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BBE/JIEHHE

HcTouHNK Ten0Boi 3HEPIrUU — TEIUIOTEHEPUPYIONIasl yCTAHOBKA  (TEIIOBas
AIIEKTpUYECKasi CTAHUUS WM KOTElbHAas), NMpeAHa3HAYeHHAsl JJIs MPOU3BOJICTBA U
OTIIyCKa TEIJIOBON YHEPTUH.

B nactosiiee BpeMsi HanOosiee MIMPOKO MPUMEHSIOTCS UCTOYHUKU TETLUIOTHI,
UCIIOJIb3YIOIME OpraHMYEeCKUe TOIUIMBa — TBEPAOE, KHIKOE U Ta3000pa3Hoe.
OCHOBHBIMH HMCTOYHHMKAMHU TEIUIOTHl SBJISIOTCA TeruiodekrpoueHtpanu (TILI),
korenbHble u  ATOIl. Ha ©6aze TOIl co3mana temnodukanus — cucTema
[EHTPAIM30BAHHOTO TETUIOCHAOKEHHMsI, TO3BOJIAIONIAs COKPAaTUTh PAacXoj, TOILIMBA
JUTSL BBIPAOOTKH TETUIOTHI U AJIeKTposHepruun Ha 20 — 25%.

CucremMbl TEIUIOCHAOXKEHUS KJIACCU(DUUIUPYIOTCA TIO PsiAy TMPU3HAKOB:
M0 B3aUMHOMY pPAacCMOJOKEHUI0O HCTOYHHMKA TEIJIOCHAOXKEHUS M MOTpeOuTeneit —
LEHTPAJIN30BAHHBIE U JICLIEHTPAIN30BAHHBIC; 110 BUAY TEIUIOHOCUTENS — BOASHBIE U
MapoBbIC; IO XapaKTepy OTIyCKAa TEIUIOThl W3 TEIJIOBOM CETH — OTKPBITHIE H
3aKpBITHIE; MO CMOCO0Y MPUCOEAUHEHUS MOTPEOUTENEH TEIIOTHl — C 3aBUCUMBIM H
HE3aBHUCUMBIM  NPHUCOCIMHEHUEM; II0  KOJIMYECTBY  MMAPAIUIENBHO  HUIYIIUX
TEIUJIONPOBOJIOB — OTHOTPYOHBIE, ABYXTPYOHBIE U MHOTOTPYOHBIE.

[Ipy UEHTpasM30BaHHOM cHUCTEME TEIIOCHAOKEHUS WCTOYHUK TEIUIOThI
pacrnoioKeH Ha 3HAYUTEIbHOM PAaCCTOSHUU OT CAMOI0 YHAJIEHHOTO MOTpeOUTeNs U
UMEET 3HAYUTEIBHYIO TEIUIOBYIO CEThb. JlEIEHTPAJIN30BAHHBINA TEIUIOBOM MCTOYHHUK
HaXOAUTCs BOIM3U MOTPEOUTEIS, TEIUIOBAsl CETh B 3TOM CIIy4ae HE HyXHa.

B kauecTBe TEIUIOHOCUTENS I CHUCTEM LEHTPAIBHOIO OTOIIEHUS KUJIBIX
3nanuii U ropsyero BojocHaOxkeHuss (I'BC) o0buHO Hcmonb3yercs Boja.
IIpn Temneparypax temnonocutens nao 100 — 150°C Boma npumeHsieTcs U B
Pa3IMYHBIX TEXHOJOTMYECKHX MPOMBINUIEHHBIX Tpoueccax. I[lpu Ttemmeparypax
tertoHocutenst 6osiee 150 °C B mpOMBIIIJIEHHOCTH Yallle UCIIOIB3YIOT Tap.

3aKphITBI  CIIOCOO OTIYCKAa TEIUIOTHI MOApPa3yMeBaeT TO, YTO BOJA W3
TEIJIOBOW CETH He 3a0upaeTrcsi, a HarpeBaeT B TEMIOOOMEHHHUKAX XOJIOIHYIO
BOIONPOBOAHYI0 Bony. Mcmombsyercss mnpu xké€ctkoit MectHoi Boge (Kypran,
Mocksa). Ilpu oTkpbiToM crnocobe oTtnycka Temiorel Boaa misa ['BC  wnm
TEXHOJIOTUYECKUX HYXJ 3a0upaeTcsi U3 TEIUIOBOM CETH M IOCJE MCIOJIb30BaHUs
cnuBaetcs B kaHanu3anuio (Cankr-IlerepOypr).

[Ipu 3aBUCUMOM NPUCOECIMHEHUN CHCTEM OTOIUIEHMS CETeBas BOJA IPOXOAUT
HEMOCPEACTBEHHO uepe3 npubopsl oToruieHus. [Ipu He3aBUCMMOM — ceTeBas BOja B
TEIUIOOOMEHHUKAX HarpeBaeT BOJNY, SBISIOLIYIOCS HE3aBHCHMBIM TEILIOHOCUTENEM,
LUPKYJIUPYIOIIUM B CHCTEME OTOILICHUS.

CereBass BOJAa MOXKET TPAHCHOPTUPOBATHCA MO OJHOMY TEILIOMPOBOLY.
3TO BO3MOXKHO, €CJIM BCSl CETEBasi BojAa pa3Oupaercs moTpeOuTensiM — ogqHOTpyOHas
cucteMa TeriocHaOkeHus. J[ByxTpyOHas cucremMa — KOIZa JiBa TEIUIONPOBOJA
pacnoJyiokeHbl napaensbHo. [lo noparomemy (mpsMomMy) TEMJIONPOBOAY MOCTYIAET
ceTeBas Bojia MOTPEOUTENSIM, IO 0OPATHOMY MPOUCXOIUT COOp OXJIAXKAEHHOU BOJBI U
BO3Bpar €€ B KoTenbHylo win Ha TOLl. Ecnu morpeOurenu HyXaaroTcs B ropsuen
BOJIC pa3HOW TeMIepaTyphl, TO MOAAIOIINX TEIUIONPOBOJOB HECKOJIBKO, a 0OpaTHBIN
OJTMH — 9TO MHOTOTPYOHAsi CUCTEMA TETIOCHAOKEHHUSI.
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Knaccuduxkanus 31eKTpu4ecKux CTaH U

TemsioBoit 3ekTpudeckoid cranmued (TIC) Ha3pIBaeTCd KOMILIEKC
000pYyNOBaHUS U YCTPOMCTB, MPEOOPaA3YIOIIMX SHEPTHIO TOIUIMRA B JIEKTPUUECKYIO U
TETUIOBYIO SHEPTHIO.

1 ITo Ha3HayeHuIo U BUAY oTnyckaemom sHeprun TOC nensaTcsa Ha pallOHHbBIC U

IPOMBIIIJIEHHBIE.

Paiionnpie TOC — oOchmyKuMBalOT Bce BHIBI MOTpeOuTened paioHa
(IpoMBILITIEHHBIE TPEANPUATHS, TPAHCHOPT, HaceneHue u Ap.). [IpombllieHHbIE
TOC — 00CiIyXHBalOT TEIUIOBOM W JJIEKTPUYECKOM HHEprueidl KOHKPETHBIE

MIPOU3BOJICTBEHHBIC MPEANPUATUS WIIH KX KOMILJIEKC.

2 Tlo Buay TommBa TOC nenarcs Ha aromuble anekTpoctaHuuu (ADC) u
ANIEKTPOCTAHIINK, paboTaroniue Ha opranndeckom Tornse (TDC B y3kOM CMBICTE):
ra3oBbl€, MbUICYTOJIbHBIE, MA3yTHHIE.

3 Tlo Tumy CHJIOBBIX YCTaHOBOK PasiIMyaloT MapoTypOMHHBIE, Ta30TypOUHHBIC
Y TIapOra30BbIE IIEKTPOCTAHIIUH.

OcHOBOIi MapOTYPOMHHBIX 3JIEKTPOCTAHLUMU SBISIIOTCS NAPOTYPOMHHBbIE
ycranoBku (IITY), xoroppie mans mpeoOpa3oBaHUs TEIJIOBOM DSHEPrUM B
MEXaHUYECKYIO UCIONB3YIOT MAPOBYI0 TYPOUHY.

I'a3oTypOnHHBIE TeII0BbIe 3JIEKTPOCTAHUNH OCHAILIAOTCS
ra3orypounabiMu  ycranoBkamu (I'TY), pabGotaromumu Ha ra3zoo0pa3HOM WA
KHUJIKOM (IM3€JbHOM) TOTLIUBE.

IIapora3oBbie TemJOBbIE JIEKTPOCTAHIMH KOMIUICKTYIOTCS MAapPOra3oBbIMH
ycranoBkamu (III'Y), npencrasnstonumu  komOunaruto ['TY wu IITY, uyto
MO3BOJIAET 00ECIEUUTh BHICOKYIO SKOHOMUYHOCTb.

