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BBenenue

KypcoBoe mnpoekTupoBaHue SBISIETCS 3aBEPIIAIONIMM 3TalloM HU3Y4YEHUS
qucuuIuinHbl « TernnosHepreTukay.

Llenp KypcoBOro MpOEKTUPOBAHMS — 3aKPEIICHHE, YIIIyOJIIEHUE U PACIIUPEHUE
TEOPETUYECKUX 3HAHUNW W NPAKTUUYECKUX HABBIKOB, IOJYYEHHBIX CTYJAECHTOM Ha
JEKIUSAX, O3HAKOMUTEIBHON MPAKTHKE; MPUOOPETEHNE HABBIKOB IIPOEKTUPOBAHUS U
pacuéToB  METAJUIyprUYeCKUX  I€4ei; pa3BUTHE y  CTyACHTa  HaBBIKOB
CaMOCTOSITENIbHOM TBOpPYECKOW pabOThl M HWHXKEHEPHOTO0 MOJXOAa K PEIICHHUIO
TEXHUYECKUX 3aad.

3aoauu Kypcoeozo npoexkmuposanus

— O3HAKOMJIEHHE C YCTPOMCTBAMHU MJi HarpeBa 3aroTOBOK MMOJA 00paboOTKy
JIaBJICHUEM WJIM TEPMHUUYECKYIO0 00paboTKYy;

— NpUOOPETEHNE HABBIKOB MHKEHEPHOT'O MPOECKTUPOBAHUSI TEIJIOTEXHUYECKUX
YCTaHOBOK M YMEHHUA paboTaTh ¢ TEXHUYECKOU JTUTEPATYPOK;

—  IIOATOTOBKA K  MOCIEAYIOIIMM  CIELUAIbHBIM  JUCLUIUIMHAM:
«TepmooOpaboTka», «TexHonoruss KoBkm», «lopsuyas 0OBEMHAs IITAMIIOBKaY,
KypCOBOMY U AUIUIOMHOMY IIPOEKTUPOBAHUIO;

— 3aKpeIlICHUE HaBBIKOB MIOJATOTOBKY TEXHUYECKOU TOKYMEHTAUU U TEXHUKO-
HKOHOMHUYECKOT0 000CHOBaHUS BbIOOpa 3PPEKTUBHBIX CIOCOOOB HAarpeBa 3aroTOBOK.

Pe3ynbraToM KypcoBOro IpOEKTUPOBAHHUS SIBJISIETCS 3alIUTa I1epe] KOMUCCUEH
pa3paboTaHHOIO MPOEKTa YCTaHOBKH JJIs HarpeBa 3aroTOBOK.

O06bEM noscauTenbHOM 3amucku - 40-50 ctpanui] popmara A4 u rpadudeckoit
yactu — 4 nucra popmara Al.

Cooepircanue nosacHumeIbHOU 3aNUCKU

TexHuueckoe 3ajlaHue — MPOCKTUPOBAHNE HATPEBATEIBHBIX WM TEPMHUYCCKUX
neyeit. Tum neyn BrIOMpaeTcs B 3aBUCUMOCTH OT pa3MEpPOB HArpeBaeMbIX 3ar0TOBOK,
X MaTepuaiga M MNPOU3BOJUTEIHLHOCTH KY3HEYHOTO OOOpYyJAOBaHHUSA, Ha KOTOPOM
npeArnoiaraeTcs ux nociaeayromnas oopadorka.

[TosicHuTenbHas 3amucKa COAEPKUT CIASAYIONINE Pa3/Iebl:

Beegenue. IlpuBonsrcs naHHble O crocob0ax HarpeBa 3aroTOBOK WJIM UX
TepMudecko 00padoTku. OOOCHOBBIBAETCS THUIl HArpeBaTENbLHOTO YCTpPOMCTBA Ha
OCHOBE aHaJIn3a COOTBETCTBYIOIICH JIUTEPATYPHI.

Pacuér ropenus tomnuBa. B 3TOM pasznene BBIYUCISIOTCS: TEIJIOTa TOPECHUS
TOTUIMBA, KOJMYECTBO BO31yXa, HEOOXOJUMOTO JJIsi CTOpaHMsl TOIUIMBA, COCTAaB
IPOYKTOB TOPEHUS, TEMIIEpATypa TOPESHHSI M THTIOTHOCT MPOTYKTOB TOPEHUSL.

Pacuér temmooOMena manmydeHueM. PaccumThiBaeTcs pabouee MpPOCTPAHCTBO
NIEYH, OMNPEACISAIOTCS PalMOHAIBHBIE CIIOCOOBI pa3MEIIEHUs 3aroTOBOK B IICYH,
KO3 PULIMEHTHI U3ITyYECHHUS.

Pacuér ropenus meranna. YCTaHABIMBAKOTCSA 3aBUCUMOCTH MEXAHUYECKHUX U
TerI0(U3NIECKUX CBOMCTB MeTallla, PACCUUTHIBAIOTCS pa3Mep U PEXKHUM Harpena
3aroTOBOK, TEMIIEpaTyphbl ra3oB, MEYH, 3arOTOBKH, MIOTHOCTh TEIJIOBOTO MOTOKA U
yJAelbHasg paboyasi MOIIHOCTb.




Pacuér temnoBoro Oamanca. [IpousBogutcst BeIOOp MaTepuanoB AJs KIAIAKU
I€YH, ONPEACNSETCS TOJIMHA CIOEB KIAI0K CTEH, CBOJA, MHOJAa W MPOYMX
KOHCTPYKTHBHBIX 3JIEMEHTOB I€Ud. PacCUMTHIBAIOTCS TEILIOBBIE MOTEPHU MO 3aKOHAM
TEIUIONEpeaaYn Yepe3 KIagKy CTE€H, CBOJIA, MOJa, OKHA W JPYTHE AJIEMEHTHI MEYH.
CocraBisieTcst TEIJIOBOM OaaHC, BEIYUCIISIIOTCS MOIIIHOCTD, pacxo bl ToruinBa, KITJI.

Pacuér pekyneparopa. HazHauarorcst TMII U KOHCTPYKIUSI TEIUIOOOMEHHOTO
arrapara, pacCUMThIBaIOTCS TOBEPXHOCTh HAIPEBa U pa3Mepbl peKyIepaTopa.

Pacyér TOMIMBOCKUIAIOMUX YCTPOUCTB. Pacy€THBIM IyTEM OIpEnEIsIOTCS
THII, pa3MEPbI U KOJIMYECTBO TOIUIMBOCKUTAIOIIMX AIIapaToB.

Pacuér npiMoBOro tpakrta. IIpoekTupyercs cxemMa M BBIYMCISIOTCS pa3MeEpbl
JIBIMOBOTO TPAKTA, MOTEPU JNABJIEHUS INPU JABHKEHUU IBIMOBBIX Ta30B U BBICOTA
JILIMOBOM TPYOBI.

3aximoyenune.  [IpuBOaWUTCS  TEXHHUKO-DKOHOMHMYECKAsT  XapaKTEPUCTHKA
CIIPOCKTUPOBAHHOM Ie€4M, €€ NMPEeAHA3HAYCHHE W COMOCTABICHUE C AHATIOTMYHBIMU
neyamH.

Ilepeuenb cchulok. Bkiodyaer B ce0sd Bce HMCTOYHUKH, KOTOpPBIE
paccMaTpUBaIUCh MPU TPOCKTUPOBAHUM NIEYU U HA KOTOPBIE CAETAHbI CCHUIKHU.

[Mpunoxenus. IlpuBoasTcs cneuudukanuu Ha CHPOCKTHUPOBAHHYIO TEYb,
TaOJIUIIBI U PUCYHKH, HE BOUICAININE B OCHOBHYIO YaCTh MOSCHUTEIBHON 3alMCKH,
pacuétsl Ha OBM.

Cooepircanue cpagpuueckoii wvacmu

Ha tpéx mmcra ¢dopmata Al mOKa3bIBalOTCSI OCHOBHBIE pa3pe3bl MEUH
(ppoHTaNbHBIN, TOPU3OHTAIBHBIA M BEPTUKAIBHBIN), Ha YETBEPTOM JIUCTE —
pEKynepaTop K Meyu.

Bung mneun ¢ paspe3amMum  JOJDKEH JaBaTh MOJIHOE IPEIACTABIECHHUE O
KOHCTPYKITUU ¥ TPHUHIMNAX ee¢ padoThl. [IpoToTHbl eun BHIOUPAIOTCS MO aTiacam
METaJUTypru4ecKux Meued MO0 3aBOACKUM uepTexkaM. UepTeku BBIMOJHSIOTCS B
COOTBETCTBHUM CO BCEMHU TpeOOBaHMUSIMHU, TMPEIBABISIEMBIMU K TEXHHYECKOMN
JIOKYMEHTALIUH.

Homep ueptexa momxeH coaepkarh mudp Tpymibl, BAPUAHT, HA3BAHUE MEUU
(KBIT — xamepnas ¢ BeikaTHBIM 1ojoM, KHIT — kamepHasi ¢ HEMOABHKHBIM TIOIOM,
MIT — wmeromuueckass meub, Ol — osnmektpomeur u T.14.). Ilocie OyKBEHHBIX
0003HaueHU cieayT TpU Tpynnsl nudp, mo Tpu B kKaxaoil. Ilepsas rpynma - k

0003HAYEHUIO y3JI0B, BTOpas - TOIY3JOB, TpeThsi — aeraneid. Hampumep: OMJ]
021.09.KHIT 001.005.010.



1 PacuéT ropenusi TomjimBa

Pacuer ropeHus ToOmIMBa — BaXKHBIA O3Talm  OpPU  MPOSKTUPOBAHUU
HarpeBaTeJIbHbIX Ieueld. B mporecce pacdera ompeaessitor: oO0bEM BO3ayXa,
HEOOXOUMOI0 Il TOPEHHUS; COCTaB M KOJMYECTBO Ta3000pa3HbIX MPOAYKTOB
TOPEHUsl; KOJUYECTBO TEIUIOTHI, BBIJCIUBIIMECS TNPU CrOPAHUU  TOIUIMBA,
TeMnepaTypy ropenus Torauaa [1].

1.1 Ilepecu4éT cocTaBa TONIMBA

[lepecuér cocraBa TBEPAOrO TOIUIMBA M JKHIKOTO TOIUIMBA BBIMOJHIETCS
YTOYHEHHEM IMPOLIEHTHOTO COJEpXKaHUS KOMIIOHEHTOB 3aJaHHOTO COCTaBa Ha
K03 duruenT [2], 3HaueHHUs KOTOPOTO MPUBEJCHBI B UHANBUIYAILHOM 3aJaHUH.

TeruioBble  pacueTbl  OPOU3BOAATCS 1O  paboueld  Macce  TOIUIMBA,
XapaKTepU3yIolIeld COCTaB TOIUIMBA B TMPAKTHUYECKUX YCIOBHUAX €Tr0 MPUMEHEHHS.
Jlns razoo0Opa3Horo ToruiMBa Ko3(@UIMEHT Mepecuéra cOocTaBa CyXoro rasa Ha
BJIQXKHBINA OMPENIEISAETCS 1O CAEAYIOIIEMY BBIPAKEHHUIO:

KZIOO—H20’ HrO = 100w ’
100 803,6 +W
rae HyO — conep:kaHue BIary B rase 1no oosemy, %o;

W — coneprkaHue BOJSHBIX apOB B CYXOM Tase, 2/m° (yKa3bIBaeTCs B 3aJIaHUN);
803,6 — mIIOTHOCTH BOAsAHBIX TapoB nipu 0°C u 101,325 klla, 2/,
CoctaB BI@XHOTO Ta3a OMNpEACIsIeTCS YMHOXEHHEM COOTBETCTBYIOIIUX
KOMITOHEHTOB CyXOro raza Ha koadduiment nepecuera K:

COég = COrK%; COBJZ =CO K% u T.1. 1714 BCeX KOMIIOHEHTOB rOprOYei

cMmecu. TakuM 00pazom ompeesnseTcst CocTaB padovYero TOILINBA.

1.2 Temnora cropaHusi TONIUBA

Teruiora CropaHusi UIsl Ta3006Pa3sHOr0 TOIUMBA K/{oic/ >, ONMPENENSeTCs 110
COCTaBY BIIQYKHOTO Taza 1o Gopmyie,

oF =127¢co0P" +108 HB" +357CcH B + 596 CHH B 4

H = 2 4 4
(1.1)
+636CoH " +913C3H " +1185 C4H {3 +1465 CsH." .

B dopmyne (1.1) COBﬂ,Hfﬂ ,CH fﬂ U T.JO. — TNPOIEHTHOE COJIep)KAHUE

COOTBETCTBYIOIIUX KOMIIOHEHTOB B TOILJIUBE C YUETOM BJIArocoaepKaHusl.
1.3 OO0bém BO3ayXa M NPOAYKTOB MOJHOI0 CTOPAHUSA

O0BéM BO3ayXxa, HCO6XO,III/IMOFO HJI TIOJIHOTO CropaHusd TOILJIMBHOM CMCCH,



MM,

Lo = 0,0476[0,5C0 57 + 0,57 +20H P7 +3CoH " +3,5C,H 5" +
B B B B
+5C3H" +6,5C4H |y +8CsH 5 —05"1(1-0,00124d p),

rie d g — BIAarocoJepxaHue Cyxoro Bosayxa, 2/ .m’;

coB” ,H 5 1 CH f 7 W T.1. — colepaHNe COOTBETCTBYIOIINX KOMIIOHEHTOB B

TOIUIMBE C YYETOM Biarocogep:xkanus, %o.
Biiarocoepskanue cyxoro Bo3ayxa d g MOKET IPUHAMATHCS paBHbIM 102/ 2’

WIK OIpEACNIeTcs KaK TPOW3BEACHHE OTHOCUTEIHHOW BIIAKHOCTH JJIS JTaHHBIX
aTMOC(EPHBIX YCJIOBHH Ha BJIArocojAepKaHue, COOTBETCTBYIONIEE TEMIIEpaType
HackIeHus (tabmuma 1.1).

Tabauma 1.1 - Bnarocopep:xanue B Toruse npu gasnenun 101,325 «H / T

Bnarocozaepxanue
Temneparypa, 3 3 -
oC Ha 1M? cyxoro rasa Ha 1M? BIaxHOW cMecu
r/m3 M3/ M3 r/m? M3/m3
0 4,8 0,0060 4,8 0,0060
5 7,0 0,0087 6,9 0,0086
10 9,8 0,0122 9,7 0,0121
15 13,7 0,0170 13,5 0,0168
20 18,9 0,0235 18,5 0,0230
25 26,0 0,0323 25,2 0,0313
30 35,1 0,0436 33,6 0,0418
35 47,3 0,0587 44,6 0,0555
40 63,1 0,0785 58,5 0,0726
45 84,0 0,1043 76,0 0,0945
50 111,4 0,1385 97,9 0,1218
55 148,0 0,184 125,0 0,155
60 196,0 0,244 158,0 0,195
65 265,0 0,330 199,0 0,248
70 361,0 0,449 249,0 0,316
75 499,0 0,629 308,0 0,383
80 716,0 0,891 379,0 0,471
85 1092,0 1,358 463,0 0,576
90 1871,0 2,334 563,0 0,700
95 4381,0 5,450 679,0 0,845
100 — — 816,0 1,000

JleHcTBUTENBHBIN 00BbEM BO3AyXa, KOTOPBIA OTIMYAETCS OT TEOPETUUYECKOTO
k03 QUIIEeHTOM U30bITKA BO3/YyXa, 3aBUCSIIETO OT TUIIA TOIUIMBA, BUA M€Y U TUIIA
UCITOJIb3YEMOM TOPEIIKH ISl CKUTaHMS Ta3a, MOXKHO ONpeeanuTh, M /M [1],

Ly=Lyx,

rae a — kodphuureHT n30bITKa Bo3ayXa (3a7a€TCs B UCXOHBIX JaHHBIX) WIH

onpenensercs no tabnuue 1.2.



Tabmuna 1.2 - Koo dunment n30bITka Bo3myxa

Tun ropenku (04
JlnmuHHOIIIIaMeHHas 1,10-1,15
KopoTkonnamenHas 1,03 -1,05

B Merogmueckux mnedax PEKOMEHJYETCsl HMCIOJb30BaTh JJIMHHOMIIAMEHHbIE
ropeiku. B kaMepHbIX 1eyax - KOPOTKOIJIAMEHHbIE TOPEJIKH.
[Tpu cropanum TomnmBa 00pasyroTcs: yriaekucislii raz COp, BOASHON map,

ocTaércs KHUCJIOPOI 02 n asoT N2, IMO3TOMY CYMMApPHOC KOJINYCCTBO ABIMOBBLIX
rasos, m*/nm* [1], Vo.e =VCo, +VH,0+V0, +VN, .

rae VCO2 VHZO V’O2 VNz — 00BEMBI COCTABIIAIOIUX IPOAYKTOB CTOPAHHUS:

Veo, =00(COP +COP™ +CHY™ +2CoH L +

2 4 4
+20HE 4303 HPT + 4y 1T +5CsH DT,
Vi,0 =0.01(Hy" +2CH " +2CoH P +3CoH BT + 4C3H D™ +
0,124d gL
+SC4HLT +6CsH + HyoB1 2 220B0 )y,
1+0,00124d
L
vh, =021(a 1) 9___.
2 1+0,00124d g
Vi, =0.01(N5" + Plo
2 1+0,00124d g

Voe =VCo, +VH,0+V0, +VN, =
= 0,36 +0,5983 + 2,206 + 0,074 = 3,235

[IponieHTHOE coAepKaHUE Ta30B B MPOAYKTax cropanus, %o:

CO. = €0, 100%; V.0 = 1,0 100%;
P 2 0.2
V’ VI
Vo, =22 -100% VN, =2 -100%
Vo.2 V0.2

[IpoBepkoil MOJNYYEHHBIX PE3YJIbTATOB SIBISIETCS CyMMa BCEX KOMIIOHEHTOB
IPOAYKTOB TopeHus, kotopas cocraisieT 100%,
Vi +V, +Vo, +Vn, =100%.
co, *VH,0 tVo, +VN, /o

1.4 MaccoBblii 0a1aHC Ipouecca ropeHust

CyMMma Macc cropaeMoro BO3lyXa Mg W TOIUIMBA /M, HOJDKHA OBITH paBHA
Macce ABIMOBBIX Ta30B /M) 5, My +mg =my,.
3 — —
Macca 1 m® rasza pasHa, KT, m,=V,-p>=1-p,,



rie p, — IIOTHOCTH rasa, Kr/m?,

16CH " +28Co HA™ +20C) HP™ + 44C3HE™ +58C4H T
= +
pe 2240
28COB +44C0J" + 215" + 28N +18H,0%7 +32057
+
2240
Macca 1 M* Bo3ayxa, Kr, mg = Ly pg-
[TnotHOCTB BO3AYXa pg =1,29 kT/M?
Macca JABIMOBBIX I'a30B, KT,
My =Vo2P0.2

TI€ P > — IUNIOTHOCTH JBIMOBBIX Ia30B, KI/M?,
44VCO2 + 18VH20 + 28VN2 + 32V02

Po.e =
2240
[IpoBepKoOii CITy>)KUT MOTPEMIHOCTD BBIYMCIEHHUSI MACCOBOr0 OajaHca:

A _|mg +mg) _m0'3|.100%g1,5%.
my..

1.5 Kanopumerpuuyeckas Temneparypa ropeHus

Kanomerpuueckasi TeMriepaTypa ropeHHsl ONpeesieTcsl U3 YCIOBHS, YTO BCE
BbIJICJIMBILICECS TPU TOPEHUHM TEIUIO PACXOAYETCS TOJIbKO Ha IOBBIIICHHE
TeMIepaTypbl IPOAYKTOB cropanus [3].

[IponykThl cropaHusi JOOro TOIUIMBA TMPEACTaBIAIOT CO00M  CcMech
pasnn4HbIX ra3000pa3HbiX cocraBisomux: 4,0, CO,, O,, N,. Kaxnoi u3 31ux

COCTaBJISIIOIINX MPU TOW WM MHOM TemIepaType Mpucylia onpeneaéHHas BeIudrnHa
TEIJIOEMKOCTH W TeIJiocojaepkanusi  (dHTaibnus). B cBi3m ¢ 3TuM
KAJIOPUMETPUYECKYIO TEMIEpaTypy  ONPEAeNsiOT METOJIOM MOCJIEI0BATEIBHOTO
PUOJIMKCHUS.
HavanbHoe Temnocoaepkanue mpoayKToB ropeHus, Kx/m?,
Inay =lp tig Tz, (1.2)

r1ie i,— TEeII0COAepKaHue MPOAYKTOB cropanus, KJx/m?;

ig— TEIJI0COIepKaHKe MOJIOrPETOro Bo3ayxa, k/x/m?;

i, — TEIJIOCOAEpKaHKe OIOrPETOro rasa, k/x/m>.

P
_ QH ) . LptgCy

- 9 18 9
Vo.2 Vo.2

Ie tg — TEMIEpaTrypa BO3AyXa, IOJaBaeMOro B TOPEIKY (3a1aéTcsi B UCXOAHBIX

o

JnaHHbIX ), °C;
Cg — TEII0EMKOCTB BO3yXa (onpenensercs no tadnuue 1.3), kx/m*°C.
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. 001
i :VOI‘Z(CHfﬂ-CCI_A +C2Hfﬂ'cczl—[4 +C2H6Bﬂ'CC2H6 +C3HSBJZ'CQ[—[8 +C3H1B(§Z.CCBI_IIO *

B B 71 71 B 71
+C51-112-CC5[_[12 +H2 -CH2 +COB -CCO+COZB ‘CCQ +N2 -CN2 +0§3 -COZ),

rue ¢, — TeMIeparypa noaorpesa rasa (3aga€rcs B HCXOJHBIX JaHHBIX), °C;

CH f 1,.CoH f 1,.CoH g ' M T.1.— MPOLEHTHBII COCTAB BIAKHOTO rasa, % ;

C CH," C CH," C C,H, U T.J. — TEIUIOEMKOCTh COCTABJISIONIMX Ta3a (TOIJIMBA)
Ipu 3aJaHHON TeMmmeparype mnoaorpeBa raza, kJ/[x/(M*°C) (ompenensercs 1o
tabnure 1.3).

Ta6muma 1.3 - CpegHss TEII0EMKOCTh Ta30B

Temme- T'a3
pa?épa’ CO, H,0 |[Bosmyx| N, 0, H, CcO 0; CH; | C.H,4
0 1,61 1,48 1,29 1,29 1,30 1,27 | 1295 | 1,73 | 1,54 | 1,87

100 1,73 1,49 1,295 | 1,295 1,31 1,29 1,30 1,82 | 1,61 | 2,10
200 1,80 1,51 1,30 1,30 1,33 1,295 1,31 1,87 | 1,74 | 2,32
300 1,87 1,54 1,31 1,31 1,35 1,30 1,315 1,96 | 1,88 | 2,52
400 1,94 1,56 1,32 1,32 1,37 1,30 1,33 2,0 2,0 2,72
500 2,00 1,58 1,33 1,33 1,39 1,315 | 1,335 2,7 2,12 | 2,90
600 2,05 1,61 1,34 1,34 1,41 1,32 1,34 2,12 | 2,24 3,2
700 2,10 1,63 1,35 1,35 1,42 1,325 1,37 2,14 | 234 | 3,18
800 2,14 1,66 1,36 1,36 1,43 1,33 1,38 2,17 | 242 | 3,31
900 2,18 1,68 1,38 1,37 1,44 1,335 | 1,385 224 | 254 | 342
1000 2,21 1,71 1,39 1,38 1,45 1,34 1,39 2,26 | 2,64 | 3,53
1100 2,25 1,74 1,40 1,39 1,46 1,345 1,40 2,29 - -
1200 2,27 1,76 1,41 1,40 1,47 1,35 1,42 | 2,295 - -
1300 2,30 1,78 1,42 1,41 1,475 | 1,355 | 1,425 | 2,30 - -
1400 2,32 1,79 1,44 1,42 1,48 1,36 1,43 2,31 - -
1500 2,34 1,81 1,445 1,44 1,50 1,365 1,46 | 2,315 - -
1600 2,36 | 1,815 1,45 1,445 1,55 1,37 1,47 2,32 - -
1700 2,38 1,83 1,46 1,45 1,51 1,375 | 1,475 | 2,325 - -
1800 2,39 1,90 1,49 1,46 1,52 1,38 1,48 2,33 - -
1900 2,41 1,92 1,50 1,47 1,53 1,385 1,49 | 2,335 - -
2000 2,42 1,93 1,55 1,48 1,54 1,39 1,50 2,40 - -
2100 2,43 1,95 1,51 1,49 1,55 1,395 1,51 2,41 - -
2200 2,44 1,97 1,515 1,90 1,56 1,40 1,515 | 2,415 - -
2300 2,45 1,99 1,52 1,51 1,565 | 1,405 1,52 2,42 - -
2400 2,46 2,10 1,525 | 1,515 1,57 1,41 | 1,5215 | 2,425 - -
2500 2,47 2,40 1,53 1,52 1,58 1,415 1,53 2,43 - -
2600 2,48 2,60 1,54 1,53 1,59 1,42 1,54 | 2,435 - -
2700 2,49 2,70 1,55 1,54 1,60 1,43 1,545 2,44 - -

ITocne pacuéra i,,, 10 Gopmyne (1.2) 3amarorcs mnpeanoIaracMon

TEMIIEpaTypoil TOpeHus tllc U OMNpEACNSIIOT TEeIUIOCOoJAepKaHue MPOAYKTOB TOPEHUS
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NOJIYYEHHOIO0 COCTaBa INpu JaHHOW Temmneparype. HauanbHyro Temmeparypy t}(

npuHuMatot 6ospeme 1000°C.

i1=i +1 +i,, +i (1.3)

1

ZHZO O,OIVH201H20,,
1

102 0,01V02102,,

1 1 SR |

I i1

co,” 'H,0°'° '0," 'N,
MPOMYKTHl CrOpaHus TpPU JaHHOW Temmeparype, kJDk/M, ompenenseTcs 1o
tabnuue 1.4.

[Tocne pacuéra 3Hauenus i] no ¢opmysne (1.3) cpaBHUBAIOT €ro CO 3HAUCHUEM

— TCIUIOCOACPIKAHNUC OTACIIbHBIX I'a30B, BXOJAAIINX B

iygy 13 Qopmynsl (1.2). Ecnmm i] <iygy, TO KalOpUMETpPHUYECKas TeMIIEpaTypa

JOJIKHA OBITH BBIILIE t}{. VYBenuuuBarot Temmepatypy Ha 100°C (t]% = tllc +100°C) n

HOBTOPSIOT PACUYET TEIIIOCOAECPKAHUS.

VYBenuyeHue TeMneparypel IPOU3BOAAT 10 TEX IOpP, HOKA iy >iygy, MOCIE
YEro OMpEAEIISIIOT KaJTOPUMETPUUECKYIO TeMIieparypy, °C,

-1 i — iy
ty :tl’: +H.6W—.nl.1()(),
In —ln-1
Ilie i — TEIUIOCOAEP KaHUE NPOLYKTOB TOPEHUS, IPEBBIIAIOLIEE Iy , KIIK/M;
i—] — Opeablayllee 3HaYeHUE TEIIIOCOAEP KA, MEHBIIE Iy, , KK/M;

n—1

ty = — TIDHHATAas TEMIEpaTypa, TpH KOTOPOHM TEIIOCOAEep)KaHNE MPOIYKTOB

TOPEHUS iy _| MEHBIIE I,y , “C.

Jlis mpoBeieHUs JAaHHBIX pacy€TOB 1iesiecoo0pa3Ho npumeHeHne OBM.

Cxuranue TOIJIMBa B pabO4yeM MPOCTPAHCTBE MEYE HEPa3phIBHO CBSI3aHO C
OpsIMOM OTAAYel TeIlla HArpeBaeMbIM M3IEJIHMEM, KJIAJKE U IIP., B CIECACTBUE YErO
JNEUCTBUTENbHAS TEMIIEPATYPA TOPEHMS TOIJIMBA BCETa HUKE KAIOPUMETPUYECKOH,

Lo =1k " Mnup>
A€ 7]pyp — MUPOMETPHYCECKHHA KOO DUIMEHT, 3aBUCUT OT KOHCTPYKIMH H PasMepoB

neyu, B cpeaneM cocrasisier 0,65 — 0,75 [1].
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Tabmuna 1.4 - Temmoconepkanne razos, kJx/m?

Tewmre- I"a3
parypa,

°C C02 H20 B03;[yx Nz 02 H2 CO 03 CH4 C2H4

0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0
100 171,3 150,0 130,0 130,0 132,3 129,2 130,2 182,0 160,9 210,1
200 360,6 302,4 261,9 261,6 267,2 259,6 261,5 379,2 349.4 465.9
300 563,9 418,7 395,7 394,6 409.4 390,6 395,7 589,5 563,2 759,5
400 777,1 6234 533,0 530,1 551,4 521,7 532,2 810,2 800,7 1080,0
500 1001,1 690,2 672,4 667,8 699,6 654.,0 671,0 1037,9 | 1060,2 | 1447,0
600 1236,4 964,3 814,7 389,4 850,8 785,9 802,2 12744 | 1341,8 | 1830,5
700 1475,1 | 1143,0 959,0 950,9 1004,5 919,5 960,7 1510,7 | 1549,5 | 2233,8
800 1718,8 | 13289 1106,9 1098,7 | 1160,5 | 10869 | 1110,3 | 1751,8 | 1968,3 | 2675,5
900 1967,5 | 1526,8 1259.,4 1247,7 | 1320,2 | 1041,3 | 1261,1 | 1997,6 | 2300,3 | 2991,2
1000 2219,5 | 1721,0 14123 1399,3 | 1479,7 | 1330,2 | 14144 | 22438 | 2647,0 | 3564,8
1100 | 2476,6 | 1910,9 | 1564,9 | 1553,8 | 16290 | 1469,6 | 1570,1 | 26555 -

1200 2732,8 | 2113,6 1721,7 1708,3 | 1802,5 | 1614,5 | 1726,3 | 2738,3 -

1300 29924 | 2321,1 1879,5 1862,8 | 1970,0 | 1758,5 | 1926,8 | 2994,9 -

1400 3256,3 | 2536,3 2038,6 2021,9 | 2133,5 | 1904,2 | 2042,8 | 3246,2 -

1500 3520,0 | 2750,9 22727 2180,6 | 2298,2 | 2072,5 | 2199,8 | 34974 -

1600 | 3784.6 | 2977.4 | 23556 | 2337,6 | 24632 | 2200,3 | 2361,5 | 37474 -

1700 4049,7 | 3204,6 2515,5 2496,7 | 2629,8 | 2350,5 | 2521,8 | 4005,3 -

1800 4316,8 | 3430,4 2677,2 2660,0 | 2801,5 | 2505,5 | 2683,9 | 42624 -

1900 4584,8 | 3656,1 2836,3 2818,7 | 2974,9 | 2658,7 | 28472 | 49323 -
2000 | 4852,7 | 3889,7 | 30004 | 2871,0 | 3146,6 | 2813,7 | 3007,9 | 4651,7 -
2100 | 5124,8 | 4127,5 | 31624 | 3142,7 | 33153 | 29702 | 31742 | 5024.4 -
2200 5397,0 | 4362.,8 3321,1 3309,0 | 3485,7 | 3132,3 | 3337,5 | 5284,0 -
2300 5669,2 | 4601,5 3510,3 3472,3 | 3661,1 | 3291,8 | 35024 | 5539,4 -
2400 5937,2 | 4840,1 3650,2 3636,4 | 3838,2 | 3452,6 | 3667,8 | 5799,0 -
2500 | 6213,5 | 5078,8 | 3820,6 | 38022 | 4012,3 | 3615,5 | 3834,8 | 60544 -

2600 6481,4 | 5325.8 3983.5 3968,8 | 4191,2 | 3779,1 | 4002,7 | 6309,8 -

2700 6753,6 | 5564,5 4151,8 4131,3 | 4362,8 | 3940,0 | 4166,9 | 65694 -

Kpome kaopumMerpuyecko W JEHCTBUTENBHBIX TEMIIEPATYP
pa3IMYarOT TOHATHS TEOPETHYECKOW TEeMIEpPaTypbl TOPEHUS, OTIMYAIOMIEHCS OT
KAJIOPUMETPUYECKON y4E€TOM pacxoja Temina Ha aucconuauuro H,0 n CO,. nda

ropeHus

TEMIEpaTyp, NPUCYLIUX HarpeBaTelbHbIM IedaM, auccoumaunus H,0 u CO,

HUYTOXKHO Maja U TEOPETHYECKYI0 TEeMIIepaTypy MOKHO CUUTaTh pPaBHOM
KasiopuMeTpuueckoin [2]. Pe3ynbTaThl pacy€TOB TOpEHHUS TOILUIMBA CBOISATCA B
Tabnuiy 1.5.
Ta6numa 1.5 - Pe3ynbratsl pacuéToB

P
QH 2

kJx/m3

Ly,

M3 /M3

Vo.es

M3/M3

Vco, -
%

VH20’
%

V02 ,
%

VN2 ,
%

Pz

Kr/m3

Po.c>

Kr/M3

nau>
kJx/m3

Iy,
CO

o>
CO
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1.6 IIpumep pacuera ropeHusi TOILIUBA

[Ipu pacyeTe ropeHus TOMIMBA HEOOXOAUMO OTPEIETUTD:
— TEIUIOTY CTOPaHHUsI TOIUIUBA Q[}; , KJx/M3;

— pacxon Bo3ayxa Ly, M*/M?;
— KOJIMYECTBO IIPOAYKTOB cropanus Vy, M*/m?;

— COCTaB MPOAYKTOB CTOPAHUS;
— TeMIiepaTypy ropenus romumsa tj, °C.

— TUI TOITUBOCKUTAIOIIETO YCTPOICTBA;

— TEMIEpaTypy noJorpeBa Bo3ayxa.

Boblunciienre TemaoThl CropaHus TOIUIMBA, Pacxoj/ia BO3JAyXa M KOJWYECTBA
MPOYKTOB CTOPAHUS MPOBOST MO (opMysiaMm, IpUBEACHHBIM B Tioapasnene 1.1-1.3.
[IpenBaputenbHO MPOBOAAT MEPECUYET COCTaBA TOIUIMBA C CYyXOr0 Ha BIAXKHBII.

Heob6xoaumo BBITTOIHUTH PACYET TOPEHUsI KOKCOJIOMEHHOTO Ta3a.

CocraB cyxoro rasa B npouentax: CH,; =11,7; CO=19,6; H,=26,4; CO,=6,5;
N 2:3 5 , 8.

Cxxuranue ra3a Npou3BOAST B JJIMHHOIUIAMEHHOM TOpEJIKE, BIAXHOCTh rasa
W=40 r/m?, Temmniepatypa nomorpea raza 100°C.

O6nEMHOE coneprkanne Biaaru B 100 M raza, %,

0B _ 100 _ 40-100 _4.741.
803,6+W 803,6+40

Koaddunment nepecuéra ¢ cyxoro coctaBa ra3za Ha BIKHbIM:

P 100— Hy0B" _100-4,741
100 100
Cocras BiaxHoro rasa, %:

COP™ = COLK%=0953-6,5=6,194;

coB" = cokv = 0,953-19,6 =18,678;

=0,953.

CHBY = CH4K%=0953-11,7=115;

4
HE = Hy K% =0,953-26,4=25,159;
N3 = NoK%=0953-358=34,117.

Ilpumeuanue. Ilocie nepecuéma cocmasa 2aza HeoOXOOUMO NPOSePUNb,
umobwsl 0bwee cooepaicanue 2aza, exnovas u H,O, 6vino pasno 100%+2%.

Tennora cropanus rasa, kJx/m?,

P B B Bn
QH =127CO +108H2 +357CH4 =

=127 18,678 + 108 - 25,159 + 357 - 11,15 =9069,828.
TeopeTndeckuii pacxosa Bo3ayxa, M3/ M>,
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Lo = 0,0476[0,5C0 5" + 0,51 +2CH 7 1(1-0,00124 d g) =

=0,0476 -(0,5-18,678 + 0,525,159 +2-11,15) - (1-0,00124 -10) = 2,079,
rae d g — BIIarocoiep kKaHue Cyxoro Bo3ayxa, npussum d, =10 r/m>.
JleficTBUTENBHBIN 00BEM BO3ayXa, M3/M?,
Ly =Lopa=115-2,079=2,39,
roe a=1,15.
O0BEM TPOAYKTOB CrOpaHusi, M>/M>:

Veo, =0.01COBT +COP™ +CHET) =0,01-(18,678+6,194+1115) = 0,36;
, B Br Bn 0,124dp - Ly
Vir.o =001(HB" v 20 B + Hy0 =
H,0 (12 4 20 000124 dgg)
=0,01-(25,159 +2-11,15 + 4,741 - 10-2,39-0,124 )=0,613;
1+0,00124 10
Vo, =021 —1)——=0 021 (LI5=1)—— 22 _0,074;
2 1+0,00124d 1+0,00124-10
79L, 792,39

)=0,01-34,117 + =
1+0,00124d g 1+0,00124-10

Vo.e =VCo, +VH,0+V0, VN, =
= 0,36 +0,5983 + 2,206 + 0,074 = 3,235

[IponieHTHOE CcofepKkaHKE Ta30B B MPOAYKTax cropanusi, %o:

.
M >

Vi, =001(N5" +

Ve .
Vco, = €O, .100%:M:11,1z;
2 Wy 3,235
Vi .
V.0 = H30 0005 = £602:100 _ 10
Ve .
Vo. =02 1000 = 2974100 ) 5o,
2 ¥y 3,235
Vi ,
Py, =—2.100% = 222100 g1
2 ¥y 3,235

VC02 + VHZO + V02 + VN2 =1112+18,4+2,29+68,1=100%.
IImoTHOCTH Ta3a, KI/M>,

16CH " +2H5" +28COBT 1 44C0%8" + 28NS +18H,0

Pe = 2240 -

_16-11,5+2-25159+28-18,678 + 44 -6,194 +28-34,117 + 18- 4,741
2240

=0,92.

Macca 1 m* raza paBHa, KT,
m,=V,p,=1p,=1-0,92=0,92.
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Macca 1 »* Bo3yxa, KT,
mg =Lypg =2,39-1,287 =3,076,
Ille pg — IJIOTHOCTB BO31yXa, pg =1,29 kr/m?.

[110THOCTB IPOAYKTOB CrOpaHHUs, KI/M?,
44VCO2 + 18VH20 + 28VN2 + 32V02

Po.c = 2940 =
_44-11,12+18-18,4+28-68,1+32-2,29_125
2240 T

Macca gbIMOBBIX Ir'a30B, KT,
my > =Vyopo..=3,235-1,25=4,043.
Il Py . — INIOTHOCTb ABIMOBBIX I'a30B, KI/M>.
mo + Mg =My o
3,076 + 0,92 = 4,043;
3,996 ~ 4,043.
[TorpemHnocTth pacuéra MaTepuaibHOr0 Oananca, %:
A|metmg)=mo| | oy [3.996 4,043
| my. | 4,043

‘ -100% =1,16% < 1,5%.

Pacuér BbITIONTHEH BEPHO.
Temoconepxanue NpoayKTOB TOpeHus, KJx/M>,

P
. O 9069,828
° vy, 3,076
TeroconepxaHue MOIOTPETOTO BO3ayXa, KJ[x/M3,
Lyt,C . :
i = 0t6Ce _ 2,39-300-1,32 292,56,
Vo.o 3,235
rae Cg=1,32 x/Ix/(M*°C) (onpenensercs no taduuue 1.3).

. 0,01
12 =

=2787,55.

. (CH™-Cop, + Hy" - Cpp, +COPT-Cop +COJ™ -Cep, + N3 -CN,) =
.2
~0,01-100
3,235
+34,117-1,034) = 38,35.

