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1 IJeau oceoeHust OuCYunauHbI

Llemn ocBoeHMs: AWCLMIUIMHBI KOT/IBI-yTH/INW3aTOPbl - O3HAKOMUTH CTYJEHTOB CO CXeMaMH,
KOHCTPYKLHMSIMU ¥ (PYHKLIMOHUPOBaHWEM pPacClpOCTPAHEHHBIX B MPOMBILIIEHHOW TeI03HepreTUKe
CUCTeM, HayUUTb OCHOBaM pacyeToOB Y NPOEKTUPOBaHUS CUCTEM UX 3/IEMEHTOB.

3ajauid  U3yueHus: JUCLUIUIMHBI - U3YUUTh CUCTeMbl BTOPUYHBIX 5SHEPropecypcoB U
VICTIOJIb30BaHUSl ~ HU3KOMOTEHLMaZbHOM  TeIVIOThl,  [EeMCTBYIOLMe Ha  IPOMBIIJIEHHBIX
TIPeANPUATUSX. VI3yunTh METOZBI pPacueToB CUCTeM U 000py/j0BaHus. MI3yunTh OCHOBHYIO Hay4yHO-
TEXHUUECKYI0 Tpob/ieMaTuKy, BCTpevarolylocss TMpU  SKCIUlyaTalyy, MO/lepHU3aL1H,
MPOEKTHPOBAHUM U CO3[j@aHUM CUCTeM BTODUUHBIX 3HEPropecypcoB U HU3KOMOTEHLMaTIbHOMN
TEeTUIOTHI.

2 Mecmo ducyunauHbl 8 CmpyKmype 06pasoeamebHOU Npoepammbl n0020moeKu bakanaspa

Ouctpmmiaa B1.B.J]B.09.02 KoT/bl-yTUIM3aTOphl BXOAWT B BapUaTHBHYIO YacTh Ooka 1
obpa3oBaTe/IbHOM MPOrpPaMMBI.
[nist u3yueHUss JUCLIMIUIMHBI HeOOXOAWMBI 3HaHUs (YyMeHHsi, BiafieHus), chopMUpOBaHHbIE B
pe3ysbTaTe U3yueHUs [UCLIATIINH:
b1.5.16 Texuuueckas TepMorHaMHKa
b1.b.17 T'ugporasogrHaMUKa
b1.5.19 TenyiomaccoobmeH
b1.B.03 TorvMBo ¥ OCHOBBI TEOPUY FOPEHUST
b51.B.04 OcHoBbI TpaHChOpMaLMY TeIJIOThI
b51.B.05 VCTOUHWKY ¥ CUCTEMBI TeTUIOCHA0KeHUsT
b1.B.06 KoTenbHble yCTaHOBKY Y ITaporeHepaTophbl
b51.B.07 TeromaccoobmMeHHOe 060pyi0BaHNe TIPeATPUITUAN
b1.B.08 HarHeraTenu v TerioBble JBUAraTe/v
51.B.[1B.05.01 BeicokoTeMnepaTypHble MPOLeCChl U yCTaHOBKU

3HaHus (yMeHUs, BJaJieHUs), TIOJy4YeHHble TIPU W3YYeHWUHW [aHHOW JUCLUIUIMHBI OynyT

HE0OXOIUMBI TIPY U3yUEHUH TIOCIeIYIOUUX AUCIIUTIUH

b1.B.02 ITpoekTHas [jeAaTe/lbHOCTh

b1.B.12 HeTpasuiiioHHbIe U BO300OHOB/IsIEMbIe UCTOUHUKH YHEPTHUH

B51.B.13 OHeprocbepeskeHHe B TEIJIOIHEPreTHKE U TeIJIOTEXHOIOTHH

b1.B./1B.04.01 DHeprobanaHChl MpeANpUATHI

b1.B.[1B.10.01 MeTo/ b1 MH)KeHepHBIX UCC/Ie[JOBaHUN

b2.B.03(IT) [TpousBoacTBeHHAas NpeAUIJIOMHAs IMPaKTHUKa

3. KomnemeHnyuu oGyuaroujezocsi, popmupyemble 8 pe3y/ibmame 0ceoeHusl
oucyunauHbl (M0dys.)

B pe3ynbraTe OCBOEHHS JUCLMIUIMHBI (MoAy/as) — «KoOT/bI-yTUIM3aTOpPbI» 00yYarOL[UICS
JO/DKeH 00J1aiaTh C/IeAyIOIIUMU KOMITeTeHLIASIMHU:

CmpykmypHbilli ITnanupyempbie pe3yibmambi 00yueHus
3/1eMeHm
KomMnemeHyuu

TTK-9 cnoco6Hocmbio ob6ecneuusams cod100eHUe IK0/102UUHeCKOoU 6e30nacHocmu Ha
npou3eodcmee u NJaHUpPo8amb 3K03aujumHble Meponpusimusi U Meponpusimusi no 3Hepzo- U
pecypcocbepediceHUl0 HA NPOU3800CMee

3Hamb OcHogHble onpedeseHUs1 U NOHAMUS Men/0MexH0/102U4eCK020
npoyecca;




OcHOgBHbIE npaesuina C00/1100eHUs1 MexHo/102u4ecKoll 6e3onacHoCmu Ha
npou3eoacmeeHHMx yuacmkax,

OnpedesieHusi HOpMUpyeMbIX NPOYecco8 HA NPOU38OOCTBEHHBIX
yuacmkax

Ymemb Bbide1ssimb 0CHOBHble cCMaouu men/ioNexHo/102u4eckoz20 npoyecca;
O6c¢yscoamb cnocodbl 3¢ppekmugHo20 pewieHus1 npodiem
mexHos102u4ecKoll be3onacHocmu;

ITpuobpemams 3HaHUs @ 06/1aCMU IHep2eMUKU mMen/j10mexHo/102ull

Baademp ITpakmuuecKumu HaebIKamu UCno/b308aHUs1 3HAHULL FHep2emuKu

mensiomexHos102uu;

Memoodamu KoHmpoJisi co6,1100eHuUst mexHo102u4ecKoll bezonacHocmu
HA Npou3800CMEEeHHOM yudacinke;

Cnocobamu oyeHU8aHuUsl 3HAUUMOCMU U NPAKMUYECKOl
npu2oo0HOCMU No/IyYeHHbIX pe3y/1bmamos

ITK-10 2omoeéHocmbio Kyuyacmuio e paﬁomax Nno 0ceoeHuUl0 U 00800Ke MeXHO/102UUeCKUX

npoyeccoe

3Hamb

OcHogHble onpedesieHUs1 U NOHAMUS MeNn/10MexH0/102UYeCK020
npouyecca;

OcHogHble npasu/ia co0/1100eHUs1 MexXHOo/102u4ecKoll 6e3onacHocmu Ha
npou3800CMEeHHbIX yUacmKax;

OnpedesieHusi HOpMUpPYeMbIX NPOYECCO8 HA NPOU38OOCMBEHHBIX
yuacmkax

Ymemn

Bbide1ssimb 0CHOBHbIE CMAOUU Men/i0mMexHo/102Uu4eckoz20 npoyecca;
O06cyscoamb cnocodbl 3¢ppekmueHo20 pewreHUs1 npod1em
mexHo/102u4ecKoli 6ezonacHocmu;

ITpuobpemamb 3HaHus € 061aCMU 3HeP2eMUKU Men/10mexHo102ull

Baadempb

ITpakmuueckumu HagbIKamu Ucno/b308aHUs 3HAHUL FHep2emuKu
mensiomexHos102uu;

Memoodamu KoHmpos co6/1100eHUs1 mexHo/102u4ecKkol 6ezonacHocmu
Ha npou3800CcMeeHHOM yudcniKe;

Cnoco6amu oyeHU8aHUs 3HAYUMOCMU U NPAKMUYeCKOll
npu2o0HOCMU NO/IyYeHHbIX pe3y/1bmamos




4. CTpyKTypa U Ccofiep)>XaHHe JUCHMILUIUHBI (MOAYJIf1)

O6was mpydoemKocmp ouUCYyun/auHbl cocmae/nsiem 3 3auemHbix eOuHuysl - 108 akad. uacos, 8 mom uucne:
- KoHmakmuas paéoma — 55,9 akao. uacos.
- ayoumopHas - 54 akad. uaca.

- gHeayoumopHas — 1,9 akad. uac

- camocmosimebHas paboma — 52,1 akad. uaca.

—
AypuropHast = g =
KOHTaKTHasi paborta 8 R
= (B akag. yacax) E . Popma TeKyIlero S
Pa3nen/ Tema g £ g Buz camocTosiTennbHOM KOHTPOJIsI yCIIeBaeMOCTH U R
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1. Pa3gen. OCHOBHbIe CBeJieHHs O 7
KOTJIaX-yTHIM3aTOpax
Tema 1.1. O61IMe XapaKTePUCTUKU 7 4 2 6 |[Touck JOMOSHUTETHLHOU YCTHBIU OTpOC [1K-9;
KOTJIOB-YTU/IM3aTOPOB vH(MOpMalIMK TI0 3a/JaHHON TeMe (cobecemoBanwe) [TK-10
(pabota c bubmmorpaduueckum 3yB
MarepuasamH, CpaBOYHUKAMHU,
KaTajioramu, C/I0BapsiMHy,
SHLUK/IoNeAusMu) m. 6.1, Tema
1.1.
Tema 1.2. OcHOBHBIE 3/1eMEHTbI 7 4 2 6 [Torck AOMO/THUTEBHOM CaMOOTYEThI; I1K-9;
KOTJ/IOB-YTHU/IU3aTOPOB vH(opMalL1H 110 3aZlaHHOU TeMe IMK-10
(pabota ¢ 6ubMorpaduUecKumM 3yB
MaTepHaniaMu, ClIpaBOYHUKaMHU,
KaTa/ioramu, CJI0BapsiMy,
SHLMKIONeAusaM) 1. 6.1, Tema
1.2.
Tema 1.3. HagexxHast pabota 7 4 2121 6 |Ilouck JOTOTHUTENBHOM KOHCYJIbTaljuu I1K-9;
KOTJ/IOB-YTU/IU3aTOPOB vH(MOpMalIMK TI0 3a/JaHHON TeMe IT1K-10




AyauropHast
KOHTaKTHasi paboTa

dopma TeKylLero
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(pabota ¢ 6ubMorpaduUecKumM 3yB
MaTepranaMu, ClIpaBOYHUKaMH,
Karajioramu, C/10BapsiMy,
SHI[UK/IONIeANsIME) 1. 6.1, TeMa
1.3.
HToro nmo pasgeny 1 3 | 12 6/21 18
2.Pa3zien. DHepreTuka KOT/IOB- 3
YTU/IM3aTOPOB
Tema 2.1. KOHCTpYKL[MH KOTJIOB U 7 4 2 6 |[Touck JOMOSHUTETBLHOU YCTHBIN OTPOC [1K-9;
BCITIOMOTaTe/IkHOe 000py/10BaHNe vH(pOpMalIMK TI0 3a/JaHHON TeMe (cobecemoBanue) [TK-10
(pabota c bubmmorpaduueckum 3yB
MarepuasamH, CpaBOYHUKAMHU,
KaTajioramu, C/I0BapsiMHy,
SHLUK/IoNeAusMu) 1. 6.1, Tema
2.1.
Tema 2.2. MarepuasnbHble U 7 4 2 6 |Ilouck JOMO/HUTENBHOM CaMOOTUYEThI; I1K-9;
TeTIoBble 6asaHChl KOT/IOB- vH(opMal1H 110 3aZlaHHOU TeMe [TK-10
yTHUIM3aTOPOB IpU paboTe Ha (pabora c 6ubmorpadrueckum 3yB
ra3oBOM, )XKUJIKOM U TBEPJOM MaTepHanaMu, ClIpaBOYHUKaMH,
TOTJIMBaX U MPOU3BO/CTBEHHBIX Karajioramy, C/1I0BapsiMy,
0TXO0/jaxX. SHLMKIONeAUAMHU) 1. 6.1, Tema
2.2.
Tema 2.3. TpeboBanwus, 7 4 2121 6 |Ilomck JOTOTHUTENBHOM KOHCYJIbTal[uu I1K-9;
rpe/ibsIB/IsieMble K MUTaTebHON vH(OpMaLMK 10 33/laHHON TeMe ITIK-10
BOJle ¥ 1apy. BoAHbIN pexxum (pabota ¢ 6ubmmorpaduueckum 3yB
KOTJIOB-YTU/IM3aTOPOB. MarepuasiamH, CIPaBOYHUKAMH,




