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OCHOBHBIE YCJIOBHBIE OBO3HAYEHUA

T — TeMIIepaTypa TBEPJIOro Tena, °C;

[ — BpeMms, C;
X,Y,Z — npsiMoyronbHbIe KOOPAHHATHI OABHKHON CHCTEMBI, M;
R — NIPOCTPAHCTBEHHEIN PagUyC-BEKTOP, PACCTOSIHUE TOYKH OT Havaja Moj-
o 2_~\/2 2 2
BIKHOU CHCTEMBI KOOPAHMHAT, M, R=X"“+V“+Z-
r — IUTOCKMIA pajiyC- BEKTOP DJIEMEHTA ITOABUKHOTO OISt (/IS IIaCTHHEI)
2_~\/2 2
oT Havaina koopauuar, M, F'=X"+VY*;
Iy —  MEPIEHIUKY/ISAP M3 PACCMAaTPUBAEMON TOYKH Ha OCh MEPEMEIICHHUS
2 _~x72 2
pcTOYHMKA Harpesa, [, =Y +7°;

JdQu= nI/IICB U 71— b dexTHBHAs TEMIOBas MOLUIHOCTL HCTOYHKKA, BT;

NMu — 3¢ dextuBHbIi KI1/] HarpeBa cBapuBaeMoro Metaiiia;

Ice - CHJIa CBapOYHOTIO TOKA, A;

U | - 3HAUCHHE HANPSIKEHUS Ha Jyre IpH cBapke, B;

VB - cKopocTh CBapKH, M/4;

0 - TOJIIIMHA CBAPUBAEMOM IIJIACTUHBI, M;

Th - MakKcHMaJIbHast TeMrepaTypa Touku, °C;

Iy - BpeMsI HaCTYIUUIEHUSI MAaKCUMAJIbHOW TEMIIEpaTyphl, C;

Tc - TeMmmeparypa OKpY’Kalollled cpenbl, HaydalbHas TeMIlepaTypa Tela,
TeMIIepaTypa npeIBapuTesIbHOrO moaorpesa, 'C;

WKp - CKOpOCTb (KpUTHUecKast) oxiaaxaenus, “C/c;

KO(U) - gyuknus beccens OT MHUMOro aprymMeHTa BTOPOTIO pojia HYJIEBOTO

nopsaKa, TabIMIHAs BEJIMUMHA,

cy 00BeMHasI TEILIOEMKOCTh MeTaiua, JUk/(M>-rpaj);

A - KO3 GHUIHMEHT TeIIoNPoBOIHOCTH, BT/(M-Tpan);

a=A/ CY - koauueHT TEMIIEPATYPONPOBOIHOCTH, M°/c;
B=2a/ C’Yﬁ - K09 DHUIHEHT TEeMITepPaTypOOTIAYH IUIACTHHBL, C
o - koo duumeHT Temooraaun, Br/(M*rpax);

\|!2(p2,‘c), \|!3(p3,1:) — KO3(Q(ULMEHT TEIUIOHACBHIIEHUS I IUIACTUHBI U
MOJIyOECKOHEYHOTO TeNa;
2

p e r VCB + E 2
’ 422 a. T2 =1y (Vep™ 148+ B) 6espasmepnnie KPUTEPHH

pacCTOoAdHuA W BPCMCHH OJIA IINIOCKOI'O IIponecCa pacClpoCTpaHCHHA TCINIA OT
JIMHEUHOT'O HCTOYHHKA, IICPCMCIIAOIICTOCA B IINTACTHUHEC,
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VR
P3 = oa

V2t Oe3pa3sMepHbIe KPUTEPUM PACCTOSHMS U BPEMEHH JIJIs
— cs “H
Ts = 4Aa

IMPOCTPAHCTBCHHOI'O IIpOoHCCCa paCIIpOCTPaHCHUA TCIIJIA TOYCHHOT'O HCTOYHUKA,
MNEPCMCIIAOIICTOCA 110 ITOBCPXHOCTH HOHY6GCKOHC‘IHOI‘O TCJAa.



1 O01mMe moJ1oKeHus

KypcoBas pabora mno auciuruimHe «Teopus cBapOYHBIX HPOLIECCOBY
BBITNIOJIHAETCSL CTYJEHTaMH CHenuaJbHOCTH “O00pyqoBaHME U TEXHOJOTHUS
CBapOYHOI'O IPOU3BOJCTBA” THEBHOW (POpMBI 00y4YEeHMs B IIECTOM CEMECTpE, U
3a04HOM (opM OOyueHus - B aeitoM. KypcoBas pabota sBisercs
3aKJIIOUUTENBHBIM ~ 3TAallOM  OCBOEHHUS JUCUUIUIMHBL «Teopust cBapOuYHBIX
npoueccoB» (TCII), Tpedyer mpuMeHEHNs TEOPETUUECKUX MOJIOKEHUN Kypca s
MPAKTHYECKOTO aHaIKW3a KOHKPETHBIX YCIOBUI CBapKH C LENbI0 ONTUMHU3ALUN
YCJIOBUM U ITAPAMETPOB PEKMMA.

AOGCOIOTHOE OOJBITUMHCTBO METOJOB M CIOCOOOB CBapKH B HACTOSIICE
BpEMs CBSI3aHO C MECTHBIM HArpe€BOM M OXJIaXJICHHEM CBapHBAEMOI0 MaTepHala.
[TpoGiembl, O0YyCIOBIECHHBIE TEIUIOBHIMH TMPOIECCAMH, MPOUCXOIAIINMH TPU
CBapKe - BayKHEHIIIME B COBPEMEHHOM CBAPOYHOM IPOU3BOJACTBE. B cooTBeTCTBUM
C 3TUM OoJblIasi YacTh 3aJaHUM MO KypCOBOM paboTe HCMONb3YET MOJIOKEHUS
pasnena «TemnoBble mpoueccel npu cBapkey» aucuuinHbsl TCII nam oTnensHON
muciumuinHel «TepMomHaMuKa U TEIJIOBBIE MPOLIECCHl NPU cBapke». Hacrosmue
METOJUYECKHE YKa3aHUSI COCTABJICHBI JUIsl OOJIETYEHUsI CaMOCTOSATEIbHON padOThI
IIPU BBITIOJTHEHUH KYPCOBBIX pabOT, CBSI3aHHBIX C PaCYETOM TEIIOBBIX MPOIIECCOB.

KypcoBas pabora mo TCII u pemeHue 3amady C JApYyrux pasliesoB
JTUCIHUIUIMHBL BBIACTCS  MPEMOAaBAaTEeNsIMU B HWHAMBHIYAJIBHOM TMOPSIKE IO
JIPYTMM METOAMYECKUM YKa3aHUSM. Y CTAHOBIIEHUE 3aKOHOMEPHOCTEN MPOTEKaHHUS
TEIUIOBBIX TPOIECCOB B CBAPUBAEMOM H3JCIUH - JIMIIF MHCTPYMEHT aHalu3a
oOpa3oBaHMsI 30HBl TEPMHUYECKOTO BIMSHUA [ KOHKPETHBIX CTaleld MO HUX
XUMUYECKOMY  cocTaBy, pa3mepam, ¢opme. CTyaeHTbl  ONPEAENsIOT
IPOTSHKEHHOCTh  OTACNBHBIX 30H, BJIMSIONIMX Ha KAaueCTBO COCJIMHEHUS,
paccuMTBHIBAIOT ~ pa3Mephl  30H  NPOIUIABJIICHUS, CKOPOCTH  OXJIAXJACHHUSA
ONpE/ENEHHBIX TOYEK, ONPEACNAOT U aHaJU3UPYIOT CTPYKTYpHl pacraja
ayCTEHUTa B JAHHBIX YCJIOBMSX, OLIEHHMBAIOT CBAapUBAEMOCTb C TOYKHU 3PEHUS
BEPOATHOCTH O0Opa30BaHUsl XOJOJHBIX TpemMH MU JAp. Takum oOpaszoMm, A
BBITMIOJIHEHHsI KypCOBOW paOOThl UCHOJB3YIOTCS 3HAHUS U HABBIKU U3 JUCIMIUIUH:
«MarepuanoBeieHUe M TEXHOJIOTUA  KOHCTPYKLMOHHBIX  MaTepuasoBy,
«TepMoauHamMuKa M TEIUIOBBIE MpOIECCHl MpU cBapke», «Teopus CBapOUHBIX
IIPOLIECCOBY.

