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ITPABUJIA TEXHUKHM BE3OITIACHOCT.

PaGora B maGopaTopHH HEH30eKHO CBS3aHa C IEJIBIM PSAOM BPeIHBIX H OITaCHBIX
(pakTopoB. CTYIEHT JOIMycKaeTcs K IpaKTHYECKOH paboTe ITocle IMMPOX0KAeHHI HHCTPYKTaka H
coOeceOBaHI L, KaCarOIIErOCs BOMMPOCOB TEXHHKH O0e30ITaCHOCTH. ECIIH CTYAEHT BHIITOJIHSIET
HOBEIE BHJIBI paboT, TO MMPOBOIST BHEIIAHOBEIM HHCTPYKTAX. CTYZAEHT 003aH ITOIIb30BaTh CS
CpeICTBaMH HHIHBHIYAILHOH 3allHTEL H CIIel[oAeKI0H. KaXIbIH CTYAEHT YeTKO BEITTOIHSIET
TpeOOBaHHS ITPeoAaBaTellsl, KOTOPBIH OTBeYaeT 3a COOIMIOAEHIE IIPAaBII H BeET KYPHAII
OTYETHOCTH. EIlle HaJ[0 OTMETHTEL, YTO IIOBTOPHBIE HHCTPYKTAXKH 00S3aTEIbHO ITPOBOISTCS
IBAKIBI B TOJ, a TAaKKe IMPH KAaKHX-TO H3MEHEHHSIX HIIH HECUACTHBIX CITYYasX.

Pabora B mabopaTopnu rmojpasyMeBacT HOIIEHHE XanaTa. ECI BEIITOIIHSIOTCS JEHCTRHS,
KOTOPBIE UPEBATHI BRIACIIEHHEM ITHIIIH HIIH IT'a30B, OPraHbl BIXaHHSI HEOOXOIHMO 3all[HTHTh
pecroipatropoM. IIpu pabore ¢ eJKHMH BeIl[eCTBAMH HYKHO IIPHMEHHTE Cpe/iCTBa

HHIHBHIYaIbHOH 3aIl[HTHL IS PYK H I'7Ia3, a Takke (papTyKH.
CoOmmrofieHHEe TEXHHUKH Oe30ITaCHOCTH ITPH padoTe B XUMHYECKOH J1a0opaTOpHH

HAITPABIIEHO HE TOINBKO HA COXPAaHEHHE 300POBbS H KH3HH COTPYIHHUKOR, HO H Ha HEIOIIYIIIEHHE
aBAPHITHBIX CHTYaIIii. CaMas pa3pyIlarolnas H3 BCeX CYIIECTBVIOINX — 3TO, Pa3yMEETCS,
rokap. Kaxmgoe nabopaTtopHoe ITOMeINeHHe 003aH0 COOTBETCTBOBATh TpeboBarusaM [ OCT
12.1.004-91, a Tak:ke mMeTh cpeacTtia TyIeHHa orua o I'OCT 12.4.009-83.

KaTeropnyecku 3ampereHo 3aHHMAaThCS B ITOMEIEHHH ITIOCTOPOHHHMH JIEJIaMH — €CTh,
IINTh, KYPUTH U T. . HyXKHO TI[aTENBHO CIIEANUTH 3a YHCTOTOH PeaKTHBOB. Helnb3s BEIIHBATE
B3SITBIH JJIS AHAJIM30B peakKTHB 00paTHO B Tapy. OAMH H TOT e HHCTPYMEHT 3aIIPEIEHO
IIPUMEH ST JJIS1 0TO0pa pasHBIX BeIECTB. Helnb3s HAKIIOHATECA Hal COCYaMH, B KOTOPBIX
KHITHT KHIKOCTB, JIMOO 3ariisabiBaTh B HUX. J[aKe eClI HYKHO CMEIAaTh B HUX BEIIECTBA, HAZI0
IEPKAThCSI Ha paccTOSHHH. Eciu uaeT padoTa ¢ OIacHBIMH peaKTHBaMIH, TO B 1a00opaTopHH
ITOJKHO OBITH KaK MHHHMYM JBa COTPYAHHKA. JKCINIYaTHPOBATH MOKHO JIHIIG HCITPABHEIE
obopyaoBaHHe U IMpHOOPHL. Korja 3aKkaHYHBarOTCS aHAIMTHYE CKHE Pa0O0ThI, HaJl0 OTKIIFOUHTH
AIEKTPHUYECTBO, I'a3 H BOAY. - OIepaTHBHOE OOCITYKHBAHHE ANEKTPHYE CKHX VCTaHOBOK
OCVILECTBISETC S JIHIIE CITEI[HAIHCTaMI, HMEIOIIIMH JOITYCK H YAOCTOBEpeHHe. B mpolecce
AKCILTYaTallH TaKHX IIpHOOPOB HaJ0 COOIIOAATh IIpaBHIIa IPOTHROIIOKAPHOH Oe30ITacHOCTH.
YCTaHOBKH, B KOTOPBIX HaIlpskeHre 0oree 1000 B, oOcnyKHBaeT IHINE CIIEIHAIBHO
OOVUEHHBIH YelnoBeK. [ [oAKIroYaTs IIEPEHOCHEIE ITPHEMHHIKH MOKHO JIMINb YEPE3
TpaHcpopMaTOp (HO HE aBTOMAaTHYECKHI). [lepe 3THM BaKHO YOEIHTHCSI B TOM, YTO OH
HcrpaseH. YToOH 3aIUTHTLECS OT MEKTPOTOKA, HAJA0 HCITOIB30BAaTh 3allHTHBIE
IHATIEKTPHYECKHE CPEJICTBRA.

Tporare, BKIIFOYATh M BRIKITIOYATh PYOHIIBHHKH H ITPOYHE ITPHOOPEI 3aIIPEIEHO, ECIIH Ha
3TO He JlaBall pa3pelleHH I IIPENoaBaTellb. ECIIHM 3aMedYeHbl HapYIIIEHHS HITH HEHCIIPABHOCTH,
HaJ0 00 3TOM COOOIIMTH IperogaBaTento. Paboras Ha o00pygoBaHHH, HYKHO BBIIIOIHSTE TE
TpeGoBaHH L, KOTOPBIE OBIIM ITOPYUYEHEI ITpeIogaBareiaeM. Hellb3sa OTBlIeKaTh BHHMAaHIE APYTHX
COTPYIHHKOB. [ [pH HECUACTHOM CIIy4yae HaJo HeMEIIIEHHO COOOIHTE 00 3TOM HAYalIbCTBY IIH
cTapiiemy jgadopanTy. 110 3apepIileHHH BeeX Aell HaJ0 IIPHBECTH B ITOPSIOK CBOE MECTO, a
TaKKe OTUHTAThCA 00 OKOHYAHHH PabOThI ITPEIOAaBaTEelto.
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Tema s1adoparopnon padorsi 1. METO/IBI H3MEPEHUSA TEMIIEPATYP
Ilesin padoThbl: 0O3HAKOMIIEHHE ¢ METOJaMH H3MePeHHS TeMIlepaTyp

Teopernyeckast 4acTb:
B pabore He0OXOAHMO:
1. MU3MepHTh TeMITepaTypy Har peBaTelIbHOM MTOBEPXHOCTH, OKPYKAIOIIEH CPeIbl H BOMIELI
B KOJIOE C ITOMOIIBIO PTYTHOI'O TEPMOMETPA, XPOMEIIb-KOIEIHEBBIX TEPMOITap,
MIJUIHBOJIBTMETPA H IIOTEHI[HOMETPA.

TemriepaTypa XapaKTepH3YET TEIUIOBOE COCTOSHHE TEIa H H3MEPSETCS B I'paycax.
TemrepaTypa Telra H3MEHSIETCS MTPOITOPIIHOHAIILHO CPpeJHEN KIHETHUECKONH SHEPT HI
IIOCTYTIATEIIbHOI'O ABIKEHH I MOJIEKYII. I IpaKTHUECKH H3MEPHTh KHHETHUYECKYIO SHEPIHIO
MOJIEKYJI HETTOCPEACTBEHHO HEBO3MOIKHO. [1o3TOMY IS H3MEpEHH A TEMITEPATYPHI HCITOIB3YIOT
pa3myHbIE KOCBEHHBIE METOIBI. BCce METOABI H3MEPEHH S TEMITEPATYPhI OCHOBAHBI Ha
HCITONIb30BAHHH OJHO3HAYHOM B3aHMOCBS3H MeXAY TEMIIEpaTy PO H IPYTOH (pH3HYe CKOH
BEJIMUHHOI, H3MepsIeMOil HeIltocpeIcTBeHHO (00beM, AaBieHHe, DJIC, COMPOTHBIEHHE H T.1.).

YuciieHHOE 3HAaYeHHE TEMIIEPATYPHRI 3aBHCHT OT BRIOpPaHHOH TEMIIEPATYPHOH INKaJIbl. B
TeXHHKEe TeMIlepaTypa H3MepsieTcs o MeXIyHapoJHOH cTOrpaAyCHOH IkKane (ImKasia 1{emscrs)

0 w
1 0003HavaeTCcs yepes t, C. B 3T0ii mKase IpH HOpMaJIbHOM JaBleHHH (760 MM pT. CT.)

0
COCTOSHHIO TAIOIIETO JIbJA COOTBETCTBYET TeMIiepatypa 0 C, a TOuKe KuIneHHs Bogasl — 100
0
C. I u3MepeHHa TeMITIEPATYPEL HCIIONB3YETCS TaKKe TEPMOIHHAMIYECKA S IIIKaJIa

TeMIlepaTyp (IKajza aOCOMIOTHRIX TeMIIepaTyp, Wi Inkana KenpBruHa). Hymmbs aGconroTHOI

0
IIIKAJIBI TEMIIEPATYP COOTBETCTBYET 3HAUEHHIO t=-273.15 C.
AOGcomoTHas TeMIlepaTypa Tejia

T.K=t = C +273.15 (1)
B CIIA u AHITIMH IJIS H3MEPEHHS TEMIIEPATYPEI IPHMEHSIOT IIKany Qapenrernra. Ha

0
sTOoH IKane /t  ,F/ TeMrieparypa TassHHS JIbJla H TeMIIepaTypa KHIIEHHS BOJBI 0003HaYEHE]

0 0 _ _ 0
COOTBETCTBEHHO Yepes 32 H2l12 JUIS TIEPEBO/IA TIOKA3aHHH HTOH IIIKAJIEL B CHu

OOPATHO CIIYKAT COOTHOIIEHH S
> J
t ' c=9 ' F-32) t ' F=5 (¢t +32)

(2)

[TapaMeTpoM coCTOSHHS padoyero Tefa IBJsIeTca abCOM0THAS TEMIIEPATYPa.

TeMriepaTypy H3MEPSIEOT C IIOMOIIBIO YVCTPOHCTB, HCITOJb3YVIOIIMX Pa3/IHUHbIE
TEPMOMETPHYECKHE CBOHCTBA KHIKOCTEH, Fa30B H TBEPABIX Tel. B Tadmn. 2 IpHBeIcHE]
HanOoIlee pacIpPOCTPaHEHHbBIE YCTPOHCTRA IS H3MEPEHH S TEMITEPATYPEI H IIPAaKTHYECKHE
IIpeaenbl HX IIPHMEHEHHS.

PTyTHEBIE CTEKIISIHHBIE TEPMOMETPEI OCHOBAHBI HA CBOHCTBE TEJI MEHSTH CBOH 00OBEM B
3aBHCHMOCTH OT TeMIIEpATYPhI. [ IpHHINOT AEHCTRBHA CTEKISHHBIX TEPMOMETPOB PaCIIPEHHST
OCHOBAH Ha TEIUIOBOM PACIIHPEHHH KHAKOCTH, 3aKIIIOUEHHOH B CTEKIISIHHBIN Karmuisap. B
TaKHX TEPMOMETPAX B KaUeCTBE padoUyero BelecTBa OOBMHO IIPHMEHSEOT PTYTh, STHJIOBEIH
CITHPT, TOIIYOJI H APYTHE XKHAKOCTH. I1oKazaHMa KHIKOCTHOIO CTEKIIIHHOIO TEPMOMETPA
3aBHCAT HE TOJIBKO OT 00beMa KHJIKOCTH, HO H 00beMa CTEKIISHHOIO IFIHHAPa-KaIwuisapa
(HaOmoaeTcs H3MeHeHHEe 00beMa CTEKIIIHHOIO pe3epByapa.). 71 H3roTORIEHH S TEPMOMETPOB
OOBIYHO MPHMEHSIOT CITeI[HaIbHBIE COPTa CTEKIa C MaJIBIM KO3 (P(PHIEHTOM TEPMHUECKOTO
pacIIHPEHESky e KA TR EPMOMETPHYECKOTO TeTIa YaIlle BCETO IIPHMEHSIOT PTYTh M CITHPT.

CepTudmkar: ECD%d L REaE oL TR SbtoRacucoAsE I IEPATyPBL HIPH ITOMOIIH PTYTHBIX TEPMOMETPOB K HX

BnagendlOKABdHHAM TBBQH AL &5 CIIEZLY TOIITHE TTOITPABKIL.
1) ocHOBHAS (HHCTpyMEHTabHas) Tonpapka 4 t;
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2) MoINpaBKa Ha TeMIIEPaTypPy BHICTYIIAIOMIETO cTONONKa pIyTH 4 t b

3) ToIpaBKa Ha CMEIEHHE TTONIOKEHH S HyleBoil Toukn 4 t €
B o0mieM ciay4ae onpefielieHHe JeHCTBHTEIbHONH TeMIIepaTyYPhI CPeIbl 110 ITOKa3aHH IM
PTYTHOT'O TepMOMeTpa t' IIPOH3BOIHUTCS COITIaCHO PAaBEHCTBY:

t=t+ 4 t+ 4 tb + 4 ¢t c (3)

[Ipu Temmeparypax Boime 150-200  C pryTHBIE TEPMOMETPHI IIPHMEHSIOTCSI PELKO.

[ [pHHIMOI AefICTBHSI MaHOMETPHYECKHX TEPMOMETPOB OCHOBAaH Ha H3MEPEHHH JTaBIICHH
rasa, ;KHIKOCTH IWIH HACHIIIEHHOI O ITapa B 3aMKHYTOM 00BEME B 3aBHCHMOCTH OT
TEMITEPATYPHI.

[ [pHHIROI JeHCTBUS TEPMOMETPOB COMIPOTHBIIEHHS OCHOBAH Ha 3aBHCHMOCTH
BIEKTPHYECKOrO COIMPOTHRIIEHIS METAIUIOB OT TeMIlepaTypel. MeqHbIE TE PMOMET DI
cornpotHBieHU (TCM) HCIoab3yIOT B HHTepBalne TemiiepaTyp oT 50 go 200°C. IInaTHHOBBIE
TepMoMeTPhI colmpoTHBIIEHH (T'CII) mpHMeHSIOT 11 H3MePeHHS TeMIlepaTtyp oT 260 1o
1100°C.

B HacTosIIee BpeMs A1 H3MEPEHHS TeMIIE PAaTYPhI ITOIYYHIIH IIIMPOKOE IIPHMEHEHHE
TepMOIapsl (TepMO3IEeKTPHYECKHE ITPeo0pa3oBaTENIH).

TepMOaNIeKTpHYeCKHIT METO H3MEPEHHS TEMITEPATYPLI OCHOBAH HAa HCIIOIb30BaHHH
3aBHCHMOCTH TEPMOIIIEKTPOABHIKYILEHN CHIIBI OT TEMIIEPATYPHI.

TepMornapa IpeicTaBiIsgeT coO0O0H ABa pasHOPOMHBIX ITPOBOJHHKA, COCTABIISFOIIIX
OOIIYIO 3IEKTPHYECKYIO LieIb (pHC. 1). Ecmi TemMIiepaTypel MecT cOeIHHEHHH (CITaéB)

IPOBOAHHKOBt r Mt ¥ HEOAMHAKOBHI, TO BO3HHKAET TEPpMO-I/IC. H 110 LIEMH IIPOTEKAET TOK.
BemmuiiHa tepMo-3/[C TeM Oompline, yeM OOJIBIIE PA3HOCTh TEMIIEPATYP.

o
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Puc. 2. CxeMa H3MEPEHHS Pa3HOCTH TEMIIEpATyP rasza IIPH ITOMOIIH JH(}epeHIIHaIbLHOH
TepMOIIapBhl.

B KadecTBe MaTePHAIIOB JJISI TEPMOIIAP HCIIONB3YIOTCS PA3THYHBIE MaTePHAIEI (CIUIaBEI
XpOMa, HHKEJISL, aJTIOMHHHSL, MeJH ) B BHJIE ITPOBONIOKH AHaMeTpoM oT 0,1 mo 0,2 mm. HanGonee
PaCIIPOCTPAHEHH! CIIEAYIOIIHE ITaPhl METATTTIYECKHX ITPOBOJIOK:
Lonierrporion HeakHda, 1 IaTHHOpomiit  (90% Pt 1 10% Pr ). Ora TepMomapa sBIIeTCS
CEpTHd}IEEEEMWE@E@@MTBAE*]DDEW]GDDdSE
Prapened:  lebgyxosa Tareara AESERIEHE’ (90% Niu 10% Cr) m amromens (95% Ni u 5% Al). Ha xaxpie 100

- C tepMmo2JIC 5T0I TEpMOITAPHI COCTABIAET OKOIO 4 MB.
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3. XpomMmeirb H Korenb (56% Cr u 44% Ni1). Ha xaxmaeie 100 C Tepmo-2J1C
5TOH TepPMOIIAPEL IPHXOAUTCS OKOI0 7 MB.

4. Menp 1 xoHcTaHTaH (60% Cr u 40% N1). Ha xaxaeie 100 C TepMo-3J[C

3TOH TepMOIIAPEI IMPHXOAUTCS OKOI0 4,3 MB.
[IpH M3MepeHHH TeMIIEPATYPhI OJHH CITaH LIEITH TEPMOITaphl, TaK HA3bIBA&MBbII XOIOIHBIH

criait, Haxogureapu 0 C (B TaroleM JIbJE B cocye J[broapa), a APYroil — FOPsUHIl B CPEJIE,
TEMITEPATYPY KOTOPOH HAJ0 H3MEPHTh.

Tak xak TepMo-3]/]C TepMomnaphl 3aBHCHT OT TeMITepaTyphl 000HX cItaeB (TOpsSiero H
XOIIOJTHOTO), TO TEPMOIAPEI YaCTO IMIPHMEHSIFOTCS IS H3AMEPEHHS Pa3HOCTH TEMIIEPATYP B IBYX
TOYKaX — TaK Ha3bIBacMasl Au(QepeHIHanbHasa TepMornapa (puc. 2). B a3ToM cioydae B cXeMe
OTCYTCTBYET XOIIOMHBIN criail H TepMo-3/|C cpaBHHBAETCS C HEKOTOPOH H3BECTHOH 2]/]C
BCITOMOT'aTEIbHOI O HCTOYHHKA TOKA.

Onucanne 3KcNepHMEHTAILHOH YCTAHOBKH

OKCIlepHMEHTAlIbHAasA YCTaHOBKA COCTOHT H3 TOPH30HTAIIbHOM ITIOBEPXHOCTH C
AIIEKTPHYECKHM HarpeBaTelleM, YCTPOHCTB I H3MEPEHHS TeEMIIEPATYPhI (PTYTHBIH TEPMOMETP),
XPOMEJIb-KOIIeIHeBbIe TEPMOIIaphl, ITOTEHIIHOMETP, MIJIIHBOJIbE TMETP.

[ToTpebnsaeMas MOIMIHOCTD AJIEKTPHYECKOr0 HarpeBaTelIsI H3MEPSETCS BATTMETPOM.
PerynmmpoBaHHe MOITHOCTH OCYILNECTBIISIETCS IIPH ITOMOIITH J1a00paTOpPHOr 0
aBTOTpaHc(hopMatopa. M3amepenune 5/[C TepmoIiap MpOH3BOAHTCS € IIOMOIMIBIO IIOTEHIOMETPa
MTOCTOSIHHOT'O TOKA.

ATmocdepHOe AarlieHHe H3MepsieTcsa 0apoMeTpOM, a OTHOCHTEIIbHAS BIaKHOCTb
BO3AyXa — IICHXPOMETPOM.

MeTtoKka MpoBeJJeHAA ONbLITOB H 00PadOTKA pPe3yJIbTATOB H3MepeHHi

[IpH 03HAKOMIIEHHH C SKCIIEPHMEHTAIIBHOH YCTAHOBKOH HEOOXOMMMO ITPOBEPHTH
IIPABHIIbHOCTH BKIIFOUYEHIS H3MEPHTEIBHBIX ITPHOOPOB H YCTAHOBHTE CTPEIKH ITPHOOPOB Ha
HYTIb.

I IOpsSImOK BBEITTOITHEHH S PaOOTHI CIIe YOI

1. BxmrounTh HarpeBaTellb, H IIOCIIe HACTYIIEHHS CTalHOHAPHOIO pekKHMa
pabOThl  YCTAHOBKH H3MEPHTL TEMIIEPATYPy IIOBEPXHOCTH HarpeBareils ¢ IIOMOIIBIO
MHJUTHBOJIIBTMETPA H IIOTEHI[HOMETPA.

2. IlocTtaBuThk K00V C BOJIOH Ha HArpeBaTEIbHYIO IIOBEPXHOCTh U JIOBECTH BOLY
110 KHUITEHHS, H3MEPSS IPH 3TOM TEMIIEPATYPY C IIOMOIIBIO TEPMOMETPA.

