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N3y4yenue aguabaTuueckoro mporecca
(JTaBopaTopHsIit KoMIuIeKe «OTKpBITas PU3UKAY)

Metoanyeckue yka3aHHs MO BBITIOJIHEHUIO J1a00PaTOPHOM pabOThI

Beenenune

[enpro paboOTHI SIBIISIETCS

3HAKOMCTBO C KOMITBIOTEPHOI MOJIEINIBIO, OMUCKHIBAIOIICH aJnabaTHYecKuil mpolecc B Hie-
aJIbHOM Trase;

IKCIIEPUMEHTAILHOE TIOATBEPKICHHE 3aKOHOMEPHOCTEH aInadaTHIecKoro mpoIecca;

IKCIIEPUMEHTAIILHOE ONpE/IeICHHe TOoKa3zaTelsl aauadarhl, YMclia CTereHeld CBOOOABI U
CTPYKTYpPbI MOJIEKYJI T'a3a B JJAHHOW MOJICIIH.

1. Kparkas Teopusi

A)maﬁaanecm/lM HAa3bIBACTCA HPOUECCC, MPU KOTOPOM TEPMOAMHAMHNYCCKAsA CHUCTECMa HEC
0OMeHMBaETCS BHGPFHGfI C TCJIaMH, HC BXOJAIIUMHU B OTY CUCTEMY.
ypaBHeHI/Ie aZ[I/Ia6aTI/I‘-I€CKOFO mpouecca ajid ncajibHOro ra3a MMECT BU

pV’” =const (1.1)
31ech ¥ - moKasaresb aquadarhl.

Tlokazarennb aZ[I/Ia6aTI)I OMpCACIIACTCA CBOMCTBAMHU HACAaJIbHOTO ra3a M paB€H OTHOIICHUIO
Y
7/ - (12)

3J€Ch CP y CV - MOJISIpHBIC TEIVIOEMKOCTH UACAJTIBHOI0 ra3a npu moCToOIHHOM J1aBJICHUHU U 110-
CTOAHHOM Oﬁ'beMe, PpaBHBIC

i
Cp = E +1 R,
(1.3)
|
¢, =R,
2
rae |— umcao creneneii cBOGOABI MOJIEKY)l MAEANbHOro rasa, R - ynusepcanbHasi rasoBas
MOCTOSIHHAS.
"3 (1.2), (1.3) MOXHO MOTYYHUTH BBIPAKEHHUE JUTS YHCTIA CTENEHEH CBOOO bl MOJIEKYIT
i- 2 (1.4)
y-1
Bo3smeM HaTypanbHbIii torapudm odenx yacreit ypapaenus (1.1)
Inp+yInV =const.
3anuiieM
Inp=const—yInV,
P 4 (1.5)

In p=const+(—y)InV.
Jluneapusopannsiit rpadux pyaxuuu In p = f (INV) npencrasnen nva pucynke 1.1.
VYrnoBoit koapunment rpadguka paBeH



A(In
q-Alnp) (L6)
A(InV)
N3 (1.5) cnemyer, uto yriioBoi ko3 duuueHT rpaduka u mokazaTellb aauadaThl CBS3aHBI
MEXTy COOO0U COOTHOIIEHUEM

(-r)=a
Orcrona
__A(np) L
A(InV)’ |
+ Inp
Mlln

O R

Ink

¥

Aln )

Pucynok 1.1 — JIuneapuzoBaHHbIN rpadux

2. MeTonuka u3MepeHMit

2.1. Ha pabodem cTojie MOHUTOpA HauTe SApAbIK mporpaMMel «OTKpbITas @usukal.ly».
[lenxkHUTE MO APIJIBIKY KYpCOPOM MBIIIH U 3aITyCTUTE IPOrpamMmy.

2.2. Beibepute: «TepMmoauHaMuka U MoJeKyJIsipHasi Gu3nka», «AaquadaTudeckuii mpo-
nece».

2.3. BHUMaTenbHO paccCMOTpUTE OKHO 3kcriepumenTa (Puc.2.1), Haiiaute Bce perymnsTopsl U
Jpyriue OCHOBHBIE AJIeMEHTHl. KHOTIKYM BBEpXY KapTHUHKH SBISIOTCS ClyeOHbIMU. HasHadueHue ka-
KJIOM MOYXHO Y3HaTh, €CJIM PACIIOJIOKUTh MapKep MBI HaJ| KHOMKOM Teyenne 1-2 cexyHn (Oe3
HaXKaTHs KHOTIOK MBIIIN).