AyauropHast
KOHTaKTHasi paboTa

dopma TeKylLero
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KaTaJioramMu, CJIOBapsiMHy,
SHI[UK/IONIeANsIME) 1. 6.1, TeMa
2.3.
HToro nmo pasgeny 2 3 | 12 6/21 18
3. Pa3gen. TexHo/ioruueckas 3
paboTa KOT/I0B-YTH/IN3aTOPOB
Tema 3.1. Pabouue nporiecchl B 7 4 2/21 6 |[Touck JOMOSHUTETBLHOU YCTHBIN OTPOC [1K-9;
MapoOBO/ITHOM TpPaKTe KOTJIOB- vH(MOpMalIMK TI0 3a/JaHHON TeMe (cobecemoBanwe) [TK-10
ytrn3zatopoB. ObecrieueHue (pabota c bubmmorpaduueckum 3yB
HaJ|e)KHOU TU/POJJMHAMUKU B MarepuasiamH, CpaBOYHUKaAMH,
KOTeJIbHBIX arperarax C KaTajioramu, C/I0BapsiMHy,
€CTeCTBEHHOM LIUPKYJISLUeN 1 SHLUK/IoNeAusMu) m. 6.1, Tema
TIPUHYAUTE/TbHBIM IBUKEHUEM 3.1.
BO/Ibl ¥ TAPOBOJSIHOW CMECH.
Tema 3.2. KoT/ibl Ha OTXOASILIUX 7 4 2 6 |IloMck AOTOTHUTENBHOM CaMOOTYEThI; ITK-9;
ra3ax, 0COOEHHOCTH BBITTOJTHEHUS vH(OpMaLMK 10 33/laHHON TeMe ITIK-10
KOHCTPYKLUH U 3KCIUTyaTalyu. (pabota c bubmmorpaduueckum 3yB
CxeMblI BK/IFOUEHUS KOTJIOB MarepuasiamH, ClIpaBOYHUKaMH,
YTU/IM3aTOPOB. KaTajioramu, CJI0BapsiMHy,
SHLUK/IoNeAusMu) 1. 6.1, TeMa
3.2.
Tema 3.3. OkcrutyaTauus u 7 4 2/21 4,1 |Tlouck [0OMOIHUTETLHOM KOHCYJIbTal[uu [1K-9;
VICIIbITAHUS KOTJIOB-YTU/IU3aTOPOB rvH(opMal1H 110 3a/laHHOU TeMe ITK-10
(pabota ¢ 6ubMorpaduUecKum 3yB
MaTepranaMu, ClIpaBOYHUKaMHU,
KaTa/ioraMu, CJIOBapsiMu,




Paznen/ Tema
JUCLIATITAHBI

Cemectp

AypuTtopHast

KOHTaKTHasi paboTa

(B akaj. yacax)

JIEKLUH

nabopar.
3aHATus
MpaKTHY.

3aHATHUA

CaMOCTOsITe/TbHast
paboTa (B akaj|. yacax)

Buj camocrosiTesibHOM
paboThI

dopma TeKylLero
KOHTPOJIA yCIIeBaeMOCTH U
TIPOME)KYTOUHOMN
aTTecTaluu

Kop ¥ CTpyKTypHbIi

SJIeMEeHT
KOMIIeTeHIIHr

SHIMK/IoNeAusMu) 1. 6.1, TeMa
3.3.




5 Oopa3oBaTe/ibHBbIEe H HHGOPMAIHOHHBIE TEXHOIOTUU

[nsi pelieHUst TpeyCMOTPEHHBIX BU/IOB y4yeOHOM paboThl MpU M3y4YeHUU [JUCLIUIUIMHBI B
KauecTBe 00pa30BaTe/IbHBIX TEXHOJIOTHUH MCIOb3YIOTCS KaK TPaAWLMOHHbIE, TaK U MOAYJBHO -
KOMIIeTeHTHOCTHbIe TexHooruu. Ilepeaua HeOOXOAWMBIX TeOpETHYECKUX 3HAHUM WU
¢dbopmHpoBaHre TIpeACTaBAeHUN MO0  KypCy TIPOUCXOAUT C TIPUMeHeHHeM MYJIbTUMeJUIHOTO
obopysoBaHus. JIeKUMOHHBI Marepuan 3akKpeIulsieTCss Ha [MpakTHueckux pabortax, rje
TIpPUMeHSIeTCs COBMeCTHasl JleATe/IbHOCTh CTYZeHTOB B IpyIIe, HalpaB/eHHas Ha pelleHue
obuieil 3a7auy TMyTeM CAOXKEHHWsI pe3y/bTaTOB WH/MBH/yanbHOW paboThl usieHOB Tpymmbl. s
Pa3BUTHSI M COBEPIIEHCTBOBAHUS KOMMYHHKAaTUBHBIX CIIOCOOHOCTEN CTYJeHTOB OpPTraHH3YHOTCS
NpakTUUecKWe 3aHsTHsI B BUJE [JUCKYCCHHM, aHaln3a peasbHBbIX IPOOAEMHBIX CHUTyallud U
MEXAUCIUTUIMHAPHBIX CBsi3eld W3 pa3/MuHbBIX o00siacTeli B KOHTEKCTe pellaeMOM 3a/aud.
CamocrosTenbHasi pabota CTUMY/IMPYeT CTY[EHTOB K CaMOCTOSITeJIbHOW IpopaboTKe TeM B
mpoliecce HamucaHus pedepaToB, TOJATOTOBKM K [AWCKYCCHSIM, K KOHTPOJBbHBIM paboTam u
TecTUpoBaHui0. [Ipy opraHu3aluu CaMOCTOSITEIbHOM paboThl  CTYZEHTOB HCIIO/Ib3YHOTCS
3/IeKTPOHHBIE BEPCHU Kypca JIeKIHH, 1TabopaTOpHOTO MPaKTUKyMa.

Peanm3anysi KOMIIETEHTHOCTHOTO TI0/[X0/la TpeJyCcMaTpyBaeT WCII0/b30BaHHe B yueOHOM
rporiecce akKTUBHBIX U MHTePaKTUBHBLIX (DOPM IpOBe/ieHUs1 3aHATUN (KOMITbIOT@PHBIX CUMYJISILIMH,
JIeJIOBBIX U POJIEBBIX UIP, pa300p KOHKPETHBIX CUTYyallMi, TICUX0JIOTHUeCKre U WHble TPEHUHTH) B
COYeTAaHUM C BHeayJUTOPHON paboToli ¢ 1je/ibio (HOPMUPOBaHUSI U Pa3BUTHs TIPO(eCcCHOHATbHBIX
HaBBIKOB 00YyYarOI[UXCSI.

6 YueOHO-MeToAMUeCcKOe o0ecrieueHre CaMOCTOATE/TbHON PadoThl 00yUaroIuXcst
ITepeueHb KOHMPO/BHBIX BONPOCOB O/151 NPOMEHCYMOUHO20 KOHMPOsSi Npu Npopadomke AeKYUOHHbIX
mamepuanos

Tema 1.1.

1. HasHaueHue u K]'IaCCI/I(l)I/IKaL[I/IH KOTJ/IOB-YTHU/IU3aTOPOB. HapaMeprl 1 0003HaueHus
IMAapOBLIX KOTJ/IOB.

2. Uem 3ajaercs [BwKeHWe paboueidi cpefpl B rapoobpasyromux Tpybax KOTIOB C
€CTeCTBeHHOU LIUPKYJIALIen?

3. Pabouue 3/1eMeHTHI 1aPOBbIX KOT/IOB.

4. (Cxema ITapoBOJSHOIO TPakKTa KOT/Ia C eCTeCTBeHHOW LUPKYJIsL{eH.

5. Uemy paBHa KpaTHOCTb LIUPKYJISILUM [1/151 IPSIMOTOYHOTO KOT/1a?

6. Cxema rapoBOro KOTJIa C MHOIOKPaTHOW NPUHYAUTE/IbHOU LIUPKYJISLIAeH.

7. TIpsIMOTOUHBIE KOTJ/IBI U UX OCOOEHHOCTH.

8. Kakoi s/1emMeHT OTCYTCTBYeT B IIPIMOTOUYHBIX KOTJIA?

9. VYkaxkute o003HaueHuWe THUMOpa3Mepa KOTJa C MHOTOKPaTHOW TPUHYAWTE/bHOU

LMPKYJISILIMEeN U IPOMEeKYTOYHBIM [aporieperpeBaresiem?

10. B ocHOBY kjaccuUKaLyy KOT/IOB ITOJIOXKeHbI TPOLIeCChl, MpOTeKarolie B OAHOM U3 ero
TIOBepPXHOCTe HarpeBa. B kakoil nMeHHO? Kakasi 0cOOeHHOCTb TIPOLIECCOB TP 3TOM
YUUTHIBAETCS?

Tema 2.1.

1. XapaKTepI/ICTI/IKI/I JHepreTuueCkKoro TOIIJIMBA. BI/I,I:LBI n BHEMEHTaprIﬁ COCTaB
SHepreTudeCKux TOIIUB.

2. UckmourTe U3 TeruioBoro OasaHca MapoBOro KOT/a, paboTaroiiero Ha MPUPOJHOM Tase,
COOTBETCTBYIOLLYIO CTaTbIO TEIJIOBBIX MOTEPb.
1) uepe3 orpaxeHusi;
2) C yXOAAIIUMU ra3amu;
3) OT MexXaHWUYeCKOT0 HeJ|0XKO0ra;
4) OT XMUMUYEeCKOT0 HeJI0>KOra;
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Kakuie Be/TMUMHBI COCTaB/ISIFOT MaTepHabHBINA OaslaHC BeleCTB KOTeJTbHOW yCTaHOBKH.
[TpoayBKa, ee pa3HOBUAHOCTU U CMBIC/T UCTIO/Tb30BaHUSI.

OCHOBHBIE CTaThH TETUIOBOTO OaslaHCa BeIecTB B KOTIIE.

Yrto Takoe HOMUHAJILHASITIAPOMIPOM3BOUTE/ILHOCTb KOT/IA.

TeopeTnueckuii U IeHCTBUTEBHBIM PAacXOAbl BO3[yXa Ha ropeHue, Ko3gduimeHT n30bITKa
BO37yXa.

CocTaB ABIMOBBIX Ta30B MPH ITOJIHOM U HEIOJIHOM TOPEeHUH, OTipe/ie/ieHre UX KOJTMUeCTBa.
[Tpucock! Bo3yxa Mo TPAKTY KOTJIA, MX BAUSHUE Ha KOJTMUECTBO MPO/yKTOB CrOpaHUs.
TpexaToMHbIe 1 IByXaTOMHBIE Ta3bl, OTpeZiesieHre UX KOJIMyecTBa.

Tema 3.1.

KoadduipeHnT mnosesHoro AeMcTBUsS KOT/JAa U PAacxXofi TOTUIMBA, €r0 Pa3sHOBUHOCTH [IJIsi
KOTeJ/IbHbIX YCTaHOBOK.

AnropuTtMm pacueTa TpOAYKTOB CrOpPaHUs TOTUTHBA (TeOpeTHUUeCKUH pacxof Bo3ayxa, 00beM
Yl SHTa/IbIIMU MPOJYKTOB CrOPaHus).

[Tone3Ho wucrosib30BaHHasi TeIuiOTa TOIJIMBA B KOTe/JbHOM ycTaHOBKe. Pacriosaraemas
TEerUI0Ta B KOTe/IbHOM yCTaHOBKE.

[ToTepy TemaoTbl C YyXOASALUMHU Tra3aMy, NPUYMHbBI BO3HUKHOBEHUS, KOJIMUECTBO B
TIPOLIEHTHOM COOTHOIIIEHHUH, CITIOCOOBI COKPAIIeHUS.

[ToTepu TemaoTbl OT MEXaHUUYECKOTO He/I0’KOra, IPUUMHbI BO3HUKHOBEHHS, KOJIMYECTBO B
TIPOLIEHTHOM COOTHOIIIEHHUH, CITIOCOOBI COKPAIIeHUS.

[ToTepy TemnoTbl OT XMMHUUYECKOTO HeJ0)KOra, NMPUYMHbI BO3HWKHOBEHUS, KOJUUYECTBO B
TIPOLIEHTHOM COOTHOIIIEHHUH, CITIOCOOBI COKPAIIeHUS.

[ToTepy TerIOTHI uepe3 Orpaxkjaroljue TOBepXHOCTH, TIPUUYMHBI BO3HUKHOBEHUS,
KOJINYeCTBO B MPOLIEHTHOM COOTHOILIEHUH, CITIOCOOBI COKpallleHusl.

[ToTepy TemnaoTbl C 30710 W LIIAaKOM, TIPUUMHBI BO3HUKHOBEHUS,  KOJIUUYECTBO B
TIPOLIEHTHOM COOTHOIIIEHHUH, CITIOCOOBI COKPAIIeHUS.

