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NPEJUCIOBHE

Co BpeMeHU BbIXOJa B CBET NEPBOTO H3JaHUf 3TOH KHUTH MPOLLIO
Gonee necAatH Jet. Hecmorpa Ha TO, YTO MOYTH OJHOBPEMEHHO MOSABH-
JIOCh HECKOJIbKO XOPOLIHX KHHT, TOCBAWEHHBIX TOMY e pasieny
Kypca obuieil ¢u3MKH, Halma KHUTa Halwla cBoux uutareseil. O6 3tom
CBHJETEJbCTBYET OLICTPOE HCYE3HOBEHHE KHHTH C MOJOK KHHXKHBIX
Mara3vHoB, He HCKMoyas U GYKHHHCTHUECKHX. ‘

3a_uctekiuee BpeMs MHeHHE aBTOPOB O TOM, KaKHUM JIOJXKEH ObITh
Kypc MOJIEKY/IAPHOH (GU3MKH B BbIClieH [IKOJe, He MpeTepnes cyulect-
BEHHbIX H3MEHeHHH, OJHAKO B HACTOALIEM H3JaHUH KHUTA YaCTHYHO
nepepa6oTaHa: HEKOTOpble maparpadbl HAMHMCAHBl 3aHOBO, H3MEHEH
MOPANOK PacroJIOXEeHHA HEKOTOPbIX APYTHX, BBEJEHbl HOBblE mapa-
rpagpl. OTH H3MEHEHHA OTYacTH BbI3BAHBI OIBITOM «IKCILIOATATIMHY
KHHUTH, OTYAacTH — HM3MEHEHHAMU, TPOHCXOJAIUMUE € TEUeHUEM Bpe-
MeHH B caMmofi ¢u3suke.

O6wnfi xapakrep KHHIH, OJHAKo, HE M3MeHWJcA. ABTOpH Haje-
I0TCs1, YTO mepepaboTKa KHUIH MpuBesa K ee YAYHYIUEHHIO.

Monekynapras ¢u3nka, usnaraemas B pamkax obuiero Kypca ¢u-
3UKH, He JOMXKHA, pasymeercs, GbITb HH KYpPCOM TepMOJUHAMHKH,
HH KyPCOM CTaTHCTHuecKol quauki. Ho Ge3 aneMeHTOB Toii u Japyro#
o6oiiTHCh Henb3fl. MIMeHHO aieMeHTH 3TUX (QyHAAMEHTalbHLIX TEOpHi
H BBEJIHbI B KHHUTY. '

Elle MeHee yMECTHbI, 10 HAlLEMy MHEHUIO, B KHHTe, NpeHa3HaYeH-
HOH 1A CTYJEHTOB MepPBOro Kypca, 3JeMEHTbl KBAHTOBOH TeopHH. Ml
OTPaHHUHJHUCh TO3TOMY JIHIIb HEMHOTHMH MPHUMEpaMH, [MOKa3bIBaOLIH-
MH OTPAHHYEHHOCTh KJACCHYECKHX MpeicTaBJeHull.

B HOBOM H3laHHH MO-TIpeXXHEMY YAE/IEHO OOMbIIOE BHUMAHHE 3KC-
NepUMEHTa/bHbIM MeToAaM, HUCNOIb3yeMbIM B U3HKe. MbI cUMTaeM, 4TO
Bech Kypc obuiefi pu3MKH 10/MKeH GBITh 10 TTPEUMYIECTBY KYPCOM SKC-
nepHMEHTabHbIM,



8 NPEAWC/IOBUE

Bo BropoM u3jaHuM, B OTJIMYME OT NEPBOro, HCIOJb3yeTcA TIOYTH
HCK/rouuTeNnbHo cuctema efunuy CH. «[Toutu» — moTomy, uTo ejBa
Jau ¢u3uKa B Gauxaliiuee BpeMs MOJHOCTbIO OTKAXETCA OT CHCTEMBbI
eqnnul CI'C, Kak He OTKaXeTCsl OHA H OT HEKOTOPbIX BHECHCTEMHbIX
eIUHHL, TAKHX, HANPHMEDP, KaK TOp, 3JeKTPOoH-BObT U JAp. Ilo 3Toil
NpUYHHE C eMHUIAMHU, He BXofsiuumu B cucreMy CH, kHura Bce-Taku
3HAKOMHT. [I/f MOJHOTO OTKA3a OT HHX, N0-BHAMMOMY, elile He HACTA/0

BpeMA.
Asmopet

Hos6pe 1975 r.



BBEJEHUE

M3yyas B Kypce MeXaHUKH 3aKOHBI, YIPaBJAAUIHE IBHXEHHEM

TeJ, Mbl HE HHTEPECOBAJMCb, KaKHM 006pa3oM YCTpPOeHbl 3TH Tena,
KaKHMH CBOficTBaMH OHH 06Jafalor. : :
. Tena obGnamaloT Maccoii M HMEIOT ONpeje/ieHHble pasMepbl — BOT
BCE, YTO Mbl-0 HUX 3Ha/H, U V1A H3YUEHHU A ABHMKEHHs! 3TOr0 GbLIO BIIOJIHE
JIOCTATOYHO, TAK KaK TOJBKO OT 3THX CBOHCTB 3aBHCHT pe3y/bTaT Jefi-
CTBHA CHJ Ha Te/lo. MexJy TeM 04eBHJHO, YTO pa3Mepbl H Macca Ten
He MCUepIbIBAIOT Beex UX cBoficTB. OKpyxKalouiye Hac Teja OT/JHYAI0TCA
JPYT OT ZIpyra He TOJMbKO pa3MepaMH ¥ Maccoi, HO U LeJNbIM PAAOM ApY-
rux cBoicTB. U ec/iu Bce 3TH Apyrue cBoOMCTBa He CYLIECTBEHHE! IPH pac-
CMOTPEHHH MEXaHUYECKOTO JBHXKEHHA, TO OCTaJbHble ABJEHUA TPHPO/IbI
TeCHO cBA3aHbl ¢ HUMH. CBoi{cTBa e Tes 3aBHCAT OT TOrO, KaK OHH
YCTPOEHbl, H3 KaKHX uacTeil COCTOAT, KaKHe CHJbl JEHCTBYIOT MeXy
9THMH 4YacTAMH U T. 1. [ToHATHO MO3TOMY, UTO BOIPOC O CTPOEHHH Be-
I[ECTBA ABJIAETCH OCHOBHBIM BOMPOCOM (PM3HKH.

B Hacroseit, Bropoi#, yacTu Kypca QU3HKH Mbl U clefaeM NepBLIH
AT B H3yYEHHH CTPOEHHS BElLIeCcTBa, C TeM 4ToObl B CeyHOUIHUX YACTAX
elile Gosiee JAETANbHO H3YYHTb 3TOT Ba)KHEHIUHH BONMpPOC eCTecTBO3Ha-
HMA, 3aHHUMAIOWKH UEeHTpaJbHOe MECTO B COBPEMEHHOH Hayke.

MOJleKleﬂpHO-KHHeTH"leCKHe npeacTaBleHusi 0 BeluecTse

Tena, ¢ KOTOpbIMH Mbl BCTpeyaeMcsi B OOLIICHHOH »KM3HH (B OCO-
GEHHOCTH TBepJble W XKHJIKHe Te/a), BCerla KaxKyTCsl HaM CIIOIIHBIMH,
T. €. TIOMIHOCTbIO 3aMOHEHHBIMH COCTaB/AIOIIMM HX BeulectBoM. Haruu
OpraHbl 4yBCTB, Ha KOTOpble HEMOCPeCTBEHHO AEHCTBYET OKpYXAMWHH
Hac BHEWHWH MHpP, YCTPOEHbl TakK, YTO CILIOMIHOCTb, HENpPEpPLIBHOCTDb
BelllecTBA KaXKeTcsd HaM OCHOBHLIM H HECOMHEHHBIM ero CBOWCTBOM.
Mexny TeM pAZ ABAEHHH, V)K€ OUeHb aBHO H3BECTHbIX, CBUETEbCTBYET
0 TOM, YTO.HAIUH OPraHbl YYBCTB, BOCIPHHUMAIOIHe TeJja KaK CILIOLI-
Hble, HEmpepbIBHbE, HECOMHEHHO BBOJAAT Hac B 3a0/YxJEHHe OTHOCH-
TEeJbHO UX MCTHHHBIX CBOHCTB.