B pabGore oObemHass pacueTHas 4acTb. IIpoBoguTh pacueTsl 0e3
NPUMEHEHUS  MHKPOKAIbKYJIATOPOB  C OPOCTEHIIMMUA  TPOTPaMMaMHU
Helesnecooopazno. YacTe 3amaHuil  BHITIONHSETCS C mnpuMmeHeHuem OBM B
BBIYHCIIUTEIFHOM LIEHTPE aKaJIeMHUH.

2 Heab, 321244 U1 TEMATHKA padoOT

2.1 Ilenv Kypcosou pabomvl — HAydyuThb CTYACHTOB CBapOYHOM
CIEIUATBHOCTH MPUMEHSTH MOJOKEHUS Kypca «Teopus CBapOYHBIX MPOIIECCOBY
K PEIICHUIO TPAKTUYSCKUX BOTIPOCOB CBAPOYHOTO MTPOU3BOICTRA.
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2.2 3a0auu pabomsi
1 Tlo mpeayioKeHHBIM YCIOBHSM CBapKH (XMMHUYECKHH COCTaB U pa3Mephl

CBApUBACMOI'0 MaTCpHaja, HapaMCcTpbl pCKUMa: BCIIMYNHA CBAPOYHOI'O TOKa ICB,

B aMIiepax; Hanpspkenue Ha qyre U JI» B BOJIbTaX; CKOPOCTb CBapKH VB, B MeTpax
Ha 4ac) BBIOpaTh M OOOCHOBATh pACUYETHYID CXEMY paclpenesieHus
TEMIIEPaTypPHOTO MOJIA.

2 Paccunrath pacnpeneneHie TeMIepaTyp BAOJb OCH IIBA U HA HEKOTOPOM
yaajeHun oT Hee. I1ocTpouTh KpHBBIE paclpeAesieHHs TeMIlepaTyp Ha OJHOM
rpaduke B koopauHaTtax T, °C; X, m st pacCUUTaHHBIX TOYEK.

3 Ilo kpuBBIM pacmpeneseHusi TeMnepaTryp BAOJb OCH IBa rpaduyecKum
MEPECTPOEHUEM TMOIYy4YUTh H30TepMbl Temreparyp 200, 600, 800,1350 °C na
MTOBEPXHOCTH CBAPUBAEMOTIO TEJIA.

4 To msorepme T = 1350°C (cM. 11.3) rpadu€ecKy OnpeaeInTh KOOPIUHATEL
TOYKA CBAapHOTO COEOWHEHMs, HarpeBaemou no0 1350 °C. B cooTBeTCTBHH C
BBIOpPAHHON CXEMOW PacCUUTATh U MOCTPOUTh TEPMUUECKUN IIUKIT JAHHOW TOUKHU.

5 O3HAaKOMUTBCS C MpPHUEMAaMH pacyeTa TEMIIEPATYp CBAPUBAEMOTO Teja B
NEpPUOJT TEIUIOHACHILIEHHUA. PaccuuTaTh W NOCTPOUTH TpauKH pacupeeraeHUs
TEMIIepaTyp B MOMEPEYHOM CEYEHUU TeJla MPU NPENETbHOM TEMIEPATypHOM IOJIe
Y Ha JIBYX Pa3JIMYHbIX CTaJUSIX MEPUOJIA TEIUIOHACKIIIEHUS (110 UHAUBUTYAIbHOMY
3a1anni0). CpaBHUTH U MPOAHAIU3UPOBATH MOJYYECHHbBIE PE3YJIbTATHI.

6 IlpuHumas 1 YNOpOIIEHUS HWCTOYHUK HarpeBa OBICTPOABUKYIIUMCS
(COOTBETCTBEHHO TOYEYHBIM WJIM JIMHEWHBIM), pacCUUTaThb pACIPEICICHHE
MAaKCHUMAJIbHBIX TEMIIEPATYP B MOMEPEYHOM CEUYEHUH 30HBI TEPMHUYECKOTO BIHSHUSA
CBAapHOI'0 COEUHEHUS.

7 Vcnonb3ysa uHGOpMAIIMIO O paclpeeeHUH MaKCUMAIbHBIX TEMIIEpaTyp
B 3TB, aumarpamMMy COCTOSHHS <GKEJIE30-YIJIEpOI» M XUMHUYECKUW COCTaB
CBApMBAEMOI'0 METaJUIA, ONPEIEIUTh MPOTSHKEHHOCTh OTJEIbHbIX yyacTkoB 3TB B
JAHHBIX YCIIOBHUSIX (B METpPax): yYaCTOK HEIMOJHOTO pPACIUIABIECHUS, KPYIHOIO
3epHa, HOPMAJIM3ALMH U JIp.

8 OmnpenenuTh KOHEUHYIO CTPYKTypy Touk 3TB, HarpeBaemoii 1o 1350 °C,
UCIIOJIb3YsI TEPMHUUYECKUI LUK (CM. 11.4) TOUKH U TEPMOKHHETUYECKYIO JUATPAMMY
TS 3aJAaHHOW MapKH CTaJlu.

9 IlpoBectn (O YyKa3aHWIO TIPEMNoOJaBaTENsl) TEOPETUUECKUN pacdeT
HEKOTOPBIX Pa3MEPOB CBAPHOTO COEIMHEHHUS: JJIWHBI, IIUPUHBI, 00bEMa BAHHBI,
IUJIOWIAAN TMPOIUIABICHUS, IUIONIAAA HAIJABKU M JIp., NPUHUMAs HCTOYHHK
OBICTPOJIBIDKYIIIMMCSI, A  CBapuBaeMoe TeJI0 —  MAacCHUBHBIM  (cxema
MOJIyOECKOHEYHOTO TeJa) WM OECKOHEYHOM MITACTUHOM.

10 BriOpaB u3 ycinoBui OAHY M3 CXEM — HAIJIaBKM BajJMKa HA MAaCCHBHOE
TEJI0 WU OJHOIPOXOJHOM CBAPKHU JIUCTOB BCTHIK - MPOBECTHU (111 TOUEK CBAPHOIO
COCIMHEHUSA, 3aJaHHBIX PYKOBOAMUTEIEM) pacueT MIHOBEHHBIX CKOPOCTEHN
OXJIQXJEHUS U CPABHUTh MX C JOMYCKAaeMbIMH ISl TaHHOW Mapku ctanu. Cuenarb
BBIBOJ] O BO3MOYKHOM TPELIMHOOOPA30BaHUU.



