBOTO 3BapIOBaHHS MIacT™Mac (KOJMBAHHS XBHICBOLY
HEPICHANKYIBIPHI IUIOIIMHAM, IO CTHKYIOTHCS)

R

JJis TOCTaHOBKM TOYOK 3aCTOCOBYIOTH Pi3HI CHCTEMH XBHJICBO/IIB,
SKi CTaBJIATH 3BApHI TOYKH, SIK IT0 JiHii, TaK 1 0 cKiIagHOMy KOHTYpY. llpn
FOMY OCOOJHBO TapHi pe3yabTaTH BUXOAATh TIPH  3BapIOBaHHI
KOHTYPHUMHU XBHJICBOAAMH, [0 MAIOTh Yy TONEPEUHOMY Mepepi3i KpyTiuii
KUTbIIEBUH MPOd1IIb.

SkicTe  3'€qHAaHb, 3BAapEHUX  YJIBTPAa3BYKOM,  BHU3HAYAETHCS
TPHUBATICTIO TPOIECY, AaMIUTITYI0I0 KOJMBAaHb XBUJIEBOAY, 3yCHILIISM
3JIaBIIIOBAHHSI.

YIbTpa3ByKOM MOKHA 3BapIOBATH KiIbKa IJIACTHH, IO YTBOPIOIOTH
MaKeT, @ TAKOK MPOBOIUTH 3BAPIOBAHHS Y BaXKKOIOCTYITHUX MICLISIX.

VYabTpa3ByKOM MOXHA 3/iHCHIOBATH 3BapIOBaHHS HE TIJIbKUA B MICI(
3ITKHEHHSI XBUJIEBOY 3 JIETAJUIIO, ajie 1 Ha JesKii BiJICTaHi, sKa 3aJIeKUTh
BiJl BIIACTHBOCTEH MoJiMepy 1 KOHQIrypamii KOHCTPYKIii, 110 Mimsirae
3BapIOBAHHIO. 3BapIOBaHHS YJIbTPa3BYKOM MIMPOKO 3aCTOCOBYETHCS B
PI3HUX TaTy35X TPOMHUCIOBOCTI.

B nanHuii yac 3a IOMOMOTOIO YIBTPA3BYKy 3'IBHJIACS MOKJIMBICTh
3'eiHaHHS O10JIOT1YHMX TKaHWH (KiCTOK, M'SIKMX TKaHUH).
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8 KIEMOBIi KIEMO3BAPHI3 EJHAHHS

Kneito3BapHi 3'eTHaHHSI BHAIyCTOK 3aCTOCOBYIOTHCSI B OCHOBHOMY B
KOHCTPYKIIISIX 3 aTIOMIHIEBHX CIIIABiB.

KrefioBuit mpomrapok cropuitMae Ha cebe [YacTHHY 3yCHILIA,
MiIBHIIYE OMip KOHCTPYKIIi KOpO3ii.

Kpim Toro, kmeioBi NpoLIapKu CHIPHUAIOTH YCYHEHHIO PO3KPHUTTS
HAIyCTKa 1 TOM'SKITYIOTh KOHIICHTPAII0 HANpYyTH, MiABUIIYIOTH OIIip
KOHCTPYKLUi1 KOPO3ii.

MinnicTe KIei03BapHUX 3'€qHaHb Yy OUNBIIIKA Mipi 3aleXHTh Bif
TEeMIIEpaTypH eKCIUTyaTallii, a TAKOX BiJl TEXHOJIOTIYHHUX 1 KOHCTPYKTHBHHX
napameTpiB, CKIagy KIJICK, BEJIMYMHM 3a30py, TOBIUMHM JAeTaleil.
E(exTUBHICTh CKIICIOBaHHS MiIBUIIYETHCS 13 30LIBIICHHSM TOBIIMHU
€JIEMEHTIB.

Tunm knefioBux 3'emHaHb HaBeneHO Ha puc. 8.1. BoHu BuMaraioTh

MiATOTOBKH TIOBEPXOHb 0€3 3a0pyJHEHHS, TPIIMH 1 HAHECEHHSI MacH KJIelo
2
100...300 r/m".

| rE— |

F—— 1 | = I )
| IS |

HPOCTE BHAITYCTOK IPOCTE BCTHK BpizaHe HPOCTE ABOCTOPOHHE

Pucynok 8.1 — Tunu kieioBux 3'eJHaHb

3icTaBieHHs JIOMYCTMMOIO 3yCHIUIS  3pi3y P, KieHo3BapHHX

3'eJlHaHb 31 3BAPCHUMHU 1 KJICTIAHUMU 3'€THAHHSIMY 3aJIeKHO BiJl TOBIIUHU S
3'eJIHYBaJIbHUX €JIEMEHTIB HaJjaHO Ha puc. 8.2.

P‘;, N

20

1

’ g 1S 20 25 Jo 35 4.0 3.mn

1 — kneiio3BpHi 3'eqnanus (kieit BK-1), 2 — 3BapHi 3'eHanHs1, 3 — Kiienani 3¢ THaHHS
PucyHok 8.2 — MiunicTs 3'eiHaHb
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Haifkpamuvu B TEXHIYHHUX MUISX BHSIBWIIMCS MOJIEPHI30BaHI
SITOKCHIHI 1 KpeMHiopraHiIHi Kiel.

