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Pabouas nporpamMma  gucUMNNUHBI ~ COCTaBneHa B  COOTBETCTBAM C  pedeparnbHbiM  FOCY4ApCTBEHHBIM
obpasoBaTernbHbIM CTaHOAPTOM Bbiclero obpasoBaHuA Mo Hanpaenenuto nogrotoBkn 13.03.01 TennosHepretuka u
TENNOTEXHUKA, YTBEPXOEHHbIM npuka3oM MwuHucTepcTBa o6pasoBaHma W Haykm Poccuiickon ®depepaumm ot
28.02.2018 r. N2 143

CocraButens (n):
KaHgmaaTt TeXHUYeCcKnx Hayk,3aBeayowmnn kagpeapomn 3nobuH B.T".

OT BbInyckatoLen kadenpbl: CwmopoguH C.H.
3asegytownin kadhegpom
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1 BBEAEHUE K NPOrPAMME TOCYAAPCTBEHHOIO 3K3AMEHA

1.1 LUenb rocyaapcTBeHHoro 3k3ameHa: Onpeaenvtb COOTBETCTBUE Pe3yrbTaTOB OCBOEHUs 06pa3oBaTernbHON
nporpaMmmbl (KOMMNETEHLMIN) BbIMYCKHUKOB TpeboBaHUsaM defepanbHoro rocyaapcTBeHHOro obpasoBaTenbHOro craHgapra
BbiClLIero obpasoBaHuMsi M NOATBEPAUTb WX CMNOCOOHOCTb M TOTOBHOCTb WCMOSMb30BaTb 3HaHWUS, YMEHUST U (Mnu)
NPaKTU4ECKUIN OMbIT B NPOdECCMOHANBHON AEATENbHOCTU.

1.2 3apaum rocygapCTBEHHOro 3K3amMeHa:

* KOMMIEKCHasi OLEHKa YPOBHSA MNOArOTOBEHHOCTU BbIMYCKHUKOB MO BaXXHEWLWWM (OCHOBHbLIM) AWCLUNAVHAM
y4ebHoro nnaHa;

e onpegeneHve CTerneHn OCBOEHUS  BbIMYCKHUKAMU  OOLLEKYyNbTYpHbIX, o0bwe npodeccuoHanbHbIX U
npodeccnoHanbHbIX KOMNETEHUMIA B COOTBETCTBUM C TpebosaHnsmmn OIFOC BO no Hanpaenexuto nogrotoeku 13.03.01
TennoaHepretTuka u TENNOTEXHUKA;

* Mofy4YeHne OCHOBaHWI AMsl pelleHWsi Borpoca aTTeCTauUoOHHOW KOMWCCUEN O NMPWCBOEHMM KBanudukaummn u
Bblgaye BbIMYCKHVKY AWUMIoma.

2 KOMNETEHUMU OBYYAIOLLEFOCA, ®OPMMUPYEMbBIE B PE3YJIbTATE OCBOEHUA 95PA3OBATEHbHOI7I
NPOrPAMMbI U UHOUKATOPbLI AOCTUXEHUA KOMNETEHLUUU

MK-1.1: Cnoco6eH K pa3paboTke cxeM pa3MeLLleHUs Tenro3HepreTM4eckux o6 bLEKTOB B COOTBETCTBUM C
TexXHosorven NPouM3BoACTBa TENJIOBOM U 3NIEKTPUYECKON IHEeprum

3HaeT: Cxembl pasMelleHuUsi OOBLEKTOB MNpodeccuoHanbHON OeATenbHOCTU; KOHCTPYKTUBHbIE OCOBEHHOCTU U
3KCMyaTauNOHHbIE XapaKTePUCTUKN,

TeppuTOpUaribHOe pacrionoxeHne o6OpyaOBaHUS OOLEKTOB MNPOGECCUOHANbHON AesTeNbHOCTM, OCOBEHHOCTU  UX
aKcnnyaTauuu.

YmeeT: PaspabaTbiBaTb CXeMbl pasMelleHnst 0oObekToB npod)eccroHanbHo OeATeNnbHOCTU B COOTBETCTBUU C
TEXHONOTMEN NPOV3BOACTBA, AEVCTBYIOWMUMM CTaHAapTaMn U HOPMAaTMBHBIMKU LOKYMEHTaMU; OCYLLECTBNATbL NpoBedeHue
TEXHUYECKUX pacyeToB 0ObEKTOB NpodeccrmoHanbHoOn AeATernsHOCTH.

Bnapeet: HaBbikamu akcnnyaTtaumm obopyaoBaHust 06bekToB npodeccnoHanbHOW AeaTenbHoCTH; cobniogaet npasuna
TEXHOMOMMYECKOM  AUCUMNAMHBLI  MpU  3KcnnyaTauunm ob6beKkToB  MNpod)eccCUOHanNbHOM  AeAaTenbHOCTH;  cobniopaet
TpeboBaHMsA 3konornyeckon 6e3onacHoOCTV nNpu

BeAEHMM pexnma paboTbl 060pyaoBaHMS.

MK-2.1: TOTOBHOCTb K Yy4acTUIO B OpraHu3auum MeTporiorm4eckoro o6ecnevyeHmMs TeXHONOrM4YeCcKnX nNpoLeccoB
TENMOBOM U 3NEeKTPUYECKON 3HEePrumn nNpyu UCnosfib3oBaHUM TUMNOBbLIX METOAO0B

3HaerT: MeTpOJ'IOI'M‘-IeCKOG obecneveHne TEXHONOMMYECKMX npoteccoB 00bekToB I'IpOdI)eCCMOHaJ'IbHOVI OeATenbHOCTW.

YmeeT: [NpuMMeHATb TUMNOBbIE METOAbl pacyeTa M CXEMbl METPOSIOMMYECKOro 0BecrneveHns TEXHONOMMYECKUX MPOLLECCOB
00BbeKTOB NpodeccMoHansHoON AeaTenbHOCTU.

BnapeeT: HaBbikamu Mcnonb3oBaHUsA KOHTpOJ'IbHO-I/I3MepI/ITeJ'IbHOIZ annapartypbl.

MK-3.1: FTOTOBHOCTb K 06ecneyeHnt0 3KONOrM4eckom 6e3onacHOCTM TeNyo3HepreTUYeCKMX o6 bLEKTOB U
pa3paboTke 3KO3aAWMUTHbLIX MEPONPUATUIA

3HaeT: HopmaTmebl No obecneyeHunto akonornvyeckon 6esonacHoCcT 06bEKTOB NPOdECCHOHANBHOW OeATENbHOCTH.

