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BBEJAEHHUE

JluteitHoe MpOU3BOJCTBO — €AMHCTBEHHAS! TEXHOJIOTHS MOJYyUYEHHUS 3aro-
TOBOK ISl J€TaJ€l, NPU KOTOPOW MaTepuang HaAXOAUTCS B KUIKOM HCXOJHOM
COCTOSIHUU. DTO 00YCIIOBIMBACT TIJIaBHBIC MPEUMYIECTBA JIMTEHHOW TEXHOJIO-
T'MU — MaKCUMaJIbHOE COOTBETCTBHE JIUTOW 3arotoBke (neranu). Kosddunuent
WCTIOJIb30BAHUS METAJIa B JIUTOW 3arOTOBKE CaMbIi BBICOKHM. [loaTOMY nnTen-
HO€ IPOM3BOJICTBO — OCHOBHASl TEXHOJOTHUS B 3arOTOBUTEIILHOM IMPOU3BOJCTBE
COBPEMEHHOI'0 MAIITMHOCTPOECHHS.

OnHako MoJiydyeHHE U3JCIIUN 13 KUJIKOI0 paciljiaBa COMPSIKEHO CO CIIOXK-
HEUIIIUMH MPOIIECCAMU, KOTOpPbIe OOYCIOBIMBAIOT MOSBIICHUE B OTJIMBKAX pas-
JUYHOTO pojia 1e(EKTOB.

s monydeHus KayeCTBEHHBIX 3arOTOBOK JIMTEHIIUK JOJDKEH YMETh Ha
HAay4YHOW OCHOBE YMNpaBisATh (POpMHUpPOBAHHEM OTIMBOK. ONTHUMaIbHOE YyMpaB-
JICHWE TEXHOJIOTHEH TMOJIyYeHHUsI OTIMBOK OCHOBBIBACTCS Ha TIIyOOKOM 3HAHUU
Pa3HOOOpa3HBIX MPOIECCOB, HCCIEAOBAHUE CYIIHOCTH KOTOPBIX COCTaBIISET
IIpEeIMET IPUKIAAHON HAYYHOU JUCLUILINHBI — JTUTEUHON TUAPABIIUKY.

[Ipoananu3upoBaB SIBJICHUS U MPOLECCHI, COMPOBOXKIAIOIINE IBUKECHUE
MeTaJljla MPU 3JIMBKE JTUTEHHON (OPMBI, CIeAyeT OTMETUTh CICAYIOIIUE OCO-
OCHHOCTH JIMTECHHOMN THAPABIINKU:

— B IIpoliecce ABIKCHHS B (hOpMe TOMOTEHHBIN pacIljlaB CTAHOBUTCS Te-
TEPOTCHHBIM BCJICJCTBHE OOOTAICHUS HEMETALINYeCKUMU YacTUIIAMH, ITy-
3pIpbKaMU T'a30B, KPUCTAUIAMU TBEP10i (ha3sl;

— MpU 3aJMBKE B Pa3oBbie (hOPMBI CTEHKAM KAaHAJIOB, MO KOTOPHIM JIBH-
YKETCS METaJUl, IPUCYIIH KaK ra30MpOHUIIAEMOCTh, TaK U ra3000pa3yroiast cIo-
COOHOCTb, a TAKXKE BO3MOKHO BaKyyMUPOBaHHE (POPMBI;

— B TEIJIOBOM OTHOILICHUU MPOIIECC HE SBJISIETCS CTAllMOHAPHBIM, TAK KaK
COMPOBOXK/IAECTCSI U3BMEHEHUEM TeMIIepaTyphbl KaKk MeTalljia, Tak U OPMHI ;

— KpPOMeE BBIIIEYNOMSIHYThIX (PU3UYECKUX SIBIICHUM, TIPU 3aJIUBKE (HOPMBI
MOTYT TPOUCXOAUTH MPOLECCHl XUMUYECKOIO0 B3aMMOJCUCTBHUS KOMIIOHEHTOB
CIUIaBa U UX OKCHUJIOB C KOMIIOHEHTaMH ()OPMOBOYHON CMECH U Ta3aMH.

Takum oOpazoM, ABWIKEHHE MeTallia B (pOpMe SBIISIETCS CIOXKHBIM ITPO-
1IECCOM, KOTOPBIH 3aBUCHUT OT THJIPABIUYECKUX, TEIJIOBBIX, PU3HUECKUX U (PU-
3UKO-XUMHUYECKUX (akTopoB. Llenb AUCIUIIIIMHBI — U3YUYUTh BIUSHHUE dTUX (aK-
TOPOB M HAYYUTHCS YIPABIATh UX JACHCTBHEM IS JOCTHKCHUS (DOPMUPOBAHHS
Ka4eCTBECHHBIX OTJIMBOK.



JIABOPATOPHAS PABOTA 1
COCTABJIEHUE PEOJIOTMYECKWUX MOJIEJIEN U NX
YPABHEHU

He.]'lb paﬁoTbIZ O3HAKOMUTBCA C OCHOBHBIMU IPCACTABJICHUAMU PCOJIO-
I'nu; U3y4YUTb HpOCTGﬁH.IPIG PCOJIOTHYCCKUC TCJId, HAYYUTHCA COCTABJIATH ypaB-
HCHUA PA3JIMIHBIX PCOJIOTUYICCKUX TCII.

1.1 O0mue cBegeHNs

[Iponecc popmupoBaHuUsi OTIUBKU COMPOBOKAACTCS MPEBPAILICHUSIMHA Me-
TaJlJla, TPOUCXOASAIIMMU MO MEPE €r0 OXJIAKACHUA. BHauane Meram npencras-
JIET BSI3KYIO KHUJKOCTb, MPU KPUCTAJUIM3ALUA OH MPEBPALIACTCS B FE€TEPOreH-
HYIO Cpelly, HIKE TeMIIepaTyphbl KPUCTAIIU3AIMU 00pa3yeTcs TBEPAOE XPYIKOe
TeJI0, KOTOPOE MO Mepe MaJbHEUIIEero OXJIaXAeHUsT TpruoOpeTaeT IIaCTUYHOCTh
U YIIPYTOCTb.

i ocyliecTBiIeHUsT MaTeMaTH4eCKOro aHajau3a IIOBEICHHS BEIIECTB
CO3/IaHbI MIPEACTABICHHS 00 UACAbHBIX TEaX:

— UJea’bHas HEC)KUMAeMasl MacKaJIeBCKas KUAKOCTh CO CABUIOBOW BSI3-
KOCTBIO, PABHOU HYIJIIO;

— BSI3Kasi HBEIOTOHOBCKAs! KUJKOCTB;

— aOCOIOTHO TBEPJAOE, IBKIUIOBO TEIO, HenepopMuUpyroIieecs: mpu JIko-
OBIX Harpy3Kax;

— TBEPAOE YNPYroe T'yKOBO TEJIO.

IIpenacraBneHus 0 MAaCKAIEBCKOWM M HBIOTOHOBCKOM JKUIKOCTSAX HCIIOJIb-
3YIOTCS B THAPOJIMHAMUKE, TBEPJOM SBKJIUIOBOM Tejie — B OOIICH MeXaHUKe,
TYKOBOM TBEPJIOM TE€JI€ — B TEOPUU YIIPYTOCTH.

CornacHo 3aKOHY BHYTPE€HHEro TpeHus HbIOTOHAa B TOMOT€HHOM KUJIKO-
CTH HaIpsDKEHHs TPOMOPLIMOHATIBHBI CKOPOCTAM eopmanuu. B TBepiom Terne,
no 3akoHy ['yka HampspbkeHus MNpONOpPUUOHAIBHBI camMuM AedopmanusaM. 3a
IpeJieslaMu YIIPYroro COCTOSIHUS B UECAJIbHOM YIIPYTrO-IUIACTUYECKOM Tejle IIPU
MOCTOSTHHOM HAIPSKEHUU BO3HUKAIOT MJIACTUYECKUE OCTATOYHbBIC e OpMAIIHH.

B neicTBUTENBHOCTH MTOBEACHUE TEN 3aBUCUT HE TOJIBKO OT UX CBOMCTB,
cKopocTu AedopMalvii Wik caMoil negopMaliii U BeTUYUHBI HAMIPSKEHUS, HO
€lIe OT CKOPOCTH MPUJIOKEHUS HArpy3KU (CKOPOCTH BO3ZHUKHOBEHHUS HAmpshKe-
HUW) ¥ NPOJOJDKUTENBHOCTH ee AeicTBus. [IpencTaBieHus o KIaCCUYECKUX Te-
JIlaX HEIOCTATOYHBI €€ U MOTOMY, YTO BSI3KOCTh M YIPYTOCTh MPUCYILHA B TOU
WM UHOUM cTemneHu BceM (usmyeckuM Tenam. [losTroMy B Tex ciyuasx, Korja
(bakTOp BpEMEHHM OKa3bIBACT CYIIECTBEHHOE BJIMSIHUE Ta MOBEJCHUE, Tejia U B
HEM MPOSBISIOTCA YIPYTrO-BsI3KUE CBOMCTBA, UCAbHBIE MPEACTABICHUS, MPU-
MEHSIEMbIE B KJIACCUYECKUX HAyKaX, TUAPOJIUHAMUKE U TEOPUU YIIPYTOCTH, OKa-
3BIBAIOTCS HENPUTOAHbIMU. [IprMepaMu TakUX CIydaeB MOTYT CIYyXKHUTh: peJlak-
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calusl HalpsDKEHWM, Kpull O€TOHAa M METaJUIOB, XPYIKOE pa3pylIeHUE BSI3KUX,
IUTACTUYHBIX M YIOPYTHX Tel (KUAKOCTH, achanbThl, METAJUIBI) MPU OOJIBIINX
CKOPOCTSIX BOZHMKHOBEHUS HAIPSKEHHUM, TEUEHUS NIACT U CYCIIEH3UM, KOTOPBIE
IIPU MaJIbIX Harpy3kax BeoyT ce0si Kak ynpyrue TBepjble Teja, a IpHu OOJbLINX
— KaK XKUJKOCTH.

IIpuBeneHHbIe IPUMEPHI IIOKA3BIBAIOT BAXXHOCTh BPEMEHHON CTOPOHBI pe-
aJbHBIX IpoueccoB. C Ipyroil CTOPOHBI, MOKHO CUUTATh, YTO PEAIBHBIE CBOM-
CTBAa BEILECTB pACIIOJIArarOTCs MEXAY CBOWCTBAMHU, NPUCYIIMMH WICAIBHOU
’KUJIKOCTU U aOCONIOTHO TBepAoMY Teny. [lockonbKy mackaieBckas )KUJIKOCTh U
OBKJIMJ0BO TEJIO SBIAKOTCA YACTHBIMHU CIy4assMH COOTBETCTBEHHO HBIOTOHOB-
CKOM XUJKOCTH M I'yKOBa T€Jla, MOXHO II0JIaraTh, 4TO BA3KOCTb U YIIPYIOCTb
NPEJICTaBISIIOT cOO0M Mpenenbl CBOWCTB (PU3WYECKUX TeNl, MEXKIY KOTOPBIMHU
HaxOJSTCS PeabHbIE CBOMCTBA.

[Tporeccrl M3MEHEHU HANIPsKEHUH U 1ehopMalinii BO BpEMEHHU € YYETOM
BA3KHUX M YIPYTUX CBOMCTB pacCMAaTpPUBAIOTCS PEOJIOTHEH, SABIISIFOLIECICS 001Iei
HAyKOH O TeYeHUH U JiepopMaluy BELIECTB.

EnnHoe peosnormdyeckoe ypaBHEHHE JUISl IIMPOKOW TPYIIIBI TEX HA OCHOBE
o0miero Gpu3anyeckoro 3aKoHa 1ehOpMHUPOBAHUS X BO BPEMEHHU 1O CUX IOpP OT-
CYTCTBYET. JTO 3aTpPYJHSAET PACCMOTPEHHME C €IUHOW TOYKU 3PEHHs IPOLECCOB
negopmanny MeTajia Ha BCEX €ro CTausX OT )KUJKOT0 COCTOSIHUSL IO TBEPOTO.

