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HNPEINCJIOBHE

[{enpro n3ydeHus: QUCHUIINHBL « TENI0TeXHUKa» ABISIETCS
(GbopMHpOBaHUE y CTYyAEHTOB COBOKYIMHOCTH 3HAHUH 110 METO-
JlaM TIOJTy4eHHsI, TPeoOpa3oBaHus, Mepeaay 1 UCIOIb30BAHUS
TEIJIOBOM DHEPTHUU.

B pesynbrare u3ydeHus CTYIEHT NpPHOOpETaeT 3HaHUS,
YMEHUS U HaBbIKH B BBIIIOJHEHUU PACUYETOB COCTOSHUS pabdo-
YUX TEJ, TEPMOAMHAMMYECKUX IPOLIECCOB U LMKIIOB, TEIUIO-
OOMEHHBIX MPOLIECCOB, aNnaparoB M JPYruX TEIMIOTEXHUYE-
CKUX YCTPOWCTB U 000pPY/IOBaHHS, a TAKXKE 110 PAIlMOHAILHOMY
HCIIOJIb30BaHUIO TEIUIOHEPTETUYECKUX YCTAHOBOK.

HeorpemnemMpIM U BaXHEWIIMM (AKTOPOM B IOATOTOBKE
CIELMAINCTa SBISIETCS CaMOCTOATENbHas padoTa CTYJEHTA,
HaIpaBJieHHAs Ha yIIyOJIeHWE U 3aKpeluieHUue 3HaHuM, pa3BU-
THE TBOPYECKOTO MOAX0Ja B PELUIEHUU NPOo(ecCHOHAIbHbBIX 3a-
Jla4y ¥ UX aHaJlu3, IpUOOpEeTEeHNE UCCIIEI0BATEIbCKUX HABBIKOB.

st caMOKOHTPOJISL B MPOLECCE U3YUEHHS] TEOPETUUECKOTO
MaTepualia cielyeT OTBETUTh Ha KOHTPOJIbHBIE BOMPOCHI, MPHU-
BEJIEHHBIE B KOHIIE KaX0r0 paszaena. Pemenue 3axaq no npea-
JIO’)KEHHOW METOJIMKE MO3BOJIUT 3aKPEMUTh MOJTYYCHHBIC 3HAHUS
Ha MPaKTHUKe.

KoHTponbs camocTosTenbHOM paboThl CTYIEHTOB OCYIIECT-
BIsieTCsl B (hopMe YCTHOTO OMPOCa, BHITOTHEHHS] WHIUBUIY-
aJBHBIX 3aJIaHUI U KOHTPOJIBHBIX PaboOT.



OCHOBHBIE ITOHATHUA U ITOJIOKEHUA

TensioTexHuka — oOLIETEXHUYECKAsT AUCIUIUIMHA, H3Y-
yaronias METOJbl TMOJYyYCHHs, TMPeoOpa3oBaHus, Nepeaadyu H
WCIIO0JIb30BaHUSI TETUIOTHI, a TAK)KE MPUHIIUIBI IEUCTBUS U KOH-
CTPYKTHBHBIE OCOOCHHOCTH TEIUIO- M IApOreHEepaTopoB, Tel-
JIOBBIX MallMH, alapaToB U ycTpoulcTB. Mimeer aBa pasnena:
TeXHUYECKass TePMOJAMHAMHUKA M TEIUIoNepenaya; oomas Ter-
JIOTEXHHUKA.

TepmoauHAMHKA — TECOPETHUECKUN pa3fell, U3y4aromui
SHEPTUIO U €€ CBOMCTBA. TexHn4eckass TepMOJAMHAMHUKA, HC-
MOJIb3Yysl 3aKOHBI TEPMOJMHAMHKHU, HM3y4aeT B3aUMHbBIEC IMpe-
BpAIIIEHUs TEIJIOTHl U MEXaHUYECKON pabOoTHhI.

TexHuueckasi TepMOAUHAMHKA SIBJISIETCSI OCHOBOIi Teo-
puu TemoBbIX ABurarenei (IBC)

TepmoauHaMuyecKasi cUCTeMa IPEACTaBIseT co0o0il co-
BOKYITHOCTh MaTEpUAJIbHBIX TEJ, HAXOIAIIUXCS B MEXaHHUYe-
CKOM U TEIUIOBOM B3aUMOJEHCTBUU JIPYr C IPYrOM U C OKpY-
xarorien cpenoi. CuctemMy OTAENAIOT OT OKPY)KArOIIEeH cpelibl
KOHTPOJBHON MOBEPXHOCTHIO (00010uK0if). [Ipocreiimieil Tep-
MOJMHAMUYECKON CUCTEMOM SBIISIETCS pabodee Teno (uaeanb-
HBIH ra3), OCYIIECTBISIONIEe B3aMMHOE TPEBPAILIEHUE TEMIOThI
1 paboTHI.

KauecTBeHHOE paznuuue MOHSATUN «TEIJIOTa» U «pabdoTa
3aKJIF0YAeTCs B TOM, UYTO TeIJI0Ta ecTh Takas (opMa nepesaduu
SHEPTUU, KOTOpasi MPEACTaBIIeT COO0M COBOKYMHOCTH MMK-
podu3uYecKNX MPOLECCOB (Xa0TUUECKOE IBKEHUE aTOMOB U
Moiekyn). Padora ects Mmakpodusnueckasi hopma nepenadyu
SHEPTUH B TIpoOIllecce, T MepeMelIeHue TOYEK MPHIIOKEHUS
CHUJI IOCTYITHO HAlIEMy HEMOCPEACTBEHHOMY BOCIIPUSITHIO.

KonnyecTBeHHYIO 3aBHCUMOCTH IEpPEXoJia TETUIOTHI B Me-
XaHUYECKYI0 Pa0OTy OIpeaenseT MepBbId 3aKOH TePMOAU-
HAMMKM: TeIUIOTA, MOABEAEHHAs] K TePMOIUHAMHYECKOMN
CHCTeMe, PacxoayeTcsi HA M3MeHeHHe BHYTPEeHHell YJHepruu



CHCTeMbI U COBepIIeHHE MeXaHH4YeCKOH padoThl NMPOTHUB
BHEIIIHUX CHJI.
dq =du+dl,
q=Au+l

CBoiicTBa KaXKJ0M CUCTEMBbI XapaKTEPU3YIOTCS TePMOIHU-
HAMMYECKMMH NapaMerpaMu: abCOIOTHOE JaBjieHue, adco-
JMIOTHAs TeMIiepaTrypa, yaeiabHbiidi 00séM. Eciin Bce Tepmonu-
HaMHUYECKHE MapaMeTpbl IOCTOSHHBI BO BPEMEHU U OJMHAKOBBI
BO BCEX TOYKAaxX CHUCTEMBI, TO CUCTEMA HA3bIBAECTCS PaBHOBeEC-
HOM. B TepmMoanHaMuKke paccMaTpuUBarOT PaBHOBECHBIE CHCTE-
MBI.

Bonpocwt ona camonposepxu

Yro n3ydaeT TeXHUUYECKast TEPMOIMHAMUKA?

B 4éMm 3akimogaeTcsi CymHOCTh METO/Ia UICaTH3aInn?

Urto Ha3bIBaeTCs pabOYUM TEIIOM?

UYrto Ha3pIBaeTCS UACAITBHBIM Ia30M?

Yro npencrasiseT co0oi TepMoinHAMHUUYECcKas cuctema’?

Kakas cucrema Ha3bIBaeTCS paBHOBECHOM?

HazoBure 0cHOBHBIE TapaMeTphbl COCTOSIHUS paboyero Tena.

Uto Ha3BIBAIOT YpaBHEHHEM COCTOSIHUS?

UYro moapazymeBaroT IMOJ MOHIATHEM «BHYTPEHHsSI >HeEp-

TUs»?

10. Yro xapakTepusyer Temiieparypa padouero tena?

11. Yro noHMMarOT MOJI TEPMUHOM «ZIaBJIEHUE»?

12. B uéM 3akio4aercsi KaueCTBEHHOE pa3nyhe MOHATUH
«TerIoTa» u «pabdboran?

13. B uém oTamnuue peaqbHOro ra3a oT UAeaibHOro?

14. Ha3zoBure onpezeneHue NepBoro 3ak0Ha TEPMOIUHAMUKH.

CoNoO~WNE



TEPMOJUHAMMNYECKHUE IMPOIECCHI

N3MeHeHne COCTOSHUS TEPMOAMHAMUYECKOW CHUCTEMBI
BCJICJICTBUE BO3/ICHCTBUSI Ha HEE€ BHEIIHEH Cpellbl Ha3bIBAECTCS
TePMOAUHAMHUYECKUM mpoueccoM. IIpu sTom mnpoucxomur
MOCJIeI0BaTeIbHOE U3MEHEHHE TapaMeTpoB paboyero Tena.

Tak npu mepeMenicHHH MOPITHS B HWIHHIPE 00BEM, a C
HUM JIaBJICHHE U TeMIIepaTypa HaXOsAIIerocst BHyTpu rasza Oy-
IyT U3MEHSATHCS, OYJET COBEPIIATHCS MPOLECC PACHIUPEHUS
WJIU CHKaTHSL.

ITpouecchl, MO KOTOPHIMU IMIOHMUMAKOT HENPEPBIBHYIO IO-
CJIeI0BATEJIbHOCTh PAaBHOBECHBIX COCTOSIHUM, 4Yepe3 KOTOphIE
MPOXOJIUT PacCMaTpyUBaeMasl CUCTEMA MPHU U3MEHEHUU CBOETO
COCTOSIHMSI, HAa3bIBAlOTCA PaBHOBECHbIMH. TepMmoauHaMuue-
ry CKMH IIPOLECC, KOTOPBIA MO-

JKET MPOTEKaTh Yepe3 OJIHU U
A T€ K€ PAaBHOBECHBIE COCTOS-
HUS Kak B npsiMoM 1-2, Tak u
B oOpatHOM 2-1 HampaBJeHHU-
X, Ha3bIBAETCSI 00PATHMBIM
(puc. 1). IIpu 3TOM HE Mpouc-
XOJIUT OCTAaTOYHBIX H3MEHE-
HUM HH B CaMOM CHCTEME, HU
B OKpyXxarwouien cpexne. Pas-
HOBECHBIE TIPOIIECCHl — 00pa-
THUMBIE.

