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Crynenty Mycradbuny AptémMy DpHECTOBUYY
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Hamnpasnenne noarotoBku 15.03.02 «TeXHOTOTHYECKUE MAITUHBIY

[Mpoduns 15.03.02.01 TIpoekTupoBaHKE TEXHUYECKUX U TEXHOJIOTUYECKHUX

KOMIIJICKCOB

Tema BbIMyCKHOW KBaTM(PUKALMOHHON paOoThl «IIOBbIIIIEHNE TOJITOBEYHOCTH

3MCCBUKOB TDV6‘IaTBIX neyeu H€d)T€H€D6D216aTBIBaIOH_[I/IX IIPOU3BOACTB»

VYTBepKIeHa NPUKa30M 10 YHUBEpCUTETY Ne oT

Pyxosogutens BKP B.I'. XKyxoB, nomnent kadeapsr TMuOHI'K, HHCTHTYT

Hed)TI/I K Ta3sa CI/I6I/IDCKOFO d)G)ICDaJIBHOFO YHUBCPCUTECTA

Ucxonusie nauasie 119 BKP: B pabote paccMmarpuBaeTcst TpyO4daTas medp JUis

HarpeBa Hed)TI/I nepeJ1 mogadyeii B aTMOCd)e‘DHVIO DGKTI/Id)I/IKaHI/IOHHVIO KOJIOHHY.

[TpousBoaurenbHOCTh: 10 T/4. Pabouas remmeparypa: 400°C.

Ilepeuennb paccMaTpuBaeMbIX BONPoOcoB (pa3aenoB BKP):
BBenenne. AKTYaqbHOCTh TEMbI U COBPEMEHHOE COCTOSTHUE TPOOIEMbI

Paszxen 1 — AHaIUTHYECKHI 0630]3 JUTCPATYPhI, B TOM 4YHCJIC IIATCHTHBIX

HCTOYHHKOB II0 TEMC Da6OTI>I. HSVLIGHI/IG OCHOBHBIX d)I/ISI/IKO-XI/IMI/ILICCKHX CBOMCTB

HedTr. CpaBHUTENBbHBIA aHAJIN3 CYIIECTBVIOIIMX KOHCTPYKIIMU TPYOUYATHIX IeUei

I OCYIICCTBJICHUA JAHHOI'O IIPOIECCA. AHan3 OCHOBHBIX KOHCTPYKTHUBHBIX

QJIEMCHTOB TDV6LIaTI)IX TICUCH. I/I3VLI€HI/I€ BapHMaHTOB KOHCTPVKIIMHM 3MCCBUKOB,

OPUMCHACMBIX MATCPHAJIOB [AJI M3TrOTOBJICHHMA 3MCCBUKOB. Anamms KPUTCPUCB

HaJIE)KHOCTHU Da6OTBI 3MCCBHUKOB, d)aKTODOB, BIUAIOMINX Ha HW3HOC, crtoco0oB

IOBBLIMMICHHUA JOJTOBCYHOCTH. 3aKIIYCHUC JIUTCPATYPHOMY O630DV, IMIOCTAaHOBKA

3aJa4 Ha IIPOCKTHUPOBAHUC.

Paznen 2 — KOHCTPYKTOPCKO-TEXHOJOTHUYECKHHM  pasaels. Pa3paborka

OPUHIIMOUAIBHON TEXHOJOTMUYECKON CXEeMbl aTMOCHEPHOU IIEpErOHKHM HeDTH.

Pacuy€t OCHOBHBIX NapaMETPOB 3MEEBHKA (pacqu nponecca 1opeHHA, pacydceT

DaHHaHTHOﬁ KaMCphbl, pPacdceT KaMCpbl KOHBCKIIMH, FHI[D&BJ'IH‘—ICCKHI?I pacycT

3MeeBUKa T1eun). Pa3padoTrka KOHCTPYKIIMM TPYyO4YaTOW TMEeYW M 3MEEBUKA.

O6ocHOBaHUE MCTOJAMKH ITOBBIMNICHUA AOJTOBCYHOCTH 3MCCBHKA.

Pasnen 3 — Oxkcmivatammss W peMOHT. Meponpuiatusd 10 TEXHUUYECKOMY

O0CITVKMBAHUIO W PEMOHTY TPYOUYATOU IEYH.
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3aKJII04YCHUE. BbIBOABI 110 pe3yIbTaTaM BbIIOJHCHHOU Da6OTBI.

[lepedyeHbp rpauyeckoro M WUIIOCTPATUBHOIO MaTepuaina: TexHOoJornyeckas

cxeMa C ONMCAHHEM IIpUHIMIIA padoTel TpyouaToil meun (1 nucr dopmara A3),

yepTEx 00IIero Buaa paauadHTHoW kamepbl neud (1 muct dopmara A3), yepTex

o0mrero suaa 3mMeeBuka (1 auct dpopmara A3), npesentarms (12 —16 crpanuir).

PykoBonurens BKP B.I'. XKyxkoB
3ajaHue NpUHSI K UCTIOJHEHHIO A.D. Mycradpun
« _» 2016 .




PE®EPAT

Boinycknas ~— kBanmudukanumonHas — pabora mo Teme  «lloBblieHue
JOJITOBEYHOCTH  3MEEBUKOB  TpyOuaThIX medeld  HedTenepepadaThiBaIONIUX
IIPOU3BOJICTBY COAEPKUT 87 CTpAaHULBI TEKCTOBOIO JITOKYMEHTa, 19 pucyHkosB, 3
TaOIUIBI, 24 UCTIOIH30BAHHBIX UCTOYHUKOB, 3 JUCTa rpaduuecKoro Marepuarna.

TPYBUATBIE IIEYN, 3MEEBHKU, MATEPUAIJL 3MEEBHUKA,
OUKCHUPVYIOIIASA ITPOCTABKA, PEMOHT 1 UUCTKA

Lens padotsi: [Ipoananu3upoBaTh KOHCTPYKIMU TPYOUATHIX NIEUEH B cOCTaBe
TEXHOJOTHYECKUX YCTAHOBOK aTMOC(epHOi neperonku Hedtu. [Ipennoxurs MeToq
NOBBIIECHUSI HAASKHOCTH 3MEEBUKAa TpyO4yaTod TeYd HUCXOlId U3  €ro
KOHCTPYKTHUBHBIX OCOOEHHOCTEH.

JI1st JOCTHKEHUS TTIOCTABJICHHOM 11eJTM ObUTH PEIIeHbI CISAYIOIINE 3a/1aun:
—  aHaju3 KOHCTPYKIUH 3MEEBUKOB TPYOUaTHIX MeUeH;

—  uccuefoBaHue (GaKTOPOB, BIUSIOMIUX Ha JI0JITOBEYHOCTh 3MEEBUKA,
—  H3YyYEeHHUE U aHAJIM3 METOJIOB MOBBINICHUS HA/IEKHOCTH 3MEEBUKA.

B xome BbIMOMHEHUs BBITYCKHOM paboOThl OblIa MpOAHAIM3UPOBAHA
uHboOpMaIMs O KOHCTPYKIUAX TpyOuaTwix meueil. ChopMynupoBaHa M pellieHa
3ajJla4ya 10 MOBBIIICHUIO HANEKHOCTH KOHCTPYKIIMU 3MeeBUKa. [I[pousBenéH pacuér
OCHOBHBIX TIapaMETPOB 3MEEBUKA ISl TPYOUaTON MeUYu ¢ MPOU3BOIUTEIHHOCTHIO 10

T/4 1 TemrepaTypoit Ha Beixojae 400 °C.
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BBEJIEHUE

B Hacrosmiee Bpems aKTyaldbHOM 3aJayel  SABJISETCA  MOBBILICHUE
3¢ (HEeKTUBHOCTH JKCIUTyaTallii MPUMEHSIEMOTO HarpeBaTeIbHOTO 000pyAOBaHUS, a
UMEHHO TPyOUYaThIX TeUeH.

JlaHHBIN ~ammapar SBISETCSOJHUM W3 BAXHBIX W HEOOXOAMMBIX W3
MHOTOUYHUCIIGHHOTO  CIEKTPaoOOpYMOBAaHUUN  TEXHOJOTHYECKHMX  YCTAaHOBOK
HedrenepepabaTeiBatoux 3aBogoB (HII3) —Onaromapss BBICOKOW —TEIJIOBOM
3¢ (HEeKTUBHOCTH, KOMIIAKTHOCTH, BBICOKOMY 3HAYCHHIO TEIUIOBOW MOIIHOCTH,
XOpOIIe PEMOHTOMPHUTOJHOCTH M BO3MOKHOCTH aBTOMAaTH3alliu IMpolecca. B
HACTOSIIIIeE BpeMsl TPyOdaThle IMEYM HCIOJB3YIOTCS Ha TaKUX YCTAaHOBKAax, Kak
neperonka HeTH, Ma3yTa, KaTAIMTUYCCKHA KPEKHMHI ©  PU(OPMHUHT,
THJIPOOYHCTKA.

Takum 00pa3oM,akTyalbHOHN 3anaueil SIBISETCAYBEIUUYEHUE CPOKa CIIY>KOBI
3MEEBMKOB, JJIs MOBBIIIEHUS HAJICKHOCTH pabOThI neun. Tak Kak MMEHHO 3MEEBUKU
UCTIBITBIBAIOTKOJIOCCATIBHBIE Harpy3ku U nepopmanu, u3-3a

BBICOKOTCMIICPATYPHOTO BJIUAHUA C OI[HOﬁ CTOPOHBI, 1 COCTOSAHHUECM ITOTOKA BHYTPHU

TpyO ¢ Ipyroii.
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1 AHaauTHYecKuil 0030p JIUTEpPaTyphl

1.1 OcHoBHble ¢(u3NUYecKHe CBOHCTBA M XapaKTepHUCTHKH HedTH U
He(PTEeNPOAYKTOB

Hedtp — roprouasi, macnsiHucTasi, TeTeporeHHas cMech yriieBosioposioB (YB)
Pa3IUYHOIO COCTaBa U CTPOEHUS. XapaKTEepHU3yeTcs CHEelU(PUUYECKUM 3araxoM H
MUMEET IBET OT CBETJIO—KOPUYHEBOI'0 JJO TEMHO-0YpOTro.

B P® Ha pannwii momentucnonsdyetrcs [occrammaptP 51858-2002,
KOTOPBIM OTpa)kaeT OCHOBHBIC IMOKa3aTelin HePTH, M0OBIBAEMON Ha TEPPUTOPHH
HaIlle CTpaHBbl.

W3 nanHOTO CTaHmapTa CIeayeT, 4TO HEPTh YCIOBHO JCIUTCS HA JIBE TPYIIITHI
— 9TO ChIpasi U TOBapHasi.

Coelpass  HedTh TmpencTaBiIsieT Cco00M JKUAKYIO TNPUPOJHYIO  CMECh
VY BpaznuyHoropu3znko—XUMHUYECKOTO COCTaBa, COJEp aliasi pacTBOPEHHBIE Ta3sbl,
BOJIY, PacTBOpPEHHBIE B HEW coM, MexaHudeckue mnpumecH. CIyKUT OCHOBHBIM
CBIPBEM ISl TIPOU3BOJICTBA BCEBO3MOKHBIX dHEPrOHOCUTENEH (OeH3MHA, KepOCUHAa,
JU3ETHLHOTO TOTIJIMBA, Ma3yTa), a TakKe CMa30YHbIX Macel, OMTyMa 1 KOKca.

HedTh, KOTOpas TroTOBAaOTOWTH K TOTPEOUTETI0O B COOTBETCTBHH C
TpeOOBaHUAMH JEHCTBYIOIIUX HOPMATHUBHBIX UM TEXHUYECKUX JIOKYMEHTOB,
HAa3bIBAETCSI TOBAPHOM.

K nmepeuHto OCHOBHBIX TOKazaTesned HEeDTH U COOTBETCTBYIOIIMX
He(TENpPOIyKTOB (H/TT)OTHOCHT:

—  IJIOTHOCTH;

—  MOJIeKyJIsIpHas Macca (Bec);

—  BSI3KOCTB;

—  TeMIiepaTyphl BCUBIIIKH, BOCIZIAMEHEHHUS U CAMOBOCIUIAMEHEHHUS;

—  TeMIiepaTyphl 3aCThIBAaHUS, TOMYTHEHUS W HaYala KPUCTAJUTH3AIINN;

—  DJICKTPUYECKHUE WIH TUIICKTPUICCKUE CBOCTBA;

—  ONTHUYECKHE CBOMCTBA;
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—  pacTBOPHMOCTH M pacTBOpSIOIIas CriocOOHOCTH [1].

[InotHocT, HepTM M H/m.Macca BemiecTBa B €IUHULE OOBbEMaA OTpa)XKaeT
MoKa3aTellb INIOTHOCTH, Kr/M> Wit r/em”.

Tak kakHEQTh COCTOUT U3YTIIEBOJOPOAOB, €€ IUIOTHOCTh HE IpeBbiIaeT 1. Y
HeTell pa3HBIX MECTOPOXKIACHUN Ha JaHHBIN TOKazaTeNb BIMSAET (DPaKIMOHHBIN
COCTaB, U KaK MPaBUJIO, OH U3MEHSAETCA B IIUPOKUX MHTepBaiax:00suno 0,72-0,95
r/cm?; HeTh, MIOTHOCTL KOoTOpOM Hike 0,83, HasbiBaercs nérkoit; 0,831-0,860 —
cpeaneit; Boiie 0,860 — Tsxénoil. Takxke Ha 3Ty XapaKTEpUCTUKY BIIHSET HAINYNE B
He(TH cMecel paCTBOPEHHOTO Ta3a, MPOLEHTHOE COJAEPKaHUe CMOJIUCTBIX BEIIECTB.

Tak kak HEBO3MOXHO TOYHO OMPEIETUTH MIOTHOCTh HEDTH, BBOJAST MOHSITHE
OTHOCUTEIBHOM TUIOTHOCTH. OJTO 0Oe3pa3MepHas BelW4YMHA, KOTOpas paBHA
OTHOIIEHMIO Macchl H/m (M) TpH ompejeneHHOH TemIepaType K Macce

JUCTUJUIMPOBAHHOW BOJIBI MPU 4°C (th), B3SITOH B TOM K€ 00BEME:

Pl =my/ (my) (1.1

YucneHHoe 3HaueHre aO0COIIOTHON IUIOTHOCTA M OTHOCUTEJILHOW COBITAAAOT
B CBSI3U C TEM, YTO IUIOTHOCTBH BOJBI IIPH 4°C paBHa 1.B coorBerctBuu ¢ 'OCT B
P®mioTHOCTE ONpeAesIOT pu TeMneparypax 15 u 20°C.

JlaHHBIN OMBIT MPOBOAST C MOMOIIBI0 TaKUX MPUOOPOB KAaK apeoMeTp WU
nukHoMeTp. [locneaHuii MeTo1 onpeieieHus] CYMTaeTCa Han0oJiee TOYHbIM.

MonekynsipHass Macca (MOJEKYJISApHBIN Bec).MonekynsipHbiii Bec HehTH H
H/TI, TaKK€ KaK M TUIOTHOCTh, MMEET JIHIIb CpPEJHEE OTHOCUTEIHHOE 3HAYCHUE,
HalpsMyI0 3aBUCUT OT COCTaBa MU OTHOLICHMS] KOHLEHTPAUUNBXOIAIIMX B COCTaB
KOMIIOHEHTOB.

VY cMommcTo — achanbTEHOBBIX BEIIECTB OHA MOXKET JIOCTUTATh BEIHMYUHBI 1.5
— 2.0 TeIC. y.e. Jnsa OonbumiMHCTBA HEePTEW CpeAHUI IMOKa3aTelib HAXOIUTCS B
uatepBaie 250 — 300 y.e. C Bo3pacTaHMEMTEMIEPATYphl KUTIEHUS HE(TSIHBIX

¢paxuuit nx momekymapHas macca (Mg,) mmaBHO yBeauumBaeTcs oT 90 (mus

dpaxuun 50-100°C) o 480 (st 550-600°C).
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UtoO0bI c BBICOKOU TOYHOCTBIO U3MEPUTH [oxKasareiib
MOJIEKYISIPHOMMACCHIH/TIIAHHBIMY, TOJYYEHHBIMH JKCIIEPUMEHTAJIBHBIM IyTEM, C
MOMOILBIO KPUOCKOTMYECKOTO U 30YJIEOCKOMUYECKOIO METO/I0B.

Ji1st 60s1€e TOYHBIX PACYE€TOB, UCIOJIB3YEMbIX B TEXHOJIOTUHU U MPOU3BOCTBE,
MOJIEKYJIIPHOM Macchl MONB3YIOTCA CIEIUAIbHBIMU TIpapUKaMH 3aBUCUMOCTEN
CpelHEe MOJEKYISIpHOM Macchl OT CpeIHEeW TeMmmeparypbl KHUIEHUS JIH0o
IJIOTHOCTU HE(PTH.

BsizkocTh (MM WHaye BHYTpEHHEE TpeHue) HepTu U H/I 3aBUCUT OT
XAMUYECKOro © (pakimuonHoro cocraBa. OHa ObiBaeT JAuHaAMU4YecKas(n)u
kuHeMatuueckasi(v).

JluHaMH4YeCKOM BS3KOCTHIO (1) WJIM BHYTPEHHUM TPEHHEMSIBIISIETCSI CBOMCTBO
peaNbHBIX KUJKOCTEH OKa3bIlBaTh COINPOTUBJICHUWE CJBUTAIOIIUM KacaTeJIbHbIM
ycuinuaMm u3BHe. Kak mnpaBuio, AaHHash XapaKTEPUCTUKA MPOSIBIAECTCS MpHU
JIBUKCHUU XKUAKOCTEW. EquHnIa namepenus [H'C/MZ].

Kunemarnueckas BA3KOCTh(V)IpeCTaBIsCT coOoit OTHOILICHHE
JTMHAMHUYECKOM BS3KOCTH (1) K TUIOTHOCTHU () UCCISAYeMOro o0pasia mpu TOH Ke
Temrieparype. KuHemaTwdeckass BS3KOCTbHE(TEH pPa3IUUYHBIX MECTOPOXKICHUN
BappupyeTcs B cienyromux natepBaiax(oT 2 10 300 cCt — caHTUCTOKC TTpU ZOOC).
Ho xak mpaBwio, cpeaHsss BS3KOCTh HedTeil OOJBIIMHCTBA HW3BECTHBIX
AKCILUTYaTUPYEMBIX MECTOPOXKAECHUN, cocTaBisieT Beauuuny ot 40 no 60 cCr.

OnpeneneHue KUHEMAaTUYECKON BA3KOCTH MPOBOJAT ONBITHBIM IMYTEM B
CHEIUANBHBIX TPUOOpaX —CTEKISHHBIX BHUCKO3UMETPAX, KOTOPHIE CHAOKEHBI
KaTMOpPOBaHHBIMU ~ Kamuyuisipamu.J[aHHBIA  TOKa3aTeIhOuYeHb YYBCTBUTEICH K
KOJICGAHUSM TeMIIepaTypPbl:IPUMHHYCOBBIXt'C BSI3KOCTh H/II CHIIBHOBO3PACTACT U
Hao00O0pOT.

TeMnepaTypsl BCIIBIIIKY, BOCIUIAMEHEHHS U CAMOBOCITIaMEHEHHUS . [[poxyKThI
HII3 oTHOCATCA K YKCITY MTOXKAapPOONACHBIX BEUIECTB.

TemmnepaTypa BCHBIIIKUIIPEACTABIAECT COOOM TeMmmeparypy, MpU KOTOpPOH

napel H/I, HarpeBaeMoOro B CIELHMAIBHBIX CTAHIAPTHBIX YCIOBHUSX, 00pa3yloT ¢
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OKPYXAIOIUM BO3yXOM B3PBIBOOMACHYIO CMECh W BCIBIXMBAIOT TPU HATUIUHU
OTKPBITOTO MCTOYHHWKA OTHsA. Kak mpaBwmiio, yCcpeaHEHHOE 3HAYCHHE TEMIIEpPaTyphI
BCIIBIMIKY ISl GEH3MHOB HAXOAUTCS B HHTepBatax oT —30 10 —40°C, kepocuHoB 30—
60°C, nusenprbix Tomtue 30-90°C u medsiabx Macen 130-320°C.

Temneparypa, Ipd KOTOPOM HarpeBaeMblid B YCIIOBUSAX, B COOTBETCTBUM C
TpeOOBaHUSIMHM CTaHIAPTA, H/TIBOCINIAMEHSETCS TIPU HATMIUUOTKPHITOTO NCTOYHHUKA
OTHS M TOPUT HE MEHEE 5 CEeKyHJ, SABISCTCS TeMIlepaTypa BOCIIaMEHEHHUsS. JTa
XapaKTepUCTHKA BCET/Ia BBIIIEC TEMIICPATYPhI BCIBIIIKH HA HECKOIBKO CIMHMII.

Temneparypoli caMOBOCIUIAMEHEHHMSI SIBISICTCS TeMIlepaTypa, MpU KOTOPOH
HArpeThli H/N, KOHTAKTUPYIOIIMA C KHUCJIOPOJOM BO3JyXa BOCILUIAMCHSICTCS
CaMOTIPOU3BOJILHO B OTCYTCTBHE OTKPBITOIO WCTOYHHMKA OTHS. BUTyMBI, Ma3syr,
TYAPOH ¥ BCEBO3MOJXKHBIE OCTAaTKM BTOPHYHOH IepepabOTKH CIOCOOHBI K
camoBocIuiamenenno npu 300-350°C, a merkme cBerible (PAKIMH TONBKO MPH
TEeMIIEpaType BhIIIE 500°C.

Temneparypsi 3aCThIBAHUA, MOMYTHEHUS u Hayasa
kpucTtauzanuu. HuzkoremnepartypHbie XapaKTepUCTUKUHEPTH,  JTU3ETBHBIX
dpaxiuii, KOTEIbHBIX TOIUIMB U MACEIIPEICTABISIOTCITEMIIEPATYPOM 3aCTHIBAHMS.
Ona oTpakaeT BO3MOXXHYIO TOTEPI0 TEKY4YECTH W 3HAYUTEIBHOE BO3PACTAHHE
BSI3KOCTHH/II B 30HE HU3KUX TEMIIEpaTyp.

Temneparypa moMyTHEHHS TTOKa3bIBACT, MPU KAKOW TeMIlepaType JIyd CBeTa
nepecraet OecrpensITCTBEHHO IPOXOAUTh CKBO3b 00pasen HeTH.

Temneparypa Hauana KpUCTAUIM3AIMU MPEACTABISIET COOOM Temmeparypy,
mpu KOTOpol B HepTH 0Opa3yroTCs KPHUCTAUIBI, KOTOPHIE BO3MOXKHO YBHUIETH
HEBOOPYKCHHBIM TJ1a30M 0€3 MCTIOIB30BaHMSI CTICTIHAIBHBIX PUOOPOB.

DOnekTpudeckue (qudNIeKTpudeckue) cBoicTtBa HepTH.Tak kak HedTh u
H/TIABIIAIOTCS. AMDJIEKTPUKAMH (TUAIEKTPUUECKasi MPOHUIIAEMOCTh HehTH ~2), 3TO
crocoOCTByeT TIOSIBJICHUTO u BO3paCTaHHIO KOJIMYeCTBa
AIEKTPOCTATUICCKUE3APSIKEHHBIX YACTHUI, YTO MOYKET MPHUBECTH K BOSHUKHOBEHHIO

UCKp, U Kak CJIEICTBUE, BO3TOpaHUOHEPTU U H/Tl. OCHOBHBIM METOJIOM OOPBHOBI C
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JAHHBIM SIBJICHUEM SIBIISICTCS 3a3€MJICHUE BCEX METAIIMYECKUX YacTel anmapaTypsl,
HacOCOB, TPYOOIIPOBOIOB U T.II.

Ontrnueckue cBoiictBa HepTH.K onTmdecknm mokazaTensiM HEPTH OTHOCST
user. YB B coctaBe HepTu abcomoTHOOecBeTHBI. Pa3nuuue B 1BeTe 00yCIIOBIEHO
colaepkaHueM B  He(dTAXmpuMeceid, CMOJIUCTO-ac(aTbTCHOBBIX BEIIECTB U
CEPHOKHUCIIBIX COETUHEHNM.

PactBopuMoOCTh U pacTBOpsromas crnocooHocts HeGTH. HepTh 1 xunkue YB
XOPOIIIO PACTBOPSIIOT TaKUE XUMHUYECKHE JJIEMEHTHI Kak HOJ, cepa, CEPHOKHUCIBIE
COCTMHECHMSI, BCEBO3MOXKHBIE CMOJHCTHIC BEIECTBA, PACTUTEIbHBIC U YKHBOTHEHIC
Xuphl. JlaHHOE CBOWCTBO H/M IIMPOKO HMCIIOJIB3YETCSl B PA3IUYHBIX MPOU3BOCTBAX,

TEXHOJIOTHH U TexHHKe[2].

1.2KoHcTpyKuMs TPYOUATHIX Nevyeil i MPUHIMI PadoThI

TpybOuaras medyb — 3TO TEMIOOOMEHHBINA amnmapar, B KOTOPOM MPOUCXOAUT
C)KUTaHUE TOIUIMBA U 33 CYET ATOr0 IEepenayda TEIIOThl HarpeBaeMOMY IMPOAYKTY,
HaxoAsmieMycss B TpyOax. B jomonHeHMe K OCHOBHOHM 4acTH TEIUIOTHI, KOTOpas
nepeaaeTcs U3IIyYCHUEM, OCHOBHOEIEPEHOCUTCS c MTOMOIIIBIO
KOHBEKIIMUITYTEMIIOBBIIIIEHHBIX CKOPOCTEW ABUKEHUN IBIMOBOIO rasa.

PaGotaer ganHas meus cienyromuM 0opazoM. Ceipbe, KOTOPOE MOAAETCS IS
HarpeBa, HaMpaBJsieTCs B TPYOHOE MPOCTPAHCTBO, CIEpBAa B KOHBEKIIMOHHYIO, a
MOTOM B paJMaHTHYIO Kamepbl. B pagmaHTHBIX TpyOax ¢ MOMOIIBIO ropenok 1
MIPOUCXOJIUT CXKHUTaHHUE TOIIMBa. OOpa30BaBIIUICS JHIMOBOM Ta3, MPOXOIUT Yepe3
nepeBas, MOCTYMaeT B KOHBEKIIMOHHBIE TPYObI, OTKyJadepe3 IbiMoxonl2, oTmas
YacTh TEIJIa KOHBEKIIMOHHOM Kamepe, OH MOCTYIAET B JAbIMOBBIE TPYOBI 13 1 U3 HUX
HaNpaBJIsEeTCS B OKPYKAIOLIYIO CPEy.

