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Ilepeuens komnemenyuil u UHOUKAMOPOE OOCMUICEHUA KOMNEMeHI LT
C YKa3anuem 3manosé opmuposanus 6 npoyecce 0C60eHUA OUCUUNIUHDL

Kommerenmus:

[IK-3 — cnocobeH OpraHu3oBaTh METPOJIOTUYECKOE OOECTeUeHHE TEXHOJOTHYESCKIX
MIPOLIECCOB, TOTOB K pab0TaM MO OCBOCHUIO U IOBOJKE TEXHOJIOTMUECKUX MPOIECCOB.

[1K-3.1 -—3HaeT wu3MEpHUTEIbHbIC TPUOOPHI, WCIOJIB3yEeMbIC TMPU MPOU3BOJCTBE U
TPAHCIIOPTUPOBKHU TETIOBOM U AJIEKTPUUECKON IHEPTHUH;

[1K-3.2—ymeeT  OpraHu3oBaTh  METPOJOTHYECKOE  O0ECNeYeHHe  TEeXHOJOTHYCCKHX
MIPOLIECCOB, TOTOB K pa0OTaM MO OCBOCHHIO U IOBOJKE TEXHOJIOTMUYECKHUX MPOIIECCOB;

[1K-3.3— BmameeT MeToJaMU METPOJOTHYECKOr0 OOecreueHus: MPUOOPOB, HCIOJIb3yEeMbIX
IIPU [IPOU3BOJICTBE U TPAHCIIOPTHUPOBKU TEIUIOBOM U AJIEKTPUUECKON SHEPTHH.

[IK-4 — cmocobeHn opraHu3zoBaTh pabOTy MEpCOHada MO OSKCIUIyaTallMd dSJIEKTPO- H
TEIJIOPHEPTEeTHYECKOr0 000pyA0BaHUS.

NHaukaTopsl TOCTHKEHUST KOMIIETEHIINHN

[T1K-4.1 — 3HaeT OCHOBHBIC 3aKOHO/AaTEIbHbIC aKThl U HOPMATHBBI IO OpraHU3AIMN PabOTHI
MepCOHAJIA MO IKCIUTyaTalMK JIEKTPO- U TEIFIOIHEPTETUIECKOTO 000PYI0BAHNS,

[1IK-4.2 —ymeer opraHu3oBaTh pa0OTy IEpCOHAJa IO OKCIUTyaTallMd »JJIEKTPO- U
TEIUIO3HEPreTUYECKOro 000PY0BaHUS;

[1K-4.3 — Bnageer MeToAaMy OpraHU3aluy paboTy NepCcoHaa 10 3KCILTyaTalluy 3JIEKTPo- U
TETIOPHEPTETUIECKOT0 000PYAOBAHUS.

J1711 04HOTO (OYHO-320YHOT0) OT/ICJICHHIA

Hnouxamoput dmanwl popmuposanus ¢ npoyecce 0ceoeHun
OUCHUNJIUHDL Haumenosanue
oocmudiceHus
Ilpaxkmuueckue Jlabopamopuvie |oueHouH020 cpedcmea
KomnemeHnyuu Jexyuu
3aHAmMUA 3aHAmMuUA
Komnoksuym,
NK-3.1 Tems! 1-6 Temsr 2-4 Temsr 3 CITTM, TlpaxTireckas
[1K-4.1 paborTa,
AK3aMeH
Komnoksuym,
lK-3.2 Tems! 1-6 Temsr 2-4 Temsr 3 CITTM, TlpaxTieckas
[1K-4.2 pabora,
HK3aMeH
Komnoksuym,
IK-3.3 Tems! 1-6 Temsr 2-4 Temsr 3 CIITM, Tpaxruseckas
I1K-4.3 pabora,
HK3aMeH

*CIITM — KOHCIEKT 10 CaMOCTOATEIbHOM popaboTke TeopeTnieckoro Marepuana; PI'P — pacuerHo-rpaduueckas pabdora;




Ilepeuens oyenounvix cpedcme no oucyuniune (Mooyno)

OueHoYHbIE CPEACTBA Koa-Bo Min, 6as10B Max, 6aj10B
[TpakTrueckas pabora 2 18 30
Komnoksuym 4 16 24
CIITM 4 2 6
DK3aMeH 1 24 40
Hroro: 60 100

HlIxana ouenusanusn

Hudpo | Beipaxk | CnoBec | KpuTepnn oneHKH MHHIMKATOPOB JOCTH:KeHNUS NPH ¢gopMe KOHTPOJIS:
BOE | eHHMe B Hoe
BbIpaiKe | 0ajJ1ax: | BbIpake IK3aMeH
HHE HHE
5 87 - 100 | Otnunun |OneHKa «OTJIMYHO» BBICTABISIETCS CTYAEHTY, €CIH TEOPETHYECKOE
0 coJepKaHue Kypca OCBOCHO HOJIHOCTBIO, 0€3 MPOOEIIOB; NCUEPIIBIBAIOLIE,
(3auTeH |mocneoBaTEeNbHO, YETKO M JIOTMYECKH CTPOWHO H3JIaraeT MaTepual;
0) |cBOOOJHO cIpaBiseTCs C 3aJa4aMH, BOMPOCAMHU WM JAPYTHMH BHIaMH
NPUMEHEHUS] 3HAaHWH; UCIIOJIb3YeT B OTBETE JONOJIHUTEIBHBIN MaTepual
BCE MPEAYCMOTPEHHbIC MPOrPaMMOI 3aJaHUs BBIIIOJHEHBI, KAYECTBO MX
BBITIOJIHEHHSI OLEHEHO YHCJIOM OalUIoB, OJIM3KMM K MaKCHMalIbHOMY;
aHAJTU3UPYET NOJIYYEHHBIC PE3yJbTaThl; MPOSBISIET CaMOCTOSTEIbHOCTD
IIpY BBINIOJHEHUH 3alaHUH
4 74 - 86 | Xopomio|OneHKa «XOpOIIO» BBICTABJISACTCA CTYACHTY, €CIH TEOPETHUSCKOES
coJiepKaHue Kypca OCBOEHO IOJIHOCTBIO, HEOOXOIMMBbIEC MPaKTHYCCKHUE
(33YTEHO |KOMIIETEHLIMM B OCHOBHOM C()OPMHpOBAHBI, BCE IPELyCMOTPEHHBIE
) nporpaMMoil oO0ydeHusi y4deOHble 3aaHHs BBIOJHEHbI, KAa4eCTBO HX
BBITIOJTHEHHSI JIOCTaTOYHO BbIcOKoe. CTYAEHT TBEpJO 3HAECT Marepual,
rpPaMOTHO U IO CYIIECTBY H3JaraeTr ero, He JOIYCKas CYyLIECTBEHHBIX
HETOYHOCTEH B OTBETE Ha BOIPOC.
3 60 - 73 | Yoosne |OneHKka  «yIOBJIETBOPUTENHHO»  BBICTABISETCS  CTYNEHTY,  €CIH
TBOPHUTE [TEOPETHUYECKOE COJIEPKAHUE Kypca OCBOEGHO YAaCTHYHO, HO TMPOOENbI He
JBHO [HOCST CYIIECTBEHHOTO XapakTepa, OOJBIIMHCTBO IPEILYyCMOTPEHHBIX
(3auTeH |mporpaMMoi 3aJaHWI BBIOJHEHO, HO B HHUX HMMEIOTCS OIUMOKH, NpHU
0) |oTBeTe Ha TOCTABJICHHBIA BOMPOC CTYACHT JOMYyCKaeT HETOYHOCTH,
HEIOCTATOYHO TMpaBHIbHBIE (POPMYITHPOBKH, HAOIIONAIOTCS HApPYIICHHS
JIOTHYECKOM  IIOCTEeNOBATENIbHOCTH B M3JIOKEHHHM  NPOrPaMMHOTO
Marepuaia.
2 Hwxe | Heynmos |OnieHka «HEyIOBIETBOPUTEILHO)» BBICTABISIETCS CTYICHTY, €CIM OH He
60 |seTBOpH [3HaET 3HAYMTEILHOW 4YacTH NPOrPaMMHOIO MarepHana, IOIMyCKaeT
TEJILHO |CYIIECTBEHHBIE OIIMOKH, HEYBEPEHHO, C OOJBLIIMMHU 3aTpPYAHECHUSIMH
(He |BBIMONHAET TpakTH4YeCKWe pabOThl, HEOOXOAWMBIE TMPAKTUYECKHUE
3a4TEHO) |KOMIIETEHIINK HE CHOPMHUPOBAHBI, OOJBIIMHCTBO MPETYCMOTPEHHBIX

nporpaMMoﬁ O6y‘-ICHI/I$I y‘-IC6HLIX 3aZLaHI/II>'I HC BBIINIOJHCHO, Ka4€CTBO HX
BBITIOJTHCHHUA OIICHCHO YHCJIOM 63.J'IJ'IOB, OJIU3KUM K MHUHHUMAJILHOMY