JIroboi1 peanbHBIA  TpO-
LIECC B TOM WJIM UHOU CTENEHU
HEpaBHOBECHBI. B TepMOaMHAMHUKE B OTIEIBHBIX CIIydasx
MPOLECCHl MACATM3MPYIOT IyTEM JaonyueHuil. Mneanmzanus
MPOIECCOB YNPOIIAET TEPMOJUHAMUYECKUE HCCIIECIOBAHUSA.
Takoit mpomecc sBrusercs 00pa3ioM, K KOTOPOMY ClIeqyeT
CTPEMUTHCS HA MIPAKTHUKE.

Puc. 1. Tepmonunamuueckuii
mpoIiecc B KoopauHatax P-v



TepMoaMHAMUYECKHE MPOIECCHl MaTEMAaTHYECKH BBIpa-
KAIOTCSI YPABHEHUSMH, CBSI3BIBAIOIIUME MEXIY CO00H OCHOB-
HBIE TEPMOJMHAMHUYECKUE MapaMeTPbl COCTOSHUS pabodero
tema f(P,v,T) =0. B 3aBucuMOCTH OT XapakTepa W YCIIOBHI
NPOTEKaHMsI MMPOIecCa MaTEeMaTHYECKOE BBIPAXKEHHE IMEPBOIO
3aKOHA TepMOAMHAMHUKHA ( = AU + | mprobOpeTraer TO WK HHOE
YaCTHOE 3HAYCHHE.

[TapameTpbl COCTOSIHUS pabOYero Tejia HaxXoasTCs B PyHK-
IUOHAJILHOU 3aBUCUMOCTH:

P=1(T,v); T=1f(P,v); v=£(P, T).

Eciu xoTst ObI OIMH U3 IMapaMeTPOB COCTOSIHUS MEHSAETCH,
TO H3MEHSIETCSI COCTOSHHE CaMOM CHCTEMBI, T.C. MPOMCXOAUT
TEPMOAVMHAMUYECKUH ITPOLIECC.

[pakTHueckuii MHTEPEC MPEACTABIISAIOT YaCTHBIE TEPMO-
JMHAMUYECKHEe Mporiecchl: u3oxopHblii (dv = 0), mporekaro-
MK TOpH TOCTOSHHOM 00BéMe; m300apubiid (dp = 0) — mpu
MOCTOSIHHOM JaBiicHur; n3otepmudeckuii (AT = 0) — npwu mo-
CTOSIHHOM Temmieparype; aauadaThbii (dq = 0), nporekaroruii
0e3 TermiooOMeHa ¢ Okpyxatomiei cpemoit. OO6oOmaromum
MPOIIECCOM, OXBATHIBAIOIIMM BCIO COBOKYITHOCTH OCHOBHBIX
TEPMOJMHAMHYECKHX IIPOIECCOB, SBIACTCA MOJHTPOMHBIM
mpoIiecc.

JInst aHanmM3a TEPMOTMHAMHUYECKHX IPOIECCOB IIHPOKO
UCIIONIb3YETCsI CUCTeMa KoopauHat T-S. [TapameTp S Ha3bIBaeT-
cst IHTponusi (Mepa pacceWBaHUs SHeEpruu). VM3MeHeHHEe 3H-
TPONUU OTPaKaeT CTENEeHb HEOOPATUMOCTH PeaabHOTo Mpo-
1ecca B 3aMKHYTOM CUCTEME.

3ajaya aHaNIM3a TEPMOJHHAMHUYECKOTO MPOIECca 3aKITo-
YaeTCsl B YCTAHOBJICHUHM 3aKOHOMEPHOCTH W3MCHEHHS Tapa-
METPOB COCTOSIHUSI pabovero Tena u 0COOCHHOCTH MpeBpalie-
HUSI SHEPTUH B JIAHHOM TIPOIIECCE.

H3oxopHblii mpouecc onpenensiercs yciosuem dv = 0, T.e.
MIOCTOSIHCTBOM 00BbEMa. YpaBHEHME Ipoliecca NPUHUMAET BUJ



v =const. I'paduku mpouecca npeacrasieHsl Ha puc. 2. U3
ypaBHeHus coctostHus Pv = RT cneayer, 4to

R/v = p/T = const,

T.C. JIaBJICHUE WJICAILHOrO Ta3a MpsSMO IPOIOPIHOHAIBEHO €ro
abconrotHol Temmeparype. Tak kak dv = 0, To pabora pacuu-
peHust (cxkaTHs) B JIaHHOM IIPOIIECCE HE COBEPLIACTCS, a BCS
nozaBenEHHas (OTBEACHHAs) TEIUIOTA, COTJIACHO IEPBOMY 3aKO-
HY TEPMOJMHAMHUKH, PACXOJyeTCs] Ha U3MECHEHUE BHYTPCHHEH
SHEPIHH Tella:

dg = du.

H300apHbIii mpouece XapakTepus3yeTcs MOCTOSTHHBIM 3Ha-
yenueM nasieHus, dp = 0. YpaBHeHue mpoiiecca UMEET BHUJ
p =const. I'paduxu mpouecca npeacraBieHsl Ha puc. 2. U3
YpaBHEHUSI COCTOSIHUS MIE€ATIbHOIO ra3a MoJIyYuM:

v/IT = R/p = const,

T.€. 00BEM UAEATHHOrO Ta3a MPSAMO MPOIMOPLUOHANIEH ero ad-
comoTHOM Temneparype. [logsenénunas (oTBeneHHAs) TEIUIOTA,
pacxoayeTrcsl Kak Ha W3MEHEHHME BHYTPEHHEH JHEpruu Tena,
TaK U Ha COBEpIICHHUE PadOTHI:

dg=du +dl

HN3oTepmMuyecknii mpouecc NnpoTeKaeT MpHU NOCTOSHHOU
temneparype, dT = 0. VpaBHenue mporecca — pv = const.
I'paduku mporecca npeacraBieHsl Ha puc. 2. U3 ypaBHeHuUs
COCTOSIHMS CIIEYET, YTO

p1/p2 = Valvy = const,

T.e. 00bEM U JIaBJICHUE UJEaJBHOr0 raza o0paTHO MPOMOPLHO-
HanpHbl. Tak Kak TemIeparypa IIOCTOSIHHA, TO W3MEHEHHUE
BHYTpeHHEH SHepruu paBHO Hymwo, du = 0. IlepBblii 3akoH
TEPMOJAVHAMUKH IIPUMET BUJL:

dg =dI.



[TosTomMy Best mozBeAéHHAsE K paboueMy Tely TerIoTa pacxo-
JIyeTCsl Ha COBEpPIIICHUE PAOOTEHI.

AnuadaTHbIN MPoLecc — ATO MPoLiecC, MPOTEKAIIHKN 6e3
TerooOMeHa ¢ okpykaromiei cpemoi: dq = 0. YpaBuenue
npoiiecca pvk = const, rae kK — mokasarens aguabarsbl (JUist Of1-
HOATOMHBIX ra3oB K = 1,67; nByxatoMubix — K = 1,41; Tpex- u
oonee — k = 1,33). [Tockonbky K > 1, To Ha rpaduke B KOOpIH-
HaTtax P-V quHus aguadathl UAET KPyde U30TEPMBI.

CoriacHO TepBOMY 3aKOHY TEPMOJMHAMHKUA paboTa B
annabaTHOM MPOIECCE COBEPIIAETCS 3a CUET U3MEHEHUS BHYT-
peHHel SHeprun pabouero Tena:

dl =—du.

IMonuTponHblii MNpolecc ONUCHIBACTCS  YpaBHEHHEM
pv" = const. TTokazaTenb MONTUTPONBI N MOKET IIPHHUMATE JIHO-
00€ 4MCIEHHOE 3HAaueHHUe B IpeJiesiax OT —00 10 +00, HO JUIs
JAHHOTO MPOLECCa OH SABJISIETCS BEIMUMHOM MOCTOSIHHOM.

[TonutponHeid mporecc uMeeT oOoOIIaroliee 3HauYCHHE,
TaK KaK OXBaThIBaeT BCIO COBOKYIMHOCTh OCHOBHBIX T€PMOJU-
HaMHYECKUX mporieccoB. He TpyaHo yoenuThest, 9To:

- ipu 1 = 0, pv" = const u p = const (M306apHEkIii Iporecc);
-npu n = 1, pv" = const u pv = const (u30TepMHUYECKHUii PO-
1ecc);

- pu n =k, pv" = const u pvk = const (axguabaTHbI npoiecc);
- ipu N = o0, pV" = cONSt u V = const (130XOpHEIii Iporecc).

Ha puc. 2 nokazaHo B3aMMHOE pacrojioXeHHe IrpadukoB
TEPMOAMHAMMUYECKHX IPOLIECCOB C PAa3HBIMHU 3HAYEHUSIMU I10-
KazareJss MOJUTPONkl B KoopauHaTtax P-v u T-S. Bee mporeccsr
HA4YMHAIOTCS B OAHOMN TOYKE.

N3oxopa (N = £00) nenut nose quarpaMMbl Ha J1Be o0ac-
THU: TPOLECCHI, HAXOAAILIUECS MPABEE M30XOPbI, XapaKTepU3y-
I0TCSA TIOJIOKUTETIbHOW pabOTOM, Tak KaK CONPOBOXKJIAIOTCS
pacupenreM pabouero Tena; A MPOLECCOB, PACIIONOXKEH-
HBIX JIEBEE N30XO0pPbl, XapaKTepHa OTpULIaTeNIbHas padoTa.
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n=+s

n=k
Y S

Puc. 2. M300pakeHrEe OCHOBHBIX TEPMOJIUHAMHUECKUX MTPOIIECCOB
HJeaIbHOTO Ta3a B KoopauHarax P-v u T-S

[Iporeccsl, pacmofioKeHHbIE MPaBEEe U BBINIC AaUA0ATHI,
UIYT C TMOJBOJOM TEIUIOTHI K pabodyemy Teiy; MpOIEcChl, Je-
Kalllke JieBee W HUXKEe aauadathl, MPOTEKAlOT ¢ OTBOJOM Tell-
JIOTHI.

st mporeccoB, paciionoKEHHbBIX HaJl u30TepMoi (n = 1),
XapakTEepHO YBEIUYEHUE BHYTPEHHEH »HEPruu rasa; mpouec-
Cbl, PACIOJIOKEHHbIE TIOJl HW30TEPMOM, COIPOBOXKAAIOTCA
YMEHBUIEHUEM BHYTPEHHEHN SHEPTUU.