2.3. Temamuxa pabom

1 3apganus WHOUBUIyaldbHbIC, PACCUUTAHHBIE HA BBINOJIHEHUE OJHUM
CTyJ€HTOM. BapuaHThl 3aJ]JaHiii OXBATHIBAIOT TPU OCHOBHBIE PACUETHBIE CXEMBbI
TEIUIOBOTO TIOJISI B TEOPUM PACHPOCTPAHEHMS TeIla MPU CBApKeE: MOJABUYKHBIN
TOYCYHBIM HMCTOYHHK, JCHCTBYIOIIMK Ha MOBEPXHOCTH TMOJYOSCKOHEYHOTO Teia
(ITTH); MomIHBIN OBICTPOABHKYIIUICS TOUYCUHBIH HCTOYHHUK, JACHCTBYIOIIMN Ha
noBepxHOCTH mojiyoeckoneunoro tena (MBTH); MourHbIii OBICTPOABIKYIITUHCS
JUHENHBINA ncTouHMK B T1actude (MBJIN).

Kaxnpii W3 BapuaHTOB OTJIMYACTCS CBOMMH HMCXOJHBIMU JIAHHBIMH:
pasMepaMu CBapUBAEMOIO TeJa, 3aIaHHBIMU IMapaMETPAMU PEXKUMA CBAPKHU.

2 3amaHue BBIAACTCS CTYASHTY Ha CHCIHAIBHOM OJaHKE C yKa3aHHEeM

XMMCOCTaBa CBapHBaeMoOro Marepuaia, napamerpos pexuma (lcg, U i Vcp),
IPUMEPHOTO (PEKOMEHJIOBAHHOIO JUIsl BBIYUCIEHUIN) 3HaueHUA 3(P(HEKTUBHOTO
koddduimenta moje3Horo jAeicTBus Ayru (tabn. 1-3), ycnmoBuil pacuera
pacpenesieHrs TEMIIEpaTyp B IEPUOJ TEIJIOHACBIIIEHUS, TOJIINHBI II1acTUHBL. Ha
OJlaHKE YKa3bIBalOTCS CPOK BBIIIOJIHEHUS KypCOBOW palOThI, JaThl BbIIA4YM
3aJJaHusl, 3alIUThl paOOTHI.

3 Kpome TemoBbIX pacyeToB B KypcoBOH paboTe (B OCHOBHOM, MJis
CTYJ€HTOB JHEBHOM (pOpMBI OOyUEHHMsI) MOTYT MpEJIaratbCs 3aJlaHus 10 APYTUM
pasznenam Kypca «Teopus CBapO4YHBIX MpPOUECCOBY: «VICTOUHHMKM CBApOYHOIO
HarpeBa», «MeTamryprudeckue npouecchl cBapku» u Ap. Ilpu 3ToM npousBonsr
pacyer cocTtaBa ra3oBod (a3pl Qyrd NpU AMCCOLUMALMMA Ta30B, NPU CBApKE B
ra3oBbIX CMeCSX. PacCUMTBIBAIOT CTENEHb MOHU3ALMHM Ta30BOM (pa3bl C y4eTOM
UCIIAPEHU METAJJIOB U HAa €€ OCHOBE ONPENEISIOT TaKHe MapaMeTpbl YT, Kak
IUIOTHOCTh TOKa, TEMIeEeparypy croida JAyrd M CTPOSAT BOJBTAMIEPHYIO
XapaKTEPUCTUKY IyT'H. PacCUMTBIBAIOT NpOLECChl OKUCIIEHHMsS MeETala IIBa B
3aBUCUMOCTH OT COCTaBa TIa30B W METauld, ONPEAEISAIOT PACKUCIUTEIbHYIO
CHIOCOOHOCTh 3JIEMEHTOB B OIPEACIICHHBIX YCJIOBUAX CBapkd M BBIOMpAIOT
CBAapOYHbIE MaTepHasbl. PacuyeTHbIM IyTEM OLIEHUBAIOT IOTEPU 3JIEMEHTOB Ha
UCITAPEHUE U3 MHOTOKOMIIOHEHTHOTO COCTaBa 3JIEKTPOJIHOTO METaula. Y Ka3aHHbIE
pa®oOTHl  BBIMOJHIKOTCS MO CHEHHAJbHBIM METOAMKAM C HCIOJIb30BAHUEM
JEKIIMOHHOTO MaTepuania Mo IUCHUIUIMHE .“Teopus CBapOYHBIX MPOLECCOB” INpHU
WHIUBUYAJIbHBIX KOHCYJIbTALUSX.

4 B xypcoBoll paboTe B KayeCTBE CBAPHMBAEMOI0 METalia MPeayCMOTPEHbI
TOJIBKO ~ HU3KOYIJIEPOJAMCTBIE,  HU3KOJETUPOBAHHBIC,  YIJIEPOJMUCTBIE U
WHCTPYMEHTAJIbHBIE CTAJIH.

Tennodusnyeckre KOHCTaHThI, PEKOMEHIyeMbI€ ISl pacy€TOB, MPUBEICHbI
B IpwiokeHnn A. B 3THX yCIOBHSIX MOXHO  337aBaThCs 3HAYEHUSAMH
addexruBaoro KIIJI cBapkm, npuBeaeHHbIMU B Ta0m. 1 - 3.



Tabmuua 1 - Yenosus 3amanuii 171 cxeMbl «I1oIBHKHBIA TOUYEYHBI HCTOUYHUKY

Howmep

psa lcs, A | UpB | my CxopocThb cBapkH, Vg, M/4
1 100 20 06 | 3 - - - - - - - - - - -
7 120 | 20 | 0613135 -1 - | - - -1-1-1-1-71T-
3 140 22 065 | 3 35 | 4 - - - - - - - - -
4 160 22 065 | 3 35| 4| 45| - - - - - - - -
5 180 24 065 | 3 35| 4| 45| 5 - - - - - - -
6 200 24 07| 3| 35| 4| 45| 5 | 55| - - - - - -
7 220 | 24 | 0,7 | -| 35| 4| 45| 5 | 55| 6 | - | - | - | -] -
8 240 26 0,7 | - - 4 |1 45| 5 55 6 65| - - - -
9 260 26 0,7 | - - -1 45| 5 55 6 65| 7 - - -
10 280 26 0,75 | - - - - 5 55 6 65 7| 75| - -
11 300 28 0,75 | - - - - - 55 6 65 7| 75| 8 -
12 320 28 0,75 | - - - - - - 6 65| 7] 75| 8| 85
13 340 28 | 0,75 | - - - - - - - 65| 7] 75| 8| 85




Tabnuna 2 - YcnoBust 3aaHuid 1711 CXeMbl « BBICTPOIBMKYIIIUICS MOIITHBIN TOUCUHBINH UCTOYHUK

;Iﬂ(;\;ep lcs, A | Ug,B MNu CkopocTh CBapkH, Vg, M/4
1 600 34 0,75 | 15 - - - - - - - - - - |- -
2 650 36 0,75 | 15175 - - - - - - - - - - -
3 700 36 0,75 | 15|175| 20| - - - - - - - - - -
4 750 38 0,8 151175| 20| 225] - - - - - - - |- -
5 800 38 0,8 151175| 20(225| 25/ - - - - - - |- -
6 850 40 0,8 151175| 20(225| 25275 |- |- - - - |- -
7 900 40 085 |- |175] 20|225| 25(275| 30| - - - - |- -
8 950 42 0,85 | - - 201225 251275| 30(325|- |- - |- -
9 1000 | 42 0,85 |- |- - 225 251275] 301325| 35|- - |- -
10 1050 | 44 0,85 |- |- - - 251275130325 35375 |- |- -
11 1100 | 44 09 |- |- - - - 1275130325 35375 40 - -
12 1150 | 46 09 |- |- - - - - 30[325| 35375 40| 425 | -
13 1200 | 46 09 |- |- - - - - - 1325 35375 40| 425 | 45