-(11,15-2,448 4+ 25,159 - 1,445 + 18,678 - 1,044 + 6,194 - 0,914 +

HauanpHoe Temnocoaepkanue nmpoykToB cropanus, kx/(m*°C),
inqy =lp +ig +1, =2787,55+307,68 + 38,35 =3403,94.
3amaéMmcs  mpennoiaraeMoi  Temmeparypoit ropenus::  tf =2000°C. Torna
TEII0COAepKaHre MPOTyKTOB cropanus, K x/m?:

1 ; —0.01-11.7- _ :
ico, =001VC0,ico, =001-11,7-4852,7 =567.66;
1 _ . _ ) . _ .
i1, 0 = OOV H,0iH,0 =0.01-19.57-3889,7 =761,21;
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1 i =001-2.4- - :
102 =0,0lVp,ip, =0,01-2,4-3156,6 = 75,52;

il =0,01Vpy. iy, =0,01-66,33-2971,0=1970,66;
N, 274V2

L =1,

CpaBHHBaeM i] U iy, : 3375,16 <3403,94.

vo, Ty o Tip +i, =567,77+761,21+75,52+1970,66 = 3375,16.

0,

3agaéMcs TeMnepaTypou, t]% =t} +100=2000+100=2100°C.

TemnocoaepxaHnue NpoLyKTOB TOPEHUs pu 3Tor Temneparype, kJx/(m*°C):

2 _ . _ ) . _ .
ZCO2 —OaOIVC02’C02 =0,01-11,7-5124,8 =599,6;
2 - —001- . _ :
leO = O,OIVH201H20 =0,01-19,57-4127,5=807,75;
2 .

102 :O,01V02102 =0,01-2,4-3315,3=79,57;

i1 =0,0VnN . in, =0,01-66,33-3142,7=2084,55;
N, 274V2

2 2 2 2 _
) _ZC02 +1H20 +102 +1N2 =599,6 +807,75+ 79,57 + 2084,55 = 3571,77.

CpaBHUBaEM i) U iy4y,

3571,77 > 3403,94.
Tak kak iy > 4y, TO KAJIOPUMETPUUECKAsT TEMIIEPATYpPA ONPEIEISETCS IO

dbopmyie, °C,
(=t 4l Tl 100 22000 4+ 220394 Z 3TN0 oy o0y,
i, —i 3571,77-3375,16

2 1

JlerictBuTenbHas Temiieparypa, °C,
t,=t,-n,, =2015-0,75=1511,25,

rae 1,, =0,75.

Ta6muma 1.6 — Pe3ynbrathsl pacuera
QII;, Ly, V.2 VCOZ’ VH20’ VOz’ VNz’ Pzs | POz | Inaus | ks o

M3/ M3 M3 /M3 % % % %, kr/m® | xr/m® | kx/M3 Ce Ce

kJIx/m3
9069,88|2,39|3,235| 11,12 184 | 229 | 68,1 | 092 | 1,25 |3403,94 | 2015 | 1511,25
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2 Pac4éT 0OCHOBHBIX pa3MepoB MeYu

KoHcTpykiun w  rabapuTHBIE pa3Mephl  HarpeBaTeNbHBIX  IE€YeH B
MaITMHOCTPOUTEIIEHOM TPOU3BOJICTBE Pa3HOOOpPA3HBI, TaK KaK B HHUX HArpeBaroT
3aroTOBKM Pa3HbBIX (OpM MO CeYeHHUIO0 W JUIMHE [1]. ['TTaBHBIMU KpUTEpUSMH IS
BBIOOpA TIEUH CITY’KaT:

— c1moco0 MpoM3BOACTBA MOKOBOK (CBOOOHAS KOBKA WJIU IITAMIIOBKA);

— XapakTep MPOU3BOJICTBA (EIMHUYHOE, METTKOCEPHUITHOE, CEPUITHOE, MaCcCOBOE);

— 0COOEHHOCTH HarpeBa MeTaiia (TeMrneparypa, SHeproHOCUTENb);

— CTEICHb JIOITyCTUMOTO OKaJIMHOOOpa30BaHUs (0OBIUHBII WIn
0€30KUCIUTENbHBIA HarpeB).

B ycnoBusX eTMHUYHOTO M MEJIKOCEPUHHOTO TPOM3BOJCTBA HArpeBaTEIbHAS
meysb JO0DKHA OBITh YHHBEPCATBHOW, TaKk Kak pa3Mepsl W (opma HarpeBaeMbIX
3arOTOBOK MOTYT M3MCHATHCS B IIUPOKOM JHara3oHe. B TakuxX yCIOBHSX
1eaecoo0pazHee MPUMEHATh KAMEpPHBIE TIeYH.

B cimydae HeoOXomMMOCTH HarpeBa TOJNBKO KOHIIOB 3aroTOBOK  ITOJ
MOCJEAYIONIYIO IITAMIOBKY BhIcaakol (Hampumep, Ha ['KM) ucnonb3yroT O4KOBbIE
NeYH JIJIs1 KOPOTKHUX 3arO0TOBOK M IIETUHHBIC - AJI JUTMHHBIX 3ar0OTOBOK (ITPYTKOB).

HarpeB KpymHBIX CIUTKOB JUIsl YCTPAaHEHUS TPEIIMHOOOPA30BaHUSI BO3ZMOMXKEH
TOJIBKO B KAMEPHBIX T€Yax ¢ MePEeMEHHON TeMIlepaTypoil B paboueM MpOCTPAHCTBE U
BBIKaTHBIM T10;10M (puc 2.1).

B-B
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Pucynok 2.1 — Dcku3 kaMepHO# NeYM C BBIKATHBIM I10JI0M
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VYBenuuenre MacmrTaboB MPOU3BOJACTBA TpeOyeT HUCIOJb30BAHUE Medeil co
CpeACTBAaMHU aBTOMATH3AllMd M MEXaHU3alluu 3arpy304HO-BHITPY304HbIX padoT. B
3TOM ciiydae d(PppeKTUBHEN BCEro NpUMEHEHUE METOJUYECKUX U MOTyMETOANIECKUX
neyel ToJIKaTeabHOTo TUma (puc. 2.2).

NNIN
/

Pucynok 2.2 — DcKku3 METOIMYECKOM 1eun

B ycroBusx MaccoBOro MpOM3BOJCTBA HEOOJBIIMX 3arOTOBOK IS
YMEHBIICHHS 3aTpaT TOIUIMBA M YBEJIMYEHHUSI KauyeCTBA MOKOBOK CIIENYET BHEIPHUTH
CKOPOCTHOM HarpeB B CHELNUAIBHBIX KAMEPHBIX BBICOKOTEMIIEPATYPHBIX M€YaX, B TOM
YUCJIE U PELUPKYISIHUOHHOTO THIIA.

[IpuBen€HHBIE PEKOMEHAAIMU HE SIBISIOTCS MOJIHBIMA U ONTUMAalbHBIMU. [Ipu
BBIOOpE HArpeBaTeNIbHOTO YCTPONCTBA HEOOXOJMMO YYHUTHIBATH YCJIOBHUS PaOOTHI
KOHKpETHOTO npown3BoAcTBa [1]. Tum meun 3amaércsi B MHAMBUIYAIbHOM 3aJaHUU
WK 00OCHOBBIBAETCA CTYACHTOM CaMOCTOSITENIbHO, Kak HanOoJiee parmoHaIbHbBIN.

Pa3mepsl pabodero mpocTpaHCTBa MEYU JODKHBI YUUTHIBATH TaKWE YCIOBUAL.
Jmuaa meun L w mumpuna B moma 1momkHBI  o0ecrieuynBaTh — 3aIaHHYO
MPOU3BOIUTENIBHOCTh Neur (G, BbicoTa H — yClIOBHIO MOJTHOTO CropaHusi TOIUIMBA,
TEIJI0O0OMEHAa MEXAy TIEeYHBIMH Ta3aMd W 3aroTOBKAMH, Ccajake B pabodem
npocTpaHcTBe. PazMepsl moia 3aBUCST OT NPOAOIKUTEILHOCTH HarpeBa 7 [1].

Ecnu B meuym HarpeBaroT 3aroTOBKH OJIMHAKOBBIX pa3MepoB U (OPMBI, TO €&
NIPOAYKTUBHOCTL ompezensercs B wmrTykax N. Macca wmeramna, Koropas
OJTHOBPEMEHHO HAarpeBaeTcs B MEYH,

K=Gr=Ngr,
rae G — IpOu3BOIUTEILHOCTD IT€UH, KI/4;
T — OPOJOJKUTEIIBHOCTh HArPeBa, Y;
g — Macca OAHOM 3arOTOBKH, KT.

2.1 PacuéTt pa3MepoB KaMepHOH Me4u
HNcxoaHpIiMu JaHHBIMU JJIsL pacyéTa IUIOMIaaM MoAa KAMEpPHBIX MeYel ciyKart:

IIPOU3BOAUTEIIBHOCTD IE€YM, HANPSHKEHHOCTh AKTHUBHOIO II0JIa WJIM pa3Mepbl U
KOJIMYECTBO HATPEBAEMbBIX U3/IEIHI (OrOBapruBaETCS B MHAUBUIYaIbHOM 3aJ]aHUN).
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B ciyuae wu3BEeCTHBIX pa3MepOB M KOJUYECTBA 3arOTOBOK, OJHOBPEMEHHO
HaXOJSIIIMUXCS B TI€YH, pACU€T BEAYT CIAEAYIOIUM 00pa3oM.

OmnpenensieTcss KOJIUYECTBO PAJIOB U 3arOTOBOK B PsAy. 3arOTOBKH B TEYH
(psiabl) pa3MelaoT napajiieabHO OOKOBBIM cTeHKaM reuu (puc. 2.3). [llupuna noaa
B ompexaensieTcss mMpuHON 3ar0TOBOK S U KOJUYECTBOM PSAOB MO IUpHUHE n. J{ms
CaJI0OYHBIX KAMEPHBIX Meuel MUPUHA M0a, M,

B=nS+(n-1)0 +2a, (2.1)

rje S — pasMep 3aroTOBKH B TOPU30HTAJIbHOM HAIIPaBICHUU, AJIS LAIAHAPHYECKUX
3ar0TOBOK S =d 54, ;

O — 3a30p Mexy 3arotoBkamu o =(1...2)S;
a — 3a30p MEeX1y 3aroToBKaMu U cTeHkamu a = (1...2)S'.
JlninHa paboyero mpocTpaHCTBA MEYH, M,

L=ml+(m-1)0 +2b, (2.2)

r€  m — KOJUYECTBO 3arOTOBOK B PSAY;
[ — nuHA 3arOTOBKH, M;
b — 3a30p MeX1y 3aroTOBKaMHU ¥ TOPLEBBIMU CTEHKaMH rieuu, M b =(1...2)S'.

¥

o
|
J

B %
SEET - |
S
% Y
— L —
Pucynok 2.3 — Bug kaMepHOH Ieun CBEpPXY € MPOIOJIBHBIM PACIIONIOKEHUEM
3aroTOBOK

B ciywae pasmMeleHusi 3aroTOBOK NEPIEHAUKYJSIPHO OOKOBBIM CTEHKaM B
dopmye (2.1) mupuHa 3ar0TOBOK S MEeHsieTcs Ha niuHy /, a B popmyne (2.2) nnuna /
— Ha IUPUHY S.

Ilo HalieHHBIM 3HAYCHUSAM B U L onpeAensioT MOJHYH IUIowans nojga F, .

I

Ilog mone3noM IIOIAALID II04Aa HOHUMAKOT Ty 4YacCTb I10Ad, KOTOpas 3aHsdATa
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METAJJIOM,
Fy, =BL.
O6m1as BeIcOTa paboyero MpoCcTpaHCTBA MEYH, M,
Ho=H +hpp + SBK +(K —1A,

rae H — BbICOTa OT CaJKH IO BEPXHEW TOYKM 3aroTOBKH [0 CBOJAA TEYH, s
IJIaMEHHBIX TIe4eil oHa onpenensercs mo Gopmyne M.A. I'muHKoRa,
H =0,001(0,6 + 0,05B)t,,,
rae K — KOJIM4eCcTBO 3aroTOBOK 1O BBICOTE (3Ta)Kei), IIT.;
B — mmpuna pabodero npocTpaHCcTBa MeUH, M;
A —3a30p 1o BeicoTe Mexay 3aroroBkami (0,1...0,3 m);
t;,— TeMneparypa neu, °C, 3aBUCUT OT MapKl MaTepuaia 3aroToBku (Tadm. 2.1);

S B— BEPTHUKAIbHBIA pa3Mep 3aroTOBKH, (11 3arOTOBOK KPYTJOrO CEYEHUS —

JTUAMETP) M;
hnp — BBICOTA IpoJiokek 1o 3arotoBkamu (0,1...0,5 m).

Ilpumeuanus:

1 Hlupuna nooa xamepHol nevu He O0JIHCHA NPesbluamb OM.

2 B yenax cHudceHusi nomepb menjia Npu 8blepy3Ke U 3a2py3Ke 3a20Mo60K
HeobX00uMo, 4modbvl neyv umena 8 niaHe nPSIMoy2oabHyI0 Gopmy, ¢ COOMHOUEHUEM
onunsl L kK wiupume B:

— 07151 KAMEPHBIX ¢ HenooB8UdICHbIM nooom - L /B = 1,2...2,0;

— OJ151 KAMEPHBIX C 8bIKAMHBIM noo0oM - L/ B = 2...4.

3 Ilpu 6onvuux coOOmMHOWEHUAX PEKOMEHOYemCes Y8eaUdUms YUcio psoos no
wupune, nO 8blCOMe UNU USMEHUMb PACNOJIONCEHUE 3A20MOBOK (NepneHOUKYIAPHO
OOKOBbLIM CMEHKAaM,).

BoJIBIIMHCTBO KaMEPHBIX MEeYeH I HarpeBa IMOKOBOK MMEIOT apOYHBIM CBO/I.
Crtpeiia apoyHOro CBOJIA, M,

B «
h =—1 —, 2.3
cr =18, (2.3)

rjae B — mupuHa neyu, M;
O — UEHTPAJIbHBIN yroJ, mpuHuMaroT 60° — mis Hebonbmx nedei, 120° — mis
KPYIIHBIX MEYEH.
Paguyc apouyHOro cBoja IpPUHUMAIOT paBHBIM IIMpuHEe nedn B (Rqg =B).

MaxkcumanbHas BbICOTA CBOAA, M, Hmax = H +hCT .
2

[Ipu mmpune neun Gosee 3,5 M CBOJ NMPUHUMAETCS IUIOCKUM (IIOJABECHBIM).
Jlnst  HeOONMBIMX KaMEpHBIX Te4eil, KOTophle padoTalOT ¢  IOCTOSHHOM
TEMIIepaTypoil, BeicoTa padoueid kamepbl H=0,4...0,9 m, a Ajisi KPpynHbIX He4eil ¢
NIEPEMEHHON TEMIIEPATYPOM BBICOTA MOKET COCTABIATh OT 2 10 5 M.

Cpennsig BeicoTa nieuu, M, H cp =
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Tabmuua 2.1 - TemnepaTypbl eun U Harpesa 3arotoBok mog OM/J{

Harpes 10 koBku

TeMmnepaTypHbIi UHTEPBAJ

KOBKH

Temmepa- Makci- OKOH}IaHI/Ie KOBKH
Mapxka cranu Typa Mme4yu maybHas | Hawaio ILK.K
npu Temrepa- | KOBKH Ilpn Tpu
BBIJICPKKE Typa Ty x MHTCHCUB IPOTTIaxK
(£20), ¢, | MeTamna T, HBIX | Ranun
00KaTHAX

C10...C13, 10...35, 08k 1300 1280 1250 750 700

Cr4...Cr6, 15X...40X, 38XA,

KB 1300 1280 1250 800 700

15XMA, 25H...35H,

15XM...35XM, 20XHBA,

30XHMA. 20T .. 30T, 1270 1250 1210 800 750

16I'HMA, 40, 45

12XH2A, 12X1M®,

15X2M®A. 25X 1M®, 1X2M 1270 1250 1210 850 800

12X2H4A, 20X2H4A,

A0HIMA 800 700

15XHM®, 12X13, 20X13 850 800

50...60, 45X...55X,

35I"...50I", 50I'2, 50HT,

50C2, 0912C,

20XMA...50XMA, 40H,

40XH...60XH,

14XT'CA...35XT'CA

08T’ TH®, P2MA, 34XHIMA, 1240 1220 1200 800 750

25XCHB®A, 5XBC, 5XHM,

5XT'C, 20X2M®DA,

30X2M1D1H, 20XH3MDA,

35XHB, 15X2HM®A,

10TH2M®A, 38XMIOA,

08X18H10T

12X18H10T, 08X18H12T,

10X17H13M2T 1220 1190 1180 900 850

35XI2; 38XTH; X12M;

60XT": 4X5B2DC: 38XC 1220 1190 1180 850 800
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2.2 IlpeaBapuTe/bHBINA pacyeT pa3MepoB MeTOAMYECKOH MeYn

CoBpeMeHHBIE  Ky3HEUHO-IIPECCOBBIE II€Xa HMMEIT B CBOEM  COCTaBE
CKOPOCTHOE  OOOpYJIOBaHHME: KPHUBOIIUIHBIE TOPSYCIITAMIOBOUYHBIE  IPECCHI
(KI'IIT), panraibHO-KOBOYHBIE MAIIMHBI U T.J. J{715 BOBMOXKHOCTU 00eCTIeUeHUsT X
POU3BOJAUTENHLHOCTH HEOOXOAMMO HEMPEPHIBHO 00ECIIEYMBATH MMOJa4y KaueCTBEHHO
HArpeToro Meramia. DTUM TPeOOBaHUSM Jy4YIlle BCEro OTBEYAIOT METOJUYECKHUE U
MOJIyMETOAUYECKHE MPOXOAHbIE Tieun [1].

C Touku 3peHus TEIUIOBOW pabOThl MPUHIUIUAIBHBIX Pa3IUIUil MEXIy
neyaMyd HET, WIM HUMEETCS PAa3IUYHOE COOTHOIICHUE T€OMETPUYECKUX Pa3MEPOB
pabodero MpoOCTPAHCTBA: B IMOJIYMETOJMUYECKUX IeUax - COOTHoueHue L/B = 4; B
Metonuueckux - L/B no 8. [lomymeroanueckue mevn Yaiie BCErO MMEIOT JIBE 30HBI
HarpeBa, METOJUYECKHE - TPU, OCOOCHHO Jii TEPMHUYECKU TOJCTHIX 3arOTOBOK
(5>100 mm).

JI1st METOAMYECKUX U TMOIYMETOJMUYECKUX HarpeBaTeIbHBIX Medeil radapuThbl
neyer u JJIMHA 30H ONPEEsIOTCS P 3aJJaHHbIX MPOU3BOIUTEIBLHOCTAX, pa3Mepax
3aroTOBOK.

OObIYHO JIMHHBIE 3arOTOBKM B  METOJAMYECKHUX TMPOXOJHBIX  Ieyax
TOJIKATEJIbHOTO THIA paclojaraloTcss B OAWH psiji, NMPUYEM JJIMHA 3aroTOBKH [
coBnaaaet ¢ mupuHoi euu B, m [4], B=nl+ (n+1)a+ (n—-1)9,
r7i€ 7 — KOJUYECTBO PSIOB;

a — 3a30p MEXIy TOpIlaMU 3aroTOBOK M OOKOBBIMU CTEHKaMU [€YH
(mpunumaercs 0.1...0.3 m);
O — 3a30p MEX]ly 3aroToBKamu, mpu n > [ npunumaercs 0,25...0,3 M.

KopoTkue 3aroroBkd MOXKHO PacroyioKUTh B HECKOJIBKO pssioB. KonudyecTBo
PAZIOB TaK)Xe 3aBUCUT M OT MPOU3BOAUTEIHHOCTH Meur. Pacu€T NIMHBI IeYH MOXKHO
IPOU3BOANUTH PA3IMYHBIMU CIIOCOOAMH B 3aBUCUMOCTU OT UCXOAHBIX JAHHBIX.

a) JUInHa aKTUBHOIO IMOJA TOJKATEJbHBIX MEYEeW OrpaHHMYeHa MAKCUMAJIBHOU
JUIMHOW TPOTAJIKMBaHUs. B cilyyae KBaJAparHOM 3aroTOBKM B II€YA MOXKHO
pacnonarats He 6osiee 200...220 3aroToBOK, a ajs ciasiooB — 250 mTyk.

Lagm =mS,
T M — KOJIMYECTBO 3arOTOBOK B PSIAY, IIT.;
S — ropu30HTaIBLHBIN pa3Mep 3arOTOBOK, M.

0) /[nuHy meun mpu n — pSAHOM 3arpy3ke, MOYKHO ONPEACIIUTH Yepes3
AKTUBHYIO IUIOIIA/b MOAa eYu, M [S]:

Fde

L =
akm /-n

5

rne Fyu, — akTUBHAS IUIOINAAbL OAa, M
[ — nIMHA 3arOTOBKU, M;
1 — YUCJIO PAJIOB 3aTOTOBOK B MIEYH.
OpHUEHTUPOBOYHO JIMHA METOJAWYEeCKOM Tmeun coctapmser 25...40 m. Ilpu
OONBIINX JUTHHAX TIEYH CIICTYET MPUMEHSATH IBYXPSIHYIO 3arpy3Ky.
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AKTHBHYIO IJIOIIAAb MTOJa METOANYECKON MIEYM MOYKHO OIPEJICIIUTD,

G
F =—,
akm K
rae K — ko unueHT HanpsHKEHHOCTH ToJ1a (yAeIbHas IPOU3BOAUTEILHOCTD TICYH),
Ke 5 > IPUHHMAETCH OT 300 mo 1000 X< 7 [6];
(M~ -u) (M= -y
K2 y
G — TNpOW3BOAUTEIBHOCTh Ky3HEYHOTO OOOpyAOBaHWSA, —, 3amdaércsi B
ll

HCXOAHBIX NJAaHHBIX.

B) Pa3smepsl wmeToguMueckod Te€UYM MOXKHO  ONPEACIUTh HCXOAS U3
MPOM3BOJUTEIILHOCTH, pa3Mepa W BPEMEHHM HarpeBa 3arotoBku. Caaka metania,
KOTOPBIN MOCTOSIHHO HaXOJAUTHCS B MEYH, KT [3],

M, =Gr,

rac 7 — BpPCMA HArpcBa 3aroToOBKH, Y, MOXHO OIIPCACIUTH II0 C-)MHI/IpI/I‘IGCKOﬁ

dbopmyne H.1O. Taitma [7]: 7= (7,5 +2(9)OSS)S ’
W 110 opmyIie,
T=«a pKS\/E ,

rae S — TOJIWHA WA TUAMETP 3aTOTOBKH, M;
ap- KOA(PUIIUEHT, YUYUTHIBAIOIIUNA CIIOCOO pa3MEIEeHUs] 3arOTOBKM Ha TOAY

neun (Tabnuia 2.2);
K — ko3 dunuenT: 11 yriiepoJucTsix craieit — 10, 11t 1erupoBaHHbIX U
BBICOKOYTJIEPOAUCTBIX — 20.

Tabmumna 2.2 - Koaddunuent, yuuteiBaronmii cmocod pa3MemnieHusi 3aroTOBKH Ha

Oy

Pa3melueHmne PasmelleHne
3aroToBOK Lp 3aroToBOK Lp

o ]
i ﬁg; :
% 1.4

D 1 v

U\, 4
7\ 2 | AN |22

0.5d 0.5d ||
78\%/} 14| A2 N |2

o

13 |7 N 7|

2al __l2d

Macca oHOM 3aroToBKY, Kr, M, =V, p,
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rae V,— o0bEM 3aroToBKH, M*;
£ — IUIOTHOCTh METaJlIa, MOKHO PUHUMATh ycpeaHeHHo 7850 kr/m?>.
V,=Fsl,

Frpye =%d2; FIPAM _ g

b

pipye | phpam
rae Fj u Fy IUIOLIA/Ib MMONEPEYHOI0 CEYECHHs 3aTOTOBKH JUIsl KPYTJIOTO U

OPSIMOYTOJIbHOTO CEYEHHUSI.

M,
KomnuectBo 3aroTOBOK, IIOCTOAHHO HAXOAAIMMUXCS B IICUHU, IIT, N=—".

3
ITpu N <200 mwTyK AenarT OJHOPSAIHYIO M1€Yb, IJIMHA KOTOPOil, M, L = SN,
. N
IpY IBYXPsITHOW Tiedn - L =S5 —.
BricoTy meToanueckux mededl HajJ MOBEPXHOCTHIO 3arOTOBOK OMPEIEISIOT
KOHCTPYKTHUBHO M0 OIBITy XOpouio padoTrarommx nedeil. BeicoTa pacnonoxeHus
CBOJa B Kak10M 30He 10 ¢popmyne M.A. I'nunkosa, M, H =0,001(4 + 0,05B8)¢,,

rae A — koaddunuent, paBubiii 0,5 — 0,55 ana yacTeil medn ¢ TemrepaTypoil ra3os
menbIre 900°C u 0,65 - ¢ remnepatypoit 6omb11e 1500°C;
{, — TeMIlepaTypa ra3oB B ompenensieMon yactu neuu, °C;

B — mpuna neyu.
BricoTa 6okoBbIX cTeH H() =H + Sp.

Jliis onpenenenrs 00bEMOB 30H MEUU C APOYHBIM CBOJOM HEOOXOIMMO 3HATh
cp Sp+H+HT™
5 :

Kak npaBuio, MeTonuyeckue meud UMEIOT JIBE MW TPHU 30HBI B 3aBUCUMOCTH
OT pa3MepoB (CEYCHWHs) HArpeBaeMbIX 3aroTOBOK. CpemHssi BBHICOTA CBOAA TEYH B
ATUX 30HAaX pa3jM4Ha: BBICOTA CBApOYHOM 30HBI — 2...3,2 M; BbICOTA TOMHJIBLHOMU
30HBI — 1,2...1,5 M; metoauueckoit — 1,0...1,2 m; BeicoTa niepexkumoB — 0,6...0,7 m. B
JATBHEUIIUX pacdyérax OyAeT MPUMEHSTHCS CPEIHSS BHICOTA TEUU IS YIPOIICHUS
pacu€ToB.

Tak ke Kak W JJI1 KaMEpHBIX TIeYeid, CBOJ BHIOMpAETCS B 3aBUCHUMOCTH OT
MUpUHGI eud. Ecnu mupuHa neun meHsiie 3,5 M, TO CBOJl MPUHUMAETCS apOYHBIM,
MHaYe — IJIOCKUM, MOABECHBIM [1]. Pa3zMepsl apoyHOro cBO/a pacCUUTHIBAIOTCS TaK
e, KaK U JJIsl KAMEPHBIX 1edeit mo gpopmyie (2.3).

OxkoHyaTelbHbIE Pa3Mepbl METOAMYECKOW IMeYu (JIJIUHA 30H) OMpPEAeIsIOTCS
pHu pacuére TermoooMeHa B pabo4yeM IPOCTPAHCTRE.

B koHIe MyHKTa TPUBOJIUTCA B MacIITaOe cXxema pacrlo0KEeHHs 3arOTOBOK Ha
MOy TIeYW, TOPU3OHTAIBHBIA W BEPTUKAIBHBIN pPa3pe3 C yKa3aHWEM OCHOBHBIX
pa3MepoB TIeUYd, 3arOTOBOK M BEJIMYMHOW 3a30pOB (MEXIy 3aroTOBKAMH B JIBYX
HAIIPABJICHUSIX;, MEXKy 3arOTOBKAMH M CTCHKAMHU TE€YH), TPUBOJAUTCS COOTHOIIICHHE
L / B (cmoTpu nmpumep pacuéra).

CPEIIHIOIO BBICOTY OOKOBBIX 30H, /1
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2.3 IIlpuMmep pacuéra KaMepHOH nme4n

Paccuntath pazMepsl KaMEPHOU €YU C BBIKATHBIM MOJAOM. VICXOIHBIE TaHHBIE
IUI pacyéra:

— JIJTMHA 3aTrOTOBOK [ = 2 M;

— ceuenue S = 0,8 m;

— KOJIMYECTBO 3aroToBoK N = § mIT.;

— Marepuain - Cranp 40XH.

OcHoBHBIE pa3Mepbl KaMEpHOU NeYu — MUpUHA B, 1nHa L v BbicoTa H.

[IpuauMaeM peKOMEHIyeMO€E pacIOl0KEHUE 3aroTOBOK — TMapajuleIbHO
OOKOBBIM CTeHKaM 1euu (puc. 2.4) B ABa psina, mo 4 wr. Bpsagy: n =2;m =4, k= 1.
[upuna nona, M, B=nS+(n—-1)0+2a=2-08+(12-1)-0,8+2-0,8=4.
Jmuna noga, M, L=ml+(m—-1)0+2b=4-2+(4-1)-0,8+2-0,8=12.

)7

a
f 16| ’
i
6=0,8m + B:4m
kb=0,8m !
[=2m ‘
S=0,8m
u:OA 8\M\ %
% y
L=1Pm
MacwTtab 1:100 L/B=3

Pucynok 2.4 — Ilnan kaMepHOU M€Y ¢ BBIKATHBIM MOJ0M

12
L/B = X =3 — COOTHOILICHUE HE BBIXOJIUT U3 PEKOMEHIyEeMOTO JIharna3oHa.

ITonnas mromane noga neuu, Mm%, F, =BL=4-12=48
BricoTa pabouero npoctpanctsa neuu, M, Ho = H + hnp +SpK +(K -1)A;
H =0,001(0,6 + 0,05B)¢t,, =0,001- (0,6 + 0,05-4)-1240=0,992.
[Tpunumaem: H = I M.
H,=1+0,25+0,8-1=2,05.
Oxpyrmsiem 1o H, =2,1m.

Tax kaxk mupuHa neun Oonbine 3,5 M, TO NPUHUMAEM CBOJ| IUIOCKHI
oJBECHOM. BepTukanbHbIi pa3pes3 neuu npeacTaBieH Ha pUCYHKeE 2.5.
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H=1m

2 He=2,1m

6=0,8m

IICYH.

ail
gl
h-=0,25m

iz

BE=4m

MacwTab 1:100
PucyHok 2.5 — BepTukanbHblil pa3pe3 KaMEPHOM €YU C BBIKATHBIM I10JI0M

2.4 IlpuMmep pacuéra MEeTOAUYECKON MeYH
Paccunrath OpueHTUpPOBOYHBIE (MPEIBAPUTEIIBbHBIC) pa3Mepbl METOAMYECKOM

Hcxonuble TaHHBIC

— JUIMHA 3arOTOBKU [ = 2,2 M;

—ceuenue S =0,3x0,4 m?;

— Ipou3BOAUTENbHOCTH ey G =30 1/4;

— Mmarepuain - Crans 45;

— TeMIepaTypa yXOAIUINX ra3oB fyy = 750°C;

— TeMneparypa Harpesa ¢, =1240°C (tabx. 2.1).
a) llpuHuMaeTcs OTHOPSAHOE  PACIOJNIOKEHHE 3aroTOBOK  (Oosbmias

OTHOCHUTCIIbHAA JJINHa 3aroTOBKH 2,2 M 141 OTHOCHUTCIBHO HCBBICOKAas
HpOI/I?:BOIII/ITeJ'IBHOCTB) .

B 3TOM cinydae mmpuHa neuu, M,
B=nl+(n+)a+n-1)0=1-22+(1+1)-0,15+0=2,5

0) Jnuny neuun no u3BeCTHOW MPOU3BOAUTEILHOCTH MOXKHO ONPEIEIUTh, M:

F G 30-1000 75
L —_daKkm. g, =—="" =75 M L =———=34,09
e akm = =400 A 00

[Ipuanmaem: L = 0,4 m.
B) Bpems HarpeBa 3arotoBok, 4, 7 = apKS\/E =4-10-0,4-,0,4=7,6.
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Macca metayuia B ieu, kr, M ,, =G -7 =30- 103 7,6 =228000 .
Macca ogHOM 3aroToBKH, Kr, M, =V,p=0,3-0,4-2,2-7850=2072.
223000

2072
JnuHa oqHOpAAHON MeToauueckor neun, M, L =S8N =0,3-110=33.

[Ipu HarpeBe TepMHUUYECKH TOJCTBIX 3aroToBoK (cedenue Oosbmie 100 M)
OPUMEHSIIOT TPEX30HHBIE METOJMYECKME TI€YM C TOMWJIBHOW 30HOM  JUIst
BBIPDABHHUBAHUS TEMIIEpATyp MO CE4YeHHUI0. PaccTosHhe OT BepXHEH MOBEPXHOCTH
3aroTOBOK JI0 CBO/JIA ME€YH ISl KaXKJI0M 30HBI:

METOJUYECKOU ¢ TemnepaTrypoit npumepHo 750°C, m, -

H y,6m =0,001-(0,5+0,05-2,5)-750°C =0,47=0,5;
CcBapo4HOii ¢ Temnepatypoii 10 1500°C, m, -
H ¢ =0,001-(0,6 +0,05-2,5)-1500°C =116 = 1,2;
TOMWJIBHOM IIpU TeMIlepaTtype Harpesa ¢, =1240°C, m, -
Hp =0,001-(0,6 +0,05-2,5)-1240°C = 0,899 = 0,9.
[Ipu mmpune neun B = 2,5 M NpUHUMAaeM apoOYHbIN CBOJ CO CTPEJION nmporuoda, M,
B o 25 120°
hCT—ztg4— 5 tg =0,72=0,7.
Paguyc apku, M, R, =B=25.

110

KomnuecTBO 3aroToBOK B I1euM, MT., N =

MakcumaiibHast BbICOTa Ka}K,HOﬁ 30HBbI, M:
HO =Sp+H yom +Hep =0,4+0,5+0,7=1,6;
HE =Sp+Hpog +Heop =0,4+1,2+0,7=23;
HP** =Sp+Hp + Her =0,4+0,9+0,7=2,0.
BricoTa 30H METOAMYECKOM Ne4r OT moAa A0 CBOJA, M:

Hy" " = H yem +Sp =0,5+0,4=0,9;

Hy® =Heg + S =12+04=16;

HI =Hp +S5=09+04=13.
CpeﬂHﬂﬂ BBICOTA II€4YH 110 30HaAM, M:

1P _SB+Hyem + Hiem  0,4+05+16

mem = ) = 5 =1,25;
HP - SB*+Hes +Heg _04+12+423 _2.05:
2
Sp+Hp + HMaX
H;p: B T2 T 20’4+0’9+2=1,65.

[IpenBapurenpHas cxema ey NpeacTaBieHa Ha puc. 2.6, 2.7.
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MeToa. 30Ha CBapoyHas 30Ha ToMunbHas
30Ha
L=34m
MacwTab 1:200 L/B=13 A
Pucynok 2.6 — CxeMa npoAoJIbHOTO pa3pe3a METOIUYECKON Meun
A-A
et %Jm
Hcb(max)=2,3m
Hch=1,2m

Skb=0,4m

77

0=0,15m a=0,15m
(=2,2m

MacwTab 1:200

B=2,9m

Pucynok 2.7 — Ilonepeunslii pa3pe3 METOAMYECKOM IT€YN B CBAPOYHOM 30HE

29



3 Pacuér Tenioo0MeHa B paboueM NPOCTPAHCTBE MeYH

OnHuM W3 OCHOBHBIX CMOCOOOB mepenauu Temia (85 - 95 %) oT meun Kk
HarpeBacMbIM 3aroTOBKaM SIBISICTCSI TEIJIOOOMEH HM3JIy4eHUEM, OCTaIbHOE -
KOHBeKIel. Uem BhIlIe TeMIiepaTypa, TeM OoJIblliee 3HaUCHUE NMEeT U3nyueHue [2].

CyTp pacuéra TeruiooOMeHa H3JIyYeHHEM CBOJUTCS K OMpEACICHUIO OO0IIen
CTETICHU YEPHOTHI CHCTEMBI «Tra3 — KIIaJKa — METaJlm.

3.1 Temsi000MeH B KAMEPHBIX MeYax

PaznuuaroT kaMepHbIE Me4Yr C MOCTOSHHOM M WU3MEHSIOLICUCS TeMIIepaTypoun
pabouero mpocTpaHCTBA. BTopolt Twm Tmeyell NPUMEHSIOT IJIsi HarpeBa u
TEPMUYECKON 00pabOTKH TEPMUYECKU TOJICTHIX 3aroTOBOK (¢ ceueHueM S > 100 m).
Onm, kak mpaBmiIo, pabOTAlOT TO MHOTOCTYIIEHYATOMY pEXHMY HarpeBa s
WCKJTIOUCHUS BOSHUKHOBEHHSI OOJBIMX TEPMUUYCCKUX HANPSDKCHHUH, KOTOPHIE MOTYT
IPUBECTH K TPEIIMHOOOPA30BAHMIO.

Pexxum HarpeBa 3aroTOBOK pa3pabaThIBacTCsl CTYIEHTOM CaMOCTOSITENHHO B
3aBUCUMOCTH OT TE€OMETPUYECKHX Pa3MEPOB 3aroTOBKA M XMMHUYECKOIO COCTaBa
crutaBa. ['paduk pexxrma HarpeBa MpUBOAUTCS B MOSACHUTENBLHOM 3aIMCKe.

[Tpumensitor nBa pexuma (puc. 3.1): HarpeB xoJoaHBIX (puc. 3.1,a) U HarpeB
ropsunx (puc. 3.1,0) 3aroroBok. TemmepaTypa 3arotoBok 1, OroBapHBaeTCs B

VCXOJIHBIX JAHHBIX. XOJIOJHOU CUATAETCS 3arOTOBKA C TEMIIEPATYPOHN B LEHTPE HUXKE
400...500°C.

T,°C

TH T,°C

o4 1200 ~a ™ on
1200 \
70...90°/4 / 1200

1000
1000 \

50..70°/4
T8 800 e 1000 100..2001/4
800 Ts

800
600

600

600

400 400
Ts 400

200

tw2 w2 T et

a 0 B
Pucynok 3.1 — IlpenBaputenbHble peXUMbl HAarPEBOB XOJIOAHOM (@), ropsyeit
(0) 3aroTOBKM M B I€4ax C MOCTOSSHHON TEMIEPATYPOU UM METOJIMYECKUX Tedax (B)

[Ipu pa3paboTke pexrMa HarpeBa HEOOXOAUMO YYHUTBIBATH, YTO XOJIOJHBIE
3arOTOBKM HAarpeBaroTCsa O TeMIeparypbl HarpeBa 7, 3a nBa srama. Temmeparypa

HarpeBa 1 ompezensiercs no tabnuue 2.1. TemnepaTypa Bbliepkku 1, Ha3HadaeTCs

B auanazone 650...800°C, korga ctajib NpUOOPETAET NOCTATOYHYIO TIACTUYHOCTD.
Ckopoctb HarpeBa 10 1, HEBBICOKA, 3aBHCUT OT CEUCHUS U MaTepuasa 3aroTOBKU U
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o
mpuHMMaeTcs B gumamasone  Vpy =50...70 % VYBenuuenue IJIaCTHYHOCTHU
3arOTOBKU IpH TemiepaType 1, MO3BOISET YBEIMYUTh CKOPOCTh HAarpeBa Jo
o
VH2 =70...90 % JUIi  YMEHBIICHWS  BEJIMYMHBI yrapa W  yBEJIWYECHUs

IMPONU3BOAUTCIIBHOCTH IICYU. BpeMH Harp€BOB MOKHO paCCUHUTATh II0 (bOpMy.TIaM, q:

Ip-T Ty -T,
TH, = B 13 L TH, = H~!'B
VHl V]_]2
Bpems BblIEpHKEK Tg ,Tg, 1A BBIPABHMBAHMA TEMIIEPATyp IO CEYCHHIO

3aroTOBKM MOKHO npuHUMaTh oT 0,5 10 1,5 u Ha 100 MM ceyeHust B 3aBUCUMOCTH OT
CTeleHH JserupoBaHHOCTH. Ilocne Bwiaepkku mpu Temmneparype 1), 3aroToBKa

noctymnaer Ha 00pabotky maBienueM (OJ]). Pacuér oCHOBHBIX mapaMeTpoB HarpeBa
TOpSIYUX 3aTrOTOBOK MPOU3BOJUTCS aHATIOTUYHO.

Tak kak KaMmepHasi TeYb C BBIIBIKHBIM TOJIOM PabOTAET MO M3MEHSIOMEMYCS
TEMIIEPATYPHOMY PEKUMY OT KOMHATHBIX TEeMIEpaTyp 10 TeMIepaTyphl Harpena
3arOoTOBOK, TO Hapsay C U3Ty4EHUEM HEOOXOJAMMO YUYHUTHIBATh U KOHBEKIIMIO, 3a CUET
KOTOPOM B OCHOBHOM HarpeBaetcs 3arotoBka ao tremmnepatyp 500...800°C (B nepBbIit
NIepuo/ HarpeBa).

