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°HYWE

excellence in science

NHchopmaumsa ansa yumtenemn

OnucaHue PHYWE

excellence in science

OTa 3KcneprMeHTa/lbHas yCTaHOBKa
BK/IIOHYAET B ce6e aKCNEPUMEHTbI N0

TPEeM rasoBbIM 3aKkOHaM, MOCTYNPOBaHHbLIMU
Po6eptom Boiinewm, XXakom Lapnem,
Amageo Asoragpo, M’minomom AMOHTOHOM U
YKozechom-Jlyu leii-Jlroccakom.

3TV TPV ONMUCaHHBIX 3KCMEPUMEHTA
i | onpeaensitoT COBPEMEHHbIE 3aKOHbI
TepMOAVHAMUKN.

lMoBefeHne naeasbHOro ra3a OonucbiBaeT
ypaBHEeHVe COCTOAHWSA rasa, cofepxallee
JasneHve p , Temnepatypy 7', 06bém V
KO/IMYECTBO BelllecTBa n , KOJIMYeCTBO
yactuy, N n maccy rasa m.

2117

pH‘lWE Robert-Bosch-Breite 10 Tel.: 0551 604 - 0 info@phywe.de
excellence in science 37079 Géttingen Fax: 0551 604 - 107 www.phywe.de



. i
P2320167 curriculLAB® | Prvwe

AononHutensHasa uHgopmauus gns yuuteneii (1/2) »HYWE

npeaBapuTesibHbI€  CTyaeHTbl 4O/MKHbI ObITb 3HAKOMbI C TAKUMU (PU3NYECKUMUN BENIMUUHAMN, KaK AaB/eHne,
Temneparypa, Macca, 06bem, U YMETb BbINO/IHATbL C HAMU BblYKC/IEHUS. KpoMe TOro, OHY
SHaHuA [OOMKHbI ObITb 3HAKOMbI C 06LLEN XOPOLLE NabopaToOpHO NPAKTMKOM 1 06LMMM
npasuiammn TEXHUKM 6e30MacHOCTL.

~ -
- ~

==
Hayl-le"‘;l CocTosiHMe ra3a onpegensercs TeMHepaTypof/'l, [aB/IeHVeM 1 KONIM4ecTBOM BellecTBa. B
npeaesibHbIX cnydyasdax 9aTu nepemMeHHble COCTOAHUA ra3oB CBA3aHbl Yepes ypaBHEHWe
anHUlVIn COCTOAHUA naeanbHoro rasa. lNpun n3sMeHeHnn CoCTosAHNSA B |/|3063prIX YCNOBUAX 3TO

ypaBHeHue npeobpasyeTcsi B 3aK0H [eii-/lloccaka, B TO BPeMsi Kak Npw N30X0PHbIX
YC/TOBUSX OHO CTAHOBUTCA YpaBHEHNEM AMOHTOHA, a B C/lyyae U30TEPMUYECKOrO
npouecca - npeobpasyetcs B 3aKoH boiina- MapuotTa.

AononHutenbHasa uHpopmauus ans yuutenein (2/2) »HYWE

Llenb B 9TOM 3KCNEepUMEHTE yyallyecst 3HaKOMSITCS C pa3/IMUHbIM NOBEAEHMEM ra30B 1
YINy6/IsiioT CBOV 3HAHUSA B (DU3NYECKMX YpaBHEHUsIX. Mpoxoas Yepes pas/nuHblie 4acTu
obyuyeHuns C OAHUM U TeM Xe 06bEMOM BO3AyXa Npu U3MEHEHUI BHELLHMX BO3A4eCTBUIA, OHU
. 3HAKOMSITCA C COOTHOLLIEHVEM [iaB/IeHUs, TeMNepaTypbl 1 06bema. 3To NpocToe
_©_ ypaBHEHWE ABNSIETCA BBEAEHME B TEPMOANHAMMKY.
’ ~
3agauu 1. SKCnepuMeHTaNbHO UcceyiiTe CnpaBeanBOCTb TPEX ra30BbIX 3aKOHOB /15
MOCTOSIHHOIO KO/MMUYecTBa rasa (Bo3ayxa).
‘ E% 2. PaccuuTaiiTe yHMBEPCa/IbHYHO ra30BYH MOCTOSHHYO MO MO/Ty4YEHHOMY COOTHOLLIEHUIO.

