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1 BBEJAEHUE

BaxHylo uacTb TEOpeTHYECKOM M NPOPECCHOHATBHON IPAKTUYECKOW IOATOTOBKU
CTYZICHTOB COCTAaBJISIIOT MPAKTHUYECKUE 3aHATUS U TabOpaTOpHBIE pabOTHI.

CoctaB M copepkaHue IMPAKTUYECKHX 3aHATUH W Ja0OpaTOpHBIX pabOT HampaBiIeHbl HA
peanu3anuio JIeHUCTBYIOLIEro (eaepalbHOr0 TrocylapCTBEHHOIO 00pa3oBaTENbHOTO CTaHAAPTA
cpenHero npohecCHOHaTBLHOTO 00pa30BaHusl.

Benymelh nuaakTHMuecKoW LEIbH0 IMPAKTUYECKMX 3aHATUH sABIsSeTcd (POPMHUPOBAHUE
NPAaKTUYECKUX YMEHHMHA - TPO(PECCHOHANBHBIX (YMEHHMH BBINOJNHATH OMNpPEICICHHBIE EHCTBHA,
orepanuu, Heo0X0AUMBbIE B TIOCIEIYIOIEM B IPO(PECCHOHATBHOMN JESITeIbHOCTH), HEOOXOIUMBIX B
nocienyomei yaueoHol 1esTenbHOCTH 10 NPO(heCcCHOHAIBHBIM MOTYJISIM.

B cootBerctBuu ¢ pabouerr mporpammoii [IM.01 Benenue TeXHOIOTHYECKOTO Mpoliecca
MPOM3BOJICTBA YEPHBIX MeTauioB (4yryHa, ctanu u ¢deppocmiaBos), M/IK.01.01Ynpasienue
TEXHOJIOTUYECKUMHU MPOLIECCAMU IIPOU3BOJICTBA YyTyHA M KOHTPOJIb 32 HUMU

B pe3ynbrare X BBIIOJHEHMSI, 00YUarOIIUNACs JOIDKEH:

YMETB!

V1. nogOupare ¥ pacCYUTHIBATH COCTAB IIUXTOBBIX MAaTEPUAJIOB;

VY2. ocymiecTBIATh ONEpaIiy 10 NOAr0TOBKE IIUXTOBBIX MaTEPUAIOB K IUIABKE;

V3. BBIOJIHATH ONEpalMy IO 3arpy3Ke IJIaBHIIBHBIX arperaTtoB U BIITYCKY IPOAYKTOB
IUIaBKU;

V4. ucnosp30BaTh NPOrpaMMHOE 00eCIIeueHUE B YIIPaBIEHUN TEXHOIOTHYECKUM
IPOLIECCOM;

VY5, sKcITyaTupOoBaTh TEXHOJIOTMUECKOE U MTOAbEMHO-TPAHCIIOPTHOE 000PY10BaHUE;

V6. aHanM3upoBaTh KAYECTBO ChIPhsl M TOTOBON MPOYKIIUH;

VY7. ananu3upoBaTh NPUYMHBI Opaka BbIITYCKAEMOM NPOAYKLUHU U pa3padaTbiBaTh
MEPONPUSTHS 110 €T0 MPEAYIPEKICHHIO;

V8. HaXOUTh IPUYMHBI HAPYIIEHUI TEXHOJIOTUH U ITYTH UX YCTPAHEHUS;

V¥9. paccunThiBaTh TEIJIOBOM U MaTe€pHAIbHBIN OajlaHC BBHIMJIABKY YEPHBIX METAIIJIOB;

V¥10. orOupats npoObl Ha aHANIN3;

V11. BBINONHATH NPOU3BOJACTBEHHBIE U TEXHOJIOTUYECKUE PACUETHI;

V12. oueHuBaTh Ka4eCTBO ChIPhS, MOIYIPOIYKTOB U TOTOBOTO MPOIYKTA 10 pe3ybTaTaM
71a00paTOPHBIX aHAJIN30B;

V13. paboTtaTh ¢ TEXHOIOTUYECKON, KOHCTPYKTOPCKOM, OpraHU3aIIHOHHO-
pacropsaUTeNbHON TOKyMeHTaluel, CipaBOYHUKAaMH U APYTUMH HH(OPMAIIMOHHBIMU
VUCTOYHUKAMU;

V14. ocyuiecTBasATh METKUM PEMOHT 000pYI0BaHUS;

V15. aHanu3upoBaTh U OLIEHUBATh COCTOSIHUE TEXHUKHU 0€301MaCHOCTH, TPOMBIIIICHHON
CaHUTApUU U MPOTUBOIOKAPHON 3aLUTHI HA POU3BOJICTBEHHOM Y4aCTKE;

VY16. BIOUpaTh METO/IbI U MEPOIIPHUATHS 110 3alIUTE OT HEraTUBHBIX (PAKTOPOB
IIPOU3BO/ICTBA;

ConeprkaHre MpaKTUYECKUX U J1a0OpaTOpHBIX padOT OPUEHTUPOBAHO HA (POPMUPOBAHUE OOLIUX
KOMIIETEHIIM 1O TpOo(eCcCHOHATBEHOMY MOIYJII0 OCHOBHOM MNpOo(hecCHOHAIbHOM 00pa30BaTelbHOM
IpOrpaMMBl 10 CHEUATBHOCTH:

OK'1 Breibupate cnocoObl pemieHus 3agad  MpoQecCHOHAIBHON  AESITeNbHOCTU
IPUMEHUTENBHO K Pa3IMUYHBIM KOHTEKCTaM.
OK 2 Hcnons30BaTh COBPEMEHHBIE CpPEICTBA IOMCKA, AHAINW3a W HMHTEpPIpETalnn

uHpopMaluu M HHGOPMALMOHHBIE TEXHOJOTUHU JUIsl BBINOJHEHUS 3343y NpoQecCHOHAIbHON
JEATEBHOCTH.

OK 3 [InanupoBath u peanr3oBbIBATh coOCTBEHHOE
npodecCHOHATBbHOE U JIMYHOCTHOE  PAa3BUTHE, MPEINPUHUMATEIBCKYIO JIEATENIBHOCTh B
npodeccuoHaIbHON cdepe, UCIONb30BaTh 3HAHUSA MO (PUHAHCOBOW T'PAMOTHOCTH B Pa3IMYHBIX
’KM3HEHHBIX CUTYyallUsX.

OK 7 CopeiicTBOBaThH COXPaHEHHUIO OKpY’KaroIen Cpenpl,
pecypcocOepeKeHNI0, MPUMEHATh 3HaHMS 00 W3MEHEHMH KIuMara, HNPUHLUIBI OepeXIMBOIO
POU3BOJICTBA, 3P (PEKTUBHO AEHCTBOBATH B UPE3BBIYANHBIX CHUTYALIUAX.
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W oBnaiennto npogecCHOHATLHBIMA KOMIIETCHITUSMU:
[TIK 1.1Ocy1ecTBasTh TEXHOJOTHUECKHE OIEpaLMK 0 MPOU3BOJICTBY YEPHBIX METAJIIOB.

IIK 1.2. Hcnons30BaTh CUCTEMBI aBTOMATHYECKOI'O YIPABJICHUS TEXHOJIOTMYECKUM
IIPOLIECCOM.

IIK 1.3. DKCIUTyaTUPOBATh TEXHOJOTHYECKOE u MOJBEMHO-TPAHCIIOPTHOE
o0opyaoBaHue, obecreunBaroniee Nporece Mporu3BOACTBA YEPHBIX METAILIOB.

[IK 1.4. AHaNIM3UPOBaTh KA4E€CTBO ChIPhSI U TOTOBOW MPOIYKIIUH

IIK 1.5. AHanm3upoBaTh MPUYHUHBI OpaKa BBITYCKAeMON MPOAYKIMH U pa3padaThiBaTh
MEPOIPUSTHS 110 €TO NPEAYIPEKICHUIO

[IK 1.6. AHanu3upoBaTh M  OLEHUBAaTh COCTOSIHME TEXHHMKH  0€30MacHOCTH,

MPOMBIIUICHHOW CAaHUTAPUU U IPOTUBOIIOKAPHOM 3aIUTHI HA MPOU3BOJICTBEHHOM YYaCTKeE.

BrimonHenue crynentamu mpaktudeckux padot mo I[IM.01 Benenue TEXHOIOTHYECKOTO
mpolecca  MPOU3BOJACTBA  YEPHBIX MeTalioB  (4yryHa, cTalid ¥ (eppocIUiaBoOB),
M/JIK.01.01 YmpaBieHue TEXHOJIOTMYECKUMHU IPOLIECCaMU MTPOU3BOJCTBA Uyr'yHAa M KOHTPOJb 3a
HUMU,

- o0o0mieHue, CUCTeMaTH3alMI0, YIIyOJIeHHe, 3aKpeluieHHe, pa3BUTHE M JCTaIH3aIHIO
MOJIYYCHHBIX TEOPETUUECKUX 3HAHUI MO KOHKPETHBIM TEMaM MEXIUCIUTIITHHAPHBIX KYPCOB;

- (opMupOBaHHE YMEHHMI NPUMEHATH MOJYYCHHBbIC 3HAHHS Ha TMPAKTUKE, pPeaTn3aIfio
€IMHCTBA MHTEJUICKTYAJIbHOU U MTPAKTUYECKON JESATEIBHOCTH,

- pa3BUTHE HUHTEIUIEKTYyallbHBIX YMEHHMH y OyAYyIIMX CHEIHAIKMCTOB: aHATUTUYECKHX,
MPOEKTUPOBOYHBIX, KOHCTPYKTUBHBIX U JIP.

[Ipon0mKUTENIEHOCTD BBITIOTHEHUSI MPAKTUYECKOW palbOThl COCTABIsIET HE MEHee JABYX
aKaJeMHYECKHX YacOB M MPOBOJAUTCS IOCIIE COOTBETCTBYIOIIETO 3aHATHS, KOTOpOe 00ecrevnBaeT
HaJM4Ke 3HaHUW, HEOOXOIUMBIX JIJI €€ BBITTOJIHCHHUS.



2 METOAUYECKHUE YKA3AHUSA

Tema 1.1. Ilpouecchl, npoucxoasimye B JOMEHHON Me4n

IIpakTuyeckas padora Ne 1
3anoJiHeHMe CPAaBHUTEIbHOM Ta0uIbl: BoccTaHOB/IeHHE pa3IMYHBIX IPUMeceil B
JAOMEHHOM Mme4m»

®opmupyeMasi KOMIIETEHIUSA:
I1K 1.4. Ananu3upoBaTh KaueCTBO ChIPbsl U TOTOBOW MPOIYKIIMH.

He.m: paﬁ()TbI: O3HAKOMUTBCA C OCHOBHBIMH 3aKOHOMCPHOCTSAMU BOCCTAHOBJICHHA
Ppa3INIHbIX HpHMGCGﬁ B ,Z[OMGHHOI‘/‘I neuun

Beimmosainue padory, Bel Oynere:
ymemv:
- QHAJIM3UPOBATh BOCCTAHOBUMOCTb Pa3JIMYHbIX IIpUMECEd B YCIOBUSAX JOMEHHOI'O Mpolecca

MatepuanbHoe obecniedeHHe: TCOPETUUESCKHUI MaTepuan

Oobopynosanne HE UCITOJIB3YETCA

3aganme: 3aM0JHUTH CPABHUTEIIBHYIO TaOIUILY

Iopsiaok BbINOJIHEHUS PA0OTHI:

1. O3HaKOMHUTCS C METOAMYECKUMHU YKA3aHUSAMU 0 MPAKTUYECKOMY 33JaHUIO.
2. BEIIOIHUTE 3aaHueE.

3. OdopMuts paboTy B TETpaaAH IS MPAKTUIECKUX 3aHITHUH.

Teopernyecknii maTepuall

BoccranosiieHue npumeceii B JOMeHHOM ne4un

IIpencraBieHne 0 BO3MOXHOCTH BOCCTAHOBJICHUS 3JIEMEHTOB, BXOALIUX B COCTaB JIOMEHHOU
[IUXTHI, MOKET OBITH MOJTYyYE€HO HA OCHOBAaHWU TEPMOJMHAMHYECKUX TAHHBIX, XapaKTEPHU3YIOIINX
MPOYHOCTh HMX OKCHJOB, T.€. BEJIMYMHY HUX XHUMHUYECKOTO CpPOJACTBA K KHUCIOPOAY. DJIEMEHTHI
JIOMEHHOW IIMXTHl MO BO3PACTAHUIO CPOACTBA K KHCIOPOAY pAacIojararorcsi B CIHEAYIOIIEM
nopsiike; Cu, As, Ni, Fe, P, Zn, Mn, V, Cr, Si, Ti, Al, Mg, Ca. CooTBeTCTBEHHO, CTEICHb
BOCCTAHOBJIEHHUS 3JIEMEHTOB TEM MEHBIIE, YEM MTPABEE CTOUT AJIEMEHT B IPUBEICHHOM PSIY.

Boccmanosnenue mapeanya

B nomenHy1o neyb Maprasell, HOCTYMaeT ¢ MapraHieBbIMA U MHOT/A C KEJIE3HBIMU PyIaMU B
Buae okcuaoB MnO;, Mn,Os;, Mn3Os u MnO, BXOASIIMX B COCTaB MHHEPAJIOB MHUPOIIO3UTA,
MCWJIOMEJIaHa, TayCMAaHUTA, POJIOXPO3UTa U .

BoccTranoBnenue Maprasia u3 OKCUJ0B MPOTEKAET CTyneH4yaro no cxeme (19):

MnO; —-Mn,;03 -Mn304; -MnO — Mn (19)

[lepBrle ABa OKcHIA JIETKO OTAAOT KHUCIOPOA, BOCCTaHaBimuBasch 10 MnzO,. Peaknum
BoccTaHoBjeHUsT MNO,; u Mn,O3; mpoTekaroT B BEpXHEH YacTH MY HEOOPAaTUMO C BBIICICHHUEM
3HAUUTENBHOTO KOJIMYeCcTBa Teria, peakiuu (20,21):
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3MnO; + 2CO — Mn304 + 2CO, + 467,247 M]1x (20)
3Mny03 + CO— MnzO4+ CO;z + 170,235 M1k (21)
BeigensemMoe Temino He MOXKET OBITh HCIOJIB30BAHO B JIOMEHHOW IE€YH, OHO YHOCHUTCS
OTXOJIIMMHU Ta3amu. [Ipu MporutaBieHUH OOJBIIOrO KOJHYECTBA CHIPhSI MAapraHIIEBOW PYIbI
TEeMIEpaTypa OTXOAALMX ra30oB Hepenko aocturaer 600—700°C, uTo OTpULATENBHO CKa3bIBAETCS
Ha CTOMKOCTHM METAJUIOKOHCTPYKIMI KoOJOmHHUKA. [l03TOMYy jKenaTreapbHO MapraHleBYH pPYIy
MOJIBEPraTh arjioMepaluud ¢ eI BBIHECEHHS 3K30TEPMUYECKHX PEAKIM BOCCTAHOBICHUS
OKCHJIOB MapraHiia 3a Ipeesbl JOMCHHOH MeYH.
Oxcun Mn304 Takke CpaBHUTEIBHO JIETKO BOCCTAHABIMBACTCS B JIOMEHHOM reun 3a cueT CO,
peakuus (22):

M504 + m"CO — 3MnO + (m" — 1) CO + CO, + 51,916 Mk (22)

Boccranosnenune mapranina u3 MznO B JOMEHHOI Me4Yl MPOTEKaeT MPAKTUYECKH MOJHOCTHIO
3a cueT yriepoja Kokca npu temrepatype Boie 1000° C, peakuus (23):

MnO + C — Mn + CO — 287,381 MJIx (23)

B ycnoBusx MOMEHHOW IJIaBKH MapraHell paclpenessieTcss MEXIy YyTYHOM, MUIAKOM |
ra3om.

[Tpu BBITUTABKE TIEPEICIIBHOTO YyTYHA!

- npuMepHo 40—55% Mn nepexoauT B UyTyH,

- 5—10% wmapranma uCrapsroTCcs, OKHCISACH B BEpXHEH dacTu meuu 10 Mn3O,, u yHOCSTCS
ra3zamu,

- a octajbHOU Mapranen] B Buae MnO nepexoauT B LUIAK.

C yBenuueHHWEM KOHIIEHTPAllMM MapraHila B JIOMEHHOW I€4YH, HAMpUMEp TMPHU BHITLIABKE
dbeppomaprasniia, CTeIieHb U3BJICUEHUS ero B ciuiaB gocturaer 70—=80%.

YcnoBusmu, 61aronpusATCTBYIONIUME MIEPEBOIY MapraHiia B CIIJIaB, SIBISIOTCS:

- BBICOKasl TeMIlepaTypa B TOpHE, JOCTHTacMasl YBEIIMYCHHEM OTHOCHUTEIIBHOTO pacxoia
KOKca, TIOBBIIIICHHEM HarpeBa AyThsl U 00OTaIlleHUEM AYThsl KUCIOPOIOM;

- TOBBIIIEHHAS OCHOBHOCTB IIJIAKA, CIIOCOOCTBYIOMIAS Pa3pyIMICHUIO CHIIMKATOB MapraHIa.

TexHoMOrNYecKoe BIMSIHIE OKCHIOB MapraHIila COCTOUT B Pa3KIKEHUU IINIAKa U YIYYIIEHUU
ero jaecyibdypupytomeid cnocoonoct. Ho mo6aBka cpaBHUTENIBHO OEIHBIX MapraHIEBBIX Py B
IIUXTYy JOMEHHBIX TIe4eil YBENUYMBACT OTHOCHTEIHHOE KOIWYECTBO IIIaKa, yMEHbIIas
MIPOU3BOIUTEIIEHOCTh W TOBBIMIAsT pacxo]] roprodero. [Toaromy B HacTosmiee BpeMs IMEpelnTyn Ha
BBHIMJIABKY MaJOMapraHIIOBUCTOTO TMEpEeAeNbHOr0 YyryHa ¢ coaepxkaHuem wmenee 1% Mn.
CHIDKEHUE TTOIBMKHOCTH IIIJIaKa KOMIICHCHPYIOT YBEIMUEeHUEM cozepxkanus B Hem MgO.

Boccmanosnenue kpemmus

B noMeHHy10 neub KpeMHUN MOCTYNAET B BUAEC KPEMHE3EMA UM CUIIMKATOB, COJEP/KALINXCS
B IMXTOBBIX Marepuanax. Oxcuz SiO, HAMHOTO MpOYHEe OKCHIOB MapraHiia U jkenie3a, Mo3TOMY
BOCCTAHOBJICHHE KPEMHHUS MOXET MPOTEKaTh TOJbKO B HMKHEH 4YacTH IE€4M 3a CYET yIiepoja C
MOTJIOUIEHHEM OOJIbIIOr0 KOJIMYECTBA TerIa.

ITepexon KpeMHMS B YyT'yH 3aBUCUT OT TEMIIEPATYpPbl B TOPHE, XMMHUYECKOTO COCTaBa LUIaKa
u ero cpoiicts. [Ipu BbIJIaBKE NeEpeAeTbHOrO UyryHa COJAEpKaHHEe KPEMHHS B HEM OOBIYHO He
npesbimiaeT 1%, npy BBIIJIABKE JIMTEHHBIX YYT'YHOB OHO Bo3pacTaer 10 3,75%, a MpHu BBIIUIABKE
dbeppocmmuius—iuao 15%. IMoayunts B AOMEHHON Medd cIuiaB, cojaepskamumii 6omee 15% Si,
HEBO3MOXKHO [0 TEMIIEpaTypHbIM ycioBusM. Deppocunuuuii, comepxkammit 45 u 75% Si,
MOJY4al0T B AJEKTPUUECKUX (peppocIIaBHBIX Iedax MpH 0ojiee BBICOKMX TEMIIEpaTypax, 4eM B
TOPHE JOMEHHOM IEYH.

BoccraHoBneHre KpeMHUS TakKe NMPOTEKAeT CTYNEHYaTo ¢ 00pa30BaHUEM IPOMEKYTOUHOTO
okcuaa (MOHOOKCH/Ia KpeMHUs ), peakiun (24-26):
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SiO, + C — Si0O+ CO (24)
SiO+C — Si+CO (25)
SiO +2C — Si +2C0O — 635,096 M Txx (26)

Boccranosnenue kpemuust yriaepogom HauumHaetrcs mnpu 1500° C. B nomenHoil neuu B
NPUCYTCTBHUH JKeJie3a KPEMHHUI BOCCTaHABIMBACTCS MPH 0oJiee HU3KUX TeMIlepaTypax (HO He HUXKe
1050° C). Dromy cnocobcTByeT oOpasoBanue cunununoB FesSi, FeSi u FeSip, nporekaromee ¢
BBIJICTICHUEM TEIUIa M PAacTBOPEHHEM KpeMHHUs B jkene3e. KpeMHHMII BOCCTaHaBIMBAaeTCS U3
KpeMHE3eMa, HaXOJAIIerocs B pacilaBe W B 3HAUMTENbHOM Mmepe cBsazanHoro ¢ CaO, MgO u
JIpYyrUMH  OKcujamu. Yem MeHblle CBOOOJHOTO KpeMHE3eMa B MUIaKe, TeM TpyJIHee
BOCCTaHOBJICHUE KPEMHHUSI.

YcnoBusiMH, OJaronpuSATCTBYIONIMMH BOCCTAHOBJICHUIO KPEMHHS, SBISIFOTCS — BBICOKAs
TEMIIepaTypa B HIDKHEW 4YacTW IMEYM U MO BO3MOXKHOCTH 0OJiee KHCIBIH M TYTOIUIAaBKUN MUIAK.
TyromnaBkocTh IHUIaKa NpPU  BBIIUIABKE BBHICOKOKPEMHUCTOTO YYryHa MOXKHO ITOBBICHTH
YBEIMYCHUEM COJICP’KAHHSI B HEM TIIMHO3EMA.

Conepikanue KpEMHHUS B YyT'YHE UCIIOJIB3YIOT KaK IOKa3aTelb TEIUIOBOTO COCTOSIHUS TOpHA U
TEMIIepaTypbl JKHJIKAX MPOAYKTOB IUIABKA. YMEHBIIEHHE COJICpPKAHUS KPEMHHUS B UYyT'yHE
CBHJICTEIBCTBYET O CHIDKEHHHU €T0 TeMIepaTypsl U, HA000POT, YBEIMUCHHE CO/ICPIKAHUS KPEMHHUS B
YyryHe CBUJECTEIbCTBYET O IMOBBIIICHUN TEMIIEPATYPHI.

Boccmanosnenue gpocghopa

®Dochop coaepKUTCS BO BceX MaTepuanax JOMEHHOW IIMXThI, HO HauOOJbllIee KOJTUYECTBO
ero, gocruraromee uHoraa 1,2 m gaxe 1,5%, conmepkurcs B KeJIe30pyIHBIX Marepuanax. B
HIMXTOBBIX Marepuanax (ochop HAXOAUTCA NPEUMYIIECTBEHHO B Buae (ocdarta Kamblus
Ca(POy),, BxOIsIIEr0o B COCTaB MHUHepaia amaTuta. B kene3Hbix pynmax ¢ochop HHOrAA
BCTpeuaercs B Buje ruapodocdara xene3a — BuBuanuta Fez(PO4)2-8HL0.

B ycnoBusx momenHoi tiaBku ¢ochop Ha 100% BoccTaHABIMBAETCS W TPAKTHYCCKH
MOJTHOCTBIO TMEPEXOJUT B UyryH. EJMHCTBEHHBIM CIOCOOOM CHMXEHMs cojiepxaHus (ocdopa B
YyryHe SBIISIETCS 3arpy3Ka B JOMEHHYIO I1€4h MaTEPHUAIOB C HU3KHM coJiep)anueM ¢ocdopa.

Boccranosnenue ¢ocdopa u3 csoboaHoro okcuga PrOs BO3MOXKHO OKCHJIOM Yriepojaa U
BOJIOPOJIOM TIpH Temneparype okoiio 800° C.

U3 docdara xenesa Fez(PO4), BocctanoBieHue hocdopa:

- BOJIOPOJIOM HaunHaeTcs yxe npu temmneparype 400° C,

- OKCUJOM yrieponaa — npu temreparype S00—700° C.

Ho nanOosiee MHTEHCUBHO HeNpsiIMOE BOCCTaHOBJIEHHE (hochopa MPOTEKAET COOTBETCTBEHHO
npu Temmeparypax 900—1000 u 1000—1200° C ¢ obpazoBanuem docduna xenesa u ¢ocdopa,
KOTOPBIE PACTBOPSIOTCS B UyT'YHE.

Boccranosnenue ¢ocdara sxenesa onucbiBaeTcsi ypaBHeHusMH (27,28):

2Fe3(PO4)2 + 16CO — 3FesP + P + 16CO; (ke 1000° C) (27)
2Fe3(PO); + 16C — 3Fe,P + P + 16CO (Bimze 1000° C) (28)

Xpom BcTpedaeTcss B BHJE NPHMECH B HEKOTOPBIX JKEJIE3HBIX pydax B coennHeHuu FeO-
Cr,03. BoccranoBiieHHe ero MPOTEKaeT MPU BBICOKMX TEMIIEpaTypax 3a CUeT yriiepoja Mo cXeme

(29):
CI’203 — CrO —Cr (29)

IIpn mnnaBKe XaJIWJIOBCKUX pYyHA, COIEPXKAIIMUX XPOM, IIOCIEOHUN IIOYTH IIOJHOCTBIO
BOCCTaHaBNMBaeTcss M mepexoauT B uyryH (Ha 80-90%). [lonmHoTa BOccTaHOBIIEHHS Xpoma IO
CPaBHEHHIO C MapraHileM OOBICHSAETCS TEM, YTO XPOM He 00pa3yeT CHIMKAaToB. B nomMeHHOM neun
MOKHO BBITIIABIATE 40%-HbI1 deppoXpoM, HCMONb3yeMblil A JerupoBaHus ctanu. OgHaKo B



CBSI3M C BBICOKMM PacXoJOM KOKCAa Ha €ro BBIILIABKY, IUIOXOW TEKY4eCThIO CIUIaBa U BBICOKUM
COJICpKaHUEM YTJIEpO/ia BBIILUIABISATH PEPPOXPOM B JIOMEHHBIX IT€4aX HEBBITO/IHO.