4 Tlo TexHonoruueckor cxeme napornpooaoB TOC nensarca Ha Onounbie TOC
1 Ha TOC ¢ nonepeyHbIMU CBA3SMH.

brnounsie TOC cocTOAT U3 OTHENbHBIX, KaK MPaBUJIO, OJHOTHUIIHBIX
HHEPTEeTUYECKUX YCTAHOBOK — SHEPToOJIOKOB. B sHeprobmoke kaxaplii KOTEM MogaéT
map TOJIKO JJIsi CBOEH TYpOHHBI, U3 KOTOPOW OH BO3BpAIlACTCS MOCIE KOHJEHCAIIUU
TOJBKO B CBOM KOTEN. Pabota kotnoB u TypOoun Ha TOC C monepeyHbIMH CBSI3IMHU
obecneunBaeTcs MO-ApyroMy: Bce Komibl TOC momaroT map B OIWUH  OOIIMIA
apoIpoBo/I (KOJUIEKTOP) U OT HETO MUTAa0TCs Bce mapoBbie TypouHsl TOC.

5 Tlo ypoBHIO HadalbHOTO HAaBieHUs pazauyatoT TOC TOKPUTUUYECKOTO
JABJICHUS U CBEPXKpUTHYECKOTO AaBieHus. Kputnueckoe nasnenue — 3to 22,1 Mlla.
B poccuiickol TEMIOHEPreTUKE HayaJbHbIE IApaMETpPbl CTAHAAPTU30BAHBI
(8,8; 12,8 u 23,5 MIla).



1 IEJIb KYPCOBOI'O ITPOEKTA 1 TPEFOBAHIA
K EI'O BBIITOJIHEHMIO 1 O®OPMIJIEHHNIO

KypcoBori mpoekr no aucuurimHe «VICTOYHHMKM NPOM3BOACTBA TEILUIOTHD)
UMEET LIEbI0 YIIIyOUTh 3HAHUS, MOJIy4aeMble CTYACHTaMU IIPU U3YYEHUM Kypca, U
JaTh UM IPEACTABICHUE O TEIUIOBOM cxeMme mpomselnuieHHo TOC, HazHayeHuu oc-
HOBHOI'O M BcHlOMorarenbHoro obopynoanus TOC, a Taxke HNpuUHLUIAX pacdyéra
TEIJIOBOM CXEMbI M TEXHUKO-3KOHOMUYecKuX nokazareneit TOC.

KprOBOﬁ IMPOCKT AOJIZKCH BKIIIOYATLH B cebs IMOSACHUTCIIBHYIO 3aIIUCKY, COCTO-
SAIIYI0 U3 Pa3dCiIOB:

- OIIpEJICTICHHUE MapaMeTPOB Tapa U KOHACHCATa B XapaKTEPHBIX TOYKAX CHUCTE-
MBI,

- OIpeieNieHne MaKCUMaJIbHOTO pacxo/ia mapa BHEIITHUMH MOTPEOUTEIISIMH;
- pacy€T pacxojia mapa ¥ MOIUTHOCTH TypOUH, BEIOOP THUIA U YKcia TYpOUH;
- BRIOOp THUIIA U YKCJIa TapOBBIX KOTJIOB;

- pacy€T nmokazarenen TermoBoi 3koHomMuyHoctu TOC.

[TosicHuTenpHas 3anucka opopMIIIETCS Ha OJTHOM CTOPOHE JIMCTOB Oenoi Oyma-
ru popmata A4 (210 x 297 mm). 3anucka MOKET COJEPKaTh JIUCTHI pyroro (popmara
B BHJIE ITPUIJIOKEHUM.

TekcToBast yacTh B Ipeieiax NOSACHUTENbHON 3aTUCKU O(DOPMIIIETCS OJJHOTHUII-
HBIM 00pa3oM:

- B BHJIE PYKOIIMCHOTO TEKCTa, HAITMCAHHOTO LIApUKOBOW PYyYKOM cuHero, (uo-
JIETOBOTO WJIM YEPHOTO IIBETOB C BBICOTOM OYKB HE MeHee 2,5 MM;

- MalIMHOMMCHBIM CIIOCOOOM C HMCIIOJIb30BAaHUEM IOJTYKUPHOM JIEHTHl YEPHOTO
LIBETA U MEKCTPOYHBIM MHTEPBAJIOM I€YaTH — 2, BBICOTOM IIpudTa HE MEHEee 2,5 MM;

- C UCIOJIb30BaHKWEM TevaTaromux u rpapudeckux ycrpoicts no 'OCT 2.004-
88. Pexomenayercs mpudt Times New Roman, kerib He MmeHee 12.

[Ipu wucnonb3oBaHUM rpadUUYecKUX WUIIOCTPAIMil, MOMHUMO YKa3aHHBIX
CPENCTB, JOIYCKAETCS UCIIOJIB30BAHME IIPOCTOT0 KapaHala.

JI1d KaXK10i CTpaHUIIbI 3aIIUCKH BBIAEPKUBAIOTCA OJISL: JIEBOE HE MeHee 30 MM;
BepxHee U HIKHee He MeHee 20 MM; mpaBoe He MeHee 10 MM.

B ciywae, korma BHYTpU 3allMCKH, BBIIOJHEHHOW PYKOMHUCHBIM CIIOCOOOM,
UMEIOTCSl JIMCThI C pacredyaTkaMH CPEJCTB BBIYMCIUTEIbHOW TEXHUKU (PE3yJIbTaThI
pacyeTroB U TOMY MHOJOOHOE), MX JOMYCKAaeTcs BKIIOYaTh B OCHOBHYIO TEKCTOBYIO

4acTh MPHU YCIOBUH, €CIIM UX OPOPMIIEHHE COOTBETCTBYET BCEM TPeOOBaHUSM HACTO-
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AMMX TOJO0XKEeHUH. B mpoTHBHOM ciiydyae oHU OPOPMIISIOTCS B BUJIE IPHIIOKEHUIA.

A63a11 BBIIENAETCS OT Hayasla CTPOKU S mpoOenamu MpU HANKMCAaHUM MalIMHO-
MHACHBIM TEKCTOM Wi 10 — 15 MM — pyKONIMCHBIM.

BrinceiBaHue crnenuaibHbIX CHUMBOJIOB B (hOpMYJbl, WJUIFOCTPALMM, TaOJIUIIBI
IIPOU3BOJUTCS C TEM K€ Pa3MEPOM, IUNIOTHOCTHIO U [[BETOM, UTO U B OCHOBHOM TEKCT.

HcrnpaBnenue oreyaTok MpOM3BOAUTCS AKKYPATHOW MOJXYMCTKOW WIIN 3aKpaIln-
BaHueM Oenoit kpackoi (Tuna «Tpux») ucnpaBasieMbIX CUMBOJIOB C MOCIEAYIOUIIM
HAaHECEHUEM Ha TOM € MECTE UCIIPABICHHOI0 300pakeHus. VcrpaBieHuss METOOM
3aKJICUBaHMsI HE JOITyCKaroTCs. JIMCTBI ¢ OONBIINM YUCIOM UCHpaBieHui (6onbiie 5)
IIOJIJIEKAT 3aMEHE.

Bce 3arosioBkM TEKCTOBBIX Pa3/eioB, MOAPA3IEIOB U IIYHKTOB U HANMEHOBaHUS
Ta0JIML, PUCYHKOB, IPUIIOKEHUI MTOAYMHSIOTCS CIETYIOIINM €UHBIM TPEOOBAHUSIM:

- TOJDKHBI KPATKO M TOYHO OTOOpaKaTh COJEPIKaHUE;

- HE JOIYCKAIOTCS MEPEHOCHI CIIOB B 3ar0JIOBKAX;

- TOYKa B KOHIIE 3aroJIOBKa HE CTABUTCS;

- HE JIOITyCKAeTCsl MOAYEPKUBAHNE 3ar0JI0BKA;

- IpU HCIOJHEHUM Ha KOMIIBIOTEPE 3arojOBOK MOXKET HAOUpaeTcsl KUPHBIM
mpudTom;

- €CJIA 3ar0JIOBOK COCTOUT M3 ABYX MPEIIIOKEHUN, UX PA3ICISIOT TOUKOM;

- IPU NIEPEXO/IE 3aroj0BKa Ha BTOPYIO CTPOKY OHA JIOJKHA OBITh PAacloioXeHa
CUMMETPUYHO MEPBOU CTPOKE;

- CBEPXY U CHU3Y 3ar0JIOBKHU BBIIEISIIOTCS ITyCTBIMU CTPOKAMY;

- IOJDKHBI PacrioyiaratbCsi CAMMETPUYHO TEKCTY, KPOME 3ar0J0BKOB TaOJIMII.

