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i€ Py, — CyMMapHasi MOLIHOCTb TEMTOBbIIENEHIsi BO BCEX CTIOSIX 3aroTOBKM B HaMGOee 3arpyeHHOM pexume, BT;
AP, — MOWLHOCTb [DKOYNEBbIX MOTEpb B MHAYKTOPE, BT;
AP, — cyMmmapHble MoTepu B 3KpaHax, Br;
k;=1,1-1,2 - koachcpuLMeHT 3anaca, y4nTLIBAIOLLNIA NOTEPI B TOKONOABOAAX;
€OS @) — KOAAVLMEHT MOLLHOCTM MHAYKTOPA (MOXKET GbiTh OMPEAENEH C NOMOLLbIO MACTEPa UMME[JAHCA /171t HAMGOMNEE 3arPyKEHHOTO PEXMMA);
1, — TOK MHIIYKTOPA (33/}a€TCS M3HAYAMLHO 1 OCTAETCS MOCTOSHHbIM BECh NEPUOM Harpesa), A.

KoachchuumeHT TpaHcchopmaumu, T.e.:
Kop=Up 1 U,
rae U = 513 B — nepBu4HOE HanpskeHIe TpaHcopmaTopa Ans BCeX BaphaHToB.
Tok B nepeu4HOi 06MOTkKe, A:

£

F

1 Uycosq,
rae Py, = Py, + k(AP + AP,) — cymmapHas noTpebnsemas MOLHOCTb B HauBonee 3arpyxeHHoM pexume, BT.

Yncno BUTKOB B NEPBI4HOI 0BMOTKeE, T.e.:

Wi =W Ky,
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Ag W = 1 — 41CIIO BUTKOB BO BTOPU4HOI OBMOTKE COTIacyoLLEro TpaHcthopMaTopa [f18 BCeX BaphaHToB.
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PucyHok 1 — Cxema 6bIrofHeHUs Cef3aHHbIX pacyemos
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2.5. TpeboBaHus k ochopmMrieHmio oTyeTa

B oTueT BHOCATCS CrieayiolLye JaHHbIE 1 MokasaTeni.

1. VcxoaHble AaHHble:
reoMeTpUECKas MOENb;
YAErbHbIE CBOMCTBA MaTEpUaros;
TEXHOTOTVHECKVIE NapPaMETPbI HATPEBa (PEXVIM, PACCUMTAHHOE BPEMS);
napameTpbl MPeoGpa3soBaTens YacToTkl;
TabnMLIa YAerbHbIX NapaMETPOB MaTEPHAros CrIOEB Ha KaXZIOM V3 LWAroB pacyeTa.
2. PaccuuTaHHble BENN4MHbI:
nofioGpaHHoe 3HaueHMe TOKA B MHIYKTOPE, YMCTIO BIATKOB 1 TOK B MEPBIYHOI OGMOTKE COMACYIOLLLEro TPaHCopMaTopa (B0 BTOPUHHO
0BMOTKe — 1 BUTOK);
KapTVHa 3MEKTPOMArHUTHOTO MOfSi Ha HauarbHOM 3Tare HarpeBa, 3HAYEHVsi HaNPSIKEHHOCT MArHUTHOTO MOMsi B CTIOSX MeTanna v
YCPE[IHEHHbIE A1 CIIOSi NIPUCBOEHHLIE 3HAYEHMS MArHUTHOI MPOHMLIAEMOCTY (NIPEACTABUTL B BUAE TAGMMLI);
PpacueT NapameTpOB COMMACyILIEro TpPaHC(opMaTopa;
rpachvkm Harpesa: /(z, T) — TpeByeTcs NoCTpoNTL NGO TPEXMEPHBIN rpacink, NGO CeMECTBO KpUBbIX 7(T) B PasNNyHbIX CIIONX;
rpachyik pacnpezeneHmsi TEMNEPaTyp BOMb KOHTYPa, MPOBE[IEHHOTO BITyGb HArPEBAEMOro MeTarna. 3M1eck CrieyeT NoKa3aTh KOHEUHbIN
nepenaj TemnepaTyp Ha crioe nof 3akarky (NpuMepHas AnmHa KoHTypa — 1,5 Mm);
rpachyik pacrpe/ieneHtsi TeMnepaTyp BOMb KOHTYPA, NPOBE/IEHHONO MO NOBEPXHOCTI HArPEBAEMOi AeTank;
KapTVHa TEMNEPATYp B KOHLIE HarpeBa;
TPacHyIK M3MEHEHNSI MOLLHOCTH:
1-it — nonesHon P,,, = (2, 7);
2-/1 — MonesHol CyMMapHoit P, s=f (7);