Kparkas xapakTepucTHKA OLIEHOYHBIX CpeICTBA

Ne
n/n

Haumenosanue
OUECHOUYHO20
cpeocmea

Kpamkaﬂ xXapakmepucmuka OuyeHo4Ho2o cpe()cmea

IlIpeocmaenenue
OUEHOYHO020
cpeocmea 6 honoe

IIpakTueckoe
3aHATHE

B xoje mpakTH4ecKuxX padoT CTYACHTHI OBJIAJICBAIOT
YMEHUSMH MOJIB30BaThCsl PaOOTATh C HOPMATHBHBIMHU
JIOKYyMEHTaMU W WHCTPYKTUBHBIMH MaTepHalaMH,
CIIPaBOYHHKAMHU, COCTaBJISITh TEXHUYECKYIO
JIOKYMEHTAIIUIO;  BBIMOJHATh  YEPTEXKH, CXEMBI,
TaONMIBI, peIaTh pPa3HOrO poja 3aaadd, JejaTh
BBIYHCIICHUS, OIIPEACIIATh XapaKTePUCTUKHI
pa3IMYHBIX BeEIIeCTB, OOBEKTOB, sBiacHUU. llens
MPaAKTHYCCKUX 3aHATHI 3aKII0YaeTCs B BBIPAOOTKE y
CTYJICHTOB HaBBIKOB TNPHUMCHEHHUS IOJyYEHHBIX
3HAHUM JJI9 peIICHHS NPaKTHYSCKHX 3a7ad B
mporiecce COBMECTHOM JIEeATEITLHOCTH c
MIPENO/IaBaTEIISIMHU.

TeMbl TPaKTUYECKUX
3aHATHH;
KOHTPOJIbHbBIC
BOIIPOCHI U 33JTaHUS
110 TeME
MPAKTUYECKOTO
3aHATHS, BOIIPOCHI
KOJJIOKBUYyMa

Komnoxksnym

CpencTBO KOHTPOJISE YCBOCHMS Y4€OHOIro Marepuasia
TEMBI, pa3jiena WIA pa3[elioB  AWCHUIUIAHBL,
OpPTraHM30BaHHOE KaK Yd4eOHOe 3aHATHE B BHIC
co0ece0BaHus IIpenojaBaTesis ¢ 00yJarouMMuCs.

Bompocs! 1o Te-
Mam/pazaenam
JUCLUTIIUHBI




MuHucTepcTBO HayKU U BbIcuiero oopasosanus Poccuiickoit denepannu
HuwxHekaMCKU XUMHUKO-TEXHOJIOTMYECKUM MHCTUTYT ((puman)
dbenepaabHOTO roCyIapCTBEHHOTO OI0/KETHOTO 00Pa30BaTEIbHOTO YUPEKASHUS
BBICIIIET0 00Opa3oBaHUs
«KazaHckuit HallMOHAJILHBIN MCCIEI0BATEIbCKUN TEXHOIOTMYSCKUM
YHUBEPCUTET

Daxynvmem: UHGOPMAYUOHHBIX MEXHOLOUU

Kageopa: snexmpomexnuxu u snepeoobecneuerus npeonpusimuil

Y4eOHbIM TUIaHOM 1O HampasieHuto noAarotoBku 13.03.01 «TennosHepretuka u
TEIJIOTEXHUKa» JUIsl OOy4aromMXCsl IMPEelyCMOTPEHO NpPOBEIEHHE IPAKTUYECKUX 3aHATUH 110
nucnuiuiniae «['a30TypOuHHBIC M mapora3oBbie yctaHoBku» B8 (9) cemectpe B oobeme 18 (7)
4acoB Uil OYHOTO (OYHO-3a0YHOI0) OTAeNeHuH. O0ydaronmMcs IpeaiaraloTcsi pa3HOypOBHEBbBIE
3aa4d M 3a/laHUsl PEKOHCTPYKTHUBHOTO YPOBHS, IO3BOJISIONIME OLIEHUBATh W JAMArHOCTHPOBATH
YMEHUSI CUHTE3UPOBaTh, aHAIU3UPOBATh, 0000IATh (PAKTUYECKUN U TEOPETUYECKUH MaTepuan ¢
(dopMyTHpOBaHNEM KOHKPETHBIX BBIBOJOB, YCTAHOBJICHUEM ITPHYUHHO-CIICACTBEHHBIX CBS3CH.

[TpakTuueckas paborta Ne 1
«Paboune mporecchl B ra30TypOUHHBIX YCTAHOBKAX»

lazoBas TypOuna I'T3-160 mpencTaBifgroT co00Il OJHOBAIBHYIO MAIIHHY
OJTHOKOPIIYCHOIl KOHCTpyKuuu. Icmoap3yercs i NpHBOJA 2IEKTPHYECKOTO
regepatopa T30I-160-2MV3. TI'T3-160 mpenuaznaueHa It padOTHI Ha
ra3oodpasHoOM TOIUIHBE C pa3IHYHOHl TeIuloTolf cropaHua. OcoOeHHOCTBIO
OTHOKOPIIYCHOI OIHOBANBHOII Ia30BOIl TypOHHBI ABIAETCS TO, YTO KOMIpeccop H
TypOuHa wuMeT oO0mmil portop. BcackBannme Bo3gyxa INPOHCXOAHT W3
pacIio/IoKeHHOIH Ilepell KOMIIPecCCOpoM Bo3JyXo3abopHoil maxTel. BeixojHoil
KOPILyC COCTOHT H3 BHYTpPeHHero IIHIHH/Ipa H HapyKHOTO KOpITyca KOHycooOpa3Hoii
(dopMBI, MeKIy KOTOPBIMH IIPOXOIHT OTPadOTABIIHII I'a3.

Pacuer Teruroroii cxembl razoTypOmHHOIl ycTaHoBKH I'TY Benercs ¢ 1elbio
onpenenenus KIIJ[ ycraHoBku, pacxomoB BO3ayxa, pabodero rasa H TOILUIHBA,
MOIITHOCTH OT/eNbHEIX TYpOOMEeXaHH3MOB, TeMIlepaTyp ra3a B pa3IHYHBIX TOYKax
ra3oBOro TpakTa YCTaHOBKH, COCTaBa I TeMIlepaTyphl BBIXJIONHBEIX Ia30B, a TaKkKe
IpYTHX JaHHBIX. PaccMOTpHM pacdeT TeILIOBOI CXeMBI I'a30TypOHHHOI YCTaHOBKIL,

BBITIOJTHEHHOI 10 MPOCTOil cxeMe 0e3 MPOMeXYTOUHOTO OXJIAXKIEHNS KOMIIPECCOPOR
(ITO) u npomesxyTouHoro nogorpesa B Typouse (IIII).

B cocrtaB mpocrTefimeii razoTypOHHHOI YCTaHOBKH BXOJHT KoMIpeccop 1,
KamMepa cropasisi 2, ra3zoBas TypOHHa 3, JIeKTporeHepaTop 4, IyCKOBOIl IBHTATEIh 5
(puc. 3). ATMocdepHBII BO3IyX C TeMIIepaTypoil t; MocTymaeT B KOMIIPeCcop, e
IIOJIMTPONHO cKHMaeTcs. [Io Mepe yBenn4ueHHs JaBlIeHHE BO3AyXa YBe/IHNUYHBACTCA H
ero teMmrieparypa. Ilocie kKoMiipeccopa ckaTblii M Harperblii Bo3ayx (touka 2]1)
[OCTyIaeT B KaMepy CropaHHd, Tylda e IoABOAUTCA ToIuimBo. Ilocime kamepsl
CropaHus ropsidHe rassl ¢ TemIieparypoil {3 IOCTymaloT B ra3oByl0 TypOHHY, Iie
paclIupssach, COBepIIalT IoJe3Hyl pabory. J[lazee IPOAYKTEI TOpeHHA ¢
TeMIIepaTypoii t 4; IOCTYIIAIOT B KOTeI-YTHIH3AaTOP.