YmeeT: Nonb3oBatbeA HOPMaTMBHbIMN OOKYMEHTaMn B obnacTtun akonornyeckon 6e30nacHoOCTu.

BnapeeT: HaBbikamu pa3p860TKVI N OCYyLLECTBIIEHUA 3KO3aLNTHbIX MeporlpMﬂTMVI.

MK-4.1: FToTOBHOCTbL K pa3paboTke MeponpuUsiTUN NO IHEPro- U pecypcocbepexeHNIo Ha TeNNOo3HepreTM4eCcKnx
o6beKTax B COOTBETCTBMU C TEXHOJIOrMen Npou3BOACTBA TENJIOBOW U 3NIeKTPUYECKOWN IHeprum

3HaeT: HopmaTuBbl MO 3HEPrO- U pecypcocBepekeHmnio Ha 06bekTax NPogeccroHanbHoM AesTeNbHOCTH.

YMmeeT: PaspabaTtbiBaTb BapuaHTbl 3Heprocbeperarolimx peleHMn Ha obbekTax npodecCcuoHanbHOW AeATENbHOCTH,
OLUeHMBaTb pesynbTaTtbl UX peanusauuu.

Bnapeet: HaBbikamn pa3paboTkm MeponpuaTviA Mo 3aHepro- n pecypcocbepexeHntio Ha obbekTax npodeccroHanbHON
OeAaTenbHOCTU.

MK-5.1: CnocobeH BbLINONHATL crneuuarnbHble pacyeTbl TeNNOTEXHONOrM4Yecknx NpoLeccoB No TUNOBLIM
MeToAuKam

3HaeT: MeToaoukM BbLINOMHEHWUS1 CheuManbHbIX — PacyeToB  MNPUMEHUTENbHO K ob6bektam  npodeccroHarnbHOM
[AESTENbHOCTU, KOHCTPYKLMM U OCHOBHbIE TEXHUYECKME MoKasaTenv o6opyaoBaHus.

YMeeT: UnTaTb TEXHOMOMMYECKYID UM KOHCTPYKTOPCKYIO AOKYMEHTaLMIO, CXeMbl M YepTexu 0BOopyAoBaHMUs; NMPUMEHSTb
CrpaBoYHble MaTepuarnsbl, aHanuaupoBaTh Hay4YHO-TEXHUYECKYID MHGOpPMaLUWio B oBrnactu skcrnnyaTtaumn o6opyaoBaHust
06beKTOB NpodeccHoHanbHON AEATENBHOCTM; BbINOMHATL HEOBX0oAMMbIe pacyeTbl 6e3 UCMONb30BaHUS MepPCOHanbLHOM
KoMnbtoTepa.

Bnapgeet: HaBblkamu BbINOMHEHUNA cheumanbHbIX pacyeToB NO TUNOBbIM METOOMKAM MNPUMEHUTENIbHO K o6bekTam
HpO(*)eCCI/IOHaJ'IbHOVI AoeAaATenbHOCTU, HaBblKaMU paGOTbI C TEXHNYECKom ,EI,OKyMeHTaLI,I/IeIZ.




3 NOAroTOBKA K COAYE U COAYA rOCYOAPCTBEHHOIO 3K3AMEHA

3.1 ®opma npoBeaeHUsA rocyapCTBEHHOro 3K3amMeHa

YcTHas

+ MucbMeHHas +

3.2 lucumnnuHbl obpasoBaTenbHON NporpamMMbl, KOTOpPble UMEIOT onpeaensitolee 3HaYeHne gns
npodeccuoHanbHOW AesaTeNbHOCTU BbIMYCKHUKOB U BKIIOUYEHbI B rOCYAapCTBEHHbIN 3K3aMeH

Ne n/n HanmeHoBaHWe gucuunnmuHbl
1 MHHOBaLMOHHbIE TEXHONOMMN UCMOMb30BaHNS TEMMOBOW U 3NEKTPUYECKON SHEPTUM
2 HageXHOCTb MCTOYHUKOB M CUCTEM TEMSIO3HEPrOCHAGXEHUSA MPOMbILLSIEHHBIX NPEANPUATAI
3 TennoaHepreTU4ecKkne CUCTEMbI U SHepreTudeckue 6anaHcbl NPOMbILLNIEHHBLIX NPeaNnpUATUN
4 VICTOYHMKM TENMOBOKW U 3NEKTPUYECKON SHEPTUMN
5 TennoBble aNeKTpocTaHLnn
6 OcHoBbI TpaHcOpMaLMn Tenna 1 NPoLLEeCCOB OXNaXaAeHWs
7 MpoekTnpoBaHMe NCTOYHMKOB SHEPTUN B NPOMBbILLIIEHHOW TENSTOIHEPreTHKE
8 Cuctembl TennocHabxeHus
9 Tennosble agBuratenu

10 Tonnueo n npoLecChbl ropeHnd B TENJTO3HEPreT4eCKMX yCTtaHoOBKax

11 TennomaccoobmeHHoe 060pyaOBaHNE TENNOIHEPrETUHECKMX NPeanpUATII

12 Ma30TypOUHHbBIE YCTaHOBKM

13 Cuctembl OTOMNEHUS, BEHTUAALNN U KOHONUMOHNPOBAHUA

14 KoTernbHble yCTaHOBKM W NaporeHepaTopbl

15 OHeprocbepexxeHne Ha TennosHepreTMYecknx obbekTax

16 TennomaccoobmeH

3.3 Cuctema 1 KpUTepum oLeHMBaHUSA cAa4YU rocyAapCTBEHHOro aK3aMeHa

LLikana oueHnBaHusA

KpuTtepun oueHnBaHUs chOpMUPOBAHHOCTU KOMMETEHLMI

5 (0TAMYHO)

B TeopeTnyeckon 4acTu KOMMNIEKCHOrO 3adaHus [OaH MOSHbIA, UCYeprnblBaloWnA OTBET,
SIBHO [OEeMOHCTPUPYIOLLUMIA NyOoKoe MNOHMMaHWe 6a3oBbiX MOHATWNA, TEOPUN U LLUMPOKYHO
apyauumio B oueHMBaeMoin obnactu, KpUTUYECKU, OpuUrMHanbHbI NOAXOA K mMaTtepuany.
YcTaHoBMNeHbl coAepxaTtenbHble MexnpeaMeTHble CBA3W, npeacTaBrneHa pasBepHyTad
aprymMeHTauMsi Ha BblABUraemble MONOXeHUsl, npuBedeHbl ybeauTenbHble nNpUMepbl U3
NpakTUKK, Hay4YHOW, y4ebHOM nuTepaTypbl.

