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[IpuBeneHbl cXeMbl 3KCHEPUMEHTAIbHBIX YCTAHOBOK C HX MOAPOOHBIM
ONMCAHMEM, METOJHWKH IPOBEACHUS OSKCIEPUMEHTAIBHBIX MCCIECIOBAHUN H
NOpsIOK O0OpabOTKH TOJYYEHHBIX PE3YJIbTATOB, JIaHbl KOHTPOJIBHBIE BOIPOCHI.
Y4eOHO-MeTOANYECKOE MOCOOME MpEeIHA3HAYEHO MJIsi CaMOCTOSTENbHOM padOThI

CTYJEHTOB HamnpasieHus Oakanaspurara 19.03.02; 19.03.03.

PeneHseHr: AOKTOpP cC.-X. HayK, mnpodgeccop kKadeapsl TeXHOJIOTHU
npoaykroB oomecrBeHHoro mnuranuss PI'bBOY BO «CeBepo-KaBkasckmid
ropao-mMerajiryprudeckuii UHCTUTyT (I'TY)» P.B. Temupaesn

PexoMeH10BaHO K MeYATH Y4e€0OHO-METOAUYEeCKUM COBEeTOM (paKyJbTeTa
XMMMH, OMo0orun u omorexnosjoruu COI'Y



BBEJAEHUE

JlaGopaTopHbIil MPAKTUKYM HAallMCaH B COOTBETCTBUU C IPOTpaMMaMH KYpCOB
Kadeapbl TEXHOJOTHH MPOJTYKTOB MUTAHUS M OXBAThIBA€T OCHOBHBIC MPOIECCH U
amnmnapatbl MHIIEBOM MpoMbINUIeHHOCTH. [IpenHasHayeH [jis  TOATOTOBKHU
JTUATUIOMUPOBAHHBIX crienUaIMCTOB Hanpasienuit 19.03.02; 19.03.03.

[IpakTUKYyM TTOMOXET CTyAEHTaM B YIi1yOJEHHOM M3YYE€HUH TEOPETHYCCKON
0a3bl TMPOIECCOB M ammaparoB, OBJAJECHUM METOJAaMU SKCIEPUMEHTAIBHBIX
UCCJIEIOBAHUM, TMPUOOPETEHUH HEOOXOJMMBIX HABBIKOB OOpaOOTKU pe3yiIbTaTOB
AKCTIEPUMEHTOB U UX aHaJlM3a, YCBOCHUU TEXHUKH PAcueTOB.

KonkpeTtHoe HamMeHOBaHuE pabOT Il CTYACHTOB MPEAYCMOTPEHO
COOTBETCTBYIOIIUMH PaOOUYMMU MTpOrpaMMaMi YUTaeMbIX Ha Kadeape KypcoB.

B kaxnoil paboTe u3JI0kKEHA TEOPETHUYECKasl 4acTh, CYIIHOCTb MPOIIECCa;
neiab paboThl; cxema J1abopaTOpHOM YCTAaHOBKM U METOAMKA BBIMOJIHEHUS
HKCIIEPUMEHTA; IPUBEICHBI TA0JIMIIA ONBITHBIX IAHHBIX U METOAMKA UX 00padOTKH,
TabauIa pe3yiabTaTOB pacyeTa, KOHTPOJIbHBIE BOIMPOCHI [IJIi CaMOCTOSTEIbHOU
MOATOTOBKH.

CTyneHTbl JOJKHBI  CaMOCTOSITEIBHO — BBINOJHUTH  AKCHEPUMEHT Ha
71a00paTOPHOM CTEH/IE, 0bpaboTaTh AKCIIEpUMEHTAJIbHBIE JIAHHBIE,
MIPOAHATIM3UPOBATH PE3YNIBTATHI U OPOPMHUTH OTUET.

B oTueTt BxoasT 11€716 paboThI, CXeMa YCTAaHOBKH CO crienudukaiuei, Tadauma
3aMepSEMbIX U PACCUMTHIBAEMBIX BEIIMYWH, HEOOXOAMMBIC pacyeThl M Tpadukw,
BBIBO/IbI O pe3yJibTaTaX, COOTBETCTBYIOIIUE IEISIM PaOOThI.

Crpyktypa mocoOus oTBe4YaeT TPeOOBAHUSIM, MPEIBSABISIEMbIM K METOJUKE
U3JI0KECHHS y4eOHOTO MaTepHuaia, 00eCreunBaeT yCIOBHUS JIJIi CAMOCTOSITEIIbHOM,

TBOPYECKOU pabOThI CTY/ICHTOB.



INPABUJIA TEXHUKU BE3OITACHOCTH
Jlo mpoBeneHns 1abOPaTOPHBIX padOT Ha YCTAHOBKAX CTYIEHTHI 00S3aTEIIBHO
JOJDKHBI NTPOWTH MHCTPYKTAX MO TEXHHUKE O€30MacCHOCTH COIVIACHO HMHCTPYKLHUH,

KOTOpasi BKJIIOYAET B ceOsI CIIENYIONINE OCHOBHBIC TOJIOKEHUS:
Obwezo naznauenus

Bce pa6OTBI Ha YCTaHOBKax HOJIKHBI IIPOBOAUTHCA TOJIBKO B IIPUCYTCTBHUH U
Y4aCTHUU IIPCIoAaBaTCiii HJIM OTBCTCTBCHHOIO JIHMIA, IIPOIICAIICTO IIOJIHBIN

MHCTPYKTaX 10 COOJIIOJICHUIO MPABUII TEXHUKU O€30IIaCHOCTH.

MGCTO, Tac pasMcliCHa  YCTAaHOBKA, 3alIpeIIacTC:A 3arpoOMOXIaThb

IMOCTOPOHHUMM IIPCAMCTAMMU.

[lepen BKJIIOYEHHMEM YCTAHOBKM TMPOWU3BECTH  TIIATEIBHBIA  OCMOTP
o0opynoBaHusi W TPUOOPOB IS OMpENEiIeHUsT HUX MPUTOJHOCTH K pabdore.
DJIEKTPUYECKHUE IIHYPBI, BUJKH, PO3ETKHM M BBIKIIOYATEIN HE JOJDKHBI HMETh
BUJAUMBIX ITOBPEXKICHUN. BKIIOUaTh YCTAHOBKY IIPU HAJIUMYUU HEUCIIPABHOCTEUN

3arpeuracTcs.

Bo BpEMA BBIIIOJHCHHA 3adaHusd, CTYACHT HC JOJDKCH 3aHHUMATbhCA

MOCTOPOHHUMH JIeJIaMH1, HE OTHOCSAITUMUCS K BBITIOJTHEHUIO JAHHOW pabOTHI.
3anpeiaercs OCTaBIsITH 0€3 HaOI0ICHUS IEHCTBYIONIYIO YCTAHOBKY.

3anpeniaercs pabotaTh B Jsaboparopuu oaHomy. OOs3aTeIbHO TPUCYTCTBUE

BTOPOTIO JIMIA AJIA OKa3aHHA HCpBOI\/'I IIOMOIIH B CiIy4dac HCO6XOI[I/IMOCTI/I.

CTy,Z[eHTaM 3anpeuacTcsa CaMOCTOATCIIBHO YCTPAHATL HCUCIIPABHOCTH

71a60paTOPHBIX YCTAHOBOK
1o snexmpuueckou wacmu

BBuny Hanuuus Ha yCTaHOBKE BBICOKOTO HampspkeHus 220 B mns nutaHus
anekTpoaBuratenet, TOHOB W  KOHTPOJBHO-U3MEPUTEIHHBIX  MPUOOPOB

3a1peacTCs:



a) IIpoHukaTh 3a 3aIIUTHBIC OTPAKIACHUS MPUCOCIUHUTEIBHBIX KIEMM;

b) OTkpbIBaTh pactpeenuTeIbHbIN IIUT U 3aIIUTHBIC KOXKYXU YCTAHOBOK;

C) BxirodaTh U OTKIIFOYATh YCTAHOBKY 0€3 pa3pelieHusl Pero1aBaTes;

d) Bo wu3bexxaHue BO3MOKHOTO TIOPAKEHHSI  DJIEKTPHYECKUM  TOKOM,

3alperaeTcsi KacaThCsl MPHU BKIFOUYCHHOW YCTaHOBKE:

® O/IHOBPEMEHHO K ITPOBOIaM M3MEPUTEIBHOTO PUOOPa U K TPYOOIPOBOLY
OTOIUICHUSI, BOJOIIPOBO/IA UITH 3aMBIKAIOIIEMY KOHTYPY;

® OJIHOBPEMCHHO K KOPITyCYy U3MEPHUTEIHLHOIO Mpubopa u K TpyOOmpoBOIy
OTOIUICHUSI, BOJIOMIPOBO/IA UITHA 3aMBIKAIOIIEMY KOHTYPY.

i) VcraHOBKa JOJDKHA OBITh HEMEIJICHHO OTKIIOYEHA, €CIIM OOHApYyXEHO
TIOBPEK/ICHHE 3a3eMJICHUS, 3alUTHOTO OTPaXKICHHS U TPU BHE3AITHOM
HPEKPAIICHUH [T0Ia41 SHEPTHH.

[Ipu mosiBIieHWH JAbIMa U3 3JCKTPOHArPEBaTElNsl MU ITyCKOPETrYJIUpPYOIIEH
anmapaTtypbl, MOJOMKH OOOpYIOBaHUS €ro IeperpeBa CBepX JAOMYCTHMOM
TEMIIEPATypbl U TPU JPYTUX aBAPUUHBIX CUTYAlUAX, HEMEIJICHHO COOOIIUTH

npernogaBaTeiito, AJIs MOCICAYIOIICTO OTKIIOYCHUA OT 3JICKTPOCCTH.

[Ipu mopaxxeHUH FIEKTPUUECKUM TOKOM HEOOXOJUMO HEMEIJIEHHO BBI3BAThH
Bpaya, a 10 €ro NpuobITHS TPU HEOOXOAUMOCTH OKa3aTh MOCTPaAABIIEMY MEPBYIO

IIOMOIIIb.

[To oxonyanum pabOTHI, YCTAHOBKA JOJDKHA OBITh OTKJIIOYEHA B CTPOTOM

COOTBCTCTBHUHU C YKA3aHUAMU, IPUBCACHHBIMU B IAHHOM MCTOJUYCCKOM YKAa3aHHU.

Ilepen yxonoM cTyzneHbl 00s13aHbI IPUBECTU B OPSAAOK CBOE pabodyee MECTO

H IIOCTaBUTh B U3BCCTHOCTDL IIPCIIOAAaBATCIIA 00 OKOHYAHUU pa60TI>I.



JIABOPATOPHAS PABOTA Ne9
HcnbiTanue pa3inyHbIX KOHCTPYKIHHA TEMVIO0OMEHHBIX allllapaToB
BBenenue

TennmooOMeHHBIMU  ammapaTtaMu  (TEIUIOOOMEHHHMKAaMHM)  Ha3bIBAIOTCS
yCTpOMCTBa, IpeHA3HAYCHHBIE U1l TIepeiayil Terjla OT OJHOTO TETIOHOCUTENS K
npyromy. [lo npuHIuny neicTBUS TEMJIOOOMEHHBIE alllapaThl OAPA3AEIIAIOTCS Ha
TPU  BHMJA:  pPEKyllepaTHBHbIC,  pPEreHEpaTUBHbIE U  CMECHUTEJIbHBIE.
B TemnooOMeHHBIX ammapaTax peKyNepaTUBHOTO THUMA TEIIO MepeaacTcss OT
TOPSIYET0 TEIUIOHOCUTENSI K XOJIOAHOMY 4Yepe3 pa3JeisIoNlyl0 X IMOBEPXHOCTb
TerioooMeHa (cTeHKy). OCHOBHOW XapaKTEpUCTUKOM TEINIOOOMEHHOIO amnmnapara
ABIIIETCSL €ro TeruioBas Harpy3ka Q, JIx/c, KoTopas IMOKa3blBaeT BO3MOYKHOE
KOJIMYECTBO TEIUIa TIepeJaBaeMoro B €AMHUIYY BpPEMEHU M 3aBHCUT OT
TEIUIO(U3UUECKUX CBOMCTB TEIJIOHOCHTENEH (BS3KOCTh, TETUIOMPOBOIHOCTD,
IUIOTHOCTD, TETNIOEMKOCTBD), pEXKUMa UX IBUXEHUS. BakHOE BIIMsSHUE HA BETUUUHY
TEIUIOBOM HArpy3Kd OKa3bIBAIOT KOHCTPYKTHUBHBIE OCOOEGHHOCTH armapara
(pa3mepsl, MaTepuan, COCTOSHHE TOBEPXHOCTH HarpeBa) M CPEAHAS II0
MOBEPXHOCTU PA3HOCTh TEMIEpaTyp MEXIy TIperollel W HarpeBaeMoil cpenoi.
[Tpu pacyeTe TEI00OMEHHBIX aNlIapaTOB U3MEHEHUE TEMIIEPATYP TETTIOHOCUTENEH
IpU UX JABIKEHUU MO TEMJIOOOMEHHHMKY YYMUTHIBAETCS BBEJCHHEM B PAaCUETHYIO
bopMyIly cpeHero TeMmieparypHoro Hamopa tcp. BiusiHue ocranbHbIX (QakTOpoB
yuuThIBaeTcs kodpduurenrom Tteronepeaadn K, kotopelid mo ¢uznueckomy
CMBICITYy MpEICTaBIsieT COOOM KOJIMYECTBO TeIUIa, IMEpelaBaeMoro B EAMHHUILY
BPEMEHH 4Yepe3 €IWHUILy MOBEPXHOCTH TMPH PA3HOCTH TEMIIEPATyp MEXIY
TEIUIOHOCUTEIISIMU B OJINH rpagyc.

dopmyna us  pacyeTa  KOJMYECTBAa  TeIUla, IMEpeJaBaeMoro B

TEILI0O0OMEHHUKE

O=k.F.tcp (73)

OI[HaKO Ha IPAKTUKEC PpPaCUCT TENJI000MEHHOT'O arrapara, Kak IIpaBHuJIo,
CBOJUTCA K OIpCACICHHUIO Tennonepezxa}omeﬁ IMOBCPXHOCTHU aIllmaparta F B

3aBUCHMOCTH OT BO3MOXHOM TEIUIOBOW HArpy3KHU.


https://vk.com/away.php?utf=1&to=http%3A%2F%2Fk-F.At

F=Q/K*tcp (74)

TemmoByro Harpysky B 3TOM cilydae ONpPEINEISIOT M3 TEIUIOBOro OasiaHca

anmnapara 0e3 y4era norepb

Q=M1*Cp1(tis-t1x)=M2*Cpa(tox-t2s) (75)

rie Mi u M; - COOTBETCTBEHHO MACCOBBIM pacxoj Trperorieit (ropsaeit) u

HarpeBaemMou (X0mo01HOM) Cpepbl, KT/C;

Cpi 1 Cp2 - COOTBETCTBEHHO TEIUIOEMKOCTh I'DEIOLICH M HarpeBaeMoul cpensl,
kJ[x/(xkrK).

3HauCHUE CPEHETO TEMIEPATYPHOIro Hamopa tcp 3aBUCUT OT HaYaJIbHbBIX

Y KOHEYHBIX TEeMIIEpaTyp Cpel B TEIJIO0OMEHHOM arflapare, a TAkyKe OT CXEMBI €ro

MojcoeMHEHns. Ecnu rperomas M HarpeBaemasi cpela IBMXKYTCS B KaHallax

amnrapara B OJJHOM HalpaBJIEHUU, TO TaKas CXEMa JABUKEHUS Ha3bIBACTCA MIPSIMOTOK,

eCcu B IIPOTUBOIIOJIOKHBIX - IIPOTUBOTOK.

PaccmoTpum Bo3MOkKHBIE CXEMBI BKITIOUeHUs (puc. 32).

YHOK'] — Thmirarsss ool

Puc. 32 - TunuuHbie KOHCTPYKTUBHBIE CXEMbI PEKYTIEPAaTUBHBIX TEMIO0OMEHHBIX
amnmapartoB: a - «Tpy0a B TpyOe» IPOTUBOTOK; O - KOKYXOTPYOHBII IPOTUBOTOK; B,
T, 1T - KO)KYXOTpYyOHBI MHOTOKPATHBIN MEPEKPECTHBIN TOK; € - TPyOUaThIi
NEPEKPECTHBIN TOK; 3K - TNIACTUHYATO-PEOPUCTHINA MEPEKPECTHBIN TOK; 1- ropsanii
MOTOK; 2 — XOJOJIHBIN MTOTOK.



HeoO6xoqumMo OTMETHTH, YTO MPOTHUBOTOUYHAS CXeMa SBISIETCS Hambosee
3p(dEeKTUBHON 1O CpaBHEHHIO C MNpsAMOTOYHOW. Kpurepuem nans oleHKH
3 PEKTUBHOCTH CIYKHUT KaK pa3 BEJIMYMHA CPEHEr0 TeMIIepaTypHOro Hamopa: B
MPOTUBOTOYHOW CXEME OHA BO MHOTHX CIydasX OKa3bIBaeTCsl OOJIbIlle, YeM B
npssMoTodHou. CrenoBaTeIbHO, MMOBEPXHOCTh TEIJI000OMEHA MPU MPOTHBOTOUHOM
cCXeMe JBMIKEHUsI OyAeT MEHbIIEH 4eM IpPH MPSIMOTOYHON. 3HAUUT, TIPU MPOUYUX
PaBHBIX YCIOBUSIX TEIJOOOMEHHUK Oyaer Oojiee KOMMIAKTHBIM, 3aTpaThl
MaTepuaJoB Ha €ro HU3roTOBJIECHHE HauWMeHblMMU. Kpome Toro, mnpu
OCYILIECTBJICHUU TPOTUBOTOUYHOU CXEMbl MOXKHO TMOJY4YUTh 00Jie€ BBICOKYIO

KOHEUYHYI0 Temneparypy. Homepa mo3uiuii 1aTyukoB npuBeieHb B Ta01.26.

Tabnuua 26 — Homepa no3uuuii JaTYMKOB TEMIEPATYPBI

Haunmenosa ['opstunii KOHTYp XOJI0THBIN KOHTYP

-HUE Homep | Homep | Homep | Homep | Homep | Homep Howmep | Homep
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Puc. 33 IIpoTHBOTOYHBIN TEINIOOOMEHHUK
Jlo mpoBeneHus 1abopaTOpHBIX padOT Ha YCTAHOBKAX CTYJEHTHI 00s13aTEIIbHO
JOJDKHBI NTPOWTU MHCTPYKTAX IO TEXHHUKE O€30MacCHOCTH COIVIACHO MHCTPYKLHUH,

KOTOpad BKJIFOYAECT B cebs ClIcayromme OCHOBHBIC ITOJIOKCHUA:



- Bce paboTel Ha yCTaHOBKaxX IOJDKHBI MPOBOAUTHCA TOJIBKO B MPUCYTCTBHH H
YY4aCTHUHM TNPENoJaBareisl WM OTBETCTBEHHOIO JIMLA, MPOLIECINIEr0 IOJTHOU
MHCTPYKTaX 1o COOJIIOICHUIO IpaBUII TEXHUKN 0€30I1aCHOCTH.
- Mecro, rie pa3MelnieHa yCTaHOBKa, 3alpeliaeTcsl 3arpoOMOoK/1aTh TOCTOPOHHUMHU
IIPEIMETAMM.