Puc. 3. IIpHHIMIHATEHAA cXeMa nmpocTeiimei I'TV (cnepa) H OUKI ee paboTE

B TS-muarpanme (cpasa)

HcxonoHEle TaHHBIE 714 pacdeTa ra3oTypOHHHOI yeTaHOBKH (I'TV):

3IeKTpHYeCcKad MOIHOCTE razoTypOHHHOH yeTaHOBKH (I'TY) Npqy, MBT;
TeMIeparypa Hapy:KHOIo Bo3ayxa ty . °C;

OTHOCHTENIBHAA BIaKHOCTE BO3IyXA, %0;

TeMIlepaTypa Iaz0B Iepel razoeoi TypOuHoOIl £5, °C;

CTEIEeHb CKAaTHA BO3OYyXa B KOMIIpeccope T, “C:

Koa3qruinenT noTeps gaBneHud B I'TY A= 0,95;

mexanugeckuii KITJT I'TY, y4HMTHIBAROIIHE MeXaHHYecKHe [OTepH B
KOMIIpeccope, ra30Boil TypOHHe H 3IeKTpHIecKOM reHeparope M = 0,995;
KII[] xommpeccopa, VIHTHIBAIOIIMI MOTepH IIPH CAKATHH BO3OyXa B
KoMIIpeccopen,; = 0.86;

KITJI TypOHHEL, VYUTEIBAROMIHII [TOTepH IIPH pacllpeHHH Iaz0B B TypOHHe
nzi = D'~9]

KII]T 3neKTporeHeparopa 1, = 0,982.

TommuBoM SBIACTCA NPHPOIHEIL ra3 ¢ TEILIOTBOPHOH CIMOCOGHOCTBIO (g =

— 44300 KI[K/KT.

TEMHEI]BI'}’]}B BO3AVXd B KROHIC IIOIHTPOIHOID CRATHA B KOMIIpECCOope:
KE—1
K
T,-(m* -1
tZﬂ =0 [ ' A
Tf’a[’

I7le K — MoKa3aTels aqnabartsl 11 Bo3ayxa, K= 1.4.

VenpHasd BHYTpeHHAA paGoTa ciKaTHA B KOMIIPECCOpe:

K—1

C-Th-(m™ —1)
= T?k !

le KkJlx/Kr

rne C, — yaeneHad wu3o0apHyecKkasd TEIUIOEMKOCThH NPH CpPeIHeH TeMmIeparype
nponecca cxxatud, KJLx/(kr K).

B mponecce cxaTHA BO3OyXa IO M, = 4...30 TeMmepaTypa €ro BO3pacTacT Ha

160 — 560 K. B TakoM clIy4ae I BO2IyXa (@ = o0) TEIIOEMKOCTE BO3IyXa MOXKHO
npuHaTE O, = 1,01 ...1,02 kIx/(kT - K).



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

Il = %CFT:FK =, xfbx/xkr.

o

3Ha4eHHs MONPABOYHBIX KO3()(HUIHEHTOB (¢, Ha OTHOCHUTEIBHVIO BIAKHOCTH
BO3Ivyxa OepyTca U3 TadmHue! 1.

Tabmuma 1 — IlompaBodHele Ko3(@UUHeHTE! K YIenbHOH paboTe cxKaTHd
KOMITpeccopa A7 yYeTa BIAKHOCTH BO3IyXa
TeummepaTypa BO3OyXa HA EXOOE B OtHOCHTEIRHAT BIAKHOCTE BO3OVXA, 70
KoMIpeccop, 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 OIpeaenseM
TeMIIEpPaTypy BO3AyXa 332 KOMIIPECCOPOM:
/
Ly

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

/
Ty+To,
T =—2K

VTouHsAeM Temmo(u3udeckue CBOHCTBA BO3AyXa IO CpeaHell TeMmmeparype
Ipollecca CKATHA MO MPHIOKESHHIM 3 U 4 (YTO9HeHHEIM BeTHYHHAM TIPHCBAHBAETCA

HHIEKC «//»): C;f LK/
VTo4uHAeM 3HAa9eHHe YIeIbHOH padoTEI cKaATHA Ii“’r :
&/ -1
1 _ e T 1)
K

k ’ I{IIL}K;'KP
Moi

VTo4HeHHOE 3HaYeHHe TeMIepaTyphl BO3IyXa 3a KOMIIPECCOPOM:
/i
! _ L o
ta=t+% . °C.
B
VTouHeHHOe 3Ha4eHHe CpeJHeH TeMmepaTypel IMpollecca CiKATHA B

KoMIIpeccope:
T, + T/
T/ = 21 24
cp 2 !

Ecmu 3HadeHHsA cpedHeH TeMIlepaTyphl I[pollecca CKaTHA BO3OyXa B

/] >
kommpeccope T, u Ty, pasmTHYaroTCA HE3HATHTENBHO (MeHee 2 %), NampHeilmero
VIOYHEeHHA TeIUlohH3UYecKHX IapaMeTpoB Bo3oyxa He 1pedyerca. Ecmu

pacxoxnmenne T, H T",;i'; cocTapnier ©Oomee 2%, TO CHOBAa VTOYHSAOTCA
TernoduHYecKie NapaMeTphl BO3AyXa IpH TeMIeparype T;’:;: U pacHeT IMOBTOPAETCH,

noka He OyIeT JOCTHTHYTa TpedyeMas CXOAUMOCTh cpelHell TeMnepaTypsl Ipolecca
CJKATHA BO3IYXa B KOMIIPeCcope.



OmnpegenseM Ko3¢¢HIIHeHT H20BITKA BO2AyXa IPOIYKTOE CTOPAHNS:
3000-0,367T5

E

T/

a0

CTeneHb pacmMpeHHs pafodero Telna B razoBoil TypOHHe:
mp = A-m,.

TemnepaTypa ra3oB Ha BEIXOJIE M3 Ta30BOiH TYPOUHEL:

E—1
Tk T
t4ﬂ=t3_T3' 1_?-[]. )'T}ﬂ“ OC.

VenbHasd BHYTpeHHAA paboTa pacImpeHHs IIMOBEIX Ta20B B TypOHHe:

E—1

r=C,-Ta-(1-m, T) -7, kJbK/KT.

Jlns Ha9aTBpHOH TeMIepaTyphl Ta3a HA BXOJEe B Taz0BVi0 TypOuHy 1000 —
1300 K B mpenpapHTeNbHBIX pacdeTax UId Ipolecca pacliHpeHHs MOKET OBbITh
npuHATo 3HadeHwe (, = 1,10 ...1,14 x/Ix/(xr K) (cpemmee zHagenue C, = 1,12
K/ Lx/(xr K) u K = 1,33). I[Ipy HagansHOH TemmepaTrype raza 1300 — 1600 K moxeT
ObITE mpuHATO 3HadeHHMe (, = 1,14 ...1,18 KIx/(kr K) (cpemnee 3HageHne C, =
=1,16 xIx/(kr K) H k= 1,33).

CpenHad TeMIlepaTypa Ipolecca pacliipeHus IPOIyKTOB CTOPaHHA B Ta30BOH
TypOuHe:

Ty, +T;

Tcpl = 2 ’

VTouHsAeM TemnodH3HIecKHe CBOICTBA NPOIVKIOB CTOpaHHA IIpH cpenHei
TeMIepaType mpouecca pacumpeHus T, u Koadduuuente nzbeITKa BOZIyXA O :

i ' w
Co: K. PACCIHTRIBAIOTCA 3HATEHHA tj,': 2 B Topp. Pacxomnenne 2Hadenuil To,; 1 Ty

TOJDKHO OBITE He Dolee 2 %.
[Tocne 3TOro YIO4YHAETCA 3HadeHHe paboThl pacIIMpeHHs IBIMOBBIX I'da30B B
TypOHHe Ii.
¥V nensHas none3Had 3NeKTprudeckad padoTa [HKIIa:
Lin = (It — L) - M - Msr, KJOK/KT.
OmpegenseM Tellocodep:kaHHe IEIMOBBIX I'a30B HAa BBEIXOIe H3 KaMepwl
CTOpaHHS:
hy = Cpty, w/bk/Kr.
TemnocoaepxaHue BO3IyXa Ha BX0Je B KaMepy CrOpaHHus:
hz,u, = Cp “ Tag, Kﬂ}KfKF
VOenmsHOe KONMMYecTBO TeIUIOTHI, IIoJBedeHHOe K pabodeMmy Tedy B Kamepe
CTOpaHUS:
Qyc. = hs — hz,:p I{-EL}H!{KP
KIIJI razoTypOHHHOH YCTaHOBKH:
!
Nrry = —— - 100 %.

qK.C.




