KouTtposbHble 3a1aHus HA IK3aMeH M0 JUCHUILINHE
«Teopusi CBApOYHBIX POLECCOBY

[IepBoe Hauamo TEpMOAMHAMUKHU. BHYTpEHHSSI SJHEPTHSL.

N3oxopuueckre u n300apuiecKkre mpouecchbl. JHTABITHUA.

BTopoii 3aKk0H TepMOAMHAMUKHU. DHTPOMIUSL.

Tepmonunamuueckue nmoteHmansl. Jueprus [ mdoca u ['ensMm-T ombiia.

O nocTu:KeHUM PaBHOBECHS MPU CBapKe. Y paBHEHHUE U30TEPMBbI PEAKIIUH.
PaBHOBecue (PU3NKO - XMMHYECKUX CHUCTeM. PaBHOBecHe B TOMOTEHHOHW CH-

ook wnE

CTEME.

/. PaBHOBECHE B T€TEPOr€HHBIX CUCTEMAX.

8. OxkwucneHue metaiia ra3o00pa3HbIM KHCIOPOJAOM. YTPYrocTh JUCCOLUAIIUU
OKCHJIOB METAJLJIOB.

9. Ucnapenue meraia.

10.PacTBOpUMOCTh aTOMapHOTO BOJOpOJAa B METallie CBapHBIX IIBOB. BnusHue
KOHIIEHTPAIlM1 PAaCTBOPEHHOIO BOJIOPO/Ia HA CBOICTBA METAIA.

11.PacTBOpUMOCTH MOJIEKYJISIPHOTO BOJIOPOJIa B METAJLJIE CBAPHBIX IIBOB.

12.PacTBOpUMOCTh a30Ta B METaJIeé CBapHBIX INBOB. BiusHUE KOHIICHTpalUU
PacTBOPEHHOI0 a30Ta Ha CBOKMCTBA METAJJIOB.

13.PacTBOpMMOCTH KHCIOPOJa B METa/IaX MPHU CBapke. BiusHue KOHIIEHTpaIuu
PacTBOPEHHOT'O KMCJIOPO/ia Ha CBOMCTBA METAJIOB.

14.Packucisitonias criocOOHOCTh JETUPYIOMINX SJIEMEHTOB.

15.Kpucramnu3zanus MeTamia CBapHbIX MBOB. OCOOEHHOCTH KPUCTAIU3ALUY.

16.Teopust oOpa3oBaHus TOpsUUX TpeuuH. KpucTtammmsanoHHble U MOJUTOHU-
3allMOHHBIE TOPSYKE TpEeUIMHbL. MexaHu3M ux oOpa3oBaHus.

17.Metonp!l npenynpexxaeHus 00pa30BaHMs TOPSIYUX TPEILIUH.

18.BnusHue Nerupyomux 3JIeMEHTOB Ha 00pa30BaHNUE TOPSYUX TPEIIUH.

19.MeTtoabl MCTBITAHUS METajUla CBApHBIX COCIWHEHHN HAa CTOHMKOCTH INMPOTHUB
rOpsSTYUX TPEIIHH.

20.Teopust oOpa3oBaHus XOJIOAHBIX TPEIIMH. 3aepKAHHOE pa3pylICHUE MeTal-
na. Mexanu3m o0pa30BaHUs XOJIOJAHBIX TPEITUH.

21.Metoapl IpeaynpexIeHust 00pa30BaHUs XOJIOIHBIX TPEIIHH.

22.MeToapl UCTIBITAaHUSI METaljla CBapHBIX COCIWHEHUH HAa CTOMKOCTH MPOTHB
XOJIOJHBIX TPEUIUH.

23.Teopust 0Opa3oBaHus TOp MPHU CBapKe. DTarbl mopooOpa3oBaHus. MexaHu3M
oOpa3zoBaHus Mop.

24 . Metoasl IpeAyNIPEKICHUS TIOP TIPU CBapKe.

25.111maxoBbIe BKIIIOUEHUS B METAJIJIE CBAPHBIX IIIBOB.

26.CBapounble nuiaku. Mx ¢hyHKIMU, CBONCTBA U CTPYKTYpa.

27.®u3ndecKue CBOMCTBA CBAPOYHBIX MIIIAKOB.