Xopoluo H3BeCTHO, HaNpPHMEp, YTO NOJ BHEIUHUM BO3JEHCTBHEM HJIH
MOJ BJMAHMEM HarpeBa M OXJaXJIEHHsd Teja MOTYT HM3MEHATb CBOH
00bEM — PacIUUPATLCA M CKUMATbeA. B TOH /M HHOA CTelleHH 3TQ
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OTHOCHTCA KO BceM Ge3 MCKIOUeHHs: TenaM. Takoe u3MeHeHHE oGbeMa
TeJ TPYAHO TOHSITb, €CJAM CUHTATL Teja CIVIOIUHBIMH, €CJAH CYHMTATh,
YTO BEILIECTBO, H3 KOTOPOTO COCTOMT TeJO, 3amOJHSIET BeCh €ro oOheM.
Ho ero nerko o6bsicHUTb, O KpaiHeH Mepe KayecTBEHHO, €CaH Mpe-
TMOJIOXHTb, 4TO TeJia Ha CaMOM Jie/le He TAKOBbl, KAKUMH OHH HAM Ka-
XKyTcs, T. €. He SIBJAAIOTCS CILIOLIHBIMH, a8 COCTOSIT U3 OTPOMHOTO YHC/Ia
OYeHb MaNeHbKHX YacCTHI, HACTONbKO MANeHbKHX, YTO UX HeJb3sl YBH-
JIETb HE TOJBKO HEBOOP Y)XEHHbIM [JIa30M, HO H C TIOMOULbIO HAUJYYILEro
MHKpOCKoia. Pacno/ioxeHsl 3TH YacTHIbI He BIIOTHYIO APYT K APYTY,
a Ha HEKOTOPOM paccTosiHUU. EciH NpUHSATbL 3TO NpelmnoJoXeHHue, To
H3MeHeHHe o0beMa Tel MOXHO OOBSICHHTH TeM, 4TO U3MeHANTCs pac-
CTOSHUSI MexJAy dactuuamd. HaswBaioTcs 3TH Mesbyafilude 4acTHIbI
BELIECTBA MOACKYAAMU (ymeﬂbmmenbﬂoe OT JIaTHHCKOIO CJIOBA, 03Ha-
YaWIIero Macey).

IpencraBieHye 0 MpepbLIBHOM, MOJEKYJSIPHOM CTPOEHMH BEIIECTBa
3apOJH/OCh ellle B r1yOoKoH japeBHoctH. Ho jponroe Bpemsi oHo Oblio
JIMIIb JOTAAKOH BbIIAIOIINXCA YMOB, HEKOTOPBIM THIIOTETHYECKUM TIPE]-
noJjoxeHueM. B Haiue BpeMmsi OHO cTa/lo CTPOHHOH TeopHeH, Xopolluo
TIPOBEPEHHOH ThICSIYaMH SKCIepUMEHTOB. MHOXeCTBO NpsIMBIX H KOC-
BEHHBIX J0KA3aTeNbCTB peasbHOCTH MOJIEKY. TO3BOJAIOT CUHTATh MOJe-
KYJ/sIPHble TpEACTaBIEeHHA O CTPOEHHHM BeIIeCTBA YCTAHOBJEHHBIMH
C JIOCTOBEpPHOCTbIO, KOTOPAs MOXKET KOHKYPHPOBATb CO CTENEHbIO J0CTO-
BEPHOCTH KOMEPHHKOBOH CHCTEMBI.

MHoxecTBo $aKTOB 3acTaBiAsieT HAC CUUTATh, UTO MEXKAY MOJEKY-
JlaMHM B BeleCTBe JIEHCTBYIOT CHJbI OTTANIKHBAHUSI U TIPUTSAKEHHA, 3a-
BUCsIIIIHE OT PacCTOfHHA MeXAY YacTHUaMH. ITo clieflyeT XoTs Obl M3
TOrO0, YTO, HAarpUMEp, NPH CKOJILKO-HUOY Ib 3aMETHOM H3MeHeHHU 06heMa
TBEPJIOTO Teja B HEM BO3HHMKAIOT BechbMa 3HauuTeJbHbE CHJBL $ICHO,
YTO PACTSIKEHHIO TeJa MPENATCTBYIOT CHML NPUTSDKEHH S, a CHRATHIO —
CHABl OTTAJNKHUBAHHUsI Mexay ero Monekynamu. Camo cyimecTBoBaHue
Tpex arperaTHbIX COCTOSIHHI BellecTBa — TBEPJOro, KUAKOTO M rase-
00pa3HOTro — yKasblBaeT Ha CYUIECTBOBAHHE MEXKMOJEKYJNAPHBIX CHA.
B TBepAoM H KUIKOM COCTOSIHUM MOJIEKYJbl NMPUTATHBAIOTCA APYT K
JpYTy HacTOJIbKO, UTO TeJIa COXPaHAT cBOH 00beM, a B C/iyuae TBEp OO
Tena — emte H dopmy. B razooOpa3zHoOM Ke COCTOSIHMH CHJIbBI B3aHMO-
JeHCTBUsT 3HAUMTENBHO MEHbIUE, TAK 4TO Ta3 3amoJHsEeT Bech 1pejo-
cTaB/ieHHbIH eMy 06heM, Kak Obl BeJMHK OH HH ObLi.

dtot nocreaHu# ¢GakT (paBHO KaK ¥ MHOTHE JApYrHe) YyKasbBaeT
elle Ha OAHY BaXHYIO 0cobeHHOCTb yactuy BeuiecTBa. CnpcoGHOCTb
rasa pacmnpoCTpaHATbCsl MO BCeMy oOBeMY cocyla, B KOIOpOM OH 3a-
KJIIOUeH, T0Ka3blBaeT, YTO MOJIEKYJbl ra3a HaXoAATCsl B NOCTOSIHHOM
JIBMXeHUM. Pax CBOACTB rasa mokKasplBaeT TaKkKe, UTC 3TH JABUKEHUS
MOJIEKYJ/T OTJIMYAIOTCs] TIOJMHOH GecriopsiIoUHOCTbIO, XaO0THYHOCTBIO. JTO
“3HaYMT, YTO He CYLIeCTBYET KaKoro-qu0o HampaB/eHHs AIA JABHKEHUS
4acTHll, KoTopoe ObLIo OBl NPeUMYLUEeCTBEHHLIM CPaBHUTENBHO ¢ ApPY-
rumu (Gosiee TOYHOE ONpeJieeHHe XaOTUYHOCTH MOJIEKYJAPHBIX JBHIKE-
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HUH OyJeT JaHO HHXKe). ITO XaoTHYECKOEe JBHXKEHHE MOJEKYJA HOCUT
Ha3BaHue mennogoeo Osusicerus. CBOHCTBO MOJIEKYJ BellecTBa Haxo-
INTbCA B TENJIOBOM JBHXXEHHH HE $IBJSETCS, KOHEYHO, O0COOEHHOCTHIO
MMeHHo rasocoGpasHoro coctosiHua; CocTosiHME BEUHOTO HENpEpPLIBHOTO
IBHXKEHHS B paBHOH Mepe CBONCTBEHHO TAKXKE MOJEKYJNAM XKUJIKOCTeH
H TBEPAbIX TeJ, B KOTOPBIX, OJHAKO, MOJIEKYJAPHbIE ABHXKEHHA HMEIOT
HEeCKOJNBKO MHOH XapaKTep, uéM B rasax.

TakumM 06pa30M, BEIIECTBO COCTOMT U3 MeabYaillkX YacTHL — MoJie-
KYJI, KOTOpble B3aHMOJIEACTBYIOT APYT C APYrOM H HaXOJATCA B Hempe-
PHIBHOM, GECHOPSASOYHOM [BHXKEHUH (TETJIOBOM JABHXXEHHH).

B HeKkoTOpHIX COCTOSIHMSIX BelllecTBa (HampuMep, B Jjia3Me, B HEKO-
TOPBIX KPHCTANA/aX) OT MOJEKY/J OTPBIBAIOTCS OTPHUATENIbHO 3apsKEH-
HbIE YaCTHILI — 3JeKTPOHbL. [IpH 3TOM MoJIeKyJibl MpeBpalaoTCst B NO-
JIOXKUTEIbHO 3apsDKEHHbIE 4acTHLbl — HOHbL. B 5TOM ciyuyae B Temso-
BOM IBHXXEHHH YYACTBYIOT KaK HOHbI, TAK H 3JEKTPOHHI.

Hro ke coofi NpeACTaBIAIOT Te YACTHUBI, H3 KOTOPBIX COCTABJIEHbI
BCE BellecTBa?