[TpakTrueckas padorta No 2
«KoHCTpyKTHBHBIE 0COOCHHOCTH Ta30TYPOHHHBIX YCTAHOBOKY

[TapoBoil IBYXKOHTYpPHBIN KoTel-yTian3atop (KVY) I1100 ¢ BcmoMoraTeabHbIM
oOopyIoBaHneM IpeJHa3HadeH /I IIONy4YeHHS IleperpeToro mapa BBICOKOIO H
HH3KOIO [IaBJIeHHII H IoJorpeBa KOHIEHcaTa IIapoOBOIl TYpOHHEI 3a cuer
HCIIOJIB30BaHHs TEIIOTHI TOpAYHX BBIXJIOMHBIX ra3oB I'TY. B Tpakre KoHJIeHcaTa
[peaycMoTpeHa yCTaHOBKA BOJI0-BOJISIHOTO TeIUI000OMEeHHHKa (BBTO),
Harpepamwpuiero ceresyr eBoay. KV ocHamaercs npefoXpaHHTeIBHOMH, 3allOPHON U
peryJIHupyromeil apMaTypoll, LIHPKYJIAIHOHHBIMH M IIHTAaTeJIbHBIMH HAacOCaMIl,
pacIIHpUTeIIMH HellpepbIBHOI H IEepHOIHYECKOI IIPOIYBOK.

Pa0ounil 1nana3oH peryIipoBaHHA Harpy3KH KOTJIa-yTHIH3aTopa COCTaBIIsgeT
100 %...50 % oT HOMHHaNLHOH. PerynnpoBaHie JaBlleHHs H TeMIlepaTypsl I1apa B
KOTJIe He IIpeJycMaTpHBaeTcs, Tak Kak OH padoTaeT IPH CKOJB3AIIUX IIapaMeTpax
napa, omnpejenseMbIX pacXoJOoM H TeMIlepaTypoil ra3oB, IOCTYIIAKMINX B KOTell—
yrummzatop oT I'TY, H XapakTepHCTHKaMH I1apoBOH TYpOHHEI. XapaKTepHCTHKH
KOTIa—yTHJIH3aTOpa IpH atMocepHoM aaBieHHH 98,5 klla u pa3HBIX TemnepaTypax
Hapy:KHOro Bo3ayxa B pexnMe 100% mHarpy3ku I'TY cBeleHel B TaOIuIy
IIpunoxenus 2.

— Koren yrwiamuzarop Ttuma II-100 (E-236/40.5-9.3/1.5-514/299-13,5BB
(mHIekcHl B o0o3HaueHHH KY npecraBieHsl B Ta0mme 2)

— o/IHa mapoBas TypOuHa Tnna T-63/76-8,8 ¢ anekTporeHepaTopom T3PII-80-
2 Y3

Taomuua 2 — HuEgekcel B 0003Hagenn KV

Hugerc Obozgageume
E THo nHpKyIaIHE — eCTECTECHHAS
236 [NTaponporszeoguTensHOCTE TpakTa B/, T/
40.5 [IaponponzeoguTeasHOCTE TpakTa HI, T/1
8.3 Haenenne neperperoro napa B, Mlla
1.5 Harnenne neperperoro mapa HJT, MIIa
514 Temmeparyvpa neperpetoro mapa B[, °C
299 Temmeparvpa neperperoro mapa HII, °C
13.5 g8 Houupanrzad TeNmoEad Harpy:Ka EOJ0—EOJAHOIO TEINIOOOMEHHOTO alnapara
) (BBTO), MBTt

B cxeme IIT'Y npuMeHAeTcA IBYXKOHTYPHEIH KoTen-yTHIH3aTop I1-100.

Ilpu pacgere KV molOoro THma HeoOXOIHMO VYYIHTBIBATH, 9T0 TeILIO
nepeaaeTca OT ropa4ux razoB I'TY K Bode W Mapy H NO3TOMY TeMIepaTrypa razop
BCeT7a BEIIE, 3eM TeMIeparypa BoAsl H Iapa. BMecTe ¢ TeM, 9eM MeHBIe Pa3HOCTh
3THX TeMIleparyp (TeMnepaTypHEIH Harmop), TeM 3(Q(deKTHBHee NepeJaeTca TeIlIo OT
razoB B IapoTypOHHHEIH KOHTVP.



Koten-yrumuzatop  II-100 HMeeT  BepTHKAIBHYED  KOMIIOHOBKY H
[IPHHYIUTENBHYI0 LHPKYIAIHKD B KOHTYpaX BBICOKOIO M HH3KOTO JaBISHHH,
OCYIIECTBIAEMYI) LHPKYIAIHOHHEIME HacocaMH. IIpH BepTHKATBHON KOMIIOHOBKE
ra3oxol0B KOTHIOB-YTHIH3ATOPOB NPOHCXOIMT Oojlee HMHTEHCHBHBIH TelmooOMeH
MeXOY TPEMHMH Ta3aMH M TEeINOHOCHTENEM, YIO [IO3BOIMET CHH3HIb
MeTALTOEMKOCTE IIPH H3TOTOBIEHHH. K HEeJOCTaTKAM MOKHO OTHECTH BO3MOJKHOE
CHIDKEHHE HAIeKHOCTH H3-3a HAIMIHA HaCOCHOTO 000pyI0BaHMA, pabOTaroMIIero momg
BEICOKMM  H30BITOYHEIM  [JaBIe€HHEM, BCIEINCTBHE  dero  OrpaHHYHBAeTCH
MAKCHMAIBHOE JaBlIEHHe B KOHTYpPE BBICOKOTO JABIIEHHSA, H YTO BENET K CHIDKEHHIO
HAYAIBHBEIX  IApaMEeTpOB  IIdpa  BEICOKOIO  JAaBIEHHA M HCIOIBE3YEMOTO
TeIUTOIepenaa.

KoTen-yTHIH3aTOp HMeET JBa KOHTYpa IreHepallll IIapa: BEICOKOTO H HH3KOTO
IaeneHUi. B coCTaR NepBOro BXOOAT 3KOHOMaiizep (2BJ), ucnapurtens (HB]I) u
napomeperpeeatens (IIIIBJI), a B cocTaB BToporo — Hcnaputens (HMHI) H
napomneperpeparens (IITTH]T)

ITponyKTel CropaHHs I[IOc/e TIa30BOH TYpOMHEI NOCTYIAWOT B KOTen-
VIHIH3ATOP, MOCIEI0BaTeNbHO MPOXOMAT MapolleperpeBaTellb BBICOKOIO JaBISHHA
(IT[IBJT), ucriapuTens BEICOKOro maBneHus (MBJ]T), 3KoHOMalizep BEICOKO JaBISHUA
3B/T), mapomeperpeBatens HH3Koro mgaeneHus (IIITH]I), HcnapuTens HH3IKOTO
naenenus (MH]IT), razoBslii ogorpeearens koHneHcara (I'TIK).

ITap BeIcOKOTO paBneHHA mocie IIIBJ] wHampaBmsgeTrca B UBJ] mapoBoH
TypOuHEl. YacTh Iapa, TeHepHpyeMOI0 B KOHTYpe HH3Koro nmasneHus KV, mocrne
IIITH]I, HampaBusAeTcAd Ha OOMIECTAHIIMOHHBIN [Oea’paTop, a 9acTh Hapa HIeT B
KaMepy CMEIIeHHd [apoBoH TYpOHHEL, IZe CMEIIMBaeICd ¢ IIOTOKOM IIapa,
otpaboTaBumM B UB/T.

ITomorpeB BOABI mepel Iea’palliel IIPOMCXOOHT B Ta30BOM IOIOIpeBaTene
koHneHcaTa (I'TIK). B TemnmoByw cXeMy BRKIIOYEH IOea’parop A YIANeHHA
PACTBOPEHHEIX Ta30B M3 BCEro IOTOKA OCHOBHOTO KOHOgHcaTa. OTOop Iperolero
IIapa B aea3patop npouzeondart u3 IITH/T.

Iloga4a BOOBEI B KOHTYPHl BBICOKOIO H HH3KOro masneHus KV H3 0Oaka
IearpaTopa NPOU3BOIUTCA MHTATEMLHEIMHE HACOCAMH BRICOKOTO H HH3KOTO JABIEHHA
(ITHBA, ITHH]T). IIponyeka O6apadaHOR BEICOKOT'O M HH3KOTO JaRIeHHH HalpaBleHa
B COOTBETCTBYIOIIHE PACIIHPHTIEIH IIPOIYBKH.

