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1. O01mme cBegeHus

1. | Kadenpa I'opHoro aena, Hayk 0 3eMJyie ¥ MPUPOT000YCTPOICTBA
2. | CnenuaibHOCTh 21.05.04 TopHoe nemno

3. | Crrenmanuzamus Ne6 «OOoraitieHre HoJIe3HbIX HUCKOIaEMBIX)»

4. | NucuunnuHa (MOIyJIb) TerutorexHuka

5. | ®opma oOyueHUs 3a04Has

6. | 'oxg Habopa 2015

2. IlepevyeHb KOMIETEHIM I

—TOTOBHOCTBIO C €CTECTBCHHOHAyYHBIX IIO3MIUH OLEHMBATH CTPOCHHE, XHUMHUYECKUH H
MUHEpaIbHBI COCTaB 3€MHOW KOpBI, MOPQOJIOrHYecKHe OCOOCHHOCTH W TEHETHYECKUE THIIbI
MECTOPOKACHUI TBEpPAbIX IIOJIE3HBIX MCKONAEMBIX MpPU PEIICHUH 3aJad M0 pPAaUUOHAIBHOMY H
KOMIUIEKCHOMY OCBOEHHIO reopecypcHoro noreHnuana Heap (OITK-4).




3. Kpurepuu u moxka3zare/ji OeHMBAHUA KOMIIETEHIUI HA Pa3JIMYHbIX 3Tanax ux popMupoBaHus

Irtan ¢popMHpPOBaAHUS
KOMIIeTeHIIUH

®opmupyemas

KpnTepml H TMMOKa3aTeJIu OCHUBAHUA KOMHeTeHHI/lﬁ

(DOI)MI)I KOHTPOJIA

3HaTh: YmMmers: Baaners: chopMHUpOBaHHOCTH
(pasaensl, TeMbI KOMIIeTeHI Ul .
KOMIleTeHIu i
JMCUMILTUHBI)
OCHOBHBIE CBOHCTBA U DKcrpecc-ompoc mo
o Hageikamu pacdera 1 aHanmusa
1. Ilpenmer u MeTOIBI ITapaMeTpbl COCTOSTHUS OmnpenensiTe OCHOBHBIE CBOICTBA OCBOCHHBIM J0OMa
OIIK-4 3¢ (HEeKTHBHOCTH TEPMOTUHAMUIECKUX
TETIIOTEXHUKU TEPMOJMHAMUYECKIX paboumx Teln, MPUMEHAEMbIX B OTPACIIN CaMOCTOSTEIHHO
MIPOIIECCOB TOPHOTO MPOU3BOJICTBA
CHCTEM TEepMHUHAM U
TIOHATHAM
3aciymuBaHue u
2. OCHOBHBIE 3aKOHBI obcyxaeHue
3aKOHBl TEPMOAWHAMMKH . 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 Haualo 3aKOHBl TEPMOAWHAMMKH | PaccuuThIBaTh TEPMOANHAMHYECKHE HaBeixamu pacdera u aHanmm3a
Té MOE R 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 YcTHBIH ompoc.
4. TepmonuHaMHUYECKHE OmnpenensTe OCHOBHBIE CBOIMCTBA
OIIK-4 MIPOLIECCHI U OCHOBBI UX 3¢ (HEKTUBHOCTH TEPMOTUHAMIICCKUX OKcmpecc-0mpoc 1o
MPOLIECCHI paboumx Teln, MPUMEHAEMbIX B OTPaCiIn
aHau3a MIPOLIECCOB TOPHOT0 MPOU3BOACTBA OCBOCHHEIM JIOMa
CaMOCTOSITEIILHO
TEepMHHAM U
. HaBeixamu pacdera u aHanmm3a TIOHATHAM
5. TepmoauHaMuka OmnpenemnsTs OCHOBHBIE CBOMCTBa
OIIK-4 TepMoanHaMUKy MOTOKA 3¢ HeKTHBHOCTH TEPMOTUHAMUYIECKUX 3acnyIuBaHue U
MOTOKA paboumx Tel, MPUMEHEMbIX B OTPacin
MIPOLIECCOB TOPHOTO MPOU3BOACTBA o0CyxIeHUE
MOArOTOBJIEHHOM
IIpunuun neucTBus u PaccuurtsiBath u aHalM3upoBaTh | MeToaamu yrpaBiieHUs MPaKTUYECKOU
6. TepmoguHamuueckue yCTpOMICTBa TEMJIOBBIE IPOLECCH, TEMJIO000OMEHHbIE | MHTEHCUBHOCTBIO TETNIOOOMEHHBIX (pemenue 3amay)
HPOLIECCHI TOPHOTO OIIK-4 TETI000MEHHBIX anmaparbl; PpacCUMTHIBATh MOKA3aTeNH, | MPOLECCOB TOPHOTO NPOU3BOJICTBA; paboThI
MPOU3BOJICTBA anmnaparoB U APYroro rapamMeTpsl  TEIIOOOMEHa; IPOBOJUTH | HaBBIKAMH MPOBEICHUS
TEIIOTEXHUYECKOTO TEIIOTEXHUYECKHE U3MEPEHUs], | TEIUNIOTEXHUYECKUX U3MEPEHUN




