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Cogep:raHue

Tema madopatopHoi padotel 1. METOJIBI USMEPEHMA TEMIIEPATYP Onmboxka! 3axiaaaka
He olnpeaesieHa.

Tema maboparopHon padotr! 2. OIIPE/IEJIEHHE N30BAPHOH TEIIJIOEMKOCTH
BOE Y X A . Ommoka! 3akaagka He onpeaeseHa.

Tema nmaboparopHoi padotel 3. OIIPE/IEJIEHUE 3ABHMCHUMOCTH JJABJIEHWA
HACBIHIEHHEBIX ITAPOB OT TEMIIEPATYPHIL.......... Ommoka! 3akaagka He onpeaesieHa.

Tema nmadoparopHon padotrel 4. OIIPEJIEJIEHHUE I[TAPAMETPOB COCTOAHHKA
BJIAJKHOI'O BO3 Y XA . e Ommoka! 3akagka He onpegesieHa.

Tema maboparopHon padotsl 5. OIIPEJIEJIEHHME KOODODOHUITMEHTOB
TEIIJIOITPOBOJIJHOCTH PA3JIMYHEIX MATEPHUAJIOB................. Onmmodka! 3akaagka He
omnpeae/ieHa.

Tema mabopatopron padotsr 6. OIIPEJJEJIEHUE KOSOOUITUEHTA TEIUVIOOTAAYN TIPA
CBOBOJIHOHU KOHBEKIIMHU BO3JIYXA....................... Ommoka! 3akaagka He onpeaeseHa.

Tema nadoparopron padorsr 7. OIIPEJEJIEHUE TEXHHUKO-S5KOHOMHUYECKHUX
[IOKA3ATEJIEM BOJOHAI'PEBATEJIA. ..................... Ommoka! 3akaagka He onpeaesieHa.
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ITPABHJIA TEXHHKHN BE3OITACHOCTH.

PaGora B mabGopaTopnn HeH30eKHO CBS3aHA C LIEIBIM PSI0M BPeJHBIX H OITaCHBIX
(akTopoB. CTYAEHT JOITyCKaeTCs K ITPpaKTHIYECKOH paboTe ITociIe IMPOX0KIeHHSI HHCTPYKTaKa H
coOeceI0BaHM L, KaCarOIIErocs BOIPOCOB TEXHHKH 0e30ITaCHOCTH. ECIH CTYIeHT BEIOIOIHSIET
HOBBIE BHBI paboT, TO IMPOBOJISAT BHEIIIIAHOBEIH HHCTPYKTakK. CTyIeHT 00s3aH IT0Ib30BaThCS

CpeJcTBaMH HHIHBHIYaJIbHOH 3aI[UTEL H CIIEI[OACKI0H. KaX bl CTYIEHT YETKO BBIITOIHSET
TpeOOBaHH A ITPEITOAaBaTENs, KOTOPEIH OTBEYAET 3a COOIIOJEHHE IIPABHII H BEIET KYPHAII
OTUYETHOCTH. EIlle HATO OTMETHTE, YTO ITOBTOPHBIE HHCTPYKTAKH 00S3aTEIIBHO ITPOBOJISATCS
IBAXJIBI B IO/, 4 TAKKE IIPH KAKHX-TO H3MEHEHHMSIX WM HECYUACTHBIX CITYYasX.

Pabora B mabopaTopHu 1mmogpasyMeBacT HOIIIEHHE XanaTa. ECII BEITTOMHSIOTCS AEHCTBHSL,
KOTOPEIE YPEBATHI BBIJEIIEHHEM TILITTH HIIH T'a30B, OPraHbl JIBIXaHH I HEOOXOMIMO 3aIl[UTHTh
pecrmparopoM. [Ipu padore ¢ eqKUMI BEIlleCTBAMH HYKHO IIPHMEHHTh CPEJICTBa
HHANBHYaJIbHOH 3aIUTEI JJIS PYK H I'lla3, a TaKkKe (papTyKH.

CoOmoieHIe TeXHHKH 0e30ITaCHOCTH ITPH padoTe B XHMIYECKOH I1adopaTopHH
HaIIPaBIEHO HE TOIBKO Ha COXpPaHEeHIe 340POBbS H KH3HH COTPYIHUKOB, HO H Ha HEJAOITYIIIEHHE
ABAPUHHBIX CHUTYaI[HI. Camas paspyllaroias H3 BCeX CYIIECTBVIOINX — 3TO, Pa3yMeeTC s,
rmoxap. Kaxmpoe madoparopHoe MmoMelleHHe 003aH0 COOTBETCTBOBATE TpeboBansaM 1 OCT
12.1.004-91, a Takxe uMeTh cpeacTBa TyimeHua orHa 1mo I'OCT 12.4.009-83.

Kareropmyecku 3amperneHo 3aHHMAaThECS B ITOMEITEHHH ITOCTOPOHHUMH JellaMH — €CTh,
ITUTH, KYPUTH U T. 1. HYKHO TINATEIRHO CIEIUTH 3a YHCTOTOH PeaKTHBOB. Helnb3s BEUIHBATE
B3STHIH JJIS aHAIIH30B PeakTHB 00OpaTHO B Tapy. OJHH U TOT K€ HHCTPYMEHT 3allPEIEHO
ITPUMEH ST JITI OTOO0pa pasHBIX BellleCTB. Hellb3sa HaKIIOHATECS HaJl COCYIaMI, B KOTOPBIX
KHITUT KHIKOCTh, THO0 3arisiiblBaTh B HUX. J[a’Ke eCclM HYKHO CMEIaTh B HHX BEIIECTBA, HAI0
JIEePKaThCA Ha pacCTOSHHUH. Ecin miaeT padoTa ¢ OITaCHRIMH peakKTHBaMH, TO B JTa0opaTopHH
JOII’KHO OBITh KaK MHHHMYM JBa COTPYAHHKA. JKCIUIYAaTHPOBATh MOXKHO JIHIIb HCIIPABHEIE
obopyaosaHNe H IMPHOOPEL. Korga 3akaHYHBarOTC aHAIMTHYeCKHE padOThL, HAJIO OTKIIFOUHTH
3JIEKTPHYECTBO, T'a3 H BOAY. - OnepaTHBHOE OOCITYKHBAHHE 3JIEKTPHUYECKHX YCTaHOBOK
OCVIIECTBIISETCS JIHIIb CIIEIHAIIICTaMI, HMEIOIIIMH JIOITYCK H YIOCTOBEPEHHE. B Impoliecce
3KCIUTyaTalluy TaKHX ITPHOOPOB HaAJI0 COONMIOIATh ITPAaRIIIa IIPOTHBOIIOKAPHOH O€30IIaCHOCTH.
Y CTaHOBKH, B KOTOPBIX HanpskeHHe 6onee 1000 B, o6CIyKHBAET JHIIE CITEI[HAIBHO
00yUYeHHBIHN YelloBeK. [[oaKIroYaTs MepeHOCHBIE ITPHEMHHKH MOYKHO JIHIIE YEPE3
TpaHchopMaTop (HO He aBTOMaTHYecKHil). [lepes STHM BakHO YOeJHThCSI B TOM, YTO OH
HcIpaBeH. YTOORI 3alUTHTLCS OT 3JIEKTPOTOKA, HAJ0 HCITOIb30BATh 3aIl[HTHEIE

AIDIICKTPHYCCKHE CPEACTEA.

TporaTh, BKIIIOYATh H BHIKIIIOYATh PYOHIBHHKH H IIPOYHE ITPHOOPHI 3aIIpell[eHO, €CIIH Ha
5TO HE JlaBajl pa3pellleHH s IIPenofaBaTelb. ECIH 3aMeYeHbl HAPYILEHH I HIIH HEHCIIPAaBHOCTH,
HaJ10 00 3TOM COOOIIHTE IIpenogaBareirro. Paborasg Ha o00pyaOBaHHH, HYKHO BEITIOIHATE TE
TpeOoBaHH S, KOTOpPEIE OBIIIM ITOPYYEHEI IperogaBareiieM. Hellb3s OoTBIIeKaTh BHUMaHHE APYIHX
COTPYAHHKOB. [ IpH HecuacTHOM ciIy4yae HaJo HEMEIJIEHHO COOOIMTE 00 3TOM HayallbCTBY HIIH
cTapiieMy j1adopaHry. I10 3aBepieHHH BCeX A€M HaJ0 IIPHBECTH B IIOPSAIOK CBOE MECTO, a
TAKXKe OTYHTATHCSI 00 OKOHYaHHH palOTEI ITPEIIOaBaTeNIIo.
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T ema 1adoparopnoii padorsi 1. METO/IBI U3MEPEHUA TEMIIEPATYP
Ilean padoThl: O3HAKOMIIEHHE C METOJAaMH H3MEPEHHS TeEMIIEPATyP

Teopernueckas 4acThb:
B pabote HEOOXOAHMO:
1. U3MepHTE TeMIIEpaTypy Har peBaTelIbHOH ITIOBEPXHOCTH, OKPYKAIOIIEH CPEIbl H BOIEI
B KOJIOE C TIOMOIIBIO PTYTHOIO TEPMOMETPA, XPOMEIIL-KOIIEJIHERBIX TEPMOIIAp,
MIUIIIHBOJIIBTMETPA H ITOTEHI[HOMETPA.

TeMIepaTypa XapakKTepH3YET TEIIOBOE COCTOSHHE Tela H H3MEPSETCS B Ipajycax.
TeMrepaTypa Tena H3MeHSIeTCS IIPOITOPIITHOHAIILHO CpeJHEH KHHETHYECKOH SHEPTHI
ITOCTYIIATEIIbHOIO ABHKEHHS MOIEKYIL. [IpakTHYeCKH H3MEePHTh KHHETHYECKYIO SHEPTHIO
MOJIEKYTT HETTOCPEACTBEHHO HEBO3ZMOXKHO. [103TOMY I H3MEPEHH S TEMITEPAT YPBI HCITIOJIb 3YEOT
Pa3IMYHbIE KOCBEHHBIE METOABI. BCe METOBI H3MEPEHHS TEMIIEPATYPhl OCHOBAHEI Ha
HCITOIB30BAaHHH OJHO3HAYHOH B3aHMOCBS3H MEKIY TeMIIEpaTypOoH H APYTroi (pH3HYeCKOit
BEITHYHHOH, H3MepsSIeMOH HermocpeAcTBeHHO (00beM, JarieHHe, 2J[C, COIPOTHRIIEHHE H T.1.).

YHCcIeHHOE 3HAaUYeHHE TeMIIEPATYPHI 3aBHCHT OT BRIOPAaHHOH TeMIlepaTypPHOH IIKalbl. B
TeXHHKE TeMIIepaTypa H3MepSeTcs 10 MeXIyHapOoIHOH CTOrpalyCHOH IIKajle (IKamna [{emscrs)

1 o6o3HadaeTcs yepes t, ° C. B 3TOil Ixale IIpH HOpMalIbHOM AaeieHHH (760 MM pT. CT.)

COCTOSIHHIO TAIOIIETO JIba COOTBETCTBYeT Temmeparypa 0 ° C, a Touke KureHns Bogel — 100 ° C.
I H3MepeHH TeMIIepaTyphl HCIIOIb3YETCS TaKKe TEpMOJHHAMHIYeCcKas IIKajla TeEMIIEpaTyp
(1rkana aGCOMFOTHRIX TeMIIepaTyp, HIH IKaila KempBuHa). Hyimb aGCOIMIOTHOM ITKAJIbI

TeMITepaTyp COOTBETCTBYET 3HauUeHHIo t=-273.15 "C.
AOcomroTHas TeMIlepaTypa Tesa

T,K=t, °C +273,15 (1)
B CIIA u AHTIIHMH 719 H3MEPEHH S TeMITepaT VPl ITPHMEHSFOT IKany @Qapenrenra. Ha
sroit mxane /t°,F/ TemiepaTypa TasHHA IIbJa H TEMIIEpaTyPa KHIIEHHS BOJbI 0003HAUEHEI

COOTBETCTBEHHO Yepe3 32 "n212° mug IIepeBOAa ITOKA3aHHI 3TOH IIIKAJIBL B "Cu oOpaTHO
CIIy’KaT COOTHOILIEHH .

t° ng (t°,F-32); t" F=% (t" C+32) (2)

[TapamMeTpoM cOCTOSIHHSA paboyero Tena SBISeTCsI abCOMOTHAS TEMIIEPaTYpa.

TemMreparypy H3MEPSIOT € IIOMOIIBIO YCTPOHCTB, HCITOIb3YIOLIMX Pa3IHYHbIE
TEPMOMETPHYECKHE CBOHCTBA KHIKOCTEH, I'a30B H TBEPALIX Tell. B Talbn. 2 rpHBeeHBI
HaHOOoJIee pacIpOCTPaHEeHHbIE YCTPOMCTBA AJI H3MEPEHH S TEMIIEPAT YVPBI H IIPAKTHYECKHE
ITPEIEIBI UX IIPHMEHEHHS.

PTyTHEIE CTEKISHHBIE TEPMOMETPEI OCHOBAHEI HAa CBOMCTBE TeJl MEHSITH CBOH O0OBEM B
3aBHCHMOCTH OT TeMITepaTyphl. [IPHHIMIT JeHCTRHS CTEKIITHHBLIX TEPMOMETPOB PACIIMPEHHS
OCHOBAH Ha TEIUIOBOM PACIIHPEHHH KHIKOCTH, 3aKIIFOUEHHOHN B CTEKIIIHHBII KaITIIIIAp. B Takix
TepMOMETpaxX B KauecTBe pabouero BelecTBa OOBIYHO IIPHMEHSIOT PTYTh, STHIIOBBII CITHPT,
TOIIYOJI H APYTHE XKHAKOCTH. [IoKa3aHN s KHAKOCTHOI O CTEKIISIHHOIO TEPMOMETPA 3aBHCAT HE
TOJILKO OT 00BheMa KHIKOCTH, HO H 00beMa CTEKIITHHOIO IMIIHH/pa-KaITHIIgpa (HaOmo aeTcs
H3MeHeHHe o0beMa CTEKIISTHHOIO pe3epByapa.). IS H3roTOBIEHHS TEPMOMETPOB OOBIUHO
TIPHMEHSIFOT CITEIHAaIbHBIE COPTa CTeKIa ¢ MaJIbIM KO3(P(HI[HEHTOM TEPMHYECKOIO PacIIIHPEHH .
B xauecTBe TEpPMOMETPHYECKOIO Tella Yallle BCErO IIPHMEHSIOT PTYTh H CITHPT.

[IpH TOYHBIX H3MEePEHHX TEMIIEPaTYPEI ITIPH ITOMOIIH PTYTHBIX TEPMOMETPOB K HX

TTOKARAHITANM RROTTITCH CTIETTVHOTITINE TTOTTNARKTIT
OJOKYMEHT NoarvcAH
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B o0mieM ciydyae omnpefelneHue JeHCTBHTEIIBHON TEMITEPAT YPEI CPEIEI T10 ITOKa3aHHIM

PTYTHOI'O TEpMOMeTPa t' ITPOH3BOIUTCS COITIACHO PABEHCTRY:
t=t+At+Atb+Ate. (3)
[Tpu TemriepaTypax Boitte 150-200"C pryTHBIE TEPMOMETPHI IIPHMEHSOTCS PEIKO.

[ IpyHIOI JeHCTBHSA MAaHOMETPHYECKHX TEPMOMETPOB OCHOBAH Ha H3MEPEHHH JIaBIIEHH S
rasa, KHJIKOCTH WIH HACHIIIEHHOr O ITapa B 3aMKHYTOM OOBEME B 3aBHCHMOCTH OT
TEMIIEPATYPHI.

[ IpHHIOI JEHCTBHSA TEPMOMETPOR COITPOTHBIIEHHS OCHOBAH Ha 3aBHCHMOCTH
3JIEKTPHYECKOTO COMIPOTUBIIEHHS METAJUIOR OT TEMIIEpaTYPhl. MeTHEIE TePMOMETPEI
cornporuBiIeHHS (TCM) HCITOmb3yIOT B HHTepBaie TemiepaTyp oT S0 go 200°C. ITnaTHHOBEIE
TepMOMeTPhI conpoTHBRIeHH (TCII) MpHMeHSIOT IS H3MePeHH TeMIlepaTryp oT 260 g0
1100°C.

B HacTosee BpeMs 171 H3MEPEHH A TEMITEPAT YPBI ITOIIYUYIIIH ITHPOKOE IIPHMEHEHHE
TepMOITaphl (TePMO3JIEKT PHUECKHE ITPe0oOpa30BaTENIH).

T epMO3IIEKTPHYECKHH METOJ H3MEPEHH S TEMITEPATYPHI OCHOBAaH Ha HCIIOIb30BAHHI
3aBHCHMOCTH TePMO3IEKTPOABIKYVIIEH CHIIBL OT TEMITEPAT YPHI.

Tepmoriapa npeacrasisgeTr coO0H ABa PpasHOPOIHBIX ITPOBOAHNKA, COCTABIISFOIIHX
OOIIYIO 3NEeKTPHYECKYIO IENb (pHc. 1). Ecimu TemMItepaTypel MeCT coeJTHHEHHI (CITAaéR)

TIPOBOAHHUKOB t, Mt HEOMHHAKOBHBI, TO BO3HHKAET TepMO-3/]C. U 11O N ITPOTEKAET TOK.
BemurnHa Tepmo-2/1C TeM OomnbIle, yeM OOIBINE PasHOCTh TEMIIEPATYP.

N /]

' a3
\ —» HarpepaTeb >
\ ~ ,

A\

Prc. 2. CxeMa H3MepeHHS Pa3HOCTH TeMIIepaTyp rasa IIpPH ITOMOMH AH(}epeHIHATEHOMH
TEePMOIIAPHI.

B KauecTBe MaTepHalIoB A1 TEPMOIIAP HCITONb3YIOTCS Pa3IHYHbIe MaTepHAIIbI (CIIaBEI
XpOMa, HHKeIIS, allFOMHHHS, MeH) B BHE IPOBOIOKH JHamMeTpoM oT 0,1 mo 0,2 . HanGonee
pacIIpoCcTpaHeHsl CIEAYIOIHE MTaphl MeTAIIHYECKHX IIPOBOIOK:

1. [TnatrHa B mmatHHOpoaHH (90% Pt u 10% Pr ). OTta TepMmomnapa SBIIIeTCS
3TAJIOHHBIM ITPHOOPOM.
2. Xpomensb (90% N1 u 10% Cr) u amomens (95% N1 1 5% Al). Ha xaxapeie 100
AOKYMEHT NOANWCAH 10 4 MB
SNEKTPOHHOW MOAMUCHIO 10 4 MDB.
Cepmucbukar: 12000002A633E3D113AD425FBS0002000002A6 1 44% Nl) Ha xaxiapeie 100 e TEPMG'S»HC 3TOH
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4. Menps n xoHcrantaH (60% Cr m 40% Ni). Ha xaxuaere 100 °C Tepmo-DIC
3TOH TEPMOIIAPEI IIPHXOAHUTCA OKOI0 4,3 MB.

[Ipu n3MepeHHH TeMIIepaTypel OJIHMH CITai IETTH TePMOITaphl, TaK Ha3bIBAEMBIH XOJIOIHBIT
criait, Haxoxures rpu 0 'C (B TarommeM IIpfie B cocyze J[proapa), a Ipyroil — TOpsIUHil B Cpele,
TEMIIEPATYPY KOTOPOH HaJ0 H3MEPHTE.

Tak xax TepMo-3J[C TepMonaphl 3aBHCHT OT TeMIlepaTyphl 000HX cITaeB (TOpsSYero H
XOJIOJTHOT'O), TO TePMOITAPBI YaCTO ITPHMEHSFOTCS IS H3MEPEHH S Pa3HOCTH TeMIIEPaTyp B ABYX
TOYKaX — TaK Ha3bIBaeMas AU (pepeHIHaIbHasI TepMoItapa (pHc. 2). B 3ToM ciIy4yae B cXeMe
OTCYTCTBYET XOJIOAHEIH cIiai H TepMo-31C CpaBHHBAETCS ¢ HEKOTOPOH H3BECTHOH 3 /1C
BCIIOMOIaTEIILHOI O HCTOYHHKA TOKA.

OnucaHne 3KcnepHMEHT AJTbHOM YCTAHOBKH

DOKcIepHMeEHTaIbHAS YCTaHOBKA COCTOHT H3 FOPH30HTAIIBHOH ITOBEPXHOCTH C
AIEKTPHYECKHM HarpeBaTelleM, YCTPOHCTB IS H3MEPEHHS TeMIlepaTyphl (PTYTHBIN TEPMOMETP),
XPOMEIb-KOIIEJIHERBIE TEPMOITIAPHIL, IIOTEHITHOMETP, MHJUIHBOIIETMET].

[ToTpebisgemMass MOIITHOCTE AMEKTPHYECKOr0 HarpeBaTelIs H3MePSIETCS BaTTMETPOM.
PerymipoBaHHe MOIITHOCTH OCYIIECTBILIETCS IIPH IIOMOIIH JIabopaTOPHOr 0
aBTOTpaHc(opmaTtopa. MUamepenne 3][C Tepmomnap IIPOH3BOANUTCA ¢ ITIOMOIIBIO ITOTEHIIHOMETPa
ITOCTOSIHHOI'O TOKA.