[Tporueccesl, pacronoxeHHbIe MEXy anuadaTol U U30Tep-
MOM, UMEIOT OTPHIATEIbHYIO TEIJIOEMKOCTb, Tak Kak dq u du
(a cnemoBarenbHo U A7) UMEIOT B 3TOM 00JaCTH MPOTHBOIIO-
JI0XHBIe 3HaKU. B Takux mporeccax |l| > |q|, mosTomy Ha co-
BepIIeHUE paOdOTHI MPU PACITUPEHUN TPATUTCS HE TOJIBKO MOJI-
BOAMMAasl TEIJIOTa, HO U YacTh BHYTPEHHEH 3Hepruu pabodero
Tena.

3agaua 1
s ee perieHUs: HEOOXOAMMO M3YYHTh Pasleibl MO Ta3o-
BBIM 3aKOHaM, TEIJIOEMKOCTH Ta30B, MEPBOMY 3aKOHY TEPMO-

JMHAMUKH, TEPMOJAMHAMUYECKHUM IpoLEeccaM, JHTAJbIIMU U
SHTPOIIUH.

11



YciaoBus 3a1a4n:

B nponecce n3menenus cocrosinus 1 ke raza ero BHyTpeH-
Hs SHeprus yBenuuuBaercs Ha A U. [Ipu sTom Hax razom co-
BepiiaeTcs pabota, papuas |. HavanpHas temmeparypa rasa ty,
KOHEUHOE JaBiicHue Po.

Onpenenuts A 3aJJaHHOTO Ta3a MOKa3aTeb MOJIUTPOIIBI
N, Ha4YaJIbHbIE U KOHEYHBIC MapaMeTpbl, U3SMEHEHUE SHTPOIUU
AS u u3Menenue sHTanbnuu Al. IlpeacraButs rpaduk mpo-
necca B P-v u T-S xoopaunarax. M300pa3uth 3meck xe (0e3
pacueTta) M300apHBIN, W30XOPHBIA, M30TEPMUUYECKUI U ajua-
OaTHBIA TIPOIECCHI, MPOXOMASAIIUE Yepe3 HaualbHYIO TOUYKY, U
JIaTh UX CPABHUTENIbHBIN aHATIU3.

JMano: Omnpeneanrs:
Au = 200 xforc/ke; n;

| =— 63 x/oc/ke; P1;

t1= 27°C; Vi, V2,
P;=4-10° Ia; t;
VYrekucisii ras (CO,) AS; Al
Pemenne:

Koneynas temmneparypa mporecca Onpenensercsa U3 BbIpa-
KEHUs JUUIsl U3MEHEHUsI BHYTpeHHel sHepruu, °C:

t, =£+tl =ﬂ+27=327,
C, 0,666

rae Cy — yAenbHasi MaccoBasi TEIMJIOEMKOCTh B IIPOIIECCE MOCTO-
SHHOTO 00bEMa (k/[oc/(ke-K)), BbIUMCIsieMass U3 CO-
OTHOIIICHUA:

C. _ 2931
Y7, 44

C, = = 0,666.

3HaYeHHs yIeabHOW MoJbHOU TemtoemMkoctu Cyp, mpen-
CTaBJIeHBI B TabuIle 1, a MOJIApHOI MacChl 4 — B TabmuIe 2.
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Tabmuna 1

Cpennue Tenj0eMKOCTH ra3oB, K/c/(kmons K)

T'a3mr CHV Cﬂ p
OnHOoaTOMHBIE 12,56 20,93
JIByxaToMHBIE 20,93 29,31
Tpex- 1 MHOTOaTOMHBIE 29,31 37,68

Tabmuia 2
MoJisipHbI€ MacChl Ta30B, K2/KMOJlb
HaunmenoBanue Monsipnas
dopmyna

rasoB macca
Boznyx - 28,970
Vrexkucaslii ra3 CO; 44,010
Kucnopon 0O, 32,000
Asor N, 28,016
Meran CH,4 16,043
I'enuit He 4,003
Bonopon H; 2,016
Okwucsk yrmepona CO 28,010
Bonsiaoi map H>0O 18,016
AMMHak NH; 17,032
CepHUCTBIN Ta3 SO, 64,060

[Toka3zarens MOTUTPOIBI ONPEAENISAETCS U3 BBIPAKEHUS IS
paboTHI Iporiecca:

R 189
n=—(T, -T,)+1=
|(1 2) — 63000
rae T]_: t1+ 273=27+273=300K,
T,=t,+ 273 =327 + 273 =600 K;

(300-600)+1=19,
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R — wnauBuayanbHas razoBas IOCTOsSHHAasA, /{oc/(ke K),
orpeensieMasi BRIpAKCHUEM:
R, 8314

R=—=——-=189.
7, 44

3neck R, = 8314 Joc/(kmons -K) — yHUBEpcallbHas Ta30Bast
IIOCTOsTHHAas.

[To 3Ha4YeHHIO MOKA3aTessl MOJMTPOIBI OMPEAEISeM Ipo-
necc. Ecimu n = oo (I = 0), To nporiecc uzoxopHbiit. s uzo-
XOPHOTO IPOIEcca HaYaIbHOE JaBICHHE Ta3a MOKHO HAWTH U3
COOTHOIIIEHUS IIapaMeTpoB, //a:

Ecnu n = 1, nponecc uzorepmuyeckuid. s nzorepmuue-

CKOI'O ITpoucecca:
| |

R =P 6" =R, 2,727

[Ipn npyrux 3HaY€HUSAX MMOKA3aTEINs MOJIUTPONBI IPUMEHS-
eM (hopMyIbl IS TOTUTPOITHOTO MpoIiecca.

n 1,9
n-1 1,9-1
P - P{H —4.10° -(%jl’g "~ 92587,

2

HavanbHbplli 1 KOHEUHBIN 00BEM OIPENEIIOTCS U3 Xapak-
3, .
TEPUCTUYECKOTO YPABHEHUS COCTOSTHUS Tasa, M /K.

y R _189:300 0.
P, 92587

v, KT _ 189-680 o280
P, 410

V3MeHeHue SHTPONHUU COCTABUT, K/[oic/ (ke K):

14



T P
As=s,-5,=C, -k-In£-R-In-2=
T P

5
=0,666-1,29- In@—0189 In 4-10 =0,318,
300 7

rne R — wnauBuyanbHas ra3oBas mocTosiHHAsA, K/ [/ (ke K);
Kk — mokasarenp aauadarsl, ONMpeae/IIeMblil 3aBUCHMOCTBIO:

C
Ko P 3768_129
C, 2931
C,p: C, — BoiOuparorcs u3 Tabmuus! 1.

W3meHeHue 2HTaNbIIUKU B TIpoLiecce, K/[oc/ke:.

Ai=i,—-i,=C,(T,-T,)= C”P(Tz—Tl)z
U

_37.68 -(600—300)=256,9.

s moctpoenus rpaduka mporecca B KOOpAUHarax [-S
(puc. 3) cnenyer BBIYMCIWTH 3HAYEHHME SHTPONMHU raza B Ha-
YaJIbHOM COCTOSIHUU 10 hopmyie, k/[oc/ (ke K):

T P
$,=C, -k-ln—-R-In——=
273 1,01-10

—0,666-129-In°%° _0189.1n 22287 _
273

1,01-10°

=0,0817-0,129 =0,097.
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P,
MII
0’2 1 2 ‘ usoxopa
0.3 .a()uab'ama
usomepma
0,2 1
0,14 usobapa
P o 1
02 03 04 05 06 0,7
3 3 1, .M3/1CZ
T, K
600 haduao’ama 2
500 usoxopa
usobapa
400
300

usomepma

200

0 01 02 03 0dg o re/(xeK)

Puc. 3. N300pakeHne TepMOIUHAMHYECKHX TPOIIECCOB
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N

10.

11.
12.
13.
14.

15.
16.

Bonpocwut ona camonposepku

UYto Ha3bpIBAETCS TEPMOJAMHAMUYECKUM IIPOIECCOM?

Kakue nporecchl Ha3bIBatOT 00PaTUMBIMU?

HazoBuTe TepMoanHaMuyYecKue MPOLECCHl ISl HIealbHO-
ro rasa.

[Ipy kakux YCIOBHSIX MPOTEKAIOT TEPMOJIMHAMUYECKHE
npoiecchl?

H3o6pasure rpa@uku TEpMOAMHAMUYECKUX IPOIECCOB B
Koopaunarax P-v u T-S.

[TpuBenuTe BhIpaKEHUE AJISL ONPENETICHHs KOINYEeCTBa Te-
IUIOTHI, YYAaCTBYIOIIETO B KaXKJIOM U3 YETHIPEX OCHOBHBIX
TEPMOIMHAMUYECKHUX MPOIIECCaX.

B kakoMm nporuecce BCsl MOABEAEHHAS TEIUIOTA PACXOAYETCS
Ha COBEpIICHHE BHEIIHEH paboThl, a B KAKOM Ha M3MEHe-
HUE BHYTPEHHEH sHeprun?

B xakoM TepMoarHaAMHUECKOM MPOIECCE sl COBEPIICHUS
paloTsl He TpedyeTcs MOABOUTH TEILUIOTY K pabouemy Teiry?
KakoBbI mokazaTenu HOJUTPOIBI AJiE OCHOBHBIX TEPMOIU-
HAaMHUYECKUX MPOIECCOB U3MEHEHUS COCTOSTHUS UJ€alIbHO-
IO ra3a ¥ Ha 4TO OHU BIIHSAIOT?

IIpuBenuTe BBIpaXKEHHE [UIsl ONpPENEICHUS BHYTPEHHEU
SHEpruu pabouero Tena.

Uro Takoe paboTa pacmiupeHHs U OT YeT0 OHA 3aBUCHUT?
Yro Takoe TEINIOEMKOCTB ra3a U OT YEero OHa 3aBUCHUT?
Kaxkast OpIBaeT TETIOEMKOCTD U B UEM U3MEPSIETCS?

Yro Takoe 3HTANBIMS U YEM OHA OTJIMYAETCSI OT BHYTPEH-
Hell sHeprun?

[TosichuTe (hrU3MYECKHI CMBICI SHTPOIINH.

Kax u3mensieTcst sJHTpOIMs B HEOOPATHUMBIX TIpolieccax?