00opyoBaHus,
MPUMEHSAEMOTO B OTPACITH

00pabaThIBaTh pe3yibTaThl U3MEPEHUil ¢

MNPUMCHCHUCM KOMHI)IOTepHOﬁ TCXHHUKH

OCHOBHBIE CIIOCOOBI

7. PeanbHble Ta3bl. TEIUIOCHA0XKCHUS, Br16upath panoHabHBIC CHCTEMBI Hapbikamu BbIGOpa pariioHa bHBIX
Bonsinoit nap. BraxHblii OIlIK-4 OXJIKJICHUS U TEIUIOCHAOKCHHUS, OXJIAKICHHS U CUCTEM TEeIUIOCHAOXKEHHUS, OXJTKICHUS U
BO3AYX TEPMOCTATUPOBAHHUS TEepMOCTAaTHPOBaHUsI 000PYIOBaHUS TEepPMOCTATHPOBAaHMS 000PYJOBAHHS
00opyIoBaHUsA
OcCHOBHBIE
3aKOHOMEPHOCTH Meronamu ynpasieHUs
TeII00OMeHa U PaccuunteiBaTh 1 aHaJIN3UpOBATH UHTCHCUBHOCTBIO TCHHOO6MCHHI>IX V CTHBIA OIPOC
8. TernonpoBOAHOCTb OIIK-4 MaccooOMeHa mpu TEIUIOBBIE TIPOLIECCHI, TEINIOOOMEHHBIE MIPOLIECCOB FOPHOTO NPOU3BOJICTBA; poc.
CTallMOHAPHOM U anmnaparsl HaBbIKaMU IPOBEICHUS
HECTallMOHAPHOM TEIUIOTEXHUYECKUX U3MEPEHUN
pexuMax
DKcnpecc-opoc Mo
OCBOEHHBIM JIOMa
IIpuHuun neucTBus u CaMOCTOSTEIILHO
yCTpoOiicTBa Meronamu ynpasieHUs TEpMHUHAM U
9. KOHBEKTUBHbLH TEINIOOOMEHHBIX PaccuunteiBaTh 1 aHaJIN3UpOBATH UHTCHCUBHOCTBIO TCHHOO6MCHHI>IX IIOHATUAM
TeIIOOGMEH OIIK-4 arnmnapaToB U APYroro TEIJIOBBIE MPOIIECCHI, TETIO0OMEHHBIE MIPOLIECCOB TOPHOTO MPOU3BO/ICTBA; 3aciymuBanue u
TCIVIOTECXHUYECCKOTO arrmapaTbl HaBbIKaMH MPOBEACHU A o6cy>1</:[eHI/1e
00opyToBaHus, TEIUIOTEXHUYECKUX U3MEpPEHUN MOATOTOBJIEHHOM
MIPUMEHSIEMOr0 B OTPACIH MPaKTUYECKON
(pemreHue 3amaq)
paboTHI
[punnun aeicTBus u
YCTpoOMCTBa Meronamu yripaBieHus
TEIUIO0OMEHHBIX PaccuuTsiBaTh M aHANTU3UPOBATH WHTCHCUBHOCTBIO TEIIIOOOMEHHBIX Vet omboc
10. TennoBoe uzny4yeHue OIIK-4 anmnapaToB U Ipyroro TETUIOBBIC MPOIECCHI, TETTIO0OMEHHEIE MIPOLIECCOB FOPHOTO NPOU3BOJICTBA; poc.
TCIVIOTEXHUYCCKOTO arrmapaTbl HaBbIKaMH MPOBEACHU A
obopyaoBaHus, TEMUIOTEXHUYECKUX U3MEPEHUH
IIPUMEHSIEMOTO B OTPACIH
Meronamu yrpasieHus
Crioco0s1 yYapaBJICHUA PaccuunteiBaTh 1 aHAJIN3UpPOBATH MHTEHCUBHOCTBIO TEINIOOOMEHHBIX VeTHBIH onpoc
11.Tenumonepenayua OIIK-4 rapamerpaMmu TEIJIOBBIE MPOIIECCHI, TETIO0OMEHHBIE TPOLIECCOB TOPHOTO MTPOU3BOICTBA; ’
Teryionepe1ayn anmnaparsl HaBbIKaMU MPOBEACHUS

TCIIIOTCXHHUYCCKUX I/ISMCpeHI/Iﬁ




4. Kputepuu U mIKaJbI OLlEHUBAHUS

4.1. YcTHBIH 0nIPocC
ITporieHT NpaBUIIBHBIX OTBETOB o 60 60-80 81-100
KonnuectBo 6amnos 1 2 3

4.2. Pernenne 3axaug

4 Gamna — CTY/ICHT eI BCe PEKOMEHIOBAaHHBIC 331a49H, TPABUIIHBHO MU3JI0KUJ BCE BAPUAHTHI UX
peleHusI, apTYMEHTUPOBAB UX, C 00s3aTEIHbHON CCHUIKON Ha COOTBETCTBYIOIME HOPMATHUBHI (€CIH 110
COZIEP>KaHUIO ATO HEOOXOANMO).

