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JlabopaTopHas padora
ONPEJAEJEHUE NOKA3ATEJIA AIMABATHI BO31YXA
Hean paGoThl:

3HAKOMCTBO C TEOPHUEH TEIJIOEMKOCTEH I'a30B U OJJHUM M3 METOIOB OMPECICHHS
moKasareis aguadaThl.

Kpartkas Teopus

OpHoit W3  BaKHEWIIMX  TEIUIOBBIX  XapaKTEPUCTUK Ta30B  SBIIACTCS
TEIUIOEMKOCTh. JIJIs Ta30B pasiuyaloT YACAbHYI0 H MOJSPHYIO (MOJBHYIO)
TEIJI0EMKOCTb.

Yoenvnon mennoemxocmovio 2aza (C) Ha3bIBaeTCs BEJIMYMHA, YHCICHHO
paBHas KOJMYECTBY TEILJIOTHI, KOTOPOE HEOOXOJUMO COOOIIUTH SAMHHIIC MAaCcChI
(M) rasa, 9TOOBI YBEIHYUTH €T0 TEMIIEPATypy Ha OfuH rpagyc K:

¢ = (1/m)XdQ/dT).

Monsapnoi mennoemrkocmuio 2aza (C) Ha3pIBacTCs BCIMYHMHA, YUCICHHO
paBHasi KOJIMYECTBY TEIUIOTHI, KOTOPOE HEOOXOIUMO COOOIIUTH OJTHOMY MOJIEO (N)
ras3a, 4ToObl YBEIMYHUTh €T0 TeMIIepaTypy Ha oauH rpamayc K:

C = (Un)XdQ/dT).

O06o03HauMM Yepe3 M MOJSIpHYI0 Maccy rasza. OTHoiieHrne NMVNMEN  JaeT YHCiIo
moneit. Torma: C = nfc. YaoOcTBO NpUMEHEHHUS MOJSPHOM TEIJIOEMKOCTH
oObscHseTCs TeM, 4TO 1 MoJib TH000TO HICATIBHOTO Ta3a COACPKUT OJIMHAKOBOE
YHUCJIO YaCTHI[, BHYTPCHHSS JHEPTUs KOTOPBIX OT MAacChl YacTHI[ HE 3aBUCHT.
[ToatoMy B nmanbpHE#IIeM OyaeM  TOJIb30BAThCSl  MOHSATHEM  MOJISIPHOM
TEIMJIOEMKOCTH U Ha3bIBaTh €€ MPOCTO TEIUIOEMKOCTHIO.

Jlis Ta30B BENMYMHA TEIIOEMKOCTH CYIIECTBEHHO 3aBHCHT OT YCIOBHH
HarpeBaHus, T.€. OT XapakTepa TEPMOAWHAMUYECKOTO mporecca. OOBYHO
onpenenstor C st 2-X 3JIEMEHTapHBIX U30ITPOIIECCOB:

Cp, - TermoeMKocTs IpH n306apHOM mporiecce (P=const);
C, - TemnoeMKocTh IpU H30XOPHOM Iporecce (V=const).

[Ipu sTOM Bcerna: Cp > C,. Jlns noka3arenbCcTBa 5TOr0 HEPABEHCTBA 00pATUMCS
K IIEpBOMY Hadasly TEPMOJIMHAMHUKH.

Ilepsoe nauano mepmoounamuku MOXHO C(HOPMYIUPOBATH CIEAYIOIINM
oOpa3oM: Tmpu OECKOHEYHO MajoM Ipollecce KoaumdecTBO TermtoThl  dQ
nepeaHHOe CUCTEME 3aTpayrBacTCs Ha H3MCHECHUE ee BHyTpeHHel snepruu dU u
Ha paboTy dA, coBepiaeMyro cucteMoi Haj BHemHuMH cramu: dQ = dU + dA.

