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[IpencraBnensl mabopatopHbie padOTHI MO AMCHUILIMHAM «TepmoanHa-
MHKa U TETUIOBBIE MPOLIECCHI CBApK» U «Teopusi CBApOUHBIX MPOLIECCOBY.

Copepxar o01muMe MoJIOKEHUs 0 OpraHu3aluu J1a00paTOpHOTO MpPaAKTHU-
Kyma. Onucanpl pU3NYECKUE MPOLECCHI, MPOTEKAIOIINE B 30HE CBAPKH, Pa3BU-
THE KOTOPBIX OINPEAEISAETCS, C OAHON CTOPOHBI, HCTOYHUKOM PHEPIUH, a C JIpy-
roi, - CBOMCTBAMHM OCHOBHOTO M MPHUCAJOYHOTO METAIOB, a TAKXKE IPYIHX Be-
IIECTB, YYaCTBYIOLIUX B Mpoliecce cBapku. JlaHbl oOlIMe CBEIECHUS [0 pa3ieam
«®Pu3nKa UCTOYHUKOB 3HEPTUU U PacueThl TEIUIOBBIX MPOLIECCOB MPU CBApKe»,
«TepmoaedopMalimoHHbBIE MPOILIECCHI U TPEBPAIICHHS B METaIaX MPH CBAPKE»
1 «DUBHKO-XUMHUECKHE U METAJUTYPTUUECKUE TPOIIECCHI CBAPKID.

[TomMoOryT CTyaeHTaM COCTaBUThH MPEJCTABICHUE O BCEH CIOXKHOCTH TPO-
TEKaIOIIKX B 30HE CBAPKH IMPOILIECCOB U BIMUSHUS HA HUX OTJCIBHBIX (PaKTOPOB,
a TaKkKe 0 MPUMEHSIONIUXCS METO/IaX UCCIIETOBAHNS.
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C.B. XKapuxkos, cT. miperl.,
C.B. bonnaapes, acc.
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1 IMopsinok nmpoBeaeHusI JIAG0PATOPHBIX PadoT

3aHATUS POBOASATCS COTNIaCHO KadeapallbHOMYy pachucaHuio jadboparo-
pPHUH TEOPUH CBAPOUYHBIX MPOIIECCOB. PabOTHI BHIMTOIHSAIOTCS OTHOBPEMEHHO BCei
rpymmnoi (11-14 genosek), kotopast pazouBaercs Ha 2 nmoarpynmnsl. Kaxnas mo-
rpymIa BBIIOJHAET CBOIO padOTy COTJIaCHO rpaduKy.

[lepén BeITIOIHEHHEM 1aOOPATOPHOTO MPAKTHKyMa CTYACHTHI MOJYyYarOT
BBOJIHBIN MHCTPYKTaX IO TEXHUKE OC30MACHOCTH, PACIHCHIBASICh B CIEIIAATb-
HOM JKypHaJIe.

CryneHT 00si3aH 3apaHee CaMOCTOSITEIbHO M3YUYWTh JICKIIMOHHBIA Mare-
pUaT ¥ METOIUYECKHE YKAa3aHUs TI0 BBHITIOJHAEMON paboTe U OBITh TOTOBBIM OT-
BEUYaTh HA BOIPOCHI JIJIsi CAMOTIPOBEPKH.

[lepen pabotoii mpemnogaBaTeinb KOHTPOIUPYET YPOBEHb TEOPETHUECKOM
MOJTOTOBKHU CTYyA€HTOB. CTYJIEHTHI, TUIOXO0 3HAIOIIME TEOPETUUECKUN MaTepual,
BBITIOJIHEHUIO MPAKTUYECKOM YacTh pabOThl HE TOMYCKAIOTCA.

[Tony4yeHHble pe3ynbTaThl B BUAEC TAOJIMI] Cpa3y K€ IMOCJE BBITOTHEHUS
AKCIIEPUMEHTOB CJEAyeT MOKa3aTh MPENojaBaTeso, KOTOPhIE ONMPEIEsieT J10-
CTOBEPHOCTh TOJYYCHHBIX JAHHBIX M HEOOXOJUMOCTH MOBTOPEHHUS TOTO WM
HWHOTO OIIBITA.

2 Coaepxkanue, NOPAAOK 0(pOPMIICHHUSA M CAAYH OTUYETA

OT4eT 0 KaK/10M BBIMOJHEHHOU paboTe B 00sA3aTEILHOM MOPSIKE JOJKEH
OTpaXkaTb CJEIYIOIINEe MOMEHTHI: HAMMEHOBAaHWE M IIeNb paboThI; 3a7adu HC-
CIIETOBaHMsI; KPATKOE OMUCAaHHE METOAMKHU SKCIIEPUMEHTa, KOTOpOe Mpu HEeoO0-
XOJIMMOCTH WILTIOCTPUPYETCA ICKH3aMH, CXEMaMU; MEPEUYeHb HCIOJIb3yeMOTro
000pyZI0BaHUsI M MAaTEpPUAJIOB; Pe3ybTaThl SKCIIEPUMEHTOB B BUJE TaOIHIL; 00-
paboTKy pe3yJabTaTOB AKCIIEPUMEHTOB; TpadUUueCcKyt0 MHTEPIPETAIIUIO PE3yITb-
TaTOB PAOOTHI; BHIBOIBI.

OTtueTsl 0QOPMIIAIOTCS. PYKOIUCHBIM CIIOCOOOM Ha OJJHOW CTOPOHE JIUCTa
Oenoii 6ymaru ¢dopmara A4 (210x297 MM) ¢ HaHECEHHEM Ha HEM PaMKH; ITH-
ITyTCS YEPHBIMH, CHHUMH WJIH (DHOJIETOBBIMU YCPHUJIAMU.

Bce acku3bl, cxeMbl, TpauKy ¥ TaOJIMYHBIC PAMKH BBITIOJTHSIOTCS KapaH-
JAIIOM YETKO U SICHO, C MOMOIUIbIO JIMHEUKHU. ['paduku cTposarcsa ¢ coOnoaeHu-
em ['OCT 2.319-81 na macmraOHON Oymare Wi Ha OCHOBHOM C HaHECEHHEM
CEeTKH.

OreHka 3a BBIMOJHEHUE JTaOOPATOPHOM PabOTHI BBICTABISETCS Mpemnoja-
BaTeJIeM MO pe3yabTaTaM OMPOCOB, COOECENOBAaHUH, C YIETOM aKTUBHOCTH CTY-
JICHTa B XOJI€ BBINOJIHEHUS paboThl. PaboTa cumTaeTcs BBHIMTOJIHEHHOW CTYICH-
TOM TIOCJIE TIOMMCAHMSI €T0 OTYETA MPETOaBaTeIIeM.

OT4eT 0 BBITIOJIHEHHOM JTa00paTOpHOM paboTe JOJIKEH OBITh MPEACTABICH
IpernojaBaTeNlio Mepe] BBIIOJHEHUEM cieayiomeil pabotel. be3 oruera o
npenpiayiel padboTe CTyIeHT He IOMYCKAeTCsl K BHIIIOJHEHHUIO CIIEAYIOLIEH.

[lepen 3aderoM oTuUeTHI 000 BCEX BBIMOJHEHHBIX PAbOTaxX CHIUBAIOTCS



BMeCTe, 0pOpPMIISICTCS TUTYJIBHBIN JUCT (CM. Tpuiiokenue J1).

3. IlpaBuiia TexHUKH 0€30MACHOCTHU NPH MPOBEJIEHNH JTA00PATOPHBIX
paodor

CryzneHTsl, HE TPOUIEAININE BBOAHBIM MHCTPYKTAXK MO TEXHUKE Oe3omac-
HOCTH M MHCTPYKTaX Ha paboueM MecTe, K BBIITOJHEHHUIO JIa0OpaTOPHBIX paboT
HE JIOITYCKAIOTCH.

B mporiecce BrinonHeHUs paboThl COOMIONAIOTCS CASAYIOINE PaBuiIa:

1. Tlepen HauamoM pabOTHI CIAEAYET MPOBEPUTH 3a3€MJICHUE CBApPOUHOMU
anmnaparypabl.

2. OTKpBIBaTh paclpeAeTUTeIbHbIN mKad IS 3aMEHbI IIaBKUX IPEI0-
XpaHUTENEN UMEET IPABO TOJIBKO JIAOOPAHT.

3. 3ampemiaercs BKIOYaTh pyOMSIBHUKY Ha paclpeleIuTeNbHbIX MIKadax,
ycKaTeIn M CBapoyHOEe 00OpyaoBaHHE 0€3 pa3pelleHus MpernojaBaTess HId
nabopaHTa.

4. TIlpuctynaTh K cCOOpKE IEKTPOCXEMbI MOKHO TOJIBKO MPHU BKIIOYEHHOM
HaANPSHKCHUH MUTAIOIICH CeTH.

5. BriroyeHne 3KCIEepUMEHTAIBHOTO CTEHJIa JIOMYCKAETCS TOJIBKO MOCIIE
MIPOBEPKHU CXEMBI TPEMOIABATEIIEM U MOJIYUEHHS €TI0 Pa3peIICHHUS.

6. ITpu BKIIOYEHHOM 00OPYIOBaHUU HE CIIEYET MPUKACATHCS K €ro Kop-
MyCy U KJIEMMaM, a TaKk>Ke U KJIeMMaM U3MEPUTEIbHBIX TPHUOOPOB.

7. Bce nepexitoueHus B AJIEKTPUUECKUX CXEMAX JOJLKHBI IPOU3BOIUTHCS
TOJIbKO TIPU OTKJIIOUEHHOM MUTaHUMU.

8. Ilpu cBapke OTKPBITOW Tyrod HEOOXOJMMO IMOIb30BaThCS 3alIUTHBIMU
SKpaHaMH, MacKamH, IIUTKaMU CO CBETO(PUIbTpaMHu, HCHPABHOCTH KOTOPHIX
HE0OXOIMMO MIPOBEPATH KAXKIBIN pa3 epel Ha4yajaoM CBapKH.

9. 3ampernraercst Opath cBapOUYHBIN (IIHOC, KOMIIOHEHTHI JIEKTPOIHBIX IMO-
KPBITHI TOJILIMU PYKaMu, CIyBaTh UX C MOBEPXHOCTH JIETaJM, CBAPHOIO IIBA.

10. OcobeHHO oOmacHOl B OTHOIIEHWUW TPABMHUPOBAHUS TJa3 SIBIISIECTCS
orepanus 3a4UCTKA HATUIABJICHHOTO MeTajlla OT IJIAKOBOW KOPKH M OCTaTKOB
¢aroca. [ToaToMy npu 3a4UCTKE IMIBOB CIEAYET MPOSIBISATH MAKCUMYM OCTOPOXK-
HOCTH U paboTaTh B 3AIUTHBIX OYKaX.

11. Pa30bupaTh 37EKTPUUECKYIO CXEMY HEOOXOJIUMO MPHU BBIKIHOYEHHOM
HaIPSKEHUU CETH, HO TOJIBKO IMOCJIE pa3pelieHus MpemnojaBaTess.

12. Tlocne BbIMoOJIHEHUST pabOThI CTYACHTHI 00sI3aHbI ClIaTh Ja0OpaHTy pa-
0ouee MecTo.



Yacrts 1
TEPMOANHAMMUKA U TEIIJIOBBIE IPOLIECCHI CBAPKU
JlaGopaTopHnas padora 1

NCCIEJOBAHUE ITPOU3BOAUTEJIBHOCTHU ITPOLHECCA
HATI'PEBA U IVTIABJIEHUSA DJIEKTPOJA ITIPU 1YT'OBOM CBAPKE

Ileny padomwi: U3ydnTh 3aKOHOMEPHOCTH IPOLIECCOB HAarpeBa M pac-
IJIaBJIEHUS AJIEKTPOOB MPU CBAPKE.

OO01mue ykazanus

['OTOBSICH K BBIMIOJIHEHHUIO JIAOOPATOPHOU pabOThI, HEOOXOAUMO HU3YIHUThH
pekoMeHayemyto auteparypy [1, c¢. 136-142; 7, c¢. 171-178; 10, c. 483-492],
MOAroToBUTHL Ta0. 1.1-1.6.

PaGoTa MOkeT ObITh BBIMOJIHEHA MPU OJHOBPEMEHHOM yYaCTHUU HE MEHEe
YEeThIPEX YEJIOBEK.

CryneHTbl JOJDKHBI 3HaTh, YTO TPU OIEHKE MPOU3BOJUTEIBHOCTH pPa3-
JUYHBIX CITIOCOOOB JAYTOBOW CBapKH HEOJWHAKOBBIX THIIOB CBApHBIX COCIUHE-
HUH, TTOJIB3YIOTCS TAKHMH XapaKTEPUCTHKAMHU, KaK MTHOBEHHASI U CPEIHSS MPO-
M3BOJIUTEILHOCTh HATUTABKH.

[Tokazarenmu MPOW3BOAMTEILHOCTH IIPOIIECCa HAIUIABKH OMPEISIISIOTCS
MIPOU3BOJIUTEIIBHOCTBIO PacCIyIaBieHUs (WU TUIABJIEHUS) MPUCATOYHOTO (DIICK-
TPOIHOr0) MeTaia. TakuM mokasaresieM OyJeT MIHOBEHHas IMPOWU3BOJIUTEIb-
HOCTB PaCIUIaBJICHUS AJIEKTPOTHOMN TPOBOIOKH:

9,=0,/S,, (0.1)

rje (p — MTHOBEHHAsl POU3BOIUTEIBHOCTh PACILIABIECHMUS, I/C;
0, — dHepTHUs, BhIACIsIEMas B 3JICKTpoe, BT;
S¢ — Temocoaep )KaHue PACIIIABICHHOTO W HArPETOro JO KHUITCHUS MeTalia
anekTpona, Br-c/r.
HarpeB u mmaBieHre 3J€KTPOIOB MPOUCXOIAT OT IBYX MCTOYHHUKOB: pac-
MIPEICIICHHOTO 10 00BEMY - TETUIOTHI TOKA, MPOXOIAIIETO Yepe3 CTEPIKECHb dJICK-
TPOJIa, ¥ TFIOCKOTO COCPEAOTOUSHHOTO - JHEPTHH CBAPOYHOM JIyTH, T.C.

q9 = qs.d. + qs.e.’ (02)

rae (,, — dHEprus, BeIAEIsAeMas 1yroi Ha TOpLE dJIEKTpoaa, BT
0,.s. — JUKOYJIEBA DHEPTHUSI, BBIAEIsIEMas B CTEPKHE JIEKTPO/Ia MPU MPOXOK-
J€HUH 10 HEMY TOKa, BT.
DHeprus, BeIIETsIEMas Tyrod Ha TOPIIE AJICKTPOJa, 3aBUCUT OT dddek-
TUBHOTO MPUAIEKTPOAHOr0 NajeHus HanpspkeHus U, u Toka ayru |



Q... :Uslce :773U3|C3 :qp(sk _ST)’ (03)

rae St — TemIocoAepKaHWe MeTalla AJIEKTPOJa, IMOJOTPETOrO JIKOYJICBBIM
teriom, Bt-c/r (JIx/r).
N, — 3 dexrunbiii KI1J] mpomecca Harpesa ayiekTposa.

B cBs3u ¢ Tem, 4TO BenMMuMHA St MEepeMeHHas (MUHUMAaJIbHAs B Havale
npoliecca MIaBJIeHHs, MAaKCUMallbHas B KOHIIE MpOILlecca TUIaBIEHUS 3JIEKTPOJIa
MIPU PYYHOU AYTOBOW CBapKe), MTHOBEHHAS POU3BOAUTEILHOCTh PACIUIABICHUS
MeHnsercsa. KoadghuimeHT HepaBHOMEPHOCTH PACIUIABJICHHS AJIEKTPOIOB BBIpa-
’KAETCSI OTHOIICHUEM CKOPOCTH V., max (IIPOU3BOAUTEIBHOCTH (p max) PACILIaBIIe-
HUS AJIEKTPOJIa B KOHIIE M CKOpOCTH V., (MPOU3BOIUTEIBHOCTH () paciiaB-
JICHUS B HavaJe mpolecca:

K =Yomex _ Jpmex (0.4)

" Vo Jp0

OObIYHO MpU MpaBUIBLHOM IpoTekaHuu npouecca K, = 1,1...1,3. B stom
cilydae, a TakKe IPU MEXaHU3UPOBAHHBIX CIIOCO0axX CBapKH (B cilydyae HE3HAUU-
TEJIbHBIX KOJIEOaHWH BbUIETA 3JIEKTPOJA) MIHOBEHHYIO MPOHU3BOJIUTEIHLHOCTh
pacIuIaBICHUs] MOKHO CUATATh PABHOM €€ CpeJIHEN BEJIMYUHE:

a.l

_ p cg’ 05
I 3600 ©:9)

rae op— kod(hduuueHT pacruiaBineHus, /A y.

B mpoliecce cBapku HE BECh pacIlIaBICHHBIA METalsl MEPEXOJUT B CBa-
POUHYIO BaHHY, 00pa3ys IIOB WM BajJUK Ha OCHOBHOM MeTaiuie. YacTb pac-
TUTABJICHHOTO METajula Pa30pbI3TUBACTCS, UCIAPSETCS, BHITOpaeT (OKHUCIISAETCS).
Koneuno, Tepsiercs He TOJIBKO MTPUCATOYHBIN, HO ¥ PACIUIABICHHBIA MeTalL. s
YIPOLLIEHUsT BCE MOTEPU OTHOCAT K IpuUcagouyHOMY Mertamry. OOuume mnorepu
IIPY CBapKe OLIEHUBAIOTCS KOA(DDHUITUESHTOM MTOTEPH Yy

g —gH a,—a,
wn = p = p y (06)
9p @y

rae o, — ko3hPUImeHT HaraBKy, /A 4;
0y — MPOU3BOAUTEIILHOCTh HAIJIaBKH, T/C.

Pa0ouee 3a1anue

1. OBnageTb METOJUKON 3KCIEPUMEHTAIIBHOTO HCCIEIOBAaHUS XapaKTepH-
CTHK ILJIABJIEHUS IPUCATOYHOIO METAJLJIA IPU TyTOBOU CBapKe.



2. HCCJ’ICI[OB&TI) BIIMAHUE COCTaBa JJICKTPOAHBIX MATCPHUAJIOB HA XapaKTe-
PHUCTHKHU IIJIABJICHUSA ITPUCAJOTHOI0 METalja.

3. HCCJ’IGI{OB&TB BJIMSIHHUEC IIJIOTHOCTH TOKAa Ha HECPABHOMCPHOCTL IIJIaBJIC-
HHA JJICKTPOIA.

O06opynoBanue, NpuOOPHI M MATEPUAIBI

1. ITocTel py4HOM IYyroBOM CBAPKH MOCTOSHHOIO U MEPEMEHHOIO TOKA,
000py10BaHHBIE U3MEPUTEIHLHBIMU TPUOOPAMH.

2. YCTpOMCTBO IS YIaBIMBAHUS OPBI3T, CEKYHIOMEP, TEXHUUECKHUE BECHI
70 5 KT ¢ pa3HOBECaMH, HA0OP CJIECAPHOTO MHCTPYMEHTA, HA0Op KJEHM, IITaH-
TEHIUPKYJIb.

3. [ImacTuHBI U3 MAJIOYTIAEPOIUCTON CTAIH pazMepoM (6-8)x50%250 mm,
ANEKTPOAHBIE CTepKHU U3 MpoBONOKU CB-08A u smektpoasl mapku AHO-4 u
YOHUN-13/45 nuamerpom 4-5 MM, Mel, TJIABUKOBBIN IIITIAT, MPOBOJIOKA METHAS
nramerpom 0,6-1,0 Mm.

N3y4yenue padoThbl IKCIIEPUMEHTAJIBHON YCTAHOBKH

VYcraHoBka AJisl cBapky Ha MOCTOSIHHOM Toke (puc. 1.1) cocrouT u3 uc-
tounrnka nuTanus GV (Bempsmutens BKCM-1000), peocrata 6ammactHoro R
tuna Pb-301, amnepmetpa RA ¢ myntom RS ma 75 MB 300 A, BonsT™meTpa PV,
nepexiIoyaTens noasipaoctu Q, snexkrposaa 3.

Crnenyetr oOpaTuTh BHUMaHUE HAa MECTO YCTAaHOBKH IMEPEKIIOYATENS TO-
nsipHOCTH Q.

RS

GV _Q_ — | |
T O[Tl 5

| [}
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Pucynok 1.1 — Cxema 3kcniepuMeHTaNbHON YCTAHOBKH ISl CBAPKHU Ha MO-
CTOSTHHOM TOKE

VYcraHoBKa 111 CBapKu Ha mepeMeHHOM Toke (puc. 1.2) coctout u3 uc-
tounnka nutanus GT (cBapounsiii Tpanchopmatop TI1500), tpanchopmaropa
toka T (300/5A), amnepmetpa RA, BonbT™merpa PV u snextpona 3.

Iopsinok BeINMOJIHEHNSI padOThI
1. Ha »snexTpoaHble CTEPKHU HAHECTH TOHKHUM CJIOEM PacTBOPHI Mella U

MJIABUKOBOTO IITIATA.
2. I[TocTaBuTh BeIKITIOUATETH Q B TOJIOXKEHHE "TIONSIPHOCTL oOpaTHas'. J{ms



CTaJIbHOTO CTEepPKHs 0€3 MOKPBITUS MOoJ00paTh MUHUMAJIbHBINA TOK JIyTH, oOec-
NeYHBAIOLIMN YCTOMYMBOE MPOTEKAaHUE Mpoliecca MiaBieHus sekrpoaa Ilpen-
BapUTENIbHO TIIATEILHO U3MEPUTHh UCXOJHYIO JUIMHY CTEPXKHS U €ro AUameTp B
pa3IMYHBIX CCUCHMSX W HAIPABICHUSIX M OINPEICIUTh CpeaHee 3HaueHue d,.
[IpousBecT HaraBky, (GUKCUPYsSI MPU 3TOM BETUYMHBI TOKA |, U HampsoKeHUs
ayru U, JUIMTENbHOCTH MpoOIlecca HAIIaBKU T [l0 OKOHYaHWM mpolecca
HaIUIaBKU U3MEPUTh BEJIMYMHY OCTABILErOCs OrapKa M BBIYMCINTH JUIMHY pac-
IUIABJIEHHOTO CTEPKHA L.
Pe3ynbTaThl ONBITOB BHECTH B Ta0d. 1.1.
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Pucynok 1.2 — CxeMa 3KkCriepMMeHTaIbHON YCTAaHOBKH JJIsI CBAPKHU Ha T1e-
PEMEHHOM TOKE

Tabmuna 1.1 — VccinenoBanue BIMSHUS TUINA MOKPHITUS Ha TUJIABJICHUE
AIEKTPOAHOTO CTEPIKHS

Mapka s1ekTpoaa

d,, mm (TTonstprocth| L., MM | I, A U Ten,C
(HOKpBITI/Ie) c}) p p1i> CB» Iy CB»

3. BBINOIHUTE SKCHEPUMEHTHI COTIACHO . 2 IPU CBapKe Ha MPsIMOM MOoJIsip-
HocTH. Pe3ynbTaTsl BHECTH B Ta0m. 1.1.

4. BBIMOJIHUTB 3KCIEPUMEHTBI COTJIACHO MII. 2 U 3 MOCIe10BaTEeIbHO IS
anexktpoaoB: C-08A + men, CB-08A + CaF,, YOHU-13/45, AHO-4. Pe3ynbTa-
ThI BHECTH B Tabm. 1.1.

5. BBINOJHUTE KCIIEPUMEHTHI COTJIACHO M. 2 MPHU HAIJIaBKE JIEKTPOJAAMHU
YOHU-13/45 u AHO-4 na nepemenHOM Toke. Pe3ynbraTsl BHecTH B Tabmd. 1.1,

6. dnsa snextpogoB AHO-4 u YOHU-13/45 npu cBapke Ha oOpaTHO#H M0-
JSIPHOCTH YCTAHOBUThH XapaKTep HEPAaBHOMEPHOCTHU IUIABJIEHUS MO anuHe. s
ATOTO CJEeNYET MPEABAPUTEIHHO PA3ACIIUTh JIEKTPO HA YYAaCTKH JUIMHOM 1o 50
MM (OTCYET BEAETCS OT TOPLA JIEKTPOAa) U OTMETUThH TPAHUIIbl YHACTKOB C IO-
MOIIBIO CKPYTOK M3 MEIHOW MPOBOJIOKH, IOCJE YErO BHINOJHUTH HAIJIABKY HA
MUHUMAaJIBHOM TOKE JIyTH.

MoOMEHT 3aXUraHusl Iyrd NPUHUMAETCA 3a HAdajo OTCYETa, U C IOMO-
HIbI0 CEKYHI0Mepa (PUKCHUPYETCsl BpEMSI pacIIaBICHUS KaX/I0TO yuacTKa

[To mpubopam 3aduKCUpOBaTH CpeAHHE 3HAUEHUS MapaMEeTPOB PEKUMA.




Pe3ynbTaTel BHECTH B Tab. 1.2

7. BBIIOTHUTE AKCMIEPUMEHTHI COTJIACHO T. 6 IS CpeaHei W OOoJbIIOoN
TUIOTHOCTH TOKa B 3JIEKTpoaax. Pe3ynbraTel BHeCTH B Tabm. 1.2.

8. B3BecuTh CTaNbHYIO TUIACTHHY, MPEAHA3HAYCHHYIO ISl TIPOBEIACHHSI
akcriepuMmenTa. Knetimuth mactuny. Pesynbrar (m,,) 3amucars B 120, 1.3.

Tabmuma 1.2 — VccnenoBanue BAUSHUS TUIA TIOKPHITUS HA HEpaBHOME]-
HOCTB IIJIABJICHHUSI DJIEKTPOJIA

Mapxka L AlU.B JITMTENbHOCTD TPABJICHUS YYACTKOB Ty, C
aektpona | ¥ o 1 2 3 4 5 6 7 )

Ta6nuna 1.3 — UccnenoBanue Mpon3BOAUTEIIBHOCTH TIJIABJICHUS AJIEKTPO-

na
Kireiimo Mapka M |y | Tew les, | Moy, | @y, W, a g,
IUIACTUHBI | DJIGKTpoaa | T ® c A r |r/Au| % |r/Au

[ToMecTHTh MJIACTUHY B YCTPOMCTBO JUIs yJaBiuBaHus Opwi3r (puc. 1.3),
MIPEABAPUTEILHO YCTAHOBJIEHHOE HA CBAPOYHOM CTOJIE.

DIeKTpo.1

ONEKTPOAOAEPKATEND

YerporictBo
AJI yJIaBJIMBAHU A

v/

CranpHas niaacTuHa

Pucynok 1.3 — Cxema npoBeieHus OTbITa

Boinmonauth HamiaBky Basivka siektpoaoM YOHUM-13/45 (tok moctosH-
HBIU, MMOJIAPHOCTH OOpaTHas1, BeindrHa Toka ayru |, = 50d,).

[Tocne BhIMOTHEHUS HAIJIABKU (BpEeMsl HAIUIABKH T, (PUKCUpyeTcs MO ce-
KyH/IOMEpY) IIaCTHHA YAAJISETCS U3 YCTPOMCTBA, OUMIIaeTCs OT IIIaka U OpbI3r
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U B3BEIIMBAaeTCS. 3HAUYEHHUS MACChl HAIUIABIEHHOTO o0pas3na mp, BpPEeMEHH
HaIlJIaBKU T, U BEJIMYMHBI TOKa Ayru |, BHectn B Tabn. 1.3. Illnak u Opwi3ru
HAJIMMAIT Ha oOpasel. M3 oOpa3oBaBielics cMecH C MOMOIIbIO MarHuTa Bblje-
nsieTcs MeTaindeckas ¢pakiusa. ITo U €CTh OTepU MeTalljla Ha pa3OphI3ruBa-
HUE My,. [lomydeHHslit pe3ynbTaT HeoOXoAuMOo 3anucaTh B Tadi. 1.3.

9. BBINOJIHUTE 3KCIIEPUMEHTHI COTIacHo II. 8 jyuist anekTpona AHO-4. Pe-
3yJbTaThl BHECTH B TaOm. 1.3.

O0padoTKa pe3y/IbTaTOB IKCIIEPUMEHTOB

1. Ha ocHoBanuu aanHbIx Taou. 1.1 cmemyer paccuutath IpOU3BOIUTEIb-
HOCTB ITPOIIECCa PACIUIABICHNUS (, UL KaKIJ0r0 M3 IPUBEACHHBIX DJIEKTPOJIOB:

m? L,y
gp:Ta'Tp—’ (0.7)

c6

r7I€ Y — IJIOTHOCTh MaTepuaa 3JIeKTpoa.
[TpuMEHHUTEIBHO K CTAIBHBIM 3JieKTpoaaM (Gopmy:a (0.7) MoxeT ObITh 3a-
UcaHa CJIeIYIOIIMM 00pa3oM:

2

d’L
g, ~613-107° ", (0.8)
T

c6

Pe3synbpTaThl pacueToB BHECTH B Tabi. 1.4.

Tabmuua 1.4 — BausHue Tuma MOKPBITHS Ha IJIABJIEHUE 3JEKTPOIHOTO
CTEPKHSI U SHEPTETUYECKHE XapaKTEPUCTUKU JYyTrOBOTO pa3psiia

Mapxa Pox Toka
SIEKTPOIA A ’ %o, le, A|U,B| T,K |U,B| n,
(noKphITHE) MOJISPHOCTh r/c

2. Pacder 3(peKTUBHOTO MPUAICKTPOTHOTO TAJCHUS HAIMPSIKCHUH B CO-
oTBeTCTBUH ¢ 3aBUCUMOCTHIO (0.3) MOKeT OBITH BBIMOJIHEH IO opMyJIe:

,(5,-Sr)
2 I '

ce

U (0.9)

Temuiocosiepkanue Karelb 3JEeKTPOHOTO MeTajia S; B MEPBOM IPHOIIH-
KEHUH MOXXHO MPUHSTH MOCTOSHHBIM U paBHbIM 1880 JIx/r. Benmuuuny St pac-
CUUTBIBAIOT IO popmyIie:
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Sr=Cr-T, (0.10)

rae Cr — yzaenbHas TEMIOEMKOCTh Marepuania 3JeKTpoja npu temmneparype T,
JIx/(r-K), Benmnunna Cp npuHUMAaETCs 1o npui. A
T — TeMneparypa mogorpesa 3JeKTpoja TokoMm, K, onpenensercs pacder-
HBIM METOJI0M, pa3paboTaHHbIM M.M. PhIkaauHbBIM.
B Buze, y1oOHOM JiJisi BBITIOJTHEHUS PACUETOB, PE3YJIbTAT PEIICHUS YpaB-
HEHUS TEIJIOBOTO OajlaHca MOXKET ObITh MPECTABIICH CIEAYIOUIMM 00pa3oM:

T = Tnp (Dl +TO) 'enTCB - Dl(Tnp -TO) (0 11)
(Dy +Tg) e +(T,, -Ty) ’

rie T, =md _j> + T, — IpesenbHas TeMIepaTypa Harpesa, K;

nr,=—- +1|-7,, — Ge3pasmepHOE BpeMs HAarpeBa;

md, (4
To — HavampHas TeMIepaTypa OdJIEKTPOJHOTO CTEpXKHS (Temreparypa
OKpyxartoiei cpennl), K;

N 2.
j=—% — IUIOTHOCTb TOKa B JJIEKTPOAE, A/ MM,

9
A, D;, m — nocTtosiHHBIE KO3((PUIMEHTHI, 3aBUCSIINE OT MHOTUX (PaKTOPOB
(Tabm. 1.5).
TemmnepaTypa HarpeBa 3JEKTPOJa TOKOM MOXET OBbITh OIpEAENICHA I10
HOMOrpaMMe (mpuioxenue B).

Tabmuna 1.5 — 3HaueHus] MOCTOSHHBIX KOA((PUIIMEHTOB B 3aBUCUMOCTH
OT THUIIA MOKPBITHSI, MAPKH DJIEKTPOJIa U POJIa TOKA

Tun nokpeITHs, Pon Toka Koaddurmerts
MapKa 3JIeKTpoa A, <107, (mm*K)/(A-c) | Dy, K [m, (v KYA®
be3 mokpeITHs, ¢ |IOCTOSTHHBII 3,1 240 2,6
TOHKUM HOKPBITH- |[IepeMEHHbII 3,7 300
YOHU-13 IMOCTOSIHHBIHN 2,4 200 55
AHO-4 TICPEMEHHBIN 2,7 240 ’

3. Dddextusnbiit KI1/1 HarpeBa snekTposa 1, onpeaenseTcs 3aBUCHMO-
CTBIO

-

==2 0.12
n, U, (0.12)

Pe3ynbTaThl pacueToB BHOCSTCA B Tab. 1.4.
Bce pacuetsl nydiiie npou3BOAUTb, UCTIONB3YsS DBM.
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[To nanubiM Tab6u. 1.4 cTpoATCS CpaBHUTENbHBIE IUArpaMMbl, B KOTOPBIX
10 OCHU OpJAMHAT NEPEMEHHBIMU BEJIMYMHAMU SIBJISIOTCS 1), ¥ U, a Mo ocu abcuucc
les-

Benuunna 3¢(eKTUBHOTO MPUAJIEKTPOIHOTO MaJCHUS HAIPSHKEHUS 3aBH-
CHUT OT MOJISIPHOCTH U UCIIOJIb3YEMBIX JIEKTPOIHBIX MaTepUaJIOB:

- IPU TIPSIMOM MOJISIPHOCTHU

b, .
U =U,+ .’
- IIpy 0OPATHOM MOJSIPHOCTH

P .

U =uU,+ g ;

- IPU IEPEMEHHOM TOKE )
U = U, +U, .

2

rae U, Ui — COOTBETCTBEHHO aHOIHOE U KaTOJIHOE MajJIeHNEe HanpsKkeHus, B;
¢, — paboTa BBIX0/a,;
€, — 3apsz MIEKTPOHA

4. Tlo nanubiM Taba. 1.2 noctpouth rpaduku B KoopauHatax "Jlnurennb-
HOCTh IUIABJICHUS YYacTKOB - J[JMHA pacrijiaBIeHHOM 4YacTu »yekTpoja’, pac-
cuuTaTh (PaKTUUECKOE 3HaYeHUE KO3(PPuIueHTa HEpaBHOMEPHOCTH IJIABJICHUS
u noctpouts rpaduk K, = f(l ;) mis 1Byx 371eKTpOIOB.

[Tpu BBIMONHEHUHU TOCIEAHETO 3aJaHMsl CIETyeT BOCIIOJIb30BAThCS 3aBU-
cumocThio (0.3) U ydecTh, 4TO MPOU3BOAMTEIBHOCTh PACIUIABICHUS OTACIBHBIX
YYaCTKOB JJIEKTPOJHOTO CTEP)KHA OOpaTHO MPOMOPIMOHATIbHA IMTEIHLHOCTH
TJTABJICHUS ATUX K€ YYaCTKOB (MPU MOCTOSHHBIX MPOUYMX yciaoBusx). [Tortomy
BeipakeHue (0.4) MOkHO TpaHC(HOPMHUPOBATH CIICAYIOIIUM 00Pa30OM:

K =21, (0.13)

rae t; u t, — COOTBETCTBEHHO TUTEIBLHOCTH MEPBOTO M MOCIEAHETO Y9aCTKOB
AIIEKTPOTHOTO CTEPKHS (IJIMHA YIaCTKOB OJTMHAKOBA).

Jlanee, BOCMOIB30BaBIINCH MPUBEICHHOW BBIIIE METOAUKOW ONPEAECICHUS
TEeMITepaTyphl TIOJIOTPEBA JIEKTPOIa TOKOM, PACCUMTATh MOCIEAHIOI I TPEX
3HAYEHUN TOKOB (ITPU KOTOPHIX MPOBOJAUIUCH IKCIIEPUMEHTHI) MPU OOIIEH JJTN-
TEIHHOCTH TUIABJICHUS BCEX YYACTKOB. 3aTeM, HMCIIOJIb3Yysl JaHHbIC MpUi. A,
OTIPENICITUTh TETUIOCOICPKAHUE MaTepHaia dJIEKTPO/Ia MPU JAHHOW TeMIiepaTy-
pe, TocTie Yer0 pacCyuTaTh TEOPETUIECKOe 3HaueHUE KOd(h(UIIMEHTa HEPaBHO-
MEPHOCTH TLJIABJICHUS:

= Se =30 (0.14)
SK - ST
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[TonyueHHbIe pe3yabTaThl CBECTH B Ta0. 1.6.

Tabnuua 1.6 — BnusiHue mIOTHOCTH TOKA HAa HEPAaBHOMEPHOCTH ILIaBIIE-
HUS JIEKTPOJIa

Mapia dyy MM | Do A | jos AMM® | T, K K,
3IEKTPOIa SKCIIEPUM. | PACUETH.

[To manubIM Taba. 1.6 moctpouts rpaduk 3aBucumoctu K, = f(l.;), Ha oc-
HOBaHWW KOTOPOTO CJENIaTh BBIBOJ O CXOAUMOCTH PACUYCTHBIX M IKCIICPUMECH-
TaJbHBIX JTAHHBIX, ONPEICIUTH ONTUMAIBHBIC TOUKH JIJIS 3aJaHHBIX JJIEKTPOIOB.