[Ipn HarpeBe TEPMUYECKH TOHKUX 3arOTOBOK MPUMEHSIOT IEYH C MTOCTOSTHHOM
TeMIiepaTypoil pabodero npoctpaHcTtBa. B 3Tom ciyuyae HarpeB MpPOU3BOAUTCS OT
HAYyaJbHOW TEMIEpaTypbl 3aroToBku 15 A0 TemmepaTypel HarpeBa 71;, (cMm.

puc. 3.1, B, Tabn. 2.1).
Ckopocts HarpeBa Vyy moxno npuHumath oT 100 mo 200 °C/y, Tak kak ais

TOHKHUX 3arOTOBOK YMEHBINAETCS BEPOSATHOCTh TPEHIMHOOOpa3oBaHus. Bpews
HArpeBa 7 ff, OMPE/IENACTCA AHATIOTHYHO TOMY, KaK I HarpeBa B KAMEPHBIX Medax ¢

BBIKaTHBIM TOJOM. BpeMms BBIIEPKKHU 7 B, MOXHO TIDHHATEH 1/3 BpeMeHu HarpeBa
TH, -

JIns METOIMYECKUX TeYel MpEeIBAPUTENbHBIA PEXUM HarpeBa aHAJIOTHYEH
(cm. puc. 3.1,8). Bpems HarpeBa B METOAMYECKOW M CBapOYHBIX 30HAX 7,

onpenensiercs mo dpopmyne 7 = (7 +0,05d)d . Bpems Bbiep KU B TOMWIBHOW 30HE
cocraBut 1/3 ot 7 H, -

TI'eomempuueckue napamempol uznyuyeHus
BHyTpeHH: TOBEPXHOCTH KIIAJIKU €YU, M,

TR
1808in—
2
rne Fyem-Fo.cms>Feg-fpy — TIOMagym BCEX BHYTPEHHHMX IIOBEPXHOCTEM IE€YM

(TOPIIOBBIX CTEH, OOKOBBIX CTEH, CBOJA U MOJA).
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Eciu cBon neun mnockuit @ =180°,a Ry = B.
IToBepxHOCTB HarpeBa MeTajlla IPsAIMOYTOJIBHOIO U KPYTJIOIO CEYEHHs, M>:

FIPAY _ N(381+282),

2
FPYe :N(;ﬂmz—”‘i ),

rjae N — KOJIM4eCTBO 3arOTOBOK B M€Y, IIT;
S, [, d — reoMeTpuyecKre napameTpbl 3ar0TOBKH, M.

4y
Cpenuss addexTuBHas JIMHA JTyda, M, S ap = 0,9—<—,

06wy
rae V, — 00bEM MOJIOCTH, 3aII0JIHEHHOW M3JIy4aroluM ra3oM, M;
F06u; — TIJIOIIA/Ib BCEX CTOPOH, OTPAHUYUBAIOIIUX ITOT 00BEM, M?;

0,9 — koapurueHT 3P HEeKTUBHOCTH TA30BOTO U3ITYUCHHUS.
A 3 —
O0Bém pabouero npoctpancTsa neuu, M, V,, , = BLH cp-

; . npsam
OO0OBEM 3aHMMAaEMBIA METAJJIOM, M°, Mp =NS 2 [,

2
d
WJIA TSI UAIMHIPAYECKUX 3aTOTOBOK - Vj’ép Ve =N Tl .

. ; _
O0BEM paboUero MPOCTPAHCTBA, 3AHUMACMOTO Ta30M, M, Vo =V py =V,

OOb11ast MOBEPXHOCTD TEIIO00MEHa, M2, Fogyy = Fiep + Fyy-

Koagppuyuenmor uznyuenusn

CreneHb YEpHOTHI Ta3a OMPEICISICTCS B 3aBUCUMOCTH OT CHJIBI MOTJIOIIECHUS
TEIUIa AIMOBBIMH T'a3aMU M UX TEMIIEPATYPHI.

Cuia nornomeHus ra3os: PC02 Sy U PH20S9¢’

rne Fco, n Py, — napuuanbHbIe aBICHHS yTIEKUCIIOr0 Ia3a M BOJAHBIX IapOB
B IIPOJyKTax ropenus, klla: PCO2 = VCO2 -0,981, PH20 = VH20 -0,981,
rne Vi,o w Vco, - 00BbEMHAs J10JI1 KaXKIOro rasza HMpONYKTOB cropaHusi, %
(cm. mompaszna. 1.3).

ITo naHHBIM PCO2 Sy 1 PHZOsaqba U TeMmIeparype ! HaxOAUM CTEIEHb
YEPHOTHI YTIEKHCIIOTO Ta3a £CQ), (puc. 3.2). CreneHp 9epHOTHI BOJUIHOTO Tapa &, ,

Y TIOTIPABOYHBIA MHOXUTEND [ ONpEAesieM aHAJIOTHYHO 0 PUCYHKY 3.3.
i i _ i

Crenenp 4EpHOTHI ra3a MpH ¢ E>=¢& + pe .

p 1Y 2l Z COZ :B H20

Temmeparypa rasa f. NPHHEMACTCS: JUISl TeYei C HEMOJABIKHBIM MOJOM - OT

800 mo 1300°C; mns mmeuert ¢ BEIKAaTHBIM 11010M - OT 300 1o 1300°C, ¢ marom 100°C.
[TomyyenHsie nanHbIe 3aHECTH B Tabnuiy 3.1.
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Pucynok 3.2 — Crenenb 4YepHOTHI YIIEKHUCIIOrO ra3a npyu U3Ty4eHun

JIisi maHHBIX K€ TeMIeparyp ONpenessieTcsl NMPUBEAEHHBIN KodhuimeHT

H3JIYYCHHUA CUCTCMBI «TI'a3-KJIIaAKa-MCTaJlID»,

M K

TI€ &, — CTEIIEHb YEPHOTHI MeTaiula, npuauMaercs 0,8;

@y, — YTI0BOH KO3(D(PUIMEHT U3ITyYEeHUS KIAJAKU Ha METAIL, Q) 5, =

577¢ 65

—4 > CZ.K.M =

&o +¢K.M(1_‘92),

Fy
Foo

W
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Pucynok 3.3 — CreneHb 4epHOTHI BOASHOIO Mapa

[TpuBenéHubIN KOADPUITMESHT U3TyUCHUS], Bim, Com= 277 Pk )
M2-K4 1=y nd-&y)
Fiq F,
VYrnoBsle KOOSQQUIUEHTE @y 1 U Oy 1it Poppe = R .
FO@M/; F06LL;
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Tabmuua 3.1 - 3navenus &, u C,

t,5,°C Eo Bm t5,°C & Bm
(laKJw’—ji——jI (lawa=——§——jI

M K M K

300 900

400 1000

500 1100

600 1200

700 1300

800 1400

3.2 Tenj1000MeH B MEeTOAUYECKHUX MeYax

Onpenenenue K03(P(GUUMUEHTOB M3TYyYEHUS OT Tra30B M KIAJKH Ha MeETalll
IPOU3BOAMTCS ISl BEpXHEM YacTh pabovyero MnpoOCTPAHCTBA, JUIsl HUKHUX 30H
KO3 DUIIMEHT U3TyUYEHUSI TPUHUMAETCS TaKUM XKe.

[IpenBapurenbHblii pacy€T TEeOMETPUYECKUX I[MapaMETPOB €YU IO3BOJINI
ONPENEIUTh IUPUHY U OOLIYIO AJMHY MeYyd. MeToau4YecKue eud MOTyT UMETh JIBe
WM TpU 30HBL. JUIMHA OTIEIBHOM 30HBI HEHU3BECTHA, MO3TOMY IIPUBEIAEHHBIN
KOA((DUIIMEHT U3TyUYEHUSI MOXKET OBITh OMPEIENIEH TAKUM CIIOCOOOM.

Feomempultecxue napamempbsl U3jiydeHun

ITnomap Toaa nedn 12 B CBAPOUHO# 30He - Fi°® = BL g,
B METOJANYECKOU 30HE - F,,f” =BL,,,

B TOMHUJIBHOU 30HE - FnT =BLr,
rne Leg, L;, LT, — IIMHBI CBApOYHOM, METOIMYECKON U TOMMIIBLHON 30HBI

COOTBETCTBEHHO, M.
BHyTpeHHSS TOBEPXHOCTH CTEH M CBOJIA IO 30HAM TICUH, M?:

7R R
FGP =2n§PLop + EBE “Lcp = @uSP + CBE “)Lcp,
180sin— 180sin—
2 2
M M Rcpo M TRCBo
Fiy =2HY Ly +%LM = (2H, +%)LM,
180sin— 180sin—
2 2
T T RCpo T 7RCpo
Fyn =2HJ LT +%LT = (2H, +%)LT.
180s1n5 180smz

CyMMapHast TOBEPXHOCTh KJIAJKH U METAJUIA, OKPYKAIOMUX Ta30BbIA 00BEM,
110 30HaM METOJMYECKOM ITeUu, M
CB _ .CB , -.CB CB , "™RCB :
Fobuy =For ™+ Fia” =QHg™ + = + B)Lcp:
180sin 5
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M

M | M M | "RCB -« .
06W:Fn + Fyep :(2H0 +—a+B)LM=

180sin —
2

T T, T T 7Rcpa
F06m:Fn +Fm:(2HO +—a+B)LT
180sm§

[Tpu mnockoM ceone o =180°, Rcp = B.
O0BEM 3aMOIHEHHOTO Ta30M paboyero MpOCTPaHCTBA MO BCEM 30HAM MEUH, M°:
yCB gL B g

cgln cgBLCB:
M cp - M c
v =m I =HTBLy,
T cp T c
vi =HFF, =HFBLT.

Cpeansist ¢ dexTuBHas JJIMHA JIyda B CBAPOYHOM, METOJUYECKON U TOMUIIbHOMN
30HaX, M,

GCB _ 0o _ 0o 4H 5 BLeg ~ 3,6Hck B
’ap 7 ce L cE TRCBA
F06W Cc8 ERCBa 2HO + (04
2H§ +B |Lg 180sin < + B
180sin & 2
HOBTOpI/IB AHAJIOTUYHBIC Hp606p330BaHI/I}I, HOJIy"II/IMI
cp cp
M 36HEB r 36HPB
Sagb M mRecpa S9Qb T mRCpa
2H + 2H, +
0 . a 0 . a
18051n5+B 18031nE+B

Koygppuyuenmut uznyuenusn
[IpousBenenus mnapuuaibHBIX AABICHUN H3Iy4YalOlMX Ta30B Ha CPEIHION0

3¢ (PeKTUBHYIO JUTMHY Jy4ya B KaK0M 30HE:

CB CB M M T T
Fco, Saqb , PH20S9gb ; Feo, Sagb’ PHzosaqb; PCOzsaqb’ PH20S34),

rje PCO2 u PH20 — MaplyaibHble JABJICHUS YTIIEKUCIIOTO ra3a U BOASHBIX MapoB.
PC02 :VC02 -0,981;
PH,0=VH,0 -0,981,

rae VC02 u VH20 — 00BbEMHAS 1011 KKJIOTO KOMIIOHEHTA JABIMOBOTO Tasa, % (cMm.

BBIIIIC).
B 3aBucuMoOCTH OT NMPOU3BEIECHUN MapuuanbHbIX nasieHuid 2O n CO)» Ha

b (exTuBHYIO NIMHY Jyda W TeMIepaTypy tlz ONPEAENSAETCS] CTENECHb YE€PHOTHI

36



i

TJICKUCIIOTO rasa &
y co,

(cm. puc. 3.2) 1 BOASIHOTO TIapa gl (cm. puc. 3.3).
H,0

CYMMapHaH CTCIICHb YCPHOTBHI ABIMOBBIX TI'a30B IIpH tlz B OCHOBHBIX 30Hax

i i i i
MeuH & g :gCOZ + f 6‘H20,
riae ' — nonpaBouHkIi MHOXHTENb (CM. pHC. 3.3).

Temneparypa ra3os /9 B cBapO4HOU 30HE IpUHUMAETCs Ha 50 rpanyCcoB BBIIIE
TEMIIepaTypbl ~ HarpeBa Merawia Tg (I8 TEeMOEpaTypHOro  Hamopa),
tcg =T +50°C.

Temneparypa ra3zoB MO JUIMHE KaXJOW 30HBI NPUHHUMAECTCS MOCTOSHHOW.
TemnepaTrypa B METOAMYECKOW 30HE OIPEAEISIETCS 10 3aJaHHOW TEMIIEpaType
YXOMAWMX — Ta30B [y, Cpennsas TtemmepaTypa B METOOUYECKOW  30HE

ICB + tyx
—2 .

Temneparypy B TOMWIBHOW 30HE€ MOXKHO NPHUHATH PAaBHOW TeMIepaTrype

Harpesa Meraina: ¢, =T1,,.

yem =

Jiig »TUX K€ TeMmIeparyp OINpeAenseTcss NPUBEAEHHBIA KOIPPUIIHMESHT

V3JIYUYCHUSI CHCTEMBI «Ta3-KJIaJKa-MeTaj, ( 171 KaXKA0M 30HBI M€Y ),

M2.K4

5778 geM 1+ @i (1= £5)]

Cé.K.M T i i i ’
&5+ Pk = 25) 1= (1= £5)A =)

IZI€ &)/ — CTENEHb YEPHOTHI METaIUIA, NpuHUMaercs, &,, = 0,8;

go,l<_ u — YIIoBOM KO03(pULMEHT HM3JIydyeHHs! KIaJKd Ha MeTajll, OIpeleseTcs
JUISL KQX10M 30HBI IEYH:

B M T
cB _Fi? M _In T _ Iy
Pem = cg> P = 31> Prem =1
Fien Fien Fien
N Bm
Cpennee 3HaueHUE IPUBEAEHHOrO KO3 GUIMENTA H3TyYEHUS, —— ,
MK
&
2Cr kM
CCP — l:1
"KM n ’

rac n — 4YUCJIO 30H MGTOHHHCCKOﬁ IICYH.

3.3 IIpumep pacuéTra Tem1000MeHa B KAMEPHOM Mevu

Hcxonnbie nanubie [2]:
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— pa3mep 3arotoBok: S =0,07x0,07™m, [ =0,4M;
— Mapka ctayi - 45X;

— KOJIMYECTBO 3aroToBOK B eud N =201irt.;

— HavanbHas temneparypa 7, =20°C;

— pa3Mepbl ieun: Bx Lx H =12x1,8x1,4m;

— COCTaB MPOAYKTOB ropewust: V,, =8,14%; V, , =16,22%.

,0

Pacuém mennooomena
OrnpenensieM reoMeTpuiecKue mapameTpsl n3nyueHus. [loBepXHOCTh KIaJKu

R
ISOsinE

3,14-1,8-60 2

2-,2-1,3+2-1,8-1,2 + L8+ L8-1,2=14m".

I/I3J1yqafoma${ IMOBCPXHOCTHL MCTAJLlJIa

rac N — KOJIU4eCTBO 3aroTOBOK B IIcyu,
S — TOJIIIIMHA HAarp€BacMoro Mmcrajuia, M;

[ — nvHa HarpeBaeMoro Merania, M.

O06BEM pabouero mpocTpaHCTBA TICYH Vp.n =BLH = 1,2-1,8-1,3=2,8 1/143.

OO0OBEM, 3aHMMAaeMBIH METAJNIOM V]Zp M NS 21 =20- 0,072 0,4 = 0,04M3.

O0bEM pabouero MpoCTpaHCTBA, 3aHUMAEMOTO Ta30M,

3
Vo = Vpn —Vy, =2,81-0,04=2,7Tm".

OddexTuBHAS TOJIIMHA FA30BOTO CJIOS
3,5V, 3,5-2,77
S3¢ = = =
Fip—F, 140+2,0
CreneHp 4epHOTHI ra3a:
PCO2 Sogp = 0,0814-0,6-98,1 = 5,05kl1a - u;

P, 08¢ =0,1622-0,6-98,1=9,7xlla - m,

rac PC02 141 PH20 — HapOouaJIbHBIC AABJICHHA YIJICKHMCIIOI'O Ir'a3da U BOAJAHBIX IIAPOB B

0,6.m.

npoaykrax ropenus, klla.
i_ 0 i
Cornacno puc. 3.3 &, =¢ + pe .
P e=¢co, "PhH.0
3HaueHus gé JUISl pa3JIMYHBIX TEMIIEPATYp I'a 3a CBEIEHHI B Ta0JI. 3.2.

[IpuBeneHHbII KodhhuIeHT M3ITYyUYEHUS «ra3z-KiajKka-MeTan,

B%‘ﬂ Ky
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5,77¢ 6

& +¢)K.M(1_82).

CZ.K.M =

[Ipunumaem: ¢, =0,8.

Bennuuny ¢, ,, omnpenenseM 1o ciexyroowmeil gopmyne, CIpaBeIMBON s

Clly4asi pacIoj0KeHUsl MeTajlla Ha Oy Me4H C 3a30paMH,
Fy 2,0

= =0,125.
Fig, +F, 14,0+20

Pxm =
[TpuBeneHHbIN KOG GUIMEHT U3nydeHus npu ¢, =1000°C, 37 R
(m=-K7)

5,776 5,77-0,8-0,19
Coxm = = =
3HauCHUS TPHUBEACHHOTO KOA(P(OHUIIMEHTA JIsi OCTAJIbHBIX TEMIIepaTyp rasa

pUBEJICHBI B Ta0. 3.2.
[IpuBeneHHBI  KOX(POUIIMEHT  M3TYYCHUS  CHUCTEMBI  «II€Ub-METAIL»,

b

Bm , Choat = 3,77€ y P -
(Mz‘K4) . =@y n(=&y)
VYrnoBbie KOOPOUIHUEHTHL @, 1 U @4, 5, ONPENENAIOTCA IO (POpMyJIaM:
F
Pux = F . - 140 =0,875;
wn T Fy 14,0+2,0
Fa 20 0,125.

O F 140420

Torma

Cnm = STTenPux  _ 77-08-0875 4 »ypm :
T l=yu(—gy) 1-0125-(1-08) w2 kh

3.4 llpumep pacuéra Tem1000MeHa B METOAMYECKOH TBYX30HHOM Me4u

Hcxonnbie nanubie [2]:

— pa3mepsl 3arotoBok: 285 =0,17wm, [ =5M;

— pa3mepsl neuu: B=5,6wm; Hé% =2M; H%} =1,5m.
— temneparypa Harpesa T =1250°C;

— TEMIEPATypa YXOAAIIHUX Ia30B [y = 1000°C;

— cocTaB pojykToB ropenus: Voo, =11.3%; Vi, o =17,6%.
Pacuém mennooomena

IInomane neun:

B CBAPOYHOM 30HE - FnCB =BLcp = 5,6LCBM2;
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o M 2
B METOAWYECKOU 30HE - [}~ =BLjs =5,6Lprm”,
rae L., u L,, — COOTBETCTBEHHO JIMHA CBAPOYHON U METOAUYECKOMN 30H, M.
BHyTpeHHsIs1 TOBEPXHOCTH CTEH M CBO/JIA:

B CBAPOYHOM 30HE - FKC,’;B =(2H g By B)Lcp = 9,6LCBM2 ;

B METOJMYECKOM 30HE - FKA,? = (2H(j)w +B)Lys = 8,6LMM2.

CyMMapHasi HOBEpXHOCTh KJIaJKU U METAIIJIa, OKPYKArOUIUX ra30BbIid O0BEM:

y CB CB 2
B CBAPOYHOM 30HE - Fo6m =Fg +Fcp=9,6Lcp +5,6Lcg =152Lcpm~;

B METOIMYECKON 30HE - Foﬂgm = FKA,? + Far =9,6Lps +5,6L) = 15,2LMM2.

O0bEM 3aM0JIHEHHOTO Ta30M paboyvero NpoCTPaHCTBAa B CBAPOYHOM 30HE:

vB —n@rB =256 Log =112Lcpa;
M

B METOJMUECKOM 30HE: V' = H]C\f;F,fu =1,5-5,6-Lps = 8,4LCBM3.
Cpennsist b exTuBHas IJIMHA JTy4da:

cg B 412

B CBApOYHOI 30HE - S =0,9 =0,9 =2,65m;
P o ~ " .CB 152
oo
M
B METOJUYECKOM 30HE - Sé\gb = O,94VT =0,9- 4-84 =2.14m.
F 14,2
oow

[TpousBeneHre mnapuUaIbHBIX JNABICHUH HM3IyYaOIIUX Ta30B Ha CPETHIOO
3¢ (PeKTUBHYIO UTHHY Jyda B CBAPOUYHOMN 30HE:
B
§C

PO, S5y =0.113-2,65-98.1=29,4xlla - ;
Py 205%3 = 0,176 -2,65-98,1 = 45,7xlla - m;
B METOJJUUYECKOM 30HE: PCO2 S;\Zb =0,113-2,14-98,1=23,7«l1a - m;

PHZOS% =0,176-2,14-98,1=36,9«l1a - m.

CreneHp 4EpHOTHI Ta30B B CBAPOYHOM W METOAMYECKOM 30HAX OIPEHEISIETCS
no rpadukam Ha puc. 3.2, 3.3.

Temneparypy ra3oB B cBapo4yHOM 30He npuHuMaeM Ha 50°C  Bbie
TEMIIEpaTypbl IOBEPXHOCTH METAJUIA B KOHIIE HATPEBA, T.€.

tcp =Ty +50°C =1250+50=1300°C.
Temneparypy razos IO JJIMHE 30HbI IPUHUMAEM ITOCTOSIHHOM.
TemmepaTypa yXONAIMX Ta30B [y = 1000°C. Torpma cpeansia Temmneparypa

ra3oB B METOIUYECKON 30HE
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ICB *1yx 1300+1000
tM = > =

IIo puc. 3.2, 3.3 crenenp uepHoTsl 2O u CO) B CBapoO4YHON 30HE:
£C0O, = 0,12; EH,0 = 0,18. CteneHb 4epHOTHI ra30B B 3TOM 30HE,

=1150°C.

€2 =8C0O, T€H,0 = 0,12+0,18=0,3;
B METOAUYECKOU 30HE:! £C0O, = 0,13; EH,0 = 0,18;
€2 =6C0, T€H,0 = 0,13+0,18=0,31.
VYri0Bo# K03hHUIMEHT KIIaIKK Ha METaJUT: B CBAPOYHOM 30HE -

B
cs FEB sercp

Pr.m = = =0,602;
FCB 9.6Lcp
M
F 5,6L
B METOJUYECKOH 30HE - @y 4, = }5\4 =220=M _ 67,
F 8,6L)\s

OO61ast cTeneHb YepHOThI CUCTEMBI

_ EoEM I+ Qp (1 —&5)]
Soxkm= .

Eo + Q-1 =(1-&)A-¢epr)]
[TpuHuMaeM cTeneHb YepHOTH MeTaia: &, = 0,8.

B cBapouHou 30HE
0,3-0,8-[14+0,602-(1-0,3)]

& = =
KM 0,340,602 (1-0,3)-[1—(1-0,3)-(1-0,8)]
B METOJJUUECKOM 30HE

5 b

. B 0,31-0,8-[1+0,67-(1-0,31)] B
RN 03140,67-(1-0,31)-[1-(1-0,31)- (1-0,8)]
[TpuBeneHHbIN KO3QPUIMEHT U3TyUYEeHUS OT Ta3a U KJIaJKH Ha METaJI

o =5,76¢ Bm ;
KM %Mz -K4)

b

9’ e

B CBApOYHOM 30He o (R =35,76-0,515=2,97 Bm 2 4
(M= -K7)

B METOAMYECKOM 30HE O )y =5,76-0,5= 2,883m VR
(M= -K7)

I[JUI ,Z[aJILHGI‘/’II_HI/IX paCIIéTOB INpUHUMACM CPCAHCC 3HAUCHHC HpI/IBG,Z[éHHOFO

kod(punuenta uznydenus, o = 2,9 Bm R
(™ -K7)
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4 PacuéTt HarpeBa MeTaJl1a

OcHOBHOE TIpelHa3HAUEHHE HarpeBa Iniepen oOpabOTKOW [aBJIEHUEM -
M3MCHCHHE MEXaHWYECKHX CBOWCTB MaTepuayia (TIOBBINIEHHWE IUTACTHYHOCTH H
CHU)KEHHE TPOYHOCTH). ['J1aBHBIE XapaKTEpUCTHKHU Ipoliecca HarpeBa: TeMIeparypa
HarpeBa, CKOPOCTh HarpeBa, NPOAOIKUTEIBHOCTh U PABHOMEPHOCTH HArpeBa.

4.1 PacuéT HarpeBa MeTa/uia B KAMEPHBIX Me4Yax

HarpeB KpymHBIX 3aroTOBOK HPOU3BOAUTCS B IM€4ax C HW3MEHAOIEHCS
TEMIIEpaTypoil MO MHOroctyneHyatomy pexumy (cm. puc. 3.1,a) [2]. CormacHo
ATOMY PEXHUMY HarpeB MeTajljla COCTOUT U3 CJICAYIOINX HHTEPBAJIOB:

1 HarpeB oT HadanbHOW TeMIepaTypbl 3aroTOBKM 75 [0 TEMIEpaTypsbl

9, =const
BBIZICPIKKH 1 , CKOPOCTh HarpeBa MOCTOSTHHAS: .

2 Bslaepikka Ipy NOCTOSHHOM TeMIIEpaType NOBEPXHOCTU 1 = const.
3 HarpeB or I, no HeoOXonMMO#l Temmneparypbl Harpea 1, , CKOpPOCTb
Harpesa '9H2 = const .

4 Bwinepxkka npu Tg =const Ajs BbIPABHUBAHUS TEMIIEPATyp MO CEUEHUIO

3arOTOBKHU.

5 OxnaxneHue B mporecce o0pabOTKU AaBICHUEM WU MPU TEPMHUECKOU
00paboTke (OXJIAKICHHE Ha BO3/IyX€e, B MIEUH, B 3aKAJIOUYHBIX CPEJiax).

JUisi TepMUYECKH TOHKHUX 3aroTOBOK (YIJIEPOJMCTHIE CTAM C CEYEHHEM [0
100 MM 1 nerupoBaHHbIE - 10 60 MM) BBIAEPKKY 711 BBIPABHUBAHUS TEMIIEPATYypP IO
OYHKTY 2 HE MNPOU3BOAAT C LENbI0 MHTEHCHU(HKAIMM Ipolecca HarpeBa. Bce
ocTajJbHbIE Pacu€Thl aHAJIOTMYHBI PacyE€Ty PEXMMOB HarpeBa TEPMHUUYECKU TOJICTHIX
3aroToBOK. J[nsi 3amaHHONW MapKu MaTepuana ONpPEIeNsIoT ero Terio(pu3ndecKue
KO3 PUIMEHTHI: TEIUIONPOBOAHOCTh, TEINIOCOAEpKAHUE, MOAYJb ynpyroctu FOHra,
KO3 PUIIUEHT TUHEHHOTO PacIIupEeHus, TUIOTHOCTh 1o Tabnuuam 4.1 — 4.6.

JUiss  COOTBETCTBYIOUIEH  CTaJld  MOCTPOUTh  TIpadUKd  3aBUCUMOCTH
teriousnyeckux cBorctB ot Ttemmneparypbl (A= f(T), i=f({T), p=f(T),

o, =f(T), E=f(T), p=/f(T)).

Ilepeviit unmepean (ot I, no 1))

JIns MCKIIIOYEHUsT BO3MOXHOCTHM BO3HUKHOBEHHSI B 3arOTOBKE TpPEIIMH OT
TEPMUYECKUX HAMPSHKEHUW TPU HArpeBe HEOOXOAMMO OMPENETUTh JOIMYCTUMBIMI
nepenan remneparyp °C, KOTOPbIH 3aBUCUT TakKe OT (DOPMBI MOMIEPEYHOTO CEUCHUS

3aroTOBKMH.

L,25cRp(T) )
BIET)’
LL4op(T)
BTET)

IUISL IPSIMOYTOJIBHOTO CeUeHHus - Aty =

JUISL HAJIMHIPUYECKOU 3aTOTOBKHU - Aty =
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Tabmuua 4.1 - TermmonpoBOAHOCTH CTaNEl IPH pa3IMYHbIX TEMIEpATypax,

Bm

e
No Mapxka Temmnepatypa, °C
} CTaJIN 20 100 | 200 | 300 | 400 | 500 | 600 | 700 | 800 | 900 | 1000
1 15X 39,0 1 37,0 | 36,1 | 349 | 33,8 | 33,0 | 32,5 | 31,5 | 30,8 | 29,8 | 294
2 I5XA 392|373 ]363 | 351 | 34,1 | 33,2 | 32,6 | 31,6 | 30,9 | 30,0 | 29,5
3 20X 39,3 1374 | 36,3 | 350 | 34,0 | 33,1 | 324 | 31,4 | 30,7 | 30,2 | 29,7
4 I5XM | 44,3 | 44,2 | 41,3 | 40,7 | 38,9 | 36,1 | 33,7 | 32,4 | 29,1 | 28,5 | 28,8
5 15X 45,2 | 45,0 | 44,3 | 43,5 | 40,7 | 37,7 | 33,7 | 29,8 | 29,7 | 29,5 | 29,8
6 15X 45,6 | 45,3 | 43,6 | 42,4 | 40,7 | 37,2 | 36,1 | 32,6 | 31,4 | 30,2 | 30,6
7 12XM3 | 37,8 | 37,5 | 36,3 | 35,1 | 34,1 | 33,2 | 32,6 | 31,6 | 30,9 | 30,1 | 29,6
8 12MX | 45,0 | 44,5 | 43,1 | 40,9 | 38,7 | 36,9 | 34,7 | 33,6 | 32,5 | 31,8 | 32,3
9 12XMD | 44,8 | 44,2 | 41,3 | 40,7 | 38,9 | 36,2 | 33,7 | 31,5 | 29,1 | 28,5 | 28,8
10 30X 47,7 | 46,5 | 444 | 423 | 38,5 | 35,6 | 31,9 | 38,8 | 26,1 | 26,7 | 28,0
11 30172 46,3 | 349 | 44,8 | 43,7 | 40,2 | 37,2 | 344 | 31,4 | 29,8 | 25,6 | 27,2
12 30XI'C | 37,6 | 37,2 | 40,7 | 38,4 | 37,2 | 36,1 | 34,9 | 33,7 | 32,6 | 32,8 | 33,0
13 3572 39,1 | 38,6 | 38,2 | 37,8 | 37,4 | 37,1 | 36,6 | 359 | 35,6 | 352 | 354
14 30XM | 43,6 | 38,6 | 38,1 | 379 | 37,8 | 374 | 37,0 | 36,2 | 35,0 | 35,3 | 35,5
15 35XM | 449 | 41,8 | 41,0 | 40,3 | 39,3 | 354 | 32,2 | 32,0 | 30,0 | 26,0 | 27,1
16 | 30XM3A | 42,1 | 41,6 | 40,0 | 36,9 | 35,0 | 34,1 | 37,2 | 32,3 | 32,5 | 32,7 | 33,0
17 40XC | 47,4 | 44,1 | 39,9 | 36,0 | 34,4 | 34,2 | 34,1 | 33,9 | 33,7 | 34,0 | 34,2
18 | 40X3M | 37,0 | 37,2 | 37,7 | 36,8 | 34,7 | 33,0 | 30,9 | 29,3 | 29,1 | 29,3 | 29,5
19 4010 65,2 | 57,3 | 51,4 | 48,2 | 48,2 | 45,8 | 44,7 | 44,2 | 44,5 | 44,7 | 45,1
20 50172 42,5 1392 | 37,0 | 36,2 | 354 | 34,5 | 44,7 | 33,5 | 33,4 | 33,8 | 34,1
21 50C2I° | 26,7 | 28,5 | 30,2 | 31,1 | 31,1 | 31,1 | 30,2 | 28,0 | 25,1 | 25,6 | 26,4
. K/[orc
Tabnuua 4.2 - Ternmocoaepxanue crajaeil Ipu pa3IuyHbIX TEMIEpaTypax,
K2
Ne Mapka Temneparypa, °C
cram 100 [ 200 | 300 [ 400 [ 500 | 600 | 700 [ 800 | 900 | 1000 [ 1100 | 1200
1 15X 46,4 | 95,2 | 147,8 | 204,8 [ 265,1 | 338,8 | 418,7 [ 531,2 [ 629,3 | 704,2 | 780,8 | 850,4
2 15XA | 46,5 | 954 | 1482 ]205,1 | 265,3 | 339,0 | 418,9 | 531,4 | 629,1 | 704,1 | 780,6 | 850,3
3 20X 46,2 | 95,5 | 148,4 | 205,3 | 265,6 | 339,3 | 419,0 [ 531,7 [ 629,8 | 702,0 | 780,5 | 8454
4 I5XM | 42,6 | 95,1 | 147,4 | 204,6 [ 265,0 | 339,1 | 419,1 [ 531,9 | 629,4 | 704,5 | 780,7 | 850,6
5 15X® | 46,1 | 95,0 [ 147,1 | 204,2 | 264,8 | 338,9 | 418,8 | 531,3 | 629,5 | 704,6 | 781,2 | 851,2
6 15M 46,3 | 953 | 147,2 | 204,4 [ 264,9 | 339,0 | 419,2 | 532,0 [ 629,6 | 704,7 | 782,3 | 852,1
7 12XM2 | 46,4 | 954 | 147,7 [ 204,7 [ 265,1 | 339,4 | 419,4 | 533,2 | 628,9 | 703,1 | 781,4 | 849,2
8 12MX | 46,3 | 953 | 147,4 | 204,5 [ 265,0 | 339,3 | 419,5 | 534,1 | 628,3 | 703,2 | 780,1 | 848,6
9 | 12XM® | 46,5 | 954 | 147,5 | 204,6 | 265,2 | 339,5 | 419,6 | 534,4 | 628,0 | 703,4 | 780,2 | 848.8
10 30X 46,8 | 95,6 | 148,3 | 205,5 [ 265,7 | 339,7 | 419,6 | 535,2 | 630,3 | 698,8 | 780,3 | 850,0
11 3002 46,9 | 95,7 | 149,1 | 206,4 [ 266,3 | 340,2 | 419.9 | 536,3 | 630,5 | 699,0 | 773,4 | 846,2
12 | 30XIC | 46,7 | 95,5 | 148,7 [ 206,2 | 266,1 | 340,3 | 420,1 | 536,8 | 630,7 | 698,5 | 772,5 | 847,3
13 3572 47,1 | 95,8 |149,3 | 206,6 | 266,7 | 340,4 | 420,2 | 536,9 | 631,2 | 699,2 [ 770,1 | 842,1
14 30XM | 46,6 | 953 | 148,1 | 205,9 | 266,2 | 340,1 | 420,3 | 537,3 | 630,2 | 698,1 | 770,4 | 848,2
15 35XM | 46,8 | 954 | 147,9 | 205,2 | 2659 | 339,8 | 420,0 | 537,2 [ 631,3 | 698,9 | 771,0 | 841,0
16 | 30XM3A | 46,9 | 95,5 | 148,4 | 205,8 | 266,4 | 340,5 | 419.9 | 536,0 | 632,8 | 699,3 | 772,6 | 847,9
17 40XC | 47,1 [ 95,52 | 148,9 | 206,3 [ 267,0 | 341,1 | 420,4 | 538,4 | 628,3 | 698,4 | 769,2 | 840,2
18 | 40X3M | 47,0 | 95,48 | 148,5 | 206,0 [ 266,7 | 340,8 | 420,5 | 538,2 | 628,5 | 699,2 | 768,1 | 839,3
19 400 46,9 | 95,42 | 148,0 | 205,7 [ 266,4 | 340,5 | 420,2 | 537,9 | 629,0 | 700,3 | 767,5 | 835,6
20 502 47,2 | 958 |149,2 | 2059 [ 267,1 | 341,2 | 419,8 | 540,2 | 624,1 | 701,4 | 760,3 | 832,1
21 50C2r | 47,3 | 95,86 | 149,3 [ 206,6 | 267,5 | 341,4 | 420,1 | 542,3 | 620,0 | 702,0 | 762,0 | 830,4

43




Tabmuua 4.3 - IL1oTHOCTH cTanei npu pa3IndHbIX TEMIEpATypax,

Ke

M3

No Mapxka Temmneparypa, °C

CTaJIn 0 20 100 | 200 | 300 | 400 | 500 | 600 | 700 | 800 | 900 | 1000 | 1100
1 15X 7840 | 7845 | 7800 | 7750 | 7720 | 7710 | 7960 | 7665 | 7640 | 7625 | 7615 | 7605 | 7690
2 15XA 7835 | 7830 | 7810 | 7790 | 7770 | 7740 | 7720 | 7700 | 7682 | 7654 | 7640 | 7625 | 7615
3 20X 7845 | 7840 | 7830 | 7805 | 7780 | 7755 | 7730 | 7720 | 7705 | 7690 | 7665 | 7550 | 7535
4 15XM 7850 | 7850 | 7790 | 7758 | 7725 | 7690 | 7656 | 7622 | 7615 | 7605 | 7594 | 7590 | 7585
5 15X 7763 | 7858 | 7790 | 7759 | 7726 | 7693 | 7654 | 7618 | 7580 | 7570 | 7561 | 7553 | 7549
6 15M 7850 | 7850 | 7789 | 7758 | 7725 | 7690 | 7654 | 7615 | 7607 | 7601 | 7591 | 7585 | 7770
7 12XM2 7819 | 7814 | 7788 | 7756 | 7722 | 7686 | 7650 | 7613 | 7577 | 7565 | 7555 | 7550 | 7540
8 12MX 7810 | 7805 | 7795 | 7785 | 7750 | 7710 | 7695 | 7680 | 7670 | 7660 | 7650 | 7640 | 7620
9 12XM® | 7800 | 7800 | 7790 | 7790 | 7770 | 7755 | 7745 | 7735 | 7720 | 7710 | 7700 | 7690 | 7680
10 30X 7847 | 7842 | 7818 | 7787 | 7753 | 7718 | 7681 | 7643 | 7603 | 7619 | 7579 | 7525 | 7510
11 3012 7854 | 7849 | 7826 | 7794 | 7760 | 7723 | 7685 | 7646 | 7705 | 7626 | 7590 | 7532 | 7515
12 30XTC | 7842 | 7830 | 7815 | 7803 | 7775 | 7750 | 7730 | 7704 | 7686 | 7670 | 7652 | 7630 | 7621
13 3572 7850 | 7846 | 7828 | 7796 | 7762 | 7732 | 7703 | 7680 | 7654 | 7628 | 7600 | 7586 | 7572
14 30XM 7830 | 7805 | 7774 | 7752 | 7730 | 7704 | 7688 | 7662 | 7646 | 7514 | 7604 | 7590 | 7582
15 35XM 7825 | 7810 | 7790 | 7765 | 7735 | 7705 | 7692 | 7660 | 7635 | 7615 | 7590 | 7575 | 7665
16 | 30XM3A | 7851 | 7845 | 7824 | 7793 | 7760 | 7727 | 7693 | 7657 | 7625 | 7650 | 7596 | 7522 | 7515
17 40XC 7855 | 7850 | 7830 | 7810 | 7794 | 7773 | 7758 | 7741 | 7711 | 7689 | 7656 | 7645 | 7634
18 40X3M | 7850 | 7847 | 7830 | 7802 | 7784 | 7762 | 7748 | 7726 | 7704 | 7690 | 7679 | 7662 | 7651
19 40r 7842 | 7836 | 7812 | 7790 | 7772 | 7757 | 7743 | 7730 | 7715 | 7702 | 7690 | 7676 | 7668
20 5012 7785 | 7780 | 7752 | 7726 | 7702 | 7691 | 7670 | 7652 | 7626 | 7601 | 7590 | 7572 | 7561
21 50C2r 7729 | 7725 | 7703 | 7672 | 7639 | 7605 | 7570 | 7533 | 7495 | 7477 | 7442 | 7392 | 7380

Ta6muna 4.4 — Ilpenen NpoYHOCTH CTAJICH MPU pa3IMUHBIX TeMiieparypax, Mlla

No Mapxka Temmneparypa, °C
"~ | ctanu 700 800 | 850 | 900 | 950 | 1000 | 1100 | 1150 | 1200