3. Paccuvtaiite koahULMEHT TENIOBOIO pacluMpeHns rno pesysibrataM N3MepeHuii B
n3006apHbIX YC0BUAX.
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Teopusa ?HYWE

excellence in science

STV TpY IKCNEPUMEHTA LEMOHCTPUPYIOT 3aKOH UAEANIBHOTO
rasa. HecMoTpsi Ha MHOTOUMC/IEHHbIE OrPaHNYeHus], 3TOT 3aKOH
XOPOLLO ONUCLIBAET NOBEAEHNE MHOTUX Fa30B Npu
onpeaeneHHbIX YC/I0BUSAX.

3aKoH naeasibHOro ra3a on1CbIBAETCS ypaBHEHNEM,
cofepxaliMm aasneHune p, temnepatypy T, o6bem V,
KO/IMYECTBO BeLLEecTBa n, KOIMUYecTBo Yactul, N 1 maccy m.

OH onpegensietcakak [p-V =n-R-T| , c NOCTOAHHOM
ABOragpo nunu yHmBepcasnbHOM ra3oBoi NoCTOsIHHON R.

Puc. 1: Fa3bl NPUCYTCTBYHOT Ha KaXX a0
nnaHete BO BceneHHoll

NHCTPYKLUM NO TEXHUKE 6e30MacHOCTH PHYWE

excellence in science

o Mpu paboTe C XMMUKaTamy He06X0AMMO HaZleBaTb COOTBETCTBYIOLLME 3ALUTHbIE
nepyaTku, 3aliMTHbIE OYKM U MOAXOASLLYIO OAeXaY.

o K 3TOMy 3KCNeprMEHTY NPUMEHSIOTCS 06LLME UHCTPYKLMMW No 6e30nacHoMy
NPOBeAEHMI0 3KCNEPUMEHTOB NPK NPenoAaBaHN eCTECTBEHHbIX HayK.

o lMpaBuna pa60TbI C onacHbIMK BewecTBaMmu npneegeHbol B COOTBETCTBYHLLINX
nacnoptax 6e30nacHoCTH.
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°HYWE

excellence in science

NMoarotoBka u
BblINoOJIHEHUe pabdoThbl

\/
3agauu p|"-|IWE

1. 3KcneprMeHTaNIbHO 1ccneayiiTe cnpaBe/IMBOCTb TPEX ra30BbIX 3aKOHOB AJ15 MOCTOSAHHOMO KO/IMYecTBa
rasa (Bosgyxa).

2. PaccunTalite yHMBEpPCasIbHYH ra3oByo MOCTOSAHHYHO MO NO/Tly4YEHHOMY COOTHOLLEHWIO.
3. Paccuutaite Koa(hhMumMeHT TEM/I0BOro pacluMpeHus No pesynsratam usMepeHuii B M306apHbIX YCNOBUSAX.

4. PaccunTaiite KoahUUMEHT IMHEIHOTO pacLUMPEHNs MO pedynibTaTam U3MepeHuii B M30XOPHbIX YCOBUSIX.
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OG6opypoBaHue

Mosunuyus Martepuan MyHKT No. KonuuecTtBO
1 Hab6op o06opyaoBaHns 419 NPOBEPKM ra30BbIX 3aKOHOB CO CTEKNSAHHbIM 43003-88 1
Koxyxom, 230 B
2 Sgtér)a SMARTsense -Temnepartypa/Tepmonapa, -200 ... +1200 °C (Bluetooth + 12938-01 1
3 VimmepcmoHHbiii gatymk NiCr-Ni, -50...400°C 13615-03 1
4 Cobra SMARTsense - [laBneHune, 20 ... 400 kPa (Bluetooth + USB) 12905-01 1
5 MporpammHoe obecneyeHne "measureLAB" MHOrokpaTHas NnLeH3ns 14580-61 1
6 Perynatop mowHocTu, 230 B 32286-93 1
7 CTeknsHHble TpyoKn, npsamble, d=8 mm, 1=80 mm, 10 WT. 36701-65 1
8 XomyT ansa Tpy6kun, d=8-12 Mmm 41000-00 2
9 CUNNKOHOBbIE TPYOKN, BHYTPEHHUIA d=7 MM 39296-00 1
10 LLITaTMBHbIA CTEPXEHb, HEPX. CT., |=250 MM, d =10 mm 02031-00 1
11 LLITaTMBHbIN CTEPXEHb, HEPX. CT., =500 MM 02032-00 1
12 [BoiHasn mydTa 02043-00 4
13 g,crfmep Luer Lock ans Cobra SMARTsense abcontoTHoe aasneHne , d=8 39284-00 1
14 Jepxarens ona narymkos 12960-00 2
15 USB 3apsgHoe yCTpoincTBo 07938-99 2
6/17
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\/
AononHuTenbLHOe o6opyaoBaHue PHYWE
Mos3uuynsa Matepuan KonuuecTtBo
1 MK ¢ Windows XP® nnu Bblie 1
MoarotoBka (1/3) PHYWE

o HacTpoliTe aKCNepuMeHT, Kak noka3aHo Ha puc. 1.

