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1. AYT'OBBIE ITEYHN
Pa3BuTHe TEXHOJIOIMU U KOHCTPYKLIMU AYTOBBIX I1€YEH

B pasButum snekTpocTaneryiaBUuiIbHOITO MPOU3BOJCTBA MOXHO BBIIETUTH He-
CKOJIBKO JTarioB, XapaKTePU3YIOMIMXCs 00JaCThIO HCIOIB30BAHUS, MPUMEHIEMBIMU
TEXHOJIOTHSIMHU U 00YCIIOBIEHHBIMU 3THM OCOOEHHOCTAMHU KOHCTPYKIUH TIEUH.

1. Kak ye oTMeuanoch, Ha MPOTSHKEHUH TIEPBOM MOJOBUHBI XX BEKa TyrOBBIC
AJIEKTPOTICUN CTCIMATU3UPOBAIUCH Ha BHITUIABKE TaKOW CTaJlM, MPOU3BOJICTBO KOTO-
poii OBIJIO 3aTPyJHEHO MM HEBO3MOXKHO B MApTEHOBCKUX IEYaX U KOHBEpPTEpax.
[InaBka B TyroBBIX MEYax OCYIIECTBISIACH C TIPOBEACHUEM JBYX TUTEIBHBIX OKU]I-
KHX» IMEPUOJIOB — OKUCIUTEILHOTO M BOCCTAHOBUTEIILHOTO CO CMEHOH M HaBEJICHUEM
[IJIAKOB COOTBETCTBYIOLIEro cocraBa. [Ipu 3ToM s AOCTHXXEHHS HEOOXOIUMOTO
YpOBHSI KauecTBa MeETaula MEPBOCTEIICEHHOE 3HAUYCHHWE UMENH (DU3UKO-XUMHUYECKHE
MPOLIECCH HAa MEX(Pa3HOW I'paHUIEe METAJUI-IIIAK.

Takast TeXHONOTHsI, KOTOPYIO B HACTOsIIEe BpEMSI MPUHITO Ha3bIBaTh Kilaccuye-
CKOM, ompesernsia KOHCTPYKIIMIO W T€OMETPHIO MEeYd ¢ Majod TIyOMHOW BaHHBI U
pa3BUTOI Mexk(a3HON MOBEPXHOCTHIO pa3ziesia METaUI-IIUIAaK, BBIMYCK MeTaljia BMe-
CT€ CO IUIAKOM IO CIMBHOMY XKEIM00Y Uepe3 CTaJeBBIITYCKHOE OTBEPCTHE, PACIIOIO-
’KCHHOE Ha ypOBHE IMOJUHBI, OTHOCUTENIbHO HeOonbmyo (He Oonee 300 kBA\T)
YAETBHYIO MOIIHOCTh TpaHcpopMaTopa, KOTOopasi MOJHOCTHIO UCTOIb30BANIACh TOJb-
KO B TIEPUOJI IUIABJICHUS IIUXThI, HU3KYK BEJIMYMHY BTOPHUYHOTO HampsikeHus (o
560B) u padouero Toka (10 60kA).

2. B xonne 60x —navane 70x rogoB XX Beka Omarogapsi COBEpIIICHCTBOBAHUIO
KOHCTPYKIIUU TI€YH U PAa3BUTHIO TEXHOJOTUH IJIABKU JJISl TIOBBIIICHUS TPONU3BOIM-
TEIbHOCTU TeUYed CTal0 BO3MOXKHBIM YBEJIMYEHHUE YAEIbHON MOLIHOCTH TEYHOTO
tpanchopmatopa. [losBummce «@picokoMotabie» (350...500kBA/T) 1 «cBepxMo-
ueie» (bosee 550 kBA/T) meum, koTopsie padoTaid Ha KOPOTKHX IOTPYKCHHBIX B
[UIaK Ayrax, IS MOJIy4eHHUS KOTOPBIX HCIIOJIb30BAaIOCh HU3KOE BTOPUYHOE HAIIps-
KEHHE, TOK OOJIBIIION CHIIBI ¥, COOTBETCTBEHHO, OTHOCHUTEIBHO HU3KUI KO3 uIu-
eHT ucrosb3oBanus MomHocTH (Co%p = 0,58...0,68) [l BBeneHUS B IeYb TaKOU
MOIITHOCTA TPeOOBAIUCH 3JIEKTPOJBI OONBIIOro auamerpa. OgHAKO MPOU3BOJCTBO
ANIEKTPOIOB nuameTpoM Oosee 610 MM conpsKEeHO C PsIIOM TEXHOJIOTHYECKUX TPY-
HOCTEH, TO3TOMY BMECTO JATBHEHUINIETO YBEIMUEHUS pa3Mepa 3JIEKTPOIOB MOIILIH TI0
IyTH MOBBIIIEHUS UX KAY€CTBA C YBEIMUEHUEM JOMyCTUMOM TUIOTHOCTH TOKA BMECTO
o6branoii 20 A/em® 1o 30...35A/cM®.

[ToBbIlIIEeHNE MOITHOCTH OTPHUIATENHHO OTPA3HUIIOCh HA CTOMKOCTH OTHEYIOPHOM
¢bytepoBku neueit. [loaToMy B MecTax HaubOIbIIEro U3HOCA (DYTEPOBKU CTEH BHIIIIE
YpOBHS IIJIaKa HAYaJld YCTaHABJIMBATh CHayasla XOJOJWIbHUKH, @ 3aTEM BOJ00XJIa-
*maeMble manenu. [lonoxuTensHbIe pe3yabTaThl MPUMEHEHUS TaHEeNed MPUBEIH K
CO3/IaHHUIO TEYEH C MOJHOCTHIO BOJOOXJIAXKAAEMBIMU CTEHAMHU, a B JAJIbHEUIIEM U C
BOJI0OXJIQKTAEMBIM CBOJIOM.



Hcnonp30BaHne BOJOOXJIAKIAEMBIX MMAHENEH €CTEeCTBEHHO BBI3BAJIO YBEIHMUCHHE
TEIJIOBBIX MOTEPh, BO3PACTAIONINX C YBEIUYECHUEM MPOJAOHKUTEIIBHOCTH <GKUIKOT0»
nepuoja. Kpome Toro, B rneyax ¢ oxXJja)xJAaeMbIMU MAHENSIMH YXYAIIUIUCH YCIOBUS
00pabOTKN MeTaia IIJIAKOM BCJIEJICTBUE CHUYKEHHUS €r0 TEMIIEPAaTyphl U YBEJIUYEHUS
BSA3KOCTH. Bo3HHKIa HEOOXOAMMOCTh BHEIMEUHON OO0pabOTKU MeTalia, TeM Oosee
YTO K 3TOMY BpE€MEHHU ObUIM pa3paboTaHbl arperaTbl 1 METO/bl BHENEYHOIO papuHU-
POBaHUsI KOHBEPTEPHOTO MeTaJLjIa.

3. Hcnonbp3oBanue BHe-
neyHol 00pabOTKM B CBOIO
odepeqh MPUBEIIO K U3MEHe-
HUIO TEXHOJIOTUM IUIaBKH B
JYTOBBIX TI€YaX M BBI3BAJIO
U3MEHEHHUS B UX KOHCTPYK-
nuu. s a¢gdhexTuBHOM BHE-

Puc. 1. Crioco0OsI BeIMTycKa CTaIM: a — KJIACCUYECKHH 110 )Ke-  T[IeYHOU 06pa6OTI<I/I MeETaJll
100y, 6 — crpoHOM, B — IpKEPHBIIT U3 [eYM 1EIeCO00pasHo CIlu-
BaTh Oe3 nuiaka. [lostomy B
koHIle 70X TOJOB MOSBWINCH TIEUH C JOHHBIM BBITyCKOM. JIJIsl Tpe1oTBpaIieHus 3a-
TATUBAHMS 1IJITAKa B BOPOHKY CJIMBHOTO OTBEPCTHS B MEYM HAYAIM OCTABISATH YaCTh
(mpumepro 10%) meTaiiia, Tak Ha3bIBaeMoOe «0O0JI0TO». BBIHY)KICHHAs BHAJalle pa-
00Ta Meun ¢ OCTaBJICHUEM B TIEYM JKHUJKOTO METala W IMUIaKa OKa3ajiach BeChMa
yIOOHOM: KUAKUN CTapT CIAEAYIOIIEH TUIaBKU 0OecleunBall paHHee IIIakoo0pa3o-
BaHUE, CTAOMIIM3UPOBAJ IYTU W TO3BOJISUI paHbIlIe HAYMHATH HUHTEHCUBHYIO MPOIYB-
Ky. B nanmpneiimem padota ¢ 6010TOM CTa-

A-A g 7a 0OBIYHOM HOPMOIA.

CHauaza JOHHBIN BBIMYCK OCYIIECTBIIS-
U 4Yepe3 CTAJIEeBBITYCKHOE OTBEPCTHE B
LEHTPAJIbHOM YacTU TOJUHBI, OAHAKO IS
VOPaBJICHUS  KOJWYECTBOM CIMBAEMOTO
MeTajula ¥ MacChl «00JI0Ta» OKa3ajloch 00-
jee yIOOHBIM 3KCLHEHTPUYHOE PACHOJIONKe-
HHE BBIITYCKHOIO OTBepcTHs. B nanpHen-
meM i 0oJiee yIo0HOTO OOCITyKUBaHUS
CTaJIEBBIITYCKHOTO OTBEPCTUSL OHO OBLIO
MEPEHECEHO B CHEIUaIbHO TMpPUCTpanuBae-
MBI K BaHHE 3pKep (puc. 1).

JIOHHBIN BBIMYCK OKOHYATENIbHO o0ec-
MeYMJT HeOOXOAMMBIC YCIIOBHUS TSI TIEPEXO0-
Puc. 2.11eyn 1i1s BBIIIABKH OKHUCJIEHHOTO Aa UK AOBOZIKE CTaIN B arperatax BHENCH-
OMYMPOAYKTa: 1 —CTATEBHITYCKHOE OT- HOM 00pabOTKM U BBHIIJIABKE B JyTOBBIX II€-

BepcTHe, 2 —3pKep, 3 —pabouee OkHO, 4 —  4aX OKUCIIEHHOTrO MOIynpoaykra (puc.2).
00JI0TO 4, Konenn XX m Hayaimo XX| Beka B

QJICKTPOCTAJICTIIIABUJIbHOM IMPOU3BOACTBC




XapaKTEPU3YIOTCS OCBOCHUEM TEXHOJIOTHH TUIABKHU TIOJ] IEHUCTBIM MIIAKOM, YTO TIO-
3BOJIMJIO YBEJIMYUTD JJIMHY JYTU 32 CUET YBEIIMUEHUS BTOPUYHOTO HAMPSDKCHUS CHA-
gana 10 1100B, a no3anee u 1o 1600B, yBenuuuth BBOAMMYIO MOIIHOCTH 0€3 yBe-
JUYCHUS CHIbI TOKA M MPU MCIOIB30BAHUH AJIEKTPOI0B nuamerpom 610mm. Pabora
MOJT TICHUCTBIM IIJTAKOM, JIJIsl BCTICHUBAHUSI KOTOPOT'O MCIOJIb3YeTCs BAyBaHUE B BaH-
Hy MOPOIIIKa KOKCa, MPEeA0peIesria IeIeco00pa3HOCTh MPUMEHEHUS B IIUXTE JJICK-
Tporeuel yyryHa. VMcnosnb3oBaHue 4yryHa MO3BOJIET OTKA3aThCsl OT MOPOIIKA KOK-
ca, TaK KaK COJEpIKaIIerocs B YyTryHe yriepojaa JOCTATOYHO JJIsl BCTICHUBAHUS IILJia-
ka. Micronb30BaHue KUAKOTO YyTyHa MO3BOJISIET, KPOME TOTO, UCIIOJIb30BaTh €ro (u-
3MYECKOE W XUMHYECKOE TEIJIO IS TJIABJICHUS IMXTHI, a mpu BBeaeHnu 25...30%
YyryHa OT MacChl TUTABKH CHUMAETCs Mpo0sieMa IBETHBIX TIPUMECeH, COIep KaIuxcs
B JIOME.

B sToT mepuon HaxomsT Takke MHMPOKOE MPUMEHEHHE albTePHATHBHBIC MCTOY-
HUKHU TETJIOBOW SHEPTUU — ra30-KUCIOPOIHBIC TOPETIKH, MHTEHCUBHAS MPOTyBKa Me-
TaJuta KUCJIOPOJIOM, BIYBaHHE B METAILI YIJIEPOACOSPKAINUX METEPHAIIOB.

[Tocnennee mecsTuieTHE MPOIUIOTO CTOJETHS XapaKTEPU3YETCs Takke pa3padboT-
KO M OBICTPHIM BHEIPEHHUEM II€Uei C MIaXTHBIM TOJOTPEBATENIEM METALTUHIECKOTO
noma. Mcronp3oBaHue Temiia OTXOMSAIIMX Ta30B B IIAXTHOM IMOAOTPEBATENE MO3BO-
a0 koHoMUTh 80...100kBtu/T sHeprun Ha 1uiaBieHue joma. OIHAKO YXKECTO-
YHUBIIEECS IKOJIOTUYECKOE 3aKOHOAATEIBCTBO B PsAJ/Ie CTpaH B Havalie 3TOTO BEKa OC-
TaHOBUJIO TPUYM(QaTbHOE Pa3BUTHE MEUEH C IMAXTHBIM MOJOTPEBATEIEM, TOCKOIBKY
Ha JTO’KUTaHWe 00pa3yroMIMXCs MPU TOJOTPEBE JIOMa OMACHBIX COCIMHEHUN TUOKCH-
HOB U (ypaHoB pacxoayercs 10 /0% cakonomieHnHol sHepruu. Ho, kak Oyner mo-
Ka3aHO B JIaJbHEHUIIIEM, IIIAXTHBIM MOIOTPEB BCE KE MMEET HEIJIOXYIO MEPCIEKTHBY
NIpYU ONTHMH3AINH TEXHOJIOTHH MOA0TPEeBa.

Knaccudukanus 1yroBbix mnedeit

Knaccudukanuio cynecTByOmuUX CTaJCIUIaBIIIbHBIX MeUel MOXXHO MPOU3BECTH
110 HECKOJIbKUM XapaKTEPHBIM IPHU3HAKAM.

Ilo muny ucnonvsyemuvlx ocHeynopos pa3iuyaloT KUCIble U OCHOBHBIE neuu. Jle-
MIEBBIC KUCIIbIC OTHEYIOPHI (JIMHACOBBIA KUPITMY U KPEMHE3EMUCThIC HAOWBHBIC Mac-
Chl) IIMPOKO KMCIIOJIL30BAIKCH B AJIEKTPOIIEYax JI0 CePeArHBI Mpouuioro Beka. OmHa-
KO OTCYTCTBME BO3MOXHOCTH JUIsl YAQJICHHS B MPOIECCE IUIABKU B MEYMU C KUCIOU
byTrepoBKoii cepbl u Qochopa U HHU3KAsT OTHEYNOPHOCTH (yTEepoBKH (TemmepaTypa
wiaBnenuss kBapua 1710 €) orpaHHYMBaIOT TEXHOJOTHYECKHE M JHEPreTHUYECKHE
(BBeneHHE OOJBIION MOIIHOCTH) BO3MOXKHOCTH TUIaBKH. [109TOMY B HacTosiiee Bpe-
Msi Kuclasi (pyTepoBKa MCIONB3YeTCsl Ha MaJOMOIIHBIX IeYaX Majioil BMECTHUMOCTH,
paboTaIuxX B JIUTEHHBIX IIexaxX. Bce gyroseie meuu, paboTaoline Ha METaLuTypru-
YECKUX 3aBOJIaX, BBITIOJIHSIOT C OCHOBHOU (hyTEpOBKOIA.

Ilo emecmumocmu €4 MOKHO pa3feiuTh Ha meun manoi (1o 20 1), cpenneit
(mo 75T) u 6ombioi (0osee 75T) EMKOCTH.



[Meun mamoii (5...20T) BMECTUMOCTH Ha METAJLUTyPTrHYECKHUX 3aBOJIaX MCIIOJIB3YIOT
MIPEUMYIIECTBEHHO MPU MPOU3BOJICTBE CIOKHOJIETHPOBAHHOMN CTAIN C TYTOTUIABKUMH
JETUPYIOUIMMU 3JIEMEHTAMH, BBITUIABIISIEMOM MO KJIACCUYECKOW TEXHOJIOTUU C ABYMS
KUAJIKAMU nieprogamu. KOHCTpyKIMs TaKux Mmeder Majio OTJIIMYAETCA OT CIOKUBILIECH-
csl B TIepBO mosioBrHE XX BEKa: OHU UMEIOT, KaK MPaBUJI0, OTHEYMOPHYIO (pyTepoB-
Ky 0€3 BOJI0OXJIaX/TIaeMbIX TaHeJeH, TpaHC(HOpPMATOp OTHOCUTEIBHO HEOOBIION (110
400kBA/t) ynenbHON MOIIHOCTH, BBIITYCK METaJlIa OCYIIECTBIISIETCSI BMECTE CO IIlia-
KOM 4epe3 paclojioKEeHHOE B CTEHKE KOPIyca CTAJIEBBIITYCKHOE OTBEPCTUE MO KEITO-
Oy. Ucnonb3oBaHre METO10B MHTEHCU(PUKALIMH TJIABKH, BOJ0OXJIAXKAAEMbIX MTaHEeH
Y DPKEPHOTO BBIITYCKA METAJIIa HE TAI0T B 3TOM CITy4ae 3aMETHBIX MPEUMYIIECTB.

[leun cpeaHeil BMECTUMOCTH MCHOJB3YIOTCS AJIS BBIMUIABKU CpEIHEIETUpPOBaH-
HOW, HA3KOJIETUPOBAHHOM U PSAIOBOM YIJIEPOJUCTOM CTajlv C JOBOJKOW METajljia JI0
TpeOyeMOoro cocTaBa Kak B ME€YH, TaK U C UCIIOJIH30BAHUEM arperaToB BHEIIEYHOU 00-
paboTku. OHU OCHAILAIOTCS BOAOOXJIAXKIAEMBIMHU TMAHEISIMU U BOJOOXJIAXKIAEMbIM
CBOJIOM, CPEJCTBAMU MHTCHCHU(UKAIMK TUIABJIICHUS 32 CUET BBEACHUS aJbTECPHATHB-
HOM XMMHYECKOW PHEPTHH, HO HE OCHAIIAIOTCS MIAXTHBIMHU TOJOTPEBATEISIMUA U B
HUX HE UCTIOIB3YIOT KUAKUN YYTYH.

bonbimerpysusie (o 360 T) meun MCMONB3YIOT MPHU BHIIUIABKE HU3KOJICTHPOBAH-
HOU U PAJOBOU YIJIEPOAMCTOM CTaIM. B 1mmedax 3Toro tuma mpou3BOAST OKUCICHHBIN
HOJIYIIPOJYKT, a IOBOJAKA CTAJIM JI0 TPEOYEMbIX COCTaBa U KAYECTBA OCYILECTBIISAETCS
B arperarax BHENEYHOU 00paOOoTKH. BOJbIIMHCTBO Neveil 3TOM Ipynibl UMEET BMe-
ctumocTh 90...1601, neun BmectumocThio 170...260r cTposiTcst pexe, a 1eund BMme-
ctuMocTbio 270...360r ucuucnsatoTcs eaAuHUaMu. biiarogapsi MUPOKOMY HCIOJIB30-
BAaHHIO AIBTEPHATUBHON DHEPTUH, )KUIKOTO YyTyHA, pad0oTe HA JUIMHHBIX Jyrax IMoj
BCIICHEHHbIMHU IJIAKAMH, YTHIM3ALMU Terla OTXOASIIMX T'a30B Ha MpPEIBAPUTEIb-
HBIM TOJOTPEB JIOMa 3THU TMe4Yu 00JaJal0T OYEeHb BBICOKOW MPOU3BOAUTEIBHOCTHIO!
MPOU3BOAUTEIIBHOCTh TUMWYHOW 711 3TOW Tpynmbl 120T0HHOW mMeun COCTaBiIsET
1,5...1,8vH T ctanmu B rogx, a 2504q0HH0M — 2,2...2,51H T/TO.

