9 Mousekysipaasi (pusnka

9 MouaekyagapHas pu3nKa

9.1 IlepBoe nmoaoxxkeane MKT. Pazmep m macca moJsiekyi.

9.1.1 ®opmMmyaupoBKa

Def. Bce Bewectsa coctosT n3 mosekyn.

[Tonoxenus: obL1u cchopmyauposanbl M.B.JTomonocoBbiM B TpakTare «O HEUyBCTBUTEIbHBIX (DU~
su4yeckux Jacruraxy. O JUCKPEeTHOM CTPOEHUHU BEINeCTBa JIOAHM 38/ 1yMbIBAINCH JABHO, €Ile JIPEBHHE
I'PeKn BBeJIN B JICKCUKOH CJIOBO «aTOM», TeéM CaMbIM I'OBOPdA O JUCKPETHOM CTPOCHHNU (aTOM oT Op.-
rped. «HeJeJIUMblIii» ). /IpeBHIe rpeku Tpenosarajin, 9T0 aTOMbl UMEIOT [TPABUILHYIO TeOMeTpIYe-
CKy0 PopMy: KyO-aTOMBI 3eMJIH, TETPA3/IpP - aTOMBI OIHsI, OKTa3JIpP - aTOMbBI BO3/YX U TeKCA3JIp -
arombl Bojbl. CorstacHo [lemokpury (460-370 r. 10 H.D.), aroMbl COEMHSIOTCS U Pa3beIUHSIIOTCS
obpa3ys 6e3rpaHuYIHOEe pa3HOOOpa3re BEIIEeCTB B IPUPOJIE.

Def. Monekynoit 8 MKT Ha3blBatoT MenbyaiiLlLyto 4acTuLy BELLECTBa, KOTOpPasi OCTAETCs Hen3-
MEHHOW NpU BCEX (PUBMYHECKMX, TEMIOBbLIX MPOLECCaX.

MKT — mMonekynsipHO-KUHETUYECKAS] TEOPUSI.

Taxum obpa3zoM B pu3MKe MO MOJIEKYJIAMU MOHUMAIOT - XUMHYECKUE MOJIEKYJ/IbI, ATOMbI, HOHbI,
3JIEKTPOHBI.

XoTs JIaBHO TIPE/INOJIATraI0Ch, ITO BCE BEIIECTBA COCTOAT U3 MOJIEKY/I, OOHAPYKUTD ITO Ha OIIBITE,
0Ka3aJI0Ch OY€Hb TPYJIHO.

9.1.2 OumnbITHOE J0KA3aTeJIbCTBO:

e B 1931 romy P. Pynenbepr nosyduns naTeHT Ha MPOCBEYUBAIONINI 3JIEKTPOHHDBI MUKPOCKOTI, & B
1932 roxy M. Kroste u 9. Pycka mocTpouu 1mepBbiit IPOTOTUII COBPEMEHHOTO 3JIEKTPOHHOTO
MUKpOCKOMa. Jta pabora . Pyckm B 1986 romy Obuta ormedena HobesneBckoit mpemmeit 1mo
dusuke. [Ipu momoru 3 Toro npubopa ObLIa IOJydYeHA IepBas JeKTpoHHas (GoTorpadusd
[IOBEPXHOCTHU TBEPJIOTO TeJIa.

Ha pucynke HizKe mpuBejieH IPpUMeED COBPEMEHHOI'O M300PazkKeHust, KOTOPOe MOYKHO ITOJIYYHUTh
[IPU TIOMOIIH 3JEKTPOHHOI'O MUKPOCKOIIA.

Reactant 1
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9.1 Ilepsoe nonoxenne MK'T. Pasmep n macca mMoseky.t.

e B nauane XX Beka amepukanckuii dusuk I[lepcun Yuabame Bpumkmen (Hobenesckuit maypear
o ¢dusuke 1946 roma, «3a m300peTeHUe MPUOOPA, IMO3BOJIAIOINIEIO CO31aBATh CBEPXBBICOKHE
JIABJIEHMsI, ¥ 38 OTKPbITHSI, CJIeJIAHHBIE B CBA3U C 9TUM B (DU3UKE BHICOKUX JABJIEHUIT» ) TIOCTABII
OIIBIT, B KOTOPOM B YYI'YHHBI COCY/ 3aJIMBAJIOCh MACJIO 110/ OOJIBIIUM JIaBJIEHHEM, OPSAIKa
109 TTa. Yepes HeKoTOpOE BpeMs MACJIO IPOCTYIAJIO Ha BHEITHUX CTEHKAX.

— Hi YyryH

Macrio |

™~ kannu macna

CureJ1oBaTEILHO MOJICKYJIBI MacJIa IPOCAYMBAJINCEH Y€Pe3 MPOMEKYTKU MEXKJIY MOJICKYJIaMu y-
ryHa. T.e. 4yT'yH He CILUIONIHON, B HEM €CTh MPOMEYKYTKHN MEYKIY BENECTBOM.

9.1.3 Macca n pazmepbl MOJIEKYJT

Brepsble ujeio nsmepenus pasmepa MOJEKYJ MPEJIOKM aMepuKaHcKuil dusnk bBermxamun
Opankyma. OmHaXKIBI OH KaIllHYJI MACJIO Ha MOBEPXHOCTH MPYa, U YBUJE, UYTO MaCJIO PACTEKAETCs
110 ITOBEPXHOCTU OY€Hb 6OJIbLHI/IM IIATHOM. OH IPEeaII0NIO2KNJI, 9TO MacCJIO 6y,ZLeT PaCTeKaTbCAd 10 TeX
1I0P, IIOKa TOJIIMUHA CJI0f He CTaHeT PaBHON JAuaMeTpy OJHONH MOJIEKYJIBL.

—_— MOHOMOJEKYNAPHbLIX CIloun
—
—~— —_—

[Tozke aroit uieeit Bocrioib3oBasicd JIeHIMIOp, TIPOBE/Is CEPUIO ONBITOB C PA3JIUYHBIMU KU KO-
CTSIMHU, OBLJN TIOJIYYEHBI JIOCTATOYHO TOYHbIE 3HAYCHUSA:

V=8d = d= % — 10 8ecm=10""u=14

Maccy moJieKyJibl MOXKHO OIIPEJIeJIUTh MIPU MOMOIIU Macc-ciieKTporpada. B mace-ciekrporpade
MOJIEKYJIbI JABU2KYTCA ITO ,ZLefICTBHeM M3BECTHOII MAI'HATHOI CHJIBI 110 OKPY2KHOCTH MW TOI'/la 3Had,
CKOPOCTH CHJIYy W PaJINYC, MOXKHO OIIPEJIETUTH MaCCy MOJIEKYJITBI

P v? N FR
= ma=m— = m = ——
R V2

Boutee 110/1pobHbBII TpUHITUTT AEHCTBUS Macc-ClieKTporpada cM. B pasjese DJIeKTPOMarHeTu3m
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9.1 Ilepsoe nonoxenne MK'T. Pasmep n macca mMoseky.t.

AbGcosmroTHas MoJIEKyJIsIDHAsi Macca my
B navase XX Beka ObLIH OIPEJIE/IEHBI MACChI MOJIEKYJI.

Bemecrso | Macca MosteKyJIbI(Kr)
H,0 3-107°
Os 5.3-107%
CO, 7.72-10°%
Cho 1,995 - 102¢

Ho Takumu maccamu ¢ G0IBITIM YUCIOM HYyJIEll MTOTb30BATHLCH HEYJIOOHO, TO3TOMY BBEJIEM ATOM-
HYIO €UHUILy MaCChI:

T5Mee = la.em. = 1,66 10~?"kr

B wurore abCcoJIIOTHYIO MacCy MOJIEKYJbl MOXKHO U3MepuTh 60 B Kr (B cucreme CU), smbo B
ATOMHBIX €JIMHUIAX MaCChl.
OrHocuTenbHasi MOJIEKYJIsipHass macca M,

Def. OtHocuTenbHO MONEKYNSIPHOW MACcCOl Ha3biBAETCS OTHOLLEHWE MACChl MOJIEKYJIb BeELLEe-
ctBa k 1/12 maccel atoma usoTona yrnepoga 12.

mo

M, =

1
ﬁqu

OTtHocuTeIbHAST MOJIEKYJIIpHAsT Macca 3TO Oe3pa3MepHasi BeJIMIHHA.
KoanyecTBo BemiecTBa v

Def. Konnyectso BewecTBa xapakTepu3syeT CKOJIbKO CTPYKTYPHbIX €4UHIL, HAXOAUTCS B JAHHOM
Tene.

Hues10 MOJIeKyJT (CTPYKTYPHBIX €JIMHIIT) MOYKHO HAWTH, 3HasI MACCY MOJIEKYJIbI U MACCy BEIeCTBA.

m
N=—
mo

Def. OpuH Monb - 3TO KONMYECTBO BELIECTBA B KOTOPOM COAEPXKUTCS CTPYKTYPHbIX EANHNL,,
CKOJIbKO aTOMOB COAEPXXMTCA B M3oTone yrnepoga 12 maccoi 12 r

[v] = Mo

Epuauna m3amepeHns KOJIUYIECTBA BEIIECTBA OTHOCUTCS K OMHOW M3 CEeMH CHCTEMOOOpasyIOIuxX
eannn cucreMbl CY, HapaBHe ¢ KHJIOIPAMMOM, METPOM ¥ CEKYH/IOI.

3amMeTnM, ITO B OJHOM MOJIe JIIOOOTO BEIIEeCTBA COIEPIKUTCS OJJHO U TO YK€ IUCJIO MOJIEKYJ. DTO
YHCI0 MOJIEKYJI HasbiBaeTcs dncyiom ABorapo. Torma

Def. Konunuectso BELWECTBA 3TO OTHOLWIEHME 4HUCNa MOJEKYST BEWECTBA K HUCNY MOJEKYN B
OAHOM MOJ1€ BEWECTBA
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N
= V.

NB!: ABOT'AJ/IPO (Avogadro) Ameseo (1776 — 1856), nranbsackuii GU3MK 1 XUMUK, OCHOBATEJTb
MOJIEKYJISIpHO#T Teopuu cTpoeHus Berectsa (1811), aprop 3akona: "B paBHBIX 0O0beMax JIIOOBIX ra30B
[IPU OJIMHAKOBBIX YCJIOBUSIX COJIEPIKUTCSI PABHOE UUCIO MOJIEKYIL."

Haiiem sHadenne anciaa ABOrajpo, JJIs 9TOTro pacecMoTpuM 12 T yriepona. Macca oIHOTO aToMa
yritepojia pasta 1.995 - 10~2%kr, Torma

14

Ny = ﬂ o m 0,012kxr

= =6,02-10"% -1
v mor 1,995 10-%kr - Ivons MO

Moaspras macca M

Def. MonspHasi macca - Mmacca BellecTBa, B3STOr0 B KOJIMHYECTBE OAHOrO MOJIS

Torna, T.x. m = mgN, T0O

N m
V JE—

m
N:VNA:NAM

CooTHonteHnEe MeXK/Iy OTHOCUTEJbHOM MOJIEKYJISPHOUN Maccoii M, m MoasgpHoii maccoit M

M N N 1 1
_ mgn A _ moiVa ) Mmers = 6 - 1023 1,66 - 10_27KF _ 10_3 Kr
M, m my 12 MOJIb MOJIb

[Mostyunsm, 910 OTHOCHTEIbHAST MOJIEKYIISIPHAST MACCA U MOJISIPHAS Macca, BhIpazkKeHHasi B T/ MOJIb
Oy/IyT YUCJIEHHO COBIJIATh.

Taxkum obpaszom B Tabiniie Men iesieeBa 0OOBITHO YKa3bIBAETCS OTHOCUTETbHAS MOJIEKYIAPHAS Mac-
ca C y4eTOM IPOIEHTHOT'O COJIEPYKAHUS MU30TOIOB B €CTECTBEHHBIX YCJIOBHUAX He 3emiie. U stu uucia
MOKHO OpaTh B KAYeCTBE MOJIEKYJISPHOI MacChl B I'/MOJIb.

9.2 Bropoe noaoxkeane MKT

9.2.1 ®opmyMpoBKa

Def. Monekynbl HaxoasATCS B HENPEPLIBHOM XaOTUYECKOM [BUXKEHUN

HereprBHOCTb O3Ha4Ya€T, 9TO B JABU2KCHHUHN MOJICKYJI HET TaKOI'O IIPOME2KYTKa BPEMEHHU, B Te4de-
HUM KOTOPOI'o0 MOJIEKYJIa ITOKOMJIaCh 6bI. BeCHOpHﬂO‘IHOCTb O3HaYacT, 9TO B ABU2KCHNUN MOJICKYJI HET
KaKOro-JIn00 Ipeob 1aIaomero HalpaBaIeHus, T.e. 110 BceM HalpasieHusM ojgHospemento, B CPEJI-
HEM, nBmxkercs olmHAKOBOE YHUCIO MOJIEKYT.

Def. BGCI'IOPSI,D,O‘-IHOG XaOTUYHOE ABUXXEHUE TaKXE NMPUHATO HAa3blBaTb TEMNJIOBbIM.
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9.2.2 JIuddy3us

OHUM U3 JI0KA3aTeIbCTB JIBUKEHUsST MOJIEKYJI siBJIgeTCsl ubdy3us.

Def. [uddysns - B3aMMONPOHUKHOBEHNE MOJEKYN OLHOMO BELLECTBA B MEXMOJIEKY/IAPHbIE
MPOCTPaAHCTBA APYroro BeLLecTBa.

Sameuanne: HecmoTpst Ha OeCIOpsiIOUYHOCTD JIBUYKEHUS MO-
JIEKYJ1, siBaeHne qudOy3un mpeacTaBisieT coOoil HalpaB/IeHHbII
MIPOTIECC, BE YN K BEIPABHUBAHUIO KOHIIEHTPAIUH, INIOTHOCTH
cMermmBafomuxcst BemectB. VI auddysus MoxkeT WATH CHUBY
BBEPX, IIPOTUB JIEHCTBUSA CUJIBI TAKECTH.

CusO,

C pocTom TemnepaTypbi CKOPOCTb AUGDY3nnN yBEINYNBAETCS,
a C ee yMeHbLIEHUEM - 3aMEAJISIETCS.

Tax 6maromapst auddysun, Tporocdepa npepcrapiasger coOOil MOYTH OJIHOPOJHYIO CMeCh a30Ta,
KHCJIOPOJIa, YIVIEKUC/IOro Ta3a u T.7. VHatue o eficTBrueM CUJIbI TS2KEeCTH TPOU3OIILIO ObI PACC/IOCHHE
aTMOC]EepBI, U Y MOBEPXHOCTHA 3EMJIA COCPEIOTOUMIICS Obl YIJIEKUC/IBIA Tas.

B paznmuuanbix cpemax quddy3us oTIMIaeTcs BETMINHON CKOPOCTU: B ra3ax OHa HaMOOJIbINAsd, B
JKIJIKOCTSIX - HECKOJIBKO MEHbIIe, HO HanboJjiee TPYIHO WJET IMPOIECC B TBEPIBIX TeJIax.

[Ipuuem To , uro Auddy3us TPpOTEKAET U B TBEPJLIX Te/IaX, TOBOPUT O TOM, UTO 6 A100vIT azpe-
20MHDILT COCTNOAHUAL MONEKYABL DBUNHCYMCA.

9.2.3 BpoyHOBCKOe JaBUXKeHUe

B 1827 roxy anrmuiickuit narypasmct, boranuk Pobept Bpoyu (anri. Robert Brown; 1773—1858),
JKejiasi Opo0OBaTh HOBBIN OOBEKTHB K MHUKPOCKOITY, IIPUTOTOBU/I B3BECH IIBETOYHOI IBLIBIILI B BOJIE
(9TO Takoe COCTOSHEE BEIIECTBa, KOIJA OHO HE DACTBOPSIETCS, & PABHOMEDHO DACIPEJIEJISETCS 110
BCeMy 00beMy.)

