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1. O01mme cBegeHus

1. | Kadenpa I'opHoro aena, Hayk 0 3eMJyie ¥ MPUPOT000YCTPOICTBA
2. | CnenuaibHOCTh 21.05.04 T'opHoe nemno

3. | Cnenmanm3anus No3 «OTKpbITBIE TOPHBIE PAOOTHI»

4. | NucuunnuHa (MOIyJIb) TerutorexHuka

5. | ®opma oOyueHUs 3a04Has

6. | l'oxg Habopa 2015

2. IlepevyeHb KOMIETEHIM I

— TFOTOBHOCTBIO C €CTECTBCHHOHAyYHBIX IO3MLHUI OLIGHUBATh CTPOEHHE, XUMHYECKHHA H
MUHEpaIbHBI COCTaB 3€MHOW KOpBI, MOPQOJIOrHYecKHe OCOOCHHOCTH W T'EHETUYECKUE THIIbI
MECTOPOKACHUI TBEpPAbIX IIOJE3HBIX MCKONAEMBIX MpPU PEIICHUH 3aJad M0 pPAUUOHAIBHOMY H
KOMIUIEKCHOMY OCBOEHHIO reopecypcHoro noreHnuana veap (OITK-4).




3. Kpurepuu u nokasareji OlleHUBAHHMS KOMIIETEHI M HA PA3JIMYHBIX 3Tanax ux GopMupoBaHus

Irtan ¢popMHpPOBaAHUS

KpnTepIm H NMOKa3aTe/JIu ONCHUBAHUSA KOMHCTEHHl/Iﬁ

(DOI)MI)I KOHTPOJIA

KOMIIeTeHIIUH dopmupyemast
PMUPY 3HaTh: YmMmers: Baaners: chopMHUpOBaHHOCTH
(pasaensl, TeMbI KOMIIeTeH U .
KOMIleTeHIu i
JMCUMILTUHBI)
OCHOBHBIE CBOHCTBA U DKcrpecc-ompoc mo
o Hageikamu pacdera 1 aHanmusa
1. IIpenmer 1 MeTOBI rapaMeTpbl COCTOSTHUS OmnpenensTe OCHOBHBIE CBOIMCTBA OCBOCHHBIM JOMa
OIIK-4 3¢ (HEeKTUBHOCTH TEPMOTUHAMAICCKIX
TETIIOTEXHUKU TEPMOJMHAMUYECKIX paboumx Teln, MPUMEHAEMbIX B OTPACIIN CaMOCTOSTEIHHO
MIPOIIECCOB TOPHOTO MPOU3BOJICTBA
CHCTEM TEepMHUHAM U
TIOHATHAM
3aciymuBaHue u
2. OCHOBHbIE 3aKOHBI obcyxaeHue
3aKOHBI TEPMOAMHAMUKH . Hageixamu pacdera u aHanmu3a .
TEePMOJANHAMHUKH. OmnpenemnsTh OCHOBHBIE CBOMCTBa MOJTOTOBIEHHON
OIIK-4 U HUX MaTeMaTH4ecKoe 3¢ PEKTUBHOCTH TEPMOMHAMHYECKUX .
IlepBoe Hauaio pabouux Tel, IPUMEHAEMBIX B OTPaCiIH IIPAKTUYECKON
ONHCaHHe IPOIIECCOB FOPHOTO NMPOU3BOICTBA
TEPMOJIUHAMUKH. (pewmeHue 3amay)
paboTsI
3. Bronoe Hauaio 3aKOHBl TEPMOAWHAMMKH | PaccUMTBHIBaTh TEPMOAWHAMHYECCKHE HaBeixamu pacdera u aHanmm3a
Té MOEHHaMHKH OIIK-4 U HUX MaTeMaTHYeCKOe | MPOLECCHI U LUKIIbI, OLEHUBATh UX 3G PEKTUBHOCTH TEPMOMHAMHYECKUX VYeTHbl onpoc
p ’ OTIHCaHHe 3¢ PEeKTUBHOCTH MPOIIECCOB FTOPHOTO NMPOU3BOICTBA
TepmoanHaMuueckue N Hasbikamu pacuera u aHannza
4. TepmonuHaMHIYECKHE OmnpenensTe OCHOBHbIE CBOIMCTBA .
OIIK-4 TIPOLIECCHI M OCHOBBI UX 3¢ PEKTUBHOCTH TEPMOJMHAMHIECKUX YcTHBIH ompoc.
MPOLIECCHI paboumx Teln, MPUMEHAEMbIX B OTPaCiIn
aHau3a MIPOLIECCOB TOPHOT0 MPOU3BOACTBA DKcrpecc-ompoc mo
OCBOEHHBIM J0Ma
CaMOCTOSITENILHO
. HaBeikamu pacdera u aHamm3a TEepMHHAM U
5. TepmoauHamuka OmnpenensiTh OCHOBHBIE CBOMCTBA
OIIK-4 TepMoauHaMUKY ITOTOKA 3¢ (EeKTHBHOCTH TEPMOIUHAMHIECKIX MOHATUAM
MOTOKA paboumx Tel, MPUMEHEMbIX B OTPacin
MIPOLIECCOB TOPHOTO MPOU3BOICTBA 3acnyImmBaHue U
obcyxeHne
[Ipunnun neicTBus u PaccuutsiBaTh 51 AHAJIN3UPOBATH MOArOTOBJIEHHOM
yCTpOMICTBa TEIJIOBBIE TPOLECCH, TEIUIOOOMEHHBIE | MeTosaMu yrpaBieHus HNpaKTHIECKOU
6. TepmouHaMHU4ECKHUE TETI000MEHHBIX anmaparbl; pacCUMTHIBATh MOKA3aTelIH, | MHTEHCHBHOCTHIO TEIIIOOOMEHHBIX (pewenue 3aay4)
HPOLIECCHI TOPHOTO OIIK-4 anmnaparoB U APYroro rapameTpsl  TEII000MEHa; HPOBOJIUTH | MPOLECCOB TOPHOTO MPOM3BOICTBA; paboTsI
MPOU3BOJICTBA TEIIOTEXHUYECKOTO TETJIOTEXHUIECKHE N3MEpeHNs], | HaBbIKaMU MPOBEJICHUS
obopynoBaHus, 00pabaThIBaTh pe3yibTaThl M3MEPEHUH C | TEINIOTEXHUYECKNX U3MEPEHUH