Ilo yoenvhoil mMowHOCmu WCTOYHWKA TOKa pazmdaroT mayiomomrHbie (1o 400
kBA/T), cpenneit momHoctu (400...60kBA/T), Beicokomorinbie (600...80kBA/T) u
ceepxmoinnbie (0oaee B00kBA/T).

Hcnonp30BaHne MalOMOIIHBIX Tedeld BMeCTUMOCThIO 0 40 T mpu yAenbHOM
morHoctr Tpanchopmaropa 250...300kBA/T onpaBaaHo B JIMTEHHBIX I[€Xax, KOraa
POU3BOAUTENILHOCTD €YU MaJIO BIUSET HA 3(PPEKTUBHOCTh MPOU3BOJICTBA B LIEJIOM.
Ha mertamnyprudeckux 3aBojax MMEIOTCS MMEYM CPEAHEH MOIIHOCTH BMECTHMOCTBHIO
10 50 T. Ho mockonbKy IpOU3BOAUTENLHOCTD €YU B 3TOM CJIy4ae HEMOCPEACTBEHHO
onpeaenseT 3p(HEeKTUBHOCTh MPOU3BOJICTBA, ITH MEYM IEJIECO00Pa3HO PEKOHCTPYH-
pPOBATh C YBEIMYEHUEM yIETLHON MOIIIHOCTH.

BricokoMoIHbIE TI€YH, IOCTPOCHHbIE HA METaulypruyeckux 3aBojaax B 80x ro-
JaX MPOIIIOTO CTOJICTHS, TPU MCIIOJIH30BAHUN COBPEMEHHOM TeXHOJOTUU U A dek-
TUBHBIX CPEACTB MHTEHCU(PHUKALIUK 00ECNEYNBAIOT JOCTATOYHO BBICOKYIO 3P (HEKTHB-
HOCTh Tpou3BojcTBa. Tak, Ha medax BMecTUMOCTH0100...120T npu MomHOCTH



tpanchopmaropa 60...80 MBA mnpowusBogutenpHocTh coctaBisieT 800...1000Tsic.
1/Top.

CBepxMoOIIIHBIE T€UYd ¢ YaeapHOM MourHocThio TpaHchopmaropa 800...1100
kBA/T npeaHa3zHadYeHbl UCKITIOYUTEIBHO TSI TOJTYYCHHS OKUCIICHHOTO TOIYIPOTyK-
Ta, KOTOPBIN BBHITUIABIIAIOT B OOJBIIETPY3HBIX medax. [lo-Buammomy, Takas yaenpHas
MOIIIHOCTh SBJISIETCS TIPEIENIbHO ONPABJAAHHOM, TaK KaK MpH JalibHEWIleM yBeluye-
HUUW YACIBHOW MOITHOCTH CKOPOCTh HarpeBa OyAeT ONpeAesIThCS HE CKOPOCTHIO TMO0-
CTYILICHHUS TETJIOBOM SHEPIHH, a YCIOBUSIMU BHYTPEHHEW TEIJIONepeau B METAILIE.

Ilo muny ucnonv3zyemozo moka pa3ianvalOT MEYd MEPEMEHHOTO U MOCTOSHHOTO
toka. JIo 70X Tog0B MpOIMIEAIIero CTOJETHS B CTANCIUIABIIIEHOM TIPOU3BOJICTBE HC-
MOJIb30BAIMCH TOJBKO JYTOBbIE NI€4H, paboTaBilve Ha Oojee IemEBOM NEPEMEHHOM
Toke. Ho coBepilieHCTBOBaHME MCTOYHUKOB MHUTAHHUS MOCTOSHHBIM TOKOM CYIIECT-
BEHHO YMEHBIIINJIO PA3HUILY B CTOUMOCTH SHEPTUH MTEPEMEHHOTO U TIOCTOSIHHOTO TO-
koB. K TOMy ’ke CUJIbHOE BO3/EMCTBHE MOUIHBIX TEYei MEepeMEHHOTO TOKa Ha Iu-
TAIOLIUE CETH BCIEACTBHE (uuKKep-d3ddexTa, OOMbIION pacxoa 3JEKTPOAOB B pe-
3yJbTaTe CHJIBHOTO OKHUCJICHHS TOBEPXHOCTH, OOYCIOBIEHHOTO HEPAaBHOMEPHBIM
pacrnpeiesieHueM MePEMEHHOI0 TOKa 10 CEYEHUIO AJIEKTPO/1a, OOJIBIION IIyM MPHU He-
YCTOMYMBOM TOPEHUU YT HA XOJOTHOM IMUXTE MOOYIUIN K MCTIOIB30BAHMS B JJICK-
Tpoleyax MOCTOSHHOI'O TOKa. B BocbMuIecATbie TOJbI ObUIM MOCTPOEHBI TYTOBbHIE
NeYH MOCTOSTHHOTO TOKa BMECTUMOCTHIO 10 160T.

Ha meyax mocTtosiHHOTO TOKa ypoBeHb Iryma cHuzmics Ha 10...15ab, 6s11 goc-
TUTHYT pexkopano Huskuid (1,3...1,8kr/T) pacxos 37aeKTPOIOB, CHU3UIOCH OTpPHUIIA-
TeJIbHOE BO3/CHCTBUE AIIEKTPOIEUYE Ha MUTAIOIINE CETH.

OpHako mpy 3TOM BBISIBIIIMCH 00OJie€ BBICOKHE 3aTPAaThl HA CTPOUTEILCTBO TEUEH
MOCTOSIHHOTO TOKa, BO3HUKIIU 3aTPYJHEHUS C TIOJIBOJIOM TOKA K METANIMYECKON BaH-
HE Yepe3 MOJAO0BBIN JIEKTPOJ, YCIOKHIIOCh. M XOTs 3HauMTeNbHAS 9acTh 3aTPyIHE-
HUW MPU WCTIOIB30BAHUH TI€YEH MOCTOSTHHOTO TOKA K HACTOSIIIEMY BPEMEHU MPE0JI0-
JIeHa, OJHO3HAYHOIO 3aKJIIOYEHUS] O MPEUMYIIECTBAX MCIOIb30BaHUS MEPEMEHHOTO
WJIM TIOCTOSTHHOTO TOKA TIOKa HET.

Ilo ucnonvzosanuro oxaaxcoenus IeYN MOTYT UCTIOJTHATHCS C BOAOOXJIAXKIAEMbI-
MU MaHeJIIMU CTE€H W CBOJA WJIM UMETh OTHEYNopHYyIo (yTepoBky. Kak yxe oTmeya-
JI0Ch, IPUMEHEHHUE OXJIAXKTAEMbBIX TTaHeJel ObT0 00YCIIOBIICHO YBEIMYCHUEM TEILIO-
BOM HArpy3ku Ha CTEHbI U CBOJ IIPU MCHOJIb30BAHUM UCTOYHUKOB IMUTAHUS TIE€UEH C
BBICOKOU yA€IbHONW MOIIHOCTHIO. Mcronbp30BaHrne BOAOOXJIAXKIAEMBIX CTEHOBBIX Ta-
HeJiel mpu paboTe MO KIACCHYECKOW TEXHOJOTHUH YBEIMYHBAET PACXO AJIEKTPO-
sHepruu Ha 2...4%,a BomooXJaxaaeMblx CBOJOB — aaxke Ha 8...12%.IlosTomy ux
MpUMEHEHNE OMPaBIAaHO B TEX CIIy4asx, KOT/a KUJIKHUI TEPHOJ] COKpaIIaeTcs 10 MU-
HAMYyMa, a 3TO 03HAYaeT, YTO BOJOOXJIaK/IaeMble CTEHBI U CBOJI IeJIeCO00pa3HO HC-
M0JIb30BaTh MPHU BHIIUIABKE B ME€YU MOJYNPOAYKTa C JOBOJKOW €ro B arperarax BHe-
neyHoi 00paboTku. [103TOMY BOIOOXJIaKTa€MBIMHU 3JIEMEHTAMU O0OPYAYIOT BCE Tie-
Yy OOJIBIION BMECTHUMOCTH, a TaKXKe€ 3HAYUTENbHYIO YacTh Me4ei cpelHel BMeCTH-
MocTH. Ha neuax manoil BMECTUMOCTH, pabOTaIOIIKX 0 KJIACCUYECKOW TEXHOJIOTHUH,



11€J1€CO00Pa3HOCTh HCIOIb30BaHMs BOJOOXJIAKIAEMBIX TMaHENel BBI3BIBAET COMHE-
HUS, XOTs pa3paboTaHbl BAPHAHTHI M TAKUX TeUel C BOJIOOXJIAXKTAEMbIMHU MTAHESIMHU.

Kpome npuBeaéHHON KiIacCH(pUKALMKM TyrOBbIE MEYH Pa3IMyaloT MO CHOCO0Y
BBIITYCKAa CTAJIA C BBITYCKOM IO KeJ00y (OOBIYHBIA MM CH(OHHBIA) U C JIOHHBIM
CTaJICBBIITYCKHBIM OTBEPCTHEM (LICHTPAIBHBIM, SKCIEHTPUYHBIM WIH SPKEPHBIM), TIO
croco0y MOJBECKH CBOJA MOPTAIbHOM WM OecrnopTaibHOM KOHCTpYKIMU. Paznuya-
IOT TAKXKE JBYXKOPITYCHBIE M€YH, €YU C pa3/IeIEHHBIM IIJIaBUIbHBIM U MIEYHBIM IPO-
CTPAHCTBOM, C MTOJIOTPEBOM JIOMa TEIJIOM OTXOSIIUX ra30B (C IMIaXTHBIM MOI0TPEeBa-
TEJIeM, TOPU30HTAIBLHBIM KOHBEWEPOM, MOPIIMOHHOMN 3arpy3Kol U Jpyrue), ¢ 3aJIB-
KO KUAKOTO YyI'yHa, IPEAHA3HAYEHHbIE JUIsl IUIABJIEHUS METAJUIM30BAHHBIX OKAThI-
1I€H, JIETKOBECHOIO JIOMa W ApPYTHE.

OOmume cBeeHus O AyTOBOM paspsiie

Tpanchopmanus 3JICKTPUYECKON SHEPTHH B TEIIOBYIO B JIYTOBBIX Ie4ax — HE
TOJIbKO OOBIYHBIX CTAJCIIaBHIIBHBIX, HO M B BaKyyMHO-IYTOBBIX W IUIa3MECHHO-
IYTOBBIX MPOUCXOTUT B Pa3psAHOM MPOMEKYTKE MEXKIY TOPIIOM AJIEKTPOJaa H IIOo-
BEPXHOCTBIO MeTaJlIa. DJICKTPHUSCKAs IS Ha TOM yYacTKE 3aMBIKAETCs JTyTOBBIM
paspsaoM. [[yroBoii pa3ps — ojlHa U3 BO3MOXHBIX OpM paspsiaa B razax. B oObru-
HOM COCTOSIHMH Ta3 COCTOUT W3 AJICKTPOHEUTPATBHBIX YAaCTUI[ U TOK HE MPOBOJIUT.
OH mpuoOpeTaeT NMPOBOJAUMOCTH, KOTJIa TIOMHUMO SJICKTPOHEHTPATLHBIX aTOMOB H
MOJIEKYJI B HEM TMOSBISIOTCS 3apsHKEHHBIC YaCTHIIBI — CBOOOIHBIC JICKTPOHBI U HO-
HBI. B 3aBHCHUMOCTH OT MPUYHH, BHI3BIBAIOIINX UX MOSBICHUE, pa3ps/Ibl B Ta3ax MOJ-
pa3IeIAIOT Ha HECAMOCTOSITEIILHBIC U CaMOCTOSTebHbIe. HecamocTosITeTbHBIMU Ha-
3BIBAIOT paspsbl, I MOAACPKAHUS KOTOPBIX Ha Ta30BBIH MPOMEKYTOK TpeOyeTcs
BO3/ICHCTBUE BHENTHUX HOHU3ATOPOB, HAIIPUMEP PEHTIEHOBCKOTO M3TydeHUs. Pa3ps-
JIbI, CYIIIECTBOBAHKUE KOTOPHIX HE 00YCIIOBJICHO BHEITHUMHU HOHU3ATOPAMH, SBIISTFOTCS
CaMOCTOSITENIbHBIMH. JlyrOBOW pa3psii OTHOCUTCS K YHCITY CaMOCTOSITENIbHBIX pa3psi-
JI0B, XapaKTepPU3yeTcsi BBICOKOH miotHocTbio Toka (10F...10° A/mMM®) u Bo3MoOsKeH
TOJIBKO TIPH OTIPEICIEHHBIX JaBJICHUSAX ra3a.

Jlsis BO30YX)ACHHUSI AYTH KOHIBI AJIEKTPOJIOB, K KOTOPHIM MPHIIOKEHO HaIpsiKe-
HUE, CHavajia MPUBOJISAT B COMPUKOCHOBEHHE, a 3aTEM Pa3BOAST HAa HEKOTOPOE pac-
crosiHue. [Ipu pa3BegeHHH HJIEKTPOIOB B TOYKAX KOHTAKTa YBEIUYMBACTCSI COMPO-
TUBJICHUE U PACTET KOJMYECTBO BBIACISIFOIIETOCS Ha OTOM YYacTKe JKOYyJieBa Teruia,
MOBBIIIACTCS TEMITEPATypa KOHIIOB 3JIEKTPOIOB.

[ToBbIlIeHNE TEMIEpaTyphl CBSI3aHO C YBEIWYCHHEM KHHETHUECKOW HSHEPrUH
JBYOKYIIUXCS YacTHI] HarpeBaeMoro Tejia. B marepuaiie 3J€KTpOAOB HAMOOJBIICH
MOJIBIDKHOCTBIO 00JIaJJaeT CBOOOTHBIC JIEKTPOHBI. [Ipr BBHICOKHX TeMmIeparypax Ku-
HETHUYECKast SHEPTHUS AIEKTPOHOB JOCTUTACT TAKMX 3HAYCHHH, TPH KOTOPHIX YACTh X
MOJKET MPEOI0JIETh MOTECHITUAIBHBIN YHEPTeTUUECKUN Oapbep Y MOBEPXHOCTH H IIO-
KUHYTh JJIEKTPOJ. SIBICHHME MCIYCKAaHUS 3JIEKTPOHOB HATPETHIM TEJIOM HA3bIBACTCS
TEPMODJIEKTPOHHON SMUCCHUEM.



[TokuHyTh MaTepual MEKTPOAa JIEKTPOH MOXKET JIUIIb B TOM CJIy4yae, €Clu €ro
KHHETHYECKasi SHEPTUs MPeBbIlaeT paboTy BbIX0/a, T.€. eclid MV = U, Tae M u
€ — COOTBETCTBEHHO Macca H 3apsil SJIEKTPOHA; V' — IPOEKIHsI €r0 CKOPOCTH Ha HOP-
MaJlb K TOBEPXHOCTH 3JEKTpoa; Uy, — HalpsiKEHUE 3JIEKTPUUECKOTO OIS, MPU KO-
TOPOM BJIEKTPOH MOKET MOKUHYTh MaTepUall 31EKTPOa B BAKYyME.

Pa6ota BBIXO/]1a AIEKTPOHOB u3Mepsiercs B AIEKTPOH-BOJIBTAX
(15B = 1,6 10™JIx). [;11 HEKOTOPBIX MaTepUaIOB OHA paBHa!

Mg Al V. Mo Fe C W
3,36 3,74 3,80 4,27 4,36 4,39 4,50

3aBUCUMOCTh INIOTHOCTHA TOKA SMUCCHHU OT TEMIIEPATYPHI 3JIEKTPOAA ONKCHIBACT-
csi popmyioit J[primvena & = AT rne & — nnoTtHOCTH TOKA SMHCCHH, AlcM?:
T — TemmepaTypa; € — OCHOBaHHE HaTypaibHOro jorapudma; A u B — nocrosiHuble,
3aBUCSLIME OT CBOMCTB MaTepHalia 3J1eKTpo10B. U3 npuBeneHHONU GOpMyIIbI ClenyerT,
YTO C MOBBIIIEHUEM TEMIIEPATypPbl TOK SMHUCCUU YBEJIMYUBAETCI O4eHb ObIcTpo. Ha-
npuMep, MOBBIIIEHUE TeMIlepatypbl BoibppamoBoro katogaa ¢ 150010 3500K mpu-
BOJMT K YBEJIMYEHUIO INIOTHOCTU TOKa aMuccuu dosiee yuem B 10pas.

[TokuHyTh MaTepuan Karoja CBOOOJHBIE AJIEKTPOHBI MOTYT TaK)Ke B PE3yJIbTaTe
AMUCCHUU 3IEKTPOHOB MOJ JEHCTBUEM SJIEKTPUUECKOTO MMOJIsl, Ha3bIBAEMOU 3JIEKTPO-
CTAaTUYECKOW WM XOJOJHOU d3Muccuen. [NIOTHOCTh TOKA 3IEKTPOCTATUUECKOU dIMUC-
CHUU MOXKHO OTIPeNeNuTh Mo GopMyIie, aHaToTuIHOu dopmyse [[pmmena ais Tepmo-
DJIEKTPOHHOU AMHCCUU: O = aF% ™ rne E — HaIPsSKEHHOCTh NOJISI Y TOBEPXHOCTH
KaTojaa, au b —mocrosHHBIE, 3aBUCSIIHME OT YCIOBHM dMuUccHu. Eciiu B 00JiacTu Ka-
TOJAa OJHOBPEMEHHO CYILECTBYIOT 00a (pakTopa — BbICOKasi TeMIEpaTypa U BhICOKas
HaIpPsHKEHHOCTH TOJIsA, TO HA KaTojae HabmomaroTcs 00a Buaa sMmuccur. [LIOTHOCTH
TOKa B 9TOM CJIy4ae MOXKHO OTNPEACIUTD 10 hopmyIie

& = A(T +cE)*exp[-b/(T+cE)].

B snekTponedax ogHUM U3 3JEKTPOJOB 3HAUUTENBHOE BPEMS SIBJISIETCS PacIljiaB-
JIEHHBI METaJlI, IO3TOMY TEMIIEPATypa MEUYHBIX AIEKTPOJOB BCETJla OYEHb BHICOKA U
MPOIECC TEPMOIJIEKTPOHHOW 3MUCCHUU BCETJa SIBHO BBIPAXKEH. DJIEKTPOCTATUYECKAs
AMUCCHUS HAOMIOAAETCs MPU HANPSHKEHHOCTH 3JIEKTPUUYECKOTO TMOJISL Y KaTo1a Topsi/I-
koM 1 MB/cm. [Inst mocTHKEeHUsT TaKOW HANPSHKEHHOCTH B HETIOCPEICTBEHHOW OJu-
30CTU OT KaToJa HEOOXOJMMO OOECHEYUTh BBICOKYIO KOHIIEHTPALMIO MOJIOKUTEIb-
HBIX 3apsAJI0B, UYTO BO3MOXHO, HAIPUMEP, MPHU OOJIBIION MIIOTHOCTHU rasa.

[Tpu OOBIYHBIX YCTOBUSAX B AYTOBBIX JEKTPOIECUAX IICKTPOCTATHICCKAS SMUCCHUS
UTPAET MOAYMHEHHYIO pOoJib. OCHOBHASI Macca MEPBUYHBIX 3JIEKTPOHOB MOSIBIIAECTCS B
pe3yJbTare TEePMOSJIEKTPOHHOW SMHUCCUU. B CBSI3UM C 3TUM BJIEKTPUUYECKYIO YTy B
MJIABWJIBHBIX ME€YaX MOXHO XapaKTEPU30BaTh KaK TEPMOIJICKTPOHHYIO, a JIJIsi OIpe-
JIEJICHHOW TUIOTHOCTH TOKa YMHUCCHUH B MEPBOM MPUOIMKEHUU TI0JIb30BaThCsl PopMy-
sou JIpmMena.

Cuiia ToKa B Jiyrax COBPEMEHHBIX 3JIEKTPOIEeUe M3MepsieTcs AECATKAaMU ThICSY
amrnep. s mepeHoca Takoro KOJIM4ecTBa 3apsoB TPEOYyeTCsi OrpOMHOE KOJIMYECTBO
3apsOKEHHBIX YaCTHUIl, KOTOPOE HE MOXET OBITh 00ECIEYeHO HH TEPMOAJICKTPOHHOM,
HU JIEKTpOCTaTUYeCKOM smuccuert. OCHOBHAsI Macca 3apsyKeHHBIX YacTull, odecre-
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YUBAIONIMX MPOTEKaHUE TOKa B Jyre, o0Opa3yercs B pe3ysbTaTeé MOHMU3AIMH Ta30BOM
cpensl.

