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OBILIASA YACTD

OneHouHblE MaTepHallbl 10 AUCLUUIUIMHE TMpPEAHA3HAYEHbl MJI OLEHKU: JOCTHKEHUS
0o0yyarolMMUCS  3aIUVIAHUPOBAHHBIX  PE3YyJIbTATOB  OOyYeHUs 10 JAMCLUUIUIMHE, JTana
(dbopMHpOBaHUs 3aIUTAHUPOBAHHBIX KOMIIETEHIIMN M YPOBHS OCBOCHUS TUCIUILINHBI.

OrneHouHble MaTepuallbl MO JUCHUIUIMHE BKIIOYAIOT OLEHOYHBIE CPEICTBA I MPOBEACHUS
MEPONPUIATHH TEKYILIET0 KOHTPOJIS YCIIEBAEMOCTH U IPOMEKYTOUHOM aTTECTALUH.

dopmupyembie y 00y4aromerocsi KOMIETeHIINN:

1. OIIK-4 Cnioco0GeH AeMOHCTPpUPOBATh TPUMEHEHNUE OCHOBHBIX CIIOCOOOB TOJTyYCHHSI,
IpeoOpa3oBaHys, TPAHCIIOPTA U UCIIOJIb30BAHMS TEIVIOTHI B TEIJIOTEXHUUECKUX YCTAaHOBKaX U
cucreMax
NJI-3 JleMoHCTpHUpYET MOHMMAHNE OCHOBHBIX 3aKOHOB TEIIOMAacCOOOMEHa U MMPUMEHSET UX
JUISl paCYETOB 3JIEMEHTOB TEIUIOTEXHUYECKUX YCTAHOBOK U CUCTEM

1 BKIIFOYACT:
JJIA TEKYIEro KOHTPOJIA YCIIEBA€MOCTH:

Popma peanmzanun: KomnerotepHoe 3aanue
1. 3amaun ternonposogHocT (TectupoBanue)
2. OcHoBHbIE OHATHUS TerioMaccooomena (TectupoBanue)
3. IIporeccrr Maccoobmena (TectupoBanue)
4. CBoOonHas konBekuus (TectupoBaHue)
5. TenmooOMeH U3Ty4eHHEM B CUCTEME TeJ, 3aM0THEHHON JTy4enpo3payHoii U
nyuenornomiaromieit cpenoit (TectupoBanue)
6. Temmootnaua npu (azoBbix nepexoaax (TectupoBanue)

Popma peanmsanuu: ITncemenHas pabora
1. 3amaun BeIHYXIeHHOU KOoHBekuu (KoHTponbHas paboTta)
2. TenmoBoii pacueT TerioooMeHHoro anmnapara (PacuetrHo-rpaduueckas pabora)

BPC aucuunjavHbl

5 cemectp
Beca KOHTPOJIBHBIX MEPOTIPUSTHI, %o
Nupnekc KM-1 | KM-2 | KM-3 | KM-4
Pa3gen nucuuImnHbl
KM:
Cpox KM: 4 8 12 15
BBenenue B TermioMaccoooOMeH
Crioco0sI iepeHoca TeTUIOTHI +
OCHOBHBIE OIIpeIeTICHUS, TEPMUHOJIOTHS +
TermmonpoBOgHOCTh
MatemaTndeckoe onucaHue MpoIecca TeIIOMPOBOTHOCTH +
CranuoHapHasi TETIONPOBOIHOCTb +




HecrannonapHas TEmionpoBOHOCTh

CB00OOHAST KOHBEKIIUS

YPaBHeHI/IH TEOpHUH KOHBEKTHBHOTI'O TemaoooMeHa

CB00OOIHAST KOHBEKIIUS

BBIHY)KI[CHHaH KOHBCKIHA

KoHBekTHBHas TEMI00TAaYa IPU TEUEHUU KUJKOCTH B
TpyOax u KaHaiax

Brennss 3aga4a KOHBCKTHUBHOI'O TermiooOMeHa

Bec KM:

25

25

25

25

6 cemecTp

Beca kOHTpOIBHBIX MepOTpUITHIL, Y0

HNupexc

Pasznen nucuuIuinHe
JCJI TUCL] KM:

KM-
5

KM-
6

KM-
7

KM-
8

Cpok KM:

4

8

12

15

TenmooOMeH npu Ppa30BEIX MPEBPALICHUSIX

TernnooOMeH npyu KUIIEHUU

TernmooOMeH npu KOHICHCAINH Mapa

TenmooOMeH u3rydyeHHEM

OCHOBHBIE TTIOHATHUS U 3aKOHBI TEINIOBOT'O H3JIIYyUCHUSA

TennooOMeH U3iTydyeHHEM MEXIY TBEpAbIMU TEIaMHU,
pa3eIeHHBIMU IPO3PAYHOMN Cpeloin

Pacuet TerooOMeHa U3Iy4eHUEM B CUCTEME Tell, 3all0JTHEHHON
M3JIY4ArOUIeN ¥ MOMIOMAONIEH Cpelon

TermmoMaccooOMeHHbBIE aIrraparhl

THIIBI TEITO00MEHHBIX arrapaTroB

WH>xeHepHbIe METO/IBI pacueTa TEIIOMAacCOOOMEHa B
DHEPreTUYECKUX YCTAaHOBKAX

OcHOBBI MaccooOMeHa

OCHOBHBIC TOHSATHS MacCOOOMEHa

Pacuer mpomeccoB MmaccooOMeHa

Bec KM:

25

25

25

25




COJAEPKAHUE OLNEHOYHBIX CPEJACTB TEKYHEI'O KOHTPOJISA

1. Oyenounvie cpeocmea 011 OUeHKU 3ANIAHUPOBAHHBIX PE3YIbIMAM 06 00yUeHUA NO OUCUUNTIUHE, COOMHECEHHBIX C UHOUKAMOpamu
00CMUIICCHUS KOMNEmeHY UL

Nunexc Nunukarop 3anjaHUpOBAHHBIE KonTposbHas Touka
KOMITETCHIIMHT pe3yiabTaThl OOyYEHHsS IO
JUCIUILINHE
OIIK-4 N-3onk-4 JemoHcTpupyer | 3HATh: OcHoBHBIE OHATHS TerioMaccooOMena (TectupoBanue)

IIOHMMAaHUC OCHOBHBIX
3aKOHOB TEIIOMAaccoOOMeHa

u IMPUMCHACT ux JUIA
PacucToB 9JICMCHTOB
TCHIOTEXHUYCCKUX

YCTAaHOBOK U CUCTCEM

3aKOHBI IEPEHOCA TETUIOTHI
TIPY IBIYKEHUU
TEIIOHOCUTES
MEXaHHU3MBI ITPOIIECCOB
TerIoo0MeHa 1pu (Ga3oBbIX
nepexoiax

OCHOBHBIE MTOHATHS
TemoMaccooOMeHa,
TEPMHHBI U OMIPEICTICHUS
MPOIIECCHI TEIUIO- U
MaccooOMeHa B
Mapora3oBOM MOTOKE
YMeTs:

BBITIOJTHSATH
TEIUIOTHIPaBIMYECKUN
pacyeT TerI000MEHHBIX
anmnaparoB
PacCUUTHIBATH MPOIIECCHI
KOHBEKTHBHOT'O
TerI000MeHa
paccUuTHIBAThH
TEMIIEpaTypHBIC TTOJIS B
ANIEMEHTaX KOHCTPYKIIUA
TETUIOBBIX YCTAaHOBOK

3anauu teronpoBoaHocTu (TectupoBanue)

CBoboanas xonsekuus (TectupoBanue)

3anaun BeIHYKIeHHON KoHBekuu (KoHTponbHas paborta)

Temmoornada npu azoseix nmepexonax (TectupoBanue)

TennooOMeH U3 Ty4eHHEM B CUCTEME TeJl, 3alI0JTHEHHOH JIydenpo3padyHon U
naydenoromaoiei cpenoit (TectupoBanue)

TennoBoii pacuet TermnooomMenHoro annapara (PacuetHo-rpaduueckas
pabora)

IIpoueccer Maccoodmena (TecTupoBanue)




paccYUTHIBaTh TEIIO0OOMEH
U3IIy4EHUEM B CHCTEME Tell,
3aI0JIHEHHBIX U3JIy4arolen
Y MOTJIOIIAOIIEH Cpesoit




1I. Cooepicanue ouenounvix cpeocme. lllkana u kpumepuu oyenusanus
S cemecTp

KM-1. OcHoBHBIE MOHATHSA TEMJIOMACCO00OMEHA

®opmbl peaju3anuu: KoMIbroTEPHOE 3a1aHKE

Tun KOHTPOJBLHOr0 MeponpusaTusi: TecTupoBaHue

Bec koHTpObHOrO0 MeponpusTusi B BPC: 25

IIpouenypa npoBeaeHHs KOHTPOJBLHOI0 MeponpuaTHA: KoMIIbIoTEpHOE TECTUPOBAaHUE

KpaTlcoe CodcpiKaHUuE 3alaHUA:
CTy,Z[CHTy npeaiaracTcsa OTBETUTb HAa TCCTOBBLIC BOIIPOCHI, KACAIOIIHUCCA OCHOBHBIX MMOHATHH

TEIIOMACCOOOMEHA, TSPMHUHOB U OIIPEICTICHHM, UCTIOIB3YEMBIX B JIAHHOH JTUCIIUTUIHHE.

KoHTpoJibHbIE BOIPOCHI/3a/1aHUA:

3HaTh: OCHOBHBIE MOHSITUS 1.MaiiTe onpeneneHye INIOTHOCTH TEIIOBOIO MOTOKA
TEIIOMAcCOOOMEHa, TEPMHMHBI U 1.9T0 KOJIIMYECTBO TEIIOBOM SHEPTUH, NIEPENABAEMOE
ONpeeIeHUs yepes3 MOBEPXHOCTH IuIomaapo 1 M2

2.9T0 KOJIMYECTBO TEIJIOBOM SHEPTUHU, IIEPEAABAEMOE B
€IMHUILY BPEMEHH Yepe3 MOBEPXHOCTD IO b0 1 M2
3.9T0 KOJIMYECTBO TEIUIOTHI, MPOXOALIEE Yepes3
MIPOU3BOJILHYIO TIOBEPXHOCTH B €IUHUILY BPEMEHU
Otser: 2

2.JlaiiTe onpeneneHrne BEKTopa MIOTHOCTH TEIIOBOTO
MOTOKA

1.9T0 BEeKTOp, B HAMPABIIEHUH KOTOPOTO HHTEHCUBHOCTh
repeHoca TeIIOThl HAUMEHbIIast

2.11oBepXHOCTHBIN MHTETPAJ OT CKAISIPHOTO
MIPOU3BE/ICHUS BEKTOPA U €AMHUYHOIO BEKTOPA
HOopMaiK n0 K 3JIEMEHTApHOM IJIOLIA/IKE TTOBEPXHOCTH
3.0T10 BEKTOp, IPOEKLUs KOTOPOTO Ha MPOU3BOJIBHOE
HaIpaBJIEHUE €CTh MECTHAs TUIOTHOCTh TETJIOBOTO
MOTOKA, IPOXOIAILIEr0 Yepe3 IIOAIKY,
MEPIEHIUKYISIPHYIO K 9TOMY HaIllpaBJICHUIO

Otger: 3

3.0T™MeThTe NpaBUIIbHBIE ONIPEACTICHUS:

1 .n30TEpMHUUECKNE TOBEPXHOCTH MEPECEKAIOTCS
2.BEKTOp TUIOTHOCTH TEIJIOBOTO MTOTOKA COHAIPABJIEH C
BEKTOPOM I'paUEHTa TEMIIEPATYPHOTO MOJIS
3.k03QGUIUEHT TEIJIO0TIa4YH YUCICHHO PABEH
KOJIMYECTBY TEIUIOTHI, IPOXOAAIIEMY YEpe3 EAMHUUHYIO
TTOBEPXHOCTh B €IMHUITY BPEMEHHU TIPH Pa3HOCTH
3HAUYEHHI TeMIepaTypbl TOBEPXHOCTHU U KUJIKOCTH B
OJIUH KEeJThbBUH

4.mpu Teronepeiadye OTCYTCTBYIOT KOHBEKLIUS U
TEIUIONPOBOAHOCTh

5.MJIOTHOCTh TEIJIOBOTO MOTOKA U3MEPSIETCS B BATTAX
Ortgert: 3

4.Kakoii nporiecc Ha3bIBA€TCs TEIIONPOBOJAHOCTHIO?