Moaekyara — 310 HauMeHbllas 4YacTHUA BelIECTBA, COXpaHsitollas
BCE ero XuMHueckde cBoictBa. He umeer, Hampumep, cMpblcia roeo-
PHTb O MOJIOBUHE MOJIEKYJbl BOAbl, H HE NOTOMY, YTO MOJIEKyJa Heje-
Jq¥Ma, a MOTOMY, YTO €C/HH ee- ApOGUTb, TO NOJYYHBILHECH . [IPH 3TOM
4acTHUBl yxe He GyAyT 4acTHUAMH BOJBL.

CaMu MOJIEKYJIbI MOTYT COCTOSITh U3 GoJiee TPOCTHIX YacTHL, — armo-
Mo8. MosieKyna YIJIEKHC/IOTO ra3a, HalpUMep, COCTOUT H3 TPeX aTOMOB!
OJHOTO aTOMa YTJepoJa H JIBYX — KHUCJIOpojAa. Eciau pasnuuyHbIx BUIOB
MOJIEKY/T H3BECTHO OTPOMHOE YHC/IO (MHJLJIHOHBI), TO PasjHYHBEIX aro-
MOB COBCeM HeMmHoro. B Hacrosiiee Bpemsi u3BectHo 105 pasiudHbIX
BHIIOB aTOMOB, NPHYEM B MPHPOJE HX BeTpevaeTcst Beero 88, a 17 mony-
YeHbl B TOCAEAHHE TOJbl HCKYCCTBEHHBIM MyTEM. 310 aTOMbl TaK Ha3bl-
BAEMbIX Xumuueckux 3jemenmog. HeMHOrHe TO 4HCAy aTOMBI XUMHYe-
CKHX 3/1EMEHTOB, Pa3JH4YHbIM 00pazoM KOMOGHHHMPYACH APYT C APYIOM,
¥ o0pa3yT MOJMEKYJ/bl BCEr0 OTPOMHOIO pa3HooOpasHusl BelEeCTB B OK-
pYKaloleM Hac MHpe.

B HeKoTOphIX cAyyasiX MOJIEKYJbl OKa3blBAKOTCSl COCTABAEHHBIMU H3
HeGONIbILOTO UYHCJIA OJMHAKOBBIX aTOMOB. TaK ycCTpOeHbl, HampuMmep,
B OGBbIYHBIX YCJOBHSIX MOJEKYJbl HEKOTOPbIX ra3oB — Kucaopoga (O,),
Bojopoaa (H,), azota (N,) u ap., cocrosiiye H3 JIBYX aTOMOB COOTBET-
CTBYIOUIETS XHMHYECKOTO 3JIEMEHTa.

Mgl yrnoMmsiHy/IM 37ieck 06 «OOGbIYHBIX YCJIOBHsIX» MOTOMY, 4TO MoJie-
KYJIbl MOXHO pacClllelIuTh Ha COCTaBJsIIOLIME HX aTaMbl. Takoil mpouece
paclIeN/IeHHs] MOJIeKY HasbiBaeTcs duccoyuayued. Mosiekyisl MOTyT
AMCCOUHHPOBATL NMOA ACHCTBHEM BLICOKOM TeMIepaTypbl M HEKOTOPBIX
JIPYTHUX BHeIUHUX (aKTOpOB.

Pasmepsl MoJI€Kya M aTOMOB uYpe3BbMaiHO Manel. Ecau mpepacra-
BUTb ce0e 3TH 4acTHUBl B BHJE MadblX [UAPHKOB, TO, KakK 3T0 GYyJeT
TI0Ka3aHO HUXKe, UX Pajuyc UMeeT YHC/TeHHoe 3HaueHHe nopsiaka 1078 em.
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3aTo yHc/o YacTHl HeoObYaiiHO BeMKo. B ofHOM rpaMMe Boanl, Hanpu-
mep, copepxurca 3,3 .10 mosekyn. Crnoco6bl 3KCHepHMEHTAJIbHOTO
OINpefieJieHH s pasMepoB M YHCJAA MOJIEKY GYIAYT OMUCAHBl B COOTBETCT-
BYIOIIEM MecTe Kypca.

TakoBbl B 06IMX YepTaX OCHOBHblE MpEACTABAEHHA MOJIEKYJIAPHO-
KHHETHYECKOH TEOPHM CTPOEHHA BElEeCTBa, Jexalllie B OCHOBE MO-
JIeKY/ApHOH (H3HKH, KOTOPOH MocBAlEHa 3Ta Kuura. IIpeaMeroM mo-
JEKYNApHOH (U3UKH ABJAAETCHA M3YYeHHe TeX CBOHCTB BellECTBa, KOTO-
pbie 06GYC/NOBJIEHH HMEHHO TEM, YTO OHO SIBJAAETCS COBOKYIHOCTBIO
OTPOMHOTO YHCJAa IBHXKYUIHXCA MOJEKYI.

Kak ycTpoeHbl aToMbl

B srt0off KHUre OYAyT paccMaTpUBaTbCsl TJIABHBIM 06pasoM Takue
¢U3HYeCKHe ABJEHUA U NMPOLECCHl, I ONUCAHHA U OOBACHEHUA KOTO-
pblX JOCTATOUHO 3HATb O YACTHLAX BELIECTBA TOJBKO TO, YTO OHH MaJibl
M 49TO HX MHOTO. JTH fABJEHHS MOXHO .00bACHHTb M KauyecTBEHHO, H
KOJIUYeCTBEHHO, €CJH CYUTATb aTOMbl (3 M3 HUX COCTABJEHB U MoJie-
KYJIbl) MaJeHbKUMH TBepAbIMH YIPYTHMH LIapHKaMH, OTJHUYAIUIUMHCH,
Hampumep, OT OWJIMApAHBIX 1IApPOB TOJIbKO CBOMMH pasmepamu. Ha
CaMOM JieJie 3T0, KOHEUHO, HE COOTBeTCTBYET AEHCTBHTENbHOCTH, HO I/
paccMaTpHBaeMblX FBJEHMH 3TO HE CYIIECTBEHHO, TaK XKE KaK 1pH
U3YYeHUU MEXAHUYECKUX JBHXKEHHH He UrpaeT poJiM ToT GakKT, UTo Teja
COCTOAT U3 OTJEAbHBIX YacTHL, a4 He SIBJIAIOTCHA CILJIOILHBIMH.

Ho B HeKOTOpBIX C/iyyasx Mbl BCE K€ HE CMOXKEM OBOHTHCH TAKHMH
TIPOCTHIMH TPEJACTaBJACHHUAMH 00 aToMax M JAOJKHBL 6YJ€M Y4ecTb, UTO
aToM He fBJAETCA MpejesoM JeJeHHd BelllecTBa, UEM-TO, HH H3 4ero
HE COCTOSAILUM, KaK JyMa/i JPEeBHHE aTOMMCTBL (C/IOBO «aTOM» H O3Ha-
yaeT HejenuMbid). [ToaToMy. MBI 37echb KPATKO H3JOXHM COBPEMEHHBIE
NpeJicTaB/eHHA O CTPOEHHUHM aTOMOB, He MPUBOJA, OAHAKO, T€ KCIEPH-
MEeHTa/MbHBIE M TEOpPEeTHYECKHE JaHHbIE, KOTOPblE MPUBONAT K 3THM
npexcras/enysiM. O HUX YUTaTeNb Y3HaeT B JIPYrMX 4acTsiX Kypca.

CyuiecTByeT MHOXeCTBO (aKTOB, YKas3blBaIOWMX Ha TO, YTO B aro-
Max CofiepKatcsi MEKTPUUECKH 3apshKeHHble yactulbl. IIpexpe Bcero
3TO0 CJAeLyeT U3 CaMOTo CYUIeCTBOBAHUs! 3JEKTPUUECKHX U MATHUTHBIX
ABNeHU. Kak H3BeCTHO, 3/MEKTPUUECKUE SIBJEHMsI CBSI3aHBI C OCOGHLIM
CBOHCTBOM TeJl — 3/JEKTPUUECKUM 3apsiioM, a MarHUTHbIE — C JIBHXY-
IMMMHCS] 3apsilaMH (MeKTPHUECKUMH ToKaMH). Tak KakK HOCHTEJsIMH
3JE€KTPUYECKHX M MATHUTHBIX CBOHCTB BCErja SIBJSIIOTCSI Tesa, a BCE
Teflda B KOHEYHOM CYeTe COCTOSIT W3 aTOMOB, TO aTOMbl HETPEMEHHO
JOJKHBL CONEPXKAThb ABMXKYLIHMECS 3JMEKTPUUECKHE 3apsifibl.

