DHIeNbCCKUM TEXHOJIOTHUECKUA MHCTUTYT (puiinan) dheaepaabHOro rocy1apcTBEHHOTO
OI0/KETHOrO0 00pa30BaTEIbHOIO YUPEKACHUS
BBICIIET0 00pa30BaHus
«CapaToBCcKuid rOCYJapCTBEHHBI TEXHUYECKUN YHUBEpCUTET uMeHU ['arapuna FO.A.»

Kadenpa «EcTeCTBEHHBIX 1 MaTeMaTHYECKUX HAYK»

PU3UKA

Meroauyeckue yka3aHus K
BBITIOJTHEHHIO JIAOOpaTOPHOU pabOThI
“OHNPEAEJIEHUE ITIOKA3SATEJISA AIUABATBI”

JUISl CTYIEHTOB HaIIPaBIICHUU

09.03.01 «MudpopmaTrKa U BEIYUCIUTEIbHAS TEXHUKA
09.03.04 «IIporpammHas UHKEHEPHUS

15.03.02 «TexHonOrHUYECKUE MAIIMHBI U 000OPYAOBaHUE)

15.03.05 «KOHCTPYKTOPCKO-TEXHOJIOTMYECKOCOO0ECTIeYeHUE MAIITMHOCTPOUTEIBHBIX
MIPOU3BOJICTBY»

18.03.01 «XuMuueckass TEXHOJIOTHI
23.03.01 «Hedrerazosoe nemno»

29.03.05 «KoHCcTpyHpoBaHUE U3AEIHI JIETKON TPOMBIIIIEHHOCTH

OYHOU U 3a04HOU (POpPMBI 00yUEHUSI

Hreanc 2026


http://techn.sstu.ru/Documentation/Umo/%D0%9F%D1%80%D0%BE%D0%B5%D0%BA%D1%82%D1%8B2020-2021/%D0%9E%D1%87%D0%BD%D0%BE%D0%B5/1/09.03.04-%D0%9F%D0%98%D0%9D%D0%96-1%D0%BA.15.05.20.xls

Leas padoThl: M3ydyeHHE MPOLECCOB B HAEAIbHBIX Ia3ax, OINpeesIeHUEe
y Cp
OTHOIICHHMS TCINIOEMKOCTEH ) = ——.
Cy
Teopus merona
VYaenpHOM TEMJIOEMKOCTBIO BEUIECTBA HAa3bIBAECTCS BEJIMYMHA, paBHas
KOJIMYECTBY TEIUIOTHI, KOTOPYI0 HEOOXOAMMO COOOLIUTh E€IUHHUIIE MAacCChl

BEIIECTBA /IS YBEJIUUCHHUS e¢ TeMIepaTypsl Ha ouH KeabBuH:
6Q
mdT

TermnoeMKocTh OAHOI'O MOJIA BCIICCTBA Ha3bIBACTCA MOJIHpHOﬁ

C (1)

TEIJI0EMKOCTBIO:
C = o0
M= @
U
rae m— macca, [ — MOJISIpHasi Macca BELECTBA.
3HAUYECHHUE TEIUIOEMKOCTU Ta30B 3aBUCUT OT YCIOBMM HX HarpeBaHHUs.
CornmacHo ¢ TEpBBIM 3aKOHOM TEPMOAMHAMUKU KOJIMYECTBO TEIUIOTH OQ,
COOOIIIEHHOE CUCTEME, PACXOyeTCsl Ha yBeJIMUeHNE BHYTpeHHel sHepruu dU u Ha
BBINOJIHEHUE CUCTEMOI paboThl §A MPOTUB BHEIITHUX CHIT:
5Q = dU + §A (3)
VYBenuueHue BHYTPEHHEW 3HEPrMU HACAIBHOIO ra3a B CiIy4ae U3MEHEHHs

ero temmneparypsl Ha d T

av="L.r.ar 4)
-2
3mech | — 4YMCIIO cTemeHed CBOOOABI MOJIEKYJBI, II0J KOTOPBIM

I0JIpa3yMeBaCTCsl YHCIO HE3aBUCUMBIX KOOPIMHAT, OMPEICSIISIONINX ITOJIOKCHHE
MOJICKYJIbI B IPOCTPAHCTRBE: 1=3 — JJI 0JTHOATOMHO#; 1=5 — /1151 IBYXaTOMHOI#1; 1=6
— JUId TpeX- U MHOTOATOMHOHN, R — yHHMBepcaJbHas ra3oBasl MOCTOSIHHas; R =
8,31 /Ixx/(Moub - K).