1 15X 56 58 |- 45 |- 28 24 - 14
2 15XA 56 58 |- 45 | - 28 24 - 14
3 20X 120 64 |- 52 |- 34 21 - 14
4 15XM - 82 |- - - 42 - - 14
5 15XD 131 70 | - 48 |- 41 24 - 14
6 15M 130 91 |- 77 |- 48 31 - 20
7 12XM2 | - - 74 |52 |45 |36 23 14 -

8 12MX - - 74 152 |45 |36 23 14 -

9 12XMO | - - 74 |52 |45 |36 23 14 -
10 | 30X 104 70 | - 56 |- 31 21 - 15
11 |30I72 - 99 |- 56 |- 36 27 - 17
12 | 30XI'C 178 87 |- 54 |- 38 21 - 10
13 | 35172 - - 74 |52 |45 |36 23 14 -
14 | 30XM - 82 |- - - 42 - - 14
15 | 35XM - 84 |- - - 41 - - 17
16 | 30XM3A | - 89 |- - - 39 - - 20
17 | 40XC 145 55 |- 42 |- 24 11 - 11
18 | 40X3M | 187 91 |- 51 |- 36 24 - 14
19 |40 - - 74 152 |45 |36 23 14 -
20 | 5012 96 79 |- 56 |- 39 28 - 23
21 | 50C2r - 8 |- 56 | - 36 20 - 12
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Tabnuna 4.5 - Moaysib ynpyrocTu Mpu pa3IMuHbIX TeMIIepaTypax, X 104 Mlla

Ne Mapka cranu Temnepatypa, °C
20 200 300 400 450
1 0,8 KII 20,7 18,6 15,6 14,4 14,0
2 08 20,8 18,7 15,8 14,5 14,1
3 20 20,2 17,9 17,0 16,1 16,5
4 25 20,2 19,5 18,9 16,7 15,9
5 40 21,0 19,6 19,1 16,8 16,0
6 V8 20,8 19,6 18,8 16,5 15,6
7 Vi2 20,9 19,7 18,9 16,6 15,7
8 45 19,4 18,3 15,9 14,5 14,1
9 15X 20,2 18,7 17,0 16,3 15,7
10 15XA 30,4 18,9 17,3 16,4 15,9
11 15XM 20,3 18,8 17,1 16,2 15,6
12 15XD 20,1 18,6 16,8 15,9 14,8
13 15M 20,4 18,9 17,2 16,3 15,7
14 20X 20,5 18,7 17,4 16,4 15,6
15 200 20,8 17,4 17,9 16,4 15,6
16 12XH2 20,0 18,5 17,1 16,0 15,4
17 12MX 20,1 18,6 17,2 16,2 15,5
18 12XM® 20,2 18,7 17,3 16,3 15,6
19 30X 19,7 17,8 17,0 16,6 15,4
20 3012 19,9 17,6 17,1 16,7 15,6
21 30 XI'C 19,8 17,7 17,2 16,9 15,9
22 30XM 21,3 20,8 20,1 19,2 15,8
23 30XH3A 21,1 20,7 19,6 18,3 15,1
24 3512 21,2 20,6 19,5 18,0 15,3
25 35XM 21,3 20,8 20,1 19,2 15,7
26 40XC 20,7 20,0 19,2 18,3 15,2
27 40X3M 20,5 19,6 18,7 16,8 14,9
28 400 21,4 19,8 18,9 17,0 15,8
29 5012 21,7 19,7 19,1 17,1 15,9
30 50C20 21,8 19,6 19,0 17,2 16,0
Ta6numa 4.6 - KoadpuimeHT TuHEHHOT0 pacIupeHus, X 1076 %
C
Ne Mapka Temneparypa, °C
cranm 50 100 200 300 400 500 600 700 800
1 15X 11,6 11,7 12,2 12,9 13,4 13,7 13,9 14,2 11,9
2 15XA 11,5 11,6 12,3 12,8 13,5 13,8 14,0 14,3 12,0
3 20X 11,5 11,8 12,5 13,0 13,6 14,0 14,3 14,4 12,0
4 15XM 11,8 11,9 12,4 13,1 13,7 14,2 14,5 14,6 12,2
5 15XD 11,7 11,9 12,6 13,2 13,7 14,0 14,3 14,5 12,1
6 15M 11,8 12,0 12,6 13,2 13,7 14,2 14,7 14,8 12,3
7 12XM2 12,0 12,2 12,9 13,2 13,6 14,2 14,3 14,5 12,6
8 12MX 12,3 12,7 13,2 13,6 14,2 14,5 14,9 15,1 12,5
9 2XM® | 13,1 13,6 13,7 14,0 14,2 14,5 14,7 14,8 12,3
10 30X 11,8 12,2 12,8 13,3 13,7 13,1 14,5 14,8 12,1
11 3012 11,5 11,9 12,7 13,4 13,9 14,3 14,7 15,1 12,1
12 30XI'C 11,9 12,1 12,6 13,2 13,5 13,9 14,2 14,5 11,9
13 3572 12,0 12,2 12,4 13,2 13,9 14,2 14,4 14,4 12,2
14 30XM 12,0 12,3 12,6 13,0 14,5 14,5 14,6 14,7 12,4
15 35XM 12,1 12,3 12,5 13,5 14,2 14,4 14,7 14,5 12,1
16 | 30XM3A | 10,9 11,4 12,3 12,8 13,2 13,4 13,7 13,7 10,7
17 40XC 10,9 11,5 12,1 12,6 13,1 13,6 13,9 14,1 10,9
18 40X3M 10,7 11,3 12,0 12,5 13,0 13,5 13,7 14,2 10,8
19 400 11,1 11,7 12,2 12,7 13,3 13,8 14,1 14,3 11,0
20 5002 10,8 11,4 12,3 13,0 13,6 13,9 14,2 14,3 12,8
21 50C2r 10,6 11,2 12,2 12,9 13,4 13,7 14,1 14,4 13,6
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rae op(T) — npeaen NMpoYHOCTU MaTepuajga IpU COOTBETCTBYIOLIEH TemmepaType,

MIIa (cm. Tab. 4.4);
P(T) — xodpduuMeHT NUHEHHOTrO  pacIIMpeHHus  MaTepuaia  IpH

COOTBETCTBYIOILIEH TemmepaType, %C (cm. Tab. 4.6);

E(T) — monyns ynpyroctu FOHra npu onpenenénsoit remneparype, Mlla (cm.
Tabm. 4.5).
C yuérom mepenasa TeMIEpATyp CpEAHssl TeMIlepaTypa B KOHLE IEPBOIO

untepsana, °C,  fep1 =TpB —%Atd.

Bm

Cpennee 3HaueHne K03 (ULIMEHTa TETJIONPOBOJHOCTH MaTepurania, —

me-°C

n y n U
/1T3 +/’LT3 +/1TB +/1TB
icpl = 4 J
roe AT A% 00 A8 - KOA(PGUIIUEHTHl TEIUIONPOBOJIHOCTH MaTepuaja IMpu
3 T 3 T B T B

COOTBETCTBYIOIIMX TEMIEpaTypax Ha MOBEPXHOCTU U B LIEHTPE, ONPEACISIOTCS IO
rpaduky A= f(T).
Temneparypa neHTpa 3arotoBku, °C, ty =Tp - Ato.

ity ~IT
. orc |
TeroéMKoCTh Ha IEPBOM MHTEPBAIIE, ’ZZ—, Cpl = = =

rac itcpl ,iT3 — TCIIOCOACPKAaHUC MaTCpHrala IIpu cpenHeﬁ TEMIICPATYPEC HA IICPBOM
WHTEpPBAJIC W HayalbHOW TEMIIEpaType 3aroTOBKH, OMNPENEISIOT MO Tpaduky
i= £,

Ke
itcpl

Cplptcpl ’

rne py , — TUIOTHOCTb Marepuana Ipu CpeldHell TemiepaType B KOHIE MEPBOTO

2
KoaddurmenT remreparypornpoBogHocTy, M K , 4=

MHTEpBaNa fp] ’7 3 » OTIPENIENIAETCS 110 rpaduky p= f(T).
M

2
R
YToYHsIeM TeMIepaTypy IIeHTpa 3aroToBkH, °C, tb); m_qrn_ —'iH3 1600 ’
a

rae R — paanyc 3aroTOBKH, WM TOJNIIHAHA S MPSMOYTOJIBHON 3aTOTOBKH, M;

o
&, — CKOpPOCTh HarpeBa 3aroTOBKH, C/
y
[lepenan TemmepaTyp B  KOHLE TMEPBOTO HHTEPBajla  yTOYHEHHBIN

ym _ oo _ym
Atal =Tp—ty .
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o m 1 m
[TepecunThiBaeM cpeliHIOO Temneparypy, °C, tCJ;) 1 =TpR —EAldly .

m
Ecnn tgpl n Iep] oTaMYalOTCA He Oomee yem Ha 50°C, TO MOBTOPHOrO

YTOYHCHUA HC IIPOU3BOINM.

0.58H1RC 1Pt

TennoBoit NOTOK, —~, ¢ = .
]l/l2 3600
. Rpcp1Ail
YTO4HEHHOE BpeMsl HArpeBa Ha [IEPBOM UHTEPBAIIE, Y, T] = YR
q1
Ai =i g | A
tcpl 3 Ke

Ecmu 3aganHOe Bpems HarpeBa 7 py] (cM. puc. 3.1) cuIBHO OoTIHMYaercs OT
pacy€THOro 7,, TO IPUHUMAEM YyTOUYHEHHOE 77 .
TemnoBoii NOTOK, IepeAaBaeMblii OT II€YM K HArpeBacMoMy METally,

B
CKJIQ/IBIBAETCS U3 TEIJIOBBIX TOTOKOB U3JIYUYECHHS] U KOHBEKIIHH, —’;:
M
4 4
Tr Ts
= + =C | = (tag it —t3),
9 =49u3n1 T 9xone I'"K.M EIOOJ (10()) x(r —t3)

(4.1)
rae T u T'; — Temneparypa rasa u 3aroToBKM COOTBETCTBEHHO, K;
{7 ¥ t; —TeMIlepaTypa rasa u 3arotosku B °C;
Oy — KOO(PQUIUMEHT TeIIonepeaadyn KOHBEKIMEW MpU MaJoNOABM)KHOM rase,
Bm
M2 -°C
TemnepaTypy ra3a W3 JaHHOTO pPABEHCTBA MOXHO TMOJYYUTh METOJIOM
noabopa.
TeMmmneparypa neun B Hadalie HarpeBa MPU YCIOBHM, YTO TEIUIO OT IEYU K
METaJuly Nepenaércs TOIbKO u3nydeHuem, °C,

o =6

4
T, +273
tpouy =1004—11 +( 3 j ~ 273K,
Chom 100
rae Cy, 5, — NIpUBEAEHHBIN KOAQOUIIMEHT U3I1y4eHus, 2—m (cm. paznen 3).

4
MK
JIeHCTBUTENBHOE 3HAUCHUE 10y, HUXKE, TAK KaK TEIUIO NepetaéTcs He TOIbKO

U3JIy4YEHUEM, HO W KOHBeKuueu. Jlanee Mpou3BOAUTCS YTOUYHEHHE TEMIEPaTyphl
neyu.
OmnpenensgeM TtemmepaTypy Trasa B Hadajge Harpesa fj(. lIpuHumaem

TEMIEpaTypy ra3a paBHOU TeMIepaType NeUu: () = tyeyy - ONpenenseM 3Ha4eHUs
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TerIoBoro noroka mno ¢opmyne (4.1). [IpuBeaéunsiit Ko3pGUIUEHT TEmI000MeHA
Cr K .M omupenensercs Ipu TeMreparype ¢ :

tro + 273]4 _(TS, +273

4
+ tro—-7153).
100 100 j ax(tro—Ts)

90 =Cr.x.m (

Bce temmepaTypsl mojcTaBisitoTest B rpagycax mo Lenscuro. Ecim g > g1, T0
IpUHATAs TeMIeparypa rasa ¢ OoJyiblie (akTUYECKOH. YMEHBIIAEM TEMIIEPATypy

Ha 30°C (¢ =tro—30°C), mnepecuuTbiBaEM TEIUIOBOM IOTOK qf). Pacuér

TIIOBTOPSIEM /IO T€X TI0P, OKa ¢, He OyJeT IPUMEPHO PaBHO ¢]. TeMIepaTypa ra3os
Oyzner paBHa f 7.

OO6mmit mpuBenEHHBIN KOAPOUIIMEHT TEIIo00MeHa C YYETOM TeIIOOTIauH
Bm

4 b

KOHBEKIIMEH, 7
M=K

C06u; _ q1
KM~ 4 4
i) _(Is
100 100

rne Ty m T; — TeMreparypa rasa OKOHYaTelbHas (YTOUHEHHAs) U TEMIIEparypa

9

3arotoBku, K (rpagycsl KenbBuna).

, . Bm
[TpuBenénupIil K03PPUIHUEHT KOHBEKTUBHOI'O TEII00OMEHA, 5
M=K
KOHé _ 00w
Crxm =Crxm —CrKM:
rae C KM ~ npuBEAEHHBIM KOADPUIIMEHT wu3mydeHus (cMm. pazgen 3) mpu

TeMneparype .
JI711 KOHBEKIIMOHHOM TEIUIOOTAAYU OT TEIUIOOTAAYU U3IyYeHUEM

Kkuns — C;’o:(gM .
CF.K.M
YTo4uHEHNE TeMIepaTyphl €YU B Hayase Harpesa, °C,
4
T,+273
o =100-4 91 +( 3 j —273.
I+ Kone )Cn.m 100

Temneparypa knanku neud, °C, t,.,0 =2t0yy — 17 -

Temneparypa neuyn npu yCIOBUH, YTO TEIJIO OT MEYM K METaLTy nepenaércs
TOJIBKO M3JIyYE€HHEM B KOHIIE IIEPBOr0 MHTEpBaja Harpesa, °C,

4
Kl =100-4 91 +(TB +273j ~273.
(1+K"")Cyy 100

Temneparypa rasa B KOHIIE IEpBOro UHTEpBaia, °C,
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4
( q =100-4 1 +(TB+273J _273,
Crxm 100

rne Cr g p — TpuBedEHHBIM KOd(Q(UIMEHT HU3IydeHus npu Ttemmneparype 7T,
(cM. Tabnuiy 3.1).
YTouHéHHasg TeMnepaTypa KJIaJIKu K KOHILy nepBoro uareppaia, °C,
teal = 2tpeyyl =111 -
AT

S S
Cr,pr,
rne A, C, p ompenensoorcs JUlsl HayaJbHOM TeMIeparypbl 3aroToBku 15 IO
rpadukam 3aBucumoctu A= f(T), C= f(T), p=f(T).

9

2
KoadduiueHT TEmIonpoBoJHOCTH B Havaie Harpesa, M a0 =

Bmopou unmepean (Bbiaepxka npu temuneparype 7'p)
Onpenenenre BpeMeHU, HEOOXOJUMOTO ISl BBIpaBHUBAHUS TEMIIEPATYP.
At 4

ym’
Aty

rae At — 3a1aHHBIN Hepenan TeMIepaTyp 10 CEYEHHIO 3arOTOBKU (CM. UCXOJHBIC

CreneHb BbIpaBHUBAHUSI TEMIIEPATYP O =

naHHbie), °C;
At)" — yTOUHEHHBIM Iepenajn TeMIepaTyp B KOHIIE NEPBOrO MHTEpBaia (CM.
Boiie). [1o puc. 4.1. onpenensem ko3P PuiueHT BeIpaBHUBAHUS TEMITEPATYP.

BpeMms BeIpaBHUBaHUS TEMIIEPAT q, 7 = m—Rz
p p patyp, 9, Tguip ar -3600°
2 A
M _ Cp2
rae ap — Ko3QpPUIMEHT TeMIEepaTypOIpOBOIHOCTH, z ,4) =————,

TAC Py, ~ CPEIHS IIOTHOCT, IPH TEMIICPATYPE BHUICPKKH, K%4 .

A , — CpenHee 3HaucHHE Kod(puIIMeHTa TEIIOMPOBOIHOCTH MPU BBIICPIKKE
cp
Bm
JIJIs1 IOBEPXHOCTH U LIEHTpa, ———;
Jl/l2 -°C

ym o
ol > yo.oC’

C p — TEIIOEMKOCTD B HHTEPBAJIC TEMIIEPATYP IT'pulp—At
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1,6
S
E H\
(]
=
51,4 \
g \ UnnuHap
4 Mpu3mMa

e MnactuHa
1,2 \
1,0
y 12
08 H
\ B/S=2
0,6
15
0,4
1,0 \
02 X\
—_ e ——
0 0,1 0,2 0,3 0,4 0,5 0,6 0,7

CTeneHb BblpaBHWBaHMS TeMMepaTypbl

Pucynox 4.1 — I'paduk 1151 onpeeneHus NpoaoKUTEIbHOCTH BbIIEPKKA

At o+ ’%o +AT, + /%1
icpl = 4 ’
rne  ty0 =1pR; o =Tp—-Atg;  t1=Tp _Atgl’ °C (ko3 ddunuent

TCIUIOIIPOBOAHOCTH OIIPCACIIACTCA B 3dBUCHUMOCTH OT 3THUX TeMnepaTyp).

c _ZTB _ltuO » 2_,OTB —Ptuo
= —, C - M
rae iTB , ifuo u pTB , 'Ofuo — TEIUIOCOJEpKaHu€ W IUIOTHOCTh IpPH

COOTBETCTBYIOIIMX TeMIEpaTypax.
[Ipu Tepmuueckoit oOpaboTke (0O0KHUre, HOpPMAIM3ALMU W TP.) BBIACPKKY
JIeNaoT He TOJILKO JIJIsl BEIpPABHUBAHUS TEMIIEPATYP, HO U 3aBEPIICHUS CTPYKTYPHBIX
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npeBpaieHuii [2]. B 3ToM cirydae BpeMsl BBIpaBHUBAHMSI YBEJIMUMBAETCS BJIBOE,
Tgbi0 = 2Tgpyp - (CUUTACTCA B CIIydae, ECIIH 3a/1aH rpaQuK TePMUUECKOi 00padOTKH).

TermtoBoii MOTOK B KOHIIE BRIPAaBHUBAHUS TEMIICPATYPBI, B—Zl ,
M
m
~ ZX,szAtgl
q?2 R

Tpemuii unmepéan — HATpeB IOCIE BBLICPXKKUA OT Temmeparypsl Ip 1O
temnepatypsl Harpea 77y noa OM/I. Ckopocts HarpeBa $f77.

TemnoBoii MOTOK HA TPETHEM HHTEPBAJIE, —5i43= ;
M

5

3600
iTy —IT, PT, +PT
C __"H B : — H B )
p3 —TH “1g Pcp?2 >
Bm
Koadpunment TETUIONPOBOIHOCTH, > ,
m=-°C
itnO + ituO + itnl + itul
lcp3 = 4 )
rne tp0 =TpR; ty0 =TR —Ats; ty1 =Ty —At;;ty1 =TH, °C.
2 itcp3
KoaddurmenT remreparypornpoBogHocTu, M L aE
Cp3 'Ptcp3
JleficTBUTENBbHAS PA3HOCTh TEMIIEPATYP MEXKY TOBEPXHOCTHIO U LIEHTpoM, °C,
‘9H2R2

Cpennss remneparypa, °C, t¢p3 =TH — EAta_o,.

TeMmmeparypa 11eHTpa 3aroTOBKH K KOHILYy TPEThEro Harpena, °C,

ty3 =TH —Afp3.
[lepecunthiBaeM TemaOpU3NUECKHE KOHCTAHTHI C Y4E€TOM YTOYHEHHOM
ym ltcp3 B ZTB . ym itnO + ituO + itnl + itul
temrneparypel: C 3= 3=

b

m o
rne tp0 =T R; 1y0 =TB—AI3/1 s byl =ty3.5tnl =TH, °C.

2
M cp3
3 =
ym
Cp3 ptcp3
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Bm

s A~
2
M

YTOYHEHHBIN TEIUIOBOM MOTOK HA TPETHEM MHTEPBAJIE HATPEBA

m
0,5,9H2RC;;3 Pr

3600

YTO4HEHHOE BpeMs HarpeBa - HMHEPLMOHHOE BpPEMs, B TEUYEHHE KOTOPOIO
TEIIOBasl BOJHA (SHEPrus), WAyHas OT MOBEPXHOCTH, NPAKTUYECKU JOCTUTAET
CepeauHbl Tella IPU CHUMMETPUYHOM HArpeBe WIM JAPYrOM TOYKM Tena, TAe
TEMIIEpaTypa MUHAMAJIbHAS:

m
73 =

1 52
JUISL IUTACTUHBI - Ty = ———

6 a3’

1R*
JUISL WAIIAHIPA - Ty = ———

8 a3y

H R?
Bpems HapacTaHus TEIUIOBOIO IOTOKA OT g9 10 g3, 4, 73 = =0, 57
4a cp3
ym _ q3R
[Iepenan TemnepaTyp B KOHIE TPETHETO UHTEPBAJIA, Af B = m
24
cp3

Temneparypa uenrpa, °C, M =T H — At

y3 03

1
Cpennsist Temmneparypa B KOHIIE TpeTbero uHTepnaia, °C, tc); 3= Ty — —At 03

4
T 2
Temneparypa neun, °C, ¢ 03 ~100-4—93 ( H ™ 73) —-273.
Crim 100
Temneparypa meum JoKHa  OBITH  BbIIE  TEMIEpaTypbl — Harpesa
(they3 —TH 250°C).

TeMnepaTypa raza B KOHLC TPEThHCTO HHTCPBAJAa OIPCACIIACTCA MCTOJAO0M
HHTCPIIOJIALINHA.

[Ipuaumaem TemnepaTtypy rasa t} Ha 20...50°C Oosnbliiie, 4eM TeMIiepaTypa
3

B
[€YH, U OIPEJEISEM TEIUIOBOM MOTOK, _1;1 :
M
1 4 4
Ly +273
1 I3 T +273 1
=C _—| | Y a tra—TH),
9 =CrKm 100 ( 100 xone U3 —TH)
rne Cr g .\ — DpUBeAEHHBIN KO3()(OUIUEHT U3ITydeHHs IPU TEMIIEPAType t} (cm.
3
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rpapux Cr g v = f(T)).

Ecnn ql > q%’ m’ TO TeMIeparypa ra3a B II€Yd HUXKE. YMEHbIIAEM
TeMIIEpaTypy rasza t} Ha 10°C 1 noBTOpsieM BBIYUCIICHHUS,
3
2 4 4
174 +273
2 I3 Ty +273 1
9" =CrKM|| 00 | T (—1 00 +Axong (3 —TH )

[TyTém mHTEpHOISIMU ONpEeIsiEM JEUCTBUTENIBHYIO TEMIIEPATYpPY raza, °C,
2
2 9 —93.1 2
tr3=tpy =513 =13)-
q9 —4
Temmneparypa KJIaJIKU B KOHIIE TPETHETO WHTEpBAJIA, °C,
3 = 2tneyu3 — 13-

Yemeepmutit unmepean (Bolaepxka npu 1)
Pacuér Benércs, kak U st BTOPOro UHTEpPBAa.
At 4

ym’

rae Af; — 3aJaHHBIA Iepenayn TeMIepaTyp MO CEYEHHIO 3arOTOBKH (CM. MCXOJHBIE

CreneHb BbIpaBHUBAHUS TEMIIEPATYP O =

naHHbie), °C;
At)? — yTouHEHHBII Iepenaj TeMmepaTryp B KOHLE TPETbEero MHTepBana (CM.

BBIIIIC).
[To puc. 4.1 onpenensiem k03P GUIUEHT BEIPABHUBAHUS TEMIIEPATYDP.
mR2
Bpemss  BbIpaBHUBaHUA ~ TeMIeparyp, 4, Teoip =~ S nn> DA€
Acp4
Aepd =
Cpaprr %
; - ﬂ/tnO +ﬂ¢u1 +ltn1 +ﬂtu0
cp 4 ’

rne 1,0 =TH; tyo=TH —Atggn; tnl =TH »:ty1 =TH —At;, °C (xoodduruent

TEIJIONPOBOIHOCTH ONPEAEISAETCSA B 3aBUCUMOCTH OT 3THX TEMIEPATYDP).

Cp4 = M
T —ty0
Bpemst BbIIepKKH U1 3aBEPIICHUS CTPYKTYPHBIX IPEBPAILEHUH, 4,
T4 = 2Tgpp -
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Bm

TertoBoi NOTOK B KOHIIE BBIAEPKKH, —
M

 2Acpalips
R
B cnydae BBUIEPKKM Opu Temreparype Iff, TEMIEpATypy Ie€dM, rasa u

KJIa/IKM IPUHUMAIOT paBHOM TeMriepatype kiaaku, °C, Bo u30ekaHue neperpesa,
Ir4 =theyy =txnd =TH -

[Ipy mnpOEeKTHUPOBAHUM TEUM TOJ TEPMHUUYECKYI0 OOpabOTKy 3aroTOBKHU
HEOOXOUMO PacCUnTaTh PEKUM OXJIAXKICHHUS 3aTOTOBKH.

ITameui unmepgan (oxnaxiaeHue Ha Bo3xyxe OT 1, 110 KOMHATHBIX
TemIeparyp £, )

Pa300pEM HHTEpBaAN OXJIAXKIEHUS Ha JIBa IEpUOAA:

TH —

)or Ty I[OT;

Ty —t
Z)OT% 10 .

1) Kosddumuent Ttemnoornayn B Havale W KOHIE HWHTEpBAJIa MOXKHO
ar,. —ar, _
Ty —%Ty—t,

Bm 7
OIIPEJIENINTD 110 PUCYHKY 4.2, ot %cps = p”
m=-oC 231g 11
aTH I
2

o Bm  H,

TemnnoBoii MOTOK B Ha4ajie NPOLECCa OXJIAXKICHHU, —s 45 =aTy, (Tg —tR),
M

rje t g — TeMieparypa sosayxa, °C.
TeruoBo# MOTOK B KOHIIE IEPBOTO MEeprUoaa

(4.2)

KoaddunmeHT TenionpoBoIHOCTH, — /IcpS =

Kpurepnii buo B; =
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300

250

200

150

KoatduumenT d Bm/M'rpag,

100

50

0 100 300 500 700 900 1100 1300

TeMnepaTypa oxna)xaaeMoit nosepxHoctu, °C
PI/ICYHOK 42 — 3aBI/ICI/IMOCTB KOB(l)(i)I/IHI/IeHTa TCINIOOTAAYN OT TCMIICPATYPhL

MTOBEPXHOCTHU

ITo xpurepuro B; U TeMIepaTypHOMY KpPUTEPUIO IOBEPXHOCTH "

onpenensoT kpurepuit ypoe (puc. 4.3 unu 4.5). [1o rpadukam (puc. 4.4 unu 4.6), B
3aBUCUMOCTH OT TE€OMETPUM 3aroToBKM (LIWIMHApPUYECKAs WM IUIACTHHA),

ONPENENSIOT OOpaTHBIM pPEHICHHUEM TEeMIEpaTypHbI KpUTEpHUl IIeHTpa @Y% no
U3BECTHOMY KpUTEPUIO bro u kpurepuro Oypue 1715 IOBEPXHOCTH.

Temmneparypa B ueHTpe 3arotoBku, °C, £ =15 +®NTy —t :
y=!B H ~IB

Trr —
Pa3HocTh Temmeparyp Atpys = tg —HTU{.

Ty -t 1

Cpennss remneparypa, °C, f¢p5 = + 5At05.
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Pucynok 4.6 — TemnepaTypHbIil KpUTEPUH 17151 OCH LIMJIMHIpA

T, —1t
PacyérHas TEIUIOEMKOCTb, &, C}59 S L
x2*C TH —teps
/1cp5

3,5

2
Koaddutment remneparypornpoBogHoctu, M % , a5 =

b

rae Py o — WIOTHOCTb MATEpHANA IPH f¢ps, ’7 3
M

FoR?
as 3600
rae I — kpurepuii @ypsre, onpenensercs o puc. 4.3 win 4.5.

Bpewms oxnaxzaenus, 4, 75 =

2) Pacuét oxnaxaeHus BO BTOPOM MEPUOAE BEAETCS aHAIOTMYHO MIEPBOMY.

. H?2
TennoBol MNOTOK B Hadalle BTOPOTrO IMEpPUOAA OXJIAXKIACHUS q5 paBeH

TEIIOBOMY MOTOKY B KOHI[E NIEPBOIO MHTEPBANA ¢, OXIAKIEHHSA, OMPEIETIEMOMY
o dopmyiie (4.2).
TemmoBoii MOTOK B KOHIIE BTOPOTO MHTEPBAJIA OXJTAKICHHUS

K2
q5 ~ =oag, (1K —1B),
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roe ap, - KOY(QOUIUEHT TEMIUIOOTAAYM MNpu fg (KOHEYHOM TemImepaType

OXJIKICHUS ), )
ke:"C
tpg —t
TemnepaTypHbIi KPUTEPUN IOBEPXHOCTH CDZ KB
Iep5 — 1B
ATy -+
Koaddurment TETJIOMPOBOHOCTH ch6 — 2 : :
“T—w T %
2
a = .
PO Ty —tx
23lg 2
atK
Arp6R
Kpurepuit buo B; = ﬂ;
ﬂcp6
Trr —
. 1 .
Atpe =ly6 1K lep6 =K +§Ata6,
iTH —Ig _itcp6
62 e ep6 R’
T - tcp6 pptcp6

OOuiee BpeMsl OXNAKACHUS, Y, Ty = T5 + 76-

4.2 Pac4yéT HarpeBa MeTa/uia B METOJAMYECKHUX MeYax

Pacuér HarpeBa MeTa/ula OCHOBAaH Ha YBA3KE TEMIIEPATypPHOIO pEeXUMA
OTJEJIbHBIX 30H ME€YM W YCIIOBUM BHEIIHETO M BHYTPEHHErO TEIIOOOMEHa B ITHX
30HaX € UX TEIUIOBBIMU OanaHcamu. [IpoomkUTeTbHOCTh HarpeBa MeTaljia 1o 30HaM
ONPENEIACTCs MO NMPUPALIEHUIO TEIUIOCOAEPKaHU METAIlJIa U CPEIHEMY TEILJIOBOMY
IIOTOKY Ha METaJUl B 30HaX.

Hcxonnble naHHble U1 pacyéra:

1)  DpOW3BOAMTENBHOCTH I€YM, MapKa Marepuana, pa3Mepbl 3aroTOBKH,
HayaJlbHas U KOHEYHAsl TEMIIEpATypa 3aroTOBKH, MEPENA] TEMIIEPATyp N0 CEYEHUIO
3arOTOBKM B KOHIIE HAarpeBa, TEMIIEpATypa IMOJOTPeBa BO3AYyXa, ra3a M yXOIAIIHNX
ra3oB.

2)  JeUCTBUTENBbHBIM pacxoll BO3IyXa, OObEM MPOAYKTOB TOPEHHUS,
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00BEMHOE CcoO/epKaHUE TPOMYKTOB TOPCHMsI, HH3IIAs TEIJIOoTa CTOpaHHs Tasa,
IUIOTHOCTh TPOAYKTOB TOPEHUS, TEIJIOCOAEP)KAaHUE YXOJSIIUX Ta30B M BO3AyXa,
TeMIlepaTypa Tra3oB IO 30HaM, MPUBEIEHHBIN KOY(PPHUIMEHT H3ITydeHHUs raza IIo
30HaM, TUTOIIAb MOJ1a TICYH.

3)  TEIIONMPOBOIHOCTh, TEIUIOCOACPKAHUE, IUIOTHOCTh 3aJaHHOW MapKu
MaTepralia B HMHTEpBajie TEMIIEpaTyp OT HAYaJbHON TeMIlepaTypbl HarpeBa o0
KOHEYHOM TeMITepaTyphl Harpena.

[To tabmumam 4.1 - 4.6 crpostcs rpadukm 3aBucumocrer A= f(T), C= f(T),

p=f(T),i=f(T).
Cpennsiga Temiieparypa B KOHIIE MHTepBaia, °C, tepK = Ty - %At K> (4.3)

rne Ty — temneparypa Harpesa Metaiuia °C, 3aBUCUT OT MaTepuaia (cM. Tadi. 2.1);
At g — KOHEUHBIH TIepenaj TeEMIepaTyp Mo CEYSHUIO 3ar0TOBKH, OTpEIEIsIeTCs B

3aJaHUHU.
yI[GJ'IBHI)Iﬁ TEMJIOBOM MOTOK K IMOBEPXHOCTH METaJlJIa B KOHIIC HAI'PCBa, Bt/ M2,
22 At
gK = tcp.K K
- ]
28

rae /Itcp P K03 (DUIMEHT TETIIOMPOBOAHOCTH METaJlIa IIPU TEMIIEpaType tep.K s

2§ — moyiHas TOJIIMHA 3aroTOBKH, B CiIy4yae IUIACTUHBI WM d — B Clly4yae
HWIMHAPUYECKOUN 3arOTOBKHU.
PacueTnas Temneparypa razoB B CBApOYHOM 30HE,

4
aqK +(TH +273j 273,
CCG 100

usi

teg.p =100-4

rae C°¢ — kod(duimenT u3mydeHns B CBAPOUHON 30He, Bm /(M2 °K 4).
usi

KoadduimenT ucnonb3oBaHus XMMHYECKONH SHEPTUU TOILTUBA B CBapOYHOMN
P
QH +Qd) ny.C8 _ QM3JZ
P M
06
Oy W

30HE: Neg =

b
P
rne  Q gy — TETIOTa CrOpaHus TOTIHBA, KK/ m?;
O¢p = Loyig — TerIora BHOCHMAsi IIOAOTPETHIM BO3AYXOM, KJLK/M*;

— / 3.
OQyx.ce =Volyy — HOTEPH TEIUIA C YXOJAIMMH ra3aMH, KJK/M;

Ouzn = QuznF — Tennora, usny4aeMas B CBapOyHOU 30HE, BT;
Ly,Vy omnpenensdrorcs o pacd€Ty ropeHus ToruBsa (cM. paszen 1);
Quzn — YACIBHBIA TEIJIOBOM IIOTOK W3JIy4eHHMS M3 CBApOYHOM 30HBI B

MeToandeckyto, npuaumarot 100000-150000 Bm/m?.
[Inomane mnomepeyHOro cedyeHus pabodyero MpocTpaHCTBA Ha TpaHULES
CBAapOYHON U METOAMUYECKUX 30H, M%, F'=B-2h,,p,.
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Gb

00U = 3600
r7ie b — yAeNbHBIN pacxo Teria, mpuauMaeMm 2,5 M/[ic/ke.
KoaddunmeHT ncnonp30BaHus XUMAYECKOM SHEPTUH TOILIMBA B IICUH

P
Op +9¢ —9Qyxcs
P .
Oy
OO6miee npupalleHue TeIocoaepKaHus MeTaia, K/ oc/ke, Ai = itcp " ito :

OOmmas TemaoBast MOITHOCTE meun, Br, M

Moow =

B metoanueckoi 30He Aij = Ai'| 1- es ,
Moow

rae Al — npupaiieHue TeII0CoAepKaHus MeTallia, K/o/ke,
Ai' =[(100 = 8)Ai + SCox (TH —to)m —5,65510,01,
rae O — yrap Merajmia, npuHuMarot: o =3...5%;

COK — TeIIOEMKOCTb OKaJIMHBI, NPUHUMAIOT 1x/oic /[(ke - °C);
m=1,38.
IIpupaleHre TennocoAepKaHus METajla B CBAPOYHOU 30HE  Aip =1 P Aij.
cp.

TennoBoi NOTOK B HaYaje METOAUYECKOM 30HBI, BT/M?,

4
tyx +273 (to+273 4
100 100

qo=CM(

TeruioBoi NOTOK B KOHIE 30HBI g1 = C)f [ M ]4 ) ( M ]4
100 100 ’

rae tjpf, — CpenHsAd TemiepaTypa MeTalla B KOHIE METOJUYECKONU 30HBI,

COOTBETCTBYIOIAsl €r0 TEIIOCOAEPKAHUIO ] = Ai], olpenensemMas 0 3aBUCUMOCTH

i=f(T).

YTOUHEHHBIN yIeTbHBIN TEIIOBOW MOTOK, BT/M?*:

o\
4 | +273+ -4
feg.p +273 ! 3
:CM . _ M1 :
12 100 100
o ey 42734928
tcep +273 1 3 ¢
—Cyyl| P M1
13 100 100
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B
CpasuuaeM ¢, u ¢,. Bemn |g, —qz‘SIOOO—T, TO TIPUHUMAEM ¢, =(;,
M

WHa4e cHuTacM g4,

4 |t +273+ 935
(Q31,+273j ) 3y,

_C
“?=-M 100 100

CpaBHuBaeM ¢q4 € ¢3, TpPOBEpsiEM YCIOBHE ‘q4—q3‘£1000B—m. ITpu

MZ
HECOBITaJICHUH ITOBTOPSIEM PACUET.
.S
Temneparypa moBepXHOCTH MeTauIa B KOHIIE 30HHI #,,] =f)/] + 3/? :
o
[lepeman TemmepaTypsl 10 CEUYCHHIO 3aTOTOBKH B KOHIIE METOIMYCCKOM 30HBI
S
Lo

9, 73 =

rme

IICYH.

TeMHepaTypa OCH 3aroTOBKH B KOHIIC 30HBI tul = tl’ll - At]

Cpennuii TEIIOBOM MOTOK B METOUYECKOM 30HE, BT/M?, q'cp =./909; -

AQSp%1-103

Bpewms HarpeBa MeTasuia B METOOUYECKON 30HE, 4, 7] =

qcp - 3600
BpeMﬂ HarpeBa MeTajlla Ha y4acTKe CBAPOYHOM 30HBI C MOHOJIUTHBIM IOJIOM,
Lep - ZSan
G

L’CB — JJIMHAa MOHOJUTHOTrO moja, npuHuMaem 0,18...0,22 oT qiuHbBI 1012

) K
TeroémkocTs MeTaLIa Py TeMnepatype iep K, C = .
lep.K
At © 3600
Ko3(dHIMEHT TeMmepaTyponpoBOHOCTH, MY/, a = — - .
3
Cp-10
Kpurepuin —= a3
S2

as
g onpenenenus Kpurepus 7 HaxoaAuM KOA((PUIMEHT TeIUIOOTAauu B

Bm q.

KOHIIE HArpeBa, ———:© O =

M -epad t, —T,

62



®2

o1

0.3

0.2

0.6

dS/n=2.0
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0 0.4 0.8 1.2 1.6 2 3 4
ats/s?
Pucynok 4.7 — IIpomomKUTENBHOCTh BBIAEPKKA HA MOHOJUTHOM IOAY
METOIMYECKOU MEYN
asS at .
Torma . Ha pucynke 4.7 no ) u 23 HaxoauM Kpurepuit O.
tCP~K t cp.K S
TemnepaTypa NOBEpXHOCTH METAJIJIA MPU MEPEX0/I€ HAa MOHOIUTHBIN nox, °C,
_ tee.p ~TH
In, =lce.p o

VY nenpHBIN TEIJI0BOM MOTOK B HavYaje ydacTtka, Br/m?,

o | [feop+273 Yoty v213)
12 7%CB 100 100
_ 1S
Ilepenan TeMneparyp 1o CEUEHUIO METAJIIA B HaYaje ydyacTka Af) = Y
t

Cpennss Temmneparypa MeTajlla B Ha4aJle y4acTKa lep2 =tn2 — gAtz.

CpenHuil TEmIOBOM INOTOK HA YYacTKE CBapOYHOM 30HBI C JBYCTOPOHHUM
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q, — 4,

q.
lg—=-
q,

Temnoconepxanue MeTajula B KOHIIE ydYacTKa i), COOTBETCTBYIOIIEE €ro

Harpesom, Bt/v?, q! =

TEMIIEPAType Icp2 , ONpeensercs no sasucumoctu i=f(7).

[MpupameHue Terwiocoepkanus Ha ydactke Aih =iH — Aij.
.y 3

A Spy, , 10
gt -3600

OOmiee Bpems HarpeBa MeTaina, 4, 7 =7, + 7, + 7,.