Tuman sBISIETCS AHAJIOTOM KPEMHUS, HO 00Ja1aeT 60see BEICOKUM CPOACTBOM K KHCIOPOY.
OH conepxuTcs B pynax JinO0o B BUIE CBOOOIHOTO OKCHJIA TUTAaHA, JTMOO B BUJEC TUTAHHUTA XKelle3a,
obpasyromiero muHepan wibMeHUT FeO-TiOs NnbpMeHUT sBISETCS COCTaBHOM YacCThIO
TUTAHOMAarHeTUTOBBIX pyxA. [Ipu miuaBke 3TUX pyA B JOMEHHOH IE€YM TUTaH HE3HAYUTEIHLHO
BOCCTaHABIIMBACTCA M MEPEXOJUT B YYT'YH B KOJIMYECTBE, HECKOJBKO MEHBIIEM, YeM KpeMHUil. B
OCHOBHOM THTaH B BHJIE OKCHJIOB TIEPEXO/IUT B IIUIAK.

Banaouii B Buse okcuaoB B HEOONBIINX KonmyecTBax (10 1%) BXOTUT B COCTaB JKENE3HBIX
pya, vame Bcero (pochopHCThIX MM TUTAHOMAarHETHTOB. BoccTaHOBIICHHME BaHAAWs M3 OKCHUIOB
[IPOTEKAeT CTyNeH4aro, 1no cxeme (30):

V205 - V203 —-VO— V (30)

Beicmuii okcua V2Os JIETKO OTJAeT KHUCIOPOJ U MOKET BOCCTAHABIMBATHCS OKCHIOM
yraepoaa u BogopogoMm. Hwusmme okcunbl VO3 m VO BoccTaHaBIMBAIOTCS YIJIEPOJOM B 30HE
BBICOKMX Temmeparyp. [Ipm OCHOBHBIX NUTaKaX U BBICOKOM HarpeBe TOpHa CTEIEHb
BOCCTAHOBJICHHSI BaHAIUsl B UYT'yH Aocturaer 75—88%.

Hukeno — nerupyromuii aneMeHT. OH COAEPKHUTCS B HEKOTOPBIX JKEJIE3HBIX pPyAax B
HE3HAYUTENbHBIX KOJIMYECTBaX (COThIE JI0JIU MPOLIEHTA) B BUI€ OKCUAOB. B TOMEHHOI nieun HUKEh
M3 OKCHUJIOB BOCCTAHABJIMBAETCS CTYNMEHYATO B BEPXHEH YACTHU IIAXTHl HEMPSMBIM ITyTEM.
Boccranosnenue ero 3akaHuuBaetcs npu temmepatrype okono 900° C. B nomeHHO# neun HUKEIh
He ucnapsercs (temmneparypa kurneHus okoyio 3000° C) U MOJHOCTHIO MEPEXOIUT B UYTyH, a U3
YyryHa B CTallb.

Meow wHOTHA conepxkutcs B pyaax B Bujae okcunmoB CuO u CuO,. B momeHHOM meun 3tH
OKCUJbI yxke mpu Temneparype okono 100°C moJHOCTBIO BOCCTAaHABIMBAIOTCS U BIOCIEICTBUU
MepeXo/sIT B UyTyH, a 3aT€M U B CTajlb, PE3KO CHWXKAasl yIapHYIO BS3KOCTh MeTaia. [losTomy B
OOJIBIIMHCTBE CIy4YaeB MeIb CUMTAETCS BPEAHOW MPHUMECHIO B pynaax. TONBKO MpU MPOU3BOJCTBE
AHTUKOPPO3MOHHOW CTajlM, Korja He TpeOyeTcs BBICOKOW MPOYHOCTH METajia, MEIb SIBIISETCS
MOJIE3HOM MPUMECHIO.

Mbubiubsak — ananor gocpopa. OH BcTpeuaercs B (OCHOpPUCTBIX pyAax B BUAE OKCHIOB. B
JIOMEHHOM MeYU MOJHOCThIO BOCCTAHABIMBAETCS OKCHIAOM YIJIepoAa, BOJOPOJAOM M YIIIEPOJIOM H
MEePEeXOIUT B UyryH. B oTimuue ot ¢docdopa membsik B Bujge AS,O3 4aCTUYHO YIIETydHBACTCS C
razami.

Lunk comep>XUTCsT B HEKOTOPBIX py/lax B BHJE OKCHUIOB M CEPHHUCTBIX COeIUHEHUU. B
JIOMEHHOM TM€YM OH JIETKO BOCCTAHABJIMBAETCA, HO B UYI'yH HE MEPEXOJUT, a HUCHapsiercs W,
MOJAHUMASICh C Ta3aMH, B 30HE YMEPEHHBIX TEMIEPaTyp OKHUCISIETCS IUOKCHIOM yriepoia H
BoAstHBIMU TlapaMu 70 ZNO. [TocnenHss 4acTUYHO YHOCUTCS Ta3aMH, YaCTHYHO OTJIAraeTcs B mopax
W IIBax KJIAJK{, pa3pylias ee, a YaCTUYHO C NIMXTOBBIMH MaTe€puajaMu OMYyCKAeTCs B HIDKHUE
TOPU30HTHl TI€YM, TJI€ BOCCTAaHABIMBAETCA MO IIMHKA, KOTOPBIA CHOBAa BO3TOHSETCS, 00pasys
CBOEOOpa3HBI KPYTrOBOPOT, CIMOCOOCTBYS HAKOTUICHHIO OKCHJIA IIMHKA W Pa3pyIICHUIO KIIAIKH
M€YM, a UHOT/Ia U CTAJIbHOTO KOXKYyXa MeYH.

B HEKOTOpBIX pyImax COIEPKHUTCS cGuHey. DTa BpENHAs TMPUMECh B JIOMEHHOW M€Y
BOoccTaHaBnuBaeTcs u3 coequHenuit PbS u PhSO,. CBuHel nuib HE3HAYMTEIBHO BO3TOHSCTCS U
yHOCHTCS razamMu. OCHOBHOE €ro KOJMYECTBO CKAIUTMBAETCS B TOPHE MO ciioeM uyryHa. O6manas
BBICOKOM KHUIKOMOJBM)XHOCTBIO B TEPETPETOM COCTOSIHUM, CBUHEIl MPOHUKAET B MeJbyailline
MOPHI ¥ 3a30pkI B KJIAJKE JICIIAIN U TOPHA U pa3pylIacT ee.

AJIOMUHMI, MarHUH M KanbILMH B JOMEHHOM IT€YX HE BOCCTaHABINBAIOTC.

3ananue: 3aN0JHUTH CPABHUTEIBHYIO TA0JMIy BOCCTAHOBJICHHE PA3JIUYHBIX IPUMeceHd B
AOMEHHOM Mme4u



[Ipumecs, xum | CreneHpb Peakuus Mecto no [Ipumeuanue
dopmyna BOCCTAHOBJICHHUSI BOCCTaHOBJICHUS BBICOTE €YU

®opma npeacrabIeHUs pe3yJbTara:
3anosHeHNE CPAaBHUTENFHON TaOIUIIBI B TETPAAX JJIS PAKTHUECKUX padoT

Kpurepum ouenkn

Omnenka «5» BBICTABISETCS CTYACHTY, €CITH:

- TeMaTuKa paboThl COOTBETCTBYET 3aJIaHHOM, CTYIEHT MOKAa3bIBAE€T CUCTEMHbIC U TMOJIHBIC
3HAHUS ¥ YMEHUS 110 JAHHOMY BOTIPOCY;

- paboTa oopmMiieHa B COOTBETCTBUH C PEKOMEHIAIMSAMHE MPEIo/1aBaTes;

- 00beM pabOTHI COOTBETCTBYET 33JaHHOMY;,

OneHnka «4» BBICTaBIISIETCS CTYIEHTY, €CIH:

- TeMaTHKa pabOThl COOTBETCTBYET 3aJaHHOM,

- CTYAGHT JONyCKaeT HeOONbIINe HETOYHOCTH WM HEKOTOphIe OUIMOKH B JTAHHOM
BOIIPOCE;

- paboTta oopmIIeHa C HETOYHOCTSIMH B OPOPMIICHUU;

- 00beM paboThl COOTBETCTBYET 33JJaHHOMY WJIM UyTh MEHBIIIE;

Onenka «3» BBICTaBJISIETCS CTY/IEHTY, €CIH:

- TeMaThKa paboThl COOTBETCTBYET 3aJaHHOI, HO B paboTe OTCYTCTBYIOT 3HAYUTEIbHBIC
AIIEMEHTHI 10 COJIEPKAHUIO PAOOTHI WIIM TEeMaTHKa M3JI0’KEHA HEJIOTUYHO, HE YETKO MPEICTABICHO
OCHOBHOE CO/Iep)KaHUE BOIIPOCa;

- pabota odopmiieHa ¢ ommbkamMu B 0()OPMIICHUH;

- 00beM pabOoThl 3HAYUTEIHHO MEHBIIIE 3a/JaHHOTO;

OneHka «2» BBICTaBIISIETCS CTYJIEHTY, €CIIH:

- HE pacKpbITa OCHOBHAs TeMa PabOTHI;

- paboTta oopmIIeHa HE B COOTBETCTBUU C TPEOOBAHUSIMU MPENOIaBATEIS,

- 00beM paboThl HE COOTBETCTBYET 3a/laHHOMY;;

Tema 1.2. OOpa3oBaHue 4YyIryHa U HLJIAKa
IIpakTnueckas padora Ne 2
N3yuyenune 'OCTa Ha yyryHsl

®opmupyeMasi KOMIIETEHIUA:
1K 1.4. Ananu3upoBaTh Ka4eCTBO ChIPbsi M TOTOBON MPOIYKIIMH.

Lesab padoThI: HAYUYUTHCS MOJIB30BATHCS MAPOUHUKOM I10 YyT'YHaM
Beinosnus padory, Bel Oyaere:
ymems:

- ONpCacCIsITb OCHOBHBIC MAPKHU YyTI'yHa B COOTBCTCTBUC C MAPOYHUKOM

MartepuanbHoe o0ecriedyeHre: MApOYHUK YyTYHOB
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Oobopynosanne HE UCITOJIB3YETCH
3aganue: onpeneauTh OCHOBHBIE MAapKH YyT'yHa Ha OCHOBaHUU PAacyeTOB

IHopsinok BbINOJHEHUS PA0OTHI:

1. O3HaKOMHUTCS C METOUYECKUMHU YKa3aHUSIMU 10 TPAKTUYECKOMY 3aJaHUIO.
2. BEINOJIHUTE 3a7aHUeE.

3. OdopMuts paboTy B TETpaaH ISl MPAKTUICCKUX 3aHITHH.

Xox paboTsi:
ANTOpPUTM BBINOTHEHUS 3a/IaHUS:
Jyist 3amoTHeHHsT TaOJIUIBI YIECTh CIICIYOIIee:
Pacuer BeimomnHsieTcs Ha 1 TOHHY YyTryHa.
B uyryne nomxHO OBITS:
- yraepoaa B uyryne 3,5-4,5%. O0b14HO npuHUMaroT 4,5;
- kpemHHs He MeHee 0,5% a1 obecreueHuss HOpMaIbHOTO TEIIOBOTO coctostHust ropua (0,5 — 0,9).
OO6pruno npuaUMarot 0,6%0;
- cepnl 0,02%. (ocTasibHas cepa MepexouT B IUIAK) .

Tabnuna 2 - XuMHUYeCKni COCTaB YyryHa

DJIeMEHThI Si Mn P S C Fe

IIo I'OCT - -

IIpunsito no

pacuery

Mapka yyryna XapakTepucTHKAa MAPKH YyTI'yHa

CnpaBouHble MaTepHaJIbl

2. [Tono0paTh MO0 MAPOYHMKAM MAPKY YyTI'YHa, KOTOPYIO NO3BOJIsIET BHIIUVIABUTH IIHUXTA 32JaHHOTO
XHMMYECKOr0 COCTaBa, 3aM0JIHUB Tadauuy 2.

Xumnueckuit cocras nepeaenbHoro uyryna 'OCT 805-95
Maccosas nois, %

docdopa,
Ill/lapiz . Maprania He Goree Cepsl, He Oortee
y PEMHHA rpymnmna KJ1acc KaTeropuu
1 2 3 4 A|B|B|1]|2|3|4]|5

A0 ¢B. 0,5 no|cs. 1,0 mo
05 |/ ];Kf[‘ s ]’mf - 0,1/0,20,30,01/0,02/0,03(0,04/0,05
BKJI. ’ ) ’ )

¢B.0,5 1o

i 0,9 BxJI.

W |20 05 men 29 Cf'ooi o Cf'sll;‘;fo - lo0.110.2[0.30,020,0200,030,0410,05
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BKIJL
110
| %90 3 jeB 0.3 nojes. 0.5 nojes. 0.9 10l haly 150 30 01)0,020,030,04/0,05
1,2 BKIIL. Bl 0,5 Bxi. | 0,9 Bkn. | 1,5 BKIIL
10
m | ®03m0 ) g3 fes. 0,3 nojes. 0,5 nojes. 0.9 1ol nelg 1910 300 01)0,0210,030,040,05
0,9 BxJI. 0,5 Bxi. | 0,9 Bkn. | 1,5 BKIIL
BKIL.
Xumudeckuil coctaB yyryna nepenenbHoro mapok [1®1, T1d2, T1d3 ('OCT 805-95)
Maccosas mois, %
Mapranna He Cepsl, HE Cepebpa, HE
Mapxa Ooiee Ooiee Pocopa ooitee
qyryHa Kpemuus
rpyrmmna KaTeropuu KJIacc KJ1acc
1 2 3 (1 2 3 A b B | A b B
03-|07-|15-
I[Id1 09-12 | 1 15 2 [0,03|0,05|0,07 0.7 15 5 010,15 0,2
03-1]0,7-|15-
I[1d2 05-09 | 1 15 2 0,03]0,05|0,07 0.7 15 5 010,15 0,2
_ 03-1]0,7-|15-
I[1d3 <=0,5 1 15 2 [0,03]0,05|0,07 0.7 15 5 0,110,151 0,2

Xumudeckuit cocraB yyryna nepenensoro mapok [1BK1, [IBK2, TIBK3( TOCT 805-95)

Maccosas nomns, %
Mapka Mapranma @0(&((1))25:, e Cepsl, He Gonee
qyryHa Kpemuus
rpymnmna KJ1ace KaTeropuu
1 2 3 Al Bl Bl T | 1]2]3

MBK1 09-12 ;:5 01’50' 1,0-15[0,02] 0,03 | 0,04 | 0,05 [0,015]0.0210,025
MBK2 | 05-09 | 01’50' 10-15]002] 0,03 | 0,04 | 0,05 |0.015/0,02/0,025
[1BK3 <=05 g; 01’50' 10-15]002] 0,03 | 0,04 | 0,05 |0.015/0,02/0,025

®opma mpeacTaBiieHus pe3yJbTara:

3anonHeHue TabIuIbl B TETPAIu Al IPAKTHUECKUX paboT

Kpurepum ouenkn

Onenka «5» BBICTaBIISIETCS CTYIEHTY, ECIIH:
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- TeMaThKa paboThl COOTBETCTBYET 33aJJaHHOM, CTYJICHT MOKA3bIBAET CUCTEMHBIC U TOJHBIC
3HAHUS U YMEHUS 110 JaHHOMY BOIIPOCY;

- paborta ohopmiIeHa B COOTBETCTBHH C PEKOMEHJAMAMH IPENoIaBaTers;

- 00BbeM pabOoThl COOTBETCTBYET 3aJJaHHOMY;

Onenka «4» BBICTaBIISIETCS CTYIEHTY, €CIIH:

- TEMaTHUKa pabOThl COOTBETCTBYET 3a/laHHOM,

- CTYAGHT JONyCKaeT HeOOoNbIIMe HETOYHOCTH WM HEKOTOphle OUIMOKM B JTaHHOM
BOIIPOCE;

- paboTa oopmMiieHa ¢ HETOYHOCTSIMH B O()OPMJIICHHH;

- 00BbeM pabOThI COOTBETCTBYET 3aJJaHHOMY WJIM UyTh MEHBbIILIE;

Onenka «3» BBICTaBJISIETCS CTY/IEHTY, €CIIH:

- TeMaThKa paboThl COOTBETCTBYET 3aJaHHOI, HO B paboTe OTCYTCTBYIOT 3HAUUTEIbHBIC
AJIEMEHTHI 10 COJACPKAHUIO PAOOTHI WIIM TEMaTHKa U3JI0’KEHA HEJIOTUYHO, HE YETKO MPEACTABICHO
OCHOBHOE CO/IEp)KaHUE BOIIPOCaA;

- pabota odopmiieHa ¢ ommOkamMu B 0(OpPMIICHUN;

- 00BbeM pabOoThl 3HAYUTEIHHO MEHBIIIE 3a/JaHHOTO;

OneHka «2» BBICTaBIISIETCS CTYJIEHTY, €CIIU:

- HE pacKpbITa OCHOBHAs TeMa pabOThI;

- paboTta oopmIIeHa HE B COOTBETCTBUU C TPEOOBAHUSMU MIPENOIABATEIS,

Tema 1.2. O0pa3oBaHue YyryHa u nuiaKa
IIpakTuyeckas padora Ne 3
OmnpenesieHne CBOMCTB LIIAKA 110 TPOMHBIM AMarpaMmMam

®opmupyeMasi KOMIICTCHLHMSA:
I1K 1.4. Ananu3upoBaTh KaueCTBO ChIPbs U TOTOBOW MPOTYKIIUH.
eanb padoThl: onpeaenuTs OCHOBHBIE CBOMCTBA 1ITaKa 110 TPOHHBIM JHarpaMMam
Boinosinus pa6ory, Bel Oynere:
ymemy:
- OIIPEEIIATh OCHOBHBIE CBOMCTBA IIJIAKOB 110 TPOWHBIM JUArpaMMaM

MarepuajbHoe odecnederue: quarpaMMal coctosiaust cucteMbl CaO — SiO; — Al,O3

Oo6opynosanue HE UCITOJIB3YETCHA

33}13HI/ICZ OnpeaACIIMTL OCHOBHBIC CBOICTBa JOMEHHOIO IIIJIaKa

IMopsinok BbINOJIHEHHUS PAdOTHI:

1. O3gakoMHUTCs C MCTOANYCCKUMHU YKA3aHUAMU 10 IPAKTHICCKOMY 3aJaHUIO.
2. BeImomHUTH 3a1aHKE.

3. OpopmuTh paboTy B TETpaau I MPAKTHUYECKUX 3aHATHH.

TeopeTnyeckuii MaTepuaJl
CBojicTBa TOMEHHOTI0 IVIAKA
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[Io ycrnoBusM NPOU3BOACTBA KOHEUHBIE IIJIAKW JOJDKHBI JIETKO YAAJSAThCS W3 TEYH,
OCTaBIISITh B TPAHCIIOPTHBIX KeJI00AaX MaJIO 3aCTHIBIIIEH MacChl M XOPOIIO MOTJIONIATh cepy. B cBs3u
C 3TUM TJIABHBIMU KPUTEPHUSMHU OLEHKH CBOMCTB IIIJIAKOB CITY>KaT:

1. CepomnorioTurenbHas CrocOOHOCTh
2 OcCHOBHOCTB

3. TemnepaTypa mnaBiaeHus
4. Bsskoctb

5 KonnuecTBo nutaka

1 CeponoriorurejbHasi CHOCOOHOCTH MIJIAKA, KOTOPYIO MPHUHATO XapaKTepU30BaTh
KO3 PHUIMEHTOM paclpesesieHus] cepbl MEXAY LUIAKOM M YYT'YHOM, BBIPQ)KAIOUIMM OTHOIICHHE
COJICpKaHUs CePhI B IIIJIAKE U YYTYHE:

Ls=(S)/[S],

I'me Ls — koadurmeHT pacnpeaciieHust cephl;

(S) - conepxanue cepsl B 1LIaKe, %,

[S] - conepxanue cepsl B uyryne, %

B 3aBucuMocTH OT BHJa Ha3HAueHHWs] YyryHa W OCOOCHHOCTH BBIIJIABKH 3HAYCHUE
koa(duimenTa pacrnpeaeneHus cepobl konebaercs B nuarepsaie 30 — 70.

Cepa B nutake HaxomuTcs B coeaunenusix CaS, MgS, MnS, FeS. B uyryne cepa ycToitunBo
MOXET HaxoauTcs Toibko B Bujae FeS. IloctynuBinas B meuyb cepa pacrlpeiessieTcss MEXIy
YYryHOM W IIIJJAKOM, M JUJIsl TIOHMDKEHHUS €€ COJep)KaHWs B YyryHEe, HEOOXOJMMO CO3JIaTh TaKHe
YCIIOBHSI, TIPH KOTOPBIX BO3MOXKHO OOJIbIIEE KOJIMYECTBO CEpbl Mepenuio B muiak. s 3Toro
HE00XO0IMMO YCIIEIIHOE MTPOTEKAHHE OCHOBHOM PEaKINH JeCyIb(yparim:

[FeS] + (CaO) — (FeO) + (CaS)

Takum o0pazoMm, HUIaK JOKEH OOecrneuyuBaTh BBICOKUH KO3((UIMEHT pacnpeneneHus
ceppl MEXJy YYI'YHOM M HUIakoM. [l 3TO OH JOMKEH HMETh ONTUMAIBHYIO OCHOBHOCHIb,
COYETAIOUIYIOCS C HUZKOU 6A3KOCMbIO0 N HU3KOU memnepamypou niaeieHusl.

2 OCHOBHOCTH WIAKOB SIBIISIETCS BAaXHOW TEXHOJOTMYECKOW xapakTepuctukoil. Ee
BBIPXKAIOT BEIIMYMHON OTHOIIEHHUS COJAEPKaHHUS OCHOBHBIX OKCHJIOB B IIJIaKe K COACPKAHHUIO
kucinoTHbIX: Ca0/SiO; uau (CaO + MgO)/(Si0,.+ Al,0O3)

I[Tpu BBITUIABKE TIEpeeIbHBIX 4yT'YHOB 0CHOBHOCTH Ca0/SiO; pealbHbIX JOMEHHBIX IIIAKOB
HaXOaUTCH, Kak mpaBwio B npenenax 0,9—1,2 nocruras waorna 3uadennii 0,8—1,3. C TeM, 94TOOBI
obOecrnieunBanacek Oosee monHas aecyinbdypanus (yaaieHue cepbl U3 UyryHa B IUIAK), KEIaTeIbHO
uMeTh 0oJiee BBICOKYIO OCHOBHOCTH miaka. OHAaKo 3TO TpeOyeT OOJBIIEro pacxoja W3BECTHSKA,
YTO YBENTUYMBACT KOJMYECTBO MITAKa M MOATOMY HEXKEJIaTeIbHO.

Kpome TOro, y4yuTeIBaroT pa3znuyue B MOBEJACHUM B JIOMEHHOM I€4YM IIJIAKOB pPa3HOM
ocHoBHOcTH. [Ilmaku ¢ HeBbICOKOW OCHOBHOCTBIO (1,1—1,0 u HUXKe), Ha3bIBa€MbIC KHCIIBIMHU, B
MIPOIIECCE OXJIAXKACHHS 3aCTHIBAIOT OUYEHb MEJICHHO, TIOCTETICHHO CTAHOBSCH BCE 00JIee TATYUYHNMHU,
YTO HE BHOCUT pE3KUX H3MEHEHUM B XOJl JIOMEHHOro mnpoiecca. OCHOBHbIE K€ MLIIaKu (C
OCHOBHOCTHbIO 1,3 1 Ooiiee) UMEIOT MPHU BBICOKUX TemIiepaTypax OoJjiee HHU3KYIO BA3KOCTb, UYeM
KHCJIbIE, HO B MPOIECCE OXJIAXKACHUS MPU JOCTHKEHHUH OINPEACICHHON TeMIepaTypbl UX BSI3KOCTb
PE3KO BO3pacTaeT, U OHU OBICTPO 3aTBepieBaioT. PaboTa ¢ TakMMH IUIaKaMU HEXeJaTelbHa, Tak
Kak HeOOJIbIIIOE HEMPOW3BOJIBPHOE W3MEHEHHE COCTaBa IUIaKa WU TeMmIepaTyp B Te4d MOXKET
BBI3BaTh PE3KOE 3aryCTEBaHME IIIJIaKa M PACCTPOMCTBO POBHOTO XOfa TEYM, a CIEJOBATEIHHO H
KaueCTBO MOJIy4aeMOro 4YyTyHa.

C ydeToM WH3JI0KEHHOTO, TpeOyeMble (U3MYECKHE CBOWCTBA IIJIaKa MOXKHO OBLIO OBl
noctuub npu ocHoBHocTu (CaO/SiO,) 0,8—0,9, ogHako ¢ menbio obecrieueHust OoJiee MOTHOU
necynbdypaliu ee yaiie moJaepKuBaoT 0oee Beicokoi (o 1,1—1,2).