ATMoc(]epHOe JaBIeHHE H3MEPSIETCSI 0apOMETPOM, a OTHOCHTEJIbHAS BIIaKHOCTE
BO3yXa — IICHXPOMETPOM.

Meroguka nNpoBeJJeHAA ONBITOB H 00padoTKa pe3y/IbTaTOB H3MepeHHil
[Ipn 03HaKOMIIEHHH C SKCIIEPHMEHTAJIbHONH YCTaHOBKOH HEOOXOHMO IIPOBEPHTE
IIPAaBIJIBHOCTh BKIIFOUEHHS H3MEPHTEIIbHBIX ITPHOOPOB H YCTAaHOBHTH CTPEIKH IIPHOOPOB Ha

HYIIb.

[ IOpsiOK BREITTOIMHEHH S PaOOTHI CIIETYEOIIIH:

1. BKIIIOUNTE HarpeBarellb, H IIOCIIE HACTYIUIEHHS CTAI[HOHAPHOI'O PeXHMa PaboThI
YCTAHOBKH H3MEPHTH TEMIIEPATYPY ITIOBEPXHOCTH HAIrPEBATENIS C IIOMOIIBIO MHIUIHBOJIbTMETPA H
TTOTEHIHOMETPA.

2. IlocTaBHuTh KOIOY ¢ BOJOH Ha HarpPeBaTelIbHYIO IIOBEPXHOCTh H JOBECTH BOAY IO
KHIIEHHS, H3MEPSS IIPH 3TOM TEMIIEPATVPY C IIOMOIILIO TEPMOMETPA.

3 JIeNCTBHTEIIBHYIO TEMIIEPATYPY BO3AYXa B J1a00paTOpHH TIIPH H3MEPEHHH
PTYTHBIM TePMOMETPOM OIpeIensIeM 110 popMmyie (3).

4. OcHoBHag nonpaBka At= 0,5 (yKa3sBaeTcs B ITaCIIOPTe TEPMOMETPA).

[IornpaBky Ha TeMIIEPaTyPY BEICTYVIIAIOMIETO CTOJIOHKA PTYTH PACCUHTEIBAEM T1I0
YPaBHEHHIO

Aty =na(t'-t) (4)

IJIe N1 — YHCIIO IPaJyCOB B BRICT YITAFOII[EM PTYTHOM CTOJIOHKE;
0. — KO3()(PHIMEHT BUAHMOIO PaCIIHPeHHI PTYTH B CTEKIIE,

a=016*%10" 1/°C

t” — TeMIIepaTypa, IMoKa3bIBacMasi TEPMOMETPOM, 'C

t, - CpeHsII TEMIIEPATypPa BBICTYIIAIOIMIET O CTONIOHKA PTYTH.

[TormpaBKy Ha cCMeNIeHHE TTONIOKEHH S HYJIEBOH TOUKH OIpeeNIsIeM ¢ ITOMOIIBIO

YPABHEHIL:
&Ic =1, — I (5)
AOKYMEHT NOAMNNCAH TOJOJKEeHHIO HYIIEBOIT TOUKH TEPMOMETPA IO
SNEKTPOHHOM MOANMUCHIO Yo P P
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[TokazaHus mpHOOPOBR H Pe3YIILTATHI BEIYHCIEHHH HeOOXOAHMO 3aHeCTH B Ta0mmIy 1.
[TocTpouTs TEMIIEPATYPHBIH I'papHK HarpeBa BOJIHL.

[TocTpours rpagynpoBouHbli rpadguk E=i(t).

[IpakTHyecKkue IpeAenabl IIPHMeHEeHHS HaHOolIee pacIipoCTPpaHEHHBIX YCTPOHCTB JITIS
IIPOMBIIIUIEHHBIX H3MEPEHHI TeMITepaTyp

CepTtudumkar:

TepMoMeTpHYECKOE HanmeHOBaHHEe YCTPOHCTBA [Ipeaens! AimT. 11p.
CBOHCTBO
HIDKHHIL | BEPXHII
TerumoBoe JKMJIKOCTHEIE CTEKIISIHHBIE -190 600
pacIMpeHHE TEPMOMETPEI
M3MeHeHHe gaBneHus | MaHOMETPHYECKHE TEPMOMETPEI -160 600
M3MeHeHHEe DNEKTPHYECKHE TEPMOMETPEI -90 180
3IIEKTPHYECKOTO COITPOTHBIIEHHA.
COITPOTHBIIEHH I [ [oITyIIpOBOMHHKOBEIE TEPMOMETPEL
(TEPMHCTOPHI, TEPMOPE3HCTOPHI)
TepMoanekTpHueckue | TepMO3IEKTPHYECKHE TEPMOMETPBI 1300 2500
3(pdeKxThI Tepmonapsl/cTaHAaPTH3HPOBAHHEIE
/TepmoD. J1.C./ TepMO3JIEKTPHYECKHE TEPMOMETPEI
Tepmoriapel/crielaIb HbIe
Termoroe usnyueHne | ONTHYECKHE ITHPOMETPEI 700 6000
PaHaigiOHHBIE TIHPOMETPEI 20 3000
DOTO3IIEKTPHYECKHE TIHPOMETPEI 600 4000
I [BeTOBBIE ITHPOMETPEI 1400 2800
Tabmrmra 1- PesynbraThl H3MepEeHHI
Ne BOJIA HarpeBarenpHas
I/ TIOBEPXHOCTD
II
ITokazanma | OcHoBHA | IlompaBkaHa | IlompaBka | Jlericteuren | Ilokasann | Ilokasamm | ITokasaHm
PTYTHOIO | 4 TEMIIEPATYPY | Ha bHAs 1 1 g
TEPMOMETP | ITONPABK | BEICTYIIAFOITIET( CMeIIlEHIe | TeMITepaTyp | TepMOIap | MIUDIMBOI | TepMOIIap
a cTonOnKa/4/ | IONMOKeHH | a FTMETPA
s HYIIEBOH
TOUKH /5/

t, °'C At,'C | Ath,°C | Ate,’C t, 'C E,,MB ‘C Eo, MB
ATMOC(]EepHOE JaBIIEHHE B
[OKYMEHT MOAMMCAH

ANEKTPOHHOWM NMOANUCHLIO
12000002A633E3D113AD425FB50002000002A6
lLlebGayxoea TateAHa AnekcaHapoBHa

Bnageneu;
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KOHTpoJIbHbIE BONIPOCHI:

1. Uro Ha3BIBarOTCA TeMIlepaTypoii? OXapaKTepH3YHTe TeMIlepaTypHble ImKanbl? (1{ems e,
KemnBrHa, MapeHreiiTa).

Haz0BHTE COOTHOINIEHHS MEXKIY Pa3MUHBIMH TeMIIEPATYPHBIMH IITKaJIaMI.
3. Kak ompeaenurs IeHCTBHTEIBHYIO TEMIIEPATYPY, H3MEPEHHYIO C ITOMOINBIO pa3IIHMUHBIX

npHdopor? UTo Takoe TepMoriapa?

4. JlaliTe XapaKTepHCTHKY OCHOBHBIX BHIIOB IIPHOOPOB 1 H3MEPEHHS TEMITEPATYPHI.

OImamnure TPHHIMIEL  JeHCTBHS OCHOBHBIX BHJIOB ITPHOOPOB IS H3MEPEHHS
TeMIIEPaTYPBHI.

b

g

AOKYMEHT NoanmncAH
SNEKTPOHHOW NOAMUCHIO
Ceptudurkar: 12000002A633E3D113AD425FB50002000002A6

Bnapeneu: lLlebayxoea TateAHa AnekcaHapoBHa
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Tema J1a6opaTopHoii padorsi 2. OIIPEJIEJIEHUE H30EAPHON

TEIIJNIOEMKOCTH BO3/JYXA.
Ileab padoTbI: SKCIIEPUMEHTAIBHOE OIPEENIEHHE TEIUIOEMKOCTH BO3/[yXa IIPH IIOCTOSHHOM
JTABIIEHHH.

Ipuéopst u mamepuaipl: MeTalUTHYECKHIL COCYJ] C KPBIIIIKOH, AIIeKTPOHArpeBaTelhb
(TOH), mndepbnaTHeie Beckl HacToinbHOro THna BHI[-2 (PH-101113),

amIrepMeTp 2-30 , BonbTMeTp 3-30, TepMoMeTp nadopaTopHeId TJI-2, ceKyHIoMep,
H3MEPHUTENBHBIE HHCTPYMEHTHI.

T CoOpeTHICCKAA TACTDb.

K OCHOBHBIM TeXHHKO-3KOHOMHYECKHM ITOKa3aTellsIM TEIIJIOBOIO DﬁﬂpyﬂGEa}]}IH

OTHOCSTCS: TIPOH3BOAUTENBHOCTD, TEIUIOBOH KO3 (HIHEHT ITONIE3HOIO AeHCTBHA Ny »
OCHOBHOI ITOKa3aTemb (U1 000pyA0BaHHA TIEPHOHYECKOr 0 IEHCTBHS — EMKOCTh paboueit
KaMepHI B IM', OO TUTOMIALE sKaPOYHOI TTOBEPXHOCTH B M~), MOIITHOCTD 3IeKTPOHATPEBATENLSL
THOO pacXojl SHEPTOHOCHTENS, BpeMs pa3orpepa A0 cTaHAapTHOH pa0odei TeMITepaTypHI,
raGapHTHl, Macca H PAJ VAEIbHBIX ITOKa3aTeleil - yAeIbHbIe SHEPTO - H MeTaNIOEMKOCTD,

YVAEIBbHBIN PACXO SHEPTHH M T 1.
TermoBon K.I1.1. 000pYAOBaHHS IIPeACTaBIIeT COOOH OTHOIIEHHE KOIHYECTBA ITOJIE3HO

3aTpadYeHHOH TEIUIOTHI K O0IIeMY pacXody TelIvla:

n = 9L 100%, (1)
Qmmp

rae. J; —KOIIHYECTBO IIOJIE3HO 3aTPaueHHOH TEIUIOTHI, K/[ofc;
O samp — OOIMH pacXof TeIa, K/,

JI1s1 orpegeneHu s K.I1. 1. 3JIEKTPOTEILIOBOrO arrapara HeoOXOIIMO COCTaBHTh
YpaBHEHHE TEIUIOBOr 0 0ajlaHCca pacCMaTPHBAEMOI' O TEXHOIIOTHYECKOTO IIpolecca 1T
KOHKPETHOTO peXHMa (CTAalHOHAPHOIO HIIH HeCTAILMOHAPHOr0). PacCMOTPHM ITOCIIEOBATEIbHO
PEXKNMEL «HATPEB» H «KHITEHIE.

AOKYMEHT NoanmncAH
SNEKTPOHHOW NOAMUCHIO
Ceptudurkar: 12000002A633E3D113AD425FB50002000002A6

Bnapeneu: lLlebayxoea TateAHa AnekcaHapoBHa
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HecTanmuoHApHBIH peRHUM (HATpPEB)

OO0IIee KOMHYeCTBO TEIUIOTHI, MepeJaHHOH OT HarpeBaTelbHbIX 31eMeHTOB (T5OHOB) B

peKIMe «HarpeB» pacXOAyeTcs Ha: HarpeB IPOAYKTa 40 KOHEYHOH TEMIIEPATYPHL C YUETOM
JAaCTHYHOTI'O HCITapeHHS BIIaTH B 3TOM ITpoliecce (J;, Ha pa30rpeB KOHCTPYKTHBHBIX 3JIEMEHTOB

arrapara 0 YCTaHOBHBIIEHCS TeMIIepaTypbl (-, H Ha KOMIIEHCAI[HIO ITIOTEPh TeIUIa ¢ BHEIIHEH
IIOBEPXHOCTH aIllapaTa B OKPYKaloIyro cpexy (s, T.e.

Osamp = Q11 02103, x/lic (2)

3HauYeHHE BEIIMUYMHEL (J; OIPEAEIISIIOT U3 YPaBHEHHS TEIIOBOro OanaHca Ipoleccea.
Q; =G Cr 'IBK— Gy Cyhy 'IBH +AW; r (3)
rae. Gy, -Gr— COOTBETCTBEHHO HAaYallbHasd H KOHEYHAS Macca BOJBI, Ke;
Cy, -Cr— yaelIbHas TEIUIOEMKOCT IIPH HAaYalIbHOH H KOHEYHOH TeMIIepaTypax BOIEHL,
k/ic/ (k2 K)
t5", t5' — HayallbHAs M KOHEUHAs TeMIIepaTyphl BOIbl, °C;
AW ; — KOTHYECTBO HCITAPHEBIIEHCS B IPOIL[ECCE HAarPeBa KHAKOCTH, K2,

¥ - yIelIbHas TEIUIOoTa ITapoo0pa30BaHHS IIPH CPeJHEH 3a STOT IEPHO
TeMIlepaType ITOBEPXHOCTH KHUJIKOCTH, K/[xc/ke;

trep.=0,5(i ts +tg)-2
3HauyeHHe BeIIHYHHEI I MOKHO OITpeJIeIHTh 110 hopmyne M.U. OuipHes:
r= (2500-2,38 tr;cp), klonc/ke (4)
J[11s1 oTIpefienieHH I KOIIHYecTBa TeIUIOTH (05 HCITONB3YIOT (POPMYILY:

0, = iMlcl (ffK - ffH) (),

rae. M;-macca i-2o aleMeHTa KOHCTPYKIIHH, KT,

C';-yAenbHas TEIIOEMKOCTh MaTepHala i-2o 3I1eMeHTa KOHCTPYKINH, K/ [/ (xeK)
t7 t — COOTBETCTBEHHO HAYaIIbHASI H KOHEUHAS TEMIIEPaTyPHI i-eo AIeMeHTa, °C.

TeIIonoTepH B OKPYKAIOIIYIO cpexy (O3 3a BpeMsI HarpeBa ONPeIelIeTcs 10 (popMyTIe:
O;=Ccp F ( IITDB.C’P_-IHDB) Tp (6),

rae. Olcp— CPeIHHH 3a IIEPHOJ HarpeBa KO3( (PHITHEHT TEIUIOOTAAYH C IIOBEPXHOCTH

1
arrapara B OKpyKarolnyro cpexy, KBT/(M~K); 1 mwmHApHYecKIX OOITHIIOBOK aIlllapaToB,
HaXOSIIXCSA B TOMEIIeHHH H OKPaIleHHBIX SMaJIbI0 CBETIIBIX TOHOB:

1 3 I
ﬂcp:[g, 4‘|‘O, 052{/ rngg_.gp_ -I-HQB)]'IO KBHI/{/M K) (FO:.
AJEL HHJIHHAPHYCCKILX ﬂﬁ]ﬂ[ﬂﬂﬂﬂl{: BEITTOIIHCHHELX H3 Hﬁp}ﬂﬂﬂemmeﬁ cTallll HIIH
AJITOMITHI EBBIX CITIABOB, HpH TEhﬂTepaType EGB,I[}"XEI, B ITOMCIIICHIII.

Ocp=[5,2+0,06( lgo5.cp ~Iros )] 1 0 (8}.
rae: F- IDIomas Hapy KHbBIX OOITHI[OBOK TEIUIOBOrO allllapara, M |

[ 7oB.cp — CPEIHS 3a TIEPHOJ, HAarPeBa TeMIlepaTypa ITOBepXHocTeil oOmmoBkH, °C.

Tp — BPEMA HAI'PCBad FHAKOCTH JO KHIICHHA, C.

_ H K
I708.0=0,5(tm05 +tr05 ).
. 2
OO01Iee KOMHYeCTBO 3aTPpadyeHHOMH TeINIOTEI Oz47p , ONPeleIeHHOe B X0/Ie SKCIIEpHMEHTa
IT0 ITOKa3aHHIM aMIIepMeTpa H BOIBTMETPa, BRIUHCIIeTC 10 (popMyTIe:

3 3
Osurp"=P1, = IU 1,10 kI (9),
rae. P — MOIIHOCTEH HarpeBaTeIbHBIX AIIEMEHTOB, kB,
I U — cOOTBETCTBEHHO CIJIa TOKa (A) M HaIlIpsDKeHHe IHTarormei ceTH (B).

AOKYMEHT MNOAMNNCAH MEHTE:
QNIEKTPOHHOW NMoAarnncbio
Ceptudukar: 12000002A633E3D113AD425FB50002000002A6

Bnapeneu: lLlebayxoea TateAHa AnekcaHapoBHa

) % (10)
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CranMoHAPHLIA pesXuM (KHIIEHHE)

YpaBHEHHE TEIUIOBOro OalaHca B CTAl[HOHAPHOM PEXIME HMEET BHI
Ozarp=01103,

rae:. O;- TEII0Bast MOIIHOCTE, pacXoAyeMasi Ha TIOAep KaHHe ITpolecca KHITEHH S, T.€. Ha

HCIIapeHHe BIIary, KBT;
() ; — TEIIOBAS MOIITHOCTh, KOMITEHCHPYIOII[Asl TEIUIOIOTEPH € IIOBEPXHOCTH

arrapara B OKPYKarollyro cpeny, KBT.

Bemmanay Q; pacCUHTHIBAIOT I10 (POPMYTIE:

O;=AW>r kBm (12),
rae: AW;— KonH4ecTBO BJIarH, HCIIapseMoe B eIHHHILY BpeMeHH, K2/c |,
¥ — VIeIIbHas TeIu1oTa rapoodpa3oBaHus IPH TEMIIEPATYPE KUITEHHS KHJIKOCTH,

kI ic/ke;

3HayeHHe BeITHYHHEI O3 OIIPEeIEeIISIIOT 110 (POpMYTIE:

Oz = a'F(fHGB.C’PE:_-rHGB) T xBm  (13),
rjae. a — KO3(PHIMEHT TEIUIOOTIa4H ¢ ITIOBEPXHOCTH OOJIMI[OBOK arllapara B
OKPYIKAIOIIYIO Cpexy, kBm/(m”K), BEMHUCIIEHHBI 10 hopMyTaM (7, S) TIPH TeMITepaType
ITOBEPXHOCTH OOJHI[OBKH B CTAI[HOHAPHOM PEeKHME.
TermmoBoit K.I1.JI. AIeKTPOTEIIOBOTO armapara B CTal[HOHAPHOM PerKHMe:

n, :i-mo% (14).
SATF
OﬁH_[EE KOIIHYCSCTBO TCIUIOTEI QgATPS:, OIIPEACIICHHOC B XOJ € 3KCIICPHMEHTA IIO
ITOKA3dHIAM dMIICPMCTPA H BOIIPTMETPA, B CTAIMIOHAPHOM PCHIME PABHO.

Osarp =IU-10° xBm  (15).
HGFPEHIHGGTB SKCIICPHMCHTA BBITHCIIACTCA 11O (bﬂpme (1 0).
HpGHBEG,I[HTEJ]LHGGTL TCITNIOBOI'O dAIIapaTta.

I7 = V- P-p :

I'y

rie: V- o6beM paboueit KaMepsl, M-
@ — KO3(P(pHIMEHT 3aIlOTHEHH,
p — TUIOTHOCTB KHIKOCTH, KI/M
T — BpeMd TEXHOIIOTHYECKOT'O IHKIA (CyMMapHOE BPeMS 3arpy3KH, TEIUIOBOI
00paOOTKH H BBITPY3KH), 4.
Y aenpHass MeTaINIOEMKOCTD

m = M, Ke M (17)
|
Y nenbHasgI MeTalllIOeMKOCTD
5= B’ (18)
| 2
Y IeNbHBIH pacxojl SHEPIHH
Np=P/II xkBm-y/ke (19)

Meroanka MPOBEICHHA HIKCIIEPHMEHT A

[TpekIe yeM ITPHCTYIIHTh K BEIIMOIMHEHHIO Ja0opaTopHOH paboThl, HYKHO 03HAKOMHTHCS

AOKYMEHT TTOANMMCAH . HeOOXOHMEIH TEOPETHYECKHIT MaTepHall
SNEKTPOHHOWM NOANUCHIO

Ceptudpukar: = 12000002A633E3D113AD425FB50002000002A6
Bnapeneu: Liebayxopa TaTeAHa AnekcaHapoBHa ) HSMEPHTDP HAYAJIBHYIO TEMIICPATYPY

€ Pa3MCPEI TCIUIOBOI'O alllldapaTa, MaCCy
Nencreutened: ¢ 20.08.2021 no 20.08.2022



OTJACJIBHBIX 3JICMCHTOB KOHCTPVYKITHII. MELCC‘_Y BOJDBI, OIIPEACIIAIOT, B3BCIIMBAA alOIapaT BMCECTEC C
BOJOH H BBIUHTAS 3aTEM MACCY KOHCTPYKIIHII.

I lomxmrounB dI0IapdaT K CETH, H3MEPAOT BPCMA PA30I'PEB4A, CHIIY TOKA H HAIIPAXKCHHA B
CCTH. HPH 3dAKHITAHHH BOJBI OTKJIFOYAIOT allllapaT H IIYTEM B3BCIHIHBAHHA OIIPCACIIAIOT MACCY
HC]'[&I)]?[BH_[EﬁCH BIIAI'H.