[To onpeneneHnto TEMIOEMKOCTH

C = (Un)XdQ/dT) = (IUn)XdU/dT + dA/dT), roe snemenTapuas padora dA =
pdV.
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IIpu usoxoprom npouecce (V=const P dv=0 P dA=0) - C, = (1/n)XduU/dT),
npu uzobaprom mpouecce (p=const) - C, = C, + (1/n)pxdV/dT). Ousir

MOKA3bIBAET, YTO MPU MOCTOSHHOM JIaBIICHUM YBEIMYECHHE TEMIIEpaTyphl Tasza
NPUBOIKT K yBenudeHuo ero oobema. Crenosarensuo, (AV/AT) >0u C,> C,.
du3nyueckuil CMBICT JOKAa3aHHOTO HEPABEHCTBA 3aKJIIOYACTCS B TOM, YTO MPHU
M30XOPHOM IIpPOIIECCE BCE MOJABOAMMOE TEIUIO HJIET TOJbKO Ha YBEIUYCHHUE
BHYTPEHHEH OSHEpPruM Ta3a, a Mpu n300apHOM YacTh TeIUla TPATUTCS WU Ha
COBEpIICHUE paOOTHI.

B nmanpHeiimem, Bce 3aBUCUMOCTH OyayT BBIBEICHBI I WICATBHOTO Ta3a.
Hcnone3ys ero ypaBHenume cocrossuus PV=nRT (R - yHuBepcampHas rasoBas
HOCTOsIHHAsA) Jierko mokas3ath, 4to: Cy=C,+R Drto BbIpaxkeHHe Ha3bIBaeTCH
ypaBHeHHEM Maiiepa.

B npupome wacto peanusyercsa aoduadamuwlii  TOpolecc -  Ipolece,
MPOXO AU 0€3 TETUI00OMEHA CHCTEMBI C OKPYXKAIOIIeH cpesioil. YpaBHEHUE IS

anuabathl WaealbHOro raza B tepmopunamudeckux (P,V) koopmunarax mmeer

ciemyromuit Bug:. P9 =congt, rue g = Cp/ C,- nokazamens aouadamot.
CrnemoBaTenbHO, JJIs ONMMCAHUS aauadaTHOro IMpolecca HY)KHBI HE OTICIIbHBIC
3HAYCHHS TEIUIOEMKOCTEH rasa, a TOJIbKO HMX oTHomeHue. OuyeBuaHo, uyto G~ 1.
Kpome Toro, g 3aBUCHT TOJIBKO OT copTa Tasa (uucia cmenenen c60600wt - uncia
HE3aBUCUMBIX  KOOPJMHAT,  ONPEACIAIONIMX  IOJOXKECHHE  MOJICKYJbI B
npocTpancTse). [Tokakem 3T10.

BuyTpennsst sneprus uaeansHoro raza U = (i/2) nRT, rae | - uncio cTeneHe
cB00O Il MOJIEKYJIBI ra3a. Torna,

Cy = (Un)x(du/dT) = (i/2) R,
Co=C + R=(i/2) R+ R= (i+2) R/2
CJ/C, = (i+2)/.

B ciydae omHOATOMHOrO Ta3a IMOJIOXCHHE OJHOIO aromMa B IPOCTPAHCTBE
onpenaensercs 3-Ms koopauHaTami (X, Y, 2), T.e. 1=3.

Ecim nmeeTcs 2 HE3aBHCUMBIX aTOMa, TO JUIS ONPEICICHUS WX TIOJOXKCHHS B
pocTpaHCcTBe Tpedyercss 2*3=6 xoopamHat. Eciom ke Mexmay OByMs aToMaMu
CYIIECTBYET JKECTKAs CBSA3b, TO PACCTOSHUE MEXTY HUMH H3MCHSITHCS HE MOXKET U
JUISL OTIPE/ICTICHUS TTOJIOKEHUS 2-X CBSI3aHHBIX aTOMOB B IPOCTPAHCTBE TPEOyeTCs
tosibko (2* 3)-1=5 xoopauHar.