OCHOBHOCTb IJIaKa OKA3bIBAET ONPEIEICHHOE BIUSIHHUE HA MPOLECChl BOCCTAHOBIIEHU. Uem
BbIIlIE OCHOBHOCTh KOHEYHOTO IIIIaKa, TEM BBIIIE CTENEHb BOCCTAHOBIICHUS 3JIEMEHTOB, BXOISAINX
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B OCHOBHBIC OKCHUIABI, T.C. IKCJIC3a MW MapraHia, a KHCJIbIC M[IJIaKU 6JIaFOHpI/I$ITCTBy10T
BOCCTAHOBJICHUIO 3JICMCHTOB KHCJIIOTHBIX OKCHI0B, HAIIPUMEDP KPEMHUA.

3 Temneparypa IUIaBJIeHMSl NUIAKOB— BEJIMYMHA YCIIOBHAs, MOCKOJBKY IUIAKH, KaK U
JpYrue MHOTOKOMIIOHEHTHBIE CUCTEMBI, IIJIABATCS B UHTEPBAJIE TEMIIEPATYP.

3a TeMmeparypy IUIaBJICHUS IILJIAKOB MPUHUMAIOT TEMIIEpaTypy JIMKBUIyca (TeMIepaTypy
MOJIHOTO MCYE3HOBEHUS TBEpoW (ha3bl MpU HArpeBe WM MOSIBICHUS MPU OXJIAXIACHUU PACILIaBa).
Temmeparypy miaBieHus 1uiakos, cocrosumx u3 CaO, SiO; u Al,03, xapakTepu3ylOT JaHHBIC
TPOMHOM JAMarpaMMbl IMYHKTHPHBIE M TOHKHE CIUIOLUHBIE JMHUU - 3TO JIMHUUA OJIMHAKOBBIX
TEMIEPaTyp IUIABJICHUS (M30TEPMBI), & KUPHBIC JTUHUM 0003HAYAIOT TPAHUIIBI MEKIY OOJIACTIMH
KPUCTAJUIM3aLUN OTAEIbHBIX XUMUUYECKUX COCTMHEHUI.

JlerkomiaBKuil ¥ MOABIMKHBIA JTOMEHHBIN IIITAK, 00pa3ysiCh Ha BBHICOKUX TOPH30HTAaX MPHU
CPaBHHUTEIHHO HU3KHX TEMIIEPAaTypax, ObICTPO CTEKAET B FTOPH U OXJIAXKIAET €ro, T.. YXYyIIIatoTCs
ycioBusX Jecyiabdypaunu. TyromnaBkui JOMEHHBIM LUIaK pacivlaBiseTcs Ha Oosee HU3KUX
TOPU30HTAX MPU CPABHUTEIBHO BBICOKUX TeMmIieparypax. [Ipuxoas B ropH, Takoil JOMEHHBIN IUIAK
NPUHOCUT OOJIBIIE TETJIa, YeM JITKOIUTABKHM, U, CIIEI0BATEIILHO, CITIOCOOCTBYET MOTyYSHHIO Ooliee
BBICOKOH TeMIeparypbl B TOPHE, a 3HAUUT YJAYUYIIUT YCIOBUE Nepexoa cepbl B uyryH. OHaKo 10
OIpeAeIEHHOrO Npeiesia, CIUIIKOM BbICOKasi TeMIlepaTypa IjIaBlIeHUs OyaeT OTPULATEIbHO BIUATh
Ha XOJI JOMEHHOM I€YM - YXYAIIAaTh ra30JJMHAMUYECKHE XapaKTEPUCTUKH JIOMEHHOTO ITpoLiecca.

Tem He meHee, U1l BBIOOpa cOCTaBa IIJJaKka HEJOCTaTOUYHO 3HATh ATH TEMIIEPATYyphl, TaK KaK
HEKOTOPbIE U3 CIUIaBOB CTAHOBSTCS XOpOILIO MOJABHKHBIMU IIPH TEMIIEpaType, 3HAYUTEIbHO
MPEBBIIAIONIEN TeMIepaTypy IuiaBieHus. Hanpumep, caMblid JIETKOTUIAaBKUIM CIUIAB, COAEpKaIIUN
npumepHo 62 % SiOy, 14 % A1,03 u 24 % CaO, Temneparypa MmiaBicHus Kotoporo pasua 1170
°C, mpuoOpeTaeT XOopoIyl TekydecTh Jiniib npu Harpese n0 1600 °C. [Tostomy HeoOXxoaumo
YUHUTHIBATH JIAHHBIE O BSI3KOCTH LIIIAKOB.

4 BA3KOCTHh IIVIAKA - 3TO BHYTPEHHEE TPEHUE, MPEMATCTBYIONIEE TEUCHHIO )KUIKOCTH; OHA
ABJIIETCS BEIMUMHOM, 0OpaTHON TekydyecTu. Eqununeit Bsa3koctu spisgercs [lasc (1 [Tasc=1H
cim? = Imya3). BsS3KOCTh CyIIECTBEHHO OHMKAETCSI C POCTOM TEMIIEPATYypPHI.

BsizkocTh Takxke XapakTepu3yeTcsl JaHHBIMUA TPOMHOM ruarpamMmsbl mtakoB cucteMbl CaO—
SiO,—A1,03. KpuBble JHHUU Ha HEW— 3TO HW30KOMBI, T.C. JHMHUU C OJUHAKOBOW BS3KOCTHIO.
HaumeHnbIiei BSI3KOCTBIO 00J1aaf0T mutaku, coaepxamiue 45-50% CaO, 38-45 % SiO,, 8-15%
A1,0s3.

Heob6xomuMo OTMETHTB, 4YTO pealbHBIE JOMEHHBIE IIUIAKM HWMEIOT OoJjiee HU3KHE
TEMIEPaTyphl TUIABIICHUS U BSA3KOCTHh BCIEJACTBUE HAIWYHUS B HUX JIpyrux kommoHeHTtoB (MgO,
FeO, MnO, S u ap.). B gactHocTH, ToNe3Ho mMmeTh B mmiakax 5—10 % MO, grto Bemer k
CHMIKCHMIO BSI3KOCTH M MOBHIIIACT KUKOIOABIKHOCTD IILTaKa.

Hapsiny ¢ BenMYMHON BSI3KOCTH JIOMEHHBIE IUIAKM XapaKTEpU3YIOT TEMIEPATYPOH, MpHU
KOTOpPO OHU 00JAJAI0T XOPOIIeH TEeKy4ecThl0, HAMpUMEpP TaKOW, YTOOBI OHHU MOTJIH CBOOOJHO
BBITEKATh U3 TIEYH.

Bsi3kuii mmak BpeneH. OH MOXKET HaJMIATh Ha CTEHKH TMe4H, crocoOCTBYsI 00pa30BaHUIO
HACThUICH, KOCTPEHHMIO MaTE€pPHAJIOB M TOABHUCAHWUIO MHMXTHL. [Ipw ATOM 3aMeTHO yXyIIIarOTCA
YCIIOBHS BBINTYCKA YyT'yHa M IUIaka. Ype3aMepHO MOABMKHBIA ILJIAK TOXKE BpedeH. TakoW IiaKk
OBICTPO CITyCKaeTCs B TOPH, OXJIK/IAET €ro U yXYIIAeT NeCyIbQypalnio 9yTryHa.

J51s HopManbHOU pabOTHI TOMEHHBIX Meuel BS3KOCTh IIIaka AokHa cocTaBisaTh 0,3—0,6
ITa-c.

5 KoauvecTBO muiaka Ha 1T BBIIUIABISIEMOTO YyryHa (BBIXOJ IIIJIaKa) KoJieOyneTcs Ha
pa3HbIx 3aBojaax B mpegenax oT 330—400 mo 600 kr. DTo KOJMYECTBO, KaK W COCTaB IIUIAKa,
OKa3bIBaeT OOJIBIIOE BIUSHUE HA X0 TUIaBKU M KOHEYHbIE TIOKa3aTeNln mpolecca.

15



[TockoabKy OCHOBY IOMEHHBIX IIJITAKOB COCTABIISIET ITYCTasi MOPOJIA KPC, KOJIUUECTBO IIaKa
ompeneNseTcs, B TEPBYIO OdYepelb, CTECNCHBIO OOOTAlICHHWS >KEIe3HBIX Py, Bo3pacTas NpH
HeI[OCTaTOqHOﬁ CTCIICHU O6OI‘aH_[€HI/I$I, T.C. HpI/I IIoIMaJaH B II€Yb 60JIBIJ_IOI‘O KOJIM4YECTBA HyCTOfI
nopoasl. Hapsimy ¢ 3THM KOJMYECTBO IJJaKa BO3pacTaeT MpPH YBEIWYEHHWU €ro OCHOBHOCTH,
MOCKOJIbKY OHO JIOCTUTAETCsl 3a CYET YBEJIMYEHMsI pacxoja HW3BECTHSKA B IIUXTY, T.€. MAaccChl
[IUTAKOOOPA3YIOITHUX.

BCGFI[a CTpeMSITCSI paGOTaTL C MUHHUMAJIbHBIM KOJIHWMYCCTBOM IIlJIaKa, HOCKOHbe HpI/I 3TOM
YMEHBIIAIOTCS 3aTpaThl TEIUIA HA PaCcIUIaBJICHHE W HarpeB IUIAKa JI0 TEMIIEpaTyp €ro BBITYCKa H
MOTepU TEIJIa CO CIMBAEMbIM IIUIAKOM, a TaKXKe YIY4IIaeTcsl Ta30MpOHUIAEMOCTh IIHMXTHI,
pacipeesieHde ra30B U UX HCIOJIb30BAHKME B IEUM B CBSI3U C YMCHBIIIEHHEM KOJIHMYECTBA BS3KHUX
Macc B [1e4H. B COBpEMEHHBIX yCIIOBUAX JOMEHHOMW IJIABKM YMEHBIIEHHUE BbIX0oa 1utaka Ha 100 kr
Ha | T 4yryHa jgaet 5KOHOMHIO Kokca 20-25 KI/T 4yryHa B YBEJIMYUBAET NMPOU3BOIUTEIHLHOCTD MCUH
Ha 3—4 %.

IpakTnyeckoe 3axanue Ne 1
Oyenumbsb cepono2iomumenbHyo CnoCOOHOCMb WLIAKA NO 3HAYEHUIO €20 (haKmuyecKou
OCHOBHOCMU.

Ta6muma 1.1 - MicxoiHbIE TaHHBIC I BBITOJIHEHUS TPAKTUYECKOTO 3aManus Ne 1

soomra | 09 | (8) | 181 | sl | caoge) | 490 | (O (RO
0 5,25 0,53 0,02 0,6 45 9,4 0,5 0,16 0,337
1 4,68 0,84 |0,02 0,7 43 8,2 0,7 0,13 0,455
2 6,29 0,42 | 0,015 0,8 41 1,4 0,24 0,16 0,485
3 5,86 0,68 | 0,02 0,6 47 6,5 0,15 0,12 0,364
4 4,93 0,89 |0,02 0,7 42,5 8,9 0,3 0,14 0,435
5 7,48 1,01 | 0,01 0,8 40,3 9,6 0,5 0,11 0,412
6 9,26 0,74 |0,02 0,5 46,5 11,2 0,4 0,19 0,398
7 10,1 1,15 | 0,03 0,9 44 7,8 0,2 0,95 0,420
8 8,35 0,56 | 0,02 0,5 40 9,2 0,1 0,15 0,372

BrinonHeHue:

[To A.H. PamMy OCHOBHOCTbG TUTaKa JIJIs TTOTYYEHUs Yyr'yHa JI0JDKHA OBITH paBHA:

.1S; 0 . 0
RO,, =50-0,25-(Al,0,,%) +3-(S,%) - 03 [S"/"EI?’O [5.%] , Te

III — oTHOCHTENBHOE KOJIUYECTBO ijakKa, KI'/KT YyTyHa.

RO, —50-0,25.525+3.0,53— 22 00+30-002 _ 15 o6 4,
’ 0,33767

ConeprkaHre OCHOBAaHUM B IUIAKE:

ROgpaxr = (Ca0,%) + (MgO, %) + (FeO, %) + (MnO, %)

ROgar =45+ 9,4+ 0,5+ 0,16 = 55,06 %

ROgaxr > ROy, - 3T0 03Hauaer, 4To mutak 061agaeT JOCTaTOUHOH o0eccepHuBarollel CllocOOHOCTBIO.
IIpakTnyeckoe 3axanue Ne 2

Hepecqumamb WIaK 3a0aHHO20 COCMasad Ha mpu OCHO6HbIX KOMNOHeHmMa

Tabmuna 2.1 - VicxoaHble TaHHBIC 111 BEIOTHEHHS MPAKTUYECKOT0 3a1anus Ne 2
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Ne papuanrta CaO, % Si0,, % Al,O3, %
0 45 39,15 5,26
1 43 38,26 5,25
2 41 37,44 4,68
3 47 40,12 6,29
4 42,5 39,74 5,86
5 39,25 41,25 4,93
6 46,5 42,87 6,32
7 44 36,15 9,26
8 40 37,44 10,1

Brimonnenue: nepecuer nutaka Ha 100 %

KoMnoHeHTsI

Conep:xxanue B nuiake, %

dhakTnyeckoe B mepecyere
CaOo 45 45 -100/ 89,41 =50,33
SiO, 39,15 39,15 -100/ 89,41 = 43,79
Al,O3 5,26 5,26 - 100/ 89,41 = 5,88
Cymma 89,41 100

IIpakTnyeckoe 3aganue Ne 3

Io ouaepammam cocmosinus cucmemvt CaO — SiO, — Al,O3 onpedenums memnepamypy niasnenus

u esa3kocmo wiiaxka npu 1500 o°c.

Tabmuna 3.1 - MicxoaHble TaHHBIE 1)1 BHIIOJHEHUS MPAKTUYECKOTro 3a1aHus Ne 2

Ne papuanra CaO, % Si0,, % Al,O3, %
0 45 39,15 5,26
1 43 38,26 5,25
2 41 37,44 4,68
3 47 40,12 6,29
4 42,5 39,74 5,86
5 39,25 41,25 4,93
6 46,5 42,87 6,32
7 44 36,15 9,26
8 40 37,44 10,1

Brimonraenune no AuarpaMmam Ha pa3gaTOYHOM MaTepualic

dopma npeacraBjIeHus pe3y/bTara:
3anonHeHue TabauI U BBITIOJIHEHUE PAcYeTOB B TETPAAU JUIsl IPAKTUYECKUX paboT

Kpurtepun onenku

OI_ICHKa «5» BBICTaBJIAETCS CTYACHTY, CCJIU:

- TEeMaTuKa pa6OTBI COOTBETCTBYCT Sa,Z[aHHOﬁ, CTYACHT IIOKA3bIBaA€T CUCTCMHLIC W ITIOJHBIC

3HAHUS U YMEHUS 10 IAHHOMY BOIIPOCY;
- paboTta o)opMIIeHa B COOTBETCTBHH C PEKOMEHIAITUSMHE MPETIOaBaTENs;
- 00beM pabOThI COOTBETCTBYET 33aaHHOMY;
OueHka «4» BBICTaBIIAETCS CTYACHTY, €CIIH:
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- TeMaTHKa pabOTHl COOTBETCTBYET 3aJaHHOM,

- CTYACGHT JONyCKaeT HeOONbIINEe HETOYHOCTH WM HEKOTOpPhIe OMIMOKH B JTAHHOM
BOIIPOCE;

- paboTta oopMIIeHa C HETOYHOCTSIMH B OPOPMIICHUU;

- 00beM PabOTHI COOTBETCTBYET 33JAHHOMY WUJITH YyTh MEHBIIIE;

Onenka «3» BBICTABISICTCS CTYACHTY, €CIIH:

- TeMaThKa pabOThl COOTBETCTBYET 3a/IaHHOW, HO B pabOTe€ OTCYTCTBYIOT 3HAYUTEILHBIC
AJIEMEHTHI 110 COJICPIKAHUIO PabOTHI WM TEMAaTHKa M3JI0KEHA HEJIOTMYHO, HE YETKO MPECTaBICHO
OCHOBHOE CO/IEp>KaHUE BOIIPOCa;

- pabota odopmiieHa ¢ ommrbOKkamMu B 0(hOPMIICHUH;

- 00beM pabOoThI 3HAYUTETHHO MEHBIIIE 3a/JaHHOTO;

OneHka «2» BBICTABISETCS CTYACHTY, €CITH:

- HE PacKphITa OCHOBHAS TeMa pabOTHI;

- paborta ohopMIICHA HE B COOTBETCTBUU C TPEOOBAHUSMU MPETIOAABATEIIS;

Tema 1.2. O0pa3oBaHue YyryHa u nuiaKka
IIpakTuyeckasi pabora Ne 4
Pacuyer 10MeHHO# MIMXTHI

®opmupyeMasi KOMIIETCHLUSA:
[1K 1.1. OcymiecTBasTh TEXHOJIOTHUECKHUE ONEPAIlMU 110 TPOU3BOICTBY YEPHBIX METAIIIOB.

Lleap pabGoTbl: HAy4YUTCS TOJB30BAaTHCA METOAMKOW IO pacuéTy JOMEHHOW IIUXThI M
MIPOU3BOAUTH TEXHOJIOTUYECKUN PACYET IIUXTBI

Boinosainus pa6ory, Bel Oynere:
ymems.
pPacCUUThIBATh JOMCHHYIO IIUXTY

MartepuaiabHoe ofecnedeHne: METOMUCCKIE YKa3aHUs [0 PACUETY TOMEHHOMN [IMXThI

Oo6opynosanne HE UCITOJIB3YETCSA

3amanmue:

Ha OCHOBAaHMU HCXOJIHBIX JAHHBIX — XHMHMYECKOIO COCTaBa CBIPbIX MAaTEpHAJIOB,
TEXHUYECKOTO COCTaBa KOKCAa M PACXOJa MATEPHUANIOB BBIIIOJIHUTH PacdyeT JOMEHHOM IIUXThl U
COCTaBUTh MaTepUaIbHBIN U TEIJIOBOW OallaHChl TOMEHHOM MJIaBKH

IHopsinok BbIMOIHEHHs PA0OTHI:

1. O3HaKOMHUTCS C METOAMYECKUMHU YKa3aHUSAMU I10 IPAKTUYECKOMY 3a/1aHHUIO.
2. BEIMOJIHUTE 3a1aHHE.

3. Opopmuts paboTy B TETpaIu sl MPAKTUUECKUX 3aHATHH.

Xox padoTsI:

1. [ToryuuTs y mpenogaBaTesis UCXOAHbIE JAHHBIE B COOTBETCTBUU CO CBOMM BapHUaHTOM.

2. IlpoBeputh cymmy coctasisromux Ha 100%.

3. OueHUTh CHIpbIE MaTepUabl MO0 XUMHYECKOMY COCTaBy — OOraTcTBYy, COCTaBy IyCTOM
IIOPO/IbI, COAEPIKAHUIO IIPUMECEH.
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4. BpiOpaTh MapKy 1 COCTaB YyryHa.

5. Onpenenuth pacxoa MaTepHaIOB Ha BHITUIABKY | TOHHBI YyTYHA.

6. Ha ocHOBaHMU JaHHBIX MOJTYYEHHBIX B XOJ€ MPEIBIIYIINX PACYETOB COCTABUTH CUCTEMY
YpaBHEHHI C IEJIbI0 ONpEACICHHUS pacxoja ariioMepara, OKaThIIIeH, KOKCa, M3BECTHAKA IS
BBHITUVIABKU | TOHHBI UyTyHA.

7. CoryiiacHO METOIMKE BBITIOJIHATH PACUET 110 ONPEACICHHUIO MTOJTHOTO Beca YyryHa M IIIaKa.

8. 3amomHUTh MOBEPOYHYIO TaONMIly pacdeTa IIMXTHI JJIS ONPEAEICHUs IMOJHOIO COCTaBa
YyryHa ¥ IIJIaKa U TPOBEPUTH BBITOJHEHHE IPUHATHIX PaHEe YCIOBU.

9. Ha ocHOBaHMM JaHHBIX TMOJYYEHHBIX B XOJI€ PAacUYeTOB IpakTudyeckux pador Ne 33 — 38
3aIOJTHUTH TAOJIMILY IO COCTAaBY YyryHa OTHOCHUTEILHO COCTaBa paHee MPUHATON MapKH.

10. BeIOIHUTE TIepecyeT XMMHIECKOro cocrana muiaka Ha 100 %

11. BblYMCIHTH HCHONB3YS TEOpPETHYECKHE (GopMynbl TpeOyemyrd H  (aKTHYECKYIO
OCHOBHOCTb IIJIAKA.

12. Ouenutp Qusnueckue U (U3NKO-XUMHUYECKUE CBOWCTBA ILIAKa C OIPEICICHUEM
oOeccepuBarollel CloCOOHOCTH IO TPOHHBIM JUarpaMmmam.

13. HamucaTh BBIBOJ 11O pacyerTy.

14. TlonyunTs y mpenoiaBaTessi HCXOJHbIE TaHHBIE IS pacyeTa COrJIaCHO CBOEMY BapHaHTY.

15. Ompenenuth pacxojx Yriepona Ha TIPOILECCHl, MPOTCKAIOIIAE IPH OKUCICHUH |
BOCCTaHOBJICHUH.

16. OnpenenuTh BIaXXHOCTh AYThSI.

17. OnpenenuTs pacxo BIAXKHOTO AYThS.

18. Onpenenuth pacxoj CyXoro AyThsl K KOJIMYECTBO BIIATH B IYThE B KT.

19. Mcnonb3ys naHHBIE NPEABIAYILUX PACUETOB ONPEACIUTh KOJIHMYECTBO:

- IETY4YHX KOKCa;

- BOZOPOJa;

- YTJIEKUCIIOTHI;

- OKHCH YIJIEpOJIa;

- a3oTa.

20. IToncunTaTh OOIIME CYMMBI KaXK10TO pa3jienia pacueTa.

21. 3armosHUTH TAOJIUILY TIO KOJIMYECTBY KOMIIOHEHTOB KOJIOITHIHKOBOTO ra3a

22. OnpenenuTs MPOLEHTHOE CoJIepKaHue KaX10ro KoMnoHeHTa ucxonas u3 100%.

23. CrenaTh BBIBOJI IO TIOJTYYEHHBIM PE3YJIbTaTaM pacyera.

24. Vicnonb3ys AaHHBIE TPEbIAYIINX PACUETOB ONPEIEIUTh!

- IJIOTHOCTh CYXOT'O 1yThs;

- IJIOTHOCTb NIPUPOAHOTIO Ia3a;

- IJIOTHOCTh CYXOT'0 KOJIOIIIHUKOBOI'O Ta3a

25. 3anonHUTh B TaOJMIle MaTepUalIbHOTO OajlaHCa NPHUXOAHBIE CTaThbH, T.. CKOJIBKO
MaTeprasoB MMOCTYNAET B IOMEHHYIO MeYb

26. 3amomHUTh B TaONMIE MaTepuUanbHOTO OajaHca pPACXOAHbIE CTaTbU, T.€. CKOJIBKO
MPOJYKTOB 00pa3yeTcs B MeYH.

27. IloncunTaTh CyMMBI IPUXOTHON M PACXOTHON YACTH.

28. BBIUUCIIATE 10 IMOJTYYCHHBIM CyMMaM HEBSI3KY.

29. CaenaTh BBIBOJ IO PACUETYy.

30. HMcmonb3yst JaHHBIE MPENBIIYIINX PACUETOB OMPEACTUTh MPUXOIHBIE CTATbU TEIUIOBOTO
OanaHca:

- OKHCJICHHE YTJIepoia 0 YTIEKUCIOTHI;

- OKHCJIEHHE YIJIepoia 40 OKUCH YIIIepOa;

- 00pa3oBaHue BOASHBIX MAPOB;

- TEIJIOTA IIJJaK0OOPa30BaHUS;

- (hu3HUEeCKOe TEIJI0 BIAYXKHOTO AyThs U arjioMmepara.

31. OnpenenuTs KOMMYECTBA TETLIA IO KAXI0W CTaThe U OOIIYI0 CYyMMY.
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32. ompenenuTh CTaThl PAacxo/a Teria:

- IACCOIIMAIUS OKHCIIOB;

- BBIJICJICHUE U MCTIAPEHHE BJIATH;

- IMCCOIHMAIUS KapOOHATOB;

- TEIJIO, YHOCHUMOE YyT'YHOM M IIJIAKOM;

Termo, yHOCHMOE KOJIOITHUKOBBIM Ta30M.

33. OmpenenuTh KOJMUYECTBA TEIIa 10 KaKJ0U CTaThe U OOLIYI0 CyMMY.

34. JlanHbIE 110 BCEMY pacueTy CBECTH B OOIIYIO TaOJIHITy TEIJIOBOTO OajaHca.
35. OmnpenenuTh HEBA3KY OajlaHca M 1aTh MOAPOOHBII BBIBOJI IO PacUeTy.

dopma npeacTaBjieHus pe3yJbrara:
Pacuet odopmisiercs B meuatHoM Buje Ha uctax popmara A4, cornmacao ['OCT. Pacuer
OpolIIopyeTCs U 3alUIIAETCS B yCTAHOBJIEHHBIE CPOKHU.

