JlabopaTtopnasi pabora Nel8
HccnenoBanue n300apHOro mporecca B razax

Heab padoTbl: SKCIIEPUMEHTAIBLHBIM IIyTEM MPOBEPUTH BEPHOCTH 3aKOHA
I"eii-Jlroccaka (J1okazath MOCTOSHCTBO oTHOMICHHS V/T J1sl TaHHOM Macchl ras3a).

Buptyanbnas naboparopust «MccnenoBanue n300apHOro mpoiecca B ra3ax»
- http://efizika.ru/html5/18/index.html.

YcranoBka Mopemupyetr jabopatopHyiro paboty «lIpoBepka 3akoHa
n3zobapHoro mnporecca [ eii-Jlroccakay.

Kparkasi Teopust

B 1802 rony, dpanimysckuii yuensiii XKozed Jlyu I'eit-JIroccak omyOmrkoBa
3aKOH ONpENEeNSIONMA  3aBUCUMOCTh O00BbEMa Ta3a OT TeMIepaTypbl IpHU
IIOCTOSTHHOM JIaBJICHUU U HEM3MEHHOU Macce. M300apHblil mpoliece - 3TO mpoliecc
IpU KOTOPOM H3MEHSETCS COCTOSIHUE TEPMOJMHAMHUYECKOW CHCTEMBI IpU
IIOCTOSIHHOM JIaBJIeHUHU. ECM epeBOUTh ¢ IPEYECKOro TO JOCIOBHO MTOIyYaeTCs:
ISOS — paBHbIi W baros — TskecTh, Bec. CTEKISIHHBIA COCYJ 3allOJIHCH
OINPEJEIEHHBIM T'a30M, U 3TOT COCYJ MPUCOEANHEH K MPOJOITOBATON CTEKISHHOM
TpyOke. Kameil ptytu 3akynopeH ra3 B 3Toil TpyOke. B crnenctBum TOro, 4ro
TpyOKa HaxoJIWUTCA B TOPU30OHTAIILHOM pAaCIOJIOKEHUHU, JIABJIEHUE B COCYJHE
MOCTOSIHHO OCTa€Tcsl paBHbIM atMochepHoMy. TemnepaTypa rasa yBeaIuuuBaeTCs
or 0 mo 100°C. YBunets u3MeHeHHE 00bEMA MOXKHO IMPHU MOMOIIM KarelbKH
pTYTH, KOTopasi OyJIeT MepeMellaThCsl MO CTEHKE CTEKISHHOW TpyOku. I'eit-
Jlroccak u3mepsin 00bEM raza B uHTepBasie Temneparyp ot 0 no 100°C. Uccnenys
pas3nuyHble ra3bl OH MOJYYWJI JUIsl HUX CIEAYIOIIUME 3HAYEHHUsS] TEMIIEPaTypHOIO
ko3 dunmenTa oovemHoro pactmpenus o = (V — Vo )/ Vo - t

Tabmuna 2.1. TemnepaTypHbiii KOOGGHUIIMEHT 00bEMHOTO PACHIMPEHHS T'a30B

I'a3 TemnepaTypHblil Ko3¢hdunreHT 00bEMHOT0 pacmupenus, 1/°C
Bo3nyx 0,003671
Bonopon 0,003661
Oxwuce a3ota 0,003720
[{uan 0,003877
CO2 0,003710
CO 0,003669
S O2 0,003903

ITonyunB Takue nannsle, ['en-Jlroccak caenan cieayromue BEIBOAbBI:

a) MpY OJIMHAKOBOM TIOBBIIIIEHUN TEMITEPATYPhI, BCE Ta3bl U TAPhl OJTMHAKOBO
paCIIHPSAIOTCS;

0) IS BCceX Tra3oB yBeIMYECHHE O0BbEMA B HWHTEpBaje TeMIIEpaTyp OT
TEMIIepaTyphbl TasHUS JibJla O TEeMIIepaTypbl KuIeHHus BOJbl paBHO 100/26666
NEePBOHAYAILHOTO 00BEMA.