17



TEPMOJNHAMUMNYECKHUE HUKJIbI

s ocyliecTBIEHUsT HENPEPBIBHO IEHCTBYIOLIEH TEIUIO-
BOM MalIWMHBl HE OJWH M3 TEPMOJMHAMHUUYECKHX IPOLIECCOB B
OTJIEIBHOCTH HE MOKET OBITh HCIIOJIb30BAH, HECMOTPS Ha €ro
TepMOJUHAMHUUECKHe Mpeumylnectsa. Bee mpoueccsl TpeOyroT
HEIPEPBIBHOIO JBM)KEHUS IOPIIHS B OJHOM HampasicHuHU. B
peaIbHBIX MalllMHaX TpeOyeTcsl MOCTOSHHOE MOBTOPEHHE pa-
004MM TeJIOM IpoIlecca PacUIMPEHHs, T.€. BO3BpAIICHUE Tela
MOCJIe pacHIMPEHUsl B HAUYaIbHOE COCTOSIHHE, YTO MOXET OBbITh
BBIITOJIHEHO ITPU IIOMOIILM IIPOLIECCA CHKATHUA.

TakuM 00pa3oM, B HEMPEPHIBHO JCHCTBYIOILIEH TEIJIOBON
MalIMHE B JIONOJHEHUE K MPOLECCY PACIIUPEHUS HEOOXOIUMO
OCYIIECTBUTh OOpaTHBIN MpoIlecc — MPOIecC CXKATHsl, B pe-
3yJbTaTe KOTOpOro pabouee Teyno OyneT BO3BpAICHO B Ha-
yanpHOe paboTocmocoOHoe cocTosiHue. Takoil 3aMKHYTHIH
IIPOLIECC HA3BIBAETCS KPYTOBBLIM MPOLECCOM WU HHUKJIOM.

Jns mpeBpallleHusl TEIUIOBOM HEPrUU B MEXAHUYECKYIO
paboTy TemIoBbIe ABUTATEH JOJDKHBI UMETh TOPSIYMii HCTOY-
HHUK TelJIoThl, paboyee TeJo,
lopauuit ucmounuk COBEPUIAIOIIEE 3aMKHYTBIA KpYy-

meniomol T) roBoW mporecc (IUKI), U XO-
JIONHBI MCTOYHMK TeII0ThI
(puc. 4). T'opssuuM UCTOYHUKOM
CIIY’)KMT XMMMYECKas peaklus
CXKUTaHMS TOIUIMBA, a B Kaue-
CTBE XOJIOJHOTO HWCTOYHHKA
HCIIONB3YETCS  OKpYyXKarouas
cpena — atmocdepa.

Ha puc. 5. momans ¢ury-
pst  ABCEFA »okBuBasieHTHa
Puc. 4. TepmoguHamMmuueckas paboTe paciMpeHns, TIomah

cxema teruiosoro msuratens  PATypst  CEFADC  —  pabore
cxatus. B pesynbrare Kaxibli

Xosio0nwiit uemounur
men.aomut T
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KHJIOTpaMM pabodero Tejia COBEPIIAeT 3a IUKII MOJIC3HYIO pa-
oory l,, osxBuBanenTHy wioniaaun ABCD, orpaHn4eHHON KOH-
TypoM IukJa. TerioTa, MoJe3Ho UCTOIb3yeMasl B IUKIIE, PaB-
Ha Pa3HOCTHU TOJBEJCHHOW W OTBEICHHOW TEIUIOTHI M SKBHBa-
nenTtHa momaau abcd (puc.S).

P T | “11

F E
0 v 0 s

Puc. 5. I'padprueckoe n3o0pakeHUE IIUKIOB

CoBepLIEHCTBO MPSIMOIO ILMKJIA OLEHUBACTCA TEepMHUUE-
ckuM koddurmentom nonesnoro aeiicteus (KII) u onpene-
JsieTcs OTHOIIEHUEM paboThl IMKJIA K KOJMYECTBY TEIUIOTHI,
M0/IBEIEHHOMY K paboueMy Tely OT ropsuero UCTOUYHHUKA.

n =|_14= 0 —-0, :1_&'
T o

TexHudeckas TepMOJAMHAMHUKA PACCMATPUBAET IIPOLIECCHI U
HauBBITO/IHENIIIEE UX KOMOWHHUPOBAHUE, ITPH KOTOPBIX JOJIKEH
ObLT ObI paboTaTh TEIUIOBOW [BHratellb (B YaCTHOCTH JBUIa-
Tenb BHyTpeHHero cropanus ([IBC)) B umeanbHBIX yCIOBUSX,
yTOOBI JaTh HamOoNbIui padounii r¢dext. [lpu paccmorpe-
HUU HJEaJbHBIX LUKIOB HCCIEAYIOT IPOLECCHI, NPOUCXOIs-
e B nuuHApe JABC, u oneHuBarOT (hakTOphl, BAUSIONINE HA
tepmuueckuit  KIIJ[. HauOonblnee 3HaueHHe TEPMHUYECKOTO
KII/I B paccMaTpriBaeMOM HMHTEpPBAJIE TEMIEPATyp UMEET LUK

19



Kapno, cocrosmuii u3 AByX aauabaTHBIX U JIBYX H30TE€pMHUYE-
CKHUX IIPOLIECCOB (B PEaIbHBIX YCIOBUSAX HE OCYLIECTBUM).

Nzyuenne nneanbHbix mukiioB [IBC umeer Ooibioe mpak-
TUYECKOE 3HAYEHUE, TAK KaK JAeT BO3MOXHOCTb IIPHU ITOMOIIHU
OIBITHBIX JAHHBIX IEPEHECTH PE3YJbTaThl MX HM3y4EHUS Ha
JeWCTBUTENbHBIEC pab0YHe MPOLIECCHl MALLIH.

B 3aBucumoctu ot criocoda noaBeAeHUs TEIIOTHl pa3iu-
YaloT TPU TEPMOJIMHAMUYECKHUX ILIMKIIA, ONpeesiomue padbo-
YU MPOLECC IBUTATENEH BHYTPEHHETO CTOPAHMUS:

- C MOJBOJOM TEIUIOTHI MPH MOCTOSIHHOM 00b&Me — IUKJI
Otro (v = const). [lukn xapakrepeH sl ABUraTeNieil ¢ UCKPO-
BBIM 3Q)KHTaHUuEM cMecH (OEH3MHOBbIE, TA30BbIC);

- C MOJBOJOM TEIUIOTHI NMPHU MOCTOSSHHOM [AaBJIEHUM —
uuka dusens (p =const). Ilo maHHOMY IMKIy pabOTarOT
KOMITPECCOPHBIC TU3EIbHBIC ABUTATENIN, B KOTOPHIX TOIJIUBO B
LMAJIMHAPAX PACHbUISAETCS CXKAThIM BO3IYXOM;

- CO CMEILIAHHBIM MOABOAOM TEILIOTHI, T.€. C IIOJBOJIOM
TEIUIOTHI KaK MPH MOCTOSHHOM 00bEME, TaK U MPH MOCTOSHHOM
narneHnr — mukJa Tpunkiaepa (v = const, p = const). [ukn
XapakTepeH A OECKOMIIPECCOPHBIX JIU3eNei ¢ paciblICHHEM
TOIUTMBA B IUJIUHAPAX OT MEXAHUYECKOTO CIKATHSI.

JIBa mocnenHMX ULMKJIA XapakTEepHbl Uil JABUTATENed C
BHYTPEHHUM CMECE00pPa30BAHUEM.

Huka OTTO COCTOMT M3 JIBYX HM30XOp M JABYX aauadar
(puc. 6). Imes HauanpHOE naBlieHUE p1 U O0BEM Vi (TOJIOXKe-
Hue mnopuHA |), roprodas cmech mojBepraercs B LMIMHIpPE
annabatHoMy cxkatuio (Jiuaus 1-2) 10 oO0bema V; (IOJ0KEHHE
nopiuns 1), BcrneacTBue yero ero JaBieHUE BO3pACTaeT /10 .
Jlanee npu NOCTOSTHHOM 00bEME, 00YCIIOBIEHHOM OCTaHOBKOM
MOPIIHS B BEpXHEH MepTBOW Touke, (IMHHUSA 2-3) K TOprouei
CMECH MOJBOJIUTCS HEKOTOpPOE KOJUYECTBO Temyia (i (rope-
HUE), BCIEACTBUE YEro €ro JaBJeHHE Bo3pacTaeT a0 ps. lo-
CTOSIHCTBO 00BEMA OOBSACHSAETCS MPAKTUUYECKHM MIHOBEHHOM
CKOpPOCTBIO CTOpaHMs TOIUIMBA, HAXOMSIIETOCcs B COCTaBe To-
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proueit cmecu B IwmHApe asurarens. [locne atoro ra3 (mpo-
JIYKTBl TOPEHUs) aaquabaTHO pacIIUpseTcs 10 o0beMa Vi = Vi
(nonoxenue nopwHs ). Ot raza B ©30XopHOM npouecce (JIu-
Hust 4-1) OTBOOUTCS B XOJOJMIBHUK TEIUIO (2 (IIPOMCXOIUT
MIHOBEHHOE€ NJICHUE AaBJIEHUS IPOAYKTOB TOPEHUS C P4 10 P1
IIPH OTKPBITOM BBIITYCKHOM KJIallaHe) ¥ pabouee Telo MPUXOo-
JUT B MepBOHauYaibHOE cocTosiHue (Touka 1). Iporece mane-
HUS JIQBJICHHS B IWIMHIPE BCICACTBHE BBIXJIONA IMPOIYKTOB
cropanus B aTMoc(hepy YCIOBHO MPUHUMAETCS 33 M30XOPHBIN
nporecc 4-1, Tak kak paboTa IMpH BBIXJIOINE paBHA HYIIIO.

P| 3 3
I T
9,
m"ﬁ
l
T 2| 44,
N e B X 4
=i B I SR
el V) pe— * v 0 §
i ()]

Puc. 6. Tepmonunamuueckuii nuki IBC ¢ mogBoaoM TEMIOTHI
IpH MOCTOSTHHOM 00BEMe (1K OTTO)

HpOHGCCI)I BITYCKa M BBIITYCKA, OCYHICCTBIIACMBIC TIPpU HU3-
MCHAKOIICMCA KOJIMYECTBEC I'a3da U HC ABJIAIOMUCCI TCPMOIHUHA-
MHUYCCKUMU, B TUKJIC HC paCCMaTPHUBAKOTCA.