Jnd noamepAkaHHd TeMIIEpaTyphl OCHOBHOIO KoHIeHcata nepen ITIK Ha
ypoeHe 60 “°C BREINOIMHEHA PEIHPKYIIALNA KOHIEHCAaTa ¢ BRIXoIa Ha BxXong I'TIK. 3To
menaeTcs O1MA TOro, YTo M30eXaTh HHIKOTEMIIepaTypHOH KOPPO3HH «XBOCTOBEIX»
noeepxHocTell HarpeBa KV. Temnoras cxema KV B coctaBe III'Y H300pakeHa Ha
DPHCVHEE 4.
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Puc. 4. Koten-yrunmuzatop I1-100 B cxeme ITTV-230

LIEJILH] TCIINMOBOID pacHeTa KY sarmaerca OIIpCcOcIICHHS RKOIHYCCTEA IIAapa,
BI:IpE_ﬁaTLIBEIEMDI'D B KOHTYpax BEICOKOTO H HH3EKOTO JABIICHHA J1IH

TelU10(HUKAITHOHHOH TapoBOH TYpOHHEL.
MCcXOIHBEIMH TaHHBIMHE JUTA PacdeTa ABIATCH:

— aneKTpudeckad MomHoCcTh I'TY — Ny, MBT:

— snexTpudeckuii KITI I'TY — npry (onpenensercs mpH pacdete I'TY);

— TeMIepaTypa IbIMOBEIX Ta30B HA BRIXONE H3 ra3oBoil TypOHHEI —t,,;, C
(ompenenAerca npHu pacdete I'TV);

— IaBJIeHUE [IeperpeToro napa KOHTYpa BEICOKOTO maeneHns KV — PHBH‘[[: MIIa
(ompenensercd U3 TeXHHYeCKHX XapakTepucTHK KV (IIpunoxenue 3);

— JaBIeHHE MEPETPETOro Mapa KOHTYpa HU3KOTo JaBlneHHI KV —PHH]&H= MIIa

(ompenendeTca U3 TeXHHYECKHX XapakTepHcTHK KV (IIpmnoxeHue 3).

VensHBIH pacxo TOIUTHBA HAa BEIPA0OTKY 3MeKTpHHeCcKOH SHepIuH:
3600 KT

= ’ .
Qf -nrrv KBT -4

3

TTomHEIH pacxo. TOIIHEA:
KI' KT

BT = ’&'3 ) Nsu . (:)
VIenbHEI pacxoI BO3OyXa:

d= zi‘ Kr /K.

3o



TToMHEI pacxo TOILIHEA:
KT KT
BT = ’&'3 . NEH : (:)'
VIeIBHEI pacxol BO3AyXa:

d ==, xr/x/bx.

TlomHEIH pacxond BO3IyXa:
G, =d-N,, kr/c
CyMMapHEI pacxod JEIMOBEIX Ia30B:
Gr = G, + By, kr/c.
O0BeM BO3OVXa HeoOXOIHMEIN 1714 OKHCISHHA 1 KHIOrpaMMa TOILTHBA:

L, = 14,905 J22ars

1KT TOMIHEA
KOB{I](I]H]]HEH]T H36BITKB BO3I[}’X3 B KHMEPE CI'OPH.I-]HH:
GB

Br-Lg

By =

IIpe mnpoBeJeHHH pacdeTa NPHHAMAEM: TeMIEpAaTypHBIH Hamop B
naponeperpearenax At = 30 — 35 C; TemmeparypHeli Iepeman B
ucnapurenax At,.; = 8§ — 10 °C; HemorpeB BOIBl 3KOHOMalzepe IO TeMIIepaTyphl
HaceeHud 8 — 10 °C.

Jaenenne B Oapabane HBJ] mpurumaeM Ha 10 % Oomnsine IJaRIeHHA
[IeperpeToro mapa:

PPA=11-P4 Ml

Pae. 5. Tpsercuneansmag cxesa [ITY ¢ gormos-vrumzaTopost [T-100.



Ilasnenne B Oapabane HMH]] npEEEMaem Ha 10 % Oonbme JaBleHHS
NeperpeToro napa:
HA _ _ pHA
Pﬁ _l_.j. Pnn, MHE.
TeMneparypa neperpeToro napa KOHTYpa BEICOKOTO JaBIeHH:
ts =tz — Atyn, °C:
r __
Tenmocozep:xaHHe MeperpeToro Napa BEICOKOTO JaBIeHHA:
_ Bl
S =f(78. R ), wlom/xr.
Temnocomep:#aHHe IbIMOERIX ra30B Ha BXole B IIIIB /I
r _ ey
5 = Cp - ts, KK/KT.
TennmoemkocTe ra3os C, OmpelendeTcd MO TeMIIepAaType ti u KoadhdunHeHTY
H30BITKA BO3AYXA B KaMepe CIOPaHHa «, . 110 HoMorpamMe [Iprmoxernd 3.
ITo maBneHHID PEE":' HaxXOJHM TeMIepaTypy HaceleHHA B BB]:
B
tBA oC
IIppEHMad  TemmepaTypHeIH Hamop B MBI Aty = 10°C, Domyuasem
TeMIIepaTypy Ia30E 33 HCIIAPHTeIeM BBICOKOIO JaBIeHHT:
BBJ
t7 =ty + Aty °C
Tenmocoaep:xaHHe IbIMOBBIX [A30B 3a HCIIAPHTENIeM BRICOKOTO JaBIeHHA
T — . #T
7 =Gy - t7, KE/KT
TenmoemkocTs rasoe Cp onpefendeTcd oo TeMIIEpaType t? u KoadbdHIHEHTY
H30BITKA BO3AyXa B KaMepe CTOpPaHHY @, . 110 HoMorpamme [IpHioxkeHnd 3.
[Tpames, 9TO B DapadaH BeICOKOTO JasneHHd (BBJ]) mogaeTcd mMHTaTelbHAd
BOJa HeJorpeTad B 3KOHOMAaH3epe BBICOKOIO JableHHd (3B]]) 1o TeMmepaTypsl
HacelleHHd Ha 10 °C, Toraa TemmepaTypa NHTAaTeIRHOH BOIEI HAa BXode B BB]]

oyzmert:
¢25A = (BB 10, oc.
ITo TemmepaType tI?EB’I onpefendeTcd 3HTATBIHSA MHTATEIEHOH BOJEI HA BXOIE
B BB, h7%, w/®/kr.
Pacxond meperpeToro mapa BBICOKOTO JaBIeHHY GHBEI: (kr/c) ompenengeTc H3
VpaBEHeHHT TeIIOBOro DanaHca KOHTYPa BeICOKOro JasneHHd KV (puc. 6):

ts:
g f t3n W3 peaspatopa
> .
t?r BBJ,
7 . t?n
o > ter
B y -
; tﬁr tan b
nnep, >
5 - t5n
T td,q,=t5l

Puc. 6. CxeMa KOHTYpa BEICOKOTO JaBIeHHT KV



T r — pBlerrn o
Gr - (hs — h7) -0 = Gpp (hs — h7).
Bemuauna 1 = 0,98 onpegengeT NoTepH TEILIOTH B OKPYHAIONIVIO CpeIy.
PacxoJ NHTaTelbHOH BOIBI Hepe3 3KOHOMakH3ep BBRICOKOrO JaBileHHE (3B]I)
B ar — — —
Gng': C y4eTOM HempephlBHOH NpPOAVBKH H3 DapaoaHa Bl OVIeT HeCKOIBKO BBIIIE
pacxofa mapa BBICOKOIO JaBIeHHA:
54 _ . B8
G = (1 +anp) G Kr/C.
3meck ap, = 0.005 oTHOCHTeNbHAd BelHYHHA HeNpPepbIBHOH MNPOIYBKH
DapabaHa HCIapHTelId BEICOKOTO JaBIeHHA.
OHTAIBIHA MHTATEILHOH BOIBI HA BXOJe B 3KOHOMAH3ep BBICOKOIO JaBIIeHHA

K/ \KI) ¢ YIeTOM MOBBINIEHHY JABIeHHY B IHTATeIbHOM Hacoce KoHTypa BI APy

(pmc. 7):

OmpefieNgeTca MO MapaMeTpaM B JAeaspaTope NHTaTensHoH Bombl (P,. MIla; hﬂ,

ﬂPl’[H = PI'IH — P,E[: KlIa

MH
PnH

Puc. 7 Cxema nng onpene/IcHHT TaBIeHHT MHTaTIbHOI0 Hacolta

IlasneHHe, co3JaBasMoOe IIHTaTelbHEIM HACOCOM, JO/GKHO OBITE NpHMepHO Ha
20—-25% BBINIe [aBIeHHS Ieperperoro mnapa Ha BbXoAe wH3 IINIBI] ang

EOMIEHCAHH THAPABTHYECKHY IIOTEPE E TPAKTE KY TOT Oa:t
Ppy = 1,2 - Pog, Mma.
HPHPEJ]IEHHE SHTAIBIIHH B MHTAT2/IEHOM HACOCE:
Poy — P
Ahgy = v -n—‘i, K/ Kr

rie Vg — CpeJHHH yIelbHEBIH 00BeM NHIATeNbHOH BOXBI, M3/KT; 1), = 0,82 — 0,86 —
KII]I Hacoca. DHTAIbIHA [HTATENbHOH BOJBI Ha BXOJEe B 3KOHOMAH3ep BBICOKOIO
JaBIeHHA ¢ Y4eTOM JaB/IeHHY B JeaspaTope H [OBRINICHHS JAEISHHA B IHTATEILHOM

HacoCe BBICOKOIO JaABIIeHHT !
h§ = hia = hj + Ahm, ®JLx/xr.