3 Gamna — cryAeHT pewmni He MeHee 85% pEeKOMEHIOBAaHHBIX 3ajay, MPaBUILHO U3JIOKUI BCE
BapUAHTHl PpEIICHHS, ApPryMCHTHPOBAaB WX, C OO0s3aTENbHOM CCBUIKOH HAa COOTBETCTBYIOIINE
HOPMATHBBI (€CJTU TI0 COAEP>KaHUIO 3TO HEOOXOIMMO).

2 Oamna — CTYICHT pemui He MeHee 65% pEeKOMEHIOBAaHHBIX 3ajad, MPAaBUIHHO U3JIOKHUI BCE
BapHaHThl WX PCUICHUs, aprYMEHTHPOBaB HX, C O0s3aTEIBbHOM CCBUIKOW Ha COOTBETCTBYIOIIHE
HOPMATHUBHI (€CJIH MO COACPKAHHUIO 3TO HEOOXOIUMO).

1 6amn — cTyaeHT BoimonHuI Menee 50% 3amaHus, U/Uiu HEBEPHO YKa3all BAPHAHTHI PEIICHHUS.

4.3. Jxcnpecc-onpoc M0 0CBOCHHBIM I0MA CAMOCTOATEIbHO TEPMHUHAM M NOHATHAM
ITporieHT npaBUIIBHBIX OTBETOB Jo 60 60-80 81-100
KomnnuectBo 6annos 0 1 2

4.4. KonTpoabHasi padora

27 0ajyIOB BBICTABISICTCS, €CIU CTYICHT PEIIMJ BCE PEKOMEHIOBAHHBIC 3aJa4d, MPABUIHHO
U3NIOKUJI BCE BAapUAHThl MUX PpELICHHS, apryMEHTUPOBAaB UX, C 00sg3aTeNbHOM CCBUIKOM Ha
COOTBETCTBYIOIINE HOPMATHUBEHI (€CIIU 110 COJEPKAHUIO ITO HEOOXOIMMO).

17 GamnoB BBICTABIAETCS, €CIM CTYIOEHT pemui He MeHee 85% peKOMEHJOBaHHBIX 3ajad,
MIPABWJIBHO HM3JIOKHJI BCE BAapUAHTHl PEIICHHS, apTyMEHTHPOBAB WX, C 00sA3aTEIbHOW CCBHUIKOW Ha
COOTBETCTBYIOIIME HOPMATHUBHI (€CIIU MO COAEPIKAHUIO 3TO HEOOXOIUMO).

7 Oa/ioB BBICTABIISIECTCS, €CIM CTYIEHT pelni HEe MeHee 65% peKoMeHIOBaHHBIX 3ajad,
MPABHJIBHO U3JIOKUJI BCE BapUAHTHI UX PEIIECHUS, apTyMEHTUPOBAB X, C 00sA3aTeIbHON CCHUTKON Ha
COOTBETCTBYIOIIME HOPMATHUBHI (€CIU IO COJEPIKAHUIO ITO HEOOXOUMO).

0 GamioB — ecnu cTyAeHT BbIMONMHUI MeHee 50% 3amaHus, W/WIW HEBEPHO yKa3all BapUaHTHI
peIICHUSI.

5. TunoBble KOHTPOJIbHBIE 3aaHUSI U MeTOAUYECKHEe MaTepuaJbl, onpee/siiolue mpouexypbl
OLICHNBAHWS 3HAHMI, YMeHMi, HABBIKOB M (MJIM) ONbBITA [eSITEJbHOCTH, XapaKTepHU3yIOUINX
3Tanbl (POPMUPOBAHUSI KOMIIETEHIIHIl B IIpoliecce 0CBOEHUsI 00pa30BaTeIbHON MPOrpPaMMbl

5.1. TunoBbIe BONPOCHI K YCTHOMY ONPOCY
1. TIpeamer TeXHUUYECKOHN TEPMOJUHAMUKH U €€ 3a/1a4H
Omeem: TexHuueckasi TepMOAMHAMHKA — pa3Jiell TEPMOJWHAMHUKH, 3aHUMAIOIIUICS
NPUJIOKEHUAMU  3aKOHOB TEPMOJAMHAMHUKMA B TEIUIOTEXHUKE. TeXHHUYeCKas TEPMOJAUMHAMUKA
3aHUMAETCsl Pa3pabdOTKOM TEOPUH TEIUIOBBIX JBUTATENIEW M YCTAaHOBOK TaKWX, KakK JIBUTATEIH
BHYTPEHHETO CTOpaHus, MapoBble W Ta3oBbie TypOWHBI, PEAKTHBHBIE U PAKETHHIE JIBUTATEIH,
XOJIOAWJIbHBIE W KOMIIpECCOpHble MammuHbl. Ha ee ocHoBe (OpPMHUPYIOTCSI METOIBI MPSMOTO
npeoOpa3oBaHUs TEMIOTHl B DJIEKTPUYECKYIO HHEPruio, MPOBOJIUTCS aHanmu3 d()PeKTUBHOCTH
TEPMOJAMHAMUYECKUX ITUKIIOB, TPOIIECCOB TEMIO0OMEHA, M3YYaOTCsl TEPMOJIMHAMHYECKUE CBOMCTBA
Pa3IMYHBIX BEIIECTB, 3aKOHOMEPHOCTH TETUIOBOTO ABUKEHUS U 1.
2. JIBa MpUHIMIAAILHO PA3IMYHBIX HAPABJICHUS MCIIOIH30BAHUS TETIOTHI
Omeem: Paznuyaior JBa NPUHLIUIIMAIBHO PA3JIMUHbBIX HAMPABIECHUS UCTIOIb30BAHMS TETIOTHI —
SHEPIreTHYECKOE U TEXHOJIOTHYECKOE.