B Hacrosiiiee BpeMsi HaJ€XKHO YCTAHOBJEH He TOJbKO CaMbld ¢AKT
CyIleCTBOBaHHsl B aTOMaX ABMXKYIUMXCS 3apsKEHHBIX 4acTUll, HO CTOJb
e HaJeXXHO BbISICHEHA W «apxuTekrypas aroma. OpHako, mpexje
yeM MpeACTaBUTb COBPEMEHHYIO KAapPTUHY CTPOEHHsI aTOMOB, HeoGxo-
JUMO paccKas3aTb KO€-YTQ O TeX 3aKOHaX, KOTOpble YNpaBJsiioT BHYT-
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pHaTOMHBIMH npoueccaMd. TIpH H3y4YeHUHM TaKHX MPOLUECCOB BhIACHH-
JIOCh, UTO OHH He MOTYT ObITh TIOJIHOCTBIO ONUCAHBE C TTIOMOILLbIO OGBIYHOH,
TAK Ha3biBaeMoH KJjaccHuecKofi, MexaHuku. BoJsiee Toro, K HHUM, Kak
0Ka3a/10Ch, BOOGlIe HENMPpUMEHUMB OGbIYHbIE HAr/AAHbIE TIpeCTaBACHH
0 JBHXEHHH. B 3TOM HeT HHYero yJIMBHTE/NbHOTO, TaK Kak Kjaccuye-
CKasi MexaHWKa Pojiuiach U3 HaGaIOIeHUN HaJl IBHXKEHUAMH TeJs 6OJb-
WX MaciutaGoB, KOTOPhHE Mbl MOXEM BUJETb M owyuiatb. YacTHupl,
M3 KOTOPBIX COCTaBJE€Hbl aTOMbI, Ma/ibl JaXe 10 CPaBHEHHIO C CaMHMH
aToMamu. HUx pasMepsl umeror nopsagok 1072 M, T. €. B ¢TO MU/IHOHOB
pa3 MeHbllie YacTHUB!, Pa3JHYMMOil B ONTHYECKOM MHKpocKome. Macchl
K€ 3TUX 4acTdl Jjexat B npegenax ot 1022 no 10727 r. [Iasa cpaBHeHuUn
YKaXKeM, UTO Ha JIYYLIHX COBPEMEHHBIX BECAX MOXKHO B3BECHTDb YaCTHLE,
Macca kKoropbix B 10—10?! pas Gosbiue.

Best cOBOKYNHOCTE ONBITHBIX JI@HHBIX MOKAa3bIBAET, YTO MO Xapak-
Tepy CBOEro [BHXKEHHA W TO JPYriM CBOHCTBAM ATOMHbIE YAacTHILbI
KayeCTBEHHO OTJHYaloTcA OT OGBLYHBIX TeJ, paccMaTpHBaeMblX B Me-
XaHHUKe.

Uactuupl, o6pasyouye atoMel, o61afaoT ocobbiMH, TaK HasblBae-
MbIMH KBaHTOBbIMH, CBOHCTBAMH Y TIOJUMHAIOTCA 3AKOHAM - K8AHMIOEOLI
MexaHuKiy. 3aKOHBl 3TH TAKOBbl, YTO HeJMb3f JaTb TOYHOE U B TO XKe
BpeM# HarJsjJHOe ONMUCAHHE ATOMHOH CHCTEMBI H €€ JBWXEHHI, TaKoe
OTIHCAHHE, KOTOPOE NO3BOJHAC Gbl HAM TpeCTaBHTb ce6e ee reoMeTpH-
YecKHH U MeXaHH4ecKHH o6pasbl, ¢ KOTOPbIMH U CBS3aHO TO, YTO Ha3bl-
BaeTcs HaragHocTbio. [TosTOMy Mbl BBIHYXJAEHBI 3J€Ch MpeHeOpeub
CTPOTroH TOUHOCTHIO pajid HAIVIAAHOCTH W JaTh rpy6ylo, 3aBeJoMO He-
BEPHYIO, HO 3aTO MOXOXYI HAa MeXaHHUeCKylo, KapTHHY CTPOEHH
aToMma. :

CorsiacHO 3TOH «MEeXaHU3UPOBAHHOH» MOJENH aroM NPeACTaB/fAeT
coGoit MHHHATIOpPHOe TojJo6He MiaHeTHOH cucTeMbl. B UeHTpe ee pac-
TIOJIOKEHO «COJIHUE» — amomnoe AApo, KOTOPOE 3apsKeHO IOJIOXKH-
TeJbHO, 4 BOKPYT HEro BPalAOTCsl «IAHEThl» ~— OTPHUATENbHO 3api-
JKEHHbIE YaCTHLbl — JAeKMpPOHsl. 3aMETHM, 4YTO 3JEKTpHUECKHH 3apsf,
paBHbIH (M0 a0COMIOTHOH BeJHYMHE) 3apAly 3JEeKTROHa, SABAAETCS
cBoeoOpa3HbIM «aTOMOM» 3JIEKTPHUECKOTO 3apfAfa: B MPUPOJE He cyllecT-
BYeT 3JeKTPHUECKHUX 3apsi/ioB, MEHbIUUX 3apsijia 3ME€KTPOHA, H Bce 6e3
HCKJIIOYEHHA 3JIEMEHTAPHbIE YACTHIBI, KAKOBb Obl HM ObLIH WX CBOHCTBA
M TpHpofa (a TaKWX HacTHl ceHyac H3BECTHO HECKOJbKO JIECHATKOB),
JI160 BOBce He UMEIOT 3apsifa, Jubo o6najaiT 3apAAoM, YUCIEHHO Pas-
HbIM WM KpaTHeIM 3apsny saektpona (1,6:1071% kynoua). IlonsrHo,
YT0 JIFOGOH NEKTPUUYECKHH 3apAJ — MOJIOXKHUTENbHBIH HJIH OTPHLATEb-
HBIH — HENpeMeHHO KpaTeH 3apsajfly 3/J€KTPOoHa, TaK UTO 3apsj 3JEKT-
POHa MOXeET C/IYXKHTb CBOEOOPA3HOH eIMHULUEH 3JMEKTPHUECKOTO 3apAja.

dnekTpUYECKHe CHJbI TPUTSKEHHA, AEHCTBYIOUIHE MEXIY fAJpOM-H
3/IEKTPOHAMHU, YIEPKHUBAIOT 3JEKTPOHBl BOKPYT AJApa M UIpaiT B aToOMe
TY XK€ poJib, KaKyl0 B «HACTOAIIHX» ILIaHETHBIX CHCTEMaX HTrpaior
CHJIBI BCEMHPHOTO TATOFEHHA. '
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ATOMbl pasMYHbIX XUMHUECKHX 3/MEMEHTOB COJAepxKatr B cebe pas-
JIMYHOE HHCJAO 3/€KTPOHOB. DTUM OHM M OTJIMYAIOTCA APYr OT Apyra.
Ho He TobKO 3THM. Tak Kak B HOPMA/JbHbIX YCJAOBHSIX ATOMHKI SJEKT-
PHYECKH HeHTpa/bHBI, TO 3TO 3HAYUT, YTO CKOJBKO Obl 3JEKTPOHOB
HHY COJEPXKAnochb B aToMe€ TOTO WJH MHOLO 3/eMeHTa, HX oOWMil oTpH-
uarte/bHblfl 3apAN o/KEH ObITb YHCAEHHO PaBeH MOJMKUTELHOMY 3a-
pady Aapa aToMa. 3HaYHT, He TOJBLKO YHCJAOM 3JEKTPOHOB, OKpYyXKalo-
IHX ALpO, HO M BEeJUYMHOHN 3apdja Ajfpa OTJAMYAIoTCA aToMHEl pas3fny-
HBIX 3J€MEHTOB JAPYr oT Apyra. Kak Mbl yBUAHM, 3T0 pa3nuuue GoJjee
Ba)KHO, Y€M pa3HHLaA B Yiic/e 3/1eKTPOHOB..

B nepuoauueckoii cucteme JI. M. MeHnzeneeBa 3/7€MeHTHl PACIOJIO-
XeHbl B MOPsiAKe BO3pactanusl 3apsja aTOMHbIX sjep. llopsiikoBbli
HOMep Z s/ieMeHTa B 3TOfi Tabule NpeacTaB/sieT co60i 4HC/10, NOKA3bi-
Balolllee, BO CKOJIbKO pa3 MONOXKHTENbHBIH 3apsij siipa atoMa Gosiblue
3apsifia JeKTpoHa. 3apsif siapa Mo a6CoMIOTHON BelHYHHE paBeH Ze,
TIe €, — 3apsii 3/JEeKTPOHA. 3HauuT, NOPSJAKOBLIH HOMEp 3/1EeMEeHTa
B TabGnuiue MeHJeneeBa HeMOCPeACTBEHHO JdeT HaM YHCJIO 3JEKTPOHOB
B aToMe, KOrja OH 3JeKTpHUYecKH HeHTpaseH.