Kpurtepuu oueHku

OneHka «5» BBICTaBISIETCS CTYICHTY, €CIIH:

- TeMaThKa paboThl COOTBETCTBYET 33JaHHOM, CTYJICHT IMOKA3bIBA€T CUCTEMHBIC U TOJHBIC
3HAHUS U YMEHUS M0 JAaHHOMY BOIIPOCY;

- pabota oopmIIeHa B COOTBETCTBUH C PEKOMEHIAIIMSAMHU MPETIoaBaTes;

- 00beM pabOTHI COOTBETCTBYET 33JaHHOMY;,

Onenka «4» BBICTaBIISIETCS CTYIEHTY, €CIIU:

- TeMaTHKa pabOThl COOTBETCTBYET 3aJaHHOM,

- CTYAGHT JONyCKaeT HeOOoNbIINe HETOYHOCTH WM HEKOTOpPhIe OUIMOKH B JTaHHOM
BOIIPOCE;

- paboTta oopmIIeHa C HETOYHOCTSIMH B OPOPMIICHUU;

- 00beM paboThl COOTBETCTBYET 33JJaHHOMY WJIM UyTh MEHBIIIE;

Onenka «3» BBICTaBIISIETCS CTYJIEHTY, €CIIH:

- TeMaTHKa paboThl COOTBETCTBYET 3aJaHHOI, HO B paboTe OTCYTCTBYIOT 3HAUUTEIbHBIC
DIIEMEHTHI IO COJIEPKAHHUIO PaOOTHI WIIM TeMaTHKa M3JI0KEHA HEJIOTWYHO, HE YETKO MPEICTaBICHO
OCHOBHOE CO/Iep)KaHUE BOIIPOCa;

- pabota odopmiieHa ¢ omHOKaMu B 0()OPMIICHHH;

- 00beM paboThl 3HAYUTEIHHO MEHBIIIE 3a/JaHHOTO;

OneHka «2» BBICTaBIISIETCS CTYJIEHTY, €CIIU:

- HE pacKpbITa OCHOBHAs TeMa pabOTHI;

- paboTta oopmIIeHa HE B COOTBETCTBUU C TPEOOBAHUSIMU MPEIOIABATEIS,

Tema 1.3 KoHcTpyK1usi 1 yCTPOHCTBO 1OMEHHOM Ne4n

IIpakTnyeckas padora Ne 5
Pacuer npoduis romeHHO# meun

dDopmMupyeMble KOMIIETCHUIMU:
[TK 1.1. Ocy1iecTBasTh TEXHOJIOTHUECKUE OTEPAIUH 110 TPOU3BOICTBY YEPHBIX METAIITIOB.
1K 1.3. DkcmmyaTHpoBaTh TEXHOJOTHYECKOE W IMOABEMHO-TPAHCIIOPTHOE 000pyIOBaHUE,
obecrnevnBaroIiee MpoIecc MPOU3BOACTBA YEPHBIX METAIIIOB.

Hean padoThI:
HAYYUTHCS PaCCUUTHIBATH NPOQUIb TOMEHHOMN MEUr C UCIIOIb30BAaHUEM Pa3IMYHbIX METOIUK

Boinosinus padory, Bel Oyaere:
ymemy:
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-paccuuTHIBaTh MPOGUIb JOMEHHOH MeYH;
-OIIpEeAECIIATh OCHOBHBIE TEXHUKO-3KOHOMUUYECKHUE TIOKA3aTelIu IIpoLecca.

MartepuanbHoe olecriedeHue: METOAMYECKUE YKa3aHHs IO pacueTy Hpoduis TOMEHHOMN
neqn

Oo6opynosanne HE UCIIOJIB3YETCSA

3aganue:
PaCC‘H/ITaTB OCHOBHBIC 4HaCTH HpO(bI/IJISI I[OMCHHOI>'I IIcduu u OHpCI[GJII/ITB OCHOBHBIC TCXHUKO-
SKOHOMHYECKHE IMOKa3aTe N Impoliecca.

IMopsiiok BHINOJHEHNUST PAGOTHI:

1. O3HaKOMHUTCSI C METOAMYSCKUMHU YKa3aHUSMU 110 MTPAKTUICCKOMY 3a/IaHHUIO.
2. BBINOJIHUTD 3a/IaHHKE.

3. OdopMuts paboTy B TETPAaH ISl MPAKTUICCKUX 3aHITHH.

Xox padoTsi:
1. ITosyuuTs y npenoaaBatens HCXOAHbIE JaHHbIE JJIs pacyeTa COrJacHO CBOEMY BapUaHTY.
2. 3yuntb MeTOIMYECKUE YKa3aHUS JJIs pacyeTa.
3. OnpenenuTs IUIOMIALL MONEPEYHOr0 CEYEHMSI U AMAMETP TOPHA [0 MHTEHCUBHOCTU IOPEHUS U
YCIIOBHOMY CYTOYHOMY Pacxomy KOKca.
4. ITpuHATH BBICOTHI METAJUIONPUEMHHKA, (DYPMEHHOH 30HBI U TOHA B 1IEJIOM
5. PaccunTarh 4MCIIO BBITYCKOB Yyr'yHa B CyTKH, KOJIMYECTBO YYT'YHHBIX JIETOK
6. OnpenenuTh AUAMETP, BHICOTY U 00BEM pacrapa U 3arIeynuKoB.
7. OnpenenuTs MOJIHYIO U MOJIE3HYIO BHICOTHI €Y 110 OTHOIICHUIO €€ K JUaMeTpy pacnapa.
8. OmnpenenuTh IMaMeTp, BEICOTY M 00bEM IIaXThl U KOJOITHUKA
9. Bbruncantb 00beM OT/IEIbHBIX YaCTEH MeYU B LIEJIOM.
10. OnpenenuTh TEXHUKO-3KOHOMUYECKHE NOKa3aTel HHTEHCUBHOCTH pabOThI MEYH.
11. Tlo nomyyeHHBIM pacueTHBIM JaHHBIM HAUE€PTUTH MPO(UIIL JOMEHHON ey B MaciuTale.

Metoaunka pacyera npoduiisi J0MEHHOH Me4Yu

WcxonHpIMU JTaHHBIMU JUISI OTIPEJEICHUST pa3MepoB MPOQUIs JOMEHHOU IMEUd SBISIIOTCS
3a/laHHasi MPOU3BOAUTEIHHOCTh U OKUIaeMbIi KOA(D(PHUIIMEHT HCIONB30BAHUS TOJIE3HOTO 00beMa
neyn (K. u. 1. 0.). [locnennuii 3aBUCUT, B OCHOBHOM, OT CHIPHEBBIX YCIIOBHM, B KOTOPHIX OynaeT
paboTaTh meuyb, 1 KHHTEHCUBHOCTH €€ Xo/a. [1o 3aanHoii MPOU3BOIUTEILHOCTH U 0KHIaEMOMY K U.
M. 0. ONPEAENISIOT OCHOBHOM pa3Mep JIOMEHHOM M€Y, XapaKTEePU3YIOIIMH €€ MOIIHOCTD,
MOJIE3HBIN 00BEM.

NHTEHCUBHOCTh XOJla JIOMEHHOW ME€YM OMNPEAeNSIETCS HECKOJIBKHUMHU IOKa3aTelsiIMU, HO
HauOoJbIlIee PACIPOCTPAHEHHE B TMPAKTUKE TMONYYWI T[OKa3aTelb, Ha3bIBaEMbI OO0BEMHOM
WHTEHCUBHOCTBIO TOpeHUsl Kokca. OH ompenenseTcss Kak OTHONIEHHWE CYTOYHOTO pacxonaa kokca K
(T) X mone3HoMy 00beMy Hedu V oy (M3) Y TIOKa3bIBae€T pacxo]l KOKca B CyTKH Ha | M® T071e3HOro
o0bema:

K

Vios , T/(M3 “CyT.).

Hcxons w3 mpenrnonaraeMoldl MHTEHCHBHOCTH Xoja meud | u mone3Horo odosema V
MOJYYEHHOT0 W3 MPUBEICHHOTO COOTHOIIECHMS, OMPEACNISIIOT CYTOYHBIM pacxon kokca K, 3nHas
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CyTOUHBII M ylenbHBIH (Ha 1 T 4YyryHa) pacxoJ KOKCa, MOYKHO YTOYHHUTH 3a/laHHYIO
MIPOU3BOUTEIIHBHOCTD €YU C YYETOM HHTCHCUBHOCTH €€ XO0/a.

K. u. m. 0. W HMHTEHCHUBHOCTh XOJa Te4Yd / CBs3aHBl OOpPATHO MPOMOPIHUOHAILHOM
3aBUCUMOCTBIO. EClii B BBIpaKEHHE K. H. M. 0. =V o/T , Tae T- cyTodHas MpOM3BOIUTEIHHOCTD
M€YH, MOJICTABUTH 3HAUCHHUE Vo5 U3 BBIPAKEHUS, IPUBEICHHOTO

BBINIE, T. €. Vo = K/T, TO momyanm

K.umo=K/T-I

Tak kak otHomenue K / T mpencrapiisier co00i OTHOCUTEIBHBINA pacxoj] Kokca k, To

K. n.I1. 0.=k / |

CrnepnoBarenbHO, YEM HUXKE BO3MOXKHBIN pacxo/l KOKCa U BbIIIE BO3MOKHAsE HHTEHCUBHOCTD
X0Jla TIeYH, TEM MEHBIIE K. . 1. 0., © TeM OOJbIIel MOXKET ObITh 33aJaHHAsI MPOW3BOJAUTEIHHOCTh
MPOEKTUPYEMOI MeyH.

NHorna WHTEHCHMBHOCTH XOJa JOMEHHOM I€YM BBIPAXAlOT KOJMYECTBOM KOKCa,
M3PACXOIOBAHHOTrO Ha | M® CeueHHs TOpHa B CYTKH:

ir=K /A, /(M*cyr),

rae A - miomajas Ce4eHus ropHa, M.

OnpenenuB TpeOyeMbli IMOJIE3HBIH O00BEM IE€YM, MOKHO paccuuTaTbh pasMepbl Impoduis,
nonb3ysick Metogamu M. A. TlaBnoBa, A.H. Pamma u pa3paboranubsim ['unpomesom.

Meton M.A. IlaBnoBa, BnepBeie omyOnukoBaHHbIH B 1909 1., ocHOBaH Ha MPUMEHEHUH
SMIIUPUUYECKUX JAHHBIX O paboTe JOMEHHBIX MMedel ¢ pazHbiMH npoduisMu. s ompeneneHus
JMaMeTpa pacriapa B 3aBUCHUMOCTH OT TOJIE3HOTO 00beMa W MPUHSITOM MOJIHOW BBICOTHI 1eun M.A.
[TaBioB pexomeHayeT popmyiy:

Vior = K' D% Hy,

rae k'- koaddunrenT, yduThIBaIOMUN OTKIOHEHHE TPO(UIIS MeUd OT IWIMHIPHYECKOTO U
W3MEHSIOMUNCS uisi Tiedel coBpemenHoro mnpoduns ot 0,52 mo 0,54. duamerp ropHa
OTIpEIeIIETCS TI0 €r0 CEUYEeHUI0, KOTOPOE HAXOIAT U3 POPMYIIbI:

K=1.A,

rae K- pacxon xokca B CyTKH, T; iy - HHTEHCUBHOCTb TOpEHUs KOKca Ha | M? ceueHus rOpHa,
/(M CyT.); A - IIOIIA/b CEYCHHS TOPHA, M.

B oroit Qopmyne CyTOUHBI pacxonq KOKCa OMNpeAenseTcs WCXOAsS W3 3aJaHHON
MPOU3BOAUTEIBHOCTA M OTHOCHTEJIBHOTO pacxoja KOKca. 3Has CYTOYHBIM pacxol Kokca K,
BBLIOUPAIOT  COOTBETCTBYIONYIO €My HMHTCHCHUBHOCTh TOPEHHUS KOKca 1, TOJB3YACh
pekomenayeMbiMu M. A. [1aBTIOBBIM COOTHOIIEHUSIMU:

K,1/cyT ir,t/(M%cyT) K r/cyr i, T/(M%cyT)
550-650 19,2 950-1100 22,8
650-800 20,4 1100-1250 24,0
800-950 21,6 >1250 26,4

[IpaBUIBLHOCTH pacyeTa IUaMeTpa rOpHA MPOBEPSIETCS OTHOIICHHEM IOJE3HOr0 oO0beMa K
IJIOLIA M CEYEHHUs TOpHA WJIM OTHOUIEHUEM JIMaMeTpa pacrapa K JuaMeTpy TOpHa, KOTOpble AJis
COBPEMEHHBIX JIOMEHHBIX TE€UYell W3MEHSIOTCS COOTBETCTBEHHO B mpeaenax 25-28 u 1,10-1,14.
OTHolIeHHEe JuaMeTpa KOJOIIHMKA K JUaMeTpy pacmapa, COMNIACHO pekoMmeHaanusm M.A.
[TaBnoBa, mowkHO OBITH B mpenenax 0,67-0,75. BeicoTy ropHa onpenensitoT UCXOs U3 ero oobema
OT OCH YyT'YHHOH JIETKHU JI0 TOPU30HTA BO3AYIIHBIX (pypMm. OOBEM TOpHA paCcCUUTHIBAIOT UCXOIS U3
YCJIOBHSI, YTO Ha OJHY TOHHY CYTOYHOM Tpom3BoAuTeNbHOCTH HeoOxoaumo 0,09-0,14 M 06beMa
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ropaa. Beicora npyrux yacreil mpouis pacueToM OOBIYHO HE ONpeEeNnsieTcs, a BhIOMpaeTcs Ha
OCHOBAHMH OIIBITHBIX JTAHHBIX MJIM BBIYUCISAETCS MO PA3HOCTH U3BECTHBIX BBICOT.

Merton pacdera pasmepoB mpodwis, padpadoranusiii npod. A.H. Pammom, ocHoBaH Ha
CTaTUCTHUYECKUX JAHHBIX U, TaK ke, Kak U MeTtoq M.A. I1aBnoBa, siBiiseTcst Cyry00 SMIUPUYECKUM.
ComnocTaBuB pa3Mepbl Mpoduisi COBPEMEHHBIX JOMEHHbIX mnedeid, A.H. Pamm mokasan, 4to ero
pa3Mepbl HaXOATCS B CTEIIEHHOM 3aBUCUMOCTH OT IOJIE3HOT0 00beMa, BEIpaXKEHHOU (hopMysioi

n
Xx=c* Vi

Il C U N - IOCTOSTHHbIE [Tl JAHHOTO 3JIeMeHTa poduiisd Ko3pPpULUEHTHI.

Pacuer pasmepoB npoduiist o 31oil popmyine A.H. Pamm HazBan cepueil «HOpMalIbHBIX)
npoduiei.

ConoctaBuB pa3mepsl HEKOTOphIXx Oonpmux gomeHHbix mnedeir CCCP u  CHIA,
XapaKTepU3YIOIUXCs HAWIYUIIMMHU [TOKa3aTeasiMU paboThl, a TAKXKe MalbIX HIBEeJICKUX rneder, A.H.
PaMm Ha OCHOBE IPUHIMIIA TEOMETPHUECKOTO TOJO0MS MPEUIOKUI (POPMYITBI ISl pacueTa Cepuu
reoMeTpuYecKu MoJo0HBIX mpodumied. Pacuer pasmepoB mnpoduieir mno s3tum  ¢dopmysnam
MIPEANOJaraeT MOCTOSHCTBO YIJIOB HAKJIOHA CTEH IIAXTHI M 3aIJICYMKOB COOTBETCTBEHHO 85°14' n
81°52".

B tabmuue I1.1 npuenensr ¢opmynsl A.H. Pamma st pacdera cepun «HOPMAIbHBIX» U
«re€OMETPUYECKU NOJOOHBIX» Mpoduiei.

Hns  ompenenenust pasmepoB mnpodwist H.K.  JleoHWmoB mpemnoxun  GopMyIbl,
IIPUBE/ICHHBIE HUXKE.

Huamempei, m:

KonowHnKa d, =0,593¥%3;

D44, 4
pacmapa D, =03847%; ropsa D, =0342V 4.
' o
Beicomur, m: '
noneswan  H . =542V0; ropua h, =0125H,.;
saresivos b, = 01104 ,,; pacnapa /1, =0,08H,;
WIaXTh h, =0,60H_.; KonomHuka A, =0,095H .
Toabmwya N.1.
PacueTHsie POPMYNs! ANA ONPEENIHKA PAIMEPOE 2 1x neved p YHOrO
obuema
PRIMED, 0%t DRI e —————— Copu!_n'r.\:c«:w_“.>‘ e —
b svopranuHves | SIRONOTDHACEN MOLOGHMEY
Dromerpe, "
pr— a | d, = 0,592 { d, =07D,
- D, =030V ; p,=0s\v,, |
ropes " D, = 032008 D, =09D,
Bracots tesim, w0
Onn H, = S.SS}‘:":N ) H, -XJSD,
! nNanEmMaR How =088 H, ) H,. =290, |
l Boacota aneweoo npohdna, » i ‘,
ropea h = 010H, i h, =035D,
S—  h=32 | k= 0,35D, !
| pocnape hy = 0.07H, ‘ h, =0.20D, .
FOHHFAOCEDA “BCTI LEAKTH h, =063H, ~32 h, = I,K(lf),
AW ] h, <0084 I h, 025D,

11.1.2. IIpumep pacuema npoghuna no memooy M.A. Ilasnoea

HcxoaHble JaHHDBIE

Cyrounas mpomsBoauTenbHOoCcTh 6000 T uyryna, k.m.m.o. 0,45 M3/(T°cyT.). [Tonesnyro
BBICOTY NIpUHUMAaeM paBHoOi 31,2M, nonnyo 33,65 M.

IHopsinok pacuera
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1. OmnpenensieM MoJye3HbI 00bEM JOMEHHOM MeYH:

Vion = 6000 * 0,45 = 2700 m°.

2. Onpenensiem quaMeTp pacnapa, npuHuMas kodgduuuent k', papabiv 0,53:

Dy = (2700/(0,53 * 33,65)) = 12,3 m.

OtHocutenbHBIN pacxon kKokca nmpuauMaeM 0,42 T Ha 1 T yyryHa (meus OyneT paborath C
INPUMEHEHUEM BBICOKOHATPETOr0 KOMOMHHPOBAHHOTO JyThi W TOJHOCTHIO OGQIIIOCOBAHHOTO
arjiomepara ¢ BRICOKUM cojiep)aHueM xkenes3a). Pacxon kokca cocraBut 6000 x 0,42 = 2520 T/cyT.

[IpyHumMas 1O CYTOYHOMY pacxoay Kokca pekomeHayemyro M.A. IlaBioBbiM
WHTEHCUBHOCTh TOpPEHHUsI KOkca Ha 1 M? cedeHHs ropHa 26,4 T/(MZ-CYT), ONpEACISIEM TUIOLIA/Ib
ropsa A;:

2520 -26,4 = 95,4 M*

N3 popmynbl A; = pD2r /4 ompenensieM quaMeTp ropHa:

S.
4A
D, =.—;
r ‘\ T

Torjaa
D, = 4% 110

\ 314
6. JlnameTp KOJOLIHUKA ompenenseM u3 cootHommenus d, /D, = 0,67-0,75. [Ipuaumaem

9TO COOTHOIIIEHHE, paBHbIM 0,67, ToTIa

d.=12,3 -0,67 = 8,2m.

7. BBICOT;/' rOpHa OIpenessieM U3 YCIOBHs, YTO HAa | T CYTOYHOH BBIIJIABKH YYyr'yHa
Heobxoaumo 0,062 M~ o6bema ropHa, YTO BIOJIHE JOCTATOYHO MPHU YACTHIX BBIMTYCKaX YyryHa:

h. = (6000 * 0,062) / 95,4 = 3,9 m, tae 6000 - cyrouHas MPOM3BOAMTEILHOCTD MEYH, M
YyTryHa.

Ha ocHOBaHMM OMBITHBIX JAHHBIX IPUHUMAEM BBICOTY 3aIUIEYUKOB, paBHOH 3,4 M.

OrmpenenseM yrojl HaKJIOHA 3aIlJICINKOB:

tgf=3,4/0,5(12,3 -11,0) = 5,2308; B =79°10".

10. Ha ocHOBaHWM ONBITHBIX JaHHBIX BBICOTY UWJIMHIPUYECKOH YACTH KOJIOIIHUKA
npuHUMaeM paBHou 3,0 M, a BEICOTY pacnapa - 2,2 M.

11.  OmnpenenseM BbICOTY IIAXTHI:

hy=31,2-(3,9+3,4+3,0+22)=18,7m.

12. Haxoaum yroi HakJOHA IIAXTHI:

tga =18,7/0,5(12,3 - 8,2) = 9,122; a. = §3°45".

13.  IIpoBepsieM BeIWYHHY ITOJIE3HOTO 0ObEMa MTEUH:

a) o0beM ropHa

0) 00BEM 3aITICYHKOB

Vian = 1/393,14 ¢ 346,152 + 6,15 + 5,5 + 5,5%) = 362 M>; B) 06beM pacrapa

r') 00BEM IIaXThI

1) 00bEM KOJIOIITHUKA

e) 001IHif TTOJIE3HBIN 00BEM

Vion =370 + 362 + 261 + 1562 + 158 = 2714 m°,

Pesynbrarel pacuera mpoduis A7 JTOMEHHOM MedyHu MoJie3HbIM oO0bemMom 2700 M® 1o
metonam A.H. Pamma, H.K. Jleommmoa u M.A. IlaBnoBa mpuBenensl B Tabmume [1.2. Jlns
CpaBHEHUS B 3TOM TaOJIMIIEe MPUBEICHBI U pa3MeEPhl TUIIOBOH MeYH STOTO 00BheMa.
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TabGnuya N.2.
PeaynerTarul pacueTa npodnis SOMEHHON NeYH NONeIHnLIM obuemom 2700 A

PARINUUHLIMK METOQAMM
Meroam pacseTta i
A H Pamwa, no doprynaw
Mapametpw nes » . T rrogan
N - npcchmnes
¥ b AScipe = v H K Necvmgoon | M A Maencea ROMeaR
! CTOOMETEIHEC
SHOPMAN B HLIED Sukoc nes
r
KlsamaTpid, s
RO KA 7950 2100 8040 8200 8100
pacnapa 11900 11560 12420 12300 12200
1OpA 11200 10400 11060 11000 11000
]
BwoaTa nesen, sw
nNonMaRA areeo 70 33320 33650 336%0 |
NONeIHEN 32600 34000 30820 31200 31200 |
BecoTa anasesTos |
npodwne, M
ropsa 3700 4000 3850 3800 1800
JANNEINOS 3200 4000 3390 3400 3400
pacnaps 200 2300 2470 2200 2200
W T 20100 20800 18490 18700 18700
[ 2300 2900 2620 3000 3000
Yrrad Haions
sanneunws 84"13 8152 7940 79 T9M103e”
[Pt e 84°48 | B5* 14 831 83745 83"35'33°

Amnamm3 tabmuier [1.2 mokaseiBaet, yto Metox M.A.IlaBnoBa, pa3padorannsii 6onee 70 met
Ha3aj, ¥ ceiyac Jaer pe3ysbTaThl, OJIM3KUe pazMepaM IpoQuiis TUIIOBOM JOMEHHOM MEeYH 3TOrO XKe
o0BeMa.

Heckonpko Oonbline pacxXoKIACHUs IOJIy4alOTCsl MPU CPAaBHEHUM pE3yJbTaTOB pacyera
npodwieit mo merony A.H. Pamma ¢ pasmepamu npoduiist THIIOBOM Tiedu O0JBIIOT0 0Obema.

Paccuurtannbsle no 3troMy merony npoduian Oojiee BBITSHYTHI B BBICOTY M MMEIOT MEHeEe
MIOJIOTHE IAXThl U 3aIJICYUKH. DTO OOBACHAETCS HEYKIOHHBIM POCTOM OTHOIIEHMS MONEPEYHbIX
pa3MepoB K BBICOTE B COBPEMEHHBIX Meyax OOJbIION MOIHOCTH, YTO HE OBbUIO YUTEHO B (hopMysax
A.H. Pamma, nonyueHHBIX Ha 0000IIEHHMH pa3MepoB Npoduiiell cpeaHUX Mo 00beMy JOMEHHBIX
neyei.

B Hacrosimiee Bpemsi NpeanpUHUMAIOTCS MOMNBITKU pa3paboTaTh TEOPETUUYECKHUE OCHOBBI
MeTo/a Npo(UIMPOBAHUS Neuel, KOTOPbI Obl YUUTBIBAJT BCE YCIOBUS U OCOOEHHOCTH MPOTEKAHUS
JIOMEHHOTO Tpoliecca. PannoHanbHbll mpoduiab, pacCYUTAHHBIA MO ATOMY METOAY, JOJKEH
o0ecrieynBaTh CTPOrO PAaBHOMEpPHOE MaJeHHME Hamopa Tra3oB [0 BBICOTE IE€YM OT TOpHa K
KOJIOUTHUKY TP MUHUMAaJIbHO BO3MOXKHOM PacXo/ie KOKCa M MAKCUMaJIbHOM MPOU3BOAUTEIHHOCTH

dopma npeacrasiieHus pe3yJbTara:
Pacuer BhIMOTHUTH B EUaTHOM BHJIe Ha HcTax popmara A4, cornacHo 'OCT. Pacuer
OpolopyeTcs 1 3alUIIAETCs B yCTAaHOBIEHHBIE CPOKH.