5. B cooTtBercTBUU € maHHBIMH TabJ. 1.6 mMacca HaIJIaBIEHHOTO MeTallia
M, MO>KET OBITh OTpe/eNieHa KaK pa3HUIla MEXITy MaccaMu o0pasma My U TUIacTH-
HBI M,

Macca pacruiaBI€HHOIO 3JEKTPOJHOIO MeTauia M, B JTaHHOM Ciy4ae
MOXET OBbITh BBIUKMCIIEHA KaK CyMMa MacC HaIIaBJICHHOTO METajllla ¥ MOTeph Ha
pa3OpbI3TUBAHUE C YYETOM MOTEPh HA yrap U UCTIapeHUeE:

m, =1,01€, +m,, ,

rae 1,01 — MHOXKHTEITb, YYUTHIBAIOIIUI MOTEPH HA yrap M UCIIAPCHUE METaJLIa.
Torna ¢ yaerom 3aBucumocteit (0.5) u (0.6) MOXHO 3amucaTh ClIeayIOIIHe
BhIpaKCHHE:

er, = 3600~ m, (0.15)
C@TC'@
mp
@, = 3600 ", (0.16)
C@\ ce
0 = mpm;m“ﬂoO%. (0.17)
P

Ha ocHOBaHMM MOJyYEHHBIX JAaHHBIX CIAENATh BBIBOJ O BJIMSHUM THIIA I10-
KPBITHUS Ha XapaKTEPUCTUKH TUIABIEHUS IEKTPOAA.
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KoHTpoJsibHbIE BONIPOCHI

1. KakuMu HCTOYHMKAMU TETlIa HarpeBaeTCsl AJIEKTPOJ IIpU CBapKe?

2. Yto Takoe MTHOBEHHAS MPOW3BOUTEIIFHOCTD PACIUIaBICHUS IeKTpoaa?

3. Uto Takoe CpemHsis MPOU3BOAUTEIHHOCTD PACIUIABIICHUS SJICKTPOIa?

4. Yto Takoe HEPaBHOMEPHOCTh PACIUIABJICHUS DJIEKTPOJa U YeM OHa BhI-
3BaHa’?

5. Yro Takoe k03(h(PpUIIMEHT pacIuiaBIeHuUs dIEKTpoia?

6. Urto Takoe k03 puiineHT HarIaBKu?

7.4Yto Takoe KOA(PPUIMEHT MOTEPH SJIEKTPOJHOTO MeTajla Ha yrap |
pa3zOpbI3ruBaHue?

8. Onummure METOUKY SKCIIEPUMEHTAIBLHOTO ONpEACTICHHS BEINIHHBI KO-
s urreHTa HepaBHOMEPHOCTH TUIABJICHUS JICKTPOIA.

9. OnummuTe METOAMKY PACUYETHOTO OMpEACIICHUS BETMUUHBI KO3 PUIu-
€HTa HEePaBHOMEPHOCTH TUTABJICHUS DJICKTPOIA.

10. OnumuTe METOAUKY SKCIEPUMEHTAIBHOTO omnpesesneHus kodhdu-
[IEHTOB PaCIIaBJICHUS, HAIUTAaBKH, IOTEPh HA yrap U pa3OpbI3TUBaHHE.

11.  Kak BiusieT IUIOTHOCTh TOKAa Ha HEPAaBHOMEPHOCTD IUIABJICHUS DJICK-

Tpoja?
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JlaGopaTopHasi pabora 2

NCCJIEJOBAHHE ITPOINECCA HAT'PEBA U OXJIAZKTEHUSA
METAJUIA TP OJHONMPOXOJHOU CBAPKE JIMCTOB BCTBIK

Ilenv pabompi: 0BNATETh METOIUKOMN SKCIIEPUMEHTAIBLHOTO U PACYETHOTO
onpeJieNIeHrs TEMIIEPATypPHOTro MOl MPU AYyrOBOM CBapKe; UCCIEI0BATH BIIMS-
HUE MapaMETPOB PEKUMa CBAPKHU Ha XapakTep pacIipeiesieHus: TeMIEepaTyphl Ipu
JyTOBOM CBApKe.

O0mme ykazanus

PaGoTa MOkeT OBITH BBIMOJTHEHA MTPU OJHOBPEMEHHOM y4acTUU HE MEHEe
4-5 CTyZICHTOB.

['OTOBSICH K BBITIOJIHEHUIO JTAOOPATOPHOU PAaOOTHI, CIEAYET U3YIUTHh pe-
KOMEHyeMyto jutepatypy [7, c. 150-157; 10, c. 428-432, 455-464], 3an0aHUTH
Tabn. 1.7, 03HAKOMUTBCS C AKCIEPUMEHTAIBHON YCTaHOBKOM, MOJTOTOBUTH 00-
pasiibl U1 CBAPKH.

Teopus TETIOBBIX MPOLIECCOB MPU CBAPKE J1a€T BO3MOXKHOCTh BBIUHCIUTH
C TOCTAaTOYHOW TOYHOCTBIO paCIpe/IeICHIE TEMITepaTyp B METaJIe IIPH CBapKe.
JIJ1st 5TOr0 HEOOXOAUMO TIPABMIIPHO BBIOPATh CXEMBI HarpeBaeMOTO Tela M MC-
TOYHHKA Teria. Kpome Toro, JOKHBI OBITh U3BECTHBI OCHOBHBIC TETUIO(MH3HYC-
CKH€ BEJTMIMHBI CBAPUBACMBIX MaTCPHUAJIOB.

[Ipomecc pactpocTpaHeHHS TEIUIa MPHU aBTOMATHYECKON M IOJIyaBTOMa-
THYECKON OJHOMPOXOTHOU CBAPKE JTUCTOB BCTHIK MOYKET OBIThH OMHMCAH CXEMaMH
JUHEHHOTO OBICTPOBIDKYIIIETOCS UCTOYHUKA TETUIA M TUIOCKOTO TEMIIEPaTypHO-
O TOJISI B TUTACTUHE:

yZ
Y b |+T,, (0.18)

Ay -exp
V. 0.\/4zicyr dar

rae T(Y,7) — Temmeparypa MeTajla IIaCTHHBI Ha PACCTOSIHUM Y JI0 OCH IIBa B

T(y,7)=

MOMEHT BPEMEHHM T IOCJE MPOXOXKACHHS AYyroil COOTBETCTBYIOLIErO IOIE-

peuHoro ceuenus, K;

q, =1,U,l., - 23bdextuBHas MmomHoCcTs 1yru, Br;

Ty — Temnepatypa MeTaia nepea cpapkoi, K;

n, —3(dexrusnbni KIIJ] HarpeBa n3nenus Ayroro, B JaHHOM CIIy4ae HY»KHO
npuuats 7, = 0,8;

|, — TOK nyru, A;

U, — nanpsbkenue nyru, B;

V., — CKOPOCTh CBapKH, CM/C;

S — TOJIIMHA TUIACTUHBI, CM;

¢ — cpeansis TeroeMKocTb, JIx/(r-K);
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A — xoa¢pdurment temonposoanoctu JIx/(cm-c-K);

» — INIOTHOCTb METAJLNIA;

Cy — 00BbeMHas TemI0eMKOCTh, Jik/(ecm> K)

a=A/cy — KO3 UIHEHT TEMIIEPATYPOIIPOBOAHOCTH, 1/c;

b — kosddumEeHT MOBepXxHOCTHOH TemmooTaaun Jhx/(cm? ¢ K).

HecMoTps Ha TO, 4TO MpolEecChl PacHpOCTPAHEHUs TEIUIa JOCTATOYHO
TOYHO OMMCHIBAIOTCS CYIIECTBYIOIIMMHU YPAaBHEHUSIMU, B PAJIC CIIy4aeB 3TH IIPO-
[IECChl HEOOXOAMMO HCCIENIOBaTh JKCIEpUMEHTaANIbHO. TemmepaTypy meTaiia
W3JIENUsI BO BPEMsI CBAPKH U MOCIIEAYIOLIETO OXJIKACHHS U3MEPSIFOT P IIOMOLIU
Tepmonap. UeMm cioxHee TeMIEpaTypHOE MOoJie, TEM OOJbIIEE YHUCIO TepMOoNap
HEOOXOIMMO.

bnarogaps Tomy, 4TO NMpU OJHONMPOXOIHON CBAPKE JIUCTOB BCTHIK TEMIIE-
paTypa Mo TOJIIMHE JIMCTA MPAKTUYECKH paclpesieieHa paBHOMEPHO, MHOTAA
JI0OCTaTOYHO PACTIONIOKUTh HA HIDKHEHM MOBEPXHOCTHU JIMCTA OJMH TOPSYUN Criaid
TepMOINaphl, yaaleHHOW oT ocu mBa Ha 10-20 mm. TeMmepaTypbl Apyrux TOYEK
T ¢ koopauHATON Y ONPEESIOTCS C TIOMOIIBIO COOTHOILICHUS

yi-y;
T, =(I'1—T0)exp'4—at1+TO, (0.19)

rac Ti — U3BCCTHAA TCMIICpATYypa BaHaHHOﬁ TOYKH C KOOpHHHaTOﬁ y,,
To — HadaJlbHasA TCMIICPATypa.

Pa0ouee 3aganue

1. Onpenenuth TEMIEpaTypHOE IMOJE€ MPU aBTOMATHYECKOW CBApPKE CThI-
KOBOT'O COCIMHEHUSI OJHOCTOPOHHUM OJIHOTIPOXOAHBIM IIIBOM.
2. ComocTaBHTh OMBITHBIC JAHHBIC C PACYCTHBIMU.

OobopynoBanne, npuOOPbI 1 MAaTEPHUAJIbI

1. Annapar cBapounslii Tuna AJIIII'-502 ¢ UCTOYHHUKOM MOCTOSIHHOTO
ToKa (|0 >300A), darocoBas momymika, MPUCIOCOOTICHUE /JIsi YCTAaHOBKUA 00-
pasua.

2. TepMOMETpHI (XpOMEITb — aJIFOMENb) — 411IT, IMHEWKA METaTNYeCKas.

3. [Inactunbl U3 Manoyraepoauctoi cranmu (4-5)x(100-150)x (200-250)
MM — 4 TIT., CBEpPIWIbHBIA CTAHOK, CBepsio AuameTpoM 0,8MM, MOJIOTOK, 3yOu-
J10.

4, ®mroc Tuna AH-348A, snektponanas npoBoioka CB—08A auamerpom
2MM.

IHopsigok BeIMOJIHEHHSI PadOThI

1. IToaroToBUTH MIIACTUHBI TOA cBapkKy. Ilpouw3BecTn Ha KaxmoW Imia-
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CTUHE pPa3METKy OCH HAJIO)KEHHsI BaJIMKa U 0003HAUWTh MECTa YCTaHOBKHU Tep-
MoOTMaphl Ha paccToAHUAX Y1=5MM, Y,=15MM, Y3=25MM OT ocu mBa. BricBep-
JIUTH OTBEPCTHUSI B 3TUX TOUKAX.

2. [IpoBepuTh pabOTHl MUPOMETPUUECKUX MUJUIMBOJIBTMETPOB, MOCIEA0-
BaTeJIbHO HarpeBas cnai Kaxiaod tepmomnapbl. [Ipum HeoOXxomumocTu orpeje-
JIUTH TIONPAaBOYHBIE KOA(PPUIIMEHTHI K TOKa3aHUSIM Mpudopa.

3. YCcTaHOBUTH IUIACTUHY B MPUCIIOCOOJICHHWE TOJ] CBApOYHBIN ammapar
TakuM 00pa3oM, YTOOBI OCh HAJIOKEHUS BalIMKa HaXoJauiIach Ha (IIOCOBOU TO-
AyUIKe, a K 00CUM TMOBEPXHOCTSIM (JIMIIEBOW U OOpaTHOM) MIacTUHBI ObLT ObI
cBOOO/ICH JOCTYI BO3Ayxa (MEXIy IMJIACTUHON M CBapOYHBIM CTOJIOM JOJIKECH
ObITh 3a30p HE MeHee 100 Mm).

4. HarutaBUTh Ha PEKOMEHYEMOM PEXHME BAJIMK. B MOMEHT poxoxkie-
HUS TyrOd NONEPEYHOro CEYEHUs, B KOTOPOM YCTaHOBIIEHBI T€pMONaphl, BKIIIO-
YUTh CEKYHAOMEp U CJeNIaTh MEPBbIi OTCYET MO0 MWLIMBOJIBTMETPY. Pe3ynbrar
BHeCTH B Ta0j. 1.8. B nanpHelimem B TeueHue 2-3 MHHYT IIPOU3BOJIUTH OTCUE-
ThI IO IPUOOPY B MOMEHTHI, 0003HaYeHHBIE B Ta0. 1.8.

5. Bo Bpems cBapku 3aQUKCHUPOBATH CpEAHEE 3HAUEHUE CBAPOYHOTO TOKa
|, Hanpsbkenue nyru U,, obiiee BpeMs T., (C TOMOIIBIO BTOPOTO CEKYHIOME-
pa). Ilocie cBapky OYMCTUTH NOBEPXHOCTH LIBA OT IIIJIaKa, U3MEPUTH UIMHY Ba-
JIMKA U OINPEAENIUTh CPEIHIO CKOPOCTh CBAPKU V. YTOUHHUTH Y1, Y3, Y3. Pe-
3yJbTaThl HAMUCATh B Ta0. 1.8.

6. [loBTopuTh TI. 1-5 111 BTOPOTO M TPETHETO 3aJaHHBIX B Tabi. 7 pe-
’KIMOB CBapku. Pe3ynbrarel 3anucars B Tadi. 1.8.

7. Harpets muimactuny g0 To = 523 K u BeImoaHUTH 01. 1-5 151 epBoro
3aJIaHHOTO PEXHUMA.

O0padoTKa pe3yabTATOB IKCIIEPUMEHTA

1. ITo nanapiM Taba. 1.8 MOCTPOUTH KpUBBIE U3MEHEHHUS TEMIIEPATypPhI B
TOYKax ycTaHoBku Tepmomnap (puc. 1.4). Ha KpuUBBIX OTMETUTH MOMEHTHI
HACTYIJICHUS] MAaKCUMAaJIbHBIX TEMIIEPATYP Tp.

2. I[TockonpKy MaTepuan IUIACTUHBI W3BECTEH, CIEAYeT YCTaHOBUTH €T0
Teraopu3nyecKre cBoicTBa U BnucaTh MX B Tadn. 1.8. Ecinu B kauecTBe Mare-
puana MCrojiab30Bajach MaJOYrIepOANCTas CTajb, TO €€ XapaKTEPUCTUKHU OIpe-
NENSoTCs 0 AaHHBIM Tipui. A. Ilpu sTom 3HadeHus K03(hUITMEHTOB A, ¢ U a
MIPUHUMAIOTCSI COOTBETCTBYIOIMMU Temrieparype 773 K, a o — remnepartype 673
K.

[To nanHbpIM Tabn. 1.8 paccuuTtarh yIENbHYIO MOTOHHYIO SHEPIHIO IS
MIEPBOTO U TPETHETO PEKUMOB CBAPKU U PE3YJIbTATHI 3aHEeCTH B Tabd. 1.9.

qI/I — 77u I ceU 0
V0 V o0

3. Bocnonp30BaBIIMCh pacyeTHOM CXeMOM OBICTPOJBUKYIIETOCS JIMHEH-
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HOTO MCTOYHHMKA TeIla B IUIACTHHE C TEIUIooTAaucH, Haitu mo ¢opmyne (18)
pacnpejiejieHle TeMIepaTypbl B IJIACTUHE B TEX K€ TOYKaX, 1€ ObUIA YCTaHOB-
JeHbl TepMonapbl Pe3dynbratel BHecTH B Ta0d. 1.8. DTu ke pe3ynbTaTbl HAHECTH
Ha puc. 1.4. [losydeHHbIE TOUYKU COCAUHUTH IITPUXOBBIMHU JUHUSMHU. Y CTaHO-
BUTb COOTBETCTBHUE MEXIY PACUECTHBIMH U SKCIIEPUMEHTAIbHBIMUA JJAHHBIMH.

i

T, c

[
»

Pucynok 1.4 — MI3MeHeHus TeMiiepaTyp B TOUKaX YCTAHOBKH TepMomap

4. Ha ocuoBanuu ypaBHeHus (0.18) mMoxeT ObITH MOJIYYEHO BhIpaKEHHUEC
JUTSL pacdeTa pa3Mepa 30Hbl TEPMUUECKOTO BIUSHUS

2= 2. Ay . (0.20)
e V,o0-cyq, —273_

rae T, — 3aganHas temneparypa K;
€ — OCHOBaHUE HATypaJIbHOTO JIorapudma
Bennunna MakcuManbHOM TeMIIEpaTyphl ONpenessieTcs mo popmyre

2
Tmax = \/z . qU 1— byO +TO' (021)
e V., 0-cy-2Y, 2a

[Tpumeuanue. Bece pacyeTsl B COOTBETCTBUM C M. 3 U 4 Jydllle IPOBOAUT,
ucnoss3zyst OBM.

19



Ta6nuna 1.7 — MrHoBeHHbIE 3HAUCHUS] TEMITEPATYPBI

o ,CM

To,K

ICB) A

U, B

Vs, CM/C

T, C Temnepatypa B Toukax T, K (akcmep.)

V= Vo= V3= [Vi= Vo= [Va= [Va= (Vo= [Va= [Vi= (Vo= [Va=
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B cootBetctBum ¢ Bhipakenuem (0.21) crnemyer paccuuTath MaKCUMAlb-
HbIE TEMIIEpPaTypbl B TOUKaX IUIACTUHBI, TJi€ ObUIM YCTAHOBJIIEHBI TepMornapsl Pe-
3yJbTaThl CPABHUTH C SKCIIEPUMEHTAIbHBIMH.

B 3aBucHMMOCTH OT MaTepualia IUIacTHHBI ¢ moMolbio Beipakerus (0.20)
MOTYT OBITh TIOJYUYEHBI Pa3IMUHbIE XapaKTEPUCTUKU:

- ISl MAJIOYTJICPOMCTON CTalld MIMPHHA 30HBI 2| HarpeBaBiieics B Mpo-
recce cBapku Bblle TemriepaTypsl 870 K, mpu xoTopoil yriaepoaucTas craib B
3HAUUTEIBHOW CTETIEHU TEPSIET YIIPYTHUE CBOKCTBA;

- JUISL HU3KOJIETMPOBAHHOW 3aKaJIEHHOM CTaJld HMIMPUHA 30HBI OTITyCKa, KO-
TOPBIA HaXOAUTCS TpuMepHO Mexay nzorepmamu 870 u 1050 K,

A= 2lgr0 — 2050 _
2
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Tab6nuua 1.8 — PacueTHble 3HaU€HUS TEMIIEPATYP MPU CBAPKE CTHIKOBOTO
COEJIMHEHHUSI

A, I[)K/CMZ'C'K

C., JIx/T'K

3
v ., T/CM

a, cM°/c

o, Jx/em® ¢ K

To, K

qu /4685:’

T, C Temnepatypa B Toukax T, K (pacuer.)

ylz y2: Y3= ylz YZz Y3: ylz YZz Y3=

100

180

Tmax

KoHTposbHBIE BONPOCHI

1. KakoBa (u3znueckasi CylHOCTb MPOLIECCOB PACIPOCTPAHEHUS TEIUIOTHI
IIpU CBapKe?

2. Kakum oOpa3zoM BIMSIIOT MapaMeTphbl peKMMa Ha pacnpocTpaHEHUeE
TEIlIa IPU CBAapKe?

3. B xakoM ciyyae NMpUHHUMAETCS PacyeTHas CXEMa MOIIHOTO OBICTPO-
JBVDKYILIETOCS IMHEMHOTO HCTOYHUKA B TUTACTUHE C TETUIOOTAAYEH?

4. Kak BIMSIOT Teraopu3nYecKrue CBOWCTBA METajlsla Ha pacrpe/esieHre
TEMIIEpATyp MpHU CBapKe?

5. Kakum 00pazoM MOXHO BO3/€HCTBOBaTh Ha pa3Mepbl 30HBI TEPMHUUE-
CKOTO BJIUSIHUS?

6. Kak BbIOpaTh cxeMy HarpeBaeMoro Tejla U CXeMy MCTOYHMKa TeIia B
Ka)XIOM KOHKPETHOM cliydae?

7. Ha3oBuTe KpaeBbl€ yCIIOBHS, HCIOJIb3YEMBIE NIPU PEILIEHUU MPAKTHYE-
CKHX 3aJla4 HarpeBa U OXJIAXJACHUS MPU CBApKe.
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JlabopaTopnas pabdora 3

HCCJIEJOBAHUE MPOILJIABJIEHUS METAJLJIA IIPA YT O-
BOU CBAPKE

Ilenv padbomei: OBNanETh METOAUKONW PACUETHOIO M TEXHMKOW 3KCIEpH-
MEHTAJIbHOTO onpeaeneHuss tepmudeckoro KIIJ[ mponecca nporuiaBieHus,
TUTOIIA/IeH HATUIaBKH U TporuiaBieHus. M3yunTs BiusiHue (PakTOpPOB pekuma Ha
IIPOU3BOJUTENIBHOCTD Ipoliecca MPOIUIABICHHS IIPU HAIUIABKE BaJIMKAa HA Mac-
CUBHOE H3JIENINE.

O0mme ykazanust

['oToBsick k nabopaTopHOil paboTe, HEOOXOIUMO U3YUYHTh PEKOMEHIYye-
myto autepatypy [10, c. 476-483], noarotoButs Tabu. 1.12 u 1.13. Pabora mo-
’KET OBbITh BBINOJHEHA IPU OJHOBPEMEHHOM YYAaCTUM HE MEHEE TpeX-4eThIpex
CTYZCHTOB.

[Tpu cBapke (HaruIaBKe) IUIABSIIMMCS 3JIEKTPOJIOM Hapsily € IUIaBJICHUEM
AJIEKTPOJIHOTO METaJlIa MPOUCXOUT pacilaBiIeHHe (MIPOIJIaBI€HUE) HA HEKOTO-
pyto mIyOuHy ocHOBHOro metaiia CapHoit moB (puc. 1.5) oOpasyercst 3a cuer
CMEIIHMBAHMS MPOILIABICHHOTO OCHOBHOT'O M PAaCIIABJIEHHOIO 3JIEKTPOJHOIO Me-
TaJJIOB.

B nomnepeyHoM ceueHuH OB (HAIUIABICHHBIM BaJMK) XapaKTEepU3yeTcs
CIEAYIOINMHU napaMeTpamu: A — BbICOTA YCWIIEHUS 1Ba; B — mmpuHa mBa; H —
riyOuHa rnporuviaBieHus; B, — mmpuHa oOpatHOW cTOpoHBI miBa; A; — BhICOTA
oOpaTHoO#1 cTopoHs! 1mBa; H/B — oTHOCUTeNnbHAs TiyOrHa nporiasienus; B/H —
ko3 urmeHt ¢popmsl 1iBa; F, — momanp HariaBky; Fy, — mIomane npormasie-
Hust; Fo/Fy — koaddunuent miomaneit; x=F, /HB — k0>)QULHEHT MOITHOTSL.

< - FH>P\
< 7

% /.

<+—
A
A 4

A,

Frp B,

Fop P14
a) 0)
Pucynox 1.5 — OcHOBHBIE TTapaMeTphl CBAPHOTO II1BA: a) HAIJIABJICHHBIH
BAJIUK; 0) CTBIKOBOH IIOB

Bce pa3mepsl 11Ba 3aBUCAT OT PeXMMa U YCIOBUM CBAapKu. Ui ipaBUiIb-
HOT'0 BBIOOpA pexuMa CBapKu, 00eCeurBaroero TpedyeMble pasmepsl U hopmy
1IBa HEOOXOIMMO 3HATh 3aKOHOMEPHOCTH MPOLECcCca MPOILIaBICHUS.

O} PexTUBHOCTD Mpoliecca NPOTUIABICHHS XapaKTEPU3yeTCs TEPMUUECKUM
KII/I 1, KOTOpBIN MPEACTaBIsAET OTHOIIEHNE TEIIOBOM MOLIHOCTH (fp, 3aTPavH-
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BaeMOM Ha IporuiaBieHue, K 3pHEKTUBHON TETIOBON MOIIIHOCTH (;:

F S'V
77t _ qnp _ _npnnce ’ (022)
qu ﬂuUalcg

rye Frp — TUIONIA/Ib IPOTITABIICHHS, CM
V; — CKOPOCTh CBapKH, CM/C;
S’ — 0OBbeMHOE TGHJ’IOCOI[G}]))KaHI/Ie pacIUIaBIeHHOr0 MeTtata, Jhk/cM®, st
MAaoyriepoaucToit cramu Sy, = 10500 Jix/cm’;
n, —3pdexrusnbiii KI1/] narpesa uznenus, n, = 0,8.

Homorpamma a1t HaX0XISHUS 1); P HAIJIABKE HA MACCUBHOE TEJIO TO-
CTpPO€HA B 3aBUCUMOCTH OT Oe3pa3mepHOro kpurepus C, (mpui. b).

Pabouee 3aganue

1. TIpou3BecTH HAIIaBKy BAJIMKOB Ha IJIACTHHBI, W3TOTOBUTH IOMEPEYU-
HBIC MaKpOIUTH(BI, K3MEPUTH ITaAPaMETPhI 30H HAIUTABKH M MPOILIABICHHS, BbI-
YHCITATH 3HaYeHHst TepMudeckoro KIIJI mo sKcriepuMeHTaIbHBIM JaHHBIM.

2. Iomyuuts ypaBHenue perpeccun 7, = f(&,, H/ B).

3. Paccuurars 3HaueHus repmudeckoro KIIJ[ 1y ¢ momMomp0 HOMOrpaMMBsl
(cM. mpui. b) 1 conocTaBUTh pacyeTHbIE U IKCIIEPUMEHTAIbHbIE JJAHHBIE, YCTa-
HOBUTH BEJIUYHMHY U XaPAKTEP PACXOKICHUIM.

4. BBISIBUTB 1O AKCIIEPUMEHTAIbHBIM JAaHHBIM BIIMSHHUE (PAKTOPOB PEKHU-
Ma CBAapKH Ha KO3(pPUIMEHT TUIonaaei.

OobopynoBanne, npudOPbI 1 MaTEPHUAJIbI

1. Anmapar ijisi aBTOMaTUYE€CKOW CBapKH 1Mo (PJIFOCOM WJIM B YTIEKUCIIOM
raze (Mo ykKazaHHMIO IpernojaBaresisi), 00OpyAOBaHHBIA HW3MEPUTEIbHBIMU TPU-
O0opamu, CEeKyHJOMEp, HOKOBKA MEXaHWYeCKas, NMUIM(POBAIbHBIA CTAHOK, DIH-
JTMACKOII, BEChI aHAJMTUYECKUE, KJIeMa CTalibHbIE (IIU(POBLIE), THHEHKA CTaIb-
Hasl, HO’KHHUIIBI.

2. Marepuansl cBapounsble: ¢uroc Tuna AH-348A (yraekucnoTa), mpoBo-
noka cBapouHas CB-08A nmuamerpom 3mm (CB-0812C nuametpom 1,6mMMm), miia-
CTHHBI U3 Majoyriepoaucton ctamu (250 — 300)x (150 — 200)x (20 — 30) mm B
KOJIMYECTBE 2 IIT., PEAKTUB JJIs TpaBiIeHUs MakpouuindoB, OymMara mioTHasl.

Onucanue 1a00paTOPHOM YCTAHOBKH

[Ipu npoBeAeHUN SKCHEPUMEHTOB JOHKHO ObITH MCIOJB30BAaHO CBApOY-
HOE 000pYyI0BaHUE, PETUCTPUPYIOLIUE TPUOOPHI, MEPUTENIbHBIN HHCTPYMEHT, KO-
TOpBIE MO TEXHUYECKUM XapaKTEPUCTUKAM M KJIacCaM TOYHOCTH OTBEYAIOT Tpe-
OOBaHUSAM, IPUBEIEHHBIM HUXKE.

MexaHu3Mbl MOfaun CBApOYHBIX TOJIOBOK JIOJDKHBI OOecreyuBaTh CTa-
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OMJIbHYIO PAaBHOMEPHYIO CKOPOCTh MOJauu MpoBOJIOKU. JlomycTumble koseba-
HUS CKOPOCTH IOJa4yd NPU U3MEHEHMM COIPOTHUBIICHHS B TPAKTaX CBAPOYHOU
anmapaTrypbl HE JOJKHBI TPEBBIMATh +5%. AHaNOru4YHbIe TPEOOBAHUS MPEIb-
SBJISIFOTCSL M K CKOPOCTH IIEPEMEILEHUS CBAPOYHON JYTH.

Knacc TouHocTu uzmepurenbHbIx npudopos — He Hke 1,5. Ilpu npose-
J€HUH DKCIIEPUMEHTOB HEOOXOIMMO OOECHEUUTh CIEIYIOIIYI0 TOUHOCTh M3Me-
PEHHUsI JTMHEWHBIX MapaMeTPOB IONEPEYHOI0 CeYeHus cBapHoro msa + 0,2mw,
IJIOIIA/Ie HATUTaBKU U mporuiaBieHus + 4%.

IMopsinok BLINOJTHEHHS PAadOTHI
1. B 3aBUCHUMOCTH OT BBIIAHHOTO IPEIOAABATEIIIMU 3a/IaHUS, BapUAHTHI
KoToporo oroapuBatorcs B Tabn. 1.10 u 1.11, momgoOparh cBapodHOe 000pya0-

BaHUE, MPOBEPUTH €ro paboTocrocoOHOCTh. CoOpaTh cXemy.

Tabmuma 1.9 — OprueHTHPOBOYHBIC 3HAUCHHUS TAPAMETPOB PEKUMA TTPH
CBapke 1o QJrocom

XapaKTepruCTUKU [TopsANKOBBIN HOMED IKCIIEDUMEHTA

mpoliecca 1] 2 3415 6 | 7 8 | 9
droc AH-348A
Jlnametp s7eKTposa, MM 3
Brutet anexrpona, MM 34-38
Tox cBapouHbIil, A 300] 450 | 600 | 300 | 450 | 600 | 300 | 450 | 600
Hanpsokenne Ha nyre, B 30133 |37 ]30 (33| 37 | 30 | 33| 37
CKOpOCTh CBapKH, CM/C 0,25 0,8 15

Tabnuna 1.10 — OpueHTUpOBOYHBIC 3HAYCHHSI TAPAMETPOB PEKUMA TIPU
cBapke B CO,

XapakTepUCTUKHU ITopsAKOBBI HOMED IKCIIEPUMEHTA
npolecca CBapKu 1] 2 3|45 |6 7 [8]029
Jlnamerp anekrpoaa, MM 1,6
Brinet anexkrpoaa, MM 20-24

Toxk cBapouHsIif, A 120| 300 | 500 | 120 | 300 | 500 | 120 | 300 | 500

Hanpsokenne nHanyre, B| 22 | 31 | 40 | 22 | 31 | 40 | 22 | 31 | 40

CKOpOCTbh CBapKH, CM/C 0,25 0,8 15

2. C moMOIpI0 CEeKyHJIOMEpAa M CTAaTbHOW JMHEHKA YCTaHOBUTH MHUHU-
MaJIbHYI0 CKOPOCTh CBapKH U Ha MOCTOPOHHEH IJIACTUHE NOA00paTh TpeOyembie
3HAYEHMSI CBAPOYHOTO TOKA U HANpPsDKEHUs Ha ayre. [IpousBecTu sKCnepruMeH-
TaJIbHYIO HaIJIaBKy. 3aUKCUpOBaTh UCTUHHBIC 3HAYEHUS MapaMETPOB PEKUMa
CBapKH, Pe3yJIbTaThl BHECTU B TAOJIMILY, TOCTPOEHHYIO 10 Gopme Tadu. 1.10 munm
1.11. KneiiMuTh CBapHOM I110B.

3. IIoBTOpUTH OMBITHI JUIsl APYTUX 3HAYEHUN TOKOB M HAMpPsHKEHUH (IKC-
MIEPUMEHTHI 2 U 3).
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4. TToBTOpUTH NIEpEX0bl 2 U 3 JIs1 APYTUX CKOPOCTEN CBapKH.

[Ipumeuanne. Kaxnaplii moCienyromnil BAIMK HAIUIABJISETCA HA MOJHO-
CTBIO OXJAXJACHHYIO IJIACTUHY. I OXJIaXKIEHUSI MOXKHO HCIOJIb30BaTh CTPYIO
BoAbl. [locKONBKY IiyOMHA MPOIUIaBICHUS MEHbIIE MOJOBUHBI TOJIIUHBI IJa-
CTHHBI, TO BO3MOKHA HAIIABKA C JIBYX CTOPOH ILIACTUHBI

5. HamnaBneHHbIe TUIACTUHBI Pa3pe3atoTcsl C 1eNIbI0 U3TOTOBJICHUS TOIIe-
peunbix Makpouuugos. [llupruHa BeIpe3aHHOTO MOMEPEUHOT0 TEMILIETa T0JDKHA
coctaBiATh (15 - 20) mm. [l ycpelHEeHHs U MOBBIIEHUS! TOYHOCTH pe3yJIbTa-
TOB AKCIEPUMEHTA U3 Ka)KJIOW IUIACTHUHBI CIEAYET BbIPE3aTh MO TPU TEMILIETA.
[Ipu sTOM JHOMKHBI OBITH MCKIIOUEHBl HAYaJIbHBI W KOHEYHBINH YYacCTKH
HAIUIaBJICHHBIX BAJUKOB JJIMHOU 25 - 30MM

Bripe3aHHbie TEeMIUIETHI MOJABEPraroTcs HUTH(POBKE C OAHOW CTOPOHBI H
TPABJICHUIO C LEJbIO BBISBJICHUS TPAHMI] 30H IPOIUIABICHHUS.

6. [ToaroroBneHHbie MUKPOLULIU(HI HAUIABICHHBIX BAJIMKOB C MOMOIIbIO
AIUAUACKONA TIPOSKTUPYIOTCA Ha OyMary Mmpy COOTBETCTBYIOIIEM YBEIUYCHUHU.
[Ipu 3TOM CiienyeT MOMHUTB, YTO €CJIM JIMHEWHBIE pa3Mephbl YBEIMUYEHBI B N pas,
TO IUIOWIAJb HarulaBku F, u nporuaBnenus F,, — B n°. dakTop N MOXKET ObITh
IPEIBAPUTEIBHO ONPEEIIEH C MOMOIIBIO 3TAJIOHA, JINOO MO pe3yjbTaTaM CpaB-
HEHUS TOJILMHBI INTACTUHBI PEaJIbHOM U Ha SKpaHe.

Ha yBennueHHOM M300pakeHUU U3MEPSAIOTCS IMpPHUHA BalMKa B, riryOuna
nporuiaBieHus H Beicota ycunienus A, noacuuteiBatores F, u F,. 3nauenus F
u Fy, MOryT OBITH OINpeAeIeHbl METOIOM B3BEUIMBAHUS YBEIMYEHHOTO H300pa-
KEHUS IUIOIIAIA Ha AaHAJUTUYECKUX BECaX C MOCIEAYIOMIMM CPAaBHEHUEM C 3Ta-
noHoM. [TosrydeHHbIe pe3ynbTaThl U3MEpEeHU BHeCTH B Ta0d. 1.11.

Tabymua 1.11 — Pe3ynbrarsl nuamMepeHuit

[upuna ['mybuna [Inomane | Ilnomans Bricota

Homep dkc- | BajHMKa |OPOIUIABICHHS| HATJIABKHU |TPOILIABICHHS| YCHIICHUS
2 2

TIepHMEHTa B, Mmm H, MM Fu MM Frp, MM A, MM

Bi Bcp Hi Hcp FH i FH cp an i an cp Ai1 Acp

O0padoTKka pe3yIbTATOB IKCIIEPUMEHTA

1. Ucnonw3ys nannble 1a0n. 1.10 unum 1.11, paccunrars A1 KaxKaoro sKc-
nepuMeHTa 3HaueHue 3p(HEKTUBHOM TETIOBOM MOIIHOCTH CBapOYHOUN AYTH

qu = nuUdlce

rae N, — dpdextuBubiii KI1/| HarpeBa u3genust 1yroi, mpyu BHITIOJHEHUN JaHHOM
paboTHI €T0 3HaYEHUE MOKHO IPUMEHUTH YcpeaHeHo paBHbIM (),8.
Pe3ynbrathl pacueToB BHECTH B Tabu. 1.13
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Ta6nuna 1.12 — J[aHHBIE SKCIIEPUMEHTOB

1 = G:) | 1 1 cés E
o Sa | ¢ o Tepmuueckuii &-| g = ﬁ
= s | B = o = KIIJ s & ¢ = &~
SE| S| & O Z<=| E = 2.u°
o5 S o4 N §§m >:$'—:|f é’i'&m

W ~— IH L] 3 H
EE| S5 | BV |EEL| £ | B2 |ZL|EXEE| 8
2= o = O = | T =N o =
2| 22| A% |8 5 & E = Tl W g =
co| S5 %R |E28xr £ | EE|2:/E:zTE| s
55| 25| 2 5 E E | FE|SE8|ER| RS 5E
" 2| 03| 2 S O = 4| ag|E Skl 20
|25 % |E2 | 2 |2E|EE T ¥ |EE

<
= R O © a o= S VS
1 2 3 4 5 6 7 8 9 10

2. Ucnonp3ys moydeHHbIe 3HaYSHHS (, ¥ AaHHbie Tabm. 1.10, 1.11, pac-
cuMTaTh O€3pa3MEPHBIN KPUTEPHIA

q, Vv

— u  ce
2al
as,,

S,

rae a — ko3 UUUEHT TeMIepaTyporpOBOJIHOCTH, IPUHUMAETCS COOTBETCTBY-
foImEM Temneparype (673 — 773)K u pasrbiv 0,08cM?/c (M. mpui. A).

3. Ucnonb3ys HOMOrpaMMy, ONpeAesuTh TeopeTndeckue 3HadeHus n't. [lpu
TOM 3HAY€HUE OTHOCHUTENIbHOM riyOuHbl mnporuiaBieHus H/B npunumaercs
paBHbIM 0.,5.

4. Ucnonp3ys naHHbIe, MpuBeAeHHbIe B Ta0m. 1.9 - 1.11, paccunrtats sKc-
nepuMeHTanbHoe 3HaueHue repmuueckoro K11 mponecca nporasinenus n';.

5. Ucnonb3ys naHHble, npuBeneHHbIe B rpadax 3 u 5 tadn. 1.13, paccuu-
TaTh OTHOCUTEIBHYIO MTyOMHY IPOILIABICHHUS.

Pesynbrathl pacueToB BHecTH B Ta0m. 1.13.

6. [IpousBecTu craTudeckyro 0OpabOTKY pe3ysbTaTOB U MOJYYHUTh ypaB-
Henus perpeccun 7, , 17{ = £(£,), n{ = £(£,,H/B). CpaBuuts pe3ynbrarhi.