28.CocTtaB cBapOYHBIX IIJIAKOB. B3anMoseiicTBre MeTaia U MUTAKOB TIPH CBapKe

29.PaduHupoBanre MeTaia CBApHBIX IIIBOB CBAPOYHBIMH IIJIAKAMHU.

30.JlerupoBanne MeTasia CBApPHBIX IIBOB.



3agaum:

3agaua 1

HpOHGCC PACKUCIICHHUA CTAJIN 0oJiee aKTUBHBIM PACKUCIIUTCICM B MCTAJUIYPIHUHU
XOpomo U3y4YCH U IPCACTABIIACTCA CIICAYIOIIUMUA BBIPAXKCHUAMMU
2[FeO] + [Si] - 2[Fe] + [SiO,];
lgRsi = 19[%0]? [%Si] = - 48174/T +21,63.
2[FeO] + [Ti] = 2[Fe] + [TiO,];
lg[K+i] = 1g[%O]* [%Ti] = 30700/T + 10,33.
3[FeO] + 2[Al] = 3[Fe] + [Al,O4];

lgKa = 19[%0]° [%AI]* = -58715/T + 16,5.

OrnpenenuTh paBHOBECHYIO KOHIIEHTPALIUIO PACKUCIUTENS TPU U3MEHEHUU OCTa-

TOYHOI'O COACPKAHUA KMCJIOPOJa B MCTAJIJIC IIBA. TeMHepaTypa IIOCTOsAHHAsI.

Taomuna 1

[Toxkazarenu Bapuant
1 2 3 4 9) 6 7 8 9 10

Temmeparypa | 1800|1900 | 2000|1800|1900|2000| 1800 | 1900 | 1950 | 2000
T,K
Packucnurens Si Ti Al
Copnepxanne  |0,300(0,2250,150|0,020(0,015/0,010/0,00025|0,0002|0,00015|0,0001
Kucaopoa, %o

3agaua 2

Onpenenuts KOHLUEHTPALUIO JIETHUPYIOIIErO 3JEMEHTA, BBOJUMOIO 4epe3 DJIEK-
TPOJHYIO IPOBOJIOKY, B IIEPBOM HAIUIABJIEHHOM CJIOE.

Tabmura 2

ITokazarenn BapuanTt

1] 23456 7] 8] 9]10
ConeprxaHue dJ€MEHTa B
OCHOBIOM MeTAITE 0,10 | 0,01 | 0,03 | 0,05 | 0,06 | 0,07 | 0,08 | 0,09 | 0,02 | 0,03
Conepxkanue sneMEHTaB | 45 | 15| 17| 20 | 23 | 25| 27 | 26 | 50 | 40
3H€KTpOI[HOM METAaJlJIC
Jlons ocoBHOTO METAN- | ) ool 50| 055 | 060 | 0.70 | 0.61 | 059 | 0.57 | 0,63 | 0,64
JIa B HAIIJIaBKC
Koaddunment nepexoa
snemenra u3 ocaosuoro | 0,95(0,7110,84|0,85]0,63|0,70|0,60(0,72|0,55|0,52
MceTaljia
Koopuument nepexona | 94| 960 0.770,79 | 0,58 | 0,60 | 0,52 | 0,66 | 0.48 | 0,45
2JICMCHTA U3 BJICI(TpOI[a




3agaua 3
B dpopmyne MexayHapoIHOrO MHCTUTYTa CBApKH XMUMHYECKas aKTUBHOCTh OT-

JACIIbHBIX COCI{I/IHCHI/Iﬁ OICHHUBACTCA M3 COOTHOIICHUA

_ Ca0 +MqgO +Ba0 + 3rO + K,0 + Na,0 + CaF, +0,5(Mn0O + FeO)
SiO, +0,5(Al,0, +TiO, + Zr0,) ’