MpakTnyeckass YacTb KOMMMEKCHOMO 3afaHus BbINOSMIHEHA MPaBWUbHO, OTBETbl U MOSCHEHUS
BEPHbIE N B OCTAaTOYHON Mepe 060CHOBaHHBbIE.

4 (xopoLuo)

B TeopequeCKoﬁ YyacTM [JaH MoSHbIN CTaHD,apTHbIﬁ OTBET, B LEMNOM Ka4yeCTBEHHbIN,
OCHOBaH Ha Bcex o00s3aTenbHbIX AN MOArOTOBKA K rocyaapCtBeHHOMY 3K3aMeHYy
NCTOYHMKaX I/IHCbOpMaLI,I/II/I. BbigBuratotca npenmmyLecTtBeHHO TeopeTUYeCKne MOoNoXeHUd,
HO oOTAeNibHble BbiBOAbl NOATBEPXAEHbl npuMepaMmmn U3 I'IpaKTVI‘-IeCKOVI AeATeNIbHOCTU.
I'IpmcyTCTByroT HebonbLne npo6er|b| B 3HAHUAX NN HeCyLleCTBEHHbIe OLUNGKMN.

npaKTI/IKOOpI/IeHTI/IpOBaHHOG 3afjaHne BbINMOJIHEHO nMNpaBUIibHO, OTBETbl W NOACHEeHUA
BEpHble, HO B NX 000CHOBaHMM YacTb HEOBXOOUMbIX apPrymMeHToB OTCYTCTBYET.

3 (yooBneTBOpUTENbHO)

B TeopeTuyeckon 4acTM OTBET HEOOCTAaTOMHO IOMMYECKM BLICTPOEH, BOCMPOM3BOAUT B
OCHOBHOM TOJNbKO JIEKUMOHHble MaTepuanbl OUCLUMMNWH, BXOAALWMX B  MNporpammy
rocyfapCcTBEHHOro 9k3aMeHa 6e3 camocTosATeENbHOW paboTbl C  PEeKOMEHOOBaHHOM
nuTepaTtypoii. XoTs 6asoBble MOHATUS PACKPbLIBAIOTCS BEPHO, HO BbiABUraEMbIE MONOXEHUS
He [0CTaToYHO apryMeHTUpOBaHbl U (MNK) He NOATBEPXAalTCA MNpUMepaMu U3 MPaKTUKW.
MpUCYTCTBYIOT CYLLECTBEHHbIE OLUMOKN B YCTaHOBEHUM MEXMPEAMETHBIX CBA3ENA.




MpaKTKOOPMEHTMPOBAHHOE 3aAaHne BbIMOSIHEHO C OwMGKamMu, B 0GOCHOBaHWU OTBETOB M
NOSICHEHMI YacTb HEOOXOAMMbIX apryMEHTOB OTCYTCTBYET.

(HeyooBneTBOPUTENBHO)

B TeopeTnyeckon 4acTu MpOAEMOHCTPMpOBAHa HECMOCOOHOCTb OTBevYaTb Ha Bonpoc 6e3
nomMoLLM aKk3aMmeHaTopa. HesHaHue 3Ha4ynTenbHOM YacTu maTtepmana.
MMpaKkTUKO-OpUEHTUPOBAHHOE 3aJaHWe BbIMNOMIHEHO C MHOFOYUCIIEHHBIMU  CYLLECTBEHHbLIMU
owmnbkamu, NOSICHEHWS OTCYTCTBYHOT.

MpeonpuHATa nonbiTka, MCNOMNb30BaHUS HepaspelUueHHbIX TEeXHWYECKUX YCTPOWCTB MWK
Monb30BaHUS MOACKA3KOM [Opyroro 4ernoseka (BHE 3aBMCMMOCTW OT YCMELWHOCTU TakoWw
MONbITKK).

2

3.4 CopgepxaHue rocyfapCTBeHHOro 3Kk3amMeHa

3.4.1 NepeyeHb BONPOCOB, BbIHOCUMbIX HAa rOCYAapCTBEHHbIN 3K3aMeH

Ne n/n dopMynnpoBKN BONPOCOB

1 TennoTexHNYeckne XxapakTepUCTUKM SHEpPreTUYeckoro Tonnmea

2 Knaccudumkaums BogsHbIX CUCTEM TEMOCHabXeHus

3 KuHeTnka npoueccoB CyLIKM BnaxHbIX MatepuanoB. PacuyeT [nutenbHOCTM MEepuOAOB NpoOrpeBa, nepuopa
NOCTOSIHHOM M YMEHbLLAKOLWENCA CKOPOCTU CYLLKW.

4 PacuéT BenuumHbl MakcmarbHON NPU3EMHON KOHLEHTPALMN BpeaHbIX BbIOPOCOB

5 MatepuanbHbin 6anaHc npoLecca ropeHnst ra3aoodpasHoro Tonnmea

6 TemnepaTypHoe none. TemnepaTypHbIn rpaaneHT. Tennoson NoTok. YpasHeHne Pypbe

7 TennoBown 6anaHc npouecca ropeHus

8 TennonpoBO4HOCTb MIOCKON CTEHKU

9 Cnocobbl CxXunraHus Tonnmea, 4OCTOMHCTBA M HEQOCTaTKU

10 TennonpoBOAHOCTb LINNNMHOPNYECKON CTEHKM

11 Tennonepenaya 4Yepes NroCcKyt CTEHKY

12 Bugpbl TennonotpebneHus. PacyéTbl pacxogoBaHust TENNOThI

13 Knaccudmkaumsa cywmnbHbix ycTaHOBOK. Bwuabl TennmoobmeHa B cywmnbHbIX ycTaHoBkax. OCHOBHbIE
pacyeTHble ypaBHEHUsI TennoobmeHa. PacyeT ucnapuvsLuenics Bnaru.