l.mpouecc nepegaun TEIIOTh B TPOCTPAHCTBE,
OCYIIECTBIISIEMBIN KaK 3a CUET TETUIOBOTO JTBUKCHUS
MHUKPOYACTHI] TaK U IMOCPEACTBOM MEPEMELICHUS
MaKpOYacCTHI] U3 OJHOW TOUKH IIPOCTPAHCTBA B IPYT'YIO
2.7emI000MeH MeX /1y IOBEPXHOCTHIO Tela U
OMBIBAIOIIEHN €r0 JIBUXKYILEHCS Cpenoin

3.1epeHoc TeIIOThl IPU HEMOCPEACTBEHHOM KOHTAKTE
0oJiee HarpeThIX TEJ WIH CPEJIbl C MEHEEe HAarPEThIMH,
OCYILIECTBIISIEMBI MOCPECTBOM XaO0TUYECKOTO
JIBUKCHHSI M B3aUMOJICHCTBUST MUKPOYACTHII

4. mepeHoc TEeIIOThl B IPOCTPAHCTBE, OCYIIECTBISIEMbIN
B PE3YyJIbTATE PACIPOCTPAHEHUS IIEKTPOMArHUTHBIX
BOJIH, SHEPTHUS KOTOPBIN MPU B3aUMOJICHCTBHS C
BELIECTBOM IIEPEXO/IUT B TEIUIOBYIO SHEPTHUIO

Ortger: 3

5.VkaxuTe BepHOE OmpeaesieHrne KodppuimenTa
TeIUIoNepe1aun

1.KonuuecTBo TEMIOTHI, IEPEIABAEMOE B €IUHUILY
BPEMEHH OT OJJTHOTO TEIJIOHOCUTENS K APYrOMY depes
pa3eNoNIyI0 CTEHKY IIomaabio 1 M2 npu pasHuiie
Temueparyp Mexay rermaonocutensamu 1 K
2.Konu4ecTBo TEMIOTHI, IEPEAABAEMOT0O B SAHMHHILY
BPEMEHHU OT CTEHKH ILUIOMIAbI0 1 M2 K OMBIBAIOLIEMY €€
TEIUIOHOCUTEIO Tpu pasHuile Temmeparyp 1 K.
3.TennoBoil MOTOK, NepeiaBaeMblil OT O0JIee HarpeToro
TeJa K MEHee HarpeToMy uepe3 MOBEPXHOCTh IIIOMIAIbI0
1 M2 nipu rpaguente Temmneparyp 1 K/m

Otser: 1

Onucanue MIKAJbI OLlEeHUBAHUS

Ouyenxa: 5

Huoicnuii nopoe evinonnenus sadanus 6 npoyenmax.: 90
Onucanue xapakmepucmuxu evlnoinerus 3Hanus: O1eHKa "OTIUYHO" BBICTABIISETCS €CIIH 3aJaHNe
BBITIOJTHEHO B MOJIHOM 00'beMe WIJIH BBITIOTHEHO MPEUMYIIIECTBEHHO BEPHO

Ouyenka: 4

Huoicnuii nopoz evinonnenus sadanus 6 npoyernmax.: 80
Onucanue xapaxmepucmuxu evinonneHus snanua: OueHkKa "XopoIo" BICTABIIAETCS ECIIN
OO0JIBIIMHCTBO BOIIPOCOB PACKPHITO

Ouyenxa: 3

Huoicnuii nopoe evinonnenus sadanus 6 npoyenmax.: 60
Onucanue xapaxmepucmuxu evinoaneHus snanusa: OueHKa "y10BIETBOPUTEIBHO" BHICTABIIAETCS
€CJIM 3aJJaHue MPEUMYIIECTBEHHO BHITIOJIHEHO

Oyenka: 2

Onucanue xapakxmepucmuxu evinoaneHus sHanusa: OneHKa "Hey10BIeTBOPUTENIbHO" BBICTABIISETCS
€CJIM 33JJaHUE BBINIOJHEHO HEBEPHO WJIM MPEUMYILIECTBEHHO HE BHIIIOJIHEHO

KM-2. 3agaun TenJionpoBOAHOCTH

®opmbl peasuzanuu: KomneorepHoe 3a1aHue
Tun koHTpOILHOTrO Meponpusitus: TectupoBanue
Bec konTposbHOro meponpusitusi B BPC: 25




IIpounenypa npoBeaeHnss KOHTPOJIBLHOI0 MeponpuaTHA: KoMIbloTepHOE TECTUPOBAaHUE

KpaTkoe conep:kanue 3a1aHusi:

CryneHTy npejyiaraercs OTBETUTh Ha TECTOBBIC 3aJJaHusl, KACAIOIINECs 3a/1a4 CTAIIMOHAPHON 1
HECTAllMOHAPHOHN TETIONPOBOTHOCTH.

KOHTpOJILHLIe BOHpOCbI/SaL[aHI/Iﬂ:

YMers: paccYuThIBaTh
TEMIIEpaTypHBIE MOJISl B 3JIEMEHTAX
KOHCTPYKLUU TETJIOBBIX
YCTaHOBOK

1.2Kene300eToHHBIN OaK MOKPBIT TETUIOBOW U30JISAIHCH.
Tonmunua ctenku 6aka 10 MM, K03 dunmeHToM
TETUIONPOBOAHOCTH kese300erona 1,28 Br/(m-K). Crnoit
U30JISIIUAM BBIIIOJIHEH U3 IAKOBOM BaThI TOJIIMHONA 50
MM ¢ KO3 uimenToM TeronpoBoanoctu A=0,069
B1/(m-K). Temmeparypbl BHYTpeHHEH TOBEPXHOCTH
crerku 6aka 270 °C u BHEITHEW MOBEPXHOCTH U3OJISIIIAH
50 °C. BpluucCIUTh TEMIIEPATYPY HA TPAHUIAX CIIOEB
W3O0JISAIUH.

1. 52°C;

2. 58

3. 268°C.

Ortser: 3

2.1.  Haiitu TeMnepaTypy HapyXHOH TTOBEPXHOCTH
CJI0SI U30JIALIMK CTAJILHOTO (KO3 (HUIIHEHT
tertonpoBoanoctu 15 Br/(m-K)) uzonmupoBanuoro
TpyOompoBoaa nuamerpom 108/102 mm. Ilo
TpyOOIpoOBOy TeueT Bojaa ¢ Temmneparypou 150 °C.
TemmnepaTypa Bo3ayxa B IOMEIIEHUH, TJ€ POXOAUT
tpybonposoz, 18 °C. Koadduuuent remmoornaun co
ctopoHsl Bo3ayxa 12 Bt/(mM2-K), co croponst Boasr 1200
Bt1/(M2-K). Tonmuna cnos uzomnsiuu 50 MM ¢
koa¢pdunmentom teronporogroctu 0,081 Bt/(m-K).
1. 58,6 °C;

2. 29,8 °C;
3. 18,1 °C.
OtBer: 2

3.ITo kakoMy U3 IPUBEJCHHBIX YPAaBHEHUI MOXKHO
paccuMTaTh JIMHEHHBIN KOAQPHUIHMEHT Teruionepeiadn
4yepe3 MUIMHAPUYECKYIO CTeHKY?

1.ki=1/1/a; +6/A+ 1/ay)

2.k =1/1/ay +1/2AIn{d,/d } + 1/;)

3.k =1/(1/(a1dy) +1/2AIn{d,/d,} + 1/(a2d,))

t1—t
4k = 2 —2=b
oy = 272 In{d,/dy}

5. k 1=A/\left(d\left(t_1-t_2\right)\right?
Ortger: 3

4.®uznyeckuit cMmpica yncna buo Bi:

1. Ywucno bruo paBHO OTHOLIEHUIO TEPMUUYECKUX
COIPOTUBIICHUI: BHYTPEHHETO COIIPOTUBIICHUS
TEIJIONPOBOJHOCTH K BHEIIIHEMY COIIPOTHUBIICHHUIO
TEIJIO0TJa4H.

2. Ywucno bro paBHO OTHOIIIEHUIO BHEITHETO
TEPMUYECKOTO CONPOTUBIICHUS TEIJIOOTAAYH K
BHYTPEHHEMY TEPMHUUYECKOMY CONPOTUBIICHUIO
TEIJIONPOBOJHOCTH




3. Ywucno buo xapakTepuszyeT COOTHOIICHHE MEXTY
WHTEHCUBHOCTHIO TEIJIOOOMEHA 33 CUeT KOHBEKIINH U
MHTEHCUBHOCTBIO TEIJI000MEHa 3a CUET
TEIJIONPOBOJHOCTH

OtBerT: 1

Onucanue MIKAJbI OICHUBAHUSA:

Ouenka: 5
Huoicnuii nopoe svinonnenus 3aoanus 6 npoyermax: 90
Onucanue xapakmepucmuku binonenus 3nanus.; OueHka "oTIMYHO" BBICTABIISIETCS €CIIU 3aJJaHue
BBITIOJTHEHO B MTOJIHOM 00'bEME WIIH BBITIONHEHO MPEUMYIIIECTBEHHO BEPHO

Ouenka: 4
Huoicnuii nopoe svinonnenus 3aoanus 6 npoyenmax.: 80
Onucanue xapakmepucmuku ebtnoanenus 3uanus. OueHka "Xopomio" BbICTABISAETCS €CIIH
OOJIBIIMHCTBO BOIPOCOB PACKPHITO. BEIOPAHO BEPHOE HAMPABICHHUE JUISI PEIICHUS 32,124

Oyenka: 3
Huoicnuti nopoe evinonnenus sadanus 6 npoyenmax.: 60
Onucanue xapakmepucmuxu evlnoinenus 3Hanus: OueHKa "yJoBIeTBOPUTEIBHO" BBICTABIISAETCS
€CJIM 3aJJaHUE TIPEUMYIIIECTBEHHO BHITIOJIHEHO

Oyenka: 2
Onucanue xapaxmepucmuxu evinoanenusi snanus: OTNeHKa "HeyIOBICTBOPUTEIIEHO" BEICTABIISCTCS
€CIIM 3a/IaHUE BBITIOJTHEHO HEBEPHO MJIM MPEUMYIIECTBEHHO HE BBITOIHEHO

KM-3. CBo0oaHasi KOHBEKIINA

®opmbl peanusanuu: KoMnsioTepHoe 3aqanue

Tun koHTpoABLHOr0 Meponpusitusi: TecTupoBanue

Bec koHTpOIbHOrO Meponpusitusi B BPC: 25

IIpoueaypa npoBeeHnsi KOHTPOJIBLHOr0 MeponpusTusi: KoMIploTepHOE TECTUPOBAHKE

KpaTkoe cogep:kanune 3a1aHus:
CTyeHTy npeiaraeTcst OTBETHTh Ha TECTOBBIC BOIIPOCHI, KACAIOIIMECS] OCHOBHBIX MTOHSTHIT

KOHBEKTHUBHOT'O TEILJI0OOMEHa

KoHTpoJibHbIE BONIpOChl/3aJaHUA:

3HaTh: 3aKOHBI IEPEHOCA TETUIOTHI 1. KonnuecTBo TEMI0ThI, 0TAaBaEMOE IIOTOKOM KHUIKOCTU

IPU JIBUKEHUH TEIIIOHOCUTES 1 M2 IOBEpXHOCTH B €IMHUILY BpEMEHH MPU PA3HOCTU
TEMIEPATyp MEXY HEW U IOBEPXHOCTHIO B 1°C
Ha3bIBAETCS:

a) Kod((PpUIIMEHTOM TeTIIONPOBOJHOCTH

0) k03P PUITMEHTOM TETUIO0TAaAYN

B) TUIOTHOCTBIO MOTOKA U3ITyUEHUS

T') HHTETPATHHON IIOTHOCTHIO TIOTOKA U3TYyYCHUS
1) ko3 ueHToM TeronepeIaun

Otsert: 0

2.Kakue u3 yricen moao0ust SBIASIOTCS TETIOGU3NIECKOM
XapaKTEPUCTUKOM KUIKOCTU?

a) uncno PeitHonbica

0) uucio HyccenbTa

B) uncno [Ipanarns

r) yncyuo ['pacroda

10



e) uncio dypne
x) uncio buo
Otser: B
3.I'opr30HTaIBHO PACHOIOKEHHAs CTaJbHAS TPyOa C
temnepatypoit 130 °C oxnaxaaercs OKpYyKarouuM
BO3JIyXOM, TeMIeparypa Kotoporo tBo3za = 18 °C.
Omnpenenuts K03 (HULIKEHT TEIIIOOTAAYU OT CTEHKU
TpyOBI K BO3yXY, €CIH JUAMETpP BHEIIHUN TPyOBl paBeH
d2 =210 mm
4.KakoB pexuM JIBUKEHUS CPEbl B KPYTJIon TpyOe, eciu
CKOpOCTh moToka w = 20 m/c, nuamerp TpyOos! d = 40 MM,
a kodhurreHT KuHeMaTuueckou Bsi3koctu v = 0,6 - 10-
3 mM2/c? IlosicHuTe OTBET.