B incTtpymenTansHOMY BUPOOHMITBI ix BUKopucTanHs Ha 30...40 %
3HIDKY€E BUTPATY TBEPUX CILIABIB 1 e OUIBIIO MipO0 IBUIKOPI3aAILHUX
crajieil.

MinHicTh 3'eJHAHL BU3HAYAETHCS aATE31€I0 KIS0 3 MaTepialaMH, sIKi
CKJICIOIOTHCS, IO MPEJCTABIISIE YTBOPEHHS 3B'S3KIB MiX MPHUBEICHUMH B
KOHTaKT 1 OOTHCHYTHMH MaTepiajamMu. BOHH TMOAUMAIOTBCS HA
TepPMOIUIACTHYHI, HAaWOIIBII  TOMMPEHi, MO0 MNEPEeXOAATh  ICIA
OXOJIOJPKEHHS B TBEpAMH cTaH 0e3 3MiHM BIIACTMBOCTEH, Ta Ha OCHOBI
TEPMOPEAKTHBHUX CMOJ JJIs CKJICIOBAaHHS IMEPEBAXKHO HEMETATIYHUX
MaTepiaiis.

[Ipu ckieroBaHHI HEMHHYYE YTBOPECHHS 3aIMIIKOBUX HAIIPYXKEHb, 1110
BUHUKAIOTh B IUTIBIII ITPH 1i 3aTBEP/IiHHI.

3'eqHaHHS BUMIPOOOBYIOTHCS HABaHTAXKEHHSMHU Ha PO3TAT (CTHCK) Ha
3pi3 1 BiApWB, a TaKOXK KOHTPOIIOIOTHCI HEPYHHIBHUMH METOAAMH
KOHTPOJIIO, HATIPHUKJIIAJ, YIbTPa3BYKOM, PE30HAHCOM.

CTukoBi 3'€THAHHS 3aCTOCOBYIOTh MPH BIHOCHO BEJIMKUX TUIOMIAX,
10 KOHTAKTYIOTb.

V¥ 3'eiHaHHSAX, 0 TPAIIOIOTh HA BIAPUB, MIIHICTh HAMOIIbII HU3bKA.

MinHICTh KJIEHOBUX 3'€IHAHb HA OCHOBI €IIOKCUIHUX CMOJI IeTaleh
NpY 3CYBI HACTYITHA:

Cr3 30...40 MIla
X3H10 24...31 MIla
J16 21...35 Mlla
JlaTynb 17 MIIa
Mins 16 MIla

Y npoMHCIOBOCTI HaWOUIBII MOMIMPEHI KIICHO3BapHi 3'€HAHHS
BHAIYCTOK, HANpUKIa], y KOMOIHamii 3 TOYKOBMM 3BapIOBAHHSM.
[IpukieroBaHHs YaCTKOBO npuiimMae Ha cebe 3ycuiuist P (puc. 8.3).

1%

-
TR

Pucynok 8.3 — Kneito3apHe 3'e1HaHHs (IPOKJICIOBaHHSA + TOUYKOBE KOHTAaKTHE 3BapIOBaHH!)
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OSNMAAHI 3'€IHAHHA

[MastHHST 3MIHCHIOETHCS MPUCAIKOBHUM METANIOM, MPHUIOEM, II0 MaE
TeMIlepaTypy IUIaBIEHHS HIDKYY, HDK METaJl YacTUH INO 3'€JHYIOTHCS.
[Ipouec nmastHHS yHIBEpCaNbHUH.

[MasiHHAM 3'€MHYIOTH OTHOPIAHI 1 PpI3HOPIAHI MeTanu, MeTan 3
rpa¢iToM, KEpaMiKoIO Ta iHITUMH HEMETaJIeBUMH MaTepiajaMu.

IIpomec maiikn BinOyBa€eThCS B pe3yNbTaTi 3aTiKaHHS PO3IUIABICHOTO
MIPUIIOIO B 3230p BETMUMHOIO B JIEKiIbKa AECATHUX YaCTOK MilliMeTpa.

Haiibinpmr mommpeno kaminsipHe masHHSA. Omepauiero,  sika
YCKJIQMHIOE 3aCTOCYBaHHS IIhOTO BHAY TAsSHHSA, € HEOOXIAHICTh
3a0e3MeyeHdsl HAWTOHIIOTO (YacTKH MITIMeTpa) piBHOTO 3a30py MiXK
eJIeMEHTaMHU, IO MasOThCSL.

IcaytoTe 1 iHII crmocoOu TasHHS, IO YCYBalOTh 3a3HAaueHE
YCKJIaIHEHHS, HAMpHKIAJ, MasHHI B TEPMIUHIA Medi, TepMOpeakTHBHA
naiika, mpu SKIH B 3a30p YKIaJA€ThCs IUIACTUHKA TPHUIMO0 (i
30BHIIIHBOIO MPHKIAJCHOI0 CHIIOK 1 HarpiBaHHSAM pO3IUIABISETHCS 1
¢dopMye masHUII 1IOB). 3aCTOCOBYEThCA TakKokK mudy3iiiHe NassHHA ¥
BaKyyMi TpH HarpiBaHHi 1 CTHCKaHHI aHaloriuHo JudysiiHOMY
3BapIOBAHHIO.