Heoxxkunanno yBujaeB KapTUHY OECHOPSIOYHOTO JIBUKCHUS
JacTull, BpoyH permi, 910 HabJII0IaeT KUBble OpraHu3Mbl. 10-
I/la OH TIOBTOPUJI SKCIIEPUMEHT, TIO/IBEPTHYB B3BECh HAIPDEBAHUIO
JIO CTOJIb BBICOKOH TEMIIEPATYPHI, YTO YKUBBIE OPTraHU3MbI JIOJIZK-
HbI ObLI TTOrUOHY TH. OJTHAKO 0Ka3a/10Ch, ITO OHU He YTPATHIN
cBoeil mojBrKHOCTHU. labHeiime nceeoBanus BpoyHa moka-
3aJTl, UTO 9TO He KUBbIe cyIiecTBa. OH JEMOHCTPUPOBAIH ITO
OTKpPBITHE CBOUM JIpY3bsiM(cpeau Hux Obu1 u Y. Japsun), Ho Ha
BCE UX BOIIPOCHI OH OTBEYAJ, 9TO 9TO ero "MajeHbKuil cekper".
Ho pasrajiku 3TOro cekpera oH He 3HAJ, JIa U HE y3HAJ.

Bwmecre ¢ Tem nBmkenne, num obHapyzkenHoe, Hazpagm BPO-

YHOBCKUM JIBUZKEHNEM.

Def. BpoyHoBckoe ABMXEHNE 3TO HEMPEPLIBHOE XaOTUYHOE ABUXEHNE DPOYHOBCKOW HYacTuupl
noA yBapamm MOMeKy.

Bpoynosckas 4acmuya 3mo MaKpOCKONUYECKAA YACMUYA COCMOoAWLas ud npubiusumenvio 10°
monexyn. Jocmamouno 6oavwas, 4mobv, ee MOAHCHO ObLAO Yeudemb 6 ONMuUYeCKUl MUKPOCKON U
docmamoyuro MaservbKras, wmobv, ona 06U2aAaCH 100 YIAPaMU MOAEKYA.

OcobeHHOCTH ITOr0 IBUKCHUS:
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o Kaxkast OpoyHOBCKasi YacTHIA JIBUKETCS HE3aBUCUMO OT JIPYTUX
e JIpm:keHue He ocjabeBaeT ¢ T€UEHUEM BPEeMEHN
e C pocToM TeMItepaTyphbl €ro HHTEHCUBHOCTD PacTeT

[Ipranna, BBI3BIBAIOIAS 3TO JBUKEHHUE, JIOJTOe BpPeMs OCTaBajach 3arajkoil. Ero momnbrraanch
OOBSICHUTH COTPSICEHUEM COCY/Ia, CJIEICTBUEM XUMUYIECKUX PEaKInii, HepaBHOMEPHBIM OCBEIeHneM 1
T.JI.

[Iporio mouru 80 JieT, mpexKje YeM BOIPOC O ero mpuduHe ObLT OKOHYaTe/ bHO perieH. Teopust
OPOYHOBCKOTO JBI2KeHHsI OblLia paspaborana A.DitamreiinoMm n M.CMOTyXOBCKHM, a 3KCIIEpUMEH-
TajbHOe obocnoBanue BoinosHmI 2K . Ileppemn.

9.2.4 Omsir IITepua(1920r)

Paccemorpum creytommit (Bugeoskenepument ). Jba KoakcnasbHBIX IUIMHIPa MOTYT Bpa-
IMATHCA B BAKYYMe C OJMHAKOBOI YIVIOBOI CKOPOCTHIO. VIX OChIO ABJISETCS IATUHOBAS HUTD, TTOKPbI-
tas ciaoeM cepedbpa. [Ipu Temmeparype 1000°C mosekysnl cepedbpa "ucnapsiorcs"u Ha BHyTpEHHEIH
IIOBEPXHOCTHU 60.HbH_IOFO TUJINHAPa IIOABJIACTCA I€TKOE I/1306pa)K€HI/Ie meJin, IIpdaMo HalIpOTHUB IICJIN.
T.e. mpu TIOKOE TTUINHIPOB MOJIEKY/IBI TIEPEMEIAIOTCS MTPSMOJIMHERHO.

Best ycranoBKka HaXouTCsi B BAKyyMe 10~ "2arm. O6a [UJINHJIPa IPUBOJATCA BO BpallleHUe C OJ[1-
HaKOBOW TOCTOSAHHO# yTyIoBOi cKOpocTbio. [locie ocTaHOBKM NMJIMHIPOB Ha BHYTPEHHEH CTOPOHE
OOJIBITIOrO MUJINH/IPA TTOSABJIAETCA 2-0€ M300paskeHue, HO Ha, ceil pa3 ¢ Pa3MbITBIMU KPasiMHU.

DTOT OIBIT MO3BOJII YCTAHOBUTH, UTO CKOPOCTU JIBUKEHUST MOJIEKY/T UMEIOT KOHEUIHYIO BEeJIUINHY,
a TaK2Ke TO, 9TO y pa3J/IMYHbIX MOJIEKYJI CKOPOCTU KOHEYHBI U paBJH/I‘-IHI)I!

R R

W
L] _ L
UB RQOJ
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9.3 MakcBe/lJIOBCKOe pacIpeesieHrne MOJIEKYJT 0 CKOPOCTSM.

Vi — wRQ(RQ - R1)
0 |LLy|

Tak B omHOM u3 sKcnepumenTos 1pu t° = 1200°C' u gacrore v = 2700 06/MUH CKOPOCTH 6OJIb-
MIMHCTBA MOJIEKYJI, OKa3aJI0Ch JieKuT B mHTepBase 500-625 m/c.

9.3 MakKcBeJIJIOBCKO€e pacnpeesieHrne MOJIEKYJI IO CKOPOCTSIM.

Pacemorpum onbiT ¢ jockoii Tasbrona (yerpoiictso, n306perénHoe aHrIuiicKuM yaéHbiM OpoH-

cucom anmbroHOM, HepBBIil 9K3eMILIsIp u3rorosieH B 1873 rox). (Bumeoskcnepumvent G B)
Mesikue KPyHUUHKHU ITaJIAI0T Yepe3 IMePUOUIECKYI0 CTPYKTYPY

XaOTUYHO CTAJKUBasCh ¢ Heil. B pesyinbrare XaoTHUYIHOTO B3anMMO- s

JIECTBUSA KPYIIMHOK C IPEIATCTBUEM, MbI TIOJIy9aeM pacipeeeHue

KPYIIMHOK B HUKHUX CEKIIHS, TAKOe KaK Ha pucyHke. BepodaTHOCTD NS

[IONIACTD B IMEHTPAJIbHYIO CEKIINIO, KOTOPasi paclojIoyKeHa 110]T OTBEP- SR EEEEREE:

ctueM, Oyjier OoJibllie 9YeM B Jpyrue.  feeeeeieeeaaa.
31ech paciipejiesieHne KPyInuHOK OyIeT CHMMETPUIHBIM, OTHOCH-

TeJIbHO BEPTUKAJIBLHON OCH U OyJIeT ONHMCBHIBATHCS pacIpele/IeHueM

laycca. T.e. xaoTm4yHOE B3auMOJIEHICTBUE TTPUBOIUT K TOMY, UTO BCIO

cucTreMy B II€JIOM MO2KHO OIIMCaTb OJHHUM ypaBHEHHEM MJIN 3aKOHOM. ‘
AH&JIOFI/I‘{HO, Xa0THUYHOE JIBU2KEHHE MOJIEKYJI B I'a3€ U UX XaOTUYIHOE€ CTOJIKHOBEHMA.
BGCHOpH,HOK7 KOTOPbBIM XapaKTEPpU3YETCA TEIIJIOBOE JIBU2KEHUE, TO2KE NMECT CBOU 3aKOHLI. Nnmen-

HO OJiarojiapss OecropsiJIOYHOMY JIBUZKEHHMIO U B3aUMHBIM CTOJTKHOBEHUSM MOJIEKYJ, OHM KaKHUM-TO
00pa30M pacupeiessiioTcd 10 CKOPOCTSM.

B omerre IlTepra mosiocka KoTopasi MoJIydaeTcs Ha BHEITHEM IIIINH/IPE - Pa3MbITa. JTO CBA3AHO
C TeM, 9TO y KaxKJIOfl MOJIEKYJIbI ObLIa CBOSI CKOPOCTb.

DTO MO3BOJISIET CUUTATH, YTO

B rase cyujectsyet HekoTopoe HEC/TYHAWHOE, Bnosnxe onpegeneHHoe, B CpefHEM HENZMEHHOE 1O
BpPEMEeHU, PacrnpesesieHne MOJIEKY o CKopocTsaM. [Ipuyem Ha xapakTep 3TOro pacrnpeaeseHns He BANsieT
HU CTOJIKHOBEHNE MOJIEKYA APYr C APYIOM, HU [ENCTBUE BHELUHUX MOEN.

Bwmecre ¢ Tem, B JIaHHDBIE MOMEHT BpEMEHU CPEJIU MOJIEKYJI €CTh U OBICTpLIE, U MeJjIeHHbIe. Pac-
IIpeJieJIeHre MOJIEKYJT TI0 CKOPOCTSIM YCTaHABJIMBAECTCSA BCETJIa, KOTJIa T'a3 IPUXOJIUT B PaBHOBECHE,
HE3aBUCHMO OT TOTO, KaKUM OBLJIO HaYaIbHOE COCTOSHHE CHUCTEMBI.

B dgewm ke cymniaocTs 3as1aun o pacnpejenennn! [o kKaaccmiecKuM mpecTaBJIeHnsAM YHCIO BO3-
MoxkHbIX ckopocTeit BECKOHEYHO, a quciio MosieKys B cucteMe KOHETHO, IIO3TOMY IUCI0 MOJIEKYJI,
HPUXOISAIINXCA Ha J0JII0 IPOM3BOJILHO 3aJaHHOIO 3HadYeHus cKkopocru, pasuo HYJIHO!

SHAYUT BOIPOC JIOJIKEH CTABUTCS WHAYE:

Kakasi qactb mosiekyn ot obuyero 4ucna obnagaer CKOpoCTSIMY, JIEXALYUMU B HEKOTOPOM NHTEPBAJIE
Bb61M3M 3aaHHOI CKOPOCTH.

Jlxxeiimc MakcBesi1 BliepBble 0OpaTu BHUMAHUE Ha, TO, UTO

,ﬂOﬂ)KHO CyLLIeCTBOBATb TAKOE COCTOAHNE, TP KOTOPOM YNCJ10 MOJIEKYJ], CKOPOCTb KOTOPbIX NMPpU CTOJIK-
HOBEHUWN YBEJINHNBAETCA, PABHO YNCJTY MOJIEKYJl, CKOPOCTb KOTOPbLIX NMPpN CTOJIKHOBEHUAX YMEHbBLLUAETCA.
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9.3 MakcBe/lJIOBCKOe pacIpeesieHrne MOJIEKYJT 0 CKOPOCTSM.

Nmenno TakoMy COCTOSHUIO U COOTBETCTBYET PABHOBECHOE MAKCBEJIJIOBCKOE pacIpejiesieHue o
CKOPOCTSIM.
Taxum oOpa3oM, MOABJISIETCS BO3MOXKHOCTH OIPEJIEIUTh TEILJIOBOE JIBUYKEHUE:

Def. [suxeHne mMonekyn siBAsieTCsS NOMHOCTLIO XaOTUHHbLIM, €CI CKOPOCTU MOJIEKYN pacrnpe-
ZeneHbl no 3akoHy Makceenna.

Kak mbr mozzxe yBuymMm n3 MKT, remriepatypa saBisgercd Mepoil cpeHeil KNHeTHIeCKONH SHEPTUHN
XaOTUYHOI'O JIBMKEeHUs. Begkoe Ke HampaB/IeHHOE JIBUKEHUE MOJIEKYJ K TeMIepaType OTHOIIEHUS
He uMeer.

Coznarenb crarucrudeckoit ¢pusukn JI.Bosbivan mokasas, 9To

Kakum 661 Hn 6bl10 pacnpegesneHne MOJIEKY MO CKOPOCTSAM B CUCTEME B HAYaJlbHbIi MOMEHT, OHO
Hen3bexHo nepeniget B MakcBennosckoe, bnarogapsi CTONKHOBEHUSIM MOJIEKY/, €CJIN NPU STOM MOZAEP-
XKNBATb TemMnepaTypy ra3a HeM3MEHHOM.

CronT OTMETHTDb, UTO pacipejesnenne MakcBesia OCHOBAHO Ha IMPEJICTABICHUSX KJIACCHIECKOM
MEXaHUKHN U ABJIAETCH CIPABEIUBLIM TOJHKO JIJIsT PABHOBECHOTO COCTOSHUS.

Cront Takke OTMETUTH, 9YTO MaKCBe/IOBCKOE paclpejie/ieHne BO3MOXKHO, B Ta3e, KOTOPBIH 3a-
HUMaeT HeorpaHUYEHHBbI 00beM. B orpanmueHHOM »Ke 00beMe CKOPOCTH MOJIEKYJ HE IPEBBIIIAIOT
HEKOTOPOI BEJIMYUHBI, 3aBUCHINEH OT Pa3MepPoB COCY/Ia.

9.3.1 KpuBaga pacnpejiesieHuss abCOIOTHBIX CKOPOCTEM

ITo ocu aberuee OTKIIAIbIBAIOTCS CKOPOCTH MOJIEKYJI, KOTOPBIE B KJIACCHYECKOI MEeXaHUKe He MMe-
10T npejiesia. 1lo ocu opauHaT - PyHKIMA PaCIpeIe/IeHusl.

N - 1oJHOe YHMC/I0 YaCTHIL

AN - guciio gactur 06/1a1a0MuX CKopocTbio B nHTepBate [V;V + AV

AN

mo )3/2 mov? 9 NAV

kT )° AN

AN
NAV

:47m(

IIpu AV =1 ATN - olpejessgeT JIOJI0 YacTHUll, CKOpO-
CTU KOTOPBIX JIEKAT B €IMHUTHOM HHTEPBAJE CKOPOCTEl
BOJIM3M 3a/1aHHOI cKopocTu V.

Torna ﬁ—f‘\; - BEPOATHOCTH OOHAPYZKUTH MOJIEKYJIIbI, CKO- 0
pocTH KOTOPBIX Jieskar B untepsae [V;V + AV]. \Y Vv

N3 rpaduka Bugao, uro npu V. — 0 u upu V. — oo
yHKIMS CcTpeMuTCs K HYJI0, T.€. BEPOSATHOCTH OOHapPY-
xkuTh "memyennbie"n "OpicTphle"HacTunbl BecbMa MaJjia. A TO, UTO KpWBas HAYMHAETCA W3 HYJIA,
O3HAYaeT, YTO HEIOJIBUKHBIX MOJIEKYJI HET.

WNurerpupoBane MakcBeJIOBCKON (DyHKIINN MTOKA3BIBAET, UTO ILJIOIA/b 110/ KpuBoii paBua KJ{1-
HUNIE, u6o 310 03Ha1MaeT YTO BEPOATHOCTH OOHAPYKEHUS MOJIEKYJIbl B MHTEpBaJie ckopocteit ot (
JIO 0O PaBHA €UHUIIE.

Hampumep ckopoctn MoOJIEKYJT KUCIOPO/Ia PACIPEIE/IAI0TCS CIeIY oMM 00Pa30M:
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M/c % mons MOJIEKyT
MenbIire 100 1.4
100-200 8,1
200-300 16,7
300-400 21,5
400-500 20,3
500-600 15,1
600-700 9,2
ceoimre 700 7,7

Def. [lpu kaxpoii TemnepaType CyLLeCTBYeT Takasi CKOPOCTb, KOTOpOIA obnagaeT Hanbonbluee
4NCO MOJIEKYN. DTa CKOPOCTb HA3bIBAETCS HaUMBEPOSTHEMLLAs.

DTa TabJIUIA MOKA3BIBAET, YTO HANDOJIBINA JIOJIS MOJIEKYJ/T UMeeT CKOPOCTH B MHTEPBAJIE, KOTO-
POMY TIPUHAJJIEXKUT UMEHHO HaNBEPOSTHENTIask CKOPOCTh.
Bu kpuBoit 3aBECAT OT TPUPOJILI ra3a U OT €ro TeMIIEPATYPHI:

AN
NAV

T1 >T2 >T3

[IPY TIOBBINIEHNN TEMITEPATYPBI IpaduIecKas 3aBUCUMOCTS " mehopmupyercs " 3a caeT yBeTuaeHuns
JIOJTA MOJIEKYJT ¢ OOJTBITME cKOpocTsamu. Ho obrmast mroma b, orpannvieHHass KPUBOi, COXPAHIETCs,
[IO3TOMY MaKCUMyM KpuBoiil "cHmzkaercs".

