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Tema 1. MOJIEKYJIAPHO-
KUHETUYECKASA TEOPUA

1.1. OCHOBHbIe NMOHSIMUSI U oripedesieHuUs
MOJIeKY/ISIPHOU hU3UKU U mepMOOUHaMUKU

1.2. [lasneHue. OcHOBHOE ypasHeHUe
MOJIEKYISIPHO-KUHemu4Yeckou meopuu

1.3. TeMnepamypa u cpeoOHsIsI KUHemu4ecKasl
3Hep2usi mernsoeo20 08UXKEeHUST MOJIeKY 1

1.4. 3aKOHbI udeasibHbIX 2a308

1.5. YpaeHeHue cocmosiHusi udeasibHO20 2a3a
(ypasHeHue MeHOeneega-KnaneupoHa)



PeakTuBHoe OBuMXeHWe Wwapa, yCTaHOBNEHHOro Ha
TpybyaTbiX CTOMKAX, 3a CYET peakuun, okasbiBaemMou
BbIXOOSALMM NapoM, ObI1O MNPOOEMOHCTPUPOBAHO
ewe 2000 netr Hasag [epoHomMm ArnekcaHOPUNCKUM
YHuBepcarnbHaa napoBas MalluHa C

P () aBTOMaTU4ECKMM NapopacrnpeseneHem

nooqepe,u,Ho 7 Hel'lpeprBHO, bbina
) nocTpoeHa B 1763 I. ypanbCKuUm
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_ %mmvw.wmwi' 2

f’ﬁ 0 mexaHukom MBaHom VBaHoBUYEM
2
I [lon3yHOBLIM, HO 30€eCb OHa HECKONMbKO
Z25~ \§ onepenuna ceoe Bpewms.




1.1. OCHOBHbIE€ NOHATUA U onpeaeneHnsn

MONEKYNSpHOU
dn3nkKkn n TepMmoanNHaAMHUKHN




1.1. OcHOBHbIEC MOHATHSA U ONpe/AeIeHUA
MOJICKYJISIPHOM
(DM3UKH M TCPMOAUHAMUKH

* COBOKYIIHOCTD TeJl, COCTABJIAIOLIMX
MAKPOCKORUYECKYIO CHCTEMY, Ha3bIBaeTCH
MePMOOUHAMUUECKOU CUCMEMOTL.

e CucreMa MOXKET HAXOAUTHLCHA B Pa3IUYHBbIX
COCTOSAHUSAX. Benuuunwv, xapaxmepusyrwuiue
cocmosanue cucmemol, HA3bl18AIOMCA
napamempamu  cocmosanua:  oaenenue P,
memnepamypa 1, oowvem V u max oanee. CBA3b
Mexnay P, T, V cnienuuaHa QJI KAXKI0I0 Tejia H
HA3BIBAECTCH YPAGHEHUEM COCHOAHUAL.



BOJbLLOWM B3PbIB

MPUBOPHI OBBEKTbI

PALIAYC 3EMAM o

PAIIMYC CONHUA
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TANAKTUKA
PAIMOTENECKON
PAIIAYC HABSTIOQAEMBIX

TANIAKTUK

BCEJIEHHASA



JIro0ou mmapamMeTp, UMEIOILIUN 0npeodeieéHHoe
3HAYEHME IS KaXKI0TO PABHOBECHOTO
COCTOSIHMSL, SIBISICTCS (hyHKUUEU COCIOAHUA
cucmembol.

Paenoeecnon, nazvieaemcsa maxkasa cucmema,
napamempuvl COCHOAHUA KOMOPOU 00UHAKOBDI
80 6CeX MOUKAX CUCMEMbBL U He UBMEHAIOMCA
co epemenem (Npu HEUIMEHHbIX GHEULHUX
yeaosusx). Ilpu smom 6 pasrHosecuu HAxX00Mcs
omaoenbHble, MaKpOCKONUYecKue 4acmu
cucmemal.



lIpouecc — nepexod U3 00HO20
pasHoOBECHO20 COCMOSIHUA 8 OpYy20e.

Penakcauyus — eo3epawWieHue cucmemsbl 6
pPaeHOBECHOE COCMOAHUEe.

Bpems nepexoda — epemMsi pesiakcauuu.



Ecau pasnosecue ycmanosunocs, mo
cucmema Camonpou360j1bHO He CMOIHCEem
6blUMU U3 He20.

Hampumep, ecian OnyCTUTh rOpAYNN KAMEHD
B XOJIOJIHYIO BOAY, TO, YEPE3 HEKOTOPOE BPEMS
HACTYIIUT PABHOBECHOE COCTOSTHUE:
TEMIIEPATYpPbl BEIPOBHAIOTCA. HO oopammubiii
npoyecc HeBO3MOIHCeH — TEMIIEpaTypa KaMHs
CAMONPOU360IbHO HE YBEIINYNUTCH.



AmomHasi eQUHUUa Macchbl (a.e.M.) —
(meﬂ) — egMHunuUa maccel, pasHaga 1/12
Macchl u3oTtona yrnepoaa “C —m,.:

m,, = (1/12)ym =1,66-107%" k.
Amomnaa macca xumuueckozo rnemenma
(amommnpwiit 6ec) A, €CTb OTHOILICHUE MACCHI
aroMa JTOro fdjeMeHTta m , k 1/12 maccrl

A
n3otona yrepoga C'2

m ,(Macca aToma >1emenTa)
A= -

m, (1/ 12 maccel aToMa yrnepona)
(atoMHas Macca — 0e3pa3MepHas BEJIUYMHA).



