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1. DHEPTUA

HeorbemieMbiM CBOMCTBOM MAaTE€pUM SIBJISIETCA ABUKECHUE. MeEpOd NBUKEHHUS SABISETCA
Heprusi. Hampumep, snmepHas »Heprus OOYCIOBIICHA JBHMIKEHHUEM CYOBAIECPHBIX YACTHII
(HEHTpPOH, MPOTOH) BHYTPH SIpa; SHEPTUS XUMHUYCCKUX CBSI3CH — 3TO IBMKECHHUE SJICKTPOHOB
00pa3yromux 00IIyI0 AIEKTPOHHYIO 000JI0UKY MOJIEKYIBI U T.J.

He3aBucumo OT Buaa BO3ACHCTBHS Ha cHcTeMy (MEpeMEIICHHE B CHJIOBBIX IOJISIX,
00TydeHne, KOHBCKTHBHBIA HAarpeB, XUMHUYCCKHUE, SAEPHBIC PCAKIMM W T.1.) 9TH BO3ACHCTBUS
CUMTAIOTCS SKBUBAJICHTHBIMH, €CJIM MIPUBOAAT K OJIMHAKOBOMY U3MEHEHHUIO IHEPTHH CUCTEMBI.

B TepMonMHaMuKe MOJIHAS SHEPIUsI CUCTEMBI COCTOUT U3 KMHETUYECKOM, ITOTEHIIMAIBHON
Y BHYTPECHHEHN HEPIUU:

E = EKI/IH + EhOT + U (1)
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- KHMHCTHUYCCKAsA SHCPTHUA CHCTCMBI KaK IICJIOIO, EHOT - HNOTCHIHAJIbHAA SHCPIrud

CHCTEMBI BO BHELIHHX CHJIOBBIX IOJISIX, paBHas padoTe CHJ MPOU3BOJUMON MPHU MEepEeMELICHUN
CUCTEMBI M3 OJHOM TOUYKM MoJsl B Apyryto, U - BHYTpEHHss SHEPrusi — 3TO CyMMa BCEX BHUJIOB
OHEPIUH JBUKECHUS YaCTULl COCTABIISAIOIINUX CUCTEMY.

BHyTpenunsis sHeprusi sBisierca (yHKUMEH COCTOSIHHMS, W HE 3aBHUCUT OT Ipoliecca
W3MEHEHUsI COCTOSIHHMSI CHCTEMbI, a OIpeAeNsieTcsl JIMIIb €€ 3HAUYCHUSAMH B KOHEYHOM U
HAYaJbHOM COCTOSIHMSIX. Tak Kak COCTOSIHME CHCTEMbI B MPOCTEHINEM ciydae OINpeAessiercs
JBYMsI HE3aBUCUMBIMU [IEPEMEHHBIMH, TO, BHIOPAB MepeMeHHbIe | U V, MO>KHO 3aIucaTh:

U=f(T,v) (2

2. SJHTAJIbIINA

Hapsiny ¢ BHyTpeHHeW »JHEprued, OJHOM U3 DHEPreTUYECKMX XapaKTEPUCTUK
TEPMOJUHAMHYECKON CUCTEMBI SIBJIACTCA TeNJI0Basi (PyHKIMSA WM JHTAJIbIIHA.

Ecnu cucrema HaxoauTcsa B a0COJIIOTHO KECTKOH 000I04YKe 110 N30BITOYHBIM JTaBIIEHUEM
M0 CPABHEHHIO C OKPYXKAIOUIEH Cpenou, €€ dHEPrusi CKIAAbIBACTCS U3 BHYTPEHHEW SHEPrUU U
MOTEHLMAIBHON YHEPTUH JAABJIEHUS B ’TON CUCTEME!