Acumnrorndeckoe npubIMzKeHrne KpUBOil K 0CH aDCIUCC YKA3bIBAET HA MaJIOBEPOSITHOCTH CYIIE-
CTBOBaHUSI MOJIEKYJ/I C O9€Hb OOJIBINUME CKOPOCTSIMH.
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9.4 Tperbe nojoxkeane MKT

Def. Mexay Monekynamm geiicTBYHOT CUIbI B3aUMHOTO MPUTSXKEHUS 11 OTTANIKUBAHUS

MosieKy/bl TPAKTUIeCKH CBOOOHO JIBUYKYTCS MEK/IY TIOCJIE/IOBATEILHBIMEI COYJIAPEHUSIMU, & CHU-
JIBI B3aUMOJIEHICTBUS MEXK/Iy HUMU, KPOME MOMEHTOB CTOJIKHOBEHUS, ITPEHEOPEKIMO MAaIbI.
PaccMorpuMm onbITHBIE TTOATBEPK AeHN TpeThero noaoxkenns MKT.

[Tepserit orbiT. Bo3zbMeM JiBa CBUHIIOBBIX IMUJIMH/IPA U 3a9UCTUM UX TOPILI. Ecu 1mo-

cJie 3TOTO NWJIMHJPHI IPHKATh JAPYr K JPYTIYy TOPIAMH, TO OHU <«IPUJIHIHYT» JIPYT K
npyry. DddeKT CBI3aH € TeM, UTO MPH CIVIAKEHHBIX TOPIAaX, MOJEKY/Ibl JBYX ITHJIINH-
JIPOB OKA3BbIBAIOTCS HA TAKOM PACCTOSHUM, 9TO HAYMHAIO JEeHCTBOBATDL CUJIbI MEXKMOJIE-
KYJISPHOTO TPUTSKEHUsI. 3aUUCTKa TOPIOB, IPUBOJUT K TOMY, 9TO KOJUYIECTBO TaKUX

| MOJIEKYJI CTAaHOBUTCA OYeHBb OOJIBIIIUM U CyMMapHas Cujia OyIeT TaKoil, 9TO eCJId MOBe-

% CUTH IWJIUHJIPHI Ha IMITATUBE W CHU3Y NPUKPEIUTh I'PY3 MaCCOii OKOJIO 1 KI, TO OHU He

Pa3beIUHITCS.
g Bropoii onbit. TlojiBecum cTeKISHHBIN JIUCK Ha MPYKUHE. Ken ero omnycTuTsb B COCY/I
C BOJION, TAK YTOOBI OH KacaJIiCs MOBEPXHOCTU BOJIbI, TO IIPU MOIBITKE €r0 MOJIHATh, IIPY-
JKuHa OyJIeT CUJIbHO pacTaruBaTbes. CBA3aHO 3TO CO B3aUMOJIEHCTBIEM MOJIEKYJT BOJBI C MOJICKY/IAMU
CTEKJIa, CTEKJIO JOCTATOYHO IVIAJIKOe U KOJMYECTBO B3aMMOJIEHCTBYIONIIX MOJIEKYJI OY/IeT BEJUKO.
Taxum obpazom: T

Cunbl MEXMONEKYNSIPHOIO B3aUMOAENCTBUS SIBJASIETCS KOPOTKOAENCTBY-
towymmu. OHn 06HAPYXKNBAKOTCS HA PACCTOSIHUSX MOPSIAKA Pa3Mepa MOJIEKYJI.
lpu yaaneHun apyr ot apyra npeobnagatoT Cujbl NPUTSIXKEHUs, npu cbamn-

XKEHUW - CNJIbI OTTAJIKUBaHUA. [

[Tonygaercst, 9TO 9TU CUJIBI HE 3aBUCAT OT YUCJIA MOJIEKYJ B CHUCTe-
Me(9TUM OHU OTJIMYAIOTCS OT MPABUTAIIMOHHBIX CUJI).
UccnenoBanus B XX Beke MOKa3aJIM, 9TO MOJIEKYIIPHBIE CUJIBI UMEIOT 3JIEKTPOMArHUTHYIO TTPU-

POAY.
INIEKTPUHECKN HENTPAsIbHbIE MOJIEKY/IbI UMEIOT CAabble 3/EKTPUHECKNE MOJIS, KOTOPbIE AEHCTBYIOT

Ha 3apsXXEHHbIE 4HaCTuvLbl BXOA4ALWNE B COCTaB APYrnx MOJIEKY. D70 BbI3bIBAET CUJIbI NMPUTAXEHUA U
OTTaJIKNBAHWA.

OnbIT MOKa3bIBAET, YTO CUJIbI MPUTSKEHNUS YObIBAIOT MPONOPLNOHAILHO PACCTOSIHUIO B 7-O CTENEHH,
a oTTasikuBaHus B 13-ovi ctenenun

b a

fOTT = ﬁ prHT = =

r7

Bomnpoc: Ilouemy rpaButalinoHHbIe CHJIBI HE OKA3bIBAIOT BJIMSIHUS Ha B3aUMOICHCTBUE MOJIEKYJI!
JaBaiiTe mojfymaeM, UTO O3HAYaeT PA3HUIlA B CTEIIEHU 3HAMEHATE/Is.

ITO MOKa3bIBAET, HTO MPU YBEAUHEHNA PACCTOSHUN MEXAY MOJIEKYIAMM, CUJIbI OTTaSKUBAHUS ybObi-
BaloT bbICTPEE CUM NPUTSIKEHUS, @ MPY CONMKEHNN MOJIEKYIT, CUJIbI OTTAJIKMBAHUSI BO3PACTalOT ObICTpeE,
4YeM CUJbl MPUTSIXKEHNS.
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CTOUT OTMETHTh, 9TO KO3(DPUIMEHTHI B Bhpaxkenuax 7
JTSL CHJT IPUTSAPKCHUS U OTTATKABAHUSA CYIIIECTBECHHO 3aBU-
CAT OT KOHKPETHOI'O CTPOEHHsT B3aNMOJICHCTBYIONTIX MOJIe- orransane
KYJI.

[TocTpouMm rpacduKu 3aBUCUMOCTH CHJI MEXKMOJIEK YIS P-
HOT'O B3aMMOJIEHCTBUSA OT PACCTOAHUS MEZKTY MOJIEKYITAMHU:

Orrankusanmue: (2,20);(4,10);(6,5);(8,2.5);(10,1);(12,0.5);
[pursxenne:(2,-12);(4,-9);(6,-6);(8,-4);(10,-2);(12,-0.75);

W3 rpacpuka BugHO, 4TO €CTb TaKOE PacCTOSIHUE Ty HA KO-
TOPOM PaBHOAENCTBYIOLAST MOEKYASPHbBIX CUJT PaBHA HYJIHO.

o
v

[Tonyuupruiics rpaduk paBHOIEHCTBYIONIEH acHMMET-
pUYEH OTHOCUTEIBHO TOUKH 7" = 7. DTO OObACHAECTCA TEM,
9TO CUJIbI IPUTSIKEHUST U OTTAJIKWBAHUS 0 PA3HOMY 3a-
BUCAT OT PACCTOSTHUSI.

[Tony4uennas 3aBUCUMOCTH TakKyKe OODBACHACT IOSBJIC-
HUE CUJI YIPYTOCTH IPH JieOPMAIUAX: IIPH MAaJIbIX CMe-
MEHNAX MOJIEKYJT U3 PABHOBECHBIX ITOJIOYKEHU, CUJIbI B3a-
UMOAEHCTBUA PACTYT JIMHEHHO OT CMELICHU, I[I09TOMY 3a-
koH ['yka BepeH 1pu MaJjibIx jedopMarusx, IPpUMEepPHO B
10% pas, GOMBIIIX, YeM pasMephl MOJIEKY/I.

MezKMOJIeKyIAPHBIMUA B3aUMOJIEHCTBUEM MOXKHO OObSICHUTH TaKue CBONWCTBA TeJI, KaK BA3KOCTD,
YIPYTOCTh, TBEPJOCTb U T.]I.

NpUTAXXEeHne

9.4.1 DHeprud B3amMO/JIeiCTBUS MOJIEKYJI.

Paccmorpum cucremy COCTOSIIYIO M3 JBYX MOJIEKy/d. Byjiem cuuTaTh NEPBYIO MOJEKYJY HEIOo-
JBUKHOM, IIOMECTUB €€ B Ha4aJI0 KOOPJUHAT U PACCMOTPUM IIOBEJCHUE BTOPOI 110 Mepe U3MEHEHU
paccTodHnd OTHOCUTEJILHO IEePBOIi.

B mporiecce m3amenenusi paccTOSHUS MEXKTY MOJIEKYJIAMU, TIOJIHAS SHEPrUsl COXPaHAeTCd HEM3MeH-
HO#, T.K. CcUCTeMa U3 JIBYX MOJIEKYJI 3aMKHyTad U JUCCANATUBHBIE CUJIbI OTCYTCTBYIOT.

E =K+ 1I = const

BHaH 3aBUCHUMOCTDb paBHOI[‘eIU/ICTByIOH_IeI;I‘ ME2KMOJICKYJISAPDHBIX CHUJI OT PACCTOAHUA MEZKJY MOJICKY-
JIAMH, TTOCTPOUM I'padUK 3aBUCUMOCTH MTOTEHITUATHHON SHEPTUNA UX B3aMMOJIEHCTBHUSA OT PACCTOSTHUST
MEKJTY MOJIEKYJIAMU.

Bcenomuaum obiiee orpegesieHne MOTEHIMAJIBHOM SHEPrun Yepe3 paboTy KOHCepBATUBHOM cuibl. B
HallleM cJly4dae, KOHCEePBATUBHON CUJION Oy/IeT paBHOJEHCTBYIONAs MEXKMOJIEKYISIPHBIX CUJI TPUTSI-
KeHrd 1 OTTaJIKUBaHUA ABYX MOJICKYJI.

Beibepem B KadecTBe Havasa OTCIETA MOTEHITMAIBHON SHEPIUN, TOYKY T/1e TIOTEHIINAIbHAT JHEP-
rus paBHa Hymo: 1 — oo Il = 0. Y106HO B3dTh 6€CKOHETHO OOJIBINIOE PACCTOSHUE 38 HOJIb IOTEH-
[IMaJbHONW SHEPIUU, T.K. MOJIEKYJIbl B 9TOM CJIydae He B3aUMOJIEHCTBYIOT JPYT C JIPYTOM.

Torma moreHmua bHas SHEPIUsi, YUCIEHHO OyJIeT paBHa paboTe paBHOAEHCTBYIOIIEH, IIpH Iepe-
MeEIeHnM1 BTOpOfI MOJIEKYJIbI C JaHHOT'O PaCCTOdHMA, TYy/da, I/le IIOTCHIIMaJIbHaA SHEPTud IIpUuHATa 3a
HOJIb, T.e. Ha OECKOHEYHOCTb.
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Cayuaii r = r; Paccmorpum citydaii, Korga paccrosi- Fa
HUEe MeXKJy MOJeKyJamMu paBHO r = rq. IloreHnumajibHas
SHEpPrusl IPH TaKOM PACCTOSIHUM, Oy/IeT YUCIEHHO pPaBHA
pabore paBHOAEHCTBYIOINIEH IPH [IEPEMEIIEeHII BTOPOii MO-
JIEKYJTbI C PACCTOsIHUSI 77 HA OECKOHEYHOCTh. [IO0CKOIBKY

PaBHOIEHCTBYIOIAs HA 9TOM ydacTKe He IOCTOsIHHASI, ee lo r, . R
paboTy MOXKHO MOCYHATATHh KaK ILIOMAIb IOJ rpaduKoM 0 r, ‘ rf
F(r). 9ro miomas 6yaet pasua 11 u 3amrpuxoBana xeJi- M.

TBIM IIBETOM Ha I'paduke. s

[TockoibKy Ha TOM ydYacTKe, TpeobJia laloT CUIbI ITPHU-
TS2KEHUs, PABHOJIEHCTBYIOMAA OYIET MPEenaTCTBOBATL ITIe-
pPEeMeITeHn BTOPOIl MOJIEKYJIBI C 7| Ha OECKOHEYHOCTDH W

paboTa 3Toi paBHOJCHCTBYIOINIEH Oy/IeT OTpUIlaTe IbHASI. M, 0 \ "o d >
Cayuaii Vr > ry Takne paccyxKjaeHus MOKHO ITOBTO- M r

puth Jjst Vr > 1o. Ilpu sToM mpu mpubiamKkeHIHn K T, !

IJIOIIA b 1O rpaduKoM OyIeT pacTi U JOCTUTHET MaKCH- M

MaJIbHOT'O 3Ha4Y€HUA B TOYIKE T'g, YTO C yquOM OoTpulaTe/Ib-
HOCTH, JIaCT MUHUMYM TIOTEHIMAJIbHON SHEPIUU B TOUKE 7.

Cay4aii ry < roEcim ke B34Tb paccrognne MexKy MOJIEKYJIaMH, paBHOE Ty < T'g, TO IIPHU IIe-
pEeMeIeHr BTOPOil MOJIEKY/IbI Ha OECKOHEYHOCTh, Ha YYaCTKe T9 —> T, OYIyT IpeodsaJaTh CHJIbI
OTTAJIKUBAHUSA U paboOTa PaBHOAEHCTBYIONIEH OYIET MOJIOKUTEIHHOI, TO3TOMY ITOTEHITNAIBHAT SHEP-
I'Ug B TOYKE 79 OyzeT OOJIbIe YeM B TOUKE Tq

Kpupas 3aBuCHMOCTH MMOTEHIINAILHON SHEPTUNA OT PACCTOAHNUSA UMEET XapaKTePHBIN BUJ, TaK Ha-
3pIBaeMoit "morennuaabHoi aMbr". [Ipr 3TOM MEHIMYM OTEHITHAILHON SHEPTUH COOTBETCTBYET Pac-
CTOSIHUIO T, HA KOTOPOM CHJIbI IIPUTSKEHUsI PABHBI CHJIaM OTTAJIKHBAHMUS.

9.4.2 OObsiCHEeHHE Pa3JIMYNil B arperaTHbIX COCTOSIHHSIX BeIlllecTBa.

PaccmorpuMm Tenepb, Kak mpu MoMOIIH I'paduKa MOTEHIINAIBHON SHEPTUH, MOXKHO O0bACHUTE TPHU
arperaTHBIX COCTOSIHUSI BEIEeCTBa: ra3000pa3Hoe, TBEP/IOe U KUIKOE.

Cayuait F, > 0 Paccmorpum cirydaii, Korjia HoJIHas SHEPrus JIByX MOJIEKYJ paBHa F; u oHa
noJioxKuTeIbHA. B 9TOM citydae rpaduk MOJIHOM SHEPrun repeceveT rpaduK MOTEHIINAIbHON SHEPIUN
B TOYKe A Ha PACCTOSAHHMM 7| MEXK/Ly MOJIEKYJIAMHU.

Pacemorpum 7 > r1. B srom cinyuae E; = K 4 11 > Il ciieioBareibno KuneTudeckas: SHEPTUA
[TOJIOYKUTEJIbHA, ITO O3HATAET, YTO MOJIEKY/IbI MOI'YT HAXOIUTCS HA PACCTOAHUSX I" > T7.

Ecmu r = r1, B aTroM ciyaae By = K+ 11 = I, cieoa-
TeJIbHO KUHETUYEeCKas dHEPTrHUs paBHA HYJIIO U MOJIEKYJIbI s
HEITOABUYKHBI. A E.

P <
Ecimm r < 71, B 3Tom ciayuae E; = K+ 11 < I, cieno- N .
BaTE€JIbHO KMHETHUYECKad SHepFI/IH JOJIZKHa 6BITB OTpI/H_[a— r r r
Te/bHOM, ITO HeBo3MOKHO. CIIe0BATENILHO MOJICKY/IBL e () . 2 0 3 >
MOT'YT HAXOJIUThCS Ha PACCTOAHUSX T < T7. ! R E, r
>

B urore nostygaercst, 4To B cirydae Korjia IOJIHAs SHED- B C
I'ud IOJIOKUTEAbHA, JBAXKEHUE MOJIEKYJ MOXKHO IIPE/CTa-
BUTH, KaK COJIM2KEHUE IO PACCTOAHUSA 7| W MOTOM pa3JieT.
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Taxkoit xapakTep JIBUKEHUSI COOTBETCTBYET MTOBEJIEHUIO MO-
JIEKYJT B Tase.