Ha pucynke 1.1 [3] mpencraBieHa KOHCTPYKTUBHAS CXeMa TPYOYaTOH IMeUH.
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Pucynok 1.1 — KoncTpykTuBHas cxema TpyO4aToi nequ
1-dbopcynka; 2-TpyObl 60KOBOTO 3KpaHa paJuaHTHOM KaMephl; 3-KIaaKa rneuun;4-kapKkac
me4u; S-KpOBJIs IeUu; 6-TI0IBECHON CBOJI; 7-TpyObl OTOJIOYHOTO PKpaHa PaJMAaHTHON KaMephl; 8-
noABecku; 9-TpyoHsie noasecku; 10-TpyObl KOHBEKIIMOHHON KaMmepsl; 1 1-TpyOHas pemieTka
KOHBEKIIMOHHOM Kamepsl; 12-npiMox01;13-1p1MoBast TpyOa; 14-TpyOsl OJ0BOTO SKpaHa

paliaHTHON KaMepBhI.

3HaunTeNbHAsYACTh Teria (mpumepHo 70%) oTmaeTcst ChIpbI0 B pagdaHTHON
kamepe. PaguanTHble TpyOBI BOCIPHHHUMAIOT TEIUIO B OCHOBHOM (89 %) myrtem
JTy4deucnyckanu (paguanuii) pakenoB, CHIBHOHATPETHIX CTEH Kamep, ra3a U MapoB
(CO2; H,0; SO,), npucyTCTBYIOIIMX B ABIMOBOM rase, ¥ HeMHoro (okoso 10%)
3ac4eT KOHBEKIUHU OT AbIMOBBIX I'a30B.

KoOHBEKIIMOHHBIH3MEEBUKITONyYaeT TEIIO B OCHOBHOM (okojo 70%) 3acuer
KOHBEKIIMI OT ABIMOBOIrO ra3a, a OCTAIbHOE3aCUET JIYYEUCITYCKAaHUN OT JBIMOBOTO
raza (mpumepHo Ha 25%) ¥ CTEHOK KJIaJI0OK KOHBEKIIMOHHBIXTPYO (Ha 10%).

Ha pannbnii MoMeHTBBIMycKaercs 6 tumoB meuu: I, P, IIb, B u 3 (I' —
Y3KOKaMepHasiOTBOJAOM JBIMOBOrO raza ¢ BepXHeil yacTu;0ykBa b 3HauuT, yTo B
Meyn TPOU3BOAMUTCATOpeHHEe Oe3 TUlaMeHu; 3 — 30HajbHas peryIupoBKa
TerIooTaaun; OykBa B — BepxHUIT OTBOJ JBIMOBOTO ra3a W BEPTHUKAILHON TpyOOi
3MeeBHKa; 1] — mummHApuYeckas; P — MHOrokaMepHasi).

B 3aBucuMocTy OT KOHCTPYKIMU U cIO0cOo0a CHOKUTaHUs TOIUIMBA reun Tuna I
3, b u/lBpmonusroTcs B AByx ucnonHenusx (Hanpumep, bbl u bb2, 3P u 3/I, T'H u
I'C, C u II[I), roe BTOpas OykBa 0003HA4YaeT CHoco0 CXKUTaHus TorumBa: P —
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pE3epBHOE KHUJIKOE TOIUIMBO C OeciulaMeHHbIM TropeHueMm; [ — HacTuibHOE C
g depeHuranbHbIM T0IBOJOM Bo3ayXa; H — HacTuinbHOE 1 00BEMHO-HACTHIILHOE;
C — nnaMeHHOEe cO CBOOOAHBIM (haKEeIOM.

Kparkass xapaktepuctuka ¥ mudp TpyOdaThiXx Meueld OCHOBHBIX THUIIOB
IIpeJICTaBJICHA JaJlee.

[leur b—y3kokamepHasi ¢ OecCIUIAMEHHBIM CKHUTAHHEM Ta30BOr0 TOIUIMBA U
M3JTy4alOIUMHI CTEHKaMH, KOTOpble COOpaHbl U3 HECKOIBKUX PSAOB OeCriaMeHHBIX
ropesioK; pacnojoxenue Tpyo ropusontTanbHoe ¢ onHoi (bb—1) wim nByms (bb-2)
kamepamu[3]. PerynupoBka KoJIMUECTBA TOTUTUBA, CKUTAEMOT0 B TOPENIKaX KaXI0ro
psga, He3aBUCHMMAs, YTO I[I03BOJSIET B HEKOTOPHIX IMpeiesiaXx peryjaupoBarh
TEIUIO0TAAYY PaJIMaHTHBIM TPyOaM Mo JUIMHE 3MEEBUKA.

Ha pucynke 1.2 uzo6paxena tpyOyaras rneub tumna b.
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Pucynok1.2— Konctpyknus Tpyouartoit neun bb—2

1 —panuanTHblie TPYOBI; 2 — KOHBEKIIMOHHBIE TPYObI; 3 — TOPEIKU
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Ileup THnA 3—y3KOKaMepHas C 30HAJIBHBIMU PETYJIUPOBKAMH BEIUYUH
TEIJIO0TAA4YH, BEpXHUMU OTBOJAAMH JABIMOBBIX ra30B, OECINIAMEHHBIMU CKUTaHUSIMU
ra3zo00pa3HbIX TOIUB (TUl 3P) U HACTWIBHBIMU CKUTAHUSIMHU PE3EPBHBIX KUIKUX
toruB (tun 3J1). PaguantHas TpyOa BBINIOMHEHA B BHUAEC Z2—PSAHOTO SKpaHa
JIBYXCTOPOHHETO 00JIy4eHHUS.

Ileur Tunma 3P cHaOxeHa  pe3epBHOM  ra3oMa3yTHOM  TOPEINIKOW,
pPacnoyIOKEHHOW MO MOJYy Kamepbl paaualliy; MpU HX HUCHOJIb30BaHUAX (hakel
Ma3yTHOH ropejakd HACTHIIAETCS] Ha TTOBEPXHOCTh OJIOKOB MaHEIbHBIX TOPENIOK, TEM
caMbIM o0Opa3yeTcsl M3Iydarouiasi IOBEPXHOCTb.

ITeus 3]1 ananmormuyna neuyun tuna 3P.Paznuuarorcsa onurtem, yroneuka 3J1 He
UMEEeT M3Ty4alolue CTEHKHM M3 TMaHeJbHBIX TOpeNioK, a (akesn Tra3zomMa3zyTHOU
TOpENIKH, TaKK€ paclOJ0KEHHONHA MOy IE€4YM, HACTUJIAETCS Ha IOBEPXHOCTHU
nepeaHed CTEHKH II€Yd, IO BBICOTE KOTOPOM Ha 2X YpPOBHSX €CTh KaHal JJis
M0JIBOJIa BTOPUYHOTO BO3yXa K (pakeny.

[Teus nannoro tuma (3[1) nzo6paxkena Ha pucynkel.3.
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Pucynox1.3— Cxema TpyOuartoit neun tuma 3/

1 —ropenka; 2 — KaHaJbl 1715 IOJABOJIAa BO3/1yXa; 3 — 3MEEBUKU
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[Teur Tuma B-—y3kOKaMepHasi CEKUIMOHHAs C OTBOAOM JbIMOBBIXI'a30B C
BEPXHEHN YaCTU U BEPTUKAJIbHBIM3MEECBUKOM.

BeprtukanbHas TpyOapaJuaHTHOTO 3MEEBHKAa pPACIONIOKEHAa Yy BceX 4 CTEH
KaMepsbl. ['a3oMa3zyTHast ropeska pacrnoioKeHa B Moy KaMep.

Hang panmanTHOM KamMepOWHAXOAUTCAKOHBEKLIHUOHHAS, C NPSAMOYTOJbHBIM
CEYCHHEM C TOPHU3OHTAJIBHO PACIOJOKEHHBIMU TpyOamMu. Y MHOrOCEKIHOHHOMN
TpyOuaToi neynupaarnaHTHasIKaMepa COCTOUT U3 OTACIbHBIX CEKIIUN 00BhEUHEHBIXB
oOmuii kopryc. OJIHa mpusieraromiasi CeKIusi 0TCOSACHUHAOT APYro 2-Msl psaamMu
TPyO paHMaHTHOTO 3MEEBUKA C ABYCTOPOHHUM 00yueHuem|3].

Ha pucynke 1.4 nzobpaxena tpyouartas neus tuna B.
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Pucynok 1.4— Konctpykuus Tpy64aroii meun tumna B
1 — 3MeeBUK KOHBEKIIMOHHBIX TPYO; 2 — 3MEEBUK paJIMaHTHBIX TPYO; 3 — Kapkac; 4 —

ropenka
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Ileup I' — y3kOKaMepHasi ¢ BEpXHUM OTBOJIOM JBIMOBBIX I'a30B, BBINOJIHAEMAs
B JByx BapuaHTax: I'C —1eup ¢ BepTUKaIbHO—()AKEIbHBIM C)KUTAHUEM TOIUIMBA C
€AMHCTBEHHOMpaauaHTHOUN kamepoid; I'H —eub ¢ 00beMHOHACTUIIBHBIM CKUTAHHEM
C ABYMS PaJuaHTHBIMU KaMEpaMHU.

Ha pucynke 1.5 nzobpaxena tpyouaras neus tuna ['C.

Pucynok 1.5- Cxema tpy6uaroit neun tuma ['C
1 — 3MeeBHK KOHBEKIIMOHHBIX TPYO; 2 — 3MEEBUK paJUaHTHBIX TPYO; 3 — ropenka; 4 —

JIMOBast TpyOa

B meun I'C 3MeeBMKMB KaMmepe paaualdd MPEACTaBIsAIOT CcoOOM

TOPHU30HTAJIBHBIC Tp}I6BI, BBIIOJIHACMBIC B BHJAC ABYX HACTCHHBIX OSKpPAaHOB C
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OJIHOCTOPOHHUM  oOnyyeHueM. B  kamepe KOHBEKUMH HMEETCA  Iy4OK
TOPU30HTANBHBIX TPYO. B mony neun pacnosiokeHbl ra30Ma3yTHbIE TOPEIKH.

B mneuax tunma I'H TpyObl BBINOJHEHBI B BHUAE HACTEHHOI'O 3KpaHa C
OJIHOCTOPOHHUM OOJIyUEHHEM B KaXJI0M Kamepe paJualiyd U KOHBEKTUBHOIO MMyYKa
TpyO B KaMepe KOHBEKIUU.

Ha pucynke 1.6 nuzo6paxena neus tumna ['H.
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Pucynox1.6— Cxema TpyOuaroit neun tuma ['H

1 — 3MeeBUK KOHBEKIIMOHHBIX TPYO; 2 — 3MEEBHK paJIMaHTHBIX TPYO; 3 — HACTHIIbHAS

CTeHa; 4 — Kapkac; 5 — ropeika

KoHCcTpyknmsi JaHHOW NEYMOTIMYACTCS HAJIWYUMEM HACTUIBHOM CTEHHBI,

paznengiouieipaguaHTHYI0O KamMepy Ha JIBe, C HE3aBUCALIUM JpYyr OT
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ApYyraTeIuIOBbBIM PEKUMOM. ['Openku pacnonararorcsicOOKy Iedud, Ha CTE€HaxX IMOJ
yriaoMm 45° o OTHOUIEHUIO K HACTUJIBHOM CTE€HKE. DTOT BUJ Ieyed paboTaer Tak:
(akei, KOTOpbIA 00pa3yeTcsi MpU CrOPAHUM KUAKOTO TOIUIMBA IO YIJIOM C JIBYX
CTOpOH, MOJAETCA Ha CTEHY, HaXOMSIIYIOCAB LEHTPE MEeUKU. KOIM4ecTBO TEIIOThI
OT HarpeToOu CTEHKU U TOPEIKUOTAACTCS PaJUaHTHOMY 3MEEBUKY.

Ileup Tuma L[ nmpowsBoauTCAs B ABYX HCHONHEHUsAX: neub Tuma L[C —
HWIMHApUYecKas, ObIBaeT 0e3 Kamepbl KOHBEKIUMHU, U C KaMepOH KOHBEKIMH; NeYb
tuna /] ¢ HeCKOJIbKMMH KaMepaMu pajralui 1 KaMepod KoHBeKIuu. [3]

Ha pucynke 1.7 nzobpaxena tpyouartas neus tuna LIC.
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Pucynox1.7—Cxema tpy6uaroit neun tuma [[C
1 — xamepa KOHBEKIMHU; 2 — KOPIYC; 3 —paJuaHTHBIN 3MeeBUK; 4 — ropenka; |- motox

MIPpOAYKTa HAa BXOJC, II — moTok MIpOAYKTaA Ha BBIXO/C
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B meun tuna LC mwnmeapuydeckas paJdaHTHAas KaMmepa paclojioKeHa Ha
dbyngamente (ctonmbuax) s yOoOHOM  JKCIUTyaTalldd Ta30BbIX  TOPEJIOK,
PaCTONOKEHHBIX B MOy MEYH. 3MEEBUK PAaTUAHTHONW KaMEPHIM3TOTOBICHB BHIE
BEPTUKAIBHBIX TpPy0 Ha TPUBApPEHHBIX Kajgayax; B IIGHTpE TOJa TMEYKHU
YCTaHABIUBAIOTTa30Ma3yTHYIO TOPENKY. 3MEEBUK YIHPACTCs Ha TMOJ MEYH; BBOI U
BBIBOJ] IPOAYKTA BHITIONHSIOT CBEPXY.

Ha pucynke 1.8 nzobpaxena neus tuna LI

Pucynox1.8 — Cxema tpy6uaroit neun tum 1[/]

a — IIPOJIOJIBHBIN pa3pes; O— momnepeuHslil pazpes; 1 — kamepa KOHBEKIUH; 2 — KaHaJIbl JJIs
IIOABOJIa BTOPUYHOTO BO3/YXa; 3 — pacceKaTelb-pPaclpeneanTelb; 4 — TOPEIKH; S5 —

BO3yXOOYBKa, 6 —paI[HaHTHBIﬁ 3MCCBHK

[Teus Tuna LI/] ABnsieTcss paAMaHTHO — KOHBEKUMOHHOW, Y KOTOPOM Ha OCH

PalMaHTHOM KaMEpBIECTh PACCEKATENb — PACHPEAECIUTENb 3, MNPEACTABIIAIOINAN
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co0Ol mUpaMHly C BOTHYTBIMU TpaHSIMH, B BUJAE€ HACTHIBHBIX CTEHIIA (akerna
TOpeJIoK 4, yCTaHOBJICHHBIX B T0JTy meuH [3].

Paccekatenp — pacnpenenuTenb —pa3leiseTpaJdaHTHYI0 KaMmepy Ha
HECKOJIbKO YacTel TerooOMeHa, He 3aBUCSIIMX APYT O apyra (Ha pucyHkel.86 ux
MPEICTABICHO YEThIPE) NIl BO3MOXHBIX PEryJIMPOBOKTEIIOHANPSHKEHHOCTEH 110
JUIMHAMPAJIMAHTHBIX 3MEEBUKOB 6. BHYTpeHHsISI TOBEPXHOCTHKOPITYCa pacceKaTess
pa30buTa Ha pa3iWyHbIe BO3YXOBObI; MO BBICOTE I'PaHU PACIIOJIIONKEHBbI KaHAJbI C
OpSIMOYTOJIbHBIM CEYEHUEM 2 i MOJBOAA BTOPUYHOTO BO3/AYyXa K HACTUIIBHBIM
(pakenaM KaxkJIbIX TpaHEH.

[leur Tuna P—panmuaHTHO — KOHBEKTHBHAs, HMMEIOIIAsh HECKOJBKO Kamep
paauanuu —Cc oOmed KaMepoll KOHBEKIUH, BEPTUKAIBHO PACMHOJIOKEHHBIMU
TpyOamu U TOPU30HTATBHBIM dakenom. 3MeeBUK B K10
paanaHTHOMKamMepecaenaHn u3 TpyO, pa3MEelIeHHBIX B €IMHCTBEHHBIN Psil Y CTEHKU
U B JIBa psja MeXIy CMEXHbBIX Kamep. Ha mnepenHeill cTeHke BepTHKaJIbHO
OTHOCHUTEJIBHO K KaX 101 KaMepepacmoioKeH psn
ra3oMa3yTHBIXKOMOMHUPOBaHHBIX ropeiok. Ha 3aaHell cTeHKEHaXOASTCsl OKOIIKU
JUIS BBIXOJa MPOAYKTOB CrOpaHMs B KaHaJl, KOTOPBIN COEAUHSIET KaMepy pajualuu
U KaMmepy KOHBEKIMH. J[aHHBIM KaHal BBIIOJIHEH B BHUJAE Y3KOTO KOPHUAODA,
UYILEro BJIOJIb KaMEphl paJialiiy 10 BCE ee BhICOTE.

BepTukanbabie TpyObl KOHBEKIIMOHHOI'O 3MEEBHKA MOTYT OBITh TJaJKHMH,

OpeOpEeHHBIMU WIIH OIIUIOBAaHHBIMU [3].

1.3 KoHCTpYKTHBHBIE 3J1eMEHTbI TPYOUATHIX Meyvei

O0mmMu 111 BCeX TIeYe KOHCTPYKTHUBHBIMH DJIEMEHTAMH  SIBIISTFOTCSI:
(GyHIaMEHTBI; METAJUIMYECKUE KapKachl, CTEHBI WU CBOJbI; TPYOHBIC 3MECBHKHU;
rapHUTypa; TOIUIMBHOE OOOpYyJOBaHWE; CHUCTeMa TOIJIMBO—, BO3JyXO0— U

MapocHa0XEeHUs;  JBIMOXOJbl M  JABIMOBBIE  TPYObl;  MaponeperpeBaTeiu;

pEKyYIepaTopBhl.

25



OynnameHThl. DyHIaMEHTHI TPYOUATHIX TI€YEH BBIMOIHSIIOT U3 MOHOJUTHOTO
uinu coopHoro xenezooberoHa. OHU JTOKHBI OBITH 3aIUIIEHBI OT TPYHTOBBIX BOJI
HajexxHou ruapousosinueit. [lpu temnepatype 300 — 400°C memeHT B OeToHE
TEpSIET KPUCTAIUIU3ALMOHHYIO BOAY M OETOH pa3pyllaercs, Mo3ToMy (yHIAMEHT
OTACJSIOT OT 30H BBICOKHMX TEMIIEPATyp 3ALIUTHBIM TEIUIOU3OJISALMOHHBIM CJIOEM
JIOCTATOYHOM TOJIIIUHBI, OOBIYHO BHITIOJIHSIEMBIM U3 TPOCTOT0 KUPIUYA.

Mertannuyeckue Kapkachl. MeTaIMYecKui Kapkac TMpeCTaBiseT co0oi
MPOCTPAHCTBEHHYIO pamy, OOpaMIISIIONIYI0 CTEHBI IMEYd, MOITOMY KOHMUTyparus
KapKaca COOTBETCTBYeT HapyxHoU (opme meun. Kapkac HeceT Harpys3ky oT Beca
TPYOHBIX 3MEEBUKOB, TapHUTYPHI, MOJIBECHOTO CBOJA, KPOBJIH, & B IEYaX HOBBIX
KOHCTPYKIIMA — U OT CTeH mneuu. [Ipu Gonpmmx pasmepax meuyed s CBOOOIHOTO
BOCIIPUSITUSI TEMIIEPATYPHBIX JjJedopMaluii CTOMKH KpEensTcs K YCTaHOBOYHBIM
IJIMTaM Ha apHUpax.

Crenbl. CTeHbl, Kak U BCsI OOMYpOBKa, MpeAHa3HAYEHBI JIJISi TepMETU3AINH
TOIKK M KaMmep TpyOuyaToll meudm, a Takke OO0pa3oBaHUS TMOBEPXHOCTU s
pa3MeIleHrs KPAHOB PAJUAHTHBIX TPYO M OTpakeHHs JTy4ucToi sHepruu. CTeHbI
JIOJKHBI OBITH MPOYHBIMU B YCIOBUSAX BBICOKHUX TEMIIEPATyp, T€PMETUYHBIMHU H
o0nafaTh HE3HAYUTEIBHON TEIUIOMPOBOIHOCTHIO.

[lonBecHsie cBOAbl. OCHOBHBIMH TPEOOBAHMSIMHU, TPEABIBISIEMBIMH K
IOJBECHBIM CBOJIaM, SIBJISIFOTCS JOJTOBEYHOCTh U F€PMETUYHOCTH. JlOJIrOBEUHOCTH
CBOJIOB 3aBHCHUT OT KayecTBa KHpIHYA W HAACKHOCTH IOABECOK, KOTOpHIC
HEOOXOIMMO TPETOXPaHATh OT BO3ACHCTBUS OTKPHITOTO IJIAMEHHU M BBICOKHX
TEMIIEPATYP ABIMOBBIX I'a30B.

TpyOusie 3meeBuku. TpyOHBIE 3MEEBUKH COCTOST M3 TPYO, COCTMHEHHBIX
OJIHA C JPYrod NIBOWHUKAMHU PaA3TUYHBIX KOHCTPYKIUNA. 3MEeBUKH DPAOOTAIOT B
TPYAHBIX YCIOBUSIX; OHHM MOJBEPKEHBI JIBYCTOPOHHEMY BO3IEHCTBHUID BBICOKHX
TeMIIEpaTyp: U3HYTPU — OT HArpeBAaE€MOr0 ChIPbS; CHAPYKHU — OT JbIMOBBIX I'a30B U
M3JIy4arolrX MOBEPXHOCTEN.

l'apuurypa neueit. K rapautype neden OTHOCATCS A€Talld, TPEAHA3HAUYCHHbBIC

Ui yaepxaHus TpyO OT MpPOBHCAHUSA B MPOMEKYTKAX MEKIYy TPYOHBIMU
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pereTkamu, st cOOpku 0J0KOB ()yTEPOBKH CTEH M TMOJABECHBIX CBOJIOB, a TaKkKe
[JISIICNIKY U TIPEJOXpaHUTEIbHbIEC OKHA.

TomnuBHOe 000pynoBaHue. B 00AbIIMHCTBE TPYOUATHIX MEUEH JJIsl CKUTAHUS
ra3000pa3HOro TOIUIMBA MPUMEHSIOT Ta30Bble TOPEIKU NPOCTOW KOHCTPYKUUU. OHU
MPEACTABISIOT COOOM KOHIIEHTPUYHO PACIOJIOKEHHBIE B (OPCYHOUHOU aMOpazype
KOJIBLIEBBIE TPYyOUaThie KOJJIEKTOPBI, CHA0XKEHHBIE MHOXKECTBOM KaJMOPOBAaHHBIX
cores JJig BbIxoja rasa. Jluamerp comes BbIOMpaOT B 3aBUCUMOCTU OT UX YHCIIA U
TpeOyeMoil MPON3BOUTEIBHOCTH KaXK10M ropenku. Takue ropesiku T0JArOBEYHbI U
JIETKO M3TOTaBIMBAIOTCS B 3aBOJICKUX YCIOBUSX.

JIbIMOBBIEC Ta3bl M JIBIMOXOJbI. JIBIMOBBIE Ta3bl U3 MEYU 4Yepe3 JIbIMOXOAbI U
JIBIMOBYIO TpyOy BbIOpackiBaroTcs B atMocdepy. [IpiMOBbIe TpyObl 0OecreyrBaroT
TATY, HEOOXOAMMYIO JUIsi pabOThl TpyOdaThiX meueld. [luamerp IbIMOBOM TpyObI
JOJDKEH OBITh TaKWM, 4YTOOBI CKOPOCTh JBMIKEHHSI Ta30B B HEW HE IMpeBbIIIana
JOTTYCTUMOTO 3HauYeHus 4 — 6 M/C.

JpiMoxoael (OOpPOBBI) COEAMHSIIOT BBIXOJ M3 KOHBEKIIMOHHOM Kamephbl ¢
IBIMOBOM  TpyOoil. VX  BBIKJIIAABIBAIOT M3  KUPNHUYA, KUPIOUYHBIX WU
&KeJne300eTOHHBIX 0JIOKOB. B HUX mpemycMaTpuBarOT JIIOKH — JIa3bl JJIsl OCMOTpa U
YUCTKHU TIPU PEMOHTAX.

Bce kanHambl ABIMOXOJOB CHAOXarT CHCTEeMOM maporymeHus. s
pPETYNHPOBAaHUS TATH HAa JHIMOXOJIaX WJIM B CaMOM HH3y JIbIMOBOW TpPYOBI
YCTaHABIMBAIOT MIHOEPHI — MJIOCKUE 3aCTOHKH, YACTUYHO MPUKPHIBAIOIINE CEUCHHE
TpakTa, 0 KOTOPOMY MPOXOJAT JTbIMOBBIE T'a3bl.

[TaponeperpeBatenu U pekynepaTopsl. [ias MakcMManbHOTO MCHOJIb30BaHUS
TEIJIOThl  JIBIMOBBIX Ta30B HAa MX MYyTH OYEHb YacTO YCTAaHABJIMBAIOT
naporneperpeBaresii U pekynepatopbl. IleperpeB mapa OCyHIECTBISETCS 3a CYET
TETUIOTHI, BOCTIPUHUMAEMOM TTOBEPXHOCTSIMU TPYO TaporeperpeBarters.

TpyObsl mapomneperpeBatensi pa3MellalOT B KOHBEKIIMOHHOW KaMepe MedH
TakuM 00pa3oM, 4YTOObI OOECHEeUUTh MEPErpeB Mapa A0 HYKHOW TeMmIepaTyphbl.
Takoe pacnofioxkeHue naporeperpeBaresisi HeyJOOHO, TaK KaK B cliy4ae Mporapos

CMeHa TpyO 3aTpy/IHEHA.
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[TosToMy Ha MHOTHX TpyOyaThIX INe4yax MaporeperpeBaTeiid BCTPauBarOT B
O0opoBa MpH COOTBETCTBYIOIIEM YBEIMYEHUU MOBEPXHOCTHU TPYO MJisi oOecreueHus
HEO0OXOMMOM TeMIepaTypsl AJid MOJ0rPeBa BO3IyXa.