OcHoBHoOe oTnuyne nukiaa Jusenst (puc. 7) 3akimrovaercs
B TOM, 4TO T0/ia4a TOTUTMBA B IUJIMHAP U, COOTBETCTBEHHO, €TO
CrOpaHu€ pPACTSIHYTO BO BpEeMEHU. A TaKk Kak B pe3yJbTare
MMHEBMATHUYECKOTO PACTBUICHHS B IIWJIMH/IP IMOCTYMHAET MPAKTH-
YECKU TOTOBAsi rOprovasi CMECh, BOCIIIAMEHSETCS MTHOBEHHO U
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TrOpUT IO MCPEC NOCTYIJICHUSA, TO POCT HABJIICHUA KOMIICHCUPY-
€TCA YBCIMUCHHUCM 00BéMa HUIMHApPaA B pE3YIbTaTC ABUKCHHUA
MOPIIHA B HUXXKHIOKO MCPTBYIO TOUKY. B utore IoABOA TCIIJIOTHI
IIPOUCXOJUT ITPH IMOCTOSHHOM OaBJICHUU.

qI
2 3 r

)
I
&

4 q2
— i
A 1 |
ol b v 0

—
— -

g1

Puc. 7. Tepmonunamuueckuii iuki JIBC ¢ moaBoI0M TETLIOTHI
TIPY TTOCTOSTHHOM JAaBiieHun (1K1 [u3zerns)

Huka Tpunkiepa (puc. 8) nmpeaycMaTpuBaeT MeXaHHUYe-
CKUI pacnbul TOIUIMBA MPU MOCTYIUIEHUHU €r0 B LIUJIUHAP Yepe3
¢bopcyHKy. DTO MPHUBOAMT K 3aJe€pXKKE BOCIJIAMEHEHUS, BO
BpeMsi KOTOpPOW NMPOMCXOIUT cMeceoOpa3oBanue. K MoMeHTy
BOCIUIAMEHEHUS TOPHOYEH CMECH B LIWJIMHAPE HaKaIIMBacTCS
HEKOTOpOE KOJIMYECTBO TOIUIMBA U €r0 CTOPAHHUE IPOUCXOUT B
YCIOBHAX MOCTOSSHHOTO 00BbEMa, Kak U B KapOIOpPaTOPHOM JBH-
rarene. Ho Tak kak mojaya TOIUIMBA pacTsSHyTa BO BPEMEHH,
TOPEHHE TNPOAOIKAETCS NPHU JBWKEHUM IOPIIHS Ha TAaKTe
paciiipeHus ¥ 1aBjIeHHe B HUJINHIPE IPHU 3TOM, KaK U B IIUKJIE
Ju3enst, ocTaércss HOCTOSTHHBIM.

Hpoueccm CcXKaTusd, pacliupeHHud W OTBOJA TCIIOTBI BO
BCEX TpéX OUKIaX OJUHAaKOBBI.
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Puc. 8. Tepmonunamuueckuii uki JIBC co cMeIanabpM OABOIOM
TeruIoTh (ukI TpruHKIepa)

Huxnsr JIBC xapakTepu3yloTcs rmapaMmerpamu IUKIIa: CTe-
MIEHbIO CHKATHS €, CTEIICHBIO MOBBIIICHUS JABJICHUS A U CTele-
HBIO MIPEBAPUTEIIBHOTO PACIIUPEHUSA .

CoBepuieHCcTBO KA orleHuBaeTcs: repmudyeckum KIT:

1 Ap* -1

:1— . .
T T ) v ka(p-1)

[{rky1 co cMenIaHHBIM MOJBOJOM TEIUIOTHI IPU MpaKTHYE-
CKOM NPHUMEHEHUU MMEET HECKOJbKO OOJbIINI TepMUYECKUN
KII/l 1 HaxoWUT MHUPOKOE IPUMEHEHNE B COBPEMEHHBIX JIBUTA-
TEJAX BHYTPEHHETO CrOPAHHUS C BOCIUIAMEHEHUEM OT COKaTHS.

3amaua 2

Jlns perenust 3a7ja41 HEOOXOAMMO HCIIONIB30BaTh TEOPETH-
YECKHIl MaTepuall Mo TePMOJWHAMHYECKHUM TIpolieccam, Tell-
JIOEMKOCTH W SHTPONHH Ta30B, a TAKXKE MEPBBIA U BTOPOM 3a-
KOHBI TepMOJII/IHaMI/IKI/I.

YcaoBus 3aaaum:

Onpenenuts mapaMeTpbl pabodero Teila B XapaKTEPHBIX
TOYKaX MJEaTbHOTO IIUKJIA OPLUIHEBOTO ABUTATENsl BHYTPEHHE-
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rO CropaHus €CJIM U3BECTHBI AaBieHue P; u temmeparypa t;
pabouero Tena B Hayaye CxKaTusl.

CreneHb CKaTus &, CTCNCHb IMOBBIIMICHUS AaBicHHUS A ,
CTENEHb MPEIBAPUTEIBHOTO PACIIUPEHUs O — 3aJaHbl UHIU-
BHU1yaJIbHO.

Onpenenuts paboTy, HOTy4aeMyro OT IIUKJIA, €T0 TepMUYe-
ckui KIIJl u m3MeHeHHe SHTPONHMH OTHAEIBHBIX IPOLECCOB
nukiaa. 3a pabouee TENO MPUHATH BO3IYX, CUMTAsl TEIIOEM-
KOCTbh €r0 B PAaCUETHBIX MHTEPBAJIAX TEMIIEpaTyp MOCTOSHHOM,
MOCTPOUTH HA MUJUTUMETPOBON Oymare B MacmiTade 3TOT LUK
B koopauHatax P-v u 7-S. [lath K moiy4eHHBIM rpadukaMm co-
OTBETCTBYIOILIUE MOSICHEHHUS.

Tab6mumna 3.
HUcxoaHapie JTaHHBIE 1 HCKOMBIE IIOKA3ATeIN

JaHo: Onpenenurn:

P1=0,09 Mlla, V1, Vo, V3, V4, Vs, S2-S1,

t; =40°C, P2, P3, P4, Ps, S3-S2,

¢ =11, T2, T3, Ty, Ts, S$4-S3,

A =16; l, S5-S4,

p = 1,2. Mys S1-Ss.

Pelenmne:

VYnenpHbI 00BEM BO3IyXa (M3/K2) B Touke 1 1ukia, coot-
BETCTBYIOIECH HAYaJIbHOMY COCTOSTHHIO, HAXOJHUTCS U3 Xapak-
TEPUCTUUYECKOTO YPABHEHUS:

LU 287 -(273+ 40)
P 0,09-10°

rae R = 287 /[c/(ke'K) — vHIuBHyallbHAS TA30Bast TOCTOSHHAST
BO3yXa.
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Tak kak cxaTrue MPOUCXOAHUT MO aaradaTHOMY IPOLECCY
(puc. 6-8), To mapaMeTpbl COCTOSTHUS paboyero Teina B TOYKE 2
IIUKJIA OMIPEIEISATCS BBIPAKECHUSIMHU:

v _10

vV, =— =0,0588.1° / ke;
e 17

T, =T, ¥t =313.17"*! =1000K,
rae K — mokasarens aguadarsl, Uit Bo3ayxa paseH 1,41.

p, = Nz _ 2871000 _ 403005 17 - 488 MiTa.

v, 00588

B npouecce 2-3 nukia ocymecTBIsSETCS W30XOPHBIA MOA-
BOJI TEIUIOTHI B KojudecTBe (1. Mcxoas u3 aToro, mapamerpol
pabouero Tena B Touke 3 OynyT UMETh CIIEIyIOIINe 3HAYCHUS:

V3 =V, = 0,0588 1’ /kz;
T,=T,-4=1000-1,6 =1600K;
P,=P,-1=488-16=781MIla

Jluaus 3-4 Ha auarpamme M3o0pa)xkaeT M300apHBIN MpO-
1[ecc MoABOAA TEIUIOTHl B KonuuecTBe (7. Mcxonsa u3 ycnoBuii
n300apHOrO Iporecca, napameTpsl pabouyero tena B Touke 4
COCTABHT:

P4 = P3 = 7,8] MHCZ,‘
Vv, =V, - p=0,0588-1,2 = 0,0705n° / x2;
T, =T, - p=1600-1,2 =1920K.

JlanpHeWmmii mpoiiece pacuimpeHus MPOUCXOIUT Mo aaua-
Oare 4-5. [TapameTpsl cocTOSTHUST paboyero Tejia B TOUKE S OIl-
PENETSIOTCS BHIPAKECHUSIMHU:

Vs = vy = 1,0 v/ke;
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T, =T, -A-p* =313-16-1,2""" = 648K;

_R-T, 287-648

P
* oy 1,0

=185976 /1a= 0,186 MIla.

KonuvecTBo MoiBeeHHON TEIIOTHI B UKIIE (K/[oic/ke) co-
CTaBHT:

Q, = ql/ +q1” =C, '(Ta _T2)+CP '(T4 _Ta):
=0,722-(1600 -1000)+1,012- (1920 - 1600) = 757,
rae Cy = Cul = 0,722 x/]oic/(k2°K),
C, = Cyplu = 1,012 x/lowc/(xe'K) — COOTBETCTBEHHO Y/IEIb-

HBIC MACCOBBLIC TCIINIOCMKOCTH BO34yXa B IIpoHeccax
MMOCTOSIHHOrO 00bEMa U MOCTOSIHHOT'O JaBJICHUA.

OtBeeHHas TeIIoTa nuKIIa (mporecc 5-1) paBua, k/oic/ke:
02=Cy (Ts—Ty) = 0,722 - (648 — 313) = 242.
[Tone3nast paboTa 1UKIIa COCTABUT, K/[orc/Ke:.
| =q1— Q2 =757 — 242 = 515.
Tepmuueckuii KITJI nukna paBeH:
_1-% 2% _ 468 (68%).
0 757

M3MeHeHne 3HTPONUHU B MPOLECCax LUKJIA OMPEAeIseTCs
o opmyre:

yh

As=CV-In%+R~Inﬁ.

1 Vl
Anuabarabie porieccel 1-2 u 4-5:
So)—S1=S5—54 = 0.

W3oxopHbIii iporiecc 2-3:
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T 1600
s;—s,=C, -In T—3 =0,722-In 1000~ 0,339 x/forcl (ke - K).