a) JaMUHapHBIN

0) mepexoIHbIN

B) TypOYJIEHTHBII

T') [10 3TUM JAHHBIM OIPENCTUTh HEeNb3s
OtgerT: a
5.B kakoMm ciy4ae TONIIUHBI TEIIOBOTO U
JUHAMHYECKOI0 IOTPAHUYHBIX CJIOEB COBIAIAIOT?
a)Pr<1
6) Pr>1
B) Pr=1
r)Pr=0
1) Pr=100
OTtBeT: B

Onucanue MIKAJbI OLEeHUBAHUS

Ouenka: 5
Huodienuii nopoe svinonnenus 3aoanus 6 npoyermax: 90
Onucanue xapakmepucmuxu evinoinerus 3Hanus: O1eHKa "OTINYHO" BBICTABIISETCS €CIIM 3aJaHue
BBITIOJTHEHO B MOJIHOM 00'beMe WIIH BBITIOTHEHO MPEUMYIIIECTBEHHO BEPHO

Ouyenka: 4
Huosienuii nopoe sévinonnenus 3adanus 6 npoyermax: 80
Onucanue xapakmepucmuxu evlnoinenus 3Hanus: OLeHKa "X0opoIo" BEICTaBISETCS €CITN
OOJIBIIMHCTBO BOIIPOCOB PACKPBITO

Oyenka: 3
Huodicnuii nopoe sévinonnenus 3adanus 6 npoyermax: 60
Onucanue xapakmepucmuxu ebinoaneHus snanus: OueHka "yIoBIeTBOPUTENBHO" BBICTABIISETCS
€CIIH 3a/IaHUe NMPEUMYILECTBEHHO BHITIOJIHEHO

Oyenka: 2
Onucanue xapaxmepucmuxu evinoineHus sHanus: OTNeHKa "HeyI0BIETBOPUTENLHO" BEICTABIISCTCS
€CJIM 33JIaHUE BBITOJIHEHO HEBEPHO HJIU MPEUMYIIECTBEHHO HE BBITOJTHCHO

KM-4. 3ana4u BbIHYK1€HHON KOHBEKINH

®opmbl peanusanun: [lucemennas padbora
Tun kouTpoabHOro Meponpusitusi: KontponsHas padora
Bec konTposbHOro meponpusitusi B BPC: 25
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IIpouenypa mpoBeleHHsi KOHTPOJbHOro meponpusatHsi: CTyIEHTY BBIIAE€TCS JBE 3aJlaydl C
WHAUBUAYAJIbHBIM Ha0OpOM MCXOJHBIX JAaHHBIX. 3aJjaud PELIaloTCs caMOCTOSTeNbHO. PemeHHbie
3ajauu 3arpyxarTtcs aisg nposepku B CHO "[Ipomereit”

Kpartkoe cogep:xxanue 3aganus:
CTyneHT A0JDKEH PEelnTh JIBE aJjau 110 BBIHYKJIEHHOW KoHBeKuMHU. [lepBas 3anaua Ha
BBIHYX/ICHHOE O0TeKaHUe IIACTUHBI, TPYObI WU My4Ka TpyO. Bropas Ha BeIHYXJIeHHOE
JIBUKEHHUE TEIJIOHOCUTENSI BHYTPU TPY

KoHTposibHbIe BONPOCHI/3aJaHUA:

YMeTh: paccuuThIBaTh MPOLECCHI 1.0Ompenenuts cpeanuii Ko3hUIUEHT TEI00TAAYN
KOHBEKTHBHOI'O TEINIOOOMEHA JECATUPSITHOTO KOPUIOPHOTO ITyYKa, 00TEeKaeMOro
MOTNEPEYHBIM TTOTOKOM TpaHC(POPMATOPHOTO Macja, eCiu
BHEIIHUI UaMeTp TpyO B IyUdKe 25 MM, CpeaHsIs
CKOpPOCTh B y3koM Teuenuu 0,6 m/c, cpennss
temriepatypa Macia 50 °C u cpennsis Temmneparypa
noBepxHoctu Tpyo 80 °C.

2.I1o TpyOke nuamerpom 20 MM JIBUKETCS BO3AYX C
temriepaTypoit Ha Bxojzie 20°C. Pacxoxn Bo3zayxa G=9
kr/4. CpenHsisi TeMIiepaTypa BHyTpEHHEH TTOBEPXHOCTH
tpyoku 100°C. Kakyro qymmHy 10KHA IMETh TpyOKa,
4TOOBI TEMIIEpATypa BO3AyXa Ha BBIXOJE U3 Hee Oblia
paBna 60 °C?

OnucaHue MKAJbI OLleHUBAHUS:

Oyenka: 5
Huoicnuii nopoe evinonnenus 3aoanus 6 npoyenmax.: 90
Onucanue xapaxmepucmuxu 6vinoaneHus snanua: OUueHKa "0TIIMYHO" BBICTABIISAETCS, €CIIH 3aJaHNUE
BBITIOJTHEHO B MTOJIHOM 00b€ME MJIM BBIIIOJHEHO MPEUMYIIIECTBEHHO BEPHO

Oyenka: 4
Huoicnuii nopoe evinonnenus 3aoanus 6 npoyenmax. 80
Onucanue xapakmepucmuku gvinonnenus 3uanus: OueHKa "Xopouo" BbICTaBIsAETCs, €ClIu 00e
3aJ1a4M BBIIIOJIHEHBI BEPHO ¢ HE3HAYUTEIbHBIMU OIIMOKaMuU

Oyenka: 3
Huoicnuii nopoe evinonnenus 3aoanus 6 npoyenmax: 10
Onucanue xapaxmepucmuxu vinonneHus snanus: OueHka "ya0BIeTBOPUTENBHO" BHICTABIISETCA,
€CIIY BBIIIOJIHEHO BEPHO OJIHA U3 33]a4, BTOpas 3ajada MO0 He pelleHa JIU00 ee peleHe
COJIEPKUT TpyObIe OIIMOKH

Oyenka: 2
Onucanue xapaxmepucmuxu evinoanenus snanus: ONeHKa "HeyI0BICTBOPUTEIIEHO" BEICTABIIICTCS,
ecnu 00e 3a71aun He BHIMIOJTHEHBI, TIN0O0 UX PEIIeHNEe COAEPKUT TPyObIie OMUOKH.

6 cemecTp

KM-5. Tensiooraaya npu ¢a3oBbIX Nepexoaax
®opmbl peaausanun: KomnsroTepHoe 3a1aH1e
Tun KOHTPOILHOrO MeponpusaTHs: TecTupoBaHue

Bec koHTpOBbHOrO Meponpusitusi B BPC: 25
IIpoueaypa nposeneHnsi KOHTPOJIbHOI0 MeponpusiTus: KoMnbl0TEpHOE TECTUPOBAHUE
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KpaTkoe conep:kanue 3a1aHus:
CryzneHTy npejyiaraeTcst OTBETHTh Ha TECTOBBIE BOIIPOCHI, KaCAIOLIMECs TEINIOMAacCOOOMeHa
IIPpU KUIICHUH U KOHACHCAIUA

KoHTposbHbIe BONPOCHI/3a1aHUA:

3HaTh: MEXaHU3MbI

TEIUI000MEHa
nepexojiax

pu

MPOIIECCOB
(hazoBbIX

1.Bbri0epuTe npaBUJIbHbIE MPeIJI0KEHU !

1. YcnoBueM KOHJIGHCALIUU SBJISIETCS TIEPETPEB Mapa
OTHOCHUTEJIHO TEMIIEPATYPhl HACBIIEHUS IIPH J1aBJIICHUH
KOH/ICHCAIINH;

2 YciioBUEM KOHJICHCALMHU SIBJISIETCS. HAIMYKE LIEHTPOB
KOHJICHCAIINU B 00BEME Mapa WM Ha TTOBEPXHOCTH
KOH/JICHCAIIUH,

3. TymaH siBnsieTcsl mpuMepoM 00BEMHON KOHACHCAIINH,
4. KonzaeHcalus HEBO3MOXHA, €CJIA KUJKOCTh HE
CMa4yMBaeT MOBEPXHOCTh KOH/ICHCAIIUH,

5. IlepeoxnaxaeHue napa OTHOCUTEIbHO TEMIIEPATYPBI
HACBIIICHUS TIPH JIaBJICHUU MTapOBOU (pa3bl sBISETCS
YCIIOBUEM KOHJECHCAIlUH,

6. luddy3noHHOE CONTPOTUBIICHHUE CBSI3aHO C HATMIHEM
B AapOBOH (ha3e MOJIEKYJI HEKOHICHCHPYIOLIIXCS Ta30B.

OtserT: 2,3,5,6

2. BoiOepuTe BepHble onpeaeeHus:

1. JIns 3akunanusi BOJbI €€ TeMIepaTypa Beera 10/bKHA
ob1Th paBHa 100 rpagycam no Llenbcuro.

2. KunenueM Ha3bIBaIOT MPOLIECC UHTEHCUBHOTO
napoo0Opa3zoBaHus ¢ 00pa3oBaHUEM MOBEPXHOCTEM
paznena (a3 B 00bEMe )KUIKOCTH U/ Ha TIOBEPXHOCTH
Harpesa.

3. ns mporiecca KUMeHus He0O0X0AMMO HaTu4Ine
LIEHTPOB apooOpa3z0oBaHMUs.

4. Ecnu KUAKOCTh HE CMAaYMBAET MOBEPXHOCTh
TeriooOMeHa, Mbl Hab01aeM MIEHOYHYIO
KOH/ICHCAIIHIO.

5. [IpoTBOTOYHAs cXeMa JABUKEHUS TEIJIOHOCUTENEH B
peKyIepaTUBHOM TEIJI0O00OMEHHUKE SIBJISIETCSl HanboJiee
3¢ HEeKTHBHOM.

6. IIpu 06pazoBaHnU NApOBOTO My3bIpbKa MPOUCXOAUT
npeoOpa3oBaHUe TEMIOTHl B MEXAHUYECKYIO SHEPTHIO.
OTserT: 2,3,5,6

3.B yciioBusix peryJupoBaHus TeMnepaTypbl
MOBEPXHOCTH TeNnJ1000MeHa npu 6acceiiHOBOM
KHIICHUM NPeBBILICHUE ePBOHl KPUTHYECKOH
IJIOTHOCTH TEIJIOBOI0 MOTOKA BEAET K...

1. Yeennuennio KTO 1 MIOTHOCTH TEIIOBOIO IOTOKA,
2. CHIKEHUIO TUIOTHOCTH TEIMJIOBOTO MOTOKA, HO POCTY
KTO,

3. Camxenuto KTO 1 HeM3MeHHOH TIJIOTHOCTH
TEIJIOBOT0 MOTOKA,

4. Ymenpmennio KTO 1 IJTOTHOCTH TEIUIOBOIO MOTOKA,
5. Ilepexony k pexxuMy CBOOOTHON KOHBEKIIUU C POCTOM
KTO,
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6. [lepexony Kk pa3BUTOMY IJIEHOYHOMY KUIIEHUIO C
pe3kum cHrxkenreMm KTO, poctom Temneparypbl
[IOBEPXHOCTHU U YTPO30il €€ pa3pylIeHHUs.