310 mocneHee 3aMeyanue 0ueHb CYILECTBEHHO, TAK KaK ATOM MOXET
cojiepaTh U GoJibllie ¥ MeHblle 3JeKTPOHOB, YeM 3ITO Tpebyercst Afsl
KoMIeHcaldy 3apsijia siipa. Jlesio B TOM, 4TO OT aToMa MOXXHO OTOPBaTh
OJMH UM HECKOJbKO 3MEKTPOHOB, YTO OOGBIMHO He TpebyeT ocoGeHHO
GoJibIUMX YCHIME TOTOMY, YTO BHEIUHHE, HauGoJsee yHaJeHHble OT sijpa
3MEKTPOHBI CPaBHUTENBLHO /1260 CBsi3aHbl ¢ sIAPOM. SIApo OpH TakoM
OTPHIBE 3JIEKTPOHOB HE MpETEPNEBAET HMKAKUX H3MEeHeHHH, HO 3apsij
€ro yXKe He KOMIEHCHPYETCs 3apsiIoM OCTABIUUXCSH 3/1€KTPOHOB H aTOM
nepecrtaer GbITb HEHTPAIbHLIM, a [IPeBPALIAETCA B MOJOXHUTEABHO 3apsi-
XeHHbfl uor. C Apyrofl CTOpPoHBl, K HeHTpanbHOMY aTOMy MOXET H
[IPHCOEJHHUTLCS «IHLIHHUIY 3J€KTPOH, B PE3yJkTaTe YEro aTOM CTaHET
OTPHUATETLHO 3apsXKEHHBIM HOHOM, TAK KaK MU B 3TOM ciaydae 3apsij
slpa OCTaeTcsl HEU3MEHHBIM.

HMonusauus aToMoB MoxeT GBITb OCYyUIeCTB/IeHA Pa3JHYHBIMU CIOCO-
6aMH: TpeHHeM, HarpeBaHUeM, OCBELIEHHEM TeJ, ylapaMH ObICTpPHIX
4acTul, B pe3ysbTaTe XUMHuecKo# peakuuu H T. 4. OT aToMa MOXXHO
OTOpBATb U BCE €ro 3/JeKTPOHb, HO B CJydae MHOTO3/EKTPOHHBLIX aTo-
MOB /sl TAKOH MOJHOH ‘HOHU3auMH TpebyeTcsl 3HaYUTEbHO OoJjiee
CHJIbHOE BO3/leHcTBHE, UEM Jyisl OTPhIBA TONLKO BHELUHHX 3JEKTPOHOB.

Yacruupl, o6pasylollye aToMmbl, — 3J€KTPOHBI H sipa, — HUMEKT
NPUMEPHO OJHHAKOBble pasMepbl — oKosio 107 cM, B TO BpeMsl Kak
aTOM B LENOM HMeeT pasMepbi okosio 107% M. 3HauuT, YacCTHUBI, U3
KOTOPBHIX COCTOMT aTOM, MHOTC MeHblue, YeM OH CaM, TaK XKe KakK pa3s-
MEpLI TJIaHeT COJHeYHOH cucTeMsl u caMoro CoJiHIa Masbl 10 cpaBHe-
HHIO C pafiMiyCaMH MJIaHETHLIX OPOHT.

Yto Kacaercsl Macc aTOMHBIX YacTHIL, TO siApa W 3JEKTPOHbI CHIBHO
OT/MYawTcs Apyr ot apyra. ITodtu Bcsi Macca atoMa CKOHLUEHTPHPO-
BaHa B €ro siipe, Tak 4To Ha JOJI0 3JEKTPOHOB OCTAaIOTCS JIMIUb THICSY-
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HbIEe JOJHM OT Macchl aToMa. Tak, HampuMep, Macca sijpa atoMa XKenesa
paBHa npu6ausutenbro 9-102* r, a Macca Bcex 26 3/1eKTPOHOB aToMa
xenesa paBHa 2,3:.107% r, Tak uro Macca siapa xenesa 6Gosee uyeM
B 4000 pa3 mpeBOCXOAHT Maccy 3/J€KTPOHOB aToMa.

AToMHOe spo, HeCMOTpSI Ha ero KpaiiHe MaJikle pa3Mepbl, TOXe
HMeeT cloXHoe crpoeHde. OHO COCTOMT W3 YaCTHI JBYX BHJOB: 10JIO-
XKHUTEJbHO 3apsLKEHHBIX APOMOKO8, 3apfj, KOTOPbIX UYHCNEHHO DaBeH
3apajlly SJEKTPOHA, U HE3apSIKEHHBIX HelmpoHos, 0be 5TH silepHLe
YacTHIibl YacTo OGBEIUHSIOT OJHHM HMEHEM — HyKkaoHe. Macca atux
YacTHL TMOYTH OJMHAKOBA H paBHa mpumepto 1,7-107% r. OueBupHo,
YTO YMCJIO MPOTOHOB B s1ipeé PaBHO YHCY JEKTPOHOB B 3/J€KTPOHHOH
06o/10uKe aToMa (KOrJa OH HeHTpanen).

Yucio TpOTOHOB B SJpE paBHO, CJEN0OBATENbHO, TOPANKOBOMY
HOMepYy 3JeMeHTa B- Tabnuue MeHpeneeBa, U HMEHHO OHO OmNpeje/nder
XHMHYECKYIO HHIMBUIYANbHOCTh 4TOMa, & HE YHC/IO 3JEKTPOHOB (M0-
cAejlHee, KaK Mbl BHJEJIH, MOXHO JIETKO H3MeHHTh). Eciu, Hampumep,
OT aToMa Xefe3a OTOPBATh OJHH H3 e€ro 26 371eKTPOHOB, TO MOJYYHTCS
HOH, HO JoH xene3a. Ho eciu BeipBaThb M3 Afpa aToMa xenesa oJHH
IIPOTOH (3TO TOXE MOYKHO c/ieJiaTh, HO COBCEM JPYTHMH CpeJICTBaMH),
TO 3TO TNpPHUBEJET K KOPEHHOMY H3MEHEHHIO CBOHCTB atoMa — aToM
JKee3a MpeBpaTHTCA B aTOM MapraHua.

Korpa Mbl ykaswiBanu Bbille, YTO B HAcCTOALIEE BPEMA H3BECTHO
105 pa3nuuHBIX aTOMOB, TO Mbl HMEJIH B BHAY, 4To cyuectsyer 105 ato-
MOB ¢ Pa3JMUHbLIM YHCJAOM TpoToHOB, 105 pa3nu4HbIX XUMHYECKHX aJe-
MEHTOB.

Uto Kacaercsl HefiTpPOHOB, TO B fA]jpaX aTOMOB OJHOTG M TOTO IKe
37€MeHTa UX MOXeT ObiTb M pa3jiuyHoe uucho. Tak, Hampumep, B sjpe
atoMa xeje3a NMOMHMo 26 mpoToHoB coaepxutTca 30 HeHTPOHOB (3TO
HaHuboJsiee pacrpocTpaHeHHOe AP0 Keje3a, YUCAo TaKuX ajep B obbld-
HoM xenese cocrasiaser 91,7%). Ho ectsb U Takue sjpa xene3a, B KOTO-
pBIX 4HCJIO0 HeHTPOHOB (MpH Tex e 26 mpotoHax) pasHo 28, 31 u 32.
Y Bcé 310 — Aapa xene3a, H XUMHYECKHE CBOHCTBA aTOMOB C TAKHMH
Pa3NUUHBIMH SJIDAMH COBEpILEHHO OJMHAKOBLL. [HeonHHAKOBBHl TOJIBKO
UX Maccel. Takue aToMbl, AApa KOTOPBLIX OTJAHYAIOTCA ApYT OT Apyra
TOJIBKO YMCJIOM HEHTPOHOB B HHX, HasbBalotrcs usomonamu. Eciu
CYHTATb, YTO ATOMBI-H30TONbl — 3TO Pa3Hbe aTOMBI, TO HX YHC/IO 3HAUH-
TesibHO GoJsiblile M B Hacrosiuiee BpeMs pocturaer 1200, Crnepyer 3ame-
THTb, YTO XOTS AaTOMbl H30TOTOB 1O CBOMM XHMHYECKHM CBOHACTBAM He-
OTJHYHUMBI JPYT OT ApYra, HEKOTOpble CBOHCTBA UX AJep MOTYT Kapju-
HaJbHBIM 06pa3oM pas3ivyaThCA.