OIEeKTPOHBI, SMUTUPOBAHHBIE KaTOJOM, B 3JIEKTPUYECKOM II0JIE€ MOIY4arT yCKO-
peHHoe ABWxkeHue K aHoxay. I[lpoiins yckopstonryro pa3HocTh noreHuuanoB AU,
AIIEKTPOH MPUOOPETAET CKOPOCTH V, KM/C:

v=593VAU .

Ha mytn x aHOAY 27EKTPOHBI BCTPEYAIOTCS € ANEKTPOHEUTPAIbHBIMU MOJIEKYJIa-
MU U aToOMaMmH. Eciim KMHeTH4YecKas SHEprus JBHKYILEroCs 3JIEKTPOHA Maja, TO OH
MOJKET OBITh 3aXBAaYE€H aTOMaMH 3JEKTPOOTPULIATENBHBIX 3JEMEHTOB ¢ 00pa30BaHU-
€M OTPHULATENbHBIX HOHOB, IIPX 3TOM KOJIMYECTBO 3apSHKEHHBIX YACTUL HE U3MEHUT-
cs1. JIBrKymuiicsa ¢ 00bIION CKOPOCTBIO ANEKTPOH IPU BCTPEUE C aTOMaMU WM MO-
JIeKyJIaMHd MOXET COOOILIUTh UM TaKOW HMMITYJIbC SHEPTUHU, KOTOPBIM BBI3OBET Mepe-
MEIICHHE 3JIEKTPOHOB B YAaCTHUIIE HA 00Jiee BBICOKME YHEPTreTHUECKUE YPOBHU WM 3a-
CTaBUT OJWH WJIM HECKOJIBKO BHEIIHUX JJIEKTPOHOB NOKMHYTH 4acTuULy. B mocnen-
HEM CJIydae MOSIBIISIFOTCSI HOBbIE CBOOOIHBIE ANEKTPOHBI U MOJOKUTEIbHBII HOH.

JUia ypaneHus: 31eKTpoHa U3 HEMTPaJbHOW YacTHUIbI HEOOXOIMMO, YTOObI Hepe-
JaBacMbIi €i AIEKTPOHOM HMITYJIbC SHEPTrUu ObUT OoJblle pabOThl MOHU3AILNH, T.€.
paboThl, 3aTpaunBaeMoOil Ha MPEOJOJICHUE CHJI MPUTHKEHUS MEXKIY JIECKTPOHOM H
saapoM. PaboTta nonuzaiuu

A= Uy,

BenmnunHa nNOTEHIMAlIa HMOHU3ALMM OINPEACISACTCS JHEPreTUYECKUM YpPOBHEM
«BBIPHIBAEMOT0» 3JIeKTpoHA. B Tabn.1l nmpuBeneHbl MUHUMAaNbHbIE 3HAUEHUS MMOTEH-
[Maja MOHU3ALMK HEKOTOPBIX a30B U NApOB OTAEJBHBIX 3JEMEHTOB. DTH JaHHBIE
CBHUJIETEJILCTBYIOT O TOM, YTO NOTEHUIMAI HOHU3ALMU U3MEHSAETCS B COOTBETCTBHUU C
[leprognueckum 3aK0OHOM 3yieMeHTOB. Hanbosee 1erko HOHU3UPYIOTCS Maphl TSKe-
JIBIX LIEJIOYHBIX METAILIOB, TPYAHEE BCErO — JIEFKUE NHEPTHBIE ra3bl.

Jlig ynaneHus: BTOPOro 3JEKTPOHA y OJAHOKPATHO 3apsHKEHHOTO MOHa TpedyeTcs
oueHb OoJIblIas 3aTpaTa SHEPruu. Tak, yToObl OTOPBATh CaMblii BHEITHHM 3JIEKTPOH,
HampuMep OT aroma JINTUS, HY’KHO 3aTpaTuth 5,393B. DHeprus cBs3u ¢ 4IpoM IBYX
CIIEYIONTUX DJIEKTPOHOB cocTaBisier /5,6 u 122,45B cooTBeTcTBEeHHO. Y aTOMOB
AJIEMEHTOB, IPUCYTCTBYIOLUX B IEYHOU yre, 3Ta 3Heprus emeé oosnpuie. [lostomy B
NEYHOU Jyre MPOUCXOINT, KaK IIPABUIIO, JIMIIb OAHOKPATHASI HOHU3ALUS.

3HAYUTENBHO MEHBIIEH 3aTpaThl SHEPTUU TPEOYET MepeMeIIeHre IEKTPOHOB Ha
0oJiee BBICOKHME DHEpreTuyeckue ypoBHH. [103TOMy npu CTOJKHOBEHUU YacTul bosee
BEPOATHO HE yJaJeHHE 3JIEKTPOHOB, a MEePeXo] UX Ha Apyrue OpOUTHI, T.€. BO30OYXK-
JeHre HeHTpaibHbIX YacTull. Eciau Bo30OyxaeHue OyaeT JOCTaTOUYHO YCTONYHMBBIM, a
CTOJIKHOBEHHS JIOCTAaTOYHO YaCThIMM, TO CJIEAYIOUIEe COyJIapeHHe BO30YKIECHHOU
YaCTULBI C AJIEKTPOHOM MOXKET IPUBECTH €€ B MOHU3UPOBAHHOE COCTOSIHUE IIpU
MEHBIIEN 3aTpaTe dHEPIUU. B 1yroBoM paspszie takas CTyleH4arass HOHU3aLns uMe-
€T 0YEHb OO0JIBIIIOE 3HAYECHHUE.

OOpa3zoBaBLIMECS B PE3YJIbTATE HOHU3ALUU BTOPUYHBIE JJIEKTPOHBI U HOHBI MOTYT
B CBOIO 0Y€peNb MOHU3UPOBATh HEUTPAIBHBIE YACTUIIBI, €CJIM K MOMEHTY BCTPEUU C
HUMU TPUOOPETYT AOCTATOYHBIN 3a1lac KUHETUYECKOU YHEPTHH.
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Tabmuma 1

MuHuMajabHbIE IIOTCHIMAaJIbl MOHU3allu1 1 B036Y)KI[CHI/I$I HCKOTOPBIX 3JICMCHTOB

OnemeHT | I'pynna B nepuoguye- | Homep | Atomuas | Haumenbiuii noTeHmnuann,
CKOU CHCTEME JJIEMEHTA | Macca B
MOHM3AINH | BO3OYKICHUS
Cs 1 95 132,9 3,89 1,4
K 1 19 39,1 4,34 1,6
Na 1 11 22,9 5,14 2,1
Li 1 3 6,9 5,39 1,8
Ca 2 20 40,0 6,11 —
Mg 2 12 24,3 7,61 2,7
Al 3 13 26,9 5,98 -
Zr 4 40 91,2 6,92 -
Ti 4 22 47,9 6,81 -
Si 4 14 28,1 7,94 -
C 4 6 12,0 11,26 —
V S 23 50,9 6,75 —
Mo 6 42 95,9 7,35 -
Cr 6 24 52,0 6,74 -
Mn / 25 54,9 7,50 -
Fe 8 26 55,8 7,83 —
H 1 1 1,0 13,59 10,2
H, — - - 15,40 7,0
N o) 7 14,0 14,53 6,3
N, - - - 15,80 -
©) 6 8 16,0 13,61 7,9
O, - - - 12,50 -
Kr 0 36 83,8 14,0 10,0
Ar 0 18 39,9 15,76 -
Ne 0 10 20,2 21,56 16,6
He 0 2 4,0 24,58 19,7

IIpu oquHakoBO BenmuunHe 3apsiaa Macca noHa He MeHee yeM B 2000pa3 Gosbiie
MacChl JIEKTPOHA, MIOATOMY JI0 CTOJIKHOBEHHUS MOHBI YCTIIEBAIOT MPUOOPECTH B DIICK-
TPUYECKOM TI0JI€ 3HAYMTEIBHO MEHBIIE KUHETHYECKON SHEPTHH, M UX y4acTUE B
MpOoIIeCcCce MOHMU3AIMU HeBeTUKO. OCHOBHYIO pabOTy IO HOHHU3AITUHU BHITIOJHSIOT IMU-
TUPOBAHHBIE 3JIEKTPOHBI HETIOCPEACTBEHHO W 4Yepe3 0Opa30BaHHBICE UM BTOPHYHBIE
CBOOO/THBIE DJICKTPOHBI.

[TapanensHO ¢ WMOHM3AIMEN B TA30BOM MPOMEXKYTKE WUIET ACHMOHMU3AIUSI B pe-
3yJlbTaTe PeKOMOWHAINH, T.€. HEHTpaTU3allii MPOTHBOIIOIOKHBIX 3apsI0B YACTHII
IpU UX CTOJKHOBEHHH. PeKOMOWHAINS MOXKET MPOUCXOIUTH JTNOO MEXAY AJIEKTPO-
HaMU ¥ TIOJIO)KUTEIILHBIMA MOHAMH, JTUOO MEXIYy MOHAMHU C pa3sHOMMEHHBIMH 3apsi-
namu. [Ipu pekoMOMHAIIMK 3TIEKTPOHA U MOHA BBIICIISETCS SHEPTHUS, paBHAs YHEPTHH
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WOHM3anuu. Tak Kak B pe3y/bTaTe WX CTOJIKHOBEHHUS CKOPOCTh 0Opa3oBaBIIUIICS
HEHTPAIIbHOW YaCTHUIIBl TPAKTUYECKH pPaBHA CKOPOCTH HOHA, TO BBIICIISIOMIASICS
DHEPrus MpeBpalacTcss B YHEPTUIO M3IIYYCHUs, JUTMHA BOJHBI KOTOPOTO COOTBETCT-
BYET BEJINYUHE 3TOU dHEPruu, 3B

A,=eU, =1 = hch,
rze V —4acToTa U3Ny4eHus, A — JJIMHA BOJHBI U3ITyYSHHSI; C — CKOPOCTh CBETA;
h —nocrosianas [Tnanka.

Brigenstomasics npu peKOMOWHAIIMM YaCTHUI[ SHEPTUS MOXKET BBI3BIBATH TaKKE
U3MEHEHHE X KUHETUYECKON SHEpPIHH, T.€. OWTU HA YBEIMYCHHE TEMIIEPaTyphI Ta-
3a. O0a Bu1a peKOMOMHAITMH OBICTPO Pa3BUBAIOTCS MPHU TOHWKEHUH TEMITEPATYPHI.

JlenoHu3anus ra3a MOXKET MPOUCXOAUTh U B pe3yibTare AUPPY3UH 3apsKEHHBIX
qacTuIl U3 00bEMa ayroBoro paspsna. Juddysus 3a rpanuisl pa3psgHoro o0bEma
BBI3BIBACTCS TETIOBBIM JBM)KCHHUEM HIIM MOSBICHHEM HEPaBHOMEPHOCTEH pacmpee-
JeHus 3apsaoB. Tak Kak OOJBIICH MMOJBHKHOCTBIO OOJIATAIOT AJIEKTPOHBI, TO OHH
Yaie BBIXOIAT 33 TPaHUIBI Myrd. Ho mpu 3TOM OHM YBIEKAIOT 32 COOOH IMOJIOKU-
TeNbHBIE MOHBI, U U3 00bEMa AYTM YXOIAT OJHOBPEMEHHO 3apsabl 00OMX 3HAKOB.
[TosTOMYy B yCTaHOBUBIIUXCS YCIOBUSIX MPOIECCHI HOHU3AIMH U ICMOHU3ALUU ypaB-
HOBEIIMBAIOTCS, ¥ MPH JAHHOW TEMIIEpaType KOJIUYECTBO CBOOOIHBIX 3JIEKTPOHOB,
MOHOB U HEUTPAIbHBIX YaCTHII B Pa3psITHOM IPOMEKYTKE SIBISTFOTCS BITOJIHE OTIpeie-
JICHHBIM.

2. MATEPUAJIBHBIN BAJIAHC IITABKHU CTAJIA
B AYT'OBbIX CTAJIEIIVTABHJIBHBIX ITIEYAX

Kak Oputo ommcaHo BBINIE, COBpEMEHHAs IyroBas CTajeIUIaBUIIbHAS TI€Yb
(ACII) ucnonp3yercsi MPEUMYIIECTBEHHO JIsi PACIUIABIICHHS IIMXTHl U ITOJYYCHUS
KHMJIKOTO TOJIYIIPOIYKTa, KOTOPBIN 3aTeM JOBOJAAT A0 Tpebyemoro cocraBa (B cOOT-
BETCTBHH C TPEOOBAHMSIMH K MapKe CTaJIM) B arperarax BHEIEYHOH 00paboTKH.

Jl7is pacyeToB MpUHUMAeETCs, 4To Bech mpoiiecc miaBku B JICII ycnoBHO nenut-
Csl Ha J[Ba dTara — MEPHOJ IJIaBJICHUs, KOT/Ia B BaHHE €CTh TBEpJas HE paclLIaBUB-
mIasicsi MUXTa, U OKUCIUTEIBHBIA TIEPHO, BO BPEMsSI KOTOPOTO KUIKUANA METaJI WH-
TEHCUBHO TPOAYBaeTCs ra3000pa3HbIM KUCIOPOooM. [IpruHUMaeTCs, 4TO MepBHIi Tie-
puon mmtcs 1/3,a Bropoit — 2/30THOCUTEIIBHO BCETO BpEMEHH TUIaBKH. Takoe jerre-
HHUE TTO3BOJISICT BBIACIUTH MPeo0IaIarolre Mporecchl, MpOTeKaIoIie B MIeYn U 1aTh
UX pa3/ie’IbHOE OMUCAHNE.

Tak, Hapsay ¢ 3amadeil pacriaBIeHUS IMUXTHl B TIEPHOJ TUIABICHHS PEIIAIOT B
ompenerneHHon Mepe U 3amady aedocdopanuu CTaad CTENeHh KOTOPOUW BBINIE TPH
OTHOCHTEIILHO HU3KOH TeMrepaType XHIKOW cTand. J1Jig 5Toro B 3aBajKy BBOMIST HU3-
BeCTh. [Ipu HEOOXOMMMOCTH YCKOPHUTH €€ pacTBOPEHHUE, a TaKXke s 0ojiee WHTCH-
CHBHOTO OKHCJIEHUs Gocdopa, B IeUb MOTYT BBOJAUTH KeJIE3HYIO pyay. KommdecTBo
100aBOK PACCUUTHIBACTCSI TAKUM 00pa3oM, YTOOBI K KOHITY TIJIaBJICHUS KMETh OCHOB-
HocTh nutaka (%0Ca0/%Si0O) ne menee 1,7, a comepxkanne FEOB Hem B mpenenax
10...20 %.
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Jlns mpenynpexaeHus B nanbHeimem pedocdopaiun (oOpatHOoro mepexoza
dochopa U3 nUTaKa B METAIUT MPH MOBBIIICHUN TEMIIEPATYPhI) 00pa3yIOMIUNACS MUK
ynansercss uepe3 pabodee OKHO OO caMoTekoM (B pe3yibTare BCICHHBAHUS U
MoJbeMa YPOBHS IUIaKa O pabodero okHa), MO0 YaCTUYHO CKAYMBACTCS B KOHIIE
NepuoJa IJIABJIICHUS BPYUYHYIO WJIM CHEHUAIBHBIM YCTPOMCTBOM. YacTh nuiaka mpu
3TOM MOXET OCTaThCs B MeUd. B pacderax MPHHMMAETCS, 4TO M3 MEUM YAATHTCA /3
[IUIaKa [epruoja MIaBiICHUS.

s MHTeHCU(HUKAIMN MAacCco- M TEIJIONEepeHOca B CTaJCIUIaBUJILHOM BaHHE,
CHOCOOCTBYIOLIEH HOPMalIbHOMY pa3BUTHIO B HeW (Qusmueckux u (pusmko-
XUMHUYECKUX MPOIECCOB, HEOOXOIUMO 00ECIeYUTh BO3MOKHOCTh OKHUCIICHUS HE Me-
uee 0,3...0,5%yrnepona. Jlns ympoiieHust pacueToB MPUHUMAETCS, YTO 3TO OKHCIIE-
HUE€ IPOUCXOIUT TOJBKO B OKHUCIIUTENBbHBIA NEPUO. 3aa4aMu 3TOr0 Iepruoa siBisi-
I0TCS TaK)Ke€ YacTH4YHas Jecylbdypanns MeTaia 1 HarpeB Meramia Jo TpeOdyeMoil
JUISl BBIIIYCKAa TeMIEpaTypbl. B OKHCIHUTENbHBIN MEPUO MPOAOIKAETCA KOPPEKIUs
[UIaKa MPUCAIKAMU U3BECTH (711 YCKOPEHHsSI PACIIIABICHUS MOXKET MPUCAKUBATHCS
IUTABUKOBBIN IITIAT | JKeJe3Has pyaa). BaHHy ¢ )KHIKMM MeTalIoM HHTEHCHUBHO TIPO-
IyBAIOT KUCIOPOIOM.

[Ipn cOBpEeMEHHOI TEXHOJOTMU BBIIIABKM CTaJIM MOCJIE OKHCIUTEIBHOTO Iie-
pHO/ia 3aKaHYMBAETCS U BCA M1aBka. OKOHYATENbHYIO JIeCylbypalinio, J0BOJIKY Me-
Tajia 10 TpedyeMoro XMMHYECKOT0 COCTaBa, PaCKUCICHHE, KOPPEKILIMIO TeMIlepary-
pBI METallJIa ¥ €€ BhIpaBHUBAHUE 0 BCEMY 00BbEMY METajula B KOBILIE MPOU3BOJIAT B
npoLecce BHEMEUHOM 00paboTKK MeTaa.

Ecnu TexHoMmoTHEH BHITUTABKY BHETMIEUHAs: 00paboTKa CTany HE MPeayCMOTpPEHa,
TO CTallb PACKUCIISIIOT B KOBIIIE HA BBIMYCKe W3 neuu. [Ipu 3ToM cTanib A0JKHA OBITH
MOATOTOBJIEHA K pasnuBke HenocpencTBeHHO B JICII, 4yTo 3HAYMTENBHO YIIMHSET
IUTAaBKY M yXyamaeT 3QPeKTUBHOCTh UCIONIb30BAHUS [1€YH, HO TTO3BOJISIET OOOUTHUCH
0e3 arperatoB AJisi BHENEYHON 00paOoTKu cTtanu. Takas TEXHOJOTHUS elle NMPUMEHs-
€TCS B CTapbIX L€XaX JJIs BHIIIABKU PSAJOBBIX MAapOK CTaJIH.

B kxadectBe mpuMmepa paccMOTPUM TEXHOJOTHIO BbluiaBku ctanu 20X B gyro-
BOM Ieuu ¢ mocienyriie oopaboTkol B KoBie-nieun. J{oBoJka cTajau B KOBIIE-
e4Yr 0CBOOOXKIAET OT HEOOXOUMOCTH JKECTKO KOHTPOJIMPOBATH COIEPKAHUE CEPHI B
Metasuie 1o xoxy miaasku B J{CII.

HcxonHbIMU AaHHBIMU JJIsl pAcUETOB SIBJSIOTCS TPEOOBaHUS K JAHHOW Mapke
ctanu. Cocras cranu 20X cornmacHo ['OCT 4543—7 InpuseneH B Tabi. 2.

Tabmnuma 2
XUMUYECKUH COCTaB JIETUPOBAHHOM MamuHocTpouTenbHou ctanu 20X, mac. %
C Si Mn Cr P ue Oonee | S, ne Oonee
0,17...0,23, 0,17...0,37 0,50...0,80 0,70...1,00 0,035 0,03b
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[HIuxTOBKaA MJIaBKHU

Pacuer Benem Ha 100kr metamnomuxtel. CpeHee coep)kaHrue XpoMma B IINXTE
11 OOJBIIMHCTBA BBIILIABISIEMBIX MapOK CTaJIM HE OJKHO npesbimiath 1%. B npo-
TUBHOM CJIy4ae OOpa3yIoluecs COeNWHEHUS OKCHUIOB XpOMa CHUJIBHO MOHUXKAIOT
AKHUJIKOTEKY4eCTh LIUIaKa, YTO 3aTPYJHUT BEICHUE TUIABKH.