B peonoruu anajorndyHoe 3aTpyIHEHUE MPEOAOJIEBACTCA CO3AAHUEM pa3-
JUYHBIX Mozenen Ten. Peonmornyeckue tena — NpoMeXyTOYHbIE MEXKIY TBEP/bI-
MU ¥ KUIKUMHU. OHH, KpOME TOTO, HJI€aIbHBI B TOM CMBICJIE, YTO HE CYILIECTBYIOT
B nipuposie. OTauune BCAKOrO PEAIBHOTO Tela OT PEOJIOTHYECKOTO 3aKII0YaeTCs
elle B TOM, YTO OHO MOKET Je(OpMHUPOBATHCS MO Pa3IUYHBIM 3aKOHAM B 3aBU-
CUMOCTHU OT ycioBui. CienoBaTenbHO, pEOJIOTHYECKUE, TeJla COOTBETCTBYIOT HE
peaNbHBIM TEJIaM, @ X COCTOSIHUSM U OIMCBIBAIOT PEOJIOTUYECKUE SBIICHHUS.

Peonornueckue tena co3Mar0T MOCPEACTBOM TAK HA3BIBAEMBIX CTPYKTYD-
HbIX Mojener. CXxeMaTu3npys pealbHblE CBOMCTBA, MOJATalOT, YTO TEIO COCTO-
UT U3 YaCTHI] WU CyOCTaHIIMI, U3 KOTOPBIX OJHU 00JIaIal0T BA3KOCTHIO, a JApPY-
M€ — yIOPYTOCTBIO H, CIEN0BATEIbHO, IEPBBIE MOAUMHSIIOTCS 3aKOHY HproTOHA,
a Bropele — ['yka. CBoiicTBa Marepuasia, 3aBUCSIIME OT B3aUMOJEHCTBHS ITUX
YaCTULl, ONPEIEIAIOTCSA €ro CTPYKTYpPOi, KOTOPYIO IIPEACTABISAIOT YIIPOLICHHBI-
MU cXeéMaMU. XOTsl TaKU€ CXEMBbI CIIy’KaT TOJIbKO IpyObIM NMPUOIMKEHUEM, OJI-
HAKO CUYUTAIOT, YTO OHM OTPAXarOT JECUCTBUTEIBLHOCTD JIy4llle, YEM 3aKOHBI yII-
PYTOCTH WINA BHYTPEHHEIO TPEHHUs, B3AThIE B OTAEIBHOCTH. /{7151 XapaKTEepUCTUKHU
PEOJIOTMYECKUX TeNl MPUMEHSIIOT IrpadUKH, BhIpAXKaOLIUe 3aBUCUMOCTH Aedop-
Mali OT Harpy3KH, B 4aCTHOCTH IpaUKHU 3aBUCUMOCTH T'PATUCHTAa CKOPOCTHU
TE€YEHUS OT HAIIPSDKEHUS CIBUra. Takue KpUBbIE HOCAT HA3BAHHUE PEOJIOTUYECKHUX
KPUBBIX KOHCUCTEHIIMU. B 3aBUCMMOCTH OT CBOWCTB TEJI MEXIY HAINPSIKCHUAMHU
U CKOPOCTAMHU JiehopMaliuii UMEIOTCS JIMHEHHBIC U HEJTMHEHHBIEC CBSI3U.

Kaxnplii maeanpHbIl MaTepuan IPEICTaBIEH COOTBETCTBYIOIIUM IIPO-
CTBIM HJICAJIBHBIM TEJIOM, KOTOPOE UMEET CBOE ONPEAECIECHHOE TEKCTOBOE M I'pa-
¢uueckoe 0003HAUEHHUE, MEXAHUYECKYIO MOJIENb U PEOJIOTMUECKYIO (hOpMYyITy.



PaccmoTrpum npumep onmcanus ynpyroro tena I'yka. Mexanudeckas Mo-
nens ynpyroro tena ['yka — npyxuna (puc. 1.1).

a) 6)
Pucynok 1.1 — Mexanuueckas mooens (a) u epaguyeckoe obosnauenue (6)
ynpyeozo mena I yka

[Ipu nipusiokeHnu K NpyKUHE Harpy3ku P ee qnvHa L yBeIM4YMBAECTCS Ha
BenuunHY AL 1 B Hell 00pa3yroTCsl HANPSKEHUS G, BEIMYMHA KOTOPBIX IPOIOp-
[IMOHAJIbHA OTHOCUTENIbHOU fnedopmanuu €=AL/L, TO eCcTh

o=¢F, (1.1)

rae £ — Monyib yupyrocty npu pactsxkenuu, Mlla.
[Tpu cHATUM HaArpy3ku aedopmaiusi U HampsHKEeHUE MOJHOCThIO HMcYe3a-

10T. [Ipu negopmanuu cmeneHus: 00pa3yroTcs HalpsHKEHUS CMEIICHUS T
=YG, (1.2)
IJie Y — OTHOCUTENbHAs 1ehopMalys Mpu CMELICHUH;
G — MonyJb ynpyroctu npu cmemenuu, Mlla.
Vpasuenus (1.1) u (1.2) — peonoruuecknue ypaBHEHHs UACATBHOTO YIIPY-

roro tena ['yka, koTopoe cokpaieHHo o0o3HavaroT kak H-teno. ['paduueckoe
0003Ha4Y€HNE UACATBHOrO ynpyroro Tena I'yka npencrasieHo Ha puc. 1.2.

Py

Pucynox 1.2 — I'pagpuuecroe oboznauenue udeanvnozo ynpyeoeo meia l'yka



1.2 Ilopsaaok BbINOJHEHHUS PAOOTHI

Ka>1<)10My CTYACHTY JIs BBIITOJIHCHUWA pa6OTBI BbIAACTCA OHpeI[CHCHHBIf/'I
THUIT PCOJIOTHUYCCKOI'0O TCJIa U3 Taba. 1.1 B COOTBETCTBHH C BapUAaHTOM 3a/laHMs.

Tabauya 1.1 — Bapuaumol 3a0anus

No BapuanTa Tumn peosoru4eckoro Tena
1 NneanpHoe ynpyroe Teno ['yka
2 HUneanpHas BA3Kast )KUIKOCTHL Her0TOHA
3 ITnactrnueckoe Teno Cen-Benana
4 Teno KenpBuna
5 Teno MaxkcBenia
6 Teno bunrama
7 Teno IlIBegoBa
8 NneanpHoe ynpyroe Teno ['yka
9 HUneanbHas Ba3kas xxuakocth HeroToHa
10 ITnactnueckoe Teno Cen-Benana
11 Teno KeapBuHa
12 Temo MaxkcBenna
13 Teno bunrama
14 Teno IlIBenoBa
15 Teno MakcBenia
16 Temo bunrama
17 Teno lIBenoBa

C HMCHOJIB30BaHMEM CIIPABOYHBIX JAHHBIX WU JINTEPATYPBI MPOU3BOIUTCS
aHaJIu3 KPUBBIX KOHCUCTECHLIMM peosiorudyeckoro tena. Ilpum onmncanum mnosene-
HUS CJIOKHBIX PEOJIOTMYECKUX T€JI HEOOXOJIMMO YUYUTHIBATh, UTO MPH MOCIENO0-
BaTEJIbHOM COEIUHEHHUM 3JIEMEHTOB HAaNpsKeHUs (G WIM T) OJUHAKOBBIE, a CO-
BMecTHas Jedopmanus Yy paBHa CyMMe cocTaBisitouux aegopmanuii. [Ipu na-
paJlJIeIbHOM COEAMHEHUU AePOopMaIiy 3JIEMEHTOB OJUHAKOBBIC, a CyMMa Ha-
MPSKEHU COOTBETCTBYET NPUIOKEHHOMY YCUIIHUIO.

1.3 Conep:xanue oTyera

B otuete JOJIDKHBI OBITH YKa3aHbl HA3BAHUC U LCJIb pa6OTLI, IMPUBCACHDBI
06H1He N KPATKHC TCOPCTHYCCKUC CBCIACHHUA U IIOPAAOK BBIIIOJIHCHHA pa6OTI>I.
ITocne onucanus PCOJIOTrNYCCKUX TCJI COITIACHO BapHaHTaM 3aJaHUA HeO6XOI[I/I-

9



MO TIPEACTaBUThH IpaUIecKOe U TEKCTOBOE 0003HAUYCHHUE, MEXAHHMYECKYIO MO-
JeNb B peosiorudeckyro dopmyiny. CrenaTh BEIBOA 00 OCOOCHHOCTSAX CO3MaHUS
YpaBHEHUH JUIsl PEOJIOTUYECKHUX TEJI U CBS3aTh MX TMOBEJACHHE C MTOBEJACHUEM pe-
QIBHBIX TEJI: XKUIKOTO METajlia, MeTajlla IPHU 3aTBEPJCBAHUN U T.].

1.4 KoHTpOJIbHBIE BONIPOCHI

1. IlpencraBnenus 06 naeabHbIX Telax.

2. IlonsiTue 0 peosIoruu.

3. Onnucanue peoJoru4ecKux Tel.

4. IlpuHUMIBI cO3MaHUs TpaPUUEeCKNX UM TEKCTOBBIX 0003HAUYECHUMU, MeXa-
HUYECKHUX MOJIETeH U PeoIornueckux GopMyl A pa3IMuHbIX Tell.

5. CBs13b pEOJIOTMYECKUX MOJIENIEH CO CBOMCTBAMHU PEAbHBIX OOBEKTOB.

JIABOPATOPHAS PABOTA 2
PACUET IMAMETPA OTBEPCTHUSA CTOINIOPHOI'O CTAKAHYHUKA

Heab padoTbl: 03HAKOMHUTHCS C OCHOBHBIMU CIIOCOOAMM 3aJIMBKHU JTUTEH-
HbIX ()OpPM; HAYUYUTHCA PACCUMUTHIBATH M BHIOMpPATh AUAMETP CTOMOPHOTO CTa-
KaHYMKa IS TTIOJy4YeHUs] KOMIAKTHOM CTPYH KHUJKOTO METasa.

2.1 O0mue cBegeHus

Mertai, BHITUIABICHHBIA B TI€YH, OOBIYHO CHayaja BBITYCKAIOT B KOBII,
U3 KOTOPOTO B 3aJIMBOYHOM IIPOJIETE IIeXa ero 3ajiuBaroT B Gopmbl. B oTaemns-
HBIX CITydasx (OPMBbI 3AJIMBAIOTCS HEMTOCPEACTBECHHO U3 TICYH.

CBoOoiHast 3aMBKa HEOONBIINUX MOPIUN MeTaia (00brYHO 10 1 T) — uy-
I'YHa WM [BETHBIX CIUIABOB — MPOU3BOJIUTCS U3 TOBOPOTHBIX KOBIIICH Yepe3 HO-
cuk. bonpmme komuuecTBa Meraiia, B OCOOCHHOCTH CTalld, 3aJIMBAIOTCS U3
KOBIIIEH CO CTOMOPHBIM ycTpoicTBOM. CBOOOTHAS 3aJMBKA M3 MOBOPOTHBIX U
CTOTIOPHBIX KOBIIIEH SIBIISCTCS CIIOCOOOM, TPEOOIaTAFOIINM B JTUTCHHOM TTPOU3-
BozcTBe. [Ipm 3anmBKe neTaneil, UMEIIMUX CHeHUPUISCKYI0 KOH(MUTYPAIIUIO
WIA MaJylo TOJIIMHY CTEHOK, /Ui OOJerdeHus 3aIMBKH, a TaKXKe C IEeNbI0 Me-
XaHW3allUd ¥ aBTOMAaTH3AIMU PUMCHSIOT MPUHYIUTEIBHYIO 3aJIUBKY: IICHTPO-
OEXXHOE JINThE, TUTHE TIOT JABJICHUEM U T.1I.