Otger: 4

4. BHYTpH napoBoro my3pipbKa TemMieparypa napa
paBHa:

1. TeMrniepaType HaChIIIEHUS IPY 1aBJICHUH HACHIICHUS
KHIISIIEH KUIKOCTH,

2. TemrmepaType HACHIIIECHUS TP IaBJICHUH 11apa BHYTPH
[apoBOTr0 My3bIPbKa,

3. cpenHemMy apu(pMETHUECKOMY 3HAUEHUHN 3TUX
TeMIiepaTyp,

4. Temneparypa BHYTpH IIy3bIpbKa BCEra paBHA
TEeMIIepaType KUIALIEH )KUIKOCTH.

Otser: 2

5.Bbi0epuTe npaBuJibHbIE MPEIJI0KEHNSI:

1. [InénouHast KOHAEHCAIMS BOZHUKAET Ha [IOBEPXHOCTH,
CMaYnBaEMOM KHIKOCTBIO,

2. 'mapodoOu3aTopbl MPUMEHSIOT /7S IEPEBOAA
KareJbHOW KOHJIEHCALUU B IUNIEHOYHYHO,

3. IIpu nnéHoyHON KOHAEHCAUUN YIAETCS MOIYYUTh
6osee Boicokue 3HaueHus KTO, yeM npu kamenbHOH,
4. ®a3oBo€ COMPOTUBIICHUE CBSA3AHO C KUHETHKOM
rpolriecca KOHJACHCAIMU U MPOSBIIAETCS IIPU HUZKUX
JABJICHUSX TTapa U KOHJICHCALIUU MTaPOB KUIKUX
METaJIOB,

5. OCHOBHBIM COMPOTHUBIICHUEM TIPHU TUIEHOYHOM
KOH/JICHCAIIUH SIBJISIETCS] COIPOTUBIIEHUE
TETJIOMPOBOIHOCTH TIEHKHU KOH/ICHCATA,

6. [1mOTHOCTH TEIJIOBOTO OTOKA, MPEJABAEMOI0 MPU
KOHJICHCAIlUU, OTIpeiensieTcs: u3 3akoHa HeroToHa-
Puxmana.

Otser: 1,4,5,6

OnucaHue MKaJbI OlleHUBAHUS:

Oyenka: 5

Huoicnuti nopoe evinonnenus sadanus 6 npoyernmax.: 90
Onucanue xapakmepucmuxu evlnoinerus 3Hanus: O1eHKa "OTINYHO" BBICTABIISETCS €CIIM 3aJaHue
BBITIOJTHEHO B MOJIHOM 00'beMe WIIH BBITIOTHEHO MPEUMYIIIECTBEHHO BEPHO

Ouyenka: 4

Huoicnuii nopoz evinonnenus sadanus 6 npoyenmax.: 80
Onucanue xapakmepucmuku evtnoanenus 3uanus.; OueHka "Xoponio" BbICTABISETCS €CIU
OOJIBIIIMHCTBO BOIIPOCOB PACKPHITO

Oyenka: 3

Huoicnuii nopoz evinonnenus sadanus 6 npoyenmax.: 60
Onucanue xapaxmepucmuxu evinoaneHus sHanus: OueHka "y10BIeTBOPUTENIBHO" BHICTABIISAETCS
€CJIM 3aJJaHUE TPEUMYILIECTBEHHO BBITIOJIHEHO

Oyenka: 2

Onucanue XapakmepucmuKu 6blINOJIHEHUS 3HARUA. OI_ICHKa "HeyI[OBJ'IeTBOPI/ITCHLHO" BBICTaBJIACTCA
€CJIK 3aJaHNEC BBIITOJIHCHO HCBCPHO HUJIU IMTPEUMYIICCTBEHHO HE BBIITOJIHEHO
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KM-6. IIpoueccbl MaccooOMeHa

®opmbl pean3anuu: KoMIblOTEPHOE 3a1aHKE

Tun KOHTPOJBLHOr0 MeponpusaTusi: TecTupoBaHue

Bec koHTpOobHOr0 MeponpustTusi B BPC: 25

IIpouenypa npoBeaeHHs KOHTPOJBLHOI0 MeponpuaTHA: KoMIbloTepHOE TECTUPOBAaHUE

KpaTlcoe CodcpiKaHuE 3alaHUA:
CTy,I[eHT OTBCYACT Ha IIOBPOCHI, KaCaroIMHECA IIEPEHOCA TCIIJIOTBI 1 MACChI B ITIapOra3oBbIX
IIOTOKax

KoHTposibHbIe BONPOCHI/3aJaHUA:

3HaTh:  IpoLECChl  TEIJIO- U 1.CxopocTh MpoTeKaHUsI MACCOOOMEHHBIX MPOIIECCOB
MaccooOMeHa B Iapora3oBoM oIpeieNnsercs:

MIOTOKE A) Konuenrpanuei

B) uddysueit

C) Bpemenem

D) Bsi3zkocThio

E) O6bpémom

Otser: B

2.IlepeHoc BemecTBa MOJICKYISIpHON AU Py3Uei
OIIpeIeNIAeTCs 3aKOHOM:

A) HeroTona

B) HaBbe-Croxkca

C) Credana-bomsimana

D) ®ypoe

E) ®uka

Otset: E

3.Eqununeii uamepenus ko3pdunrienra iuppysuu
SBIISICTCSA:

A) m3/kr

B) m2/c

C)m3/c

D) m/c

E) xr/c

Ortset: B

4 KakuM J0KHO OBITh IaBJICHUE MTAPOB BJIArH Yy
MOBEPXHOCTHU BBICyIIMBaeMoro marepuania (Pm) B
3aBHCHMOCTH OT apLUaIbHOIO JaBJIE€HUS TapOB BOJbI B
Bo3ayxe (Pm) ans nporexanus cymku?

A) PmM<Pn

B) PM>Pn

C) PmM=Pn

Otset: B

5.Ecnu nepeHoc BeniecTra OCyueCTBISIETCS
JBIDKYIIUMUCS YaCTUIIAMH HOCUTEIIS U
pacnpeienieMoro BelecTBa, TO MPOoLEecC Ha3bIBAECTCS:
A) KonBektusHoit 1uddysueit

B) Monexkynsapnoit nuddysueit

C) Macconepenaueit

D) Maccootnaueit

E) Nonnoii nuddysueit
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\ Ortser: B

Onucanue MKAJbI OICHUBAHUSA:

Ouenxa: 5
Huodicnuii nopoe svinonnenus 3aoanus 6 npoyernmax. 90
Onucanue xapakmepucmuku blnoanenus 3uanus.; OueHka "oTIMYHO" BBICTABIISIETCS €CIIU 3aJJaHue
BBITIOJTHEHO B MOJIHOM 00'bEME WIIH BBITIOHEHO MMPEUMYIIIECTBEHHO BEPHO

Ouenka: 4
Huodicnuii nopoe svinonnenus 3aoanus 6 npoyenmax: 80
Onucanue xapakmepucmuku ebtnoanenus 3nanus. OueHka "Xopomio" BbICTABISAETCS €CIIN
OOJIBIIMHCTBO BOIIPOCOB PACKPHITO

Ouenxa: 3
Huoicnuii nopoe evinonnenus sadanus 6 npoyenmax.: 60
Onucanue xapakmepucmuxu evlnoinenus 3Hanus: OueHKa "yJ0BIeTBOPUTEIBHO" BBICTABIISAETCS
€CJIM 3aJJaHUE TIPEUMYIIIECTBEHHO BHITIOJIHEHO

Oyenka: 2
Onucanue xapaxmepucmuxu evinoanenusi snanus: OTNeHKa "HeyIOBICTBOPUTEIILHO" BEICTABIISCTCS
€CIM 3a/IaHUE BBITIOJTHEHO HEBEPHO MJIM MPEUMYIIECTBEHHO HE BBIITOJIHEHO

KM-7. Tenjioo0MeH U3/1y4eHHEeM B CHCTeMe TeJl, 3aI0JITHEHHOM JIy4elpo3pavHoil
JIy4enorJaomarien cpenoi

®opmbl peajusanuu: KomnsroTepHoe 3a1anue

Tun kouTpobHOro Meponpusitus: TectupoBanue

Bec konTposbHOro meponpustusi B BPC: 25

IIpouenypa npoBeaeHHs KOHTPOJBLHOI0 MeponpuaTHA: KoMIbloTepHOE TECTUPOBAaHUE

Kparkoe cogep:xanue 3aiaHus:
CryneHTy npeayiaraeTcs OTBETUTh Ha TECTOBBIE 3a1aHUsI, KACAIOLMECS 3a7ad U3ITyUeHHUs B
JIy4erpo3pavHON U JTy4YEeOTIIOMAOIIEH cpele.

KoHTpoJibHbIE BOIPOCHI/3a/1aHUA:

YMeTh: paccuuThIBAaTh TEMIIO0OMEH 1.Yto Ha3bpIBaeTCs MOTIOMIATENIbHON CIOCOOHOCTbBIO Tea
U3JIy4YeHHEM B  CHCTEME  Tedl, (cpenpl)

3alOJIHEHHBIX — M3Jydaromed u 1. CrtocoOHOCTH Tela MOTJIONIaTh Ma aroliee H3TydeHue.
MOIJIOLIAIOIIEN CPENOM 2. IloTok u3ny4yeHus1, NagarouIuil Ha TEJIO 32 BBIYETOM

MOTOKA U3JIy4EHUsl, OTPAKEHHOTO TEJIOM.

3. OTHOUIEHUE OTOKA, MPOMYIIEHHOTO TEJIOM, K IIOTOKY
U3JIy4yeHus, MalalolleMy Ha 3TO Tello.

4. OTHOILIIEHKE MTOTOKA, MOTJIOMEHHOTO TEJIOM, K IOTOKY
W3ITy4eHus, MaJaloleMy Ha 3TO TeJo.

Otser: 4

2.Haiiiute cTeneHb YepHOTHI ABIMOBBIX Ta30B
YKa3aHHOTO COCTaBa, BOCIOJIb30BABIINCH
HOMOTpaMMaMH XOTTENs

3.BBIYrCcIuTh TIIOTHOCTH TOTOKA PE3YIbTHPYIOIIETO
U3ITy4yeHusi, 00yCIOBIEHHOTO Ty4YEeUCITyCKAaHUEM OT
JBIMOBBIX Ta30B K MOBEPXHOCTHU ra30Xx0/1a, MOMEePEeYHOe
cedeHne KOTOporo uMeeT pa3Mmepsl a X b x c. ['azbl
conepxkat CO2 u H20. Obmee naBnenue razos 98,1
klla. Temneparypa ra3os Ha BX0Jie B ra30xo[ 2/ u Ha
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BBIXOJI€ f22; CpeiHssl TeMIIepaTypa MOBEPXHOCTH
razoxona tC u creneHs 4epHOTHI MoBepxHOCTH 0,85.
4. Tpu cepbIX Tella HaXOAATCA MPU OJTHOM U TOM Ke
temneparype. [lornomarensHas crtocOOHOCTH MTEPBOTO
paBHa 0,1, Broporo — 0,9, Tperbero — 0,5. [y kakoro
TeJa MIOTHOCTh MOTOKA COOCTBEHHOTO M3ITYYCHHUS
HauOobIIas?

1. lng nepBoro tena

2. Jlnst BTOpOro Tena

3. ns Tperbero tena

Otser: 2

5./1Be OIM3KO paCIIONIOKEHHBIE IPYT K IPYTY IIJIACTUHBI C
temnepatypamu 220 °C u 80 °C u CTENEeHbI0 YEPHOTHI
cootBeTcTBeHHO 0,15 11 0,9 0OMEHUBAIOTCS JTyIHCTON
sHeprueil. OnpeaenuTs MWIOTHOCTh Pe3yIbTUPYIOIIETO
TEIJIOBOTO MOTOKA MEXy IIACTUHAMU

1.314,4 Bt/m2;

2.1204,4 Bt/m2;

3.19,3 Br/m2;

4.364,3 Bt/m2

Otser: 2

OnucaHue MKAJbI OLleHUBAHUS:

Oyenka: 5
Huoicnuii nopoe svinonnenus 3a0anus 8 npoyenmax. 85
Onucanue xapakmepucmuku blnoanenus 3nanus; OueHka "oTIMYHO" BBICTABIISIETCS €CJIU 3aJJaHue
BBITIOJIHEHO B MOJIHOM 00BEME HJIM BBITTOJTHEHO MPEUMYIIIECTBEHHO BEPHO

Oyenka: 4
Huoicnuii nopoe evinonnenus 3aoanus 6 npoyenmax. 15
Onucanue xapaxmepucmuxu evinoaneHus snanua: OueHkKa "Xopoo" BBICTABIIAETCS ECIIN
OOJIBIITMHCTBO BOIIPOCOB PACKPBITO

Oyenka: 3
Huoicnuii nopoe evinonnenus 3aoanus 6 npoyenmax.: 60
Onucanue xapaxmepucmuxu 6vinoaneHus snanusa: OueHKa "y10BIETBOPUTEIBHO" BBICTABIIAETCS
€CJIM 3aJJaHue MPEUMYILIECTBEHHO BHITIOJHEHO

Oyenka: 2
Onucanue xapaxmepucmuku evinoaneHus snanus: OLeHKa "Hey10BIETBOPUTEIIBHO" BBICTABIIAETCS
€CJIM 3aJIaHUE BBIITOJIHEHO HEBEPHO WUJIU MPEUMYIIECTBEHHO HE BBINOJIHEHO