MoijexyisipHast Macca (MOJIEKYISPHBIN BEC):

1 = Mu (Macca MoneKyJILI)

Iflflel1

OTcroga MO>XHO HAUTH MAacCy aroma u
MOJIEKYJIbI B KHJIOIpaMMax:
m,=Am

. m,, = Mmeﬂ



B TepMOIHaAMHUKE IITAPOKO UCIIOIB3YIOT
MIOHATHS KAJIIOMOJIb, MOJIb, YMCJIO ABOraJipo U
yuciao Jlommuara. Jlagum onpeneneHus STUX
BEJIUYMH.

Monab — 5mo cmanoapmu3uposarHoe
KOAUYEeCcmao 00020 8eulecmed, Haxoo0aue2ocs 6
2a3000pA3HOM, HCUOKOM UTIU MBEPOOM
COCMOSHULL.

1 Mmoab — 3mo Konuuecmeo cpamm
eecuiecmeda, paeHoe e€2o MOJIBKle}lpHOﬁ MACCée.



1 Moib — MO Konu4yecmaeo e2paMm
geulecmea, pasHoe e20 MOoJieKyriapHoU Macce.

[ Kunomons - 5mo Koauuecmeo
KUL02pamm eeusecmaed, pasHoe e2o
MOJIEKVIIAPHOU Macce.

u[Kr/KMOJIb = F/MOJIB] =M nmm A (6e3pa3MepH.)



I, ABoragpo Amepeo (1776 — 1856) —
| UTanbsHCKMIN OU3MK N XUMUK.

OcHOBHblE don3nyeckne paboThl
NOCBSALLEHLI MONTEKYINAPHON (PU3NKeE.
L  YXXe nepBbiMM CBOUMMU
I/ICCJ'Ie,EI,OBaHI/IFIMI/I B 9TOM 06f1acTy 3anoXus
OCHOBbI MOJIEKYNSIPHOU TEOPUN, BbIABUHYB
MOJSIEKYNAPHYHO runoTtesy. OTKpbI BaXXHbIU A4S
XUMUN U DOU3NKN 3aKOH, MO KOTOPOMY B paBHbIX
obbemMax pasfnyHbIX ra3oB Npuv OANHaAKOBbIX
YCIIOBUAX COAEPKUTCA OANHAKOBOE KOSIMYECTBO
Mornekyn (3akoH Asoraapo). icxoga us atoro
3aKoHa, paspaboTan metoa onpeaeneHus
MOJTEKYIAPHOro 1 aTOMHOIO BECOB.




B 1811 . ABoraapo BhICKa3all
IIPEAIIOI0XKEHNE, YTO YMCII0 YACTHUIL B KUJIIOMOJIE
I000T0 BEIIECTBA ITOCTOSIHHO U PABHO
BEJINUYMHE, HA3BAHHOU, B IIOCJICACTBUU, YUCIOM

Aeozaopo

(F/MOHB) —6022 1023 |

1
N, = — :
M M, (r) m.,, MOJIb

Monapnas macca — macca 00020 moas ()

= Amez[NA



Ilpu oounakoevix memnepamypax u
OAB6ICHUAX 8CE 2A3bl COOEPIHCAM 6 eOUHU e
00beMa 00OUHAKOBOE YUCI0 MOIEKYIL.

Hucno monekyn uoeanvnozo 2asa,
cooepacauwguxca 6 1 m> npu HopmanbHbIx
ycaosusnx, nHazvleaemca yuciom Jlowmuoma:

N, =P, /kT,=2,68-10" M

Hopmanonusie ycnosus: P,=10°Ma; T, =273 K

k=1.3810"% Ix/K — nocmosannaa Borvumana






Ilox uoeanvnvim 2azom Mbl OyaeM IOHUMATh
ras3, Ijsi KOTOporo:

- paouyc 63aumooeiucmeusl 08yx MoaeKy
MHO20 MEeHbULe CPEOHE20 PACCIOAHUSL MEHCOY
Humu (MOJIEKYIbl 83AUMOO0CUCHIBYION HOTIbKO
npu CMoOJKHOBCHUU);

- CIOJIKHOBECHUS MOJICKY]l MEHCOY COO0U U CO
CHIEHKAMU COCY0a — adConomuo ynpyzue
(8bINOIHAIOMCS 3AKOHBL COXPAHEHUS DHEPSUU U
UMNYTbCA);

- 06BeM ecex MOJieKys1 2a3a MHO20

MeHbWe obbema, 3aHIMo20 2a30M.



CrnenyeT IOMHHUTD, YTO KJIIACCHYECKHUE
IIPEACTABIICHUS B MOJCKYISIPHO-KHHETHYECKOU
TEOPUH U TEPMOJUHAMUKE, KaK U BOOOIIIE B
MHUKPOMUPE, HE OOBSCHIIOT HEKOTOPbIC SIBICHUS U
CBOMCTBA. 30€Ch, KAK U B MEXAHUKE, Y C/108UEM
NPUMEHUMOCIU KAACCUYECKUX 3AKOHO8 ABACMCA
8bINOJIHEHUEC HEPABCHCMEA

MmuR <<

r7e m — Macca, v — CKOpoCTh, R — pa3Mep
IIPOCTPAHCTBA ABMKCHHUS YaCTHUIIBI,
i =1,05-10* kr-mM?/c — mocTosiuHas [1naHKa.