3. JIEHCTBUTEIIRPHYIO TEMIIEPATYPY BO3AYXa B IabopaTOpHH TIPH H3MEPEHIH
PTYTHBIM TePMOMETPOM OIIpeiensieM I10 popmyiie (3).

4. OcHoBHag rorpaBka 4 t=0,5 (yka3bBaeTcs B ITACIIOPTE TEPMOMETPA).

[lorpaBKy Ha TeMIlepaTypy BBICTYIIAOIIErO CTOIOHKA PTYTH PacCUHMTHIBAEM 10
YPaBHEHHIO

At b =n alt'~t, ) (4)

TJie N1 — YHCIIO I'PaJyCOB B BEICTYIIAKOIIEM PTYTHOM CTOJIOHKE;
0. — KO3(p(pHIHEeHT BHIHMOTIO PacIIHpPEHHS PTYTH B CTEKIIE,

H:U,16*10_3 1/ C
t — TeMIIepaTypa, TOKasbIBaeMas TEPMOMETpoOM,  C

t | - cpemHssI TeMIlepaTypa BRICTYIIAIOINETO CTOIOHKA PTYTH.
Hoﬂ%ﬂﬂﬁ:‘v PrOONfEHIEHHE TIOTIOKEHHS H eBOH TOYKH OIpeIelsIeM ¢ IIOMOIIb O
ANEKTPOHHOM MOAMNCh Y e Hib

CeprudbABIEab ek sE9AR8R952205E7BA500060000043E
r
Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa —_— |
At =t —t,

(3)
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rmet ¢ mt ! —TeMITepaTyphl, COOTBETCTBYIOIIHE ITONOKEHHIO HYIEBOH TOUYKH TEPMOMETPa
IIO aTTecTary (IIoclle HarpeBa B TEPMOCTATe) H ITOCIIe O4epeTHOH IIPOBEPKH HYIISI B

skeruryartampm (£ 0 =0,1 C mmocnet ! =-0,1 C),
[loxaszaHus MpHOOPOB H Pe3YIIbTaThl BEIYHCIIEHHH HE OOXOMHMMO 3aHECTH B TaOIHITy 1.
[TocTponTh TeMIlepaTypHBIH I'pa)HK HarpeBa BOIBI.
[TocTpouTs rpaayHpoBOYHEIH rpapuk E=1(1).

[TpaxTHyeckiie mpeIeabl MPHMeHEeHHS HanOollee pacIpoCTPaHEHHBIX YCTPOHCTB A1
TIPOMBIIIUIEHHBIX H3MEPEHHI TEMIIEPATY]

TepMoMeTpHUYECKOE HanmeHoOBaHIHE YCTPOHCTBA [Ipegemnsr IHT. TIp.
CBOHCTBO
HIDKHII | BEPXHUH
TeroroBoe JKHIKOCTHBIE CTEKIISIHHEBIE -190 600
pacIHpeHHe TEPMOMETPEI
M3MeHeHHe JaBlIeHHA | MaHOMETPHYECKHE TEPMOMETPEL -160 600
MsMmeHeHHe ONMeKTPHYECKHE TEPMOMETPEI -90 180
BIEKTPHYECKOTO COITPOTHBIIEHH 5.
COITPOTHRIIEHHU A [ [oTyTIpOBOAHHKOBEIE TEPMOMETPHI
(TEPMHCTOPBI, TEPMOPEZHCTOPHI)
TepMOTIEKTPHYECKH | TepMO3NEKTPHYECKHE TEPMOMETPEI 1300 2500
e 3(peKTEI Tepmomnapsl/
/TepmoD. J[.C./ CTaHJapTH3HPOBAHHBIE
TepMOsIIEKTpHYECKHE TEPMOMETPBI
Tepmomnapel/ crielaIb HbIe
Terropoe n3mydyeHHe | OITHYECKHE IIMPOMETPEI 700 6000
PauarfioHHEIE TIHPOME TPEI 20 3000
DOTO3NIEKTPHYECKHE TIHPOMETPEI 600 4000
[{BETOBBIE TTHPOMETPEI 1400 2800
Tabmma 1- Pe3yinsTarsel H3MepeHHH
No BOJIA HarpeaTtenpHas
I/ TIOBEPXHOCTE
II
Ilokazanma | OcHorHa | llompaekaHa | Ilompaeka | [leficteuren | [lokazamm | Ilokasann | Iloxasanm
PTYTHOTO | A TeMIIeparypy | Ha bHAA q q q
TEPMOMETP | TTOMPABK | BHICTYIIAIOIIETD CMEIIEHH | TEMIIEPaTyp | TeEpMOIap | MITLIHMBON | TEpMOIIAp
a a CTOIOHKA /4/ | e a FIMETpPA
TIONIO/KEH
1
HYJIEBOH
TOUKH /5/
v C At At b A ¢ . C Bt C E,, MB
C o C c ., MB
C
an‘é?rr“s%’fféﬁﬁgﬂ‘mﬁ%‘am
Ceprvdppkar:. PCO000043ESABJBOS52205E7BAJ00060000043E
Bnagengy:  |LeBayxoea TEITI:H|><E .l'f".J'IEHEEH,EI,pDEIHEI
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ATMOc]epHOE JaBIEHHE

OTHOCHTEIbHAS BIIaKHOCTD BO3yXa

AOKYMEHT MNOANMCAH
SNEKTPOHHOW NOAMNWMCLIO

Ceptvdmkar: 2C0000043E9ABBB952205E7BAS00060000043E
Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa
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KoHTpo/IbHbIE BOIIPOCKHL:
1. Yrto Ha3BIBaOTCA TeMIlepaTypoi? OxXapaKTepH3yHTe TeMIlepaTypHble mIKanbl? (1]embcus,
KenpBuHa, DapeHreiTa).
2. HazoBuTe COOTHOINIEHHS MY PasiMYHBIMH TeMIIEPATYPHBIMH ITTKATaAMH.
3. Kak ornpenenurs JeHCTBHTEINBHYIO TEMIIEPATYPY, H3MEPEHHYIO C ITOMOIIBIO Pa3IIMUHBIX
rpuOopor? UTo Takoe TepMoriapa?
4. JlanTe XapaKTepPHCTHKY OCHOBHBIX BHJIOB ITPHOOPOB JUIS H3MEPEHHS TEMITEPATYPHI.
OIMIIMTE TIPUHIMIE JAeHCTBHSI OCHOBHBIX BHJOB TIPHOOPOB IS H3MEPEHHSA

TEMIIEPATYPHI.

hd

AOKYMEHT MNOANMCAH
SNEKTPOHHOW NOAMNWMCLIO

Ceprvdmkatr: 2C0000043E9ABBB952205E7BAS00060000043E
Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa
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Tema J1aGopatopHoii padorsi 2. OIIPEJIEJIEHUE H305APHON
TEIIJIOEMKOCTH BO3VXA.
Ileab padoThI: SKCIIEpHMeEHTAIIbHOE ONpeielIeHHe TEIDIOEMKOCTH BO3yXa ITPH ITOCTOSHHOM
JTABIIEHHH.

Ilpub opsr u mamepuansl: METAIUIHYECKIIL COCY]T C KPBIIIKOMH, 3NIEKTPOHAIPERATEND

(TOH), g epbaaTHbie Beckl HacTombHoro tHita BHIT-2 (PH-101113),
amriepMeTp 2-30 , BombT™MeTp 2-30, TepmoMeTp jrabopatopHeii TJI-2, ceKyHIOMED,
H3MEPHUTEIIBHBIE HHCTPYMEHTHI.

TEﬂpETH‘IECHﬂH JaACThb.

K OCHOBHBIM TEXHHKO-3KOHOMHYECKHM ITOKAa3aTEISIM TEIIJIOBOIO Dﬁﬂp}f,[[DEElI—]IIH

OTHOCSTCS: IIPOM3BOJHTENBHOCTD, TEMIOBOH KO3 (UIHMEHT ITOIE3HOTO AeHCTBHS N
OCHOBHOH ITOKa3aTelb (JU1s1 000pyAOBaHHSI IIEPHOJHYECKOr0 JeHCTBHSI — EMKOCTh pabodei
KaMephI B M, ITHOO IIIOIAAb JKapOYHOI ITOBEPXHOCTH B M”), MOIIHOCTE AIIEKTPOHAIPeBaTes,
00 pacxXod SHEPrOHOCHTES, BPeEMS pa3orpesa 0 CTaHIapTHOH paboyeH TeMIlepaTypehl,
rabapuTel, Macca M PsI VIEIBHBIX IIOKa3aTEIEH - YACIBHBIE SHEPIO - H METAINIOEMKOCTD,

yIAelbHBIH PacXo SHEPTHH H T.I.
TeruoBoH K.I1.I. 000pYAOBAaHHS IIPEACTABIIIET COOOH OTHOIIEHHE KOJIMYECTRA ITOJIE3HO

3aTpayeHHOH TeIlJIOTHI K 00IeMy pacXoy Tellla:
Q

+100 %,
Qmmp (1)
rae. O; —KOIIHYECTBO ITOJIE3HO 3aTPAaYeHHON TEIIOTHL, K/[ic;
O samp — OOIIMHA pacXo[ TeIUIA, K/[o#c.
JIIst oTipeieNIeHH s K.I1. [T, 3JIEKTPOTEIUIOBOTO armrapara HeoOX0oaHUMO COCTaBHTh

YPdBHCHIIC TCIUIOBOI' O OairaHca PaCCMATPHBACMOI'O TCXHOJIIOIHYCCKOI' O ITPOLCCCa JJIA
KOHKPCTHOI'O PCKIHMa (CT&I.[HGH&I)HGI‘G HITH HECT&L[IIDHHPHGI"D). PElCCMGTpI]IwI ITOCIICAOBATCIIEHO

PEAIIMBL «HAI'PEB» H «KIHIICHHT)).

Mm=

AOKYMEHT MNOANMCAH
SNEKTPOHHOW NOAMNWMCLIO
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HecTanmuoHapHbI pe:RHM (HArpeB)

OO01Iee KOIHYeCTBO TEIJIOTHI, MIepeJaHHOH OT HarpeBaTelbHbIX 37eMeHTOB (T OHoB) B
peKHME «HarpeB» PacXOoAyeTcs Ha. HarpeB IMPOAYKTA 0 KOHEYHOH TEMIIEPATYPRI C YUETOM
YaCTHYHOI'O HCITAPEHH S BJIarH B 3TOM ITporecce (J;, Ha pa3orpeB KOHCTPYKTHBHEIX 3IIEMEHTOB
armrapaTra g0 YCTaHOBHBIIEHCS TeMITEPATYPHI (2, H Ha KOMITEHCAIHIO IIOTEPh TEIUIa ¢ BHEIIHEH
IIOBEPXHOCTH allllapara B OKPYKaroIyro cpeny O;, T.e.

Osanp = O1102105, ¥/Hc (2)
3HaYeHHe BEIMMYHHEL (); OIPEAEIIIIOT H3 YPaBHEHHS TEIUIOBOro OajaHca ITpoIlecca:
Q;ZG‘E'CK 'fBK— GH 'CH 'fBH ‘|‘ﬂ.IVj . (3)
rae. Gy, Gr— COOTBETCTBEHHO HayalIbHas M KOHEYHAS MacCca BOMIEL, K2;
Cg,-Cr— yaenbHas TEIUIOEMKOCTS IIPH HAaYaJIbHOH H KOHEYHOH TeMIIepaTypaxX BOJIEL,
k/c/(keK)
15", t5" — HadalabHasd U KOHEUHAS TEMIIEPAaTyPEl BOAbI, °C;
AW ; — KOIMYECTBO HCIIAPHUBIIENCS B ITPOLIECCE HAI'PEBRA KHUIKOCTH, K2;
r - VIEIbHAs TeIUIOTa MmapooOpa3oBaHHAI IPH CPEIHEH 3a 3TOT MEPHO]T
TeMIIepaType IIOBEPXHOCTH JKHIKOCTH, K/[ic/ke;
trcr =0,5( t5 +i5)-2
3HaueHHe BEIMYHHEI I MOKHO OIpeIelIHTh 110 popmyne M. U. OunmpHes:
r=(2500-2 38 tncp), klloc/ke (4)
J[11s1 onpeienieHH S KOIMHYECTRa TEIUIOTHI (> HCIIOIB3YIOT (DOPMYIIY:

n
QEZZ M1C1[~t§{_tf )
! (5),
rae: M;-Macca i-20 37leMeHTa KOHCTPYKIHH, KT,
C;-yIelbHasg TeIIIOeMKOCTh MaTepHala i-2o 3lIeMeHTa KOHCTPYKIHH, k/owc/(keK)
7 t* — COOTBETCTBEHHO HAYaIbHAas U KOHEUHAS TEMITEPATYPEHI i-20 3IeMeHTa, °C.

TeIUIONOTEPH B OKPYKAIOIIYIO cpefy O;3a BpeMs Harpepa OIPeeIeTcs 10 (hOPMYIIE:
QFZ{ICP'F(IHGH C’P.-IHGB) Ty (6),

rae. OGlep— CPEIHHH 3a MEPHOJ HarpeRa KO3()PHIMEHT TEIIOOTAAauN C ITOBEPXHOCTH
aImrapaTa B OKPY Karolyro cpexy, KBT/(M'K); I ImMHAPHYECKHX OOIHI[OBOK aIlIlapaToB,
HAaXOSAMIMXCS B IOMENIEHHH H OKPAaIIEHHBIX 3MaJIbI0 CBETJIBIX TOHOB:

{xcp:[g, 4+ 0, 05.2{/ rmjs_ .;j:p_-rﬂgﬁ )] 1 0_3 KBHI/(MEK) (7)5
AJLA IIIIIHHAPHYCCKHX DﬁﬂIIHGEGI{: BBITTOJIIHEHHBIX H3 HEP}I{HBEIGH_[Eﬁ CTaJII HIIH
AJIFOMHHIICBBIX CIUIABOB, IIPH TCMIICPATYPC BO34yXd B ITOMCIIICHIH.

Ocp=[5,2+0,06( roscp~lros ) |- 107 (8),
I'JIC. F- ITIOIAAb HaPYAHDBIX GﬁHIMﬂEﬂI{ TEIUIOBOI'O allllapaTtad, ME;

T o
I1105 cp— CPEIHAA 3a TIEPHOJ] HATPeBa TeMITEpaTypa IIOBepXHOCTell o0mHoBkH, °C.

Tp — BPEMA HAI'PEBa AIAKOCTH JO KITICHHA, C.

_ H K
[05cp=0,5(tm05 +tos").
Oﬁmee KOIIHYSCTRBO BHTPHIIEHHGﬁ TCSIIIIOTEI Q:LQTPE:, QITPEACIICHHOC B XO/J € SKCIICPHMCHTa
ITO ITOKa3aHHAM aMIICPMETPa H BOIIBTMETP4d, BEIYIICIIACTCA 110 Q)GPI\'I}"HE:

5 B :
O =P1,=IUtm 107 xlbi (9),
rae; P — MOIIHOCTE HarpeBaTelIbHbIX 3JIEMEHTOB, kB,
I U — cOOTBETCTBEHHO CHIIa TOKa (A) H HalpsokeHHe IHTaromeH ceTH (B).

%%?%WEHH{GCTB B SKCIICPHMCHTC.

Ceptuchukat:  2C0000043E9ABBB952205E7BA50006@000043F— Q0 5,11
Bnaneneu: llleGayxoea TaTeAHa .ﬂ.nerccaH,qp@@ 3ATP . ]_UU

Q. rp?

JATP

% (10)
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CranMoHAPHBIA peskHM (KHIIEHHE)

YpaBHeHHe TEIUIOBOro OanaHca B CTAI[HOHAPHOM PeKHMe HMeeT BH:
Os4rp=01+0;,

rae. O;- TEIIoBasi MOIITHOCTE, pacXoAyeMas Ha IoA[Aep KaHIe IIPOoIlecca KUIIEHHS, T.€. Ha

HCITapeHHe Biarm, kBT,
(O ;— TeIlJIOBas MOIIHOCTh, KOMITEHCHPYIOII[AS TEIUIONOTEPH C IIOBEPXHOCTH

aImrapaTa B OKPYKaroIyio cpedy, KBT.

BemiumHy Q, pacCYHTHIBAIOT 110 (DOPMYIIE:

O1=AW:r xkBm (12),
rae: AW,;— KomH4ecTBO BIarH, HcIIapsSeMoe B e JHHHILY BPeMEHH, K2/¢ |
r — yIeIIbHas TeIu1oTa Iapooldpa3oBaHHs IIPH TEMIIEPATYPe KHITEHH S JKHIKOCTIH,

k/ic/xe;

3HaueHHe BEIMYHHEL 05 ONPEeEILIIOT 110 (popMyTIe:

Qs = a'F(rﬂaﬁcPH_-rﬂgs)'T kBm  (13),
rae; & — Ko3(QHIMEHT TEIDIOOTAauYH ¢ IOBEPXHOCTH OOIHMIIOBOK aImIapaTa B
OKPYKAIOIIYIO CpeRy, kBm/(m°K), BBIUHMCIEHHBIH ITo GpopMynaM (7,8) IIPH TEMIIEPATYPE
ITOBEPXHOCTH OOIHIIOBKH B CTAI[lHOHAPHOM PeKHME.
TennoBoii K.I1. J. 3IeKTPOTEITIOBOIO almiapara B CTAI[HOHAPHOM pPeKHME:

n, =———100

Q 3arp % (14).
OOI1ee KOMHYECTBO TEIIOTH Qs,7p”, OIIPEAEIIEHHOE B XOJ[e SKCIIEPHMEHTA 10
MTOKa3aHHSIM aMIlepMeTpa H BOIIBTMeETpPa, B CTAlIHOHAPHOM pPesKHMe PaBHO:
Osar”=IU-10° xBm  (15).
[TorpenHocTh SKCIIepHMeHTa BRIUHCIIeTCA ITo popmytie (10).
[IpoH3BOMTENFHOCTD TEIDIOBOIO aIdIapara;

=29P
Iy

rae:; V- o06beM paboyeil KaMePEL, M,
@ — KO3(p(pHITHEHT 3aIlOTHEHH,
p — IDIOTHOCTD KHKOCTH, KI/M";
T7;— BpeMS TEXHOIOTHYECKOro IHKIIa (CyMMapHOe BpeMs 3arPy3KH, TETUIOBOI
00pabOTKH H BBITPY3KH), .
Y nerbHass MeTaNIOEMKOCTD

M,
m=— ﬁ
14 KM (17)
Y nempHasI MeTalNIOEMKOCTD
3‘:E ﬁ
V kBm-m’ (18)
Y nenbHBIH PacXo/l SHEPIHH:
Nvy=P/II xBmu/xe (19)

MeTo KA NpoBeJeHAA YKCIIEPHMEHTA
[TpgokAGEHENEIPEE YITHTD K BEITIOITHEHHIO 1a00paTOpHOH padoThI, HYKHO 03HAKOMHTBCS

P A s s
Cemd}:ﬁ ﬂ%&gmgﬁmm%ﬁ&%ﬁ%gn H OCBOHTEH HEOOXOAHMEBIH TEOPETHYECKII MaTepHall

BnanendQY P Cille6ayxosa TatbaHa AnekcaHaposHa
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[lepex HaYamoM HCITBITAHHH HEOOXOMHMO H3MEPHTh HadYalIbHYIO TEMIIEPATYPY
OKPY KarOIIeH CpeJibl, OCHOBHBIE TeOMeTPHYECKHE pa3Mephl TEIJIOBOIO aIlllapara, Maccy
OTJIEIIbHBIX AIIEMEHTOB KOHCTPYKIIHH. Maccy BOJBI, OIpeAeiIstoT, B3BEIIIHBAs almiapaT BMeCTe C
BOJIOH H BBIYHTAS 3aTeM MACCy KOHCTPYKIHH.

[TomkmrounB armmapaT K CeTH, H3MePSIIOT BpeMs pa3orpeBa, CIHIIY TOKa H HaITpPsSKeHHS B
ceTH. I1pH 3aKHITAaHHH BOABI OTKIIFOYAIOT armiapaT H ITYTeM B3BEIIHBAHHUS OIPeJAeISIOT Maccy

IICHﬂpI[BHIEﬁCH BII4I'H.

BHOBB IMOAKIIFOYAIOT dIlllapaT K CCTH H KHITATAT, COACPKIMOEC B TCHUCHHC 5 MHHYT,
H3MEPAA TEMIICPATYPY KHIICHHA AHAKOCTIH. IIo HcTeueHHH YKAa3dHHOI'O BPEMCHII dallllapaT
B3BCIINBAIOT, OITPCACIIHA MACCY BIIAIT, IICHHPI[BHIEﬁCH B CTAlITHOHAPHOM PCIKIIMC.

CocTaB.JileHHEe O0TYeTa

OTYeT O IPOJEeIaHHON padoTe JOIKEH COMEePKaTh:
1) 11e1mp paboTHI,
2) mepedyeHb IPHOOPOB H MaTEPHAJIOB,
3) omicaHHe 1a0opaTOPHOrO CTEH A,
4) MeTOJHKY IMPOBeJeHHS SKCIIe PHMEHTA,
5) PpacyEeTHYIO 4acTh,
0) BBIBOIHI O ITPOJIeIIaHHOH padore.

