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BCTYII

KoHTakTHE 3BapioBaHHS — II€ TEXHOJOTIYHUN TMpOIeC OJEpKaHHA HEPO3'€MHOTO
3’€IHaHHS METAJIEBUX JIETaJel MpH IXHbOMY MICIIEBOMY HarpiBaHHI €JIEKTPUYHUM CTPYMOM, 1110
NPOTiKae y WX JETaJsAX, CYIPOBOHKYBAHIM 3/IaBITIOBAHHSM 30HH CIOTYKH.

[Tpu npoxoKeHHI CTPYyMy TEIUIO BUIUIATHCA SIK Ha BJIACHOMY OIIOp1 JeTaslel, Tak 1 Ha
OIOp1 KOHTAKTY MI>K HUMHU. KOHTaKTHMIA onip 3a3BHuYail CTAHOBUTDH 3HAUHY YAaCTUHY 3arajbHOTO
oropy 3BaproBajbHOI Mepexi. ToMy Ha HbOMY, BUAUISETbCS OCHOBHA KIJIBKICTH TeIJIa.
Hactynna muiactuyna nedopmaltiis 30HU 3BaplOBaHHA 3a0€31euye o/1ep>KaHHs SKICHOI CIIONYKH.

KoHTakTHE 3BaproBaHHS Moyanu 3acTocoByBat y 80" pokax MUHYIOr0o CTOPivYsl, KOJIH
pociiicbkuii BUHaXiTHUK beHapmoc 3amaTeHTyBaB TOUYKOBE 3BApPIOBAHHS MIDK BYTUIbHUMH
eJIEKTPOIaMHU 33 JOHOMOIOK0 HaimpocTimux KiimiB. IM ke 6ys10 3amponoOHOBAHO POJUKOBE
3BaproBaHHs, a TomcoHoMm (CIIIA) — cTtukoge.

KoHTakTHE 3BaproBaHHS XapaKTEpU3YETbCS OUIBIIMMM IIBUIKOCTAMHU HarpiBaHHA
MeTaly B 30H1 3BapIOBaHHS, JJIs YOro MOTPIOHI MAIIMHU BEJIUKOI €JIEKTPUYHOI MOTYXKHOCTI ( 710
1000 kBT ii 6inb11e).

[Ipn 3BaproBaHHI JeTajiell BEJIMKOrO NEPEeTUHY HEOOXIJAHE 3yCHWILIS CTHUCKY MOXeE
JIOCATAaTU JEKUIbKOX COTEHb TOHH. ToMy MexaHiuHa YacTMHA MAallMH TaKoX MOBMHHA OyTH
NOTYHOK. MalinHa Jyuisi KOHTaKTHOTO 3BapIOBAHHS CKJIAZIA€ThCA 3 HACTYIHUX TPbOX OCHOBHHUX
YACTHH:

1. JIxepeno xupnenns. Haitgacrime 1ie 3BaproBagbHUN TpaHCHOPMATOP, IO 3HIKYE
HaNpyry Mepexi 10 HalpyTu B A€KUIbKa BOJbT (3a3Buyail 2 - 15 B.). Lliei Hanpyru
BHACJIIOK MaJlOCTI OIOpY 3BapIOBAJIbHOI MEpexXl IOCUTh Ul CTBOPEHHS Y
BTOPHUHHOMY JIaHI[1031 O1TbIIKMX cTpyMiB (iHoai g0 100000 a To # Ginb).

2. MexaHi4Ha YacTWHA CITY)KUTh JUTS 3aKpIIJICHHS, TIEPEMIIIEHHS 1 CTUCKY NeTalei,
1110 3BapIOIOTHCS.

3. Amaparypa KepyBaHHSI.

Croci6 KOHTaKTHOTO 3BapIOBaHHS XapaKTEPU3Y€EThCS BUCOKOIO BApTICTIO BCTATKyBaHHS,
BHCOKOIO MPOTyKTUBHICTIO, JIETKICTIO MeXaHi3aIlii # aBToMaTu3ailii. ¥ CHIy HUX BIACTUBOCTEH
KOHTAaKTHE 3BapIOBaHHS 3aCTOCOBYETbCS B OCHOBHOMY B KPYITHOCEPIHHOMY 1 MacoBOMY
BUPOOHHUIITBI:

B aBTOomM00ineOymyBaHHI ( JJIs MPUBApKH Ky30Ba aBTOMOOLISA O KapKaca, 3BaprOBaHHS
000110B KoJlic, 6eH300aka i T.1.); BaroHoOymyBaHHI ( JUIS TMPUBApKHU JTUCTOBOI OOIIMBKU [0
Kapkaca); TNpuH BHpPOOHMIITBI iHCTpyMeHTa ( JUIsi 3BaproBaHHS pPOOOYOi YacTHHH 31
MIBUIKOPI3aJIbHOI CTalli 13 XBOCTOBUKOM 13 3a3BHYail MalOBYTJIEIIEBOI CTali); MIPH BUPOOHUIITBI
TpyO 1 Npu 3BaprOBaHHI MariCTpaJbHUX TPYOONPOBOIIB; 3BaplOBaHHS PEHKOBUX CTHKIB,
CTPW)KHIB apMaTyp, JJAHOK JIAHITIOTIB 1 T.JI.

Kaacudikanisi cioco0iB KOHTAKTHOIO 3BaPIOBAHHS.

Icnye kinpka cioco0iB Knacugikarii:
1. ITo ciocoOy KUBIIEHHS
a) 3MiHHUM CTPYMOM.
0) 3BaproBaHHS 3 HATPOMA)KEHHSIM €HEePTii.

VY npoMy BHUIAIKy HEOOXigHA Ui 3BApPIOBAHHS CHEPTis CIOYATKy BiJIHOCHO MOBUIHEHO
HAKOMHMYYEThCSI B  EINEKTPUYHIM TOJI  KOHAEHCATOpiB a0  eJIeKTPOMArHiTHIM  MOJi



TpaHchopmaTopa, a MOTIM BiJJIAETHCA B 30HY 3BAPIOBAHHS Y BUTIISAI KOPOTKOTO M TOTYXHOTO
IMITyJIbCY .

B) IMITyJIbCOM BHIIPSIMHOTO CTPYMY.

T') 3BapIOBaHHs HAa HU3bKOYACTOTHUX MaIlIWHAX.
2. 3a popMOI0 3BapeHOl CIIOTYKH:

a) CTUKOBE 3BApPIOBAHHS

0) TOUKOBE 3BapIOBaHHS

B) pelsibe(HE 3BapIOBAHHS

T') POJIMKOBE 3BAPIOBAHHS

1) POJIMKOBO-CTUKOBE 3BapIOBAHHS
3. 3a TEXHOJIOTTYHUMH O3HAKAMHU

Hanpukian, cTHKOBE 3BaprOBaHHS OMOPOM 1 OIJIaBJICHHSIM. POJMKOBE 3BaprOBaHHS —
Oe3nepepBHa, epepruBYACTa i KPOKOBA.

4. Tlo ciocoOy migBeaeHHS CTPYMY:
a) oAHOO1UHe
0) nBOOIUHE
CTukoBe_3BaplOBaHHA — BHUJ KOHTAKTHOTO

. 3BapIOBaHHsI, MPU SKOMY J€Tajl, IO 3'€AHYIOThCS,
3BApIOIOTHCSI MO BCIM IUIOMMHI IX TOpPKAHHS.
7/ 7// Jetam, 1o 3BaproOOThCA, | 3aXUMaAIOTHCS B
P % 4_p eJIEKTPOAaxX 3BapIOBAJbHOI MaIIMHU 2, sKI 3a
SR - " 4 J0mOMOrox THYYKMX MiJHMX IIMH 3'€JHaHi i3
% \/ % BTOPUHHUM BUTKOM 3BapIOBAJIBHOTO
= 1 “ tparchopmaropa Tp. Topii meraneii CTUCKYIOTBCS
OCBOBHM 3yCUILIAM P.
& Tp Poszpizusitors  1Ba ogHOBHi criocoou
! TTTTd ' CTHUKOBOTO 3BapIOBaHHS OMOPOM 1 OTUIABJICHHSIM.
Mepexa [Ipu 3BaproBaHHI OMOPOM TOPII JAeTaneit

CTUCKYIOTbCSI OCBOBMM 3ycWIsiM P, a mnoTiMm
BKIIIOUAETHCS  3BaploBalbHUIl  TpaHchopmarop. Jleranmi posirpiBaroThCsi CTpymMoMm  0e3
pO3IIJIABIIIOBAHHS, IUIACTUYHO Je(QOPMYIOThCS W 3BaprolOThca. BHAcHiOK  HasBHOCTI
KOHTAaKTHOTO OTIOpY TeMIepaTypa Mo JOBXKHHI JeTajeil po3MoaiIsieThCsl HEPIBHOMIPHO, BOHA
MaKCUMaJlbHa B TOPIIB JieTasell 1 MOCTYNOBO 3MEHIIYEThCS 10 EIEKTPOIIB.

[Ipu 3BaproBaHHI ONJIABJEHHAM JI€Talli MOBUIFHO 30JMKAIOTH A0 3ITKHEHHS TOPIIB 0€3
MOMITHOTO 1XHBOTO 3aBJIIOBAHHS TPH BKJIOYEHOMY TpaHchopmaTopi. [Ipu 3iTkHEHHI TOPIIIB
nerajgeii MK HHMH YTBOPIOEThCS KOHTakT. Omip [bOro KOHTAaKTy, dYepe3 BiJCYTHICTh
CTHCKAIOUUX CHJI NMOPIBHAHO Benuke. [Ipu mpoTikaHHI yepe3 1el KOHTaKT BEJIMKOro CTPyMy Ha
HBOMY BUJIUISIETHCS BEJTMKA KIJTbKICTh TETlIa QZIZRt.

Mertan y 30HI KOHTaKTy MIBUAKO PO3IUIABIISETHCS, YTBOPIOIOUM MK TOPLSIMHU JeTajien
piaky mepemuuky. Ilpum mopanmeimiM HarpiBaHHI CTpyMOM IIi NepeMUYKH BHOyxaroTh. Lle
NOPUBOAUTH JIO BHUKHJIAHHS 13 30HM CTHUKY YacTOK pO3IUIABICHOIO MeTaly H JesKoMmy
BKOpOYCHHIO Jeranei. [Ipu momanpiriM 30IMKEeHHI AETalNeii YTBOPIOIOTHCS W BUOYXAIOTh YcCi
HOB1 i1 HOBI mepeMuuku. lle MpUBOAUTH MO IHTEHCHBHOTO PO3IrpiBy TOpuiB Aeraneil. [licms
OJIepYKaHHS Ha TOPIIX JAETalel TOHKOTO IIapy po3IUIaBICHOTO METaly i JOCTaTHBOTO MPOTPIBY
JeTajgeil 1Mo JOBXHHI BOHM 3[aBIIOIOThCS OChOBOIO CHIIOK (OcamkyroTbes). Ilpu mpomy
pPO3IUIABJIEHUN MeTall BUIABIIOETHCS 31 CTHKY, a pPO3TAlIOBAHMN IMiJ] HUM YHUCTHH J100pe
PO3IrpiTUi METal IUTACTUYHO AePOPMY€ETHCS Il 3BapIO€THCSL.




TouykoBe 3BapOBaHHA — BHJ KOHTAaKTHOTO 3BAapIOBAaHHS IPH SKOMY JETalli, IO
3'€THYIOThCSI, 3BapIOIOTh MO MOBEPXHI iX

p TOPKaHHS B OKpPEeMHX TOYKax ( Tif

eJIIeKTPOJAAMH).
2 Enextpoan TOYKOBUX MalIMH
mepexa 7 3a3BUYail BUTOTOBJISIIOTBCS 3 Miml 1 ii
N CIUIaBiB, SKI MalOThb BUCOKY 3JIEKTPO i

TEIJIONPOBIIHICTIO. BHAcHigoKk 1boro
JeTani B MICHSX ~ KOHTakTy 3
€JIEKTPOJIaMH  PO3ITPIBAIOTHCS  3HAYHO
MOBUIBHIILE, YUM Y 30HI KOHTAKTy MIX

JETASIMH.

[Iponiec 3BaproBaHHs 3a3BHYail BeAyTh 10 PO3IUIABIIOBAHHA METAly B ILIEHTPAJIbHIN
HaNOUIbLI pO3irpiTiil 30Hi1. Ilicist ocTuranHs TYT yTBOPIOETHCS KpyTJila 3BapeHa Kparka 3 JUTHUM
AIPOM.

PenbedHe 3BapoBaHHA — 1€ BHUJ KOHTAKTHOIO 3BaplOBaHHs, NpU SKOMY JAeTajl
3'€ZIHYIOTBCS 110 YAaCTHHI IOBEPXHI TOPKAHHS, OOMEXEHO1 MONepeHbO YTBOPEHUMHU BUCTYIIAMHU.
P
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JeTai, mo 3BaploOThCs, 1 12 CTUCKYIOTBCS 3yCHIUISIM P Mi’k KOHTaKTHUMH TUTUTaMu 3 i
4, sKi 3a JAOTOMOTOI0 THYYKHX MIJHUX IIMH 3'€HaHi i3 BTOPUHHUM BHUTKOM 3BapIOBAIEHOTO
Tpanchopmaropa. Jlo modatky 3BaproBaHHS JeTalll IIUIbHO NPWISATAloTh JAPYT 0 JApyra B
MicisiX  BUCTymiB. [lpum  BKIIFOUYEHHI
CTpyMy  JeTajli TyT  IHTEHCHUBHO
HarpiBaroTbCcsi W 3BaprOOTBHCT 31

34aJIOBaHHAM BHUCTYIIIB. [Micna e

3BapIOBaHHSI JIETaJl IUIFHO NPWISATAIOTh

JpyT A0 ApyTa Mo BCili TOBEPXH. E Y
PonukoBe 3BaproBaHHS — BHJ

KOHTAKTHOTO 3BapIOBaHHS, IPH SKOMY

MDK ~ JIeTalsiIMHM, IO  3BapIOIOTHCH,
YTBOPIOETBCSL ~ Oe3MepepBHUN  IIOB

IIISIXOM ~ TIOCTaHOBKM  TOCIIJJOBHOTO IP
pany TOYOK, 110 JaCTKOBO

HEePEKPUBAIOTHCS.

Po3pi3HAI0TH 3 BUAM POTMKOBOTO 3BAPIOBAHHS:
1. OesrnepepBHe;

2. NepepuBYaCTE;

3. KPOKOBE;



besnepepsne ponvkoBe 3BaploBaHHS — JeTalmi OE3yNmWHHO TEpPEMIIlIOIThCS TpU
TOCTIHHO BK/TIOUEHOMY 3BapIOBaTLHOMY TpaHc(opmaropi. HMoro 3acTocyBanns oOMexeHe yepes
neperpiB 30HU 3BAPIOBAHHS ¥ iIHTEHCUBHOTO 3HOITYBaHHS POJIMKIB.

Ilepepusuacme PONMKOBE 3BaplOBaHHS — JleTalli 0€3yNMMHHO NEPEMIIaloThCs, a CTPyM
BKITIOYAETHCS IMITyJIbcaMu (3a3BHuail kopormie 0,25 cek.), Mo YepryloThCsl 3 TaKUMH XK a0o
O11pII TpUBAIMMHU Nay3aMu. Lle HalmomupeHimumii BUA POJIMKOBOTO 3BAPIOBAHHS.

Kpokose 3BaproBaHHS — NIeTalli MEPEMILIAIOTHCS TIEPEPUBYACTO, a 3BAPIOBAIBHUN CTPYM
BKJIIOYA€THCSI B MOMEHTH 3YTIUHKU.

Ponuxocmuxose 3saprosanns — pPi3HOBUJ POJIMKOBOIO 3BAapIOBaHHS, IpPH SKOMY
OesnepepBHUN IIIOB YTBOPIOETHCS MK KpalKaMW JIMCTIB, IO 3'€IHYIOTbCS YCTHK. BOHO
3aCTOCOBY€THCSI B OCHOBHOMY Y BUPOOHHIITBI TPYO.
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3aroroBka TpyOu 1, chopmoBaHa B criemiajibHIi MalIuHi, 3a)KUMAETCS MK POJTUKAMH 2,
10 3/1aBJIIOIOTh 3yCHWIUISIM P Kpallku 3aroTOBKM B MiCLli CTHKY. 3aroTOBKa MEPEeMILIy€eThCs 3i
HIBUJAKICTIO V3B MiJl el1eKTpoAaMH 3 3'€JHAHUMH 31 3BaploBaJIbHUM TpaHchopmaropom 4. [Tpu
bOMY 11 KpaWKM HarpiBalOThCs IUIACTMYHO JeQOpMYyIOThCS 3ycwuisiM P u 3BaproroThes,
YTBOPIOIOUHN Oe3nepepBHUIN MIITHOLIIIHHHUMA HIOB.



Po3nin 1. 3aranbHi 0co00/1MBOCTI NpoueciB NPH KOHTAKTHOMY 3BaPIOBAHHI.

EjgexTpuunuii omip i HarpiBaHHsg Np¥ KOHTAKTHOMY 3BAPIOBaHHI.

3axon /coyna it numomuii e1eKmpuyHuIl onip.

Jlis omeprkaHHS SKICHOI CIIONYKHM NPU KOHTaKTHOMY 3BaplOBaHHI, HEOOXIAHO HarpiTh
JieTalll B 30H1 CIIOJIyKH JI0 TEMIIEpAaTypy 3BapIOBaHHS, a TaKOX 3a0€3MeYUTH IPOrpiB AeTaiei y
JOCUTh INUPOKIA OKOJIOUIOBHIA 30HI Afs TOro, Imo0 3AINCHUTH HEOOXiNHY IJIaCTUYHY
nedopmanito. ToMmy TeIIOBUHM cTaH JeTajiel, XapaKTepU3yeEMHUH TeMIIEpaTypHUM IO0JEM
BUSIBJISIE Ay’KE BEJIMKHIA BIUIMB HA MPOLIECH KOHTAKTHOT'O 3BaPIOBAHHS.

TemnepaTypHe mnoje — 1€ CyKyHHICTb TeMIlepaTyp Y BCIX TOuYKax BHUpoOOy, IO
3BapIOETHCA, Y IEBHUIM MOMEHT 4acy.

TemnepaTypHe moje BH3HAYAETHCS MPOLECOM BHJIUICHHS Temja i MmpouecoMm ioro
HOLINPEHb.

KinpkicTh Temina, BUAUIIOBaHE B IPOBIJHUKY 3 aKTMBHUM OIOpoM R mpu mpoTikaHHI B
HbOMY €JIEKTpUYHOro cTpyMy | y mepebiry uacy t BU3HauaeThes 3a 3aKkoHOM Jlenna-Jlxoyns:

Q= [REI* (t)dt ox 1)

InTeHCHUBHICTD TGHHOBI/II[iJ'IeHHH XapaKTCPU3YETHCA MUTTEBOIO HOTy)KHiCT}O;
q(t) = 1* (OR() wx/cex @)

Bennunna omopy R i #oro po3noiin y 30Hi 3BaplOBaHHS CYTTEBO BIUIMBAIOTh HA YMOBH
HarpiBaHHA i TeMIepaTypHe MoJe.
Omnip 30HuM 3BaproBaHHs R ckiamaerscs 3 omopy aeraneil R, omopy KOHTakTy Mixk
neransiMu Rk 1 onopy KOHTakTy eneKTpoa-neTainb Re.
Ra [Tpu cTukoBOMy 3BaproBaHHI Re~ 0
Re BHACJIIOK BEITUKOT TUIOIII KOHTAKTy MiX

7/////// CJICKTPOAOM 1 ACTAJIIIO. 1011

v \ Q:j[Rk +2R, ]I ?dt 3)

RK
[Ipn TOYKOBOMY 3BaplOBaHHI Re
t
Q=|[R, +2R, +2R, ]I dt (4) R,
0
1. Omip neranmeét y 3arajibHOMY

BUIMAJKy BU3HAYAETHCA 1O (popmyi:

Rl s CCCt}é’é
’F I hI sk

ae P - NUTOMHHA omip Mmarepiany

JeTanew;
| — noexwna, a F — moma
MONIEPEYHOT O nepepiza
TUISTHKA  JIETaIC 10 SIKOMY
MPOTIKa€e 3BAPIOBATILHUMN CTPYM.




BracHi omopu geraneil, 1m0 3BapIOIOTHCS, MPOIMOPIIHHO IMHMTOMOMY OIOpY, 3i
301IBIICHHSIM SIKOTO 3a3BHYail POCTE i KOHTaKTHUIA omip. ToMy muTOMHUIA OMip — HallBaXKIIMBIIIA
XapaKTepUCTHKA MaTepialy Mpu KOHTAaKTHOMY 3BapiOBaHHI. 3 HOTO 30UIBIICHHSM 3a 3aKOHOM
Jlenua-J{xoys 3MEHILY€EThCSI CTPYM HEOOXiIHUI [T 3BaplOBalbHOIO HarpiBaHHs. Marepianu
3 BHCOKMM NHUTOMHM OIIOPOM, 30KpEMa CTajd, 3BapIOIOTHCA HAa MallMHAX MO0 MaJloi
MOTYKHOCTI ¥, HABMAaKU AJIs 3BaplOBaHHS MaTepiaiiB 3 HU3bKUM OmMOpoM (MifHI il amoMiHi€Bi
CIUIaBM) 3a3BUYai MOTPIOHI MOTYKHI MAIlIMHKA MUTOMMI OMIp 3aJI€KUTh B1Jl TEMIIEpaTypu

pr = p,L+aT) (6)
ne  p, - naromuii omip npu T=00C
o - TeMIepaTypHUil KoeillieHT oropy.
3anexHicTh  o; BiA T JUIs cTalll Ma€e BUTIIAA:

1 — 1 MasIo By IUIELIEBOT

\ pr
120 TMKOMcm ;
2 CTaIl.
80 1 H s s ;
2 — 74 ay CTEHITHOI CTail.
1
40 1

T°C
: . . >
400 800 1200

2.0mip KOHTaKTy

HasBHICTh KOHTAKTHOTO OTIOPY MiX JA€TAISIMHA 0O0YMOBJICHE HACTYITHUMH TPHYNHAMU:

1) pi3ke B3MEHIICHHS TMEPETHHY MPOBIIHUKA MOOIU3y HEPIBHY
TOBEPXHIO W TPH CTUCKY CTHKAIOTHCS HE MO BCIA TUIONIWHI, a TIO
OKpEeMHUX HEBEJIMKMX KOHTAaKTHMX MaiiJlaHuMKax, depe3 sKi U
MPOTIKAE CTPYM.

2) HasIBHICTh Ha MOBEPXHI KOHTAKTYIOUUX JI€Tale OKICHHUX IUTIBOK,
OKaJIMHM, 1pKi, YCUIAKUX 3a0pyAHEHb 1 T.1.

KonTakTHu#l onip CUIbHUM 3a€XKUTh BiJl YUCTOTU MOBEPXHI.
Jletani B MicIsIX KOHTAKTy MOBHHHI OyTH OYHIIEHI BiJl OKaJMHU U
1K1 1 3HEKHUPEHI.

KonTtakTHU#l omip aeTaneil 3MEHLIYETbCS 3 POCTOM 3YCHIUIS
CTUCKY P, 110 MOsICHIOETHCSI 301IBIIIEHHSAM TUIOIII A1IMCHOTO KOHTAKTY
M HUMH 4epe3 3MUHAHHS TOBEpXHI BUCTYIIIB.

R = (7)
p

ne rk — koHTaKTHHH omip mpu P=1kr
o nexutb y Mexax 0,5-1 s pisaux marepiamis (0,65-0,75 mis cranmi); 0,75-0,85
JUISL QJTFOMIHIEBUX CILJIABIB).

Bemnunna rk 3amexuTh BiJ BIAaCTMBOCTEM Marepiady W CTaHy HOTO TMOBEpXHI; BOHA
3a3BMYail 3MEHINYETHCS 31 3MEHIICHHSM TBEPAOCTI M 31 30UIBLICHHSM E€JIEKTPOIPOBITHOCTI
Mmarepiany. (st moOpe ouunmieHoi Hanum@oBaHOT MaJOBYTJCIEBOI CTall W aTlOMIHIEBUX
crutaBiB rk BignoBimHO 3MiHIOETHC B Meskax 0,005 - 0,006 1 0,001 — 0,002).



Omip KOHTaKTy MDK €JIEKTPOJOM JACTAII0, IO MW 3BaprOEThCS, BHU3HAYAETHCS
3aIeXKHICTIO:
R> < 0,5(Rm + Rk)
ne Rk — omip KOHTaKTy MiX JeTaJISIMA 3 MaTepiary BUpoOy
RM — omip KOHTaKTy MiX IBOMa JI€TAISIMH 3 €IEKTPOJHOTO MaTepiaiy.
Tomy 110 eneKTpoar BUTOTOBJISIIOTH 13 Miji 1 ii CIIaBiB, a OMip KOHTAKTY MK MiTHHUMHA

JETAISMH JTy)Ke MaJlo, Te BEJIMYMHOI0 RM MoxxHa 3HeBaxkutu. Toxi
R> < 0,5Rk (8)

Omnip KOHTaKTy Jy>K€ CHJIBHO 3MIHIOETHCS IIPU HAarpiBaHHI B pe3yJIbTaTi pOCTY MUTOMOTO
Omopy miapy MeTaiy, L0 MNPHIATae 10 KOHTAKTy; 3HIDKCHHS OIOpY OKICHOI IUTIBKH W
30UTBIIIEHH] YKCiIa M TUIONT JIHCHUX KOHTAKTIB MK JIETaIsIMHU 3aBSKH TUTACTHYHIN nedopmartii
HarpiToro Meraiy. B yMoBax KOHTaKTHOT'O 3BaprOBaHHA JBa OCTaHHI (paKTOpW MalOTh TOJIOBHE
3HAQYEHHA: 3 MIJBUUICHHAM TeMIepaTypd KOHTAaKTHUH OMip WIBUAKUHA Majae W NPaKkTUYHO
3HHKae, y crani npu 6000C, B amominieBux crasiB mpu 3500C.

IIpu cTuKOBOMY 3BaprOBaHHI OIUIABJICHHSAM KOHTAKT MK JETAJSIMU 3A1MCHIOETCS Uepes
piAKi mepeMHYKH pO3IUIaBiIeHOro Metany. Omip KOHTaKTy 3aJIeKHTh BiJl IUIOIII MEPETHHY M
KIJIBKOCTI OJHOYACHO ICHYIOUMX IepeMH4yoK. Tomy 10 MepeMUYKd IMpU 3BaprOBaHHI
OIJIABJICHHSIM YBECh Yac BUHUKAIOTh 1 pYWHYIOTBCA, TO OIip KOHTAKTYy O€3yNMUHHO 3MIHIOETHCS.
CepenHst BeIMUYMHA ONOPY KOHTAKTy HPUOJIM3HO BU3HAYAETHCS IO HACTYMHIA eMIIpUYHIN
bopmymi

R - 9500K, ©)
ont 21
FVZ,.]
ne: F — nepetun neranei, o 3BaprOOThCS, y cm®
Vonn — MIBUIKICTH OTUIABICHHS (MIBUAKICTE 30JIMKEHHS IeTalei Py OIUIaBIICHH])
] — UIUTBHICTh CTPYMY B A
K3 — koeditieHT, mo 3anexxuTh Big marepiany (s cram K;=1,0-1,1)

EdexTuBHMIi Omip KOHTAKTy MpH OIUIABJICHHI BiJHOCHO Benukuii (3a3Buuaii 100-1500
MKOM 14 cTaii).

Onip npu cmuKo8oMY 36apIOBAHHI.

IIpu cTHUKOBOMY 3BaplOBaHHI HArpiBaHHS 30HM CHOJYKH BiIMoOBiIHO 10 (opmynu (3)
BHU3HAYAETHCSI KOHTAKTHUM OINOPOM MDK TOPLSMH JeTajei 1 BJIaCHUM OMOPOM iX KIHIIIB, IIO
BUCTYIAIOTh 13 3aTHUCKIB.

[Ipu 3BaproBaHHI OMOPOM, KOJM TOPLI JeTajledl YBeCh Yac CTHCHYTI JAOCUThH BEIHKUM
3yCHIUISIM, KOHTAKTHUH OIip BIJIHOCHO MajuWil W IIBUIKO 3HMKHE Ipu HarpiBaHHi. CepenHiit
KOHTaKTHUI Omip MpH 3BaplOBaHHI OIUIABJIEHHSM BEIMKUN W MPUOIM3HO MOCTIHHO MPOTATOM
YCbOT'0 Yacy OIIaBJICHHS.

Omip BUCTyMarO4YuX KIHIIB JeTayiel BU3HAYAeThes mo dopmydi (5). BoHo miHIManbHO
IPY XOJIOHUX JIeTAJsIX 1 pocTe B Mipy iX HarpiBaHHs.

BennumHa 1 XapakTep 3MiHH OIOpPY 30HU 3BapIOBaHHS BHU3HAYAETHCS PO3MOIIIOM
TEeMIepaTypu B JeTalsX, SKi A0 KIHIA HarpiBaHHA MpH PI3HUX CINOc00ax CTHKOBOTO
3BapIOBaHHS Ma€ BHUTIISL;

A
T

3 A 7Y
:\ 1 — npH 3BapIOBaHHI OIOPOM.
; < 2 — IpH 3BapIOBaHHi fe3nepepBHUM
- . OTLTABITEHHAM.

Tse |Thn 3 — mpu 3BapIOBaHHI OIUIABJIEHHAM 3
MiOirpiBOM.

/)



Tomy 1m0 KOHTaKTHE 3BaprOBaHHS 3a3BHYail BEIEThCS HA 3MIHHOMY CTPYMi, TO OIIip
JeTanei AeKinbka 301UIbIIY€ThCS Yepe3 HasBHICTh TOBEPXHEBOTO e(heKTy.

[ToBepxHeBuii e(heKT moysArae B MEPEeBaXKHIM MPOTIKaHHI 3MIHHOTO CTPyMY II0 MTOBEpPXHIi
MPOBITHUKA.

3MIHHUH CTPYM B3a€EMOJII€ 31 CTBOPIOBAHUM HHUM MAarHiTHHM TIOJIEM 1 BiITHCKY€ETBCS JI0
noBepxHi NmpoBiAHUKA. [Ipyu 1bOMY 3MeHIIyeTbCsl e(eKTUBHA IO MEPEeTUHY MPOBIIHUKA I,
OTJKe, 3pOCTae HOro ormip.

Tomy npu 3MiHHOMY CTpyMi aKTMBHUU OIIip MPOBIJHHUKA 301IbIIYETHCS B MOPIBHAHHI 3
HOTO OMIOPOM MPHU MOCTIHHOMY CTPyMI.

Brnue nmoBepxHeBOro e(ekTty Ha Omip HpPOBIHUKA XapaKTEPHU3YEThCS KOE(IiLiEHTOM
MTOBEPXHEBOTO €(EeKTY:

m=&>1 (20)

R- - onip mpoBiiHKKA [P MOCTITHOMY CTPYMi.

R. - omip npoBiIHUKA ITPU 3MIHHOMY CTPYMi.

KoeditieHT noBepxHeBoro e(hekTy 3ajeKuTh BiJ] BIACTUBOCTEN MaTepiaiy MpOBiTHUKA,
HIUTBHOCTI CTPyMY 1 1OTO 9acTOTH.

KoedirienT m Bu3HavaeThCs 3a hopMyaMu:

m=1+E*3, npu E<1

Ta
m=E+0,25+3/64E, npu E>1 (10a)
TyT
_ 3y |1 25611f 1107 (106)
2 P
7e:  ap— paaiyc Kpyrjoro MpoBiHHUKA B CM.
f — wacrora 3miHHOTO cTpyMy B I'1I.
£ - IATOMUH omip npoBigHrka B Om/cMm
M - BITHOCHA MarHiTHa MPOHUKHICTh MTPOBITHUKA
1 =B/H (10B)
. . A
ne B —inaykmig B re B
H — Hanpy>keHicTh MarHiTHOTO MOJIS B a/CM
Y moBepxHi Kpyrjioro TNpoBiAHWMKAa TpuU CTpymi [
HaIPY>KEHICTh MOJIS JOPIBHIOE:! >
H=0,21/a0 (10r) H
(10r)
3i croiBBigHOMIEHS (10-10r) BUMITUBAE:
[HTEHCHBHICTD TIPOSIBY TOBEPXHEBOTO €(EeKTy 3pocTae

npu 30UTbIIEHH] pajiiyca JneTaneil, Ipu 3MEHIIEHHI MUTOMOTO
OTIOpYy MaTepiaiy, MpH 3MEHIICHHI IIUIBHOCTI CTPyMy ¥ TIpH 301IbIICHHI YaCTOTH 3MIHHOTO
CTpyMy.

[Ipu cTukOBOMY 3BaprOBaHHI IIUIBHICTh CTPYMY 3a3BHYail BEJIMKA il TOMY MPH MajoOMy
paniyci neraneil 1o 3BaprOIOThCs, MOBEPXHEBUN e(eKT MmposBiseThcs cnabko. Ha mpakrtuii
1oro HeoOX1HO BPaXOBYBATH TIIBKH MPH AlaMeTpi aeraneit ounpir 20-25 M.



VY nporieci 3BaproBaHHS TIOBHHIA OTIP 30HU CIIOJTYKH 3MIHIOETBCS 13 4aCOM Y TaKUAU

crocio:
Kodimient m A
MOBEPXHEBOrO 2,5 +
eexrty
20 ¢
1,5 +
1,0

d=50mm

200 400 600 800 ja/cm?

1) nmpu CTUKOBOMY 3BaplOBaHHI OTIOPOM:

R a v

Rxo

2Ry

MMOYaTKOBUH MOMEHT 3BApPpOBAHHA OCHOBHY YaCTKY

3arajibHOTO OIOpPY CTAHOBUTh KOHTAaKTHHM omip. Y Mipy
pO3IrpiBy KOHTaKTy HOTO Omip pI3KUKA 3MEHIIYEThCS,
MPAKTUYHO J0 HYJIsl, 1 OCHOBHY POJIb IOYMHAE BiJIIrPaTH OMIp
JeTaNei, SKe IMOCTYNMOBO 3pPOCTA€ BHACTIAOK 301IBIICHHS
IIUTOMOTO ONIOpPY O, IPU HArpiBaHHI.

2) Ipu CTUKOBOMY 3BapIOBaHHI OILIABICHHSIM:

=i Rg+2R,

A
. < N
e 4

Tonx toc

Y mpomeci OIUIaBJACHHS OCHOBHY pOJIb  Bijairpae
KOHTAKTHUH Omip, SKUHA TNPH OIUIABJIEHHI 3 TOCTIHHOIO
MIBUIKICTIO 3aJIMIIAETHCSA MPHUOIM3HO TMOCTiHHOI. [Ipm
0caji KOHTAKTHUH OMip PI3KHHA Majae MPaKTUYHO 10 HYJIS
¥ Omip 30HH 3BapIOBaHHS CTA€ PIBHUM OTOPY JICTaJICH.

Onip npu mouKkoeoMmy 36apro8aHHi.

<

2Rz
A

e

VY mporeci TOYKOBOTO 3BaprOBaHHS OIIp 30HU

3BapIOBAHHS 3MIHIOETHCS B TaKHH CTIOCIO:
Y 1no4aTKOoBMM MOMEHT 3BaplOBAHHS OCHOBHY pOJb
BiJIirpa€ KOHTAKTHUH OIIp, KU PI3KO MaJa€e MPAKTHIHO
710 HyJIsl pU HarpiBaHHi. Hamami omip 30HU 3BaprOBaHHS
BU3HAUAETHCS B OCHOBHOMY OIIOPOM JeTajeil, sKuit
pocTe 3 MiABUIIEHHSIM TeMIepaTypH.

Jlesike 3MEHIIEHHS OMOpy JeTallell HampuKiHII
IpoIecy 3BaprOBaHHA MOKHA TIOSICHUTH BIABICHHIM
€JICKTPO/IIB Y JCTaTi.