B

Ol'[peI[eJII/ITB CTCIICHb OCHOBHOCTH CBApPOYHOI'O (1)J'II-0C3. XHUMHYECKHUE COCTaBBI
(I)JII-OCB, HU3MCHAIOTCA B HCKOTOPLIX IIPCACIIaX, paCUCT HCO6XOI{I/IMO IMPOU3BCCTU OBAXKIbI:
IMp¥1 MUHHUMAJIbBHOM (HO peuenType) COACPKAaHNU OCHOBHBIX OKCHJA0B U MaKCUMAJIbHOM
— KHCJIBIX; IIPpHU MAKCHUMAJIBbHOM COACPKAHHNHN OCHOBHBLIX OKCHUIAOB U MHHUMAJIBHOM —
KHCJIBIX. YKa)KI/ITC, KHUCJIBIM HMJIM OCHOBHBIM ABJIACTCS (1)J'II-OC 3a,Z[aHHOﬁ MapKH

Ta6muma 3 -CocTtaBbl (IIFOCOB 11 CBAPKH CTaJICH

Do MaccoBag gonst okcuaa, %
SiO, MnO CaO MgO Al,O4 CaF, [Fe,O;| TiO,
AH-348A |41,0-44,0|34,0-380| mo6,5 |50-75| mo4,5 |4,0-55| 20 -
AH-348B |40,0-44,0|30,0-34,0| no 10,0 | 6,0-90 | m0o 80 |4,0-60| 2,0 [2,0-6,0
AH-348M | 41,0-44,0| 34,0-38,0| nmo6,5 |50-75| mol,5 [3545]| 2,0 -
OCII-45 |38,0-44,0/38,0-440| nmo6,5 | mo2,5 | mo5,0 [6,0-90| 2,0 -
AH-60 42,5-46,5| 36,0-41,0| 3,0-11,0 | 0,5-3,0 | mo5,0 |50-80| 15 -
®I11-9 38,0-41,0138,0-410| mo6,5 | no2,5 |10,0-13,0|2,0-3,0| 2,0 -
AH-2 48,0-50,0 | 14,5-15,5 | 28,0-30,0 - - 2,5-35| - -
AH-3 48,0-50,0 | 15,5-18,5|15,0-18,0(8,5-10,5 - 2,0-35| 2,0 -
3agaua 4

Onpenenuth, yCneBarOT JM BCIUIBITh IIUIAKOBBIE YAaCTHUIBI CO JHA CBAPOYHOM
BaHHBI TNIyOMHOMN | CM, HE YUUTHIBas IEPEMEIIUBAHUS METAILIA, JJI 3aIaHHBIX YCIIOBUI

CBapKH.

Ta0Omumna 5

[InoTHOCTH IUTaKOBO- | Bsizkocth | Bpems npeObiBanusi| Pamuyc

BapuaHT| 10 BKIIOYECHUA Yy, MeTajuia 1, | BaHHBI B )KUJKOM | BKIIFOUCHUA
r/em’ Ia-c COCTOSIHHH, C I, CM

1 2,55 0,0010 8,0 6,010
2 2,60 0,0011 7,0 6,210
3 2,70 0,0012 9,0 6,410
4 2,80 0,0013 10,0 6,6 10
5 2,90 0,0014 9,0 6,8 10
6 3,00 0,0015 8,0 4,010*
7 2,50 0,0010 7,5 4,110"
8 2,65 0,0011 7,0 4,2 10"
9 2,75 0,0012 6,0 4,310"
10 3,00 0,0013 5,0 4.4 10"




3agaua 5

Paccunrarh Temnepatypy npeaBapuTeIbHOTO ToorpeBa mo metoauke Cedepua-
Ha JIJIS TIPEIOTBPAIICHHS XOJIOIHBIX TPEIIHH ITPH CBapKe. DKBUBAJICHT yIiiepoaa Ompe-
JENHTH 10 hopMyIIe:

Cy=C+ MarCr N Mo
18 13
Tabnuna 4
Bapu- | Mapka Tonmuna XHUMUYECKHI COCTaB cTaiu, %
AHT CTaJIN cramd, MM | C Mn Cr Ni Mo Vv
1 30XH3A 50 0,33 |0,60 0,90 |3,15 |- -
2 40xMDA 40 0,44 10,70 1,10 |- 0,30 |0,16
2 20H2M 95 0,25 |0,70 |- 190 |0,30 |-
3 40XH 42 041 (080 |0,75 |140 |- -
4 30XT°C 45 0,35 |[1,10 |1,10 |- - -
5 38X2H2MA 42 0,37 |050 (1,70 (1,70 |0,25 |-
6 40XH2MA 40 0,40 |080 090 [1,65 |0,22 |-
7 30XT'CH2A 45 033 (1,30 1,20 |1,80 |- -
8 30XT'H 38 0,43 |1,10 |0,80 |1,00 |- -
9 40X2H2MA 42 042 060 165 (1,75 |0,30 |-
10 | 38XH3MA 36 040 |050 1,20 (3,25 |0,25 |-
3anaya 6