3-i1 — NoTepb B UHAYKTOPE Py = (T);
4-i — noTepb B 3KpaHe Py, 577 (T).
3. YepTexu MHAYKTOPa M 3KPaHOB Ha nucTax (popmata Ad.
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3. BapuaHThkl 3agaHui Ansi KypcoBoM pabotbl

3.1. MeToamueckue ykasaHus no BbI6opy BapuaHTa KypcoBomn paboTbl

Bwa reomeTpudeckoin Moaenu BbibrpaeTcs no nepsoit Gykse hamunui:

* Bapuant 1-A X H, Y, 4.
* Bapuant2-5, 3,0, @, L.
* Bapuant3-B, U, M, X W,
Bapuant 4 - T K, P, L, 3.
Bapuant 5[, 11, C, 0.
BapnaHt6-E, M, T, A.

Pasmepbl Moaeny BLIGUPaloTcs Mo Tabnuuie, NPUBEAEHHON B KXXAOM 13 BapUaHTOB 3ajaHNiA.

Howmep nojisapuaHTa COOTBETCTBYET CyMME LNCHP [AHS POKAEHNS.
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3.2. ®usmnueckue NapameTpbl MaTepuanoB MHAyKTOpa M HarpeBaeMbIX oOpasLoB. YAenbHble NapameTpbl
HarpeBaemoro MeTanna

YaenkHble NapamMeTpLl HarpeBaeMoro MeTansa

1. YaenbHoe 3neKTpu4eckoe ConpoTuBreHne:
p15=2107 Omm;
Paoo = 1-108 Omem.
en/m
510°
410°
310°
2:10°
110°

0
270 370 470 570 670 770 870 970 1070 1170 T K
PucyHok 2 — 3asucumocms ydersHoll nposoduMocmu om memnepamypbl
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2. YpenbHas TennonpoBOAHOCTb:
45 = 51,5 BT/(WM-K);
Jg00 = 33,5 BT(MK).

ABm/(mK)
50

45
40
35

30
270 370 470 570 670 770 870 970 1070 1170 T, K
PucyHok 3 — 3asucumocms ydersHol menaonposodHoCMU om memnepamypbl
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3. YaenbHas TeNnoeMKocTb

C50 = 468 [pK/(krK);
Cgpp = 640 [HK/(kr-K);
¢, Iwc/ke K |
600
550

500 |

450
270 370 470 570 670 770 870 970 1070 1170 T, K
PucyHok 4 — 3asucumocms ydenbHoll memnioeMKocmu om memnepamypbl
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4. TnoTHoCTb A = 7900 Kr/mS.
5.YcpeqHeHHas Kpagas HaMarHTUMBaHWs. CUUTaeM, YT MpW GOMbLUMX 3HAYEHMSX HAMPSKEHHOCTW CTarlb HACHILAETCS, U OTHOCUTENbHas
MarHUTHas! MPOHVLIAEMOCTb He NPEBBILIAET 3HAUYEHNS! 3,5 MY NKOBbIX HaEHMNSX HAMPSIKEHHOCTHL.
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PucyHOK 5 — 3a6ucumocmb OMHOCUMeNbHOU MazHUMHOU MPOHULAEeMOCMU CMaru om HaMpSXeHHOCMU MagHUMHO20 Nonst
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4. 3akrnodeHne no paborte, copepxallee fJaHHbIe M0 OCHOBHBIM MyHKTaM NPOBEPKM KOPPEKTHOCTH BbIGPAHHOTO pexvMa Harpesa (KOHEYHOe Bpemst
Harpesa, nepenaj TemnepaTyp B Crioe MoA 3aKarnky, nepenajj TeMnepaTyp no NoBEPXHOCTY HArpeBaeMoro y4acTka 3aroToBk 1 T.n.). A Takke
OCHOBHBIE BbIGPaHHbIE 1 PACCHUTaHHBIE NapaMETPb YCTAHOBKY MHAYKUVOHHOTO Harpesa. Takue, Kak TOK MHYKTOpa, MOWHOCTb 1 ..