Bpems HarpeBa Ha y4acTke, 4, 79 =

607

VY nenpHas npooJKUTENIbHOCTh HArpeBa, MUH/CM, z = ————.
25 -100
Ocnoenvie pazmepel nequ

Emkocts nieun, kr, E =Gr. (4.4)

E

JiiHa akTUBHOTO 1OoAa, M, Ly = EYTIS
. np

o 71
JinHa MeToan4eCcKou 30HbL L 40 = Lawem —-
T

JInnHa cBapOYHOW 30HBI C MOHOJIUTHBIM IOJOM LB = 6.Mm.
JU1MHa CBapOYHOMU 30HBI C IBYXCTOPOHHUM HAarpeBOM

/]

! —
Lce =Lakm — (Lyem +LCB)-
2 —
[Tnomans akTuBHOTO 1OAa, M?, Fypm = Laxemn!,
rae [/ — nnmHA 3arOTOBKU, M;
1 — KOJIMYECTBO PSIJIOB, IIIT.

2 —
ITnomane noxe3noro noxa, M>, £y, = LyonB.

Ke G
T H ggem = oo
M-y akm

K2 G
Ty Hyon =
M7y

Pesynbratel pacuéra cBonATCsa B Ta0MILy 4.7.
Tabmuua 4.7 - Pezynbrarsl pacuéra

Harnpsok€HHOCTh aKTUBHOTO TIO/1A,

Harmps:k€HHOCTB MONE3HOTO MO/,
Fron

Z,

7],
9

Toow

73,
q

MUH

M

72,
q

LMem ’
M

Lep,
M

LeB, _ ke

M

HI’lOJZ’

4.3 Ilpumep pacuéra HarpeBa MeTa/LIa B KAMEPHBIX Me4Yax

HarpeB meranna B meyum COCTOMT U3 TPEX NEPUOAOB, KAKIBIM U3 KOTOPBIX




NEIUTCS HAa HECKOJbKO HHTepBajoB. IIpon3Boaum pacu€r HarpeBa B IIEPBOM
nepuojie. PazOnBaem nepBblil IEPUOJT HA NSATh UHTEPBAJIOB:

1 Harpes or HauanbHOM Temmeparypel 3arotoBku 715 =20°C  no
TeMieparypel  BbiaepkkH 1, =650°C,  CKOpOCTb  HarpeBa  IIOCTOSIHHAA
]9[_[2 = const =40°C/u.

2 Briaepxkka npu MMOCTOSTHHOM TeMIeparype IOBEPXHOCTHU
Tg = const = 650 °C.
3 Harpes or 7, =650°C 10 HeEOOXOAMMON TeMIIEpaTypbl HarpeBa

T’y =1050°C, ckopocTh Harpesa 9H2 = const =60°C/u.

4 Beinepxkka npu 7 =const =1050°C 11 BBIpaBHHUBAHMS TEMIEPATYP
10 CEYEHUIO 3aTOTOBKH.

5 OxnaxaeHue B mnpoiecce 00padOTKU JABICHUEM WJIU MPU TEPMHUECKON
00paboTKke (OXJIaXKJIeHUE Ha BO3AYyX€E, B TIEUH, B 3aKaJJOUYHBIX CpEeIax).

HarpeB n oxnaxaeHne — IBYXCTOPOHHHUE, ONMPEACISIONIANA pa3Mep — pagnyc
0OUKHM BaJKa.

[TponsBoanm pacu€T HarpeBa B MEPBOM NEPHO/IE TIO UHTEPBAJIaM.

Ilepeviit unmepean (or T, =20°C ngo Tz =650°C). 3amaémcsa mnepemnagom
TEMIIEpaTyp MEX]y MOBEPXHOCTHIO M LIEHTPOM Bajlka B KOHIIE MEPBOr0 MHTEpBaja
Aty1 =100°C.

Cpennsis TemiiepaTypa B KOHILIE IepBoro uarepsana, °C,

tqﬂ:TB—%Aglzﬁm—%~Hm:6MPC

Bm
Cpennee 3HaueHre KO3 hUIIMEHTA TEIUIOMPOBOIHOCTH MaTepuraa, 7 ,
me-°C
n y n Y
P /ITg +1T3 +1TB +/1TB _ 420 +420 + 4650 + 4550 _ 35,4+354+27+29 _

cpl = 4 4 4
= 31Bm/(m-°C)

Temneparypa nentpa 3arotoBku, °C 1, =Tp — Aty =650 —100 =550°C.

. e
Tenno€MKOCTh Ha IEPBOM UHTEPBAJIE, ,
ke -°C
it —iT —
Cpl _ cpl 3 _ 340,3 -8,3 —0.57x/loic /(e - °C),

e itep] = 340,3x/{orc / ke (onmpenensiercs o 3aBucuMmocty i=f(7T) nns ctanmu Y 12);
iTy =83k / ke.

2
Koaddurment remneparyporpoBogHoctu, M z ,
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At
a= ol _ 3; =7-10_7M2/C.
Cp1Pt,,  0,57-10°-7780
YTouHsieM TeMneparypy LUEHTpa 3aroToBku, °C,
2 2
tLJ;m -T _M_ 50_M:58000
4q-3600 4-0,025

[Tepenan TemnepaTyp B KOHIE IIEPBOTO HHTEPBAJIA YTOUYHECHHBIN

ym _p o ym o _ _ — 700
Atal =Tp -1ty =650-580="70°C.
[TepecunThiBaem cpenHiow0 Temneparypy, °C,

1

ym _ o loym o1 0
o1 =TB 2At01 ~ 650 : 70 = 615°C.

Tak xak 7 =615°C HE3HAYUTEIHHO OTIHYAETCA OT tepl =600°C, TO
cpl P

IMOBTOPHOTO YTOYHCHHA HE IIPOU3BOANM.

. Bm
TennoBoi NOTOK, ——:
2
M
0,58H1RCp1 9 .40. .570).
gl = PPty 0,5-40-0,415-570 7780210180&”/]‘43’
3600 3600
YTO4HEHHOE BpEMsI HarpeBa Ha IIEpBOM MUHTEpBAJeE, 4,
Rp p1Ai . .352.103
= cplAil _ 0,415-7780-352-10 1564
2q1 210180
rie Aip =™ — i =3603-83=352, 2.
Zchl 9 Ke

PacuétHoe Bpems HarpeBa 7, =15,6u Onu3ko K 3aJaHHOMY IO PEXUMY

Ty —-T —
TepMIIecKoit 06paboTke, 7] = 13 = 650 =20 15,74
o1 00111

Onpeoenenue memnepamypvl 2a3a 6 Hauaine Hazpesda. OTINUUTEIBHOU
OCOOEHHOCTBIO pacuera TeIiooOMeHa B Medax JJId TepMUYECKOor 00padoTku
ABJIAETCS 3HAYUTENbHAS POJb TEIUIOOTAAYM KOHBEKIMEW Onarogapsi OTHOCUTEIBHO
HU3KUM TeMIIepaTypaM Harpena.

TeruioBol mMOTOK, mepenaBaeMblii OT M€Y K HarpeBacMoMy MeETailly,

Bm
o

CKIIaAbIBACTCSA U3 TCIJIOBBIX ITOTOKOB U3JIYUCHUA U KOHBCKHHﬁ,

T

4
T
9 =4uzn t 9xone =Cr K.M (_F) _( .

100

4
Fo(tr —ts),
100 ] xr 3)

Temneparypy rasa W3 JaHHOTO pPaBEHCTBA MOXHO TIOJYYUTh METOIOM
nojabopa.
Temneparypa meyn B Havajie HarpeBa IMPU YCIOBHH, YTO TEILIO OT MEYH K
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MeTaJLTy NepetaéTcsl TOJIbKO n3iryueHuem, °C,

4 4
ey =100- 4914 T3 +273 —273K:100-410180+(293j _
Cn.m 100 352 (100

—273=470.
JIeiCTBUTEIBHOE 3HAYEHUE 50y, HUKE, TAK KAK TEIUIO NEPENAETC HE TOJIBKO

U3JIy4YeHUEM, HO U KOHBEKLIMEH. J[anee Mpon3BOAUTCS YTOUHEHHE TEMIIEPaTypPhl
MEYU.
OmnpenenseM Temneparypy rasa B Haqaie Harpesa ¢ (. IIpuaumaem

TEMIIEpaTypy raza paBHOU TeMIIEpaType MeUu: () = tyeyy = 470°C . Onpenensiem
Bm 4.1
3HAYEHMS TEIJIOBOrO MOTOKA, o o dhopmyite (4.1)

4 4
gy =334- (MJ —(Mj 1 6- (470 — 20) = 12580Bm / m2.
100 100

Tax xak g =12580Bm/ M2, 6onbuie gg =10180B8m/ M2, TO MIPUHATAS TEMIIEpaTypa
raza tjo)=470°C Oonbume Qaxkruyeckor. YmensliaeM Temmeparypy Ha 30°C
(tr=tro—30°C =440°C). Toraa

) 440+2730\%  (20+273
ay =335\ T -
100 100

4
j :l+6-(440—20)=102303m/ﬂ42.

Tax kak g() = q(), 10 t ] =440°C.

OO6mmit npuBenEHHBIN KOAPOUIIMEHT TEII000MeHa C YYETOM TeIIOOTIauH
Bm

w2 Kt

ooy _ q1 _ 10183

I'KM ~

tro)* (T, ) (440+273j4_(20+273j4
100 ) 100 100 100

= 4,08Bm /(Mm% -°K™).

KOHBEKIIUEH,

C

Bm

ITpuBenénnpIi KO3(GPUIMENT KOHBEKTUBHOIO TEIIOOOMEHA, ———,
M .

C;C“OII}BM = Cfﬁ[b{“ vy ~Crkm =408-335=0,73Bm /(M2 : °1<4).

I[OJ'IH KOHBGKHHOHHOI)'I TCIIOOTAAYH OT OTJa4U U3JIYUCHUCM,

CKOH6 073

TRM _ 272 _ )93,
CUS’JZ 3,35

TKM

Tak kak TeIUioOoTHa4a KOHBEKIMEH cocTaBiger 23%  TemiooTmadu
U3IIyYCHUEM, TO HENb3s IMpeHeOpedh KOHBEKIIMEH WIIM OTPaHUYUTHCS Haa0aBKOM

67



10% Ha TemiuooTAady M3TyYeHHEM, KaK B pacu€Tax BBICOKOTEMIEPATYPHBIX TEYeH
(mpu ¢ =800°C u BbILIE).
YTouHEeHHNE TeMIIepaTyphl Tieur B Hadaje Harpesa, °C:

ym 4 10180 (20+273
t =100- +

resu ’JL23-352 100
Temneparypa knanku neud, °C, t,,0 = 2tpeyy — 110 =2 -420 - 440 =400°C..

4
j —273=420°C.

Temneparypa neuu Opu yCIOBUH, YTO TEIUIO OT MEYM K METaly nepenaércs
TOJIBKO M3JIyYEHUEM B KOHILIE IIEPBOT0 MHTEPBaja Harpesa, °C,

4
t52n4=100-# 9 +(?73+27§) ~273=
100
nm

3,52 100
Temmeparypa rasa B KOHIIE IEPBOTO MHTEpBAIA, °C,

4
{ ry =100- 472080 [O0X 2TV 575740,
3,23 100

OmpenensieM TemMmneparypy Ne4d B KOHIIE MEpBOro MHTEpBaia (yTOYHEHHOE
3Ha4YE€HUE), NPUHUMAs TEIUIO0TAa4y KOHBeKIuen 15%:

4
o, <1004 0180 +Fﬁ0+znj —273=720°C.
352-115 {100

YTounéHHas TeMIieparypa KJIaJaKy K KOHILy epBoro uurepsaia, °C,

4
:100.4\1/10180 +(650+273j 2732 730°C.

2
KoadduimeHT TemionpoBogHOCTH B Hauane HarpeBa, M .

AT, 356

3

= = 107202 /c.
CT3 PT, 460-7780

a0

Bmopou unmepegan (Boiaepxka npu temneparype 1'g = 650°C). Onpenensem
BpeMs1, HEOOXOUMOE /1JIsl BBIPABHUBAHUSA TeMieparyp. 3anaémcs: At, =10°C.

At 1
CTeneHb BHIPABHUBAHHS TEMIIEpPaTyp & = —>— = 19 =0,145.
A 70

[To puc. 4.1 onpenensiem K03 GHUIIUESHT BHIPABHUBAHUS TEMIIEPATYDP.
mR2
ay 3600

Bpems BeipaBHUBaHUS TeMIeparyp, 4, Tgbip =

2 A,
Koaddurment remneparyponpoBoaHocTH, M K , 4= P

Cp'otcp2
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}“fno +ltu1 +/1TB +/1,;u1
ﬂcpl = 1 ,
oo Ty 'ty _380-340 _
P Tp-t,0 650580

0,57x{orc /(ke - epad);

A
PR — R P
Cpptcp2 570-7780
2
OmnpenensieM BpeMst BBIICPKKH, Tgpp = 033-04157 9300c¢ = 2,6u.
62107

Beigepkka mpu oTKUre HEOOXOAMMA JUIl BBIDABHUBAHMSA TEMIEpATyp IO
CEUEHMIO, a TAKXKe JJIS 3aBEPLICHUS BCEX CTPYKTYPHBIX IpeBpameHuil meramia. Kak
CIIEAyeT U3 JIUTEPATyPHBIX JaHHBIX, BPEMs BBIIEPKKU IPUMEPHO PAaBHO IBOHMHOMY
BPEMEHH BBIPABHUBAHUA: Tgy) = 2Tgpp = 29300~ 5,2u.

TennoBoi NOTOK B KOHIIE BEIPABHUBAHUS TEMIIEPATYPHI,

_2:275-10 a0 By 2.
0.415

Tpemuii unmepean — HarpeB IOCIE BBIICPXKKH OT Temmeparypel 1, 10
Temnepatypsl Harpea 1, nog OMJI. Ckopocts HarpeBa 3, .

0.5812RCp3p1, 3
3600

TeroBo# MOTOK HA TPCTHCM MHTCPBAJIC,

> 43 =
M
Hpuaumaem: Cp3 = 0,67;

q3=0,5-670-0,415-0,017-7780 = 18300Bm/ 5.
KoadduimenT tennonpoBoHOCTH
Aeso T 4650 T 4050 27 +27+24,5

3 =26Bm/(m-°C);

lcp3 =
a=—20 __5.4076
6707780
JleticTBUTEIbHAS PA3HOCTH TEMIIEPATYP MEX/IY MOBEPXHOCTHIO M IIeHTpoM, °C,
Sr2R?>  60-0,4152
da3 40,018

M2/C.

=140°C.

Aty3 =
Cpenuss temnepatypa, °C,
tep3 =TH — %Atag, =1050 — % -140 =980°C.

Temneparypa 1ieHTpa 3aroTOBKHM K KOHILY TpeThero Harpena, °C,
3 =TH —Atp3 =1050 —140 =910°C.

[lepecuntbiBaeM TemIOPU3NUECKHE KOHCTAHTBI C YYETOM YTOYHEHHOU
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_ 1980 —i650 _ 655—380

Temmeparypsr: C ' = 0,83x/oic /(k2-° C);
PP 3 T3 —Tp 980650 whie (e C)
aym _ 27+27+24,5+ 233 _ 25,4Bm/(M-°C);
cp3 4
ym ___ 254 107002 /¢~ 001402 /.

ag = o=
830-7780
YTOYHEHHBIN TEIUIOBOW MOTOK HA TPETHEM MHTEPBAJIC HATPEBA,

g™ =0,5-0,017-0,415-830- 7780 = 22900Bm / 5.

13
04152
Bpewms nHauanpHOTO NIeprosa 73 = ———— = 5400c¢ = 1,5u.

841076
Bpewmst HapacTaHMs TEMJIOBOIO IOTOKa OT g2 A0 g3, (229008m/ M3)

I 0,4152

H _os —21600c = 6u.
3 4.107°

ym _22900-0,415
[Tepenan Temneparyp B KOHIIE TPEThEro UHTEpBasIa At B = ey

/110502”910 _ 24,5;23,5 —24Bm /(1 C),

Temneparypa uenrpa, °C, tygn =1050-190=860°C.

Cpennsis TemiiepaTypa B KOHIIE TPEThero nHTepnania, °C,

M 1050 — L .190 = 960°C.
cp3 2

=190°C;

A3 =

Temneparypa neun, °C, ¢, 5 =100- 422900 (1050 +273
neu. 350 100

4
j —273=1120°C.
OrnpenensieM TeMneparypy rasa B KOHIIE TPEThEr0 UHTEpBaJA.

[IpuauMaem TemnepaTypy rasa tlf3 npuonusutenbHo 1120°C. Torma

4 4
g' =286 1120+2731° (1050 +273 +10-(1120 —1050) =
100 100

— 20760Bm/ >,
Tak xak ¢' > ¢.", npuaumaem ¢t =¢" =1150°C. Torma

4 4
g2 =077 (11504273 )7 1050+273j £10-(1150 - 1050) =
100 100

—31490Bm/ u>.
[TyTéM MHTEPIIONAIUYU ONpELIIsieM TSHCTBUTEIIbHYIO TeMIIepaTypy rasa, °C,
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t., =1130°C.
Temneparypa ki1aku B KOHIIE TPEThero uHTepBaia, °C,
tin3 =2tpeyy3 —tr3 =2-1120-1130=1110°C.

Yemeepmutii unmepean (Beinepxka npu 1, =1050°C). Pacuér Benércs, kak

" JJIs1 BTOPOT0 MHTCPBAJIa.

0,73-0,4152

5.107°
Bpemst BeIIepkKH [T 3aBEPIICHUS CTPYKTYPHBIX MPEBpaIleHuid, 4, 7, = 2-7 =14y,

=25000c = 7u.

Bpems BRIpaBHUBAHUS TEMIIEPATYD, 9, Tgpyp =

TemnoBoii MOTOK B KOHIIE BRIPAaBHUBAHUS TEMIIEPATYPHI,
q4 _2:262:5 635Bm/ m>.
0,415

B ciywsae Bblmepkku mpu Temneparype Iy, Temimeparypy IMeuH, rasa u

KJIQJKW IPUHUMAIOT PaBHOM Temneparype knajaku, °C, Bo nzdexaHue neperpesa,
tr3 =tpeyy =tnd =TH =1050°C.

[Ipy NpPOEKTHUPOBAHWUM TEUM TOJI TEPMHUUYECKYI0 OOpabOTKy 3aroTOBKHU
HEOOXOMMO PacCUUTATh PEXKUM OXJIAXKICHHUS 3aTOTOBKHU.

Ilamoii  unmepean (oxnaxpaeHune Ha Bo3gyxe or Ty =1050°C  no

temnepatypsl {, = 350°C).
Pa300pEM nHTEpBAT OXJIAXKICHHS Ha JBa NIepUoa:

1) or Ty =1050°C o THT_’K=500°C;

Ty —t
2) m%zsomc 10 £ =350°C.
1) Koadpodumuent temnoornaun B Hayajle M KOHIE HMHTEpPBAlIa MOKHO

157-46,5 _ 93Bm/(m-°C).
157
231g 2"
46,5
TemnoBoii MOTOK B HAYAJIE MPOLECCA OXJIAKACHUS
o'V =ar, (T ~15)=157-(1050 - 20)=162-10 Bm/ .

1

OIPE/ENNTD IO PUCYHKY 4.2 a¢p5 =

=46,5-(500-20)= 23300Bm/ m>.

TH —tK
2 "B _s00-20_

Ty —tg  960-20

TertoBoi NOTOK B KOHIIE IEPBOrO NEPUOJA qgc

TeMmnepaTypHbIi KPUTEPUN IOBEPXHOCTHU ol =

KoaddunmenT TennonpoBoHOCTH
de 050 + 41045 + 4500 24,5+ 24,5+29,6

p5 = 3 =26,2Bm/(m-°C).
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AcpSR - 93.0,4115

Acps 26,2

Ilo kpurepuro B; H TEeMIEpPaTypHOMY KPUTEPUIO IIOBEPXHOCTH "

Kpurepuii buo B; = =1,45.

onpenenstoT kputepuit dypwe (puc. 4.3 win 4.5)
ITo rpaduky (puc. 4.4 wim 4.6) B 3aBUCUMOCTH OT T€OMETPHUHM 3arOTOBKH
(muMHIpUYecKass — WIM  IUIACTHHA) — OMNPENENSioT  OOpaTHBIM  pEIIeHHEM

TeMIEepaTypHbIil kputepuil nentpa " mo u3BecTHOMY KpuTepuio bruo u kpurepuio
@ypbe 11 MOBEPXHOCTH.

TemnepaTypa B LIEHTPE 3arOTOBKH tg =20+0,75-(1050-20) = 790°C.
Pasnocts Temnepatyp Afys5 =790 —500 =290°C.

Cpenuss temnepatypa, °C, teps =500 + % 290 =645°C.

PacuérHas TeninoéMKoCTh C159 ~ 1050 1645 _ 705 — 420 =0,7xdorc (k2" C).
1050 — 645 405
Koadduiment remnepatypornpoBOAHOCTH a5 = _ B8 47107 w2 /e
PALYPONP 377007780 |
2
Bpewms oxnaxaeHus, 4, 75 = 0.16-0.415 =6000c =1,7u.
0,0470
2) Pacuér oxnakJieHuss BO BTOPOM IEPHOJIC BEIETCS aHAJIOTHIHO ITEPBOMY.

TemmoBo MNOTOK B Hayaje BTOPOTO IEPUOAA OXJIAXKICHUS q? 2 paBeH

K1
TCIUIOBOMY IIOTOKY B KOHIC IICPBOI'O HMHTCPBAJIA qs OXJIAXKACHUA COIJIAaCHO

dopmyie (4.2).
TennoBoi NOTOK B KOHIIE BTOPOr0 MHTEPBaIa OXJIAXKICHUS
¢K? =28.(350-20)=9350Bm/ n”.
ty6 =560°C.
Aty =550 —-350=200°C.
2
T6 = % =17200c = 4,8u.

5-10
OOwiee BpeMs OXJNaxkAeHus, 4, 1) K M =17 +4,8=6,5u.

4.4 Ilpumep pacuéra HarpeBa MeTAJLJIa B IBYX30HHOII METOAUYECKOI MeYH

Hcxonuble nanHbie 1 pacuéra:
npousBoauTebHOCTH eun G =100000xe / u;

Mapka ctajiu — ctaib 20;
ToJIIMHA 3aroToBKU S=0,07M;
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JUIMHA 3aTOTOBKU [ = Sm;

HavaJIbHas TeMIiepaTtypa 3arotosku ¢ gy =0°C;

KOHEYHas Temneparypa 3arotosku 1 fg =1250°C;

KOHEYHBIW Iepenaj TEMIIEpaTyp M0 CEYEHUIO 3aroToBku Af g =30°C;

TEMIEpaTypa yXOIAIHX ra3oB fy, =1000°C;

TEIIOCOEPKAHUE YXOAAIIUX TA30B Iy, = 2090Kﬂ—;ic;
M

k;ZZofc
3

TEIUIOTA CTOPaHUS TOILIMBA Q = =10000———
IJIOTHOCTh MeTauia p = 7800xe / Jl/l3;
myprHa neyu B = 5,6.u;

KOJIMYECTBO PSOB 3ar0TOBOK IO IMIUPUHE NIeuu 7 = luum.;

JNEHCTBUTEIBHBIN pacxol Bo3ayxa Ly = 2,64/143 / M3 ;
TEIUIOCOACPIKAHNE BO3lyXa I B = 531kﬂ—;fc;

M

. Bm
KO3 PUIUEHT U3ITydeHUs B CBAPOYHOU 30HE Cpg = 2,9ﬁ;

M=K
. Bm
K03(ppunneHT n3nyuenus B meroauueckon 30He C 0, = 2,9ﬁ;
M=K

00BEM IIPOYKTOB cropanus Vy = 3,35/143 / o :

Pacuém nazpeea memanna
Cpenuss TemiiepaTypa MeTalia B KOHIEe nHTepBaia, °C,

tepk =TH —%AtK =1250—§-30:1230°C.

y,Z[GHBHLIﬁ TEILIOBOM MOTOK K IMOBCPXHOCTHU MCTAJIJId B KOHIIC HAI'PCBA, BT/MZ,

ﬂ“l‘ AfK )
qK = p-K = 30.3-30 = 12985,73]’)’1/]!42.
S 0,07

PacyeTHas Temneparypa ra3oB B CBApOYHOU 30HE

4
qK +(TH +273j 73

lce.p :100'4C66 100 =
129857 (1250+273)*
=100-4 ’ +( 00 j —273=1280°C.

TeruoTa, BHOCHMas OJIOTPETHIM BO3AYXOM, KJK/M?,

O = Loig =531-2,64=140184x/Jorc/ 3.
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[Torepu Temna ¢ yXoaamuMu razamu, kJx/m>,
Oyx.ce =Voiyx =2090-3,45=7210,5¢oic/ as°.
Temnora, u3nydaemasi B CBapo4HOU 30HE, BT,
Ousn = QuanF =36-10% 5,6 =201,6-10* Bm.

OOm1as TemoBas MOIIHOCTG teun, Br, M =700G =7 - 107 Bm.
KoadunneHT ucnosb30BaHUs XUMUYECKOW SHEPrUU TOIUIMBA B CBApOYHOM

30HC

P
9540~ Pyxes | Ousn | 10000+1401,84-7210,5 201,6-10% 039
Tes = P M - 10000 7
0 o oo 7-10
KoaduimeHT ucnonb3oBaHus XUMUYECKOM SHEPTUU TOILJIMBA B YU
P
+ - —
Notu = Oy qup Oyx.ce L02- 10000+1;1(())é,(§3§ 7210,5 +02=0.619.
On

OO6ee mpupalieHue TEIIocoAepKaHusa MeTaia, KJK/Kr,
Ai = itcp " ifo =858,29 — 0 =858,29k/oc / ke.

[Tpupamenue Temnocoaepxanus Metamia, KJHx/Kr,
Ai' =[(100 - 8)Ai + SCox (T —ty)m —5,655]0,01 =
=[98,5-858,29 + 2,07 - (1250 — 0) — 7500]- 0,01 = 796,29x/Jorc / K2
B MGTOI[I/I‘ICCKOI\/’I 30HC -

Aij = Al 1 - TTc6 =796,29-(1— 0,59
Moty 0,619

B CBAPOYHOM 30HE - Aip = itcp P Ai] =858,29 — 294,62 =563,67x/oc/ ke.

j =294,62k/[oc / ke.

b

TennoBoi NOTOK B HaYaje METOAUYECKOH 30HBI, BT/M?,

4
tyx +273 to +273 4
qO :CM - — —
100 100

4 4
~29. (Mj —(0”73) — 76320Bm | m>.
100 100

Ter1oBOM NOTOK B KOHIIE 30HEBI

4 4
teg.p 273 ~ I+ 273
100 100

QI_CM[

4 4
~29. (M) _(Mj — 179046Bm ) m2.
100 100
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YTOUHEHHBIN y/IeTbHBIN TEIIOBOW MOTOK, BT/M?*:

Y
4 |ty +273+- 4
c tC6.p +273 1 tMl
2="M 100 100 -
) .
128042734 [ 00273 17930 436§ (3)’07
~29. (T) - " 57 = 219945Bm / m2.
— 4_ -
4 |ty +273+ 125
13="M 100 100 -
) e
128042734 |00 +273+ 219394359 ;)’07
~29. (Tj _ - 5%, —187975Bm/ m>.
) Bm
CpaBHuBaem g3 u g9 . Eciu ‘q3 —qz‘ :‘31970‘ >1000—2, CUHTAEM ¢4 :
M
s oy v2734 B°
c tce.p + 273 ! o
9“@="M 100 100 -
i "
1280 4 273)4 | 200273+ 18739 735§ 2’07
~29. (Tj _ " 5%, —186322Bm/ m>.
) ) Bm

CpaBHUBaeM ¢, C ¢,, TPOBEpsieM YCIOBHUE ‘q4 - qS‘ = ‘1 653‘ >1000

Cuuraem g, :
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) s "
4 | tpm, 273+ 42
c teg.p +273 ! 34,
="M 100 100 -
[ 186322-0.07 4 |
1280+ 273Y | 200235505
=29. (—+j - 07 —186322Bm/ m>.
100 100
i _ Bm
CpaBHUBaeM ¢35 C g4, IPOBEPSIEM YCIOBHE ‘q5 — q4‘ = ‘O‘ < 1000—2.
M

dn =q5 =186322Bm/ u>.

TemnepaTypa NOBEpXHOCTH METAJIJIa B KOHIIE 30HbI
f1=tar] + q; 500+ 186322 -0,07
3- A -39,
M1
[Tepenan TemnepaTypsl IO CEYEHUIO 3aTOTOBKH B KOHIIE METOIMYECKOM 30HBI
At = 1S _ 186322 -0,07 _166°C.
24 3-393
M1
TemmepaTtypa OCH 3arOTOBKHM B KOHIIE 30HBI
tyl =tnl — A1 =610-166 =444°C.
CpenHuii TETUIOBOM IMOTOK B METOAMYECKOM 30HE, BT/M?,
Gep =/904; =~/76320 186322 =119246Bm / n°.

Bpewms narpeBa merasia B METOAUYECKON 30HE, U,

=610°C.

: 3
__AnSey, 107 294.62.0,07-7800-10°
! qep -3600 119249 -3600 T

Bpems HarpeBa Ha ydacTke CBApOYHOM 30HBI C MOHOJIUTHBIM TOJIOM, Y,
_L¢p -2Slpn12-0,07-5-7800-1

73 =0,334.
G 100000
Temmeparypa NOBEPXHOCTH METAJLIA MIPU MIEPEXO0/I€ HA MOHOJIUTHBIN 1o, °C,
tee.p —~TH 1280 —1250 .
th, =lce.p e 1280 - ——=1220°C.

5

VY nenpHbIN TEMI0BOM MOTOK B Havaje ydyactka, Br/m?,
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te.p + 273]4 ) [fnz + 273]4

e
12 CBL 100 100

4 4
2. (1280+273) _(1220+273j _ 3809Bm / 112
100 100

[lepenan TemmepaTyp MO CEUECHUIO METaJIJIa B HAYaJIe y4yacTKa
Aty = q2S _23809-0,07 _ 289C
24 2-30
ny
Cpennsist TemrepaTypa MeTajljia B Hayalle ydyacTka

lep2 =tn2 —%AQ :1220—%28=1202°C.

CpenHuil TENmaoBOM MOTOK Ha YYacTKE CBapOYHOM 30HBI C JIBYCTOPOHHUM
HarpeBoMm, B1/m?,

. gi—qp 183322-23809 >
dep = ai = 1 183322 =69353Bm/m~.
£ % 23809

[Ipuparnienne Teriocoaep>kaHus Ha y4acTKe
Ath =i — Ai] =823,96 — 294,62 = 529,34k /] / ke.
Bpewms HarpeBa Ha ydacTke, 4,

. 3
o A02Sp, 107 52934-0,07-7800- 107
2 qu 3600 69353 -3600
OOGmiee BpeMs HarpeBa MeTaia, d,
r=11+72+73=037+115+0,33 =1,854.

VY nenbHast MPOAOKUTEILHOCTS HArPeBa, MUH/CM,

z= 60z =0,3- L85 =77 mun/ cm.
25-100 0,07

[TonmyyeHHbie pe3ynbTaThl CBOAUM B TabIUILy 4.8.

=1,154u.

Ta6auna 4.8 — Pe3ynbpTaThl pacyera

MUH
71,49 | Tobw 73, 4 z, 7,, 4
cM
0,37 | 0,619 | 0,33 N 1,15
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5 TensnioBoi 0ajaHC Me4YH U ONpeae/ieHHe Pacxo/1a TONJINBA

TeruioBoii OanaHC Te4YW BBIPAKAETCS YPABHEHHUEM, CBSI3BIBAIOIIMM CTaTbU

npuxoda M pacxoja Teruia. [lo xapakrepy TemoBoro OajaHca BCE MEYM MOXKHO
pa3aenuTh Ha ABE TPyNIbl [2]:

— IC4YHU C IIOCTOAHHBIM BO BPEMCHH TCIINIOBBIM PCKUMOM (MGTOI[I/I‘IGCKI/IG

neyn);

— II¢4n € MCPCMCHHBIM BO BPCMCHHU TCIIJIOBBIM PCKHMOM (HG‘-II/I OJI1 HarpeBa

TCPMHUUICCKH TOJICTBIX BaFOTOBOK).

Trac

Tac

rac

5.1 TemioBoii 6aj1aHC MevYeld HeNMPEePHIBHOTO AeCTBUS

VYpaBHeHUEe TEMIOBOro OanaHca -
Q=0x +OB+071 + 0oz =01 + 02 +03+04 +205 + 00K

(5.1)
O x¥ — XMMHUYECKOE TEIUIO, BBIJEISIIOUIEECS IPU CTOPAHUM TOIUIMBA, KBT;
QR — Temno, BHOCUMOE IIOJOIPETHIM BO3yXOM, KBT;
Q71 — Temio, BHOCUMOE MTOAOIPETHIM TOILUIMBOM, KBT;
O3 — TEIIO, BBIACIIAEMOE IIPU OKUCIEHUH MeTasuia, KBT;
(01 — remno, nouleIIee Ha HarpeB MeTasuia, KBT;
Oy — mnorepu Temwiaa C NPOAYKTaMH TOPEHUs, YXOASIUMHU U3 pabouero

IIPOCTPAHCTBA NeYu, KBT;
()3 — noTepH Teria 0T XUMUYECKOW HENOJIHOTHI TOPEHUs TOILINBA, KBT;

Q4 —ToTepH Tema 0T MEXaHUYECKOT0 HEA0KOTa TOIUINBA, KBT;

(05, —TIOTEPU TEILIA TEILIONPOBOIHOCTBIO Uepe3 KIaaKy, KBT;

0507 — NOTEPH TEIUIA C OXJIAXKAAIOIIEN BOIOH, KBT;

Q57 — IOTepH TeIUIa Ha HArPeB IEPEMELIAIOIINXCS YaCTEeH I1eYH U Tapsl, KBT;
QOOK —1OTepH TeIIa C OKAJIMHOMU, KBT;

O — cyMMapHbIil pacxoj Teria, KBT.

Cmamovu npuxoO0Hoil uacmu menioeozo oaianca

XuMu4eckoe Terio Tommsa Qy = BQI};,

Ql{)l — TEIUIOTBOPHAsI CIIOCOOHOCTH TOILTMBA (CM. pacué€T TOpPEeHHs TOIUIMBA),

kJx/M3;
B — gacoBoii pacxon TorumBa, M*/c (MCKOMasi BEJTMYHMHA).
Temno, BHOCMMOE nIofOrpeThIM Bo3ayxoM: Op = BLjip,

ig — TemIocoJepKaHue BO3AyXa, COOTBETCTBYIOIIEE TEMIepaType mepesn

BXOAOM B IICYb, K)_I)K/M3 SHAYCHUC TCMIICPATYPhI IIOAOI'PCBA BO3AYyXa ZB SaﬂaéTCSI B

UCXOJIHBIX JaHHBIX coriacHo dopmyie (1.2).
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Tenno BHOCUMOE MTO1OTPETHIM BO3ayXoM, O = Bif,
rze {7 — TeIIocoAep KaHue nojgorperoro rasa (cM. gpopmyiy (1.2) pacuéra ropenus

ToTuHBa), KJK/M>.

[Ipomecc okwuClIeHHS MeTalyla MNPOTEKAET C MOJOXKUTEIbHBIM TEIMJIOBBIM
ahdexTom, cpemHsSs BeEMMUMHA KOTOPOro cocTaBisgeT 5650 k/[x oxucIeHHOTO
xKenesa.

KonuuecTBo Temia, BBIACIIEMOro Py OKUCIICHUH Xee3a, KBT,

5650Go

Q3K3 = >

100
rae G — nmpou3BOJUTENBHOCTD €YU, KI/C;
0 — yrap Merajyia B MpOILEHTaX, cocTaBisieT oT 1 g0 2% s TepMUYEeCKH
TOHKHX 3arOTOBOK U OT 2 110 5% — 1151 TEPMHUUECKH TOJICTBIX 3aTOTOBOK.

Cmamuu pacxoOHoii uacmu mennoeozo oananca

. . 100-¢6
Pacxop terna Ha HarpeB metaiia Q) = E(ig — ZO)W’
rae ig W i) — TEIIOCOAEpKaHWE MeTalla B KOHIE M Hayajae Harpesa,

COOTBETCTBEHHO Ipu Temmeparype Ify u t( - mo rpaduky szasucumoctu i=f(T)

(Tabm. 4.2);

E — &évkocth nieun, kr, mo popmye (4.4).

Ilotepu Temna ¢ NpPOOYKTaMH TOPEHHs, YXOAAIMMU M3 paboyero
NPOCTpaHCTBA Neuu, O =BV oiyy,

roe I yx — TEIIOCOJACPKaHUE JBIMOBBIX Ia30B MpH CpEelHEM TeEMIIEpAaType B
CBApOYHOI 30HE icp K dbopmyna 4.3;

V).. — KOIN4ECTBO NPOAYKTOB rOpeHHs (CM. pPacd€T TOPEHUs TOILUINBA).

[ToTepu Temna OT XMMHUYECKOM HEMOIHOTHI TOPEHUS TOIJIMBA PACCUUTHIBAIOTCS
Opy TOPOEKTUPOBAHUM Tedeld O€30KUCIMTENbHOrO HarpeBa. B 3ToM ciydae
HeoOxoguMmo  3HaTh coxepkanue Hp wu  CO B mpoaykrax TroOpeHHH,

03 =B(127CO +108H7 ). B 00BIYHBIX IUIAMEHHBIX [I€YaX 3TOT PACYET OITyCKAETCS.