[Tpu nuThe HEOONBIIMX MOPUUN TYTOIJIABKMX METAIJIOB MPUMEHSIETCS
cBoOOIHas 3anuBKa Oe3 KoBmia. B aToM cimyuae medb U (opma MOMEMaTCs B
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KOXYX, B KOTOPOM co3/aercs BakyyM. Korja merain pacruiaBisieTcs, KOXyX
MOBOPAYMBAETCA U METALI MPSAMO M3 MEYU Yepe3 HOCHK HIIM )Kelo0 mepenuBa-
eTcs B hopmy.

3anoaHeHue JUTEHHON (POPMBI JKUAKUM METAIIJIOM COMPOBOXKAAETCS TEI-
JIOBBIMH U (DPU3UKO-XMMHUUYECKUMHU MPOLIECCAMU, MPOTEKAIOIMMU KaK B CaMOM
’KUJIKOM METallJle, TaK U Ha €ro IpaHule C OKpyXarouleil cpemoit u (popmoit.
CreneHp BIMSAHUA 3THUX IIPOLIECCOB HA THIPABIMKY JUTHUKOBBIX CHCTEM 3aBU-
CUT OT (PU3UKO-XUMUYECKUX CBOMCTB 3aJIMBAEMOro CIUIaBa U MaTepuaia JUTEH-
HOM (opMbl. YeM HecoBeplleHHEee JTUTHUKOBAsE CUCTEMA B THAPABINYECKOM OT-
HOILEHUH, TEM pPa3HOOOpa3Hee BOZHUKAIOIINE B OTJIMBKE AE(PEKThl METAJLUTyPru-
YEeCKOr0 MPOUCXOKICHUS, a TakxkKe e(PeKThl, KOTOPbIE SBIAIOTCS PE3yIbTaTOM
TEPMHUYECKOTO, (U3UKO-XMMHUYECKOTO U MEXaHUYECKOTO B3aUMOACUCTBUS Me-
TaJyia ¢ OKpy»Xaromiei cpeaoit u ¢popmoii. [loaToMy mpu paccMOTpeHHH MPOIIEC-
ca 3aroJIHEHUs JINTEWHOH (OpPMbI U MPOEKTUPOBAHUS JINTHUKOBOW CHUCTEMBI K
YUCTO-TUAPABINYECKUM BONpPOCaM A0OABISIOTCS BOIPOCHI, OTHOCSIIMECS K
npo0semMe NoJydYeHHsI KAYeCTBEHHOM OTIMBKH.

Jlnst 3anuBKM cTanu B (pOpMy HCIONIB3YIOT CTONOpHbIE KoBIIM. CTomop-
HbIM KoBII (puc. 2.1) cocTouT U3 koxxkyxa 1 ¢ orHeynopHoil gpyrepoBkoi 2, B
JIOHHOM 4aCTHM BMOHTHPOBAaH KEPaMHUYECKHI CTOIOPHBIA CTaKaHYUK 3, OTBEp-
CTHE KOTOPOTO MepeKphIBaeTCs MpooKoil 4 cromopa 3.

Pt 1
l — - il 2
5
| 1] 4
T i e b — 3
— i |
' y
%
ot =-|i

Pucynok 2.1 — Cxema cmonoprozo xosuia

[Ipn uctedeHun M3 KOBIIA MeTall 00pasyeT B BO3AyXe CBOOOAHYIO
cTpyto. CKOpPOCTh UCTEUEHUSI METaJlIa V uepe3 HeOOIbIIIOe KPYTIioe OTBEPCTUE B
JTHE COCyJIa, KaK U JII000M JKUJIKOCTH, OMMCHIBACTCS YpaBHEHUEM Toppuyesiv
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v=0\2gH , (2.1)

rae ¢ — K03 PHUIHMEeHT CKOPOCTH;

g — YCKOpEHHe CHIIbI TshkecTH, g = 9,81 m/c;

H — ruppocrarndecknii Hamop.

KoaduimenT ckopocTu yuuThIBa€T NMOTEPU HAIMOpa HA TPEHUE O Kpas
orBepcTus. HeszaBucumMo OT mNpUpoABl KUAKOCTH OH HMEET BEJIMYHUHY
okoJo 0,97.

Pacxo/ MeTala IpU MCTEUEHHH, T. €. 00beM O, M'/C, BBITEKAIOIIETo U3
OTBEPCTHsI METAJUIA B €JUHUILy BPEMEHH, IOJYy4aeTCs YMHOKEHHEM CKOPOCTH
CTpYyH Ha (PaKTUYECKYIO IUIOIIAb €€ CEUCHMUS

O=/fuJ2gH, (2.2)

rJie f— MIOIIaah OTBEPCTHS CTAKAHYHMKA KOBIIA, M ;

1 — k03 PUIMEHT pacxo/a, paBHBIN MPOU3BEACHUIO KOAh UIIMEHTa CKO-
poctu ¢ Ha KOA(P(UIMEHT CKATUA CeueHUs CTpyu o. st pasinyHbIX KUAKO-
CTEH, B TOM YHCJIE Ul pacIUIaBIIEHHBIX METAJIOB, KO3(PHUIMEHT pacxoaa pa-
BeH 0,60...0,65.

Jluteiinbie (OPMBI 3aJIMBAIOT TPU MOCTOSITHHOM pacxofe ¢ (Kr/c) merasmia
B JIUTHUKOBOU cucteme. Ee onpenenstor ciie1yrommum o0pa3zom

_ 9%
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q (2.3)

rae Qg — METAIUIOEMKOCTb (POPMBI, KT

T, — BpEMsI 3AJIUBKU (DOPMBI, C.

YT0oOBl 1OCTUYH NOCTOSHHOTO 3HAYEHUS pacxojia MeTaaia U3 CTOOPHOTO
KOBIIA MCIOJNb3YIOT TOPMOXKEHHE CTPYH MeTajla IpoOKoil cromopa, KOTopoe
IOCTEIIEHHO YMEHBIIAIOT 110 MEPE ONOPOKHEHUS KOBLIA. DTO IPUBOIUT K TOMY,
YTO M3HAYaJbHO B KOBII YCTAHABIMBAIOT CTAKAHYMK C OTBEPCTHUEM OOJIBLIETO
pa3Mepa, ueM HEOOXOJMMO W TNpPHU HCTEYEHHWH MeTajula M3 KOBIIA OTBEPCTHE
YaCTUYHO MEPEKPBIBAIOT CTONMOPOM. OCTaTKM METajula U3 KOBIIA BBITEKAIOT IIPU
IIOJIHOCTBIO OTKPBITOM CTOIIOpE.

HeoOxoaumbiii pazMep OTBEpCTUSI CTONOPHOTO cTakaHuuka d ompexaens-
10T U3 CJIETYIOLIEr0 BBIPAKEHHUS

nd?
f_BT’ (2.4)

2
r7ie f — TUIoMIalb OTBEPCTHUS CTOIIOPHOTO CTaKaHUMKa, M,
B — ko3 PUIEHT TOPMOKEHHUS.
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3HAUYUTEITBHOE TOPMOKEHUE CTPYU METAJJIa CTONIOPOM MPUBOJUT K HEYC-
TOMYUBOMY pPEXKHUMY JBWXEHUA CTPyH. [IpakTWKOM yCTaHOBIEHO, YTO IIPH
B < 0,5 MeTam1 BbITEKaeT U3 CTaKaHYMKa B (hOpMe pacHIUpsIOUIErocss KoHyca u
€ro BBEJCHUE B JIMTEHHYK) BOPOHKY 3aTpyIHEHO. JlJIsI ONydYeHUs: KOMIIAKTHOU
CTpyH KpPYTJI0TO CEUYCHMUS KeJaTesbHO, 4TOOBI Kod(pbunmeHT
TopMoskeHus 3 > 0,6.

Jlnst pacuera HEOOXOAMMOTO AMAMETPA CTONOPHOTO CTaKaHYMKa MOJCTa-
BUM BbIpakeHue (2.4) B (2.2) u nmepeMHOXKUM 00€ YaCTU BBIPAKEHHUE Ha ILUIOT-
HOCTbh KUIKOIO METaJla p Il pacdeTa YIEJIbHOIO0 MAacCcOBOro pacxona Oy
(xr/c) MeTasa Npyu UCTEYEHUHU U3 CTOMIOPHOTO KOBIIA

nd?
0, =n-~2gH B —p.

OTKyJia

= 4QM .
n-y2gH -B-m-p

(2.5)

[TpOMBINUIEHHOCTD BBIITYCKA€T CTOMOPHBIE CTAKAHYMKHU C JTHAMETPOM OT-
Bepcetust oT 20 1o 80 MM ¢ marom 5 M.

2.2 IlopsAI0OK BBINOJHEHUS] padOThI

HcxoHbIMU TaHHBIMU JJI pacdyeTa HeoOXOAMMOro pa3mMepa CTOMOPHOTO
CTaKaHYMKa KOBIIA MPHU 3aJIUBKE (HOPM CTANbIO SIBISIETCS METAIUIOEMKOCTh 3a-
TuBaeMbIX (OpPM U BpeMsl WX 3aJMBKU. BapuaHThl 3aaHusl MPEACTABJICHBI B
tabmnuie 2.1.

Ha nepBoM sTane BbIOMpaeTcs €MKOCTh KOBIIA M HayalbHOE 3HAYCHHE
METaJIJIOCTaTUYECKOT0 HAarmopa CTajau B KoBIe. [ 3Toro He00X0AMMO paccuu-
TaTh CyMMapHYI METAUIOEMKOCTh (GopM. Mcxonas u3 mosrydeHHOro 3Ha4eHHs
BBIOMPAEM €MKOCTb KOBIIA U BBICOTY YPOBHS METaJlJIa B HEM U3 Ta0. 2.2.

C ucnonb3oBaHueM BbIpakeHUs (2.3) pacCUMTHIBAETCS yAelIbHAash Macco-
Basg CKOpPOCTb 3aJIMBKHU (DOPM C LIENBIO ONpENeNieHUs MOops/iKa 3aluBKU (HopM,
OTNpEJENNB KOTOPBIA MEPEX0IUM K pacyeTy HeoOXOAMMOro AUamMeTpa CTOIMOp-
HOT'O CTaKaHYUKa C UCIIOJIb30BaHUEM BhIpakeHus (2.5).

[Tocne aTOro HEOOXOAMMO MPOBEPUTH YCIOBHS 3IMBKU TOociieHeN Gop-
Mbl. PaccuntaB 3Hauenus koddduimenta B crenaTh BBIBOJ O MPaBUILHOCTH
BBIOPAHHOI'O pa3Mepa CTOIMOPHOIO CTAKAHYMKA.
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Tabnuya 2.1 — Ucxoousie 0annbvie 015 paciemos

1©

HcxonHble nanabie

Bap. | O, Kr | 1,C | O, KT | To,C | O35, KT | 15,C | O4, KT | Ty, C| Os5, KT | T5, C
1 110 15 90 10 100 20 | 120 | 22 80 10
2 120 22 300 30 180 25 | 220 | 28 160 23
3 980 60 550 60 900 57 | 800 | 50 | 750 40
4 950 60 | 1850 | 100 880 55 |1650] 70 | 650 50
5 1050 | 60 | 1750 | 70 980 58 122501120 | 1950 | 100
6 1760 | 65 | 1890 | 67 1200 60 (2740 | 80 | 2370 | 70
7 3500 | 170 | 1000 | 70 2450 | 120 | 1050 | 60 | 3980 | 180
8 1900 | 100 | 3590 | 130 | 4780 | 180 | 1750|110 | 3960 | 150
9 | 4860 | 120 | 2600 | 100 | 5960 | 140 | 1700 |100| 4870 | 160
10 | 5990 | 180 | 6890 | 130 | 4450 | 120 | 7590 | 100 | 5050 | 150
11 | 5790 | 110 | 8890 | 160 | 9570 | 200 | 5690 | 100 | 9940 | 220
12 | 11790 | 200 | 8 890 | 190 | 10570 | 250 | 7690 | 150 | 10 940 | 260
13 100 15 70 10 130 20 | 150 | 22 50 10
14 130 22 | 290 30 190 25 | 250 | 28 140 23
15 | 1080 | 60 | 450 30 950 57 | 850 | 50 | 650 40
16 | 1090 | 60 | 1750 | 100 780 55 [ 1790 70 | 590 50
17 950 60 | 1850 | 70 1 080 58 |2150 (120 | 1950 | 100

Tabauya 2.2 — Emkocmb Kosuiell U 6blCOMA YPOBHS MEMANNA 8 HUX

EMKoCTh KOBIIA, KT

Bricora ypoBHs meTanna H, MM

500 650
1 000 850
4 000 1 200
6 000 1 300
8 000 1 450
10 000 1 550
12 000 1 600
16 000 1 800
20 000 1 850
30 000 2100
40 000 2 300
50 000 2500
70 000 2 800
90 000 3 000
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2.3 Coaep:kanue oTyeTra

B oryere AOMKHBI OBITH YKa3aHbl Ha3BaHUE U LETb PabOThI, MPUBEICHbI
oOlIMe U KpaTKhe TEOPETHUECKUE CBEACHMSI U MOPAJIOK BBINOJHEHUS PabOThI.
CornacHo MOpsAKY BBINOJIHEHNS paOd0Thl HEOOXOIUMO BBIIIOJHUTH BCE PACUETBHI.
[TpuBecTH cxeMy CTOIIOPHOTO KOBIIA M ONUCATh MPUHLMUII €ro padoThl. CaenaTh
BBIBOJI O XapaKTepe UCTECYEHHUs CTPYH JKUJIKOTO MeTajlla U3 CTOIIOPHOIO KOBIIIA
C YY4E€TOM PaCCUYMTAHHBIX IIAPAMETPOB CTAKAaHYUKA.