o Mopkntounte Tepmonapy Cobra SMARTsense K gaTuuky
Temneparypsbl.

o BKNOUMTE KOMMBLIOTEP U NOAK/UUTE €50 K TepMonape
Cobra SMARTsense.

o 3anyctute measurelLAB nHa Baluem koMmnbloTEPE U HA
3KpaHe BblbepuTe akcrnepmumeHT "PHYWE akcnepmeHThl”,
HaliguTe "P2320162" 1 WwenkH1uTe nNo narnke, cogepxatlen
3TOT 3KCMepuMeHT). Bce Heobxoanmble HaCTPOlKn ByayT
3arpy>eHbl.

o Mocne BkntoueHus Cobra SMARTsense gaTumk
Puc. 2: 3kcnepnMmeHTaibHas yCcTaHOBKa pacno3HaeTcs aBTOMaTUUYECKN.
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MoarotoBka (2/3) PHYWE

excellence in science

o YCTaHOBUTE ra3oBblii LLINPWL, B CTEK/SHHBIA KOXYX, KaK OMMCaHO B MHCTPYKLMUM MO SKCNyaTauum,
npunaraemoit K CTeKIsiHHOMY Koxyxy. O6paTnTe 0co60e BHMMaHWe Ha repMETUYHOCTb.

o MMOCKO/bKY BO3lyX HE AO/HKEH BbIXOAUTb HAPYXY Aaxe Npv 60/1ee BbICOKUX AaB/IEHNSIX, CMaXbTe MOpLUEHb
HECKO/IbKMMM KanisiMym BCECE30HHOTO MOTOPHOTO Macsa, YTo0bl CTEK/ISAHHbIV NAYHXEeP Obl MOKPbLIT
HenpepbIBHOI NPO3paYHoli NIEHKO Mac/ia Ha NPOTSHXEHMN BCErO SKCnepumeHTa (nsberaiite N3mKkoB
mMacna).

o HanonHuTte cTekNsHHbI KOXYX BOAOVI yepes BOPOHKY 1 BCTaBbTE CTEPXXEHb MarHMTHOWN MeLUasiKu.

o MoacoeAnHUTE CUNMKOHOBYHO TPYOKY K LUTYLIEPY LWlaHra BEpXHEN TpyGUaToit BTY KN CTEK/SIHHOTO KOXyXa
Tak, UTo6bI XMAKOCTb, PaCLUMPAIOLLIASACSA NPU HAarpeBaHnm, Morna cTekaTb Yepes TpyoKy B CTakaH.

o BcTaBbTe TepMonapy U NOMECTUTE €€ Kak MOXHO BIVKE K LnpuLy.

MoarotoBka (3/3) PHYWE

excellence in science

o [locne peryivpoBK/ HavyasibHOro o6bema rasoBoro Lwnpuua To4Ho Ha 50 M, nogcoeanHnTe OopCyHKY
rasoBoro wnpuua kK gatumky Cobra SMARTsense-AGCONOTHOE AaB/eHME Yepes KOPOTKUIA KYCOK Pe3HOBOIA
Tpy6ku. CoevHeHNs TPYOOK [OMKHbI ObITb KaK MOXHO KOpoYe.

o 3akpenuTe TPy6KM Kak Ha POPCYHKE ra3oBoro WNpuLa, Tak U Ha peayKLMOHHOM NepexoAHUKE C MOMOLLbHO
3aX1MOB.

o MNepep Havyanom paboTbl HEOOXOAMMO CO34aTb PACCUMTaHHBIN KaHa A1 o6bemMa C OXnaaeMbIM
MakCcMMyMOM 65, oxngaembiM MUHUMYMOM 50 1 napameTpom Bbluncrienms V = nHgekc + 50, WwesnkHyB