B mpOTHBHOM Cly4ae UCIIOJIB3YIOTCSI K8AHMOBO0-
MexaHuyecKue 1peaCcTaBICHUS.




1.2. laBaenue. OCHOBHOE YPaBHEHME
MOJICKYJISIPHO-KHHETUYECKON TEOPUM

PaccMoTpuM 1oipoOHEe, 4To
IpEACTaBISICT COOOM OJIMH U3 OCHOBHBIX
[IapaMeTPOB COCTOSHUA — JIaBIICHUE P.

Eme B XVIII Beke Jlanunn bepuyiuiu
IIPEANOJIOXKUI, YTO 0A6IeHUE 2A30 — eCHLb
ciieocmeue CHoaKHOBCHUA 2A308bIX MOSIEKYT
CO CmMEHKamu cocyoa.

VMIMeHHO naBjicHNE Yalll€ BCEro SIBIACTCS
€IMHCTBEHHBIM CHUTHAJIOM IIPUCYTCTBHUA r'asa.



HWrak, Haxomsgmuecs o JaBJICHUEM I'a3 WIN
KHUIKOCTb IEUCTBYIOT C HEKOTOPOM CHJIOU HA
100y HOBEPXHOCTh, OTPAaHUYMBAIOIIYIO UX
00beM. B 3TOM ciydae cuna AeMCTBYET MO
HOpPMAJIM K OTPaHUYHMBAIOIIECH 00bEM
IIOBEPXHOCTH. /lasienue Ha noeepxHocmo

PasHO: AF
P="
AS

rae AF — cuiia, IEMCTBYIONIAS HA IIOBEPXHOCTH
mIomraabo AS.



‘C)KBTHG H paclWHpeHre aanabaTHyecku HM30NHUPOBaHHOrD rasa ConNpoe0X A3eTCA ero HarpesaHeM U oxXnax AeH1emM




JlaBiaeHKe BHYTpH ra3a UM KUJIKOCTHU
MOKHO U3MEPUTH, IIOMENIAs Ty/1a
HEOOJIBIION KyO ¢ TOHKMMHU CTEHKaMHU,
HAIIOJIHEHHBIN TOM XKE CPEIOH.
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Pucynok 1.1



IloCKOIBKY cpelia IIOKOUTCH, Ha KaXIYIO
rpaHb Ky0a CO CTOPOHBI CPEAbl ACHMCTBYET OHA
1 Ta ke cuiia AF. B okpecTHOCTH KyOa
naBjeHue paBHo AF/AS, tne AS — miomaab
rpaHu Kyoa.

F

0

VTG TN TEL

NS
SRV

83\




BHympeHHee OaesieHue sierisiemcsi
OOHUM U meM )e 80  @8cex
HarnpaeJsieHuUsix, U, 80 ecem obbeme
He3asucumo om ¢opmMblI cocyoa.

OTOT pes3ynbrar Ha3blBaeTCA 3aKOHOM
[Mackana: ecnu K Hekomopou 4Yacmu
1o8epxXHoCMuU, oapaHu4yuesarowjelti 2a3 unu
XXUOKOCMb, [PpUIIOXKEeHO OasrieHue P, mo
OHO OOUHaKo80 riepedaemcs fbou Yacmu

amou rnosepxHocmu.



[lonycTtnm, aBTOMOOUIb NoAHMMAaETCH
rmapaBnMyeckum OOMKPATOM, COCTOALLIMM, KakK
NoKasaHo Ha puUcyHke 1.2, n3 gByx coegmHeHHbIX
TPpyOKOW UMNUHAPOB C NoplwHAMU. [OmnameTp

bonblioro uunuHapa paBeH 1 M, a AgnameTp
manoro — 10 cm. ABTOMOOUNL MMeeT BecC F2.

Hangem cuny pgaBrneHuMa Ha nopllieHb Marnoro
LunuHagpa, Heobxooumyo  Ongd noabemMa
aBTomMobuns.



[TockoibKy 00a MHOpPIIHSA SBJSIIOTCS CTEHKaMHU OJHOTO U
TOI'0 K€ COCy/la, TO B COOTBETCTBHUM C 3aKOHOM llackaist oHu
HCIIBITBIBAIOT OAWUHAKOBOE JABJICHUE.

IlycTs P1 — Fi / S1 — IaBJI€HNE HA MaJIbIi MOPIIEHb, a
P, = Exadnenue na 60mbioit MOPIICHb.
Torna, T.k. P, = P, uMeeM: /i
S 1 S 2

F =F(S,/S,)=0,01F,.