Sl nepHble 4acTHUB! (IPOTOHLI U HEHTPOHLI) CBA3aHBLI APYT C IPYroM
B AJipe 0cOGLIMH CHJIAMH TIPHTSKEHHA — SAJEPHBIMH CHJIAMH, KOTOpBIE
He ABJAOTCA HU 3JEKTPHUECKHUMH, HH rpaBuTalHoHHbIMU. [lo cBoeil
BEJIHUHHE OHH B MUJLIHOHBI Pa3 MPEBOCXOAAT T€ IEKTPHUYECKHE CHJIHL,
KOTOpbe CBA3LIBAIOT MeX/y COGOH 3/MeKTpOHBl U fAipa. VIMeHHo sgmep-
Hble CHJIBI H ABJAITCA HCTOUHMKOM TaK Ha3blBaeMOH aTOMHOH SHEpTrHH.
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BaxHo!t ocoGeHHOCTbIO 3THX CHJ ABJAAETCA TO, YTO OHH JEHCTBYIOT
TOJIBKO TOTJA, KOTJa PaccTOAHHEe MEeXIY HYKJIOHAMH O4YeHb Majlo —
nopsazKa pasmepoB Ajxpa. C yBesHUeHHeM PacCTOSHUA OHH Pe3KO YMEHb-
watored. [TosToMy siiepHble CHJIBI 4AaCTO HA3bIBAKOT KOPOTKOJEHCTBYIO-
IMMH CHJIaMH.

HekoTopeie 0COGEHHOCTM KBaHTORBIX CHCTEM

Kak yxe ynoMuHamoch, aTOMHble YacTHUbI MOAYHHAIOTCA OCOGHIM
3aKOHAM — 3aKOHAaM KBAaHTOBOH MeXaHHKH.

['naBHas 0coGeHHOCTb 3THX 3aKOHOB, OTJHMYamOllad HX OT 3aKOHOB
KaaccuyecKod (HM3WKH, 3aK/iyaeTcs B TOM, Y4TO BeJHYHHBI, XapakxTe-
pH3YIOlNe JBHKEH e YaCTU LI B aToMe (HalpuMep, SHepTHA U HMIYJIbC),
MOTYT NIPHHHUMATb He JIoOHE, @ TOMbKO BIOJIHE Ofpefle/eHHble 3Haue-
HHA. Bee e Apyrue MbICTHMbIE 3HAYEHHA 3anpellieHbl. Tak, Hanpumep,
ecid Mbl O6y/ieM TOJb30BaThcA OMMCAHHOH Bblllle KAPTHHOH CTPOEHHA
aToma (KOTopafl, NpaBja, yKe 3HauHTe/bHO yCTapena), TO Mbl JOJXKHBI
6yneM cKasaTb, 4TO pajHychl OpGHT, Ha KOTODBIX 3/EKTPOHLI 06pa-
IaloTCs BOKPYT AJpa, MOTYT MMETb TOJIbKO ONpejeseHHbie H36paHHbIe
3HAYeHUH, 4 HA JPYTHX OpOHTAX HIEKTPOH HU TPH KaKHX YCJIOBHAX
HAXOMUTbCA HE MOXKET. -

Hanpumep, B mpocrefilueM U3 aToMOB, B aToMe BOAOPOJa, ero eIuH-
CTBEHHBIH 3/JEKTPOH B HOPMA/bHBIX YCJIOBHAX BpalllaeTcsi BOKPYT
afpa Ha op6uTe pajuycom r, = 5,3-10%. ¢cM H HM npH Kakux oberos-
TEJIbCTBAX HE MOXET HaXOJAUThCA ellle GaMxe K AApy. 10 — camoe
MaJioe U3 J03BOJIEHHBIX TIPHPOJNOH PACCTOSHMH, Ha KOTOPOE 3JEKTPOH
B aTOME BOJIOPOJa MOXeT OTCTOATh OT Aapa. Bropas, Gosee yjaneHHas
oT A7pa «paspellieHHas» op6UTa UMeeT paauyc B 4 pa3a 6oJbluuii, ueMm
nepsas, Tperbd — B 9 pas, derBepras — B 16 pas u 1. . Ho Haxo-
JUTbCA Te-HUOYIb MEXAY 3THMH J03BOJEHHBIMH ODOUTAMH 3/1E€KTPOHY
«3a1peleHoy. '

[TpaBna, 3/eKTPOH MOXKET MEePeXOiNTh C OAHOH H3 JO3BOJEHHBIX
op6UT Ha IpYrywo, HO TakKoH nepexoj] JO/KEH NPOUCXOJUTH BechbMa
CTPaHHBIM C TOYKH 3peHHA OObLIMHOH JIOTMKM 06pa3oM: NpH mepexoje
¢ OJIHO¥ OpGUTH Ha APYTYIO AIEKTPOH HE MOXKET HAaXOJHTbCA HH B OJHOM
U3 TPOMEXYTOUHBIX nosoxeHuil. [lepexon Jo/KeH MPOUCXOMUTH CKay-
KOM. D/MeKTpoH Kak Obl ucue3aer Ha OJHOH opOUTe W MOSABJAETCHA HA
apyrofi. Pasymeercs, vactvua, cieiymowas 3akoHaM OObIMHON Mexa-
HUKM, TAKHM 0Gpa30M «CKaKaTb» HE MOXKeT.

BrnpoueM, Kak yka3sbBajoch Bhilile, KapTHHA aTOMa KaK HEKOTOPOH
MJIaHETOTNON0OHOH CHCTEMbl Ha CaMOM Jiefle He OTpaXaeT HCTHHHOTO
CTPOEHHS aToMa, U OT 3TOH KapTHHBI Jydlie Boo6ule OTKa3aThesd, 3a-
MEHUB ee WHOH, He CTOJb HArJALHOH.

Op6uTam Haluedl MexaHHYeckofl MOJENH aToMa MOXKHO CONOCTaBHTh
OTpefie/ieHHble 3HAYEHHA SHEPTHH 3JeKTpPOoHa, TaK KaK, ABHTafAchb Moj
JeHCTBUEM CHJI TIPUTAXKEHHA K AApY, 3/MeKTpOH o0safiaeT KHHETHue-
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CKOH M TOTEHUMANbHOR 3Hepruell, pasjuuHO# Ha pasHbIX OpOHMTaX.
ITostomMy BMecTO TOTO, 4ToGbl [GBOPUTL 06 OpOHTaX, Ha KOTOPLIX Bpa-
1aeTcd 3MEKTPOH, YacTo TOBOPAT 00 aHepeemuveckux YyposHsx, Ha
KOTOpbIX OH HaxojutcA. To, YTO MBI paHbiue Ha3wBaid TEPEXOAOM
2MeKTpOHAa ¢ OJHOH OpOUTHI HA APYIYIO, €CTh HA CAMOM JeJsie He Mpo-
CTPAHCTBEHHLIH TEPeXojl, a NMepexoj 3HePTeTHYECKHH: TePexojl H3 co-
CTOSIHHA C OJHUM 3HAYEHHEM SHEPTHH B COCTOSHHE C JPYToil sHeprueil.
Pa3symeercs, TakKue NepPeXoJbl TOXE TPOUCXOAAT CKAYKOM: 3HEprus
3MeKTPOHa U3MEHsieTcs Ccpasy Ha OMpeleNeH-

HYIO BeJTUUHHY (KBaHT), MUHYS BCE NMEOMEXYTOY- | A -
Hble 3HaueHHA. B KnaccuuyecKoi MeXaHHKe TaKHe e 5
CKAauKH, KOHEUHO, HEMbICAUMbL B Tex ciyuasx,

KOTJla HaM TMPHUJETCHA HCMOJb30BaTh MpPEACTaBJIe-
HHMA O CTPOEHHMH atoMa, Mbl 6yleM NoJib30BaTheo
KOHUenuueil sHepreTHUeCKUX YpOBHeH, a He
3/IeKTPOHHbIX OPOUT. ’ ,

Ha puc. 1 mpeacraBieHa cxeMma 3HEPTeTH-
YeCKHX YPOBHell 3/eKTpOHa B aToMe BOJIOPOJA.
Kaxk1as W3 ropu3oHTaNbHBIX JIMHHH YCJIOBHO
IIpeJCTaB/IseT oNpefie/ieHHOe 3HayeHHe SHEepPrUH
sfekTpoHa. HMXHHE ypoBeHb COOTBETCTBYET
HaWHH3LWEH BO3MOXHOH SHEPTHH 3JIEKTPOHA,
B atoMe BOJOpoja OHa paBHa 2,2-107'! spr,
uiv 13,5 anektpon-Bosbt (1 3B = 1,6 1072 spr).
Ha 3TOM ypoBHe 3/1eKTPOH H HaxXoJUTCH B HOP-
MaJbHbIX YCAOBHAAX (3TOT YPOBEHL COOTBET-
cTeyer Gauxaiiueli K AApy Op6HTe B «Iia-
HertapHofi» Mogenu). Bonee BbicokHe ypOBHH —
3TO TOXE «JI03BOJIEHHBIE» YPOBHH,- HO 3JIEK- Pue. L.