PaccTosiHre MeX1y 3aroJIOBKOM M TEKCTOM IIPH BBIIIOJIHEHWHU 3aIIMCKH Ha KOM-
IbIOTEPE U MAIIWHONKCHBIM CIIOCOOOM JOJKHO ObITh paBHO 1 MHTEpBally, a MPH BbI-
MOJTHEHUHU PYKOMUCHBIM ciocoOoM — 15 MM. PaccrosiHne Mexay 3aroioBkaMu pasjena
U noapaszaena — 2 uHrepBana. PaccrossHue Mexay 3arojJOBKaMHu M TEKCTOM — 1 UHTED-
BaJI, MEXKy TEKCTOM IOJAPA3/eiia WINA IyHKTA /10 UX CJIEIYIOIIUX 3arojJ0BKOB — 2 WH-
TepBasia. HoBbI# pasnen (ry1aBa) TOKHBI HAUMHATBCS C HOBOTO JIMCTA.



2 UCXOJHBIE TAHHBIE JUTS PACUETA

P =3,5 Mlla u t =435 °C — HauanpHbIE TapaMeTPhI Napa;
Naii, MBT — anekTpudeckasi Harpy3Ka;

Qo1 MBT — oTOnMTEIBHAS HATPY3KA;

tric/toc, °C — Temneparypa ceTeBoil BOIbI;

Dml, 1/9 — pacxon mapa Ha MPOU3BOCTBO 1;

Prl, MIla — naBnenue mapa B mpoOU3BOJICTBEHHOM OTOOpE 1;
Dn2, 1/4 — pacxo/ mapa Ha MPOU3BOJCTBO 2;

Pn2, MIla — naBnenue napa B MpOU3BOJICTBEHHOM OTOOpE 2;
GrBc, T/4 — pacxoj ropsiueit BOJbI;

QQB, MBT — pacxoz TemIoTsl Ha BEHTUISILUIO;

Por, MIla — naBneHue mapa Ha TeIIO()UKALIHIO;

[TogorpeBatens Beicokoro aasienust 1 (IIB/1): P = 0,575 MIla — naBnenue
mapa B II€pBOM HEPETYJIHMPYEMOM OTOOPE;

[Togorpesatens Hu3koro Aasienus (ITHM): Po = 0,01 MIla — naBnenue napa Bo
BTOPOM HEPETYJIUPYEMOM OTOOPE.

Bua TorumiBa — yroJib onpenenéHHon MapKy;
MecTo pacnonoxeHus — rOpoJ.

Pacuér Benércs s temnoBoil cxembl TOC Ha cpeaHue mapaMeTpsl mapa,
pEeACTaBICHHON Ha PUCYHKE 1.



an n
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Pucynoxk 1 — TemnoBas cxema TOC Ha cpennue nmapametpsl napa (1K — naposoii
kotén; I' — anexkrporeneparop; OY — oxnagutenbHas yctaHoBka; OT — oTonurenbHas Harpyska;
OII — ocuoBHoit nmogorpesarens; [1I1 — nukoBwiit mogorpesarens; [ — neasparop; K — xonaeHca-
top; [THJI — perenepaTuBHbIi nogorpeBaresb HU3Koro napieHust; [1B/] — perenepaTuBHbIN 1M010-
rpeBaTellb BBICOKOIO JaBJIEHUS; D — 3KEKTOPHAsl ycTaHOBKa; OO — OXJIaUTENb BBIXJIONA 3KEKTO-
pos, I1J] — neaspatop y3na noanutku temaoBoi cetu; TII — TermiooOMenHuk y3na noanutku; BBT
— BOJ10-BOJIsiHO TernooOmeHHuK, PHIT — pacumpurens nenpepsiBHOU mipoayBku; CII — canbHUKO-
BBl mogorpesarenb; Il — npenaxubiii mogorpeBarens; KH — konaencannonnsiit Hacoc; [TH — nu-

taTenabHbIi Hacoc; CH — cereBoii Hacoc; I1I1TH — nmognuTounbIi Hacoc)



3 METOJIUKA PACUETA

JTAHO:

P =3,5 Mlla u t =435 °C — HauanpHbIE TApaMETPHI NaPa;

Naj = 32 MBT — sanekrpuueckas Harpyska;

QPyr = 23,8 MBT — oTOTIMTENBHAS HATPY3KA,;

tric/toc = 150/48 °C — remmepaTypa ceTeBOI BOJIbI,

Dml = 80 1/4 — pacxo mapa Ha MPOU3BOACTBO 1;

Pl =0,9 Mlla — naBnenue napa B IpOU3BOJICTBEHHOM 0TOOpE 1;
Dn2 = 80 1/4 — pacxo/ mapa Ha MPOU3BOACTRO 2;

Pn2 = 0,4 Mlla — naBieHue napa B mpoOU3BOJACTBEHHOM OTOOpE 2;
Grac = 100 1/4 — pacxoj ropsiueit BOJbI;

QB 6,7 MBT — pacxo/1 TEIJIOTHl HA BEHTUJISILINIO;

P,; = 0,12 MIla — naBienue napa Ha TErIo(pUKaIHUIO;

[TogorpeBatens Beicokoro aasienust 1 (IIB/1): P = 0,575 MIla — naBnenue
rapa B EPBOM HEPETYIUPYEMOM OTOOPE;

[Tonorpesarens Huzkoro Aasinenus ([TH): Pn= 0,01 MIla — naBnenue napa Bo
BTOPOM HEPETYJIUPYEMOM OTOOpE.

Bun TonnmmBa — kameHHbIN yroibs — Ilevopckuit XK;

MecTo pacnonoxeHust — ropoJ ApXaHTreJbCK.
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PACUET

Pacuér temnoBoit cxembl TOC HauMHAETCSl ¢ MOCTPOCHHUSI MPOIecca paclIupe-
HUS 1apa B TypOuHe Ha I-S auarpamme (nipuinoxenue JI).

17 2 1 2

H,r" nr

—75 4

Pucynox 2 — I[Ipouecc nocTpoeHus pacuIiMpeHus napa B TypOuHe: a — B TypOuHe TUMa
IIT (mapoBoii TermaoPpuKauruoHHON TypOuHe); 6 — B TypOune tuna P (TypObuna npoTu-
BOJIaBJICHHS)

[To maBnenuto P =3,5 MIIa u temneparype t =435 °C neperperoro napa nepen
TypOMHOM HaXOUTCA MOJOKEHUE TOUKHU | (pUCYHOK 2a).

CTtpouTcst mpolecc APOCCENIMPOBAHUS Mapa B CTOTIOPHOM U PETYIHPYIOIINX
KaHayiaX TypOUHBI T10 YCIOBHIO I, = Iy = 3305 k/l/kr; P,=09-P;=0,9-3,5=3,15 MIlau Haxoxasrcs
MOJIOKEHHUE U MapaMeTphl Mapa B Touke 2 (pPUCYHOK 2a).

BrinonHsercs nponece pacliMpeHus: mapa B ITUIMHAPE BBICOKOTO JABJICHMS
(IIBJI) TypOuHbl. {151 3TOro cHayajga CTPOUTCS MPOIIECC M30IHTPOITHOTO pacIIupe-
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HUS Mapa JI0 AaBJICHUS B MPOU3BOJCTBEHHOM OTOOPE M HAXOIATCS TapaMeTphl B TOU-
ke 3 (pUCYHOK 2a) 0 yCJIOBHIO S3 = ;.

. _ i2_i3a
3aTeM U3 COOTHOUIEHUS: 1] = —=

i OnpcACIIICTCA 3HAUCHUC
—l3

132 = I — Ny (12 — 13), Kk/kr. [To moMydyeHHOMY 3HAYCHHIO U JIaBJICHUIO B ITEp-
BOM TPOHU3BOJICTBEHHOM OTOOpE OIPEACIIIOTCS IMOJOKEHHE W TapaMmeTphl Mapa B
Touke 3a (pucyHok 2a). [{ns TypOwH Ha cpeaHuwe mapaMeTphl mapa 1), — 0,85.
N3o0paxkerne mporiecca pacmpeHus B IWIMHAPE Bbicokoro aasienus (L[B/I) momyda-
€TCs COeIMHEHEM TOYeK 2 U 3a (pUCYHOK 2a).

AHQJIOTUYHO CTPOUTCS MPOLECC PACIIMPEHUS MMapa B MIIMHAPE CPEAHETO J1aB-
nenus (LUCJ) u B uununape auskoro gasienus (L{H/L) Typounst Tuna [1T u npoiece
pacupenust B Typoune tumna P.

[ToTepu naBiieHHs] B PETYIUPYIOMIMX OpraHax MPUHUMAIOTCS TaKUMH K€, KaK
st LIBJI — paBabiMu 10 %. BayTpennue otHocutenbublie KITJ[ mo mpoTouHoi yacTu
MOTYT OBITb IIPUHATBI CAEAYIOMMUMU: Nyey = 0,8; Ny = 0,72; 1, = 0,78.

[TapameTpsl mapa B HEPETYIUPYEMBIX OTOOpaX HAXOJATCA MO MOJOKEHUIO TO-
YyeK rnepeceueHus: u300ap, COOTBETCTBYIONIMX JIaBIICHUSAM B OTOOpax, W JMHUM pac-
mupeHus napa B Typounax tumna I1T u P B koopauHarax i-S AuarpaMMebi.