Beryucianm J1aBiICHUE, OKAa3bIBAEMOE I'a30M HaA OIHY
A
N3 CTCHOK cOocCy/a. =

e
X

v, ds Puc. 1.3
Y

O003HaYuM: # — KOHLIEHTpaIL1s MOJICKYI B COCYE;
m, —Macca OQHOU MOJIEKYJIbI. /IBUKEHHE MOJIEKYJI I10
BCEM OCSIM PABHOBEPOSATHO, IIOITOMY K OJHOU U3
CTCHOK COCYya, IUIOIIAAbI0 S MOAJIECTACT B €AUHUILY
BpeMeHHU (1/ 6)nv, MOJIEKYII, TO€ VL — MPOEKIS
BEKTOPA CKOPOCTH HA HAIIPABJICHUE,

IIEPHCHIUKYISPHOE CTCHKE.
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Kaxmas Mmorexyna o0masaet UMITyJILCOM 71,0, HO
CTEHKA MOJIy4aeT UMITYIbC 211V . (IIpu aOCOTFOTHO-
yOopyrom yaape myv,_—(—myv )=2m,v_ ). 3a
BpeMs df 0 CTEHKY ILIOIIAJIbIO S YCIEET YAapUThCs
YHCJIO MOJIEKYJ, KOTOPOE 3aKJIIOYECHO B 00BbEME V-

n = 3Sv dt.
OO UMITYJIbC, KOTOPBIM ITOJYYUT CTCHKA S

Fdt = éanOvadet = %mOnDiSdt.

PaznenuB 00e yacTu paBeHCTBA Ha S 1 df; mOny4YuMm

BRIDOKEHUE 1d naBienus: [ 1 5
= = _moux — P.

5 3 (1.2.1)



Taxum obpazom, mbl onpeoenuiu 0asjieHue, KaK
cuiy, 0eucCmeyruiyro 6 eOUHUUY 6PEMEHU HA
COUHUUY NIIOUWLAOU:

P=dF/ds.

1
unu P = gmovi



HauBHO monarars, 4T0 BC€ MOJICKYJIbI MOIJIETAIOT K
CTEeHKe S ¢ OITHOH U TOH Ke CKOpOCcThI0 (pucyHOK 1.3). Ha
CaMOM J1eJIe MOJICKYJIbI MMEIOT pasHbie CKOPOCTH,
HANpaBJeHHbIE B pa3HbIe CTOPOHBI, TO €CTh CKOPOCTH
ra30BbIX MOJIEKYJ + CAVUAUHAA GeTUUUHA.

bosiee ToOUHO
CYYAUHYIO BETUUUHY
XapaKTepPU3yeT
CPeoOHeKeaopamuuHan
geuvuUHa.




[loa cKkopoCThLIO 1) NOHUMAEM
cpedHeKeadpamuqHyfo cKkopocmb < 1) >

BekTop ckopocTu, HanpaBneHHbLIN
NMPOW3BOSILHO B NMPOCTPAHCTBE, MOXHO pPasgenunTb
Ha TPWU COCTaBIAOLLMX:

<V? >=< V] >+ <V >+ <Vl >,

Hu ogHOM M3 3TUX MPOEKIUN HEJIb3s OTAATh
IIPEAIIOYTEHUE U3-32 XAOMUUHO20 MENT0B8020
O0BUINCEHUSL MOLEK)]T, TO €CTh B CPEIHEM .

2 2 2
V.=V, =7

X y z



ClenoBareabHO, HA APYTUE CTEHKHU OyIE€T TOYHO
TAKOE k€ HaBjieHue. Torma MOKHO 3arrcarhb B 00IIeM

ciry4ae: ,
1 2 m, <V >
P=—mpn<v>>==n ° :

3 3 2

P:%n<Ek >

3 (1.2.3)

e < F . > — CDEOHsisi IHepeUst OOHOU MOTIEKYIIbL.
Omo 0CHOBHOE YPABHEHUE MOJACKYIAPHO-
KUHemu4yecKou meopuu 2asoe.

Htak, 0dasenenue 2azoe onpeoensemcsa cpeoneu

KUHemu4yecKkou Inepzueil noCmynameibHo2o
OBGUIMCCHUS MOJICKVIL.

NJIN



EI[I/IHI/II_[BI N3MCPCHUNA 1ABJICHUWAI.

F

[To onpenenenuto, P =—, mnostomy

Pa3MEPHOCTh JABJICHMUS — .

1 H/m? = 111a;

1 arm.= 9,8 H/cm? = 98066 I1a =~ 10° I1a

1 mm pr.cT. = 1 TOp = 1/760 arm. = 133,3 Ila
1 6ap = 10° ITa; 1 arm. = 0,98 Gap.




1.3. Temneparypa u cpeaHsAsi KHHETHYECKAs
JHEPrud TEMJI0BOI0 ABHIKEHHUSA MOJIEKY.JI

3 onbiTa N3BECTHO, YTO €CNnn NPUBECTU B
COMNPUKOCHOBEHME ABa Tena. ropsa4yee n xonogHoe, 10
yepe3 HEKOTOPOE BpeM4A X TemMnepaTypsbl
BbIPOBHAKTCA. YTO NepeLusio ot ogHoro tena K
apyromy-?

PaHblUe, BO BpeMeHa JIomoHocoBa v JlaByasbe
cyuTanu, YTo HoCUTENEM Tensa ABMASAETCS HEKOTopas
XNOKOCTb — mMerisiopoo.

Ha camom gene — HM4ero He NepexoanT, TONbKO
N3MEHSAETCS CPeaHSAA KUHEeTUYEecKasa SHeprns —
SHEpPrus OBMXKEHNSA MOMEKYI1, U3 KOTOPbIX COCTOAT 3TU
Tena.