7 OmnpenenuTh BETHYMHY TTOMPABOYHOTO KOdpGUIHeHTa = ?t. Pe-
3yabTaThl BHECTH B Tpady 7 Ttabin. 1.13. [IpousBectu cratucTuyeckyo o0padboT-
KY ¥ TIOJIy9UTh 3aBUCUMOCTD . CliesaTh BBIBOIbI

8 Mcnonb3ys manHble, mpuBeAcHHbIC B Tpadax 3, 5, 7, 9, 11 Tabm. 1.13,
paccuuTath KO3GPUIUEHTHI iomanei Fu, cp/Fy cp, momHOTH Pt = F )/HB, dopmbr
ycunenus F./AB. Pe3ynbraTsl npeacTaBuTh B BUaE TpapuKoB CHavYaia B QyHK-
1ur 3P PEeKTUBHOM TETUIOBON MOIITHOCTH (,;, TOTOM B (DYHKIIMH TTapaMeTpa Mmpo-
necca 0, Ve,. CrenaTth BBIBOJIBI O BIMSHHH NTApaMETPOB PEXMMa CBApPKH Ha Gop-
MOOOpa30BaHKE CBAPHOTO IIIBA.
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PacdeTsl 1o 1.6 J1yuliie nporu3BOIUTh, UCTIONB3YsT DBM.
KonTpoabHbIe BONPOCHI

1. KakoB TenoBoii 6ajiaHC pa3IM4HBIX TyTOBBIX POLIECCOB CBAPKU?

2. Yro npeacrasiusier coboit Tepmuueckuit KITJ[ mporutapnenus?

3. Kak BausioT nmapaMmerpbl pexXrMa CBapKH Ha BEJIMYMHY TEPMHUECKOTO
KIIA?

4. KakuM OTHOCUTENBHBIM IIOKa3aTeleM XapakTepusyercss 3PQeKTuB-
HOCTb IIpOIIecca MPOTIaBICHUS?

5. Kak BbIpa3uTh 4epe3 OCHOBHBIC IMapaMeTphbl MIBA OTHOCHUTEIHHYIO
riyOuny npormiasiaeHus (KodhGuimeHT Gopmsl 11Ba)?

6. Kakosbl mytu nossimenust repmudeckoro KII, addextuBHOCTH HC-
MOJIb30BAHHUS TEIUIa JYTOBOT'O UCTOYHUKA SHEPTHH?

7. Tloyemy M3MEHSIOTCS pa3Mephl IIBa IIPU U3MEHEHUU CKOPOCTH CBapKu?

8. Ilouemy u3MEHSIOTCA pa3Mepbl LIBAa NPU HW3MEHEHUHU HaIPsLKEHUS
(Toka) myru?

9. JlaiiTe XapaKkTE€pUCTUKY PacyeTHOI'O METOJla ONpeAesICHUsl TepMuye-
ckoro KIIJI mpouecca npomniaBiaeHus.

10. OnummTe SKCIEPUMEHTAIBHBIA METOJ ONpPENEICHHUs] TEPMHUYECKOIrO
KII/I mpouecca nporuiaBieHusI.
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JlaGopaTopHasi padora 4

WCCJIEJJOBAHUE BJUSHUA PEXKUMA CBAPKH HA CBOM-
CTBA METAJLJIA IIIBA 1 OKOJIOILIOBHOM 30HBI

lle./lb pt160mbl.‘ OBJIaACTDH MGTOI[PIKOﬁ PaCUCTHO-OKCIICPUMCHTAJIBHOT'O
HCCIICJOBAHUS BIUAHUA TCPMHUYCCKOTO MUKJIA CBAPKHW HA TBCPAOCTH PA3JIMYHBIX
30H CBApHOI'0 COCANMHCHMA.

O0mme ykazanus

['oToBsice k nmaboparopHoil paboTe, HEOOXOAUMO HU3YUHTh PEKOMEHYye-
Mmyto jmreparypy [1, c. 153-157; 2, ¢. 117-134; 7, c. 313-336], moATOTOBUTH
tabn. 1.14, 1.15.

PaGoTta MokeT OBITh BBHITIOJTHEHA TIPU OJJHOBPEMEHHOM y4YacTHH HE MEHEe
TpEX YEJIOBEK

CTyIeHTbl TOJDKHBI 3HATh, YTO pEHIAOIUM (aKkTOpoM B (HOPMUPOBAHHUU
CTPYKTYpBl U CBOMCTB CBapHBIX COCAUHEHHH, OCOOEHHO U3 CPEIHEJIETUPOBaH-
HBIX CTaJiei, SABISETCS CKOPOCTh oxyaxaeHus. OXIaXaeHne MeTauia ¢ JocTa-
TOYHO OONBIIUMHU CKOPOCTSIMH CIOCOOCTBYET TOJYYEHUIO HEPABHOBECHBIX
CTpyKTyp. CHIDKEHUE CKOPOCTH OXJIAKIESHUS METalia [IBa U OKOJIOIIOBHOM 30-
HBI TI03BOJISIET U30eKaTh 00pa30BaHMsI 3aKaJOYHBIX TPOOCTHUTHBIX TPOOCTOMAp-
TEHCUTHBIX WJIM MapTCHCUTHBIX CTPYKTYP, XapaKTEPHU3YIOIIUXCS IMOBBIIICHHOM
TBEPAOCTHIO, TPOYHOCTHIO M HHU3KOW IIACTUYHOCTBIO, M OOECHEeUnTh Kade-
CTBEHHOE CBapHOE COETMHEHHE.

s 110060 MapKu CTajdd MOXKHO TOCTPOUTH IKCIIEPUMEHTAIBHO 3aBHCH-
mocTh TBeproctd HRC (HB) ot ckopocTu oxnakaeHusl.

Pa0ouee 3a1anue

1. 3y4uTth 3aBUCUMOCTHh TBEPJOCTH OKOJIOIIOBHOM 30HBI OCHOBHOTO Me-
Tajia OT TEXHOJIOTHYECKUX (PaKTOPOB peKMUMa CBAPKHU.

2. OBafieTh METOIUKON JKCIEPUMEHTAILHOTO OIPEACIICHUS 3aBHCHMO-
CTH TBEPJIOCTH OT CKOPOCTHU OXJIAXKJICHUS JJIsI JTAaHHOM MapKH CTalld B YCJIOBUAX
CBAPOYHOTO HarpeBa.

3. IByunTh METOIUKY PAcUETHOTO OIPEACICHUS PEKUMa CBAPKH IS TIO-
Jy4EHHUs 3aJJaHHON TBEPAOCTH.

OobopynoBanue, npuOOPHI 1 MATEPHAJIBI

1. Anmapar njsi aBTOMaTHYECKOM CBapKu Mo (hJIFOCOM WJIA B YTJIEKHCIIOM
raze (M0 yKa3aHUIO TperojaBatresisi), 00OpyAOBaHHBIA U3MEPHUTEIIbLHBIMU TPHU-
O6opamu, CeKyHIOMEp, CTAaHOK ISl TTOPE3KH 00pasioB, NUTM(OBAIBHBIN CTaHOK,
paboyee MECTO C BBITSKKOM JIJIsl TpaBJIEHUST 00pa3ioB, mpuOOp sl 3aMepa TBEP-
JI0CTH Ha nuTrdax.
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2. Marepuansl cBapounbie: ¢toc Mapku AH-348A (yriekuciora), mpo-
Bojioka cBapoyHasi CB-08A muamerpom 3 mm (CB-08I'2C muamerpom 1,6 Mm,
win 2,0 MM), TUIACTHHBI U3 CPEAHEIETUPOBaHHOU cTanu pasmepom 200x 15x
(15-20) MM B KoJHMuecTBE 3 IIT., peakTWB Ui TpamyieHUs (3%-HbIi pacTBOp
HNO; criupToBoit).

Onucanue J1a0OPAaTOPHOH YCTAHOBKH

[Tpu mpoBeneHUN SKCIEPUMEHTOB JTOJKHBI OBITH UCIOIB30BaHbl CBAPOU-
HOE 000pyZOBaHUE, PErUCTpUpYIOLIUEe NPUOOPHI, pUOOp I 3aMepa TBEPHO-
CTU U JAp., KOTOPBIE 10 TEXHUYECKUM XapAKTEPUCTHUKAM M KJIacCaM TOYHOCTHU
OTBEYAIOT TPEOOBAHUSM, IPUBEACHHBIM HHIKE.

MexaHu3Mbl MOJa4¥ CBAapOYHBIX T'OJOBOK JOJDKHBI OOECIEUMBaTH CTa-
OMJIbHYIO PaBHOMEPHYIO CKOPOCTh IOJaud IMPOBOJOKH. JlomycTumble koneba-
HUSI CKOPOCTH I0JIa4X HE JOJDKHBI MpeBbIIaTh + 5%. AHanoruuHsle TpeOOBaHUS
IIPEBABILIIOTCS U K CKOPOCTH IEPEMELICHUS CBAPOYHOM AYTH.

Knacc TouHoCTH U3MepUTENBHBIX TPUOOPOB — HE HIKE 1,5.

[lepen BbIMONHEHNEM 3KCIEPUMEHTa HEOOXOIUMO YOEAUThCS B TOTOBHO-
CTU amnmaparypsl. [liud cBapKd CleLyeT UCIIOIb30BaTh alllapar ¢ IOCTOSHHOU
CKOPOCTBIO MOJauH (CUCTEMAa aBTOMATHYECKOTO PETYJIMPOBAHUS CBAPOUYHOM 1y-
I'M C CAMOPETYJIMPOBAHUEM) U TUTAHUEM OT UCTOYHMKA C )KECTKOW WJIM TOJIOTO-
MaJA0IIEe BHEITHENW XapaKTEPUCTUKOM.

IHopsiiok BbINOJIHEHUSI PA0OTHI

1. Ha moctopoHHei miacTuHe nogo0paTh pexXuM cBapkH |, 1 HanpsokeHue
U,, Onu3kue K MakCUMabHBIM JUIsl TAaHHOTO JuameTpa siekTpoja OnpenenuTh
JIMana3oH U3MEHEHUs CKOPOCTH CBapkH V., B KOTOpPOM oOecrieunBaeTcs Tpedy-
emoe (hOpMHUPOBAHME IIIBAa U YCTAHOBUTh HANMEHBIIYIO, CPEIIHIOI0 U HAOOIb-
LIY}0 CKOPOCTb.

2. [Ipou3BecTH HAIUIaBKy TMEPBOrO BAJMKAa MPH MUHUMAIBHON CKOPOCTH
cBapku Ha pacctosauu (30-40) MM oT Kpasi TuiacTUHBL. HaruaBneHHOMY BalHKy
JaTh OXJIATUTHCS 10 KOMHATHOW TeMmeparypbl Ha Bo3ayxe. [Ipu HarmuiaBke ciie-
IyeT KaK MOKHO TOYHEee 3a(pUKCHUpOBATh PEXUM CBapKH. Pe3ynbTaT BHECTH B
tabn. 1.14. Ilocne oxnaxkaeHus KJIeHMUTb BaluK. Bo BpeMs oXJjaxaeHHs IUia-
CTHHA JIOJDKHA HAXOJIUTHCS Ha u3oJsitope. Jomyckaercs npuHYAUTETLHOE OXJia-
KJEHUE TI0CIIe TOT0, Kak TeMIiepaTypa obpasia cauzutcs 10 (550-600)K.

3. [loBroputs 1. 2 Ha BTOpPOIl MjacTWHE, HO TOCTE HAIUIAaBKH OOpaserl
OBICTPO OIYCTHUTH B BOJY.

4. IToBTOpPUTSH 1. 2 HA TPETHEHN IUIACTUHE, MPEABAPUTEIILHO MOIOTPEB €€ B
nieuu Ao temneparypsl (493-523) K. OxiiaxkaeHue 1mocie HariaBKd BECTH Ha BO3-

IyXe.
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Ta6nuna 1.13 — PesyabTaThl uamMepeHuit

BaJIMKa
U, B

BBIA HOMEDP

[Topsako-
TomuuHa
IJIACTHH O,
MM
Tox cBa-
POYHBIH |y,
A
Harmpsixe-
HUE Ha JTyTe
CxopocTb
pa TOa K
VcaoBus
OXJIaXKIe-
HUSA

cBapku Ve,
cMm/c

HauanrHasa

TeMIIepaTy-

5. Bropoii Banuk (Ha cpeHel CKOPOCTH CBAPKU) HAILIABIISIETCS HA pacCTo-
saaud (30-40) MM OT IPOTUBOMNOJIOKHOTO Kpast IEPBOM IJIACTHHBI.

6. HarmmaBuTh BTOpOW Banmuk (Ha CpeAHEW CKOPOCTH CBapKH) HAa BTOPYIO
macTuHy. OXJIaKIeHUE B BOJE

7. HarmaBuTh BTOPOH BajJMK Ha TPETHIO TUIACTUHY, MPEABAPUTEIHLHO MOJI0-
rpetyio 10 temrepatypsl (493-523) K. OxnaxaeHue mocie HarjiaBKi Ha BO3IY-
Xe€.

8. Tpetuil BanMk (Ha MaKCHUMalbHOM CKOPOCTH CBapKH) HAaIlIaBIIsETCS
MEXJy IBYMsI MEpPBBIMU (PAacCTOSHUE OT HAIUIABICHHOTO BajluKa 10 paHee
HAIUIaBJICHHOTO BBIOMpPAETCSl TaKUM 0Opa3oM, 4TOObI M30EKaTh OTIyCKa 3aKa-
JIEHHOW 30HbI). HariaBka mociaenoBaTeNIbHO BBITOJIHACTCS HA KaXKIAYI0 U3 TPEX
TUIACTUH MIPH YCIIOBUSX, OTOBOPEHHBIX B III. 2-7.

9. U3 cepeanHbl Ka)xa0ro odpasia BbIpe3aeTcsl MOMEePEUHbIA TEMIUIET MIU-
puHoii nopsanka 20 MM. [TpOoTHBONONIOKHBIE CTOPOHBI TEMILIETOB JOJKHBI OBITH
cTporo napamwienbHbl. [1lnndsl momupoBate Ha cTaHke, TpaBUTh. Bpems Tpasie-
Hus 10-15 c.

O0paboTKa pe3yJbTaTOB IKCIIEPUMEHTA

1. Bronb TpaHuUIbl MPOIUIABIICHUST KaXXI0TO IIIBa MO JIMHUM HaUOOJBIIEH
TBEPIOCTH TPOM3BECTH 3aMepbl BEIUUMHBI TBEpAOoCTH OOBIMHO HaMOOJIbIIAS
TBEPAOCTh HaboaeTcst Ha pacctosauu 1,0-1,5 mm ot rpanutisl crasienus. [1o
pe3yJibTaTaM HECKOJBKHUX 3aMEPOB HAWTH CPEIHIOI0 BEJIUYHMHY TBEPAOCTU OKO-
JIOIIIOBHOM 30HBI JUIsl TAHHOTO Bajimka. Pe3ynbraTel BHECTH B Tabm. 1.15.

2. Cornacao H.H. PrikaniHy CKOpOCTh OXJIaXKIE€HUS TIpH JIF000 Temmepa-
type T>Ty MeTajiia B CBApHOM COETMHEHUH B OOILEM CITy4ae ONMUCHIBAETCS ypaB-
HEHUEM

_ 2
VAU I (0.23)

0oXJl (qu /VCB)

rae A — kodguiueHT TermionpoBogHocTH, Jx/(cm-c-K);
@ — 0e3pa3MEpPHBIN KPUTEPHI MPOIIECCa OXIIKICHUSI.
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Ta6nuna 1.14 — Pe3ynbTarhl 5KCIEPUMEHTOB

[Topsankoseiii| Iloronnas | Kpurepuii | Kpurepuit | Cxkopocts | TBepaocTsb
HOMEp DHEPIus 1/6 ) OXJIAYKIECHUS [ OKOJIOILIOBHOM
Bajgvka  |Q,/Vcs BT/M Vo °/C 30nb1, HRC

be3pa3MmepHBIN KpUTEpUNA @ 3aBUCHUT OT CBOWCTB CBApPMBAEMOI0 MeETaJuIad
U YCJIIOBUH CBapKH, BBIPAXKEHHBIX uepe3 Oe3pa3MepHylo BeanuuHy 1/6, u onpe-
nensiercst mo popmylie

2q, 1V,
m%cy(T -T,)

1/6 = (0.24)

rje ¢y — 0ObeMHas TemIoeMKocTh, /M K;
0 — TOJIIMHA MJIACTUHEI, M
B 3aBucumocTtu ot 1/6 3HaueHusio moka3zaHo Ha puc. 1.6. Ilpu mambix
3Ha4YeHUSX 1/60, T.e. mpu OOJIBIION BeMUMHE & (MIPAKTUYECKH MPU & = 25 MM,
3HAYEHUS @ CTpPEMATCS K 1.
B Tex cimyyasx, koraa ToymuHa oopasmna § = (5 — 10) MM pacuet cpeaHeit
CKOPOCTH OXJIQXKJACHHMSI BBIMOJIHAETCS MO CIEAYIOIIEeH popMyiie:

T\
:_2mlc;/(T To) | (0.25)

oxI qu /(\/cgg)f

[0
1,0
0,5 \
—
e —
1 2 3 4 1/6

Pucynok 1.6 — 3aBucumocts @ = f (1/0)

Ha tBepmocTe mMeramia OKOJOUIOBHOM 30HBI BIUSAET CKOPOCTh OXJIAXKIE-
HUSI B KPUTHYECKOM MHTEpPBaJ€ HAUMEHBIIIEH YCTOMUYMBOCTUA ayCTEHUTA, MTOATO-
my B 3aBucumoctu (0.23) u (0.25) cnenyer noactaBnsate T = Tpin, A€ Thin -
TeMIlepaTypa HAaWMEHbIIEHM YCTOMYMBOCTA ayCTEHUTA JUIS JIAHHOW CTajlu
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(873K).

Ha ocnoBanuu nmanaeix Ta6n. 1.13, ucnonws3ys 3aBucumoctH (23), (25),
CJIEJIyeT PaccuuTaTh MOTOHHYIO SHEPIHIO U CKOPOCTh OXJIaXAeHUs. Pe3yiabTaThl
BHecTHU B Tabu. 1.15.

3. [lo momy4yeHHBIM 3amMepaM TBEPJIOCTH U BBIYHCIECHHBIM CKOPOCTSIM
OXJIKICHHS MIOCTPOUTH 3aBUCUMOCTD B KoopauHatax HRC =f(V,,).

4., TIpakTHYeCKA TPUXOIUTCS PACCUUTHIBATH PEKUM CBAPKH TaK, YTOOBI
TBEPAOCTh METAJIJIA OKOJIOIIIOBHOW 30HBI HE MPEBBIIIAJA 3aJaHHOM.

[To 3amaHHOW TBEpPJOCTH, BOCIOJB30BABIIUCH MOCTPOCHHBIM TI'paQUKOM
HRC =f(V,x,), onpeaenuts TpeOyeMyro CKOPOCTh OXJIaXKICHHSL.

s TommuH metauia § = (10-25) MM pacder BemeTcss METOIOM ITOCIIE-
JOBATENIBHBIX MPUOIMKEHUH ¢ ucnoib3oBanueM popmyi (23), (24). Ilpu & = (5
- 10) MM u & > 25MM pacueT moiydaeTcs 0oyiee POCTHIM U MO3BOJISIECT Cpaszy
HOJTyYUTh 3HAYCHHUE ITOTOHHOM SHEPTUH (V.

Haiins 3HaueHue (,/V., MO TEXHOJOTMYECKUM COOOPAKEHUSIM 3aaThCs
CKOPOCTBIO CBapKH U ONpeaeinTh 3PPEKTUBHYIO TEIJIOBYIO MOIIHOCTh, OTKY/1a
MO>KHO BBIUUCTUTH |, 1 U, (Benmuuuna 3¢ dextuBroro KIIJ[ narpeBa npuHuMaeT-
cs pasHoii 0,8).

Eciu pacder maer HEOCYHIECTBHUMYIO Ha IMPAKTHUKE BEJIMYMHY ITOTOHHOU
SHEPrUM (CIUIIKOM OOJIBIIYI0), TO, CJIEI0BaTEIbHO, 0€3 MOJ0rpeBa IMOIYYUThH
TpeObyeMyto TBeprocTh He ynactcs. Heobxomumo ymeHbIIUTH pazHOCTh (Tyin -
Tp), T.e. yBEeIMUUTh HaYaJIbHYIO Temneparypy To 3a cueT mojmorpeBa WU3IEIHs U
MOBTOPUTH BECH pacyer.

KOHTpOJILHI)Ie BOITIPOCHI

1. KakoBa ¢wm3uueckasi CyIIHOCTh IMpOIecca PacpOCTPaHSHUS TEILIOTHI
IIpU CBapKe?

2. KakuM o0pa3oM MOXXHO BO3JI€HCTBOBATh Ha pa3Mephbl 30HBI TEPMHUYEC-
CKOTO BIIUSIHUA?

3. Kak BwIOpaTh cXeMy HarpeBaeMoOro Tejla W CXeMy HMCTOYHHKA TeIla B
Ka)XKJIOM KOHKPETHOM cliy4ae?

4. Kak BAUSIOT TEIUIO(QU3UYECKUE CBOMCTBA METa/la Ha pachpe/iesieHHe
TEIUIa IIPU CBAapKe?

5. Kakopa mens noctpoenus 3apucumoctdt HRC =f(V,)?

6. Kakasi B3auMOCBSI3b MEXIY CKOPOCTHIO OXJIAKJICHHUS U CTEINEHbIO 3a-
KaJIKH MeTaJlJla OKOJIOIIIOBHOM 30HBI?

7. KakuM o0Opa3oM MOXKHO BO3JCHCTBOBaTh Ha CKOPOCTh OXJIaXJACHUS
OKOJIOIIIOBHOM 30HBI?

8. Kak BimsieT npeaBapuTENbHBIM MOJOTPEB Ha XapaKTep TEPMHYECKOTO
IIMKJIa METajlja OKOJIOIOBHOM 30HBI?

9. Kak paccuutaTh peXuM CBapKH IO 3aJaHHOW TBEPAOCTH METaljla OKO-
JIOIIIOBHO 30HBI?
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Yacts 2
TEOPUS CBAPOUYHBLIX ITPOLIECCOB

JlaGoparopHnas padora 1

NCCIEJOBAHUE AYT'OBOT'O PA3PAJA IIOCTOAHHOI'O
TOKA

Ileny pabomwi: wiccnenoBatb CTPOCHHE JIYTOBOIO pa3psia C HEIUIABs-
LIUMCSI DJIEKTPOJIOM U ONPEACIIUTH €T0 MapaMeTphI.

OO0mue ykazanusi

PabGoTta MOxeT ObITh BBINOJTHEHA MPU OJJHOBPEMEHHOM Y4acTHH B HEH He
MEHEE 5 YEIOBEK.

["oToBsich k 1abopaTopHO paboTe, HEOOXOIUMO 03HAKOMUTHCA € Jlabopa-
TOPHOW YCTaHOBKOM, MOATOTOBUTH Ta0d. 2.1 u 2.2, u3y4uTh pPEKOMEHIyEeMYIO
auteparypy [7, c. 90...103].

CrnenyeT BCIIOMHUThH SBJIEHUE MPOXOXKJIEHUS JEKTPUUECKOIO TOKA Yepes
ra3pl, KOTOpOE TMOJIYYHIO Ha3BaHUE Ta30BBIX Pa3pAa0B. B TeXHUKe pa3nuyaroT U
WCIIOJB3YIOT TEMHBIM, TJICIOUIMH, AYTOBOM, YEPHOBOM M KOPOHHBIM pa3psm.
CTporux KOJMYECTBEHHBIX TPAHUIl MEXTY HIMHU IMPOBECTH HE yIaeTCs, TaK Kak
OJIMH BHJ paspsa 4acTo MEpPexXOJUT B APYroil 0e3 3aMETHOrO BHEIIHETO BO3-
JECUCTBUS.

[lonaTre “myroBoi pa3ps’ OXBAaTBIBAET BCE BHUIBI I'a30BBIX Pa3psioB,
KOTOpBIE XapaKTEPU3YIOTCS OONBIION IJIOTHOCTHIO TOKA, MAaJIbIM I1aJICHUEM
HaMPsHKEHUS, HE TPEBOCXOSIINM HECKOJIBKUX JIECATKOB BOJIBT U BBICOKOU TEM-
nepaTypoii raza B pa3psHoi 001acTH.

Jlyra pa3rpaHuuvBaeTcsi Ha TPU OOJACTH — KaTOAHYIO, CTOJO U aHO-
HYI0, XapaKTepuzyeMblie najgeHussMu Hanpsbkenuit U, U,, U... [Ipusnextpoanbie
nageHus: Hanpsokenuit U, u U, He 3aBucIT oT niuHbl ayru. [lagenne Hampsixe-
HUM B CTOJIOE AYTH MPOMOPIHUOHATIBHO JIJTMHE CTOJI0A TyTH:

UCT = KHLCTI

rae K, — rpaaveHT noreHuuana crojada Iyry; BEJIMYMHA, 3aBUCAIIAS OT (HU3U-
YECKUX CBOMCTB CpEbl, B KOTOPOU F'OPUT JIyTa.
[TockonbKy MPOTSKEHHOCTh MPHUAIEKTPOJHBIX O00JAacCTEd HEU3MEPUMO
MaJjia o CpaBHEHMIO C JUTMHOM cToJI0a AyTH, TO cCUUTAIoT, uTo Lo~L,. Torna:
U, =K,L, (0.26).
DKCNEepUMEHTANIBHOE MCCIIEIOBAHUE paCIpe/iesieHHs MOTEHIMAla BAOJb

IYyTd TPEACTaBiAeT OOJbIIME TPYAHOCTH TO CIEAYIOIHUM MpPUYMHAM: BO-
NEPBBIX, B CUJIy MajbIX JIMHEWHBIX Pa3MepOB KAaTOJHOM M aHOJHOW oOrnacTei,



BO-BTOPBIX, B 00J1aCTU CTOJI0A JYyTM UMEIOT MECTO BBICOKHUE TEMIIEPATyphl, UTO
3aTpyAHSIET MPUMEHEHHE TAKOTO METOJIa U3MEPEHUM, KaK METO]T 30H/I0B.

Kpome Toro, ciemyeT MOMHHTb, YTO 30HJ, BBEJEHHBIM B CTOJNO AYrH,
Ipe/ICTaBIIsIeT OO0 MHOPOIHOE TEJO, UMEIOIIEee TIEPBOHAYATIBLHYIO TEMIIepaTy-
Py OKpy»Karomieit cpenpl. Bce 3T0 3HAUYNTENBHO UCKAXKAET UICTUHHYIO KapTHHY.

Ha puc. 2.1. npuBeneHa npuMepHasi KapTUHA paclpeeIeHUs] HanpsKe-

HUS B yre. JJnuHbI OTAeNbHBIX o0nacTel moka3aHbl 6€3 COOI0IeHUsT MacIlITa-
oa.

Katon

Karonnas

/06J'IaCTI>

Karonnoe
MISITHO

Cronb
JyTu

Anopanas 00-
J1aCTh

@ U, Ua | U,
U

Anon AHoJHOE n
IISITHO

A
Y

/
Y

Pucynok 2.1 — Pacnipenenenue HanpsoKeHU 110 JTMHE TyTH
PaGouee 3a1anue

1. ITonb3yach METOIOM ONTUYECKOMN MPOEKIIMU, O3HAKOMUTHCS CO CTPOE-
HUE AYTY NOCTOSIHHOTO TOKa, TOpsIeil B aTMoc(epe Bo3ayxa:

a) MEX]y IByMsl YTOJIbHBIMU 3JIEKTPOJaMHU;

0) MEXIy YyrOJIbHBIM U METAJUTMYECKUM AIIEKTPOJAMU, IPH MPSIMOM U 00-
PaTHOM MOJSPHOCTH.

Onpenenuth (haKTUUECKUE 3HAYEHUS JUIMHBI AYTH, TUAMETPbl AKTUBHBIX
MIATEH Ha JIEKTPOJIax cToba.

Onucate UBET pa3IU4HbIX 30H TYTH.

[To ykazanuio npenoaBaTesi UCIOJIb30BaTh YTOJIbHbBIE U TpadUTOBbIE
ANEKTPOJBI U IJIACTUHBI U3 MAIOYTIAEPOJUCTON CTAIN, MEAU VI aJIOMHUHHSL.

2. [lomy4nTh IKCMIEPUMEHTAIbHBIC JAHHBIE NIl BBIYUCIIECHUS KOddduIu-
€HTOB yYpaBHEHHUs . AIPTOH U OCTPOEHUS BOJIbTAMIIEPHBIX CTATHYECKUX Xa-
PAKTEPUCTHUK JIyTH IMOCTOSIHHOTO TOKA, FOPAILEN B CPEZIE BO3AyXa:
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a) MEX]Iy YTOJIbHBIMU AJIEKTPOJAMU;

0) yroAbHBIMH U METAJUTMYECKUMU AJIEKTPOJaMU, TIPU NMPSMON U o0paT-
HOU MOJIIPHOCTH.

[Mpumeuanune. OObeM 3aaHus, MaTEpUAIl JIEKTPOJOB U PEKUMBI TOPEHUS
IyTH YKa3bIBAET MPENO/IaBaTENb.

OoOopynoBanne, npuOOPbI 1 MaTEPHUAJIbI

1. Uctounuk nutanusi cBapoyHor ayru — Beimpsamuteas BKCM-1000 u
6amnactueiii peoctat PB301, Bonbtmerp u ammnepmetp (¢ mynrom Ha 300 A)
MOCTOSIHHOTO TOKa, IePEKIIIoYaTelb MOJIIPHOCTH.

2. llltatuB ¢ 32KUMOM JJIs1 3JEKTPOAA U MEXaHU3MOM BEPTHUKAIBHOTO T1e-
peMeIleHusT IEKTPoa, IKpaH, COCAUHHUTEIbHBIC MPOBOJA, JTUHEHKA H3MEpH-
TEJbHAS.

3. DOnexTponbl yroyibHbie (TpadUTOBBIC), METAIUIMYECKUE; TUIACTUHBI
yroJibHble (rpadUTOBBIE), METAIUIMUECKUE; TOTAL (YIJIEKUCIBIA Oapuil).

N3y4enne padoThbl IKCNIEPUMEHTAJIbHON YCTAHOBKH

YcranoBka (puc. 2) cOCTOUT U3 MCTOYHUKA nuTaHus GV (BBIIPSIMUTEITH
BKCM-1000); peocrara 6amractaoro R tuma Pb-301; ammepmerpa PA ¢ myH-
toM RS na 75 MB, 300 A; BoasT™merpa PV; mepexmouartens mossipHocTd Q
mratuBa LT, ¢ MOMOIIBI0 KOTOPOTO MOXKHO IJIABHO PErYINPOBATh AJTUHY TyTH;
aneKTpoje D1 yCTaHOBIEHHOIO B MOJBHMKHBIN 3a)KUM IITaTHBA, M 3JIEKTPOAA
D2, yCTaHOBJEHHOI'O B HEMOABUXKHON 000HMe.

Cnenyer oOpaTUTh BHUMaHUE HAa MECTO YCTAHOBKH IMEPEKIIOYATENS IO-
nsipHocTH Q.

RS

ey
. | b o
I

O Lo

PV

32

"4 A

Pucynok 2.2 — CxeMa 3KCIepUMEHTaIbHON YCTaHOBKU

CrtpoenHne nyru MOXKHO HAOJIIOIaTh Yyepe3 CBETOMUILTP UITU C TOMOIIBIO
ONTHYECKUI TMPOEKIMKU Tyrd Ha dKpaH. [Ipu HaOmIOMEHNN AYTH Yepe3 CBETO-
GUIBTP MPOUCXOIUT UCKAKEHUE MCTUHHOW OKPACKHU PA3IMYHBIX 30H TyTU, U
M3MepeHue €€ JIMHBI OCYIIECTBUTh OUY€Hb TPYAHO. [Ipy mpoeKTHpOBaHUM TyTH
Ha 3KpaH (puc. 3) coxpaHsieTcs OKpacka 30H JIyT'M U MOSIBIAETCS BO3MOKHOCTD
MOJIYYUTh Ha DKPaHe YBEIMUCHHOE €€ M300paKeHUe, MOJIb3YsACh KOTOPHIM MOXK-
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HO JIOCTATOYHO TOYHO U3MEPUTH IJUHY JIyTHU, YTO HEOOXOAMMO JIJIsi Onpesese-
HUsl K03PPUMeHToB ypaBHeHus ['. AUPTOH M MOCTPOCHUS CTATUYECKUX XapaK-
TEPUCTHUK JTYTH.

DneKTpos

4{ OxpaH

JInnza

—

IInactuna

Pucynok 2.3 — Cxema npoeKTUPOBaHUS AYTU Ha IKpaHe

VYBenuueHHoe U300pakeHHUEe JYT'M Ha 9KpaH MOXKHO 3apHCcOBaTh, OOBOIS
KOHTYPBI H300pakeHUS KapaHIaIloM. 3Has CTENICHb YBETUYCHUS N300paskeHMS,
onpenesoT (GAKTUYECKYIO JJIUHY JTYTH.

ITopsaok BbINOJIHEHUS Pa0OThI

1. Cobpath 3KCIEPUMEHTATBHYIO YCTAHOBKY, CXeMa KOTOPOU MpUBEcHA
Ha puc.2.2.

2. OnpenenuTs CTENEHb YBEIUYEHUS, [IJIS1 YETO:

a) BKJIIOYUTHh UCTOYHUK MUTAHUS, YCTAHOBUTH C TIOMOIIBI0 OAIJIAaCTHOTO
peocTaTa 3aJaHHbIN TOK KOPOTKOTO 3aMbIKaHUs, 3akKe4b YTy NPSIMOU MOJISIPHO-
ctu (nmepexitoyaTesib Q YCTAaHOBJICH B IMOJIOKEHUE «I1») C YTOJBHBIM JJIEKTPO-
7I0M; Ayra Bo30y:KIaeTcsl 3aMbIKAaHHEM AJIEKTPOJa U MJIACTUHBI BCIIOMOTATEIb-
HBIM YTOJIbHBIM 3JIEKTPOIOM;

0) MOoJIB3YSCh IIMTKOM C JIMH30M, CIPOEKTUPOBATh IYry Ha JKpaH, J0-
OUTBHCSA YETKOCTH U300paXKEHUS U3MEHEHUEM PACCTOSIHUSI MEXKTy AYTrOoH, TMH30M
1 DKPaHOM;

B) U3MEPUTH JUAMETP MPOEKIIMH JICKTPOJIa Ha DKPAHE;

I') IOTaCUTh IYTY U U3MEPUTH TUAMETP DJIEKTPOJIA;

1) pacCUUTaTh CTENEHb YBEIIMUCHHUS.

K = Jluamemp npoexyuu 31ekmpooa

Jluamemp 21exkmpooa

3. Bo30yautp ayry npu €€ MUHMMAaJbHO BO3MOKHOM TOKE, IPOU3BECTU
3apUCOBKY YT U HEOOXOIMMbIE M3MEPEHHUs B COOTBETCTBHM C 1.1 paboyero
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3amanuss. OQHOBPEMEHHO C M3MEpPEHWEM JIJTMHBI JAYTH 3apHUCOBATh TOKa3aHMS
U3MEPUTEIBHBIX MPUOOpOB. JlmameTp cronbda ompeaenuTh B MATH Pa3TuYHBIX
MOTIEPEYHBIX ceueHUsX. [Ipoanaan3npoBaTh MOJYYCHHBIC JaHHBIC H PE3YIbTaThI
cBecTH B Ta0Om. 2.1.

Ta6nuna 2.1 — Pa3mepsl 30H T1yroBOTo paspsjia

DneKTpoabl Hunametp, MM & -
— o)
> am

g | E SO

R

Toku | Hanpsokenune | [nnHa = = SRS

= |E | = | 2 gCF

+ _ Ayru nyTr AyTH = o EE = S g
les, A U, B Lo.mm | 5 S | 4 T2

= = | \© 39 8 s

X ) = ) e

s |E1E |& B

S 2 | o R 2

4. Tlosroputs n. 3 mpu Toke Ayru, paBHoM 180..200 A, u pe3yiabTaThl
CBeCTH B Tabu. 2.1.

5. YCTaHOBUTH IJUHY Pa3psHOTO MPOMEXYTKa MpuMepHo 2 MM. Bo30y-
JUTH YTy TPSMOM MOJSPHOCTA MEXAY YTrOJbHBIMHU 3JEKTPOJAMU MPU MHUHU-
MaJIbHO BO3MOXXHOM TOKe. [lociie ycTaHOBIEHHs AYTOBOIO pa3psiia ONpeneInTh
UCTUHHYIO JUIMHY JyTH (C TMOMOIIBIO TMPOEKIINKU JAYTH Ha dKpaH) U 3auKCUpo-
BaTh MoKa3aHusi mprubopoB. Pe3ynbraThl n3MepeHuil BHECTH B Ta0. 2.2.

Tabmmma 2.2 — OnpeneneHue JIMHBI TyTH

DJIEKTPOJIbI Cpena Jlnuna gyru Hanpsokenue nyru | Tok nyru

+ - L, MM U,B les, A

Jl1st MccrieToBaHMiA ¥ MPAKTUYECKOTO MPUMEHEHUS YPE3BBIYAHO Ba)KHA
BosibTamnepHas xapakrepuctuka ayru U,=f(l ,, L) (puc. 2.4.).

BosibTamniepHasi XapaKTEpUCTHKA IMOKA3bIBAET, YTO Jyra Kak BUJ Ia30BO-
ro paspsja SBJISICTCS HEIMHEHHBIM DJIEMEHTOM JJICKTPUYECKOW IENH, COMpO-
TUBJICHUE KOTOPOTO 3aBHCHUT, OT BEITMYMHBI IPOTECKAIOIIETO TOKA.