B kauecTBe MIMXTHI UCHOJIB3YEM COOCTBEHHBIE OTXOJbI XPOMUCTON cTanu 45X,
MUMEIOLINECS B 1IEXE, @ TAKKE OTXO/bl MHCTPYMEHTAIBHOM CTaJIN JUIsl IOBBIIIEHUS CO-
JepKaHUsl yriaepoia U MOHWKEHHs cofiepkanus xpoma. [Ipu 3Ttom yunTeiBaem HEOO-
XOJUMOCTh HaJH4us HU30BITOYHOTO KOJMYECTBA YIJIEPOJa AJIA €ro IMOCIEIYIOIIEeTo
okucnenus. Mcxonsa uz atoro, 3agaauM B muxty /0 kr orxomnoB cranu 45X u 30 kr
0TX0J10B yriaepoauctoil ctanu Y13. JlanHbie 0 (paKTHUUECKOM XHUMUYECKOM COCTaBe
UCIIOJIb3yEMBIX MaTEpUAJIOB IPUBEIECHBI B Ta0JI. 3.

Tabmuma 3
XHUMHUYECKHI COCTaB METAJNINYECKON YaCTH IMUXTHI, Macc. %
Martepuan C Si Mn Cr P S Fe
45X 0,50 0,35 0,60 0,8 0,03( 0,030 97,69
Y13 1,35 0,32 0,20 0,0 0,030 0,030 98,07

C y4eToM Macchl KOMIIOHEHTOB M MX XMMHYECKOTO COCTaBa OMPEASITUM MacCy
AJIEMEHTOB, BHOCUMBIX Ka)KJIBIM KOMIIOHEHTOM MIMXTHI, U MPEACTABUM PE3yIbTaThI
Tak)xe B Buje 1ao1. 4.

Ta0muna 4
Macca 371eMeHTOB, BHOCHMBIX IMTUXTOBBIMH MaTepHaiaMH, KT
Komnonenrt mmmxter | C Si Mn Cr P S Fe | Bcero
Otxonasr 45X 0,350] 0,245| 0,420| 0,560| 0,021 0,021 68,383 70,00
Otrxonsl Y13 0,405 0,096| 0,060| 0,000| 0,009| 0,009| 29,421| 30,00
Bcero 0,755/ 0,341| 0,480/ 0,560| 0,030| 0,030 97,804/| 100,00
Tabmuma 5
XHWMHYECKHI COCTaB MIJTaKOOOPa3yIONIUX U OTHEYIIOPHBIX MaTepranos, %
MaTepI/IaH CaCS|Oz MgO szOgAIzOg FeO;Cak| P S |mo.m.
[ImaBukoBeiii mmar | 0,51 3,6 — — 0,2 1,2 940 — — 0,2
H3BecThb 88,01,3| 2,0 — 0,8/ 1,2 - — — 6,]
Kenesnas _ 100 - ~ | - | 829 - |0,0140,013 —
pyaa
[Tepuxnas 1,01 3,0| 93,0 — 1,00 2,0 - — — —
Hepuinasoxpomnto- | 5 o\ 6 5 660 | 100 4,0 | 115 — | — | — | -
BBII
86,0— Yrnepon
[lepuknazo-yraepon | — | 0,2 950 — 05| 0,2 - 6.0-150|
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Kpome MeTaumyeckoi 4acTH IIUXTHI, B 3aBAJIKy CBEPXY J0OABISIOT M3BECTh. B
KauecTBE MpUMEpa MCIOJB3YeM H3BECTh, COCTaB KOTOPOH mpuBeAeH B Tabm. 5. J[ns
HaBEJICHHUS IJTaKa B 3aBaJIKy Ha 1 T MeTayuiomuxThl 00b1uHO 1aroT 15...30kr n3BecTwu.

[Li1aBka B COBPEMEHHOM AYTOBOM CTAJECILUIABUILHOW NEYU
Ilepuoo nnasnenus

B mepuon mutaBieHusi MPOMCXOAWT PACIUIABICHHE METAJUIONINXTHI, COMPOBOXK-
JAIoIIeecss OKUCICHUEM XUMHUUYECKUX AJIEMEHTOB, KOTOPhIE B BUE OKCHJIOB MEPEXO-
1T B nwiak. [IoMuMO MpoAYKTOB OKHCIICHUS MUIAK TIEPHOJIA TUIABJICHUS] 00pa3yeTcs
13 BHOCHMOH B 3aBaJIKy U3BECTH, JKEJIC3HOM Py/bl (€C/in ee JaBajid B 3aBAJIKY) U Ma-
Tepuana GyTepoBKH IMEYM, MOMaJaloNIero B UIaKk B pe3ysbTare paspyuieHus: gyre-
POBAHHOM YaCTH NEYMU.

[IpoyKThl OKMCTIEHUSI KOMIIOHEHTOB METAITMYECKOTO paciiaBa BHOCAT B IIIAK
CJEAYIONIEE KOJTUYECTBO OKCHUJIOB.

Kpemnuii. K okoHuaHHIO Meproja Bech kKpeMHuid okucisercs 10 Si0O,. Konnye-
ctBO okucnuBmerocs kpemuus 0,341-1 = 0,34%kr. Ha okucienne 3Toro KoJamuecTna
KpeMHUS oTpedyeTcs 0,34132/28 = 0,390xr kucnopona. [Ipu 3tom B nutak Oyzaer

srecero 0,341%%,6 = 0,731kr SiO,.

Mapeaney. Tlpumem, uyto B niepuop 1iasiaeHus 10 MnO oxucautcs 35 % ot
BHOCHUMOTO IIKUXTOM Mapranina, 1.e. 0,480-0,35 = 0,168r. Ha ero okucnenue norpe-
oyertcs 0,168?6/55 = 0,049 xr xkucnopoaa. Ilpu »TomM B muiak OyJaeT BHECEHO
0,168/ Y55 = = 0,217kr MnO.

Xpom. Ilpu COBpEMEHHON TEXHOJOTUU IIABKH XPOM OKHUCIISIETCS HE3HAUYUTENb-
HO. YYHTBIBasi OTHOCHTEIIBHO HEBBICOKOE COJIEpKaHUE XpOMa B IITUXTE MPUMEM, UTO
B niepuo riaBnenus 10 Cr,Oz okucauTcst 0kojo 5% OoT BHOCHMOTO MIUXTOW XpoMma,
T.e. 0,560-0,05 = 0,028r. Ha ero okucienue notpedyercs 0,028 /104 = 0,013kr

kuciopoaa. [Ipu 3ToM B mak OyJeT BHECEHO 0,028?52/ 104 = 0,041kr Cn0:s.

JKeneso. Tlpumem, uro B nepuoxa miaBieHus okuciautcs 0,4% oT BHOCHMOTO
MHUXTOH »keie3a, T.e. 97,804-0,004 = 0,3%9dr. M3 HUX HOI0BHHA OKHUCIUBIIETOCS
Kelle3a YHOCUTCS ¢ mbutbio B Buje F&0O;. Ha okucnenne 3Toro kommdecTsa xeesa
noTpedyeTcs O,391-O,§8/ 112 = 0,084 xr xucnopoma. Ilpm sTOM o0Opasyercs
0,391.0,5"% 160 = 0,137xr F&0s. B mnax 6yaer sreceno 0,391-0,57sg = 0,251xr
FeO.Ha ero o6pa3oBanue TpedyeTcs 0,391-0,51 -6/56 = 0,056kr xucmopona.

Docghop. Tlpumem, 9TO B TIEPHUO TUIABJICHUS B IUIAK U3 METaJlIa IEPEXOINT
30% dochopa B Buge P,Os. Oxucnaures 0,030-0,3 = 0,008r dpocdopa, Ha uro mo-
tpebyercst 0,009%%, = 0,012 kr kucmopoza. [Ipr 5TOM B muIAK OyAET BHECECHO
0,009**7g, = 0,021xr P,0s.

[TpuaMMaeM, 94TO B MEPHO/] TJIABJICHUS YTIIEPOJ] He OKHUCIISETCS, Cepa U3 METall-
Jla He ynajseTcs.
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Yudrewm, 4TO B 3aBaJIKy BMECTE C METAJUIOIINXTON BBOJMIM U3BECTh B KOJIUYECT-
Be 0K0JI0 2% oT Macchl 3aBaiki win 2 Kr Ha 100 kr mmxTel. C yueToM MoxydeHHs
HEOOXOIMMOW OCHOBHOCTH CKOppeKTHpyeM 3To 3HadeHue 1o 1,7 kr. C u3BecTbio
BHOCHTCS B IIUTAK, KT

CaO -0,880-1,7 = 1,496, $i©0,013:1,7 = 0,022,
MgO - 0,020-1,7 = 0,034, #AD);— 0,008-1,7 = 0,014,
FeO; —0,012-1,7 = 0,02@1m B nepecuere Ha FeO
0,020 155 %56 = 0,018.

BcenencrBue moteps NmMpu MPOKATMBAHWHM W3 W3BECTH yJIAIHTCA B aTMochepy
0,067-1,7 = 0,114r CO..

Bo Bpemst paGoThl meuu MPOUCXOAWT W3HOC (yTEPOBAHHOW YaCTH TOJWHBI U
CBOJIa, TIPOAYKTHl M3HOCAa B BUJE COOTBETCTBYIOIIUX OKCHIIOB MEPEXOIAT B IUIAK.
CocTaB U KOJMYECTBO OKCHUIOB, BHOCUMBIX (DYyTEPOBKOM, 3aBUCST OT MPUMEHSIEMBIX
OTHEYIIOPOB M KadecTBa Kiaaku medr. [Ipu ucrmonb30BaHuN MEPUKITA30XPOMHUTOBBIX
OTHEYIIOPOB B IEPHO/I TUIABJICHUS B IIJIAK TOCTYMAET JI0 S KI/T CTaJIA IMePUKIa30BOTO
nopoiika (MCIoab3yeMOro i moaBapku moaunsl) B Buae MgO u go 1,2...1,4kr/T
NPOAYKTOB paspylieHus GyTepoBKu. Eciiv meus uMeeT neprKiIa3oyriepoaucTyro Ha-
OMBHYIO MMOJUHY, BOJOOXJIAXKAAEMbIE CTEHBI M CBOJ], TO PACcXO MEPUKIA30yTIEPOIH-
CTBIX OrHEeynopoB npuHuMaetcst 0koj10 3 kr/t (i 0,3kr Ha 100K MeTaIOIUXThI).
[IpumeM, uTo moguHa HAOWBHAS, BBIMOJHEHA W3 TMEPUKIA30YTIECPOIUCTON MACCHI.
Tumbel 1 XUMUYECKUI COCTaB OTHEYTIOPOB CM. B COOTBETCTBYIOIIEH JINTEpATypE.

[To pe3ynbpTaraM BBITIOJIHEHHBIX PACUETOB OIPENESIEM COCTaB M KOJMYECTBO
IIJJaKa B KOHIIE Mepro/ia miaBieHus (Taout. 6). OTaenbHo cocTapiseM OagaHc MeTaia
3a 3T0T nepuoy (Tadut. 7). Eciu 1o TeXHOJIOTUH IJIaBKH B TI€Ub MPUCAKUBAIOTCS U JIPY-
rue 100aBku (kere3Has pynaa, QJIFOOPHT U T.I1.), TO HX TOXE HEOOXOAMMO YIHTHIBATH B
Tabm. 6.

Tabnuia 6

KomndecTBO M cocTaB IEYHOrO IIaKa InepuoJa 1mjiaBJICHUA

Uctounuk | SIO, CaO MnO| FeO | CpO;5 | Al,O4 MgO P.Os >

Mseects | 0,022 1.496| — | 0.018 — | 0.014] 0,034] — | 1,584
®yreposka | 0,004| — — — — — 0,276 - | 0,280
Hponyxret | g 901 19217 0.251| 0,041| - — | 00211261
OKUCIICHUA

Bcero, xr | 0,757| 1,496 | 0,217 0,269| 0,041| 0,014 0,310|0,021, 3,125
Bceero, % |24,22447,872|6,944| 8,608| 1,312| 0,448 9,920|0,672] 100

[Tpu cocraBnennn OanaHca MeTala YYT€M, UYTO B MPOLIECCE TIABKU MPOUCXO-
IUT HAyTJIEpOKUBAHHUE METallla B pe3yJbTaTe M3HOCA TPaQUTHUPOBAHHBIX 3JIEKTPO-
noB. Pacxox 21eKTpoioB Ha IJIaBKY B COBPEMEHHBIX Ievax cocramisieT 1,7...2,5kr/t
cramu. [Ipumem pacxox snextpoaoB 2 kr/t wim 0,2 kr Ha 100Kr mUXTH U yCBOEHHE
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yriepoaa BanHo# 75%. C y4eToM TOro, 4To IpPOJOJDKHUTEILHOCTh IIEPHOA IIIaBiie-
HUS cocTaBiisieT 2/3 o0IIero BpeMeH! IIaBKH, B METAJUT JTOTIOJHUTEIBLHO TepereT
0,2:0,75-2/3 = 0,10€r yrnepona u Beiaeautcs 0,2-0,25-28/12-2/3 = 0,0%8 CO. Ha
ato motpedyercs 0,2-0,25-2/3-16/12 = 0,044 O,.

OCHOBHOCTh ~ IIOJYYEHHOIO  IIaKa, BBIP@KEHHAs  4Yepe3  OTHOIICHHE
%CaO / %SiQ = 1,98.3T10 ymoBiaeTBOpseT TPEOOBAHUSIM K NUIAKY B TICPUOJ TIJIaB-
JICHUSL.

Ilepuoo oxucnenus

Cp33y IMOCJIC TTOSABJICHUS KUAKOI'O IIJIaKa €0 HAYMHAKOT BCIICHUBATD, U 110 MCPC
HAITOJTHCHHUS BAHHBI IICYH KUJAKHM MCTAJIOM YacCTh IJIaKa 4Cpce3 pa60qee OKHO Ca-

MOTCKOM ITIOKHMAACT pa60qee INPOCTPAHCTBO IICUMH. C HuM YAQIACTCA 3HAYUTCIIbHAA
qaCTb

Ta0muma 7
bananc cocraBimAOmMUX MeTauia 3a NEPUOJ MIIABICHUS
IToctynumno ITepemno Copnepxurcs B MeTAILIE
DJIeMeHT o
C IIUXTOHN B IIIJIAK KT )

C 0,755 — 0,855 0,862
Si 0,341 0,341 — —
Mn 0,480 0,168 0,312 0,315
Cr 0,560 0,028 0,532 0,536
S 0,030 — 0,030 0,030
P 0,030 0,009 0,021 0,021
Fe 97,804 0,196* 97,413* 98,235
> 100,000 0,742 99,163 100

* C y4eToM MOTEPH € MBUIBIO.

docdopa. [lorepu nuraka B TeUeHHE BCEH TUIABKA KOMIIEHCUPYIOT HEOOIBIIUMU TTPH-
caJIKaMU U3BECTH, MOJJIEP>KUBAsi HEOOXOIMMBIN YPOBEHD ITUTAKA M €T0 OCHOBHOCT.
3amauaMyu OKHCIUTEIBLHOTO Meproa siBiisitorcst: 1) okucienue yriepoaa u ¢oc-
¢dopa B MeTaimie 10 UX TPeOyeMOro CoJIep)KaHus B TOTOBOM MeTasluie (IOIYIPOIyKTE)
M YaCTUYHO YIAJICHHE CEpbl, 2) HArpeB MeTaula 0 HEOOXOJMMON TeMIIepaTyphl.
OxwuciieHre MeTasia MPOBOISIT MPOTYBKOM TEXHUIECKUM KHUCIOPOJIOM C YACTOTOU HE
menee 99,5%.B cnyuae 3aTpynHenuii ¢ ynanenuem docdopa B BAHHY MOXKHO TIpH-
CaXMBATh JKENE3HYI0 pyay. B OoONbIIMHCTBE CilydaeB Jisi MOJyYeHHS He Oosee
0,012...0,020%pochopa B MeTamie 10CTAaTOYHO MOAACPKUBATH B 3TOT MEPUOJT OC-
HOBHOCTb He HIke 2,7...3,0npu conepxanuu FeOB nutake okosno 12...15%.

JInsi “HTeHCH(UKAIIMA MacCco- W TEIJIONEPEeHOCa B CTAJNCIUIAaBWILHON BaHHE,
CIIOCOOCTBYIOIIIEH HOPMaJTbHOMY pa3BUTHIO B Hel ¢Qusmuecknx u  (usmko-
XUMHUYECKUX MPOIIECCOB, B ATO BPEMS HEOOXOIUMO O0ECIIEYNTh BO3MOKHOCTh OKHC-
nenust He menee 0,3...0,5%yrnepona.
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Obe3yenepooicusanue u oxucieHue npumeceti. C y4eToM TOro, UYTO yTIEPOIH-
cThie (eppOCIIaBbl 3HAUNTEIHHO ACIICBIIC, YeM HU3KOYTJICPOAUCTHIE, NCIIOIh3YyEM B
JanbHeIeM Uil JerupoBaHusl yriepoaucTsie ¢eppociuiaBel. [loaToMy ¢ yuetom
KOJIMYECTBA BBOJAMMBIX (PE€PPOCIUIABOB HEOOXOIUMO B KOHIIE TIEPUOIa UMETh COJIEp-
KaHUE YIJIepoJa B METajlie Ha HIXKHEM Ipejesie 0 MapKe MM HECKOJbKO HUXKE.
[IpumemM, 9TO comepkaHue yriepoaa B METajle B KOHIIE OKHUCIHMTEILHOTO MEeproaa
nokHO coctaBidTh 0,15%.

Yanepoo. Ilocie okoHYaHUs Nepuoia IJIABJIEHUS B METAJLIE C yYETOM HayTJie-
pOokHUBaHUS deKTpoaamu coaepxkutcs 0,855kr yriepoma. Yurem HayriepokuBaHUe
ANEKTPOJAMHU 32 MEPHOJI OKUCICHUS M ONpPEAeNIMM KOJUYECTBO YIIepojia, KOTOpOe
HEO0OXOAMMO OKHUCIIUTb.

3a OKUCIIUTENBHBIN MEPHOJ MPU PACXOJIC SICKTPOAOB 2 KI/T B METAJI C YUETOM
75% ycBoenus nomnazaer nomnonauteabHo 0,2-0,75-1/3 = 0,056r yriepoma. Beero
TpedyeTcs OKUCIUTD yriepoa

(0,855 + 0,050) — 0,150 = 0,7%b.

[Ipumewm, uto Bech yraepon okucisercss g0 CO. Torma mis oxucnenus 0,755kr
yriepoaa norpedyercs 0,755-16/12 = 1,006 O, u oopasyercs 0,755-28/12 = 1,762
CO.

Mapeaney. llpuHEMaeM, 94TO B OKUCIIMTEIBHBIN 1Teproa okuciautcs 45% ocras-
merocs B metaute mapranma: 0,312-0,45 = 0,14fr. Ha ero okucienne Heo0X01uMO
0,140-16/55 = 0,04dr O,. [Ipu s3tom obpasyercs 0,140-71/55 = 0,18dr MnO.

Xpom. C y4eToM OTHOCHTEIBHO HEBBICOKOTO COJACpP)KAaHUS XpoMa B METaJlIe
MpUMEM, YTO 3a 3TOT MEPHOJ] OKUCIUTCS 5% Xpoma, MOCTYIMBIIETO ¢ METAJIJIOM:
0,532-0,05 = 0,02#r. Ha ero oxucnenue Heooxoqumo 0,027-48/104 = 0,012 O, u
B pe3yibTaTe oopazyercs 0,027-152/104 = 0,038 Cr,0s.

Keneso. B okuciurenbHbIi iepuo okuciutcs okoiio 0,4%:xene3a u3 Merasia.
[Tpumewm, uto 85% 0T 3TOTO KONMMUECTBA NepexoauT B nuiak B Bune FeO,a 15%yna-
nsietces B Buae nelii F&0O; ¢ otxomsmmmu razamu. Beero oxucnurces 0,004-97,413 =
= 0,390kr >xeme3a.