PacueTHast 4acThb

HecranmmoHapHBIA pe:kuM (HArpeB):
Harper npoaykra 10 KOHEYHOH TEMIIEPATYPHI ¢ YUETOM YaCTHUYHOI'O HCITapPEHH S BlIarH
PaBeH:
Q;ZGK'CK 'fBK— Gz -Cy 'fBH +AW; r
rae. Gg=0 78 xe — HadaJIbHaASg Macca BOJBI,

Gx=08 xe—KOHeYHasd Macca BOJBI,
Cr-Cr=4,19 x/Ic/(xkeK) — yaelnbHasa TEITIOEMKOCTE IIPH HavyaIbHOH H KOHEUHOI

TeMIIEpaTypax BOJBI,
t5°=97°C — KOHeuHas TeMIIEpATypa BOIBI;
157 =25°C — HayanbHas TEMITEPATYPEI BOIBL,
AW ; =0,2 ke — KOIIMYECTBO HCIIAPHBILEHCS B IIPOIIECCE HAarpeBa KHIKOCTH,
r - YIelbHas TeIIoTa IapooOpa3oBaHHS IIPH CPEIHEH 3a STOT IIEPHO/

TeMIlepaType MOBEPXHOCTH KHIKOCTH, K/[ic/ke;
r=2500- 238 tgzcp TIHE

trep =0,5(t57+157)-2=0,5(25+97)-2=59, orcrona
r=2500-2,38 t7cp=2500-2,35-59=2438,62 k/lc/xke , TOrJa
01=Gx Cx t5"— Gu -Cr t5" +AW; r
=0784,19-97-08-4,19-25+0,2-2438,62=720,9 xBm

Pa3orpeB KOHCTPYKTHBHBIX 3JIEMEHTOB allllapara 0 YCTaHOBHBIIIEH CS TEMITEPATyPhI
pPaBeH:

QEZZ M1C1[:IJK_IF?]

IO Mo A desnanddasca i-20 SIeMeHTa KOHCTPYKIIHI,

Ceprudmrar: 200000043 Fadp@alfprd frebEhooyeHb HA S TEIUIOEMKOCTh MaTepHaa i-2o 3JIeMeHTa

Bnaneneuy: aa JaTeAHa AnekcadapoeHa
AR oHCTPYRILTTL, P

t7=25°C - HayaIbHAs TEMIIEPATYPA i-20 JIEMEHTA;
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15=97°C —KoHeUHas TeMIIEPATYPHI i-20 IIEMEHTA,
QEZZ Mlcl[:tij{_tf{ )
i =>0,7-1,2(97-25) = 60,45 «Bm,

KomrieHca1is moTeps TeIvla ¢ BHEIIHEH ITOBEPXHOCTH allllapaTa B OKPY KAIOIIYIO Cpely
paBHa:

Q3:aCP'F(rHGE GP_-fHG.B) Tp
The. OGep— CPEIHHIL 32 IIEPHOA HAarpeBa KO3 GHIEHT TEIIOOTJAYH C IIOBEPXHOCTH

aImrapara B OKpysKarolnyro cpeny, KB1/(m°K);
IS IIMITHHPHY eCKHX OOITHIIOBOK, BHITIOIMHEHHBIX H3 HEPJKaBeIOMIeH cTallH HIH
aJTFOMHHHEBBIX CIDIaBOB, IIPH TeMIlepaType BO3AyXa B IIOMEIEHHH:

Qcp=[5,2+0,06( [ 705 cr-Tros )]'103
rae: F=0,048 m” - IUI0IMaab Hapy KHBIX OOITHIIOBOK TEIUIOBOrO allllapara;

I 1105 cp — CPEITHSS 3a TIEPHOJL HAIPeBa TeMITeEpaTypa IIoBepXHOcTel o0mmoBkH, °C.
Tp =480c — BpeMs HarpeBa XXHAKOCTH IO KHITEHH,
IHGB_GP:Q _ﬁfffHQBH+fﬂgﬁKj:Q 5 (.254‘97) =64 OCJ TOI' 14

Qcp=[5,2+0,06( 705 cr-T o3 )]'f05
=[524+0,06(61-25)]-10°=0,00736 xBm/(m’K);

Qf:aC'P'F(fHGB r:'P_-ngB) Tp=
= 0,00736:0,045(61-25)-4580=6,1 «Bm

OOI11ee KOMHYECTRBO 3aTPaYeHHON TEIIOTEI PaBHO:
QSﬂTPEZ P".','p — IU'TP'IO_S
rae: [=3 54 — clila TOKa,
U =220 B —HalpsKeHHE ITHTAIOIIEH CETH.
Osarr-= TU 1,,10° =3,5-220-480-10°=369,6  xBm.
CTaliOHapHBIH peKHM (KHIIEHHE):
Termoras MOIITHOCTh, pacXoAyeMas Ha IToJIep KaHIe TIPollecca KHIIEHHE paBHA:
Q=AW r
rae: AW.=0 1 ke/c— KOIIMYECTBO BJIarH, HCIIapseMOe B eHHHIY BpeMeHH,
r=2438,62 x/Pc/ke — yIellbHas TEII0Ta ITapoo0pa30BaHI IIPH TeMIlepaType
KITIEHNS K IKOCTH;
O;=AW,r=012438562=24386 «Bm
TerumoBast MOITHOCTh, KOMITEHCHPVYIOIIAS TEIIIOIIOTEPH € IIOBEPXHOCTH armapara B
OKPY2KaIOIIYIO CPEAY PaBHA:
Os = {I'F(IHGB.CPR.'IHGB)'T
rae: a=0,00736 xBm/(m’K) — K03 PHLMEHT TEITIOOTAAYH C TIOBEPXHOCTH OOITHIIOBOK

armrapaTra B OKpPYKaroIlyio Cpeldy,
F=0,048 m°- 1o1omma b HapyKHBIX OGIMIIOBOK TEIUIOBOIO allapaTra,

Iroscr =97°C — cpeIHsSI TEMIIEPATYPa ITOBEPXHOCTH KHIKOCTH,
[105=25°C — TeMITepaTypa IOBEPXHOCTH,

nokTerRD G0aeBpeMs HarpeBa KHIKOCTH 10 KHITCHIS,
ANEKTPOHHOM MOf

ChIO
CepTudukar: EGﬂﬂﬂﬂﬂd&EBﬂ@EQﬁﬁﬁ&ﬁﬁﬂgﬂﬁﬁ%#ﬁjﬂﬁ) T=0,007360,048(97-25)-300=7,63 xkBm

Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa

11 01[??9&%%%%%’5?3TEHHGEGFG dlllapaTa PaBHA.

NelcTRUTENEH: C



m=Y9p
TH
rje: V- o0beM paboueil KaMepsl, M7,
@ =1 — K03} PHIIHEHT 3aIIOTHEHIT,

3.
p — INIOTHOCTE AHJKOCTH, KT/M \

T';=0, 13y — BpeM$ TeXHOIOTHYECKOI0 IHKIIa (CyMMapHOe BpeMs 3arPy3KH, TeIUIOBOH
00paOOTKH H BBITPY3KH),

_V-¢-p_108

TL.' 0,13

KoHTpo/IbHbIE BOIIPOCHL:
1. B 4ueM CcyTh BHYTPEHHEH SHEPIHH CHCTEMEI? JIOKaKITe, YTO BHYTPEHHSIA SHEPIUI — 3TO
ITapaMeTP COCTOSHHUS. B ueM pasnmuue BHYTPEHHEH SHEPTHH HIEAIBHOIO H PEAIbHOI0 padbounx
Ten?
2. BriBemTe BRIpaKeHHe 1 padoThl. I1oKakuTe, YTO IUIOINaAb 110 KPHBOH IIpoIiecca p — V-
KOOPHHAaaX YHCIEHHO paBHa padoTe.
3. Urto Takoe padota u Terrrora? UTo MeXIy HHMH OOIIEr0 H YeM OHH PasIIyaroTCsa?
4. BeiBeuTe YpaBHEHHE IIEPBOr0 3aKOHA TEPMOJHHAMHUKH. J[aiiTe ()OPMYIIHPOBKY 3TOrO 3aKOHA.
5. Uto Ha3pIBaeTCSA HCTHHHAS H CPEeJHSST TEIUIOEMKOCTH? YKaKHTe Ha CBSA3b (IpapHuecKyro H

dHaAJIHTHYEC CK}’TO) MEEIAY HIMH. HEPE‘IHCHH’I‘E Pa3JIMHBIC BHJbI TCILNIOCMKOCTH, YKAKHIC HX
CAHHIIIBI H 3aIIHIIHTC CBJA3b MCHKIY HIIMIH.

I1

=6,15

Ke/y.

AOKYMEHT MNOANMCAH
SNEKTPOHHOW NOAMNWMCLIO
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Tema smadoparopnoir padorsl 3. OIIPE/IEJIEHHE 3ABUCHMOCTH JABJIEHHA
HACBIIIEHHBIX ITAPOB OT TEMIIEPATYPBI
Ileab padoThI: H3YYHTh OCHOBHEIE 3aKOHEI HeallbHBIX Fa30B, OIIPEJIeIINTh 3HAYEHHE
ra30BOH ITOCTOSAHHOH HCCIIEAYEMOIO rasa.
IIpuodopbI H MaTepHAIbI: IIUIHHJP C IIOPIIHEM, TEPMOMETP JTabopaTopHeIi TJI-2,
MaHOMeTp M-4, GaHsa BOAsIHAS.

TEﬂpETH‘IECHﬂH HJaCThb.

Bce pab®oune Terna coCTOSAT M3 XaOTHUYECKH ABHIKYIIIXC I MOJIEKYII, MEKIY KOTOPBIMH
JIEHCTBYIOT CHJIBI B3aHMHOIO IIPHTSKEHHS IIH OTTAJIKHBAHHA.

[lox uoeans Hoim Ta30M ITIOHHUMAIOT BOOOPaKaeMBIH I'a3, B KOTOPOM OTCYTCTBYIOT CHIIBI
TIPUTSKEHHS MEKIY MOJIEKYIIAMH, a COOCTBEHHBIH 00BEM MOJIEKYII HCUE3aIOIIEe Mall I10
CPAaBHEHHIO ¢ 0OBEMOM MEKIYMOIEKYIISIPHOI'O IIPOCTPAHCTRA.

B TepMOaHHaMIKe 3aKOHBI HIAcAIbHEIX ra30B borms — Mapuorra, ['en-JIroccaka, Hlapnsan
IPYTHE ITPHMEHSIOT M IS PealbHBIX I'a30B IIPH OTHOCHTEIBFHO HEBEICOKHX JIABIIECHH SIX H
OTHOCHTEIIBLHO BEICOKHX TEMITEPATYPax.

3axkoH bominsa — MapHoTTa ycTaHaBIIMBAET 3aBHCHMOCTE YEIIFPHOIO 00bheMa HIEalIbHOI'O
rasa OT €ro JABJIEHUS IIPH IIOCTOSHHOH TEMIIEPATYPE: 1pi NOCHIOSHH 0Ll MemMnepaniype
yoeavHble 00beMbl 2a3a 0bpamu o NPONOPHUOHATbHbL €20 OdGIeHLIAM.

Ecmit 0003HaUYHTh HAaYaIbHBIH H KOHEUHEIH VAeIIbHbBIE 00heMBI HJICAIBHOIO I'a3a Yepes

U U
I u l . a COOTBCTCTBYIOIIHE HM aOCOIIOTHEIE JAdBIICHH A, HCEPE3 pl H ‘DE , TO IIO

3aKOHY borns — Mapuorra:

Y._ Py
Oy P (mpu IT'=const (D
OTKY/a
P101=Pby (2)
FUTH
pu=const (mpu [ =const (3)

3akoH ['en-JIroccaka yCTaHABIHMBAET 3aBHCHMOCTD YAEIBHOIO OObeMa HIEAILHOIO I'a3a OT
ero TeMIIEPATYPHEI IIPH IIOCTOSHHOM JABJIEHHH: Mpil HOCIOSHHOM OaeneHil YoeabHble 00bembl
1Oe AIbHO020 2a3ad NPAMO NPONOPLLOHATbHbL €20 abc ONIONMHBIM MeMRepamypam.

v,_I,
v, T = const
1“1 (mpum P ), 4)
['me U, H U, - VIEJIbHBEIE OOBEMEI I'a3a B HAYAIIbHOM H KOHEYHOM COCTOSHILIX, a
T1 H TE

— COOTBETCTBYVIOIIHE HM aOCOIIOTHEIE TEMIIEPATYPHI.
[Tomenss B popmynie (4) MecTaMH CpeIHHE WISHBI ITPOIIOPIHH, ITOIYUYHM (POPMYITY (5):

U, . U
L 1 (5)
HITH
U
—=const
(HPH p=const )_ (6)

SakopbEHARA Ay FRaHABIIBACT 3aBHCHMOCTD NABIICHIS HICATIBHOI O Ta3a OT €ro
TEMITE ‘nggﬂf TSETESHPIOM VIEIIBHOM OO BEME: MpLL HOCHIOAHHOM. YOenvHoMm obbeme abco-

Ceptudomkar: 000Q43E9ABEBOS52205E7EAS0006000 DdSE

Bnaﬂengyommgg@ QAGIEHILA AL ABHO20 2A3A NPAMO NPONOPLLIOH ANbHbL €20 ADCOTIONIH bIM
memnepamypa.
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p, T, (mpu v=const ) (7)
I loMeHsIB MecTaMH CPCAHHC WICHBI ITPOITOPLHH, ITOJIYYIM
b, P,
T 1 (8)
HITH
EzC’OHSf
(npu_v=const ) ©)

CorocraBineHHe 3aKOHOB borng-Mapuorra, Hlapnsg u ['en-JIroccaka IpHBOIHUT K
000OIIIEHHOMY 3aKOHY: ONIHOULeH1Is NPOLL36e OeHlill OaGNeHIIS HA VOeibHblil 0bbeM K
abc onomH oLl memnepamype 6 1060m coOCMOAHULL OAHHO20 UOeANbHO20 230 PAGHBL MEXCOY

coboil:
pY =const
I (10)
HUm
pv=RT (11)

me R - xapaxTepHcTHYECKasd IIOCTOSHHAS HACATBHOIO rasa.
OTY IIOCTOSIHHYIO BEIIHYHHY HA3BIBAIOT yO0e/abHOll 2a30601il NOCHOSHHOLL.
YpaBHeHHe (11) HaspIBaeTcs ypaeHeHuem cocmoaHusa udeansnozo 2aza. OHO

CBA3BIBACT TPH OCHOBHBIX IIAPdMCTP4A (:ILI[EEIJ]I:HDI‘G rasa p . U H I . I1o H3BeCcTHRIM

3HAaYEHHSIM JFOOBIX JBVYX H3 HHX MOKHO OITPEAelINTh 3HaYeHHE TPETHETO MTapaMeTpa.

DTO ypaBHEHHE, ITONTYUYeHHOe KitarneHpoHOM B 1834r., Ha3pIBaeTCA XapaKTePHCTHYE CKHM
YpPaBHEHHEM HealIbHOI'O I'a3a MM YPaBHEHHEM COCTOSHHS, KOTOPOE CBA3BIBAET MEKIY COOO0I
OCHOBHBIE ITapaMETPhl COCTOSHH S — AaBIIEHHE, O0BEM H TEMIIEPATYPY — MOKET OBITH
IPEACTABIIEHO CIEAYIOIMMH YPaBHEHIISIMIU .

pV: mRT (12)
pV = RT (13)
rre: P~ jammeHmeTasaB[la, ¥ T o6peMrazaB - . M -Macca TasaB ke Vﬂ_
3
06beM 1 kMomsiTazaB M [kmon . R— ynempmas rasopas mocrosmuast mis kT rasa B
A ic
[.KE'K ] ;, UR— VHIBepCcalbHas Ta30Basi TOCTOSHHAS | KMOI4rasa B [ Kkmonb: K ] |
11.11. MeHiemneeB BIlepBble Tpe IT0KIIT U MOJISI Ta3a XapaKTePHCTHYECKOe YPaBHEHHE:!
puo=pRT o PV, =HRT (14)
roe; M —HU™  Copem Mo
Ecimi 3armicaTh XapaKTepHcTHYeckoe ypaBHeHHe (14) 19 HopMaTbHEIX YCITOBHIL, TO
101325-22,4=pR-273,15 (15)

W13 sToro paBeHCTBa CIIEAYET, YTO
=1R=28314,3 Ixc/| moab-2pad
AOKYMEHT NOAMMUCAH By =H Aoicl] pao) (16)
rE Mot rasbmacTCs yvrueepcans Holl 2a306011 NOCNIOAHHOLL, &

Ceprudomkar. 2C0000043E9ABEBOS52205E7BAS00060000

Branenacd PAKTEPUCTIYCCKOS YDABHEHHE D(‘1'1351) ypaBHeHHeM KirarieiipoHa — MeHeneeBa.
|'a30Bas IocTOSIHHAS TF000T0 rasa
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R =8314,3/p 17

HIDJ]LB}*'HCL XAPAKTCPHCTHYCCKHM YPaBHCHHEM AJIA ABYX PA3IIHYHBIX CGCTG}IHIIﬁj KaKOIo
— 11nbo I'a3d, MOMHO IIOJIVHHTD BbIPAKCHIIC JJIH OITPEACIICHHA moboro ITapaMcETpPa IIPH IICPEXOIC
OT OAHOI'O COCTOAHHA K JPYI'OMY, €CIIH 3HAYCHHA OCTAJIBHBIX ITAPAMCETPOB H3BCCTHDI.

PV PV,
I, I, (18)
ITH
AL
I 1 (19)
YpaBHeHHe (19) yacTo MpHMEHSIOT IS «IIPHBeAeHHI 00beMa, K HOpMaJIbHBIM
YCIIOBHSIMD, T.€. IS OTIpeAeIeHIs 00beMa, 3aHHMaeMOro rasoM, pH P~ 101325 11a 151
— — 0
I'=273,15K ( p=760mm.pm.cm. o tC ), eciH 00BbEM ero ITPH KaKHX — JIHOO
sHaueHHsIX P um ! wmsBecteH. JIima sToro cioy4as ypaeHeHHe (19) 0OBIMHO IMPEACTABIISIOT B
BH]IE:
pV _ Py Vi
S (20)

rae  PH , Vi , Iy -COOTBETCTBEHHO HOPMAJIbHBIE JIABIIEHH, 0OBEM H TeMIIEpaTypa.
B mparoit 4aCcTH YpaBHEHHS BCE BEIIMYHHEL B3SATHL IIPH HOPMAaJIbHBIX YVCIIOBHSIX, @ JIEBOH —
ITPH ITPOH3BOIBLHEIX 3HAYEHHS JaBIIEHHI H TEMIIEPATYPHI.
YpaBHeHHe (2 — 19) MOKHO IlepeImcarh clIeyIOIHM 00pa3oM:

P, _ P,
plTl Psz (21)
CIIEIOBATEILHO,
p,=p, 2 at
20— P17
p T, (22)

YpaBHeHHe (22) MO3BOISeT HAHTH INIOTHOCTH T'a3a ITPH JIFOOBIX YCIIOBHSIX, €CIIH 3HAYeHHS
€T0 JTIS OIPEAETIEHHBIX YCIIOBHIT H3BECTHO.

[Iopsmok mpoBeeHH A padoThI H 00PaldOTKH OITBITHBIX JaHHBIX

1. HMpeanpHBIN ras, 3aKIFOUYEHHBIN B IPUIHHAPE C IIOPIIHEM, HMEET IapaMETPhI P , L m

I (TmonokeHHe a Ha pHC. 1). YMEHBIIHB JaBIIEHHE T'a3a B INUIHHJPE M ITOABENASI K HEMY
HEKOTOPOe KOIIHYECTBO TEIIOTEI, IIepeBejleM I'a3 B HOBOe COCTOSHHE, B KOTOPOM IapaMeTPhl

IIPHIMYT 3HAYEHHS P :, Y2 1 I (TTonoKeHHe 6 Ha pHC. 1).

2. YcTaHOBHM CBSI3b MEXIY HauallbHBIMH H KOHEUHBIMH ITapaMeTpaMH HAcaJIbHOIO rasza. [
ATOrO TEepPeXOo M3 COCTOSHHSI a B COCTOSHHE 6 COBEPIIHMM JBYMS ITOCIEAOBATEIbHBIMH
OTIEPALHSIMH.

3. CHayana YMeHBIIINM JaBJIEHHE Ta3a OT Py hife P, , TIONJAEPXKHBasI TEMIIEPATYPy |

TTOCTOSFHHGH NI JIQABOa TETUTOTHE K rasy. TakmM oGpa3oM, ra3 OKa)XeTCS B HEKOTOPOM
NEKTPOHHOW NOANMUCHIO p U T
Ceprudukar: IHSOMENRYTOITHON COCTOAHIIVG T-IIapaMeTpaMH 3 1

Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa

H

.
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P

4. byxeM nogorpesars ras Tak, YTOOBI OH ITPOJIOIDKAI PaCIPATECS, COXPaH S JaBIICHIE
HEH3MEHHBIM, a TeEMIIepaTypa ero IIpH 3TOM ITOBBICHTCS 10 1> (TTOII0KeHHe 6 Ha pHC. 1).

5. ComocTaBHM 3TH TPH COCTOSIHHMS raza @, 6 U €. TaK KaK B COCTOSHHSIX a u# ¢ TEMIIEPaTyPBI
OIMHAKOBEI, TO MEXAY VIEILHEIMH OOBEMAaMH M HAaBICHHSMH Ia3za B 3THX COCTOSHISX
IOIIJKHA CYIIECTBORATH CBS3E 110 3aKOHY boriis — Mapuorra, I efi-JIroccaka.

U, Py Py
= =0,=
U9 P> P> .
vy I - Iy,
— = U,=
v, I, I,

6. OmnpememnM 110 popmynie (17) 3HaUeHHe YHHBEPCAIbHOH Ia30BOH MOCTOSHHOH R.
7. PesyrbTarel pacyeTOB 3aHECTH B TaOmmIry 1.