MIPUMEHSIEMOTO B OTPACIH

IIPUMCHCHUCM KOMHB}OTepHOﬁ TCXHHUKU




OCHOBHBIE CITOCOOBI

7. PeasnpHble rasbl. TETUIOCHA0XKEHMS, BriOupath panyoHansHble CHCTEMBI HagpixaMu BeIOOpa palinOHANTBHBIX
Bonssoit nap. Bnaxusrit OIIK-4 OXJIaXICHUS U TEMJIOCHA0KEHUS, OXJIKACHUS U CHCTEM TEIUIOCHA0KEHUS, OXTaKACHUS U
BO3IyX TEPMOCTaTUPOBAHUS TEPMOCTATUPOBAHMS 000PYIOBAHUS TEPMOCTATHPOBAHMS 000PyJOBAHHS
obopynoBaHus
OCHOBHBIE
3aKOHOMEPHOCTH MetogaMu ynpasieHUs
TeTI000MeHa 1 PaccunTtsIiBaTh M aHATM3UPOBATH HMHTEHCHBHOCTBIO TEIUIOOOMEHHBIX Ve THBI OIPOC
8. TennonpoBoAHOCTH OIIK-4 MaccooOMeHa MpH TETIOBBIE TIPOIIECCHI, TETIIOOOMEHHBIE MIPOIIECCOB TOPHOTO MMPOU3BO/ICTBA; poc.
CTAalMOHAPHOM U anmapaTbl HaBBIKAMH TIPOBEICHUS
HECTalHOHAPHOM TEIUIOTEXHUYECKUX U3MEpPEeHUN
pexxumax
DKcnpecc-onpoc Mo
OCBOCHHBIM JIOMa
IIpuHuun neucTBus u CaMOCTOSTEIILHO
yCTpoOiicTBa Meronamu ynpasieHUs TEpMHUHAM U
9 KoHBeKTHBHLL TETI000MEHHBIX PaccunTsiBaTh M aHATM3UPOBATH HMHTEHCHBHOCTBIO TEIUIOOOMEHHBIX TIOHATHAM
TeITO0OMEH OIIK-4 anmnapaToB M APYTOro TETIOBBIE TIPOIIECCHI, TETIIOOOMEHHbIE MIPOIIECCOB TOPHOTO MPOU3BO/ICTBA; 3acirymBaHuE U
TETUIOTEXHUIECKOTO anmaparbl HaBBIKaMH TIPOBE/ICHUS obcyxaeHue
obopynoBaHus, TETJIOTEXHUYECKUX U3MEPEHUN TIOJIrOTOBJICHHOH
MIPUMEHSEMOTO B OTPACIIH MIPaKTHYECKOM
(pemreHue 3amaq)
paboTsI
IIpunuun neucTBus u
yCTpoiicTBa Meronamu ynpasieHus
TENI000MEHHBIX PaccuutsiBath 1 AHAJIN3UpPOBATH WHTEHCUBHOCTBHIO TEINIOOOMEHHBIX VCTHBIH onpoc
10. TerutoBoe U3y4eHUE OIIK-4 anmnaparoB U Ipyroro TETUIOBBIE MPOIECCHI, TETTIO0OMEHHbIE IIPOLIECCOB F'OPHOr'0 NPOU3BOJICTBA; '
TCIIJIOTCXHUYCCKOI'O arrmapaTbl HaBbIKaMH MPOBEACHU A
obopynoBaHus, TEIUIOTEXHUYECKUX U3MEPEeHUI
IIPUMEHSIEMOT0 B OTPaciu
MeTtonamu ynpaBieHus
Cnoco0sb! ynpaBieHust PaccuuThiBaTh M aHATH3UPOBATH HMHTEHCHBHOCTBIO TETUIOOOMEHHBIX Ve THBIH OIPOC
11.Temnonepenaua OIIK-4 napamMeTpamu TETJIOBBIE MTPOIIECCHI, TEMIIO0OMEHHEIE IIPOLIECCOB TOPHOTO MPOU3BOACTBA; poc.
TeIuIonepeaun amnmnaparsl HaBBIKAMH TPOBE/ICHUS