[Ipu snepeemuueckom MCTONB30BaHUM, TEIUIOTA MPEOOpa3yeTcss B MEXaHUYECKYIO paboTy, C
MOMOIUIBI0 KOTOPOM B TeHepaTtopax co3JaeTcs dJeKTpUuYecKas SHeprus, yJaoOHas Juisd mepeiadd Ha
paccrostHue. TermuoTy mpu 3TOM TOJYYalOT CKUTAHUEM TOIUIMBA B KOTENBHBIX YCTAaHOBKAX WJIU
HEIMOCPEACTBEHHO B IBUTATENIIX BHYTPEHHETO CrOPaHUsI.

IIpu mexnonocuueckom — TEIIOTa WCHOJB3YETCS ISl HAIPaBICHHOTO W3MEHEHHUs CBOMCTB
Pa3IMYHbIX TeN (paciiaBiIeHUs, 3aTBEPIeBaHNUsl, U3MEHEHUS CTPYKTYphl, MEXaHUYECKUX, (PU3NYECKUX,
XUMHUYECKUX CBOMCTB).

3. HepaBHOBeCHBI! 1 paBHOBECHBII MPOIECCHI

Omeem: llponeccel IensTCS Ha pPaBHOBECHBIE M HEpaBHOBECHbIE. Ecnu mpu mpoTekaHuu
mpolLecca pa3IuyHbIe YaCTU CHCTEMbl UMEIOT OTJIMYAIOIINeCs CBOMCTBA, TO CHCTEMa HE HAXOJIUTCS B
COCTOSIHUM pPaBHOBECHS U IIPOLIECC HA3BIBACTCA HEPABHOBECHBIM. JIeHCTBUTEIBHBIE IPOLIECCHI,
MIPOTEKAOIINE C KOHEYHBIMU CKOPOCTSIMU, BCETla HEPAaBHOBECHBI.

PaBHOBECHBIM TEPMOJMHAMUYECKHUM MPOIECCOM HA3BIBAETCS B TOM CIydae, €CIU IPOTEKaeT
HACTOJBKO MEJUICHHO, 4YTO B CHCTEME B KaXJbli MOMEHT BPEMEHHM YCIIEBAe€T YCTAaHOBUTHCS
PaBHOBECHOE COCTOSIHHE.

4. HapucoBaTh 1uarpaMMsbl psIMOro oopatumMoro nukia KapHo B koopauHaTax «V —pP» 1 «S — T»
Omeem:
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5. TemnonpoBoaHOCTH (KOHAYKTHUBHBIN MEPEHOC TEIUIA)

Omeem: TennonpoBOAHOCTb SBISETCS €AMHCTBEHHBIM BUJIOM TEILIONEPEaul B HEPO3pauHOM
TBepaoi cpene. Eciam B Takoil cpele CyLIECTBYET I'PAJUEHT TEMIIEpaTyphl, TEIUIO NEPEHOCUTCS W3
BBICOKOTEMIIEPATYPHOI 00JIACTH B HU3KOTEMIIEPATYPHYIO.

CkopocTh TepeHoca TeIla BCIIEACTBUE TEIUIONPOBOTHOCTH (KOHIYKTHBHBIM TEIUIOBOW IMOTOK ()
HPOINOPLIUOHABHA TpaueHTy Temmepatypsl dT/dX 1 MIomaan NOBEpXHOCTH A, uepe3 KOTOPYIO UIET
noTok Teruia (puc.)

Hanpammemmnnﬂm Hanpawwmm
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T(x)
dT T AT -4r
28 - d.
+ dx +AT x
T +T
—_— +Ax
I +Ax T
— X —_— X

CX@Ma, WUTIOCTPpUPYIOLIAA IMIPAaBUJIO 3HAKOB UIA TCIUIOIIPOBOJHOCTH
6. IlpuBecTu mMpocThie MPUMEpPHI UCIIOIB30BaHMsI 3aKOHA TETUIONPOBOAHOCTH Dyphe
Omeem: IIpoCTBIM IPUMEPOM HCIIONIL30BaHMs 3akoHA Dypbe sBiIseTCs 33/1a9a O Tervionepeiade
yepes3 IUIOCKYIO CTEHKY (pHc.)