TPOH MOXET TomacTb Ha HHUX, TOJbKO THOIJO-

THB 3Hepruia u3BHe. Ho W mor/joTuB 5SHEpPruio u nepeiigs Ha Gojee
BBICOKHII ypOBEHb, KOTOPBIi B 3TOM CJyuyae HasbBaeTca Bo30yXK-
IEHHBIM, 3J€KTPOH HEJO/Ir0 Ha HeM ocTaercs. Yepe3 odeHb KOpOT-
Koe BpeMsl OH BepHercs Ha HMKHUM ypoBerb. IIpu 310M Hcnyckaercs
nopuMs (KBaHT) CBeTa, SHEPTHA KOTOPOH PaBHA 3HEPTHH BO30YXKIEHHUS.
YHCo «103BOJIEHHBIX» ypOBHEH OGCKOHEYHO BeNHKO, HO YeM Bhillle
YPOBHH, Te€M OsHKe (B SHEpreTHYECKOM CMBIC/IE) OHH JAPYL K JApYTY,
Kak Obl CIMBasCh B 3HEPTETHYECKYIO MOJOCY.

Tenepb cTaHOBUTCA MOHATHOH NMPHPOJA CHJ, JEHCTBYIOUIHX MEXIY
MoJiekyaaMu uau atomamu. [TocKosMbKY aToMbl COCTOAT U3 aJleKTpHYe-
CKH 3apfXKEHHBIX YacTHL C 3apAjaMH OGOMX 3HAKOB, TO MEXAY HHUMH
JIOJKHBI JIeHCTBOBATh KaK CH/bl NPHUTAXEHHUS, TAK M CHJBl OTTaJ]KHBA-
uusd. Ho cHsibl 3TH UMEIOT 0UEHDb CJIOXKHBIH XapaKTep, TaK KaK B KaxI0M
aTOME COJIEPXKUTCA MHOTO 3apSKEHHBIX YaCTHIL '
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KUHETUYECKAS TEOPHA UAEAJIbHbIX FA30B

§ 1. UpeanwHbtit ras

B Gosbluefi yactu ABJeHUi, KOTOPhIM TOCBAUIEHA 3Ta KHHUra, HET
HYXJIb! He TOJIbKO CYMTATHCA C KBAHTOBBIM XapakTepPOM BHYTPHATOMHBIX
NPOLECCOB, HO Ja)Ke YUYUTLIBATb CaMblil (aKT. CyLIeCTBOBAHNA KAaKOH-TO
CTPYKTYpPH aToMOB. B Haiiy 3ajayy BXOAUT M3y4yeHHe CHCTEM, COCTOS-
IKMX U3 GOJBIIOTO YUCAA MOJIEKYJ, PACCMATPUBAEMbIX KaK TeJla MaJblX
pa3MepoB U Macc.

INoHaTHO, 4To TeopeTHUeCKoe H3y4eHHE TAKHX MOJEKYJSAPHBIX CH-
CTeM CBA3aHO ¢ GOJIbIIMMH TPYJHOCTSMH, TaK Kak As 3TOro Tpebyerca
yUecTb BCe TE€ CHJIbl, KOTOpble JNEHCTBYIOT Ha KaXIyH0 MOJEKyJy co
CTOpPOHBI Beex Apyrux. Eciau mpeAmonoxuTb, 4TG ABHIXEHHS MOJEKY.
ABAAIOTCA YHCTO MeXaHHYECKUMH U MOJUYMHSIOTCA 3aKOHAM MeXaHHKH,
TO I/ TIOJTHOTO OMHCAHHS BCAKOH MOJEKYJAAPHOH CHCTEMBl HY»KHO,
Kak 6yaro Obl, PeLIMTb MeXaHHUECKYIO 3aJauy O JBHXXEHHH BCEX MoJe-
KyJ TOJ JeficTBHEM 3aJaHHBIX CHJ. 3TO 3HAYHT, UTO JOJXKHb GbITh
HAIlMCaHbl M PEIUeHbl YPaBHEHH: JIBHXKEHUA, UMCIO KOTOPbIX paBHO
YMCAY MOJIEKYJ B JaHHOH cHCTeMe (TOUHee roBOPS, YHMCJIO YpPABHEHHH
JOJKHO GBITh BTpoe GoJibliie, NMOCKOJbKY MOJNOXeHHe MOJEKYJbl ofnpe-
JensieTcss TpeMs KOODJAMHATAMH, T. €. KaXJad MOJeKysra HMeeT TPH
creneny cBo6ombl). Ecnu yuecrb, urto, Hampumep, B 1 cM® rasa mpu
06bIUHBIX YCJAOBUAX cofepxutes 2,7- 1019 MOJIEKYJ, TO CTaHeT fACHO,
YTO He TOJMILKO PEllUTb, HO NlaXKe HAMHCaTb TaKoe YYJOBHIHOE YHC/IO
yPaBHEHUH HEeBO3MOXKHO.

Ho uMeHHO IpaHIMO3HOCTb UMC/IA MOJIEKYJ JeaeT HeHYXKHBIM pac-
CMOTpeHMe IBMXKeHM# Kax[0# M3 HUX B OTIedbHOCTH. IIpu Takom
GOJIBILIOM HHC/E YACTUI, OKAa3biBAETCA BO3MOXHBIM OTPAHHUUTLCH 3Ha-
HUEM JIHIUb CPEeJHHX 3HAUYEHUH BeJIUYWH, XapaKTepHU3YIWMX HX JBH-
JKeHUe: UX CpelHell CKOPOCTH, CPe/iHed 3HEPTHH U T. I. ITHM MPHEMOM
Mbl M OyAeM MO/ib30BaTbCs IIPH H3YYEHMH MOJEKYJAAPHBIX CHCTEM.

M3 Tpex arperaTHmIX COCTOSIHHH, B KOTOPBIX MOXET HaXOJHThCH
BCAIKOE BellieCTBO, HauGoJjiee MPOCTHIM fIB/AsETCH rasoofpasHoe, Tak
KakK B 3TOM c/Jydyae CHJBI, JeHCTBYIOIHe MeX1y MOJEeKYJaMH, OueHb
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MaJibl U MMM HPH OHpefle/IeHHbIX YCIOBUSAX MOXKHO npeHeOpeub. [Toatomy
Mbl HAYHEM H3JI0XKEeHHEe MOJIEKY/APHOR GU3HKH C paCCMOTPEHHSA CBOHCTB
rasos. [Ipu stom Oyaem cHauala moJarath, YTO MeXMOJEKYJIAPHble
CHJ/Ib B HHX Ja)Xe He MaJ/bl, a HOJHOCTbIO OTCYTCTBYIOT. [lJ1fl APOCTOTHI
IpeHeOpexeM TaKKe pasmepaMd MOJIeKYyJ, T.e. GyAeM CUUTaTb HX
MarepHaJbHbLIMH TouKamu. [IpH Takux [OmylWeHHSIX MOJEKyJbl rasa
JO/IKHBl CUHMTATLCA COBEPILEHHO CBOOGOAHBLIMM. ITO 3HAYMT, UTO JBH-
JKYTCA OHH NIPAMONHHEHHO U PABHOMEPHO, KaK BCerJa JBHXKYTCA Tesa,
He 110/IBepKeHHble JeHCTBHIO KaKUX-1100 cusl. Kaxaas mosieKy/ia Bejet
ce6s1, CleloBaTebHO, TaK, Kak GYATO APYTHX MOJEKYJ B COCYZIe HeT.

B nanbHefimieM, mpu pacCMOTpPEeHMH peasibHBIX Ta30B, Mbl CHHMEM
3TH TMPOU3BO/bHbIE JONYIIEHHS, ONpaBAaHHble, BIpoYeM, TeM, 4TO
TpH ONpeJieIeHHbIX YCIOBHAX TaKas HleaH3alus He YBOAUT HAC CAHUIL-
KOM JaJeKO OT JeHCTBUTEJbHOCTH. y

[a3, obnamaromuii TakuMu e CBOHCTBAMH, KaK ¥ COBOKYIHOCTb
«HEB3aUMOJEHCTBYIOIUX MaTepHAAbHBIX TOUEK, HA3LIBAETCH UOLAAbHHIM
2asom. H3noxeHne KHHeTHUeCKON TeopUM HieaNbHbIX Ia3oB OyleT Ha-
el nepBoH 3anauei.