Ta6nuna 3 - YcnoBus 3aanuii 11 cXeMbl “BrICTpoaABIKYIITUCS MOIIHBIA TUHEWHBIA UCTOYHUK ~

;I,I(;\;ep les, A | UgB | S,mm | 1y CKopoCTh cBapkH, Veg, M/4

1 600 34 10 0,8 36| - | - | - |- |- e T -— | - | -
2 650 36 10 0,8 36| 38| -- | - | - | - T - -] -
3 700 36 10 0,8 36| 38| 40| -- | -- | -- e — | -] -
4 750 38 11 085 | 36| 38| 40| 42| -- | -- I R — | -] -
5 800 38 11 085 | 36| 38| 40| 42| 44| -- e — | -] -
6 850 40 11 085 | 36| 38| 40| 42| 44| 46 | -- | - | - | -- - -] -
7 900 40 12 0,9 -- | 38| 40| 42| 44| 46 | 48| -- | -- | -- - -] -
8 950 42 12 0,9 - | - 40| 42| 44| 46 | 48| 50| -- | -- - -] -
9 1000 42 12 0,9 - | - | --142| 44| 46 | 48| 50| 52| -- - -] -
10 1050 44 13 095 | - |- |- |--|44| 46 | 48| 50| 52|54 | - | -- | --
11 1100 44 13 095 | - |- |- |-]|-146 | 48| 50| 52|54 |5 - | -
12 1150 46 14 095 | - | == | - | - | - | - 48| 50| 52| 54 | 56| 58| --
13 1200 46 14 095 | - | == | - | - | - | - -- | 50| 52| 54 | 56| 58| 60




3 O0bem u coaepkaHue KypcoOBoOii padoThl
TennoBble pacueTsl OrpaHUYEHBI TPEMSI OCHOBHBIMH CXEMaMHU:

3.1 TIITU - TOYEUHBIM HMCTOYHUK MOCTOSTHHOW MOIIHOCTH, ABHWKYIIHUICS
MPSIMOJIMHEHHO C TIOCTOSIHHOM CKOPOCTBIO IO MOBEPXHOCTU IOTYyOECKOHEYHOTO
tena. Cxema IITU npuMeHsieTcss 1Jisl UCCIEOBaHUS TEMIIEPATYPHBIX MOJIEH MpH
PYYHOM JyroBOM CBAapKE MACCUBHBIX M3JEIUNA. YPaBHEHUE IPEIEIBHOIO
COCTOSIHMS MPOLIECCA PACTIPOCTPAHEHHUSI TEIUIA, OTHECEHHOE K MOJABUKHOWM CUCTEME
KOOpAMHAT (€€ Hayajio COBMEIICHO C UICTOYHUKOM HarpeBa) UMEET BU]L

Oy Ves
TRy = R xp(— (x+R)) (1)

rae X - abciucca paccMaTpuBaeMOi TOUKH B MOJBUKHON CUCTEME.
Jlns Todek, pacrojioKEHHBIX BHEpean IyrH, (MOJOKUTEIbHAs TOJYOCh)
oopauHaTa «X» MOJIOKUTENIbHA, HA OTPULIATEIIbHOM MOJIyOCH — OTPHUIIATEIIbHA.
CKopoCTh mepeMeIleHus UCTOYHHWKA HAarpeBa U €ro MOIIHOCTh HEBEJIUKH,
TEIUIO pacupocTpaHseTcs: Bnepeau ayru. CTeneHb BBITSIHYTOCTH TEMIIEPATypPHOIO
MoJIsl  Oompenensercss He aOCOMIOTHOM BEJIMYMHOM CKOPOCTH, a CJIOXKHBIM

napamerpom VcgR/a. Tlosepxnocthbie wuszorepmbl ot IITU -  oBaibHbIE
3aMKHYTBIE KpUBBIC, CMEIICHHBIC OTHOCUTEIBHO HWCTOYHHKA B CTOPOHY,
IIPOTHUBOIIOJIOKHYIO IIepeMeleHnto. [lo3aan 1yru CKOpocTh CBApKHU HE BIIMSET HA
dopmy uzorepMm. M30TepMbl HM3KHUX TeMIepaTyp O CPAaBHEHHUIO C BBICOKHUMHU
0onee BRITAHYTHL. [Ipy mpuOIMKEHNU K MECTY JEHCTBUS HCTOYHUKA (110 CXEME OH
COCpPEZIOTOYEH B TOYKE) TeMIlepaTypa Touek Teia OwbicTpo pacteT U npu R—0
T—c0. [Ipu pacuere pacnpeneneHuss TEMIEPATYp Ha MOBEPXHOCTH U3AENUs BIOJb
ocu OX, T.e. npu 3aBucumoct T=F(X), cHauana npuHumaroT y=0, 3aTeM IpuaaoT
y HEKoTopble 3HaueHusd. [lo MakcUMaldbHBIM TeMIIepaTypaM pacdeT OOBIYHO
JOBOASAT 0 TEMIIepaTypsl MaaBieHuss Trj. BHyTpHu BaHHBI HEllb3s PacCUUTHIBATH
TemneparypHbeie nojis mo ¢opmyne (1). PesynbpraThl pacdera mpeacTaBIsSIOT B
Ta0JIMYHOM BHUJE M HA OTIAEIbHOM pHUCYyHKE (puc.l)*. [l KauyecTBEHHOIro
noctpoeHus rpaduxkoB puc.l HeoOxoAMMO , yT0OBI Mexay Trut u 200 °C na BetBH
oXJIaXJieHus Obu1o He MeHee 10 3HaueHui TeMiepaTypbl, Ha BETBU Harpena — .

TepMuueckuii UK OTAETBHBIX TOUEK 3aBUCUMOCTH 1 = F(t), MO>KHO
TIOCTPOMTH, PUOETHYB K TepecdeTy KpHBBIX 1 = F(X), MPEJCTABJICHUIO UX B

npyrom macmrraée. Ipu stom nemoms3syercst 3asucumocts T = X/V cp. TTepecuer

npurosieH u ipu Y = 0 u ipu Y # 0. HeTouHOCTH BO3HUKAIOT M3-3a TOTO, YTO
AHAJIUTUYECKU HENb3sA IOJYYUTh TEMIEpaTypy TOYKHM, PaBHYIO HYIIIO.

* 3I[€CB U JaJIbIOIC HMCHOTCA B BHAY PHUCYHKH, BBIIIOJHACMBIC CaAMHUMHU
CTYJACHTaMH.



Jns mocTpoeHus TEPMUYECKOrO0 IMKJIAa 3a Hayajlo KOOpAMHAT CIEayeT
MPUHUMATh HEKOTOphble 3HaueHus: temmeparyp (20...10 OC) B 3aBUCUMOCTH OT
TpeOyeMol TOYHOCTH. B KypcoBoil paboTe pacCUMTHIBAETCS U CTPOUTCA
TEPMUYECKUN LUK ISl TOYKH, HarpeBaemor ao 1350 oC. TepMuueCKUN THUKII
U300pakaroT Ha puc.4.