TpyOuaTeie  meud, OKCIUTyaTUpyeMble B  HAcToslee  BpemMs  Ha

HedTenepepadaTriBaromux 3aBoaax, umerot KITJ[ = 0,65 — 0,85[3].

1.4 IlaTeHTHBIH 0030p

[Matent Ne2246524[4].[laHHbI MATEHTCO3MaH JJIs YIyULICHHS TPyO4aToi
neyu, IpeJHa3HaueHHOU JiJ1s1 mojorpeBa Hedu Ha HIT3.

OCHOBHOM MUHYCTpPYOUaThIX Teuel, UCIOJIB3YEMbIX B JaHHBIH MOMEHT Ha
npeanpusITUsIX HedTernepepadOTKU: HEHAJACKHOCTh JIKCIUTyaTallMi — Mederuns-
3a00pa3oBaHUsl Harapa Ha  IMOBEPXHOCTH TPYO KOHBEKIIMOHHOTO 3MEEBHKA,
BCJIEICTBHE UEr0 YXYAIIAEeTCS TEITIOOOMEHHBIE MPOLIECChI, BO3PACTAIOT PacXoIbIHA
TOIUIMBO U YMEHBIIAETCS CPOK DKCITyaTallUd 3MEEBUKOB U, KaK CIEICTBUE, NAJaeT
HAJ€KHOCTh TIE€YEH;HENOJHOE PACHPEACIICHUE TEIUIOTHl OT JBIMOBOIO rasza Jis
nporpeBa He)TH B paJMaHTHONW U KOHBEKIIMOHHOHN KaMmepe.

Llenb: TOBBICUTH HANEKHOCTHPAOOTHI IMEUEH W YBEIMYUTH IOBEPXHOCTH
TEIUI00OMEHa.

OTO MOXHO JOCTHYh TakuM O0Opa3oM: CHaOIUTh CHEMHBIM (UIBTPOM
Mepexoa MEXIy KamepamMu H Tmepeq AbIMOBOW TpyOoil. DumbTp mpeactaBiseT
co0Oll Bpamaronuiicss TpyOuyaThlil AJIEMEHT, BBHITIOJHEHHBI W3 Marepuaia, C
MUKPOIIOPUCTOU CTPYKTYPOIL.

JIaHHOE€ TEXHWYECKOE PELICHUE TMO3BOJSIET YMEHBIIWTH 3arps3HEHUE
3MEEBHUKA, TEM CaMbIM YBEJIMYUBAETCS NEPHUOJ SKCIUTyaTallMH, TEIMIOOOMEHHBIE
MPOIIECChl, U KaK CIEACTBHE, MOBBIMACTCA d(PPEKTUBHOCTH PAOOTHI, CHUKACTCS
pacxo/ibl TOTUIMBA U BO3PACTAET HAACKHOCTh TPYOUATHIX MEUCH.

Ha pucynke 1.9 n3zo6paxena wuttoctparus k mateHty Ne 2246524,
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Pucynok 1.9 — Ilatent No2246524

1- panuanTHas Kamepa, 2 - KOHBEKTUBHAS KaMepa, 3 - 3MeEeBHK KOHBEKTHBHOW KaMephl, 4 -
OTHEYITOPHAS M30JIAIHs, 5 - TbIMOBast TPy0a, 6 - TopenkH, 7 - 3MEeBHK paTuaHTHON Kamepsl, 8, 9 -

ChEMHBIE QUITBTPHI

[Tatent Ne 2409610 [5]./lanHblii maTeHTCO3AaH I YAy4IIEHHUsS TPyOdaToit
ne4u, TpelHa3HAaYeHHOW /ig mojaorpeBa HedTu Ha HedTenepepadaThIBAIOIIEM
OpEeANPUITHH.

[ToMrUMO  BBIIENEPEYUCIEHHBIX HEIOCTATKOB KOHBEKLIMOHHOW  4YacTH
TpyO4aToi mevn, onuchbiBaeMbIX B matente No2246524, cylmiecTBYIOT ClIeIyIOIIHE:
B XOJI€ OKCIUTyaTalldd  HHU3TPYyO0 3MeeBMKa B  paJUaHTHOW  Kamepe
MO/IBEP>KEHBO3ICUCTBHIO (akena Hampsmyro. Kak mpaBuiio, ToBiedeT 3a coOOit
rporap 3MeeBUKa U BCIEJICTBHE YEro MPOUCXOAUT BBIXOJ MEYeil U3 CTpos.A Takke,
MIPU UCIOJIb30BAaHUUTOPEIIOK, SKCIUTyaTUPYEMbIX HAa Ma3zyTe, oOpa3yeTcs caxka Ha
MOBEPXHOCTSAX 3MEEBMKA, YTO BJe4eT 3a CcoOOHM pe3Koe yMEHBIICHUE
TEIJIONEePEeIayu.

[enb: MOBBICUTH HAJIEAKHOCTH3MEEBHUKA U YBEIIUUUTD TEILIONEPEaAYY.

DOTO MOXHO JOCTHYbIIyTEMHAHECEHHs] Ha TpyObl paJuaHTHOU U
KOHBEKIIMOHHOW Kamep TpyO — oOojouek, a B oOpa3oBaBlIeecs MPOCTPAHCTBO

MEXK]ly Tpy0aMu 3achlaTh MUKPOMOPUCTHIN TEIUIONEPEAAOIIUM MTOPOIIOK.
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JlaHHBIC MEPOTPHUSTHS TIO3BOJISIIOT CHU3UTHh PUCK BO3HUKHOBEHHS TIporapa B
HIDKHEW Y4acTh U3—3a TOro, 4TO MpsAMoe Bo3neicTBue (pakena 6epet Ha ceOst UMEHHO
000JI09Ka, a 3aTeM YK€ HJIET MATKHI HarpeB TPyo.

Ha pucynke 1.10 uzo0paxena wumtoctpanus K marenty Ne 2409610.

kb
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P ITOTTTETIrS

Pucynox 1.10 — ITatent Ne2409610

1 - MUKPOTIOPUCTHIN TETUTOTIEPEAIOIINIA MTOPOIIOK; 2 - TPYOBI-000JI0YKH TPYO KOHBEKTHBHOTO
MPOIYKTOBOTO 3MEEBHKA; 3 - OTIOPHBIC PEIIETKH KOHBEKTHBHOTO TIPOTYKTOBOTO 3MEEBUKa; 4 -

KaJiau

[Matent Ne2455340[6]./laHHblii TATEHTCO3MaH I YIYYIICHUS TPyOUaTOu
1eyu, peaHa3HaueHHOM 11 nmojgorpea Hedtr Ha HII3.

OCHOBHOM MHUHYCTPYOUaThIX IE€UCH, MCIOJIb3YEeMBIX B JAaHHBIH MOMEHT Ha
MpEANPUATUAX HedTenepepaboTKu — HU3K0d(ppeKkTHBHAS pabora
KOHBEKIIHOHHOMYACTHUH3-3a BBICOKOCKOPOCTHOTO MOTOKA JBIMOBOTO I'a3a y CTEHOK.
D10 00YCIOBICHOKOHCTPYKIIMEH TMeun(3a30p Mexay (yTepoBKOWM W KpalHUMH
TpyOamm).

[ens: noBeimenne 3¢ (HEKTUBHOCTH paOOTHI MEYN U TETUIOOTIaYd JTBIMOBOTO
rasa KOHBEKIIMOHHOMY 3MEEBHUKY.

DTO NOCTUTAETCS MyTEM YCTAHOBKH B 3a30pax MEXIy TpyOamu u pyTepoBKOit
MPOJIOJBHBIX MEPETOPOJIOK, U3TOTOBJICHHBIX B (POPME YTOJIKOB.

Ha pucynke 1.10 uzo6paxkena miroctpanus kK nateHty Ne 2455340.
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Pucynoxk 1.11 — ITatent Ne2455340
1 - xopmyc, 2 - kKamepa paauaiuy, 3 - paIuaHTHBIN 3MEEBUK, 4 - Topenka, 5 - o, 6 -
(dbyrepoBKa, 7 - Kamepa KOHBEKIIUH, 8 - TPYOHBIN My4oK, 9 - TpyOHas pemerka, 10 -

KOHBEKIIMOHHBIN 3MeeBUK, 11 - meperopoaku, 12 - neiMoBast TpyOa, 13 - onopa

JlaHHbIE ~ cmocOo0  YMEHBIIACTPACCTOSIHUEOTHYTEPOBKHIO  3MEEBHKA,
YCTpaHSET MPOCKOKM JABIMOBOrO ra3ay CTEHOK, B CJEIACTBHE YEro MOBBIIIACTCS
TEIJIO0T/Iauya JbIMOBBIX Ta30B, €r0 BPEMSHAXOXKJIECHHE B KOHBEKIMOHHOW YacCTH.
Tem campivmioBbItiaeTcst 3G HEKTUBHOCTH paOOTHI TTEYH B IIETIOM.

[Tatent Ne2483096[7].[laHHbIil TATEHTCO3MaH JJIs YIYYIICHHUS TPyO4aToi
neYu, mpeHa3HauYeHHOM 11 mogorpesa Hed Ty Ha HIT3.

OCHOBHOM MHUHYCTpYOYaTHIX MeYei, MCIOJb3YEMbIX B JIaHHBII MOMEHT Ha
MPEeANpUATUAX HepTenepepadboTku — 00pazoBaHKEe THAPOYAApOB, BUOpAIMKM HU3—3a
BO3HUKHOBEHHUSI TIApO — Ta30BBIX MPOOOK, YTO BJIEYET 3a COOON MOBpEKICHHUE
3MEEBHKA U BBIXOJl U3 CTPOS ammapara.

[lens: mpenoTBpallleHWe BO3HMKHOBEHHUSI OTCJIOCK Ta30BOM W KUJIKOCTHOM

¢a3bl.
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OTO JOCTUraeTcss IMyTeM YBEIMYEHHs [UaMeTpa HUCXOAAIIEH TpyObl
OTHOCUTENBHO Bocxopsme npumepro B 1,16 — 1,35 pa3, mpu sTom auamerp
BEPXHHMX U HWKHUX Kalayell COBMAJAET C AUAMETPOMCOOTBETCBYIOIIHUX TPYO.

JlaHHBI TATEHT IMO3BOJSET OTPEryIMPOBATH CKOPOCTh MOTOKA TaK, YTOOBI
COKpaTUTh pa3Mep MpoOOK, pa3OUTh UX,yMEHBIIUTh yIAapHYIO CIOCOOHOCTh. Tem
CaMbIM YMEHBIIAETCSI KOJUYECTBO TUIPOYAAPOB, BUOPALMIATPYO M yBEIUYUBAETCS
CPOK CITY>KObI 3MEEBUKA.

Ha pucynke 1.10 uzo0paxena wmoctpanus K marenty Ne 2483096.

Pucynok 1.12 — [Tatent Ne2483096

1 - y3kuii Kayiay, 2 - KOHUYECKHUH MEePEXOTHUK, 3 - HUCXOAIIas Tpyoa, 4 - IUpPOKHiA
Kajad, 5 - Bocxosmias Tpyoa

[Matent Ne2231713[8].[danHbIii MaTEHTCO3MAaH JJIs YIYYIICHUS TPyO4aToi
neYu, mpeHa3HauYeHHOM 11 mogorpesa HedTu Ha HIT3.

OCHOBHOW MUHYCTpYOUaThIX IeuYel, UCHOJb3YEMBIX B JAHHBI MOMEHT Ha
MPEeANpUATHAX HePTenepepadOTKH — TPOBHCAHME 3MEEBHUKAa TPH BO3JCHCTBHUU
MOBBILLICHHBIX TEMIIEPATYP.

Lens: mpenorBpatuth AehOpMAMOHHBIE W3MEHEHHUs (MPOBUCAHWE) IS
YBEIIMYEHHUSI CPOKa CITYKObI 3MEEBUKA U TIEYKU B IIEJIOM.

DTO  JOCTHraeTcs IyTeM BHEAPEHUS B  KOHCTPYKIMIO  3MEEBHKA

(UKCUPYIOIIETO YCTPOMCTBA, HAXOJMSIIErocs Ha HauOoJiee BEPOSITHOM YYaCTKe
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npoBucanus. PUKcaTop MpenCTaBIAeT cOO0M MONBIA LHMIMHAP, MPEKPEIUIEHHBIN K
Hapy>KHbIM CTEHKaM 3MEEBHUKa.

JIaHHBI MATEHT IMO3BOJIIET MPEIOTBPATUTh HEXKENATEIbHbIE HW3MEHECHUS
dbopmbel TpyO, a uMEHHO JAchOpMAllUOHHBIE TMPOBUCAHUSA, TaK KakK JaHHBIC
(¢ukcHupyronye MpoCTaBKU MOAJIEPKUBAIOT KOHCTPYKLIMIO 3MEEBUKA, a HUKHSA
YacTb yHHUpaeTcss B NOJ medd. TemM caMbIM YBETUYMBAETCS CPOK CIIyXKObl H
UCKJIFOYAIOTCS PUCKU BO3HUKHOBEHUW aBapUIHBIX CUTYaLIHA.

Ha pucynke 1.10 uzo0paxena wmoctpanus kK narenty Ne 2438630.

/
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Pucynok 1.13 — ITatenT Ne2438630
1 - Tpy0a, 2 - puxcarop

1.5 OcHoBHbBIE MOKa3aTeJ U padoThI Meveit

BoJBIIMHCTBO KOHCTPYKIMN NIEYEN UMEIOT 4 OCHOBHBIX MOKAa3aTeNs !
— TPOU3BOAUTEIBHOCTH;
— TI0JIE3HAs TEIUIOBasl HArpy3Ka;

— TCIUIOHAIIPAKCHHOCTBIIOBECPXHOCTH HArpeBa,
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— K03 (DUITUEHT MOJIE3HOTO IEUCTBUS.

Bce mneuku xapakTepus3yrOTCS KOJUYECTBOM MPOJYKTa, MPOTOHSEMOrO B
3MEEBHUKE3a EJUHMILY BpeMeHHM (T/CyT). DTa BeJIWYMHA OMNpeNeNsieT KOJIUYECTBO
HarpeToro MpoJyKTa, MPOXOSAIIEro MOTPYOHOMY 3MEEBUKY MHpPHU HEOOXOIUMBIX
3HAQYCHUSX TEXHOJOTUYECKOTO pexuma (TeMrepaTrypanpoaykTa TIpU BXOJE B
3MEEBUK, Ha BbIXOJIe u3 Hero.)CieaoBaTelibHO, MNPOU3BOAUTEIBLHOCTh €YU
SIBJISIETCSI OCHOBHOU XapaKTEPUCTUKOM .

[Tone3nas temioBast Harpy3ka — 3TO KOJWYECTBO TEIUIOTHI, OTTAHHOU TEYbIO
HarpeBaeMoMy MPOAYKTY. JlaHHasi XapaKTEepUCTUKA B OOJIBIIEH CTETICHU 3aBUCHUT OT
TEIJIOBBIX MOIIHOCTEH M TabapUTHBIX pa3MepoB Medeil. bosblinyro dacTh meuei
paboTarONIMXB HACTOAIIECE BPEMSI UMEIOT TEIJIOBYIO Harpy3ky ot 810 19 kBrT.

TennoHanps>KEHHOCTh MOBEPXHOCTH HArpeBa — 3TO KOJMYECTBO TEIUIOTHI,
nepefaHHoO uepe3 1M° MOBEPXHOCTH HarpeBa B eauHMIy Bpemenu (Brt/m%)Ho
OYeHb  BBICOKAs  TEIJIOHANPSIKEHHOCTh  IMOBEPXHOCTH  HAarpeBa  MOJXKET
IPEMSITCTBOBATHIIPABIIILHOM paboTe Meyeil U BhI3BATh MPOTrap3MeeBUKA.

Kosdhdumment mnoneznoro AeicTBUS TpyOdaThIX TMeuel XapaKTepusyet
SKOHOMHYHOCTh €€ OKCIUIyaTalldd ¢ BBIPAXKAETCA OTHOIICHHWEM KOJIMYECTBA
MIOJIE3HO HCIIONIB3YEMOU TETUIOTHI Qo KBCEMY KOJUYECTBY TETUIOTHI Qogy, KOTOPOE
o0Opa3yeTcsiB pe3ysbTaTe CropaHus TOIUIMBA!

TpyOuaTeie nmeun, padotaroniue B Hactosmee BpeMs Ha HII3, umeror KIIJ] =
0,64 —0,86[9].

1.6 KoncTpykiusi 3MeeBHKOB

TpyOHBI 3MEeBUK M3TOTABIMBAIOT C MOMOIIBI0 TPYO IMHONW OT O6M 10
20M. OHM coOHMparOTCS MOCIEIOBATEIFHO B HEPA3PHIBHYIO IISIIOYKY ITPH ITOMOIITH
JIBOMHHUKOB.

[IpumeHstoTcst O€CIIOBHBIE IEIBHOTAHYTBIE TPYOBI ¢ auameTpoM oT 60 1o

152mM. HawuboneenpumensieMble TpyObl Jisi W3TFOTOBJICHHSI 3MEEBUKAUMEIOT

auametp Tpy6 102, 127 u 152mmMm [10].
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TonmuHycTeHOK TpyObl MPUHUMAIOT B 3aBUCUMOCTH TEXHOJOTHYECKOIO
pexuma  (JaBieHHe, TeMIlepaTypa, KOPpPO3HMOHHBIE CBoicTBa). Kak mnpaBuio,
TOJIUIMHY NpUHUMaT B uUHTepBasie oT 4 1o 30mm. Ilpu paborte 3MeeBHKANon
BBICOKMM JIABJICHUEM MPUMEHSIOTCS TOJICTOCTEHHbIE TPYOBI C TOJNIIUHOM, paBHOM
1/3 BHeuIHerO TUamMeTpa TpyOblI.

[lo konM4YecTBy HarpeBaeMbIX NOTOKOB 3MEEBHKM MOJIPA3ACIIIOTCS Ha
OJIHOTIOTOYHBIE, IBYIIOTOYHBIE U MHOTOIIOTOYHBIE, & N0 KOHCTPYKIHUH — LIEJIbHBIC
U COEJIMHEHHBIE C TOMOIUIbIO ABOMHUKOB (peTYpOECHTOB).

Ha pucynke 1.14 npencraBieH 0JHOIOTOYHBIN 3MEECBUK.
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Pucynoxk1.14 — YepTex 0JTHONIOTOYHOT'O 3MEEBHUKA

[Teynble ABOMHWUKM HEOOXOAMMBI IS COSIWHCHHS TPYyO B EIUHYIO
KOHCTPYKIIMIO 3MEEBHUKA U SABIISIIOTCS pPa300PHBIM COCTMHUTEIBHBIM 3JIeMeHTOM. OT
MPaBUJILHOTO M3TOTOBJICHUS W MOHTa)Ka JIBOMHUKOB 3aBUCUT Oe3aBapuiiHas paborta

TpyOUaThIX neyeil.

TonuHy CTEHOK TpyObl MPUHUMAIOT B 3aBUCUMOCTH TEXHOJIOTHUYECKOTO
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pexuma  (JaBjeHUE, TeMIEepaTrypa, KOpPpO3HOHHBIE cBoiicTBa). Kak mpasuio,
TOJILIMHY TNpUHUMAIOT B uHTepBaje oT 4 no 30mm. Ilpu pabote 3meeBHKa MOJ
BBICOKUM JaBJICHUEM NPUMEHSIOTCS TOJICTOCTEHHBIE TPYObI C TONILIMHOM, paBHOM
1/3 BHewrero AuameTpa TpyOHI.

K KOHCTpYKIIMM JBOWHUKOB MPEABSBISIOT HEOOXOJUMBbIE TPEOOBAHMUS:
MPOCTOTY U HAJIEKHOCTh COECIMHEHUN €ro ¢ TpyOamu 3MEeBUKA, TOCTYIMHOCThb MPHU
MPOBEICHUH PEMOHTHBIX pPabOT, 4YMCTKa TPyO, MUHUMAIbHOE THJIPABIUYECKOE
CONPOTHUBIICHHUE, YCTOMYUBOCTh K KOPPO3UM, XOpoIlas MPOYHOCTb MpU padoumx
TEMIIEPATYpax U JaBICHUSAX.

Ha pucynke 1.15 nu3o0paxkeH uepTex JBYyOTOYHOTO 3MEEBHKA.

2800

Pucynok1.15 — YepTex AByHOTOYHOTO 3MEEBUKA

N3roraBnuBaercs TpyOHBIA 3MEEBUKIPU TIOMOIIM TEYHBIX JABONHUKOB:
JIATHIX, KOBAHBIX, JIBYXTPYOHBIX (OTHOMIOTOYHBIE), YETHIPEXTPYOHBIX

(IBYXIIOTOYHBIE), YTJIOBBIX, C OTBOJAMHU MO/ Pa3BaJIbIOBKY WK MO pe3b0y.3aBOIbI
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M3rOTABIMBAIOT TPU TUIIA JBOMHUKOB: KOBAHbIE MOJYOTKPBITHIC, KOBAHbIC
3aKphITHIC; TUThIC ¢ yiikamu [10].

Kaxnplii kopnyc ABOMHMKAa CHA0XalOT KIEWMOM, YKa3bIBasCEpUIO U U3
KaKoro martepuan oOH BbINOJIHEH. [Ipu MoHTaxe mneun HEoOXOAUMO YACHSITh
BHUMAaHHUE COOTBETCTBUE YCTAHOBJIEHHOI'O JBOMHHUKA C MPOECKTHOM JOKYMEHTALMUEU
M COCTABJIATH AKThI MPOBEPOK. /[aHHBIE O TBOMHUKAX BHOCAT B MACIIOPT €YU U IIPHU
3aMeHe JIBOWHUKOB BO BPEMsI PEMOHTHBIX PabOT YCTaHABIMBAIOT TaKYIO K€ CEPUIO
JIBOMHHKA.

Ha pucynke 1.16 n3o0paxeH1BOMHUK KOBAHbIN OTKPBITBIA JTBYXTPYOHBIH.
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Pucynox1.16 — /IBoitHUK KOBaHBIA OTKPBITHIAABYXTPYOHBII
JIBOMHUKK KOBaHbIE OTKPBIThIE JABYXTPYOHBIECOCTOSIT W3 KOpIlyca C

YCTBIPbMA OTBCPCTUSAMU. N3 Hux ABa OTBCPCTHA IPCAHASHAYCHBI JJI KPCIIJICHUA

TpyO C pa3BajbllOBKOM, a JBa 3aKpPbIBAIOT KOHYCHBIMH MpPOOKaMU, KOTOPbIE
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OPWKUMAIOT  OOJITAMH ~ 4Yepe3 TpaBepChl, yNHparolluecs 3aljiedukaMyd B
MOJIKOBOOOPA3HBIM BHICTYN KOPITyCa.

JIBOMHUK KOBaHBIM 3aKpPLITOIO THUIIA MUMEET B BEPXHEW YacTU CIUIOLIHOM
KOJIBIIEBOM YIIOp JIJIst TPaBEPChI, a MPOOKa UMEET iBa HEOOIBIINX XBOCTOBUKA.

Ha pucynke 1.17 uzo6pakeH JBONHUK KOBAHBIM 3aKPHITOTO THIIA.

| 7
=KD
ﬁ

N

Pucynok 1.17 — JIBOHHUK KOBaHBIM 3aKPHITOTO TUIIA

JIBOMHHUKH JIUTBIE C YIIKAMU MMEIOT B BEPXHEH YaCTH KOPIyca JBa YIIKA C
MIPOPE3SIMH, KOTOPBIE CIYKAaT YIOPOM JJisi TPABEPChl. DTU JTBOMHHUKU WU3TOTOBISIOT
TEX K€ CepHUil U ISl TEX KEe Pa3MepoB TPyO, UTO U KOBAHBIE OTKPBHITHIE.

Kaxnpiii kopnyc IBOWHWKAa CHAOXKAIOT KJIEHMMOM, yKas3blBasg CEpPHI0 U U3
KaKoro MaTephal OH BBITIONIHEH. [Ipy MOHTaxe medn HeoOXOIUMO YACNAThH
BHUMAHHUE COOTBETCTBHE YCTAHOBIIEHHOTO JBOMHHKA C MPOCKTHOW JIOKYMEHTAIUEN
Y COCTABIIATH AKTHI MPOBEPOK. J[aHHBIE O NIBOMHUKAX BHOCAT B MACIOPT NEYU U IIPU
3aMeHe JTBOWHHUKOB BO BpEMs PEMOHTHBIX paOOT YCTAaHABIUBAIOT TAKYIO )K€ CEPHUIO
JIBOMHUKA.

Ha pucynke 1.18 n3006paxéH ABONHUK ABYXTPYOHBIH JTUTOM.
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Pucynox1.18 — /IBoitHuK 1BYXTpYyOHBIN JTUTON
1.7 Marepuan Tpy0 3MeeBUKA

Hcxonst 3 KOPPOTEHHBIX CIIOCOOHOCTEH TIEPETOHSIEMOTO IO 3MEEBHKAM
IeYd TPOJAYKTa W TEXHOJOTHYECKOTO peXuMa (TeMIepaTypsl, JTaBICHUS)
MPOMCXOIUT BBHIOOp MaTepwana. Ecim cplpbe HE BBI3BIBACT KOPPO3HIO
obopynoBanusnpu t 450°C u nmaBneHunoxkono 6 MH/m? (60 KF/CMZ) B
M3TOTOBJICHUH MMPUMEHSIOT YIJIEPOIUCTHIC CTaJIH.

Ecain HeoOXoauMMO MPOM3BOAUTH HArpeB KOPPO3MOHHOTO TIPOJIYKTA C

HaJIMYMEM CEPHHMCTHIX coequHeHuil B coctaeut 10 400°C, To B paiioHe3MeeBUKA
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UCIIOJIB3YIOT TPYObl JUTMPOBAaHHBIE XpPOMOM, TaKHe KakK cTaiu X5, a B cllydae
IPEBBINICHUS TeMIlepaTypHoro pexkuma 10 450 — 600°C, mpuMeHSIoT TpyOBI
Mapku XSB®. s npoieccoB, CONPOBOXKAAIOIMXCS BBICOKUMU TEMIIEpaTypaMu
(650 — 850°C)u3roraBauBalOT TPYyOBI M3 JKApOMPOYHBIX CTAJICH, JIUTHPOBAHHBIX
HukeneM, xpoMoMm U tutanoM X18HO9T, X23H18, u u3 cmiaBoB, coaepkaliux B
cBoeM coctase 25 — 27%Cru 3 — 7% Al [11].