Kpurtepun ouenku

OrneHka «5» BbICTaBISIETCS CTYACHTY, €CITH:

- TeMaTHKa paboThl COOTBETCTBYET 33aJaHHOM, CTYJIEHT IMOKA3bIBA€T CUCTEMHBIC W TIOJHBIE
3HAHUS ¥ YMEHUS 10 JaHHOMY BOIIPOCY;

- paboTta oopmIIeHa B COOTBETCTBHH C PEKOMEHIAITUSMHE MPETIOaBaTENs;

- 00beM pabOoThl COOTBETCTBYET 33JJaHHOMY;

Omnenka «4» BBICTABISETCS CTYACHTY, €CITH:

- TEeMaTUKa pabOThl COOTBETCTBYET 3a/laHHOM,

- CTYAGHT JONycCKaeT HeOONbIINe HETOYHOCTH WM HEKOTOphle OMHMOKH B JTaHHOM
BOIIPOCE;

- paboTta oopmIIeHa C HETOYHOCTSIMH B OPOPMIICHUU;

- 00beM pabOThI COOTBETCTBYET 3aJJaHHOMY WJIM UyTh MEHbIIIE;

OneHka «3» BBICTABIISECTCS CTYAEHTY, €CIIU:
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- TeMaTuka pabOThl COOTBETCTBYET 3a/laHHOW, HO B paboTe OTCYTCTBYIOT 3HAYUTEIbHBIC
AJIEMEHTHI 110 COJICPIKAHUIO PabOTHI WM TEMAaTHUKa M3JI0KEHA HEJIOTMYHO, HE YETKO MPECTaBICHO
OCHOBHOE CO/IEp>KaHUE BOIIPOCa;

- paborta odopmiieHa ¢ omHOKaMu B 0()OPMIICHHH;

- 00beM pabOoThI 3HAYUTETHLHO MEHBIIIE 3a/JaHHOTO;

OneHka «2» BBICTABIISCTCS CTYACHTY, €CITH:

- HE PacKphITa OCHOBHAS TeMa pabOTHI;

- pabora ohopMIiIeHA HE B COOTBETCTBUH C TPEOOBAHUSMH IMPEIIOIaBaATES,

Tema 1.3 KoncTpyKuusi 1 yCTPOHCTBO IOMEHHOM Ne4n

IIpakTuyeckas padora Ne 6
H3y4denne ycTpoiicTB 3arpy304HbIX aNNIAPATOB JOMEHHOM NeYH

®opmupyeMasi KOMIIETEHLHUS:
[1IK 3.1. [IpunumaTts ydactue B pa3pabOTKEe HOBBIX TEXHOJOTMA U TEXHOJIOTHUECKHUX
IIPOLIECCOB.

Hean pa6oThI:
HAYYHUTHCS BBIOMPATh TUI 3arPY304YHOTO YCTPOHUCTBA

Boinosinus pa6ory, Bel Oynere:
ymemy:
- BBIOMpATh THUI 3arpy304HOr0 YCTPOMCTBA JOMEHHOM Meun

MaTepl/IaJ'll)HOC o0ecneyeHnue:
CXeMBbI 3aCBITHBIX YCTPOﬁCTB JOMEHHOM IIe4n

Oo6opynosanne HE HCIIOJIB3YETCSA

3amanmue:
Bri6path 1 000CHOBATH THIT 3arPY304HOTO YCTPOKWCTBA JOMEHHOM MeYn

IHopsinok BbINMOIHEHHs PA0OTHI:

1. O3HaKOMHUTCS C METOAMYECKUMHU YKa3aHUSAMU I10 IPAKTUYECKOMY 3a/1aHHUIO.
2. BEIMOJIHUTE 3a7aHueE.

3. Opopmuts paboTy B TETpaau s MPAKTUUECKUX 3aHATHH.

XoJ paboThI:

1 IMonmyuuTs y mpenoaaBaTesnss UCXOAHBINA BaApUAHT JJIS1 BBIMOJIHEHUSI TPAKTUYECKON pabOThI
2 OxapaKkTepu30BaTh TUIIbI 3aIPy30UHBIX YCTPOWUCTB, IPEICTABICHHBIX HA CXEMaX:
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]

3achITHOM anmnapar ABYXKOHYCHEIH (a) u 6eckoHycHBbIN pupmsl "Tlons—Biopt" (6):

a: I — GonpIol KOHYyC; 2— BOpOHKa (Jama); 3 — mranra;" 4 — Manblii KOHYC; 5 T-Tojas
TpyOuaras mrTaHra; 6 — npuemMHas BOpOHKa; 7 — CKHUIl; 8 — penbChl HAKIOHHOTO MocTa; 9 —
HaKJIOHHBIN MocT; 10 — BopoHKa;

0. 1 — XOHBeWep IIMXTONOJA4Yu; 2 — TMpPHUEMHas BOPOHKA; 3 — 3aTBOp; 4 — BEepXHUU
ra300TCeKaOMUi KiamnaH; 5 - Oyakep; 6 - 3aTBop OyHKepa; 7 - HIKHUN ra30-0TCEKAIONINI KJlalaH;
8 — 1pyOka; 9 — otceunas 3anBmwxkka; 10 — mexaHusm BpaieHus joTka; 11 — Bpamarommuiics
JIOTOK

3 HpeI[CTaBI/ITI) AOCTOMHCTBA U HEAOCTATKU KAXKAOTO THIIA 3aCBIITHOIO arrapara

4 Ha ocHOBaHMHM [JaHHBIX TaONWIBI BBIOPATh XapaKTEPUCTHKY OOOPYIOBAHMS s
BBIOPAHHOTO TUIIA 3aTPY309YHOTO YCTPOHUCTBA

Tabnuia - XapakTepucTuka 000pyI0BaHUS 3aTPy3KH JOMEHHBIX TIEUeH

HaumenoBanue Howmep nomeHHoM neun
2 1 2 3 4
KonnuecTBO KOKCOBBIX
IpOXOTOB, HIT. 2 2 2 4
EMKoCTh pyHO# BecoBoit
BOPOHKH, T 18 16 20 25
EMKOCTB KOKCOBOI BECOBOIA
BOPOHKH, M° 8,6 12,0 70 | 17,0
EMKOCTB CKHITa TIaBHOTO
noxbemMa, M° 108 | 10,8 | 10,8 | 135
Tun 1ebeaku CKUIIOBOTO IOYM | IOYM | IOYM | IOY
NOIbEMHHKA 3 3 3 M3
TPY30MOABEMHOCTD, T 225 225 225 29,0
JUTMHA KaHaTOB, M 155 155 155 175
JTMaMeTp KaHaTa, MM 39 39 39 46
Tun ne6énku KOHYCOB 1100
IOYM | IOYM | IOYM | M3
3 3 3 JIK-
JIK-45 | JIK-45 | JIK-45 | 45
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Juametp masioro konyca, mm | 2160 2160 2160 | 2160

Xoja Majoro KOHyca, MM 800 800 800 800
®opma JluameTp O0IBIIOr0 KOHYCA,
MM 4800 | 4800 | 4800 | 5600

Xoz 601bII0r0 KOHYCa, MM 600 600 600 600
O0BeM MEKKOHYCHOTO
MIPOCTPAHCTBA, M 42 42 42 62

npeacTaBJeHns pe3y/bTara:

PaGoTta BbINOJIHSAETCST B NHCBMEHHOM BMJE B TETpagd Ul NPAKTHUYECKUX paboT Hu
3alllMIIaeTCsd BMECTE C TEOPUEH 110 COOTBETCTBYIOLIEMY pa3Jiely IUCLUUIUIMHBI B YCTAHOBJICHHBIE
CPOKH.

Kpurepum ouenkn

Ornenka «5» BBICTABISIETCS CTYACHTY, €CITH:

- TeMaThKa paboTbl COOTBETCTBYET 3aJJaHHOM, CTYJIEHT IOKa3bIBA€T CUCTEMHBIE U IMOJHbIE
3HAHUS ¥ YMEHUS 110 JAHHOMY BOTIPOCY;

- paboTta ohopMiIeHa B COOTBETCTBUH C PEKOMEHJAIIMSIMU IIPEI01aBaTels;

- 00beM pabOTHI COOTBETCTBYET 3aJaHHOMY;

OneHka «4» BbICTaBISIETCS CTYACHTY, €CIIU:

- TeMaTHKa pabOThl COOTBETCTBYET 3aJaHHOM,

- CTYAGHT JONyCKaeT HeOOoJbIIMe HETOYHOCTH WM HEKOTOpbhle OLIMOKM B JIaHHOM
BOIIPOCE;

- paboTta oopMIIeHa C HETOYHOCTSIMH B OpOPMIICHUU;

- 00beM pabOTHI COOTBETCTBYET 33JaHHOMY WUJIM UyTh MEHBIIIE;

Onenka «3» BbICTaBIsETCS CTYACHTY, €CIH:

- TeMaTHKa paboTBHl COOTBETCTBYET 33aJaHHOH, HO B pabOTe OTCYTCTBYIOT 3HAYUTEIHHBIC
AJIEMEHTHI M0 COJAEPKAHUIO PabOThl MM TEMAaTHUKA M3JI0’KEHA HEJIOIMYHO, HE YETKO MPECTaBICHO
OCHOBHOE COJIep’KaHUE BOIIPOCa;

- pabota ohopmiieHa ¢ OMNOKaMH B OOPMIICHUH;

- 00beM pabOTHI 3HAUUTEIHLHO MEHBLIE 33/1aHHOTO;

OrneHka «2» BbICTaBISIETCS CTYACHTY, €CIH:

- HE pacKpbITa OCHOBHAS TeMa PaObOTHI;

- paboTta ohopMiIeHa HE B COOTBETCTBUU C TPEOOBAHUSAMU MPETIOAABATENS;

Tema 1.4 O0opynoBanue 10MeHHOM Me4n

IIpakTnueckas padora Ne 7
IHopsaaok peMoHTa (pyT/Isipa YYyryHHOH JIETKH. YXO0/ 32 YYyT'YHHOH J1€TKOH

®opMupyeMble KOMIIETCHIUM:
I1K 1.1. OcymiecTBasTh TEXHOJIOTHUECKHUE OTIEPAIIUN 110 TTPOU3BOICTBY YEPHBIX METAIIOB.
[1K 1.3. DkcnnyaTupoBaTh TEXHOJOTHYECKOE U IMOABEMHO-TPAHCIOPTHOE 000pyaOBaHUE,
oOecrneuynBaroliee Npouecc MpPOU3BOACTBA YEPHBIX METAIIIOB.

Hean padoThI:
N3yunTh mopsiiok peMoHTa QyTispa YyryHHOU JIETKH

Boinosnus padory, Bel Oyaere:
ymemy:
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OTIpeNeNATh IpaBUia 3aMeHbl QyTIsipa YyT'yHHOU JIETKH

MarepunanbHoe obecnieyeHue:
Paznarounsblii MaTepual, cxeMa YyryHHOU JIETKU

Oo6opynosanne HE HCITIOJIB3YETCA

3amanmue:
N3yuuTh MOPSIIOK U MpaBUjia peMOHTa QyTIIsipa YyTyHHOU JIETKH

IHopsaok BbINOIHEHUS Pa0OTHI:

1. O3HaKOMHUTCS C METOAMYECKUMHU YKA3aHUSAMU 10 MPAKTUYECKOMY 3aJaHUIO.
2. BHITIOJIHUTD 3aaHuE.

3. OdopMuth paboTy B TETpaaAH ISl MPAKTUUECKUX 3aHSITUH.

Xox padoTsi:
1 O3HAaKOMHTCSI C TEOPETHYECKON YaCTHIO TI0 PEMOHTY QYyTIsIpa YyTyHHOU JIETKH

OyTIsip - BaKHEHIIAs AeTanb YyryHHOH JIeTKU. Ero m3rorasnmBaiot cornacHo rpaduky. Ecim
HOSBIISIOTCS NMPHU3HAKK YXYIIIEHUS CO-CTOSHHS (DyTisipa, ero peMOHTHUPYIOT HEMEAJICHHO, BHE
rpaduka. BHemHMMM NpU-3HAKaAMH YXYJIIIEHUs] COCTOSHHUS (yTispa sBIsAOTCS 0Opa3oBaHME
miesae Mex/1y OrHeyIopHO# TIMHOM GyTispa 1 pamMoi JIeTKU, OOMIIbHOE BBIIETICHUE Ta30B U3 3THX
ienei U HapyluieHHe TUIOTHOCTU OTHEYNOPHOW IMIMHBI BHYTpHU rHe3na. OTHeynopHas Macca Takoro
¢byTispa Jerko BHIKPOLIMBAETCS.

YyryHHas jieTKa:
1 — koXyx meuydw; 2 — pama JIeTKH; 3 — IIaMOTHAas KJanka; 4 — XOJOIWIBHUK JIETKH; 5 —
JeTouHas Macca; 0 — KaHall JIeTKH; 7 — KUAKUHN 9yTyH

ITepen pazbopkoii ¢(yTisipa Moa TEpBBIM YYTYHHBIM HOCKOM HEOOXOJIMMO YCTaHOBUTH
YYT'YHOBO3HBIN KOBIIL, TIOJATOTOBUTH KaHABY, TPOPE3ATh JICTKY U YKPEIUTh €€, MPOTOHSS 3aTI0PKO B
NpOpe3aHHbId KaHal KYCKW MoNyTBepaod ¢(yrmsp-noit rnuusl. [lpu pasbopke dyrnsapa cremyer
BBISICHUTB, HET JIM OMACHOCTH IOAXO0Ja YyTr'yHa W IUIaKa K JISTOYHOMY OTBEPCTHIO COOKY BOJIHM3U
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XOJIOJMIBHUKOB. JTO ONPENENSIOT [0 HATMYHUIO TPEIIUH B IIIMHAHONW 00Ma3Ke U 110 HHTEHCHUBHOCTHU
BblJIeJIeHUs ra3za. Bo nzbekaHue oTpaBiieHUs] TOPHOBBIX I'a30M MpH pazdopke GyTispa

Heo6xoanmo 3axxeub (haken v MOJT0KHUT €r0 Y OTBEPCTHSI YyT'YHHOH JIETKH.

Pa36opky crapoil maccel (yTiasipa M HaOMBKY HOBOM OCYIIECTBISIOT BPYYHYKO WIH C
MIOMOIIBIO ITHEBMAaTHYECKUX YCTPOMCTB - MOJIOTKOB U TpaMOOBOK. Ha HOBBIX meyax 3TH omepanuu
BBINOJIHAIOT CIENUAIbHBIMU MaluHamMu. ['myOuHa pa30opku QyTiaspa 3aBUCUT OT COCTOSHUS
OTHEYNOpHOH Macchl. lleperopeBlryro ITHMHY, JETKO OCBHINAIOIIYIOCS NMpH cl1a0bIX ynapax Oypa,
HE00XO0IMMO yJaJIATh U3 MOJIOCTH QyTIIsipa.

Haubosiee OTBETCTBEHHBIM MOMEHTOM Npu pa30opke ¢ymispa SBISETCS KOHEI 3TOM
onepaunu. OOWIBHOE BBIJEICHHE Ta30B WM IOKPACHEHHE IJIMHBI CBHJETEILCTBYET O ILJIOXOM
COCTOSIHMU TIepeJHeN CTeHKH ropHa. B aToM cirydae pa30opky QyTiisipa IpeKpaaroT.

[Tocne nonHo# pa3dopku GyTiisgpa U yAaleHUs CTapoil NeperopeBlleil INTUHbI NPUCTYNAOT K
HaOMBKe cBekell Macchbl. I[0BEpXHOCTh pacuMIIEHHON INIMHBI CMAuYMBAaOT PACTBOPOM IIAMOTHOI'O
HOpOLIKAa U YTPaMOOBBIBAIOT TOHKUMH CJIOSIMM IOJYTBEPIOW TJIMHBI. YJapbl 3allOpKM CHayaja
JIOJDKHBI OBITH JIETKUMH. [0 Mepe 3amoiHeHus: THe3/1a OrHEYNOPHOW MacCOi yaaphl yCHIIMBAIOT.
[Tocne Toro kak (yTiasipHas MOJIOCTh MOJIHOCTBIO 3allOJIHEHA TJIMHOM, JJIS MOJIyYeHHs OTIedaTKa
HOCKA IYIIKK U ONpEAENICHUs] OCU KaHaja YYI'YHHOH JIETKU MOJBOJAAT MYUIKY U HPHKUMAIOT €€
HOCOK K cBexeHaOuTol rimHe. [lo oTmedaTky uepe3 BCIO MacCy HpOpPE3al0T OTBEPCTHE B
¢GyTaspHoil HaOMBKE, CTPOro CcOONIOAAsl YCTAHOBJIEHHBIM YroJl HaKJIOHA JIETKU, U IOJBEPraroT
HaOUBKY CyIIKe (00XKUTY) CKUTaHUEM I'a3a B CMECH C BO31yXOM HJIM KHUCIOPOJIOM.

2 BrIMIoJIHUTE OHOpHLIﬁ KOHCIICKT C OTBECTOM Ha CJICAYIOIIUC BOIIPOCHI:

- yTO Takoe Qpyrisp?

- KaK 4aCTO HEOOXOIMMO PEeMOHTUPOBATh QyTIIsp?

- C KaKoM 1enbto 3axuraercs paken?

- U3 YeT0 U3rOoTaBIMBAIOT QYTISIPHYIO Maccy?

- KAKMMU UHCTPYMEHTaMHU TOJIb3YIOTCS NPH peMoHTe (yTisipa?

- CKOJIBKO 110 BPEMEHHU OCYIIECTBIISETCS PEMOHT QyTiisipa Yyr'yHHOM JIeTKu?
- KaK MMPOXHTaloT OTBEPCTHE B JIeTKe?

dopMa npeacTaBIeHus pe3yabrara:
OTuer o BBINOJHEHHOW padoTe B TeTpaiu AJis NPAKTUUECKUX 3aHATUI

Kpurtepuu oueHnku

OrneHka «5» BbICTaBISIETCS CTYACHTY, €CITH:

- TeMaThKa paboThl COOTBETCTBYET 33JaHHOM, CTYJIEHT IMOKA3bIBA€T CUCTEMHBIC U TIOJTHBIE
3HAHUS M YMEHUS 110 JaHHOMY BOIIPOCY;

- paboTta oopMIIeHa B COOTBETCTBHH C PEKOMEHIAITUSMHE MPETIOaBaTeNs;

- 00beM paboThl COOTBETCTBYET 33JJaHHOMY;

OneHka «4» BBICTABIIAECTCS CTYIEHTY, €CIIU:

- TEeMaTUKa pabOThl COOTBETCTBYET 3a/laHHOM,

- CTYAGHT JONycKaeT HeOOoNbIINe HETOYHOCTH WM HEKOTOphIe ONIMOKH B JTaHHOM
BOIIPOCE;

- paboTta oopmIIeHa C HETOYHOCTSIMH B OPOPMIICHUH;

- 00BbeM pabOoThl COOTBETCTBYET 33JJaHHOMY WJIM UyTh MEHBIIIE;

OneHka «3» BBICTABIIETCS CTYAEHTY, €CIIU:

- TeMaThKa paboThl COOTBETCTBYET 3aJaHHOH, HO B pab0OTe OTCYTCTBYIOT 3HAUMTEIIbHBIC
3JIEMEHTHI 110 COAEPKAHUIO padOThl UM TeMaTHUKa U3JI0’KE€HA HEJIOTUYHO, HE YETKO MPEICTaBICHO
OCHOBHOE COIep>KaHUE BOIIPOCa;

- paborta odopmiieHa ¢ omHOKaMu B 0()OPMIICHHH;

- 00beM PabOTHI 3HAYUTEITLHO MEHBIIIE 33/IaHHOTO;
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OneHka «2» BBICTaBIISIETCS CTYIEHTY, ECIIH:
- HE pacKpbITa OCHOBHAs TeMa pabOThI;
- pabota ohopmiIeHA HE B COOTBETCTBUH C TPEOOBAHUSMU MPETIOAABATEIIS;

Tema 1.4 O0opynoBaHue JOMeHHOM M4

IIpakTuyeckasi pa6ora Ne 8
N3yyenue KOHCTPYKIMH (P)YPMEHHOI'0 YCTPOCTBA

@®opMupyeMble KOMIIETEeHUHH:
[1K 1.1. Ocy1iecTBiasTh TEXHOJIOTHUECKUE OTEPAIH 110 TPOU3BOJICTBY YEPHBIX METAILJIOB.
1K 1.3. DkcrryaTupoBaTh TEXHOJOTHYECKOE U IMOJIBEMHO-TPAHCIIOPTHOE 00OpYJIOBaHUE,
obecrnieunBaroliee Nporecc MPOU3BOACTBA YEPHBIX METAIITIOB.

Hean pa6oTbI:
N3yunTh KOHCTPYKIHIO (pypMeHHOTO Tprudopa

Beimmosinue pa6ory, Bel Oynere:
ymemv:
- OKCIUTYaTUPOBaTh (PypMEHHbIE YCTpOHCcTBa

MarepuanbHoe o0ecnieyeHue:
Cxema (ypMeHHOTO yCTpOHCTBA

Oo6opynosanne HE UCITOJIB3YETCSA

3amanue:
W3y4uTh KOHCTPYKILHUIO U IPUHIIUI PabOThl (hypMEHHOTO YCTPOHCTBA

Iopsiaok BbINOJIHEHUS PAOOTHI:

1. O3HaKOMHUTCS C METOAMYECKUMHU YKA3aHUSAMU IO MPAKTUYECKOMY 33aHUIO.
2. BEITIOJIHUTE 3aaHueE.

3. OdopMuts paboTy B TETpaaH ISl MPAKTUIECKUX 3aHSITHH.

Xox padboThI:
1 O3HaKOMHTBCA ¢ KOHCTPYKIMEH PypMEHHOIO yCTpoicTBa
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Puc. 31, ®ypmennnit npubop

2 OnpenenuTs NO3ULKUN HA PUCYHKE
3 O3HaKOMHUTBHCA C YCTPOUCTBOM U NMPUHIMIIOM ACUCTBUS (PypMBbl

®ypmennsiii mpubop. B BepxHeil yactu ropHa Ha paccrosHuun 2700—3500 mMm ot ocu
YYT'yYHHOH JIETKM TOpHa IO €ro OKPYXHOCTH C pPaBHbIMHU IPOMEXYTKAaMH YyCTaHAaBJIMBAIOT
BO3JyILIHbIE (QYypMBI, yepe3 KoTopble B meuyb nocrynaer Harperoe no 1100—1300 °C nytee,
NOPUPOIHBIN ra3 W Jpyrue TOIUIMBHBIE NOOAaBKU (Ma3yT, MbUIEYrojbHOE TOIUIMBO). Yucio ¢ypm
3aBUCHUT OT IMaMeTpa rOpHa U €ro NpUMEpPHO OMPEIEISIOT 10 CAEAYIOLIEH 3aBUCUMOCTH:

= 3Dr- 8,

rae n — gucio ¢pypm; Dr — nuamerp ropsa, M.

ITo stoit dpopmyne uncno GpypM s GONBIIMX Medel moiaydaercss paBHbIM 20—36 mT., 4TO
OJIM3KO K JACHCTBUTEIBHOW BeIWYMHE (Ha CymIecTBYROIMX medax oobemoM ot 1033 nmo 5500 m3
uncno Gpypm coctasisier 16—42).

Kommnekc ycTpoilcTB, ciuyxamux s TOJABOAAa JAyTb B TOpPH U3  KOJIBLIEBOIO
BO3YXOMNPOBO/a, Ha3bIBAIOT ()yPMEHHBIM TPUOOPOM.

OcHoBHas yacTb npuOopa — MeAHas IycToTenas Bo3AyliHas ¢ypma 1 ¢ BHyTpeHHUM
muamerpom 140-190 mm, oxnaxkgaemas Bomod. @ypma BBICTYNAET W3 KJIAJAKH BHYTpPb I€UM Ha
paccrostaue 300—500 mMm.

@ypMy yCcTaHaBIUBAIOT B MEIHYIO MOIYIO JUTYIO aMOpa3ypy 2, a aMOpazypy — B UMEIOIINI
3JUTYIO CHUPATBHYIO TPYOKY UYTYHHBIH XOJIONMJIBHUK (KamymKy) 3, KOTOPBIH CBOUM (praHIIeM
KPEMUTCS K KOXKYXY Me4H ¢ nmomouibio 6ontoB. dypma, amOpasypa U XOJOIUIBHUK OXJIAXKIAIOTCS
MPOTOYHOU BOJOM.

Hytbe, momaBaemoe K ¢ypme 1 M3 KOJBLEBOrOo BO3AyXONpoBojaa 12, mpoxoaur 1o
NPUKPETUICHHBIM K HeMy pykaBy 11 um HemomsmwxHOMY matpyOky (koseny) 10; momBmxHOMY
KOJIEHY 7, KOTOpoe MpuKperuieHo K narpyoky 10 mpu momomuu IByX MOABECOK 8, M 10 CMEHHOMY
comny 4. IloaBukHOE KOJIEHO 7 MPUKHUMAET COIIO K ypMe € MOMOIIBIO MPYKUHHOTO HATSHKHOTO
YCTPOKMCTBaA 5, MPUCOEANHEHHOTO K KOXKyXy neuu. s obecrieueHus: repMeTUYHOCTH Ipubopa (Ha
CIIy4ail epeKoCOB OT/ENbHBIX AIIEMEHTOB B pe3yJibTaTe HarpeBa U Ap.) B MecTax CThlka pypma—
COIUIO, COIJIO—IIOIBMKHOE KOJEHO W TOJABIKHOE KoJeHo—umarpyook 10 mpemycmoTpeHs
IIapOBbIE COETMHEHUS (CTBIKU 3aTOYEHBI 110 MIApOBOH MOBEPXHOCTH). B Toplie moABMKHOIO KOJleHa
IPeIyCMOTPEHA 3aKphITasi CTEKJIOM TisiAenka O Juist HaOmoJaeHus 3a paboToil mpudypmeHHOU
30HBI.
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Pykag, narpy6ok 10 u moaBuxHOE KOJIEHO (PyTepyloT BHYTPH IAMOTHBIM KuprnudoMm. Corio
JIENaloT U3 CTajlu ¢ TOHKOU (yTepoBKoil u3nytpu. @ypma u ambpasypa nepuouyecKu MporoparoT
U ISl UX CMEHBI OTCOCIUHSIOT HATSHKHOE YCTPOMCTBO 5, 0CHAOISAIOT MOABECKH 8 M pa3BOPAUYHUBAIOT
MOJIBUKHOE KOJIEHO BOKPYT ocu 9 mojBecok 8 B moJiokeHue, yaAo0Hoe /Uil yaajaeHus coria, pypmbl
U amOpa3yphl.