3Hag 3HaUeHHe 3HTATBIHH hj, HAXOJHM TeMIepaTypy MHTaTelbHOH BOJBI Ha

BXOJe B 3KOHOMAaH3ep BBICOKOIO JaBIeHHT tgr =C.



CoCTaBHE YpaEHeHHe TeIUIOBOTO 0DANTaHCA 3KOHOMAlH3epa BEICOKOIO JABISHHA,
HaHIeM SHTANBIHI) ra3a Ha BBIXOe H3 3KOHOMaH3epa ht, H,E[J-Hff.:r:
r r _ ~Bl-im o
Gr - (h7 — ha) - n = G (h7 — hg).
TemmepaTypa rasos Ha BBIXOJe H3 3KOHOMaH3epa BBICOKOTO JaB/IeHHA (BXOI B
napolleperpeEaTellb HH3KOIO JaBIeHHA) COCTABHT:
h:‘
tg ==, °C.
2 E_-DJ
TenmoeMkocTs razos Cp, IPHHAMASTCA MO HOMorpamue [IpHIOKeHHA 3 TpH
paccUHTaHHOM 3HAYeHHH .

Pacuem xonmypa Husxoz20 O0asieHus xomia-ymunzamopa. C TeMOepaTypoH
tg = tg (hg = hg) rassl MOCTYNAIOT B KOHTYP HH3KOTO JaBIeHHYT KOTI3-YTHIH3ATOPA.

B cocTag 3TOro KOHTYpa BXOA4T: IapoleperpesaTens HH3Koro JasneHnd (IITTH]) u
HCNapHTeI: HH3Koro gasaennd (FH]T) (puc. 8).

tu BHA
t11n=;1l:|r| -~ E

11

MHA > ¥ Mz geazpatopa
10 t’-:f’”'HJt“EHﬂ tHBGH]
10
nnHAg

9 > - tﬂl‘l

I ta-Ta

Puc. 8. CxeMa KOHTYpa HH3KOIO JaeleHHT KY

[IpuHEMaeM TeMmmepaTypHeIH Hanop B IIOIHT pagseim 30 °C, Torma
TeMIepaTypa Iapa Ha BRIXOIe H3 MapoleperpebaTend HH3KOTO JaBIeHH:

ty = tg — Aty °C.

TemnocoZep:kaHHe MNEpPerpeToro Iapa Ha BBRIXOJE H3 MapoleperpeBarend
HH3KOTO AABIEHHT hg ompenengeTcd MO TADMHMIAM CBOHACTE MeperpeToro mapa hg =
= f(PEﬁ; tg), &/ /K.

TemmepaTypa rasoe Ha Bbome H3 HMH]] Ha 10 °C Oompmme TeMmepaTypbl
HachIeHHd B Dapadane HH]I:

th, =t 4 10, °C.

TeMmepaTypa HACHINEHHT t[?Hﬂ = t{l, = t]} ompenenderca Mo JABIEHHIO B

oapadane HH]I {:F'ﬁHﬂ ).



SHTAMBIHA [330B NOCIe HCIAPHTEIT HH3KOIO JaBIeHHS:
11 =Gty KK/Kr

Cp = f(ay ti1) ompexengerca no Tabaumanm ITpanokeHnd 3.

[TutaTensHAd BOJA MOCTYIAST B 0apadaH HH3KOTO JABIeHHY HeJOIPeToH I0
TEMIIEPATYPHI HackmeHnT Ha 10 C:

toa” = o — 10°C.

JHTANBIHE [HTATETRHOH BONBI HH3KOTO JaBneHns hj; = f [tEH"I"

omnpenengeTcd MO TAOIHIIAM BOJBI H BOIZHOIO Napa, KJIE/KT.

EHA

113 ypaBHeHHS TeILTOBOTO HalaHca KOHTYpA HH3KOTO JaBleHHd KV HaxomHm
PACXOJ IIePerpeToro Napa HH3KOTO JaBIeHH:
Hﬂ —

nlhg —hiy) = Gp- (hg —his) "7

GHA Gr - (hg — h11) n

hg — J

PacXol [HMTA4TENBHOH BOIEL B 6apaoaH HHM3KOTO JABIeHHA C© VUETOM

HeIpepLIBHOI MPOIYBEH:

Kr/c

=(1+aly) - Goa, xr/c.
3meck apy = 0,005 oTHOCHTenBHAd BelIHYHHA HENpPEpPRIBHOH MPOIYBKH
DapabaHa HCapHTend HA3KOTO JaBIeHHS.

Pacyem 2azoeozo nodozpesamen xoHoencama

f13=tvx=100 C

13 . M3 nuHnK
KoHAeHcaTa
MK
12 > B peaspartop
; tir=tir

Prc. 9. Cxema raszoBoro nogorpesareld KoHgeHcata KY

B pacdere npHHHMAaeM TeMIepaTypy VXOZ4INHX a3oE HA EBIXOJE H3 KOTIa—
yTHIH3aTOpa paeHoH 100 °C (pue. 9).
Tenmocoaep#aHHe VXOIAIIHX ra30E:

h'_',':-::}HPB = tyx * Cp, K/x /K.



Kpurepun oneHKH npakTH4ecKux pador
IIpyu moaroroBke K IpakTH4YecKod pabore mo aucuuiuinHe «l'a30TypOMHHBIE U
naporasoBbie ycTaHoBKU» B 8(9) cemecTpe CTYACHT JOJKCH BBINOJHHUTH CIIEAYIOIINE BHIIbI
pabor:

MunumaJjbHbIi MakcuMaJbHbII
Buab1 pador
oasa 0aya

CamocTosTenpHass MpopadoTKa TEOPETUIECKOTO 3 6
MaTepHuaia K IpakTHIeCcKoi padboTe
O3HakoMJIEHHE C  YCTaHOBKOW, MNpHOOpOM, 4 6
METOJMKOM BBITOJHEHHUS MPAKTHIECKOW pabOoThI
Brinmonnenue  HEOOXOAMMOTO  AKCIEPUMEHTA, 4 5
pacuera
O6paboTka pe3yabTaTOB HCCIIeN0BaHu, 4 5
MOCTPOCHUE TpaUKOB
AHanu3 pe3ysbTaToB UCCIEIOBAHUS U BBIBOJ 110 3 5
pabore
HUTOIO: 18 30

Takum o0pa3om, Kaxjaas HpakThdeckas paOoTa olleHHMBaeTcs MUHUMYM B 9 Oanna,
MakcuMyM B 15 Oamos. Ilocne BbImonHeHUs BceX pabOT pacCUUTHIBAETCS MTOTOBBINA Oayut 1mo
JTAHHOMY OLIEHOYHOMY CPEJICTBY KaKk CyMMa OaJljIoB IO BCEM MPAKTUYECKUM paboTaMm.