2.4 KoHTpoOJIbHBIE BONIPOCHI

1. CnocoObl 3aJIMBKK MeTaia B POPMBI.

2. Tunsl 1 yCTPOMCTBO 3aJIMBOYHBIX KOBILIEH.

3. Pacuer quamerpa CTONOPHOIO CTAKAHYHUKA.

4. OcoOEHHOCTH 3aIMBKHA METAJJIa U3 CTOMIOPHBIX KOBIIEH.

JIABOPATOPHAS PABOTA 3
PACYET HAIIOPA JIUIAA PA3HBIX TUITIOB JIMTHUKOBBIX CUCTEM

Henab padoThI: 03HAKOMUTHCS C OCHOBHBIMH NMPUHLUAIIAMH pacyeTa CKO-
pPOCTH TE€UYEHUSI MeTalia B JIUTEHHOU (POPMBI; U3yUUTh (DAKTOPHI BIMSIOLIUE HA
M3MEHEHHUE CKOPOCTH MOTOKA KUAKOTO METAJIA; HAYYUTHCS ONPEIAEIATh PEKAM
JBIKEHUS KUIKOTO MeTaia B (popme.

3.1 O0mue cBegeHus

Pexxum (cocTosiHME MOTOKA) ABMKEHHMS KUAKOIO METajllla B KaHallax JIu-
TelHOM hOopMBI XapakTepusyercs kpurepueM PeiitHonbaca

_4wRy
V M

Re (3.1)

rJle W — CKOpOCTb IIOTOKa MeTaJlja, M/C;

Rr — ruppaBnuyeckuii paanyc Kasania, M;

V — KHHEMATHYeCKast BA3KOCTh KUIKOCTH, M7/C.

ToT Wiy MHOM PEXUM TEUEHMS KHUIKOCTH ONPENETAETCA HIKHUM Rey, ,, 1
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BEPXHUM Re, , KpuTHyeckumu uncnamu Pennonszca. Ilpu Re < Re, . BO3MO-
KEH TOJIbKO JIAMHMHApHbIi, a mnpu Re>Rey,, Tonbko TypOyJIeHTHBIN
pexumM (puc. 3.1).

RE{RE##”.__ RE”.J EP}EEHE

Sy
Rewp Rexp.d

Pucynox 3.1 — Cmpyxkmypa nomoka srcuoxocmu npu nepexooe u3 1amMuHapHo20
pedxcuma 6 mypoynenmHbiii

B mHTEpBase MEXQy HWKHUM M BEPXHHM KPUTHYECKMMH duciamu Pen-
HOJIbJCA, T. €. IPpH Rep . < Rey; < Reyy s pacosioxkeHa Tak Ha3bIBaeMas Iepe-
XOJIHasl 30Ha, XapaKTepu3yrouascs 4YucioM PelHObIca MEepexXOAHOU 30HBI
Re,;, B KOTOpOIl BO3MOKHO CYIIECTBOBaHUE KaK JIAMHUHAPHOTO, Tak U TypOy-
JIEHTHOTO PEKUMOB.

[Ipu namuHapHOM ABWKEHHUH (puc. 3.2, a) pacnpeaesieHue CKOPOCTel 1o
CCUYCHHUIO KaHaJla UMEET NmapaboIMuecKuil XxapakTep, a MOTEpPH Hamopa Mporop-
IIMOHAJIbLHBI CKOPOCTH B TIepBOM cTeneHu. [Ipu TypOylieHTHOM nBUXeHUU (puc.
3.2, 6) 3aKOH pacHupeNesICHHsI CKOPOCTEH ClIoXkKHEee: B Mpejeaax OoMbIIei yacTu
MOTNIEPEYHOr0 CEYCHMS KaHajda CKOPOCTH JIMIIb HE3HAYUTEIbHO MEHBIIIE MaKCH-
MaJIbHOT'O 3HaueHUsI (Ha OCH), HO 3aTO BOJIM3U CTEHOK CKOPOCThH PE3KO MajacT.
['mapaBnuyeckue TMOTEPU  MOPOMOPIUOHATIBHBI  CKOPOCTH B CTEMEHH,
OOJIBIIEN €MHHUIIEL.

Ay . PR N
Wongu =2W'r:p ﬁ Wmay =1, 2 Wep

-

i

?f r
by R R e ‘m'\:ﬂa %\!\‘\HQ\‘. AN

Wep Wep

Wonax Wmnax

) )

Pucynox 3.2 — Pacnpedenenue ckopocmeti npu 1aMUHAPHOM (@) u mypoyieHm-
HOM (6) 08UdICeHUU HCUOKOCMU 8 KAHANEe KPY2/l020 CeUeHUsl
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CkopocTh MeTaJuIa B KaHajaX JIATHUKOBOW CUCTEMBI W, M/C, OIIpenemseT-
cst mo popmyite, ananorudHou popmyie (2.1)

w=Wn-+2-g-h, (3.2)

rae U — K03 UIMEHT TOTEPh CKOPOCTH;
h — MeTalIoCTaTUYECKU HAmop, M.
Bennunny ko3 puuuenTa L pacCunTHIBAIOT MO (GopMyIIe

: (3.3)

rze j; — Ko3p(UIHUEHT MECTHBIX MOTEPh HAMOPa.

K MecTHBIM moTepsiM Hamopa j; B JUTHUKOBOM CUCTEME CIIEIyeT OTHECTH
CJIEIYOIIHE:

— Jsx — KOO(PPUIIMEHT MECTHBIX MOTEPh HAMOpa M3-3a BXOXKIACHHUS CTPYH
MeTaJljla U3 MUPOKON MOJOCTH (JIMTEHHAsi BOPOHKA WIM 4Yalla) B Y3KHM KaHal
(crosik). [IpuHUMAETCSI PaBHBIM j,, = 0,5;

— Jos — KOO(DPHUITMEHT MECTHBIX MOTEPh, YUUTHIBAIOIINN MTOTEPH HATIOpP HA
MOBOPOT B KaHAJIAX JUTHUKOBOM CHCTEMBbI. B 3aBUCHMOCTH OT yIyila IOBOpPOTa
3HAYCHHE Jy,o; TPUHUMAETCS U3 Tabm. 3.1.

Tabauya 3.1 — 3nauenus j,,, 8 3a8UcumMocmu 0m y2ia no8opoma

Yron noBopoTa, rpaj 30 60 90 120
Jos 0,20 | 0,55 1,1 1,4

— Jusm — KOO(DPUIIMEHT MECTHBIX MOTEPh HA M3MECHEHUE TUIONIAIN CCUCHHS
KaHajla JIMTHUKOBOM CHUCTEMBI. B 3aBHCHMOCTH OT COOTHONIEHHUS ILIOIIAEH
MEHBIIIETO U OOJIBIIETO CEYCHUN 3HAYCHUE s, BBIOUpaeTcs u3 Tadi. 3.2.

Tabnuya 3.2 — 3nauenus js, 8 3a6UCUMOCIU OM COOMHOUEHUS NIOWAdell

Cootnomenue miomagen | 0,2 0,4 0,6 0,8 1,0
Jusm 0,42 | 0,34 | 0,25 | 0,15 0

— Jrp — KOO OULMEHT MECTHBIX IIOTEPh HA TPEHUE JKUAKOrO METalIa, pac-
CUUTHIBAIOLIUICS B 3aBUCMOCTHU OT JJIMHBI KaHala [ U AUAMETPa dyy, OKPYKHO-
CTH, BIMCAaHHOW B MOIEPEYHOE CEYCHUE KaHajla JIUTHUKOBOW CUCTEMBI

Jrp = O,O4L;

OKp
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— J — K09((PULHMEHT MECTHBIX IOTEPb HA MPEOAOJIEHHE COINPOTUBICHUS
¢uieTpyromei cetku. [Ipuaumaeres jg, = 3.

3.2 IlopsA0K BBINOJHEHUSI padOThI

WcXoMHbIMU NTaHHBIMU JJIS ONpPENENCHUs PEeXKUMa JBUXKEHUS KUIKOTO
YyryHa Ha BBIXOJI€ U3 MUTATENS B MOJIOCTh JUTEHHOU (HOPMBI SBIISFOTCS TEOMET-
pUYECKHE pa3Mephl KaHAJIOB JUTHUKOBOW CUCTeMbl. CXeMa JTUTHUKOBOW CUCTEMBI
npescTaBiieHa Ha puc. 3.3. BapuanTsl 3a1anus peicTaBieHsl B Tadmie 3.3.

Pucynok 3.3 — Cxema numnukosou cucmemol

JInst  BBINIOJIHEHUSI PAcUETOB MPUHSATH IUIOTHOCTh JKUJKOIO YyryHa
p = 6800 kr/m’, TeMrepatypy 3anuBki 1325°C 1 3Ha4YeHHE IMHAMHYECKOI BSI3-
KOCTH YyT'yHa IIPYU YKa3aHHOW TemnepaType 3anuBku n = 1,9 mlla-c.

Jlist onpenienieHus: CKOPOCTH ABUKEHUS MOTOKA JKUJIKOTO YyTyHa HE00XO0-
JUMO BOCIIOJIb30BaThCsl BbIpakeHHeM (3.2). Mcxons W3 HadalbHBIX JaHHBIX
(Tabin. 3.3) paccuuTaTh 3HAYCHUS KOIPHUIIMEHTOB MECTHBIX TTOTEPh HAIIOPA.

3naueHue kputepus PeitHonbaca HaxoauTes U3 BeipaxkeHus 3.1. [ pac-
yeTa THAPABIUYECKOTO pajuyca TUTaTeNss BOCIOJIb30BAaThCS CIEAYIOIINM
BBIPOKEHHUEM

(3.4)

b

S
R =—
P
rjae S — II0ma s NONEPEeYHOr0 CEUEHUS TUTATEN, M;
P — nepumeTp nmonepeyHoro ceyeHus MUTaTens, M.