Jlis N aToMHO#M MOJIeKyIIbl YUCIIO cTeneHeit ¢cBo0o bl paBHo: 1=(3*N)-f, rae f-
KOJIMYECTBO CBS3CH MEXJy aroMaMH B MOJICKYyJe, OOCCIICUMBAIOIINX €€
KECTKOCTh. JIerko mocumrath, uto Myt N>2 | Bcerna paBHO 6.

[TosToMy IO 3HAYCHHSM TEIUIOEMKOCTEH BCE rasbl pa3jelisaioTCs Ha TPH COpTa:
onHoaroMuble =1.67, nByxaromubie ¢=1.40 u MHOTrOaTtomMHbIe g=1.33.

OnbIThl TOKa3bIBAIOT, YTO MPH HE OYEHb HU3KMX M HE OYCHb BBICOKHX
TeMIeparypax OOJBIIMHCTBO Ta30B HMMEIOT 3HAYCHHS TEIUIOEMKOCTEH BechMa
OJM3KHX K TEOPETHYCCKUM BBIYHCICHHSIM. J[1s1 mpumepa B TaOIUIC MPHUBEICHBI
SKCIIEPUMEHTANIbHBIC 3HAYCHHS { HEKOTOPBIX JBYXaTOMHBIX Ta30B M BO3yXa MPH
atmocepuom aasieHun u 7=300 K.

Tabmuma 1
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I'a3 0O, N, H, CO Bosayx
g 1,396 [1,401 |1,405 |1,401 1,4017

[Ipu BBICOKHX TeMmIiepaTypax TEIUIOEMKOCTH OKa3bIBAIOTCSI OOJBIIMMH, a MPHU
HU3KUX - MEHBIIUMHU TEOPETUUECKH BHIYMCIICHHBIX 3HAUEHUH.

Onucanue yCTaHOBKH

VYcTaHOBKAa COCTOUT M3 CTCKJIIHHOTO OammoHa 1 (cM. puc.), COCIMHEHHOTO C
MaHOMETpOM 2, KpaHOM 3 W pe3WHOBOW rpymied 4. ['pyma CiayxuT s
HaKauMBaHWUsA Bo3Ayxa B OawtoH. Ha mmanre 6 wuMmeercs 3axuMmM 5,
MPEIOTBPAIIAIOIINN YTEUKY BO3/lyXa U3 OalIOHA MOCie ero Hakayku. MaHoMeTp
M3MEpsIeT Pa3HOCTh JABJICHUIN BHYTPHU M BHE OayutoHa. Kpan 3 MOXXeT coeuHSThH
0aI0H ¢ aTMochepoil.

[TycTh mepBoHaYanbHO B OayuioHe ObUIO arMocdepHoe naBieHue (MPH 3TOM
h=0) u xomHatHas Temreparypa. [Iporecc BbIOIHEHHS PaOOTHI MOYKHO YCIOBHO
pa30uTh Ha JBa dTama, KaXAbld M3 KOTOPHIX BKIOYAeT B ceOs aanabaTHBIA U
HW30XOPHBINA MPOIECC.

1-p1if 3Tam:

[Tpu 3akpbeITOM KpaHe 3 HaKauMBaeM B 0a/UIOH HEOOJIBIIIOE KOJTMYECTBO BO3IyXa
W 3KMMaeM IUTaHT 3akuMoM 5. [Ipu 3ToM naBieHHE W TemrepaTypa B OaJiOHE
MOBBICATCS. DTO aiuadaTHBIN MpoIiecC.

Co BpeMeHeM JaBJicHHE B 0a/UIOHE HAYHET YMEHBIIATHCS BCJICICTBHE TOTO, YTO
ra3 B OaJIJIOHE HAYHET OXJIAKIAThCs 3a CYET TEIUI0OOMEHa Yepe3 CTEHKU OallIoHa.
[Tpu >ToM BenmmumHa h OyIeT yMeHbIIAThCS. DTO H30XOPHBIN IIPOIIECC.