- [lepen BK/IOUEHNEM YCTaHOBKU MTPOU3BECTH TUIATEIBHBIM OCMOTP 000PY10BaHUS
U IpUOOPOB 711 OTIPEIeTICHHS UX MPUTOTHOCTH K paboTe. DIEKTpUUECKHUEe IIHYPHI,
BUJIKM, PO3E€TKM M BBIKIIIOYATEIM HE JOJDKHBI MMETh BHUJIHMMBIX IIOBPEKICHUN.
Bxirouarb  yCTaHOBKY HpM  HQJIMYMM  HEUCIIPABHOCTEW  3aIlpelacTCs.
Bo BpeMs BBINONHEHHS 3aJjaHUsl CTYIEHT HE JOJDKEH 3aHMMAaThCsl TOCTOPOHHUMHU
JelaMd, ~ HE  OTHOCSIIMMHUCA K BBIIOJIHEHUIO  JaHHOM  paboThI.
3anpemaercs  OCTaBisATh 0€3  HAOMIONEHHMS  JIEUCTBYIOIIYIO  YCTaHOBKY.
3anpemiaercs paboTtarb B Jlabopatopuu ofHoMy. OO0s3aTe€IbHO MNPUCYTCTBUE
BTOPOTO JIMLA JUId OKa3aHWs IEpBOM MOMOIIM B ciyyae HEOOXOAUMOCTH
- CryneHTaM 3ampeniaeTcsi CaMOCTOSITEIbHO  YCTPAHITh HEHCIPABHOCTH.
BBuay Hanmuuus Ha YCTAHOBKE BBICOKOTro HampspkeHus 220 B i nutanus
anekTpoasuratene, TOHOB © KOHTPOJBHO - H3MEPUTENBHBIX MPUOOPOB
3anpeniaeTcs:

a) MPOHHUKATD 3a 3alUTHBIE OTPAXKICHUS MPUCOECTUHUTEIBHBIX KIIEMM;

0) OTKpBIBaTh pACTIPEACIUTENbHBIN IIUT U 3aIIUTHBIE KOXKYXU YCTAHOBKH;

B) BKJIIOYATh U OTKJIIOYATh YCTAHOBKY 0€3 pa3pellieHus penogaBaTens;

r') BO M30ekaHUE BO3MOXKHOIO MOPAKEHHUS ANEKTPUUYECKUM TOKOM, 3alperiaercs
KacarbCsl MpPU BKJIIOYEHHOW YCTAHOBKE OJIHOBPEMEHHO MHTAIOMIMX MPOBOJIOB
U3MEPUTEIFHBIX TMPUOOPOB, 00OPYIOBaHUS U TPYyOONMPOBOJOB OTOILJICHUS,
BOJONPOBO/IA WJIM 3a3eMJISIIOIIEr0 KOHTypa. llpu mopaxeHuu sIeKTPUYECKUM
TOKOM HEOOXOJUMO HEMEIJIEHHO BBbI3BAaTh Bpaya, a /10 €ro MpHOBITHS OKa3aThb
NOCTpaJaBIIEMy MIEPBYIO MEIULUHCKYIO IIOMOIIIb;
J) YCTAaHOBKA [OJDKHA OBbITh HEMEJJIEHHO OTKJIIOYEHa, €clii OOHapy>KEeHO
NOBPEXJICHUE 3a3€MJICHMSI, 3alUTHOIO OrPAXKIAEHUS M TMPU BHE3AITHOM

MMPpCKpalCHUU IHogauun 9HCPIruu.



[Ipy mosiBNEHUM nObIMa M3 3JIEKTPOHATpPEBATENs, APYroro OOOpYIOBaHUS WU
yCKOPETyJIUPYIOUIEH amnmapatypsl W TOpH JIPYrUX aBapUUHBIX CHUTyalHUsX,
HEMEJYICHHO OTKJIIOYUTh YCTAHOBKY aBapuiHON KHOMKON «CTOom» M COOOUIUTH
IPENOIaBaTEO.

[To oxoHyaHuu pabOTHl YCTAHOBKA JIOJDKHA OBITH OTKIIIOUEHA B CTPOTOM
COOTBETCTBHUH C YKa3aHUSIMU, IPUBEJICHHBIMU B JAHHOM METOJIMYECKOM IMOCOOUH.
[lepen yxoaoMm CTynEHTHI OOsi3aHBI MPUBECTH B MOPSJIOK CBOE padouee MECTO
Y TIOCTaBUTh B U3BECTHOCTH IMPEMNOIaBaTelisi 00 OKOHYaHUU PaOOTHI.

eab padoThl

N3yyeHne KOHCTPYKUMHM M MNPUHLIMNA PpabOThl KOXKYXOTpYyOHOTO U

IUTACTUHYATOI O TEIJIOOOMEHHBIX aIIapaToB.

3agayu padoTsl
1. 3akpermieHne cBeIcHU 0 (PU3NUeCcKOoil CYIIHOCTH MEPEHOCcA TeIlIa OT TOPSUYETro
TEIUIOHOCUTENS K XOJIOAHOMY U aHAIMU3 (PaKTOPOB, BIUAIOIINX Ha ONTUMH3ALUIO.
2. Onpenenennie K03PHUIHUEHTOB TEIJIOOTAAYH B PEKYIIEPATUBHBIX
TEII000MEHHUKAX MPU IPSIMOTOYHOM U IPOTUBOTOYHON CXEMaxX JIBUKEHUS
TEMJIOHOCUTES.
3. DKCIepuMEHTANbHOE UCCIEA0OBaHUE PadOThl KOKYXOTPYOHOTO U
IUIACTUHYATOI 0 TEMIO0OMEHHBIX alIapaToB ¢ ONpeAeIEHUEM UX TeIJIOBOU
Harpy3KHu.
4. VccnenoBaHue BIMSHUS TEIUIO(OU3NUSCKUX CBOMCTB OXJIAKIAIOIICH CpeIbl

Ha IMPOIIECCHI TEIII000MEHA.

Onucanue IKCNEPUMEHTAIBLHON YCTAHOBKH
OCHOBHBIMH  dJIEMEHTAMHU JIA0OPATOPHOW YCTAaHOBKH, pHUC. 34  SABISIOTCA
TEMJI000MEHHBIN amnmapaT KoxyxorpyoHoro tuna KT ¢ aBuwkeHUEM ropsiuero
TEIUIOHOCUTENSI 10 BHYTPEHHUM TpyO0aM H© XOJOJHOTO TEMJOHOCUTENS B
MEXTPYOHOM MPOCTPAHCTBE U TIaCTUHYATHIN TeroooMeHHuK I1T.
[INH - npoTO4HBIN JIEKTPOHArpeBaTENb MOIIHOCTHIO 10 3,5 KBT ¢

KOHTPOJIMPYEMBIM M0 3aJaHHON TEMIIEPATYPE NPOrPAMMHBIM PETYJIATOPOM;



3V - 3anuBOYHOE YCTPOUCTBOM U KpaHOM MaeBCKOro;

KT - ko’xxyxoTpyOHBIi1 TeIJI00OMEHHBII amnmapar:

Hapy>KHbIM 1UaMeTp BHYTpeHHEN TpyObl d, = 12 MM; TOJILIMHA CTEHKH BHYTPEHHEN
TpyOBI 6CcT = 0,5 MM; KOIUYECTBO TPYOOK I = 4 IIT; ATMHA BHYTPEHHUX TPYyO / =
280 mm; quameTtp TpyOHoit pemérku D, = 50 mm; matepuan tpyo AISI 304
(08X18H10);

[1T- mnacTuHYATHINA TETNIOOOMEHHBIN anmnapat: KOJIMYeCTBO IJIACTHH - 12 IIT;

* TOJILIMHA CTEHKHU I1acTuH O0cT = 0,45 MM; pacCTOSHHUE MEXY IJITACTUHAMH -

1, 4MM;IIIIpUHA TUTACTHH-/ 3MM;

* BBEICOTA IIACTHUH - 192 MM; miomags Termooomena - 0,12 M%; MaTepuan miacTun

AISI 316.



I[J'ISI HU3MCPCHUA TCMIICPATYP TEILIOHOCHUTEIICH CIIyKaT TCMIICPATypPHBIC

JATYMKH, YCTAHOBJIEHHBIE B COOTBETCTBUU CO CXEMOM J1aOOpaTOPHOTO CTEH/IA, PUC.

34.




Hamnpasnenue moroka ropsyero TEIIOHOCUTENS BO BCEX DKCIIEPUMEHTAX OCTAETCs
MOCTOSTHHBIM. VI3MEHSIs OJIOKEHUE 3alIOPHBIX TPEXXOJA0BBIX kKpaHoB TBO1 u
TB32 X0m0AHbIM TETIOHOCUTENb MOYKET MEHSTh HAIIPABIICHUE IBUKEHUS HA
IPSIMOTOK WJIM IPOTUBOTOK it 000ux TerioooMmennukoB (KT u I1T).

biiok ynpaBieHus:

Cetp 220B - BKIIIOYEHHUE JICKTPONUTAHUSA CTEHIA;

BK1 - Bxirouenue nporounoro Harpesareis, [1H;

BK?2 - Bxmrouenue Hacoca, HI1;

BK2 - BkiaroueHue Hacoca, H2;

[Ipumeuanne: MHaAUKaTOpHAS JIAMIIOUYKA HA BEPTUKAJIBHOMW ITAHENIN YKA3bIBACT
Ha HAJIMYUE AJIEKTPONUTAHHUS.

[TIpoBepuTh aBapuiiHas kHONKA «CTOI TOKHBI HAXOJUTHCA B OTKATOM
MOJIO’KEHUU. [{7151 3TOro MOBEpHYTH €€ MO0 YacOBOH CTpeliKe (HanpaBlieHUuE
CTPEJIKAMH YKa3aHO Ha KHOIIKE).

[lepekiroueHre mpsIMOTOK-IIPOTUBOTOK OCYIIECTBIISIETCS C MOMOUIBIO TyMOJIepa,

YCTAHOBJICHHOT'O Ha JIMICBOC IMAHCIIN.

MeToauka BbINOJHEHUS Pad0ThI
1. O3HaKOMHTBCS CO CXEMOM JTabOpPaTOPHOU YCTAHOBKHU U PACIIONIOKEHUEM
npruoopoB. COCTaBUTh €€ ONMUCAHUE U 3arOTOBUTH TAaOIULbI JIJIsl pETUCTpaIuu
PE3yNbTATOB HCIBITAHUN.
2. [ToaroToBUTh YCTAHOBKY K UCIIBITAHUSM TETNIOOOMEHHHUKOB. Y IOCTOBEPUTHCH,
YTO YPOBEHb BOJIbI HA0JIIOIAETCS B 3aJJMBOYHOM YCTPOICTBE, B IPOTUBHOM CITyyae
JOJINTH )KUAKOCTh B CUCTEMY. B crucreme He JOMyCKarOTCs MOATEKH.
3. Ilopxmarounts cTena k cetr 220 B.
4. IToaxmounTh aBTOMATU3UpOBaHHbIN cTeH] K USB pa3zbeMy koMmnbloTepa u
3amycTuTh nporpammy Ilyck -> Ilporpammsl -> MeasLAB -> «/cnbitanue
TEMJI000MEHHUKOBY.
5. BxiirounTh nuTaHue cTeHaa KHOMKOW «CeThy.

6. Bki1tounTh nepexiovaTelib B mojgoxeHue «lIpsmoTok».



7. OtkpeiTh Bentwiin 3B3, 3B6, 3B8 u 3B10.

8. Knonkon BK2 3anyctuts Hacoc HI.

9. Ilpu BKIIFOUEHUHN KOMITBIOTEPHOM CUCTEMBI U3MepeHus KinaBuieit «Ilyck» B
nporpamMme Ha HU(QPOBBIX UHAUKATOPAX JIMLIEBOU MMaHEIN OTOOPAKAIOTCS
MTHOBEHHBIEC 3HAUCHUS TEMIIEPATYP, U3MEPSIEMBIX BCEMU ATYMKAMU WU TpadUuKu
WX U3MEHEHUS 110 BPEMEHU.

10. Yepes 20-30 cexynn knomnkoit BK1 Bximtounts Harpearens (ITH) B pexum
MO3UIIMOHHOTO PETYIUPOBAHUS.

11. C nomomsto perynsaropa TC4 na nanenu [IH ycranoBuTh TEMnEpaTypy B
npenenax 40-60°C.

Baumanue: Temneparypa B cucreMe He T0JkHA npeBulaTh 70 °C.

12.3amyctuth Hacoc H2, BkmtounB kHonky BK3.
13. ITocne BbIXO/1a TEMIEPATYPHI HA 33/IaHHBIA PEKUM U YCTAHOBJICHHS
CTAI[MOHAPHOTO TEIJIOBOI'O PEXUMa IIPOBECTU UCIIBITAHUS JJI KOKYXOTPYOHOTO U
MJJACTUHYATOIO TeTNIOOOMEHHBIX almnapaToB, pe3yJibTaThl 3aHECTH B Ta0J. 27 U
28.
14. 3sMeHUTH pacxo BOAbI METOJIOM MEPEKIIIOYEHUS PEKUMOB pabOThI Hacoca y
pPEryJIMPOBAHUEM IIOJIOKEHHSI COOTBETCTBYIOIIMX BEHTEIIEH HA pacIpeIein-
TEJIbHBIX KOJUIEKTOpax, puc.34. CHATh NOKa3aHUs B YCTAHOBUBIIEMCS PEKHUME,
pE3yNbTaThl 3aHECTH B Ta0N. 27 u 28.
15. I3MeHuTh HanpaBJIEHUE MOJAYU XOJIO0AHOTO TermIoHocuTens. [lepexmounTh
TyMO1ep B nosioxkeHue «[I[poTHBOTOK» U MOBTOPUTH dKCIIEpUMEHT. CHSATH
MOKa3aHUs ¥ 3aHECTH UX B TaOJ1. 27 u 28.
16. IIpoBecTr pacyeTsl 10 METOIMKE, MPUBEICHHON B pa3jeie «o0paboTka
JIAHHBIX», PE3YyJIbTaThl 3aHECTH B Ta0J. 27 u 28.
17. Cnenatb BBIBOJIBI.

O0paboTKa ONBITHBIX JAHHBIX U COCTABJIEHHE OTYETA
[Tnomaaer nepeaaroiiel MOBEPXHOCTH KOKYXOTPYOHOTO TEIII000MEHHOTO

amrapara

F=mnd, I n (76)



rae dy - Hapy>KHbIN AMaMeTp BHYTpEHHEH TpyObl TEJI000MEHHHKA, M;

IT - KOJINYECTBO TPYOOK;

1- nnvHA BHYTpeHHEH TPYyOBI, M.
[Tnomanb MOBEPXHOCTHU TUIACTUHYATOTO TEINIOOOMEHHOTO arapara paBHa
0,12 m2.
MaccoBblIif pacxo] Topsiueil U XOJIOJHOM BOJIBI OMIPEACIIAETCS M0 CIEYIOIEMY
COOTHOIIECHHUIO

M; =V, P1, M, =V, P2 (KF/C) (77)

rae Vi, V- 00beMHBIE pacXo/ibl TOpsYEH U XOJIOAHON BOABI, ONIPEACIISIIOTCS
C TIOMOIIIBIO COOTBETCTBYIOIIETO CUCTUYHKA,;

pP1, P2- IWIOTHOCTh TOpsSYEH U XOJIOTHOM BOJIbI, MPUHUMAIOTCS TIPU CpeTHEN
TEMIIEpaType CPEIbl B almapare, CM. MPUI0KECHHE.
KonnuecTBo nepenaBaeMoit TEIIOTHI OnpenessieTcs no GopMysiaM AJis
KQXXJIOTO amnmnapara, mpu 3TOM:
Cp1, Cp2 - yaenpHbIEC TETIIOEMKOCTH TOPSIYEN U XOJIOIHON BObI, IPUHUMAIOTCS
IIpU CpeHel Temneparype cpenbl B anmnapare, kJx/(kr*K), cm. npusoxkeHue.
CpenHss pa3HOCTh TeMIIEpaTyp (TeMrepaTypHbIA HATIOP) ONPEAEISIETCS 10
dbopmyre:
Atep= (Ats— Aty):2  mpu Atg: At, <2

Atep= (Ats— Aty): In (Ats/ Aty ) mpu Ats: Aty >2

riae Ats, Aty - 3HaUCHUS OOJIBIIIETO W MEHBIIIETO TeMITepaTypHBIX HAIIOPOB B
HayaJie ¥ B KOHIIE TOBEPXHOCTHU Teriooomena, °C.

Hns npsimoToka Ate= tiy— tn | Aty= tix— tox

Hns mpotuBoTOKa Ats= t14— tax | Aty= tix— toy

KoaddummenT remmonepenauun ajis Kax10ro pekuma onpeensiercs no Gopmye

K: Q/F* Atcp

Pe3ynbraThl ©3MepeHuit 3aHOCATCS B TaOMIbI 27, 28.



Tabnuna 27 - Pe3ynbpTaTel U3MEPEHUI U BBIYUCICHUH MPU UCTIBITAHUAX

KOXYXOTpYyOHOTO amnmapara

3Ha4YeHUS N3MCPCHHBIX U BBIYHUCIISICMBIX ITAPAMCTPOB

N9 t1H th t21< t2H Ml MZ Ql QZ At6 AtM Atcp K

/o | °C | °C | °C | °C |kr/c |kr/c |Bt |Br | °C |°C | °C |Bt/(M*K)
[TpssmoTOK
IIpotuBOTOK

Ta6nuna 28. Pe3ynbTaThl U3MEPEHUI U BEIYUCICHUHN TTPU UCTIBITAHUSAX
MJIACTUHYATOTO TEMJIO0OMEHHOTO anmnapara

3HaYCHUS HN3MCPCHHBIX U BBIYHUCIIICMBIX IIAPAMCTPOB

Noo Tty |t |t [toe [Mi [M2 Q1 [Q2 |Ats |Aty |At, | K

m/n | °C | °C | °C | °C |kr/c |kr/c |Bt |Br | °C |°C | °C |Br/(M?K)

[IpsamoToxk

IIpotuBOTOK




KoHTpoabHbBIE BONIPOCHI

1. HazoBuTe mpenmyiiecTBa U HEJOCTATKHU UCIIBITAHHBIX TEMIOOOMEHHBIX
anmnaparos.

2. Jlatite onpenenenne koddduimenta temionepeaaun? Kakos ero pusndeckuii
CMBICII U €IMHUIIBI U3MEPECHHUS?

3. Kakue (akTopsl 1 mapaMeTpsl TEIMIIOOOMEHHBIX alllapaToB BIMSIOT Ha
BeIMUMHY Kod(dduimenta Temonepeaadn?

4. B yeM 3aKJII04alOTCs MPEUMYIIECTBA TPOTUBOTOYHON CXEMBI 10 CPABHEHUIO C
PAMOTOYHOM?

5. Moxet nu TeMmnepaTrypa ropsiuero TEIIOHOCUTENSL Ha BBIXOIE U3
TEII000MEHHUKA OBITh MEHBIIIE TEMIIEPATYPHI XOJIOJAHOTO TEINIOHOCUTENIS Ha
BBIX0JI€ U3 TEIJIO0OOMEHHUKA?

6. B kakux ciaydasx mpu pacuere TeII000MEHHUKA MOYKHO I0JIb30BAThCS CPETHUM
apu(PpMETUIECKUM TEMIIepaTypHbIM Harlopom?

7. B KakUX TEXHOJOTMYECKUX MPOLECCaX UCIOIb3YIOTCS TEMI00OMEHHbIE

anraparbl?



JIABOPATOPHAS PABOTA Nel0
N3yyeHue KOHCTPYKTHUBHBIX CXeM TeNJI00OMEHHbIX aNNapaToB
BBenenue

TennmooOMeHHBIMU  ammapaTtaMu  (TEIUIOOOMEHHHMKAaMHM)  Ha3bIBAIOTCS
YCTPOMCTBA, MpeAHA3HAUYCHHBIC JIJIsl IEpeAauy Temjia OT OJTHOTO TEIUIOHOCUTENS K
npyromy. [To npuHnumy AeicTBUs TEMI00OMEHHBIE annapaThl MOIPa3esoTCA Ha
TPH BHUJIA: PEKyNEepaTUBHbIC, pETEHEPATUBHBIE U CMECUTEIIbHBIE. B TEM1000MeHHBIX
amnraparax peKyrnepaTuBHOTO THUIIA TEIJIO MEPEAACTCS OT FOPSUYETO TEIIIOHOCUTENS
K XOJIOAHOMY Yepe3 pa3AesAIoIy 0 UX CTEHKY, KOTOpas Ha3bIBAETCS TOBEPXHOCTHIO
TeriooomMeHa. PaccMOTpuM BO3MOKHBIE KOHCTPYKTHUBHBIE CXEMBI PEKYTIEPATUBHBIX
TEIMJI000OMEHHBIX aIllapaToOB U CXEMbI UX MOJKIIOYEHUS PUC.