2
N3o6apnsIii npornecc 3-4:
T 1920
s,—$,=C,-In-4=1012-In=—-=0,185 (ke K).
4 T 93 Pl 1600 k/Doicl(ke - K)

3
N3oxopHsIii ponecc 5-1:
T, 313
-s.=C,-In2=0,722-In=—==-0,525 (k2 K).
§ -8 =C, T 648 korcl(ke - K)

5

B 3aBucuMocTH OT 3Ha4eHMI NapaMeTpoB IUKIa A U p B
pe3ynpTare pacyeToB OyJeT MOJy4eH OJUH U3 TPEX LUKIIOB
JBC. Ilo pesynbraraM BBIYUCIICHUH, MPUBEAEHHBIX B TaOIU-
e 4, cTpouTcs B MacmTade quarpaMmMa LUKIA B KOOpJAMHATaX
P-v u T-s (puc. 9).

Jlis mocTpoeHus 1MKJIa B KOOpAMHATAaX [-S HEOOXOAMMO
BBIYHCIIUTH 3HAUEHUE SHTPOINMHU ra3a B HauaJIbHOM COCTOSTHUHU
o dhopmymne, k/forc/ (ke K):

T P,
s, =Cp-IN——R.IN—
273 1,01-10

5
~1012- 0322 _0.287.1n 2210 _ 175
273 1,01-10
Tab6muma 4.

PacueTrHbie 1aHHbIe 11 HOCTPoeHus uukiaa IBC

Mapamerp KoopauHarsl XapakTepHBIX TOYEK LIMKJIA
1 2 3 4 5
P, MIla 0,09 4,88 7,81 781 | 0,186
v, m/ke 1,0 |0,0588 | 0,0588 | 0,0705 1,0
TK 313 1000 1600 1920 648
S, k/{ouc/(ke-K) | 0,172 | 0,172 0,511 0,696 | 0,696
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Mlla
0,6
0,5
0,4
0,3
0,2
0,1 5

0 0,02 0,04 0,06 0,08

1500 1

1200 1

900 1

600 5

300 1 1

0 01 02 03 04 05 0065 xyx/(xeK)

Puc. 9. Pacuernas aguarpamma tepMonnHamMudeckoro mukia [IBC



Ilposepka:
JUis 1uKIia gABUraresns JOIKHO ObITh:

n

Z(A S)i =0,

i=1
rj1e N — YUCIIO YYAaCTKOB B LIUKJIE.
(S2—S1) + (S3 —S2) + (Sa—S3) + (S5—Sa) + (S1—S5) =
=0+0,339+0,185+0-0,525=0,

CJICA0BATCIIbHO, BBIYHMCIICHW A BBIITOJHCHBI ITPABUJIBHO.

Bonpocwt ona camonposepku

=

[puBeauTe GopMyITMPOBKY BTOPOTO 3aKOHA TEPMOIMHAMUKH.
Uro Ha3bpIBae€TCA KPYrOBBIM MPOIECCOM (IIUKIOM)?

3. Uewm ompenensieTcs pabora ra3a B mpoiecce (1 3a IUKiI) Ha
pv-nuarpamme?

N

4. Ot yero 3aBUCHUT paboTa IHUKJIa?

5. UYem omnenuBaercs 3pPEeKTUBHOCTh MPSIMOTO U 0OpPaTHOTO
TEPMOJMHAMUYECKOTO ITUKIIOB?

6. HasoBute obnacTb MpUMEHEHUsI IPSIMOTO M OOPATHOTO LIUKJIA.

7. TlpuBenute TepMOAMHAMHUYECKYIO CXEMY TEIUIOBOTO JIBH-
rareiisi BHyTPEHHEI0 CrOpaHusl.

8. U3 kakmx mpoueccoB cocrout 1ukia KapHo u B uém ero
0COOEHHOCTB?

9. Kak moxno yBenmunth KI1J] uxima Kapao?

10. Hazosure tepmoaunamuyeckue mukiasl JIBC, ux ocoben-
HOCTH ¥ TIPAKTHUYECKOE TIPUMEHEHHE.

11. Mzo6paszute nukisl JIBC B koopaunarax P-v u T-s.

12. Haszosure mapametpsl mukioB JIBC, ux ompenenenue u
BJIMSIHUE HA 3PPEKTUBHOCTH LIUKJIA.

13. Tlpu KakuX yCIOBHSIX CpaBHUBAOT 3 PeKTHBHOCTH IUMKIIOB JIBC?

14. Kaxko#i tepmonunamudeckuit muka J[BC umeer Hanbonb-
i tepmudeckuit KI1J(?
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BOJISTHOM ITAP

BoasiHoi map MUpPOKO UCIIOIB3YETCS BO MHOTMX OTPACIIAX
TEXHHMKH H, NIPEXKJIE BCET0, B TEIUIOIHEPTETUKE. DTO PEaJIbHBII
ra3, KOTOpbIH SIBJIIETCS OCHOBHBIM pa0O4YUM TEJIOM B IApOCHU-
JIOBBIX ycTaHOBKax. Ha nmpousBoacTse BOASHON Map MOIY4ar0T
B KOTEJIbHBIX YCTAHOBKAX B YCIOBMSIX [TOCTOSSHHOTO JJABJICHMUSL.

[Tponiecc napooOpa3zoBaHUs YCIOBHO JIEJIAT HA TP CTAAUU:
HarpeB BOJbI 1O TEMIIEpATYpbl KUIIEHUS, IPEBpAILlEHUE BObI B
nap B pe3yJsibTaTe KUIeHUs (HAChIIEHUs ), IEperpeB mnapa.

[Tpu moaBoJE TEMJIOTHI K BOJE €€ TemIiepaTypa MOoCTEeNeH-
HO TIOBBIIIAETCS, ITOKA HE JOCTUTHET TEMIIEpPAaTypbl KHUIICHHS
IIpYU JAaHHOM JaBJeHuU. [Ipu 3TOM yaenbHBIH 00BbEM KHUIIKOCTH
cHayasia ymenbinaercs (mpu "Harpese oT 0°C o 4°C), a 3atem
Bo3pacraer. [Ipu nanpHelneM noaBOAE TEIUIOTHI HAYMHACTCS
KHUIICHUE BOJIBI C CHIIBHBIM yBeJIMYeHHEM 00béma. ObOpasyercs
nByxQas3Hasi cpeia — CMech BOJbl U Iapa, Ha3bIBaeMas BJIANK-
HBIM HacbllIeHHBbIM napoMm. [lo Mepe mojBona TEMIOTHl KO-
JIMYECTBO >KUJKOM (ha3bl yMEHbIIAeTCs, a MapoOBOW — pacTerT.
TemnepaTypa cMecu npu 3TOM OCTaeTcs HEM3MEHHOM, TaK Kak
BCS TEIJIOTa pacxoayeTcs Ha ucrmapeHue kujakoil ¢assl. IIpo-
LIECC SBJIAETCS OJHOBPEMEHHO U M300apHBIM, U H30TepMHUYe-
ckuM. [locne nonHoro mcnapeHust ®uakoil (aspl map craHo-
BUTCS CYyXHM HACBILIEHHBIM, €r0 TEMIIepaTypa OCTaeTcs paB-
HOW Temreparype HacbhlllleHUs (KUIEHUs) MPH JaHHOM JiaBJje-
Huu. [Ipu cooOlieHn cyXoMy HacChIILIEHHOMY Mapy TEeIIOThI
ero temrneparypa OyleT yBEIUYMBATHCS, a Map CTaHET mepe-
rpeThIM.

BoasiHOM map — 3TO peanbHBIN Ia3, U €ro CBOWCTBAa OTIIH-
YarTCs OT CBOMCTB MJealbHOro rasa. [loaromy Ha mpaktuke
IpU TPOBEIECHUU TEIIOTEXHUYECKHX PACUETOB IMOJIb3YIOTCS
JMarpaMMoi BOJISIHOTO Tapa B KOOpAWHATAX I-S, )parMeHT Ko-
TOpOM npezcTasieH Ha puc. 10.
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Puc. 10. JIuarpamma i-S BOASHOTO mapa

OO6muit MeTo pacué€Ta 1Mo AuarpaMMe COCTOUT B CIIEIYIO-
IIeM: TI0 M3BECTHBIM MapaMeTpaM HAHOCST TOYKY, COOTBETCT-
BYIOIIYIO Ha4YaJbHOMY COCTOSIHHIO pabGouero tema (puc. 11),
3aTeM MPOBOJAT JTUHHUIO IMPOIlecca U OMPENesioT ero mapa-
METpPHl B KOHEYHOM COCTOSIHHH. Jlajiee BBIYHCISAIOTCS TpeOye-
MbI€ MTOKa3aTemu.
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3amaua 3

Jnst pemienus 3a1aud HEOOXOIUMO M3YUUTh OOIIME MOHS-
THSI O Tape, KaK pealbHOM Ta3e, IMPOIEeCcChl TapooOpa3oBaHusl,
TaOIMIBI ¥ quarpamMMbl P-V, T-S U i-S BOJASHOTO mapa, [HUKIIbI
Kapno n PenkuHa 1711 MapoCHIIOBBIX YCTaHOBOK.

3agauy pemarT ¢ MOMOIIBI0 AUArPaMMBbI 1-S J1JIs1 BOJISHOTO
rapa, 1mocjie 4ero cieayeT MpeACTaBUTh ee rpadudueckoe pe-
IICHHE B KOOPAMHATAX I-S.

YcioBuga 3aaaum:

[TokazaTh CpaBHUTEIBHBIM PAcueTOM MEIECO00Pa3HOCTD
IIPUMEHEHHUS [1apa BHICOKMX HAYAJIBHBIX IIAPaMETPOB U HU3KO-
ro KOHEYHOI'O JABJICHHS Ha IIPUMEPE NapOCUIIOBOM YCTaHOBKH,
paOotarowieil o nuki1y PeHkHHa, onpenenuB pacroyaraeMblii
teronepenan, repMudeckuii KIIJI nukia v ynenpHbI pacxon
napa Juid JByX Pa3JIMYHbIX 3HAYECHUH HAdaJlbHBIX U KOHEYHBIX
[IapaMeTPoB I1apa. YKa3aTb KOHEYHOE 3HAYCHHUE CTEIIEHU CyXO-
cTH mapa Xz (mpu gapiaeHun Py).

Jlano:
| BapuanT Il Bapuant
P1=1,0 MIla; P, =10 MTla;
= 280°C; t1 = 550°C;
P2=10,08 Mlila; P,=0,004 MIla.
Onpeneants:
il - i2; il — ig;

N N

d; d;

X2, X2.