BceBo3MOKHBICOOTACTH 3MEEBUKOB TPYyOUaTOM MEYMIKCITYaTUPYIOTCS B
pa3HooOpa3HbIX MHTEpBAJAX TEMIEpAaTyp TEXHOJOrHYecKOoro pexkuma. Mcxoas us
ATOT0,/IaHHBIA KOHCTPYKIIMOHHBINA 3JIEMEHTBBITIOIHACTCS U3 OTIMYAIOUIUXCSAPYT OT
apyra TpyO MO pa3iMuYHbIM XapakTtepuctukam. K mpumepy, HadanbHble y4acTKU
3MeeBHKa MUPOJIM3HBIX Teuei sKcIuryatupyoress paiione 20 —400°C, a koHeUHBIE
YY4aCTKHMITOBEPraroTcsi HarpeBy BILtoTh 10 500-900°C.

B cBsi3u ¢ 3TUM, B JaHHOM 000PYJOBaHUU HAuYaJbHBIEC PsiIbl KOHBEKIIMOHHBIX
TpyO BBIIIOJHEHBI U3 YIIEPOAMCTBIX TPYO, MOCIEIHUE PAJbl — U3 JUTHPOBAHHBIX
XpoMOM M MosnbaeHoM (Mapku X5M) TpyO, a MaTepuaioMm, UCIOIb3yEMbBIM NPU

N3TrOTOBJICHHUU PAaIUAHTHBIX Tp}I6, ABJEACTCA KAPOIIPOYHAA CTAJIb.

1.8 M3HoC TPyOUATHIX 3MEEBUKOB

OT coCTOSHUS ¥  JIOJNTOBEYHOCTH TpPyOUaThIX 3MEEBUKOB  3aBHCHUT
MIPOJIOJDKUTENIFHOCTh HETIPEPHIBHONW PabOTHI Meud, a B OONBIIMHCTBE CIy4aeB U
TEXHOJOTHYECKOW YCTaHOBKH B 1eiaoM. [lo3TOMy BBISIBICHUIONPUYMH ILIOCA
TPyOUaThIX 3MEEBHUKOB CJIEYET YACISITh 0OCOOCHHO, OOJIbIIIOe BHUMAHUE.

[leynble TpyOBI TOABEPKEHBI JABYXCTOPOHHEMY BO3JEHCTBHIO BBICOKHX
TEMIIEPATypP: U3HYTPHU — OT HArpe€Bae€MOro ChIpbsi, CHAPY>KH — OT TOINOYHBIX T'a30B U
M3JIy4aromuX MOBEPXHOCTEW. M3HOCY NOABEpKEHbI KakK BHYTPEHHHE, TaK H
Hapy>XHble MOBEPXHOCTH TpyO. M3HOC MOBEpXHOCTEW W MPUYUHBI, BBHI3bIBAIOIINE

€ro, MoryTt OBIThH Ppa3IM4YHbBIMU.
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N3HOC BHYTpEHHHUX MOBEPXHOCTEH TPYyO MPOUCXOIUT B pe3yJbTaTe KOPPO3UHU
Moj JEWCTBUEM arpeCcCUBHBIX BKJIIOUEHUMN, COJIEPKAIIUXCS B CHIPhE, a TaKKE
APO3UU MTOTOKOM CHIPbSI.

Koppo3us BHYTpeHHUX MOBEPXHOCTEHN 3MEEeBUKOB HedTenepepadaThIBAIOIINX
YCTAaHOBOK BBI3BIBACTCS XJIOPUCTHIMU COJIIMH, CEPOMl U HAPTEHOBBIMU KHUCIOTaAMU,
MPUCYTCTBYIOIIMMU B HarpeBaeMbiX cpenax. VHTEHCHMBHOCTh XUMHUYECKOU
KOPPO3UH PE3KO BO3PACTAET MPH MOBBINICHUU TEMIIEPATYPhI CPEIBI.

HarpeBaemass B TpyOax He(pTh, HAXOAUTCA B KHUJIKOM, MMapooOpazHOM
COCTOSIHUH, T€UeT ¢ OOJIbIIONW CKOpOCThI0. Haxomsmuecss B HeTH MeXaHUUYECKUE
IpUMEeCH, KOKC W JpYyrue BKIIOYCHUS, O0JaJal0T 3HAYUTEIBHOM KHHETHYECKOU
SHEpPruel, NpHUBOAAT K aOpa3uBHOMY W3HOCY 3MeeBuMKka. OCHOBHas 4YacThb
MEXaHUYECKUX TpUMecel BBOJUTCA B TPYOHBIM 3MEEBUK CHApPYX U (BCIEICTBUE
IJIOXOM  OYUCTKMHEPTH WIM B Pe3yJbTaTe TaKUX IPOILECCOB, KOTOPBHIM
noJiBepraeTcsi HarpeBaeMassHepTh 1O BXOJla B 3MEEBUK); OCTaBIIMECS YacTh
TBEP/BIX YaCTHUIl 00Opa3yeTCsl B CAaMOM 3MEEBHUKE B pe3yJbTaTe PAa3IMUHBIX pPEeaKIui
MOTOKA B MEYH.

[Ipu TpeHMH O TOBEPXHOCTh IMEYHOM TPYyObl MEXaHUYECKHUE MPUMECH
IPOOSATCS, W TOBEPXHOCTh KOHTAKT TPyOBl ¢ aOpa3sWBHBIMH YacCTHUIIAMU IO XOMIY
CBIPBSl YBETTMUMBACTCSl. MeXaHMYEeCKUN U3HOC TPYO TEM 3HAUUTEIbHEE, YeM OOJIbIIe
cojiep;kaHne adpa3MBHBIX BKIIOUECHHM B MOTOKE, UX Macca U CKOPOCTh, a TAKXKE 4eM
TBEPKE UX TOBEPXHOCTb.

BcenencTBue BbICOKOM TYpOYJIEHTHOCTH MTOTOKA B 3MEEBUKE TBEP/IbIC YaCTUIIBI
MHOTOKpPAaTHO yJapsioTCd O BHYTPEHHUE IOBEPXHOCTH TPYyO, KaXKIBIA pa3
nedbopMupysl WM HW3HAIIWBasg KaKoW—JnO0 uX ydacTok. I[lyTe, mpoiiaeHHBIN
TBEPJOl YacTUIEH Ha OMPEAECICHHOM ydacTKe TPyObl, BO MHOI'O pa3 MpPEBBIIIAECT
JUTMHY y4acTKa.

Cuna ynapa 4acTull 3HAUUTENbHO OOJIbIlIE B TOM Clly4ae, €CJIU ChIPbe
HaxoJIUTCSl B MapoOOpa3HOM COCTOSIHUM; B KUJIKOCTH yJlap CMSI4aeTcsi, TaCUTCH.
OtuM oObsAcHseTcsa OoJee WHTEHCHBHBIA H3HOC TpyO 3MEEBHKOB Ha Y4yacTKax

HUCIIApCHUA, TOrJda KaK BHYTPCHHHUC IMOBCPXHOCTU KOHBCKIMOHHBIX TPY6 IIO4YTH HEC
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MOJIBEPTAI0TCSA SPO3UOHHOMY M3HOCY. bolnblieMy U3HOCY CIOCOOCTBYIOT U BHICOKHE
CKOPOCTH TIOTOKa Ha y4JacTKax HCHapeHus. B HEKOTOpBIX Meyax HadyaBIIUKCS MPO-
IIECC APO3MOHHOTO M3HOCA MOXET MPUOCTAHOBUTHCS IMOCIE TOTO, KaK BHYTPEHHUE
MTOBEPXHOCTH TPYO MOKPOIOTCS TBEPABIMH OTIOKEHUSIMH KOKCA.

DOpO3UOHHBIA HM3HOC BHYTPEHHUX TIOBEPXHOCTEH HEOJMHAKOB IO JIJIMHE
TpyObl. OCOOEHHO OBICTPO BBIXOAST U3 CTPOS KOHIIBI TPYO, pa3BajbllOBaHHBIX B
perypOeHaax. OTo OOBSCHSAETCS M3MEHEHHEM THAPABIMYECKOTO PEKHMMa TOTOKA
nepex BXOJOM B peTypOSHIHYIO Kamepy(KaBUTAIlUs BCJICACTBUE YMCHBIICHUS
CKOPOCTH) W TpU MEPEeXoje U3 JaHHOW KaMephl B COCEIHIOI TpyOy (yaap CTpyH).
Bonee ObICTpBIN M3HOC KOHIIOB TPYyO OOYCIIOBJIEH €Ile W T€M, YTO OHHU, Oyaydu
3aIUIIEHHBIMU OT OTKPBITOT'O BO3JICHCTBHS TEILIOBOM pajJMallvK, HE TTOKPBIBAIOTCS
3alIUTHOM TUICHKOM KOKca.

Koppo3uoHHBI WM3HOC peTypOeHIOB aHAJIOTHYEH KOPPO3HMOHHOMY H3HOCY
TpyO. DOpO3MOHHBIM K€ HM3HOC PETYpOEHAOB 3HAYUTENBHO cuiibHee. OOBIUHO
M3HAIIIMBAIOTCS KOPITyca U MPOOKU PEeTypOESHI0B.

W3Hoc HapyXHBIX TIOBEpPXHOCTEH TpyO OOYCIOBIEH KOppO3uel, BO3-
JEHCTBUEM TOIIOYHBIX Ta30B, 00pa30BaHUEM OKaJUHBI, OTAYJIHH U IPOTapoB.

Koppo3usi TonmouHbIMU Ta3aMu TPOUCXOJUT TPU CKUTAHUHM B TONKE TEUd
KOPPO3UOHHO — AaKTHUBHOTO TOIUIMBA. HauOonbpiielr KOpPpO3WH TOJBEPKEHBI
paauaHTHBIE TPYOBI, PACTOJOKEHHBIE B 30HaX BBICOKMX TEMIIEpaTyp, a TaKKe
MIEPBBIC IO X0y CHIPhsi KOHBEKIIMOHHBIE TPYObI, TeMIepaTypa B KOTOphIX HUKE 50
°C, T. €. HUXKe HanOoJIee BEPOSTHON TOUKH POChl. Haxosmuiicss B TOMOYHBIX ra3ax
BOJISTHOM TMap KOHACHCUPYETCS Ha MOBEPXHOCTH TPYO, MOTIIONIAS COAEPIKAIIUNCS B
ATUX Ta3axX CEPHUCTHIM aHTHAPHUI; OOpa3yroImascs NP OTOM CEpHAs KHUCIOTa
paspyluiaeT TpyOsbl.

OO0pa3oBaHNe OKAJIMHBI — PE3YJIbTAT OKUCICHUS METajula, HAYMHAIOIIETOCS C
BHEIITHUX TIOBEPXHOCTEH: B JHIMOBOM Ta3e BCETJa COJCPKHUTCS JTOCTATOYHOE
KOJIMYECTBO KUCIOpOAa, SBISIONIETOCS okuciureneM. OKUCICHUE TPOUCXOIUT B
YCJIOBUSIX CUJIBHOTO MEepeTrpeBa MeTaia Tpyo, 00yCIOBIEHHOTO OOJIbIION TEIJIOBOM

HaNpsHKEHHOCTHIO MOBEPXHOCTEW HArpeBa WM HEAOCTATOYHOM TEILIONEPENadyeil OT
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CTCHOK TpyO K HedTH BCICACTBHE OOpA30BABIIMXCS HA WX BHYTPEHHUX IIO-
BEPXHOCTAX OTIOKeHuUU. [lpm 3TOM (QakThyeckas TONIMHA CTCHOK TpyO
YMEHBIIIACTCs, M TPYObl B KOHEYHOM MTOTE BBIXOMST U3 CTPOSI.

IIpu BBICOKOW TeMmmepaType CTEHOK TpyO CHIDKAeTCsd MeXaHHYecKas
MPOYHOCTh METaJNIa, OH IMEePEXOJUT W3 YIPYroro COCTOSHUS B YIPYyro -—
MJIACTHYECKOE, JIETKO Ne(hOPMHUPYETCS 10T BIUSHAECM Harpy3KH.

TakuM 00pa3oM, M3HANIUBAsCH, MEUHBIC TPYOBI HCIBITHIBAIOT HAMPSIKEHUE,
MIOCTOSIHHO YBEJIUYHUBAIOIICECS IO Mepe YMEHBIICHUS (HAKTHICCKOW TOJIIUHBI
CTCHKHU. B TO ke BpeMs BCIIC/ICTBHE HAarpeBaHUs CTCHOK JIO BHICOKHX TEMIIEpaTyp |
NPOJOJKUTECIIBHOW ~ SKCIUTyaTallud TPYyObI TOJBEPrarOTCsS TaK Ha3bIBAGMOMU
MOJI3YYECTH: C TEUECHHWEM BpEeMEHHU Jedopmaiius MX IMOCTEIICHHO YBEIHYHUBACTCS.
CKOpOCTh TIOJI3YYECTH TEM OOJIBIIIE, YEM BBIIIC HAMPSHKEHUE U TEMITepaTypa CTCHOK
Tpy0. B pesynbrare TpyOBl «pacTyT» B JUaMETpPEe WM HAa HHUX IOSBIISIOTCS TaK
Ha3bIBa€Mble OTOYJIUHBL. [loaTOMYy MO M3MEHEHUIO HApY>KHOTO JIuaMeTrpa Tpyo
MO3KHO CYJUTh 00 UX COCTOSIHUU U (PaKTHUYECKUX MPOYHOCTHBIX CBOMCTBAX.

PaBHOMEpHOE HE3HAYUTENHHOE YBETWYCHHUE AUAMETPa BIOJIHE 3aKOHOMEPHO
Uit TpyO, paboTaIONIMX B 30HE MOBBIIICHHBIX TeMIepaTyp. OHO CBHIETEILCTBYET O
pabore TpyObl B pEXHMME YCTAaHOBUBIIEWCS CKOpPOCTH mMoi3ydecTd. Hawano
paspymieHus TpyObl OOHapyKXUBaeTcs IO OBICTPOMY TIOSBICHUIO OTMYJIWH.
Oco0eHHO 3aMeTHBl MECTHBIE OTIYJIUHBI Ha HEOONBIIUX YYacTKax TpPYyOBl: HX
nedopmanyisi ¥ POCT MPOUCXOASAT OCOOEHHO OBICTPO BCIEACTBHE KOHIICHTPAIMH
HampspKeHui. POCT OTAynuH MPUBOIUT K pa3pbhiBy CTEHKH MEYHOU TPYOBI, T. €. K
nporapy TpyOsl. [Iporap sBisercs aBapueil, MO3TOMY MNPOPUIAKTAYECKUE MEPHI

AOJDKHBI IIPCAYCMATPHUBATD IIOJITHOC €I'0 MCKIIIOUCHUC.

1.9 Kpurtepun Ha1e:KHOCTH 3M€eeBUKOB

OCHOBHBIMU KpUTCPpUAMHU  HAJACKHOCTH  3MCCBHUKOB  ABJIAIOTCA  TAKHC
IIOKa3aTCJIn  KakK: 6630TK33HOCTI), JOJIOBCYHOCTb, PCMOHTOIIPHUIOAHOCTE H

COXPaHSAEMOCTb.
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be3oTkasHocTh 3MeeBUKAa  3akiroyaeTrcsi B OecmepeOoiiHOW  pabote
YCTPOMCTBA B MEXPEMOHTHBII Mepuoa 0e3 M3MEHEHMs KIIOYEBBIX IapaMeTpoB
TEXHOJIOTUYECKOI0 MpolLiecca.

JIoNroBe4YHOCTh—CBOWCTBO3MEEBUKA  JUIMTEIBHOE  BpeMs COXpaHATh
NEepPBOHAYAJIbHBIE  XapaKTEPUCTUKH  (FeoOMEeTpUyYecKue  3HadyeHus, (opmy,
MPOIMYCKHYI0 CIOCOOHOCTb, M3HOCOCTOMKOCTH, apOMpPOYHOCTh M Jp.) U
paboTOCIOCOOHOCTh /10 BOBHUKHOBEHUS MPEACIBHOIO COCTOSIHUS NP MPABUIBHON
AKCILTyaTalH.

PeMOHTONPUTOIHOCTE — 3TO CIIOCOOHOCTH3MEEBUKA K MPEIYNPEKICHUIO,
OOHapy’>KEHHIO M  YCTPaHEHHIO Hemosianok. HeobXxoauMonpuu3roToBICHUH
3ME€EeBUKa TMPEyCMOTPETh BO3MOXKHOCTH TPOBEACHUS PEMOHTHBIX PaboT,
COOpPOUYHBIX MEPOTIPUATHH, a TAK K€ MOHTaX U YHUCTKY.

CoxpaHsieMOoCTh ~ —  CBOMCTBa  TpyOHOro  3MEE€BUKAa  COXpaHSTh
paboTOoCTIOCOOHBIE MMOKA3ATENH Ha BPEMsI M TIOCTIE CPOKOB XPAHEHHS.

Oranbl HEOOXOIUMBIE JIJIsl MOBBIIICHUS HAJIEKHOCTH 3MEEBHKA!

—  [paBWIBHBIMNOA0Op MaTepHaa;

—  CHIDKEHHUE KOJHMYECTBO JIETaNeH;

—  NpaBUJIbHOE Ha3HAYEHHUE Pa3MEPOB;

—  THIATEJIbHBIA KOHTPOJb MPHU U3TOTOBJICHUU U DKCIUTyaTallnu;

—  [IPUMEHEHUE NIPETOXPAHUTEIBHBIX YCTPOUCTB U PE3EPBUPOBAHUS;

—  MpaBWIBHBIA BBIOOP pexkuMa paboThl TPyOUaTOM MeYHu;

—  3alIUTHBIC MEPONIPUATHUS OT BO3ACHCTBHS BHEITHEH cpeapl [12].

1.10 3ak/ar0o4ueHne ¥ MOCTAHOBKA 32124

N3 Bcero H3y4eHHOro MHOW MaTepualia, PACCMOTPEHHBIX ITATEHTOB H

Pa3INYHbIX CTaTCﬁ, MOXXHO CACJIaTh BBIBOA O TOM, YTO HauOoJiee YA3BUMBIM MCCTOM

TpyOuaThIX meyveil Ajisg HarpeBa He(PTH SIBISETCA 3MEEBUK.
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JIaHHBI ~ SJIEMEHT KOHCTPYKUMM TI€YU  TOJBEPraercs MOCTOSHHBIM
KOJIOCCAJIbHBIM Harpy3kam Kak BHYTPH, TaK U CHAPYXKHU:

—  BO3JICUCTBUE BBICOKHX TEMIEPATYP;

—  B3aUMOJICHCTBHE C KOPPOAUPYIOIINMU BEIIECTBAMU;

—  MEXaHUYEeCKOE BO3JICHCTBHE  BCJIECACTBHE IIOCTOSIHHOTO  TPEHHS
XKUJKOCTH, MPOKaUYUBAEMOM Yepe3 Meyb, O CTEHKH 3MEEBUKA.

Bce BeIenepeunciieHHbIe HETaTUBHBIE (DAKTOPHI BHI3BIBAIOT!

—  COKpallleHWE CpokKa CiIyKObl 3MeeBMKa U, KakK CJeACTBHE, BCEH
TpyOuaToi neywu;

—  KOKCOOOpa30BaHHWE BHYTPH 3MEEBMKA, YTO BJICUET 3a COOOM CHUKEHUE
MPOITYCKAIOIIEH CIMOCOOHOCTH, TIOBBIICHUE JaBJICHUsI TOAA4YM TOTOKa HE(TH.
TaxkeyBeIMUUBACTCABHEITHUN UAMETP TPYyObl OOJBIINE JOMYCTUMOTO 3HAYCHUS
u3-3a 00pa3oBaHUs KOKca B ONpeAenéHHOM ydacTke TpyOsl. Ha »sTux
y4aCTKaX3MEEBUK OYEHb CHJIBHO HarpeBaeTcsi, M3—3a TOTO YTO KOKC Hapyllaer
TEIUIOMPOBOIHOCTh MPEMSATCTBYS OTBOAY TeIJla OT CTEHKM TPYOHOro 3MeeBHKA.
[IpouHOCTHBIE XapaKTEPUCTUKM MeETa/lla B HArpeThIXydacTKax MajaroT, H3-3a
BHYTPEHHETO W30BITOYHOTO JABJICHHUS 3MEEBUK Ha OTUX YyYacTKaxX HayuHAET
pa3ayBaThCsl, UTO BEJET 32 COOOM HEMEJICHHYIO OCTAHOBKY TpyOYaToi rneywu;

—  BO3HUKHOBEHHE JIOKAJIbHBIX OYAaroB BBICOKOW TEMIEpaTyphl, 4TO
MIPUBOAUT K MECTHOMY MpPOrapy;

—  YCTaJOCTHOE HampsOKEHHWEe MeTajuila  BCIeACTBHE  nedopmaruun
(npoBUCaHUsA, OTAYJIUHBI, PAKOBUHBI) 3MeeBHMKA. Ha BHelIHEW MOBEPXHOCTHU
3MeeBUKa oOpasyercs ceTka TpemuH. [losiBIeHne TpemmH BBI3BIBACTCS €T0
CBOMCTBOM MeTalljla HEMPEPHIBHO JAe(HOPMHUPOBATHCS IO BO3JACHUCTBHEM BBICOKHX
TEMIIEpaTyp U HAPSKEHUM, B pe3yJbTaTe Yero B METAILJIE MOSBISAIOTCSA TPEUIMHKHY;

—  HCTOHYEHHE CTEHKHM 3MEEBHMKA HM3—3a Pa3pyLIMTEIBHOIO BO3JECUCTBUS
KOppO3uM © MexaHuueckoro tpenus.llosBienne Koppo3un Ha BHYTpPEHHEH
MOBEPXHOCTH TpyO 3MeeBHKA: B mepepadarbiBaeMoil HePTH MNPUCYTCTBYIOT

COEIMHEHUsI XJIOpa U CEpbl, pa3pyllalolie BHYTPEHHIOIO MOBEpXHOCTh Tpyd. Ha
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HII3 10 tpy0 u3 100 orOpakoBsiBatoTCs MO 3T0i npuunHe.[losiBneHne Koppo3uu Ha
BHEILIHEH MOBEPXHOCTH TPYO: HapyKHAsl MOBEPXHOCTh TPYO MOABEPKEHA KOPPO3UU
KHCIIOPOAOM (OKHCIIEHHIO) U CEPHHUCTBIM AHTHAPUIOM, KOTOpBIE COJAEpXkATCA B
IBIMOBBIX Tra3zax. CKOpOCTh ATOM KOPPO3UM 3aBUCUT OT COCTaBa TOIUIMBA M
KOJIMYECTBA BO3/1yXa, 10JJaBa€MOI'0 Ha CKUTaHUE TOIUIUBA.

Lenpto nanHOM paloOThl sBisieTCS pa3pabOTKa IJIaHA MEPONPUATUN T10
NOBBILIEHUIO JIOJITOBEUHOCTH 3MEEBHKA TpyOuaToil meudm g aTtMochepHou
neperonkn He@Tn Ha HedrenepepabarbiBatomieM npeanpustun  (HII3) ¢
npou3BoAuTENLHOCTHIO 10 T/4 HedTH U Temmneparypoii 1o 400 °C.

B 3amauu BXoauT:

—  pacyeT OCHOBHBIX IMapaMeTPOB 3MEEBHKA TPyOUaTOl NeuH;

—  pa3palboTKa TEeXHOJOTUYECKON CXEMBI;

—  pa3pabOTKaKOHCTPYKIUH.

2 TexHu4eckas 4acTh

2.1 IlpyHIMNIHAJBHAS TEXHOJIOTHYeCKas cxemMa

Hedth, ¢ pesepByapa 1, CBIpheBBIM HAcoCOM 2 TIPOKAYMBAETCA B
TeruioooMeHHuK 3. [lanee moTok HedTH HaAMpaBisIeTCs B AJIEKTPOAETUIpATOP4, Te
MPOUCXOMUT OOeccomuBaHMe U 00€3BOKMBaHWE HEDTU TMMyTEeM BO3IEHCTBUS
AJEKTPUUYECKOrO TOKAa W BIUSHHUS JAeaMmynbraropa. Boga u conu ygansitores ¢
HUKHETO TaTpyOKa 3JIEKTPOICTUAPATOPA, & OUUIIEHHAS He(DTh BBIBOJIUTCS CBEPXY H
C IIOMOIIBI0 Hacoca 2 mojaeTcs B TCIUNIOOOMEHHUK 3, a 3aTeM B IeYb S5, TJe
HArpeBaeTcs 0 400°C. Tlocie HarpeBa, He(Th MOJAETCS HAa MUTAIOLIYIO0 TapeiKy
aTMOC(epHON KOJIOHHBI, TAE€ MPOUCXOAUT paszaeneHue Ha ¢pakiuu. OcTaTkoMm
aTMoc(epHON KOJIOHHBI SIBIISIETCS] Ma3yT.

Ha pucynke 2.1 npeacraBiieHa NpPUHIMIIHAIBHASA TEXHOJOTHMYECKAS CXEMa

aTMoc(hepHOM NeperoHku HeTu.
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Pucynok 2.1 — IlpunuunuansHas cxema aTMOC(HEpHON MeperoHku HeTu

| - ceipas HedTh, |1- Boga u comu, I11- mapo-ra3osas cmecs, |V - opomenue, V-VII -
KOMIIOHEHTHI CBETIbIX HedrenpoaykToB, VIII - mazyr, | X- BoasHOM map; 1 - pesepByap, 2 -
CBIPBEBOM HACOC, 3 - TEMII00OMEHHUK, 4 - 3JIEKTPOJIETUAPATOD, S - TIeUb, 6 -

pexTudUKaoOHHAs KOJOHHA

2.2 PacueT OCHOBHBIX MapaMeTPOB 3MeeBHKA

Pacuer TpyOuaThIxX meuel BKIIOYAET CIEAYIOIIME ATAlbl: pacyeT Ipoliecca
TOpEHUsl TOIUIMBA; ONpENETICHUE TOBEPXHOCTH HarpeBa paJHAHTHBIX TPyo U
OCHOBHBIX pa3MEpoOB KaMepbl paavanuu (TOMKH); OMNpPEHeNICHHE KOHBEKTHUBHOM
MOBEPXHOCTH, YHCJIa KOHBEKIIMOHHBIX TPyO M pa3MepoB KaMephl KOHBEKIIHU;
TUAPABIMYECKAM pacyeT 3MEEeBUKAa II€YM WM ONPEICICHHE JABJICHHS Ha BXOJE B
HETO.