5. TekcT oT4eTa CHaGAVTL NMOAPOGHLIMU KOMMEHTAPHSIMY N0 KXKAOMY LIary pacieTa U NPeacTaBuTb MofyyeHHbIE PesymnsTaTbl B BUAE TPAcuKoB 1

Tabnuu.
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HacTosme MeToanyeckne ykasaHus cryxat nocobuem Ans CTYAEHTOB, BbINOMHSAIOWMX KypcoByl paBoTy no avcuvnnmuHe «KomnbloTepHble
TEXHONOrMM B MPOEKTUPOBaHWM». LIeNnbio KypcoBoil paboTbl SBMSETCA MOMyYeHWe CTyAeHTaMu NPaKTU4ECKUX HaBbIKOB MO MOAENMPOBaHMIO W
MPOEKTUPOBAHMIO AMIEKTPOTEXHYECKIX YCTPOVCTB G UCTONb30BAHMEM MPOTPaMMHOTO Komnriexca ELCUT.
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2. OcHOBHbIe TpeboBaHUSA K KypcoBoU paboTte

2.1. TexHomnornyeckue TpeboBaHus

+ ToniwwmHa cnosi Nog 3akasnky: 6 = 1 MM

+ Temneparypa NOBEPXHOCTU U3AENMUA B KOHLE Harpesa: fy,,, = 750+20 °C
+ lMepenap TemnepaTyp B cfioe oA 3akanky: 7 < 100 °C

+ lepenap TemnepaTyp Mo NOBEPXHOCTW HarpeBaemoro y4acTka: 7 s 150 °C
* Bpems Harpesa: 74,5 < 25 C.

« PeXvIM Harpesa: «M1o TEnMonpoBOAHOCTIAY.
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2.2. TexHuuyeckne TpeboBaHus

VIHOYKTOp MOMy4aeT MUTaHne Yepes COMMAcyIolMin TPAHCHOPMATOp OTCTABHNN3NPOBAHHOTO WCTOYHNKA TOKA MOBBILLEHHOM 4YacToTbl. Tok B
nepBuYHOI OBMOTKe TPaHChopMaTopa MOXET perynpoBaThbes B AnanasoHe ot 2 Ao 50 A.

Yacrora ncto4Hmka 100 KIl. dopMa KpUBOiA TOKa — YMCTas CHycouaa.
Benn4mnHa Toka B MHAYKTOpe NexuT B npeaenax 3...20 KA,

3a30p Mex/y MHAYKTOPOM M HarpeBaeMoi 3aroToBKON OT 2 A0 5 MM.
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2.3. PekoMeHaLmMm No BbINOSTHEHUIO pacyeToB

Ha panHoit YacToTe rny6uHa NPOHMKHOBEHMS TOKOB B XOMOAHYK CTarnb COCTaBNseT npumepHo 0,25 mM. B npoliecce HarpeBa M3MEHAKTCS
CBOVICTBA CrIOEBMETANNA (YAENbHOE COMPOTUBIIEHME, TENONPOBOAHOCTb, TEMNOEMKOCTb M /IP.), MOSTOMY HArpeBaeMbiil METAN LENecoospasHo

Ppa3stuTb Ha Crion B 30He Harpesa. Ha ryG1He MPOHMKHOBEHIS HEOGXOMMMO BLIIEMMT /1Ba CIIOS PABHOV TOMLUMHEI (A Y4ETa HACKILIEHNS! CTank B
30HE BbIAENEHMs MaKCUMAIbHOV NOME3HON MOLLHOCTH).

AAns y4eTa M3MeHeHUs TennoBbIX CBOWCTB CTanM, a Takke Gonee TOYHOrO NOCTPOEHNUS KPUBOII HAChILLEHWNS B MeTanne Bbienum eule 4-5 cnoes
3a nepBbIMM ByMs. TONLLWHA CIIOEB NPV YAATIeHNM OT NOBEPXHOCTY METarNa BO3pacTaeT B reoMETPUHECKOI MPOrpeccii. Hanpumep, TpeTuii crioi B 2
pasa Gorblue BTOPOro, YeTBepThiil B 2 pasa Gonblue TpeTbero u T.4. CyMmapHas TOMWMHA Croes AormkHa GbiTb B 5-10 pas Gonblue rny6uHb!

NPOHVKHOBEHWSI TOKOB B METas, Tak Kak B MPOLECCE HarpeBa BeMvuMHa MMyGyHbl NPOHVKHOBEHNS yBenuuMBaeTcs. B npouecce pacvera Gyaem
[DVCKPETHO (MO Laram) M3MEHsITb CBOVICTBA CTIOEB G POCTOM TeMMepaTypbi.