TCIIIOTCXHHUYCCKUX HSMepeHI/Iﬁ




4. KpuTepnu U MIKaJIbI OCHUBAHUS

4.1. YcTHBII onpoc
ITporeHT NpaBUIIBHBIX OTBETOB o 60 60-80 81-100
KonnuecTBo 6anos 1 2 3

4.2. Pemienue 3a1a4

4 Oamma — CTYIEHT peIIMJ BCE PEKOMEHIOBAaHHBIC 3aJaud, MPAaBHIBHO H3JIOXKWI BCE
BapHUaHThl UX PEIICHUS, apryMEHTHUPOBAB X, C 00SM3aTEIBHOW CCHUIKOW Ha COOTBETCTBYIOIIHEC
HOPMATHUBBI (€CIIN IO COAEPIKAHUIO 3TO HEOOXOANMO).

3 Gamna — CTyAEHT pemui He MeHee 85% peKOMEHI0BaHHBIX 3ajay, IPABUIIBHO U3JI0KUII BCE
BapUaHTBl PELICHHS, APTyMEHTHPOBAB HX, C O0S3aTENbHOW CCBUIKOW HA COOTBETCTBYIOIIHE
HOPMATHBBI (€CJIH TI0 COACPIKAHUIO 3TO HEOOXOAMMO).

2 Gaia — CTYICHT pelii He MeHee 65% peKOMEeHI0BaHHBIX 33]1a4, MPaBUIHLHO U3JI0KUI BCE
BapHUaHThl UX PEIICHUS, apryMEHTHUPOBAB HMX, C 00SM3aTENBPHON CCHUIKOW HA COOTBETCTBYIOIIHE
HOPMAaTHUBBI (€CIIN IO COAEPIKAHUIO 3TO HEOOXOAUMO).

1 Gamn — crynmeHT BeIMONMHUI MeHee 50% 3amaHus, W/WIM HEBEPHO YyKa3zajdl BapUaHTHI
peleHws.

4.3. Dkcnpecc-onpoc Mo 0CBOEHHBIM J0MA CAMOCTOSTEILHO TEPMUHAM U MOHATHIM
ITporieHT MpaBHIIBHBIX OTBETOB Jlo 60 60-80 81-100
KonmgecTBo 6aymioB 0 1 2

4.4. KoutpoabHas padora

27 6ajuIOB BBICTABIISIETCS, €CIIU CTYACHT PEUIMJI BCE PEKOMEHJ/IOBAHHBIC 3a/1a4M, MPABHIBLHO
U3JI0KHWJI BCE BapHAaHThl HMX pEIICHUs, apryMEHTHPOBAaB HX, C O00S3aTENbHOW CCHUIKOM Ha
COOTBETCTBYIOIIME HOPMATHBBI (€CJIN TI0 COJICPKAHUIO ITO HEOOXOIUMO).

17 GamioB BBICTABISIECTCS, €CIU CTYICHT penrwi He MeHee 85% peKOMEHIOBaHHBIX 3ajad,
NPaBUJIBHO M3JIOKWIJI BCE BAPHAHTHI PEIICHUS, aPTYMEHTUPOBAB X, C 00s3aTEIbHON CCHIIKOW Ha
COOTBETCTBYIOIINE HOPMATHUBHI (€CIIU 110 COJIEPKAHUIO ITO HEOOXOIUMO).

7 OanjoB BBICTABIISETCS, €CIU CTYACHT pelinil He MeHee 65% peKOMEeHJOBAaHHBIX 3ajad,
NPaBUIHHO M3JIOKUII BCE BapUAHTHl X PEIICHHs], apIYMEHTHPOBAB HX, C 00s3aTEILHON CCHITKON
Ha COOTBETCTBYIOIIME HOPMATHUBBI (€CIH MO COJEPKAHHUIO 3TO HEOOXO0AUMO).

0 GayyoB — eciu CTyIEHT BbINOIHUI MeHee 50% 3amaHusi, U/WiIM HEBEPHO YKa3asl BapHAHThI
peLeHMs.

5. TumoBble KOHTPOJIbHBbIE 3aJaHUSI M MeTOJHYECKHMe MAaTepHaJbl, oONpele/sIolHe
npoueaypbl OUEHUBAHUS 3HAHUI, YMeHMil, HABBIKOB M (MJIM) OMNBITA /AesITeJILHOCTH,
XapakTepusylommx JTanbl (GOpMHPOBAHMSI KOMIETeHUMIi B Mmpouecce OCBOCHHS
o0pa3oBaTe/IbHON NPOTrPaMMblI