[To okoHYaHUU MTOCTPOCHUS MPOIIECCa PACIIUPEHUS TIapa B TypOUHE Omnpeesi-
€TCs UCMOJIb30BAaHHBIN TEIJIONEepena;

Hinr = 11— Iz, , KK/KT;

Hinr = 3305 — 2362 = 943 k/[x/kr;

Hip = i1 — lg, , kJDK/KT

H;ip = 3305 — 2901 = 404 xJ{x/xr. (1)

Haxonum koapuimeHTsl HeTOBBIPAOOTKH MOIITHOCTH:

—_ iA_i7a, —_ iB_i7a.
€A — D Ep — y
Hinr Hinr
— iC_i7a, —_ iD_i7a
e N @
Hinr Hinr
3013-2362 2945-2362
ga=——=0,69; gg=——=0,62;
A 943 ] D B 943 ] y
2704—-2362 2440-2362
gc=—=0,36; e =— = 0,08.
943 943
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PesynbraTel onpeaeneHus napaMeTpoB napa B pasiMYHbIX TOYKaX I10 MPOTOY-
HOW 4acTH TypOMH 3aHOCUM B TaOiuiy 1.

[To nanHbIM TaOIUIEBL 1 onpenensroTcs mapaMeTphl napa U KOHAeHcaTa B Xa-
PaKTEpPHBIX TOYKAX CHCTEMbI (MCIOJIb3YI0 Tabiuily BojasiHOro mapa). [lotepu nasie-
HUSL B IAPOIIPOBOJIaX OT TYpOUH JI0 TEINIOOOMEHHBIX YCTPOUCTB (KpOME OXJIaXKIato-
mieit ycranoBku OVY) coctanisior 10 %. Pe3ynpTaThl onpenenenus napaMmeTpoB mapa
Y KOHJIEHCATa 3aHOCATCS B TaOMIHILy 2.

13



VT

Tabmuua 1 — [Tapamerps! napa B MpOTOYHON YaCTH TypOUHBI U K03()(PUIIMEHTHI HEAOBBIPAOOTKH MOIITHOCTH

[Tapamertp Typbuna I1T Typbuna P
1 2 3 3a(A) 4 B 5 5a (C) 6 D 7 7a 8 8a
P, MIla 3,50 3,15 0,9 0,9 0,81 0,575 0,12 0,12 0,108 0,01 0,004 | 0,004 0,4 0,4
t,°C 435 433 257 281 279 244 105 115 114 46 29 29 163 219
i, kbx/kr | 3305 3305 2962 3013 3013 2945 2627 2704 2704 2440 2229 2362 2787 2901
S, 6,96 7,01 7,01 7,10 7,15 7,18 7,15 7,35 7,40 7,70 7,40 7,84 7,01 7,25
kJx/krK
I e e s 069 | ----- 062 | ------ 0,36 | --—----- 0,08 | =mem-=- | smemmee | emeeeee | oo
Tabnuma 2 — [TapaMeTpsl mapa ¥ KOHJEHCATa B XapaKTEPHBIX TOUYKAX CHCTEMBI
[Tapametp TennooOMeHHUKH
oVl I1B/12, ITI1 IB/I1 oy2 OI1, 1, T1]] ITH]T
JaBienue napa
5 ot6ope, MITa 0,9 0,9 0,575 0,4 0,12 0,01
DHTATBINA N1APa, 3013 3013 2045 2001 2704 2440
kJK/KT
JaBnenue napa
B TEIUIOOOMEHHOM 0,9 0,81 0,517 0,4 0,108 0,009
ycrpoiictee, MIla
OHTANBIIS KOH- 743 721 640 605 429 183
neHcara, KJ[x/xr
Tenmepatypa kou- | 170 {17 S — 102 44
nencara, °C




4 OITPEAEJIEHUE PACXO/IA ITAPA BHEILIHWUMMU ITOTPEBUTEJIAMU

Pacxo0 numamenwvnoii 600wt na 1 ke napa, nocmynatouiezo na OY1:

imoy1—imn
Goy1 = — o L KI/KT (3)
@-(imma—ixn1 )+ (i 1 —ins)

Inoy1 — PHTAJIBINS Mapa B ToUke A (pucyHOK 2a), KJ[/KT;
Ixm I — PHTAIBIMK KOHJICHCATA U Mapa Ipu naBieHuH P4, kJ[K/Kr;
¢ — J0JI UciapsieMoy nuTatebHou BoJibl (¢=0,9);

img = 4,19ty — SHTAIBINS TUTATEIHHON BOIBI.

3013-2772

Goy, = = 0,11 kr/kr
OY1 70,9.(2772-743)+(743—4,19+102) ’

Pacxoo napa, nocmynarowezo na OY1:

Dy
Doy =——— , xr/c 4
1+(p'Goy1 ’ ( )

[Ipumeuanue: pacxo mnapa gaH B T/4, €ro HEOOXOAMMO MEPEBECTHU B KI/C.

80
3,6%(1+0,9%0,11)

Doy = = 20,2 «xr/c.

Pacxoo numamenwvnoii 600wl Ha 1 k2 napa, nocmynarouwiezo na 0Y2:

imoy2—inn
Goyp, = —————~—-———, KI/KT; (5)
@-(innz—iknz)+(knz—ins)
2901-2738

GOYZ = = 0,08 KI/KT.
0,9-2133+605—-427,38

Pacxoo napa, nocmynarwuwezo na 0Y2:

D2
Doy, = ———, kr/c; 6
ovy2 1+<P'Goyz, 9 ( )

80
Doy, = = 20,7 xr/c.
OY2™ 3 6%(1+0,9-0,08) ’

Pacxoo napa na omonnenue u I'BC.

Pacxoo cemeesoit 600bt Ha omonnenue:

Qor
G = —————, K1/C; 7
B 1-Cg*(tnc—toc) Kre (7)

15



23,8%103

Gep = 0,984,19-(150—48) 56,8 Kr/c.

Pacxo0 napa na nuxoewlit nooozpesameins:

Do = GepCpe(tnc—tomn)
I — p -
U'(ln,nn—lk,nn)

Kr/c, (8)

rae t,, — TemrepaTypa ceTeBOM BOJIbI Ha BHIXOZE M3 OCHOBHOIO IIOIOTPEBATEIIS,
ton = on — O; Ot — TeMmeparypHsle notepu, ot = 8...10 °C;

t,. on— TEMIIEpATypa KOHAEHCATa B OCHOBHOM ITOJI0rpeBaresie (13 TaOIHIIbI 2).

_ 56,8:4,19-(150—93)
™ "4 98-(3013-721)

= 6,04 «xr/c.

Pacxo0 napa na ocHo6HOIl ROOOZpesameinv:

GeaCa-(ton—toc) — D (i mm—ix on)-
D,, = 8-Cp*(ton—toc)—DPnn- (i nn K,on)TI, Kr/c; (9)

n-(imon—ikon)

_56,8'4,19-(93—-48)—6,04:(721-429)-0,98

Don = = 4,03 xr/c.
0,98:(2704—429)
Pacxoo napa na I'BC:
_ GracCp(toc—5) )
Du. = o FRR—— KI/c; (10)

27,8'4,19-(48—5)
™ 0,98-(2704—4,19-5)

= 1,90 kr/c.
B rtemnoBon cxeme paccuntbiBacMorl TOC mpunsaTta oTkpbITas cxema ['BC,

MOANUTKA OCYILIECTBIIIETCS BOJOM, MOATOTOBISIEMOM B IOJIUATOYHOM Y3JE,
tom = 3 °C.
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5 PACUET MOIIIHOCTEM TYPBUH, PACXOJIA TIAPA HA TYPEUHBHI,
BbIBOP TUITA N UMCJIA TYPBMH

TypOuna ¢ npoTuBoAaBieHreM Tuma P Ha cpeqHue mapaMeTpsl apa He UMeeT
0TOOpOB Tapa Ha PereHEepaTUBHBIN MOJOTPEB MUTATEIBHON BOBI, IO3ATOMY PACXO/]
napa Ha TypOHHY paBeH pacxoay napa Ha OY2.

Mownocme, pazseueaemas mypounamu muna P:

Np = Dp-Hip-nyn,: , KBT (11)

rjae 1, = 0,98 —mexannueckuit KI1/1, n,. = 0,96 — KII/] anextporeneparopa.
Np = 20,7-404-0,98-:0,96 = 7868 kBt

[To naitnennoi momHoct Np BbIOMpaeM TypOUHY MPOTHUBOIABICHHUS.
Mounocme, pazeusaeman mypounamu muna IlI'T:

Not = N3 — Np, MBt (12)

Nor =32 — 7,87 = 24,13 MBt

[To naitnennoi momnoct Nt BeiOMpaem tum 1 yucio Typous I1T.
Pacxoo napa na IIB/[2:

[ToporpeBarens Beicokoro aaBieHus [I1B/[2 nmpenHazHaueH 1y HarpeBa NUTa-
TEIbHOW BOABI B KOJMYECTBE, COOTBETCTBYIOIIEM PACXOAY KOHACHCATA TPEIOILIEro
napa npoussojctsa 2 (I112).