MuHHCTEpPCTBO HAyKU U BhICIIEro oOpazoBanus Poccuiickoit denepannu
HmxHekaMCKUN XMMUKO-TEXHOJOTHIECKANA MHCTUTYT ((rtrain)
beneparTbHOTO TOCYIAPCTBEHHOTO OF0KETHOTO 00pa30BaTEIHLHOTO YUPEKICHHUS
BBICIIIET0 0Opa30BaHUs
«KazaHckuil HallMOHAJILHBINA UCCIIEN0BATESILCKUN TEXHOJIOTHYECKUMN
YHUBEPCUTET

Dakynomem: UHGOPMAYUOHHBIX MEXHOLO2UL
Kadgheopa: anekmpomexnuxu u snepeoobecneyenuss npeonpusmuii

Hanpasnenune noaroroBku: 13.03.01 «TemnosHepreTuka v TEIUIOTEXHUKA
[Tpoduie «HeproodecneueHue npenpusTuin

BOHpOCBI KOJIJIOKBUYMOB
AJIA TIPOBEPKHU MPOMEKYTOIYHOI'O KOHTPOJIA 3HAHM CTYACHTOB
IO AMCHUIIJINHE «FaSOTVD6I/IHHBIe H T1apOora3oBbIC YCTAHOBKH

KomnokBuym Nel.
TenioBble HUKIIBI TAPOTYPOMHHON YCTaHOBKHU.
[TpuHIMNIMATBHOE YCTPOWCTBO MAPOBON TYpOUHBI.
Tunsl napoBbIX TYpOUH.
Konnencannonssle u Teniao(uKauoHHbIe TYpOUHBI.
OcobenHocTy TypOUH € IPOTUBOIABIICHUEM.
Oco6ennoctu IITY u TypOuH ¢ peryiupyemMbIM 0TOOPOM Mapa.
TypOuHbI ¢ peryiupyeMbIM 0TOOPOM Iapa U MPOTUBOAABIICHUEM.
TypOuHbI ¢ IByMS peryiaupyeMbIMU 0TOOpaMH napa.
Hcnonb30BaHne KOHACHCAMOHHBIX TYPOUH JUIS TETIIO(QUKAILIIH.
10 Knaccudukanus pexuMoB paboThl TYpOMHHBIX YCTaHOBOK.
11. ITyck TypOUHBI U3 XOJIOIHOTO COCTOSIHHUSIL.

©CoNo~wWNE

KonnokBuym Ne2.
OcTtaHoBKa TYpOHMHBI U €€ MyCK U3 FOpsSYero ¥ HEOCTHIBILIETO COCTOSHUS.
TennoBoii pacueT mapoBoil TypOUHBI.
Pacuer xoHEeHCATOPOB.
Pacuer neasparopa.
Pacuer peakTUBHON 4acTH TypOUHBI.
Pacuer uunmHapa BICOKOT0, CPETHETO U HU3KOTO JaBJICHUS,
Pacuer nnnmHapa cpeaHero JaBiIeHHUS.
Pacuer 0TOOpOB HU3KOTO, CPETHETO U BHICOKOTO JIABJICHUSI.
I"a30BbIe TypOUHBI.
0. [Tapora3oBble YCTaHOBKH.

HoOoo~NoGOarwNE

KonnokBuym Ne3

1. KaxoBbl ocHOBHBIE TTyTH pa3BuTus [1I'Y B Tennosnepreruke?

2. Mzob6pazure nukn ['TY B nuarpamme T-S. KakoBbl OCHOBHBIE ITYTH TTOBBIIIICHUS
spdextuBaocTr [ TY?

3. HM3o00pa3zute npuHIMnuanbHyto cxemy u muki [1I'Y ¢ BEICOKOHATTOPHBIM
naporeHepatopom. Uem ouenuBaercs 3gpdextuBrocts [1I'Y ¢ BIIT™?



4. W3o00pa3zurte npuHIHMNUAIBHYIO cxemy 1 Uk [1I'Y ¢ HU3KOHAanOpHBIM
naporesepatopom. B uem
npeumyiectBo u Hegoctatku [II'Y ¢ HIII' B cpaBuenuu ¢ [1TI'Y BIIT™?

5. H3o6pasute muka ['TY ¢ pereneparueit Temia. Uto 0003HaYaeT MOHATHE «CTEIIEHB
pereHepanuny»?

6. B ueM 3ppeKTUBHOCTH IUKIIOB C pereHepalmei?

7. IlpuBenuTte OCHOBHBIE ATalnbl pacyeTa TerioBoi cxeMbl I'TY. KakoBsl 3Tamnsl pacuera
OCHOBHOM XapaKTEPUCTUKHU Ha MEepeMEeHHbIX pexxumax [11'Y?

8. M3o0pasure NPUHIMIUAIBHYIO TEIIOBYIO CXEMY I'a30TypOMHHOM JIEKTPOCTAHLIUH.
OObsicHUTE Ha3HAYEHHE OCHOBHBIX 3JIEMEHTOB.

9. TlpuBenuTe OCHOBHBIC ATAIbI pacyeTa mokaszareneit [1I'Y ¢ yrumm3annoHHBIMU
apoBbIMH KoTiamu. [IJ1s yero nmpuMeHstoTcs nepeMeHHble pesxkxuMbl pabotsl [T ¢
YTUIM3AIMOHHBIME MTapOBBIMU KOTIIaMH 0€3 JI0’KUTaHus TOIUIMBA B KOTiIe?

10. ly1s1 yero mpou3BOUTCS JOKUTAHUE TOIUIMBA B KOoTJIe ¢ [1'Y?

11. B yem 3axioyaercst 3 PeKTHBHOCT TAKOTO CII0Cc00a MOBBIIICHHS
TemionpousBoguTeasuoctu [1'Y?

Komnoksuym Ne4
1. [Jns gero npumensitores [II'Y ¢ mukoBoit I'TY? Ux a3 pexkTuBHOCTD.
2. Kak ocymiectBinsieTcst BBIOOp MepeMeHHbIX pexkxuMoB 1Y ?

3. B yem mpeumymiecTBO MOAECPHHU3AIMH YHEPTETHUECKUX MAPOCHIIOBBIX OJIOKOB
HAJCTPOMKOM ra30BbIMU TypOHHAMHU?

4. B uyeM mpeuMyliecTBO BHICOKOHAIIOPHBIX IAPOI€HEPATOPOB B CPABHEHUH C
HU3KOHAIIOPHBIMU?

5. B uem 3akiro4aroTcs OCHOBHBIE dTaIlbl pacueTa ocHOBHBIX nokazartesneit [IT'Y ¢ BIIT ¢
YUYETOM MEPEMEHHBIX PEXKUMOB pabOThHI?

6. IlpuBemuTe OCHOBHBIE 3TANBI pacdera nmokasareneii [1I'Y co cOpocom yxomsamiux ra3zoB

ITY B

TOIKY ITapOBOI0 KOTJIa 0OBIYHOTO THHA?

ITpu kakux ycnoBusix Bo3mMoxHa padora [II'Y Ha TBepiom Tomuse?

B uem 3akmouaercs 3¢ hekTuBHOCTD razudukanuu TBepaoro tommmsa B [1I'Y?

3a cuet uero cokpauiaercs Bpeanoe Boszaeiicraue [1I'Y Ha okpyxaromyro cpeny?

10. B gem 3akitogaercs sKonorndeckas 3pGeKTHBHOCTH Teruiorenepupytomux ['TY ¢
OTJEJIEHUEM TBEPJIOTO IUOKCUA YIIIepoJa U3 YXOIAIIMX AbIMOBBIX Ta30B?

© o~

KPATEPUU OIIEHKHA 3HAHWH BO BPEMSI
NPMEXKXYTOYHOI'O KOHTPOJIA 3HAHUH (KOJIJIOKBUYMOB)

B mnpouecce u3ydeHMs qucummumHbl «[a30TYpOMHHBIC M 11ApoOrasoBble YCTAHOBKH» JJIS
IPOBEPKH  YPOBHS OCBOGHHMS OCHOBHBIX  pa3[elioB Kypca IMPeIyCMOTPEHbI  MEpbI
IIPOMEXYTOUHOTO KOHTPOJISl 3HAHUH CTYIEHTOB B BHJE ONPOCA BO BPEMs KOJUIOKBUYMOB IOCIIE
M3Y4YEHUSI COOTBETCTBYIOIIUX Pa3JIEIOB.