3HaUYeHNEe KMHEMATHYECKOW BSI3KOCTH KUIAKOTO YyTYHA PACCUMUTHIBACTCS
CJIEAYIOIIUM 00pa3om
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Tabauya 3.3 —HMcxoousie oannvie 015 paciemos

1©

Hcxomurle nanunie

Bap. | a, MM |b,MM | c, MM |d, MM | e, MM | /, MM | g, MM | h, MM | k, MM o
1 40 400 | 28 30 32 40 | 400 | 22 12 30°
2 40 400 | 28 30 32 40 | 400 | 22 12 60°
3 40 400 | 28 30 32 40 | 400 | 22 12 90°
4 50 500 33 35 37 45 450 | 30 15 30°
5 50 500 33 35 37 45 450 | 30 15 60°
6 50 500 33 35 37 45 450 | 30 15 90°
7 25 250 | 22 25 28 30 | 250 | 20 8 30°
8 25 250 | 22 25 28 30 | 250 | 20 8 60°
9 25 250 | 22 25 28 30 | 250 | 20 8 90°
10 55 550 38 40 42 45 450 | 35 17 30°
11 55 550 38 40 42 45 450 | 35 17 60°
12 55 550 38 40 42 45 450 | 35 17 90°
13 60 550 | 42 45 48 50 | 500 | 35 17 30°
14 60 550 | 42 45 48 50 | 500 | 35 17 60°
15 60 550 | 42 45 48 50 | 500 | 35 17 90°
16 30 300 18 20 22 60 | 300 | 20 10 30°
17 30 300 18 20 22 60 | 300 | 20 10 60°

v="1 (3.5)
p

3.3 Conep:xxanue oTuera

PaccunraB 3HaueHne xpurepus PeliHonbaca caenars BBIBOJ O PEKUME JIBH-
YKEHUS KHUJIKOTO YyT'yHa Ha BBIXOJIE U3 MUTATENS B TIOJIOCTh JTUTEHHON (POPMBI.

B otuete JOJIDKHBI OBITH YKa3aHbl HA3BAHUC U LCJIb pa6OTBI, IMPUBCACHLI

oOlIue U KpaTKhue TEOPETHUYECKUE CBEJACHMSI U MOPSAJIOK BHIMOJHEHUS PabOThI.
CornacHo OpAJIKY BBITIOJIHEHHS pabOThl HEOOXOAUMO BBITIOJIHUTH BCE PACUETHI.
Cnenath BBIBOJ O PEKMME JIBIKEHMSI KHJIKOTO METauia B JUTEHHOU dopme C
Y4ETOM PaCCUMTAHHOTO 3Ha4YEeHUs Kpurepus PeltHonbaca.
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3.4 KoHTpoOJIbHBIE BONIPOCHI

1. KoHCTpyKIMS INTHUKOBBIX CUCTEM.

2. PexxrMBI IBYKEHUS KUIKOTO METAJUIA B KaHAJIaX JINTHUKOBOM CHCTEMBI.
3. JlamuHapHBIN PEKUM IBUKCHHSI JKUJIKOTO METaJLIa.

4. TypOyneHTHBIN PEXUM IBUKEHUS )KUJIKOTO MeTallja.

5. Koo punueHTs! MECTHBIX TOTEPh HANlOpa METaJlIa.

JIABOPATOPHAS PABOTA 4
KHUHETUKA ®PNJIBTPAIIUN METAJIJIA CETYATBIMHA
OUJIIBTPAMUA

eanb padoTbl: 03HAKOMUTHCS ¢ OCHOBHBIMU THUIIAMHU CETYATHIX (UIIBT-
pOB, UX KOH(MUTrypaluen U MPUHIUIIOM UCIOJIb30BAaHUS B JTUTHUKOBBIX CHUCTE-
Max, HayYUThCS OIMPEAENATh MUHUMAIIbHO HEOOXOUMBII METAIIIOCTaTUYECKHI
Harnop Juisi pUIbTPallUU paciulaBa yepe3 ceTyaThie (PUIbTPHI.

4.1 O0mue cBeaeHus

OmIbTpOBaHUE KUIKOTO METaJUIa BCE Yallle WCIOIB3YIOT HA JIMTCHHBIX
3aBojax. [[pyuMeHeHrne NaHHOW TEXHOJOTHM AT LEJbId psia npeumyniects. C
OJTHOM CTOPOHBI, (PMIBTPOBAHKUE MTOMOTAET MOJIy4aTh OTIUBKH 00Jiee BBICOKOTO
KayecTBa M CHIDKATh MPOIEHT Opaka MpH WX MPOU3BOJCTBE, C APYTOM CTOPOHBI
3Ta TEXHOJIOTHS MO3BOJISIET OoJiee parMOHaIbHO MCTIONB30BATh KUIKANA METall,
CHWKas M3ACPKKW Ha (PUHHIIHYI 00pabOTKY OTJIMBOK (OCHACTKa, pabouas CH-
Ja, TPYA0€MKOCTb).

B nuteiiHbIx 11€xax Juisi OTIEICHUS U 3a/IepKaHusl HEMETAJUTMYECKUX Yac-
THUIl TIUPOKO UCTOJIB3YIOT (MIBTPOBAHUE pacIuiaBa JI0 WJIM B MPOIECCE €ro 3a-
JUBKHU B (OPMY C TIOMOIIBIO CETYATHIX (JIBYyXMEPHBIX), 36PHUCTHIX WJIH TIEHOKE-
pamMudecKkux (00bEeMHBIX) (GUITHTPOB.

B ocHoBe paboThl ceTyaThiX (PUIBTPOB JIEKUT MEXAaHHMUECKOE OTICIICHUE
MaKpOCKOITMYECKH KPYIMHBIX BKIIOUeHHUH. CeTdaThie GUIBTPHI, €CITH HE CIUTATH
BO3MOXKHOH JedopMaiiuu IieH, 3aep>KUBAIOT T€ BKIIOUEHUS, pa3Mep KOTOPBIX
Oombiie pazmepa sueilku ceTku. [1oaToMy 4yem MeHble pa3Mep SYeHKH, TeM
MoJTHEE OYMCTKA. BrIOOp MUHMMAIBHOTO pa3Mepa sueiky, a 3HAUUT, U MOJTHOTA
OTJEJICHUsI KPYIMHBIX HEMETAIUTHYECKIX BKIIIOUEHUH U TUICH OINPEACTSIOTCS Be-
JUYUHON MOBEPXHOCTHOTO HATSIKEHUS pacIuiaBa, T.€. BO3MOKHOCTBIO MPOXOXK-
JICHUS €r0 Yepe3 sIUeUKH ATOro pa3Mepa MoJ AEHCTBUEM CHUITbI TSKECTH WIIH MO/
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JEWCTBUEM CPAaBHUTEIBHO HEOOJBIIOT0 METAIIOCTATUYECKOT0 JaBiAeHUs (CIoi
metawia B 50...100 mm Hag dunbTpom). B mpakTuyeckux ycinoBusX GuIbTpoBa-
HUS AJIFOMUHHMEBBIE PacIUIaBbl MO/ JIEMUCTBUEM CHJIBI TSHKECTH HE MPOXOIAIT ye-
pe3 CTEKJIOTKaHb ¢ pa3mepoM sueiiku menee 0,5x0,5 mm.

JIist O4MCTKHM 4aie Bcero Mcnoiib3yroT GuibTpel Mapok CCD1, CCD2,
CCD3 u CCD4 ¢ pazmepom siueitku ot 0,6x0,6 1o 1,7x1,7 MM u3 GeciienogHo-
ro aroMOOOPCIIIMKATHOTO cTekiIa. GUKCUPOBAHUE Pa3MEPOB SUYEEK JOCTUTAET-
Cs KAaHBOBBIM TEpEIUIETEHUEM HHUTEHW H 00pabOTKOW HX MOBEPXHOCTHO-
aKTUBHBIMU BEIIECTBAMH, YCTOMUYUBBIMU MPU TeMIiepaType GuibTpOBaHMUS.

Br16op pa3mepa sUeiiku CeTKU ONpeiensieTcs B 3aBUCUMOCTH OT €€ MeXa-
HUYECKON MPOYHOCTH M HEOOXOAMMOT0 METaJOCTaTUYHOTO Hamopa s Ipe-
OJI0JIEHUS KaNWJUISIPHOTO MpOTUBOAaBIeHUs (puc. 4.1), BO3HUKAIOIIIEE BCIEACT-
BHE HECMAaUMBAHUE METAJIJIOM MaTepuasia CETKH.

Pucynok 4.1 — Cxema k pacuemy pazmepos omeepcmus A4etKy cemxu

st oGecrieuenust PuiIbTpaliid HEOOXOIUMO, YTOOBI JTaBJICHUE JKUKOTO
MeTasuia Ha CeTKY Py; IPEBBINIATIO 3HAYCHNUE KAMWUBIPHBIX CUI Py,y, TPOTUBO-
JEUCTBYIOIIUX MPOTEKAHUIO METAIIIa Yepe3 CeTKy (PuibTpa, TO eCcTh

2G7K'(b
pgh>——=-cosbo (4.1)
r

3
rie P — IJIOTHOCTH METajlia, KI/M ;
h — MeTaIIIOCTaTUYECKUI HATIOP, M;
Ox_¢— HOBEPXHOCTHOE HATSHKCHHE pacIUlaBa Ha IPaHULE pasiesa Kul-

Kt MeTarI-puibTp, H/M;

¥ — TIOJIOBUHA pa3Mepa OTBEPCTHSI CETKH, M;

0 — KpaeBoif yros cMa4yMBaHUS PACIIABOM CETKH.

Takum 00pa3zoM, MUHUMaIbHO HEOOXOIUMBIA METAIIOCTATUYECKUI HAIOp
COCTaBJISIET

PSS S 42)
rp-g
CeruaTble (QUIBTPHI YCTAHABIMBAIOT B JINTHUKOBOW BOPOHKE, MOJI CTOM-
KOH 10 pazbeMy (hOpPMbI, MM UCHOIB3YIOT MPHU 3aM0JIHEHUH KoBLIA (puc. 4.2).
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a — 8 IUMHUKOBOU 8OPOHKE; O — NOO CIMOAKOM, 8 — nepeod KOBULOM
Pucynox 4.2 — I[Ipumepol ycmanosku cemuamvix puibmpos

JlocTOMHCTBO ceTyaThiX (MIBTPOB - MPOCTOTA KOHCTPYKIIUH, BO3MOXKHOCTh
YCTaHOBKHM MX Ha JIFOOBIX y4acTKax IeperBa MeTajlla pa3faTovyHOro KOBIIA B JIM-
TeltHy10 (hopMy, HEOOJBIITHE 3aTPAThI MPH U3TOTOBJIICHUHU U UCTIOIH30BaHUH.

4.2 IlopsiioK BHINOJIHEHUS PA0OTHI

Jlnst ompeneneHds MHUHMMAJIbHO HEOOXOJMMOIO0 METaIOCTaTUYECKOIO
Haropa Jjs puIbTpaluuy aTFOMUHUS Yepe3 CeTyaThlid PUiIbTp HEOOXOIUMO BOC-
M0JIb30BaThCs BbIpakeHueM (4.2). IcXonHBIMU JaHHBIMU ISl pacyeTa SBIISIFOT-
Csl 3HaueHusl TemnepaTypsl T JKUAKOro aatOMUHUS Mepes 3aJMBKOW M pa3Mep
sueiku puibTpa (Tadn. 4.1).

Jlig pacdera 3HAUEHUS MUHUMAJIBHO HEOOXOJUMOTO METAJIOCTaTHye-
CKOT'0 Haropa HeOOXOJIMMO pacCUUTaTh 3HAUEHUS IUIOTHOCTH paciuiaBa P IpH

TCMIICPATYPC 3aJIMBKH W 3HAYCHHC IMOBCPXHOCTHOI'O HATIKCHUA Gﬁ(—(b Ha II0-

BEPXHOCTHU paszfiena KUJIKUM MeTalll — QUIbTP.
Jns pacdera 3HauYCHUST MOBEPXHOCTHOT'O HATSKEHHUS BOCIIOJIB3YEMCS
BBIPAKCHUEM

Ol = O —g—;(T— T, (4.3)

T
[C Oy — MOBEPXHOCTHOC HATKEHHE paciulaBa IIpH  TeMIepa-
type T, H/m;
T
G4 — MOBEPXHOCTHOE HATSDKCHHE PacIUiaBa IPH TEMIEpaType IUiaBie-

HMUS, GQ{J&) =914 mH/™m;

o)
d_T — U3MCHCHHC 3HAYCHUA ITOBCPXHOCTHOI'O HATAKCHUA paciljiaBa € poC-
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POCTOM TEMIIEPATYPHh, dd—(; = 0,135 mH/(m-K);

T, — Temmeparypa IiaBjaeHus aatoMunus, 1y, = 660 °C.