OCHOBHOI XapaKTEpUCTUKOW TETIOOOMEHHOIO ammapara SIBISIETCS €ro
terioBast Harpy3ka Q, JIx/c (BT), koTopasi 1moka3bIBaeT BO3MOKHOE KOJIMUECTBO
TeIjla TepelaBaeMoro B E€IWHUILYy BPEMEHHM M 3aBUCUT OT TEIIOPU3UYECKHUX
CBOMCTB  TEIUIOHOCUTEJEH  (BSI3KOCTh,  TEIUIONPOBOAHOCTh,  IUIOTHOCTD,
TEIUIOEMKOCTh) M peKuUMa JBUKeHUs. BakHoe BIMSHUE HA BEJMYMHY TEIUIOBOM
Harpy3kd OKa3bIBAlOT KOHCTPYKTHUBHBIE OCOOCHHOCTHM ammapara (pa3Mmepsl,
MaTtepuall, COCTOSIHUE TTOBEPXHOCTH HarpeBa) U CPeIHssl 0 MMOBEPXHOCTH Pa3HOCTh
TEMIIEpATyp MEXIY IPEIOLIEN U HATPEBAEMOU CPEHOM.

[Ipu pacuere TEIUIOOOMEHHBIX amMapaToB HM3MEHEHUE TEeMIIepaTyp
TEIUIOHOCUTENIEH TIPU UX JABUKEHUU MO TETNIOOOMEHHUKY YYUTHIBACTCS BBEICHUEM
B pacyeTHylo (opMylly CpeIHero TtemiepaTypHoro Hamnopa At, Bnusnue
OCTaJIbHBIX (haKTOPOB YUHUTHIBAETCS KOd(pPuimenTom teronepeaaun K, kotopsiii
10 PU3NYECKOMY CMBICITY TPEJICTaBIsIET COO0H KOTMUECTBO TEIUIa, ePeaaBaeMoro
B CIMHUILYy BPEMEHHM 4Ye€pe3 EIUHUILy MOBEPXHOCTH MHPH PA3HOCTH TEMIIEpPATyp
MEX]Ty TEIIJIOHOCUTEIISIMU B OJIUH TPaIyC.

dopMmya 11 pacdeTa KOJIMIeCcTBa TeIia, IEPe1aBaeMoro B TEINIO0OMEHHOM

arIaparc, UMCCT BU:

Q:K'F'Atcp (78)



[upkynsuuss TEIUVIOHOCUTENEH 4Yepe3 amnmapaTbl B 3aBUCUMOCTH  OT
MOJIKJIFOUEHUS] MOXKEM OBITh MPSMOTOYHOM, MPOTUBOTOYHOMN UITH MIEPEKPECTHOM.
3Ha4YEHHE CPEIHEr0 TEMIEPATYPHOro Hanopa Atc, 3aBUCUT OT HadalbHBIX tiy, a1
KOHEYHBIX tiy , lx TEMIepaTyp cpes B TEII000MEHHOM arfmapare, a TAaKkKe OT CXEMbI
ero noacoenuHeHus. Ecnu rperomas U HarpeBaemasi cpeia IBHXKYTCS B KaHaax
amnmapara B 0JIHOM HalpaBJICHUHU, TO TaKasi CXeMa JIBMKEHUS Ha3bIBAETCS PSIMOTOK,
€CJIM B POTUBOMOJIOKHBIX IPOTUBOTOK.

HeoOxoauMo OTMETHUTH, YTO NPOTHUBOTOYHASI CXeMa SBIsETCS Haubosee
3¢ PeKkTHBHON TIO CpaBHEHUIO C MPAMOTOYHOW. Kputepmem sl OICHKH
3¢ (HEKTUBHOCTH CITY’KUT KaK pa3 BEJITMYMHA CPETHETO TEeMIIEpaTypHOro Hamopa: B
IPOTUBOTOYHOM CXEME OHa BO MHOTHMX CIIy4asX OKa3blBaeTcsi OOJjblle, YeM B
MPSAMOTOYHOM.

CrnenoBaTenbHO, MOBEPXHOCTh TEIJIOOOMEHA NPU MPOTUBOTOYHON CXeMe
JBIDKEHUS OyJIeT MEHbIIEH YeM MpU NPSIMOTOYHOU. 3HAYUT, IPHU MPOUYUX PABHBIX
YCIIOBHSIX TEIJIOOOMEHHUK OymeT 0oJjiee KOMITAaKTHBIM, 3aTpaThl MaTEPUAJIOB HA €r0
W3rOTOBJICHHE HauMEHbIINMHU. Kpome Toro, npu oCymecTBIEHUN IPOTUBOTOYHON

CXEMBI MOYKHO TIOJIy4UTh 00Jiee BHICOKYIO KOHEUHYIO TeMITepaTypy.




OI[HaKO Ha IPAKTUKE PaACUCT TEIJI000MEHHOTO arapara, KakK IIpaBHJIO,
CBOJUTCA K OIIPCACICHUIO Tennonepezxafomeﬁ ITOBCPXHOCTHU aIlllapara F B

3aBUCHMOCTH OT BO3MO>KHOM TETUIOBOW HATPY3KHU

__Q
F= KAt cp (79)

TermnoByto Harpy3Ky B 3TOM Cilydae OIpPEIeISIOT U3 TeIUIOBOrO OajlaHca amnmapara

0e3 yuera noTepb
Q = Mz Cpi (tia— ti) = M2 Cp2 (o —t24), (80)

rae M1 u M2 -cooTBETCTBEHHO MAacCOBBIM pacxo rperoei (ropsiaeii) u
HarpeBaeMoii (X0JI0THOM) Cpeibl, KI/c;

Cp11 Cpz - COOTBETCTBEHHO TEINIOEMKOCTD I'PEIOILEN M HArPEBAEMOM Cpebl,
kJx/(xr K).

eab padoThl

HSy‘IeHI/IC ME€XaHu3Ma  TCIIJIOOTAAa4YU N  YCTAHOBJICHHUC KpUTCPUCB,

ONPEAENSIONMX TEMII000MEH KUAKOCTH B TPyOaXx.
3axayu padoTsl

1. DkcniepuMeHTanpHOE onpesereHrue KodhGuireHTa Terio0TAauy Mpyu TeIYCHUU
KUIKOCTH B TpyOax MPHU pa3HbIX PEKUMaX TBHIKEHUS.

2. HccnenoBanue BIUSHUS TEIIOPU3MUECKUX CBOMCTB >KMAKOCTH Ha MPOIECC
TENJI000MEHa.

Onucanue IKCNEPUMEHTAIbHOU YCTAHOBKU

OCHOBHBIMH  DJIEMEHTAMH JIa0OpATOPHOTO CTE€HJAA, pHUC.36 SABISAIOTCS
TEMJI000OMEHHBIC alapaThl MOBEPXHOCTHBIC TEIJIOOOMEHHBIC ammapaThl Pa3HBIX
KOHCTPYKIIUSI, OJIOK OMPEIEJICHHUs] BSI3KOCTH JKMIKOCTH M OJIOK OIpejeeHus

TCIIJIOCMKOCTH.






Puc. 36 [IpunuunuanbHas cxema 1ab0paTOpHOro CTEH 1A

KT- koxxyxoTpyOHBIH TEIJI000MEHHBIN arnmapar:
® HapYXHBII TUaMeTp BHyTpEeHHEH TpyOb! dw=0MM;
® TOJIIIIMHA CTCHKH BHYTPEHHEU TPYOBI der=0,5MM;
® KOJINYeCTBO TPyOOK N=19miT.;
® 11ar Mexay Tpyokamu S=8,5mm;
® PACIMOJIOKEHNUE AXMaTHOE;
® juInHa BHYTpeHHUX TpyO 1=330MMm;
® BHYTPEHHMM auameTp obeuaiiku Do=56MM;
® MaTepuall TeII000MEHHBIX TpYyO Meas M3p.
[IT-nacTUHYATHIN TEMJIO0OOMEHHBIN anmnapar:
® KOJIMYECTBO IJIACTUH-1211T;
® TOJIIMHA CTCHKH IIACTHH 0.—0,45 MM;
® PACCTOSIHUE MEXIY ITUIacTUHAMU- | ,4MMm;
® IMpPHUHA IJIACTUH-73MM;
® BBICOTA IJIACTUH-192MM;
e oAb Termtooomena-0,12m;
e marepuain riactun AlSI 316.
TT-termmooOMeHHBIN anmapar TUra «Tpyoa B Tpyoe»:
® HapYXHBIN TUaMeTp BHyTpeHHEH TpyOb! d, =12MMm;
® TOJII[MHA CTEHKU BHYTPEHHEH TPYyObI dcr =0,5MM;
® KOJIMYECTBO TPYOOK N=11T;
® /TMHa BHYTpeHHE! TpyOsl 1=750mm;
® BHYTPCHHUI TUaMETp HAPYKHOUM TPpyObl Dyy=16MM;
® MaTepuall BHyTpeHHe# TpyObl meas M3p.

JIns u3MepeHus TemIepaTyp TEIUIOHOCHUTENICH CiyXaT TeMIepaTypHbIe
JATYMKH, YCTAHOBJIEHHBIE B COOTBETCTBHH CO CXEMOI JIaDOpaTOPHOIO CTEH/IA, PHUC.

HanpaBﬂeHHe IIOTOKA IropsA4YCro TCIJIOHOCUTCIIA BO BCCX SKCIICPUMCHTAX OCTACTCA



NOCTOSIHHBIM. M3MEHsIs1 MOJIOKEHUE 3allOpPHBIX TPEXXO0A0BbIX BeHTHWiIe TBO1 u
TBD2 x0510AHBIN TEMJIOHOCUTEND MOKET MEHATH HANPABICHUE ABUKEHUS HA
Cetb 220B- BKIItOUEHUE MNIEKTPOIUTAHUSA CTEH/A; IPIMOTOK WIN ITPUBOTOK.

bnox ynpaBnenus:
BK1 - Bximrouenue Harpesarens N;

BK?2 -Bximrouenne nacoca H1;

BK3 - Bxmrouenue Hacoca H2;

BK4 - BxtoyeHre BEHTUIISATOPA BO3AYIIHOTO TeriooOMeHHoro anmnapara BT;
TymOnep - BKIIOUEHHE NPAMOTOK/TIPOTUBOTOK;

WNHpukaTopHas 1aMIIOUKa - HJIEKTPONUTAHUE CTEH/IA BKIIFOUECHO.

C MOMOIIBIO PETYNSATOPA MOKHO U3MEHSATh CKOPOCTh BpalleHusa BeHTuisitopa BT.
[TpubGop mnpousBOaAUT NOACYET MOTPeONEHHON HnekTposHepruu. Ilo3Bosser
YCTAaHOBUTH BPEMEHHYIO METKY (KHOMKA «Y CTAHOBUTH METKY») U OCYILIECTBIISATh
noAc4€T OoT 3To  MeTkH. OToOpakeHHME  KOJWYecTBa  IMOTPEOJIEHHOM
ANEKTPOIHEpPTUn BoIBOUTCS Ha aAuciuien Nol (B kBt*4) u Ne2 (B Br*u). [Ipu sTom
BBIOOp peXuMa OTOOPAKEHUS OT BPEMEHHOW METKHM WJIM BCErO OCYIIECTBIISIETCS
COOTBETCTBYIOIIMMHU KHomkamu «OtT MeTkn» u «Bcero» ¢ 3akuranuem
COOTBETCTBYIOILIETO CBETOUO/IA.

Ha nucrieir Ne3 BeiBoauTcs Tekyllas nmotpedisieMas akTUBHAs MOIIHOCTH (B BT).
Ha nucnneit Ne4 BEIBOIUTCS BpeMs B CEKYH/IaX, MIPOIIEIIEe C MOMEHTA YCTAHOBKU
BPEMEHHON MeTKHU. JlJI1 BKIIIOUEHUS] CEKyHAOMEepa HEOOXOIMMO HaXKaTh HUYKHIOO

KHOTIKY. /{71 mepe3anycka HaxaTh TOBTOPHO.
O0padoTKAa ONBITHBIX TAHHBIX U COCTABJICHUE 0TYETA

1. Kpatkoe onucanue 1a00paTtopHOi yCTaHOBKHU.
2. CxeMa yCTaHOBKH.
3. Pe3ynbTaThl U3BMEPEHUN U PACUETHI.

4. AHaiu3 pe3yapTaTOB U BBIBOJIBI.

KoHTpoJibHBbIE BOIPOCHI



1. HazoBure npeuMymecTBa M HCEAOCTATKH MCIBITAHHBIX TENJI000MEHHBIX

araparTos.

2. Yro naszwiBaeTca kod(pduumentom Tterionepenaun? KakoB ero ¢usnueckuit

CMBICJI U CAMHUIIBI I/ISMGPCHI/IH?

3. Kakue ¢aktopsl ¥ mapaMeTpbl TEIUIOOOMEHHBIX aNapaToB BIUSAIOT HA BEJIMYUHY

ko3 dunreHTa Temonepenadn’?

4. Moxer m TEMIICpAaTypa TOpAYCro TCINIOHOCHUTCIIA HaA  BbIXOAC U3
TEIJJOOOMEHHHMKA OBITh MCHBIIIE TCMIICPATYpPhl XOJIOAHOI'O TCINIOHOCHUTCIIA Ha

BBIXOJC U3 TEII000MEHHUKA?



JIABOPATOPHAS PABOTA Nell

Omnpenenenue KO3PPUUUEHTOB TEMJIOOTAAYM B peKyllepaTHBHBIX
TeMJIOOOMEHHBIX ANNAPATAX MPH Pa3JTHYHBIX PEKUMAX ABHKECHUS

TeIJIOHOCHUTEJISI
BBenenue

B 1ienoM, KOHBEKTUBHBIN MEPEHOC TEIIA, MPOUCXOASIINI B JBHKYLIUXCS
cpenax, oO0yCIOBJIEH COBMECTHBIM JCHCTBHEM JBYX MEXaHHU3MOB - COOCTBEHHO
KOHBEKTUBHBIM  IIEPEHOCOM  KOHTaKTHPYIOLIEH €  TEIOM  Cpeapl |
TEIJIONPOBOAHOCTU. TakuM 00pa3oM, OH OCYIIECTBIIAETCS TEPEMELIEHUEM TEKyUYel
cpelibl U3 00JacTH C OAHOW TEMITEPATypOil B IPYTyI0 TEMIIEPATYpPHYIO 00JIacTh U 3a
CYET TEIJIOBOIO JBMKEHUS MUKPOYACTHI] B HEU30TEPMUUYECKOM ITIOIPAHUYHOM CJIO€
HKUIKOCTH.

B TexHuke TemyooOMEH MeXAy ABYMs JIBHUKYLIIUMUCS TEIJIOHOCUTEISIMU
yepe3 pasAciIoNIy0 WX TBEPAYHD CTEHKY Ha3bIBaeTCs TEIUIONEpeAadyed u
BKJIIOYAET:

- OTa4y TeIuia OT ABMKYLIEUCS rOpsiueH KUJIKOCTU K CTEHKE;
- TETJIONPOBOAHOCTD B CTEHKE;
- TEIJIO0TJA4Yy OT CTEHKH K 0oJiee XOJI0THOM MOIBHXKHOM Cpeie.

HNHTeHCUBHOCTD TeIUIONepenayn Xxapakrepusyercs kospduuuentom K,
YUCJIEHHO PaBHBIM KOJMYECTBY TEIUJIOTHI, KOTOPOE MEpPeNaETcs 4epe3 E€AUHUILY
IOBEPXHOCTU CTEHKM B €IMHMILy BPEMEHHM IPU PA3HOCTU TEMIIEPATyp MEXIY
wxuakoctsmu B 1 K; pasmepnocts KBt1/(M?K). Benuumna R, oOpartnas
kodhduimenty K, Ha3piBaeTCs TOJHBIM TEPMHUYECKUM COMNPOTUBICHUEM.

Hanpumep, 114 0THOCITONHON CTEHKHU

_1_1 1

a2

, (81)

5
e
K a1l A
TJIC 01 M a2 - KOO(PDHUIIMEHTHI TEIUIOOTIAYH OT TOPSUCH KUIKOCTH K IIOBEPXHOCTH
CTEHKH M OT MOBEPXHOCTU CTEHKH K XOJIOJIHOM CpeJie;

0 - TONIIMHA CTEHKHU,

A - K03 GUIMEHT TEIIOMPOBOJHOCTH MaTepUalia CTCHKHU.



PaccmarpuBas mporiecc mepemadd Terjia 4Yepe3 MHOTOCIONMHYIO CTEHKY,
HEOOXOJIMMO OTMETUTh, YTO Ha KaXIOM 3Tale TEIIooOMeHa, Oyab TO MPOIECC
TEIUIOOTJAYl WU  TEIUIOMPOBOJHOCTH OyAyT HMEET CBOE TEPMHUYECKOE
COMpOTHUBJICHUE. Tak, HAIpUMEpP, BO3MOXKHBIC OTJIOKEHHUS Ha MOBEPXHOCTU TPYO
oOpa3yromuecs TpH  OKCIUTyaTallid  OyOyT  Cco37aBaTh  JIOMOJHHUTEIBHOE
TEPMHUYECKOE COMTPOTUBJICHUE 3HAUYNTEIBHO MPEISATCTBYS Mepeaaye Teria.

Koaddumument Ttemmoornaunm MokeT OBITh OTHECEH K BHYTPEHHEW WIIH
Hapy>KHOW TTOBEPXHOCTH TEIJIOOOMEHA, B JAHHOM BBIPQXCHUH K BHYTPCHHEH.

K= (82)

1

1

§; 1 Fgy'
= n 2l - o BH
a1+zl=1li+aszﬂ

rac:

e % = % + % —TEPMUYECKOE CONPOTUBIIEHNE MHOTOCIOMHON CTEHKH C
i CT 3

Y4€TOM BO3MOXHBIX 3arpsS3HEHUN;

Ocr - TOJIMHA CTEHKH;

Acr - KOO(DPUITUEHT TETIOMPOBOHOCTH MaTepHaia CTEHKH TPYOBI;

O3 - TOJIIIMHA CJI0S 3arPSI3HEHMS;

A3 - KO3(DPUIIUECHT TETUIONPOBOAHOCTH 3arpsA3HCHUS;

Feu - BHYTPEHHSI IOBEPXHOCTH TPYOHI;

Fu - Hapy»KHasl TOBEPXHOCTh TPYOHI.

OOBIYHO MPY TPOBEICHUH MPAKTUUECKUX PACUETAX TSIKEIO ONMPEICTUTH 03U A3

IMO9TOMY PEKOMCHAYIOT IPUHHUMATD

2= (1,7 +3,4) x10%, (xK)/Br
3

OcHOBHOI Mpo6IeMOi B pacué€Tax MpoIeccOoB KOHBEKTUBHOU TEILIOOTAAUH
SIBJISICTCS OTIpeACICHUsS KO3 UIHeHTA 0.