MMeHHO cpenHssd KHHETHYECKas SHEPTUA
aTOMOB M MOJIEKYJI CIIYKUAT XapaKTEPUCTUKON
CHUCTCMbI B COCTOsHHNHU PABHOBCCHAL.

OTO CBOUCTBO MO3BOSISET ONpeaenunTb
napamMeTp COCTOSIHUSA, BbipaBHUBAIOLLIMNACA Y
BCEX TES1, KOHTAKTUPYIOLLMX MeXay cobown,
KaK BENMUYUNHY, NPONOPLINOHANbHYIO
cpeaHen KNHETUNYECKON SHEPrmn YacTtuL, B
cocyae.



UTOObI CBSI3aTh QHEPIUIO C
Temnepartypoun, bonbLmaH BBEN

KO3MMPULMEHT NPONopLINOHANBbHOCTHU K,
KOTOPbIN BNOCNeaCcTBUN Dbl Ha3BaH ero
NMMEHEM;

2 my, <V >
3k 2

(1.3.1)

rne kK — nocmosiHHasi bonibumaHa
k=1,38102Dx-K.



Benuuuny 7 Ha3bIBAIOT aOCOIIOMHOU HeMne-
pamypou v u3MepsroT B rpagycax KensBuHa (K). OHa
CIIyKUAT Mepou KUHEMUYECKOU IHeP2UU HEeNn106020
osuiceHus yacmuy uoeanvnozo 2aza. 113 (1.3.1)
ITOJIYYHM:

my<v° > 3
=—kT.
2 2 (1.3.2)
®opmyna (1.3.2) npuMeHnMa It pacdu€ToOB Ha
OJIHY MOJICKYJIy HACAJIbHOTO I'a3a.

O6o3naunm R = kN e

J1C R — YHUGBEPCAJIbHAA 2A306a4:1 NOCMOAHHAA.

R=831_"%  _g31.100 2K

MOJIb - K KMOJIb - K




Torma 5
M=V N 2N T
9 A_2 A"

CJIICAOBATCJIILHO,

<D > 3RT
H 5 (1.3.3)

— 3T0 (hopMyIa s MOJISIPHOM MaccChl rasa.




Tak kak Temmeparypa onpeaeiasieTcs
CPEIHEU YHEPTUEH IBUKECHUS MOJIEKYJ, TO OHA,
KaK U JIABJICHUE, SIBIAECTCA CIMamucmuy4ecKou
BEJIMYMHOU, TO €CTh I1apaMETPOM,
IIPOSABJIAIOIIUMCSA B PE3YIIBTATE COBOKYITHOTO
NEUCTBHUA OIPOMHOI0 yKciia Mojieky. I11oaTomy
HE F'OBOPAT: «TEMIIEpATypa OJHOU MOJIEKYJIBD,
HY>KHO CKa3aTh: «3HEPIrUs OAHOU MOJIEKYJIbI, HO
TEMIIEpATypa ra3an.



OcHo8Hoe YPAGHEHUE MOJEKYVIIAPHO-
KUHemu4ecKou meopuu MOKHO 3dIIMCATh I10

IPYTOMY.
Tak kak P=2/3n<E, >, <E_ >=3/2kT

OTtcroza P =nkT

B Takom BUJAC OCHO6HOE YDAGHERUE

MONEKYIAAPHO-KUHEMUYUECKOIL meopuu
YIIOTPEOISCTCS Yallle.



Tepmomempot. Eounuuyvt usmepenus
memnepamypol

Hanbonee ecrtectBeHHO ObINO Obl
MCNOSb30BaTb AN UBMEPEHUS TeMNePATYpb
onpeageneHune 2

S 2 my<v” >

T =
3k 2
T.€. UBMEPATb KUHETUYECKYIO SHEPTUIo

nocTynaTenibHOro ABMXeHUA MOJIEKYS rasa.
OpgHako 4pe3BblHanHO TPYOHO NPocneanTb 3a
MOMNEKYNOU rasa u eLle cnoxHee 3a aToOMOM.
[TloaTOMy Anga onpegeneHna Temnepartypsbl
nageanbHOro rada MCNonb3yeTcd ypaBHeEHUE

PV =(m/ u)RT.




[lencTtBuTenbHO, BENUYUHBLI P 1 V nerko
nogaarTCcs USMEPEHMIO.
B kayecTBe npumepa paccMOTPUM
n300pakeHHbIN Ha pucyHke 1.4 NnpocTenLnm
ra3oBbli TEPMOMETP C MOCTOAHHbLIM

naerneHnem. Obbem rasa B Tpybke

nk
V =—T
15
Kak Mbl BUOUM, NponopLnoHarieH
Temnepartype, a NOCKOMNbKY BbiCOTa NogbemMa
PTYTHOWM Kannu nponopuuoHanbHa V, To oHa

nponopumnoHanbHa u T.