BHOBB ITOAKIIFOYAOT dldlapdaT K CETH H KHIIATAT, COACPKHMOC B TCHCHHC 5 MITHVT,
H3MCPAA TEMIICEPATYPY KHIICHHA " KHIKOCTH. I1o HcTeyeHHH YKd3dHHOI'O BPEMCHH dlllapaT
B3BCIIHNBAIOT, OIIPEACIIAA MACCY BIIAI'H, IICHHPIIEI.T.[EﬁCH B CTAITHOHAPHOM PCIKHME.

CocTaBJjieHHe oT4YeTa

OTYET O IPOAEIaHHOH padoTe JOIIKEH CONEPKATh:
1) 1ems padoTHI,
2) TepedyeHb IPHOOPOR H MaTEPHAJIOB,
3) omicaHHe TabopaTOPHOrO CTEH A,
4) MeTOSHKY IIPOBeIeHHS SKCIIEPHMEHTA,
5) pacyeTHYIO 4acTh,
0) BBIBOJBI O IIPOJIEITaHHOH padoTe.

PacyerHasa yacthb

HecranmmoHapHbLIA pe:kuM (HArpeB):
Harper nmpoaykra 10 KOHEYHOH TEMIIEPATYPHI ¢ YUETOM YaCTHYHOI'O HCITAPEHHS BIIarH
PaBEH:
er :GK 'CK 'IBK— GH CH 'fBH ‘|‘ﬂ.ﬂ:ir s
rne. Gg=0 78 k2 — HauallbHasg Macca BOJIBI,
G =08 xe —KOHeYHasI Macca BOJHI,
Cr, -Cr=4,19 x/[xc/(keK) — yaenbHas TEIIIOEMKOCTD IIPH HaYalIbHOH H KOHEUHOH
TeMIlepaTypax BOJIBL,
t5-=97°C — KOHeuHas TeMIIEpATypa BOIBI,
IBH =25°C — HavYaJIbHAS TEMIIEPATYPEI BOJBI,
AW ; =0,2 ke — KOMMYECTBO HCITAPHBINEHCS B IIPOIIECCE HarpeRa *KIIKOCTH,
r - YIenpHas TeIU1oTa IapooOpa3soBaHNs ITPH CPEIHEH 3a 3TOT IIEPHOL

TeMIIepaType ITOBEPXHOCTH KIIKOCTH, K/otc/ke;
r=2500- 2 38t70p THe

trop =0, 5(t5 +t5)-2=0,5(25+97)-2=59, orciona
r=2500-2,38t7~p=2500-2,358-59=2438,62 kdxc/ke , TOrma
0,=Gyr Cxts — Gy Cz t5" AW, r
=0,78-4,19-97-0.84,19-25+0,2-2438,62=720,9 xBm

PazorpeB KOHCTPYKTHBHEBIX 3JIEMEHTOB aIlliapaTra O YCTaHOBHBIIEH CS TeMITepaTyPEI
PaBeH:

QE — ZMICI (IIK - IIH)

rae. M;=0,7 ke - Macca i-zo 3JIeMeHTa KOHCTPVYKI[HH
C=1,2 x/lc/(keK)- yaenbHas TeIDIOEMKOCTh MaTepHalla i-20 3IeMeHTa

[OKYMEHT NOANWCAH
SNEKTPOHHOW NOANUCHIO _
CepTucbukat:  12000002A633E3D113AD425FB50002000002A6 -0 3JICMCHIA,
Bnapeneu: Lebayxoea TatbAHa AnekcaHgpoBHa 20 JJICMCHTA,
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0,=>MC (5 -17) =X 0,712(97-25) = 60,48 «Bm,

KomreHcalisa moreps TeIlla ¢ BHEIMHEH ITOBEPXHOCTH aIlllapaTa B OKPYZKAOIIYIO CPely
paBHa:

Q:;=0cp I ( lros.ce -rnr::aﬁ) Tp
rae. Ocp— CPelHHH 3a IIepHOJ HarpeBa KO3( (PHITHEHT TEIUIOOTAAaYH C IIOBEPXHOCTH
3
arrapara B OKpykarolnyto cpexy, KB1/(MK);
IULS IPUIHHAPHYECKHX OOIHMIIOBOK, BRITIOJIHEHHEIX H3 HEP KABEIOIIEH CTAIH HIIH
AIIFOMHHHEBRBIX CIUIABOB, IIPH TEMIIEPATYPe BO3AYyXa B IIOMEIEHHH
_ ~ 3
Acp=[5,2+0,06( Irop.ce ~Imos )] 10
2
rae. F=0,048 m~ - 1UIoaabh HapyKHEIX OOIIHI[OBOK TEIUIOBOIO armrapara,
e )
I 7o5.0p — CPEHSS 3a TIEPHO]] HarpeBa TeMIIEpaTypa IoBepxXHocTeil oommoBkH, °C.

T

p:480g — BPCMA Hal'PCBd FHAKOCTH 4O KIIICHIA,

Ios.cp=0,5( tos +tmos ) =0,5 (25+97)=64 °C, torma

Ocp=[5,2+0,06( trop.cr~tros )] 107
=[52+0,06(61-25)]-10°=0,00736 xBm/(m°K);

Q;=0cp ( fHDB.cP_-fHDB) Ip=

= 0,00736-0,045(61-25)-450=6,1 «Bm

OOI11ee KOIMMYECTBO 3aTPAaYeHHOH TEIIOTHL PABHO:
Osarp~=P-1, = IU-1, 107

rae: /=354 — cHia Toka,

U =220 B —HanpsoKeHHE ITHMTAIOINEH CETH.

Osare” = IUT,-107 =3,5-220-480-10°=369,6  xBm.
CTalOHapHBIH PeXHM (KHIIEHHE):
Ternmoras MOIITHOCTh, pacXoAyeMas Ha IoJep KaHie IIpollecca KHIIeHHE paBHa:
Q ] =A H:fg'f"'

rae: AW,=0,1 ke/c — KOTHYECTBO BIIarH, HCITapseMoe B e JHHHILY BpeMeHH,

r=2438,62 x/[xc/xe — yaenbHas TEIIOTa ITapoo0pa30BaHH IIPH TeMIlepaType

KHIIEHHS XU IKOCTH;
O;=AW>r=01243862=243,86 xBm
Termnoas MOITHOCTh, KOMITEHCHPYIOIIAs TEIJIONOTEPH ¢ ITOBEPXHOCTH aIlapara B
OKPY/KAIOIIYIO CpeJly paBHa:
O;=a ' ( fHGB.CPE_-fHGB) T
riae: a=0 00736 xBm/ {’MEHJ — KO3() (PHITHEHT TEIUIOOTAaYH C ITIOBEPXHOCTH OOIIHIIOBOK

arrapara B OKPYKaroIlyio Cpeny,
F=0,048 »°- T1omans HapYKHBIX OOJIMIIOBOK TEIJIOBOI'O allllapara,

[ ronce =97°C — CPEIHSSA TEMIIEPATYPa ITOBEPXHOCTH KHIKOCTH,
I705=25°C — TeMIIepaTypa IIOBEPXHOCTH,
Tp=300c — BpeMs HarpeBa XIMIKOCTH IO KHITCHIL,

NOKYMEHT MOANUCAH = [ 711736-0,048(97-25)-300=7,63 xBm

SNEKTPOHHOW NOAMUCHIO
Ceptudurkar: 12000002A633E3D113AD425FB50002000002A6

Bnapeneuy: LHebayxosa Tatkana AnekcadHopoBHa ra
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gV ep

Iy

2

rae: V- o6beM pabouei KaMephl, M,
@=1 — KO3 PUITHEHT 3aITOTHEHN,
p — INIOTHOCTD JKHIKOCTH, KI/M

T1;=0,134 — BpeMs TEXHOIOIHYECKOr 0 IIHKIIA (CyMMapHO€e BpEMS 3arPy3KH, TEIUIOBOH
00paOOTKH H BEITPY3KH),

g=rep 108 o5
T, 0.13

KOHTpoJ/IbHbIE BOIIPOCHI:
1. B 4ueM cyTh BHYTpPEHHEH SHEPIrHH CHCTEMEBI? JIOKaXXKHTE, YTO BHYTPEHHSS SHEPTHA — 3TO
ITapaMeTp COCTOSHHSA. B yeM pasniyne BHYTPEHHEH SHEPTHH HIealIbHOI O H PealIbHOr 0 paboumnx
TEn?

2. BrBegute BeIpakeHHe U1 paOoThl. [1okaxuTe, YTO IUIOINAAE IO KPHBOH IIPOIIECCA P — V-
KOOpAHHaaxX YHCIIeHHO paBHa padorTe.

3. Uto Takoe padora u Termrora? UTo MeXIy HHMH OOIIErO H YeM OHH Pa3IHYarOTCs?

4. BeIBeHTE ypaBHEeHHE IIEPBOT0 3aKOHA TePMOJHHAMHKH. J[aiTe (OpMYIHPOBKY 3TOr0 3aKO0HA.
5. Uto Ha3bIBaeTCSI HCTHHHAS H CPEIHSAA TEINIOEMKOCTH? YKaXXKHTe Ha CBSI3b (IpaHIECKYIO H

ﬂHElJ]IITH‘IECK}’TO) MCAHIOY HHMIIL. HEPE‘IIICHII’I‘E Pa3JIHHbBIC BHIBI TCIINIOCMKOCTH, YKAXKHIC HX
CAHHHITEIL I 3aIlHITIMTC CBA3h MCHAY HHMI.

AOKYMEHT NoanmncAH
SNEKTPOHHOW NOAMUCHIO
Ceptudurkar: 12000002A633E3D113AD425FB50002000002A6

Bnapeneu: lLlebayxoea TateAHa AnekcaHapoBHa
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Tema sadoparopnoii padorni 3. OIIPEJAEJIEHUE 3ABUCHMOCTH JABJIEHHU A
HACBIINIEHHBIX ITAPOB OT TEMIIEPATYPBI
Ileab padoThI: H3YYHTh OCHOBHEIE 3aKOHEI HeallbHBIX I'a30B, OIIPE/IEIINTh 3HAUYECHHE
ra30BOH ITOCTOSIHHOH HCCIIEAYEMOIO rasa.
IIpudopbI H MaTepHAIBI: IIITIHHJP C IIOPIIHEM, TepMOoMeTp TadopaTopHeLi TJI-2,
MaHOMeTp M -4, GaHs BOASHAS.

T COPETHYUCCKAA TACTb.

Bce pabGoune Temna cocTOAT U3 XaOTHYECKH JBHKYIIIHXCS MOJIEKYIL, MEXTY KOTOPBIMI

IEHCTBYIOT CHJIBI B3aHMHOI'O IIPUTSCKEHNS HITH OTTAJIKHBAHIS.

llox uoeans Hoim Ta30M ITIOHUMAIOT BOOOPaKaeMBIH I'a3, B KOTOPOM OTCYTCTBYIOT CHIIBI
ITPUTSDKEHHUS MEKIY MOIEKYIIAMH, a COOCTBEHHBIN 00BeM MOJIEKYII HCUYE3ATOIIEE MaJl ITO
CPaBHEHHIO C 00BEMOM MEXKIYMOIEKYIISPHOI'O IPOCTPAaHCTERA.

B TepMoaHHaMIIKe 3aKOHBI HIAcAIbHEIX ra30B bornsa — Mapuorra, ['ei-JIroccaka, Ilapnsgu
IPYTHE IIPHMEHSIOT H IS pealbHBIX I'a30B ITPH OTHOCHTEIIBHO HEBBICOKHX JABIIEHHSIX H
OTHOCHTEIIBHO BRICOKHX TEMIIEpATYPax.

3axkoH bominsa — MapHoTTa yCTaHaBIIMBAET 3aBHCHMOCTE VAEIBHOI0 00beMa HIEalIbHOIO
rasa OT €ro JaBJIEHHS IIPH TTOCTOSHHOHN TEMIIEPATYPE: HpLl ROCHIOAHH OLL MemMnepanype
yoenbHble 0bbeMbl 2a3a 0bPaAMHO NPONOPYLIOHATbHBL €20 OAGICHUSAM.

Ecmi 0603HauUHTh HauaIbHBIH H KOHEYHBIH YACIIbHBIC 00BeMBI HeaJIbHOI' O ras3a HEpPE3 U H

U, , d COOTBETCTBYIOIITHE HM aOCOIITOTHBIE HaBJIICHHA, UEPC3 p, H p,, TO I10 3dKOHY boisa —

Mapuorra:
Y _ Py (mpu T = const), (1)
L P,
OTKY7ZIa
PY = Py, (2)
HITH
p L= const (ipu T = const) (3)

3akoH | en-JIroccaka ycTaHaBIMBAET 3aBHCHMOCTE YVAEIBHOIO 00beMa HAEAIBHOIO I'a3a OT
ero TeMIlepaTyPhI IIPH MOCTOSHHOM JIaBIIEHHH: Mpil HOCINOSHHOM OaéneHlill VOeabHble 0bbembl
1O AIbH 020 2A30A NPAMO NPONOPLULOHATbHBL 20 ADCONIOMHBLM HeMnepamypam.

, T,
Os _ L (ipu  p = const), (4)
o 1

I'me U H U, - VACIbHBIC 00BeMEBI T'a3a B Ha4aJlbHOM H KOHEUHOM COCTOAHIX, d Tl H Tj

— COOTBETCTBYIOIIHE HM a0COIIOTHBIE TEMITEPaTYPHI.
[Tomenss B popmyie (4) MecTaMH cpeJHHe WIEHBI ITPOITOPIIHH, ITOIIYYHM (popmyIry (5):

v, U,
2 _ 5
2 -4 (5)
I
v
- = const (TIpH p = const). (6)

3axoH [1lapnsg ycTaHaBIHBaeT 3aBHCHMOCTD JaBIIeHHI HIeaIbHOIO Ta3a OT €ro
TeMITepaTyPEI IIPH ITOCTOSHHOM YA eIbHOM 00BbEME: Hpil HOCHIOAHHOM. YOenbHOM obbeme abco-

NOKYMEHT NOAMNMNCAH WOPHHOHANLHDLL €20 abconomubvim

SNEKTPOHHOW NOAMUCHIO
Ceptudurkar: 12000002A633E3D113AD425FBS50002000002A6

Bnapeneu; lebayxoea TateAHa AnekcaHapoBHa

(TIpH. L = const ), (7)
Nencreutened: ¢ 20.08.2021 no 20.08.2022



IIoMeHSIB MecTaMH CPEIHIC WICHDBI ITPOITOPITHH, ITOJIYHIM

P, P
— 8
2 (8)
HIIH
P
— = const (TIpH L = const ), 9)

T

CorocraBineHHe 3aKOHOB bornsg-Mapuotrra, Hlapng u I'en-JIroccaka IpHBOIUT K

0000IIEHHOMY 3aKOHY: OMHOULeHIS NPOLU3Ee0eH il OaeleHa Ha YOoeabHblil 00beM K
abconomH oil memnepamype € 110b60oM cocnosaHLl OAHHO20 UOeATbHO20 2a34 PAEGH bl MeXCOY

coboil:
puv
—— = const 10
- (10)

U
puv =RT, (11)

['ie R - XapakTepHCTHYECKas ITIOCTOSHHAS HJIealIbHOIO r'asa.
DTV IIOCTOSIHH VIO BEJIMUHHY HA3BIBAIOT VOeIbH Ol 230601 NOCHIOAHH OLL.
YpaBHenne (11) HaspIBaeTCH ypaeHeHuem cOCmOosHUA udeanbHoz2o 2aza. OHO

CBA3BIBACT TPH OCHOBHBIX ITdPaMCTPa (H,I[EEIJ]LHGI‘G I'asa p ., U H T . 1o H3BECTHBIM 3HAUEHHSIM

TIOOBIX ABYX M3 HHX MOKHO OITPEJIEIINTE 3HAYEHHE TPETHETO IIapaMeTPa.

JTO ypaBHEHHE, IIONTYUYEHHOEe KitarieHpoHOM B 1834r., Ha3bpIBAETCS XapaKTEPHCTHUECKIIM
ypaBHeHHEM HI€aIbHOI'O I'a3a WIH YPpaBHEHHEM COCTOSHHS, KOTOPOe CBI3bIBAET MeKIY COOOMH
OCHOBHBIE ITapaMeTPhI COCTOSHHA — JAaBlIeHHe, 00beM H TEMIIEPATYPY — MOXKET OBITh
ITPEICTABIIEHO CIIEAYIOIMMH YPaBHEHHSIMIU:

pV = mRT (12)
pV, = uRT (13)

IJe; p — naBleHHe rasas [la; V — oGbeMTasa B M’ m-Macca rasa B ke, V', — obbem 1

3 A
KMOIL1 Ta3a B M /R‘.Mr:?ﬂb , R — ynenbHas razoBas IIOCTOSHHAS UL 1KT rasa B ( K) . R —
Ke -
e
YHHBEpCaIbHas ra3oBas IOCTOAHHAS | KMo rasa B .
(xmomw - K)

J1.11.Menenees BIiepBhIe MIPEATIOKIIL TS MOJIA I'a3a XapaKTePHCTHYECKOE YPaBHEHHE:

puv = pRT wm pV, = uRT (14)

rae; V), = H{U — oGbeM MOTISL

Ecnn 3amncaTh XapakTepHcTHYeCKOe YpaBHeHHE (14) 11l HOpMaIbHBIX YCIIOBHI, TO

101325 -22,4= uR -273,15 (15)
W3 5TOro paBeHcTBa CIIELYET, YTO
R, = uR =8314,3 /]ic/(monw - epaod) (16)

Ta IOCTOSHHAS HA3bIBAETCS VHUEEPCANbHOLL 2A306011 NOCMOAHHOILL, A
XapakTepHcTHUecKoe ypaBHeHHe (14) ypaBHeHHeM KianelipoHa — MeHenneeBa.
['a30Bas IMOCTOSHHAS TFOO0ro rasa

R =83143/u
NOKYMEHT MOAMNVCAH 3/ (17)
ANEKTPOHHOW MOANMUCHIO HHEM JIS IBYX PasTHYHBIX COCTOSHHI, KaKOro

Ceptudmkar: -~ 12000002A633E3D0113AD425FBS0002000002A6
MIpeelleHH s TI000ro rmapaMeTpa IIpH Iepexole
Bnapeneu: Lebayxoea TateAHa AnekcaHapoBHa bell P P P P a
1 OCTAJIBHBIX ITaPaMCTPOB H3BCCTHEI.

Nencreutened: ¢ 20.08.2021 no 20.08.2022



P, P,

= 18
AT (18)
T
| 3
PV _ PV (19)
T, T,

—_

YpaBHeHHe (19) yacTO IMPUMEHSIOT A1 «IIPHBeAeHHI 00beMa, K HOPMAaJIbHBIM

YCIIOBHSMY, T.€. JUIS OIpeJelleHHsI 00beMa, 3aHHMaeMoro razoM, IpH p = 1013257/a u

T'=273,15K (p=760mm.pm.cm. nl °C ), eclIH 00beM ero ITPH KaKHX — THOO 3HAYeHHSIX

p M t u3BecTeH. /{14 3Toro ciyvas ypaBHeHHE (19) 00BIYHO MPEACTABIISIEOT B BHIE:

pV:pHVH
T T, °

TIE Py .V, 15 -COOTBETCTBEHHO HOPMAIIBHEIE JaBIeHH L, 00beM H TEMIIEPATYpa.

(20)

B ]’[pﬂBDﬁ HYaCTH YPABHCHHA BCC BCIIMTHHBI B3AThI ITPH HOPMAJIbHBIX YCIIOBIIX, a JIEBOH —

IIPH ITPOH3BOJIbHBIX 3HAYCHHA JdBJICHHA H TCMIICPATYPEL.

YpaBHeHHe (2 — 19) MOKHO Ilepermicarh ClIeyIOIIHM 00pa30M:

P P
= (21)
Pl poT,
CIIEOBATEILHO,
. T
pzzpl'pd — (22)
p I,

—_

YpaBHeHHe (22) IMO3BOJISIET HANTH IJIOTHOCTH I'a3a IMPH JIFOOBIX YCIOBHSX, €CIIH 3HAYEHHS

€10 JJIA OIIPEACIICHHBIX }"GJIDEI]I‘T H3BECTHO.

[Topsmok mpoBeeHH A padOTHI H 00PaldOTKH OITBITHBIX JaHHBIX

U neanbHBIN ras, 3aKIIIOYCHHBIN B IMIJIHHAPE C ITIOPHIHEM, HMEET ITapaMETpel Py, U; H Tl

(HGHG}I{EHHE a Ha PHC. 1) YMeHBIIHB JaBlIecHHE ra3a B IMIJMMHAPE H IIOABEAA K HEMY
HEKOTOPOC KOJIIHYCECTBO TCILIIOTERI, IICPEBCIACM I'd3 B HOBOC COCTOAHHE, B KOTOPOM ITaPdMCTPhI

MPHMYT 3HAYeHUI P, , U, u 1, (TmonoxeHne 6 Ha puc. 1).

Y CTaHOBHM CBS3b MCAAY Ha4dJIbHBIMH H KOHCHHBIMH IIdPaMCTPANMIT HICAJIIBHOI'O I'da34d. ,HJIH
ITOI'O IIEPEXOA H3 COCTOSHHA a B COCTOMHIIC 6 COBCPOIMM ABYMA IIOCIICHOBATCIIBPHBIMH
OITCPaIlFAMIL.