14 BbinapHble annapaTbl ¢ NagatoLlen nneHkon. NpenmyLyectsa U HegocTaTku

15 CxxuraHue B kunsawem cnoe. CTaumoHapHbIA U LMPKYNMPYIOLNA KANALWMIA CNOW, AOCTOMHCTBA U HeQOCTaTKN

16 CocTaBrneHue TennoBOro U BNaXHOCTHOro 6anaHcoB NomeLLeHus

17 HuskoTemnepaTypHbIi BUXPEBOWN CNOCOD CXXUraHsi TONNMBa, JOCTOMHCTBA U HEAOCTATKM

18 padoaHanMTU4eckMi MeToq onpeaeneHnst TemnepaTtypbl ropeHus

19 TexHornormyeckne MeToabl CHUXKEHNs1 BbIOPOCOB OKCMAOB a30Ta

20 TemnepaTypHble MOTEpU B BbIMApHOM YCTaAHOBKE. [mapocTatvdeckue, rugpaBnuyeckne, U3MKo-XMMUYeckne
notepu

21 TennoBas cxema KoTenbHON. HasHavyeHne obopyaoBaHus

22 Skonorus B aHepreTuke. MNpeaensHO-A0NYyCTUMbIE BbIOPOCH! BPEAHLIX BELLECTB

23 TennooTtgaya npu nonepe4yHom ob6TekaHUM OAMHOYHOM TPyObl

24 MokasaTtenu kayecTBa BoAbl. [JokoTrnoBas obpaboTka BoAbl.

25 Tennoson 6anaHc u KI[ koTenbHoOro arperara.

26 TennomaccoobmeH npu CyllKe BRaXHbIX MaTtepuanoB. YpaBHeHusi HbloToHa-PuxmaHa w  [OanbToHa.
KputepmanbHble 3aBUCUMOCTY AN onpegeneHunst koadUUMEHTOB TENSIO - U MAacCOOOMeHa Npu CyLLIKE.

27 Cneunduka TennoBoro pac4é€Ta ra3o-ra3oBblX Y ra30XXMOKOCTHbIX TEMNSI00OMEHHMKOB

28 MHorocTyneH4yaToe BbinapusaHue. Cxembl BbinapuBaHus. YAenbHbIN pacxos napa




MoBblweHne 3(*)d)eKTVIBHO0TM MCcnonb3oBaHUA TensnoTbl B CYLWWIIbHbIX YCTaHOBKaX. M306pa>KeHV|e npoueccos

29
Ha |-d guarpamme. KM cylunnbHbIX yCTAaHOBOK

30 TennomacconepeHoc npu KOHTAKTHOW Cyllike OyMaxHoro nonotHa. [noTHOCTe MaccoBOro U TEMnnoBOro
NMOTOKOB NPV HU3KOTEMNEPATYPHOM M BbICOKOTEMMEPATYPHOM PEXUMAX CYLLIKN.

31 PereHepauusa TennoTbl yXOA4ALMX ObIMOBbIX ra3oB

32 TennooTtgaya npy nonepevyHomMm ob6TekaHUN Ny4koB Tpyo

33 MpuHUMNUansHasa cxemMa KoTrnoarperata ¢ eCTeCTBEHHOW LiMpKynsaumen

34 TennooBbmeH npu NAEHOYHOM KOHAEHC AU BOASHOrO napa

35 OcHoBbI a3poanHaMmMyecKoro pacdéta Kotnoarperata

36 OCHOBHbIE 3aKOHbI TEMIOBOrO U3Ny4YeHust

37 Tennootgaya npu BbIHYXXAEHHOM ABVXXEHUN XUOKOCTU BHYTPU TPYObI

38 Knaccudukaumsa cucrem tennocHabxeHusi. CBoNCTBa TennoHocuTenen

39 PerynnpoBaHue TaroqyTbeBbIX YCTaHOBOK

40 OcHoBbI Teopun Noao6us. Kputepun Tennosoro 1 rmgpaennyeckoro nogobus

41 KnuHeTnka npoueccoB CyLIKW BRaxHbIX matepuanoB. [lepuoabl cywku. XapakTepHble NpU3HaKuM nepuoaoB
cywwkn. CKOpPOCTb CYLLKU BII@XHbIX MaTepuanos

42 TennooTgayva Npy eCTECTBEHHOW KOHBEKLINN

43 PagnaunMoHHO-KOHBEKTUBHbBIE CYLUUMbHbIE YCTAHOBKW. Teopusi paguauMOHHOW CYLUKM BRaXHbIX MaTepuanos.
TennoBow NoTokK. [ornowieHne TennoBon aHeprun. PacyeT konvyecTsa ucnapmBeLLecs Bnaru

44 HopmupoBaHue kavectBa aTtmocdepHoro Bosgyxa. [lpedenbHO-OOoMyCTUMbIE  KOHLIEHTpauuu  BpedHbIX
BelecTB. APeKT cymmanmm

45 Cnocobbl nepepaboTkn TBEpAOro Tonnmea

46 TennoBow pacyeT TENTOOOMEHHbIX annapaTos

47 TennotexHnyeckne XapaKTepPUCTMKM  BTOPUMYHOrO  TOMMMBA: KOPbI, NWIHUHA, CynbdarTHOro  Liernoka,
BGronorn4yeckoro una

48 mapaBnu4yecknin pacdeT TeNnoobMeHHbIX annapaToB

49 KnuHeTnka KOHTaKTHO-KOHBEKTMBHOW CYLUKM OymMarMn Ha MHOrOUMNMHAPOBLIX YCTaHOBKax. PacueT Temnepartypbl
GYyMa>KHOro MONoTHA Ha CYLUMIbHBIX LMNUHAPAaX U y4acTkax cCBOOOAHOro xoaa.

50 Cnoco06bl noBbILEHMST 3PHEKTUBHOCTM TEMNOOOMEHHbBIX annaparTos

51 TexHonorndeckasa cxema TOLl, paboTatoLian Ha rasaoobpasHOM U KNOKOM TOMMMBE.

52 PereHepaTtuBHbIN nogorpes nutatenbHom Boasl Ha TOL. Kl pereHepatuBHOro uukna.

53 Lnkn napoTypbunHHOI YCTaHOBKM C NPOMEXYTOUHLIM neperpesom napa. KM uukna, yaenbHbI pacxog napa.

54 Tennosble anekTpuyeckme crtaHuum (TOC) € KOHOEHCALUMOHHBIMW  MAPOTYPOUHHBIMKU  YCTaHOBKaMMU.
MpuHunnuansHaga Tennosas cxema. [Nokasarenun agEeKTUBHOCTN.