[loTepu Temia OT MEXaHMYECKOTO HEIOXKOra TOIIMBA YUMUTHIBAIOTCS MIPHU
UCIIOJIb30BaHUU TBEPAOTO TOIUIMBA, I ra3000pa3HOr0 M SKUJIKOTO 3TOT Pacyér
IPOITyCKaeTcsl,

04 =0,014B0%
rae A — coliep;KaHue 30J1bl B TOILINBE, Y.
[Totepu Teruta yepe3 KIaAKy IPHU CTAIMOHAPHOM COCTOSTHUH (TIOCJIE pa3orpeBa
Y YCTaHOBHUBILIETOCS pekuMa e€ paboThl)
cp
tiin —1t
Q 5 = K 0 FK]Z ,
o1 oy 1
4=+

1 b «a
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4 4

C C
re  t,; — CpeaHss TeMIieparypa KIaJKu 10 30HaM, f,; =T [ ;
) — TeMIiepaTypa okpyxaroueii cpensl, °C;
0] U 02 — COOTBETCTBEHHO TOJILIMHA BHYTPEHHETO M BHEIIHEIO CJIOS

TEIUIOU30JIALIMN, MM Oolpenensiercs o taoim. 5.1;
A 1 A, — k03P PUINEHT TEIUIONPOBOJHOCTH BHYTPEHHETO U BHEIIHETO CIIOEB

COOTBETCTBEHHO, ONpEEIsIeMbli IpH cpefHell Temneparype ¢ u t,’, Bim ;
m°C
a — KOdhOUIMEHT TEIUIOOTAAYM OT HApyKHOH MOBEPXHOCTH KIAIKH B
Bm
OKpY>KaoIIYIO Cpey, MpuHUMaeTcs: o = 20———;
M2 °C
F; — Iuomaab NOBEpXHOCTH KIIaIKH, M?;
C
th:tI%Z?-l'tO. tcp:f1p+f0
1 2 2 2

3HayeHus KOd((HIMEHTOB TEIUIONPOBOAHOCTH A, U A, B 3aBHCHMOCTH OT

MaTepHaia u TeMIEepaTyphl pUBEEHbI B TabmuIe 5.2.
[ToTepu Tema ¢ oxJaXJIawIel BOJOW HMMEIOT HauOoJblliee 3HAYCHHUE B
METOIMYECKUX TIedax, OO0JaNaloIuX pPa3BUTONM CHCTEMOH BOJHOTO OXJIAXKICHHUS

TIIMCCAXHBIX TPYO, IONEPEYHBIX OMOP, OTOOMHUKOB U IIP.: (J5,y; = KF. Atcp10_3,

rae [ — nOBEpXHOCTh OXJIAXKIAEMbIX 3JIEMEHTOB MEYH, M?;
Alep - CPEAHUI TEMIIEPATYPHBIM HAIIOp MEXAY ra3aMu U Boaou, °C;

K — xod>dduimeHt TemiooTAaud OT JABIMOBBIX Ta3oB K  BOJE,
Bm 1
,K=———— | €ClIh TIUCCAXHbIe TPYObl TEIUIOM30JUPOBAHBI, TO
°C T
M: —
a 1 «

COOTHOIICHUCM %X” HpeHe6peraeM;

S — TONIIMHA CIIOS U30JISIINH, M;
A — K03QGUUUEHT TEIUIONPOBOJIHOCTH MaTepuaa H30JSLUU Mpu padoudeit

B
TeMIepaType tP, —m, (mo Tabi. 5.2), i = Ty .

m-C
4 4
tr +273 tct +273

Crem ( 100 ) ( 100 j

a'= ,
Ir —ICcr

. Bm

rne  Cr g )M — IPUBEACHHBIA KOO(QQUINEHT U3ITydeHHUs, W;

t[ — Cpe;Hss TemIlepaTypa ra3oB B pabO4eM IPOCTPAHCTBE IE€YH, MOKHO
npusAts 7 =Tg, °C;
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Tabmuua 5.1 - TonmuHa OrHEYNIOPHOW U TEIUIOU30JLMOHHON KJIAJIKU [eYn

BHyTpeHHHil ci10ii Cnoii TeIIon30IAIuu
DIIeMEHTHI Temmeparypa,
KIIAIKH oC Tommmua Marepuan TommuHa, Matepuan
KJIAJKH, MM MM
TpenenoBblit
CTerI TTo 1200 120 [TamoT 250 WA I[I/Ian) -
BBICOTOM 1M Kiacca B MHUOBBII
KHPITAY
To xe,
oomee Im 1200 250 To xe 250 To xe
Ho 1M Beime 1200 230 Knacca b 120-250 To xe
bonee 1m 1200 230-350 Kimacca A 120-250 To xe
CBoJpl
pesei ¢ JTo 1000 120 KnaccaB | 120-150 | L lomAHOH-
POJIETOM Has 3achIlKa
o 1M
To xe,
1o 3,5m 1000 230 To xe 150-200 To xe
bonee 3,5Mm 1000 300 To xe 150-200 To xe
CBoOJIBI
e 1000-2000 120 Knacca A | 120-150 | LlwHHom-
POIETOM Hasl 3aChIlKa
no 1M
To xe,
10 3,5M 1000-1200 230 To xe 150-200 To xe
boxee 3,5m 1000-1200 300 To xe 150-200 To xe
To xe, To xe
o 1M Brimre 1200 230 JwnHac nim 120-150 To xe
ooiee 3,5M Breime 1200 300 IaMoT 150-200 To xe
Kiacca A
To xe,
bonee 3,5M Brrmme 1200 300 To xe 150-200 To xe
Tabmuma 5.2 -  KoadduuueHntsl  TEMIOMPOBOAHOCTH  OTHEYMOPHBIX
TEIUION30JIIIUOHHBIX MaTEPHaIOB
Matepuan KoaddutmeHT TemmonpoBoHOCTH, B:n
m C
Marsesur A=6,15+0,00267¢
Jlunac A=0,81+0,000755¢
[IamoT A=0,7+0,00064¢

KpacHsiit kupnny

A=0,46 +0,00051¢

[Topuctelii maMoT

A=0,12+0,00012¢

tCT — TeMIeparypa CTeHKU TpyOsl, T =ty +50°C, tyyn; =20...30°C.

! 14
Loxn T toxn

[ToTepu Temia B onopHbIX TpyOax, °C, Atcp =ty -,

2
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TOC foxy YU loyx; — TEMIepaTypa BOJIbI UIsl OXJIaXICHHS Ha BXOAE W BBIXOJE,
(2 =50...60°C.
I[Ipu pacuére MOTEPD B MIIMCCAKHBIX TPYOax
(tcB.P —toxn) —ep.K —toxn
|g 'CB.P —f’{)sz
lep.K —Loxn

A

rae  t{Cp.p — TeMIlepaTypa ra3oB B CBapO4YHOM 30HE (cM. pasnen 4), °C;

lcp.K — TEMIEpaTypa yxoasiux rasos, °C, dbopmyna (4.3).

[lotepu Temyna Ha HarpeB MNEPEMEMIAIONIMXCS YacTell Me4Yd WM Tapbl
(KOHBEHEpHI, BATOHETKH U T.1I.), €CIIU OHH MPEYyCMATPUBAIOTCS KOHCTPYKITUEH TIeUH,

Osr =Gr(i2 —11),

rie G — Bec Tapbl WIM NepeMEIAOUINXCs YacTel B €IMHUILY BPEMEHH, KI/C;

i7 M i] — COOTBETCTBEHHO TEIUIOCOJEPKAHUE 3TUX yacTel B KOHIIE U B Hayaje
MeYu, ONpeIeIseTCs Mo uX TeMieparype, KJk/kr (cm. Tadm. 4.2).

2.05 =1L1O511 + O50xn + 95T,
rae 1,1 — koadduirenT, XapaKTepU3y IO HEYYTEHHbIE TIOTEPH.
[Torepu Temna ¢ okanunot, Ok =0,016GCok (tox —to)m,
rae O — yrap meraiia, %,
G — IPOM3BOAUTEIBHOCTh IICYH, KI/C;

K/

COK — TEII0EMKOCTh OKAJIMHBI, IPUHUMAEM | ;
(¢]
ke C
m — KOJIMYECTBO OKanuHbl [e304, oOpasyroueiics or okuciaenus lkr Fe, us

CTEXHOMETPHYECKOr0  cooTHOomeHuss peakuun 3Fe+20, = Fe,O,
m=1,38;

t=1,,°C;

t, — HauaJbHasl TeMIepaTypa 3aroToBok, °C.

[loacraBnsst B ypaBHeHue (5.1) craTbu mpuxoja M pacxoja Teruia, MOKHO
BBIYHCIIUTh Pacxoj ToIrinBa B,

O1 +2.05 + 00K — Osis .
0F (1-0,014) + Lyip +if ~Vp iy ~127CO +108H7 —0,0140F

B=

YacoBoii pacxo ycIoBHOIO ToIwmBa (¢ Termnotoi cropanus 29,4 -10° kJIx/kr), M/c,
P
BOy

29.4.10°
K nokasareism TOILIMBOUCIIONL30BAHMS OTHOCUTCH KO3(POUIMEHT IOIE3HOIO

100—-0 }
————GAIi = Qyi3 + Q0K

100
P
BQH

By:

JNEUCTBUS NIEYU: 7] =
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rie G — mpoU3BOAMTEILHOCTh TIEUH, KI/C;

Ai — W3MEHEHHE TEIUIOCOJICPKAHUSI MeTaula B I€YM OT HavyalabHOU
TEMIIEpaTyphl () U TemiepaTtypsl Harpesa 1 gy, °C,
Ai=ip, —iz .
Ty ~'

5.2 TenJsioBoii 0a1aHC MeYeil MEPUOTUIECKOTO AeCTBUSA

TeruoBo#i OanaHC KaMEpHOUM IMEYM COCTABISIETCS HA BECh MEPUOJ HArpeBa W
BBIZIEPKKU [2]. YpaBHEHHE TEIJIOBOro OajlaHca aHAJIOTMYHO ypaBHeHuto (5.1) 3a
UCKJIIOYEHHUEM NIOTEPB TEIlIA C OXJIaXKAA0WEN BOLOU 05y -

Hpuxoduble cmamuvu Mmenyi0602o dananca
XHUMHYECKOE TCILIIO0, BBIACIIAIOMICCCS IIPU CTOpaHHUHA TOILJIMBA, KI[}K,

P
Oxum = QHBTO5L{4 )
rue Q]]; Oepétcst U3 pacu€ra rOpeHUs TOIIINBA;

B — pacxon ra3a, m*/c, Hen3BeCTHasI UCKOMasl BEJIMYNHA,;
Tobw ~ oO11iee BpeMs HarpeBa, c, Tobw =71 +72 +73+74.

Duzuaeckoe Terio Bosnyxa, KJK, Ogys = LoipBTogy

rae Ly — IeHCTBUTENBHBIN pacxo] Bo3ayXa (CM. pacuéT ropeHusl TOIINBA);
[B — TEIIOCOAEP)KaHUE BO3yXa IIPH f, (CM. HCXOJHBIE JaHHBIE).

Temno, BHOCMMOE TIOJOTPETHIM TOIUIMBOM, pAaCCYMTBIBAETCA B Clydyae
nonorpesa rommsa, KJx, O = Bi Ty,

i[7 — TEIIOCOAEPKaHKUE IOJOTPETOro raza IpU TeMIlepaType MoJorpesa tJ,
3a7aéTCs B UCXOIHBIX JAHHBIX, KJ[K/M>.

KonnuecTBo Temna, BEIACHSAIOMIErOCs MTPU OKUCIEHUHN Kene3a, KK,

5650E0

Q3K3 = Wa

raie E — éMKocTb neuu (cajka MeTajia), Kr;
5650 — terioBoi ekt npu OKUCICHUH xene3a, KJK;
0 — yrap, %, npuHUMaeTcs ot 3 10 6%.
Pacxoonvie cmamovu mennoeozo dananca
Pacxop tenna Ha HarpeB MeTaina, Q] = E (iTH — ifo ),

rae  iT, — TEIUIOCOJEPKaHWe MeTaia Nph T7y, OTPENENAETCS 10 3aBUCHMOCTH

i=f(T) cornacuo tabmure 4.2, kJ[>x/kr;
I, — TEIUIOCOACPKAHNE METAJIA IPH HA4aJIbHOM TeMIepaType Harpesa.

Temno, akKyMyJIMPOBAHHOE KIIAIKOU, K/[XK.
[IpunumaeM QyTepoBKy Meyu JBYXCIONHOM, COCTOSIICH U3 11aMOTa U JUHAca,

TomuuHa onpeaensercs no tadmuue S.1. Oy =2 M7 iCrni (tgz) i tgl) wi)
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rne M, ; —macca i-ro ciost GyTepoBku, Kr, M ; = FieyOwn Prcns

Cyonj — CpenHss yAenbHas TEINIOEMKOCTB 1-I0 CJIosl PyTepOBKH, —
ke C

C
t icfz? wi B ! ’5 yj — CPCAHHE IO TOIIIMHE KOHCYHAS W HaYalbHAS TEMIICPATYPBI

1-T0 1105 (PyTEepOBKHM B KOHIIE U HAayaJle IMKJIa COOTBETCTBEHHO.
@dyTepoBKa BHYTPEHHEHN CTEHBI €YU U3 OTHEYIIOPHOIO0 MaTepuana, Kr,

Mgy.em =Fg.c + Fr.C)onPen
rie  Og; — TOJIIMHA BHYTPEHHETO cios (pyTepoBKH (cM. Tad. 5.1), m;

Pgy — TNIOTHOCTB OTHEYIIOPHOTO MaTepuana (Tadi. 5.3), kr/m?;

Fg o 1 Fr ¢ —nnomanu nNoBepXHOCTU OOKOBOM U TOPLIEBOM CTEHBI, M>.
@dyTepoBKa CBOAA U3 OTHEYIOPA, KT, M gy 06 = FCBOgn Pens

dyTtepoBKka noaa U3 orueynopa, Kr, Mgy = Fy061 Pans

OOmias Macca OTHEYNIOPHOU KIaAKW, KT, Mgy =M gy e + Mg ce + M gnn-
@DyTepoBKa CTEH TEILUIOU30JIALMOHHOIO CIIOs, KT,

Mpem =Fp.c + FT.C)OmPm

rnie Oy, — TOJILIMHA TEeIUIOM30JSALHMOHHOIO cllos (M. Tabi. 5.1), Mm;

P — IIOTHOCTH TEIJIOU30JIALIUOHHOIO €105 (CM. Tadi. 5.3), Kr/M>.

@dyTepoBKa CBOJIa U3 TEIJIOU30JIALIMOHHOTO CII04, KT,

Mp.ce = FCBOmPm -
OO6m1as Macca KJIaJIKu U3 TEIIOU30JISIIIUOHHOTO CJI0sI, KT,
My =Mpem +Mp.ce-

MakcuManbHasi TeMmrepaTypa OTHEYNOpPHON KIaJKd paBHA TeMIepaType
HarpeBa 7 py. Temmeparypa HapyKHOM IOBEPXHOCTH TEIUIOM3OJISILIMOHHON KIIAJIKH
paBHa f(. TemmepaTypa Ha IpaHHLE OTHEYNOPHOIO U TEIJIOM3OJSALUOHHOIO CIIOS,

o Ty +1
C, tc.]l :T.

CpeI[HHH MO TOJIIIWMHE OrHCYIOPHOI'0 CJIOSA TCMIICpATypa B KOHIC IHKIIA

Ty +t
Harpesa, °C, tOPF KOH —%.

_ +P
TemmnepaTypa ci10s1 B Ha4UaJIe HarpeBa t O T H = T H-

Cpennsis  TEIUIOEMKOCTh  MaTepuajgoB  (DYTEPOBKH  OMNMpEAeNseTcs II0
tabmune 5.3

CpGIIHHH TEMIICpAaTypa TCINIOU3O0JLINUOHHOT'O CJI10A tT K= T

Temno, akKyMyJIMPOBAHHOE KJIAJIKOH, KJ[x,

c c
Oak =M enCon(tQr won ~tor )+ MTCT (7 ) =17 D).
rne Cg, u Cr — TEWIOEMKOCTh BHYTPEHHErOo  (OTHEYNOPHOIO) H
TETJIOU30JISIIMOHHOTO MaTEPUAJIOB CJIos PyTepoBKH, 1o Tabyumie 5.3.
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Tabauma 5.3 - Termodusznueckue CBOMCTBA TEIIOU30JSIIMOHHBIX MaTepUaAJIOB

Mare- [Lor- Tennonposox- Hctunnas tennoéMkocTbCpeaHsis TemioéMKocTs Co,
HOCTb, HOCTB A, o o
puan | - o B1/(:°C) Cucr, KIx/(x1-°C) kJx/(xr-°C)
t t
0,699 1,67 -
5 + 1, 1000 0,699 + 0,837 1000
t r )2 t 2
Tlawac | 1980 | 1046.+093. | = 1.54 ( L ) + 0.5 ( - j +
AL RN
+ 0473 (1000 ) - O (1000 )
[MMamot | 1860 0,7 + 0,64; 0,808 + 0,628; 0,808 +0,3 14L
1000 1000 1000
t 19,26 t
Marme- 431-0,512—— t — +1,006 + 0,167 ——
2700 ’ ’ 1,017+ 0,335—— ’ ’
ST 1000 1000 t 1000
Xpomo- p p
marHe- | 2870 1,98 0,712+ 0,774 —— 0,712+ 0,389 ——
AUT 1000 1000
Brico- 7,12 t
KoDmH- | - i 0964+018—— |, T0064+01947
HO3EM 1000
Kpac- (con | 0466+ 0,512 1 Tio popmyse aus .
HBIN 1000 LaMoTa o opmye st mamora
KHPITUY
[Tamot- p
HBIN 1250 0,312+ 0,477—1 00d To e To e
JIETKO-
BEC
[Tenno- p
IIaMOT- 200 0,312+ 0,195——
L 1000 » » » »
KAPIUY
Fon(tin —t0)7
[Torepu TemnoTel knaako neuu, kJx, Oy, = ra }gl (1)) J , (5.2)
“r, 0
2 A«
rne  Fj,; — IUomaap Kiajaku, M2

ti; — TEMIlepaTypa KJIAJKU B ONPeAEIEHHBIN Iepuo padboTsl neuw, °C;
) — TeMuepaTypa oKpyxarwouei cpensl, °C;
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Bm
A;j — cpenHss TeIUIONPOBOTHOCTD KIIaIKH, ;

m-K
a — KOd(P(OUIMEHT TEIIOOTJAaYl OT HApPy>XHOM IMOBEPXHOCTU KIAJKH K
. Bm
OKpyXarouien cpene, npuaumaercs 16...20 SRR
o
M= C

Z'j — BPCMA HAIr'pCBa B KAXKIAOM IICpUOACL, C.

Pacu€r moTeph TEIIOTHI KJIAKOW MEeYN BENETCS B COOTBETCTBHH C TpadUKOM
HarpeBa W BBIICPKKM METaJla B TEYU IS TIEPBBIX UYETHIPEX IMEPUOAOB, KOTa
paboTaii ra30BbI€ TOPEIIKH.

Ilepewiit nepuoo

Cpennsist TeMiiepaTypa BHyTPSHHEH KITaIKH

P _ a0 Flxal

KJ1.8H )
2
rne 1ty — HadaJbHasg TEMIEpaTypa KIaaKH (CM. pac4€T HarpeBa MeTalia);
tin] — TEMIIepaTypa KJIQJKU B KOHIIE IEPUOJIA.
Temneparypa Ha rpaHUIE OTHEYTOPHOTO U TEIMIOU30ISIIUOHHOTO CIIOEB

cp
i Linen 10
=T,

cp
Yknen *len

Cpe,ZIH}I}I TCMIICPpATypa OTHCYIIOPHOTI'O CJIOA tK]ZOF = B

Bm
CpenHsisi  TEIUIONPOBOJHOCTh OTHEYNOPHOrO Marepuana Aoy, —K
M .

onpeaensercs no Tadauue 5.3 npu ¢, Of -

o+t
Cpennsis TeMuepaTrypa TEIUIOUM30JSUOHHOTO CIOS 1 T = %
ITo Tabsmiie 5.3 onpenensieM CPEIOHIOIO TEIUIONPOBOHOCTh

TEIIOU30JSILIMOHHOTO CIIOSI AT TIPH 5, T -

[ToacraBnsisi monmydeHHble 3HadeHUs B Gopmyny (5.2), ompexaenseM MOTEpH
TEIUIA KJIaJIKOMU.

Bmopoii nepuoo

TeMmneparypa KiIaJkul TPUHUMAETCS PaBHOM TEeMIEpPAType KIAJKU B KOHIIE
IIEPBOT0 MEPUOJA: ey =1xn] (O pacuéry HarpeBa Metaiia). Temmneparypa Ha

Linen T10
IPaHUIE OTHEYTIOPHOTO U TETUIOU3O0NSIIMOHHOTO CIIOSA .y = #
Linen Tlen
CpenHsis TeMIepaTypa OTHEYHOPHOTO CIIOS Ly O = T

Bm
CpenHsisi  TEIIONPOBOAHOCTh  OTHEYNOPHOTO Martepuana AQr, T
M .

omnpezenseTcs 1o tadbauue 5.3 Ipu ., O -
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10 +1cn
5
ITo Tabnuie 5.3 onpenensieM CPEIHIOIO TEIUIONPOBOJHOCTh
TETIOU30JISIIMOHHOTO CIIOSL A7 TIPH #5;, T -

Cpennsasa TeMueparypa TEIUIOU30JIALIMOHHOTO CIOS &y T =

[Toacrasinsist mosydeHHbIE 3HaUeHUsI B (hopmydy 5.2 omnpejenseM NoTepu Teria
KJIAJIKOMH.

Tpemuit nepuoo

Cpennsst Temmeparypa BHYTPEHHEM KIAIKU OMNPEAENAETCS aHAJIOTM4YHO

t +1
HEPBBIM JIBYM IIEPUOIAM ti?/;.en _xnen T ka3 ’

2
TC  Ixpgn = lxn2 — TEMIICpATYypa KIAAKK B HAYAJIC IEPHUOJA,

tin3 — TEMIIEpaTypa KJIAJKU B KOHLE NIEPHOAA.
Temneparypa Ha rpaHUIE OTHEYTIOPHOTO U TETIOU30JISIUOHHOTO CIIOEBR

cp
i Linen 10
=T,

c
tK]/? en tlen
CpenHsis TeMIepaTypa OTHEYIOPHOTO CIOS Ly O = T

Bm
CpenHsisi  TEIUIONPOBOAHOCTh  OTHEYNOPHOTO Marepuana Aoy, —K,
M .

onpeaensercs no Tadauue 5.3 npu ¢, Of -

o+t
Cpennsis TeMiepaTrypa TEIUIOM30JIAUOHHOTO CIOS e T = %
ITo Tabnuie 5.3 onpenensieM CPEIHIOIO TEIUIONPOBOJHOCTh

TCIIION3OJIAITUMOHHOI'O CJIOA ZT Impu tKJl.T' ITocne 4Ucro, 3HasA BpEMA HAIrpcBa Ha

TPETheM TMEPHOJIE U TMEPEMEHHbIE, ONpEeNeIEHHBIC BBIIIE, OMpPENEIsieM MOTEPH
TEIJIOTHI Ha TPEThEM MEPHO/IE Yepe3 KIAJIKY.

Yemeépmulit nepuoo

[ToBTOpSsIS pacueTsl, NpUBEAEHHBIE B 1, 2 1 3-M nepuoaax onpeaensieM NoTepu

. . C
TCIUIOTHI HA YCTBCPTOM IICPUOAC YCPEC3 KIIAJKY, IPUICM tkg.BH = TH .

O6mue norepu Temna KA1agkoh Oy = Owenl + Oxn2 + Oxn3 + Oxnd-
Hey4Tr€HHBIE TIOTEPH MOXKHO IPHUHATH PaBHBIMH 5% OT IOTEPh TEILIOTHI
KJIaJIKOU B OKpYkarolee npocTpancTBo, KJK: Opeyym = 0,050,

Horepu Teruia ¢ yXoaAImuMK AbIMOBEIME razamut, KUK, Oy =V 2ipBTogyy »

rine  Vy, — 00bEM HPOAYKTOB CropaHus (OHpeAesseTcs MO pacyéTy TOpeHHs

TOIJIUBA);
iy — TEIJIOCOJepXKaHWe JbIMa MpPH CPEeIHEH TeMIepaType YXOISIIUX Ia30B

Lepyxs
To6u — 0OlIee BpeMs Harpesa, C.
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Cpennss Temmeparypa yXOAsIIKUX Ia30B
Irie) +irprp +1raz3 +t]1474.
T1+71) +73+74

lep.yx =

VYpaBHeHus TerioBoro OanaHca: =

npux pacx

wau + quu3.3 = QM + QaK + Qm + Queyltm + Qy :

N3 ypaBHeHusi TermioBoro OanaHca oOmNpeaesisieM HEOOXOAUMBIN pacxoj
TOILIHBA B.

Brimonusercss mpoBepka MNpaBWIBHOCTH pacueTra TEIIoBOro OajlaHca Ha
OCHOBAaHHUM PABEHCTBA JICBOM W MpaBOM YacTel ypaBHEHHUs TEILJIOBOTO OaiaHca.
[IpoBepka nMpou3BOAUTCS MOJCTAHOBKOM B ypaBHEHHE TEIJIOBOro OajaHca BMeCTO B
€ro YMCJI0BOTO 3HaUYeHus. [lorpenHocTs pacuera He JOJDKHA MPeBhIaTh 1%.

Tepmuyeckmii ko3 hunmeHT I0JIC3HOTO JCUCTBUS TIeUH, %,
ne = 2M 100%,
Xum
Onpux
Pacxopn Tenna Ha 1kr metanna, Kx/kr, b = g ,

rae £ — éMKOCTh I1euH, Kr.

Hpumeuanus: 1 Tepmuuecxuit KIT/[ kameproii neuu e 0oaxicer Obimb MeHbULE
15...20%. Ilpu nonyyenuu menvweco KII/[ neobxooumo nposepums npasuibHOCHIb
gcex cmameti npuxo00a U pacxooa menio8o2o 6alanca neyu.

2 Pacxoo menna na Ixe memanna ue oondxcen npesviuams 4000 xlloc/ke,
uHaue HeobXOOUMO NpPOBeCmU NPOBEPKY PACUEMO8 HAZPe8A Memanld U Menio8o2o
bananca nevu.

5.3 IIpumep pacyéTa TEMJI0BOr0 HajJaHCa METOAUYECKOH MeYH

[ToTepu Tema TEMIONPOBOIHOCTBIO YEPE3 KIAAKY.
Temneparypa BHyTpeHHEN MOBEPXHOCTHU KIAAKU onpenensercs no gpopmyie [2]:
JUJISL CBAPOYHOM 30HBI -
_tnl Hipk _ 618+1250

5 =934°C;
tr =1310°C; g pr =0,602; e =0,3;
D= ! =0,794;

. 0,602-0,8-(1-0.3)
0,3-[1+0,602-(1-0,3)-(1-0,8)]

9344273

1310+273
Ty, =091(1310+273) =1442K; t;;, =1169°C.
JUI METOJUYECKON 30HEBI -

0| = ‘y 0,494 - (1-0,762%) + 0,762% =091, 0y = 0.762:
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- _ g+t _0+618
2
_lyx Tleup  1000+1310
- 5 -
ok M =067, ¢ =031,
1
b= o 0,67-0.8-(1—0,31) =045;
0,31-[1+0,67-(1-0,31)-(1-0,8)]

_309+273
11554273

Thn =0,841(1155 +273) = 1200K; t,., =927°C.

TenioBrle IOoTCpN B CB&pO‘-IHOfI 30HC pPACCUUTBHIBAOTCA B CIICAYIOIICM
nopsiake. [loBepxHoCTh CBOJA

=309°C;

(r =1155°C;

0> _0.407; 0=%0.48-(1-0.407%)+0.407% = 0.841;

Fop =B(LEp + LEg +1,5)=5,6-(159 + 6 + 1,5) = 13212,

OmnpenensieM B IepBOM NPHUOIMKEHUU CPETHUE TEMIIEPATYPBI CIOEB KIAJKH.
+ 1169+ 2

tmztB _ 69 0=594°C;

t, + t' _ 1169 +594

2
t'+t, 594+20

2

TeMIIepaTypa Ha TPaHMIE CIOEB ¢ =

=881°C;

CpedHss TeMIepaTypa closl 1uHaca f, =

CPEIHss TeMIepaTypa CiIost U30JISINH { | = =307°C;
KOS PUITHEHT TEIIOMPOBOIHOCTH TUHACA

Ao =0,81+0,00075¢y = 0,81+ 0,00075 -881=1,47 Bm

m°C

5
KOA(DPUIIUEHT TETIONPOBOIHOCTH U3OJISLIUU

Ay = 0,23 +0,000231,.5 = 0,23 + 0,00023- 307 = 037

m°C
=195000Bm.

(1169 —20)-132

0,3 0,15
+
1,47 0,3

[IpoBepsieM NpaBUIBHOCTD MPUATHIX CPEIHUX TEMIIEPATYP CIOEB KIIAIKU:

=t ——25 50 169 193000 03 50000,
2FCE A 2132 147

tys =tin — Os (250 , Sus |_y169 193000 (2:03  OIS]_ 000
2Fcp 2132 | 1,47 03

Tax Kak IpoBepKa IOKa3bIBACT PACXOXKACHUE C NPUHATHIMU TEMIIEPaTypaMHy,
npousBoguM nepepacuér. [Ipunumaem ¢, =1010°C u ¢, = 490°C. Torma

Omnpenensem norepu temia, O, =

+ 0,05
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Bm

Ao =0,81+0,00075¢5 = 0,81+ 0,00075-1010 =1,57

b

m°C
Ay = 0,23 +0,000231,,; = 0,23 +0,00023 - 490 = 0,340 B:" :
m- C
0, = 0(13169612 2 132 5200008m.
4+ -—""+0,05
1,57 0,340

[ToBepxHOCTH cTEH (0€3 OKOH)
For =[4Lpg +2(LER + 1,5 hep — Fox =[4-159+2- (6 +1,5)]-2 -

—737=1622m>.
[lpuanmaem Te ke cpegaue Temneparypsl kmagku: ¢ =1010°C n
t. =490°C. Torna Ay =0,7+0,00075-1010 =1,47 Bim ;
m°C
Ay = 0,340 2
m"C
05 = 5131569 _02102)'162’2 = 290000 Brm.
=4+ +0,05
1,47 0,340
ITposepsiem: £, =1169 — 290000 0,35 956°C;
2:162,2 1,47
tyz =1169 — 290000 120,35 + 012 1 _ 429°C.
2-162,2 \ 1,47 0,340

Tak kak MOTydeHHBIE PE3yNbTATHl OJU3KU K TMPHHSATHIM, MEPECUET MOKHO HE
POU3BOJIUTh.
CyMMapHbIe OTEPH TEILIa Yepe3 KKy B CBAPOYHOU 30HE

Q5C£ =1,2-(220000 + 290000) = 613000 Bm.

KoadpdummenT 1,2 npuHuMaeTcs M1 MOKPHITHS HEYYTEHHBIX IMOTEPh uepes
O/ U METAJUIMYECKYIO TApHUTYPY NEUH.

Pacuér TemnoBeIX NOTEPH B METOIMYECKON 30HE MPOU3BOJAUTCA aHAJIOTMYHO. B
pe3ysbTaTe pacuéra moiaydaeM: notepu temia uepe3 csog — 43200 Br, uepe3 cTeHbl —
48000 Br.

OO11re MOTEpH TEIIA Yepe3 KIAAKy B METOAMYECKOM 30HE
OMET _1 5. (43200 + 48000) = 110000Bm.

Skn
OO0uue noTepu Teria yepe3 KiIaaKy neuu

Osir =055 + OMET — 613000 +110000 = 7230008m.

Ilomepu menna uepes okna neuu. OlpenenseM MNOTEPU TEIIIONPOBOJHOCTHIO
B CBAPOYHOM 30HE Yepe3 3aKPhIThIE OKHA.
[IpuHuMaeM, 4To Bce OOKOBBIE OKHA CBApOYHOM 30HBI 3aKPBITHI KIaJKOW W3

90



mamota B oauH kupnud (230mm). Toraa

Os =—;’<‘” e F,
— 40,05
A

F =28-035-0,465 = 4,552

g +lg 1169420

! = 594°C;
Ay, = 0,7 +0,00075 - 594 = 1,152,
m’C

Q5 = (1169-20). 4,55 =20800Bm.

0,23
L15

+ 0,05

B MmeTommnueckoit 30He:
F=6-035-0,465=0,98m";

tyy = —927; 20 _ 4730¢:

Ay, =07 +0,00075- 473 = 1,052,
m°C
Qs = 392237—_20) -0,98 = 3300Bm.
=~ +0,05
1,05

[Totepu n3mydeHUEeM B CBApOYHOM 30HE Yepe3 OTKPHITHIC OKHA OIPECIISIEM 110
dopmyinie, npuBenecHHOW HIKe. IloTepu H3IydYCHHEM MPOWCXOMAT 4Yepe3 OKHO
Bbiaun. [lmomans oxkHa F =5,6-0,5=2,8y’. Tommmua 1060B0ii cTeHKH 690MM.
Koadpunment nuapparmupoanus @=0,62. Toraa

(1310+273)4

Osuzn =35,75- .2,8-0,62 = 610000 Bm.

B meTonnueckon 30He MOTEpU MPOUCXOIAT Yyepe3 OKkHa nocaaxu. [lpn
F=2.8m?, ©=0,62, t | =1155°C

(1155+273j4

Osyzn =35,75- .2,8-0,62 = 408000 Brm.

OOurre nmorepu Teria yepe3 OKHa:

Q. =20800+3300+ 610000 + 408000 = 1042000 Bm.

Ilomepu menna c oxnaxcoarouieit 6000u. OCHOBHBIM HCTOYHUKOM IMOTEPh
Tera C OXJAXJAIolIle BOJAOW B METOAMYECKOW IEUYd SIBISIIOTCS TMPOAOJIbHBIE U
MOTIEPEYHBIE TTOJJOBBIE TPYOHI.

VYcranaBnuBaeM B TE€YH YETHIPE MPOAOIBHBIX TPYyOBl auamerpoM 76MM u 20
CIABOCHHBIX OMOPHBIX TPYO TaKOro e aumamerpa Ha pacctosauu 1200MM apyr ot
apyra.
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[ToTepu Tema pacCYUTHIBAEM HAa HEM3OJIMPOBAHHBIE TPYOBI
O5oxn = 4oxnFTP-

B cBapouHoii 30HE: qgg, = 176000B—’;;
M
FSB — (B2 + 4L0R); d=0,076
TP = 1 +4Lcp); d=0.076m,

rae B=56m — mMpuHa me4y; z,=28 — 4YUCIO ONOPHBIX TPYO B CBapOYHOH 30HE;
, —
L., =159m.

CB

. 2
Ilocne moacTaHOBKU: FTP

=3,14-0,076-(5,6-28 +4-15,9) =53,7m";
Oy = 176000 53,7 =9,46 100 Bm.

B
B metoaunueckoii 30He: qé‘){f T 162000—’;;
M
MET
Frp™" =md(Bzy + 4LpET); 21 =12, Ly = 7,305
FMET 2314.0,076-(5,6-12+4-7.3)=22:%;

Oy =162000-22 =357 -10° B,
OOG1ue moTepH TeIuIa ¢ OXJIaXKIaroIel BoI0H
Osoy = 1,1-(9,46-10° +3,57.10%) =14,3-10° Bm.
Koaddumment 1,1 yuuteiBaeT motepu Temia B OCTATHHBIX BOIOOXIAKIAEMbIX
AJIEMEHTaxX Me4yu (0OTOOMHHUKAX, KPBITIIKAX | JIp.).
OO6mue notepu Temia B paboyemM NpOCTPAHCTBE MEUU
05 = LI(Os55 + O507 + O57) = L1-(0,723+1,042+14,3)-10° =17,6-10° Bm.
Koadounuent 1,1 npuHuMaeTcs B CBS3M C HEMOJHBIM YYETOM BCEX MOTEPh

Teruia (BpIOMBaHue, PUIBTPALMS U TIP. ).
Pacxon Teruia Ha HarpeB Mmetauia. OOmiee KOJIMYECTBO TEILIA, YCBOEHHOE

_ 6
100 5G .10 B

MeTaIuIoM, (O] = Ai
100 3600
VYrap Meraiuia npuHuMaeM paBHbIM 1,5%. Torga nmocie noacraHoBKU
_ 6
0= 100-15, 100000 - 0,86-L =235 -106Bm.
3600

TCHHO, BBIACIICHHOC OT OKHUCJICHUA XKCJIC34,

o - 365G8 109 5,65-100000-1,5
1=7700 3600 100

[Torepu Tenna ¢ okaauHON

0ok =0,016GCoK (tok —to)m =0,01-100000- 0,001 - (1250 — 0)-1,38 = 0,52 - 10° Bm.

~235-10° Bm.

TGHHO, YCBOCHHOC MCTAJIJIOM OT OKHCJICHUA JKCJIC34a,
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rae

OycaFe = Ooxs —0 =235-10° -0,52-10° =1.83-10° Bun.
TeHHO, YCBOCHHOC MCTAJIJIOM OT I'OPCHM:A TOILIIMBA,

Oyesmont =01 —QyesFe =23,5-10° ~183-10° =21,67-10% Bm.
TensoBbie MOIIIHOCTH U paCXO)I TOIIJINBA
Ilone3nasa rertoBas MOIIHOCTD

che.monfz 21,671 06
Myon = =
Mot 0,590

MOHIHOCTL XO0JIOCTOI'O Xoda

—36,7-10° Bm.

My x = 205 = 17’6-106 =29,8-106Bm.
Nobw 0,590
OO01mas TermioBast MOIITHOCTE
Mgy = Mpon +My.x =36,7-10° +29.8-10% = 66,5-10° Bm.
YacoBou pacxo ToriMBa

M p6u, - 3600 106
B oi)u; — = 66,5-10 63600 :24000]‘43/%
QH -10 10-10
VY nenbHbIN pacxo/ Teria

Mooy -3600 _66,5-10° -3600

3 c - 2,4M][xc | ke.
G-10 100000-10
b-100 2,4-100
V nenpHBINA pacxo YCIOBHOT'O TOIJINBA b = == =8,15%.
8 pagmely YT 004 T 294 ’

Koo duipenT mone3Horo aeicTus neyu
_ Oycemona 100 21,67-10 100
Moy 66,5-10°

=32,6%.

5.4 Ilpumep pacuéra Temjao0BOro 0ajlaHCa KAMEPHOHM Me4YHM ¢ BBIKATHBIM
oA0M
Ilpuxoonvie cmamovu mennoeozo dananca

P
Xumugeckoe Terio Tormmsa, KDk, Oy = Oy BTogy

QII; Oepércs u3 pacuéTa TopeHust TOIUINBA;

B — pacxon ra3a, M*/c, HeM3BeCTHAsl ICKOMasl BEJIMIHHA;
Tou — O0IIee BpeMs Harpesa, C.

Topw =71 +72 +73 +74 =54898 +3130 + 11988 + 4522 =74538.
Oxym =8894,3B - 74538 = 6629633335..
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®du3nyecKoe TEIo Bo3ayxa, kJIx,
Ogpus = LoiBBToguy =1,5-328,8B - 74538 =36762141B,

rae Ly :1,5M3/ M3 — JIEUCTBUTENBHBIA pacxoj BO3AyXa (CM. pacu€T TOpeHus
TOIJINBA);

ig =328,8K o/ w - TEILUIOCOAEPKaHUE BO3JAyXa NpHU [, (CM. HCXOIHBIE
JTAaHHBIE).

Pacxoonvie cmamovu mennogozo dananca

Pacxon Tera Ha HarpeB MeTaia

0] = E(iTH — ifo ) =68632,16-(588,3 —20) =39003656,
rae iTH — Temnocoaepxkanue Merauia npu g =850°C, onpenensercs 1o

3aBucumoctu i=f(T) cornacHo tabmnuie 4.2, iTH = 588,3x/[orc [ ke;
if, — TETIOCO/IEPIKAHME METAIa MPH 15°C, ity = 20xorc | ke;

E=68632,16 — Mmacca MeTajuia B II€4H, KT.
Tenmno akKyMyJIMpOBaHHOE KJIAJAKOMN

[lpuanmaem (QyTepoBKy TMe4YM JBYXCIOWMHOW, COCTOSIIEH U3 IIamoTa
TONMHON 230MM M IMATOMHATOBOTO KUPITHYA TOJHAHON 230MM.

_ . (+P cp
Oak =2 MyniCrni(t i = L)
rae M, ; —Macca 1-ro ciost QyTepoBKH, KT,
Myn = FynOxn Prns
Ciyonj — CpenHss yAenbHas TeIUNIOEMKOCTB 1-I'0 CJIosl (PyTepOBKH, —
ke C

— CPpCAHUC IO TOJIIIMHE KOHCUYHAA N HadaJdbHasd TCMIICPATYPhbL

cp cp
tK/Z.K.i 1 tK/l.H.i

1-ro cjosi GyTEPOBKH B KOHIIC U Hayaje IMKJIa COOTBETCTBEHHO.
Maccwl cnoée ¢pymeposxu

dyTepoBKa BHYTPEHHEH CTEHBI €YU U3 OTHEYIIOPHOT'O MaTepuaa, Kr,
My om = Fpe +FT.C)0gn Pen = (28+17,64)-0,23-1900 =19945.
@dyTepoBKa CBOJA U3 OTHEYIOPA, KT,
M g1 c6 = FCBOgn Pen =63-0,23-1900 =27531.
dyTepoBKa 1Moja u3 orHeymnopa, Kr,
M g1 1 = FnOgy Pen =63-0,58-1900 = 69426.
OO61ast Macca OrHEYNOPHOM KIIaJIKH, KT,
Mgy, =Mgy cm +Megnce + Mgyn =19945 + 27531+ 69426 =116902.
@dyTepoBKa CTEH TEIIIOU30JIAIIMOHHOTO CJIOs, KT,
Muyom=Fge +Fro)ompm =(28+17,64)-0,23-600 =4918,
rne Oy, — TOJIIMHA TEIUION30JIALUOHHOrO cios (Tadm. 5.1), M;
Pm =600 — MI0THOCTH TEMIOU30JIALIMOHHOTO c0s (Tadi. 5.3), kr/m>.

(DYTGPOBKa CBOJa U3 TCIJIONU3OJIAIIMOHHOI'O CJI0A, KT,
M .06 = FCBSmPm = 63-0,23-600 = 8694,
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OO6mas Macca KJIaJKy U3 TEIIOU30JISIIHOHHOTO CJI0s, KT,
My =My om + My ce =4918 +8694 =13612.

MakcuManbHasi TeMmreparypa OTHEYNOpPHON KIaJKd paBHA TeMIepaType
HarpeBa T gy =850°C. Temneparypa HapyKHON IOBEPXHOCTH TEIUIOM30JIALUOHHON

Knagkn pasHa: f)=25°C. Temneparypa Ha TpaHULE OTHEYNIOPHOIO H

TEIUION30JIILIMOHHOTO cJios, °C,

oy = % 4375,

Cpennsis 1o TOJIIMHE OTHEYNOPHOTO CJOSI TeMIepaTypa B KOHIE LIHMKJIA
Harpesa, °C,
cp . 850 + 437,5

tOF KOH =644,

Temneparypa ciiosl B Hayajie HarpeBa tgpr H= 20°C.