2.4. Bo BHYTpEHHEM OKHE «AaHadaTH4YeCKHH NMpoLecc» CBEpPXy TAaKXKE PacloJOKEHBI
cirykeOHble KHOTIKU. KHOTIKa ¢ M300pakeHneM CTPaHMIIbI CITYXKHT JUIS BBI30BA TEOPETUIECKUX CBE-
neHnii. O3HaKOMBTECH € COJIEP’KaHUEM JIaHHOTO pa3Jielna.

2.5. MoxHO nepeMeniath OKHa, 3aleNuB (HaKaB U yJIep KUBas JEBYIO KHOIKY) MBIIIBIO 3a-
TOJIOBOK OKHA (MMEIOIIHi cuHui (JOH). 3aKphITHE OKOH 00ECIIeYnBaeTCsl HAXKaTHEM KHOTIKK « X » B
IIPaBOM BEPXHEM YTy BHYTPEHHEIO OKHa.

2.6. Haxxmute MbIbio KHONKY «CTapT». BHUMaTeIbHO pacCMOTPUTE KapTUHKY HAa PUCYH-
Ke, HaliiuTe PUCYHOK DJIEMEHTa, B KOTOPOM pealu3yercsi aauadaTHyYecKuil mporecc, oOpaTure
BHUMAaHHE Ha €ro Teruion30Jsauio. O3HaKOMbTECh ¢ TpapuKaMHu B TMPABOW YacCTH W300pasKeHHs.
Knonka «Ctom» 1Mo3BoJII€T OCTAaHOBUTH Ipouecc. s mpoJoypKeHus Ipoliecca HY)KHO HaKaTb
KHOIIKY «CTapTy.

2.7. HaiimuTe KHOIKH, 3aal0l[1Me 3HAUCHUE TeMIIepaTyphl. Y CTAHOBKA 3HAUYCHUS TeMIIepa-
TYpbl BO3MO’KHA IIPU HAXaTON KHONKE «Bp10op».
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Pucynok 2.1 — OkHO sKciepuMeHTa
3. 3apanne

3.1. Ha KOMITbIOTEPHOM MOJIENIN MCCIeI0BaTh aInadaTHIeCKUi IPOIece B HICAIbHOM Tase.
3.2. OnpenenuTs YUCIO CTETEHEH cBOOOIbI MOJIEKYJT HICAIEHOTO ra3a.

4. IlopsiioK BbINOJTHEHUsI pa0oThI

_ 3
4.1. Ycranosute HauanbHoe 3Hadenne oovema V, =40 1M n Hauanbuyio Temneparypy

T, rasa w3 taGmuust 4.1 wis Bawero pabodero Mecra.

Jis aTOTO HAXKMUTE KHONIKY «BBIOOP», IepemMecTuTe MapKep MBI TaK, YTOOBI €r0 OCTPHE
HAaXOJWJIOCh B YKa3aHHOW TOYKe BOJM3M TpaHHIBI CTOJOWKA Ha TPaJyCHHKE, HAKMHUTE JIEBYIO
KHOTIKY MBIIIH U, YAECPKUBAsI JIEBYIO KHOTIKY MBI, IBUTATE CTOJIOHK.

4.2. HaxxmMuTe MBIIIBI0 KHONKY «CTapT» Ha dKpaHe W HAaOIIOJaiTe mepeMenieHne MOPIIHS
Ha JIEBOI KapTHHKE MOJIENTU U TIepeMEeIeHIe TOUKU M0 KPAaCHOW KPUBOM TEOPETHUECKON aanadaThl.
[TompoOyiiTe ocTaHaBIMBaThH Mpollecc HaxkatueM KHOMKH «Ctomy. Tlocnenyrommuii 3amyck mporec-
ca OCYILIECTBIISIETCS HaKaTuEM KHONKH «CTapT».

4.3. Tlocne aBTOMaTH4ECKOW OCTAHOBKH IIpOllecca 3allyCTUTE €r0 CHOBA, HaXKaB KHOIKY
«CrapT», 1 0CTaHOBUTE, HAXXUMasi KHONKY «CTOm», B MOMEHT, KOrJja KPECTUK Ha TEOPETUUECKOU
anmunabare (KpacHasi KpuBasi) OyJIeT COOTBETCTBOBATH MIEPBOMY 3HAYCHHIO O0ObeMa U3 TaOJUIIbI 4.2.



3anumute B Tabmuiy 4.2 3HaYeHUS 00beMa, TEMIIEPATYPhI U JIaBJICHUS B MOMEHT OCTAHOB-
KH TIpoIiecca.

