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Ilepeuenv komnemenyuit u UHOUKAMOPOE OOCMUNICEHUA KOMNEMEHYUTL
C YKa3anuem 3manos opmuposanus 6 npoyecce 0C60eHUA OUCUUNIUHbL
Komnerenmus:
I1K-3 — cnocobeH opraHu3oBaTb METPOJIOTMYECKOE OOECIEeYeHUEe TEXHOJIOIMYECKUX IpPOo-
LIECCOB, TOTOB K pab0TaM 10 OCBOEHMIO U JIOBOJIKE TEXHOJIOIMUECKHUX IPOLECCOB.
[1K-3.1 —3HaeT u3MepuTesbHble IPUOOPHI, UCIIOIb3YEMbIE IIPH IIPOU3BOACTBE M TPAHCIIOP-
TUPOBKH TEIIOBOM U DJIEKTPUUYECKOU SHEPIHUH;
[1K-3.2—ymeeT opraHu3oBaTh METPOJIOIMUYECKOE O00ECHEUYEHHE TEXHOJOTMYECKUX Ipolec-
COB, F'OTOB K pa0OTaM 10 OCBOEHUIO U JIOBOJIKE TEXHOJIOIMUYECKUX IIPOLIECCOB;
[1K-3.3— Bnageer mMerolaMH METPOJOIMUYECKOro oOecrnedeHus: NpuOOopoB, UCHOIb3yEeMBbIX
IIPU IIPOU3BOJCTBE U TPAHCIIOPTUPOBKU TEILUIOBOM U DJIEKTPUYECKON YHEPTUH.
I1K-4 — cnocoOeH opraHuzoBaTh pabOTy MepcoHala MO 3KCILTyaTallMy 3JEKTPO- M TeIio-
HHEPTEeTUUECKOT0 000pyIOBaHHUS.
WMHauKaTophl JOCTHKEHHUSI KOMIIETEHIIUU:
[1K-4.1 — 3HaeT OCHOBHBIC 3aKOHO/IATEIIbHBIC aKThl 1 HOPMATHBBI 110 OPTaHU3aLUU PabOThI
HEepCOHaNA MO HKCIUTyaTalluy 3JIEKTPO- U TEIUIO3HEPreTHUECKOro 000pyI0BaHNUS;

[1K-4.2 —ymeeT oprann3oBaTh pabOTy MepCOHaJIa M0 HKCIUTyaTalluM 3JIEKTPO- U TEIIOIHEP-
FeTUYECKOTr0 000pyI0BaHUS;

[1K-4.3 — B1ageer MeToJaMu OpPraHU3aLUK padoTy MEPCOHAIA TI0 SKCIUTYaTaI[lH IEKTPO- U
TEIIO3HEPreTUYECKOr0 000PYJ0BaHUS.

3
Hnouxamoput manwl hopmupoganus 6 npoyecce 0C60CHUA ]
OUCUUNIUHDL Haumenosanue oye
oocmudicenus
Ilpaxkmuueckue Jlabopamopuuie HOYHO020 cpedcmeéa
KomnemeHnyuu Jexyuu
3anamu 3anamu
KomnokBuym,
NK-3.1 Tewmbl 1-6 Tewmsl 2-4 Tewmbr 3 CIITM, TlpaxTirieckas
MK-4.1 pabora,
9K3aMeH
Komnoksuym,
lK-3.2 Tems! 1-6 Temsr 2-4 Temsr 3 CITTM, TlpaxTieckas
[1K-4.2 pabora,
HK3aMeH
Komnoksuym,
HK-3.3 Tems! 1-6 Temsr 2-4 Temsr 3 CITTM, TlpaxTieckas
I1K-4.3 pabora,
AK3aMeH

*CIITM — KOHCIEKT 10 caMOCTOSTEIbHOM popaboTke TeopeTnueckoro Marepuana; PI'P — pacuetHo-rpaduueckas pabdora;




Ilepeuens oyenounvix cpedcme no oucyuniune (Mooynio)

Ouyenounvle cpeocmea Kon-¢60 Min, éannoe Max, 6annoe
(bazoewlil yposensv) | (noeviuiennvlii yposens)
Ilpakmuueckas paboma 3 18 30
Konnoxeuym 6 16 24
cliTm 4 2 6
IK3amen 1 24 40
Hmozo: 60 100
Illkana ouenueanusn
Hu¢- | Beipa- | Ciao- |Kputepum onieHKH HHINKATOPOB A0CTH:KeHHUsI MpU GopMe KOHTPOJIA:
poBoe [:KeHHe B| BeCHOe
BbIpa- |0aJjiax:| BbIpa- IK3aMeH
JKeHHe JKeHHe
5 87 - 100 | Otnuu- |OneHKa «OTIMYHO» BBICTABISIETCS CTYACHTY, €CJIM TEOPETUYECKOE CO-
HO  |ZIepXaHHe Kypca OCBOCHO MOJIHOCTHIO, 0e3 MpOoOeNoB; UCUEPIBIBAIOLIE,
(3aure- |mOCNENOBATEIBHO, YETKO U JIOTHYECKU CTPOIHO M3JaraeT MaTepHal; CBO-
HO) |0OmHO CIIpaBiseTCs C 3ala4aMM, BOIIPOCAMH U APYTMMH BHJIAMH TIPHME-
HCHUA 3HaHI/II\/'I; HCIIOJIB3YET B OTBETC I[OHOHHHTCHLHBIﬁ Marcepual BCC
mpeaAyCMOTPCHHEBIC HpOI‘paMMOI\/'I 3aJaHuA BBIIIOJIHCHBI, KQYECTBO HUX BbI-
TIOJTHEHHUS] OLICHEHO YHCIIOM 0ailIoB, ONM3KUM K MaKCUMAaIbHOMY; aHAJH-
SUPYCT MOJYUYCHHBIC PCE3YJbTAThI; MNPOSABIACT CAMOCTOATCILHOCTL IIPU
BBITIOJTHEHHUH 3aJJaHUI

4 74 - 86 | Xopomro | OmieHKa «XOpOIIO» BBICTABISIETCS CTYIAEHTY, €CIH TEOPEeTUIECKOEe CO-

(3aure- [epkaHHE Kypca OCBOCHO IIOJHOCTBIO, HEOOXOJMMBIC MNPAKTHICCKUE

HO) |KOMIIETEHIIMHM B OCHOBHOM C(OPMHPOBAHBI, BCE MPETyCMOTPEHHBIC TIPO-
rpamMmoii 00yueHus1 yueOHbIe 3aJaHus BBITIONHEHbBI, KAYECTBO UX BBIMOJ-
HEHUS TOCTaTOYHO BbICOKOE. CTY/IEHT TBEpIO 3HACT MaTepHal, IPaMOTHO
U TI0 CYIIECTBY M3JIaraeT ero, He JOMyCKas CYIIECTBCHHBIX HETOYHOCTEH
B OTBETE Ha BONPOC.

3 60 -73 | Yiop- |OueHKa «yJOBJIETBOPHTEIHLHO» BBICTABISETCS CTYACHTY, €CIIU TEOPETH-
JETBO- [UECKOe Co/iepKaHHe Kypca OCBOCHO YacTHYHO, HO MPOOENbl HE HOCST
pHTElb- [CYHIECTBEHHOTO XapakTepa, OOJBIIMHCTBO HPEIyCMOTPEHHBIX MPOrpaM-

HO MO¥ 3aJjaHUil BBIMOJIHEHO, HO B HUX HMMEIOTCS OIIMOKH, IPH OTBETE Ha
(3aure- |MOCTaBICHHBI BONPOC CTYICHT JOMYCKaeT HETOYHOCTH, HEIOCTATOYHO
HO) |mpaBwibHBIE (HOPMYIMPOBKH, HAONIOAAIOTCS HAPYHIICHUS JIOTHYECKOU

MOCJIC/IOBATEILHOCTH B M3JI0KEHUH IIPOrPAMMHOr0 Marepuala.
2 Hixe He- |Orenka «HEyIOBICTBOPUTEIbHO» BBICTABISIETCS CTYICHTY, €CIIM OH HE
60 | ymoie- |3HaeT 3HAUUTEIHHON YAaCTH MPOTPAMMHOTO MaTepHaia, JOIyCKaeT CyIle-
TBOpPHU- |CTBCHHBLIC OIHI/I6KI/I, HCYBCPECHHO, C 6OHBIHI/IMI/I 3aTpYAHCHUAMU BBITIOJIHA-
TCJIBHO |C€T NPAKTUYCCKUEC pa6OTBI, HCO6XOIH/IMBIC IMPAKTUYCCKHUE KOMIICTCHIIUN HE
(He 3a- |chopMHUpPOBaHBI, OONBIIMHCTBO MPETYCMOTPEHHBIX HPOrpaMMoi 00yue-
YTEHO) |HHs y4eOHBIX 3aJaHUil HE BHIITOJHEHO, KAYeCTBO MX BBITIOJIHEHUS OLICHE-

HO YHCJIOM OaJUIOB, OJIN3KHM K MHHUMAIIbHOMY




Kparkas xapakTepucTHKA OLIEHOYHBIX CpeICTBA

Ne
n/n

Haumenosanue
OUeHOUHO020 Cpeo-
cmea

Kpamkaﬂ xXapakmepucmuka OuyeHo4Ho2o cpe()cmea

Ilpeocmaenenue
OUEHOYHO020 cpedcm-
6a 6 ghonoe

[IpakTrueckoe
3aHATHE

B xoje mpakTH4ecKux padoT CTYACHTHI OBJIAJICBAIOT
YMEHUSMH MOJIB30BaThCsl PAOOTATh C HOPMATHBHBIMHU
JIOKyMEHTaMU W WHCTPYKTUBHBIMH MaTepHaaMH,
CIIPAaBOYHMKAMHU, COCTaBIIATh TEXHHYECKYH) JIOKY-
MEHTAIIMIO; BBIIOJIHATh YCPTCHKH, CXEMBI, TaOJIHIIbI,
pemarh pa3HoOro pojia 3aaavu, JeIaTh BBIYUCIICHHUS,
ONPEACIATh XapPAKTEPUCTHUKU PA3IMYHBIX BEIICCTB,
00beKkTOB, sBICHHUH. llenb MpakTUYECKUX 3aHATHHA
3aKJII0YACTCS B BBIPAOOTKE Yy CTYJICHTOB HABBIKOB
MPUMEHEHHUS TIOJIYYCHHBIX 3HAHWUW I pPEIICHUS
MPaKTUYECKUX 3a/Ja4 B IPOIECCE COBMECTHOU mes-
TEIBLHOCTH C MPETOoAaBaTEISIMU.

Tembl IpakTUYECKHUX
3aHATUN; KOHTPOJIb-

HBbIE BOIIPOCHI U 33/a-
HUs 110 TEME MPAKTH-
YECKOI0 3aHATHS, BO-
IIPOCHI KOJUIOKBHYMa

Konnoksuym

CpencTBo KOHTPOJISI YCBOCHHS YU4€OHOTO Marepuasa
TEMBI, pa3zesia U Pa3AeioB TUCIUILIMHBI, OpraHu-
30BaHHOE KaK y4eOHOE 3aHsATHE B BHJE cOOeceoBa-
HUS IPEToIaBaTess C 00yJarOIIUMHUCS.

Bompocs! 1o Te-
MaMm/paszienam Juc-
LUTIIMHBI




MuHucTepcTBO HayKU U BbIcuiero oopasosanus Poccuiickoit denepannu
HuxHekaMCKUil XMMHUKO-TEXHOJIOTMYECKUN UHCTUTYT ((usuan)
(enepanbHOro roCcyJapCTBEHHOTO OOI)KETHOTO 00pa30BaATEIBHOIO YUPEXKICHUS
BBICILIET0 00pa30BaHMs
«Ka3zaHckuii HallMOHAIBbHBIN UCCIIEA0BATEIbCKUN TEXHOJIOTUYECKUN YHUBEPCH-
TET»

Daxynvmem: UHGOPMAYUOHHBIX MEXHOLOUU

Kageopa: snexmpomexnuxu u snepeoobecnevwenus npeonpusmuii

Y4eOHBIM IaHOM 10 HampaieHuio moAroToBku 13.03.01 «TemnosHepreTrka U TeImIoTeX-
HUKa» JJIs 00y4aromuxcsl MPelyCMOTPEHO MPOBEACHUE MPAKTUUECKUX 3aHATUN MO JAUCLUHUIUIMHE
«["a3oTypOuHHBIC U Mapora3oBble YCTAaHOBKM» B4 cemecTpe B oobeme 18 yacoB. OOyuarommm-
Csl MpeJiararoTcsl pa3HOYPOBHEBBIC 3a7jaud M 33/1aHUsS PEKOHCTPYKTHUBHOTO YPOBHS, MO3BOJISIO-
M€ OLIEHUBATh U AMATHOCTHPOBATH YMEHUS CHHTE3UPOBATh, aHAIU3UPOBATh, 0000maTh (haKkTH-
YEeCKHUIl M TEOPETHUECKU MaTepHal ¢ (GopMyIHpoBaHHEM KOHKPETHBIX BBIBOJOB, YCTAHOBICHHEM
NPUYHHHO-CJIEICTBEHHBIX CBSI3EH.