AOKYMEHT MNOANMCAH
SNEKTPOHHOW NOAMNWMCLIO

Ceprvdmkatr: 2C0000043E9ABBB952205E7BAS00060000043E
Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa
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Tabmmma 1

3
M
OIIBIT P,Mlla v, — I',K
K2
|
2

1. TIpoaHam3HpyiTe Mpoliecc Mapoodpa3zoBaHUI B p — V-, T — s-, h — s-koopauHaTax.
YKaxure ux o0Iue 4epThl H OTJIMYHTEIILHBIE OCOOEHHOCTH.

2. UTo Takoe BIIaKHBIH HACBIIIIEHHBIH, CYXOH HACBIIIIEHHBIN H IIEPETPETHIH MMap? Y KaKHTe
3aKOHOMEPHOCTH H3MEHEHHS OCHOBHBIX ITapaMETPOB COCTOSIHHSA B IIPOI[ECCAaX HATPEBAHNS BOJIBL,

Napoo0Opa30BaHUS H IIEperPeBaHHA.

3. 3armHImITe YPaBHCHH A, OIIPCACICIIONTIC 3a KOHOMCPHOCTH H3MCHCHITA ITaPaMCETPOB

Ko HTPOJIbHbBIEC BOIIPOCHI

COCTOSHH S ’KHJIKOCTH H ITapa. /laiTe HM OOBSICHEHHE.

4. IIpoaHamM3HPYHTE IMPOILEeCChl H3MeHEHHI COCTOSHHS Iapa (H30XOPHBIH, H300apHBIH,
H30TEPMHYECKHI H aJHa0aTHBI). YKaXHTe 0COOEHHOCTH ITPOIECCOB B 00IACTH BIAKHOTO H

IIEPETrPETOr O Iapa.

AOKYMEHT MNOANMCAH
SNEKTPOHHOW NOAMNWMCLIO

Ceprvdmkatr: 2C0000043E9ABBB952205E7BAS00060000043E
Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa
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Tema sadopatopnoin padorsl 4. OIIPEJIEJIEHHE ITAPAMETPOB COCTOSHIA
BJIA’KHOI'O BO3/IYXA

HEJ]I: pﬂﬁﬂThI: SKCIICPHMCHTAJIbHOC OIIPEACIICHHE ITAPAMETPOB COCTOAHITA BIIAXKHOI'O
BO30YX4d.

TEﬂpETH‘IECHﬂH JaACThb.

BiaxHbIM BO3JYXOM HA3bIBAKOT CMCCh CYXOI'O BO34yXd C BOISHBIM IIaPOM. I1o CBOCMY
QJIISII‘IECI{DI\I}" COCTOSIHIIO BIIaKHBIH BO3IYX OJIM30K K HcalbHBIM Ia3aM.

HDCI{DJILK}" BIIA KHBIIH BO3AYX PACCMATPHBACTCAH KdK CMCCh HACAJIIPHBIX I'd30B, TO K HCMY
ITPHMEHHM 3aKOH ﬂﬂﬂLTﬂHﬂj COIJIaCHO KOTOPOMY CYMMa ITapPITHaJIbHBIX IaBIIEHHI KOMIIOHEHTOB
paBHaA JdBJICHIIO CMCCH.

P,, =P +P, (1),
rfe. Ppp— IaBlIeHHE BIAXXHOTO BO3YXA,
Pp — ImapimanbHoOe JaBIEHHE CYXOT0 BO3IyXa B CMECH,
P - maprmanapsHOE JaBlIeHIHe BOLSHOIO Iajpa.

[IapranpHOe JaBlIeHHE BOASHOIO Iapa, HaXOMSIIErOCI BO BIaKHOM BO3AYXE ITPH
HEKOTOPOH TeMIlepaType, He MOKET OBITH OOJIBIIE, YeM JaBIIEHHE HACHIIEHHOTO ITapa ITpH
ITAHHOH TeMIlepaType, T.K. IIPH 3TOM JaBJIEHHH I1ap HAYHHAeT KOHAEHCHPOBATLCS C BEIOIAICHHEM
KallelneK KUAKOCTH. CIleqoBaTelIbHO, MAaKCHMAIbHOE KOIIHYECTBO BOASHOTO I1apa, KOTOpoe
MOJKET HaXOIHThCSI B [m’ CMECH, T.€. INIOTHOCTE BOASHOTO ITapa PaBHA INIOTHOCTH CYXOI0
HACBIIIEHHOI'O IIapa IIPH 3aJaHHOH TeMIileparype. CMeCh, COCTOSINAS H3 CYXOro BO3AyXa H
HACBIII[EHHOI'O BOASHOIO ITapa, Ha3bIBalOT HACKIIIEHHBIM BIaKHBIM BO3IYXOM.

BrtaXHBIN BO3IYX, KOTOPBIH HE COAEPKHUT ITPH JaHHOM JaBIEHHH H TEMIIEpaType
MAKCHMAJIbHO BO3MOXKHOE KOJIHYECTBO BOJSHOIO ITapa Ha3bIBAETCS HEHACBIII[EHHBIM.
HeHachIIeHHBIN BiIaKHBIH BO3AYX IIPEACTABISET COOOH CMECH CYXOr 0O BO3AyXa H IIEPETPETOrO
Iapa.

TemrmepaTypa BIaXHOIO BO3AYXa, IIPH KOTOPOH IMap HaXOAUTCHA B HACBIIIIEHHOM
COCTOSIHHH, Ha3bIBAETCS TEMIIEPATYPOH TOUKH POCH. CHIKEHIE TEMIIEPATYPHL HIKE
TEMIIEPATYPHI TOUKH POCHL ITPHBOMHUT K KOHASHCAL[HH T1apa.

OTHOCHTEIBHA S BIaKHOCTD BO31yXad QD% HA3BIBACTCAH OTHOIIICHH EM INIOTHOCTH BOAAHOI'O

Tapa IpH ero ITapiHaIbHOM JaBIEHHH H TEMIIEPATYPe CMECH K INIOTHOCTH CYXOI'O
HACBHIII[EHHOT O ITapa IIPH TOH Ke TeMIlepaType:

¢=5-100
P, Kz (2)

HPH IIPHHATOM JOITYIINEHHI, YTO BOJISTHOH I1ap oOmnmagaeT CBOHCTBAMH HAEAIIbHOI'O I'as3qa,

OTHOCHTEeIIbHAas BIIaXKHOCTh MOJKET OBITh BbIPaAKCHA HCPC3 IIAPLHAIIBHOC JdBJICHHC IIdP4d.
P

0= . 100
Py, ,% (3),
rae. Pp— IMaPIHAJIBHOC JdBJIICHHC ITdPd B CMCCH,
Pu — HaBIieHMe HACBIIIIEHHOIO ITapa ITPH TEMIICPATYPE BIIAKHOI'O BO3JVXA.

BemiuiHo, HOIHPOKO HpIMEHHEMGﬁ B TCXHHYCCKHX PACHUCTAX JIJIA XaPdKTCPHCTHKH
COCTOAHHA BIIaAKHOI'O BO3yXad, ABJIIACTCA BJIaI'OCOACPIKAHIC.

BJIEII‘GCGI[EP}I{EIHHEM d BIIaXKHOT O BO3YXd HAa3BIBACTCA KOIIHYCCTEO BOAHOIO IIdPa B
IrpaMMax, coepKalecsa B / k2 CYXOro Bo3ayxa:

NOKYMEHT MOAMWCAH J= m,
IANEKTPOHHOW NOANWUCEKO —
Ceprvdmkatr: 2C0000043E9ABBB952205E7BAS00060000043E mH , (4)
Bnaneneu: mcﬁﬂxusa TaTeada AnekcaHnpoBHa
JTOM ClIyHac dI'OCOJCPAHAHHE CBA3dHO C ITAPIHAJIbHBIM A4ABJICHHEM BOJAHOIO IIdaPa

COOTHOILICHHCM.
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PH
d=622

Pﬂmﬂ_ Pn , (5)
I[HH }fﬂﬂﬁﬂTEﬂ PaCucTOB SHTAJIBIOIA BJIdAHOI'O BO3AYXd OTHOCHTCA K ] xT CYXO0ro
BO3IYXA.
HPH IIPHHATOM JOITYIIICHHH 00 HACAIIbHOCTH BOJIAHOI'O ITdaPd H BO34YXd, SHTAJIBITHA
BIIAKHOI'O BO3YXd HE 3dBHCHT OT J4BJIICHHA H OIIPCACIIACTCH 110 YPABHCHHIO!

i

i+ :
© 1000 "

IH{H(}_
I'JIC. I'g.gg.;-:' — SHTAJIBITHA C}"XGI‘G EGB,I[}"XH;
I',-,; — SHTAJIBITHA Hﬂpﬂj CG,[[EP}KE]H_[ETGCH BO BIIdEXHOM EGB,I[}"XE.
BHTEIJ]I:-]_II[ED KOMIIOHCHTORB BIIAAKHOIO EGB,I[}"XEl: MOXHO EBIPEIBHTL IIEPEB HX TCINIOCMEOCTE
H TeMIlepaTypy. Torma ¢popMmyia J1g pacyeTa SHTAIBITHH BIIaKHOI'O BO3AyXa OyJAeT HMETh BH/I

i .=C -t+ r +C -t
8030 F’B 1000 [ 0 F’H ] (6)

2

rae: C,° =1,00 R;Zngc/ keK — n300apHas TEITIOEMKOCTE BO3IyXa,
ro=2501 nﬂm/ keK — TeruioTa rmapoodpa3oBaHHs BOJBI B TPOHHOH TOYKE,

Cl =192 R;Zngc/ ke K —n300apHas TEITIOEMKOCTh BOJISIHOT' O T1apa.

YpaBHeHHA (1) — (6) TTIO3BOIIIOT IMPOBECTH pacyeT MPOIeCCOB H3MEHEHH S COCTOSHH S
BIaKHOTO BO3yxa. OJHAKO, pacyeThl 3HAUYHTEILHO YIIPOMIAIOTCS, H CTAHOBSITCS HarJLIAHEE,
eCIIH HCITOJIb3YIOTCS IpaHIecKHe METOABI ¢ IIPHMEHeHHEM i,d — THAarpaMMEI, i,d — JHarpaMMa
CTPOHTCS HAa OCHOBAHHH (1) — (6).

HamnGosee yacTo cocTOsHHE BO3AYXa 3aJaeTcs ABYMS ITapaMeTpaMH — er0 TeMITepaTypoi
M OTHOCHTEIIFHOH BIaXKHOCTBIO. {71 ONpeielIeHH I OTHOCHTEIFHOM BIaKHOCTH IIPHMEHSIIOTCS
CIIel[HAallbHbIe IIPHOOPHI — IICHXPOMETPEI H THTPOMETPHI.

Y CTPOHCTBO H ITPHHIMIT Pa0OTHI aCITHPALIHOHHOIO IICHXPOMETPa

[IcuxpomeTp sSBIIsgeTCS HanboIee pacIpoCTPaHEHHBIM ITPHOOPOM JIISI OITPEEIIe HILS
OTHOCHTEJIPHON BIIAKHOCTH BO3IyXa.

[ IprHIpan paboThI IICHXPOMETPa OCHOBAH Ha Pa3sHOCTH ITOKA3aHHH CYXOr0 H CMOYEHHOIO
TEPMOMETPOB B 3aBHCHMOCTH OT BIIaKHOCTH OKPYZKAFOINEr 0 BO3AyXa. [ICHXpoMeTp HMEET JiBa
PTYTHBIX TEPMOMETPA — CYXOH ] M MOKPHBIH 2, UYBCTBUTEIIBHAS YaCTh KOTOPOro 00epHYyTa
OGaTHCTOM, CMaYHBaeMBIM BOAOH. IIpH 5TOM CYXOH TepMOMET]P ITOKA3bIBAET JEHCTBHTEIBHYIO
TEMIIEPATYPY BO3AYXa, @ MOKPBIH C HEKOTOPOH CTEIEHBIO IPHOIIKEHHI — TEOPETHUECKYEIO
TEMITEPATYPY MOKPOI'O TEPMOMET]A.

[lokaszaHsa MOKPOro TEpPMOMETPA TEM ONIKE K TEOPETHYECKOH TEMIIEPATYPE MOKPOI'O
TEPMOMETPaA, YeM OOIIBIIIE CKOPOCTH ITOTOKA, O0YBAOIIETO YYBCTBHTEIILHYIO YAaCTh
TEPMOMETPA, T.K. IIPH 3TOM MEHBIIE CKa3bIBAETCS IIPHTOK TEILIA H3IIVUEHHEM H
TETUIOIPOBOIHOCTRIO. 1103TOMY IICHXPOMETP CHAOKEH CIIEI[HAIILHBIM BEHTHIIITOPOM 3, KOTOPBIH
CO3/IaET ITOTOK BO3IyXa CO CKOPOCThIO Zm/c. [IpHBOI BEHTHIIATOPA OCYINECTBIISIETCS ITPH
ITOMOIIH ANeKTPOoABHTaTEI. I IIPeAOTBPAIEHHS IIPHUTOKA TEIUIA YYBCTBUTEIbHAS YaCTh
TEPMOMETPa 3KpPaHHPYETCS TpyOKaMH 4 2 5.

[Topsimox HaOMIOAeHHS 110 IICHXPOMETPY H 00pa00TKa OIBITHBIX JaHHBIX:

a) CMIAMHBAIONOATHCT Ha Pe3epByape TepMOMETPa. 1 3TOT'0 HCITOIB3VIOT Pe3HHOBBIH
)EIHEI-#.TF'DHHEJIHI'ID NUChIO pesepByap b b l[H YU p

Copmucp OATIQH G AL E IO, SADAHES SATIOMHEHHDIH JEICTIIITHPOBAHHON BOXOM,

Bnageney: L e@,') BEKTHOMEd FOTOHGKI]AOMOTOD,
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B) Uyepe3 4 MHHYTHI IT0CIIE BKIIFOYEHH S SJIEKTPOMOTOpPa ITPOBOIASAT OTCUYETHI I10
TEPMOMETPAM,

I') OTHOCHTENIBHAS BIIAXKHOCTD BO3yXa () IO H3MEHEHHBIM 3HAUYEHHAM CYXOIo fc H
MOKPOTO 7, TEPMOMETPOB MOKET OBITh OIpejielieHa IT0 i,d - JHarpamMme HIH 10
IICHXOMETPHYECKOH TalIHIIE.

1) 1o popmynam (3), (5) H (6) WIN 110 i,d - JHarpaMMe OIpeJleNseTcs IapIHalIbHOe
TaBIIEHHE ITapa B cMecH (P ), BaarocoiepkaHHe (d) H 3HTAJIbITHS BJIaKHOI'O BO3IYXa (Izz).

€) Pe3yIIbTaThl BEIYHCIIEHHI 3aHECTH B TaOIIHITY.

Ne n/n I, °C [ °C PE.-G",- PH PH, 69? o, ﬁ', fg__g
MM.PM.CIN. | MM.DM.CHL. | MM.DM.CHL. /K2 Kk
1
2
3aBHCHMOCTSD JABJIEHH S HACBIIIIEHHOTO I1apa oT fy, °C
ty, °C 0,01 5 10 11 12 13 14 15 16 17
Py mm.pm.cm. 4.6 0.5 9.2 9.9 10,6 11.4 12,1 12.8 13,7 14,7

18 19 20 21 22 23 24 25 26 27 28 29 30
156 | 16,6 | 17,5 | 188 | 20,0 | 21.3 | 225 | 228 | 254 | 27,0 | 28,6 | 30,2 | 31.8
[ IcuxomeTpHyeckas Tabnuia

Temrieparypa MOKPOI0o TEpMOMETPA , tyy, °C
TlolsTw]u]]lB[u@]is]w|w]s]10]20][2[x2]23]24]25]26]27]28]29
E s | 100
M
- 10 45 10
P 0
A 1] 2771 8 [ 100
c [12] 30 [ 17 ]9 [100
7 13 24 | 6 | 80| o0 | 10
X |7 0

14| 18 | 60 | 70 | 80 | 20 | 100
T
E [ 15 s2 62 | 71 | 80 | 90 | 10
P ]
M |16 45 | 55 | & | 71 | 80 | 90 | 100
O 17 30 [as [ 57 | 72 & [ 90|10
S 2
M 0
E LOKYMEHT nofhunc
158 | ANEKIPEHHOU TIOOMMACHHOST (&) 73 e 21 100
Ceptu j:mﬂ_ér: 2C0000043E9ABBR95220%E 7BAJ00060Q0004 3
Bnagepeu: Mg ”"”H"T"iﬁ‘””‘ﬁ““’”ﬂ”z'”"ﬁﬂ sg | 66 | 76 | 32| o1 | 100
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p |20 4] 31 | 32 ] &4 | s1 ] 59 6 |75 93 ] o2 | 100
A

21 0 | 27 | 34 | 33 | 45 | 53 | 60 |63 | 75 | & | o2 | 10
fc 0
[
Cl= 3 | 30 | 34 | 40 | 47 | 54 |61 | 68 | 77 | 84 | o2 | 10

73 19| 26 | 30 | 36 | 42 | 45 | 55| 62 | 76 | 77 | = | 93 | 10

4 3] 2% | 32 | 37 | 44 |45 56 | 62 | 70| 77 | &5 | o2 | 10

0
75 19 | 23 | 28 | 33 | 39 | 45| 51 | 59 | 60 | 72 | 79 | 85 | 93 | 10
0
6 19 | 22 | 30 | 35 | 40| 26 | 53 | 58 | 6 | 72| 78| 85| 91 | 10
0
7 1 | 26 | 32 | 37| 37 | 42 | 48 | 53 |60 | 67| 73| 35 | 93 | 10
0
8 73 | 28 | 33| 38 | 40 | 48 | 55 | 60 | 67 | 731 79| & | 93 | 10
0
20 5 1 30| 35 | 30 | 44 | 40 | 56 | 61 | 63| 72 | 20 | 86 | @4 | 10
0
30 2 1 27| 32 | 36 | 40 | 46 | 51| 7 |63 | 67| 74| 51 | 57 | 94 | 10
0

KﬂHTpﬂ.ﬂthlE BOIIPOCHIL.

1. laitTe orpeferieHe HaChIIEHHOIO H HEHACKIIEHHOI'O BIIaKHOI'O BO3AYXA. Y KakHUTe
BO3MO’KHBIE ITYTH ITOJTYUYEHHS HACHIIIIEHHOTO BIIaKHOI O ITapa.

2. JlaliTe onpeeneHe BIarocoaepkaHis, aOCOIIOTHOH H OTHOCHTEIIEHOH BIIAKHOCTH BO3AyXa.
3. JlaiiTe aHaIM3 IPOLECCaM Har peBaHM S, OXJIAXKICHIS H OCYIIIEHH S BO3AyXa. Permre ¢
rmoMomnipo H —d-mHarpamMmel psyt KOHKPETHBIX 3a]1ad.

AOKYMEHT MNOANMCAH
SNEKTPOHHOW NOAMNWMCLIO

Ceptvdmkar: 2C0000043E9ABBB952205E7BAS00060000043E
Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa
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Tema adoparopnoii padorsi S. OIIPEJAEJIEHHE KO®PUITHMEHTOB
TEIIJIOITPOBO/IHOCTH PA3JIMYHLBIX MATEPHAJIOB

HE‘JIB pdﬁﬂﬂlbﬂ 1. BEISIBHTD Pa3JIMYHBIC MEXAHH3MBI IICPCHOCA TCILIId, PACHUCTHOC H
IJKCIICPHMEHTAJIBHOC OIIPEACIICHIIC OCHOBHBIX XdPAKTCPHCTHK
KGM@HHIIPGEHHHGI‘G TeIrrooOMeHa: KOIIHYECTB TEIlIa, IICPEAaBACMOI'0O OT €C

ITOBEPXHOCTH TCIUIOBBIM H3JIVUHCHHEM H KGI—[EE:ICL[IIE]?I:, KDB(l)(l)HI_[IIEHTﬂ
TCILIIOOT 441 I‘GPHBGHTHHBHDﬁ Tp}"ﬁbI H CTCIICHH YCPHOTBI €€ IIOBCPXHOCTI,

2.01npeaenuTh K03(QHIIHEHT TEIUIOPOBOJHOCTH TEITIOH30JIHPYIOMIETO
MaTepHaIa.

IIpubopsr u mamepuanwvi: 1a00paTOpHAas YCTaHOBKA, IIH(PPOBOIl BOJILTMETP,

aMIIepMeTp, HUQPPOBOIl  MYJLTUMETP, XpPOMEIL-KOIIEICBLIE
TEPMOTIAPHI, JIa3€pHBIN HH(POKPACHBIIT TEPMOMETP.

TEﬂpETH‘IECEﬂH JaCThb.

CyIIecTBYEeT TPH OCHOBHEIX MEXAaHH3Ma IepeHoca TeIula, KaKIbIH H3 KOTOPBIX HMEET
CBOIO (PH3HYECKYIO IIPHPOAY H OITHCBHIBAETCS CBOMMH 3aKOHAMH H YPaBHEHISIMH. 5TO -
TEIUIOIPOBOAHOCTD, TEIUIORASI KOHBEKIIHSA H TEIDIOBOE H3TYUYEHHE.