Puc. TenmonpoBoAHOCTh Yepe3 IMIIOCKYI0 CTEHKY ¢ OCTOSIHHBIM KO3 (QHUIIMEHTOM TEIII0NPOBOIHOCTH
Ecnu 06e moBepXHOCTH CTEHKH UMEIOT IMOCTOSIHHBIE, HO Pa3JInYHbIe TEMIIEpaTypbl, TEIUIO Oyaer
IIEPEHOCUTBHCS TOJIBKO B OJHOM HAIIPABIECHUH, 10 HOPMAJIM K IIOBEPXHOCTAM CTEHKH. Ecin



TEIUIONPOBOAHOCTH  SIBISIETCS  MOCTOSIHHOM — BEJIMYMHOW, TIOCIE€ HWHTETPUPOBAHUS  (POPMYIIBI,
BbIpaxkaroniei 3akoH dypre, noaydyaem

5.2. TunoBble NpUMepHI 32124
3agauya 1. J{ng u3MepeHUs MaibiX M30BITOUYHBIX MABICHUNA WM Pa3peXeHUH NPUMEHSIOTCS
MUKpOMaHOMETpHI. [IpuHIMNHanpHas cxema 3Toro npubopa MpeCcTaBlIeHa Ha PUCYHKE.

1 — Bo3myXOmpoBOS;
2 — MHKPOMaHOMETp, 3allOJHCHHBIH
CITUPTOM.

OmnpenenuTh abCONIOTHOE JaBIICHHE B BO3JYXONpPOBOAE, €ciau JuiMHa | sKuakoctu B TpyOKe
MHUKPOMaHOMETpa, HakJoHeHHOW moj yriaoMm a = 30°, paBHa 180 mMM. PaGovas >XKMAKOCTH — CHHUPT
3 .
m10THOCTEIO p = 800 kr/™M°. Tlokazanue 6apometpa, nmpuseneHHOTO K 0 “C, Py, = 1.02 6ap.

Pentenue:
aHQO.

/=180 MM=0,18 u AOCONIOTHOE NaBlIEHHE B BO3YXOMPOBOIE

7(}‘:300/ 3 P=PaTM +PH261
P?M 8?%5%;; - rie P = pgh=pglsina, Torna P - = Puy +
=1,05-10°TIa + prglsino = 1,02 +800-9,81-0,18-sin 30°-107 =
P-? = 1,027 Gap.

Otser: P =1.027 6ap=102700 IIa.

3agaya 2. OmnpenenuTh NapuuaigbHble [ABICHUS KUCIOPOJAa W a30Ta B BO3AYXE IpHU
HOPMAaJIbHBIX YCIOBUSX, €CIIM MAaCCOBBIM COCTaB BO3ayXxa Mox= 23.3 % u myy= 76.7%.

Pewenue:

[TaprmansHoe AaBJICHHUE T'a3a B CMECH MOXKET ObITh HAWJEHO 10 Gopmylie

Pi = TiPeu. (1)
CBsI3b MEX/1y MaCCOBBIMHU U 00BEMHBIMU JOJISIMU yCTaHABIMBACTCA bopmymoi

I‘-i = “LICM Fﬂe luuu = Z:ll’ll i
M
cnen. npu u, =32 - 0233 +28 - 0.767 = 28.932 kr/kmonb
r, = 0.233-28.932 _ 021,
32
Tk Xr =1, r,=1-021=0.79.
JlaBnenue cmecu: 750 MM pT. cT. — 0.1 MIla
760 MM pT. CT. — X = P, =101333 Ila.

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

3agaua 3. [lnockas cTteHKa cOcTOMT u3 TpEx crmoeB TommuHoM L; =100 mm, L, =80 MM u
L3 =50 MM, K03 GHUIUEHTH TEMIONPOBOAHOCTH CIOEB COOTBETCTBEHHO paBHBI K,=2 Bt/(M'K),
k, =8 Br/(Mm'K) u k;=10 B1/(Mm'K). Bropoii cinoii umeer temneparypsl noBepxHocreit 71.,= 120 °C u
Tr3 =45 °C. Onpenenutb TeMIEPATypbl HAPYKHBIX TTOBEPXHOCTEH.

Pewenue

[TonHOE TEepMHUECKOE CONMPOTHUBICHHUE TEIIONPOBOIHOCTUH R, TpPEeXcloiHON CTEHKH paBHO
CyMMe€ TePMHUUYECKUX COITPOTUBIICHHI CI0EB:

L




2
L MK
R, = %2 =008/ - 0.01= "%,

_L _0.05/ _ _MZ'K
R; = %(3 = 40 =0.005 ,
M2 K

Ry =Ry+R, +Ry =0.05+0.01+0.005=0.065~
m

HOBerHOCTHaSI IUIOTHOCTh TCIJIOBOT'O IIOTOKAa CTAOMOHApPHOI'0 pPCKHUMa TEIJI000MeEHA
IIOCTOSHHA JJIA KaXXA0I'0 U3 CIIOEB 1 BBIPAXKACTCA 4EPE3 IapaMECTPhL JIF000TO0 CIos
q= T-T, _ Tio-Tos _ Tos—T
Rl R2 R3 ’
Tip—Toy 120-45___ o, .
R, 0.01 M
Onpez[emleM TEMIIEPATYPBI HAPYKHBIX HOBerHOCTefI CTCHOK:
T,=T,,+QqR, =120 + 7500 -0.05 =495 "C,
T,=T,;-QR;=45+7500-0.005=7.5C.