KM-8. TenioBoii pacyer TenJI000MEHHOI0 anmnapara

®opmbl peanausanmnu: [lucbmennas padora

Tun koHTpoIbLHOTO MeponpusiTusi: PacuetHo-rpaduueckas padbora

Bec koHTpObHOrO Meponpusitusi B BPC: 25

IIpouenypa npoBeeHusi KOHTPOJIbLHOr0 Meponpusitusi: CTyJIeHTaM BbIJIA€TCSl TUIIOBOE 33/1aHHE
C MHIUBUIYAIbHBIMU HUCXOJHBIMM JAHHBIMH. 3aJIaHUE BBIIOJIHAETCS CaMOCTOATENbHO. [loMHOCTRIO
rotoBast pabota 3arpyxaetcs B CJ1O "IIpomereir" 11t mpoBepKkH mpemnoaBaTesieM

Kparkoe conepxanue 3agaHus:
IIpoBecTH TETIOBOM M TMAPABINYECKAN pacyeT 3MEEBUKOBOTO HYKOHOMaM3epa,
IpeHa3HAYeHHOTO JUISl [TOJIOTPpeBa BOJIbI B KosinyecTBe GB, KI/C OT TeMIepaTypsl Ha BXoJe t'B,
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°C o teMrieparypsl Ha Bbixoe t'"B, °C. MaccoBbIil pacxoj] IbIMOBBIX ra3oB Gr, Kr/c.
TemmnepaTypa ra3oB nepea skoHoMaii3epoM ¢ 2, °C. Boga nBuxercst BHyTpH TpyO co
CKOPOCTBIO, Jiexartel B mpenenax Ws = 0,3 + 0,8 m/c. a3l qBHKYTCS TIOTIEPEUYHBIM IOTOKOM
cHapyxu TpyO. CKOpOCTh B Y3KOM CEYEHHH TPYOHOTO IydyKa IPU CpeAHeH TeMieparype rasa
JIOJDKHA JIeKaTh B mpenenax Wr = 8 + 14 m/c. IloBepxHOCTh HarpeBa SKOHOMai3epa COCTOUT U3
cTajbHBIX TPYyO nuamerpom d2/d1, MM, pacIOIOKEHHBIX B IIAXMATHOM MOPSIIKE C
OTHOCHUTEJIBHBIM MONepeyHbIM 1aroM S1/d2 u oTHOCHTENILHBIM MPOIOJIBHBIM H1arom S2/d2.

TPEBYETCA:

1. OmnpenenuTh MOBEPXHOCTh HArpeBa HIKOHOMaii3epa, €ro OCHOBHBIE pa3Mephl U
KOHCTPYKTHUBHBIC XapaKTEPUCTHKH (JJIMHA U YUCIIO apaJUIeIbHO BKIFOUYEHHBIX 3MEEBUKOB,
YHCII0 PAJOB TPYO MO XOAY ra3oB, YKCIIO TPYO B pALy U 1Ip.).

2. OmnpenenuTh THAPABINIECKOE COMPOTUBICHHE 3KOHOMA3epa CO CTOPOHBI BOJBI U

JBIMOBBIX I'a30B

3. BrimonHuTh YepTex 3xoHoMai3epa no tpedopanusm ECKJI.

KoHTpoJibHbIE BONIPOCHI/3aJaHUA:

VYMmerTs: BBIITOJIHATH
TeTJIOTUIPaBINYCCKU I pacuer
TEII000MEHHBIX alnapaTroB

1.0mnpenenuTh NOBEPXHOCTh HarpeBa SJKOHOMaii3epa, ero
OCHOBHBIE pa3Mepbl U KOHCTPYKTUBHBIE XapaKTEPUCTUKH
(1MMHA U YUCIIO MapayieNbHO BKIIOUYEHHBIX 3MEEBUKOB,
YHCIIO PAJOB TPYO MO X0y ra30B, YUCIIO TPYO B psaay U
ap.)

2.J1aTb cxeMaTUYECKHUI YepTEXK armapara ¢ yKazaHuem
rabapUTHBIX U IPUCOEAMHUTEIBHBIX PA3MEPOB, THAMETP
TpyO, KOITMYIECTBO PSIIOB TPYO, IaroB Tpyo
3.1Ipou3BecTH TEIIOBOM pacueT 3MEEBUKOBOIO
3KOHOMam3epa

4.1Ipou3BecTy rUAPaBINYECKUNM pacyeT 3KOHOMaii3epa
5.Paccuntarh K03(h(PHUIMEHTHI TEIIOOTAAYH CO CTOPOHBI
I'PEIOLIETO U HArPEBAEMOI0 TEIUIOHOCUTENIEH

Onucanue MIKAJbI OLlEeHUBAHUS

Ouyenxa: 5

Huoicnuii nopoz evinonnenus sadanus 6 npoyenmax.: 85
Onucanue xapakmepucmuxu 6vblnoHeHus 3Hanus: PaboTa BBIIOIHEHA B IOJIHOM 00bEME,
IpeJCTaBJIeH YepTexk TerI000MeHHoro anmnapara 1no rpedosanusm ECK/]

Ouenka: 4

Huoicnuii nopoz evinonnenus sadanus 6 npoyenmax: (5
Onucanue xapaxmepucmuxu 6binoaHeHus 3nanus: I10JIHOCTbIO BBIIIOJIHEH TEIUIOBOU U
TUIpaBIMYECKUN pacyueT TeJI000MEHHOr0 anmnapara, YepTex arnrnapaTa He Ipe/ICTaBIeH

Oyenxa: 3

Huoicnuii nopoe evinonnenus sadanus 6 npoyenmax.: 60
Onucanue xapakmepucmuku 6blnoHeHus 3uanus: II0THOCTbIO BBIIIOIHEH TOJIBKO TEIJIOBOM pacueT
TEIUIOOOMEHHOTO armapara, YepTex armapara He IpeCTaBIcH

Oyenka: 2

Onucanue xapakmepucmukuy 6blNOJIHEHUs 3HaHUA: 3aJJaHAe HE BBIIOJIHEHO JTU00 UMeeT Ipyosl
OLIMOKM: XOJ PEelIeHHUs HEBEPHBIN, HEBEPHO BBIOPaHBI pacueTHbIe (hOpMYJIbl, HEBEPHbIE
BBIUMCJIEHHSI, HEBEPHO YKa3aHbI pa3MEPHOCTH (PU3NUECKUX BEIUYHUH.
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COJIEPKAHUE OIIEHOYHBIX CPEJICTB TIPOMEXKYTOUYHOM ATTECTAIIUA
5 cemecTp

@opMa NPOMEKYTOUYHOM aTTecTalumM: JK3aMeH

IIpumep Onsiera

Bun 6unera cBsizan ¢ uaTepdeiicom ceppuca "Tlpomereit'

IIpoueaypa nposenenus

B tecte 20 BompocoB BCTpedarOTCst BOIPOCHI CIEAYIONIUX TUIOB: 1. C OJTHUM BapuaHTOM OTBeTa ( B
BOIPOCAX «OJHWH M3 MHOTHX», CUCTEMa CPaBHUBAET OTBET CIIyIIATENs C MPAaBUIHHBIM OTBETOM M
ABTOMATHUYECKU BBICTABIIACT 3a HErO Ha3HAYEHHBIN Oay) 2. ¢ BRIOOPOM HECKOJBKHX BapUaHTOB
OTBETOB ( B BOIIPOCaX «MHOTHE M3 MHOTHX)» CHCTEMa OICHMBACT KaXKIBbIH OTBET OTAENBHO; €CTh
BO3MOXXHOCTh Pa3peIInTh CIYIIATEN0 MONy4uTh 3a Bompoc 0,75 Oamma, ecnmu oH BbIOEpeT 3
MpaBWIbHBIX OTBeTa U3 4) 3. Ha COOTBETCTBUE CIyIIATENb JOJKEH MPHUBECTH B COOTBETCTBUE
JIEBYIO U TMPaBYIO 4acTh OTBETa (B BOMPOCAX «COOTBETCTBHE)» CHCTEMa OLIEHUBACT KaXKIbI OTBET
OTJIEIbHO; MOXKHO Pa3pelInTh CIYIIATEI0 MONY4YuTh 3a Bompoc 0,75 Gamma, ecnu oH BbiOepeT 3
NPaBWIBHBIX OTBeTa U3 4) 4. pa3BepHYTHI OTBET, BBOJUTCSA B BPYYHYIO B CIIEIIHATIBFHO OTBEICHHOE
noJie (py4Hasi OLIEHKa MPEeTo1aBaTesIeM )

L. Ilepeuenv Komnemenyuit/uHOUKaAmMOpo8 u KOHMPOAbHBIX 60NPOCOB NPOGEPKU PE3YTbH AN 08
0CGOCHUA OUCUUNIUHDL

1. Komnerenuust/Muaukarop: NJI-3onk-4 JleMOHCTpHpYyeT MOHUMAaHHE OCHOBHBIX 3aKOHOB
TEIMIOMaccOOOMeHa U MPUMEHSET UX ISl pACUETOB DJIEMEHTOB TEIUIOTEXHUYECKUX YCTAHOBOK U
CHUCTEM

Bonpocel, 3aganus
1.YTo Takoe TemIonpoBOJHOCTh
2./laiiTe onpeneneHne BEKTOpa MJIOTHOCTH TEIIOBOTO IIOTOKA
3.Kakoii pe:xuM HarpeBa/oXJiaxk/IeHus Tejla Ha3bIBaeTCs PeryyspHbIM
4.Kakoii polriecc Ha3bIBaeTCs TEIIIONPOBOIHOCTHIO?
5.KakuM ypaBHEeHHEM 3anucbiBaeTcs 3akoH HproToHa-Puxmana?
6.YKaXuTe BBIpaXEHHE JJIS onpeeseHus Ko PHUIMeHTa TeMIepaTyponpOBOJHOCTH
7.YKaXuTe CYIIECTBYIONINE CITOCOOBI MePeIayy TETUIOTHI
8.Kak Ha3bIBaeTCs Mpolece TemIoo0MeHa, MPOUCXOAALINA TPU HEMOCPEACTBEHHOM
CONPUKOCHOBEHHH TeJ WM BHYTPHU Teja, 00yCIOBICHHbBIN TEIJIOBBIM ABHKEHUEM
MHUKpPOYaCTH?
9.Kak Ha3pIBaeTcs MpoLEce TeMI000MeHa, MPOUCXO SN TPU HEMTOCPEACTBEHHOM
COIPUKOCHOBEHUH TE€J WIM BHYTPH TeJa, 00YCIOBIEHHBIN TETIJIOBBIM JBH)KEHUEM
MUKpPOYaCTH?
10./{aiiTe onpeneneHue MIOTHOCTH TEMJIOBOIO OTOKA
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11.HaiiTi rimyOuny mpomMep3aHusi CTeHbI 3JaHHs, BBITOJTHEHHOH U3 6eToHa. TonmuHa cTeHbl
370 MM, K03 GHUIMEHT TETIONMPOBOAHOCTH MaTtepuaia cteHsl 1,28 Bt/(m-°C). Temneparypa
Bo3ayxa BHyTpH 31aHus 20 °C; K03 UIHMEHT TeIUIO0TJauu K BHYTPEHHEH MOBEPXHOCTH
crensl 8,0 Bt/(M2-°C); Temnepatypa HapykHOTo Bo3ayxa —25 °C; ko3 PHUIIMEHT TeTIooTaaun
OT Hapy>KHOU NOBepXHOCTH cTeHbl 23 B1/(M2-°C).