[Tpu TouKOBOMY 3BaprOBaHHI 3MIHHUM CTPyMOM (

SK 1 TIpA CTUKOBOMY) OINp JeTajiel NeKiabKa BHUIE uyepe3 moBepxHeBHM edekT. BHacmimok
BEJIMKOT MIITFHOCTI CTPYMY 11€ TiABUINEHHS HE3HAYHE 1 iM MOKHA 3HEBAKUTHU

[Ipu 3BaproBaHHI JeTtanei 3

Mar”HiTHUX MaTepialliB MOXJIUBO JOJIaTKOBE 301TbIICHHS

OTIOpY 3BapIOBAJIBHOT MEpPEXKi BHACHIJOK HHAYKTUBYBAHHS B JICTAISAX BUXPOBUX CTPYMIB.



3acanvra XapaxmepucmuKka Hazpieants npu KOHMAaKmHoMy 364PI0OGAHHI.

[Tpu KOHTAaKTHOMY 3BapIOBaHHI HarpiBaHHS JeTajei 3I1HCHIOETHCS 3aBISKN BHUIIJICHHIO
TeIJIa Ha KOHTaKTHOMY BJIaCHOMY OIOpI JeTajei, CTpyMOM, L0 MPOTIKAIOTh Yy HaNpsSMKY
NEPIEHIUKYJISPHIM IUIOIMHU CHOJYKU. SIKIO MPUIYCTUTH, IO BEJIMYMHA CTPyMY B IpOLECI
3BapIOBaHHs HE 3MIHIOEThCA, TO popmyna (1) mpuiime Burisia:

Q= |2jR(t)dt (1)

He3Baxaroun Ha Te, 1O CIIOYATKy MpPOLECY 3BapIOBaHHS KOHTAKTHUN OMIp CTaHOBHTH
OCHOBHY YacTKy 3arajbHOro OIOpY 30HM 3BaplOBaHHS, poJib HOro B TEIUIOBOMY OanaHci
3a3BHUYail HE BEIUKA.

3arajbpHa KUIBKICTh TeIIa BUAUISETHCS B 30HI 3BaproBaHHs, 3rigHO 3 (opmysoro (11)
nponopiiiHo wioni mig kpusiih RK(t)+2R(t). (man. )

KinpkicTh Temna, BuAUIIOBaHA HA KOHTAKTHOMY OIOpP1 MPONOpPLiHA IUIONI HiJ KPUBIH
RK(t) (3amrpuxoBaHa yacTuHa Ha Maj. ).

A KUIBKICTH TeIIa, BUIUTIOBAHE HA OIIp JAETalield, MPOMOPIIAHO TUIONI MiJ KPHUBIH
2R,4(1).

IIpn Bcix cnocobax KOHTAKTHOIO 3BApPIOBAHHS, KpIM CTHUKOBOTO 3BaplOBaHHS
OIJIABJICHHSIM, KOHTAKTHUI OMip Micis MOYaTKy 3BapIOBAaHHS pPI3KO Majae i yacTka Terua,
BHJIJTIOBAHOTO HA KOHTAKTHOMY OIIOpi, 3a3BU4aiil He nepeBuirye 10%.

OnHak y Mo4aTKOBMIM MOMEHT 3BapIOBaHHs HAa KOHTAKTI BUIUISETHCS BEIHKA KiIbKICTh
Teruia. Meran y 30H1 0e3nocepeHb0 NPUIsATraoyuol 0 KOHTAKTy HIBUAKO PO3IrPIBAE€THCA, 1 OMIp
i€l TUISHKM IOBUJKO ITJBHIIYEThCs ( BHACHINOK 30iMbIICHHS p,). ToMy npu momanbiiim

MPOTIKAHHI CTPYMY TYT CTBOPIOETHCS JUISTHKA 1HTEHCUBHOTO TEIUIOBUAUICHHS, TOOTO MICIIEBUM
KOHIIEHTPATOp TEIUIOBHJIUICHHS. BHAcmigok IbOro HalOUIbIe IHTEHCHBHO pPO3IrPiBAETHCS
MeTaJl caMe B 30H1 KOHTaKTY.

Temnyo, BuaLIIOBaHE NMpPU 3BAapIOBaHHI, BUTPAYA€ThCSl HA KOPUCHE HArpiBaHHA JAeTanen
Oe3nocepeIHbO B 30HI 3BAPIOBAHHSA U Ha KOMIIEHCAIII0 BTPAT B €JIEKTPOJAM, Y HABKOJIHUIIHIN
30HY 3BapIOBAaHHs MeTaJl JeTaneill 1 B HABKOJIMIIHIN MpOCTip:

Q:QOTP.+QBI/IT. (12)

KopucHa KinpKicTh Teruia, TOOTO T€ TeIJio, sike HEeOOXiTHO JUIs HarpiBaHHA o0'emy V
MaTtepiaiy aerasneit 3 TertoeMHicTio C ¥ HIUTBHICTIO ) 110 Temmneparypu Ts, piBHO:
A
QOTp.=37/ VTSB

Q:Qorp+QBH'r h (13)

x Qorp. B Uacy HarpiBaHHS HE 3aJICKUTb.

Brpatn >k Teruta 3aBXIN 3pOCTAIOTh IIPH
O 30UTBIIICHH] Yacy HAarpiBaHHS typ.
Tomy 3aranmpHa KuUIbKICTh Teruia Q, HEOOXimHE ISt
. 3M1IHCHEHHS 3BapIOBAHHSI, TAKOXK POCTE 31 301TBIICHHAM
s L qacy teg.




IBuAKICTh HATpiBAaHHS JETAJICH MPH 3BAPIOBAHHI 3aJIC)KUTH BiJI MOTYKHOCTI MAITUHH:

T 4 q1

©® 1> 0> Qmin> 3

3B t<t

4 5) I'

[Tpu Benukiil eIeKTpUUHIN MOTY>KHOCTI MAIIMHU (1 HArpiBaHHS 30HU 3BapIOBAHHS 10
HeoOxinHol Temmneparypu T, BinOyBaeTbcs ayxe MBUAKO. [Ipym 3MEHIIEHHI MOTY>KHOCTI
MalllMHU HarpiBaHHsA BiaOyBaeThCcsl MoBUIbHIIIE. [lpu meBHIM MOTYXHOCTi, PIBHOI (min
HarpiBaHHd J0 HeoOxigHoi Temneparypu T,; BinOyBaeTbcs 3a 4Yac TEOPETUYHO PIBHOL
HECKIHUYE€HHOCTI.

[Tpu nOTYKHOCTI MEHIIE (min (HAIPUKJIa, 3) HarpiBaHHs 10 HeoOxigHocTi T, B3arami
HE MOXJIUBUH.

OTxe, eleKTpuYHa MOTYXKHICTh MAIIMHH JJISl 3BapIOBAaHHS JAaHUX JeTaneld Moxe OyTh
Pi3HOI, aje 00O0B'I3KOBO OUIBIIE (min.

CyuyacHa TEXHOJIOTiSI KOHTAaKTHOTO 3BaplOBAHHS XapaKTEPHU3YEThCS BUKOPUCTAHHSAM
MallliH BEJIHMKOI MHOTY>KHOCTI, TOMy LIO NPH LBOMY, IO-NEpIIE, 3MEHIIYEThCS TPHUBAIICTb
nporecy i, SK HacCliJOK, POCTe HOT0 MPOIYKTHBHICTH 1, MO-Ipyre, 3MEHIIYEThCS BUTpaTa
€JIEKTPOEHEPrii BHACIIIOK 3MEHIIEHHs BTPaT TEIUIa.

3BaproBaHicTh Pi3HUX MeTAJIB i CIJIABiB KOHTAKTHUM 3BAPIOBAHHAM.

OcHO8HI npoyecu 8 30Hi 36APIOBAHHS.

MexaHi4HI BJIaCTHBOCTI METaJy B 30HI 3BapIOBaHHS BiIPI3HSAIOTHCS BiJl BIACTHBOCTEH
OCHOBHOTO METaJly BHACTIJOK 3MIHM XIM. CIOJIYKH, MIKPO W MakpocTpykTypu. Lli 3MiHH
BU3HAYAIOTHCS TEPMIUHUM I[UKJIOM 3BapIOBAaHHS, IUIACTUYHOIO JePOpMAL€l0 i B3a€EMOIIEI0 3
HaBKOJIMIITHIM cepenoBuiieM. [Ipu 3BaproBaHHI B 3aMKHEHOMY 00'eMi (POJIMKOBE W TOYKOBE
3BapIOBaHHs) 30HA 3BAPIOBAHHS MPAKTHYHO 130Jb0BaHE BiJl HABKOJHUIITHHOTO CEPEOBHUIIA, TOMY
XIM. CIIOJIyKa METaJly HE 3MIHIOETHCS.

[Tpu 3BaproBaHHI B HE3aMKHYTOMY 00'eMi (CTHKOBE 3BaplOBaHHS) 3MiHA XiM. CHOJYKH
BiI0OYBA€THCS IO HACTYMHUX MPUYHHAX:

1) VY pe3ynbrati B3a€EMOJIiT 3 KUCHEM 1 a30TOM TOBITPsI (OCHOBHE 3HAYEHHS MAIOTh
MPOLECH OKUCHEHHS TOMY IO MpPHU BIAHOCHO HM3BKHUX TeMIlepaTypax 30HH
3BapIOBaHHS, XapaKTepHUX /I KOHTAaKTHOTO 3BaplOBaHHS, a30T Maike He
JIMCCOITIOBaH, a, mepe0yBarodn B MOJICKYISIPHOMY CTaHi, MaJIO0 aKTHBHU ).

2) Bumap eneMeHTIB 3 BIZHOCHO HHM3BKOIO TEMIEpPATypOIO KUIIHHS (HAIpPUKIAL,
UHKY, mo Kumuth npu 9070, 3 naTyHi, MarHiro, mo kunuth npu 11070,
QIIOMiHIH-MarHi€BHX CILJIABIB).

3) BunanenHs 13 30HU 3BaprOBaHHS MPU OCaJl IIOAO JETKOIUIABKOTO PO3ILIaBY,
0araToro JETylOUMMHU €JIeMEHTAaMH W JOMIIIKaMu (HAaIpUKJIAd, TIPH CTUKOBOMY
3BapIOBaHHI OIUIABIICHHSM CTajl B CTHKY 3HIDKYETHCS 3MICT CIpKH W BYTJIEIO,
110 BiIJAJISTIOTHCS 3 PO3IUIABJICHUM METAJIOM).



Haii6Ginplie npakTu4yHe 3HAYEHHS MalOTh MPOLECH OKHMCHEHHA. l[Ilpoayktu peakuii
OKHCHEHHSI TIpU TeMIIepaTypi 3BaplOBaHHS MOXYTh MepeOyBaTH B ra3omofiOHIM, pikiM abo
TBEPAOMY CTaHI.

Pinki ¥ rasomomiOHI OKHCIIM 3a3BUYail JIETKO BIAAANSIOTHCA 31 CTHUKY mpu ocafi. [Ipu

IIbOMy JeKibKa 3HIKY€EThCs 3MicT y cram Byraemto (CO T).

HaiiGinpmry HeOe3eKy sSBISIOTh COO0K0 TBEP/Ii

OKHMCIIM TeMIlepaTypa IUIaBJICHHS SKUX BHIIE TEMIIEpPaTypd IUIABJICHHS OCHOBHOTO
metaiy (Al,O3 TMZZOSOO, Cr,0; T,,=1890°, SiO, TM:17100). L1i ok¥CH, 3aTHIIAI0YHCh Y 30H1
CHOJYKH, CUJIbHO MOTIpIIYIOTh i1 MEXaHIYHI BIACTUBICTb.

[Ipouiec okuCHEHHSI y CBOiM OCHOBI € AUPY3IMHUM. Y MOYaTKOBHM MOMEHT YTBOPY
OKHMCHEHHS IUTIBKU BiZIOYyBA€ThCS MUTTEBO IIJISIXOM MPSAMOI a1copOLii 10 MOBEpXHI MeTaly 10HIB
kucHo. [licimst yTBOpY OKICHOI IUTIBKM TOBIIMHOIO B KiJJbKa aTOMHHUX IIapiB MO3WTHBHI 10HH
3aji3a i IHIIUX eJeMeHTIB TuYHIYIOTh Yepe3 110 IUIBKY H 3'€IHYIOThCS 3 10HAMU KUCHIO. M
MEHIIIC 10HHUU pajiilyC elleMeHTa, THM OiJbIlle WOTro BiTHOCHHWN 3MICT B OKICHIH IUTIBII B

0
MOPIBHSHHI 31 3MICTOM B OCHOBHOMY Metaii. lonHuii pamiyc 3amiza 0,75 A . lonni pamiycu

o 0 o

xpomy (0,65 A), amominito (0,5 A ) 1 kpemniro (0,41 A) 3HauHO MeHIe, YuM 3amiza. Tomy ix
BiJTHOCHHI 3MICT B OKMCIax HabaraTo Ouibie, yuM y ctam. Hanpukman, mpu 3micti B ctami 13%
XpoMy #oro 3Mict B okuciax nocsirae 56%. Jlocute 6% Al y cram, mo0 okaiauHa, IO
YTBOPIOETHCS Ha Hi, MicTiia 53% Al 1 SBIs710 OO0 MPAKTUYHO YUCTUH JTBOOKHUC ATFOMIHIIO
AlOs.

CTpyKTypa 30HU 3BaprOBaHHS BH3HAYAETHCS YMOBaMHU il HArpiBaHHA U IJIaCTHYHOL
nedopmarrii.

Po3rnstHeMo Tpu OCHOBHI BUIAJIKH:

3BaproBaHHS 3 PO3IUIABIIOBAHHAM Y 3aMKHEHOMY 00'eMi (TOYKOBE W pOJIMKOBE
3BapIOBAHHS).

[Ipy 1BOMY YTBOPIOETBCSA SIIPO JIUTOTO METANy 3 XapakTepHOIO CTOBIMYACTOIO
cTpykTyporo. [Ipu kpucranmizamii BHACTIZIOK HEBIIBHOI yCaIKd METAy MOJMIIMBE YTBOPEHHSI
JTUBApHUX ACPEKTIB — yCAJOYHOI PUXJIOCTI W pakoOBUH. THICK E€NEKTPOJIB, SIKIIO BiH JOCUTH
BEJIMKHH, BUKIIUKAE IJIACTUYHY JiehopMaIlito B sIpi, IO KPUCTATI3YETHCS, 1 YIIUIBHIOE HOTO.

Binpmii ycamouHi Hampyrd, 10 BUHHKAIOTh NMPH KpHUCTali3alii B 3aMKHEHOMY 00'eMmi,
MOYYTb TIPUBOJIUTH JI0 YTBOPEHHS TapsTYiX TPIIIHH.

SAx npaBuio, oHOGA3HI CIUIaBH 3 BEJIMKUM TEMIIEPaTyYpHUM IHTEPBAJIOM KpHUCTami3alii
MAaloTh MiJBUIIEHY CXWIBHICTB /10 YTBOPY Tapsuux TpinuH. Hanmpukian, 4ucTo aycTeHiTHI crami
(X23H18) yacTo maroTh rapsdi TPIIIMHA MTPU TOYKOBOMY 3BaproBaHHi. [1iIBUIIEHHIA BMICT CipKH
{ BYTJICIIO B CTaJIi, IO PO3IIUPIOE THTEPBAN KPUCTANi3allil, CIPUSE YTBOPY TapsduX TPIIIHH.
OOTUCHEHHS METaJly B SApi MPU KpHCTai3allii 3MEHIIY€E pO3TATYBaIbHI HANpyrd W MOXKe
MIOTIEPENTH TIOSIBY TPIIIIHH.

1) 3BaproBaHHS 3 PO3IUIABIIOBAHHIM Y HE3aMKHYTOMY 00'eMi (CTHKOBE 3BaplOBaHHS
OTUTABJICHHSM ).
B3aemonis po3miiaBieHOr0 METaly 3 KHCHEM MOBITPS MPUBOAMTH J0 YTBOPY OKHUCIIB, SIKi MPH
oca/li He 3aBXIW MOXXYTh OYTH TOBHICTIO BHIIYYEHI 31 CTHKY. HasBHICTb OKHCIIB y CTHKY
3HIDKYE MIIHICTh 1 TUIACTUYHICTh 3’€qHAHHS. 3HAYHA IUIAaCTHYHA nedopMallis 3a3BHYail
norepeykae  yTBIp JIMBApDHUX TIOPOKIB Y  CTHKY.
IImactuuyna nedopMartis BUKJIMKAE IIOMITHE &———’—\\/J K\—’(b
CKpPUBJICHHSI BOJIOKOH, Yy pe3yJbTaTi 4Oro B CTHKY AWl
METaJI 1HOAI TpAIlO€ HE Y370BXK, a TONMEpPeK BOJIOKOH. lle MoXe 3HMXKYBaTH MEXaHIvHI
BJIACTMBOCTI 3BAPEHOI CIIOJIYKHU ¥ Y MEpIy Yyepry HOro MmiacTHYHICTb.




2) 3BaproBaHHs 0€3 PO3IUIABIIOBAaHHS B HE3aMKHYTOMY 00'eMi (CTHKOBE 3BapIOBaHHS
OTIOpOM).

[Tpu moBinbHIM HarpiBanHi 10 Temmeparypu 1200 — 13000 BimOyBaeTbcsi iHTEHCHBHE
3pocTaHHs 3epHa. [Ipy MBUAKIM HAarpiBaHHI A0 TEMIIEPATYp HIKYE TeMIepaTypH IHTEHCUBHOTO
3poctanHs 3epHa ( i ctani O6au3bko 11000) cTpyKTypHI 3MIHM B METajll CTUKY IPAKTUYHO HE
BiZIOyBatoThCs. 30UIbIICHHS IUIACTUYHUX Ae(opMalliil 3HIKY€E KiHLEBUI po3mip 3epHa. Okuciu,
10 3JIMIIAIOTHCS B CTUKY, 3HIDKYIOTh HOT'O MIIHICTh 1 0COOJIMBO IJIACTUYHICTb.

3BaproBaHicTh Pi3HUX MeTa/liB KOHTAKTHUM 3BAPIOBAHHSAM.
1.Manoeyeneyesi ui Huzvkonecosamni cmari.
ManosyrneneBi cranu 31 3mictoM Byrieuto 0,08-0,16% nobpe 3BaproroTbesi BCiMa
BUJJaMU KOHTAKTHOT'O 3BAPIOBAHHS.

LlpoMy cIIpUsAIOTH HACTYIHI (PaKTOPH:

a). MOPIBHSAHO BEJTUKUN TUTOMUH eseKTpudyHui omip (B 8-10 pa3 Buie, yuM y Miji);

6). Manuii omip IIaCTUYHOI Aedopmallii B MIUPOKOMY IHTEpBai TEMIIEpaTyp.

B). MaJla CXWIbHICTb /IO 3arapToByBaHHsl (BiJICYTHE OKpUXYYyBaHHS Yy 3BapHOMY
3’€JIHAHHI);

). By3bKU TEMIEpaTypHUH IHTEpBaJ KpucCTamizalii M BHACIIOK LBOrO Majia
CXUJIBHICTB JI0 YTBOPY T'apsiuuX TPILHH;

1) BIICYyTHICTb €JI€MEHTIB TYTOIUIABKUX OKUCIIB.

[Ipu 3BaproBaHHI XOJIOHOKaTaHWUX CTaJed MOMIJIMBO J€AKe il pa3ynpoYyHEHHS B
OKOJIOIIOBHIHM 30Hi, 1110 MPAKTHYHO HE YCYBAEThCA HIIKUM CIIOCOOOM. {715l 3MEHILIEHHSI CTyIIeHs
pa3ynpoYHEeHHs XOJIOJHOKATaHi CTali MOBHHHI 3BapIOBATUCS 3 MiHIMaJIbHOIO 30HOIO PO3IrpiBy,
TOOTO TIPH IMIBUAKIM HarpiBaHHI i OXOJIOKEHHI.

CraJib B OKOJIOIIIOBHIN 30H1 3aBXK/IM HArpiBa€ThCs Ha JIESAKIN JUISHII BUILE TEMIIEPaTypu
NOYaTKy 1HTEHCHUBHOI'O 3pOCTaHHS 3epHa. UMM MOBUIBHIIIE HArpiBaHHA 1 OXOJIOJKEHHS, TEM
MIMpINE IS JUIHKA, 1 TEM KpYTHIIe oepKyBaHe 3epHo. [Ipu Benmkii MBUIKOCTI HArpiBaHHS
(1500/cex 1 Bmie) Temmeparypa 3aKiHUCHHS MEpeKpUCTaTi3alii CTaad IMABUIIYETHCI 0
Temneparypu « —jy neperBopeHHs 3aniza (9100), a TemmepaTypa mo4aTky 1HTEHCHUBHOTO

3poctaHHs 3epHa pocte Ha 150-2000 y mopiBHSHHI 13 LI€I0 TEMIIEPaTyporO IMpH MOBUIbHIM
HarpiBaHHi. OJJHaK HaBiTh NPU OUIBIIMX MIBUJKOCTAX HAarpiBaHHS MOBHICTIO YHUKHYTH POCTY
3¢pHa B 30HI, HaBITh KOpoTKo4acHO Harpitoi Bume 1150-12000 He ™mokHa. 3a3BuUYait
HarpiBaHHs MPOTATOM OUThII 3-4 CEeKyH[ y»Ke Beje O MOMITHOro pocty 3epHa. HaiiGinbuioro
MIpPOIO PICT 3€pHA MPOSBISETHCS MPH BITHOCHO MOBUIBHOTO CTUKOBOTO 3BapIOBaHHS JCTalIeH
BEJIMKOT'O MepeTuHy. PicT 3epHa 4acTo CympOBOKYETHCS BIIMAHILITEITOBOIO CTPYKTYPOIO, TIPH
KA HAJUITMIIKOBUN (PEPHUT BUAUIAETHCS B CTaJl, IO OCTHTAE, HE Y BUTJISAL CITKH TIO TPAHUILIX
3epeH ayCTeHITy, a yCepeluHI LUX 3epeH MapajelibHUMH IUIaCTHHKaMU. BinmaHmrearoBa
CTPYKTypa MOXe€ TMOHHM3HTH IUIACTUYHICTh 3BapeHOi CHOJIykKH. BoHa Jerko ycyBaeThCs
TEPMIYHOI 00POOKOIO 3 IepeKpHCTaTi3allielo (HopMasi3allier ado BimaaoMm).
BB Byriemioo ¥ JIETYIOUMX €JIEMEHTIB Ha YMOBH KOHTAKTHOTO 3BaprOBaHHS
NPOSIBISETHCS B HACTYITHOMY:
a) 30LIBIICHHS 3MICTY BYIJICIIO 3MeHInye HeOesneky okucHenus. J{ob6asku C;, Al, Si
MPUBOJIATH 10 YTBOPY TYTOIJIAaBKUX OKHCIIB, IO YTPY/IHSE 3BaPIOBAHHS.
0) 30LIBIICHHS 3MICTy BYIJICHIO pPI3KO PO3MIMPIOE TEeMIIEpaTypHUH iHTEepBal
kpuctamizamii (3 500 npu 0,2%3 mo 2000 npu 1,25%3) 1 cipusie mosiBI ycaJouyHUX



nedekTiB 1 rapsuux TpimuH. Jleryrodi eJIeMEeHTH y KUIBKOCTI, IO BBOMISTHCS B
HU3BKOJIETOBaHI CTalli MaJlo BIUIMBAIOTh HA 111 XapaKTEPUCTUKH.

B) 31 30UIBIIEHHSIM 3MICTy B CTaJli BYIJICHIO H JIETYIOUHX EJIEMEHTIB, SK TPaBHUIIO,
3pocTae omip mIacTuyHoi aedopmanii. [{boMy mpu 3BaproBaHHI HU3BKOJIETOBAHUX
CTaleil IUIsi NTOCATHEHHsS HEeOoOXinHOi IiacTu4Hoi aedopmarii HEoOXimHO Oibin
BUCOKHMIT muroMuil THCK (Ha 10-100%), ynM mpu 3BaprOBaHHI TaKHUX K€ AeTanei 3
MaJIOBYIJIELIEBOI CTAJIN.

T) MiJBUIIEHHS 3MICTy B CTaJll BYTJIEII0 W JETYIOUHX €JIEMEHTIB MiJIBUIIYE ii MUTOMHIA
omip, OTKE TaKl CTal MOYKHA 3BapPIOBATH MPU MEHIITUX I'yCTUHAX CTPYMY.

2. Aycmenimni cmani

AyYCTEHITHI CTajli BOJOJIIOTh OararbMa I[IHHUMH BJIaCTUBOCTSIMU: BUCOKOIO KOPO31HHOIO
CTIMKICTIO, KApOMILIHICTIO (MIIIHICTIO B yMOBaX TPUBaJI0i poOOTH IIPU BUCOKHX TeMIIEpaTypax) i
KApOCTINKICTIO ( MajoOlo HIBUAKICTIO OKMCHEHHS HpPH 3HauyHIM HarpiBanHi). Haltnommumpenima
XPOMOHIKeIeBa ayCTeHITHa cTallb 31 3micTom 17-19% xpomy it 8-10% Hikenro, 1HOAI JOJATKOBO
JIeroBaHa MOJIIOJIEHOM, KPEMHIEM, THTAHOM, HIO01€M 1 IHIIIMMH €JIEMEHTAMH, 10 TT1IBUIIYIOTh il
KOpPO3iiHY CTIMKICTh 1 >KapOMIIHICTb. 3aCTOCOBYIOTBCS CTalll 3 OIIBbIIKMM 3MICTOM HIKETO M
xpomy (25%C; 1 20%Ni) 1 e OLITBII JISTOBAHI.

KoHTakTHe  3BaproBaHHs  ayCTEHITHMX  CTajell  BM3HAYAE€THCS  HACTYIHUMH
0COOJIMBOCTSIMU IIMX CTaJICH:

a) IXHil omip MIacTUYHOI Jedopmallii MpU BUCOKUX TeMIIepaTypax 3HaYHO BUIIE, YUM Y
MaJIOBYTJICHICBUX 1 HU3BKOJETOBAHHUX CTaJlel, TOMY NpPU KOHTAaKTHOMY 3BaprOBaHHI
ayCTEHITHUX CTaJIel MOTPiOH1 OLIbIII MUTOMI TUCKH.

0) ayCTeHITHI cTajgli MAaloTh BHCOKMA THUTOMHUI €JIEKTPUYHMIA Omip 1 Moo
TEIUIONPOBIIHICTIO, TOMY iX MOJKHa 3BaplOBaTH IPU MEHIIUX CTpyMax, HIXK
MaJIOBYTJICIEBI CTaJIi.

B) XOJIOJIHOKATaHI ayCTEHITHI CTall NP 3BapIOBaHHI pa3yNpOYHIOIOTHCS B OKOJIOIIOBHIM
30Hi. [[1s 3MEHIIeHHs pa3ynpoYHeHHs X Oa)KaHO 3BaprOBaTH Ha “TBEPAMX’ PEXHUMax
(“TBepaMX” PeKUMHU XapaKTEPU3YIOTHCS MIBUAKUM HarpiBaHHAM, “M'SKi” — BITHOCHO
MOBUTBHUM).

OpnHak, 3BaprOBaHHS JESIKUX AayCTEHITHUX CTajlel, CXWJIBHUX [0 Tapsuux TPILIUH
(manmpuknaa, X25H20), gominpHinie Ha M'SKUX pexkuMax. M'sSKi peKUMH 1HOZI 3aCTOCOBYIOTb,
TaKOX 4Yepe3 BUCOKY JKapOMILHICTh CTallM, IO YCKJIATHIOE ii MIaCTUYHy JeQopMaliio Mpu
MaJtiid 30Hi pO3IrpiBy, XapaKTEPHOTI I 3BapIOBAHHS HA TBEPAUX PEKUMAX.

') ayCTEHITHI CTajli Jal0Th TyromaBki okicHI IiBkH (Cr203), TOMy CTUKOBE 3BaprOBaHHS

TAaKUX CTaJed yTpyJIHEHA.

J1) ayCTEHITHI CTaji MalOTh BUCOKHI KOEQIIIEHT TEIIOBOTO PO3IIUPEHHS, IO JI03BOJISE
OuiKyBaTH OUTBIIMX 3BaproBalibHUX Jedopmanid. OnpHak, TpU KOHTAKTHOMY
3BapIOBaHHI IUX CTaJled 4epe3 HHU3bKY TEIUIONPOBIAHICT, 30HA pO3IrpiBy mama i
nedopMariii HeBeJIHKi.

3. Antominiu i uoeo cnaagu.

Yuctuii amtoMiHid Mae BUCOKY TEIIO i eleKTponpoBiAHIcTIO (62% MpoBiIHOCTI Miji).
KonTtaktHe 3BaproBaHHsl Al 3aCTOCOBYIOTH PiIKO, TOMY IIO MOXKJIMBE TUIBKH TPU Ty’KE BEITHHX
CTpyMax 1 MoB'si3aHe 31 HIBUAJIMBUM 3HOIIYBAHHSM €JIEKTPO/IIB.

VY NpOMUCIIOBOCTI MIMPOKO 3aCTOCYIOTHCS KOHTAKTHE 3BaplOBaHHs (0COOIMBO POITMKOBE
i TOYKOBE) BHMCOKOMIIIHHUX aJOMIHI€EBMX CIUIaBiB, Takux sk AMy(1-1,6%Mn, nol%Fe, mo
1%Si), AM,(2-2,8%Mg, 0,15-0,4%Mn), nypamomun (JJ16 mictuts 3,6-4,7%Cu, 1,75%Mg i
0,3-0,9%Mn).

[loBenminka adrOMiHIEBHX CIUIaBIB TPH KOHTAKTHOMY 3BaplOBaHHI 1 11 pEeXUMH
BU3HAYAIOTHCS HACTYITHUMHU OCOOIMBOCTSIMH 1IUX CILIABIB:

a) AJTFOMiHI€BI CIUIaBU TIPU HArpiBaHHI pa3yHpOYHIOIOTECS W TOMY iX Oa)KaHO 3BaprOBAaTH

3 MiHIMaJIbHOIO 30HOIO PO3ITrPiBY, BAKOPUCTOBYIOUHU TBEP/I PEIKUMHU.




0) AnIOMiHI€BI CIJTaBU MAIOTh BUCOKY €JIEKTPO i TEIUIONPOBITHICTIO, TOMY [UIS IXHBOTO
3BaproBaHHs MOTPiOHI 3HaYHI CTpyMH (HEOOX1IHI MAalITMHK BETUKOT MOTYKHOCTI)

B) BucokoMilHi aifoMiHi€BI CIUIaBH, SK MPaBHJIO, KPHUCTATI3YIOTHCS B IIHPOKOMY
inTepBani temmepatyp (90-1350 i Oinbin) 1 YacTO CXWUIBHI 10 yTBOPY Tapsuux
TPIUH, 1151 60pOTHOM 3 TKUMHU HEOOXITHO 3aCTOCOBYBATH 3HAYHI 3yCHIUISA CTHUCKY B
npolieci KpycTani3alii po3MaBlIeHUX 30H, 1110 3BapIOIOTHCS CIONIYK.

r) AmroMmiHIA 1 MOro CrjlaBu MarOTh BUCOKHI KO€(DILIEHT TEIIOBOrO PO3IIUPEHHS
(Maibke BIBIUl OLIBIIMN, HIX y MaJOBYTIEIEBUX CTaJiel), M0 COpUs€e 30UTbIICHHIO
3BaproBalbHUX jAedopmariiil. s mnonermeHHs Oo0poTeOM 3 AedopmanisiMu
HEO0OX1/JTHO 3aCTOCOBYBATH TBEP/Ii PEKUMHU 3 MiHIMAIBHOIO 30HOIO PO3IrpiBY.

n) Ilpu crukoBoMy 3BaprOBaHHI aJIIOMIHIEBUX CIUIaBiB OCOOJMBO 3HAYEHHS Mae
OKHMCHEHHS TIOBEPXOHb, 110 HarpiBatoThes (YTBIp TyromiaBkoi okicHOI mwiiBku Al;O3).
ToMy cTuUKOBE 3BaplOBaHHS TIOBUHHO CYNPOBOJKYBATUCS JIy’)KE€ BEJIHKOIO
IUTACTUYHOIO JIe(OpPMaLIi€l0 B CTUKY, TOCTATHBOT JIIsl pyHHYBAaHHS OKICHUX IUTIBOK.

4. Miow i ii cnaasu.

KonTakTHe 3BaproBaHHS MiAl YCKJIaJHEHEe 1II BHUHATKOBO BHCOKOIO €JIEKTpO U
TEIUIONPOBIIHICTIO. [IpakTUYHO 3aCTOCOBYETHCS TINBKH ii CTUKOBE 3BapIOBAHHS ONOPOM, IIO
MIOCTYTIOBO BUTICHSETHCS XOJIOHHM 3BAPIOBAHHSIM.

3HayHO Kpalle 3BaprOIOThCS KOHTAKTHUM 3BapIOBAHHSAM JedKi OpoH3U (KpEeMEHMCTa,
docdopucrta, 6epritieBa i iH.) 1 JaTyHi 31 3mictoM 30-38% Zn.

JloGpe 3BaprorOThCs MiTHOHIKETIEB] CIJIABH.

5.  Hikens i tioco cnnasu.

YucTuil Hikenb O CBOIX (DI3MYHMX 1 €JIEKTPUYHHUX BIACTHBOCTIX ONM3BKHUIL 10 3aii3a i
n00pe 3BaprOETHCS BCiMa BHJIAaMU KOHTAKTHOTO 3BApIOBAHHSI.

JKapowmirHi crutaBu Ha HikeneBid ocHoBi (Hampukiaa, Hixpom XH78T (= 20%Cr,;
0,15%Ti 1 6inp1x 75%N)) MarTh Jy’e BUCOKUN MTUTOMHMA OIIp 1 May TeIUIONPOBITHICTD, TOMY
NpY IXHBOMY KOHTAaKTHOMY 3BapIOBaHHI MOTPIOHO HEBEIMKHUI CTPYM.

BHacmiok BHCOKOT KapOMIIIHOCTI TpW 3BapIOBaHHI IMX CIUIaBIB HEOOXimHI OimbmIi
MUTOMI THUCKHU.

{00 yHUKHYTH pa3ylpOYHEHHS CIJIaBy B 30HI 3BapIOBaHHS i OUTBIINX 3BapIOBAIIbLHUX
nedopmarliiii, TOB'I3aHMX 3 BHCOKHUM KOEQIIIEHTOM TEIUIOBOTO PO3IIUPECHHS 3a3BUYAil
3aCTOCOBYIOTH TBEP/II PEXKUMHU.

6. Tuman iiiozo cniasu.

TuTaH 1 HOTO CIUTaBH BiJIPI3HIIOTHCS BUCOKOIO XIMIYHOK akTUBHICTIO. [Ipy HarpiBaHHi 3
JOCTYTIOM TIOBITpST TUTAaH JIETKO OKHCTIOeThess. Ilpum HarpiBanni go 8000 moumHaeThCs
€JIEKTPUYHA PEAaKIlisi TUTaHy 3 a30TOM 3 yTBOpoM HiTpuaiB Tin. TuTaH aKTHBHO PO3YUHSIE
BOJIEHb. TOMYy CTHKOBE 3BapIOBaHHS THUTaHy 1 HOTO CIUTaBiB 0akaHO MPOBOJIUTH B CEPEIOBHUIII
HEUTpaIBHOTO rasy (aproHy).

ToukoBe ¥ pONHMKOBE 3BapIOBaHHS TUTaHy 1 WOTO CIUIaBIB Ja€ ITUIKOM 3aJ0BiIbHI
pe3yabTaTy.

[To cBoix (pi3MUHUX 1 MEXaHIYHUX BIACTUBOCTAX, & TAKOXK €JIEKTPONPOBITHOCTI TUTAH
OJIM3BKUI 710 ayCTEHITHOI cTalli. BiH 3Bapro€Thbcsi pH MOMIPHUX CTpyMax 1 BITHOCHO BEJIIMKOMY
THUCKY.




Po3ain 2. TexHoJiorist pi3HEX c1IOCO0IB KOHTAKTHOIO 3BaAPIOBAHHSI.