OOnacTi MPUMEHEHHs TYTHM BEChbMa OOILIMPHBI, PA3JIMYHBIC YCIOBHUS €€
CYIIECTBOBaHMS M, KOHEYHO, PA3JIMYHbI ee XapakTepuctuku. Ha puc. 2.4 u300-
pakeHa HEKOTOpas “CpedHsss’ XapaKTePUCTHKA TYTH CO CTAIBHBIMH JIIEKTPO-
namu. B xapakTepucTuke MOXKHO yCIOBHO pa3ianuuTh Tpu obnactu A, B u C.

ouU
B o6nactu (A) nuHamuueckoe compotubienue ayru K, =—2

ce

<0, B

obmactu (B) K,=0, B o6mactu (C) K.>0.
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Pucynok 2.4 — BonbraminepHas XxapakTepUCTHKa CBAPOYHON JyTU

[Ipu 3amanHoi nnuHe ayru L, BO3MOXHO OECKOHEYHOE YHUCIO BAPUAHTOB
IYyTOBOTO pa3psAnd, OTIIMYAIOLIMXCS HANpPSOHKEHWEM IyTH, TEMIEPATypoM rasa,
JUAMETPOM CTOJI0a, pa3MepaMu JIEKTPOAHBIX MATEH U np. OTHAKO OMNBIT MOKa-
3BIBAET, YTO 3aJaHHBIX YCIOBHSX YCTAaHABIIMBACTCA OAWH, BIIOJHE OIPEHECIECH-
HBIM CTallMOHAPHBIM PEXUM AYroBoro paspsaa. [lo anamornn co MHOTMMH JIpYy-
TUMH 3HEPreTUYECKUMH NPOLIECCAMU CUHUTAIOT, YTO AYTOBOW pas3psia MOAYHHS-
eTcs “IPUHLMITY MUHUMYyMa , T.€. IPOTEKAET NIPU MUHUMAaIbHOU sHeprud. Ilo-
CKOJIbKY MOIIHOCTB pa3psi/ia U BEJIWYMHA TOKA 3a/aHbl, TO MUHUMAaJIbHAs MOII-
HOCTh JIOCTUTaeTCsl MMPU HAaUMEHbBIIEM 3HAa4eHUH HanpsokeHus Ayru Upi,. U3
BCEr0 BO3MOKHOI'O MHOT000pa3usi TOJIBKO 3TOT BAPUAHT YCTONYMB.

CrnosxHasi 3aBUCUMOCTb MEXAY MapaMeTpaMy IyTH BBIPAXKACTCs pas3iiny-
HBIMHU SMIIMPUYECKUMH ypaBHEHHSAMU. OJHUM W3 HUX sBISIETCS ypaBHeHue [
AWPTOH, yIOBJIETBOPUTEIIEHO OIUCHIBAIOLIEE “TIANAIONIYIO U “JKECTKYIO BETBH
BOJIbTaMIepHOU ayru (obxactu A u B):

ua=a+bLa+C+lﬂ, (0.27)

ce

riae o, b, ¢ u d — mocTosHHEIE.
Jnsa “kKecTkoi” BOJIBTAMIIEPHOM CTATUYECKOM XAPAKTEPUCTHUKU TPETUHI
yiieH ypaBHenus (0.27), 3aBucsiuil oT Toka 1yru |, oOpamaercs B HyJIb:

U=a+bL.. (0.28)
0 0

Bo3spacraromuii yyactok kKpuBoi (cM. puc. 2.4) ypaBHEHUI0O AUPTOH HE
noauuHsaercs. Bo3pacranue Hanpspkenust 1yru U, pu yBenunuenue toka | (K,
> () MOKHO OOBSICHUTD YBEJIMUEHUEM IJIOTHOCTHU TOKA.

B cootBeTcTBUE C prc. 2.1. MOXKHO 3anKcaTh ypaBHEHUE

U,=U,+U,+U,_,. (0.29)
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Comnocrasiss Beipaxkenus (0.26), (0.28) u (0.29), MoxHO ySICHUTH (H3H-
yeckuii cMbich kodddunuentor ypaBuenus (0.27). KoadduimeHt a, oueBUIHO,
IpeCTaBIsIeT o000 CyMMy KaTOJHOTO M aHOJHOTO TMaJICHUS HAPSHKESHUH TSI
nyru ¢ K =0, T.e.

a=U_+U,. (0.30)

s atoro ke ciydas kKod(G(UIMEHT D ecTh TpalueHT MOoTeHIMaja B

C
cronbe nyru, T.e. K, = b; —- mepemenHas cocraBisiomias CyMMbI HPHUAJICK-
ce

TPOIHBIX HEII[GHI/Iﬁ HaHpH)KeHHﬁ, O6YCJ’IOBHGHH3}I 3HAYUTEIbHOU ,uoneﬁ QJICK-
TpOCTaTI/I‘{CCKOﬁ O9MHUCCHH, KOTOpAA YMCHBLIIACTCA 110 MCPC ITOBBIINCHHUA TCMIIC-

patypbl KaTOAHOTO TSTHA; a4, HepeMeHHass COCTAaBJISAIONIAsl TPaJUeHTa MOTEeH-
ce
[quaja CcToj0a Iyrd, YMEHbUIAIOMIAsCS MO MEpE YBEIMYEHUS IPOBOJAUMOCTH
cTosba JIyru.
OpueHTUPOBOYHbIE 3HaYeHUs KO3 (UUMEHTOB YypaBHeHUs [ .AiproH
MpUBEIEHBI B Ta0M. 2.3.

Tabmuna 2.3 — Benmnunna ko3ddunmentos o, b, ¢ u d (razoBas cpena —
BO3]1yX)

" aﬂeKTpOHH_ o, B b, B/MmMm c, Bt d, Br/Mm
VYroib VYroius 30...38 2,0 11...12 10,5
Kemneso ¢ 16 15 - -
“ “ 14...16 2,5 9...10 15,0
“ “ 14...16 2,3 9...10 15,0
(MenoBoe
MTOKPBITHE)
“ “ 16...18 2,8 9...10 15,0
(mOKpbITHE
YOHU-13)

6. [ToBroputs 1. 5 5...7 pa3, kaxapil pa3 yBenuuusas emié Ha 10...20 A
BEJIMYMHY TOKa U Ha 1...3 MM NepBOHAYaIBHYIO JUIMHY Pa3psIAHOTO MPOMEKYT-
Ka.

7. C noMomibto nepekitoyarenss Q u3MEHUTh MOJISIPHOCTh Ha OOPaTHYIO U
NOBTOPUTH MII. 5 U 6.

8. 3aMeHuTh rpadUTOBBIN HUKHUI AJIEKTPOJ Ha METAIUIMYECKYIO MJIaCTH-
HY W IIOBTOPUTH NI1.5, 6 1 7.

9. BBINOIHUTG 3a7aHuE 1.8, KaKIbI pa3 MpeaBapUTEIbHO BHOCS pa3psii-
HBIN pomMexyTok 1,5...2,0 T yraekucioro 6apus.
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O0paboTKa pe3yJbTaTOB IKCIIEPUMEHTA

1. Paccuurath ko3pdunmenTs ypaBHeHus I'. AiipTona.

2. Ilpoananu3upoBaTh M AaTh TpadUUECKyl0 HHTEPIPETAIUIO MOJTYUYEH-
Heix ypaBHenuid U,=f(l., L,). I[Ipu npoBeneHun ananmsa ciieayeT oOpaTHUTh
BHUMAaHHE Ha BIUSHUE CPEJIbl, B KOTOPOW TOPUT JIyTa, U MaTepHalia 3JIeKTPOIOB
Ha 3HaYeHUs KO3 dunmeHToB ypaBHenus ['. AWpTOH.

3. Paccunrtarh AMHAMHUYECKOE COMPOTUBIICHUE TYTH:

K, =Moo
ouU

c6

KOHTpOJIBHLIe BOIIPOCHI

1.YTo Ha3bIBaeTCS CBAPOYHOM TYyTrOit?

2. CTpoeHue AyroBoro paspsiia. XapakTepHble YYaCTKU U 30HBI.

3. [Ipoueccel, npoTekaroIye B IPUIEKTPOAHBIX obnacTax. TemnepaTtypa
AKTUBHBIX IISITEH.

4. Tlpouecchl, mporekaromue B croyide ayru. I'pagueHT mnoTeHuuana
cronba ayru. Temneparypa crtoiba ayru. PakTopsl, CIOCOOCTBYIOIIUE MOBbI-
LIEHUIO TEMIIEpaTyphl CTON0A TyTH.

5.Knaccudukanus 1yroBbix pa3psios.

6. BosnbTammnepHas cratudeckas XapaKTepUCTHKA CBAPOYHOU yTH.

7. ®usnueckuil cMbica Ko3pGureHToB ypaBHeHus ['. AUpTOH.

8. Kakne npu3Haku OTJIMYAIOT OJIHY CBAPOYHYIO AYTY OT APYIrou?

9. Kak cBsizaHbl Mex1y cOOOH HaIpsHKEHHE CBApOYHOM TyTH, CBAPOUYHBIN
TOK U JyIMHA IyTu?

10.YT0 Ha3bIBAIOT JUIMHOM JTyTH?
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JlaGoparopHnasi paGora 2

UCCJEIOBAHUE DJACTUYHOCTU CBAPOYHOM AYT'U
ITOCTOSAHHOI'O TOKA

Ilenv padomei: wccienoBaTh HOHU3UPYIOIIUE JEHCTBUE KOMIIOHEHTOB
AIIEKTPOJIHBIX MOKPBITUH, CTAOUIU3UPYIOIIUE CBOMCTBA 3JIEKTPOJOB U (HIIIOCOB
JUISL TyTOBOM CBapKH.

OO0mue ykazanust

PaboTta MoXeT OBbITh BBHIMOJIHEHA IIPU OJTHOBPEMEHHOM YYacTHUHU B HEU He
MeHee 4 4eJIoBeK.

['oToBsichk k mabopaTopHOM paboTe, HEOOXOIUMO O3HAKOMHTHCS € Jlabopa-
TOPHOM yCTaHOBKOM, MOATrOTOBUTH Ta0i. 2.4...2.10 , U3y4YUTh PEKOMEHAYEMYIO
mutepartypy [10, c. 58...68; 11, c. 36...78].

CTylIeHT NOJKHBI 3HaTh, YTO JUId CTAOMJIBHOTO MPOTEKaHUs Mpolecca
CBapKu TPEXJE BCEro HEOOXOIUMO O0eCHeuuTh (PU3NYECKYIO0 YCTOMUMBOCTD
IYTOBOTO pa3psija.

OO1enpUHATBIN KpUTEpH PU3NYECKON YCTOMYMBOCTH CBAPOYHOM IyTH B
HacTosiliee BpeMs He pa3paboTaH. B kauecTBe TaKOBOrO MPUMEHSIOT CKOPOCTh
MEepeMENICHUS] AKTUBHBIX ISATEH Ay, aMIUIUTYly YacTOTYy KOJeOaHWl Harps-
KEHUS IyTH, CKOPOCTH CIaJla TOKAa B MOMEHT, NMPEAIIECTBYIOIIHI OOpBIBY AYTH,
U JIpyrue MEepEMEHHbIE XapaKTEPUCTHKHU IyTH, ONPEACIIEHHBIM 00pa30M CBA3aH-
HBIE C ITPOCTPAHCTBEHHOW HEYCTOMYMBOCTBIO Ayru. OQHON U3 NIPUYMH HApYyIIe-
HUSl CTAaOMJIBHOCTU MpOIecca CBApKH MOKET ObITh HEIOCTAaTOYHBIN 3amac sja-
CTUYHOCTHU AYTH.

D1acTUYHOCTh JYTH — 3TO CIIOCOOHOCTh OYTH YJUIMHSTHCS B OINpEAesIeH-
HBIX TIpenenax 6e3 e€ orpbiBa. Bo3MmyllieHus no AjiMHe AYrM MOTYT OBITh: MPH
cOpoce Karuld paciulaBI€eHHOTO0 MeTajlla C TOpLA 3JEKTpoJa pa3InyHbIX Iepe-
MELIEHUAX 3JIEKTPOAA — BJOJIb WM MONEPEK IIBA; MECTHOM HapyLIEHUU Ipa-
BWJIBHOCTH COOpPKM CBapUBAEMBIX JeTajedl (CTynmeHYaTOCTh KPOMOK); BO30YXK-
J€HUU AYTH C KOPOTKOIO 3aMbIKAHUS AJIEKTPOJOB C MX MOCIEAYIOIUM UX pa3-
BEJICHUEM.

[Ipu BO30y>kaeHun Ayru B ciy4yae pyuHoil ayroBoi cBapku (PIC) am-
IUIMTYJIa OTPBIBA JIEKTPO/AA COCTABJISIET Y OMBITHOTO CBapIlUKa JI0 3 MM, Y He-
ONbITHOTO — 710 6 MM. Ecnm cuMTarh, YTO MakCHMalbHble BO3MYILECHHS IO
JUIMHE JYTH, TO DJIACTUYHOCTh YT JOJDKHA 00ecredrMBaTh FOpeHHe Iyru 0e3
OOpBIBOB IPH CIIy4YalHbIX YUIMHEHUsX e€ 10 6 MMm. B atom ciyuae Oyner ra-
paHTUpOBaHa HOpMaJibHas padoTa cBapIIrKa 000 KBau(uKaIuu.

KoMMnoHEeHTHI, U3 KOTOPBIX U3TOTABIMBAIOTCS CBAPOUYHbIC MaTEpPHUAIbI, Jie-
JSATCS HAa MOHU3UPYIOIIKE, ITaKkooOpa3yoline, ra3000pasyronue, pacKuciso-
nye u jerupyroue. He Bce KOMIIOHEHTHI MOBBIIAIOT (PU3UUECKYIO YCTOMUU-
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BOCTb JIyTOBOTO pa3psijia, HEKOTOPbIE M3 HUX OKa3bIBAIOT MPOTHUBOIOJIOXKHOE —
racsiiee JelcTBUE Ha JIYTy.

Bo3HuKHOBEHHE U CYIIECTBOBaHUE JIyTOBOTO paspsiia MEXIy MeTallnde-
CKHMHU 3JICKTpOJaMU OOYCIIOBJICHO MOHHU3AIMEH ra30Boi aTMOC(hEphl JyrOoBOrO
IPOMEXKYTKa:

Me® & Me* +e™.

I[JISI OTpPbIBA JJICKTPOHA OT aTOMA HUJIN MOJICKYJIbI H€O6XOI[I/IMO 34aTPATUTD
OIIPCACIICHHOC KOJIMYCCTBO OJOHCPIrHH, KOTOPOC HA3bIBAIOT pa60T0ﬁ HOHH3a-

UH @:

rae €p— 3apsj DJICKTPOHA,
U ; — IOTEHIIMaJI HOHU3ALlUH.

Uem HWKE NOTEHIMAI HWOHM3ALMU aTOMa WA MOJIEKYJbl, TEM JIEerde
MOKHO 00pa3oBaTh U3 OJHOW HEUTpalbHOM YACTHUIIbI JIBE 3apsKEHHbIE (DJIEK-
TPOH U MOJOXKHUTEJIBHO 3apsHKEHHBIN HMOH), JIETYe CO3AaTh MPOBOJAIIYIO aTMO-
cdepy, HeOOXOAUMYIO I TOAJEPKAaHUS JYTOBOTO pa3psa.

[Tosromy nnst yBenauueHus: PU3NYECKol YCTOMUMBOCTH AYTOBOTO paspsaa
B COCTaB JJIEKTPOIHBIX MAaTEPHAIOB BBOJAT BELIECTBA C HU3KMMM ITOTEHIMAa-
MU MOHU3ALUHU (COJIU LEe3Usl, pyOHuIns, KaJlis, HaTpHsl).

PabGouee 3aganue

1. U3yunte metonuky K.K. XpeHoBa — onpeneneHne pa3spbIBHOM JJIMHBI
TyTH.

2. OLEHHTh HOHU3UPYIOIIYIO CIIOCOOHOCTh Pa3IMYHBIX KOMIIOHEHTOB
CBapOYHBIX MAaTEPUAJIOB.

3. IIpoBecTu cpaBHUTEIBHOE OMpEICICHUE CTAOUILHOCTH CBAPOYHON Y-
T'Yl TIPU IPUMEHEHUU HECKOJIBKUX Pa3IMYHBIX MAPOK COBPEMEHHBIX (DIIFOCOB MPHU
MOCTOSIHHBIX 3HAYEHUSAX HANpsDKEHHs X0i0cToro xona U, Toka KOPOTKOTO 3a-
MbIKaHusA I, Tuamerpa d, u BeuieTa L, 371€KTPOAHOTO (CTAILHOTO) CTEPIKHS.

4. Onpenenuth BIUSHUE HA Pa3phIBHYIO JUIMHY JAYTH BEJIMYMHBI TOKA KO-
POTKOTO 3aMbIKaHus (3HaueHus I, 3amar0Tcs MmpernogaBaTeieM) P HEU3MEH-
HBIX Mapke QuIroca, MapKe, JMaMETPE U BBIJIETE DJICKTPOIHOM MPOBOJIOKH, BBICO-
TE 3aChIKK (PIIrOca, TUTIE UCTOYHWKA NMUTAHUS W HANPSHKCHHH €0 XOJIOCTOTO
Xo7a.

5. OnpenenuTth BIMSHUE Ha Pa3pbIBHYIO JITMHY JTYTH HAMPSHKEHUS XOJIO-
CTOTO XOJIa MICTOYHUKA NuTaHus (3Ha4ueHHs Uy 3aar0Tcs mperogaBaTeaeM) Ipu
MMOCTOSTHHBIX 3HAUEHHUSAX TOKA KOPOTKOTO 3aMbIKaHUS, TUAMETPa U BBLIETA DJICK-
TPOJITHOTO CTEPKHS, BHICOTHI 3aCHIMKHU (PJIr0ca, HEM3MEHHBIX MapoK (hirroca U Th-
1a UCTOYHUKA TTUTaHMUS.
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6. [IpoBecTH CpaBHUTEILHOE OIpEIeIeHue CTAOMIBHOCTH CBApOYHON JTy-
I'¥ TIPU IPUMEHEHUH Pa3IMYHBIX MapOK COBPEMEHHBIX MOKPBITHH 3JIEKTPOIOB C
ydeToMm moctosiHcTBa 3HaueHudd Uy, |, d,, BbUIETa 271€KTpoAa M HEM3MEHHOM
THUIIE UCTOYHHUKA MTUTAHUSI.

7. IloBTOopuTh 1.4 U 5, MpUMEHsIst BMECTO (uitoca KaKylo-1100 MapKy Ka-
YEeCTBEHHOT'O AJIEKTPOAa (3aaeTcs MpenoaBaTesiem).

[Mpumeuanue. OOBeM 3afaHus MPU MPOBEACHUU JTaOOPAaTOPHOIM pabOTHI
OIIpeIeNsieTCs IpernojaBaTesieM.

OoOopynoBanne, npuOOPbI 1 MaTEPHUAJIbI

1. UcTOYHUK MUTaHUSI MOCTOSIHHOTO TOKa C JKECTKOW BHEIIHEW XapakTe-
pucTUKoil; peoctaT 6amiactHeii THna Pb-301;amnepmerp U BOJIBTMETP MOCTO-
SHHOTO TOKa; LIIYHT U3MEPUTEIbHBII.

2. lltatuB Ay 3aKkperuieHUs] 3JIEKTPOJOB (DJIEKTPOJIHBIX CTEpHKHEN);
HITAHT€HIIUPKYJIb; MEPUTEIBHBIN 11a0JI0OH; TPyOUaThlii OrpaHUYUTENb (IIIOCa;
U30JISIIMOHHAS MPOKJIAJAKa O] ITAaTUB; HAOOP PYYHOTO MHCTPYMEHTA CBapIIIu-
Ka.

3. DNeKTpoHbIE CTEPKHU (CTajbHbIE) B KOJWYECTBE 6-7 LIT. OJHOTO U
Toro xe muamerpa (d, < 4MM); Ka4eCTBEHHBIE DJICKTPOJIBI PA3IMYHBIX MapoK
OJTHOTO | TOTO e nuamerpa (d, < 4mm); ¢urrockl 4...7 pa3IUnIHBIX MapOK; KOM-
ITIOHEHTHI AJIEKTPOJIHBIX TOKPBITHH.

I/I3yqune paﬁoTbl 3KCHepI/IMeHTaJILH()l7[ YCTaHOBKH

DKCIepUMEHTalbHas YCTAHOBKA COOMPAETCS IO CXeMe, PEACTaBICHHON
Ha puc. 2.5. ICTOYHUKOM MUTAHUS CBAPOYHOM JIyTH CITY>KUT CBAPOUHBIN MTPE00-
pazoBarenb ¢ )KeCTKOM BHerHel xapakrepuctukoi tuna [1I'C-500-1 unu BbI-
npsmutenu TunoB BJAI'-601, BJIY-505, BAY-1201. B Tex cay4dasx, koraa 1.5
pabouero 3a/1aHus HE BBITIOTHIETCS, B KAYE€CTBE MCTOYHHUKA TUTAHUSI MOTYT HC-
0JIb30BaThCs BoIIpssMuTeN THoB BKCM, B/IM.

PA_O_ -
E Q| €

RS S

G — ucTouHMK nTUTaHus; PV — BOJBTMETP IMTOCTOSSHHOTO TOKA;
RS — myHT u3meputenbHblin; PA — MATUTHBOJIBTMETD;
R — peocrar 6amnactabrit Pb-301; I — rpadutoBblii cTepkeHb;
Q — pazpenunuTenb; I1 — cranpHas miacTuHa; D — SJIEKTPOJ
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Pucynok 2.5 — Cxema 3KkCriepuMeHTaIbHOTO CTEH 1A

B nacrosiee BpeMs HauOosiee pacrpoOCTPAHEHHBIM KPUTEPUEM OILICHKU
ANACTUYHOCTHU JYTH SBJISIETCS pa3pbIBHAs UIMHA JTyTH, ONpezensemMas o MeTo-
muke K.K. Xpenora [3]. JlanHas MeToauKka MCIIOJIb30BaHa B J1a0OpaTOPHOH pa-
oore.

Ha cBapouHblif cTON KIaayT 3a4MIIEHHYIO JO METAJUTMYECKOro Orecka
IJACTUHY CTaJld, MOJICKAIIYI0 CBapKe, U YCTaHABIMBAIOT IITATUB, B KOTOPOM
BEPTUKAJILHO 3aKPEIUICH COOTBETCTBYIOMNU 3JieKTpoa (puc. 2.6). [lox mratus
YKJIAAbIBAIOT U30JSLUOHHYIO MPOKIAIKY.

HwxHuii KOHeII 37IeKTpo/1a ¢ IMOMOIIBIO MabJIoHa yCTAaHABIMBAIOT HA pac-
CTOSTHUU 2 MM OT IUIacTUHBI. K CTOJIy ¥ IITaTUBY MOABOMAST MPOBOAA OT UCTOY-
HUKA MTUTaHMUS.

[Tocne momaun HampsKEHUS! 3a0CTPEHHBIM YTOJIBHBIM CTEPIKHEM Ha KO-
POTKOE BpEMsI 3aMBIKAIOT 3a30P MEXK]1y KOHIIOM 3JIEKTPO/a U MJIACTUHOM.

RYand

| //l_ FHWWTL!/‘ 1

s dl -

1 — cBapouHbIif CTOJ; 2 — U3OJISIITUOHHAS MTPOKJIAKA; 3 — IITATHUB;
4 — 3axuM; 5 — 2JIeKTpOI; 6 — CTayibHAs TJIACTHHA,
7-8 — cBapoYHBIE MPOBO/IA; 9 — YTOJIBHBIN CTEPIKEHB
Pucynoxk 2.6 — YcraHoBKa 11 onipeIeJICHUS] Pa3pbIBHOW JJTMHBI IYTH

Jyra nomkHa ropeTh 0 €CTECTBEHHOTO OOPBIBA, KOTOPBIA MPOUCXOAUT
BCJIEJICTBUE BO3PACTAHUS JJIMHBI IyTHU B MPOLIECCE TUIaBIeHUs deKTpoaa. [1o-
cjie 0OpbIBa IYTH BHIKIIOYAIOT UCTOYHUK MMUTAHUS U C TIOMOIIBIO 1a0JI0Ha 13-
MEpSIOT PACCTOSTHUE MEXKTy KOHIIOM OIJIaBJICHHOTO 3JIEKTPOaa U OOOBITIKOM,
HaIUIaBJICHHOW Ha miacTuny (puc. 2.7).

DTO paccTosHUE, PaBHOE IJIMHE AYTM B MOMEHT €€ NoracaHus, Ha3bIBAET-
Csl paspbIBHOM JUIMHOW nyru L. PaspeiBHas juMHa Qyry - 3TO JUIMHA IYTH, IPU
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JOCTHXKEHUU KOTOPOM OOpBIB IyTY MPU JNaHHBIX YCIOBUAX HeU30exkeH. Pa3phiB-
Hasl JUIMHA TYTH CIYKUT MEPOU 3JaCTUYHOCTU JYTH B 33JaHHBIX yCIOBUsIX. Uem
OoJIbIIIE pa3pbIBHAS JIMHA TYTH, TEM BbIIIE 3JJACTUYHOCTD JTyTH.
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Pucynok 2.7 — Cxema uaMepeHusi pa3pbIBHOU JUTUHBI yTH

Ouenka snactuyHocTu aAyru o meroguke K. K. XpeHoBa HocuT craru-
CTUYECKUN XapakTep M TpeOyeT OOJBIIOro KOJMYECTBA OIBITOB W3-3a 3HAYH-
TEJILHOTO pa3z0poca pe3ynbTaToB M3MepeHuid. CiaeayeT OTMETUTh, YTO YCIOBUS
TOPEHUS IyTW MPU HEMOABMKHOM AJIEKTPOJE 3HAYUTEIBHO OTIMYAETCS OT pe-
aJBHO CYILECTBYIOIIUX B MPOIIECCE CBAPKU U, OCOOCHHO MPU BO3OYKICHUH Y-
ru. CpeaHsisi CKOPOCTh YAJIMHEHHUS TyTOBOTO MPOMEXYTKA MIPU ITUX UCIBITAaHU-
SIX CPABHUTEILHO HEBEJIMKA U PaBHA CKOPOCTH ILJIABJICHUS AJIEKTPO/IA.

VYcnoBHs CylIECTBOBaHUSL IyTOBOIO pa3psiia 3aBUCST, MPEXIE BCEro, OT
XUMHUYECKOTO COCTaBa OCHOBHOT'O M AJIEKTPOJHOTO METaJlja, ra30BOM M LUIAKO-
BOH (a3, IIEKTPUIECKUX MapaMEeTPOB UCTOUYHUKA MMUTAHUS M CBAPOYHOM IIETIH.

{15t 37IeKTpUYEeCKOM LENu, COCTOAIIEH U3 UCTOYHUKA MUTAHUS, TyTH (I10-
TpeOUTEIISI SHEPTUH) U AKTUBHOTO COMIPOTUBIICHHUS BCETO KOHTYPA, CIIPaBEITUBO
BBIpaKEHUE

U,=U,+I_R, (0.31)

rae U, — HanpspbkeHue Ha KJIeMMaxX UCTOYHHUKA MTUTAHMUS;
U, — majieHue HanpsHKeHUs Ha JyTe;
|z — CBaApOYHBIH TOK;
Ry — akTUBHOE CONTPOTUBIIEHNE CBAPOYHOTO KOHTYpA.
[Tagenue HaNpspKEHUs Ha Ayre BKIOYAET CYMMY IaJICHUN HAIPSKEHUN B
HPUAIIEKTPOIHBIX obsacTax U, , u nmajgeHue HanpsbkeHus B ctonbe qyru U, :

U, =U,+U,;
U, =K,L,,

rie U, —najgeHue HanpshKeHUs B KATOJHOM O0JIacTH;
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U, — majgeHue HanpshKeHUs B aHOAHOM o0macTy;
K, — I'paJMeHT MoTeHnMana croyda ayru;

L, — mmuHa myru.

Takum o6pazom

U,=U, +K,L,. (0.32)

CosmectHoe pemenue ypaBHeHuid (0.31) u (0.32) mo3BossieT mojy4uTh
BBIPQKCHHE

~

_ (Jn_Uka_IceRK,- (033)

Ka

L

VYpasuenne (0.33) ompenenseT 3aBUCUMOCTH JUITMHBI AYTH KaK OT JJICK-
TPUYECKHX MapameTpoB cBapouHoit menu (U, , 1 ,,R ), Tak ¥ OT XUMHYIECKOTO
COCTaBa OCHOBHOIO U 3JIEKTPOAHOIO METaJlla.

IIpu nyrosoli cBapke peXUM (TOK, HaNpsDKEHHE) ONpelesieTcs mepece-

YeHHEM BHEIIHell XapaKTepuCTHKM ucTouHuka nutanus U, = f (I ) co craTu-
yecKkol xapakrepuctukoi nyru U, = f,(I_,), 4To nokasano Ha puc. 2.8.

U, B

UOZ \
U,=T(le)

Imin ICBZ ICBl Ix A

Pucynok 2.8 — M3aMeHeHue pexxuma TOpeHus JyTy Ipyu U3MEHEHUH €€
JUTAHBI (3JEKTPO]T — HETIOABUYKHBIN )

Hanpumep, Kako-T0 nnepBOHa4YalIbHbIA MOMEHT PEKUM CBApPKU COOTBET-
cTBoBan Touke l. [lmaBiieHne 3yekTpoaa, HEMOABUKHO 3aKPEIUICHHOIO B IITa-
THUBE, U NIEPEXO0/ KalleJlb B CBAPOYHYIO BaHHY BbI3BaJl YUIMHEHUE IyI'U 10 BEJIHU-
yuHBl L,,. DTOMy NONOXEHHIO OyIET COOTBETCTBOBATh MEHBINMHA TOK JyTH

(1.,,>1.,)- 3aTeM nyra BHOBb YMUIMHSETCS, T.C. TOUKA IEPECEUCHUS BHEIIHEH

46



XapaKTEPUCTUKU UCTOYHUKA MUTAHUSA U CTATHUECKOW BOJIbTAMIIEPHOU XapaKTe-
PUCTUKH Kak Obl MepeMeniaeTcsi BAOJIb BHEIIHEHW XapaKTEPUCTUKU MCTOYHHUKA
NUTaHUSl 10 HANPABJICHUIO CTPEJIKU Ha puc. 2.8. HakoHell HacTymaer MOMEHT
(COOTBETCTBYIOIIMIA TOYKE N ), KOI/Ia MPU JAHHBIX YCJIOBUSAX TOK AYrH Oyaer
MMETh KaKoe-TO Ioporosoe 3Hayenue | . =1, , HWKe KOTOPOro ayra He MOXKeET
CYIIIECTBOBATh. JTOMY MOJIOXKEHHUIO COOTBETCTBYET U MAaKCUMaJIbHOE HaIpsiKe-
HUE [[yI'd, 1 MaKCHMalbHas JuiuHa ayru L, =L . Yem Bbllle HAIPsDKCHHUE HC-

TOYHHUKA TIUTAHUS TP NPOYNX WIACHTUYHBIX YCIOBHUSIX, TEM OOJbIIE pa3pbIBHAS
mmHa B cooTBeTcTBHU ¢ ypaBHeHueM (0.33).
Ecnu yMeHBIINTE cONpoTHBIEHHE cBapouyHoro koHrtypa R (K, , <K ,),

TO IIPH TOW JUIMHE IyTH TOK L, myrm Oyner 6onbme (I, > 1 ;. ). OT0 yBenn4u-

BAcTCs CTENEHb MOHM3ALUM CTOJIOA Myrd (MOBBIMIAETCS (U3HUECKAs yCTOMYH-

BOCTb IyTrH). Pa3pbiBHas jumHa Ty yBenmuuBaeTcs (Touka N’ BBIMIE TOYKHU N ).

AHanoruyHbIM 00pa3oM AEHCTBYET U YBEINYCHUE HAMPSKEHUS XOJIOCTOrO X012
" !

(Ugp >Ugy, I3 > 1, > 1, , Touka nN” Beime Touku N'). ClienoBaTenbHO, yBEIHUE-

HHE KaK HAIpPsDKEHUs XOJIOCTOrO XOJa MCTOYHHMKA MHUTAHUSA, TaK U TOKAa KOPOT-
KOI'0 3aMbIKaHUs [TOBBIIIAET 2JJACTUYHOCTD JYTH.

B ycnoBusx omnpeneneHus pa3pbIBHOW JUIMHBI OyrU (T.€. B YCIOBUSX
“cBapku’”’ 0€3 MojJauu 3JIEKTPOoJIa, YTO aJIeKBATHO MPOIIECCY 3aBapKU KparTepa) C
TEYEHUEM BPEMEHU IIPOUCXOAUT U3MEHEHUE BCEX OCHOBHBIX I1APAMETPOB CBAp-
KM — JUIMHBI, TOKa W HanpsbKeHus nyru. [lostomy npu mpoBeneHuu sKcnepu-
MEHTa CJENyeT 3aJlaBaThCsl HaNpsSHKEHUEM XOJOCTOTO XoJa M KO3(h(ULINEHTOB
BHEIIHEW XapaKTEPUCTUKU MCTOYHMKA MUTaHus K, (WM BETUYMHOW TOKa KO-
POTKOTO 3aMbIKaHuUA |,).

CranpHble TIACTHHBI TOJIIUHOW §...10 3aKkpemsioTcs Ha CBApOYHOM
CTOJIE C TIOMOLIBIO CTPYOLMHBI.

[ToBEpXHOCTh 3NEKTPOJHBIX CTEPKHEN JOKHA OBITh OUYMILIEHA OT CIIEIOB
PKaBUMHBI, TEXHOJIOTMYECKONM CMA3KU U IpYyrux 3arpsazHeHuil. [Ipu moBropHOM
UCIIOJIb30BaHUM KOHELl CTEep KHSI TLIATEJIbHO 3ayuIiaercs (Jyuuie — oopyoOaer-
Cs1), TOPLIBI AIEKTPOIOB OUMIIAIOTCA OT IINIAKOBOW KOPKHU.

[Tpu ucnbITAaHUM KOMIIOHEHTOB CBAPOUYHBIX MATEPHAJIOB U (PIIFOCOB BBICO-
Ta CJI0sI KOMIIOHEHTA JI0JKHA OBITh TaKOM, 4TOOBI Iyra B MPOLIECCe TOPEHUsl He
MoOrJa BBIMTH M3-TI0J Hero. [[ist Toro 4to0sl (itoc Wi KOMIIOHEHT HE PacChl-
HaJIcsi, CTaBUTCS TPyOUaThIi orpaHuunTelb ¢uttoca (puc. 2.9).

DNEKTPOIHBIN CTEPKEHb MOXKET 3aMBIKaThCS HA CTAJIIBHYIO IIJIACTUHY Ye-
pe3 JKEJIE3HBIN NOPOLIOK MJIM TOHKYIO CTAIBHYIO CTPYKKY.

IHopsigok BeIMOJIHEHHSI PadOThI

1. Haxnaunoit OymMarod 3a4MCTUTh 0 METAUIMYECKOro OJiecka dJIeK-
TPOJHBIE CTEPKHU U CTAIIbHBIC MJIACTUHBI, BEPXHUE, 38)KUMHBIE B IITATUBE KOH-
bl TTOKPBITBIX JEKTPOIOB.

C nmomorpio abpa3suBHOTO Kpyra 3aToplieBaTh pabodyre KOHIIBI AJIEKTPO-
10B. OIMH KOHEI] Ka)KJI0TO 3JIEKTPOAHOTO CTEPKHS 3aTOUNUTh Ha KOHYC.
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3D — 3NeKTpoAHBIN cTepkeHb; TO — TpyOUaThlii orpaHuYUTENb (BITtoCa;
@ — ¢uroC UM KOMIIOHEHT CBapOYHBIX MaTEPHAJIOB;
[1 — cranbHas naacTuHa
Pucynok 2.9 — Cxema ucciieJoBaHUs KOMIIOHEHTOB CBAPOUYHBIX MaTepra-
JI0B ¥ (hJTFOCOB

2. BKJIIOUnTh UCTOYHHUK MUTAHUS U YCTAHOBUTH 33JJaHHYIO BETMYUHY TOKA
KOPOTKOTO 3aMbIKaHUs1. OTKIIIOUNTH UCTOYHHK C TIOMOIIBIO pazbeAnHUTENS Q.

3. 3aKpenuTh JIEKTPOIHBINA CTEPKEHDb B IITATUB HAJ IUIACTUHOM, BBIIEP-
’aB C MOMOUIBIO A0JIOHA 3a30p 2 MM MEX]y IJIACTHHOW M KOHIIOM 3JIEKTPOJA.
DJIEKTPOJIbI, 3aTOYEHHBIE HA KOHYC, JOBOASTCSA A0 COIPUKOCHOBEHUS CO CTAJIb-
HOM CTPYXKOW HWJIM KEJE3HBIM IOPOIIKOM, IPEABAPUTEIBHO IOMEIIECHHBIN B
LHEHTpP IUJIACTUHBI. Y CTAHOBHUTH TPyOUaThI OrpaHU4YUTENb (Ditoca TakuMm oOpa-
30M, 4YTOOBI 3JEKTPOAHBIA CTEPKEHb HAXOIWJCS B €ro ILEHTpe. 3achlllaTh B
OTPaHUYMTEIb UCIIBITYEMbBI KOMIIOHEHT CBAPOUYHBIX MAaTEPUAJIOB.

4. Bxmounts pazpeaunutens Q. [Ipu HamuuuM KOHTaKTa MEXIY 3JIEK-
TPOAOM M IUIACTUHOM 4Yepe3 KEJE3HbIM MOPOLIOK WIH CTPYXKKY Ayra JOJDKHA
BO30YXKJIaThCs Cpa3y M TOPETh O €CTECTBEHHOTO OOPHIBA.

5. Bxitouuts pazseauHUTEND Q.

6. IlpunoaHATH TpyOUaTHIi OTPAHUYUTEND, YAAIUTh OCTATKH UCIBITYEMO-
ro KOMIIOHEHTA, OYUCTUTh OTUIABJIEHHBIN KOHEI] AJIEKTPOIA U HAILIABIICHHYIO Ha
MJIaCTUHY OOOBIIIKY OT IIAKa.

7. I3MepuTh pa3pbIBHYIO JJIMHY AYTH KJIMHOBBIM MEPHUTENIbHBIM 11a0JI0-
HOM.

8. IloBTopuTs mm. 2...7 emie 2...4 paza. [Ipu 3HauuTeILHOM pazdpoce pe-
3yJbTAaTOB BCIO CEPHUIO ONBITOB C JTAHHBIM KOMIIOHEHTOM MNOBTOpUTH. [Ipn OT-
JEIBHBIX BBINAAAX MMPOU3BECTU JOINOIHUTEIBHBIA KOHTPOJIBHBIA 3KCIIEPUMEHT.
Pe3ynbTaThl ONBITOB CBECTH B TabI. 2.4.