[Ipaktrueckas padora Ne 1
«Paboune nporecchl B ra30TypOUHHBIX YCTaHOBKAaX)

['azoBas typOmua 1'T2-160 mpenctaBissiroT co00il OJHOBAIBHYIO MAIIHHY
OJIHOKOpPIIYCHOIl KOHCTpYKIuH. Icnonb3yercss g IIpHBOJA 3JIEKTPHYECKOIro
reHepaTtopa T3®I-160-2MVY3. TITD-160 mnpennazHaueHa naId pabOTHI Ha
razoo0pa3HOM TOIUIMBe C pAa3IHYHOI TeIwoToll cropaHusa. OcoOeHHOCTBIO
OTHOKOPITYCHOIl OJIHOBAJBHOI Ta30Boil TYpOHUHHI SBIfeTCA TO, UTO KOMIIpeccop H
TypOuHa uMetoT oOmmmit potop. BcackiBaHme Bo3Myxa TIPOHCXOIHT U3
PacHoJIOKeHHOIT Iepej] KOMIIPECCOPOM BO3][yX03a0OpHOI MIaxThl. BEIXomHOI
KOPIIyC COCTOHT H3 BHYTpPeHHero IILUINHApAa H HApYyKHOTO KOpIIyca KOHYCO0Opa3HO
(opMBI, MKy KOTOPBIMH IIPOXOJIHT OTpadOTaBIIIHIT ra3.

Pacuet TerutoBoil cxeMbl razotTyponnHoii ycrtanoBku ['TY Begercs ¢ 1enbio
onpenenenns KIIJ[ ycraHoBKH, pacXojoB Bo3jayxa, padouero rasa I TOIUIHBA,
MOIIHOCTH OTJeNbHBIX TypOOMeXaHH3MOB, TeMIIepaTyp raza B pa3dIUHBIX TOUKaX
ra3zoBOro TpakTa YCTaHOBKH, COCTaBa H TeMIlepaTypbl BBIXJIOIHBIX Ia30B, a TaKkKe
IPYTHX JaHHBIX. PaccMOTpHM pacdeT TeIUTOBOH CXeMBI Ta30TypOHHHON yCTaHOBKI,

BBITIOJTHEHHOI TI0 IIPOCTOH cXeMe 0e3 MPOMEeKYTOYHOT0 OXJIaKIEHNS KOMIIPECCOPOR
(ITO) u mpomesxyTouHoro nmogorpesa B Typousne (I111).

B cocrtaB mpocTteiimeii razoTypOHMHHOII YCTAaHOBKH BXOJHT KoMIpeccop 1,
Kamepa cropaHis 2, ra3zoBas TypOHHa 3, JIeKTporeHepaTop 4, IyCKOBOIL IBHraTehb 5
(puc. 3). AtMmocdepHBIil BO3yX € TeMIlepaTypoil t; MOCTymaeT B KOMIIpeccop, TIe
MOIUTPOIHO cxkuMaercs. [lo mepe yBemmueHHsa naBieHHe BO3AyXa yYBeIHUHBAeTCA I
ero temieparypa. [locime koMiipeccopa ckKaTblii H HarpeTslii Bo3ayxX (Touka 2]1)
IIOCTyIIaeT B KaMepy CropaHH#A, Tylda jKe IOoIBOAHTCS ToIuinBo. Ilocime kameper
CropaHHs ropsiyiie ra3pl ¢ TeMmreparypoil f3 IIOCTYIaloT B ra3oByl0 TypOuHY, Tle
pacHIupssach, COBEPIIAKOT ITOJe3HyK pabory. Jlamee mIPOJYKTBI TOpeHHA C
TeMIIepaTypoil t 4; HOCTYIIAIOT B KOTENI-YTUIN3aTOpP.



Puc. 3. ITpuHnMnHaneHas cxeMa npocTeiimeii I'TV (cneBa) H IHKI ee paboTEL
B TS-muarpamme (crpasa)

HcxomHEIe JaHHEBIE 1A pacdeTa ra3oTypOHHHOH yeTaHoBKH (['TVY):

—  3NeKTpHYecKas MONIHOCTE ra3oTypOuHHOH yeTaHOBKH (I'TV) Npry, MBT;

— TeMIeparypa HapyAHOIo Bo3Oyxa ty. °C;

— OTHOCHTeNbHAad BIAKHOCTE BO3OVXA, %!

— TeMIepaTypa IazoB Iepel razoeol TypOHHOH 5, °C;

— CTelleHb CKAaTH4A BO3IyXa B KOMIIpeccope 1., °C;

— Ko3(QpHUMeHT noTeph AasineHuA B [TV i = 0,95;

— Mexanudeckuii KITJI T'TY, VyYUTBIBAIONIHH MeXaHWYecKHe IIOTepH B
KOMIIpeccope, Ta30B0li TypOHHe H 3IeKTpHIecKOoM ITeHepaTope M = 0,995;

- KIIJ xommpeccopa, VYMTBIBAKOMIMI IOTEPH IIPH CAKATHH BO3Oyxa B
KoMIpeccopens, = 0,86;

—  KIIJ TypOHHEI, YIHTHIBAIOLINII IIOTEPH [IPH PacIlHpeHHH ra3oB B TypOHHe
ot = 0.91;

— KIIJI anexTporeHeparopa 1. = 0,982.

TonmueoM fBIACTCS NPHPOTHENL Ta3 ¢ TEIUIOTBOPHOH CIOCOGHOCTRIO (p =

= 44300 xJTx/kT.

TE!MHEIJ&I’}’I]E BO3OVEA B KOHIIS ITOIMHTPOIIHOIO CARATHA B KOMITpECCOpE:
K—1

T,-(r.* —1)
k
na[’

IJe K — [I0Ka3aTenb aauadaTtsl 4714 Bo3ayxa, K = 1.4.

Y,HBJILHE[H BHYTPEHHAA paﬁom CHATHA B KOMITPSCCOPE!
E—1

C, T, (r* —1
-2 1 (kh ), K/l /KT
nm‘.

rane C, — yaenbHas wuzo0apuyYecKas TEIUIOEMKOCTh MPH CpPeaHell Temmeparype
nponecca cixatisa, KA/ (kr K).

B mponecce cxaTHA BO3OyXa IO M, = 4...30 TeMIepaTypa €ro BO3pPacTacT Ha
160 — 560 K. B TakoM ciaydae O71d BO3OyXa (@ = o0) TEIUIOEMKOCTE BO3IyXa MOKHO
npuHATh O, = 1,01 ...1,02 k/Ix/(kT - K).

tzﬂ - tl + ’ DC

le



JIoTIOMHHUTENEHO BHECEM MONPABKY B 3HadeHHe paboTHl CKATHA IIPH 3aTaHHOMN
OTHOCHTENBHOH BIaKHOCTH BO3OyXa (%) H TeMIleparype t,
E—1

1= %CFT:FK _1], kJI% /KT,

o

3Ha4eHHs MONPABOYHBIX KO3(p(HUIHMEHTOB (¢, Ha OTHOCHTENBHVIO BIAKHOCTH
BO3Ivxa OepyTcd U3 TadmHUE! 1.

Tabmuma 1 — IlompaBodHele Ko3(@UUHeHTE! K yIenbHOH paboTe cxKatHA
KOMITpeccopa A7 yYeTa BIAKHOCTH BO3IyXa
TeummepaTypa BO3OyXa HA EXOOE B OtHOCHTENRHAT BIAKHOCTE BO3OVXA, 70
KoMIIpeccop, ty. C 60 70 80 a0
10 1,0027 1,0031 1,0038 1,0044
20 1,0055 1,0065 1,0075 1,0085
30 1,0099 1,0116 1,0133 1,0154
40 1,0174 1,0210 1,0222 1,0263

C ydeToM YTOYHEHHOIO 3Ha4deHHA pabOTHI CiKATHA Efi CHOBA OIIpeaenseM
TeMIIEpPaTypy BO3AyXa 332 KOMIIPECCOPOM:
/
Ly

! Lk o
L=t + g C.
Harnee onpenenseM cpeIHIOK TeMIepaTypy CKaTHA BO3IyXa B KOMIIpeccope:

/
Ty+To,
Tp=—2K

VTouHseM TemnmoQu3udeckue CBOHCTBA BO3OyXa IO cpedHell Temmeparype
Ipolecca CKAaTHA M0 IPHIOKEHHAM 3 H 4 (VTOYHeHHBIM BeIHYHHAM IPHCBAHBASTCA

HHIEKC «//»): C;’f LK/

VTo4HAEeM 3HA9eHHE YIeIBHOH padOTEI CKATHA Ii’f :
&/ -1
7 ‘Pacéf'Tl'{”K;; -1)
IK - k L I{lﬂ}{{j KT
Moi
VTo49HEeHHOe 3Ha9eHHe TeMIIepaTypEl BO3IyXa 3a KOMIIPECCOPOM:
1
I Lk e
ta=t+37. °C
B
VTO4HeHHOe 3HAadeHHe CpeJHell TeMmepaTypel IIpollecca CKaTHA B

KOMIIpeccope:

1/
o Tt T
cp 2 !
Ecimu 3HadeHHs cCpedHeH TeMIepaTypbl Ipollecca CKATHA BO3IyXa B

Kommpeccope T, B Ti; pazIHYaroTCcd HezHadWTeNnbHO (MeHee 2 %), JampHeHIIero

VTOYHEeHHS TelnodH3N4ecKHX MapaMeTpoBR Bo3oyxa He Tpedyercs. Ecmu
pacxoxnenne T, H T’é{i cocTapnser ©Oomee 2%, TO CHOBA YTOYHSAKOTCH
TernohH3HgecKHe apaMeTpsl BO3AYXA [IPH TeMIlepaType T;’:;: U pacHeT MOBTOPASTCH,

NoKa He OyIeT JOoCTHTHYTa Tpedyemas CXOIMMOCTh CpeIHell TeMIepaTypEl npolecca
CHKATHI BO2IYXA B KOMIIPECCOPE.



OmnpegenseM Ko3(¢HIIHeHT H20EITKA BO2IyXa IPOIYKTOE CTOPAHNS:
2000-0,367T;

- i’

B ."'.-
I
CreneHEs pacmHpeHHs padodero Tena B ra2o0BoH TypOHHe:
Ty = A - 1.

TemmepaTypa ra20B Ha BRIXOJE U3 TA30BOI TYPOUHEIL:
K—1
— . _ B T o
t4|q - tg Tg " 1 TET ® ) " T}ﬂ“ C.

VIenbHAsd BHYTPeHHAA paboTa pacImpeHus JIMOBEIX Ta20B B TypOHHe:

E—1

Ip=C,-Ts-(1-m, T) Y kK /Kr.

Jlna Had9aTbpHOH TeMIepaTyphl Ta3a Ha BXOZe B ra3oByi TypbuHy 1000 —
1300 K B mpenpapHTeNbHBIX pacdeTaX I Ipollecca PaclIMpeHHs MOXKeT ObITh
npuHATo 3Havenwe C, = 1,10 ...1,14 x/Ix/(xr K) (cpemmee szmatenue C, = 1,12
K /(xr K) u K = 1,33). IIpu HaganeHOH TemmepaTtype raza 1300 — 1600 K moxeT
OuITe mpuHATO 3HadeHHe (, = 1,14 ...1,18 ¥Ix/(xr K) (cpemnee 3HadgeHne C, =
= 1,16 kJIx/(kr K) u k = 1,33).

CpenHasa TeMIlepaTypa Ipollecca paclIHpeHHs NPOIYKTOB CTOPaHHA B Fa30BOH

TypOuHe:
T4,E( + Tg
Tcpl = Ta

VToqHAEM TeIUToQH3HIecKHe CBOHCTBA NPOIYKIOB CIOpPAaHHA IpPH cpemHeH
TeMIepaType mponecca pacumpeHus 1., n Kozddumrente H20BITKa BOZAyXA OC;:

i ' wr
Co: K. PACCUMTHIBAKOTCA 3HAYECHHA ti 2 1 Topp. Pacxomnenne 2HageHuil Toyy u Ty

IOLKHO OBITE He Oomee 2 %.
[Tocrne 3TOro YTO4YHAETCA 3Ha4eHHe paboTEl pacIIMpeHHSA IBIMOBEIX T'a30B B

TypOHHe Ii.
V IenkHas NMoNe3Hasd 3IeKTpHdeckas padoTa IHKIA:
Lo = (It — Ix) - My - Nar, KIK/KT.
OnpenenseM TeIUIOCOAEpKAHHE IBEIMOBEIX Ta20B HAa BHIXOe H3 KaMepEl
CTOPaHUS:
hy = Cpt;, wlb/Kr.
TemnoconepxaHue BO3IyXa Ha BXOe B KaMepy CrOpaHus:
hz,u, = Cp " Lzq Kﬂ}KfKF
VaembHOe KONMYeCTBO TEIUIOTHL, [IoJBedeHHOoe K pabodeMy Teldy B KaMmepe
CTOPAHUS:
Qxc. = hs — hz,:p I{-EL}H!{KP
KILJI razoTypOHHHOH YCTAaHOBKH:
!
Nrry = —— - 100 %.

qK.C.




[TpakTrueckas padorta No 2
«KoHcTpyKTHBHBIE 0COOEHHOCTH T'a30TYPOMHHBIX YCTAHOBOKY

[TapoBoii ABYXKOHTYpHBII KoTeln-yTunan3atop (KVY) I1100 ¢ BcnoMorarelbHBIM
oOopynoBaHHeM IIpe[Ha3HaueH s IIOJIy4YeHHs IIeperpeToro Iapa BBICOKOTO U
HH3KOIO JIaBJIeHHH H I[IOJOrpeBa KOHJIEHcaTa I[1apoBOH TypOHHBI 3a CYeT
HCIIOJIB30BaHHs TEIVIOTH TOPAYHX BBIXJIOMHBIX ra3oB I'TY. B Tpakre KoHJIeHcaTa
[peIycMOTpeHa YCTaHOBKA BOJI0-BOJISHOTO TeII00OMeHHHKA (BBTO),
HarpeBamwIlero cereryw Bojay. KV ocHamaercs mpegoXpaHHTeIbHOI, 3allOpHON U
peryJHpyromel apMaTypoH, LHPKYJIALHOHHBIMH H IIHTAaTeJLHBIMH HAacOCaMi,
pacHpHTeIAMH HellpepbIBHOMH H ITepHOIHYeCKOMH IIPOIYBOK.