Cayuait Fr, < 0 B srom ciaydae rpaduk mo/IHON dHEPTUu mepecederT rpaduk MOTEHITHATLHOM
SHEPIUU B TOUKe B Ha paccTosHuu ro u Touke C' Ha PACCTOAHUH '3 MEXKJLY MOJIEKY/IaMHU.

[ToBTOpsist paccyKjieHus MPEIBbIIYIIEro Caydas, MOXKHO MOJIYIUTh, 9TO MOJIEKYJ/IbI IPU OTPUIIA~
TEJILHOM ITOJTHON SHEPTUH MOT'YT HAXOIUTHC TOJIBKO Ha PACCTOSTHUSIX OT 'y 70 3. 1Ipu 3TOM B TOUKax
B u C mosexymbl Oy/1yT OcTaHABINBATHCs. BBIATH 3a Mpe/iesibl STUX TOYeK Ha MeHbIee UIn O0IbIee
paccrosgraue Oy/eT HEBO3MOXKHO. Takoil XapaKTep JIBUYKEHHS COOTBETCTBYET IMOBEJEHUIO MOJIEKYJ B
TBEPJIOM TeJIe.

Cayqait F3 ~ 0 Ecin noyinas sueprusi OyjeT 4yThb MEHbIIIE HYJIisl, TO MOJIEKY/bl OYIyT HAXO-
JINTHCST OKOJIO TIOJIOYKEHUs PaBHOBecHsi. Fcymm ayThb GOJIbIle, TO MOJIEKY/IbI OY/IyT U3 HErO YXOIUTh,
T.e. COBEpINATH ITepeMeIeHre K HOBOMY IOJIOXKEHUI0 paBHOBecHusl. Takoii ToBeieHne MOJIEKYJI COOT-
BETCTBYET YKUJIKOMY arperaTHOMY COCTOSHHIO.
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9.5 ArperarHble COCTOSTHUSI BEIMIECTBA

Buepsbie 0 cocTosiHnm BeliecTBa 3aroBOPUIIN JpeBHUe rpeKu. CIUTaI0Ch, 9TO CYIIECTBYET YeThIpe
3JIEMEHTa: 3eMJId, BOJa, BO3/IyX M OroHb. IIpm aToM 3eMisd XapakTepusoBaJjia TBepJble Teja, BoJia -
JKIJIKOCTh, BO3/YX - Ia3bl, a 9eMy COOTBETCTBOBAJI OTOHb!

MpbI crajgkuBaeMcsi ¢ BOIOW B BHE KUJIKOCTH, JIbJIa W BOJAHOIO Iapa. DTH TPU COCTOTHUSA M
Ha3bIBAIOTCs arperaTHbIMI COCTOAHUSIME BO/IbI. VlcTopuieckn ObLIIO HEM3BECTHO, YTO Ia3bl IIPHU OIIpe-
JICJICHHBIX YCJIOBUAX MOT'YT HaXOJIUTHCA B YKUJKOM cocTogHuu. [loaToMy Takme raspl cauTam 0J1aro-
poaubivu. Hampumep: a3or, KUC/I0po, YIVIEKUC/IBIN Ta3.

C pasBuTHeM TEXHUKH, MHOIHME Ta3bl YJIAJIOCH IOJIYIUTH HE TOJBKO B YKHIKOM HO M TBEPIOM
COCTOSIHUU, T.0. OBLIO CPOPMYTUPOBAHO CJIEYIONIEE YTBEPIKICHHE:

Def. Bce BEWECTBA MOIyT CyLLECTBOBATb B TPEX AarperaTHbIX COCTOAHUAX.

Ho na camowm Jiesie cyliecTByeT elie U 4eTBepToe arperaTHoe cocrosinne. Briepsbie 06 3ToM 3a-
ropopust Maitkn @apagieir, B cepeanne 19 Beka. OH roBOpmII, 9TO CyIIECTBYeT 0000, OTIMIHOE OT
OOBIYHOTO, 3JIEKTPOBO30YKJICHHOE COCTOsIHIE BEIeCTBa.

A yxxe B 1879 r. anrmmiickuit usuxk Kpyke caenan poknan Ha Temy: "O jyducroit MmaTepuu u
YETBEPTOM COCTOSIHMM BerecTsa. "

@usuky 4-ro arperarHoro cOCTogHus Mbl 00cy)KJ1aTh He Oyyiem. Ho B KadecTBe puMepa MOYKHO
3aAICATD, ITO IJTa3Ma, & UMEHHO TaK HA3BIBAETCS 9TO COCTOSTHUE, IPUCYTCTBYET B 3BE3/1aX, B ATOMHOM
peakTope, B JaMIlaxX JHEBHOrO cBeTa. [Ipu 9TOM MOXKHO OTMETHTD, T.K. Macca BCeX IJIaHEeT MaJia, 110
cpaBuennio ¢ maccoit Cosnia, To Bosbiias yacTh BerecTBa Bo BceesleHHONW HAXOIUTCd MMEHHO B
COCTOSIHUU TLJTA3MBI.

Mpsri ¢ BaMu OyieM paccMaTpUBaTh TOJBKO TPU ArPEraTHBIX COCTOSHUS, U IEPEXO/IbI MEYKTy STUMU
COCTOSTHUSIMU.

[IpoucxondT jin Kakue-HHOY/Ib U3MEHEHUS ¢ MOJIEKYJIaMU TIPH IIePeX0Jie BellecTBa U3 OJHOTO ar-
peraTHoOro coCcTogHusA B Apyroe? Her, MeHsieTcs TOJIBKO UX B3aUMHOE PACIOIOXKeHne. A ITO IIPH 3TOM
IIPOUCXOIUT ¢ (busndecKuMu cBoiicrBamu BerectBa? OHu Mensitorcesa. Hanpumep: Jie1 u BOJSIHON map
00J1aJIaI0T pas3sHbIMU (pusndecKuMu cBoiicTBamu. IlosTomy:

npl/l nepexofe BeLyeCcTBa N3 O4HOro arperatHoro CoOCToAHnA B Apyroe, MoJieKyJibl BeLECTBa OCTarOTCA
HEU3MEHHbBIMU, a d)l/ISVI'-IeCKVIe CBOICTBA BELLECTBA MEHAKTCA.
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9.5 ArperaTHble COCTOSTHUS BENIECTBA

ATPEI'ATHBIE COCTOAHNSA BEITIECTBA

TBEPJOE TEJIO

KNJTKOCTDb

I'A3

Crpoenne

Moseky/ibl TBEPHBIX TEJI, PACIIO-
JIOXKEHBI B CTPOT'OM T€OMeTphuYe-
CKOM IIOp«AJKE - Ha3bIBA€MOM KPHU-
CTAJIJINYECKON PeIIeTKO.

Paccrosinne mexkay mostekysta-
MM IIOpAJKa pa3Mepa MOJICKY-
JIBL.

Monekynsr  TT  coBepmraioT
HellpepbIBHBIE KOJIeOaHUS
OTHOCHUTEJIbHO TOYEK, Ha3blBae-
MBIX y3JIaMU KPUCTAJIINYECKONR
pereTKu.

MOJ’IeKyIIbI B 2KUJIKOCTHU PacCIIO-
JIO2KEHDbI CJIOAMM.

Paccrosgune Mexkity mMoJjiekysia-
MU TIOPAJKa pa3Mepa MOJIEKY-
JIBI.

Monekynabt IIEPECKAKUBAIOT
BHYTPU CJIOEB M U3 CJIOd B
CJIOM.

Motekymbl Ta3a pacroioXKeHbl
OecIoPSAI0THO.

— N
t o
~
~ Ve
P
/ —
1

Paccrosnus mexkay MosieKkyJia-
MH OOJIbIITHE.

MOJIGKy.HbI JABHUTI'aIOTCA HeIIpe-
PBIBHO 1 XaOTUYHO.

CgoiicTBa

e TT obmamarT ympyrocTbio
dopmbI

e TT obnamgaroT yrnpyrocrnio
obbeMa

o [Ipu yBesmuenun t° ypesu-
4uBaeTCcd aMILJIATY1a KoJle-
OaHmit MOJIEKYJ] M PACCTO-
SHUS MEXKJTy y3JIaMHu KpH-
CTAJIJIMYECKON PEeIIeTKH.

e He nmeer nocrostHHO hop-

MBI.

o OGsataer YIIPYTOCTHIO
obbema.

e Tekyun

e Ob6Jagaror CcBOOOTHOI
TOPU3OHTAJIBHOA  MOBEPX-

HOCTBIO

o [Ipu yBesmmuenuu t° yBesn-
qUBAETCA KOJIMIECTBO TIEpe-
CKOKOB.

e Taz dopmy
cocyla  (3aImosHseT BeCh
IpPeJIOCTaBJICHHBIN eMy
obbeMm. )

NIPUHUMAET

o Obmamaer YIPYTOCTHIO
obbeMa, HO B MeEHbIIEH
CTCIIeHN YeM 2KHJIKOCTU U1

TT

o [Ipu yBesmaenun t° yBesn-
YUBAETCA CKOPOCTDH JIBUKE-
HUS MOJIEKYL.

DHeprus

II mon. Bedauka, T.K. Paccro-
dHUEe MeXKJIy MOJIEKYJIaMU Ma-
JIO M MOJI. HAXOJIATCH B y3J1aX
KPHUCT. PENIETKH.

KO << HO

[TorenmuasbHasd U KUHETHYE-
CcKasl SHEPruHM MOJIEKYJ IpHU-
OJINBUTE/IHHO COBIIAIAIOT.

Ko = Il

II mous. MaJia, T.K. paccTosgHue
MEXKJIy MOJIEKYJIAMU BEJIUKO

Ko > Il
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9.6 Omnucanue CUCTEMBI B MOJIEKYJ/ISIPHON (pU3UKE.

9.6 Omnwucanue cucTeMbl B MOJIEKYJIAPHOI (bU3nKe.

Mpbr 3HaeM, Kak XapaKTepU3yeTcs COCTOSHUE CUCTEMBI B Kjaccmieckoil mexanmke. [Tocmorpuwm,
KaK OIpeJIesIIeTCS COCTOSTHIE MaKPOCKOITMYECKNX TeJI B TEPMO/IMHAMUKE.

B mexanmke cocTosiHMe CHCTEMbBI YACTHUIL OIPee/IgeTcs WX KOopJMmHaTaMu u ckopoctamu. llo
HavYaJIbHBIM KOODJ/IMHATAM M CKOPOCTSAM MOYKHO IIPU 3aJIaHHBIX CHJIAX HANTH MOJJOKEHWE U CKOPOCTH
YaCTHUIL B JIFOOOH TOC/IE/IyIONNiT MOMEHT BPEMEHH.

OnpeieuTh TOA00HBIM 00pa30M BHYTPEHHEE COCTOSTHIE MaKPOCKOIMUYECKUX TeJI, COCTOSIINX U3
OI'POMHOI0 YHCJIa YacTHIl, HeJIb3d. Ho 9T0 MOXKHO ¢/1e1aTh, NCIOIb3Ys BEJIMINHBI OTHOCAIINECS He K
OT/IeJIbHBIM MOJIEKYJIaM, & KO BCEMY TeJIy B IIEJIOM.

Def. Jlioboe makpockonuuyeckoe TeNo UM Fpynna Te Ha3bIBAeTCA TEPMOANHAMUNYECKONR CUCTe-
MOWA.

B monekynsipaoit pusnke MPUHATO pas3jie/idTh ImapaMeTphbl Ha JBe Ipylibl. K 1mepBoit rpyrie
OTHOCSATCSA MUKPOIIapaMeTPHhI:

1. Macca mosexyii(my)
2. Pasmepsl moseky (dp)
3. Ckopocrb gpukenns Moseky (V)

Ko BTOpPOII rpymIe oTHOCAT TapaMeTphbl XapaKTepU3yIolue He OT/AeIbHbIe MOJIEKYIbI, & BCE TEJIO
B IIEJIOM:

Def. BenuunHbl, xapakTepusytowme COCTOsIHUE TEPMOLMHAMUYECKON cMCTeMbl be3 yyeta Mo-
NeKYNSAPHOro CTPOEHNS TeJl, Ha3blBAETCS MAaKPOCKOMMUYECKMMI MapaMeTpamMu.

1. O6bem Tema(V)
2. ILmornocts Tena (p)
3. Temmeparypa tena (1)

4. Macca Bceii cucrema (m)

Ho »To me BCce mapaMeTpbl, Tak JIJIsi CEMCU T'a30B HYXKHO ObLIO Obl 3HATH WX KOHICHTparuu. B
TOYXKe BpeMsi (popMa cocy/ia He BayKHa.

CocTtosiHne Te,DMO,qVIHaMM'-IeCKOIZ CUCTEMbI XapPaKTEPUIYETCA MAKPOCKOMNHYECKUMMU NMapaMeTpamMun - 06B-
EMOM, faBJ/IEHNEM U TeM/'lepaTypoﬁ.
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9.7 MaxpockonmmiecKkne mapaMeTphbl.

9.7 MakpockonuiecKne napaMeTphl.
9.7.1 OO6bem.

T.x. ra3 3aguMaeT BeCh IIPEIOCTAaBIECHHBIN eMy 00beM, 00beM ra3a 3To 00beM cocya. A odObeM co-
cyna OOBITHO OTIPEIE/ISIEeTCS [IPABUJIbHBIMI reOMeTPUIECKUMU dopmamu.
B cucreme CU ob6bem m3mepsiercss B KyOMIECKNX MeTpax

[V] — M3 S

Ha mpakTuke 3a9acTyio UCIOJIb3YeTCs TaKas €JIMHUIA, KaK JIUTP

o= 1nv® = 10733

[Ipumep: B 3amauax 1mo Moseky/1sspHOit pU3UKe 94aCTO BCTpEeIaeTCs BAapUaHT, KOIIa ra3 HaXOIUTCsI
o1, opiiHeM. B aToMm ciiydae ero obbem OyjeT paBeH

V=51
9.7.2 laBneHnue.
BenmomunM, 9TO Takoe MeXaHWYeCKOe JTaBJIEHNE.

Def. MexaHnyeckoe paeneHne 37o ckanspHas dusmdeckas BENYMHA, KOTOpas MOKa3blIBaeT,
Kakasi nepneHfuKynsipHas cuna AelicTBYeT Ha eAUHMLY NIOLLAAN NOBEPXHOCTUN, K KOTOPOIA
NpuioXeHa 3Ta cuna.

Fy
S p—g

B cucreme CU nasienne uzmepsiercs B [lackasisx.

N |
— — 1H
FJ_ \ F [p] = Ila 1I1a = T2

1 [lackanb 3T0 gaBneHne, KOTOPOE OKa3bIBAET NeprneH[uKynspHas cuaa B 1 HeroToHa Ha naowass B
2

1m

3akon Ilackajuga
CpaBHuM JIaB/IeHIe TBEPABIX TeJI, KUJIKOCTE U ra30B, ¢ TOYKU 3PEHUS [IepeIadi BHEITHETO JTaB-

JICHUA.
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9.7 MaxpockonmmiecKkne mapaMeTphbl.

OubrT IIOKa3bIBa€T, YTO TBEP/JbIE TeJla IIepeJatOoT BHEIIIHEE JaBJIC€HNE, TOJIBKO B HallpaBJICHUN I[eIU/I—
CTBUS BHENTHEN CHJIBbI, a 2KHJIKOCTH U I'a3bl IIEpeJaloT BHEIIHEE JaBJ/IeHUe B Pa3HbIX HallpaBJICHUAX.

Law-} XXuakocTu un rassl nepefardT BHeLIHee JfaBJieHue
OANHAKOBO BO BCEX HanpaBJIeHUSIX.

I'mapocraTuyeckoe gaBJjieHUE >KUJJIKOCTEM
Paccmorpum gaBienme BobI Ha JTHO COCY/IA.

'vapocTaTndeckum Ha3sbIBatOT fAaBJEHNE CT016a MOKOS-
LLeyicsl XUJAKOCTU HAa OCHOBAHWeE, CBSI3aHHOE C AeiCTBUEM CU-
JIbl TSIXECTU Ha XUAKOCTb.