Tabnuya 4.1 — Ucxoousie oannbvie 015 paciemos

Hcxonnpie faHHbBIC
Ne Bap. Temneparypa Pasmep orBepceTus suen-
pacmasa 7, °C K1 QUiIbTpa, MM

| 700 0,6 x 0,6
2 700 1,3x1,3
3 700 1,7 x 1,7
4 800 0,6 x 0,6
5 800 I x1

6 800 1,3x1,3
7 800 1,7 x1,7
8 900 0,6 x 0,6
9 900 1 x1

10 900 1,3x1,3
11 900 1,7 x1,7
12 1000 0,6 x 0,6
13 1000 I x1

14 1000 1,3x1,3
15 1000 1,7 x 1,7
16 1100 0,6 x 0,6
17 1100 I x1

Ha cnenytoiiem stane mMpou3BOIUTCS pacyueT 3HAUYCHUS TUIOTHOCTH KHUJ-
KOro paciuiaBa npu temmeparype 7. [Ipu BBIOTHEHUM pacyeTOB MPUHATH 3HA-
4yeHHe TEMIIEpPaTypHOro koddduuenrta pacmupenus g, = 120- 10° 1/K.

PaccuuraB Bce HEOOXOIMMBIE 3HAUYEHUSA HAWTH HEOOXOIMMBIH MeETaJLIO-
CTATUYECKUIN Hamop aJis GUIbTPAllUK ATFOMHHUS Yepe3 ceTuaThiii GUIbTP C HC-
MOJIb30BaHUEM BbIpaxkeHus (4.2).

4.3 Coxep:kanme oTuera

B oTtdere momxHBI OBITH yKa3aHbI Ha3BaHWE U 1ENb PaOOTHI, IPUBEIACHBI
O0IIMe U KpaTKHE TEOPETHUYECKHE CBEACHHS W TOPSIOK BBHIMOTHEHHUS PaOOTHI.
CornacHO TOPSAIKY BBIMOJHEHUS PaOb0ThI HEOOXOIUMO BBITIOIHUTE BCE PACUETHI.
[Toctpouts rpaduueckue 3aBucumoctu i = f(T) mis oHOTO pazmepa sSUYCHKH
ceTku U h = f(r) nns oxuoit Temneparypsl. CrenaTh BBIBOJ O XapaKTepe U3Me-
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HEHUS 3HAYEHHS] METaJUIOCTaTUYECKOTO Haropa /1 B 3aBUCUMOCTH OT U3MEHEHHUS
TEMIIEPATYPBI U pazMepa TYEUKHU CETKHU.

4.4 KoHTpO/bHBIE BONIPOCHI

1. ITpuHIUTIBEI PUIBTPOBAHUS PACTIIIABOB.

2. O6nacTh npUMeHEeHHs GUIBTPOBATBHBIX CETOK.

3. Tunsl MaTepuasoB ajsi (GUIBTPOBAIBHBIX CETOK.

4. MecTa ycTaHOBKHU (DMIIBTPOB B IUTHUKOBBIX CHCTEMAX.

5. IlpuHiun pacdera METAUIOCTATHUECKOrO Harmopa HeoOXOIUMOTro IS
(UIbTpaLMK pacIyiaBa Yepe3 CETKY.

JIABOPATOPHAS PABOTA S
KHUHETUKA ®UJIbTPALIUU METAJIJIA 3BEPHUCTBIMH
OUJIIBTPAMHA

Leap pa6oThi: 03HAKOMUTHCSA C OCHOBHBIMU THIIAMU 3€PHUCTBIX (DUIIBT-
pOB, UX KOH(UTrypanueil U MPUHLIMUIIOM HCIOJIb30BaHUS B JUTHUKOBBIX CHCTE-
MaX, HAyYUThCS OMPEAETATh BpeMs (PUIbTpalMy pacIuIaBICHHOTO MeTalja 4e-
pe3 3epHUCTHIN PUIIBTP.

5.1 O0mue cBeaenus

[TpocTeliuii 3epHUCTHIN GUIABTP IPEACTABISACT COOO0M CIION OHOPOTHBIX
3epeH (QUIbTPYIOLIEro Marepuaia ompeneieHHON TonauuHbl. Takue (QuiIbTphI
13-3a TPYJOEMKOCTH MOJATOTOBKH 3€PEH MPUMEHSIOT CPABHUTEIBHO peako. Kak
paBuio, (GUIBTPHI U3TOTABIMBAIOT U3 3€PEH Pa3HOTO pa3Mepa; MHOT/A JKe UC-
MOJIB3YIOT MHOTOCJIOWHBIE (DUITBTPHI.

3epHa (QuibTpa JOMKHBI UMETh JOCTATOUYHYIO OTHEYNIOPHOCTh, OBITh XH-
MUYECKU HHEPTHBIMU W HE PACTBOPATHCS B KOMIOHEHTax cruiaBa. HaumOoiee
4aCTO UX U3TOTABIMBAIOT U3 CIEAYIOIINX MAaTEpUAJIOB:

— xopyHZ (Al O3);

— marue3ut (MgO);

~ rpagur (C);

— crutaB propunos (CaF, + MgF»);

— amoMmodTopuctsiii Hatpuit (NazAlF).

OTnruynTenbHble 0COOCHHOCTH 3€PHUCTBIX (MIBTPOB — OOJIbINAsT TOBEPX-
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HOCTh KOHTaKTa C METaJUIOM B mporiecce (GUIbTPOBAHUS W HAJIUYUC JJTMHHBIX,
TOHKUX MEK3EPEHHBIX KaHAJIOB MIEPEMEHHOTO CeUeHUs. MeTauT B TAKUX KaHAJIax
MIEPEeMEIACTCs IO ICHCTBUEM CHUTBI TSHKECTH WIIM M30BITOYHOTO METaJIOCTATH-
YECKOTO JABJICHUS C MEPEMEHHON CKOPOCThIO. OYNCTKA METAUIMISCKUX paciuia-
BOB OT B3BEIICHHBIX BKIIOUCHUH TIPH (GUIBTPOBAHUM Yepe3 3€PHHUCTHIC (PUITBTPHI
00yCITOBJICHa B OCHOBHOM MEXaHUYCCKUMU M aJIT€3NOHHBIMH ITPOIICCCAMH.

B03MOXXHOCTH MEXaHUYECKOTO OT/ACIICHUS BKJIIOUCHUN B 3HAYUTCIBHOU
Mepe OTPECIAIOTCS CETOYHBIM 3P (HEKTOM, THAPOINHAMUYSCKUMH U KaITUJLUISP-
HBIMU SIBJICHUSIMU.

CynrHocTh ceToyHOTo 3(deKTa COCTOUT B TOM, UYTO BKJIIOUCHHS, pa3Mep
KOTOPBIX OOJbIIEe JAMaMETpa MEXK3EPEHHBIX KaHAJIOB, 3aJIeP)KUBACTCS 3EpPHU-
CTBIM (PUIBTPOM Kak ceTKor. [lockonbKy 3epHa (GuUIbTpa UMEIOT pa3HbIC pa3Me-
pBI, TO, COOTBETCTBEHHO, M KaHAJIBI UMEIOT TIepeMeHHoe ceuenue. 1o 3Toit mpu-
YUHE HCIOIB3YETCs TOHATHE A()PEKTUBHOTO paamyca MEXK3EPHOBOTO KaHaja
Ry, BEIMUMHA KOTOPOT'O 3aBUCUT OT Pa3MEPOB 3€PEH, COOTHOIIEHHE KOJIUYECT-
Ba 3EPCH Pa3HOT0 pa3Mepa, MIIOTHOCTH WX YKIAIKH. J[7Is TEXHHYECKUX pacyeToB
CUHTAOT, YTO

73.max ~ I3.min )9

1
Ratb = 0’31’/‘3.cp. > a r3.cp. :5(

TIE Fscp.s Fsmaxs Famin, — COOTBETCTBEHHO CPEIHMH, MaKCUMAJbHBIA U MH-
HUMAaJIBHBIN pa3mepsl 3epHa QUIbTpA.

Takum 00pa3om, 3a/IepKUBAIOTCS YACTHUIIBI C PAa3MEPOM 7y, MPEBBIIIAIO-
mui 3QPEKTUBHBIA PaguyC KaHAIOB, TO €CTh 7v>R,4. Clegyer oTMETUTh, 4TO
3asiep KaHre YacTHI] TPOUCXOMUT 3a CUET ceTyaToro ¢ dexra 1mno Bcemy o0beMy
buIbTpa, a HEe TOJILKO HA €r0 MOBEpXHOCTU. bosee Menkue 4acTUIlbl MPOHUKAIOT
BHYTpb (DUIBTpa, T€ W 3aJCPKUBAIOTCS B MEXK3EPHOBBIX KaHajdaX MEHBIITUX
pazMepoB. DPGHEKTUBHOCTH ATOTO MPOIIECcca 3aBUCHUT, B 3HAUNTEIILHOW CTEIICHH,
OT CKOPOCTH JIBIXKEHUSI MeTajla U PeKUMa JBHKEHUSI, KOTOPbIA MOXKET ObITh
JaMUHAPHBIM, TYPOYJICHTHBIM WJIU MTEPEXOTHBIM. Y ACIbHBIA O0BEMHBIN Pacxo/y

3¢ s2
MeTaJljIa MPU JaMUHAPHOM q% Wi TypOyJIEHTHOM q(% (em’/(cm™-¢)) pexumax
JBUKEHHSI MOXKET OBITh paccuuTaHa 1o cleAyomuM GopMyiaM

qn=Ky-ingd=K, i,

rae Ky — koappunuent punprpanuu npu 1aMUHaApHOM pPEXUME JIBHKE-
aust metama, Ky = (0,1...1,0) (em’/(em?-¢));

Kt — ko3 punuent ¢punprpanuu npu TypOyJIEHTHOM PEXUME ABUKEHUS
metaia, (5...6) (eM’/(em*-c));

[ — TUAPABIMYECKUN YKIIOH NPU GUIBTPOBAHUM, OIPEACIISIFOIINN MTaJICHUE
METAJIOCTATUYHOTO ABJIEHUS 110 BBICOTE WJIU JJIUHE (PUIbTpA.

25



BenuunHy TUApaBIMYECKOrO YKJIOHA PACCUUTHIBAIOT B 3aBUCHMOCTH OT
CXEMbI (PHIIbTPAINH, BETUIUHBI 3PPEKTUBHOTO METAJUIOCTATHUECKOT0 HAropa u
JUHEWHOro pa3Mepa (PUIIbTpa Tak, Kak 3TO MOKa3aHo Ha puc. 5.1.

Pucynok 5.1 — Cxemvl ghunompayuu 3eprucmuimu uibmpamu

CoryiacHO JTaHHBIM PA3IUYHBIX HCCIEI0BaTeNeld, B MEX3EPECHHbIX KaHa-
nax (QuiIbTpa OJHOBPEMEHHO COCYIECTBYIOT JIAMUHAPHBIA U TypOYyJIEHTHBIN
PEXKUMBI ABUKEHUS JKUJIKOTO METaIa, TO €CTh UMEET MECTO ObITh MEPEXO0IHON

pexuM ABMKEHUS. BenuunHy yAelbHOro pacxoja MeTaiia q% JUISL TAKOTO pe-
KUMa JABUKEHUSI MOKHO onpenenuTs no popmyie JI.A. Tenakca

m3

2 .
M gd?i 3
1-m)? CM
ah = (= 6D

m 3 ;, OMTC
4-v.(A—15\/E)+ 2-B(j cg-dii
1

rae m — nopucrocts puibtpa, m = 0,25...0,40;

ds — nuaMeTp 3epHa QuiIbTpa, CMm;

V — KHHEMATHYECKasl BI3KOCTh CILIABa, CM°/C;

A n B — ko3¢ dunreHTsI, 3aBUCIINE OT (OPMBI 3epeH QUIBTPA;

i — THIPaBIMYECKUAN YKIIOH.