Pa0Oounil Auamna3oH peryaipoBaHHs Harpy3KH KOTJIA-YTHIH3aTOPa COCTABIAET
100 %...50 % oT HOMHHaIBLHOH. PeryaupoBaHue JaBlIeHHs H TeMIepaTypsl I1lapa B
KOTJIe He IIpejJycMaTpHBaeTcs, TaK Kak OH padoTaeT IpH CKOJB3ALIHNX IapaMeTpax
mapa, ompejenseMbIX pacXoJOM H TeMIlepaTypoil ra3oB, MMOCTYMAKIINX B KOTel—
yrumzarop or I'TY, u XapakTepHCTHKaMH IIapoBOH TYpOHHEI. XapaKTepHCTHKH
KOTJIa—yTIUIH3aTOpa [IpH aTMochepHOM aaBieHHH 98,5 klla U pa3HBIX TeMIlepaTypax
Hapy:KHOro Bo3ayxa B pexnme 100% mHarpy3ku I'TY cBejleHsl B TaOIHIly
IIpunoxenus 2.

— koren yruimmzarop tumna II-100 (E-236/40.5-9,3/1.5-514/299-13,5BB
(mHIekcH B o0o3HaueHHH KV mpejcTaBiaeHsl B TadmmIe 2)

— o/IHa mapoBas TyponHa tuna T-63/76-8,8 ¢ anekrporeHepatopom T3®DII-80-
2 Y3

Tatmmirma 2 — Huagekcrl B o0o3HageHnn KV

Hunexc Oo0ozHageHHE
E THI UHPKYIAHE — eCTeCTECHHAA
236 [TaponponzeoguTensHOCTs TpakTa B, T/0
40.5 [MaponpomnseoguTensHocTs TpakTa HIT, T/4
93 Narnenne neperperoro napa BJl, Mlla
1.5 Jaenenne neperperoro mapa HII, Mlla
514 Temmnepatypa neperperoro nmapa B[, °C
299 Temmeparvpa neperperoro mapa HJT, °C
13.5 g2 Hoummanrsad Tenmoeas Harpy:ka E0J0—EOAAHOIO TEIIOOOMEHHEOTO anmnapara
; (BBTO), MBr

B cxeme IIT'Y npuMeHAeTCd IBYXKOHTYPHEIH KoTen-yTuamnzarop I1-100.

Ilpu pacgere KV moboro THma HeoOXOIHMO VYYHUTEIBATE, 9T0 TeILIO
nepenaeTcs OT ropA4YHX razoB I'TV K Bolde M mapy M IDO3TOMY TeMIEepaTypa IazoB
BCETa BEIIIE, 9eM TeMIlepaTypa BOJEI H Ilapa. BMecTe ¢ TeM, 9eM MeHbIIle pa3HOoCTh
3THX TeMIeparyp (TeMIepaTypHEIH Harop), TeM 3(QdeKTHBHee nepeaaeTca TEIUIO OT
raz0B B NapoTypOUHHEIH KOHTYP.



Koten-yrumuzatop  II-100 HMeeT  BepTHKANBHYED  KOMIIOHOBKY H
[IPHHYOUTENEHYI0 LHPKYIANHID B KOHTYpaX BBICOKOIO H HH3KOIO [ABISHHII,
OCYIIECTBIAEMYI) LHPKYIAIHOHHEIME HacocaMH. IIpH BepTHKAIbHON KOMIIOHOBKE
ra30oX0J0B KOTHIOB-YTHIH3aTOPOB MPOHCXOIMT Oojlee HHTEHCHBHBIH TellooOMeH
MeXOy TPEOMHMH TazaMH M TEIIOHOCHTENEM, YIO [IO3BOIMET CHH3HIB
MeTALTOEMKOCTE IIPH H3TOTOBIEHHH. K HEeJOCTaTKaM MOKHO OTHECTH BO3MOJKHOE
CHIDKEHHE HAIeKHOCTH H3-3a HAIMIHA HACOCHOTO 000pyI0BaHHA, pab0TaroIIero nomg
BEICOKHM  H30BITOYHEIM  [JaBIeHHeM, BCIeNCTBHe  4ero  OrpaHHYHBaeTCH
MAaKCHMAaIBHOE JaBlIeHHe B KOHTYpPe BBICOKOTO JABIICHHSA, U YTO BeOeT K CHIDKCHHIO
HAYANbHBIX  [ApaMeIpOB Mapa  BBICOKOTO  JABIEHHA M HCHOIB3YEMOIO
TEIUTOIEPETIaaa.

KoTen-yTHIH3aTOp HMeeT JBa KOHTYpa IeHepallHi apa: BEICOKOTO M HH3KOTO
maBneHHi. B cOCTaB MepBOT0 BXOIAT 3KOoHOMaizep (3BJ), ucnaputens (MUBJI) u
naponeperpeearent (IIIIBJI), a B cocTraB BTopore — Hcmaputens (HHI) #u
napomneperpesarens (IITTH]T)

ITponyKTel cropaHus I[IOcle TIAa30BOH TYpOMHEI NOCTYIAWOT B KOTen-
YITHIH3ATOP, MOCIEI0BAaTeNBHO MPOXOMAT MapoleperpeBaTeNb BBICOKOIO JaBICHHA
(II[IB/JT), HcrapuTens BEICOKOro maBneHus (MBJ]T), sKoHOMalizep BEICOKO JaBISHUA
3B/T), mapomeperpepatens HH3KOro mgaeneHus (IIITH]I), ucnapuTens HH3IKOTO
maeneHud (MH]T), ra3oBelii ogorpesarens KoHaeHcata (I'TIK).

ITap BEICOKOTO HJaBneHHA mocie IIIIBJ] HampaBmsgeTca B UBJ] mapoBoH
TypOuHEL. YacTe Iapa, TeHepHpYeMOI0 B KOHType HH3Koro nmaeneHus KV, nocne
IIITH]I, HampaBusAeTcA Ha OOMIECTAHIIMOHHBIN Iea’paTop, a 9acTh Hapa HIeT B
KaMepy CMEIIeHHd [apoBOH TYpOHHEL, IIe CMEIIMBAaeICd ¢ IIOTOKOM IIapa,
oTpaboraeummM B UB/T.

ITomorpee BOAEI Mepel Iea’palliel IIPOMCXOOHT B Ta3z0BOM IIOIOIpeBaTene
koHrmeHcata (I'TIK). B TenmoByo cXeMy BKIIOYEeH [dea’paTop ANA VIAIeHHA
pPacTBOPEHHEIX Ia30B M3 BCero IIOTOKA OCHOBHOIO KoHIeHcaTa. Otdop rperolero
IIapa B Jea3patop nponzeondart u3 IIITH]T.

Ilomaga BOZEI B KOHTYPH! BEICOKOTO H HH3Koro gaBneHus KY uz 0Oaka
Ieasparopa IPOH3BOIUTCH NMUTATENEHEIMH HACOCAMH BEICOKOI'O H HH2ZKOIO JABIICHHA
(ITHBM, ITHH/). IIpoayeka OapabaHOB BEICOKOI'O M HH3KOI'O JaB/IeHHI HallpaBleHa
B COOTBETCTBYIONIIHE PacCIIHPHTIEIN IIPOIYBKH.

g nonamepxaHus TeMIEpaTyphl OCHOBHOTO KoHpaeHcarta nepen ITIK Ha
ypoeHe 60 °C BEINONTHEHA PEeIHPEYIALNA KOHIOSHCATa ¢ BEIX0ZA Ha BXon I'TIK. 310
Jenaercda I TOro, 9T0 W30ekaTh HH3KOTEeMIepaTypHOH KOPPO3HH «XBOCTOBEIX»
noeepxHocTel Harpepa KV. Temmoeas cxemMa KV B coctaBe IV mzo0paxeHa Ha
PHCYHEE 4.
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Puc. 4. Koten-yrumzatop I1-100 B cxeme IIT'V-230

ITemsro TemmoBoro pacdera KV sABmfeTca omnpeneneHHe KOIHYecTBa Mapa,
BEIpadaTelBaeMOI0 B KOHIYpaX BEICOKOTO H  HH3KOIO  JaBIeHHA  O7IA
TeIU1o(QHKAITHOHHOH apoBOi TypOHHEL

HcXOTHBEIMH JaHHEIMH 1714 pacdeTa ABIAHOTCA:

— IIeKTpHUdecKad MOIHOCTE I'TY — Npqy, MBT;

— anexTpudeckuil KII I'TY — iy (onpenensercs npH pacdete I'TY);

— TeMIepaTypa IbIMOBBIX Ta30B HA BBIXONE H3 ra3oBoil TypOuHEI —f,,, C
(onpenenderca npu pacdere I'TY);

— IaBleHHe [eperpeToro napa KOHTYpa BEICOKOTO JaeneHns KV — PHBH‘E: MIIa
(ompenensercd U3 TeXHHYeCKHX XapakTepucTHK KV (IIpunoxenue 3);

— JaBIeHUE MEePerpeToro napa KOHTYpa HU3KOTo masneHud KV —PHH]&H= MIIa

(ompenenseTcd U3 TeXHUYeCcKHX XapakTepucTHK KV (IIpunoxenue 3).

VIensHBIH pacxo] TOIUTHBA Ha BEIPA0OTKY 3MeKTPHHEECKOH SHEepPIHH:
3600 KT

== ’ .
Qf -nrrv KBT -y

3

TTomHEIH pacxo TOTILTHBA:

KI' KT
By =4, -N,, - ()
VIenbHEI pacxo] BO3OyXa:

d= zi‘ Kr /K.

3o



TTOMHEI pacxo/ TOILIHBA:
KT KT
BT = ’5'3 . Na; : (:)'
VIenbHEI pacxo]l BO3AyXa:

d ==, kr/elx.

Lan
TlomnHEli pacxon BO3IyXa:
G, =d-N,, kr/c
CyMMapHBIi pacxo]] TEIMOBEIX Ta30B:
Gr = G, + By, kKr/c.
Q0BeM BO3IVXa HeoOXOAMMEIH 114 OKHMCIeHHA 1 KiIorpaMMa TOIUTHBA:
L, = 14,905 203

1KT TONIHEA
KoagduimenT H30bITKa BO3IyXa B KAMEPE CTOPAHHS:

Gy

BrLg

(’T"KC

IIpe nOpoBeJeHHH pacdeTa NPHHAMAEM: TeMIepaTypHBIH Hanop B
naponeperpeBatensx At = 30 — 35 C. TeMmeparypHelii [epemam B
ucnaputemax Aty = 8 — 10 °C; HeIorpeR BOIBI 3KOHOMAl3zepe 10 TeMIEpPaTypPhI
HaceIeHud 8 — 10 °C.

Japnenne B Oapabane HMBJ] mpuHuMaeM Ha 10 % Ooublle JaBiIeHHA
[IEperpeToro napa:

PPA=11-B4, MIa

trn . ]

e—_—

fli ", | -~

Ly =

Pue. 5. [lpuauumeamsrag exena [T e xormom-yrumezaTopon [1-100.



IaeneHHe B 0Oapabame IMH]] npueEmaem Ha 10 9% Oogpmie J3aBiIeHHS
HeperpeToro napa:
HI _ pHA
Pﬁ - l_lj. Pnnj MHH.
TeMmneparypa NeperpeToro napa KOHTYpa BEICOKOIO TaBIeHH:
ts = t5 — Aty °C;
r __
TemmocoaepxaHHe NeperpeToro nNapa BEICOKOro JaBIeHHA:
n_ n pBI
h§ = f(e5, Py ), wllax/kr.
Temnocoaep:xaHHe IEIMOBEIX I'a30B Ha Exoge B IITIB T
r __ r
5 = Cp - t5, KK/K.
TennmoemkocTs raszos C, onpefendercd MO TeMIeparype t: u Ko3duIEEHTY
H30BITKA BO3OVXa B KaMepe CTOpaHHd o, 110 HoMorpamme [IpHnoxeHns 3.
B
ITo maeneHHIO Fy A maxommm TeMOepaTypy HackmeHHnd B bB/I:
B
tooA o,
[IpuHEMadg TemnepaTypHeld Hanop B MBI Aty = 10°C, nDomygaeMm
TEMIIEPATYPy IA30B 3@ HCIIAPHTEIeM BBICOKOIO JaBIeHHA:
BEJ
t7 =t,  + Aty °C
TenmocoJepkaHHe IbIMOBBIX TA30B 3@ HCIApHTENIeM BEICOKOTO JaBIeHH:
r — r
h% = G, - t7, &lx/Kr.
TennoemkocTs raszob Cp onpedendeTcd IO TeMIEPATYpe t? 1 KoadHIEEHTY
H30BITKa BO3OyXa B KaMepe CTOpPaHHA «, . 110 HoMorpamue [IprnoxeHnd 3.
[Tpumenm, gTo B OapadaH BeICOKOro JasneHHd (BBJI) momaeTcs MHTaTeTbHAd
BEOJa HeJorpeTad B 3KOHOMafizepe BBICOKOTO IJaBleHHA (3B]I) 1o TeMmmepaTypbl
HacbllieHHd Ha 10 °C, Torga TeMmmepaTypa NHTaTelbHOH BOABI Ha BXode B BB

oyIet:

toBA — (BB _ 10, °C.