BepkmaB, korma TemmepaTypa BO3AyXa BHYTPH OajuloHa CpaBHHUTCS C
TEMIIEPATypPOl OKPY’KAIOIIETO BO3/IyXa, 3alHIIeM ITIOKa3aHHe MaHoOMeTpa h;.

2-o1 yTam:

Tenepp oTkpoem kpan 3 Ha 1-2 cexyHabl. Bo3nyx B Oamione Oyzaer aguabaTHo
pacumpsATbCsS 10 aTMocepHoro nasieHus. [Ipu 3ToM TemriepaTypa B OajuioHE
MTOHU3UTCH.

3atem kpaH 3 3akpoeM. Co BpeMeHEM JaBJicHHWE B OaUIOHE HAYHET
YBEJIMUMBATHCS BCICACTBHE TOTO, YTO T'a3 B OAIJIOHE HAYHET HArpeBaThCs 3a CUET
TertooOMeHa depe3 CTeHKH OautoHa. [Ipu 3ToM Oyner yBenMYMBaTLCS BEIMYHMHA
h. 3To n30xopHKIH HpoIiecc.

BepkmaB, korga Temreparypa BO3ayxXa BHYTPH OajuloHa CpPaBHHUTCS C
TEMIIePATypOl OKPYIKAIOIIETO BO3/IyXa, 3alHIIeM oKa3aHue Mmanomerpa h,.

JIJis KaXkT0# BETBU 2-X ATAIOB MOXHO HAIMCATh COOTBETCTBYIOIINE YPABHCHUS
annabatbl W u30XO0pbl. [lomydnTcs cucrema ypaBHEHHH, KOTOPHIE BKJIIOYAIOT B
ceOst onpeaesseMyro BelnduHy g (cM. npuitoskenue). [IpuomkeHHOe peleHne ux
MPUBOJIUT K CIACAYIONICH pacdeTHOU hopmysie s g
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g=hi/(hy - hy)

IMopsinok BbINOJIHEHUSI PAGOTHI

1. Uzyuutsh Teopuro, mpoBectd u3mepenus hy u h,, mosropss onsit 10 pa3 (n=10).
2. Pe3ynbTathl M3MEpeHUH U BBIYUCICHUN 3aHECTH B TaOJIHILY:

Tabauma 2%
n h, , Mmm h,, MM h; - hy, MM g

3. Berancnuth aGCONMIOTHYIO TOTPEITHOCTh U3MEPECHHS G

KoHTpoJibHBIC BONIPOCHI

1. Yro Ha3wpIBacTCS YACIBHOH TEIUIOEMKOCTHIO, MOJIIPHON TEILUIOEMKOCTHIO?
KakoBa cBs13b MEXIy HUMHU. B KakuX eTUHUIIAX OHU U3MEPSIOTCS ?

2. B ueMm cocTouT nepBoe Ha4YaJI0 TEPMOTMHAMUKH ?

3. Iouemy C, > C,?

4. Kak 3anuchIBaeTCsl ypaBHEHUE COCTOSHUS UCAIBHOTO Ta3a?

5. Kakoii poriecc Ha3bIBaeTCs aanabaTHBIM?

6. UTo Ha3BIBaCTCS YUCIIOM CTETICHEH CBOOOIBI ABMKCHHSI MOJICKYJI?

7. Kak 3aBucst Cy u C, ot uncna creneneit cBo60/161?

8. [Touemy h; ycranaBimBaeTcs He cpa3y IMOCIE TOrO, KaK HaKadyMBaIOT BO3IYX B
Oamion?

9. BeiBecTH pacuetHyro popMyiry meroaa s ¢

Pexomenayemas ureparypa

1. I'pa6osckuii P.1. Kypc ¢puzuku. M. 1963.
2. 3ucman I'.A., Togec O.M. Kypc obmieit pusuku. M. 1974. 1.1.
3. CasenneB U.B. Kypc o6miet pusnku. M. 1982. 1.1.