3HaueHne A u B COCTaBIISIOT:

— xkpyrasie (K) 3epua — A = 50; B =0,85;

— nonykpyrisie (I1K) sepua — A =75; B =1,05;

— octpoyroinbhbie (OY) 3epra — A = 105; B = 1,30.

O6mas macca Q, T, TpoQUWIBTPOBAHHOTO METaJIa PACCUYUTHIBACTCS ClIe-
TYIOIUM 00pa3oM

0
Q:q 'f(D'TCD'pa (52)
rﬂefq)— Iiomaab HOHepeqHOFO CCUCHUA (bHHBTpa, CMZ;
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T4 — BpeMst GribTpanuy, c;
3
p - INIOTHOCTH pacIjiaBa, I/cMm’.

AHaM3 MPOIECCOB MEXaHMUYECKOTO OTACICHHS KPYITHBIX BKIIOUEHUN U
TJICH TTOKA3bIBACT, UTO VIS TOCTYDKCHHSI HanOobiel 3pPEeKTUBHOCTH OYUCTKH
HEOOXOIMMO:

— MPUMEHSATh MEJIKO3EPHUCTBIC (PUIBTPHI, 00ECIICUUBAIOIINE TTPH TTOCTO-
SSHHOM TIJIOTHOCTH YKJIQJKH 3€pEeH HauOoJsiee BHICOKME 3HAUCHHUS OTHOILICHHS pa-
JMyCa HEMETAJITTUYECKON YaCTUILLBI 7'y K Roq;

— UCIIOJIb30BaTh (DMIIBTPHI MAKCUMAJIBHO BO3MOYKHOM TOJIITHUHBI;

— MPUMEHSATH JIJI U3TOTOBJICHUS (PHIIBTPOB MaTepHasbl, XOPOIIIO CMavH-
Barommecs paciiaBom (0 < 90°);

— OCYIIECTBIISATh (PHIIBTPOBAHNE C MUHHUMAIBHONW CKOPOCTBIO, 0OeCTIeun-
BAONICH JaMUHAPHOE TEUYCHHE METaula Mo KaHayiaMm (UiIbTpa Mpu HEOOXOIu-
MOM €TO pPacxoje.

5.2 llopsinok BbINOJIHEHHSI pad0ThI

HcxonHbIMU JTaHHBIMU U1l pacyeTa BpeMeHU GUIbTPALMH KUAKOTO
ATIOMUHUS Yepe3 3epHUCTHIN GUIBTP SBJISIOTCS Macca paciuiaBa (J, TeMIepary-
pa 3anuBKH T, cXema 1o KOTOPOM MPOUCXOIUT (GUIbTpAIlHs, 3HAYCHUE METaJlIO-
CTaTUYECKOTO Haropa /i, 3Ha4eHHE MOPUCTOCTU (UIbTpa m, €ro auaMerp d u
ToJIIMHA /, a Takxke ¢popma ero 3epeH (Tadm. 5.1).

[TponomxuUTeNnbHOCTh GUIABTPALUH T g, OINpENeNseTcs U3 BhipaxeHus (5.2)

Q

T =—F—.
Y s

Jlas pacdera 3HaueHHS ¢ HEOOXOMMMO OIPEICINTh PEKUM IBHKCHHS
MeTaiia B ¢punbTpe. JJis 3TOro MOXXKHO BOCTOJB30BaThCs BhipaxkeHue (3.1) mis
pacuera uncna PeitHonbaca.
CxopocTh MeTajia B MEX3EpHOBBIX KaHalaX ONpeeIuM Mo ypaBHEHUIO (3.2).
3HadyeHue Kod(PUIMeHTa MECTHBIX MOTEPh HAMopa Ll pacCuuTaeM IO ypaBHe-
Huto (3.3), npuHAB 3HaUYCHHE KO3 (HUIIMEHTAa MECTHBIX MTOTEPh HA MPEOAO0JICHHE
COTNPOTUBJICHUSI 3EPHUCTOTO (PHIIBTpA COTJIACHO MPAKTUYECKUMHU PEKOMEH]Ia-
mAMH jg = 10. 3HaueHne KMHEMATUYECKOM BA3KOCTH JKUIKOTO aTIOMHMHHSA CO-
craBisaetr 1| = 1,2 mlla-c (TeMnepatypHOil 3aBUCUMOCTBI0O KHUHEMAaTHUECKOMN BSI3-
KocTu mnpeHeOpeus). [ImoTHOCTH paciaBa mpu Temmepatrype 1 paccuuTarh C
MCIIOJIb30BaHUEM PEKOMEHJAIMIA MPEICTABICHHBIX B MMyHKTE 4.2.

OnpenenuB pexuM JIBUKEHHUS pacillaBa B MEX3EPEHHBIX KaHalaX BOC-
T10JIb30BATHCS MCXOJHBIMU JAHHBIMU M PACCUNTATH 3HAYCHHE ¢ C HCIIOIH30Ba-
HUueM BbIpaxkenue (5.1).
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Tabauya 5.1 — Ucxoousie oannbvie 015 paciemos

Ne | O, T, °C ®opma| namerp | Cxema QuiibT- hoat | m | dow |1

Bap.| Kr 3epeH |3epeH, MM paruu
1 [60] 750 | TIK 7 I 200 | 0,25 50 | 50
2 165|750 | TIK 7 11 200 | 0,25 50 | 50
3 1701750 | IIK 7 11 200 | 0,26 55 | 55
4 1751800 | K 8 | 190 | 0,26 55 | 55
5180800 | K 8 II 190 | 0,27 60 | 60
6 85800 K 8 11 190 | 0,27 60 | 60
7 190|850 | OV 9 I 180 | 0,28 65 | 65
8 195|850 | OV 9 II 180 | 0,28 65 | 65
9 1105/ 850 | OY 9 11 180 | 0,29 70 | 70
10 [110] 900 | TIK 10 I 170 | 0,29 70 | 70
111151900 | TIK 10 II 170 | 0,30 75 |75
12 [120] 900 | TIK 10 1 170 | 0,30 75 |75
131125/ 950 | K 11 | 160 | 0,31 80 | 80
14 [130{ 950 | K 11 11 160 | 0,31 80 | 80
15135950 | K 11 11 160 | 0,32 85 | 85
16 [140/1000| OY 12 | 150 | 0,32 85 | 85
17 [145]1000| OY 12 11 150 | 0,33 90 | 90

5.3 Coaepskanue or4yera

B oruere nomkHBI OBITH yKa3aHbl Ha3BaHUE U LENb paOOThl, IPUBEACHbI
o0mIMe U KpaTKHe TEOPETHUECKHUE CBEACHMS U TMOPSIOK BBIMOIHEHUS PaOOTHI.
CornacHo MOpsAKY BBINOJIHEHUS pabO0Thl HEOOXOUMO BBITIOJHUTE BCE PACUETHI.
Cnenath BBIBOJ O Xapakrepe (UIbTpAIMH KUIKOTO aTIOMUHHUS 4epe3 3epHU-
CThbI€ (PUIIBTPBI PA3IUYHBIX PA3MEPOB U MPU PA3HBIX TEMIIEpPATypax.

5.4 KoHTpoOJIbHBIE BONPOCHI

1. XapakTepucTuka 36pHUCTHIX (PUIBTPOB U 00JIACTH UX MPUMEHEHUS.

2. [IpuHuumn neicTBUS 36pHUCTBIX (PUIBTPOB.

3. D dekTUBHBIN paguyc MEK3EpEHHOTO KaHaIa.

4. Pacuer yaenbHOro o0b€MHOI0 pacxoja MeTajljia npu GpuiabTpanuu ue-
pe3 3epHUCTHIE QUITBTPHI.

5. l'unpaBaudecKuid yKIOH U CXEMBbI (PHIIbTPAIIUU.

6. PacueTt mpoomKuTENbHOCTH (DUITBTPAIUY.
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JIABOPATOPHAS PABOTA 6
JNHAMMNYECKOE JABJIEHUE U CHUJIA TUIPABJIMYECKOI'O
YIAAPA IIPU 3ABEPIIEHUUA 3AJIMBKHU

He.]'lb paﬁoTbIZ HN3YUYUTH BJIMAHUC NHUHAMHUYCCKOI'O OABJICHUA W THUApPAB-
JIMYCCKOI'o0 yJapa Ha KadC€CTBO 6y,Z[y1].II/IX OTJIMBOK; HAYYUTLCA PACCUHUTHIBATH
Ba’>XHBIC THAPOINHAMHWYCCKHUC BCINYUHBI IJIA oOecneueHus HOPMAJIBHOT'O XOJa
IIponccca 3aJJMBKH IIPH IMOJTYUCHHUHU JIUTBA.

6.1 O0mue cBeaeHus

Crpys MeTayyia BBITEKAET W3 KOBIIA WIM IUTATEIEHd CO CKOPOCThIO W,
UMEET ONPEACICHHYI0 KMHETUYECKYIO DHEPIUIO U CO3JAeT AUHAMUYECKOE IaB-
JIEHUE Ha TOBEPXHOCTb (OpMBI. {1 HAXOXKIEHUS MOIIHOCTU CTPYH MeETajuia
BOCIIOJIb3Y€EMCS U3BECTHBIM YPAaBHEHHEM KMHETUYECKOU dHEpPruu Ey

rJe m — Macca Tena, Kr;
W — CKOPOCTb JBMKEHUS CTPYU MeTajia, M/C.
Jns onpenenenuss MOIIHOCTU CTpyH N, BT, OTHECEM 3HEPIUIO K €IUHULIE
BPEMEHHU

N= . (6.1)

Tak xak m/t = ¢g", Kr/c, TO €CTh 3TO YAEIbHbII MacCOBBIH pacxoj MeTall-
J1a, KOTOPBIH TIPH TJIOIIAIH CEYE€HHs CTPYH f cocTaBisieT ¢ = f-p-w, Toraa

M 2
q -w 1 3
N=—=—f.p-w". 6.2
5 2fp (6.2)

Takum 00pazom, MOIIHOCTh CTPYH METAJUIA MPONOPLHMOHATIbHA KyOy CKO-
poctu ero aswxeHus. [ling pacuera cuibl ynapa F, H, cTpyu Ha NOBEPXHOCTh
(GbopMBbI BOCTIONB3YEMCS U3BECTHBIM M3 TEOPHH PEAKTUBHOIO JIBHXKEHHS ypaBHe-
HUEM PaBEHCTBA KOJIMYECTBA ABUYKECHUS UMITYJIbCY CUIIBL, TO €CTh
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mw=F-1,
OTKyJa

F:ﬁ-r:qM-w.
T

HOI[CTaBI/IM Cr0J1a BBIPAXKCHUC JIA qM " IMoJIy4Yum
F=/fp-w. (6.3)

Kak BuguMm, cuna ynapa CTpyud B CTEHKY (DOPMBI MpsIMO MPOMOPIIMOHAITb-
Ha KBajipaTy ero ckopocTH. Pa3zngennm o6e yactu ypaBHeHus (6.3) Ha 1uionaab
CTpyH f ¥ MOJY4YUM BBIpAXKEHUE ISl pacyeTa KMHETHUYECKOrO JaBJICHUSI CTPYH
Py, I1a, Ha creHKH HOpMBI

PK:_:p'W . (6.4)

[Tox neilicTBUEM TUHAMUYECKOTO AaBJIEHHUS BO3MOXKHa Kak Jedopmarius
CTEHOK (DOPMBI, TaK U TUAPOAMHAMUYECKUN OTPBIB YacTULl cMecH. Jledopmarius
UMEET MECTO, €Cclu Py MPEBBICUT Npeie] IPOYHOCTA CMECH NP CHKATHH.

OTpbIB yacTull — 3po3ust (HOpMbl — MPUBOJUT K 0OPA30BAHUIO B OTJIMBKAX
necyaHbIX pPAKOBUH. B KauecTBe Mepbl 3pO3MOHHON YCTOMYMBOCTH (DOPMBI
MO>KHO MCITIOJIb30BaTh Oe3pa3MepHblil mapametp 11

_20p _ 20p

I (6.5)

Py P'WZ,

r7le Gp — IPOYHOCTh CMecHU Ha pa3psis, MIla;

p — IIOTHOCTH CMECH, KI/M".