BB -
ITo TemmepaType oo™ OmpefenseTcs SHTATBIHS NHTATEIBHOH BOIB HA BXOJIE

B BB/, hT®, x/lx/Kr.
B .
PacxXo NeperpeToro mapa BBICOKOTO J3BISeHHA Gm%: (xr/c) ompenengeTca u:
VpaBHeHHS TeIUIOBOTO DanaHca KOHTYpa BeIcoKoro gaeneHnd KV (pue. 6):

ts:
g r t3n W3 peaspatopa
> .
t?r BB/,
7 . t?l’l BRI
DI
; tﬁr tan b
nneg, >
5 t5r|
T ttl,q=t5l

Puc. 6. CxeMa KOHTYpa BEICOKOTO JaBIeHHT KY



. (hC T .o — Bdrrn @
Gr - (hs — h7) - = Gpp (hS — A7)
Benwunna 1 = 0,98 onpenengeT moTepH TEIUIOTH B OKPYKAIOMIVIO CpeTy.
PacxoJ nHTaTensHOH BOJBI depe3 3KOHOMaiisep BBICOKOTO JagieHHT (IB]D)
B . - ~
Gng'; C y4eTOM HempephlBHOH NPOIVEKH H3 DapaoaHa Bl OVIeT HeCKOIBKO BBIIIE
pacxofia mapa BBICOKOIO JaBIeHH:
BA _ . ~Ba
3deck gy, 0,005 oTHOCHTeNBHAd EBelIHUHHA HeNOpepBIBHOH MOPOIVEKH
0apabaHa HCIIapHTeNd BBICOKOTO JaBIeHHA.
OHTANBIHA MHTATEIbHOH BOJBI HA BXOJe B 3KOHOMAH3ep BBICOKOIO JaBIIeHHA

KJ[;&\KT) ¢ y2eTOM IOBBINIeHH J3BlIeHHT B MHTaTedIbHOM Hacoce KoHTypa BI] APy

(pHC. 7):

ompefengeTcd MO MapaMeTpaM B Jea’paTrope MHTarTenbHOH Boasl (P, MIla; hgﬂ

ﬂPl’[H = PI'IH — P,E[: KlIa

Pa

(y) MH

PnH

Puc. 7 CxeMma nng OIpeelIcHHE TABMeHHT MHTAaTEIIEHOIO HACOCA

JlaBneHHe, co3gaBaeMoe IHTAaTelbHBIM HAaCOCOM, JO/DKHO OBITH IIPHMEPHO Ha
20—-25% sBpOIE [JaBIeHHA IeperpeToro napa Ha BeXode H3 IINIBI and

KOMITEHCAITHH THAPABITHYECKHE TTOTEPE E TPAKTE KY TOr Oa:
El
PHH = -.[._,2 " FHH, MHH.
HPHPEJI[EHHE IHTAIBIIHH B ITHTATE/IBHOM HaCcOCe:
Poy—P
Ahpy = V5 - ??—J’ KK /KD

e vV, — CpelHHH yIelbHBIH 00BeM NHTaTenbHOH BObL, M3/KT; 1, = 0,82 — 0,86 —
KII]] Hacoca. DHTAIBIHA [IHTATeIbHOH BOJBI Ha BXOJe B 3KOHOMAH3ep BBICOKOTO
JABIeHHA ¢ VHeTOM JABIeHHA B JeaspaTope H MOEBBISHHA JABTeHHT B THTATEIBHOM

HaCcoCe BEICOROIC JaBJIeHHA:
hg = hpg = hj + Ahny, KIK/KT.

I ) =
3JHag 3HAYSHHE HTAIBIIHH hg; HaXOIHM TEMITEpaTypy IHTATEIBEHOH BOOBI HA

BX0J¢e B 3KOHOMAH3ep BBICOKOrO JaBIeHns tg, °C.



CoCTaBHE ypaEHeHHe TeIUIOBOT0 OANaHca 3KOHOMAH3epa BRICOKOTO NaBIeHHT,
HaiineM 3HTANBITHIO Ta3a HA BRIXOJe H3 3KOHOMal3epa hg, w/lx/Kr:
r r _ ~Bd o
Gr - (h5 — hg) - n = Gp (h — hE).
TemmepaTypa rasos Ha BBIXO/e H3 3KOHOMAl3epa BBICOKOIO JaBleHHT (BXOI B
naponeperpesaTels HH3KOTO JaBIeHHS ) COCTABHT:

h:‘
tg ==, °C.
2 E_‘D:
TennoeMKOCTE Ta30B Cp IIPHHHMASTCA 110 HOMOIDaMME HIJ'HJDH{EI-EH 3 IIPpH

PACCUHTAHHOM 3HAYeHHH o, ..

Pacuem xowmypa Huzxozo dasiexua xomia-ymunsamopa. C TeMoepaTypoH
tg = tg (hg = hg) rasel nocTynaroT B KOHTVP HA3KOIO JaBIeHHS KOTIa-YTHIH3aTOpa.
B cocTak 3TOro KOHTYpa BXOJAT: Napolleperpeparenb HA3KOIO JasleHHd (IIITH]T) B
HCTIIAPHTeNsb HH3KOro nasnernd (MH]T) (prc. 8).

fu BHA,
t11n=I1EIn

11 - B
MHL > . \"& W3 peaapatopa
10 t:lfn-'tI-LEH,ﬂ. tnebR/,
10

nnHg >
9 - tEIn

I ts-Ta

Puc. 8. CxeMa KOHTYpa HH3KOTO JaBneHHd KY

[IppauMaeM TemneparTypHblH Hamop B IIOIHM pasmaemm 30 °C, Torma
TeMIIepaTypa Iapa Ha BRIXOe H3 apoleperpebaTelld HH3KOIO JaBIeHH:
tg =ty — Aty °C.
TemmocoZep:kaHHe MOeperpeToro Mapa Ha BRIXOOe H3 MapoleperpeBaTald
HH3KOTO JaBIeHHd hg OmpegengeTcd M0 TAOMHIAM CBOMCTE MeperpeToro mapa hg =
H
= f(Ppn; t§), Lk /K.
Temmepatypa rasos Ha BbXode H3 HMHJI ma 10 °C Domblle TeMmIlepaTypbl
HacHIIIeHHA B Oapadane MH]T;
EBH]
th, =to 2 410, °C.
BHI _ .11 _ +0
Temnepaqrp]? HACBINEHHA t, — = tj; = tj; olpeldelndercd MO IaBISHHIO B
oapabane MH] (P A ).



JHTAIBNHA [a30B NOCIe HCMIAPHTEId HH3KOTO JaBIeHHS:
11 =Cp-tfy,  wE/kr

C, = f (@ t11) ompenenderca no Tabauuam IIpanoxenns 3.

ITuTaTenbHAY BOZA MIOCTYIIAST B 0apadaH HHIKOIO J4BISHHY HeIOrpeToH 10
TeMIIEPATYPHl HachImeHHT Ha 10 C:

toe — 10°C.

DHTANBNHA [HTATeIbHOH BD.II;I’:I HH3KOTO JapneHnd hi; = f (tEH"l

oIpefengeTcd IO TAOMHIIAM EOJBI H BOISHOIO NMapa, K IE/KT.

BHA _

I3 ypaBHeHHS TelIOBOTr0 Oaladca KOHTYpa HH3KOTO JaBleHHs KV Haxomum
paEKD.II; HEpEIpETGI‘D Hapa HEEROTO JaBTeHHT .
G _

n(hg —hi)) = - Gr-(hg —hi;) -7

G — Gr - (hg — 1] ]

hn !

PE.C—KG;[ MHTATEILHOH BOOBI E ‘SHPH.DHH HH3KOIO JaBJIeHHI C }TqETGM

HeTpephIBHO POy BKH

Kr/c

= (1+ans) - Goal, ®r/C.
3mece app = 0,005 OTHOCHTeNBHAd BeIHYHHA HENPepBIBHOH NPOIYBKH
DapabaHa HCIIapHTeld HH3KOTO JaBlIeHH4.

Pacvem zazoeozo nodozpesameni KoHdeHcama

* tisr—=tyx=100 C

13 . W3 nuHuK
KOHAeHcaTa

MK

12 - B peaspatop

; tiir—tizr

Prc. 9. Cxema rasogoro nogorpegarend KoHoeHcara KY

B pacdeTe npHHHMMaeM TeMIEpaTypy VEOJSIIHX rasoB HAa BBIXOJe H3 KOTIa—
yTHIH3aTopa paeHo# 100 °C (puc. 9).
Tenmocoaep#aHHe YXOIANIHX TA308:

hy:-;:hga = tyx * Cp, K/ K.



TenmoeMKOCTh ra3oB Cp OPpHHHMACTCA II0 HOMOIpaMMe HpH.—IO}KEHHﬂ 3 IIpH

pacCIHTAaHHOM 3HAUYeHHH (.
KonngecTBo TenmoTel. oTaaHHOe razaMu B [ TIK Ha Harpes KOHIeHcaTa:

Qrnk = Gr- (hil — hyx). KBT.

KIIT xomaa vmuauzamopa. KIIJ koTia-yTHIH3aTOpa oIpelendeTca HHade.
yeM 714 TPaJHIHOHHBIX TOILTHBOHCIIONB3VIOMIHX KOTIOAarperaToB. BenHYHHA Mgy
MOKa3bkIBAeT. HACKOIbKO 3(()eKTHBHO HCIOMIB3YEeTCA TEITOTa VXOIAMHX Ta3os ['TV.
KIIJI koTna-yTHIH3aTOpa HAXOJHTCA KaK OTHOINEHHA KOJIHYECTBa TEILIOTHI. KOTOpoe
NEHCTBHTEIBHO IEPENaceTCcad YXOOAIDHMH ra3aMH B KOTIE-YTHIH3aTOpPE Ha Harpes
KOHJCHCAaTa H IOIYYE€HHE I1apa BBICOKOTO H HH3KOIO [aBII€HHH K TEOPETHYECKH
BO3MOKHOMY KOIHYECTBY TEIIOTHI, IepeJaHHOMY MOpPH OXIaXkISeHHH YXOIAIMHX
ra3oB JI0 TEMIEpaTypPhl HAPYEKHOTO BO3AyXa.

_ hag—hyx 0
Ny = héﬂ_hﬂ_s 100 ,—‘""I:I'-.

The Ngn, hyx, Nyp — SHTANBIHH Ta30B MOCIE Ta30BOH TYpOHHEI (Ha BXOIE B
KV), mnocne KOTIa-yTHIH3aTOpa H IpPH TeMIEpaType Hapy/KHOTO BO3AyXa.
COOTBETCTBEHHO. KJ[K/KT.

Cpennne 3HaueHHd KIIJ] KOTI0B-YTHIH3AaTOPOB COCTABIAT iy = 73 — 85 %
H 3aBHCAT OT TeMIepaTyphl HAPYAKHOI'O BO3IyXa.

JMamnee mo pesyneTaTaM pacuera KV TpebyeTcd MOCTPOHTE TEIUIOBYHY (-t
auarpamMMmy (puc. 10).

IHocmpoenue Q- ouacpamayel. Q-t OHarpaMMa IOKa3bIBaeT 3aBHCHMOCTH
TeMIIepaTyp TPeloIlel H HarpeBaeMoH cpell OT KOIHYeCTBa epeJaHHOH TelIOTEHI.

KomnuecTBo mnepegaHHOH TEIIOTEL. BOCIPHHHMAaeMOH BOIOH H MapoM B
[IOBEPXHOCTAX HarpeBa KoTaa-yTHIH3aTopa. MBT.

Qrnk = Gr - (h1; — Ay

Quug = Gr* (hip — hip)n, oHTamemmsa hj, HaXOOHUTCA H3  yPaBHEHHA
TeroBoro Oamnadca IITTH/I:

Qunug = Gr* (hs — hig)n;

Qsgg = Gr- (hz — hg)n,

Queg = Gr * (hg — h7)n, sHTATBIHA hg HAXOMHTCA M3 YPaBHEHHA TEIIOBOTO
Oamanca [ITIB/I:

Qmneg = Gr - (hE — he)n.
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Puc.10. TenoBasa Q-t AuarpamMMa KoT/aa-yTHIH3aTOpa

[Ipaktruueckas pabora Ne 3
«ITapora3oBbie YCTAaHOBKH C KOTJIAMU-YTHIIN3aTOPAMI»

Puc. 11. TemtodukannoHHad mapoBas TypouHa T-63/76-8.8



CrannoHapHad TemlodHKalHOHHaA IapoBad TypOmHa T-63/76-8.8 ¢
HeperyIHpyeMeIMH  oTOopaMH  mapa  (pHC. 11) npenHasHaueHa 1A
HEINIOCPEACTBEHHOTO MpPHBOJA 3ITIEKTPHUECKOTO TIeHepaTopa MEepPeMEHHOI0 TOKa
T3®I1-80-2V3, MoHTHpyeMoro Ha obmeM ¢yHIaMeHTe ¢ TypOHHOH B TOMEMEHHH
MAIIHHHOTO 3aja MeKTPOCTaHIHH. TypOHHA BBEIOIHEHA A4 pPadoTEl ¢ IIapOM JBYX
TaBIICHHI — KOHTYpa BBEICOKOro gaBieHHA (B]l) m KoHTypa HH3KOro gaBiaeHHsA (HII)
KOT/Ia-yTHIH3aTOpa.