9. IoBTopuTh nm. 2...8, UCMOJIB3YsA ISl OINBITOB pa3jiMuYHbIE (IIIOCHI.
TexHHKa SKCIIEpUMEHTAa OCTaeTCsl IPEeXHEW. Pe3ynbTarbl ONBITOB CBECTH B

Tabun. 2.5.
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Tabnuna 2.4 — Monusupyroliee AeMCTBUE Pa3IMUHbIX BEIIECTB B CBApOY-
HOM Jyre MOCTOSHHOTO TOKa, MOJIIPHOCTh OOpaTHas

.= A U= B,d= wmwm

HanmMenosanne | Xumnueckas Pa3peiBHas qnvHa nyru, Mm
KOMIIOHEHTA dbopmyna 1 2 3 4 3) Cpennee
3HaUCHHE

Tabnuna 2.5 — Ctabunn3upyrolime cBocTBa CBapOUYHBIX (DIFOCOB, TOK
TIOCTOSTHHBIN, MOJISIPHOCTH 0OpaTHas

l.= A U= B,d= w™mm

HanmenoBanne | OcHOBa Pa3peiBHas 1nuHa 1yru, MM

dmroca ¢mroca | 1 2 3 4 5 | Cpennee 3HaUeHHUE

10. BbINOTHUTH ONBIT IO OMPEICIICHUIO PA3PbIBHOM JUIMHBI 1yTH Ui 3a-
JAHHOW MapKu (uiroca Mpu pa3auvHbIX 3HAYEHUSX TOKA KOPOTKOTO 3aMbIKAHHUS
B COOTBETCTBHUE C 1.4 pabouero 3aaanus. [Ipu 3TOM UCTIONB3YyETCS TEXHUKA IKC-
NEepPUMEHTa, TIPUBEeHHAs B MIl. 2...8. pe3yibTaThl OMBITOB CBECTH B Ta0’d. 2.6.
DKCHEepUMEHT MPOBECTU ITPU OOPATHON U TIPSIMOM MOISIPHOCTH.

Tabnuna 2.6 — BiausiHre BETUYMHBI TOKa KOPOTKOTO 3aMbIKAHUS Ha pa3-
pBIBHYIO 1iuHY nyru, piroc AH-348 A, TOK MOCTOSIHHBIN

U= B,d= wmm

Tok kKopoT- Pa3peiBHas qnvHA 1yru, Mm
Koro 3aMmbl- | [lossspHOCTB Cpennee
1 2 3 4 5
KaHus, A 3HAUCHUEC

11. BbINOJHUTE OMBITHI MO ONPEAEICHUIO Pa3phIBHOM JJIMHBI IyTU AJIs
3aJJaHHOW Mapku (piroca MpH pa3MyHbIX 3HAUEHUAX HANPSHKEHUS XOJOCTOTO
X0Jla B COOTBETCTBUE C II. 5 pabouero 3aganus. [Ipu 3Tom ucnonb3yercs TEXHU-
Ka SKCIEpUMEHTa, NpuBeAeHHass B mm. 2...8. Pe3ynbTaThl ONBITOB CBECTH B
TabJ1. 2.7. DKCIEPUMEHT MPOBECTU NIPU OOPATHOMN U MPSIMOM MOJISIPHOCTH.

12. TIpoBecTH 3KCIEPUMEHTHI, ONTMCAaHHbIE B MIl. 2...11 ¢ KauecTBEeHHbIMU
ANEKTPOJaMu 3aaHHbIX Mapok. [Ipu 3ToM HagOOHOCTH B TPyOUaTOM OrpaHUYHU-
TeJe OTHagacT. 3a30p MEXIY TOPLIOM 3JEKTPOJa U MIACTUHON HE 3alOJIHAETCS
HU CTPY>KKOHW, HU JKEJIE3HBIM MOPOIIKOM. B0o30ykIeHne Ayru OCymIecTBISIeTC S
MyTeM KPAaTKOBPEMEHHOTO TEPEMBIKAHUS PAa3PSIHOTO MPOMEXKYTKA YTOJbHBIM
(rpadutoBbIM) cTepxHEM. Pe3ynbTaThl ONBITOB cBecTH B Ta0m. 2.8...2.10.
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Tabnuua 2.7 — BausiHue BeTUYUHBI HAMIPSKEHUS X0JIOCTOTO X0/1a Ha pa3-
peIBHYIO 1uHYy ayry, dhaoc AH-348 A, TOK MOCTOSSHHBIM

.= A, d= MM

Hampsioxenue PaspriBHAS nuHA AYTH, MM
xosioctoro | IlossipHOCTH 1 9 3 4 5 Cpennee
xoja, B 3HAYCHUE

Tabnuna 2.8 — Ctabuin3upyrome CBOMCTBa CBAPOYHBIX AJIEKTPOIOB,
TOK TIOCTOSIHHBIH, MOJSIPHOCTH 0OpaTHast

l.= A U= B,d= w™mm

Mapxa I"'a3ommakoBas Pa3zpeiBHas iMHA TyTH, MM
OCHOBa Cpennee
3JIeKTpoIa 1 2 3 4 5 peA
MTOKPBITUSA 3HAUECHHE

Tabnuna 2.9 — BiausiHre BeTUYMHBI TOKa KOPOTKOTO 3aMbIKaHUS Ha pa3-
PBIBHYIO JUTHHY OyTH, 31eKTpoasl Y OHU-13/45, Tok mocTosHHBIN

Pexumer: U,= B,d,= MM
Tok KOpOTKOTO Pa3peiBHAsA 1nmHa 1yru, MM
3ambikanus, A | TlomspHocThb Cpennee
1 2 3 4 3)
3HA4YCHHE

Tab6muma 2.10 — BnusiHue BeIMYUHBI HANPSDKEHHS X0JI0CTOTO X0/1a Ha
Pa3pbIBHYIO JUIUHY OyTH, 31eKTpobl Y OHUM-13/45, TOK mOCTOSIHHBIN

l.= A, d= wMmm

Hanpsxenue | [TomsaprocTs Pa3peiBHas [unHA nyru, Mm
XO0JIOCTOTO 1 2 3 4 5 Cpennee
xona, B 3HAUCHUE

O0paboTKa pe3yJIbTATOB IKCIIEPUMEHTA

1. Tlo nanabIM Tabd. 2.4, 2.5, 2.8 TOCTPOUTH CPaBHUTEIBHBIC JTHUAarpaMMBbl
BHJIa, IpUBEACHHOTO Ha puc. 2.10.

2. Ilo ganHbIM Tabm. 2.6, 2.7, 2.9, 2.10 noctpouth rpaduku 3aBUCUMO-
creit L, =f(l,,) nu L,=f(U,). Caenars BbIBOIBI C TEOPETHYECCKUM OOOCHO-

BaHUCM IIOJIYYCHHBIX PE3YyJIbTATOB.
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KpacHast kpoBsiHasi COJib
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Pucynok 2.10 — O6paboTka HOHU3UPYIOLIUX CBONCTB KOMIIOHEHTOB CBa-
POYHBIX MaTepHAJIOB

KoHTposbHBIE BONIPOCHI

1.Yto Takoe 3(hPeKTUBHBINA MOTEHIIMAT UOHU3AIMHU U KaK OH 3aBUCHUT OT
coctaBa aTMoc(epbl TyTu?

2. 3a c4eT KaKuX IpoLeccoB 00ECIeYNBAETCS MEPEHOC TOKA B CTOJIOE Y-
ru?

3. UTo Takoe CTENEHb MOHW3ALUMU M KaK OHA 3aBUCUT OT TEMIIEPATypbl
MOHU3ALIUY U TOTEHIMAJIa NOHU3ALIUH BelllecTBa?

4. Bupl HOHU3ALMY Ta3a B 1yTe?

5. K KakoMy M3 COCTaBIISIIOIIMX HANPSKEHUE AYTM MOXKHO IPHUPABHSITH
3¢ PeKTUBHBIN TOTEHIIMATI HOHU3AIHU?

6. KakoBO Ha3HaueHME MOHHM3UPYIOLIMX KOMIIOHEHTOB CBAapOYHBIX Mare-
puanon?

7. Kak U3MEHUTCS 3HEPTHUsl AYTOBOrO pa3psjia IpU YBEIWUYEHUE COAepKa-
HUSL QTOPUCTHIX WIIM XJIOPUCTHIX COJIEH B COCTABE CBAPOYHBIX MATEPHAIIOB, €CITH
BEJIMYMHA TOKA U IJIMHBI AYTU OCTAHYTCS HEM3MEHHBIMU?

8. Kak n3MeHHuTCs npon3BOAUTEIBLHOCT MPOIIECCA PACIUIABICHUS METal-
J1a B XOJI€ CBApPKU MPHU YBEJIIMYEHHUE IIETOYHBIX, [IEJIOYHO3EMENIbHbIEC BEIIECTB B
COCTaBE CBAPOYHBIX MAaTE€PUAJIOB, €CJIU BEIMYMHA TOKA U JUIMHBI JyTU OCTAHYTCA
HEU3MEHHBIMU?

9. Kakoli W3 cieayronmx KOMIIOHEHTOB CBapouyHBIX MaTepuaiioB SiO,
FeO, FeSi, CaF,, CaO — cuiapbHO MOHWKAET 3JACTHYHOCTH CBAPOYHON ayru?
[ToBpIIaET 31aCTUYHOCTD AYTH?

10. Kak OyaeT u3mMeHsATCs pa3pblBHAs JIJIMHA JAYTH, €CJIA IIPU MMOCTOSTHHON
BEJIMYMHE HANPSHKEHUS UCTOYHUKA MUTAHUS YBEJIWYMBATh CONPOTUBJICHUE CBa-
pouHoit nenu?

11. Kak OyaeT u3MeHSThCS pa3pbIBHAS JIJTMHA TYTH, €CIU MPHU MMOCTOSH-
HOM BEJIMYMHE TOKAa KOPOTKOTO 3aMbIKaHUsl YBEIMYMBATH HAMNPSHKEHUE UCTOY-
HUKA TUTaHUS?
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JlaGoparopHnas padora 3

NCCIEAOBAHUE AYT'OBOI'O PA3PAJA HA IEPEMEHHOM
TOKE

Ilenv pabomwbi: 03HAKOMUTHCS ¢ OCOOEHHOCTSIMH JIyTOBOTO pa3psaa Ha
MIEPEMEHHOM TOKE.

OO0mue ykazanus

PaboTta MoxeT OBbITh BBHIMOJIHEHA IPU OJTHOBPEMEHHOM Y4aCTUU B HEU He
MeHee 5—6 YeNloBeK.

["'0TOBSICH K BBINMOJIHEHUIO JJAOOPATOPHOM pabOThI, CIEAYET 03HAKOMUTHCS
c JabopaTtopHOi ycTaHOBKOW. M3yunth pekomeHayemyro nurepatypy [10,
c.123...125].

CryneHTaM HEOOXOJUMO 3HaTh, YTO 110 CPABHEHUIO C 1YTOH NOCTOSTHHOTO
TOKa JIyra IEpEeMEHHOI0 TOKa UMEET CJIETYIOIINE TJIaBHbIE OCOOEHHOCTH:

1. B koHIIE KaxA0ro noiaynepuosa, 1.e. uepes kaxasie 0,01 ¢, mpu yacro-
te =50 I'u, snexTpuveckuii TOK B Jyre MEHseT CBoe HampamieHue. Karom u
aHOJl MEHSETCA MECTaMHU, M KaXK/Ibli MOJYNEepUo Iyra racHeT U BO30yKaercs
BHOBb.

B Te MOMEHTHI, KOrJja Jiyra He TOPHUT, IPOUCXOJIUT JACHOHU3AIMS pa3psi-
HOTO IIPOMEXKYTKA, OXJIAXKIAI0TCSl aKTUBHbBIE MsATHA. ECM OcTaTOYHbIE MOHH3A-
M 1 TEPMOAJIEKTPOHHAS] SMHUCCHS HEIOCTATOYHBI, TO 3aKUTAaHHUE TyTHU MPOUC-
XOJIUT MPH HAIPSHKEHUU 0O0JIbIIEM, YeM HampsikeHue nyru, 1.e. U,>U,, roe U, —
HaIpsHKEHUE MOBTOPHOTO 3axkuranus; U, — Hanpsbkenue ayru (puc. 2.11). Uem
MEHee MOIIHas Ayra, TeM OOoJbllle MUKU HANpPsDKEHUs MOBTOPHOTO 3a)KUTaHMS

(puc. 2.12).

LU u,
U, U,
t
U,
-1,-U ICB
Pucynok 2.11 — [{uknorpamma nyru Pucynok 2.12 — Briusinue
MEPEMEHHOTO TOKa TOKa YT Ha HaNpsHKEHUE T10-

BTOPHOI'O 3a’KUI'aHUA

C YMCHBIICHUCM BPEMCHHU CYHICCTBOBAHUA OCTaTOYHOU TCPMOSMHUCCHUHU C
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AJNEKTPOJIOB, YCKOPEHUEM pachaja Mmjia3mbl cTos0a, yIJTMHEHUEM YT U yXY -
[IEHUEM JIMHAMUYECKHX CBOMCTB MCTOYHMKA MUTAHUS B TOPEHUM JTYTW TOSIBIIS-
I0TCS U YBEIUYHUBAIOTCS MEPEPHIBHI.
2. Tak xak gyra siBJIsieTCS HEIMHEUHBIM AJIEMEHTOM 3JIEKTPUYECKOH 1IeMH,
TO €€ MOIIHOCTh HE paBHA MPOU3BEACHUIO JCUCTBYIOIIMX 3HAYEHUU TOKA U
HaMpPsDKEHUS, KaK B clTydae CUHYCOMIANIbHBIX TOKOB. B 0011eM ciyyae
P, =AUl

ce!

rire A, = 0,85...0,95 — ko3P PUIUEHT MOIIHOCTH IYTH, YYUTHIBAIOIIUI HCKa-

’KEHUE KPUBBIX TOKA U HAIIPSDKEHUS, UX OTJINYME OT CUHYCOMI;
U, — ZeicTByIolIee 3HaYEHNE HANIPSHKEHUS 1yTH, B;

| ., — AcHCTBYyIONIEE 3HAYEHHE TOKA IyTH, A.

3. B cBs3u C HEOAMHAKOBBIMH YCIOBUSIMU CYIIECTBOBAHUSI KATOJHOIO
MATHA Ha dJEKTpojax (pasnuyue B paboTax BBIXOAA (g, TEMIEPATYPHI IJIaBIie-
HueMm T, u xuneHusi, GopMbl IEKTPOJOB M TEIUIOOTBOJA OT HMX) BO3MOKHA
ACHMMETPHUS TOKOB U HANPSKEHUHN B pa3Hble MOJYNEPUOIbl TOPEHUS TyTH — TaK
Ha3bIBa€MbI BEHTUJIBHBIN 3P (DEKT.

Hanpumep, npu aproHoayroBoi cBapke aatoMUHUS BOJIbGPAMOBBIM dJIEK-
TPOJIOM OTHOCHUTEJIbHASI aCUMMETPHsI TOKOB Al =1, —I,, MoxkeT nocturatb 50%

OT 3HAUYCHWUSI u Oonee. B 3TOM ciydae cranmoHapHas TEPMOAJIEKTPOHHAs

[
w
OMHUCCHA C W-KaTOI[a H €ro ocrarodyHas 5MHCCHUA 3HAYHUTCIBHO 6OJ'IBIJ_I€, 4€M C
«XOJO0AHOTI'O» AI-KaTOI[a I10 TPCM OCHOBHLIM IIpUYHUHAM:

a) T, (~ 4000K) >> T (~ 950K) ;
0) kaToHOE MmaieHue HanpspkeHus U KA "S> U o

B) TEIJIOOTBOJ] B MACCUBHOE aTIOMUHHEBOE H3Jenue Oombine, uem B W-
CTEPKEHb.

BentunbHbiit 5pPextT 00bIYHO yXyIIIaeT CTa0MWIBHOCTh Tpoliecca, Gpop-
MHUPOBAHHUE I1BA, YUCTOTY MOBEPXHOCTH, MPOYHOCTHHIE CBOWCTBA COCIUHEHMUS.
Kpome Toro, mocTostHHas COCTaBISAONIAsl BPEIHO CKa3bIBA€TCS HAa paboTe HMC-
TOYHHUKOB MUTaHUs. B HacTosIee BpeMsl IBITAIOTCS UCIIOIb30BaTh BEHTUIIHHBIM
ekt ans ympaBlieHHs MPOIECCOM IMPOIUIABICHUS MeETalla TpU TyTOBOM
CBapKe.

PabGouee 3aganue

1. OBnaseTb METOAMKON HWCCIICIOBAHUS CBApOYHBIX IPOIECCOB C TTOMO-
IIBI0 MUICH(POBBIX U EKTPOHHO-TYUEBBIX OCIIIIIIIOTPAQOB;

2. DKCTIEpUMEHTAJIbHO HMCCIIEIOBATh BIUSHUE MaTepuaia JJIEKTPOJOB Ha
XapaKTep KPUBBIX TOKA M HATIPSDKEHUS TyTH MEPEMEHHOTO TOKa;

3. OBnazeTh METOAMKON IKCIIEPUMEHTAIBHOTO onpeeneHus kKodhduiu-
€HTa MOIIHOCTH CBAPOYHOM TIYTH.
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Oob6opynoBanue, mpuOOPLI 1 MATEPHUAJIBI

1. Capounslii Tpancopmatop tumna T/[-300, *HCTpyMEHT cBapIIMKaA.

2. Ociumnorpadel: meddoporo tumna K-12-22, 371eKTpOHHO-TYYEBOH C
JIBYMSI BXOJIHBIMHU TIapamMeTpaMu (IIpU OTCYTCTBUU TAKOI0 OCIMLIorpada Mox-
HO MCIOJIb30BaTh JIIOOOW ¢ KOMMYHHKATOPOM); U3MEPHUTEIbHBIN KOMIUIEKT THIA
K-50; u3ameputenbHble IIyHTHI, MUJUIMBOJIBTMETP MOCTOSSHHOTO TOKA C HYJIEM IO
CeperHe.

3. DneKTpo bl TpapUTOBbIM (YroiabHBIN), cTaabHOU (0€3 MOKpPHITHS), Ka-
YECTBEHHBIE 3JIEKTPObI ABYX-TPEX PA3IUUHBIX MApPOK.

4. [Inactunbl: yronpHas (rpaduToBasi), CTalbHas, W3 CIJIaBa Ha OCHOBE
amtoMuHus (Tuna AMr).

N3yuenne padoThl IKCIIEPUMEHTAIbHON YCTAHOBKH

OKcrepuMeHTalIbHAsl YCTAHOBKA COOMPAETCs MO CXeMe, MPECTABICHHOM
Ha puc. 2.13.

[TuTanue cBapo4yHOM AYTM OCYyIECTBIsETCs OT TpaHchopMmaTopa T Tuma
TI-300. Amnepmerp PA1 Bkimrouen uepe3 tpanchopmatop TA BO BTOPUUHYIO
LeNb U U3MEPSAET BeIUUMHY ToKa nyru | .. BonstMmerp P usmepser nanpsokeHue

Ha BBIXOJHBIX KiIeMMax TpaHcpopmaropa (Hampspkenue nayru Up). Bartmerp
PW usmepsier MomHoCTh 1yru. MusyumiBosabT™MeTp PA2 MOCTOSIHHOTO TOKa C HY-
JIEM TIOCPEIMHE CITYXKUT JJI U3MEPEHUS TTOCTOSIHHON COCTABJISIONICH.

PA1 kK OMO

A
PW B

I t

T
TA RS2 A_KDJIO
Cetp <> " PA2 N I
o N e
—

RS1

Pucynok 2.13 — CxeMa 3KCIepUMEHTAILHON YCTaHOBKHU

[Ipu uccnenoBaHuM CBapOYHBIX LIETICH MPUMEHSIOT OCITHILTOTpadbl: dJIeK-
TpoHHO-11y4YeBble DJIO Tnna C1-76 u snektpomexanndeckne IMO ¢ MarHuro-
ANEKTPUUECKUMU TaibBaHoMeTpamu tumna K-12-22, H-102, H-105, H-700, nos-
BOJISIFOIIME MPOU3BOIUTH U3MEPEHUS U 3aMUCh OBICTPOU3MEHSIOIINXCS TPOILIeC-
COB.

[nefidor raneBanoMeTpoB (BuOpatopoB) IMO GuKCHpPYIOT M3MEHEHUE
TOKa, MpoTeKkaroiiero B 1enu nuiekda. Kaxaplii rabBaHOMETp paccuvTaH Ha
OTIPENICJICHHYIO BEJIMYMHY TOKa, U3MEpsSeMyl0 MuuiMamiiepamu. [ns 3amucu
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CBApOYHOI'O TOKa TaJlbBAHOMETP BKIIFOYAET TaK K€, KaK M aMmIepMeTp, depes
nryHT. J[71s1 3anvcy HanpspKeHHs TyTH TalbBaHOMETP BKITIOYACTCS TaK Ke, Kak U
BOJIETMETP, T.€. MapauieibHo ayre (puc. 2.14).

_________

Pucynok 2.14 — CxeMa BKJIIOYEHUS TaJIbBAHOMETpA JJIs 3alIUCH HaMpsi-
*eHus (a) u Toka nyru (0)

JlJi orpaHUYUTENb TOKA B IIETb T'aJIbBAHOMETPA BKIIIOUAETCS JOOABOUHOE
CONPOTHUBJIEHUE, BEIMUYUHA KOTOPOTO BHIOMPAETCS] U3 COOTHOIICHHIA:
a) MpU 3aMKUCH HAMIPSKEHUS JyTU

r1€ |lepmax— @MIUITMTYTHOE 3HAYEHHUE TOKA IYTH, A;
Umax — aMILTUTYTHOE 3HAUYEHHUE HANPSDKEHUS Ha Pa3psIHOM IPOMEKYTKE,
B; ero MOXHO NPUHATH PAaBHBIM aMIUIMTYJHOMY 3HAUYECHHUIO HANPSHKEHHS
X0JIOCTOTr0 X0/1a TpaHchopmaTopa,;
|, — JOMyCTUMBII TOK rajJbBaHOMETpA, A;
Rs — conpotuBnenune usmepurenbHoro myaTta RS, Owm;
R. — conpoTusienne raipBanomerpa, Om.
HccnenyeMble mpoLecchl NPOTEKAIOT BO BPEMEHH, KOTOPOE OTMEYAETCs
CHEUUATbHO OTMETYMKOM BPEMEHMU.
Jlis 3amucu HyJEBBIX JIMHUK MCIONB3YIOT Hepadouue rajibBaHOMETPBHI.
JlaT4MKY TaJIbBAHOMETPOB IEPEJ HAYAJIOM 3aIMCU CIEAYET BHECTH B HYJIEBYIO
TOYKY raJlbBAaHOMETPA, 3AMKUCHIBAIOLIETO HYJEBYIO JUHUIO.
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Iopsaok BeINOTHEHUST Pa0OTHI

1. IInacTuHbBI CTadbHBIE U U3 CIUJIaBa aJTIOMUHMS 3aYUCTUThH A0 METaJUIHU-
4yeckoro Oiiecka. YroJibHble (TpaUTOBBIC) AJIEKTPOIbl 3aTOYUTH Ha KOHYC C
OPUTYIUJICHUEM 5...6 MM.

2. O3HaAKOMUTBHCS C YCTPOHUCTBOM ocHIIIIOrpadoB, HHCTPYKIUSIMHU o0pa-
IeHUs1 ¢ HUMA. BrIOpaTh TalbBAHOMETPHI [IJIS1 3aMCH TOKa U HanpsykeHus. [lpu
ATOM ClIe[lyeT MOMHUTh, YTO COOCTBEHHAs YacTOTa TalbBAHOMETPOB OJDKHA
MpEeBBIIIaTh YAaCTOTY MPOTEKAIOUIMX MpoleccoB. PaccunTtats BennyuHbl 100a-
BOYHBIX compoTuBieHud. CoOpaTh cxeMy MOAKIIOUEHHUs OCHHLIOrpadoB.
YcTaHOBUTH HYJIEBBIC JIMHUU. BBIBECTH B HyJNEBbIe TOUHM pabOTaIOIIUE TalbBa-
HOMETpHBL. 3apsauth KacceTy. CHATh ociuuiorpadsl HAMpsSKEHHS XOJOCTOTO
Xoja TpancopmaTopa (ydactok 1)

3. Bo30yauThs ayry Mexay yroiabHbIMH 3JEKTPOJIaMU U TIPHU MOCTOSHHOM
JUIMHE paspsaHoro mpomexytka (L,=COnst) cHATh OCHMIUIOTpaMMy TOKa H
HanpspkeHue ayru (ydactok 2). 3udukcupoBarh 3HaYeHUs TOKa (mpudop PA1) ,
Hanpspkenus (nmpudop PV) u momuoct (mpubop PW) ayru, HampsbkeHue 1o-
CTOSIHHOM cocTtaBisonieit (mpudopa PA2). PesynbTaThl M3MepeHUil BHECTH B
tabm. 2.11.

4. TToBTOpUTH 1.3, BO30YIUB AYTY MEXKIY YrOJBHBIM 3JEKTPOAOM M Iijia-
ctuHOM m3 crutaBa Al. CHATh OoCIMIIOrpaMMy TOKa M HaNpspKeHHs (y4acTok 3),
3aukcupoBats 3HadeHus Uy, |, P,, pe3yapTatel BHecTH B Tabm. 2.11.

5. TloBroputh 1.3, BO3OYAHMB Iyry MEXAY YTOJbHBIM JJIEKTPOAOM H
CTaJdbHOM MIacTUHOW. CHATh OCHWJUIOPAMMYy TOKA W HampsihKeHUs (y4acTok 4),
3auxcupoBats 3Hauenune Uy, |, P,, pesynbrarel BHecTH B Tabm. 2.11.

Tabnuna 2.11 — Pe3ynbTarhl SKCriepuMeHTa

Onextpoasl | Uy, B | 1, A | Py, I Ao | U, Bing,% | t,cC Nys,
Br MB 1/c

C-C

C-Fe

C-Al

Fe —Fe

6. IIpousBectu HartaBky (ayuHo# 20...30 MM) cTanbHBIM cTepkHEM (0€3
MOKPBITHS ), KAUECTBEHHBIMU AJIEKTPOJAMHU JABYX WM TPEX MAPOK HA CTAIbHYIO
rmiacTuHy. CHATh OCHIMIJIJIOTPaMMBI TOKA U HaIpsiKeHus (ydacTku 5, 6 ...).

[Ipumeyanus:

1. Bo Bpems mpoBeieHUsI KaXKIO0TO ONbITa ClieyeT HaOJ01aTh 3a Xapak-
TEPOM KPHBBIX TOKA W HAIMPSHKEHUS HA SKpaHE AJIEKTPOHHOIYYEBOTO OCIHILIO-
rpada 2JI10.

2. Bce HamiaBKu clieyeT CTapaThbCsl BBHITIOIHATH NP MOCTOSHHOW BEJH-
YUHE TOKA U OJJMHAKOBOM JJIMHE JTyTH.
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O0paboTKa pe3yIbTATOB IKCIIEPUMEHTA

1. ITo okOHYaHHUIO OMBITOB BBIHYTh KacceTy U3 ocuuiorpada, B gorona-
Oopatopuu MposIBUTH OyMary win ¢poToOymary.

[Ipu nmpocmMoTpe OCUMUIUIOrPAMMBI, PEXKE BCErO Hal0 OTMETUTh Ha JICH-
T€ OTJECIbHBIC YYACTKHU.

Ha yuactkax 2, 3 u T. 1. cliefyeT OTMETUTh HAJIMYKWE NUIAKOB HAMNPSIKE-
HUS TIOBTOPHOTO 3aKUTaHUsI, ONIPEACIIUTh BpeMs ropeHus 1. 3a mepuo (mpubiu-
3UTEBHO), OTHOCUTEIILHOE YHWCIIO TEPEPHIBOB B TOPEHUU IyTH (€CIM TakKue
UMEIOTCS) N, HAJTMYUE KOPOTKUX 3aMBIKAHWM, BBHI3BAHHBIX MEPEXOIOM Kareb
ANEKTPOAHOTO MeTamia, N (ydactkun 5, 6 u T. A.). Pe3ynbrarsl BHECTH
tabn. 2.11.

2. ComocTaBUTh XapaKkTep KPUBBIX Ha Y4acTKax 2, 3 U T.J. C KPUBBIMU XO-
JIOCTOTO X0/1a (HEKOTOPOE YBJICUYEHHE WJIM YMEHBIICHHUE aMIUIATYIbl HaIpsKe-
HUW Ha KPUBBIX B PA3IMYHBIX YACTSIX OCHMIUIONPAMMBI BO3MOXKHO 3a CU€T, U3-
MEHEHUS JITTUHBI TyTH).

3. OnpenenuTh CMENICHNE KPUBBIX OTHOCUTEIBHO HEUTPAILHON OCH, YTO
XapaKTepU3yeT BHIMIPSMIISIONIEE NeUCTBUE Myru. VM3MeHeHune aMIuTuTybl 0Co-
OCHHO OTYETJIMBO BUIHO Ha KPHUBOM TOKA, TaK KaK Ha KPUBOUM HAIPSHKCHUS MaK-
CUMYMBI OOBIYHO Pa3MbIThl. COTIOCTaBUTH ATH PE3YJIBTATHI C MIOKA3aHUSIMH TIPH-
o6opa PA2.

4. BBIMOTHUTE aHAIHA3 TIOJTYYCHHBIX PE3YyIbTaTOB.

KOHTpOJIbHLIe BOIIPOCHI

1. KakoBa ¢u3nueckas CyImIHOCTh TOKA 3aKUTaHUS Ha KPUBOW HaIpspKe-
HUA IyTH NEPEMEHHOI0 TOKa?

2. Yem 0OyCIIOBIEHO HCKa)KEHUE KPUBBIX TOKA M HANPSDKEHUS TyTH Iie-
PEMEHHOI0 ToKa?

3. Uro Takoe ko3 HUIIMEHT MOIITHOCTA CBAPOYHOU TyTH?

4. Kaxxnoe BIMSHUE OKa3bIBAET MOIIHOCTH JAYI'M Ha BEJIMYMHY HampsiKe-
HUUY TOBTOPHOT'O 3aKUTaHUs?

5. Yro Takoe «BeHTWIbHBIN 3(h(PEeKT» Tyru NepeMeHHOro Toka?

6. UeM o0ycnoBieHa Haau4yle aCMMMETPUU B OCIMILIOTpAMME JIyTH Te-
PEMEHHOr0 TOKa?

7. Koto 00pa3oM MOKHO MOBBICUTh YCTOMYMBOCTH JYTOBOIO pa3psiia Ha
IIEPEMEHHOM TOKE?
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JlaGoparopHnasi padora 4

MCCJIEJIOBAHME TENIOBBIX XAPAKTEPCTHK CBAPOY-
HOM YT

Ilenv pabomwi: >KCEPUMEHTANBHO U3YUUTh 3(G(HEKTUBHYIO TEIUIOBYIO
MOIIIHOCTb CBAPOYHOM IYTH U OCBOUTHh KAJIOPUMETPHUECKUI METOJ HCCIIEN0BA-
HUS Y3PPEKTUBHOCTH PA3IUUYHBIX UCTOYHUKOB TETLJIOTHI.

OO0mue ykazanus

PaboTta MoXxeT OBbITh BBHIMOJIHEHA IPU OJTHOBPEMEHHOM y4acTUU B HEH He
MEHee 3 YeJIOBEK.

['OTOBSICH K BBIMIOJIHEHUIO JTA0OPATOPHOU PabOThI, CIEAYET U3YyYUTh pe-
KOMEHIyeMyto Jutepatypy [1, ¢. 166...119], moarorosuts Tabd. 2.13.

ToJIbKO HEKOTOpAsl YacTh 3HEPIUH, 3aTPAYCHHON IPU CBAapKE C MCIOJb30-
BAHMEM BHEIIHErO0 MCTOYHHKA SHEPIrUH, KOTOPBIM SBIISIETCS CBAPOYHAs Iyra,
BBOJIUTCS B METAJLI.

KonuuecTBO TEIIOTHI, BBEIEHHON B METAJUT B €IMHULY BPEMEHHU, — 3TO U
ecTb 3 (deKTUBHAs TEIJIOBAas] MOIIHOCTh CBAPOYHOIO0 MCTOYHHUKA TEIJIOTHI (Y-
'Y, 3JIEKTPOHHOTO WJIM CBETOBOTO JIyya U T. A.). OTHOIEeHne 3(h(HEKTUBHOM Tell-
JIOBOM MOIIIHOCTH KO BCEH MOIIHOCTH, 3aTPay€HHON Ha CBapKy, Ha3bIBAeTCS
3¢ (pexTUBHBIM KO3 (PHUIIMEHTOM MOJIE3HOT0 ACHCTBUSA UCTOYHUKA!

Oy
= 0.34
n, 0.l (0.34)

c6

rae g, —ddeKTHBHAs TEIUIOBAas MOLUIHOCTb, BT;
U, — Hampspxenue nyru, B;
I, — TOoK nyru, A.
Oddexrunbiii KIIJ[ sBisercss ycTOMUMBON XapaKTEpUCTUKOW I Kax-
JIOTO TpoLecca W YCIOBUW ero ocyiecTBieHus. OObIYHO JUIsl ONpeAesICHUs

KIII momp3yroTcs KalOpUMETPUUECKUM METOJAOM, HO IIPH 3TOM PAaCCUUTHIBAKOT
77, 1 (, KaK CpeJHHE BEIUYMHBI BCETO IIPOLECcCca, B TO BpeMs, KaK B IPOLIECCE

CBapKM WJIM HAIUIaBKU ATH BEJIIMYUHBI MOTYT OIpPENENIEHHBIM 00pa3oM Hu3Me-
HATbCs. Hampumep, ecnu aetanb HarpeBaeTcsl TEIJIOM CBAPOYHOTO MCTOYHHUKA,
TO €€ CIOCOOHOCTh K TIOTJIONIEHUIO TETia CO BPEMEHEM CHHKACTCS U, €CTe-
cTBeHHO, nanaet dddexruBnbiii KI1J[ mpomecca.

M3MeHeHne KOJMYECTBA TEIUIa, TOCTYMAIOMEr0 B METAUT B CIUHHUILY
BPEMCHH, NMPUBOAUT K HEPABHOMEPHOCTH CBOWCTB CBApPHOT'O COCIWHEHHUS, pa3-
JUYHOW peakIMM CBapHBAEMBbIX MAaTEpPUAJIOB Ha HArpeB B pa3HbIE MOMEHTHI
BpeMeHHU. B cBs3m ¢ 3TUM perynupoBanne d(OPEKTUBHOW MOITHOCTH B pa3iiny-
HBIC TIEPUOJIBI CBAPKH SIBIICTCS YPE3BBIYAHO Ba)KHBIM BOMPOCOM, TaK KaK OT
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€ro MpaBUJILHOTO PELIECHUS 3aBUCUT CTAOMIIBHOCTh CBOMCTB CBApPHBIX COEIMHE-
HUI B pa3JIM4HbIC IEPUOLBI POLIECCA CBAPKH.

[Ipu HENpepBIBHO NEUCTBYIOLIEM HEMOABUKHOM UCTOUYHHMKE TEMIIEpaTypa
Pa3IMYHBIX TOYEK TeJla U3MEHSETCS, MPUOIMKAsICh K MPEACIIBHOMY COCTOSIHHIO.
B cBs3u ¢ atum u 3¢ dextuHbiii KIIJ[ ctpeMuTcss K KaKOMY-TO YCTaHOBHBIIIES-
MYCsl 3HAUEHUIO.

PabGouee 3aganue

1. Onpenenuts 3 GEKTUBHYIO TEMIOBYIO MOIIHOCT (|, U 3((HEKTUBHBIN
KIIJ] HarpeBa 7, IpU HaIUIaBKE BaJIMKa Ha IJIACTHHY METAIIMYECKUMHU JIEK-

TPOJAMH C Pa3IMYHBIMH MOKPHITHUSAMH (MOHU3UPYIOIIUM, Ka4€CTBEHHBIM — OC-
HOBHOTO ¥ pyTHJIOBOI'O THIIA).
2. Onpenenuts (, U 77, YroIbHOH Ayru HpsMOro IeHCTBUS Kak (QyHK-

U0 JJIUHBI JYTH.
3. YcranoButh BiusHUE Toka (B auanazone 80...300 A) Ha sddexTus-
HYIO TEIUJIOBYIO MOIIIHOCTB JTyTY IIPU CBApKE B YIJIEKUCIIOM Tas3e.
[Ipumeuanune. KoHkpeTHoe 3agaHue U OOBEM BBINOJHAEMONW pPabOTHI
OTIpe/IETISIET MPEIo/1aBaTeNb.

Oo0opynoBanue, npudOpPbI, MATEPHUAJIBI

1. KanmopumeTpuyeckasl yCTaHOBKA; MOJCTaBKa IMojA 00Opa3lbl B KaJlOpH-
METPUYECKOM COCYZE; CTOJMK JUIsl CBapKd MoJ 00pasel; CEeKyHIOMep; IOCT
PYYHOH IyroBOM CBAapKH C M3MEPUTEITBHBIMHU MPUOOpaMU; MOCT aBTOMAaTHUYe-
CKOM CBapKd B YTJIEKHUCIIOM Ta3e IUIABSIIUMCS 3JIEKTPOJIOM; BECHI C pa3HOBeca-
MU.

2. O6pasupl-tuiactunbl pazmepoM (6...10)%(80...100)x(160...200) mm u3
MaJIOyTJIEPOIUCTON cTanu (C XBOCTOBUKAMU); cBapodHas nmpoBosioka C-0812C
muametpa 1,2...1,4 MM; 3IEKTPOJIbI: YTOJdbHbIN (TpadUTOBBIN), METATUTMYECKHIMA
C MOHU3HUPYIONIUM TOKPBITHUEM, Ka4eCTBEHHBIE — C MOKPHITHEM OCHOBHOTO H
PYTHJIOBOTO TUMa (AUaAMETpP JEKTPO0B — 4 MM); OAJIJIOH ¢ YIJIEKUCIIOTOM; 3a-
I1ac BOJIbI, UMEIOIINI TEMIIEPATypPy ITOMEIIEeHUs, B KomuecTse 10...12 .