CoBpeMeHHBbIE METOJbl pacyeTa KOHBEKTHBHOTO TEIJI0O0OMEHa, OCHOBAaHBI Ha
TEOPUH TOHKOTO NOTPAHUYHOIO CJIOS JBMKYLIECUCS >KUIAKOCTH Yy MHOBEPXHOCTH
cteHkd. OHU TIO3BOJIAIOT TOJYYUTh TEOPETUUYECKUE pEIICHHs [JIs Haubosee

pocThIX ciiydaeB. Ha npakTuke k03QPUIUEHTHI TEMIO0TIaYd ONPEEISIOT IyTeM



UCIOJIb30BaHUsl Oe3pa3MEpHBIX KPUTEPHUEB MOJ00Ms, MOJyUYEHHBIX 0000IIeHnEM
MHOTOYHCIICHHBIX AKCIIEPUMEHTAIBHBIX TaHHBIX [1]:

1151 TypOyneHTHoro peskuma (Re > 10000)

Nu = 0,021Re®xpr* (83)

1151 iepexoiHoro pexxuma (2300 < Re >10000)

Nu= f(Re,). Pr,>*® (84)

rae Nu-kputepuii HyccenbTa, B KOTOPO BXOJIUT OMpeaensieMblii K03PPUIIUEHT
TEIUIOOT/IauH;

Re - kpurepuii PeiiHonbca;

Pr-kpurepuii [Ipanaris.

Kpurepuii Hyccenbra

aXdyyg__aXdgy

Nu= . P

(85)

r71€ Ao = gy - VTS KPYTIION TPYOBI, BHYTPEHHUH JHAMETP TPYOBI, M;
Ax- KOODPUITMEHT TETIONPOBOHOCTH paboueii Kuakoct, BT/(mxK);

dxs-OKBUBAJICHTHBIN TUAMETP

4f
d3KB:H

f - momaak cedyeHus Mo KOTOPOMY JBIIKETCS YKUIAKOCTh, M2;
[1-cMOYEHHBIN TEPUMETP, M.
Kpurepuit PeitHonbaca xapakTepusyeT 00JaCTH JTaMHUHAPHOTO U TYypOYJIEHTHOTO

TEUEHHUI MO COOTHOLICHHUIO CHUJI HHCPIHHU U BHYTPCHHCTO TPCHUA B IIOTOKE

Re=4%en (86)

4

I7le W - XapaKTepHasi CKOPOCTb IBUKEHUS CPEbl, M/C;
V - K03 (QUIUEHT KHHEMaTHIECKON BA3KOCTH, M/C.
3nauenne f(Rey) Haxonum mo Tab61.29.

Tabnuma 29 - 3aBucumocts f(Rey) oT kputepust PeitHonbaca

Rex 2300 | 2500 | 3000 | 3500 | 4000 | 5000 |6000 | 7000 |8000 |9000 |=>10000

f(Rex) | 3,6 4,9 7,5 10 12,2 | 16,5 |20 24 27 30 0,021Re®




Koaddumuent [panaris, onpenenser COOTHONMEHNE NHTEHCUBHOCTH

TCINIOTCXHUYCCKUX U TCPMOJUHAMHWYCCKUX IMPOLICCCOB

Pr==,

a)K
TJIC Ay, - KOAPGUIIUESHT TEMITePaTypOIPOBOTHOCTH CPEIBI.

Tab6muma 30 -Kosdduruent TemneparyponpoBOTHOCTH BOIBI

t,°C 0 10 |20 |30 |40 |50 |60 |/0 |80 |90 |100

[ 0,130 0,13 0,24 /0,14 /0,14 0,15 0,16 (0,16 |0,16 | 0,16 | 0,16
-10%,m 56 61 16 (72 |72 |55 |11 |11 |38 |66 |94

/c

eab padoThl

W3ydyenne MexaHM3Ma TEIJIOOTAA4Yd W YCTAaHOBJICHHE KPUTEPUEB, OMPEACIISTIONINX
TEIJI000MEH KUJIKOCTH B TpyOax.

3amauu padoThl

1. DkcnepuMeHTanbHOE onpenenaeHrue Ko GuireHTa TerooTAaun Mpyu TeYEHUU
KHUJKOCTU B TPyOax Mpu pasHbIX peKUMax ABHKECHUS.

2. UccnenoBanue BIUSHUS TEIIO(QU3MUECKUX CBOMCTB MHUJAKOCTHM Ha IPOLIECC
TEII000MEHa.

OnucaHue IKCNEePUMEHTAIbHOI YCTAHOBKH
Cwmotpu naboparopHyto padoty Ne2(.
MeToanka BbITIOJIHEHUSI PA0OTHI

1. O3HaKOMHTHCSI CO CXEMOW JIa0OpaTOPHOW YCTAHOBKH U PACIHOJIOKCHUEM
npubopoB. CocTaBUTh OINUCAHUE M 3arOoTOBUTH TaOJUIly JIS pPErucTpanuu
pPEe3yJIbTaTOB UCIIBITAHUM.

2. IToAroTOBUTh YCTAaHOBKY K MCHBITAHUSIM. Y IOCTOBEPUTHCS, YTO YPOBEHb BOJbI
HaOmonaercss B emMkoctsix EI'B u EXB, B mpoTUBHOM ciydae OJIUTh BOJY B

CUCTEMY.



3. llopkntouuts crenn k cetu 220 B.

4. TloakmoounTh aBTOMaTU3UpOBaHHbIN cTeHa K USB pasbemy koMmbroTepa u
3anycTuTh nporpammy Ilyck— IIporpammel — MeasLAB — «TemiorexHuka
KUIKOCTU.

5. Bxiarouuts nutanue crerna KHonkou «Cets 220By.

6. BkiIrounTh nEpEKITIOYATENb B OJIOXKEHNUE «IIpOTUBOTOKY.

7. OTKpBITH BEHTHJIb TIOJIaYH TOPSYETO TEIFIOHOCUTENIS B TETNIOOOMEHHBIN anmnapar
«Tpy0a B TpyOe» Ha koyekrope K1 U coOTBETCTBYIOIMIMI BEHTHIH HA 0OpaTHOM
koJuiekrope K2.

8. Kuonkon BK2 3amyctuts Hacoc HI1. Perymarop ckopoctd yCTaHOBUTH B
nonoxenue II.

9. Ilpn BKJIIOYEHMH KOMIBIOTEPHOW CHUCTEMBI M3MepeHus kiaBumen «llyck» B
nporpaMMe Ha UUGPOBBIX MHIUKATOpax JIMLEBOM TMaHEIu OTOoOpa)xaroTcs
MTHOBEHHBIE 3HaYEHUS TEMIIEPATYP, U3MEPSEMbIX BCEMHU TaTYUKAMHU, U TPapUKU UX
WU3MEHEHUS IO BPEMEHH.

10.Knonko# BK1 BkIt0UNTH HarpeBaTelb B PEKUM MO3UIIMOHHOTO PETYJIUPOBAHMUS.
11. VYcranoBurs 3Hauenue temnepatypel 30°C. byabre BHMMAaTEJbHBI
TeMIlepaTypa B CHCTeMe He J0JKHA nmpeBbimaTh 60 °C.

12. OTKpBITh BEHTWJIb IIOJIa4d XOJOJHOTO TEIUIOHOCHUTENS B TEINIOOOMEHHBIN
anmnapar «Tpyoa B Tpyoe» Ha kosuiekTope K3 u K4.

13.3anyctute Hacoc H2, xnomnkoit BK2. Perynsitop CKOpOCTHM yCTaHOBUTH B
nonoxenue II.

14. BKJIIOUUTH U OTPETyJIUPOBATH 000POTHI BpAILIEHHUsI BEHTHIISITOPA BO3AYIIHOTO
TEIJI000MEHHOTO amnmapara.

15.Ecnu ropA4unii TEMIOHOCUTENb HE TOCTUTHET YCTAHOBJIEHHON TEMIIEPATYPBI
HE0OXOMMO TTPUKPBITh BEHTHIIb Ha 00paTHOM KosutekTope K2.

16. Ilocine BbIXOAa TemmepaTypbl Ha 3aJaHHBIA PEXKUM M YCTAHOBJICHHUS
CTAIl[MOHAPHOTO TEIUIOBOIO PEXKMMa MPOBECTU UCIBITAHUS, PE3yJIbTaThl 3aHECTH B

tabdbn.31.



17. '3MeHuTh pacxoisl BOABI METOIOM MEPEKIIOUEHUS PEXXUMOB pabOThI HACOCOB
H1 u H2 B monoxenue I u IIl. CHATh mOKa3aHUsi B yCTAaHOBUBIIEMCS PEKUME,
pe3yabTaThl 3aHeCTH B Tabm. 31.

18. BrIkmounTh BcEe O00OpPYyIOBaHWE W TMTAHWE CTEHJAa AaBTOMATHYCCKUM
BbIKIIIOYaTeneM Cets 220B.

19. IlpoBectu pacueThl MO METOAMKE, MPUBEIEHHONM B pasznene «oOpaboTka
pe3yabTaTOB UCIIBITAHUIY, PE3yNIbTAThl 3aHECTH B Ta0I. 31.

20. CnenaTh BEIBOJEL.

O0paboTKa ONBITHBIX TAHHBIX U COCTABJICEHUE 0TYETA

PacueT npoBouM AJis I1aIKOM TPYyOBI:
BuyTpennsist Tpy6a TerooOMeHHUKa «Tpyda B Tpyoe»
BHYTPEHHUH nuameTp gy = 12 MM.

1. Paccuurathb CKOPOCTb ABUKCHUA KUAKOCTHU

Wi =—— (87)

nd2,
2. PaccunTaTrh CpeIHIO TEMIEPATYPY KUIAKOCTH B annapare

L S (89)

3. Kosddumuent TtemnonpoBOIHOCTH KHUIAKOCTH (Ax) ©  KOIPPUUIUEHT
KMHEMaTU4YeCKOW BS3KOCTH (V) ONpedensioTcs MO CpeaHeill TeMmmeparype B
CTaHJIAPTHBIX TAOJIUIAX PUIOKCHHUS.

4. PaccuntsiBaeM kputepuii Pefinonbaca u koapdurment [panaris no popmynam.

5. PaccuuteiBaeM kpurepuil Hyccenbra B COOTBETCTBUM C PEKUMOM TEUYECHUS
XKHUIKOCTH 10 (popmyiam.

6. U3 ¢popMyIibl BEIpa3uTh U ONPEASTUTHh KOIPDUITMEHTHI TETUIOOTAAYH (0U).
7. OnpenensieM MacCOBBIM PacXo/1 BOIBI
M=V-P, , (89)

Px - MJIOTHOCTHb, MPUHHUMAETCS MO TaONMIle TPWIOKeHUs 1, mpu cpegHei
TEeMIIEpaType BOJIBI.

8. PaccunThiBaeM TEIJIOBOM MOTOK CO CTOPOHBI BOJIBI



9. Onpenensiem K03GGUIIMEHT TerIonepeaadu s TIIaJKOU TPYObI

1

K= -, e (91)

Qskce3 deu

1

5
+—+
Ak A

0 — TOJIIIMHA CTEHKU TPYOBI;

A - TCILIOIIPOBOIHOCTh MAaTCpHajia CTCHKH, BI)I6I/Ipa€TCH n3 T8,6J'II/IHI)I, IIPUIIOKCHUC
2.

10. TTony4yeHHbIE pe3yabTaThl 3aIIMCHIBAEM B TAOJI.

11. CpaBHUTH NOJTydeHHBIE KOA()(DULIMEHTHI TEIUVIOOTAUYH U TEIUIONEPEIayH.
[Ipoananu3upoBars pe3ynbraTsel. CAenaTh BEIBOBI.

12. OTBETUTH Ha KOHTPOJIBHBIE BOIIPOCHI.

Tabnumna 31 - V3MepeHHbIe mapaMeTpsl

Ne | Pexxum [TapameTpsl

ILI | JBUKCHUSA V,i/mun | tf,°C(T6) | tr,°C(T7) | t2,°C(T13) | tf,°C(T12)
1 | nfaMuHaAPHBINA
2 | mepexoHbIN
3 | TypOyJIeHTHBIN

Tabnuua 32 - 3HaueHus: BBIYMCICHHBIX TAPAMETPOB JIJIsl TOPSYETo

TEIJIOHOCUTENS
Ne | Wpm/C | tep, Ar V, | Re | a, Pr | Nu |ar,Br/(M*K)
°C | Br/(m'K) | m?/c m2/C
st nepexonHoro (1) u TypOyaeHTHOro (2) peKuMoB
1
2

Tabnuma 33 - 3HaueHus BHIYUCICHHBIX MTAPAMETPOB JIJIS XOJIOHOTO
TEMJIOHOCUTENS

Ne | wy, | tp, [MBT/(MK)| V, Re Olx, Pr | Nu | a,,Br/(M*K)
m/c | °C m2/c m2/C
Jlst mepexonuoro (1) u TypOyneHTHOTO (2) peKUMOB

KonTpoabHbBIE BONIPOCHI



1. KakoB ¢usuueckuii cmbica ko uirenTa Terioneperadu?

2. B yem 3akmioyaercs oTiinune koddduiienTta TemiooTaauu, OT KO3PPUIeHTa
Terionepeaun?

3. Kakue nononautenbHbie (PaKTOPhl 1 MEXAaHU3MBbI IIEPEHOCA TEIUIa YUUTHIBAIOTCS
ko3 duLIMeHTOM Teruionepeaayun’?

4. Kakumu cioco0aMy MOKHO MOBBICUTh KO3()(PULIMEHT TEIIOOTAAYN CO CTOPOHBI
KUJKOCTH, IBIOXKYILEUCS B TpyOe?

5. O0bsgcHUTE TOYEMY HA KaX0M OTJEIbHOM yYacTKe TeIIonepeaadn yaeabHbIN
TEIJIOBOM MOTOK OYJET OJIMHAKOB.

6. UTo Takoe MOJTHOE TePMUYECKOE COMPOTHBIICHNE U YTO OHO MOKA3bIBACT?

7. HazoBuTE pexXUMBbl ABMXKEHUS KHUAKOCTU B TPyOax ¥ YeM OHU OTINYAIOTCS?

8. UTO Takoe 3KBUBAJIEHTHBIN JUAMETP U KAK €ro ONpeaeInuThb?



JABOPATOPHAS PABOTA Nel?
N3ydyeHne KOHCTPYKIUM BO3AYIIHOI0 TENJI000MEHHOTI0 annapara
BBenenue

B nmensix »KOHOMHM MpPECcHOM BOABI Bce OO0JbllIee NPUMEHEHUE HAXOIAT
anmaparhl C BO3IYIIHBIM OXJIAXKIECHUEM.

KOHCTpYKTMBHO Takue ammaparbl COCTOAT U3 HECKOJIbKUX  CEKIHUU,
COCIMHEHHBIE ITOCJIENOBATENBHO KajlayaMH M MAapAJUIEIbHO - KOJUIEKTOPaMHU.
Cekuuu NpeACTaBIAIOT COOOM IUIOCKUN OpeOpEeHHBIM 3MEEBUK M3 MEIHBIX WU
CTaJIbHBIX TpYyO nuameTpom ot 6 g0 20 mMm. PeOpa cTanbHble WM aTlIOMUHUEBEIE,
0OBIYHO TpsIMOYTOJIbHOM (opMmbl. [11ar pebep He MeHee 1 MM, B MPOTUBHOM Cilydae
IPOUCXOAUT OBICTPOE 3arpsi3HEHUE Temtonepeaatoniei nopepxHoctu. [pu pacuere
anmnapaTroB C BO3AYIIHBIM OXJaKJI€HUEM BO3HUKAET HEOOXOAMMOCTb OINpPEAEIICHHUS
K03 puIueHTa TeIIonepeaadyn OT Mydka OpeOpeHHBIX TpyO. 3/1ech pacyeTHbIE
3aBHCHUMOCTH UMEIOT 00JIe€ CIOKHBIN XapaKkTep, YeM JUIS TIaAKOTPYOHBIX MyYKOB.
D10 00ycnoBiaeHO BiausiHUEM (HOpPMBI, pa3MepoB, Iara pedep, UX TEIIOBON
3 PEKTUBHOCTH.

Heab padoTsl
[ToBbilIeHNE YPOBHS 3HaHUI B BOMPOCax TEIJIONEpe1auu U IPHUOOpEeTEeHNE HaBbIKOB
HKCIEPUMEHTAIBHOIO UCCIIEIOBAHUS padOThl BO3IYIIHOTO OXJIAIUTEIIS.

3amauu padoThl

1. V3yyeHue KOHCTPYKIMH BO3AYIIHOTO OXJIaJAUTEIs.

2. UcnblTanue BO3MYIIHOTO OXJIQUTENS.
Onucanue IKCNEPUMEHTAIBLHON YCTAHOBKH

JlabopaTopHyto paboTy MPOBOJANM Ha YHUBEPCATHLHOM CTEH/IC.

Bo3aymiHplii  oxnaauTeNh € NPUHYAUTEIBHOM IUPKYJsAIHMed Bo3ayxa (c
BEHTWISITOPOM) COCTOUT W3 Z CEKIMH, COCJWHEHHBIX MNapaJUIeIbHO KajadaMHu.
Cekuusi mpeAcTaBisieT cOOOM IMOCIEIOBATENFHO PACHOJIOKEHHBIE OpEeOpEHHBIE

TpyOku nuameTpoM d. PeOpa amomuHueBbIe NPSIMOYTOJIBHON (DOPMBI C IIAroM U.



[Imomaap HapyHOW MOBEPXHOCTH BO3AYILIHOIO KOHAEHCATOpPA paBHA IUIOLIAIN
MMOBEPXHOCTHU 3MEEBUKA IUIIOC CYMMAapHas IJIOMIA[b JUCTOB, BBIMOIHSIIOIINAX POJIb
pebep.

MeToauka BbINOJIHEHUSA PA0OTHI
1. O3HaKOMHUTBCS C KOHCTPYKIHMEH BO3AYIIHOTO OXJAIUTEINs, C ITOMOIIbIO

IITAHTEHUUPKYJISA U JUHEUKU 3aMEPUTh KOHCTPYKTUBHBIE TAPaMETPHI:

Z - KOJIMYECTBO CEKIIMH, IIIT;
N - Konrm4ecTBO TpyOOK B CEKITUH, IIIT;
d - muamerp TpyOOK, M;
D - cpennuii tuameTp u3ruda Kagaya, M;
L - nimuHa TpyOOK, M;
dk- TMaMeTp TpyOOK Kajgada, M
N - KOJIM4YECTBO pedep, IIT;
U -mar pedep, M;
H-BbicoTa pebep, M;
B - mmpuna pebep, m;
0 =0,0008 M - TOJNIIMHA CTEHKU TPYOKH, M.
O0paboTKa ONBITHBIX TAHHBIX U COCTABJIEHUE 0TYETA
1. Hapy>xHast TOBEpXHOCTh OXJIATUTEINS ONPEACIISIETCS C YIETOM OpeOpeHusi, M
Fu=Fyp+F (92)
rae F,=m-d- N L-Zz-noBepxHocTh TPyOOK,
Fo=H:B-n—(nd*4) N - z— nosepxHocTh pebep.

BHyTpEeHHSS IOBEPXHOCTD, M?

Fe= 70N -L-Z +(%D-dyrN-Z)/2 (93)
rie dyy = dy - 20 — BHyTpEeHHUH auaMeTp TPYOKy, M.

OTtHo1tieHne opeOpPEeHHOM MOBEPXHOCTH K TIaJAKOM (BHYTpEHHEH ) Ha3bIBaeTCSA
ko3 uienToB opedpenus 3

F,
B=—.
Fgy



Ta6nuna 34 - [IpoTokosa pe3ynbTaTOB U3MEPEHUN U BBIUUCIICHUI

Ne |z [N, | D, |D, | L, |de,| N, | u | H | B,

/I | IOT | IIT | [T | M M M |IIT | M M M

5,
M

Fo,

M2

I:BHl

Tn

KoHTpoJbHBbIE BOIPOCHI

1. Yro nokasbiBaeTcs kodgduiment Terionepeaaun? Kakos ero pusnyeckuii

CMBbICIT?