B mutak neperiger 0,390-0,85 = 0,332r xene3a, Ha €ro OKUCIEHUE U3PACXOTY-
ercs 0,332-16/56 = 0,09 O, u oopasyercs 0,332-72/56 = 0,42ir FeO.C nbLibio
tepsiercs 0,390 — 0,332 = 0,058r xene3a, Ha ero okucnenue no Fe&O; Tpedyercs
0,058-48/112 = 0,02& xucaopoaa. O6pasyercs 0,058-160/112 = 0,083 Fe0s.

Cepa. TlpumeM, 9TO B OKUCIUTENIBHBIA NEPHOJ U3 METaUla yAAJISIEeTCS OKOJIO
20%conepxametics B HeM cepol: 0,030-0,2 = 0,006r.

@Docgop. Tlpumem, 9TO0 B OKUCIHUTENbHBIN Tiepuon B mwiak mepexoaut 30 %
uMeronierocst B Meraiie ¢pocdopa: 0,021-0,30 = 0,006r. Ha ero okucnenue 10 P,Os
tpedyercs 0,006-80/62 = 0,008r O, u B nmak nepexoaut 0,006-142/62 = 0,01dr
P205.

Ecmm nns ynanenust docdopa B meuyb mpucaKuBaeTCs Kejle3Has pyaa, TO Io-
CJIEIOBATEILHOCTH pacueTa coxpansercsa. OqHako He0OXOAUMO YUYUTHIBATH, YTO PyIa
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COJZICPKHUT HEKOTOPOE KOJMUECTBO (hocdopa, 4acTo B CIPABOYHOM JIMTEPATYpE MPH-
BOJMMOI'O B IEpecueTe Ha djeMeHTapHbId (ochop. B Takom cirydae HE0OX0auMO
Yy4YECTh KOJUYECTBO KHCIOPO/Ia, MIYIIEr0 Ha ero OKucieHue u koiauuecTBo P,Os, me-
pexosiero B nurak. OnpeaenuB o0NIyr0 MOTPEOHOCTh B KUCIOPOJE IS yIaICHHS
dochopa, U 3HAST KOJMUECTBO KUCIOPOJA, BBIALIIEMOro 1 Kr >KeIe3HON pyabl Mpu
pa3JIoKEHUH OKCHJIOB eJe3a JI0 MeTajljla, paCCYMTHIBAIOT IMMOTPEOHOCTh B PYJIE U Ta-
3000pa3HOM KHUCIIOpoje. BoccTaHOBIEHHOE M3 PY/BI XKele30 HEOOXOUMO y4YeCTh B
Tabn. 9, a monmagaronue ¢ pyAoi Mpoure OKCUIbI B Tabm. 8.

LInakoobpasosanue 6 oxkuciumenvHuii nepuod. JIns pacdeToB NpUHUMAETCS,
YTO K KOHILy TIePHO/A IUIABICHHS B IIEUM OCTAaeTCs /3 IIaKa, COCTAB KOTOPOTO MPH-
BeJieH B Ta0u. 6. [Tocie 3TOoro B ey HABOJIUTCS HOBBIM MITAK MPHCAIKAMH H3BECTH,
eclii HeoO0X0auMo, ¢ Jo0aBKaMHU IUIABUKOBOTO INMAaTa M Jkene3Hod pyabl. Illmak
OKHCIIUTEIHLHOTO MEeproaa o0pa3yercss U3 OCTATKOB IIIaKa MPEIbIAYIIETO IMeproa,
M3BECTH, OKCUJIOB — IIPOJYKTOB OKHMCIICHHS METajljla, KOMIIOHEHTOB M3HOCA (PyTEPOB-
KH, JKEJIC3HOM Py/Ibl U IUIABUKOBOTO mmaTa (eciii UX JaBaid B 3TOT nepuon). C yde-
TOM TpeOyeMOW BEIMIMHBI OCHOBHOCTH ITPUMEM, UTO B OKHACIUTEIBHBINA ITEPHO,T TPH-
caxxuBatotr 0,5kr uzsectu. C Hell B 1UIaK MOMAJECT:

CaO: 0,880-0,5=0,440, SiG: 0,013-0,5 = 0,004,

MgO: 0,020-0,5 = 0,014, Al,O3: 0,008-0,5 = 0,004r,

Fe,0s: 0,012-0,5 = 0,006r, niu B nepecuere Ha FeO 0,006-112/1602/56 =
= 0,006.

BcenenctBrue moTeph mpW MPOKATWBAHWM W3 W3BECTH YIAIUTCS B aTMocdepy
0,034kr CO..

N3 dyrepoBku npu pacxoje 3a nepuon 0,2kr Ha 100kr MeTaITONIUXTHI B IITAK
MePEXOIUT:

MgO: 0,920-0,2 = 0,184,

SiOy: 0,012:0,2 = 0,00%r.

Ecnu B meus npucaxuBasiach xelie3Has py/a, TO Hy)KHO YUUTHIBATh, YTO KeEJIe30
W3 PYIbI TIOJIHOCTHIO BOCCTAHABIMBACTCS, BRIICISIEMBIN MIPU 3TOM KHUCJIOPOJ HIET Ha
okuciienue cepol 1 pochopa. OcTambHbIe OKCUIBI PYABI IETUKOM MEPEXOIAT B ILIAK.

AHaJIOTUYHO TIEPUOY TIIABJICHUS MOACUYATHIBAEM KOJWYECTBO M COCTaB IIaKa
(cM. Tabn. 8),u onpenenseM Oananc metauia (Tadi. 9).

Ta0Omuma 8

KonuuecTBO M cocTaB I1IJIaka B KOHIIC OKUCIIMTCIIbHOI'O IICPpHUO/aa

HUctounuk SlOZ CaO|MnO| FeO CEOgAl 203 MgO P05 Z
N3BecTh 0,007,0,440, - |0,006 - |0,0040,010 - |0,467
dyrepoBka 0,002 - — — — - | 0,184 — |0,186

[TpoayKThl OKHCICHUS - - 10,1810,427/0,039 - — 10,014,661
[[Inax nepuona rrasnenus | 0,252 0,499 0,072 0,090/0,0140,005 0,103/0,0071,042
Bcero, kr 0,261/ 0,939/ 0,253/ 0,523/0,0530,009 0,297|0,0212,356
Bcero, % 11,0789,85610,73%2,1992,2500,38412,606),891 100
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[Tonyuena ocaoBHOCTE %0Ca0 / %SiQ = 3,6.9T10 yaoBIeTBOpsieT TPeOOBAHUSIM
BEJICHUSI TJIABKHU.

[TpoayBKy KHCIOPOAOM MPEKPAIaloT, KOTra COACpKaHUe yriepoja B MeTaie
JOCTUTHET 3aJaHHOro. [locme okoHYaHUsI OKHCIUTEIHLHOTO MEePUo/Ia, €ClIi XUMUYe-
CKHH COCTaB CTaJM B MeUd OJM30K K MapOYHOMY, U K TOTOBOU CTalll HE TIPEIBSIBIIS-
IOTCSI BBICOKHE TPeOOBaHMsI MO KAa4eCTBY, TUIABKA PACKHUCISACTCS M BBITYCKAETCS B
KOBIII. PackucieHre HauMHAIOT B TIEYH TIEpe]] BBHIITYCKOM, a 3aTeM 3aBEpIIAiOT B KOB-
me. OOBIYHO B TeYh MPUCAKUBAIOT deppoMapraner]. [Ipu s3Tom yrap mapraniia Mo-
xeT gocturath 15%.IIpumep pacuera konmmuecTBa packuciauTenei u GeppocIuIaBoB,
PUCAXUBAEMBIX B METalI, 0€3 00pabOoTKM Ha KOBIIIE-TIEYH MTPUBOIUTCS HIDKE.

Tabmuma 9
bayianc cocTaBisAOMMX METAIIA 3a OKUCIUTEIBHBIN IEPUOJ
IToctynumno Mepemuio ConepKuTcs B METAIE
DeMeHT U3 epuoja
B IIIJIAK KT, 0%
IUTaBJICHUS
C 0,855 - 0,150 0,153
Si 0 0 0 0
Mn 0,312 0,140 0,172 0,176
Cr 0,532 0,027 0,505 0,516
S 0,030 0,006 0,024 0,018
P 0,021 0,006 0,015 0,016
Fe 97,413 0,332 97,023* 99,120
> 99,163 0,516 97,889 100

* C y4eToM MOTEPH € MBUIBIO.

Ecnu 3amanuem mpemycmarpuBaercsi oOpaboTka MeTaijia B KOBIIE-TIEYH, TO
NpUBEACHHBIN Jjajee pacyeT Npucagku GeppocCiiiaBOB HE BBITOIHSIETCS.

Packucnenue u nerupoanue 6e3 00pabOTKM Ha KOBILIE-TICUU

OmnpenennM KOJIMYECTBO MPUCAKUBAEMBIX PACKUCIHUTENEH U peppociiaBoB 6e3
00pabOTKH Ha KOBIIIE-TICUH.

KonnyecTBO mpHCaKMBaeMbIX, 3a HMCKIIOYCHHEM alfOMUHUS, (HeppOoCIIaBOB
(Mpenn) PacCUUTHIBAIOT HO hopMyIIe

= M, . (IC] rorer [C] uex )100
[Cl,., (100-K )

(e

rae My o, —Macca xkuakoit ctamy; [Cliorer, [Cluex ¥ [Clgens — cOnepkanne nerupyto-
IIer0 3JIEMEHTa B TOTOBOM cTaiu (cpeHee 1Mo JaHHOM MapKe CTajM), Ha BBIYCKE Iie-
pen pacKucleHHeM, U B (peppocIuIaBe COOTBETCTBEHHO, %; Ky, — yrap aJIieMeHTa IpH
packucineHnn (erupoBanuu), %. [Ipu packuciaeHHH B KOBIIE yrap B CPEIHEM CO-
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craBnsgeT. 20...40% nna kpemuus, 10...15% nns mapranna, 45% s yriaeponaa B
TEPMOAHTPALIUTE, UCTIOIB3YEMOM JJI HAYTIEPOKUBAHMUS.

CornacHo TpeboBaHusM K Mapke 20X, mpuMeM cojaep)kaHue MapraHiia B rOTo-
BoM Metasute 0,65%.Torna pacxon gpeppomapraniia mpu ero yrape 10%cocrasurt:

M, .= 97,934((0,650- 0176)100 _ 0,688 xr.
75[{100-10)

[Tomumo Mapraniia, ¢ peppoMaprasiieM ¢ CTallb JOMOJHUTEIHHO OyIeT BHECEHO
(xuMHYecKHii cocTaB (eppOCIUIABOB CM. B CIIPABOYHOM JIUTEPATYPE):

Fe: 0,165-0,688 = 0,1%,

Si (mpumem yrap 30%): 0,01-0,70-0,688 = 0,085

C: 0,07-0,688 = 0,04&.

OcTanbHBIME KOMIIOHEHTaMU MpeHeOpekeM BBUIY MX HHM3KOTO COJIEP)KaHUS B
deppocrase.

deppoxpoMm Mpu coAepkaHUU XpoMa B cTajiu o jeruposanus 0,516 %wu B ro-
toBoil ctamu 0,70 % MOXHO TpUCaguTh B MEYb Mepel BBITYCKOM IJIaBKUA. YTap B
sToM ciydae He mpeBbicuT 15%. [lpumem yrap xpoma 10 % u onpenenum pacxon

beppoxpoma:

_97,934[(0,700-0,516).100
Moxaoon = 650{100-10)

[Tomumo xpoma, ¢ peppoxpomom Oynet BHeceHO 3nemeHTOB: Fe: 0,25-0,308 =
= 0,077xkr, Si (yrap 30 %): 0,02:0,70-0,308 = 0,004 C: 0,08-0,308 = 0,02&". Oc-
TAJIBHBIMA KOMIIOHEHTaMH MPEHEOPEk)eM BBUIY MX HU3KOTO COJIEpXKaHHs B (Geppo-
CILIaBE.

deppocuuiyii TPUCAKUBAIOT B KOBIII MO CTPYIO BBITYCKAEMOTO M3 MEYH Me-
taina. Ero yrap npu Takom cnoco6e BBeaeHus coctaisier 30 %.Pacxon ¢eppocu-
LS

= 0,308 kr.

_97,934([(0,270- 0)-100
Mocss = 650{100- 30)

ITpu sToM B Metamn daktuuecku nomaaetr 0,581-0,65:0,7 = 0,264 kpemHus u
0,32:0,479 = 0,158r xene3a.

Pacxon amroMuHUsS Ha pacKHCIIEHWE HE paccuMThiBaeTcs M npuHuMmaercs 1,0
kr/T wim 0,100kr va 100kr cranu.

Pe3ynbpTaThl pacdyeTa ¢ y4eTOM KOMIIOHEHTOB, BHOCUMBIX (eppocIllaBaMH, CBe-
neMm B Ta0a. 10.

= 0,581 kr.

Taomuma 10
PacuerHbIil XUuMHUYecKU cocTtaB roToBoil ctanu 20X, mac. %
DeMeHT C Mn Si Cr P S Fe | Uroro

Komnuuectso, kr | 0,223| 0,650/ 0,273| 0,700| 0,015| 0,024| 97,400| 99,285
Komnuectso, % | 0,225| 0,654| 0,274| 0,705| 0,015| 0,024| 98,059 100
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BrIBOA: pacueTHBIN COCTAB CTAJIM COOTBETCTBYET 3aJaHUI0. EciM ke mojsydeH-
HBII COCTaB HE YKJIAJIBIBAETCS B OTOBOPEHHBIC B Ta0J.2 paMKH, TO HEOOXOAMMO TIPO-
U3BECTH KOPPEKTUPOBKY pacyeTa.

[Tocne BBIMIOMHEHUS BCEX PACUETOB COCTABISICTCS UTOTOBBIA MaTepHAIbHBIN Oa-
JIAHC TUUTABKH, B KOTOPBIN 3aHOCSTCA BCE BBOJUMBIE B M€Yb MAaTEpHUAIIbl U BCE IMOJIY-
YaeMble IIPU 3TOM NPOAYKThI. KOIn4ecTBO MaTepuasoB CyMMHUPYETCS 32 BCHO ILJIAB-
Ky. IIoCKOJIbKY TOYHO OINpeeauTh J0JII0 KUCIOPoia U3 aTMocdepsl, MOMISAITYI0 Ha
OKHCJIEHUE JIEMEHTOB HENb35, TO CYUTAECTCS, YTO MOJTYUYEHO 3HAYEHUE PACX0/1a KUCIIO-
pona cymMmapHoe. PeanpHbI pacxoj TEXHUYECKOTO KHUCIOPOJa HECKOJIBKO MEHBIIE
(Tabm. 11).

Tabmuma 11
MarepuanbHblii 0ajaHC MJIaBKU
[TocTynmno ITomyueno
Marepuan KonuyecTBo, kr [Iponykt KonuyecTBo, Kr
Otxonbl
cram 45X 70 Cranb 99,285
Otxonbl
cramn V13 30 [nax 5,481
U3BecTh 2,2 CO 1,840
N3 dpyTtepoBku 0,5 CO, 0,148
N3 snexTponos 0,2 JUISH3 0,220
Kuczopoz ia 1,836 Hepsizka 0,663
TJIaBKY
deppocruiaBbl 1,577
Htoro 106,311 Htoro 106,311

Hessska cocrasisier 0,663kr miu 0,62%.Pacuer 3akoHYEH.

3. TEINIOBOM BAJIAHC IIJIABKHU CTAJIA
B AYT'OBbIX CTAJIEIIVTABHJIBHBIX ITIEYAX

JlyroBas crajeIulaBUIILHAS I€Ub SBJISETCS arperaTroM IepUOAMYECKOrO JEHCT-
BUSI, B KOTOPOM IOTPeOJIEHHE SHEPIMK B Ipolecce paboThl CHIIBHO Kojebiercs. B
IPOLIECCE HATPEBA U ILIABJIEHHUS CYIECTBEHHO MEHSIOTCS TEIUIOPU3NUECKUE XapaK-
TEPUCTHKHA MATEPHAJIOB BHYTPH I1€YH, IIOITOMY COCTAaBIICHHE ITOJHOIO SHEPreTHYe-
cKoro Oaianca paboThI arperara 3aTpyaHEHO.

B ayroBsix mmevax npeodpasoBaHue DJIEKTPHYECKOM SHEPTHU B TEIIOBYIO, HEO0-
XOJUMYIO JIIS PAacIUIaBICHUS IIUXTHl M IPOBEICHHS (PU3MKO-XUMHUYECKHX IPOIIEC-
COB, OCYILECTBISETCS B OCHOBHOM 3a CUET FOPEHUS DJIEKTpHYecKuX Ayr. O0beM ro-
nld_ [l

3

pAIIei YU MOKHO OIIEHUTH TI0 opmyiie V = , e d, — mnaMeTp 3JIeKTpoa,
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| — mHa ayru. B coBpeMeHHBIX meyax auameTp annekrpoaa cocrasisier 0,5...0,7wu,
a nnuHa nyru He npesbimaet 0,2...0,4M, MO3TOMY 3JEKTPUUECKYIO YTy MOXKHO CUH-
TaTh TOUYEYHBIM HCTOYHUKOM PACCEIHHOIO TEIJIOBOro M3nydeHus. [moTHoCTh Ter-
JIOBOTO TIOTOKA OT MOJ00HOTO MCTOYHHKA MOXKHO paccuyuTath o gopmyne Kemiepa
_ K, I[P, [cosB y
q= >—» e K, — KooQQUIUUEHT, yIUTHIBAIOMIMA U3Ty4EHHE IyTH B pas-
41X
JUYHBIX HANPABJICHUSIX C YYETOM SKPAHUPOBAHUS €€ TOPLOM 3JIEKTpoa U MIMXTOMH,
P, —MomHOCTh 1yTH, KBT; B — yroa Mexay HampaBlIeHHEM Jydya U HOPpMaJbio K 00-
Jy4aeMol MOBEPXHOCTH, TPal.; X —PacCTOSIHUE OT AYTH JI0 LIEHTpa 00Iy4aeMon Iio-
maaku, M: K, = 1,03...1,41lnpu d, /| = 1,65...1,74u K, = 0,69...0,8%pu d, /| =
3,64...3,71.

[ToMuMoO u3nmydeHus Temio Ayr nepenaercs B paboyemM IpoCcTpaHCTBE MeYU KOH-
BEKIIMEN U TEILUIONPOBOJHOCTHIO. B COBpEMEHHON 3JIEKTPONEUH sl YCKOPEHHS pac-
TUTABJICHUS] BBOJAT JOIOJHUTENBHOE TEIJIO MyTEeM CXKUTAHMS TOIUIMBA B CHEIUANb-
HBIX TOpeJIKax B nmepuoy miasieHus. OyrepoBaHHas 4acTh CTEH U CBOJA, HarpeTas 3a
CUeT U3IyYeHHMs AYT, TOpLA AJIEKTPoja, TOPSYEro MeTajia Mmoja AyraMu, a Takke B
pe3ysbTaTe KOHBEKTHUBHOTO MEPEHOCA PACKAJICHHBIMU Ta3aMH cama M3JIy4aeT TeIuio
Ha MOBEPXHOCTh paciljiaBa M 3JEKTPOAbl BHYTPH paboyero mpocTpaHCTBa MEYH H
YaCTUYHO OTJAET TEIUIO B OKpY’Kalolllee Meyb MPOCTPAHCTBO. Bomooxiaxkaaemble
MAHEJN U OTXOJAIINE ra3bl HHTEHCUBHO BBIHOCST TEIUIO U3 MIEYH.