HN3y4denune padoThl IKCIIEPUMEHTAJIbHON YCTAHOBKH

OCHOBHBIM Yy3JI0M 3KCTIIEPUMEHTAIbHONW YCTAHOBKHU SIBJISIETCS] KAJIOPUMETP
(puc. 2.15).

Kanopumerp cocTouT M3 BHEIIHEr0 Kopimyca | ¢ JBOWHBIM CTEHKaMH,
MPOCTPAHCTBO MEXAY KOTOPBIMHU 3aIlOJHEHO BOAOM, M KaJOPUMETPUUECKOIO
cocy/a 2, yCTaHOBJIICHHOTO BHYTPHY KOPIYyCa Ha TEILIOU30JIUPYIOIIUN MOICTaBKe
3. Kopnyc u cocysl U3roTOBJICHBI U3 JATyHU, HUKEJIUPOBAHBI U TIIATEIBHO OT-
MOJIMPOBAHBI I YMEHBIICHUs TeruiooTnaun. Hax koprycom Ha CTOMKax mo-
MEIIEH KPUBOILIMIHBIA MEXaHU3M 4 111 IPUBOJIa MEIIAJIKU S5, pacloI0KEHHOTO
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BHYTPU KAJIOPUMETPUUYECKOIO cocya. Temneparypa BoAbl BHYTpHU KOpIyca U3-
MEpSIETCSl TEPMOMETPOM 6, BCTABJIEHHBIM B OTBEPCTHUE KOPITyCa.

4 6 5
A W

TOTHaaiip

OO

o\ \z
Pucynok 2.15 — Cxema KaTopuMETPUIECKOTO OTBITa
Bo Bpems mpoBeaeHNUS HAIIaBKU (MJIM HArpeBa HEIIABSIIETOCS JJICKTPO-
na) obpasen-iactuHa 1 (puc. 2.16) ¢ XBOCTOBUKOM 2 JOJIKHA OBITH YCTaHOB-

JIeHa Ha MOJICTaBKY 3, OKJIEECHHYIO TEIJION30IUPYIONIMM MaTepuaiom 4. Oopart-
HBII IPOBOJ MOJBOAMUTCS K 00pa3siy C MOMOIIBIO ANEKTPOAEPIKATENA.

1 2

VA S

3 Croun cBapmuka

—

7

Pucynok 2.16 — Cxema npoBeieHus1 HalIaBOK
IMopsiaok BbINOJIHEHUS PadOTHI
1. O3HaKOMUTCS C KAJIOPUMETPOM U TIOJITOTOBUTH €r0 K padoTe:
a) BBIHYTh KaJOPUMETPUUYECKUI COCY, TOMECTUTh Ha €ro JHO MOICTAaBKY

oz obpasery 7 (cm. puc. 2.15);
0) HaMOJHHUTH COCY]l BOJOW, MMEIOIICH TeMIlepaTypy HoMmelineHus (ypo-
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BEHb BOJIbI — HWKHUM KpPall BEPXHEU 3aKJIENIKU PYUYKU KAJIOPUMETPUYECKOHU 3a-
KJICTIKH ); ONPEJEIUTh Maccy BOJbI U B JajdbHEWIIEM MOJACPKUBATh €€ MOCTO-
SIHHOM;

B) YCTaHOBHUTBH COCYJl B KOPITYC KaJlopuMeTpa Ha MOACTaBKYy 3 (CM. puc.
2.16) Tak, 4TOOBI BRICOKAs YacTh MOJACTaBKH 7 I0J 00pa3ell Oblia crpapa; meib
JOJDKHA OBITh MEPHEHANKYIISIpHA Kpato croja (puc. 17); mpu ycTaHOBKE cocyaa
HE pACIJIECKATh BONY;

IToncraBka

N

Kpaii crona

Pucynok 2.17 — Cxema pacnosioskeHus OJICTaBKU o1 oOpasel B Kajo-
PUMETPUUYECKOM COCY/Ie

') IOTPY3UTh B BOJYy MemalKy 5 (cM. puc. 2.15) BbIpe3aMu BIPaBO U CO-
€MHUTH €€ C MPUBOAOM 4 Tak, YTOOBI MpU pabOTE MOCIEIHET0 MEIIajIKa HE Ka-
cajlach JHa COCYy/1a, CTEHOK U MOJICTABKU MO 00pa3ell; BEpXHee KOJIbLIO Mella-
KU HE JOJDKHO BBIXOJWUTH Ha MOBEPXHOCTh BOJABI BO M30€KaHUE €€ PaCIIECKU-
BaHUS; IPOBEPUTH PabOTy MEIIANIKHU;

1) YCTAaHOBUTH KaJOPUMETPUUYECKUN TEPMOMETpP, MPOIYCTUB €ro uepes3
OTBEPCTHUE B BEPXHEH KPBIIIKE MPU OTHKATOM 3a)KUME; OTITYCTUTh 3aKHM U MPO-
BEPUTH XOJI MEIIANKU; Tociie 1-2 MuH paboThl Memaiku 3aUKCUPOBATh MOKa-
3aHUs TepMOMETpa ¢ TOUHOCTHIO 10 0,01°C.

2. YcTaHOBUTH 00pa3el-TUIACTUHY HA MOJACTABKY /ISl HAIUIABKU (CM. pUC.
2.16). [IpousBecTn HarIaBKy Uiau HarpeB oopasua B Teuenue 10...20 c. Bpems
HaIUIaBKU (HarpeBa) BBIOMPAETCS C TAKUM PACYETOM, YTOOBI MOJIYYUTh TEII0CO-
nepxkanue obpasna nopsiaka 25...40 k/x. [TockonbKy pekuM HarUTaBKUA U3BE-
CTEH (3aJaeTcs MpenoaaBaTeseM U IPeIBapUTEIbHO IPOBEPSETCS HA MOCTOPOH-
HEW MIACTUHE), TO BPEMS HAIUIaBKHU (HarpeBa) MOKHO OMPENIETUTh U3 COOTHO-
LIEHUS
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_ (25..40)-10°

pes

ULIJUGICB

rae 7., - OpUEHTUPOBOYHOE 3HaueHUe 3¢ ¢exTuBHOro KIIJ[ HarpeBa usnenus
JyTOi; BRIOUpaAeTCsl Ha OCHOBAaHWU JJaHHBIX Tabu1. 2.12.
[Tociie OKOHUYAHUS HAIUIaBKU (HarpeBa) PUKCHPYETCS CPEIHUE 3HAUCHUS

ToKa |, ¥ HanpsbkeHue nyru U ;, a Takke BpeMs HAaIUIaBKU — TOPEHUs AyTHU 7, .

Tabnuua 2.12 — 3HadeHue 77, Ipu AyroBoOil cBapke

CBapka MmIaBsImMcs dJIEKTPOI0M

Caapka P = oA

Pa3znoBu- PJIC, snek-
HeTLIaBs- PIC,

HOCTb TIPO- TPOJIBI C B yrne-

ITUMCS anektpoas! | Ilox diro-
necca JIyro- NOHU3UPY- KHCIIOM

. AIEKTPO- Kaue- coM
BOH CBapKu IOIIHAM TI0- rase
JIOM CTBECHHBIC
KPBITHEM
Bemyuuna | 0,45...0,60 | 0,65...0,75 |0,75...0,85 | 0,75...0,90 | 0,7...0,92
B

3. Kak TosbKO HaljiaBKa 3aKOH4Y€Ha, ObICTPO, HO OCTOPOKHO B3ATh 00pa-
3€1l 32 XBOCTOBUK U TIOTPY3UTh B KaJOPUMETPUUECKUIN COCY]l TaK, YTOOBI HMXK-
HUI Kpaii 00pasiia BOIIEI B IIENb MOJCTaBKH (CM. puc. 2.15).

HenocpenctBeHHo mepesa MmorpykeHueM o0pasiia MeHIaJIKy OCTaHOBUTD,
oOpasel] yCTaHOBUTh TaK, YTOObI OH HE Melall paboTe MEIIAIKU, U HEMEAJIEHHO
BKJIFOUUTH MEIIAJIKY.

[Tpumeuanue. [lpu morpyxkeHun oOpasma obeperarb OT MOBPEKICHHIM
TEPMOMETP U MEIIAJIKY.

[Tocne morpysxenust o0pasia Hy>KHO BHUMATEIbHO CICAUTH 3a TTOKa3aHU-
MU TEPMOMETpA: CHavYajla HEBOOPYKEHHBIM TJIa30M, 3aTeM uepes3 JyIy.

[Ipon3BecT OTYET MAKCUMAJIBHOW TemmepaTypbl ¢ TOYHOCTBIO 70 0,01

°C.

4. MakcuMmanbHasi Temneparypa oObIYHO ycTaHaBiuBaeTcs uyepes 20...40
¢ mociie norpyxkenust oopasua. [lociae orcuera ycTaHOBHUBIIEHCS TeMIEPATypPhl
OCTAHOBHUTHh MEIIAJIKY M BBIHYTh TepMoMeTp. OOpaszen u3Bieyb, BBHICYIIUTHh U
B3BeCUTH (0€3 1utaka). PaccuntaTe mMaccy HEMOTPYKEHHOW 4acTH XBOCTOBHKA
(mo pasmepam), BEIYECTh U3 O0IIECH Macchl 00pasia u 3apuKCUpOBaTH Maccy To-
rpyKEHHOM yacTu o0Opasla.

5. Pe3ynbTarsl, NOJIy4Y€HHBIE NPU BBIOJHEHUU 0. 1...4, — TemmnepaTtypa
BOJIbI 10 U mocie ombita To u T,°; TeMueparypa oOpasiia 0 HAIUIaBKH, PaBHAs
TeMIeparype Bosayxa, T, ; cpenHee 3HaueHus Toka |, v Hanpsbkenus U, nyru;

8

BpeMsI TOPEHUs OYTH 7, ; BpeMs IepeHoca oOpasua, T.e. BpeMs, IPOIIEAee OT

MOMEHTa OKOHYAHHWS HaIlJIaBKHM JI0 MOMEHTA OIyCKaHUs 00pasia B KaJOpUMET-
puueckuil cocyn, 7,, Macca obpasua M, — IOJDKHBI ObITH BHECEHBI B TaOIl.

2.13.
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Tabnuna 2.13 — Pe3yabTaThl 3KCIIEPUMEHTOB

HOMep Icg1 Ua v | Do | T TK’ TB’ TO; Mo, qu !

DneKkTpoabl omita| A | B | ¢ c | K| K| K r | JIx/c

Ty

C

6. Jlns Kaxmoro Tuma 3JIEKTpoJa ONBIT KajopuMerpupoBanus (mim.l...5)
BBITIOJTHSICTCSI TPWKABL. [Ipy 3TOM clemyeT COXpaHsSITh MAacCy BOJBI B KaJOpH-
METPUUYECKOM COCYJI€ TTOCTOSIHHOM (BOCHOJHSSI MEXY OMBbITAMU MU3HOC U UCIIa-
pEeHUe BOJIbI) U TIIATEIHHO (PUKCHPOBATH U3MEHEHUS HAYAJIBHOW TEMIIEPATYPHI.
Ecnu Temnieparypa BoabI B cocyie mepes morpy>KeHreM o0pasiia OTIIMYaeTCs OT
TeMIIepaTyphl OKpy:karolieil cpeanl Oosee yeM Ha 5...7 K, e€ cieqyer CMEHUTbD.

7. B cooTBeTCTBHE C MOJTYYEHHBIM 3aJaHUEM M. 1...6 MOBTOPSIOTCA IS
Ka)KJIOTO THIA 3JIEKTPO/Ia U CBAPKH B rase.

[Ipumeyanus k oi. 2...7:

1. HamaBky BelyT BpYUYHYIO WJIM Ha aBTOMATe M0 OCEBOM JTMHUM o0Opasiia
BJIOJIb €r0 OOJBIIONW CTOPOHBI, HAUMHAS M 3aKaHYMBas BAJIMK HAa PACCTOSHUU
10...15 MM ot Kpaes.

2. Jlns obecriedyeHrss MOCTOSHCTBA YCIOBHM M TOYHOCTH OTBITOB TIPH
HariaBKe 00pa31lioB 00ECIEeUUTh MO0 BO3MOXXHOCTH:

- IOCTOSIHHYIO CKOPOCTh MEPEMEILICHHS AYTH MIPU HAILJIABKE;

- cOOJII0/IEeHNE TIOCTOSTHCTBA BPEMEHHM TepeHoca o0pasiia B KaJOPUMETPH-
YECKUU COCY[l MOCJIe HAIUIaBKU B mpeaenax 1,5...2,5 ¢ u u3MepeHue 31oro Bpe-
MEHH CEKYHJIOMEPOM

- IPUMEHEHUE YyBCTBUTEILHOTO TepMoMeTpa (Tumna bekmana) B Tex ciy-
qasix, KOrja MOBBIIICHUE TeMIIEpaTypbl BOJBI B KaJOPUMETPE MPU MOTPYKEHUH
oOpasiia cocTaBsieT HECKOIBKO JECITHIX HIIA COTHIX J0JIEH rpagyca.

O0paboTKa pe3yibTATOB IKCIIEPUMEHTA

1. Beipaxxenue aJig pacueta 3()PeKTUBHON TEMIOBOM MOIIHOCTH AYTH IO-
Jy4UM U3 YpaBHEHHUS TEIJIOBOro OanaHca

Q=0Q, +Q,+Q,+Q,=0q,7,, (0.35)

re 7, - BpeMs TOpeHus AyTH, C;
Q — sHeprusi, BBeICHHAs UICTOYHUKOM HarpeBa (myroi) B oopaseir, JIx;
Qx — dHeprusl, 3aTpauynBaeMasi Ha HarpeB BOAbI B KasopumeTpe, JIk;
QA — oHeprus, ompenenseMas pa3HUICH TETUIOCOACPKAHUS TUIACTHHBI-
oOpa3sia 70 u rmocje onbita, JXK;
Q. — Heprus, TepsieMas Ha MmapooOpa3zoBaHUE MPU MOTPYKEHUE 00pasia B

kanopumetp, [k, omnpenensercss B 3aBUCHMOCTH OT MOIIHOCTH JyTH
(puc. 2.18);
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Q. — 2Heprus TepsemMas B OKPY)KAIOILIYI0 Cpely IpU HarpeBe W MepeHoce
o0Opasia 3a cueT KOHBEHIINU U paauamuu, Jx.
Takum o0Opazom, 3ppexTuBHAs TEIIOBas MOIIHOCTH AYTH OIMpenesseTcs
OTHOIICHUEM

g =2 FAurQ+Q (0.36)
Ts
Q., xa
6500
5500 ///

4500 4/
3500 /

/

2500 //
1500 .
100 300 500 700 900 1100 1300 1500 | A

Pucynok 2.18 — Biusaue cBapoyHoro Toka l.; Ha moTepu TemioThl pU
napooOpazoBanuu Q,

2. DHeprus, 3aTpadyrBaeMasi Ha HarpeB BOJbI B Kamopumerpe, Qk, ompe-
nensiercs no popmye

Q= AT, —To), (0.37))

rae T u T, — TemnepaTypa COOTBETCTBEHHO 0 U IIOCIIE OIIbITA,;
A — BOJHBIN dKBUBaJIEHT KanopumeTtpa, [[x/K,

_ 2
A=cm +c, . m  +%5c,m, +cm, (0.38)

rae ¢, ¢
pHana KaJlopuMETPUYECKOr0 COCY/a, MEHMIATKH U CTAIbHOH MOJCTaBKU IO/
obpazen, Jx/(r'K); ¢,=4,17 Ix/(r'K); c..=c,=0,38325 Jix/(r'K) mua
narynu; ¢,=0,46 Ix/(r-K);
m,, m

C, s €., — COOTBCTCTBCHHO YICJIbHbIC TCINIOCMKOCTH BO/bI, MATC-

k.c.!

M, , M, — COOTBETCTBEHHO MAacCChl BOJBI B KAJIOPUMETPE, KATOPH-

K.c.!
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METPUUYECKOT0 COCYy/a, MEUIANIKH, MOJCTaBKU 1moj obpasen, r; m . =570,
m,=275r, m =182r.
Macca BojBI, 3aIlONHSIONAS KaJTIOPUMETPUICCKOTO COCYI JI0 3aJaHHOTO
YPOBHs (HWKHUI Kpall BEpXHEH 3aKJenku), coctasisier M, =2870 .

3. DHeprus, omnpeaenseMas pasHHUIEH TeIUIOCOACP)KaHUS IJIACTUHBI-
oOpas1a 70 U rnocje onbita, Q,:

Qy =Comy (T, = T,), (0.39)

rae M,— Macca INIaCTUHBI-00paslia NoCiIe HAIlIaBKH, T;

C, — yaenbHas TEIJIOEMKOCTh Marepuana odpasua, J[x/(r-K), ans mamno-

yriepoauctoii cranmu C,=0,46 JIx/(r-K);

T, — Temneparypa o0paslia 10 OIlbITa, paBHAsl TEMIIEPATYPE OKPYKAIOLIETO

BO31yXa, K.

4. TTotepu sHEPTrUU B OKpYKarollyr cpeay Q. onmpenesnstorcs Kak (QyHK-

ISl MTHOBEHHOTO TEIUIOCOJIEpKaHusl 00pasiia, KOTOpOe 3a BpeMsi TOPEHUS AyTH
CUUTAETCs BO3PACTAIONIUM ITPOIOPLMOHAIBHO BEIUYHMHE T,, 32 BPEMsI IEPEHO-

ca 06pa3ua B KaJIOpDUMETP 7, I IPOCTOTHI IIOACYCTOB IIPUHUMACTCS IIOCTOAH-
HBIM:

Q, =ba, [ tdt+bo,7,7, . (0.40)
0

[Tocne nmpeoOpazoBaHUii MTOTYUHUM:
o

QO = —qurﬁ(z-é + 22-]' ) |
Coo

rne b= 20 KOA((PUIMEHT, YIYUTHIBAIOIUNA WHTEHCUBHOCTD TEIUIOOT/Aa4Yl B
Cpo
OKpY’Karollyto cpeny, 1/c;
o — KOd(PPULMEHT MOTHON MOBEPXHOCTHOM TEIUIOO0TAauMn oOpasiia, paBHbIN
0,00418 Jix/(cm?-¢-K);
co - o0BeMHas TETIOEMKOCTh MeTalljia 00pasiia, paBHas ISl MaJIOyTIepo-
mvcToii cramu 5,434 Jix/(em?-K);
0 - TOJIIMHA 00pa3la, CM;
Q, - TemoTa, noriomaemMas KaropumeTpom, JIx,
5. [loTepu Temmothl Ha mapoobOpazoBanue Q, ONMPEenEIAIOTCS HA OCHOBA-
Huu puc. 2.18.
6. Dddexrusnsiii KIIJ] HarpeBa uznenus ayroi 1,, Oonpenensercs Ha OC-
HoBanuu 3aBucumocTr (0.34).
7. IlomyuenHble pe3ynbTaThl BHOCSATCS B Ta0d. 2.13.
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KoHTpoJibHBIE BONIPOCHI

1. KakoB TemuoBoil OajlaHC pa3NMYHBIX AYTOBBIX HCTOYHUKOB TEIUIOTHI
IpU CBapke MoJl (PJIrocoM, B 3allIUTHBIX T'a3aX, MITYYHBIMH AJIEKTPOJAMH, YTOIb-
HOM JyTOit?

2. Uto Ha3bIBaeTCs OOIIei TEMIOBOM MOIIIHOCTHIO HCTOYHUKA TEIJIa U KaK
OHa ompeaensaercs?

3. Uro HazpiBaeTcs 3¢ (HEeKTHOM TEMI0BON MOITHOCTHIO HCTOUYHMKA Teria?

4. Yro nazeiBaetcs 3¢ dexruBasiM KII/] nporecca narpesa?

5. Kak mpousBectu n3MepeHue npupalieHus TEIiocoIepKaHus Tena Ka-
JOPUMETPUYECKUM METOIOM?

6. Kakue nmotepu Termia UMEIOTCS NP MPOBEACHNUE ONBbITA U KaK OHU YUH-
THIBAOTCS?

7. Kak onpenensercs a¢dexruubii KI1J] ncrounnka?

8. KakoBo BiMsHHME TOKa W HANPSHKEHUS TyTH HA BEIUYUHY 3G (HEKTUBHO-
ro KIIJI mporecca Harpesa?

9. Yem OOBACHUTH pasziauuue B BEIUYMHE 77,1IPH CBApKE YIOJbHBIM,

IITYYHBIMH 3JIEKTpOJaMU, Toa (irocaMu, B YIIEKUCIOM Trasze IUIaBSITUMCS
3JIEKTPOIOM?
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JlaGoparopHuasi pabora 5

NCCJIEJOBAHUE IEPEHOCA METAJLIA ITPU MEXAHUW3U-
POBAHHOMU CBAPKE INVIABAINUMCS DJIEKTPOJIOM B CPEJIE
SAHIUTHBIX I'A30B

lleJlb paﬁombl: HCCJICA0BATE KUHCTUKY IIEPCHOCA 3JICKTPOJIHOIO MCTAll-
ma. K OTUCTY HIIPUITOKHUTD ITOJTYUYCHHBIC OCIHUIIJIOTPAMMEBIL.

OO0mue ykazanust

PaboTta MoXxeT OBbITh BBHIMOJIHEHA IPU OJTHOBPEMEHHOM Y4acTUU B HEU He
MEHEE 5 YesoBeK.

['OTOBSICH K BBINIOJHEHUIO J1a0OPAaTOPHOU PaldOTHI, CIEAYET U3YUUTh pe-
KoMeHayemyto nurepatypy [10, c. 118...123].

CryzneHTBl TOJDKHBI 3HAaTh, YTO OCHOBHBIMU CHJIAMH, JIEHCTBYIOIIMMH Ha
KaIlUTI0, HaXOIAILYOCS Ha KOHIIE 3JIEKTPOJIA, SIBISIOTCS:

1. Cunbl TSKECTH, CIOCOOCTBYIOLME MEPEHOCY METaljla B HUKHEM I1O-
JIO’KEHHE W MPEMSTCTBYIONIYIO B MOTOJOYHOM. OKa3bIBalOT HaUOOJIbIIEE BIUS-
HUE IIPU CBapKe Ha MaJbIX TOKaXx.

2. Cuipl TOBEPXHOCTHOTO HATSKEHMS, YJIEPKUBAIOIINE KAIUI0 HA TOpLE
ANEKTPOJA. Y MEHBUIEHUE UX TPUBOAMUT K U3METBYEHUIO KAILIH.

3. DnekTpoauHaMUYecKue Ccuiibl TUHY-3Pdekra. Uem BbllIe MIOTHOCTh
TOKA B DJIEKTPOJIE, TEM CUJIIBHEE OHU IMPOSBIAIOTCA. OHAKO BIMSHUE dTUX CHUII
Ha XapakTep MEepEeHOca METAIIA IPOTUBOPEUYUBO.

4. PeakTuBHBIE CHUJIbI (PEAKTUBHOE JaBJICHUE NApOB) M KHUHETHYECKas
SHEPrus YacTHUIl IJIa3Mbl POTUBOACHCTBYET OTPBIBY KaIlJId U CLIOCOOCTBYET 0O-
Jiee KpYMHOKANeJIbHOMY IEPEHOCY.

5. DneKTpocTaTUYecKue CHJIbl, BO3HMKAIOIIME BCJIEICTBUE OOJIBLIOTO
rpajueHTa MoTeHurana (HanpsbkeHHOCTH T0JIs) B MEPEXOJHBIX 00J1acTAX TyTH.
[Tockonbky B CTONOE yry IpaJueHT MOTEHIMajla HAMHOTO MEHBIIIE, TO CO3/a-
eTcs nepemnan qaBjieHnilt AP, Harmpumep, 1 katoaa

2 2
:M

AP = PKam - Pcm
8

(0.41)

B pesynbrare Bo3MoxkHa nedopmalius MeTasia BaHHbI, BHITATUBAHUE €TI0
B BUJIE KOHYCa OT KaToJia K aHOIy TIPH CBapKe Ha OOpaTHON MOJISIPHOCTH.

6. Ilnazmennsie motoku. Kak mpaBuiio, 3aTpyJHSIOT MEPEHOC MeETalia,
BBI3BIBAsI C/IBUT KaIlJId METAJUIA B CTOPOHY OT OCH AJIEKTPOJa WIH JIaKE MOABEM
€€ HaJl ypOBHEM TOPILIA DJIEKTPOJIA.

B 3aBHCMMOCTH OT JJIMHBI pa3psIHOTO MPOMEXYTKA U COOTHOILICHUS YKa-
3aHHBIX BBIIIE CUJI TIPU AYTOBOM CBAapKe MOTYT HAOJI0IAaThCs PA3IUYHBIC BUIBI
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HepeHoca JIEKTPOJIHOT0 MeTallia yepe3 ayry (cM. npui. [).

KpynHokanenbHbli epeHoc ¢ 00pbIBaMU AYTH UMEET MECTO IMPHU CBapKe
B 3alIUTHBIX ra3ax (€CTECTBEHHbIE OOPBIBBI) U PYYHOU AYroBOM cBapke (MpUHY-
JTUTENbHBIE OOPBIBBI) KaK MPH MPSIMOM, Tak U oOpaTHOM nosispHOCTH. [Ipeobna-
JAIOIMMU SIBJISIFOTCSL CHJIBI TSDKECTH UM TOBEPXHOCTHOrO HatspkeHus. [Iporiecc
BO3MOXEH TOJBKO B HHUXHEM IIOJOKEHUU, XapaKTEPU3YETCs 3HAYUTEIbHBIM
yYTrapoM 3JIEMEHTOB.

[Ipomecc cBapku € MEPUOAUYECKHUMHU KOPOTKUMHU 3aMBIKAHHSIMU UMEET
MECTO IPU HU3KUX HAMPSHKEHUSX Tyrd. UeM MeHbllle 3Ta BEIUYMHA, TEM BBIIIIE
4acToTa KOPOTKHUX 3aMbIKaHUW. CKOPOCTh IUIABJICHUS AJIEKTPOAA HEMPECTAHHO
U3MEHSETCS, TO3TOMY B JIAaHHOM CITy4ae rOBOPST 00 MHTETrPAJIbHOM CAMOPETY-
JMPOBAHUH:

Tu
vV, = [V, (t)dt,
0

rae V, — CKOPOCTh MOauu 3JICKTPO/Ia;
T, — AIUTEILHOCTh OJHOTO LHUKJIA, T.€. IPOMEXYTOK BPEMEHH OT OIHOTO
KOPOTKOTO 3aMBIKaHMsI 710 APYTOro.

[Tepenoc MeTania OTACIbHBIMU KPYITHBIMU KarIAIMHU (HE3aBUCHMO OT TI0-
JSIPHOCTH) UMEET MECTO MPHU MaJbIX U CPEAHUX IJIOTHOCTAX Toka. Ilpu cBapke
Ha TPSMOM TMOJISIPHOCTH Pa3Mephl KaIlid 3HAYUTEIBHO OOJIBIIE, YeM Ipu 00paT-
HOM.

JlaBiieHHE TyTy Ha aHOJ 3HAYUTEIIBHO HIIKE, YeM Ha KaToJI, IIOATOMY IPH
00OpaTHOW TOJISIPHOCTH pa3MEphbl Karelb M MOTEPH AJICKTPOJHOIO MeTajlla Ha
pa30phI3TMBaHKe MeHbIIe. TeM He MeHee, YPOBCHbB IMOTEPh IPU TAKOM MEPEHOCE
MaKCHUMaJICH.

[Ipu yBenmuueHuM IJIOTHOCTH Toka B anekrpoxe (U,=const) xpymHoka-

MEJIBHBIN TIEPEHOC MEPEXOAUT B MEPEHOC KaIulsiM CpeaHero pasmepa. M3mens-
YeHHUE KareJIb MPOUCXOIUT OJ1aroaapsi yBEIMUYCHHUIO CHITBI TUHY-d(PdekTa.

Haunbonee crabuibHa yra npu MeIKOKamneabHOM (CTpYHHOM) MEPEeHOCce
MeTajuIa, KOT/a JJIMHA Pa3psTHOTO MPOMEXYTKa M IMOJIOKEHUE CTOJI0a B MPO-
CTPAHCTBE TPAKTUYECKUA OCTAIOTCS HEW3MEHHBIMU. [Ipm 3TOM HaOmIOmaroTCS
MUHHUMAJIBHBIE TTOTEPH JJICKTPOIHOTO METauia. DTOT BHUJ MEepPeHOca JETKO J0-
CTUTAETCsI PY CBapKE MHEPTHBIX Ta3ax M CMECSIX Ha UX OCHOBE.

[Ipu cBapke xe B MHOroaToMHbIX Ta3ax (CO; u 1p.) mojiydeHue CTpynHoO-
ro MepeHoca 3aTpyJAHEHO BBUAY CHIBHOTO CXKaTHs KaTOJHOTO MTHA, CTOJ0a
JYyTY ¥ HATMYUS 3HAYUTEIIbHBIX IJIA3MEHHBIX TTOTOKOB.

VYka3zaHHbIE BBINIE PA3HOBHIHOCTH TIEPEHOCA JJICKTPOTHOTO MeTaslia
HAXOJATCS B TECHOM B3auMOCBsi3H (puc. 2.19).

Pasrpannuurenpapie muHUK 00pazyroT obmactu A, b, B u I', cootBet-
CTBYIOIIUE PA3IMYHBIM yCIOBUSM TOPEHUS IyTH: B o0nacTsax A u B umeror me-
CTO TIPOIIECCH C OOPBIBAMH yTH, HO €ciu B 00nacTu B oHM 00yCIIOBIIEHBI BHI-
COKMM 3HAUCHHUEM HaIPsSHKEHUS WCTOYHHMKA TUTAHUS, TPUBOISAIUM K YBEIUYE-
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HUIO CKOPOCTHU ITUIABJICHMSI 3JIEKTpoJia (MepeHoc Metaiia Buaa 1), To B obnactu
A OHM CBsI3aHBI C OY€Hb HU3KUM HANpPSHXKEHUEM MCTOYHHMKA MUTAHUSA, YTO MPHU-
BOAUT K YacTbhIM «YTBIKaHUSIM» 3JIEKTPOJa U HEBO3MOXHOCTH YCTAHOBIICHUS
YCTOWYUBOTO JyTOBOTO pa3psijia.

U,

Pucynok 2.19 — O6nacTtu cyliecTBOBaHUs Pa3IMYHBIX BUAOB MEPEHOCA
ANEKTPOJHOIO METajlIa

B obnactu b umeroT MecTo nporeccsl ¢ NePHOJUIECKUMUA KOPOTKUMH 3a-
MBIKaHHUSIMH, B TIPOMEXYTKE MEXIY KOTOPBIMU MPOUCXOAUT ropenue nyru. Bo
BpeMs KOPOTKOTO 3aMbIKaHHs OCYILECTBIIIETCS NMEPEXOJ KAl C AJIEKTPOJa B
BaHHY, T.€. B 3TOM 00JacTH MBI ©MeeM mepeHoc Tuma 2. B o6nactu nmeet mecto
HENPEPBIBHOE TOPEHUE AYrd. B 3aBUCHMOCTH OT IUIOTHOCTH TOKa B 3JIEKTPOJIE
BO3MOYKHO CYIIIECTBOBaHUE MEPEHOCOB 3JIEKTPOJAHOTO MeTalia 3, 4, 5 wiu 6 BuU-
TI0B.

W3mensist oquH U3 napamerpos npouecca cBapku (U unmul ), MoxkHO me-

PEXOIUTH U3 OJIHOM 00JIaCTH B JPYryl0, OT OJIHOTO BHJA MEPEHOCA K JAPYroMy
(BO3MOKHOE HarmpaBJICHUE IBKCHUN 0003HaUeHO Ha pHc. 2.19 cTpenkamu).

Padouee 3a1anue

1. Onpenenutes XapakTep NepeHoca MeTaia Mpyu CBapKe MPOBOJOKOUN TH-
na CB-081'2C B 3aBUCMMOCTH OT COCTaBa ra30BOM aTMOC(hepbl U HCCIEI0BAThH
BJIMSIHUE TTApAMETPOB PEKMMa CBAPKH Ha XapaKTep MepeHoca MeTaiia, BbiOpaB
[0 yKa3aHWIO NpernojaBarelisi OJWH W3 BAapUAHTOB 3aJaHUs, NMPUBEICHHBIX B
Tabmn. 2.14.

2. OnpenenuTh rpaHuily nepexona npouecc ceapku B CO, ot mponecca
CBapKU C KOPOTKUMHM 3aMBIKaHUSIMU K TIpolieccy 0€3 HUX B COOTBETCTBUU C O/I-
HUM W3 BapUAHTOB 3a/IaHMs, PUBEICHHBIX B Ta0. 2.15.
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Ta6nuna 2.14 — BapuaHThl 3a/1aHUsI HA TIPOBEJICHUE DKCIIEPUMEHTA

Hampsoxenue unc-

IIpenensr nsmene-

Bapuant HnameTp S1eKTpo- TOYHHKA MUTAHUS HUS CBAPOYHOTO

3aJaHHUs na d,, Mm U,,B toxa |, A
22

[TepBorii 1,2 30 120...350
38
25

Bropoit 1,4 30 150...400
37
27

Tperuit 1,6 30 180...450
36

Tabnuna 2.15 — BapuanTsl 3a/1aHus Ha IPOBEACHUE SKCIIEPUMEHTA

IIpenensl nzmene-

Bapuant Jnamertp snexrpo- | CBapounslii Tok |, | HHUsS HapsOKEHUE
3aaHUA oa d3, MM A HNCTOYHHUKA ITUTAaHUA
U,,.B
90
[epBrrii 1,2 160 19...30
230
100
Bropoit 1,4 180 21...30
260
130
Tpernii 1,6 210 23...30
300

OobOopynoBanne, npudOPbI, MATEPHAJIBI

1. IToct st aBTOMaTUYECKOW CBAapKU B 3alIUTHBIX razax, 000pyAOBaH-
Helii anmaparom tuna AJIIIT-500 u Beimpsmurenem BJIY-504 wnu BJI-601;
cMecuTenb ra3oBbii; 6auion ¢ CO,, Ar, O,.
2. Ocumnorpad snekrpomexanndeckuit (OMO) tuma H-102 wm K-12-
22; Peocrar 6amnactabiii Pb-301; 6ymara unu ororuienka jyist ocimsiiorpadu-

pOBaHU.

3. Ilmactunsl cranpHbIe pazmepom (6...12)%(50...100)%(350...4000) Mm.

N3y4venne padoThbl IKCNIEPUMEHTAJIbHON YCTAHOBKH

CxeMa BKIIOYCHHS DJIEMECHTOB JKCIICPUMCHTAJIBLHON YCTAaHOBKH TIPE]I-
ctaByieHa Ha puc. 2.20.
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Pucynok 2.20 — Cxema 3KCIepUMEHTAIbHON YCTaHOBH

[TapameTpamu pexkxuMa CBapKHU — TOK M HAPSHKEHUE — U3MEPSIOTCS COOT-
BETCTBEHHO C momolipio amrnepmeTtpa PA u BomsTMmeTpa PV. Ilepexmouarens S
CITY>KHT IS U3MEHEHHUS TTOJIIPHOCTHU TIPH CBapKe.

[Ipu u3yueHur CBApPOYHBIX MPOIECCOB MIMPOKO MPUMEHSIOT AIIEKTPOMeE-
XaHUYECKUe OocIuiorpadbl ¢ MarHUTORJIEKTPUUYECKUMH TajJbBaHOMETPaMH,
MO3BOJISAIOIINE MPOU3BOAUTH U3MEPEHMSI U 3aIUCh OBICTPOM3MEHSIOLIUXCS IPO-
IIECCOB.

[nefidbr ranbBaHOMETPOB (BUOPATOPOB) ociuiorpada GUKCUPYIOT U3-
MEHEHHE TOKa, MpOTEeKawliero B mnenu nuieida. Kaxaplii raipsBaHOMETp pac-
CUMTaH Ha OINpPENIEICHHYIO BEIMYNHY TOKA, HU3MEPSIEMYIO0 MIJUTHAMIIEPMETPAMHU.
J7ig 3amMcy CBapOYHOTO TOKA TaJIbBAHOMETP BKIIIOUAIOT TakK XKe, KaK U aMIep-
MeTp — 4epe3 myHT. J{Jis 3anucu HanmpspDKEHUS TyTH TATbBAHOMETP BKITIOUAETCS
Tas e Kak U BOJIBTMETP, T.€. MapajienbHo Ayre. st onpenenenus Toka B 1enb
rajlbBaHOMETpa BKIII0YaeTCs 100aBOYHOE conpoTtuBiieHue R . (puc. 21), Benu-
YIHA KOTOPOTO OIMpPENeseTCs CIEAYIONUMHI COOTHOIIICHUSIMHU

a) JIs 3aIMCU TOKa

0) JUTsl 3aITMCU HANIPSDKEHUS IyTH

Rao6 =

_______ RZIO6 N | []Ruoﬁ

Pucynok 2.21 — Cxema BKJIIOUEHHUS TajlbBAHOMETpA JIJIS 3allMCU TOKa (a) U
HarnpsbKeHus ayru (0)
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HccnenyeMble Mmponecchl MPOTEKAIOT BO BPEMEHHU, KOTOPOE OTMEYAET
CHeIUaIbHbINA ralbBAHOMETP — OTMETYMK BPEMEHHU.

JI1st 3anucy HyJI€BOM JIMHUM UCIIONB3YIOT OJIMH M3 HepabOuuX rajabBaHO-
MeTpoB. JlaTuuku paboyux rajabBaHOMETPOB IEpe]l HA4YalloM 3aIlMCU CIEIYeT,
BBIBECTHU HYJIEBYIO TOUKY raJlbBAHOMETPA, 3aMMCHIBAIOIIETO HYJIEBYIO JIMHHIO.