Cpennsist TeII0EMKOCTh MaTepUaioB PyTepoBKU onpenensercs no radauue 5.3:
C, =0,8+0,000315-644 =1002.

CpeI[Hﬂﬂ TEMIICpaTypa TCINIOU3O0JLINUOHHOT'O CJI10A
Cp tO +ic, _ 20+437.,5 _
tr g = 7 - > =229.
C7 = 600.

Teruto, akkyMyJIMpOBaHHOE KIagkou, KJ[xk,

Oak = MBHCGH(tOFKOH _IOFH)-I_MTCTOTK TH)_
=116902-1002 - (644 —20) +13612 - 600 - (229 — 20) = 74799686.
Eyen(txen —10)7i

o; 1 ’

7_'_7
Z/ll' a

ITorepu Temnots! knankou neun, KK, Oy, =

rne  Fj; —uiomans Kiaaku, M
ti; — TEMIIepaTypa KJIAJKU B ONpeAeIEHHBIN Iepuo padoTsl ey, °C;
fp — TeMIiepaTypa okpyskarouen cpeasl, °C;

Bm
Aj — cpelHss TEeIUIONPOBOJHOCTD KIIAJKH, ;
m-K
a — KOY(P(OUIMEHT TEIUIOOTAAaYl OT Hapy>XHOM IMOBEPXHOCTU KIIAJKH K
o Bm
OKpYy’Karolen cpeae, npuHuMaercs 16 o
M= C

7, — BpeMsl HarpeBa Ha KaxJ0M IIEpUOJE, C.

Pacuér morepp TEIIOTHI KIAAKOM II€YH IPOU3BOAUTCS B COOTBETCTBHUH C
rpaMKoOM HarpeBa W BBIAEPKKU METajula B MEYHU JUIsl MEPBBIX YETHIPEX MEPUOJIOB,
KOTJla paboTaloT ra30BbIe TOPEIKH.

Ilepewiii nepuoo

Cpennss TemiiepaTypa BHyTPEHHEN KIIAIKU
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lcp _tKJZO +xnl _249+663

- — 456,
KJl1.6H B

rne  ty;0 =249°C — HavanpHas Temmeparypa KiIagkud (CM. pacy€r Harpesa
MeTalla);
tin] =663°C — TemnepaTypa Ki1aJKy B KOHLE IEPUOAA.
Temneparypa Ha rpaHUIlEe OTHEYTOPHOTO U TETUIOU30ISIIMOHHOTO CIIOEB

_dien+10 _ 456+25

t = 240.
(&) 7

Cpennsist TemnepaTrypa OrTHEyIOPHOTO CJIOs

cp
t}(‘_]ZOF _ tm_gy +tc_]l _ 456 + 240 _ 348,
) 2 2
Bm
m-K
Aor =1,04+0,000151¢,., o7 =1,04+0,000151-348 =1,09.

Cpennsiga Temrieparypa TeIIOU30IALUOHHOTO CIIOA
to +tep;  25+240
tenT = 5 T 5, T 132.
Cpenssiga TEmIONPOBOAHOCTD TEIION3OIALMOHHOTO CJIOSI
Ar =0,16 +0,000315¢,., 7 = 0,16 + 0,000315-132 =0,?2.
[ToncraBnsst momydeHHble 3HaueHus B dopmyny (5.2) ompenensieM HOTEpH
TeIia KIaJaKou,

CpenHsist TEII0NPOBOIHOCTh OTHEYTIOPHOTO MaTepuaia,

_171.64- (456 —25) - 54898

Openl = 023 023 1
- +
1,09 02 16

=322652817117 .

Bmopoiu nepuoo
Temmneparypa KJIaJku OPUHUMAETCS PaBHOW TeMIepaType KIAJIKd B KOHIIE
IEPBOTO  NEPUONA  lrp gy =lxp]l =063°C  (mo pacu€ry HarpeBa MeTauIa).

TeMnepaTypa Ha I'paHUIC OTHCYIIOPHOT'O U TCINNIOU30JIITUOHHOI'O CJIOA

_tynen t10  663+25

feq =12 =344,

Cpennsist Temmneparypa OrHeyHOpHOTO CJIOs

tinen Ylen 663+344

t = = = 504.
k1.0’ ) 5
Bm
CpenHss TEIIONMPOBOHOCTh OTHEYTIOPHOTO MaTepHaia, I
M .

Aor =1,04+0,000151-504=1,116.

Cpenusist TeMIiepatypa TeIUIOU30IAIHOHHOTO CII0s
(0 +1oy 25+344
tnT =0 = 5+23 ~185.
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Bm
CpenHss TeIIONPOBOAHOCTD TEIIOM30JIAIIMOHHOTO CIIOS, E

M .
A1 =0,16+0,000315-185=0,218.
[ToncraBnsst monydeHHble 3HaueHus B dopmyny (5.2) ompenenseM HOTEpH
TeIia KIaJaKou,

0 _171.64- (663 — 25) - 54898
KI2=77023 023 1
- +
1116 0218 16

= 256260x/Tnc.

Tpemuit nepuoo
Cpennsas TtemiepaTypa BHYTPEHHEM KIaJKU OMNPEIENICTCS aHaJIOTHYHO
C

el on Ftien3 | 6634905

2
TIE tyngn = txen2 = 663°C — TemnepaTypa KiaJKky B Ha4aje Nepruoa;

tin3 =905°C — Temneparypa KIaaKy B KOHIE IEPUOJA.
Temneparypa Ha rpaHHUIE OTHEYIOPHOTO U TEIIOU30ISLIUOHHOTO CIIOEB

_hdien +10 _ 784+25

=784,

NEPBBIM ABYM ME€pUOAAM, [, =

¢ — 400.
CJl 2 2
Cpennsist TemrepaTypa OrTHEyHOPHOTO CIIOS
cp
t + ¢
tr.O = "”'6”2 € - 784;400 — 592.

Bm
CpenHss TeIIONPOBOAHOCTh OTHEYIIOPHOT'O MaTepHraa, ,
M .

Aor =1,4+0,000151-592 =1,129.

Cpenusis TeMIiepaTypa TEIUION30ISIUOHHOIO CIIOS
o+t
tnT =0 <= 25 +2400 =213

Bm
CpenHss TEIIONPOBOAHOCTD TEIIOU30IAIIMOHHOIO CIIO, ,

m-K
AT =0,16+0,000315-213 = 0,227.
3Has BpeMs HarpeBa Ha TpeThbeM Imepuoge 7 =11988c u mnepemennsie,

OHpGI[GJ'IéHHBIC BBIIIC, OIPCACIIICM IIOTCPpU TCIUIOTBI HAa TPCTHCM IICPHOAC YCPC3

171.64 - (784 —25)-11988
KKy, O3 = 0 23( 023 ) 1 =1220105x/[xc.
5 + b

L129 0,227 16

Yemeeépmutit nepuoo
[ToBTOpSsIA pacuersl, NpuBEAEHHBIE B 1, 2 1 3-M nepuogax onpenensieM NoTepu

) .
TEIUIOTHI HA Y€TBEPTOM MEPHUOE Yepe3 KIAIKy, IPUIEM tzcg.en =Ty =850°C.
Temneparypa Ha rpaHulie OTHEYIIOPHOTO U TEILUIOU30JIAUOHHOIO CII05
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_850+25

cn

= 438.

850+ 438
Cpennss TeMnepaTypa OTHEYIIOPHOTO CIHOS fyy O = — =644.

B
Cpennsist TEIIONPOBOIHOCTh OTHEYIIOPHOTO MaTepHaia, n;{ ,
M .
Ao =1,04+0,000151- 644 =1,137.
438 +25
CpenHsasa Temneparypa TEIUIOU30JIALUOHHOTO CHOSA tyy T = s =232.

Bm
CpeI[HﬂH TCHHOHPOBOI[HOCTI) TCIJION30JIAIMOHHOI'O CJI04, K 5
M .

A, =0,16+0,000315-232 =0,233.
[Toacrasnsisi momydeHHble 3HadeHUs B Gopmyny (5.2), ompenenseM MOTEPH
Teria Knaakou (7 = 4522¢),
_171.64 - (850 — 25) - 4522
Q4 =""033 023 1
+ + —
L137 0,233 16
OG6mue notepu Teruta kiaaakon, KJx,
Oin = Oxnl +Ouxn2 + Own3 + Ownd =3226528 + 256260 +

+1220105+511444 =5214337.
Heyurénnple mOTepH MOXKHO IPHUHATH PaBHBIMH 5% OT IOTEPh TEILIOTHI
KJIaJIKOU B OKpYXKarolee NpocTpancTBo, KJK. Oyepym =0,05-5214337 =260717.

= 511444x /e

Horepu Teruia ¢ yXoaAImuMK AbIMOBEIME razamut, KUK, Oy =V 2ipBTogyy

rne  Vy, — 00bEM HPOAYKTOB cropaHus (ompenensercss Mo pacuyéry TOpeHHs

TOIJIUBA);
i) — TEIUIOCOJEPKaHUE IbIMA IIPU CPENHEW TemIepaType yXOASIIUX Ia30B

Lepoyxs
o6 — 0OlIee BpeMs Harpesa, C.
Cpennss TeMiepaTypa yXOAsIIUX ra3oB
p _Irm + 1) + 1373 H 1474
cp.yx =
T +1) +73+74
335-54898 +700-3130 +935-11988 + 850 - 4522

74538
OQyx =2,867-727B 74538 =159045282.8,

=475°C.

ip ="72Tx/xnc/ w nipu Temreparype 475°C.
YpasHenue TemnoBoro 6ananca: Oppyx =9 pacx s
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Oxum + Qpuze =M + Qax + kn + Cneyum + Qyx =
=662963333B +36762141B =39003656 + 5214337 +

+ 260717 +159045282 8.
N3 ypaBHEHHS TEIUIOBOrO OajaHca OIpelessseM HeOOXOAUMBIA pPacxo
torumBa B, m*/c: B = 119378396 =0,22=792m" / u.
540680192

[IpoBepka MpPaBUIBHOCTH pacyeTra NPOU3BOAUTCA MOACTAHOBKOW BMECTO B

unca0Boro 3uauenus B=0,22 v’/c:
662963333-0,22 +36762141-0,22 =

39003656 + 74799686 + 5214337 + 260717 + 159045282 - 0,22

153939604 =154368457
[TorpemHocts pacyera, %,
A 154368457 — 153939604

154368457
Tepmuueckuit k03 PUIMEHT MOIE3HOTO AeHCTBUS TieuH, %o,

py = QM 100, = 39003656-100 o (o
Osum 662963333

Pacxon tenna Ha 1kr metamna, KJK/Kr,

. Onpux 153939604 _ 2240,
E 68632,16

-100% =0,3%<1%.

rae  FE — €MKOCTh MU, KT.

6 Bb10op yCTPOMCTB U1l CKMTAaHHUS TOIJIMBA

B wMeramryprudeckux rmedax JUIsl COKUTaHHMS Ta3000pa3HOTO  TOILIMBA
UCIIOJIB3YIOT TOpENKW, a JUIsl CHKUIFaHWd SKUJIKOrO TOINIMBA — (DOPCYHKH.
KoHcTpykuuu ropenok u popcyHOK HOpMUPOBaHbI [4].

Tun TOMIMBOCKUTAIOMIMX YCTPONUCTB 3aBUCUT OT BHJIa TOIUIMBA, TUIA NEYH U
naBiaeHus: TorumBa. [lpu HeOonbMX pa3Mepax pabodero MNpPOCTpPaHCTBA MEYH
(kaMepHbIE€ TE€YM C BBIKATHBIM IMOJAOM M HEMOJBMXKHBIM IOJOM) HCHOJIB3YIOT
KOPOTKOILJIAMEHHbIE Topenku U (GopcyHKH. B Meroauueckux mnedax HPUMEHSIOT
JUIMHHOIIJIAMEHHBIE TOPEIIKH.

JUiss ra3a C BBICOKMM JaBJICHUEM HCIHOJB3YIOT HWHXCKIHOHHBIE TOPEJIKU
(puc.6.1) Beicokoro naBneHus B, Huzkoro aasneHus H u s cxxuranus nojgorperbix
razos Il (moryt paborarh M JUIsl CKUTaHUSA Ha MOJOrpeToM Bo3ayxe). s moboi
ropeinkn €€ HOMEp YMCIEHHO paBeH JUMaMeTpy HOCUKA, BBIPAKEHHOMY B
MUUIUMeETpax (Tabmuipl 6.1 — 6.2).
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Pucynok 6.1 — MHXEeKIMOHHBIE TOPEIIKU

L

Tabnuma 6.1 - IlpousBoaurensHOCTh ropesiok B u H, M?/g

g:;;;; TeHHOTall\;IF[(:IE)/i;Hﬂ rasd, g:;eg Tennota cropanus raza, M/Jx/m?

TOpeKU 35 30 27 17 ropenku | 3,8 5 6,3 7,3 8,8
B15 0,5 0,6 0,7 2 HI5 14 10 7 5 4
B18 0,7 0,9 1,1 3 HI18 19 13 10 8 6
B21 0,9 1,2 1,3 4 H21 27 19 14 11 7
B24 1,2 1,6 2 5 H24 32 22 18 14 11
B28 1,7 2 3 6 H28 45 33 24 18 15
B32 2 3 4 8 H32 64 41 31 24 18
B37 3 4 5 11 H37 81 57 42 31 25
B42 4 5 6 13 H42 105 75 55 40 33
B48 5 6 7 17 H48 136 98 68 52 40
B56 7 9 10 24 H56 185 130 95 70 56
B65 9 12 14 32 H65 245 174 130 95 75
B75 12 15 18 44 H75 335 225 180 125 100
B86 18 20 25 56 H86 445 300 220 175 130
B100 22 28 34 76 H100 580 430 300 225 180
B116 29 38 44 103 H116 750 575 415 320 235
B134 38 49 60 134 H134 1070 | 750 530 400 310
B154 50 65 78 178 H154 1430 | 1000 | 750 530 420
B178 65 85 104 240 HI178 1900 | 1300 | 950 750 580
B205 90 116 128 320 H205 2500 | 1715 | 1270 | 1000 | 770
B235 118 146 180 590 H235 3400 | 2300 | 1700 | 1300 | 1000
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Tabauma 6.2 - [IpousBoautenbHOCT Topenok B u H, m*/u

Tum n TerutoTa cropanus rasa, kJ[x/m?
HOMED 1 5850 | 6690 | 7520 | 8360 | 3760 | 4180 | 5430 | 5850 | 6270 | 6690
TOPEIIKH
m6s | 113 | 92 73 66 277 230 | 169 | 145 | 134 | 112
75 | 166 | 128 | 105 | 85 362 307 | 226 | 197 | 171 | 147
185 | 212 | 184 | 130 | 108 430 414 | 288 | 257 | 245 | 215
100 | 302 | 250 | 187 | 161 659 562 | 399 | 344 | 328 | 294

I1116 408 326 254 208 896 782 550 486 425 368
11134 555 437 353 280 1200 1010 | 755 653 583 516
11154 725 564 445 363 1590 1330 | 960 845 757 664
11178 952 762 630 506 2030 1820 | 1250 | 1125 | 1000 | &85
11205 1245 | 1005 | 805 645 2650 2130 | 1660 | 1440 | 1260 | 1130
11235 1580 | 1270 | 1010 | 830 3480 2930 | 2090 | 1880 | 1680 | 1450
I1270 | 2110 | 1700 | 1320 | 1080 4542 3860 | 2780 | 2480 | 2210 | 1900

6.1 IIpumep pacuéTa KOPOTKOIJIAMEHHON IOpPeJIKH

HcxonHbie nanHbie 1S pacuéra:
THII TOIUIMBA — KOKCOJOMEHHBIN Ias;

Teriota cropanus raza Q; = 12500 kJIx/m>;

pacxon Torua B=360m>/4;
TeMmIepaTypa noporpesa Bosayxa ¢, = 300°C;

TeMneparypa nogorperoro rasa f,. = 200°C’;

THII IEYN — KAMEPHAasl C HEMOABW)KHBIM I1OJI0M;

mnHa ey L = 3150 mm.

B kamepHbIX neyax 4aie BCEro MCHOJb3YIOT KOPOTKOIUIAMEHHBIE TOPEIKU C
[pEIBAPUTEIbHBIM [EPEMEIIMBAHUEM Tra3a C BO3AYXOM MW C YaCTUYHBIM
IpeBapUTEIbHBIM NIepeMelnBaHueM raza ¢ Bo3ayxom (tun ['HII). Tak kak ropenku
I'HII npeagna3zHayeHbl i1 COKMMaHWsg HOPUPOAHOrO Ta3a, TO BbIOMpaeM
WHKEKIUOHHYIO TOpeNKy. B 3aBUCMMOCTH OT TEIUIOTHI CrOpaHMsl raza BbIOMpaeM
ropenky tuna B Beicokoro nasnenus (P=20xkIIa).

Pa3menaem ropenku Ha ABYyX OOKOBBIX CTOPOHAX IEYHM C PACCTOSTHUEM MEXKIY
ocsimu ropeniok /=1,0...1,3m. Torma uyncio ropeiok Ha OJTHOM CTOPOHE
L—25+1:3150—2-600+1:2’6:3,

[ 1200
rae O — paccTosHue oT Topia meun 10 ropeiaku, 0 = 500...600 mm.
OO1ee yncno ropesok B neun n=2n; =2-3=06.

n =

B_360_
n 6
DTOl NpPOM3BOAUTENHLHOCTH M TemnoTe cropanus raza Q, = 12500k x/m

cooTBeTcTBYeT Tropenka turna B 100 (tabm. 6.1), mpouM3BOAUTENHEHOCTh KOTOPOM
paBHa 76M°/4. [lnameTp Hocuka ropenku d,,. =100 mm.

60.

[Tpou3BOAUTENILHOCTD FOPEJIKH 110 Ta3y, M*/u, B, =
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6.2 Ilpumep pacuéra JJIMHHOIUIAMEHHOI rOpeJIKN

Hcxonuble nanubie 11 pacuéra

THII TOIJIMBA — IIPUPOIHBIN a3,

Temnota cropanus raza Q; =3537,7 KJlx/Mm?;

pacxo toruBa B=700Mm3/4;

TeMmeparypa nogorpesa Bo3ayxa ¢, = 350°C;

THII [I€YH — METOHUECKAs TOJIKATEIbHAS C TEMS 30HaAMHU OTOILJICHHS,

mypuHa neun B, = 4M;

pacxon Bozayxa L, = 9,8 M /m’.

B Meroanyeckux meuax A paBHOMEPHOTO HarpeBa 3aroTOBOK HCIOJBb3YIOT
JUTMHHOIUTAMEHHBIC TOPEJIKH THIA «TpyOa B TpyOe». BriOupaem 3TOT THIT FOPEIIOK.
KOHCTPYKTHBHO ONpEAeTUM YUCIO TOPEIOK B IEYH.

Kosm4yecTBO ropertok 1o mupruHe MeYH B OJHOM 30HE
B, —20 4600 -2 - 600

+1= +
1200
OO011ee uncino ropenok B neun n=2n] =3-3=9,

n =

rae Z — 4uciio 30H B II€UH.
[Tpon3BOAUTENBHOCTh TOPENIOK THIA «TpyOa B TpyOe» 3amaércs Mo BO3AYXY,
MIO3TOMY OTIpEAEISETCS MPOU3BOAUTEIHLHOCTD OJTHOM TOPENIKH MO BO3AYXY, M>/4,
_ BL, _ 700-9,8 _7515.
n
Tax xak BO31yX MOJOTPETHIN, TO MPON3BOAUTEILHOCTD TOPENIKH, M>/4,

Br. =Bf /253—+U3:751’5./M:1125_
By B 293 293

Dromy pacxoay M Temnore cropanus Q) =3537,7kJk/M? COOTBETCTBYET

BFB

ropenka [1134, umeromas npousBoauTenbHOCTh 1200M%/u. [laBneHue Bo3ayxa,
nojgaBaeMoro B ropeisky, 10 klla.
JlameTp HOCUKA TOpelIku d ;- =134 MMm.

7 Pacuér pexkyneparopa

JIist Ky3HeuHbIX neyeil xapakrepeHn Huskuid repmuyeckuid KIT (20...40%) us-
32 CIMIIKOM OOJIBIIMX MOTEPh TEIUIOTHI C OTPAaOOTAHHBIMHU MPOAYKTAMH TOPEHMUS
(mpIMOBBIMHM Ta3amu) [1].

Hcnonp30BaHue 3TOW TEMJIOTHI Ui MPEABAPUTEIBHOIO MOJOTpPEBa BO3/IyXa,
TOIUIMBA WJIM HX CMeCH — 3(PQPEKTUBHBIM croco0 5KOHOMUM TOIUIMBa. /[l
YTUJIU3alUU TEIUIOTHl HCHOJIb3YIOT CIelUaibHble TEIIOOOMEHHbIE ammapaThl —
pereHeparopbl U PEKyINepaTopbl, KOTOPHIE YCTAHABIMBAIOTCA Ha IYTH JABUKECHHS
OPOAYKTOB CropaHus. B HarpeBaTelbHBIX I1€4aX Ky3HEYHOI'O IPOU3BOJICTBA
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pacnpocTpaHEeHUE TOTYYHIIN TEIUIOOOMEHHBIE alllapaThl PEKYNEPaTUBHOTO TUIA.

Pexyneparopsl — 3T0 anmnapatbl HEIPEPHIBHOTO JEHCTBUSA, B KOTOPBIX TEILIOTa
OT TOJIBMXKHOT'O TEIJIOHOCHUTENS (MEYHBIX ra3oB) /0 HAarpeBaeMbIX KOMIIOHEHTOB
CMECH BO3/lyXa U TOIIMBA MepeaacTcs yepe3 CTEHKY.

Tun pekynepaTtopa ornpeaensercsa B 3aBUCUMOCTUA 0T 00bEMa MOJI0TPEBAEMOT0
BO3/lyXa, €ro TeMIlepaTyphl, TEMIIEPATYPbl YXOASIINUX T'a30B.

OcHoBHasi 3a7aya pacu€ra pekyneparopa — ONpPENETICHUE BEIUYUHBI
MOBEPXHOCTH TETNIOOOMEHA U TEOMETPUUYECKUX PA3MEPOB peKyIepaTopa.

7.1 PacuéT TpyOUaTOro pekyneparopa

OTU pekyneparopbl U3rOTOBISIOT U3 LEIBHOTAHYTBIX TPYO YIVIEPOAMCTBIX W
XKApOCTOMKMX craner. st pa3Melenns: peKylnepaTropa moJ Iedbl0 B JIBIMOXOJAX-
O0opoBax yalle UCOJIb3YIOT peKyIepaTopsl U3 TpyO B Buae netiu (puc. 7.1).

N3 ypaBHeHnus temonepeaaun Q = K chAfcp

ompenensieM OOITyI0 TOBEPXHOCTh Harpesa, M2, F = L, (7.1)
KepAtep

rae Q — KoJIMYeCTBO TEMIa, lepejaBaeMoe OT JibIMa K BO3ayXy, BT;
Atcp — CpeaHul TeMIiepaTtypHblil Hanop, °C;
Bm

Kep — cpeaHuit Ko3(PUIIUEHT TeTIoNepeauu B peKynepaTope, SR
(¢]
M= C

KoaunuecTBo Teruia, mepeaaBaeMoe OT JbIMOBBIX I'a30B K BO3yXY, BT,
Q=Vp(ip—ip),
rie Vp —pacxon Boznyxa, M3/c;
ip — TeIIocofiepKaHue BO3IyXa IpU TEMIIEpaType MOJOorpeBa Bo3ayxa [

(3a7maéTcs B UICXOJIHBIX TAHHBIX ), onpeaesnsercs no tadnuie 1.4, Jx/m3;
iB — TEIUIOCOJCP)KAaHME BO3AyXa IIPU TEMIEpaType MOAOTpeBa BO3IyXa f,

(3amaéTcst B MICXOIHBIX JaHHBIX), onpeaensercs mo Tabmure 1.4, Jlx/ms.

M /]

HarpeTbii
BO3AYX

XonoaHbin
BO3AYyX

ra3bl

IN

. [bIMoBble ‘ ‘ ‘ J

Pucynok 7.1 — Pexyneparop u3 U-o0pa3HbIx TpyO
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IIpu pa3melieHnH HaJ MEYbI0 UCHOJIB3YIOT PEKYIIEpaTop, MPEACTABICHHBIA Ha
pucyHke 7.2.

7
7

2 T
= %

=) I
=m m
O o o
I o o0

Pucynok 7.2 — JIByXX0IOBBIi TpyOUaThIil peKymnepaTop

Vg =BL),
rie B — pacxon torumBa, M3/c (pacuér TerioBoro OajgaHca);
Ly — pacxon Bo3ayxa, M3/M3 (pacu€T ropeHus TOILUINBA).

l_! _t_" _ t, —t’
Cpennuii TemrepaTypHblid HAIop Atcp = (o Bt)'a ( té 5) 5
—IB
In—+

th—tB
rae f) — TeMIeparypa JbIMOBBIX T'a30B Iepell peKylnepaTopoM (CM. pacyéT Harpena

MeTasa);
t) — TeMmieparypa ABIMOBBIX T'a30B MOCIE PEKyIeparopa, ONpEelelseTcsl Io

TEIUIOCOACPKaHUIO JbIMa (cM. Tabu. 1.4).

0
vy’
rae V) — KOMM4YecTBO JbIMa MPOXOJIIIEro Yepe3 peKyneparop 3a lcek, ¢ yuérom

NOTEPh JbIMA Ha BEIOMBAHUE U MOJICOC BO3/yXa, M3/cC;
iy — TEIUIoCoIep KaHKe IbIMa Ha BXOJIe B pekyrepaTop, [Ix/ms,

Tennoconepsxanue apva, JHx/mM3, i =iy —

, i
i=—2
1+ p
e iy — TEIUIOCOAEPXKAHUE JbIMA TP fcp yy (CM. Pacuér HarpeBa MeTaiia),

onpenensercs o tadnume 1.4;
£ — K03 PUIMEHT, YIUTHIBAIOIINK Moicoc Bo3ayxa B 6oposax (o =0,1...0,15).

Vo=mBVyo(1+ p),
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rie m — Kod()(UIMEHT, YYUTHIBAIOIIMA TIOTEPH JAbIMa, M TpyOUaThIX
METaJUTMYEeCKUX pekyrneparopoB m=0,65...0,85 [2];
Vy.> — OOBEM MHPOAYKTOB CropaHusi (ABIMOBBIX ra3zoB) M3/M3, cM. pacuér

ropCHH: TOIIJIMBA.

. m
Cpenuuii k03hQUITMEHT TeIIoNepeaaun B peKynepaTope, PR
m°C
1
Kqp = ,
L1 8§ 1
ay A ap
Bm
rie o) — Ko3(QQUIMEHT TEIUIOOTJauu OT JbIMa K CTEHKE, PR
o
M= C
Bm
g — K03((HUIIUEHT TEII00TAaYM OT CTEHKH K BO3yXY WU Iasy, 7
[e]
M= C
S — TOJIIIMHA CTCHKH, M;
Bm
A — k03P PHUITUEHT TEIIOMPOBOIHOCTH CTCHKH, :
m - C
4 pex
ay = a(L)BJz _I_agozw agtsvz _ P ,
Ir —Iicr

TIe ¢ pex — IIOTHOCTD TEIIOBOTO MOTOKA, BT/M?,

4 4
1 ep(tr +273] cT(tcr +273
=—\& +1)Cp| & - —¢ U R

4 pex 2( CT )O ( 100 I 100

rie ECT — CTENEHb YEPHOTHI CTEHKH, JUIsl CTAIBHBIX TpYO 0,8;
Co — x03(ppunueHT n3myyeHus abCoIOTHO YEPHOTO TENA,

Co = 5,77%;
M- K
g;? — CTENeHb YEePHOTHI Ta3a MpPU CPeAHEN TeMIlepaTrype IbIMa B ABIMOXOJE
(¢r);
cr
&/ — CTENECHb YEPHOTHI Ia30B IIPH TEMIIEPATYPE CTEHKH (f.y,).
_lot1
2 >
1y +1t, IR +1t]
(e =05 0 BZ by
I CT .
O TeMIeparypaM fJ° U {CT OIpeAeisieM £ F M &L (cm. 3-i paznen).
003
KO8 = (7.4 +0,00924¢ )2
0 70357
H
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rjae a)g’65 — CKOpOCTb JbIMa B pekymeparope (1,5...5m/¢c);

d 7y — HAPYXHBIA IHAMETP TPYO peKyrneparopa, M.
PexomenmyemMbie TuaMeTphI:

1)d iy =60MM - TonmHa cTeHKH S=3,5MM;

2) d g =76 MM - TOJIIUHA CTEHKH S=4,5MM.

. Bm
KoaddummenT remmooraun Ha BO3AYITHON CTOPOHE, .
me°C

0,8

“B

ap =(3,57+0,00174¢p) ,

0,2

dei;

rie ¢pg — CpeaHss TeMiepaTypa Bo3lyxa B Tpy6e, “C.;

@ g — CKOPOCTb JIBIDKCHHS BO3/yXa B Tpyde (5...10Mm/c);

d g;, — BHYTPEHHUH JUaMeTp TpyO, IPH TOJILIUHE S, M.

_Ip+ip
6 7 s
dgy =dp —28.

KoaddurmenT TeronpoBOIHOCTH CTEHKH TpyObl A  ompemensercs Io
tabnuue 4.1 (k03¢ (PUIHEHTH! TEMIONPOBOAHOCTU CTANeH) IpU TeMmepaType f.,, B

3aBUCUMOCTH OT MapKu MaTepuaia Tpyo.
[Tocne ompenenenus tpebyemoii moBepxHOocTH HarpeBa F ycraHaBmmBaroT
pa3Mmepsl pekynepaTtopa. JnuHa TpyOok /7p paBHa BbICOTE (IIMPUHE) IBIMOXOJA.

KonuuectBo TpyOOK omnpenensercss B 3aBUCUMOCTH OT OOIIel MOBEPXHOCTH Harpena
F u mimomaau noBepXHOCTH OJTHOM TPYyO®I f, IMIT.:

n=—, f=mdyglrp.
f

7.2 Pac4éT Uroib4arToro pekymneparopa

[TocnenoBarenbHOCTh pacyé€Ta WroJIbYaTOTO PEKymeparopa HISHTUYHA
pacuéry TpyOuaToro pexymneparopa (pacd€r CBOJIUTCS K ONPEICICHHUIO MOTPEOHOI
noBepxHocT HarpeBa F). HckinroueHue COCTaBIsieT ONPEAENICHHE CPEIHEro
kod(dduienta  Teruionepeaayn Kep- Cxema Wroiapyatoro pekymneparopa

IpeACcTaBiI€Ha Ha pUCYHKe 7.3.
Kosdbdumument  temmomepenaym Ui HWrOJNbYATHIX  PEKYNEPaTOpOB

nojacyuTeiBaeTcs 1o Qopmyne (7.2). TemaoBbIM CONPOTHUBICHUEM 1 B JTOWU

dbopMyIie MOXKHO peHeOPEUb.
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MpoayKTbl CropaHus

Pucynok 7.3 — JIByXXOAOBBII UTOJIbYATHIN pEKyIepaTop

KoadduimenTs! TemnooTaaun MoACUUTHIBAIOTCS O CIEAYIOIUM (opMyiam,
Bm

wrec
OT JbIMa K CTCHKE - ) = BW(;1 ,
n
OT CTEHKH K BO3YXY - &g = BiW 5L,

rne B, By, n, n] —ko3¢pduuneHTsl, onpeaensieMsle o tadnuue 7.1.
Tabnuma 7.1 - 3nauenue koxpdunuentos B, By, n, nj

Tun Koapdbunment
peKyreparopa B B n ny
17,5 47,9 138 1,2 0,875
28 47,9 80 1,2 0,86
bes HapysKHbIX 47,9 19,7 1,2 0,835
UIJT

ITocne ompenenenust Tpedbyemoii moBepxHocTu HarpeBa F mo dopmyne (7.1)
BBIOMpaeTCs 1o Tabnuuie 7.2 uroiapdyaTeiii pexyreparop. JymHa TpyObl pekyneparopa
JOJDKHA OBITh COM3MEpHMa C pa3MepaMu JpiMoxoja. B Tabmuie 7.2 ykaszaHa
YCIIOBHAsE TOBEPXHOCTh OJHOW TpyObl — Tpu OOJBIICH IMOBEPXHOCTH HarpeBa
JIOITyCKAeTCsl MPUMEHEHHE HECKOJIBKUX TPYO.
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Tabmauua 7.2 - XapakTepucTUKa Ur0JIbYaThIX TPYO

VYcnoBHas CBo0OoIHOE ceyeHne, M2 Macca ogHo# TpyOBbl, KT
Tlmsa MOBEPXHOCTh Jliis mpoxojia gpiMa OnrocTo-
TpyOBI Juisl pacucra A Omuocro- Tun | Tun | poHHMI
M > | Temnonepenayu | mpoxona | Tum Tun POHHUI 175 28 -
0e3 yuéra urJi, | BO3ayxa 17,5 28 WTOJIb- ’ —
M? JaThIN
880 0,25 0,008 0,06 0,07 0,042 46 41 31
1135 0,33 0,008 0,08 0,092 0,055 57 52 39
1385 0,425 0,008 0,1 0,114 0,067 68 63 47
1640 0,5 0,008 0,12 0,136 0,08 80 76 55

7.3 llpuMmep pacuéra TPyOUATOrO0 peKyneparopa

[Mpexae Bcero peKOMEHIyeTCsl BBIOPATh TUIT PEKYNEepaTopa UCX0s U3 00bEMa
MO/IOTPEBAEMOr0 BO3[yXa, TEMIEpaTyp MNOAOTpPeBa BO3JAyXa M [bIMa, YACIbHON
MacChl peKyIepaTopa.

B gmaHHOM mpuMepe Temmeparypa mojorpeBa Bosayxa ¢, = 250°C,

TeMIlepaTypa Bo3Ayxa Ha BXoje B pekyreparop ¢, = 20°C, temmeparypa asiMa Ha

BXOJe B pekymeparop ¢, =t =435°C, pacxox raza B=0,22m%/c, pacxon Bo3ayxa

ap.yx
L, =1,5 »*/m*, 00BEM mpoxykTOB cropanus V, = 2,867 m*/m>.

IIpu Temneparype yxoasmux u3 mneuu ra3zoB Menbuie 300°C nHaunbonee
1eJ1eCO00pa3HO HMCIOJIb30BaTh MeETalIMYecKkue pekyneparopsl. Hambonpmmii cpok
CIIyObl MMEIOT TEPMOOJIOUHBIE PEKYNEpPaTOphbl, HO OHHM MCIOJIb3YIOTCS B MaJIbIX
mevax, KOrja pacxol Bosayxa misi mogorpeBa wmenbine 0,08m3/c. Tak kak B
paccMaTpuBaeMOM IPUMEpE pacxoj BO3AyXa BO MHOIO pa3 Oosblle, TO YMECTHO
UCIOJIb30BaTh METAJUIMYECKUN TpyOuaThiii pexymneparop. Hambomnee mnpocTeiM
ABJIIETCS. METAIUIMYECKUI PSIMOTPYOHBIN peKyneparTop.

OcHoBHast 1enb pacyéra peKymeparopa — OINPEACICHHE BEJINYUHBI
OBEPXHOCTH TEIIO0OOMEHA /' M TEOMETPUUECKUX pa3MEPOB peEKyIepaTopa.

OO011y10 TOBEPXHOCTh M2, MOXHO OTPEIETUTH 10 hopMmyIie,

=
rac Q — KOJIMYCCTBO TCILIA, IICPEAABACMOC OT AbIMa BO31YXY, BT;
KomuuecTBo TCILIA, IIEPEAaBaACMOC OT AbIMOBBIX I'a30B BO3YXY, BT,

O=Vp(iB —ip),
rie Vp —pacxon Bo3zayxa, M3/c,
Vg =BLy=0,22-1,5=0,33.
/B — TeIIOCOJepKaHWe BO3IyXa IpPH TEMIEpaType MOJOrpeBa BO3ayxa
1 =250°C, onpenensiercs no Tabmuue 1.4, i, = 328800 x/m3;
iB — TeIIOCOJepKaHWe BO3JyXa IPH TEMIIEpaType MOJOTpeBa BO3IyXa
tg =20°C, onpenensiercs no Tabmure 1.4, i, = 26460 JIx/m3;
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O =0,33-(328800 — 26460) = 99772.
(1, —ty) = (t; — 1)
t—t,

rae ¢ty — TeMieparypa JbIMOBBIX a30B Iepe]] peKymnepaTopoM (CM. pacuér HarpeBa

Cpennuii TemreparypHbii Hanop A7, =

b

In

MeTasa);
t) — TemIieparypa IBIMOBBIX TI'a30B IIOCIE PEKyIepaTopa, ONpeaelsieTCs 1Mo

TEIJIOCOIepKaHUIO AbiMa (cM. Tabm. 1.4).

0
vy’
rae V) — KOJMYecTBO JbIMa, IMPOXOJSAIIEro 4epe3 pekymeparop 3a lc, ¢ yu€rom

Tennoconepskanue npva, JHx/mM3, i =iy —

NOTEPh JbIMA Ha BEIOMBAHUE U3 3a30POB U MOJICOC BO3AYyXa, M3/C;
iy — TEIUIOCoIep KaHKe IbIMa Ha BXOJIe B peKyrnepaTop, [Ix/ms,

o
.f
ip = ,
1+ p
rae iy — TEIOCOACPKaHue JbMa mpu 7, . (cM. pacu€éT HarpeBa MeTalla),
onpenensercs no radnauie 1.4;
o — KodhdummeHnT, yUYMUTHIBAIONMK TMOACOC BO3Ayxa B  OopoBax

(0=0,1..0,15).
Vi=mBVy,(1+ p)=0,7-0,22-2,867-(1+0,1)=0,485,
rie m — Kod()(PUIMEHT, YYWUTHIBAIOIIMA TOTEPH JAbIMa, M TpyOdaThIX

METAUTMYECKUX peKkyneparopoB m=0,65...0,85 [2];
Vy.> — O0OBbEM IPOAYKTOB CropaHus (ABIMOBBIX Ia30B), CM. pacué€T rOpeHHs

TOILINBA, M3/M3.

it = o _ 727000 — 660999,
I+p 1+0]1
iy = 660999 — 9772 =455288.

5

DTOMY TEIIOCOACPIKAHUIO COOTBETCTBYET £ =310°C.
_ (435-250)-(310-20)

Torma Atep = 1 435950 = 234°C.

ni
310-20

Cpennuit k03hHUIMEHT TeTIonepeayn B peKymnepaTope,

K

&2 (7.2)

%o

1

1

S
++

A ap

rie  ap — Kod(Q(ULIUEHT TEMJI00TAAYH OT AbIMA K CTEHKE, 7 ;
m=-C
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g — K03(h(HUIUEHT TEII00TIauM OT CTEHKH B BO3yXY WJIH rasy,

2o
M= C
S — ToJIIIMHA CTEHKH, M;
Bm
A — k03D PUIIUEHT TETUIONIPOBOAHOCTH CTCHKH, ;
o
m - C
usji KOH8 usn qpek
a,=a, +a,";, o, =
[, —t
r CT

TIe  { pex — IIOTHOCTD TEILIOBOIO MOTOKA, BT/M?,

4 4
1 cp(tr +273 CT(tct +273
=—lecT +1)Col e/ | ——— | —¢ | |
4 pex 2( CT )O [‘( 100 ] I 100

rie  ECT — CTENEeHb YEPHOThI CTEHKH, Ul CTaIbHBIX TPYO 0,8;

C, —  kod(puumeHT  W3TydYeHUs ~ aOCOJIIOTHO  YEPHOro  Tela,
Bm
M- K
cp . .
& - — CTCNEHb YCPHOTEI ra3a MPH CPEIHEl TeMIepaType AbIMa B IbIMOXOJE;
CT
€ — CTCNEHb YCPHOTHI TA30B HPH TEMIIEPATYPE CTCHKH.