Po3paxyHOK MasHUX €NEeMEHTIB 1 KOHCTPYKIIA B JaHUA 4ac MOXKeE
OyTH BHUKOHAHWH IMIIE 3 BITHOCHHM HAONMKEHHSM, TaK SK MiIHICTh
[MasgsHOTrO 3'€AHAHHS BH3HAYAETHCA HE TUIBKM MIMHICTIO OCHOBHOIO
Marepiaiy, Mpurow ado IBa, ajie i 3MaTHICTIO 3'€IHAHHA YMHUTH OIp Y
NEBHUX YMOBAaX YNHHUM HaBaHTAKECHHSM.

Po3paxyHOK MIIHOCTI HagHUX 3'€IHAHb 3I1HCHIOCTHECS B 3aJIEXKHOCTI
BiJl XapakTepy Airounx cuil. SIkmro Ha 3'eaHaHHs BHamycTok (puc. 9.1, a, 6)
IUIOTH TIO3/IOBXKHI po3TATyoui abo cTHckarodi 3ycwmis P, To masHi
3'€/IHAHHS TPAIIOIOTH Ha 3pi3. ToMy HepeBipKy MIlHOCTI iX MPOBOJSATH IO
JOTUYHUM Harpyram:

P P < [7']
T===—-YX]rt

F c¢cra

P — po3taryrodi abo cTrckarodi 3ycunis, H;
. 2.

F — nnoma 3pizy, MM,
a — IIUPUHA 30HU CIIAK0, MM;
€ — IOBXXVHA 30HHM CHal0 (JIOBXKWHA HAITYCKY), MM.
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IIpuiiMaeThest He OUTBINE 1’ SITH TOBITUH JETAJIEH, 10 3aIalO0ThCS.
JlomycTrMe Hampy:KEeHHS MMasHOro [iBa Ha 3pi3 [T'] He Mae cyBopoi
periaMeHTallii, ToMy B KO)KHOMY KOHKPETHOMY BHIAJKy BOHA 3a/Ia€ThCSI.

a) c
~o—
P w77 AL
LT 777777 27 7= P
o
)
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e oo . L

Pucynok 9.1 — IastHi 3'eqHaHHs BHAITYCTOK (@, 6) 1 BCTHK (8, 2, 0)

HanexxHa MIIHICTh MasHOTO 3'€qHAHHS 3a0€3MEYyeThCS HAMYCKOM
JIOCUTh BEJIMKOI MIPOTSHKHOCTI.

Ha puc. 9.1, 6...0 HaBeneHi nmpuKIIaaN MassHUX 3'€MHAHB BCTUK. [lasHi
opsami mBu (puc. 9.1, 6) He 3aBXIU MOXYTh OyTH PEKOMEHIOBaHI JUIst
poOOUYMX KOHCTPYKI[ifi. YMOBa MIIHOCTI TaKOTO CTHKOBOIO 3'€JIHAHHS 3
NPSIMUMHM KpalKaMu Ma€e BUTJIS:

P
s-a

o= <[o']

Koci masni mBu (puc. 9.1, 2) MaroTh BHCOKY Hecydy 3JIaTHICTb,
0COOJIMBO TIPH KYTi CKOCY @ = 45°.

YMoBa MIMHOCTI It KOCOTO IIasiHOTO INBa Taka K, SIK 1 JUIS
3BapIOBAJILHOIO KOCOroO I1Ba (AuB. ¢. 42, yactuHa 1).

3urzarononi6ni 3'enHanns (puc. 9.1, 0) He MOXyTh OyTH BU3HaHI
JOUiNbHUMHU. BoHW cknamHi B ohOpMIIEHHI, a pyHHYBaHHS HACTa€ IO
HEepEeTUHY, 110 30iraeThes 3 BEPTUKAIBHOO [UIOLIMHOIO CIIAf0.
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ITastHi TaBpOBi 3'€IHaHHS 3aCTOCOBYIOTH TOJIOBHHM YHWHOM B SIKOCTI
CIIOJTyYHHX a00 Mayio HaNpYKeHHX B €JIEMEHTAax, IO MPaOI0Th Ha BUTHH
(puc. 9.2, a...s).

&)

R 2 s Al 4

a A

ALTERVATLE VAR SRR AR

@) — MEHII MilHi TaBpOBi 3'€HAHHS; 6) 1 6) — OLIBII MillHI TaBPOBI 3'€THAHHST;
2) 1 0) — 3'enHaHHs JOOPE YUHATD OIIp BUTUHY 1 KPYyYCHHIO
Pucynok 9.2 — IasHi 3'eqHaHHS B TaBp

[NastHi 3'emHaHHS BiAKPUBAIOTH MOMJIMBICTH CTBOPEHHS YKOPCTKHX 1
E€KOHOMIYHHX €JIEMEHTIB, 0 100pe MPaIfOI0Th HA BUTHH 1 KPyUYCHHSI.