4. Tabmuel puznveckux BeanduH. CripaBounuk. [lox pen.akan. Kukonna 1.A.
M. 1976.
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IIpuniio:xxenue

Ilycte Py u Tp - AaBieHue U TemImeparypa okpyskaromiei cpeasl. [[ns BeiBoga

pacueTHol (hopMyIibl A g oTpeOyeTcsl ypaBHEHUE ainadaThl U U30XOPHI:
(MY (P)¢* = const; P/T = const.

[Tocne npoBenenust 1 3tana onbIToB B OayuioHe OyIyT CIEAYIOIIME 3HAYCHUS

TEPMOANHAMUYECKUX apPAMETPOB:

P1=Py+ hyuT,.
OueBumHO, 4TO TpU 3ToM Py ¥ h; MOMWKHBI OBITH BBIPAXKEHBI B OJMHAKOBBIX
EAUHULIAX.

Onumem BTOopo# »Tanm omnbITOoB. Ilocne mpoBeneHust B OmNbITE aanabaTHOTO
pacimupeHus raza B arMocepy TepMOJIUHAMUYECKUE TapAMETPhl CHCTEMBI CTaHYT
Pou Ty (Tx - HEeu3BecTHast TeMmepaTypa). Toraa, UCrob3ys ypaBHEHUE ainadaThl,
MOy YUM:

(To)¥(Po + h)®* = (TY¥(Po)* 1)
KoHneuHble TepMOAMHAMUYECKHE TapaMETPbl CUCTEMBI Oy TyT:
P>=Po+ hyu T,
Hcnonb3ys ypaBHEHHE H30XOpbl Ul IOCJIEAHEr0 Ipoliecca BTOPOro 3Tamna,
MOJTYYUM:
(Po)(T) = (Po + hp)/(To). @
Takum oOpa3om, MBI UMeeM 1Ba ypaBHeHHUs (aguabaThl U WU30XOPHI) IS JIBYX
HemsBecTHBIX (T 1 @). [IpeoOpasyem ypaBuenue (1) k Buny:
(1+ hy/Py)®t= (1+ DT/TYS, (3)
rae BBeaeHo obo3HaueHue DT = T - Ty. Tak kak (hi/Pg) << 1 u (DT/Tp) << 1, 0
peleHrne ypaBHEHUH MOKHO ynpocTuTh Pasioras o6e gactu paBeHcTBa (3) B psia
no OuHoMy HpIOTOHa M OrpaHMYMBAsACH YIEHAMH IEPBOTO MOPsAKa MaJOCTH,
MOJTYYUM:
(9- 1)*(hy/Po) = ¢ (DT/Ty). (4)

Pemras ypaBHenue (2) otHOcUTEnbHO Ty M MOJCTaBIsis ero Beipaxkenue B DT
ypaBHeHus (4) moiyyaeM ypaBHEHHE, CoOjepkaiiee Toibko ¢ Paspemms ero
OTHOCHUTEJIBHO {J TTOIYYHM UCKOMYIO PacueTHYIO (GOpMYyIIy:

g=hi/(hy - hy)
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I nazynoe Onee Onezosuu,
Anexceesa Jlapuca Heanoena,
Bacunvesa Huna [lasnosna

OnpeneneHne nmoxka3areis auadaTbl BO3ayXxa
[Tonmucano B neuate . @opmar 60X90 1/16.

bymara nicuas. [Teuats odcernas. [apautypa Times.
Yenanewt. 0,8.Vu.-uza. 1. 0,7. Tupax 503k3. [Iman  1999r. [1o3.

PenaxkimoHHO- U31aTEILCKUHU OTIEN
NpKyTCKOro rocyapcTBEHHOTO YHUBEPCUTETA
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