_10%10 | 973 354310 Hon as,

ty +1p +t'B +t}g)_

tcr =05

cr =0 5

:l.(435+310 N 20+250)+273:532-

2 2
n cp Ccr .
0 TeMIEPATypaM " M {CT OUPENENieM & o U & - (cm. 3-i paznen).
p _
e =0,412.
L (08+1)-5,77-] 0,403 (@T 0,412 (ﬁr _7875m.
dper =751 T  T00) T o0 2
U3l _ 787 Bm

a = =69 .
0 ~646-532  2°0
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0,65
KO = (7.4 +0,00024¢ )0 =
0 70.35
H

0,65

4

= (7,4 +0,00924 - 373) - = 66,8.

0,076%-3°

Tae @, — CKOPOCTb JIbIMA B PEKyNepaTope (1,5...5m/c);

d p; — HAPYXHBII IHAMETP TPYO peKyrneparopa, M.
Pexomenmyembie nuaMeTpsl:
1)d, = 60mMm - TonmmHa cTeHKu S=3,5MM;
2)d ;= 76 MM - TONIIMHA CTEHKH S=4,5MM.
Bribupaem d,, = 76 Mm.

a, =6,9+606,8="73]7.

. Bm
KoaddummenT remnooriaun Ha BO3AYIIHON CTOPOHE, Yo
me°C
08 1098
ap =3,57+0,00174¢R) B__ (3,57+0,00174-135) - ————= =41,32,
a%? 0,067%2
6H s
rie tp — CpelHss TeMmIepaTypa Bo3ayxa B TpyOe, rpaf.;
@ p — CKOPOCTb [IBIDKCHHS BO3/yXa B Tpyoe (5...10Mm/c);
d g;, — BHYTPEHHUH JUaMeTp TpyO, IPH TOJILIUHE S, M.
‘ _IBtIR _ 20+250:135.
2 2
dgy =dpg —25=76-2-45=67Mm.
1 1
Kep = 7 = ! =26,45.

+ +
oy oap 7377 4132
KoaddunueHt TemIonpoBOAHOCTH CTEHKH TPyObl A  ompeaeisercs 1o
tabmuue 4.1 (ko3 GUIMEHTH] TEMIONPOBOJAHOCTU CTaJIel) IPU TeMIeparype (T , B

3aBUCUMOCTH OT MapKu TpyoO.
0o 99772

KepAtey  2645-234

TpeOyemasi mOBEpXHOCTh HarpeBa, M? F =

b
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8 Pacuér 1bIMOBOr0O TpakTa

[Ipu pabote neys 3anojiHEHa NPOAYKTaMU ropeHus. [[BukeHne ra3oB B meyax
MOXXET OBITb €CTECTBEHHOE M NpHUHYyIuTenbHOe. llepBoe 00yclOBIIEHO IEHCTBHEM
CHUJI TSKECTH, BO3HUKAIOIIMX C IOSBICHHEM PA3HOCTU TEMIEPATYP B Pa3IMYHBIX
chpepax MEYHOro arperara; BTOPO€ JUKTYeTCS  BHEIIHUMHU I[PUIMHAMHU
(Bo3zelicTBUEM (pakena, TSITW ABIMOBOW TpyObl, JbIMOcoca U T.A.). Ilostomy npu
OPOEKTUPOBAHUN METAJUIYPrUYeCKUX Ileuell HEOOXOAMMO BBINOJHATH Pacyér
IBIMOBOTO TpakTa M OINpPEAENATh BBICOTY AbIMOBOW TpyObl. Pacuér cBoautcs K
ONPENEIICHUIO IIOTEpPh [JABJICHMS Ta3a Ha TPEHHWE, MECTHOE COIPOTHUBIICHUE,
IIPEOI0JICHUE T€OMETPUYECKOr0 HAIIopa.

8.1 Onpenesienue 00MUX NOTEPh AABJICHUSA

CYMMapHOG MMPpOXOAHOC CCUCHUC BECPTUKAJIIBHBIX KIIAIIAHOB, M2,

Fy = Vo.omB ,

@9 2
rae  m — koddduruent noreps apimMa, m=0,635...0,8;
@y.» — CPEIHsS CKOPOCTh AbIMa B KaHaue (1,5...3m/c);
B — pacxon TorumBa, M3/c (CM. TETIOBOM OalaHc);
V.o — 00BEM OBIMOBBIX ra3oB, M3/M3 (CM. pacd€T rOpEeHUs TOILUINBA).

HaumeHnbliniee 3HaueHuE IMpOXO0AHOT0 CCUCHHA BCPTUKAJILHOI'O KaHaJIa fG.K JJIs

KUpnuyHOM knaaku 0,3m2.
[Tepen pacuéToM 3TOTO MyHKTa HEOOXOIMMO 3a3CKU3UPOBATh CXEMY JIBIMOBOTO
TpaKTa C ONpeAeIEHHBIMH pa3MepaMH Y4acTKOB (PUCYHOK 8.1).

i  2=em

e}

1=5m_| | 13=5m_

!

| 4=20m 1O=10m

e

—
—
—

- !

—

—

el
—
—

PekynepaTop

2 m
=3m

ol

oc
d3=em

Pucynok 8.1 — Cxema 1bIMOBOro TpakTa
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F,
KonnuecTBo BEpTUKANbHBIX KAHAIIOB g o = -0

6.K
2-(L-2a)

p

Ecan Ng x > , Toraa HCO6XOI[I/IMO YBCIIMYNUTh ILIOMAJAb OAHOIO

KaHana fg .,

rae L — miMHa KaMepHBIX NEYEN U IIUPUHA 711 METOAUYECKUX TIEUEH, M;
a — 3a30p MEXJy KpaeM Mneuu U IbIMOBBIM KaHajioMm (0,5...1M);
p — pacctostHue Mexay kananamu (0,8...1,5m).

4f6x
2

OKBHMBAJICHTHBIA JJMAMETpP OJHOIO KaHana, M, d, = 17

rae [I— mepuMeTp KaHaia, M.
CKopocTh ApIMa B TEX MECTax, IIe MEHSAETCS €r0 CeueHHUe, M/C:
— B BEPTUKAJILHOM KaHaJIe U Nepe]] PaCIIUPEHUEM - @] = @) = D) 5}
@) _@dy)
- s
3 53
— CPEJIHSS CKOPOCTE Ha Y4acTKe PaCIUPCHUS - D3¢y = 0,5(mn +w3);

w3F3 _ 03dy3
Fy dy4
[Ipu nBH>KeHUU AbIMa TO JABIMOXOJY €ro TemmepaTypa cHibkaercs Ha 1...3°C
Ha 1M NOTOHHBIMN.
Temmeparypa npIMa B XapaKTEPHBIX TOUKax, °C:
— Ha TIOBOPOTE BEPTUKAILHOIO KAHANA - 1] =1y — (1..3)H;

— [OCJIE PACIIUPEHHUS - W3 =

— IIOCJIC CYXKCHU! - (W4 =

— CpelHss TeMIepaTypa biMa B BEPTUKATLHOM KaHANIE - {op] = 0,5(t yx + 1);
— TeMIiepaTypa JpIMa Mepejl pacumpenueM kanana - 1 =t —(1...3)/q;
— CpellHss TeMIlepaTypa JblMa Ha TOPU30HTAITLHOM BTOPOM yUaCTKE -
tep2 =0,5(11 +12);
— TeMIepaTypa JpIMa B KOHLE paciuuperus - 13 =1 —(1...3)[p;
— CPe/IHSs TEMIIEPATypa Ha YYaCTKE PACIIMPCHHUS - fop3 = 0,5(¢ +13);
— TeMIlepaTypa JpIMa B KOHIIE YeTBEPTOIO yyacTka - f4 =13 —(1...3)/3;
— CpelHss TeMIepaTypa JbIMa Ha YETBEPTOM YUACTKE - [opd = 0,5(t3 +14);
— TeMnepaTypa JpIMa Ha BXOJI€ B peKyneparop - 15 =14 —(1...3)l4;
— CPEJIHSS TEMIIEPATypa [IbIMA Ha IIATOM Y4acTKe - fcp5 = 0,5(t4 +15);
— TeMIieparypa JbIMa Iepes 3aABIKKoil - 17 =t — (1...3)/5,
rzie ¢, Gepércst U3 pacuéra peKyneparopa;
— CPeJIHAs TeMIIEPATypa [bIMA Ha IIECTOM Y4acTKe - frp6 = 0,5(tp +17);

— TeMnepaTypa JpIMa y OCHOBaHuUs TpyOsI - 1§ =17 — (1...3)/.
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rac

w2

l; “cpi
dy 2
HTp —K03(pGUIUEHT TPEHHUS, 3aBUCUT OT MaTepHala AbIMOX0/1a:

[ToTepu naBnenus Ha Tpenue, [1a, APTpi = HTp pPo.o1+ - Lepi ),

— st kuprada - 14 = 0,05;
— JUTSI IEPOXOBATHIX MeTatnaeckux tpyo - 4 = 0,04 ;
— IS THAJKUX MeTaJmTnaeckux Tpyo - 4 = 0,025;

[; — UTMHA Ka)XIO0T0 Y4acTKa JbIMOX0/a, M;

@ .p,; ~CPEIHAS CKOPOCTH /IbIMA Ha KaX10M Y4acTke, M/c;
!cpi — CPERHSAA TEMIIEpaTypa JbIMa KaX/0r0 y4acTKa, °C;

d 5; — DKBUBAJICHTHBIA JUAMETP ABIMOXO/A HA KaXKIOM y4acTKE, M;
£0.> — IIIOTHOCTb AbIMa (CM. pacu€T ropeHHsl TOIUINBA) KI/M3;

1
[ — koddpdunueHt 00bEMHOr0 pacupenus rasa, 1/°C f=—

273"

HOTepI/I Ha TPCHUC PACCUUTBLIBAIOTCA OTACIBHO I BCCX YYACTKOB, a4 3aTCM

CYMMHpPYIOTCSL.

HOTepI/I AaBJICHUA JbIMa Ha MCCTHBIC COIIPOTUBJIICHUS, Ha,
2

w:
APy =Ki7’pa.e(l+ﬂ'fi),

rae K; — ko3¢ GUIueHT MECTHOTO CONIPOTUBIIEHUS, ONpeesercs mo tadu. 8.1-8.6;

@; — CKOPOCTB JIbIMa B PACCMAaTPUBACMOM CEUCHHH, M/C;

{, — TemnepaTypa piMa B paCCMaTpUBaeMOM ceueHuH, °C.

Tabnuua 8.1 - 3Hauenue kodPduimenta conpotusieHus K npu BHe3anHOM CyKeHUH

U pacIIMPEHUH IS JTHO0BIX (hOPM ceueHus

FO K cyorc K pacut FO K cyonc K pacut
f f

0,1 0,47 0,81 0,6 0,25 0,16
0,2 0,42 0,64 0,7 0,20 0,09
0,3 0,38 0,49 0,8 0,15 0,04
0,4 0,34 0,36 0,9 0,09 0,01
0,5 0,30 0,25 1,0 0 0
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Pucynok 8.2 — KaHai ¢ BHE3aIlHbIM CYK€HUEM U PACIIUPEHUEM CEUEHUS
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Pucynok 8.3 — Kanai ¢ moCTeneHHbIM pacCllupEHNEM CEUCHMS
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Pucynok 8.4 — KaHai ¢ TOCTENEHHBIM CYKEHUEM CEUCHUS
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Tabauma 8.2 - KoadduumeHnTt conpoTruBieHs MpU NOCTENIEHHOM PaclIiPeHUU

F, Vron a,°
I 5 | 10 ] 15 ] 20 [ 25 | 30 | 45
1 Koaddunuent K
Kpyenoe ceuenue
1,25 - 0,1 0,02 0,03 0,04 0,05 0,06
1,50 - 0,02 0,03 0,05 0,08 0,11 0,13
1,75 - 0,03 0,05 0,07 0,11 0,15 0,20
2,0 - 0,04 0,06 0,10 0,15 0,21 0,27
2,25 - 0,05 0,08 0,13 0,19 0,27 0,34
2,5 - 0,06 0,10 0,15 0,23 0,32 0,40
Ksaopamnoe ceuenue
1,25 - 0,02 0,03 0,05 0,06 0,07 -
1,50 - 0,03 0,06 0,10 0,12 0,13 -
1,75 - 0,5 0,05 0,14 0,17 0,19 -
2,0 - 0,06 0,13 0,20 0,23 1,26 -
2,25 - 0,08 0,16 0,26 0,30 0,33 -
2,5 - 0,09 0,19 0,30 0,36 0,39 -
IIpamoyzonvroe cevenue

1,25 0,03 0,02 0,02 0,02 0,03 0,04 -
1,50 0,06 0,03 0,03 0,05 0,07 0,08 -
1,75 0,08 0,05 0,05 0,06 0,09 0,11 -
2,0 0,11 0,07 0,07 0,09 0,13 0,15 -
2,25 0,14 0,09 0,08 0,12 0,17 0,19 -
2,5 0,17 0,10 0,10 0,14 0,20 0,23 -

Tabnuna 8.3 - KoadduiimeHT conpoTUBICHUS TPU MOCTEIIEHHOM CY>KEHUN

F, Vron a,°
I 5 | 10 | 15 ] 20 [ 25 | 30 | 45
1 Koapuuuent K

1,25 0,15 0,22 0,27 031 0,33 0,38 0,47
1,50 0,22 0,31 0,38 0,44 0,48 0,55 0,68
1,75 0,30 0,43 0,52 0,61 0,65 0,75 0,93
2,0 0,39 0,56 0,68 0,79 0,85 0,98 1,21
2,25 0,50 0,70 0,86 1,0 1,08 1,23 1,53
2,5 0,62 0,87 1,07 1,24 1,33 1,52 1,89

Tabnuna 8.4 - KoaddunmeHT conpoTuBICHUS sl KOJIEHA MPSMOYTOJIBHOTO CEUCHUS
6
C OCTPBIMHU KpoMKaMH Ha oBopoTe mpu « ot 0 10 90°u Re >0,2-10

h Vron &,°
b 10 | 20 | 30 | 40 | 50 | 60 | 70 | 80 | 90
0 Koaddunuent K

0,5 0,06 0,16 0,31 0,52 0,78 1,03 1,33 1,65 2,02

1,0 0,04 0,10 0,20 0,33 0,50 0,66 0,85 1,06 1,3

2,0 0,02 0,05 0,09 0,16 0,24 0,32 0,41 0,51 0,62

4,0 0,01 0,04 0,07 0,12 0,18 0,24 0,31 0,38 0,47

5,0 0,01 0,03 0,06 0,11 0,17 0,22 0,29 0,35 0,44

8,0 0,01 0,03 0,06 0,11 0,17 0,22 0,28 0,35 0,43
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Pucynok 8.5 — Cxema kaHajia ¢ OCTpbIM yIjIOM IMOBOPOTA
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Pucynox 8.6 — Cxema kaHaja ¢ MOBOPOTOM C PACIIMPEHHBIM BBIXOIHBIM
CEUYCHHEM
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Pucynok 8.7 — CxeMa kaHana ¢ 3aJJBUKKOI
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Tabnuma 8.5 - 3nauenme kosdpduumenta compotusienus K mms xomena 90° ¢
IJIAJKUMU CTEHKaMH TMPSMOYTOJBHOTO CEUEHHS] C PACIIUPEHHBIM WA CY>KEHHBIM

BBIXOIHBIM ceueHueM npu Re > 0,2 - 10°

h
b b

0
b, 0.25 | 1,0 | 4,0

Koadpurmment K

0.6 1,76 1,70 1,46
0.8 1,43 1,36 1,10
1,0 1,24 1,15 0,90
12 1,14 1,02 0,81
1,4 1,09 0,98 0,76
1,6 1,06 0,90 0,72
2,0 1,06 0,84 0,66

Tabnmuna 8.6 - 3nadenune koddduimenta comporusienus K s 3aaBUXKKH B
PsIMOYTOJIBHOM TpyOe

h
0 0,1 0,2 0,3 0,4 0,5 0,6 0,7 0,8 0,9 1,0

b,
K

0 193 | 445 | 17,8 | 8,12 | 4,02 | 2,08 | 0,95 | 0,39 | 0,09 0

Ilpumeuanue. /[na 21emenmos, He YKA3AHHLIX 6 mMAbOIUYax, MecmHbvie
CONPOMUBTIEHUSL MOINCHO onpedeaums no uzoanuio [2, c. 26-46].

[ToTepu naBieHMsI B pEeKyIllepaTOpe CKIAIBIBAETCSA M3 MOTEPHh IIPU BHE3AITHOM
paclIMpeHHH Ha BXOJE, IOTEpPb NPH BHE3AIIHOM CYXEHHMM Ha BBIXOJIE W3
peKynepaTopa U MoTepb AABJICHUS IPU MOMNEPEYHOM OMBIBAHUU JIBIMOM Iy4YKa TPYO
[2], nn UX MOKHO NPHUHATH YKPYITHEHO:

— TpyOuatsii pekyneparop — 50...8011a;

— uroJsipuateii pexymneparop — 20...4011a;

— xepamuueckuid — 100...140I]a.

OnpenensitoTcsi TOTEPU Ha MECTHOE COMPOTUBIIEHUE ISl YYACTKOB: MOBOPOTA
IIMOXO0/1a, BX0/1a B IBIMOXOJI, PACLIMPEHUS WM CYKEHUS JbIMOX0/1a, HA 33JIBUKKE U
B PEKyIlepaTope, 3aTeM BCE MOTEPU CyMMHUPYIOTCSI.

[Totepu naBneHus npIMa Ha IPEOOIEHHE FEOMETPUUECKOro Haropa, [la,

Pg Lo.c
APooon = *gH - ,
ceom =8 [H/frg 1+ﬂtrJ

r7e g — YCKOpeHHe CBOOOHOTO TajeHus, g=9,8m/c?;
P — IUNIOTHOCTh BO3/lyXa IIPY HOPMAJIbHBIX YCIOBUAX, 1,29kr/M3;

{ B — TeMIeparypa Bo3yxa (OKpyKarolen cpesl);
{7 — TeMIeparypa JbIMa;

1
£ — koaddunueHt oobéMHOr0 pacmmpenus, 1/°C [ = 2—73;

H — BpICOTA KaHana.
Ecim npiM 110 KaHany HampaBisieTCsl BHU3, TO CTaBAT 3HAK «+», €Clu
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NOJHUMAETCS BBEPX, TO «-». OOLIME MOTEpPU NABJICHUS MPHU JBHXKEHHH MPOJYKTOB
Cropanus OT pabodero nmpocTpaHCcTBa neyu 1o muobepa, [la,
AP = ZAPmpl. +> AP, + AP

eeom *

8.2 Pacuért nbiM0OBOIi TPYOBI

JluameTp ycThsl ABIMOBOM TPYOBI, M,

4V B+ m)
dy = - )
)2
() — CKOPOCTH AbIMa B YCThE TPYOBI, @, = 2...4 M/c;

Vy.> — 00BEM IBIMOBBIX razoB, M3/M3 (CM. pac4€T TOpeHus TOILIUBA);

m — KO3 QHUIMEHT, YYUTHIBAIONIMI IOJCOC BO3AyXa B IBIMOBOM TPaKT 3a
pekyneparopom, m=0,2;

B — pacxon ToruuBa, M3/c.

W3 KOHCTPYKTUBHBIX COOOpPaKECHUH TUAMETP YCThsS HE JOJDKCH OBITh MCHBIIIC
0,8m. Eciu pacuérnoe 3nauenue d, < 0,8m, To npunumaem d, = 0,8 m.

JuameTp ocHOBaHMS TPYOBI, M, dgcy =1,5d ).
Cpennnii uamerp TpyOsl, M, dep =0,5(d g, + doey)-

[TpuBen€nnas CKOPOCTh JIbIMa Y OCHOBAHUS TPYOBI, M/C,
4Vy - B(1+ m)

2
M oen
Bennuuna pacu€tHoro paspsbkenus, [la,

@02 =

2
,
Pogp =(12..14) APy + L1+ B-1)p0. |

rze g — TeMueparypa AbiMa y OCHOBaHus Tpyosl, °C.

OpHUECHTUPOBOYHYIO BBICOTY TPYObl H' MOXHO ONPEICTUTH MO PUCYHKY 8.8,
o 18 " Paqb (Tsra).

Temmepatypa npima B ycTbe TpyOHL, °C, tg =18 —(1..3)H".

Cpenusis Temiiepatypa JibiMa B TpyoOe, tg;f =0,5(z8 +19).

cp NH'

Cpennsist Temmneparypa Bo3yXa Mo BbICOTE AbIMOBOM TPyOBbl, ¢ B =le— 5

BricoTa n1p1M0BO# TPYOHI, M,
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2 2
0

02 1
Py + Po.c 5 1+ fr9) - BN 1+ 18)
H
P £o £0 “’g ] ‘032
B___ Fde |_, Foe 1+ fig) +— = (1+ frg)

1+ﬂt§p 1_,.&51; z‘dcp 2

BricoTa TpyObl 10 CAaHUTAPHBIM HOPMaM He J0JDKHA ObITh HIDKE 16M.

50

450
"Z 46 400
= 375
C 42 325
|_
300
38 275
@)
Q: 250
34 ,90
A‘f 225
&
NA
30 N 200
o
N
> 175
26 ,/I;Q
&
- /\Qlé 150
18
14
10
6
15 25 5 45 55 65 5
BbicoTta Tpybbl H,M
Pucynok 8.8 — I'pabux 1 omnpeneneHuss OPUEHTUPOBOYHOM BBICOTHI

JTLIMOBOM TPYOBI
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8.3 IIpumep pacuéra TLIMOBOIO TPAKTA

Onpenenuts CyMMapHbIe TOTEPH JABICHHUS HA IYyTH JBWKEHHUS MPOTYyKTOB
CropaHusi oT paboyero MpocTpaHCTBa Mevu 10 mubdepa (cM. pUCyHoK &.1).

Hcxoonvie oannwie 0na pacuéma:

00b&M npoaykToB cropanus V, =10m3/m3.

pacxo TomnBa (mpupoaHslii ra3z) B=100m3/4.
Temreparypa yxonasmux rasos ¢, = 800°C;

THUII PeKyTepaTopa — METAUTMYECKUN, TPYOUaThIi;
TeMIepaTypa OKpY»KaloIlero Bo3ayxa, ¢, = 20°C;
IUIOTHOCTH Bo3ayxa p, = 1,29 xr/m3,

IIOTHOCTH IbiMa P, = 0,9 kr/m3,

TEMIIepaTypa JbIMa 1mocie pekyneparopa ¢, =420°C;
CKOPOCTb JIbIMa T10CIIe peKyIepaTopa @, = 2,5 m/c.

CYMMapHO€ IIPOXOJHOE CEYEHUE BEPTUKAIBHBIX KIIAIIAHOB, M,
VoomB 10-0,7-1
Fy = 0..mB _10-0,7-100 _ 0,095,
@) » 2-3600
rae  m — ko3duiuent noreps apima, m=0,65...0,8, npunsiu: m=0, 7,
@y > — NOIyCTUMas CKOPOCTh AbIMa (1,5...3M/c), IpuHsanmn: oy, = 2M/c.

HanmMeHbl1ee 3Ha4eHNE IPOXOJIHOIO CEYEHUSI BEPTUKAIBHOTO KaHaNa [y ;o IS
kupnuuHoil kimaaku 0,3m2. Ilosromy ysemmuuBaem Fpy npo 0,3m2. IIpuHumaem

LIMPHUHY IPSAMOYTOJIBHOIO JBIMOBOTO KaHana a=(0,5m, Toraa 1iuuHa kasana b=0,6m.
OKBUBAJIEHTHBII 1HaMETp OJHOIO KaHala, M,
— 4f6.K — 4 ° 0,3 _
1 2-(0,5+0,6)

9

>

rae  I1—nepuMeTp KaHania, M.
CkopocTh J1pIMa B TEX MECTAX, I'/I€ MEHAETCS €0 CEYEHHUE, M/C:
— B BEPTUKAJILHOM KaHaJle U NEpe]l PACIIUPEHUEM - @] = @) = @) - = 2 M/C;

anfy @ d 50 2. 22
F3 dy3 32
— CpEeIHSISE CKOPOCTh Ha yYaCTKe PaCIIUPEHUS -
@3ep = 05(w +@3)=0,5-(2+0,9) = 145 w/c;

— M10CJIe PaCIIUPEHUs - @3 = =0,9m/c;

Py idyy 093
Fy  dyg 52

Temneparypa JipIMa B XapaKTEepHbIX TOUKax, °C:

— Ha [IOBOPOTE BEPTUKANBHOrO KaHana - 1] =)y —(1..3)H =80 -2-4=792;

— TIOCJIE CY)KEHHUS - 04 =

=2,25m/c.

— CpCOHAAg TCMIICpATypa AbIMAd B BCPTUKAJIBHOM KaHAJIC -
tepl = 0,5(ty +11)=0,5- (80 +792) = 796;
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— TeMIieparypa JbIMa epesi pacliupeHueM KaHaja -
try =11 —(1..3)[] =792 -2-5="782;
— CpeIHss TEMIIEpaTypa AbIMa Ha TOPU30HTAIBHOM BTOPOM y4YacTKe -
tep2 =0,5(1 +12)=0,5-(792 + 782) =787,
— TeMIIeparypa JbIMa B KOHLIE PAaCIIUPEHHUS -
t3=1t)—(1..3)lp =782-2-2=T78;
— CpeHss TEMIIEpaTypa Ha y4acTKe pacIIUpeHHUs -
tep3 =0,5(t2 +13)=0,5- (782 +778) = 780;
— TeMIlepaTypa JbIMa B KOHLE YETBEPTOrO y4acTKa -
tg=t3—(1..3)I3=778-2-5="768;
— CpeJHss TeMIIEpaTypa AbIMa Ha YETBEPTOM YUACTKE -
tep4d =0,5(13 +14)=0,5-(778 +768) =773;
— TeMIieparypa JbIMa Ha BXOJIE B PEKyIeparop -
t5 =t4 —(1..3)I4 =768 -2-5="758,;
— CpeJHss TEMIIEpaTypa AbIMa Ha MSATOM y4acTKe -
teps =0,5(t4 +15)=0,5-(768 + 758) =763;
— TeMIIeparypa JbIMa nepes 3aBHKKOH -
t7 =ty —(1..3)l5 =420 - 2-10 =400,
rae t) Oepércs u3 pacuéra peKkyneparopa;
— cpelHss TeMIIepaTypa JbIMa Ha IIECTOM YYacTKe -
tep6 =0,5(1 +17)=0,5-(420 + 400) = 410.

[Torepu naBnenus Ha Tperue npu 4 = 0,05 (mpiMoxox kupnuuHbi), [1a:

a)2
li “epi .
APry; = uTp P2+ Btepi);
dyj 2
BEPTUKAJIBHBIN KaHAaJ -
4 22 796

~005-— .2 .09.[1+ 20 =195,
Ap1 =005 ( 273)

b

TOPU30HTAIBHBIN YYaCTOK -
2
52

YYaCTOK PaCIIMPEHUS -
2
2 145 780
APr,3 = 0,05 - 091+ 0.15:
p3 05-3+2) 2 ( 273j

YETBEPTHIN YUACTOK -

773

2
5 0.9
AProa =0,05-2-22 091+ 0.1;
p4 32 ( 273)

ISATHIA y4aCTOK -
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IECTON yYaCTOK -

2
AP =005-19.25 9. (1421005
2 2 273

Tp6 2
OOGrue moTepu TaBJICHUS Ha TPEHUE

> AP, =195+09+0,15+0,1+12+11=>54/Ia.
HOT@pI/I JAaBJICHUS AbIMAa HAa MECCTHBIC COHpOTI/IBHCHI/ISI, Ha,

2

@;
APy = K — Poe (1+8-4;).
2

Bxonx B npiMoBoOi# KaHan - AP, =0,5 7 -0,9-(1+ %) =3,51.

[ToBOpOT KaHaa MoJ NPSIMBIM YTJIOM -

2
792
APMCZ :1,2570,9(14—2—73):6,53

pacipeHue KaHajia
2
F
K=pl1-E1|—065.|1-2 |= 036,
1) 32
rae 17 = 0,65 npu yrae pacmmpenus ¢ =30°,

2
APc3 =036:—--09-(1 +;—§§) =2,66.

CYKCHHUC KaHaJla -

By di 22
K =0,35 mpu 442 _044,
342 32
3
2
, 778
APMC4 20,35' 0,9(1+2—73):0,5

Onpenenstorcsi MOTEPU Ha MECTHOE CONMPOTHUBJICHUE JIJISl YYACTKOB: MOBOPOTA
JILIMOXO0/1a, BXOJa B ILIMOXO/I, PACIIUPEHUS UM CYKEHUS TBIMOX0/1a, Ha 3aJIBUKKE U
B PEKyIIEPATOPE, 3aTEM BCE IOTEPU CYyMMUPYIOTCS.

Pa3mepbl kamepwl I YCTaHOBKM pekymnepaTtopa: 1,4*2.5m2, nuamerp Tpyo
d=57mmM, S1=87 =2d=114mm=0,114m. TemnepaTypa n1bpIMa Ha BXOJE B
pekyneparop t5 =758°C, Ha BbIXOAe M3 pekymneparopa ty =420°C. CkopocTh
JIBYKEHHS JIbIMA B PeKyTiepaTtope puHuMaeM: @, = 4m/c.

Yucno psaoB TpyO no riayOuHe neuu n=14.
[lorepu naBneHus npu BXOJe B peKyleparop, l1a,
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2 2

5 1,6 758

=Kpoy)— 1+ 0,01-0,9- -1+ =0,04,
1 £0 ( ) 5 ( 273)

P
APyre

2
rie K =£l—£j =0,01.

2
[ToTepu naBnenus B myuke Tpyo, [la,

APB.y =cScqAPry (n+1)=1-086-111-(14+1)=143,19,

S, S
c, =1 =2);
I (S (st —- g d )

c, = 0,86 (a1 d=57Mm);
AP, 3aBUCHT OT CPEIHEN TEMIIEPATYPBI [IbIMA U JICHCTBUTENBHOMH CKOPOCTH.

Cpenuss tTemnepaTypa JibiMa B pekymneparope, °C,

ty, =0,5(tf +15)=0,5- (420 + 758) = 589.
JleficTBUTEIBHAS CKOPOCTD JIBIMA, M/C,
P
t
of =of| 1+ 2 :4-(1 589) 12,63.
273 273

[Torepu gaBieHus MPH BHE3AIMHOM CY)KEHHH Ha BBIXOJIE U3 peKymeparopa, Ia,
2
42 420

@, t
APP = Kpg—9—(1+-B=0,06-09-"—.(1+ ——-—11
MC2 £0 ) ( 273) ( )

rne K= 006Hp1/1§ 0,9.

2

Hotepu naBnenus B pexyneparope, [la, AP =0,09+143,19 + 1,1 =143,38.

2,57 410
[Totepu naBnenus Ha 3axBuxke, [la, AP, ., =1,0- 5 09| 1+ 273 =9,5,

rne K =1,0.
OO11re moTepu AaBICHHS bIMa Ha MECTHOE COMPOTUBIICHNUE, [1a,
D> AP, . =3,51+6,53+2,66+0,5+143,38+9,5=166,1.

HOTCpI/I JaBJICHUS ObIMa HA IIPCOAOJICHHUC TCOMCTPHUUCCKOT'O HAIIOpa, Ha,

1 0,9
AP, =9,8-4-1129- 20 " 79 =39,1.
+— 1+
273 273

OO6mue noTepu AABJICHUS MPU JIBHXKEHUH MPOJIYKTOB CrOpaHUs OT paboyero
IPOCTpPaHCTBA Ieun A0 muodepa, Ila,
AP =Y AP pi +> AP, +AP, =54+166,1+39,1=210,6.
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8.4 Ilpumep pacuéra ILIMOBOM TPYObI

OmnpenenuTts BBICOTY KUPIIMYHON IBIMOBOU TPYOBI.
O6mue norepu nasinenus AP, =226,41la, TeMnepaTypa IbpIMa HEpeEX

Tpyooil #y71 =394°C, MIOTHOCTH ABIMOBBIX razoB Py =l,21kr/m3, Temneparypa
OKpy»karomero Bosayxa fg =20°C, mnoTHocTh Bo3ayxa ppo =1,29kr/M3. O0béM
IBIMOBBIX ra3oB Vj , =9,8 M3/m3, pacxon Tomnusa B=0,8m3/c.
JluameTp yCThsl AbIMOBOM TPYOBI, M,
p :\/41/@,33(1 +m) _ \/4-5,8 0.8 _
Y Q) 314-3

IZie @()) — CKOPOCTh JIbIMa B YCThE TPYOBI, () = 2...4M/C, IpUHAIH: @()) =3 M/C.

JuameTp ocHoBaHMS TPYOBI, M, dgcy =1,5d ), =1,5-1,82=2,73.

Cpennuit nuametp TpyOBbI, M,
dep =05(dy +docy) =0,5-(2,73+1,82) =2,28.

[IpuBenéHHast CKOPOCTH IbIMa Y OCHOBAHUS TPYObI, M/C,
VpBA+m) 4-98-0,8-1,2 134

2, 3,142,732
Benmnunna pacué€rHoro paspsbkenus, [la,

P,=(12-14)AP, =13-2264=29432.

OpHEHTHPOBOYHYIO BBICOTY TPYOBhl [’ MOXKHO ONpENenuTsh 1Mo PUCYHKY 8.8,
no tg u Pygy(tara): H'=43m.

w02 =

Temneparypa npiMa B ycThe TpyOsl, °C,
tg=tg —(1.3)H =394 -1,5-43=329,5.

Cpenusis TeMiiepatypa asiMa B TpyOe
TP _0,5(t3 +19) =0,5- (329,5 + 394) = 362.

BricoTa 1bIMOBOI TPYyOBI, M,
2 2
“02 “01
Py + Po.c ) 1+ fr9) - ) 1+ prg)
H =
2 2
g LB Poe | Lo PO i+ 02 pig)
1+ ﬂzgp 1+ Btep cp
2 2
1,34 3
20432 4121 (394273 -~ (3295+273)
2 273 273
9’8_(1’29. 23,y 273 j_ 0,05 1, 167% 362+273
20+ 273 362+273) 2,28 2 273
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CBOIATCA TCXHUKO-3KOHOMUYCCKHC ITOKA3aTCIN HOBOH MEYH.

Ta6J'IHHa - TeXHUKO-2KOHOMUYECKHUE XAPAKTCPUCTHUKH IICUN

3akiroyeHue

B 3aknroyeHuu JnenaeTcs BBIBOJ MO pe3ysibTaTaM pacu€ra, OroBapHBaeTCs
00J1acTh MPUMEHEHHS CIPOEKTUPOBAHHOM €YU, COMOCTABISIOTCS XapaKTEPUCTUKU
MeYu C CYIIECTBYIOIIMMH aHajoraMu (IpeuMyllecTBa U Hemoctatku). B Tabmuiy

Ne [Toka3zatens, 0003HauUEHHE Eannnua - Benvrmy
U3MEpEHus -Ha
1 | Terutora cropanust Tormsa Q D Klowc/m3
2 | HdeiictBuTenbHblil 066EM Bozayxa L) M3/ m3
3 | O6bEM IBIMOBBIX Ta30B V() > M3/m3
4 | IInoTHOCTH TOIIMBA O, Ke/m3
5 | IInotHOCTB ABIMA PO > Ke/m3
6 | Heyssi3ka bananca m; %
7 | Kamopumerpuueckas temneparypa Iy °C
8 | HeicrBurenbHas Temmeparypa f ) °C
9 | Jnouna neuu L M
10 | llupuna neun B M
11 | MakcumanbHas Beicota 1 5y M
12 | MunumanbHas Beicota H 5,5 M
13 | Temmneparyp Harpesa 1 ff °C
14 | Temneparypa Beiepxku 1R °C
15 | CkopocTs HarpeBa Umin ---Umax °Clu
16 | Kpurepwmii buo Bi -
17 | OG1iee BpeMst HarpeBa Tobwy yac
18 | Emxocts neun E K2
19 | O6mas macca oraeynopHoro marepuana M, Ke
20 | O6mias Macca Terton3osuonHoro cios M K_z -
21 | TonuyHa OrHEYIOPHOM KIagKH O M
22 | TosnmuHA TEIIOU30JIALMOHHON KIAIKA O M
23 | Pacxon TonauBa B Mm3/c
24 | IlorpemHocTth pacuéra A %
25 | Tepmuueckuii KO3QUIMEHT NONE3HOTO AEHCTBHS 7)¢ %
26 | Tun pexynepaTtopa -
27 | Pacxon Bosoyxa Vg w3e
28 | Cpennuii k03¢. Temwtonepenaun K cp 37 70
(n=-"C)
29 | Cpennss Temmeparypa JbiMa B peKyneparope f, °C
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[Tpopomxenue TabaUIIbI

Enuanna  Bennunyl
Ne IToka3zatens, 0003HaUCHHE S
U3MEpEeHus -Ha
30 | Auamerp tpy6ok d ff M
31 | IMosepxHocTh Harpesa [ M2
32 | IlorpeOHOE KOI-BO TPYyOOK n wm.
33 | Ilpou3sBoauTENbHOCTH TOpENKU Br M3/c
34 | Komn4ecTBO Tropesiok n wm.
35 | Paccrosinne Mexy ropenkamu | M
36 | Auamerp Hocuka ropenku d [T MM
37 | CymMapHOE POXOAHOE CeYCHHE BEPTHKAIBHBIX KaHAIOB ) M2
38 | Kon-Bo BEpTHKANLHBIX KAHAIIOB Mg g wm.
39 | Temmeparypa yxoadmux ra3os ¢ yx °oC
40 | Temneparypa JbpIMa B OCHOBaHUM TPYOBI /8 °C
41 | O6wwme norepu gasnenus APy m Ila
42 | duametp yctos TpyOBl d y
43 | inametp ocHoBaHus TPYOBI d )0y M
44 | BoicoTa npiMoBoO# TpyOsl H M
Ilepeyenb cCHLIOK
1 Kpacnokyrcekuii  IL.I.,. TeruorexHiuHi mpolecH 1  KOHCTPYKIIii

HarpiBagpHuX mnedei: Hapu. mocionuk / 3a pen. ILI. KpacHokyTchkuid,
@.1. Konecuuk; — K.: ICJ1O, 1995. - 248c.

2 Pacuernl HarpeBatenbHbIX nieueit / [lox pen. H.FO. Taiima — K: Texnuka,
1969. - 540 c.

3 KpuBanaun B.A. Meramnypruueckue neuu / B.A.Kpusanaun, b.JI.Mapkos.
— M.: Meramnyprus — 1967. - 672c. ,

4 TemoTeXHUYECKHE PACUEThl METAJLUTYPTHUECKUX medeil: Yuel. mocodue Jist
CTYJIEHTOB By30B. — 2-¢ u3f. / b.®.300uun, M.J[.Ko3se, b..Kuraes u ap. - M.:
Meramnyprus, 1982.-360c.

5 Taiim H.KO. Meroauueckne HarpeatenbHbie mneun / H.KO.Taiim,
I0.".Pazenrapt— M.: Metraiutyprus, 1964. - 408c.

6 KoBka u mramnoBka: CrnpaBounuk. B 4 1. / [lox pen. E.N. Ceménona. — M.:
Mammnoctpoenue, 1986.-T.1. - 592c.

7 Teopus u texnonorus koBku / JI.H. Cokonos, H.K. I'ony6sarauxos, B.H.
Edumos, W.I1. llenaes. — K.: Buma mk., 1989. - 317c.
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Mapkos Oner EBrenbeBuu

METOJIUKA PACUYETA IIEYEN KY3HEUHO - ITIPECCOBOI'O
IMPON3BOACTBA

Y4eOHoe mocodue 11l CTY/ICHTOB

cneyuaitbHocmu «O6pa6omka Memanios 0aeieHuem»

10 JNCHUITIIINHC <<T€HH03H€pF€TI/IKa>)

Penakrop Xaxuna Hennu AnexcanapoBHa
[Tonm. B meu. ®opmar 60x84/16.
Pusorpad. nevars. Y. neu. 1. V4. - u3n

Tupax 100 k3. 3aka3 Ne

JNI'MA. 84313, r. Kpamaropck, yiu. llIkanunosa,72
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