N3-3a neficTBus CUJIbI TAKECTH HA KaXKJYyIO0 MOJIEKY-
JIy KUJIKOCTH, TIPU TIO/IJIETe MOJIEKYJIbI K OCHOBAHUIO, OHI
— IproOpPeTaeT JOMOJTHUTETLHOE YCKOPEHUEe U CKOPOCTD, Ha-
h T IpaBJIeHHbIE B CTOPOHY OCHOBaHUs. B pesyibTare, Moe-
3 KyJla yjapsercs ob OCHOBaHHE C OOJIbIell CKOPOCTHIO U
JIeficTByeT Ha Hero ¢ OOJIbINel CUJIbl. DTO U IPUBOJIUT K

— MOSIBJICHUIO THIPOCTATUIECKOTO JIABJICHN.

FI/ILLpOCTaTI/I‘leCKOe JdaBJjieHue, MO2KHO JJOCTATOYIHO IIPO-
S CTO paccHuTaTb

p= "9 _ Vg _phSg _
5 9 s M

Paccmorpu Tpu pasHBIX cocyja, B KOTOpPbIe 3ajIuTa OJIMHAKOBas >KHUIKOCTb. BbIcoTa ypoBHEi
JKHUJTKOCTH BO BCEX COCYJIaX OJMHAKOBas. Y COCYJIOB OJIMHAKOBAS ILIOIIA/ b OCHOBAHUSI.

Ilapagokc Ilackasst

N3 pucynka BUIHO, 9TO MACCHI KUJKOCTE Oy/IyT pa3HbIMU

ms > Mo > My

Torma

P=— = DP3>p2>p1
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9.7 MaxpockonmmiecKkne mapaMeTphbl.

Ho eciin B3sTh OpMyIy IIApOCTATHIECKOTO JaBJIeHUsI, T.K. BbICOTa CTOJIOA OJMHAKOBAasI

p=pgh = p3=p>=p

Kakoit pe3ysibraT npaBUIbHBINA, U IOYEMY JIPYTOil HE MPaBUILHBIH !

JlaBjieHue razoB

PaccmoTpuM Terneph J1aBiieHne ra3za B COCY/Ie.

['a3 okasbIBaeT JaBjIeHNe HA BCe CTEHKU COCY/Ia 3a CUET CTOJTKHOBEHMI MOJIEKYJ CO CTeHKamu. B
MOMEHT CTOJIKHOBEHHS, MOJIEKYJIa JIEUCTBYET Ha CTEHKY cOCy/la ¢ HEKOTOpoii cusoit. Ho Ha naBienne
Oy/IeT BIUATH, TOJBLKO MEePIEHINKYJIAPHAS COCTABJISIONIAs STOM CUIIBI.

B nesnom jaBiienne raza Oyzer ONIpeeIAThCA MAacCo
: S MOJIEKYJI, TEM C KAKOI CKOPOCTBIO OHU IOJJIETAIOT K CTCH-
K€ B MOMEHT CTOJIKHOBEHNH U KaK 9aCTO MOJIEKYJIbI yAaps-

' I0TCA O CTCHKY.

J—

AN

b= f(m07 Veronkss 'UO)

ATmocdepHoe J1aBjieHNe U ero u3MepeHune

Eme co Bpemen Apucroresis ObLIO M3BECTHO, ITO BO/A B HACOCE MOJHUMAETCS 3 MOPIITHEM M3-38
"Gost3HE MyCTOTHI". DTUM OOBSICHSICS MPUHINAI JIEHCTBUSA BCACBIBAIOIINX HACOCOB, KOTOPBIE MPeJI-
CTaBJIAIA U3 ceOsd BEPTUKAIBHBIN IUINHJIDP C TOPIITHEM.

B 1638 romy B Tockamne, pemman cajbl QiopeHInn yKpacuTh
donTanamu. s 1mojgadu BoJibI UCIIOJIH30BAJIN BCachIBAIOIINE HACO- BaKyym
CBhI I OKA3aJI0Ch, YTO BOJIa HE TIOTHUMAaeTcd Bbite YPoBHA 10 MeTpOB.
Ob6paTunnch 3a pasbsicHerneM K Lammireo [ammiero. [aaumeit mpose-
PUJT HACOCHI ¥ OHU OBLIN MOJHOCTBIO UCIPaBHbI. PemuTh Bopoc oH

110 Kournia He yerest. [locie emepru [amiest, 3TuM BOIPOCOM 3aHsIICS h p
€ro yUYeHWK DBaH]KeJncTa Toppudesnin. °
B cBoux omblTax OH 3aMEHUJI BOJY Ha PTYyTh. PTyTh He 1ojaHU- l l l l
Majach Bbime 760 M. OH mpuimen K 3aK/II0Y9EHAI0, YTO MPUINHOMN \\’_ ’\‘%pTyTb
HOJHATUS PTYTH U JIPYTUX KUJIKOCTEl sIBJIAeTCA JaB/leHue Bo3jiyXa | ‘

U 9TO JaBJeHHe BO3/IyX IpousBoauT cBouM BecoM. (To uro Bozmyx
uMeer Bec, ObLIO yzKe jokasaHo [ammieem).

Opaniry3ckuii yuenbiii Biies [lackasnb, y3uas 06 onbitax Toppudeum, MpeJyioKuI B3MEPUTH BbI-
COTy CTOJIOA PTYTH Ha YPOBHE MOps U B TOpax, U €CJIM JICHCTBUTE/IHHO YPOBHU OKAXKYTCsl PA3HBIMU,
BHAYUT PUIUHOM siB/IsieTcd He "O0si3Hb IYCTOTHI KOTOPasi He JIOJIXKHA 3aBUCETH OT BBICOTHI HAJT yPOB-
HEM MOpsi, a BEC BO3JyXa, KOTOPBIil B ropax Oyaer menbIine. OKa3aaoch, UTO B ropax BBICOTA CTOJI0a
pryt noutu Ha 100 MM MeHBbIIIE.

TpybOka ¢ pryThIO Jiersia B ocHOBY OapomeTpa Toppudesin.

Def. Bapometp - npnbop ans nsmeperuns aTMochepHOro AaBneHus.
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9.7 MaxpockonmmiecKkne mapaMeTphbl.

B 6apomerpe Toppuuein, rujipoctaTudeckoe JaB/IeHIe CTOJI0a PTYTH PABHO TEKYIIEMY aTMO-
cpepHOMY JIABJICHUIO.

Pa = pgh

[Ipn msmenennn armocdepHOro jaByeHus OyIeT M3MEHAThCA BbICOTa CTOJIOA pTYTH. PTyTh Ha
[IPAKTHUKE MCIIOJIL30BATH YA00HEe BOJBI, T.K. BBICOTA CTOJI0A PTYTHU CYIIECTBEHHO MEHbIIIE, ILIIOC IJI0T-
HOCTBb PTYTH He CHJIBHO KoJebJreTcs.

Ucnonb3oBanue bapomerpa Toppude/in IPUBEIO K MOABJICHAIO TAKOW €IMHUIIBI U3MEPEHUS aT-
MOCGEPHOro JTaBIeHns KaK MUJUIMMETPHI PTYTHOT'O CTOJI0A, 3TO BHECUCTEMHAS €IMHNIIA, KOTOPAas JI0
CUX TIOP UCIOJIB3YETCS B OBITY.

[Pa] = MM.PT.CT.

HopmanbHoe atmocgpepHoe gasnenne pasHo gasaennto 760 mm.pt.cT uam 101325 [la.

Emte omHO KpacmBoe 10Ka3aTe/IbCTBO CYIIECTBOBAHUS
aTMOC(EpPHOro JIaBJIeHHsI MPEICTABUI HEeMeIKNil (hu3nkK
Otto don I'epuke, B 1654 roay. OubIT OBLIT IPOIEMOHCTPHU-
poBan Peiixcrary B mpucyrcrsun umieparopa OepHannan-
na II1. U3 aByx nosycdep orkadnBasm Bo3ayX. Armocde-
pa cHapyKu ciaB/mBaJja cepbl Tak, 9To 16 Jromaseit, mo
8 ¢ KazKJIOil CTOPOHBI, HE MOTJIA PAa3beIUHUTD TOJTYC(EPHI.
B 1656 rosty onbIT ObLIT IIOBTOPEH B HEMEITKOM ropojie Mar-
J1Ie0ypr u BOIIEJI B UCTOPHIO, KaK OIBIT ¢ Maraedyprckumu
HTOJTY IIIAPUAMHU.

9.7.3 Temneparypa. TensioBoe paBHOBecue.

B MoutekyiisipHOit pu3nKe IMOSBISIETCS HOBas BEJIUY-
Ha TeMmIiepaTrypa. JejloBeK 10 CBOMM OILYIICHUAM MOZKET
OTIPEJIETIUTD CTEIeHb HAIPETOCTH TEJI WU UX TeMIIepaTypy.

Ho sT0 TO/IbKO KadecTBeHHOE, CyOBEKTHBHOE OIIpeJie/IeHre, He yKa3bIBalolle Ha CIocod u3Me-
penns. PasBurume MeTo0B M3MEpEHHUsI CTAJI0 BO3MOXKHBIM JIMIIL TOT/Ia, KOTIa ObLIa YCTAHOBJIECHA
3aBHCUMOCTH OT TeMIIEPATyPhl TAKUX BEJIMINH, KaK JJIMHA U 00'beM, KOTOPhIE MOXKHO U3MEPSTh HEIlO-
CPEJICTBEHHO.

Def. Tepmometp 370 npubop Ans nsmepeHus TemnepaTypsi.

st orpejie/ieHUs TEMIIEpaTyPhl BBEJIEM TTOHITHE MENA08020 PAGHOBECUA.

TepmoMeTp HUKOTJIA HE TOKaXKeT TEeMIepaTypy TeJia Cpa3y Ke I0Cje TOTO, KaK OH COIPUKOC-
Hysicsd ¢ HEM. HeobxogmMo HEKOTOpoe BpeMs Jjisd TOro, 4ToObI TeMIlepaTypa Teja U TePMOMeTpa
BBIPABHAJINCH. ['OBOPAT, YTO MEXK/Iy T€JIOM U TEPMOMETPOM YCTAHOBUJIOCH TEIJIOBOE PABHOBECHE.

Def. TeI'IJ'IOBbIM, nan TepMoagnHaMUYECKNM, PaBHOBECNEM HA3bIBAOT TaKOE€ COCTOAHUE, NPU KO-
TOPOM BCE MAKPOCKOMUHYECKNE NapaMeETpPbl CKOJIb YrogHO A0JIFO0 OCTAKOTCA HEU3MEHHBIMN.
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9.7 MaxpockonmmiecKkne mapaMeTphbl.

Ho mukpockonmyeckue 1mporecchbl BHYTPH TeJia, He MpeKpanaioTcs. MosieKyibl TPoJI0JIzKAIOT JTBU-
raThCAd U CTAJIKUBATHCH.
HyneBoe Haya0 TepMOgUHAMUKA

Law-> Teno rnpn HEN3MeHHbIX BHeLLHUX yCJ/10BUAX CaMOoripo-
N3BOJIbHO lepexoanT B COCTOsIHue T1erioBoro paBHoBe-
cus.

Ecnn kakoe-nnbo teno A Haxo4quTcsa B TENJIOBOM paBHOBECUN C TEJIOM C, a teno B toxe HaxognTtcs
B TerJioBOM paBHoOBeCcUu C C, Torga TeJsa A u B Takxe Haxo4AaTCc4a B TeNJIOBOM paBHOBECUN.

Nmenno IIO3TOMY MbI MOXKEM CpPpaBHHBATHL COCTOsAHHA TEILJIOBOI'O paBHOBECHUA TeEJI HE IIPUBOJA UX
B COIIPUKOCHOBEHMI.

Def. Temnepatypa - Mepa OTKNOHEHWS Tesl OT TENJIOBOrO PaBHOBECUS C TEIOM, TemnepaTypa
KOTOPOro MPUHATA 3a HOJb.

PasHocTb TeMnepaTyp yKka3biBaeT Hanpas/eHne Tenaoobmena.

IIkana Ilenbcus.

B 1665 romy rounangackuit ¢puszuk Xpuctuan [ofirernc Bmecre ¢ anruiickum dpuzukom Pobeprom
['ykoM BIIepBbIE MPEIOKUIA UCIIOJIb30BATh B KadeCTBE OTCUYETHBIX TOUYEK TEeMIIEPATyPHOI IIKAJIbI
TOYKHU TAgHMA JIbJA U KAIeHus Boabl. B 1742 roxy mBenckuii yuensiii Auapeac Lenbcnii pazpadborat
HOBYIO TEMIIEPATYPHYIO IIKaJIy, IJle 3a HOJIb OblLIa B3dTa TeMmileparypa Kunsieil Bojbl, a 3a 100
PAJLyCoOB - TeMIIepaTypa 3amMep3arorieii Bojibl. [10 HEKOTOPBIM JaHHBIM, TIIKAJY IePEBEPHYJI IIIBEICKUI
o6oranuk KapJsr Jluneit 8 1745 romy.

0°C 100°C

/ / t°C
3amepaaroLlas Kunawas
Boaa Boda

Hembenii B cBoeit padbote «Habsonenns 1ByX hUKCHPOBAHHBIX MOJIOYKEHUN HA TEPMOMETPE» ITOKa-
3aJ1, 9TO TeMIIepaTypa 3aMep3aloleil BOJAbl He 3aBUCUT OT aTMOCKhEPHOro JABJIEHUS, & TeMIepaTypa
kursiieit 3apucut. [ostom s nomydenus Tounoro 3uadenus 100 rpaycos, HeOOX0MMa KaIHOPOB-
Ka 110 aTMOC(hEPHOMY JTABJIEHUIO.

B nemom jytst yporrenust, B IMIKOJbHOM Kypce (pU3UKU, MOYXKHO CIUTATD, ITO

100 rpagycos no wkane Leabcus, aTo Temnepatypa KunsLei Bogb! MpyY HOPMAabHOM aTMOCEPHOM
AaBaeHuu.

B kavecTse paboyero Tena B TEPMOMETPE HEJIb3SI UCMOJIb30BATL BOZY, T.K. MpU TEeMMepa-
Typax Huxe 4 rpagycos no Llenbcuro, ee 0bbemM HaYMHAET YBENNYUBATHLCS MPU MOHUMKEHUN
TEMMepaTypsbl.
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9.8 YpaBHeEHUE COCTOTHUS.

9.8 YpaBHeHHE COCTOSITHUS.

PaccmoTpuMm mrapuk 3arostHeHHBIH Bo3yxoM. [Ilapuk, a 3HaYUT W raz MMeEOT OIpPeJie/IeHHbII
oobem. [llapuk, kak u Jroboe JIpPyroe TEJIO MOYXKET HAXOJIUTCH B PA3IUIHBIX BHEITHUX YCIOBUIX.
Ecimm noiHATh €ro Ha BBICOTY, TO BHEIHUE JaBJE€HUE YMEHBINUTCA W IMapuk pasiayercd. [Ilapuk
OyJieT pa3ayBaThCsd JI0 TeX IOp, MOKa JIaBJICHUE BHYTPHU HE CTAaHET PABHBIM JIABJICHUIO CHAPYZKU.

CreoBaTeIbHO TIPU YBEJTMIeHNN 00beMa JTaBjieHne naaaer. 1.0. 1aBieHne u oobeMa rasa B3an-
MOCBSI3aHBI.

Ecymm BHY TP MIapUK MOJOXKUATH JIBJIUHKY W HAJIYTh €70, TO Yepe3 HEKOTOPOe BpeMsI OH CMOPIIUTCS.
JlaByienue BO3/IyXa YMEHBIIUTCH, TIOCKOJBbKY YMEHBIIUTCS €r0 TEMIEPATYPA.

N3 110,106HBIX HAOJTIOIEHIT MOYKHO YCTAHOBUTD, UTO MEXK/Iy OObEMOM, JIAaBJIEHHEM U TEMIIEPATY POit
€CTb OIIpeJieJIeHHAS CBA3bD.

f=Ff(m,V,p,T)

Def.  VpasHeHune onpegensitouee cBsA3b TemnepaTypbl, 06beMa 1 aBNEHUs, HAa3bIBAIOT yYpaBHe-
HWEM COCTOSIHUS.