55 TennoBble anektpoueHTpanu (T3L) ¢ napoTypOuHHbIMK ycTaHoBKamu. [puHUMNManbHas TensoBasd cxema.
Mokasatenu adeKTUBHOCTH.

56 TennoBble anekTpuyeckne ctaHumm (TOC) ¢ naporasoBbiMM ycTaHoBKamu. [lpuHUMnManbHas Tennosasd
cxema. Nokasatenu appekTMBHOCTHI.

57 Tennosble ceTn. Cnocobbl npoknagku Tpybonposogos. OcHoBHOe 060pya0BaHUE TEMMOBLIX CETEN.

58 Mbe3omeTprnyeckmii rpadourk TENNOBOWM CETU, NMOCTPOEHME U UCMNOSb30BaHWe rpaduka.

59 OnpepeneHne pacxofa TennoTbl Ha ropsiyee BOOOCHAOXEHWE MO YKPYNMHEHHbIM MoKa3aTensMm U yaenbHbIM
HopmaM pacxofa Boabl. OnpegeneHve rogqoBoro pacxoga tennotel Ha MBC.

60 TemnepaTypHbIn rpaduk Tennoson ceTn. KoppekTnpoBka TemnepaTypHOro rpaduka.

61 OTKpbITble U 3aKpbITble BOASHbLIE CUCTEMBbI TENMocHabxeHus. peuMmyllecTBa M HELOCTATKM 3TUX CUCTEM.
Bbibop cuctembl TennocHabXeHus.

62 KOHCTpyKTMBHasi cxemMa MHOrOCTyneH4aToh akTMBHOM TypOuHbl. [lpeobpasoBaHve 3Heprum napa u
M3MEHEHMEe ero NapameTpoB B MPOTOYHbIX YACTSX CTyNeHen TYpOuHBI.

63 KOHCTpYyKTMBHasi CcxemMa MHOrOCTyneH4aTon peakTuBHOW TypOuHbl. [lpeobpasoBaHne SHeprunm napa U

M3MEHEHWNE ero NapameTpoB B MPOTOYHbIX YaCTSX CTyNeHen TypOuHbI.




64 KMO napoTypOGUHHBIX YCTAHOBOK.

65 Cnocobbl napopacnpegeneHms B TypbuHax.

66 Cxembl MacrocHabxeHust NnapoTypOUHHbBIX YCTaHOBOK. HasHaueHue, OCHOBHbIE 3MEMEHTHI.

67 Knaccudukaums n 0603HayveHne TMnoB NapoTypOMHHBIX YCTaHOBOK, MCNONb3yeMbix Ha TOL.

68 TennotexHn4eckne xapakTepuUcTUKN 3HePreTU4ecKoro Tonmea

69 MatepuanbHbIn 6anaHc npoLlecca ropeHnss Tonnmnea

70 Tennosow 6anaHc npouecca ropeHns

71 Cnoco06bl cxkuraHusl Tonnvea, 4OCTOMHCTBA U HEQOCTaTKN

72 CnoeBoe 1 hakenbHOe CxXwuraHve, JOCTOMHCTBA U HeOCTaTKM

73 CxuraHue B KI/II'ISlLIJ,GM croe. C'l'aLl,I/IOHaprIVI N UMPKYNIUPYIOLWMIA KMNSLWMIA CIIOW, OOCTOMHCTBA U HeJoCTaTKu.
HuskoTemMnepaTtypHbl BUXPEBOW CNOCO6 CXUraHWs TONNMBa, JOCTOMHCTBA U HEAOCTaTKU