B coBpemeHHBIX TpyO4aThIX Me4Yax OCHOBHYIO POJib UTpaeT IMepejaya Terja
W3JIy4CHUEM, TMO3TOMY KaMmepa paaualuM SIBIISIETCS BAXXHEWIIEH 4YacTbO IIEYH.
CymiecTByeT HECKOJIBKO METOJOB pacyeTa TEIUIONepelaud B TOINKax Ieydei.
ComnocraBneHrue HTUX METOJOB NOKA3aJlo, YTO JIyYIIWE PE3YyJbTAaThl JAeT

aHanutraeckuit Mmetoa mpodeccopa H.W. benokoHs, KOTOphIi 1 OBLIT UCIIOIH30BaHB
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JaybHerIeM it pacuera [14].

HcxonHbie 1aHHEBIE:

—  npowusBoauTeNbHOCTD neun no Hedptu G, =10000 kr/y;

—  TemIepatypa cbipbs Ha BxoJie tex=25 °C, Ha Beixoe i, = 400 °C;

—  pgois otroHa e = 0,4;

—  J1aBJIEHHE Ha BwIxoje u3 neuu P, = 0,145 Kr/cM?,

TommuBOM N7 TOPETIOK CIIYKUT MPUPOAHBIN OUYUIICHHBIN ra3 CIETYIOIIEro
cocTtaBa, % y5pen

— H>=2,8%;

—  CHy= 33,2%;

—  CoHg= 47,6%;

—  C3Hg= 1,3%;

—  C4H, o= 8,0%;

— N;=1,1%.

Pacuer Imponccca ropcHuA.

Temioty  cropanus TorumBa  ompeaenseM 1o  Gopmyme(mpaBuiio

aJTATUBHOCTH):

Q;Ij = ?=1Q§L-'yi,(2-1)

rac QII;IL— TCINIOTA CTOPaHuA KOMIIOHCHTOB TOIIJIIMBA,

Vi —MOJIbHas J0Jid KOMIIOHCHTOB TOIIJIMBA.

3HaueHUsl TEIJIOThl CrOpaHus HauboJiee PaCIpPOCTPAHEHHBIX KOMIIOHEHTOB

TOILIMBA MpuBeaeHbI B Tadmue 2.1[19].
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Tabmuua 2.1 — Huzmas Temiota cropanusi KOMIOHEHTOB TOIUIMBA

KommnoneHT %, MJUk/kr | %, MJTx/m® Komrmonent Q, MI/kr | Gp, MIT/m®
H, 120,10 10,80 CsHs 45,84 86,06
H.S 16,59 25,14 CsHs 46,42 91,32
CO; 10,12 12,65 C4Hg 45,38 113,50
CH,4 50,08 35,84 n-C4Hio 45,79 118,73
CoHz 48,30 56,10 I-C4H1o 45,96 109,30
C2Hs 47,55 63,80 n-CsHi 45,42 146,10
C,Hy 47,23 59,10 I-CsHio 45,06 141,00

Q = 10,80 - 0,028 + 35,84 - 0,332 + 63,8 - 0,476 + 91,32 - 0,073 + 118,73 - 0,08=
= 58,74 MJx/m® = 58740 xJx/mM° = 47371 kJ1x/Kr

CpenHioro MOJIEKYJISIpPHYI0 MacCy TOIUIMBA BBIYUCISIEM [0 CJEAYIOLIEH

dbopmyie:

M, =X M; " y;,

rac Mi_ MOJICKYJIIPpHAA MaCCa KOMIIOHCHTOB TOILIIMBA,

(2.2)

Y; — COJIepKaHNEe COOTBETCTBYIOIINX KOMIIOHEHTOB Ira3000pa3HOI0 TOILINBA.

M, =2-0,028 + 16-0,332 + 30- 0,476 + 44 - 0,073 + 58 - 0,08 +28 - 0,011 =

=27,808

I[In1oTHOCTH TOMIMBHOIO ra3a:
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27,808

- — 124
PT="004 — ™

DNeMeHTapHbI cocTaB ra3o00pa3Horo toruBa (% mac.) MoACUYUTHIBACTCS

o ¢hopmyie:
12.01
C=WZ ne, " Vi
1
HzM_mZ Ny, " YVis (24)

14
N=M—m2 ny, " Vi

rac Mi — MOJICKYJISIpHaA MaCcCa KOMIIOHCHTOB TOIIJINBA,
Vi — CoACpKaHUC COOTBETCTBYIOIIUX KOMIIOHCHTOB ra3006pa3H0r0 TOIIIINBA,

Mm — CpCAHAA MOJICKYJIIPHAA MacCa TOINIMBHOT'O I'a3a.

C=20(1:33,24+2-47,6 + 37,3 + 4 - 8)=78,73,
27,808
= (2-28+4-332+6-47,6+8-7,3+10-8) = 20,22,
N=—22 (2-1.1) = 1.1,
27.808

C+H+N=78,73+ 20,22 + 1,1 =100

TeopeTnueckoe KOJIMYECTBO BO3AyXa, HEOOXOAMMOTO ISl CXKUraHusilkr

TOIIJIMBA:

Lo = 0,115-C + 0,345-H + 0,043-(S - 0), (2.5)
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Lo=0,115-78,73 + 0,345 - 20,22 = 16,03 kr/kr

dakTUUeCKUN pacxo/i BO3AyXa HaX0uM 1o (hopmyiie:

L=a - Ly, (2.6)

rIe @ — NpHUHATHINA K03 duimeHT n3dpiTka Bo3ayxa [20].

L =16,03-1,15=18,43

MaccoBbIi cOCcTaB IOBIMOBBIX T'a30B.

Mco2= 0,03667- C, (27)

Mcoz= 0,03667- 78,73 = 2,887,

M= 0,094, (28)

Mi0= 0,09-20,22 = 1,82,

M02=0,232 Lo (a -1), (2.9)

Mo2= 0,232 -16,03(1,15- 1) = 0,558,

Mn2=0,768L, - & +0,01N,, (2.10)

mn2=0,768 - 16,03-1,15 + 0,01 -1,1 = 14,17

OO61u1ee KOTUYECTBO MPOIYKTOB CrOpPaHUs MOJICYUTHIBAEM 10 (popMyie:

Gn_c=m002 + mHZO + m02 + mNz, (211)
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Gne = 2,887 +1,82 + 0,558 + 14,17 = 19,43 kr/kr

OOBbeMHBIN cOCTaB IPOJYKTOB CTOPAHUSL:

Veo, = 72+ 224

COy

2,887-22,4
Veo, = VR 1,47 m3 /xr,

Vi, o = TH20 . 97 4,

Mit0
Vit,0 = " = 2,6 M3/xr,
Vo, = m: £ 22,4,
Vo, = 2222228 = 0,391 m3/xr,
Vy, = mZz +22,4,
Vy, = T 22 5
: 28

CyMMapHbIii 00BEM JBIMOBBIX Ta30B:

Vn.C=VC02 + VHZO + Voz + VNZ’(213)

Vo= 1,47 + 2,26 + 0,391 + 11,34 = 15,46Mm°/kr
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IInoTHOCTH ABIMOBBIX I'a30B IIPU HOPMAJIBHBIX YCIIOBUAX!

Gn.c
pn.c:a’ (2-14)

1943
pn.c - 15,4‘6

= 1, 26kr/m3

B Tabaune 2.2 npeacrasineHa HHGopManus o cpeHel TeNnI0EMKOCTH ra3oB.

Tabmuma 2.2— Cpennsist yaenbHas TemIoeMKocTs ra3oBC,, k/x/(kr-K) [22]

t,°C 0, N, co CO, H,0 Boznyx

0 0,9148 | 1,0392 1,0396 0,8148 1,8594 1,0036
100 0,9232 | 1,0404 1,0417 0,8658 1,8728 1,0061
200 0,9353 | 1,0434 1,0463 0,9102 1,8937 1,0115
300 0,9500 | 1,0488 1,0538 0,9487 1,9292 1,0191
400 0,9651 | 1,0567 1,0634 0,9877 1,9477 1,0283
500 0,9793 | 1,0660 1,0748 1,0128 1,9778 1,0387
600 0,9927 | 1,0760 1,0861 1,0396 2,0092 1,0496
700 1,0048 | 1,0869 1,0978 1,0639 2,0419 1,0605
800 1,0157 | 1,0974 1,1091 1,0852 2,0754 1,0710

Pacuer paguanTHON Kamepsl.

Ilone3nas temioBas MOIOHOCTD IICYHU, B KOTOpOI?I HarpeBacTCA ChIPbE.

Qnones.z Qc + an = Gc [ei{;blx'l'(l'e)i%iblx'i%ix]'l'z(i?rl;;x' l‘?;:) 1(2-15)
rie G— Ipou3BOAUTEILHOCTD TIEUYH IO CHIPBIO, KI/4;

€ — 10JIs1 OTTOHA CBHIPbs HA BBIXOAC U3 II€YU,

Couix ' Tenix ! Cex

— OHTAJIBIIMU IIapa W XKUIAKOCTH Ha BBLIXOJAC M3 IICYM W OSHTAJIBIINHU

YKUJIKOCTH Ha BXOJI€ B Ieub, KJ[K/Kr (Tabnuia 2.2).
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Qnones.=10000(0,4 - 1295,36+0,6-1033,55 - 723,23) + 2668,6(3381 - 2730)
=5893085 k/I/u=1636968kBt

[ToTepu TEMIOTHI ¢ YXOASAIIMMH U3 IEYH THIMOBBIMU Ta3aMH, TeMIlepaTypa
KOTOPBIX NpuHUMaeTcs ty,= 175°C = 448K(ty, mpuaumaercs Ha (100 — 150) °C

BBIIII€ TEMIIEPATYPHI CHIPbS HA BXOJIE B M1€Yb):

_(mCOZ 'CpCOZ +mH20'CpH20+mN2 'CpNz +m02 'CPOZ)'tyX 2 16
yxX— oH | ( . )
14

rae Cpco,, CPu,0+ COn,, CPo,— CPENHsAs ynenbHas TEIUIOEMKOCTh, KJDk/(kr-K)

(Tabnuma 2.2).

_ (2,887-0,9877+1,82:1,9477+0,558:0,9651+14,17-1,0567)-175
yx = 47371

= 0,081

KoadpunmenT none3Horo AeHCTBHUS NEUH :

Ny = 1- Qnom™ Qyx: (217)

TI€ (nop —IIOTEPH TEIUIA B OKPYXKAIOIIYI0 Cpely, B JOJNAX OT  Qp JOJIKHBI
cocraBiath 0,05-0,07[23],

qyx—HOTepI/I TCILIA C YXOIAIIUMHU U3 IICUYHU JbIMOBBIMU I'a3aMHU.

[IpyauMaem mnoTepu TEIUIOTBI B OKPYXKAKOIIYK Cpely B JIOJAX

orQpq,.. =0,07.

n,=1-0,07 -0,081 = 0,859

YacoBol pacxo/1 TOTJIMBA:
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_ Qnones

B (2.18
Qp-MH (218)
5893085 _
B = 273710859 141 Kr/u

[IpuHrMaem TemrepaTypy AbIMOBBIX I'a30B, MOKUAAKOMUX TOIKY, t,; = 700°C
= 973 K (marpeB HeTH) U ONpelEsieM CPEIHIOI0 TEMIOEMKOCTbh IMPOJYKTOB

CrOpaHus NpH ITOM TEMIIEPATYPE:

Gn.c " Com = Mco, " CDco, + Mu,0 * COH,0 + My, - Con, + Mg, * Cpp,(2.19)

G Cppy=2,887-1,0639 + 1,82 - 2,0419 + 0,558 - 1,0045 + 14,17 -

-1,0869 = 22,75 xJIx/(xr- K)

MakcumalibHasi TeMIepaTypa ropeHus .

Qpn
Tmax = To + 50— (2.20)

rae Qg— HU3IIAs TEII0Ta CrOpPaHus TOTUTMBA, KJK/KT;

Ny — KO3(POUIMEHT TOJE3HOTO JACHCTBUSA TOMKH, PEKOMEHIYEeTCs MPUHUMATh
paBHbIM 0,95+0,98;

Gp.c— KOIMYECTBO MPOAYKTOB CrOpaHusi, OOpa3yroUIUMXCS MPU CXKUTAHUU 1 Kr
TOILJINBA, KI/KT;

Cpm— cpeaHsist TEIMIIOEMKOCTh MMPOAYKTOB CrOPAHUS;

T, — mpuBeeHHAs TeMIepaTypa UCXOJHON CUCTEMBI, MOKET OBITh MIPUHSATA PABHOMN

TeMIeparype okpy»xarouiero soayxa, K.
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47371-0,95

Tnax = 293 + =~ =2212 K

KonnuecTBo TemIoThl, BOCOPUHATOE HE(DTHIO B paJIMaHTHBIX TpyOax:
Qp=B(Qp " 11-1¢,) , (2.21)

TAac Itn_ OHTAJIbIIUA TPOAYKTOB CTrOpaHHA IIpU TEMIICPATYPC MAbBIMOBBIX Td30B,

NOKUAAIOIINX TONKY, KJK/KT.
Q,=141(47371- 0,95 — 15925) = 4099000 xLx/u

KonuuecTBo TCIUIOTHI, ICPCAABACMOC HG(I)TI/I B KaMCPC KOHBCKIINHU:

Qk=Qc-Qp, (2.22)

Qx =4155800-4099000 = 56800 x/Ix/ua

OmnpenensieM TeMiepaTypy HeTH, MOKHIAIOIIETOPATUAHTHYIO KAMEPY

i = i (2.23)

w793 93 4 20000
e = 14222 T 10000

= 828,68k/lx/Kr

DTOi SHTANBIIUU CHIPhSI COOTBETCTBYET Temneparypatk= 672K = 400°C.

TemnepaTypa Hapy>KHON MOBEPXHOCTHU TPYO:

_ Tk + TBbIX

Tom = - + AK,(2.24)
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rae Ty, x— TEMIEpaTypa ChIpbsl Ha BBIXOJIE U3 NIEYH,

A —mnpeBbllIeHNE TeMIIEpaTypbl TpyO 3a cuet 3arpsasHenus, A=20-120.

668 + 693 .
Tom = ————+25 = 705K = 432°C

TS Ty = 2272 K, t, = 973 K 1t Toy= 670K — q= 238830 kJIx/(M2 -u).

DOKBUBaJIEHTHasl a0COJIFOTHO YepHast OBEPXHOCTD!

BQpnr

ds

H, = M2,(2.25)

_ 141-43371-0,95
ST 238830

=24,3m?

H
3amaemcs creneHbio dkpanupoBanus Y = 0,45 u Haxoaum H—S =0,775.

JI

DKBHUBaJICHTHAS JIy4€BOCIIpMHHMAIOIas IIOBEPXHOCTh.

Hy = Hq -2, (2.26)

H= -2, (2.27)
k
H = 213244 72
0.7

[lone3nas pyivHa paJluaHTHOU TPYOBI:
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lnones = lTp - 0,5, (2.28)

Liones =10 —0,5=9,5M

3anaemcs Ly, = 10 M, d = 102 mm, matepuan - 15X5(kaponpoynas CTaisb).

[IIupuHa 3a3KpaHUPOBAHHOMN KIIAJIKHU:

h=—"—, (2.29)

lnones

T
~T9g5 /M

UYwucno Tpyb B paiMaHTHOM KaMepe:

h—d
n = (h—d)
p 2d

+1, (2.30)

rae 2-d — mar Mex Iy Tpyoamu.

47-0,102

ey
"= 750102

[TonHast TOBEpXHOCTh PaJMAHTHBIX TPYO:

Hp = mdljgpes1p (2.31)
Hp, = 3,14-0,102-9,5-23 = 70Mm2

TennoHanpsiKEHHOCTHPAAUAHTHBIX TPYO:
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aQp = 2, (2.32)

p— 4'09790000 =O,58KI[)K/‘I M2:0916KBT/M2

Uro ykiaabIBaeTcsi B HOPMbI TEIJIOHANPSIKEHHOCTH PagUuaHTHBIX TPYO st
HarpeBaTeIbHbIX NeYei.

PacueT kaMepbl KOHBEKLIUH.

TemoBass Harpy3ka kamepbl KoHBekinmu 1o ¢opmyse (2.22)Qx= 56800
kJx/4.

Temmepatypa Cbipbsi Ha BbIXOJE M3 TPyO KOHBeKiuu 1o (opmyie (2.23)
tk=672K = 400°C.

3aaeMcsi pacCTOSIHUEM MEXIY OCAMH TpyO $7162 mm, unciom TpyO B
TOPHU3OHTAIBHOM Py n-2, tuameTpoM Tpy0 dx-102 mm.

I[J'I}I OTHUX IapaMCTPOB MIHUPHUHA KaMCPbl KOHBCKIIUHU COCTABUT:

a.=Sm-1)+d+ 0,05, (2.33)

a,=0,162 (2-1)+ 0,102 + 0,05=0,314 m

BenuuuHa )XHMBOro ceueHUs KaMepbl KOHBCKIIUU .

fk:(ak'nd)' lnwzaw (234)

fx =(0,314-6- 0,102) - 2,5 =0,275u>

CexyHIHBIN pacxo/l IIMOBBIX ra30B:

GncB
oho=5t
: 3600

(2.35)
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¢! =22 —0 .76 xr/c
3600

MaccoBas CKOPOCTb ABMIKCHUA NJBIMOBLIX I'a30B:

G/
U_ n.c (236)
fr'

U= % =2,76 (kr/M? - C)

Cp@}IHHH TEMIICpaTypa AbIMOBLIX I'd30B:

At;—At,,
——,(2.37)
23192

Aty

bep =

_570-400
=485 °C
cp 231g570

400

Bemnunna kosdduiimenTa TEmIooTaauu KOHBEKIIMEH OT JBIMOBBIX Ta30B K

TpyOaMm JJIs MIaXMaTHOT'O PACIIOJIOXKEHUS TPYO !

UOG

<= 035E g7, (2.39)

rae E — 21,5 naxogum Juis tep = 480°C.

—18 Br/(M*K)

OnpenensieM K03QPUIUEHT TEIIOOTAAYN U3TyUCHUEM .
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a,=0,0256¢., — 2,33, (2.39)
a, =0,025- 485 — 2,33 = 9,8B1/(M? - K)

Koadpunment teronepenauu:

K=1,1(a, + a,), (2.40)

K= 1,1 (18 + 9,8)=30,58 Br/(M*K)

H€O6XO}II/IMaSI IMOBCPXHOCTH HAIr'p€Ba KOHBCKIIMOHHBIX pr6:

H =% (2.41)

K Kat, !

56800

H = = 3,62 M2
k= 305814536 M

Yucno Tpyd B KOHBEKIIMOHHOW Kamepe:

LTI (2.42)
—_ 362
Mk = 314010225
TermoHanps>KEHHOCTh  KOHBEKI[HOHHBIX TPYO:
Q
G = 2 = 14200 K/Ix/(M2 - ) = 4xBr/m?

61



Yro yknaasIBaeTCs B HOPMBbI TEIJIOHANIPSKEHHOCTH KOHBEKIIMOHHBIX
TpyO AJ11 HarpeBaTeNIbHbBIX MEUYEH.

I'mppaBinueckuii pacyeT 3MeeBUKa IIEUHU.

[IpenBapuTenbHO 3aJaeMCsl TaBICHUEM B Ha4aJle ydyacTKa ucnapeHus, P, =
0,42 xr/cM’. DTOMY JIaBJI€HUIO COOTBETCTBYET Temreparypa t, = 400°C.

Ouranbnus ceipbst (Hedn) npu Temneparype 400°Cit =954 kJD/kr.

OKBUBAJICHTHAS IJINHA PaIUAaHTHOT'O 3MCCBUKA (I[J'IH OAHOTI'O HOTOKa):

" "
ly== " lp + (-1)-50d, (2.44)

[,=11,5-10 + (11,5-1) - 50- 0,102 = 168m

Pacuernas OJINHA Y49aCTKa UCITapCHUA

N+oic oK
I — M . l 245
u - ln+9fc+lofc L ( ' )
Lebix tx

rae i?g:;’c— TEIJIOCOIepKaHre Ha BeIxoje u3 neun, 1137 x/[ic/xe.

_ 1137-954
U 1137-828

-168 = 97m

CexyHIHBIM pacXo/l ChIPbS JJIs1 OJHOTO MOTOKA.:

_ G
T 2:3600

, (2.46)

10000

G = m = 1,38KF/C
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JlaBieHue B Havajie y4yacTKa UCTIAPEHUs :

P, = \/P? + Al,P, + BI2,(2.47)
[TapameTpst AuB:

_0,83-1G?
T pydS

_0,083-0,03-1,38%

_015 )
900:0,1025
Ae
B=APx
Lypn
0.5-0.03-900-3500
B = = 1373,

344.7

A u B — napameTtpsi;

A—x03h PUITUEHT CONTPOTUBIICHUS;

raeP,— naBineHue B KOHIIE pacCMaTpUBAEMOTO y4acTKa;

n

(2.48)

(2.49)

. 1
Pn—CPEAHsIS TUIOTHOCTH MapoB(AJi meueit HarpeBaromux Hehtsr — = 3500.

P, = \/1,422 -108 +0,5-97-1,42-10* 4+ 1373 - 972 = 39450Ila =

= 0,4kr/cM?,

AP, = 39450 — 14524,5 = 24926 Ila

WCIIapEHUSs])
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I[JII/IHa ydaCTKa Harpe€Ba KaMCphbl paaralvu:

lg =1, — I,

1P=168-97=71m

Cpennsisi CKOPOCTb ChIpbs B paJIUAHTHBIX TpyOax:

o = G
P p.0,785-d?’

~ 1.38
P930-0.785-0.0104

) = 0,25M/c

[loTeps Hamopa B pauaHTHBIX TPyOax:

I w?
APHIZirp = /1; w?pm '
APP =0,03 71 025 930 = 606 I1
marp = V207027 - 4

Cpenusisi CKOPOCTh ChIPbsi B KOHBEKITHOHHBIX TpyOax:

G

W, = ————
k™ p,0,785d2 "

B 1.38
"~ 900-0.785-0.102

Wy =0,1M/c

[ToTepst Hamopa B KOHBEKIIMOHHBIX TPyOax:

L
APHKaI‘p = AE?,D;K ,
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K — 20 01, _
ARfrp = 0,03 ===+ 900 = 26 Ia,

n
2

« /
I =2

1X=3-3 + (3-1)-50- 0,102=20m

HOTepI/I Haltopa Ha IOAbEM KUIAKOCTH B [Ie4yu.

AP = pgh,

AP.. =900-9,81-4 = 34316Ila

I[aBJIeHI/Ie ChIPbs Ha BXOIC B I1CYb.

Pox = Pox *AP+APL ) + ARGy + APy,

P, = 142224 + 24926 + 606 + 26 + +34316 =20209811a=202kIIa

Bce ocHOBHBIE pe3ysbTaThl PACYETOB CBEJICHBI B TA0IUILY 2.3.

Tabmuma 2.3 — Pe3ynbTaThl pacuéroB

/
Ly + (3-1):50d, (2.55)

(2.56)

(2.57)

HaumenoBanue mmokasarens 3Ha‘—IeHI/Ie

Tennora cropanus tomuea, @5, KJHK/Kr 47,371
Pacxon Bo3ayxa, L, kr/kr 18,43
O6BEM JBIMOBBIX ra30B, V, M/KT 15,46
[Tone3nas TemnoBast MOIIHOCTb NE€YH, @y e3, KBT 1636968
KoaddutmenT nonezHoro neicTBUs ey, 1 0,85
YacoBoii pacxop TorumBa, B, kr/4 141
KonuuaectBo Temnotel, nepenaBaeMoit Hedru, Q, kx/a 56800
Temneparypa HapyKHO# oBepXHOCTH TPYO, Ty, °C 432
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OxkoHuanue Ta0IUIB 2.3

HaumenoBaHue nmoka3atens 3HaueHue

Yucno TpyO B paiuaHTHOHN Kamepe, Ny, T 23

Tennonanps»EHHOCTbpaIUAHTHBIX TPYO, Jp, kBT/M° 0,16
CeKyH/IHBIH PacXoJl IbIMOBBIX Ia30B, G, KI/c 0,76
MaccoBast CKOPOCTh JBHKEHHS JILIMOBBIX Ta30B, U, Kr/M2-C 2,76
Cpennsisi TeMIieparypa JIbIMOBBIX ra3oB, ty, °C 485
UYwncino TpyOd B KOHBEKIIMOHHOM Kamepe, N, T 6

TerIOHATPSKEHHOCTh KOHBEKIIHOHHBIX TPYO, (k, KBT/M° 4

DKBHUBaJICHTHAS JJTHHA PAIHAHTHOTO 3MEEBHUKA, |, M 168
ITone3nas juymMHa TPYO KaMepbl KOHBEKIUH, |yones, M 2,5
DKBUBAJICHTHAs JUTMHA KOHBEKIIMOHHOTO 3MeeBHKa, |, M 40

[Tone3nas jutMHA pagMaHTHBIX TPYO, lnones, M 9,5
CpenHsisi CKOPOCTb CBIPbS B paIMaHTHBIX TPYOax, Mp, M/C 0,25
CpenHsisi CKOPOCTb ChIpbsi B KOHBEKIIMOHHBIX TpyOax, ®g, M/C 0,1
JlaBneHue CeIpbsi Ha BXOJE B MeUb, Pyy, Klla 202

2.3 OdocHoBaHuE METOAUKH INMOBBINICHUA J0/JIIOBEYHOCTH 3MEECBHKA

[IpousBens anamuTHUecKuit 0030p HEOOXOAMMOW JUTEPATyphbl, OBLI CHENaH
BBIBOJI O TOM, YTO NPH MPOBEJACHUM YHCTKU 3MEEBHUKAa HauOO0JIee 4acTO MPOUCXOIUT
NPEBBIIEHUE JIOMYCTUMOW TEeMIEpaTypbl M3-3a OTCYTCTBHUS HEOOXOAMMOIO
KOHTPOJISI 00CTY>KHUBAIOIINM TIEPCOHATIOM JJAHHOTO TpoIiecca.