MbILLbIO 7 H
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BbinonHeHue pa6otbl (1/6) - 3akoH Boina-Mapuorra PHYWE

excellence in science

Diagram |~ & 4
bpQOBE - =~z AL mO

o HauyHuTe n3mepeHue c . .

o BnocneacTBun yBenuybste 3ak/ito4eHHOE KONMYeCTBO
Ny BO3A4yxa C waroMm 1 Ma Ao o6bema npumMepHo 65 M.

o 3anuwrTe nGbeM rasa AJ1si KakAoro Lwara, Haxas Ha
KHOMKY

P [hPa]

o MNepemeluaiiTe Bogy B CTEK/ISSHHOM KOXyXe, nepemellas

) CTepXXeHb MarHMTHOM MeLasikn C MOMOLLbH CTEPXXHEBOTO
MarHuTa. 1 o6neryvMTe BblpaBHVBaHWE AAB/IEHUS B Ta30BOM
LUNpULLe, NoBOpauMBas nayHxep.

52 54 56 60 62 61

V[ml]:”
Puc. 3: 3aBucumocTb Mexzay o6bemMom V n
[aBneHneM p Npv NOCTOSIHHON Temneparype

BbinonHeHne pa6oThl (2/6) - 3akoH Boiina-Mapuotta »HYWE

excellence in science

o 3aBepLunTe nMepeHne, Haxas .

o [ocne 3aBepLueHns paboTbl nporpamma measureLAB npeactaBnsieT rpadivk, KOTOpbI NOKasbiBaeT
COOTHOLLUEHME MeXAy 06bEMOM 1 AaBfieHMEM NP NOCTOSIHHOM TeMneparype.

-
o Y106bI NONYUNTL rpathrk 3aBUCUMOCTHY AaBeHNsA OT 06paTtHOro o6bema, LWeskHUTe cumBon [§4], 4ToObI
OTKPbITb My AaHHbIX.
o Tenepb MOXHO BbINO/IHUTL HEKOTOPbIE 3MEHEHUs KaHasa, Haxkas Ha kHonky IElCHavana nepetawyTe
OaHHble n3mepeHnii (06beM) Ha U3MEPEHMS, 3aTeM NepeTawmuTe gaHHbie B hopmyny.

F 3
»—
o BepHuUTEChb B Ny/ AaHHbIX 1 BblGEpUTE faHHble N3MepeHus ANA AaB/ieHna U u3meHeHHoro pVT kaHana .
Mpw BbIGOpEe onunn "Anarpamma’ , nporpamMmma measureLAB npeactaBut Bam xenaembiin rpadoyik,
NnoKasblBatOLLMA COOTHOLLEHME MEXAY AaBNeHNEM P U BeNNYUHON 1/ V.

]

C nomoLblo NporpamMmmMbl MOXHO OnpeaeninTb Hak/oH rpa(bMKa.
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BbinonHeHne pa6oTbl (3/6) - 3aKkoH Neir-JTioccaka

o HauHuTe nsmepeHue c .
o 3anuuTe nepsoe 3HavyeHne HavyasibHOW TeMneparypsbl, HaxaB .

o BkntounTe HarpeBaTesbHbI NPUGOP 1 OTPETYNNPYITE PEryNsiTOP MOLLHOCTM Tak, YTOObI CTEKNSHHBIA KOXYX
Me[/1eHHO HarpeBasics.

o HGDEMeLuaVITe BOAY B CTEK/IAHHOM KOXYXe, nepemMellasd CTepXeHb MarHMTHOW MeLLasnku C nomMoLybro
CTEPXXHEBOIO MarHnTa. n obecneybte BblpaBHMBaHME gaB/1€HNA B ra30BOM LUMPULE, MOBOPavynBasn niayHxep.

o [locne Kaxaoro yBenmueHusi o6bema Ha 1 M1 NpUHUMaiiTe cneaytoLlee 3HaueHme.