Peocrar 6amnacteiii Pb ucnonb3yercs aa rpaiydpoBKH TrallbBaHOMETpa
TOKa.

IopsiioK BbINOJIHEHHUS PadOThI

1. UByunuts yctpoiictBo ocuusuiorpada. [Togobpars HeoOxoaumbie 100a-
BOYHBIE COTPOTHBIICHUS M BKIIOYUTH UX B IIeMb raibBaHOMETPOB. [IpoBepuTh
paboTOCIIOCOOHOCTD T'aJIbBAHOMETPOB M BHECTU UX HYJIEBYIO TOUKY.

2. BKIIIOYUTH BBINPSMUTENb, HATPY3UTh HA HETO OAJIACTHBIM peocTaTr U
IPOU3BECTU IPAyUPOBKY raJIbBAHOMETPA TOKA, OJHOBPEMEHHO (PUKCUPYS I10-
Ka3aHMsI TaJlbBaHOMETDA.

3. VYcranoButh TpeOyeMblii pacxo] BbIOPAHHOIO 3alUTHOrO rasa.,
HanpuMep Ar, IpOBEPUTH €ro MoJ1ady B 30HY CBApKHU.

4. B COOTBETCTBUM C MOJIYYECHHBIM 33JaHHUEM HAa MOCTOPOHHEH ILIACTUHE
MIPOBEPUTH UCXOTHBIN PEKUM CBAPKH.

5. IlpousBecTr HAIUTaBKy BajlWKa Ha TJIACTHHY. B mpoliecce cBapku CTy-
neH4aro (puc. 22) U3MEHITh BEIMYMHY CBAPOYHOTO TOKA B 3aJaHHBIX Ipeaeax
(cM. Tabs. 2.15) perynupoBaHHWEM CKOPOCTH TOJAa4d CBAPOYHOH MPOBOJIOKU C
OJTHOBPEMEHHBIM OCIMILTOTpagupOBaHUEM MPOIIeCCa.

CrymeHyaToCTh W3MEHEHHUS CBAapOYHOTO TOKa HEOOXOoAWMa MJis TOTO,
4TOOBl OCHMIUIOrpadMpOBaHUE MPOTEKAJO B YCTAHOBUBILUXCS YCIOBUAX. Jlis
9TOr0 HYKHO, 4T00BI (7,2 5...7) ¢. C y4eTOM MIHTEIBHOCTH HEPEXOAHBIX MPO-

LIECCOB BpeMsi CBapKU Ha OJHOM ctyneHu 7 > (7...8) c. OcumorpadupoBaHue
MPOBOJIUTCS HA KAXJIOW “‘CTYNEHU .

I CB (Vl'l)

I max

Imin [
=

Pucynok 2.22 — CxeMa U3MEHEHUs1 CBAPOYHOI0 TOKa

6. [ToBTOpUTH M.5 NI ABYX APYTUX HAMPSHKEHUM.
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7. IlopToputs nn.5 u 6 mpu cBapke B CO,, cmecsax Ar + CO,, Ar + O,.

8. C uenpto BBINOJHEHUS T1. 2 padodero 3aaanus 3aUKCUpoBaTh Tpedye-
MbIit Tok ayru (V,= const). IIposeputs pexxkxum cBapku B CO, mpu MUHUMAJb-
HOM HampspkeHue ayru (cMm. taom. 2.16).

9. [IpousBecTu HaIIaBKy BajlMKa Ha IUIacTUHY. B mpoliecce cBapku cTy-
NEeHYaTOro (aHaJOTUYHO M.5) U3MEHTh BEJIMUYMHY HAIpSOKEHUs, YTy B 3aJaH-
HbIX mpenenax (cMm. tabdn. 2.15). OcmwmtorpadupoBanue npoussectu B 3...4
YCTaHOBUBILUXCS COCTOSIHUSX.

10. IToBTOpUTH MI1.8...9 17151 ABYX APYTHUX CKOPOCTEMN MOJaYH MPOBOJIOKH.

11. IToBTopuTk n11.4...10 mpu cBapke Ha NPSIMON MOJSIPHOCTH.

12. IIposiBUTH OCHMILTIOTPAMMBI.

O0padoTKka pe3yJIbTaTOB IKCIIEPUMEHTA

1. [To TUTIOBBIM 3HAYEHUSIM TOKA W HAIPSKEHUS YT, MOJIyYCHHbIC TIPU
00paboTKe OCIHIIIIOTPaMMBbI MPOILIECCOB, OMPEACIUTh XapaKTep MepeHoca Me-
taia. [logcunTaTh KOJIMYECTBO Karesb JIEKTPOJIHOIO MeTaslia, ePeHOCUMBIX
B OJIHY CEKYH]Ly, Pe3yJIbTaThl BHECTU B Tab. 2.16.

Tabnuna 2.16 — Bnusinue coctaBa 3allUTHON Cpebl ¥ TNIOTHOCTh TOKA Ha
XapakTep nepeHoca Merauia

KonngecTBo Kanens 3JI€KTpOAHOrO METallIa,
[TonspHocTh | Pexxum cBapku | NEPEHOCUMBIX B | ¢, IpU Ta30BOM 3aIIUTHOM
cpeze.

l.,A| U,,B Ar+ CO, coO, Ar+ CO, Ar+ O,

c8 o

2. Tloctpouts rpaduk 3aBucumocteit: n=f(l,,) npu U, =const,
n=fU,) npu | =const mis 3agaHHOrO CocTaBa 3aIMTHON CPEbI, THArpaM-

MBI, OTPaXKaIOIIUEe BIUSHHUE COCTAaBa 3AIMTHOM Cpelbl Ha XapakTep mepeHoca
P TIOCTOSTHHBIX 3HAYCHUSIX TOKA U HATIPSDKCHUS TYTH.

3. Ilo ocummiorpamMmaM, NOJYYEHHBIM IpU BbINOJHEHMM nn.9 um 10,
OTPEICIUTh KPUTUUECKHE TOKU U HAMIPSKEHUS TIepexo/ia OT OJTHOTO BUJIA Mepe-
HOca MeTajiia K Apyromy npu cBapke B CO, Ha 00patHoil nossipHocTu. [Ipoiiecc
C KOPOTKUMH 3aMBIKaHUSMH Ha OCIHIIOTpaMMax XapaKTepu3yeTcsi Ieproude-
CKHUM CTIaJIOM HaIpsHKEHUST BO BpEMs KOPOTKOTO 3aMbIKaHUs 10 HyJsl. Pe3ynbra-
Thl 00paboTKKM BHeCTH B Tabi. 2.17. Croia ke epeHeCTH aHAJIOTHYHbBIC Pe3Yilhb-
TaThl, MOJYYCHHBIC MPU BHINOJHEHUU M. 7 MoJpa3jaesia 5 U Kacarolluecs: Mpo-
recca ceapku B CO, Ha 0OpaTHON MOJISIPHOCTH.

4. Ilo mannpiM Taba. 2.17 mocTpouTh 0OJACTH CYIIECTBOBAHUS Pa3iny-
HBIX BUJIOB MEPEHOCA AIEKTPOAHOr0 Metaiia npu cBapke B CO, Ha oOpaTHOI
MOJIAPHOCTH.
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Tabnuna 2.17 — Bausnue mapameTpoB pexkuma cBapku B CO, (mossp-
HOCTh 0OpaTHast) Ha XapaKTEPUCTUKH MIEPEHOCa MEeTaJlIa

Pexum CBAPKHN KomnnyecTBo KO- KomnyecTBO Kanenb 3JeK-

Bun

nepeHoca

POTKHX 3aMbIKa- TPpOAHOI'O METAaJlJIa, IICPC-
| ,A| U,,B

HHA Ny, 1/C HocUMBIX B 1 ¢, N, 1/c

c8?’

KoHTpoJbHBbIE BOIPOCHI

1. B uem nmpunIumn padoTs nuiekdoBoro ocuuuiorpada?

2. YTo Takoe 4yBCTBUTEIIBHOCTh TaJiIbBAHOMETpA?

3. Kak nogo06path 106aBOYHOE COMPOTHUBIICHHUE B IIEMU BKIIOUCHUS Tallb-
BaHOMETpa?

4. Kakue BUIbI IEpEHOCA 3JIEKTPOHHOTO METAJIA BO3MOXKHBI [P CBapKe
TJIaBJICHUEM ?

5. Kakue cuiibl I€MCTBYIOT Ha KaIUTIO PACIUIABICHHOTO 3JIEKTPOAHOTO Me-
Taya’?

6. Kak BiMsieT pexxum CBApKU HA XapaKTEp MEepeHoca MeTauia?

7. Kak BnusieT cocTaB 3alIUTHOM arMoc(depbl Ha XapakTep MepeHoca Me-
Taja?
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JlaGopaTopHasi padora 6

AEDPOPMUPOBAHUE METAJLJIA IIPU PA3JIMYHbBIX TEMIIE-
PATYPAX CBAPKH

Ilenv pabomwr: wzydenHue mpoiecca nehOpMHUPOBAHHS MeTallia MpH
HarpeBe J0 BBICOKMX TEMIIEPaTyp B YCIOBHUSX 3aTPYJHEHHOI'O PACIIUPEHUS U
YCaaKHU.

OO0uue ykazanus

[Ipu monroToBke K jabOpaTopHON pabOTe HEOOXOAUMO HU3YYUThb PEKO-
MEHJIOBaHHYIO JuTeparypy [/, ¢.310-318; 2], 03HAKOMUTHCS C TEOPETUYECKUMHU
MOJIOKEHUSIMU U METOJIMYECKUMH COBETAMH T10 TEME JaHHOU pabOTHI.

[Ipu cBapke B pe3ysbTaTe MECTHOTO HArpeBa MOIIHBIMH COCPEIOTOYCH-
HBIMM HMCTOYHUKAMH TEIJla B CBAPMBAEMOM COCJAMHEHHUH TOSBIISICTCS 3HAYU-
TeIbHBIA TeMIEpaTypHblid rpaaueHT. CoceaHre y4acTKU MeTajuia I1Ba U OCHOB-
HOTO METaJlJIa OKa3bIBAIOTCSI HATPETHIMU JI0 PA3IUYHBIX TEMIIEPATYP, & CKOPOCTh
WX OXJKICHUS pazIudHa, YTO NPHUBOIUT K 3aTPYJHECHHOMY pPaCIIHpPCHUIO
HarpeBaeMoro Merajmia U yCaJKe €ro InpH OXJIAKJIEHUHU, B CBSI3M C YEM BO3HU-
KalOT BPEMCHHBIE U OCTaTOYHBIC JeQOopMallid U HAMPSHKEHUS, OT BEIUYUHBI H
XapakTepa pacrpeAesieHus] KOTOPhIX 3aBUCUT CTOMKOCTh K OOpa30BaHUIO TOPS-
YUX W XOJIOAHBIX TpeIIrH. BenmnunHa miacTudeckoi nedopmariui BEICOKOTEM-
MepaTypHbIX 30H METajlJia [IBa ¥ OKOJIOMIOBHOW 30HBI (HArpeBAIOIIUXCS A0 TEM-
nepaTtyp, Ipu KOTOPBIX Mpenes TekydecTu metamia G,—>0) MOXeT JOCTHraTh
4...5% u coctaBnaTh 2...3% B ydacTKax CBApHOTO COSIUHEHUS, HATPEBAIOITUXCS
1o 6onee Hu3Kkux Temnepatyp [1, ¢.330].

Kak BpicokoTeMIieparypHas Aedopmaliusi, BIUSIONAs B OCHOBHOM Ha CO-
CTOSIHUE TPaHMI] 3€PEH, TaK W HU3KOTEMIIepaTypHas, IPUBOIAIIAS K HaKJICITY,
MOTYT CYIIECTBEHHO BIUSTH HA CBOMCTBA MeTallJla Pa3IMYHBIX 30H CBAPHBIX CO-
SAMHEHUH M MX JKCILTyaTaIllMOHHBIE XapaKTePUCTHUKH.

3HaueHue MIacTHUECKOl nedopMaliy Kak Ipy HarpeBe, Tak U OXJIaxIe-
HUM METaJuIa CIeyeT ONPEENSITh U3 BRIPAKECHUS

é:VT + é:w P Cfvo + ‘):Zva + Sbva

rac é:VT — OTHOCHUTENIBLHOE 00BEMHOE U3MEHECHHE BCJICACTBUC CBO60I[HOFO pac-
NIUPEHUS UM CKATHUA HAarpeBacMoro Merajiia.

£,= | AT ;
o)

rae B — xkoddduimeHT 00beMHOro pacmupeHus auodo cxatus; To-T; - Temrie-
paTypHbIA HHTEPBAJI HATPEBA WJIM OXJaxaeHus, K;
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& — OTHOCHTENBHOE U3MEHEHHE 00beMa, BBI3BAHHOE TTOJMMOP(HBIM Mpe-
BpalICHHUEM;
&ss16s — COOTBETCTBEHHO, OTHOCHTENIbHAS 00BbEMHAs yIpyras M IUIacTH-

qyeckas JedopMaluyd MeTallia, PACIIMPEHUIO KOTOPOTO MPH HarpeBe JHO0
C)KaTUU BCJIENICTBUE OXJIAXKICHHS IMPETSTCTBYET JKECTKasl CBsI3b C MeTal-
JIOM OCTAJIbHBIX 30H CBAPHOTO COSAMHECHUS U JACTAIHN B IIEJIOM;

&5 — OTHOCHUTENIbHOE OOBEMHOE M3MEHEHHE YYacTKa MEeTalla B yCIOBHAX

pacupenust (ycaaku), 3aTPyJAHEHHOIO CBSI3bI0 C OCTAJIBHBIMU 30HaMU
CBAapHOI'0 COCIUHEHUS.

[Tockonbky 00BEeMHBIN KOIPPHUIMEHT paCIIUPEHUS CBA3aH C BEIMUMUHOM
JMHEWHOTO KOA(PQUIMEHTa pACIIMpEHHsT NpPOCTON 3aBucUMOCThi0 [ =3,
MO’KHO paccMaTpHuBaTh IPOLECCH 1e(OpMHUPOBaHUS Ha IPUMEpE JIMHEHHOMN Jie-
(opManuu CTep>KHs IPU OAHOOCHOM HaNpsSy)KEHHOM COCTOSIHUU.

OobopynoBanue, npuOOPbI 1 MATEPHUAJIBI

1. YcraHnoBka 1151 onpeaesneHus CBOOOJHOr0 TEMIEPATYPHOTO paciuupe-
HUA U CTEP>KHEBOro o0pasua.

2. O6pa31bl U3 ayCTEHUTHON CTaJl, TEPMOTIAPHI XPOMETb-aTIOMUHUEBEIE.

3. YHacossie unankatopsl ¢ nenoi aenenus 0,01 mm. I[Motermmometp mo-
Ka3bIBAIOIIUMI U PEryIUPYIOLINNA. MUIITUBOJIBTMETPHI.

IHopsinok BbINOJIHEHHSI PadOThI

1. Harpyxenue oOpasiia (¢ 1MaMeTpoM U JJIMHOM pabouell 4acTu COOT-
BETCTBEHHO 12 1 54 MM) OCYIIIECTBUTH 3AKHUMHBIM YCTPOUCTBOM (puc. 1).

[Ipumeyanue. Bee neranu 3a)kMMHOTO yCTPOMCTBA, KPOME TOKOITOABOIOB,
M3roToBiieHbl W3 aycteHuTHOM cramu 10X18HOT u mapreHcutHOM cranm
20X13; nnst TOKOMOABOOB UCIIOIb30BaHa OPOH3a.

2. O0Opazer; 8 ¢ MpUBapeHHBIMM Ha KOHACHCATOPHOW MaIllMHE TepMOIIa-
paMH yCTaHOBUTH B 3AKMMHOE YCTpOicTBO. KOHYCHBIE Tr0JIOBKM 00Opasiia 3axu-
Math Oonrtamu 16 mexay nuckamu 4, 5, 9, 10 ¢ moMOIIEIO pa3pe3aHHBIX CyXa-
peit. M3omdiusa Harpy»Karomux KOJOHOK 14 OgHOCTOPOHHSS; I UX W30JIAILUN
OT JIMCKOB HUCIIOJIH30BaTh TEKCTOIUTOBBIC BTYJIKU 3 U MIaOBI 2.

3. Ilepen HayaioM MCHBITAHUN TaliKaMu 7 ¢ TIOMOIILIO TTPOPE3HBIX MIAK0
6 (ycTaHaBIMBaeMbIX Ha KOJIOHKH COOKY) 3aTSIHYJIM OJIHY TOJIOBKY oOpasua. Ha
KOJIOHKAaX, Tailkax M KOHTpraikax Hape3aHa JICHTOYHas pe3bOa. Ha HmkHEM
JMCKE 3aKpenuTh Mty 11 ¢ KojsoHKamu 1j1s1 yacoBbIx MHAMKATOpoB l.Ilocne
COOpPKH 3aKMMHOE YCTPOMCTBO C MCTIBITHIBAEMBIM 00pa3lloM YCTaHOBUTH C TO-
MOIIIBIO TOKOTIOJIBOJSIIMX IIUH, KPEISIIUXCSA K TOKOMoABoAaM 12, BO BTOpUY-
HBbI KOHTYp KOHTAaKTHOW MamuHbl. YacoBBIMU HHAMKATOpaMu (TIpU HarpeBe
o0Opasiia TOKOM JI0 3aJJaHHOW TeMIIepaTyphl) 3aMEPUTh TeMIIEpaTypHOE yJINHE-
HUE He3aleMJIEHHoro oopasma Alr.

3aTeM railkam Harpyarolux KOJIOHOK 3aTSIHYThb BTOPYIO T'OJIOBKY 00-
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pasua. Ilocne HeCKONBbKUX IIUKIOB HAarpeBa B 3alEMJIEHHOM COCTOSIHUM U T10-
BTOPHOM 3aTSDKKM raeK Ha KOJIOHKAX OMpPeAeNUTh yIJIUHEHUE HAarpeBaeMoro 10
3aJlaHHOM TeMIepaTyphl 3alIEMJICHHOT0 00pasiia.

i
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|=I=‘I IE:EI 3
[ i

0 (1) b
3 1 |
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g ~|x}!lhm IIEﬂ
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Pucynoxk 2.23 — YcrpoiicTBo 17151 onpesiesieHusi CBOOOIHOTO TEPMUUYECKO-
ro pacmupeHus u aedopmariii HarpeBaeMoro Merasia

O0padoTKa pe3yJbTATOB IKCIIEPUMEHTA

1. BenuunHa ynpyromiacTUYecKoOM aepopMaldyd CTEP>KHS, KECTKO 3a-
IIEMJIEHHOTO0 000MMU KoHIamMu (puc. 1):

So TS5 =%~ Gt —Sar

MIPU OTCYTCTBUU MOJUMOP(HBIX MTPEBPAIICHUI:

SotSs =SS
BennunHa miacTH4ecKoN COCTaBIISIONICH TPU HAarpEBe:
S5 =%~ % ~ S
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JI71s1 OIHOOCHOTO COCTOSIHUSI 3HAYEHUE YIPYroll OTHOCUTENbHOU nedop-
Maluu
n
£0=y %,
n“TE,
rie N — KOJIMYECTBO MHTEPBAJIOB, HA KOTOPOE YCIOBHO pa3OMBaeTCs IUaNa3oH
HarpeBa T,-T; Takum 00pazoM, 4TO B KaXJAOM 1-TOM WHTEPBaje 3HAUCHUS
npeaena TEeKydyecTH METalla G U MOZAYJIS ynpyroctud E; mpakTuyecku
HEW3MECHHBI.

2. Ilpu nHarpese craneir ot Tg=293 K TeMmreparypHsbIil MOpor riacTude-
ckoit nedopmanuu T, OTHOCUTENIBHO HEBBICOK. Tak, Harpumep, IJs ayCTEeHUT-
HoM ctayit Mapku 10X18HI0T mpu HarpeBe B yCJIOBUSAX aOCOIIOTHOTO YKECTKO-
ro samemiieHus [s=19+ATsg, rae

Ju—r 240

. 1— 76K
E-o 16-10°-2.10

MOPOT TJIACTUYECKOM JIepopMaIiuy JOCTUTACTCS TIPU TEMIIEpATYpe

T, =293+ AT, [ 369K .

C nmanpHEUIINM TOBBIIICHHEM TeMITepaTypsl Boliie TS (puc. 2) mpepbIBHO
YBEIMYUBACTCS IIACTHYECKAs COCTaBIsromas aedopmannn &y, a &, CHIKACTCS,
eciu

O0E oo, . OE . 0o
’ _:t ’ S
oT ot ot 90 oT

=199, ,

II€ @1, G — COOTBETCTBEHHO YIJIbI (PACIONIOKEHHBIE BO 2-i YETBEPTH) MEXKIY
kacarensHbIME K kKpuBbiMU E; = (T) u o5 = f,(T) n abcuuccoii.

3. OxnaxaeHue TOCIIe HarpeBa M0 Tmx<l, (puc. 2), Hampumep, OT
Tmax=T1 NPUBOJUT K YMEHbILIEHHIO ynpyroi nedpopmanuu cxatus. [lpu T=Ty,
£,=0, mo Mepe HanbHENIIEro CHIKEHHS TEMIIEPATyphl Pa3BUBAIOTCS B MHTEPBa-
ne T'...T's ynpyras, 3atem (korna T<T's) u ruiactuueckas nedopmariiy pacTs-
KEHUS.

B BbicokoTeMiiepaTypHbIX 30HaX [,<Ts=T STy, (puC. 2) oxnaxaeHue
OT Tmax 10 T, IPUBOAMT K Pa3BUTHIO IIACTUYECKOM JAePopMaliiy pacTsHKeHUS, a
C JAJIBHEUINIMM CHIDKCHHUEM TEeMIIepaTypbl pa3BUBAETCs ympyras aedopMaiius
PaCTSKCHUSI.

4. BenuuuHa MacTUYECKON COCTaBISIONICH 0ceBO aedopmaiuu

AL, = AL, — AL, — AL,
rae

AL, [ 1,1%L0.
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5. Jlna onpenenenus AL, UCIIONB30BaTh AaHHbIE Tad. 2.18.

6. JlanHbIe Bcex u3MepeHuii U pacu€ToB cBecTu B Tao6i. 2.19.

os, Mlla

-0s, MlIla

Pucynok 2.24 — Paszutue nedopmaiuii B CTepKHE MTPU OAHOOCHOM
HaNpsYKEHHOM COCTOSTHUU

Pactsxxenue

Coxarue

-

—_———

-

Tabnuna 2.18 — 3nayenus korhduiMeHTa pacupeHust, MOyl yIpyro-

CTH U TIpejienia TEKy4eCTH aycTeHUTHOM ctanu Mapku 10X18HIT

Koaddumment nuneitno- | Moayns ynpyroctu E, [Ipenen TexkyuecTu Gs,
ro pacmupenus npu T, K MIla, ipu T, K Mlla, pu T, K

293- 293- 293-

373 473 873 293 373 873 293 873 973
16,6x | 16,7x | 19,5x | 1,98x | 1,93x | 1,64x

«10° | x10° | x10° | x10° | x10° | x10° | 240 | 180 ) 130

7. 3nauenus ALy, ALz u AL,,=AL+-ALj; cienyet onpenenurs B UHTEPBA-

Jie 3Ha4eHUM Tax=T2 oT 293 1o 1293 K uyepes kaxapie 150...200 K. OxnoBpe-
MEHHO JUIsl IOCTPOEHHUS KPUBBIX paCHpeleeHusi TeMIepaTypbl BAOJIb OCU 00-
paslia npu KakJI0M 3HAYEHUH [ nax (GUKCHpOBATH TEMIIEpaTyphl B Toukax 1, 3, 4,
5 (puc. 2.25, Tadm. 2.19).
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8. ITo manubiM Tab. 2.19 crpostcs 3aBucumoctu: AL=f(T), AL3=f,(T),




AL,.,=f3(T), AL,=fy(T), AL,=f5(T).

80



Tabnuna 2.19 — Pe3ynbTathl 5KCIIEPUMEHTOB MO ONpeieIeHUI0 aedhopMaliii MeTajljla IpU HarpeBe

Lo To ALt, MM, ipHt T oy, K ALz, MM, TIpH T oy, K ALy,=AL1-AL3, MM, Tpa Tmax, K
MM K 473 | 673 | 873 | 1073 | 1273 | 473 | 673 | 873 | 1073 | 1273 | 473 | 673 | 873 | 1073 | 1273
AL, 01125 L), Mm, AL, =AL; —AL, - ALy, .
E Tz, T3, Ta, Ts, 1ptt Tra= T4
mpu T, K pH Trax, K
293 873 473 673 873 473 673 873 1073 1273
T,
T,
Ts
Ty
Ts
T4, ..., Ts — Temmepatypsl B Toukax 1-5 (puc 3)
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T0:293 K AT3 Tmax;

Pucynok 2.25 — 3aBucHUMOCTH OT TemrepaTypsl HarpeBa ooOpasia: ALr,
ALs, ALy, ALy, AL,; 1...5 TOYKM IpUBApKK TEPMOIIAP

KouTpoJsbHbIe BONPOCHI

1. B ueM oTiinume ynpyroi aedopmaryiv OT IIaCTHYECKOM?

2. Yto Takoe BHYTpeHHss nedopmalins, U KakoBa €€ CBsI3b C BHYTPEHHU-
MU HANpsHKEHUSAMU?

3. IlpuuuHbl, BBI3bIBAIOIINE HAIPSDKEHUS U epopMaliiu pyu CBapKe.

4. TloueMy HCKYCCTBEHHOE OXJIAKIEHUE M MOJOTPEB YMEHBIIAKOT OCTa-
TO4HbIE AehopmMann?

5. B kakux ciayyasx HE0OXOJUMO MOJHOCTbIO CHUMAaTh HAIPSDKEHUS OT
cBapku?

6. CriocoObl uctpayieHus 1e)OPMUPOBAHHBIX JCTAICH.

7. Mepsbl N0 NpeJoTBPAILIEHNUI0 OCTAaTOUYHbBIX Je(pOpMallid CBapHBIX KOH-
CTPYKLIUH.
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JlabopaTopHnasi padora 7

HUCCJEJOBAHUE CTOMKOCTH CTAJIEM K OBPA30OBAHUIO
XOJIOJHBIX TPEIIIUH

Ilenv padompl: n3ydeHne MexaHU3Ma OOpPa30BAHMS XOJIOAHBIX TPELIUH,
OCBOCHHE METOJUKH OIICHKH CTOMKOCTH CIUIaBOB K OOpPA30BaHUIO XOJIOJHBIX
TPELIMH Ha TEXHOJOTHYECKOU Mpo0e.

OO0mue ykazanust

OpnHoll U3 MPUYMH HAPYIICHUS TEXHOJOTHYECKON MPOYHOCTH SBIISICTCS
oOpa3zoBaHMe XOJIOAHBIX TpeuuH. [IpeacraBiienuss 0 MpUPOAE XOJOTHBIX Tpe-
IIIUH OCHOBBIBAIOTCSI HA 3aKaJOYHOW M BOJIOPOJIHOM TrumoTte3ax [2, ¢.213-226; 6,
c.6-78].

B 0CHOBY 3THX THMNOTE3 MOJOXKEHA TEOPHUs XPYIKOro paspyuenus ['pu-
duTca, mpennonararpias OCylIeCTBICHHE B METaUle€ TOTOBBIX 3apOBIIIEBHIX
TpemuH. B HacTosiiiee BpeMs it 00BSICHEHUST XOJIOAHBIX TPEIIUH MPUBJICKACT-
CsS MEXaHM3M 3aMEJJICHHOTO pa3pylIeHUs, T.€. pa3pylICHUs MPU CTATUUYECKOU
Harpy3ke U KOMHATHOM Temrepatype. s omucanus mporecca 3apoxaeHUs
TPELIUH KCIOJIB3YIOT CXeMy 3MHEpa. B COOTBETCTBUM € 3TOM CXEMOW MPOCKAb-
3bIBAaHUE M0 TPAHUIAM 3€PEH, TJIe JEeUCTBYIOT KacaTeIbHbIE HANPSKEHUS, TIPHU-
BOJIUT K KOHI[EHTPAILIUU PACTATUBAIONINX HAMPSHKEHUM Ha TpaHuUIlaX, MepIeHIu-
KYJISIPHBIX OCH HANpPsDKEHUM, YTO U CO3/1a€T TPEIIMHY Ha CTHIKE 3€PEH.

AHaJIN3 HAKOIUJICHHBIX MPAKTUKON PEe3yIbTaTOB MOKA3bIBAET, YTO MHTEH-
CUBHOMY 00pa30BaHUIO XOJOIHBIX TPEUIUH MPHU TEMIIEpaTypax, OJU3KUX K KOM-
HATHOM, B TIEPBYIO OYEPE/lb, CIOCOOCTBYET MOBBIIIICHUE TEMIIEPATYPhl 3aKAJIKH,
CKOPOCTHU OXJIOKJICHUS, HAMPSHKEHUS K UX KOHIICHTpaluu. [[71s oneHKu CTOMKO-
CTH CTaJM K 00pa30BaHUIO XOJIOAHBIX TPEIIWH MPUMEHSIOTCS METOMAbl KOJUYe-
CTBEHHOU OIICHKH M TE€XHOJIOTHYECKUE TTPOOHI.

MeTtonbl KOJIMYECTBEHHON OLIEHKU CONPOTHUBIICHUS CBAPHBIX COCAUHEHUN
00pa30BaHMIO XOJIOAHBIX TPEUIMH OCHOBAaHbI Ha TEOPUHU 3aMEIJIEHHOrO pa3py-
IIEHUS U MPEyCMaTPUBAlOT MEXaHUYECKHE WCIBITAHUS CBapHBIX O0paslioB U3
OCHOBHOI'O0 Me€Tajula, 00pabOTaHHBIX MO IUKIY OKOJOIIOBHOH 30HBI. McmbiTa-
HUA 3TU JOCTAaTOYHO CIIOXKHBI U TPEOYIOT CHEHUAIbHOIO 000pyn0BaHUs, 00b-
IIUX 3aTpaT BPEMEHHU.

[Ipenmy11ecTBO UCMBITAHUM HAa TEXHOJIOTMYECKUX MPOO0ax Mo CPaBHEHUIO
C KOJIMYECTBEHHBIMH METOJIAMH HCIIBITAHUM 3aKJIFOYAeTCs B BO3MOXKHOCTHU Jie-
TaJbHO MOJIETUPOBATh BECh TEXHOJOTUYECKUN MPOLECC U, CIEA0BATEIBHO, CY-
JIUTH O COMPOTUBIICHUU OOPa30BaHUIO XOJOIHBIX TPEIIUH B YCIOBHSIX, OTU3KUX
K peanbHbIM. B GONBIIMHCTBE Cily4yaeB MPOOBI MPEACTABISAIOT COO0HM JKECTKOEe
3aKpETUICHUE CBApPUBAEMBIX JIEMEHTOB TOW Wi WHOU GopMbl. OgHAKO TTPOOKI
HE XapaKTEePU3YIOT 3arac TEXHOJIOTUIECKON MPOYHOCTH, a MPUTOIHBI JTUIITH IS
CPaBHUTEJIBLHOM OLIEHKH MAaTEPUAJIOB.
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TexXHOTOrnYeCKy0 MPOYHOCTh MATEPUAJIOB OLICHUBAIOT MO HAIMYUIO WU
OTCYTCTBUIO TPEUIUMH B MPOOax MO OTHOCUTENbHON MPOTSKEHHOCTH MOSBICHUS
NEPBOM TPEIIUHBI.

ObopynoBanue, npudOPbI U MATEPHUAIBI

1. [MocT pyuHo#t nyroBoit cBapku. [IpoObI ¢ KOJIBIIEBOM KaHABKOW M3 pas3-
nuyHbix Matepuanos (Ct.3, X18H10T, 30XI'"CA u ap.).

2. DIEKTPOJbl C Pa3IMYHBIMU MEXaHMYECKHMMH CBOMCTBAMHU M XMMHYeE-
ckuM coctaBoM (YOHU-13/66, 11JI-11, DHUP-2, 3TM-2, 3TM-JI u np.).

3. llnudosanpHas mammua. Kinelimo ¢ nudpamu, MonoTok. PeakTussl
JUIA BBISIBJICHUS MAaKpO- M MUKPOCTPYKTYphl. Mukpockon. OTpe3Hol, ¢pesep-
HBIH, NTH(QOBATLHBIN CTAHKH.

Pabouee 3aganue

1. TIpoBecTH HCHBITAHUSI Ha KOJIBLIEBOM MpoOe ¢ KaHABKOW MpPHU CBapKe
pa3IMyYHBIX CTaJNel pa3IMYHbIMHU CBApPOUYHBIMHU MaTepUalaMU, B COCTaB KOTOPBIX
BxoitT aerupytoniue (Cr, Ni, Mo, Mn, S1) u mukponerupyromue (Y, Ce u ap.)
HJIEMEHTBHI.

2. [Ipoananu3upoBaTh MOJTYYCHHBIE MaTepuajbl U CAENATh BBIBOA 00 HUX
CTOMKOCTH MPOTHB 00Pa30BaHMUs XOJIOJHBIX TPEIIHH.

Iopsaok BbINOJIHEHUS Pad0OThI

1. Ha moAroToBIEHHBIX MO CBapKy oOpasiiax ¢ KOJIbLIEBOW KaHABKOU IO
3apaHee T0JI00paHHOMY PEXUMY MPOU3BECTH cBapKy (puc. 2.26). Pexxum cBap-
ku: 1,,=200...220 A, U,=30...36 B. Mapka nsnekTpoja 3a7acTcsi IpernojaBare-
neM. CBapka BBINIOJIHSIETCS 110 TPEM BapUaHTAM:

1) Oo0paser; nepea cBapkoi mogorpeBator B meun g0 T = 473 K
(200°C)...523 K (250°C). [Tocne cBapku OXJIaKIaIOT HA BO3IyXe€.

2) Capka Impr KOMHATHOM TeMIepaType U OXJIaXICHUE Ha BO3IyXe.

3) Cpapka nmpu KOMHATHON TeMIiepaTtype U OXJIaXKIACHUE MPOTOYHOH BO-
TOM.

2. AHaNOTUYHYIO CEpUI0 IKCIEPUMEHTOB BBITIOJHUTH IS APYTroro OcC-
HOBHOTO METajljla IPU CBApKeE AJIEKTPOJOM JIPYTroro XMMHUYECKOT0 COCTaBa.

3. ITocne moiHOTO OXJIAXKIAEHUST 00pa3oB NMUTM(OBATHPHOW MAITUHON 00-
paboTaTh UX MOBEPXHOCTh. 3aTeM OOpa3Ibl MPOTPABUTh PEAKTUBOM JIJIsi BBISB-
JIEHUSI MAKpO- U MHUKPOCTPYKTYphI. Ilocie dero m3ameputh JUIMHY TPEIIMH Ha
Ka)KJIOM oOpasIie.

O0paboTka pe3yabTAaTOB IKCIIEPUMEHTA

1. PaccunTaTh SKBUBAJICHT yriepoaa C3 JJI1 HAIIIaBJICHHOI'O METalllla U
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OHpCI[eJII/ITL HCO6XOI[I/IMOCTB B HpeI[BapI/ITGJII)HOM nozxorpeBe.
Mn Cr+Mo+>@ +Ti+Nb ) Cu+Ni
C,=C+—+ ¢ =4 +

5B,
3) 15

rae C, Mn, Cr, Mo, V, Ti, Nb, Ni, Cu, B — conepxanue COOTBETCTBYIOIIUX
3JIEMEHTOB, %0.

Cranu, uMerone SKBUBAJICHT yriiepojaa meHnee 0,4 % He CKIIOHHBI K 00-
Pa30BaHUIO XOJIOJHBIX TPEIIMH U CBapuBalOTCs 0e3 orpaHnueHuil. B ciydae ec-
JIM SKBUBAJICHT yriiepoja Haxoautces B npeaenax 0,4 + 0,75 % - HyxeH npejBa-
PUTEIBHBIN MTOAOTPEB, & MPU OOJIBIIIEM 3HAYCHUHU U COIMYTCTBYIOIINH.

TeMmeparypa mojorpeBa paccuuThIiBaeTcs o GpopmyJie

T, ,=350-,/C,—0,25.

2. CpaBHI/ITB pPE3yJIbTaThbl PACUCTOB C SKCIICPUMCHTAJIbHBIMA JAHHBIMH U
CACJIaTb BBIBOJ O CTOMKOCTH HaIlJIaBJICHHBIX 06pa3u03 K 06pa303aHH10 X0JIoa-
HBIX TPCHIHH.

< 250 >

g

10

100

- 100 >

- >

Pucynok 2.26 — Pa3zmepsl u (hopma npoObl ¢ KONbIEBON KaHABKOM
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KoHTpoJibHBIE BOPOCHI

1. YUto Takoe TEXHOJOTrHYecKas M HKCILUIyaTallHOHHAS MPOYHOCTh KOH-
CTpYKIUU?

2. B yem paznuuust MexAy KpUCTAILUTM3ALMOHHBIMU (TOPSAYUMU) U XOJO/I-
HBIMH TpeluHaMu?

3. KakoB xapakTep ynpyro-miacTHuecKux jaeGpopMainii, BOZHUKAIOIINX B
MeTaJule 1Ba MPU TyrOBOW CBapKe?

4. OCHOBHBIE TPUYHMHBI BOSHUKHOBEHUS XOJOIHBIX TPEUIUH MPU CBAPKE.

5. KakoBa poinb Bogopoga B 00pa3oBaHUM XOJOJHBIX TPEUIUH MPHU CBap-
Ke?

6. Kak BIuSIOT pa3iMyHbIE 3JIEMEHTHI TEPMHUYECKOIO IIMKJIA MPU CBApKE
Ha KOHEUHYIO CTPYKTYPY U Ha BO3HUKHOBEHHUE XOJIOJHBIX TPEIIUH?

7. Kak oObsicHAeTCS MeXaHU3M OO0pa3oBaHUs XOJOJHBIX TPEHIMH MpPH
CBapKe ¢ IIPUBJICYCHUEM TEOPUH 3aMEJIEHHOTO Pa3pyLICHUS?