Jlns mpenynpexaeHuss o0pa3oBaHUsl 3aKAJIOYHBIX CTPYKTYpP pPacCuUTaTh TEMIIE-
paTypy TpeABapUTEIBLHOTO TOJOTPEeBa MPH CBAapKe IJIACTHH TONIIMHON O W3 CTald
55X. Kputnueckas ckopocth oxyaxaenus npu 700 °C paBna 12 rpan/c.

Ne lcs, A Uy B S, MM Ny Vg, M/4
1 600 34 10 0,8 36
2 700 36 10 0,8 36
3 750 38 11 0,85 38
4 800 38 11 0,85 38
5 850 40 11 0,85 40
6 900 40 12 0,9 40
7 950 42 12 0,9 42
8 1000 42 12 0,9 42
9 1050 44 13 0,95 44
10 1100 44 13 0,95 44




1. CkopoCTh BCIUIBIBAHMS IIIJIAKOBBIX YACTHUIL 3aBUCUT OT UX
1. Pa3Mmepa u mOBEpXHOCTHOT'O HATSXKEHUS

2. IlnoTHOCTH U BSI3KOCTHU

3. Bs3KOCTH M MOBEPXHOCTHOT'O HATSKEHUS

4. Pa3mMepa u MIOTHOCTH

2. PacTBOpUMOCTH CMECH T'a30B ITOTYUHACTCS 3aKOHY
1. Appenuyca

2. T'enpu — lanbToHa

3. T'mb6ca — KonoBanopa

4. Jle - lllatenne

3.HacTh TeTepOreHHOM CHCTEMBbI, OTICIICHHOW (U3NYECKOW TpaHUIIeH pasjena,
Ha3bIBACTCS