Cmukoge 36aproeanns.
3aCTOCOBYETHCSL:
1. Jlng ogepxaHHs 13 IPOKATy JOBIMX 3aroTOBOK a00 BUPOOIB, HAIIPUKIIAJ], 3BAPIOBAHHS
CTHKIB TpyO, 3BaplOBaHHS PEMKOBUX CTHUKIB, 3BaplOBaHHS KIiHIIB JIPOTy MNpH il
Oe3nepepBHIM BOJIOYIHHI.
3BaproBaHHs BUPOOiB 3aMKHEHOI (hOpMU, HAIIPUKJIAJl, 000IB KOJIIC, TaHOK JIAHIIIOT1B.
3. Jlns eKOHOMIYHOTO YTBOPY BHPOOY CKIAAHOI ()OPMHU i3 TPOCTUX INTAMITOBAHMX
Jeranei
4. Jlns eKkoHOMIl BUCOKOJIETOBAHOI CTalll B IHCTPYMEHTAIbHIN TIPOMHUCIOBOCTI (poboua
YacTUHA IHCTPYMEHTa 31 LIBUAKOPI3aJbHOI CTali, 3BapIOETHCS 13 XBOCTOBUKOM 3
MaJIOBYTJIELEBOI CTaIM) 1 T.JI.
YMOBaMHu Ofiep)KaHHS SAKICHOI CHONYKH TpH OyAb-KOMY PpI3HOBHII CTHUKOBOTO
3BapIOBaHHS €:
1. PiBHOMipHUII TPOrpiB A€TaNI IO NEPETHHY .
2. 3ax®WcT 30HM 3BAPIOBAHHS BijJl OKUCHEHHsS a00 3a0e3MeueHHs BHJIAJICHHS 31 CTHKY
HPOIYKTIB OKUCHEHHS.
3. 3abesneveHHs] pIBHUX yMOB HarpiBaHHA W TwacTH4YHOI aedopmamii mas 060X
JeTaliei.

N

1. 3eapiosannsi onopom.

[Tpu 3BaproBaHHI ONOPOM 3a3HAa4y€HI BUIIE YMOBU MOXKYTh OyTH BUKOHAHI TIJIbKU MPHU
MIBUJKIM HarpiBaHHI IIUIBHO HPUTHUCHYTHX JAPYr IO Jpyra jAeranedl 1 3HayHOi IUIaCTUYHOL
nedopmartii 30HM COIYyKH. Y 3B'SI3KY 13 IIUM 3BapIOBAHHS OTMIOPOM 3aCTOCOBYETHCS TITBKH IS
nerasneil HeBesqmKoro nepetuny (1o 200 MMO).

OCHOBHUMH TTapaMeTpaMH CTUKOBOT'O 3BAPIOBAHHA €:

3BaproBaibHUM CTpyM l;, Yac 3BaproBaHHS t,; HAaCTaHOBHA JIOBXHMHA (BIACTaHb BiX
TOPIIA JIeTalieil 10 TOKOMIABOAKOYOTO 3aTUCKY ), 3yCHIUIs ocany Poc, BenmuunHa ociganHs.

3BaprOBaIbHUA CTPYyM 1 TPHUBAIICTh 3BaploBaHHSA 3B's3aHi Mk coboro. Jlms
MaJIOBYTJICIIEBIX 1 HMU3BKOJETOBAHUX CTajJel IIUIbHICTh CTPYMy M dYac 3BaplOBaHHS 3B'A3aHi
HACTYIHOIO 3aJIEXKHICTIO:

j~ (12—15)+%(a/m2)

c6
(dac 3BaproBaHHs 3a3BUYail nepedyBae B Mexkax 0,5-10 cek.).

HacrtanoBHa noB)knHa 3HaYHO BIIMBAa€ HA YMOBU HarpiBaHHs i MIIaCTUYHOI Aeopmariii.
[Ipu 3anHaaTro Manmii HACTAHOBHIM JOBXXWHI HEMOMJIMBO HArpiTH MeTal Y 30HI CTHKY [0
HEOOXITHOT TeMIepaTypy BHACIIJIOK IHTEHCUBHOTO TEILIOBiABOAY B enekTpoau. [Ipu Benwkii
HACTAHOBHIN TOBXHHI 3pOCTAIOTh HEMPOAYKTUBHI BUTPATH €HEPrii Ha HarpiBaHHS JeTajel mo3a
30HOIO 3BaproBaHHs. Kpim TOro, Mpu ocaay MOKJIMBHI BUTHH JIeTajiel 1 3CyB TOPIIIB.
HacTtaHoBHY H0OBXUHY BUOHPAIOTH 110 TIEPETUHY JeTaleH.

|, +1,=1-1,24/F

(05 cmaneir)

[Ipu 3BaproBaHHI pI3HOPIAHUX MaTepianiB MeTand 3 OLIBIIO TETUIONPOBIIHICTIO
3BapIOETHCS MPH OB HACTAHOBHIN JOBKHHI.



3ycwnis ocaqy OBUHHE 3a0e3meuyBaT HeoOXiMHy TuiacTHyHy aedopmariro. [Turommii
THCK IIPY 3BapIOBaHHI MaJIOBYTJICLIEBUX CTaJICHi BUOMPAIOTh Y MEXax:
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MAITp1B BUTPUMKA

P=2-4 xr/mMm°

IIpu Takomy THCKy W HarpiBaHHi 30HM 3BaproBaHHsA 10 Temmeparypu 1200-13000
miacTu4Ha nedopmaritis craHoBuTh st F=20-100 MM A=1,5-2 mMm, F=100-500 MM? A=2-3
MM.

YKkopodeHHsI JeTalied mpu IUIacTU4HIN nedopmaiii KOMIIEHCYETbCS MPHUITYCKOM Ha
ocimanHs (A o).

. . 2 . .

Heram mepernnoM Oinbin 200-300MM° 1HOZI 3BaprOIOTH OIMOPOM y 3aXUCHUX Tasax,

HANpUKIA] y CyMilIi a30Ty 3 BOJHEM, OUHUIIEHO] BiJl KUCHIO.

36aprosansn OnIaGIeHHIM.

3BaproBaHHS OIJIABJICHHSAM € OCHOBHUM CIIOCOOOM CTHKOBOI'O 3BApIOBAHHS.

IcHye nBa cnocoOM CTMKOBOTO 3BapIOBaHHS OIUIABJICHHSM: 3BapIOBaHHs Oe3repepBHUM
OILJIaBJICHHSIM 1 3BapIOBAaHHS OIJIABJICHHSM 3 IMONEPEIHIM MiAIrpiBOM.

[Iporiec 3BaproBaHHS O€3MEPEPBHUM OIUIABICHHSIM CKJIQAA€ThCS 13 JABOX CTafii
OIUIABJICHHS 1 Ocafy.

S — nmepemilieHHs pyXJIMBOI IJTUTH MaIlluHH;

N — MOTY’XHICTh, BUALTIOBAHA B CTHKY;

P — 3ycumig cTucky neranei.

3BapioBaHHs OIUIABJICHHSIM 3 MMOMEpPEAHIM MIAIrpiBOM CKJIAaNa€ThCs 13 TPHOX CTaii:
HiJIrpiBy, OIUIaBIEHHS i OCaIH.
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[Tomepenuiii migirpiB 3a3Bu4ail 3MiIHCHIOETHCS B CaMiii MAIlMHI HUISXOM TPOITYIICHHS
yepe3 JeTail CTpyMy BiJ 3BaproBaJbHOTO TpaHcdopmatopa. IlimirpiB 3mificHIOETbCS Tpu
3BOPOTHO-TIOCTYMAIBHIM MEPEMILIeHHI pyXJIMBOI IIHTH MammHU. [Tpu 30mmkeHHi neranei 1 ix
CTHUCKY 13 3yCHWJIIsIM P 3BaproBalIbHUI JAHIIOT 1 Yepe3 AeTail MPOTIKae CTPYM, IO 3A1HCHIOE 1X
HarpiBaHHs. Haif0inplle 1HTCHCHBHO pO3IrpiBarOThCS TOpIll jaeraneit. [lpu 3BopoTHOMY pyci
IUTATH JIAHIIOT pO3MHKA€ETHCS 1 BiZIOyBa€ThCS BUPIBHIOBAHHS TEMIEpaTyp y JAEeTalsX BHACHIIOK
TeIIonepeiadl BiJl TOPIIB yIIHO JeTanei.

3a3Buuail npu migirpiBi Kopotki immynbcu (0,5-2 cek.) uepryrooTbes 3 Iay3amu
npUOIM3HO TAKOI K TPUBAIOCTI.

[Iponiec omuiaBiaeHHs mpu 000X croco0ax TpUBAaE MO OAEP)KAaHHS Ha TOPLSAX JeTajei
TOHKOTO Iapy po3iuiaBieHoro wmetamy. [lpm ocami 1iei 3a0pyaHEeHUN OKHCIaMU MeTail
BUTICHSIETHCS 31 CTUKY 3 YTBOPOM I'pOTa, a pPO3TALIOBAHUI MiJl HUM YUCTHHA MeTall IUIAaCTHYHO
neopMy€EThCS 1 3BapIOETHCS.

Jlns 3a0e3nedyeHHsl 0CTaTHBOI IJIACTUYHOI Jedopmanii gerani moBUHHI OyTu 1o0pe
IPOrpITI MO JOBXKHUHI JOCUTH IIUPOKOI OKOJOCTUKOBIM 30HI. [Ipu 3BaproBaHHI Oe3nepepBHUM
OIJIABJICHHSM HAarpiBaHHs JeTajeil 3A1MCHIOETbCS B OCHOBHOMY LUISXOM TeIUIoNepenadi Bij
TOPIIIB, /i€ BiAOYBA€THCSI OCHOBHE TEIIJIOBUIICHHS.

[TonepenHiil miairpiB cnpusie OUIbII PIBHOMIPHOMY IpPOIpiBY JeTajieil mo JOBXKHUHI U
HOJIIIIEHHIO YMOB IUIAaCTUYHOI Aeopmariii.

OCHOBHUMM ITapaMeTpaMH PEKUMY CTUKOBOT'O 3BapIOBAHHS OILJIABJICHHSM €:

-TeMIiepaTypa nonepeIHboro muirpiBy Thpiy,

-4ac MAITPIBY tyiy:

(TpUBaNICTh IMITYJIBCIB 1 May3 1 iX KUIBKOCTI),

-IIBUAKICTD OIJIABIECHHS V oy,

-TIPUITYCK Ha OTUIABJICHHS A oy,

-CTpyM OIUTaBICHHS Loyy,

-BTOPUHHA Hanpyra xoyoctoro xoxy Uso,

-HACTaHOBHA JIOBXUHA l1+]y,

-TIPUTTYCK Ha OCITaHHS A o,

-MIBUAKICTH ocaah Ve,

-3ycuiuis ocaau Poc.

TemmnepaTtypa migirpiBy JAjsi CTaJIeBUX JETale CEpeIHLOTO MepeTuHy cTtaHoBUTH 700-
9000C, a nns Benmukoro neperuny — 1100-12000C.

TpuBanmicte mifirpiBy pocte 31 30UTbIIEHHSAM IUIONI MEPEeTHHY # 3MEHIICHHSM
MOTY)KHOCTI MamuHu. JIjis jeraneld mepeTHHOM 500MM* uncIo IMITYJTbCIB MAITPiBY TIPH
notyxkHocTi 150kBT mopiBHIOE 4-6 3arajgbHOI0 TPUBATICTIO 6 CEK., a JUIA JIeTalleil epeTHHOM
15000MMm> npu noTykHocTi 600-700kBT uwncimo iMmynsciB mpoxoauTs a0 100 3arampHOIO
TpuBaiictio 150cexk.

HIBUKICTE OIUIABJICHHSA BIUIMBA€ Ha TPOIEC y Takui cmocid: 3 OJHIE] CTOPOHH
30UTBIIICHHS TIIBUIKOCTI OTIABJICHHS MTPUBOJIUTE JIO 3BY>KEHHS 30HH IHTEHCUBHOTO PO3ITpiBY, 3
IHITIOT CTOPOHM CHpHSE OB PIBHOMIPHOMY OIUIABJICHHIO TOPIB JACTAJIed 1O TEPETHHY,
MIBUJIKICTh OIUIABJICHHS 3aJIe)KUTh B TEMIEpPAaTypH TMOMEPEAHBOr0 TMIiTirpiBy U pocTte
MPOMOPIIHHO BUKOPUCTOBYBAHOIT OTY>KHOCTI.
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JIe C — MMATOMA TEIUIOEMHICTb, KaJI/T Tpa;
To, Ty — cepenHs TemmepaTypa AeTaleidl y MOMEHT 3aKiHUYE€HHS IMpPOIECY OIUIABICHHS
cnouatky nporecy (To~ 20000C);
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I’R — moTyxHicTh, BUAUTIOBaHA B 30HI 3BapIOBaHHS, F — MJIOIIA OTUTABIIIOEMHX JETAJICH,
MM; ¥ - IUTOMA Bara, /e,

IBUAKICTh OTUTABIICHHS 3a3BUYail BUOMPAIOTh y Mexax 1-3 mm/cex. HacTo mIBUAKICTH
OTUIaBJICHHS 3MIHIOIOTH Y TPOIIECi OIJIABJICHHS, CMOYAaTKy mporecy Von=0,2-1mm/cex, a 1o
KIHIIS TIPOLIECY 3pOcTa€e 10 2-4 MM/CEK, a TP BUCOKOIPOIYKTHBHHUX PEXKUMax 10 4-6 MM/CeEK.

CepenHs MIBHIKICTH OIUIABJICHHS JeTaledl 3 MaJOBYIJIEHEBOI CTald CTaHOBUTH 1-2,5
MM/CEK, a B jeroBanux — 2,5-3,5 Mm/cex 1 Olnbiie.

[lpunyck Ha oOmIaBiAeHHS BHUOHMPAIOTh TakKUM, LI00 3a0e3MEeYUTH Ha OIJIaBJICHHS
OJIEpXKaHHS Ha TOPILIX JACTAJICH Mapy pO3IUIaBy M IOCTATHIN MPOTPIB eTajael B OKOJIOCTUKOBIM
30HI A ony 3a€XKUTH Bif nepetuHy aeraneil. [Ipu 3BaproBanHi 3 migirpiBoMm A ,m, Ha 30-50%
HIDKYE, YAM TIpU Oe31epepBHOMY OTUIABIICHHSM.

HeoOxigHa MOTYXHICTH MpH 3BaplOBaHHI cTajell Oe3nepepBHUM  OIUIABICHHIM
opierToBHO fopiHIoe 0,2-0,3 KBT/MM?, a ripu 3BaproBanHi 3 mixirpisom 0,1-0,2kBt/MM%.

LIinpHICTE CTPYMY NIPH OIUIABJICHHI 3a3BUYail CTAHOBUTH 2-6 a/Mm? JUIsL craner — 5-12
a/MM? i JUISL aJTIOMIHIEBUX CILIABIB.

IIpy BHCOKONPOAYKTHBHHX PEXKHMMax UIUIBHICTE CTpyMy gocsrae 10-20 a/mm® s
AJTIOMIHIEBUX CILIABIB.

BropunHa Hampyra XoJ0CTOro XOAy 3BaproBaibHOro Tpancdopmaropa Uy BUOHpaIOTH
13 ypaxyBaHHsSM (opMu nerani (apkyii, KoJio, KBajpaT), IUIOMI ii MOMEpPedyHoro mepepisa,
¢b13MuHUX BIACTHUBOCTEH MaTepiaiy.
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H. O. — Ge3nepepBHUM OIIaBICHHSIM

O. I1. — orutaBneHHd 3 MiAIrPiBOM.

HacranosHa nopxwuna lj+l, mpu 3BaproBaHHI CTalieBHMX NPYTKIB 1 TPyO NPHOIN3HO
nopisuroe (0,75-1)d, a s nucris (4-5) 6 .

Metanu 3 BEIMKOIO TEIJIONPOBIAHICTIO 3BaplolOTh 13 OUIBIIOID HACTAHOBHOIO
NOBXUHOK. Jlmst  30epeXeHHs TBEPAOCTI YacTHMHA HACTAHOBHOI JIOBKMHH  JIeTayei
3aKPIIUTIOETHCS 130JIbOBAHUMH BiJl CTPYMY I'yOKamu.

ITpunyck Ha ocimaHHs A, TNOBHHEH OYTH TakuM, 100 3a0€3IEUUTU MOBHE 3aKPUTTS

3a30py MK TOPLSMHU J€Tajiei, MTOBHE BUTHCHEHHS BCHOTO PO3ILJIABICHOTO METANy 31 CTUKY
TJIACTUYHY JedopMaIlito 30HH CIIONyKu. [Ipumyck Ha ocilaHHs pocTe 31 301BIIICHHSM MTEPETUHY
neraneii. Ilpu orutaBneHHi 3 MiAIrpiBOM MPUIYCK Ha ocimaHHs B 1, 5-2 pasu Oinblie, 4uM mpu
GesnepepBHiM OIUIABNCHHI. A s craneBux jaeraueii meperuroM 100-1000MM° NeKHTB y

oc
Mexkax 2-10mmM.

HIBHUIKICTE 3BapIOBaHHS BUOMPAIOTH BUXOSYHM 3 YMOB MOMEPEIKEHHST KpUCTaIi3amii i
OKHCHEHHSI PO3IIaBy. 3a3BHUail MBUAKICTh 0CaTy BHOMPAIOTH Y MEXax: JUISl MaJOBYTIICIICBOL
cram 30-60 MMm/cek, Bucokoieropanux ciuiaBiB 60-100 MM/cek, aIFOMIiHIEBUX CIUIABIB 1 1HIITHX
nerkookuciaoBanux Meraiis 100-200Mm/cexk.




[MuToMUIl THCK TIpH Ocaji 3aJeKUTh Bl MEPETHHY AeTaned, X MaTepialry ¥ ymoB
HarpiBaHHS.

[Ipu 3BaproBaHHI Oe3mepepBHUM OIUIABICHHSAM HEOOXIIHUI MHTOMHHA THCK OCaId
CTAHOBHTB: JUISi HU3KOBYIJICIIEBUX CTaneil 5-10 Kr/MM?, Ul HH3bKOJIEroBaHHX cTaneil 10-12
KI/MM?, U151 aycTeHITHUX cranei 15-20 Kr/MM2.

[Tpu 3BaproBaHHi 3 MiAIrPiBOM HEOOXiTHE 3yCUIUIS Ocaay MpuOIu3HO B 1, 5 pazu HuXKUe.

Tabmuis.

Opi€eHTOBHA TPUBAJIICTh 3BAPIOBAHHS OIUIABJICHHSAM JI€Talleil 3 MaJOBYIJIELEBOl CTalu U
TIPUITY CKH.

I{opomKa MEXHON02I8 CMUKOB0O20 36ADI0BAHHS deskux oemanell.

[TapameTpu peXUMy CTHKOBOI'O 3BapIOBaHHS 3a3BMuYail BUOMPAIOTh 3a JOCBIJUYEHUM
naHuMu (tabnuusiv, TrpadikaM, HOMOrpamaMm) 3 HACTYIIHUM KOHTPOJIEM SIKOCTI CIIOJIYKU
KOPEKTYBAHHSAM PEXHUMY.

BesnepepBHIM OILIABICHHSM 3BapIOOTH aeTam mepernHoM 101000 mm® abo nerai
BEJIMKOTO IMEPETHUHY 3 OUIBIIMM BiIXHJICHHSM X IepuMeTpa JI0 Tuiomli (apKyri, TpyOou 1 T.1.).

[Ipu nporpamHiii 3MiHI HanpyTy (BHCOKA HAIpyra Ha MOYaTKy HPOIECY 3HUKYETHCS, a
HaNpUKIHII 3HOBY IMIJABHILY€EThCS) O€3MEPEepBHUM OIUIABIECHHSAM MOXKHA 3BaplOBATH TaKOX
JieTalTi KOMITAKTHOTO TIEPETHHY TIomero Gimpmr 1000 mv?,

[TinirpiB mepea orIaBICHHSAM, 110 PO3IIUPIOE 30HY HAarpiBaHHS,

3aCTOCOBYIOTH JUIS 3BapIOBaHHS MarepiajiiB, IO IHTEHCHUBHO TapTYOTbCSA, 1 JUIA
3BApIOBAHHS JIETAJICH BEIMKOIO NEPETHHY.

[TigirpiB  3HMWKYe HEOOXiHY eJNEeKTPHUYHY TWOTYXKHICTh, 3MEHINYE TNPUIYCK Ha
OTIJIaBJICHHS, MTOTIEpeKAae KPUCTAII3allil0 PO3IJIaBy 1 CIIOBUIBHIOE OXOJIOIKEHHS JeTali.

Cmuxose 36apro8anHs mm/6.

CTuKoBe 3BapIOBaHHS OIUIABJICHHSIM TPYO IIMPOKO 3aCTOCOBYETHCS B Ka3aHOOYIyBaHHI,
amapaTtoOyayBaHHi, a TAKOX MK OyAIBHUILITBI TPyOOIPOBO/IIB.
3milioBUKH 13 TpyO miameTpoM 25-42 MM 3BaprOOTHCS 3

( MOTIEPEIHBO 3arHYTHX CJIEMEHTIB, a 1HOJI BOHU BHXOISATH
CTUK ) IIUISIXOM THYYKi 6aToru, qoBxkuHOI 40 M 1 O11bIII, 3BapeHoO] 13
CTUK OpSMUX TPYO.

Jns  3a0e3nedeHHs MPOXITHOIO OTBOPY B CTHKY
BHYTPIIIHIN TPOT 1 BUCA/DKEHHUIA y CTUKY METaJl IOBUHHI OyTH TIOBHICTIO BIJTYUEHi.

IIpu 3BaproBaHHI OIUIABJCHHSAM MPSAMUX TPyO 3 BYIJICIIEBOI 1 HU3BKOJETOBaHOI CTali,
rpaT BUAAISIOTH MPOAYBKOIO CTHKY HEHTpaJIbHUMH ra3aMH IPH OIUIABJICHHI a00 MOBITPSIHOIO-
KHCHEBO-TIOBITPSHOIO CYMIIIIIIIO TICHS OCIaHHs MOYaTKy ¥ TPUBATICTh MPOIYBKH MOBITPSHOO-
KACHEBO-TIOBITPSIHOIO CYMIIIIIIO ISl TOTIEPEDKEHHS BUMHBAHHS METAlIy 31 CTHKY CYBOPO
PErIaMeHTYIOTb.



[Tpu mpuBaproBaHHIO (hIaHIIB MOXKIIMBA IMPOTOYKA IPOTa HA TOKAPCHKUX BEpCTaTaX.
Y TpybGax 3 BHCOKOJETOBaHMX CTajsX Taps4uii rpar
G ____________ BUJAISIOTh TIPOTSATAHHSMHU, IO TOJATAIOTH 13 cepil
KUTBLIEBUX PI3LiB 200 JOpHAMU 31 3MIIIEHUMHU PIKYUUMHU
KpalkaMu, sIKi JJO3BOJISIOTH 3MEHIIIMTH 3yCHIUTS Pi3aHHS

! pO3ALIAIOTH IparT.
[Ipu 3BaproBaHHI T'HYTUX €JIEMEHTIB Ul BHJAJICHHS IpaTa MOKE 3aCTOCOBYBATUCS CHapsi,
KPHUBOJIIHIHHUEI NPo(disib, IKOTO MOJErIy€e HOro Npoxij yepe3 BUrHMHU TpyO.

Heraiino micist 3BaproBaHHsl CTUKY B 3MIMOBHK T0JIa€ThCS CTUCHEHE MOBITPs (6-8 aTMm.)
YIIUTbHIOIOYA KYJISl, 110 3aXOIUIIOE 3 BEIMKOIO IIBUIKICTIO, | 1 3arapTOBaHUM cTalieBUil cHaps
2, mo 3pi3ye HpU CBOEMY pycCl rapsuuii rpar. Y MpOTWIEKHOTO KIHISI 3MiMOBHKa
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BCTaHOBJIIOETHCS TapMaTOBIiMaY 3.

30BHINIHIA TrpaT BUAAIAIOTH CHCIMIATBPHUMHU KIIIIAaMH a00 3pi3yl0Th PO3HIMHUMU
3aCTaBHUMH KUTBLISIMH, IO 3PYIIYIOTBCS Y3I0BXK TpyOu. s TpyO BemuKoro aiameTpa 4acto
3aCTOCOBYIOTh TOKapChKY 0OpOOKY IpaTta 00epTOBUMH a00 CTAIlIOHAPHUMH T'OJIIBKAMH.

Pexxum 3BaproBaHHs TpyO Oe3nepepBHUM orutaBieHHAM Ha MamuHi LICT-200M.

da o ) UZO A oIy Vonn tonn A ocy
CTaJIb !

MM MM B MM MM/CEK CIK MM

25 3 6,5-7 11-12 1,37-1,5 8 3,5
20 32 4 6,5-7 15 1,25 13 45-5

38 4 6,5-7 15 1,07 14 45-5

25 3 6,5-7 11-12 1,37-1,5 8 4

1X18H12T
32 4 6,5-7 15 1,07 14 5
l1+1,=60-70Mm

Cmuxkose 36apo8anus cmye.
CMyru 3BaproIOThCS B MalIMHAX 13 IMJIOCKUMH T'yOKamu. SIKicTh CIONYKH 3aJ€KUTh Bijl
TOYHOCTI OOPI3KH CMYT 1 iX YCTaHOBKHU B TyOKax.
HacrtanoBna noBxuHa yepe3 Majy TBEPIICTh TEX BUOUPAETHCSA MiHIMAIBHO MOKJIIMBOI.
|1'|'|2:A orm-"A oc'l'A K
A x — KIHIICBA BiJICTAHb M I'yOKaMH, SIKe 3a3BHUaii cTaHOBUTH (2,5-3,5) 5 .




Peoicum 36aprosanns cuye 3 Hu3bK08y21€Ue801 cCmaii.

o 1 Aonm ' Aoc. 4 AK 1 VOI‘IJI.K.!
MM MM MM MM MM/CeK
0,5 2,5 1,8 0,5 6

1 6 2,5 4 55

2 9 3 8 5

P,.=8-1 OKT/MM?; Voe> 80MM/ceK;

Uy 3aJ1€KHO BiJl TOBIIMHU O IIHPUHA CMYT BU3HAYA€THCS 13 TpadikiB:
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Jlig 3HIMaHHS TIpaTa BUKOPUCTOBYIOTH pI3LIOBI a00 IUIY’KKOBI Iparo3HimMauu. ['par
pI3LEBUM I'paTO3HIMAaYeM 3HIMAETbCS y3J0BXK CTUKY PI3LSAMH B rapsdoMy CTaHi B MalluHi abo
no3a Hei. [Imy»koBuil rpaTo3HiMay 3HIMA€E rpaT NPy OIPOTATHEHHI CTUKY MK HIKaMHU.

I'pat Ha cMyTax 3 JEroBaHUX CcTalel BUAAISIOTH UTi(hyBaHHSM.

Hnsg  ToHkux cMmyr (0 < 1MM) BHMKOPHCTOBYIOTH MPHUMYCOBY (OPMOBKY abo
OINIPECOBYBAHHS IpaTa.

Cmukoee 36apro6anHs CINPUIICHIE I Opomie.

Hpit miametpoM 1105-8 MM dHacTimie 3BapiOOTh OIOpPOM, a IHOAI Oe3NepepBHUM
oIyiaBJIeHHSAM. /[pOTy # CTpHIKHI BEIMKOTO JiaMeTpa 3BaploloTh Oe3NepepBHUM OILIABICHHIM
abo ormuaBneHHsAM 3 miairpiBoM. I[lpu 3BaproBaHHI APOTIB 0COOJMBE 3HAUEHHS Ma€ iXHE
LEHTPYBaHHS, IO JOIYyCKAeThCs 3CyB oceil He moBuHHeH mnepeBunrysatu (0,05-0,07)d. ¥V
NEeSKUX BUMAIKaX s UEHTPYBaHHS BUKOPHUCTOBYIOTH, HEHTPYIOUM 130JIbOBaHI BiJl CTPyMy
BCTaBKH.

HacranoBna noBxuHa ApoTiB 3 d<§ 3i crani cranoButs 1,4d, amominiro 3d, miai 4d.

Pexxumu 3BaproBaHHs OIUIABJIEHHSM CTPYDKHIB 1 JIPOTIB.

d, F, A, A, li+12, torn:
MM MM MM MM MM ceK
5 19,6 2,5 1,0 8,5 15
10 78,6 5 2 17 3,25
20 314 10 3,5 33,5 9
40 1256 20 55 65 40




ToukoBe i peabedHe 3BapIOBaHHS.

ToukoBUM 3BapIOBaHHAM 3'€THYIOTH JTUCTOBI KOHCTPYKIIIi 3 OJHOPIAHUX 1 PI3HOPIAHUX
YOPHHX 1 KOJBOPOBHX MeTanmiB. TOUYKOBE 3BaplOBaHHS IIUPOKO 3aCTOCOBYETHCS NPHU
BUTOTOBJICHHI IITaMIIO3BApPIOBAIbHUX KOHCTPYKIIH, y AKUX JABlI abo Oinbll JeTanew,
MITAMIIOBaHI 3 JIMCTa 3BapIOIOThCS y TBEPAWH BYy30N (HANpPHUKIAL, WiAJIOra JIETKOBOTO
aBTOMOO1IsI, Ka0iHAa BaHTaXKIBKH 1 T.A.). TOUYKaMH 4acToO 3BapIOIOTHCA KapKacHI KOHCTPYKIII,
KOJM JIO0 TBEPJAOrO0 KapKaca TPHUBAPIOETHCS OOMMBKA (HAMpuUKiIam, OOKOBHMHA M Jax
NacCaKUPCHKOTO BaroHa, OyHkep KkomOaiiHa 1 T.1.). LIupoko 3acTOCOBY€THCS TOUKOBE
3BapIOBaHHS MEPECIYHUX CTPUKHIB AlaMETPOM J10 25 MM 1 OUIbILI IPU BUTOTOBJIEHHI apMaTyp
3aJ11300€TOHHOI y BUIJISAI CITOK 1 KapKaciB.

ToukoBe 3BaproBaHHS 3aCTOCOBYETHCSI B OCHOBHOMY IIPY BUT'OTOBJICHHI BY3JIiB 3 JIUCTIB
1110710 HEBENUKOI TOBILMHU ( 710 2,5 - 4 MM). [HOAI 3aCTOCOBY€THCSI 3BapIOBAHHS BY3JIiB 3 JIUCTIB
TOBIIMHOIO 5 — 10 MM 1 OUIBIIL

TouykoBI KOHTAKTHI MAalIMHU MAlOTh MOTY>KHICTh B KUTBKOX COTE€Hb BaTIB JI0 TUCSAYl
kBT. Ilpu 3BaproBaHHI B MacOBIM BHPOOHHIITBI 3 OLIBIIOK KUIBKICTIO TOYOK (apMaTypHOMY
CTUIBHUKY, BY3JiB aBTOMOOUIS ¥ iH.). YCIIIIHO 3aCTOCOBYIOThCSI 0araTOTOYKOBI MAIIMHH.
3aranbHa MOTYXHICTh Takoi MalIMHU Hepiako nepesuinye 1000 kBr.

CyuacHi MallIMHU 3/1CHIOIOTh 3BapIOBaHHSI [0 aBTOMATU30BAHOMY ITUKITY.

IIpouec TOYKOBOI0 3BaAPIOBAHHS.
[Iporiec 3BaproBaHHs TOUKHU CKIATAETHCS 3 HACTYTHUX €TaIliB:
1) monepeaHiii CTUCK,
2) 3BaproBaHHs, l,a A |
3) NpoKOBYBaHH4,
4) may3a, HeoOXiIHa
Ul TIepeMilleHHS
BUpoOy Ha | KpOK.
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ToukoBe 3BapIOBaHHS 3aBXK]M TOYUHAETHCS 3 MOMEPETHBLOTO CTUCKY JeTalei s
3a0e3MeYeHHS TAPHOT0 KOHTAKTY. SIKIIO MPH BKIIOYSHHS CTPyMY 3yCHIUIS P, 110 pO3BUBAETHCS
€JIEKTPOIaMH, HEJIOCTATHE, TO KOHTAKTHI OMOPH BEJIMKI i Ha HUX MalKe MUTTEBO BHUJILISETHCS
JTy’K€ BEJIMKA KUTBKICTh TEIUIA; METal Y KOHTAKTI MIBUKO TUIABUTHCS ¥ BUKHIAETHCS Y BUTIIAIL
icKOp; BiOyBa€THCS TaK 3BaHUN TIEPBUHHHIA BUTUIECK.

Pinkuit Mmetau, 3qaBneHui y Aapi, 9aCTKOBO BUKUIAETHCS — B11I0YBA€THCS BUILIECK.



BHUMNNECK

TP

Bumnneck crocrepiraerbcs Ha MOYATKy MPOILECY IPU 3aHAATO LIBUAKIM HArpiBaHHI U
HelocTaTHhOMYy P (MeTan miaBUTBCS [0 YTBOPY YIIUIBHIOIOYOIO KUIbLs abo 110 KIHIIA
HAJMIPHOTO HarpiBaHHs, KOJIM Yepe3 3HauHe 301IbIICHHS JllaMeTpa siipa HOro TOHKa 000JIOHKA
HPOTUHAETHCS, POCTETE I'APOCTATUYHUNA THCK Y SIIP1 ¥ KiJIbIIE IEPEPUBAETHCSL.

IIpn 3BaproBaHHI 3 pO3IUIABIIOBAaHHAM SApa KpUCTali3alisi MeTally B HbOMY
CYTIPOBOJIKYETBCS 3 YCAJKOIO 3 MOKIIMBUM yYTBOPOM PakoBHH 1 mop. OOTUCHEHHS MeTaly, 110
KPUCTAIII3Y€ThCS, CIpHsiE€ HOro YIIIIbHEHHIO. TOMy 3HSTTS TUCKY 3 €JEKTPOAIB IMOBHUHHE
3aIli3HIOBATUCS 100 MOMEHTY BHUMHKAaHHS CTPyMy Ha 4ac tm, JOCTAaTHE MJsl 3aBEpLICHHS]
KpHcTami3amii spa.



Bniiue 0oCHOBHMX IapaMeTpiB Mpoiecy HAa HATPiBaHHA i AKICTH 3BapeHoi TOUKH.

OCHOBHUMH TTapaMeTpaMH PEKUMY TOUKOBOTO 3BapIOBAHHS €: 3BAPIOBANBHUMN CTPYM Iy,
4ac HOro MPOTIKAHHA ts, 3yCHJUIS CTUCKY IIpU 3BapioBaHHI P u mpoxoByBaHHS P, po3mipu
po6ouoi moBepxHi enekTpona d. ( Mpu HWIHIPUYHHUX elekTpoaax) abo Re ( mpu cdepuanmx
€JIEKTPOJIaxX), a TAKOXK 4aC CTUCKY t¢r 1 4AC MPOKOBYBAHHS ty,. Ha sKicTh 3BaproBaHHS BILIMBAE
TaKOXX CTaH MOBEPXHI JIETal.

Jiamemp poOOUYOI TMOBEpPXHI ENEKTPOMAIB 3aJIKUTh BiJA TOBIIMHU JAeTaneil, 1o
3BapIOOTHCS, 1 MOB'I3aHUN 3 HEIO HACTYIHOIO HAOIMKEHOIO 3aJIeKHICTIO:

d, =26 +3mm

7e O - TOBLIMHA O1JIBII TOHKOI 3 JIeTaliel, 110 3BapIOIOThCA.
Yac npomikanus cmpymy ts,.

3aneXHICTh MIIHOCTI TOYKH BiJ 4Yacy 3BapIOBaHHS IPU CTAJOCTI IHIIMX TapameTpiB
IPOLIECY MA€ BHUTIIS:

C KpuBa wmae kpyry pginsaky A B, 1mo
BIAMOBiae, K TOKa3ylOTh 3JIaMH  3pa3KiB,
3BapIOBaHHIO 0€3 pO3IUIABIIOBAHHSI, 1 MOJIOTY

B TISTHKY BP BignoBigHuN a0 3BaprOBaHHA 3
PO3IUTaBICHUM SIIPOM, 110 MOCTYTIOBO
301IBIIYE€THCS.

A MaxkcumanbHuii  JlaMeTp  pO3IUIABJIEHOTO
sanpa, Mo jocsraetbcs B Tounui C 3a3Buyait
MOB'SI3aHUNA 3 JIIaMETPOM €JIEKTpoJa HACTYIHOIO
3aJIeXKHICTIO:

dn=(0,9 — 1,4)d.