Pemenne:

Tepmuueckuit KIIJ[ uuxna Penknna Boipakaercst popmy-
JIOM:
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re i1 — SHTAIBIUS TePErpeToro napa, K/c/ke;
I — DHTAJIBIUS [1apa B KOHIIE pacliupeHus, Koic/ke;
I 2 — PHTANBIMS KOHJCHCATA (K/[oic/Ke), OTpEeNeNieTCsl Bbl-
paKeHHEM:

riae C, = 4,19 k/[oic/(ke-K) — TENI0eMKOCTb KOHEHCATA;
t, — Temmepatypa KoHJeHcaTa npu nasieHuu Py, °C.

Benuuuny (ig-1) Ha3bIBaIOT pacroyiaracMbIM TEIUIONEpe-
MajioM, 32 CYET KOTOPOrO MPOU3BOJAUTCS TOJIe3Has pabora B
ke Penkuna. Bennunna (i1-17%) oTpaxkaeT KOJIMYECTBO Tell-
JIOTBI, 3aTPAYCHHOM B IUKIIC.

Jlns ompezeieHUs] 3HAYCHUS DHTAJIBIHMU 11, HAXOIAT Ha
Jmarpamme i-S BOISIHOTO Tapa u3o0bapy Py 1 uzotepmy 1 (prc. 10).
[Tepeceyenue »tux nauaM obpaszyer Touky 1 (puc. 11), koTo-
pas COOTBETCTBYET COCTOSIHUIO meperperoro mapa. [lo atoi
TOYKE Ha OCH OPJIMHAT ONPEACISICTCS BENUYMHA 1.

)
Puc. 11. Cxema rpaduueckoro peiieHus 3a1a4um no guarpamme i-S

Tak kak B 1nukie PeHknHa mporecc pacHIMpeHHs mapa
OCYIIECTBISICTCS 1O aauadare, TO Ha Juarpamme I-S OH H30-
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OpakaeTcs BepTHKaJIbHOW NuHHEH 1-2. B cBoro ovepens, mpu
HepecedeHu  aauadaThl pacIInpeHus, MPOBEIEHHON U3 TOUYKH
1, ¢ m3obapoii P, momydaeM TOYKy 2, COOTBETCTBYIOUIYIO CO-
CTOSIHMIO Tapa B KOHIIE pacumpenus. [lo 3Toil Touke Ha ocu
OpJIMHAT ONPEACISICTCS BEIMYNHA SHTAIBITUH Iy

[Tocine aToro orpaboTaBmnii Hap KOHACHCUPYETCS MPH HE-
M3MEHHOM JaBJIeHUU P, U COOTBETCTBYIOILIEH STOMY JTaBICHUIO
temrneparype ty. Tak kak B 00JlacTH BIaXHOTO HACHIIIEHHOTO
mapa HM30T€pMbl M W300apbl COBHANAIOT, UL ONPEACICHUS
TEeMIIEpaTypbl OTPaOOTAaHHOTO Tapa W3 TOYKU 2 JUarpamMmbl
IBUKEMCsl 10 u300ape A0 norpaHuyHo jsmHuM x = 1. Ilpu
CTereHu cyxocTu X = I (Touka 3) n30TepMa OTKJIOHSETCS BIPAaBO
0T U300apbl. ITa U30TEPMa COOTBETCTBYET 3HAUCHHIO ).

JIMHUS TTOCTOSIHHOM CTETEHH CYXOCTH, MPOXOIIasi 4Yepes3
TOYKY 2, COOTBETCTBYET BEIIMUHHE X».

[To 3ajlaHHBIM 3HAYCHUSIM [APAMETPOB U3 JHATPAMMEI I-S
(puc. 10) cnenyer:

| Bapuanr Il BapuanT
iy = 3010 xkorc/ke; i1 = 3510 xorc/ke;
I, = 2520 x/{oclke; I, = 2040 x{oclke;
t, =95°C; t, = 30°C;
X2 = 0,94, X2 =0,79;
i1 —i,=3010 - 2520 = ip—i,=3510-2040 =
= 490 x/{oc/ke; = 1470 x/[orc/ke;
I1—-12=3010-4,19-95= | i1-12=3510-4,19-30=
= 2612 x/{orc/ke; = 3390 x/[orc/ke;
490 1470 0
T =0,188(18,8%); | n, = 300" =0,434(43,4%);
3600 3600 d- 3600 3600
|1 —1i, ~3010-2520 i, —1i, " 35102040
= 7,34K2/(KBm ) = 2,451<2/(KBm )

3necb 3600 — sxBuBaneHt 1 kBm-u B k/{xc.
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Cxemy rpau4eckoro pemieHus 3a1a49u 1Mo auarpaMme BOIs-
Horo mapa (puc. 11) u3o06pazuth a1 00oux BapuaHTOB. Jlormos-
HUTEIBHO K PEIICHHIO 33[[a4d M300pa3uTh CXeMy MPOCTEHIeit
MApOCUIJIOBOM YCTAaHOBKHU U JaTh KPAaTKOE OMHMCAaHHE €€ PadOThlI.
[IpencraButh 1K PenkrnHa B KOOpAMHATHBIX OCsiX P-v u T-S.

Bonpocwt ona camonposepku

1. Yro Ha3bIBatOT BOASHBIM NapoM?

B kakux TEIIOBBIX yCTaHOBKAaX BOJISHOW Map UCHOJb3YeT-

csl B KauecTBe paboyero tena?

Yro mpencrasiser co00i BIaXKHBIN HACHILLECHHBIH ap?

Yro Takoe Cyxoi HaCHIIIEHHBIN Tap?

UTo Ha3bIBAIOT NEPErpeThIM MapoM?

Kakum napamerpom o1ieHUBaeTCsl KauecTBO BIAYKHOIO napa?

UYto Ha3bIBAETCS CTENEHBIO CYXOCTH mapa?

UTo NOHMMAIOT 0]l KPUTHUECKUMH HapaMeTpaMU BOASIHO-

ro mapa?

9. Kakme TepMoaMHAMUYECKHE MPOIECCHl XapaKTEpHBI IS
IIPOLIECCOB Mapo0Opa30BaHus U KOHACHCALUU?

10. Yrto Ha3bIBAIOT MOTPAHUYHON JTMHUEH Ha IS-IHuarpamMme?

11. B kakoif obmactu iS-AuarpaMMbl KU300apbl M HU30TEPMBI
COBIAAAIOT?

12. M300pa3ute Ha iS-AHarpamMme MpoIecchl PacIIUpeHus, Te-
perpesa u IpoccearupoBaHus napa’?

13. N300pa3ute NpuHIMIHAIBHYIO CXEMY MapOCHIIOBOH ycTa-
HOBKH, paboTaromieit o nukiy Penkuna.

14. B uém npuHIMNUAIbHBIE OTIMYMS MMAapOCHIIOBBIX YCTaHO-
BOK, paboTaromux no nukiny Peakuna u nuxity Kapuo?

15. M3o0pa3ute TepMoauHAMUYecKuii Uk PeHknHa U Ha30-
BUTE 00pa3yIolue ero MpoIecchl.

16. Kax onpenenuts KITJ] nukna Penkuna?

17. Kak Bnustor Ha tepmudeckuii KIIJ[ mapocunoBoii ycra-
HOBKH HauaJbHbIE U KOHEYHBIE TapaMeTphl napa?

18. HazoBute nmyTtu noseimenus tepmudeckoro KIIJ mapocu-
JIOBO! YCTaHOBKH.

N

©NDUA W
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PACYET TEIIVIOOBMEHHBIX AIITTIAPATOB

Tennoo0MeH — 3TO caMOIIPOU3BOJIBHBIN ITPOLIECC TEPEHO-
ca TEIIOThl B MMPOCTPAHCTBE ¢ HEOJHOPOIHBIM PACIIPEICICHU-
€M TEMIIEpPaTYpBHl.

Pa3nuuaroT Tpu OCHOBHBIX BUJA NEPENAYN TEIJIOTHI: Tell-
JIONIPOBO/IHOCTDH, KOHBEKLMS, TENJIOBOE H3JIyUeHHe.

TenJIonNpoBOAHOCTBI0 HA3bIBACTCA MOJIEKYJSIPHBIM mepe-
HOC TEIUIOTHI B CILIOIIHOM cpeae. B aTom ciydae reruora me-
penaeTcs 3a c4eT HEMOCPEACTBEHHOI'O CONPUKOCHOBEHUS 4ac-
TUL, UMEIOLIMX DPA3IMYHYI0 TeMIleparypy. OTO HPUBOJUT K
oOMeHy PHepruei Mexay MOJIeKyJaMH, aTOMaMU WJIH CBOOO-
HBIMM 3JIEKTpOHaMH. TemaonpoBOJHOCT, BO3MOXKHAa B TBEp-
TIBIX, )KUJKUX U Ta3000pa3HbIX Cpeiax.

KonBekumen Ha3pIBa€TCs NEPEHOC TEIIOTHI MPU NEPEME-
IIeHUH 00bEMOB Ta3a WJIM JKUIKOCTH B MpocTpaHcTBe. Temo-
O0OMEH MEeXy JKUAKOCTHIO WA Ta30M U MOBEPXHOCTBHIO TBEP-
JIOTO Tejla Ha3bIBAETCS KOHBEKTHUBHBIM TEMJIO0OMEHOM. DTO
TEII000MEH, O0YCIIOBJIICHHBIN COBMECTHBIM JICHCTBHEM KOH-
BEKTHBHOTO U MOJIEKYJIIPHOTO NEPEHOCOB TeIIoThl. KoHBEK-
THUBHBIN TEIJIOOOMEH MEXIY JIBMKYILEHCS Cpeldod M MOBEpX-
HOCTBIO €€ pas3zeiia ¢ Apyroi cpeaoil — TBEPABIM TEJIOM, XKHJI-
KOCTBIO WJIM Fa30M Ha3bIBA€TCs TEMJI00TAa4eH.

TennooOMen wu3ydyeHueMm (JIyYMCTBIH TeII000MeH) —
MpOLIECC Mepeaayun TEMIOThl B BUE 3JIEKTPOMAarHUTHBIX BOJIH.

Bce paccMoTpeHHbIe BUIBI TEPEHOCA SHEPTUU (TEIIONpO-
BOJHOCTh, KOHBEKILIMS U U3y4E€HUE) BO MHOTHX CIIydasix oCy-
LIECTBIISIIOTCA COBMECTHO. B 3TOM cityuae TemyooOMeH Hazbl-
BAETCS CJA0KHBIM I KOMOMHMPOBAHHBIM.