5.1. TunoBble BONPOCHI K YCTHOMY ONIPOCY
1. TIpenMer TeXHUYECKOW TEPMOIMHAMUKH U €€ 33a4H
Omeem: TexHuyeckasi TEPMOAUHAMMKA — pa3fiel TEPMOJMHAMHUKH, 3aHUMAFOIIUICS
NPUIOKEHUSIMH 3aKOHOB TEPMOJMHAMHUKM B TEIUIOTEXHUKE. TexHuueckas TepMOAMHAMUKA
3aHUMAETCsl pa3pabOTKONW TEOpUM TEIJIOBBIX JBUTATENIEW W YCTAHOBOK TAaKWX, KaK JBUTATEIH
BHYTPEHHETO CrOpaHus, MapoBble W Ta3oBble TypOWHBI, peaKTHBHBIE M PAKETHBIC IBUTATENH,
XOJIOIMJIbHBIE M KOMIIpeccopHble MamuHbl. Ha ee ocHoBe (OpMUPYIOTCS METOJbI MPSIMOTO
npeoOpa3oBaHus TEIUIOTHl B DIEKTPUUECKYIO JHEPTHI0, MPOBOIUTCS aHamu3 3(PPEKTUBHOCTH
TEPMOJIMHAMUYECKUX IIMKJIOB, TMPOIECCOB TEMI000MEHa, H3y4aloTCsl TEPMOJNHAMHYECKUE
CBOMCTBA Pa3IMYHBIX BEIIECTB, 3AKOHOMEPHOCTHU TEIJIOBOTO JIBHXKEHHS U JIp.
2. HBa MPUHIHUIIHAIBHO Pa3JIMYHbIX HAITPABJICHHWA UCIIOJIB30BaHNA TCIIJIOTHI



Omeem: Pa3nuualoT [aBa NPUHIUIUAILHO PA3JIMYHBIX HAMpPaBICHUS] HCIOJIb30BaHUS
TEIUIOTHI — SHEPTETUYECKOE U TEXHOJIIOTUYECKOE.

[Ipu snepeemuyeckom NCNONB30BAHUH, TEIUIOTA IPEOOPA3YETCS B MEXaHUIECKYIO padoTy,
C TMOMOIIIBIO KOTOPOIl B FreHepaTopax CO3JaeTcsl dJeKTpUUecKas IHeprusi, yaoOoHas Uil eperadu
Ha paccTostHue. TemIoTy npu 3TOM MOJIy4aroT CXKUTAHHEM TOIUIMBA B KOTEJIbHBIX YCTAHOBKAX WM
HEIMOCPEICTBEHHO B IBUTATEIIIX BHYTPEHHETO CrOPaHUsI.

[Ipu mexnonocuyeckom — TEMIOTA UCTIOIAB3YETCS JIJIsl HAIPABICHHOTO U3MEHEHHSI CBOMCTB
pa3iINuYHbIX Ten (paciUiaBi€HMsI, 3aTBEpJCBAaHUS, H3MEHEHUS CTPYKTYpbl, MEXaHHYECKUX,
(UBHYECKUX, XUMHUYECKHX CBOMCTB).

3. HepaBHOBeCHBIN U PaBHOBECHBIN MPOIECCHI

Omeem: Ilporecchl AenaTcs Ha PaBHOBECHbIE U HEpaBHOBECHbIE. Eciu mpu mporexkanuu
mpolecca pa3iMyHble YacTH CHCTEMbl UMEIOT OTJIMYAIOLIMECs CBOMCTBa, TO CHCTEMa HE
HAXOJIUTCA B COCTOSTHUM PABHOBECHS U MPOIECC HA3BIBACTCS HEPABHOBECHBIM. JIeMCTBUTEIbHBIC
MPOLIECCHI, TPOTEKAIOILIUE C KOHEYHBIMU CKOPOCTSIMH, BCET/1a HEPABHOBECHBI.

PaBHOBeCHBIM TEepMOJAMHAMUYECKHMN MPOLIECCOM HAa3bIBA€TCI B TOM Cllydae, €ciu
MPOTEKAaeT HACTOJIbKO MEJICHHO, YTO B CHCTEME B KaXXIblii MOMEHT BpPEMEHHU YCIIEBAET
YCTaHOBUTHCSI PABHOBECHOE COCTOSIHHE.

4. HapucoBaTh nuarpaMMmbl mpsiMoro odpatumoro nukia KapHo B koopauHatax «V—p» u

«S—T»

Omeem.
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5. TemnonpoBoHOCTH (KOHAYKTHBHBIN IIEPEHOC TEILIA)

Omeem: TennonpoBOAHOCTh SIBISICTCS CIMHCTBCHHBIM BHJOM TEIUIONIEPEAadd B

HeNpo3payHoil TBepAoil cpexe. Eciu B Takoii cpene cymecTByeT rpaueHT TEMIIEpaTyphl, TEII0

NIEPEHOCUTCSI U3 BBICOKOTEMIIEPATYPHO# 00JIaCTH B HU3KOTEMIIEPATYPHYIO.

CKOpOCTh TepeHoca Terlia BCISACTBUE TEIUIONPOBOAHOCTH (KOHIYKTHBHBII TEIIOBOI MOTOK ()

IPOMOPIMOHATIbHA TPAIUECHTY TeMiiepaTypbl dT/dX ¥ Mmiomaau moBEpXHOCTH A, Yepe3 KOTOPYIO

UJIeT OTOK Teruia (puc.)