1. ®azont

2. V3onupoBaHHOM CHUCTEMOM

3. ®paknuei

4. PactBOpoMm

4. Bogopos B TBEpJIOM METAJIIIE MOXKET ObITh B COCTOSIHUU

1. duddy3uoHHO- TOIBHKHOM

2. OcrarouynoM u AuQPy3MOHHO- TOABIKHOM

3. CBSI3aHHOM U OCTaTOYHOM

4.  JIudpdy3noHHO- MOABUKHOM, OCTATOUHOM U CBSI3aHHOM

5. TepMoamHaMHuuecKass yCTOMYMBOCTb COCIWHEHHS TPH €ro 0Opa30BaHHWH B
JTAHHBIX (PM3UYECKUX YCIOBHUSAX OMPEICIIICTCS

1. W3menenuem suepruu ['u60ca

2. VI3MeHeHHueM SHTPOIUH

3. H3MeHeHUEM SHTaIBIINU

4. U3MeHeHHEM TEIUIOEMKOCTH

6.®opmyna ans onpeaenenus sneprun [ md66¢ca

1. G=H+T*s

2. G=dU+p*dv

3. AGTOZAH2980'T*A82980'Acop298*-r* Mo
4. G=dQ/T

7. N3oxopuueckuii mpoliecc M3MEHEHHUS IaBIICHUS M TEMIIEPATYPhl OMPEACIICTCS
3aKOHOM

1. Iapns

2. MenneneeBa — Kimaneiipona

3. boius - Mapuorra

4. Teii — JIroccaka



8. IIpu p=const paBHOBecre 00paTUMBIX peaKkldil ¢ MOBBIIIEHUEM TEMIIEPATyPhI
CMEUIAETCsl B CTOPOHY

1. DK30TepMUYECKHUX peaKui

2. DHAOTEPMUYECKUX PEaKIuit

3. CrpemieHus SHTPONUHU K MaKCUMaJIbHOMY 3HaY€HUU

4. TepMOIUHAMUYECKOTO PaBHOBECHS

9. I coXpaHEHHUs BBICOKOH PaCKUCIISIONICH CIIOCOOHOCTH KHMCIIBIX IUIAKOB Iie-
Jecoo0pa3Ho

1. Pa30aBasaTh IUIaKK HEUTPATLHBIMU B XHMHUYECKOM OTHOIIICHHH TOOAaBKAMHM

2. CBs3bIBaHHEM HX B KOMIUIEKCHBIE COEIUHEHUS KUCIOTHBIMU OKCHIAMU

3. 3Bamensats SiO, Ha TiO, U BHOCUTH 3JIEMEHTHI - PACKUCIUTEIH, JAIOIIHE OC-
HOBHBIE OKCHIBI

4. OrpaHuyuBaTh KOJUYECTBO OJHOTO BBOJUMOIO PACKUCIUTEIIS.

10. BreiOpath TepMOAMHAMUYECKUN MPOIIECC, IO KOTOPOMY HEOOXOIUMO MPOU3-
BoauTh pacuet npu PJIC B atmocdepe Bo3ayxa

1. AnnabaTuyHbIi

2. N3obapHbiii

3. MBotpomnHbIii

4. V30xopHbIi

11. Kako#i TepMOIMHAMUYCCKUI TIOTEHITHAI SBIISIETCS OCHOBHBIM ITPH TEPMOIH-
HAMHUYECKHUX pacueTax MpolecCOB CBAPKHU IJIABJICHUEM ?

1. AnunaGaTuyHbIi

2. N3obapHbiii

3. MBotpomnHbIii

4. V30xopHbIi

12. Kakoe cBOMCTBO IIJIaKa BIUSAET HA €r0 Fa30MPOHUIIAEMOCTh?
1. ImoTHOCTH

2. TemrmepaTypHbIil HHTEpBAJI TIJIaBICHUS

3. BsskocTth

4. CMaymBaeMoCTh

13. Kakoif 3ak0oH JEKUT B OCHOBE NU(PHY3NMOHHOTO PACKUCICHHS CBAPOYHOM
BaHHBI?

1. Credana-bonsiimana

2. Jlxoyns-Jlenma

3. Jle-lllarenwe

4. HepHcra

14. Kakue u3 nepeuucieHHbIX (PAKTOPOB SIBISIIOTCSI OCHOBHBIMU Ha PacTBOPH-
MOCTb ra3a B METaJIJIE CBAPOYHOU BaHHBI?

1. T[apuuanbHOE JaBIEHUE, COCTOSIHUE, TEMIIEpATypa

2. IlapumanbHoe naBiieHUEe, KOHIEHTpAIuUs, BA3KOCTh

3. Konuenrtpauus, BI3KOCTb, TEMIIEPATYypa

4. Temmneparypa, MJIOTHOCTb, KOHUEHTpPALU



15. Ha kakom yuactke 3TB MeTamn uMeeT HauiyqIme MEXaHu4eCcKrue CBoMcTBa?
1. Ormycka

2. TleperpeBa

3. Hopmammuzanum

4. Pexpucramimzanuu

16. Kakoif u3 XMMHUYECKHX DJIEMEHTOB yYMEHBIIAET BEPOSITHOCTH 0Opa30OBaHUS
ropsiYuX TPEUIUH?

1. Yraepon

2. Maprasnen

3. ®ocdop

4. Xpom

17. KakuM oxcumoM nydine 3aMeHuTh SiO, Mpu pacKMCIIEHUH CBApOYHOil BaHHBI,
yTOOBI IIIJIAK OCTABAJICSI KUCIOTHBIM U CTajl 0oJjiee KOPOTKHM H AKTUBHBIM?