YCTpoiCTBO, B KOTOPOM OCYIIECTBISIETCS TEMI000MEH
MCKAY ABYMA HIJIM HCCKOJIBKUMH TCIIJIOHOCUTCIIIMU, Ha3biBa-
€TCsl TeMI000MEHHBIM aNNapaToM WK TenJa1000MEeHHUKOM.
Yamie Bcero B TEIJIOOOMEHHBIX araparax OCYIIECTBIISETCS
nepeAayda TeIIoThl OT OAHOTO TEIUIOHOCHUTENS K IPyromy, T.e.
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HarpeBaHue OJHOTO TEIUIOHOCHUTENS MPOUCXOAUT 3a CUET OX-
JaXJIEHUS APYTOro.

TennooOMEHHUKH € JBYMsI TETUIOHOCHTEISIMH Pa3JENISIOT
Ha cMecUTeJIbHbIe, peKyllepaTUBHbIE, pereHepaTuBHbIE U €
NPOMEKYTOYHBIM TEIVIOHOCHTEJIeM.

Haubonee npocTbiIMi M KOMIAKTHBIMH SIBJISIFOTCSI CMECH-
TEJIbHBIE TEINIO0OMEHHUKHU. PereHeparuBHbIC TEMIO0OMEHHU-
KM ¥ TEIUIOOOMEHHUKHU C MPOMEXKYTOUHBIM TEIJIOHOCHUTEIEM
HCHOJIB3YIOT JUIsl TIEPEHOCA TEIUIOThl BCIIOMOraTeIbHOE Belle-
CTBO (IIPOMEXYTOUYHBII TEMJIOHOCUTENb). B pekymnepaTuBHBIX
TEIUNIOOOMEHHUKAX TEIUIOTa OT OJHOTO TEIJIOHOCUTENS K JIpy-
roMy nepeaaércs 4yepes pasaeiaiomlylo UX CTEHKY.

Cpenu pekynepaTHBHBIX HaumOojee pacrnpoCTpaHEHbI
TpyOUaThie TEINIOOOMEHHUKHU, B KOTOPBIX OJMH W3 TEIIOHOCHU-
Tenel IBUXKEeTCs B TpyOax, a Jpyroil — B MEXTPYOHOM IIpoO-
CTpaHCTBe. B Takux TemnooOMeHHHKAX CMEIIEHUS TEeIJIOHOCH-
TeJel He IMPOUCXOAMT, U OHU HCIOJIB3YIOTCS JUISl CaMbIX pas3-
HOOOpPAa3HBIX COYETAHUH TPEIOIIETO U HArPEBaeMOTO BEIIECTB.

B 3aBHCHMMOCTM OT B3aMMHOIO HAaIpaBICHMS JBUKCHUS
TEIUIOHOCUTENEeH TenI000MEeHHbIE anmnapaThl MOTYT OBITh Mps-
MOTOYHBIMU WJIM POTUBOTOUHBIMU (puc. 12).

B mponecce pacuéra pexynepatuBHOrO TEIIOOOMEHHHKA
OOBIYHO 33JaI0TCS PACXOAOM HArpeBaeMOro TEINIOHOCHUTEI,
HayaJlbHOM M KOHEYHOM TemIepaTrypoil 0O0OMX TEIJIOHOCHUTe-
neil. BeiOupatoT Tun TermiooOMEHHUKA, ONPEENSIIOT ero Ter-
JIOBYK0 MOIIHOCTb, PacXoJ TOpSAYEro TEIUIOHOCUTEN U IUIO-
1a]b TOBEPXHOCTH TEIUIOOOMEHA, 110 KOTOPOH YCTaHABIMBAIOT
rabapuTHBIE pa3Mephbl anmnapara.
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Puc. 12. Xapakrep U3MEHEHUs TEMIIEPATYP TEILUIOHOCUTENEH
B IPsIMOTOYHOM U IIPOTUBOTOYHOM TEIIIO0OMEHHBIX armaparax

3agaua 4

st perienus 3agaun TpedyeTcst mpopadoTaTh pa3enibl Mo
Tervionepenade U TEMJI0OOMEHHBIM amnmapaTtaM B CTal[MOHAp-
HOM pEeXHME.

YciaoBuda 3agauun:

OnpenenuTts MIOMIAAb MOBEPXHOCTH HArpeBa ra3oBOASHO-
r0 PeKyIlepaTUuBHOIO TEIUIOOOMEHHUKA, pabOoTaIOIIEro 1o npo-
THUBOTOYHOU cxeme. ['peroniuil TeIIoHOCUTENb — JbIMOBBIE T'a-
3Bl C HA4YaJIbHOW TemmnepaTypoi t', u koneuHoii t”,. Pacxon Bo-
I6l 4epe3 TeriooOMeHHUK G,, HavaidbHAs TeMIepaTypa BOJIBI
t’s, koHeuHas t’,. Koaurment Ternooraaun ot ra3oB K CTEHKE
TpYOBI @, M OT CTEHKH TPYOBI K BOJIE 4. TEII000MEHHUK BBITIOJN-
HEH U3 CTAIBHBIX TPYO ¢ HapyxHbIM auamerpoM d = 50 mm u
TOJIIMHOMN CTeHKU O = 4 mm. KoaphuimeHT TernionpoBoaAHOCTH
cramu A = 62 Bm/(m'K). CTeHKY cuyuTaTh YUCTOU C 00EUX CTO-
POH.
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OnpenenuTps TakXke IUIOMAAb MOBEPXHOCTU TEIUIOOOMEHA
IIPU BBIIIOJIHEHUH TEMJI000MEHHMKA MO NPSIMOTOYHON cXeMe U
COXPaHEHHUHU OCTAJIbHBIX MAPAMETPOB HEU3MEHHBIMHU.

Jis obenx cxem IBMXKEHUS TEIUIOHOCUTENeH (IpoTHUBO-
TOYHON M MPSAMOTOYHOI) MmoKa3aTh (6e3 pacuera) rpaduku u3-
MEHEHHUsl TEeMIIEpaTyp TEIUIOHOCUTENEeH BJIOJb IMOBEPXHOCTH
termoooMena (puc.12). Ykazare npeuMyIiecTBa IpOTHBOTOY-
HOM CXEMBI.

Hano:
a. = 40 Bm/(m*K); t',=10°C;
a = 1000 Bm/(m*-K); t", = 70°C;
G, =100 xe/y; 1", =300°C;
A =62 Bm/(mK): t’,=120°C;
0 =4 um; d =50 mm.

Omnpeneants: F, M
Pemnenne:

yLII/ITLIBaH, 4TO IO YCJIOBHAM 3aJavv OTHOILICHHUC HAPYIK-
HOro auaMeTpa K BHYTPCHHEMY MCHBIIC ABYX, pacd€T MOXXHO
BCCTH II0 (I)opMleaM TCIIoNEepeaaIn IJid IUIOCKON CTEHKH B
CTallMOHApHOM PEIKHUME, T.C.:

__Q
k-At,

rie F — miomans MOBEpXHOCTH TEMIOOOMEHA, HCXOAS U3
CpPEIHEero AuameTpa TpyOHl, M
Q — TenoBOI IOTOK, Bm;
k — koo purment Temonepenaun, Bm/(v*-K);
At,, — cpeaHuil TeMnepaTypHbIH Iepenaj Mexk1y TEIIOHO-
CUTEJISIMU (CpeHUI TeMIlepaTypHblil Harop), °C.

39



TennoBo NOTOK ONPENEIAETCS BEIPAKEHUEM, Bm:

0= G,-c-(t/—t;) _100-4190-(70-10)

= 6983,
3600 3600
rae C = 4190 /ic/(keK) — TeII0eMKOCTb BOJIBI.
Koaddumument Ternonepenaun, Bm/(M2 K):
1 1
k= 1 § 1 1 0,004 1 =384
S+ 4+ +—
a, A a, 40 62 1000

Cpennuii TeMrnepaTypHblid HAlop ONpPEAeIIsIeTCS UCXO0s U3
CXEMBbI IPOTUBOTOYHOT'O JIBUKEHUS TerioHocuTenel, °C:

At —At, (230-110)
Ay == "R = o3 103
In —max In—
At 110
re Atpay = t7, —t7, = 300 — 70 = 230°C;
Atpin =t7,—t', =120 -10 = 110°C.
[Tnomaae MOBEPXHOCTH TEMI00OMEHA, M

6983
38,4-163

B cny4yae npumeHeHus MpsIMOTOYHOM CXEMBI TEIII000MEH-
HOTO arnmnapara CpelHii TeMneparypHbiii Hanop, “C:

At — At (290-50)
? At .290
In —max n—-—
At 50

At =136,

min

rae Atmax =1, —t’s=300 - 10 = 290°C;
Atmin =17, — 17, =120 - 70 = 50°C.
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IInomane IMMOBCPXHOCTHU TeII000MEHa B AaHHOM CJIydac
COCTaBUT, Mz:

6983
38,4136

B cooTBercTBUM ¢ NPUHATHIMU B 3aaue€ OOO3HAYCHUSIMU
MOCTPOUTH IpahUKKU U3MEHEHHUS TEMIIEPATyp TEIIOHOCHTENIEH
BJI0JIb IOBEPXHOCTH TEINIOOOMEHA B IPOU3BOJIBHOM MaciuTade.

Bonpocwt ona camonposepku

UTto Ha3bIBaeTCS TEIIOOOMEHOM?

HazoBuTe 0CHOBHBIE BU/IBI TI€pEIaUX TEIUIOTHI.

UTto Ha3BIBa€TCS TEIUIOMPOBOAHOCTHIO?

Uto Ha3bIBAIOT KOHBEKIIUEH?

Yro mpeacrapisieT co00ii JTyInUCTHIN TeII000MeH?

Urto Ha3bIBAIOT TEMJIOOOMEHHBIM alllapaTroM U KaKOBO €ro

Ha3HaueHue?

HazoBuTe BuabI TEMII00OMEHHBIX aliaparoB.

8. Tlo kakuM cxeMaM JBHKCHHS TETUIOHOCHTEIICH BBITIOIHSI-
10T PEeKyIepaTUBHbIE TEMI00OMEHHBIE anmnaparsi?

9. B uéMm 3akimodaercs pacyeT PEeKyINepaTMBHOTO TEII000-
MEHHOTO anmnapara?

10. Kaxkoit ¢gusuveckuii cMbICT KO3 PUITUSHTOB TETUIOOTIa9N

U Teruionepenadyn, OT KakuxX (aKTOpOB 3aBUCHT MX BEIH-

yyuHa?

ocoarwhE

~
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