G (i —i
DHBH2 _ l'[B,l'IB.LLZ ( l'IB,l'[fBlIZ HB,L[)’ KT /C, (13)
U'(lH,HBAZ_lK,HBAZ)

rae Gne,nBa2 = Doy2:(1+0); O = 2...5 % — K02 HULUEHT, YUNTHIBAIOLIUN
pacxo/ KOTJIOBOH BOJBI HA HEMPEPHIBHYIO IPOAYBKY;

ime.nee = CB-tosmem, e = 145 °C — TemnepaTypa nuTaTensHON BOIBI HA
Bbixoze u3 [IBJI2 npunsta paBaoi 145 °C, 4TO COOTBETCTBYET TPEOOBAHUSM IIO
TEMIIEPATYPE MUTATEIBHON BOABI I MAPOBBIX KOTJIOB HA CPEIHUE NTapaMeTphl napa,
CB — Tem10€MKOCTh BOBI;

iHB,I[ = CB'tHB, tl‘[B =102 °C.
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20,7-(1+0,035)-(4,19-145—4,19-102
Dosa2 = ( ) ) — 1,72 xr/c.
0,98-(3013-721)

Pacxoo napa na mypounvt muna IIT:

Nyt
——— ———+(Doy1+Dnn+D -ex+(Dnr+Drin )€
Dot = H; 7 1m sr ( Oy1 ™I HBAZ) A ( on HL[) fo

1_aHB[I1'£B_a[['£C_aHH[['S[[

(14)

rae o = 0,15 angm = 0,15 anyy = 0,015 — nonmu pacxonos napa Ha aeasparop [, no-
norpesarelib Beicokoro aasiaenus [IB/[1 u momorpesartens Huzkoro aasiaenust [TH/I,

€ — K03 HUIMEHTHI HEAOBBIPAOOTKH MOIIIHOCTH.

24-10%
_943-103-0,98:0,96
Dot =

+(20,2+6,04+1,72)-0,69+(4,03+1,90):0,36

1-0,1-0,62-0,1-0,36—0,015-0,08

18
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6 IIOJBOP ITAPOBBIX KOTJIOB

Br16op Tuma u konmdecTBa napoBbix KOTiaoB st TOC npou3BoauTcs o
MaKCHMaJIbHOMY pacxofy Iapa ¢ yd4€TOM 3aJaHHOro Buaa Tommsa. CymmapHas
IPOU3BOAUTENBHOCTh BKIIOYEHHBIX KOTJIOB M 1 KOTEN pe3epBHBIN TOJKHBI oOecrie-

YMBaTh pacxoj napa Ha Bce TypOuHbI U coocTBeHHbIE HYk/1bl (CH) KOoTenpHOTO 11eXAa,
coctasisitone 2 % OoT pacxoa napa Ha TypOUHBI.

Makcumanvhas npou3e00UmMeIbHOCHb KOMEAbHO20 UeXd:
Dkor = (1+acy)(Dp+Drmr), rae ocy = 0,02; (15)
Dkot = (1+0,02)-(20,7+53,81) = 76,0 kr/c.

HepeBOI[I/IM IMOJIYYCHHBIC JTaHHBIC B A BBI6I/IpaeM THUII 1 KOJIMYCCTBO yCTa-
HaBJIMBACMBIX KOTJIOB.

19



7 PACUET 'OJJOBOM BBIPABOTKU TEITJIOTI,
ITAPA 1 SJIEKTPOSHEPT'IN

T'o0o6vle pacxoovl napa mexnonozuueckum nompeoumenam:

['onoBBIE pacxo/bl HA TEXHOJIOTMYECKHE HYXK/bl ONPEIEISIOTCS M3 YCIOBHS
HEMpPEPBIBHON pabOThl TEXHOJIOTHYECKOro 00opyaoBaHus B TeueHuu 345 cytok (20
CYTOK COCTaBJISIET PEMOHTHBIN MEPUON).

Pacxoo napa na npouszeoocmeo 1:
D4*=3600-24-345-Doy , T/rOx; (16)
Dpy=3600-24-345-20,2 = 6,02-10° T/rop.
Pacxoo napa na npouszeoocmeo 2:
Dj=3600-24-345-Doy; , T/TOx; (17)
D= 3600-24:345-20,7 = 6,17-10° T/rox.
Pacxoo napa na omonnenue u I'BC:

T'oooe6oit pacxoo menna na omonJieHue:

tou—tiy

p
tou— tH oT

or = Qor - -z, MBT, (18)

rae ty, = 18 °C — BHyTpeHHsIs TeMIiepaTypa Bo3/lyxa B TOMELIECHUH;
t.’ — cpenHsAs TemmepaTypa Hapy»KHOTO BO3AyXa IS OTOILIeHHs (mpunoxkenue 1);

tp

mor — PACYETHAs TEMIIEpaTypa BO3yXa JUlsd OTOILIEHUs (mpuiokenue MN);

Z — 91CII0 9aCOB OTOIUTEIIBHOTO Tieproia (IpUIoKeHHUE 3).

18+4,7
18+32

oA =238 6024 = 6,5 - 10* MB1u = 2,34-10° MDk.

T'000601t pacxoo menna Ha 6eHMUNAYUUIO:

tou—ty -t.P

A =0Q, " - Z, MBT4, (19)

tBI-I

rae tE,B — pacu€rHas Hapy)KHas TeMIeparypa BO3AyXa JUIS BEHTWISIIAW
(npunoxenue N).

roj 18+4,7

V=67 ——=-6024 = 2,48 10* MBru = 0,89-10° M.
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T'oooean Hazpy3Ka Ha omonJjienue u eenmujiauuro paclpCacisicTCsa MCKIAY
ITMKOBBIM KU OCHOBHBIM IMOAOI'PEBATCIIEM CIICAYIOIINM o6pa30M:

ro,q =0,1- (Qro,q ro,a) MJTx; (20)

o =01-(65-10*+2,48-10*) =0,9- 10*MBT -4 = 0,32 - 108 M.

on = 0,9 (Qu" + Q5"), Mk (21)
on =09:(65-10*+2,48-10*) = 8,1 - 10*MBT -4 = 2,92 - 103M/Ixk.

T'o0o6ble pacxoowvl napa na RUKOGBLIL U OCHOBHOIL NOOOZPeCamenu:

Qroa _ .
Dt = iy MTOR (1-0.98); 22)
rog 0,32-108 .
Dy = G013_721)098 14247 t/ron.
DFO,E[ — lel DFOA (lKl'[l'[ lxon)n T/FOI[ ( _O 98) (23)
OH (11'[01'[ 1I*(Ol'[) ’ Il
108— : _ :
DE)OHA _ 2,92:10°-14247-(721-429)-0,98 _ 129177 1/ron.

(2704-429)-0,98
T'oooeoit pacxoo napa na I'BC:
Drpe =Dna-345-24 , 1/rog; (24)
Drpe = 1,90-3,6:345-24 = 56635 1/ron.
T'oooeoit pacxoo napa na IIB/]2:

DIl:[oéaﬂz :DHBZ[234524 , T/FO)I; (25)

Dioth, = 1,72:3,6:345:24 = 51270 /ron.

T'oooevle pacxoowvl napa cocmaenarwm:

- u3 mypounvt npomueooasenenus, P=Pp, Mlla:
rog  _ — .

DpZpro=Dp = D2, T/rox — 3 popmyasr 17;

Dpt 4=6,17-10° T/rox .
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- U3 npou3800cmeenn020 omoopa mypounwt, P=Pr;, Mlla:
Di%,,=Di + Digk + Dty Tirox

D;‘fo'9:602000 + 14247 + 51270 = 667517 = 6,68 - 10° 1/rox
- u3 menjoguxkayuonnozo omoopa mypounst, P=Pom, Mlla:
D%, = DA + DIk, Tirox

Dlraofo'lz = 129177 + 56635 = 185812 = 1,86 - 10° 1/rop
T'o0osasa evipadomka 3n1ekmpoInepauu

1 Typounou P:
DFO_Ll .H. .n 'T]
SI‘OA _ P=Pmn2 Lp 'Im 3[‘, MBT‘q;

P 3600
o 6,17-105-404-0,98-0,96
I = ~co0 = 65,1-10° MBru.

2 Typounou muna IIT:
I =n-Ni¥" - K, - 365- 24, MBr,
rae N — koaudecTBO TypOuH tuma [1T
Ku = 0,8 — ko3¢ puLneHT UCcToab30BaHMs YCTAHOBIEHHOW MOIIIHOCTH.
I =2-12-0,8-365-24 = 168,2 - 103 MBry,

3 Cymmapnas 20008as 8vipadomka 31eKmpoInepeuu mypounamu:

3™ = 3 + I, MBry;
3% =65,1-10% + 168,2-10% = 233,3- 102 MBTu.