[Mpuknamu Takux cnoiyk 3o00paxeHi Ha puc. 9.2, 2, 0. CrnomyuHni
€JIEMEHTH BINAIOIOTbCA MDK JABOMa IUomuHamu. [lasiHi  CTiINBHUKOBI
KOHCTPYKIIT MAlOTh )KOPCTKICTh, HEBEIMKY Macy, KOMITaKTHICTb.

Yacro masHi 3'€THAaHHS], IO MPAIIOIOTH Ha 3pi3, PO3PaxoBYIOTH 3a
YMOBOIO PIBHOMIITHOCTI IIBa i OCHOBHOTO METAITy:

T3p "Fy =05 Fyu

J€ T3y, — OMIP 3pi3y MasHOTO LIBA, kre/em’;
0 — Mea MIL[HOCTi OCHOBHOT'O MeTally, Krc/cM’,
F, 1 F,y — BIANOBIZHO TE€OMETPHUYHI XapaKTEPUCTUKH ILIOII
pyHHYBaHHS IIBA 1 OCHOBHOTO METaIy.
VY Ttabmuusax 9.1 1 9.2 HaBenmeHi 3HaueHHs OMOpPY 3pi3y 1 Mexi
MIIHOCTI 3pa3KiB, MasHUX BCTHK JUIS JICAKUX THINB TMPUIOIB 1 HasHUX
METaJIiB.



Tabmuus 9.1 - Omip 3pi3y T

JJIsL 3pa3KiB, nasstHuX BHAITyCTOK

OJIOB'STHO-CBHHIICBUMH TTPUIIOSIMH, KT'C/CM

Mapxka npuroro

Mera MOC40 | 1OC30 | TIOCI3
Crainp (C13 i iHmI.) 270 330 280
Cranps X18HIT 280 220 -
Jlatyns J162 240 320 270

Tabmnus 9.2 - Mexa MILHOCTI O, 3pa3KiB, NAsSHAX BCTUK PISHUMU
PUIIOSMH, KI'c/cM

Mapka npunor

Meran TI0C40 [I0C30 | CK-7
Cramb 200-1020 | 710-1250 | 200-670
TaryHs 650-1160 | 650-1270 | 370-540
Mz 870-1370 | 400-840 | 400-600

3aranbHONPUHHATHX METOMIB PO3PaXyHKy NasHUX 3'€MHAHb IPH

QI/IKIIi‘IHI/IX HaBaHTAXXCHHIX B JJAHUH 4ac IMMOKHA HEMaE.
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10 POBPAXYHKUN KOMBIHOBAHHUX
3'€EAHAHD

10.1 IIponnaBHi 3'€nHAHHA 200 3'€AHAHHS MPOMJIABHMMH €J1eKTPO3aKIeNKaMu

[MpomnaBui 3'€qHAHHS CTaBIATHCS JyTOBUM 3BaplOBaHHSIM IPH
pO3TallyBaHHI JUCTIB BHaIycToK. [IporuiaBisercs BepXHiil OB TOHKHUIA
JIUCT, B PE3YJIbTATI YOTO YTBOPIOIOTHCS KPYTIIi MPOTUIaBHI 3BapHi 3'€ THAHHS
(puc. 10.1). IIponnaBHi 3'emMHaHHs paliOHAJIbHI MPU TOBIIMHI BEPXHBHOTO
JICTA, SIK MPaBUIIO, HE OibIIe 5 MM.

Pucynok 10.1 — IIporutaBHe 3'eiHaHHS (IPOTUIABHUMH €JIEKTPO3aKICITKAMH)

IIpu 3acTocyBaHHI BJIOCKOHAJIEHOTO OOJAJHAHHS 3 TMPUMYCOBOIO
MONa4Yer0 eNeKTPOJHOrO JAPOTY B 30HY Jyrd MOXHA 3BapIOBaTH
MPOIUIABHUMHU CIIOJIyKaMH €JIEMEHTH TOBIIMHOIO Outbire 10 mm. Taki
CIIONYKH OTPUMYIOTh CBEPIJIIHHSAM OTBOPIiB B OJHOMY 3 JIHCTIB, IO
3€I[HyIOTLC$I 1 3aloOBHEHHSM iX HarulaBleHUM MeTtanoM. llpu 1pomy
miamerp orBopy d moske mocsratu 40 mMMm. Po3poOsieHi yCTaHOBKH JUIst
BUKOHAHHS TaKUX 3'€JJHAHb PI3HUX MAPOK CTAJICH B 3aXMCHOMY CEPEIOBHIII
CO,.

3Bakalouul Ha TMPOCTOTY OOJIATHAHHA Ta BHCOKY MPOAYKTHUBHICTh
TpoIiecy MpOIIABIEHHS 3'€/[HAHHS BEIbMH €KOHOMiUHi. IX 3aCTOCOBYIOTH,
30KpeMa, TPH BUTOTOBJICHHI KOHCTPYKIIIH CiJThbCHKOTOCIIONAPCHKUX MAIIIHH.

Y Oimpmiocti BHIIQJKIB TMPOIUIABHI CHOJMYKH € €IHAJLHUMM i
Po00YHX 3YCH/Ib He NepeialoTh.