8. B uem cmbicn cxembl 3uHepa?

9. KakoBbI IyTH MOBBIIIEHUS TEXHOJIOTUYECKON POYHOCTH CBAPHBIX CO-
CAUHEHUI?

10. Kakue (hakTOphl MOBBIIAIOT CKIOHHOCTh CTald K OOpa30BaHUIO XO-
JIOTHBIX TPEILIUH?
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JlabopaTopHnasi padora 8

BJAUAHUME JIETUPYIOINUX SJIEMEHTOB HA MEXAHUNYE-
CKHUE XAPAKTEPUCTHUKHU LIBA

lleJlb paﬁombl: HUCCIICAOBAHUC BJIMAHUA JICTUPYIOOIHUX I[O6aBOK Ha MEXa-
HHUYCCKHC XapPaKTCPUCTUKN CBAPHOIO COCANHCHUAA.

OO0mue ykazanusi

[Ipu nmoaroroBke K j1abOpaTopHOM pabOTe U3YUYUTh PEKOMEHIAYEMYIO JIU-
Tepatypy [3, ¢.76-134], 03HAKOMUTBCS C TCOPETUICCKUMHU TIOJOKCHUSIMU U Me-
TOAMYECKUMH COBETaMHM MO TeME TaHHOW pabOThI, MOATOTOBUTH Taom. 2.20.

JlerupoBaHue MeTailjia 1IBa MPU CBapKe MMeeT Oosiblioe 3HaueHue. [ly-
TEM JIETUPOBAHUS TMOJY4YalOT HEOOXOJMMBIH COCTaB MeTajla IBa, KOTOPHIMA
o0ecreuynBaeT MPOYHOCTh, KOPPO3UOHHYIO CTOMKOCTh U JPYTrHe CIyKeOHbIE Xa-
PaKTEPUCTHUKH.

HekoTtopslie 13 Terupyromux 3JIeMEeHTOB, HAllpUMEpP, XpOM, TUTaH, Mapra-
Hell, o0jamast OOJNBIIUM CPOJICTBOM K KHCIOPOIY, PACKHUCISIOT METaJlI, YTO
OJIaroMpUATHO CKa3bIBAeTCS Ha (OPMUPOBAHUU IIBA. B 3TOM OTHOIIEHHH OCO-
OEHHO HEOOXOJUMO OTMETHTh PEIKO3EMENbHBIE 3JIEMEHThI: UTTPUM, LIEpUl U
IPYTHE, MECATHIE WM COTHIC JOJIM KOTOPBIX B CBAPOUYHBIX Marepuaiax WM B
OCHOBHOM MaT€pHAJIC YIYUIlIAOT TAMMY CBOMCTB CBAPHBIX COCIUHEHUM; MMOBBI-
AI0T TIACTHYHOCTH, BS3KOCTh, KOPPO3WOHHYIO CTOWKOCTB, KapOIMpPOYHOCTH,
XJIIOCTOMKOCTD; YBEITMIUBAIOT COMPOTUBIICHUE TOPSYUM U XOJOTHBIM TPEITH-
HaM; MTOBBIIIAIOT CTAOMIILHOCTh TOPEHUS JYTH 33 CUET MOHU3UPYIOIINX CBOUCTB,
YMEHBIIAIOT CTENEeHb PAa30pbI3TUBAHMS, TO3BOJISIIOT MPOU3BOJIUTH CBApKy Ha
IPSIMOM TMOJISIPHOCTH, YTO CITIOCOOCTBYET YBEIIMUEHHUIO MPOU3BOIUTEIHHOCTH.

VYkazanubiii 3¢ ¢dekT odecrneynBaeTcss 3a CUeT CTPYKTYPHBIX W3MEHEHUUN
MeTaslia I11Ba U OKOJIOIIIOBHOW 30HBI - MMPOUCXOJAUT OUUIIEHUE TPAHUI] 3€PEH OT
Bpennbix npumecei S, P, Pb, Sn; ymensimaercs comepskanue razos Hy, N, O,,
HaxOJIAIINXCS B METAZIE B CBOOOAHOM COCTOSTHHUH; M3MEIhYACTCS CTPYKTypa
(3epHO), YBETMYMBAETCS CHJIa CBSI3M MEXAY 3€pHAMU U KPUCTAUIMYECKUMHU
0JI0KaMHU.

PenkoszemenbHBIC METaLTBI, IMest 00JIbITIoe cpoaAcTBO ¢ Hy, Ny, Oy, S, cBs-
3BIBAIOT OTH 3JIEMEHTHI B TYTOIUIABKHE COCIMHCHMS, KOTOPHIC HAXOMSTCS B Me-
Tajule 1IBa B TJIIO0YJISIPHON MEIKOAMCIEPCHON (opme, T.e. HEUTPAIM3YIOT MX
BPEIHOE JIEUCTBUE.

OpnHako JETUPYIOIINE JJIEMEHTHI B CTANIAX JOJKHBI HAXOIUTHCS B OIpe-
JICJICHHOM TIPOIICHTHOM OTHOIICHUH. VHaue MOXET pe3Ko YXYIIIUTHCS MpodU-
HOCTh U JIPyTHE CIY>KEeOHBIE CBOMCTBA CBAPHOTO COCAMHEHHUSI.

Jl71st TOTO, 9YTOOBI OIICHUTH BIUSHUE JICTUPYIOMIUX JIEMEHTOB Ha MEXaHU-
YEeCKHUEe CBOWMCTBA IIBA M YCJOBHS IpoIlecca CBApPKW, HEOOXOAMMO B METaJlIe
IIIBa 4epe3 CBapOYHBIE MaTepuajbl BBECTH TAKHE HJIEMEHTHl B KOJUYECTBE
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6OJIBIHCM, YEeM OIITUMAJIbHOC.
PacuetHOC COACPIKAaHNEC BBOJHUMELBIX 3JICMCHTOB B MCTAJLUIC IMIBAa MOXKHO
ONpCACINTL 110 BEIPAXKCHUIO

R.+7.R. 17, R 2R,

rae [Ry] — aHamuTHYeCKOe coaepiKkaHue 3JIeMeHTa B 3JICKTPOAHOM MeTainie, %0;
Yoz — JIOJIS YUACTHUS DIIEKTPOTHOTO METAaJlIa I1Ba;
[Ro] — aHanuTHUYECKOE COZEpIKAHUE SJICMEHTa B OCHOBHOM METaJlIC,
AR — k03¢ GuIueHT yCBOSHUSI JTaHHOTO 3JIEMEHTa M3 COCTABJIAIOIINX I1O0-
KpBITHSA, (IIFOCa WK Ta3a.

JIJI HEKOTOPBIX 3JIEMEHTOB 3TH KOA()(PHIIMEHTHI MPU CBAapKe IO CIIOEM
¢uroca pasusl: AMn=0,17...0,18, ASi=0,12...0,13, AC=0,03...0,035, a o maH-
HBIM [2] Tpu ToodepeaHor JT00aBKe B KepaMHUYECKHH (IIFOC STUX AJIEMEHTOB
AMnN=0,37...0,40, ASi=0,44...0,50, AC=0,50...0,55, (m1s Mmenkopa3MepHbIX Ya-
cTel erupyromero noporiika Mmenee 120 mxm). JIns Y u Ce — 0,1...0,01 [2]

Mexannueckue CBOWCTBa IIBa B OO0OOIIAIOIIEM CiIy4ae OIICHUBAIOTCS
YCIIOBUSAMU Pa3pyIICHUS U TP MCIIBITAHUKA 00pa3IioB Ha pa3phiB, MOKA3aTCIAMHU
IUTACTUYHOCTH M YAAPHOH BI3KOCTH.

OobopynoBanue, npuOOPLI U MATEPHUAJIBI

1. IToct py4HO# ¥ aBTOMATUYECKOU CBAPKH.

2. Kepamuueckuii ¢moc i AH-348A, AH-22. CBapouHas mpoBoOJOKa
CB-08A. ITnactunsl aisa HamnaBku pazMepoM 200x300x10; ns cBapKu BCTHIK -
pazmepoM 200-150x6 u3 crasm 10XCHJI. cramu 20, cramu 3. Jlerupyromue
AJIEMEHTBI.

3. PaspeiBHas mammna. Jlyna. TBepaemep. Mukpockon. [TonupoBanbHbIit
CTAHOK. XMMHYECKHE PEAKTUBBI. DJIEKTpPonbl. OTpe3Hon cTaHokK. Ppe3epHbIid
CTaHOK.

IHopsigok BbIMOJTHEHHSI PadOTHI

Onvim 1.

1. Paccuntarh HEOOXOIUMOE KOJMYECTBO JICTHPYIOMIMX 3JeMEHTOB ((dhep-
pPOCIIaBOB) JUIsl BBEACHUS BO (UIIOC, 'UTOOBI TOBBICUTH WX COJEP)KAHHE B
HaIJIaBJICHHOM MeTajule B 2 pa3a MO CPaBHEHUIO C UX COJICPKaHUEM IIpH
HaryiaBka (cBapke) moja ¢rocom 6e3 m106aBok. s TeX 3IeMEeHTOB, KOTOPhIE HE
BXOJIAT B COCTAB HAIUIaBJICHHOTO METalllIa, IOBECTU cojiepkanue 10 0,5 %.

2. [IpurotoBuTh CMecH 100aBOK C (DIIFOCOM.

3. BeINOaHUTH HAIJIaBKKM Ha 00pasiibl MoouYepeaHo Mmoj ¢uirocamMu C J0-
O0aBKaMM JISTUPYIOMINX 3JIEMEHTOB. KOHTPOJIBHBII III0B - HAIUTaBKa 1Mo (JIFOCOM
6e3 no6aBku. [lapamerpsl pexxnuma moaoOpaTh Ha yclIOBUS OOecrnedeHus Mpo-
miaBjieHuss 2/3 TonmuHbl oOpasna. Bo Bpemsi cBapku BeCcTH HaOJIOJICHHE 3a
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YCTOMYMBOCTBIO U IPYTUMU YCIOBUSAMH MPOTEKAHUS MPOIECCA.
4. OOpa31ibl UCCIIeI0OBATh HA HAJTMYKE TPEIINH, TOP U APYTUX 1e()eKTOoB.
5. Ha Bcex oOpa3zuax mpou3BeCTH 3aMephbl TBEPAOCTH B OKOJOILIOBHOM
30HEe U mBe. M3 cpenneit yacTu CBapeHHBIX IJIACTHUH BhIpE3aTh 00pasilbl pa3me-
poM 200x10 7151 UCTIBITAaHUSI HA Pa3pbIBHON MAIIIMHE.

Onvim 2.

1. BeINOIHUTE HAIUIABKY U CBApKy IUIACTHH AJIEKTPOJAMU UCXOAHOTO CO-
CTaBa U COJAEPKAIIMMHU PA3IUYHOE KOJIMYECTBO JIETUPYIOIIUX U MHUKPOJIETUPY-
IOLLMX 100aBOK.

Bo Bpems cBapku ONpEAENIUTh TEXHOJOTMYECKHE CBOMCTBA JIEKTPOIOB:
CTaOUIIBHOCTH IyTH, pa3OpbI3ruBaHue, (pOpMHUpPOBAHHUE IIBA, JIETKOCTb OTIEINE-
HUS [UTAKA.

2. OnpenenuTh HaIU4YUe Nop, TPEIINH, OAPE30B U APYTUX 1e(EKTOB.

3. Ha numdax npoussectu 3amep TBEPAOCTH B MeTaiie 1mBa 1 3TB.

4. 3rotoBUTh 00pa3Lbl CBAPHBIX COCAMHEHUN JUIsl UCTIBITAHUN Ha pa3phiB
pazmepom 200x10.

5. M3roToBuTh MIIUQHI A1 MeTaIorpaduuecKuX UCCIe10BaHui — omnpe-
JIeJIEHUs1 BEJIMUMHBI 3€pHA U YUCTOTHI TPAHULL.

6. Bce pesynpraTtsl cBectd B Tabn. 2.20, mpoaHanu3upoBaTh U CHAETIATh
BBIBOJIBI. B pacuérax ncnonb3oBath qanHbie Tabm. 2.21...2.23.

Tabnuna 2.20 — BrusiHue nerupyrommx J00aBoK Ha CKIIOHHOCTh METaJlIa
I1Ba K TPEUTMHAM.

o) w \
Li O S m S 1 1 1
0 a oS o Y ng S E»
= B 8 g = = = i~ s o
= 9 = 2 o 9 NIy >
< 55 4 o g EE = o E < -
o = S & Z o O qéO e TS S T 8~
=R S, & = (SR ) E o = % 3 8
o o o= s =9 o = e 3 > 8 » H
T \Q S~ 0 5 = O o S o & o, )
S = £ & = = T 2 = S 9 o &
O O g o = for oz = .
= =& | 3 2 lE 59
Q
= O S T - S o A%
Tabmuma 2.21 — Xumuueckuii coctaB ctamu 10XCHJ]
C Si Mn Cr Ni Cu Fe
0,12 0,8...1,1 | 0,5...1,5 | 0,6...0,9 | 0,5...0,8 | 0.4...0,6 Oct
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Ta6nuna 2.22 — XumMuueckuit coctaB (peppocCIiyiaBoB

deppociuiaBbl C Si P S Mn ITpoune
deppomaprasent 0,5 2,0 0,3 0,03 85
deppocuaunuii - 74...80 0,05 0,04 75
deppoTuTaH 0,15 2,0 0,5 0,05 - 8,0
deppomonndacH 2,0 2,0 2,0 0,03 - 55
deppoBaHauit 1,0 3,0 0,25 0,16 - 35
deppoBosibhpam 0,5 0,8 0,06 0,10 0,5 12
Ta6nuna 2.23 — CoctaB ¢uiroca

KommoneHTEI KBC-19 K-11
Maprannesas pyna(45%Mn, 10%Si) 54 60
KBap1ieBblii mecok 32 20
I1naBUKOBBIN IIIIAT 7 10
DeppoCUITUINMA 7 10
Kunkoe cTekino 15...19 25

KOHTpOJIbHLIe BOIIPOCHI

1. Ilytu nerupoBaHusi MeTaJlIa 11Ba, X OCOOCHHOCTH, IOCTOMHCTBA U He-
JOCTATKH.

2. YTo Takoe MEKKPHUCTAJUINTHASL KOPPO3HUsl, IPUUMHBI €€ BO3SHUKHOBEHUS
Y METOJIbI IIPEIOTBPALLCHUS ?

3. [loueMy PKBHUBAJIEHT yTIJiepojia SBJIAETCS KPUTEPUEM JIJIsl OLIEHKH HEOO-
XOJIMMOCTH IIPUMEHEHUS TI0IOTPEBA IIPU CBAPKE CTAIH?

4. Yto takoe ko PUIIMEHT nepexo/ia dneMeHTa?

5. KakoB mexanu3M pahuHUPOBAHUS CTATH?

6. BuisiHME JIErMpYIOIIMX 3JIEMEHTOB Ha COAEP’KaHHWE ra30B B METAJLIE
1IBA.

7. Mexanu3Mm BiusiHusA P3M Ha MexaHUYeCKHe XapaKTEPUCTUKH IIBa.

8. Kak MOXHO yJy4IIUTh CBOMCTBA MeTaJljia I1Ba, NPUOIU3UB UX K CBOM-
CTBAM CBAapMBAEMOT0 OCHOBHOI'O MeTajuia?

9. Kakue meTasmisl 00pa3yroT METaJlT CBApHOTO I11Ba?

10. Kak BAMAIOT OTHENbHBIE CTAIWM MPOLECCA CBAPKH HA CTPYKTYpy M
CBOMCTBa MeTasia?
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JlabopaTopHnasi padora 9

NCCJIEJOBAHUE METAJITYPTUYECKHX ITPOLIECCOB IIPH
ABTOMATHYECKOU CBAPKE 110/] CJIOEM ®JIIOCA

Ilens padomwl: >KCTIEPUMEHTAILHOE UCCIIEIOBAHHE KPEMHE- M MapraH-
[IEBOCCTAHOBUTEIIBHBIX IPOIIECCOB TNPHU aBTOMATHUECKOH CBapKe CTaliel ToJ
cioeM (iroca.

OO0mue ykazanust

[[Iupoko mpumeHsiemMast sl U3TOTOBICHUS METATIOKOHCTPYKIUNA KHUIIS-
masi MajgoyTiepoJiucTas ctalb coaepxkuT; kpeMuust — 10 0,03% (cnensr), map-
raamna — ot 0,30 1o 0,50% (cramm mapoxk MCtl, MC12, MCT3), kuciiopoga — OT
0,2 mo 0,04%. OTcyTCTBHE APYrMX CUJIBHBIX PACKUCIUTENICH B TAKOW CTAJIH
OPUBOIUT K TOMY, YTO MHPH BBICOKOM TEMIIEpAType B CBAPOYHOM BaHHE U Ha
pacCILIaBIIIEMO ANEKTPOAHON MPOBOJIOKE MPOUCXOAUT UHTEHCUBHOE OKUCIICHHE
yriepoja o peakuuu

2[C]+ 0, =2CO 1.

Tak kak peakuusi OKUCJIEHHS yriepoaa MpOAOJIKAETCS B KPUCTAILIN3YIO-
mieiics (3aHei, XBOCTOBOM) YacTU CBApOYHOM BaHHBI ¢ OOpa3oBaHUEM Hepac-
TBOPUMOTO B METAJIE Ta3a, B CBAPHOM IIIBE MOTYT BO3HHKHYTH MOPHI. UTOOBI
MPEJOTBPATUTh MPOIECC MOPOOOPa30BAHUS U3-32 OKUCICHUS YTJepojia, HeoO-
X0IUMO MMeTh B cBapouHoii Banue 0,1...0,2% kpeMHHS, KOTOPBIA MOAABISET
PEaKIMIO OKUCIIEHUS yriepoJa B MEPUO/l KpPUCTAJUIM3ALMU BaHHBI (T.€. SIBISIETCS
B ATUX YCJIOBHSIX 00Jie€ CUIIbHBIM PACKUCIUTENIEM, YEM YIJIEPOI).

Jlnst mpenynpexieHus Topsuux (KpUCTaUTM3AIMOHHBIX) TPEIIUH TpU
CBapKe MaJOyIJepOAUCThIX CTajJled B MeTajjie I1IBa JIOJDKHO OBITh HE MEHee
0,6...0,8 % mapranua.

Tpebyemoe npuparienne kpemuus (0,1...0,2%) u mapranna (0,2...0,5%)
[0 CPaBHEHHUIO C UX COJIEP’)KaHWEM B OCHOBHOM MeETaslsie MOXKHO O00ECeuuTh 3a
CYET MPUMEHEHHS DJICKTPOIHOW MPOBOJIOKH, JIESTUPOBAHHON TAHHBIMU 3JIEMEH-
tamu. OHAKO MPH CBApKE KUIIAIINX MaJIOYTJIEPOIUCTBIX CTaje 3TO IKOHOMHU-
YECKU U TEXHOJOTUYECKH OoJiee 11e1eco00pa3HO BBINOJHUTH 3a CUET MPUMEHE-
HUS BBICOKOKPEMHHUCTOTO BBICOKOMApraHLoBUCTOTO ¢uitoca. B aToMm ciiydae me-
pexoJ KpeMHHUs M MapraHiia M3 IUlaka B METaUl OCYILIECTBISETCA 3a CUET,
KpEMHEe- U MapraHIe-BOCCTAHOBUTEIBHBIX MPOIIECCOB MO PEAKIUSIM:

(Si0,) +2 Fe «>2(FeO)+ Si (1)
(MnO) + Fe <> (FeO)+ Mn (2)
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[lepexoq KpeMHHMs B IIOB B 3HAYUTEJIBHOW CTENIEHU 3aBUCUT OT COZEpKa-
HUs IByoKucHu BoO (roce. Ecnu cBapka npou3BOAUTCS OOBIYHBIMU MaJIOYTJIepO-
mucteiMu TipoBosiokamMu CB-08 miau CB-08A (T.e. comepkKallluMU JIMIIb CJICIbI
KpEMHHUs), TO JUIsl MOoJdy4deHusl B HaruiaBieHHoM Mmetasuie 0,1...0,2% kpemuus,
conepxanue SiO, Bo (iroce JDODKHO cocTaBisiTh He MeHee 40%, T.e. (iIrochl
TOJIKHBI OBITh BBICOKOKPEMHHUCTBHIMHU, KACITBIMHU.

Jns obecnieueHus B MeTajlie 1mBa Maprania B konuuectse 0,6...0,8% mpu
CBapKe KHIIAIICH CTaTu MaJOYTIECPOIUCTON MPOBOJIOKON (hITHOC JOIHKEH COIEp-
xaTh He MeHee 35% 3akucu Maprania MnO.

CrnenoBaresibHO, IPU CBapKe KUISIIECH MajJOyTrJiIepOJIUCTON CTaau Majo-
YTIEPOIUCTON CBAPOUYHOMN MPOBOJIOKOM, BO M30exkaHne 00pa30BaHMsI MOP U TO-
pAYMX TPEUIMH HAO0 MPUMEHSATh BHICOKOKPEMHUCTBIE BHICOKOMApPTaHIIOBUCTHIC
(hITIOCHI.

[Ipu conepkanuu Bo (iroce OJTHOBPEMEHHO OKHMCIIOB MapraHiia U KpeM-
HUA OyJIeT MPOTeKaTh peaKIus

(Si0,)+2 Mn <> 2(MnO) + Si ,
KOHCTaHTa PAaBHOBCCHA KOTOpOﬁ 6y,£[eT paBHA;

MnO * Si
Mn ° SiO,

Ecnu mpeamnonokuTh, 9TO MPOTEKAHNWE PEAKIIUU MaJI0 U3MEHUT COofepIKa-
are MnO u SiO, B nwrake, To MOKHO CUMTATh, YTO

Si
K'= -
Mn
NJIin
Si =K’ Mn°.

Otcroga cieayer, 4To MOBBINIEHUE UCXOJHON KOHLEHTpAlMu KPEMHHUS B
CBApOYHOM BaHHE JIOJDKHO MPHUBECTH K 0o0Jiee S3HEPIrMUYHOMY BOCCTAHOBJICHUIO
Mapraua.

OobopynoBanune, npuOOPbLI 1 MATEPHUAJIbI

1. ABToMaT uisi CBapKu MOjA (PJIFOCOM C U3MEPUTENbHBIMU NMPUOOpPaAMHU U
MCTOYHUKOM MUTAHMUS.

2. Teepnomep TII-2 ¢ mukpockonom ontuueckuM MIIb-2. Haxnaunoe
Toum10. CBEPIUIIbHBIN CTAHOK (C MaKCUMaJIbHBIM JUAMETPOM CBEpJia A0 8 MM).
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N3MmepuTenbHbIN U clecapHbIil HHCTPYMEHT, KiieliMa [U(GPOBBIE CTaIbHBIE.

3. O6pa3zupl cranbabie 250x80 MM TommuHOM OT 8 10 12 MM, DrOCH He-
CKOJIBKUX MapoK: a) BBICOKOKPEMHHUCTbIE BbICOKOMapraHioBucTsie (Tuna AH-
348A, OCII-45); 6) cnaboOKUCIUTENbHbIE HU3KOKPEMHUCTHIE, COJEPKAIlUE B
cymme He 6omee 30% okucioB kpeMHus, mapranua (Hanpumep, OLI-11, AH-20,
AH-22 u n1p.); B) HUBKOKPEMHUCTHIE CUJIbHOOKHUCIUTENbHBIE (itochl (Trna AH-
17, AH-17M). CBapouHble POBOJOKHA HECKOJIBKUX MAPOK AUAMETpaMu OT 2 0
4 mm (CB-08A, CB-08T'A, CB-0812CA u ap.).

4. Cexynaomep. Becwl nabopaTtopnslie (10 5 Kr) ¢ pa3HOBECaMHU.

HOpSIIlOK BBINNIOJIHCHU A paﬁoTbl

1. CoGpaTh 2MEKTPUUYECKYIO LIETIh JIJIsi CBAPKHA aBTOMATOM.

2. TlomoOpath pexuMbl CBapKU M MPOU3BECTU IMSATUCIONHYIO HAIJIaBKY
BaJIMKOB Ha 00pas3IIbl.

[Ipumeuanne. CocTtaB MeTajljia IBAa 3aBUCUT, B IIEPBYIO OYEPEb, OT CO-
CTaBa OCHOBHOTO U 3JIEKTPOJHOIrO (TIPHUCAI0YHOr0) METANIOB M OT JIOJIH yda-
CTHUSl OCHOBHOTO Me€Tajula B MeTaJljie 1Ba. UToObI yMEHBIINTH KOJUYECTBO (aK-
TOPOB, BIUAIOIIMX HA OKOHYATEIIbHBIE PE3YJIbTAThl, IPU UCCIECAOBAHUH ITPOLIEC-
ca BOCCTAHOBJICHUSI KPEMHHUSI MU Maprasia u3 ¢uiroca HEOOXOOUMO aHaJIU3UPO-
BaTh COCTAB HAILJIABJIECHHOTO METajlla, a HE MeTaia mBa. s 3Toro cienyer
ITPOM3BECTU HAIUIABKY HE MEHEE 4eM B 4-5 CI0EB.

3. IlpomnudoBaTh HapYKHYIO TOBEPXHOCTh U ONpEAeIuTh TBepiocTh HB
HAIUTaBJIEHHOTO cJiost TBepAaoMerpom TIII-2.

4. OnpenenuTb XMMAYECKHN COCTAB HAIJIABKU MPU MOMOIIU CHEKTPAIb-
HOT'O WJIM XMMUYECKOro aHanu3a. [Ipu 3ToM HYKHO ONpeaeanTh COJIepKaHNUE B
HAaIlJIABKE TPEX OCHOBHBIX XUMHUYECKUX OJJIEMEHTOB - YIJIEpPOJa, Mapraiia,
KPEMHHUSL.

5. UccnenoBarh BAUSHUE COACPIKAaHUS ABYOKUCH KpeMHus SiO, u 3aKucH
mapranna MnO Bo ¢itoce Ha MpoTeKkaHWE KpeMHE- W MapraHIeBOCCTAHOBU-
TEIBHOIO MPOLECCa.

6. UccienoBarh BIUSIHUE PEXKMMA HA pPa3BUTHE KPEMHE- U MapraHleBOC-
CTAHOBUTEIBHOTO MPOIECCa.

7. OnpenenuTs BIUSHUE PEXKUMa CBAPKU HA BEIMYUHY OTHOCHUTEIHHOTO
BECa PacIUIaBJICHHOTO (piroca.

8. [Tomy4yeHHBIC TaHHBIC CBECTHU B Ta0II. 2.24,

Tabmuma 2.24 — Pe3ynbTaThl HCCIIETIOBAHNS METAJLTYPTHUSCKHUX MTPOIIEC-
COB TIpHU CBapke 1o (urrocom

No Mapxka 3nek- XUMHYECKHUI
Mapka . Pexum cBapku o
CJIOS TPOJTHOM coctas, %

(mroca npoBosokn | Il A | Uy, B C Si | Mn

TBEpnocthb
HB
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O0paboTKa pe3yJbTaTOB IKCIIEPUMEHTA

1. Paccuurats H3MeEHEHUE COACPKaHUA O9THUX IJJICMCHTOB B HAIIJIABKC
CPaBHCHHUIO C COACPIKAHHUCM HX B IIPOBOJIOKC:

ARFR. 1R,

rae [Ry] — conepxanme amemenrta R B HarutaBke, %;
[Rup] — coneprkanue snementa R B mpoBosoke, %.

Ecim A[R]>0, 3T0 cBUACTENHCTBYET O BOCCTAHOBIICHUH JAHHOTO 3JIEMEH-
Ta U3 (aroca W JITUPOBAHUU MM HarwiaBieHHoOro meramia. Eciau A[R]<0, sto
TOBOPUT O BBITOPAaHUU M MCHAPEHUU JAHHOTO 3JIEMEHTa U3 CBAPOYHOU BAHHBI
WA HA CTA/IMM PACIUIABIICHHOM KAaIlIM, HAXOJAIIECHCS HA KOHLE MPUCATOYHOU
npoBosioku. [Ipu A[R]=0 MoxHO caenaTh BBIBOA O HEWTPAbHOM XapaKTepe
BO3JICHCTBUSI Ta30BOM WIIH IIIJIAKOBOH (ha3bl HA METAJUIMUECKYIO (pa3y.

2. IloMrMO XMMHYECKOI'O COCTaBa METajla M IIJIaka Ha WHTEHCUBHOCTh
MPOTEKAaHUSI KPEMHE- U MapraHIle-BOCCCTAHOBUTEIBHBIX MPOIIECCOB OKAa3bIBAECT
BIIMSTHUE U PEXUM CBapku. C U3MEHEHUEM peXHMa CBAPKU MEHSAETCS OTHOCHU-
TeJIbHAas Macca pacIUlaBJieHHOro (uiroca, T.€. OTHOIIEHHWE PaCIIaBIICHHOTO
¢dmroca K pacriaBieHHOMY Metaiury. [Ipu HamiaBke 10€di OCHOBHOTO MpO-
IJIABJIIEMOT0 METajJla MOKHO MpEeHeOpeub, TOTJa OTHOCUTEIbHAs Macca i

pacriaBiieHHoOro ¢itoca OyAeT paBHa:

g@é
p==
9y

rae g, — KOJIMYECTBO PACILIABICHHOW 3JIEKTPOJHOM MTPOBOJIOKH;
J¢x — KOTMYECTBO PACILIABIEHHOTO (iroca.
Bec pacmaBieHHOro ¢uiroca onmpenenstoT Mo BeCy MUTAKOBOM KOPKHU Py,
u ee guHe |y,

P

cg!
Im/z

rae V., — CKOpOCTh CBapKH, CM/C,
Bec pacmiaBiaeHHOTO 3JIEKTPOJHOTO METala MOXKHO OIPEICIUTh 10
CKOPOCTH €ro nojayu V.

d
—V .y
gQ nn ]/ 4

. 3.
r7e 7y — yIeJIbHbIN BeC MeTalia, I/CM';
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d, — TmameTp 3IEKTPOIHOM MPOBOJIOKH, CM.

BonbpmoMy HanmpspDKEHUIO AYTH COOTBETCTBYET M OTHOCHUTEIHHO OOJIBIIIOE
KOJIMYECTBO PACIUIABIIEHHOTO (PiIfoca - MuTaKa, MPUXOAIIeecs Ha €IUHUIY Beca
KUIKOTO METaJlIa, YTO YCHUJIMBAET BO3JACUCTBUE MEXKIY (IFOCOM-TINIAKOM U Me-
TaJUTMYSCKOU BaHHOM.

VYBenuueHune Toka Iyrd OpUBOAUT K €€ YIIIyOJIEHUI0, YBEIIMUYCHUIO KOIHU-
YeCTBa PACIUIABISIEMOrO 3JIEKTPOAHOTO METAJUIA, T.€. YMEHBIIAET OTHOCUTEIb-
HBIN BEC IIJIaKa.

3. Ha ocHOBaHUY MOTYyYEHHBIX JaHHBIX IOCTPOUTH I'Pa(UKH 3aBUCUMOCTHU
TBEPAOCTH HAIUJIABJICHHOTO METaJIa OT PEKMMa CBAPKH, COJCPKAHUS AJIEMEH-
TOB B METaJUIe IIIBa WJIM MX OKHUCJIOB BO (itoce. [Ipoananu3upoBath 3aBUCH-
MOCTb OTHOCUTEIHLHOTO BeCa PaCIUIaBICHHOTO (DJIFOCa OT peKUMa CBAPKH.

KoHTpoJibHBIE BONIPOCHI

1. ITpu kakoM cojiep>KaHUM 3aKUCH MapraHiia Bo (pjiroce mocieHui ume-
HYETCS] BBICOKOMAPTaHIIOBUCTHIM?

2. Ilpu kakoM coOAEpaHUU JIBYOKHCH KpPEMHHUS BO (hiIroce MOCIeqHUN
MMEHYETCS] BHICOKOKPEMHUCTBIM?

3. CKOJIBKO KPEMHUS COAEPKUTCS B KUTISIIIEH MAJOYIJIEPOIUCTON CTaIu?

4. CxonbKO MapraHia COAEP)KUTCS B KHIISIIEH MajoyrJIepoOJAHCTON CTa-
mu?

5. C kakoi 11e/1bl0 HEOOXOAMMO BBOJUTH KPEMHHUH B CBApOUYHYIO BaHHY
IIPU CBapKe MaJOyTIEPOIUCTON KUIAILEH CTaIn?

6. C xakoll LeJpI0 HEOOXOIMMO JIETUPOBATh CBAPOUHYIO BaHHY MapraH-
LEM IIPU CBapKe MaJOyTJIEPOAUCTON KUIAILEH CTanu?

7. Kakoe MUHMMaNIbHOE KOJMYECTBO KPEMHHUSI HEOOXOIMMO BBECTH B CBa-
POUHYI0O BaHHY IMpPH CBAapKe MAJOYIJIEPOAUCTON KHIISIIEH CTaldd, YTOOBI
MpeA0TBPAaTUTh 00pa30BaHKE MOP B METAILJIE IIBa?

8. Kakoe MMHMMAanbHOE KOJWYECTBO MapraHila HEOOXOJMMO BBECTH B
CBAapOUYHYIO BaHHY, YTOOBI IPEIOTBPATUTh 00pa30BaHUE rOPSYUX TPEIIMH B Me-
Tajuie mBa’?

9. Kakoe coaepxkaHue JBYOKHCH KPEMHHUS HEOOXOAUMO UMETh BO (Itoce,
4yTOOBI OJIYy4YUTh pHpaienue kpemuaus 0,1...0,2 % B HamaBke IpU CBapKe K-
nsLen crany npoBosiokoit Ce-08A?

10. Kakoe comepxaHue 3aKMcu MapraHiia HaJlo UMEThb BO (uIroce, YTOObI
NOJIyYUTh NpUpalieHue maprasia B HamiaBe He meHee 0,3-0,4% npu cBapke
KHUMSIEen cranu npoBosiokoid CB-08A?

11. Yem oOBsACHSIETCS BOBMOXXHOCTH TTpoTeKaHus peakmuii (1) u (2) Bripa-
BO IIPU CBapke?

12. Yto Takoe OTHOCUTEIIbHBIN BEC pacIUIaBiIeHHOTO (iiroca?
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[Tpunoxenune A
Temnopusnyeckue CBOMCTBA MAJIOYTJIEPOAUCTON CTAIH

Koadpdpu- | Yaenn Koadduru-
Tens- [IUEHT Has ot Koadpduum- | ent momnort | Temo-
TEIUTONPO- | TEILIO- CHT TEMIIe- | MOBEPXHOCT- | COJIEp-
nepa- HOCTbH =
Tvpa | BOAHOCTH eM- ) paTyporipo- | HOW TEIUIO- | KaHHE
,12] II)< A, KOCTB, | 's | BOmHOCTH OTJa4H MeTajia
’ JIx/(cMm-c c, rem a, cM2/c b, S, I/t
K) Jlx/T-K Jix/(cM’-¢K)
273 0,640 0,430 7,8 0,186 — 0
473 0,550 0,485 — 0,130 20,0 10™ 109
573 0,505 0,540 — 0,108 27,0 10" 162
663 0,460 0,595 — 0,093 34,510™ 225
773 0,415 0,650 — 0,078 45,0 10™ 292
873 0,375 0,770 — 0,063 57,0 10 362,5
973 0,340 0,960 — 0,047 73,0 10 437,5
1040 0,330 1,330 — 0,034 95,0 10™ 492
1380
1801 (BKJTIO-
(Tem- yas
epa- — — | 70 — 354,010 | XPPT
Typa TYIO
TJ1aB- TEIIOTY
JICHUS) TIaBJIC-
HUST)
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[Tpunoxenue b
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[Tpunoxenne I'

OcHOBHBIE BH/IbI IEPEHOCA YJIEKTPOJIHOI0 METAJLJIA NIPU AYTOBOi CBapKe

Bun nepenoca

OcCHOBHEBIE XapaKTECPUCTUKN

OCHOBHEIE CTaJuM OTphbIBA U NIEPEXO0Ja KaIlIu.

1. KpynHokanenbHbIH
¢ oOpbrIBaMU JAyTH

1.Bbicokoe HampspkeHME IpU  HU3KOU
IUIOTHOCTH TOKA. 2. CKOpPOCTH IJIaBJICHHUSA
3NIEKTpoJa OOJIbIIE CKOPOCTH €ro MOJauu.
3.Bo3MOXKEH nepexol Kaluld KOPOTKUM

[N

3aMBIKaHHEM. -1
2. Koporkumu 3amsl- | 1.IlepeHoc meramna 0e3 TopeHHs OYTH. 3
KaHUSMHU ['openue nyru mpu OTCYTCTBHH IEepeHOCa
MeTtauia. 2.YacTtbTa KOPOTKUX 3aMbIKAaHUMN
OTIpEeICIISETCS PeKUMOM CBAPKHU.
0 -t
3.KpynnokanensHbiii | BokoBoe oriaBiaeHUE 3JEKTPOJa M acCUM-
6e3 0OpBIBOB AYTH METPUYHOE PACTIONOKEHHUE Karlin »
d.>15d,
-1
4. Tlepenoc MeTamia d.=(0,8...1,5) d,
KalUIAIMH ~ CPEIHEro
pasmMepa
0 - {
5. MenakokaneapHbIH d.<0,8d, a
(cTpyliHbIil) mepeHoc @
0 t
6. HeycroiunBbrit d.<0,8d, 1k
CTPYMHBIN IIEPEHOC
0 - {
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[Tpunoxenue /]

MuHucTepcTBO 00pa30BaHus U HAYKU, MOJIOZEKH U CTIOPTa Y KpauHbl
JlonOacckasi Tocy1apCTBEHHAs] MAIIIMHOCTPOUTEIIbHAS aKaJeMUs

Kadenpa «O60pynoBanust 1 TEXHOJIOTHH CBAPOYHOTO MPOU3BOICTBA»

Otuer o 1abopaToOpHBIM paboTam
10 JTUCUHUTLITNHE
TEOPUSA CBAPOYHLIX ITPOLECCOB

Brimonann:

cryaent rp. CII1-00-1 NBanos A.A.
[Iposepu:

acc. xkag. CII Bbounapes C.B.

Kpamaropck 2012
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