[lonanpiie HarpiBaHHsS HENOIUIBHE 4Yepe3 3HAUHMM BUIUIECK 1 BM SATTS TOBEPXHI
JeTajei, 1o 3HIKYIOTh MIIHICTh 3'€qHaHHA. ['paHUYHU AlaMmeTp siapa THUM OiIbIIe, YUM,
TOBCTIILIE 3BAPIOETHCS MaTEPIall 1 UMM M'SKILE PEKUM.

v

Touku cTabiIbHOI MIITHOCTI OEPKYIOTh TUIBKH MIPU 3BAPIOBAHHI 3 PO3ILIABIIOBAHHSM,
TOMY IIIO TP 3BaprOBaHHI 0€3 PO3IUIABIIOBAHHS Yepe3 KPYyTICTh NUITHKH AB HaBiTh He3HAUHI
KOJIMBAaHHS Yacy 3BaploBaHHig a00 IHIIMX [apaMeTpiB, IO BIUIMBAIOTh Ha HarpiBaHHA,
HEMUHYYl Ha BHpPOOHHWITBI, 3HAYHO 3MIHIOIOTh iXHIO MilHICTh. Kpamii pesynpTaTv AaioTh
pexxumu 6:1m3bKi 10 Touku C.

AHanoriyHui BHJ MaloTh Tpadikd 3aJeKHOCTI MIIHOCTI CTPyMy BiJ BEIHMYHUHU
3BapIOBAIBLHOTO CTPYMY |4 TIPU t; = cONSt 1 CTAIOCTI 1HIIUX MapaMeTpiB.

Cman nogepxni oemaJeit, wj0 36apOOMbCA.

Cran moBepXHi neTrajei, 10 BU3HAYAIOTh KOHTAKTHUW OINp, CYTTEBO BIJIMBAE Ha
PO3IIOIN TEIUIa IIPU 3BApIOBaHHI H, K HACHIOK, HA PO3MIp 1 MILIHICTh TOYOK.



SIK TpaBHIIO, TOYKOBE 3BAPIOBAHHS HEOYHIEHOTO METally HeOa)kaHo, TOMY IO TpHU
I[bOMY PO3MIpH ¥ MILHICTh TOYOK HECTaOlIbHI. 3HAYHUN OMIp KOHTAKTY €JIEeKTPOJ-/eTallb, IpU
HEOUMIICHUX JETallX, BUKIUKA€E IEPErpiB 1 IIBUJAKE 3HOIIYBaHHSA eNeKTpoliB. OcobiuBy
HeOe3neKy MpeACTaBis€e ipka TOMY IO NMPU HArpiBaHHI 3 Hel BUAUIAETHCS BOACHb, KU
IHTEHCUBHO PO3UMHSETHCS B PO3IUJIABICHIM SJpl METady M CHpus€e YTBOpPY HOp 1 rapsaux
TpimmuH. KpiM TOro, BenMKuil 3MICT ra3iB y pO3IUJIABICHIM SApPI CHOpHUsA€ TOSBI 3HAYHHUX
BUIUIecKiB. ToMy jaeraini mepes 3BaprOBaHHSAM 3a3BHMYail 3a3HAIOTh MEXAHIYHOMY OUYHIICHHIO
a0 MJIaBJIECHHIO.

3ycunna na enekmpooax.

3ycwnst P — onHO 3 HaMBIUIMBOBIBIIMX IapaMeTpiB TOYKOBOI'O 3BAPIOBAHHS, IO
BUSIBJISIE JIBOSIKUM BILJIUB HA MOT0O Pe3yJIbTaTH: BOHO PEryJIO€ IHTEHCUBHICTh HarpiBaHHs B 30HI
3BapIOBaHHs i BU3HA4a€ CTyMiHb I utacTuuHOi Aedopmarii. 31 3011bIIeHHAM P 3MeHIy0ThCS
KOHTaKTHI 1 BIIaCHI OMOPH JIeTalel 1 3HIKY€EThCS IUIbHICTh CTPYMY B HUX. TOMy mpu cTanocTi
iHIIMX apaMeTpiB npouecy (s, lss de) 30iabmeHHs P cnoBinbHIOE HarpiBaHHS i IPUBOJHUTH JI0
3MEHILEHHS pO3Mipy W MILHOCTI TOUOK, IIPU OJIHOYACHIM 3HMKEHHI 1X CTaOlIbHOCTI.
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OnHak, SKIIO MiABMIIEHHA 3ycwuid P Ha enekTpojax CyHpOBODKYETHCS TaKUM
30UThIIEHHAM [;; @00 t;;, MO cepeaHi Po3MIpH ¥ MINHICTh TOYOK 3JIMINAIOTHCS 0€3 3MiH
Scp=const, Te 3 pocToM P MilHICTh TOUOK CTa€ OLIBII CTAOLIBHOIO.

S A

>

P

[Ipu 3BaproBaHHI dYacTWHA 3yCWUISI P Ha eJekTpoiax 3aBXIu 3aTPavacThcsl Ha
nonepenne neopMyBaHHs HEIIUIBHO 310paHuX JeTaneil 1jis yTBOPY MK HUMH KOHTakTy. [Ipu
npoMy 3ycwuist P, mo nie Ge3nocepeHhO B KOHTaKTi, MeHIe 3ycusuist P. Uum Ounbmie P, Tum
HE TIOCTiHHE MO BEIWYHMHI 3yCWJUISI, HEoOXimHe misi nedopMyBaHHS JeTaldi, THM MEHIIE



MI03HAYAEThCS HA 3yCHILIL P, mo PO3BUBAETHCS B KOHTAaKTI ¥ TUM CTaOLIbHIIIE YMOBH
3BapioBaHHs. ToMy, TOUKOBE 3BapIOBAHHS PO3BMBAETHCS M0 LHUIAXY 3aCTOCYBaHHS BCE OUIBIINX
3ycwiib Py komMOiHAaIil 3 MOTYKHUMH MaIlTiHAMH.

Iumomuii muck enekmpodie¢ TPU OCafl, JNOCTATHIM JUIS YUIUIBHEHHS sJpa IpH
KpHCTani3alii, 3aJeXuTh B BIACTUBOCTEH Martepialy, L0 3BapOEThCS, HOro TOBUIMHU M
pexxuMy 3BaproBaHHs. Yum Buie Horo omip miuacTuvHoi Aedopmarii, THM OiiblIe e THUCK.
Hanpuknan, npu 3BaproBaHHI HM3bKOJETOBaHMX CTallell BIH BHILE, YMM IpU 3BaplOBaHHI
MaJIOBYTJICIIEBUX CTaJICH; MPU 3BapIOBAHHI HEPIKABIIOYMX CTAJICH 1 )KAPOMIITHUX CIIJIaBIB BiH IIE
Oinblue.

HeoOxigHuii OUTOMUN THUCK IIBHIKO pOCTE 31 30UIBIICHHSIM TOBIIMHU JeTayel
BHACJI1/I0K [TO/I0BXKEHHS MPOLeCy KpUucTali3alii MeTally B siipl  3aXOIJICHHs TOBLIUHU TBEPIOL
000JIOHKH M1X SIJJpOM 1 TOBEPXHEIO JIeTaJIeH.

[Ipu upomMy B UEHTpl SApa KpHUCTai3alis 3aBepUIYETbCS NpU OUIBII HU3BKIN
TEMIIepaTypi MOBEPXHI JeTalied, o yTpyaHse IacTuyHy nedopmauito. Lleit Thck pocrte
TAKOX 31 3MCHIICHHSM t; (IPU 3BaprOBaHHI HA «TBEPIUX» peXHUMax). IHTCHCUBHO HArpiTHii
CTOBITYMK JiameTpoM d. AedopMyeMuil enekTpoaamu, sik OM OTOYEHUH MATPHULEIO JiaMeTpoM
s 11010 XOJ0IHOTO MaTtepiady, BHACHIJIOK YOTO sAIpo nepedyBae B 00'€MHO-HANPYKECHOMY
CTaHl, 10 YCKJAJHIOE IUIACTUUHY Aedopmariito. YuM MeHIIEe ty;, THM MEHILIE 30Ha PO3irpiBy
(menwue J]) 1 k0opcTKillie MaTpULA, TUM CYTYKHIlIe 1eopMyBaTH sApo. SAKIIO A yIITIbHEHHS
A7pa MOTpiOEH TUCK, 110 YCKJIAJHIOE HArPIBaHHS JeTajei, 10 3Baplol0ThCs, Yepe3 3MEHIICHHS
KOHTaKTHUX ONOPIB 1 HIUIBHOCTI CTPyMYy, TO HOr0 CTBOPIOIOTh TUIBKM Ha 4yac KpHUCTai3auii
A7pa y BUTJISA1 KyBaJIbHOTO TUCKY.

ITpoxoBounmii THCK P, moBHHEeH iTH 3a

En_) BUMHUKAHHIM CTPyMy 4epe3 HEBEIMKHH IHTepBail

yacy t;. [Ipu BenumkiM 3amizHioBaHHI (t;> 0,2 cek)

La  a BOHO JapemMHo, a mnpu t< 0 MoOXIMBE
P 1 BUJIABJIIOBAHHS PO3ILIABIIEHOIO METAly 3 siapa —
BiIOyBa€THCA BUIIIECK, CYIIPOBOJKYBaHUI

MIMOOKMM BMUHAHHSM Ha MIOBEPXHI JCTAJICH.

[TpoxoByBaHHS MPHUBOAMTH JI0 HAKJIENy B
30HI 3BapeHOi TOYKH, IO TMOMITHO MIABHUILYE
BTOMHY MILIHICTb 3'€THAHHSI.

—+v

Yac cmucky t.,, TOBUHEH OYTH JOCTaTHIM JIUIS CTHCKY JeTaJIeH eIEeKTPOIaMU MalllMH! T
HApOCTaHHS 3YyCWJUIS 10 HeoOXimHOro 3HaueHHsS Pn. BoHo 3anmexxuts Big BIACTaHI Mik
enexkTponamMu (po3drHy XO00O0TiB) MaIMHA W JUIsi MAllMH 13 THEBMATHYHHUM IPHUBOJIOM
nepedyBae B Mexax 0,2-2 CeKyH[IH.

Yac npokogysannsa t,, TOBMHEH OyTH JOCTaTHIM JUId 3aBEpUICHHS KpHCTai3amii
PO3IIJIABIEHOTO METaly B s/Ipi, OJHAK MEHIIE 4acy, HEOOXiTHOTO JJsi MOBHOTO OCTUTAHHS
neTaned, 3aTUCHYTUX MIXK €JIeKTpoJlaMU. YMOBH OXOJIOJDKEHHS 3BAPEHOI TOYKU MOXKYTh
CYyTT€BO BIUIMBATH Ha il MexaHI4HI BIAcTHBOCTI. OXOJNOMKEHHS 3aBXKIU MOYHMHAETHCS MiXK
eJIEeKTpOAaMU U 3aKiHYY€ThCS, SIK MpaBWJIO, Ha MOBITpl. YUepe3 IHTEHCHBHMH BiIBIA TeIlia
MIBUJKICTh OXOJIO/PKEHHS B €JIEKTPOJaX 3HAYHO BHILE IIBUAKOCTI OXOJIOMKEHHs Ha noBiTpi. Le
0COOJIMBO TIOMITHO TIPH 3BaprOBaHHI TOHKOTO MeTany (HalpUKIIaJ, CTAIA TOBITUHOIO 1-2 MM).

Tomy 3arsryBaHHs IPOKOBOYHOTO THUCKY MOKE MPUBOJUTH JIO KPUXKOCTI TOUOK Uepes3
ixHe 3araptyBaHHs. Hanpuknaa, npu 3BapioBaHHi ctaiu, 1o mictuth 0,2% C toBmuHOIO 1,5
MM IpH 301IbIIEHHI ty, 13 0,1 10 1,5 cexynau pylHHyBaHHS TOUKHM IPU BUIIPOOYBAaHHI 3aMiCTh
IUTACTUYHOTO CTAaBAJIO KPUXKUM.



Ha temmieparypHe 1ojie B 30Hi 3BapIOBaHHS i, SIK HACTIAOK, HA PO3MIp sapa i MIITHICTh
TOYKH MOXYTh BIUTUBATH TAKOX HACTYIHI ()aKTOPH:

a) HEOJHAKOBUH MHTOMMH oOmip naeTaneil, mo 3BaproroThes. Jletanp i3 OUTbIIMM P
MPOIUIABIIAETHCS Ha OLIBbILY TIUOUHY. SApo 3MIIIa€eThCs B A€TaNb 13 OUIBLIINM p .

0) HeoJTHAKOBA TOBIIIMHA JICTAJICH.

P1 > P
h > h,

VY oMy BHITAJKy IPH OJHAKOBOMY JiaMeTpi eIEKTPO/IIB SAPO 3MIMIAETHCS B IETANb
OUTBIIOI TOBIIMHW, TOMY IO B I JeTayi BUAUISETHCSA OUIBIIE TEIUIa W MEHII
IHTEHCUBHUI MOTO BIBIJ 10 €IEKTPOIA.

o, >0,
h > h,

B) HEOJTHAKOBUH iaMeTp €NEKTPO/IiB.

Snpo 3MimiaeTsecs 10 €IeKTPoJa 3 MEHIIOK KOHTAKTHOIO IOBEPXHEIO, i€ BHILE
HIUTBHICTH CTPYMY.

hy
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HIvaTyBaHHA CTPYMY IPH TOYKOBOMY 3BAPIOBAHHI.

[Tix mryHTYBaHHSM PO3yMIIOTh BIATATYKEHHS CTPYMY, Yepe3 paHilie 3BapeHi TOYKU abo
BHUIIAJKOB1 KOHTAKTH.
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ne Xy — IHIYKTUBHUHN OIip IIyHTa
M — xoedirieHT MoBepxXHEBOTO e(hEeKTy
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KoeditieHT moBepxHEeBOro eekTy m 3aJeKUTh BiJl TOBLIMHU JeTaleH.
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I'padik 3anexxHoCTi M Big & AJA CTaJEH.

[Ipu 3BaproBaHHI CTaau TOBIIMHOIO MEHIIE | MM MO’KHA BBaXkaTh m=1.



[Ipu tryHTyBaHHI 4epe3 CyMiKHY TOYKY aiaMeTpoMm Or, po3TalloBaHy i3 KPOKOM S y
JeTajsIX TOBUIMHOK O I IIMPUHOIO B 3 TUTOMHUM OMOPOM O

2
Ru= Kin E

Ru=2 Ry 2T
5

be3po3mipuuii mapametp R'jy 3a5exuts Big 6e3po3MipHux napameTpiB S/dm i S/B.

Omip myHTa 3MEHIIYETHCS 31 30UIBIICHHSIM TOBIIMHU JeTajed O 1 31 3MEHIICHHSIM
KPOKY TOYOK S, TOMl SK OMmip 30HU 3BaproBaHHA R,; pocre 31 30umbmieHHsSIM O . CTymiHb
IIYHTYBaHHS 3pOCTAE 31 30UIBIICHHSIM TOBIIUMHH JETaJIeH 1 31 3SMEHIICHHSIM KPOKY TOYOK.

Jns craneBux neraned TOBIMMHOK <1 MM IIYHTYBaHHSM 3a3BHYail MOKHA 3HEBAKUTH.
[Tpu ToBIIMHI AeTaneli 3 MM 1 Oublie cTPyM mIyHTYBaHHs Moxe nocsratu (0,3 -0,4)1 ;.

Oco06MBO CHIIBHO MPOSBISETHCS IIYHTYBaHHS NP CYCIJCTBI TOYKH, 110 3BAPIOETHCS, 3
JeKIJIbKOMa paHillle 3BapeHUMH. ToMy, Ba)JIMBY pOJIb BiAIrpa€ MOCHIOBHICTh MOCTAaHOBKHU
Toyok. Hampuknaza, mpu 3BaproBaHHI apMaTypHOI CITKM 13 HPYTKIB AiaMeTpoM 6 MM Yy
TOCIiIOBHOCT] 1O crripani MilHicTh ocTaHHBOI 36' TOukH, oToueHOi 4" paHiule 3BapeHMMH
TOYKaMH, CTaHOBHUTH ychoro (0,3-0,4) Big MIITHOCTI HepIIoi.

1411516 |17 |18 |1

1326|2728 |19
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[Ipu 3BaproBaHHI Ti€i X apMaTypHOI CITKH MOCHIIOBHICTh PsiIaMU MILHICTh OYJIb-SKOi
TOYKH He HIxk4e yomy (0,8-0,9) Bix MIITHOCTI TIEPIIIO].
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HlyHTyBaHHSI IHTEHCUBHE IPOSBISAETHCS MPU 3BAPIOBAHHI JIEKUIBKOX JeTajlell y MaKeTi.
ToMy mpu MpoeKTyBaHHI KOHCTPYKIIii HEOOXiHO MPArHyTH IO TOTO, MO0 SKICTh JeTalel, 110
CXOJIIATHCS Y BY3JIl, OyJia MiHIMAJIbHA.

HlyHTyBaHHS OCOOJMBO BEIUKE MpPU 3BapIOBAHHI AIIOMIHIEBUX CIUIABiB 3 MaJHM
MUTOMUM OINOPOM 1 BHCOKMM KOHTakTHUM omnopoM IUIiBKH AlyOz. Tomy MiHIManbHUN KpPOK
TOYOK IPH 3BapIOBAaHHI IIUX CIUIABIB OUTBIINHI, YMM IPU 3BapIOBaHHI CTall Ti€l % TOBILMHHU.



KoHcTpyKTHBHE 0(hOpPMJICHHS BY3JiB IPH TOYKOBOMY 3BAPIOBaHHI.

KoHCTpykTHBHI BHMOTM /0 BY3JIB BHU3HAUalOTbCSd TEXHOJIOTIYHUM MPOIECOM
3BapIOBaHHs M 3aCTOCOBYBAHUM yCTaTKyBaHHsIM. CreliaabHe YCTaTKyBaHHS W MPUCTOCYBaHHS
JIO3BOJISIIOTH 3BAPIOBATH BUPOOM Ayxke ckiIaaHoi Gopmu. IIpu BuKOpHCTaHHI yHIBEpCAJIbHOTO
oOagHaHHA 1 HAHOPOCTILINX MPUCTOCYBAaHb 0aXKaHO BPaXOBYBAaTH HACTYIIHE:

a) MepeTuH JeTajedl 1 MPUCTOCYBaHb 13 MArHiTHOI CTalll, IO BBOJSATHCS B KOHTYD
MallMHU, TOBUHHI OyTH MIHIM&JIbHMMH, TOMY IO MAarHiTHa cTajb, yBEJE€Ha B KOHTYD,
3011blIy€e HOro omip 1 3HMXKY€E 3BaplOBAJILHUA CTpyM. 31 3MIHOIO a 3MIHIOIOTBCS YMOBHU
3BapIOBaHHS, 1110 BEJIE O HECTAOUIBHOCTI 11 pe3ybTaTiB. TOMy KOHCTPYKIS 13 MarHiTHOI CTaji
3 B1IOOPTOBKOIO JIOLIJIBHIIIE KOpOOYATOro By3Ja, L0 Ha/lIBA€ThCS MPH 3BaplOBaHHI Ha X000T
MaIluHH.
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6) y01 TOYKH II0 MOKIIMBOCTI IOBUHHI AOIYCKAaTH 3aCTOCYBAHHA HOPMAJIbHHUX

IHTEHCUBHO OXOJIOJIKYBaHHUX eNeKTpoiB. ToMmy 3'eAHAHHS MO MaJl. a AOUUIbHIIIE 3'€JHAHHS TIO
mail. O.




B) O0akaHo, 00 yci TOYKH y By3Jli MOKHa OyJI0 3BapUTH B OyAb-sKiil MMOCIiZOBHOCTI,
10 ToJIeTrye 60poThOY 31 3BaprOBaIbHUMHU JehOpMallisIMU.

I) TOYKU AiamMeTpoMm d, He TOBHHHI po3MimaTucs Omwxkue, Hixk Ha 1,5 d; Big kparo
netaii Juist 3aro0iraHHs BUAABIIOBAHHS rapsyoro MeTaily B KpaKH.

1) TOYKH HE TOBUHHI PO3TAILIOBYBATHUCS Y BAXKKO Je(OPMYEMUX MICISIX.




3arajbHi 0CO0JHBOCTI TEXHOJIOII TOYKOBOr0 3BAPIOBAHHS.

[Ipu TouKOBOMY 3BaproBaHHI HEOOXITHO 3a0€3MEYUTH BHCOKY M CTaOULIBHY MIIHICTD
3'€JHAHD TIPU MIHIMAJBHUX 3BAPIOBANBHUX JedopMalisix 1 BUCOKOI NMPOJYKTHBHOCTI CaMOTO
3BapIOBAaHHS i MOB'sI3aHUX 3 HUM OIEparliil.

Tounicms 36apenoeco 8y31a 3a0e3MEUyETHCS TOYHOIO 3arOTOBKOIO H  CKIIAJaHHAM
JieTajei, BIICYTHICTIO iX B3aEMHOT'O 3CyBY ¥ OinbIIMX jaedopMaliiii mpu 3BaproBanHi. Herouna
3aroToBKa ¥ TIOTaHE CKJIAJaHHA CIIOTBOPIOIOTH (opMy BHpoOy ¥ Yacto 3HHXKYIOTbH
MPOMYKTUBHICTH Tparii ( Yepe3 [0JaTKOBE BHIPABICHHS TIPH 3BaprOBaHHI ¥ TCiA
3BapIOBAHHIO).

Jlepopmayii mpu TOYKOBOMY 3BaproBaHHI OyBarOTh MiCIIeBUMH ¥ 3arasibHuUMH. [leprri
BiIOYyBaIOThCS TOPYY 31 3BApIOEMOIO TOYKOIO M 3a3BMYall IOB'S3aHI 3 TMEPErpiBOM MicLs
3BapIOBaHHS — MDK JETAIAMHU 3'ABISETHCA 3a30p O, a MOBEPXHS JAeTaneld depe3 TIMOOKI
BM'SITUHU 37100yBa€ BUJ CTbOOAHOT KOBIPH.
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3arainbHi nedopmarrii 3a3BUYal
BUKJIMKAIOTHCS HEOJJHAKOBUM HarpiBaHHAM
neranei. Hampukiian, mpu 3BaproBaHHI apKyIlla 3 HEBEJIIMKHUM KOCHHIIEM
OCTaHHIM NpOrpiBaeThCsl CHIBHIIIE W NPH OCTUTaHHI KyT MOMITHO

/ 7
JJ {, ) %nporm JJ ne(pOpPMYEThCS.
\ [Ipu 3BaprOBaHHI BENMKUX 1 HEKOPCTKMX BY3JiB (HANPHKIA,

OOLIMBKM BaroHa) MoJiuBi Outbil nedopmaunii i 6oporbba 3 HUMHU —
OJIHE 3 FOJIOBHUX 3aBJIaHb TEXHOJIOTA.

Hedopmariii 3MEHIIYIOTbCS TIPU TBEPAUX pPEKMMAxX 3BapIOBaHHSA, PpalliOHATIBHOT
MOCJTIIOBHOCTI, Ha/IIMHIM 3aKpiIJICHH] JIeTajeii Mpy 3BaproBaHH1 (HAPUKIIAJ, P OJTHOYACHIM
iXHBOMY 3aTHCHEHHI OUIBIIOI0 KiNBKICTIO €JEKTPOIIB y 0araTOTOYKOBIM MamivHi) 1 MTYYHIM
OXOJIOJDKCHHI 30HM 3BapIOBaHHS (HANPUKIIAI, CTHCHEHUM IOBITPSM 3 PO3IUIICHOK BOJOK 10
criocooy MBTY im. baymana).

Ilocrioosnicms 36aprosants moyox y BY3J1 BCTAHOBIIOETHCS, TaK MO0 3BApUTH BCi
TOYKA TpPU MiHIMQJIBHIM WIyHTYBaHHI cTpyMy. [loumHaroum 3BaproBaHHsS 13 NPUXBATOK
(Toukamu), pO3MIIIAIOTh 1X Y MICIISIX, [0 HaWOLIbIIE BaXXKO 3BapIOIOTHCS (100IM3y pebdep, Ha
3aKpyTIIEHHSX 1 T.1.). [licis mpuxBaTKH 1HII TOYKH OakaHO 3BapuTH miapsia. J(oBri 3'eqHaHHS
3BapIOIOTHCS BiJl CEPEIMHU JI0 KiHIIIB.

Ilpu 3s8aprosanni oemaneil HeOOHAKOBOI MOBWUHY PEKUM BU3HAYAETHCS TOBIIMHOIO
O1TBIIT TOHKOI JIeTal 3a3BUYai 3 HEBEJTUKHUM 301IBIICHHSIM CTPYMY.

Ilpu 36apiosanni mpvox Oemanell HeEOOHAKOB0I MOSWUHU MOXIUBI JIBa THIIOBI
BUTIAJIKH:

1) y cepeirHi pO3MIIIA€ThCS TOBCTA JIETalb — PEKUM BHOMPAETHCS 1O TOHKIH
JeTanl 3 ASSTKUM 301IBIIICHHSIM CTPyMY.

2) Tonka geranb 3aTUCHYTa MK TOBCTUMH — PEKUM BHOUPAETHCS 1O TOBCTIH
JeTani 31 3HAYHUM 3MEHIICHHSIM CTPyMY

a00 ty5.

3BapIOBaHHS JIMCTOBUX JieTaleil i3
TpyOUaCTMMH  MOXJIMBE B TPbOX
BapiaHTax:




1) Ha migkmagHOMY enektponi 1 ( mpu gocTaTHii TBepAOCTI Tpyou 2)

2) Ha MigHIM ompaBieHHi 1 ( IpU JOCUTh BETUKOMY BHYTPIIIHEOMY OTBOpP1 i HEBEIHKIiH
JOBXKHHI JeTai 2).

3) Ha MIKIaTHOMY CIEKTPOAl 13  3alOBHEHHSIM
HEXXOPCTKOI AeTani 1 Jerko miaBKUM MeTaloM 2 (aJroMiHIEM,
[IMHKOM, 3BHWHIIEM), BUIUIABIIOBAHOMY IICJS 3BaplOBaHHS, a
npu OUTBILIHN 1T TBEpAOCTI MICKOM ab0 napagiHoM.

1 3BaDIOBaHHﬂ KOHCTDVKHiﬁHI/IX cTajei.

Xonoonoxkamani cmani, He MaXOTh OKAJIMHHU U 3a3BHYal
HE BHMAararoTh OYHIICHHS Nepe] 3BapIOBAaHHIM (SIKIIO IPH
30epiraHHi BOHM HE MOPXKaBUIM). Y MacoBiM BUPOOHUITBI
BINOBIAILHUX BUPOOIB JeTaini 13 IUX CcTajled mnepen
3BApIOBAHHAM  3HEKUPIOIOTH  AlleTOHOM, OeH3uHOM  abo
po3urHHHKOM THITY NaPO4(30r)+NaOH(40r)+Na,CO3(251) 1
npomuBaroTh y rapsadiii (70-800C) i xonoaHil Boi.

l'apsuexamana cmany TOKpUTAa OKAJIMHOK, a 1HOAI M Ipkero. 3a3BuUYail mepen
3BapIOBaHHSIM BOHA OYMINAEThCS TpaBieHHAM Yy po3uuHi HpSO4(110r)+NaCl(10r) 3
HewTpanizamiero B po3unHi NaOH a6o KOH i nmpoMuBaHHSIM y Tapsdiii Boai ab0 MeXaHIYHO
(HaX/1aKOBUM KOJIOM, HalMJIKaMH LIKYPKOIO, METaJeBUMH IITKaMu 1 T.1.). Kpamii pe3ynabratu
JIa€ TPaBJICHHSL.

Manosyzneyesi cmani Majio 4yTIUBI A0 TEPMIYHOTO LUKy 3BapIOBaHHS i NP TOBIIMHI
10 5 MM 100pe 3BaprolOThCS SIK TPU BEIMKUHM, TakK 1 MpH Majiil MBUIKOCTI HarpiBaHHs (Ha
TBEPIUX 1 M'SIKUX PEKUMAX ).

, [{inbHicTh CTpyMy Ha M'SKHX pexuMax 80-60 a/mMm’, Ha TBepamx pexumax 200-400
a/Mm”.

Hiamerp enexkrponad, =20 +3mm, 3ycuiuis ctucky (MOCTiiiHe TIpU 3BaprOBaHHi i
npokoByBaHHWO) P_ = (100 - 200)5. P x=3-6Kr/MM?Ha MSKi it 5-12Kr/MM>Ha TBEpIHX

pexuMax.

Opi€HTOBHI peXUMH TOYKOBOTO 3BapIOBaHHS HU3bKOBYTJIEIIEBOI XOJIOIHOKATAHOI CTall.

TBepauil pexxum Cepenniii pexxum M'sikuii pexxum
o, | d,
PC)K! I3Bl t3Bl PC)KI I3Bl t3Bl PC)KI |3B1 t3B1
MM | MM
KT KA CeK KT KA CeK KT KA ceK

06 | 4 125 7 0,1 100 6 0,1 100 5 0,2




10 | 5 225 10,5 0,16 150 0,5 0,2 150 7,5 0,4
15 |65 | 350 13 0,24 250 10,5 0,3 250 8,5 0,5
2 |75 | 450 15 0,36 350 12,5 0,44 350 10,5 0,6

Jletami TOBIIMHOIO OifbIe 5 MM 3a3BHYail 3BapIOIOThH 13 MIJABHUIICHHSM THCKY NpHU
npoKkoByBaHHI Py,=(2-2,5)P,,. Ilpu mpomy 3a3BHYail BUKOPHCTOBYETHCS HE OJMH, a KiIbKa

IMIYJIBCIB CTPYMY, 11O YEPTYIOTHCS 3 May3aMHu
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Hanpukian, manoByrieneBa craib
TOBIIMHOKO 8MM 3BaprO€ThCsl HA MaIIUHI
notyxkHictio 150 kBt 12-15 immynscamu
cTpymy TpuBamicts 0,25-0,35 cex KOXHHIA 3
nayzamu  0,08-0,12  cex  iMIyJIbCHE
BKJIFOUCHHS CTPyMy MOy €
OXOJIOJIPKEHHSI €JIEKTPOIB 1 3MEHIIyE iXHE
3HOIIyBaHHA. Jletanmi BenMKOi TOBIIUHU
JOIUTPHO  TaKOXX 3BapiOBaTU CTPYMOM
HH3bKOi dYactotw 3-5 ruo. Jasg  #oro
OZIEpKAHHSA yepes 3BaprOBaJIbHUI

TpaHchopMaTop MPOIYCKAIOTHCS IMITYJILCH BUIPSIMIIEHHOTO TPU(A3HOTO CTPyMY IIPOMHUCIOBOI
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YacTOTH. [Ipn HU3bKIN
4acToTi  MpomnopuiiiHe  iH
IHAYKTUBHUM OIIp MAalIUHU
yxKe Majo i TOMY
3HUKYETHCS CTIOXKMBaHA
MOTYXXHICTb.  YBEJIEHHI B
KOHTYp MAIIMHHA CTaJeBHX
€JIEMEHTIB  NPAaKTUYHO  HE
BIUTHBAE Ha BEJTMYUHY
ctpymy. I[lnaBHe HapocTaHHS
CTPYMY B KOXHOMY IMITYJIbC1
3MEHIIYE neperpis 1

3HONIyBaHHS ejekTpoAiB. Crtanb TOBIIMHOIO 12 MM Ha HU3bKOYACTOTHUX MAaIllMHAX MOXKe
3BaploBaTHCs Ha HacTynmHoMmy pexumi: [38=40000a, N=200xBrt, t38=10-16cek, tmp=3cek,
P38=5000kr, Pip=7500xkr. IIpu 1ipomy minHIcTh TOUKH gocsirae 20000xkr.

3BaprOBaHHs CTAJIEH, 110 TAPTYIOTHCS.

Craui, o TapTYIOTHCS TTPH TOYKOBOMY 3BaprOBaHHI (BYTJIEIIEBA CTaIb 31 3MICTOM OUIBIII
0,20%C u HU3BKOJIETOBaHI cTaii 31 3MicToM Oubi 0,12%3) 3BaproroThes MO TPHOM BapiaHTaM
TEXHOJIOT11, 110 3MEHIIYIOTh KPUXKICTh 1 HEOE3MEKyY MOSBU TPIIIHH:

1) Ha «m'sskoMy» pexuMi 3 HACTYITHOI 3arajibHOI TEPMOOOPOOKOO By3Ia.

2) Ha myxe «M'skoMy» pesknmi 6€3 HaCTyITHOI TEpMOOOPOOKH.




3) Ha «TBepaomy» pexuMi iMITyJbcoM cTpyMmy [3B i3 Oe3nocepesiHbO HACTYITHOIO 3a
HUM €JIEKTPOIMHAMIYHOI0 00POOKOI0 TOUKH IMITYJIbCOM CTpyMy IT.0.
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3arayipHa tca tn | tro. TepMOOOpOOKa
nae HaWO1IBITY OJTHOPITHICTH
CTPYKTYpH 171 BJIACTUBOCTEM,

aye, SIK TPABWIIO, 3HIKYE BTOMIIIOBAIbHY MIIHICTh 4Yepe3 3HATTS HAKIENy B 30HI 3BapeHHX
TOUOK. Ii 3acTOCyBaHHS OOMEKYEThCS HEBENMKMMM TBEpIMMH By3namu. Hemomik ysie
«M'KUX» PEXHUMIB — 3HI)KEHa NPOAYKTHUBHICTH 1 OLIbIIl 3BaproBaiibHl jAedopmanii. Kpami
pe3yabTaTu 3a0e3nedye 3BaproBaHHS 3 eJIEKTPOAMHAMIYHOK 00pOOKOIO.

Opi€eHTOBH1 PEKUMHU TOYKOBOT'O 3BaprOBaHHS CTajieH, 110 rapTytoThes, Mapok 30XI'CA,
40XHMA 3 HacTynHOIO TEpMOOOPOOKOIO B €JIEKTPOaxX MALIUHH.

IMITYJTbC
S d P Immynibe 3BaproBaHHSA t
' > o “’ TEPMOOOPOOKH
MM MM KT CIK
5,k t3p,CEK lo,Ka tro.,CEK
1 5-6 100 6 0,6 0,2 3 0,6
2 7-9 200 9 1,4 0,4 4,5 1,4
3 9-10 400 12 2,0 0,5 6 2,0

ToukoBe 3BAPIOBAHHA AYCTEHITHUX CTAJIEH.

Xpomonikeneni ctani tuny 1X18H9 3BaproroTh Ha TBEpAMX peKUMax 13 TPUBATICTIO B

1, 5-2 pa3u MeH1I0i, YOMY HHU3bKOBYTJIENEBl cTalli. TUCK HA eNeKTpoJax MiJBUIIYETbCS 10 16
2 . . L

KI/MM®, 3BapIOBaJIbHAN CTPYM 4epe3 HU3KOI0 TEIUIO W eJeKTPONPOBITHICTh 3HIKY€EThCs Ha 30-

40%.

Opi€eHTOBHI peKUMU TOYKOBOTO 3BaproBaHHs ctanu tuimy 1X18H9

o,

MM

d,,

MM

PC)K1

KT

t;s,CcCK

lss, KA




0,5 90-180 0,04-0,08 3-4
1,0 200-400 0,10-0,16 4,5-6
2 450-700 0,20-0,28 6-10

AyCTeHITHI cTami 3 MiABUIIEHHUM BMICTOM XpoMy ¥ Hikemto (Hampukiaa, X23H18)
3BapIOIOTh Ha BITHOCHO «M'SIKUX» peknuMmax (t;;=0,8-1,5 cex) mob YHUKHYTH yTBOPY Tapsuux
TPILKH, aJie X BUCOKHMX MHTOMHUX THCKaX 18-22 kr/mm’,

AycTeHITHI cTaym J00pe 3BapioOlOThCS 3 KOHCTpYKIiHHUMU. [Ipy mboMy SApO TOUYKH
3MIIAETHCS B AYCTEHITHY CTajlb, II0 Ma€ OUIBLINA MATOMUH OIip 1 OLIBII HU3BKY TeMIEpaTypy
TUIaBJICHHSI.