JI71st mostyyeHusi Ka4eCTBEHHOM MOBEPXHOCTU OTIMBKU HEOOXOIUMO, YTO-
obl I1 > 1. Cnegyer OTMETUTH, YTO C TOBBIILIEHUEM TEMIEPATYPbl CMECH CHUXKa-
€TCsl U BO3MOKHOCTb 3p03UH (hOPMBI PaCTeT.

s ymenbinieHust nedopMariii GopMbl U BEPOSITHOCTH OTpPhIBA YACTHII
CTpys METaJlIa CJIEyeT HAMPABIISATH MO OCTPBHIM YTJIOM K MMOBEPXHOCTH (DOPMBI.

B MoMeHT 3aBepiiieHUs1 3arMOTHEHHUS MOJOCTH (DOPMBI KUAKUNA MeETaII
MOJIHUMAETCS B MOJIOCTH C ONPEAEICHHON CKOPOCThIO W), yaapseT B BEPXHIOKO
noJry(hopMy C OTIPEACIICHHON CWION [y, DTO sSBIIEHHWE HA3BIBAIOT TUApPABIIAYE-
CKHM YyJIapOM, U OHO IPOSIBISICTCS B PE3KOM MOBBIIICHUHU JIaBIICHUSI METAJLJIa B
BEPXHUX CIOAX POPMbI Ha BEAUUHUHY Ay, IO CPABHEHUIO C CTATUYECKUM JaB-
JIEHUEM /o, M TIOCIEAYIOIIMM CHI)KEHUEM JABJICHUSI Ha BENUUUHY Aly, . [po-
1[eCC MOBTOPSIETCS] HECKOJIBKO pa3 B 3aTyxaroliem pexxume (puc. 6.1).
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Pucynox 6.1 — I'uopasnuueckuii yoap 6 gpopme

Cuny ynapa Fi,; MOXHO pacCUyuTaTb YMHOXKMB KMHETHUYECKOE IABIICHUE
MeTaJljia Ha COOTBETCTBYIONIYIO IIOMIAAb (GOPMBI S

Frn=p-Wi-S,. (6.6)

UL

CkopocTh mogpemMa MeTaiia B Gopme W, ciemyeT pacCUUTBIBATh IS
MOMEHTA 3aBEPIICHUS 3aJIMBKU HA OCHOBE yPaBHEHUS HEPA3PHIBHOCTH MTOTOKA

Wy Sy =Wy Sxcs (6.7)

rie Wy — CKOpOCTh MeTajula B THUTATESIX B MOMEHT 3aBEpIIEHUS
3aJIMBKH, M/C.

['mnpaBauveckuii yaap HETaTUBHO BIMSICT Ha MPOIECCHl (popMuUpoBaHUS
OTJIUBOK:

— YBEJIMUMBAETCS] MEXaHUUYECKUI mpurap;

— BO3MOXHO TOBBIIIEHUE BEPXHEN MOy (HOPMBI;

— nedopMUpYyETCs MOJI0CTh (POPMBI;

— YBEJIMYMBAETCSI pACTBOPUMOCThH Ia30B;

— B MOMEHT CHUKCHUS JaBJICHUS TIPOUCXOIUT MOICOC Ta30B U3 MOP CMECH
1 00pa30BaHUs B OTJIMBKE ra30BbIX PAKOBUH;

— BO3paCTaET OMAaCHOCTh 00pPa30BaHMSI YKUMUH .

JIisi CHUKEHUST BEIMYUHBI THAPOYAapa U €r0 HETaTUBHOTO BO3ACHCTBUS
UCIIOJIB3YIOT CJIEAYIOIIUE MEPHI :

— YCTaHOBJIEHUE BHITIOPOB U IPHOBLICH;

— o0ecredyeHre ONTUMAaIbHON (2 HE TOBBIINIEHHOI) CKOPOCTU TMOAbEMa
MeTaia B popme;
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— CHIDKEHHUE IUJIOMIAJN BEPXHUX FOPU3OHTAIBHBIX MOBEPXHOCTEH (POpPMBI

BBIOOPOM TOJI0KEHUSI OTJIMBKH B (hopMe;
— 3aJIMBKA (JOPM C Pa3BUTHIMH TOPU3OHTAILHBIMU MOBEPXHOCTIMU (THIIA

HJ'II/IT) B HAaKJIOHHOM ITIOJIOKCHUH.

6.2 Ilopsinok BbINMOJIHEHHSI PadOTHI

Jluteitnast gopma, cxemMa KOTOpPOM TOKa3zaHa Ha pHC. 6.2, 3amoiHsAETCS
pacruiaBoM. Pasmepbl (OpMbI, OTIMBKH, JIUTHUKOBOW CHUCTEMBI M CTEPXKHS, a
TaK)Ke THUII 3AJIMBAEMOTO CIJIaBa yKa3aHbl B Ta0M. 6.1.

" [T
Q’ \\?"v | AR '.';' b
".,‘-“-”,”‘,:”._- g — Iy
N v ' :
J % ¢ " Fem \ e
. = Flin [
NN .- - _ I S 2 1
A !
iB o ’ v \ .v
‘ b /;Dmax C e S N
BRI EEERRREEEE R NI B D RN SR AR
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C K
— gy R
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Pucynoxk 6.2 — Cxema numetinou ¢oopmwi

Heo6xonumo onpeaenuTs:
1. MakcumanbHO€ P, 1 MUHUMAIBHOE Py, TaBICHUE KUIKOI0 METalIa

Ha CTEHKU (DOPMBI.
[Tox neiicTBUEM CHUIT IPUTSDKEHUS B KUJKOM METAILIE, 3AJIUTOM B (hOpMy,

CYILIECTBYET METAJJIOCTaTU4YeCKoe namieHue Py, Ila, BennunHa KOTOpOro co-
CTaBJISICT

Py = pgh, (6.8)
rae p — INIOTHOCThL METaJllia, KF/M3;

2
g — YCKOpeHHe CBOOOTHOTO TaIeHus, M/C;
h — MeTanocTaTHIeCcKuil Harmop, M.
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Tabauya 6.1 — Ucxoousie oannbvie 015 paciemos

No | Tun h ‘ H ‘ a | b ‘ c | d ‘ e ‘ k | [
Bap. | CIuiaBa M

Crams | 0,25 | 0,30 | 0,35 | 0,80 | 0,95 | 0,15 | 0,38 | 0,45 | 0,55
Crams | 0,30 | 0,30 | 0,35 | 0,85 | 0,90 | 0,17 | 0,40 | 0,48 | 0,60
Uyryn | 0,35 | 0,30 | 0,40 | 0,90 | 0,85 | 0,20 | 0,42 | 0,5 | 0,65
Yyryn | 0,40 | 0,35 | 0,40 | 0,95 | 0,80 | 0,22 | 0,45 | 0,52 | 0,55
bponza | 0,25 | 0,35 | 0,45 | 0,80 | 0,75 | 0,15 | 0,48 | 0,55 | 0,60
bponza | 0,30 | 0,35 | 0,45 | 0,85 | 0,95 | 0,17 | 0,50 | 0,58 | 0,65
Crams | 0,35 | 0,30 | 0,50 | 0,90 | 0,90 | 0,20 | 0,55 | 0,60 | 0,55
Crams | 0,40 | 0,30 | 0,50 | 0,95 | 0,85 | 0,22 | 0,38 | 0,45 | 0,60
Yyrynu | 0,25 | 0,30 | 0,35 | 0,80 | 0,80 | 0,15 | 0,40 | 0,48 | 0,65
10 | Yyrys | 0,30 | 0,35 | 0,35 | 0,85 | 0,75 0,17 | 042 | 0,5 | 0,55
11 | bponza | 0,35 | 0,35 | 0,40 | 0,90 | 0,95 | 0,20 | 0,45 | 0,52 | 0,60
12 | bpon3a | 0,40 | 0,35 | 0,40 | 0,95 | 0,90 | 0,22 | 0,48 | 0,55 | 0,65
13 | Crans | 0,25 | 0,30 | 0,45 | 0,80 | 0,85 | 0,15 | 0,50 | 0,58 | 0,55
14 | Crams | 0,30 | 0,30 | 0,45 | 0,85 | 0,80 | 0,17 | 0,55 | 0,60 | 0,60
15 | Yyrysn | 0,35 | 0,30 | 0,50 | 0,90 | 0,75 | 0,20 | 0,38 | 0,45 | 0,65
16 | Yyryn | 0,40 | 0,35 | 0,50 | 0,95 | 0,95 | 0,22 | 0,40 | 0,48 | 0,55
17 | bponsa | 0,25 | 0,35 | 0,35 | 0,80 | 0,90 | 0,15 ] 0,42 | 0,5 | 0,60

O [0 |J| N[N | |W(IN[—

2. BeptukanbHyto cuily AaBieHus Fg paciuiaBa Ha BEPXHIOW MOJIy(hopMmy.

[Tox neicTBueM CWII AaBJCHUS B JIMTCHHOW (hopMe MpH 3aJIUBKE KUIKOTO
MeTasuia BO3MOXkHa Jeopmaliisi CTeHOK (POpMBI MPU HETOCTATOYHOM YIUIOTHE-
HbI (HPOPMOBOYHOM cMecH U 00pa30BaHMs TaKUX J€PEKTOB OTIMBOK KaK pacrop,
MOAYTUCTh. BepTukanbHas cuia JaBlieHUs Ha BEPXHIOK Noiyhopmy Fg MOKET
TaK)Ke BBI3BATh MOJHSATHE TOW MONY(HOPMBI U BBITEKAHUS METajUIa IO TIOCKO-
CTH pa3bema. Benmunna Fg pacCUNTHIBAETCS CIEAYIOMUM 00pa3oM

Fg = pghS, (6.9)

rae 1S — o0beM Tak Ha3bIBAEMOIO Tenla JaBiieHus. Teno aaBieHus orpa-
HUYEHO CHHU3Y IOBEPXHOCTHIO OTJIMBKH, CBEPXY — TOPU3OHTAIBHOM ILIOCKO-
CTBIO, COBIIAJIa€T C YPOBHEM METaJlJIa B JUTHUKOBOU Yallle Wik BOPOHKE, a cOo-
KY — BEpTUKAJIbHOU TIOCKOCTBIO, MPOXOIAIIEH 110 IEPUMETPY OTIMBKH.

3. [loapeMHYyI0 CUIy, NEWCTBYIOLIYIO HAa CTEPKEHb.

Ecnu crepxeHb B TUTEHHON (opMe OMBIBACTCS KUJIKUM METAIIIOM, TO B
COOTBETCTBHH C 3aKOHOM ApXHMeJa Ha HEro JEWCTBYET BhITAJIKHUBArOIas (ap-
XUME0Ba) cuia F'a, BEIMYMHA KOTOPOH COCTABIISET

FA = PCMg VCT) (610)

. 3
TJI€ Pey — IUIOTHOCTH CTEPIKHEBOUM CMECH, Pey = 1700 Kr/M;
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Vee — 4dacTh oObeMa CTEpXKHS, Ha KOTOPYIO JEUCTBYET apXuMeoBa
CHIIa, M.

PazHuna mexay apxumenoBor cuion 4 u BecoM ctepxkHsa G, COCTaBIA-
€T MOBEMHYIO CHUITY, ACHCTBYIOIIYIO Ha CTEPKEHD F ;.

[TogpemMHas cuiia Ha CTEPXKEHb Yepe3 €ro 3HAKOBbIC YacTH (WM kepebeii-
KH) TIepeaeTcsl Ha BEPXHIO M0Jy(hOpMYy U CIIOCOOCTBYET €€ MOHSATHUIO.

Crnenyer moJ4epKHYTh, UTO BBHITAIKMBAIONIAS CUJIa HA CTEPKEHb CO3/1aeT-
Csl B TOM cClly4ae, KOTJla KUJKUM METalJl OMBIBAET CTEPXKEHb CHU3Y U CO3/1a€T
JTaBJICHUE, BEKTOPHI CHJI KOTOPOTO HAMPABIICHBI BBEPX.
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