E=U+pV=H ©)

OTy BEIMYMHY MPHUHATO HA3bIBaTh SHTanbIuei. Takum o0pa3oMm, SHTAIBNUS B JaHHOM
COCTOSIHUM TIPENICTAaBIsIET COOOW CyMMY BHYTPEHHEH OJHEpPrUU Tella W paboThl, KOTOPYIO
HEOOXOMMO 3aTpaThTh, YTOOBI TEIO 00BeMOM V BBECTH B OKPYKAIOIIYIO CpPEy, UMEIOIIYIO
JaBIICHUE [P W HAXOJIIYIOCS C TEJIOM B PaBHOBECHOM COCTOSIHHH. OHTAIBIHS CHUCTEMBI



AQHAJOTUYHO BHYTPEHHEW OHHEPrUM HMEET BIOJHE ONPENEICHHOE 3HAYEHHE I KaXKJ0ro
COCTOSIHHS, T. €, IBISIETCSA (PYHKIIMEH COCTOSHUSA. DHTAIBIIMEH CUCTEMBI YIOOHO MOJIL30BaTHCS B
TE€X Ciy4asiX, KOrJla B KayeCTBE HE3aBUCHUMBIX IIEPEMEHHBIX, OMPEICISIIONUX COCTOSHHE
CUCTEMBI, BBIOUPAIOT JABJICHUE P U TeMIeparypy T :

H=1(p,T) (4)

3. TEIINIOTA U PABOTA

M3MeHeHne KONMYEeCTBa SHEPTUH B CUCTEME MOXKET IIPOM3OUTH TOJIBKO B TOM CIIy4ae, €ClIu
CUCTEMa BCTYNIMUT BO B3aMMOJEHUCTBHE C JPYyrol CHCTEMOHM M paccMaTpuBaeMas CHUCTEMa
IIEPEeNacT 4acTh DHEPIMU JTOW CUCTEME WM BOCIPUMET 4acTb 3Hepruum or Heé. Ilepemaua
SHEPrMM BO3MOXKHA JIByMs IYTAMH — IIOCPEJICTBOM pabOThl WM TEIJIOOOMEHa MEXITy
cucremami. Ilpu 3ToM paboTa MOXKET MONTH Ha yBeIMYEHHUE JIOOO0Tr0 BHJA SHEPTHH, a TEIUIOTa
(6e3 mpemBapHUTENBHOTO MpeoOpa3oBaHUs B pabOTy) TOJBKO Ha YyBEIWYEHHE BHYTPCHHEH
SHEPIUH CUCTEMBI.

Xota pabota L u Temmora Q MMEIOT Ty)Xe pa3MEpHOCTb, YTO U 3Heprus E - J[xoyns,
TEIUIOTa U paboTa HE SABISAIOTCS BHIAMH SHEPTUM M MOTYT MPOSBIATHCA TOJIBKO B IpOLIECCE
B3aMMOJCHCTBHS pACCMAaTPUBAEMOM CUCTEMBI C APYTUMHU CUCTEMAMH.

B o0miem citydae anemMeHTapHasi paboTa MOKET ObITh BhIpa)keHa B BUIE:

dL = Xdy (5)

rae:. X,[H] - mexoropas cuina (0606mménnas cuna), Hanpumep: PLS cuia maBiaenus, Ml cuia
TSKECTH | T.J.; Y mepemMeleHre CUCTeMbI BJI0JIb KOOPIUHATHI Y,[M] .

B O6H.[€M cj1ydya€ SJIEMCHTAPHOEC KOJMUYCCTBO TCILUIOTHI, NEPEAAHHOEC HIINM OTHATOEC OT
CUCTCMBI, MOXKCET OBITH BBIPAXXCHO B BUJIC.

dQ= mcdT (6)

rge: m,[kr] - wmacca cucremsr; c,[Jx/kr/rpag] - MaccoBas TEIUIOEMKOCTb CHCTEMBI,
dT,[rpax] nmpupaiienue (M3MeHEHNE) TEMIIEPATYPbI CUCTEMBI Y, [M] .

4. TEINIOEMKOCTD, BUJIbI TEIINIOEMKOCTH, CPEJTHSISI U HCTUHHAS
TEIMJIOEMKOCTHU

Tenji0eMKOCTHI0 CHCTEMBbI HAa3bIBAETCA OTHOIIEHHE KOJIMYECTBA TEIIOTHI, MOTJIOMIEHHOM
TEJIOM B ONPEECICEHHOM TEPMOJMHAMUYECKOM Ipoliecce, K U3MEHEHHIO ero Temieparypsl. B
3aBUCUMOCTH OT KOJUYECTBEHHOM €IUHULIBI CUCTEMbI, K KOTOPOM MOJBOJIUTCA TEIIOTA,
pa3IuyvaoT:

MaccoByw Temnoémkoctsb, [Jx/kr/rpan]

c= id_Q (7)
m dT
MouibHy10 Tem10éMKoCTh, [Jx/Monb/rpa]
_pdQ
c,=—— 8
Y omdT ®
O6BEMHYI0 TemT0éMKocTh, [J/M/rpaj] Ipi HOPMATBHBIX YCIOBHSAX:
d
22,40m dT

CBs13b Pa3IMYHBIX TETUIOEMKOCTEH BBITJISIUT CIIEIYIOIIMM 00pa3oM:



C
—_u - _HC (10)
22,4 22,4

Tak kak TeroTa, MOABOJMMAs B IMPOILIECCE K CUCTEME, 3aBUCUT OT BHJa IMpollecca, TO
TEIJIOEMKOCTh OyZeT CBOMCTBOM CHUCTEMBI TOJIBKO TOT/Ia, KOT/Ia MPoIiecc OyIeT MPOXOIUTh PH
MOCTOSIHHOM 3HAYCHUHU KaKUX-TH00 MapaMeTPOB CUCTEMBI (IaBiicHHE, 00bEM, TeMHEPaTypa):

doQ
C = ( de (11)

X — IMOCTOSIHHBIH MapaMeTp CUCTEMBI (IaBIeHUE HITH 00BEM).

VYpaBHenue (11) onpenenser Tak Ha3bIBaeMbIC HCTHHHBIE TEMJI0EMKOCTH, KOTOPBIE OYAyT
GYHKIUSAME TEPMUYECKUX MTapaMeTpoB. ICTUHHBIMU TEIIOEMKOCTSIMU SIBIISIFOTCSI:

3 o e

C, - MaccoBasi TEINIOEMKOCTh TP MOCTOSHHOM 00BEME CUCTEMBI,

Cp - MaccoBas TEILNIOEMKOCTh IMpu NMOCTOAHHOM OABJICHUU CUCTCMBI.

Cpezmeifl TEeIVI0EMKOCThI0 HAa3bIBAIOT OTHOIICHHE KOJIMYECTBA TEIIOTHI BRIACIUBIIETOCS
WJIH TIOTJIOTUBIICTOCA B CUCTEME IPHU KOHEYHOM U3MEHECHUH TEMIIEpATypPhl.
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5. TEINIOEMKOCTb UJIEAJIBHOI'O T'A3A

[Tpu 11060M TEPMOAMHAMUYECKOM IPOLIECCE UICATHHOTO Ta3a N3MEHEHHE €r0 BHYTPEHHEH
DHEPTHH OIPENEINseTCs TOJNBKO HM3MEHEHHeM ero Temmeparypel, T. e. U =f (T) . Ecmu B

PE3YIbTATC MpOILECCa TCMIICPATypa ra3da HC HU3MCHUJIACH, MOXKHO YTBCPIKAATh, YTO CKOPOCTH
MOJICKYJT H€ HU3MCHWJIACh M, CJIC€OO0BATCIIBHO, OCTalachb 0e3 u3MEHEHUS U BHYTPCHHSAA
KMHCTUYCCKAas SHCPrus ras3a.

OnpenenuM TETIOEMKOCTh HJICATLHOTO Ta3a HMCXOAS M3 MOJEIBHOTO TPEICTaBICHUS
MOJIEKYJIIPHO-KUHETUUECKOU TEOPHH.

p=2 Ly M
3 UV 2

U

(14)

2 MOJIb

rasa, M, [KF / MOJIB] - MOJIEKYJISIDHBIN BeC rasa.

N, m, w? , [ Jox

:| - BHYTPCHHAA SHCPIrUd MOCTYMATCIIbHOTO ABUXKCHUA BCCX MOJICKYIJI 1 mons

Orcrona cinenyer, uTo:

—upv[ Hox } (15)

MOJIb

CBs3b NaBJIECHUS M YIEJIBHOTO 00BEMa C TeMIepaTypoill MOXKHO MOJYYMTh U3 ypaBHEHUS
COCTOSIHUS UJA€aIbHOrO ra3a - pv = RT, Toraa 1y BHyTpeHHEH 3HEPIMHM MOKHO 3aIlUCaTh!