MartepuaJbl 1Jisi IPOBEPKH OCTATOYHBIX 3HAHUI
1. Ykaxure criocoObl nepeayn TeTI0ThI
OtBeThI:
. KOHBEKITUS
. TeTIonepeaya
. TEIUI00OMEH U3ITy4eHUEM
. TeTJIOTIPOBOTHOCTH
. KOHBEKTHUBHBIHN TCIIJI000MEH
. I3JIy4CHHUE
. TETUIOOTa4a
Bepnwiii otBeT: 3, 4, 5
2.TemneparypHO€ 10JI€ - 3TO
OtBeThI:
1. HanpaBleHWEe MaKCUMAIILHOTO U3MEHEHHUS TEMIIEPATYPhI
2.reoOMeTpUYECcKOe MECTO TOUYEK, UMEIOIIHUX B IaHHBIII MOMEHT BPEMEHHU OJIMHAKOBYIO
TEeMIIepaTypy
3.COBOKYITHOCTh 3HAUEHUH TeMIepaTyp BO BCEX TOYKAX PACCMATPUBAEMOrO Tejia B TaHHBIH
MOMEHT BpEMEHU
4.TeroBast SHEPrus, nepeaaBaeMasi OT OJJHOTO Tejia K IPYroMy B T€U€HHE KaKOr0-TO BpEMEHU
Bepnblii oTBeT: 3
3.M3oTepMHuUeCcKre TOBEPXHOCTH:
OTBeThI:
1.He nepecekaroTcs 2.mepeceKkaroTcs 3.COBNaJatoT OHa C APYrou
Bepnsiit otBeT: 1
4.TennoBoi MOTOK, MPOXOASIINN Yepe3 TPEXCIONHYIO MIOCKYI0 CTEHKY, OyIeT:
OTBeThI:
1.6ompI11e B 1BA pasa Uil 2-TO CIIOs, YeM AJisl 3-TO Clos
2.MEeHblIIE B TpH pa3a i 1-To ciost, ueM st 3-ro ciiost
3.MEeHbIIIE B JIBA pa3a Jyisl 2-T0 CJ0sl, 4eM JIsl 3-TO CIost
4.0quHAKOB J1A 1-T0, 2-r0 U 3-T'0 CI0EB
BepHnbslii otBeT: 4
5.5 MaTeMaTHYECKOTO OMMCaHUsI HECTAIMOHAPHOTO MPOIIEcca TETIONPOBOTHOCTH
muddepeHIanTbsHOoe YpaBHEHHE HE00X0JUMO JOTIOJIHUT YCIOBUSIMHU OJJTHO3HAYHOCTH, B TOM
YUCJIe TPAHUYHBIMU YCIIOBHUSIMHU:
OtBeThI:
1.Ipona
2.1 pona
3.1 pona
BepHnblii oTBeT: 3
6.11pu HecTanoOHAPHBIX MPOIIECCcax TEIUIONPOBOIHOCTH Hanbosee OBICTPO TeMITepaTypa
U3MCHSCTCS:
OTBeTHL:
1.Ha moBepXHOCTH Tena
2.B IICHTPAJIIHOM IJIOCKOCTH Te€Ja
3.0MHAKOBO HA IOBEPXHOCTH U B LIEHTPAJIbHOM INIOCKOCTH TeJa
4.B IPOU3BOJIHHBIX TOUKAX

N NN AW
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Bepusiit otBerT: 1
7.0npenenuts KpuTepuii bruo 1is paBHOMEPHO OXJIa)XaaeMoi O€TOHHOM IUTMTHI TOIHHON 0,3
M, ecii 3Ha4eHUs Kod(dduimenTa TermionpoBoiHOCTH it OeToHa coctaBiseT 1,28 Bt/(m-K).
KoaddumuenT TermnooTaaun ¢ moBEpXHOCTH K BO3AYyXY MPUHATH paBHbIM 15 B1/(M2-K).

OTBETHI:

0,3
0= > = 0,15
B__cr-5_15-0,15_1757
YETT T T2 T

Bepnpiii otBet: 1,757
8.ITo cranbHOMY (K03 dunmenT TerutonpoBogHoct 40 Bt/(Mm-K)) HEn3onupoBaHHOMY
TpyOompoBOy ArameTpoM 76/63 MM TeUeT XJIagareHT, Temmeparypa koroporo —20°C.
TemmnepaTypa Bo3lyxa B MOMEIIEHUH, Tie TpoxoauT Tpybornposo, 20°C. Koadduruent
TEIUI00TAa4YH cO cTOpOoHBI Bo3ayxa 10 Bt/(M2-K), co ctopons! xnanarenra 1000 Bt/(M2-K).
HaiiTi nuHeiiHy1o MI0THOCTH TEIJIOBOTO MOTOKA

OTBeTHI:

g=\frac{\pi\left(t_1-t_2\right?}{\frac{1}{\alpha_1\cdot d_1}+\frac{1}{2\cdot\lambda}\cdot\In\
Bt/m

Bepnsiii otBeT: 94,152 B1/™m
9.I1o craapbHOMY IMAPOMPOBOTY BHYTPEHHUM JraMeTpoM 250 MM H TOJIITUHON CTCHKH 8 MM
nportekaeT nap ¢ tremreparypoit 450°C. IlaponpoBo1 MOKPHIT CI0EM H3OJISLMHU TOIHHONW 150
MM, KO3 uimeHT rerutonpoBogHocTr kotopoi 0,1 Br/(m-K). Koaddunuentsr Termootaayun
CO CTOPOHBI ITapa U OKPYKAIOIIEro BO3ayxa cooTBeTcTBeHHO paBHbI 200 B1/(M2:-K) u 16
B1/(M2-K). OnipenenuTh moTepu Teruia Ha 1 mor. M mapornpoBojia ¥ TEMIIEPATypy HapyKHOM
MOBEPXHOCTU U30sAIUU. KodQPumeHT TennonpoBoAHOCTH CTaIu MPUHATH PaBHBIM 35
BT1/(m-K). Temneparypa okpysxaroriero Bo3zayxa 20°C

OTBeTsI:

gq=\frac{\pi\left(t_1-t_2\right?}{\frac{1}{\alpha_1\cdot d_1}+\frac{1}{2\cdot\lambda_1}\cdot\1
Bt/m
Bepwnsriit otet: 345,603 B1/™M
10.0OnpenenuTh TEMIOBOM MOTOK Yepe3 | M2 KUPIUYHON CTEHBI MOMEIIeHHs ToNuHon 510
MM ¢ ko3 dunuentom remnonposogHoctu 0,8 Br/(m-°C). Temneparypa Bo3iyxa BHYTpU
nomeneHus 18 °C, korduIMeHT TeI00TAaYd K BHYTPEHHEH MOBEPXHOCTU CTEHKH 7,5
B1/(M2-°C), Temneparypa HapyxHOTO Bo3ayxa —30 °C, ko3 PHUITMEHT TETI00TAauu OT
Hapy>KHOU OBEPXHOCTH CTEHBI, 00, 1yBaeMoii BeTpom, 20 Bt/(M2-°C)
OTBeTHI:

g = 1252 = 2030 — 58477 Bim2

a1 A az 75 08 20
Bepwwsiii otBeT: 58,477 B1/M2
11.Kak n3mensiercst KoaGUIKUEHT TEIIO0TAauN OT HarpeTol rOPpU30HTAILHOM TPYOBI K
KHUJIKOCTH IIPU CBOOOTHON KOHBEKIIMH, €CJIM YMEHBIIUTCS TeMIIepaTypa cpelibl BHYTPH TPYObI?
OtBerTsI:
a) He MEHsIeTCs
0) yMeHbIIIaeTcs
B) YBEINYHMBACTCA
T') XapaKTep U3MEHEHUs 3aBUCUT OT MaTepuaia CTEeHKU TPYyObl
) XapakTep U3MEHEHUs 3aBUCHUT OT TETIO(PU3MUECKUX CBOUCTB JKUAKOCTH
Bepnpiii oTBeT: 0
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12.Yem paznuyaroTcsi MeXIy co00i CBOOOHAS U BBIHYKACHHAS! KOHBEKIIUN?
OTtBeTsI:
a) CKOPOCTBIO U3MEHEHMSI TEMIIEPATYPbI
0) IpUPOAOH CHJI, BBI3BIBAIOIINUX KOHBEKIUIO
B) HUYEM, 3TO YCIOBHOE JICJICHUE
') CKOPOCTBIO JIBUKECHHUSI CPEJIbI
Bepuslii otBet: 6
13.HaiiTu TeraoBO# MOTOK C TOBEPXHOCTH HAIPETON BEPTUKAILHON TPYOBI quaMeTpoM 51 Mmm
U JUIMHOM 3 M, IpoJIo’keHHOH B Oacceline ¢ Temmneparypoii 10 °C, Temmeparypa noBepXHOCTH
TpyOsI 30 °C.
OTBeTHI:
Caoiictsa Boasl npu t=20 °C: v = 1.006 - 107® M2/c; f = 1.82 - 10~* 1/K; Pr=7.02; 1 =
0.599 B1/(M*K)

10+30
Onpenenstomas Temneparypa: t =

=20°C

Yucno

['pacroda

Gr=\frac{9.8\cdot1.82\cdot10”{-4}\cdot\left(30-10\right)\cdot3*3}{\left(1.006\cdot10"{-6}\r:

Yucno Pones Ra = 9.523 - 1011 - 7.02 = 6.685 - 102 > 102 - pesxum TypOyseHTHBIIH
\Psi=\left(1+\left(\frac{0.492}{7.02}\right?*{\frac{9}{16}}\right?"{\left(-\frac{16}{9}\right?}=0.6¢

Yucao

Hyccenbra
Nu=0.15\cdot\left(6.685\cdot10"{12}\cdot0.698\right?"{0.333}=2.507\cdot10"3
Kos¢duruent termmoornaun a = 2.507 - 103 - 0'5399 = 50(:/'[:.6}ZBT

Temnosoit morok Q = 3.14 - 0.051 - 3 - 500.467 - (30 — 10) = 4.811 - 103Br

Bepwnrriii otBeT: 4.811 kBT
14 HaiiTu moTepu TEIJIOTHI OT HAPY>KHOM CTEHBI 3JaHUS, €CJIU Temmeparypa cTeHsl 5 °C,
BBICOTA CTEHKH 3 M, mupuHa cTeHsl 12 M. TemrepaTypa HapykHOTO Bo3ayxa -25 °C..

OTBeTsI:
CaoiicTsa Bo3myxa npu t=-10 °C: v = 12.43 - 107° m2/c; Pr=0.712; 2 = 0.0236 Bt/(M*K)
OHpeI[GJ'ISIIOHIaSI TeMrieparypa: t = > 215 —10°C
B = EPPYeYri = 0.004 1/K;
Yucno
I'pacroda

Gr=\frac{9.8\cdot0.004\cdot\left(5-\left(-15\right)\right)\cdot3”3}{\left(12.43\cdot10"{-6}\ri

Yucno Panes Ra = 1.954 - 1011 - 0.712 = 1.931 - 10! < 1012

Yucno Hyccenbra
Nu=\left(0.825+\frac{0.387\cdot\left(1.931\cdot10*{11}\right?*{\frac{1}{6}}}{\left(1+\left(\frac{

0.0236 _ 4.6B
Koad¢ummenT rermmootnaun o = 584.783 - ey KT

Tennosoii motoxk Q = 12 -3 - 4.6 - (5 — (—15)) = 4.968 - 103BT

Bepusliii otBeT: 4,968 kBT
15.ITo TpyOxe quamerpom 20 MM IBIDKETCS BO3AyX ¢ Temmeparypoit Ha Bxojae 20°C. Pacxon
Bo3ayxa G=9 kr/u. Cpenuss reMnepaTypa BHyTpeHHel noBepxHocTH Tpyoku 100°C. Kakyro
JUTMHY JI0JKHA UMETh TpyOKa, 4ToObI TeMIiepaTypa Bo3ayXa Ha BbIX0/i€ U3 Hee Obuta paBHa 60
°C?