Po3paxyHok MinHOCTI 3'enHaHb, Mo OepyThb ydacTb y Iepeaadi
3yCHJIb, TIPOBOJIATH AHAIOTIYHO PO3PAXYHKY MIIIHOCTI TOYKOBUX 3'€IHAHD
NPY KOHTAaKTHOMY 3BaplOBaHHi.
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10.2 KombiHoBaHi kjenaHi-3BapHi 3'¢THaHHSA

Y MerameBHX KOHCTPYKIISIX 1HOMI 3yCTpIYaroThCsl KOMOIHAI]
3BapHUX 3'€AHAHb i3 3'€IHAHHAMH, BUKOHAHUMH 32 JIOIOMOTOI0 3aKJIENOK,
00.1TiB, PO3BAJILILOBYBAHHS Ta iH.

Y BCiX IMX BHUITaIKaX PO3PaXyHOK MIITHOCTI 3'€lHAHb HE MOXe OyTH
3IiIHCHEHUI TPOCTUM MiACYMOBYBaHHIM HECy4oi 3aTHOCTI KOMOIHOBaHHX
TUIIIB 3'€IHAHB.

Haif0inpm mommpeHnM KOMOIHOBaHMM 3'€IHAHHSAM € KJETaHo-
3papue (puc. 10.2). Ile 3'emHaHHS TO3BOJISETHCS BHKOPHCTOBYBATH TIPH
MOCWJICHHI CTapuX KJIETaHUX eJIeMEHTIB KOHCTPYKLIH.

s O®) @@/4 2 8
H®D 'h @@ 1
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Pucynoxk 10.2 — Kiienano-3BapHe 3'eTHaHHS

Po3paxyHoK KiienaHO-3BapHHUX 3'€IHAHb 3aCHOBAHUI Ha JIOMYIICHHI,
0 BCE HABaHTAXEHHs, IO [i€ J0 TOCWIeHHA P;, crupuiiMaerbcs
3aKJIETIKAMH, a BCE JIOJIATKOBE HABaHTAXKEHHS P,, BUHUKAE B €JIEMEHTI TTiCIIs
MOCWIJICHHSI 3'€/THAHHS, CIIPUHMAETHCS TUTBKY 3BAPHUMU IIIBAMH.

TakuM 4YHHOM, YMOBa MIIIHOCTI KyTOBOTO 3BapHOTO IIBa B

KOMOIHOBaHOMY KJIETIAaHO-3BAPHOMY 3'€THaHHI MOXe OyTH 3amlucaHa y
TaKOMY BUTJISI:

[IpoekTyBaHHSA HOBHX KOHCTPYKLIH 3 KOMOIHOBaHMMH KJIETIaHO-
3BapHUMHU 3'€THAHHSIMH, K MPABUIIO, HE JOMYCKAETHCS.
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10.3 Kom0iHoBaHi 60.1TOBE + 3BapHe 3'€ATHAHHS

V nmeskux KOMOIHOBaHWX 3'€JHAHHSIX Pi3HI THUIH iX TMpH3HAYCHI IS
CIIPUMHATTS PI3HUX CKIAJOBUX 3arajlbHOTO CHJIOBOTO BIUTHBY. Tak,
HANpPUKIIaa, B KOMOIHOBaHOMY 3'€IHaHHI, 300paxeHomy Ha puc. 10.3, mo
CKIIQJIa€ThCSI 3 YOPHHUX OONTIB 1 3BapHUX INBIB OONTH HE MOXYTh
MpaIloBaTH Ha 3pi3, alieé MOXYTh CHPHUHATH TOPU3OHTAIIGHI CHIIH,
BUKJIMKaHI 3rHHAI0YUM MOMEHTOM, MPAIFOI0YH HA PO3TAT.

/M M

PHIE [\
B
a

Pucynoxk 10.3 — Kom0iHoBaHe 3'e JHaHHS

3Bapui mBH 1 1 2 nobpe mpauooTh Ha 3pi3, aje He CIPHUMAIOTh
MOMEHT, TaK sSIK BUHUKA€ jaedopmaliis Kyrodkis (auB. puc. 10.3, ).

VY 1esKkHuX KOHCTPYKLISX BUKOPUCTOBYETbCS KOMOIHAILis JBOX THUIIB
CIIOJTYK, PO3PI3HEHUX I10 PO3TAITyBaHHIO.

Tak, Ha puc. 10.4 300pa’keHO eNeMEHT KOHCTPYKIii y BHIJISIL
CIIapeHMX IIBeNepiB, OJUH KiHEIb SKUX 3'€JHaHUH 3 KOCHHKOI 3BapEeHHM
IIBOM (3BaprOBaHHs 31IIICHIOETHCS B 3aBOJCEKUX YMOBAX), a Ipyryid KiHellb
(MOHTa)XHHIT) — 32 IOTIOMOTOF0 BUCOKOMIITHMX OOJTIB, 110 BUTOTOBIISIOTHCS
31 crani 40X.

Ilepemaua 3ycwis y 3'€eqHaHHI Ha BHUCOKOMIIHMX — OoirTax
BiOyBa€TbCSI TUIBKM 3a PaxXyHOK CWJI TEPTA MK €JIeMEHTaMH, 10
3'€IHYIOTHCS.