74 TennooTgaya npy nonepevyHoM ob6TEKaHUN OANHOYHOW TPYObI

75 Tennoeon 6anaHc n KI[ koTtenbHoro arperara.

76 OcHOBbI a3poanHaMMYecKoro pacyéTta KoTnoarperaTa

77 MokasaTtenu kayecTtBa Boabl. [lokoTnoBas o6paboTka Boabl.

78 TarogyTbeBble yCTaHOBKU. PerynMpoBaHue TrogyTheBbIX YCTaHOBOK

79 MpuHUUNuanbHaga cxema KoTrnoarperata ¢ eCTeCTBEHHOW LIMPKynsumen

80 TemnepaTypHoe none. TemnepaTypHbIn rpagneHT. Tennoson NoTok. YpasHeHne Pypbe

81 OHeprocbeperatowme MeponpusaTUs Npu NPoOM3BOACTBE U TPAHCMOPTUPOBKE TEMJTOBO SHEPTUN

82 Tennootgaya npu BbIHYXAEHHOM ABVXEHUN XUOKOCTU BHYTPU TPYObI

83 PereHepaumsa TennoTbl yXoAsiLLNX AbIMOBbIX ra3oB

84 TennooTtgava npy nonepevyHomM ob6TeKaHUN Ny4koB Tpyo

85 Tennoo6bMeH npu NNEHOYHOM KOHAEHcaUUn BoAsIHOrO napa

86 OCHOBHbIE TUMbI U KNaccudukaLms HacoCoB.

87 XapaKTepuUcTUKM LLeHTPOBEXHbBIX HACOCOB.

88 MHorocTyneH4aTble OCeBbl€ HAacoChI.

89 XapaKkTepuCTMKN NOPLUHEBLIX HACOCOB.

90 BcnomorartensHoe obopynoBaHme TAC, ero HasHadyeHue.

91 Ma30TypOUHHBbIE ycTaHoBKW. Knaccndmkaums I'TY.

92 OcHoBHoe obopyaoBaHune TAC, ero HasHayeHue.

93 OCHOBHbI€ 3aKOHbI TEMNMOBOrO U3Ny4YeHNs

94 OcHoBbl Teopun nogodus. Kputepmum TennoBoro 1 rmapaBnmyeckoro nogoobus

95 TennooTtgada Npy €eCTECTBEHHOW KOHBEKLMMW

96 TennoBow pacyeT TENTOOOMEHHbIX annapaTos

97 Mmpapaenu4yeckmit pacdeT TennoobMeHHbIX annapaTos

98 Cnoco06bl noBbILEHVST 3PPEKTUBHOCTM TEMNOOOMEHHbBIX annaparToB




3.4.2 BapuaHTbl TUNOBbIX KOHTPOJbHbIX 3a4aHUN, BLIHOCUMbIX Ha roCyAapCTBEHHbIN 3K3aMeH

[MoBepxHOCTb KOpryca McnapuTens COCTOUT W3 MNITIOCKOW XXene3HOW CTeHKM TonwmHonm oct = 8 mm. Mo ogHy
CTOPOHY CTEHKM ABWXeTCH ropsivas Boga co cpegHen Temnepatypon t1 = 150 °C, a no Apyryto CTOpOHY — BO34yX CO
cpegHen Temnepatypon t2 = 20 °C. OnpegenuTb KO3(ULMEHT Tennonepenayun, NnoTHOCTb TEMfoBOro NoToKa, ecnu
KoadhpmumMeHT TennooTaaynm oT ropsiien Boabl K cteHke a1l = 2000 Bt1/(M2-°C), a koadpduUMEHT TennooTgaym oT
CTeHKM K Bo3ayxy o2 = 20 B1/(m2-°C). TennonpoBogHocTb cTanu Act = 57 BT/(M-°C).

CpaBHuTb KO3(PULMEHTbI TEennooTaayn npu NNEHOYHOM KOHAEHCAUMW BOASHOrO Mapa Ha MOBEPXHOCTU
BEPTUKANIbHON N rOPU3OHTanbHOM Tpyobl anameTpoM 20 MM U ANWHOW 2 M, €Ccnn BCe Npo4YMe napameTpbl HEU3MEHHBI.
OTBeT gaTb B BMAE: aBepT / arop.

Heobxooumo u3yuntb OBMxeHWe Bo3dyxa B Tpybe, avametpom d1=1,3m, npu cpegHen ckopoctn W1=7wm/c.
Ons atoro B3snu mogenb ¢ guameTtpom d2=0,5m. Kakyio ckopoctb Bo3dgyxa W2 HyxHO co3gatb B MOAenu, 4Tobbl
OCyLLeCTBUTb B Helt nogobue ¢ obpasuom.

4 OCOBEHHOCTU NPOBEAEHUA TOCYOAPCTBEHHOIO 3K3AMEHA

4.1 OcoGeHHOCTM NpoBeAeHUsi roCyAapCTBEHHOro 3K3aMeHa AnA NUL ¢ orpaHMyYeHHbIMU BO3MOXHOCTSIMMU
300pOBbA
OcobeHHOCTU NpoBedeHUs TOCYAapCTBEHHOW aTtTecTauMnm AN NUL € OrpaHUYEHHbIMU  BO3MOXHOCTSIMU

3[0pPOBbS  perfiaMmeHTUMpyloTCa  pasgenoM 7 nokanbHoro  HopmatuBHoro akta ClIeryrnThd «lMonoxeHnve o
rocyapCTBEHHOW UTOrOBOW aTTecTaumm no obpasoBaTenbHbIM NPOrpaMMaM BbICLLErO 0Opa3oBaHusI».

4.2 NMopAaok nogaym u paccMoTpeHus anennauum

Mpouenypa anennsauum nNO pesynbTaTaM roCyAapCTBEHHbIX aTTEeCTAUMOHHbIX WUCMbITAHUW perfiameHTupyeTcs
pasgenom 8 nokanbHoro HopmatusHoro akta CMOIYITO «[onoxeHne o rocygapCTBEHHOW WMTOroBOM aTTectauuu no
obpasoBaTerbHbIM NporpammMam BbICLLEro obpasoBaHUs».

5. YYHEBHO-METOAU4YECKOE N UH®OPMALIMOHHOE OBECMNEYEHUE FOCYOAPCTBEHHOIO 3K3AMEHA

5.1 Yue6GHas nutepatypa

ABTOp | 3arnasuve | M3patenbcTBO | log nspgaHus Ccblfika
6.1.1 OcHoBHas y4yebHasa nuTepaTtypa
WwnHHmkoB, T1. A. MpoekTnpoBaHne HosocnBupck: http://www.iprbooks
OAHOLMIMHAPOBOM HosocnBupckuin hop.ru/45147.htmi
KOHAEHCaLMOHHOM TYpOUHBI rocyfapCTBEHHbIN 2013
TEXHUYECKNIA
yHMBEpcuTeT
Kykos, H. M., | OHeprocbepexeHne B| TamboB: TambGoBCKui http://www.iprbooks
MawnnHukosa, H. &. TennoaHepreTuke, rocyapCTBEHHbIN 2017 hop.ru/85986.htmi
TennoTtexHuke n TeXHU4YecKumn
TENnOTEXHOMOMMAX yHuepcuteT, 95C ACB
Enncdanos, B. C.,|TexHnyeckas Mockea: MockoBckasi http://www.iprbooks
CtenaHos, A. M. TepMoaMHaMunka " rocyfapcreeHHas! 2013 hop.ru/46860.html
Tennonepegava akagemusl BoOgHOro
TpaHcnopTa
Wykypos, ~ WN.  C.,|MHxXeHepHble ceTn Mocksa: MockoBCKuiA http://www.iprbooks
[bskos, n. r., rocyapCTBEHHbIN hop.ru/49871.html
Muknpuy, K. U. CTPOUTENbHbIV 2016
yHuBepcuTeT, An [N 3p
Megna, 36C ACB
Knumosea, I". H. OHeprocbepexeHune Ha Tomck: Tomckuin http://www.iprbooks
NPOMBbILLITEHHBIX NnonuTEXHUYECKUn 2014 hop.ru/34743.html
npeanpuaTUAX yHUBEpCUTET
B.A. Cycrnos TennomaccoobmeH [TekcT]. M-Bo o6pasoBaHus 1 http://www.nizrp.nar
Y.1.: yyebHOE nocobure Hayku PO, BLUT3 2016 od.ru/metod/kpte/19.
cnerynta. — Crie.: pdf
BWTS CMerynTa
C.H. CwmopoauH, A.H.|KoTenbHble  ycCTaHOBKM W M-Bo obpasoBaHus n https://nizrp.narod.ru
MBaHoB, B.H. | naporeHepatopbl [Tekct ] : Hayku PO, BLUT3 /metod/kpte/2019_0
Benoycos y4yeb.nocobue CcnerynTa. - 2-e uaa., 2018 1_14_01.pdf
ucnp. - Cl6. : BWT3
cneryntg