OTBeETHI:
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Jaro Pewerue

t,=20°C Cpeanss TeMOepaTypa B03Ayxa

_ b+t
2

=60 °C L =40°C

d=20 mm CeoiicTea Bosayxa npu t=40 °C

:
£=100 °C vi=1696.10° ™

Pr=0.699

W
A=0.0276
m-K

p=1128 = €= 1.005.10° T
m* kg-K

peXUM TYPOyAEHTHELL

9% _gons k2 kg
hr L]
= al 1 o1
Haiimu A= =0.003
I.¢ L K
CropocTe Bo3IyXa
m C Lpds ™
peed? 5
£} w-d __. a - a
"ncno Pefinonsaca  Re= =8.319-10 Re=4-10
v
Yucao Hyccemsra
Nu:=0.021-Re™. Prt'=24.627
" X_ L W
Kosdbunuest Tennootaaan  o=Nu.* =33.085
d m*.K
Tennosoit noTok Q=Crep-(la—1,) = 1005 W
TosepswocTs Tentoatimena )
F= —=0.049 m*
a-(t.—t)
Jnna TpyGe! F

1= =0.784 m
w-d

Bepnsiit otet: 0,784 M

II. Onucanue wkanvl oueHueanus

Huoicnuii nopoe evinonnenus sadanus 6 npoyenmax.: 90

Ouyenka: 5

Onucanue xapakxmepucmuxu 8vinoiHeHus sHanus: PaboTa BbINONHEHA B paMKaX "MPOJABHUHYTOrO"
ypoBHsi. OTBETHI JJaHbI BEPHO, YETKO CHOPMYITUPOBAHHBIE OCOOCHHOCTH MTPAKTUYECKUX PEIICHUMA

Huoicnuii nopoe evinonnenus 3aoanus 6 npoyenmax.: 80
Onucanue xapakmepucmuku 6blnoneHus 3uanus: PaboTa BeIloIHEHa B paMKax "0a30Boro"
ypOBHS. BOJIBIIMHCTBO OTBETOB JJaHbl BEpHO. B wacTu mMaTeprana ecTh HE3HAUUTEIbHBIE

Huodienuii nopoe sévinonnenus 3adanus 6 npoyermax: 60
Onucanue xapaxmepucmuxu evlnoineHus 3Hanus: PaboTa BeIMOIHEHA B paMKax "moporosoro”
ypoBHsi. OCHOBHAs 4acTh 3a/IaHus BHITIOJHEHA BEPHO. HA BOMPOCHI YIITyOJIEHHOTO YPOBHS

Onucanue xapakmepucmuKu 6blNOJIHEHUA SHARUA. PaboTa He BBIITOJIHEHA WJIH BEITOIHEHA

Oyenka: 4

HCAOCTAaTKH

Oyenka: 3

Oyenka: 2

NpEUMYIICCTBECHHO HEIIPABUIIBLHO

II1. IIpaguna évicmasnenun umo2060i OUEeHKU no Kypcy

Onenka OMMPEACIIICTCA IO COBOKYIIHOCTH PE3YJbTATOB TCEKYILICTO KOHTPOJIA YCIIEBACMOCTH B

cootBeTcTBUM ¢ [lonoxeHneM o 6anbHO-peHTHHIOBOI cucteme ais cryaenToB HUY «MD»

6 cemecTp

dopMa NPOMEKYTOUHOM aTTecTalumu: DK3aMeH

IIpumep Ouera

Bup Ounera cBsi3zan ¢ unrepdeiicom ceppuca "I[Ipomereit”
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IIpouenypa npoBeaenust

B Tecte 20 BOmpocoB BCTpeyaroTCsl BOPOCHI CIEAYIOIIUX TUIIOB: 1. C OJHUM BapuaHTOM OTBeTa ( B
BOIPOCAaX «OJHUH M3 MHOTHX», CUCTEMa CPaBHUBAET OTBET CIIYIIATENS C MPABUIHHBIM OTBETOM M
ABTOMATUYECKU BBICTABIISICT 332 HEr0 Ha3HAUEHHBIA Oay1) 2. ¢ BHIOOPOM HECKOJIBKHX BapHaHTOB
OTBETOB ( B BOIIPOCaX «MHOTHE W3 MHOTHX)» CHCTEMa OICHUBACT KAXKIBIH OTBET OTACIHHO, €CTh
BO3MOXXHOCTh Pa3pelInTh CIyIIaTeNo MOoIy4uTh 3a Bompoc 0,75 Oanna, ecnu oH BbIOepeT 3
MpaBUJIBHBIX OTBeTa U3 4) 3. Ha COOTBETCTBUE CIYIIATEIb JOHKEH MPUBECTH B COOTBETCTBHE
JIEBYIO M MPaBYIO YacTh OTBETa (B BOMPOCAX «COOTBETCTBHE)» CHUCTEMa OIICHMBAET KaXJbIil OTBET
OT/IEJIbHO; MOKHO Pa3pellnTh CIYIIATENI0 MOIy4duTh 3a Bompoc 0,75 Gamna, ecnu oH BbiOepeT 3
MPaBUIBHBIX OTBeTa U3 4) 4. pa3BepHYTHIN OTBET, BBOAUTCA B BPYYHYIO B CIIELIUAJIBLHO OTBEICHHOE
noJie (py4yHas OlleHKa [IPEnojaBaTesIeM)

L Ilepeuens Komnemenyuil/uHOUKaAmMOpPo8 u KOHMPOAbHBIX 60NPOCOB NPOBGEPKU PE3YbHIAN 08
0CBOCHUA OUCUUNTUHDL

1. Komnerenunst/Muaukarop: NJ-3onk-4 JleMoHCTpHpyeT MOHMMaHHE OCHOBHBIX 3aKOHOB
TEIIOMAacCOOOMEHA U IPUMEHSIET UX ISl PACUETOB 3JICMEHTOB TEIUIOTEXHUICCKUX YCTAHOBOK U
cucTeM

Bonpocsl, 3aganus
1.Onpenenute cpeHUN TEMIIEPATYPHBIA HAIOP IPU IPOTUBOTOYHOM JIBUKECHHUU
TEIJIOHOCUTENIEH B TEMJI000MEHHUKE. TeMneparypa Iperolero TerIOHOCUTENSI MEHSETCS OT
450 °C no 380 °C, remneparypa HarpeBaemMoro teriaoHocutens mensercs ot 20 °C no 260 °C.
2.0npenenuTs TOBEPXHOCTh TEIII00OMEHA TETUIOOOMEHHUKA TEIJIOBOM MOITHOCTHIO 2,5 KBT,
€CIIu cpe/IHui TeMiepaTypHblil Harop paBeH 160 °C, a koadduineHt remngonepeaayn 42
Bt/(M2-K)
3.Pacuet cpenHenorapupMUIecKoro TeMIEpaTypHOro Harmopa B peKyrnepaTuBHbBIX
TEII000MEHHUKAX
4.9 peKTUBHBIM OTOKOM HU3ITy4YEHHS Ha3bIBAIOT:
1. morok usnyuenus AYT;
2. pa3HOCTh MEXAY MOTOKAMH MaJJAl0IIEro 1 MOTJIO0MEHHOTO U3TYYEeHUS TUTI0C TTOTOK
COOCTBEHHOTO U3JIy4EHUS;
3. CyMMY MOTOKOB PE3YJIbTHUPYIOIIETO U OTPAKEHHOTO U3ITyYCHHUS;
4. MOTOK U3JIy4€HHUs, UCITYCKAEMOTI'0 TEJIOM B IPOCTPAHCTBO
5.0TMeThTE NpaBUIIbHBIE ONPENETICHMUS:
1. uHTETrpaNbHBII MOTOK U3TY4€HUS IOBEPXHOCTHU TeJIa 3aBUCUT OT NMPUPOABI TENa,
TEMIIEPATYPHI €0 TOBEPXHOCTH U JJIMHBI BOJIHBI U3IyUCHMUS;
2. s muddy3HOM MOBEPXHOCTH MIIOTHOCTH MTOTOKA U3JTyYeHUs B T pa3 Oosblie
MHTEHCUBHOCTH €€ U3JIy4EHUs;
3. abCoMOTHO YEPHOE TEJNO MOTJIOUIAET BCE N3ITyYEHHE, a CaMO HE U3ITy4aeT;
4. IOBEPXHOCTH TBEPAOIO TEJIa U3IYUYaeT B IPOCTPAHCTBEHHBIN Yroi 27;
5. ecnu 3akoH Kupxroda BbIONHAETCS AJI CHEKTPAIBHBIX JIYYUCThIX XapaKTEPUCTUK TeJa, TO
OH CIIPaBEIJIUB U JJI1 MHTETPAIBHBIX
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6.J1Be 6;TM3KO pacnoI0KEeHHbIE APYT K APYTY IIacTuHel ¢ Temmneparypamu 220 °C u 80 °C
Y CTENEHbI0 YepHOTHI co0TBEeTCTBEHHO 0,15 1 0,9 0OMEHHMBAIOTCS TyYUCTON YHEPTUCH.
Onpenenutsb: MIOTHOCTb PE3YJIBTUPYIOLIETO TEMIOBOTO IOTOKA MEXKAY IUIACTUHAMM.
7.HaiiTi III0THOCTH Pe3yIbTUPYIOIIETO TEIIOBOTO MTOTOKA MEXAY ABYMS KOAKCHAJIbHBIMU
IMHIpaMy. Temnepartypa , IMaMeTp U CTENEHb YEPHOTH BHYTPEHHETO LIMJIMHAPA,
cootBeTBeHHO: 440 °C, 50 MM, 0,8. Temnepatypa , iIMamMeTp U CTEIIEHb YEPHOTHI HAPY>KHOTO
uuauHApa, coorBercTBeHHO: 120 °C, 200 MM, 0,4.

8.HacroTa reHepaluy MapoBbIX My3bIpEH PU MIPOUYUX PABHBIX YCIOBUSX. ..

1. pactér ¢ poctoM KoMIuiekca AXpxCp MOBEpXHOCTH HArpeBa,

2. [Tagaer c poctom KoMIUiekca AXpxCp NOBEpXHOCTH Harpena,

3. He 3aBUCHUT OT TEINIOEMKOCTH, HO 3aBUCHUT OT TEIUIOIPOBOAHOCTH U IJIOTHOCTH MaTepuasa
MIOBEPXHOCTHU HArpeBa,

4. He 3aBHCHT OT CBOMCTB MaTepuaia IOBEPXHOCTH Harpesa,

5. 3aBucut oT koMmiuiekca A/(pxCp).

9.B ycnoBusix 6acceiinoBoro kunenus koadduuuent rermoornaun (KTO) 3aBucur ot
TEMIIEpPaTypHOTO Haropa o ~ Atn. Beibepute npaBuibHbIe 3HaYSHHS MOKA3aTeNs CTETICHU N
JUISL 30HBI MOAOTPEBA KUAKOCTU 0 TEMIIEPATYPhl HACHIILEHUS B YCIOBUIX JaMUHAPHOU
CBOOOIHON KOHBEKIIUU:

-0,5

-0,25

0

0,25

0,5

10.BeiOepuTe npaBUIIbHbBIE PEATIOKEHHUS:

1. Yucno PeliHonbaca NIEHKK KOHAEHCATA SIBJISIETCS. OCHOBHBIM PEXUMHBIM [TaPAMETPOM
npoliecca KOH/ICHC A,

2. Ilpn namMuHapHOM CTEKaHUH IJIEHKU KOHAEHcaTa JiokainbHbli KTO ymeHbiaercs ¢
KOOPJIMHATOM, a Ipu TYpOYJIEHTHOM €€ TeUEHUH - BO3pACTaeT,

3. KTO npu nn€Ho4yHOoN KOHIEHCAIIUN YBEIMYUBAETCS C POCTOM TEMIIEPATypHOTO HAIopa,
4. KTO npu ninéHouHOoM KOHAEHCAlMK HE 3aBUCUT OT TEMIIEPATypHOro HAIopa,

5. CKkopocTh KOHAECHCALUU WII OIPEEIIIETCs KaK OTHOLLIEHUE MIIOTHOCTH TEIJIOBOTO TIOTOKA (]
K IIPOM3BEICHUIO TUNIOTHOCTU MapoBOH (a3bl Ha TEIIOTY MApoOOpa3oBaHUs I p ",

6. Kputnueckoe 3Hauenue uucia Peitnonbaca nnénku konaencara pasao 2300.

MarepuaJsl 1JIs1 NIPOBEPKHU OCTATOYHBIX 3HAHUNA

1.Yrto Ha3pIBaeTCs pe3yabTUPYIOLUIUM IOTOKOM HU3JIy4eHUs?
OtBeTsI:
1.  Pa3HocTb MeXay MOIJIOMIEHHBIM U COOCTBEHHBIM MIOTOKOM H3JIy4EHUS.
2. Pa3HOCTB MeX]ly NOTJIOIEHHBIM T OTPaKEHHBIM MIOTOKOM M3JIyYEHHS.
3. Cymma coOCTBEHHOTO M OTPaXKEHHOTO MTOTOKA M3ITyUCHHS.
4.  Cymma najaromero 1 3¢p(peKTHBHOIO OTOKa
Bepnsiit otBet: 1
2.Kakas ¢hopmyna onpeaensieT miIoTHOCTb MOTOKA 3P PEKTUBHOTO U3TyUeHHs?
OtBerTsI:
= Enors1 — Eco6
= Eco6 + R - Enapg,
=R - Enapg,
= {A(E)}, — Enap)
Bepnsiit oteT: 2
3.Yro Ha3pIBaeTCS INIOTHOCTBIO ITOTOKA U3JIy4eHUs?
OTBeThI:

1.E
2. E
3. E
4. E
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1.  OrHoIeHHE TOTOKA U3TyUEHUS, HCITYCKAeMOT0 B 0ECKOHEYHO MaJIOM HHTEPBAJC JIMH
BOJIH, K BEJIMYMHE ATOI0 UHTEpBaJa AJIUH BOJIH.
2.  TloTok m3my4yeHus, MPOXOASAIIUI Yepe3 eAUHUILY TOBEPXHOCTH.
3. [ToTok n3myueHus, MPOXOASIIMIACS HA €AUHUILY TEJIECHOTO YIia.
Bepwusriii otBeT: 2
4 MeTtaumnyeckas MmoBepxHOCTh HarpeTa 0 Temieparypsl 900 °C u umeet ko durueHT
usnydeHus 3,6 Br/(M2xK4). Haiiti mioTHOCTh TOTOKA COOCTBEHHOTO M3JIy4eHUs Ha
MOBEPXHOCTHU
OTBeThI:
1 22,96 kBt
2. 68,2 xBt/mM2
3. 130,2 xBt/m2
4 6,63x10 ° xBt/m2
Bepnsiit oteT: 2
5.0mnpenenuTsb MOTeEpU TEIIOTHI B 4AC 32 CUET JIYYEUCIYCKaHUs CTAIbHOIO IapOIPOBOAA C
koadpunmentom uznyuenus 0,45. Hapyxublii nuametp napomnposoga 150 mwm, murHa 200 M,
TeMIIepaTypa Hapy>KHOU oBepxHocTH TpyOompoBosa 160 °C. CteneHb Y4epHOTHI CIIAIH
npuHsTh 0,8.
OTBeTHI:
1. 2,802 xBT;
2. 2802 kBT;
3. 26,54 xBT;
4.150,5 kBt
Bepnwsiii otet: 4
6.YkaxuTe, Kakas U3 CXeM JBUKEHMSI TEIJIOHOCUTENIEH MOKa3aHa Ha rpaduke:

7/
t -
,f.l'

%

L

0 —F

OtBerTsI:
[Ipsmorok. C1 = C2
[IpssmoTok. C1>C2
IIpsamorok. CI<C2
[IpotuBotok. Cl =C2
IIporuBotok. C1>C
. IIporusotok. CI<C2
3neck C — monHas pacxo/iHas TEIIOEMKOCTh, BT/K
Bepnsiit oteT: 2
7.YKaxuTe, Kakast U3 CXeM JBIKEHHsI TeIUIOHOCUTENeH NoKa3aHa Ha rpaduke

oUuawNE



] — f
OTtBeTsI:

[Ipsmorok. C1 = C2

[IpssmoTok. C1> C2

[Ipsmorok. CI<C2

[Ipotuotok. C1 =C2

[IporuBotok. C1>C
. Iporusotok. CI<C2
3neck C — moHAas pacxo/IHas TEIUIOEMKOCTh, BT/K

Bepnsiii otBet: 6

8.0mpenenuTh TEIIOBYI0 MOIIHOCTD PEKYIEPAaTHBHOTO Ta30BO3IYITHOTO TETNIOOOMEHHUKA
IpU IPSIMOTOYHOM CXeMe JIBUKEHUS TEINIOHOCUTEINIEH, €CIIM TOBEPXHOCTh TEMJI000MeHa paBHa
35 M2, ecnu cpepHuii K03 PULIMEHT TeTuTonepeadn OT MPOJAYKTOB CTOpaHus K BO3ayxy 20
Bt/(M2K), HauanbHbIE U KOHEUHBIE TEMIIEPATyphl BO3/1yXa COOTBETCTBEHHO paBHbl 10 °C; 290

°C; HavalbHbIE U KOHEYHBIE TEMIIEPATYpPhI IPOYKTOB CrOPaHUsl COOTBETCTBEHHO paBHbI 590
°C; 380 °C

ook wndE

OTBeTHI:
Algi=t,,—t,, =580 K Aty i=ly—1;=90 K
Atg— At
Atyi=——— = =262.986 K

[ At ]
In -+
At,

Q=K-F-At,=(1.811-10") W

Bepnsiit otBet: 184,1 kBT
9.0mnpenenuTh KOHEUHYIO TEMIEPATYPY IPEIOIIEi BOIBI HA BBIXOJE U3 BOJO-BOJISIHOTO
TeII000MEHHHKA, €CIIU €€ pacxoj 2 Kr/c, a HadaybHas Temneparypa pasHa 110 °C. Pacxon
XOJIOJTHOM BOJBI 1,5 KI/C, HaYaNbHbIE U KOHEYHBIE TEMIIEPATyPhl XOJIOIHON BOIBI
COOTBETCTBEHHO paBHbl 15 °C; 85 °C

OTBeThI:
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rot
tﬂ:z%ﬂu o i

cyi=4.174-10° L

kg-K

Q:=Gy-cp- (t"y— 1) =(4.383-10°) W

t"-l :=t|r] _% 5?
1 =p

Bepnsiit otBet: 57.5
10.Kak Ha3pIBae€TCSI TOHKHI CJIOH KHJIKOCTH BOJIM3M TTOBEPXHOCTH TeJia, B KOTOPOM
MPOUCXOAUT U3MEHEHHUE CKOPOCTH JKUJIKOCTU OT 3HAYEHUSI CKOPOCTH HEBO3MYILIEHHOTO IMOTOKA
BJIaJI OT CTE€HKH JI0 HYJIs, HEIIOCPEICTBEHHO HA CTEHKE:

OTBeTHI:
1. TEena0BBIM NOTrPAHUYHBIM CJIOEM 2. THIPOJIMHAMUYECKUM OTPAHUYHBIM CIIOEM 3.
JTAMUHAPHBIM MOJICTI0EM TYPOYJICHTHOTO MOTPAHUYHOTO CJ10sI 4. TypOyJIEHTHBIM MOICIIOEM
JAMUHAPHOT0 IOTPAaHUYHOTO CIIOS

Bepwnsriii otBeT: 2
11.0npenenuts TEIIOBYIO HArpy3Ky NpU KUIEHUHU BOJbI, €ciid TeMiieparypa crenku 110 °C.
Hasnenue Boast 0,101 MIla.

OTBeTHI:
Aaro p:=0.101 t.:=110 °C

'C

[ |

Perierme
1. Temnepatypa HacbileHna Boabl  t:=100 °C

2. MNepenaa Temnepatyp
At:=(t.—t)=10 K

3. [NOTHOCTb TENNOBOro NOTOKA
3
s5.KY W

q m?

018
g:= [M - At] = (4.006-10")
1-0.0045+-p-10

Bepusiit otet: 40.06 kB1/M2
12.Ha Hapy>kKHOI MOBEPXHOCTH FOPU3OHTAIIbHOM TpyOKU ArameTpoM 20 MM KOHAEHCUPYETCS
CyXOM HachlllleHHbIH BoaHOH nap npu aasieHun 0,01233 Mlla. Temneparypa crenku 20 °C.
Onpenenuth K03PGUIUEHT TEIIIO0TAAYH

OtBeThI:
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AJaro Pewuerue

d:=20 mm TemnepaTypa HacbileHusa npu p=0,015 Mla
t, =50 °C'

p:=0.01233 MPa

CBoiicTea BoAbl Npu t=50 °C
=20 °C

2 k
vi=0.556:10"° p=988.1 kgx A:=0.648 WK pni=0.08303 °9
£ m m- m

r:=2382-10° ES
k

1

025 |
] =(8.528-10%) 5° - i

m* ;K

Bepusrii otBet: 8.528 kB1/(M2*K)
13.Hmxe npuBeneHa ¢popMyiia i BbIYUCICHUS K03 PUIMeHTa TEeII00T aun
(KTO).Ompenenute cooTBeTCTBUE MEX Y POpMYIIOif U e€ orMcaHuemM

Re = E_E-ED'?E

OtBeTsl:
1. Cpemunit KTO npu koHACHCAIIMH HA BEPTHUKAILHOW TOBEPXHOCTH. TedeHne TypOyIeHTHO-
BOJIHOBOE.
2. Cpeanuit KTO npu koHeHCcalMy Ha BEPTUKAIBHON OBEPXHOCTH. TeueHne JaMUHApHO-
BOJIHOBOE.
3. Cpennnii KTO npu KoHJeHCaMy Ha BEPTUKAJIbHOM MOBEPXHOCTU. TeueHne CMEIaHHoe, C
y4€TOM NIEPEMEHHOCTH CBOMCTB.
4. Cpennanit KTO mipu BBIHYXICHHOW KOHBEKIIMH BIOJIb BEPTUKAILHON MOBEPXHOCTH. TeueHue
TypOyJIeHTHOE.

BepHnsiii otBeT: 2
14.Huxe npuseneHa GopMyia Juist BBIUUCIEHUS K03 (PUILIMEHTa TeMI00TJauu
(KTO).Onpenenure cOOTBETCTBUE MEXKAY (DOPMYJIION U €€ ONMCaHHEM

b -T-(p—pn)-ﬂ.s}

:=0.728- -
( v (ty—t;)+0.02

k| ok

q
Re =| 255 + 0.069 I-"r{l" £ £ = 2300)

OtBeTsI:
1. Cpeanuit KTO npu nn€HoyHON KOHAEHCALUN HA BEPTUKAJIBHOM MMOBEpXHOCTU. TeueHue
TypOyJIEHTHO-BOJIHOBOE.
2. Cpeanunit KTO npu xanesnbHON KOHJIEHCAIIMN Ha BEPTUKAIbHON OBEPXHOCTH. TeueHue
JJaMHUHApHO-BOJIHOBOE.
3. Cpennnii KTO npu nn€HoyHON KOHACHCALUN Ha BEPTUKAJIBHOM MOBEpXHOCTU. TeueHue
CMEIIaHHOE, C YYETOM NIEPEMEHHOCTH CBOMCTB.
4. Cpennuit KTO npu BeIHYX/I€HHOM KOHBEKIUH B KpyTJoil TpyOe. TeueHune JaMuHapHOE.
BepHblii oTBeT: 3
15.Hmxe npuseneHa ¢popmMyiia i BBIYUCICHHUS KO3PPUIMEHTA TEII00TIaun
(KTO).Omnpenenurte cooTBETCTBHE MEXTY (POPMYJIION U €€ ONMcaHueM

4

X Apg
o AAL X

a(x) =

OTBETHI:
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1. ®opmyna Hyccenbra i1 n1€HOYHON KOHAECHCALIMU HA BEPTUKAJIbHONW TOBEPXHOCTH.

TeueHnue namMrHaApHOE.

2. ®opmyna Ut TUIEHOYHOW KOHJICHCALIMU HAa BEPTUKAIBHOM MOBepXHOCTU. Teuenue

JJaMMHApHO-BOJIHOBOE.

3. @opmyna s WIEHOYHOW KOH/IGHCAIIMU Ha BEPTUKAJIBHOM MOBEPXHOCTH. Teuenue

TypOYJIEHTHO-BOJIHOBOE.

4. ®opmyna Hyccenbra 111 TUIEHOYHOW KOHJICHCALMU HA TOPU3OHTAILHOM TpyOe.
Bepnsiit otBeT: 1

II. Onucanue wkKanvl oueHUBAHUA

Ouenxa: 5
Huoicnuii nopoe svinonnenus 3aoanus 6 npoyermax: 90
Onucanue xapakxmepucmuku 8vlnoanenus 3nanus: PadoTta BeIITOJIHEHA B paMKaX "TIPOJBHHYTOTO'
ypoBHs. OTBETHI TaHBI BEPHO, YETKO CPOPMYTUPOBAHHBIC OCOOCHHOCTH MPAKTUYECKUX PEIICHUN

Oyenka: 4
Huoicnuii nopoe evinonnenus sadanus 6 npoyenmax. 80
Onucanue xapaxmepucmuxu 8blnoaHeHus 3uanus: PaboTa BeimojgHeHa B paMKkax ""0a3o0Boro"
ypOBHs. BOJIBIIMHCTBO OTBETOB JAaHbl BEpHO. B yacTu maTtepuana ecTh He3HAUYUTEIbHbIE
HEJO0CTaTK!

Oyenka: 3
Huoicnuii nopoe evinonnenus 3aoanus 6 npoyenmax. 60
OnucaHnue xapaxmepucmuxu evlnoineHus 3Hanus: PaboTa BeINOIHEHA B paMKax "Moporosoro”
ypoBHsi. OCHOBHAsl 4acThb 3a/laHus BBIMIOJIHEHA BEPHO. HA BOMPOCHI YIITyOJIEHHOTO YPOBHS

Oyenka: 2
Onucanue xapaxmepucmuxu 6blnoineHus 3Hanus: PaboTa He BHIMOJHEHA WK BBITOJTHEHA
MIPEUMYIIIECTBEHHO HETPABUIHHO

II1. IIpaguna évicmaesnenus umo2o60i OUeHKU no Kypcy

Onenka omnpefensercs MO COBOKYIMHOCTH PE3yJIbTaTOB TEKYLIEr0 KOHTPOJI YCIIEBAEMOCTH B
cootBeTcTBUM ¢ [lonoxeHneM o 6aabHO-peHTHHIOBOI cucteme ais crynenToB HUY «MDOW»
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