CHayana YMEHBIIIHM JaBIIEHHE TIasza OT P, J0 [P,, IIOAACPXKHBAA TEMIIEPATYPY Tl
ITOCT OSTHHOH ITYVIEM ITIOABOJa TCIUIOTBI K I'a3y. T axuMm GﬁpﬂSGMj I'a3 OKdKCTCA B HCKOTOPOM

IIPOME)KYTOUHOM COCTOSHHH @ C ITapaMeTpaMH P, Uy U 1, .

Byzaem mojgorpeBars ra3 Tak, 4ToOBl OH ITPOAOIIKAI PACIIHPITHCS, COXPaHSS JaBIIeHHE [,

HEH3MEHHBIM, a TeEMIIepaTypa ero IIpH 3TOM ITOBBICHTCS 0 1> (TT0I0KeHHe 6 Ha pHC. 1).
COITOCTaBHM 3TH TPH COCTOSIHHS Ta3a @, 6 H 6. TaK KaK B COCTOSHHSX a ¢ € TEMIIEPATYPHI
OJIMHAKOBBI, TO MEXAY YIECIbHBIMH OOBEMAMH H JAaBIIEHHSAMH Ia3a B 3THX COCTOSHHSX
IOIKHA CYIIECTBOBATh CBA3h I10 3aKOHY bomia — Mapuorra, I en-JIroccaka.

By

[NOKYMEHT NMOAMNUCAH 4 P
SNEKTPOHHOWM MNOANMUCHIO

Ceptudukar: 12000002A633E3D113AD425FB50002000002A6 p?

Bnageneu;

lLlebGayxoea TateAHa AnekcaHapoBHa
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U; Tl Tl'Uﬁ_.
p— :}U}:—‘
v, T, T,

a —_ —_

6. OmnpenennmM 110 popmye (17) 3HaUeHHe YHHBepCalbHOH Ia30BOH ITOCTOSHHOH R.
7. Pe3yiIeTarel pacyeToOB 3aHECTH B TAOIMHILY 1.

NOKYMEHT MOAMNMUCAH
SNEKTPOHHOWM MOANMUCHIO
CepTuchukar:  12000002A633E3D113AD425FB50002000002A6

Bnapeneu: lLlebGayxoea TateAHa AnekcaHapoBHa

HNeincreutened: ¢ 20.08.2021 no 20.08.2022



Tabmmiia 1

OITBIT P.Mila U?M; T K
Ke
]
2

Ko HTPOJIbHBIC BOIIPOCHI

1. IIpoaHamm3upyHTe Impolecc Imapoodpa3oBaHHI B p — V-, T — s-, h — s-KoopHHaTax.
YKaxuTe HX OOIIHeE YEPTHL H OTJIMYHTEIBHBIE OCOOEHHOCTH.

2. UTo Takoe BIaKHBIH HACBIIIEHHEIH, CYXOH HACBIIIEHHBIH H IIEPErPETHIN ITap? YKaxHUTe
3aKOHOMEPHOCTH H3MEHEHHNS OCHOBHBIX ITAPaMETPOB COCTOSHIL B ITPOIIeccaxX HarpeBaHII BOIEL,

mapooOpa30BaHH H ITeperPeBaHN.

3. 3armImiTe YPAaBHCHH L, OIIPCACICIIONIIE 3dKOHOMEPHOCTH H3MEHCHITA ITAPAMCETPOB

COCTOSIHHS ’KHAKOCTH M Iapa. Jlante uM OOBSCHEHHE.

4. ITpoaHamM3HpPYHTE IPOIECChl H3MEHEHHS COCTOSHI ITapa (M30XOPHBIH, H300apHBIH,
H30TEPMHYECKHI H afHa0aTHBII). YKakKHTe 0COOeHHOCTH ITPOIECCOB B 00IAaCTH BIaKHOIO H

IeperpeToro napa.

AOKYMEHT NoanmncAH
SNEKTPOHHOW NOAMUCLIO
Ceptudurkar: 12000002A633E3D113AD425FB50002000002A6

Bnapeneu: lLlebayxoea TateAHa AnekcaHapoBHa

Nencreutened: ¢ 20.08.2021 no 20.08.2022




Tema maoopaTopnoii padorni 4. OIIPEJEJIEHUE ITAPAMETPOB COCTOAHUA
BJIA’KHOI'O BO3/1YXA
Il es1b padoThbI: SKCIIEPHMEHTAIILHOE OIIPE/IeIIEHHE ITAPaMeTPOB COCTOSHHS BIIaKHOI O

BO3IyXaA.
T copeTHICCKAA TACTh.

BraxHbpmM BO3AYXOM HA3bIBAIOT CMECh CYXOI'O BO3AYXd C BOJAHBIM ITdAPOM. Ilo CBOCMY
QJIIBIIIIECI{GI\{}" COCTOSIHHIO BIIaKHBIH BO3OYX OJIM30K K HcalIbHbIM I'a3aM.

HGCI{GHLI{Y BIIAJKHBIH BO3OVX PaCCMATPHBACTCA KaK CMCCh HJACAJIBHBIX I'd30B, TO K HEMY
ITPHMCHHM 3dKOH ﬂﬂﬂLTﬂHﬂj COI'NIaCHO KOTOPOMY CYMMaA ITaPITHAJIbBHBIX JIaBJIEHHI KOMITOHEHTOB
PdBHA J4ABJIICHHIO CMCCH.

Py, =P, +P, (1),

rfe. Ppy— JaBlIeHHE BIIAXKHOTO BO3YXA,

Pp — nmaprpansHoe JaBlIeHHE CYXOr0 BO3AyXa B CMECH,
Pr; - mapimiaabHOE JaBIE€HHE BOJISHOIO I1apa.

[IapiipanpHOE JaBIIEHHE BOASHOIO Iapa, HaXOMAIIErOCS BO BIIaKHOM BO3AYXE ITPH
HEKOTOPOH TeEMITEpaType, He MOKeT OBITh OONBIle, YEM JaBIIEHHE HACHIII[EHHOTO ITapa IIpH
JAaHHOH TeMIlepaType, T.K. IIPH 3TOM JaBJICHHH ITap HaUMHAET KOHIEHCHPOBATHCS C BRINIACHHEM
KarleJleK KHIKOCTH. CleIoBaTelbHO, MAaKCHMAIIbHOE KOIMYECTBO BOASHOIO IIapa, KOTOpoe
MOKeT HaXOJHUTHCS B [m” CMECH, T.€. TNIOTHOCTE BOSHOTO I1apa paBHA INIOTHOCTH CYXOI'0
HaCBIII[EHHOr'0 ITapa IIpH 3aJlaHHONH TemMIleparype. CMech, COCTOMIIAI H3 CYXOro BO3AyXa H
HaCBII[EHHOI'O BOASHOIO ITapa, Ha3bhIBAIOT HACKII[EHHBIM BIIAKHBIM BO3IYXOM.

BraxHbBIT BO3AYX, KOTOPBIH HE COAEPKHUT IIPH JaHHOM JaBJIEHHH H TEMIIEpaType
MaKCHMAaJIbHO BO3MOKHOE KOITHYECTBO BOISHOIO ITapa Ha3bIBAETCS HEHACKIII[EHHBIM.
HeHacenmeHHBI BIIaKHBIH BO3IYX IIPEACTABIISET COOOH CMECh CYXOI'0 BO3/IyXa H IIEPETPETOTO
Trapa.

TeMIepaTypa BIaXHOT'O BO3AYXa, IIPH KOTOPOH IMap HAXOIUTCHA B HACBII[eHHOM
COCTOSIHHH, HAa3bIBAETCS TEMIIEPATYPOH TOUYKH POCHL. CHIDKEHHE TEMITEPATYPBI HHKE
TEMIIEPATYPhI TOUKH POCHI IIPHBOJUT K KOHIEHCALHH ITapa.

OTHOCHTEIbHAS BIaKHOCTD BO31yXa qﬂ% HA3BIBACTCH OTHOICHHCEM IDIOTHOCTH BOJAAHOI'O

ITapa IIpH ero MapIHaJIbHOM JaBJIeHHH H TeMIlepaType CMeCH K INIOTHOCTH CYXOTr' O
HACBII[EHHOr O ITapa IIpH TOH K& TEMIIEPAT YpE:

o=L7.100% (2
P,
HPH IIPHHATOM JOIIYIIEHHH, YTO Eﬂﬂﬂ]{(}ﬁ I1ap GﬁﬂaﬂHET CBOHCTBAMH HACAIILHOI'O I'a34,
OTHOCHTEeJIFHASI BJIAKHOCTHh MOJKET OBITh BbIPaAKCHA HCPC3 IIAPLIHAIIBHOC JABJIICHHC IIdPa.

go:jZ—H-IOO:,% (3),
H
rae: Pp — maprmanbHOe JaBIeHHe ITapa B CMECH,
Py — maBieHHe HACHIIIIEHHOTO Iapa ITPH TeMIIepaType BIIaKHOTO BO3AYXa.

BeIH4HHOI, ITHPOKO ITPHMeHSIeMOH B TEXHHYECKHX pacueTax JUIs XapaKTepHCTHKH
COCTOSIHH I BJIQXKHOTI'O BO3/[yXa, SIBJISIETCS BIIar OCOePKaHHE.

Brnaroconep kaHneM d BIIaXKHOI O BO3IyXa HAa3bIBAETCS KOIIMYECTBO BOASHOIO ITapa B
IrpaMMax, cofiepKammpecsa B I ke CyXoro Bo3ayxa:

m

d=—2t (4)
NOKYMEHT NMNOoAanncAH
SNEKTPOHHOWM NOANUCHLIO
Ceptuchukar:  12000002A633E3D113AD425FBS0002000002A6 0 C IMapIHaJIbHBIM JaBIICHHEM BOASHOI'O ITapa
Bnapeneu,; lWebayxopa TateAHa AnekcaHapoBHa
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d=60— 1 (5)
P, -P

& ]

]t ymoOcTBa pacueTOR SHTANLITNA BIIAKHOIO BO3YXa OTHOCHTCA K | KT CyXOoro
BO3JTyXa.

[TpH MpHHSTOM JOITYINEHHH 00 HIealIbHOCTH BOASHOI O ITapa H BO3yXa, SHTaIbITHS
BIIQ2KHOT'O BO3JTyXa HE 3aBHCHT OT JABJIEHHSI H OIPeelIIeTCs IT0 YPaBHEHHIO:

d
1000

I

n

Ia-::-j'-:ﬁ

— i, +

TJIE: Is0:0 — SHTAIBIIN CYXOT0 BO3AYXa,
i, — DHTAJIBITH ITapa, COJEPKaIerocs BO BIIaJKHOM BO3AYXE.
OHTaILITHIO KOMITIOHEHTOB BIAKHOI'O BO3/yXa, MOKHO BRIPA3HTh Yepe3 HX TeIlJIOEMKOCTh
H TeMIieparypy. Toraa ¢opmyia g pacuyeTa SHTAIbITHH BIaKHOTO BO3AyXa OyJeT HMeTh BHJI;

_ d
o = € 14— +C,7 1), (6)

TJeE: CPB =1,00 rgZch/ k2K — n3o0apHas TEIIOEMKOCTh BO3AyXa,

ro=2501 rgZZ.::fc/ k2K — TerioTa rmapoodpa3oBaHH I BOJBI B TPOHHOH TOYKE,

CPH = 1,92 rgﬂmc/ k2K — n3o0apHas TEITIOEMKOCTE BOJISHOIO Tapa.

YpaBHeHHS (1) — (6) TTO3BOJISIIOT IPOBECTH pacyeT MPOIECCOB H3MEHEHHS COCT OSIHHS
BJIA;KHOT'O BO3/yXa. OJTHAKO, paCUEThl 3HAUUTEIILHO VIIPOIIAIOTCS, M CTAHOBSTCS HaITISIIHEE,
eCIIH HCITOJIb3YIOTCA IpapHUecKHe METO/IBI C IIPHMEHEHHEM I,d — JHArpaMMEL, i,d — THarpaMMa
CTPOHTCS Ha OCHOBaHHH (1) — (6).

Hanbornee yacTo cOCTOSHIIE BO3IyXa 3aJacTCs ABYMS ITapaMeTPaMH — EI0 TEMIIEPATYPOI
H OTHOCHTEIIbHOH BIIAKHOCTBIO. /(1151 OIpeielIeHHS OTHOCHTEIPHOM BIIaKHOCTH ITPHMEH SFOTCS
CITEI[HaIbHBIE ITPHOOPHI — IICHXPOMETPEI H THIPOMETPHI.

Y CTPOHCTBO H ITPHHIMIT pa0OTHI aCIIHPALHOHHOIO IICHXPOMETPa

[IcuxXpomeTp SBIISIETCS HaHOOIee PaCcIIPOCTPaHEHHBIM IIPHOOPOM 1S OIpeAeIeHH S
OTHOCHTEIBHOM BIaKHOCTH BO3IYXA.

[ IprHIHIT paboThI IICHXPOMETPA OCHOBAH Ha Pa3HOCTH ITOKA3aHHI CYXO0r0 H CMOYEHHOIO
TEPMOMETPOB B 3aBHCHMOCTH OT BJIaKHOCTH OKPYKAIOIIEr 0 Bo3ayxa. [IcHXpoMeTp HMeeT ABa
PTYTHEIX TEPMOMETPA — CYXOH / M MOKPBIH 2, YYBCTBHTEIIBHAS YaCTh KOTOPOro OOEpHYTAa
0aTHCTOM, CMaUYHBAaeMBIM BOLOH. [IpH 3TOM CYXOH TepMOMETP IMOKA3BIBAET JAEHCTBHTEIIBHYIO
TEMIIEPATYPY BO3AYXa, a MOKPEI ¢ HEKOTOPOH CTEIEHBIO MPHOIIHKEHNHSI — TEOPETHYECKYIO
TEMIIEPATYPY MOKPOIr0 TEPMOMETPA.

[ToKa3aHHsI MOKPOIro TEpMOMETPA TeM OIIMKe K TEOPETHUYECKOH TEMIIEpaType MOKPOIro
TepMOMETPa, YeM OOIbINe CKOPOCTH IMTOTOKA, OOYBAIOIIETO YYBCTBUTEIIBHYIO YaCTh
TepMOMETPA, T.K. ITPH 3TOM MEHBIIE CKa3bIBAETCSA IIPUTOK TeIUIa H3TYUeHHEM H
TEIIOIIPOBOAHOCTEIO. [IoaTOMY IICHXpOMETP CHAOKEH CITelHAIBHBIM BEHTIIATOPOM 3, KOTOPBIH
CO3JIaeT IOTOK BO3AyXa CO CKOPOCThIO 2x/c. [IpHBOJ BEHTHIIATOPA OCYIIECTBIIIETCS IIPH
TTOMOIIH 3JIEKTPOABHIATENS. JJIs ITpeOoTBpallleHHS IIPUTOKA TEIlIa YYBCTBHTEIIbLHAS YaCTh
TepMOMeTpa SKpaHHpyeTca TpyOKaMH 4 1 5.

[Topsgmok HaOMIOAEeHH S 110 TICHXPOMETPY H 00pa00TKa OIBITHRIX JaHHBIX:

El) CMauyHBaroT OaTHCT Ha PE3CPBYAPC TCPMOMCETPA. l[JIH ITOI'O HCITOIIB3VIOT pEBI]HGELIﬁ

AOKYMEHT NOANMUCAH , - -
SNMEKTPOHHOW NoanuchbIo I.H.'I'L'IIHpCIEaHHGH BOJOOH,

Ceptudurkar: 12000002A633E3D113AD425FB50002000002A6
Bnapeneu: Lebayxoea TaTbAHAa ANEKcaHOpoBHE SKTPOMOTOpa ITPpOBOAAT OTCYETEI ITO
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1") OTHOCHTCIIbHAA BJIAKHOCTD BO3YXd (p IT0 H3MEHEHHBIM 3HAUEHHAM CYXOI'0 i H

MOKPOTO #3; TEPMOMETPOB MOJKET OBITH OIpejielleHa IO i,d - JHarpaMMe HIIH I10
IICHXOMETPHYECKOH TalmIle.
) 1o popmynaM (3), (5) H (6) HIH 110 i,d - THarpaMMe OIpeieNsaeTcs IapIHaIbHOe
JaBJIcHHe Iapa B cMecH (Pr), BlIarocoiepXKaHHe (d) H SHTaIbITHS BIIaKHOTO BO3YyXa (i),
€) pe3yIbTaThl BEIYHCIIEHHH 3aHECTH B TaOIIHITY.

Mwn | t, °C |t,, °C Pgr, Py, P 0, % d, gy
MM.pM.CI. | MM.PI.CI. | MM.PHL.CIL. /K2 /K2
|
2
3aBHCHMOCTE JaBIIEHHS HACBIIIIEHHOIO Iapa oT tyr, °C
tir, °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 | 22,8 | 254 | 270 | 28,6 | 30.2 | 31.8
[ IcuxomeTprHyeckas Tadma
Temreparypa MOKPOro TepMOMeTpa , tyr, °C
Tlo] sTwlu w2135 1 [17]18[19]20][21]2]23]24]25[26[27]28[20] 30
E
M 5 100
10 45 | 100
P
A 11| 27 | 38 | 100
12| 30 | 17 | 20 | 100
N
y [13] 24 [ 69 | 80 | 90 [ 100
14| 18 | 60 | 70 | &0 | 90 | 100
T
E 73 s2 | 62 | 71 | 80 | 90 | 100
P
M [ 16 45 | 55 | 64 | 71 | 80 | 90 | 100
O
M |17 30 | 48 | 57 | 64 | 72 | &1 | 90 | 10
0
E
T | 18 33 | 42 | 49 [ 57 | 65 | 73 | & | o1 | 100
: [IOKYMEHT MOAMNUCAH
SNEKTPOHHOW NOAMUCHIO o1 | 100
Ceptuchikat:  12000002A633E3D113AD425FB50002000002A6
Bnapeneu: Lebayxora TaTeaHa AnexkcaHgpoBHa 33 35 T 100
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21 20 27 34 38 45 53 60 | 68 | 75 a4 o2 | 100
22 23 30 34 40 47 54 | 61 63 7T 24 @2 | 10
23 19 26 30 36 42 45 | 55 | 62 76 7T g4 | 95 | 10
24 23 26 32 37 44 1 45 | 56 64 70 77 ) 85| 92 | 10
0
25 1@ 23 28 33 39 |45 | 51 58 60 T2 179 | 85 | 93 | 10
0
26 12 24 30 35 | 40 | 46 53 58 65 | T2 | T8 | 85| 91 | 10
0
27 21 26 32| 37 | 3T 42 43 53 | e0 | &7 | T3 | 85 | 95| 10
0
28 23 28 | 33 | 38 40 43 55 | 60 | &7 | T3 |72 | 85 | 95 | 10
0
29 25 | 30 | 35 35 44 49 | 56 | 61 | 68 | 72 | 80 | 86 | 4 | 10
0
30 22 27 | 32 36 40 46 | 51 | 7 |63 | 67 |74 | 81 | &7 | &4 10
0

KoHT POJIbHbBIEC BOIIPOCHL

l. ﬂﬂf‘[TE OITPEACIICHIC HACBIIIICHHOI'O H HEHACBIIICHHOI'O BIIAXKHOI'O BO3/yVXaA. YKaxHure
BO3MOZKHBIC ITYTH ITIOJIVHCHITA HACBIIICHHOI'O BJIAKHOI'O ITdPa.

2. JlaniTe orpeiesieHHe BIIarocoAepKaHns, aOCOIIOTHON H OTHOCHTEIPHOH BIAKHOCTH BO3IYyXa.

3. JlariTe aHaAJIN3 IIPOIleccaM HarpeBaHH, OXJIaKIeHHI H OCYIIIEHH I BO3AyXa. PenmTe ¢
romonrso H —d-guarpaMMel ps KOHKPETHBIX 3a1a4.

AOKYMEHT NoanmncAH
SNEKTPOHHOW NOAMUCLIO
Ceptudukar: 12000002A633E3D113AD425FBS50002000002A6

Bnapeneu: lLlebGayxoea TateAHa AnekcaHapoBHa
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Tema smadopaTopnoii padorsi 5. OIIPEJIEJIEHUE KOOODPUITUEHTOB
TEIIJIOITPOBOJHOCTH PA3JIMUHBIX MATEPHUAJIOB

Ilens pabomot: 1. BEISIBHTH pa3IHYHbIE MEXaHH3MBI IIEpEHOCA Telljla, PacyeTHOe H
SKCIIEpHMeHTalIbHOE OITpe ielIeHHe OCHOBHBIX XapaKTEePHCTHK
KOMOHHHPOBAaHHOI'O TeINI00OMeHa: KOIHYeCTB Tellla, IIepeaBaeMoro OT ee
IIOBEPXHOCTH TEIUIOBBIM H3IIYUeHHeM H KOHBeKI[HeH, Ko3( pHIlHeHTa
TeIJIOOTJaYH TOPH30HTATbHOH TPYOBI H CTEIIEHH YePHOTHI €€ ITOBEPXHOCTH,
2.0mpeaemTh KO3 PHITHEHT TEIUIONPOBOJHOCTH TETUIOH3OIHPYIOMIETO
MaTepHaa.