TpeByeTcs NpoBECTN He MeHee NATU LWaroB pacyeta (cM. Tabnuuy 1).

Tabnuya 1 - Mame wazos ﬁwema c meMneimimi nneeiﬂocmu & KOHUE Haﬁsa

200/473
400/673
600/873
7001973
750/1023

RN

3ajiavy HECTALVMOHaPHON TEMmonepeaa3 HeOBXOAMMO PACCMATPUBATL KaK HEMMHEIHYIO, TaK KaK TEMNOEMKOCTb U TEMONPOBOAHOCTb MeTanna
3aBMCSIT OT TemnepaTypbl. OHAKO B 3TOM Cryuae BPEMs PAaCYeTOB MHOTOKDATHO BO3PACTaeT, M Takasi 3afa¥a He BCElla WMEET pelueHue
(MTEPaLMOHHBIN NPOLIECC HE CXOAMUTCS, U B 3TOM Cry4ae HeoBXoaMMO YMEHbLUMTL Lar pacieTa no Bpemen). B cnyyae, ecnn Tpebyembiii LWar pacyeta
110 BPEMEHY MOMNYHaAETCs O4eHb MareHbKIM (Gorblue AECSTY TOYeK 3a OAUH LLAr), MPOLLLE C LEMbIo 3KOHOMIM MALLNHHOTO BPEMEHM Kaxzbli pas mpy
CMEHe LLara pacyeTa BBOJWTb HOBLIE 3HAYEHVS) TEMONPOBOOHOCTM 1 TEMNTIOEMKOCTM B METKY GIIOKOB CTIOEB MeTanna.
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Ha Bpewmsi pacyeToB 3HaUUTENbHOE BIMSHIE OKa3bIBAIOT:

1. 4acToTa UCTOHHIKA ANEKTPOMArHUTHOTO MOMIs B 331a4e MarHUTHOTO Mofisi NepeMEHHbIX TOKOB;
2. KONM4ECTBO GIIOKOB C OT/IMYHBIMY OT Hy/ISi 3HAYEHNSIMI TENNONPOBOAHOCTH.

NS MAHVMM3ALYIN BPEMEHY PACHETOB BLICTABIIAEM «TIPUKNEOHHBIMY PEXUM B OBEUX 3aaadax, a B 3afade HECTALMOHAPHOTO TenmooBMeHa
VCcKIio4aem TennoobMeH BHeLHen NOBEPXHOCTW HarpeBaemoro MeTanna ¢ omyma»ou.leﬁ cpeqoﬁ, TaK KaK Harpes NpoVWCXOAUT OTHOCUTENbHO 6blCTp0 n
NOTEPU BO BHELLHIOW Cpeay HEe3Ha4UTENbHbI.

N5 TOro YTOBbI MCKIKOYMTL MHAYKTOP, BO3/IYX M 3KPaHbl M3 PACHeToB MoMs TeMNepaTyp, yCTaHaBnMBaeM B METKaX COOTBETCTBYIOLIMX GIIOKOB B
3a1ave HecTaLMOHapHON Tenmnonepeaaqy Kaxaoro wara Hynesoe Ha4eHVe TEMonpoBOAHOCTH.

OfIHMM 13 TEXHOMOTVMECKVX TPEGOBaHNI K ONepaLi VHIYKUMOHHOTO HarpeBa, COMIACHO 3ajIaHuio, SIBMSIETC OBECMeUeHIe PaBHOMEPHOCTH
Harpesa Mo CeyeHVIo 3aroTOBKM. HeaonyCTUMbI NOKarbHbIe MEperpeBbl (HOMYCTUMbIA Mepenaj Temnepatyp BAOMb MOBEPXHOCTH HArpeBaeMoro
y4acTka cocrasnset 150 °C).