PycuHa A. I., | Pexumbl ANEKTPUYECKMX Hosocnbupck: http://www.iprbooks
dunmnnosa T. A. cTaHummn " HosocnBupckuin hop.ru/45157 .html
3NeKTPOo3HEepreTUYecKmx rocyfapCTBEHHbIN 2014
cucrtem TEeXHUYECKNI
yHMBEpCUTET
B.FO. JlakomkmH, C.H.|TennomaccoobmeHHoe M-BO 06Da30BaHMS 1 http://www.nizrp.nar
CmopoauH, E.H. [ oGopynoBaHue E(D BLITD od.ru/metod/kpte//16
pomoBa npegnpustnii  (CywwmnbHble CFIlIa6yFK3|;II'IT,D: _ Cr6.: 2016 .pdf
ycTaHoBkn) [TekcT]: y4ebHoe . "
HocoGue BWTS CMerymnTa
A.H. WBaHoB, B.H.|TennoobmeHHoe M-Bo o6pasoBaHus U http://www.nizrp.nar
Benoycos, C.H. | obopynoBaHne Hayku PO, BLUT3 2016 od.ru/metod/kpte/18.
CmopoauH npeanpuaTiin [TekcT]: cnerynTta. — CNne.: pdf
y4ebHoe nocobue BLWIT3S CcOerynTa
A®. Mypsumy, M.H.|Cuctembl BeHTUNAUMM U M-80 06pa30BaHMR 1 http://www.nizrp.nar
Yanka KOH,EI,I/ILI,I/IOHI/IpOBaI-.IVIﬂ Hayk PO, CTGI TYPTT. — 2004 od.ru/systemvent.ht
Bo3gyxa [TekcT]: y4ebHoe CH6.- CAGETYPN m
nocobve "
B.A. Cycrnos TennomaccoobmeH  [TekcT]. M-Bo o6pasoBaHusA 1 http://www.nizrp.nar
Y.2.: yyebHoe nocobve Hayku PO, BLUT3 2017 od.ru/metod/kpte/20.
crnierynta. — Crie.: pdf
BWTS CMN6rymnTa
BacunbueHko, 0. B.,|lpombIneHHble Tennosble Benropon;: http://www.iprbooks
lNy6apes, A. B. 3MEeKTPOCTaHL MM Benropoackuii hop.ru/80438.html
rocyapCTBEeHHbIiA 2017
TEXHOMNOrM4yeckni
yHuBepcuteT um. B.I.
LLlyxosa, O96C ACB
B.. Kasakos, [1.B.|OTonutensHo- M-B6 060a30BaHMS U https://nizrp.narod.ru
JlyKaHuH, E.H. [ BEHTMNAUMOHHBIE  CUCTEMDI HavkU FF)’GJ BLITD /metod/kpte/2018_1
NpomoBa B LLenmnono3Ho-6ymMaxHom CI‘I6yFyI'IT,lj, - Cr6.- 2018 0_09_01.pdf
npomblnieHHocTn [ TekcT : BLITS CI'I6.FTYPI'I“
y4eb. nocobure
B.H. Benoycos, C.H.|Tonnueo " npouecckl | M-BO HayKu U BbICLLEIO http://nizrp.narod.ru/
CmopoauH, B.[0. | ropeHus B| o6pasosaHus PO, C.- metod/kpte/1590531
Liumban TENNO3HEPreTUHECKNX MeTepb. roc. yH-T Npom. 748.pdf
yctaHoBkax . Y. 1.0 yueb.| TexHonoruii u gusanHa, 2020
nocobve BbICLU. LK. TEXHOMOMK 1
3HepreTuku. - CaHkT-
MeTepbypr : BLUT3
cneryntg
B.H. Benoycos, C.H.|Tonnueo " npouecchkl | M-BO HayKu 1 BbICLLETO http://nizrp.narod.ru/
CmopoauH, B.[. | ropeHus B| obpasoBaHusa PP, C.- metod/kpte/1612390
LiumbGan TENNO3HEPreTUHECKMNX MeTepb. roc. yH-T Npom. 787 .pdf
ycTtaHoBkax. Y. 2: y4eb.| TexHonorvn v gusanHa, 2020
nocobue BbICLU. LK. TEXHOMOMK 1
aHepreTuku. - CaHkT-
MeTtepbypr : BLUT3
cneryntg
C. H.CwmopoagwuH, B.|lMpon3BoacTBeHHble M-BO HayKu 1 BbICLLIETO http://nizrp.narod.ru/
H. bBenoycoB, A. H.|koTenbHble: y4yebHo-| obpasosaHus PO, C.- metod/kpte/1639523
WBaHos, K. I". | meToanyeckoe nocobue MeTep6. roc. yH-T Npom. 721.pdf
MwuctotnHa TEXHOMOMMIN 1 An3aniHa,
2021
BbiCLU. LK. TEXHOMOMMN 1
3HepreTukn.- CaHkT-
MeTtepbypr: BLUT3
cneryntn
C.H. CmopoguH, B.H.|O6opygosaHue M-BO HayKu 1 BbICLLIETO http://nizrp.narod.ru/
Benoycos 3HEpProTexHONormM4ecKkmnx ob6pasoBaHusa PP, C.- metod/kpte/1623347
TOC : y4eb. nocobue MeTep6. roc. yH-T NMPOM. 740.pdf
TEXHOSNOrM N gusanHa, 2021