=§uRT=§DT=1,5E8,3144]]]'E: 12,6 T,[ Jox } (16)
2 2 MOJIb



[Tonarasi, 4To 53JIeMEHTapHOE KOJUYECTBO TEIUIOThI, IMOJBEJECHHOE B TMpOIECCe MpPHU
MOCTOSTHHOM 00bEMe K 1 MouTio, ra3a moiIeT Ha U3MEHEHUE ero BHYTPEHHEH 3HepTruu, MOTyduM:

_(dQ) _(du) _ Tk
(). ~(30), "3, 725 o )
U3 ypasHenust Maiiepa C, — C, = R MOXHO HOJTy4HTb!
(C“)p _(C“)v =HER
_ _ Jix (18)
(Cu)p _HER+(CI1)V = 20,8, M()Tﬂ‘paﬂ

ITpoBepka 1O JKCIEPHUMEHTAIBHLIM JAHHBIM JAJIsI OJHOATOMHBIX ra30B IIOATBEPKIACT
MOJyYEHHBIE BBIBOIBI. (Cu)v ,[I[)K/ MOJIb / rpa/:[]: Apron 12,48; T'enmuit 12,60; Pryrs (mapsr)

12,52.

JIJist ABYX- TPEX- 1 MHOTOATOMHBIX I'a30B I0JIYYaeTCs ITOJIHOE HECOOTBETCTBUE BBIBOJIOB
C DKCIIEPUMEHTAIbHBIMU JTAHHBIMHU. (Cu) ,[,Z[}K/ MOJIBb / rpazx] : Bomopon 20,26;Kucnopon 20,85;
\

Azor 20,72;Yraexucneiii raz 28,13;BoasHoii nap 28,47.

DTO pacxoXIeHHE OOBACHICTCS TEM, YTO OJIHOATOMHBIM Ta3 JOCTATOYHO TOYHO
COOTBETCTBYET BBEJEHHOMY TOHATHUIO 00 HIeanbHOM Taze. Ho Monekyna IByXaTOMHOTO rasa
MIPEACTABISIET CO0O0I OoJiee CIOKHYIO CUCTEMY, T/I€ HaJI0 YUUTHIBATh BCEBO3MOIKHBIC JIBUKCHUSI:
MOCTYIATEIbHOE U BpalllaTeIbHOE.

YcranoBieHHbIH MakcBenioM — BbobIIMAaHOM 3aKOH 0 paBHOpacHpeaeJeHud JHEPTUH
YTBCPIKAACT, UTO HA KAXKAYIO CTCIICHb CBOGOI[I:I ABWIKCHUA MOJICKYJIbI paCXOAyCTCA OAUHAKOBOC
KOJIMYECTBO SHEPTHUHU.
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Mornekyaa OMHOATOMHOTO Ta3a MOXET KMETh TOJbKO 3 CTemeHH CBOOOIBI
MOCTYNATEJILHOTO JABM:KeHHMs1. BpalarepbHbpIM IBHKEHHEM aTOMa BOKPYI CBOEH OCH MOYKHO
npeHeOpeyb, Tak Kak BCsS Macca MOJICKYJIbI COCPEOTOUYCHa Ha ocu BpaiieHus. CieaoBaTenbHo,
Ha KaKIyIO CTEIEHb CBOOOIBI IBMKCHHS B OJTHOATOMHOM Ta3¢ PacxoyeTcsi SHEPTHs.

12,5 Jx

=4,16
MOJTh [Tpaj

(19)

Mornekyna AByXaTOMHOTO Ta3a UMEET 3 CTENEHU CBOOOIbI MOCTYMATENLHOTO JBUKEHUS U
2 cTteneHU CBOOOMBI BpamaTEIbHOTO IBIKEHMs. CuuTas, 4TO Ha KaXAyl CTENEHb CBOOOIBI
JBUKEHUS PACXOyeTCsl IIPU HArpeBe TAKOE ke KOJIUYECTBO TEIIOTHI, KaK U NIl OJJHOATOMHOIO
rasa, MO>KHO TOJTYYHUTh ISl IByXaTOMHOTO Tasa:



Jx

— (20)
MoJTh [Tpas

(c.), =5m.16= 20,8,

HOquaeTCH BechbMa 0JIM3K0OE COOTBETCTBUE C OKCIICPUMCHTAJIbHBIMH JAHHBIMHU.