Omnpezenexye KIiji KOT/Ia METO/[OM TIPSIMOTO U 00pPaTHOTO TErJIOBLIX Oa/laHCOB.

[TyTu noBeIieHst 3¢ GheKTUBHOCTH pab0Thl KOTEIbHBIX YCTAHOBOK.

Tema 2.1.

Tonku A1 CKUTaHUSI TBEPZJOTO TOIUIMBA, BUABI, 00/1aCTH TPUMEHeHUs], 3aKOHOMEPHOCTH
TOpeHwUsI TBepP/IOTO TOTUIMBA.

CokyraHue TOIJIMBA B CJI0e, pa3HOBUAHOCTH, TIpUMEeHeHue.

CxemMbl CKWTaHUs TBEpAOr0 TOIUIMBA B CJOEBbIX TOMKAaX, Pa3HOBUAHOCTU TOTOK,
TOIJIMBOIO/Ava.

3aKOHOMEPHOCTH CKWATAHUSI Ta3000pa3HOTO TOMJIMBA, YCTPOWCTBA [Jii  COKUTAHUS,
KUHeTUueckoe U 1u(Py3roHHOe rOpeHue.

3aKOHOMEpPHOCTH CXKUTaHUS >)KUJKOT0 TOI/IMBA, yCTPOMCTBA.

KamepHoe okuranue TBepZoro ToriMBa. OCOOEHHOCTH WCII0/Ib30BaHUS TBITIEBUHOTO
TOTIMBA.

TpakT yr/enoziauy v Mbl1eNpUroToBaeHus. OCHOBHbIE XapaKTepHUCTHUKU TOTJTUBHOM TTbIIH.
3arpartbl SHepruy Ha Pa3MoJI MbUIU U KJIaCCU(PUKALUS TOT/TMBOPa3MOJIbHBIX MeTbHULI.
Ha3HaueHue U KOHCTPYKLIUU yT/iepa3MOJIbHBIX MeJIbHULL.

. Ileinenurareny u CerapaTopkbI IbIIA.

Tema 2.2.

Buapl, HasHaueHWe, KOHCTPYKLMM W TIPUHLIMI pacueTa MCIapUTe/bHBIX I10BEPXHOCTeH
Harpesa KOTJIOB.
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Ha3naueHue, KOHCTPYKLIMY Y MIPYHLMI pacyeTa raporeperpeBaresiei KOT/IOB.

WckmtounTe U3 mepeyHsi MOBEPXHOCTel HarpeBa KOT/a MOBEPXHOCTb He OTHOCSIIYIOCS K
WCTIapUTebHbIM.

1) moreMHBIe SKpaHHBIE TPYOBI;

2) pecToHbI;

3) KOHBEKTHBHbIE KUMISITU/IbHBIE MTyUKH;

4) naporneperpeare/b.

KoHcTpyKLuu 1 0c06eHHOCTH paboThl BO3yXOIMO/I0TpeBarTesield KOT/IOB.

Haubonbimii BO3MOKHBIHM TeMIiepaTypHBIN Harlop JOCTUTaeTCs TIPH:

1) npsiIMOTOKE;

2) mepeKpeCcTHOM TOKE;

3) MIPOTUBOTOKE;

4) cMelllaHHOM TOKe.

Ha3HnaueHue, KOHCTPYKLIMY Y NIPUHLUI pacyeTa 5KOHOMak3epoB KOTJIOB.

KoHctpykijuu kotenbHbIx arperatoB tuna AKBP (JE).

Kakue moBepxHOCTH, HarpeBa pacIiO/IOKeHbl B HIDKHeM 4acTy Tonku? [loueMy oHM Tak
Ha3bIBarOTCA?

Kakue noBepxHOCTH HarpeBa pacrosioKeHbl B TOPU30HTaIbHOM (TIepex0/JHOM) ra3oxoje?
Kakyto posib BbITMO/IHSIET 3KOHOMai3ep Kotia? I'ze pacrosioxkeHbl 0Opa3yloiiye ero
TOBEPXHOCTU HarpeBa?

Tema 2.3.

Boga, moka3zarenrKauecTBa.

BopHbli pexkuM KOT/10B.OT/IOKeHHe cosieli )KeCTKOCTH Ha TIOBeDXHOCTSIX HarpeBa KOTJIOB,
BUJIBI OT/IOXKeHUH, (hakTophl 06pa3oBaHUs.

TpeboBaHus K MUTaTeNbHOMN BOJie KOTE/IbHBIX YCTAaHOBOK, TIOBeJjeHNe TIpuMeceid, KOppO3usi.
[TpoayBKa, CHIKeHUe CosiecoZiepKaHusi 10 BOASSHOMY TPaKTy KOTJIa.

Cemnapartus rapa, BBIHOC BJIard U COJIeH.

MeToapl TIO/lyueHHsI YMCTOTO Tiapa (TpOoAyBKa, CTyleH4YaToe UCIapeHue, ceraparys,
TPOMBIBKaA).

[Heaspaijusi BOZIbI B KOTeTbHBIX YCTaHOBKAX, IPUUMHbBI IPUMEHEHHSI.

[IInakoBaHMe MOBepXHOCTel HarpeBa KOTJIa.

Crnioco06blI OUMCTKY OT TIOBEPXHOCTel HarpeBa OT IIJIaKa.

. OuncTKa HOBEPXHOCTEﬁ HarpeBd KOTJ/ila OT HAKHUIIN.

Tema 3.1.

TernioBast cxeMa MapoBOT0 KOTJIa.

OCHOBBI TETJIOBOTO PacyeTa KOTe/IbHbIX YCTaHOBOK.

[TopsifoK U Moc/e[0BaTe/TbHOCTb pacyueTa.

PacueT 00bEMOB W SHTA/ILITHI BO3/lyXa U MPOJYKTOB CrOPaHUSI.

TersiooOMeH B TOMOYHON KaMepe W METOZbI ero pacueTa (reOMeTpUUeCKHe U OMTHUECKHe
XapaKTePUCTUKHU, CTeTIeHb SKPAaHUPOBAHUSI, CTENEeHb YePHOTHI).

TersiooOMeH ¥ MeTo[bl €ro pacyeTa B KOHBEKTUBHBIX IIOBEPXHOCTSIX HarpeBa
(TemriepaTypHbIe HATOPbI, )KUBbIE CEUEHUs], TOIIIMHA U3/TyYalolL[ero C/iosi, CKOPOCTH ras3a
pabouero Tena, KO3hhUI[MeHTbI 3arps3HeHus ).

KOMITOHOBKA TOTIOYHBIX YCTPOKCTB.

BbI60p OCHOBHBIX pa3MepoB KOTJIa.
KomrnoHoBKa OT/je/IbHbIX [TOBEPXHOCTeN HarpeBa KOT/a.

. IIpumep TennoBoro pacueta kotia JKBp-10-13.

Tema 3.2.
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[TepeunciviTe OCHOBHbIE THUIbI KOT/IOB C TOUKWA 3DEHUSI CXeMbl ABWKeHHUsl (LUPKYJISLIUN)
Cpe/ibl B MCIIapUTE/IbHBIX (1Tapoo0pa3yroIyx) MOBEPXHOCTSX Harpesa.

MoXHO /M CO3[4aTb KOTel C eCcTeCTBeHHOW IMPKYJisiluel, paboTaroiuii mpu
CBEPXKPUTHUYECKUX TlapaMeTpax Tapa?

Kakue cuibl ob6ecrieurBaroT ABKeHWe pabouero Tesa uepe3 UCMapyTe/ibHbIe TIOBEPXHOCTH
HarpeBa KOTJIa C €CTeCTBeHHOW LIUPKY/Isirein?

i KOT/Ma C ecTeCTBEHHOM LIMPKYJsiLieli o0Osi3aTesieH 3/1IeMeHT, KOTOPbIii OTCYTCTBYeT B
TPSIMOTOYHBIX KOT/IaX. Kakoit 370 3/1emeHT?

["a3oMHaMUUeCKUI pacyueT 3/1IeMeHTOB KOTJIa, BBIOOD TATOAYTheBbIX MallKH.

Oco6eHHOCTH THUAPOJUHAMUKUA KOTJ/IOB (HArop LUPKYJISLIMN, COMPOTHUB/IEHNS, TVIEHOUHbIH
Y Ty3bIDbKOBble DPEXWMbI, HaJ@KHOCTb LMPKY/SIUM, TerjaoBasgs W THUpaBIUuecKas
pa3BepTKM).

Haze)xHOCTb LMPKY/ISLIMK.

Kakue 3emeHTBl (yCTpOWCTBa) 00eCreunBarOT yZAareHHe YXOZSIIUX ra3oB (MPOJYKTOB
CropaHus TOIJIMBa) U3 KOT/a B aTMochepy?

[Touemy [bIMOCOC pacriosiaraloT MO TPAaKTy [AbIMOBBIX ra30B 3a 30J/I0yJI0OBUTeNEM, a He
riepes HAM?

10. Kakue npeumyiriectBa nmeet T-oOpa3Hast KOMITOHOBKA KOT/Ia?

LoONUOrWN =

Tema 3.3.

BLIXO,[[ " XdPaKTEPUCTHUKU LJIdKad U 30JIbI.

Cocras 111/1aKa ¥ 3071bl.

3arura oKpyyKarolleli cpe/ibl OT Bpe/IHbIX BBIOPOCOB TpH paboTe KOTJIOB.

Copep>xaHre BpeIHbIX IIPUMeCer B MPOJYKTaxX CrOpaHus

3onoynaBauBaHue. 3aliyrTa NpOAYKTOB CTOPaHUsl OT OKCH/OB Cephbl M a30Ta
KoneHcalyst BO/ISTHBIX MapoB U3 MPOYKTOB cropanus. HepoctaTku, criocoobl 60phObI.
O06e3BpeskrBaHre cTouHbIX Bog TOC.

30510 — ¥ IIJIaKOYja/leHre, XpaHeHne, KOHCePBUPOBaHUe.

[I11aKo — ¥ 30J10 UCI0/Ib30BaHKE B TIPOMBILLITIEHHOCTH.

10 BrnusiHve BpeHBbIX MpUMeceld Ha 9KOHOMUKY PabOThI KOTeJTbHOW yCTaHOBKH.



7 OI.[EHO‘IHBIE CpeACTBa /id MpoBeeHUusA HpOME)KYTquOﬁ dTTeCTalluu

a) I1nanupyembie pe3yabmambl 06yueHUs1 U OYeHOYHble Cpedcmea 0/151 npogedeHUs1 NPOMeX}Cymo4HOl ammecmayuu:

CTpyKTYypH

bId JIaHUpyeMble

3/IeMeHT e3y/IbTaThl O1ieHOYHbIE CPeiCTBa
KOMIIEeTeHI] [00yueHust

UM

[TK-9 cnoco6HoCcmblo 06ecneuusamnb co0/1100eHUe 3K0102U4ecKolU 6e30nacHoCmu Ha npou3eobcmee U n/siaHupoeams 3Ko3awjunHble meponpusimus

U Meponpusimusi no 3Hep20- U pecy,

pcocOepesceHUI0 HA NPoU3600cinee

CHOBHble
npedesieHusi u
oHsMus
enjiomexHo/s102u4ec
020 npoyecca;

3HaTh

CHOGHble Npasu/ia

00/1100eHus
exHo/102u4ecKoll

e3onacHocmu Ha

POU3800CMEEHHbIX
acmkax;

npeodeseHust

opMUpyembIX

poyeccoe Ha

POU36800CMEEHHbBIX
acmkax

1. Kakve BU/blI MOBEPXHOCTeM HarpeBa pa3/MuarOT B MapoOBbIX KOT/JAaX C TOYKW 3pEHUs] MPOTEKarIUX B HUX|
[pOLIeCCOB?

2. Kakwe mpoiieccel ¢ pabourM TesIoM MPOTEKaroT B 9KOHOMal3epPHBIX MOBEPXHOCTSIX HarpeBa KoT/ia?
3. Kakum obpa3zom obecrieunBaeTcsi [BrKeHHe pabouero Tesia uepe3 KOHOMaii3epHble TMOBEPXHOCTH HarpeBa
KOTJ/1a?

4. B ocHoBy KkiaccuduKalMd KOT/IOB TI0JIOKEeHbI TIPOIeCcChl, MpOTeKarolie B OJHOW W3 ero IMOBepPXHOCTei
HarpeBa. B kakoif umeHHO? Kakasi 0c0OeHHOCTb TIPOLIECCOB TIPU 3TOM YUUTHIBAETCS ?