[Tpu pacummpeHnn ra3a CUCTEMa BBIMOIHSIET padoTy:

6A = pdV (5)



Ecnu ras HarpeBaTh mpu MOCTOSHHOM oObeme V = const, To A =0 u
coriacHo ¢ (3) Bce MOJIYyYEHHOE ra30M KOJIMYECTBO TEIUIOTHI PACXOIYETCS TOIBKO
Ha yBEJIMYEHHE €ro BHYTpeHHEW sHepruu 6Qy = dU u, yuutsiBas (4), MosipHas

TCINNIOCMKOCTD UJICAJIbHOT'O I'a3a IIPpH IMOCTOSAHHOM o0oBeMe

du i

Ecnu ra3 HarpeBaTh Ipy NOCTOSIHHOM JaBlIeHUH P = const, TO oiMy4eHHOE

pCy

ra3omM KOJMYCCTBO TCIJIOThI pacxoAayC€TCsa Ha YBCIMYCHHC BHYTpCHHCﬁ OHCPIruu

dU w BeImosHeHne padboTer JA
6Qp = dU + PdV

Toraa MOJIpHAsA TCINIOCMKOCTb MJACAJIBHOIO Tra3a IIpu IMMOCTOAHHOM

JaBJICHUHN

=y p (dv) (7)
Ko = ar T ),

Hcnons3yss ypaBHEHHWE COCTOSIHUS  HMJACAIBHOrO ra3a (ypaBHEHHE

Knaneitpona-Menjeneena)

v="0RrT
pV =—-
u
MOKHO J0Ka3aThb, 4TO AJIA MOJIA I'a3a
p (dv) =R
aT/p
", IO3TOMY
i+ 2
uCp =pCy +R =——"R (8)
OTHOIIIEHUE TEIUIOEMKOCTEN:
Cp i+2
=P _ 9
Y=g, i 9)

Anna0aTHBIM Ha3bIBAETCS MPOIIECC, MPOTEKaIui 0e3 TermoodMeHa ¢
OKpYyKaromen cpeaoi, 6Q = 0.
Ha mpaktuke OH MOXET OBbITh OCYIIECTBIEH B CHCTEME, OKPYXEHHOU

TGHHOHSOHHHHOHHOﬁ O6OH0‘IKOﬁ, HO ITOCKOJIBKY IJIA TeII000MeHa HCO6XOI[I/IMO



HEKOTOpOE BpeMs, TO aauabaTHHIM MOXKHO CUHMTATh TaKXKe MPOIECC, KOTOPHIU
MPOTEKAET TaK OBICTPO, YTO CHCTEMa HE YCIEBAET BCTYIUTHh B TEIUIOOOMEH C
oKpyXatomei cpenoi. [lepBblii 3aKOH TEPMOJUHAMUKH C ydeToM (4) — (6) mis

annabaTHOro Mpolecca UMEET BU/I:
m
;-u-CV-dT=—PdV (10)
[Tponuddepenmuponas ypasuenue Knamnelipona-Menneneena

m
PdV+VdP=;-R-dT

u noactasisist AT B popmyny (10), momyunm
(uCy + R)PAV + uCy,VdP =0
VY4uTBIBas COOTHOLIEHUE MEXKIY MOJISIPHBIMU TEIUIOEMKOCTSIMH U/1€aTbHOTO
raza Ipyu MOCTOSHHOM JaBJCHHH U 00BEME, KOTOpOE€ OMHUCHhIBaeTcs (popmysoin

Maiiepa (8), a Takxe (9), noayuum

dv N ap 0
vTP T
Penrenue HanmcanHoro nugGepeHIMabHOTO YPAaBHEHHSI UMEET BU/T
PV = const (11)

YpaBuenue (11) Ha3piBaeTcs ypaBHEHHEM aauadatbl (ypaBHEHUEM
[lyaccona), a BBejieHHas B (9) BeIMUMHA Y — IOKa3aTeIeM auadaThl.