Peryn1poBaTh NOTOK 3HEPTVK, Nepe/jaBaeMoil ANEKTPOMArHUTHBIM NONIEM OT MHAYKTOPa K 3aroTOBKe, MOXHO, M3MEHSIS YToM HaKrMoHa NMockocTh
VHOYKTOpa K 3aroToBKe. Mpu 3TOM MEHSETCs HacTUN Toka B 3aroTOBKe (HaNPSHKEHHOCTL MarHWTHOTO MOMNS Ha MOBEPXHOCTM 3aroToBki). Taioke MOXHO
NPUMEHSTL SMEKTPOMArHUTHble 3KpaHbl NS MPUKPLITUS Y4aCTKOB 3aroTOBKN, HarpeB KOTOpbIX HexenaTeneH. OkpaHbl NPEACTaBnskoT coBoil KOpoTKo
3aMKHYTBIE BUTKM (B OCE CUMMETPUYHOM CIy4ae) v NNacTUHBI (TPW Harpese NITOCKIX 3aroToBOK), BLINONHEHHbIE U3 MEAy, yCTaHaBMn BaeMble Mexay
VHOYKTOPOM 1 3ar0TOBKOM.

TonumHa 3kpaHa [JOMKHa B HECKOMBKO Pa3 MpeBbilliaTh MYGUHY NPOHVKHOBEHNS TOKa B ME/lb HA PACHETHOM 4acToTe. KOHCTPYKL{WS SKpaHoR M
VHOYKTOpa [0MKHa NMPeaycMaTpvBaTL MPOCTOTY YCTAHOBKY Ha HarpeBaeMyto 3aroToBKY.




image6.png
2.4. Mopspok pacyeToB

Ha Ka)aoM Luare HeOGXOANUMO MPOBECTM CBI3aHHbINM PAcHeT 3aAa4 MArHUTHOTO NONsi NEPEMEHHbIX TOKOB 11 HECTALMOHAPHON Tennonepeayn.

3afjavM Ha4anbHbIE YCNIOBNS MOAENVPOBAHNS:

1. HeoBXoauMO OMpefieniTL HajarbHyI0 MarHUTHYKO MPOHNMLAEMOCTb CTIOEB MeTana. [Iisi 3Toro NpoBOUM MPOGHBIA PACHET BNEKTPOMATHUTHOTO
MoNsiB CrIOsiX, MOACTABNSS 3HAYEHMS MATHUTHOW MPOHMUAEMOCTI MPUMEPHO BCOOTBETCTBMM C KPUBOW HAMarHM4nBaHusi. CHMTAEM, 4TO
HanNpsHKeHHOCTb MOMS Ha NOBEPXHOCTV MeTanna cocTaBnset 10%-10% A/m, a Ha rnyB1He NPOHNKHOBEHMS TOKOB B XONOAHbIA MeTann 0,5-1 A/m.
Mocrie npoBefieHmsi MPOGHOTO pacyeTa ONpefieNnsieM CPE[IHME HANPSHKEHHOCTU MOMS B CIOSX MeTanna W KOppeKTMpYeM MarHuTHble
MPOHNLAEMOCTI CrioeB. [INsi COKPALLEHNsi 0ObEMA BbIYMCTIEHNT Gy/IeM CHUTATb, YTO MArHUTHasi MPOHMLIAEMOCTL CIOEB 33 BpeMs Harpesa
OCTAETCS HEUMEHHOM.

2. [ins 3a[ja4n HeCTaLMOHapHON Tennonepeaa4n HeoBxoaUMo 3aAaTbCs Ha4anbHoO TemnepaTypol. [1ns 3Toro NpoBOAUM pacyeT TeMnepaTypHOro
MoNs ¢ MOLIHOCTBLIO TENNOBbIAENeHNs Bo Beex Gnokax Moaeni, paBHOM HyMio, U 3aaHHOI BENUUYMHOM TemnepaTypbl (293 °K) Ha Bcex pebpax
cMeTKam. CBsI3bIBAEM MONYHEHHYIO 3a1avy C 3ajlavei HeCTALNOHAPHON TEMONePeaqy Ha NepBOM Lare.

B uTore cxema cBsizaHHbIX pacyeToB GydeT BbIMsAeTb TaK, Kak NokasaHo Ha pucyHke 1. [ins yaobcTea AanbHenwweit paboTsl ¢ Moaenbio
Ha KaX/OM U3 LLAroB pac4eTa cosaaemM HoBble (haiinbl 3aaa4 1 cpasy CBA3biBaeM X Mexay coBoi B COOTBETCTBIM CO CXEMOW (CM. PUCYHOK 1).

3. Onpepenexre napameTpoB COrMacyoLLero TpaHcopmaTopa NpoM3BOANUTCA NO CreaytoLwM hopMynam:

HanpsixeHne Ha uHaykTope, B:

U, = Bt @R +AR)

I cosq,