[ToBeimIeHre TeMrepaTypbl IPUBOIUT K AedopmaiusM 3MeeBUKa, a UMEHHO,
IPOBUCAHUAM. DTO MOYKET MPHUBECTU K HAPYIIEHUSIM TEXHOJOTMYECKOIO pEeKUMa
(MECTHBIX MEperpeBOB, UBMEHEHHUS JIaBJIICHUS] U CKOPOCTU MOTOKA), YTO BIIEUET 3a
co00¥l HeTpaBUIBHYIO pa0OTy TpyOUaTOl Medur, YTO MPUBOJIUT K JOTIOTHUTEIHHBIM
MaHUIYJSALIUSAM 0OCITYKUBAIOLIEr0 MEePCOHANA ISl PETYIUPOBKH TEXHOIOTUUECKUX
YCIIOBUW [T OCYIISCTBJICHHUS MPaBUJIBHOTO TEYCHHS Tporiecca aTtMochepHOM
MEPErOHKHU.

Taxke, npu AanbHEHIIEH SKCIUTyaTalldd HEUCIPABHOIO Ae()OPMUPOBAHHOIO
3MEEeBUKa, MPOUCXOAUT HAPYIIECHUE IETOCTHOCTU TPyO, BOSHUKHOBEHHE TPEIIWH,
YTO MOXET TPUBECTH K aBapuWHOW CHUTyallud W BBIXOJA YCTAHOBKU U3
paboOTOCIIOCOOHOTO COCTOSTHUSI.

Hmenno IIO3TOMY HCO6XOI[I/IMO INpuHUMAaTb MCPbLI OJId IIOBBIIICHUA
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HAJEKHOCTU 3MEEBHMKAa M TpyOyaTOl Meyun B LENOM JII YMEHBUIEHUS PHUCKOB
BO3HUKHOBEHUSl aBapUIHBIX OCTAHOBOK, YTO 00Jie€ 3KOHOMHUYECKH BBITOAHO IS
He(dTenepepadaThIBAIOIIETO MPEAIPUSITHS.

Jnst pemienuss JaHHOM mpoOneMbl ObUT  BbIOpaH CcrHocoO BHEAPEHUS
(¢ukcupyromneil npocTaBKM B KOHCTPYKLHIO 3MeeBHKa./laHHBI METOJ OTIMYaeTcs
TEM, YTO JOCTHKEHHUE IOCTaBICHHOW II€IM OCYILIECTBISIETCS € HAUMEHBIIMMHU
HKOHOMHYECKUMU 3aTpaTtaMu. K ToMy ke, OHO TEXHUYECKH JIETKO OCYILECTBUMO, HE
TpeOyeT CIEeUUalbHOIO JOPOTOCTOSIIEr0 O0OpYNOBaHUS, CEPbE3HBIX M3MEHEHHI
KOHCTPYKIIMM T€YH, MPUBICUYCHHS] BBICOKOKBATH(PUIUPYEMbIX CHEHUATUCTOB, HE
MeIIaeT MPOBEICHUI0 MOHTAKHO-PEMOHTHBIX paboT, a B cliyyae IMOBPEXKICHMUS,
JIETKO NOAETCsl 3aMEHE.

JlanHoe mpuUCIOCOOJIEHUE M3rOTABIMBAETCS W3 OTHEYNOPHOTO KHUpIHYa
(mamoTHBI  Kupriny). OH JIETKO TOJBEpraeTcsi MeXaHW4YecKod o0paboTke,
OpUHUMas  HeoOXoauMble  raGapuUTHbIE  pa3Mepbl, 00JagaeT  BBICOKOM
KapOCTOMKOCTBIO, BBIIEP/KHUBAs JUIMTEIBHBIE HAIPEBBI 10 TEMIIEPATyp B Ipelenax
1000°C He Tepsisi CBOMX NMPOUYHOCTHBIX XapaKTEpUCTHUK. JlaHHBIN MaTepuans MOXKET
[I0JIBEpraThCsi MHOTOKPAaTHBIM PAacCKaJIMBAHUSAM W OCTBIBAHHSAM, HE IOABEPraercs
pacIIUpeHHI0 U TEeMIIEpaTypHbIM JedopMalusM, YTO B HallleM cily4yae KpaiiHe

HEOOXOIUMO.

3 DkcmiyaTtauus 1 peMOHT

TexHomOrMYeCKU  TPOIECC  OKas3plBaeT  OOJBIIIOE  BIMSHUE  Ha
JKCIUTyaTallUOHHBIE  XapaKTEPUCTHUKH  TPyOdUaThIX  TEUEH. Cy1iecTByIOT
onpeneéHHbpIe TPEOOBaHUS, KOTOPBIC MPEIBIBISIOTCS K dKCILTyaTalluk TPyOUaThIX
meyel: HEJONMyCTHMOCTh  yYaCTKOBCYIIIECTBEHHOTO HarpeBa I0TOKa HedTwH;
HeoOxoauMasi CTENEHb MPEeBpalleHUs He(PTH NPH HAWMEHBIIEH OMYCTUMOCTH

3aKOKCOBBIBaHUS; HAMOOJbIAs MPOJOJIKUTEIHOCTbPAOOThI TPYOUATON MEUH.
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3.1 MeponpusiTusi N0 TEXHUYECKOMY OOCIYKMBAHUIO, M PEMOHTY

TPyOUaToi meumn

[lyck, mnpoBeeHHBI B COOTBETCTBUU C TPEOOBAHHSIMHU TEXHUYECKOTO
periaMeHTa, IOCJIEeAyIoas MpaBuiIbHAs JKCIUTyaTalus W CTaHAApTHAs OCTaHOBKA
JAHHOM YCTaHOBKM TapaHTHPYET MAKCHUMAaJIbHO MPOJOJIKUTEIBHBIA CPOK CIYKObI
neud. BcerneacrBue yeropaboume OJDKHBI YAENATH JAaHHBIM ONEpalusM o0coboe
BHUMaHue. Kaxaplil myck TpyO4aToi 1neuu conpoBOXKAAETCS TAKHUM MPOLIECCOM Kak
ONPECCOBKAa 3MEEBMKA. OJTa MAHUMYJSALMUS IPOBOJMTCA B 2 CTaAUMU: CHayaja
POUCXOJIUT BO3JACHCTBUE MMapa, a MOTOM TOTOINOTOKA, KOTOPHIA OyAeT Harper B
TpYOHOM MPOCTPAHCTBE 3MEEBHUKAB IMpoIlecce padOTHI MEYH.

KoHTponpHasonpeccoBka TpyOHOTO 3MEEBHKAa M BCEX MpUIIErarouiux Tpyo
BKJIFOUAET B €051 MOCIETYIOIINE ITAIbI:

— CBIPbEBBIM HACOCOM B TPYOHBIN 3MEEBUK JI0 €0 3alOJHEHUS MOJAeTCs
HarpeBaemas He(pTh. 3aMOIHEHHOCTHh OMPENENSIOT MO TMOBBIIMICHUIO JTABJICHUS HA
BBIXOJIE U3 ME€YM U 10 HATWYUIOKOJIMYecTBaHE)TH B aTMOC(EpHON KOJOHHE, C
KOTOPO# COEIMHEHBI BBIXOAHBIC TPYOBI Meuku. s yBenuueHus: qaBieHUs] BHYTPH
TpyOHOTO 3MeeBHKa 3alupaloT3alloOpHYI0 apMarypyHa Bxoae B KkoiloHHY. C
IOMOIIBI0O  CBHIPHEBBIX  HACOCOB  TOCTENEHHO, 0€3  pEe3KUX  pPHIBKOB,
yCTaHaBIMBAETCIHEOOXOAMMOE I MpOBepKU aasieHue. Kak mpaBuio, gaBieHue
UCTIBITAaHMSI TIPEBBIIAET pabouee JaBieHUE B JiBa pa3a. B JMaHHBIX YCIOBHIX
3MEEBUK HAXOAUTCA HE MEHEENATH MHUHYT, a IOTOM [ABJICHUE YMEHBIIAIOT [0
paboyero ¥ HAYUMHAETCS OCMOTP;

— 3aKpbIBAIOT ABEPIIBI IIISAETIOK U MPEJOXPAHUTEIbHBIX OKOH;

—  BKJIOYAETCs  TOIUIMBHBIA  HAcOoC I MOJOTPEBaToIUIMBa U
MPOBOJAATIIPOTOHKY TOIUIMBA MO CXEME «MEPHHMK— HACOC— KOJUIEKTOP (OPCYHOK—

MEPHUKY;
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— CITyCKalOT KOHJEHCAT U3 IMapoOBOr0 KOJUIEKTOpa TOPEIOK, MpU STOM
BEHTHJIb Ha KOHJEHCATOMNPOBOJIE BO BpeMs IyCKa TOPEJIOK JOJKEH OBITh BCETrJa
MPUOTKPHITHIM,

— BO u30€kaHUe B3phIBA TOPIOYMX T'a30B, CKAIUTMBAIOIIMXCIU3-3aHETIOTHON
FEPMETUYHOCTH B CHUCTEME, HCIOJIB3YIOT BOJSIHOM Map, KOTOPHIM MPOaYyBaeTCs
TOTIOYHOE MpOCTpaHCTBO. Mcxonst u3 rabapuTOBIEUYUIAHHBIN MPOIIECC MPOBOJAT B
tedyeHue 10-16 mMunyT, 10 TEX MOp, MOKA BOASHON map He OyJIeT BUIUM Ha BBIXOJE
U3 JILIMOBOM TPYOHI;

— MOCJIe TPOJYBKH K Topeiikam ToaHocsTcs (aken. ['openku pa3kuraroTB
COOTBETCTBUM C IIJIJAHOM:. CIIEpBa OJHY —HaxOJSIIUECs IOCepeauHe, MOTOM I10
nopsinky. Iloka TpyOuatas medb Hemporperas, ¢aken s MOMHKUTaHUS
HeoOXoauMoOpacloyiaratb  Mepejl TOPAIIUMH  TOPEJIKaMH, TOTOMY YTOHM3-3a
Pa3IMYHBIX TPUUYUHTOPEIKUTYXHYT; (aken yOupaercs IMOCje TOro, Kak Tropeika
packaymmtcs. C yBelWuYeHHEM TeMIlepaTyphbl BOJAylalsieTCs W3 ChIpbs W Jayiee
IIPOUCXOUT PAaBHOMEPHBIN ITPOTpEBBCEN anmapaTypbl YCTAHOBKH.

CraHmapTHOE MCIOJIH30BAHHUE MTEYHUIPEANOIAraeTIOAACPKKY BCEX OCHOBHBIX
XapaKTEePUCTHUKEE JKCIUTyaTalldd B MHTEpBaJax, MPEINUCAHHBIXTEXHOJIOTHIECKUM
PEKUMOMIAHHON YCTAHOBKH.

3Ha4YeHUs, KOTOPhIE OMPEACIAIOT AKCIUTyaTallMOHHOE COCTOsAHUE ammapara:t
CBHIPbSl Ha BBIXOJIE, t IBIMOBBIX T'a30B, JaBlicHUE B3MeeBuKa. [Ipu3aganHom pacxoje
He(pTUIIEPEMENTUBAHUETTIOTOKOBIIPOUCXOIUT aBTOMATHYSCKH M HM3MCHSICTCS TaKUM
00pa3om, 9TOOBI Ha BBIXOJC U3 TPYOUATOM IMeUH TOCTUTATaHYKHAS TeMIIepaTypa.

Pacxon HedTm mommepkmBaeTcs perymnsaTopamu pacxoga. C yBennueHHEM
pacxojla He(pTH TPOU3BOAUTEIHLHOCTh II€UM JOJDKHA BO3pPAcTaTh, YMEHBIIICHUE
pacxoja JOJDKHO BBI3bIBATH CHMIKEHHUE MPOW3BOAUTEIBHOCTUIICYH, JJISI TOTO YTOOBI
HE BBI3BIBATH PE3KOro CcKoukal Ha BBIXOJE U, CJEAOBATEIbHO, TMEperpena
CTEHOK3MECBHKA.

3aMeTHOE BO3PAaCTaHMETAKOI0 IMOKa3aTeNls Kak TeMmIlieparypa ALIMOBOIO rasa

SABJISIETCS TPU3HAKOM HapyILIEHHs] TEIIOBOro pPexuMa TpyOuaToil mnedu. ITO
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TOBOPUT O TOM, YTO TEIJIOOOMEH dYepe3 CTeHKH TMEeYHBIX TpyO HapyIleH,
CJIeIOBATEIbHO, HAUMHACTCS MPOIeCC 3aKOKCOBBIBAHMSL.

O BenuumHe 00pa30BaHHSA KOKCAa B IMEYHBIX TPYOAXCYAAT MO TOBBIIICHUIO
JABJICHUSCHIPbS HA BXOJI€ B MeUYb. B TakoM ciydyae HE HCIONB3YIOTTAKHE METOIBI,
KaK yBEIMYCHHE pacxofa TOIUIMBA, HArpy3kd Ha (QOPCYHKH; >KEIaTeIbHO
YMCHBIIINTh PACXOJ CBIPhS, YTO MPH TIOCTOSHHOML JBIMOBBIX Ta30B MOMKET
00€eCreyuThIPOJOIDKUTENBLHOCTh  Oe3aBapuilHOM ~ palOoTeITpyOuUaToil  meuwm.
3HAaYNTENTFHOEC YMEHBIICHHE PAcXo/a ChIPhsl O3HAYAeT, YTO HEMEIJICHHO CIEeayeT
NPOM3BECTH OCTAHOBKY TI€UM Ui TOCIEAYIOIMETO0 OCMOTpa W TOJITOTOBKU K
PEMOHTY.

B 0co0BIX cnmyuasix K YBEIMUEHHUIO HArpy3KH Ha TOIUTMBHOE O0OpYyIOBaHUE
npuberarT Tpu maneHuut Chpbs Ha BXOJAE B IEYb BCIEACTBHEHEIOCTATOYHOM
paboTHI TEIIIO0OMEHHUKOB.

[TepuonbecnepeboitHOM pabOTHI TPYOUATOM MEUH 3aBUCHUT OT:

—  XapakTtepa BCel TeXHOJOTHYECKON YCTaHOBKHU;

—  BUJA CBIPBS;

—  pexuMa paboThl U KBaTU(HUKAIIMKA 00CTYKMBAIOIIIETO TIepCoHaIa.

Kax npaBuno, ocHOBHasi MpUYHMHA TIPEKpaIIeHUs] padOThI MeyeH 3aKI0YacTcs
B 00pa3oBaHMU KOKCAa HAa BHYTPEHHHMX CTEHKaX 3MEEBHKA W HAJIET CaXH Ha €ro
HapYXHOU IIOBEPXHOCTH.

OcTaHOBKa BKJIIOYAET B €0 CIEIYIONINUE ITAIbI:

— CHIDKaIOT pacxoj cbipbs 10 5S0—60 % mpu moanepkaHUM HOMHHAIBHON
TEMIIEpaTypbl Ha BBIXOJE U3 TMe4yd. HTEHCMBHOCThYMEHBINCHHS {3aBUCUT OT
ocIa0JICHHs TIEPEMETIIMBAHMSI TOTIIINBA U OTKITIOYCHUS (DOPCYHOK;

— YMEHBIIAIOT TEMIIEPATYPY CHIPbS HA BBIXOJAE CO CKOPOCTBIO B parioHe 20—
30°C/a hi (o ONTHUMAaJIbHOU TEMIIEPATypHlI, ONMCaHHBIM B
TEXHOJIOTUUECKOMPETIIAMEHTE TIPEATNPHUSITHSI IJISI TOPSTUSH ITUPKYJISAIINHN;

— TpEeKpamalT BBOJA CBEKEro CHIPhS B amnmapar W MEepPeKII0YaloTeroB

HUPKYJISALAOHHBINA PEKUM;
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— MPOU3BOJAT CHUIKEHHUE TEMIIEPATYpPhl JO TOTO MOMEHTA, MOKa MPOJyBKa
3MeEeBUKA I OCBOOOXKACHUSI €r0 OT OCTATKOB CHIPhSl HE CTAHET ocyllecTBuMa. B
npoiiecce MmaaeHUsAtHEOOX0AMMO TIPOU3BECTH MEPONMPUSTUS, MPEAOTBPAIAIOITUE
IIporap Wi CUJIBHYIO KOPpPO3HIONIaponeperpeBaTens U pekymneparopa. o tex nop,
MOKa HE MIPOU3O0MJET MOJHAs OCTAaHOBKAOOOPYIOBAaHMS, PEKOMEHIYETCS Mojaaya
rapa B MMapoIeperpeBaTesb, a BEHTWISATOP, KOTOPBIM MOJAET BO3AYX B PEKYNEPATOD,
CJIeYETOTKIIFOYUThL UMEHHO TOTJa, KOTJIa MeUb MEPEBOJUTCS C peKuMa paboThI IpU
MEHBIIEN MPOU3BOUTEIILHOCTUA HA PEKUM TOpSiUEr IUPKYISALINY;

— 3MEEBUK MPOJYBACTCABOASHBIM TApOM MPOTUBIUOONO XOAY CHIPHS, B
3aBUCUMOCTA OT MECTOHAXOXJEHHUsl Tporapa. B ciaydae mpoTHBOXO0/a, OCTATKH
CBIPbsI U3 TPYOHOT'O TPOCTPAHCTBAUIYT B aBApUMHBIC EMKOCTH, & IO XOAY ChIPbS— B
anmapar, NOAKIIOYEHHBINA K TTeud. B HEKOTOPBIX cllydasx MpoJyBKa MPOU3BOJAUTCS
OPOTUBOXOAOM, a IIOCIE YXKE€ IO XOAYy IIOTOKA, COBMENIAs €€ C NPOCYIIKOH
3MeeBuKa. Bpems npoayBku KoieOJaeTcst OT yaca J0 ABYX, B3aBUCUMOCTH OT JJIUHBI
TpyO. JlaHHBI mapameTp 3aBUCUT OT BEJIMYMHBI JIaBIICHUS BOISHOTO IIapa,
KOTOPOT'0 JOJKHO XBAaTaThIIPU MPEOJOJIEHUN TUAPABINYECKOTO COMPOTHUBIEHUSA B
TPYOHOM MPOCTPAHCTBEB PEKUME MPOTYBKHU.

BHemnanoBasi ocTaHOBKa NP aBapUITHBIX CUTYaIUsX BKIIIOYAET B ce0s Oosee
CJIIOKHBIE MEpOIPUATHS, YEM I[UIAaHOBas, BEAb IPU HEMNPEICKA3yEMBIXPE3KUX
mpoOiemMax ¢ BBOJAOM CHIPhS U Tapa MPOUCXOAUTOTPAHUYCHHE 1O BPEMEHHM Ha
IIPOLIECC OCTAHOBKH.

MakcumanbHyH0 Yyrpo3y HECETHEOKMIaHHAOCTAHOBKA IOCTYIUICHUS B I€Yb
CBIPBSI, YTO BJIEUET 3a COOOM pa3phIBIEUHOTIO TPYyOOIPOBOA, OCTAHOBKYCHIPHEBBIX
HAacOCOB M BBIXOJ M3 CTpPOS 3amlOpHOM apmarypel. B ciydae He mnpuHATHA
HEOOXOIUMBIX MEp, MPOUCXOAUT HEM30EKHOEOOpa3oBaHNE KOKCA HAa BHYTPEHHUX
CTEHKaxX 3MEEeBMKa, W B HEKOTOPBIX Cly4asgX BIUIOTh JO  IIOJHOIO
BBIX0/1a000pY/IOBAHUSI U3 CTPOSI.

B TakoM cnydae HadalbHOMMEpPOW IO OCTAaHOBKEBBOJA ChIPbS SIBISACTCS

TymeHue ¢GOPCYHOK M OJHOBPEMEHHBIM TMepeBOAammapaTtaB pexXuM Tropsuei
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HUpKyJIAnuu. Janee moyiiHasg OCTaHOBKA €YU MPOUCXOAUT B MOCIEAOBATEIBHOCTH,
OIIMCAHHOW BBILIIE.

ABapuifHas OCTaHOBKa TpyOuaTOW TI€YM NPUBO3HUKHOBEHHE IIPOTapoOB
3MEEBUKa XapaKTepu3yeTcs pa3MepaMH M ydacTKaMu 3THX HporapoB. MUKpo
paspelB WIH TOJBKO O0Opa3yloIUUAcANporap MNPUBOAUT HEOOIBIION TeUMHEPTH,
KOTOPYIO MOXHO YBHJETh Uepe3 IJISACNKU neuu. B aTom ciayuyae TpyOuaTas mneyb
OCTaHaBJIMBAIOT IO HOPMAJIbHOM CXeMe, a 3MeeBUK MpoayBatoT. Crnocol MmpoyBKH
3aBUCUT OT TOr0, B KaKOM MECTE€ 3MEEBHKAa HAXOJUTCS Mporap: eciu OJumxe K
BBIXOJly U3 IEYH, POAYBKY MPOBOIST MPOTUB XOAA CHIPhS; €CIIH OJIMKE K BXOIY B
TIeYb — 110 XOY CHIPbSI.

AHAJIOTHYHOW CXEeMBl TPONYBKH TPHUICPKUBAIOTCI W TPU CEPHE3HBIX
nporapax, KOrja B Kamepbl IMe4Yd MOCTyIaeT OoNbIlIoe KOJUYECTBO MPOIYKTa.
CunpHble TIporapbl SIBJISIOTCA CEPhE3HOM aBapuel, HEPEeIKO MPUBOIAIIMEK MOXKapY,
M03TOMY T€Yb HEOOXOAMMO OCTAHOBUTH HE3aMEJTUTENBHO.

Heo0xonumo OBICTpO MEPEKPHITH MOAAYY ChIPbS, 3aTYLIUTh BCE TOPEIKU U
OpOAyTh 3MEeBUK MapoM. YTo OBl MPEeNOTBPATHTH PACIPOCTPAHEHHUS IUIAMEHH
OTKPBIBAIOT MOJavy Mapa Ha BCEX JMHUSAX MapOTYIICHUsS MeYH, a TaKKe B OOpOB U
JLIMOBYIO TPYOY.

Kak Tompko mpou3BeqeHa OCTaHOBKAa TpyO4yaTOW medn, HEOOXOIUMO
HE3aMe/IUTEIbHOBBIBECTHEE M3 TEXHOJIOTMUYECKOH CXeMBbl, IMyTEM OTCOEIUHEHUS
TpyOOIIPOBOZIOB M HACOCOB 3aKPBITUEM 3aJBIXKEK U HEOOXOJIMMON yCTaHOBKOM

3arayuiex.

3.2 Haazop BO BpeM#l IKCILIyaTAIUH

OTBETCTBEHHBIN 32 UCIPABHOE COCTOSHUE U 0€30MacHy0 paboTy TpyOUaThIxX
neyel TEXHOJIOTHYECKOW YCTAHOBKU 00ECIeunBaeT:

—CNPaBHOE  COCTOSIHUE  MPUOOPOB  KOHTPOJS  YOpaBICHUS U
MIPOTHUBOABAPUMHOMN 3aIIUTHI (B TOM YKCII€ CUCTEMbI CUTHAJIU3AIUU U OJIOKUPOBOK).

—Han30p, 0€30IaCHYI0 U SKOHOMUYHYIO pabOTy NeuH;
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—OpraHu3aluio OO0y4YeHUs, WHCTPYKTaXa M TEPUOIUYECKONH IMPOBEPKHU
3HaHUH O0OCITYKHBAIOIIETO MEPCOHANA,

—BBITIOJIHCHUE TIPEANMCAHNI HHCTICKTUPYIOITUX OPTaHOB;

—COo0II0/IeHHe MapaMeTpoB pabOThl MeYel COrIacCHO PEKUMHBIM KapTam,
MOATOTOBKY M CJady TEYHM B ILIAHOBO-TIPEIYNPEIUTEIBHBIA PEMOHT U MPHUEMKY
MeYr U3 PEMOHTA;

—BeJICHHE MACTIopTa MeYH.

OTBETCTBEHHBII 3a HMCIPABHOE COCTOSHUE W 0€30MacHYI AKCIUTyaTaIHio
TEXHOJOTHYECKUX TeYCH TEXHOJOTHUECKOW YCTAaHOBKHM Ha3HaueHHBIN [Ipuka3om mo
OO011ecTBY, IPUHUMACT y4acTHE:

—B pa3paboTKe HOPM pacxojJa TOIUIMBHO-DHEPTEeTHUECKUX PECYpPCOB H
MEPOIPHUATHH TI0 UX IKOHOMHH;

—B MPOBEICHUHU TEIUIOTEXHUYSCKUX UCTBITAHUHN 10 W TOCJEe KalUTaIBHOTO
PEMOHTA;

—B pa3pabOTKe WHCTPYKIIUU IO IKCITyaTalluy TIeUH;

—B  pa3paboTKe © BHEJAPEHHWH CXEeM ydYeTa DJHEPropecypcoB U
aBTOMAaTHYECKOTO pETYIHPOBAaHUS pEeKUMa pabOThl TMeYHW, CHTHAIH3AINH |
OJIOKMPOBOK;

—B y4aCTHH B KOMUCCHU TIPY TIEPUOIMIECKOM HAI30PE C COCTABICHUEM;

—B CBOEBPEMEHHOM DPAacClIeJOBAaHUYU NIPUYHH aBapuid, HaAPYIICHUN pexuma
OKCITyaTallul M HECUACTHBIX CIIy4aeB, CBSI3AHHBIX C IKCIUTyaTallMe U PEMOHTOM
MeyH.

OO6cmy>XuBaroNUi MepcoHaNl 00eCIIeUYnBaCT:

—TI0/I/Iep)KaHNe 3aJIaHHON TEeMIIepaTypbl HarpeBa CHIPbs MO 30HAM TICYH
coriacHo TpeboBaHUSIM TeXHOIOTUYECKUX PErIIAMEHTOB;

—COOJTI0/IEHNEe TETIIOTEXHUYECKOTO U adpPOJIMHAMHUYECKOTO peXUMa TedeH,

KOTJIOB- YyTHJIM3aTOPOB, B COOTBETCTBUM C TPEOOBAHUSIMU PEKUMHOUN KAPTHI;
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—HaAEXKHYI0 pabOTy BOJOMOJATOTOBUTEIBHBIX YCTAaHOBOK B TOM YHCIE,
MOJJIEPKAHUE 3aJaHHOIO0 KAadyeCcTBa IIMTATENIbHOW, KOTJIOBOM BOABI M IIapa,
ONTUMAIBHOTO PEKHUMa MPOAYBKU KOTJIOB-YTUIIN3aTOPOB;

—3aJlaHHyI0 PEXKHUMHOW KapTOoil BBIPAOOTKY TEIUJIOPHEPTUU KOTJIAMU-
yTUJIU3aTOpPaMH, MapoINeperpeBaTeIsiMi B 3aBUCUMOCTH OT HATPY3KH IO CBHIPbIO U
TEMIIEPATYPHOTO peKUMa pabOThHI MEUH;

—CO00JII0/IeHHEe YCTAaHOBJICHHBIX HOPM pacxo/ia TOTUIMBA U TEIJIOOHEPTUH.