Hanpaanet1e Tennoeoro notora Hanpasnehwe Tennoeoro notoka
—~——
T(x)
dT 7 AT -4
al - d.
tx +AT *
T +T
—_— +Ax
I +Ax ]
—_—tx —_—

Cxema, WIUTIOCTpUPYIOLIask IPaBUIIO 3HAKOB AJISI TETIONPOBOAHOCTH
6. IlpuBecT mpocThie MPUMEPHI UCTIONB30BAHUS 3aKOHA TETLIONPOBOAHOCTH Dyphe
Omeem: IlpocTbIM mNpuUMEpOM UCHOJBb30BaHUs 3akoHa Dypbe sBIseTcd 3agada o
TeIIonepeiaue uepe3 MIOCKYI CTeHKY (puc.)




Puc. TemmonpoBOoIHOCTH Yepe3 MIOCKYI0 CTEHKY C MOCTOSTHHBIM KO3 PHUIIHEHTOM
TEIIONPOBOAHOCTH
Ecimu 00e mOBEpXHOCTH CTEHKH UMEIOT MOCTOSIHHBIE, HO Pa3IMYHbIC TEMIEPATyphl, TEILIO
OyIeT NepeHOCUTHCS TOJIBKO B OJIHOM HAIIPaBJICHUH, 10 HOPMAJIU K MOBEPXHOCTSAM CTeHKH. Ecnu
TEIUIONPOBOAHOCTH SBJISICTCS TOCTOSIHHOM BEJIMYWHOW, TIOCIE WHTETPUPOBAHHS (POPMYIIBI,
BbIpaxaronieil 3aKkoH dypwe, nonydyaem

5.2. TunoBble NpUMepbI 32124
3agava 1. /{1 u3MepeHust MabIX W30BITOYHBIX JABICHUH UM pa3peeHUN TPUMEHSIOTCS
MUKpOMaHOMETpHI. [IpuHIMNHanbpHas cxema 3Toro npubopa MmpeacTaBlieHa Ha pUCYHKE.

1 — Bo3myxompoBoz;
2 — MHKPOMaHOMETp, 3allOJHECHHBIH
CITUPTOM.

Omnpenenutb abCOMIOTHOE JaBJICHHE B BO3IYXOIPOBO/IE, €CIIH JUIMHA | )KuaKoCTH B TpyOKe
MHKPOMaHOMETpa, HaKJIIOHEHHOH 1o yrioMm o = 30°, paBHa 180 mMm. Pabouast )xuIKOCTh — CITUPT
I0THOCTEIO p = 800 kr/™M°. [lokasanue Gapomerpa, npuBeneHHOro K 0 °C, Py, = 1.02 Gap.

Pemenne:
AHO:

/=180 mm=0,18 m AOGCOIOTHOE TaBJIEHKE B BO3IYXOMPOBOIE

70{‘:300/ 3 P=Pa‘m +PH26;
PF.)m 8?00;%;; - rae Puc = pgh=pglsino, Torma P - = Py +
=1,05-10°TIa + pglsina = 1,02 +800-9,81-0,18-sin 30°107 =
P-? = 1,027 Gap.

Otget: P =1.027 6ap=102700 ITa.

3agaua 2. OnpenenuTh NaplUalbHbIE JaBJIEHUS KHCIOpOAAa M a30Ta B BO3JyXe IpHU
HOPMAJIbHBIX YCIIOBUSIX, €CIIH MaCCOBBINA COCTaB Bo3ayxa M= 23.3 % u myy= 76.7%.

Pewenue:
[TapumnansHOE JaBiIeHHE Ta3a B CMECH MOXKET OBITh HaiiieHo 1o (hopmyrie
Pi = MiPou. )
CBsi3bp MEXIy MAaCCOBBIMH U OObEMHBIMH JOJISIMU yCTaHaBnHBaeTc;I dbopmynoit
ri — Ilucu , TIe ,LlCM _ Z,Ll| -

Hi

cnen. npu y, =32 - 0233 +28 - 0.767 = 28.932 xr/kmonb
L, = 0.233-28.932 _ 021,
32
Tk >r=1, r,=1-0.21=0.79.
JlaBneHue cmecu: 750 mm pr. cT. — 0.1 MIIa
760 MM pT. CT. — X = P, =101333 ITa.

Torna cornacno (1) Py, =0.21 - 101333 =21279.93 ~21280 Ila.
Cnen., Py, =101333 — 21280 = 80053 Ila.

3agaua 3. [Inockast creHka COCTOUT U3 TPEX cioeB TommuHo L =100 mm, Ly =80 MM u
L3 =50 MM, k03(pPHUITHEHTHI TEIIIONPOBOAHOCTH CIOCB COOTBETCTBEHHO paBHbI K,=2 Bt/(M'K),

k, =8 Bt/(Mm'K) u k,=10 B1/(Mm'K). Bropoii cnoii umeer Temmepatypsl nosepxHocreit 71,= 120 °C
u Tr.3 =45 °C. Onpenenutb TeMIIEpaTypbl HAPYKHBIX TOBEPXHOCTEH.