2. Jlns yero npuMeEHsIIOT HapyKHOEe opeOpeHne Tpyo?

3. Urto nokasbiBaeT Kod)PUIMeHT opedpenus?




JIABOPATOPHAS PABOTA Nel3
HcnbpiTaHue BO3XYNIHOTO TEIUIO00MEHHOI0 aNnapara
BBenenue

B BO3aymHBIX anmaparax OCHOBHOE  TEPMHUYECKOE  CONPOTHUBIICHUE
COCPENOTOYEHO, KaK IPaBUIIO, CO CTOPOHBI BO3ayXxa. OHAKO MPU BBICOKOW CTENIEHH
HApY>KHOTO OpeOpeHus U UHTCHCU(UKALIUA BHEITHETO TEIJI000MEHA BHYTpPEHHEE
OXJIQKJIAIOIIEH  CTOPOHBI  NPUOIMXKATBCS K  HapyKHOMY.  OCHOBHBIMH
HaAIpaBJICHUSIMU UHTEHCU(DUKAIINK TEIJI000MEHa CO CTOPOHBI BO3yXa SIBISIFOTCS:
IPUMEHEHUE OpPEOPEHHBIX MOBEPXHOCTEH OIpeNeseHHbIX (GOpM U pa3MepoB U
TypOyiu3anusi moToka Bo3ayxa. lloBeimeHue koadduimenta TtemmootTnaun (U
COOTBETCTBEHHO TEIUIONEPEAaun) CO CTOPOHBI BO3JyXa MOXHO IOJIYYUTh IyTEM
yYMEHbILIEHUs1 JauaMeTpa TpyOok u mara pebep. IlepBoe g HapyXHOTO
TEIJIO0OOMEHAa HMMEET MEHbLIee 3HAauYeHHe, T.K. IUIOAAb IOBEPXHOCTU TPyO
coctaBisier o00buHO 5-10% oT oO0mell riomaan HapyXHOU OpeOpeHHOM
ITOBEPXHOCTH.

[Ipu nepenayde TEMIOTH OT KaNeJlIbHOW KUJIKOCTH (011) Yepe3 TBEPIYIO CTEHKY K

ra3y (02) cyMMapHoe TepMudeckoe conpotusieHue 1/K onpenenstor o Gpopmyiie

1_1,yd,t
c=—tyot (94)

aq A a,
i€ 01, O, - KOO(DPHUITMEHT COOTBETCTBEHHO OT KaIleIbHOM KUKOCTH K BHYTPEHHEH
MOBEPXHOCTHU TPYOBI U OT HAPYKHOUN TOBEPXHOCTH TPYOHBI K Tazy (BO3IYXY).

HauOonpmnii BKJIQJ B CyMMapHOE€ TEPMHYECKOE COMPOTHBICHHE BHOCUT

o 1
IIOCJICAHNHU YJICH a— OH Ha OJIMH, @ UHOT'Ia X1 HA JIBa MOPpAAKa MCHBIIC IICPBOr0 YICHA
2

1

a;

OOBIYHO MOBBICUTH O 33 CYET YBEJIMUYEHHS CKOPOCTH ABMXKEHHS BO3JyXa HE
yZlaeTcsl, TaK KaK 3TO MPUBOAUT K 3HAYUTEILHOMY YBEIMUEHUIO adPOANHAMHYECKAM
COTPOTHUBJICHUH U MIOATOMY HCIIOIB3YIOT OpeOpPEHNE CO CTOPOHBI raza (Bo3ayxa).
Toraa ko3¢ duLreHT Temnonepeaayu, NPUBEACHHBIA K HEOPEOPEHHOM BHYTPEHHEN

MOBEPXHOCTHU, MOKHO OIPEAEIUTD 10 (HopMyIIe:



K— : S — (95)

1 5 1
— ZI EXF— a—1+ZI+a—2XB

rne Fy, - Hapy)XHas opeOpeHHast TOBEPXHOCTH;

Fex — BHYTpEHHSS,

B - ko3 urment opedpeHus.

TennoByto Harpy3Ky Ha BO3IyIIHBIN TEIUIOOOMEHHBIH anmapaT MO>KeM OTpPeAeTUTh
u3 OanaHca TerI000MEeHHOTO anmapara, 6e3 ydera noteps 1o gpopmyie (Br)

Q = My Cpx(t™- £ ) = Mg - CpB3( = ™), (96)

riae My, Mg, - MaccoBbI€ pacXobl TEIUIOHOCUTENIS M BO3AyXa Yepes armapar,
COOTBETCTBEHHO, KI/C;
cpX»> CpB3 - TEINIOEMKOCTb TEIUIOHOCUTENS U BO3/lyXa, COOTBETCTBEHHO,
Jx/(kr- K).

eab padoTsl

[loBrIlIcHUE YPOBHA 3HAHUU B BOIIpOCax TCILIOIICPpC A 1 HpI/IO6p€TeHI/Ie HAaBBIKOB
9KCIICPUMCHTAJIbHOI'O HCCICAOBAHUA pa6OTBI BO3AYHIHOI'O TEIIOOOMEHHOTO

amnrapara.
3amauu padoThl

1. UcnbITanue BO3AyIIHOTO TEMII00OMEHHOT0 anmnapara.
2. OnpenenieHre TEIIOBOM HArpy3KW Ha BO3AYIIHBIN TEIJIOOOMEHHBIN anmapar.

3. Onpenenenne kodhPUIIMEHTa TEIIOOTAa4YH BO3AYIIHOTO TEIII000OMEHHOTO
ammapara.

MeToauka BbINOJHEHUS Pad0ThI

1. O3HaKOMHTBCS CO CXEMOM Ja0OpaTOPHON YCTAHOBKHM U PACIOJIOKCHUEM
npubopoB. CocCTaBUTh OINHUCAHUE M 3arOTOBUTH TaOJUIly MJIS pPErucTpanuu
pPEe3yJIbTaTOB UCIIBITAHUM.

2. IloaroTOBUTHh YCTAHOBKY K UCIBITAHUAM. Y JOCTOBEPUTHCS, YTO YPOBEHb BOBI
HaOmomaercs B emkocTsix EI'B u EXB, B mpoTuBHOM ciy4yae HOJUTH BOIY B
CUCTEMY.

3. Ilopkmrounts cTeHa k cetu 220 B.



4. TlogxnrounTh aBTOMATH3WpOBaHHBIN cTeHn K USB pasbemy kommbioTepa u
3anyctuTh nporpammy Ilyck — Ilporpammer — MeasLAB — «TennorexHuka
KUAJKOCTH.

5. BxatounTs nutanue crenaa KHonkoit «Cetb 220By.

6. BKiIrounTh NEpEKITIOYATENb B TIOJIOXKEHUE «IIpOTUBOTOK.

7. OTKpBITh BEHTWIb I[OJIa4d TOPSYErO TEIJIOHOCHUTENSI B IIJIACTUHYATHIN
TEIJIOOOMEHHBIN anmnapaT Ha koyuiekrope K1 M cooTBETCTBYIOIIMI BEHTUJIb HA
obpatHOM KoJutekTope K2.

8. Kuonkon BK2 3amyctuts Hacoc HI1. Perymarop ckopoctd ycCTaHOBUTH B
nosioxxenue 1.

9. 1lpu BKJIHOYEHUH KOMIBIOTEPHOM CHUCTEMBbI M3MepeHMs KinasBuiieil «llyck» B
nporpaMmMe Ha LHA(PPOBBIX HMHAMKATOPAax JHUIEBOM NaHEIH OTOOpPaKaAIOTCs
MI'HOBEHHbIE 3HAUEHUSI TEMIIEPATYP, U3MEPSEMBIX BCEMHU JTaTYMKaMU, U TpaduKU UX
WU3MEHEHUS 110 BPEMEHH.

10.Kunonkoi BK1 BkiIrounTH HarpeBaTesb B peKUM MTO3UIMOHHOTO PETYIUPOBAHUS.
11. VYcranoButes 3Hauenue Ttemieparypsl 40°C. ByabTe BHMMATEJbHbI
TeMIepaTypa B CHCTeMe He J0J’KHa nmpeBbImaTh 60 °C.

12. OTKpeITH BEHTWIb IOJAYM XOJIOAHOTO TEIUIOHOCHUTENS B IIACTUHYATHIA
TEIMJI000MEHHBIN anmapat Ha kosuiekTope K3 u K4.

13.3anmyctute Hacoc H2, xHonmkoit BK2. Perymatop ckopocTH yCTaHOBUTH B
nosoxxenue |l.

14. BKJIIOYUTH U OTPEryaupoBaTh 000POTHI BpaIICHHUs] BEHTUJISITOPA BO3AYLIHOTO
TEII000OMEHHOTO armapara.

15.Ecni ropsiunii TEINIOHOCHUTENb HE JOCTUTHET YCTAaHOBJIEHHOW TEMIIEpaTypbl
HE00XO0AMMO MPUKPBITh BEHTUIIb Ha 00paTHOM KosutekTope K2.

16. Tlocne BbIXOZa TEMIEPATyphl Ha 3aJaHHBIA pPEKUM U YCTAHOBJIECHUS

CTAIIMOHAPHOI'0 TCIJIOBOTO PCKUMaA NNPOBECTH UCIIBITAHUSA, PC3YJIbTAThI 3dHCCTHU B

Tabm1.35.



17. I3MeHUTh pacxo]l BOAbI MEPEKIIOYUB PEXKUM pabOTHI HacOCaB MoJIoKeHue | u
BO3IyXa PEryaupyro 000poThl BeHTUIsITOpa. CHIATH IOKa3aHUS B yCTAHOBUBIIIEMCS
peXuMe, pe3yJIbTaThl 3aHECTH B Ta0J1.35.
18. BrkmounTh Bce 00OpYyIOBaHWE W TUTAHWE CTEHJIA AaBTOMATHYECKUM
BbIKIIIOYaTeneM Cets 220B.
19. IlpoBectu pacueThl MO METOAMKE, MPUBEIEHHONM B pasznene «oOpaboTka
PE3YNBTATOB UCTIBITAHUI, PE3YyIbTaThI 3aHECTH B Ta011.35.
20. CnenaTh BEIBOJEL.

O0pabdoTKa ONBITHBIX JAHHBIX U COCTABJIEHHE 0TYETA

1. OnpenenuTh TEIUIOBYIO HArpy3Ky Ha BO3IYIIHBIN TEIJIOOOMEHHBIN ammapaT u3
dbopmysl, Bt

Q=My; - B3 (ts""™-t55™), (97)

rae Mg, - MaccoBbIi pacxo/1 BOo3yXa uepes anmnapar, Kr/c;

Cpss, - TEIUIOEMKOCTB TerIoHOCcHTENS, [x/ (k1 K);

MaccoBblii pacxoj; OpeaesaeTcs Mo CASAYIOIMEMY COOTHOIIEHUIO

Mz: =V, pes (KT/C) (98)

rae Vg - 00beMHBINH pacxon BO3AyXa, ONPEAEISIOTCS C MOMOINBI0 aHEMOMETpa,
m3/c.

Bce rtemnodusnueckue cBoiicTBa OepyTcs MpU CpPeAHE TeMiepaType Cpeabl B
anmnapare, CM. IPHJIOKECHHE.

2. Koadppunuent Ternonepenaun K onpenensercsa no popmyne, Br/(m*K)
K=Q/(F. Atep) (99)

3. Eciu BenmuuuHbI Atg = 1,5 — 1.5 u At = t,""*-1,;"" He3HAUYUTEIHLHO OTINYAIOTCS
JIpyr OT npyra, a ux otHouieHue Ats/At,<2, TOo cpenHuil TeMnepaTypHbIi Harop
MO>KHO OIPEJICIIUTh U3 BBIPAKCHUS

Ate,=(Ats + At,)/2, (100)
Ecnu, Ats/At,>2 TemnepaTypHbIi Hamop onpezensercs mo Gopmye
Aty = =5 (101)

lnAtM



Puc.37 — Pacnipenenenue teMiiepatyp o NOBEPXHOCTH

Tabnuma 36 — IIpoTokoa pe3ynbTaToB U3MEPEHUN U BBIUMCIICHUN

NQ tXBX OC tXBBIX B3BX B3BI:>IX VB3 Q BT FH M2 Atep K
(T18) [°C  |°C  |°C |w3c °C | Br/(w*K)
(T19) | (T20) | (T21)
1
2
3

KoHTposbHBIE BONIPOCHI

1. Uto moxkaspiBaercs kodddumment tertonepenadn? KakoB ero dusmueckuit

CMBICIT?

2. llpu xkakoll TeMIepaType ONPENESAIOT TEPMOAUHAMHYECKHNE CBOWCTBA

TEIUIOHOCUTEIEI?

3. Jlns 4ero MpUMEHSIIOT Hapy>KHOE opeOpeHue Tpyo?

4. B xakumx cimydasx Juisi pacueta koddduimeHTa Tersionepenadyd MCIOIb3YIOT

Jorapu(pMHUECKyIO pa3HOCTh TeMmeparyp?



JIABOPATOPHAS PABOTA Nel4
OmnpenesieHue TeNJ0BOH HATPY3KHM HA TEIVIOOOMEHHBIH anmapar TUINa
«Tpy0a B TpyOe» B 3aBUCMMOCTH OT HANIPABJICHHUS IOTOKOB KHAKOCTH
BBenenue

Haubonee npocTeiM B KOHCTPYKTUBHOM MCIIOJIHEHUH SIBISIETCS TEIIOOOMEHHBIN
anmnapart Tana «tpyba B Tpyoe», puc.38 — puc.39.

AmmapaTr COCTOMT M3 BHYTPEHHEW TpPyObl MEHBIIETO JMAaMETpa U HapyKHOU
0O0JIBILIETO.

Hupkynsiusi TEIUIOHOCUTENIEH Yepe3 anmapat MOXeM ObITh MPIMOTOYHOM HIIN
MPOTUBOTOYHON B 3aBUCUMOCTHU OT MOAKIIOUeHUsA. Heo6X0auMo OTMETUTD, YTO B
OOJBIIMHCTBE CIy4yaeB MPOTHUBOTOYHAS cXeMa siBsieTcs: Oosiee 3(PPEKTUBHON IO
CpaBHEHHMIO ¢ TpsMoTouHOM. Kputepuem ans oueHku 3((HEKTHBHOCTH CITYKUT
BEJIMYMHA CPEIHEr0 TEMIIEPaTYpHOTO Halopa: B IPOTUBOTOYHOM CXEME OHA BO
MHOTHUX CJIydasiX OKa3bIBaeTcsl OOJjblle, YeM IpU NpsAMOTOYHOM. CienoBaTesbHo,
MOBEPXHOCTH TETTIOOOMEHA MPH MPOTUBOTOYHOU CXeMe JBUKECHHSI Oy1eT MEHbIIICH
YeM MpU MNPSMOTOYHOM. 3HAUYUT, MPU MPOUYUX PABHBIX YCIOBUSAX TEINIOOOMEHHHUK
Oymer Oonee KOMITAaKTHBIM, 3aTpaThl MaTEpHUaJOB Ha €ro H3TOTOBIICHUE

HaMMCHBIIINMH. KpOMe TOro, IIpu OCYHICCTBJICHUA HpOTPIBOTO‘-IHOﬁ CXCMbI MOXKHO

IMMOJIYUUTD Ooiee BBICOKYIO KOHCUHYIO TCMIICPATYPY.

Puc. 38 -TennooOMeHHBIN ammapar Tumna «Tpyda B TpyOe» MOJIKIHOYEHHBIH IO
IPAAMOTOYHOM CXEME



Puc. 39 — TennooOMeHHBIN ammapar THma «Tpyda B TpyOe» MOJIKIIOYEHHBIA IO
MPOTUBOTOYHOM CXeMa

Tabnuna 37 - HoMepa no3unuii JaTYNKOB TEMIEPATYPHI

HaumenoBanue | ['opstunii KOHTYp XOJIOTHBIA KOHTYP
pexnMa
IIpoTuBOTOK Homep | Homep |Pacxon |Homep |Homep |Pacxon
JlaTyuKa | 1aTyrKa JNaT4YhKa | 1aTYUKA
Ha BXOJIE | Ha Ha BXOJIE | Ha
TT BBIXOJIE TT BBIXOJIE
TT TT
HpﬂMOTOK T6-t1H T7-1t1« V24-V1 T12-t2H T13-t2k V23-V2
T13-tpn | T12-tx

TT-TennooOMeHHBIH anmnapar Tuna «Tuna B Tpyoe»;
® JaMeTp BHYTpPeHHEH TpyOsl d=12MMm;

® KOJMYECTBO TPyOOK N=111T;

® JTiHA BHYTPeHHUX TpyO 1=600MM;

® JamMeTp HapyKHOU TpyObl D=22Mm

Hean padoTsl

N3ydyeHre KOHCTPYKIMH, TpPHHIMIA pPabOThl W WCHBITAHUE TEIJIOOOMEHHOTO
ammapara THIa «Tpyoa B Tpyoe».

3apaum padoTsl

1. 3akperneHne cBeACHHUA 0 (U3MUECKOI CYIIHOCTH MIEPEHOCa TEIUIa OT TOPSYETo
TEIJIOHOCUTENSI K XOJOJHOMY U aHaliu3 ()aKTOPOB, BIUSIONMIUX HA ONMTHMHU3AIUIO

OTOTO IMpouccca.



2. Onpenenenne ko3 uimeHTa TerIonepe1ady B TEIIIO0OMEHHOM arapare TUTa
«Tpyba B TpyOe» TpH NPSIMOTOYHOW W TMPOTHBOTOYHOM CXEeMax JBHKCHUS
TETUIOHOCUTETIS.
3. DKcnepuMEHTaIbHOE UCCIE0BaHUE padOThl TEMJIOOOMEHHOIO ammnapara THa
«Tpy0a B TpyOe» C ONpeeieHHeM TEeIUIOBOM Harpy3KH.
4. UccnenoBaHue BIMSHUS TEIIOPU3UYECKUX CBOMCTB OXJIAXKIAIOIIEH Cpelbl Ha
IIPOLIECCHI TEIIOOOMEHA.

MeToauka BbINOJHEHHUS PA00ThI
1. O3HaKOMHTBCS CO CXEMOM Ja0OpaTOpHON YCTAaHOBKM M PaCIOJIOKEHUEM
npubopoB. CocTaBUTh OINHUCAHUE M 3arOTOBUTH TaOJUIly MJiS pPErucTpanuu
pe3yJbTaTOB UCIIBITAHUM.
2. IloAroTOBUTh YCTAaHOBKY K MCHBITAHUSM. Y IOCTOBEPUTHCS, YTO YPOBEHb BOJIbI
HaOmomaercss B emkocTsix EI'B u EXB, B mpoTUBHOM ciy4yae HOJUTH BOAY B
CUCTEMY.
3. Ilopxmrounts cTeHn k cetr 220 B.
4. TlogxmoounTh AaBTOMATH3UPOBaHHBIA cTeHJ K USB pa3zbemy koMmIbroTE€pa U
3anyctuth nporpammy Ilyck IIporpammbel — MeasLAB — «Temnorexnuka
KUAJKOCTH.
5. BxirounTs nutanue creHaa KHonkou «Cetb 220By.
6. BxirrounTh nepexiouarenns B NoyoxkeHne «II[poTuBOToK.
7. OTKPBITH BEHTUJIb MOJJAYH TOPSUETO TETJIOHOCUTENS B TETUIOOOMEHHBIN armapaT
«Tpyba B TpyOe» Ha kosuiektope K1 u coOTBETCTBYIOIIMI BEHTHIIbL Ha OOpaTHOM
koJuiekrope K2.
8. Kuomnkoit BK2 3anmyctuts Hacoc HI1. Perynarop ckopocTd YCTaHOBUTH B
nonoxenue II.
9. Ilpu BKIIIOUEHUHM KOMITBIOTEPHOM cUCTEMBbI U3MepeHus kinapuient «Ilyck» B
nporpamme Ha IUGPOBBIX UHANKATOPAX JIMIIEBOU MaHETH OTOOPAKAIOTCS
MTHOBEHHBIC 3HAUEHUS TeMIEpaTyp, U3MEPSEMbIX BCEMH JTaTUUKaMU, U rpaduKu
WX U3MEHEHUS 110 BPEMEHHU.