PospaxynkoBe 3ycumis S;, AK€ Moxe OYTH IepeJaHo OIHI€I0
TUIOIIMHOIO TEPTS 3'€IHYBAJbHUX €JIEMEHTIB, CTATHYTHX OJHHM OOJTOM,
BH3HAYaIOTh 3a POPMYIIOIO;
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S]_ = 0,78'NH 'fH

ne 0,78 — y3aranpHeHn# KoedilieHT;
fy — HOpMaTUBHHI KOe(iLliEHT TEePTS;
Ny = 0,6 - F, - Ry — HOpMaTUBHE 3yCHIIIS HATATY 0OMTa, KIC;
F, — momia niepepizy 001Ta M0 BHYTPIITHROMY JiaMeTpy pi3pou,
oM’
Ry = 12000 krc/cm® — HOpMaTHBHHiL ortip GonTa.
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Pucynok 10.4 — KombiHOBaHe 3'€THaHHS

HopmaruHuii koedillieHT TepTs fy 3aleXHUTh BiJl CTaHy MTOBEPXOHb
TepTs i mpuiiMaeThes 3a Tadbmurero 10.1.

Tabmuus 10.1 — 3nayenHs koedilieHTa TepTs fy

CraH KOHTAaKTHUX IOBEPXOHb fu
ITicns mickocTpyMUHHOT 00pOOKH 0,57
[Ticiist BOTHEBOTO OUUIIIEHHS 0,42

3 npokaTHOI OKaMMHOI (Y CTaHi MOCTaBKU a0o MiCis
OYHIIICHHS CTAJICBUMH IIITKAMHU)

0,33
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11 HO3HAYEHHA 3BAPHUX IIBIB
HA KPECJHUEHHAX

3BapHi 3'eqHaHHA H03HaYaThes 3rigno 'OCT 2.312-72.

[oB, He3aneKHO Bifl CIOCO0Y 3BapIOBAHHS, YMOBHO 300paXyIOTh:
BHAMMMIA — CYITBHOIO OCHOBHOIO JiHi€ro (puc. 11.1, a, 6);
HEBHAMMHUIA - IITPUXOBOIO IiHiero (puc. 11.1, 2).

A-A

AN

A,

7
—]
A

A 2
Pucynok 11.1 — YMoBHe 300pakeHHsI Pi3HHUX IIBIB 3BapHUX 3'€ THAHD

BuauMy oauHOYHY 3BapHy TOYKY, HE3aJeXKHO BiJl crocoly
3BapIOBaHHS, YMOBHO 300paxyrTh 3Hakom "+" (puc. 11.1,0), sxuii
BUKOHYIOTH CYIUTBHUMH JiHisMH (puc. 11.2).

2 5 12

i

Pucynok 11.2 — BukoHanHs 3Haka BUAMMOI OJTMHOYHOI 3BapHOI TOUKH
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HeBumumi oguHOYHI TOYKH HE 300PaXKyFOTh.

Bing 300pakeHHs mBa a00 OJWHOYHOI TOYKH IIPOBOASATEL JIiHIIO-
BUHOCKY, III0 3aKiHUy€ThCSl O[IHOCTOPOHHBOK CTPiNK0I0 (nuB. puc. 11.1).
Jliniro-BUHOCKY 0akaHO POBOJUTH Bifl 300paskeHHS BUAUMOTO IIIBA.

Ha xpecneHHAX mMmomepevyHHX Tepepi3iB TPaHMI IBa 300paKyIOTh
CYIUTFHUMH OCHOBHHIMH JIHISIMH, & KOHCTPYKTHBHI €JI€MEHTH KpaWKiB B
MeKax [IBa — CYIJIbHUMH TOHKUMH JiHisiMu (puc. 11.3).

b

A
e

A, b, B — 1OCNiZIOBHICTh HAKJIAJICHHS 3BApHUX IIBIB
Pucynok 11.3 — 300paxeHHs nepepizy 6araTompoxiTHOTO MBa

JomomMikHI 3HaKW A7 TO3HAYEHHS 3BapHUX INBIB HAaBEIEHO B
tabn. 11.1.

[To3HayeHHS 3BapHUX IIBIB HAHOCATHCS HAJ TOJUICIO JIiHii-
BUHECEHHsI ¥ pasi JUILOBOTO OOKY IIBA 1 i/ MOJIUIICIO — JUI 3BOPOTHOTO
Ooky miBa. L{i mo3HaueHHs MalOTh TaKi CJIEMEHTH:

MO3HAYEHHS CTaHJApPTy Ha THUNHW 1 KOHCTPYKTHUBHI €JIEMEHTH IIBiB
3BapHUX 3'€qHaHb (quB. Tadm. 11.2, croBnens 1);

Jitepo-unudpoBi TMo3HAUeHHS 3a cTaHmaproM (amB. Tabn. 11.2,
CTOBIIEIH 5);

YMOBHE ITO3HAa4Y€HHS CII0c00y 3BapIOBaHHS;

3HAaKW TPo(iTr0 mIBa i HOro Karera JUisl MIBiB KYyTOBHX, TaBPOBHUX 1
3'€THaHb BHAITYCK;

JOBYKMHA Ta PO3TaIlyBaHHs JUIbHUIb IEPEPUBYACTOrO IIBA;

JIOTIOMIXHI 3HaKH (quB. Tabm. 11.1).