5. TlepeunciuTe OCHOBHBIE THUMbI KOTJIOB C TOUKM 3pDEHMUS] CXeMbl [BIDKeHMsS (LUPKY/ISLUU) Cpefbl B
MICITapUTe/TbHBIX (MTapoo0pa3yoIuX) MOBEPXHOCTSIX Harpesa.

6. Kakue cuibl obecrieunBaroT BI>KeHHe paboyero Tesia uepe3 MCIapUTe/bHbIE TOBEPXHOCTH HarpeBa KOT/a C
eCTeCTBEHHOM LIUPKY/IsSILiUei ?
7. MoXXHO /1 CO371aTh KOTeJ C eCTeCTBeHHOUW IUPKYJIsLel, paboTaroIuii TP CBEPXKPUTUUYECKUX MapaMeTpax
rmapa?

8. [l/1s KOT/1a C ecTeCTBEHHOM LIMPKYJIsiLMeli 00si3aTesieH 371eMeHT, KOTOPBIM OTCYTCTBYeT B TIPSIMOTOYHBIX KOTJ/IaX.
[Kakoii 5T0 3/1eMeHT?

9. Haynmune Kakoro sneMeHTa OT/IM4YaeT CXeMy KOTJ/Ia C MHOTOKPaTHOM MPUHYUTE/IbHON LMPKYJ/ISLMEN OT CXeMbl
KOT/Ia C eCTeCTBEHHOW LIMPKY/IsLIei?

10 O6BsicCHUTe POUCXOK/I€HNEe HAa3BaHUSI «TIPSIMOTOUHBINA KOTEJ».

11. O6BsicHUTE pa3Muure B CXeMax MPSIMOTOYHOTO KOTJ/Ia U KOT/Ia C KOMOMHUPOBAHHOMW I[UPKYJISLIHEH.
12. Pacumdpyiite mapky koti0B: 1) [In-1650-255; 2) En-670-13,8-542/545M.

13. YKaxknTe HanmMuue UM OTCyTcTBUe bapabaHa B KOT/IaX CO cefyroiei Mmapkupoekoi: 1) E-500-13,8-560TM;

) I1n-1000-25,0-545/545KT; 3) I1pn-670-18,8-545/5456K.




CTpyKTYypH
bId [[Inanupyemsbie
3/IeMeHT pe3y/1bTaThbl O11eHOYHbIEe Cpe/CTBa
KOMIIEeTeHI| [00yJyeHHs
417
14. B kakoM BH/je TIOCTyTaeT yroJib B TOINKY COBPEMEHHOr0 KOoTJia?
15. I'ie XpaHUTCA 3arac yrs Ha 3/1eKTPOCTaHLIuKU ?
16. Kakum o6pa3oM yrosib Ha 3/1eKTPOCTaHIMY TIoTajaeT K OyHKepaM KoT/ia?
17. Kakum 006pa3oMm yroJibHasi MbUTb U3 YT/Iepa3MOoJIbHOW MeJIbHUIIBI TI0TIa/IaeT B TOTIKY KOT/Ia?
18. Kak Ha3bIBalOTCs MOBEPXHOCTH HarpeBa, pacIlo/IOKeHHble B TOMNKe KOT/a? KakoBO MPOUCXOXK[EeHWe 3TOro
Ha3BaHUA?
19. OnyckHy!0 BepTHKalAbHYIO LIaxXTy, yepe3 KOTOPYH OTBOZATCS [bIMOBbIE ra3bl U3 TONKW KOTJ/A, Ha3bIBalOT,
'KOHBEKTUBHOM 11axToi". OOBSICHUTE ITPOUCXOKIAEHUE STOI0 Ha3BaHMSI.
20. Kakue moBepXHOCTH, HarpeBa pacrio/ioXKeHbl B HY)KHel yacTu TONKK? [ToueMy OHM TakK Ha3bIBarOTCS?
21. Kakue moBepXHOCTH HarpeBa pacrioyioyKeHbl B TOPU30HTA/IbHOM (T1epexoJHOM) ra3oxoze?
22. Kakyro posb BBITIO/IHSIET SKOHOMai3ep Kot/a? ['e pacronoxeHbl 06pa3yroliye ero oBepXHOCTH Harpepa?
23. OOBsSICHUTe TePMUHBI "'TIepBUUHBIN" 1 "BTOPUUHBIN" BO3YX.
24. Kak Ha3bpIBalOT IMPOJAYKTHI CropaHusl TOIUIMBAa Ha BbIxoZe K3 Koria? KakoBa ux TemIiepaTypa [jis
COBPEMEHHOI'0 MOIIIHOT'O KOTJ1a?
25. Kakue 37eMeHTHI (YCTPOMCTBa) 00eCrieunBaloT yaaaeHue YXO/SAIINX ra30B (MMPOAYyKTOB CrOpaHKs TOTUIMBA) U3
KOT/Ia B aTMochepy?
26. IToueMy ABIMOCOC pacrio/iararoT M0 TPAKTy AbIMOBBIX a30B 3a 30JI0yJIOBUTeJIEM, a He Tepes HUM?
27. Kakue nipenmMy1iectBa nMeeT T-oOpa3Hasi KOMIIOHOBKA KOT/Ia?
28. Kakoe 1oHsTHe 111pe: "MapoBoi KoTen" win "KoTelbHasi yCTaHOBKa''?
29. TlepeunicinTe OCHOBHBIE TPAKThI KOTe/IbHOW YCTAHOBKU.
Ymetn Bbideassmp 1. Tlpowu3sBectu pacueT TeriooOMeHa B TOTIOUHOM Kamepe Kotia JJKBP-6,5-13 nipu nomazay TerioBocnpusitys F, =
OCHOGHble cmaouu 39 M* 1 $a = 1900 °C u cXMraHuy IpUpOLHOro rasa.
mensiomexHos02uye 2. TIpon3BecTu pacueT TeryiooOMeHa B KOHBEKTHBHBIX MTOBEPXHOCTsIX HarpeBa Kotia JJKBP-10-13, paboratoiriero
CK020 npoyecca, Ha TIPUPOJIHOM rase, IIPU TeMIepaTypax JbIMOBBIX Ta30B Ha BXoje ¥ Beixoze 3" = 1050 °Cu 9" = 800 °C,
O6cyscoamb oAy Teriooomena F, = 52 M,
cnocoObl 3. BbINOMHUTH pacyeT YKPYITHEHHOT'O TeTJIOBOTo OasaHca rmapoBoro Kotia tuma JKBP-10-13 npu ckuraHuu
a¢p¢pekmueHoz0 TBEPZIOro TOIIMBA IPU HOMHHAIBHOM pacxofe.
peweHust npo6aem | 4. Boimosmnutk pacuet KITJ-6pyrTo u KIT/I-HeTTo A1t TapoBOro KOTJ/ia
MexHOo/102UYecKoll trna /IKBP-10-13, paboTatorieM Ha ra3000pa3HOM TOIUIHBE TIPH




CTpyKTYypH
bIU
3/IeMeHT
KOMIIeTeHI]
UM

[[Inanupyemsle
pe3y/ibTaThbl
00yueHHst

OneHOUHBbIE CpeiCTBA

06e3onacHocmu;
ITpuobpemamsb
3HaHus 6 06/1acmu
IHepzemuKu
men/s10mexHo02utl

HOMMHA/IbHOM pacxofe.
PaccuuTath CKOpPOCTb BUTAHUS NIPU CKUTAHUU TBEPOro TOI/IMBA B «KUIISLL|EM» CJI0e NPU CpeJHel (pakLyy
vactuly yrist dq = 120 MKM M IIZIOTHOCTH Py = 1200 Kr/m°.
PaccuurtaTh KpaTHOCTb LIMPKYJ/ISILUM U JBYDKYLLMI HAMOP 71 PSIMOTOYHOT0 KoT/ia Tunopasmepa [1-800-210.

Bnaaerns

IIpakmuueckumu
HaebIKamu
uCno/1b306aHUA
3HAHULl 3HepzeMuKu
men/s10mexHo/102Uu;
Memoodamu
KOHMpo/is
co0/1100eHus
MexHO/102uYecKoll
6e3onacHocmu Ha
npou3e00CimeeHHOM
yuacmke;
Cnocobamu
OoyeHueaHus
3H@UuUMoCmu u
npakmuueckou
npuzo0Hocmu
No/1yYeHHbIX
pe3y/1bmamos

BEINIO/THUTE TEIJIOBOM pacyeT NapoBOro KOoTe/bHOro arperata JJKBP ais cieyrommx UCXOAHBIX JaHHbIX:

Tum kot1a

ITponsBoauTETBHOCT
b

HaBmeHn
e

ITap

Temmneparyp
a
MMUTaTe/IbHOMN
BO/IbI

XBOCTOBBIE
TOBEPXHOCTHU

ITponyBk
a

OKBP 10-13

2,5 Kr/c

1,2 MIla

Hace1jeHHBI
v

104 °C

[Tapornieperpesaresn

b

8%

CocraB
TOIJIMBA

C"% | H" %

Np’%

O"’%

p
S, %

Wp’%

AP 9

Hazaposcku
i1 OypbIit
yroJb

70 3,3

1,5

2

0,5

8

14,8

CTpyKTYypH
bId
3/1eMeHT
KOMIIeTeHI]|
UM

[Inanupyemsblie
pesyJIbTaThl
o0yueHuUst

OueHOYHBIE CpefiCTBa




CTpyKTYypH
bId
3/IeMeHT

JIAHMPYyeMble
e3y/IbTaThl

KOMIIeTeHI| 6yq8HI/lH

HH

OneHOUHBbIE CpeiCTBA

IIK-10 2o0moeHOCMbIO K yyacmuro epa6omax no 0ceoeHul0 U 00800Ke MexXHO/102UUeCKUX npoueccoe

3HaTh OcHogHble 1. Ha3HaueHue u KnaccuduKkaiiysi KOTJI0B-YTHU/IN3aTOPOB.
onpeoesieHUs u 2. Paboune 3/1eMeHTHI [TAPOBBIX KOTJIOB.
noHsmus 3. ITapameTpbl 1 0603HaU€HHsI TTAPOBBIX KOTJIOB.
mensiomexHosno2uye| 4. Cxema MapoBOJSHOTO TPaKTa KOTJ/ia C eCTeCTBEHHOW LUPKYJIsLUel.
CK020 npoyecca; 5. Cxema napoBoro KOoT/ia C MHOTOKPaTHOU MPUHYUTE/TbHOMN LIMPKYJISALIUEH.
OcHoegHble npasuia 6. ITpssMOTOUHBIE KOT/IbI U ©X 0COOEHHOCTH.
cobs100eHus 7. CxeMa KOTJIOB-yTHUIN3aTOPOB C [1-00pa3HOoii KOMITOHOBKOA.
MexHO/102UYecKoll 8. Ha3HaueHue, KOHCTPYKLIMY Y NIPUHLUIT pacyeTa 5KOHOMak3epoB KOTJIOB.
0e3onacHocmu Ha 9. Ha3HaueHue, KOHCTPYKLIMY Y NIPHHLMII pacyeTa MCIlapyuTe/IbHbIX [TOBEPXHOCTel HarpeBa KOTJIOB.
npou3800CMeeHHbIX 10. Ha3HaueHHe, KOHCTPYKLIMU W TIPMHLUI pacyeTa raporeperpeBaresieii KOTJIOB.
yuacmkax; 11. KoHCTpyKIu# 1 0cO6eHHOCTH paboThl BO3yXO0I0/[0rpeBaTesiell KOT/IOB.
OnpeodesneHus 12. Ha3HaueHue 1 0C0OOEHHOCTH PabOThI KOT/IOB-YTUTM3aTOPOB.
HOpMUpYeMbIX 13. KoHcTpyK1mu KoTesibHBIX arperaros turna JIKBP (E).
npouyeccos Ha 14. KoHCTpyKLMY SHepreTUueckrx KoTaoB Ha npuMepe E-210-140 (BK3-210-140).
npou3600CmeeHHbIX 15. KoHCTpyKIMy 1 0cOOeHHOCTH paboThI TeMIOPUKALIMOHHBIX BOJJOTPEHHBIX KOT/IOB, Ha ipuMepe KB-I'M-100.
yuacmkax 16. TernnoBoii 6asaHC MapoBOro KOTJa.
17. TenuioBbIe mOTEpPU MAapOBOr0 KOTJIA.
18. KoadduiyeHT 11o1e3HOT0 AeMCTBUS KOT/Ia M pacxo/i TOTUIUBA.
19. TermoobMeH B TOTIOYHOM KaMepe W METO/IbI ero pacuera (reoMeTpuyecKre W ONTHUeCKHe XapaKTepUCTHKH,
CTereHb SKpaHUPOBAHUSI, CTeNIeHb YEPHOTHI).
20. TernooOMeH M MeTO/BI ero pacyeTa B KOHBEKTHMBHBIX TMOBEPXHOCTSX HarpeBa (TemrepaTypHble Harophbl,
PKIIBbIe CeUeHUs, TOJIIIMHA U3/Tydarolliero Ciosi, CKOpOCTH Ta3a U paboyero Tesa, KO3(OHUIIMEHTHI 3arpsisHeHMS).
Ymethb Bblideasimb 1. Ilpou3BecTy pacueT TelyiooOMeHa B TOMOUHOM Kamepe Kotia JJKBP-6,5-13 ripu ruioijasin TerioBocnpusaTus F, =
OCHOBHble cmaoduu 39 M* 1 $a = 1900 °C 1 cKUraHuu IPUPOJHOrO rasa.
mensiomexHoso02uve 2. TIpon3BecTy pacueT TelyiooOMeHa B KOHBEKTHBHBIX MTOBEPXHOCTSX HarpeBa Kotyia JIKBP-10-13, paboraroiiiero