B mpakTuke Bce 5TH MeXaHM3MBI Yallle BCero AeliCTBYIOT OJHOBPEMEHHO.
Ecnu oHl MOTYT OBITH KaKUM JIIOO oOpazoM auddepeHInpoBaHEl U OIpeelICHEI,
TO B JajlbHeiilmeM 3a cuUeT pa3IMyYHBIX TEXHHYECKHX CPEICTB, BO3MOIKHO,
CKOPPEKTUPOBATL B HYKHOM HaIlpaBIeHHN JeliCTBUS TOTO IUINM MHOIO MEXaHH3Ma
nnepeHoca temia. [Ipu 3ToM He3aBICHIMO OT MEXaHM3Ma IIEpEHOCa, TeIJIOBOM IIOTOK
BCerja HaIlpaBIIEH OT OoJiee HarpeTOro Tela K MeHee HarpeTOMY TeJly I OCHOBHBIM

EI)HKTDPDM:. OIIpCACIIAONIIIM HNHTCHCIIBHOCTD TﬂHHDD6MEHa§ ABJIACTCA PA3HOCTD

TEMIIEpATYP.

B HacTosmen pabore Ha IIpHMEPE HArPeTOH FOPH30HTAIILHOH TPYORI He 00X0HMO
OIPEeAEeNINTh KOIMYECTBO TEIUIA, BEIJIEIIIEMOIO BHYTPEHHHM HCTOUYHHKOM - TPYyO4YaThIM
3IIeKTPOHArpeBareieM, YCTAHOBJIEHHEIM BHYTPH TPYOBI, BRIUHCIIHTE ITIOTHOCTE TEIIJIOBOTO
II0TOKA, IEpPeJaBacMOro OT HarpeBaTels Yepe3 HIMHAPHYECKUH CIIOH TEIUIOH30ISIIHOHHOIO
MaTepHana K e€ Hapy>KHOH ITOBEPXHOCTH H pacCEHBAEMOTr' 0 TETNIOBBIM H3ITYUEHHEM H
KOHBEKI[HEH B OKPYKAIOIIYIO Cpely. B YCIOBHSX CTAIlHOHAPHOI'O TEIDIOOOMEHA H OTCYTCTBHA
yTedyeK TeIUla 10 y3JIaM KpeIUIeHHs TPYOHI e TEINIOBOH OallaHC BEIPAKAETCS COOTHOIIIEHHEM:

Qr=Qx + Qx (1)

rae Qs - TEIUIOBASI MOIHOCTE, BRIJIEIISIEMAS SIIEKTPOHAT PEBATEIIEM,

(Qx - TEIUIOBOMH ITOTOK, OTHaBacMBIH ITIOBEPXHOCTBIO TPYOEI KOHBEKIHEH,
(Qx — TEIUIOBOH ITIOTOK, OTJaBacMBIH H3IIYUEHHEM.

PasmiyaroT cBOOOIHYIO H BEIHYKIEHHYIO KOHBEKIMIO. BEIHY KIeHHAS KOHBEKI
BO3ZHHKAET ITOJ IEHCTBHEM BHEIIHUX CHJI ITPH ABHKEHNH TEJla B HEITOABHKHOH CPEe WIH ITPH
O0TEKAHHH €I'0 CIUIOMIHEIM ITOTOKOM KHIKOCTH WIH r'aza. B oT/ouHe OT 3TOro CBOOOIHAS HIIH
€CTECTBEHHAS KOHBEKIH S BOSHHKACT HCKIFOUNTEIILHO 3a CUET PAa3sHOCTH TeMIIepaTyp Tela U
OKPYZKaIOIIEH Cpebl H JIOKATH30BaHa B HeOOJIBIOH 00IacTH BOKPYT Tella, Ha3kIBAEMOH
IO PAHHYHEIM CIIOEM. JKHIKOCTH WIH I'a3, HATPEBASCH WIH OXIIAKIASICh B 3TOM CIIOe, H3MEHIET
CBOIO IUIOTHOCTE H 3a CUET JEHCTBHUS BRITAIKHBAFOIIIX APXHUMEIOBBIX CIJI HAUHHAET JBHIATHCH,
IMEHCI@@%E%EH IO CPaBHEHHIO ¢ YHCTOH TEIUIONPOBOAHOCTRIO. Koo pHIfieHT

Ceprd PRITIIGOT AP TR CBGE CHHOM WORBEKI[HI, KaK ITPABIUIO, Ha HECKOIBKO ITOPSAKOB HIDKE, YeM
RS Hpn BRI K ReHEOT * PIREPHB Harpspkermie U n ety Toka I, TeMIiepaTyphl HapyKHOI

ITOBEPXHOCTH t.;T H DKp}"}I{ElIDH_[Eﬁ CPEIbI - tu y MOYKHO SKCIICPHMEHTAJIbHO OIIPEACIIHTD
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KO3()(PHIIHEHT TEIUIOOTAaYH TOPH30HTAIIbHOH TPYOBI. JJOIOJIHHTEIFHO B HACTOSIIEH paboTe OH

PACCUHTBIBAETCS H 110 KPHTEPHAIILHBEIM COOTHOIIEHHSIM, ITOJTYYEHHBIM Ha OCHOBAHHH TEOPHH
TTOTOOH .

Nu=C-(G,-P.|",

rae Nu - Oe3pasmepHoe urcio (Kpureprii) HyccenbTa, XapaKTepH3yIOIIee OTHOIIEHHE
TEIUIOBOI'O ITOTOKa, OTAAaBaeMOI'0 IIOBEPXHOCTRIO T€NAa KOHBEKI[HEH K TETUIOBOMY ITOTOKY,
IepefaBacMOMY TEIUIOIPOBOAHOCTBIO YEPE3 CIIOH CPeAbl TOMIIHHON, paBHOH JHAMETPY
TPYOHI.

Gr - kpuTepHi ['pacroda, paBHBIH OTHOINEHHIO BEITAIIKHBAIOIIEH CHIIBI, JeHCTBYIOIIEH Ha
HarpeTbie 00BEMBI KHAKOCTH HIIH ra3a K CHIIaM BS3KOCTH.

Pr - xpurepuii [IpasaTisg, XapaKTepH3YIOIMHA COOTHOIIEHHE BI3KOCTH H
TEeMITePaTyPOITIPOBOTHOCTH CPEJIBI.

B tabimmnax 10.1 1 10.2 mpuBoasrcsa HeoOXOHMBIE JaHHEIE IJIS pacueTa KpHTEPHEB
rmogobusg  Nu, Gr, Pr .

AOKYMEHT MNOANMCAH
SNEKTPOHHOW NOAMNWMCLIO

Ceprvdmkatr: 2C0000043E9ABBB952205E7BAS00060000043E
Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa

Nencteutened: ¢ 19.08.2022 no 19.08.2023



Taoumna 10.1 - Tenmogu3nueckne cBoicTBa cyxoro Bo3ayxa npua P=0,101 MIIa

tg, °'C P, KT/M’ ), BT/m*K v, M-/c c, Jlx/r*K .

.
0 1,293 0,0244 13,2*%10° 1,005 0,707
20 1,205 0,0259 15.1*10° 1,005 0,703
40 1,128 0,0267 17.0*%10° 1,005 0,699
60 1,029 0,0290 18.0*10° 1,005 0,696
80 1,000 0.0305 21.1*10° 1,009 0,692
100 0,946 0,0321 23.1*10° 1,009 0,690

TaoOmma 10.2. 3HayeHnsa C un KpHTepHaIbHOrO ypaBHeHHI Nu= C* (Gr*Pr)"

PesxzivM cBOOOTHOM KOHBEKI[HH (Gr*Pr) C n

[TneHOYHEIIH 1*10°° 0.5 0
[TepexoaHbIi 5%*10° 1.18 0,125
JlaMIHapHEII 2%*10° 0,54 0.25
TypGyIeHTHBIIT 1*10" 0,135 0,33

Ecii TOMOMHATEIbHO H3MEPHTh TeMIIepaTypy Ha ITOBEPXHOCTH HarpeBarens - t,, To I1o
(opMyIaM CTaIHOHAPHOH TEIUIOIPOBOAHOCTH OeCKOHEYHOTO IMJIMHAPA MOKHO TaKXKe
OITPEEIHTh KOA(P(HIMEHT TEIUIOMPOBOAHOCTH A (BT/M'K) TeImoH30IsIHOHHOIO MaTepHala,
HAXOAMIETOCSI MeXIY AeKTPHYEeCKHM HarpeBaTelIeM H Hapy KHOI ITOBEPXHOCTHIO TPYOHI.

Onucanune ElHCI[EpHMEHTH.]]bHDﬁ YCTAHOBKH

PaGoyas 4acThe YCTaHOBKH IPEACTABIISIET COO0H MOJIENIL TEILIIOH30IHPOBAHHOI O
TpyOOIIPOBO/IA H BEIIOIHEHA B BHE TPYOBI ¢ HAPYKHBIM JHAMETPOM 34 MM, JUIHHOH 360 MM,
BHYTPH KOTOPOH YCTaHOBIEH TPyOUaTHIil HarpeBaTelnb JHaMeTpoM 20 My (prcyHOK 10.1).
[IpocTpaHCcTBO MEKIY HarpeBaTelIeM H HapyKHBIM KOKYXOM H3 ITOIHPOBAHHOI'O AIIFOMHHHS
3aIIOJTHEHO TEIUIOM3OIHPYIOIHMM MaTepHaIoM. I HCKITIOUEHH I YTeUeK TEIIa 110 TOpIaM
TPYOBI OHH 3aH30JIMPOBAHEI, a caMa TPyOa BBEIBEIIIEHA Ha TOUEYHBIX OIOpaX. DINeKTPHUECKOE
HarpspkeHHe U, ImojlaBaeMOe Ha HarpeBaTelb, PEryIIHPYETCS ¢ IIOMOIIBI0 aBTOTPaHCc(popMaTopa
H H3MepsieTcs [H(POBBIM BOJIbTMeTPOM. BemmdiHa Toka [ - H3MepseTcs ¢ ITOMOIIBIO
aMIiepMeTpa. B KauecTBe JaTUHMKOB TEMIIEPATYPEL HCIIONB3YIOTCSI XPOMEIIb-KOIEIEBhIE
TepMorapel, OC KOTOPBEIX H3MEPSETCSA IIH(POBEIM MYIIbTHMETPOM. Ero ImokazaHms
IporpagyHpoBaHsl B rpaaycax [{enbcus. CTeneHs YepHOTH IIOBEPXHOCTH OIPEAeIIIeTCS
CpPaBHEHHEM €€ TeMIlepaTyp, H3MePEeHHBIX TEPMOIIAPOH H JIa3ePHBIM HH(] PaKpPaCHBIM
TEPMOMETPOM.

ITopsnok BbInoJiHEeHH S Pa0o0ThI

1. VI3yunTh MeTOIHYECKHE YKa3aHHI, 3aTOTOBHTE (DOPMY OTYeTa O IMPOBeJeHHOH padoTe,
B KOTOPYIO BHECTH Ha3BaHHE H IIeJIb paOOThI, OCHOBHBIE CBEJIEHHS 00 H3yYaeMBIX ITPOIleccax,
CXEMY BKCIIEPHMEHTAILHON YCTaHOBKH, TaOmui(bl 10.1- 10.2 1i1s pacyeTHOro OIpeieIeHH
KO3(P(pHIIHEHT a TEIDIOOTAAYH M TaOmuIry 10.3 I 3aICH Pe3yIbTaTOB H3MEPEHHI H
BRIUHCIICHHII.

OOKYMEHT NOANWMCAH
3NEKTPOHHOW NOONMCLIO

icbukaTt _'I:_' : "EE"!-'.".l:';'"::';I:_':-_I:-_':|:_I:TEI.'..'.:_" 1CIOVWE D000 I"E
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PucyHok 10.1 Cxema mabopaTOpHOH YCTaHOBKH

2. IIpn gocTHKeHHH CTalMOHAPHOIO pexrMa (He MeHee 20 MHHYT ITOCTI€ BKIIFOYEHH S
HarpeBaTelIs) IPOH3BeCTH HaMepeHHs BelnrunH [, U, t, t.. u t;, Pe3ynesrars 3aHecTH B TaOIIHILY
10.3. OGparuTh BHUMAaHHE Ha XapaKTep H3MEHEHHS TeMIIeparyp t, t-B IMpollecce HarpeBaHH
TPYOHL.

3. Berumcrmrs 1o popmynaM (1- 9) m3aHecTH B TaOmHIy 3 3HaueHHI Qs, Qn H Qr o™
H .

4. IlepeHecTH B TaOIHINY JaHHBIE, TIOJIYYEHHEIE IJIS APYTHX 3HaueHHH I, U, ty, to 1 1.
Tabmmia 10.3 - Pe3yabTatel H3MEPEHHH H BEIUHCIIEHII

N, U, 1, ta, ter to Q= Qn Qe o, M, oF
TU/TI B A iC 'C 'C Bt Bt Bt Bt/ | Br/m*K | Bt/
M K MK
1 2 3 4 5 6 7 3 0 10 11 12

O0padoTKa HIKCIEPHMEHTAJIbHBIX JAHHbIX

1) 11O pe3yIbTaTaM BBIIIOITHEHHBIX H3MEPEHHH PacCUHTHIBAETCS
KOJIHYECTBA TEIUIA, BRIJEISEMOE 3IIeKTPOHAIPEBATEIIEM

=[-U
Q=I"U, 2)
2) 1o 3aKkoHy CtedaHa-bombIiMaHa pacCUHTBRIBAeTCSA IIOTOK TeIla, OTJaBacMbIi
ITOBEPXHOCTHIO TPYOBI B OKPYKAOIIYIO CPeJy TEIIIOBBIM H3ITyYeHHEM

= 4
rFr:n*! T[I ]
100/ 1100/ |° (3)

Q,=&CyF-

TJIe € - CTENeHbh YePHOTHI Hapy KHOH ITOBEPXHOCTH TPYOBI (71 HEPKAaBEIOIIEH CTallH & =
0,43; mma MaciasHOH KpackH € = 0,78),
Cy=5,67 Br/™m* K' - KOo3(ppHIFIEHT TEIUIOBOIO H3ITYyUYEHNI aOCOMFOTHO YEPHOI'O TENA,

F=m-d-L . omanp moBepXHOCTH TPYOHL, (M),
D, - ee HAPYKHBIH JHAMETP, (M),
L - mmHa TpyOsI, (M),
T Ty-TeMrepaTypa HapyKHOH CTeHKH TPyObI H OKpyKaromiei cpesl, (K).
3) ITOTOK TeIUIa, OTAaBaeMbIil KOHBEKIIHEH, OIpeJerIIeTCs KaK pa3HOCTE

; QF{:QE_ Qﬂ ’ (4)
NOKYMEHT I__ID,EI,I_I.J*IEﬁ-I
AypeTnvarra ROIPPHITIEHTA TEIUIOOTAAYH O™ pacCUHTHIBAETCS IO (popMyTIe
FaTeaHa An ﬂ,arﬂ:n: _ K .
F [ t.m Lo (5)




3IIECH tr, ty - TEMIIEpPATYPa Hapy KHOIM CTEHKH TPYOBI H oKpykaroreil cpensl, ('C).

5) mony4eHHbIe 3HAYEeHHT o **™ 3aHOCATCSA B TAOIHILY H CTPOHTCS I'papHK 3aBHCHMOCTH
KO3((pHIIHEHTA TEIUIOOTAaYH FOPH30HTAIBHOH TPYOBI IIPH CBOOOJHOH KOHBEKI[HH OT
pa3HOCTH TemIieparyp ( to - tn ).

0) pacyeTHOe 3HAaYeHHEe KO3((HIFEeHTa TEIUIOOTAauH MOKET OBITh OITPeJeIeHO Ha
OCHOBE IMPHBEAEHHOIO paHee KPUTEPHAILHOIO YPaBHEHH S, ITOCTOSHHEIE BEMHYHHEL C H N
KOTOPOI'0, 3aBHCAT OT pekKrMa CBOOOIHOH KOHBEKITHH. OHH OIIPEAEIISIOTCSA B 3aBHCHMOCTH OT
Impon3BeeHHI Kpureprs I'pacroda u kpurepus [ Ipanarna. 3HaueHne Kpurepus 1 IpaHaTis ais
3aaTeMIIEPATYPEI HAPYKHOH ITOBEPXHOCTH TPYOBRI MOJKHO B34Th H3 TaOmHIE! 10.1, a 3HaUeHHE
KputepHs ['pacroda, paccunTEIBAeTCS IO (DOPMYIIE

r —r
G, =g-df——m 0
VE- r:m2 D+273)

, (6)
I7e g — YCKOpeHHe CBOOOMHOrO ITaJcHH,

V — KHHeEMaTH4YecKas BI3KOCTh Bo3IyxXa (Tadsmia 10.1)
7) 10 BEIYHCIIEHHOMY ITPOH3BEICHHIO G, P, IONBL3YsICh Tabmmien 10.2,
OIIpPeJelINTh PeKHM CBOOOIHO KOHBEKTHBHOI'O TEYEHHI BO3AYXa YV HarPeTOil TPYORI U
ko3(ppriHeHTEl C H N KPHTEPHAIIBHOIO YpaBHeHHS (7) H BRIYHCIHTDL 3HaUeHHe KPHTePHI

Hyccenbra

— ' \n
Nu_c.[,Gr.Pr,] g (7)
8) IO BEIYHCIIEHHOMY KpHTepHio HyccelbTa paccuiTaTh 3HaYeHHe 0F*"
o Pt — A
d, Nu’

(8)
3IECH s — KO3((HIMEHT TEIDIOIPOBOIHOCTH Bo3AyXa (Ta0mmiel 0.1).
Hanectn o’*" Ha rpaduk o= F(t.;). CpaBHHTE MeKIy co00H oX* 1 o ™.
9) onpeenHTh KO3 PHIEHT TerIoIpoBogHOCTH A (BT/M- K) TeIIOH30ISIHOHHOTO
MaTepHala, HaXOJSIerocs MeKIy SIeKTPHYEeCKHM HarpeBaTelieM H Hapy KHOH ITOBEPXHOCTHIO

TPYORI |
d, |
In —

Q}_‘;' d

A= L -
}mL-[_tEm—tD_

©)

10) Cuaemate BBIBOABI IIO0 paboTe, KOTOpHIE JOIIKHEI COJIEPIKaTh. KpPaTKOE
ONNICAHHE COJACPKAHUA BBIINOJIHEHHOINI pabOTEI M OCHOBHEIE XapaKTEPUCTHKU
SKCIIEpUMEHTAIILHOII  YCTAaHOBKM, UYHCJIEHHBIE 3HA4YE€HNSA SKCIIEPUMEHTAJILHO
OIIPEJIETIEHHLIX II0Ka3aTeNeil, OIeHKY X M3MEHEHHS OT PEXKNMHBIX IIapaMeTpPOB;
CPAaBHEHUS C JJAHHBIMU, IIOJIYUEHHBIMU PacyeTHLIM IIyTEM, U OI[€HKY BO3MOIKHBIX
OMHNO0K M3MEPEHI.

Ko HTPOJIBHBIE BOIIPOCHI

1. YeM oTimMyaroTCsa APYT OT APyTa pasIHYHbIE MeXaHH3MEBI IIepeHoca Terra?

2. Kakue TeXHOIOTrHYeCKHE ITPOLECCHL B IIPOMBIIIIIEHHOCTH COITPOBOXKIAIOTCS
HECTAIMOHAPHON TEIUIOIIPOBOMHOCTRIO, CBOOOMHON KOHBEKIIHEHN, TEIIIOBBIM H3IIYUEHHEM?

3. Kak H3MeHseTCS TEIUIONPOBOAHOCTD PA3/IMUHBIX TEI IIPH ITOBBIIIEHHH TEMIIEPATYPHI ?

OKYMEHT NOOANMUCAH
GFEOBHPHBIMNBCHIET CMBICIT KOA()(HIMEHTa TEIIIOOTIaH ?

CopTHipukar: EC“@“’%&%&? P RBHBeKTHBHOI O TEIIII00OMeEHA HCITONB3VIOTCSI KPDHTEeDHAIIbHbBIE
Bnapeneu. llleBayxoBa Tar fﬁ yIo Kp P

eRCaHOpPOBHA

3aBHCHMOCTH ? KaKOB (PH3HYECKIIT CMBICTI KPHTEPHEB ITOL00HS, HCIIOIB3YEMBIX B JITaHHOMH
pabore ?
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OOKYMEHT MNoAnvcaH

ANEKTPOHHOW noanuceblo
Ceptvdmkar: 2C0000043E9ABBB952205E7BAS00060000043E
Bnaneneu: LLeBayxoea TaTesHa AnekcaHapoBHa
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Tema sadopatopHoii padorsl 6. OIIPEJAEJIEHHE KOO®POUITUEHTA TEILJIOOTJAYUN
ITP1 CBOBOJHOHN KOHBEKIIINH BO3/IYXA

Ilens padomsr: 1. 3aKperniTh CBeIeHHSI O (PH3HYECKOH CYIIIHOCTH IIepeHoca Teruia OT TOPSYero
TEIUIOHOCHTEIS K XOJIOJAHOMY
2. IIpoBecTH aHamH3 (PaKTOPOB, BIIMSIOIIHX HAa ONTHMH3AI[HIO
TEIUIOIepeJayH IIpoIecca;
3. IIpnoGpecTH HAaBBIKH SKCIIEPHMEHTAIILHOI O HCCIIeJOBAHH S
TEIIOO0OMEHHBIX aIlIIapaToB.

Ilpuédopet u mamepuans:: 1TabOpaToOpHAS YCTaHOBKA, pacXoJ0MepP, MEPHBIH OaK, CEeKYHIOMED.
Teopernueckas 4acThb:

TermmooOMeHHBIMH armiapaTaMH (TeIIOOOMEHHHKAMH) Ha3bIBarOTCS YCTPOHCTRA,
IpeJHa3HAUYeHHBIE IS IlepeJadH Telljla OT OJHOr0 TEIIOHOCHTENIS K Ipyromy. 1o mpHHIHITY
IEHCTBH S TEII0OOMEHHBIE alaIapaThl ITOAPA3ICIISIFOTCS Ha TPH BHAA: PEKYIIEPATHRHEIE,
pereHepaTHBHEIE H CMECHTEJIbHBIE.