OTKPBITBIIT KOHEIT
1P JaBJIeHIIIT [

PTtvTHasa Karia

Oripeaerre HHOE
KOIIMYEeCTBO
IICATIBHOT O Ia3e

PucyHok 1.4



CyIlIeCTBEHHO TO, YTO B I'a30BOM TEPMOMETPE
HEOOXOIMMO HUCIIOIB30BaTh UACAIBHBIN ra3. ECiiu ke B
TpyOKy BMECTO HJICAILHOIO Ira3a MIOMECTUTH
(PHMKCUPOBAHHOE KOJIMYECTBO KUAKOU PTYTH, TO MBI
[IOJIY4YUM OOBIYHBINA PTYTHBIM TEPMOMETP. XOTS PTYTh
IaJIEKO HE UIcaIbHEIN ra3, BOJIN3M KOMHATHOU
TEMIIEPATYPHI €€ 00BEM U3MEHSETCS ITOYTH
IIPOIIOPIIMOHAIILHO TEMIIEpAType. TepMOMETPHI, B
KOTOPBIX BMECTO HJICATIBHOTO I'a3a UCIIOJIb3YIOTCS
KaKue-JIu00 APYTrHe BEIIECTBA, IIPUXOAUTCS
KaJIrOpOBaTh MO MOKA3aHUSIM TOYHBIX I'a30BbIX
TEPMOMETPOB.



B (u3HKEe U TEXHUKE 3a aOCONIOMHYI0 UWIKATY
memnepamyp npunama wikania Keaveuna, HazBaHHas
B 4YECTh 3HAMCHHUTOTO aHITIMHMCKOro (pU3HKa, JIOPAA
KeabBHUHA.

1 K — ogHa u3 0CHOBHBIX equHuI cuctembl CH
Kpome Toro, UCTIOJIB3YIOTCA U APYTUE IITKAJIBI:

— wikana Dapenzeiima (HeMeukun Gu3nkK 1724 1.) —
TOYKa TasHbA Jbaa 32°F, Touka kunenusa Boasl 212°F.

— wikana Ilenvcua (muBeackul puszuk 1842r.) — Touka
TasHbA Jbaa 0°C, Touka kunenus Boasl 100°C.

0°C =273,15 K.

Ha puc.1.5npuBenecHo cpaBHEHME PA3HBIX TEMII. IIKAJ.



llo llo AbcomoTHas
Dapenreiity  Ilenscuro  Temnepatypa
(no KenbBuny)

Touka xunenns ++ 212°F 100 °C 373K
| 300
Touxa 3amep3anns 4+ 32 0 173
0
200
- 100
100
-200

ADCOMOTHBII HYIb A4~ -43Y -273 0



Llenbcun AHgepc (1701 —
— LUBEACKUU aCTPOHOM W

PaboTbl OTHOCATCS K

MUMN,

- o reousvke, OU3NKe.
[lpennoxun B 1742 r. cTtorpagycHyHo
LLIKany TepMoMeTpa, B KOTOPOU 3a HOSMb
rpagycoB NpUHAN TemnepaTtypy TagHUA
nbga, a 3a 100 rpagycoB — TemMmneparypy
KnneHunsa BoApbl.




2
muv

Tak kak Ty = () Bcerma, To u 1 ne
MOxcem ObITH OTPULIATEILHON BeJITHYMHOM.

CBocoOpasue TeMneparyphl 3aKJIF04aETCS B
TOM, YTO OHA He a0oumueHa (A0OUMUBHbLU —
noIyyaemvlil C10HCeHUEM).

Eciy MBICIIEHHO pa30MTh TEJIO HA YaCTH, TO
TeMIIepaTypa BCEro Tejia HE paBHA CyMME
TeMIIEpaTyp €ro yacrteu (ajanHa, 00bEM, Macca,
COIIPOTHUBIICHUE, U TaK AaJiee — aAJUTUBHBIC
BeINYUHBI). IloaTOMY TeMIieparypy Helb3s
N3MEPATH, CPABHUBASA €€ C 3TAJIOHOM.



CoBpeMEHHas TEPMOMETPHS OCHOBAHA HA
[IKAJIE UJICATBHOIO I'a3a, IJI€ B KAY€CTBE
TEPMOMETPUUYECKOU BEITUYUHBI UCIOJIB3YIOT
nasiicHue. lllkama razoBoro repmomerpa —
aBiisieTcs aocomrotHoM (1= 0; P = 0).
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1.4. 3axoHBI HAEAJBLHBIX I'a30B

B XVII — XIX Bekax ObLIM
C(OOPMYIUPOBAHBI ONBITHEIC 3aKOHbI
MJICAIbHBIX I'a30B, KOTOPhIEC OAPOOHO
M3y4ar0TCs B IIKOJbHOM Kypce (DU3HKH.
Kparko HalmTOMHUM HUX.

H3onpoueccol uoeanvnozo 2aza —
npoyeccosl, npu KOMopwvlx OOUH U3
napamempos 0Cmaemcst HeUsMeHHbIM.



1. U30xopuueckuit npouecc. V = const.
H3oxopuueckum npoueccom Ha3bl8aemcs
npouyecc, npomexkaruwun npu ROCMOAHHOM
00véme V.

IloBenenune rasza npu 3ToM H30XOPHUYECKOM
rporecce nogunHsercs sakony Hlapna:
P/T = const:

«IIpu nocTosHHOM 00BEME U
HEU3MCHHBIX 3HAYCHUSIX MACChI I'a3a U €T0
MOJIIPHOU MAcCChl, OTHOIIICHUE JIaBJICHUSA
rasa K ero abCoJIrOTHOM TEeMIIEpaType
OCTAETCA IIOCTOSIHHBIMY.