T'oooeas evipabomka napa:

T'oooeoit pacxoo napa na mypounwvt muna II'T:

roj,
3 3600
T roj roj
Ot 3699 pron e\ +DIA, e
Droﬂ __ HygTMmMar P=Pn1 P=PoTr
nTr -

, T/TON;
1—-ap1°€g—0p Ec—OnH ED

.103. 106
168,2'1073600110 1 667517-0,69+185812:0,36

ro 943-103-0,98:0,96-103
Dpr = =1343466 t/ro.
1-0,1-0,62-0,1-0,36—0,015-0,08
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T'ooosasn npouzeodumenvnocmov KomenwvHou c yuémom 2% pacxooa napa
na CH:

Dyen = 1,02 - (D™ + D), /rop; (32)
Dot = 1,02+ (6,17 - 10° + 13,4 - 10°) 1/rog.
T'ooosasn evipabomka menna 0131 6HeWIHUX nompedumer e

T'oooeoit pacxoo menna na npouzeoocmeo 1:

rog __

=Dy} - ign, MBra/rog; (33)

rog __ 6,02:10°-2770

= 2200 = 463206 MBr-u/To.

(4TOOBI MOIYYHUTH TAHHYIO PA3MEPHOCTH He0Ox0auMo niepeBecT Kk B MBTu)
T'00060i1t pacxoo menna Ha npou3600cmeo 2:
ot =Dt (ignz — 0,8 - ik 12 ), MBr-u/rop, (34)

Tae I, Ik — HAXOIATCS U3 TaOIUIIBI BOASHOTO MMapa, 3HAYCHUS SHTAITBITHN
P AaBJICHUHU MMPOU3BOJICTBEHHOTO 0TOOpa Pri2;

ko3¢ ¢urmeHT 0,8 yduThIBaeT CyMMapHbBIC MOTEPH TEIUIA, CBSI3aHHBIC C yTeU-
KaMH KOHJICHCATa B MapoNpOBOJaX U B IPOU3BOJCTBE, a TAK)KE B CBSI3U C OXJIaXK]IC-
HUEM KOHJICHCaTa B TPyOOIpoBoO/IE.

. 5. — .
roa _ 617:107:(2736-08'605) _ 386311 MBrw/rox.
12 3600

T'oooeoit pacxoo menna na I'BC:

Qrpe= Qrac345-24, MB1/rog, (35)
rac
Qrac = Grae'Cr(toe — 5) =20a>” . 0,98 4,19 - (48 — 5) = 4,905 MBr (36)
Qrpe= 4,905-345-24 = 40613 MB1/rox (35)

T'oooeoit pacxoo menna na omonienue:

ot =6,5+10* MBT * 4 — u3 Qpopmysl (18).
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T'o00601t pacxoo menna Ha 6eHMUNAYUIO:

ron

2= 2,48 - 10*MBT14 — u3 Gpopmyisi (19).
Cymmapnblit 200060it OMNYCK MenJid 6HEWHUM ROMPEOUMENAM:
= Qi +Quy + Qe + Qor' + Q2 , MBrw/rox; (37)

B = 463206 + 386511 + 40613 + 65000 + 24800 = 980130 = 98,01 MBr-u/rox.
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8 OIIPEJEJIEHUE KIIJI KOTJIOAT'PEI'ATA 11 PACXOIA TOIUIMBA

Benuuuna KII/] komnoazpezama ny4, HeoOXoaumasi il pacdyéra TOJOBOTO
pacxo/a TOIUTUBA, OIpeIesieTCsl U3 TEMJIOBOro OalaHca KoTjoarperara:

Ika =100 - Xai, (38)

rjae Y i = J2+Qsz+Qs+Qs+Qs — CyMMa TEIUIOBBIX MTOTEPD. (39)

Tennoewie nomepu cyxoo;zmumu cazamu.;

_ (Iyx_ayx'IXB)'(loo_q4)

q QP ! (40)
H
rae lyx — SHTanbnus yXoAAIMX ra3on, KJx/Kr;
I« — HTANBIUS X0J0AHOTO Bo3ayxa (t=30 °C), kJ[x/kr;
Oyx = Oy + Ao — xodhduUIMEHT H30BITKA BO3dyXa B YXONANIMX TIa3ax
3a KOTJIOArperaTtoMm; o, — KodphuIueHT n30bITKa BO3IyXa B TOMKE, IPUHUMAETCS TI0
npunoxenuto JI (3aBucutr ot Buaa TorumBa); Aa = 0,15 — cymma mnpucocon

10 Ta30BOMY TPAKTy KOTJaA.
Iumanvnusa npooykmoe czopanus npu o, = 1 u memnepamypa yxooauux 2a3oe6:
Ly = 1% + (0 — 1)y, (41)
rie 1%y — SHTaNbIUs POIYKTOB CropaHust mpu o, = 1 kJDK/Kr.

Hus onpenenenus |y, |y, HEOOXOAMMO BBINOIHUTH PACYETHI MO BO3LYXY H
IPOJIYKTaM CTOpaHHUsL.

[To mpunoxxennto B ompenensem snemMeHTapHBIA cOCTaB paboveil Macchl TOTI-
P 4P
nuBa 115 3agansoro Torwmsa: C7, HY, 87, O, NP, AP, WP,

Teopemuuecku Heo6Xx00uUMoe KOau4eCmaeo 8030yxa:
V? =0,0889-(C" + 0,375-S7,) + 0,265-H" — 0,0333-0O° , m%/xr; (42)
V° =0,0889:(59,6 + 0,375-0,8) + 0,265-3,8 — 0,0333-5,4 = 6,15 Mm°/kr.
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Teopemuueckuit 00vém azoma (N,):
Vo2 =0,79-V° + 0,8-N°/100 , wm%/kr; (43)
Vo2 = 0,79-6,15 + 0,8-1,3/100 = 4,87 m°/xr.
O6vém mpéxamomnuuix 2azoe (RO,):
Vroz = 0,0187-(C” +0,375- 7)), wm/kr; (44)
Vroz = 0,0187+(59,6 + 0,375+ 0,8) = 1,12 m*/kr.
Teopemuueckuit 00vém 600sanvix napos (H,0):
Vo0 = 0,0124-(9-H" + W) +0,0161-V° , m*/kr; (45)
Vo0 = 0,0124+(9-3,8 + 5,5) + 0,0161:6,15 = 0,59 m%/kr.
Hoanwtii 06vém npodykmoe cecopanus npu oy = 1:
Vo = Vro2 + Vo + VOHZO , M/KT; (46)
Vo= 1,12 + 4,87 + 0,59 = 6,58 M°/xr.
Iumanvnua npooykmos czopanus npu ar=1ut=1,.:
1% = Troz + 1°N2 + 1°20 = VRo2'(Ctcoz + Vo2 (Cnz + V2o (CEizo
K Jx/kr; 47)
|ny =1,12-1,69-115+4,87-1,3-115 + 0,59-1,51-115 = 1048 xJIx/kr.

TennoéMKoCcTH TTPOTYKTOB CTOpPaHUS MPU TeMIlepaTypa YXOIAIUX razoB lyx
= 115 °C (remniepatypa 6epércs u3 npuiioxkenus b):

Ceon = 1,69 xJDK/MPK; Crz = 1,3 kJDK/MPK; Chao = 1,51 kIDK/MK; C, =
1,32 xkIDK/MK.

ls = V%(Ct)g , KJIK/KT; (48)
e =6,15-1,32-115 =933,6 xJx/kT.

Haxozaum 5HTaNbnMio yXoasmux ra3oB |y, no popmyne (41):

lyx = 1048 + (1,35 —-1)-933,6 = 1375 xJIx/kT.

Tennoevie nomepu ¢ yxooauwyumu 2a3amu:

(Iyx_ayx'IXB)'(loo_q4) 0

% | 49
Qf ° (49)
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P ) .
rie Qg — HHM3Mmas TemioTa cropaHus pabodeil Macchl TBEPAOTO TOILIMBA,
NPUHUMAETCS TI0 Ta0NHIe MPUIOKEHUS B WM Ha OCHOBaHWM aHajM3a Mpod rasa,
kJK/KT;

IMOTCPH TCILIA OT XUMMYECKOM U MEXaHUYECKOM HEMOJIHOTHI CTOpaHu:A OIIPCHAC-
JEIFOTCA I10 ITPHUIIOKCHHTIO I[

MOTEPH TEIlIa B OKPYKAIOIIYIO Cpely (s 3aBUCAT OT BEIOPAHHOTO KOTJI0arpera-
Ta, JUIsl KOTJ0arperaToB MPOU3BOIUTEIbHOCThIO D > 75 1/4 g5 = 0,6 %;

NOTEPSIMU C (PU3UIECKUM TEIJIOM IIJIaKa MO>KHO MpUHEOpeyb, T. €. (s = 0;

C yuérom Bcex HaileHHbIX mnoTepb Temna Haxoaum KIIJI kotmoarperara
o ¢popmye (38): IJxa =100-0,5-1,5-0,6 =97,4 %.