B TernooOMeHHBIX aImiapaTax PeKyIIepaTHBHOIO THIIA TEIIO IIEPEAAETCS OT TOPSUYEr O
TEIIJIOHOCHTENS K XOIOMHOMY Uepe3 Pa3IelsIOlyI0 HX CTEHKY, KOTOPas Ha3bIBAcTCH
TIOBEPXHOCTRHIO HarpeBa TEITIOOOMeHHOrO arrapara.

HMHTeHCHBHOCTH pabOoTHl TEINIOOOMEHHOTIO allllapaTa XapaKTepH3yeTCs KOIHYECTBOM
TeIlIa, IepeJaBacMOro Yepes eIHHHILY IIOBEPXHOCTH HAarpeBa B €IHHHILY BpeMEHH. JTa
BeJIMYHHA 3aBHCHT OT (DH3HYECKHX CBOHCTB TEIUIOHOCHTEIEH (BS3KOCThH, TEIIIOIIPOBOIHOCTS,
IUIOTHOCTB, TEINIOEMKOCTE), OT PeKHMa HX JBHKEHHSI, 0T KOHCTPYKTHBHBIX 0COOEHHOCTEH
armrapaTa (pa3Mepbl, MaTepHall, COCTOSHHE ITOBEPXHOCTH Harpesa), OT CpeJHEH I10 TTIOBEPXHOCTH
HarpeRa PasHOCTH TEMIIEPATYP MeKAY I'PErOIeH H 000rpeBaeMOH CPeoH.

[Ipu pacuere TeIUI000MEHHBIX aIdlapaToOB H3MEHEHHE TEMIIEPATY]P TEIIOHOCHTEIEH IIPH
HX JIBIDKEHHH IT0 TEITIOOOMEHHHKY VUHTHIBAETC I BBEIEHHEM B PACUETHYIO (POPMYIIY CPEHET O
TorapH(pMHYECKOro TeMIIepaTypHOro Harmopa At. BimisHiie ocTanbHBIX (PaKTOPOB YUHTHIBAIOT
BBeJleHHeM KO3 (pHIMeHTa TeIonepeJadn K, KOTOPBIH 1O (PH3HYECKOMY CMBICITY ITpeJICTaBIsIeT
cOOOH KOIHYECTBO TEIlIa, IepeJaBacMOro B €AHHHIYY BpeMeHH Yepe3 eIHHHITY ITIOBEPXHOCTH
Harpesa IIPH pa3sHOCTH TEMIIEPATYP MEXKIY TEIUIOHOCHTEIISMH B OJHH rpagyc. Dopmyna s
pacyeTa KOIMYECTBA TEIUIA, IIEPeJaBacMOro B TEIUIOOOMEHHOM allIapare 3a eIHHIIY BPEMEHH,
HMeeT BH:

Q=k-F-At.

3HaUYeHHEe CPEIHETO JIOTapH(MHUEeCKOro Hartopa At 3aBHCHT OT HaYallbHEIX {); U 3 H
KOHEYHBIX f; M t4 TEMIIEPATYP TEIUIOHOCHTEIIEH, a TAK/KE OT CXEMBI BKIIFOUEHHS TETUI0O0OMEHHOTO
armrapara, T.€. OT B3aHMHBIX HaITpaBJIEHHI JBHKEHHS TEIUIOHOCHTEIEH.

CyIIecTBYET TPH OCHOBHEIE CXEMBI BKIIFOUEHHS. IIPSMOTOYHAS, IIPOTHBOTOYHAS H
IIEPEKPECTHAS, a TAK/KE MHOKECTBO CMEIIIAHHBIX CXEM, ITOIIYYAEMBIX B PE3YIIBTATE PasIIHYHBIX
KOMOHMHAI[MI OCHOBHEIX CXEM.

[TpsmoTouHas cxeMa (TIpsMOTOK). [IpH 3Toi cXeMe ABHKEHHS TOPSUHI H XOIOTHBIH
TETIOHOCHTEH ABHKYTCS BIOJb ITOBEPXHOCTH HAI'PeBa B OJHOM HAaIIpaBJIEHHH TaK, YTO Ha
BXOJIE B aIlllapar TEIUIO IIEpeJacTCa OT TOPSYEro TETIOHOCHTENS K XOJIOJHOMY IIpH
OTHOCHTEJIPHO OOJIBIIION Pa3HOCTH TeMilepaTyp. Ha BrIXOJie U3 aIltapaTa TeIUuIo IepeaaeTes OT
OCTHIBIIIETO TOPSYETO TEIUIOHOCHUTEIS K XOJIOJHOMY ITPH MEHBINEH Pa3sHOCTH TEMIIEPATYP.

[poTHBOTQYHAL FXEMREHPOTHBOTOK). T1pH 5TOM cXeMe IBIUKEHHS TETUIOHOCHTEH JIBHIKYTCS

BJIOIIb H@ﬂéﬁ'ﬁﬁtﬁtﬁﬂﬂm B HpGTHEDHDHG}IC[{BI}{ TaK, YTO BXOSIIMH B armapar rOpsSuIHH
Ccpmd}mm ECDDGGGdE‘rEEABB 952205E7BA EDDDEDDDD

Bna,qcncr‘[u @Eﬁ%mmﬂ L @ﬁ'gng O YEKC HGI[UTPETGM}" TEIDIOHOCHTEIIIO.
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Jins onpegeneHu s ko3 HIEHTa TeIIoNepeaaYl TpeOyeTcs KOJIHYECTBO TEITIa,
NepelaHHOr O 3a eJHHHITY BpeEMEHH B TeIDIOOOMeHHOM armiapaTe, CPeHIOI0 Pa3HOCTh

TeMIrepaTyp At MeXIY TOPSYHM H XOJIOHBIM TEIIOHOCHTEISMH H pasMep ITOBEPXHOCTH F.
KormuecTBo Teruia omnpeAesaeTcs M0 pacxoay TEIUIOHOCHTENIEH, HX TEINIOEMKOCTH U
H3MEHEHHIO HX TEMIIEPATYPBI B TEIUIOOOMEHHOM altlapare. B HacaIbHOM armapare,
paboraroreM 6e3 TeIIooOMeHa ¢ OKPYKaIOIeH Cpeloi, KOJIMYECTBO TEIUIA, OTAAHHOE TOPSUIM

TCIIIIOHOCHTCIIEM Q1:, HOJKHO PAaBHATHCH KOJIMYECTBY TCILUIA ng ITOJIVHCHHOMY XOJIIOJHBIM
TCIIIIOHOCHTCIICM.

Q,=Q,=k-F-At;. K= k?ﬂr e
r1e At — cpeHIIT TorapH (MM eCKHII HAITOp, OIpeJelsIeTc s IO TeMIlepaTypaM B 3aBHCHMOCTH
OT IBHKeHHS TeIUIOHOCHTEJIEH.

[ImacTHHYaTHIE TEIDIOOOMEHHEBIE armIapaThl HCIIOIB3YVIOT B KaUeCTBE ITacTepH3aIHOHHO-
OXJIAIUTENbHEIX arperaroB. OCHOBHBIM JIEMEHTOM ATHX TEIIIOOOMEHHHKOB SIBJISTFOTC S
IUTAaCTHHEI |, OTINTaAMITOBAaHHBIE Ha CTAHHHE 2, 00pa3veT cs CBOSOOPa3HBIH «IIAKET).
[IoBepXHOCTS ITITACTHH HMEET BRICTVIIBI 4, KOTOpPBIe 00pa3yIOT MHOI'OUHCIEHHBIE KaHaIIbI
MeXK Y ITIaCTHHAMH. 110 3THM ITacTHHAM TOHKHMH CIIOSMH ITPOTEKAOT KHAKOCTH. CIIOH
KHJIKOCTEH YepeayIOTCS, TIO3TOMY TEIUIOOOMEH YV KaXKIOr0 CII0S KHIAKOCTH IIPOHCXOAUT Yepes
00e OrpaHHYHMBAIOIIHE TTOBEPXHOCTH. Y TUIOTHEHHE IIACTHH 00eCTIEUHBAET CS PESHHOBBIMH
IMpoKIagKaMH 3, MPHKIeeHHBIMH IT0 MIepHQpepHH. 3a4acTyIO ITIaCTHHBI KOMIIOHYIOTCS B TPYIIIIEI.
['pyrmia romacTHH, 0O0pa3yIOIMX CHCTEMY IapaljIEIbHbIX KAHAIOB, B KOTOPHIX JaHHBIH
TEIIJIOHOCHTENIb ABHIKETCS TOJIBKO B OJHOM HaITPaBIIEHHH, COCTABISAET MaKeT. TaKoH ITaKeT
ITo100eH IMyYKY OAHOI 0 X04a MHOI'OXOZO0BOI'0 KOKYXOTPYOHOI'0 TEIDIOOOMEHHHKA.

PasmiyHas KOMIIOHOBKA IVIACTHH B TPYIINAX, TPYIII B ITaKeTaX M ITAKETOB HapaMe
IIPHBOAUT K OOIBIIIOMY pa3sHOOOpa3HIO KOMITIOHOBOYHBIX CXEM, HAIITYUIIIHM 00pa3oM
ITPHCITOCOOIIEHHBIX JUIS BEITTOTHEHH S OITPelelIeHHBIX TeXHOIOTHYEeCKHX (PYHKIIHI.
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PucyHok. 11.1 - IImacTHHYATEIN TEIIIOOOMEHHHK:

a — OOl BHJ, 6 — INIaCTHHBI, 1 — IIJJaCTHHBI, 2 — CTaHHHA, 3 — Pe3HHOBBIE
ITPOKJIAAKH, 4 — BBICTYIIBI ILTIACTHH

AI[]’[HPHTLI MOI'YT OBITH KaK pﬂBﬁﬂpI{BIE: COCTOHAIIIHNE H3 OTAC/IBHBIX IIJIIACTHH, TaK H
HGH}@HB@GPHLIE:, B KOTOPBIX IINIACTHHBI ITOITAPHO CBAPCHEI. B YCIIOBHOM 0003HaUEeHHH

KOMITOHOBOYHOH CXEMBI YKAa3bIBAIOT. B HHCJIHTCIIH (G}E\-IMH) — HHCJIO IIAKCTOB JJIA I'OPAYCI O
TEIINIOHOCHTCEIIA, B 3HAMCHATCIIC — TO KC, I XOIIOJHOI'O TSINIOHOCHTCILA. Kaxmoe ciraraemMoe

O3HAYAET YHELQ HapaafebHbIX ITAKETOB B KaXK[OM ITaKeTe (CM. pHCYHOK 11.2).
ANEKTPOHHOW NOANWUCEIO
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PucyHok 11.2 - IIpuMepsl KOMITOHOBOYHEBIX CXEM IUTACTHHYATHIX TEIUIOOOMEHHHKOBR:
NTHIIaKeHasd cXeMa (TpH ITaKeTa JJIS TOpSYero TeIUIOHOCHTENS, JBa — I
XOIIOTHOTO)

Omicanne J1adopaTOpHOH YCTAHOBKH

JlaboparopHas ycraHoBKa (PHcyHOK 11.3) cocTOHT M3 KOTIIa, HarpeBaroIeM BOIY JIO
HeOOXOIMMOI TEMIIEPATYPEL, KOTOpas peryIHpyeTcs IepeKiroyaTeneM. T eruias Boja I1o
TPYOOIIPOBOAY HACOCOM IIOMAETCS B INIACTHHYATHIH TEIIIOOOMEHHHK, TIOBEPXHOCTH
TEII0O00MEHA KOTOPOIO OIpPEAEIIIeTCS 0 (popMyIIe:

F:Fl-[_n—l_]—Fl

rae F) — IroIa e moBe pXHOCTH OHOI INTaCTHHEI, M,
N — YHCIIO IUIACTHH B TEIUIOOOMEHHHKE, IIIT.

[Io BTOpOoMY KOHTYPY TEIIIOOOMeHHHKA ITOJIacTCsI XOJIOAHAS BOJla U3 LIEHTPAIIbHOI' O
BOAOCHAOKeHHS. /{71 H3MepeHH I TeMIIEpaTyP TEIUIOHOCHTENEH CIIy KaT TepMoIIaps! 1, 2, 3, 4,
YCTAHOBJIEHHBIE HA BXOJE H BBIXOJIE H3 INIACTHHYATOr0 TeTUI000MeHHHKA. OOBEM I'OpSUEi BOJIBI
H3MEPSETCS PACXOAOMEPOM, XOIOMHOH — MEPHOH KOIOOH.

T2 : [ I

100 1010 m 1010
=1 Il = Il

PucyHok 11.3 — CxeMa sKCIIepHMEHTAIbHON YCTaHOBKH

NOKYMEHT NOANUCAH Hﬂpﬂ,[[ﬂH BbIIIOJTHCEHH H pﬂﬁﬂ'l‘bl

NEKTPOHHOW NOANKCHIO
(1 OBHAKOMITHC S GO CXEMOIT 1aGOPaTOPHOI YCTAHOBKH H PACIIONOKEHHEM IIPHOOPOB.
2. BKIFOUHTH YCTaHOBKY H JaTh IIPOIPEThCs KOTIOBOI BOZE.



3. [Tocne BKIIOYEHHS XOIOAHOH BOAEI H3MEPSIIOT PACXO TOPSYEro H XOIOJAHOIO
TEIUIOHOCHTEILSL H BpeMs IIPOBEIEHHS OIThITA.

4. U3MeHeHHe TeMIlepaTyp TeIUIOHOCHTENEH B ITpolecce (PHKCHPYETCS JaTUHKAMH.
PesynbTaThl H3MepPeHHI BEIBOASTCSA Ha KOMITBLEOTED.

AOKYMEHT MNOANMCAH
SNEKTPOHHOW NOAMNWMCLIO

Ceptvdmkar: 2C0000043E9ABBB952205E7BAS00060000043E
Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa
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O0padoTKa IKCIEPHMEHTAJIBLHBIX JAHHbBIX

1. OHPE,[[EHHTL pacxon 1ropaicro H XoJlIogHOo1ro TEIUIOHOCHTEIIEH:

G:E,Mgfc;
T

rae V — 00BbeM TEIUIOHOCHTEIS, M
T — BpeMS IIPOBEIeHHS OITBITA, C.
2. OrnpefenneHHe KOIHYECTBA ITOIIYYaeEMOH H OTAaBAEMOH TEIUIOTHI:

leGl'Pl'Cl'[tl_ta};
Q2=Gz'Pz'Cz'[t4_t2J >
TIe P1=P2, KT/M° — IDIOTHOCTH TeIUIOHOCHTETIET;

Cp:1=Cp2, kJI:x/(x1-K) — yIenpHass MaccoBas TEINIOEMKOCTD BOJIBI ITPH

_ t, =0,5-t,+1t;
OIpEJIeILIFOIIEH TeEMITepaType ™M BRI

3. OHPE,I[EJ]IITL Pa3HOCTE TEMIICPATYP Ha BXOJC H BBIXOAC H3 TeITI00OMeHHHKA:

.ﬂtH:tl—IB; ﬂIH:I4—I2.
4. CpegHHH JIOTapH(pMITYe CKHIT TEMIIEPATYPHBIH HAIOpP OIpeAeseTcs 110 (POpMYIIE:
_ At — At
A= L
In At

5. OnpeaensgeM Ko3(pHITHEHT TeIUIoNepeJayuH 1Mo popMyIie:
_ @
F-At’

6. Pesymerarsl H3MepeHHH H BRIYHCIIEHHH 3aHOCAT B Tabmiiry 11.1.

Tabmma 11.1 — PesymbTaTsl H3MepEHHH H BBIYHCIIE HHI

Ne, Pacxoq Pacxog Komiuyect | Komuect | PasHocts | PasHocTs | Cpemmmii | Kosddg
IUI | TOpSAYEero | XOIOJHOT BO BO TeMIlepaT | TeMIlepaT | JOorapHQ HEHT
TeIIOHOC ) IIOTyUYaeM | OTHaBaeM yp Ha yp Ha MITUe CKHIT | TeIUIOIep
HTEeIsd, TeIITIOHOC O O BXOJIEe B BEIXO]IE HAaTiop, °'C e AU,
M/C HTEILA, TeILJIOTHI, | TEIUIOTHI, | TeImIooOM H3 Bt/(a-K)
M/C KJ[ XK K] XK eHHHK, TeILI000M
Aty eHHIKA,
At
| 2 3 4 5 3] 7 8 9
KOHTpOJIbHbIE BOIIPOCHI
1. JIims Kakux 1esiel ImpeJHa3HavYeHbI TEIUI000OMEHHEBIE araparsl?
2. Yto HazpIBaeTCA KO3 (PHIEHTOM Terutolepeayn? KakoB ero (pH3H4YeCKHH CMBICTT?
3. Kakme BelIMYHHEBI BIMSIOT Ha BEJTHYHHY KO3((HIIHEHTa TeIUIoNepeaqH ?
4. B yeM 3aKIOYacTCs IIPEHMYIIECTBO IIPOTHBOTOYHOH CXEMEI IO CPABHEHHIO C
IIPSIMOT OUHOH?

Bnaneneu:

5. MoxeT m TEMIICPATYPpa I'OpAHICIO TCIUNIOHOCHTCIIA Hd BBIXOIC H3 TeIUI000OMeHHHKA
OBITH MEHBIIIE TEMIICEPATYPRL XOJIOOHOI'O TCIDIOHOCHTCIIA Ha BBIXOIC H3 TeIuI00OMeHHHKA?
0. B KakHX CIIYHAAX IIPH PACHCTC TeIUI0OOOMEHHHKA MOYKHO IT0/Ib30BaTh CS CPCJIHIM

apn@merﬁmmmﬁm HaIropom?

Ceprudpnar:  2c00bogd@TEheX@PAKTERHETEEG, FUIaCTHHIATOMY TEIDIOOOMEHHHUKY .
etgxq2a FeraskITeaexeny 1ad0paTOPHOH YCTAaHOBKH M IIPHHIIHIT €€ JEHCTBH AL
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Tema s1abopatopsoii padorsl 7. OIIPEJAEJIEHNE TEXHHKO-5KOHOMHUYECKHX
IIOKA3ATEJIEH BOJOHAI' PEBATEJIA.

]_IEJII: pﬂﬁﬂ'l‘bl: JKCIICPHMEHTAJIBHOC OIIPEACIICHHE TCXHHKO-3KOHOMIYCCKITX TI0Ka3aTelleH
BOOOHAI'PEBATCIIA B PA3JIMYHBIX PCAIIMAX.

Ilpué opst u mamepuaist: MeTaIlIIMUeCKHIL COCY/]I ¢ KPBIIIKOI, 3MeKTpoHarpeBarensd (TOH),
1QepOnaTHeIe Bechbl HacToimbHOro THIta BHI[-2(PH-101113), ammrepmerp 3-30 , BOTBETMETP 3-
30, TepmoMeTp j1abopaTopHBIH TJI-2, ceKyHIOMep, H3MEPHTEIbHBIE HHCTPYMEHTHI.

TEﬂpETH‘IECEﬂH JaCThb.

K OCHOBHBIM TEXHHKO-3KOHOMHYECKHM ITOKA3aTEISM TEIITIOBOIO Gﬁﬂp}"ﬂﬂEﬂH}IH

OTHOCATCA. IIPOH3BOJHTCIIbHOCTD, TeIIJIOBOH Kﬂﬁ(b(l)HI_[HEHT TIONIE3HOr O JeHCTBHA ﬂm .

OCHOBHOH ITOKa3aTelb (1 000pyA0BaHHI IIEPHOJHYECKOr0 JeHCTBHI — EMKOCTh pabodei
KaMephl B IM™, THOO ITIOIIAAb KAPOYHOI ITOBEPXHOCTH B M”), MOIIHOCTD 3IIEKTPOHAIPEBATEILL,
OO0 pacxojl SHEPIOHOCHTETIS, BPEMS pa3orpesa 10 CTaHAapTHOH padouel TeMIIEpaTVYPHI,
rabapyThI, Macca M P VAEIBHBIX MTOKAa3aTEIEH - VIEIIBHBIE SHEPTO - H METAIIJIOEMKOCTD,
YVIEIBbHBIH PACcXO/l SHEPTHH U T.I.

TeroBon K.I1.JI. 000PYAOBAHMS ITPeACTaBIsIeT COOOH OTHOIIIEHHE KOIMYECTRA ITOJIE3HO
3aTpauyeHHOH TEIUIOTHI K O0IIeMY pacXody TEILIa:

Q,

+100 %,
Qmmp (1)
rae. O; —KOIHYECTBO ITOJIE3HO 3aTPadeHHOI TEINIOTHL, /[,
Oamp — OOILMI PACXO TEIUIA, K/ [o#C.

JI1st oTipeieNnieHH s K.I1. [T, 3JIEKTPOTEIUIOBOTO armrapara HeoO0XOoqHUMO COCTaBHTh
ypaBHEHHE TEIUIOBOro OallaHca paccMaTpHBAaeMOr0 TEXHOIOTHYECKOI O IPOIIECCca I
KOHKPETHOI'O PekKHMa (CTaIl[HOHAPHOI'O WIH HeCTal[HOHAPHOI0). PaccMOTpHM ITOCIIEOBATEIBHO
PEKHMBI «HATPEBY H «KHIIEHHE.