Pewenue

[TonHOE TepMUYECKOE COMIPOTUBIIEHUE TETIONPOBOAHOCTH R;; TPEXCIONHON CTEHKH paBHO
CyMM€ TEPMHUYECKUX COITPOTHUBIICHHUH CIIOCB:



2
_L/ _01/_gosM K

— L% -0.08/ —o 01MZ_'K

kz 8 ' Bm '

_Ls/ _005/ _ M’ -K
R; = %3— 40—0.005 B
M2 K

R, =R +R,+R;=0.05+0.01+0.005=0.065 —— 3
m

HOBerHOCTHa}I IINIOTHOCTh TCIIJIOBOI'0 IMOTOKa CTAallMOHApPHOI'O pPEeXKHUMa TeHJ‘IOO6MeHa
MOCTOSTHHA JIJISl KaXKJIOTO U3 CJIOEB U BRIPAXKAETCS Yepe3 MapaMeTphl TF0O0T0 CIIos
_ T-T, _ Tio-Tos _ Tos—Th
Rl RZ R3
T,.,-T,, 120-45
q: 1-2 23: :7500317/2-
R, 0.01 M
OrmpenenseM TeMIepaTypbl HApy>KHBIX IOBEPXHOCTEH CTEHOK:
T,=T,,+QR, =120+7500-0.05=495"C,
T, =T, ;—QR; =45+7500-0.005=7.5"C.
BGJII/I‘-H/IHy INIOTHOCTU TCIIOBOTO ITOTOKA q MOXHO BLIpaSPITb TAKXeE qepe3 CYMMapHOG
TCPMUYICCKOC COIMPOTHUBIICHUC CTCHKU

T-T, _ T-T,
R.+R,+R; R,
5.3. TumoBble BONPOCHI K 3KCHPECC-OMPOCY MO OCBOEHHBIM [J0Ma CAMOCTOSITEIbHO
TePMUHAM H NOHATHAM

1. laTb onpesesieHHe SHTPONMUHU

Omeem: DOHTponuel Ha3bplBaeTCsl (QYHKLUS S COCTOSHHMS cuUCTeMbl, auddepeHnuan
KOTOpOH B 3JIEMEHTApHOM OOpaTHMMOM TIIPOIECCE PAaBEH OTHOUICHHIO OECKOHEYHO Majoro
KOJIMYECTBa TEIlIa, COOOLIEHHOTO CHCTeMe, K aDCOMIOTHOM Temiieparype nocieaueit: dS = dQ/T.

2. Kakas cucrema cuurtaercss cranuonapuoii? IlpuBecTH OIMH W3 BapHAHTOB
CTAIHOHAPHOT'O COCTOSIHMS.

Omeem: CucremMa CUMTACTCS CTAllMOHAPHOM, €CIU TMepeMeHHbIe (YHKIUH C TEYCHHEM
BpeMeHH He wu3MeHstorcd. OauH M3  BAapHMAHTOB  CTAllMOHAPHOTO COCTOSHUS — 3TO
TEPMOJIMHAMHYECKOE PaBHOBECHE.

3. Iloyemy pedpa Ha TPyOax BBINOJIHEHBI CO CTOPOHBI BO3/1yXa, a He BOAbI?

Omeem: Jlns WHTEHCH(UKAIIUHM TEIUIONEpeaadydl yBEIHMYMBAIOT IUIOMIAh MOBEPXHOCTH
TeriooOMeHa 3a cueT opeOpeHus. OpedpeHHbIe MOBEPXHOCTH UCHOJB3YIOTCS ¢ TOM CTOPOHBI, TIe
KOA((UIIMEHT TEMJI00TAaYl OYEHb MaJl.

q:

I

5.4. Bonpochl Kk 3Kk3aMeHy
TepMonnHaMu4YecKue CUCTEMBI, TApaMETPBI U PABHOBECHE
WcxoaHpie monoKeHns TepMOAMHAMUKH.
I'oMoreHHsbIe 1 rereporeHHble cUCTEMbI. Da3bl 1 KOMIIOHEHTBHI.
PaBHOBecHBIE U HEPaBHOBECHBIE TPOLIECCHI.
Buytpennss sHeprus cucremsl. Pabota u reriora.
[IepBoe HavyasI0 TEPMOJANHAMHUKHU.
OcCHOBHBIE TEPMOIMHAMUYECKHUE MPOLIECCH] U UX YPAaBHEHUS.
DOHTaNbMIUS U SHTPOMHUSL.
Bropoe Hauano TepMOAMHAMUKM.
10 Tperbe HauaI0 TEPMOAMHAMUKH.

wCoNOR~wWNE
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O6paruMble 1 HEOOpaTUMBIE TPOLIECCHI.

BozpacTtanue sHTponuyu B HEOOPATUMBIX MPOIIECCaX.

TernoBbie ABUraTeNy U XOJIOAUIBHBIC MAIIMHEL.

[ukn u Teopema Kapno.

VYcioBus paBHOBECUSI TEPMOJUHAMUYECKOU CUCTEMBI.

YcnoBus paBHOBecUs IBYX(a3HONW OTHOKOMIOHEHTHOW CUCTEMBI.
Knaccudukanus ¢pa3zoBbIx nepexoaos.

dazoBoe paBHOBecue, ¢azopas P-T nuarpamma.

TemnoBeie a3 dexTs xXuMuUeckux peakiuii. 3akoH ['ecca. Ypasuenue Kupxroda.
VY aenbHas U MOJISIpHAS TEIUIOEMKOCTH BEILIECTBA.

ModsipHasi TETUIOEMKOCTB TP IIOCTOSTHHOM JIaBJICHUU.

YpaBuenue Maiiepa.