ToukoBe 3BaprOBaHHS KOJIbOPOBHX METAJIB i IX CIJIABIB.

AJIOMiHIA i1 HOT0 CIIJIABH.

UucTuii anroMiHIi BaXKKO TIAA€THCSI TOUKOBOMY 3BapIOBAHHIO Y€pPEe3 BUCOKY €JIEKTPO i
TEIUIONPOBITHOCTI. 3BapIOBaHHS CYNPOBOIXKYETHCSI YACTKOBUM MPUBAPIOBAHHSAM €JIEKTPOJIa 110
JeTalll yepe3 neperpiB ix KoHTakry. Lle 301blIye 3HOUIYBaHHS €JIEKTPOJIB 1 MCYy€ MOBEPXHS
JeTaliei.

[Homi MiX eNeKTpoIOM 1 JEeTajuli0 YBOJIATH TEIUIOW30JI0r0Yl mpokiagku (1) 3
HepyKaBirouoi ctani ToBmuHO© 0,1-0,2 MMm.

I[[i nmnpokiagkd He NPUBAPIOIOTBCA HI  J10

€JIEKTPO/IIB, Hi JIO IeTaJICH.

1 OI[HE[K 3BaprOBAHHA B ObOMY BUIIAAKY

O et e
22/

HACKpI3HI yca/I0uHi MOPOKHU Spa.

1
VY cuny 1UX NpUYHH TOYKOBE 3BapIOBaHHS YHCTOTO
Al 3acTOCOBYETBCA PIJIKO.
ToukoBe 3BaploBaHHS  QJIIOMIHIEBUX  CIUIaBIB  IIUPOKO  3aCTOCOBYETHCS B

MIPOMUCIIOBOCTI. BakTuBOIO 0COOIMBICTIO 3BapIOBaHHS IMX CIUIABIB € HEOOXITHICTh BUIATICHHS
okicHoi miiBkH AlyO3, 1O BOJIOAIE BHCOKHM €IEKTPOOIIOPOM 1 TBepaicTio. Tomy mepen
3BapIOBaHHAM  JIeTali  3a3BUYAid 3a3HAIOTh ~MEXaHIYHOMY OYHILIEHHIO CTalIeBOIO
HIBUKO0OEPTOBOIO TIITKOIO (13 ApoTtukaMu aiametrpom no 0,1 mMm) abo apiOHMM HaKTaKOBUM
narnepoM, abo XiMiYHUM oyHIeHHIM. [Ticiis MeXxaHIYHOTO OUYMIIEHHS OKiCHA IJTiBKa He3abapom
YTBOPIOETHCSL 3HOBY, 1 ii Omip MBUIAKHK pocTe 13 yacoMm. besnmocepemHpbo MICAs OYHIICHHS
KOHTaKTHUH ormip craHoBUTH Oim3bko 500 Mxom, a mpotsrom 20-30 roauH BOHO 3pOCTae
(xpuBa 1) mo 1000MKoOM 1 BHIIIE.



RK mMKOm
1800 + MexaHiuHa
OUYMCTKA
1 1 P=250kr
0 = luwm
1200 |
2 TpaBAeHHA
1 1 1 1 1 >

0 20 40 60 80 100 t
VY BeNMHMKOCEPIHHOMY BUPOOHHUIITBI BUKOPHUCTOBYETHCS XIMIUHE OYHUIICHHS, IO
MOJISATAE 3 TOMEPEIHBLOTO MPOMUBAHHS OCH3MHOM ab0 alleTOHOM, 3HEKUPECHHS B IIYKHUX
BaHHAX, IPOMMBAHHS, TpaBJeHHA B po3unHi oprodochopHoi kuciaor HzPO, (300-350 ma 1 1
Boju) 3 nogaBaHHAM Xpomitiky CpCr, O7(0,1-1r). Ilpu Takiii 0OpoOIli Ha MOBEPXHI jaeTanei

YTBOPIOETHCSI TOHKA (hochaTHO-XpOMOBA ILTIBKA, OMIp SKOI Jy’Ke MaJIO 3MIHIOETHCS TPOTIATOM
TPHOX 100U (KpuBa 2).

3BaproBaHHS ATIOMIHIEBHX CIUIaBiB JOIUIBHO NMPOBOJIUTH Ha TBEPIUX PEKUMAX,
JUIsL 3MEHIIIEHHS 30HU MiCLIEBOT BTPATH MIITHOCTI TEPMiYyHO 200 MEXaHIYHO 3MIITHEHUX CIUIABIB.

t,,=(0,15-0,4)cek, j=(1000-1500)a/mm?, P=16-22kr/Mm’ iput & =1-3mm

[Tonaspiie 3MEHIIEHHS t;; HE TOJIIIIITYE SIKOCTI 3'€/IHaHb, ajie Bee 10 301IbIICHHS
HEOOX1THOT MOTYKHOCTI MalIMHU.

Jlnist 3MEHIIICHHS MePerpiBy KOHTAKTH €JIEKTPO/I-IeTalb 3HOIIYBAHHS, 1110 CIIPHSIE,
CIeKTPOMIB 1 VIIKO/DKCHHIO JeTalied, OaxaHo TIOCTyNOBEe HapoCTaHHs cTpymy. Lle
3a0e3Mevy€eThCsl TIPH 3BapIOBaHHI IMITyJIbCOM BUIPSAMIICHOTO CTpyMy. Ha 3BHYaiiHMX MalinHax
3MIHHOTO CTPYMY 3aCTOCOBYETBCSI HOTO MOJIYJIFOBAHHS.

Jlis 3MEHIIeHHS TOYaTKOBOTO OIMOPY KOHTAaKTy eIeKTPOJ-AeTanb 1 3abe3medeHHs
TapHOTO TETUTIOBIIBOY 3aCTOCOBYIOTHCS €JIEKTPOIH 31 CPepUIHOI0 KOHTAKTHOKO TIOBEPXHEIO

[Tpu 3BaproBaHHi JieTajeil TOBIIMHOIO 0 1,5-2 MM BHaeThbcs 3a0€3MEUUTH YITUIBHEHHS
spa Ipu KpucTamizamii 06e3 MmiIBUIIEHOTO KyBaJIbHOTO TUCKY. [IMTOMMIA THCK CTAaHOBUTH NPHU
pomy 16-22 kr/vm?.Tlpu Gibiii TOBIMHI feTaleil 3aCTOCOBYIOTh KyBaTbHHI THCK

Pup=(3-4)P,



Opi€HTOBHI PEXUMH TOYKOBOTO 3BApIOBAHHS JIOPATIOMIHIIO HA IMIYJIbCHUX MalllMHAX
(MTIIT-600).

o, R,, Py, Pup, tianin, lss,
MM MM KT KT CiK KA
2,0 75 700 2400 0,22 47
3,0 100 800 2800 0,3 56
4,0 150 1100 4200 0,35 75
1,0 450 450 0,12 24




Miap i Ii cnjIaBH.

TouxkoBe 3BaprOBaHHA YHCTOI MiJi MOXIIMBA TYTOIUIABKUMH MONIOACHOBUMH abo
BOJIb()PAMOBUMH  €JIEKTpOJaMH, abo0 13 3aCTOCYBaHHS TEIUIOM3OJUPYIOIUX MPOKIAI0K 3
HEpXKaBiIOYo1 CTalli, PO3TAIIOBYBAHUX MK MIJIHUMH €JIEKTPOJaMH i JeTansaMu. SIKiCTh TaKoro
3BapIOBaHHS HEBHCOKE 4Yepe3 YIIKO/DKEHHS IMOBEpXHi JeTaneif, 1 BOHA HE 3aCTOCOBYETHCS B
IIPOMUCIIOBOCTI.

YMOBH 3BaprOBaHHS MiJHUX CIUIaBiB BU3HAYAIOThCA TXHIMH (I3MYHUMU BIACTUBOCTAMHU
i coctaBoM. YuM BuIIle €IEKTPO- 1 TEIUIONPOBIIHICT CIUIABIB, TUM CYTY’KHIIIE HOro TOYKOBE
3BaproBaHHs. J[oOpe 3BaproroThes, Hanpukiag, Menbxiop (80%Cu;20%Ni; e1eKTponpoBiIHICTh
6m3pk0 8% mpoBiTHOCTI Mifi), KpemeHnucra oponsa (3%Si, enexrponpoBigHicTs 9%). Tpoxu
ripuie 3BaprOIOThCS JIaTyHI (€IEeKTpPONpoBiAHICTh JjaTyHi JI62 craHoBuTh Onm3bko 25%
npoBigHOCTI Mimi). JIaTyHb 3BaproeThcsi Ha TBepAUX pexumax (t,;=0,1-0,4cek) mpu BiZHOCHO
BUCOKIH LIIbHOCTI CTpyMy (B 1, 5-2 pa3u Bulle, UMM IIPU 3BapIOBaHHI HU3bKOBYTJICIIEBOI CTAJI1
TI€1 K TOBIIMHHU). JIaTyHb 3a/10BUILHO 3BApPIOETHCS 31 CTAILIIO.

Pexumu ToukoBoro 3BaproBaHHs JaTyHi J162.

o, P, tss, L,
MM KT CIK KA
0,5 120 0,1 15
1,0 200 0,16 19
1,5 300 0,20 24
2,0 400 0,24 30

TuraH i Horo crnjiaBu

Tutan ayXe aKTUBHO B3a€EMOJI€ 3 KHCHEM, a30TOM 1 BOJHEM, OJHAK IpH HOTOo
TOYKOBOMY 3BaprOBaHHI 3a3BUYail HE MOTPIOHO CHEIIabHOTO 3aXUCTY, TOMY 1110 METal siapa He
Ma€ MpsIMOTO KOHTAakTy 3 MoBITpsAM. [1o cBOiX (i3MUHMX BIACTUBOCTSAX TUTAH OMU3BKUN 10
aycrteHiTHOI ctaii 1X18H9, i ToMy BiH 3Bapro€ThCcsl Ha MOAIOHUX pexUMaXx.

PexxuMu TOUKOBOTO 3BApPIOBAHHA TUTAHOBUX CILJIaBIB.

o, P, tss, L3z,
MM KT CiK KA
0,5 100-150 0,08-0,1 4,5-5
1,0 200-250 0,14-0,16 5-55
1,5 300-350 0,18-0,22 6,5-7,5




2,0

400-550 0,24-0,26 8,0-9,0

OnnoOiuHe ¥i AB00OIYHE IBOTOYKOBE 3BAPIOBAHHS.

[Ipu BUrOTOBJIEHHI BEIMKHX BY3JIiB BaroHa, aBTOMOOLIS, T.J. YacTO 3aCTOCOBYETHCS
oJHe a00 TBOCTOPOHHE 3BapIOBAHHS.

OnHoOiYHE JBOTOYKOBE 3BApIOBAHHS 3A1MCHIOETHCS 1O HACTYITHUX CXEMax:

1) 0e3 uwyHmyeanHs

CTpyM mpoTiKa€e BiJy OJTHOTO €IEKTPOa Yepe3 KOHTAKT MK JETAISIMA HIDKHIO JIETalb, i
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JpyTUH KOHTakT IO Jpyroro ejnekrpojga. YacTuHa CTpymy
NpOTiKae yepe3 BepxHio netains ().

Januii croci® 3acTOCOBYETHCS TIPU 3BapIOBaHHI JCTaJICH
pi3HOI TOBIIMHH, KOJM BHHU3Y PO3TAIIOBaHA OLIBII TOBCTA JIETalb
a00 JUTs MPUBAPKU JIBOX JI€TaJICH JI0 apKyIlla 3HAYHOI TOBIIHHH.

[Tpu BenuKiii BiACTaHI MK TOYKAMH JIS

SMCHIICHHA HCIPOAYKTHBHHUX BHUTpAT Ha HarpiBaHHﬂ

HIDKHBOTO apKyIllla ¥ 3amo0iraHHs WOro meperpiBy H KOJOOJEHHsS 3aCTOCOBYETHCS MiJIHUUN
SJIEKTPOJI — IIEPEMHUYKA, IKHI OIYyCKAETHCS Pa3oM 3 €JIEKTPOAaMHU.

N i

2) 36apro8aHHS I3 ULYHMYBAHHAM HA MIOHIU NiOOUBYL.

3aCTOCOBYETHCS TIPH 3BapIOBaHHI JeTaIe HeBEIMKOT TOBIUHHM ( 101,5-2 MM).
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JIBOCTOPOHHE IBOTOYKOBE 3BAPIOBAHHS.

Enexrponn 3'€THYIOThCS 13 JBOMa —
TpaHcopMaTopamu, pPO3TAIOBAaHMMH TI0 OOWIBI 1 STL 4
cTopoHu Bija BupoOy. CTpym mpoTikae BiJ enekrpoaa 1 l3g l3g
JI0 eneKTpoja 2 i naii Bifj enektpona 3 g0 enektponaa 4 + A |

0e3 BEJMKOTO WIYHTYBaHHS B  JETaSIX, IO

3BApPIOKOTHCH. I[BOTO‘-IKOBC 3BAPIOBAHHA Mae B

NOPIBHAHHI 3 OJHOTOYKHMM psJ| IepeBar: BHUpIO He z 3 - Ly
OXOIUIIOETHCS KOHTYpPOM MalllMHHU, IO J03BOJISIE -

3BaproBaTH OUIbLII BUPOOU MpU MOMIPHIN MOTYXKHOCTI; 3
HiABUIY€ThCS IPOAYKTUBHICTb MIPOLIECY. 2 QALY

MHoroenekTpoiHi MalluHHU, K MPaBUIIO, MOO0YI0BaHI IO JBOCTOPOHHIN JABYXTOYKOBIN
cXeMi.

JledeKTH i KOHTPOJIb AKOCTI TOUKOBOI'0 3BAPIOBAHHI.

Jledpexktn mpu TOYKOBOMY 3BaplOBaHHI OyBalOTh 30BHIIIHI (BUIUIECKH, TJIHOOKI
BM'ATHHHU, M1IUIaBJICHI IOBEPXHI JIeTalel, 1110 BUXOATh HA MIOBEPXHIO, TPIIIMHM) 1 BHYTPILIHI
(HempoBap, KPUXKICTh, TPILIMHA B SP1).

3oBHIIHI AePEKTH BUSABISAIOTHCS OTJSAOM. 3OBHINMIHIA BHIUIECK 1 TOJAIJIABICHHS
MOBEPXHI MOTIpIIy€e 30BHILIHIA BHUIVIS 3'€qHaHb 1 PI3KO 3HUXKYE CTIMKICTh €JIEKTPOJiB.
30BHIIIHINA BUIUIECK BUHHUKAE MPU MaJliM 3YCHJUIl CTHUCKY abo IMpu 3a0pyIHEHH! NOBEpXHI
JeTajei 1 e1eKTPOJiB, a TaKOXK MPH HENPAaBUJIbHIM yCTaHOBII eNeKTpoaiB. [ TrOoKi BM'SITHHU
Ha TIOBEPXHI BUHUKAIOTH MPHU HaaIMipHOMY [;; 200 ty5, Mamoi KOHTaKTHOT TOBEPXHI €JIEKTPO/IIB
a00 HaaMipHOMY Py

BHyTpimHi 1eekTH BUSABISIOTHCS PEHTI€HIBCBKUM a00 YJIBTPa3ByKOBUM KOHTPOJIEM.
BHyTpinmHi KpUXKOCTI i TPIIMHM 3a3BMYail BUHUKAIOTh BHACHIJOK HEJOCTATHHOTO THUCKY IPH
POKOBYBaHHI a00 MpH 3ami3HIOBaHHI BKIFOUEHHS KYBaJbHOTO THUCKY.

HaiineOe3neuHimmMM BHYTPIIIHIM AePEKTOM, IO Pi3KO 3HIDKYIOE€ MIIHICTh TOYKH, €
HerpoBap (BiACYyTHICTH a00 Malli po3MipH JIUTOTO siipa). OCHOBHUMH MPUYWHAME HETIPOBApY €
HACTYTIHI:

1) HEJOCTaTHS BEJIMYMHA CTPyMy a00 3MEHIIEHHS WOTO BHACTIIOK CIaJaHHs
HANpyTd Mepexi. 3HAYHOTO IIYHTYBAaHHS CTPYMY 4Yepe3 MalHuid KPOK TOYOK,
YBEJCHHS B KOHTYp MAIlIMHU MarHiTHOI cTami, abo ocnabiieHHs 3aTATyBaHHS
1l OKHUCHEHHSI KOHTAKTiB BTOPUHHOMY JIaHIIOTa MAIIHHU.

2) HenocratHiii gac 3BaproBaHHs a00 HOTO 3MEHIIEHHS Yepe3 HEdiTKy poOoTy
anapaTtypy KepyBaHHS 3BapPIOBAJIBHUM IIUKIIOM.

3) 3MiHa EJIEKTPUYHOTO OIMOpYy 30HU 3BApIOBaHHS dYepe3 TOraHe OYHWIICHHS
MOBEPXHI JeTane abo 3MiIHM BEJIWYMHHU TPHUKIAIECHOTO JI0 EJIEKTPOJIiB
3YCHILIAL.

Bboporsba 3 HempoBapamu 1 iHIIMMHU JAe(eKTaMH BeOEThCS LUIIXOM aBTOMAaTH3allil
npoIecy 3BaplOBaHHA, IO 3a0e3redye CyBOpe JOTPUMAHHSA 33aJaHUX HOro mapamerpiB i
IUIIXOM KOHTPOJIFO SIKOCTI 3BapeHUX TOYOK. IIpu aKkTUBHOMY KOHTpOJII CHOYATKy
BCTAHOBITIOETHCSI PEXKUM 3BapIOBaHHS TUX a00 1HIIMX JIeTajel Ha JOCTIAHUX 3pa3Kax, a Hajal



nepioANYHO (O/IMH, J1Ba Pa3H B 3MiHY) 3BapIOIOTHCS i BUIIPOOOBYIOTHCSI KOHTPOJIbHI 3pa3Ku s
HepeBIpKU CTAOUIBHOCTI MPUIHATOTO PEXUMY.

BurpoOyBaHHs 3BapeHIX TOYOK 3a3BHUAll MPOBOAATHCS HA 3pi3 200 pO3TSATaHHS.

Ha 3pi3 BUITPOOOBYIOTHCS 3pa3Ku MUPUHOIO 6 = 55 +15Mmm 3BapeHi oHIET TOUKOFO.

s @ £,

BunpoOyBaHHs TOUKM Ha PO3TSAraHHs MPHU TOBIIUHI JAeTajael 10 3-4" MM IPOBOJSTHCS
Ha U-O06pa3nux 3pa3kax:

ITpu GinbIIii TOBIIMHI HA PO3TATaHHS BUIIPOOOBYIOTHCS XPECTONOAIOH]I 3pa3Ku:

ITpu noGopi pexuMy 3BaprOBaHHS YacTO 3aCTOCOBYIOTHCSI MPOCTI TEXHOJOTIUHI MPOOH:
BUNPOOYBAaHHS Ha CKPYyJyBaHHS:

abo0 pyitHyBaHHS 3yOMJIOM 3pa3Ka 3aTUCHYTOTO B JIeIaTaX AJis BUSBICHHS CTYIICHS
poBapy.

IIpu 3BaproBaHHI BIANOBIAAJBPHUX BUPOOIB MeXaHIYHI BUIPOOYBaHHA 3pa3KiB
JIOTIOBHIOIOTHCS METAIYPTiHHUM JTOCIIKEHHSAM IEPETHHY TOYOK.
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IHoxi mpwm 3BaproBaHHI BiJNOBiJAIBHUX BHPOOIB KPIM KOHTPOJIO PEXKUMY 1 SKOCTI
3BapIOBaHHs Ha MPOOHHUX 3pa3zkax poOJsATh KOHTPOJb MPOBAapy TOUOK Oe3rmocepeIHbO Ha BUPOOi
3a JJONOMOT'OK0 PEHTTE€HOIIPOCBITIIFOBAHHS.



Po3pobnennii Takok OUTBII JEIIeBUi YIbTPa3ByKOBHH KOHTPOJIb HASIBHOCTI 1 CTYTICHS
IpOBapy 3BapeHOI TOUKH:

‘ 1
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€ npoBap HeMae nposapy

VYIbTpa3ByKOBI KOJMBAHHS BiJl BUIpPOMiHIOBaYa 1 (AKMM € IT'€30KpHCTan KBapiyy abo
TUTOJIATY Oapir0) YBOIATHCSA Yy BEPXHIO JCTab 3. MPU HASBHOCTI IMPOBApy MK JETalsIMHU Il
KOJIMBAaHHS 4epe3 3BAPEHY KPAIKy MPOXOIATh y HWKHIO AeTanb 4, y sKiii pO3CIIOIOTHCS, HE
NOTPAIUISIFOYA B TNPUAOMHHEA 1mryn 2. Y BHIIQAKy HENPOBapy YJIbTPa3BYKOBI KOJWBaHHS
BiZIOMBAIOTHCS BiJ TPAHUII PO3IATHYJIA MK JeTalsiMu 3 1 4 1 monagaroTh y NIpUHOMHUH 11y 2.
Ha expani iHAMKaTOpy 3'SBISETHCS CUTHAI, IO CBIAYWTH MPO HASBHICTH HeEmpoBapy ( IMpHu
HASIBHOCTI TPOBapy IMPH MiAXO0II IIyTa 0 TOYKA CUTHAII MPOIAJIAE, a TIOTIM 3'SIBISIETHCS 3HOBY,
y BHIIAJIKy HEMPOBAPY CUTHAI HE MPOTIAIAE).

PonukoBe 3BaproBaHHs.

00J1aCcTh 32CTOCYBAHHSA POJHMKOBOI0 3BAPIOBAHHA i THIOBI BY3JIM.

PonmkoBe 3BaproBaHHs qae Oe3mepepBHUIA MIITHO-IIUTLHUHN TIOB. PonkoBe 3BaproBaHHs
3aCTOCOBYETHCSI B aBTOMOO171€0y 1yBaHH1 (3BaproBaHHs O€H300aKa, TIYIIATENs), y BUPOOHHUIITBI
€JIEKTPOXOJIOAMIBHUKIB (BUTOTOBIIEHHS Iadu i BHUMApHHWKA), TPU BUTOTOBJICHHI Oi70HIB
BOTHETACHUKIB 1 IHIITUX EMHOCTEH 1 T.II.

TyT Tpeba Bia3HAUUTH OUIBII 3aCIYTH PaISHCHKUX YUEHHX, SIKi CTBOPWIM YHIKaJbHI i
€IMHI Y 3BITI MAaIlIMHU JUTSI POJTMKOBOTO 3BapIOBaHHS.

Haii0inpime mommupeHHsS TpH POJMKOBIM 3BaplOBaHHI OAep)Kaidu 3'€HaHHS 3
B1JI00PTOBKOIO 1 Y HaXJIUCT:

-E=—1




IlepeBaroro 3'eqHaHHS 3 BiAOOPTOBKOIO € PO3MIILIEHHS JeTajeil 1o3a 3BaplOBaJbHUM
KOHTYpPOM MAaIllMHU, a TaKOX BIJCYTHICTh mepeciuHnx mBiB. Hemomkom — HEOOXiAHICTh
MITAMIyBaHHS 13 TJIMOOKOIO BHTSIKKOIO, IO BHUIPABAOBYEThCS TUIBKM TIPU  MAacoBIM
BupoOHuITBl. [lluprHa BiOOPTOBKM IS 3amo0iraHHs BUAABIIOBAHHS PO3IrpiTOro MeTtanmy i
BUIUJIECKIB OBUHHA OyTH He MeHIIL: 12 MM npu 6 =1mMm, 16 MM nipu 6 =1,5mm, 18MM nipu &

=2MM.

AHaJIOTIYHO IIMPHUHA HAXJIUCTY (a) TAaKOX MOBUHHA OyTH HE MeHI 12-18 mwm.
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y

lroni noTpiOHO, o6 micis
POJIMKOBOTO 3BapIOBaHHS y HAaXJICTKy Ha
MOBEpXHI BUpOOy He Oyno ycrymy. Y 1ux
BUIIAIKAX MO>KJTBE 3BapIOBAHHS 3
PO31aBIIOBaHHAM KpPaloK.

3'enHaHHs  30MpaeTbcs 3 BY3BKOI
Haxmictkun (a=(1,5-2)0 ) 1 3Baproerhes
HIUPOKUMHU  poniukamMu. OCHOBHHMH HEAONIK
JAHOTO METOMy — IIBHUJKE 3HOIIYBaHHS
€JICKTPO/IIB 1 BIJIHOCHO HEBHCOKE MIIHICTh

3'e qHAHHA.

Minnauii ctuk 0e3 ycTtymy Moxe OyTH OTpUMaHHMA
TaKOX MPU 3BapIOBaHHI 3 HAKJIAKaMHU.

[Tpu npomy nmerani, 0 3BaprOIOTHCS, 1 30UparoThCs
YCTHK, & Ha CTUK MO 0o0WIBa OOKM HAKIAJAIOTHCS TOHKI
cranesi ctpiuku 26 ( =0,1-0,3Mm), 110 City’)kaTh MOB Ou
TEIUTOI30JIAIIIEI0  30HM  3BAapIOBaHHS  Bil  JHMCKOBHX
enekTpoaiB. [lpu mpoTikaHHI CTpyMy JeTalli B 30HI CTHKY
HArpiBalOTHCS JI0 PO3IUIABIIOBAHHSA, 1 YTBOPIOETHCS MiITHE
3'€THAHHS 13 BTUCHCHUMH 3aIT0 JTAIIC HaKIaIKaMH.

CyuacHi pOJMKOBI MallIMHU MarOTh MOTY>KHICTH Bif

nekibkox kimoBatiB 10 1000 kBt. SIk mpaBmiio, BOHU MOCTauy€HI aBTOMAaTUYHOIO anapaTyporo
KepyBaHHs. 3a3BUYail MallMHU MalOTh JBa TUCKOBI €IEKTPOJIU-POIHKA JUISI TBOCTOPOHHBOTO
3BaprOBaHHS MO3/I0BXKHBOTO (a), morepeyHoro (0) 1 iHoai (aHiieBoro (B) miBa:
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IHOAI 3acTOCOBYETBbCS 3BaprOBaHHS Ha €JIEKTPOAI-OIUIABJICHHS, MpU SKIM JeTaii
3aKpIIUTIOIOTHCSI HA HUKHBOMY €JIEKTPOJl MEBHOI (OpMH, a BEpXHIH

POJIMK MPOKOYYETHCS HA HEPYXJIUBIH neTaii.

3aCTOCOBY€ThCS TaKOX OJHOOIUHE JBOIIOBHE 3BaprOBaHHS
IBoMa enekTpomamu. I[lpum 1mpoMy JAeTai  3aKpiIUTIOIOTBCS  HA
HiAKIaHOMY MITHOMY €JIeKTPOAl 2, a M0 HUX MPOKOYYIOTHCS POIUKH,

3'eIHaHI 31 3BapIOBAJIbHUM TpaHCHOPMATOPOM.

; ' t MoxuBe TaKOX JBOCTOPOHHE
— — JIBOIIIOBHE  3BAapIOBaHHSA  YOTHPMA
CIIEKTPOIaMH.
—L=27 s~ =I— CxeMa NIpOXOMKEHHA CTpyMy __—_ ___“—= _ __
Ta X W0 U TOPU JABOCTOPOHHBOMY s s rrrrrn

I3
S — :\I, — % — — — — - JIBOTOYKOBOMY 3BapIOBaHHI. %///////////////ﬁ 2

CVTHiCTH polecy i HArpiBaHHSA MPU POJUKOBIM 3BaAPIOBAHHI.

PonukoBe 3BaproBaHHS IO CYTI € PI3HOBHIOM TOUYKOBOT'O 3BapIOBaHHS, NMPHU SKIM OKpeMi
TOYKH JiaMeTpoM dr 4aCTKOBO IEPEKPUBAIOTH OJIMH OHY, YTBOPIOIOUM O€3MepepBHU 1IOB.

Jlns ojeprkaHHs WIIBHOTO IBa BijacTanb Mik Toukamu a=(0,5-0,6)dr. Ilpu a> dr
POJINKOBE 3BapIOBAHHS MIEPEXOAUTH Y BUCOKONPOAYKTHBHE POIUKO- TOUKOBE 3BAPIOBAHHSL.

BHacmimok wmanoi BifCTaHi MK CYCITHIMH TOYKaMH CIIOCTEPIraeThCcs 3HAYHE
HIYHTYBaHHS CTPyMy, CTYIiHb $KOTO, OJHAaK, 3MEHIIY€TbCS BHACTIOK - -
BUCOKOI TeMIlepaTypH i, OT’Ke, BUCOKOTO IIUTOMOTO OTOPY METaly paHilie dr
3BAPEHOT TOUKH.

PonmukoBe 3BaproBaHHS OyBae Oe3nepepBHUM, IepEepUBYACTUM,
KPOKOBHM. a
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OesrnepepBHE nepepruBYACTE KPOKOBE

HaiiGinpme  mommpeHHs  OJepKajo  INepepuBYACTe  POJMKOBE  3BapIOBaHHS.
3acTocyBaHHsS Oe€3MEpPEepBHOTO POJIMKOBOTO 3BapIOBaHHA OOMEXEHE CHUJIBHUM IEeperpiBomM
MOBEPXHI JIETaJNel, IO CTUKAETHCA 3 EJIEKTPOJAaMHU, IO TMOTIPIIy€e SIKICTh 3BapIOBAaHHS i
MiJBUIILY€E 3HOIIYBaHHS elekTpoAiB. OaHaK, s NEeBHOI MIBUIKOCTI 3BapIOBaHHS i MOTY>KHOCTI
MallMHA MOXIJIMBE 3BapIOBaHHsS JeTaliell HeBenwkoi ToBHMHHM (MeHm (0,5 MM) Oe3ynmuHHO
BKJIFOYCHUM 3MIHHUM cTpyMoM. ( [Ipu boMy ojHI€T MBXBHUIII 3MIHHOTO CTPyMy 4acToToro 50
' mocuts 1i1st GopMyBaHHS PO3IUIABICHOTO Apa TOUKH, a 4ac Mepexoay CTpyMy depes Hylb
JIOCUTH JIUTS KpUCTAJI3aIlil sSapa).

KpoxoBe 3BaproBaHHs 3aCTOCOBYETHCA NPU
3BaplOBaHHI aJIFOMIHIEBUX CIUIAaBIB. 3aBJSKU TOMY,

OEOIIRICIa»—| U0 NIpH NpOTiKaHHI CTpyMy JeTalli HepyXIHUBi,

3MEHILY€EThCA OMIp KOHTAKTy €JIeKTPOA-IeTalb 1

3abe3meuyeTbess OB THOOKUU mpoBap 0e3
MeperpiBy 30BHIUIHBOI TIOBEpXHI JeTanei, a
TaKOK 3MEHIITY€ThCS 3HOITYBAaHHS €JIEKTPO/IiB.

3BaprOBAIIBHUI CTPYM, 4ac 3BaprOBaHHA 1
3yCHIUISL Ha €JIeKTPOoJaxX BUSBISAIOTH Ha PO3MIPH M MILHICTh KOXKHOI TOUKM MPHUOIU3HO TaKHM
K€ BIUIMB, SIK 1 P TOYKOBOMY 3BaploBaHHI. Y TOM k€ yac IpU POJIUKOBOMY 3BapIOBaHHI € Pl
0COOJIMBOCTEH, MOB'A3aHUX 3 MEPEMILLIEHHSIM KOHTAKTY €JIEKTPOA-AeTalb, PyXJIUBICTIO JKepena
HarpiBaHHS ¥ 3HAYHUM LIYHTYBaHHSM 3BapIOBAJILHOTO CTPYMY.

Omnip pyxJIMBOrO0 KOHTAaKTy 3HAYHO BHUIIE, YUM HEPYXJUBOTO W pocTe 31 30LIbIIEHHIM

IIBUIKOCTI 3BapPIOBAHHS. A

. . . Rk
Bracmaok PYXJIHNBOCT1 JoKEepeIa HarpiBaHHA

TeMIIepaTypHe 10JIe HECUMETPUYHE 00 OCl EJIEKTPOAA.
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Posnoain TemmepaTypu npu HarpiBaHHI W IIBUJAKICTb HACTYIHOI'O OXOJIOJKEHHS
BU3HAYAETHCSI TIOTOHHOW eHeprieto q/Vs (Q — moryxkHicth y JDk/cek, V — MBHIAKICTH
3BapIOBaHH, CM/CEK) 1 yMOBAMH OXOJIOKEHHSI.

[Tpu ponMKOBIM 3BaproBaHHI MOTYXKHICTh Y MEBHUX MEXax pocTe Maixe JiHIMHO 31
30UTBIIEHHAM Vs ( TOMY IO 3 pocTOoM Vi pocte Ry, a qZL,BZR, tob6TO TpH I;;=const q= R),
TOMY IIOTOHHA €HEpris MaJlo 3aJeKUTh Bl V., 1 BOHAa HE NMOBMHHA BIUIMBATU HA MpOIEC
HarpiBanHs. OnHaK V,; QyKe CWIBHO BIUIMBAE HA TEIUIOBI MPOIECH Oe3mocepeaHhO B 30HI
3BaproBaHHs. Lleil BIIMB pi3HUM Ipu 3BaproBaHHI MaTepiayliB 3 BUCOKOI M HU3KOIO TEIUIO- 1
€JICKTPOTPOBITHICTIO.

Hanpuxnan, npu 3BaptoBanHl aypamtoMuHus (o =I1+1mm, t;=0,1cek, I;;=19kA,
P=250kr) cmoyarky 3i 30i7bIIeHHAM MBHAKOCTI Big 0 mo 1,65 M/XB po3Mipu siipa TPOXHU
3MEHIIYIOThCS, IO TOSICHIOETHCS BJABJICHHSIM OOEPTOBHX EIEKTPOJIB y PO3M'SIKIICHHUI
MaTepian 1 MONIMIIEHHSIM TerioBiaBoAy. [lpu OiMbIIiii MIBUIAKOCTI €JIEKTPOAM YBECh Yac
MPUXOJATh Y KOHTAKT i3 XOJOJHWM METAJOM, BJABJICHHS Maibke HEMae W TEIUIOBIABIA B
€IeKTPOAN HE3HAYHUH, TOMY SIPO MPOIUIABISIETHCA Ha OUIBIIY TIHOWHY, a KpUCTali3allis
BHACIIIJTIOK BEJIMKOT MIBUIKOCTI TIEPEMIIICHHS JeTaNel BiNOyBa€eThCsl 0€3 TUCKY, 10 MPUBOIAUTH
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70 neeKTiB y Aapi i HACKPI3HOMY MPOILIABICHHIO.




3a3Buuail MBHIKICTH 3BaproBaHHA Al cruraBiB BuOuparoTh y mexax 0,5-3 mm/xB. [lpu
3BaptoBaHHi ctanu (ctans [ X18HIT o =1+1mm, t;;=0,1cek, [;;=9xA na P=250kr) cnoyaTky 3
pocToM V,; po3Mip siipa TPOXH POCTE, a MOTIM MOCTYMOBO 3MEHILIYETHCS Yepe3 HEAOCTATHIO
IIOTOHHY €HEpIiio.

a,B

+ >
1 2 3 4 5 6 7 VsB,m/xB

Taka 3anexHICTh TOB'A3aHA 3 THUM, LI0 NpPU 3BAPIOBAHHI AyCTEHITHOI CTalli, MeTal
MOTIEPE]T POJIMKIB Ma€ BUCOKHH OTIp TUIACTHYHOI Jiehopmaltii HaBiTh MPU BUCOKINA TeMIepaTypi
Il BIABJICHHS €JEKTPOJiB y MeTan He3HauyHOo. OTKe, Yy IbOMY BHIIAJKy YMOBH TEIUIOBiIBOIY
MaJIo 3aJie)KaTh BiJI MIBHIKOCTI 3BaproBaHHs. [loroHHa eHepris q/V,; CIIOYaTKy TPOXHU 3pOCTaEe
TOMY IO MTPH MAJTUX MIBUIKOCTSIX KOHTAKTHUH oImip ( @ 3HAYUTH 1 () pOCTe MIBUJIIE, YAM Vsp, a
MIPH TOAABINIM 30UTbIIEHH] Vi PICT RK YIOBUTBHIOETHCS 1 TIOTOHHA €HEPTrisi 3MEHITYEThCH,
10 ¥ MPUBOAMTH JIO 3MEHIIIEHHS TPOTUIABIICHUSI.