[Ipu cocraBiieHUU TEIIOBOrO OanaHca HEOOXOJUMO MCXOAUTh U3 YCIOBHS, UTO
B Ipoliecce paboThl arperara KOJIMYECTBO BBEJACHHOMN B arperar »HEpruM paBHO KO-
JMYECTBY DHEPTUH, 3aTPAYCHHOM Ha MPOBEICHUE TEXHOJIOTMYECKUX ONepaluii ¢ yJe-
TOM TEIUIOBBIX MOTepb. B mpoliecce MIaBKU MPOUCXOAUT HArpeB U IUIABJIICHUE Me-
TaJJIa ¥ IIJIaKa J0 33JaHHOHN Temreparypsl (TOJIe3HO MCIIOIb3YeMOe TEIUIO), & TAKKe
HarpeB KOHCTPYKIMH MEYM U OKPYXKAIOLIEro BO3yXa, HarpeB BOJbl B CTEHOBBIX U
CBOJIOBBIX MaHEJNSIX, HArPEB BO3yXa B MEYH M YHOC TEIJIa C HUM B CUCTEMY ra3004H-
CTKH; IOMHUMO TOTO TEILJIO TEPSETCSI CO IIAKOM.

TennoBoii 6amaHc MOeT OBITH COCTaBJICH Ha BCIO IJIABKY, Ha OINpEeICHHbBIN
NepHo/I MJIaBKU, Ha TOHHY cTajii Wi Ha 1 gac paboTsl arperata. Hauboinee pacmpo-
CTpPaHEHHBIM SBJISIETCS] OallaHC, MPUBOAUMBIN HA MJIABKY U BbIpa)KaeMbIi B MPOIICH-
Tax.

Ha neiicTByromei ne4u M3BECTHBI T€OMETPUYECKUE MApAMETPhI, PACXOM JJIEK-
TPUYECKOW M TEIUIOBOW DHEPIUM, APYruMe XapakTepucTuku arperara. [Ipu stom Ttermn-
JIOBOM OaslaHC MOYKET COCTABJIATHCA C Pa3HbIMM LIEJIIMU, HApUMEpP AJI1 YTOUHEHMS
KaKoW-1100 CTaThu MpHUX0/a UM pacxoza. [Ipu olleHOUHBIX pacueTax 0ajJaHC MOXKET
COCTABJIAITBCS ISl ONPEACIICHHs pacXoa dJIEKTpodHepruu. B Takom ciyuae onpeze-
JSAIOTCSL BCE CTATbU TEIUIOBOTO OajaHCca 3a HCKIIOUEHHEM pacxofa dJIEKTPHUYECKOM
SHEPruM. 3aTeM BCe HEOOXOAMMOE TEIUIO AJIsi YpaBHUBAHUS MPUXOAHON U PACXOIHOM
yacTel OajlaHCa OTHOCST Ha AJIEKTPUUECKYIO SHEPTHIO.

23



Paccuntaem temnoBoi 6ananc miaBku cranu 20X B gyroBoi neun. Pacuer npo-
BeneM Ha 100kr MeTtasia, UCXOAs U3 PACCYMTAHHOTO BBINIE MaTepHUATLHOTO OanaHca
naBku. JlJig 3TOro onpenenuM Mpuxoa U pacxo/ TEIia B EYH.

[Ipuxon Temia
Tenno, snHocumoe snekmpuueckoti snepauett Qq

Ha neiicTBytolieit meyn peaabHbIN pacxol dJIEKTPUUECKON dSHEPruu (puKkcupyer-
csl mpuOOpaMu ydeTa AJIEKTPOIHEpPruu. BakHbIM mapaMeTpoM, XapaKTepH3yHOIIUM
UCIOJIb30BAHUE JIEKTPOIHEPTUH, SABIISAECTCA KOIPPUIUEHT NOJIE3HOTO IEUCTBUS, YUH-
TBHIBAIOIIUI MTOTEPH SHEPTHH MPHU TOJBOJIE €€ K paboyeMy MpPOCTPAHCTBY neun (mpu
IPOCKTHBIX pacyeTrax mnpuHumaetcs N, = 88...91%). [Ipu npoeKkTHpOBaHUU IICUU
pacxo]i 3JIEKTPOIHEPIUH Ha TUIABKY 3aBUCUT OT HAJMYMS UM OTCYTCTBUS MpEIBaAPU-
TEJIBLHOTO MOJOTPEBA JOMa, KOJUYECTBA Ta30KUCIOPOJHBIX TOPEJIOK U BPEMEHH HX
pabotsl. B cpennem ans coBpemennoit JICII ¢ yuetom nmomorpesa jgoMa U yCTaHOBKH
ra3OKUCIOPOAHBIX  TOPENIOK  MOXKHO  MPHUHATH  PAcXod  AJIEKTPOIHEPTHH
250...400xBT-u/T. Insa nepecuera kBT B M)k HCITONB3yeTcss MEPEBOTHON KO-
dburmeHT 3,6
(1 Br/a = 3600/]x/q).

Pacuer mpoenem Ha 100 kr mmxTel. 3agaguMcsi pacxoAOM 3JIEKTPUUYECKON
sHeprud, paBHbIM 350kBT-u/T cTamu, nin 35 kBT Ha 100kr. Torna ¢ yuerom smex-
tpuueckoro KII/In = 0,9

Q. =35-3,6:0,9 = 113,4U /[ x.

Tel’l]ZO, 6HOCUMOE 26130KUCJZOp00HblMM copejikamu Q2

Brocumoe ropejkamMu TCIUIO OIPECACIIACTCS 110 q)OpMyJIC
Qrop = Nrop'T'Prop'3s6

rae Ny, — 9MCI0 TOpesloK Ha Ie4H, IIT.; T — BpeMsi paboThl TOPENKH, 4; Pr,, — MOII-
HOCTb ropenku, kBT; 3,6 —nepeBoanoit koagdurment kBru B MIx.

B ycnoBusix nedcTByroiero npou3BoACTBa U3BECTHO BpeMsi pabOThl TOPENOK U
uxX KoinuecTBo. KpoMe TOro, M3BeCTHBI WM JIETKO MOTYT OBITb M3MEPEHBI PaCXO
TOILIMBA U €r0 XUMHYECKUH COCTaB (A 3HAYUT, U TEILIOTBOPHAS CIIOCOOHOCTS).

Jlyist pacueTa BHOBb MPOEKTUPYEMOM IMEYM 1€1ecO00pa3HO MPUHATH, YTO THUIIO-
Basg 100 T. meub obopyayercst 4 Ta30KUCIOPOIHBIMU TOpenkamu 1o 2...4 MBT kax-
nas. [IpopomxuteasHOCTh WX padoThl 3a TiaBky 10...15mun. [lpumem 6e3 pacuera
MOIITHOCTH TOpeiok 1o 3,6 MBT kaxxmas, Bpems padotel — 10 munyt (0,174aca). To-
riaa 3a Bcto miaBky B JICII-100

Q.op = 4:0,17-3,6-108,6 = 8812, k.

C yd4eToM e€MKOCTH TeYd KOJMYECTBO TEIIa, BHECEHHOTO TOpEIKaMH, MpHUBe-
nenHoe Kk 100kr metammommxTtel coctaBut Qo = 8,81M/JIx.
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Tenno, 6Hocumoe 6 nevuvb WUXMOBLIMU MAMEPUATAMU
(cymma smmanvnuii KOMROHEHMO8, 6600UMbIX 6 neuv) Qs

B 3aBUCMMOCTH OT TEXHOJIOTMM BBIIUIABKHM B [1€Yb MOTYT BBOJMTH CJIEIYIOLIUE
MaTEepHaJIbl: CKpaIl, KEJIE3HYI0 PYAy, KOKC, PeppOCIUIaBhl, JETUPYIOLIKE U IIJIaKO00-
pasyrolue Marepualbl, Ha psAle Nedeil MpeaycMOTpeHa 3ajMBKa JKUJIKOIO YyryHa.
JUIst Ka)A0ro BBOAMMOTO KOMIIOHEHTAa MOYKHO 3aIlUCaTh CIEAYIOIIEE BhIPAXKEHUE IS
pacyeTa SHTaJbIIUU:

AH" = My-c-Aty,

raie AH,' — U3MeHeHue SHTaJIBIUU COOTBETCTBYIOIIETO KOMITIOHEeHTa, M, — Macca
KOMITOHEHTA, C; — TEIJIOEMKOCTh KOMITOHEHTA, At, — U3MEHEHUE TeMIIEpATYpPhl KOM-
noHeHTa. [loHast SHTAIBIINS KOMIIOHEHTA paBHA MO0 SHTAJLIIUKA HAarpeBa TBEPAOTO
KOMITOHEHTa (HampuMep JoMa), JIN00, €M YyT'YH MOJIaeTCs B )KUIKOM BHJIE JOJDKHA
YYUTHIBATh 3aTPATHl TEIUIa HA €ro IUIaBJICHUE U TieperpeB (HarpeB OT TEMIIEPaTyphI
IUTABJICHUS JI0 TEMIIEPATYPhl 3aMBKH). PU3NYECKOE TEILIO IIMXThI PABHO CYMME DH-
TaJIbIUH KOMIIOHEHTOB.

Q(bn?, = Z HK
k=1

B 3aBHCHMMOCTM OT NPHUMEHSEMOW TEXHOJIOTMM MaTepuaibl NEpPEs MoJadyer B
e4b MOTYT MOJABaThCsl XOJOAHBIMU WM NOJOTpeBaThCs. B epBoM cityyae SHTalb-
NUs XOJOJHBIX KOMIIOHEHTOB IIMXThl HE Y4YHUThIBaeTcs. Bo BTOpoMm ciywae, Harpu-
MEp MpH 0/1a4Y€ B N1€Yb NPOKAJIEHHBIX (HEPPOCIIABOB UJIU KHUJKOI'O YyT'yHA, SHTaAlb-
Ul TAaKUX KOMIIOHEHTOB 3HAUYMTEIbHA M JIOJKHA YUUTHIBATHCS B OOLIEM TEIJIOBOM
6anance. Undopmanusa no Teriopu3nyecKuM BeIUYUHAM OepeTcs B COOTBETCTBYIO-
el crpaBo4yHOM JuTeparype. Hekoropble Hanbosnee ynoTpeOUTeIbHbIE BEIUYUHBI
MPUBOJATCS B IPUIIOKEHUH B KOHIIE TOCOOUSI.

B kadecTBe mpuMmepa MokakeM, KaK ONpEeAesseTCs SHTAJIbIINA JIOMa, MOAO0rpe-
toro nepex nogayeit B JJCII no 400 TC. Duranenus ctanu mapku 45X cocTaBUT

Husx = 70-0,536-10-400 = 15,0 M/,
acramm Y13
Hy13 = 30-0,540-10-400 = 6,48V 1.

Y4uThiBas, 4TO HEMOCPEACTBEHHO B I€Yb JACTCA HEOONBIIOE KOJUYSCTBO (Geppo-
CIUTABOB, SHTAJIBITMEH OCTATBHBIX KOMIIOHEHTOB MPEHEOPETaI0T.
Hroro suTanbpnus muxThl coctaBut Q3 = 15,01 + 6,48 = 21,4811 x.

Tengo, BHOCUMOe npu npomeKaHuu IKkaomepmudecKkux peam;m? Q4

B mpouecce BeneHMs MUIABKU MPOUCXOIUT OKUCICHHE HUMEIOLIUXCA B IIUXTE
KOMITOHEHTOB (B mepByto ouepens Si, Mn, Cu Fe).TouHo yuecTh KOJIMUYECTBO TeILIa,
BBIJICTIUBILICECS] TIPU UX MPOTEKAHWH, HA MPAKTUKE CJIOKHO M3-32 HEOJHOPOIHOCTHU
XUMUYECKOTO COCTaBa MUXTHl. Kpome TOro, mpy BBEACHUM B TMeYb M30BITKA KHCIIO-

25



poaa Impoucxoaur M30BITOYHOE OKUCIICHUE JKEJIC3a, a IIpHU BBCACHUN MaJIOT'0 KOJINYC-
CTBa KHUCJIOpOAad 9aCThb YIiI€poada MOKCT HC OKHUCIINTLCA.

Qs = Msi-0sitMuyn-OuntMc-0ctMeeQret McrOcr

rae M; — macca COOTBETCTBYIOILLETO 3JIEMEHTA, OKUCIMBILIETOCS 32 BCIO IJIaBKY IO
MaTepralbHOMY OanaHcy, ¢ — TerioBor 3¢ (eKT peakiuu ero okucicHus (cM. TadI.
[1.2). B pacuere ycIOBHO NMPHUHUMAEM, YTO BCE DIIEMEHTHI OKHUCISIFOTCS M0 PEaKIUuH
xMe + yO = Me,0O,. C yueToM MaTepuanbHOro 6ananca (cM. pa3z. 2) 3aluIileM, 4To
OKHUCITUTCS

Si o SiO,: 0,341-28,4 = 9,681)x,

Mn no MnO: (0,168 + 0,140)-6,99 = 2, My/Ix,
Cr 1o Cr,0O3: (0,028 + 0,027)-11 = 0,M ]Ik,
Feno FeO: (0,196 + 0,332)-4,76 = 2 Bk,
Fe no Fe0Os: (0,196 + 0,058)-7,36 = 1,811k,
C no CO: (0,033+0,755)-11,3 = 8,90/ x.

Hroro Q4 = 25,73M k.

B npornecce mnaBku yacte rpaduta okucisercs 1o CO, gacte — 10 CO,, 9acTh
MoMnajaeT B METAJJI, @ YaCTh BBIHOCUTCSI B BUJIE MbLIU C OTXOASIIMMU razamu. [Ipu
COCTaBJICHUH TEIJIOBOTO OajaHca MPUHUMAIOT T€ )K€ JIOMYIIEHHUsI, YTO U MPU COCTAB-
JICHUHM MAaTepHaNbHOTO Gamanca (Pacxo 3MeKTPOmOB 2 Kr/T, “/3 9TOr0 KONHMYecTBa
MOMNaJaeT B METAJUT U YUYUTHIBACTCS TIPU OKUCICHUM YIIIEpOJa U3 paciijiaBa, OCTajb-
Hoe cpa3y okucisercs 10 CO).

Htoro 3a mnaBky mpuxo Temia B meub Q,=Q1+Q,+Q3+Q 4, Ik,
Q. =113,40 + 8,81 + 21,49 + 25,73 = 169MAx.

Pacxox Temia

Tenno, udywee na nazpes, niasienue u nepeepes 00 3a0AHHOU memMnepamypuvl me-
mainna, wiaka u recupyrouux 0006aeox Qs

B npouecce miaBku NpouMCcXOAUT pacIljlaBiICHHE JIOMa, IIJIAKOOOPa3yoIuX U
JCTUPYIOIINX JIEMEHTOB (€CIIM OHU BBOJATCS B MKMXTY). KonmmuecTBo Tera Kakaoi
COCTaBJISIOLIEH ONpeesieTcsl UCXOA U3 MaTepuaIbHOro OanaHca o Gopmysiam:

HM = MM'[Cl'(tnn _to) + qM + CZ'(tBLm. _tnn)]a

raie M, — macca KOMIIOHEHTa JaHHOIO BHJA, BHOCHMMOTO B M€4b 3a IUIABKY,
€1 — CPEHsS TEIUIOEMKOCTh 3TOT0 MaTepHalia B MHTepBalie TEMIIEPATyphl OT 3arpys3-
KM J0 IUIABJCHUS, C; — CPEAHSA TEIIOEMKOCTh METajllla B MHTEpPBAJIC TeMIIEpaTyphl
OT IUIABJICHHUA JI0 BBIMYCKa, t, — TeMIiepaTypa cKpara npu 3aBajike, t,, — reMreparypa
IIJIABJICHUS CTaly, ty,,, — TemmepaTypa CTald Ha BBIMYCKE, O, — TEIJIOTa IIABJICHUS
MeTaJia.
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TermmoeMKoCcTh KOMIIOHCHTOB OIPEACIIICTCS IO CIPABOYHBIM JIaHHBIM. B Ta01.
[1.1 mpunoxeHWs NPUBENCHBI 3HAYEHUS TEIUIOEMKOCTH HEKOTOPHIX MaTEpHUAJIOB.
Cpennsisi TETUIOEMKOCTh OTIpEEsaeTCs CIeayoImuM oopa3zom. Eciu oM mepen 3a-
BaJIKOW HE TMOJOTPEBAIH, TO OEPEeTCs MaKCUMaJIbHOE 3HAYCHHE B COOTBETCTBYIOIICH
kojoHke. Eciu mom moporpesanu, ckaxxeM a0 400°C, To 6epercst cpeaHss TerioeM-
KocTh MaTtepuana B quana3one oT 400 T no remnepaTypsl IUIaBICHUS.

AHaJIOTUYHO PACCUYMTHIBAIOTCS SHTAJBIUS IIIaKa W JICTUPYIOIIHUX JT00ABOK B
Cllydae MX BBEJEHHUS B MeYb B OOJbIIOM KoimyecTBe. [Ipu paboTe ¢ )KUAKUM 4yTy-
HOM €T0 PHTAJIBITNH PACCUYUTHIBACTCS IO (popmyIie:

H, = M,-[1065+0,84(— 1200)],

rae M, — macca xxuakoro uyryHa, kr; 1065 —mpuHnMaemas HTaIbIUS KUAKOTO Uy-
ryna npu Temnepatype 1200T, kJ/lx/kr; 0,84 —remnoeMKocTh yyryHa (Takxe Mpu-
HUMAETCs TIOCTOSIHHOM), KJ[>K/KT; t — Temrmeparypa 4yryHa B MOMEHT 3aiuBk#, °C.

JIist cTanmy psoBBIX MapOK OPUEHTUPOBOYHO MOXKHO MPUHATH O, = 284k ]x/KT,
Oun = S8 KJDK/KT, Crymcer = 0,79k Ix/Tpan, ¢y, = 1,05k x/kr. Temmneparypa rmiasJie-
HUSl cTalnu pa3HbIXx Mapok mensercs B auanazoHe 1300...1500 €. VYrnepoaucras
CTaJlb UMEET MEHBIIYIO0 TEeMIIepaTypy IUIABJICHUS, JerupoBaHHas — Oousblryto. Jlis
pacuera mpUMeM, YTO TeMIieparypa miasieHus yriepoauctoi cranu 1350 T, xpo-
monukeneBoit — 1450 €, o6pa3yromerocs nutaka — 1550 €.

CpenHue 3Ha4eHHS TETUIOEMKOCTH C JTOMYCTUMOM MOTPEIIHOCTbIO BO3BMEM KaK
PA3HOCTh MEXAY 3HAYCHUSAMHM MPU TEeMIIEpaType 3aBajKU JOMa U MPU MAKCUMAIBHO
umeromeiics B Tadi. 1.1 temmeparype. [lo aHanoruu ¢ mpuxoHON 9acThio (CM. pac-
YeT SHTAIBINY IIMXTHI) 3amuIieM it ctamm 45X:

_ 0,595+ 0,53¢€

C1 — 2

= 0,566k /x/rparn,
Toraa

Hsx = 70-[0,566-(1450 — 400) + 284 + 0,79-(1630-145] ,42M [T:x.
Jlns ctamm Y13
_ 0,683+ 0,54(
- 2

= 0,612« ]x/rparn,

C1

TOrJa
Hy,3 = 30:[0,612-(1350 — 400) + 284 + 0,79-(1630-135B),23M 1 x.

JIJIst cTaneriaBmIbHOTO MUTAKA MOYKHO TPUHATH CyMMY SHTAJIbIIUN HArpeBa u
iaBnenus q = 1890k /x/kr u 3anucath ypaBHEHHE

H,., = 5,48-[1890 + 1,05-(1630-1550)] = 10838« wm 10,82M .
Hroro: Qs = 71,42 + 30,23 + 10,82 = 112 BWTx.
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Tenno, uoywee na npomexkanue snoomepmudeckux peaxyuil Qg

JlanHast cTaThsl OMPENESETCS 0 MAaTEPHATILHOMY OalaHCy TUTAaBKU M BKJITFOYACT
B ce0s MMOTepH TeIljia Ha pasyiokeHrue kapooHatoB u3BecTu U F&0s;.

Pasnooicenue xapoonamos. CornacHo MaTepuaibHOMY OanaHCy, IpHU MPOKATUBAHUU
He0000x0keHHOM m3BecTH BhIAesercs 0,131kr (B mepuon ruraBnenus) + 0,039kr
(B okuciurenbubii epuoa) = 0,170kr CO,. [Ipu HOpMabHBIX YCIOBUSIX 3TO KOJIHU-
qecTBO Tasa 3aiimer 22,4-10%170/44 = 86,545-10m>. Cornacro tabun. I1.2 Ha 310
noTpedyercs 86,545-103-7,21 = 0,62M I x.