IIpuboper u mamepuansi: n1adopaTopHas YCTaHOBKa, IMQPPOBON BOJIETMETP,

aMIIepMETp, HUQPPOBOIl  MYJILTUMETP, XPOMENb-KOIIEIECBLIE
TEPMOTIAPHI, JTIa3€pHBIN UH(QPOKPACHBII TEPMOMETP.

T copeTHICCKAA TACTh.

C}"H.[EGTE}"ET TPH OCHOBHBIX MEXAHIH3Md IICPCHOCA TCILUIA, Ka KIIbIH H3 KOTOPBIX HMCCT
CBOLO QJIIBIIIIECI{}’TO IIpHPOAY H OIIHCBIBACTCA CBOHMI 3dKOHAMI H YPAaBHCHHAMIL. OTO -
TCILIOIIPOBOAHOCTE, TCIUIOBAA KOHBCKITIA H TCIIJIOBOC H3JIVHCHHC.

B mpakTuke Bce 5TH MeXaHH3MEI Hallle BCEro JAEHCTBYIOT OJHOBPEMEHHO.
Eciu oI MoryT OBITH KakKHM IHO0 0OpazoM auddepeHIInpoBaHEl I OIpeaelICHEI,
TO B JalbHEHIIeM 3a cUeT pazjIMdHBIX TEXHIUECKHX CPEeACTB, BO3MOIXKHO,
CKOPPEKTUPOBAThL B HYXKHOM HaIIpaBICHUN ACICTBHIS TOrO IUIM MHOIO MEXaHHI3Ma
mepeHoca Tervia. [Ipu 3ToM He3aBUCUMO OT MeXaHHI3Ma MepeHoca, TeIJIOBOI II0TOK
BCEr/la HalpaBJeH OT OoJiee HarpeTOTro Tella K MeHee HarpeTOMY TeJIy I OCHOBHEIM

(akTOpOM, OIPEIEIIIIONIIM HNHTEHCUBHOCTL TEIJIOOOMEHA, SBJIIETCS PazHOCTH
TeMIIepaTyp.

B HacTosmen paboTe Ha IIpHMEPE HArPETOH T'OPH30HTAIIBHOH TPYORI HEOOXOHMO
OIPEIENHTh KOJIMYECTBO TEIUIA, BEIJIEIISIEMOI0 BHYTPEHHHM HCTOYHHKOM - TPyOUaThIM
3JIEKTPOHArpeBaTEIeM, YCTAaHOBIEHHBIM BHYTPH TPYOBI, BEIYHCIHTE INIOTHOCTE TEIUIOBOIO
IIOTOKa, IlepeJaBacMOro OT HarpepaTels Yepes HIIMHAPHYECKHIT CIIOH TellTIOH30ISI[IHOHHOIO
MaTepHala K €€ HapyKHOH ITOBEPXHOCTH H PACCEHBAEMOrO TETIJIOBBIM H3IIYUEHHEM H
KOHBEKIIHEHN B OKPYKAIOIIYIO CPENY. B YCIOBHSAX CTAllHOHAPHOI'O TEITIOOOMEHA H OTCYTCTBHSA
yTeueK TeIUIa 110 y3JIaM KpeIUIeHH I TPYORI €€ TEeIIOBOH OallaHC BRIPAKAETC COOTHOIIEHHEM:

Qe=Qx+ Qu (1)

rae Qs - TEIUIOBas MOIITHOCTS, BEIJIETISIEMAs 3JIEKTPOHArPEBATEIIEM,

Qi - TEIUIOBOH ITOTOK, OTJAaBae€MBIH ITOBEPXHOCTBIO TPYORI KOHBEKIIHEH,
(Q — TEIIJIOBOH IIOTOK, OTJaBacMBIH H3JIYUCHHEM.

PasmiyaroT cBOOOIHYIO H BEIHYKIEHHYIO KOHBEKIIHIO. BEIHYKIeHHASI KOHBEKIH
BO3ZHHKAET IO JAeHCTBHEM BHEIHHX CHII IIPH ABHKEHHH TEIA B HETIOABHKHOM CPEJie HIIH ITPH
OOTEKaHHH €I'0 CIUIOIIHBIM ITOTOKOM KHIAKOCTH WIH raza. B oTimume OoT 3T0ro cBOOOMHAS HIIH
€CTECTBEHHAS KOHBEKIM S BOSHHKAET HCKIIFOUYHTEIBLHO 3a CUET Pa3HOCTH TeMIIEpATYp Tella U
OKPV2KaroIIeH CpeJbl H JTOKaIH30BaHa B HEOOIBIIIOH 00MacTH BOKPYT Tella, Ha3kIBacMOH
ITOrPaHHYHEIM CcIIoeM. JKHIKOCTE WIH I'a3, HarpeBasCh MM OXJIaKAasICh B 3TOM CJIOE, H3MEHSET
CROHO TITTOTHOCTE M 32 CUET JIEHCTRUS RBITAIIKHRAOIINX APXHMeJOBBIX CHII HAUHHAET JBHIaThCS,

AOKYMEHT NOANWCAH -
SNEKTPOHHON MoarnmchbIO YHCTOH TCILIOIIPOBOAHOCTBIO. KGB(I)@)I]I[HEHT
Ceprudomrar: 12000002A633E3D113AD425FB50002000002A6 JdBHJIO, Hd HECKOJIBKO ITOPAJAKOB HH/KC, HCM
Bnagenedi; Llebayxosa TateAHa AnexkcaHapoBHa | CHIIY TOKa L TeMITepaTyphl Hap O

AHO SKCIIEPHMCHTAIIBHO OITPEICIIHTE
Nencreutened: ¢ 20.08.2021 no 20.08.2022 P Ipen



KO3(P(HIIHEHT TEIUIOOTJaYH I'OPH30HTAIbHOH TPYOBI. J[OIMOIHHTEILHO B HACTOSIIeH paboTe OH

PACCUYMTEIBAETCS H 110 KPUTEPHAIILHEIM COOTHOINEHHSIM, ITOTYYEeHHBIM Ha OCHOBAHHH TEOPHH
ITOAO0H .

Nu =C-(G,-P, ),
rae Nu - Oe3pasmepHoe urcio (kputeprii) HyccenbTa, XapaKTepH3YIOIIee OTHOIIEHHE
TEIIJIOBOIO ITOTOKA, OTAAaBaeMOI' 0O ITOBEPXHOCTHIO Tella KOHBEKIHEH K TETUIOBOMY ITOTOKY,
IepegaBacMOMY TEIUIOMPOBOAHOCTBIO YEPES CIIOH CPebl TOMIIHHOH, PABHOH JHAMETPY
TPYOHI.
Gr - kpuTepHi ['pacroda, paBHBII OTHOIIEHHIO BEITAIIKHBAIOIIEH CHIIBI, JeHCTBYIOIIEH Ha
HarpeTsie 00BEMEI KIMIKOCTH HIIH 'a3a K CHIIaM BSI3KOCTH.

Pr - xputepnit IIpanaTias, XapaKTepH3YIOIHIT COOTHOIIEHHE BI3KOCTH H
TEMIIEPATYPOITPOBOJHOCTH CPEIbI.

B Ttabmmiax 10.1 1 10.2 npuBoasrcsa HeoOXOMHMEBIE JaHHEIE IJIS pacueTa KpHTEPHEB
rmogodusg  Nu, Gr, Pr.

AOKYMEHT NoanmncAH
SNEKTPOHHOW NOAMUCHIO
Ceptudurkar: 12000002A633E3D113AD425FB50002000002A6

Bnapeneu: lLlebayxoea TateAHa AnekcaHapoBHa
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Taomma 10.1 - Tenmo¢dpuintdeckne cBoMcTBa cyxoro Bo3ayxa npu P=0,101 Mlla

to, °C P, KT/M A, Br/M*K v, M/C c, JIxxT*K 5
r

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

Ta6mruma 10.2. SHayenns C Hn  KpHTepHAIbHOro ypaBHeHHI Nu = C* (Gr*Pr)"

Pesxzmv cBOOOJHOM KOHBEKITHH (Gr*Pr) C n

[11eHOYHBIii 1*10” 0,5 0
[TepexOnHELi 5*10° 1,18 0,125
JlaMHHADHBLIT 2*10' 0,54 0,25
TypOyeHTHBII 1*10" 0,135 0,33

EciIH JOIOIMHHTEIILHO H3MCPHTE TCEMIICPATYPY Hd ITOBEPXHOCTH HAI'PCBATCIIA - ty, TO ITO
QJGPI\{}"]IEE-I CTEII_[IIDHElpHﬂﬁ TCILIOIIPOBOJHOCTH OEeCKOHEUYHOI' 0 IMIIIMHAPd MOKHO TAKKC

OIPENETHTE KO3( (PHIIHEHT TEIUIOMPOBOJHOCTH A (BT/M-K) TeIrmoH3onsSiHOHHOrO MaTepHaia,
HaXO/ISIIET OCS MEKIY AIeKTPHYSCKHM HarpeBaTeleM H HapYKHOH ITOBEPXHOCTEIO TPYOBI.

Onuncanue IKCHHEPHMCEHT aJJbHOH YCTAHOBKH

Pa®ovast 4acTh YCTAHOBKH ITPEACTABIISIET COOOH MOJETD TEIUIOH30IHPOBAHHOIO
TPYOOITPOBOAA M BEIITOTHEHA B BHIE TPYORI ¢ HAPYKHBEIM JHAMETPOM 34 MM, JIIMHONH 360 M,
BHYTPH KOTOPOH YCTAHOBJIEH TPYOYaTHIH HarpeBaTelb JHaMeTpoM 20 v (pHcyHOK 10.1).
[IpocTpaHcTBO MEXK Y HarpeBaTeleM H HapyKHBIM KOKYXOM H3 TTOIHPOBAHHOI'O A TFOMHHI A
3aII0JTHEHO TETUION3OIHPYIOIMM MaTepHaioM. s HCKIIFOUEHN I YTeUYeK TeIUIa II0 TOpIaM
TPYOEI OHH 3aH30JIHPOBAHEI, a caMa TPpyOa BEIBEIIIEHA HA TOUEYHBIX OITOpax. OIEKTPHYECKOE
HanpsokeHHe U, moJjapaeMoe Ha HarpeBaTellb, PeryIHPYeTCs ¢ IIOMOIIBIO aBTOTpaHCc(popMaTopa
H H3MepSeTCs IH(POBEIM BOILTMETPOM. BelnnumnHa Toka I - H3MepseTcs ¢ ITOMOIIBIO
aMIlepMeTpa. B KauecTBe JaTUMKOB TEMIIEPATYPHI HCIIONB3YEOTCS XPOMEIIb-KOIIETIEBBIE
TepMornapel, 2/[C KOTOPBIX H3MePSeTCs IH(POBEIM MYIIbTHMETPOM. Ero ImokazaHus
ITPOrpaJyHPOBAHEL B rpajaycax Llenpcusa. CTeneHp YePHOTEI IIOBEPXHOCTH OIPEHEISIETCS
CpPaBHEHHEM €€ TeMIIEpaTyp, H3MEPEHHBIX TePMOITAPOH 1 J1a3epHBIM HH(]ppaKpacHBEIM
TEPMOMETPOM.

Ilopaaok BbIoJIHEHH A PA00ThI

1. 3yunTh MeTOAHYECKHE YKa3aHHS, 3ar OTOBHTh (DOPMY OTYeTa O IIpoBeJeHHOH pabore,
B KOTOPYIO BHECTH Ha3BaHHE H IIelIb pabOThI, OCHOBHBIE CBeIcHHS 00 H3yYaeMBIX IIPOIleccax,
CXEMY BKCIIEPHMEHTAIbHON YCTAaHOBKH, TaOHIEl 10.1- 10.2 11 pacueTHOro onpeaencHus
KO3 (pHIIHeEHTa TeIUI00TAaYH M Ta0mmry 10.3 1711 3armcH pe3ylnbTaToB H3MEPEHHH H
BBIYM CIIEHHI.

OJOKYMEHT NoanmvucAH
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Temneparypa 2, C Tedneparypa 1, C
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Pucynok 10.1 CxemMa mabopaTOpHOH YCTaHOBKH

2. IIpn gocTHKeHHH CTaI[HOHAPHOIO pekiMa (He MeHee 20 MHHYT ITOcJIe BKITFOUEHHS
HarpeBaTeNs) IMMPOU3BeCTH H3MepeHHs BelurH [, U, t; t 1 to, Pe3ynbTarsl 3aHecTH B TaOIHILY
10.3. OGpaTHTh BHHMaHHe Ha XapaKTep H3MeHeHH s TeEMIIEpATyp t; t.. B IIpollecce HarpeBaHH I

TPYOHL.
3. Beruncnurs 1o gpopmynam (1- 9) u 3aHectH B Tabnuiry 3 3HaueHHS Qs, Qp H Qg
SECII
o H A
4. IlepeHecTH B TaOIHINY JaHHBIE, TIOJIYUYEHHEBIE IJI APYITHX 3HaueHHH I, U, ty, t; 1 1.
Tabmmia 10.3 - Pe3yibTarsl H3MEepEeHNH H BBIUHCIICHII

N, U, I, ty, ter to Qs Qn Qe | o™, A, o
TT/TI B A C C °C BT BT Bt Br/ | Bt/mM*K | Bt/
M-K MK
1 2 3 4 5 6 7 8 0 10 11 12

O0padoTKa IKCIEPHMEHTAJIbHBIX JAHHBIX

1) 11O PE3VYJIbTATAaM BBIIIOIIHEHHBIX IIBMEPEHI]I‘T PACCHHTBIBACTCA
KOJIIHYCCTBd TCIUIA, BRIACIIACMOC 3JIICKTPOHAI'PCBATCIICM

Oz=1-U, (2)
2) o 3aKkoHy CtedaHa-bombiMaHa pacCUHTRIBAETCS IIOTOK TeIlIa, OTJaBacMblit
ITOBEPXHOCTHIO TPYOBI B OKPYKAOIIYIO CPeIy TEIIIOBEIM H3ITYYEeHHEM

O =¢.C,-F. [T T—[ !, T ,. 3)

100 100

i€ € - CTeIleHb YePHOTHI HapYy KHOH ITOBEPXHOCTH TPYOBI (71 Hep KaBeIOII el CTallH & =
0,43; mmsa MaciasHOH Kpacku € = 0,78),

Co=5,67 Br/m™ K* - KO3 (P(HIIHEHT TEIUIOBOI 0 H3ITyUYeHH I aOCOIIOTHO YEPHOI O Tea,

F=m-d-L -miomans MOBEPXHOCTH TPYOHL, (M),

D- - ee HApYXHBIH gHAMETP, (M),

L - gnmHa TpyORI, (M),

T To-TEMIIEpaTypa HapyKHOI CTEHKH TPYOBI H OKpyXKaroIei cpefsl, (K).

3) ITOTOK TellIa, OTJaBaeMblil KOHBEKIIHEH, OIpeJeiseTcs KaK Pa3HOCTh

0, =0;-0,, (4)
ACKYMEHT MNOANUCAH n o’ paccuHTEIBaeTCA 10 (hOPMYIIE
SNEKTPOHHOM NOAMUCHIO P pop
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5) MOITy4YeHHBIE 3HAUEHHT O, ~ " 3aHOCSTCS B TAOIHMILY M CTPOHTCS I'PahHK 3aBHCHMOCTH

KO3(p(pHITHEeHTa TEIUIOOT a4yl TOPH30HTAIbHOH TPYOBI ITPH CBOOOJHOI KOHBEKI[HH OT
pazHOCTH TemItepaTyp (e - to).

0) pacueTHOe 3HaYeHHe KO3 (HIFeHTa TeIUIO0TAaul MOXKeT OBITh OIPEeIeHO Ha
OCHOBE IIPHBEAEHHOIO paHee KPHTEPHAIIBHOIO YPAaBHEHH S, TIOCTOSHHBIE BEIMYMHBL C H n
KOTOPOIr'0, 3aBHCAT OT PeXkIMa CBOOOTHON KOHBEKI[HH. OHH OIMPEAETISIOTCS B 3aBHCHMOCTH OT
NIpoH3BeIeHH KpuTepHa ['pacroda u xputepns IIpanarnsa. 3HadeHHe KpHTepH [IpaHITIII A1
3aJlaTeMIIEPATYPhl HAPYKHOH ITOBEPXHOCTH TPYOBI MOJKHO B34Th M3 TaOmHie! 10.1, a 3HaUeHHe

KpuTepus [ pacroda, pacCUHTBIBAETCS ITO (POPMYIIE

G?' =g d:,a . I':m _ ID ? (6)

y o[t o 57
2

Ie g — YCKOpeHHe CBOOOMHOrO Ia cHH,
V — KHHeMaTH4YecKas BSI3KOCTh Bo3IyXa (Tadmiia 10.1)
7) IO BEIYHCIIEHHOMY ITIPOH3BEIeHHIO (G . - P, ) TNOIb3YACH Tabmuien 10.2,

OIPEIETHTH PEXHM CBOOOJHO KOHBEKTHBHOI'O TeUeHHS BO3AyXa Y HAarPeTOH TPYORI H
Koa(pprineHTsl C H N KPHTEPHAIIBHOIO YpaBHeHHS (7) H BBIYHCIHTEL 3HaYeHHE KPHTEPHS

HyccemsTa
Nu=C-(G,-P, ), (7)
8) 110 BEIYHCIIEHHOMY KpHTepHto HyccelnmbTa paccuiTaTh 3HAUEHHE o)
A
I‘__;E,_r.:'r::-r:ac — :' 8
d, - Nu ®)

3IeCh Ag — KO3( PHITHEHT TEMIOIPOBOJHOCTH Bo3AyXa (Ta0m1el0.1).
Hanectn of**" Ha rpadux o= F(ts;). CpaBHHTE MeXIy coboii of *" 1 o ™.

9) orpeaenuTh KO3 PHIHEHT TEILIONMPOBOAHOCTH A (BT/M: K) TelmoH30ISIIHOHHOTO
MaTepHalla, HaxXOJSIIerocs MeXay 3JIeKTpHYecKHM HarpeBaTeleM H Hapy:KHOH ITOBEPXHOCTBIO

TPYORI
d"l
Oy - In—
_ d,
"L r-::m _IIII
10) Choenates BBIBOABI IO pabOTE, KOTOpPHIE IOJIKHBEI COAEPkKAaTh: KPaTKOE
OIINCAaHHC COACPIKaHIIA BBIIIOJTHEHHO U pa6GTLI I OCHOBHLBIC XadPaKTCPHCTHKII

BI{CHEPHMEHTHHBHDﬁ YCTAaHOBKHM, HHCIICHHBIC 3HAYCHIA SKCIICPHIMCHTAJIBHO
OIIPCACIICHHBIX HGH&B&TEHEE; OLCHKY X HN3MCHCHITA OT PCXKIIMHEBIX 1IapaMCTPOB,
CPAaBHCHIIA C JaHHBIMI, IIOJIVHCHHBIMII PaCHCTHBIM IIVTCM, 1 OIICHKY BO3MOJMHBIX
OIMHNOO0K H3IMCPCHIA.

A

KoHTt POJIbHbIE€ BOIIPOCHI

1. YUem oTIHYarOTCS APYT OT ApPYyra pa3IHYHbIe MEXaHH3MEI IIepeHOoca Tera’
2. Kakwe TexXHOIOrHYeCcKHEe IPOLIECCHl B ITIPOMBIIIIIEHHOCTH COITPOBOKIAOTCS

HeCTaIHOHAPHOH TEIUIONPOBOAHOCTHIO, CBOOOAHOH KOHBEKIIHEH, TEIIIIOBBIM H3TYUeHHEM !
3. Kak H3MeHSeTCS TEIUIONPOBOAHOCTE PA3IMYHEIX TeJl IIPH ITOBBIIIEHHH TeMITEPaTypPhI?
4. KaxoB dhi3HuecKiii cMBIC Ko dnpieHTa TeIUI00TIaun?

RAKYMEHT IOAPMGAH "eIITO0OMEHA HCIIOMB3YIOTCSI KPHTEPHATBHBIE
3SNEKTPOHHOW NOANMMUCHLIO ~
Ceptudukar: - 12000002A633E3D113AD425FB50002000002A6 PHEB OO0, HCIIOIB3YEMBIX B JaHHOH
Bnapeneu; Webayxopa TaTeAHa AnekcaHpoBHa
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Tema sadopaTopnoit padorsi 6. OIIPEJIEJIEHUE KOSY®PUIINEHTA TEIIJIOOT/IAYNA
[P CBOBO/THON KOHBEKIINN BO3TYXA

Ilens padbomesti: 1. 3akpermTh cBeIeHH O (DH3HYECKOH CYIIHOCTH IIEPEHOCA TEIUIa OT TOPSYEro
TETIIIOHOCHTEIS K XOJIOTHOMY,

2. HPGEECTH dHaJlH3 d)ﬂETGpGE: BITFTOIIIIX. HA OIITHMIL3AIlI IO
TEILIOIICPpEAATH ITPOILIECCA,

3. HpHDﬁpEGTH HABBIKI SKCIICPHMCHTAJIIBHOI'O HCCIICJOBAHI A
TEIII000MEHHEBIX dIlIlaPdTOB.

Ilpuoopsr u mamepuanst: 1aGOPaTOPHAS YCTAHOBKA, PACXOJOMED, MEPHBIH 0aK, CEKYHIOMED.
Teopernueckas yacThb:

TernmooOMeHHEIMH armIapaTaMH (TeITI000MeHHHKAaMH) Ha3bIBAIOTCS YCTPOICTRA,
ITpeTHa3HAYeHHBIE I Iepefaul TeIlIa OT OJHOrO TEINIOHOCHTEIS K ApyroMy. [1o rpHHIpITy
JNEHCTBHS TEITIOOOMEHHBIE aIlIapaThl ITOAPA3ACIISIOTCS HAa TPH BHIA. PEKVYIIEpAaTHBHEIE,
pPEreHEPATHBHBIE H CMECHTEIIBHEIE.