1375-1,35-933,6):(100-1,5
, = S0 ~ 0,48~ 05 %.
23,7-103

TI'ooo6oii pacxo0 monnuea na kKomaoazpezamvl C y4€TOM IOTEph TeIUIA
npu npoxayske kKoTioB (P=3 %):

ro, : : P . .
Dior[(nn—ing) +155 (ke —ing)]

Nka' QR

rog __
BKOT -

, T/TOJ, (50)

IJIe I — SHTAJIBIMS MEPErpeToro rmapa Ha BBIXOJE M3 IapoIeperpeBaTelIs
Ipy HOMUHaJNBHBIX napamerpax P = 4Mlla u tyy = 440 °C;

Ik — PHTAJIBITHS KOTJIOBOH BoJIbI TIpH P = 4MIla u tyg = 145 °C;

Droa o
xor — TOJIOBAsI MPOU3BOIUTEIHLHOCTh KOTEIbHOM, (hopmya (32).

19,57 - 105 - [(3308 —419-145) + %- (1089 — 4,19 - 145)]
Bror = =

0,974 - 23700

= 230122 = 23,01 - 10* t/rop.
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9 PACUET TTOKA3ATEJIEN TEIIJIOBOM DKOHOMUYHOCTU TAC
T'o0o0e60it pacxoo monnuea na évipadomkKy menna:

Qro,q
BoA = —=Bl__ 1/rox; 51
T NianTnQh A (31)

Ilrn = 0,99 — KII[1, yunuTeIBatomuii MOTEPH B MapONPOBOIAX;

roj o o
Bl — CYMMapHbIH ro0BOI1 OTITYCK TeTIa BHEIIHUM NOTpedutersiv, Gpopmyina (37).

BroA — 980130-3600
T 0,974-0,99:23700

= 154399 = 15,4 - 10* 1/rop.

T'00060i11 pacxo0 monauea na 6blpadoOmMKy 3J1eKMPOIHEPZUU:

By = Byer — Bp, T/TOR (52)
By# = 230122 — 154399 = 75723 = 7,57 - 10*1/rop.

Yacmnuwrit KII/] no evipadomke 31eKmpoInepzuu:

3 9™A3600
Nrau = emgr (53)

3 _ 2333-10%3600 _ 047
131 = 573323700 G

Yacmuwtii KII/] no évipadomke mennoeoii Inepeuu:
Tﬁau = Mka "Ntn > (54)
Tl%au = 0,974-0,99 = 0,96 .

Yoenvnvie pacxoovt monnuea na evipabomky nekmpoinepeuu:

- HAMYPAIbHO20:
3600
bY = ——, kr/kBr-u; (55)
731 Qu
H _ 3600

5 = ————— = 0,323 kr/kBtu.
0,47-23700

- YCJIOBHOIO:
3600
bY = ————, kI/kBT4; (56)
NTa1" Qyen

rae Q}P,C 1 = 29300 xJ[>x/Kr — TeTUI0Ta CropaHus yCIOBHOTO TOTUIMBA.

28



y _ 3600

3 =———— = 0,261 kr/kBru.
0,47-29300

Yoenvnuvie pacxoovt monnuea na évipadbomky mennogoit Inepeuu:

- HAMYPATILHO20:
6
bif = =, xr/[ Ik (57)
N1a1 QH
H_ _ 10°
bt = 09623700 — 43,95 xr/T'JIx.
- YCII06H020:
6
b = —2 kr/T'JIx ; (58)

T nly29300°

by = —1C = 3555 kT,

0,96-29300
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[MPMJIOXKEHUA

IIpunoxenne A
(copaBouHOE)

Hapmablc KOTIEI HAa pa3slIHYHBIC JABICHHA H IICPCIrPeBEL

Taomuma A.1 — ITaposeie koTnet Ha nasiaerne 4.0 MIla ¢ neperpesoy mapa o 440 °C

D. 1/a 0603Ha11v._:Hne Tomtaso 3aBoIcKaiz MapKHPOBKA
no I'OCT
E-35-40H Kamennsrnii yroop —
Kamennsrni yroms K-35-40
35 E-35-40 Byperii yroos b-35-40
Topd T-35-40
E-50-40-IT'M Tas, MazyT BI'M-35M
E-50-40H Kamennslii yrone —
Kamennslii yrone
50 E-50-40 Bypeiil yrons K-50-40
Topd
E-50-40 MasyT. ras TM-50-1
E-75-40H Kamennsni yroos —
E-75-40MT Kopa KM-75-40
Kayennsiii yroms
75 E.75.40 Byperii yroos BK3-75-39-@b
Topd
AT BK3-75-39-@BK
E-75-40-T'M Tas, MazyT BK3-75-39-TMA

Taomuma A.2 — I[lapossle xoTasl Ha daBacHEe 9.8 Mlla ¢ meperpesom mapa 1o 540 °C

D, 1/q Ooosragerne mo [OCT Tonmuso 3aBOICKAA MapKHPOBKA
120 E-120-100-I'M Ias. masyT BK3-120-100-I'M-3
160 E-160-100-I'M Ias. MasyT bK3-160-100-I'M-3

Kamennsrii yroas BK3-220-100-6
E-220-100 HI-14-4
220 Byperit yroTs BK3-220-100-6
TII-152/A
E-220-100-1M Tas3. maszyT TI'M-151/B
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IIpuzomennue b
(pexonerIyEMOE)

Pexomerayeman TeMnepaTypa YXOIANINX ITa30B

Tonmuso

Hasmenne, P, MIIa

4.0

10.0

Temmepatypa. °C

Temmepatypa. °C

W /0x < 1 %sr /| MIx 110...120 110...130
Tsepaoe Tomtuso | W /0y =1..5 Y%xr / M= 110...130 120...150
/0L > 5 %xkr | MIIx 130...140 160...170
SE<0.5% 110...120
Masyt SF=05..2.0% 130...140
SEF2.0% 150...160
[TpHpoIHEL ras 110...120
Ilpnioxenne B
{cpaBouHOE)
PacueTHBIe XapaKTePHCTHKH padoteii Macchl TBEPIBIX H KHIKHX TOILTHE
bacceiin Coctas padouefi Macchl TOILIHBA, % Q.P, v,
MECTOPOKICHHSL W A" S ] o | B | MIx/xr %
| 130 21,8 3,0 49.3 1.0 8.3 3.6 19.6 44.0
Jonensui I' 8.0 23.0 32 55,2 1,0 5.8 38 22,0 440
Al 85 229 17 | 698 | 06 | 13 | 16 226 3
ol 120 13,2 03 58,7 1.9 9.7 42 228 42
Ky3nenxmii T 6.5 16.8 0.4 68.6 1.5 3.1 3.1 26,2 13,0
A 7.0 30.7 0.7 53.6 1.6 34 3.0 21,0 23.0
[Mewopcermii K 5,5 23,6 0.8 59.6 13 5.4 38 237 330
a1 110 254 2.6 477 13 6.8 32 183 40,0
Kancko- Bl 44.0 6,7 0,5 343 0.4 11,7 24 11,8 48,0
AumHckmii b2 | 39.0 7.3 0.4 37.6 0,4 12,7 2.6 13.0 48,0
Kaparanmascrnii K 8.0 27.6 0.8 54.7 0,8 4.8 33 16.3 30,0
SxudacTy3cxuit CC 7.0 38.1 0.8 434 0.8 7.0 29 16.7 30,0
'HeproHI PHHECKHI 95 127 | 02 661 | 07 | 75 | 33 247 240
cC
Uengonackuii 53 18.0 29,5 1,0 37.3 0.9 10,5 28 14,0 45,0
MamnocepHHCTBIH 3.0 0.05 0.3 84,7 — 0.3 11,7 40,3 —
MasyT cepHHCTBIH 3.0 0.1 14 83.8 — 0.5 11,2 39.7 —
Brlcokoce pHHCTBIH 3.0 0.1 28 83.0 — 0.7 10.4 388 —
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Ilpunomenne [
{cpaBouHOE)
PacueTHBIe XapaKTepHCTHKH Ta3000pa3sHOro TOILTHBA

CocTas rasza o o0beMy Tenaota cropanns
['azomposon : . . - ) - - CYXOro rasa.
P CHy | CHg | CsHs | CaHip | GsHiz | N2 COs ch. M a2

Capatos — | ¢15 | 33 1.9 | 09 0.3 78 | 08 359
Mocksa
CaparoB —

9 2, . A . 3, 22 36,2
H. Hosropox 91 1 1.3 0.4 0.1 0 1 6
(CeBePHOS | 057 | 19 | 06 | 03 | 02 | 13 | — 36.5
CHAHHEY
Cepmoyxos
c. 807 | 5.2 1.7 0.3 0.1 27 | ol 37.5
TleTepoypr
Cp-AII— | o35 | 36 | 07 | 02 | 04 | 07 | 06 37.6
Hertp

ITprnomenne [
{(cmpaBouHOE)
PacueTHBIC XapaKTEPHCTHRH KAMEPHBIX TOIIOK
Kosddpument Ilotepu TemmoTel. B % mpu D, 1/4
Tommueo H30BITKA BO3IYXA 3 qs
B TOIKE, 0T D=<75 Dz=75 D<75 D=75