1. Cr0O;

2. MnO

3. TiO,

4. AlO3

18. Hanbomnee cuabHO CHUKAIOT pACTBOPUMOCTH KHCJIOPO/Ia B JKEJIe3¢
1. VYrnepon u kpeMHui

2. Mapranern u Xxpom

3. Yraepona u BaHaAMIA

4. AnoMuHUN U XpOM

19. Kak ckopocTh CBapKH BIUSET Ha 00pa30BaHKUE MOPUCTOCTH B METAJLJIE 1MIBa?

1. C yBenuveHHe CKOPOCTH CBAPKU MOPUCTOCTh B METAJUIE 111BA BO3PACTAET

2. C yBenuyeHue CKOPOCTU CBAPKH IMOPUCTOCTh B METAJIJIE IIBA YMEHBIIIACTCS

3. Tlo pazHomy, B 3aBUCUMOCTH OT YCJIOBHUH MOTJIOMIEHUS U BBIICICHUS Ta30B U
yAaJeHUs Fa30BbIX My3bIPHKOB

4. V3MeHeHHne CKOPOCTH CBAPKH CYIIECTBEHHO HE BIUSET HA 00pa30BaHUE MOPHU-
CTOCTH B METAJLJIC CBAPHBIX IIIBOB.

20. Kakue Buapl muKkBamyii HaOJIOJAI0TCSA B METAJLIE 1Ba?
1. BuyTpuKpuUCTaIIUTHAS U ICHIPUTHAS

2. MeXKpuCTaNIuTHAS M 30HATbHAs

3. 3oHanbHAas ¥ BHELICHTPEHHAs

4. JlennpuTHas U 30HaJIbHAs



®opma Ne H-5.05

JlonOachbKa Aep)kaBHA MaTUHOOVTIBHA aKaIeMis

OcBiTHBO-KBai(hiKaiHHIHA PiBEHB Bakanasp
Hamnpsim migrotoBku _ 3BaproBaHHS
CreniianeHicts _TexHosoris Ta ycTaTkyBaHHs 3BapioBanHs  Cemectp 12

Hapuanpna aucrumuiina _Teopis nporieciB 3BaprOBaHHS

EK3AMEHAIIMHAM BIJIET Ne 1

1. IlepBoe Ha4yamo TepMOAMHAMUKA. BHYTpEHHSS SHEPTHSL.

2. Metonsl npeaynpexacHus: 00pa3oBaHuUs TOPSYUX TPEIIUH.

3. BriOpats TepMOAMHAMUYECKHA MTPOIIECC, TI0 KOTOPOMY HEOOXOAUMO TPO-
n3BoauTh pacueT npu PJIC B atmocdepe Boznyxa

1.AgnabaTHYHbIN
2.1306apHbIi
3.U3oTponHbrit

4. V3oxopHBIit

4. CKOpOCTh BCILTBIBAHUSI IIIJIAKOBBIX YACTHI] 3aBUCUT OT UX

1.Pa3Mepa 1 TOBEPXHOCTHOTO HATSKECHHS
2.I1M10THOCTH ¥ BI3KOCTH

3.BsI3KOCTH ¥ TOBEPXHOCTHOTO HATSKEHUS
4.Pa3zMmepa ¥ IUIOTHOCTH

5. Illpomecc packucneHus cTanyd 0oiee akTUBHBIM PACKUCITUTENIEM B METall-
JYPTUH XOPOILIO U3yUeH U TPEICTABIISETCS CICAYIOMINMH BBIPAKEHHUSIMU:

2[FeO] + [Si] - 2[Fe] + [SIOy];
lgRsi = 19[%O]? [%Si] = - 48174/T +21,63.

Onpenenuts paBHOBECHYIO KOHIIEHTPAIUIO PACKHUCIHUTENS TPH U3MEHEHUH
OCTaTOYHOTO COAEP)KaHHs KHCIOpOoJa B MeTaljie 1Ba. TemrepaTypa MOCTOSH-
Has. Mcxonusie nannbie: temiepatypa T=1800 K, packucnourens — Si, conep-
skanue kucnoposa -0,3 %.

6. Jlnst mpenynpexeHus 00pa30BaHUs 3aKAIOYHBIX CTPYKTYp paccuUTaTh
TeMIIeparypy NnpeIBapUTEIbHOTO MOI0TPEBa NMPU CBApKE IUIACTHH TOJIHHON
0 u3 cramm 55X. Kputnueckas ckopocts oxnaxzaenus: npu 700 °C paBha 12
rpaz/c.

Icg, A Uy, B S, MM Ny Vg, M/
600 34 10 0,8 36

3aTBepKEeHO Ha 3aciiaHHi Kadenpu
IIporokon Ne BiT ,, ” 2012 poky
3aBimyBau Kadenpu

(migmuc) (mpi3BH1e Ta iHII[iaIK)
Ex3amenarop

( mimnmc) (mpi3BHLIE Ta iHIiIiaaK)