BbinonHeHne pa6oTbl (4/6) - 3aKkoH Neii-JTlloccaka

Diagram [~ & &
W40t = ~at)AEAO
o ocne Toro, Kak 06bem rasa gocturHet 60 M/, BbiKOUUTE

Harpesaresib 1 3aeplunTe navepenme Haxas Ha [

o YT06bI NONyunTh rpadnk 3aBucMMocTu konmyectea pVv / T oT
o6beMa, nepeianTe B 6a3y AaHHbIX &) U HAXMUTE

o Tenepb HEOGXOAMMO BHECTW HEKOTOPbIE N3MEHEHWS B
KaHas1, NepEMECTMB AaHHble U3MepeHUIi AN 06beMa,
Temneparypbl ¥ aBNeHNA B M3MepeHUst. 3aTem
nepeTawimTe faHHble B (oopmysly

Volume mi]

<

o MepeiianTe B Nyn AaHHbIX 1 BbIGEPUTE AaHHbIE
n3mMepeHnsa ans oobena n Batuero nameHeHHoro pVT

B = kaHana . Mocne Bbibopa BeiGepuTe onumio "Anarpamma’, n

nporpamma npeacTasuT Bam xenaemblii rpacdomk.

Puc. 4: 3aBucnmocTtb o6bema V ot
Temnepatypbl T NPy NOCTOSAHHOM AaB/1EHUN
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BbinonHeHne pa6oTbl (5/6) - 3akOH AMOHTOHa

o Haunmte nsmepenve c [§
o 3aTeM C MOMOLLb0 PETYNATOPA MOLLHOCTI HACTPOITE HArpeBaTeNbHbIN NPUGOP HA MEAEHHbI HArpes

o MNemeluaiiTe BoAy B CTEKNSIHHOM KOXYXe, NepemMellast CTepXXeHb MarHUTHOW MeLlasikv C NOMOLLbO
CTEpPXXHEBOro MarHuTa, 1 o6erunTe BbipaBHUBaHVE AAB/EHUSI B Ta30BOM LUMPULLE, MOBOPAYMBas niayHxep.

o 3anuwuTe faBrieHne, COOTBETCTBYIOLLEE HayaslbHOW TemMneparype, HaxaB Ha KHOMMKY .

o locne kaxaoro NoBbILEHMS TemnepaTypbl Ha 5 K 6bICTpO BAaB/MBaiTe M/IyHXep B rasoBblii LWAPWL, A0 TeX
nop, Noka o6bem rasa He ByaeT cxar o ncxogHoro oé6bema VvV = 50 M, 1 BblbepuTe creaytollee 3HavyeHne,
HaXXMmasi Ha KHOMKY

v

o MNocne Toro, Kak Temneparypa AoCcTUrHeT npumepHo 370 K nnm npu ﬂBHﬁHOTepe BO3/yXa BO BPEMS CXaTus,
BbIK/IOUMTE HarpeBaTe/bHbI Npr6op 1 3aBePLUNTE N3MEPEHNE, HaXKaB

BbinonHeHne paboTbl (6/6) - 3aKkOH AMOHTOHa

Diagram |~ & £

hOOOE - % ~uwd FAEHAD o Ha pucyHke cneBa nokasaH rpagvk 3aBMCMMOCTY SABNEHUS p
oT Temnepartypbl 1" Npu NoCToAHHOM 06beme V,
npeAcTaB/IeHHbIV NPorpamMmmoii.

o YTOG6bI NONYuMTb rpadhuk 3aBucumMocTu konndectsa pV /T ot T

, nepengute B Nyn AaHHbIX n Hl/ITe .
£ o Tenepb HEOGXOAVMO BHECTV HEKOTOPbLIE N3MEHEHNS B KaHaJl,

NepeMecTMB AaHHble U3MEPEHUIE AN 06beMa, TEMNEPATYPbI U
[laB/eHns B U3MepeHusi. 3aTeM nepeTalimTe faHHble B

thopmyny

o MepeiignTe B NyN AaHHbIX BbIGEpUTe AaHHbIe
n3MepeHus Ans TemnepaTypbivPBallero nsmexeHHoro pV /T
L kaHana . Mocne BbiGopa BbIGepUTe "[uarpamma’, u

Pwuc. 5: 3aBnucumocTb gasreHns p ot N
TemnepaTypbl T NPV NOCTOSAHHOM 0GbeMe nporpamma npegcrasuT Bam xxenaemblin rpaduk.
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excellence in science

OueHka (1/12) PHYWE

CocTosiHMe rasa aBnsieTcs d)yHKLI,I/IeVI nepemMeHHbIX COCTOAHNA TeMNEPaTypbl T, AaBneHne p " KoJim4ecTBo
BellecTBa n, KOTOpble B3avMHO ONpeaensT Apyr Apyra. Takum 06pa3oM, 3aBUCUMOCTb aB/ieHns OT
Temneparypbl, 06bemMa 1 KosiMyecTBa BellecTBa OnucbiBaeTcs NosHbIM AnddepeHumaniom.