I’ paduk n3oxopudeckoro mnpouecca Ha PV
ararpaMMe Ha3bIBaeTCs uzoxopoiu. Ilone3Ho
3HATh TpaUK U30XOPUUECKOro Impouecca Ha PT
u VT nnarpammax (pUCyHOK 1.6).

P Py I




Ypaenenue uzoxopor: Pl P2
I 1 (1.4.1)

Eciau teMmrieparypa raza BeIpaxkeHa B Irpajaycax
Llenbcus, TO ypaBHEHHUE U30XOPHUUYECKOTO
[IpoIeCcca 3aIMChIBAETCS B BUJIE

P=PR(1+a) (1.4.2)

IS Po — pasienue npu 0°C o Llenbcuro; o —
TEeMIIEpPATyPHBIN KOA(P(PHUIIMECHT JaBICHUS Ta3a
paseH 1/273 rpax .



[ paduk Takoi 3aBUCUMOCTH Ha PT
avarpaMMe MMeEET BHU/I, YKa3aHHBIM Ha PUCYHKE

P
PO
. -
-273°C 0O

PucyHok 1.7



2. U300apuueckuu npouecc. P = const.
V3obapuyeckum rpoyeccomMm Hasbleaemcs
fipoyecc, rnpomekarowuu rnpu NMOCMossHHOM

daeJsieHuUuU P.
[ToBegeHne rasa npu n3obapmnyeckom npotiecce
nogynHAeTcs 3akoHy leu-Jlroccaka:

V/T = const
«[llpu nocmosiHHoM OaerieHuUuU U Heu3MeHHbIX
3Ha4YeHUsX Macchl U 2a3a U e20 MOosispHou
Macchbl, OmHoweHuUe obbLEma 2a3a K e20
abcornromyou memrepamype ocmaéemcs
MOCMOSIHHBbIM .



MAo3zed lenm-Jlroccak

P paHUYy3CKUN XUMMUK

n punsuk, uneH AH B
Mapwuxe (1806).




I’ pacduk nzodapuueckoro nporecca Ha Vi
ararpaMMe Ha3bIBaeTcs n3ooapou (puc. 1.8).
ITone3Ho 3HaTh rpauKu N300apUIECKOIO

npouecca Ha PV u PI nnarpammax.
P Py A

PucyHok 1.8



Ypaseunernue uzooapot
W %
Iy 1
Eciau temmneparypa rasza BeIpakeHa B rpajaycax

I{eabcus, TO ypaBHEHHUE M300apUIECKOTO
IpoIecca 3alUChIBACTCS B BUJIC

V=V,(1+az) 14

roe a=1/273rpag — TeMnepaTypHbIn
KO3 PULUMEHT OOBLEMHOIO pacLUNPEHUS.

(1.4.3)



I’ pacduk TakoM 3aBUCUMOCTH Ha V't nuarpaMmme
MMEET BU]I, IIOKA3aHHBIN HA

puc. 1.9.
A
VO
N
B 0 >
—273°C O

PucyHok 1.9



3. U3omepmuueckuit npouecc. T = const.
HS’OmepMMUQCKMM npoyeccom Hasbvledemcs npoyecc,

npomexarwuy npyu ROCMOAHHOU memnepamype 1.
[loBeoeHmne ngeanbHOro rasa npu

N30TEPMUYECKOM MpoLiecce NOAYNHAETCA 3aKOHY
bouns-Mapuomma:

PV = const
«[llpu nocmosiHHoU memrnepamype u
HeU3MeHHbIX 3Ha4eHUsIX Macchkl 2a3a U €20

MOJISPHOU Macchl, ripou3sedeHue obrLémMa 2a3a
Ha e20 OaerieHUe ocmaémcs nNoCMOoSHHbIM .

[ padonk nsotepmmyeckoro npouecca Ha PV —
anarpamMmmMe HasblBaeTCcd U30TeEpPMON.



PoOept boiinb

AHITHHCKHH
(DH3HK H XHMHK,

4., 1eH JIOHJZ0HCKOI 0
KOPO0JIEBCKOT0
00MIecTBA.




ITone3no 3HaTh rpaUKu U30TEPMUIECCKOTO
npouecca Ha VT u PT pnarpammax (puc. 1.10).

P Py Vi

0 14 0 T 0
PucyHok 1.10

YpaeHeHuUe usomepmMabl

BV, =PRJV,. (1.4



4. Aouabamuueckuir npouecc
(M302HTPONHUMHBIN ).

Ilpouecc, npoucxooawuu oe3
MENn1000MeHna ¢ OKpyicarouiei cpeoou.

S. Honumponuueckuu npouecc.

lIpouecc, npu komopom menioemkocms
2a3a ocmaemcs NOCMOSIHHOU.
[ToIuTpONnrUYEeCKUM MPOLeCC — OOIIUM
CJIy4an BCEX MEPEUYNUCIICHHBIX BBIIIIE

IPOLICCCOB.



6. 3akoH Aso2adpo.

[lpu oOUHaKo8bIX OasreHuUsIX U
OOUHaKo8bIX memriepamypax, 8 pasHbiX
obbEMax pasriu4yHbIX uoeasibHbIX 2a308
cooepxumcs o0UHaKkogoe YUCcsio MOJIEKY.

B 0OHOM Morie pa3sru4yHbiX eeujecms

cooepXXumcs B
N, =6,022- 1/\poneKyn

(Yucro Asozadpo).