KonbueBoii Bo3myxompoBoa 12, mo koTtopoMy ropsiuee IyThe HOIBOAAT K dypmawm,
¢dbyTepoBaH MIAMOTHBIM KHPIUYOM M uMeeT auameTp B cBeTy 800—1800 MM B 3aBUCUMOCTH OT
o0bema mneyu.

3 IIucbMeHHO OTBETUTH Ha BOIIPOCHI:

- 41O Takoe gypma?

- OT Y€ro 3aBHCHUT KOJIMYECTBO (ypM Ha TOMEHHOU meun?

- U3 KaKOTO MaTepualia U3roTaBIUuBaIOT «PBII0» QypMBbI?

- IS 4ero HeoOXO0UMO COIIO?

- KaKyl0 ()yHKIIMIO BBITIOJIHSET TIIAeNKa?

- KaKuM 00pa3oM KpemnuTcs pypma K KOKyXy JOMEHHOM rneuun?

dopma npeacrasiieHus pe3yJbTara:
YcTHas cnava no3unui U mpuHIUNa padoTel PypMEHHOTO yCTPOUCTBA.
OTuer 0 BBIIOJHEHHOW padoTe B TETpaau AJis IPAKTUUECKUX 3aHATUI

Kpurepum ouenkn

Omnenka «5» BBICTABISETCS CTYACHTY, €CITH:

- TeMaThKa paboTbl COOTBETCTBYET 3aJlaHHOM, CTY/IEHT MOKa3bIBA€T CUCTEMHbIE U IOJIHBIE
3HAHUS ¥ YMEHUS 110 JAHHOMY BOTIPOCY;

- paboTta ohopMiIeHa B COOTBETCTBHM C PEKOMEHJAIMSIMU IpenojaBaress;

- 00beM pabOTHI COOTBETCTBYET 33JaHHOMY;

OneHka «4» BbICTaBISIETCS CTYACHTY, €CIH:

- TeMaTHKa pabOThl COOTBETCTBYET 3aJaHHOM,

- CTYAGHT JONyCKaeT HeOOoJblIMe HETOUYHOCTH WM HEKOTOpbhle OUIMOKM B JIAHHOM
BOIIPOCE;

- pabota ohopMiIeHa C HETOYHOCTSIMH B OPOPMIICHUH;

- 00beM pabOTHI COOTBETCTBYET 33JJaHHOMY WUJIM UyTh MEHBIIIE;

Onenka «3» BBICTABISIETCS CTYACHTY, €CITH:

- TeMaTHKa paboOTBhl COOTBETCTBYET 33aJaHHOH, HO B pabOTe OTCYTCTBYIOT 3HAYUTEIHHBIC
AJIEMEHTHI M0 COJACPKAHUIO PAOOThHI MIIM TEeMaTHKa U3JI0’K€HA HEJIOTUYHO, HE YETKO MPEACTaBICHO
OCHOBHOE CO/IEp’KaHNe BOIIPOCA;

- pabota ohopMmiieHa C OIMOKaMH B OOPMIICHHUH;

- 00beM pabOTHI 3HAUUTEITHLHO MEHBIIE 33/1aHHOTO;

OneHka «2» BBICTABISIETCS CTYACHTY, €CITH:

- HE pacKpbITa OCHOBHASI TeMa PaOOTHI;

- paboTta ohopMiIeHA HE B COOTBETCTBUU C TPEOOBAHUSMU NPETIOAABATENS;

Tema 1.4 O0opynoBaHue 1OMEHHOI Ne4Yn

IIpakTuuyeckas padora Ne 9
Pacuer komnyecTtBa pypm pa3iMuYHbIMUA MeTOXAMH

®opmupyeMble KOMIIETEHLIHH:
I1K 1.1. OcymiecTBasATh TEXHOIOTMUECKUE ONEPALIH 110 TPOU3BOJACTBY YEPHBIX METAJIJIOB.

33



[1K 1.3. DkcmmyaTupoBaTh TEXHOJOTHYECKOE U IMOABEMHO-TPAHCIOPTHOE 000pyHOBaHUE,
o0ecrnieunBaroliee Nporecc MpPOU3BOACTBA YEPHBIX METAILJIOB.

Hean pa6oThI:
Paccuurtars KonuuecTBO PypMm MoNIb3ysICh Pa3IMuYHbBIMU METOAUKAMUI

Boinosnus padory, Bel Oyaere:
ymemy:
paccuuThIBaTh HEOOXO0IMMOE KOJTUYECTBO (PypMEHHBIX TPUOOPOB

MarepuajibHoe o0ecnieyeHue:
KaJIbKYJISATOP

Oo6opynosanne HE UCIIOJIB3YETCSA

3amanue:
Paccuutarh Kom4ecTBO (hypM Ha OCHOBAaHHH UCXOJIHBIX TAHHBIX

Iopsiaok BbINOJIHEHUS PA0OTHI:

1. O3HaKOMHUTCS € METOAMYECKUMHU YKA3aHUSAMU 10 MPAKTUYECKOMY 3aJaHUIO.
2. BHINIOJIHUTD 3a1aHUE.

3. OdopMuth paboTy B TETPaAU ISl MPAKTUUECKUX 3aHITUH.

Xon pa6oThi:
1 ITomyynTh MCXOAHBINA BapUaHT JUIsl BHITIOJIHEHUS pacueTa

HcxonHbie JaHHBIE:

Juamerp ropHa, M dr 7
BricoB Bo3aymHbIX pypm, M Wo, 0,25
Huametp ¢ypM B cBETY, M dg 0,2
VY enpHOE KOJIMYECTBO AYThs,

NpUXOJsIeecs Ha OAHY QpypMmy, M /M MEH Vsr 50
KonnuecTBo nyTh4,

NpUXOJsIeecs Ha OAHY QypMmy, M>/MEH Vo 206
Temnepatypa nyThs, K T 1573
JaBnenue ayThbs, aTM P 48

2 BBITIOTHUTD pacyeT COMIACHO METOAUKE, MPEITI0KEHHON HUXKE:
1. ITo pexomennanuu M.A. [TaBnoBa: ng =2-d.+ 1
2. Tlo pexomennanuu O.P. Paiica: ng = 2,6-d.— 0,3

d -2-w,
N,=n———
1,22
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d -2-w, -1
n(b =17 #
3. ITo pexomennarnuu ["onpamreitna: 0y
4. TTo pexomenparuu [ MTIPOME3a: ng = 2,18-d.— 1,66
5. Tlo pexomennauu E.H. Tuxomuposa: ng =3-d.—8
n d,
=T -—
¢ 25
1+—
6. ITo pexomennanuu B.W. Jlorunona: r ny = 0,15 -dr2 +
0,2.d.+ 6,8
Vsz-d *
R
7. ITo pexomenaaruu B.I'. MaHunHCKOTO: ¢
8. Ilo pexomenpamu M.5. OcTpoyxoBa: Ng = 2,24-d; ny = 0,074-(d.—0,9- d,) -
T/P
9. 1o pexomennanuu H.K. Jleornnosa: Ng = 2-d;
10. ITo pexomenmaruu B.I'. [IpyxkoBa: ng = 0,12 d.2+0,16.d, + 7,36

HOJ’Iy‘leHHHC PE3YyIbTaThl HeO6XOI[I/IMO OKPpYIJIUTBH 00 OIMKaMIIero Oejaoro, 4€THOoro 4umuciia.
3 C)Ie.]'IaTL BBIBOJ 10 TOJIYUYCHHBIM pE3YyJIbTaTaM pacycTa

®opma npeacTraBieHus pe3yabTara:
OTueT 0 BHIIOJTHEHHOM padoTe B TETPAIH JUTS TPAKTHUECKUX 3aHATHA

Kpurepun onenkn

Omnenka «5» BBICTABISETCS CTYACHTY, €CITH:

- TeMaThKa paboTbl COOTBETCTBYET 3aJJaHHOM, CTYJIEHT MOKA3bIBAET CUCTEMHBIE U MOJHBIE
3HAHUS ¥ YMEHUS 110 JaHHOMY BOTIPOCY;

- pabota ohopmiIeHa B COOTBETCTBHM C PEKOMEHJAMSIMU IpenojaBaress;

- 00beM pabOTHI COOTBETCTBYET 33JaHHOMY;

Onenka «4» BBICTABISIETCS CTYACHTY, €CITH:

- TeMaTHKa pabOThl COOTBETCTBYET 3aJaHHOM,

- CTYAGHT JONyCKaeT HeOOoJbIINe HETOYHOCTH WM HEKOTOphle OIIMOKH B JaHHOM
BOIIPOCE;

- pabota ohopMiIeHa C HETOYHOCTSIMH B OPOPMIICHUH;

- 00beM pabOTHI COOTBETCTBYET 33JJaHHOMY WUJIM UyTh MEHBIIIE;

Onenka «3» BbICTaBISIETCS CTYACHTY, €CITH:

- TeMaTHKa paboOTHl COOTBETCTBYET 33aJaHHOI, HO B pabOTe OTCYTCTBYIOT 3HAYUTEIHHBIC
AJIEMEHTHI M0 COJACPKAHUIO PAOOTHI MIIM TEeMaTHKa U3JI0’K€HA HEJIOTUYHO, HE YETKO MPEACTaBICHO
OCHOBHOE COZIEp>)KaHUE BOIIPOCA;

- pabota ohopMmiieHa C OIMOKaMH B OOPMIICHHUH;

- 00beM pabOTHI 3HAUUTEITHLHO MEHBIIE 33/1aHHOTO;

OneHka «2» BBICTaBIISIETCS CTYIEHTY, ECIIH:

- HE pacKpbITa OCHOBHAs TeMa paboThI;

- paboTta ohopMiIeHA HE B COOTBETCTBUH C TPEOOBAHUSMU MPETIOAABATEINS;
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Tema 1.4 O0opynoBaHue JOMEeHHOM Me4n

[paxkTnyeckas padora Ne 10
HN3y4yenue ycTpoiicTBa, NPUHIUIA AeHCTBUSA U KOHCTPYKIMHU OypMaIMHBI

@®opMupyeMble KOMIIETEHLIHU:
[1K 1.1. Ocy1iecTBasTh TEXHOJIOTHUECKUE OTEPAIH 110 TPOU3BOJICTBY YEPHBIX METAILJIOB.
1K 1.3. OkcrryaTupoBaTh TEXHOJOTHYECKOE U IMOJIBEMHO-TPAHCIIOPTHOE 00OpYJIOBaHUE,
oOecrneunBaroliee Nporecc MpPOU3BOACTBA YEPHBIX METAIIJIOB.

Hean pa6oThI:
W3y4uuTh ycTpOMCTBO U MPUHLUIT pPa0OTHI OypMaITuHbI

Beimmosainue padory, Bel Oynere:
ymemv:
IPUMEHSTDH [T0Jy4YEHHbIE HAaBBIKM Ha MPAKTUKE

MarepunanbHoe obecnieyeHue:
Teopernueckuii Mmarepuan

Oo6opynosanne HE UCITOJIB3YETCSA

3amanue:
O3HAaKOMHUTBCS C YCTPONUCTBOM, KOHCTPYKIIMEH U MPUHIIUTIOM JEHCTBUS OypMaIIiHbI

ITopsinok BbINOJIHEHHS PadOTHI:

1. O3HaKOMHUTCS C METOANYECKUMH YKa3aHUSAMU I10 TPAKTUYECKOMY 3a/IaHHUIO.
2. BBINOTHUTE KpaTKUil KOHCIIEKT TEOPETUUECKOr0 MaTepuaia

3. Opopmuts paboTy B TETpaIH s MPAKTUUECKUX 3aHATHH.

Teopernyecknit maTepuaJ

YyryHHYIO JIETKY OTKPBIBAIOT C TOMOILBIO CBEPIIMIIBHONW OypMaIIMHBI, yIANSIOMEH U3 KaHaaa
JIETKA OTHEYIOPHYIO Maccy Bparmmaronmmcs 0ypom auamerpom 70—80 mM. OiHa U3 KOHCTPYKITHI
CBEpJIMJIBHONW MalllMHBI TOKa3aHa Ha puc. 29. OcHOBa MalIMHbl — KOJIOHHAa 4 KpEenmuTCs CBOUM
ocHoBanneM 10 k Turomaake iuTeHOTO nBOpa. Ha KOJOHHE 3aKperuieHsl ¢ BO3MOXXHOCTHIO
BpallleHUs BOKPYT Hee Harpasisiiolias Oanka 3 U mojajepKuBaromuii ee kpoHmreitn 2. [To 6anke 3
C MTOMOIIBI0 MeXaHW3Ma 7 TepeJBUraeTcs KapeTka 8, B KOTOpOW 3akperuieH CMeHHBI Oyp 11 u
MEXaHU3M ero BpameHus 9.
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Puc. 29. IloBopoTHas cBepauibHas MallHA ISl BCKPBITUS JIETKU: 1 — 3a1enka;
2 — KpOHIUTEHH; 3 — Hanpasisomas 0anka; 4 4y- KOJIOHHA; 5 — MEXaHU3M U3MEHEHHUs yria
HAKJIOHA OaJIK¥ U Oypa; 6 — Tenb; 7 — MEXaHU3M MePEMEIIeHUs KapeTK; 8 — KapeTka;
9 — mexanusm BpaieHus Oypa; 10 — ocHoBanue konoHHBL; 11 — cMeHHBIN Oyp

Jlnst BCKpBITUSL JIETKH IOBOPAYMBAIOT BOKPYI KOJOHHBI 4 Oanky Tak, 4yToObl Oyp ObLI
HaIpaBJICH BJOJIb OCH JIETKH; C TIOMOUIBIO Jamenkn 1 KpemsT O0anky K KOKyXy IMeUd U BKIIOYAIOT
MexaHu3M 9 BpamieHus Oypa U MexaHu3M 7, 00eCHeYMBaIOUIMN JABWKCHUS KapeTku U Oypa K ocu
1euu, T.. CBEpJICHHE KaHaia JeTKH. [locie BCKPBITHS KaHalla JIETKA Oyp M3 Hee BBIBOJAT ITyTEM
HepeABMKEHHs KapeTKU BIIPAaBO U 3aTeM, Bpaias 0aiaky 3, OTBOAAT Oyp B CTOPOHY OT JIETKH. YTOJI
HaKJIOHa Oayiku ¥ Oypa U3MEHSIOT C IIOMOIIBIO MEXaHNU3Ma S5, BO3ICHCTBYS BPYUHYIO Ha IIETIb 6.

(I)opMa NnpeacraBJCHus pe3yjabTara:
OT4eT 0 BBIITOJHEHHOM pa60Te B TCTpaau AJId IMPAKTHYCCKUX 3aHATHH

Kpurepun onenkn

OreHka «5» BBICTABISIETCS CTYJICHTY, SCIIH:

- TeMaTuKa paboOThl COOTBETCTBYET 33JJaHHOM, CTYACHT MOKa3bIBA€T CUCTEMHBIE U TOJIHBIC
3HAHWS U YMEHHS 110 JIAHHOMY BOTIPOCY;

- paboTa oopMieHa B COOTBETCTBUH C PEKOMEHAIMSIMHE MPEINo/1aBaTes;

- 00beM pabOTHI COOTBETCTBYET 33JaHHOMY;

OnenHka «4» BBICTaBIISIETCS CTYJIEHTY, €CIIH:

- TeMaTHKa pabOTHl COOTBETCTBYET 3aJaHHOM,

- CTYJIEHT JONyCKaeT HeOOJbIINEe HETOYHOCTH WJIM HEKOTOPhIC OIMMUOKH B JIAHHOM
BOIIPOCE;

- paboTta oopmIIeHa C HETOYHOCTSIMH B OPOPMIICHUH;

- 00beM pabOTHI COOTBETCTBYET 33JAHHOMY WUJTH UyTh MEHBIIIE;

OueHka «3» BBICTaBIISETCS CTYAEHTY, €CIIU:

- TeMaThka pabOThl COOTBETCTBYET 3a/laHHOH, HO B paboTe OTCYTCTBYIOT 3HAYUTEIbHBIC
3JIEMEHTHI 110 COACPKAHHUIO padOThl MM TeMaTHKa M3JI0)KEHA HEJIOTUYHO, HE YETKO MPECTaBICHO
OCHOBHOE COZIEpKaHKEe BOIPOCa;

- pabota odopmiieHa ¢ omuOKaMu B 0()OPMIICHHH;

- 00beM pabOTHI 3HAYUTEITHLHO MEHBIIIE 331aHHOTO;

OrneHka «2» BBICTABIIETCS CTYAEHTY, €CIIU:

- HE PacKpbITa OCHOBHAS TeMa pabOThI;

- paboTta oopmMIIeHa HE B COOTBETCTBUH C TPEOOBAHUSMU MPEOaBATEIIS,

Tema 1.4 O0opynoBaHHe TOMEHHOI Ne4Yn
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IIpakTuyeckasi padora Ne 11
H3yuyenue ycrpoiicTBa, NPUHLIMIIA AeHCTBUA
U KOHCTPYKIMH 3JIeKTPOIYIIKH

®opmupyeMble KOMIETEHINH:
[1K 1.1. OcymiecTBasTh TEXHOJIOTMUECKHUE ONEPaIlU 110 TPOU3BOACTBY YEPHBIX METAIIIOB.
[1K 1.3. OkcnyaTupoBaTh TEXHOJOTHYECKOE U IMOJABEMHO-TPAHCIOPTHOE 000pyAOBaHUE,
o0ecrnieunBaroliee NpoLecc MPOU3BOACTBA YEPHBIX METAIIJIOB.

ean padoThi:
N3yuuTh YCTPOUCTBO U MPUHIMII PAOOTHI AJIEKTPOIYIIKH

Bbinosnus patdory, Bel 6yaere:
ymems.
IMPUMCHATH ITOJTYUCHHBIC HABBIKW HA ITPAKTHUKE

MarepunanbHoe obecnieyeHue:
TeopeTtnueckuii MaTepuan

Oobopynosanne HE UCITOJIB3YETCA

3aganue:
O3HAaKOMHUTBCSA C YCTPOMCTBOM, KOHCTPYKIMEW W NPUHIUIIOM JAEUCTBUSA TPaHYJISIMOHHON
YCTaHOBKH

ITopsinok BbINOJIHEHHS PadOTHI:

1. O3HaKOMHUTCS C METOANYECKUMH YKa3aHUSAMU I10 TPAKTUYECKOMY 3a/IaHHUIO.
2 BbINOJIHUTE KPaTKUM KOHCIIEKT TEOPETUYECKOT0 MaTepHralia

3. Opopmuts paboTy B TETpaIH s MPAKTUUECKUX 3aHATHH.

Teopernyeckuii Mmarepuall

3aKkpbITHE JIETKU TOCJTE BBIIYCKa YYTryHa OCYIIECTBIISIIOT T'YCTOW OTHEYHOPHOW JIETOYHOMN
Maccoil ¢ MOMOIIbIO AIEKTPONYIIKH. VICIIONB3yIOT B€ pa3HOBUIHOCTH JIETOYHBIX Macc. OnHa U3
HUX COCTOWT W3 YBIAQXHEHHOW TJIMHBI U MojioToro kKokca (40—70%), wmHOTHIAa ¢ m00aBKOM
KaMeHHOYyrojbHoro mneka g0 17 %. Jlpyras — 0e33BoAHas Je€TOYHas Macca — BKIIIOYAeT
OTHEYIMOPHYIO TIIMHY, IAMOTHBIN TTOPOIIIOK, MOJIOTBIH KOKC U KAMEHHOYTOJIbHYIO cMoiTy (19-29%).

JleTKy 3aKphIBalOT C MOMOIIBI0 OJHOUMIUHAPOBONW MYIIKH C DSJIEKTPUUYECKUM TMPUBOJOM
(3TEKTPOMYIIIKK), OJTHA W3 PA3HOBHIHOCTEH KOTOpOoM mokazana Ha puc. 30. Ilymka paboTaeT kak
HIMPUI], €€ OCHOBHBIM Pa0OYMM OPraHOM SIBJSIETCS IWJIMHIP 2, BHYTPU KOTOPOTO MEPEMEIIaeTCs
MOPIIIEHb, BHITAJIKUBAIOIINN JIETOUHYI0 Maccy 4epe3 Hocok 1. Ilymka ommpaercsi Ha KOJOHHY 3,
BOKPYT KOTOPOH €€ MOKHO ITOBOPAYMBaTh C IOMOIIbI0 MEXaHU3Ma 6; KOJIOHHA CBOUM OCHOBaHHEM
3aKperyieHa Ha JIUTEHHOM JIBOPE B CTOPOHE OT JIETKHU.

Jlist 3aKpBITHS JIETKU MYIMIKY MOBOPAYMBAIOT, MOABOAS HUIMHAP 2 U HOCOK 1 K JeTke, u
buKCHPYIOT ee MOJIOKEHHE, OIycKasl ¢ MOMOILbIO MpHUBOJa 7 3allenKy 9, KoTopas LemseTcs 3a
CKOoOy Ha Koxyxe meud. [lanee BKIIOYAIOT MEXaHWU3M S5 MBUKEHUS Tenexku 11, koTopas cBomMH
pPOJIMKaMU TEPEMEIASTCs B HAMPABIAIONINX Ta3zax Jadera 8, obecneunBas mpuwkartue Hocka 1 K
JIETKE. 3aTeM C IIOMOIIIBKO MEXAaHHU3Ma 4, ABUTAIOMICTO MOPHICHDb, BRITAJIKUBAIOT JICTOUHYIO MAacCy U3
HWIMH]pa Yepe3 oTBepcThe Hocka 1 B kaHan yeTku. [locie 3akphiThs JIETKHM TOBOPAYMBAIOT C
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MOMOIIBI0 MEXaHW3Ma O MYIIKY, OTBOAS €€ OT JETKU. JIeTOUHYyI0 Maccy B LUIMHAP 3arpyKaroT
yepe3 ok 10, 00bem muwmnapa paBeH0,25—0,5 M VYnpapieHue nynkon TUCTaHIIMOHHOE.

6 IF
]

7 —
- n

4

dopma npeacraBjIeHus pe3yJbTara:
OTuer 0 BBIOJHEHHOW padoTe B TETpau AJis IPAKTUUECKUX 3aHATUN

Kpurepun onenkn

OreHka «5» BBICTABISIETCS CTYJICHTY, €CIIH:

- TeMaTuKa paboThl COOTBETCTBYET 3a/IaHHOM, CTYIEHT MOKAa3bIBAE€T CUCTEMHbIC U TOJHBIC
3HAHWS U YMEHHS 110 TAHHOMY BOTIPOCY;

- paboTa oopMieHa B COOTBETCTBUH C PEKOMEHAIMSIMHE MPENo/1aBaTes;

- 00beM pabOTHI COOTBETCTBYET 33JaHHOMY;

Orenka «4» BBICTaBISIETCS CTYICHTY, €CIH:

- TeMaTHKa pabOThl COOTBETCTBYET 3aJaHHOM,

- CTYIEHT [OMyCKaeT HeOOIbIINe HETOYHOCTH WJIM HEKOTOphIe OIIUOKH B JIaHHOM
BOIIPOCE;

- paboTta oopmIIeHa C HETOYHOCTSIMH B OPOPMIICHUU;

- 00beM pabOTHI COOTBETCTBYET 33JAHHOMY UJTH YyTh MEHBIIIE;

OueHka «3» BBICTABIISIETCS CTYAEHTY, €CIIU:

- TeMaTuka pabOThl COOTBETCTBYET 3a/laHHOH, HO B paboTe OTCYTCTBYIOT 3HAYUTEIbHBIC
3JIEMEHTHI 110 COACPKAHUIO pa0OThl MM TeMaTHKa M3JI0)KEHA HEJIOTUIHO, HE YETKO TPECTaBICHO
OCHOBHOE COZIEpKaHKEe BOIPOCa;

- pabota odopmiieHa ¢ omHMOKaMu B 0(hOPMIICHHH,

- 00beM pabOTHI 3HAYUTETHLHO MEHBIIIE 33/1aHHOTO;

OrneHka «2» BBICTABIISETCS CTYAEHTY, €CIIU:

- HE PacKpbITa OCHOBHAS TeMa pabOThI;

- pabota oopmIIeHa HE B COOTBETCTBUH C TPEOOBAHUSMU MPEMOIaBATEIS,

Tema 1.4 O0opynoBaHHe TOMEHHOI Ne4Yn

IIpakTnyeckas padora Ne 12
Pacuer 4yryHOBO3HBIX U IIVIAKOBO3HBIX KOBIIIEH
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®opmupyeMasi KOMIIETEHIUSA:
[1IK 3.1. IlpyauMare y4actue B pa3pabOTKE HOBBIX TEXHOJOTHM W TEXHOJIOIMYECKHX
IIPOLIECCOB.