[TapoBas TypOuHa T-63/76-8.8 BBHIIOIHEHAa B OJHOM IIHIHHIpPE ¢
IBYXKOPIIYCHOH KOHCTPVKIHEH ¢ NETISBOH CXEeMOH IBH/KEHHA Ilapa B IHIHHIPE.
[Tap xonTypa BJ] mocTymaer BO BHYTPEHHHH KOpIyc HHIHHIApa. [Ipodna neBsId
IIOTOK, OH paspopaunBaeTcd Ha [180° H HampaBIdeTca II0 MEKKOPIYCHOMY
MIPOCTPAHCTBY MapoBOH TYPOHHBI K CTVIIEHAM IMIpaBoro moroka. Iimeer 21 cTVIeHB.
Bepxauil oTONHTEIBHEIH OTOOP Napa OpraHH30BaH H3 KaMepsl 3a 17-H CTYNEHBIO, a
HIKHHH — 3a 19-f1 cTymeHsr0 mapoBoil TypbuHel. 113 UHJ[ map nmocTymaer B
KOHJEHCATOP MMOBEPXHOCTHOTO THIIA.

TexHH4YecKHEe XapaKTEPHCTHKH IapoBoH TypOHH 3A0 «¥YT3» mpHBeIeHBI B
[IpunoxeHHH 5.

Ha puc. 12 mokazaHa NpHHIHOHAIbHAA CXeéMa MapoTVPOHHHOH VCTAaHOBKH T-
63/76-8.8 B coctae [T V-230.
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Puc. 12, INpuHupnuansHas cxema naporypbHHHo i yeranoskn T-63/76-8,8 B cocrase [1IMY-230

ar



Ilap H: mapomeperpeEaTeld BEICOKOTO JaBNeHHA KY OOCTymaeT B 9acTs
BEICOKOTD JABTEHHA NApOBOH TypOHEHEI, IJe PAcIDHPASTCA OO0 JABRTEHHA B TOUKE
cMemeHHA. DB KaMmepy CMeIIeHHA OAapoBOH TYpOHHE MNOCTYOAeT Oap H3
maponeperpeBaTend HHIKOTO JaBleHHAZ KVY H mocoe CMemeHHA ¢ OCHOBHEIM
MOTOKOM HApa HAPABTAETCA B TYPOHHEL

IIap, oTOHpaeMEIH H3 TYPOHHE! HA Y3€1I CeTEBRIX NOJOTPeBaTeNeH, OTOAE CEOK
TEIIOTY HA HAIPeR NOTOKA OCHOBHOTO KOHJEHCATA, KOHISHCHPVETCH H KaCKATHO
CIHBAETCA B JHHHK OCHOBHOIO KOHOeHcara. [lanmee KOHAEHCAT MOCTVIAET depes
Taz0BEIH MOJOTPEBaTeNs KOHIEHCATA B CTAHOHOHHEIA geaspatop. OT1eyaa
NHTATENBHEIME HACOCAMH MHTATENEHAT BOJA HANPABIIETCA B KOHTYPEl BREICOKOTO H
HH3IKOTO JaBmeHHT BV .

Otoyck Tennoeod 3HeprHHE oT III'Y-T3I ocymecTeaAeTca OT y3Ia CETEBHX
NOJOrPeBaTelIeH B BHAE CETEBOH BOJEI, HarpeToH OO0 TpeOyeMOH TeMIepaTyphl.
CeTerad BOIA, BOEPATHRINAACA OT MOTPeOHTENeH, JeNHTCA HA JBA DoToKa. HacTs ee
HalpaBI#AeTCci B BOJO-BONAHOH TeINIOODMEHHHE, IJe¢ NOJOTPEBAeTCHE TOpATHM
koHgeHcaToM H3 ITIK. Jlpyrags 9acTe OOCTIEIOBATEIBHO MPOXOOHT OXTATHTETE
KoHZcHcata Oodaepoe (OKD), mogorpeeatens cereBod eogel HE&HEA (CIIH),
nogorpeearens cereeol Bogwl BepxHHH (CII). Jamtee o0a moToKa CMEIIHBAKTCA H
HAMPABRIARTCA K DOTPeOHTETHO.

B ummHHAp BEICOKOTO JABNEHHS NAPOBOH TYPOHHE! mogaeTcd map H3 IITIB]T]
KV. Pacxop 3Toro mapa c y9eToM yredex (a,, = 1.2 %) coctaent:

Gy = (1— ay,) - Gy xr/c.

TlprveM BeTHYHHY ODOTEpE JABNIEHHA OpH mojade mapa B3 KV Ha mapoBvio
TypoHHEY (IIT) paBHOH > %, a CHHASHHE TeMIepaTypEl Oapa IpH 3ToM — 3 °C, Torga
IapneHHe napa Ha exoje B UB Il TypOHHEL

P =095 B4, Mna.

TemmepaTypa mapa Ha exode & UB][ TypOHHEL

teh = t2 — 3°C.

JHTANENHA Oapa Ha BXoge B UB ]I TypOHHEL onpenendercd M0 TAOMHIAM BOIE
H BoagHOTo mapa: hy = F(Py to), wJI/KT.

JapneHHe Dapa KOHTYVPA HE3KOTO JABTeHHA:

P, = 0,95 - P, Mna.

Temmeparypa napa KOHTYpa HE3KOTO:

A = tI—3°C.

JHTANBNHA [apa KOHTYpa HH3KOIO JABNEHHA ONpPedeldeTcd mo TadaHmaM
BOJIEI H BojUHOTO mapa: by = F(P,%, to”), ®Jls/kr.

Pacxon mapa B HH]I mapoBoH TypOHHEI ¢ y9eToM 0TOopa mapa H3 KoHTYpa HIT
Ha Jea3paTop OHTATeAHOH BOJEl, COCTABHT:

Go™ = Gt — Gane — Gyt

IlpenpapHTeEHO MpPHMEM pPacXo] [apa HA JealpaTop paeHEIM 1.6 % oT
CYMMAPHOTO PACX0JA MHTATETRHOR BOOEl B KOHTVPAX BEICOKOTO H HHIKOIO JABICHHR
KV:



E]
Gane = 0,016 - (Gpg + Gy } Kr/c.

Pacxog mapa HH3IKOTO JABIeHHA HA NapoRVE TYPOHHY C y9eToM OoTDOpa Ha
Jea’pallHio H YTeUeK oy = 1.2 %

H
A = (1-0,012)(Ggf — Gng)-

IlpmMeM npoTedEH qepea nepefHHe VIUoTHeHHA 4YBJl H VIIIOTHEHHA
CTONOPHOrO H PETYAHPYIOMETD KIANAHOB paBHEIME 1 %, Torma: Gy, B"I = 0.01-G, B
C 3HTAIBIHEH h:ﬂ

IIpoTeduxH 9epe3 KOHIEEBERIE VIUIOTHEHHA LHTHHIPOE: G_i’q_,, =0.01- (Gf A4
+ Gf’q}, C 3HTANEIHEH hE’q

Jna ompemeneHHA JABIEHHA B OTONHTSIBHEIX OTDOpAX OapoBOH TVPOHHE
HaleM TeMIepaTypy CeTeBoH BOORI MOCTe KAXJOH CTYIEHH mojorpeea (pHc. 13).
IlpuEEMaeM TeMOepaTypHEIH rpadHK TemwnoeoH ceTH T,/1, = 130/70 °C =
ko3¢ dumHeHT TemTodHKamHE oop = 0,6.

MNap w3 otbopa MNT Nap w2 otbopa MT
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Prc. 13. CxemMa y3ma ceTeBEIX MOJOTpeRaTelcH

Temnepatypa ceTeBoH BOIH IIOCIE BEPXHETO ceTeRoro mogorpeearend (CIIB):

ten =Ty +ar- (1, —T,) =70+ 0,6 - (150 — 70) = 118°C.

TlpuMen paBHOE pacOpelelcHHe MOJOTPEBa MO CeTERRIM IMOJOTPEBaTedIM,
NOTYIHM TeMOepaTypy CeTeBoH BOJEI MOCHe HHAHETO CETEROr0 MONOTpeBaTeld
(CIIm):
toy =T, + 2= 70 +——— = 94°C.

Hepgorpee ceTeBoll BOJEI OO0 TEMIOEPATYPE HACHINEHHA TPEROINETO HIapa B
nogorpeeatenax CIle ® CIIE (TeMoepaTypHEIH Hamop) OpHHHMAeM paBHEIM
&t =3 — 5 °C, Torga TeMmepaTypa KOHIEHCAIHHE MPEMEro apa B MoJoTpeBaTelIax:

CIle tf = t., + &t, °C. IpH 3Tofl TeMIepaType ZaBIeHHe TPEOIIETO Iapa Ha
CIIe 6yzmer paeHo P, MIla;

Clla ¢ =t., + &t °C. npH 3Toll TeMmepaType IABIEHHE TPEROMET0 apa
ra CTIH 6yger paeHo PE, MIla.

IlppMmenM moTepH OaBTeHHA B MapompoBOe OT TOYEH oTDOpa mapa Jo
nogorpeeatened — 7 %, Torga JaBNeHHe B OTONHTENBHEIN OTOOpaX OAapoBOH
TypoHHE (Ha CIIe B CIIH COOTBETCTESHHO) OV IET:

PE = PE. 1,07, Mlla:




PE =pE. 1,07, Mlla

ITocmpoenue npoyecca pacwmpersus napa & h-5 ouazpauwme. JaBneHHE
NeperpeToro mapa mepeq COMTOBRIM anmmapaTtod YB]l ¢ y9eToM MOTEpE B KIAMAHAX
4 %

PJE'[' = .I"E,E;'*“I - 0,96, Mna.

JapneHne B KOHASHCATOPE DapoBoH TYpOHHEE P = 0,0048 MITa.

BEYTpeEEH# oTHocHTenbH:N KITJ] mapoBod Typ6HHEE L =0,82.

IIap H2 KOHTYpa HHIKOIO JaBTeHHA KV cMeIIHBAaeTcd B TVPOHHE ¢ OCHOBHEIM
NOTOKOM [apa B KaMepe cMemeHHdA. [aBNeHHE Dapa B TOUKE CMENIeHHA, ¢ YIeTOM
noTeps 2 % B KaMepe CMeIleHHA:

Py =Py" 0,98, MIla,
i H
JHTANBIHA Iapa B TOYKe CMemeHHT A, = hg A
Pacxopg mapa B TOUEe CMENIEHHEA:
B H E
Gew = (G + GE™) — (Golly + Gyo ). KT /c.

C moMombl DOCTpoeHHOH hS—gHarpamuer (pHc. 14) onpemensiorcs
3HTAMBOHE [Oapa B TeIUNIODHKAIHOHHEIX OTOOPAaX HAa BEPNHHH H HIDKHHH CETEBOH
mogorpeeatens he m hY, kJI&/ET.
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Puc. 14 [Iponecc pacImHpeHHS Iapa B hS-IHarpanme



Pacyem o0O0HOCMYHEHHAMOZ0 PACWNPUMETR Henpepuienoil npodyexu. na
VMEHEIIEHHA MOTEPE TeIa ¢ HENPepRIBHOH OPOIVBKOH 0apadaHOE HCMApHTENeH
BEICOKOTO0 H HHIKOTO [ABTeHHH E Te[IOBOH CXeMe CTAaHIHH OpHMEeHAHTCH
PacCIIHPHTENH HENpepEIBHOH MPOIVEEH. [[aBNeHHE B PACIIHPHTENE IHAYHTEIBHO
HHEE, 9eM B DapabaHe HCIApHTENd, MOITOMY 9YACTh NPOJYBOTHOH BOJEL B HEM
HCOAPAETCA 33 CUeT AKKYMYJIHPOBAaHHOTO B HeH Temna. OOpazoBaBIIHHCA B
pacIIHEpHTeNe ETOPHIHEH ap HaOpaBIdeTIcd B Jeasparop. OTcenapHpoBaHHAA BOJA,
HMEWIIAA [OBEIMEHHOE CONECOJEpEaHHe, VIangercd B JpeHax. CxeMa
PACIIHPHTENA HeMPepEEHOH IPOIVEKH IpeICcTABIeHA HA PHCVHEE 15,

i)
g”—HL-— B peasparop

Puc. 15, [IpHHIHIHATERAS CXeMA PACITHPHTEIL HellpepEIBHOH OpoTyBEH

IlprMenM, 9T0 B CXEME VCTAHOEISHA OJHA CTVIECHEL PACIIHPEHHA OPOIVEOTHOH
BOJEI H3 DapabaHa BEICOKOTO JaBneHHA KV Ha Jea’paTop ODHTATeIRHOH BOJEL
CocTagHM ypaEHEeHHE TEIUIOBOTO DAnaHCa pacIIHPHTENA:

My ¢ - .

(— hgp -1 = Gphy + (Ggp — Epjh’;__ rae Ggp — Pacxo] MPOAYBOTIHOH BOJH
H: OapabaHa BEICOKOTO JapneHHT KV h;p — JHTANBOHA KHMOAMEH BOIH I[OpH
I3aBTeHHH B OapabaHe Bricokoro gaerneHHs KY: n = 098 - 099 — motepH B
OKPYHAMMYK Cpexy, (p, — pacxol BTOPHYHOTO Napa HI pacHHPHTENd Ha
.E[13;;5||5||p|zr1.'+:-pl:_.f’t{;-“r — JHTANBIHA BTOPHYHOTO apa H3 PACIIHPHTENA (CYXOH HACKIMIEHHEIH
uap}:h;; — IHTAIBIHA JpeHAXa IPH JABTeHHH B PACIIHPHTENE.