CKO20 npouecca,

Ha MPUPO/IHOM rase, TP TeMITepaTypax JbIMOBbIX ra30B Ha Bxoze v Beixoge 3 = 1050 'C u 9" = 800 C,
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417
O6cyxcoamp
Y ioma M Teriooomena F, = 52 M,
€cnocoobl
spexmuerozo 3. BhINosHUTE pacyeT YKPYITHEHHOTO TeryioBoro banaxca nmaposoro kotia tvrna JKBP-10-13 npu cKuraHuu
TBEPZOro TOI/IMBA IIPM HOMUHA/IBHOM pPacxoje.
peuleHust npo61em
. | 4. Bemomuuts pacuer KI1-6pyTro u KI1/I-HeTTo /7151 mapoBoro KoT/ia
MmexHOo/102uYecKou
tuna JIKBP-10-13, paboTatoiijem Ha ra3000pa3HOM TOTJTUBE TIPU
0e3onacHocmu;
HOMMHA/IbHOM pacXxo/ie.
IMpuo6pemamsb N
5. PaccuuTtaTh CKOPOCTh BUTAHUS MPU CKUTAHWW TBEP/OT0 TOT/IMBA B «KHUIIALLEM» C/I0e TIpU cpefiHeli dhpakiuu
3HaAHUA 6 061acmu 3
yactul] yrisi dy = 120 MKM Y TIJIOTHOCTH Py = 1200 Kr/m”.
JHepzemuKt PaccunTaTh KpaTHOCTH LIUPKYJISLIMK Y ABWKYIMKA HAMop [i/1s1 TIPSIMOTOYHOTO KOT/1a Tunopa3Mepa [1-800-210
men/10mexHo/102utl P HMPKY A AABIEYI b AR TP P P '
Bnagerb ITpakmuueckumu Onucaxue s1a6opamopHoll yCmaHo8Ku
HaebIKamu OKCIlepUMeHTa/IbHasi yCTaHOBKa (pYC.) COCTOUT U3 3/IeKTPUUeCKOro NaporeHeparopa 1, KoHzeHcaTopa 16 u
uCno/1b308aHus CHCTeMbl KOHTPOTbHO-U3MEPUTeIbHBIX TIPUO0POB. V13 BOZOIPOBO/ja uepe3 BeHTU/Ib 5 BO/a 3a/IMBaeTCs B
3HAaHULl IHepzeMUKU [TapOTeHepaTop, I/ie C TOMOLIBIO /IeKTpOoHarpeBaresisi 17 oHa rpeBpaiiiaeTcs B map. Jlanee uepe3 BeHTH/Ib 4 rap
men/iomexHos102uu; [MocTyraeT B 6apabaH maporeHepaTopa 8. [TaporeHepaTop cHabykeH TpejOXpaHUTeTbHBIM K1araHoM 3, KOTOPBIN
Memoodamu OTperynvpoBaH Ha jaBienue 0,22-0,24 MIla. [Ins civiBa KoH/ieHcaTe U3 OapabaHa KOT/Ia B BODOHKY UMEeTCSI
KOHMpo/s Criel[MabHbIM CJIMBHOM KpaH 9.
cobs00eHus 3 bapabaHa KOT/1a BJIayKHBIM HaCBIL[eHHBIN TIap BBIXOJWT Uepe3 ApoccesbHbIM BeHTub 10. BeHTrins 11 cmysxut
MexHO/102uYecKoll  |1Jis TIO/iiepKaHusl B CUCTeMe HEeKOTOPOTo W30BITOYHOTO flaBieHust. CApocceMpOBaHHbIN THAp MTPOXOAUT Uepe3
0e3onacHocmu Ha  [KOH/IEHCATODP MOBEPXHOCTHOTO OXJIaXKAeHus1 16 1 00pa30BaBLIMIACS KOHAEHCAT COOMpaeTCsi B MEPHOM LiyTUHpe 18.
npou3e00cmeeHHOM [B ycTaHOBKe HCIOB3YHOTCS KOHTPOIbHO-U3MepHUTe bHbIe PUOO0PEI, C/TysKalllye /i/is OTipefie/ieHHsl TeMITePaTyphbI
yuacmke; MUW/ITUBOJIBTMETP) U [laB/IeHUs Tlapa Ha Pa3/IMuHbIX yuacTKax, a TAKKe MOILHOCTU TPyOUaToOro 37eKTpoHarpeBaresis
Cnocobamu 3/1eKTPOCUEeTUHK). [1/1 M3MepeHUs] BpeMeH! HaKOT/IeHUs1 KOH/leHCaTa B MEPHOM LIWMH/pe 18 CayKuT ceKyHJ0Mep.
OoYyeHueaHus
3HaUUMocmu u JlabopamopHas paboma Nel
npakmuueckou NCCJIEAOBAHME KI11 KOTEJIBHOM YCTAHOBKU METO/JIOM ITPAMOI'O TEITJIOBOI'O FAJIAHCA
npuzooHocmu [lesib paboThI: 3KCIIeprMeHTanbHOe u3yueHre KIT/I KoT/ia MeToioM MpsiMoro TeryioBoro OasiaHca.
nos/iyYeHHbIX [1naH BbIMO/IHEHNST pabOTHI
pe3y/1bmaimoe 1 . ITepen BbIMosTHeHHEM paboThl HEOOXOAMMO BHUMATe/TIbHO 03HAKOMUTBCSI C 000PYJOBaHHEM YCTaHOBKH. 3aKDbITh
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BCe KpaHbl ¥ BEHTWIU. 3a/IUTh [laporeHepaTop BOZOM J10
orpe/ie/ieHHOTO ypoBHs. KoH/ieHCcaTop Mo/jcoeJUHUTh K IPOTOYHOM
BoJie. [ToficTaBUTh IO/ KOH/IEHCATOP eMKOCTh /1St COopa KOH/IeHcara.
2. OTKpBITh BeHTU/Ib 4 Y BKJIFOUMTH 3JIeKTpPOHArpeBaresb 17.

3. Ilpu jocTvkeHUH 3a/laHHOU BeJIMUMHBI JaB/leHus Tlapa B
raporeHepaTope NOCTENEHHO HauaTb OTKPbIBaTh BeHTW/IM 10 u 11 Tak,
4yT0OBI TIPEKPAaTU/IMCh TTY/IbCALMY /JaB/IeHNsI Ha BbIXoZe 13 OapabaHa
raporeHepaTopa ¥ 3a [JpOCCeJIbHbIM KJIallaHOM.

4. OTKpPBITh APOCCe/TbHBIN BeHTU/b 10 Tak, uToObI ZiaB/ieHure 1oce
Hero ctajo 0,05 MITa. [Tocie foCTH>KeHUs! YCTaHOBUBILIETOCSI PeXXUMa
MO>KHO MPUCTYITUTh K U3MepPEeHUSIM.

5. TToctaBuTh MOZ, KOHAEHCATOp 16 MepHYyto Koiby 18 u
OJIHOBpEMEHHO 3aceub BpeMsl. 3anucaTh [10Ka3aHUs CYeTUMKa pacxozja
3/1eKTPO3HEPIUM.

6. V3MepsATh [jaB/ieHNe W TeMIlepaTypy Ha BbIxo/e U3 bapabaHa u
riepeJ; pOCCebHBIM BeHTU/IeM yepe3 Kaxablie 60 c. Uepe3 3 MuH
oC/le Hauasia U3MepeHu Orpe/ie/TUTh MacCy KOH/ieHcaTa B MePHOM KoJibe.

7. 3anucaTh MOKa3aHWs CUeTYMKA pacxo/ia 371eKTPO3IHePruu.

8. [ToBTOpUTH U3MepeHus 3 pasa. [1o 3asaHuI0 nperojasare/si yCTaHOBUTh HA KOHTAKTHOM MaHOMeTpe HOBOe
BHaueHve J1aB/eHusl U TIOBTOPUTH 3aMep.

O. 3anucaThk OKa3aHUs BOZOYKa3aTe/bHOM KOJIOHKU NaporeHeparopa B Hauasle U B KOHLIe KaKJ0l Cepuy 3aMepoB.

1 0. ITogaep>xuBaTh Ha OAHOM U TOM ke ypoBHe (0,05 MIIa) naBneHre B cucTeMe MOC/ie ipOCCeTbHOT0 BeHTU st 10.
11. Ilepes opopmieHreM OTYeTa MepeBecTy MOKa3aHusl MUUIMBOJIBTMETpPA B Ipazychl Llebcus mpu nomorny
CTaHJaPTHOM TapUPOBOYHOM TaOMUIIbI.

12. CocTaBuUTb NPSIMOY TETUIOBOM Oa/laHC M HAMTH TeTyIoBbIe ToTepH raporeHeparopa u KII/I ayis uccnemyeMbix
pe>KMMOB.

13. HacTpouTh 3aBUCMMOCTb NTapOINpOM3BOAUTENLHOCTH D naporeHeparopa OT yZie/IbHOM 3/1eKTPUYeCKON MOLIJHOCTH
N,/M,, u KII/] maporeHepaTopa OT 1apornpou3BOAUTE/bHOCTH, e N, — 37eKTprudeckasi MOITHOCTb MaporeHeparopa,
KBT; M, - cpefiHsisl Macca XUJKOCTH B NTaporeHepaTope BO BpeMsl KaK/I0M Cepry SKCIIePUMEHTOB, OrpejiessiemMast 1o

Puc. 2. Cxema 1a60paToOpHO¥H YCTaHOBKHM:

1 — maporeHeparop; 2 — BOAOyKa3aTe/bHas KOJIOHKa; 3 — NPeJ0XPaHUTENBHBIIH.
4 — BeHTHIb JUTA TIOA4H T1apa; 5 — BEHTHIb /IS 3a0JIHEHNs [apOreHepato)
6 — ApeHaXKHbIH BEHTHIb; 7 — BOPOHKa /I CIIUBa KOH/IEHCaTa 13 Gaj

8 — Gapaban naporeHepaTopa; 9 — BEHTWIIb 1 CIIMBA KOHIEHCATa

10 — ApoccenbHblit BEHTHb; 11 — BEHTHIb s PETyTHPOBAHUS

f& 12,13 — 06pa3sLoBbic MaHOMETPEI; 14 — MaHOMeTp i1e )
15 —Tepmomnapsi (XA); 16 — konpencarop; 17 — snekTpoHar
: 18 — MepHBIH LUMHAD; 19 — CYETYHK PACXO/1a JIEKTPO
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BO/IOyKa3aTe/bHOM Koibe, KT.
14. OnipefieIUThb MOTEPU TEIJIOTHI TAPOTeHepaToOpPOM pacyeTHLIM IyTeM, COMOCTAaBUB C BeJIMUUHOM MOTEPb,
HaliJeHHbIX U3 TEIJIOBOTO OasiaHCa, OTIPe/Ie/TUTh BeJTMUMHY HEBSI3KH.

PacueTHas yactb
1. Tlone3Hslie 3aTpaTkl TerIa

Q.= G, *i, (10)

G,—G, _

e pacxof mapa, Kr/c;

[t — SHTa/BNMS Mapa MpH JaB/IeHud P riepesi peAyKIMOHHBIM K/araHoM, KJIK/KT; G- pacxo/i KOHZieHcara, Kr/c.
. TTosiHble 3aTpaThl Tervia, KBT,
g, = 4;-G;

? T (11)

[Q:-Q% _ pacxoj 3/1eKTpo3Hepruy 1o MoKasaHUsM CUeTunKa, KBT*u;
p i P P ) s

T — Bpemst 9KCIIEpUMEHTa, Y.