BbICLLU. LK. TEXHONOMMN 1
3HepreTukun. - CaHKT-
MeTtepbypr : BLUT3
cneryntn




C. H. CwmopoguH, B.|lMpoekTtnpoBaHue M-BO Hayku 1 BbiCLLErO http://nizrp.narod.ru/
H. Benoycos, A. H.|uCTOYHMKOB 3Heprmm B| o6pasosaHus PO, C.- metod/kpte/1636919
VBaHoOB, K. [". | npombILNEeHHON MeTepb. roc. yH-T Nnpom. 921.pdf
MwuctoTrHa TENnno3HepreTuke: y4eb.| TexHonorvi n gusanHa, 2021
nocobve BbiCLL. LK. TEXHOMOMMK 1
aHepreTukn. — CaHkT-
MeTepbypr: BLUT3
cneryntg
E.H. 'pomoBa BbicokoTemnepartypHble M-BO HayKu 1 BbiCLIEro http://nizrp.narod.ru/
TENNoTEXHOMNOrMYeckne obpazoBaHusi PO, C.- metod/kpte/1637417
npoueccel U yctaHoBku. Y.| TMeTepB. roc. yH-T npom. 881.pdf
2: y4yeb. nocobue TEeXHOMNornn 1 An3anHa, 2021
BbiCLU. LK. TEXHONOMK 1
aHepreTukn. - CaHkT-
MeTepbypr : BLUT
cneryntg
E.H. 'pomoBa BbicokoTemnepartypHble M-BO HayKu 1 BbiCLIErO http://nizrp.narod.ru/
TENNoTEXHONOrMYeckne o6pazoBaHust PO, C.- metod/kpte/1590159
npoueccel u yctaHoBkn Y.| TMeTepB. roc. yH-T npom. 117 .pdf
1.: yuebHOe nocobue TEXHONOMI 1 OMn3aiiHa, 2020
BbiCLU. LK. TEXHONOMK 1
3HepreTukn. — CaHkT-
MeTepbypr : BLUT3
cneryntg
6.1.2 [lononHuTenbHasa y4yebHaa nutepartypa
AknagHas, I". C. MaBHble 3HepreTuyeckme Mockea: MockoBckasi http://www.iprbooks
YCTaHOBKM rocyfapcreeHHas! 2015 hop.ru/46447.html
akagemusl BoOgHOro
TpaHcnopTa
B.A. Cycnos [n ap.] TennomaccoobmeHHoe M-Bo o6pasoBaHus 1 http://www.nizrp.nar
obopynosanne TOC u ASC | waykm Po, CNEITYPM. — 2015 od.ru/metod/kpte/12.
[TekeT]: yuebHoe nocobue Cne6.: CAerTyprl pdf
BapaHoB, A. B., , XX.|3HeprocbepexeHune n| Tambor: TambBoBckuI http://www.iprbooks
A. 3HeproadHEKTUBHOCTb rocyapCTBEHHbIN 2017 hop.ru/85987.htmi
TEXHNYECKUI
yHuBepcuteT, 36C ACB
BacykuHckun, C. M., |LUeHTpoGexHble TNMuneuk: Nuneukun http://www.iprbooks
bacykuHckui, B. M. HarHeTaTenm rocyAapCTBEHHbIN 2013 hop.ru/22947 .htmi
TEXHNYECKUI
yHusepcuteT, 95C ACB
B.A. Cycros TennomaccoobmeH [TekcT]: M-Bo obpasoBaHus 1 http://www.nizrp.nar
y4ebHoe nocobue Hayku P®, CMN6ITYPI. — 2008 od.ru/teplomassoob
Cné.: CA6IrTYPN men.htm
B.[. VieaHoB Cuctembl  TennocHabxeHus http://www.nizrp.nar
npeanpusaTumn [TekeT]: od.ru/metod/tsuitd/1.
x:iggaémemnmqecme ans M-Bo 06pa3oBaHuMs 1 pdf
CaMOCTOSITENbHOM Hay'é"'nzq_) ’CCH%?%T'IH- a 2014
NMOArOTOBKM U BbINOJTHEHUS -
KOHTPOMbHBLIX U KypCOBOW
pabot
C.H. CmopoaguH, B.H.|MeTtogbl sHeprocbepexeHus http://www.nizrp.nar
Benoycos, B.IO.|B 3HEepreTN4ecKkuXx, M-B0 06pasoBaHus! 1 od.ru/metod/kpte/10.
J1akOMKMH TEXHOSTOMMYECKNX wayku PO, CTGI TYPTT. — 2014 pdf
ycraroskax | “cne.: CnerTypm
CTpouTenbCcTBe [TekeT]:
yyebHoe nocobue
MocawkoB, M. B.,|3HeprocbepexeHne B Camapa: Camapckui http://www.iprbooks
Hemuenko, B. W, |cuctemax TennocHabxeHus rocyaapCTBEHHbIN hop.ru/29799.html
Tutos, I'. . apPXUTEKTYPHO- 2014
CTpOUTENbHbIN
yHuBepcuteT, 36C ACB
WaxHuH, B. A. OHepreTnyeckoe Mocksa: NHTepHeT- http://www.iprbooks
obcnenosaHye. YHuBepcuteT hop.ru/79732.html
OHeproayaut MHdopmaLmoHHbIX 2019

TexHonorun (MHTYWNT),
An Nn Op Meana




C.H. CmopoguH, B.H.
Benoycos, B.1O.
JlakoMKMH

Cuctembl W y3nbl yyeta| M-Bo 06pa3oBaHusi U http://www.nizrp.nar
pacxoga 9Hepropecypcos | Hayku P®, CMGITYPI. — 2014 od.ru/metod/kpte/7.p
[TekcT]: yuebHoe nocobue Cn6.: CNerTyPr df

5.2 MNepe4veHb NnpodreccuoHanbHbIX 6a3 AaHHbIX U UH(POPMALNOHHO-CMPABOYHbIX CUCTEM

OnekTpoHHO-6nbnunoTteyHas cuctema IPRbooks [OnekTpoHHein pecypc]. URL: http://www.iprbookshop.ru/
OnekTpoHHas 6ubnuoteka BLUTI CIB MNYMNTL [GnekTtpoHHbI pecypc]. URL: http://nizrp.narod.ru

5.3 NMepeyveHb NULEH3MOHHOro U CBOGOAHO pacnpocTpaHAeMoro nporpaMMHoro oéecneveHus
MicrosoftWindows 8
MicrosoftOfficeProfessional 2013
Microsoft: Office Standard 2016 Russian OLP NL AcademicEdition

5.4 OnucaHwue MaTepMaﬂbHO-TeXHM‘IeCKOﬁ 6a3bl, HeobxoaMmon ans NoAroToBKM U caavun rocygapcTtBeHHOro

JK3aMeHa

Ayautopus

OcHalleHue

KomnbloTepHbIN Knacc

MynbTMMeauiitHoe 060pyaoBaHUE, KOMIMbIOTEPHAs TEXHUKA C BO3MOXHOCTbIO MOAKMIOYEHUS K
cetn «WMHTepHeT» 1 obecrnedyeHMeM [O0OCTyna B SMEKTPOHHYH  MHGOPMALIMOHHO-
obpasoBaTenbHyto cpeay

JlekunoHHas
ayautopus

MynbTumeauiitHoe oGopyaoBaHuWe, cneumanmaMpoBaHHas mebesb, gocka

YyebHasa ayguTtopusi

CneunanuaupoBaHHas mebernb, gocka