Takum o6pa3om, Ha ocHoBaHum Habmomenuit [ei-Jlroccak ycTaHOBUI
3aKOH: OTHOCHTEIhHOE U3MEHEeHHEe 00BhEMa Ta3a NaHHOW MacChl IPHU MOCTOSHHOM
JIABJICHUH MPSAMO MPONOPIIMOHAIBHO H3MeHeHHo TeMieparypsr t. (V — Vo)/Vo = at,
rjae o — TeMmnepaTypHbid KOA(hPUIMEHT 00BEMHOTO pACIIMPEHMS, YHUCICHHO
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paBHBI OTHOCHUTEIBHOMY HW3MEHEHHMIO O00BbEMa raza MpH HM3MEHEHHH €ro
temneparypbl Ha 1 rpamyc. ONBIT MOKa3bIBAa€T, YTO NIPH MaJbIX IUIOTHOCTAX
K03 PHIIEeHT 0OBEMHOTO pACIIMPEHHS OMHAKOB JIJIs Bcex ra3oB: o = 1/273 1/°C.
C Touku 3penust MKT 3TOT pakT 0OBSICHIETCS TEM, YTO MOJIEKYJIbI ra3a HaXOIATCS
B CpelHEM Ha OOJbIIMX PACCTOSIHHUSX JApyr OT Jpyra, M OCOOEHHOCTHU
MEKMOJIEKYJIIPHBIX CHJI I PA3JIMYHBIX Ta30B B 3TUX YCIOBHSIX HE CKA3bIBAIOTCH.
3akoH MokHO 3amucath B Buuae: V = Vo(1 + at). O6sEM manHOM Macchl raza npu
MOCTOSIHHOM JaBJICHUU MEHSETCS JMHEHHO MPU U3MEHEHUHU TEMIIEPATYPBHI.

Ecnu npopomkuts n3o0apy B 00J1aCTh HU3KUX TEMIEPATyp, T/I€ U3MEPECHHUS
HE NPOBOJWINCH, TO TMpsAMas NEPECEKAET OCh TEMIIEPATypbl B TOYKE,
COOTBETCTBYIOIIEH O0BEMY, paBHOMY HYNO. OJIHAKO, 3TO €l HE 3HAYUT, UYTO
00BEM rasza AEMCTBUTENBHO OOpalaercs B HOJb. Benb Bce raspl Mpu CUIBHOM
OXJIQXKJEHUU TPEBPAIIAIOTCS B XKUIKOCTH, a K JKHUJIKOCTSIM HU 3aKOH boinsa —
Mapmuorra, HU 3aK0H I 'eit-JIroccaka He mpUMEeHUMBI. PeanbHble ra3pl HOAYUHSAIOTCA
OCHOBHBIM Ta30BBIM 3aKOHAM JIUIIb MPUOMIKEHHO M TEM MEHEe TOYHO, YeM
OOJbIIE MJIOTHOCTh ra3a M HWXKE €ro Temieparypa. 1'a3, KOTOpblil B TOYHOCTH
MIOAYMHSAETCA Ta30BbIM 3aKOHAM, Ha3bIBAIOT UICAIBHBIM.

B  MONEKynsIpHO-KMHETHYECKOW TEOPUM MOJECIb «UIACATBHBIM  Ta3»
YIOBJIETBOPSIET CIEIYIOIIUM TPEOOBAHUSIM:

1. oOBEM Bcex MOJIEKyJ raza MHOTO MEHbIIIE 00bEMa cOCyaa;