AHTPalHT 1 1.2..1.25 0.5 0 2.3 4.6
MOTYAHTPAIIHT
KanerHEIH yTOnB 1.2 5 0 2.3 1..1.5
Bypetit yroas 1.2 5 0 1.2 0.5..1.0
Masyt 1.1..1.15 0.5 0.5 0 0
Ias 1.1 5 0.5 0 0

IIpunoxenne E
{(cipaBouHOE)
OCHOBHEBIE XaPAKTEPHCTHKH TYPOHH ¢ JBYMA PETYIHPYEMBIME 0TOOPAMH

IaBnenne | JJaBIeHHE B
HagansHEBIE ] -
—— IIpom3BoACTBEHHBIH Ten::oni:mcmon- B KOH- HeperyIH-
- oThop HBIH 0TDOP IeHCaTo- PYEMBIX
Tu TypOHHEI mapa -
pe oTbopax
P, L, P, Diose Dy, P, Diosa/ Do,
Mlla | °C MIIa T/1 MTTa T/a MIIa Mila
IIT-12/15-35/10 | 3.5 | 435 | 0.8-13 50/80 %Tﬁ 40/65 0,004 0.575; 0,01
IIT-25/30-90/10 | 9.0 535 [ 0,813 70/130 %22 50/92 0,005 27,20
IIT-60/75-90/10 | 9.0 535 | 1.0-16 25/165 %TS 115/125 0,005 0.25; 0,04

33



ITpuaoxkerne X
(cnpaBouHOE)

(O cHOBHBIS KapaKTCPpHCTHEH T}'pE)IIH OPOTHBOJABICHHA

- HomuHaIEHEIT HauatepaEble
Ooosrauerne | Momsnocts, | [Ipeaensr perynnpoBasua

TypOHHEI MBT npotusoaasaeHEnd. Mlla pac.'{c;:[qnapa. rmp;z;e:pm
P-4-32/1.2 4.0 0.07...0.25 —
P-4-35/3 4.0 0.2..04 35.6
P-4-35/5 4.0 0.4..0.7 44.8
P-4-35/10 4.0 0.8..1.3 5
P-4-35/15 4.0 1.3..1.7 85.4 -
P-6-35/1.2 6.0 0.07...0.25 — Pr;ii:q]‘u:]é[a
P-6-35/3 6.0 0.2..04 50.5 o
P-6-35/5 6.0 0.4..0.7 66.6
P-6-35/10 6.0 0.8..1.3 87.7
P-12-35/1.2 12.0 0.07...0.25 —
P-12-35/5 12.0 0.4..0.7 114.7
P-12-90/7 12.0 0.5..09 87.0
P-12-90/13 12.0 1.1..1.5 115 P—Q..O I\:T[a
P-12-90/7 12.0 2.9..3.3 — =537

IIpumeuanne. TypOHHEI Ha HauandbHoe daBiaeHHe 3.5 MIla He HMeIOT HeperyIHPYEMBIX 0TOO-

pob mapa. TypOHHEI Ha HadadbHoe TaBaeHHe 9,0 Mlla umeroT HeperyIHpyeMble oTOOpPH IpH

2.7u 1.6 MIla.
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[Tpunoxenue 1
(cipaBOYHOE)

Kimmmarnueckue nanusie ropoos Poccun

OTonuTENBHBIN MEPUOJ
I'opon [IpoaomKUTENBHOCTD, Temnepatypa, °C
oyt Pacuernas mig Cpenss
OTOILICHUS BEHTHJIALIAU

ApXaHresnbck 251 -32 -19 -4,7
AcTtpaxaHb 172 -24 -8 -1,6
BiagusocTok 201 -25 -16 -4.8
Bonrorpan 196 -28 -16 -3,4
Bostorga 228 -31 -16 -3,4
Boponex 199 -28 -14 -3,4
ExarepunOypr 228 -31 -20 -6,4
HBanoso 217 -33 -16 -4.4
HpkyTck 241 -38 -25 -8,9
Kazausn 218 -36 -18 -5,7
Kupon 231 -35 -19 -5,8
Kpacnonap 152 -22 -5 1,5
KpacHosipck 235 -40 -22 -7,2
Kypck 198 -29 -14 -3
MockBa 205 -25 -14 -2,2
H. Hosropon 218 -30 -16 -4,7
HoBocubupck 227 -39 -24 9,1
Omck 220 -39 -23 -9,5
Ilepmb 226 -34 -20 -6,4
ITerpo3aBojack 237 -29 -14 -2,9
PocroB-na-/lony 175 -25 -8 -1,1
Cankr-

MetepGypr 219 -25 -11 -2,2
CapatoB 198 -30 -16 -5
CMoneHckK 210 -28 -13 -2,7
CBIKTBBIKAp 244 -39 -20 -6,1
TamOo0B 202 -30 -15 -4,2
Tomck 234 -40 -25 -8,8
TromeHb 220 -35 -21 -5,7
Ya 214 -38 -19 -6,
Yura 238 -42 -31 -12,4
XabapoBCK 205 -32 -23 -10,1
SkyTck 254 -57 -45 -21.2
Marangau 302 -31 -23 -9,6
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[Ipunoxenue K

BapuanTs! 111 KypcoBoi paboThI

Mapamerp | Bl | B2 | B3 | B4 | B5 | B6 | B7 | B8 | B9 | BI0 | BII | B12 | BI3 | Bi4 | BI5
Nom, MBr | 39 | 30 | 3L | 39 | 36 | 37 | 34 | 37 | 36 | 32 | 35 | 37 | 31 | 31 | 34
Qor, MBr | 215 | 254 | 242 | 240 | 290 | 243 | 299 | 207 | 27.2 | 247 | 254 | 240 | 255 | 234 | 243
tHC/'[OC, °C 150/48 | 150/48 | 150/48 | 150/48 | 150/48 | 150/48 | 150/48 | 150/48 | 150/48 | 150/48 | 150/48 | 150/48 | 150/48 | 150/48 | 150/48

Dnl, /4 75 | 70 | 80 | 70 | 90 | 85 | 70 | 80 | 90 | 70 | 80 | 80 | 75 | 70 | 80
Pol.MIla | 10 | 09 | 10 | 09 | 1.0 | 10 | 1.0 | 08 | 09 | 085 | 09 | 09 | 09 | 08 | L0
D2, /4 55 | 40 | 90 | 50 | 60 | 50 | 65 | 55 | 5 | 8 | 70 | 40 | 90 | 65 | 50
Pm2.MIla | 05 | 06 | 075 | 05 | 065 | 055 | 065 | 07 | 055|085 | 05 | 05 | 0.7 | 06 | 05
Grec, 14 90 | 105 | 100 | 95 | 90 | 105 | 95 | 105 | 90 | 90 | 105 | 90 | 110 | 95 | 100
Os,MBr | 94 | 51 | 68 | 60 | 80 | 7.6 | 60 | 64 | 7.9 | 7.6 | 93 | 81 | 63 | 85 | 56
Por, MIla | 012 | 042 | 012 | 012 | 012 | 012 | 012 | 012 | 042 | 012 | 012 | 012 | 012 | 012 | 0,12
HBﬁﬁaPB’ 0,575 | 0575 | 0,575 | 0.575 | 0,575 | 0,575 | 0.575 | 0,575 | 0,575 | 0,575 | 0,575 | 0,575 | 0,575 | 0.575 | 0,575
Hlﬁ[ﬁfﬂ’ 0,01 | 001 | 001|001 | 001|001 001]|001|001]001]|001]001|001]001]001
Bua Tommsa % = < L % = S L S = - ES ES = =
= = = = = = = = = = = = = = =
= = = 5 g 5 s | £ 2 S| B g s | £ =
Z = N N = = = N = = N = = = 2

Mecrto pacno- < i 5 % o % 5

MO CHIA = | 8| €| 5| s | 8| &| & 5| 2| 8] E| s B ¢
2 g o S E z 5 5 = 5 Z 2 £ z s
s | § 02| | =] g & 2| =|&]=]=|g)|°
. 4 S = = ) s




[Ipunoxenue JI
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[Tandunosa Anna IlaBnoBHa
TurtoB Cepreit Bnagumuposuy
CasenbeB Buktop AHnpeeBud

PACYET TEITIJIOBOI CXEMBI T3C

Meroauueckue ykazaHusl K BBIIOJHEHUIO KypcoBoro mpoekra mo kypey « MCTOY-
HUKU TMTPOU3BOACTBA TEIUIOTBI» nmns cryaeHToB Bcex ¢GopM OOydeHHS

HarpasiieHus 13.03.01 «TemnosHepreTuka v TEMIIOTEXHUKA

Penaxrop JI. I1. Yykomuna

IToanucano B neyathb dopmat 60x84 1/16
[TeyaTs nudponas Ve ney. I
3aka3 Tupax

Bymara 65 r/m”

Yu. —u3na. n.

BULI Kypranckoro rocyjapCTBEHHOTO YHUBEPCUTETA.
640020, r. Kypran, yn. CoBerckas, 63/4.

Kypranckuii rocyjapCTBEHHbI YHUBEPCUTET.
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