3. KonmuecTBo Terna, TepssieMoe aporeHepaTopoM B OKPYKatoILyt0 Cpefly, A/ IPOMBIIIJIEHHbIX KOTeIbHbIX
yCTaHOBOK OTIpe/ie/iIsieTCst [0 HOMOTpaMMaM B 3aBUCHMOCTHU OT TIPOM3BOIUTETBHOCTH KOT/Ia. [ist mabopaTopHOTO
MaporeHeparopa

Eommapbz oAt = F (12)

t

rae @ - ko3 UIMeHT TerIooT/AauM 151 YC/IOBHM CBOOOJHOM KOHBEKINH, KBT/M2*°C; At -t +t, L, —CpeHss

TeMIepaTypa CTeHKH raporeHepaTopa, °C; s —TtemmepaTypa Bo3zyxa Bjanu ot naporeHeparopa, °C; F —

roeepxtocts teroobmera F =Fn + Fs; Fu_nopepxnocts maporeneparopa; £ —moeepxsocts Gapabana.

[17151 HaxO)K[eHUsI @ UCI0JIb3YeTCsl KpUTepHaJbHOe YpaBHEHUe
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Nu=c*(Gr*Pr)An
roe Gr = gp*4t* d?*/ v*2__gpurtepwuii ['pacroda;
Pr = v /a — kputepuii [IpangTsi.
3HaueHUs1 KHHEMaTHUeCKOU BSI3KOCTH V, M/2 /c, TemMriepaTypHOro KoadgduieHTa 06eMHOT0 paciupenus 3, °CA-
1, K03 uiieHTa TenepaTyporpoBOJHOCTH a, M/\2/c, U KO3((HULIMeHTa TelJIONPOBOAHOCTH BO3yXa A Bt/m°C,

[MPUHUMAIOTCS P cpeHeii Temnepatype £ = 0.5(t, +¢.) o ¢dopmynam:

v = (5.1*%10A(-5)tA2+0.115t+13.2)*10/(-6); f=1.37*10/(-8)t"\2-1.45*10/(-5)t+0.0047;
a=(7.71*10/\(-6)t"2+0.015t+1.76)*10/(-5); 12-2.58*10/\9-8)t/\2+7.86*10/\(-5)t+0.023.

B nuarnazone 3HaueHuit mpou3sBeieHus: 10A3 < Cr*Pr < 1019 kosdduiuent C B ypaBHeHuu (I3) anmpokcuMupyeTcs
ypPaBHEHUEM

C = 1.54*10/(-4) PrA3 -0,017 PrA2 + 0,181 Pr + 0,971, (14)

a crenedb n = 0,25.

KoadduireHT TeriooT auu /s YCI0BUM CBOOOAHON KOHBEKI[UHN OTpe/ie/IsieTCs TI0 ypaBHEeHHUTIO
e = Nu = A/Dcp (15)

, rie Dcp = d — cpepHuii quiameTtp naporeHeparopa v 6apabaHa.
Orpe/ienUTh MOTepH TeTla /I ABYX YCIOBMIA: pu TemrepaTypax Ls= 10 °C u Le= 50 °C, a Taoke npu Ls = 25°C u

L. =80 °C.
4. OnpeiesTUTh yIeNbHYIO 3/IEKTPUUECKYH0 Harpy3Ky IaporeHeparopa
Nyo = N./M, (16

N

s— 9/IeKTpUUecKast MOLHOCTb naporeHepatopa, KBr; M

rze s — Macca HarpeBaeMou BOJIbI, KT.
[Mopsifok odhopmiieHus: OTYeT
Otuert 110 paboTe 0o/KeH cofiepKaTh ciiefiytoliee: 1) Ha3BaHHe U 11e/Tb padOThI; 2) KPAaTKUM KOHCITEKT

TeOpeTHYeCKOro BBe/IeHHsT; 3) OIHMCaHUe CXeMbl YCTaHOBKH; 4) MOPsi/IOK BIMTO/IHEHHsT paboThI; 5) pe3ybTaThl

13MepeHU ¥ pacueToB (CM. IpUsIoKeHre); 6) BBIBO/IbI TI0 paboTe (06BsICHUTD MOyYeHHbIe 3aBUCUMOCTH).
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JlaboparopHast pabota Ne2
OINIPEAEJIEHUE KIIJ KOTJIA 1 PACXOZJA TOITJINBA
[lesb pabOThI: M3yueHHe METOUKH YCKOPEHHOTO pacyeTa MapoBOro KOT/ia Ha OCHOBE SKCIIePUMEHTA/IbHBIX JJAHHBIX.
[TnaH BbINOTHEHUST PAOOTHI

OnekTprUUecKasi MOIL[HOCTb KOTJ/Ia IPUHUMAeTCs U3 1abopaTtopHoM paboTel N2 B raria3oHe N2 = 6-9 kBr.
[Taporpor3BOAUTEILHOCTD 110 HACKIIIIEHHOMY Tapy [yisi 37ekTpokatia ¢ KI1[ Ms2 paBHa: D, = N,.m,./(i,— imj, rje
e % Lus_ _ syTanBIMM CyXOrO HacChIlLIeHHOTO Mapa ¥ MuTaTe/JbHOW BO/bl, K/)K/KT, Ha KpDUBOW HAaCHIIIeHUs TIPU
nasenuu P = 0,2 MIla u temneparype 120 °C.

Heobxomumo onpesieNiuTh pacyeTHBIN pacxo/] TOTIIUBA B, JI7Is1 5KBUBAJIEHTHOTO 110 TIapOMPOU3BOAUTETbHOCTH

TOTIMBHOT'O KOT/Ia.
lIcxofHble JaHHBIe [ pacueTa: BUJ, CKATaeMOro TOT/IMBa- KaMeHHbIN yroyib Ky3Helkoro MecTopoxxaeHus (MapkKu

2CC); HU3111as TeII0Ta CrOpaHus- Q.= 24,6 M/Ix/Kr; OCHOBHBIE KOMITOHEHTHI paboueii Macchl, %: & ~64,1; g

3,3; A4° - 18,2; W — 9,0; Temmneparypa TorumBa £ =200 °C; mogorpes Bo3zyxa fnoas = 350 °C; TemmniepaTypa
X0/I0HOTro Bo3ayxa Exs = 20 °C; TemmepaTypa yxoJsIIuX ra3os Uy — 130 °C; koadurmeHT 130BITKa BO3AyXa B

YXOJSIIIUX ra3ax %yx = 1,4; 06beMbI KOMIIOHEHTOB MPOAYKTOB CropaHusi, M\3/Kr: TpeXaTOMHBIX ra30B Veo2 =1 2,

V

A3oTa ¥ ¥z = 5,16; 0K 30161 B IIIJIAKE U YHOCE, OTIpe/ie/isieMble B3BeIlIMBAaHKeM U 13 30/10B0ro OanmaHca (fue + H = 1)

L @z = 0,2 i %= = 0,8; TerI0eMKOCTb 1ITaKa TIpH ero Temmeparype fuz = 1380 °C - Cus = 2,42.107(-4) Lws + 0,79

[k/x/(kr*K)]; comeprkaHusi TOPIOUMX COOTBETCTBEHHO B 11IJIaKe M YHOCe, Orpe/ie/isieMble B3BellIMBaHUEM U

T,

MO>KUTaHKEeM J1ab0paTOPHBIX MPO0: Ty =30 % uts =50 %; 0ObeMHOe cojiep>KaHre TIPOIYKTOB HEITOJTHOTO

CropaHusi B yXoAsiux rasax, %: CO = 0,5, H, _ 0,3, CH, - 0,1.

PacueT NpoBOAMTCS IO METO/IMKE YCKOPEHHOT'O TeTJIOBOTO pacyeTa Kota [4]:




CTpyKTYypH
bIU
3/IeMeHT
KOMIIeTeHI]
UM

[[Inanupyemsle
pe3y/ibTaThbl
00yueHHst

OneHOUHBbIE CpeiCTBA

o 7 __
1. TeopeTrueckr He0OXOAUMBIN PacXof, Bo3ayxa, MA3/KT: V, = O,2630ﬂ + O,OO7WP = 0,0889‘:@ + 0,265Hr = Qi
3,7; rie B MIDK/KT.

2. KosduimeHT, yudThIBatOIMI pa3ivure HU3LIel U pacrosaraeMoi TerioThkl CrOpaHus TOMJIMBA: k

7 =1+ (0,055
tr + 0,359 8mos.)* 10/(-3).

3. Pacrionaraemas Tteruiora, M/DK/KT: Q; =k, 0 .

. DHTa/TBINS TEOPEeTUYEeCKOTO0 00BbeMa Bo3ayxa, K/ K/Kr: (Ve), =V, = 100[1,32 + 0,122 (ﬂJ»‘r *107° -0, 1)].

5. [ToTepy TEIUIOTHI C YXOIAMMME ra3amu, %: 9z = (ch:ﬁrx {Gen [ 1 - tes/ ﬁj:r)]( Oy — 1) } /Q;, rae Q; B K/K/KT.
6. [ToTepy TeruIOTHI (HEZOXKOT) OT MEXaHHUECKOHW HermoTHOThI cropanust, %: 94 = { [Fun I, /(100 Ln )] + [P *
o 1100- Ton)] 3 32,7 47100/, rae @5 B xiwxr.

7. O0BbeM CyxXuX Ta3oB (M/\3/KT): Voo =Vroz + V2 +(Tx 1) V:

8. [ToTepy TeruIOThI (HEAOXKOT) OT XUMHUECKOM HEeTOIHOThI CrOpaHust TOIIKBa, %: 93 = (126,4C0 + 108Hz +35 8,2
in) Ve: (100 - 94) 100/05, re 2 B JDK/KT.

D

O. [ToTepu TemOTHI B OKPY>KaroLIyt0 cpeay, %, B 3aBUCMMOCTH OT HOMUHA/IbHOW Harpy3Ku  H ,Kr/C:

gy = 3.6 =10~ (—11)D% — 1.47 = 10~ (—8)D3+2.28 = 10" (—6)DE—1.72 = 10~ (—4)D¥ + 0.68 = 107 (—2)

10. TIoTepy TEIUIOTHI B OKPY’KAIOLYIO Cpe/ly TIPH HeHOMHUHA/IbHOI Harpy3ke D: 9s = sy Dy /D

= = Qg = @y AP C ot / @ "
11. IToTepu TennoTsl € (pU3NUECKON TENI0TOM IIaKa: it wrtuat P rne P B K/DK/KT.

12. KI1/] Kot/ia 6pyTTo, %: M = 100 - (2 @3 T 4 + @5+ q¢)
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@ ={1- [ a: . ]}
13. KoadduimeHT coxpaHeHUs TeroThbl My +a5

0,175
Q100 p p% = 2 56D, (1> Pyt
14. Pacxog TOM/IMBA, 0/jaBaeMoro B Tonky B, kr/c: B = Q3 H (P H) /(Qpmi)

15. PacueTHsIi1 pacxop TOHJII/IBaBP, xr/c: Br =B [1-(24/100)].

[Topsfok oopmieHus: oTueta
Ortuet o paboTe [JO/DKEH COZep>KaTh CeAyroIee:
1) Ha3BaHUe U 1ieJib paboThl; 2) KPaTKW KOHCIIEKT TeOpeTUUeCcKoro BBeJieHHsT; 3) OrrcaHie CXeMbl yCTaHOBKHY; 4)
MOPSZIOK BBIMIOTHEHHsI Pab0ThI; 5) pe3ysibTaThl U3MepPeHHi U pacueToB (CM. TIpUIoKeHre); 6) BBIBO/bI IO paboTe
0OBSCHUTH TIOJTyUeHHbIE 3aBUCUMOCTH).
KOHTPOJIBHBIE BOITPOCHI
1. Kak cocraBsieTcst TeryioBoi 6ananc v HaxoauTcst KIT/I mapoBoro Kotia?
2. Kak onpe/ie/isit0TCo TeIyioBble IoTepy KOTia?
3. Uto Takoe KI1/] 6pytTo 1 KII1/[] HeTTo KoT/ia?
4. OOBACHUTE METOZOJIOTHIO TIPSIMOTO M 00paTHOTO TeTIoBOro OasaHca.