JaernreHne B pacOIHpHTENe NpHHHMAeM OONBIIE JABIEHHA B Jea’paTope Ha
BEJTHIHHY [IOTEPE [IPH TPAHCIOPTHPOBKE:

F,=11-Fy MIla

Ilo maeneHH:0 B pacmHpHTeNe F, ¢ TOMOMBI TAOMHI BOAL H BOASHOTO Iapa

oOpedeideM JHTANBIHE JPeHaka H HACRIMEHHOTO apa h; H h;’ . EJ# /KT,



Ilo mapmerHio B Oapabame Briconoro AaeneHHA KV Pggy, MIla, ¢ moMomgio

TabIHD BOJEI H BOIAAHOTO Mapa ONpPeJelicy SHTANRIHID TPOIYBOTHOH BOIEL, .‘L‘;p

Pacxon npoagyBRoIHOH BOJEL G,,p H'E E - Kr/c, roe IIH'E =0,005.

Jina mogepEaHEd BOTHOTO PEXEHMA BE? Ka9ecTBO ma:ra‘rmﬂnﬁ BOJEL A
oboEx EKoHTYpoR KY [OomEHO COOTBETCTBOBATE ONpEAcICHHEIM TpeDOBaHHAM.
Pacxogel mpogyROTHOH BOAE] HENPEPEIBEHOH MPOAYEKH HE OMEHE MPEERIIATE
1.0 % oT mapompoH3IBOAHETENEHOCTH KOHTYPOE BRICOKOTO H HH3KOTO JapmeHAT KV

H3 ypapHeHHA TeMoBOr0 DamaHCa paCcIIHPHTENA HENMPEepEEHOH TPOIVEEH
OMpefeNdeM Pacxoj] ETOPHIHOrD Hapa by,

Pacxon ngpeHama:

G/ = Gyp — Gy, KT/C.

Pacxon mobapodHOoH BOOE HAa BOCIONHEHHE OOTEPE B CXEME OMPENENAeTCH
MOTEPAMH KOHJIEHCATA:

Gros = Gyrewex + G/, ET/C.

IloTepn c yredKaMH napa H KOHJEHCATA:

Gyrenex = 0.012 - (Ggy + Gy ). Kr/c.

Pacyem OJeaspamopa numamensholi eoduwl. DBo3ayx, pacTBOPEeHHEH B
OHTATENEHOH BOJAE, COAEpEHT arpeccHBHEE Tazul (CO,, 0i), BEZHEBaNIIHEE
KOppo3HI0 oDopymoBamEE H TpyDompoeomoR TJI[. 3TH razel OOCTYOAKT B
MapoBOASHOH TPAKT OPEHMYIIECTEEHHO B KOHJEHCATOpEe TYPDHHE H B BaKyyMHOH
YACTH CHCTEMEI PETEHEPAITHH

B HacTosmee BpeMA Ha 3NEKTPOCTAHIHAY JNA YAANEHHA HI OHTATENLHOH
BOJE KHCIOPOAA, VINEKHCIOT0 H HEKOTOPHRIX JAPYTHX Taz0BE [OPHMEHAITCE
TEpMHIECKHE NeaspaTopsl (pHC. 106).

- Hlpﬁﬂamw-‘l ABBFPALNM

K nUTATEALHLIM HESC0TAM

Puc. 16. Tepummeckni geasparop



B ®Ex BOga mnogorpeBaeTcE MapoM 0 TeMIepaTyphl HAcHIMEHHA.
PacTeopeHHEIE Tazbl NONAJAKT B Iap, [Je HX OapOHATEHOE JABIeHHE OIHIKO K
HY .

CymreocTe DOpolecca Jea’pallHHE COCTOHT B CHHECHHH [apOHATRHOTO
J3aBIeHHA PpPAcTBOPEHHEIX B EBOJe I[3a30B H Kak CJEICTBHE CHHEEHHE HX
KoHNeHTpanHH CoJep#aHHe KHCIOPOZAa B DOHTATETEHOH BOOe He JOIEHO
npeBsImMAaTs 0,02 Mr/ET.

B measpatop mocTymarT cleIyIOMIHEE DOTOKH (pHC. 17):

— ap H3 DapONeperpesaTeld HH3KOTO JABNEHHT B KOMHIeCTEE G pp;

— CYX0H HACHIIEHHEIA Map H3 PAaCIIHPHTENA HENPEPEIBHOH IPOTVEEH (.

— Iap H3 VIJIOTHEHHH CTOIOPHOTC H PEerVIHPVIIDHX KIANAHOE H HepeIHHX
yinoTeEeHHEE YB ] yiyna;

— MOTOK KoHIeHcaTa u3 [TIK

OHHmeHHAS MHTATETBHAS BOJA HACOCAMH HHIKOTO H BEICOKOTO TABIEHHA B

BA HI
KOMHIeCTBE Gy B G mogaeTca B KY.

KONMH9IeCTEO Mapa, TEPAEMOE ¢ BEIIapoM H3 JeaspaTopa. COCTABIAET Gy ;.

I'TK
Lt

Puc. 17. [IpEHOANHEATEHAA CXEMA Jea3PaTopa DOONHTOTIHOH BOJEL.

3amaged pacHeTa Jea’paTopa ABIAETCH ONpelelleHHe PacXoIa TPerImero napa
Ha 1ea3patop (np H Pacxoga oCHOBHOIO KoHgeHcata m: [TIK GITE.

JapnmeHHe B Jea’paTope ONpPedelfeTcd [0 XAPAKTEPHCTHEAM KOTIa-
VTHIH33TOpa, NpHEeeHHEM B [Ipanomensn 2, Py, Mlla.

Jnd BEIMONMHEHHA 3TOH 3ad3a9H COCTARIAETCH VPABEHeHHE MATEPHATEHOTO H
TeILTOEOTO DATaHCa Jea’paTopa.

YpaEHeHHE MaTepHATEHOTO DATAHCA:

B
Gewn + GEB + Goo = 16

YL i EP+GEI|HK + G,.IHB-



YpapHEHHE TEILIOBOTO DATAHCA:
[Gl'ljﬁI + G;IEI ) - h& + Ggup - hf = (G hE™ + Ganghans + V0ynalyn. + Gph';'ﬁ,]ﬂ-
KommgecTeo mapa, cOpackBaeMoro B JeaspaTop H3 YILIOTHEHHH iy, = G}E.n"r‘t-
JHTANMBIHEA 0apa, cOPacEIBAeMOr0 H3 VIUIOTHEHHH B JeaspaTop, OIPHHEHEMAETCA
KaK SHTANBIHA OCTPOTO mapa Ay, = hﬁ'q, K #/ET.

Pacxon BEImapa H Jea3paTopa:

Goun = 0,002 - (Gg5 + Goav). Kr/c.

JHTANBENHEA KOHOeHcaTa Ha Bemoge H3 [TIK DpHHEMAeTCA NpH JaBIEHHH

koHgeHcaTta 1.0 Mlla v Temmepatype tpg =150 C:
he¥™* = 6326 k]l /Kr.
JHTANBIHA Dapa, I0AABAEMOr0 B Jea’patop hypg = hg"r", K #/ET.
M3 ypaBHeHHA MaTepHATRHOTO OaTaHca Belpa&kacM BeIHIHHY GL° H

MONCTABIAEM NOTYUEHHOS BHpaXeHHE B VpPaBHeHHe TeIUIOBOTO OalaHca H
ONpefenseM PacXo] Permero napa Gypg. 3aTeM pacCIHTHEAEM PACXO] OCHOBHOTO

KoHZeHcaTa Gl o

¥YTounAeM pacxod Napa HHIKOTO JABMTEHHA OOCTYNAKINETD B NapoBYH
TYPOHHY C y9eTOM 0TOOPA 9aCTH IApa Ha Jea’3paTop:

62 = G2 — G — Gyeeer

Pacxon mapa g@epe: OpPOTOYHVEY 9acThk TVPOHHE! MOCHE CMEeMeHHA NOTOKOB
BEICOKOIC H HH3KOIO J3BIeHHA:

GM = (6% + Gg7) — (G + Gy ). KT/C.

Pacuem cemestlx nodospesamensii mypoovemaroeki. 19 oTIyCKa TEIIOBOH
JHEPTHH (B BHIOEe ropA4ed BOJRI) HA HYAIE TEIUIOCHADKEHHT NOTPeOHTENeH B CEME
IITY-T3I npemycMmoTpeHAa CETeBad VCTAHOBKA, COCTOAIAR H3 JBVX CETEBRIX
NOJOTrpeBaTelleH MOBEPXHOCTHOIO THIA CETEROro mogorpeearens eepxmero (CIIe).
CeTeporo mogorpeparend HmkHero (CIlH) H oXmagHTend KoHIeHCATA OOHIEpOB
(OKD). ITap Ha ceTephle MOJOTPEBATENH OTOHPASTCA H2 MApoBOH TypOHHEL. CeTerad
Boga nocnegoeatensHo npoxoger OKB, CIle, CIle. B cxeme npHMeHAeTCH
KacKaOHEIH CMHE KoHZeEcaTa. Komgencar H: ClIe comeaetca B CIIH. a zatem
CYMMAapHEIH IOTOK KOoEAeHcaTa mocTymaeT B OKD (puc. 18).

he®; h.'l
cnq CIH J, OKB
I c e
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I ‘ [ |
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Prc. 18. [IpHHIENHATEHAS CXEMA V3713 CETEBRIX NOJ0TpeRaTeneH



Ilemerd pacdeTa V3703 CeTEBHX M[OJOTPEBATENIEH HABIAETCHE ONpeldeleHHE
PACXONOE TIpElOmerc mnapa H: oTOOpoE TypbHHE GZ H GP Ha cereBmle
MOJOTPERATENH.

IIpeneapHTEIEHO OOEHHM BO3MOXHEIH pPacxod mapa B oTOOpH Go.e OpH
padboTe @m0 TemmoBoMy rpadHEY  (MAKCHMATBHEIA — IPOMVCK napa B
TenT0¢HKAMHOHHEIE OTOOPH H MHHEMANBHEIH [OPONVCKE Hapa B KOHIEHCATOP).
[IpuMeM MHHHMATBHO-BEHTHIANHOHHEIA pacxo] mapa B KoHIeHcartop GM" =
= 101t =2_78 kr/c, TOTOa:

orté — YT K
HPH}-IEPHHH BEIHYHHA TEIUIOBOH Harpy3EH CETEROH YCTAHOBEH, KOTOp4R

COOTBETCTBYET G| e

max CM _ ~min

QCD = GEEE (h hml:u )]T-

horg — h’i = 2200 gI#/KT — TENN0TA, BEASTARIIAACA IPH KOHISHCADHH | KT

oTh

mapa.
C yueToM VCTAHOBKH OXNIaJHTeNd KoHOeHcara (OKD) momydeHHOe IHAYEHHE

(Jrp VEEIHYIHEAEM 0 OMHAEAHINETO 3HAYCHHA KpaTHOTO 10.
Pacxopg ceTepoH BOIH 9epes NOJOTPeBaTeNH (o ONpeIenseTcd HI VPABHeHHA
TEIIOBOTO DATAHCA Y3714 CETEBRIX uﬂ::nrpeaarﬂnfﬁ'

Qen = G{:B tea — )CP

BenrqHHA DOANHTEH TEIVIOBOH CETH OPHHHMAeTCHE paBHEOH 2 % OT pacxoga
CeTeBOH BOIRI Grp:

Guog = 0.02 - Ggg. wr/c.

Jn1 mDoaroTOBKH NOANHTOYHOH BOJE! TEIIOBOH ceTH B cxeme IIITY-T3II
YCTAHABIHBASTCA BaKyyMHEIHE geaspatop (Pp= 0,02MIla, tax = fmem = 60,1°C).
['peromeH cpegoH B BaKVyYMHOM Jea’paTope HBIAeTCHE EBOJAa HI NOJANMeH
MarHCTPaTH TEIUIOBOH CeTH (mpAMad ceTeBad Boja) ¢ gaenerHeM P=0,§ Mlla m
TeMmeparypod f = 80 — 118 'C. IlpaMas BoJa MOCTYNAd B JeaspaTop BCKHIIAET,
ODPAIVIOIMHHACA MAap CMEIMHEBASTCHE ¢ J0DABOYHOH BoJoH (g H HArpeBaeT ee 10
TeMIIepaTyphl HacklmeHHA. HekoHIeHCHPVIOIMIHECA a3kl VIAIAKTCA OAapOCTPYHHEIM
JHEKTOPOM, DOLIePEHEAMMIEM BAKVYM B J€a3paTope.

YTouHAeM TEMOEPAaTypy BOJH Ha BXOJE B V3€N CETEBHIX MOJOTpPeBaTeNneH Ef
COCTABHE YpPAaBHEHHe TEIUIOBOTO OaTaHCA BaKYYMHOIO [Jea’paropa B TOHUEE
CMEMIeHHT TOTOKOE (PHC. 19}'

G{Etﬂc{:p — Ynog * tnu,qcp + [Gca - GE[{:I,II;:J t-:l::{:p-
OmpeeTEM pacxol Napa Ha BEPXHHA ceTeBoil MOJOTPeBaTeNs GL. COCTABHE
11 3TOTO YpaBHEeHHE TelwnoBoro damanca CIIe:

GTE‘F(h% o h;:qp) B/ Cp Loz — Tey)-
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Puc. 19, [I[pHHIHNHATEHAS CXEMA Y3IA CETEBEIX IOJOTPEBaTeNeH ¢
BAKyYMHEIM Jea3paTopoM

Jna omopeneneHHs pacxofa TIPEeIMEre Dapa HA HEKHHH CETEBOH
NoJorPeRaTeNs G.FI H TEMIOepaTyphl ceTeBoH Bogkl mocine OKDB. f,, HeobxogHmo
PeIIHTE CHCTEMY VpPAaBHEHHH TeIIOBOTO OamaHca [0 HHEKHENO CETEeBOTO
IOJOrPeBaTeNId H 0XIaJHTeNd KOHIeHcaTa DoiIepoB:

GE - (hl —hip) - n+GE- (Al —hig) 0= Geg- Cp- (tey — toc)
(GE+ GE) - (Rl — ) N = Geg - Cp - (foc — the)-

[IpaMen Temmeparypy gpeHaka mocie OKb ma 10 °C puime TeMmepatypu
ceTepoil Bosl Ha Bxofe B OKb. 1.e. £, =~ 80 C, torma h,, = 334.9 kJ[a/sr.
Harpee cerero pogel B OKD Atype = - — téc-
OnpefennM pacxon ceTeBoH BOAH HAa BaKVYMHEIH Reasparop (. COCTABHE
YPaBHeHHe TeILIOBOTO DanaHca JeaspaTopa (pHc. 20):
Gﬂhﬂ n + GB tECp = Gﬂﬂ.ﬂ;ﬂ : CF - t‘.l:ln,:l]]'
[TpraEMaeM tg=30 "C.