Pasznoocenue Fe&03 orcenesnoti pyosi. CornacHO BBEITIOJIHEHHOMY MaTepHaibHOMY Oa-
JIAHCY TUTaBKH, KEJIE3HYIO PYIY B IeUb HE MIPUCAKUBAJIH, CJICA0BATEIHHO 3Ta COCTaB-
JISIOIIAst OTCYTCTBYET.

Hroro okonuarenbHo Qg = 0,62MJx.
Ilomepu menna uepes hymeposxy Q;

Jlist ynoOcTBa pacuera BCIO MeYb YCIOBHO JIENSAT Ha 3 OCHOBHBIE AJIEMEHTa —
MOINHY, CTEHBI ¥ CBOJI. B cOBpeMeHHBIX Meyax ¢yTepoBaHa TOJBKO MOIWHA, & CTEHBI
U CBOJI, KpOME LIEHTPAIbHOW KepaMUUYECKON YacTH, PEICTABISAIOT COO0OM KOHCTPYK-
W U3 COOPHBIX BOOOXJIAXKIAEMBIX TTAHEJIEeH, pacyeT MOTePh TeIia B KOTOPBIX MPH-
BEJICH OTIEJBHO.

B ycnoBusix MOCTOSHHO JAEHCTBYIOIIETO METAUTYPrHYeCKOro MPOU3BOJICTBA
MOHO CYHTATh, YTO TI€Yh PA0OTAET B CTAIIMOHAPHBIX YCIOBUSAX U aKKyMYJISIIUHA Te-
ia gyTepoBKON HE MPOUCXOAMT, T.K. €€ TeMIlepaTypa U3MEHSETCS HE3HAYUTEIbHO.
MOXHO cUHTaTh, YTO BCE TEIUIO, MOABOAUMOE K (PyTepoBKE BHYTPH I€UH, IEPEIALCT-
Csl TEIUIONPOBOJHOCTBIO K €€ HapyKHOW moBepxHocTH. [[oaToMy mocraTouHO pac-
CUHMTATh KOJMYECTBO TEIUIA, TIEPEIaBaeMOT0 TEIUIOMPOBOIHOCTHIO Yepe3 KaKoM-Tn0o
CJIOM (yTEepOBKH, WM PACCUUTATh TEIJIOOTIA4y C BHEIIHEH MOBEPXHOCTH (KOXKyXa
TICYH).

Temuo, nepenanHoe TEIUIONPOBOJHOCTBIO Uepe3 cioil PpyrepoBku Q.;, MOKHO
ONPENEIIUTh M0 YPABHEHUIO

Qe = A t1—t)-F-1/d,
rae A — ko3 PHUIHEeHT TerIonpoBoAHOCTH MaTepuana cios, Jhx/(ma-K); ty, t; — Tem-
repatypa Ha BHYTPEHHEHW U BHEIIHEN moBepxHOCTAX ciod, K; F — mmomaas nosepx-
HOCTH TerooOMeHa, M, T — BpeMs, 4; O — TOJIIIMHA CJIOS, M.

Temuo, oTgaBaeMoe MOBEPXHOCTHIO KOXKYXa Qyox, MOXKHO OMPEEIUTH M0 YpaB-
HEHUIO

QKO)K =a- (tK_tB)'F'T y

rae 0 — cyMMapHbli KOA(GOUIMEHT TEeIUIOOTAauYd H3ITyYeHUEM U KOHBEKIIUEH,
JIx/(m-a-K); t, — Temneparypa Ha BHELIHEW MOBEPXHOCTH KOXyxa, K; t, — remmepa-
Typa OKpYy’Karomero Bo3ayxa, K.
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Ha peiicTBytomieit meun U3BECTHBI CTENEHb YEPHOTHI KUPIMUYHON KIAIAKU U KO-
Kyxa, 3HaueHus: Temneparypsl tj, reomerpus neuu. [Ipu npoexrupoBanuu JICII nim
€€ PEKOHCTPYKIIMM TeMIepaTypa BHYTPEHHEW MOBEPXHOCTU KIIAJKH Uy, JJISI TIOJUHBI
MPUHUMAETCSI PaBHOW TEMIIEpaType *KUAKOTO MeTaia B BaHHE. CpemHssl TeMIiepa-
Typa Bo3ayxa npunumaetcs paBHoit 20 C. [Ipu 3ToM 3HaUeHHe O 3aBUCUT OT APYroi
HEU3BECTHOM — TeMIiepaTyphl Koxyxa t,. 3HaueHue xe t; B CBOIO ouepeab 3aBUCUT OT
TEeMITepaTyphl TTOJWHBI TI€YH, TOJIIUHBI ¥ TETUIOMPOBOIHOCTH MaTepuaia kKiaaku. Ha
TEIJIONPOBOAHOCTh MaTepualia BIUSET cpeHss Temneparypa ¢pyrepoBku. [loaTomy
Q7 pacCUMTHIBAIOT METOIOM TTOCIIEI0OBATEILHBIX MPUOIMKEHUN. JIJ1s1 3TOTO B MEPBYIO
ouepeap 3aJarTCs TeMneparypoi koxyxa t.. [Ipn Hanuumm JOMOJHUTENBHOTO CIIOA
TeTIon30Jauu t, 00bruHO JekuT B auanazone 90...180 C, npu Hanu4uum TOJIBKO
orHeynopHoro cios t, moxer yBenmunBaThes 10 300...400 €.

3areMm ompeAeaoT CPEHIO TeMIeparypy GyTepoBKU

t - tBH ~ tl( .
@ 5

ITo ta6n. I1.3 nnnm 11.4 g nanHo# t, HaxXoAAT KO3 UIMEHT TEIIONPOBOIHO-
CTH MaTepuayia A U 1Mo puc. 3 ONpeAesioT 3HaUeHUE O, COOTBETCTBYIOIEE JTaHHOU
TeMIepaType Koxyxa. Jlanee BBIYHUCISIFOT 3HAYCHHE TEIUIOBOrO motoka g7 = Q7/F u
CPaBHHUBAIOT €r0 BEIMYUHY C IIPUBEIEHHBIM Ha TOM )K€ PHCYHKE . ECiM pasHuna
He npesbiiaer 10%, To pacuer cuuTaeTcss 3aKOHYEHHBIM, €CJIM HET — HeOOXOAMMO
3a/1aThCsl IPYTUM 3HAYCHUEM TeMITepaTyphl KOxKyxa t,.

3agaaumcs Temmnepatypoi koxyxa t, = 150 °C.Onpenenum cpeHIow0 TemMiepa-
Typy QyTepoBKH, CUHMTAs], YTO B CPEJHEM 3a IJIAaBKy TeMIlepaTypa MeTajljia COCTaBUT
1500°C, nmpoI0KATETLHOCTD TUTABKUA — 45MUHYT, TUaMeTp KOXKyXxa ~7. 2%

_1500-150 _ 675°C.

cp

-

Puc. 3.3aBucumocTs Ko-

s unmenTa cyMmmapHoOn
TEIJIOOTAauu O U yAEIbHO-
T'O TEIUIOBOTO TIOTOKA, Te-
PSIEMOTO MOBEPXHOCTHIO
IIeY B OKPYKAIOMIYIO Cpe-
ny npu t;: 10 °C - 1; 20 °C
-2;30°C-3

]

o
qm-r Wf ﬂ" Z.q}

2
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Cornacuo Ta6sa. I1.3 ko3 HUIMEHT TEmIONPOBOIHOCTH MarHe3uaabHOU QyTe-
poBku nipu 675 T A = 6,28-0,0027-675 = 4,4585r/(m-°C). [lo puc. 3 Haxoaum
a = 0,0585M/x/m*4. Toraa (opueHTHpOBOUHO) Q= 0,063-(150—20)-7,2:0,75 =
= 44 2M]Ix.

[posepsiem: q = 44,2 | 7,2 = 6,14MJlx/(m*>q). CormacHo puc. 3
Qoxp ~ 6,75MJIx/ (Mz"-I). Paznuna e npesbimaer 10%, pacuer cuntaercsi 3aKOHYCH-
HBIM U OKOHYATeIbHO MpUHUMAETC Qo = 44,2M/Ix. C yyeTom TOTO, 4TO pacyer
BemmoJiHsgeTcs Ha 100kr, Q; = 0,04M k.

Ilomepu menna uepes sodooxnaxcoaemvle naneau Qg

[Torepu Temna ¢ OXJIaKAAIOMIEN BOJAOW MOYKHO ONPEAEIUTD, UCXOAS U3 pacxoaa
BOJBI U Pa3HUILBl 3HAYEHU TEMIIEPATYPBI BOJBI HA BXOJI€ B CUCTEMY OXJIAXKICHUS U
Ha BbIXOJ€E U3 Hee. TemiepaTypa M pacxo/l BOJAbl Ha padouell eYr U3MEPSIIOTCS He-
nocpeAcTBeHHO. [Ipu mpoekTupoBanuu, Koraa 3T (Pl HE U3BECTHBI, MOXKHO MPH-
HATH Temneparypy Bojabl Ha Bxone 20 C, Ha BbIX0/€ TeMIepaTypa BOJIbl HE JI0JKHA
npesbimath 40...45 T Bo u3bexxanne 00pa3oBaHUsl HAKUIIA Ha BHYTPEHHUX MOBEPX-
HOCTSIX IaHEJIEH.

Q8 = Cp 'VB'(tBblx _th) ‘T,
TI€ ¢, — TEINIOEMKOCTH BOAbI, 4,2 MI[)Id(M3-K); V, — 9acoBOM pacxoj BOIBI 4Yepe3
aJIeMeHT (WJIM BCIO 1EYb), Mt — TeMrieparypa BoJibl Ha Beixoze, °C; t,, — Temme-
paTtypa Bojsl Ha Bxone, °C; T —Bpems, 4.

Ananu3 paOoThl NEHUCTBYIOIIMX Ieueld mokaszai, yto juisi coBpemeHHoil [[CII
pU COOJTIOJICHUH TEMIIEPATYPHOT'O PeXXUMa pacxXo BOJbI Ha OXJIAXKIEHUE CTEHOBBIX
[IAHEJIEW COCTABIISIET ~ 420M3/11, u 100...230m°/4 Ha OXJIAXKIEHUE CBOJOBBIX ITaHE-
JICH.

[ToTepu Teria Ha OXJIAXK/ICHUE CTEH COCTABSAT:

Q.. =4,2:420-(45-20) 0,75 = 330FF1x
Ha maBky (100r) win 33,08M/1x Ha 100xkr.

HOTepI/I TEIJIa HA OXJIAXXKACHUEC CBOJAa COCTAaBAIT.

Q. = 4,2-200-(45-20) -0,75 = 157801x
Ha twraBky (100r) wm 15,75M/x Ha 100xr.

Hroro: Qg = 33,08 + 15,75 = 48,89 /1.
Tlomepu menna uznyuenuem uepe3 omkpvimole okHa u omsepcmusi Qg

Bo BpeMs1 I1aBKu IIpU OTBOJIE B CTOPOHY CBOJA IS TOABAJIKY IIUXTHI, IIPH CKa-
YMBAHUU 1IUIAKa, 3aMepe TeMIepaTypbl yepe3 pabodyee OKHO, a TaKkKe depe3 HeIIoT-
HOCTH IPOMCXOAMT IOTEPS TEIUIA U3JyYEHHUEM B OKpY’Karollee MpocTpaHcTBo. Cym-
MapHbie (MIPSIMBIM U OTPAKEHHBIM H3IyYCHHEM) MOTEPH TeIUIa OMPEIEIISIOTCS 10

dbopmyie
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rae 3,6 —koaddumment nepecyera kBT B M/Ik; ¢, — koaddunment uzmyueHus abco-
JIOTHO 4epHoro Tena, 5,67 kBt / (MZ'K4); T, — cpenusisi Temrieparypa B meud, K;
F — mwiomanas OTKPBITOTO OKHA MM OTBepcTHs, M>; ® — koodduiment auadparMupo-
BaHUs oTBepCTHs (CM. pHC. 4); T — BpeMsl OTKPBITHSA OKHA WJIM OTBEPCTHS 32 BpPEMs
TJTABKH, Y.

Hau6onee tunuaneie mapameTpsl dkcuryatupyembix JCII: nuameTp BaHHBI Me-
91 Ha YPOBHE OTKOCOB ~ 6 M; BBICOTA MeUYM HaJ 3epKajoM mMeramia: 2,8...3M — s
paboThI C JIETKOBECHBIM JIOMOM M 2,6...2,8M — jyis paboThl ¢ KPymHOTaO0APUTHHIM
aoMoM. Bpemst moaBaniku (2...3 MHHYTBI) ONPEACIIASTCS M0 TEXHOJIOTUN TUTABKH 3a-
TaHHOW Mapku ctaiu. M3mydeHneM dyepes pabodee OKHO MOKHO TIPEHEOpeyb.

0]

08

Puc. 4. Kosddunuentsr nuadpar-
06 |— 5 MHPOBAHUS TPU U3ITYYCHUH TEILIa
4 | yepe3 otBepcTus: 1 — y3kas 1menb
I (@ : b = 0), 2 —npsmoyronpHas
| eI (a : b = 0,2),
3 — npsmoyronbHas 1mens (a @ b=
= 0,5), 4 —kBajpaTHOE OTBEPCTHE
(a:b=1), 5 «pyrioe oTBEpCTHE;

| — Tommuua knagku

04

02

NENEE

|
0 0204060810 080604020

l/d,a/l,d/!

[Tpumewm, uto Bpems moaBanku 2 MuHyThI (0,034), 1 yHUBEpCaIbHOCTH I€Yb
paccunTaHa Ha paboty c jerkoi merawomuxtor (I = 2,8m). Onpenenum ruiomaIs
MOBEPXHOCTU M3IYUYCHHS, JJIsI TPOCTOTHI CUUTAsI, YTO TEIUIO M3Iy4aeT TOJBKO IIO-
BEPXHOCThH pacrjiaBa:

B>

F= = 28,26M>.

Otnomenne d / | = 2,1, Ha rpaduke orcyrcTByer. O0paTHoe otHomienue | /d = 0,47,

3Ha4YeHue ko3 dunmenTa quadparMupoBaHus OTBEPCTHS sl KOTOporo (1o puc. 4)
@ = 0,65.

Qesox = 3,6-5,67-10- (1873/1000)28,26-0,65-0,03 = 0, M.
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BBuay manocTu 3HaueHus (Iaroliero MakCHMMaJbHBIA BKJIaJ B JAHHYIO CTaThIO
pacxoja) oCTalbHBIMH KOMIIOHEHTaMH NpeHeOperaeM. C y4eToM TOTO, Y4TO pacyer
Benetcs Ha 100xkr, Qg = 0.

Ilomepu menna ¢ omxooswumu eazamu Qg

XO0J0IHBIN BO3AYX, MONaAasl B ME€Yb Y€pe3 HEIUIOTHOCTH, HArpEeBaeTCs U YHO-
CUTCSl B CUCTEMY T'a300YMCTKH, MPUBOAS K MOTepsiM Teruia. [lomumo atMocdepHoro
BO3/lyXa B Fa3004YHMCTKY YHOCATCS Ta3bl, 0Opa3yromuecs Npyu NpoAyBKe pacijiaBa Ku-
CJIOPOJIOM, a TaKXe MPOAYKThl CTOpaHMs TOIUIMBA IMPHU MCIOIb30BAHUM JOTOIHU-
TEJIbHBIX TOPEJIOK.

JIJisi BHOBb MPOEKTUPYEMBIX TE4e JaHHas CTaThsi pacxoja pacCUUTHIBACTCS
JIOCTaTOYHO cNOKHO. Ha AefcTByIONMX mneyax B CUCTEME ra30Xo0JI0B UMEIOTCS CIie-
[UaNbHbIC JaTUYMKH, (PUKCUPYIOLIUE TEMIEPATypy, COCTaB U pacxo] rasza. M3mepss
CKOPOCTHOM Hanop Ap, pacCUUTHIBAIOT CKOPOCTh U PACX0]l YXOISAIIUX Ta30B 1o (op-
MyJIaM:

0= @; V, = 36000F; V=273V, / T,

rie W — CKOpPOCTh ra3oBOro IMOTOKAa, M/C; § — YCKOpEHHE CBOOOMHOIO MaiCHHMS
(9,81 M/Cz); Ap — ckopocTHO# Hamop, I1a; P, — MIOTHOCTh YXOIAIIMX ra3oB, KT/MC:
Vi — KOJIM4eCTBO ra3oB, YXOAAIINUX U3 Meur ((paKTHIECKH), Mla; F — mwiomans ceve-
HUS TaTpyoOKa, M2V, — KOJIMYIECTBO Ta30B, YXOJAIIMX U3 neun (IPUBEACHHBIC K TEM-
neparype 0 °C), Mla; T wx — TEeMIIepaTypa yXoasmux ras3os, K.

KonnyecTBo Temia, yHOCMMOIO M3 T€YH C Ta30BBIM IMOTOKOM MOKHO OIpe/e-
JUTH TI0 popMmyIie

Q10 = VoCopx Tyx'T,
TJI€ Coyx — CPEAHSS TEIIOEMKOCTh YXOSIINX Ta30B, JIx/ (M3K)

[TprmeMm, 9TO B CpeHEM Ha COBPEMEHHBIX IIeUax Meperna JaBICHUS MKy ITe-
9pi0 B aTMocdepoii coctaBisieT 2 [1a, MIOTHOCTh OTXOAIINX Ta30B — 1,5kr/m°, nua-
MeTp maTpyOka razoorcoca u3 medu — 1,2m, Temmneparypa OTXOASIINX Ta30B B CPe/I-
HeM 3a taBky — 1200 €. Torna

2
w= ZEQ:L%= 5,11m/c, Vi= 3600-5,11—1--[2‘::'—2 = 20 795u’/4,

V, = 273-20 795/1200 = 4730,88.
Torga konMuecTBO TEIUIa, YHOCUMOE ra3aMy U3 M€Y 3a IUIABKY,

Q0= 4730,86-1430-1200-0,75 = 6,09 &,
wiu B niepecuere Ha 100kr 6,09M/1x.

Hroro 3a IJIABKY pacxon TCIlIa
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Q,=112,47 + 0,62 + 0,04 + 48,83 + 0,0 + 6,09 = 168x.

[Momyuennsiii TeroBoit Oananc maBku ctanmu 20X B JICII-100 mpuBenen
B Ta0n. 12.Heps3ka 0,8 %.B cinydae 605b11101 HEBSI3KH KOPPEKTUPYIOT PACXOJ] DJICK-
TPOSHEPTUU Ha IMJIABKY.

Tabmuna 12
TermroBoi 6ananc miaBku ctaau B JICIT
[Toctynuio terma, MJIx Pacxon Tenna, M Jx
OHTanpnus NPpoayKTOB 112,47
(66,94%)
B Tom unciae:
DNEeKTpOIHEPTHUS 6 Zg Z; %}:‘3 DMeTaJma 101,65
’ (60,50%)
[IUIaKa 10,82
(6,44%)
Teno ropenok 8,81Tenmo XUMHUYECKUX peaKIuii 0,62
(5,20%) (0,37%)
ODHTAJIBITNS MUXTHI 21,40l oTepu 48,83
(12,68%)| ¢ oxnaxmaroiei BoI0kH (29,06%)
Temno xuMu4YecKux peaxui 25,73 Ilotepu 6,09
(15,19%)| ¢ oTXOASIIUMHU Ta3aMH (3,62%
Hroro 169,48Itoro 168,01

4, METOJIMKA PACYETA OCHOBHBIX TAPAMETPOB YT OBOM
CTAJIEIINIABIJILHOW NEYH

C yyeToM COBpPEMEHHOW TEXHOJOTWH, MpeAycMarpuBaronieil paboTy AyroBoit
MEeYM C 3aBAJIKOW OOJIBINEH YacTH METAUIMYECKON MIMXTHI U TIOJIBAJIKOM OCTABIIECHCS
YacTH JIOMa MOCJie MPOIIABJIEHUs OCHOBHOM YacTH MIMXThI, HEOOXOIUMBIN JJisl pa3-
MEIIEHUSI IMUXThI 00BeM pabodero MpOCTPAHCTBA MEYM YMEHBIIAETCS, COOTBETCT-
BEHHO CHMIKAIOTCS TEIJIOBbIE MOTEPU U YBEIMYUBAETCS MIPOU3BOAUTEIHLHOCTD M€Y B
1esoM. J[Jis yydIeHus TEXHUKO-9KOHOMHYECKUX TTOKa3aTesiel paboThl eUr U yBe-
JUYCHUST CTOMKOCTH (DYyTEpOBKH TOJIMHBI U OTKOCOB TIEYH IEJIECO00Pa3HO TIPH CITUBE
HOJIYNPOIYyKTa OCTaBATh 4acTh Metasia (15...25%)B meun, Tak Ha3piBaeMoe «00-
JIOTO».