B Teru1000MEHHBIX almiapaTax PEKYIIEPATHBHOIO THIIA TEIUIO IIEPEMAETCS OT TOPSYETO
TEIIIOHOCHTEIS K XOJIOMHOMY Yepes pasAelIsiolyI0 HX CTEHKY, KOTOpasl Ha3hkIBacTCs
ITOBEPXHOCTBIO HArpeBa Terul000MEHHOI0 armiapara.

HMHTeHCHBHOCTH pabOoThI TEINIOOOMEHHOI O allllapara XapakTepH3yeTCs KOITHYECTBOM
TEIlNIa, TIEPEJABAEMOr0 Yepe3 eAHHHUIY ITIOBEPXHOCTH HarpeBa B €AUHHITY BpEMEHH. JTa
BEIIMYHHA 3aBHCHT OT (PH3HYECKHX CBOHCTB TEIUIOHOCHTEIEH (BS3KOCTD, TEIUIOIPOBOAHOCTE,
IUIOTHOCTD, TEINIOEMKOCTB ), OT Pe’KHMa HX JBHIKEHHS, OT KOHCTPYKTHBHBIX OCOOEHHOCTEMH
arrapara (pa3Mepsl, MaTepHall, COCTOSHHE IIOBEPXHOCTH HarpeBa), OT cpeJHeH IO IIOBEPXHOCTH
HarpeBa Pa3HOCTH TEMIIEPATYP MEXIY IPEIOIIEN H 000rpeBacMOH CPEIOH.

[Ipu pacuere TeIIOOOMEHHBIX ardrapaToB H3MEHEHHE TEMIIEPATY]P TEIIOHOCHUTEIEH IIPH
HX IBIKEHHH IT0 TeIJIOOOMEeHHHKY YUHTHIBAET CSI BBEJAECHHEM B PACUETHYIO (POPMYITY CpPeJHETO
JTorapH(pMHYECKOro TeMIIepaTypHOro Haropa At. BiIusHIe ocTalbHBIX ()aKTOPOB YUHTEIBAKOT
BBeJIeHHeM K03 (p(pHIHeHTa Teruionepeaayl K, KOTOPBIH MO (PH3HYECKOMY CMBICITY ITpeJCTaBIISIET
cOOOH KOIIMYECTBO TEIa, IIepelaBacMOr0 B eIHHHILY BPEMEHH Yepe3 eqHHHITY ITOBEPXHOCTH
Harpesa IIpH Pa3sHOCTH TEMIIEPATYP MEXAY TEIUIOHOCHTEISIMHI B OJTHH I'paxyc. Dopmyrna st
pacueTa KOIHYeCTBa TEIlIa, IIEpPelaBacMOro B TEIDIOOOMEHHOM armiapare 3a €QHHHIY BpEMEHH,
HMEET BH/I;

O=k-F-At

3HayeHHe CpeJHEer O ITorapu@mMIuecKoro Harmopa At 3aBHCHT OT HaYalIbHBIX t; H t3 1
KOHEUYHBIX tr U {4 TEMIIEpATVYP TEIIOHOCHTEIEH, a TAKXKE OT CXEMBI BKITFOUEHH S TETUIOOOMEHHOT' O
arrapara, T.€. OT B3aHMHBIX HaIlpaBIIEHHH JIBHKEHIS TEIDIOHOCHTEIEH.

CVIIECTBYET TPH OCHOBHEIE CXEMBI BKIIFOUEHH S, IIPSIMOTOYHASL, IIPOTHBOTOYHAS U
IIEPEKPECTHAS, a TAKKE MHOXKECTBO CMEMIAHHBIX CXEM, ITOJIYYAEMBIX B PE3VIILTATE Pa3IHUHBIX
KOMOHHAI[HIT OCHOBHBIX CXEM.

[IpsmmoTouHast cxema (IIpsMoToK). [IpH 3Toi cXeMe JBHKeHHS TOPSYHH H XOIIOTHBIH
TEIIIOHOCHTEIM JABHKYTCS BIOMIb IIOBEPXHOCTH HarpeBa B OJJHOM HaIIpaBIIEHHH TaK, YTO Ha
BXOJIE B aIrapar TEIUIO MePELAETCSI OT TOPSUYETO TEINIOHOCHTENS K XOJIOJHOMY IIPH
OTHOCHTENBHO OONBIION PasHOCTH TeMIlepaTyp. Ha BEIXo/e 13 armrapara TEIUIO IEpeacTCsa OT
OCTBIBIIET O TOPSYETO TEIUIOHOCHTEN S K XOIOAHOMY IIPH MEHBIIEH Pa3HOCTH TEMIIEPaTyp.
Tnorrmararmaa evenra (mnarrmarar) Tlner neaft cxeMe IBIDKEHHS TEIDIOHOCHTEIH JBHIKYTCS

OJOKYMEHT NMOANMACAH _ _
SNEKTPOHHOW NOANMCHIO oIX TAK, HTO BXOIAIMHH B allllapaT I'OPAYHH
Ceptudhukat: 12000002A63 3630 113AD426FB50002000002A6 " TeINTOHOCHTEILO.
Bnapeneu: llefayxoea TateAHa AnekcaHapoBHa

Tepegadyd TpeOyeTcs KOMMYECTRBO TEILIA,
[leiicTBuTenex: ¢ 20.08.2021 no 20.08.2022 HHOM allIapare, CpEIHIOI0 PasHOCThb



TeMIlepaTyp At MeXXIy TOPSYHM H XOTOAHBIM TEIUIOHOCHTEIISIMH H pa3Mep ITOBEPXHOCTH F.
KommyecTBO TeIa olpeaeaseTcs I0 PacXoay TEIIOHOCHTENIEH, HX TEIUIOEMKOCTH H
H3MEHEHHIO HX TEMIIEPATYPRI B TEIDIOOOMEHHOM armiapare. B HaealsHOM armrapare,
paboraroreM 6e3 TEIIO0OMEHA ¢ OKPYIKAIOIIEH CPEMOH, KOITHYECTBO TEIIA, OTJAHHOE I OPSYHM

TCILIIOHOCHT CJIICM Qlj AOJIIKHO PAaBHATBCA KOJIIHYCCTBY TCILId Qj ., IIOJIVHCHHOMY XOJIOJHBIM
TEIIIIOHOCHT CIICM.

Ql — Q2 :k'F'&t; K:&
k- At
rae At — cpeaHH TorapH(QpMIYeCKII HaIIoOp, OIpeJeIdeTcs II0 TeMIIepaTypaM B 3aBHCHMOCTH
OT IBHKeHHS TeIlJIOHOCHTEIIEH.

[ImacTHHYATEIE TEIIIOOOMEHHEIE ardIapaThl HCIIOIB3YIOT B KaUeCTRE IIaCTEPH3AlOHHO-
OXJIAHUTEILHBIX arperaToB. OCHOBHBIM 3JIIEMEHTOM 3THX TEINIOOOMEHHHKOB SBIISIOT CS
IUTACTHHEI 1, OTIIITAaMITOBAaHHEBIE HAa CTAHHHE 2, 00pa3yeTCs CBOCOOPA3HBIN «IIAKET.
IIOBEPXHOCTE IUTACTHH MMEET BEICTVIIBI 4, KOTOpBIe 00pa3yIOT MHOI OUHMCIIEHHBIE KaHAIIB
MeKIY IntacTHHAMH. 110 3THM IDTacTHHAM TOHKHMH CIIOSMH IIPOTEKAIOT KHIKOCTH. CIIOH
KHIKOCTEH YEPEAYIOTCS, ITIO3TOMY TEIUIOOOMEH Y KaKIOI'0 CIOS JKHIKOCTH ITPOHCXOAHT YepPes
00e OrpaHHYHBAIOIIHE IIOBEPXHOCTH. YIUIOTHEHHE TUIACTHH O0ECIIEYHBAET CS PE3HHOBBIMH
MTPOKIIaJKaMH 3, IIPHKJIEEHHBIMH IT0 ITepH(pepPHH. 3a4acTyIO INIACTHHEI KOMITOHYIOTCS B TPYITIHI.
['pymna roracTiH, 00pa3vIOIMX CHCTEMY Iapaljie/IbHBIX KaHAIIOB, B KOTOPBIX JaHHBII
TEIUIOHOCHTEND ABHKETCS TOIBLKO B OJTHOM HAITPaBJIEHHH, COCTABIISET ITAKeT. T aKkoH ITaKeT
IOA00EH ITYUYKY OJHOI'0 X0/ia MHOI' OXO0BOI'0 KOXKYXOTPYOHOr' O TEINIOOOMEHHHKA.

PasnmyHas KOMIIOHOBKA IUIACTHH B IPYIINAX, IPYINI B ITAKETaX H ITaKETOB HapaMe
IIPHBOAUT K OONIBIIOMY PasHOOOPa3HIO KOMIIOHOBOYHEIX CXEM, HAHIIVYIIIMM 00pa3oM
ITPHCITOCOOIIEHHBIX IS BEOTOTHEHHS OIpeIelIeHHBIX TEXHOTOTHYeCKIX (P YHKIIHIA.

a
1

0.
2

&

i

e SR,

N

(e

©

&

T

PucyHok. 11.1 - IImacTHHYATEIN TEIUIO00OMEHHHK:

a — OOI[MII BHJ, 6 — INMaCTHHBI, | — IJAcCTHHBI, 2 — CTaHHHA, 3 — PE3HHOBBIE
ITPOKIIAAKH , 4 — BBICTVITBI IIJIACTHH

AHHHPEITLI MOI'YI OBITH KaK pﬂBﬁGpI—[BIE: COCTOAMIIE H3 OTACIIbHBIX IINIACTHH, TdK H
HDJI}T’EIS@GPHLIE:, B KOTOPBIX IUIACTHHBI ITOITAPHO CBAPCHDI. B YCIIOBHOM 0003HaUEHHH
KOMITOHOBOYHOH CXE&MBI YKa3bIBAlOT. B THCJOITCIIH (C}’I\-ﬂ‘dﬂ) — HHCJIIO ITAKCTOB JJIA T'OPAHCT O

TEIUIOHOCHTEIIS, B 3HAMEHATEIe — TO ke, IS XOJIOAHOr0 TeIIoHOcHTelsI. KaKnoe claraeMoe
O3HaYaeT YHCIIO MapaljIeIbHBIX ITAKETOB B KaKAOM ITakeTe (CM. pHCYHOK 11.2).

AOKYMEHT NoanmncAH
SNEKTPOHHOW NOAMUCHIO
Ceptudurkar: 12000002A633E3D113AD425FB50002000002A6
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PucyHok 11.2 - [IpuMepsl KOMITOHOBOYHEBIX CXEM IUTACTHHYATEHIX TEIJIO0OMEHHHKOB:
IATHIIaKeHasd cXeMa (TPH I1aKeTa JUIS TOPSYero TellJIOHOCHTETSI, JBa — JJIA
XOIIOTHOIO)

OnucaHue J1A00PaATOPHOH YCTAHOBKH

JlaGoparopHas ycTaHoBKa (PrcyHOK 11.3) cOCTOHT H3 KOTJIa, HarpeBaromeM BOIY JIO
HeOoOXOMMMOH TeMITEPATYPEL, KOTOpas peryiInpyeTcs IepeKimrodyareieM. T eruias Bojia I1o
TPYOOITPOBOY HACOCOM ITOAETCS B ITTAaCTHHYATHIH TEIUIO0OOMEHHHK, TTOBEPXHOCTD
TeIyI000MeHa KOTOPOTro OIpeAesieTcs Mo (popMye:

F=F-(n-1)-F:
o "'3
rJe F, — 1oromaap moBepXHOCTH OHOM TUIACTHHBL, M,
Il — YHCIIO IUIaCTHH B TEIUIOOOMEHHHKE, IIT.
[Io BTOpOMY KOHTYPY TEIIOOOMEeHHHKA ITOJAETCS XOIOAHAS BOJla H3 LIEHTPAIIbHOTO
BOAOCHAOKeHH. /{719 H3MepeHH TeMITEPATYP TEINIOHOCHTEIIEH CIIYKaT TepMoItapsl 1, 2, 3, 4,

YCTAHOBJIIEHHBIE HAa BXOJE H BRIXOJE M3 ITTaCTHHYATOr O TeINIOOOMeHHHKA. O0BheM Iropsuei BOIEI
H3MEPSETCS PACXOAOMEPOM, XOJIOAHOH — MEPHOH KOJIOOH.

PucyHok 11.3 — CxeMa 3KCIIepHMeHTaIbHON YCTaHOBKH

ITonsanok REMOJIHEHHS PA0OTHI

AOKYMEHT NoanmncAH
SNEKTPOHHOW NOAMUCHIO _
Ceptudmkar: 12000002A633E3D113AD425FB50002000002A6 'OH YCTAHOBKH H PacIIONOXEHHEM IIPHOOPOB.
Bnapeneu: lLlebayxoea TareAHa AnekcaHapoBHa »CS KOTIIOROH BOJIE.

Nencreutened: ¢ 20.08.2021 no 20.08.2022



3. Ilocne BKIIIOUEHH S XOIOMHOH BOABI H3MEPSIOT PACXOJ TOPSYETr0 H XOIOJHOI O
TEIIOHOCHTEIS H BpeMs IIPOBEeHH S OITBITA.

4. U3MeHeHHE TeMIlepaTyp TEIUIOHOCHTENEeH B ITpolecce (PHKCHPYETCS JaTIHKAMH.
Pe3ynsTaTel H3MepeHHH BRIBOJSITCS Ha KOMITBIOTED.

AOKYMEHT NoanmncAH
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O0padoTka F3KCcIepHMEHTAIbHBIX JAHHBIX

1. OMnpelennTh PacxXo TOPsMeEro M XOJIOAHOI'O TEITIOHOCHTEIE]T:
|4 -
G=—,m /c;
T

rae V — o0BbeM TEIUIOHOCHTEIS, M |
T — BpeMs$ IIPOBEeIeHHS OITBITA, C.
2. OnpeneneHue KOITHYECTRA ITOJIVYAEMOH H OTJaBacMOH TEITIOTHI:

Q, =G, - py ey '(11 _13):'
2
Q,=G,-p,-c, '(Ial —1,)
TJIE p1=P2, KI/M — IDIOTHOCTH TEIUIOHOCHTEIIEH,
Cp1=Cpa, KJ[x/(xr-K) — yenpHasa MaccoBas TEITIOEMKOCTE BOJBI IIPH

onpejenstoIeit Temmeparype £, = 0,5 - (tl + 1, )
3. OmpeemiTh pa3HOCTh TEMITEPATYpP Ha BXOJIE U BEIXO/E U3 TEINTO0OMEHHHKA:!

4. CpegHHH IorapH(pMIYECKHI TeMIIEPATYPHBIH HAIIOP OINpeAesIeTcs 110 (POPMYIIE:
At, — At,
At = :
At
In
At
5. OnpeaensgeM K03 PHIMEHT TeIUIONepeJauH 1o popMye:
I
F-At

6. PesyibTarsl H3MepeHHH H BEIYHCIIEHHH 3aHOCAT B Ta0miIry 11.1.

Tabmna 11.1 — Pe3yinerarsl H3MepeHHH H BEIYH CIIEHHI

No, Pacxopf Pacxof Komtuect | Kommuect | PasHocTs | PasHocTs | Cpemmmii | Koadpdr
Il | TOPAYErO | XOIIOIHOT BO BO TeMIlepar | TeMIlepar | JIorapHdg HeHT
TEILIIOHOC 0 IoIy4yaeM | OTHaBaeM yp Ha Vp Ha MHUECKIOI | TeIlomep
HTEeI s, TeIUIOHOC )51 OH BXOJe B BEIXO]IEe HAaIIop, 'C e Taut,
M/C HTEeI, TEIUIOTEI, | TEIUIOTHI, | TEILJIO0OM H3 Bt/ (ME'K)
M/c KJ[ X K[ XK eHHIHK, TeILI000M
Aty eHHIKA,
Aty
| 2 3 4 5 §) 7 8 9
KoOHT poJ/IbHbIE BOIIPOCHI
1. JIrsg KaKHx 1esen mpeJHasHauYeHbI TEMIOOOMEHHEIE aIrmapaThl?
2. Uro Ha3weIBaeTCA KO3 pHIeHTOM Teruonepeaayn? Kakos ero (pH3HYeCKHI CMBICTI?
3. Kakme BeIHYHHBI BIISIOT Ha BEJTHYHHY KO3((HIMEHTa TeIIonepe aun?
4. B yeM 3aKmrovaeTcs IIPEHMYVILECTBO IIPOTHBOTOYHOH CXEMBI I10 CPaBHEHHIO C
ITPSIMOTOUHOH?

CepTtudumkar:

Bnageneu;

5. MoxeT nH TEMIICPATYPaA I'OPAYCIO TCILIOHOCHTCII Ha BBIXO/C H3 TelIIooOMeHHHKA
OBITH MEHBIIIE TEMIICPATYPBI XOJIIOJHOI'O TCINIOHOCHTCIIA Ha BBIXOJAC H3 TeIUI00OMEHHHKA?
0. B KakHX CIIYHAAX ITPH PaCHCTC TeIIIo0OMeHHHKA MOKHO ITOIIB30BaThCS CPEAHHM

e A e __ O
OOKYMEHT MOANmncAH
SNEKTPOHHOW MOAMUCHIO

12000002A633E3D113AD425FB50002000002A6

lLlebGayxoea TateAHa AnekcaHapoBHa
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Tema smadoparopnoii padorsi 7. OIIPEJIEJIEHUE TEXHUKO-9KOHOMNYECKHX
ITOKABATEJIEH BOJIOHATI'PEBATEJISL.
Ilesb padoThbI: SKCIIEPHMEHTAILHOE OIpe/elIEHHEe TeXHHKO-3KOHOMHYECKHX ITOKa3aTelIeH
BOJOHAIrPEBATEINSA B PA3/IMUHLIX PEXKIMAX.

Ilpubopst u mamepuaipl: MeTalULTHUECKHH COCYJI ¢ KPBIIIIKOH, 3IeKTpoHarpeBaTels (TOH),
1HpepOmaTHBle Bechl HacToMbHOro THita BHI[-2(PH-101113), ammiepmerp 3-30 , BOTbTMETP O-
30, TepMomMeTp mabopatopHbIH TJI-2, ceKyHAOMED, H3MEPHTETBHEIE HHCTPYMEHTAHI.

T COpPETHYICCKAA 1ACTb.

K OCHOBHBIM TEeXHHKO-3KOHOMHYECKHM ITOKa3aTellsIM TEIIJIOBOIO Dﬁﬂp}’,[[DEElHIIH

OTHOCHATCA. ITPOH3BOAHTCIIbHOCTD, TEIUIOBOH I{DB(I)d)IEL[HEHT IIOJIE3HOTO AeHCTBHS 7? m -

OCHOBHOH TTOKa3aTeIb (11 00OpyIOBaHH S NEPHOHYECKOrO IeHCTBHS — EMKOCTh padouei
KaMepBI B M ', THOO TUIOMAIh KapOYHOI ITOBEPXHOCTH B M ) MOIIHOCTE 3JIEKTPOHArpeBaTells,
THOO0 pacXo YHEPrOHOCHUTEN S, BpeMs pa3orpeBa A0 CTaHAAPTHOH padoueil TeEMIIEPATYPHI,
rabapHThI, Macca H PS VAEIbHBIX ITOKa3aTEIEH - VAEIbHEIE SHEPTO - H METAIIIIOEMKOCTS,
YVAEIbHBIN PACXO SHEPTHH H T 1.

TermnoBoH K.I1.J. 000PYAOBAaHHS IIPEACTARIIIET COOOH OTHOIIEHHE KOIHMYECTBA ITOJIE3HO
3aTPaYeHHOHN TEIUIOTHI K OOIIEMY pacXoy Telvia:

n = 9L 100%, (1)
Qmmp

rae. O; —KOIHYECTBO IIOJIE3HO 3aTPauYeHHOH TEIUIOTHI, K/[ofc;
O samp — OOILMH pacxXof TeIa, /.

J1s onpefeneHH s K.I1. 1. 3JIEKTPOTEIIOBOrO arnrapara HeoOXOIHMO COCTaBHTh
YPaBHEHHE TEIUIOBOr 0 OajlaHCca pacCcMaTPHBAEMOI' 0 TEXHOIIOIHYECKOTO ITpoLecca ISt
KOHKPETHOTO peXHMa (CTaIHOHAPHOIO HIIH HeCTaI[OHAPHOr0). PaccMOTpHM ITOCIIeJOBAaTEIbHO
PEXKHUMEL «HATPEB» H «KHITEHHE.