Jlnst TpeXxaTOMHOTO Ta3a MMEIOTCS 3 CTENEeHH CBOOOIBI MOCTYMATEIBLHOTO M 3 CTEIEHHU
CBOGOI[BI BpamaTeJIbHOIro ﬂBHX(eHHﬁ, HOE)TOMy:

(c.), =6m1,16= 24,96, IS (21)
v MoJib [Fpaj

YTO HC COOTBETCTBYCT OKCIICPUMCHTAJIbHBIM JTaHHBIM.

Taxkum oOpaszom, i Gosiee YeM ABYXaTOMHOI'O ra3a MOJICKYJISIPHO-KUHETHYECKas Teopus
TEIUIOEMKOCTH YK€ HE JaeT BEpPHBIX pe3yjbTaToB. BIOIHE MOHSTHO, YTO 3TO OOBICHAETCA
OO0JIBIICH CIOKHOCTHIO MOJIEKYJIBI M OONbIICH CI0KHOCTHIO BHYTPUMOJCKYISPHBIX IBHKEHUM.
Monekynbl UMEIOT Kosie0aTelbHOE ABIKEHUE, PeCTaBIIsfomee co00ii BHYTPUMOJIEKYISIPHYIO
JHEpPrul0, KOTOpass B KHHETHYECKOW TEOpUM Ta30B HE  yuuThiBaercs. BiunsHue
BHYTPHMOJICKYJISIPHON SHEPTUU MOXKET OBITh YYTCHO KBAHTOBOM TEOpPHEH TEIUIOEMKOCTH. JTa
TEOPHsI TOKa3bIBAET, YTO TEIUIOEMKOCTD SBJISETCS (QYHKIUEH TeMIepaTypsbl.

6. BABUCUMOCTbD TEIVIOEMKOCTHU OT TEMIIEPATYPbI

OnBITH TOKA3BIBAIOT, YTO MPH MOBBIIICHUU TEMIIEPATYPHI Ta3a KojeOaTenbHbIe TBIKECHUSI
aTOMOB B MOJIEKYJI€ YCHJIMBAIOTCS, HA YTO pacxojayeTcsl Bce Oosibliee M OOJbllIee KOJTUYECTBO
sHepruu. CremoBaTeNbHO, YeM BBIIIE TEMIlepaTypa, TeM OOJbIIe TEIIOTHl MPUXOAUTCS
pacxofoBaTh JUIsl HarpeBa raza. B o0imieM ciydae TEmI0oeMKOCTh MOXKET OBITh IMpe/cTaBiIeHa
YpaBHEHUEM:

(), =((e),),+ 2t ((c),), =(c.), 070 el 22)

JIl TEXHUYECKHUX pacuyeTOB YacTO MPUHUMAIOT JIUHEHHYIO 3aBUCUMOCTb TEINIOEMKOCTH OT
TEMIIEpaTypbl U BBIPAKAIOT ee (hOpMYJIION:

(c,). =((c“)x)0 +all. (23)
Asor: 28,974-0,002568 [t/Tx / Mous / rpax]
Bomopox: 28,784-0,00111[7 EH}K/ MOJIBb / rpa/:[] ,
Kucnopon: 29,564-0,003404 ﬁ)l)ic/ MOJIb / rpa;[] :
Oxkwucs yraepona: 29,064-0,002818 ﬁl]:[}K/ MOJIb / rpa/:[],
Bosayx: 28,094-0,002412 [/l / Mo/ rpas] .

7. OTHOIIEHUE TEILIOEMKOCTEM

Becbma Oonbmioe 3HaueHne u B GopMylax MU B TMPAKTHUYECKUX pacueTax HMeeT
MoKa3aTeb aAnadaTbl — OTHOLICHHE TEINIOEMKOCTEH C, K C, .

k=c,/c, (24)

Ecin mcmosib30BaTh MOJIEKYJISIPHO-KHHETHYECKYIO TEOPHUI0 TEINIOEMKOCTH, TO MOXKHO
YCTAHOBUTH CJICIYIOIIME 3HAYCHUS BEJIWUYMHBI K: 11 OJHOATOMHBIX ra3oB — 1,67; mis
JIBYXaTOMHBIX Ta30B — 1,4; 115 TpexaToMHBIX Ta30oB — 1,33.



B HeﬁCTBHTCHBHOCTH k 3aBUCHUT OT TCMIICPATYPhI, U 3Ta 3aBUCUMOCTL YCTAHABJIMBACTCSA
CJIEIYIOINUM 00pa3oM:

k:1+5:1+£4’C (25)

o = (a),