CturkoBe 3'€THAHHS [M03HAYAIOTHCS JiTeporo C; KyToBe — V; TaBpOBe
— T; BHamyctok — H; sxmo ¢opma mBa He nependayena [OCT — O
(ocoOnuBuit).
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Ta6mmms 11.1 - YMoBHI mo3HaYeHHS 3BapHUX 3'€THAHD

JomomixxHuiA
3HaK

3HaueHHS
JTIOTIOM1YKHOTO 3HAKY

Posmimenus
JIOTIOMKHOT'O 3HAKY

ITocunenns msa
3HATH

Harmusu 1 HepiBHOCTI
Ba 00poouTH 3
TUIAaBHUM TIEPEX0]I0M
JI0 OCHOBHOTO METaITy

MouTtaxHuii oB

[IToB nepepuBuacTuit
a00 TOYKOBHIL 3
JIAHIIFOTOBUM
pO3TalIyBaHHAM
IUIBHALE

Te k, 3 MIaXOBUM
PO3TaITyBaHHSIM
TJIBHULE

[oB mo 3aMKHYTiH
JiHii

J o N N E b

[IIoB mo He3aMKHYTI
TiHiT

VIR
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Uudpu Oimst mitep, Hanpukimax C25, T4, BKa3ylOTh MOPSIKOBUN
Homep maHoro mBa B ['OCT (Bux 3'emHaHHS 1 mBa, a Takox (opmy

00poOKH KpalKiB 1 po3MipH 3'€eJHaHHS B 300pi).

Tabmuns 11.2 — Tunwu mBiB 3BapHUX 3’ €IHAHB Ta X YMOBHI MO3HAYCHHS

Mexu
Bux TOBILMH VYMmoBHI
I'OCT Bun 3BaproBanHs " JeTalieH, 110 | IO3HAYCHHS
3’€THAHHA .
3BapIOIOTHCA, IIBIB
MM
Crukose 1...100 C1-C25
5264- P TaBpose 2...100 T1-T11
80 yHHe fyrose BHamycTok 2...60 HI1-H3
KyToukose 1...50 Y1-Y10
ABTOMATHYHE  Ta Crukose 1,5...160 C1-C34
8713- . TaBpoBe 3...60 T1-T13
79 HarBABTOMATIHHE | g nverok 1...40 H1-H6
mi gaocom KyToukoBe 1,5...40 V1-Y10
Crukose 0,5...120 C1-C28
14771- B sax1CHIX [a3ax TaBpoBe 0,8...100 T1-T10
76 Brarryctok 0,8...60 HI1-H2
KyToukose 0,5...100 Y1-Y10
15164- EleKTpolaxoBe Crukose 16...800 C1-C3
78 TaBpose 16...500 T1-T3
14776- | Tponnasne BHanycTok 0,5...22 H1-H6
79 poOoYHE
15878- KoHTaKTHe CtukoBe - Cl1-C4
79 Brarryctok 0,3...6 HI1-HS8
JlyroBe 3BaproBaHHs II03HAYA€ThCs JiTeporo J; razoBe — [,

eNIEKTPONIIaKoBe — [I/; B iHEpTHUX Ta3ax — /; yIabTpa3ByKoOBa — V3; TepTsIM
— Tp; xonogna—JX; nudysiiHa — /J¢h; xoHTakTHa — K; eNeKTpOHHO-
nmpoMmeneBa — FEn; naszepHa — JI[3; BHOyXoM — B3; 1uiasmoBa — [I3, y
BYIJIEKUCIIOMY Tra3i — V.

BykBu mnepex mo3HaueHHsM BHIY 3BaplOBaHHA IO3HAYalOTh: P —
pyuHe; A — aBTroMaTHuHe; [/ — HaIlliBaBTOMaTHYHE.
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[l aBTOMAaTH4YHOr0 3BaprOBAHHS MPUMHATI HACTYIIHI TO3HAYECHHS:

- aBTOMaTHYHE 3BapIOBaHHS Mif GIFOcoM 0e3 3aCTOCYBaHHS MiAKIAIOK i
MiABapIOBAILHOTO MIBa — A,

- aBTOMaTHUYHE 3BapIOBaHHs miJl GrocoM Ha (IIrocoBiil momymimi — Ag;

- aBTOMAaTHYHE 3BapIOBAHHS Mia (IIFOCOM Ha CTANCBHH IMiAKIAMIT — AM;

- aBTOMAaTWYHE 3BapIOBAaHHA ITiJT (IFOCOM 3 TOTNEPEIHIM HaKIaICHHIM
iABapIOBAILHOTO WBa — Ay,

- aBTOMATHYHE 3BapIOBaHHSA I (DIFOCOM 3 TIOMEPEAHBOIO ITiABAPKOIO
KOpEHsI 111Ba — AnK.