10. Knonkoit BKI Bk1t0UMTh HarpeBaTesb B pEKUM MO3UIIMOHHOTO PETyJIUPOBAHUSI.



11. YcranoButs 3Hauenue remneparypsl 40°C. Byibre BHUMAaTENbHBI TEMIIEPATYPA
B CHCTEME He JoJKHA npeBbimats 60 °C.
12.0OTKpBITh BEHTWJIb MOJAYU XOJIOAHOTO TEIUIOHOCUTEN B TEMJIOOOMEHHBIN
anmnapar «Tpyoa B Tpyoe» Ha kojuiekrtope K3 u K4.
13. 3amycture Hacoc H2, xHomkoit BK2. Perynsitop ckopocTH yCTaHOBUTH B
nonoxenue 1.
14. BKIIOYUTH U OTPEryaupoBaTh 00OPOTHI BpPAIICHHS] BEHTUJISTOPA BO3AYLIHOIO
TEII000MEHHOT 0 arnmapara.
15.Ecnu ropsiunii TENMJIOHOCHUTENDL HE JOCTUTHET YCTAHOBJIECHHOW TEMIIEPATyphl
HE0OXOIMMO MPUKPBITh BEHTHIIb Ha 00paTHOM KosutekTope K2.
16. Ilocne BbIXOZAa TEMIEpAaTyphl Ha 3aJaHHBIA pPEKUM U YCTAHOBJICHUS
CTAIl[MOHAPHOTO TEIUIOBOIO PEXHMMA MPOBECTU UCIBITAHUS, PE3YJIbTaThl 3aHECTH B
TaoJI.
17. I3MeHUTh pacxobl BOAbI METOJIOM NEPEKIIIOUEHUS PEKUMOB pabOThl HACOCOB
Hl u H2 B nonoxenue . CHATh MNOKa3aHWs B YCTAHOBUBIIEMCS PEXKUME,
pe3yabTaThl 3aHECTU B Ta0I.
18. BKIItOUnTh NEPEKITIOYATEID B MOJIOKEHNE «IIpAMOTOK».
19. IIpoBecTH OMBITHI B COOTBETCTBHH C 1. 14-16.
20. BrpixmounTh Bce O00OpyIOBaHME W NHUTAaHHE CTEHAA aBTOMATHYECKUM
BeIKiIoyareneM Cers 220 B
21. IlpoBectu pacyeTbl MO METOJMKE, NMPUBEACHHONW B paszzaene «oOpaboTka
pEe3yAbTaTOB UCIBITAHUIY, PE3YJbTAThl 32aHECTH B TAOJI.
22. CuenaTh BEIBOIEIL.

O0paboTKa ONBITHBIX TAHHBIX U COCTABJIEHUE 0TYETA
[Tnomane nepegaronieil MOBEPXHOCTU TEINIOOOMEHHOIO amnapara Thma «Tpyoda B
Tpyoe», M?

F =ndl (102)

riae d - Hapy>KHbIH AMaMETp BHYTpPEHHEN TpyObl TEMI00OMEHHUKA, M;

1- nnuHa BHyTpeHHEH TpyObl, M



MaccoBblii pacxox ropsiyed U XOJIOJHOM BOJIBI ONPENEIAETCS IO CIECAYIOIEMY
COOTHOILIEHHIO

M=V - P1, M =V2‘p2 (KF/C) (103)

rae Vi,Va - 00beMHBIE PAaCXOJbl TOPSYETO U XOJOTHOTO TEIUIOHOCHUTENS (BOJIBI),
ONPENEIIAIOTCA C TOMOIIBIO COOTBETCTBYIOIIETO CUETUHKA;

p1,p2 TUIOTHOCTh TOPSYEH M XOJOJHOW BOJbI, IMPUHUMAIOTCS IpU CPEAHEN
TEMIIepaType Cpebl B anapare, CM. IPUIOKEHUE.

KonuyecTBo nepenaBaeMoit TEIIOTHI oripeAeseTcs no Gopmye, Ipu 3TOM

Co1, Cp2 - yaenbHbIE TEINIOEMKOCTH TOPSYEN U XOJIOJHOU BOJIBI, IPUHUMAIOTCS IIPU
cpeaHelt Temrieparype cpeabl B annapate, k[ x/(kr-K), cMm. npunoxenue.

Cpennsist pa3HOCTh TEMIEPATYp (TeMIIepaTypHbIN HANIOP) OMpPEEIISIeTCs TI0

dbopmyie
_ Atg—At, Atg

Ate, = —5 mpH <2 (104)
_ Atg—A4t, Atg

At = —ln(%) mpu - >2 (105)

rae At , Aty - 3Ha4eHHS OOJIBIIIETO U MEHBIIETO TEMIIEPATYPHBIX HATIOPOB B HavaJIe
M KOHIIE TIOBEPXHOCTH TEIJIoOOMEeHa (OMpEeNesstoTCsl C YYETOM CXEMBbI

noacoenuHenus), °C;

Tl ipsimotoka Ats =ty — toy , Aty = ti— o (106)

Jliis mpotuBOTOKA Atg =ty — tox, Aty =ty — toy (107)

KoaddummenT remmonepenauu ajis KaxI10ro pexkuma ornpeaensercs mno Gopmyse:
__0  (Bm

K= F-dte,’ (MZ-K) (108)

Tabnuna 38 - Pe3yiabTaThl USMEPEHHN M BHIYUCIICHUH MPU UCTTBITAHUSX

TEII00OMEHHOTO alapara Thmna «rpyoa B Tpyoe»

3HaueHNs U3MEPEHHBIX U BBIYUCIIAEMBIX IAPAMETPOB
NoNo | t1, | T | Tk | Ty V1 V> Q1 Qz Ats | Aty Atcp K
n/m | °C [ °C | °C | °C |a/mun | n/mun | Br | Br | °C | °C | °C | Br/(M*K)

[TpssmoTOK




IIpotuBOTOK

KoHnTposibHbIe BOPOCHI
1. HazoBuTe nmpenMyniecTBa M HEAOCTATKH TEILIOOOMEHHOIO amnmnapara «Tpyda B
TpyOe».
2. YUto Ha3piBaeTcs kKod(pduureHtoM termonepenaun? KakoB ero (usmueckuit
CMBICJI U €AMHULBI U3MEPECHUS?
3. Kakue (hakTopsl U mapaMeTpbl TEIIO0OMEHHOTO ammapara BIUSIOT Ha BETUYUHY
ko3 uLreHTa Teronepeaaumn?
4. B yeM 3aKIIIOYAIOTCS MTPEUMYILECTBA TPOTUBOTOYHOM CXEMBI IO CPABHEHUIO C
MPAMOTOYHOU?
5. Moxer nu Temmeparypa TOpsSYEro TEIUIOHOCUTENS Ha BBIXOAE W3
TEIUIOOOMEHHUKA OBITh MEHbILIE TEeMIEepaTyphl XOJOJHOTO TEIUIOHOCUTENS Ha
BBIXO/IE U3 TEMJI00OMEHHUKA?
6. B kakux ciayyasx rnpu pacdere TeII00OMEHHHUKA MOXHO MOJIb30BaThCS CPETHUM
apu(pMETUYECKUM TeMIIEpaTypPHbIM HArlopom?
7. B KakuxX TEXHOJOTMYECKHX IPOIIECCaX HCIONb3YIOTCS TEMI000OMEHHBIE

anmnaparbl?



JIABOPATOPHAS PABOTA Nelb5
OmnpeneJieHue TEIVIOBOH HATPY3KH HA KOKYXOTPYOHBIil Tenj1000MeHHbI
annapar
Beenenue
KoxyxoTpyOHble ammapaTsl HWMEIOT OOJIBIIYI0 TEIUIOBYKD MOIIHOCTh IIO
CpPaBHEHHUIO C allliapaTaMu TUI «TpyOa B TpyOe».
ITo KOHCTPYKTUBHOMY  HCIIOJTHEHUIO KOXKYXOTpYyOHBIE anmnaparsl

noapasacIAIOTCA Ha TOPHU3OHTAJIIbHBIC W BCPTHKAJIBHEIC. B cBomO oucpcanb,

TOPU3OHTAIBHBIC - ¢ IPSIMBIME TpyOamu (puc. 40) win U-o6pazasiMu (puc. 41).

Puc. 40 KoxxyXxoTpyOHBII TeJI000MEHHBIH anmapaT

Puc. 41 Koxxyx03MeeBUKOBBIN TEMJIOOOMEHHBIN anmnapar



Ta6nuna 39 - Homepa nmo3utiuii 1aT4ukoB TeMIepaTypbl

Haumenosanue | ['opsunii KOHTYp XOJ0IHBIA KOHTYP
pexnma
[IpotuBOTOK Homep | Homep |Pacxon |Homep |Homep | Pacxon
JlaTYuKa | 1aT4yrKa NaTYuKa | 1aT4yrKa
Ha BXOJIE€ | Ha Ha BXOJIE€ | Ha
KT BBIXOJIE KT BEIXOJIE
KT KT
HpHMOTOK T8-t1H T9-t1K V24 — V1 T14-t2H T15-t2K V23 — Vz
T15-t), | T14-ty

eab padoThl
N3ydeHne KOHCTPYKLHMH, MPHHIUMIIA PadOThl M HCIBITAHHUE KYXYXOTPyOHOTO

TETIJI000MEHHOT'O alrIiapara.

3amaum padoThbI
1. 3akperieHue cBeieHUN 0 (PU3NYECKOM CYIIHOCTH MEPEHOCA TEIJia OT TOPSUEro
TEIJIOHOCUTENSI K XOJIOJHOMY U aHaliu3 ()aKTOPOB, BIUSIONMIMX HA ONTHUMHU3AIUIO
ATOTrO MpOoLECCa.
2.0mnpeneneHue koadurrenTa TEIJIonepeaun B KOXYXOTpyOHOM
TEMJI000MEHHOM anmapare Mpu pa3IMuHbIX CXeMaX JIBHXKEHUS TETUTIOHOCHUTEIIS.
3. DKCnepuMEHTAIbHOE UCCIEA0BAHNE PAOOTHI KOXKYXOTPYOHOIO TEMI00OMEHHOTO
amnrapara ¢ OnpeeICHUEM TEIJIOBON HArPY3KHU.
4. UccnenoBanue BIUSHUS TEIUIO(DU3UUYECKUX CBOMCTB OXJIaXAalolleld cpeabl Ha
IIPOIIECCHI TEIII000MEHA.

MeToauKa BbINOJIHEHUSA PA0OTHI

1.03HaKOMHUTBCA CO CXeMOM J1a00paTOPHOI YCTAHOBKH M PACIOJIOKEHUEM
npru6opoB. COCTaBUTH ONMHUCAHUE U 3aTOTOBUTH TaOJUILy ISl pETUCTpalluu
pPE3yIbTaTOB UCTIBITAHUM.

2. IToAroTOBUTH YCTAHOBKY K UCIIBITAHUSIM. Y JOCTOBEPUTHCS, YTO YPOBEHD BOJIBI
HaOmopaercs B emkocTsix EI'BX M EXB, B npoTHBHOM cily4yae AOJIUThH BOAY B
CUCTEMY.

3. Iloakmrounts cTena k cetr 220 B.



4. [loaxnounTh aBTOMATHU3UPOBaHHbIN cTeH] K USB pasbeMy kommbroTepa u
3amyctuTh nporpammy Ilyck— Ilporpammei—MeasLAB— «Temnorexuuka
KUIKOCTU.

5. BxatounTs nutanue crenaa KHonkoit «Cetb 220By.

6. BKII0UnTh NIEpEeKI0YaTellb B oja0KeHne «1IpoTuBOTOKY.

7. OTKpBITh BEHTUJIb II0J1aYU TOPSYETO TEIUIOHOCUTEIS B KY)KYXO3MEEBUKOBBIN
TEIJI000MEHHBIN annapat Ha KojuiekTope K1 u cooTBETCTBYIOIINIA BEHTHIIb HA
obpatHOM KoJiiekTope K2.

8. Knonkoi BK2 3anyctuts Hacoc H1. Perymarop ckopocTu yCTaHOBUTH B
nonoxxenue 1.

9. IIpu BKIIFOUEHNH KOMIIBIOTEPHOU CHCTEMBI M3MepeHus KiiaBuien «Ilyck» B
nporpamMme Ha HU(PPOBBIX UHAUKATOPAX JIMLIEBOU MMAHEIN OTOOPAKAOTCS
MI'HOBEHHbBIE 3HAUEHUS TEMIIEpATyp, U3MEPSAEMbIX BCEMHU AaTYUKaMU, U TpapuKu
UX U3MEHEHHUs 10 BPEMEHU.

10. Knonkoi BK1 BkIrOYMTE HarpeBarens B peKUM NO3ULMOHHOTO
PEryIMpOBAHHUS.

11. YcranoButs 3Hauenue temreparypsl 40°C. ByabTe BHUMATEJIbHbBI
TeMIlepaTypa B CUCTeMe He J0JKHA nmpeBbimaTh 60 °C.

12.OTKpBITh BEHTHIIb OJaYH XOJIOJHOTO TEINIOHOCUTEIIS B KOKYX03MEEBUKOBBIN
TEMI000MeHHbIN annapat Ha kosuiekTope K3 u K4.

13. 3anyctuth Hacoc H2, knonkoit BK2. Perynsitop CKOpocTH yCTaHOBUTH B
nonoxenue II.

14. BKJIIOUUTH U OTPETYJIUPOBATH 000POTHI BpPAILIEHHS] BEHTHIISITOPA BO3YIIHOTO
TEMJI000MEHHOTO amnmnapara.

15.Ecnu ropA4unii TEMIOHOCUTENb HE JOCTUTHET YCTAHOBJIEHHON TEMIIEPATYPBI
HE0OXOMMO TIPUKPBITh BEHTHJIb Ha 00paTHOM KojutekTope K2.

16. ITociie BbIXOJ@ TEMIIEPATYPHI HA 3a/IaHHBIN PEKUM U YCTAHOBJICHUS

CTAllMOHAPHOI'O TCIIJIOBOI'O PEXKKUMaA ITPOBECTH UCIIbITAHWS, pE3YyJIbTAThl 3aHCCTH B

1a011.40.



17. I3MeHuTh pacxo/ sl BOAbI METOIOM MEPEKIIOUEHUS PEKUMOB pabOTHI HACOCOB
H1 u H2 B nonoxenue 1. CHATH MOKa3aHUsI B YCTAHOBUBIIEMCSI PEKUME,
pe3yabTarhl 3aHecTy B TabI. 40.
18. BKirrounTh NepeKIovaTespb B nojiokeHue «IIpsamMoTox».
19. IIpoBecTH OMBITHI B COOTBETCTBUHM C 1. 14-16.
20. BeIKIIIOUMTh Bce 000PYIOBAHKME U MUTAHUE CTEH/Ia aBTOMATHYECKUM
BbIKIItouarenemM Cerb 220B.
21. [IpoBecTH pacyeTsl 10 METOJIMKE, PUBEJICHHON B pasjelie «o0paboTka
PE3yNbTATOB UCTIBITAHUIY. PE3ybTaThl 3aHECTH B Ta011.40.
22. Cnenatb BBIBOJIBL.

O0paboTKa ONBITHBIX TAHHBIX U COCTABJIEHUE 0TYETA
[Inomane nepenaromniei MoBEpXHOCTH KOKYX03MEEBUKOBOIO TEMIIO0OMEHHOTO
arnmapara, M>
F =nd,In (109)
riae dy - Hapy>KHbII IMaMeTp BHYTPEHHEHN TpyObl TEIIIOOOMEHHHKA, M;
N - KOJIMYECTBO TPYOOK;
|- nnuHa BHYTpeHHEH TPYOBI, M
MaccoBbIl pacxo/1 rOpsiYer U XOJIOTHOM BOJIbI OMPEAEIACTCA O CICAYIOIEMY
COOTHOILIEHHIO
M1:V1'p1, M2:V2'p2 (KF/C) (110)
rae Vi,Va, - 00beMHBIE pacXo/Ibl TOpsiueid U XOJI0THON BOJbI, OTIPEEIISIIOTCS C
MTOMOIIBIO COOTBETCTBYIOIIETO CUETUMKA;
P1, P2 - INIOTHOCTH FOPSIYEN U XOJIOAHOM BOJIbI, IPUHUMAIOTCS IIPU CPEAHEN
TEMIIepaType Cpeabl B anmapare, CM. IPUIIOKEHUE.
KonuuecTBo nepegaBaeMoil TEIIIOTHI onpeaesnsercs no Gopmysie s KakI0ro
amnrmapara, Ipu 3ToM,
Cp1 , Cp2 “Y/A€JIbHBIE TEIUIOEMKOCTH IrOpsYEN U XOJIOJHOM BOJIbI, IPUHUMAKOTCS TIPH
cpelnHel TemiiepaType cpenbl B annapate, kJx/(kr-K), cM. npunoxxenue.

Cpennsist pa3HOCTh TEMIEPATYP (TEMIIEPATYPHBIN HANIOP) OMPEAENSIETCS IO

bopmyie



Atey =

Aty =

ln(thi) fpH E

Atg—At At
— 6 M pu 6 S 2
Aty
_ Atg—Aty Atg 2

(111)

(112)

rae Ats, Aty - 3HaueHHs O0JBIIEr0 U MEHBILETO TEMIIEPATYPHBIX HATIOPOB B

Ha4daJIC 1 KOHIC ITOBECPXHOCTHU TemI000MeHa (OHpCIlCJ'ISII-OTCSI C YUYCTOM CXCMBI

noacoenuHenus), °C;

Jnst mpsiMmoToka Ats =t — thy , Aty = T — ok

Hnsa npotuBoToka At =ty — tox , Aty = tix — b

(113)
(114)

KoaddummenT remnonepenayun A Kax10ro pexxuma onpeaensercs no Gopmyse:

K_Q

Tabnuna 40 - Pe3ynabTaThl U3MEPEHUI U BBIYUCICHUIN

T FAtg, (

Bm)
M2-K

(115)

3Ha4YCHUSI U3MEPEHHBIX U BBIYUCIIIEMBIX TAPAMETPOB

NoNe tlH th tzK tzH M1 Mz Q1 Q2 At6 AtM Atcp K

n/n | °C | °C |°C |°C |xr/c |kr/c |[Br |Br [°C |°C |°C |Br/(M*K)
IIpsamoToxk

1

2

3
IIpoTuBOTOK

1

2

3

KoHTpoJsbHBIE BONIPOCHI

1. HazoBuTe npenMyIiecTBa U HEIOCTATKU KOKYXOTPYOHBIX TEMI00OMEHHBIX

anmaparToB.

2. YUro HaspiBaetcs ko3 duimentom Termionepenaun’? Kakos ero ¢pusndeckuit

CMBICJI U €AUHUIIBI I/IBMepeHI/IH?

3. Kakue dhaxTops! 1 mapaMeTpsl TEIMII0O0OMEHHBIX allllapaToB BIMSIOT Ha

BENMYUHY KOd(ppuimenTa Terionepeaadn’?

4. B yeM 3aKJII04aroTCs ImpeuMynicCTBa HpOTHBOTO‘IHOﬁ CXEMBI 11O CPABHCHHUIO C

IPSIMOTOYHOU?




5. Moxer 11 TeMiieparypa rops4ero TEIJIOHOCUTENS Ha BBIXOAE U3
TEIJI000OMEHHUKA ObITh MEHBIIE TEMIEPATYPHI XOJOIHOTIO TEIJIOHOCUTENS Ha
BBIXO/IE U3 TEMJI000OMEHHUKA?