HecrannoHapHbI peskxuM (HArpeB)

OO1Iee KOIMMYECTBO TEIUIOTH, IlepeJlaHHOH OT HarpeBaTelIbHBIX 371eMeHTOB (T3OHOB) B
PEKIME «HArpeB» PacXoAYeTCSI Ha. HarpeB IIPOAYKTa A0 KOHEYHOH TeMIIepaTyphl ¢ YIeTOM
YACTHYHOTI'O HCITApeHH BIIarH B ATOM IIpoliecce (J;, Ha pa30rpeB KOHCTPYKTHBHBIX BIIEMEHTOB
arrapara 0 YCTaHOBHBIIEHCS TeMITEPATyVPhI (5, H HA KOMIIEHCAI[HIO IIOTEPS TEIUIA C BHEIIHE
ITOBEPXHOCTH armiapaTra B OKpPYKaroIyio cpenay Oz, T.e.

Qsmﬂp = Q;+0210;3, klloc (2)

3HauYeHHE BeIINYHHEL (J; OIIPEAEIISIOT H3 YPaBHEHHS TEIIOBOr0 OamaHca Impoleccea:
Q; =G -Cyr 'fBK— G Cy 'IBH +AW; r (3)
rae. Gy, -Gr— COOTBETCTBEHHO HaYalbHasI H KOHEUHAS Macca BOJBI, Ke;
Cy, -Cr— yaelnbHas TEIUIOEMKOCTD ITPH HaYaJIbHOH H KOHEYHOH TeMIIepaTypax BOIEHL,
k/c/ (k2 K)
t5", t5" — HauaJbHAg H KOHEeYHAas TeMITepaTypsl Bojsl, °C;
AW ; — KOMYECTBO HCITAPHBIIIEHCS B IPOL[ECCE HAIPEBA KHIAKOCTH, K2,
r - YIeIbHAs TEIUIOTa ITapoo0pa3soBaHM ITPH CPEIHEH 3a 3TOT IIEPHO
TeMIlepaType ITOBEPXHOCTH KUJIKOCTH, K/[c/Ke;
trrep.=0,5(i ts +t5")-2
3HauyeHHe BEeJIMYHHEI I MOKHO OITPeIelIHTh 110 popmyiie M. Y. OunpHes:

[IOKYMEHT MOANUCAH ), xlDoic/xce (4)
ANEKTPOHHOM NOANMUCKIO |
Cepruchukar:  12000002A833E3D113ADA425FB50002000002A6 ) HCTIONB3YIOT (hOPMYITY:
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Qz — iM1C1 (ij o er) (5):

rae: M;-macca i-2o BlieMeHTa KOHCTPYKIIHH, KT,
C';-yaenbHas TEIUIOEMKOCTh MaTepHala i-2o0 3leMeHTa KOHCTPYKIHH, K/ [/ (keK)

fI'H; II'K — COOTBETCTBEHHO HaYallbHasI H KOHEeYHas TeMIlepaTypHI i-eo AIIeMeHTa, °C.

TermonoTepH B OKpyKaroIyto cpey (O3 3a BpeMd HarpeBa oIlpeleNsdeTcs 1o popMyIe:
O:=0cp ( fHGB.CP_'rHGB) Tp (6),

rae. (lcp — CPETHHI 3a IIEPHOJ HarpeBa KO3( (PHITHEHT TEIUIOOTAaYH C ITIOBEPXHOCTH

a
arrapaTa B OKpYKarolyro cpeny, KBT/(M K); It ITIHIpHYeCKHX OOIHIIOBOK aIlllapaToB,
HaXOJSIIIXCS B IIOMEIIeHHH H OKpallleHHBIX 3MalIbi0 CBETIIBIX TOHOB:

: 3 L
Aep :[9; 4+ 0{, 052( IHQB_C"P_ -I-H[}B )] 10 KBHI/{/M K) (7):
AJE ITIIIHHAPHYCCKHX GﬁMIHGEGH: BEITIOIIHEHHEBIX H3 HEP}I{HBEIGH_[Eﬁ cTalrl HIIH
dJIIOMIHHCBBIX CIUIABOB, ITPH TEMIICPATYPC BO3AYXd B ITOMCIIICHHH.

Qcp=[5,2+0,06( t7os.cr -Iros )] 1 0 (8),
rJe: F- IUIomaab Hapy)KHBIX OOIHIIOBOK TEIUIOBOTO arlapara, M-,

- )
I705.0p — CPEIHS 3a TIEPHO]] HarpeBa TeMIIEpaTypa IoBepXHocTeH oommoBkH, °C.

Tp — BPEMA HaI'PCBa FIMIKOCTH J0O KHMIICHIA, C.

_ H K,
lrr08.cr=0,5(tz05 T t05 )-
= 3
OOI1ee KOMMYECTBO 3aTPayeHHOI TeIIOTh Osarp , ONPEAEIeHHOE B X0/e SKCIIEPHMEHTa
IT0 MTOKa3aHHAM aMITEpPMETPa H BOIBTMETPA, BEIUMCIIIETCS ITO POPMYIIE:

Qsurp" =P 1, =IU-1,,10° /ot (9),
rae. P — MOIIHOCTEH HarpeBaTeIbHBIX 3IIEMEHTOB, kB,
I U — cOOTBETCTBEHHO CHJIa TOKa (A) M HalpspKeHHe IHTaroIe ceTH (B).
OTHOCHTEIBHAS ITOTPENIHOCTE B AKCIIEPHMEHTE:

3
5 _ QEATP QEHTP _100 % (10)

3
QEAT P

CranuoHapHbIH pe:XuM (KHIeHHe)

YpaBHeHHe TeIUIOBOro 0alaHca B CTAI[HOHAPHOM PeKHMe HMeeT BHT;
Qz4rp=011+0s3,
rae: O;- TelioBad MOIITHOCTE, pacxoayeMad Ha IoJiep KaHHe ITpoliecca KHIIeHH S, T.€. Ha
HCIapeHHe BIaru, KBT;
O3 — TellIoBas MOIIHOCTh, KOMITEHCHPYIOIIAA TEIUIONOTEPH C ITOBEPXHOCTH

arrapara B OKPYKaroIlyro cpeay, KBT.
Bemmanay Q, pacCUMTBIBAIOT IO (POPMYIIE:

O1=AW-r xBm (12),
rae: AW->— KOIHUecTBO BIarH, HcIlapsgeMoe B eIHHHILY BpeMeHH, k2/c |
r — yllelbHas TeIUIoTa ITapoo0pa30oBaHH s IIPH TeMIIEpaType KHITeHHS KHIKOCTH,

kI Dic/xe;
3HaveHHe BeJTHYHHEI O3 ONIPeJeIIOT 10 (POPMYIIE:

M
Q3 — (I'F(rngg_cp _-IHQB) T KBH.F, (13):
I'IE. & — KDB(bd)HI_[HEHT _TE]’[JIDDT,I[E]HII C HDEEPKHDCTH DﬁJ]IH_[DEDI{ ElHHElpElTEl B

AOKYMEHT MNOATTMCAH immo do am (7,8) TIpH TEMIIEPATYpPE
SNEKTPOHHOW MOAMUCHIO e (popmymam (7,8) Tip patyp
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N = Q1009 (14).
QSATP
OO0I11ee KOIMHMYECTBO TEIUIOTHI ngpgj OITPENIEIEHHOE B XOME SKCIIEPHMEHTA I10
ITOKA3dHIUIM dMIIEPMETPAd H BOIIBTMETPA, B CTAITHOHAPHOM PEIIME PABHO.

Osure =IU-10° xBm  (15).
[TorpemnmHocTp 3KcIIepHMeHTa BEIMHCIISIETCA O popmyne (10).
HpDIIBEDl[HTEJ]LHGCTL TCIIJIOBOTI'O dIlllapdTa.

gV ep :

Iy

rae. V- o0bpeM padouel KaMepEI, M,
@ — KO3(P(pHIMEHT 3aIlOTHEHH S,
p — TIIOTHOCTD KHIKOCTH, KT/M
T'1;— BpeMs TEXHOJIOTHYECKOT 0 IIHKIIA (CYMMapHOE BpeMS 3arPy3KH, TETUIOBOMH
00paOOTKH H BBITPY3KH), 4.
Y aenbHas MeTallNIOEMKOCTD !

M
m=—- xem (17)

I
Y IenbHasI MeTallJIOEMKOCTD

azg xBmwm  (18)

Y IelIbHBIH PacXojl SHEPIHH
Np=P/II xkBm-y/ke (19)

Meroauka MPOBEJCHHA HY'KCIIEPHMEHT A

[Tpex e yeM ITPHCTYIIHTh K BEITIOIHEHHIO JJa00paTOpHOH paboThl, HYKHO 03HAKOMHTH CS
C IpaBHJIaMH TEXHHKH O€30IaCHOCTH H OCBOHTh HEOOXOIHMEIH TEOPEeTHYECKHI MaTepHal
Kypca.

[lepex HayaIOM HCITBITAHHH HEOOXOHMO H3MEPHTh HAYAIIbHYIO TEMIIEPATYPY
OKpPY KarOIIeH cpelibl, OCHOBHBIE T'€OMeTPHYECKHE pa3Mephl TEIUIOBOIO aIlllapara, Maccy
OTJEIIbHBIX 3IIEMeHTOB KOHCTPYKIHH. Maccy BOIBI, OITpeJelsaroT, B3BEIHBAs aIllapaT BMECTE C
BOJIOH M BEIYMTAS 3aT€M MAacCy KOHCTPYKL[HH.

[TomxmrounB armrapaT K CeTH, H3MEPSIOT BpeMs pa30orpeBa, CHITY TOKa H HAaIIPSKEHHS B
ceTH. [IpH 3aKHITaHHH BOABI OTKIIIOYAIOT aIlliapaT H ITyTeM B3BEIHBAHHA OITPeJEIsOT Maccy
HCITAapHBIIIEH CS BIIATH.

BHOBB MOAKIIFOYAOT armIapar K CeTH M KHITSATST, COAEPKHMOe B TeUEHHE 5 MHHYVT,
H3MEPSII TEMIIEPATYPY KHITEHU S KHAKOCTH. 110 HCTeUeHHH YKa3aHHOIO BPEMEHH aIlIapaT
B3BEIIMBAIOT, OIPEIEISIs MacCy BJIarH, HCITAPHBINEHCS B CTAIHOHAPHOM PEeKIIME.

CocTaBJjieHHe 0TYeTa

OT4YeT O NpOoAEIaHHONH padoTe JOIIKEH COMEPKaTh:
7) 1ems paboTHI,
8) IepedyeHb IPHOOPOB H MAaTEPHAJIOB,
9) omicaHHe 1a0opaTOPHOrO CTEH A,
10) METOIHKY ITPOBEAEHHS SKCIIEPHMEHTA,

OJOKYMEHT MOANUCAH
SNEKTPOHHOW NOAMMCHIO
Ceptudurkar: 12000002A633E3D113AD425FB50002000002A6

Bnapeneu: lLlebayxoea TateAHa AnekcaHapoBHa

Nencreutened: ¢ 20.08.2021 no 20.08.2022



PacyerHasa yacthb

HecranmmoHapHbIA pe:kHM (HArpeB):

Harper nmpoaykra 0 KOHEYHOH TeMIIEPaTyPhl ¢ Y4eTOM YaCTHYHOI'O HCITAPEHHS BJIarH
PaBeH:

Q; =G Cyp 'IBK— G Cy 'fBH +AW; r
rne. Gg=0 78 k2 — HauallbHasg Macca BOJIBI,
G =08 xe —KOHeYHasI Macca BOJHI,
Cr -Cr=4,19 x/lxc/(keK) — yaembHasg TEIIOEMKOCTh ITPH HavyallbHOH H KOHEYHOI
TeMIlepaTypax BOJIBI,
IBK=97OC — KOHEYHAs TEMIIEPATyPa BOIHI,
IBH =25°C — HavYaJIbHAS TEMIIEPATYPEI BOJBI,
AW ; =0,2 ke — KOMMYECTBO HCITAPHBINEHCS B IIPOIIECCE HarpeBa KIIKOCTH,
r - YJenbpHas TeIIoTa Imapoo0pa3oBaHH ITPH CPeIHEH 3a 3TOT IEPHO/L
TeMIlepaType IMTOBEPXHOCTH KHIKOCTH, K/[xc/ke;
r=2500- 2 38t70p THe

trcop =05 (’rBHJr t5)-2=0,5 (25+97)-2=59, orcona
r=2500-2,38t7-p=2500-2,358-59=2438,62 kdxc/ke , TOrma
0,=GyCyrts-— Gy Cx t5 +AW, r
=0,784,19-97-0,84,19-25+0,2-2438,62=720,9 xBm

PazorpeB KOHCTPYKTHBHEBIX 3JIEMEHTOB aIlliapaTa 0 YCTaHOBHBIIEH CS TeMIIepaTyPEI
PaBeH:

QE — ZMICI (IIK o IIH)

rae. M;=0,7 ke - Macca i-2o 3JIeMeHTa KOHCTPVYKI[HH
C=1,2 x/lc/(keK)- yaenbHas TeIDIOeMKOCTh MaTepHalla i-20 3IeMeHTa
KOHCTPVKI[HH,
t;7=25°C - HayalTpbHAas TeMIIePaTypa i-eo IEMEHTA,
t~=97°C —KOHeUHasI TeMITepaTyPsI i-20 SIeMEHTa,

0,=> MC\(t -17) =X 0,712(97-25) = 6048 «Bm,

KomreHcalis moreps TeIlla ¢ BHEIMHEH ITOBEPXHOCTH aIlllapaTa B OKPYZKAIOIIYIO Cpely
paBHa:

Q:;=0cp ' ( lros.cp -fm:as) Tp
Iae;. Ocp — CPeIHHIL 3a ITepHOJ HarpeBa KO3 pHIHEHT TEIUIOOTAaYH C ITOBEPXHOCTH
aIrapaTa B OKPYKaroIyo cpexy, KBr/(mMK);
I IUTHHAPHYECKHX OOIHIIOBOK, BEITTOTHEHHBIX H3 HepyKaBelOINeH CcTamH HIIH
aJTFOMHHHEBBIX CIUIABOB, IIPH TeMIIepaType BO3yXa B IIOMEIEHHH :

O.cp=[5,2+0,06( tros.cr ~tmos)] 107
rae: F=0 045 M’ - TIIOINAIb HAPYKHBIX OOIIMI[OBOK TEIUIOBOIO armiapara,

I 7o5.cp — CPENHSS 3a TIEPHO]] HarpeBa TeMIIEpaTypa IOBepXHOCTeH oommoBkH, °C.

Tp,=480c — BpeMs HarpeBa HIKOCTH JIO0 KHITSHILS,

f— . —N&8n__ "+ K\ pn§m5107) = C
NOKYMEHT NOANUCAH ' {:'" 97) 64 C" tor/ia
SNEKTPOHHOWM NOANUCHLIO 2
Ceptuchmkar: 12000002A633E3D113AD425FBS0002000002A6 TOB.CP. 'rHC?B )]-}(}
Bnapeneu: lLlebayxoea TateAHa AnekcaHapoBHa

3 o Qg
) =0,00736 xBm/(m"K);
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Q;=0cp ( fHGB.CP_'fHGB) Ip=

= 0,00736-0,045(61-25)-450=6,1 «Bm

OOI11ee KOIMMYECTBO 3aTPaYeHHOH TEIIOTHL PABHO:
Osarp”=P1, = U1, 107
rae:. /=354 — cHia Toka,
U =220 B —HanpspKeHHE ITMTAKOINEH CETH.
Osare = IUT,- 107 =3,5-220-480-10°=369,6  xBm.

CTalOHapHBIH PeXHM (KHIIEHHE):
Ternmoras MOIITHOCTh, pacXoAyeMas Ha IoJep KaHie IIpollecca KHIIeHHE paBHa:
Q ] =A H:fg'f"'
rae: AW-=0,1 x2/c — KOTHYECTBO BIIarH, HCITapsIeMoe B e JHHHILY BpeMeHH,
r=2438,62 x/[xc/xe — yaenbHas TEIIOTa ITapoo0pa30BaHH IIPH TeMIlepaType

KHIIEHHS XU IKOCTH;
O;=AW>r=01243862=243,86 xBm
TernoBas MOITHOCTh, KOMITEHCHPYIOIIAaSg TEIJIONOTEPH C ITIOBEPXHOCTH aIlapara B
OKPY/KAIOIIYIO CpeJly paBHa:
O;=a ' ( fHGB.CPE_-fHGB) T
riae: a=0 00736 xBm/ {’MEHJ — KO3() (PHITHEHT TEIUIOOTAaYH C ITIOBEPXHOCTH OOIIHIIOBOK

arrapara B OKPYKaroIlyio Cpeny,
F=0,048 »°- TU1ommams HapYKHBIX OOJIMIIOBOK TEIJIOBOI'O allllapara,

[ ronce =97°C — CPEIHSSA TEMIIEPATYPa ITOBEPXHOCTH KHIKOCTH,
I705=25°C — TeMIIepaTypa IIOBEPXHOCTH,
Tp=300c — BpeMs HarpeBa XIMIKOCTH IO KHITCHIL,

O; = A F(tgoscr ~thos) T=0,00736-0,048(97-25)-300=7,63 xBm

HPGHBEG,I[HTEHLHGCTB TEINNIOBOI'O allllapaTa PaBHA.
I -o-
p-Ver

Iy

rae: V- 00beM pabodei KaMephl, M
¢=1 — K03 HIIHEHT 3aITOTHEHNS,
3.
P — TUIOTHOCTD KHJIKOCTH, KI/M
T'17=0, 13y — BpeMs TEXHOIIOTHYECKOT' O I[HKIIA (CYMMapHOe BpeMS 3arPy3KH, TEIUIOBOM

00paOOTKH H BEITPY3KH),

g=r2p 108 15 o
T, 0.13

KoHT POJIbHBIEC BOIIPOCHIL

l. HPI[BE,I[HTE KH&CCH(IJI]K&L[I[ED TeII000OMeHHBIX dIIIaPdaTOB H H3JIONKITC HX TE]’[HD(I)HBHLIECIGIE H

KOHCTPYKTHBHBIC OTJIHUHTCIIBHBIC OCOOEHHOCTH.
2. HazoBHTe H3BECTHEIE BHIEI pacHcTa TEII0OOMEHHBIX dIIIapaToOB. B ueM 3akmrodaeTcs

NOKYMEHT MOANUCAH
INEKTPOHHOW NMOANnChLIO I0BOro OanaHca IIIS TEINIO0OMEHHOTO
Ceptuchmkar.  12000002A633E3D113AD425FBS0002000002A6
Bnapeneu: lLlebayxoea TateAHa AnekcaHapoBHa

Nencreutened: ¢ 20.08.2021 no 20.08.2022



4. Harmmmmte (popMyITy IS pacueTa TeIJIOBOIO IIOTOKA B PeKyIepaTHBHBIX TEILIIOOOMEHHBIX
arraparax.

5. Uto Takoe cpeHsd Pa3sHOCTh TEMIIEPATYP H KaK OHa PaCCUHTHIBAETCS?

0. [IpuBeaure 3aKOHOMEPHOCTH H3MEHEHH S TEMIIEPATYP B IIPSMOTOYHBIX H IIPOTHBOTOYHBIX
TEITIOOOMEHHBIX allllaparaxX H JanTe OOBSICHEHH .

7. BEIIOITHUTE CpaBHUTEIBHBIN aHAIN3 IIPSMOTOYHBIX H ITPOTHBOT OYHBIX TEIUIO0OMEHHBIX
aIrapaToB H JanTe OOBSCHEHHS.

8. 310K Te OCHOBHBIE MeTOABI HHTEeHCH(PHKALHH ITIPOI[eCCOB TEILIOOTAaYH B TEIIII000OMEHHBIX
arraparax.
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1.