Ti & iHAEKCM BUKOPUCTOBYIOTHCSI TPH BKa3iBIl TEXHONOTIYHUX
0co0IMBOCTEH HalliBaBTOMATUYHOTO 3BaptoBanus (I1, [1gh, Ilc i 1.1.)

i1 KOHTAaKTHOTO 3BaplOBaHHS 3aCTOCOBYIOTh TaKi MO3HAYCHHA 3
IHJEKCaMH, 10 BiJ3HAYalOTh ii OKpeMi pisHoBHaU: Kp — moBHa; Kc —
ctukoBa, Kcc — crtukoBa omopoM; Kco — cTukoBa oriaBieHHsIM; KT —
TOYKOBA.

ITo3HavyeHHs JiTepaMHu JYTOBOTO 3BApPIOBAHHS Ta PYYHOTO yTOBOT'O
3BapIOBAHHS Ha KPECJIICHHAX HE MPOCTaBJISIOTh. JIiTepHi MO3HAYEHHS 1HIIHNX
Croco0iB 3BaplOBaHHS IPOCTABISIFOTh HAa KPECIEHHSIX TUTBKA Y pasi
3aCTOCYBaHHS JIEKITBKOX CITOCOOIB.

[Tpu BHKOpPUCTAaHHI OJHOTO CHOCOOY 3BapIOBAaHHS HOTO BKA3yHOTH B
TEXHIYHUX BUMOTax Ha KPECJICHHI.

YMOBHI TO3HAa4eHHS IIBIB 3BapHUX 3'€IHaHb BCTaHOBIJEHI
Jiep’KaBHUMH CTaHJapTaMU.

B yMOBHUX MO3HAYEHHSX MIBIB JIOMTYCKAIOTHCS TaKi CIPOIICHHS:

- 3a HasIBHOCTI HA KPECIJIEHHI IIBiB, BAKOHYBAaHUX TI0 OJHOMY i TOMY
K CTaHOapTy, MO3HAYECHHS CTaHJApTy BKa3ylOTh TIJIBKM B TEXHIYHHX
BUMOT'ax KPECIICHHS;

- 332 HAsIBHOCTI Ha KPECJICHHI OJIHAKOBHUX IIIBIB IMO3HAYCHHS Ha JIiHii-
BUHOCI HaHOCATh Yy OJHOTO 3 HHUX, a U PEIITH IIBIB, IO MAaroTh
OJTHAKOBUH HOMEp, Ha TOJHII JIiHII-BUHECCHHS! BKa3YIOTh TIILKH HOMEp
mBa. SIKmo X Ha KPECJACHHI BCI IIBM OJHAKOBI, TO JOIYCKAE€ThCS
300paxaTH iX JIiHIIMU-BHHOCKaMU 0€3 MOJIUIIb;

- JIOTyCKA€ThCSl HE BiJ3HAYAaTH Ha KpPECJIEHHI IIBM JIHIIMH-
BUHOCKaMH, a TIPUBOJIUTH BKA31BKHU 31 3BapIOBaHHS 3alICOM Yy TEXHIYHHX
BUMOTax KpECJICHHs, SKIIO Lel 3amuc OJHO3HAYHO BH3HAYAE MicLy,
CHOCOOM 3BapIOBaHHs, TUIIM LIBIB 1 pO3MipH KOHCTPYKTHBHHUX €JIEMEHTIB.

[Mpuknanym yMOBHUX TIO3HAYEHb HaBesieHi B Tabu. 11.3.
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Tabmuns 11.3 — [Ipuknaam yMOBHUX TIO3HAYEHB 3BAPHUX IIBIB

Hazsa miBa

HpI/IKJ'IaI[ IIO3HAYCHHA

[IIoB cTHKOBOTO 3’€THAHHS 3
KPHUBOJIIHIHHAM CKOCOM OJHOTO
Kpaiika, TBOCTOPOHHIHM, BUKOHAHMI
PYYHHM JyTOBHM 3BapIOBaHHSM Ha
MoHTaxi BHpoOy. [locumenns
3HATO 3 000X CTOPIH

=Yrocrs254-80-09 L

/

>

[IloB TaBpoBOTO 3’€AHAHHS O€3
CKOCY KpaiiKiB, IBOCTOPOHHIH,
MEPEPUBYACTUN 3 IIAXOBUM
pO3TaNTyBaHHIM, BUKOHY€ETHCS
3BapOBAHHAM B 3aXHCHUX ra3dax
TUTaBKMM METAJICBUM €JIEKTPOJIOM
o 3aMKHYTiH niHii. Kater mBa 6
MM. JIOB)KHMHA JiMBHHIb, 110
npusaproethest 500 MM, kpok 100
MM

TOCT 14771-6 754455002100

ﬁ

[ToB 3’emHAHHS BHAITYCTOK 0€3
CKOCY KpaioK, OJIHOCTOPOHHIMH, 1110
BUKOHYETKLCS €JICKTPOIYTOBUM
HAMiBaBTOMATHYHUM 3BaPIOBAHHAM
B 3aXHMCHHUX I'a3dax IIJIaBKUM
enektpoyoM. [1loB o He3aMKHYTiH
ninii. Karer mBa 5 Mmm.

10CT 1477176 K1- ¥N- A5]

/

CrporueHe 300paskeHHS
OJTHAKOBHX HIBIB IIPH YMOBI
MIOBHOT'O TIO3HAYEHHS OJJHOTO 3 HUX

N1

Te x, K110 BCE IIBU HAa KPECIICHHI
OJIHAKOBI