[ToBepXHOCTHBIE U30TEPMBI (PHUC.2) MOTYyUYalOTCs TpapuueckuM IMepecTpoe-
HUeM JnaHHbiX puc.l. [lpm sToM HEoOXOAMMO CleIUTh, YTOOBI IS KaxJaOu
U30TE€PMBI KOJUYECTBO TOYEK coctaBisuio §...10. Ecam ux mensumie, ciemyer
JIOTIOJIHUTh PACUYETHBIC JTAaHHBIC MPOMEKYTOUHBIMU MPU HOBBIX 3HAUCHUSX Y.

JIns pacyera MaKCHMAJbHBIX TeMIeparyp Todek |m B cxeme IITH Her
aHATMTHYECKOTO BhIpakeHUs. [locTymaroT ciemyromumM o0pa3oM: a)BeayT pacueT
nmo cxeMe MBTU; 6) cTposT «KyCOYKH» TEPMHUECKHX IHUKJIOB JUIS 3HAYCHUH
HECKOJBKUX OTpULIATEIbHBIX «X» ( «Y» 3amano, “X” mnpuHUMaroT paBHbIM 0),
OTIPENICIIAIOT 13 TpaduKa; B) UCIOIL3YIOT ClIeMaIbHbIE HOMOTrpaMwmsl [ 1, ¢.460] u
Metonuky [1, c.463]. T, B Toukax, yaaiaeHHbIX OT ocu OX AoCTUTraercs He B
MOMEHT MPOXOKAEHUS AYTU Yepe3 ILUIOCKOCTh, MEPIECHIUKYIIIPHYIO OCH CBAapKH, a

HECKOJIbKO T103ke. Yem JaJIbIIC TOYKa OT OCH INCPCMCUICHHA, TCM HHIKC Tm u

oombmie (. Tlpu BBINONHEHMM KypcoBOH paGOThI 3HAYEHHS MAaKCHMAJIbHBIX
TEeMIIepaTyp MOKHO omnpeneinsits no dhopmynam s cxembl MBTU. CoBmecTuB Ha
omHoM pucynke (puc.5) Ty = F(Y) M auarpamMMy <«Keje30-yriiepom»
(npunoxxenue b), onpenensior MPOTSKEHHOCTh HaMbOJIee XapaKTepPHBIX y4aCTKOB
OKOJIOIIIOBHOM 30HBI. Pa3mepbl 30H OIpeAensioT JBa pasa: MO KOJIUYECTBY
yraepoja B ctanu (mpriiokeHre B), a Takke MO SKBHUBAJCHTHOMY COJIEPKAHHUIO
yriepoaa [2]:

Mn Cr+V Mo Ni Cu P
+ + +—+ +—),
5 4 15 13 2

C,=(C+ )

rne C, Mn, V...- npouenrnoe comepskanne smementa B cramn. Comepikanue
mMeu yuutsiBatot ripu Cu = 0,5%, a docdopa - npu P = 0,05%.

Omnpenenenre TeMmrepaTypbl TOYKH B TIepuoj TemtoHackimenus (Ty)
MPOU3BOJISIT U3 MPEANOCHUIKH

T =yT (3)
H v p
rae THP — TeMIeparypa pacCMaTpUBacMON TOUYKH ITPU YCTAHOBUBIIEMCS

TEMIIEpaTypPHOM TI0Jie, orpeaensercs no gopmyne (1).
- K03(UIMEHT TEIIOHACHIILEHUS U1 TOUEUHOT'O UCTOYHUKA B

10J1y6ecKoHe HOM Tente | oy (mpuioxenns I u IT).



Koadpdunuent  TerioHachlleHWs]  PAcCUYUTBHIBAIOT O  BPEMEHHU

TCIIJIOHACBIIICHU A (BpeMeHI/I I[Gf/iCTBI/Iﬂ I/ICTOLIHI/IKa), VCB, KOOpAHaTaM TOYKH,
TGHJIO(bI/ISI/I‘{eCKHM CBOMCTBAM MeTaJla

=L/ V3B, (4)

rne L — mmna msa k MOMEHTY pacyéra.
PacueTrHble [aHHBIE 10 PACHPEACICHUIO TEMIEPaTyp B IOMNEPEYHOM

CCUCHNHN CBAPOYHOI'0 COCANHCHUA T = F(y) I IIPEACIIBHOT'O TCMIICPATYPHOT'O

TOJIS TIPM JIBYX TIepHOax TeruoHackiuenns mpu L = 10 u 50 mm, THlo u THSO u
MIPUBOISITCS TAOJUYHO U Ha Tpadukax puc. 3.

N3BeCTHO, UTO CTPYKTypa M CBOMCTBA CBAPHOTO COEAWHEHUS 3aBUCSIT OT
CKOpPOCTH pacrajia ayCTEeHUTA, YTO ONPEACISIETCS CKOPOCTBIO OXJIAXKACHUS JaHHOU
Touku. B paGote cTpykTypy ompenenstor mo touke, HarpeBaemoi 1o 1350 C. Ha
puc.6 COBMEIIAIOT JHArpaMMy  HM30TEPMHUYECKOrO  paclaja  ayCTEHHTa
CBApMBAEMOM CTajdu W BETBb OXJIAXKICHUA TEPMHUUECKOTO Iukia (puc.4), 4ro
MO3BOJISIET ClIeJaTh BBIBOJ O BO3MOXKHOCTH OOpa30OBaHMS XOJIOAHBIX TPEIIMH U
OKOHYATEJIIbHOM CTPYKTYpE.

42 MBTU - wmomHbIH OBICTPOABMKYIIUNCS TOYEUHBIH HCTOYHUK
ITOCTOSIHHOM MOIIIHOCTH, JIBWKYIIUKCS MPSIMOJIMHENHO C MOCTOSSHHOU CKOPOCTBIO
Ha TIOBEPXHOCTH ToiiyoeckoHeuHoro tena. Cxema MBTU npumensiercs nis
MCCIIEIOBAHUS TEMIIEPATYPHBIX IIOJIEM IPU aBTOMATUUYECKOM JYrOBOW CBapKe
MAaCCUBHBIX  M3JICJIIMK. YpPaBHEHHE  TNPEACIBbHOTO  COCTOSHUSA  MpoIlecca
pacpOCTPAHEHHUS TEIJIA UMEET BUJL

T(yy,20,t) = meXp(;vo +2y°)/4at), (5)

rne [ —Bpems c MomeHTa nepeceueHMss HCTOUHMKOM TeIIa MIOCKOCTH yoOZg ¢
paccMaTpruBaeMOM TOYKOW;

y() u ZO - HCIIOABMJKHBIC TOUYKH, CBJA3aHHBIC C U3ACJIMEM, OHHU HEC OTJIMYAalOTCA OT

MOJIBUKHBIX Touek Y u Z .
[TosToMy i1 pacuera MOXHO UCIOIb30BaTh hopmyiy (5) B BuE:

T( t) = /’Lx eXp( r VCB /4ClX) (6)

B nocrneaHeM ypaBHenun npoussenena 3amena Vgt = X.