3Has ypaBHEHHE COCTOSHHSA, MOYKHO CKa3aTh, KaK OY/yT NPOUCXOJIUTH B CHCTEME PA3JIMIHbIE
IIPOIECCHI IPU OIIPE/IEJICHHBIX BHEITHUX yCJIOBUSAX.

o cux 1op He yJaJIOCh MOJIYYUTh YPAaBHEHUE COCTOAHUS KUJIKOCTU. MbI Oy iuM n3ydaTh camyio
IIPOCTYIO TEPMOJIMHAMUYECKYIO CUCTEMY - I'a3.

[Iporie Bcero HavaTh C TPOIECCOB B KOTOPBIX MEHSIOTCS HE BCe MapaMeTphl cpaldy, & TOJIBKO
HEKOTOPBIE.

Def. [lpouecchl B KOTOpbIX ABa NapamMeTpa MOCTOsIHHbLI, A ABa MEHSItOTCS, Ha3bIBAOTCS M30Ma-
pPaMEeTPUYECKUMM MPOLECCAMMU.

Ci0BO iS0S, B IIepeBOe C JIATBIHM, O3HAYAeT IOCTOsIHHBIN. Takmm 0Opa3oM MOXKHO BbBIJIEJINTDH
cJIe Iy ToIIe N30TmapaMeTpPUIecKre MPOIEeCcChl MMPOUCXO/IATINE € Ta3aMU TPU HEM3MEHHOM XUMUIECKOM
COCTaBe:

e m = const,t° = const - n30TEPMUYECKUIT ITPOIIECC
e m = const,V = const - n30XOpUIECKUii IIPOIECC

e m = const,p = const - n306apUIECKUIL IIPOIECC

33KOHbl, onuncelBaroLne BCe NepeHnCc/iEHHbIE N30MNPoLEeCCHI, bbin YCTaHOBJIEHbI OMNbITHLIM MYTEM.

9.9 MHN3oTepMmyeckuii mporiecc

m = const
t° = const

Kak B PEAJIbHBIX YCJIOBUAX MO2KHO ,HO6I/ITBCH HOCTOSTHHOI TeMIIEpaTypPbl rasa’
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9.9 Uzorepmudeckuii mporiecc

Ha,qo npoBOANTL NpolecCc OHYeHb MEAQJSIEHHO N MMETb OY€Hb MNJIOXYHO TENJI0OBYHO N30J1ALUNIO

B sToM citydae MOXKHO CUYUTATh, UYTO B KaxKJI0e MIHOBeHUE ra3 OyjeT HaXOJIUTCS B TEIJIOBOM
PaBHOBECUT C OKPYZKAIOIIENH cpeoil, TEIMIOEMKOCTh KOTOPOU HACTOJBKO BEINKA, 9TO ee TEMIIEpaTypa
IIpA 9TOM He MeHsieTcsd. B 9ToMm citydae TOBOPST, 9TO M30TEPMHUYECKUI IIPOTIECC - PABHOBECHBI.

ﬂpouecc paBHOBeCHbIﬁ, €C/in B KaXX[o€ MIrHOBEHUE, MEXAY ra30M u Opr)KaI'OLL[eﬁ Cpe,qom' ycneBaet
YCTAHOBUTCA TEINJI0OBOE paBHOBECHUE.

VizoTepmuydecknii npoyecc - paBHOBECHBIN nMpoLecc.

NzorepMmuteckn mporece ObLT N3yUeH HE3aBUCUMO JIPYT OT JIpyTra:
e 1662 romy anrmmuanmnom Pobeprom Boiirem;
e 1676 romy dpaniryzom dam Mapuorrowm;

Bakon Boitrg-Maprorra MOXKHO TTPOBEPHUTDH ITPU TOMOIIHM TPYyOKu Meavde:

L1 | [P,=P,- pgH P,=P,+pgH

OIBIT TOKA3BIBAET, UTO MPH TOBOPOTE TPYOKM

P1L1S = paloS = p3lsS = p1Vi =p2la =p3Vs

Sakon Boitng-Mapuorra:

La_w-} Obbem gaHHOV Maccebl raza npy HeM3MeHHOM XUMMU-
4YecKkoM cocTaBe u Temnepatype obpaTHO nponopuyuo-
HasleH gasJ/ieHuo rasa.

Vi
L S
2

Y4
Mo2KHO TIOCMOTPETDH .9TO IIPHU ITOM, UTO IIPOUCXOUT C ILJIOTHOCTBIO:

p
— = const
pim M P1 P1 P

mpr _p2 2 _ P2

I'paduueckoe onmcanmue:

[pacbmk onuckiBaroLwmii N30TEPMUYECKNIT MPOLIECC MPUHSITO HA3bIBATb U30TEPMOI.
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9.10 Uzobapuueckuii mporecc

0 V 0 t 0

Pacemorpum m3orepmy B koopaunarax p(V'). Ilocrponm j1Be n30TepMbl J1JIst IBYX H30TEPMUIECKUX

[IPOIIECCOB, IIPOBEICHHBIX IIPU PA3HBIX TeMIlepaTypax.
[IposeneM simnunio nocrogunoro oobema. OHa nepeceder JBe U30-

TEepMbl B TOYKaX C JIaBJICHUEM p; U po. llpm ogmnaxkoBoMm oObeme, Pa
OoJibIliee JlaBjieHUEe OyJIeT COOTBETCTBOBATDL OOJIBINEH TeMIieparype,
T.K. MOJIEKYJIBI OYIYT YIApsThCsd O CTEHKHU C OOJIBbINEHl CKOPOCTHIO.
N moxkHO ipuMeHnTDb 3aKkoH [lapJist i #30XopudecKoro mporec- P,
ca, TOTIa
P,
%:%; p>p = Ta>T . S
v V

MKT tpakTOoBKa
DHeprerudecKkass TPaKTOBKa

9.10 Wzobapuyeckmnii mmporiecc

m = const
p = const

HeobxonMo yecTaHOBUTH 3aBUCUMOCTH 00beMa OT TeMIIEPaTyphbl
pu nocrosiHHoM Jasiaennn: f(V,1°) = 0.
Heobxoaumo 1mocTaBuTh OIBIT B KOTOPOM Y Ta3a OCTaBaJIOCh II0O-

CTOSTHHOE JlaBjieHme. Bo-TiepBbIX MPOIecc HeOOXOIWMO ITPOBOJIUTH
OYeHb MeJJIEHHO, YTOObl B Ka’KJ[0e MTHOBEHUE JaBJIEHHE ra3a Bbl-
PABHUBAJIOCH C HEKOTOPBIM IIOCTOSIHHBIM JlaBjieHneM. B kadecTse 1o-
CTOSIHHOTO JIABJICHUS MOYKHO B3dATb JiaBjieHue armocdepsl. B 1802
rojy 2Kozed Jlym [eit-JItoccak OTKPBLT 3aBUCUMOCTH OObeMa ras3a
OT €ro TemIepaTypbl

IIPH IIOCTOSIHHOM JtaBjieHun. [Ipu 3ToM ObLI HCIOIB30BaH IPpUOOP
dunramomemp

Def. [unatometp 370 npubop nossonsaowmii NogaepXXneath NOCTOAHHOE AaBNeHNe ra3a, paB-
HOe aTMOCEPHOMY AABJIEHMIO.

BseneMm ciremyrorue 0603HaYEHNS:

Vo — obwem raza mpu 0°C
V, — obbem raza upu t°C'
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9.10 Uzobapuueckuii mporecc

AV ViV

Torma AV =V, — Vj - abcomorHoe m3MeHeHne o0beMa rasa, a v T OTHOCHUTEJILHOE
0 0

n3MeHeHne oObeMa.
Tepmuaeckuit ko3 dumnueHT 0O0LEMHOIO PACIINPEHNS:

Vi Y%

@
Vot

Def. « - Tepmuyecknii koachbdbuuneHT 0B6BEMHOrO paclIMpeHnsi NOKa3blBaeT OTHOCUTENbHOE

n3meHeHne obbema npu HarpesaHum Ha 1°C

3akon lefi-Jl1occaka:

Law =) (1 ¢popmynuposka) OnbiTHbIM MyTEeM yCTaHOBJ/IEHO,
4TO /151 BCeX ra30B TepMuUYeckuii KoagguumeHT obnb-
eMHOro paclLuvpeHusi, Npu NOCTOSIHHOM AaBJIeHUM, Mo-
CTOSIHHOV Macce u Hen3MeHHOM XMMWYEeCKOM COCTasBe,

1 -1
BeJsin4nHAa MNMOCTOSIHHAA M paBHAas ﬁrpa,q

1 -1
a = —Tpa
273 P
Vi~ Vo
=— = |V, =W t
o Vbt t 0( + )
|-61_W-> (2 popmynunposka) Obvem gaHHO Maccel rasza npu

HEen3MeHHOM XUMUYECKOM COCTaBe v [aBJIeHnn JINHeu-
HO 3aBUCUT OT Temrnepartypbl.

lazoBbIil TepMoMeTp: DTO ypaBHEHHUE SBJISIETCS OCHOBON pabOThI Ia30BOI0 TEPMOMETPa, B KOTO-
POM B KadecTBe pabovero Tejia BHIOpAH a3 U IIPU TOM, HOKA3aHUs TepMOMeTpa He OyIyT 3aBUCETH
oT BUJa rasza. MoxKHO cesiaTh IIKaly KOTopast [IOCTaBUT TEMIIEPATYPy B COOTBETCTBUIO 00bEMY rasa.
B sToM cMbIciIe Ta30BbIE TepMOMETp Hojiee YHUBEPCAJIEH, XOTS U MeHee yI00€eH.

3armireM 3aKOH UCIHOJIb3Ys abCOTIOTHYIO TEMIIEPATYPY, BBEIEM CJIeAyIonine 0003HAUCHUSI:

Ty, =273 = 0°C
T = (t+273)K
t Vo(t+273) VT
V=V(14—)= =
“( +2m> 273 Ty
K = E = const
T Ty,

T.e. nmepexojisi K aOCOJIIOTHON TeMIIepaType, Mbl IEPEXOIUM OT JUHEHHON 3aBUCUMOCTH 00beMa OT

TeMIIepaTyphl, K MPSMOii TPOIIOPIINOHAIBHON 3aBUCUMOCTH.
V =const-T
Orcrona moydaem ere ojHy (hopMympoBKY 3akona eit-JIroccaka:

25 (©physics.spb.ru
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9.10 Uzobapuueckuii mporecc

Law =) (3 popmynuposka) lNpu gaHHo! macce raza u Hens-
MEHHOM XUMW4YeCKOM cocCcTaBe u [NOCTOsSHHOM [JaBJie-
HUn, OTHOLEHne obbema rasa k abconoTHoOU Temre-
patype ecTb BesIM4YnHa MOCTOSIHHAS.

['paduueckoe onmcanme:

va Pa Pa

N

t°c

273 0 t

~V

Bamernm, uro rpaduk 3asucumoctu V(1) mepecekaer och Temmeparyp B ToUke paBHoit —273°C"

1
0=Vo(l+at) = t=——=-273C

Q
A ock opaunar B Toure V = Vj:

V=V(1+a-0)=V

VA PA

=V

Ob6parum BHEMaHUE Ha TO, YTO IpadUK MIEPEXOIUT B IIyHKTUPHYIO JUHUIO. Kcau paccMaTpuBarh
MO/I€/Ib, B KOTOPON MOJIEKYJIbl - MaTe€pPUAJIbHbIE TOYKU, KOTOPBIE B3AUMOIECHCTBYIOT TOJBKO B MO-
MEHT CTOJIKHOBeHUs, TO tipu t = —273°C', ra3 coxkmMercst B ToUKy. Ho B peajbHBIX yCJIOBUSAX, IPH
CBEPXHU3KUX TEMIIEPATYPaX, ra3bl CKUKAIOTCH, T.€. TePEXOJAT B KUJIKOE COCTOSTHUE.

Sameuanue: B dopmysie mis pacuera obobema crout oobeM raza rnpu 0°C', a 910 Jenarh, ecjid OH
HEU3BECTEH, a U3BECTEH 00beM IPHU KAKOI-/Inbo JApyroit Temueparype?

Vi = Vo(1+ aty) — obbem raza pu N Vi 1+aty
Vo = Vo(1 + ats) — obbem rasa npu  ty Vo  1+aty

W pna mnorHocreit (p = §7):
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9.11 Hzoxopuyeckuii mporecc

P2 . 14 Oétl
P1 1+ Oétg
MKT tpakTOoBKa
DHeprerndecKasi TPAaKTOBKA
9.11 MWM3oxopudeckuii mmporiecc
W m = const
V = const
M s 7 HeobxommMo ycTaHOBUTH 3aBUCUMOCTD JIABJICHUS OT TEeMIIEPATYPbI IIPU
I nocrositHoM obbeme: f(p,t°) = 0.
‘ ‘ o Cxema oIbITa, 3HAYUTEJ]BLHO HPOIE YeM B M300apUYECKOM IIPOIIECCe.
\'/ e HeobxommMo 3ahuKcupoBaTh 00bHEM.
LW OIBITHBIM TIyTEM YCTAHOBJIEHO, YTO TEPMHUIECKUN KOIDPUIMEHT JTaB-
JIEHUSA OCTAETCS MOCTOSTHHBIM:

Pt —Po BN -1
ot DT gpgpan

Def. 3 - Tepmuuecknii koadbdununeHT gaBneHns NokasbiBaeT OTHOCK-
TeNbHOE N3MEHEHNE AaBNeHns nNpu HarpeeaHumn Ha 1°C'

p: = po(1 + Bt)

Bakon Hlapss:(1787r)

Law =P (1 ¢popmynuposka) OnbiTHbIM MyTEeM yCTaHOBJ/IEHO,
4YTO A/151 BCeX ra30B TepMu4yeckuii KoaghghuuymenT gas-
JIeHUs1, NpU NOCTOSIHHOM obbeme, NOCTOSIHHON Macce u
Hen3MeHHOM XUMUHYECKOM COCTaBe, Be/IMYMHA MOCTO-

1 -1
AHHAA N paBHAas 273 rpaj

b= (1 t )_po(t+273) poT

+ R
273 273 T
b _Po_ const
T T,
La_w-} (2 popmynuposka) lNpu gaHHoli macce ra3a v Hens-

MEHHOM XUMUYeCKOM CcoCTaBe u NnoCTosiHHOM 06beme,
OTHOLWIeHune aBJieHns ra3a K abcosioTHoM TeMneparty-
pe ecTtb BeJin4nHa noOCTOsIHHAas.

I'padudeckoe onucanue:
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9.12 TepmomunaMmyeckas IMIKaJa TeMIePaTyp

PA P vV

273 0 t,

—
N
_
O
(@)
o
<V
o

P V.

-V

ABCOTIOTHYIO TITKAJTy TEMIIEPATYP IIPOIIE BBECTH UePe3 N30XOPUIECKHIT ITPOIECC, MTOCKOJIbKY MPO-
ITe [IPEJICTABUTH, 9TO B ra3e HET JABJICHUS, YeM TO, UYTO I'a3 3aHUMAET HYJIEBO 00beM.

MKT TpakTOBKa

DHeprernyecKkasi TPAKTOBKA

9.12 TepmonumHamMuyecKas IIKaJia TeMIEPATyP

B 1848 romy Yuibsim Tomcon (stops KenbBus) onmpasich Ha MOJIEKYJISIPHO-KMHETHIECKY IO TEOPHIO,
06OCHOBBIBAET BBEJICHIE TEPMOMHAMUIECKON MKAJIbI (IMKAIBI aOCOTIOTHBIX ) TEMIIEPATYP.

3a HavYaJI0 OTCYeTa B ITON IKaJe, JOJIKHA OBITh B3sTa TeMIepaTypa, IIPpU KOTOPOil ImpeKpara-
eTcsl TIOCTYIIATeIbHOE JIBUKEHIE MOJIEKY/I. DTa TeMmieparypa u Obljia Ha3BaHa abOCOTIOTHBIM HYJIEM.
CToUT OTMETUTH, UTO CYIIECTBOBAHUE 9TON TeMIIepaTypbl IIpe/ICKa3biBaJl emle JIoMOHOCOB, Ha3bIBast
ee "mocyeaneit crenenbio xoymoaa'.

DTa TeMIleparypa COOTBETCTBYET IIOJIOXKEHUIO MOJEKY/Ibl Ha "mgHe"OTeHIMaJIbHON SIMBI, a 3TO
3HAYHT, YTO MPU aOCOTIOTHOM HYJI€ BEIeCTBa MOTYT CYIIECTBOBATH TOJILKO B TBEPJIOM COCTOSHUMU.