2. CWIIBI IPUTSKEHUS MEXKIY MOJIEKYJIaMU MaJibl, © UMU TIPEHEOPEraroT;

3. MOJIEKYJIbI B3aUMOJIEHCTBYIOT TOJILKO MPHU COyJAapeHuu (yAap ynpyrui),
IIPU STOM JIEUCTBYIOT CHJIBI OTTAJIKUBAHUS;

4. BpeMsi CTOJIKHOBEHHS MHOTO MEHBIIIE BPEMEHU MEXKITY CTOJIKHOBECHUSIMHU.

Tor dakr, 4To 4YHCIEHHOE 3HaYeHWE TeMmIepaTypHoro KoddduireHTa
O00BEMHOIO pacIIMpEeHHUs] B MPEAEIbHOM Clyyae MajblX IUIOTHOCTEH OJIMHAKOBO
JUUIS1 BCEX Ta30B, MO3BOJISIET YCTAHOBUTH TEMIIEPATYPHYIO IIKAITY, HE 3aBUCAIILYIO OT
BEILIECTBA, — UJICATbHYIO Ta30BYIO LIKATy TEMIEPaTyp.

B3sB 3a ocHoBy mikany llenbcusi, MOXHO ONpPEAENIUTh TEMIIEPATYpPy U3
cootrommenus: t = (V — Vo)/Vo, tae V — 006éM Taza npu 0°C, a V — ero 00béM mipu
temneparype t. Tak ocyliecTBiIseTCs ONpeAcsieHue TeMIEpaTyphl, HE 3aBUCSAILEE
OT BELIECTBA TEPMOMETPA.

[IpenenbHyto Temmeparypy, NpH KOTOpOl O0O0OBEM HIEANBHOTO Tasa
CTAaHOBUTCS PaBHBIM HYJIO, TMPUHUMAIOT 3a aOCOJIOTHBIN HYyJb TEMIIEPaTypHhI.
Haiiném 3Hauenne abcomrotHoro Hyins no mikane [enscus. [IpupaBuuBas o0ném V
K HYJIIO ¥ yuuThiBasg, uyto o = 1/273 1/°C, momyuum: 0 = Vo(1 + 1/273-1). U
nojilydyaeM, 4YTo aOCONIOTHBIM HyJNb TeMmieparypbl paBeH: t = —273°C. 3to
nmpenenbHasg, camas HU3Kas TemIeparypa B MPUPOJE, Ta «HAUOOJbIIAs WU
IIOCJIEAHSAS CTEIIEHD X0JI01a», CYLIECTBOBAaHME KOTOPOM NpeacKas3an JIOMOHOCOB.

Takoit yuéHpiii kak YuiabsaMm KenbBuH 3 AHTIIUM, BBENT a0COIIOTHYIO IIKATY
temrepatyp. HyneBas temneparypa no mkane KenbBuHa paBHa aOCONIOTHOMY
HYJIIO, a €MHHLIA TEMIIEPATYPhI IO ATOW WIKaJEe - Tpaaycy o mkane Llenbcus, u3
3a 3TOr0 abcoJoTHAs Temneparypa 7 cBs3aHa ¢ TeMiiepaTypoil no mkaie [enbcus
dopmymoit: 7T =1 + 273°C, npuuém 1°C = 1 K. Ecniu mocMOTpeTh ¢ TOUKU 3pEHUS



MOJIEKYJISIPHO - KMHETUYECKOW Teopuu, To monydaercs, uto 7 = 0 K, u TenoBoe
JBIKEHUE MOJIEKYJT ITPeKpaIiaeTcs.

C nomoursio mkansl KenbBuHa, 3axkoH ['eif-JIroccaka MOXHO 3amucarth
pole:

1 +at=1+1/273(T-273)=a-T, tormaV =Vya-T.

O0béM Ta3za JaHHOW MacChl TPU TOCTOSHHOM JABJICHUH  TIPSIMO
MPOTIOPLIMOHANICH a0COMIOTHON TeMIIepaType.

CrnenoBaTesnbHO OTHOIIEHHE OOBEMOB ra3a OJHOM M TOM K€ MacChl B
pPa3IMYHBIX COCTOSIHUSIX TIPU TMOCTOSSHHOM JABJICHUU PAaBHO OTHOLICHUIO
abcomoTHBIX Temmeparyp: Vi/ Vo = T/ T.