AV = (§5)pndT + (3 )adp + (5 )ryvdn  (1.1)

AHaI0rMYHbIM o6pa30M, ONA NSMEHEHUA AaBeHNA p C UISMEHEHNEM T,Vunn:

dp = (L) yndT + (2 )pndV + (L)gydn  (1.2)

OueHka (2/12) PHYWE

excellence in science

3T0 COOTHOLLEHME yNpoLaeTcs 415 JaHHOTo KonnyecTsa BellecTsa ( n=const, dn = 0; HEeU3MEHHOE
KOMIMYECTBO rasa B ra30BOM LUNPULE) U N30TEPMUYECKOro nameHeHust coctosiiust (1= const, dT' = 0) go:

dV = ()rmdp  (2.1)

dp = (2£)y,.dT (2.2)
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OueHka (3/12) PHYWE

excellence in science

YacTtHoe npownssogHoe (6V /dp)T,n v cooTBeTCTBEHHO (dp/dV )T, n reomMeTpuyecky COOTBETCTBYET Hak/TOHY
kacatenbHoli K pyHkummn V = f(p) nnm p = f(V)) wn, cnegoBaTensbHO, XapakTepusyeT 3aBUCUMOCTb AaB/EHNS OT
o6bema. CTeneHb 3TOM 3aBUCUMOCTM ONpefenseTca HavyaslbHbIM 06 bEMOM UW HavaslbHbIM JaB/ieHneM. Takum
06pasoM, onpeaenstoT KoagrLUMeHT 06bLEMHOTO cxXaTtus, cootHocs erok V' nan Vy npn Ty = 273.15K
— L1V

Xo=(%)rn G
YacTtHoe npownsBogHoe (dp/dT)V,n reoMeTpuyecku COOTBETCTBYET HAK/TOHY KacaTeslbHOM K DyHKLMK
p = f(T) wn, Takum 06pa3oM, xapakTepu3yeT 3aBUCUMOCTb JaBeHUs OT TeMnepaTypbl. CTeneHb 3Toi
3aBMCMMOCTY OnpeaensieTcsa HauyaslbHbIM faBrieHreM. TakuM o6pasom, onpesenseTcs TEN0BON KoahuuneHT
HanpsbkeHusa By kak Mepa TeMnepaTypHOiil 3aBUCUMOCTM, COOTHOCA efOKp unnpy npu 1Ty = 273.15K

_ 1 40
bo=vrm . @

excellence in science

OueHka (4/12) ?HYWE

YacTHoe npownssogHoe (6V /6T)p, n reoMeTpuyeckn COOTBETCTBYET HAK/TOHY KacaTeslbHOW K hyHKLK

V = f(T) n, Takum 06pasom, xapakTepusyeT aBUCMOCTb 06beMa 0T Temneparypbl. CTeneHb 3Toi
3aBUCMMOCTY ONpeaensieTcs HauyaslbHbIM 06beMOM. TaknMm 06pa3oM, TeN0BoM KO3(P(ULMEHT pacLUMpeHs
Yo Ornpefensercs kak Mepa TemMnepaTypHOi 3aBMCMMOCTY 06bemMa, COOTHOCA ero K V unn Vy npu

Ty = 273.15K
v =1 (F)on )

[nst npeaenbHoOro cnyyas naeasibHoro rasa (4oCcTaTouyHO HU3KME AABNEHUS], OCTATOYHO BbICOKME
Temnepartypbl) COOTHOLLEHVE MEXAY NEPEMEHHBIMU COCTOSIHWA p, V', T 1 n ONMCLIBAETCA YPaBHEHNEM
COCTOSIHUSI UAEaNbHOTO rasa:

pV =nRT (6)

roe R - yHuBepcasibHasi ra3oBasi NOCTOsIHHAs
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OueHka (5/12) PHYWE

excellence in science

[Nns 3a1aHHOTO KOMMUYeCcTBa BeLLecTBa 1 Npu U30TePMUYECKUX YC/IOBUSIX 3TO ypaBHEHME NepexoauT B
cnefyouive ypaBHEHNS:

pV =const (6.1)m T=const (6.2)

CornacHo 370l 3aBMCMMOCTM, KOTOpas Oblna onpegesneHa amnupuyeckn bonem n MapruoTToM, NOBbILLEHKE
[JaBfieHnsi CONPOBOXAAETCH YMEHbLUEHEM 06beMa 1 HaobopoT. Mpadimyeckoe npeacTaBneHne OyHKUNIA