7. 3axkon /lanemona.

Jlasnenue cmecu uoeanbHvix 2a308 PAGHO
cyMMme napyuaivHuix oasieHuul P,
BXO0SUIUX 8 HEE 2A308

P.=PB+F+..+P,

(P, — maBlicHHE, KOTOPOC OKa3bIBAJI Obl
OIIPEACIEHHBIN a3 U3 CMECH, €CJIH OBl OH
3aHMMAJ BECh 00BEM).



8. O0veOuHéHHbL 2a30860blil 3aKOH (3aKOH

Krianernpona).
B cooTBeTCTBHMM ¢ 3aKOHaMH bowiisa - MapuoTrra

(1.4.5) u I'eni-JIroccaka (1.4.3) MOXXHO caeaTh
3aKJIIOUCHUE, YTO JUISI JAHHOU MAacCChI ra3a

LiLAE1E 20007 Ll const
T, T, T - (1.4.7)

TO 00BCOUHEHHDBLU 2A308blI 3AKOH
Knaneupona.




KnaneupoH benya Nonb

b
1799 — 1864) — dppaHLy3CKUA
JN3UK N nHXeHep. dusmnyeckmne
ccrieqoBaHus NOCBALLEHDI
ennoTe, NNacTUYHOCTU U
paBHOBecCuto TBepabix Ten. [Npuaan
MaTemaTtmyeckyro gopmy nageam H. KapHo,
nepBbIM OLEeHMN bonbLLIOe Hay4YyHoe
3HayeHue ero Tpyna. BeiBen ypaBHeEHUS
COCTOAHUA naeanbHOro rasa. Bnepebie BBern
B TepMoANHaMUKy rpadouyeckmn metopq,.




1.5. YpaBHeHHe COCTOSTHMA M/ACAJTbHOIO0 ra3a
(ypaBHeHue Menaeiieesa-Kianeiipona)

Hoeanvnvim 2a3om HA3BIBAIOT 2d3, MOJEK)Jbl
KOMOpPO2O0 NPEHeOpeNCUMO Maavl, NO CPABHEHUIO
PACCMOSAHUSL MEIHCOY HUMU, U HE B3AUMOOEUCMEBYION
opyz ¢ Opy2oM HA pACCHMOSIHUU.

Bce rasel, Ipd HOpMAaJIbHBIX YCIIOBHUSX, OJIU3KH
10 CBOMCTBAM K HJICAJIbHOMY Ta3y. bamxe BcCeX
ra3oB K HJI€aJIbHOMY I'a3y — BOJOPO/I.

YpaBHEHHUE, CBSI3BIBAIOIIIEE OCHOBHEIE
[mapaMeTpbl COCTOSHHS HJICAIBHOIO TIa3a BbIBEII
BEJIMKUU pycckur yueHbin .M. Menpaenees.



MeHpeneeB Amutpun BaHoBUY
(1834 — 1907) — pyccKku yYEHbIW.
Pa6OTbI NPeENMYLLECTBEHHO B 0bnactu
UMUK, a TakKe PU3NKU, METPONOTNH,
ieTeoponorun. OTkpbin B 1869 rogy
DAVH U3 dyHAaMeHTanbHbIX 3aKOHOB
npmpoubl — repuoanyecKkmn 3akoH XMMNYECKNX
3JIEMEHTOB — U, Ha ero OCHoBe, co3ar
nepuoanyeckyto Tabnuuy XMMNMYeCKNX 3r1IEMEHTOB.
McnpaBun 3Ha4yeHns aToOMHbIX BECOB MHOIMX
3JIeMeHTOB, Npeackasan cyulectsoBaHue u
CBOMCTBA HOBbIX.




MeHneseeB 00ObEANHUII U3BECTHBIC HAM
3aKOHbI bonis-Mapuorra, [ en-Jlroccaka u
[Hlapast ¢ 3akoHOM ABOrazipo. YpaBHEHHUE,
CBSI3bIBAIOIIIEE BCE 3THU 3aKOHBI, HA3bIBACTCS
ypasenenuem Menoeneesa-Knaneupona v
3aIMCHIBACTCSA TAK:

m
PV =—RT
ol , (1.5.1)
m
3nerE — yucrno mornewn. 1nga ogHoro mMons

MO>XHO 3alinCartb

PV, =RT



n

Ecin o6o3naumm - P _ mnorsocts rasa, To

p="tRrr =P Rr152
e n

Ecii paccMarpuBarb cmecs 24308,
3aIIOJIHAIOIMUX 00bEM V 1ipu Temreparype 7,
TOIJIA, ITaplHaAIbHbIE TABICHUA, MOXXHO HAWUTH,
KaK:

_ mlRT, p, - m2R7:  p- m RT
w,V w,V W,V

§



CornacHo 3aKkoHYy JlaabTOHA: MOJHOE JTABICHUE
CMECH I'a3a PaBHO CYMME IaplHaIbHbIX
JIABJICHUU BCEX ra30B, BXOIAIIHNX B CMEChH

P=F+P +..+ P

OTcrona, ¢ y4€TOM BBIIIECU3JI0KEHHOTO, MOYKHO
3aIIMCaTh

m m m
PV =| —+—=+..— RTi 523

Ly Wy K,

— 3TO ypasuenue Menoeneesa-Knaneupona
O/1:1 CMecu 2a308.