Lean padoThi:
HAaYYHUTHCA paCCUUTBIBATH KOJIMUCCTBO YYyTI'YHOBO3HBIX KOBIIIEH

Boinosnus padory, Bel Oyjaere:
ymemy:
- pacCUMTHIBATh KOJMYECTBO YyT'YHOBO3HBIX KOBIIEH

MarepunanbHoe obecnieyeHue:
Kanpkymsarop
Oobopynosanne HE UCITIOJIB3YETCA

3amanue:
PaccuuTarh KOJIMYECTBO YYyI'YHOBO3HBIX KOBIIICH Ha OCHOBAHUU MCXOIHBIX JAHHBIX

Iopsiaok BbINOIHEHUS Pa0OThHI:

1. O3HaKOMHUTCS € METOAMYECKUMHU YKA3aHUSAMU 10 MPAKTUYECKOMY 3aJaHUIO.
2. BEITIOJIHUTE 3aaHueE.

3. OdopMuth paboTy B TETPaAH ISl MPAKTUIECKUX 3aHITHUH.

Xoa pabdoTsi:

1 ITonmyunTs y npenogaBaTens UCXOIHBIM BapUAHT [UIsl BHIIIOJHEHUS pacyeTa
2 BBINOJIHUTE pacyeT COTrJIaCHO METOJIMKE, IPEJICTABICHHON HIKE
Ilpunyun pacuema u ucxoOnvie 0anHbvle

KOJ'IPI‘ICCTBO qyryHOBO3HLIX I(OBIJ_ICI‘/JI JJIA JOMEHHOTO 1I€xa OHpe)IeJ'I}ICTCﬂ 10 (I)OpMy.TICZ
N =Ny + Np + Npes,

rae No- YHUCIIO KOBIIIEH B 000poTE,
Np — YKCIIO KOBLIEH B PEMOHTE;

Npes - YMACIIO KOBIIEH B pe3epBe

Konauuecmeo kosuwieit 6 060pome onpedensemcs co2nacno gpopmyine.

k
n=T-n.-t, -— H2
° T 24.P.08
rac T- CYTOYHAad IMPONU3BOAUTCIIbBHOCTD ,Z[OMCHHOI71 Ieyu, T/ CYTKH;

Ny - KOJIMYECTBO TOMEHHBIX IeYeH B IIEXe,

t, - BpeMs 1ukiia obopota koBma (5-7 1);

Ky - K03 uIreHT HEpaBHOMEPHOCTH BBITYCKOB uyryHa (1,25);
P - MmaccoBasi eMKOCTh UyTYHOBO3HOTO KOBIIIA, T; ,

0,8 - ko3 dhuLHEeHT 3anOIHEHUSI KOBIIIA.
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Konauuecmeo KOBWeﬁ, mmod;tmuxc;z 6 pemonme, onpeOeJmemc;l U3 éovlparicenus.:
!
_ N '(tPX +N tPF)

n =
p
m-t,,

rac tpx M tpr - IMPOAOIKUTEIIBPHOCTh PEMOHTA KOBIIIA B XOJIOJHOM U I'OPAYEM COCTOSAHHUAX,

T - KOJIMYECTBO HAJIMBOB KOBIIIA 32 MEPUO]T MEX]TY XOJIOJHBIMU PEMOHTAMU;

N'- KOJIMYECTBO TOPSIYMX PEMOHTOB B TEUEHUE NIEPUOAA MEXKTY XOJIOAHBIMU PEMOHTAMH.

KonunuecTBo HaJIMBOB KOBIIIA 32 MEPHOJ MEXAY XOJIOAHBIMU peMOHTaMu coctasiiseT 3 50, 3a
NEepUOJT MEXKAY ropsSTYuMHU peMoHTamu - 120.

[TpomomkuTenbHOCT X001HOTO peMoHTa - 100 yacos, ropsiaero - 8.

Konuuecmeo xosuieii é pezepse onpeoensemcs u3 popmyot:

— Ky T e n_n—1
)
P m,-P-08 2
Te Tyake - MAKCUMAJIbHO BO3MOXHAsi CyTOYHAsI MPOU3BOJIUTEIBHOCTh JIOMEHHOW IEYH,

T/CyTKH;

M1 - YUCJIO BBIITYCKOB UyT'yHa 3a CYTKHU.

KonuyecTBO BBIYCKOB UyryHa Jjisl M€Y C OAHOW YYTyHHOU JIeTKOM coctaBisier 8-10, mmus
neuu ¢ AByMs jietkamu - 10-14 u st meun ¢ Tpems Wik Y4eThIpbMs JIeTKaMu- 15-20 BBIITYCKOB.

KonmdecTBO 4yryHOBO3HBIX KOBIICH THIIA MHUKCEp ONpEACIsieTcs TakuM ke oOpazom. [lpu
3TOM KOJIMYECTBO HAJHMBOB 3a MEPHUOJ MEXIY XOJOAHBIMH M TOPSYMMHU PEMOHTAMH COCTABISCT
cootBercTBeHHO 600 1 200 [IpoaomKUTENTbHOCTh XOJOJHOTO peMOHTa cocTaBiseT 450 dacoB u
ropsuero - 8.

Ilpumep pacuema Konuuecmea 4y2yn0803HsIX Koguieil 011 00OMEHHO20 Uexd, COCMOAULe20
U3 08yxX 0OMEHHbBIX neuell none3nvim oovemom 2002 M

HUcxoaHble JaHHbIE

CyTouyHasi IpOU3BOJUTENBLHOCTh OJHOW TOMEHHON NeuM cocTaBiseT B cpeaHem 4260 T, a
MakcuManbHas - 4500 T;

KonnuecTBo BBITYCKOB UyryHa B CyTKH, m, - 14;

MaccoBas emkocth koBma P-100 T

[IponomxutenbHOCT, 000pOTa KOBIIA to- 6 4.

IHopsanok pacyera

Konuuecmeo kosuwieit 6 o6opome, ny:
K, ~ 4260-2-1,25-6

n,=T-n,-t, = =33,28=34
24.P.08  24-100-08
Konuuecmeo xosueit 6 pemornme, np:
N, (tpy +nt,)  34(100+2-8) 18722

g m-t,, 350-6

Konuuecmeo kosweil 6 pesepée, ny,;:

_ Kt T e (n_n—lj: 1,25-4500 (2_2—1 75328
" m P08 2 ) 14.100-08 2

Oobugee nompeobnenue yy2yH0803HbIX KOBULEll (NAPK YY2YHOBO3HBIX KOGULEIL) COCIABUM
N=N,+Np+Nyes=34+2+8=44,
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3 C,Z[eJ'IaTB BBIBO/ I10 IIOJIYYCHHBIM pE3YyjibTaTaM pacyeTa

®opma npeacraBJIeHus pe3yJbTara:

Pabora BbIMONHAETCS B NHCHMEHHOM BHJE B TETpaad JUId NPAKTHYECKUX pPaboT
3aIUINAETCS BMECTE C TEOPUEH IO COOTBETCTBYIOIIEMY Pa3zeily AMCLMILIMHBI B YCTAHOBJICHHbIE
CPOKH.

Pacuyer kojin4yecTBa IIJIAKOBO3HBIX KOBLIEH

®opmupyeMas KOMIIETCHLUSA:
[1K 3.1. [lpuanmare y4actue B pa3pabOTKE HOBBIX TEXHOJOTHH M TEXHOJOTHYECKUX
IIPOLIECCOB.

ean padoThi:
HAaY4YHUTBHCA paCCUUTBIBATH KOJIMYCCTBO HNIJIAKOBO3HBIX KOBIIIEH

Beimmosainue padory, Bel Oynere:
ymemv:
- PaCCUMTHIBATH KOJIMYECTBO LIVIAKOBO3HBIX KOBIIIEH

MarepunanbHoe obecnieyeHue:
Kanpkynsarop

3apanue:
PaCCqI/ITaTI) KOJINYECCTBO IMIJIIAKOBO3HBIX KOIHGﬁ Ha OCHOBAaHUHU UCXOAHBIX TAaHHBIX

IMopsinok BbINOJIHEHHUS PadOTHI:

1. O3HaKOMHUTCS C METOAMYSCKUMHA YKa3aHUSMU 110 MTPAKTUICCKOMY 3a/IaHUTO.
2. BeImonmHUTH 3a1aHKE.

3. OpopmuTh paboOTy B TETpaau Il MPAKTHUYECKUX 3aHATHH.

Xoa padorsi:

1 TlomyunTs y npenoaaBaTess HCXOIHBIN BapUaHT JIJIs BBIIIOJIHEHHSI pacyeTa
2 BBINOJIHUTE PACcUYET COTIIACHO METOUKE, IPEICTABICHHON HIXKE

Ilpunyun pacuema

KonuyecTBO MIIaKOBBIX KOBIIEW B JOMEHHOM II€X€ ONpPENeNseTcs CyMMOM KOBUIEH,
HaXOJALIMXCS B 000pOTe, B PEMOHTE U B pe3epBe:

N, =N, +N,+n

rae No - KOJIMYECTBO KOBILIEH B 000POTE;
Np - KOJIMYECTBO KOBIIEH B PEMOHTE;

Npes - KOJIMYECTBO KOBIIEH B PE3€PBE.

42



Konuuecmeo winakoevlx Kosuieil, Haxooauwuxca ¢ ooopome (6 pabome), onpeodenaemcs no
dopmyne:

:% Q'ﬂs'tc+Q'ﬂi'tc
° 24\v-.d-08 V-d-08)

rue Q - cyTOoYHOE MPOU3BOJCTBO NUIAKA, T/CYTKH;

N - KOJIMYECTBO MEUeH B IIEX¢;

K - k03¢ ¢punKeHT HepaBHOMEPHOCTH BBITYCKOB 1utaka (1,25);

tc - MPOAOIKUTENTFHOCTE 000POTa OHOTO MIJJAKOBOTO KOBIIA, U;

V - 065BeM 1nrakoBoro kosia (16,5 M°);

d - motHoCTs MuTaKa (1,6 T/M°);

0,8 - ko3 urMeHT 3anoaTHEeHNs KOBIIIA;

Bs u Pi - mons muIaKa, BBITYCKAEMOTO M3 JOMEHHOW IEeYH COOTBETCTBEHHO UYepe3 IIIAKOBBIC
JETKYU (BEpXHUI 1IUTAK) U YyT'YHHBIE (HM)KHUN LUIAK), 0. €.

B HacTosmiee BpeMs TNpakTHYECKM Ha BCEX JOMEHHBIX MeYaxX  HCIOJb3YIOT
KeNe30CoIepKaliie KOMIIOHEHTHI INUXTHI (ariomMepar, OKATBIIIN) C BBICOKUM COJIEPKaHHEM
JKeJe3a, M BBITYCK BEPXHEro MUIaKa, Kak HpaBHIO, HE OCYLIECTBIsICTCS (B ITOM clydae B
npUBeIeHHOM Bhiiie Gpopmyiie Bs = 0, B; = 1).

Bpems 06opoTa nu1akoBbIX KOBIIEH TPUHUMAIOT OOBIYHO PABHBIM 5 4.

Konuuecmeo kosweil 6 pemonme ny onpeoenaemcs no gpopmyne:

re: t, - IPOJOKUTENBHOCTH BCEX PEMOHTOB B IEPHOA MEXIYy ABYMs OOJBIINMH
PEMOHTaMH, CYTKH;

t - NPOJOKUTENBHOCTh HCIOJB30BAHUS IUIAKOBOIO KOBIIA MEXIY JBYMs OOJIBLIIMMHU
PEMOHTaMH, CYTKH.

[Tepuon Mexay 1ByMs OOJBIIMMU PEMOHTAMH JUIS IIJIAKOBBIX KOBIIEH COCTABISAET 6 JIET.

B Teuenne 3TOro BpeMEHH BBHIMOJHSIOT J[BAa MEIKHX PEMOHTA WM IIECTh MPO(PHUIAKTHUECKUX
PEMOHTOB.

[1po10KUTENTHHOCTE OOJBIIIOT0, MEJIKOTO M MPOPUIAKTUYECKOTO PEMOHTOB COCTaBIIET 3,
2,51 1 CyTKHM COOTBETCTBEHHO.

Konuuecmeo kosuieit 6 pezepee onpedenatom no popmyne:

_Qkn (B B

n =
2 v.d-08(mg m,

1€ Mg W Mj KOJMYECTBO BBIMMYCKOB BEPXHETO W HIDKHETO IIUIaKa COOTBETCTBEHHO.
KOJ'II/I'—IGCTBO BI)IHYCKOB HWXXHETO IIIJIaKa mMmg COOTBGTCTByeT KOHquCTBy BI)IHYCKOB qyryHa B
TE€YEHHE CYTOK.

Ilpumep pacuema Konuuecmea WIIAKOGHIX KOGUICH 6 OOMEHHOM yexe 6 cocmase 08yx
domennuix neueii nonesnvim 06vemom 2002 m>

HcxoaHble JaHHDBIE

Beixon nuraka Ha 1 T uyryHna - 0,45 1/71.
OO0BbeM IIJIaKOBOIO KoBIIa - 16,5 M,

CyTouHas NpoU3BOJUTEILHOCTh OJTHOU IoMeHHOM neun T - 4260 T.

Jonst Bepxnero nutaka s = 0,3.
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Jons akaero nutaka Bi= 0,7.

ITopsinok pacuera
KonnyecTBo 1uiaka, Npou3BoAUMOE OJHOM JOMEHHOH M€4Ybl0 B TEUEHUE CYTOK, T

Q=T-0,45=4260-0,45=1917.
Konuuecmeo winaxosvix koguieii 6 o6opome:

_nk Q-ﬁs-thrQ-ﬁi~tC =2~1,25 1917-0,3-5 1917-0,7-5

o = + =47,3=48.
24\V-d-08 VvV-d-08 24 1\16,5-1,6-08 16,5-1,6-0,8

[Tpo0IKUTENBHOCTh BCEX BUJIOB PEMOHTOB KOBILIA B IPOMEXKYTKE MEXKIY IBYMsI OOJIBLIIMMHU
(KanuTaJIbHBIMHM) peMOHTaMHU t cocTaBisieT 34 CyTOK, MPOJOJIKUTENBHOCT EPUOAA MEXIY JBYMS
O0JBIIMMH PEMOHTAMU COCTABIISET 6 JIET.

C yuemom 3mozo, Koauuecmeo Kosuieil, HAX00AUUXCA 6 PEMOHMe:

t
n, :no—”:48374:0,74;1.
t 6-365

Konuuecmeo 6bINYCKOB8 6 CYMKU KAK 6€pXHec0, maxK U HUJICHe20 uiiaKka paeHo 14.
Konuuecmeo kosweii 6 pezepee cocmasum:

n =——~— |55 45 = +
P v.d-08(mg; m, 16,5-16-0,8\141 14

Qkn (B B _1917'1'25'2(0’3 O’7j:16,2;17.

Oﬁmee KoJ1uuecmeo wiaKkoewlxX Koeuiell COCmagum:

N, =N, +n,+n,, =48+1+17 =66.

3 Cnenatb BBIBOJ M0 MOJTY4YEHHBIM pe3yjbTaTaM pacueTa

®opma npeacTaBieHus pe3yabTara:

PaGora BbIMONHSETCS B NUCHMEHHOM BHAE B TETpagu JUIsl MPaKTUYECKHX paboT u
3alMIIAeTCsd BMECTE C TEOPUEH 110 COOTBETCTBYIOILIEMY pa3leily JUCLHUIUIMHBI B YCTaHOBJIEHHBIE
CPOKH.

Kpurepun onenkn

OneHka «5» BBICTABIIAETCS CTYAEHTY, €CIIN:

- TeMaThKa paboThl COOTBETCTBYET 33aJJaHHOM, CTYJIEHT MOKA3bIBA€T CUCTEMHBIE U MOJHBIE
3HAHUS U YMEHHUS N0 JTaHHOMY BOIIPOCY;

- pabota ohopmiieHa B COOTBETCTBHHM C PEKOMEHJAIMAMU IpenojaBaress;

- 00beM pabOTHI COOTBETCTBYET 33JaHHOMY;

Onenka «4» BBICTaBIISIETCS CTYJIEHTY, ECIIH:

- TeMaTHKa pabOThl COOTBETCTBYET 3aJaHHOM,

- CTYAGHT JONyCKaeT HeOOoNbIINe HETOYHOCTH WM HEKOTOphle OUIMOKM B JTaHHOM
BOIIPOCE;

- pabota ohopmiIeHa C HETOYHOCTSIMU B 0POPMIICHUY,

- 00BbeM pabOThI COOTBETCTBYET 3aJJaHHOMY WJIM YyTh MEHBbIIIE;

Onenka «3» BBICTaBIISIETCS CTYIEHTY, ECIIH:
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- TeMaTuka pabOThl COOTBETCTBYET 3a/laHHOW, HO B paboTe OTCYTCTBYIOT 3HAYUTEIbHBIC
AJIEMEHTHI 110 COJICPYKAHUIO PabOThI WM TEMAaTHUKa M3JI0OKEHA HEJIOTMYHO, HE YETKO MPECTaBICHO
OCHOBHOE CO/IEp)KaHUE BOIIPOCa;

- paborta odopmiieHa ¢ omHOKaMu B 0()OPMIICHHH;

- 00beM pabOoThI 3HAYUTETHLHO MEHBIIIE 3a/JaHHOTO;

OneHka «2» BBICTABIISCTCS CTYACHTY, €CITH:

- HE PacKphITa OCHOBHAS TeMa pabOTHI;

- pabora ohopMIiIeHA HE B COOTBETCTBUH C TPEOOBAHUSMU MPETIOAABATEIIS;

Tema 1.4 O0opynoBaHHe TOMEHHOI eYn

IIpakTnyeckas padora Ne 13
N3yyeHue KOHCTPYKIUH OXJIAIUTEIbHBIX IPUOOPOB

®opmupyeMble KOMIETEHINH:
[1K 1.1. OcymiecTBasTh TEXHOJIOTHUECKHUE ONEPaIlMU 110 TPOU3BOICTBY YEPHBIX METAIIOB.
[1K 1.3. DkcnnyaTupoBaTh TEXHOJOTHYECKOE U IMOABEMHO-TPAHCHIOPTHOE 000pyAOBaHUE,
oOecrnieuynBaroliee NpoLecc MPOU3BOACTBA YEPHBIX METAIIJIOB.

Hean pa6oThI:
W3yunTh KOHCTPYKIIMH OXJIAUTEIBHBIX TPUOOPOB

Beimosinue padory, Bel Oynere:
ymemby:
OIPEACIIATH PA3IIMYHBIE TUIIBI KOHCTPYKLIUU XOJIOAWIBHUKOB JOMEHHOM ITeYn

MarepuanbHoe o0ecnieyeHue:
METOMYECKHE YKa3aHHsI [0 pacyeTy BO3IyXOHarpeBaTesei

Oo6opynosanne HE UCITOJIB3YETCSA

3aganue:
I/I?,yTH/ITB KOHCTPYKIIPII/I OCHOBHBIX XOJIOOUJIBbHUKOB I[OMGHHOﬁ IIeyu

IHopsinok BbINMOIHEHHUs PA0OThI:

1. O3HaKOMHUTCS C METOAUYECKUMHU YKa3aHUSMH IO IPAKTUYECKOMY 3aJaHHUIO.
2. BBINOTHUTE KPAaTKUI KOHCIIEKT TEOPETHYECKOr0 MaTeprana

3. Opopmuts paboTy B TETpaIu sl MPAKTUUECKUX 3aHATHH.

Teopernueckuii maTepuaJ

XonoounvHuku CiayxarT Uil OXJaXICHHS (YTEpOBKM M KOXKyXa II€Yd C IOMOILBIO
IIPOITYCKAEMON Yepe3 HUX XOJIOAHOW TEXHUYECKOW BOJBI, a IIPU UCIIAPUTEIILHOM OXJIAXKIECHUA — C
MIOMOIIBI0  KUISINIEH XUMHUYECKH OYMIIEHHOM BOAbl. [IIMpOKO NPUMEHSIOTCS IJIUTOBBIC
XOJIOUIBHUKH, pacliojlaraéMble  BEPTUKAIBHO MEXAY KOXYXOM M (yTepoBKOH; psn
Pa3sHOBUAHOCTEM TaKMX XOJOAWIBHHUKOB Uil BOASHOIO OXJIXACHHA II0OKa3aH Ha puc. 24.
XOMOIUIBHUK — 3TO IUIMTA U3 YyryHa C 3aJMTOH B HEHl cTambHOW TPYOKOW B BHJE 3MEEBHKaA IS
LUPKYJIUPYIOIIeN BOIbl. XOJOAWIBHUK KPEIAT K KOXKYXY €Y ¢ IOMOIIBIO OOJITOB.
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XonmoaunbHUKY (puc. 25) AenaoT ¢ TIaJAKOH BHYTPEHHEH MOBEPXHOCTHIO (X YCTaHABIMBAIOT
B JICIIAJU U TOpHE); ¢ PeOpUCTON MOBEPXHOCTBIO, YTO YJIYyYIIAeT TEIIO0OMEH ¢ (yTepoBKOH U
CHOCOOCTBYET y/AEp)KaHUIO TapHUCaXa (MPUMEHSIOT B pacrape U IaxTe); peOpUCThie ¢ 3aIUTHIMU
OTHEYIOPHBIMM KHMPIHMYaMM, YTO HOBBIIIAET CTOMKOCTh IPOTHB HCTHUPAHMs KyCKaMM IIHUXTHI U
CHOCOOCTBYET yJEpXKaHHUIO TapHHUCAXa (IPUMEHSIOT B 3aIICUYMKax). XOJOAWIBHUKH IS GypM U
1eTokK (puc. 24, 2, 0) UMEIOT OKPYIJIYIO BBIEMKY; MHOI'JIa XOJIOAUIBHUK AETIAI0T C ABYMs 3aIUThIMU
TpyOKaMmu, pacroiaraeMbIMH B JiBa psia (puc. 25, o).
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Puc. 25. IlnutoBble BOASHBIE XOJIOIUILHUKH:

a— ¢ TTIAJKON BHYTPEHHEN OBEPXHOCTBIO; 6 — peOPUCTBHIN; B — PEOPUCTHIN C 3aJIUTHIM
KHPITHYOM; 2 — XOJIOAMIBHUK (DyPMEHHOM 30HBI; 0 — XOJOAMILHHUK 4yTyYHHOMU JieTkn (1 —
OTBEepCTHE NI OOJITOB KPETUICHHUS K KOXKYXY; 2 — 3aJIUTask CTAIbHAS TPyOKa; 3 — TMOBOJ BOJIBI; 4
— OTBOJI BOJIBI;

S — 3aJTUTHIA KUPIHUY)
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Puc. 26. [11uToBOM ropu30HTAIBHBINA XOJIOIUIBHUK
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XOJMOAWIBHUKK I1IaXThl W pacrapa 4YacTo JIeJal0T C TOPU3OHTAJIBHBIM BBICTYIIOM Ha
BHYTPEHHEH MOBEPXHOCTH; BBICTYI OXJIAXKJACTCS OTIEIBHOIM BOJIOTIOABOASIICH TPYOKOH M CITy>KUT
ONOPOM 11 KUPIUYHOUN KiIaaku. TONIIMHA TJIAJAKUX TUIMT XOJOAWJIbHUKOB paBHa 120—160 MM, a
XOJIOAWJIBHUKOB C 3aJIUTHIMHU Kupnudamu gocturaet 250-350 mm.

[Ipu ucmapuTenbHOM OXJIAKIESHUU BO M30CKaHHE 0Opa30BaHUS MApOBBIX MPOOOK KHITAIIAs
BOJIa JIOJDKHA JIBUTAThCSl CHU3Y BBEPX; MOATOMY B ILIUTY 3aJMBAIOT JBE WIM 0OJiee BEPTUKAIHHO
pacroyiaraeMble TpYOKH C TIOJIBOJIOM BOJABI K KQKJIOW U3 HUX CHU3Y U OTBOJIOM CBEPXY.

HaxoasT npuMeHeHrne TrOpu30HTaIbHbIE XOJOAWIBHUKH; UX TOPU30HTAIBHO pacrojiaracMmas
IIMTa 3ariaybsieHa B (yTEpOBKY YCHUIIMBAs €€ OXJIAKICHUE, U CIYKHT OIMOPOH I KUPIUIHOU
kinaaku. OIMH M3 TOPU3OHTAIbHBIX XOJIOJAWJIBHUKOB IOKa3aH Ha puc. 26. [lnsg ycTaHOBKH
TOPU30HTAIILHBIX XOJIOJMIHBHUKOB B KOJKYXE IeUH, KaK IIPaBUiI0, HEOOXOAMMO JeIaTh BHIPE3bI.

dopma npeacrasiieHus pe3yJbTara:

PaGoTta BbINOJIHSAETCS B NHCBMEHHOM BMJE B TETpPagd Uil INPAKTHUECKUX paboT H
3alllMIIaeTCd BMECTE C TEOPUEH 10 COOTBETCTBYIOLIEMY pa3feily JUCIHUIUIMHBI B YCTaHOBJICHHBIE
CPOKH.