V = f(p) van p = f(V) npuBoguT k runep6one (n3o0tepme). HanpoTus, NocTpoeHue rpadrka 3aBrcUMOCTH
faBneHns p ot obpaTtHoro o6béma 1/V npueoauT k NpsiMbiM NvHUAM, rae p = 0 npu 1/V. Vicxoasa s HaknoHa

- NP
3TUX JIMHENHbIX 3aBUCUMOCTEN, (Jv—f'l)Tm = nRT 7)

MOXHO 3KCMEePUMEHTa/TbHO ONPeaennTb YH1BEPCa/IbHYHO ra30BYH NOCTOSAHHYHO R, €C/IM U3BECTHO  KOMNYECTBO
BO3A4yxa n . ITO 3HaYeHVe paBHO OTHOLLEHUIO 06bemMa V K MONSApHOMY 00bEMY V,,, n = Vl (8), KoTOpbIIA

coctasnget Vo = 22.414n - Momb | npv HopMasibHbIX yenosuax Tp = 273.15 Knpy = 1013.25 rMa

OueHkKa (6/12) PHYWE

excellence in science

MoaTomMy 06beM, N3MEPEHHBIN B p 1 T cHayana npuBOANTCS K 3TUM YC/TOBUSAAM, UCMO/b3YS COOTHOLLEHNE,
nosy4yeHHoe u3s (6):

pOVO_p1V1_ﬂ
n T T (9)

Ona npefensHoro criyyas naeanbHOro rasa (4ocTaToyHO HU3Koe JaB/ieHne, LOCTAaTOYHO BbiCOKas
Temneparypa), MHTerpupoBaHue gudpepeHLnasibHOro ypaBHeHus, noayyeHHoro 13 (1.2) u (4), rae By = const,
NPUBOANT K CriefytoLemMy YpaBHEHNIO:

=5 (10
"
p = const-T
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OueHka (7/12) PHYWE

excellence in science

CornacHo 3Toli 3aBUCMMOCTH, 06HapYXXeHHOI Yapnib3om 1 AMOHTOHCOM, rpadouyeckoe npeacTaBneHe gaBneHns
Kak (yHKLMM TEMNepaTypbl NPUBOANT K BOCXOAALEN NpsMOi NnHuK, rae p = 0npu T = 0.

/13 (4) 1 yoaBHEHUS COCTOSIHUS UeanbHOro rasa (6) 418 HaK/ToHA 3TUX JIMHEVHbIX COOTHOLLEHWIA BEPHO
cneayollee:

g n
(58)vm =PoBo = 22 (11)

OTCloa MOXHO ONPeAeNnTbL TEMMOBOIN KOAP(ULMEHT HATSXKEHNS By U YHUBEPCA/IbHYIO ra30BYH0 NOCTOSIHHYO R
[lNS1 U3BECTHOIO HayaslbHOToO AAaBNEeHNs py U U3BECTHOTO KO/MYecTBa BelllecTBa n. MNpunaraeMoe nocTosiHHoe
KOMMYECTBO BelllecTBa n PaBHO OTHOLLEHUO o6bema V' K MonsipHoOMY 06bEMY V,,, .

[nsa npegensHoro cnyyvasn naeasbHOro rasa (f4ocTaTtoyHo HU3Koe AaBfieHre, AOCTaTOYHO BbICOKas Temneparypa)
NHTEerprupoBaHne anddepeHLmanbHOro ypaBsHeHus, nonyyeHHoro u3 (1.2) n (5), rae yo = const, npuBoaunT K:

\% |4
TE = 7(121)nV = const.-T (12.2)

OueHka (8/12) PHYWE

excellence in science

B cOOTBETCTBUU C 3TOI 3aBUCMMOCTbI, 06HapYXeHHO eii-Jlloccakom, rpadmyeckoe npeacrasneHe oobema
Kak cpyHKUMM OT TemnepaTypbl obecneyunsaeT Bocxogawme npamble aviun, rae V.= 0npu T = 0. 3 (5) n
YpaBHEHMS COCTOSIHUA UAeasibHOro 3akoHa rasa (6) 419 Hak/loHa 3TUX JIMHEHbIX 3aBUCMMOCTENR crnpaBef/iMBo
cregytwoulee:

(37)=Vow =" (13)