Cxema MBTU paszpaborana mis cneunduyeckoro TemrepaTypHOro MOJs,

KOTOpoe Hactymaer mnpu ¢, > P u U cg > ©. Tlo3agym MCTOYHUKA

pacnpoCTpaHEHUEM TeIlJIa MOKHO IpeHeOpeub, BIEpEIu, BCIEICTBUE BBICOKOU
CKOPOCTH IIEpEMELIEHUs, TEIVIO HE pacipocTpaHsercsa. M30TepMbl BBITSHYTH U B
Oonblllel CBOEW YacTH MapajyiesIbHbl JIpYr OpYry. ODTO IOKa3bIBAaeT, YTO IS
cxembl MBTHU xapakrepeH TemooTBo NEPIEHANKYIISIPHO K OCH CBapKHU. B camom
VCTOYHHUKE M30TEPMBbI CIIUBAIOTCS, MM033I1 UCTOYHUKA CHJIBHO BBITSHYTHI H Y3KU.
Ha mnpakTthke maxke mpu OYEeHb OOJBIIMX CKOPOCTSAX TEIJIO PaCHpOCTpPaHsIETCs
NEPIECHIUKYIAPHO TOJBKO BOJNM3M IIBa, IOATOMY OoJjiee TOYHBI PacUeThl
TEMIIEPATYP PSAAOM CO IIBOM.

OTMeTHM HEKOTOphIE OCOOEHHOCTHM pacueTa MO CPaBHEHUIO CO CXEMOH
IITH. PacnpeneneHue temneparyp ¥ TEPMUYECKHE LUKIIBI TOUYEK PACCUUTHIBAKOT
HENOCPEACTBEHHO N0 ypaBHeHMsIM (5) u (6). MakcumanbHble TeMIepaTypbl B
TOUYKAX, 3a/IaHHbIX KOOPJAMHATaMHU Yy U Z OIpenesstor no ¢opmyne (7), a BpeMs

HacTyrIenus 1 ,, - mo gopmye (8):

0,368q
T = - 7
M) %VCBCYB% @
Lo I,XZ (8)

[Ipu pacyere TemriepaTyp B MONEPEUHOM CEUCHHUH IIBA JJISI IBYX MOMEHTOB
MepuoJa TEIUIOHACBIIMICHUSI HAXOAAT JIBa PacCOpElesICHUs TeMIeparyp W s
MPEAECIBHOTO TEMIIEPATYPHOTO TTOJIA.

B ocranbHBIX pacuerax cieayeT NPUACPKUBATHCS MOCIEIOBATEIBLHOCTH,
ONMCAaHHOM B noapaszaene 4.1.

43 MBJIM — MOmHBIA OBICTPOABMKYUIMNCA JUHEHHBI HCTOYHUK
MMOCTOSSHHOM MOIIIHOCTH, ABMXKYIIMNCS C TOCTOSSHHOM CKOPOCTHIO B IUIACTHUHE.
Cxema MDbBJIM npumensieTcs s MCCIEOOBAHUS TEMIIEPATYPHBIX IOJIEW IIPU
aBTOMATUYECKOW NYTrOBOW CBAPKE IUIACTUH BCTHIK 32 OJMH MPOXOJ]. YpaBHEHUE
MPEICIBHOTO COCTOSIHUSA MPOLIECCA PACIPOCTPAHEHUS TEMJIAa UMEET BU:

2

Ty = ~bt)
SRV 4nx<:y dat ©)
rac b - KOB(I)@)HHI/IGHT TCINIOOTAAYN ITNIACTHUHBI, YYHUTBIBACT IIOHHUIKCHUC

TCMIICPATYPbI 3a CUYCT TCILJIOOTIa4YUn OOKOBBIX HOBerHOCTCﬁ; JJIA

rpyOBIX pacuyeTOB MOKHO MTPUHUMATh b=0;

Yo - KkoopauHata, cBA3aHHas ¢ uzgenuem, Yo=Yy



Xapakrtep nporecca paclpoCTPaHEHUs TEIUIA AaHAJIOTHYEH OMUCAHHOMY IS
cxembl MBTHU B MaccMBHOM wu3lenuu. TE€pMUUYECKUM LUK PACCUUTHIBAKOT W3

BeIpakenus (9). Pacnipesienenye TeMmepaTyp HoiydaroT npu 3ameHe X = Vegt.
MakcumanbHbIE TEMIIEpaTyphl onpeaesstoT mo dhopmyde (10):

m v Cyd2y, 2a ' (10)

MaxkcumanbHbIe TEMIICPATYPbI C YAAJICHUCM OT INIOCKOCTH IICPCMCIICHHA

T

UCTOYHHUKA yOBIBAIOT MEAJICHHEE, YeM * m s MoJlyOecKOHEeYHOro Tena. Bpems

HACTYIUICHUSA T m HaXOHSIT U3 penieHus KBajipaTHoro ypaBuenus (11):

t oyl
t 24-m_ 20 _
" b 4ab (11)

4 TpedoBaHus K 0pOpPMIICHUIO

KypcoBas paboTa cOCTOUT U3 pacUeTHO-MOSICHUTEILHON 3aluCKH, TaOJIHI] U
PUCYHKOB.

4.1 Pacu€THO-TIOSICHUTENbHAS 3aliCKa TMpU YYEOHOM MPOEKTUPOBAHUU
o0BbeIMHAET B ce0e JBa TEXHOJIOTHYECKUX JOKYMEHTA: TOSICHUTEIbHYIO 3alUCKY U
PacYETHL.

Pac4y€THO-NOSACHUTENBHYIO 3aUCKY 0(QOPMIISIOT PYKOIIMCHBIM CIIOCOOOM Ha
OJIHOM CTOpOoHE JucTa Oymaru hopmaTta A4 ¢ HaHECEHUEM Ha HEM PaMKHU.

[Ipu odopmiieHUH JHCTOB 3alHMCKM PEKOMEHIYETCS  BBIIEPKHBATh
paccTOsIHME OT BEpPXHEW WM HUKHEH CTPOKU TEKCTa A0 Kpas JIMCTa HE MEHee
15 MM Mo TOpU3OHTAIM: B Hayajle CTPOKH HE MeHee 25 MM, B KOHLE — 8 MM OT
Kpasi JucTa. 3arojOBKM JOJDKHBI OBITh MO BO3MOKHOCTH KPATKUMU, JOJKHBI
COOTBETCTBOBATh COAEP)KAHUIO 3AMMCKH, 3aMHMCHIBATHCS MPONUCHBIMU OyKBamu.
TouKy B KOHIIE 3ar0JI0BKa HE CTaBAT.

[lepeHochl cOB B 3arojoBKax He gomyckarorcs. [loguepkuBaTh 3arojaoBKu
Henb3sl. Mexy 3arojoBKaMu M TEKCTOM JOJDKHO ObITh He MeHee 10 MM, Mexay
MOCJEAHEN CTPOKOM TEKCTa M MOCIEAYIOIIUM 3arojlOBKOM — HE MeHee 15 M.
Cokpamenust cinoB jgomyckatorcss B coorBerctBun ¢ ['OCT  7.12-77 n
oOenpuHATHe (¥ T.1., ¥ T.IL., ¥ JIp.).

CrpaHuIpl 3alUCKU HYMEPYIOT apabckumu nmdpamu. Pazmensl TOKHBI
UMETh TIOPSJIKOBYIO HyMmeparuio (apaOckumu mudpamu), KpomMe BBIBOIA U
BBeAeHus. MmmocTpanuu (Tabauibl, PUCYHKH, CXEMBbI), PaCIOJIOKCHHBIE Ha
OTJIIEJBHBIX JUCTAX, BXOJAT B OOIILYIO0 HyMEpPAIHIO.

WnnmrocTpanuu pacnosiararoT nocjie nepBoro UX TeKCTOBOIO YIIOMUHAHMUS.

5



PekomenyeTcs cnenyromee NoCTpOEHUE 3aIUCKU:

TutynpHbIN UCT (MpuiioxeHue E)

bnank 3aganus (B HyMepaluo He BXOIUT).