CnHcoK pekoMeHIyYeMOH JINTepaTyphbl
IlepeyeHb OCHOBHOH JINTEPATYPbI

SHoBckmii, A.A. TeopeTHyeckHe OCHOBBI TeIUIOTeXHHKH / A.A. SHoBckmii |
@enepalbHOE TOCYAAPCTBEHHOE OIOMKETHOE 00pPa30BATEIIBHOE YUPEKIEHHE BEICIIETO
Npo()eCCHOHATBHOrO o0pa3zoBaHHSI CTaBpPOIIONBCKHII TOCYAAPCTBEHHBIH arpapHBIT
YVHHBEPCHTET. — CraBportonps : CTaBpONOJIBCKHH TOCYIAPCTBEHHEBIN  arpapHBI
yHHBepcurer, 2017. — 104 c¢. : min - Pexmm pocryma: mo noxrmcke. — URL:
http://biblioclub.m/index.php?page=book &1d=484962 (mara obpamenms. 15.10.2019). —
bubmiorp. B KH. — TeKCT : 3IIeKTPOHHBIH.
Temmorexrmka: yueOHuK/[M.I". IIlaTpoB, U.E. Uranor, C.A. IIpunmuH u A.p.|; mox pen.
M.T". IIlatpoBa. — 2-e m3m., Hcrp. — M.: Axagemms, 2012. -288 c.: mi1. — (BrIcimee
npodeccHoHanbHOe oOpa3zoBaHHe. TpaHcriopT) (bakamaBpmaTr). — Ha ydeGHHKe IpH}:
Hom. MO. — Ilpmmn.: ¢.269-282. — bubnuorp.: ¢. 283. — ISBN 978-5-7695-8749-8

IlepeueHb JOMOJTHHT €JILHOH JIMT €PATYPBL

Cunseckuii, O.B. CoopHuk 3ama4d 1o kypey «Temmorexnukay: [yue6.mocodue] / HO.B.
Cuuseckmii. — CII0.: I'HOP]JI, 2010. — 128 c. : w1, rpad., Tadbmn. — Ilpmm.: ¢. 109-126. —
bubmnmorp.: ¢. 127. — ISBN 978-5-98879-114-0

CrostHoB, H. M. Teopernyeckye OCHOBBI TEIUIOTEXHHKH: TEXHHYECKAS TEPMOJAHHAMHKA H
TermoMaccooOMer / H.M. CrosnoB, C.C. CvupHoB, A.B. CMmupHOBa ; MHHHCTEPCTBO
oOpasopannga M HaykH Poccuiickon O@epepanmu, OefepalbHOE TIOCYAAPCTBEHHOE
aBTOHOMHOE 00pa30BaTelIbHOE YUPEXKIEHHE BEICIIETO ITPO()eCCHOHAIEHOIO 00pa30BaHHs
«CeBepo-KaBkazckuil pefepanbHbI YHUBEPCHTET». — CTaBponois : CKOVY, 2014. — 225
C. ; 1508 — Pexaim IOCTVIIA: I10 TTOJITHCKE. —
URL: http://biblioclub.1w/index.php?page=book&i1d=457750 (mara oOpaIeHHs:
15.10.2019). — TekcT : 37eKTPOHHEBIH.

IlepedeHb pecypcoB HHPOPMAIHOHHO-TEJIEKKOMYHHKANNOHHONR ceTH «MHTEepHeETY,

He00X0MMbBIX Il OCBOCHHA JUCIIHILTHHLI

1.

DOreKkTpoHHO-0HOMmoTeyHas cucTemMa IPRbooks

2. DOnekTpoHHas OMOIHOTEYHAsI CHCTEMA « YHHBEpPCHTeTcKasa OHOMHoTeKa on-liney
3. DONeKTPOHHO-OMOImMOoTeYHas cucreMa JIaHb
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MUHUCTEPCTBO HAVKHU U BLICIIEI'O OBPA3SOBAHUS POCCUHUCKOU OETEPAITUU
OEJIEPAJIBHOE 'OCYJJAPCTBEHHOE ABTOHOMHOE OBPA30OBATEJIBHOE
YUPEXJAEHHUE BEICHIEI'O OBPASOBAHUA
«CEBEPO-KABKA3CKHWH ®EJIEPAJIbHBIM YHUBEPCUTET»

[Iaruropcxkit HHCTHTYT (proman) CKOY

MeToandyeckue yKazaHus

IO OpraHH3aIl[HH CaMOCTOAT eJIbHOH pﬂﬁﬂT bI
110 JHCIIMIIIHHE « | eITIOTeXHHKAY
WIA CTYIACHTOB HAIIPABJICHIA ITIOAI'OTOBKH / CIICIHAIIbLHOCTH
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BBeaeHune

MeTtoauuecKkHe VyKaszaHHS M 3aJaHHSA IS BBIIIOIHEHHS CaMOCTOSTEIIEHOH PadOTHI
CTYIEHTAaMH I10 JAHCIHIUINHE «TeIlIoTeXHIKay II0 HalpaBIEHHIO ITOATOTOBKH OaKalaBpOB:
23.03.03 DkcruryaTtaips TPaHCIIOPTHO-TEXHOIOTHYECKHX MAIIMH H KOMIUIEKCOB

Metomuueckoe MOCOOHE COJIEPKHUT BeChb HEOOXOAMMBIH MaTepHal IS BBITIOTHEHHS
CaMOCTOSITEIIbHOH PadOTHI IO JUCIHIIIHHE « T eITIOTEXHUKA.

B D1aHHOM MeTOJHYECKOM ITOCOOHH TIPHBEIEHBI TEMBI H BOIIPOCHI JJIS CAMOCTOSTEIBHOIO
H3YUCHHS.
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1.00m1aa XxapaKkTepHCTHKA CAMOCT 0SITEeIbHOH PadoThI CTY/I€HTA

CaMocTosrelbHas padora — 3T0 BHI YUeOHOHM JeATEIIBbHOCTH, BHITTOMHSIEMBIN VUAIIIMCS
0e3 HEINOCPeACTBEHHOIO KOHTAKTa C IIPEIlofaBaTelleM HIIM VIIPaBJISeMBIH IIPerojaBaTeileM
OIIOCPEOBAaHO Yepes3 CIelHalbHEIe YUeOHbIle MaTepHAalIbl, HEOTheMIIEMOE 00S3aTeIbHOE 3BEHO
Ipolecca oOyUYeHH S, IIpeayCMaTPHBAIOIIEe IIPek e BCEr0 HHAHBHAYAIbHYIO PaboTy VUaIlIXCS
B COOTBETCTBHH C YCTAHOBKOH ITPEITOAaBaTels IWIH YUeOHHKA, IIPOrpaMMbl O0YUEHH .

Ha coBpeMeHHOM 5Tale caMOCTOATEIbHYIO paboTy CTYAeHTa CIeAyeT pasJelIHTh Ha
pabory ¢ OyMaKHBIMH HCTOYHHKAMH HH(OpPMAI[HH, T.e. YYeOHHKaMH, MeTOIHYECKHMH
TTOCOOHSAMH, MOHOTpa(p M, JKYpPHaJIaMH H T.J. H 3IeKTPOHHBIMH HCTOUYHHKAMH HH( OpMAITHH,
T.e. JIOCTVII K AIIeKTPOHHBIM pecypcaM uepes MHTepHET.

CerogHsa CcaMOCTOSTEILHYIO PpaldoTy CTYAEHTa HeBO3MOXKHO IIPeACTaBHTL  Oe3
HCITOJIb30BaHHS HHQOPMAIMOHHOH ceTH — [HrepHer. HeoOXOIHMMOCTH HCIIOIB30BaHHSA
MHTepHeTa BOSHHKAET HE TOIBKO ITPH ITOATOTOBKE K IMPAKTHYECKHM H CEMHHAPCKHM 3aHSITHSIM,
HO, B OONBINEH CTEIeHH, IIPH HAIIHCAHHH Pa3IHYHBIX HCCIIEAOBATEIIbCKHX H TBOPUYECKHX PadoT.
MHorHe coBpeMeHHbIe MOHOTI'pa(pHH, MepHOAHYEeCKHe JKYPHAIIbl H3JaHbI TOJIBKO B AIIEKTPOHHOM
BHJE H ¢ HUMH MOHO ITO3HAKOMHTBCS TOJIBKO B MIHTepHETE.

Iletn B 3a7a4Yl caMoOCTOATEJILHOH PadoOTBL (QOPMHPOBAHHE CIIOCOOHOCTEH K
CaMOCTOSATEIIFHOMY ITO3HAHHIO H O0YUEHHIO, IIOHCKY JIHTEPaTYPhI, 0000IIEHHIO, O OPMIEHHIO H
IIPEICTABIIEHHIO IIONMYYEHHBIX Pe3yIbTaTOB, HMX KPHTHYECKOMY aHalIH3y, ITOHCKY HOBBIX H
HEOPAHHAPHBIX PEIIEHHH, apryMEHTHPOBAHHOMY OTCTAHMBAHHIO CBOHMX IIPEIJIOKEHHH, YMEHHI
ITOATOTOBKH BEICTYIUIEHHI H BEJIEHHS JHCKYCCHI.

KovmeTeHn ody4aromierocs, popMHpYeMble B pe3yJbTaTe 0CBOCHHA JHCIHILIHHbI

HarmeHoBaHHe KOMIIETeHIHH

Koa, ¢popMmymiporka Kon, GopMmymipopka HHIHKaTOpa | IlmaHHpyeMble pe3ylIbTaThl OOyUeH]
KOMITET EHIHH TI0 THCIHILTHHE (MOIYIIIO),
XapakTe PH3YIOIIIE STaIlbI
(hOpMHPOBAHIA KOMITETEHITIHI,
HHITHEKATOPOR
OIIK-1 Criocoben N-1ome [ OTOBHOCTB K KOHTPOIIXO
ITPHMEHSTH (OCHOBEHI €CTECTBEHHOHAYYHBLIX H | TEXHHYECKOI'O COCTOSIHHS
€CTECTBEHHOHAYYHBIE | OOINEHHKEHEPHBIX HAVK, TPAHCIIOPTHBIX CPEICTB C
H OOILEHHKEHEPHEIE METOJIOB MaTeMaTHYECKOI'O HCIIONB30BaHHEM CPEICTB
3HAHHS, METO/IbI aHaI3a H MOJIEIIPOBAHII. TEXHHYECKOT'O JHAarHOCTHPOBAH
MaTeMaTHYECKOI'0
aHas3a H N-2 0y ['OTOBHOCTP K OpraHHzaliiil H
MOJEITHPOBAHH I B [ IpHMeHSATh eCTECTBEHHOHAYYHEBIE | KOHTPOIIIO KauyecTBa H
ITpodeCcCHOHAIBHOMH H OOIEHH KEHEPHBIE 3HAHM S, Oe30IIaCHOCTH IIPOIIECCOB CEPBHCA,
JESTEIIBHOCTH METO/BI MaTEMATHYECKOTO ITapaMeTPOB TEXHOJIOTHYECKIX
aHaI3a 1 MOJIEJIMPOBAHHS B IIPOLIECCOB C YVUETOM TpeOOBaHHI
ITpo(peccHOHaILHOM ITOTPeOHUTENLS
JIEATEeIbHOCTH.
[OKYMEHT NOANWUCAH

SNEKTPOHHOW NOANUCHIO
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N-30rm.1 Crioco0eH aZalITHPOBATh H
HasreixkoMm IIPHMEHEHHS | MOTH(HITHPOBATh
eCTeCTBEHHOHA YUYHBIX H | CIIEIHATH3HPOBAHHOE

OOIIEHH KEHEPHBIX 3HAHHH, | IIPOrPAMMHOE o0ecCIIeUeHHE,
METOJIOB MaTEMaTHYECKOIO | METOABI M AJITOPHTMBI  CHCTEM
aHalM3a M MOJEIHPOBAHHS B | HCKYCCTBEHHOIO HHTEIUIEKTa H
IpodeccHOHaIbHOH MAIIIHHHOTO O0yUYEeHHS B
IEeSTEIbHOCTH. PO e CCHOHAIIBHOH JeSTeIbHOCTH

2. I1.;1aH - rpauK BHIIOJTHEHH S CAMOCTOAT eJIbHOM PadoThl

Koxrr Cpencrea u OOBEM YacOB, B TOM YHCIIE
peam3yeM TEXHOJIIOTHH CPC KOHTaKTH Bcero
BIX OIIEHKHU asi pabora
KOMITETEHTI Buj nesrepHOCTH )
y CTYJIEHTOB
I, TIIperoaBa
HHIHKATOP TEIEM
a(oB)
3 ceMecTp
OIIK-1 CaMOCTOSTelIbHOE Cobecemopanne | 63,18 7,02 70,2
(1A-1; VIA-2; | p3ydeHHE THTEPaTYPHI
1A-3) 10 TEMaM
No 1-8
OIIK-1 IlonroToBKa K OTYér 1,62 0,18 1.8
IA-1; NA-2; 1a00paTOPHBIM (IHChMEHHBIIH )
1A-3) 3aHSITHSIM
Hroro 3a 3 cemecTp 64,8 7.2 72
HUroro | 648 7.2 72

J.Meromyeckie peKOMEHJAIHH 110 H3YYE€HHIO TEOPETHYECKOr0 MATEPHAJIA

3.1. Buo camocmoamesibHOU padomsl: camocmoameilbHoe U3yueHue Jumepamypsl

Msyyate yueOHYIO IHCIHMIUIMHY « T E€IUIOTEXHHKa» PEKOMEHAYETCS II0 TeMaM,
IIPEABAPHTEILHO O3HAKOMHBIIHCE C COAEPKaHHeM KaXKI0il H3 HHX B IIPOrpaMMe JTHCI[HITIHHBI.
[Ipu TeopeTHYECKOM H3YUEHHH THCIHIUIMHBI CTYIEHT JOIKEH ITOIb30BAThCSA COOTBETCTBYIOIIEH
IUTEPATYPOH. [ IpHMEpPHBIH ITepedyeHb THTEPATYPHI IIPHBEAEH B paboueH IIporpaMMme

Jlis Gonee IMOIMHOIO OCBOEHHS Y4eOHOIro MarepHala CTYIAEHTAM YHTAIOTCS JIEKI[HH IIO
BaKHEHIIMM pas3fiellaM H TeMaM y4eOHOH AUCIMIUIMHBEL Ha JeKIisax u3mararorcsa M JAeTalbHO
paccMaTpHBAIOTCA  HaHOOIee BaXKHBIE BOIPOCHI, COCTABISIOINHE TEOPETHUYECKHIT H
IIPAaKTHYECKHI (PYHAAMEHT JHCI[HIUIHHBI.

Hmoezoeslit npo0ykm: KOHCREeKm JIeKUILU

Cpeocmea u mextonozuu oueHku: Cobecedoséariue

Kpumepuu ouenueanus: OlleHKa «OTJIMYHOY» BBICTABIAETCS CTYAEHTY, €CIIH B ITOJIHOM
ART AnEn TIRTATATE T moTradt wrrarrrTTrTIEY T REITONTHEHB] IPAKTHYECKIE 3a{aHH

ONOKYMEHT NOOANMCAH
SNEKTPOHHOW Noanuceio CHTY, CCIIH AOCTATOYHO IIOIIHO H3VHUCH KYPC
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OI1leHKa «YIOBJICTBOPHTCIIbHO» BBICTABIIACTCA CTYVIACHTY, HEAOCTATOHYHO CCIH IIOIIHO
H3YVUCH KYPC IAaHHOH JHCITHIUIHHBI H BEIIOIHEHBI IIPAKTHYCCKIIC 3aJdHITA

OI1leHKa CHSYJOBJICTBOPHICIIBHO» BBICTABIIACTCA CTYACHTY, €CIIH OTCYICTBYIOT 3HAHHA H
ITPAKTHHYCCKHE HAaBBIKH IIO IAHHOH JHCLIHIUIHHE.

TemMbI 1191 CAMOCTOAT €JILHOT0 H3YYECHHS:
1. OCHOBHEBIE ITOHATHS H OIIPeAeTIeHH I TePMOIHHAMHKH, ITapaMeTPhl COCTOSHHS
TEPMOJHHAMHYECKOH CHCTEMBI.
IIepBEIH H BTOPOH 3aKOHEI TEPMOIHHAMIKH.
TepMoaHHaMITUECKHE TIPOI[ECCHI.
PeasibHEBIE Ta3kl, BOASHOH I1ap, BIaKHBIH BO3AVX.
TepMogHHAMITUECKHE I[HKIIBI.
OCHOBHBIE ITOHATHS H OIPEAEIIEHH S TEOPHH TEIUIOOOMEHA.
T errrooOMEHHEBIE armrapaThl H HX PacuEThI.
T OIIHBO, TOpeHHE TOIUIHBA, IIPHMEHEHHE TEITTIOTHI.

e A A

3.2. Buo camocmoamesibHOIUL padomsl: nO020MOBKA K J140 0p AmMOpHbLIM 3 AHAMUAM

Hmoczoséwtit npodykm: OTYET 110 J1a0OPaTOPHOH padoTe

Cpedcmea it mexHoN02UN OUEeHKU: 3allliTa OTYeTa

Kpumepuu ouenusanua: OlleHKa «OTJIMYHO» BBICTABIIIETCA CTYAEHTY, €CIIH B IIOJTHOM
00beMe H3YUYEH KYPC JaHHOH JUCIIMIUIHHEL H BBIITOIHEHE] J1a0OPaTOPHEIE 3aJaHH S

OIlEHKa <«XOpPOIIO» BHICTABISAETCS CTYIAEHTY, €CIIH JOCTAaTOYHO ITOITHO H3VYEH KYPC
JAHHOH JHCIMIUIMHEI H BBIITOJIHEHEI JTaDOPAaTOPHEIE 3alaHHs

OllEHKa «YIOBJIETBOPHTEILHO» BBICTABIISIETCS CTYIEHTY, HEIOCTATOYHO, E€CIIH IIOIHO
H3VYEH KYPC JaHHOM JHCIUIUIHHEL H BEOTOIHEHEI J1a00paTOPHEIE 3alaHH

OlLIEHKa «HEYIOBIETBOPHTEIILHO» BBICTABIISETCS CTYAEHTY, €CIIH OTCYTCTBYIOT 3HAHHS H
ITPpaKTHYECKHE HABBIKH IO JTAHHOH JHCIIHIUIHHE

4. MeToueCKHe YKA3ZAHHSA
MeToandeckie VyKasaHHS II0 BBIIIOIMHEHHIO J1a0OpaTopHRIX paldoT 10  JUCIHILIHHE
«TermrorexHkay, HampaBleHHS IIOATOTOBKH 23.03.03 -  DKCInIyaTalsl TPaHCIIOPTHO-
TEXHOJIOTHYECKIX MAaIlIIMH H KOMITJIEKCOB.

CnHcok peKoMeHIyeMoHl JIUTepaTypbI

I1lepevyeHbh OCHOBHOM JIMTEPATYPHI
3. duomBcrxiii, A.A. TeopeTHuyeckHe OCHOBBI TEIIOTeXHHKH / A.A. JSHOBckmi |
DenepanbHOe TOCYAAPCTBEHHOE OIOJKETHOE O0pa30BaTelIbHOE YUPEKIEHHE BBICIIETO
npodeCCHOHAIBbHOrO o00pa3oBaHHSI (CTaBpPOIIONBCKHII TOCYAAPCTBEHHBIH arpapHBIiI
YHHUBEpCHUTET. — CraBporonps . CTaBpPONOJBCKHH T'OCYIAPCTBEHHBIN  arpapHBIH
yHHBepcurer, 2017. — 104 c¢. . mn - PexyM pgocryrma: mo momimcke. — URL:
http://biblioclub.mv/index.php?page=book &1d=484962 (mara obpamenms: 15.10.2019). —

buGmiorp. B KH. — TeKCT : 3JIEKTPOHHBIH.

4. Termmorexauka: yueOHuk/| M.I'. IIlatpoB, U.E. UBanop, C.A. IIpHIIBHH H 1.p.|; TTOJ pex.
M.T". IIlarpoBa. — 2-e m3m., mcrp. — M.: Axagemms, 2012. -288 c.. mi1. — (BrIcimee
npodeccHoHanbHOe oOpa3oBaHHe. TpaHcriopT) (bakamaBpmaTr). — Ha yueOmuike rpHd:
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3. Cunasasckuii, 1O0.B. COopHHK 3ama4 1o Kypcey «Termnorexunkay: [yued.mmocobue] / HO.B.
Cunuseekmii. — CII6.: T'HOP]I, 2010. — 128 c¢. : w1, rpad., Tabmn. — Ilpum.: ¢. 109-126. —
bubmuorp.: ¢. 127. — ISBN 978-5-98879-114-0

4. CrosHoB, H.M. TeopeTHuecKne OCHOBBI TEIUIOTEXHHKH: TEXHHYECKAS TEPMOJIHHAMIKA H
TermmoMaccoodMeH / H.M. CrosgrnoB, C.C. CvmpHoB, A.B. CvmipHOBa ; MHHHCTEPCTBO
oOpasopannga M HaykH Poccuiickon @epeparmn, OefepalbHOE TIOCYAAPCTBEHHOE
aBTOHOMHOE 00pa3oBaTelIbHOe YUpekKJeHHEe BEICIIErO ITPo()eCCHOHATILHOIO 00pa30BaHH
«CeBepo-KaBkazckuil pefiepaibHbIH YHHBEPCHTET». — CTaBponois : CKOVY, 2014. — 225
C. ; 150) — Pexaim IOCTVIIA: 110 ITOMIIHCKE. —
URL: http://biblioclub.1/index.php?page=book&i1d=457750 (gara oOpaIreHH:
15.10.2019). — TekcT : 37IeKTPOHHEBIH.

Ilepeuenn pecypcoB HHPOPMAIHOHHO-TJIEKKOMYHHKANHOHHOH ceTH «IHTEepHETY,
He00X0MMbIX /ISl OCBOEHHS JHCIIHILIHHbI
4. DOnekTpoHHO-O0HMOmMmoTeyHasd cucreMa IPRbooks
5. DnekTpoHHasq OHOIHOTEYHAs CHCTeMa « YHHBepPCHTeTcKasg OHOMHOTeKa on-liney
0. ODJIEKTPOHHO-OHOIMOTEYHAs cHCcTeMa JIaHb
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