Haxwmute kHONIKY «CTApT» IS TPOJIOJDKEHUS InadaTHIeCKOTO MPoIiecca M 3aTeM KHOTIKY
«CTom» B MOMEHT, KOTJIa KPECTUK Ha TEOpeTUYeCcKoi ajuadare (KpacHast KpuBasi) Oy/ieT COOTBET-
CTBOBaTh BTOPOMY 3HA4YCHHIO 0ObeMa wu3 Tabymibl 4.2. [Ipomomkaiite aHAIOTHYHBIC U3MEPECHUS
JUIS BCEX 3HAYCHHWH 00bheMa, yKa3aHHBIX B TaOiuie 4.2, 3anmuceiBas B TaONHIy 3HAYCHHS 00beMa,
TEMITepPaTyphl ¥ IaBJICHUS] B MOMEHTBI OCTAHOBKH ITpOIIecca.

4.4. Ycranosure HadanbHoe 3Hadenne oobema V, . =40 1m® u HavansHyro Temmeparypy

HAY
T, raza, w3 tabmuusl 4.1 g1 Bamero pabouero mecta. [loBTopuTe M3Mepenus 1. 4.3, 3amiuchIBast

2 )
pe3ynbTaThl B Ta0HIy 4.3.

4.5. TlpenbsiBUTE MpENogaBaTesio 3aMoIHEHHYIO Ta0NHIly ¢ SKCIIEPUMEHTAIbHBIMU JTaHHBI-
MH.

4.6. Boraucnure 3nadenns NV, IN P u sanumure B Tabmuup 4.2, 4.3.

4.7. Boraucnute cymmapHyio abeomoTayio norpemsocts 0 (INV) kak morpemmocts koc-
BEHHOTO M3MepeHusi. OTHOCUTENFHYIO TOTPEIIHOCTh U3MEPEHUsI 00beMa MPUHATH PaBHOM
g(V)=0,1. 3anumure 3Ha4eHus B Tabauupl 4.2, 4.3

4.8. TloctpoiiTe Ha OJHOM pHCYHKE TpadUKH HKCIIEPHUMEHTAIbBHBIX 3aBUCHMOCTEH
In p= f(InV) ISl IBYX aauabaTU4ecKuX IPOLIECCOB C Y4ETOM JOBEPUTEIbHBIX HHTEPBAJIOB
o(InV).

4.9. Onpenenute U KaXJI0ro rpaduka 3KCHEepUMEHTAIbHOE 3HAUCHUE 1T0Ka3aTens y , uc-
noJie3ys hopmyny (1.7). Haiinure cpeaHee 3HaueHue y . 3anMIINTe 3HAaYeHUE B TaOIUILy 4.4.

4.10. Vcnonw3zys dopmyny (1.4), onpenenurte 4uciao creneHel cBo6oabl | MoJeKyln rasa,
UCCIIEIyEMOI0 B JaHHOW KOMIIBIOTEPHOM MOJIEIH.

4.11. TlpoaHanusupyiiTe MOIyd4eHHOE 3HAaueHMe |. 3anumure 3HaueHue B Tabmuuy 4.4.
[TonOepute pacnpocTpaHEHHBIH Ta3(CMeCh ra3oB), CTPYKTypa MOJIEKY] KOTOPOTO MOKET COOTBET-
CTBOBATH OJYy4EHHOMY 3HAYEHHMIO | .

4.12. Tlpoananu3upyiite rpaduKu U pe3ynbTaThl, chopmynupyiite BeiBoabl. OdopmuTe 0T-
4eT 0 JlabopaTopHOi padoTe.

Tabmuna 4.1
HavanpHble 3HaueHus TEMIiepaTypsl (He epeprCcOBBIBATD)

Homep
paGouero 1 2 3 4 5 6 7 8 9 10 11 12
MecTa

T, K 50 70 | 100 | 120 | 140 | 170 | 200 | 220 | S0 70 | 100 | 120

T, K 230 | 240 | 250 | 260 | 270 | 280 | 290 | 300 | 230 | 240 | 250 | 260




Pe3ynbTaThl H3MEpEHHi [IPH HaYalIbHOI TemmepaType 1,

Tabmauua 4. 2

Homep
usMepe-
HUS

V, )1M3

40 35 25 20 15

10

InV

a(InV)

T,K

p, klla

Inp

Pe3ynbTaThl H3MEpEHHH [IPH HavallbHOM Temmepatype 1,

Ta6muma 4. 3

Homep
usMepe-
HUS

V, )1M3

40 35 25 20 15

10

InV

c(InV)

T,K

p, klla

Inp

Pesynbratel pacueros

Tabnuua 4.4

ras

5. PekomeHayemasi Jiureparypa

5.1. CasenbeB M.B. Kypc obmeit ¢usuku. T.1. Mexanuka. MonekymnsapHas ¢uszuka.- M.:

Hayka.

5.2. 3enenckuit B.1. PykoBoncTBO K aboparopHbsIM pabotaMm 1o ¢usuke. Meroandeckoe
nocobue. — Xautel-Mancuiick, FOropckuii rocynapcTBeHHBI YHUBEPCUTET.