BBenenue (0o00cHOBaHME BBIOOpA PacueTHOM CXEMbI, MOSICHEHHE MEPUOIOB
TEIJIOBOTO TOJIsI, BIUSHUS TEIUJIOBBIX IMPOIECCOB HAa (POPMHUPOBAHHUE CBAPHOIO
COCJIMHEHUS U Jp.)

1 Pacuer TemmepaTypHOro TOJiI NPENETBHOTO COCTOSHUS TI0 OCH
NEepeMENICHUs] MCTOYHHMKA HarpeBa. [locTpoeHue MOBEpXHOCTHBIX H30TEPM (B
JIAHHBIN pa3ziesl BKIOYUTh Ta0m.1 u puc.2)

2 CpaBHeHHE TeMmImeparyp TOYEK Tejla B MEPHUOJ TEIUIOHACBHILIECHUS U
IPENEIbHOTO TeMIlepaTypHoOro noJs (tadi.2, 3, puc.3)

3 Pacder TEPMUYECKOrO LHMKIA TOUKH, Harperoii mo T=1350°C (tabm.4,
puc.4)

4 Pacuer pacnpenesieHHsT MaKCHUMaJbHBIX Temmeparyp. OnpexneneHue
IPOTSKEHHOCTH YYacTKOB OKOJIOIIOBHOM 30HBI (Ta0u.5, puc.5)

5 Onpenenenue CTPyKTypbl CBapHUBA€MOro METaJljla 10 TOYKE, HarpeBaeMou
10 T = 1350 °C (puc. 6).

BbIBO/IBI (HE TepedrclieHne BBITIOJHEHHOTO B paboTe, a Hay4yHbIE BBIBOJIBI
U PEKOMEHIAINH MPAKTUYECKOTO MPUMEHEHHUS Pe3yIbTaTOB).

[lepedeHb CCBLUIOK.

Pacuetsl M mnocTpoeHHe TrpaUKOB BBINOIHSAIOTCS Ha KOMIBIOTEPE C
npuMeHeHueM naketoB npukiagHsix nporpamm EXCEL, MathCad u np.

Pacuetnyto (popMyily 3ammucChIBalOT CO CCBHUIKOM Ha HCTOYHUK, HYMEpPYIOT
apaOCkuMu HUppamMu, HOMEpP CTaBAT C MPAaBOKM CTOPOHBI JHUCTAa HA YpPOBHE
dbopmynbsl B Kpyribix ckoOkax. Ilon ¢opmynolt npuBoasT pacmimppoBKy ee
CUMBOJIOB: KQ)KJIbIi1 CUMBOJI ITPUBOJAST C HOBOM CTPOKH, MOCJIEI0BATEIBLHOCTb - 110
dbopMmyIie, mepBasi CTpOKa HaUMHAETCS CO CJI0Ba «rne» 0e3 ABoerouns. B mpenenax
3anmucKu (hOPMYJITbI HE TIOBTOPSIFOTCS, paciin(poBKa CHMBOJIA JAETCS OJIUH Pa3s.

OObIyHO TIPUBOAST (HOPMYITY, 3aMUCh €€ C MOJCTABICHHBIMU BEJIMYUHAMM,
3HaUYEHWE HWCKOMOW BEIMYMHBI (WM TpEACTaBICHUE pe3yJIbTaTOB B BHUJE
Tabnuisl). [Ipu cepiike B TekcTe Ha popMyIly JarOT €e HOMEpP B KPYTIIbIX CKOOKaX,
Harmpumep: «... B popmyne (11)».

Ccbllka Ha JIMTEPATypHBI HCTOYHUK B TEKCTE€ BKIKOYAET HOMEpP IO
MEPEYHIO CCHUJIOK, 3aKJIFOUCHHBIH B KBaJpPATHBIE CKOOKH, MPU HEOOXOAUMOCTH C
YKa3aHUEM CTpaHUIlbl HCTOYHWKA, Hampumep: [1, c.75]. IlepedyeHp cchUIOK
opopmitsitor 1o 'OCT 7.1-76.

4.2 TaOnuupl JOMKHBI UMETh CKBO3HYIO HyMepalluio apadckumu mudpamu.
Kaxnas Tabmuua uMeeT TeMaTHMYeCKHil 3arojoBoK. B jeBoM BepxHEM yriy
TaONMIBI HAJ 3arojOBKOM MOMENIaloT Haanuch «Tabnuua...» ¢ yKa3zaHueM
HOMepa. TeMaTHYeCKHI 3aroj0BOK TMOMEIIAIOT HaJ TaOIuIleh, yepe3 THpEe MOCIe
HoMepa Tabmuubl. [Ipu mepeHoce Ha JApyrue CTpaHUIBI HAJl YaCTAMH TaOJIUIIBI
nuiyT: «IIpogomkenue Tabmuiel 4». I'pada «Ne .’ B TaOnMIy HE BKITIOYAETCS.
TekcT B rooBKe TaOJIUIIBI MOKET OBITh TOJIBKO B 1 1 2 cTpoku. [lenuTh ToJIoBKY
TaONHIIBI 110 JUATOHATIN HE JOMyCKaeTcs. B TeKCTe 3amMCKu CCHUIKK Ha TaOJHILy
JTAIOTCS C COKPAIICHUSMU: «... B TaOd. 5».



4.3 Bce puUCyHKH BBIMOJHSIOT HA MWUIMMETPOBKE YEPHBIM KapaHaIloM,
IpU TIOMOIIM YEPTSKHBIX UHCTpyMeHTOB. Dopmatr pucyHkoB A3 uiu A4 6e3
opopMieHUSI paMKU. PUCYHKM HarOT Ha OTAENBHBIX JIUCTaX, pa3MellaeMbIX IO
TekcTy. HymepyroT mocienoBatensHO B mpenenax KypcoBoil pabotel. Kaxabiid
PUCYHOK  JIOJDKEH COJEp>KaTh TEMaTUYECKUM 3arojloBOK, a MPU HEO0OXOau-
MOCTH — U TOSICHSIIONINE JaHHbIE (MOAPUCYHOUHBIA TeKCT). CChUIKA B TEKCTE Ha
PUCYHKHU MIPUBOMST C COKpalieHueM: «puc.1» umu (puc.l).

Jnst KypcoBoil pabOTHI MO TEIJIOBBIM MPOIECCAM MOXHO PEKOMEH10BaTh
CJIEIyIOLME HAUMEHOBAHUS PUCYHKOB:

Pucynok 1 -TemneparypHoe 1osie NpeaenbHOr0 COCTOSHUS MPU ABUKEHUU
TOYEYHOTO (JIMHEMHOTO M MOUIHOTO OBICTPOABUKYIIETOCSI TOYEYHOTO W Jp.)
UCTOYHUKA TEIUIOTHl Ha MOBEPXHOCTU MOIYyOECKOHEYHOro Teia (B OeCKOHEYHOM
IJIACTHHE).

Pucynok 2 - Hzorepmsr 200,600,800,1350 °C Ha MOBEPXHOCTH TMOTyOec-
KOHEYHOTO Telia (0ECKOHEYHOM TIIIaCTHHBI).

Pucynok 3 - Pacnpenenenue temneparyp B IONEPEYHOM CEYEHUU ILIBA IIPU
YCTAaHOBHUBIIEMCS TEMIIEPATYPHOM I10JI€ U B NIEPUO/] TEIJIOHACHIILICHUS.

PucyHok 4 - TepMuueckuil UK TOYEK, HarpeBaeMbIx 10 1350 °C.

Pucynok 5 - OnpezeneHne NpoTsSHKEHHOCTH yY4aCTKOB OKOJIOIIOBHOM 30HBI.