6. B kakux ciaydasx mpu pacuere TeII000MEHHIKA MOYKHO TOJIb30BAThCS CPETHUM
apu(pMETUYECKUM TeMIIepaTypHbIM HAIopom?

7. B KakUX TEXHOJOTUYECKUX MPOIECCaX UCTIOIb3YIOTCS TEMI00OMEHHbIE

anmnaparsl?



JIABOPATOPHAS PABOTA Nel6
O3HakoMJ/IeHHE ¢ KOHCTPYKIMeEH IIACTUHYATOI0 TeNJI000MEHHOI 0 anmnapara
U onpejesieHNe TENJIOBO HATPY3KH B 3aBUCHMOCTH OT HAalNlPaBJICHUS
JABUKEHHS MOTOKOB KMIKOCTH
Beenenne
[InacTuHYaThIe TEMIIOOOMEHHBIE aNnapaThl COCTOAT IIACTHH, OObEIMHEHHBIX B
MAaKeT, U MOTYT BBIMOJIHATHCS Pa30OpHBIMU, MOTYPa30OpPHBIMU U HEPa30OPHBIMU
(massHHpIMK). HaumbGonee MmMUPOKO NPUMEHSIOTCS pa300pHbBIE IJIACTUHYATHIC
TeruiooOMeHHUKH. OHM COCTOSIT U3 OTACNBHBIX IACTHH 15, puc. 42, coOupaembIx
B MIAKET MO HECKOJBKO MITYK C YIUIOTHEHHEM MEXKIY HUMHU C TIOMOIIBIO PE3UHOBBIX
npokianok 5 u 13. I'epmerusanus oOecnieunBaeTcs 3a CUET CTATMBAHUS IakKeTa

MCXKAY MAaCCUBHBIMU IIJIMTAMHU 3u8c ITIOMOIIBIO HITAHT 7. Takue aIrmaparTsbl

Puc. 42 Pa300opHBIi MIIacTUHYATHIA TETIJIOOOMEHHBIN aImapar: a) cxema
TEIJIONEPEAIOIIETr0 AIEMEHTA MIACTUHYATOTO TeTNIOOOMEHHHKA; 0) cxema
COBPEMEHHOI0 IIacTUHYaTOro anmnapara:1,2,11,12-mryuepa; 3-nepeaHsis cToMka;
4- BepxHee YIJI0BO€ OTBEPCTHE; 5- KOJIbIEBas PE3UHOBASI MPOKJIAAKA; 6-rpaHuYHAs
IJIACTHHA; 7-ITaHra; 8-HaXKUMHas IUIHTa; 9-3aHss cToiika; 10-BuHT; 13-00bIas
pe3uHOBas MpOoKIIaJika; 14-HIKHEe YyrioBoe oTBepCcTHe; 15-TermnoooMeHHas
IIacTHHA

IPUCTIOCOONIEHBI 1711 ObICTpOMl pa30opku M COOpPKH, W BCA MX TEIIOOOMEHHas
TIOBEPXHOCTh JOCTYITHA JUISI OYUCTKHA. DTa 0COOCHHOCTh Ba)KHA, HANpPHMEp, IS
anmapaToB, IPUMEHSIEMBIX B IMUIIEBOI MPOMBIIUIEHHOCTH, U TIO3BOJISIET MPOBOANTH

TIOJIHYIO €70 CAHUTAPHYI0 00pPabOTKYy.



[Ipocreiimmii TErIOOOMEHHUK JODKEH MMEThb HE MEHee TpexX IUJIacTHH,
o0Opa3yroIux JBa KaHaJla, 10 OJHOMY U3 KOTOPBIX TE€YET ropsyas pabouas cpefa, a
10 - IPYrOMy — XOJIo[{Hasi. B MpOMBIIIIEHHBIX alaparax Yucio IJIACTHH ObIBAeT
Oosbie 1 paboune cpeabl IBIXKYTCS IO MHOKECTBY MapauIebHBIX KaHAJIOB Cpa3y,
puc. 43.

[Tony pa3zbopHbie, cBapHble OJOYHBIE M CBapHbIE HEpa3OOpHbIE (MAsSHHBIC)
TEIUIOOOMEHHUKH SIBIISIFOTCS. PaA3HOBUIHOCTBIO allaparoB IUIACTUHYATOrO TUIA U
peIHa3HavyaroTcs A1 paboThl IpU 0oJiee BBICOKHX JaBJIEHUAX pabouunx cpen. Tak

TasiHbIE pacCYMTaHbI Ha faBieHue a0 40 Gap.

PaccMOTpuM KOHCTPYKIMIO IUIACTUHYATOIO TEINIOOOMEHHUKA, puc.43:

Puc. 43 KoHCTpYKIIHS MJIACTUHYATOTO TEIIOOOMEHHOTO anmapaTa
KonunuecTBo niactun-10mT;

[Tnomans Temnoodbmena-0,12m?;



[lasiHpIil TemmoOOMEHHBIM anmapar MIACTUHYATOTO TUIA COCTOUT M3 PHUQIIECHBIX
TOHKOCTEHHBIX TEIJIOOOMEHHBIX IUTACTUH M3 HEPXKaBEIOIICW CTalli, CIHasHHBIX
MeX1y COOOM € TIOMOIIBIO METHOTO WJIM HUKEJIEBOrO MpUINos. Mex 1y niacTUHaMU
o0Opa3yroTcsi KaHalbl Jid TpoXoja TeruioHocutens. Bricokas TypOyleHTHOCTH
MOTOKA U MPUHIIUII TPOTUBOTOKA 0OecrieunBaroT 3 (PEeKTUBHBIN TETIIO0OMEH.

Tunel miacTuH U Tpo@uiIM UX MOBEPXHOCTH OYEHb pa3sHooOpa3Hbl. Ha puc. 44
MPEICTaBICHb BO3MOXKHBIE BAPUAHTHl MCMOJIb3YEMbIX IUIACTHH B IJIACTHHYATHIX

TETJI000OMEHHBIX arraparax.

Puc. 44 Twumbl miacTUH TEMIOOOMEHHBIX anapaToB

Yxe Ha OCHOBAaHMM OOIIEro TPUHIMIA KOHCTPYUPOBAHMS IJIACTHHYATOTO
TEIUI00OMEHHUKA MOXKHO CJAENaTh 3aKII0YEHHE O HEKOTOPBIX €ro OCOOEHHOCTSIX,
BeChbMa B&XKHBIX IS MPAKTUKH. Maias TONIIMHA IUIACTHH M TapayijiesbHas
paccTaHOBKa C MalbIMH TPOMEXYTKaMH MEXAY IUIACTUHAMHU IO3BOJISIET
Pa3MECTHTh B MPOCTPAHCTBE pabOUyI0 MOBEPXHOCTh TEIUIOOOMEHHUKA HanOoliee
KOMIIAaKTHO C TaKOW «IIOTHOCTBIO», KOTOpash HEIOCTIDKAMA B JPYTHX THIIAX
KHUJKOCTHBIX TETNIOOOMEHHUKOB. DTO, B KOHEUHOM CYETE, IPUBOIUT K TOMY, YTO
IUTACTUHYATHIE TEINIOOOMCHHBIE ammapaThl 00J1alaloT MPH PaBHOW TEIJIOBOH
Harpy3Ke 3HaYUTeIbHO MEHBIIIMMHU TadapuTHBIMU pa3MepaMu U METAJUIOEMKOCTBIO,
4eM anmaparhbl THIa «Tpyda B TpyOe», KOXKYXOoTpyOHBIC M ApyrHe, 00JagaroIime

JIOCTAaTOYHO BBICOKOM 3((hEKTUBHOCTHIO TEIIIO0OMEHA.



Ta6nuna 41 - Homepa mo3utiuii 1aT4ukoB TeMIepaTypbl

HanmenoBanue ['opsiunii KOHTYp XOJ0IHBIA KOHTYP
pexuMa Homep | Homep | Pacxom | Homep | Homep | Pacxon
JaTYMKa | JaT4yuKa JaT4YMKa | JaT4ydKa
Ha Ha Ha Ha
BXOJI€ | BBIXOZE BXOJI€ | BBIXOJE
IIT IIT IIT IIT
ITpotuBotok | T10-t3, | T1l-tix | Vas-Vi | T16-t, | T17-t | V23-Vo
[TpsimoTOK T17-ty | T16-1

eab padoTsl
O3HaKOMJICHHE C KOHCTPYKIIMEH TIJIaCTMHYATOrO TEIIOOOMEHHOIO arapara,
MOBBIIIIEHNE YPOBHS 3HaHUI B BOMPOCAX TEIJIONEPEaaun U MPUOOPETEHNE HABBIKOB

9KCIICPUMCHTAJIbHOI'O UCCIICAOBAHUA pa6OTbI XOJ'IOI[PIJ'IBHOfI YCTaHOBKH.

3agayu padoThbl
1. I3ydeHne KOHCTPYKIIUI IIaCTUHYATHIX TEINIOOOMEHHBIX armapaToB.
2. VcnbITanue XoJIOAWIBLHON YCTAHOBKH B ACHCTBUTEIHLHOM ITUKIIC PAOOTHI.
MeToaukKa BbINOJHEHUSA PA0OTHI

1. O3HakoMHTBCS CO CXeMOM JabOpaTOpPHON YCTAaHOBKM U PACIHOJIOKEHUEM
npuoopoB. CoOCTaBUTh OINWCAHWE W 3aroTOBUTH TaONMIy I PErUCTpaluu
pPE3YyJAbTATOB UCTIBITAHUIA.

2. IloaroToBUTh YCTAHOBKY K UCIBITAHUAM. Y JOCTOBEPUTHCS, YTO YPOBEHB BOIbI
HaOmomaercss B emkocTsix EI'B u EXB, B mpoTUBHOM ciy4yae HOJUTH BOIY B
CUCTEMY.

3. Iloaxmrounts cTeHa K cetu 220 B.

4. TlogxmoounTh aBTOMATH3UPOBaHHBI cTeHJ K USB pa3zbemy komIbioTepa U
3anyctuth nporpammy Ilyck— Ilporpammer —MeasLAB—» Tennorexnuka
KUJIKOCTI.

5. Bxarouuts nmutanue crenaa kaonkou «Cets 220B»
6. BxiirounTh nepekiiovarelib B noyioxenue «II[poTuBoTok».

7. OTKpBITh BEHTWIb I[OJA4YM TOPSAYEro TEIUIOHOCUTENS B IUIACTHHYATHIN
TEIJI000OMEHHBIN anmnapaT Ha koyuiektope K1 M cooTBETCTBYIOIIMI BEHTUJIb Ha
oOpatHOoM koJutekTope K2.



8. Knonkoit BK2 3amyctute Hacoc HI. Perynarop ckopocTH yCTaHOBUTH B
nonoxkenue 11

9. Ilpym BKJIIOYEHHWH KOMIIBIOTEPHOW CHUCTEMBI mM3MepeHus kiasumen «llyck» B
nporpaMMe Ha IUGPOBBIX MHIUKATOpaxX JIMIEBOM TMaHETu OTOOpa)xaroTcs
MI'HOBEHHbIE 3HAUEHUSI TEMIIEPATYP, U3MEPSIEMBIX BCEMU JJaTYMKaMH, U TpauKu UX
VU3MEHEHHUSI TI0 BPEMEHU.

10. Knomkoit BKI1 BkiIounTh HarpeBatreib B  PEKUM  MO3ULMOHHOTO
peryJupoBaHuUsL.

11. VYcranoButrs 3Hauenue temrepatypbl 40°C. BbyabTe BHHUMATEJIbHBI
TeMIepaTtypa B CUCTeMe He J0JIKHA npesbimaTh 60 °C.

12.0TKpBITh BEHTWIIb TOAAYM XOJOJHOTO TEIUIOHOCUTENS B IUIACTUHYATHIN
TEIJI000MEHHBIN anmapat Ha kosuiekTope K3 u K4.

13. 3amyctutrs Hacoc H2, xHonmkou BK2. Perynstop ckopocTh yCTaHOBUTH B
nosoxkenue 11

14. BKIIOYUTH U OTPEryaupoBaTh 00OPOTHI BpaIICHHs] BEHTUJISTOPA BO3AYLIHOTO
TEII000MEHHOT 0 arnmnapara.

15.Ecnu ropsiunii TETIOHOCUTENb HE JOCTUTHET YCTAaHOBJICHHOW TEMIIepaTyphbl
HE00XO0MMO MIPUKPBITh BEHTHIIb Ha 00paTHOM KosutekTope K2.

16. Tlocne BwIXOAa TemIepaTypbl Ha 3aJaHHBIA PEKUM M YCTAHOBIICHHS
CTAI[MOHAPHOTO TEIUIOBOTO PEXMMa MPOBECTH UCIBITAHMS, PE3yJbTaThl 3aHECTH B
Ta01.42.

17. U3MeHuTh pacxo bl BOABI METOJOM MEPEKITIOUEHHUST PEKUMOB pabOThl HACOCOB
Hl u H2 B mnonoxenue 1. CHATh NOKa3aHUs B YCTAHOBHUBIIEMCS PEXUME,
pe3yabTaThl 3aHECTH B Ta0II. 42.

18. BximtounTth nepexitoyaTesib B nojioxkeHue «IIpsamMoTok».
19.11poBecTH ONBITHI B COOTBETCTBUU C 1. 14-16.

20.Beikitounth  BCE OOOpYyJIOBaHME M THUTAaHUE CTEHJAa AaBTOMATUYECKUM
BeIKTFOUaresieM Cers 220B.

21. IlpoBectu pacyeThl MO METOAMKE, MPHUBEICHHOW B paszaene «ob0paboTka
PE3YNIBTATOB UCTIBITAHUN Y, PE3YIbTaThl 3aHECTH B Ta01.42.

22 CnenaTthb BBIBOJIEL.
O0padoTKAa ONBITHBIX TAHHBIX U COCTABJICHUE 0TYETA

MaccoBbIl pacxo1 ropsiuer U XOJIOJHON BOJIbI ONPEAEIIAETCS 1O CIECAYIOIEMY

COOTHOIIICHHIO



M1=V1-p1, Mz =Vyp (kr/c) (116)

rae Vi,V2 - 00beMHBIE pacXObl TOPSTYETO U XOJOAHOTO TEMJIOHOCUTENS (BOJIbI),
OINPEIENSIIOTCS ¢ IOMOIIBIO COOTBETCTBYIOLIETO CUETUHKA,;

p1 P2 - ITIOTHOCTB TOPSAYEN U XOJIOAHON BOABL, IPUHUMAIOTCS IIPU CPEIHEN
TEMIIepaType Cpebl B anapare, CM. IIPUIIOKEHUE.

KonnuecTBo nepenaBaeMoil TEMIOTHI ONPENEAeTCs 10 GOopMyJie IPU ITOM,

Co1, Cp1 - yaenbHbI€ TEIIOEMKOCTH FOpsiuei ¥ XOJI0AHOM BOJbI, IPUHUMAIOTCS TIPU
cpenHeil TeMiieparype cpenbl B annapate, kJk/(kr-K), cM. npunoxenue.

Cpennsist pa3HOCTh TEMIEPATYP (TEMIIEPATYPHBIN HANIOP) OMPEAENSIETCS 10

dbopmyie
Atg—At At
2 Aty
_Atg—Aty Atg

cp _—ln(j%z) Ipu at,,

At >2

rae Ats Aty- 3HaueHust O0JBIIETO U MEHBIIIETO TEMIIEPAaTYPHBIX HAIIOPOB B HAYaJie
Y KOHIIE MOBEPXHOCTU TETNIO0OOMEHA (OMPENIeNAIOTCS ¢ YIETOM CXEMBI
noacoenuHeHus), °C;

Jns npsimoToka Ats = 11y — ton, Aty = ti-tog

Jns mpotuBoTOKA Ats =ty — tor, Aty = ty-toy,

KoaddummenT remmonepenauun ajisg KaxI10ro pexxuma ornpeaensercs mno Gopmyse:

K= Q ’(Bm)
FAte, ' \M2-K

Tabnuua 42 - Pe3yabTaThl U3MEPEHUI U BBIYUCICHUI

3HauCHUSA N3MCPCHHBIX N BBIYHMCIIICMBIX IIApaMETPOB

NoNo tlH th tzK tzH V1 V2 Q1 Qz At6 AtM Atcp K

n/n | °C | °C |°C |°C |n/muu | a/mun |Br |Br |[°C |°C |[°C | Br/(M*K)
IIpsmoToxk

1

2

3
ITpotuBOTOK

1

2

3




KoHTpoJsibHBIE BONIPOCHI
1. Kakue mo KOHCTPYKTUBHBIM OCOOEHHOCTSAM OBIBAIOT IJIACTUHYATHIC

TEIJI000MEHHBIE anmnapathl?

2. B yem npenMyIIecTBO MIACTUHYATHIX TETNIOOOMEHHBIX anmnapaToB?

3. B uem npeuMyiecTBO He pa300PHBIX IIACTUHYATHIX TEMI00OMEHHBIX
anmnapaToB

4. [Touemy MpOTHUBOTOYHAS CXEMa LUPKYJSALIUU O0jiee MPeAnoYTUTEIbHA?

5. Kakue (akTopsl 0Ka3bpIBalOT BIMSAHUE Ha KOA(DPUITMEHT Terionepenadn’?



JIABOPATOPHAS PABOTA Nel/

OnpenesneHue BI3KOCTH KHIAKOCTH NP Pa3IUYIHOIl TeMIlepaType M0 TeOpuu
JJAMMHAPHOTO Te4YeHHUsI

BBenenue
Bs3koCThIO (BHYTPEHHUM TPEHHEM) HA3bIBACTCS SIBJICHHME BO3HUKHOBEHUS CHII,
MPEIMATCTBYIOUX OTHOCUTEIBHOMY IMEPEMEIICHUIO CIOEB JKUAKOCTH WM Tasa.
[IpruurHOM BHYTPEHHErO0 TPEHUS SABJISAETCS IEPEHOC MOJIEKYJIaMH HMITYJIbCOB
MEXIY COIPUKACAIOIIUMUCS CIIOAMH, ABWKYUIUMHUCA C Pa3HbIMU CKOPOCTSMH.
Teuyenune KUIKOCTH WU ra3a, MPU KOTOPOM CONPUKACAIOIINECS CIIOU ABHKYTCS O0€3
MEpPEMEIIMBAHNS, HA3bIBACTCS J1IAMUHAPHbLIM. JIBHKEHHE, COIPOBOXKIAIOIIECECS
nepeMeIIMBaHueM CJI0€B UM 00pa3oBaHUEM BUXpEW, HA3bIBACTCS TypOYNeHTHbIM.
Ecaun mpomyckarh JKHAKOCTh 4Yepe3 Kamwuisap, TO JBIKEHHE KUIKOCTH OyaeT
JaMUHapHbIM. [Ipy 3TOM 1JIs1 MPOKAYKK KUAKOCTH YEPE3 KAMWILISAP C MOCTOSTHHOU
CKOPOCTBIO HEOOXOJMMO CO37aTh Pa3HOCTh JIaBJICHUH Ha KOHIAX KaIuJusipa,
KoTopasi OyJeT KOMIICHCUPOBATh BJIIMSHUE CHJIBI BSI3KOTO TPEHHSI, BOSHUKAIOIIETO
MpY JBM>KEHUH MOTOKA Ta3a Mo Kanwusipy. B ciaydae tamMmuHapHOro TeYeHHs rasa

1o TpyOe Kpyriioro ce4eHus MO>KHO BOCIIOJNIb30BaThes hopmyroit [lyaseitns:

_m ApR*
8 ul

, (117)

r71e W - KO3 GUIIMEHT BI3KOCTH, KI/(C'M);

R - BHyTpeHHUH paanyc Kamuuisipa, M;

Ap-pa3HOCTb TaBJICHUM HA KOHLAX Kanwuapa, [1a;

V-00beMHBI Pacxo1 JKUIKOCTH, IIPOTEKAOIIEr0 M0 Kanuupy, (M3/c);

I- mmHa kanusapa, (M).