OTctoaa KoadhhULMeHT TENI0BOrO PacLUMPEHUs vy U YHUBEPCa/IbHas ra3oBasi NOCTOsIHHAs R MOryT GbITb
Mosy4eHbl 3KCNepUMeHTasIbHO NPY N3BECTHbIX Haua/lbHOM 06bEMe Vj U N3BECTHOM KOMMYECTBE BELLLECTBA 7.
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OueHka (9/12) PHYWE
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[aHHble 1 pe3ynbrathbl

TeopeTuyeckne 3Ha4eHNs NapamMeTpoB UAeasbHOro rasa
R(lit.) = 8.31441Hm - K 1 -moms ' = - K1 - moms
Yo (lit.) = 3.661-10 K1

Bo(lit.) = 3.661 - 10 3K 1

OueHka (10/12) PHYWE

excellence in science

1. 3akoH Boiinsa-Mapuotta

[JaHHble, nonyyeHHble B Xo4e NepBOro aKCcnepuMeHTa, NoATBepXAatoT cnpaBes/IMBOCTb 3aKoHa boins n
MapwuoTTa. /13 HaknoHa, nosyyeHHoro g n = 2.086mMmors 1

T = 295.15K, (0p/6V Y, = 4.6464KH&/M73 = 4.6464HMaB1cMmMOCTN Mexay mexay p n 1/V
yHUBEpPCa/IbHasA ra3oBas NOCTOSAHHAA MOXKET 6GbITh paccunTaHa kak R = 7.547Hm - K 1.

OTK/IOHEeHWe OT Tab/IMYHOTO 3HaUYEHUs1 06YC/TIOB/IEHO HEN3BEXHBIM OTCYTCTBEM FEPMETUYHOCTM NpU
yBE/IMYEHUI OTKIOHEHUIA OT aTMOCHEPHOTO AaB/EeHNs B pesy/bTaTe CKaTusl UK pacluMpeHns, Npu 3ToM
ycnosme dn = 0 HapyluaeTcs U HabnoaaeMblit HakIoH (dp/dV ~1)T yMeHbLUAeTCs Mo CPaBHEHMIO CO
3HaYeHveM, n3mepsieMbIM NPU NOCTOSIHHOM KOMMYEeCTBE BeLLeCcTBa.
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OueHka (11/12) PHYWE

excellence in science

2. 3akoH lNe-/Troccaka

ViccnenoBaHue 3aBMCMMOCTY MEXAY 06bEMOM 1 TEMMNEPATYPO NPU NOCTOSAHHOM KO/IMYecTBe rasan = 2.23 M
MOJIb , B COOTBETCTBUM C COOTHOLLEHMsMM (8) 1 (9), NoATBEPXAAET cnpaBea/IMBOCTb 3akoHa eit-Jlloccaka ¢
NNHENHOW 3aBUCMMOCTbHO.

13 cooTBeTCTBYtOLLErO HaknoHa (6V /6T),,, = 0.18 mn Ku gna HauyanbHoro o6béma Vy = 50 Mn nonyyeHb!
cnepyroLine 3HadeHns Ans yHMBepcasibHOM ra3oBoi NOCTOSAHHOW R 1 koadhdhmumeHTa TENI0BOro paclunpeHmns
7Y0-

R(ezp.) = 8.07174Hm - K ! Mo

Yo(exp.) = 3.04-10 3K !

OueHka (12/12) PHYWE

excellence in science

3. 3aKkOH AMOHTOHA

VccnepoBaHve 3aBUCMMOCTM MeXAy AaBNeHNEM 1 TeMnepaTypoii Npu NOCTOSSHHOM KO/IMYeCTBe BelyecTsa
rasa, paccuMTaHHOM Mo COOTHOLLeHMAM (8) 1 (9), noaTBepxaaeT cnpaseA/IMBOCTb 3akoHa Yap/ib3a (AMOHTOHA)
C NMHENHON 3aBUCMMOCTbLH, NPOAEMOHCTPUPOBAHHON B TPETLEM 3KCMEPUMEHTE.

13 cooTBeTCTBYtOLEro HaknoHa (6p/0T)y, = 3.72 rMa/K n gna HauyansHoro gasnenuns py = 1002.2 rMa
noNy4YeHbl criefytoLne 3Ha4eHns 415 yHUBEPCaslbHOWM ra3oBoi NOCTOAHHOW R 1 Tenn0BOro HaTshxeHnsa Sy .

R(ezp.) = 8.34Hm- K ! - mom

Bo(exp.) =3.71-10 K !
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