Hcxons u3 310T0, pacueT HauHEM C OTNPECIICHHs] MAaKCUMaJIbHOW MacChl METaJl-
ja B neun M,

M, = (1+k)-M,

rne M — macca CIIMBaeMOro MeTallla 3a IUIaBKy, T, K — KoapduimeHT n3obiTka Me-
TajuIa, OCTaBJIsAEMOT0 B IICYH MOCHIE CIIMBa, T.¢. «bonoro» (K= 0,15...0,25).
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N3 aHanm3a reoMeTpUYECKUX pa3MepoB JACUCTBYIOMIMX N€Yeil BHIBEJIEH CTEXUO-
metprdeckuid koapuiment (4 = 0,35...0,40)¢BsA3pIBaIONTNI MAKCUMATBHYIO MACCy
metauia B ieun (M,, T.) ¢ tuamerpom pabouero npocrpanctsa (D, M) Ha ypoBHe ma-
HEJIECH:

ce

oS
D
Ql:
:E Sy
< _:8
45° | w
N A

k<]

IS NES

D

ce

Puc. 5. FCOMeTpI/I‘IeCKa}I cxXema HYFOBOﬁ CTaJIeIIaBUJIbHOM 1Teur. O003HaUYEeHUS B TEKCTE

34



M, = 4-D° .

Orciona Haxoaum D =3 M% . M.

Haiinem makcuMmanbHbIil 00BEM METAJLIA B IIEYH:
_ 3
V, =M, Ip,, M,

3
rje Py — INIOTHOCTD JKMIKOI0 MeTalia, paBHas 6,8...7,41/m”.
MakcuMaIbHbIA 00BEM BAaHHBI [TEYHA

_ 3
VB - VM 'VLu '\/3a M,

rae V, —o0beM 1uiaka, V, —3amac oobeMa MeTajlia.

O0OBeM nuIaKa
v, =bl W M
- pm ’ ’

rae b — koadGuieHT, yYUTHIBAIOIIKN OO IIJJaKa OT MACChl CIMBAEMOT0 MeTallja,
o . 3
pasubiid 0,05...0,1;p,, — IIOTHOCTH XKUAKOTO MUTaKa, paBHas 2,8...3,21/m".

3amac o0pbeMa merasia
V3: C-VMs M31

rjae ¢ — ko3¢ dunueHT 3amaca meramia, papasiii 0,10...0,15.
['eomeTpuyeckuii 00beM BaHHBI IEYU
o 3
V. =V _+V_, M,
rae Vi, V. —o0beM KOHUYECKON U chepruiecKoi yacTeld COOTBETCTBEHHO.
O0BeEM KOHUYECKON YaCTH
2 2
d +d td, +d,
M
12

rae hy — BeicoTa koHnyeckom yactu (mpunumaetcs h; = 0,80, raoe h — riryOuna Ban-
HBI, 171 Tiedeid eMkocThio MeHee 50 T u 6osee 50 T BEIOMpaeTcs B MHTEpBaJie COOT-

V, = l{h, +Ah)

BerctBeHHo 0,4...1,0m 1,0...2,0Mm), M; Ah — 3amac KoHWYECKOW YacTH, paBHBIH
0,1...0,2m; d; u dy — TaMeTpBl BEPXHETO M HUXKHETO OCHOBAHHMM KOHYCa, COOTBET-
CTBEHHO, M.

JlnameTp BEepXHEro OCHOBaHUS KOHYycCa

d]_: Dl— 2Ah, M,

rae D; — nuamerp no BepxHeMy kparo (yTepoBKH Bble 0TkocoB D = D — 2hy, m
(hy — 3amac GyTepoBKH OT YpOBHS OTKOCOB JIO HM)KHETO YPOBHSI TIaHENICH, paBHBIN
0,25...0,36m).

JlnameTp HIDKHET0 OCHOBaHUsS KoHyca 0= d; — 2h.

O6BeM chepuueckoit yacTu

2 2
V. =z [h, d; /g+h2 , M
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YToOBl OIIEHUTH MPABWIBHOCTH MPOBEACHHBIX BBIIIE PAacyeTOB, CPABHUM I'€O-
MeTpudeckuii 00beM BaHHBI (V') ¢ 00beMoM kuakux Matepuaiion (V,).

Ommbka pacueroB A= (V,' — V,) He moiwkHa npebiiath + 5 %. Kpome toro, as
OILICHKH TMPaBWJIBHOCTH PacdeTOB I'€OMETPUYECKUX Pa3MEPOB BaHHBI CIEIYET CPaB-
HUTH UX C pa3MepaMHu JACHCTBYIOIUX mevel [1], Hanpumep:

D = 1106M % mm;

h = 165,8M ***% mu;

f=1,131IM %7 mfr;

d, = (0,6...0,65D, mm; h, = (0,15...0,25, MM,
rie f — ynenpHas MOBEpXHOCTH 3e€pKajia BAHHBI.
OmnpenenuM BBICOTY BOIOOXJIAXKIACMBIX ITaHETIeH
h, =H—(h+Ah + hy), M,

rae H —Beicota pabodero npoctpancTBa neur, H = m-D, m.
3nech M — KO3 (UIMCHT, YYUTHIBAOIIUN cooTHOIIeHHEe Mexay auamerpoM (D) u
BbIcOTOM (H) pabouero npoctpanctea (M= 1,5...2,0);hy, —BbIicOTa ByTEpOBKH BbIILIE
yYpOBHS OTKOCOB, paBHas 0,3...0,5m.

Haiinem nosiHb1i 00beM pabodero npocTpaHCTBa NEYH

V=V, +Vy+V,, M,
rae V, —o0beM MeXIy HUKHUM U BEPXHUM YPOBHSIMU TTaHEIEH,

V:nEDZIIhn 3.

I 4 y M,

Vy —00BbeM MexIy BEpXHUM YPOBHEM OTKOCOB M HHKHHM YPOBHEM IaHeeit
n D h, 5
b = T, M.

[IpoBenem cpaBHUTEIBHYIO OIEHKY pacueToB 0O0bema pabodyero mpoCTpaHCTBA
neun (V) ¢ 00beMOM 3arpy’kKaeMbIX B I€Ub IMHXTOBBIX MaTEPHAIOB, MAKCHMAaIbHBIM
U3 KOTOPBIX sABJsieTcs 00beM sioma (V). [TockobKy 3arpy3ka OCyIIecTBIISETCS B J1Ba
nmpueMa, TO HauboJIBIIUM OyaeT 00beM JIoMa MEePBOU 3arpy3Ku (VH) Pasuuna B 00b-
(V -V /k,)100

\/
noyiHeHus eud, pasHeiii 0,85...0,95.

Omnpenenum MoJIHbIN 00beM JJoMa:  V, =M/ p,, M3,
IJie P, — HACBhIMTHAsI TUIOTHOCTD JIOMa, paBHas 0,5...1,2T/M3.

Haiinem o0beM jtoMa mepBoi 3arpy3KHu:

Vn = Ll WH’M3; Vn = L2 Wny MS,
rae Ly u Ly — mos jjoMa mepBoi M BTOPOM 3arpy30k cootBerctBenHo, 1,=0,6...0,7;
l,=0,3...0,4.
Jliist onpenesieHnst pa3MepoB GyrepoBaHHOTO cBojaa — aunamerpa (Deg) U BoITyK-

aoctu (Ncp) HEOOXoaKMMO paccunTath guameTp dsiekTpoaa (0), 3aBucsAIUi OT MOJI-
Hol MomHOCTH (S BT) TpanchopmaTopa nedn.

emax A= HE J0/uKHA TpeBbiath 5%, rae ks — koadduimeHr 3a-
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Harinem nuamertp anexkrpona:

d, = 40, .
7 [l

rJie | — IIOTHOCTB TOKa dnekTpoxa, pasHas (20...40)-10% A/M?; |, — snexrpuuecknii
TOK BO BTOPHYHOM IeNH TpaHchopMaTopa

L=, A

J3
U,y — MakcHUMallbHOE JIMHEHHOE HampspKEHWe BO BTOPUYHOM Ienu TpaHcdhopmaropa
(U, < 1600B).
Haitnem nnamerp cBona:
Des = (1,5...2,5)d5 + dps, M,
rae Opy — AuaMeTp pacmaaa 3JaeKTpoJoB, Opy = Kpy-Oy, M, rae kpy — koaddurment
pacmaja 3JIeKTpoI0B, KOTOphIi paseH 1,5...2,5.

Beinykiocts cBoga Nep= Keg'Deg, M,

rie keg — ko3 dunment Bemmykinoctu cBoza, pasusiii 0,12...0,18.
Pacuer 3akoHueH.

5. PACUET DJIEKTPUYECKHUX XAPAKTEPUCTHUK AYTOBOM INEYA

Onpez[eneHHe HAaBJICHUS AYTW Ha MCTAJIJI Y IIJIAK

Pacdetsl mpoBenem Ha KOHKpeTHOM mpumepe st ayroBoi meun J[CIT-100 c
MOIIIHOCTHIO TpaHchopmaTopa S = SOMBA.

Hcxonublie TaHHBIE.

d> = 610MM — nuamMeTp 2JICKTPOA,

5 = 0,9 —snexrpuueckuii KI1/I,

cos¢g=0,7,

i = 28 A/cM® — INTOTHOCTB TOKA IEKTPOIA,

Rkc = 0,4MOM — akTMBHOE CONTPOTHUBJICHNE KOPOTKOU CETH,
X =4MOM —peakTUBHOE CONPOTUBIIEHNE KOPOTKOU CETH,
AU = 1 B/mM — ynenbpHOe aJeHHe HAIPSOKEHUS B AyTe,
AU, ¢ = 40B —naaenue HanpspKeHUsI HA MOHU3AIMIO HA aHOJIE U KaToJIe,
Pu=7 r/cM® — IIOTHOCTB JKMAKOTO METAJUIa,

P = 3,5r/CM3 — IJIOTHOCTH YKUIKOTO IIIJI1aKa,

P = 2 r/cM® — IJIOTHOCTB TIEHUCTOTO TIUTAKa,

iy = 4 A/MM? — IIOTHOCTH TOKA B ayre,

Dy = 6,8M — n1uameTp BaHHBI MICUH.
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Haiinem MmakcuMaibHBIM 1 HOMUHAJIBHBIA TOKH
H 2
| =2 dj = % [P8[10° = 81780A;
l.., =08l ., =08[81780=65430A.

Omnpenenum auHEHHOE U PazHOE HANPSIKEHUS:
S 8onc® U 706
U, = = =706B,U, =—21="""=408B.
30, +365430 * 3
Haﬁ,ZLCM ImagacHuc HaHpH)KCHI/ISI B KOpOTKOﬁ CCTU U B ,IIyFCZ
Ue =1, (R [Cosh =654300,410° 0,7 =18B;
U, =U,, [cosp-U,. =408[0,7-18=267B.

R

KC

Puc. 6. Dnekrpuyeckas cxema
U Ra 3aMeIeHHsI KOPOTKOW CeTH

X
o YV

Bpruucnum 1My yru:

L, = s _AALEJA'K) s _ (267~ fo)[(D,g = 204w,

Haitnem naBnenwue B ayre:

F, =502 00°=5[654300°= 214 (21,4«r).

HOM

OnpenenuMm ceyeHne Tyru.

S, = '_HOM = 65430_ 16 400m? (164cm?).
Iy 4
Havinem ynenbHOE naBieHUE B AyTeE:
F
=ra =2 613 /em? (130r/em?).
s 164

Beraucnum riryOuHy JIyHKH B MeTaiuie u nuiake (puc. 7):

he = Fy./ Py = 130/7 = 18,5M;
hw = Fy/ pu = 130/3,5 = 32w
Naws = Fya / Pu = 130/2 = 650m.
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Puc. 7.Cxema o6pa3oBaHUs JIyHKH B MeTaJlIe U make, Ly — anuna qyru, hy, —BbeIcoTa 9K-
paHupoBaHus AyTH, |, —BBICOTA 1LTaKa, N, - BBICOTA MeTaUIA

y _n[D}
Macca »)uakoro muiaka B JyroBOoW Ieyu M, = 2 III]m [p,., OTKyna BbICOTa
_ m,[4
Ijaka |IlI = [D—zﬁb Torna npu Macce muiaka 8 T, BBICOTA CJI0 IIJIaKa
T
B I

B 810° 4
" 3,1406,8 10" 3,5
Takum 00pa3oMm, BEICOTA SKPAaHUPOBAHUS AYTH METAJIIOM U IIJIAKOM COCTaBJISET
h, =h, +1, =185 + 6,3&m = 24,8cMm, T.e. 00KOBOE 3KpaHUPOBAHHE JOCTHIaeTCH,
T.K. umHa 1yru Ly = 20,4cMm. DxpaHnpoBaHue OT M3IIydSHHUS HA MAHEIH U CBOJ OT-
cyrctByet. [ToaTomy neiaecooOpa3HO MPOBOIUTH B MIEUX BCIICHUBAHUE IIIJIAKa.

=6,3cM.

Pacuer auHamMuyeckoro B3auMoIeCcTBHUS MEXIy (a3zamMu
B KOPOTKOW CETH

VY nenpbHOE aBieHUE CKATHUS B JI0OO0N TOUKE CEUEHHMS MPOBOJHUKA BhIPAKAETCS
ypaBHEHUEM
- * r* 2
f=p,0——=01-— |, HM,
4 [R R
rjie I —paccTOssHUE OT OCH MPOBOJIHUKA 10 TOUKH, B KOTOPOM ONpeeNnsieTcs Cuia,
R —pannyc npoBogHuKa.
W3 ypaBHeHUS BUAHO, YTO MO Mepe MPHUOJIMKEHUS K OCHU MPOBOJAHHUKA YCUIIUE
BO3PACTAET U B LIEHTPE OHO JIOCTUTAeT MAKCUMAIbHOW BETUYUHBI
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|2
f =u, —.
max “O nmmz

CyMmMapHO€ 3HaUY€HUE CUJIbI CKATHUS
F=5.10% 1% H,
rae Jo — MarHuTHas IPOHMIIAEMOCTh, paBHas 411107 ! I'u/M; | —371eKTpUYECKHil TOK B
MPOBOJHUKE, A.
[Ipu B3amMoAEHCTBHM IBYX MPOBOJHUKOB ¢ ToOKamH |1 u |, ycuime Mexy mnpo-
BOJHUKAMH

2040,0,0.007
a
riae L — nivHa npoBOIHUKA, M; @ — PaCCTOSTHHE MEXy TPOBOIHUKAaMU, M (puc. 8).
YaeneHoe naBieHue (Ha 1 M JTHHBI TPOBOIHHUKA)
2040,0,007
a
OmnpenenumM ycuiine B3aUMOACHCTBHSI MEKIY ABYMsI SJICKTPOIaMH.
[Tpumewm |, = 65430A; a = 2,0M, ToT 1A
p= 2,04[65430G 10”7
20
MPH KOPOTKOM 3aMBIKAHHH YCHIHE MOXKET BO3pacTH B 3° pas, T.. [0
Pmax=51,4-9 = 462 ,&r/™m.
Haiinem ycunme B3aMMOACWUCTBUS MEXKAY JIIEKTPOAOICPKATEISIMH, TPUMEM
a=1wm:

P= , H,

P= , H/m.

=514H/m (51,4xr);

7
= 2’04[65136 10 =873H/m (87,3kr/m),

I:)max: 87,3 -9 = 785,RF/M

P

BbrurcianmM ycusre B3auMOAeHCTBUS MKy Jyramu (cM. puc. 8).
[Tpumem Ly = 0,214m; a = 2m:
20465430 10’

P= = 436,7H/m (43,6xr/m);

T.K. JUIMHA Ayru MeHbine 1 M, To ycunue paBHo: 43,6:0,214 = 9,8r; Ppax= 9,3 - 9 =
= 83, 7xr.

Hatinem ycunmue B3anMoieiicTBUS B THOKUX KaOensax. [Ipumem, uro kaxkaas dasa
COCTOMT U3 TpeX Kabenei, paccrossHue Mexxay kademsimu a = 0,3m. HomuHanbHbIH TOK
B KaXKJI0M Ka0eJie yMeHbIIaeTcs B 3 pasa.

| = 65430

HOM

=21810,A;

p - 2,0421810° 10"
0,3
Pmax=32,3-9 = 290, ¥r/™m.

=323, H/m (32,3«r/m);

40



Puc. 8. Ycuine B3aumMoAeCTBUS MEX1y MPOBOJHUKAMHU C TOKOM

Takum 00pa3zoM, yuuThIBas 3HAYUTEIbHBIE 3HAKOIIEPEMEHHBIE YCUIIMS B3aHUMO-
JEUCTBUSL B Pa3HBIX YYaCTKaX KOPOTKOW CETH, K MOCIECIHEU IPENBABISIIOT KECTKUE
TpeOOBaHUs IPY U3TOTOBJIEHUU U SKCILTyaTallHH.
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Tadomuma I1.2

CTaH,Z[apTHOG W3MEHEHHE dHTAIbIINN pCaKHI/Iﬁ

N3MmeHeHne DHTAIBIINA
XUMHUYECKAs peaKus —AH"20
B IIEpPECYETE MJTx
Ha

_ 1xrC 11,3

Cre +1/2G6=CO ToR o, 12.1
Sire + G, = SIO 1kr Si 28,4
2P+ 5/20, + 3Ca0 = CgP,Oq 1xr P 33,4
Mnge + 1/2G = MnO 1xr Mn 6,99
2Cre+ 3/12 Q = Cr0O4 1kr Cr 11,0
Fe + 1/2Q = FeO Ixr Fe 476
3Fe +20Q = Fg0O, 1kr Fe 6,65
FeEO+C=Fe +CO ir Fe -2,92
2Fe + 3/12Q0 = FeOs; 1kr Fe 7,36
3FeO + 1/2Q0= Fg0, 1xr Fe 1,89
2FeO + 3/20= FeO, 1kr Fe 2,59
SIO, + 2Ca0 = 2Ca0-SiHCaSIO,) 1xr SIG, 2,11
_ 1xrC 32,8
C+o=Co 120, 176
1xrC 9,20

+ =
C+1/2Q=CO o8 o, 9.86
1m° O, 25,3
+ =

CO+12Q=C0 1m° CO 12,7
SIO, + Ca0 = Ca0-Sig(CaSiQ) 1xr SIOG, 1,54
CaCQ =CaO + CQ 1 m° CO, 7,21
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Taomuma 1.3

Tennmodusnyeckue CBOMCTBa OTHEYMOPHBIX U TEIION30JISIITAOHHBIX
MaTepHaoB

Marepuan

Koadpunuent Te-

VY nenpHas TENIO-

[LnotHOCTH P,

HHOHpOBOI[HOCTI/I €MKOCTH C, 3
A, Br/(m-°C) T/ (ir-°C) KT/
JluHac 0,815+0,000676 |  870+0,193F 1900...2000
[llamot 0,7+0,00064 865+0,217 1800...2000
[ITamor-1erkoBec 0,116+0,00016: 960 400
Tepukias 6,28-0,0027F 1050+0,145F 2600...2800
XpOMOMAarHe3uT 2,8-0,00087 920 2700...2850
JATOMUTOBEIH | 116,04 00015" 920 500
KP4
Acbectosriii | () 1520 00014 835 1000...1250
KapTOH
TlenomamMoT 0,28+0,0002F 880 950
[ITamort kiacca A 0,88+0,0002F 865+0,217 1800...1900
[lepuxnazoxpoMuT 4,1-0,0016F 920 2800...2900
Mumepanetias | 6 460,058 - 50...180
BaTa
Mutepaibbit | 6 o560 0767 - 250...300
BOMJIOK
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