Tabnuua 2.2. XapakTepucTHKH H300apHOTO mpoiecca
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Xon padoTsl

1. 3amyctuth BUpTyanbHbIN cTen - http://efizika.ru/htmI5/18/index.html

2. YCTaHOBUTH HadallbHbIE MIapaMeTphl Ta3a: gaBieHue Po, Temmepatypy to
u o0BeM V.

3. BbiOpath ams ucciaenoBanus ra3 u3 MsATH BO3MOXKHBIX: BO3/1yX, alleTUJICH,
METaH, aproH, YIJIEKUCIIbIN Ta3.

4. Haxatp Ha kHONIKY «Ilyck» niisi Hayana HarpeBaHus rasa.

5. Ilpu mocTmkeHWUW KpaTHBIX TEMIEPATyp WX JaBJICHUN OCTaHABIMBATH
HarpeB KHONKOM «llay3a».

6. CHsTh MOKa3aHUs yCTaHOBUBIIErocs oObeMa raza Vi u TeMreparypsl t u
Haitu otHoutenue Vi /T;.

/. IIpoaoiKUTh HAarpeB, HaKaB Ha KHOMKY «Ilyck».

8. BHOBB ocTaHaBiIMBaTh HarpeB KHOMKOHN «Ilay3ay.

9. 3anmcarh 3HaueHUs KOHEYHOro oObeMa Vi Tpu  yBEIMYCHHUH
TeMIiepaTypsl T;.

10. Haiitu otHOIIenus Vi /Ti u yOeAUThCS B X IPUMEPHOM PaBEHCTBE, T.C. B
CIIpaBeUIMBOCTH 3aKoHa ['eli-JIroccaka.

11. OnpenenuTh OLEHKY aOCOJIIOTHOW W OTHOCHUTEIBHOW MMOTPEHTHOCTEH

HU3MCPCHHA.
12. JlanHble uccaeqoBaHus 3aHECTH B TaOJIHITY.
M, m HauannHble moka3aTenu
KT
Ne KI/MOJIb ’ to. ©
’ 3 0, °C To, K
wn | " | (momspuas (macca Po, xIla Vo, M
rasa) (napnenme) | (06bem) (Temnepatypa | (Temmneparypa
macca) o Llenbcum) KenpBuHa)
1
2
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Kouneunrsie nmokazarenu _
i, © i AT (VIT),s
Pi,xIla | Vi3 G, °C Ti, K VilTi, | VolTo, | A(VIT),

(Temnepatypa | (Temneparypa | M>/K M¥/K MY/K
(nanerne) | (0bnem) o Llenbcun) KenbBuHa)

13. CpopmynupoBaTh BHIBOJIBI.

KoHTpoJibHBbIE BOIIPOCHI

1. 3anummTe OCHOBHBIE NPUOOPHI W 00OpPYIOBAHHME HEOOXOIUMBIE JIJIs
NPOBEJICHUS TaHHON pabOTBhI.

2. Pacckazars B uem coctout 3akoH I eii-Jlroccaxa.

3. B dem oTimame n306apHOTO Mporiecca OT APYTHX H30MPOIIECCOB.

4. Kakum TpeOOBaHMAM YIOBJIETBOPSET MOJENb «HICATBHOIO» Taza B
MOJICKYJISIPHO - KHHETUYIECKOU TEOPHH.

5. Krto BBen abcomoTHyI0 mIKamy Temiieparyp? Yem sTa miKana OTIn4aeTcs: OT
mkasiel o Lemscuu.

6. V3 d4ero cocToMT 3KCIIEpUMEHTAJbHAs YCTAHOBKA JAaHHON J1abOpaTOpHON
pabote1? OnuimTe npeIHazHauYeHUEe KaKI0T0 U3 HUX.

/. 3anuimTe OCHOBHBIE TPUOOPHI U OOOpYAOBaHHE, HEOOXOAUMbBIC IS
MPOBEJICHUS TaHHON pabOTHI.
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