OmnpeiesiuMm 3HaUeHNe abCOTIOTHOTO HYyJIs B I'pajiycax Llebeus: g0mycTuM, 9TO CyIIECTBYET ras,
ocTaoImuiics ra3oM, npu abCOJIOTHOM HyJie, HoduHsomuiicsa npu 3roM 3akony [lapis(r.k. mporie
[PEJICTABUTDL HYJIEBOE JaBJIeHNe, YeM HyJeBoil oobeM raszal):

PA

273 0 “t°c
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9.12 TepmomunaMmyeckas IMIKaJa TeMIePaTyp

1
p=0=1+p5t" = t°:—5:—273°0

Hwke sToit TemmepaTypbl HET ¥ HE MOXKET ObITh, T.K. C IIPEKpPAIIEHUEM JIBUKEHUS MOJIEKYJI TI0-
HATHE TeMIIepaTypbl yTpadnBaeT cMbici. [lo rpaduky, BUIHO, 9TO B 9TOM cJIydae JIOJKHBI ObLIN Ob
CyIIIeCTBOBaTh OTPHUIATENbHBIE JTaBIeHUsI, 9TO abCyP/IHO.

Eannuna no mikase KenbuHa Oblita B3sTa paBHOU equHuIE 110 mKaje [lenbcus, T.e. n3menenue
TeMIIEPATyPbl YUCJIEHHO OYyJIeT OJUHAKOBBIM I10 JIBYM IITKAJIAM:

At® = AT
-273°C 0°C 100°C X
t,°C
3amMeps3arnLian Knnsuiasa
BoAa BOAa
OK 273K 373K X
TK

MOneKyrnbl NnpekpallarT
noctynartenbHoOe OABMXeHne

B 1935 rony B taboparopun Jleiinenckoro yausepcutera B [osnangun /le-I'aazom Ob11H 10Ty 9€HBI
TemIieparypa, orindaionecs ot abcosorHoro Hyss Ha 0,004 rpagyca. B 1954 romxy TepmomHaMu-
Jeckasd IKaJia Oblila MPUHSITA K YIOTPEOIECHUIO.

[Ipumeuanue: [Mkana KenbBuna ymobHa TeM, 9TO 110 Heil Bce TeMIIEPaTypbl MOJ0KATEIbHBI M OHA,
IpuBgA3aHa K JIBU2KECHNUIO MOJICKYJI.
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9.13 Pemenue 33,109 Ha U30IPOIECCHI

9.13 Penrenne 3aga4v Ha N30IPOIECCHI

1. Kaxkoit nuzoxope coorBeTcTByeT OOJIbINI 00beM?

P
v,
P1 2 T = const
P pVi=pVe & pi>pp =Vi<l
0 7

2. Jlan rpaduk mporiecca mpoBouMoro ¢ ra3om. [loctponts 3ToT rpaduk B APYyrux KOOPIAUHATAX.
[IepeuncuTh TPOIECCHI.

1—=2: V=const = £ =const

T
2—3: T =const = pV =const
3—1: p=const = % = const

3. lanbl rpaduku mMporeccoB TPoOBOJUMBIX ¢ razoM. [locTpouTsb 3T rpaduku B JIpyrux KOOPIu-
Hatax. [lepeunciiuTs mporieccsr.
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9.14 3Bakonbl ABorajpo u Jlanbrona

9.14 3akonbl ABorajspo n /lanbToHa

B nagasne 19 Beka ObLIO yCTAHOBJIEHO NMPABUJIO KPATHBIX OTHOIIEHWI I I'a30B, BCTYIAIOIIAX
B XUMHUYECKYIO peakiuio. Hcam TemiepaTypbl U JIaB/IeHAS T'a30B, COEIUMHSAIONINXCA JIPYT C JAPYTOM
PaBHBI, TO UX 00bEMbI HAXO/IATCS B IMIPOCTHIX oTHOMmeHusx: 1:1, 1:2, 1:3 u T.1.

Ha ocnoBanmu sToro npasmia ABorajpo B 1811 rojy BeICKa3aj CMEJIYO JJIsT TOTO BPEMEHU TUIIO-
Te3y:

Law-> B paBHbix o6 bemax ra3oB npu 0o4MHAKOBbIX TeMrepa-
Type v 4aB/IeHUN COLAEPXXUTCSI OAUHAKOBOE YUCJ/I0 MO-
J1IeKyJ1.

Eciu ornomenne o6beMoB 1:2, To KaxKjasi MOJIEKyJla [EPBOrO rasa IPUCOEIMHSIET K cebe JIBe
MOJIEKYJIBI BTOPOTO Traza. B HacrosiInee BpeMsi 9Ta TMIIOTE€3a CTPOro JOKa3aHa W HOCHT HA3BAHUE
3aKoHa ABOraJIpo.

Bakon ABoraJipo:

Law-} PaznundHble rasbi, B3siTble B Kosindectse 1 MoJib,
MMEKT O4NHAKOBbIe 0ObeMbl Npu OANHAKOBbLIX AaBJie-
HUSIX N TemnepaTypax.

[Ipu HopMasIbHBIX ycjioBUsAX, T.e. ipu Temieparype 0°C u armocdheprom masienun 101 325 Ila,
MOJIIPHBIN 00beM, KaK MOKa3bIBAIOT M3MEPEHUsT PABEH

V = 0,0224m° /Mo = 22, 451/Momh
Def.  MonsipHblii 0b6bem - 0bbem ofgHOro Mosisi BeLLeCTBa.

[Touemy ke B paBHBIX OObeMax ra3oB IPU OJMHAKOBBIX JABJIEHUSIX W TeMIIEpaTypax Bcerja oo-
HapPYKUBAETCs OJHO M TO K€ YUCJIO0 MOJIEKYJI HE3aBUCHMO OT TOr0, Kakoil ra3 B3aT? OObsICHATH 9TO
MOYKHO TOJIBKO IIPH ITOMOIIN MOJIEKYJIIPHO-KUHETHIECKOH SHEPIHH.

Bakon JlaspToHA:

Yaite IMEIOT JeJ10 He ¢ YUCTBIM KIUCJI0POJIOM, BOJOPOIOM | T.JI., & CO CMEChIO ra3oB. ATMocdepHbli
BO3JIyX, B YaCTHOCTH, IIPEJICTAB/ISIET CMECH a30Ta, KUCIOPO/Ia U JIPYTUX Ta30B.

Kaxkaprit n3 ra3oB cMecu BHOCUT cBO# "BK/1a1"'B cyMMapHOe J1aB/ieHne Ha CTEHKH COCY/Ia.

,ﬂaBHEHI/Ie KOTOpOE WMEN 6bi Ka)K,quﬁ M3 rasos, CoCTraB/idrOLLNX CMECb, €C/iIN yAaJInTb N3 Ccocyha
OCTaJlbHbl€ ra3dbl, Ha3blBarOT NnapynasibHbIM A4ABJ1EHNEM, T.€. HaCTHbIM LaBJ/IEHNEM.

Torna 3akon /layibroHa OyAET BBITJISAIETH TaK:

Law-} JaBneHne cmecn ra3zoB paBHO cymme napLmnasibHbiX
AaBJieHnii BCcex ra3oB, BXOASILNX B AAHHYIO CMeECh.

’p:p1 tPp2tps+ ..

JokazareabcTBo 3akoHa Jlajabrona c¢ wmcrosib3oBanueM ocHoBHoro ypasaenus MKT razos u
MOJIEJIN HJIeaJIbHOTO Ta3a.
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9.15 VYpaBuenme Kianeiipona-MeH/esieeBa.

Yarre Bcero B mpupo/ie U TEXHUKE ITPUXOINUTCS CTAJTKUBATHCS C IIPOIECCAME, B KOTOPBIX MEHAIOTCS
Bce Tpu napamerpa. Tak Bo3yx B armocdepe, HArpeBasch OT 3eMJIU, PACIIUPIETCS, CTAHOBUTCS Me-
Hee TIJIOTHBIM U TOJHUMAaeTCs B BepxHue cjion. OKa3bIBasich B 60jiee pa3psizKeHHOH 9acTu aTMOChephI
OH, ITPOJIOJI?KAET PACIIUPATCA U €T0 JaBJIeHUe TaJIaeT, OH OXJIaK laeTcd. B Burare/six BHyTPEHHETO
CTOPaHMs TTPONCXOINT OJTHOBPEMEHHO M3MEHEHNe BCeX MapaMeTpOB ras3a.

HeoOxommMo mosryanThest ypaBHEHNE U1 TOCTOSHHOM MAaCChI T'a3a, CBA3BIBAIOIIEe TaBJIEHNE, TEM-
epaTypy u oobem rasa.

fV,T.p)=0

BcenomuauM, 9T0 Bee n30mporiecesl ObLIN XapaKTePHbl T€M, YTO €CJIA IIPOIECC PABHOBECHDIN, TO OH
OIIpeJIesIAeTCA TOJIBKO HadaJbHBIM U KOHCYHBIM COCTOAHUEM Ta3a, IIPX 3TOM HE BaXKHO, Yepe3 KaKne
IIPOMEZKYTOYHBIC COCTOAHUAA IIPOIIEJI I'a3.

P,

1(RVT)

(B, T)

(RV.T)

Torna mepeiteM OT MPOU3BOJILHOTO TIPOIIECCa, K IIPOIECCY PO KOTOPBIM MBI BCE 3HAECM.

»Vi

1—x: T=const = pVi=pV* = V"=
D2

vV _% _  ph_1h

T 15 pdy T3

Taxum oOpa3oM MbI Oy YUJIN, OOHEIUHEHHDBINA Ta30BbIN 3aKOH:

*x —2: p=const =

Vi paVa const
T 15
S_t* Ana paHHoOUW maccbl raza i HeM3MEeHHOM XUMu4Ye-

CKOM cocTaBe npou3BegeHuve gasaeHns Ha obbem n ge-
sIeHHoe Ha abCcostloTHyl0 TemnepaTypy eCTb Be/INYnHa
MNOCTOSIHHAaS.

Ot 4gero OyzeT 3aBuceTb KoHCTaHTa?OT MACChl ra3a, MOJIPHON MACCHI, T.€. POJia BEIIECTBA U OT
CUCTEMBI €JIMHMII,

KoHcTaHnTa 3aBUCUT OT Macchi rasza, XMmMmn4eckoro cocraea v Bbl60pa CUCTEMBbI €QNHNL].
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9.15 VYpasuenune Knameitpona-Menereena.

Msr Oyzem paborars B cucteme CU. MenseneeB canras, 9ToO ecjid 9Ta BEJIUIUHA [TOCTOSHHA, TO
ee MOYKHO BBIYUCJIUTD LI JJAHHOTO Ta3a, IIPU OIIPE/IeJIEHHBIX YCJIOBUIX.
BosbMeM a3 mpu HOPMAJIBHBIX YCIOBHSIX B KOJHYECTBE OJHOrO MoJisi(m = M):

Po = 1051_[&
T, = 273K
Vo = 22,4 - 10732
Torna
PoVou _ p1Vig _n
Ty T
10°T1a - 22,4 - 10322 Tk
R= ’ work — |8 31 ———— =R
273 " K - Mouib
Ennanner n3mepennst:
H -3 JIx
R p— —l
] M2 K K - momb

Def. VHhueepcanbHas rasosasi noctosiHHast R nokasbiBaeT, Kakyto paboTy MoxeT coseplunTb 1
MOJIb ra3a npu n3obapHom HarpeaHuu Ha 1 K.

Taxum 0Opa3oM MbI TOJIYYUIN YPaBHEHUE JIJIs OJHOTO MOJIS ras3a:

pV, = RT

a JJid V MOJIEH:

DTO ypaBHEeHNe IPUHSITO Ha3bIBaTh ypaBHeHneM Kirameitpona-Menaereena.
Wcnonb3yst cOOTHOMIEHUS /TSI KOJUYIECTBA BEIIECTBA, MOXKHO MOJIYIUTD CJIC/IYIOIINE PABEHCTBA:

N m p
pVo= g i Vo= it e = ke
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9.16 Ilousarue maeanabHOro raza. CpeaHsas CKOPOCTh TEILIOBOIO JIBUKEHUSI.

9.16 IlousaTme naeaapHoro rasa. CpejHsiss CKOPOCTh TEMJIOBOTO ABUXKEHUSI.

Bce 3akombI omnuchIBaronye n3onapaMeTpuaecKue mporeccsl (3akon Boitig-MapuorTa, 3akon [eii-
Jlioccaka, 3akon [llapsist) 6bUIM MOIYYeHBI ONBITHBIM ITyTeM. Jljisi TeopeTnvyecKoro onmcaHust STHX
[IPOTIECCOB M TEOPETUYIECKOI0 OOOCHOBAHUSI IOy YCHHBIX 3aKOHOB HEOOXOIUMO OBLIO IPUIyMaTh MO-
JIeJIb, KOTOpas Obl XOPOITIO OMHUCKHIBAJIA MTOBEJIEHNE Ta30B IIPU CPEJTHUX TeMIlepaTypax, KOTrjia ra3 erie
OCTABAJICS Ta30M.

Takas Mozesib ObLIa TpUyMana HeMenknM dusmkoMm Kiaysmycom B 1857 roay u ObLIa Ha3BaHA
UO0EANDHBIM 2A30M.

JlaBaiiTe ompejie/imM, 9TO TaKOe MJIea/IbHbBIN a3, a 3aTeM ITOCMOTPUM OYJ/IeT JIM 3Ta MOJIC/Ib OIlU-
ChIBaTb IIOBEACHUEC pPeaJIbHBIX I'a30B B COOTBETCTBYIOIIUX HU30IIapaMETPUICCKUX ITPOIecCax.

Def. lpeanbHelli ras fo>keH COOTBETCTBOBATb CNEAYIOLLNM YCIOBUSIM:
1. [a3 ofHOPOAHSLIV, BCE MOJIEKYJIbI OQNHAKOBBI.

2. ObbemMoM BCex MOJIEKY/T MOXKHO NpeHebpeyb Mo CpaBHeHUtO C 0bBEMOM cocyga, B
KOTOPOM 3TOT ra3 HaxoAUTCsl. 1.e. MOJIEKY/Ibl MOXXHO pacCMaTpuBaTh, Kak MaTepu-
aslbHbIE TOYKN.

3. Bce MOJIEKYNIbl HAXOOATCA B HEMPEPLIBHOM XaOTUHYHOM LOBUXEHUNN.

4. Monekynbl B3aMMOLENCTBYIOT TONIbKO NPpU CTONKHOBEHUW. B npomexyTkammu mexay
CTOJIKHOBEHUSIMU MOJIEKYA ABUXKETCS CBODOLHO, N CKOPOCTH AAHHON MONEKYbI He
B/INSIET HA MOJIOXKEHNE N CKOPOCTb OCTasIbHbIX MOJIEKY.

5. CoymapeHunsi Mosiekyn HOCUT abCONMOTHO ynpyruii xapakTep.

OIIBIT TOATBEPZKIAET, ITO HECMOTPS Ha CTOJTKHOBEHHUsT OECIIOPSIIOUHO JBUXKYIIUXCS IACTHUIL, TTPHU-
OOpBI TOKA3BIBAIOT HEM3MEHHbIE TeMIIEpaTypy u jasjienue. [lociae Toro, kKak B cocyjie yCTaHOBUJIOCH
paBHOBecHe, T.e. CKOPOCTb MOJIEKYJI pacupejeseHa 1mo MakcBesuty, CTOJIKHOBEHUS YK€ He BJIMAIOT Ha
JaBJIEHUE U TeMIIEPaTypy.

CaMbIM MOTpsACAIONUM (PaKTOM SIBJIAETCA TO, YTO MOYKHO IOy YUTh HEKOTOPbIE 3aKOHOMEPHOCTH
13 XaOTHIHOrO JIBUKEHUsT MOJIeKyJI. B (busnke Takoii 11o1xo/1 Ha3bIiBaeTCs craTucrudeckuM. laBaiire
IIOCMOTPHUM, YTO MOYKHO CKa3aTh IIPO CPEJIHIOI0 CKOPOCTH JBUKEHUS MOJIEKYJI.