Kpurepum ouenkn

Ornenka «5» BBICTABISIETCS CTYACHTY, €CITH:

- TeMaThKa paboTbl COOTBETCTBYET 3aJJaHHOM, CTYJIEHT MOKa3bIBAET CUCTEMHBIE U IMOJHbIE
3HAHUS ¥ YMEHUS 110 JAHHOMY BOTIPOCY;

- pabota ohopmiIeHa B COOTBETCTBUM C PEKOMEHJAllUSIMU IperojaBaress;

- 00beM pabOTHI COOTBETCTBYET 3aJJaHHOMY;

OneHka «4» BbICTaBISIETCS CTYACHTY, €CIH:

- TeMaTHKa pabOThl COOTBETCTBYET 3aJaHHOM,

- CTYAEHT JONyCKaeT HeOOoJbIIMe HETOYHOCTH WM HEKOTOpbhle OUIMOKM B JIAHHOM
BOIIPOCE;

- pabota ohopMiIeHa C HETOYHOCTSIMH B O(OPMIICHUH;

- 00beM pabOTHI COOTBETCTBYET 33JaHHOMY WUJIM UyTh MEHBIIIE;

Ornenka «3» BbICTaBIsETCS CTYACHTY, €CIH:

- TeMaTHKa paboTBHl COOTBETCTBYET 33aJaHHOH, HO B pabOTe OTCYTCTBYIOT 3HAYUTEIHHBIC
AJIEMEHTHI M0 COJEPKAHUIO PAOOTHI MIIM TeMaTHKa U3JI0’KE€HA HEJIOTUYHO, HE YETKO MPEACTaBICHO
OCHOBHOE CO/IEp’KaHNe BOIIPOCA;

- pabota ohopMmiieHa C OIMOKaMH B OOPMIICHHUH;

- 00beM pabOTHI 3HAYUTEITHLHO MEHBIIE 331aHHOTO;

OneHka «2» BBICTaBISIETCS CTYACHTY, €CITH:

- HE pacKpbITa OCHOBHASI TeMa PaOOTHI;

- paboTta ohopMiIeHa HE B COOTBETCTBUH C TPEOOBAHUSMU MPETIOAABATEINS;

Tema 1.4 O0opynoBaHue JOMeHHOM Me4n

IIpakTuyeckas padora Ne 14
HN3y4yenue 000py10oBaHus BO3LyXOHATpeBaTe e

@®opMupyeMble KOMIIETEHLIHH:
I1K 1.1. OcymiecTBasTh TEXHOJIOTHYECKHUE OTIEPaIliU 10 TPOU3BOICTBY YEPHBIX METAIIOB.
[1K 1.3. DkcnmyaTupoBaTh TEXHOJOTHYECKOE U IMOABEMHO-TPAHCIOPTHOE 000pyAOBaHUE,
oOecrneunBaroliee mpoecc MpoU3BOACTBA YEPHBIX METAJLIOB.

47



eab padoThi:
N3yunths 000pynoBaHKE BO3yXOHArpeBarenen

Boinosinus pa6ory, Bel Oynere:
ymems.
OnpeaAC/IsITb OCHOBHBIC 3JICMCHTLI KOHCTPYKIIUU BO3ILYXOHaneBaTCJI€I71

MarepunanbHoe obecnieyeHue:
Pa3naTo4Hblil ¥ JIEKIIMOHHBIN MaTepua

O6opynoanue HE UCITIOJIB3YETCSH

3ananue:
O3HaKOMUTKCS C  YCTpOHCTBOM u OPUHIMIIOM  JeHCTBUS o0opynoBaHus
BO3JyXOHarpeBareien

IMopsiiok BHINOJHEHNUST PAGOTHI:

1. O3HaKOMHUTCSI C METOAMYSCKUMHU YKa3aHUSMU 110 MTPAKTUICCKOMY 3/ IaHHUIO.
2. BBINOJIHUTH 3a/1aHHKE.

3. OdopMuth paboTy B TETPAAH TSI MPAKTUICCKUX 3aHATHH.

Xox padboTsI:
1 O3HaKOMHUTCSI C YCTPOHWCTBOM M KOHCTPYKIIMEH BO3IyXOHArpeBaTesIe IOMEHHOMN Neun

Cxema pacnoJioskeHHus1 BO3AyXOHarpeBaTeJieii:

1 — BO3AYXOIPOBOJ] XOJIOJHOTO JYThs; 2 — Ta30Bas ropenka; 3 — JbpIMOBas TpyOa; 4 —
BO3/IyXOHArpeBaTenu; 5 — ra30MpoBOJ YUCTOTO raza; 6 — BO3AYXOMPOBOJ TOPSYETO OyThs; 7 —
KOJTBIIEBON TPYOOIIPOBOI; 8 — CMECHUTENbHBIN TPYOOTIPOBOI; 9 — mpemoxpaHnuTenbHbIH KiianaH; 10
— CMecHUTenbHBIN KianaH; 11 — kmamaH XomoaHoro ayThs; 12 — neiMoBo#t 6opoB; 13 — knanan
TOPSTYETO JTyThS
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BosnyxonarpeBatenu JOMEHHOM TMe4d €O BCTPOGHHOM (a) W ¢ BBIHOCHOM (0)
KaMepaM¥ TOPCHHUS:

1 — noxHacago4YHOE MPOCTPAHCTBO; 2 — KOJOHHBI; 3 — O0pOB; 4 — TapenbyuaThie JHIMOBBIC
KJIAMaHbl, 5 — MaTpyOKu; 6 — YyryHHas pelieTka;

7 — Hacanka; 8 — Kamepa ropeHus; 9 — matpyOoK A OTBOAa ropsyero ayThs; 10 —
knaman; 11 — xmanman ropenku; 12 — ropenka; 13 — TpyOompoBoa XomogHOTO AyThs;, 14 —
knanas; 15, 17, 19 — nmarpyOku 1715 0oIBOAAa XOJIOAHOTO AYThsl, OTBOJA TOPSYEro AyThs U OTBOJA
JIbIMa COOTBETCTBEHHO; 16 — KaMmepa ropeHust; 18 — xepamudeckas ropeika

2 O3HAKOMHTHCS C IMPUHIUIIOM pa6OTLI BOS,HYXOHaneBaTCHeﬁ

Kaxxnas noMeHHas mnedb HMMeEEeT TpU WM YEThIPE BO3JyXOHAar—peBarens, KOTOpbIe
pacrioyiararot B JIMHUIO Ha OJIHOM (pyHIaMeHTe psiioM ¢ neubto (puc. 53). JlyTbe oT BO3yX0ayBHOM
MalIMHBl TMOCTyMaeT K BO3AyXOHarpeBareiasiM 4 1o BO3AYXOHNpPOBOAY 7; Harperoe IyTbe IO
¢GyTepoBaHHOMY Tra3omnpoBoAy 6 TMOJaeTcs B OMNOSCHIBAIOIIMKA JIOMEHHYIO II€Yb KOJbLIEBOM
BO3yXOINpoBoJ 7 M U3 Hero K ¢pypmam. Tpyba 3 ciayxuT ans BeiOpoca B aTMochepy MpoayKTOB
CropaHusl TOIUIMBAa, OOpPAa3yIOIIMXCS BO BpeMs HarpeBa HacaJku; Tpyba coenuHeHa C
BO3/IyXOHAarpeBaTesiMu MO3€MHBIM 00pOBOM (razoxoaom) 12.

bonpiias 4acTe NOMEHHBIX IE€YEH MMEET BO3JYyXOHArpeBaTeNId CO BCTPOEHHOW KaMepou
TOpeHUs, a CTpOosMecs B MOCIEAHME TOJbl MeYM dYalle oOOpYAYIOT BO3JyXOHAarpeBaTeIsiMU C
BBIHOCHON KaMmepol TOpeHHs, KOTOpble II03BOJIAIOT HarpeBaTh JAyThe 0 Ooyiee BBICOKHX
Temneparyp. Bo3ayxoHarpeBarenb co BCTpPOGH"HOM KaMepoi ropeHuss uMeeT GopMy LWIMHIpaA C
KyIOJIOOOpa3HbIM  BEpPXOM, BBICOTa BO3AyXoHarpepareneid jgocturaer 50—>55 M, HapyKHBIN
quameTp paBeH 9-13 M. I'epMeTHUHBIN KOKYX BBIIOJHEH U3 CTAIILHOTO JINCTa TOMIHUHON 20-40 MM,
¢dyrepoBan u3HyTpu. DyTEPOBKY HM3a CTEH JENAlOT M3 IIAMOTHOIO KHpIUYa, a BEpXHEH 4acTu
CTeH M KyNOJja U3 BBICOKOTJIMHO3EMHCTOTO M TUHACOBOI'O KUPIHYA; MEXIY 3TOH (hyTepoBKOH U
KOKYXOM YKJIJIBIBAIOT CJIOM TEIJIOU30ISIIMOHHBIX OTHEYIIOPOB.

Bo BHyTpeHHEM NpOCTpaHCTBE BO3IyXOHArpeBaTessl pa3MelleHa Mojias Kamepa ropeHus 8
KPYTJIOTO WJIM JJUTMTICOBUIHOTO CEYEeHMs, Iulomaab KoToporo coctaBiser 15—20 % oOmeit
IUIOINAAM BHYTPEHHETO MPOCTPAHCTBA, OCTAIBHOM BHYTPEHHHH OOBEM 3aloyiHeH Hacaakoi 7.
Hacanka BbUIOKEHa M3 OrHEYNOPHOIO KHMpIHM4Ya  Tak, 4TO obpazyercs MHO€ECTBO
BEPTUKAJIBbHBIX KaHAJIOB JJIs IPOX0Ja [0 HUM Ia30B Yepe3 BCIO BBICOTY Hacaaku. [IpumenstoT ase
Pa3HOBHUIHOCTH KJIAAKH Hacaaku. OHA U3 HUX — 3TO YKJIaJIKa pacloylaraéMblX BO MHOTO PSJIOB IO
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BBICOTE HACaJIKH KUpHudei TonmuHoi 40 MM Tak, 9YTO OHU 00pa3yIOT MEXAYy COOON BepTUKAIbHBIC
KaHaJbl KBaJIpaTHOrO ceueHHsi pazMepoB 45x45 wiam 60x60 MM ¢ TOJNIIMHOM CTEHKH MEXIY
kaHamamu 40 MM. J[pyryro BBITIOJNHSIOT U3 MIECTUTPAHHBIX OJIOKOB C HECKOJIBKUMHU KPYTIBIMH
CKBO3HBIMHU OTBEPCTHAMH IuaMeTpoM 36—45 MM; mipu yKiajike OJI0KOB IpyT Ha Apyra o0pa3yroTcs
BEPTHUKAJIbHBIE KAaHAJBl KPYIJIOTO CEYEHMs IO BCEM BbICOTE Hacaaku. HukKHIOIO yacTh Hacaaku
JIENIal0T U3 HIAMOTHBIX OTHEYIOPOB, a BEPXHIOIO -U3 BBICOKOTIMHO3EMHUCTHIX (62—72 % A1,0,) u
MHOTJIa U3 INHACOBBIX OTHEYIIOPOB.

Hacanka noryomaer Temio ropsiuux MpoaAyKTOB CrOpaHus B IEPUOJ €€ HarpeBa U Nepenaet
€ro BO3/AyXy B IEpuoJ Harpesa IyThs. [losToMy ans ynydmieHUs TermjooOMeHa M HarpeBa JIyThs
cTaparoTcs obecreuynBaTh OOJIBIIYIO TIOBEPXHOCTh HAarpeBa HacaJlKu, T.€. IOBEPXHOCTb €€ KOHTaKTa
C JIBWXKYIIMMHUCS 10 KaHallaM Tra3aMu. B Hacajke ¢ mpsMOYyroiibHbIMH KaHaiamMu pasmepoM 45x45
MM MOBEPXHOCTh Harpesa Ha 1 M cocTaBisieT 25 M, a B HAcajKe U3 HIECTUTPAHHBIX OJIOKOB —
32,7 M, 4TO 06ECIICYHBACT [IOBBIIICHUE TeMIiepaTypsl Harpesa ayThs Ha 50 °C.

.Hacagxa onupaercss Ha 4yyryHHbIE PElIETKY 6 U KOJOHHBI 2, 00pa3yrolue MoaAHacagoqyHoe
pOCTPaHCTBO 1, KOTOpOEe coeaAnHEHO ¢ TPYOOIpoBOIOM 13 XOJIOIHOTO yThsl U OT KOTOPOTO OTXO-
JST Ba-TpH MaTpyoOka 5 g oTBoja IbiMa B OopoB 3. B kamepe ropeHust umerorcs ropenka 12 u
natpy0ok 9 JuIst OTBOJIa TOPSIUETO TYThS.

Pabora BO3myxoHarpeBaTens CKJIaIbIBAaeTCS U3 JBYX YepeayIOIIUXCS MEPHOJIOB - Harpena
Haca/IK¥ (ra3oBbli NEpHOJ]) U HarpeBa AyThs (BO3AYLIHBIN epuon). B TeueHue razoBoro nepuojia B
ropenky 12 nogaroT TOIIMBO (JOMEHHBIM ra3 WK €ro CMeCh ¢ KOKCOBBIM JINOO MPUPOIHBIM Ta30M)
U BO3JyX OT BEHTHJIATOPA; U3 TOPEJKU ra30BO3AYIIHASI CMECh MOCTYNAET B KaMepy IOpeHus, Tae
IIPU KOHTAKT€ C rOpSYMMH CTEHAMH BOCIUIAMEHSIETCA U cropaer. ['opsuue mpoayKThl CrOpaHMS,
JIBUTAsICh 110 KaMepe BBEPX, MU3MEHSIOT 0]l KYIIOJIOM HAalpaBJIEHUE JABUKEHMSI, IPOXOJAST CBEPXY
BHU3 Yepe3 KaHaJbl HACAJKH, HATPEBAIOT €€ M yXOMAT uepe3 JbIMOBbIe MaTpyOku 5 B OopoB 3 u
namee B JBIMOBYIO TpyOy (B 3TOT mepuon 3akpeiThl Kiamanbl 10 u 14). MakcumanbHast
temneparypa ra3oB (1350-1500 °C) HabmromaeTcss TOJ KYIOJOM, a Ha BBIXOJE M3 HACaJKU
JILIMOBBIE Ta3bl UMetoT Temreparypy 200-400 °C.

[locne oxkoHuYaHUs HarpeBa HacaJKW BO3JYXOHAarpeBaTeldb NEPEBOAAT HAa HArpeB AYThs,
3aKphIBasi TapelibuaThle JbIMOBBIE Kiamanbl 4 u kianmaH 11 ropenku. XosogHoe ayThe, depes
OTKpbIBaeMblii knamaH 14, mocTymaeT B MOAHACaIOYHOE MPOCTPAHCTBO W ABUXKETCS BBEpPX IO
KaHaJlaM HacajKH, IJIe HarpeBaeTcsl M 3aTeM YXOIHT depe3 marpyook 9 u oTkpbIThIi kimanad 10 k
JIOMEHHOM MEYH.

[To mepe oxnaxaeHHWs HAacaJK{d BO3JyXOHAarpeBaTeis TemIlepaTypa TopsSdyero BO31yXa,
BBIXOJSIIIETO W3 HEro, majaeT. JTO HEIOMYCTUMO [Jis HOpMalibHOW pabOThl JTOMEHHON MedH,
M03TOMY BO3AYyX HarpeBaroT 0 0oJjiee BBICOKOM TeMIepaTypbl, YEM 3TO HEOOXOIMMO, U K HEMY
MOIMEIINBAIOT, UCIOJIb3Ys aBTOMATUYECKOE TO3MpPOBaHUE, TpeOyeMoe KOJIHMYECTBO XOJOIHOIO
BO31yXa, 4YTOObI MOJAECPKHUBATh TEMIIEPATypy IyTbsl MOCTOSIHHOM. DTO OCYIIECTBISETCS MpU
MOMOIIM CMECHUTEIHLHOTO BO3AYXOMPOBOAA 8 M aBTOMAaTHYECKOro cMecurTenbHoro kmamana 10,
MOKa3aHHBIX HA pucC. 53.

["a30BbI nepuOa IIUTCS ~ 2 4 W NMPUMEPHO B JIBA pa3a MPOJOJKHUTENIbHEE BO3IYILIHOTO.
CnenoBarenbHO, HEOOXO/IMMO HE MEHEE TpeX KayIlepoB- JIBa OJJHOBPEMEHHO HarpeBaloTCs, a OJIMH
HarpeBaeT Bo3ayX. PakTUUECKH Ha MeYb MPUXOAATCS YEThIpE Kaylepa, a U HEKOTOPBIX CIIydasx -
CEMb KaylepoB Ha JBE MEUH.

3 OTBeTHUTH MHUCHMEHHO Ha CJICAYIOIIKUC BOIIPOCHI:

- JUIsl YETO MpeJHa3HAaYEeHbl BO3AYXOHArpeBaTelu JOMEHHOM neun?
- IMaMETP U BBICOTA BO3JAyXOHArpeBaresiei?

- U3 KaKOM CTaju BBINOJHAIOT KOXKYX BO3yXOHarpenaress?

- IEPEYUCITMTE OCHOBHOE 000PY0BaHUE BO3TyXOHArpeBaTeIe?

- KaKylo ()yHKIIMIO BBITIOJIHSICT KaMepa ropeHus?

50



- B KAKUM pexuMax paboTaeT BO3IyXOHArpeBaTeb?
- CKOJIBKO JJIATHCS KAXKIBIM U3 HUX?
- IPUHIUN PabOTHI B KAKAOM U3 PEKUMOB?

(I)opMa NnpeacraBJICHus pe3yjabTara:
OTuyeT O BEHINTOJIHEHHOH pa60Te B TETpaau AJId IMPAKTUYCCKUX 3aHATHI

Kpurepum ouenkn

OreHka «5» BBICTABISIETCS CTYICHTY, €CIIH:

- TeMaTuKa paboThl COOTBETCTBYET 3aJlaHHOM, CTYIEHT IMOKa3bIBA€T CUCTEMHbIC U IMOJIHbIE
3HAHMS U YMEHHUS 110 TAHHOMY BOTIPOCY;

- paboTa oopmiieHa B COOTBETCTBHH C PEKOMEHJAIIUSMU PEIOIaBaTes;

- 00beM pabOThI COOTBETCTBYET 33JaHHOMY;

Onenka «4» BBICTaBISIETCS CTYICHTY, €CIIH:

- TeMaTHKa pabOThl COOTBETCTBYET 3aJaHHOM,

- CTYIEHT JOIMyCKaeT HeOOJbIINe HETOYHOCTH WJIM HEKOTOpbIe OIIMOKH B JIaHHOM
BOIIPOCE;

- pabota oopMIIeHa C HETOYHOCTSIMH B OpOPMIICHUU;

- 00beM PabOTHI COOTBETCTBYET 33JAHHOMY HJIH YyTh MCHBIIIE;

OneHka «3» BBICTaBISIETCS CTYICHTY, €CIIH:

- TeMaThKa pabOTHl COOTBETCTBYET 3aJIaHHOW, HO B pabOTe OTCYTCTBYIOT 3HAYUTCIIHHBIC
3JIEMEHTHI 110 COACPKAHUIO padOThl UM TEMAaTHUKA M3JI0’KEHA HEIOTUYHO, HE YETKO IMPEICTAaBICHO
OCHOBHOE CO/IEp>KaHUE BOIIPOCa;

- pabota odopmiieHa ¢ omKMOKaMu B 0()OPMIICHHH;

- 00beM pabOTHI 3HAUUTEIHLHO MEHBIIE 33/1aHHOTO;

OreHka «2» BBICTaBISIETCS CTYIEHTY, €CIIH:

- HE PAacKphITa OCHOBHAS TeMa pabOTHI;

- paboTa oopmMiieHa HE B COOTBETCTBUU C TPEOOBAHUSAMH MPETOaBaTENs;

Tema 1.4 O0opynoBaHue TOMEHHOI Ne4Yn

IIpakTnyeckas padora Ne 15
N3y4yenne ycTpoiicTBa, KOHCTPYKIIMH ¥ MPUHIUIA elCTBUA arperaToB AJs
ra3o04MCcTKH JOMEHHON NMeYn

dDopmupyeMasi KOMIIETEHIUA:
[1K 3.1. [lpuarMate yd4acTue B pa3pabOTKE HOBBIX TEXHOJIOTHH M TEXHOJOTHYECKUX
IIPOLIECCOB.

ean padorsr:
HAyYUTHCS BBIOUPATH CXEMY I'a3004HCTKH U Fa3009MCTHOIO 000pYI0BaHUS

Beinosnus padory, Bel Oyaere:
ymems:
- BBIOMPATh CXEMY Ta300YUCTKH U Ta300YHCTHOTO 000py10BaHUS

MarepuajbHoe o0ecnieueHue:
CxeMBI Ta3004YHUCTKH IIOMGHHOﬁ ey
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Oo6opynosanne HE HCITIOJIB3YETCA

3aganue:

BriOparb n 000CHOBATH CXeMY Ta300YMCTKH U Ta300YHCTHOTO 000pyI0BaHUS

IHopsinok BbINOJHEHHUS PA0OTHI:

1. O3HaKOMHTCS C MCTOANYCCKUMU YKAa3aHUAMU 110 NPAKTUYCCKOMY 3aJaHUIO.

2. BEINOJIHUTE 3a7aHUeE.
3. OdopMuts paboTy B TETpaaH ISl MPAKTUICCKUX 3aHITHH.

Xox paboTshl:

1 IMomyuuTs y mpernoaBaTesiss HICXOIHbIA BapUaHT ISl BBIIOJIHEHUS IPAKTUYECKON paboThI
2 BbIOpath cxeMy ra3004uCTHOTO 00OPYJOBaHMsI COITIACHO METOIUKE, MTPEITI0KEHHON HUXKE

Hcxoaunle n1a”HHEBIE:

IToste3HbIi 00BEM ITEUH, M Vi
JuameTp ropHa, M dr

VY110B BBIHOC IIBUIH, KI/T 4yT [Tyn
[Tpon3BOUTENBHOCTD MIEUYH, T/CYT Qu
W30 maBnenwue xoJjomr rasa, Mlla Pxr
Temmeparypa Koo rasa, 0°C Tkr

Bo3MokHBIE CXeMBI OYHCTKHU ra3a.
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Tun mpuMeHsIeMOT0 B 33/IaHHBIX YCIOBHSIX ANEKTPOPUIBTPA
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HET cyxou MOKPBII

YcioBus IpUMEHEHUS TOW WM UHOM CXEMbl Ta300YHCTKH:

1 cxema mupoko npumensiercs korga Pxr mensiie 0,15 mlla

2 cxema npuMeHuma, eciau Pkr 6osbire niu paBHo 0,25 mlla u ucnosb3yercst MOKpBIT
ANIEKTPOGUIBTP I TOHKOIM OYMCTKH rasa

3 cxema HaumboJee 1eaecoodpazHa MpH BHICOKOM JaBJICHUU KOJIOUI. ra3a U Mpu OTCYTCTBUU
ANEKTPOPUIBTPa

4 cxema nenecooOpasna npu Vi > 2000m° u Pxr < 0,25 mlla

Omnpenenenne BbIX0Aa KOJIOLIHUKOBOTO rasa.

BbIXOJ{ KOJIOLIHMKOBOTO I'a3a, IPUBEICHHBII K HOPMAIBHBIM YCIOBHSIM, HM /MUH

Qxkr np= 1 5-Vd= 1,5-50-IT1-dr’/4

Bribupaem cxeMy razo04ucTKu

3 O00CHOBAThH MIPHUHSATOE PEIICHUE

dopma npeacrasiieHus pe3yJbTara:

PabGora BbIMONHSIETCS B NHUCHbMEHHOM BHUAE B TETpagu Ui MPAKTUYECKHX padoT u
3alllMIIaeTCsd BMECTE C TEOPUEH 0 COOTBETCTBYIOLIEMY pa3feily JUCLUIUIMHBI B YCTaHOBJICHHBIE
CPOKH.

Kpurepum ouenkn

Omnenka «5» BBICTABISETCS CTYACHTY, €CITH:

- TeMaThKa paboThl COOTBETCTBYET 3aJJaHHOM, CTYJIEHT MOKa3bIBAE€T CUCTEMHBIE U IOJIHBIE
3HAHUS ¥ YMEHUS 110 JAHHOMY BOTIPOCY;

- paboTta ohopMiIeHa B COOTBETCTBHM C PEKOMEHJAIMSIMU IpenojaBaress;

- 00beM pabOTHI COOTBETCTBYET 33JaHHOMY;

OneHka «4» BbICTaBISIETCS CTYACHTY, €CIH:

- TeMaTHKa pabOThl COOTBETCTBYET 3aJaHHOM,

- CTYAGHT JONyCKaeT HeOOoJbIINEe HETOYHOCTH MM HEKOTOpble OLIMOKH B JIaHHOM
BOIIPOCE;

- pabota ohopMiIeHa C HETOYHOCTSIMH B OPOPMIICHUH;

- 00beM pabOTHI COOTBETCTBYET 33JJaHHOMY WUJIM UyTh MEHBIIIE;

Onenka «3» BBICTABISIETCS CTYACHTY, €CITH:

- TeMaTHKa pabOTBHl COOTBETCTBYET 33aJaHHOH, HO B pabOTe€ OTCYTCTBYIOT 3HAUHUTEIIbHBIC
AJIEMEHTHI M0 COJACPKAHUIO PAOOThHI MIIM TEeMaTHKa U3JI0’K€HA HEJIOTUYHO, HE YETKO MPEACTaBICHO
OCHOBHOE CO/IEp’KaHNe BOIIPOCA;

- pabota ohopMmiieHa C OIMOKaMH B OOPMIICHHUH;

- 00beM pabOTHI 3HAUUTEITHLHO MEHBIIE 33/1aHHOTO;

OneHka «2» BBICTABISIETCS CTYACHTY, €CITH:

- HE pacKpbITa OCHOBHASI TeMa PaOOTHI;

- paboTta ohopMiIeHA HE B COOTBETCTBUU C TPEOOBAHUSMU NPETIOAABATENS;
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