BeJ’II/I‘H/IHy IJIOTHOCTH TEIIJIOBOTO IIOTOKA (] MOXKHO BBIPA3UTh TAKXKE YEPE3 CyMMapHOEC
TEPMHUYCCKOC COIMMPOTHUBIICHUC CTCHKU

q:

T-T, _ T-T,
R, +R, + R, R,
5.3. TunoBbie BOMPOCHI K IKCIPECC-0MPOCY MO0 0CBOEHHBIM JIOMa CAMOCTOSITEJIbHO TEPMHUHAM

U NOHATHAM

1. IaTh onpeaesieHHe YJHTPONMUH

Omeem: DHTponuen Ha3bIBaeTcsl PYHKIUS S COCTOSHUS CHCTEMBI, AuddepeHnnan KoTopoi B
3JIEMEHTAPHOM OOPAaTHMOM IPOIECCe PABCH OTHOIICHWIO OGCKOHEYHO MaJjior0 KOJUYECTBA TeIlIa,
COOOIIIEHHOTO CHCTEME, K aOCONIIOTHOM Temiepatype nocneaneit: dS = dQ/T.

2. Kakas cucrema cuuTaercss cranmuoHapHoi? IIpuBecTH OIMH M3 BapHAHTOB
CTALMOHAPHOI'O COCTOSIHMSI.

Omeem: CucTeMa CUMTACTCS CTAIIMOHAPHOM, €CITU TIepeMeHHbIe ()YHKITUU C TCYCHHEM BpEMEHU
He wu3MeHsATca. OOUH W3 BapHAHTOB CTAIlMOHAPHOTO COCTOSHUS — 3TO TEPMOJAMHAMUYECKOE
paBHOBECHE.

3. IToyemy pedpa Ha TPyOaX BBINOJTHEHBI CO CTOPOHBI BO3/yXa, 2 He BOAbI?

Omeem: Jlng WHTCHCH(DHUKAIMN TEIUIONEPEIayrl YBEIMYUBAIOT IUIOMIAh TIOBEPXHOCTH
TeriooOMeHa 3a cuer opeOpenus. OpeOpeHHble TOBEPXHOCTH HCIOIB3YIOTCS C TOH CTOPOHBI, TJIe
KO3 (HULUEHT TETJIO0TAaYN OYEHb MaJl.

q:

il

5.4. Bonpocsl k 3k3aMeHy
TepMoaMHaMHUYECKHE CUCTEMBI, TApAMETPBI U PABHOBECHE
HcxoaHble TOM0KEHUs TEPMOIUHAMUKH.
I'oMmoreHHsbIe U reTeporeHHble cUCTEMbI. Da3bl 1 KOMIIOHEHTHI.
PaBHOBeCHBIE 1 HEPAaBHOBECHBIE MTPOLIECCHI.
BHuyTtpenHnss sHeprus cucremsl. Pabota u TerioTa.
IlepBoe Ha4YasI0 TEPMOJMHAMHUKH.
OcHOBHBIE TEPMOIMHAMUYECKHUE MPOLIECCH] U UX YPaBHEHUS.
OHTAJIBINS ¥ SHTPOIIHS.
Bropoe Hauano TepMOAMHAMUKH.
10 Tperbe HaUaI0 TEPMOAMHAMUKH.
11. O6parumbie U HEOOpPATUMBIE TIPOLIECCHI.
12. Bo3pacTanue SHTPOITUHN B HEOOPATUMBIX MTPOIeccax.

LCoNoOARWNE
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. TenyioBble ABUTATENN U XOJOINUIbHBIE MAILIUHBI.

. Hukn u Teopema Kapno.

VYcnoBus paBHOBECHSI TEPMOJUHAMUYECKON CUCTEMBI.

YcnoBus paBHOBecHs ABYX(a3HON OTHOKOMIIOHEHTHON CUCTEMBI.

Knaccudukanus $ha3oBbIX IEPEX0I0B.

®dazoBoe paBHOBecue, ¢azoBas P-T nuarpamma.

TennoBble 3¢ dexTsl XuMUUYecKux peakiuii. 3akoH ['ecca. YpaBaenue Kupxroda.

VY aenpHas U MOJISIpHAs TEIUIOEMKOCTh BEILIECTBA.

MouisipHasi TEMJI0EMKOCTb IIPU [TOCTOSIHHOM JIaBJICHUH.

VYpaBuenue Maiiepa.

ModnsipHasi TEIIIOEMKOCTh IPU TIOCTOSHHOM 00beMe.

TepMmoannaMuyeckoe paBHOBecHe. BHelHIe U BHYTpEHHUE TapaMeTphbl

TepMoaMHAMUYECKOE PABHOBECHE C MOJIEKYJISIPHOM TOUKHU 3PEHMUSI.