[Ipu 3BaproBaHHI METajiB 3 BHCOKOi €JIEKTPO- 1 TEIJIOTPOBIIHICTIO BEIWKWN BILIUB
BUSIBJISIE ITYHTYBaHHS CTpyMy. ToMy, MpH 3BaprOBaHHI aTIOMIHIEBHUX CIUIaBIB 31 3MEHIICHHSIM
CTpYMYy Uepe3 paHillie 3BapeHi TOUKH, pO3MipH PO3ILUIABICHOTO S/Ipa MPH [bOMY 3MEHITYIOTHCS.

[Tpu 3BaproBaHHI CTayell BHACTIAOK BUCOKOT'O MMUTOMOTO OTIOPY METalIy B PO3IrpiTomMy
CTaHl MyHTyBaHHS He3HauHe. OJIHAK, BXXJIMBY POJIb BIAIrpae MiJirpiB METalIy IMONEpea 30HU
3BapioBaHHs. ToMy 31 3MEHIIEHHAM KPOKY TOYOK PO3MipH PO3ILIABICHOTO S/Ipa 301TbIIYIOTHCA.



3araJnbHi 0cO0JJHBOCTI TEXHOJIOTil POJJUKOBOI0 3BAPIOBAHHS.

Jleranmi mepen 3BaprOBaHHSIM 3a3HAIOTH JIBOCTOPOHHBOI 3arajibHOi a00 MicieBoi (Ha
mmmpuHi 6mu3bko 20 MM) oumineHHIO. CrocoOW OYMINEHHS Ti XK M0 W TPU TOYKOBOMY
3BapIOBaHHI.

Herami 30uMparoTbcs B CHELIAJbHUX HPUCTOCYBaHHAX abo Ha cTpyOuunHax. Jlis
3MEHIICHHS KOJO0JICHHS JAeTaNel rmepe]] 3BaploBaHHIM IX MPHUXOILUTIOIOTH MO OCi MIBa TOYKAMH
13 kpokoM 50-100 MM, a IPUXBATKH 3aUUILYIOTh METAJIEBOIO LIITKOI. [ TMOOKI BM'ATHHU Yepe3
MOJKJIMBI TIpU 3BaplOBaHHI MNPOIIKIB HE JoMycKaioTbcs. HeBenuki gerani abo aeran, 110
3BapIOIOTHCS B IPUCTOCYBAHHIX, 3a3BUYAN HE MIPUXOILIIOIOTHCS.

KopoTki mBu 3a3Bu4ail 3Bapror0Th Bijl OJHOTO KiHIA 70 1HIIOTO. [{0Bri - B cepeanHu
IO KIHIIIB.

[Ipn ponukoBIM 3BaproBaHHI YacTO BHHMKAIOTh 3HAuHI 3BaproBajbHI JedopMarii.
Ocob6imBo Benuki Jedopmanii CHOCTEpIraloTbCs IMPU  3BapIOBaHHI CIUIABIB 3 BHCOKUM
KOe(ILIEHTOM TEIJIOBOTO PO3LIMPEHHs (Hampukian, aycrteHitHoi crami 1 X18HOIT).
Bumpasnennss BupoOy mno cmnocody MBTVY im. baymana oOkaTyBaHHSM IIBa pPOJIMKAMU
BXOJIOJIHY Maii’ke TIOBHICTIO YCYBAa€ 3BaproBalibHI AepopMariii.

OCHOBHHMH MapaMeTpaMu PEXKUMY MIPU POTUKOBIM 3BAPIOBAHHI €:
1) KpoK TOYOK a;

2) 3yCHJLIS Ha eNeKTpojax P;

3) miametp eaekTpoiB d;

4) mmpuHa poOOY0Ti YaCTHHH €JIEKTPOMIB y JUIS €IEKTPOIB i3 HUIIHAPHYHOI POOOYOI0
YacTHUHOIO a0o paziyc R ans enexktpomiB 31 chepuaHOIO0 pOOOUOI0 YACTHHOIO;
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5) TpHBaJiCTh IMIYJIBCY 3BAPIOBAIBLHOIO CTPYMY t5;

6) TpuBaJiCTh May3u MiXK JBOMA CYCIJHIMU IMITYJIbCAMH CTPYMY tp;
7) HMIBHIKICTH 3BaprOBaHHS V)

8) 3BaproBaNbHUI CTPYM lsg;

Kpok To4ok a1 ofep)kaHHS TepMETHYHO-MIITHUX IIBIB BHOUPAIOTh y Mexkax 2-2,59
JUIst ctasiedl 1 6Ju3bKo 3 & JUIs alfOMiHIEBUX CILIABIB.

Sk 1 mpu TOYKOBOMY 3BaproBaHHI 3 MiABUIICHHSM 3yCH/UISI Ha E€JIEKTPOAaX poCTe
HEOOXITHUN CTPYM 1 MOTY>KHICTh, MIABUIIYE CTAOUTHHICTD SKOCTI IIBIB.

VY cywacHii TNpakTHLl BiAJalOTh IepeBary OUIBIIMM 3yCHIUISIM Yy KoMOiHamii 3
HOTYKHUMH MalIHAMH.

SIkmo ¢gopma BupoOy IOMycCKae, TO AiaMeTp €IeKTPOIiB MOBUHEH OyTu He MeHI 200-
250 mm (> 200-250mm). [Tpu J1.<150MM 301IbIIYETHCS 3HOIITYBaHHS €JIEKTPO/IIB.



[Ipu nepepuBYacTIM 3BaplOBaHHI TPUBAIICTb OJHOTO WLUKIY t=t,;+t;, y cekyHaax
BU3HAYAETHCSI KPOKOM TOYOK a (MM) 1 IIBUAKICTIO 3BapIOBaHHS (M/XB):

t=0,06a/V3B

BiJIHOIIICHHS t,5/t BUOMPAETHCS 3aJI€KHO BiJ BIACTUBOCTEH MaTepiaiy, [0 3BaplO€Thes, 1
3a3Buyail pieHo 0,3-0,7. 31 30UIBIICHHSM TEIJIO- 1 EJIEKTPONPOBIIHOCTI MaTepialy Iie
BiJTHOILIEHHS] 3MEHIIIYETHCSI, TOMY 1[0 POCTE CTPYM, HEOOXITHUM Ui 3a0e3MeYeHHs IPOBapy, a
BKIJIFOUCHHSI 3HAYHOIO CTPYMy MC MaJlUMHU Tlay3aMH BHKJIMKAE€ HEMPHUITYCTUMHUH TIeperpiB
MOBEPXHI JIeTaliel, 10 3BaPIOIOTHCS, 1 €IEKTPO/IIB.

TpuBanicTh UKy 3BaproBaHHS t,a TAKOX tsp 1 t; HA MalIMHAX 3MIHHOTO CTPYMY 3aBXKJIU
BUOMpaeThCs KpaTHUM nepiony 3MmiHHOro ctpymy (0,02 cex). 3ailiCHEHHS 3BaprOBaJIbHOIO
UKy 320€3MeYy€EThCs anapaTyporo KepyBaHHs POJIMKOBUX MAIIHH.

HeoOxigHuii 3BaproBajIbHUNA CTPYM 3aJI€KUTh BiJ TOBIIMHU M MaTepialy jAeTayeH, 110
3BapIOIOTHCS, 1 B/l HIBUAKOCTI 3BaproBaHHs. SIK IpaBuUi10, CTpPyM IIPU POJIMKOBIM 3BapIOBAHHI Ha
20-50% BuIe, YUM MPU TOUKOBOMY 3BapIOBAHHI aHAJIOTIYHUX JIETAJICH.

HIBUAKICTD 3BaprOBaHHS JIIMITYETbCS MOTYKHICTIO MAIIMHU, BIACTUBOCTAMU MeTaly i
yMOBaMH HOT0 KpucTasi3alii.

IBuAKICTh TIEpEpUBYACTOTO POJIMKOBOTO 3BapIOBaHHA 3a3Buyail gopiBHioe 0,5-3M/xB.
VY cydyacHuX NOTYKHUX MalllMHaX BOHA HEPIAKO Aocsrae SM/XB, a iHoal i 10m/XB.

Sk 1 mpu TOYKOBOMY 3BapIOBaHHI, PEKUM CIOYATKy OPIEHTOBHO BHU3HAYaIOTh IIO
JOBIIKOBHX TaOIUIIX a00 HOMOTpaMax, a MOTIM YTOUHIOIOTH BUMPOOYBAaHHSM IIBIB Ha 3pa3Kax
3 TOTO X MaTepialy MO 1 MiJyIsTrac 3BapIOBAHHIO JCTAJICH.

YMOBHU HarpiBaHHs IpU POJIMKOBIM 3BaplOBaHHI 3aJeKaTh TAaKOX BiJl GOpPMHU i TOBIIMHU
JeTajei, 1mo 3BaprooThes. Hanpukiam, mpy 3BaproBaHHI KUTBIIEBOTO IIIBa MIXK JACTAISIMH Pi3HOT
TOBIIMHM Kpallli pe3yJbTaTH BUXOASTh MPU PO3MIiIlEHH] OLIbII TOHKOI JeTalli 30BHI, TOMY IO
IpY [IbOMY BHIIIE HIUIBHICTh CTPYMY B KOHTAKTI:

l3B

baxano 100 criBBiIHOMIECHHS TOBIIUHH JIETAJIEH, 1110 3BapIOIOTHCS, HE TIepeBuIyBaiio 2:1.

Jl7is mOMNiNIIeHHs YMOB HarpiBaHHsS MOJIMBO MICIEBE YIIUTLHEHHS OAHI€l 3 JIeTalei.
[Homi 3 OOKy OiUNBII TOHKOI AETanmi BUKOPHCTOBYIOTH €JIEKTPOJA 3 MEHII €JIEKTPOIPOBITHOTO
MaTepiany, IO CHpUs€ TMEPEMIIICHHIO fAapa B TOHKY JeTainb 1 OuIbIl pPIBHOMIPHOMY
NPOTUIABJICHHIO JIeTalIell HEOTHAKOBOI TOBIIMHH.






TexHoJ0riss POJIMKOBOI0 3BAPIOBAHHSA CTAJCIH.

Crarti 3a3BHuaii 3BaprOIOTHCS HA MAIlIMHAX 3MIHHOTO CTPYMY MEPEPHUBUACTUM CITIOCOOOM.

Manogyzneuesi cmanu 100pe 3BapIOIOTHCS POJMKOBHM 3BAPIOBAHHSM, SIK Ha «M'SKHX)
Tak 1 Ha «TBEpAUX» pexuMax. XOJIOAHOKATaHI CTall TMepe] 3BaploBaHHSAM OakaHo
3HEXKUPIOBATH. [ apsiaekataHi — 3a3HAIOTh MICIIEBOT0 a00 3arajibHO-MEXaHIYHOTO OYUIICHHS 200
TPaBJICHHS.

[Tpu BHOOpPI KOHKPETHHX MapaMeTpiB PEKUMY BpPaxoBYeThCS (popma BUpPoOy, SKICTh
CKJIQJaHHs 1 OYMIIEHHS JieTanel, MOTYXHICTh HAasBHOTO BCTATKYBaHHSI.

ManoByTIeneBi CTany i3 3aXUCHUMH MMOKPUTTSIMH 3BaPIOIOTHCS HAa «TBEPIUX» PEKUMAX
( s 3MEHIIEHHS 30HM YIIKO/DKCHHS TOKpUTTs). [Ipu 3BaproBaHHI OIMHKOBAHOI CTalli
PEKOMEHIYEThCS 3aCTOCOBYBATH t,,/t=0,80-0,85 st Toro, 11100 IHMHK MOTIEpe 30HH 3BapIOBAHHS
MIATPUMYBABCSA B PO3IUIABICHOMY CTaHI W BUTICHABCS 13 3a30py MDK JeTalsiMH, IO
3BaprOrOThCA. Lle 3MeHIye BUIUIECKH ¥ TOJNIMNIIye sKiCTh 3'eqHaHHs. CBUHIIEBI, IIMHKOBI Ta
OJIOB SIHACTI MOKPHUTTS JeTajeld BaKKO OUYHINAIOTHCSA Bix pOSUKiB. i1 yCyHEHHS 1BOro i
MiJBUIICHHS IIBUIKOCTI 3BapioBaHHsA ( 1m0 6-14 m/xB mns xeperi ToBmmHOKW 0,5-0,6 MM)
BUKOPHUCTOBYEThCS BiANaJeHUNW MigHuN abo saryHHUW aApit giamerpoMm 1,5-3 Mwm, 110
0C3yNMUHHO MEPEMIIITYETHCS B TIa3aX POJIUKA.

YckiagHeHHs BHHHMKA€E TPH 3BapIOBAaHHI IMO3JI0BXKHIX IIBIB Ha BHpoOax 3 Mar”iTHOI
CTaJli, 10 BBOJSTHCS B KOHTYp MAIWHU, HANPHUKIAJ, MPU 3BapIOBaHHI MMO3JOBKHBOTO IIBa
o0nyaiiku 3 Mar"iTHO1 CTaJil.
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VY mporieci 3BaproBaHHS 3MIHIOEThCS TIEPETUH MArHiTHOI CTaji, yBeJeHol B KOHTYp. [lpu
IIbOMY 3MIHIOETHCS IHJYKTHBHUH OMip BTOPMHHOTO KOHTYPY MAIlIMHH, a TAKOK aKTHBHI BTPAaTH
A HAa  HarpiBaHHS  JeTaJi 1032  30HOIO
I 3BapIOBAHHS BHHUKAIOUYMMH B Hill BUXPOBHMH
CTpyMaMH ¥, SK HACIiJOK, 3MIHIOEThCS
3BapIOBAJBHUH CTPYM.

SIKmo crodaTky 3BaplOBaHHS CTPYM
JOCTaTHIN AJIS1 TapHOTO MPOBapy, TO IO KiHIA
ab0 HaBiTh J0 CEPEAMHU IIBA CTPYM MOXKE
3MEHIIUTHUCS JI0 BEJTMYMHU HEAOCTATHBOI ISt

IIpOBapy.
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Jliist 3amo0iraHHs 1IHOTO KOPUCTYIOTHCS HACTYITHUMHA TPHHMAHHSIMH:

1) 3BaproBaHHJ I1IBa y JIBa MPUUMaHHS Bil CEpEIUHU IO KiHIIIB;

2) po30uWBKa IIBa Ha KiJIbKa IUISTHOK, 110 3BAPIOIOTHCS HA PI3HUX PEKUMAX;

3) aBTOMAaTHYHE PETYJIFOBAHHS 3BAPIOBAIILHOIO CTPYMY B ITPOIIECi 3BApIOBAHHS 1B,

cmani, wo rtapryoThcs (Hanpukiaang 30XI'CA) i 3MEHIIEHHS IMIBHAKOCTI
OXOJIOJDKEHHS 3BapIOIOTHCS Ha BIIHOCHO M'SKHUX peXuUMax (ts 30UIBIIYETbCS NMPUOIU3HO B 2
pa3u B TIOpIBHSHHI 31 3BaplOBaHHSAM MaJOyIJICIIEBIA CTaji, MaKCHUMaJlbHa IIBUJIKICTh
3BaproBaHHs He nepesuurye 0,7-1 //xB). HaBiTh 3BaproBaHHS Ha M'SKUX pEXHUMax Ja€ KPUXKL
3'eqHaHHs ( MpU TBEPAOMY peXHMI y IIB1 3'ABIAIOTbCS TpimHHU). KpuXKICTh ycyBaeTbes
HACTYITHOIO TEPMOOOPOOKOIO.

Aycmenimni cmani 1oope 3BaprOIOTHCS POITMKOBUM 3BapIOBaHHSAM. HeMarHuTHOCTh X
CTaJIeil MoJIeriIye 3BaproBaHHs BEIMKOrabapuUTHUX BUPOOIB, IO BBOJAATHCS MPHU 3BAPIOBAHHI B
KOHTYp MamuHU. Yepe3 BHUCOKY >KapOMILHICTh 1 HU3bKY EJIEKTPONPOBIAHICTh ayCTEHITHUX
cTajeil 3ycuiisa Ha enekTpojax 30ubmyerses Ha 30-1000%, a ctpym 3Meniryersest Ha 30-40%
y nopiBHsiHHI 3 P 1 I;; ipu 3BaproBaHH1 Takux ke ACTAJICH 3 MaJOYTJIEIeBO1 cTalli. AyCTeHITHI
CTalli 3 HeBeJUKUM 3MicToM ¢epputa (Hampukiaa, 1X18HI9T) nobpe 3BaproroThCsi K Ha
«TBepAuX» (OUIbLI KpaluX) Tak 1 Ha M'AKUX pexumax. UUcTo ayCTeHITHI cTayli (Halnpukiasi,
X23H18) yepe3 CXUIBHICTh 10 rapsAYMX TPIIIKH 3BAPIOIOTHCA Ha OLIBII «M'TKUX» PEKUMAX.

Opi€HTOBHi PEIKUMHU POJMKOBOI'O 3BAPHOBAHHA cTajei.

5 ) I3Bl t331 tn! P! V3BY B!
MaTepiai
MM KA cex ceK xkH M/XB MM
MaJIOByTJICIICBA 1,0 15 0,06 0,06 4 1,75 6
cTalb
16
2,0 - 0,12 0,1 6,5 1,4 10
19
10 0,6
0,14- 0,18-
10 - 016 | 024 | °F - 6
30XI'CA 12 0,7
17 0,5
0,2 0,3 10
2,0 - - 10
-0,22 -0,36 -11,5
19 0,6
1X18HOT 5 0,5
0,06- 0,12-
XH75T 1,0 9-11 0,08 0.16 - - 6
XH78 6,5 1,0




11H. 12 10 0,3

0,12- 0,24-
2,0 ) 0,16 0,32 ) ) 10

16 13 0,6

PoJyikoBe 3BapioBaHHs KOJLOPOBUX METAJIB i iX CILJIABIB.

Anrominiesi cnnagu ipyu TOBIIMHI JeTajnei 10 1,5-2 MM MOXKHa 3BaproBaTH Ha MAIIMHAX
3MIHHOTO CTPyMY IIEPEPUBYACTHM 3BapIOBaHHIM (t,5/t=0,3-0,4). V 3B's13Ky 3 BUCOKOIO €JIEKTPO i
TEIUIONPOBIIHICTIO JIFOMIHIEBUX CILIABIB /Ul IXHBOI'O 3BapIOBAaHHS MOTPIOHI OLIbIII CTPyMH (B
2-3 pa3u Ounbplle, YUM JUIsl 3BapIOBAaHHS MAaJOBYTJICIEBOI CTalIM) 1, OTXKE, MAIIWMHH 3HAYHOI
noTy)kHocTi (N=200-400 kBr). /[Ins koHmeHtpamii cTpymMy W 3MEHIICHHS IEpErpiBy
3aCTOCOBYIOTH €JICKTPOAH 31 chepudHoro podouoro moBepxuew mnpu R=40-150 mm. HeobxinHe
3YCHJUIS Ha €JIEKTPOJIax POCTe 31 30UIBIICHHSAM MIIHOCTI CIJIaBy ¥ HaOIMKAae€ThCsl 10 3ycrinis P
JUIs ManoByrieneBux craneil. [IIBuakicTh 3BaproBaHHS 3a3BHYail MEHILE, YUM TIPU 3BapIOBaHHI
CTaJIi Yepe3 CIOKUBAHHS BEJTMKOT MOTY>KHOCTI.

Pexumu POJIMKOBOI'O 3BaAprOBAHHA aJIFOMIHI€BOTO CILIaBY AMraMm Ha MalIdHaX 3MiHHOT'O

CTpyMy.
o, s, tss, tn, P, Vs,
MM KA ceK CceK kH M/XB
0,5 21 0,04 0,1 250 0,7
1,0 30 0,06 0,10 350 0,7
1,5 38 0,06 0,14 450 0,6
2 41 0,08 0,24 500 0,5

SIKicTh 3'€IHaHB TOJNIMIIYETHCS 1 30UTBIIYETHCS MOYXJIMBA TOBIIMHA MaTepiaiy,
110 3BaproeThes (10 3-5 MM) IpH KPOKOBOMY 3BapIOBaHHI Ha CIIEMiaJIbHUX MallWHaX,
10 BHKOPHCTOBYIOTH ISl 3BAapIOBaHHS KOXHOI TOYKH IMITyJBC BHIIPSIMIICHOTO
TpudazHOro cTpyMmy. BKITtOUeHHS CTpyMy B MOMEHTH 3YIIHHKH POJIMKIB, @ TAKOXK TJIaBHE
HApOCTaHHS CTPYMy B IMITyJIbCi 3a0e3meuye OuTbIl TUOOKMI mpoBap Oe3 meperpiBy
30BHINIHBOI MOBEPXHI JeTajiell 1 POJUKIB, a TaKOXX TOJIMIIY€E YMOBH OXOJIO/DKCHHS M
KpHCTali3alii po3IIaBIeHOro sSapa.

PexxuMu KpOKOBOTO POJIMKOBOTO 3BapIOBAaHHS aIIOMIHIEBOTO CIUIaBy AMT, AMII
Ha HU3bKoyacToTHil mamuai M T-600.



5 p ¢ | BEIMYMHA | MIBUJKICTH

: ’ . . KPOKY, 3BapIOBaHHS,
MM kH CeK KA MM TOUOK/XE
1,0 5 0,08 43 2,5 150
2,0 7,5 0,12 55 4,0 100
3,0 700 0,16 60 5,0 70

YMOBU DPOJHMKOBOTO 3BAPIOBAHHS MIOHUX CIUJIABIB BH3HAYAIOTHCS TOJIOBHUM
YUHOM IX elleKTpornpoBiaHicTIO. CIJIaBU 3 BUCOKUM MUTOMHM OMOPOM (KpeMeHHucTa i
docdopucra 6poH3a) 3BaprOrOThes 100pe. JIaTyHb 3BaprO€ThCS 3aI0BITHHO TIPH OLTBIIINAX
CTpyMax.

Pexxumu ponrkoBoro 3BaproBaHHs naTyHi JI62 mepepuBuacTUM 3BaplOBaHHSAM Ha
MaIlliHAX 3MIHHOTO CTPyMY.

o, s, tss, tn, P, Vs,
MM KA CeK ceK KT M/XB
0,5 19 0,06 0,06 200 0,75
1,0 27 0,08 0,10 400 0,70
1,5 36 0,12 0,14 550 0,60

Tuman 1 ¥oro crutlaBu ONM3BKI 3a CBOIMH TEIUIO(MI3UYHUMHU BIACTUBOCTSAMH 10
AyCTEHITHUX CTajieil 1 ToMy J00pe 3BapIOIOTHCS MEPEPUBYACTUM POJTMKOBUM 3BApPIOBAHHSM Ha
3BHYAHUX MalllMHAX 3MIHHOTO CTPYMY.

o, s, U3, tn, P, Vs,

MM KA CeK CceK KT M/XB
1,0 6-6,5 0,12-0,14 0,18-0,24 350-400 0,7-0,8
2,0 9-10 0,20-0,22 0,32-0,40 550-650 0,5-0,6
3,0 11-12,5 0,28-0,30 0,34-0,48 900-1100 0,3-0,4







PeanedHo-poauKkoBe 3BapioBaHHS.

IIpu poIMKOBOMY-pPOJIMKOBOMY-PETbe()HO-POIMKOBIM 3BaplOBaHHI B OJHIN 3 JeTanei
nepes 3BaplOBaHHSAM Y3/I0BXK IIBa
BUJIABIIIOETHCS Oe3nepepBHUM
penbed. KoHueHTparis crpymy 1o

m penbedy JIOKAI3y€e

£ TEIUIOBUIIIEHHS, 1 HaJliHe

It

S o ety

3aBAsIKM IbOMY KpHUCTali3alis B
30HI 3BaplOBAaHHS 3aBEPUIYETbCS AyXKE IIBUJKO, IO JIO3BOJSE PI3KO 30UIBIIUTH IIBUIKICTh
3BaproBaHHsA. Hampukiaa, MaoByriieneBa CTajlb TOBIIMHOO 2 MM 3BapIOETHCS 31 MBUAKICTIO 20
m/xB mipu [38=70000a, P=1750xr.

9
A-Gpam

JledeKTH ii KOHTPOJb AKOCTI POJUKOBOI0 3BAPIOBAHHS.

PosinkoBOMy 3BaprOBaHHIO YHAXJICT ¥ TOYKOBOMY 3BapIOBAHHIO BJIACTHUBI OJHAKOBI
neeKTH W KOHTPOJIb iX SIKOCTI 3MIMCHIOETHCA OJIHAKOBUMH MeTojamu. HaiiBaxkiusiiie
3HaYeHHS Ma€ AaKTUBHMM  KOHTPOJb  IPOLECY, CYNPOBO/DKYBAaHMA  MEpPIOJUYHUMHU
BUIIPOOYBAHHSIM 3pa3KiB  (TEXHOJIOTIYHUMHU [poOaMU, MEXaHIYHUM BHUIPOOYyBaHHSAM 1
MeTajorpadiyHUM AOCHIKeHHsAM). KpiM Toro, MIIHOIIUIBHI IIBH HEpEBIPSAIOTHCA Ha
FepMETUYHICTh, HANIPUKIAJ OeH300aK aBTOMOOLIS, BUIPOOOBYETHCSI CTUCHEHUM MOBITPSM IIPU
3aHypeHH1 y BoJy. HelIbHICTh IBIB BUSABIISETHCS MyXUPISIMUA TOBITPSL.



Po3nin 3. YerarkyBaHHS 1J151 KOHTAKTHOIO 3BAPIOBAHHS.

Kaacudikanis ii 3arajbLHa XapaKTepPUCTHKA MAINWH IJI KOHTAKTHOIO
3BapPIOBAHHA.

KonTakTHi MammHM 10 crnocoOy 3BaproBaHHsS pPO3JAUISIOTHCS HA CTHUKOBI, TOYKOBI,
penbedHi W pPONMKOBI. 3a MNPUHUMIIOM [Jii MAIIMHU MOXYTh OYyTH HEaBTOMaTHYHUMH,
HaiBaBTOMAaTUYHUMU I aBTOMaTHYHUMU. [0 crieniamnizanii — yHiBepcalbHUMHU U CHEI1aIbHUMU.
[To mpuBOAy — 3 BaXUIBHUM, NPYKUHHUM, MEXaHIYHUM, €JIEKTPOMEXaHIUHUM, THEBMAaTUYHHUM,
ITHEBMOTUPABIIYHUM a0o0 rigpasiiyHuM. [1o cnocoly sxuBineHHS — oaHO(a3HI abo TpudasHi,
3MIHHOTO 200 MOCTIMHOrO CTPyMy, HU3bKOYACTOTHI I 3 HarpoMapkeHHsM eHeprii. [To cnocoOy
YCTaHOBKH — CTalllOHAPHUMHU H MTepeCyBHUMHU.

Ha xoHTakTHIi MalIuHi, 0 TIpallo€ aBTOMAaTUYHO, [10/1a4a, 3aKpIMJIeHHS i 3BaprOBaHHS
JieTajeil MpoBOIUTHCA 0€3 ydacTi JIIOAMHHU; Ha HAlIBABTOMAaTUYHIM — YCTaHOBKA W MEpEMIIICHHS
JeTanel 31HCHIOEThCS] BPYYHY; HA HEaBTOMATHUYHINA MallliHI 3a3BUYail aBTOMATH30BaHE TiJIbKU
BKJIFOYCHHS 1 BUMUKAHHS CTPYMY.

OO6nacTe 3aCTOCYBaHHS MAIIMHU BIJIMOBIAHOTO THUITy BU3HAYAETHCS CHEPrEeTUYHUMU
MO>KJIMBOCTSIMH TIAMPUEMCTBA, KOHCTPYKIIEIO A€TAJICH, 10 3BAPIOIOTHCS, BAMOTAMH 10 SIKOCTI 1
BUJIOM BUPOOHUIITBA.

VHiBepcallbHI MalIMHHU 3aCTOCOBYIOTHCS JUIsl 3BApPIOBAHHS PI3HUX, a CHELialibHI — IS
3BapIOBaHHs OJHOTUIIHUX JETAJIEH.

Y MacoBiM BUPOOHUIITBI IOIIIBHI CIIEIIali30BaHl aBTOMATHYHO MPAIIOI0Y] MAIIHHY, a B
npibHOCepiiHOMY M 1HIUBIAyaJbHOMY BHMPOOHMILITBAX — YHIBEPCAJbHI 13 HPUCTPOSIMM IS
HIBHJIKOTO TXHBOTO TIEpEHAIIATr OJKSHHSI.

BinbmricTe MalMH yCTaHOBIIOETHCS CTAIIOHAPHO; TEPEHOCHHUMH W TIEPECyBHUMH €
JIMIIE JEsIK1 CIIEmiali30BaHl MallInHU.

VYci MammMHM A7 KOHTaKTHOTO 3BapIOBAHHS CKJIAJAIOTHCS 13 JBOX B3aEMO3ATEKHHX
YaCTUH: MEXaHIYHOI i eNneKTpuyHOi. MexaHiuyHa YacTHHA MAIIWHU SBISIE COOOI0 OLIbII-MEHII
CKJIaJHUI BepcTaT JUIsl 3aKpIIUIEHHS, CTUCKY M INepeMillleHHs JAeTanei, L0 3BaproOThCS, 3
OpraHaM¥ KepyBaHHS W TPUCTPOSIMH JJIsi PETyJIOBAaHHS OCHOBHHUX MEXaHIYHHMX IapaMeTpiB
(3ycwinst 3aTUCHEHHs M omaju, IIBHUAKOCTEH mMepeMilmeHHs 1 T.1.). YacTo eneMeHTH IHX
MeXaHi3MiB IPOBOJISTH 3BaPIOBATILHUNA CTPYM.

EHeKTpI/I‘IHa YacTHHA MaIlIMHM 3a3BHYal CKIaAa€ThbCA 31

3BapIOBAILHOMY JIaHIIOTa (3BapIOBAILHOTO KOHTYPY), HIO TiABOJUTH CTPYM BiJ
JOKepeIa JKUBJICHHS JI0 €JICKTPO/IIB;

[okepena  okuBieHHS (y  OUIbIIOCTI  MammH — OAHO(A3HOTO  3BAPIOBAIILHOTO
TpaHnchopmaropa),

anaparypy KepyBaHHs, [0 3a0e3rneuye 3a/laHy MOCTIIOBHICTh 1 TPHUBAJICTh ycix abo
YaCTHHM OTEpaliii 3BaplOBaJbHOTO IMKIY, a TaKOXX PETyJIIOIuoi OCHOBHI EJIEeKTpHUYHI
napameTpH npotiecy (MOTyXHiCTb, HAIpyTy, GopMy KpuBiii CTpyMy).




IHoTyXHIiCTD i pesKuM POOOTH KOHTAKTHUX MAIINH.

JInst 3nifiCHEHHST 3BapIOBaHHS 3a 4ac t,; y 3BAPIOBAJIBHOMY JIAHIIO31 MAIlMHW NOBHHEH
npotikatu 3agaHui cTpyM lo. I1oTy>KHICTB, 1110 pO3BUBAETHCS NPU IIHOMY Ha AUISHIN JaHIOTa
MIDXK eJIeKTpoiaMH (y 30H1 3BapIOBAHHS):

N3B:|22 R3B

[Tpu 1bOMy MTOBHA T'aJlaHa MOTY>KHICTh, 10 3a0MPAETHCS MALIMHOIO 3 MEPEXKi:

N = |§zi= 1IZJ(R, +R,)% + X2 i,

Les
mp mp

Jie RBH — akTHBHMIA OMIip 3BapIOBAIIBHOIO KOHTYPY MAIllHHH;
XLsn — HOTO pEaKTHBHUH OTIID;
Z — IOBHHUIA OTip 3BapIOBAILHOTO KOHTYPY A€Taleil, 1o i 3BapIOI0ThCS;

1., - KKJI Tpanchopmaropa (3a3suyaii 6inbiu 0,95).

[ToTy>xHiCTh, HEOOX1/THA IS 3BAPIOBAHHS 3aJaHUX JIETAlICH HETOCTIMHA i 3aJICKUTD Bij
KOHCTPYKIIii MaMHu: unM Ginbmie ii BHyTpimmiii onip Z,, = /R’ + X7, , Tum Ginbira

HEOoOXi/THA MOTY>KHICTb.

Jlnst HopMasbHOT poOOTH MaIIMH HeOOX1/1HO, 1100 3BapIoBalbHUI TpaHchopmaTop
3a0e3mevyBaB MPOTIKAHHS 3BapIOBAJILHOTO JIAHITIOTA 3a7aH0TO cTpyMy [,=E2/Z (ne E; — EPC
BTOPMHHOT 0OMOTKH TpaHchopMaTopa) 1 BUIIJICHHS B 30HI 3BapIOBaHHs HEOOX1IHOT MOTYKHOCTI
N3B.

Kpim Toro, HeoOXimHO, MO0 MpHU IBOMY TPaHCHOPMATOP 1 €IEMEHTH 3BapIOBAIIBHOTO
KOHTYpy HE TeperpiBaiucs. HarpiBaHHS 3aJeXWUTh B pPeXUMY poOOTH MAaIIWHH,
00yMoBIIeHOT0 TpUBaTicTIO 11 BKItoueHHs [1B (B %).

z tC8

IIB=—""—
Ztce + ztn

-100%

[1B Bu3HauaeThes 3a 5 XB 1 sBJIsIE COOOIO BIIHOIICHHS 3arajibHOi TPUBAJIOCTI MPOTIKAHHS
CTPYMY ts5 10 CYMH tys 1 TIAY3 t,. Bennuuna 1B 3anexuTh BiJ NpU3HAYEHHS MAIIMHU. 3a3BUYait
BOHA JIOPIBHIOE:

JUISL CTUKOBUX MamnH 5-50%,
it ToukoBux 1,2-32%,

1utst ponukoBux 32-80%.



[Ipu OGesmepepBHiii PoOOTI
> 4 —— (ITB=100%) Ttemneparypa B Oymab-
SKOMY €JIEMEHTIi, 10 HarpiBa€ThCH,
HapOCTa€ 32 €KCIIOHEHTHUM 3aKOHOM
(kpuBa A) 1 [ocsirae JIEAKOTO
/ . 3HAYEHHS, 110 BCTAHOBWIIOCS, Tmax.
I[Ipu  Tomy K  CTpyMi, aie
B nepepuBYaCTIM BKJIFOYCHHI,
/ TeMIeparypa IbOro ejieMeHTta Oyne
/\, 3MIHIOBAaTUCS MO KpUBIH Y JIOKK He
JOCATHE 3HAYEHHS, 110

BcTaHoBmIIOCS, Tmax’ <Tmax.

T max

v

& »
< >

t3B tn

Sxmo mnpu OGesnepepBHId  poOOTI
Tmax He mnepeBHIIy€e MNPUIYCTUMUX MEX, TO BIJNOBIIHI JO0 LUX YMOB CTPyM 1
HOTYXXHICTh HA3UBAIOTBCSA CMpyMom mpusanoi pobomu Inp i mpusanoro nomysxicHicmio
Nnp.

KinbKicTh Teruia, BUAUTIOBAHOTO B Oy/b-sIKOMY €JIE€MEHTI MallluHU ¢ onopoM R 3a yac
.o . . 2 .
t=t;;+t;, mpm OGesmepepsniii poboti (IIB=100%), nopisHroe 1%,Rt. 2HpI/I nepepuBYacTiM
BKJIFOUCHHI 3a TOH ke yac t OyJe BUALIEHA KUIBKICTb TeIula A0piBHIOE |°, Rty e I, — cTpym
IIPU [TIOBTOPHO KOPOTKOYACHIHM poOOTi (KOPOTKOUACHUI CTPYM).