HecTannoHApHBIH pesXHM (Harpes)

M=

OO01Iee KOIHYeCTBO TEIJIOTHI, MIePeJaHHOH OT HarpeBaTelbHBIX 3j1eMeHTOB (T OHoB) B
PEKIME «HATrPeB» PacXOAYETCS HA: HarpeB IMPOAYKTa 40 KOHEYHOH TEMIIEPATYPEI C YUETOM
YaCTHYHOTI'O HMCIIAPEHHS BIIaTH B 3TOM ITpoliecce (J;, Ha Pa3orpeB KOHCTPYKTHBHEIX 3JIEMEHTOB
armrapara 0 YCTaHOBHBIIEHCS TeMITepaTyphl (-, H Ha KOMITEHCAI[HIO IIOTEPD TeIUla ¢ BHEIIHEH
IIOBEPXHOCTH armiapara B OKpPYKaroIyro cpeny Oz, T.€.

Osamp = Q1102105 Kllxc (2)
3HaueHNe BeJIMYHHEL (; ONPEAEIIIOT H3 YpaBHEHHS TeIUIOBOro OanaHca IIpoIlecca:
Q}ZGK'CK 'IBK— Gy Cy 'fBH +AW; r (3)
rae. Gu,-Gr— COOTBETCTBEHHO HAYaJIbHAs H KOHEYHAsI Macca BOMEL, K2,
Cg - Cy— yaenpbHas TEIUIOEMKOCTS IIPH HaYaJIbHOH H KOHEYHOH TeEMIIEpaTypaxX BOJIEI,
k/owc/ (ke K)
15", t5" — HauambHas M KOHEYHas TeMIIepaTypsl BoAbl, °C'
AW ; —KOJIMYeCTBO HCIIAPHUBIIEHCS B IIPOLIECCE HATPEBA KHUAKOCTH, K2,
r - VyIellbHas TeIlloTa Imapoo0pa30oBaHM IIPH CPeIHEN 3a 3TOT IIEPH O
TeMIIepaType IIOBEPXHOCTH XHJIKOCTH, K/[xc/Ke;
trcp=0,5(15"+15")-2

3HaueHNe BEIIMYMHEL I MOKHO OIMpeelIHTh 1o popmyne M. U. OumpHes:
NOKYMEHT MOANWUCAH

anekTPoHHon noanuceto = (2500-2, 38tz cp), kic/ke 4
Ceprudpmkar:  2CONSPePBITPE eITeTIBl KOTTPRTEETBa TeruroThl O- HCIIONIB3YIOT (POPMYIIY:
Bnaneneu: llleGayxoea TatbaAHa AnekcaHgpoBHa
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n
Kk n
QEZZM1C1[~IE —t)
! (5),
rje: M;-macca i-20 37IeMeHTa KOHCTPYKIHH, KT,

C-yaeabHas TeIJIOeMKOCTh MaTepHalla i-20 3lIeMeHTa KOHCTPYKIHH, K/[xc/(keK)

t” t* — COOTBETCTBEHHO HaYalbHAasI H KOHeYHAS TEMITEPATYPHI i-20 31eMeHTa, °C.

TeIuonoTepH B OKPYKAIOIIYIO cpey O;3a BpeMs HarpeBa OIpelelsieTcs o popMyIIe:
QJT:(IC'P'F(IHGH CP_-fHGB)'Tp (6),

rae. OQep— CPEIHHH 3a MEPHO HarpeBa KO3()(PHIHEHT TEIIOOTAaud € IIOBEPXHOCTH
aImrapara B OKpY’KaroIyro cpexy, KBT/(M-K); I IFTMHIpHYECKIX OOIHI[OBOK aIlllapaToB,
HAXOSAIIMXCS B IOMENIEHHH H OKPAaIIeHHBIX SMaJIbI0 CBETIBIX TOHOB:

{I@Z[Q, 4‘|‘ OJ, 05.2( fﬂ-@g .;:p_-rmjﬁ )] I 0_3 KBHI/{/MEKJ (7):,
JIILA I.[IIJ]IIH,I[I)H‘IECI{HK DﬁJ'JIII_['DEGH:, BBITTOITHECHHBIX H3 HEP}I{EIBEIGH_[Eﬁ CTalIH HIIH
AJITFOMITHHEBEIX CIUIABOB, HpII TEhﬂTEpﬂT}fIJE EDS,I[}"XEI, B ITOMCIIICHHH.

agp:[_ig"‘oj 06{ [ 7os cp_-fﬂgﬁ )] 107 (8),
I'JAc. F- ITTIOIAAb HAPYAHDBIX ﬂﬁHIMGEﬂI{ TEIUIOBOI'O allllapaTtad, Mg;

I1105 cp — CPEIHAA 3a TIEPHOJT HAarPeBa TeMITEpPATypa IIOBepXHOCTell o0mHoBkH, °C.
T» — BPEMsI HarpeBa KHAKOCTH IO KHIIEHHSL C.

_ H K
I o8 cp=0, Stgos +tmos ).
Oﬁﬂ[ee KOIIHYCCTRO 3&TpﬂqEHHﬂﬁ TCIIIIOTEI QEHTPE:, OHPE,I[EHEHHGE B XOJIC BKCHEPIMEHTH
11O TTOK A SaHH M ﬂI‘vﬂ_[EpMETpﬂ H EGHBTMETPH:, BEIYHCIIHACTCH T1O (bﬂpM}fJIE:

QgﬂTPEZP'Ip: IU'TP'IO_S Mﬂfﬂ (9):.
rae: P — MOIMHOCTh HarpeBaTelIbHBIX 3JIEMEHTOB, kB,
I U — cOOTBETCTBEHHO CIJIa ToKa (A) M HalpspkeHHe IHTaromiei ceTH (B).
OTHOCHTEJIbHAS IIOTPEMIHOCTD B SKCIIEPHMEHTE:

5 QJATPB _QJATP- 100
Q. 5

3ATFP

% (10)
CranuoHAPHBLIH pesKNM (KHIIeHHe)

YpaBHeHHe TeIUIOBOro GanaHca B CTAaI[HOHAPHOM peKHMe HMEeT BHI!
Os4rp=01+ 05,

rae. O;- TEIIoBas MOIIHOCTE, PacXoAyeMas Ha IOIepKaHHe ITpollecca KUIIEHHS, T.€. Ha

HCITapeHHe BIIari, KBT,
(O ;— TEIUIOBASA MOIIHOCTE, KOMIIEHCHPVIOIIAS TEIUIOIIOTEPH C IIOBE PXHOCTH

armrapara B OKPY Karollyro cpeny, KBT.

BemiunHy Q; pacCUHTHIBAKOT IO (POPMYTIE:

O1=AW>r xkBm (12),
rae: AW,— KOImM4ecTBO BIIarH, HCITapseMOe B eJHHHILY BpeMeHH, x2/c |
¥ — VIelbHas TEIUIOTa ITapo0o0pa30BaHHs IPH TeEMIIEPATYPe KHITEHH S KHIKOCTH,

k/ic/xe;

3HaueHHe BEJIMYHHEL ;5 OIMpPeJesIIoT 0 (popMyIIE:

Qs = F(tmoscs™ -tnos) T xBm  (13),
rﬂ%ﬂ%ﬁﬁ?%%%EHT ﬁTEHHGGTI[HT{H C IIOBEPXHOCTH OOJIMIIOBOK dIllapdaTa B

OKPY KaIOIENRY ¢p@ryenkBeY v K), BEIUMCIIEHHSIH 110 (hopMyIIaM (7,8) IIpH TeMIlepaType
g:::;fﬁ% eﬁ%&%ﬁﬁ?%iﬁiﬂiﬁ%ﬁﬁf B CLANIOHapHOM peXIME.

XOBa 1daTkH KCaHOPpOBHA

L=

CIUIOBOH K.ILA. 3JICKTPOTCIUIOBOI'O alllldpaTa B CTAIlMIOHAPHOM PEiKIIME.
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Q
n, =——100

Q 3a7p % (14).
OGIee KOMHYECTBO TEIUIOTHI Qsarp, OIPEMENIEHHOE B XO€e SKCIIEPHMEHTA 110
MTOKa3aHHSIM aMIlepMeTpa M BOIIBTMeTpa, B CTAIIHOHAPHOM pPesKHMe PaBHO:
Osure”=IU-10° xBm  (15).
[TorpenHocTh AKCIIEpHMEHTa BRIYHCIIeTCSA IO (popmytie (10).
[IpoM3BOMTENFHOCTD TEIDIOBOIO aIdIapara;

m=Y9P
T,

rae; V- o6beM paGodeil KaMepEL, M,
@ — KO3(p(pIIEHT 3aITOTHEHH,
p — TNIOTHOCTD KHIKOCTH, KI/M”;
T'r;— BpeMs TEXHOIOTHYECKOr 0 ITHKIA (CyMMapHOe BpeMs 3aTrPY3KH, TEIUIOBOH
00pabOTKH H BBITPY3KH), .
Y nerpHast MeTalNIOEMKOCTD .

M,
m=— ﬁ
14 KM (17)
Y nerbHas MeTallIOEMKOCTD !
P
J=— ﬂ
V kBmm®  (18)
Y nenbHBIH Pacxo/l SHEPIHH:
Nvy=P/II xBm ke (19)

MeTomika IMPOBEIACHHA HSGKCIIEPHMCHTA

[Ipexe yeM IMPHCTYIIHTh K BEITIOIHEHHIO 1a00PaTOpHOH padoThI, HYKHO 03HAKOMHTBCS
C IIpaBWIAMH TeXHHKH 0€30ITaCHOCTH H OCBOHTE HEOOXOIHMEBIH TEOPETHYECKHH MaTepHall

Kypca.

[lepen HayaIOM HCITBITAHHH HEOOXOHMO H3MEPHTh HAYAIIbHYIO TEMIIEPATYPY
OKPYKaIOIIEeH cpelibl, OCHOBHBIE T'eOMETPHYECKHE Pa3MepPhI TEIIIIOBOrO arlapara, Maccy
OTJIENIbHBIX 3JIEMEHTOB KOHCTPYKI[HH. Maccy BOJBI, OIPeelIsItOT, B3BEINHBAS alllapaT BMECTE C
BOJIOH M BEIYHTAS 3aTEM MACCY KOHCTPYKI[HH.

[TomxmrowrB armrapaT K CeTH, H3MEPSIOT BpeMs pa30orpeBa, CHITY TOKa H HAaIIpsSKeHHS B

CCTH. HpH 3aKHITaHHIT BOJABI OTKIIIOYAIOT aIllapaT H ITYVIEM B3BCIIHNBAHIIA OIIPEACIIIIOT MACCY
IICH&pI[BIl[EﬁGH BII4I'H.

BHOBB ITOAKIIIOYAIOT dIlllapaT K CCTH H KHITATAT, COACPKIHIMOEC B TCHUCHHE 5 MHHYT,

H3MCPAA TCMIICPATYPY KIOICHHA FKHIAKOCTH. I1o HcTeyeHHH YKd3dHHOI'O BPCMCHH alIlllapaT
B3BCHIMBAIOT, OITPCACIIIA MACCY BIIAIH, HC]'[Elp]?[BH.[E:ﬁCH B CTAIlIIOHAPHOM PCIKIME.

CocTaBJ/iIeHHEe O0TYeTa

OTYET O IMPOJCcIaHHON padoTe JOIIKEH COAEPKATh:
7) 1emb paOOoTHI,
8) mnepedyeHb IIPHOOPOB H MAaTEPHAJIOB,
9) omicaHHe 1abopaTOPHOrO CTEH A,

10) METOMIKY TIDOREAEHHS SKCIIEPHMEHTA,

11) pacaeTrRE IagTBGHIO
CepTudukar: %gb%ﬁ?ﬁ 8
Bﬂzﬂﬁ‘ﬂﬁ-‘u: 1LI.I EJyHDBﬁéﬁﬂgﬁgﬁkﬁﬁwﬁéme'
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PacueTHast 4acTh

HecranmuoHapHbIA peskuM (HArpeB):
Harpes nmpojaykra 10 KOHEYHOH TEMIIEPATYPRI ¢ YUETOM YaCTHUYHOI'O HCITAPEHH S BIIarH
paBEH:
Q;ZGK'CK 'fBK— GH 'CH 'fBH —I_&I’-Vj ¥
rne: Gg=0 78 xe — HadaJIbHASg Macca BOJBI,
Gx=08 xe—KOHeYHas Macca BOIBI,
Cr-Cx=4,19 x/lc/(keK) — yIelnbHasa TEITIOEMKOCTD IIPH HavyaIbHOH H KOHEYHOH
TEMIIEpATypax BOJEI,
t5-=97°C — KOHeUHasd TEMIIEpATypa BOIBI;
15”7 =25°C — HavabHASI TEMITEPATYPHL BOIBL;
AW ; =0,2 ke — KOJIIMYECTBO HCITAPHBIIIEHCS B ITPOLIECCE HArPeBa KHIKOCTH,
r - YIelbHas TeIUIoTa IapooOpa3oBaHUA IIPH CPEMHEN 3a STOT IIEPH O
TeMIIEpaType IIOBEPXHOCTH XHIKOCTH, K/[c/Ke;
r=2500-235t7cp THE

trep =0,5(t57+157)-2=0,5(25+97)-2=59, orcrona
r=2500-2,38 tmrcp=2500-2,35-59=2438,62 k/lxc/xke , TOTJA
0:1=GxCx t5°— Gg -Cr t5" AW r
=0,78-4,19-97-0,8-4,19-25+0,2-243862=720,9 xBm

PazorpeB KOHCTPYKTHBHBIX 3JIEMEHTOB allllapara 0 YCTaHOBHBIIIEHCS TeMITEPATyPhbI
paBeH:

QEZZ Mlcl[:t;{_t?:]

rae. M;=0,7 ke - Macca i-2o 3IeMeHTa KOHCTPYKIIHH,
Cr=1,2 x/[xc/(xeK)- yaembHas TeINIOeEMKOCTh MaTepHana i-2o 3IeMeHTa
KOHCTPVYKIIHH,
1;7=25°C - HayalbHas TeMIIEpATYpa i-20 AEMEHTA;
1*=97°C —KoHeYHas TeMIIEPATYPHI i-20 DIIEMEHTA,

QE:Z M1cl[:tf:_tf{ )
!' =3 0,7-1,2(97-25) = 60,48 «Bm,
KoMrieHcaIHa 1oTeps TeIa ¢ BHEIHEH IMOBEPXHOCTH aImIapaTa B OKPYKaIOIIYIO CPpeay

paBHA:

QszaCP'F(fﬂaﬁ c:fP.‘fﬂaﬁ) Tp
re. Ocp— CPEeIHHI 3a MepHO HarpeBa KO3()PHIEHT TEIUIOOTAa4YH C ITOBE PXHOCTH
aImrapara B OKpy’KaroIyto cpexy, KB1/(mMK);

AJEL HHJIHHAPHYCCKILX DﬁJ]III_[GE'DI{:. BBIITOJIIHCHHBIX H3 HEP}I{EIEEIDH_[E:ﬁ CTaJIH HIIH
dJIFOMIHHEBBIX CINIABOB, IIPH TCMIICPATYPE BO3VXad B IIOMCIIICHHI.

Qcp=[5,2+0,06( 705 cr-T o3 )]'fﬂrj
rae; F=0,048 m° - TDIomaah Hapy KHBIX OOIHI[OBOK TETUIOBOrO aIliapaTa;

[ 1705 cp — CPEIHAA 3a IIEPHOJL HarPeBa TeMITEpPATypa IIOBepXHOCTell 00mHoBKH, °C.

T, =480c — BpeMs HarpeBa KHIKOCTH J0 KHITEHHT,

nokyMerT nondinesier=0, 5 (fros +inos ) =0,5 (25+97)=64 °C, Torma
SNEKTPOHHOW NOANVCHIO

Ceprvdmkatr: 2C0000043E9ABBB952205E7BAS00060000043E i .
Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa a.;jp:[j, .2"‘ OJ 06( rﬂgﬁ .;jp_'rﬂgg )] Iﬁ"'

=[5,2+0,06(61-25)]-10°=0,00736 xBm/(mw’K);
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QszaC’P'F(rﬂaﬁ C’P.-IHGB) 1p=
= 0,00736:0,048(61-25)-480=6,1 xBm

OOI11ee KOMHYECTBO 3aTPayeHHOH TEIIOTHI PAaBHO:
Osarr"=P-1,= [ U1, 107
rae. I=3,54 — cuia Toka,
U =220 B —HanpsKeHH e TIHTAIOIIEH CETH.
Osarp"=ITU 1107 =3,5-220-480-10°=369,6  xBm.

CTalHMOHAPHBIA pPeKHM (KHIIEHHE):
Terurosast MOIITHOCTh, pacXoayemMasi Ha IIOAAep KaHIE ITpoliecca KHIIEHHE PaBHa:
Q 1 =A IV:'F"
rae: AW.=0 1 k2/c— KOIIMYECTBO BJIarH, HCIIapseMOe B eJHHHIY BpeMeHH,
r=2438,62 x/Pc/ke — yIellbHas TEII0Ta Iapoo0pa30BaHI IIPH TeMIlepaType
KHIIEHHS KU IKOCTH;
O1=AW:r=012438562=243,86 «Bm

Terurosass MOIITHOCTh, KOMITEHCHPYIOIAS TEIUIONIOTEPH C IMTOBEPXHOCTH allllapaTa B

OKPYZKAIOIIYIO CPEY PaBHA:
Os = a'F(rHGB.CPR.'IHGB)'T
rae: a=000736 xBm/(m°K) — K03 (HIMEHT TEITIOOTAAaYH C IIOBEPXHOCTH OOITHI[OBOK

armrapaTra B OKpPYKaroIlyio Cpeldy,
F=0,048 m"- TU10IIa b HAPYKHBIX OOJIHI[OBOK TEIUIOBOIO aIllIapara;

lIros.cr” =97°C — cpeIHASI TeEMITeEpATypa IOBEPXHOCTH KHIKOCTH,
[105=25°C — TeMIIepaTypa HOBEPXHOCTH,
Tp=300c — BpeMs HarpeBa XXHAKOCTH O KHITEHHT,
O; = 0 P (tnoscr™ ~tros) T=0,00736-0,048(97-25)-300=7,63 xBm

HPGHBEGI[HTEJ]LHDCTL TCIIJIOBOI'O aIlllaPdTd pPaBHA.

p=Y9p
TH
rae; V- o6beM paboyeil KaMepBI, M,
@ =1 — K03 PHIIHEHT 3aITOTHEHHST,
p — TNIOTHOCTD KHIKOCTH, KI/M”;
T=0, 134 — BpeM$ TEXHOJIOTHYECKOTO IIHK/IAa (CYMMapHOE BpeMs 3arpy3KH, TETUIOBOM

00paOOTKH H BBITPY3KH),

_V.¢-p_108

r, 0,13

I1 =6,15

Ke/uy.

KﬂHTpﬂJ’[thIﬁ BOIIPOCHIL.

1. HPI[BE,I[HTE I{JIE],CGH(bI]I{EH_[I[EO TeII000MeHHBIX dIIIaPaTOB H H3JIOMKITC HX TEHJID(l)HBH‘IEGI{HE H
KOHCTPYKTHBHBIC OTJIHUHTCIIbHBIC 0COOEHHOCTH.
2. HazoBHTE H3BECTHHBIE BHIBI pPacHcTa TEITTIOOOMEHHBIX dllIIaPaTOB. B 4eM 3aKimodaeTcs

OCH OB A NOR VR bl

cepm¢%gﬂﬁéﬁmgﬁﬁmwgﬁ)@&%ﬁﬁ@ﬂﬂq}[ H TeIlJIOBOro OaaHca JIILA TeITIO0OMeHHOT O
BHEQEHWHWPHPBE TateAHa AnekcaHgpoBHa
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4. Harmmmite popMyIIy 714 pacueTa TEIJIOBOIO IIOTOKAa B PeEKYIIEPaTHBHEIX TeIUI000MEHHBIX
armaparax.

5. Uto Takoe cpeaHsId pasHOCTh TEMIIEPATYP H KaK OHA PaCCUHTHIBAETCS?

0. IIpuBeauTe 3aKOHOMEPHOCTH H3MEHEHHS TEMIIEPATY]P B IIPSMOTOUYHBIX H ITPOTHBOTOYHBIX
TEIJIOOOMEHHEBIX alraparax M JanTe 0ObSICHEHHS.

7. BBITIOIMHHTE CpaBHUTEIBHBIH aHAIH3 ITPSIMOTOYHBIX H ITPOTHBOTOYHEIX TEIIIIOOOMEHHBIX
aImapaTroB M JanTe OOBSICHEHIIA.

8. M3moxHTe OCHOBHBIE METOJIBI HHTeHCH(PHKALIHH ITPOIIECCOB TEIUIOOTAauH B TeIUI00OMEHHBIX
armaparax.

AOKYMEHT MNOANMCAH
SNEKTPOHHOW NOAMNWMCLIO

Ceprvdmkatr: 2C0000043E9ABBB952205E7BAS00060000043E
Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa
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1.