ModsipHasi TEIII0EMKOCTh IPU TTOCTOSIHHOM 00beMe.

Tepmonnnamuyeckoe paBHOBecue. BHelHNe U BHYyTpEHHUE apaMeTphbl
TepmoanHaMuveckoe paBHOBECHE C MOJICKYJISIPHOM TOUKU 3PEHUS.
OCHOBHOE MOJIOKEHUE KITACCUYECKON CTATUCTHKH.

MUKpPOKAHOHUYECKOE PACIIPEECIIEHHUE.

Tepmonnnamuyeckue GyHKIIMH U TEPMOAMHAMHYECKHE PABEHCTBA.
[TpuMeHeHne KIacCu4ecKoi CTaTHCTUKU K ICTbHOMY OJTHOATOMHOMY Ta3y.

Pacnpenenenue MakcBeia — bonbsliMaHa JjIsi CUCTEM C aJIMTUBHON Heprueil. JlaBieHue

KaK BHELIHUI napameTp

TeopeMa O PaBHOMCPHOM pacCipCacCICHUN KHUHETUYECKOMH OHCPI'vH 110 CTCIICHAM CBO60,I[I>I.

[IpumeHeHne KI1accuuecKoi CTaAaTUCTHKU K BOIIPOCY O TEIJIOEMKOCTH T'a30B.
TennoeMKocTh TBEPBIX TE.

[IpumeHeHne KI1accuueCKON CTaTUCTUKH K U3JIYYEHUIO.

Cuiibl B3aMMOJICHCTBHS MOJIEKYJ. Y paBHEHHE COCTOSIHUS HEUI€aIbHOTr0 Ta3a.
Onykryanuu o0bema, 3aHATOr0 Ta30M WM JKUJIKOCTHIO.

[Ipenen 4yBCTBUTEIBLHOCTH T'a30BOr0 TEPMOMETpA.

@nyKTyaly INIOTHOCTH U PACCESIHUE CBETA B KUJIKOCTAX U PEATBHBIX I'a3ax.

Bbruucnenne QuiykTyanuu BeJNWYMH, PAacCMaTpUBAEMbIX KakK (YHKIMH TIOJIOKEHUS B

npocrtpancTBe. [IpuMeHeHne k Teopuu paccesHus CBeTa.
OcCHOBHbBIE TIOHATHS U 3aKOHBI TEOPUH TEIIIOOOMEHA.
Knaccudukanms nporeccoB TeroooMeHa.

OCHOBHbBIE TEPMHHBI TEOPUH TEIIIO0OMEHA.

OcCHOBHBIE 3aKOHBI TEIIOOOMEHA.

TennonpoBoHOCTE. CIIOCOOHOCTH T MPOBOIUTH TEIUIO.
JuddepennnanbHoe ypaBHEHNE TEMIONPOBOIHOCTH.

VYcnoBus 0IHO3HAYHOCTH B 337a4ax TEIJIONPOBOAHOCTH.
Maccoobmennsble nporecchl. g ¢y3noHHbIN NOrpaHUYHBIN CIIOM.

Z[aTL IMNOHATHUE OCHOBHBIM TCPMOAWHAMUYCCKHUM IIPOLICCCAM. Fpaq)w{ecxoe I/I306pa)KeHI/IC B

PV u TS xoopnunaTtax.

Kakas mammHa HazbpiBaeTcsi kommpeccopoM? Kiaccudukanus kommpeccopoB. Onucanue

OJTHOCTYIIEHYATOTO KOMIIPECCOPA.

N300pa3zute TeopeTHUeCKyl0 WHAMKATOPHYIO IUarpaMmy MOPIIHEBOTO KOMIIpeccopa Uit

CiTydasi U30TepPMUYECKOTO U afaunadbatHoro ckarus. [lokaxkure Ha HeW TIOMAaU, KOTOPBIMU

M300pakatoTcsi pabOThl HAIMOJNHEHHWs, CKAaTWs W BBITAJIKWBaHUA. [ dero mpuMeHsercs

OXJIAXKJIEHHE KoMIipeccopa?

. Onpenenenne xapakTepa paclpeiesieHus TEMIEpPaTypHOro MOJii B TOPHBIX MOpOJAax
MpU Pa3INYHBIX TEPMOJUHAMUYIECKUX MTPOIIECCAaX TOPHOTO MTPOU3BOICTBA.

. KakoBbI OCHOBHBIE TOHATHS U TAPAMETPBI COCTOSIHUSI BOJIIHOTO Tapa.
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Kaxkoii nap Ha3biBaeTcsi CyXuM HacblleHHbIM? M300pa3ure Ha nuarpammax P-V, T-S u h-S
0o0paTUMBbIN a7nabaTHBIA MPOLECC PACHIMPEHHs MEPErPeToro mapa 0 COCTOSHHUS CYXOro
HaCBhIIEHHOTO napa. Jlaiite HeoOX0IUMBbIC TTOSICHEHHSI.

Brnaxxublii Bo3ayx. OCHOBHBIE 3HAUEHUS, XapaKTEPU3YIOIIME COCTOSTHUE BIa)KHOTO BO3/yXa.
KonsekTuBHbI# TerioooMeH. 3akoH HproToHa npu oxnaxaenuu. Kakoi ¢pusndeckuii cMbICT
nMeeT Kod(ppuImeHT TermiooTaaun?