Texuuueckuii oTAesI 00eCIIeYNBaECT:

—I0CTOSTHHBIA KOHTPOJIb 32 COOJIOJICHUEM TEXHOJIOTMYECKUM MEePCOHATIOM
PEKUMHOM KapThl;

—AaHAJUTUYECKUM  KOHTPOJIb  KauyecTBa  TOIUIMBA M OMNEPATUBHOE
O03HAKOMJICHHE C HUM T€XHOJOTUYECKOTr0 MepcoHania.

OTaes rI1aBHOTO TEIVIOTEXHUKA 00€CIIEUHBAET:

—pa3paboTKy HOPM pacXojia yCIOBHOTO TOTUIMBA U TEIIJIOBOM YHEPTUH;

—XKOHTPOJIb 3a COONIOJEHHEM TEIUIOTEXHUUYECKUX U adpOJAMHAMUYECKUX
MIapaMeTPOB PEKUMHON KAPTHI;

—Yy4acThe B KOMUCCHUU MPHU NEPUOIUIECKOM HAJI30PE C COCTABICHUEM AKTa,;

—Yy4acTHe NPHU MPUEMKE II€UY€H U3 PEMOHTA.

Ortxen rimaBHoro mexanuka OO1iecTBa 00€CIIEYNBAET:

—IIOArOTOBKY Y MPOBEICHUE TIJIAHOBO-MIPEAYIPEAUTEITLHOTO PEMOHTA;

—Yy4acTHE B MPOBEICHUHN PEBU3UU NI€YH;

—y4acTh€ B KOMHCCHM TIpU CcJay€ M MNOPUEMKE IN€Yd M3 IUIAHOBO—
NpeayNnpeauTEeILHOTO PEMOHTA;

—Yy4acThe B KOMUCCHUU MPHU NEPUOIUIECKOM HAJI30PE.

Hanzop 3a 6e3omacHoi sKcIuTyaTaluei nedeil Beaercs:

—€)XECMEHHO— 0OCTY)KMBAIOIIUM IEPCOHATIOM C OTPaKEHUEM PE3yIbTATOB B

CMEHHOM paropTe CTapIlero oneparopa;
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—KEJIHEBHO — OTBETCTBEHHBIM 3a KMCIPABHOE COCTOSIHUE M O€30MacHYIO
JKCIUTYyaTallUl0  TEXHOJOTMYECKHUX  II€YeH  TEXHOJOIMYECKOW  YCTaHOBKH,
Ha3zHaueHHBIM [Ipukazom mo OO6IECTBY;

—IIEpUOANYECKH — KOMHUcCcHER B coctaBe uHxkeHepoB OTH coBmecTHO C
OTBETCTBEHHBIM 3a MCIPaBHOE COCTOSIHUE M O€30MacHyl0 SKCIUTyaTaluio
TEXHOJOTUYECKUX TE€YEeHd TEXHOJIOTMYECKOM YCTaHOBKM, He pexe | pa3za B 6
MmecsieB, no Tpadukam, paszpadoraHHbiM OTH wu yTBep>KIEHHBIM TJIABHBIM
MEXaHUKOM.

[Tpu pabote neun He NOMYyCKACTCS:

—XKacaHus MOBEPXHOCTU TPYO 3MEEBUKOB TIaMeHeM (pakesioB (PopCyHOK;

—OKCIUTyaTalus 3MEEBUKOB KaMEpP KOHBEKIIMHU B YCIOBUSIX TOUKH POCHI;

—OTKJIOHEHHE TlapaMeTpoB AbIMOBBIX razoB (CO, O2, Tyx. razos, —P) ot
HOPM, OTpaX€HHBIX B T€XHOJIOTHUECKUX PETIAMEHTAX;

—OKCIUTyaTaIus meyd mpu oOHApyKEHUHU Mporapa Tpyo 3MEeBHUKa;

—OKCIUTyaTalsl Me4Yd TP OOHAPY)KCHUH 3HAYUTEIBHBIX OTIYJIMH Ha
TpyOax.

[To pesynpTaTaM MEpUOIUYECKOTO HaA30pa WHKEHEPOM ODOpPMIISETCS aKT

OCMOTpa TEYH.

3.3 PeBU3HSI OCHOBHBIX 3JIEMEHTOB TPYOUaTBHIX Meyvei

OcmoTtp TPyOUaTHIX neyei MIPOBOIUTCSIBTCUCHUE TJTAaHOBBIX
BOCCTAaHOBHUTEIIBHBIX pa0OT W B Cliydae BO3HUKHOBEHHS Je()EKTOB, BIUSIOMINX HA
HOPMAaJTLHYIO KCILTyaTaIllIo arnmapara.

PeBu3usi TpyOHOrO TpOCTpaHCTBA BKIIOYAeT B CeOs  CleAyromue
MEPOTIPUSTHSA :

—HaPYXKHBI OCMOTpP BCEX KOHCTPYKIIMOHHBIX JJIIEMEHTOBB pPaJIUaHTHON
KaMepe W B KaMmMepe KOHBEKIIMM B MECTax, MO3BOJISIONIUX TPOU3BECTH OCMOTP,

MIPOU3BOJUTCS JISO0OHAPYKEHUS] KOPPO3UM MOBEPXHOCTH, Mporapa, OTIYJHHBI,
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TPEIIUHBI, MPOTHOa ¥ MOHUTOPUHT CBapHBIX IMIBOB. Hapy>KHBIH OCMOTp CBapHOTO
IIIBa BBISBISICTTAKHE NEe(PEKThI, KaK TPEIIUHA, KOppo3wsl U Ap. B cirydaecrmopHbBIX
CUTyallud B  COCTOSIHUM  CBAapOYHBIXIIIBOB  MPOU3BOAMUTCSI  KOHTPOIb  C
WCITOJIb30BAaHUEM HEPa3pyMIAIONIUX METOJIOB;

—MOHUTOPUHTBHEITHETO AUAMETPa TPYO MPOM3BOAUTCS BTCUCHHH KaXKIIOTO
pemoHTa. OIEHKa COCTOSHUS MPOBOJIUTCS TNMPEACIbHBIMU KaauOpaMu, WU WHade,
cKkOOaMuIMOO  JPYTMMH  TMPHUCIOCOOJEHUSMH,  KOTOpble  0OECIEeYMBAIOT
HEOOXOIMMYIO0 TOYHOCTh M3MepeHus + 0,5 MM., JuIsioOHApYKEHUST HEIOMyCTHMOTO
M3MCHCHHSI HApY >KHOTO JTNAMETPa;

—U3MEpPCHHUE TOJIIMHBI CTEHKHM TpyO W Kajaded MPOM3BOIUTCS IS
pagraHTHOWKaMEphITIeYH, o0paliasi BHUMaHUE Ha CKOPOCTh UX KOPPO3UHU:

1) o 0,10MM.B TOA — BBIOOPOYHO U3 PA3IUYHBIX TEMIEPATYPHBIX
YYaCTKOB B KaXbIi PEMOHT, ITOJIHOCTHIO B KAITUTAIbHBIA PEMOHT;

2) ot 0,10 10 0,30MM.B TOJ — BEIOOPOYHO M3 Pa3IMYHBIX TEMIIECPATYPHBIX
YYaCTKOB B KaX/IbIii PEMOHT, TIOJTHOCTHIO B KAITUTAJTBLHBIA PEMOHT;

3)6onee 0,30MM.B  TOA — KaXABIi PEMOHT IOJHOCTBIO;  JUIS
KOHBEKIIMOHHON YaCTH 3MEEBHKa IMeYN — KK PEMOHT B IOCTYITHBIX MECTaX.

OmnpeneneHneocTaTOYHON TONIIUHBI CTEHKHA TPYyO M Kajaded MpOBOIUTCS C
TIOMOIIIBIO TTEPEHOCHBIX  YJIBTPA3BYKOBBIXYCTPOMCTB (TOJIIMHOMEPOB) B TEX
ydacTKaxX, KOTOPhIX BEPOSITHOCTh M3HOCA MaKCHUMAaJIbHO BBICOKas. [[si xamauei, B
ClIy4ae €CJIM OHU CBAapHbIC, OMpENEICHUE TOJIIUHBI MPOU3BOJIUTCS TMOOIH30CTH
MIPOJIOJIBHOTO CBAPHOTO IIIBA, & TAKXKE HA KaKJIOW MOJOBUHE, JIJIS IIEIIbHOCBAPHBIX—
10 HanOOIbIIEMY U HAUMEHBIIIEMY PAJINYCy 3aKPYyTICHUH.

OcMoTpkamMepbl KOHBEKIIMW TPyO4YaTOW MEUYMHAYMHAETCS C WCTIBITAHUN Ha
MPOYHOCTh, MPU KOTOPHIX TAaKHE MapaMeTpPhl Kak TaBJICHWE W BPEMs MPOBEICHUS
UCIIBITAHHSI COOTBETCTBYIOT TPEOOBAHMIO, YKA3aHHOMY B TE€XMACIIOPTE IS JAHHOTO
000pyI0BaHUS.

[IpoBenst BCKpBITHE 3MEEBHKOB, 3aMEHY NEYHBIX TpPyO, 3aMeHy Kajadew,
MPUMEHEHUE CBAPKHU IS PEMOHTHBIX paldOT, ¥ B Clydae M3HOCAKOHCTPYKITMOHHBIX

yacTel TpyOuaToro 3MeeBUKa 10 KPUTHUYECKHUX MApaMeTpoB, OJMU3KUX K pa3Mepam,
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COOTBETCTBYIOIINX 0 Opake, 3MEEBUKH JIOJ>KHBI OBITH
MOABEPTHYTHITUPABINYECKUM HCIIBITAHUSM MPOOHBIMUIABICHUSIMH, B
COOTBETCTBUHM C MPOEKTOM H3rOTOBJICHUS JAHHOTO JIEMEHTA.

IMuapaBnuyeckoe UCHBITAHUE 3MEEBUKA MPOU3BOAUTCATOINA, KOT/A HEJb3s
MIPOU3BECTUONUCAHHBIC BBIIIE METOALI OCMOTpavacTelanmnapaTaB MoJHOM pa3Mepe
B TPYAHOJIOCTYITHBIXYYaCTKaX M €CJIM MOKHO TOBOPUTH O HAJTMUUHUIIPEATNIONAraeMbIX
ne(dEeKTOoB.

JIisi MaHHBIX MCHBITAHUM Ucmonb3yeTcs Bojpact ot +5 go +40°Cnubontobas
JPYTassHEKOPPO3UOHHAS, HEsJIOBUTAs, HEB3PHIBOOMACHAS KUJKOCTh (KEPOCHUHOBASI,
au3eNbHassH MacisHas (pakuuu). [leproanpoBeneHns UCIBITAHUNAC MPUMECHECHHEM
POOHOTO JIaBJICHHS HE JOJKEH MPEBBINIATHACCATH MUH. Kak TOJNBKO Mpou3BeIeHO
CHWIKEHHUE JIaBJICHUS 710 pabovero, Hy>KHO MPOU3BECTH MOJHYIO PEBU3UIO 3MEEBUKA.

B cayuae, KOrjgaHeBO3MOXXHO TIPOBECTH THIPABINYECKOE HCIBITAaHUE
3MeeBHKa (K MPUMEPY, B MEUYH, 3MEEBHK KOTOPOW 3aTPYAHUTEIHHOB MOJIHOW Mepe
0CBOOOIUTH OT BOJIBI), AOMYCKACTCS MPOM3BECTUITHEBMOMCITBITAHHS 3MEEBHKA.

HNtorn rugpaBindeckux U MHEBMATUUECKUX UCIBITAHUN CIEIYET 3aHECTH B
aKT IIPOBEPOK Ha MJIOTHOCTU U MPOUYHOCTH.

IIpoBepka METaTIMYECKUX KOHCTPYKIIMH M DJIEMEHTOB TI€YM MPOBOJUTCS
BTCUCHUHU KaXKJIOTO PEMOHTA, C MOCAEAYIOIMINM BHEIIIHUM OCMOTPOMJIJIS BBISIBICHUM
OCTaTOYHBIX jAchopMalldif, OCMOTPOM CBapOYHBIX M OOJTOBBIX COCIMHCHUH,
3aMEpPOM OCTATOYHOM TOJIIIUHBI X YaCTEH, €CIIU 3TO HEOOXOMMO.

OcMoTrp Knaakd W (QYTEPOBKHM TI€YM TPOBOIUTCS BTCUCHHHM KaXJIOTO
IJJAHOBOTO PEMOHTA U BKJIIOUYAET B CeOS:

—BHEIIHUH OCMOT]P, MIOUTOTY KOTOPOTO BBISIBISIOTCS COCTOSTHUS KUPIUYHBIX
KJIQJOK U KapoCTOMKOro OeToHa TOpIEBOM U OOKOBOM CTEHBI, TIOAA,
TOPU30HTAJIBHBIX W HAKJIOHHBIX CBOJOB, COCTOSHUSI()YTHUPOBOKCMOTPOBBIX OKOH,
BHEITHUX M30JISIITMOHHBIX MIOKPBITUN, TOPEIIOK;

—OCMOTp KJIaAKu W (PYTHMPOBKHM CBOJila M MOJIa Ha TOPHU3OHTAIBLHOCTH (BO

BpEMsI KallpeMOHTA);
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—OCMOTPp(YTUPOBKH CBOJa M TOJa Ha TOPU3OHTAIBHOCTH (BO BpeMs
KalpeMOHTa);

—aHalli3 COCTOSHUI PEMOHTHOTO IBAa M HAIOJHEHHOCTh MX acOECTOBBIM
IITHYPOM.

[IpoBepka ABIMOBBIX TPYO 3aKITIOYAETCS B!

—TpeBaPUTEIFHOM BHEIITHEMOCMOTpPE COCTOSIHUS JBIMOBON TpyObl U ee
DJIEMEHTOB  C  HWCIIOJIb30BaHMEM  OWHOKJICHIISOOHAPY)KEHUS  CKBO3HBIX
KOPPO3HOHHBIXIEPEKTOB,;

—OCMOTpE KpPETUICHU! OTIOPHOM TUIUTBI U OONTOB  UISOOHApYKEHUs
M3HOCOB, JeOpMaIliH, TPEIIUH U COCTOSTHUS (PyHTaMeHTa,

—U3MEpPCHUU TOJIIIIMHBI CTEHKH 00edaek TpyO, KOTOpOe TPOBOJIUTCS C
MCTIOJIh30BAaHUEM YIIHTPA3BYKOBOTOO0OPY/IOBaHUSI.

JlaHHBIE MepONpUATHS MPOBOIATCS HE pekel paza B 5 ner. Ilpu mposepke
TOJIIIMH CTEHOK TPYyO HEOOXOIUMO OOpaTHUTHIIPHUCTAIIPHOE BHUMAHUE HA TEMECTa,B
KOTOPBIX BEPOSTHOCTh W3HOCA HamOollee BhICOKAs (HWKHHE YaCTH JIBIMOBHIX TPYO,
0COOCHHO TIOOJIM30CTH CBAPHOTO II1BA).

OcMOTp TOIUIMBHOTO OOOpPYIOBaHUS TPOBOAMTCS BO BpEeMs ILIAHOBBIX
PEMOHTHBIX pabOT M BKJIIOYAaEeT B ceOs: pa30OpKy, YHUCTKY, BHEIIHHH OCMOTP
KOpITyCOB  (DOPCYHOK,  3aBHXPHTEJCH, IMapoOMa3yTHBIX TOJIOBOK, Ta30BBIX
KOJUIEKTOPOB, COTUI, 3allOPHOM apMaTyphl, TAPUPOBKE U WCIBITAHUS HA CTEHE C

3aMKChI0 B JKypHAJle MCTIBITAHUNA U MOCIEAYIONIUM O(QOPMIICHUEM aKTOM PEBU3HH

dbopcyHKH.

3.4I1oaAroToBKAa K PEMOHTY

UToOBl YyMEHBIINTH BPEMS MPOCTOCBTEXHOJOTHYECKOTO OOOpPYIOBaHHS B
11(50)4 (O PEMOHTa,CIAEAYET 3¢ PeKTUBHEEIKCIUTYaTUPOBATh
MOATOTOBUTENbHBICTIPEIPEMOHTHBIE Tiepuoabl. llepen peMoHTHBIMH paboTamu

obecrieynBaeTcsl JOCTaBKaHA MECTO BBITMOJHIEMOM pPabOThl HEOOXOIMMOTO
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Marepuana, MEXaHU3MOB, HWHCTPYMEHTOB M 3alacHbIX YacTel, HaYMHAETCA
MPOBEJCHNE BHEIIHEH PEMOHTHOM palboThINeUeHHE M0XKUIAIChOKOHYATEIHHOTO
CHIDKECHUS TEMIIEPATYPHI.

3ateM  anmapar  OTKIIOYaeTcss OT KOMMYHHKAllMMd C  IOMOUIBIO
3aKPBITHA3IBUKEK U YCTAHOBKH 3ariyiiek. YToObl YCKOPUTh OXJIaXKJIEHUE Teuei
HEO0OXOJMMO OTKPBITBCMOTPOBBIE OKHA, JIOKHM — JIa3bl, B HEKOTOPBIX CIydasx He
o0xoauTcst 6€3 NMPUHYAUTEIBHOM Mo/laun BO3/lyXa B Me4b. B To BpeMs, korja rneyb
oxJaxjaercs, paboyuil  MEPCOHAIMPOU3BOIUT  pa3OOpPKy,  OYHUCTKY U
PEMOHTTOPENOK, BCKPHITUE TBOMHUKOB 3MEEBHUKA.

PerypOenapimporiie Bcero BCKPBITH B HAarpeToM COCTOSIHUU, H3-3a
ATOTOJIAHHOE  MEPONPHUATHE  BBIMOJHSETCINEpPE]  TMOJHBIM  OCTHIBAHUEM
3MEEBHMKABIIOCIACACTBUM  Tpomapku (B ciaydae  MEXaHHYCCKHX  YHCTOK)
JTUOOHETIOCPEICTBEHHO B OKOHYaHWE BBDKHMra Kokca. BoiThl W TpaBepchl mocie
pa300pKM  YKJIAIBIBAIOTCS B  COJIAPOBbIE BAaHHOUYKH, JJisi OOJIETYEHHS WX
NOCJIEIYIOIIEN OUNCTKHU.

K pabGore BO BHyTpeHHEW dacTh medeipaspeniaeTcsi MPUCTYIHUTHIIO
OKOHYaHUU CHIKeHuit B Tonke He 6osiee S0°C 1 pH AOMYCTUMBIX KOHIICHTPAIUIX
BPEAHBIX BEIIECTB B BO3ayxe. YTOOBI TPOBECTH PEBU3UI0O M PEMOHT
3MEEBUKAU3HYTPU TE€UYCH HEOOXOJMMO COOPYIHUTHh CIUIONIHOW WM TEpPEeABHMKHON
JIEC ¥ TIOJIBECTUHEOO0XOAMMOE TIEPEHOCHOE IIEKTPOOOOPYIOBAHHE.

[IepeueHpITPOBOAUMBIX ONIEpALMNA IO KAIIPEMOHTY I€4YE€H MOKHO YMEHBIINTD,
BKJIFOYMB 4YaCTh TMPEACTOAINIeH paboThl B TEpeueHb OIMKANIIETO IUIAHOBOTO
peMoOHTa. B ciydae 3HAUMTEIBLHOIO YHMCIIa TOPEJIOK B MEYaX MX PEMOHTBO3MOXKHO
BBITIOJIHUTh JaXX€B palOTaloOlleM COCTOSIHUU, OTKJIIOYUB JIMIIb PEMOHTUPYEMYIO

TOpEJIKY.

3.5 YucTka U peMOHT TPYOHBIX 3MeeBUKOB

HpOIIYKTOBBIe 3MECBUKH — HaMOOJee OTBETCTBEHHBIE YaCTH KOHCTPYKIHMH

TpyOuaroii mneueid. B xome ee sKcrutyaranuil HaOMIOJAIOTCS KOPPO3UOHHBIM,
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SPO3HOHHBIN U TEPMHUUYECKHUI N3HOC 3MEEBHKA, HAPOCTAHUEKOKCA HA UX BHYTPEHHUX
Y BHEUIHUX MMOBEPXHOCTEH, YTO CHUKAETXAPAKTEPUCTUKU PAOOTHl TpyOUaTOil meun
U MOXET MPUBOAUTH K MPOPBHIBY 3MEEBHKAa M BO3HUKHOBEHHIO IMO>KAPOOMACHBIX
CUTYalUN.

UuCTKy BHYTPH MOBEPXHOCTH TPYO OT OTJIOXKEHHS COJM, CMOJ M KOKca
MPOBOJAT MEXaHUYECKUM WM (PU3UKO — XMMUYECKUM crocoOam (MpOMBIBKON U
OponapKoM, NapoOBO3IYIIHBIM BBIKUTOM KOKca). BeiOop crmoco0aouncTKUBBIONPAIOT
B COOTBETCTBHM CIPUPOJION oTioxxkeHus. Hampumep, Ha ycTtaHOBKE atMocdepHOit
NeperoHKkn HedTH OTIOXKEHUE CcoJed U CcMoil yOupaercs ¢  MOMOIIbIO
POMBIBKUTPYO HArpeTol BOJONW M TPOAYBKHM BOASHBIMU mapamu. UToObl
yIATUTHCION KOKCa M3 TpyO 3MEeBHUKANpPHUMEHSETCS MEXaHHMYEeCKUH Croco0 win
apOBO3IYIIHBINA CITOCOO BBIKHUIa KOKCA.

MexaHudeckuil cnoco0d MPUMEHSIOT JJIi OYUCTKU pa300pHBIX 3MEEBUKOB Ha
JIBOMHMKAX OT KOKca. [IpenBapuTenbHO JUIsl CYIIKK OTIIOKEHUM, 9YTO ObI 00JErYuTh
nocleyloliee X ynaajieHue, TpyOuaTyr Iedb HEOOXOJUMO MPONapUTh, IMOCHE
ATOTO BCKPBIBAIOTCSI JIBOMHUKH.

[Ipu MexaHMYeCKON YUCTKE 3MEEBHKA MPUMEHSIOTCS OOHKH, peXkKe IIapoIIKH,
KOTOpbIE TPUBOIATCA B JBUKCHUE ITHEBMATUYECKUM JBUTaTesneM. bolku
IIPOU3BOJIAT MYTEM JIUThSI U3 MOAUQPHUIIMPOBAHHOTO YyT'yHA C TBEPAOCTHIO HE MEHEE
200 HB [15]. [TpunBmxeHue 00€K, HAHOCHT yJap, pa3phIXJisisi U COCKaOIMBasi CIIOU
KOKca. YacTuipl KOKCa YAAIAIOTCS W3 OYMINAEMOI0 3MEEBHKa OTPaOOTaHHBIM
BO3J1yXOM.

Croii KoKca Jierde yJanuTh U3 ropsiuerozMeeBuka. Ilostomy, ms nogaepxku
3MEEBUKAa B HArpeTOM COCTOSIHUHM, B II€YM OCTABISIOT HECKOJIBKO pPabOTaroIIMX
(GOopCyHOK M yCTaHaBIMBAaeTCA MATKUN pexuM ropeHus. C MOMOLIbIO Ta30BOii
TOpPEJIKM Ha  BHYTPEHHEH IOBEPXHOCTU  PETypOEHIOBBBLKHUIaeTCs  KOKC.
[TocneouncTkn 3MEEBUKAJBOMHUKU MPOAYBAIOTCA CXKaThiM BO3AyXoM. KauecTBo
BBINIOJITHEHHOM  pa0OThl MPOBEPSAETCS BHU3YyaJbHO: BHYTPU TpPyObl  JTOJKEH

HaOII01aThCSI METAJUIMUECKUN OJIECK.
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[I1rocoMIaHHOTO METO/Ia YUCTKU SIBISAETCS CHOCOOHOCTHU30ABIEHUS OT
00010 OTJIOKEHUS (BoCTIIaMEHSIEMOTO Wi HEBOCIUIAMEHSIEMOTO0),
HEBO3MOXKHOCTh TIeperpeBa 3MeeBUKA (HMCKIFOYACTCSIBO3MOMXKHOCTh YXYALICHUS
MEXaHWUYECKUX XapaKTePUCTUK METAUIOB M TEePMETUYHOCTH Pa3BajibIIOBAHHOTO
COCTUHCHHS TPYOBI ¢ JBOMHHUKOM), BO3MOYKHOCTb BCKPBITHS TPYO JJIsl TIPOBEIACHMS
OCMOTpa BHYTPEHHHUX MMOBEPXHOCTEH 3MEEeBUKA U peTypOCH/I0B.

MuUHYCOMOITMCAHHOTO METOJIa SIBJIIETCS TO, YTO YCJIOBUSI TPyJa CTaHOBSITCS
BpPEJIHBIMU U OTIACHBIMH, a TAKXKE TPYAOEMKUMHU U JOJITOBPEMEHHBIMH, BOSHUKAET
BO3MO>KHOCTb MEXaHHUYECKHUX MOBPEKIECHUMN OUUIIIaeMON MMOBEPXHOCTH.

C moMomipl0 TapoOBO3IYITHOTOMETO/Ia BBDKHTA KOKCA MOXKHOIPOU3BECTH
OUMCTKypa30upaeMbIX M Hepa3OupaeMblX 3MeeBHKOB. [l Hepa3zOoupaeMoro
3MEEBUKABBDKET SBJISCTCS €IMHCTBEHHBIMMETOJOM YHCTKH OT 3aKOKCOBAaHHOTO
CJI0SI Ha TIOBEPXHOCTH.

Boeiker xokca siBAsieTCSA OTBETCTBEHHOW ONEpanueld W JJIs €ro BBINOJHEHHUS
IPUBJICKAIOTCS OMbBITHBIE, KBAIM(PUIMPOBAHHBIE paOOTHHUKHU. [Iporiecc o4YMCTKH
3MEEBHUKOB BKJIIOYAET J[BA dTala:

— MpoIapKa 3MEEBUKOB;

— BBDKET KOKCa.