CnHcok pekoMeHAYeMOH JIMTEPATYPbI
IlepeyeHb OCHOBHOM JIMT €PATYPbI

SnoBekmii, A.A. TeopeTHueckiie OCHOBBI TeIJIOTeXHHKH / A.A. SHoBckmii |
QenepallbHOE T'OCYAAPCTBEHHOE OHOMKETHOE 00pa3OBaTEIbHOE YUPEKIAEHHE BBICIIETO
IMpo(pecCHOHAIBHOIO 00pa3oBaHUS (CTaBPOMOILCKHI T'OCYAapCTBEHHBIH arpapHBIH
YHHUBEpCHTET. — CraBporons : CTaBpOMOIBCKII TOCYIAPCTBEHHBIH  arpapHBIH
yHuBepcureT, 2017. — 104 c¢. : un — PexmMm pgocryma: 1o nojnucke. — URL:
http://biblioclub.ru/index. php?page=book &1d=484962 (mara oOpamenus: 15.10.2019). —
buGimorp. B KH. — TeKCT : 3IeKTPOHHBIH.
Termmorexanka: yaeOHHK/|M.I'. [IlatpoB, U.E. MranoB, C.A. IIpmmmBuH 1 A.p. |, TOI pex.
M.I'. IIlatpoBa. — 2-e m3x., ucrnp. — M.: Axagemusa, 2012. -288 c.: mi1. — (Bricree
npodeccHoHanbHOe oOpa3oBaHHe. TpaHcriopr) (bakamaBpuar). — Ha ydyeOHHKe rpud:
Hor. MO. —IIpmn.: ¢.269-282. — bubmorp.: ¢. 283. —ISBN 978-5-7695-8749-8

Ilepeyens JONMOJTHHTEILHOH JIMTEPATYPhL:

Cunuseckuii, 1O.B. CoopHuK 3amau 1mo Kypcy «TermmorexHukay»: [yue6.mocobue| / FO.B.
Cunuseekuii. — CII6.: I'HOP]JI, 2010. — 128 c. : mm., rpad., Tadbm. — [Ipm.: ¢. 109-126. —
bubmorp.: ¢. 127. — ISBN 978-5-98879-114-0

CrosHoB, H.M. TeopeTHueckHe OCHOBEI TEIUIOTEXHHKH: TeXHHYECKas TEePMOAHHAMIKA H
TermoMaccooOMeH / H.U. CrosnoB, C.C. CvupHoB, A.B. CvupHOBa ; MHHHCTEPCTBO
oOpasopaHuga M HaykH Poccuiickon @epepannn, OefepalbHOE TIOCYAAapPCTBEHHOE
aBTOHOMHOE 00pa30oBaTelIbHOE YUPEKIEHHE BEICIIET O ITPO(ECCHOHAIFEHOIO 00pa30BaHHs
«CeBepo-KaBkazckuil pesepallbHBIH YHHBEePCHTET». — CTaBpornons : CKOVY, 2014. — 225
c. : mi. — PexumMm poctyma: mo mommmcke. — URL: http://biblioclub.ru/index.php?
page=book&i1d=457750 (mara obpameHus:. 15.10.2019). — TekcT : AMeKTPOHHBII.

IlepedeHs pecypcoB HHPOPMATHOHHO-TEJIEKKOMYHHKANMHOHHON ceTH «HTepHeT»,

HEﬂﬁKﬂ,[[HMbIK OJIH OCBOCHHAHA THCIIHILIIHNHbI

1.

OneKTpoHHO-0HOmoTeyHasd cucTeMa IPRbooks

2. DnekTpoHHas OHOIHOTEYHAsI CHCTEMa « Y HHBepcHTeTcKas OHOmHoTeKa on-liney
3. DINEeKTpPOHHO-OHOIMOTEYHas cucTeMa JIaHb

AOKYMEHT MNOANMCAH
SNEKTPOHHOW NOAMNWMCLIO

Ceprudomkar: 2C0000043ESABBES52205E7BAS00060000043E

Bnaneneu:

llleGayxoea TaTeAHa AnexkcaHgpoBHa

MUHUCTEPCTBO HAYKHU U BEICIHIET'O OBPA3SOBAHUS POCCUHMCKON OEIEPAITUU
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OEJEPAJIBHOE 'OCY JAPCTBEHHOE ABTOHOMHOE OBLPA3OBATEJIBHOE
YUPEXJAEHUE BBICHIEI'O OBPA3OBAHNW
«CEBEPO-KABKA3CKHWHU ®EJAEPAJIBHBEIM YHHUBEPCHUTET»

[Iaruropcxedt HHCTHTYT (rman) CKOY

MeToanueckue yKazaHusi

IO OpPra’Hmus3allHH CaMOCTOAT eJIbHOH pﬂﬁﬂTH
I10 JHUCILIMILTIHHE « | eITIOTeXHHKAY
1A CTYACHTOB HAITpaBJICHITA ITOAI'OTOBKH

23.03.03 Dxcuryaranu s TPAHCHOPTHO-TEXHOJIOTHYECKHX MANIHH H KOMILIEKCOB

[Iaruropck, 2023

AOKYMEHT MNOANMCAH
SNEKTPOHHOW NOAMNWCLIO

Ceprvdmkatr: 2C0000043E9ABBB952205E7BAS00060000043E
Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa

Cogep:xanune
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MeToamyuecKie VKa3aHHS H 3aJaHHs JUIS BBIIIOIMHEHHS CaMOCTOSITEIIEHOH PaloThH
CTYAEHTAMH II0 JHCIFOUIMHE «TeIMOTeXHHKa» II0 HAIlPaBIIEHHIO IIOATOTOBKH OaKallaBPOB:
23.03.03 Dkcruryaraiis TPaHCIIOPTHO-TEXHOIOIHYECKHX MaIllMH H KOMIIJIEKCOB

Metoamyeckoe I1moco0He COMEPNKHUT BeCh HEOOXOIMMBIN MATepHall JUIS BBIITOITHEHIS
CaMOCTOSITEIILHON PalOoTHI IO JUCIHIUIHHE « T eIUIoTeXHIKA .

B maHHOM METOMHUYECKOM ITOCOOHH ITPHBEIEHBI TeMBI H BOIIPOCHI IS CaMOCTOSATEIIBHOIO
H3YUEHHS.

AOKYMEHT MNOANMCAH
SNEKTPOHHOW NOAMNWMCLIO

Ceprvdmkatr: 2C0000043E9ABBB952205E7BAS00060000043E
Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa

1.00mas XxapaKkTepHCTHKA CaMOCT OATEIbHOH Pad0ThI CTYAEHTA
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CaMocTogTelIbHasg padora — 3TO BHJ YUEOHOH AESTEIBHOCTH, BBIITOIHSIEMBIH YUYAIIHMCS
0e3 HEMNOCPEACTBEHHOIO KOHTAKTa C IIperojJaBaTeleM MM VYIIPABISEMBIH IIPelogaBaTelIeEM
OIIOCPEMOBAHO Yepe3 CIlelHalbHble YUeOHBIE MaTepHalIbl, HEOTheMIIeMOe 00s3aTeIbHOE 3BEHO
Iporecca OOYUYeHHSL, IpeAyCMaTpPHBAIOIIEe MPEKAE BCEr0 HHANBHAYAIbHYIO PaboTy YUAIIHXCS
B COOTBETCTBHH C YCTAaHOBKOMH ITpeltofaBaTells WiIH yueOHHKa, ITporpaMMBl 00yUeHHA.

Ha coBpeMeHHOM »5Tale CcaMOCTOSTElbHYI) palboTy CTYAeHTa CIeAyeT pasdclIHTh Ha
pabory ¢ OyMa)XHBIMH MCTOYHHKAMH HH(POPMAIHH, T.e. Yy4yeOHHKaMH, MeTOIHYeCKHMH
ITOCcOOHSMH, MOHOTpa(hHAMH, KYPHAIaMH H T.J. H 3IeKTPOHHBIMH HCTOYHHKAMH HH()OPMAIIHH,
T.€. JOCTYII K 3JIEKTPOHHBIM pecypcaM yepe3 MHTepHeT.

CerogHs CaMOCTOATEIILHYIO padoTy CTYIAEHTa HEBO3MOKHO IIpeJCTaBHTh 0Oe3
HCIIONBb30BAaHHS HH(POPMAIHOHHOH ceTH — MHTepHeT. HeoOXOZHMOCTE HCIIOIB30BaHHSA
HTepHEeTa BOSHHKAET HE TOIBKO ITPH ITOATOTOBKE K ITPAKTHYECKHM H CEMHHAPCKHM 3aHSITHSM,
HO, B OOJIBIIIEH CTEIIEHH, ITPH HAITMCAHHH Pa3IHYHBIX HCCIIEI0BATENLCKIX H TBOPYECKHX PadoT.
MHorHe coBpeMeHHBIe MOHOI'pa(pHH, IIepPHOAHYECKHE KYPHAJIbI H3JaHbI TOJIBKO B BIEKTPOHHOM
BHJIe H C HIMH MOKHO IT03HAKOMHTLCS TOILKO B MHTepHEeTe.

Ilen H 337298 CaMOCTOATEILHOIl PpadoThL: (POPMHPOBAHHE CIIOCOOHOCTEH K
CaMOCTOSATEILHOMY ITO3HAHHIO H O0YYEHHIO, IIOHCKY IHTepaTyphl, 0000IIeHHI0, 0(pOPMIIEHHIO H
IPeACTABIIEHHIO IIONYUYEHHBIX PE3YJIbTATOB, HX KPHTHUYECKOMY aHAIM3y, IIOMCKY HOBBIX H
HEOPJAHHAPHBIX PENIEHHH, apryMEHTHPOBAHHOMY OTCTAHBAaHMIIO CBOMX ITPEIIOKEHIIH, YMEHHI
TIOJITOTOBKH BHICTYIUIEHHI H BEJESHHS JHCKYCCHIL

KoMnereHnuu o0yuarierocs, (popMupyemMbie B pe3yJibTaTe 0CBOCHHA JHCITHILTHHDI

HanmMeHOBaHHE KOMIIETEHI[HH

Kop, ¢opMynnpoBka Ko, dopMyIHpoBKa HHIHKATOPA [ImaHnpyeMbIe pe3yIbTaThl
KOMIIETSHITHH O0YyUeHH S IO JUCI[HIUIHE
(MOZYIX0), XapaKTePH3VIOIIHE 3TAITbI
(hopMITPOBAHTS KOMITETE HITHI,
HH IIIKaTOpPOB
OIIK-1 Criocoben -1 0k ['OTOBHOCTE K KOHTPOJIIO
IIPHMEHSTH OCHOBBI €CTECTBEHHOHAYYHBIX H | TEXHHYECKOT O COCTOSTHI S
€CTECTBEHHOHAYYHEIE | OOINEMHKEHEPHBIX HAVK, TPaHCITOPTHBIX CPeICTB C
1 OOINIEHHKEHEPHBIE | METOJOB MAaTEMATHYECKOTO HCITOIIb30BAHHEM CPeICTB
3HAHIS, METOJIBI aHaIM3a M MOAEIIHPOBAHH 5. TEXHHYECKOI'O JIHATHOCTHPOBAHH S
MaTeMaTHYECKOTIO
aHaImM3a u NJI-2onxa ['OTOBHOCTF K OpraHuszalui |
MOJEIIHPOBAHU B [ IprMeHSTE KOHTPOIIIO KayecTBa 151
ITpoecCHOHAIEHOH eCTECTBEHHOHAYYHEBIE H Oe30ImaCHOCTH IPOIIECCOB
IESATEILHOCTH OOIIEHHKEHEPHEIE 3HAHHS, CEpPBHCA, ITapaMeTPOB
METOIBI MaTEMaTHYE CKOT'O TEXHOIIOTHYECKHUX ITPOLIECCOB C
aHaI3a H MOAEIIHPOBAHU A B yU4eTOM TPEOOBAHHI ITOTPEOHTEILS
ITpode CCHOHATbHOMH
NESTEIbHOCTH.
M J1-30mic1 CriocobeH aallTHPOBATh H
Hagrrikom IIPHMEHEHN ST | MOAH(HIHPOBATh
eCTECTBEHHOHAYYHBIX H | CIIEIHATIH3HPOBAHHOE
anié?nﬁ;gﬁuggﬂﬁgﬂmgenmﬂempﬂmx 3HAHHH, | IPOrPAMMHOE o0ecCIIeYeHHE,
Ceptutbukar:  2C0000043E9AB8B952205E BMEECHEQBo43e MATCMATHYCCKOI'O | METOABI H aAJMOPHTMBI CHCTICEM
Braneneu:  leBayxosa Tatesna Anexcafngdedlii3a W MOJEIMPOBAHMSA B | HCKYCCTBEHHOIO HHTEIUIEKTa H
Ipode CCHOHAIbHOM MAaIIMHHOIO OOYYEHI ST B

,D,EHCTEH FereET



JESTEITLHOCTH. ITpo( eCCHOHAIIbHOM
JIEeSTEIbHOCTH

2. I1l1aH - rpa)HK BHIIOJIHEHH S CAMOCTOATEIbLHOI padoThI

Kozrl CpenctBa u OOBEM YaCOB, B TOM YHCIIE
peaTn3yeM TEXHOIIOTHH CPC KOHTaKTH Bcero
BIX B OLIEHKH as pabora
KOMITETEHIT HJT IeSTelIbHOCTH ]
y CTYJIEHTOB
15158 ITperojgasa
HHIHKATOP TelleM
a(oB)
3 ceEMeCTp
OlIK-1 CaMOCTOSATENIBHOE ColOecemopaniie | 603,18 7,02 70,2
MA-1; VII-2; | p3y4eHHe THTEPaTyPHI
1a-3) 10 TeEMaM
No 1-8
OIIK-1 IloAroroBka K OTYET 1,62 0,18 1.8
(114-1; UI-2; Ta00pPaTOPHBIM (THChMEHHBIH)
VA-3) 3aHATIIM
Hrtoro 3a 3 ceMecTp 04,8 7,2 72
HUtoro 04,8 7,2 72

3. MeroanyeckHe peKOMEHIANMHN [0 H3YYECHHIO TEOPETHYECKOr0 MATEPHAJIA
3.1. Buo camocmoamesibHOU padomsl: camocmoameslbHoe U3yueHile Jimepamypl
M3yuyats yueOHYIO JHCLMIUIMHY «TeIUIOTEXHHKa» PEKOMEHAYETCS II0 TeMaM,
IPEABAPHTEIIFHO O3HAKOMUBIICE C COJEPKaHHEM KakKIOH M3 HHX B IIpOrpaMMe JHCIIUIUIHHEI.
[IpH TeopeTHUECKOM H3YYEHHH JHUCIHIUIMHBI CTYACHT JOIDKEH ITOJIb30BaThCSA COOTBETCTBYIOIIEH
THTEPATYPOH. [IpHMepPHEBIH IepeyYeHb JTUTEPATY PRI IIPHBEIEH B padOYeH IIpOorpaMmMe
Jlst Gormee IMOIMHOIO OCBOEHHMS YUeOHOIO MarepHalia CTYJIeHTaM UYHTArTCS JIEKIHH II0
BAKHEHIIINM pa3zeilaM M TeMaM Y4YeOHOH MUCIIUMHBEL. Ha JeKIpsx H3Iararorcsa M JAeTalbHO
pacCMaTpHBArOTCsI HauOolee BaXHbIE  BOIPOCHI, COCTABIISIOINME  TEOPETHUYECKHH U
MpaKTHYeCKHH (PYHAAMEHT JHCIUIUTHHEL.
Hmoezoeslit npodykm: KOHCnEeKm JIeK{ILU
Cpeocmea u mexHoozuu oueHku: Cobecedoeariie
Kpumepuu ouenueanusn: OlleHKa «OTIIMYHOY» BBICTABIISIETCS CTYIEHTY, €CIIH B IIOITHOM
00BEME H3YYEH KYPC JaHHON AMCIIIUTHHEL H BEIITOJIHEHBI IIPAKTHYECKIE 3aJaHIs
OlleHKa «XOPOIIO» BEBICTABISAETCS CTYIAEHTY, €CIH JOCTAaTOYHO IIOTHO H3YYEH KYPC
TAHHOH JHCIIHIUIHHBI H BBITIOIHEHEI ITPAKTHYECKHE 33 aHH
OlleHKa «YIOBIETBOPHUTEILHO» BBICTABIIETCS CTYAEHTY, HEIOCTATOYHO €CIH IIOJIHO
H3YUYEH KYPC JaHHOH JUCIMIUIMHBI M BBIIOTHEHBI IIPAKTHYECKHE 3aJaHHI
OlleHKa «HEYIOBIIETBOPHTEIILHOY» BBICTABIISIETCS CTYAEHTY, €CIIH OTCYTCTBYIOT 3HAHHS H

IMPaKTHYC W@Wﬂ*ﬂﬂ}ﬂ{ﬂﬁ AHCHIHIUIIHE.

SNEKTPOHHOW NOAMNUCHLIO
Ceprudomkar: 2C0800043E9ABBESS2205E TBAS00060000043E

Bnapeney; LLled MLPEMMQMS&Q?T €/JIbHOTO H3Y'ICHHH.

1. OCHOBHEIE IOHATHS H OIpcACIICHHA TCPMOIHHAMHIKIL, ITdPaMCTPBI COCTOAHIA

Heicteutenen: c 19 Eggﬁgﬂr%}mg?e CKOH CHCTCMBI.



IIepBBIH H BTOPOH 3aKOHBI TEPMOIIHAMIKI.
TepMoHHAMITYECKHE ITPOLIECCHI.

PeaJIbHEIE r'a3bl, BOASHOM ITap, BIAKHBIH BO3AYX.
TepMOoHHAMIUECKHE IIHKIIBI.

OCHOBHEIE TTOHSTHS H OITPEeNIEHI S TEOPHH TeIlI000MeHa.
TermrooOMeHHBIE armIapaThl H HX PacUYeTHI.

ToIUmMBO, TOpeHHe TOIUIHBA, IIPHMEHEHH E TEIUIOTHI.

XN AW

3.2. Buo camocmoamesibHol padomsl: n0020MOBKA K 1ADOPAMOPHBIM 3 AHAMUAM

Hmozoéwtit npodykm: OTYET 110 J1a00PaTOPHOH padoTe

Cpedcmea U mexHo102ull OUeHKI: 3all[uTa OTUYeTa

Kpumepuu ouenusanna: OlicHKa « OTJIMYHO» BBICTABIISETCS CTYIEHTY, €CIH B IIOJTHOM
00BbeME H3YYEH KYPC JAHHOH JHUCI[HIUTHHEL H BEITIOJIHEHEI 1a00paTOpHEBIE 3aJaHH

OlleHKa «XOPOIIO» BBICTABISAETCS CTYIAEHTY, €CIH JOCTATOYHO IIOHO H3YYEH KYpPC
TAHHOH JHCI[UIUIHHEI H BBITIOIHEHEI 1a00opaTOPHEIE 3a1aHHI T

OlleHKa «YIOBIIETBOPHTEILHO» BBICTABIIIETCS CTYAEHTY, HEIOCTAaTOYHO, E€CIIH IIOJIHO
H3YUYEH KYPC JAaHHOH JUCIHMIUIMHBI H BBIIOTHEHEI JIa00paTOPHBIE 3aaHH I

OlleHKa «HEYIOBIIETBOPHTEIILHO» BBICTABIISIETCS CTYIEHTY, €CIIH OTCYTCTBYIOT 3HAHHS H
ITPAKTHYECKIE HABBIKH I10 JAHHOH JAHCIHIUIHHE

4. MeToan4yeckHe YKa3aHHUA
MeTtogmueckie VKa3aHHS II0 BBEINIOIMHEHHIO JalopaTopHBIX paldor 110  JHCIHIUIHHE
«TermoTexHHKa», HaIlpaBJIeHHUI IOArOTOBKH 23.03.03 - DKCIUTyaTalls TPaHCIIOPTHO-
TEXHOJIOTHYECKIX MAIIHH 1 KOMIUIEKCOB.

CnHcok pekoMeHAYeMOH JIHTEPATYPbI
IlepeyeHb OCHOBHOH JIMTEPATYPbI

3. SHomBckmii, A.A. TeopeTwyeckme OCHOBBI TeIIOTeXHHKH / A.A. JSHOBckmii
QenepallbHOE T'OCYAAPCTBEHHOE OHOMKETHOE 00pa3OBaTEIbHOE YUPEKIAEHHE BBICIIETO
npo(ecCHOHAIBHOIO 0o0pa3oBaHHsI CTaBPOMOILCKHI T'OCYAapCTBEHHBIH arpapHBIH
YHHUBEpCHTET. — CraBporons © CTaBpOIOIBCKHI T'OCYIAPCTBEHHBIH  ar papHBIH
yHHUBepcurer, 2017. — 104 c¢. : un — Pexum pgocryma: 1o Imomrucke. — URL:
http://biblioclub.ru/index. php?page=book &1d=484962 (mara obOpamenusg: 15.10.2019). —
buGimorp. B KH. — TeKCT : 3IeKTPOHHBIH.

4. Termmorexuuka: yaeOHuk/| M.I'. IllatpoB, U.E. UBanos, C.A. IIpHmmBHH H A.p. ], IO pen.
M.I'. larpoBa. — 2-e m3x., ucrp. — M.: Axagemma, 2012, -288 c.: w1, — (BrIciee
npodeccuoHanbHOe oOpa3oBaHHe. TpaHcriopr) (baxamaBpmar). — Ha yuyeOHuke rpud:
Hor. MO. —IIpwn.: ¢.269-282. — bubmorp.: ¢. 283. —ISBN 978-5-7695-8749-8

IlepeueHb QOMOJTHHTEJILHOM JIMTEPATYPLL
3. Cuusasckuii, 1O0.B. CoopHuK 3ajmau 1o Kypey «TermmnorexHukay: [yue6.mocobue| / FO.B.
Cunuseekmii. — CII6.: I'HOPJI, 2010. — 128 c. : mm., rpad., Tadm. — [Ipm.: ¢. 109-126. —
bubmorp.: ¢. 127. — ISBN 978-5-98879-114-0
4. CrosHoB, H.M. TeopeTHueCKHE OCHOBEI TEIUIOTEXHUKH. TEXHHYECKASI TEPMOJIHHAMIKA H
TermmoMaccoodMeH / H.U. CtognoB, C.C. CvmpHoB, A.B. CmvuipHOBa ; MHHHCTEPCTBO
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