OCHOBHOE NOJIO’KEHUE KITACCUYECKOM CTaTUCTHKHU.

MuKpOKaHOHMUYECKOE pacpeesICHUE.

Tepmoannamuyeckue GyHKIUU U TEPMOJUHAMUYECKHUE PABEHCTBA.

[TpyMeHeHre KI1acCCUUeCKON CTATUCTUKU K UCAIbHOMY OJTHOATOMHOMY Ta3y.

Pacnpenenenne Makcpenia — bosbiimMaHa 711 CUCTeM ¢ aJAUTUBHON SHeprueil. /laBienue kak
BHEIIHUH MTapaMeTp

Teopema 0 paBHOMEPHOM pacIipe/ie]ICHUH KHHETUYECKOM SHEPTUU MO CTENEHSIM CBOOO/IBI.
[TpyMeHeHre KIIacCCUUeCKON CTaTUCTUKU K BOIIPOCY O TEMJIOEMKOCTH I'a30B.

TemnoeMKoCTh TBEPABIX TE.

[IprMeHeHne KI1acCUYeCKOM CTaATUCTUKHU K U3JTYYEHUIO.

Cuiibl B3aMMOJIEHCTBHS MOJIEKYJ. Y paBHEHUE COCTOSIHUS HEUJIEaIbHOTO Ta3a.

@nykTyauuu o0bemMa, 3aHATOro ra3oM WU JKUIKOCTbIO.

[Ipenen 4yBCTBUTENLHOCTH ra30BOT0 TEPMOMETPA.

@IyKTyaluuy MIOTHOCTU U paccesHUE CBETa B JKUIKOCTSIX U pealbHbIX razax.

Bbruncnenne QuykTyaluy BENIMYUH, pPAacCMaTPUBAEMbIX KakK (DYHKIMHM TOJNOXKEHHUS B
npoctpaHncTse. [[puMeHeHne Kk TeOpuu paccesiHus CBeTa.

OcHOBHBIE IOHATHSA U 3aKOHBI TEOPUU TEILIOOOMEHA.

Krnaccudukanust mporeccoB TemiooOMeHa.

OCHOBHBIE TEPMHUHBI TEOPUH TEIII000OMEHA.

OcHOBHBIE 3aKOHBI TEIJI00OMEHA.

TennonpoBoaHOCTh. CIOCOGHOCTH T€J MPOBOAUTH TEILIO.

HuddepennmanbHoe ypaBHEHNE TEIUIONPOBOAHOCTH.

VYcnoBusa 0IHO3HAYHOCTH B 3a7ja4ax TEIJIONPOBOJHOCTH.

Maccoobmennble nporecchl. JJuddy3noHHbIi TOrpaHUYHBINA CIOH.

JlaTh MOHsSTHE OCHOBHBIM TEPMOJMHAMUYECKUM IporeccaM. ['paduueckoe nobpaxenue B PV u
TS koopauHaTax.

Kakas wmammHa Ha3biBaeTcss KommpeccopoMm? Kiaccudukanus kommpeccopoB. OmnucaHue
OJIHOCTYIIEHYaTOr0 KOMIIpEccopa.

N300pa3ute TeOpeTUYECKYIO0 HHIANKATOPHYIO AUarpaMMmy MOPLIHEBOTO KOMIIpeccopa JJisl Cirydast
U30TEpMUYECKOr0 M aauabatHoro cxarus. I[loxkaxure Ha HeW I[UIoOmAAHd, KOTOPBIMU
n300pakaloTcsi pabOThl HAMNOJIHEHHUS, CKaTHs M BBITAIKUBaHUA. [l uero mnpumeHsiercs
OXJIAKJICHUE KoMIIpeccopa?

Onpenenenne xapakTepa paclpeleieHUs] TEMIIEPATYpHOIO MOJs B TOPHBIX MOPOJaX IHpH
Pa3JIMYHBIX TEPMOAMHAMUYECKHUX MPOIIECCaX TOPHOTO MPOU3BOJICTBA.

KakoBbI OCHOBHBIE IOHATHS ¥ TAPAMETPBI COCTOSIHUS BOJSHOTO Iapa.

Kakoii map Ha3bIBaeTcsl CyXUM HachileHHbIM? M300pasute Ha muarpammax P-V, T-S u h-S
oOpaTtuMblii aguabaTHBI MpollecC PacCIIMPEHUsl IEpPerpeToro mapa 0 COCTOSHHUS CyXOro
HaCBIIIEHHOTO mapa. J[aiiTe He0OX0IMMBIE TIOSICHEHUSI.

Bnaxnslii Bo3ayx. OCHOBHBIE 3HAUEHUS, XaPAKTEPU3YIOLIUE COCTOSHUE BIa)KHOTO BO3yXa.
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KonBekTuBHbIi TemnooOMeH. 3akoH HproToHa mpu oxnaxaenuu. Kakoil ¢usmueckuii cmbici
nMeeT KodDPUIMEHT TeTI00Taaun?