OcHOBHBIE TOHATHS H MEXaHU3M paJuanuoHHOro Temiooomena. 3akon Credana-
Bonsimana.

Temnonepenaya. Koadounuent temnonpoBoaHoctu. OrnpeneneHue TEIUIOBOTO IMOTOKAa U
TEPMUYECKOI'0 COIPOTUBIICHHUSL.

Kakoit ¢usnueckuii cMbica uMeeT KOA(PUIMEHT TEIUIONPOBOIHOCTH, U B KaKUX EIMHULIAX
oH  wu3Mmepsercia?  Kak  moacuutaTh — KOJIMYECTBO  TEIUIOTHI,  IE€pelaBacMoe
TETIONPOBOAHOCTHIO Yepe3 OJHOPOAHYIO [IMIMHIPUYECKYIO CTEHKY.

DneKkTpuyecKas aHaJorus JUIsl TeIUIoNpoBOAHOCTH. OJHOMEpHAs TEIJIONPOBOJHOCTh Yepe3
MHOTOCJIOHHYIO CTEHKY M €€ 3JIeKTPUUYEeCKUN aHaJIor.

Cno>HBIH TEI1000MEH.

TermonpoBoIHOCT B IMJIMHAPUYECKUX KOOPAUHATAX C BHYTPEHHUM TEILUIOBBIACICHHEM



OCHOBHAA OBPA3OBATEJIBHASA ITPOI'PAMMA

TEXHOJIOI'MYECKASA KAPTA JUCIUAIIJIMHBI

21.05.04 T'opHoe aem0

cnennaauzanus Ne3 «OTKpbIThIe TOPHBIE Pa0OTHD)

(xox, HampaBJIeHHE, TPOQHIIH)

TEXHOJIOI'HYECKASA KAPTA

Mudp aucuumiauasl no PYII

| B1.B.15

Jucrumimaa

| Tenjorexnuka

Kypc | 4

| cemectp

| 7.8

Kadenpa

| TOPHOTO JIeJia, HaYK 0 3emJjie H MPHPOI000yCcTpoiicTBa

®.1.0. npenoaasateis, 3BaHUE, JOIKHOCTb

| bekerosa Esiena bopucosHa, K.T.H., JOLEHT

Kadeapbl ropHoro jiejaa, Hayk o 3emiie M MPUPO000YyCTPOIicTBa

D61 TPYHIOEMKOCTbyyeser | 14414

| Koi-Bo ceMecTpoB | 2 | Dopma KOHTPOJLA

| IK3aMeH

HK06HL/TCK. CeM.

44

[HP/CM06HI./T6K. ceM. |10/10 |~HBo6m./TeK. ceM.

| - I CPC 061L./TeK. ceMm.

| 121/121

Komnerenuuu odyuaiomerocsi, popmupyembie B pe3y/ibTare 0CBOEHHUs JUCHUILINHBI:

— TOTOBHOCTBIO C

€CTECTBEHHOHAYYHbIX TO3UIMNA  OlLIEHUBATh
MUHEPAJIBHBIA COCTaB 3€MHOI KOpBI, MOP(OJIOTHYECKHE OCOOEHHOCTH M T€HETHYECKHE THIIbI
MECTOPOXKACHUN TBEPIBIX IMOJE3HBIX MCKOMAEMBIX MPU PEIICHUH 3a/lad MO PalMOHAIBHOMY U
KOMIUIEKCHOMY OCBOEHHIO reopecypcHoro noteniuaia Heap (OI1K-4),

CTpOCHHE,

XAMUYECKUU U

Kon ¢popmupyemoii

KOMIICTCHI MU

KonuuecTrBo
MepPONPUSITHH

Conep:xanue 3a1aHus

MakcuMaJjbHoe

KOJMY€eCTBO 0aJ1J10B

Cpok
Tpe0CTaABJIEHHS

Beoonwtit 6ok

He npeagycmorpen

|

Ocnoenou 610K

OIIK-4 'Y cTHBIN onpoc 5 15 B teuenue ceccuun
OIIK-4 Pemenue 3amau 3 12 B Teuenue ceccun
DKCTPECC-OMPOC MO0 OCBOCHHBIM
OIIK-4 T0Ma CaMOCTOSTENILHO TEPMHUHAM 3 6 B Teuenue ceccun
W OHSTHAM
3a Mecsll 0 Havana
OIIK-4 KontponpHas padora 1 27 A
CecCHU
Bcero: 60
1 Bompoc - 20
OIIK-4 DK3aMeH [o pacniucanuto
2 Bonpoc - 20
Bcero: 40
Hroro: 100
OIIK-4 | IToAroTOBKa OIIOPHOTO KOHCIIEKTA 10 o cornacoBaHuIo C
Bcero 621108 110 J0NOJHUTEILHOMY 0JIOKY 10 npenoaBaTesieM

[IIkana oueHMBaHMs B paMKax OaJuIbHO-peHTHHIOBOM cucteMbl MAT'Y: «2» - 60 GayutoB u Menee, «3» - 61-
80 6amos, «4» - 81-90 6amnos, «5» - 91-100 6amios.