[ IpunoxxeHue
Tabmmma 111
Pe3y/1bmamb1 IKCnepumeHma/;ibHo2o UCc/1e008aHUs napozeHepamopa
Homep | Bpemsi | CpenHee [aBnenue Temnepartypa | OHTanbnus | Pacxop Pacxop
cepuu ombiTa | [aBJIeHUe B rapa repef napa tm, °C rapa i, KOH/IeHCaTa | 3JIeKTPO3Hepruu
3aMepoB | . - raporeHepaTope | JpoCCeIbHbIM KJDK/KT Gk, kr/c Q3’ Q3”, kB1*u
’ P, MIla senTwiem LH KBT*u
, MIla
1
2
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Tabmuia 112
TeryioBbIe XapakTepUCTHUKU MaporeHepaTropa

OnucaHue 1a6opamopHoll yCMmaHo8KuU
JKCIepyuMeHTa/IbHasi yCTaHOBKa (PHMC.) COCTOUT U3 3/IeKTPUUeCKOro raporeHepaTtopa 1, KoHjeHcaTopa 16 u
CHCTeMbl KOHTPOIbHO-U3MEPUTEbHBIX TIPUO0POB. V13 BOZONIPOBO/ja uepe3 BEHTH/Ib 5 BO/a 3a/IMBAETCS B
[aporeHepaTop, rje C MOMOILbLIO 3/IeKTpoHarpeBaresis 17 oHa rnipeBpaijaercs B nap. [lanee uepe3 BeHTWIb 4 map
moctyrnaeT B 6apaban maporeHepaTopa 8. [TaporeHepaTop cHab)XeH Mpej0XpaHUTe/TbHBIM KJlallaHOM 3, KOTOPBIHA
OTperyIvpoBaH Ha fjaBienue 0,22-0,24 MIla. [Ins civiBa KoHzieHcaTe U3 6apabaHa KOT/Ia B BODOHKY UMeeTCsI
CrieL[MabHbIA CJIMBHOM KpaH 9.

W3 6apabaHa KOT/a Bla)KHbIN HACBI[eHHBIN Map BBIXOJUT uepe3 ApoccebHbli BeHTHTh 10. BenTib 11 cayxur
117151 TTO/IIePYKAHUSI B CUCTEME HEKOTOPOT'O U30bITOUHOTO JaByieHuss. CIpOCCeTMPOBaHHBIM THAP TIPOXOJUT uepes
KOH/IEHCAaTOp MOBEPXHOCTHOTO OXJIaXjeHHst 16 1 0Opa3oBaBLIMiCS KOH/eHCAT COOMpaeTcsi B MePHOM LidvHApe 18.
B ycTaHOBKe WCMO/b3YIOTCSI KOHTPOJIbHO-U3MEPUTEIbHBIE TTPUOOPHI, CY)KAI[|e [/t OTIpe/Ie/IEHUs] TEMITEPaTyPhbl

MUIJTMBOJIBTMETP) U [IaBJIeHUs Mapa Ha pa3/IMUHbIX yuacTKaX, a TaKXKe MOLHOCTH TPyOuaToro 3/eKTpOHarpeBaTe/is
371eKTPOCUYeTUMK). [Ijisi M3MepeHUst BpeMeHU HaKOIJIeHUs1 KOHZileHCaTa B MEPHOM LIWJIMHAPe 18 C/ly>kKUT CceKyHAO0Mep.

JlabopamopHas paboma Nel

MCCJIEJOBAHME KI1/1 KOTEJIBHOW YCTAHOBKM METO/IOM ITPSIMOT'O TETIJIOBOT'O BAJTAHCA
[lenb paboThl: 3KCcriepuMeHTabHOe u3yuenre KI1/I KoT/ia MeTo10M TPSIMOTO TeTUIOBOTO OasaHca.
[TnaH BBITIO/THEHNST PAOOTHI
1 . ITepen BbIMOHeHUEM pabOThl HEOOXOAMMO BHUMATE/TbHO 03HAKOMHUTBCSI C 000PY/JOBaHUEM YCTaHOBKH. 3aKPhITh
BCe KPaHbl M BEHTWU/IU. 3a/IUTh NaporeHepaTop BO/OM [10 Orpe/iesieHHOro ypoBHsi. KoHJeHcaTop noAcoeUHNUTD K
MPOTOYHOM Bojie. [ToAcTaBUTL TIOZ KOHJEHCAaTOp eMKOCTb AiJisi cOopa KOHZeHcara.
2. OTKpBITh BEHTW/Ib 4 U BKJIFOUUTH 3JIeKTpPOHArpeBaresb 17.
3. [Ipu mOCTH)KeHWH 3a/laHHOM BeJIMUMHbI /laB/ieHus Mapa B MaporeHepaTope MOoCTeNeHHO HauaTb OTKPbhIBaTh BEHTHU/TU
10 u 11 Tak, yTOOBI MPEKPATWIMCh My/IbCAL[UM JJaBIeHuUs Ha BbIX0o/e U3 OapabaHa maporeHepaTopa U 3a J[pOCCeTbHbBIM

K/Ia[TAHOM.
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4. OTKpPBITh APOCCe/TbHBIN BeHTU/b 10 Tak, yToOkI ZiaB/ieHre 1oce
Hero ctajo 0,05 MlIla. [Tocie foCTHKeHUs] YCTaHOBUBILIETOCS PeXXUMa
MOJKHO IPUCTYIUTh K U3MEPEeHUsIM.

5. TToctaBuTh Moz, KOHAeHCAaTOp 16 MepHYyto Koby 18 u
OJIHOBPEMEHHO 3aceub BpeMsl. 3anucaTh [10Ka3aHUs CueTUMKa pacxozja
3/1eKTPO3HEPIUM.

6. V3MepsATh [jaB/ieHNe U TeMIlepaTypy Ha BbIxo/e U3 bapabaHa u
riepe]; pOCCebHBIM BeHTU/IeM yepe3 Kaxble 60 c. Uepe3 3 MuH
TI0CJIe Havasa U3MepeHul Oorpe/ie/ITh MacCy KOH/leHcaTa B MepHOU
Kosie.

7. 3anucaTh M0Ka3aHMUs CYeTUMKa pacxoza 3/1eKTPO3HepIruu.

8. TToBTOpUTEL M3MepeHust 3 pa3a. [1o 3afaHuIO TIpenojaBaTe/is
YCTaHOBUTh HAa KOHTAaKTHOM MaHOMeTpe HOBOe 3HaueHUe [|aB/IeHusl U
TIOBTOPUTH 3amep.

9. 3anMcaTth NoKasaHus BOJOyKa3aTebHOM KOJIOHKY NTaporeHepaTopa
B Hayasie U B KOHLIe KaK/I0l cepyuy 3aMepoB.

1 0. [Togmep>xuBath Ha oHOM U ToM ke ypoBHe (0,05 MIIa) gaBneHue B cucteMe MOC/e pocceibHOro BeHTU st 10.
11. [1epen oopmieHreM OTUeTa repeBecTH MoKa3aHWs MUUTMBOIbTMeTpa B rpaychl Llenbcust npu nomMoriy
CTaH/[apPTHOM TapUPOBOYHOU TaO/IHLIBI.

12. CocTaBUTb MPSIMO¥A TETJIOBOM OaslaHC ¥ HAWTH TeTIOBbIe TIoTepy TaporeHepaTopa u KI1/] asist uccieyeMbix
pe’KHMOB.

13. HacTpouTh 3aBUCMMOCTB Naporpor3BoguTensHOCTH D maporeHeparopa OT y/Zie/IbHOM 3/1eKTPUYeCKO MOIITHOCTH
N./M,, 1 KII/I maporeHeparopa OT apOIIpOU3BOAUTE/NLHOCTH, TAe N, — 3/1eKTpruyeckast MOLHOCTb [1aporeHeparopa,
KBT; M, - cpeJjHsisl Macca »KUJKOCTH B NaporeHepaTope BO BpeMsi KaXK/I0l cepyy 3KCIIepUMEeHTOB, OTpejersieMast 1o
BO/IOyKa3aTe/bHOM Kobe, KT.

14. OnipefieIUThb MOTEPU TEIJIOTHI TAPOTeHepaToOpPOM pacyeTHLIM IyTeM, COMOCTAaBUB C BeJIMUUHOM MOTEPb,
HaliZIeHHbIX M3 TETIOBOTO DasiaHCa, OTIpe/ie/TUTh BEJTMUHMHY HeBSI3KU.

Puc. 2. Cxema 1a60paToOpHO¥H YCTaHOBKHM:
1 — maporeHeparop; 2 — BoOyKa3aTe/nbHas KOJIOHKa; 3 — NPeJ0XpaHUTENBHBIIH
4 — BeHTHIb JUTA TIOA4H T1apa; 5 — BEHTHIb /IS 3a0JIHEHNs [apOreHepato)
6 — ApeHaXKHbIH BEHTHIb; 7 — BOPOHKa /I CIIUBa KOH/IEHCaTa 13 Gaj
8 — GapabaH naporeHepaTopa; 9 — BEHTHIIb U1 CIIMBA KOHIEH|
10 — ApoccenbHblit BEHTHb; 11 — BEHTHIb s PETyTHPOBAHUS
12,13 — 06pasioBbie MaHOMETpEI; 14 — MaHOMeETp /1€
15 —Tepmonapsl (XA); 16 — konzencarop; 17 — 31eKTpoH:
g 18 — mMepHbIi IMADP; 19 — cueTymK pacxoaa el

PacueTtHas yactn
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1. Tlose3Hble 3aTpaTkl Teruia

Q.= G, =i, (10)

rze G,=G _ pacxoz rapa, Kr/c;

{tr — SHTA/LIKS T1apa MPH JaB/eH|H P riepes peayKIMOHHBIM K/larlaHOM, K/DK/KT; G- pacxo/1 KOH/ieHcaTa, Kr/C.

. IlosiHble 3aTpaTsl Teria, KBT,
_ 00
&= (11)

{@5-@5 — pacxop 37meKTpOIHEPrIM MO MTOKA3aHMAM CUETUHKA, KBT*u;

T — BpeMms 3KCIIepUMEHTa, Y.

3. KonuuecTBo Teria, TepsieMoe aporeHepaTopoM B OKPY>KatoIyt0 Cpejly, A/ IPOMBIILIEHHbIX KOTeTbHbIX
yCTaHOBOK OTIpe/ie/IsieTCst 0 HOMOTpaMMaM B 3aBUCUMOCTH OT TIPOU3BO/IMTENIbHOCTH KOT/Ia. [1j1st mabopaTopHOTo
MaporeHeparopa

tQMM-B_’pL: axdt=F (12)

rae @ - KoaUIeHT TerIo0TAauu JJist YCI0BHI CBOOOIHON KOHBEKIMU, KBT/M2*°C; At _t +1, , t

¢ —CpeJHss
TeMIlepaTypa CTeHKH raporeHepatopa, °C; fs —rtemmeparypa Bo3/yxa By OT naporeHeparopa, °C; F —
rosepxtocTh Teroobmena F =Fn T Fs; Fu_nopepxnocts maporeneparopa; £ —mosepxsocts Gapabana.

JI/1s1 HAXOXKAEHNUS a UCTIONb3YeTCs KpUTepranbHOe YpaBHeHHe
Nu=c*(Gr*Pr)\n
rne Gr= gp*At = d*/v"2__ypyrepuit Tpacroda;

Pr = v /a — kpurepuii [Ipanars.

3HaueHUs] KHHEMaTHUeCKOH BSI3KOCTH Vv, MA2 /c, TemriepaTypHOro Ko3dduimenra o6semMHoro pacipenus 3, °CA-
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1, K03 duLeHTa TenepaTypoNpoBOJHOCTH a, M/\2/c, 1 K03 duILeHTa TerIonpoBOJHOCTH BO3/yXa 4 Bt/m°C,

MPUHMMAIOTCS TP CpeJHeii Temmepatype & = 0.5(t, +t,) o ¢dbopmynam:

v = (5.1*10A(-5)t"\2+0.115t+13.2)*10A(-6); B=1.37*10/(-8)t"\2-1.45*10A(-5)t+0.0047;
a=(7.71*10/\(-6)t"2+0.015t+1.76)*10/(-5); ﬂ'=—2.58*1OA9—8)tA2+7.86*10/\(—5)t+0.023.

B guana3zone 3Hauenuit mpousBefenus 10A3 < Cr*Pr < 1019 koadduruent C B ypaBHeHuH (13) anmpokcumupyeTcs
ypaBHeHHeM

C = 1.54*10/(-4) PrA3 -0,017 PrA2 + 0,181 Pr + 0,971, (14)

a creriesb n = 0,25.

Ko3dhduiueHT TeniooTjauu Ajisi yCI0BUM CBOOOHOM KOHBEKI[UH OTPEZIe/ISIeTCs TI0 YpaBHEHHUIO

o = Nu = A/Dep (15)

, rie Dcp = d — cpepHuii quametp naporeHeparopa 1 6apabaHa.
Orpe/ienUTh IOTePH TeTla /IS ABYX YC/IOBMA: rpu TemriepaTypax Ls= 10 °C u te= 50 °C, a taoke npu Ls = 25°C u

t. =80 °C.
4. Onpefie/IUTh y/ie/TbHYI0 3/eKTPHUecKylo Harpy3Ky MaporeHepaTopa
Nyo = N,/M; (16

N

3— 9/IeKTpUUeCKasi MOLHOCTb naporeHepatopa, KBr; M

re s — Macca HarpeBaeMoU BO/Ibl, KT.