OcCHOBHBIE TIOHATHS U MEXAaHU3M paJHallMOHHOTO TeroooMeHna. 3akon Credana-bonbimana.
Tennonepenaua. Koapduuument temnonpoBogHoctu. OmnpeneneHue TEIUIOBOTO IOTOKA U
TEPMUYECKOTO CONPOTHUBIICHHS.

Kakoil ¢pusnueckuil cmbicn uMeeT K03()PULIUEHT TEIIONPOBOIHOCTH, U B KaKUX €IMHHIIAX OH
u3Mepsercs? Kak moacuntarh KOJIMYECTBO TEIUIOTHI, MEpeiaBaeMoe TEIUIONPOBOJHOCTBIO Yepes
OJITHOPOJHYIO LIMJIMHAPHUYECKYIO CTEHKY.

DJeKTpuvecKass aHaJIOTUS Uil TEIUIONPOBOAHOCTH. OJHOMEpHAas TEIUIONPOBOAHOCTb Yepes3
MHOT'OCJIONHYIO CTEHKY U €€ JIeKTPUYECKUI aHaJIor.

CHoXHBIN TEIUNIO0OMEH.

TennonpoBoAHOCTh B IIMIMHIPUYECKHX KOOPIUHATAX C BHYTPEHHUM TEIUIOBBIJEICHUEM



TEXHOJIOI'MYECKASA KAPTA JUCIIUAIIJIMHBI
OCHOBHASA OBPA3OBATEJIBHASA ITPOI'PAMMA

21.05.04 T'opHoe aes0
cnenuaganzanusg Ne6 «Oooramenue mojae3HbIX HCKONMAeMBIX)

(xox, HanpaBiIeHHUE, MTPOQUIIb)

TEXHOJIOI'MYECKASA KAPTA

Mudp aucuumnmuael mo PYII | b1.b.15

JucuurnmHa | Tenaorexnuka

Kypc |4 |cemectp [78

Kadenpa | TOPHOTO0 J1eJ1a, HAYK 0 3eMJie H MPHPOA000yCTPOiicTBa

®.1.0. npenogaBarers, 3BaHAE, JOJKHOCTD | bekeroBa Esnena bopucoBHa, K.T.H., IOIIEHT

Kadeapbl TOPHOIO Aesa, HayK 0 3eMJle M MPHPOI000YCTPOIiCTBA

DOIII. TPYAOEMKOCTbyyc/3ET | 144/4 | Kon-Bo cemecTpoB | 2 | CPC g6 /rex. cenm. | 121/121

UIK o6 /rex. cen. |4/4 ITP/CM g6 /rex. cem. |10/10 |-HBO6L11./TeK. cem. | - | Dopma KOHTPOJIS | IK3aMeH

KomnereHuuu oﬁyqammerocn, (])opanyeMble B pe3yJibTaTe 0CBOCHHUSA JUCHUIIJIMHBI:

— TOTOBHOCTBIO C €CTECTBEHHOHAy4YHBIX IIO3UIMH OLIEHUBAaTh CTPOEHHE, XMMHUYECKMH U
MUHEpAIBHBIA COCTaB 3€MHOW KOpBI, MOP(OIOTHIecKrne O0COOCHHOCTH M TE€HETUYECKHE THIIBI
MECTOPOXKJICHUI TBEPIbIX MOJIE3HBIX MCKOMAEMBbIX IPU PELICHHWH 3a7ay MO0 PAaLUOHAIBHOMY U
KOMILJIGKCHOMY OCBOCHHIO reopecypcHoro notenimana neap (OI1K-4).

Kona ¢dopmupyemoit KoaunuecTBo MaxkcumaJjbHoe Cpox
A popmupy Coaepxxanue 3aaHus p

KOMIIeTeHIIMH MepONpHATHIi | KOINYecTBO 0AJII0B |  NpeoCTaBIeHH

Beoonwtii onok

He npenycMoTpen | | | |

Ocnoenoii 010K

OIIK-4 Y cTHEII omipoc 5 15 B teuenue ceccun
OIIK-4 Pemenune 3amay 3 12 B teuenne ceccun
JKCIpecc-onpoc M0 OCBOSHHBIM
OIIK-4 7I0Ma CaMOCTOSATENIbHO TEPMHHAM 3 6 B Teuenue ceccun
M TOHATHSIM
3a MecsI1 10 Havasa
OIIK-4 KoHnTponbHast pabota 1 27 A
CecCUH
Bcero: 60
1 Bompoc - 20
OIIK-4 DK3aMeH ITo pacnucanuto
2 Bormpoc - 20
Bcero: 40
Hroro: 100
OIIK-4 | IToAroTOBKA OMOPHOTO KOHCIIEKTA 10 ITo cornacoBaHuIo ¢
Bcero 6a1J10B 110 IONOJHHUTEILHOMY 0J10KY| 10 IpernoaBaTeneM

[Ilkaxa oneHWBaHUA B paMKax OambHO-peHTHHTOBOW cucteMbl MAIY: «2» - 60 GamroB u meHee, «3» - 61-80
6amios, «4» - 81-90 Gamnos, «5» - 91-100 6aiu1oB.