Meton ompeneneHus mokasarens aanadarhl, npeasiokeHHbl Kiiemanom u
HezopmoM (1819 r.), OCHOBBIBAETCSI Ha U3YYCHUH MMapaMEeTPOB HEKOTOPOU MacChI
rasa, NepexosIleld U3 OJHOTO COCTOSIHUS B JIPYro€ ABYMS MOCIEA0BATEIbHBIMU
nporeccaMu — aauadaTHBIM M U30XOPHBIM. OJTH Mpoliecchl Ha auarpamme P-V
(puc.1) wmzo0paxkeHbl KPUBBIMM COOTBETCTBEHHO 1-2 um 2-3. Ecim B cocyn,
COCNMHECHHBIN C AuddepeHnnanbHbIM TaTYMKOM JIaBJICHUS, HaKadaTh BO3AYX U
MOJIOKAATh /10 YCTAHOBJICHHUS TEIJIOBOTO PABHOBECHSI C OKpYKaloUIe CpesioH, TO B
5TOM HayaJlbHOM cocTosiHUM | ra3 wumeer mnapamerpsl Py, V;, T;, npuuem
TeMIlepaTypa raza B COCyJle paBHa TemIeparype okpyxaromen cpenst Ty = Ty, a

nasienue P; = P, + P’ HeMHOro 00JIbIlie aTMOC(EPHOTO.



Eciu temepr Ha KOpPOTKOE BpeMsi COEOUHHUTH COCYA C aTMocdepoil, To
npou3oiiieT aguabaTHOe pacuiMpeHue Bosayxa. llpu sTom BO3ayx B cocyne
nepeieT B COCTOSIHUE 2, €r0o JaBJICHHE MOHU3UTCS A0 atMmochepHoro P, = P,.
Macca Bo3tyxa, OCTaBIIETOCS B COCYJIe, KOTOpasi B COCTOAHUM | 3aHMMaJia 4acTh
obbeMa B cocyze, pacmmpssach, 3aiiMeT Becb oobeM V,. Ilpu sTom Temmeparypa
BO3/lyXa, OCTaBLIErocsi B cocyie, moHusutcs 1o T,. Ilockombky mpomecc 1-2 —
anuabaTHBIN, K HEMY MOXKHO pUMeHuTh ypaBHeHue [lyaccona (11):

P1V1V — PZ VZV

WJIN
T
y-1 "~ py-1
5 P,
Orcronma
_pn\Yv1 Y
PP\ _ (E) (12)
Py T,

[Tocne  KpaTKOBpEMEHHOTO  COEIMHEHHMS  cocyla ¢ aTMmocdepoit
OXJIAX/IEHHBIH H3-3a aauabaTHOrO pacIIMpeHHs BO3AyX B cocyne Oyner
HarpeBartbes (mporecc 2-3) 0 TeMmrepaTypbl okpyxaromeid cpeabl Tz = Ty npu
noctostHHOM obwveme V3 =V,. Ilpu sToM naBieHue B cocyle MOAHUMETCS [0
P; =P, + P.

[TockonbKy mponecc 2-3 — U30XOPHBIA, K HEMY MOXHO NMPUMEHUTH 3aKOH

[Taps:
P, P;
I, Ts
Orcrona
PP Ty -
Py Ty

N3 ypapuenuii (12) u (13) noayuum:

P, +P\"* _(PotP"Y
) - )

[Iponorapudmupyem:



! 1

P
—1D)In({1+—=—)=yln|{1+—
6% )In +P0 yin +P0

[MockonbKy n30bITOUYHBIC MaBiieHus P’ u P'' oueHb Malbl MO CPABHEHUIO C

atMoc(hepHbIM naBieHueM Py u, yuntbiBas, yto npu x < 1 In(1 + x) = x, 6ynem

UMETh
(y =P =yP"
Otkyna
Pl
S — 14
y PI — PII ( )
N36biTounsle  maBneHus P’ w P uM3MepAIOT ¢ MOMOIIBIO

g depeHINaTbHOTO JaTYiKa JaBICHHUS:

P' =pgH; P" = pgH (15)
U3 (14) u (15) noxy4uum pacueTHyro GopMyITy JJIsl ONIPEeAETICHUS -
H
— 16
T (16)

3KCI’l€puMeHmaJZbHCl}Z ycmaHoB8KAa

o C
I[J'I}I OIIpCACIICHUSA OTHOIIICHUA TCIINIIOEMKOCTCHU BO3ayXa Y = C_P
|4

npeaHa3HavyeHa ’KcrnepuMeHTaiabHas ycraHoBka DIIT1-6, oOmumit BUA KOTOpOMH
MOKa3aH Ha PUCYHKE 2.

YcTaHOBKA COCTOMT W3 METaUIMYECKOrO0 COCyJa €MKOCTBIO 3,5 JIHTpa,
COCIMHEHHOW C MHUKPOKOMIIPECCOPOM, pPAa3MEIICHHbIM B Ojoke mpudbopoB 2.
MukpokoMIipeccop  BKJIIOYaeTcs — IepekiatoyaresnieM  «MHKpOKOMIpeEccopy,
YCTaHOBJIEHHBIM Ha MepeAHed maHenu ycTaHoBkM 5. IIHeBMoTymOiep
«A1™ocdepa» 6, MO3BOJSIET PU MOBOPOTE €ro MO YaCOBOM CTpEJIKE 10 IeTYKa
KPaTKOBPEMEHHO COEAMHUTD KOJIOY ¢ aTMOC(epoil.

JlaBnenue B Kojbe u3Mmepsiercss AuQdepeHnrnaIbHbIM JaTYNKOM JaBJICHUS
tuna MPX5010dp. B ycraHOBKe MpemycMOTpeH Takke KOHTPOIb TEMIIEPATyphI
KaK BHYTPH KOJIOBI, TaK U CHapYXkH.

Ilopsook evinonnenusi pabomol
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BxitounTs ycraHoBKY BbiKiIrouaresieM «Cetb». OTKpoITh KpaH K1.

JUis  momaum  BO3AyxXa B COCYH  BKJIIOYUTH  IIEPEKIIIOYATEIH
«MukpokoMmpeccop».

C mnomotlpl0 U3MEpUTEIBHOrO TNpubdopa «JlaBieHue» KOHTPOIUPYIOT
nasienue B cocyae. Korma nmaBnenue B cocyae aocturHer P; klla,
3aKkpbITh KpaH K1 1 oTKII0YNTH ogavy BO3AyXxa.

[Togoxnare 2...3 MHHYTBI, TOKAa TeMmepaTypa BO3AyXa B COCYIE
CpPaBHSIETCSl C TEMIIEPATYPOU OKpPY’Karolero Bosayxa Ty, B cocyae mpu
OTOM YCTAaHOBHUTCA TNOCTOSIHHOE naBieHue P;. CHATp mnoKa3aHus
U3MEpPUTENSL J1aBlIeHUs P;, yCTaHOBUBILEroCs B COCYJ€, a NOJy4EHHOE
3HAYEHUE 3aHECTH B TAOIUILY:

Tabmuma 1

P;, xIla P,, xlla )4

Ha xopoTkoe BpeMsi COEIWHUTH cOCyl C armochepol, MOBEpPHYB
MHEBMOTYMOJIEp «ATMOc(epa» Mo YaCOBOM CTpesIKe J0 LIeTUKa.

Yepes 2...3 MuUHYTBH, KOIJla B COCYyJ€ YCTAaHOBHUTCS IOCTOSIHHOE
naBjaeHue P, CHATb TIOKa3aHWs  U3MepUTenst  JaBleHus P,
YCTaHOBUBIIETOCS B COCY/I€ U MOJIYYEHHOE 3HAUCHHUE 3aHECTU B TAOIUILY
1.

[ToBTOpPUTH M3MEpeHHs 110 TyHKTaM 2-6 He MeHee 10 pa3 mpu pazIuyHbIX
3HAYEHUSX BEJIUYUHEI P; .

BBIKIIFOUUTH YCTaHOBKY BBIKIItOUaTENEM «CEThY.