[Topsimok oopmaeHus: oTueT
OrTueT 110 paboTe ZO/DKEH COflepKaTh cenyoiee: 1) Ha3BaHUe U 1]eJ1b PaOOThI; 2) KPaTKU KOHCITEKT
TeopeTHUeCKOro BBe/leHUsI; 3) OMrcaHue CXeMbl YCTaHOBKH; 4) MOPSZOK BLIMOHEHUs paboThl; 5) pe3y/ibTaThl
3MEepeHHI U pacueToB (CM. TIPU/IOXKeHHe); 6) BBIBO/IbI 110 paboTe (00BACHUTD TIOTyYeHHbIe 3aBUCUMOCTH).

JlabopaTopHasi pabora Ne2
OITPEAEJIEHUWE KII4 KOTJIA U PACXOZJA TOITJINBA
[lesb pabOTHI: M3yUueHHe METOJUKH YCKOPEHHOT0 pacueTta MapoBOro KOT/Ia Ha OCHOBE 9KCIIepUMEHTA/IbHBIX JaHHBIX.
T1/1aH BBITIOJIHEHUsI PabOTBI
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OnekTpuuecKasi MOIIHOCTb KOTJ/Ia IPUHUMAETCs U3 1abopaTtopHoii paboTel N2 B Aipiara3oHe N,: = 6-9 kBr.
[TapONpOM3BOAKMTENBHOCTH 10 HACKILEHHOMY Tapy AJisi anektpokatia ¢ KT/ Msa papra: Du = Noatlsa/ (I — Tue) | rpe

ftrn ¥ us- - SHTA/IBIIMK CYXOTO HACBIIIIEHHOTO TIapa ¥ MIUTAaTe/IbHOM BO/bI, KIK/KT, Ha KPUBOM HACBIIIEHHs TIPU
nasienuu P = 0,2 MlIla u Temniepatype 120 °C.
Heobxoaumo omnpeenuTb pacueTHbIN pacxo/| TOTIIMBA B, JI71s1 9KBUBAJIEHTHOT'O T10 TIapOTPOU3BOAUTEIbHOCTU

TOITJIMBHOI'O KOT/IA.
I/ICXOAHLIE AdHHbIE U paCueTa: BUJ COKUT'aeMOI'o TOIVIMBaA- KaMeHHBIN yroJjib Ky3HeL[KOFO MeCTOpOXAeHUA (MapKI/I

C =64,1; H -

PCC); HM3IIas TeryioTa CropaHusi- Qi= 24,6 M/I>k/Kr; 0OCHOBHBbIe KOMITOHEHTHI paboueit Macchl, %:
3,3; A - 18,2; w? _ 9,0; Temnieparypa TorumBa fr =200 °C; mogorpes Bo3ayxa fneds = 350 °C; TemmepaTypa
XOJIOIHOTO Bo3ayxa Exs = 20 °C; TeMIiepaTypa yXO/SIHUX ra30B Uy = 130 °C; ko3 duieHT U30BITKA BO31yXa B

yxoasamux razax %= = 1,4; 06beMbI KOMITOHEHTOB MPO/yKTOB CrOPaHHUsl, MA3/KT: TPeXaTOMHBIX Ia30B Vroz =12,

V

Q3oTa ¥ Nz = 5,16; 0711 30/1bI B IUIaKe ¥ YHOCE, OTIpe/je/isieMble B3BellMBaHKeM U 13 30/10Boro bananca (fwa +H = 1)

L @ = (0,2 1 % = 0,8; TerI0eMKOCTB I1/IaKa MPH ero Temmeparype fwa = 1380 °C - Cusz = 2,42.10/(-4) twa + 0,79
[x/1x/(kr*K)]; comeprkaHusi rOprOUMX COOTBETCTBEHHO B 1ilJlaKe U YHOCe, OTpe/ie/isieMble B3BellIMBaHUEM U

Mo>KUraHueM J1abopaTOpPHBIX MPO0: Tz =30 % ulm =50 %; 06bemMHOe cofiep)KaHre TIPOAYKTOB HETOTHOTO

CropaHus B yXozduux rasax, %: CO = 0,5, H, - 0,3, CH, - 0,1.

PacyeT rpoBOAUTCS 110 METO/IMKE YCKOPEHHOTO TerJIOBOro pacueTa KoT/a [4]:

o P __
1. TeopeTruecku HeOOXOAUMBIN pacxo, Bo3ayxa, MA3/KT: V, = O,ZGBQi + 0,007WFI = 0,0889'["‘1:J + 0,265H = Qi
3,7; rae B MIDK/KT.

2. KoaduimeHT, yunuThIBarollyii pa3iMuure HU3IIeM U pacriosiaraeMoi TeTioTbl CrOpaHusi TOT/IMBaA: k

a =1+ (0,055
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tr + 0,358 0005 )% 10/(-3).

3. Pacrionaraemas Tteriora, M/DK/KT: Q2 =k .

4. DHTA/IBIIMS TEOPeTHYECKOro 06beMa Bo3yxa, K/K/Kr: (ve), =V, = 100[1,32 + 0,122 (ﬁrr £107° -0, 1)].

5. [ToTepy TEIUIOTHI C YXOIAMMME ra3amu, %: 9z = (chzﬂyx {Gen [ 1 - (tm!'f ﬂyx)]( , — 1) } /Q;, rie Q; B KJDK/KT.
6. [ToTepu TerUIOTHI (HEZOXKOT) OT MEXAaHUUECKOM HEroHOThI cropanusi, %: 94 = { [Fun T /(100 T )] + [Gm *
o 1100- Ton)] 3 32,7 #100/@, rae @» B xiTwxr.

7. O6bem cyxux rasoB (M/\3/Kr): Ve =Vroz + Va2 +(%rx T 1)V,

8. [ToTepy TeruIOThI (HEZOXKOT) OT XUMHUECKOM HEeTO/IHOThI CrOpaHus TOIuvBa, %: 93 = (126,4C0 + 108H2 + 35 8,2
CHL) V... 100 - 23) 100/%, e @ 5 .

O. IToTepu TemnnoOThI B OKPY’KaroLyI0 cpefly, %, B 3aBUCMMOCTY OT HOMMHA/IbHOW Harpy3KH Dy xr/c:
gy = 3.6 =107 (—11)D% — 1.47 = 10"~(—8)D5+2.28 = 10" (—6)D;—1.72 = 10~ (—4)D3 + 0.68 = 10~ (—2)

10. TToTepy TEIUIOTH B OKPY’KAOLLYI0 CPeAy TIPH HEHOMMHaNbHOI Harpyske D: 5 = 9syDy/D
11. TToTepu TernaoThl € pU3NUECKON TENI0TOMN I1JIaKa: U6 = A A" Cruz b/ Qﬁ, rze Q B K/K/KT.
12. KII[I koTs1a 6pyTTO, %: 7Y =100 - (92 T 93 tqs T g5+ qs)

@ ={1- [ a: : ]}

My a5

13. KoaduieHT coxpaHeHHUs TerioThl

0,175
Q100 p p% — 2 56D, (> Byt
14. Pacxo/, TOm/IMBa, 110aBaeMoro B Tonky B, kr/c: B = Q3 H (P H) /(@)
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15. PacueTHbIi1 pacxop Tormsal P, KT/C: B,-p [1-(94/100)].

IMopsimok oopmaeHus: oTueTa
Ortuet 1o paboTe J0O/KeH cofiep)KaTh Clefyroliee:

00OBSCHUTH MOJTyUeHHbIe 3aBUCUMOCTH).
KOHTPOJIbHBIE BOITPOCHI

. Kak onpefie/iftoTCs TerioBble MOTepU KOT/1a?
3. Uto Takoe KI1/] 6pytTo u KI1/] HeTTo KoT/ia?
4. OOBSCHUTH METOZOJIOTHIO TPSIMOTO M 00pPAaTHOTO TeTIOBOTO DasiaHca.

1. Kak cocraBsisieTcs TeryioBoid 6aaHc v HaxoquTcst KIT/I mapoBoro KoTsia?

1) Ha3BaHUe U 11e/1b paboThI; 2) KPaTKWN KOHCIIEKT TEOPETHUUECKOT0 BBeJIeHHUsT; 3) OIMCaHUe CXeMbl yCTaHOBKH; 4)
MOPSIIOK BBITIOJTHEHMST PaOOThI; 5) pe3y/bTaThl U3MEPEHHH U pacueToB (CM. TIPUIOKeHHe); 0) BLIBO/IbI TI0 paboTe

TernyioBbIe XapaKTepUCTHUKU MaporeHepaTopa

[ [priokeHne
Tabmua 111
[Pe3y/ibmambl 3KcnepumMeHmMa/AbHO20 UCC/1e008aHUs1 NApozeHepamopa
Homep | Bpems | Cpegnee [aBneHue Temneparypa | OHranbnusa | Pacxop Pacxog,
cepuu onbiTa | AaB/leHue B rapa repef rnapa tr, °C rapa irm, KOH/leHcaTa | 3/1eKTPO3Heprumn
3aMepoB | o raporeHepaTope | JpOCCeIbHbIM K/DK/KT Gk, kr/c Q3’ Q3”, kB1*y
’ P, Mlla errinem £H KBT*u
, MIla
1
2
Tabmuna 112

6) [TopsigoK MpOBe/ieHUsI TIPOMEeXKYTOUHOM aTTeCTal[|uH, IoKa3aTeu U KpUTepUU OLleHUBaHMUS.




Kputepun o11eHKH (B COOTBETCTBHH C (HOPMHUPYEMBIMU KOMITETEHIIMSIMU U TUIAHUPYEMbIMU Pe3y/IbTaTaMy 00yUYeHw s ):

Ha OL[eHKY «3auTeHO» - 00yJaroL[uiics 0/KeH MoKa3aTh YPOBeHb 3HaHUHM He TOJBKO Ha YPOBHE BOCTIPOU3Be/ieHus U 00bsicHeHUsT MH(opMaliu, HO U
WHTeJIJIeKTya/IbHbIe HaBbIKH pellleHust po0/ieM U 3aJau, HaX0K/IeH!sI YHUKa/IbHBIX OTBETOB K MP00/ieMam, OLIeHKH 1 BbIHECEHHsI KpUTHUECKUX CY>KIEeHU;

Ha OLIEHKY «He 3auTeHO» — OOyuaromuiicsi He MO’KeT TOKa3aTh 3HaHUS Ha ypOBHe BOCIPOM3Be/eHUs U 00bsicHeHUs WHGOpMALUK, He MOJKeT
TII0Ka3aTh UHTeJIJIeKTya/IbHble HaBbIKU PelleHUs MPOCThIX 3a/ay.
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9. MaTepuaibHO-TEXHHUYECKOe 00ecreueHne AUCIUIUITUHBI (MOAY/Is)

Tun 1 Ha3BaHUe ayAUTOPUH OcHalleHue ayiuTOpUA
YuebOHbIe ayTUTOPUHA /ISt MynbTUMeUiiHbIE CPe/ICTBA XPAHeHUs, TiepeJjaud 1
TIPOBe/IeHUsT 3aHSATHM JIEKLIMOHHOTO | TIpe/iCTaB/eHUs MH(OPMaLIUH.
TUIA
YueOHbIe ayTUTOPUU /ISt Hocka, men.

MpOBe/IeHUsT PaKTUYeCKUX
3aHATHMN, TPYIIIOBBIX U
VH/VBU/1yalbHbIX KOHCY/IbTal[UH,
TeKYIL[ero KOHTPOJIS U
MPOME)KYTOUHOM aTTecTaluu

YuebOHble ayJUTOPUH JJIs1 [TepcoHasbHBIE KOMITBIOTEPHI € TakeToM MS Office,
BBITIOJTHEHUSI KYPCOBOT'O BBIXO/]OM B VIHTEpHET U C I0CTYIIOM B 3/IEKTPOHHYFO
TIPOEKTUPOBAHUS, TIOMeIL[eHUs 1T | MH(OPMAaL[MOHHO-00pa30BaTe/IbHY0 Cpelly YHUBEPCHUTeTa
CaMOCTOSITe/TbHON pabOThI

o0yyaruxcs

[MomerteHue [iisi XpaHEHUs U Crennaxu, ceidnpl At XxpaHeHUs yueOGHOT0 000pyJOBaHHUsS
NPO(UIAKTHUECKOTO WHCTpYMeHTHI [/l peMOHTa 1abopaTopHOTO
00c/Ty>KuBaHUSI yueOHOTO obopyoBaHust

obopyioBaHusI
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