OpHakoBe HarpiBaHHA NpH Oe3NepepBHiN 1 MOBTOPHO KOPOTKOYACHIN poboTi Oyne
OTPUMAHO TIPH:

2 — 12
12,pRt= 12 Rt

Lo [T_, [wo
Kp~™ up t__ np ﬁ

3Biacu:

3a aHaJorier:

100
Nip=Nup [ —
I1B
VY macnopTi MamMHU 3a3BUYail BKa3yeThCs HOMiHaNbHUI pexkum podotu (IIBHOM) i
HOMIHaJIbHA MOTYXHICTh (NHOM), siki mpu [IBHOM He BHUKIIMKAE TIEPETpiBy €JIEMEHTIB MAlTUHHU.
Sxmo Bimomi NHOM a6o IIBHOM, JIerko BH3HAUMTH MPUITYCTUMY KOPOTKOYACHY MOTYKHICTb
NKp, 1110 HE BUKJIMKAE MeperpiBy npu Oyap-skomy iHmomy [1B.

HOM

Nkp=Nnom



30BHINIHI XapaKTePUCTHKH KOHTAKTHHAX MAIIIHAH.

3anexHICTh MDK Hampyroro Ha enektpomax Up 1 3BaproBaIbHUM CTPYMOM I
Ha3MBAETHCS 30BHINIHBOIO XapAKTEPUCTUKOIO MAIIMHH.

UA

A ,—\———’“"_—_\

A \ B

>

X
CC C b o |2K\>

[Tpu xomocromy xomi (R3B=o ) 1=0 i Ux=E; (E; — EPC BropuHHOI 0OMOTKH
TpaHnchopmaropa; 3a3Buuail Eo=1-24B). [Ipu xopotkim 3amukanHi [,=1z¢ 1 Up=0. ITpu 3aganomy
Uy ctpym kopotkoro 3amukaHHs (Ipx) Oyne Tum Ouiblile, a 30BHILIHS XapaKTEPUCTHUKA TUM
MEHIIIA, YUM MEHIIIe TIOBHUH OMip 3BaplOBAIILHOTO KOHTYPY ZBH, TOMY 0 I=U20/ZBH.

30BHILIHA XapaKTEPUCTHUKA JIO3BOJISIE CYIUTH PO €Ki 0COOIMBOCTSIX MAIIMHU U Tpo 11
NpUIATHICT JJI1 BUKOHAHHS 3aJlaHoi 3BaproBajbHOI onepaii. [lnoma npsmokytauka OABC
e . . 22
nporopItiiiHa KopucHoi motyxkHocTi N3B=I, Uy=1"" Ry;.

Sxmo 3 AK0i-HeOy b MPUUMHU 3MIHIOETHCS R3B, y pe3ynbTaTi 4oro 3MiHIOIOTHCS TaKOXK
I, 1 Uy, To 3nauennsa N3B Bu3HaunThes miomiero OA'B'C' # OABC.

[Tpu kpyTocnamarouiil XapakTepUCTULl He3HauHUI 3cyB Touku B m B' He Bukimkae
BEJIMKOI 3MIHU IUIOLI MPSIMOKYTHHUKAa — IPHU 3MiHA YMOB 3BaplOBaHHS KOPHCHE IMOTYXKHICTh
maiio 3MiHuThCs. [Ipu maniii xapakrepuctuui 3cyB B" y B"" Bukianue pizka 3mina N3B. Tomy
MIpU TOYKOBOMY 1 POJIMKOBIM 3BapIOBaHHI, KOJIM ISl OACpPKaHHA 3'€THaHb CTAOLIBHOI SIKOCTI
6akaHo, 11100 KUIBKICTh TeIJia, BUALIIOBAHOTO B 30H1 3BAPIOBAHHS MaJl0 3MIHMJIOCS MPU 3MiHAX
R3B, AOUIIBHI MAalIMHU 13 KPYTOCMAJAl0UyOI0 XapaKTepuCTHKOro. HaBmaku, mpu CTUKOBIM
3BapIOBaHHI OIUIABJIIEHHSAM Kpallle IOJIOrOCragalya XapakTepUCTUKa, MpU SKi 3MEHIICHHS
OTIOpY 3BapIOBAJHLHOMY JIAHITIOTa B MOMEHT YTBOPY NEPEMHUUYKH MEXY OIUIABJICHUMH TOPISIMHU
netajgeil Beie 0 PI3KOro 30UIbLICHHS CTPyMy, IO HPUCKOPIOE HArpiBaHHS W pyHHYBaHHS
NepeMUYKH — OIUIaBlIeHHd #ae criikime. Coig 3a3HaudTH, LI0 Yepe3 HAasBHICTh Yy
3BapIOBABHOMY JIAHIIO31 1HAYKTHUBHOTO OMOpPY Xiesy — CTPYM INpH 3MiHI ii mapameTpiB
3MIHIOETHCSI HE MUTTEBO, JIOCSITAE CBOTO 3HAYCHHS, [0 BCTAHOBUIIOCS, BI/IMTOBiTae 3HAYCHHS 2
142 1o 30BHIIIHINA XapaKTEpPUCTHIl, TUM CKOpillle, YUM MEHIIe MOCTiifHa Yacy 3BaplOBaJIbLHOTIO
JaHLOTA:

—_ RCK + RGH
X

T

Les



MOCTIHA 9acy 3MEHIIYEThCS 31 3MEHIICHHSAM X gy, TOMY JJISI HIBUAKOTO PYHHYBaHHS
HIePEeMHYOK BaXKJIMBA HE TIIBKH MOJIOTa XapakTepucTuka (Maje Rgy), ane i Manuii iHIyKTHBHUIMA
omip (Xpgm)-

Sxmo Bigomi omip R3B 1 HeoOximHMii Ansl 3BaproBaHHS CTpyM I, TO MO 30BHIIIHIX
XapaKTePUCTHKAX MAITMHA MOKHA BH3HAYUTH ii IPUAATHICTH JUII BUKOHAHHS JaHOI Omepartii.

IIpuknan:

30BHIIIHI XapaKTEPUCTUKH MAILIUHU
&

3,0 H

2,0

1,0

Binomo, mo R3B=100MxOm, a HeoOXimuuii ctpym [,=12000A, toxi mampyra U,;=R3B
1,=1,2B.I10 30BHIMIHIX XapaKTEPUCTHKAX BU3HAYAEMO, IO JAHUWA DPEXKUM 3a0e3MeuyeThes
MAIIMHOIO 3 XapaKTePUCTHKOIO 3.



3arajibHi By3/14 KOHTAKTHUX MAIIIUH.

3BaprOBAJLHNI KOHTYP KOHTAKTHUX MalINH.

EnemenTtn, mo 3'€nHYIOTH KEpENO JKUBICHHA (TpaHchopmMaTop) 3 EIEKTPOIOM
YTBOPIOIOTH 3BAPIOBAIBHUI KOHTYP MAIIUHU.

3BaproBaJIbHUN KOHTYp 3a3BHYail CKJIa/1a€ThCS 3:

a) €JIEKTPOIB 2, MO Oe3MocepeTHHO MABOIATH CTPYM JIO JETAJICH, 10 3BAPIOIOTHCA, 1
nepenaTb HEOoOXiAHI 3yCHUJUIA Ui iXHBOTO OOTHCHEHHA. [HOAI (y pONHMKOBHX
MaIllMHAX ) eJIEKTPOIH CIIYKaTh 1 I IePEMIIEHHS JeTaTl.

0) enekTpoAoTpuMauiB 3 Ui 3aKPIIUIEHHS €JIeKTPOIiB.

B) X000TiB (Y TOYKOBHX 1 POJMKOBUX MallMHaX) a00 KOHTAKTHHUX IUIUT (y CTHKOBHX
MamHax) 4, 3'€MHaHUX 3 MEXaHi3MaMHM, IO 3JIHCHIOITh CTHCK JeTajeh 3
HEOOX1AHUM 3ycuiuisaM P).

ITig giero cunm P X000T pa3oMm 3 eNeKTPOAOTPUMAYEM IMEPEMIMIAETHCS TSl 30IMKEeHHS
€JIeKTPOAIB MOCTYyNalbHO (y MaIIMHAX 13 MPSAMOJIIHIMHUM X0JI0M) a00 MOBEPTAETHCS HABKOJIO
mapHipa 5 (y MalMHax 3 pajiajJbHUM X0/10M)

I) THyYKHX IIUH 6, IO 3B'SA3YIOTh KOJOJKM BTOPUHHOTO BUTKa TpaHcdopmaropa 3
PYXJIUBUMHU €JE€MEHTAaMH KOHTYpy. Y MalldHaX Majioi TOTY>KHOCTI BTOPUHHHHA BHUTOK
TpancdopmaTropa iHOAI POOUTHCS THYYKHM 3 MinHOI (oJpru W Moke Oe3nocepeqHbo
3'eTHATHCSA 13 TpUMadaM# X000TIB 7 6€3 TPOMIKHHX IITHH.

Mix ereMeHTaMM 3BapIOBAJIbHOTO KOHTYPY € HEpyXJIMBI a00 PyXJIMBI KOHTaKTHU ( MpH
POJIMKOBIM 3BapiOBaHHI TPUMaU KOPCTKO TMOB'SI3aHUH 3 €JIEKTPOIOM POJIUKOM 00EPTAETHCH).



Po3wmipu xoHTYpY (KOpucHWMIA BUmiT L, i po3unH Hp) 0OMexyroTh rabapuTi BUpOOiB, sIKi
MOKYTh OyTH 3BapeHi 3 IXHIM YBEJCHHIM Y KOHTYp MamuHu. Tomy 110 31 30imbienasam Lo 1 Ho
MIBUJKO POCTE BHYTpilHBO omip Mamuuu i nanae ii KK/l 1CoS ¢, B yHiBepcanbHUX MalnHax

3a3Buuail BT He mepeBuirye 800-1000 MM, a pozunH — 200-400 mm. OpHak y JesKux
creriajgbHnX MamuHax BT gocsarae 3000 M.

VYci eneMeHTH 3BaplOBaJIbHOTO KOHTYPY, SIK HPaBUJIO, BUTOTOBJISIIOTbCA 3 Miai 1 11
CIUIaBiB 3 JOCHUTh BHCOKOKO €JIEKTPONPOBIAHICTIO H MillHICTIO. IXHiil mepeTwH i B3aemHUil
pO3TallyBaHHs MOBUHHI OYTH TaKMMH, 11100 IPU NPOTIKaHHI 33JaHOT0 CTPYMY i HOMIHaJIbHOMY
[1B He Oyn0 HagMipHHUX BTpaT Ha BHYTPILIHBOMY OMNOpP1 KOHTYpY ¥ MeperpiBy Horo eaeMeHTIB,
a Takoxx 3a0e3nedyBasiacsi He0OXi/1Ha 30BHIIIHS XapaKTePUCTHKA MALTHHU.

3HauHy YacTUHY AaKTUBHOTO OIOPY KOHTYpPY CTaHOBUTH OMIp MOro KOHTakTiB. B
eKCIuTyaTalii po3ciaalieHHs X 3aTAryBaHHS W OKMCHEHHS MOXYTh PI3KO 3MIHIOBATH OIOPHU
MalmMHU. TOMy KOHTAKTH MNEPIOJUYHO PO30OUparOThCS W OYMINAIOTHCS ( MpHU 1HTEHCHBHIM
pPOOOTI — MIOMICSIIS) 1 CHCTEMATHYHO MiITATYIOThCS.

CunoBi eneMEeHTH KOHTYypy IOBHHHI MaTH JOCTaTHIO MIIHICTh 1 TBEPAICTIO, a
EIEeKTPOAH i PYXJIMBI KOHTAKTH TaKOXK 3HOCOCTiHKiCTIO. EnekTponoTpumayi it X000TH MOBUHHI
JIOTYCKaTH IIBUJIKY 3MiHY €NeKTpo/iB. Jlye Ba)kKiIMBa MAHEBPEHICTh €JIEMEHTIB KOHTYpY, 1110
PO3LIMPIOE MOXKJIMBICTh BUKOPUCTAHHS MALIMHU JUIsL 3BApIOBAHHS BY3MIB CKJIaJHOI (OpPMH.
MaHeBpeHicTh HalOiIbIIa SKIIO X0O00TH MOXKHA BHCYBaTH (3MiHIOBaTH BWIIT Lo), po3coByBaTH
(3miHroBatu Ho) B3a€MHO 3MilIaTH B TOPU3OHTAIbHIN IUIOIIKHI i, HApeIITi, TOBEPTAaTH HABKOJIO
CBOE€1 II03/I0BKHBO] OCI.

CTaHNHA ¥i NPUBIA KOHTAKTHUX MAlIMH.

CrannHa (200 KOpIyC) poOUTHCS 3BApPEHOIO, a 1HOMAI JIJIsl 3MEHIIIEHHS BTpaT €Heprii BiJl
MarHiTHUX ITOTOKIB PO3CIIOBaHHS JHUTTOI0 3 HEMarHiTHOTO YaByHYy a0o0 CIUIaBiB aJFOMIiHIfO.
TBepAicTh CTaHWUHHM, IO CIPUIMAE 3YCHILIS CTHCKY JIeTalieii, TOBUHHA OYyTH JOCTaTHBOI JJIs
3arno0iraHHs HENPUITYCTUMOTO 3CYBY €JEKTPOJiB ab0 pOJHUKIB, HEPIBHOMIPHOTO CTHCKY
penbediB a00 CKPUBJICHHS CTUKYEMHUX JICTAJICH.

[TpuBOA y TOYKOBHX 1 pelbeHUX MAIIWH MEpEeMilae eneKTpoan abo TUIUTH W CTHUCKAE
JeTaji, y IOBHUX — 00epTae POJMKH W CTUCKAE HUMH JIeTalli, a B CTUKOBHX — CIIOYATKY
MOBUIBHO 30JIMKA€E, & TIOTIM IIBUIKO 3/IaBITFO€ 3aTUCHYTI B TYOKax JIeTai.

Y ManonoTyKHHUX MallMHax 3a3BUYail 3aCTOCOBYIOTh PYYHUM, HOKHUH, MPY>XKUHHUM,
MEXaHIYHUH, ENeKTPOMArHiTHUH; y MAallMHaX CEpPeIHbOI IMOTY)KHOCTI — IHEBMATUYHUH 1
MTHEBMOTIIPABTIYHAMA, 1HOJI EJEKTPOMEXaHIYHWUW; y MalllMHaX BEJIUKOI TIOTYXHOCTI —
rifpaBiiyHUNA. Y MacoBiM BUPOOHHUIITBI IIUPOKO 3aCTOCOBY€ETHCS THEBMATHYHHMA TTPUBI/I.

Pyunuii BaXinpHUN MPUBII 1HOI 3aCTOCOBYIOTH MPH ITiIITPiBi, OIUIABICHHS 1 OCiTaHHIO
B CTHKOBHX MaIllMHaX MOTyXHicTio 10 75 kBt (MC-1202, MC-1602). Cucrema BaxkemiB
CITYHUTb JUIs 301IBIICHHS 3yCUIUTS B CTUKY. 3a3BUYail pyXJ/IMBa ITUTA MOCTAYeHA MOKAKUUKOM,
SKHA TP TEpeMIlleHH] IUIMTH PYXae€ThCs Y3AOBXK INKATH W MO Hi KOHTPOJIOETHCS
BKOPOYCHHS JIeTaJIel TIPH MiAirpiBi, OIUIABICHHI i Ocai.

ManonoTyH1 CTUKOBI MaIIMHHU 1HO/1 3a0€3MeUyIOThCS MPYKUHHUM MPUBOJOM OCaIy,
110 CTUCKaE fetaii npu migirpisi it (MC-201,MC-202).

B enexkrpoMarHiTHOMy MPHUBOJI 3yCHIUISI CTHCKY CTBOPIOETHCS EIEKTPOMArHiTOM TpHU
BKJIIOYEHH1 HOro KOTYILIKU B )KUBUJIbHY MEPEXY 200 B JIAHIIOT 3BAPIOBATIBHOTO CTPYMY.
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VY CTHKOBUX MalllMHaX CEpelHbOI MOTY)KHOCTI JJIsi OIUIABJIEHHS I OCIJaHHIO YacTo
3aCTOCOBY€TBHCSI  €IEKTPOMEXaHIYHUHA mNpuBoA. Takuil NpUBOA Ma€ EIEKTPOABUIYH 3
peryiboBaHol0 ab0 HEperyjJbOBaHOIO IIBHJAKICTIO OOepTaHHS W cHCTeMy 3y0uacTux 1
yepB'ssuHuX nepenad. Hanpuknan, y ctukosii Mammuai MCMY-150 pyxiuBy Ty nepemimiae
noB3yH 1 BiA Kyjauka 3 uepe3 ONOPHUN PONIMK 2. KyJa4OK OOEpTaeThCs BiJl ACUHXPOHHOTO
€JIEKTPOJIBUTYHA Yepe3 TeKCTPOIHY nepeaady 3 BapianToM ( gk y mammui MIIII-100) 3minH1
HIeCTipHI i1 uepB'siuHy Hepeaayy.
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EnextpomexaHi4HUN MPUBOJ CTUCKY POJIMKIB MAa€ TaKOXK JEAKI MaJONOTYXHI POJIUKOBI
Mamay (Hanpukiaa, MIIM-25).

Ponuk y moOBHHMX MalIMHaX TPUBOAMTHCS B OOepTaHHS uepe3 3yOdacTi il depB'suHi
nepeaadi Bijl eeKTPOABUTYHA a00 0e3mocepeIHRO Bijl CHEIIATFHOTO €ICKTPOABUTYHA.

VY OUIBIIOCTI TOYKOBUX 1 POJIMKOBUX MAILIMH JUIsl MiAHOMY M OIyCKaHHS BEPXHBOTO
€JIEKTPOJIa 1 CTHCKY JeTalell BUKOPUCTOBYETHCSI THEBMATUYHUH TIPUBOJI, OCHOBHOIO YaCTHHOIO
SKOr0 € TOPIIHEBUHM HMIIiHAP 31 WTOKOM 1 mopmHeM. [logada moBiTps B Kamepi LMTIHIpPA
3MIMCHIOETHCSA 32 IOMTOMOTOI0 €JICKTPOMArHiTHOIO MTHEBMATUYHOTO KilaraHa.

KoucTpykuis # npuHIun poOOTH MHEBMOINPHUBOAY 3a3BUYail aHAJOTiYHA MPUBOAY
maimmH MTII-100 abo MIIII-100. ¥V nesxkux MmammHaX BUKOPUCTOBYETHCS AUCHpParMeHHUN
MTHEBMOTIPUBIJI.

[THeBMONIpUBI 3aCTOCOBaHHWA y MAaIIMHAX:
ToukoBux — MT-602, MT-1605,MT-1609,MT-4001,
MTIIT-600; pomukoBux — MII-1001, MII-2001,
MIIIII-200; ctuxkoBux — MC-1604, 1 iHmHAX.
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VY NOTYy)XHHX CTHKOBMX TOYKOBUX MAalIMHAX
1HOJII BUKOPUCTOBY€ETHCSI THEBMOTUPABIIIYHUIN MPUBLJ

(MCJI-300, MTIIT-150-2).

[ToBiTps, MO0 HAAXOMUTH y MHEBMOIIIHID O,
BIUIMBAE 4Y€pe3 IOPUIEHh 7 Ha piauHy 5, sAKa 4Yepes g
nopieHs 4 TPUCKOPEHO OMyCKae IUIHTY 2. Micis
MOTIEPEHHOTO 3aTUCHEHHS JleTalell CTUCHEHE MOBITPA
(4-6 xr/nuB®) HATXOMUTH Y TOPOXKHUHY A Iwminpa 1.
I[Ipy npomy mTOK 8§ moOpmHA 9 nNEpeKpUBarOTh
NOPOXXHUHA B M CTBOpIOE BUCOKHMN THUCK y TIOPOKHUHI
b. Ilum THCKOM Yepe3 MmopIIeHb 4 31aBIIOIOTHCS JIETall.
[Inuta 2 BepTa€eThes y BUXIi/IHE TIOI0KEHHS MPY>KUHH 3. Ef 2
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VY nmotykHuX cTtHKoBUX MamrHax (MCI'Y-500)
a TaKOX y penbe(HUX MalIMHAX 3aCTOCOBYETHCS TiAPaBIIUYHUN TPUBiA. Y TigpaBiIigHOMY
MPUBOJI LMJIIHAPU 3a3BUYAll MPaLOOTh MpHU BUCOKUX THcKax pimuHH (150-200at™) 1 MaroTh
3HaYHO MEHII PO3MIipH, YOMY B THEBMATHYHOMY MpPHUBOAI. [ipaBIiuHIi IPUBI MPH SKICHIM
BUTOTOBJICHHI TiApoanapaTypu JO0CUTh HaIiHHUHN y poOOTI i MIBUIKOX1THUM.



Jleski CTHKOBI MAaIIMHU MalOTh 3MIIIAHWA TPHBIA — eJNEeKTPOMEXaHIYHUN Tpu
OIUJIaBJICHH] 1 THEBMATUYHUI, MHEBMOT1IpaBiIiuHui abo rigpasniyHuil npu ocaai (MC-2501,
MCJI-300).



IlepeTBoproBayi eHeprii (TkepeJia JKUBJCHHSA).

1. Tpancghopmamopu.

VY OUIBIIOCTI KOHTAKTHUX MAIWH JHKEPENIOM JKUBIIEHHS € oqHo(a3Huil TpaHchopMaTop,
0 TIEPETBOPUTHh EHEPril0 CITKOBOi HANPYrd B CHEPril0 HEOOXiJHYy /JId KOHTaKTHOTO
3BapIOBaHHS.

OcHOBHUMM ITapaMeTpaMH TpaHc(HOopMaToOpa €:

a) MepBUHHA HaMpyra (Hampyra ;KuBHIbHOI Mepexi 380B; 1 220B)
0) yactota ctpymy (3a3Buuaii 500’11, B okpemux Bumnaakax 3-101'm)
B) BroprHHa Hanpyra Uy (3a3Buyaii Uyg esxuth y Mexkax 1-24B)

I) HOMIHajgbHa TOTYXHiCTh NHOM (HalOUIbIIE NOIMMPEHHS MAalTh MAaIIWHUA 13
TpaHncopmaropamMu TMOTYXKHICTIO BiJ KiTbkoX coTeHb BaT a0 300xBrt. Inomi
MOTY>KHICTh TpaHchopmaTopiB pocsrae 1000 kBt i Buie.

1) HOMiHaJIbHA TPUBAJICTh BKIIOYeHHS [IBHOM.

Bracnigok Hu3pkoro Uz BTOpHHHA OOMOTKa 3BapOBAIBHUX TPaHCPOPMATOPIB Mae
Bcroro 1 abo ( mpum Up=20-24B) nBa mocmifoBHI BUTKU. B imeanmbHOoMy TpaHcdopmaropi
YMOBHO JIOITYCKA€THCSI, 110 OIp MEPBUHHOI 1 BTOPUHHOT 0OMOTKH J0piBHIOE (), BIJICYTHI BTpaTH
B CEpJICYHHKY 1 BIJICYTHE MArHiTHE PO3CiIOBaHHS, TOOTO BECh MAarHiTHHUIA MOTIK, CTBOPIOBAHUI
00MOTKaMu TpaHc(hopMaTopa MOBHICTIO 3aMHUKAETHCS Yepe3 CEPICYHUK 1 OJTHOYACHO TIPOHHU3YE
obunBi oOMoTkH. Y inmeanbHOrOo Tpanchopmaropa KKJ[ mopiBaioe 1 i mjis HBOTO JIOpeyHi
HACTYTIHI CITiBBIAHOIIICHHS

U;=E;=4,44fw; ®m
Uy= Ex=4,44fw, dm
U1/Up=W1/Wo=n
Wo=1, n=W;

ne:  Uj — mampyra Mepexi.
U, — Hampyra Ha 3aThcKauax BTOPHHHOI 0OMOTKH TpaHchopMaTopa.
E, 1 E; — EPC nepBuHHO{ i BTOpUHHOT OOMOTKH.
W31 1 W3 — 4nci10 BUTKIB IIEPBUHHOI i BTOPUHHOT OOMOTKH.
®m — aMIUTiITYyJHE 3HAYSHHS MarHiTHOTO TIOTOKY.
N — koedimieHT TpaHchopMmarrii.
F —gacTtota ctpymy.

Y peambHOMYy TpaHchopmaTopi dYacToTa IHAYKIIMHMX JIHIA MAarHiTHOTO TOTOKY
3aMHMKAEThCS, MUHAIOUU CEPJCYHHUK 1 YTBOPIOIOYM MATrHITHI MOTOKM po3citoBaHHS. [loToku
PO3CiIOBaHHS CTBOPIOIOTH 1HAYKTHUBHHM OMip 00MOTOK peanbHOro Tpancopmaropa. HasBHICTB
AKTUBHOTO W PEAaKTHBHOTO OMOpPY OOMOTOK MPUBOJAWTH JO JOAATKOBOTO CIIAJAHHS HANpPyTH
ycepenuni mux oomMotok (Ei1<U1; Uo<Ej). Ilpu posimkHyTOMYy BTOpuHHOMY NaHIo3i (I1=0) y
NepBUHHINT OOMOTKHM TpOTiKae cTpyM xosoctoro xoay lio. CTpym Xomoctoro xomy
TFE€OMETPUYHO CKJIAZA€ThCSI 3 PEAKTUBHOIO CTPyMy, L0 HaMarHiuye, i akKTHBHOI'O CTpyMY,



BUKJIMKYBAaHOTO BTpAaTaMU E€HEpPrii B CEPACYHHMKY TiICTEpe3ncy W BHXPOBUX CTpyMiB. Y
Cy4YacHUX TpaHc(opMaTopax Jjisi KOHTAaKTHOT'O 3BapIOBAHHS CTPYM XOJIOCTOTO XOJy 3a3BHUYail
He niepesutrye 10% Big po6o4oro cTpymy.



KoHcTpykuis TpancdopmaTopis.

VY MammHax JUisi KOHTAaKTHOTO 3BaplOBAaHHS
3aCTOCOBYIOTbCS TPU THUIUM TpaHC(HOPMATOPIB 3
PI3HUMU CepAeYHUKAMU: CTPIKHEBUN, OPOHBOBHIA 1
KUIBIICBUH. Cmpuoicnesuii mpaucgopmamop
MPOCTUI Y BUTOTOBIIEHHI, aje Mae OifbII MOTOKH
poscitoBanns ¥ Hu3bkuii KKJI, 3acTocoByeTbhcs
P1AKO ¥ TIIBKHM B MAIIMHAX MaJIOl MOTY>KHOCTI.

1 — cepneyHuk.

2 — mepBUHHA OOMOTKA.

3 — BTOpMHHHIA BUTOK.
BbpouboBuii mpancghopmamop.

Ha cepegnboMy CTpmkHI — cepledHHKA
PO3MIIIEHI €IEMEHTH, 10 YePTYIOTHCS, BTOPUHHOTO
BUTKAa W CeKIii MepBUHHOI oOMOTKH. EmemenTn
BTOPMHHOTO BUTKA INTAMIYIOTBCS 3 MIJHOTO
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apkyma, mo mnepudepii 40 KOKHOTO BHTKA MPHUMAIOETHCA TPyOKa BOISHOTO OXOJIOKCHHS.
BponboBi TpanchopMaTopH Ui KOHTAKTHUX MAIIWH OJEp)Kajd HaWOlIbIIe MOUIMPEHHS Ui
3MEHILIEHHS BTpAT €HEeprii Ha BUXPOBI CTPYMHU CEpAECYHUK TpaHcpopmaropa HaOupaeTbes 3i
CMYT €JIEKTPOTEXHI4YHOI cTaji, ToBUIMHOI 0,3-0,5 MM, 1301b0BaHUX OJAMH B1Jl OJHOTO HarepoM

a0o JIaKoOM.
Kinsuesuit mpancgopmamop.

Kinbuesi  tpanchopmaTopu  1HOAI
3aCTOCOBYIOTBCS B CIIEI[iaJli30BAaHUX CTUKOBHUX
MallMHax JUIsl  3BaploBaHHS TpyO 1 B
Tpy0O3BapIOBAIILHUX CTaHAX.




2. CxeMH JKMBJIEHHSI HU3LK0YACTOTHUX MAIUKMH i MAIIIMH 3 BUIIPAMJICHHAM
CTpymy.

VY MammHax 3 BUIPSIMIICHHSIM CTPYMY BUKOPHCTOBYEThCS TpH(a3HUi TpaHchopMaTop.

IlepBuHHI 0OMOTKH TpaHC(OpMAaTOpa BKIIOYEHI B MEPEXyY uepe3 KepoBaHi BeHTH 1 [TV

(irHiTpOHU abo TUPUCTOPH), e ’l n r‘rﬂ_N

TPUBAJIICTb BKIIOYCHHS AKHWX BHU3HAYA€

TPUBAJIICTh IMITYJIBCY . Immynbe = nc
o
CT
pymy, IO  BHIPAMIIOETHCS, Is a ' | SRR aaR) ' }
BUXOJIUTh HUIXOM nojayi B ¢ ‘—|_—_|—|
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NEpBUHHUM JAHLIOT MaKeTa iMITyJbCiB

Tpu(a3zHOi HANIPYTU OJHIET MOISPHOCTI. o N—”—n SRR . |
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binpimma 1HAYKTUBHICTh 3BapIOBAJbHOTO KOHTYPY MAalIWHU 3TJADKY€E MyJIbcallii
BUIIPSIMIICHOTO CTpyMy. Taka cucTeMa XHUBJICHHS IMPH BEIUKOMY 3BapiOBaJIbHOMY KOHTYPIL
CYTTEBO CTIOKHMBAaHY 3 MEPEXi MOTYKHICTh. TaK, 11 IpHOIU3HO OJHAKOBUX YMOB 3BapIOBAHHS
MAaIllMHU 3 BUIPSIMIICHUM CTPyMOM criokuBatoTh 480 kBT, a ogHodazna 2750 kBT. Llg cuctema
BUKOPHUCTaHA B MOTYXHUX TOUKOBUX MamnHax MTB-63, MTB-80, mosaux MIIB-16, MIIIB-
63, a Takox y penbepaux MPB-63, MPB-40, MPB-80.

VY HHM3bKOYAaCTOTHHMX MAaIllMHAX YacTOTa MEPETBOPUTHCS MMOYEPTrOBOIO0 MOAAYCI0 HA
3BapIOBATBHUN TPAaHCPOPMATOP IMITYIIBCIB BUMIPSIMIICHOT HATIPYTH MPOTHIIEKHOT MOJIIPHOCTI.

Hanpyra ozHiel  MOMAPHOCT | U,
JOCSTAETHCSI TIPH OJTHOYACHIM BKJTFOYCHHI
Bunpsimiisiua B ¢ irnitponamu Uj 1 Us, a
U,
O_

3BOPOTHOI TOJISIPHOCTI TIPH OJHOYACHIM
BKJIFOUCHH1 BUIpsIMIIsida ¥ irHiTpoHiB Us 1
U,4. TpuBaiicTb 3BaproBaJIbHOTO IMITYJIBCY
ty BU3HAYAETHCS TPHUBAIICTIO BKIIFOYCHHS
BUTNIPAMIISIYA, @ YACTOTA CTPYMY YacTOTOIO
BKIIIOUEHHS ITHITPOHIB.

[ 1

3BAPIOBAHHA  JICTKUX CILIaBIB OJHHUM
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N
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Y TOUYKOBUX MaAIllInHax JJIA

IMITYJIbCOM MPOIYKTHUBHICTIO 10 50 TOYOK

. . . . t
y XBUJIMHY 3aMICTh ITHITPOHIB e g




3aCTOCOBYIOTh MEXaHIYHI KOHTaKTOPH, MI0 BKIIOYAIOTHCA 0€3 3BaprOBAIILHOTO CTPyMY
€JIEKTPOMAarHiTHUM a00 THEBMAaTHYHUM TIPHBOJIOM.

Y HHU3BKOYACTOTHHX MAIIUHAX BUKOPUCTOBYIOTH TaKOXX CXEMH MEPETBOPEHHA 13
Tpudazaum TpaHcopmaropoM, y skux irHitpoHd Ui, Us 1 Us BKIIOYAIOTHCS CHELIATBHOIO
CXeMOI0 KepyBaHHA 31 3cyBoM B 1200 i mpoIycKaroTh Mo 4ep3i CTpyM depe3 MepBUHHI 0OMOTKH
tpancpopmaropa TC, Tak 11100 MarHiTHI MOTOKU CKJIaJaIuCs
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Sxmo BxmoueHi irHiTporu Uy, Ua, Ug, TO 10 0OMOTOK MPUKIIAAA€THCS HAIIPyTa
3BOPOTHOI MOJISIPHOCTI ¥ y 3BapIOBaIbHOMY KOHTYPi HHAYKTHETHCS CTPYM 3BOPOTHOT
Hanpyru.

Tpudazuuii Bunpsmisiu 3abesnedye piBHOMIpHE 3aBaHTaXeHHS (a3 1 3HWKYe TpH
MaJIoMy iHIYKTHBHOMY i aKTHBHOMY OITOpi KOHTYPY CHOXXHMBaHY IOTY>KHICTb.



IMNyJIbCHI CXeMH JKMBJICHHS.

IMITy TbCHUME Ha3UBAIOTHCSI CXEMU JKUBJICHHS, Y SKUX €HEpris, CIOXKUBaHA BiJl MEPexi,
BUTPAYAETHCS HA 3BAPIOBAHHS HE Oe3nocepesHbo ( 4epe3 MOHMKYBaJbHUHN TpaHchopMaTop), a
NEPETBOPUTHCS B IMITYJIbC crierianbHoi Gopmu. Taki cxemu 00OB'SI3KOBO MalOTh HAKONWYyBad
eHeprii, y SIKOMYy 3aIracaeTbCcsi CyBOpO J030BaHa 3a34ajerifib 3ajJaHa KiIbKICTh eHeprii. Takuii
HAKONM4YyBad 3a3BHYail € €JIeKTPOCTaTUYHE I10JIe€ KOHAEHCATOPIB a00 eNeKTPOMAarHiTHE IoJe
CepJIeUHHUKa CIELiaIbHOro TpaHchopMaTopa.

['onoBHa mepeBara IMIyJIbCHUX CXEM IOJIATAE B TOMY, II0 HEOOXITHA JJIsl 3BaprOBaHHS
eHeprist 3a0upaeTbcsi 3 MEPEXi MOBUIBHO, TOOTO NpU Maslid CHOXHMBaHIA MOTYKHOCTI, a
BUTPAYAETHCS MIBUIKO MEXaHIYHO ONTHMAIBHOI MOTY)KHOCTI, 8 TAKOXK € MOXKJIMBICTh CYBOPOTO
JI03yBaHHs €HEprii, 1[0 BUTPAYAETHCS HA OJJHE 3BAPIOBAHHS.

OcHoBHa 007aCTh 3aCTOCYBaHHsI IMITyJIbCHUX CXE€M — 3BaplOBaHHS JeTalied MaJioi
TOBIIMHU 1 CIJIaBIB 3 BUCOKOI €JIEKTPO- 1 TEIIOMPOBIIHICTIO.

Haifuactime B  SKOCTI  HAaKONMMYyBaya €HEPrii  BHKOPHUCTOBYEThCA  Oarapes
KOHJeHCaTOpiB. ICHye MBI cXxeMH KOHAEHCATOPHOTO 3BaproBaHHs: Oe3TpanchopmaropHa il 3
NOHWXKYBaJIbHUM TpaHchopmaropoMm. be3rpancpopmaropHa cxema 3aCTOCOBYETHCS IS
CTHUKOBOI'O 3BapIOBaHHS OIJIABJICHHSIM.

[Ipu
K JiBIM
O ——O0 MOJIOKEHHI
KJIFOYa K
B Oarapes
O | | |

1

KoHzeHcaTtopiB C 3apspKaeTbes BiJl BUCOKOBOJBTHOTO JDKEpesia MOCTIHHOTO CTPYMYy, SIKUM
MOKe OyTH BUTIPSAMIISTY a00 crieliaabHUul TeHEpaTop.

O

[Ticna 3akiHYeHHS 3apsIKA KITIOY TEPEBOJUTHCS B TpaBE IMOJIOKEHHS, 1 KOHJEHCATOP
PO3PSAIKAETBCS TPH  MIBHAKIM 301mkeHHI netanei. [lpm mpoTikaHHI depe3 naerani, IO
3BaPIOIOTHCS TIOTYXKHOTO KOPOTKOYACHOTO IMITYJIbCY cTpyMy (TpuBaticTio(4-10)10-4cex) Topi
JieTaseil OTIaBISIOTHCS, @ OTIM OCaIKYIOTHCSI i 3BapIOIOTHCS.