Gobs _ Gyhy
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Puc. 20. [IpHEIENHATEHAR CXeMA BAKYYMHOIO Jea3pETOPA.

VTouHeHHAA TEIUIOBAR HATPV3Ka CeTeBOH VCTAHOBKH TYPOHHEL

Qcn = (Ges — Ga) * Cp + (te2 — the). ¥BT.
Pacxog Oapa B KOHIEHCATOD COCTABHT.
B B
Gk = {Gnﬂl"llq + Gnltl:q} - (Gyreqex + Gynﬂ;: + Gy[-ﬂ[ + G'.'_u'm + G*F + G-I[-I]._ KI/C.

Pacvem nazpesa KoHOSHCAMA €0 ECHOMOZAMETLHEIX Mentootmennuray. Jna
NOJOTPEEA KOHASHCATA, NOCTYIAKINETO HI [MABHOTO KOHIEHCATOpPA, HCOOIB3VIOTCA
BCIIOMOTATENBHEIE TEIIO0DMEHHEIE ANNApaTH (pHC. 21).
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Puc. 21. [IpEHOANHATEHAA CXEMA V3713 BCIOMOTATETBHEIX TEINIO00MEeHHHEOR
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KoHgeHCaT mocae0BaTelbHO DOLOTPEBAeTCAd B OXIAJHTENe Hapa OCHOBHOIO
ygekTopa O3, oXnmagHTene Hoapa 3IHEKTopa VILUIOTHeHHA OV, CcalbHHEOBOM
nogorpeeatene IIC. Ecam Harpee koHzeEcara Ea Buxoge H3 [IC npepmmaer
JonycTHMYVE BemHIHHEY 00 °C. T0 HeoOXOZHMO BETHYEHHE NTHHHH PEUHPKYIIALHH.
Pacxon peUHpEVIAUHOHHOH BOJE HNOJDHpAaeTCH TakHM o0pazoM, 9TOOEI 3a HeH
TEMIIEpATYPa KOHIEeHCATa He mpeerimata 60 °C.

Onpegensy  BelHYIHHE! HArpeBa KOHIeHCaTa BO  BCIOOMOTATelNBHEIX
TemI000MeHHRX ammaparax: 03, OV m [IC.

IIpuEEMaeM pacxo] Iapa Ha OXIATHTETE MAapa OCHOBHOTO 3kekTopa (O3)
Gpz = 0.15kr/c B CyMMapHEIH pacxog [Aapa Ha OXTAIHTETs [Iapa 3EEKTopa
ynoteeHEH (OV) B cansEEKOBHH mogorpeeateds (CII) Gpe.qy = 0.75kr/c. Toraa
HATPEE KOHOEHCATA B 3THX TELT00OMEHHEIX annapatax Algg, gy e ONpeIeIIeTc H3
YPABHEHHA:

(Gos + Grcyov) - Gn = (G + Gge)Cp Atpa rovync
rae g = 2200 xJxe/xe — TeNI0TA, BEISTAKIMALCA IPH KOHASHCATHH 1 KT pabodero
mapa; (g — pacxod Ao0aBOTHOH BOJE Ha BOCHONHEHHE MoTeps B cxeme [IIY-T3II
(DepeTcd H3 pacdeTa pacIHPHTEIT HENPePEEHOH IPOIVEKH).

Ecnu, momygennoe 3Ha9eHHE Algy, gyypc DPEBEIMIAET JOMYCTHMYE BEIHTHHY
60 °C, To B cXeMy He00XOIHMO BKIHTHTE THHHI PENHPKY/LAOHH.

C ydeToM IOTOKOE IIapa H3 VIUIOTHEHHH H J0DAaBKH BOJEHl 1714 BOCIONHEHHA
NOTepE PACKO] KOHISHCATA IOCIe THHHH PeOHPKVIAIHE 0VIeT paBeH:

G;;.m = GH’ + G,.'IE + GHE + GUY+|'[C-' ]{I'Ju‘r'ﬂ.

Onpedenenue meMnepamypsl U pacxodda KoHoeHcama Ha exode ¢ TTIK

. LN

—— G ™
| e c’f“ : @

‘e e e

EET"GF.[F hJ:F

Puc_ 22 TIpHHITHMHATEHAL CXEMA J11 PaCUeTa TEMIEPATYPEl H pacxoaa
KOHIEHCATA HA BX0oJe ITTABHEIH MoJOrpeBaTels KOHISHCATA

Gg = Gg - +Gf +6F,  KOx/Kr
H3 ypaeHeHHA TemnloBoro DamaHca TOYKH cMemeHHS (pHC. 22) HaxoguM
IETATBOHI KOoHOeHcATa Ha exoge I'TIK, hE*, xl&/kr:
hEGITK = GP*0 . RPN + (GE + G]) - hyp.



te' = 60 °C. Teumepatypa

hy ' ompejemdeM MO TEMIEpPaType KOHIEHCATA
KOH7IeHcaTa Ha Bxoae B [ TIK — £2%,°C.

Temneparypa Ha Bxoge B [1IK He momkma OmITE MeHee 60 °C. Ecmm 3To
yCIOoBHEe coOMIOJaeTcd, TO BEIOUEHHe THHHH peOHpKynIanHHE nepen [TIK me
TpedyeTca.

Jnda Harpeea ocHoeHoro koHfgeHcatra B [TIK ot {J* go i2** HeobxogEmMa
TENI0TA TA30E PABHAA

ITJE». — GI‘:II[-». I::h:ﬂl:.\ h:]}:)' kBT

I'azamm e ITIK BI‘.:[HEI‘E.‘.‘F[ TeIUIOTA B KoMHYecTBe paeHoM QL. kBT (oM.
pacHeT KoTIa-YTHIH3ATOpa).

Harpermii 8 [TIK ocHOBHOH KOHAEHCAT OTOAET CETEROH BOJE B BOJO-
BOJAHOM TENT00OMEHHHEE CIeTYHIIEe KOTHIECTEO TEILTOTEL

o = Q™ — ™, KBr.

TakuM 0OpazoM B BOJO-BOAAHOM TEIVTOOOMEHHHKE MOAHO JOMOJIHHTEIRHO

HATPeTh CIEIVIOmee KOMHIeCTEC CeTEBOH BOIEL;
ol

Cp-(tea—tpe)

Ilpm 3ToM cyMMapHad Temnoead MomHOCTE [IIY HAa pacdeTHOM peEEMe
COCTABHT:

Geg = . Krfc.

[IK
@nry = Qcn + Qcn -

Kpurepun oneHKH NpaKTHYECKUX padoT
[Ipu noaroroBke K npakTuyeckoi padoTe mo JUCUHUINIMHE «MOJIeInpPOBaHUE CUCTEM
JHEpProcHaOXKEeHUs» B 7 ceMEeCTpe CTYJEHT JOKEH BBIIOJIHUTD CIIEAYIOIINE BUAbI paboT:

MunuMajabHBIH MakcuMaJbLHBII
Buasi pador
0as1 0as11
CamocrosiTenbHass MPOpadOTKa TEOPETUUECKOTO 5 8
MaTepuana K mpakTU4ecKoi padbore
O3HakoOMJICHHE C YCTaHOBKOHW, MpUOOpPOM, METO- 5 8
JTUKOM BBITTOJIHEHHUS TPAKTHUECKON pabOThI
BrinonHnenue He0OXOAMMOT0O IKCIIEPUMEHTA 5 8
OOpaboTka pe3ynbTaTOB HUCCIEIOBAHUS, IIO- 5 8
CTpoeHHE rpapuKoB
AHanmu3 pe3yNbTaToB UCCIEIOBAHKS U BBIBOJ TI0 4 8
pabote
HUTOIO: 24 40

Takum o0pa3oM, Kakaas MpakTUyeckas padoTa OLEHUBAETCS MUHUMYM B 24 Oania, Makx-
cumyM B 40 6amos. [locie BbImoHEHUS BceX pabOT pacCUUTHIBACTCS WTOTOBBIM Oayut mo JaH-
HOMY OIICHOYHOMY CPEJICTBY KaK CyMMa 0aJlIOB 110 BCEM MPAKTUYECKHM paboTam.



MunmcTepcTBO HayKu U BhIcHIero oopasoBanus Poccuiickoit deaepanuu

HuxHekaMCKui XUMUKO-TEXHOJIOTUYECKUNA MHCTUTYT ((prinan)

benepanbHOro rocyAapCTBEHHOTO OI0/IKETHOTO 00Pa30BaATENBLHOTO YUPEXKICHUS

BBICHICTO O6paBOBaHI/I}I

«Kazanckuit HaIIHOHaJIBHBIﬁ I/ICCJIC,ZIOBaTeJII)CKI/Iﬁ TEXHOJOTHYCCKUM YHUBCPCHU-

TCT»

Daxynvmem: UHGOPMAYUOHHBIX MEXHOLOUU

Kageopa: snexmpomexnuxu u snepeoobecneuerus npeonpusimuil

Hamnpasnenue noaroroku: 13.03.01 «TemnmosHepreTrka U TEIIOTEXHUKA
[Tpoduns «HEeproodecrnedeHne mpearnpusTHID
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Bonpockl KOLLIOKBUYMOB
JJIA MIPOBEPKU MPOMEKYTOYHOI0 KOHTPOJIsI 3HAHUH CTYI€HTOB
1o TucuUIUinHe «I'a30TypOUHHBIE U TAPOTra30BbIe YCTAHOBKI

Komnoksuym Nel.
TemnoBble HUKIIBI TAPOTYPOUHHON YCTAaHOBKH.
[IpuHIMNIHATBEHOE YCTPOUCTBO NapOBOM TYPOUHBI.
Tunbl napoBeIX TYpOUH.
Konnencannonnsie u TermiohuKauoOHHbIE TYPOUHBI.
OcobeHHoCTH TYpOMH € IPOTUBOAABICHUEM.
Ocob6ennoctu [1TY u TypOUH ¢ peryImpyeMbIM 0OTOOPOM Iapa.
TypOunsl ¢ peryaupyeMbiM 0TOOpOM apa ¥ MPOTUBOIABICHUEM.
TypOuHBI ¢ IByMS peryIHpyeMbIMUA 0OTOOpaMH mapa.
Vcnonb3oBaHue KOHJEHCAIIMOHHBIX TYpOUH 7S TeIIO(UKALIIH.

. Kimaccudukanus pexumoB paboTsl TYpOMHHBIX YCTaHOBOK.
. [lyck TypOMHBI U3 XOJIOJHOTO COCTOSTHUS.

KonmokBuym Ne2.
OcTaHoBKa TypOUHBI U €€ IYCK U3 FOpsSYero U HEOCTHIBIIETO COCTOSHHUS.
TemnoBoii pacuet napoBoii TypOUHBI.
Pacuet koHIE€HCATOPOB.
Pacuer ngeasparopa.
Pacuer peakTuBHOI YacTH TypOUHBI.
Pacuer nunuHapa BEICOKOTO, CPEIHETO U HU3KOTO JIaBJICHNUS,
Pacuer nununapa cpeaHero naBieHUS.
Pacuer 0TO0OpOB HU3KOTO, CPEAHETO U BHICOKOT'O JIaBJICHUS.
["a3oBbIe TypOUHBI.
[Tapora3oBsle yCTaHOBKH.

KommokBruym Ne3

KaxkoBbl ocHOBHBIE TyTH pa3Butus [1I'Y B Teruosnepreruke?

N300pasute mukn I'TY B quarpamme T-S. KakoBbl OCHOBHBIE TyTH MOBBIIIEHUS P pek-
tuBHOCTH ['TY?

N300pa3ute npuHIUNHAIbHYIO cxeMy U IUKI [IT'Y ¢ BBICOKOHAIIOPHBIM MaporeHeparo-
pom. Uem ouennBaercs a¢ppexrusHocts [1I'Y ¢ BIIT?



4. W300pa3ure NpuHIMNUANBHYIO cxeMmy u LUK [II'Y ¢ HU3KOHAaNOpHBIM MMaporeHeparo-
pom. B uem
npeumyiiectBo u Hegoctatku [II'Y ¢ HIIT' B cpaBuenuu ¢ [1T'Y BIIT?

5. M3o6paszute muka ['TY ¢ pereneparueit Temia. Uto 0003Ha4YaeT MOHATHE «CTEIIEHB pPere-
Hepaum»?

6. B ueM 3ppeKkTUBHOCTH IMKIIOB C pereHepaiuei?

7. IlpuBenurte OCHOBHBIE ATanbl pacyeTa TeroBoi cxeMbl I'TY. KakoBsl 3Tamnsl pacuera
OCHOBHOM XapaKTEPUCTUKHU Ha MEepeMEeHHbIX pexxumax [1I'Y?