Jlnst  OleHKM W3MCHCHHMS XapakTepa JBIKCHHUS KUAKOCTH  HCIIOIB3YIOT

0e3pa3MepHyI0 BEJIMYMHY, Ha3bIBaeMYI0 YUCIIOM PeliHomnbca:

Re =224 ¥4 (118)
7 v

IZi€ p - IJIOTHOCTb CPEAbl, W - CPEIIHSSA CKOPOCTh TeUeHHUsl, d- XapaKTepHbIi pa3mep

(1 KpyTiao¥ TpyOBI - TUaMETp), V =W/p - KHHEMaTU4YecKasi BSI3KOCTh.



B rmagkux UMIMHAPUYECKUX KaHajdax MepexoJ OT JIAMUHAPHOTO TEYEHUs K
TypOyneHTHOMy mpoucxoauT npu R=1000. [ToaToMy B ciydyae HCHOIB30BaHUs
dbopmynsl [lyazeins HeoOxoauMo obecnieuuTsh BhINoJHEHUE ycinoBus Re < 1000.
Kpome TOro, 3kcnepuMeHT HEOOXOAMMO IPOBOJIUTH TAKUM OOpa3oM, YTOOBI
C)KMMAaEMOCTBIO Ta3a MOXKHO ObLIO MpeHeOpeyb. DTO BO3MOXKHO TOI/A, KOTJa
nepenal naBieHUWN B KamwuiApe 3HAYMTEIILHO MEHBIIE CaMOro JaBJICHUS, T. €.
AP<<P.
dopMmyna crnpaBensiuBa IS ydacTKa Kamwuisipa, B KOTOPOM YCTaHOBHUJIOCH
MOCTOSIHHOE TE€YEHHUE C KBaJpPaTUYHBIM 3aKOHOM paCIpEAeNIeHUs] CKOPOCTEH IO
CEUEeHMIO Kanmmuisipa. Takoe TeueHne yCTaHABIMBAETCS HA HEKOTOPOM PacCTOSTHUU
OT BXOJa B KalWwuIAp, MO3TOMY I JOCTHKEHHUS JOCTaTOYHOW TOYHOCTH
HKCIIEPUMEHTa HEOOXOAMMO BBITIOJIHEHHE yCIIoBHs R << 1.

eab padoTsl
Omnpenenenue kodpduireHTa BA3KOCTH KUJIKOCTH.

3amauu padoThl
1. Onpenenenre KkodhPuIMEHTa TMHAMUYICCKON BA3KOCTH KHUIKOCTH.

2. OnpenenuTh peKuM JIBUKECHUS KUJIKOCTH.

MeToauka BbINOJHEHHUS PA00ThI
1. O3HaKOMHTBCS CO CXEMOH Ja0OpaTOPHON YCTAHOBKM U PaCIOJIOKEHUEM
npubopoB. CoOCTaBUTH OINKCAHUE W 3aroTOBUTH TaOJMILy IS PETUCTpAIUU
pE3yJIbTATOB UCIIBITAHUI.
2. IToAroTOBUTh YCTAaHOBKY K MCHBITAHUSM. Y JOCTOBEPUTHCS, YTO YPOBEHb BOJbI
HaOmomaercss B emkocTsix EI'B u EXB, B mpoTuBHOM ciy4yae HOJUTH BOIY B
CUCTEMY.
3. Iopknrounts creHa k cetu 220 B.
4. TlogxmoounTh aBTOMATU3UpPOBaHHBIA cTeHJ K USB pa3zbemy kommbroTepa u
3anyctuTh mporpammy Ilyck —Ilporpammei— MeasLAB —» Tennorexnuka
KUAJIKOCTI.

5. Brimrounth nmutanue cregaa KHonkon «Cetb 220By.



6. OTKpBITh BEHTWJIb MOJAYU TOPSYETO TEIJIOHOCUTENS B KaMWUIIPHYIO TPYOKY
OIPEIENHTEINb BI3KOCTH KUAKOCTH Ha Koyuiektope K1 u BenTuiie 3B2.

7. OTKpBITh BEHTUIIb II0JIaYU TOPSYETO TEIUIOHOCUTEIS B «PyOaIlKy» OIpenenTeIb
BA3KOCTU XKUAKOCTH Ha Kojuiektope Kl, mns crabwimsanuu temneparypsl B
KaluJusipe.

8. Knonkoii BK2 3amyctute Hacoc HI. Perynsatop CKOpocTH yCTaHOBUTH B
nonoxxenue 11

9. Ilpy BKJIIOYEHHWH KOMIBIOTEPHOW CHUCTEMBbI mM3MepeHus kiaBumen «Ilyck» B
nporpaMmMe Ha LU(PPOBBIX HMHAMKATOPax JHUIEBOM NaHEIH OTOOPAKAIOTCS
MTHOBEHHBIE 3HaYEHUS TEMIIEPATYP, U3MEPSAEMBIX BCEMHU TaTYUKAMHU, U TPaQUKU UX
WU3MEHEHUS 110 BPEMEHU.

10. Kunonkoit BKI1 BkiatounTs HarpeBatreib B PEKHAM  MO3ULHOHHOTO
peryaupoBaHus.

11. VYcranoButrs 3HaueHue Ttemneparypel 30°C. bByabTe BHMMAaTEJbHBI
TeMIeparypa B cucreMe He A0/kHA npeBbimiath 60 °C. Ecan temneparypa
BbIllIe, TO OXJIAJAUTH, MOJAKJIKYUB IJIACTUHYATHIH TENJI000MEeHHBbIN ammapar
COBMECTHO € BO3AYIIHbIM, cM. JIPNe7.

12. Tlocne BbIXOZAa TEMIEPATyphl Ha 3aJaHHBIA PEKUM U YCTAHOBJIECHUS
CTalMOHAPHOT'O TEMJIOBOI'O PEXUMa IPOBECTH UCIIBITAHUS.

13.Pacxon BOIbI 4Yepe3 KamWuigp 3aMEPUTh C MOMOIIBbID MEpHOU emkocTu ME,
3aKkpbIBasi BeHTWIb 3B1, oqHOBpeMEHHO HEOOXOAMMO BKIIOYUTH CEKYHAOMEp Ha
CUETUMKE SHEPIUH, CM. ONTUCAHUE YCTAHOBKU. Pe3ynbTaThl 3aHeCTH B Ta0JI. 43.
14.IloBToputh u3MepeHusi (3 pasza), NpelBAPUTEIBLHO H3MEHSSI TEMIEpaTypy C
noMonipto perynaropa PT1 (kHomka » - mnpenHa3HauyeHa ISl yBEIUYECHUS
BBIOPAHHOTO 3HAYeHMs, V - i1 yMeHblleHus) B mpexaenax 25 +50 °C npu
MIOCTOSIHHOM Pacxo/e.

15. 3Menuts pacxoa BoAbl yepe3 Kanuuisip ¢ nomoinbto BeHTw s 3B2. CHATh
MOKa3aHUs B yCTAHOBUBIIEMCS PEKUME, PE3YJIbTAThl 3aHECTH B Ta01.43.

16. BrikiounTe Bce 000pyJOBaHME W TMHTAHHE CTEHAA ABTOMATHYECKUM

BeIkITrouaresieM Cets 220B.



17. TlpoBectn pacueThl TO METOAMKE, MPUBEICHHOW B pasnene «o0padoTka
PE3YNIbTaTOB MCIIBITAHUI», pe3yIbTAaThI 3aHECTH B Ta0II. 43.
18. CoenaThb BBIBOJI.
O0paboTKAa ONBITHBIX TAHHBIX U COCTABJICEHUE 0TYETA
JI1st KaXa0ro OmbITa OonpeaenuTh mo ¢popmysie [lyaseins kodpuimeHT BI3KOCTH:

_mR*Ap
8Vl

rae I=6m; R=0,001m.

OOBEeMHBIN pacxo ONpeAeaeTcs Kak

v

T 1067

Tae T — BpEMA pacxoa, C.

Hantu CPpCAHCC 3HAUCHUC KOS(D(I)HHHGHT& BSA3KOCTU
—\'n

(M)_Zizl I’ll

OnpenenuTs pexXuM IBUKEHUSA, T

Iiomaab CCUCHUA

_md?

d — quaMeTp Kanmusuiapa, M.

Tabnuua 43 - Pe3yabTaThl U3MEPEHUI U BBIYUCICHUI

Ne | v,mn| tc |Apla|pkrr/(Mc)| tu, | (u), |wWwmc| fmM* | Re
.11 °C Kr/
(M-
©)
1
2
3

KoHTpoJibHBIE BONIPOCHI

1.Kakoi ¢uzmdeckuii cMbICI UMeeT KOdDPUIIUEeHT BA3KOCTH? B Kakux eguHUIIax
CH u3mepsieTcs 3Ta BeIM4nHA?

2. Hanumure hopmyny s onpeneneHus Kodd UineHTa BI3KOCTH.

3. B uem 3aknrodaercs KanWwUIApHBIA METOA ompezaeneHus KoddduuueHrta
Bsskoctu? 3anumute Gopmyny [lyaszeitns. [Ipu kakux ycloBusX ee MPUMEHSIOT?
4. Yto nokassiBaeT unciao PeitHonpaca?



JIABOPATOPHASI PABOTA Nel8

OnpenesneHue TeNJI0eMKOCTH KUAKOCTH METO0M HarpeBa MOTOKA KUIAKOCTH
BBenenue

TennoBble SIBICHUS, T.€. SIBJICHUS, CBSI3aHHBIC C HATPEBOM HWJIM OXJIAKJICHUEM TEll,
ABJISIFOTCS BECbMa BaKHBIMU. OCHOBHBIM 3/1€CH SBJISIETCS TIOHSITUE TETUIOTHI.
Harperoe Teno oTiamyaercss OT XOJOJAHOTO TEM, UYTO MOJIEKYJIbl HArpeToro Tesa
JBUKYTCSA HWHTEHCHUBHO M XaoTH4eCcKd. DU3NYECKOW BEIMYMHOW, KOTOpasd
KOJIMYECTBEHHOE M3MEPSET TEIUIOTY, SBIACTCS KOJIMYECTBO TEIUIOTHI Q — 3TO
KOJIMYECTBO DHEPruu, mnojiydaeMoe (MU OTJaBaeMoe€) TEJIOM NpU HarpeBe (Wiu
OXJIXKJICHUN ).
Enununa usmepenuu temiotsl B cucreme CU-Jxoynb (J1x).
OTHOIIEHNE KOJUYECTBA TEIUIOThI, MOJTYYEHHOW TEJIOM MpU HArpeBaHuM (WUiIu
OTJIAaHHOE TIPYM OXJAXKIACHUH), K HM3MEHEHHIO €ro TeMIepaTypbl Ha3bIBAIOT

TCIINIOCMKOCTBIO TCJIA:

=2 (119)

At

AQ —KONMMYeCTBO TEIUIOTHI, TOJIy4aeMO€ BEIIeCTBOM TIpU HarpeBe (Wiu
BBIJICTIUBILICECS TIPU OXJIKICHUN ).

At — pa3HocTh KOHeuHOH(12) 1 HavanbHOU (t1) TeMmepatyp.

N3mepsietcst TeroeMKocTh B JIx/Tpas.

VYienbHasi TEMJIOEMKOCTh — 3TO TEIUIOEMKOCTh E€JWHUYHONM MacChl BELIECTBA-

OTHOIIICHUEC TCIIJIOEMKOCTHU K Macce M:

_ 4Q
mAt

3HaHUE TEMJIOEMKOCTH BEIIECTB MO3BOJISIET 3HAUUTEIIBHO YIPOCTUTh TEXHUUECKUE
TEIJIOBBIE pacyeThl. TemioBoi (SHepreTHYECKUil) OalaHC Tesla MPU U3MEHEHUH €ro
TEMIIEPATYPhI ONKUCHIBAECTCA YPABHECHUEM:
Q =m-cC ('[2-'[1) (120)

eab padoTsl
Onpenenenue kodpPuiieHTa yAeIbHONU TEMI0EMKOCTH KUIKOCTH.

Meroanka BbINOJHEHUs Pa00ThI



1. O3HaKOMUTBCA CO CXEMOU JIA0OPATOPHOW YCTAHOBKH W PACIIOJIOKEHUEM
nprbopoB. COCTaBUTh ONMUCAHUE W 3arOTOBUTH TAONHITY IS PETHUCTpAIIN
pe3yJbTaTOB UCIIBITAHUM.

2. IloaroToBUTh yCTAaHOBKY K HUCIBITAHUSAM. Y JIOCTOBEPHUTHCS, UYTO YPOBEHB
BOJIbI HaOMogaeTcst B emkocty EI'B, B mpoTUBHOM cily4yae 10JUTh BONY.
3.Iloaxnrounth cTeHa K cetu 220B.
4.TloaxarounTh aBTOMATH3UPOBaHHBIN cTeHa K USB pasbemy kommbioTepa u
3anmycTuTh nporpammy Ilyck— Ilporpammer —MeasLAB— «TemnorexHuka
KUJTKOCTH.
5.Bxmarounts nuTanue crenaa KHonkou «Cetsb 220By.

6. 3amepuTh HavallbHyIO Temmeparypy, t1 (T22) Ha BXoae B HPOTOUYHBIN
Harpesarenb, [TH.
7. Tymb6nepom BKI Bxirounts Harpes Bojbl B [TH.
8. YcTraHOBUTH 3HaUe€HUE TemImepaTypsl Ha peryisarope PT2 na 20°C Bbiiie
HA4YaJIbHOM TEMIEPATYPHI.
9. Ilocne BbIXOJA TEMIIEpaTypbl Ha 3a[aHHBIA PEXUM U YCTAHOBJIEHUS
CTAllMOHAPHOTO TEIJIOBOTO PEeXMMa 3aMEpUTh TeMIepaTypbl Ha BXOJAE t1
(T22), Beixoge t; (T22) m KOMWUYECTBO AJIEKTPOIHEPTUM, 3aTPAYCHHOE Ha
HarpeB. Pe3ynbrathl 3aHectu B Ta01. 44.
10. BpIkirouuTh BCE O0OpYJIOBAaHHME U MHUTAHUE CTEHJA ABTOMATHYECKUM
BbIKIIIO4YaTesneM Cets 220B.
11. IIpoBecTu pacuerbl IO METOAMKE, MPUBEACHHON B pazieinie «o0paboTka
pe3yJIbTaTOB UCIIBITAHUN Y, PE3YJIbTaThl 3aHECTH B Ta0JI. 44.
12. CnenaThb BBIBOEIL.
O0padoTKAa ONBITHBIX IAHHBIX U COCTABJICHUE 0TYETA
Hnst  ompeneneHuss  yAEAbHOM — TETUIOEMKOCTH  HEOOXOJUMO  MMETh
HKCIIEPUMEHTATILHYIO 3aBUCUMOCTh TEMIIEPATyPhl KUIKOCTH OT BPEMEHU PabOTHI
HarpeBaTesIbHOIO 3JI€MEHTa, MOTPeOJIIeMyI0 HarpeBaTeleM MOLIHOCTb U Maccy
KUJKOCTH.

Pacuer y,Z[CJILHDﬁ MaCCOBOM TEIJIOEMKOCTH BBIIOJIHSETCS O YPaBHCHUIO!:



_ Q@
Cep _G(tz—tﬂ

rjae Q - KOJIMYEeCTBO TEIJIOTHI, 3aTpauyeHHOE Ha HAIPEB KUJIKOCTHU OT TEMIIepaTyphbl
t1 1o Temnepatypsl tp (JIx);

T - BpeMs HCTCUCHUSI )KUJIKOCTH, C;

G-MaccoBbIi pacxo/1 KUJIKOCTH (KI/c);

G=Vp,

IJ€ p - INIOTHOCTh BOJBI IPH CPEHEN TeMepaType, KI/M>;

V-00BEMHBII PacXos BOIBI, M°/c.

KonmdecTBO TEmiIOTHI, 3aTpadyeHHOE Ha HArpeB KUAKOCTH, OMPEICSETCS
COOTHOIIICHHUEM:

Q=Wm-Quor

w —KOJIMYECTBO AJICKTPOIHEPTUH, 3aTPAaueHHOE Ha HarpeB, BT;

N — KO3(pGUIMEHT TOTEPh PHEPTUM B IJICKTPUUSCKON YaCTH YCTAaHOBKH (TPHHSATH
n=0,95);

Quor — IMOTEPH TEILIA YEPE3 OTPaKIAIOIIHE KOHCTPYKIHMH (IpUHATH Qo =0,1-Q).
Ta6nuna 44 - Pe3ynbTaThl 3aMEepPOB U BHIYUCIICHUM

Ne /i W,Btuy |V, a/mun |t,°C t, °C Q,Ix cp I/ (kr-K)

KoHTpoJsbHBIE BONIPOCHI
1. Jaiite ompenesieHHe TEIIOEMKOCTH. B Kakux eauHuIlaX HU3MEpseTcsl JaHHas
BEJIMYMHA.
2. JlaiiTe onpeneneHue yAelIbHON TEINIOEMKOCTU. B Kakux eIuHUIaX U3MEpAeTCs
JTaHHAsl BEJIMYMHA.
3. 3anumute Ghopmyiy, KOTopast IPUMEHSIETCS JJIsl pacyeTa KOJIMYEeCTBA TEMIOTHI,
HEO0OXOMMOTO JIJIsl HarpeBa.
4. Yto xapakTepu3yeT ypaBHEHHE TEIIOBOro Oaianca?
5. Kax onpenensiercst yaenbHasi TEIIOEMKOCTb BOJIbI B IaHHOM padoTe?

6. Kakas ynenbHas TEIJI0EMKOCTh OTIPEENsIeTcs B 1abopaTopHoii padbore?
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JIABOPATOPHASA PABOTA Ne9. MHcnblTaHue pas3iMyHbIX KOHCTPYKUHUN
TEII000MEHHBIX allapaToB

JIABOPATOPHAS PABOTA Nel0. M3yueHne KOHCTPYKTUBHBIX CXEM
TEIJI000OMEHHBIX arapaToB
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JIABOPATOPHASA PABOTA Nel2. H3ydyeHue KOHCTPYKIMHA BO3YLIHOIO
TEII00OMEHHOTO anmapara

JIABOPATOPHAS PABOTA Nel3. UcnbiTaHue BO3AYHIHOTO TEMIOOOMEHHOIO
anmnapara

JIABOPATOPHASA PABOTA Nel4. OmnpeneneHue TEIIOBOW Harpy3ku Ha
TEIMJI000OMEHHBIN ammapar Tumna «Tpyba B TpyOe» B 3aBHCUMOCTH OT HaIpaBlICHUS
MOTOKOB JKUJIKOCTH

JIABOPATOPHAS PABOTA Nel5. Onpenenenue TENIOBOM HArpy3KH Ha
KOXKYXOTPYOHBIN TETUIOOOMEHHBIN armapar

JIABOPATOPHASA PABOTA  Nel6. O3HakoMJIeHME C  KOHCTPYKIIHMEH
MJJACTHHYATOIO TEINIOOOMEHHOTO aIapara M onpe/iejieHne TeIIOBOM Harpy3KH B
3aBUCUMOCTH OT HAIIPaBJICHUSA JIBUKECHUS TIOTOKOB KHJIKOCTH

JIABOPATOPHASA PABOTA Nel7. Omnpenenenuie BS3KOCTH KUAKOCTU MPH
Pa3JIMYHON TEMIIEpAType MO TEOPUH JIAMUHAPHOTO TEUEHUS

JIABOPATOPHASA PABOTA Nel8. OmnpeneneHue TEMIIOEMKOCTH >XUIKOCTH
METOJIOM HarpeBa MoTOKa KUIKOCTH
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