[Ipu ponukoBOMY i TOUEUHO-KOHACHCATOPHOMY 3BapIOBaHHI 3a3BUYail 3aCTOCOBYETHCS
cXeMa 3 MOHWXKYBaJbHUM TPaHC(HOPMATOPOM, TOMY IIO B I[bOMY BHITaJKy HEOOXiIHO, OO MpU
MaJioMy OIOpi JieTallel 3aTUCHYTHX MK €JIEKTPOJJaMHU MAIlIMHU B 30H1 3BaPIOBAHHS BULISIACS

JIOCTAaTHS
K KIJIBKICTE

O———- O Temia, TOOTO
}) HEOOX1IHO,

B 106 y

O—— 3BapPIOBAILHOM
c T y naHngi

MPOTiKaB

O—— BEIIMKUI
CTpyM npu

HEBHUCOKIH

Harpys3i.



dopMa KpHUBOi PO3PSATHOTO CTPYMY 3aJCKHTh Bijl CIIBBIIHOIICHHS 1HIYKTHBHOCTI
3BapIOBAJBHOMY JIAHITIOTA, 11 aKTUBHOTO OIIOPY 1 EMHOCTI KOHJIEHCATOPIB.

IIpu R > 2\/5 po3psia KoHaeHcaTopiB Oy/e anepioanyauM (R 1 L omiunumii omip 1

IHAYKTHBHICTH 3BapPIOBATBHOMY JIAHITIOTA, HABEJICHI 10 IIEPBUHHOTO JIAHITIOTa TpaHChopMaTopa
R=n’R,; L=n* L, n— koedimieHT Tpanchopmartii).

| A

L . .
IIpu R< 2 c pO3psia KOHAEHCATOPIB Oy/1€ HOCUTH KOJUBAJIBLHUN XapaKTep.

A
I

VY MammHax st KOHTAaKTHOTO KOHJEHCAaTOPHOT'O 3BaploBaHHs ciiBBigHOmeHHs R, L 1 31
3a3BUYail BUOMPAETHCS TaKUM 11100 3a0e3MedyBaBCsl KOJUBAILHUNM PO3PsI, TIPH SKIM OCHOBHA
YacTUHA €Heprii BUAUIAETHCS MPOTATOM MEpIIoi MiBXBWIIL. [HOAI mpu BeaMKOMy omopi B 30H1
3BapIOBAHHS, PO3PAJ CTA€ AIePiOANIHUM.

KinbkicTh eHeprii, 1o 3amacaerscsi 0aTapei KOHICHCATOPiB BU3HAYAETHCS IO (OpMYIIi:



W=Ccu?%? (1)

ne  C —emHicTh OaTapei KOHJIEHCATOPIB;
U — Hampyra 3apsIKi KOHJACHCATOPIB.
Tomy A01iIBHO 3aCTOCYBAaHHS BUCOKMX HANPYT 3apsAIKH KOHICHCATOPIB.

Hanpyra 3apsiaku oOMexyeTbesi yMoBaMu Oe3neku. [Ipu HarpoMajpkeHHI HEBEIMKOT
eneprii (0,1-0,2 kB1/cex) nanpyra He nepesuirye 1000B. SIkmio BoHO BuIIE, TO 3aCTOCOBYIOTh
MPOMIDKHI TpaHcopMaTopu, MO0 3HWXKYIOTh HAIlpyry Ha 3BaplOBAIBHOMY TpaHChOpMaTopi.
Mammunu 3 eHepriero 10 1kBt/cek xuBnsaTbes Big onHohaszHoi Mepexi (Hanpukian, TKM-7).
[Toryxnimm wmamuau (Hanpukian, MTK-75 3 enepriero mo 22KBTCEK) BiJ Tpuda3zHOTO
3apsAHOTO TpaHcopMaTopa Yepe3 BUMIPSIMIISAY P cTadii3amii Hanpyru 3apsaaku. 3 Gopmynu
(1) 6aunmo, 10 BETUYUHHA CHEPTIl, 110 HAKOMUYYETHCS B KOHIACHCATOPAX MOXKHA PETYJIFOBATH
3MIHOIO €EMHOCTI O6aTapeil KOHJeHcaTopiB a00 3MIHOIO HANPYTH iX 3apsaKH.

VY 6ipIIOCTI MAIIMH €HEPrit0 HEOOXIiIHY JJIS 3BapIOBaHHS BCTAHOBIIIOIOTH, 3MIHIOKOYH
€MHICTh KOHJICHCATOPIB.

dopMy KpHBOi PO3PSAHOTO IMIYJIBCY MOXHA 3MIHIOBAaTH 3MIHOK  €MHOCTI
KOHJICHCATOPIB, HAMPYTH iX 3apsAaKu i KoedirienTta Tpanchopmariii.

[Ipu 30inbIIEHH] €MHOCTI KOHJEHCATOPIB 3POCTA€ aMILTITYJa PO3PSATHOTO CTPyMy M
TPUBAIICTh IMITYJIBCY.

& C>C,

[Tpu 361nb1IeHH] KoedilieHTa TpaHchopMallii 3MEHIIYEThCSI aMILTITY1a PO3PSIHOTO CTPyMy H
3a PaxyHOK IIbOTO 30UIbIIY€ETHCS TPUBAIICTD IMITYJIbCIB (€HEPTisl IMITYJIbCIB BiJ N HE 3aJICKUTH).

ni<n
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[Ipu 306inbIIeHH] HANPYTHW 3apsSIKd KOHICHCATOPIB 3pOCTa€ aMILTITYJa IMITYJbCY, a
HOro TPUBANICTD 3aJUIIAETHCS 0€3 3MIHU.
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Anapatypa KepyBaHHSl MAIIIMH /I KOHTAKTHOI'O 3BAPIOBAHHS.

Pobota enexTpu4HMX, MEXaHIYHMX, MHEBMATUYHUX 1 TiIpaBIiyHUX OyJ0B MaIIWHU
yhopaBise €JIeKTpUYHA, IHEBMAaTHYHAa W TriApaBiliyHa amapatrypa. AnapaTypa KepyBaHHs
3MIACHIOE BKIIIOYCHHS BUMHUKAHHS PI3HUX OyJOB MallMHHU B 3aJaHiil MOCTIIOBHOCTI, 1HOII
KOHTPOJIIOI0YM 200 Peryroryuu OCHOBHI apaMeTpH MPOLECY.

BxiroueHHs ¥ BUMHKaHHSI CTpyMYy 31HCHIOETHCSI KOHTAKTOpaMH abo cHellallbHUMU
nepepuBHUKaMu. [IHeBMaTH4Ha amapaTypa KepyBaHHS CKIIAJA€ThCs 13 KJIANaHIB, PEIYKTOPIB,
JTyOpHUKaTOpIB 1 1H.

KoHnTakropun.

VY KOHTaKkTHHX MAaIllMHAX 3aCTOCOBYIOTHCS QCUHXPOHHI W CUHXPOHHI KOHTAKTOPH.
ACHHXPOHHI KOHTAaKTOPH BKJIKOYAIOTh 1 BUKIIOYAIOTh 3MIHHMHA CTPyM Y JTOBUIBHHM MOMEHT
yacy, He 3B's3aHui 1o (a3l 13 CUHYCO10I0 CTpyMy. bibln 1ocKkOHaIl CUHXPOHHI KOHTaKTOPHU
BKJIIOYAIOTh CTPYM Yy 3aJaHid TOUIl CHHYCOiIU, a BUKIIOYAIOTh CTPYyM TUIBKUA IpH HOro
HYJIbOBIM 3Ha4Y€HHI.

IHOA1 acCMHXPOHHI KOHTAKTOPH, 110 BKIIOYAIOTh CTPYM Yy JIOBUIBHIHM TOYIlI CUHYCOIIH, a,
10 BHKJIIOYAIOTh CTPYM IPH HOro mepexoii uepe3 Hyjb, HA3UBAIOTHCS HANIBCUHXPOHHUMU.
Tpancopmarop 1 0coOIMBO 3BAPIOBAIBHUN KOHTYP MAa€ BEIHMKY 1HIYKTHBHICTh, TOMY IpHU
iXHPOMY BKJIIOYEHHI Ha CHHYCOINaJbHYy HAmNpyry CTPYMH B NEPBHUHHIN 1 3BaproBaJbHOI
JAHLIOTaX JOCATAIOTh 3BOiX 3HAYEHHSX, 110 BCTAHOBWIIMCS, HE BiApa3y, a TUIbKHM I0JIe
3aKIHYEHHSI KOJIMBAJbHOIO IEPEeXiJIHOTO Mpouecy. Xapakrep 1 aMIUNTyAa LHUX KOJIUBaHb
3aJISKUTh BiJl TOTO, Y SIKIf TOYL CUHYCOIH 311IHCHIOETHCS BKIIFOUEHHS CTPYMY.

Hes3Baxaroun Ha Te, 110 BCTAHOBJICHWH CTaH Yy 3BaplOBAJIHLHOMY JIAHITFO31 OCATAETHCS
BiTHOCHO MIBHJIKO ( IPOTSIroM 1-3 mepioiiB 3MIHHOTO CTPYMY ), KOJTUBAHHS Y BETUYHHI CTPYMY.
HOB'SI?;aHi 3 ACHUHXPOHHHWM BKJIFOUCHHAM, MOXYTb CYTTE€EBO BIUIMBATU Ha 3BaprOBAJIbHEC
HarpiBaHHs, 0COOJIMBO MPU TOYKOBOMY 3BapIOBaHHI Ha «TBEPAUX» PEKHMAaX i MPU POJIMKOBIM
3BapIOBaHHI.

He meHIn cyTTeBO npu KOHTAaKTHIM 3BapIOBaHHI CHHXPOHHE BUMHKAHHS CTpyMy. SIKII0O
CTPYM BHMHKAETHCS HE TIPU HYJIHOBOMY 3HAYCHHI, TO B KOHTAKTOPI BUHUKAE €NIEKTPUYHA JTyTa,
0 pyHHY€E KOHTAKTH ¥ 3aTpuMyloua JiiCHe BUMUKaHHS cTpymy Ha t;=0,02-0,05 cex cTocoBHO
MOMEHTY CIpallbOBYBaHHsS KOHTakTopa. llpw BHIIagKOBOMY CIIpallbOBYBaHHI KOHTAaKTOpa
noOJau3y HYJHOBOTO 3HAUYEHHS CTPYMy Jyra HE 3aropserbcs W 3ami3HIOBaHHS He Oyne.
3arsaryBaHHS BUMUKAHHS CTPYMY TaKOXK SIK 1 HECTaJl TPOIECH MPH HOTo BKIIOYCHHI, BETyTh JI0
HECTa01IbHOCTI CHEPIrEeTUYHHX MTapaMeTPiB 3BapIOBAHHS.

VY MammHax Uit KOHTAKTHOTO 3BapIOBAHHS BCTAHOBIIIOIOTHCS €IEKTPOMArHiTHI, a TAKOXK
ITHITPOHHI a00 THPUCTOPHI KOHTAaKTOpH. EjeKTpoMarHiTHI KOHTAaKTOPH € aCHHXPOHHI, a
ITHITPOHHI ¥ THPUCTOPHI 3aleKHO BiA CXEMH 3alallOBaHHS — CHHXPOHHMMH a0o
HaIBCHHXPOHHUMH.

EnekmpomazHimui konmaxkmopu.

Konn wac BkItoueHHS CTpyMy JocuTh Benuke (t;5>0,25-0,35cex) HecTaOuNbHICTD
peXHUMY, TIOB'sI3aHa 3 ACHHXPOHHUM BKIIFOUCHHSM 1 BUMHUKAHHSM CTPYMY, MajiOo MTO3HAYAETHCS



Ha CTaOUTBHOCTI SIKOCTI 3'€HAHHS. Y WX BHITAJKaX, 30KpeMa MallliHAX I CTHKOBOTO
3BaprOBaHHS MIMPOKO 3aCTOCOBYIOTHCS MIPOCTI i JIEIIEeB] €MEKTPOMArHiTHI KOHTAaKTOPH.
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[Ipu nHatuckanni kHomku KII 3aMukaeThcs JTaHIFOT
KoTymku 1 koHTakTopa K, sika mputsrae sikip 2, 3aMHUKAIOThCS
cunoBi koHTakTH Kj; 1 Kj, 1m0 BKIFOYAarOTH 3BaproBabHUI
TparcopmaTop i 61mokyBanbHi KoHTakTH bK. [Ticis 3akiHueHHs
3BaprOBaHHS (HAPUKIIAJ, MICIIs OTUTABJICHHS M OMaau Ha 3a7aHy
BEJIMYMHY NPU CTUKOBIM 3BaplOBaHH1) CHpalbOBY€ KIHIEBUI
BuMukau KB, mo po3Mukae nasiior KoTymku koHtakropa I1.
[Tpu 11bOMY SIKIp KOHTAKTOPA BEPTAETHCS Y BUXITHE TTOJIOKCHHS
mig jgiero npyxkuHd 3 1 po3MuKkaroThes KoHTakTH Ki 1 K
BIIKJTFOYAIOYH TpaHcPopMaTop.




[THITPOHHI @I MuUpucmMopHi KOHMaAKmMopu,

VY TOYKOBHX 1 POJMKOBHMX MAIIMHAX BKJIIOYEHHS W BHUMHUKAHHS CTpyMy 3a3BUYail
3MIACHIOETBCS ITHITPOHHUMHU a00 THUPUCTOPHUMH ACHHXPOHHUMH (HANiBCHHXPOHHMMH) 200
CUHXPOHHMMHU KOHTAaKTOpaMH. ITHITPOH sBisie cOOOI0 KEpOBaHMH Ia30pO3pSAHUN PTYTHUH
npuiIag, M0 TMPOIyCKae CTPYM OJHOTO HANPSMKY IPH TOPIHHI TYrH MiX CTaJeBUM abo
rpa¢iToBUM aHOAOM | 1 pTYTHUM KaTogoM 2. IrHITpOH MPUBOAMTH CTPYM IPH Mojadi Ha Horo
namii, SKUM 3a3BMYail € HaMIBIOPOBIIHUKOBUI Kpuctan kapOinxy Oopy abo kapOopyHIy
YaCTKOBO 3aHYPEHUH y PTYyTh, HO3UTUBHOIO, IIOJ0 KaToja, Hampyra 15-20B mepen KoxXHUM
nepioJoM TopiHHs OCHOBHOI ayru. OCHOBHA Ayra 3amajitoeThcsi MeHIl Hik, dyepe3 0,001 cex
micns MOpYIISHHS JOMOMDKHOI (Y4eproBoi Iyrw) MDK MiIHaqioBaueM 1 PTYTHUM KaTOAOM
(momomixHa Ayra 10HI3y€e mapu PTyTi B OAJIOHI ITHITPOHA 1 SKIIO MPHU I[LOMY Ha aHOJ MOJaHa
NO3UTHBHA, IIOJ0 Karoja Hampyra, TO MDK HUMH 3amnaitoeTbes ayra). llpum BkiIodeHHi
ITHITPOHA B JIAHIIOT 3MIHHOTO CTPyMYy aHOJHHUI CTpyM IOYHMHA€ MPOTIKATH B MO3UTHBHUM
HiBOEepiof NpU HASBHOCTI Hampyru mignany Ha nami. Ilpu mepexoai crpymy uepe3 HyJb
ITHITpOH TracHe. IIpoTSrom HeraTMBHOrO MIBHEPIOAY Mapu PTYTI BCTUTAIOTh MOBHICTIO
NeioHi3yBaTUCA W JUIsl 3amalilOBaHHS ITHITPOHA B HACTYNHUN NO3UTUBHUI HiBHEpion
HEOOXI1THUN HOBUU IMITYJIBC TIIATY.

VY MammHax Manoi i cepeAHbOl MOTY)KHOCTI ITHITPOHHU 3aMIHSAIOTHCS TUPUCTOPAMH —
YOTHUPHILAPOBUMH HAIMIBIPOBIIHUKOBUMHU KepoBaHMMHM npuianamu tuny BK/[Y-150, BKAY-
320, T-320, T-600. Tupucrop, SK IFHITPOH MPOIyCKa€ CTPyM TiJAbKH OJHOTO HANpsIMKy M
TUTBKH TIPH TIOAA4i Ha KEPYIOUHH €JEKTPOJ] IMITYJIbCYy 3aImyCcKy. THPHUCTOP MOXKE BKIIIOUYATHCS
IpH [10J1a4l Ha Kepyrouuil enekTpoa Hu3bKoi Hanpyru (1-6B) 1 mpoTikaHHI HEBEIMKOTO CTPYyMY
80-300 MA, (B iraitpona 10-30A). KpiMm TOr0, THPUCTOP 3HAYHO MEHIIIE iITHITPOHA 32 00CATOM i
Baru. ACMHXpOHHMH ITHITpOHHUI KOHTakTOop TUMy KMA MICTUTH J1Ba 3yCTpi4HO HapayieiabHO
BKJIFOYCHI ITHITPOHH, IO 3a0€3MeuyloTh MPOTIKaHHS CTPyMy depe3 Tpanchopmatop B 000€
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HiBIEPiONy CITKOBOI HAIPYTH.

[Tamiit irHiTpOHIB BKIIOUEHI Yepe3 BeHTW Il B 1-B4 mnaBkuit 3anobikuuk [1P, koHTakT
pene yacy PB, mo Bu3Hauae yac poOoTH KOHTakTOpa i KoHTakT riapopene PI'. Konrtakt PI'
3aMHKAETHCS TITBKU MIPU JOCTATHINA BUTPATI BOAM, IO IPOXOJIOHKY€E ITHITPOHHU.



[Mpumyctumo, 1m0 B TepHIMiA MiBHEPiON TOJSPHICTH CITKOBOI HANpyTH, Taka sK
3a3HA4YEHO Ha CXEeMi.

VY mpoMy BUNAIKy MPOBITHUM MOKe OyTH Tiunbku irHiTpoH Ui, Y SKOTO Ha aHOAl +.
Sxmo koHTakT PB 3aMKHYTB, TO B JaH1031 naiis irHiTpoHa Uj IpOTIKae CTPyM IO HUIAXY:

J12-B 4-B 1-11Y -C-JI2.

IrniTpon U; 3amanroeTbest M Mpomyckae yepes3 NepBUHHY OOMOTKY IMIBXBHJIIO CTPYMY B
HaIpsMKY 3a3HAUY€HOIO CTPUIKOIO MO HUIAXY:

JI1-1-u Tux-JI2

VY HacTynHuil miBHepiof] MOJIAPHICTH CITKOBOI HANpYrd MIHSETbCS HA MPOTUIICKHY.
Irnitpon U racHe, a npoBigHuM Moke OyTH irHiTpoH Up, y skoro temnep + Ha aHozi. SKiuo
KOHTaKT PB 3anmumiaeTscs 3aMKHEHUM, TO B JIaHIIO31 maiis irHiTpoHa Uz mpoTikae cTpyM 1o
HUISXY:

JI5-B 3-B 4-11U 1-JI1

[Ipu npoMy 3anamioerbes irHiTpoH Uz 1 mporyckae yepe3 MNEpPBUHHY OOMOTKY
TpaHcpopmaTopa MiBXBUIIIO CTPYMY B HaIllPSIMKY Ha3aJ 3a3HAYEHOMY CTPUIKOIO IO LUISXY.

JI 6-u 1-J11

TakuM 4nMHOM, 3yCTpPIYHO IapajeibHe BKJIIOYEHHS ICHITPOHIB 3a0e3nedye MpOTiKaHHA
yepe3 NnepBUHHY 0OMOTKY TpaHcdopmaTopa 3MiHHOTO cTpymy. Ilpu po3smukanHi konrakry PB
NaJaloYuid iTHITPOH BIJIKJIIOYAETHCS HE O/pa3y, a TUIbKM HPHU MEpexojli CTpyMy Yepe3 HYJIb.
AHaJIOTIYHY CXeMY Ma€ aCHHXPOHHHUI THPUCTOPHUI KOHTAKTOP.

VY cuHxpoHHOMY THpUcTOpHOMY KOHTakTopi KTC, 3amyck TUpHUCTOpIB 3/1HCHIOETHCS
CHEI[IaIbHOI0  HAMIBIIPOBIIHUKOBOIO CXEMOIO KEpyBaHHs, W0 3a0e3ledyye BKIIOYEHHS
TUPUCTOPIB Y 337aHii (YCTaHOBIIIOBAHOI 3a JJOIIOMOTOI0 PEryJIATOpa) TOUL CUHYCOIIH.

VY TOYKOBHX 1 POJMKOBHX MAalllMHAX IMIMPOKO 3aCTOCOBYIOTHCSI CHHXPOHHI ITHITPOHHI
nepepuBHukn Tumy [IAT 1 TIWI. I{i nepepuBHUKKH 3a0e3MEUyIOTh CHHXPOHHE BKJIFOYCHHS
CTpyMy B 3aJlaHiil TOYIlI CHHYCOiJ{, YCTAaHOBIIOBAHOI MOTEHI[IOMETPOM HArpiBaHHs, a TaKOX
cxemy cTtabimizalii CTpyMy ¥ cXeMy KOPEKTyBaHHS, 1110 3a0e3Ieuy€e PiBHICTh MiBXBHIb CTPyMY
yepe3 TpaHcPopMaTop B 000€ MiBIIEPIOTY.

[MepepuBnuk ITUT 3a0e3nedye mpomymieHHs] OMHOTO IMIYJIbCY CTPYMY TPHBATICTIO BiJ
1 10 19 nepioziB (TPUBAIICTH IMITYJIBCIB YCTAHOBIIIOETHCS MIEPEMUKAYEM «IMITYIIBCY).

[Mepepusnuk I111I 3abe3nedye nponymeHHs depe3 TpaHcHOopMaTOp IMITYJIECIB CTPYMY,
10 YePTYIOThCA 3 May3aMu. TpUBaIICTh IMITYJIBCIB 1 TIAy3 YCTAaHOBIIOETHCS B Mexkax Bif 1 g0 19
MepioJIiB MEpEeMHUKaYaMH «IMITYJIBCY 1 «T1ay3a.

VY TOYKOBMX MAalIMHAX TMOCIIJOBHICTh 1 TPUBAIICTH E€JIEMEHTIB IUKIY 3BaplOBaHHSI
TOYKH «CTHUCK», «3BapIOBAaHHs», «IPOKOBYBAHHS» 1 «Iay3a» 3aJa€TbCsi 3a JIONOMOIOI0
eNeKTpoHHOro peiie yacy tuny PBD-7, PBD-8. Binbin TOWHMI BiJUTIK TPHBAIOCTI KOXKHOI
oreparii MOXIMBUN y uudpoBux mpucTposx Tumy perynsaropa PBJI-200, mo mpairoe Ha
HAIIBIPOBIIHUKAX 3 JEKAaTPOHUMHU JumibHHUKaMu abo perymstop PIIC-403, PCIIC-5,
no0yIOBaHUX Ha TPAH3UCTOPHUX OE3KOHTAKTHUX EJIEMEHTaX <JIOTiKa». Y IUX peryisropax
BiJUTIK Yacy OyIy€eThCs 10 YUCITy MEPioAiB 3MIHHOTO CTPyMY.






Mamuan a1 CTUKOBOIO 3BaApHOBaHHI.

THHoOBI MAITHHMN.

Mamuna MCY-150 npusHadeHa 1si 3BaplOBaHHS JIeTallel 3 HU3bKOBYTJIEIIEBOI CTai
nepernHom a0 1000 MM 6e3nepepBHUM oOIUIaBiIeHHAM 1 70 2000 MM’ OITABICHHSM 3
nigirpisom. IlpuBoj omnaBineHHs W omaaud eNeKTPOMEXaHIYHMM, 3aTHCKaul MHEBMAaTUYHI.
[IBUAKICTh OIUIABJICHHS pETYJIIOETHCS CTAJIEBUM KyJaukOM 3MIHHUMH IIECTIpHAMH U
TEKCTPONHOIO nepenadyero Nuom=150kBT.

Mamuna MC-1604 npusHayeHa A 3BapIOBaHHIO OIUIABJIEHHSAM 1 OIUIABJICHHSAM 3
HiJIrpiBOM JIeTall 13 YOPHUX 1 KOJbOPOBUX MeTaiiB nepetuHom a0 300 1 1500 MM? BiIOBIJTHO.
3aruckadl MalIMHU NMHeBMaTHyHi. [IpuBon omnaBneHHs i omaau nHeBMaTW4Hui. TpuBaiicTh
IMITYJIbCY TIIITPIBY, OMAX MiJ CTPYMOM 1 0€3 CTpyMy 3aaf0ThCS CJICKTPOHHUM PETYIISITOPOM.
[TixirpiB 371 CHIOETHCSI aBTOMATUYHO 3a JOIOMOTOI0 €JIEKTPOHHOro peiie Hanpyru. Konrakrop
— ITHITpOHHUH. 3yCWIIS OMaau JOCATAIOTHh ST, MBUAKICTH oruiaBieHHs Bix 0,15-20mwm/cex,
MIBUAKICTH omaau 250Mm/cexk.

Mamuan MC-1202 i MC-1602, po3paxoBaHi Ha 3BaplOBaHHS JeTajed 3
MasioByrJieneBoi cranu neperuHom 300 1 600 MM® MAakoTh PYYHMI BaXXUIbHUI TPUBOL,
BigmoBigHo IHoM=1200A u 16000A; NHoM=55kBT i 96,5 kBT.

Mamuna MCJI-300 nmpusHaueHa i 3BaploBaHHS Oe3lepepBHUM OIUIABICHHAM CMYT
31 cTajmi M KOJBOPOBUX METaliB TOBIIMHOKO 1,5-6 MM 1 mumpuHoo 1o 300mMm. IlpuBoj
OTIJIABJICHHS €JIEKTPOMEXaHIYHUH, Mepio 00epTy Kyjauka, 0 MepeMilllae MepecyBHY IUTUTY
IIPU OIUIABJIEHHI, PErYyII0ETHCS 3MIHOIO IIBUKOCTI 0OepTaHHS ABUTYHA MOCTIHHOIO CTPyMYy.

IIpuBox omamu i 3aTUCKadiB MHEBMOTiApaBiiyHUA. KOHTaKTOp — eneKTpoMarHiTHHM.
MairHa KOMIUIEKTY€ThCS TpaTo3HIMaueM Ty kKkoBoro Tuiry NHomM=300kBT.

Mammnna MC-2501 npusnaueHa sl 3BaprOBaHHS CMYT 3 HHM3BKOBYTJICIIEBUX CTallel
ToBImMHOK 0,8-3,5MM 1 mupurOto 30-250mMM. 3aruckadi mHeBMaTHuHI. [IpUBOA OTUIaBICHHS
eJICKTPOMEXaHIYHHUH, OaIi — THEeBMATUYHUM. MaIllMHa MocTayeHa rpaTo3HiMadeM.

Mamuna MCI'Y-500 npusHadena it 3BaplOBaHHs OIUIABJICHHSM 1 OIJIABJICHHSM 3

L. o .o . . 2

HifirpiBoM JeTaneld 3 HU3bKOBYTJICIEBOI i HU3BKOJETOBaHOI cTani mepeTnHoM 110 8000MM*.
3aruckavi MalIvHU MHEBMOTiApaBiiuHi. [IpuBig onyaBieHHs i omajy riapaBiIiyHHA.

Mamuau MC-201 i MC-202 npusHaueHi /Ui 3BaploBaHHs JAPOTY 3 BYTJICIEBOI CTaIH
niamerpom 0,5-3mMm 1 1,6-6MM i3 TepMooOpoOKOO B MammHi. MamnHa Mae TpYy>KUHHHNA
NPUBOJI, 1110 3a0e3redye JUIsl iana30Hy peryJIoBaHHS ONMaau s KokHoi Mammuu Bif 0,1 10
1,6 i Big 0,2 mo 3,2 xr, a Takox Bix 1,0 10 5,6 1 Bix 1 go 10kr, MC-201 Inom=1600a.



MamuHu AJ1s TOYKOBOIo 3BaplOBaHHI.

THHoOBI MAITHHMN.

Mammuaa MT-601 npusHaueHa [Uisi  TOYKOBOTO  3BaprOBaHHSA  JeTaliell 3
HU3BKOBYIJICLIEBOI cTalll. MamiMHa Mae pagialibHUi X1 BEpXHBOIO €JIEKTPOia i THEBMAaTUYHUI
npuBoj cTucKy (Pmax=200xr). Perynsrop yacy Ha eneKkTpoHHIN jammi 3a0e3nedye IIaBHE
peryJIloBaHHs TPUBAJIOCTI 3BaproBaHHs i nay3. KoOHTakTop e1eKTpOMarHiTHUH.

U20=1,5-2,5B Inom=6300A Nuom=14,2xBT.

Mamuna MT-602 takoro »* BUKOHaHHS, ajie 3aMICTh €JIEKTPOMArHiTHOro KOHTaKTopa
Ma€ aCHHXPOHHHI NIEPEPUBHUK HA THPHCTOPAX.

Mamuna MT-605 nmpusHayeHa i TOYKOBOTO 3BaplOBaHHA JeTalel 3 ByTJeleBOl
CTaJM TOBIIMHOIO J0 S5+5MM, HepxkaBirodoi ctaimi g0 1,2+1,2MM 1 aqrOMiHIEBHUX CIUIaBIB 0
0,8+0,8MM. MamnHa Mae OpSAMOJNIHIMHMNA XiJ BEPXHBOIO €JEKTPOJa BiJl MHEBMOIIPHUBOAY
(Pmax=650xr) Uy0=3-6B. KonTakTop irHiTpOHHHUH.

MamuHa noctayeHa 0€3KOHTAKTHUM PETyJISTOpOM LUKy 3BaptoBaHHs Tuiry PCLIC-5.
VY nmHeBMocHcTEMI IependadeHi OUIbIIl IPOXiJHI OTBOPH, YCTAHOBJIEHUH IIBUJIKICHUNA KilanaH
KIID/I-5, nonermenuii moB3yH 1 wuWiaiHAp 13 [iadpparmMeHuM mnpuBoioM. Lle mo3Bonse
oJlep>KyBaTu Ha MamuHi 10 500 TOUOK y XBUIIMHY.

IHOM=76000A NHOM=85KBT.

Mamuna MT-1609 Bigpizaserscs Bim MT-1605 panmianbHUM XOJOM BEPXHBOTO
eJIeKTpoZa i MeHmMM TemnoM pobotu ( A0 150 Touok y xBuiauHy). BoHa mpusnadena ans
3BapIOBaHHSI HU3bKOBYTJIELEBOI cTall TOBUIMHOKO 0,5-2,5MM Ha TBepaoMYy pexxumi i 10 5+5mm
Ha M'KOMY.

IroMm=16000a, NHOM=85kBT.

Mamuna MT-4001 npusHaueHa 1j1si 3BaproBaHHS JeTajieil 3 HU3bKOBYTJIENEBOI CTaji
TOBIIMHOIO BiA 3,5+3,5MMm g0 12+12mm. MammuHa Mae irHITpPOHHUN KOHTaKTOp 1 €JIEKTPOHHE
pene dacy tuny PBD-7 abo PBD2-8. [IpuBoa cTUCKY — THEBMATHUHUMN.

Mamuna MTIIT-600 npu3HayeHa 11 TOYKOBOTO 3BapIOBAaHHS JIeTajeH 3 aTlOMIHIEBUX
cruiaBiB ToBmuHOW0 Bix 1,5+1,5 mo 4,0+4,0MM iMIyJIbcOM BHIPSIMIICHOTO CTpyMmy. [IpuBoj
CTHCKY ITHEBMATH4YHHIA niadparmMeHuil. MalmHa Ma€ eNeKTPOJABUIYH OJATKOBOTO XOAY, IO
JIO3BOJISIE BCTAHOBIIOBATH JO 3BapIOBAHHS BEPXHIA EJIEKTPON y HEOOXigHE TMOJIOKEHHS.
Bunpsimitsia 310panuii o TpudasHiii MOCTOBIN CXeMi Ha iTHITPOHAX.

IroM=100000a, Nuom=600kBT.

Mammna TKM-7 npu3HaueHa A TOYKOBOTO KOHACHCATOPHOTO 3BaplOBaHHS JeTanen
TOBIIMHOIO 10 0,5-0,7MM 1 TakuM e a00 OLJIBII TOBCTUM METAJIOM.

Mammnna MTB-6303 NHoM=500kBT TOBIIMHOIO eTaNieid, 10 3BapIOl0Th: KOPPO3iiHHO-
CTIMKHUX cTajiel 3-12MM, alnroMiHI€BUX CIUIaBIiB 1-3,5MM



P38=1000-6000krc, Pripmax=10000krc.

Mamuna MTK-75 mnpusHaueHa [UIsi TOYKOBOTO KOHJIEHCATOPHOI'O 3BapIOBAaHHS
JeTajei 3 alIOMiHIEBHX CIDIaBiB ToBmImHOIO Bix 0,3+0,3MM go 2,5+2,5MM. MakcuMalibHa
€Hepris, 110 3arnacaeTbcs B KOHJEHcaTopax, 22kBT.cek. Bumpsmiisiu 3apsay KoHIeHcaTopa
tpudazauii irHirpoHHuid. IlpuBonm Takmii xe, sk y Mammui MTIIT-600. MakcumanbHuiA
iMIyJbe cTpyMmy nocarae 80ka. Tak camo BurotosisitoThest Mammuu MTK-1201 (enepris 0,24
kBT.cex), MTK-5-3 (enepris 2,7xBt.cex), MTK-6301 (eneprisa 9,8+166,6kBT.cex).

MaluuHu JJis1 IIOBHOTO 3BaplOBaHH.

THHOBI MAITHHMN.

Mamuna MII-1001 npusHaueHa Ui TO3MOBXHBOTO W TOMEPEYHOTO IIIOBHOTO
3BapIOBaHHS JeTalell 3 HU3bKOBYTJELEBOI CTaiai ToBUIMHOK A0 1,2+1,2mMM. MamuHa mae
MHEBMATUYHUN TPUBOJ 3 palialbHUM XOJOM pOJIMKAa. YHiBepcajbHa IMOBOPOTHA T'OJIOBKA i3
BOyJOBaHUM Oe3cTymiH4acTUM mnpuBogoM obepranHs [ICM-0,17 3abe3nedye Mmo3goBKHE I
MoTiepeyvHe 3BaproBaHHs. TpaHchopmMaTop BKITFOYAETHCS €IEKTPOMATrHITHUM KOHTAKTOPOM.

IromM=10000a, NuHom=27xBT.

Mamuna MII-2001 npu3HadeHa Ui TO3OBXKHBOTO U IOTEPEYHOrO IIOBHOTO
3BapIOBaHHs JieTajlell 3 HU3BKOBYIUIELEBOI M jieroBaHoi cram ToBImuHOW0O Bix 0,5+0,5MM 1o
1,8+1,8MM. MammHa nmocrayeHa CMHXPOHHUM ITHITPOHHUM IepepuBHUKOM. [IpuBoI cTHCKY
NHeBMAaTUYHUN. BepxHs rosoBka Mae kapaaHHui Oescryminuactuid mpuson IIMC i3
BIZILICHTPOBUM PETYJIITOPOM IIBHIKOCTI.

Irom=20000A, Nuom=130kBT.

Mamuna MIIII-200-5 npusHauena s nomepeyHoi, a mMamwmHa MIIIT-200-6 mns
MO3/IOBKHHOTO 3BAapIOBAaHHS HU3BKOBYTJICIIEBOI 1 JIETOBAHOI CTaji TOBIIMHOI 10 2,5+2,5MM.
Ponuku mpuBOISATHCS BiJl aCHHXPOHHOTO €JIEKTPOJBUTYHA 4Yepe3 KapJAaHHUW Ball i CHCTEMY
3y04acTuX 1 4YepB'SYHMX Tmepeaad. MammHa 3a0e3NeuyeThbcsi ACMHXPOHHUM ITHITPOHOM
nepepuBHukoM tumy [TNI1-100-4

NuoM=200xBT

Mammnaa MIIB-6301 Nuoom=450kBt, InoM=63kA. ToBimHa jaeTanei, 110
3BapIOIOTHCS, 3 KOPPO3iiHO-CTiiiKuX ctaneit 0,3-2,5MM, amoMiHieBUX cmiaBiB-0,5-2,5Mm

P38=200-1100xrc, Pip=2200krc, V3B=0,2-8Mm/XB.
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