U3 xaotu4HocTu ABUXKEHUA MOXXHO CA€E/1aTb BbIBO4, HTO BCE€ HarpaB/IEHNA LBUXXEHWNA PABHOMNPABHLI.
B nrobom HanpaBJaeHNN B CPEAHEM ABUXETCA PABHOE KOJINHECTBO MOJIEKY/I.

Eciu 661 910 OBLIIO HE TAaK, TO COCY/1 B KOTOPOM HAXOUTCS a3, MOT ObI HAYaTh JIBUTATHCA B KAKYIO-
HUOYIb CTOPOHY, TyIa KylIa JETUT HauOoJbIIee Incjio MojaeKya. Ho Mbl 3HAEM, 9TO MOJ JAeficTBHEM
BHYTPEHHUX CHUJI, TEJIO He MOXKET CIBUHYTHCS KaK €JIMHOe IeJIO0e.

Tora

Ecan ectb MOJIEKY/1a ABUXYLLAACA B KaKOM-HM6y,qb HanpaeJieHnn, 1o €CTb N Apyras c Takou e no
BEJINYNHE N I'IpOTl/IBOI'IOﬂO)KeHHOl;i no HarpaBJIEHNIO CKOPOCTLIO.

Torma

U]+ U + ... + Un
V) = =0
Vi N
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9.16 Ilousarue maeanabHOro raza. CpeaHsas CKOPOCTh TEILIOBOIO JIBUKEHUSI.

— — —

V1 = —Us 172 = —UN  ceennnn

Bribepem Terepb HEKOTOPYIO OCh U PACCMOTPHUM ITPOEKITUH CKOPOCTEH MOJIEKy T Ha 3Ty och. Ode-
BUJTHO, 9TO IIPOEKIINU MOTYT ObIThH KaK ITOJIOKUTEIbHBIMI, TAK U OTpHUIaTe bHbIMEU. Halijiem 3HadeHme
CcpeJHell IPOEKIINNU:

o Vig +U2x+ .. +UN;1:
B N

CpesHsisi CKOPOCTb XaOTUHHOIO ABUXKEHUS] paBHA Hyto. Ee beccMmbicieHHO ncnob30BaTh 4151 onvca-
HUS MOBEAEHNST MOJIEKYII.

=0

(Vz)

CymMma npoekunii CKOPOCTeN BCEX MOJIEKY/1 HA MPOU3BOJIbHYIO OCb TaK Xe PaBHa HyJIto.
Ecnu nmpoekiiun Bo3BecT B KBaJIpaT, TO KBaIPATHI OY/IYT MOJIOKUTEIbHBIMUA U B CyMMe He Oy/IyT

paBHBI HYJII0. PaccMoTpuM CcpeJiHIOn KBaIPATHIHYIO CKOPOCTh. CTOUT 3aMETUTH, UTO

2 2 2
— U1x+v2x+ . +UNCC
N

(V)

A0 (Vi)?=0

(Vi) = (V) = (Vi)

T Y

T.K. BCe HanpaB/ieHNsl paBHONPAaBHbI, TO CPEAHNE KBAAPAaTbI MPOEKLNII CKOPOCTEN Ha OCb X,Y,Z PaBHbI
mexgy coboii.

(V) = (V) + (V) + (V2) = 3(V%) = 3(V)) = 3(V2)

T

CpeaHuii KBagpaT MpoeKkuymnii CKOPOCTU HAa YUC/IOBYIO OCb paseH 1/3 cpepHero kBappata ckopocTeii
MOJIEKYJI.

O‘{eBI/I,ILHO, 4TO CBOHCTBA JIIOOOTO TeJIa OIIPEJICJIAIOTCA CBOMCTBaMH 1 XapaKTepoOM JBUXKE€HUA CO-
CTaBJ/JIAIOIIIUX €I'0 YaCTHUII.

Ho cBoiicTBa cucremsi MOJIEKYJT HE MOTr'yT bbITb onucaHbl CBOMCTBAMM OTAEJIbHbIX MOJIEKYI.

Koria mostekysibl 00pasyior cucremy, TO OHM HAYMHAIOT ITPOSB/ISITH HOBbIE KAYECTBA, HPUCYIINE
CUCTEME wouekyit. Tereps cucrema xapakTepu3yeTcs IPYyTUMEI BEJIMIUHAMU, C TIOMOIIBIO KOTOPBIX
y7Ke HeJIb3sI OIUCATD TOBEJIEHNE OTAETbHBIX MOJIEKYJI. DTU BEJIMINHBI OTHOCAT K MaKPOIIapAMETPAM.

Tak Kak cpeJIHUi KBaJpaT CKOPOCTH HMeeT Pa3sMepHOCTh M?/c?, To B KauecTBe cpejHeill KBajipa-
THUYHON CKOPOCTHU OIPEJIENSIOT CAEAYIONLYIO BETUINHY, IMEIOILYI0 PA3MEPHOCTb CKOPOCTH:

Vep = V(V?)

Def. 3a cpeaHiolo CKOpPOCTb ABUXKEHUSI MOJIEKY/T MPUHUMAIOT CPEHIO KBAaAPaTUYHYIO CKO-
poCTb.

Cpenss KBaJipaTHdHasd CKOPOCTbh OTHOCUTCH K MaKpollapamMeTrpaM, T.K. XapaKTepu3yeT COCTOs-
HHUE CUCTEMBl YaCTHUII.
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9.17 Ocnosnoe ypasaenne MKT raza.

9.17 OcnoBHoe ypaBHenue MKT raza.

B 1845 rony B anrnmiickoe KopoJsieBckoe obIiecTBo — Bejiylee HaydHoe 0b01ecTBo Benukobpu-
TaHuu, ObLIA IpeJicTaB/ieHa paboTa HeKoero Barepcrona. B Heit ObL10 1MoKaszaHo, 9TO JaB/IeHAE ra3a
Ha CTEHKHU COCYJ/Ia MOXKHO OObSICHUTH yAapaMi aTOMOB.

XoTd caMa ujiesi O TOM, YTO T'a3 COCTOUT U3 aTOMOB, ObllIa HE HOBa, MaJIO KTO IIPUHUMAJ BCEPHE3
YTBEPKJEHNE, ITO ATOMbI MOT'YyT CBOOOJIHO JIETATh OT CTEHKU K CTEHKH COCYyJIa, a IIOTOMY YIIPYTHe
CBOMCTBA ra30B MOXKHO CBECTH ITPOCTO K MexaHuke aroMoB. [lostomy pabora Barepcrona ne monpa-
BUJIach 4ieHaM KoposieBckoro obiecTBa n ObLIO OTKJIOHEHA.

JIums MHOTO JIeT ciycTda ee Hamiea B apxuBe Y.Pajeit u omnybaukoBas B 1892 romay B KypHase
"dumocodckue coodbinerunst KoposreBckoro obiecTBa KOTOPbI KCTATH BHIXOANT U B HAIN THU. PaJreit,
MEZK/JIy TIPOYUM, OTMETHUJI, YTO BaTepCcTOH MOCTYIIMI HE TPElyCMOTPUTEILHO, HE pacCKa3aB BHAYAJIE
0 CBOHX IIpe/IIecTBeHHNKaxX. A Mexk 1y TeMm emte Beprysum B 1727 To1y 110103peBast 0 CBA3U JaBIeHUS
¢ KBaJIpaTOM CKOPOCTH JBMKeHUsI dacTull raza. "Ecim 6b1 Barepcron, - mucasn V.Pajei, - yrmomsinyir
CBOET'0 BEJIMKOI'O IIPEIIeCTBeHHNKA, TO y perer3erTa KopoeBckoro obimnecTBa He XBATHIO OBI JIyXa
1 CMeJIOCTH 00bIBUTH paboTy "GeccMBICIEHHOM, HEIIPUTOIHOM Tazke Ui 9TeHns mepes obmecTBom".

DTOT IMedaabHBIA 3Mu301 10poro oborrencs dusuke. To 910 OBLIO CIEIaHO OJHUM YETOBEKOM
U OCTAJI0Ch HE3aMEYEHHBIM, ObLIO OTKPBITO BIIOCJIEJICTBUU JIMIIL B pe3yJibTaTe paboThl HECKOJbKHIX
4JeJIOBEK, a OKoH4YaTe bHasg hopmysia Oblia Hanucana B 1859 roy.

CoBepiitasi 6eCropsiI0YHOE JIBUKEHUE, MOJIEKYJIbI T'a3a BpeMsl OT BPEMEHH HPUOJINZKAIOTC JIPYT
K JIPYT'Y, K CTeHKaM COCY/ia, IPOUCXOJISAT CTOJKHOBEHUSA. YTOOBI HE 3aBUCETH OT TAKOT'O CJIydaiiHO-
ro dakropa Kak pa3Mepbl CTeHKH, OyJIeM XapaKTepH30BaTh JeficTBUe ra3a Ha CTEHKH He CUJION, a
JABJICHHAEM.

Haiiyiem dpopmyity st pacdera 3Toro japjieHus. /s 9Toro paccMOTpuM HjeabHbIN ra3 Haxo-
JAImiics B mapaJuienenumesae ¢ 60KoBoit croponoit S u aymaol v, At. 3mech At 9T0 BpeMms mojjera
K IIpaBOi CTEeHKe caMOil JajibHeill MOJIEKYJIbl, HAXOJLAIIECHCH Y JIeBO CTEHKU.

Haiinem naBiieHne, Koropoe oKas3bIBaeT 9TOT ra3 Ha IIPaByIO CTeHKY cocy/a. s yupolenust Bbl-
BOJI&, OyJIeM CIUTATDh, YTO BCE MOJIEKYJIbI IMEIOT OJMHAKOBYIO ITPOEKITHIO CKOPOCTH Ha KOOPIUHATHYIO
och OX.

\4

Konnenrparus gacTui] B 3ToM o0beMme OyJieT paBHA

N N
vV Su,At

n =
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9.17 Ocnosnoe ypasaenne MKT raza.

JlaByienne oKa3bIiBaeMoOe Ha, CTEHKY OyJIeT PaBHO

At 2 At 2At

Buech At' 910 BpeMst B3auMOJIEHCTBUS OJIHON MOJIEKYJIBI CO cTeHKoN. Ho mpu cymMMupoBaHun, Mbl
nostyaum At, T.K. HAC UHTEPECyeT U3MEHEHUE UMITYJIbCA HE OHON MOJIEKYJIBI, & BCEX KOTOPBIE 016~
TeJU JIO paBoil crenku. TakxKe MpU CyMMHUPOBAHUK HAJIO YIUTHIBATH, YTO B HAIIPABJICHUU ITPABOWA
CTEHKU JIBUZKETCsI POBHO TIOJIOBUHA MOJIEKYJT N /2, B CHTy XAOTUYIHOCTH JIBUYKEHUST MOJIEKYIL.

ITo Tperremy 3akony HpioTona

ZF' AP, N (=movy — (+movg)) — 2mov N

MoV, N
anCT X = _FCTeHKI/I X = FCTeHKI/I X = At

N =nV = nSv, At

MoV NSV, AL

2
= nmyv>S
At 07w

= F crenku X —
Torma

o FCTeHKMX
P="3

Ho T.K. Bce HamnpaB/ieHHsI paBHOBEPOSTHBI, TO

= nmov?

1
p =nmy(V;) = gnm0<V2>

1
p= gnmo(VQ)

Def. [laBneHue ngeanbHOro rasa npsiMo NpoONOpLMOHaNbHO KOHLEHTPALMIA MOJIEKYT, MAacCe MO-
JIEKY/ 1 CpefiHEMY KBafpaTy CKOPOCTU MOJIEKYII.
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9.18 CuaeacrBusa ocHoBHOro ypaBHenus MKT raza.

1. HpI/I BbIBO/IC O6’b€,H‘I/IH€HHOFO Ira30BOI'0 3aKOHa MbI I'OBOPUJIM O TOM, YTO KOHEYHOE COCTOAHUE
He 3aBHCHUT OT TOI'O, KaKHM o6pa30M B HEro IIollaJdaJI ra3. T.e. HeBaKHO qgepe3 KaKue IoCJIe10-
BaTeJ/IbHbIE€ COCTOAHMNSA IIPOIICJI I'a3.

W3 ocHoBHoro ypasHenns MKT BugHo, 4To gaBneHne 3aBUCUT OT CPEAHEN KUHETUYECKONU SHEPrum
MOJIEKYJT N KOHLEHTPALMN MOJIEKYI.

A MBI 3HAEM, 9TO SHEPTHA 9TO PYHKIMA COCTOAHNA. KOHIIEHTpAISA TOXKE OIPEJIEISIeTCa TOTbKO
KOJIMIECTBOM MOJIEKYJI 1 00beMOM KOTOPBIN oHHU 3aHnMaioT.Cjie10BaTe/ IbHO

,ﬂaBﬂeHMe, obbem u TeMmrnepartypa ra3a eCcrtb Cf)yHKL{MM COCTOSsIHNA

2. Temmeparypa

Def. Temnepatypa - mMepa cpeaHeil KNHETUYECKON SHEPTUM ABVXKEHNSI MOJIEKYII.

p=32n< By, >=23(E) 2N N 3R
= X7 = N_RT (B =
pv = - = P=ENv 3V N,V

OHpe,ZLeJII/IM IIOCTOAHHY IO BOﬂbHMaHaI

R 8,31 2= Tk
k= _——_ = ’ K-moi1b =1.38. 10723_
N, 6-10%momp1 ’ K

B pezysibrate nosydaem ypaBHeHUe, SBJIAIONINECS CTATUCTUYECKUM OIPEJIe/IEHIEeM TeMIIePaTy-
pBI:

(Ey) = ng

T.K. B OCHOBE T€OPHH JIEYKUT IMOJIOKEHUE O JIBUKEHUN MOJIEKYJI, TO PA3yMHO ObLIO ObI CBA3ATDH
TeMIlepaTypy C KMHETUYECKOI 3Heprueil MoCcTylaTeJbHOIO JIBUKEHUS MOJIEKYJI, T.€. OTCUUThI-
BaTbh HEPIAIO0 U TeMIepaTypy OT OJHOI'O YPOBHI.

Def. Toctosinas BonbumaHa sBnsieTCs nepeBoAHBIM KO3PULMEHTOM MEXAY Pa3NnYHbI-
MU n3mepeHusimn TemnepaTypsl [hkoynem n KenseuHom. OHa oLeHUBAET U3MeHeHne
SHEPrUn OLHOI MOEKysbl Npu n3obapHoM HarpeBanuu rasa Ha 1 K u kakyto paboty
MOXeT coBepwnTb 1 Monekyna npu nsobapHom Harpesanuu Ha 1 K

Def. Temnepatypa ecTb KOIMYECTBEHHAS MEPA SHEPTUM TEMIOBOMO ABUXKEHUS MONEKY 13
KOTOPbIX COCTOUT TeNO.
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Cremnenb cBOOO/IBI MTOHSITHE HEOIPEILTIEHHOE.

npl/IHFITO rFrOBOPUTbL, HTO €CJZIN TE€JI0O MOXKET ABUraTbCA Mo TPEM HaripaB/i€HUAM, TO OHO O6J73,43€T
TPpEMA CTEMNEHAMUN CBO60,[{bI.

Hanpumep: y mapuka - 3 crenenn cBOOObI, a y TAHTEU D CTeleHel cBOOO/IbI.

Tornma B obmiem cirydae

?

rJae i -4uc/Io creneHeil cBoOOIbI.
3. OObsicHEHHE U30IMPOIECCOB ¢ TOUKN 3peHns: ocHoBHOrO ypapHerus MKT
e l30TepMuveckuii mporiecce

m = const

2N 9

e lIzobapuueckuii mporecc

m = const 2N <Ek>_3p_
p=const ~ P73V = L —const V4= (B 1= T4

e IIz0xopuyecKuii mporece

m = const 2N D oON
V=const p_§V<Ek> = <Ek>_W—00”5t plt= (Ex) = T1

4. TlocMoTpuM Kak JIaBJIEHHE I'a3a CBA3aHO C KOHIICHTpAIUEl U TeMIIepaTyPOil.
ot =
(Ey) = 3KT r=

Law-> 3akoH Knanevipona [laBneHune raza npsimMo npo-
MNopLUMOHAIbHO €ro KOHLEHTpauun v abcostoTHON
Temnepartype.

5. okazarenbcTBo 3akoHa Jlaibrona

N, N,
kT = —kT + —=kKT +. =
% % v + v + p1+p2+
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