Obpabomka pe3yibmamos usmepenus
Jlns kaxaoro u3MepeHus onpenenuTs no dopmyne (14) oTHolieHue

TeIUIOEMKOCTEN Y. Halitu cpenHee 3HaueHue y.
7



2. OueHuTh MOrPEIIHOCTh PE3yIbTaTOB U3MEPEHHUSI.

Pucynoxk 2 O6muii Buja skciepuMmeHTabHON yectanoBku OIIT1-6H

1 -30Ha ynpaBnenus, 2 — npubopHas 30Ha, 3 — nH(GOpMaIMOHHAs 30Ha, 4 — BKIIIOYATEIb CETH, 5
— BKJIFOYATEIIb KOMIIpeccopa, 6 — KJIarmaH CoeIuHEHUs ¢ aTMOChepoit, 7 — U3MEPUTENN
TEMIIepaTyphl, 8 — U3MEPUTENb TABICHUS

BOITPOCHI JIsI CAMOITPOBEPKH

1. UYro Ttakoe wu30mporecchl U KaKUM 3aKOHaM OHHU TMOJYUHSAIOTCS?
Hapucyiite rpaduku 3TUX IpoIecCoB.

2. ChopmynupyiiTe 1 3aK0H TEPMOAMHAMUKH. 3aMUIIUTE ATOT 3aKOH JIJIsI
1300apHOT0, U30XOPHOTO, U30TEPMUUYECKOTO U aJuabaTHOTO MPOIIECCOB.

3. JaiTe onpenesieHue yIeabHOM U MOJIIPHOM TEIJIOEMKOCTU. B Kakux
eqununax CU oHu uzmepstorcsi?

4. B ueM 0coOEHHOCTH TEIUIOEMKOCTH Tasza? BeiBeaure opmyiny nmis
MOJISIpHBIX TeruioeMkocTelt uCy u uCp UIeanbHOro rasa.

5.  JlaidiTe ompeneneHue dYucia cTeneHeil cBOOOABI MOJIEKYNbl. Yemy

paBHa BeqmuuHa | s 1-, 2-, 1 3- MHOr0aTOMHOTO HCaJIbHBIX I'a30B?



6. Kakoli mporecc Ha3piBaeTcsi aguabatHbiM? BriBenuTe ypaBHeHUE

IlyaccoHna.

1. Paccuuraiite TeopeTuueckoe 3HaUCHHE MoKazaTess aanadbatTsl 1 1-,

2- 1 3- aTOMHOTO UIEAJILHOTO Tasa.

8. B uyewm 3akmouaercs meron Knemana u [lezopma 1uisi onpenecHHs
C
hd
Cv

9. Onumurre pabounii UK AKCIEPUMEHTAIbHOW YCTaHOBKH 1o P-V
auarpaMmme.

10. BsiBenuTe pacueTHyr0 GOpMyIly s ONpeneacHus Y.

11. Kak u moueMmy HU3MEHsEeTCA TeMmIeparypa rasa B COCyle IMpHu

IIPOBE/ICHHUH OIbITa?

JIUTEPATYPA
1. CasenbeB U.B. Kypc obmeit ¢pusuxu: B 3 1./M.B. CaBenseB. M.: Hayka,

1998. T.1.

2. SIBopckuit .M. Kypc ¢uzuxu: B 3 1./b.M. SBopckuii, A.A. Hernad, JI.W.

MunkoBckasi. M.: Beicmast mkona, 1999. T.2.

3. Tpobumona T.U. Kypc ¢uszuku/T.1. Tpodumona. M.: Bricmias mikosna,

2002.

4. YueOuple anuMupoBanHble kiunatel o ¢puzuku DTU CI'TY [DnekTpoHHbIN

pecypc] http://tfi.sstu.ru/

5. http://www.sstu.ru/studentu/
6. http://techn.sstu.ru/Biblioteka/
7. http://techn.sstu.ru/new/SubjectFGOS/SpisokPredmetow.aspx



http://tfi.sstu.ru/
http://www.sstu.ru/studentu/
http://techn.sstu.ru/Biblioteka/
http://techn.sstu.ru/new/SubjectFGOS/SpisokPredmetow.aspx