KomtokBuymsl IpoOBOAMTCS BO BpeMsl IpakTU4YecKuX 3aHiITHH. CTyneHThl 3apaHee
UH(GOPMHUPYIOTCS O TPEJCTOSIIEM TECTUPOBAHUU 3a HEJENI0 U IOJY4YaloT CIIHCOK BOMPOCOB
TeCTUpOBaHus. Tak IMCHUIUIMHA CBA3aHa C U3YYEHUEM KOHCTPYKLUU U METOOB pacueTa CUCTEM
CHAOXXEHUSI SHEPrOHOCUTENISIMH PA3JIMYHOIO HAa3HAYEHHUS, TO MOJYYUTh CTPOTO OJHO3HAYHbIE
OTBETHl HE 00s3aTenbHO. KOHCTPYKIIMU y37I0B MOTYT UMETh paziIMYHble BapuaHTHl. MeTOoJbI
TEIUIOBOT'O U TMIPABINYECKOTO PACYETOB, OCHOBAHHbIE HA 3MIIMPUYECKHX (popMyrax, conepixKar
MHOXeCTBa KOA(Q(PHUIIMEHTOB, ONPEAEIIeMbIX 110 CIIPAaBOYHUKAM WM HOMOrpamMam. [losTomy B
cllydae 3alHCH CTPYKTYpbl SMIUPHUYECKOW (OPMYNbl U HOSCHEHHsS METOAOB OIpEesICHUs
BXOJISIIIUX B HUX KO3()(PUIIMEHTOB, OTBET MOYKHO CUUTATh BIIOJIHE 10CTATOYHBIM.




W3 Bcero cmucka BONPOCOB CTYAEHTY NpenojaBaTellb METOJOM CIIy4aifHOro BbIOOpa
3a/1aeT TpU BOIpOca.

Kpurepun oneHku:

N 3aureno /
Kpurepuii oueHku Bbanasl Onenka
He 3a4YTEeHO
Jlornueckn 00OCHOBaHHBIC, TIOJIHBIE U
MpaBWIbHBIE OTBETHl HAa BOIPOCHI K
p P 30 OTan4HO 3auTeHO
sKk3ameHy. Pa3BepHyThie OTBETHI Ha
JIOTIOJIHUTEIIbHBIE BOIPOCHI.
JocraTtouno moaHbIA oTBeT. MMerorcs
TPYAHOCTH B OOOCHOBAHHOCTH CBOETO 24 Xopowo 3ayTeHo
OTBETA.
HemnomnHuelii oTBeT (B 00IIMX YepTax) HA
( B prax) 18 Y 10BAETBOPUTETHHO 3adTeHo
BOIIPOCHI K SK3AMEHY.
Henornynoe mocrpoeHue Ha BOIPOCHI
K 92k3ameHy. HepackppiTa Temaruka <18 HeynosnersopurensHo | He 3aureHo
BOIIPOCOB. OTCYTCTBUE apryMEHTALUHU.




MuHHCTEpCTBO HAyKH U BBICIIEro oOpa3oBanus Poccuiickoit denepannn
HuxHexaMcKkuii XUMUKO-TEXHOJIOTHYECKUM HHCTUTYT ((priinan)
(denepanbHOro roCy1apCTBEHHOTO OI0PKETHOTO 00Pa30BaTEIBLHOTO YUPEKACHUS
BbICILIEr0 00pa30oBaHUs
«Ka3zaHCKui HAlTMOHAIBHBIN UCCIIEI0BATEIILCKUN TEXHOJIOTHYECKUI YHUBEPCUTET»

(HXTHU ©I'bBOY BO «KHUTVY»)
Daxynvmem: UHGOPMAYUOHHBIX MEXHOLOUU

Kadgheopa: anekmpomexnuxu u snepeoobecneyenuss npeonpusamuii

Hamnpasnenue noarotosku: 13.03.01 «TermnodHepreTuka v TEIIOTEXHUKAY
(k00 u Haumenosanue)

[Tpoduns: «DHEproodecrneyeHne MPeATPUITHID
(HaumeHnosanue)

ITo mucunnimmue B1.B.15. «'a3oTypOMHHBIE U IApOra3oBble YCTAHOBKH»

IK3AMEHALIMOHHBIE BOITPOCHI

OcHoBzble npeumyiiectsa [1I'Y.

Kpartkue ucropuueckue csenenus pazsutus [1I'Y.

Knaccugukanus ra30TypOMHHBIX yCTaHOBOK.

Wneansupiii nuxia ['TY npu P=const (uuki bpaiitona).

Peanpnbiit nukit I'TY npu P=const.

OcHoBHbIE pacueTHbIe popMyIbl peasibHoM ['TY.

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

Cxema u nuki I'TY ¢ npoMeXyTOYHBIM OXJIXKACHUEM BO3yXa.

[IpomexyTrounsblii mogorpes raza B I'TY (TepmMoauHaMU4eCKHE€ OCHOBBI).

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

11. Cxema u nukn I'TY ¢ perenepaiueit TemIOTHI.

12. OcHoBHble pacueTHble hopMyasl ['TY ¢ perenepanme.

13. Termomexannueckue cxemsr ['TY.

14. OredecTBeHHbIE MPOU3BOANTENN dHEpreTuueckux I'TY.

15. 3apy6exxnbie mpousBoauTENN dHEpreTrdeckux ' TY.

16. OcHoBHBIE TUIIBI TAPOTA30BBIX YCTAHOBOK.

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

18. T — Q nmuarpamma TenaooOMeHa B YTUIM3AIIMOHHOM KOTJIE.

19. VpaBHeHUs TEIUIOBBIX OallaHCOB dJ1eMeHTOB YK.

20. Anroputm™ onpezeneHus naponpousBoguTensHocTH YK.

21. Cxema teruioBbix moTokoB [1T'Y ¢ VK.

22. Momnocts napoBoit Typ6uns! u KIT II'Y ¢ VK.

23.IIT'V ¢ YK u goxuranueM TOIUINBA.

24.TIT'Y ¢ nByXKOHTYpHbIM YK.

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

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

27. TenmoBas cxema u muki copocnoit 1TV

28. Ocobennoctu III'Y cOpocHoro tuna.

29. Cxema TeIIOBbIX IOTOKOB U OCHOBHBIE TTOKa3aTemu cOpocHbIX [1T'Y .

30.Cxema U 0COOEHHOCTH MPOEKTUPOBAHUS KOTEIBHBIX YCTAHOBOK C IMPEIBKIIOYEHHBIMU
I'TY.

31. Cema u ruki [II'Y ¢ BBICOKOHAOPHBIM KOTJIOM.

BOoo~NoORWNE



32. Ocob6ennoctu I1I'Y 1 BBICOKOHAIIOPHOTO KOTJIA.

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

34. XapakTep BnusiHUs crenieHd noBbimeHust nasienust Ha KIIJ [II'Y ¢ BrICOKOHATIOPHBIM
KOTJIOM.

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

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

37. Ilapametpsl ontumanbsHoro mukia [II'Y ¢ BopeickoM mapa.

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

39. IIT'Y meuteyronsabix TOC ¢ mapamienbHOR cxeMoil paboThl.

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

KPUTEPUM OLIEHKH 3HAHWI HA DK3AMEHE

B sk3ameHanmoHHbIX OnjieTax mo 3 Bompoca.

[lepBbIii BOMpoOC MO pazfenam: «DiemMeHmbl MeXHUYeCcKou MmepMOOUHAMUKUY
«Pabouue npoyeccot 6 cazomypounnvix ycmanosxkaxy. B 3aBUCUMOCTH OT TOJHOTHI U
KauecTBa OTBETa CTaBUTCS 10 12 OaioB.

Btopoit Bompoc mocBsleH BompocaMm pasnenoB: «Pabouue npoyeccvl 6
2azomypOuHHbIX ycmanoskaxy, «llapozazosvie ycmanosKu ¢ KOMAAMU-YMUTUAMOPAMUY»
Ecnm cTyaeHT mokakeT 3HaAHHWE OCHOBHBIX TOJIOKEHHUHW METOJOB pacdyeTa M IPeaeiibl
W3MEHEHHUS MCKOMBIX BEJIMUMH, HO JOIMYCTUTh OIIMOKH IMPH 3amucH GOpMYyJl, TO MOKHO
MOCTaBUTH J10 8§ 0aIoB 3a oTBeT. [Ipu yca0BUM 3amucu MPaBUIBLHBIX PACUETHBIX (POPMYIT
A CXEM CTAaBUTHCA 10 12 0aJuIoB.

Tpetuii Bompoc TMOCBSAIIEH BoOIMpocaMm pas3nenoB: «llapoecazoevie ycmaHo8KuU ¢
naposvimu komiaamuy, « Komournuposanmvie Yyukivl meniogvlx Hacocosy. B 3aBucuMoctu
OT IIOJTHOTHI ¥ KaueCcTBA OTBETA CTABUTCS 10 12 0ayuIoB.

Jlo 5 GamioB MOXHO J00aBUTh 3a OTBETHI Ha JIONOJHHTEIIBHBIC BOIPOCHI, MPHU
YCJIOBHH, UTO CyMMa OaJlJIOB 110 BCEM TPEM BoIpocaM He TpeBhICUT 40 6aios.
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