Pucynok 6 - Onpezenenne CTpyKTypbl M CBOMCTB CBAPMBAEMOI'0 METaJUIA 110
TouKe, HarpeBaemoii 10 1350 °C.

Ha pucynkax o0s3aTenbHO 0003HAYAOT OTAEIBHBIN IpaduK, TEPMUUECKUI
LMKJI, IOJI0KEHNE U30TEPMBbI, IPOMEKYTOUHbIE ITocTpoeHus. Ha puc.2 nomyckatot
UCITOJIb30BAHUE PA3IMYHBIX MACIITa00B 1O OCU X U Y.

S BbinoJsiHeHue U 3a1MTa padoThI

[Io paGote BwicTaBisgeTcss auddepeHIIupoBaHHas OlLICHKAa. 3aJaHue
BbIJIaeTCs Ha |- Hezele TeKyIIero ceMecTpa Ha JIONMOJIHUTEIbHOM 3aHSTHH.

3ammura KypcoBOW pabOThI TPEIyCMOTpEHa 3a TPU HEJENIM JO0 Hayajia
PK3aMEHAIMOHHOW ceccuu. [lpu 3ammuTe HAa KOMHCCHM pPaccMaTpUBAIOT
MIPOBEPEHHYIO PA00Ty, YYUTHIBAIOT 3aMEUAHMSI.

B kputepuu O1EHKH BKIIIOYAIOT: CBOEBPEMEHHOCTh TMOJYYCHUS 3aJaHUs U
cradn paboThI; TOCENIEHNE KOHCYJIBTAIMI; KA4eCTBO OTBETOB Ha 3aIlUTEe, OOIINNA
YPOBEHb 3HAHUH TI0 TUCIUTIINHE.



Ipuiaoxenue A

Telmoqm3nqec1me KOHCTAHTBI ME€TAJIJIOB H CIIJIAaBOB,

PEKOMECHAYEMBIX VI PaCu€TOB

Koaddu- O6LeMtas Koadpdunu-
Temmnepa- LUEHT €HT TeMIle-
TEIJIOEM-
Marepuan Typa miaB- | TEIJIONPO- coets oy 10° patypoImpo-
nennst, °C | BomHOCTH A, y ZK ' | BOJHOCTH
Br/m-K JoKiM 210, M2/c
Huskoyrnepoaucteie u
HU3KOJICTHPOBAHHBIC 1500 41,9 48 8,7
CTaJIN
Hepaaserorme 1500 25,1 4,2 6,0
ayCTCHHUTHBIC CTaJIH
Menb 1100 376,0 3,9 96,0
CriaBbl aJIIOMUHUS 650 251,2 2,7 93,0
TexXHUYECKU TUTAT 1660 16,7 3,3 5,0

Ilpumeuanue: JIns ydaeOHOTO pacdera JJIs BCEX MAaTEPUATIOB PEKOMEHYET-

CsI IPHHEMATH BETHIMHY KOd(QHIEeHTa TemiooTaaun O = 60 Br(m’rpa).




Ipunoxenue b

I[HarpaMMa COCTOSTHMA <«GKREJIEC30-YIJIEPOI» (IUIH CTaJ]I/I)
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XHUMH4YECKHH COCTAB CTAJIU

IMpuioxenue B

Ho Xumuueckuiu coctas, %

MeEp Mapka cranm . .

n/n C Si Mn Cr Cu V Ni | Mo
1 Crane BCT3xn 0,14 | 0,07 | 0,30 | 0,30 | 0,30 - 10,30 -
2 Crans BC13nc 0,14 | 0,05 | 0,05 | 0,30 | 0,30 - 10,30 -
3 Cramb 20 nic 0,17 | 0,05 | 0,35 | 0,25 | 0,25 - 10,25 -
4 Cramb 35 0,36 | 0,27 | 0,66 | 0,21 | 0,22 - - -
5 Crannb 45 0,44 | 0,22 | 0,66 | 0,15 - 0,02 - -
6 Craisb 55 052 | 0,17 | 0,50 | 0,25 | 0,25 - 10,25 -
7 Cranps 20X 0,17 | 0,17 | 0,50 | 070 | 0,30 - 10,30 | -
8 Craip 35X 0,35 | 0,23 | 0,65 | 1,11 - - 10,23 -
9 Craib 40X 0,36 | 0,17 | 0,50 | 070 | 0,30 - 10,30 -
10 | Cranp 45X 044 | 0,22 | 0,8 | 1,04 - - 10,26 | -
11 | Crans50X 046 | 0,17 | 0,50 | 070 | 0,30 - 10,30 -
12 | Crans40I’ 0,37 | 0,17 | 0,70 | 030 | 0,30 - 10,30 -
13 | Crann 4512 041 (017 | 14 | 0,30 | 0,30 - 10,30 | -
14 | Crans 18XI'T 017 | 0,17 | 0,8 | 1,00 | 0,30 - 10,30 -
15 | Cranp 15 XD 0,12 | 0,17 | 0,40 | 0,8 | 0,30 - 10,30 -
16 | Crams 40XC 0,37 | 1,20 | 0,30 | 1,30 | 0,30 - 10,30 | -
17 | Crans 35XM 032 | 0,17 | 0,40 | 0,80 | 0,30 - 10,30 (0,15
18 | Crans 12XH3A 009 | 0,17 | 0,3 0,6 | 0,30 - 10,75 -
19 | Crans 18X2H4BA | 0,14 | 0,17 | 0,25 | 1,35 | 0,30 - 4,0 -
20 | Cramp 15XM 011 | 0,17 | 04 0,8 | 0,30 - 10,3010,40
21 | Cranp IX15 0,9 017 | 0,2 | 1,30 | 0,25 - 10,30 -
22 Crans 55C2 0,52 15 | 0,20 | 0,30 | 0,20 - 10,25 -
23 | Cramp V7 066 | 0,17 | 0,17 | 0,20 | 0,25 - 10,25 -
24 | Cramp Y9A 0,86 | 0,17 | 0,17 | 0,20 | 0,20 - 10,20 -
25 | Cramb V12A 1,16 | 0,17 | 0,17 | 0,20 | 0,20 - 10,20 -
26 | Cramp XBI' 0,9 | 0,10 | 0,80 | 0,50 | 0,30 - 10,35| -
27 | Crambs P9 085 | <05 | <05 | 3,8 04 | 23|04 -
28 | Cramb P18 0,73 | <05 | <05 | 3,8 05 |10 04 -
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[Tpunoxenue E

OO6pas3el] TUTYJIBHOTO JIUCTA

MuHucTepcTBO 00pa30BaHUs U HAYKH, MOJIOAEKH U CIIOPTa Y KpauHbI
JloHOacckast TocyJapCTBEHHAs: MALIMHOCTPOUTENbHAS aKaIeMUs

KA®ENPA «OBOPY/JIOBAHHUA U TEXHOJIOI' T
CBAPOYHOI O [IPOHU3BOJ[CTBA»

KYPCOBASA PABOTA

o JucuunJIMHE « TEOPUS CBAPOYHbBIX
MNPOLECCOB»

Paspen : TeruoBsle mporeccsl IIpu CBapKe
Mertamnypruyeckue mporeccsl CBapKu
M cTOYHMKHN CBApOYHOrO Harpesa

BAPUAHT

Boimonuun: cr.rpymmst CIT

(moamucek) ®.1.0.

PykoBoaurens:

(moamnucek) @®.1.0.

Kpamaropck, 2012
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