[TepBoiii aTan. Ilocne oTKIIOUEHHUS HACOCOB3MEEBUK IMEUYH OCBOOOXKIAIOT OT
MPOAYKTOB M MPONApUBAKOTCSIHATPETHIM BOASAHBIM mapoM mpu aasieHuu | Mlla u
pacxozae 300—500 kr/4 mpu HECKOJIBKUX 3a#OKEHHBIX (POPCYHKAX C KaKI0M CTOPOHBI
BreueHnn 2—-3 yacoB [16]. IIpu GompmmxTemmnepatypax HeKoTopbie YB U cMOIbI
pazyiararoTcsi, KOKC BBICYIIMBAETCS, TPECKAETCS, OTXOAUT OT BHYTPEHHUX CTEHOK
3MEeBHKa MW YyJajisieTcs IMOTOKOM IMapa. PacTpecKMBaHUIO W OTIEIEHUS KOKCa
CIOCOOCTBYET paznmuure B Kod(h(PUIMEeHTaX TeMIIepaTypHbIX PaCIIUPEHU KOKca |
Metaimia TpyO 3meeBuka. [lo 3aBepiieHuto omnepanuu  racatcsOpCyHKH,
MpeKpaiaercss mnojaya IMapa, OTKPbIBACTCS APEHAXKHBIM BEHTWIb s cOpoca
OCTaTOYHOI'O JaBJCHUS M KOHTPOJISI OTCYTCTBHSI pabodero mpoaykra B TpyOax.
Jlanee Ha CHIPHEBYIO JIMHUIO IE€YM YCTAHABIMBAIOT 3arilyllKu U  MOHTUPYIOT

JMHUIOCOpOCa MPOAYKTA CTOPAHUS B ILIMOBYIO TPYOY.
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Bropoii stan. Bepkur koxca mpousBOAAT II0 XOLY ABWIKEHUSA IIPOAYKTA U
TOJIBKO MO OJHOMY MOTOKY. OJHOBpPEMEHHBIN BBKHUI B JBYX M 00jiee MOTOKax He
paspemiaercs. B ouuinaemplii TpyOHBIM 3MEEBUK MOJAIOTCS BOJSHOW map MpH
nasiaenun 1 MIla u pacxoae 300—500 kr/4, 3aXHUraroTcsi HEOOXOAMMOE KOJIMYECTBO
dopcyHok ¢ o00eux cropon meukd. I[lo Temmeparype 500-600°CHaunnaet
MO/IaBaThCsl BO3AYX, CHIJKasg IM0Jadyy BOJSHOIO Napa Tak, 4YTOObl JaBJiCHHE
napoBo3ayIHoi cmecu coctapuiio 0,3—0,4 MIla [21].

MowmeHT 3aropanusi kokca (temmeparypa BocmiameHeHus 420 — 460°C)
OTNpeJeNsieTcsl MO TMOSBICHUI0O M3 JBIMOBOM TpyObl 4YEpHOro AbIMa M IO LBETY
neuynblx TpyO. [Ipm HOpManmpHOM XOj€ mMpollecca BbDKHUra KOKCa TeMIlepaTypa
MOBEPXHOCTH 3MEEBUKA HE J0JKHA mpeBbiath 550°C— 115 yriiepoAuCThIX CTaneu
(Oypsrit BeT TpyO), 650°C — mis craneit 15X5M, 15X5B® (TeMHO-KpacHBIM 1IBET
Tpy0), 750°C — nmns craneir tuna 12X18H10T (BumiHeBO-KpacHBIM 1BET TPYO),
950°C — mna cramu 10X23H18, 1030°C — g craneit 20X25H20C2, 45X25H20C;
conepkanne C02 B mpoykTax cropanus coctanisier 10 — 17%.

PexxuM cropanus KoKca PpEryJupyeTcsl HW3MEHEHHMSIMU COOTHOIICHUM
KOJIMYECTBA MApPOB U BO3AyXa B CMECH: IIPH OYEHb SIPKOM CBEUECHHH TPYO CHIDKAIOT
nojladyy BO3[yXa M TOBBIIIAIOT TMOJady Iapa, Mpu 3aTyXaHUU TOPEHHUs KOKca |
MOTEMHEHUU TPYO — HA00OPOT.

O 3aBepuieHHEe TOpeHHUS KOKca CyIsAT MO LBeTy JsiMa u Tpyo. Torna
MPEKpaIIaroT MMojgada Bo3Ayxa, IPOJoJIkKasi MPOAYBKY TPYO BOASHBIM MapOM, TIOTOM
CHOBa MOJAIOT BO3/yX HAa TOPEHHUE.

Kokc B 3MeeBHKECrOpaeT MOCTEIEHHO MO XOIy JBM)KEHMS MapOBO3YLIHON
cmecu. [Ipu3HaK OKOHYAHMS IMpoIecca BbIKUIA KOKCA SIBIIAETCS MOTEMHEHHE BCEX
TpyO ¥ BBIXOJ B ABIMOBYIO TpyOy uncToro Boszayxa (comepxkanue C02 B OTXOASIINX
razax 0-0,1%). [To 3aBepiieHHIO0 BbDKUTa KOKCA TPYOHBIN 3MEEBUK ISl IJIABHOTO
yMeHbllIeHUst MeTalljia U MpeAOTBPAILCHUS] Pa3yIpPOYHEHUs] TPOYyBaOT BOJSHBIM
apoM MpH ropsmux (HOpcyHOK B TedeHue 1—2 4yacoB (PEKOMEHIYETCSCHUXKATh
ckopocth Temmeparypbl 100—150°C/4), mocnae 3Toro ajs BBIABICHUS AE(PEKTHBIX

MECT OIPECCOBBIBAETCS NapoM Ha nasieHue 1 Mlla.
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K mmrocam mapoBO3IyIIHOTO METOJIa BbIKUTA KOKCA OTHOCST YMEHBIICHUE
BPEMEHH MPOCTOSI MEUYUBO BPEMSI PEMOHTE, CHMXKAIOTCS 3aTpaT Tpyla U CPEICTB,
MOBBIIIAETCS KAYECTBO YCIOBUM TPYyJa, MOBHIIIEHHOE KAYECTBO YUCTKU. MUHYyCcOM
ATOTO METOJIa CIYXXKUT BO3MOXKHOCTh IMPEBBICUTH JIONMYCKAEMYIO0 TeMIepaTypy
(780°C mnst ctanmu 15X5M) nipu OTCYTCTBUM KOHTPOJISL 32 IPOTEKAHUEM IIpoIiecca,
YTO MPHUBOJAUT K OCTATOYHBIM AeopManusM (M3rudam TpyOo MEKAy OIOpamH),
CHUYKAETCS MPOYHOCTh MPOUCXOIUT METaslia,IPOUCXOAUT mporapa TpyO. Tak ke,
HAOIOAIOTCS  DPO3MOHHBIE HM3HOCHI 3MEEBHMKOB BBIHOCUMBIM  KOKCOM U
o0pa3oBaHUe OKAJIMH HA MIOBEPXHOCTU METaJlIa.

[Tapomexannyeckuii cnoco0 yaajaeHus KOKCa BKIIOYACT IMPEABAPUTEIBHYIO
00paboTKy KOKCa MEPEerpeThiM BOJSHBIM MapoOM U TMOCICAYIOIIYI0 MEXaHUYECKYIO
YUCTKY.

N3 3MeeBuka ynanstoT HEQTENPOAYKT, MPOIYyBAIOT BOJSHBIM MapoM, IMOCTE
Yero COEIMHSIOT 3MEEBHK C JIBIMOBOM TPYyOOil, 3aKUTal0T HECKOJIBKO TOPENIOK W,
noJiIep>KUBasi KOPOTKo(pakeIpHOEe TOPEHKE, MOBBIIIAIOT TEMIIEPATypy Ha MepeBalie
no 250-300°C. 3areM B 3MeeBHK MOJAOT BOAsHOW map moxa aaBieHuem 0,3-0,4
MIla wu, [OONOTHUTENBHO 3a)XKUras TOPEIKH, IIOCTEIEHHO  YBEIUYUBAIOT
TeMmnepaTypy Ha nepeBaie 10 650-680°C, a naBneHnue napa B 3MeeBuUke — 10 0,55—
0,6 MIIa. ITox Bo3a€iicTBHEM BOASHOIO Mapa KOKC Pa3phIXJISIETCS, OTCIauBaeTCA OT
CTEHOK TpyO U uepe3 1—2 4 HauMHAEeTCs €ro BHIHOC MapoOM U3 3MEEBUKA B JIBIMOBYIO
TpyOy. [locne mpekpareHusi BBIHOCA KOKCA TOPEJIKH TacsaT, MPEeKpaliamT Moaady
napa, BCKPBIBAIOT JBOMHUKHU U yIAJISIOT MEXaHUYECKUM CITIOCOOOM OCTATKU KOKCA.

[TapomexaHUYECKUIIMETOJ, MOXET MPUMEHSTHCA [JI1 OYUCTKH Pa3z0OpPHBIX
3MEEBHUKOB, HO €TI0 HEJIb3s Ha3BaTh YACTOMCIIONb3yeMbIM. [leproa mpoctos neun Ha
PEMOHTE MPHU YUCTKE 3MEEBHKA MAPOMEXaHUIECKUM CITIOCOOOM TMPAKTHYECKH TOXKE,
YTO U MPU YUCTKE MEXAaHUYECKHM.

OrOpakoBaHHble TpPyObl, Kajlaud W JBOMHUKU BBIPE3alOT U3 3MEEBHKA
ra30KUCJIOPOJAHOW PE3KONM M yAQISIIOT W3 MeYM, IMOCIE Yero KOHTPOIUPYIOT

COCTOSIHUE TPYOHBIX OIOP.
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TpyObl 6€3 OTIYNMH W C HE3HAUUTEIbHBIMU OCTATOUHBIMU JAedopMalusiMu
n3ruba LEeTMKOM HM3BJIEKAIOT U3 TpyOHBIX onop. Ha KoHue TpyObl, OTpe3aHHOU OT
JIBOMHUKOB, MIPOKUTAaIOT OTBEPCTUE JJIS 3aKPEIUICHUS KPIOKa C TPOCOM, C ITOMOIIbIO
KOTOPOT'O BBITSTHBAIOT TPyOy TPaKTOpPOM WM TpakTopHOM Jebenkoir. [lpu
W3BJICUCHUU TPYObl U3 TMEUYM €€ MOJJICPKUBAIOT B TOPU3OHTAIBHOM IOJ0XEHUU
aBTOKPAHOM, a IOCJIE €€ U3BJICUCHHS U3 MeUd TPyOy OMyCKarOT Ha 3eMit0. TpyOsl C
OTIYJIMHAMU W 3HAYUTEIBHBIMH JepopMarusiMu M3ruba U3BIEKAIOT U3 TPYOHBIX
omop mo 4actsaMm. [lepea BbIpe3koil Kycka TPyObl €ro 3aKperuisioT 3a COCEIHHE
TPYyOBI, a MOCJie BBIPE3KH OMYCKAIOT HA MOJMOCTU JIECOB, COOPYKCHHBIX BHYTPHU
neyH.

IlenpHOCBapHBICE 3MEEBUKM Ha KajadaxX pa3MelIaloTcs BHYTPU TI€UYHU
IIEJTMKOM, B CBSI3U C 4YeM, JIIT 3aMEHBI OTOPAKOBAaHHBIX TPYO M Kajadeil Tpedyercs
gacTu4Hasi pa300opka 0OOMYpPOBKU U KapKaca TMeqH.

JInsi coxpaHEeHMs] IPUTOAHBIX JUISl JajJbHEUIIEH 3KCIUTyaTallid 3MEEBUKOBBIX
TpyO PEMOHT JABOMHHKOB II€JIECO00pa3HO MPOBOJIUTH MO MECTY, T.€. 0e3 00pe3ku
pa3BaJIbIIOBAHHBIX B HUX TPYO.

W3HomeHHple yd4acTKM KOpIyca JBOMHUKA M HEINIYOOKHE PaKOBHHBI
PEMOHTHUPYIOT HAIJIABKOM METaJljia, TPEIINHBI 3aBaAPUBALOT.

Ilepen  3aBapkoil  TpemMH  yCTaHABIMBAIOT WX T[PaHULBl MOYTEM
MOCJICTIOBATEILHONW 3aCBEPIIOBKH, IOCJIE YEro pPas3fesibiBalOT KPOMKH BBIPYOKOM
MeTajlia Ha BCIO TIIyOWHY | ITUHY e(DeKTHOTO yJacTKa.

OTOorHyThlE YIIKHA JIBOWHUKOB MOCJE MPEIBAPUTEIBHOrO MOJOrPEBa MPABIT
JETKUMH yJapaMu KyBaJj.

Pucky u HEpOBHOCTH Ha YIIOTHUTENBbHBIX MOBEPXHOCTSIX THE3] MOJ NPOOKHU
YCTPaHSAIOT Pa3BEPTHIBAHMEM OTBEPCTUHM KOHWUYECKOW (Ppe30oit ¢ MHHUMAaIbHBIM
ChEMOM MeETalja.

PeMOHT NBOMHMKOB MPOU3BOASAT B peMOHTHOM Iiexe. OcTaBumimecs: B THE3Jax
JIBOMHUKOB 00pe3KH TPyO peKyT BIOJb HA JIBE-TPU YACTU U YAAISIOT UX U3 THE3]

JICTKUMH yaapaMHd MOJIOTKaA.
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[Ipu yBenuueHUn nuameTpa U UHBIX JedeKTax THe3]] UX PEMOHT MPOU3BOMIST
HAIUIAaBKOW MeTajuia ¢ MOCHEAYIOWIEN IPOTOYKONW 1O HOMUHAIIBHOTO pa3mepa.

W3bgaHBl Ha YIUIOTHUTEIBHBIX MOBEPXHOCTAX MPOOOK YCTPAHSIOTCA C
MOMOIIBIO TOKApHON 00paOOTKM; CMSITHEM IUIEYUKOB TpPaBEpPC — HAIUIaBKOM
MeTajla C TMOCHEAYIOU[MMU MEXaHMYEeCKUMHU O00pabOTKaMH; H30THYThIE OONTHI
UCIIpaBIISIIOTCS MpaBkoil. Ecnu mpowusoien u3Hoc pe3b0bl 00ATOB WM TpaBepC, TO
UX HEOOXOAMMO HEMEIJIEHHO OTOPaKOBAaTh.

Ecnu wumeror Mecto OBITH cepbe3Hble Je(eKTbl, TOpeTypOeHAbl U HUX
KOMIUIEKTYIOIIMEe 3aMeHstoTcs. llepen ycTaHOBKOM HOBBIX JleTajeil UX HYKHO
OCMOTpPETH Ha MPEIMET COOTBETCTBUS C MPEABABIAEMBIMA K HUM TPEOOBAaHUSIMHU.

UYToOBI MPOBEPUTH MPABUIBHOCTD COMPSIKEHUNH KOHUYECKON YIUIOTHUTEIBHOM
MOBEPXHOCTH KOpIyca U MpOOOK HEOOXOAMMO HAHECTH CIElUaIbHBIE PHUCKU C
MOMOIIBI0 MeJIa Ha MOBEPXHOCTh MPOOKH, MOCIIEe ITOr0 €€ HeOOXOIUMO BCTABUThH B
rHEe3710 peTypOeHaa U NMpoBepHYTh. [Ipy HYKHOM KOHTAKTE MOBEPXHOCTEH Ha 3TOMN
npoOKe JOJIKEH OCTaThCsA CIUIOMIHOM KOJbIEBOM cien. Ecnu 3ameueH pas3pbiB
ciena, TO MpOOKYy MPUTUPOUYHON MACTOW HEOOXOJUMO MPUTEPETh K MOBEPXHOCTH
rHe3/1a.

Ha moBepxHOCTH TpyO HE JOJIKHBIMPUCYTCTBOBATH PAKOBUHBI, TPEUIUHBI U
npyrue nedextsl. Takue mMmokazaTenu Kak BHEUIHUN AMAMETp, TOJIIMHA CTEHKH,
OBaJIbHOCTh, @ TAaKXXE pPA3HOCTEHHOCTb, KpHUBU3HA TpPyO W TBEPAOCTh MeETaJlIa
JOJKHBI BapbUPOBATHCS B MHTEPBAJIEC JOMYCTUMOMW MOTPEIIHOCTH. YTOOBI JOBECTHU
Tpyoy hi (s HOMUHAJIbHOU JUTUHBI, BBITIOJIHSIETCS pe3ka
BCEBO3MOXXHBIMUCTICIIUHCTPYMEHTAMH (MEXaHUYeCKasi HOXKOBKA, JUCKOBas MHJIa
WM Ta3ope3ka), a Jajee ciaeayeT oOpaboTka KPOMKH C MOMOIIbIO abpa3MBHOTO
MHCTpyMeHTa. Ecim oTCyTCTBYIOT TpyOBI HEOOXOAMMOM JUIMHBI, AOIYCKAaKOTCS
COEIMHEHUS KyCKOB TPYO MEHBIIICH JIJTMHBI C UCIIOIH30BAHUEM CBAPHBIX ITBOB.

VYcranoBka TpyO 3MeeBHMKA MNPOBOJUTCS C HCHOJIb30BAaHMEM AaBTOKpaHA U
TpakTopa.

Hampapnenuss TpyObl B TpyOHYIO OINOPY BBINOJHSIOTCS  pabouuM,

HaXOASAIIUMCSABO BHYTPEHHEN IMOBEPXHOCTH armapara.
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BHewHsAs moBEpXHOCTh KOHIA TPYObI U THE30 ABOMHUKA MEpe]] YCTaHOBKOU
JOJKHO OBITh TIIATEIBLHO OYMINEGHO OT TpsI3W, pXKABYMH, Macel U BOJIBI
Perypbennmonnnmaercsi, HaJeBaeTcs HAa KOHEN TPyOBl, TMOCIE€ STOTOOH
MIPUXBATHIBACTCS C MOMOIIBIO JIEKTPOCBAPKH K KaXK0M mocieayoiieit Tpyoe B 3—4
TOYKaxX MO jauameTrpy.JlaHHas MaHUMYJSAIHUS ITOMOTAeT OTPETYJIUPOBATHIICHTPHI
TpyO OTHOCHTENBHO THE3J U MPEAOTBPATUTH BO3MOXKHOCTH OCEBOTO CMEIICHUS
TpyObl OTHOCHTEIBHO THE3/a TMPU TPOBEACHUU  Pa3BaIBIIOBKH. UTOOBI
00JIETYNTHECOCTHIKOBKYPETYPOCH/Ia Ha TPYOBl MPUMEHSETCS HAMPABIISIOMNUNA KOHYC,
KOTOPBIH MPEIBAPUTEITHHO BCTABIISCTCS B KOHEI KKI0W TPYOHI.

YMeHbIlleHHe pacxoia TpyO TpH PEMOHTE 3MEEBUKA JIOCTHTAETCS ITyTeM
MIPOBEACHHUS CICAYIOIMNX ACUCTBUM

—  eCJIM IMPOUCXOJIUT OTOpaKoBKa TONBKO 1 U3 TpyO, KOTOpasi COeTMHEHA C
perypOeHaoM, TO €€ HeoOXOIMMO BBIPE3aTh IO YacTAM.JTOJENaeTCs IS TOro,
9TOOBI MOYKHO OBLIO 00OUTHCH 0€3 pe3KH IPYroi, MpUrogHON TpyOsl U 0€3 CHATHUS
petypoenna. Hopast Tpyba BBOAMTCS Yepe3 THe3/Aa ABOMHHMKA U Pa3BaJIbIIOBLIBACTCS.
MuHycoM AaHHOrO cmoco0a MOXHO Ha3BaTh MOBBIIIEHHYIO TPYAOEMKOCTD
orepanuu;

—  aJIbTEepHATUBOUN MpeabIAyIIEMy TPYAOEMKOMY croco0y
ABIACTCACICAYIONINI: OT  peTypOeHaa  CleAyeT  OTPe3aThIPUTOIHYI0 U
Henpurognyw TpyOy. [lpuromnyio TpyOy ¢ MOMOIIBIOCBapKH MaTpyOka K TpyOe
JOBOJIAT IO HEOOXOAMMOM JIJTMHBI, & 3aTEM OHA YCTaHABIUBACTCS HA CBOE MECTO;

— B HEKOTOPBIX CIy4asiX JJIS 3alIUThl 3MEEBUKA OT SPO3UOHHBIX U3HOCOB
B KOHIIBI €ro  TpyOBBaJbIIOBHIBAIOTCS  3alllUTHBIE  BTYJIKHA, KOTOPHIE
M3TOTABIMBAIOTCA W3 0OPE3KOB paHee UCIOIb3YEeMbIX OTOPaKOBAaHHBIX TPYO;

—  TIOBTOPHO WCIIOJIh30BaTh OTOpAaKOBaHHBIC TPYObI MOXHO BBIPE3aB
M3HOIICHHBIC KOHIIBI OTAEIBHBIX OTIYJIMH,a Jajee CBAPUTh T'OJIHBIE YYaCTKH ITHUX
TpyO;

—  BCSYECKHU 3aTHYTHIC TPYOBI M3 TUIACTHYHBIXJIMTUPOBAHHBIXCTANICH THIIA

15X5M MOXHO BOCCTaHOBUTBH C OMOIIBIO ITPABKH.
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Kak ToOnbKO OYMCTHBIE M BOCCTAHOBHUTENbHbIE pa0OTBl OKOHYEHBI,
MIPOUCXOUT COOpKa JABOMHHUKOB. Jl0 3TOro BCE YIUIOTHUTEIBHBIE MOBEPXHOCTH
npoOOK W THE31 JJOJDKHBI OBITh CMa3aHBICIICIIMATIBHON CMa3KoW(KaK MpaBUIIO,
M3TOTABJINBACTCS CMELLIEHUEM rpauToBOTO IIOPOLLIKAU MAILIMHHOIO
Maciia). DTOHeOO X0 JUMO TIPOBOIUTh JUIS YIIYUIICHHUS TePMETHYHOCTH COCTUHCHHUI U
WCKJIIOUEHHUS B3aMMHBIXIIPUTOpaHUH JeTanu. BceBo3MOKHbIE TPOOKH, TpaBepChl U
0O0JITHI YCTaHABJIMBAOTCS HA MECTO.

[IpousBenss cOOpKy, 3MEeEeBHK HEOOXOJIUMO IMPOTPETh BOJSHBIM MEPETPETHIM
napoM mnoj jgaeineHueM g0 1 Mlla. Ecnu  oOHapykeHaHErepMETUYHOCTh
COCMHEHUs, MoAadyy Mapa cleayeT M[peKpaTuTb, CHU3UTb JaBJIEHUE 10
HOPMAJILHOTO U MOCJIE ATOr0 MOATIHYTH NPOOKU U MOABANIbIIEBATH TPYOHI.

Hanee cienyeronpeccoBka 3MeeBUKa. OOBIYHO €€ MPOU3BOAAT C MOMOILBIO
coisipoBoro Macna. C IOMOIIBIO Hacoca IUIABHO IIOAHUMAIOT JABJICHHE C
aTMoc(epHOro A0 MpPOOHOro, Tak HYXHO MOJIJEP’KAaThOKOJIONATH MHUHYT.Cienom
JaBJIeHHE HEOOXOOUMO CHU3UTh J10 pabodero U ocMmoTpeThperypOeHnabl. Ecmun
oOHapyXeHa Teuyb, TO MNPOAYKT YAaJseTcs, NABICHHE CHOBAa YMEHBIIAETCA [0
aTMoc(epHOro, nanee YCTPaHAIOTCSAU3bSIHBI, C IIOCJIEAYIOIIECH

ITOBTOPHOMOIIPECCOBKON 3MEEBHUKA.
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SAKVIIOYEHUE

B n1aHHOW  BBIMYCKHOM KBaJlM(PUKALMOHHONW pPabOTEOBLIN pPACCMOTPEHBI
METO/Ibl  TOBBIIIEHUS  HAJEKHOCTH  3MEEBMKa  TpyOuarol  meun ¢
npou3BoauTeNbHOCTRIO 10 T/4, ¢ Temmeparypoit Ha Bbeixoge 400 °C. Boum
BBINIOJIHEHBI CJIEIYIONIUE 3aJlayd: NPHUBEACHbl OCHOBHBbIE (PU3UKO — XMMHYECKHE
nokasareiau He)TH, paCCMOTPEHbl OCHOBHBIE KOHCTPYKIMHU TPyOUaThIX Meuel U ux
AJIEMEHTHl, a TaKXKe HMX NPUHIMI paldoThl, PEMOHT, YHUCTKA U TPABHJIbHAS
AKCIUTyaTanusi TpyOouaToi meuu,0b10 BRIOPAHO MOAXOASIIEE PEeUICHUE MOBBIIICHUS
HAJKHOCTH 3MeeBHMKa. Takxke ObuUla paccMOTpeHa KOHCTPYKLHUS 3MEEeBHUKa,
MaTepuan TpyO IJIsi ero U3roTOBJIEHUS M MPUCIOCOOJICHHS ISl COCIUHEHUS TPYO.
[Tomumo 3TOTO, OBLT MPOU3BEICH PACUET OCHOBHBIX TAPAMETPOB 3MECBUKA.

MoXHO cnaenaTh BBIBOJI O TOM, YTO BBIOPAHHOE MHOW TEXHOJOTHYECKOE
pellleHHuEe TOBBIIICHUS HAJAEKHOCTH pPAaOOTHI 3MEEBUKA SBJSETCS  CaMbIM
ONTUMAJIbHBIM M3 BCEX M3YUEHHBIX, TaK KaK OHO TEXHHUYECKH JIETKO OCYLIECTBUMO,
He TpeOyeT OOJBIINX HIKOHOMUYECKUX 3aTpaT U HE BIEYET 3a cOOOM M3MEHEHUs B
LI€JIOM KOHCTPYKIIMU MEYH.

B 3akitoueHue cineayer OTMETUTh, YTO TpyOudartas meub JJid HarpeBa HEQTH
ABJISIETCS OJHUM W3 HamOOJee OTBETCTBEHHBIM W Ba)XHBIM OOOpYIOBaHHEM Ha
HeTenepepadaThIBAIOMIUX MPEANPHUATHIX, IIO3TOMY TOBBIIIEHUE HAJEKHOCTH
3MEEeBUKA YBEIMUYUBAET CPOK CIYKObI M Oe3aBapuiiHyI0 pabOTy BCEW yCTaHOBKHU B

OCIOM.
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