8. M300pasure NpUHIUITHATBHYIO TETUIOBYIO CXEMY ra30TypOMHHOM 3neKkTpocTaHii. O0b-
SCHUTE HA3HAYEHUE OCHOBHBIX JJIEMEHTOB.

9. IlpuBenuTe OCHOBHBIE ATl pacyera nokaszareneit I1I'Y ¢ yrunn3aunoHHBIMUA TApOBBI-
MU KOTJIaMu. J{J1s1 4ero npuMeHstoTcs mepeMeHHbIe peskuMbl paboTsl [II'Y ¢ yrunuzanu-
OHHBIMU IIAPOBBIMU KOTJIAMU 0O€3 JOKUTaHUS TOIJIMBA B KOTJIE?

10. ly1s1 yero mpou3BOUTCS JOKUTAHUE TOTUMBA B KOTJIE ¢ [1'Y?

11. B yem 3axitouyaercst 3 PeKTHBHOCTH TAKOTO Cr1oco0a MOBBIIIEHHS TETIONPOU3BOIH-
tenpHOCTH [1I'Y?

Komnoksuym Ne4
1. [Jns gero npumensitores [II'Y ¢ nmukoBoit I'TY? Ux 3 peKkTHBHOCTD.
2. Kak ocymiectBinsieTcst BBIOOp MepeMeHHbIX peskuMoB [11'Y?

3. B yem mpeumymiecTBo MOAECPHHU3AIMH YHEPTETHUECKUX MAPOCHIIOBBIX OJIOKOB HA/ICTPOM-
KOH T'a30BbIMU TypOUHAMU?

4. B ueM MpeuMylIecTBO BHICOKOHAIIOPHBIX IAPOI€HEPATOPOB B CPABHEHUM C HU3KOHAIIOP-
HbIMU?

5. B ueM 3axirouaroTcs OCHOBHBIE 3Tallbl pacueTa OCHOBHBIX nokazateneit [1I'Y ¢ BIIT ¢
YUYETOM NEPEMEHHBIX PEXKUMOB pabOThI?

6. IlpuBemuTe OCHOBHBIE TANbI pacuera nokasareneii [II'Y co cOpocom yxomsamiux razoB

ITY B

TOIIKY [1apOBOI0 KOTJIa 0OBIYHOTO THHA?

IIpu xakux ycioBusax Bo3MoskHa padora [1I'Y Ha TBepaoM Toruse?

B uewm 3akmiouaercs 3¢ pekTuBHOCTD razudukanuu TBepaoro tommmsa B [1I'Y?

3a cuer uero cokpauiaercs Bpeanoe Boszaeiicraue [1I'Y Ha okpyxaromyto cpeny?

10. B uem 3akirouaetcst dkoorudeckas 3pGekTuBHOCTS Teruiorenepupyrommx ['TY ¢ oTe-
JIEHUEM TBEPAOIr0 JUOKCHIA YIJIEpOia U3 YXOAAIUX IbIMOBBIX Ia30B?

© N

KPATEPUU OIIEHKHA 3HAHWH BO BPEMSI
NPMEXYTOUYHOI'O KOHTPOJIA 3HAHUH (KOJJIOKBUYMOB)

B npouecce n3yuenus nucuruinasl « a30TypOUHHBIC U TAPOra30Bble YCTAHOBKUY JUISL IIPOBEP-
KM YPOBHsI OCBOEHHUSI OCHOBHBIX Pa3/elIOB Kypca IPeyCMOTPEHBI MEphI IPOMEKYTOYHOTO KOH-
TPOJIA 3HAHUU CTYACHTOB B BUJE TECTUPOBAHKS BO BpeMs KOJJIOKBUYMOB I10CJIE U3YYEHUS COOT-
BETCTBYIOIIUX pa3zenoB. KomnokBuymsl (TECTUpOBaHHUE) MPOBOJUTCS BO BPEMsI MPAKTHUECKUX
3aHATuil. CTyIeHThl 3apaHee HHPOPMHUPYIOTCS O MPEACTOSAIIEM TECTUPOBAHUM 32 HEAETIO U I0-
Jy4aroT CIIUCOK BONPOCOB TECTUPOBaHUA. Tak IUCHMIUIMHA CBA3aHA ¢ U3YYEHHEM KOHCTPYKIIMHU
U METOJIOB pacueTa CUCTeM CHaOXEeHMs YHEPrOHOCUTENSIMHU Pa3IMYHOr0 Ha3HAuYEHHs, TO IMOJY-
YUTh CTPOrO OJHO3HAYHBIE OTBETHI HE 00s13aTeNnbHO. KOHCTPYKIMH y3]I0B MOTYT UMETh pa3iiny-
HbIC BapUaHTBI. MEeTOABI TEIUIOBOIO U TMAPABIMYECKOrO0 paCyeTOB, OCHOBAHHBIC HA YMIIUPUYC-
ckux (opMyIax, coaepKaT MHOKECTBa KO (HULIUEHTOB, ONPEEIsIeMbIX 10 CIIPAaBOYHUKAM UITU
HOMorpamMMam. IlosToMy B cilyuae 3amuCH CTPYKTYphI SMIUpPUUYECKONH (HOPMYIIbI M MOSCHEHUS
METOJIOB OTIpEAENIEHUS BXOIALINX B HUX KOA((UIIMEHTOB, OTBET MOKHO CUHUTATh BIIOJIHE JJOCTa-
TOYHOMU.




W3 Bcero cmucka BONPOCOB CTYAEHTY MPENoiaBaTelh METOIOM CIIYYaifHOTO BBIOOpA 3a/1a-
eT Tpu Bompoca. OTBETHI OIIEHUBAIOTCS IO TPATUIIMOHHON «IATHOATUIEHOW» CHCTEME W TIOJTY-
YeHHBIE 0aJuTbl T0OOABISIOTCS K MEPCOHATBLHBIM CEMECTPOBBIM PEUTHHTaM CTYACHTA.

Cucrtema KpUTEpUEB PEHTHHTOBOM CHCTEMBI OLIEHKH 3HAHUH MO KypCy NMPUIOKEHA B BUJIC
otaenbHoro qokymenta ®OC.



MuHHCTEpCTBO HAyKH U BBICIIEro oOpa3oBanus Poccuiickoit denepannu
HwxHekaMCKHil XUMHUKO-TEXHOJIOTHYECKUI HHCTUTYT ((unan)
(denepanbHOro roCy1IapCTBEHHOTO OI0PKETHOTO 00pa30BaTEIBLHOTO YUPEKACHUS
BbICILIEr0 00pa30oBaHUs
«Ka3zaHCKui HAITMOHAIBHBIN UCCIIEI0OBATEILCKUN TEXHOJIOTHYECKUI YHUBEPCUTET»

(HXTU ®I'bOY BO «<KHUTY »)
Daxynvmem: UHGOPMAYUOHHBIX MEXHOLOUU

Kadgheopa: anekmpomexnuxu u snepeoobecneyenuss npeonpusmuii

Hamnpasnenue noarotosku: 13.03.01 «TermmodHepreTuka v TeIIIOTEXHUKA
(k00 u Haumenosanue)

[Tpoduns: «DHEeproodecrneyeHne MPeATPUATHID
(Haumenosanue)

ITo mucunnimmue B1.B.15. «'a3oTypOMHHBIE U IAPOra3oBble YCTAHOBKH»

IK3AMEHALIMOHHBIE BOITPOCHI

OcHoBzble npeumyiiectsa [1I'Y.

Kpartkue ucropuueckue csenenus pazsurus [1I'Y.

Knaccugukanus ra30TypOMHHBIX YCTaHOBOK.

Nneansubiii muka I'TY npu P=const (ukn bpaiitona).

Peanpubiii nuki I'TY npu P=const.

OcHoBHbIe pacyeTHbIE popMyIbl peasibHol ['TY.

[IpomexyTouHoe oxyaxaeHue Bozayxa B I'TY (TepMoguHaMHUUeCKUE OCHOBBI).

Cxema u nuki ['TY ¢ npomMexxyTOUHBIM OXJIaXKJEHUEM BO3/1yXa.

[TpomexxyTounsiii mogorpes raza B ['TY (TepMoanHaMHUYE€CKHUE OCHOBBI).

0. Cxema u ki I'TY ¢ mpomMexyTOUHBIM IOJJOTPEBOM rasa.

11. Cxema u nukn I'TY ¢ perenepanueil TeIIOTHI.

12. OcHoBHble pacueTHble hopMyasl ['TY ¢ perenepanmei.

13. Termomexannueckue cxemsr ['TY.

14. OredecTBeHHbIE TPOU3BOANTENN dHEpreTuyeckux I'TY.

15. 3apy6exxHble Tpou3BOaUTENN dHEpreTrHdeckux ' TY.

16. OcHOBHBIE TUIIBI TAPOTA30BBIX YCTAaHOBOK.

17. Tennosas cxema u nukdi [1I'Y ¢ yTunu3anmoHHBIM KOTIIOM.

18. T — Q nuarpamma TenaooOMeHa B YTUIM3aLIMOHHOM KOTJIE.

19. VpaBHeHUs TEIUIOBBIX OallaHCOB 3J1eMeHTOB YK.

20. AnroputM onpezeneHus naponpousBoguTensHocTH YK.

21. Cxema teruioBbix moTokoB [1I'Y ¢ VK.

22. MomnHocts naposoit Typ6uns! u KIT II'Y ¢ VK.

23.TIT'Y ¢ YK u goxuranueM TOTUIHBA.

24.TIT'Y ¢ nByXKOHTYpHbIM YK.

25. T — Q nuarpamma TeruioooOMeHa B YK 1ByX naBieHUi.

26. CpaBuenue [1I'Y ¢ YK onHoro u AByX AaBieHHs.

27. TerumoBas cxema u Ukt copocuou ITY.

28. Ocobennoctu [II'Y copocHoro tuna.

29. CxeMa TeIIOBhIX TIOTOKOB M OCHOBHBIE TIOKa3aTen cOpocHbIx 1TV,

30.Cxema U 0COOEHHOCTH NMPOEKTUPOBAHUS KOTEJIBHBIX YCTAHOBOK C IMPEIBKIIOYEHHBIMU
I'TY.

31. Cema u 1k [1I'Y ¢ BBICOKOHAMIOPHBIM KOTIIOM.

BOoo~NoOR~WDNE



32. Ocob6ennoctu I1I'Y 1 BBICOKOHAIIOPHOTO KOTJIA.

33. N36nrrounas momuocTh U KITJT ITT'Y ¢ BEICOKOHAMOPHBIM KOTJIOM.

34. XapakTep BnusHUs crenieHd noBeimeHust nasienust Ha KIIJ I[II'Y ¢ BeIcCOKOHATIOPHBIM
KOTJIOM.

35. Cxema u teopernyeckuit uks [1T'Y ¢ BpeickoM mapa.

36. OcHOBHBIE MTOIOXKEHUS TerIoBoro pacuera [1I'Y ¢ BopeickoM mapa.

37. ITapametpsl ontumanbsHoro 1ukna [I'Y ¢ BopeickoM napa.

38. AnroputMm pacuera [1I'Y ¢ BripsickoM mapa.

39. IIT'Y meuteyronbHbix TOC ¢ mapaienbHON cxeMoid paboThlI.

40. TIT'Y meuteyroasHbix TOC ¢ 110JTy3aBUCUMOM cXeMOH PabOThI.

KPUTEPUM OLIEHKH 3HAHWI HA DK3AMEHE

B sk3amenanmonHbIx OuseTax mo 3 Bompoca.

[lepBbIit BOIIpOC MO paznuenaM: «nemeHmbl MeXHUYecKou mepmoouHamuxkuy «Pa-
bouue npoyeccovl 8 2a30MypOUHHLIX YCMAHO8KAX». B 3aBUCUMOCTH OT MOJHOTHI U Kaue-
CTBa OTBETA CTAaBUTCA 10 12 OauIos.

BTopoii Bonpoc mocBsieH BorpocaMm pas3ienoB: «Pabouue npoyeccvl 8 eazomyp-
OunHblx ycmanoskaxy, «llapozazoevie ycmanosku ¢ komaamu-ymuausamopamuy Eciu
CTYJICHT MOKaXXET 3HAHME OCHOBHBIX IOJIOKEHHIM METOJIOB pacyeTa U Mpeesbl U3MEHe-
HUSl UCKOMBIX BEJIMYUH, HO JIOMYCTUThH OMIUOKU MPH 3amucH GOopMyll, TO MOKHO TOCTa-
BUTH 70 8 OamioB 3a oTBeT. [Ipu ycroBuM 3amucu MPaBHIBHBIX pacueTHBIX (HOpMyn U
CXEM CTaBUTHCH J10 12 0ayuIoB.

Tpernit BOIpoc MOCBSIIEH BONIPOCaM pas3elioB: «/lapozazosvle ycmano8Ku ¢ napo-
ebiMu Komaamuy, «Komobunuposannvlie yukivl menniosvix Hacocos». B 3aBUCUMOCTH OT
IMOJHOTHI ¥ KA4eCTBA OTBETA CTABUTCS 10 12 OajIoB.

Jlo 5 6anI0B MOKHO 100aBUTH 32 OTBETHI HA JOMOJIHUTEIbHBIC BOIIPOCHI, IIPU YCIIO-
BUU, YTO CyMMa 0aJsIoOB TI0 BCEM TPEM BormpocaM He npeBbIcuT 40 6asios.
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