§ 2. Jlasnenue rasa

KapTiHa nBuKeHHit Mo/ieKysn B rasze GyJleT HENOJNHOH, eCld He
paccMoTpeTh ellie BOMPOCH! O CTOJTKHOBEHUSX MOJIEKYJ C MOBep XHOCTbIO
J1000T0 Tesia, HaXOAAIETOCs B rase, B YACTHOCTH CO CTeHKam# coCyaa,
CoflepaKalliero ras, U Jpyr € Jpyrom.

IleMCTBmeJIbHo coBepliasi GeCTOpANOUHBIE IBHUXKEHUA, MOJEKYJIbI
BpeMs OT BPeMEHH MpPHOIHKAIOTCA K CTeHKaM COCyJa WIH K MOBepX-
HOCTH JPYIHX Tesl HA JOCTaTOYHO MaJjble pacCTOsfHHA. TOYHO Tak xKe
MOJIEKYJIbl MOTYT TOJOHTH ApPYr K ApPYry JAOCTATOMHO G/AH3KO. B 3Tom
cyyae MeXJAy MOJIEKYJAMH rasa WIH MeXJy MOJIeKY/oii rasa u mose-
KyJIaMH BellleCcTBa CTEHKH BO3HUKAIOT CUJIbl B3aUMOJAEHCTBHA, KOTOpbIe
odeHb ObICTPO YOLIBAIOT C paccTosindeM. [1oj aefiCTBHeM 3THX CHJ
MOJIEKYJIBl Ta3a U3MEHAIOT Hampab/eHHe CBOErO JBHXKEeHUA. DTOT Mpo-
IecC (M3MeHEeHUs HampaBJjeHus), KK M3BECTHO , HA3bIBACTCS CIHOAKHO -
BEH UEM.

CrosKHOBeHHU 5t MOJIeKyJI Mex 1y co00it UrparoT OYeHb GOJILILYIO POJib
B HMOBefleHHH rasa. M mbl ux nosxe geranbHo usyuuM. Cefidac Ba)KHO
y4yecTb CTOJKHOBEHHS MOJIEKY/1 CO CTEHKAMH COCYJa WU C Jo6o# Jpy-
roif FIOBEPXHOCTLIO, COMpHKacamlelics ¢ razoMm. HMeHHO B3aumojei-
CTBHEM MOJIEKY/ Ia3a U CTEHOK OHmpefiesisieTCsl CWJId, UCHBIThIBAEMasn
CTEHKaMH CO CTOPOHBI ra3a, H, KOHeuHO, paBHAas €l MpOTHUBOMOJOXKHO
Hanpap/ieHHas CHJA, UCTLITBIBAaEMas ra3oM CO CTOPOHBI cTeHOK. SlcHo,
4TO CHJIa, HCNBbIThIBaeMas CTeHKOH CO CTOpPOHbI rasa, TeMm 60.iblile,
yeMm 6oJiblle MIOWAIL ee MOBEepXHOCTH. UTOOL He MO/Ib30BATLCS BEJIH-
YHHOH, 3aBHCALLEH OT TAKOTO ciaydafiHoro gakTopa, KakK pa3Mephl CTeH-
KH, [IPHHATO XapaKTepH30BaTb JeHCTBHe rasa Ha CTEHKY He CuJIOil, a
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dasaeruem p, T. e. CUI0H F, OTHECeHHOH K equHHIle IoWAId S 110BEpX-
HOCTH CT€HKH, HOPMa/lbHOH K 3TOH CHJe:

p=F/S.

CBoOiiCTBO rasa OKa3biBaThb JaB/JIEHHE HA CTEHKM COJepIKalIero ero
€OCyjJa — OJHO U3 OCHOBHBIX CBOHCTB rasza. MiMeHHO CBOMM JaBJ/eHUEM
ras yaille Bcero 4 o6Hap y»KHBaeT cBoe NpUcyTcTBHe. [TosToMy BeuunHA
JaBJIeHUs1 AB/IAETCA OJHOM M3 IVIABHBIX XapaKTePHCTHK rasa.

JlaB/ieHnne rasa Ha CTEHKH COCYJa, KaK 3TO NpPEeATONONH elle B
XVIII B. Januun Bepuyiiu, ecTb ciie CTBHE 6€CUHCAEHHBIX CTOJIKHOBE-
HHH ra30BbIX MOJIEKYyJ CO CTeHKaMH. JTH yAapbl MOJMEKYJA O CTEHKH
NPHUBOAAT K HEKOTOPBLIM CMeleHMSIM 4acTHI, MaTepuaaa CTeHKH U, 3Ha-
uuT, K ee jgedopmatuu. [edopmupoBanHas ke cTeHKa AeHCTBYeT Ha
ras ynpyro#l cujioil, HanpasJeHHON B KaJOH TOUKe MepneHIHKYJAAPHO
K creHKe. Cu/1a 3Ta paBHa N0 aGCOMIOTHOMY 3HAYEHHIO M MPOTHBOIIO-
JIOXKHA 10 HAampaB/JeHHIO CHJe, ¢ KOTOpOH ras AefCTBYET Ha CTEHKY«

XOTsl CHJIbI B3aMMOJEHCTBHA KAXK/IOH OTJENBHON MOJIEKYJbl C MO-
JIEKY/JJaMH CTE€HKH NPH CTOJKHOBEHMH HEH3BECTHbI, TeM He MeHee 3a-
KOHbl MEX2HHUKH TO3BOJISIOT
HalTH CPEeNHIO CHMYy, BO3-
HUKaIOULYI0 OT COBOKYIMHOTO
¢ JeHCTBUS BCEX MOJIeKyJ ra-
4 3a, T.e. HaHUTH [aBJeHHe
: rasa.

! Honyctum, uyto ras 3a-

" KJ4eH B COCYH, HMEIOLIHH

17’ g topmy napaJJenenunesa
"'[” ¥ (puc. 2), M uyTo ras Haxo-
a JUTCSI B COCTOSIHHM DaBHO-
y s dt— 2 Becus. B jmaHHOM cayuae

} 5TO O03HaudeT, 4YTO Tras Kak
Puc. 2. Yeaoe TIOKOUTCH OTHOCHTE/b-

_ HO CTEHOK cOCyja: YHCMIO
MOJIEKYJI, ABHXKYIIMXCH B KAKOM-HUOYIb NPOU3BOJILHOM HAMPAB/EHHH,
B CpeJHeM paBHO YHCJAY MOJEKYJ, CKOPOCTH KOTOPBLIX HAMpPAaBJeHbl B
NPOTHBOTIONIOXHYIO CTOPOHY.

BoiuvcinM JaBjleHHe rasa Ha OJHY M3 CTEHOK COCyja, HampuMep
Ha npaBylo GOKOBYIO CTeHKY abcd. HanpaBuM koopnuHaTHyoo ock X
BIOJb pefpa mapasJeNenuinena nepneHAUKYASPHO K CTeHKe abed, Kak
3T0 NOKa3aHO Ha puc. 2. Kak 6bl HU ObUIM HAMpaBieHbl CKOPOCTH ¥
MOJIEKYJ, Hac GyIyT MHTepecoBaTb TOJIBLKO MNPOEKUHMH U, CKOPOCTei
MOJIEKY/1 Ha ocb X: MO HampaBjeHHIO K CTeHKe abcd MOJIEKYJbl BH-
XKYTCSl UMEHHO CO CKOPOCTBIO U,. .

Boizequm MblcieHHO c0ff rasa TosmuHOH Ax, Npuserarolinit
K BbiOpaHHO# cTeHKe. Ha Hero co cTopoHbl nedhopMHpOBaHHOH CTeHKH
nedctByer ynpyras cuia F. C Takoil xe 1o aGCOMIOTHOMY 3HAYEHUIO
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CUJIOH U ra3 JefcTByeT Ha cTeHKy. [To BTopoMy 3akoHy HbloTOHa HM-
nynbc cuabl F At (rae Af — HeKOTOPBIH TPOU3BOJILHBIA IPOMEKYTOK
BpeMeHH) paBeH H3MEHEeHHI0 WMIyJbca rasa B Hamem cjoe. Ho ras
HAXOJMTCH B COCTOSIHUM PABHOBecH#, TaK 4YTO CJAOH HHKAKOro Npupa-
IEHHS HMIYJbCA B HANPABJAEHMH HMMOY/IbCA CHJIBI (IPOTHB MOJOXKHU-
TeJIbHOTO HampabJjeHHA ocH X) He mosyuaeT. [TpOUCXOAUT 3TO MOTOMY,
YTO M3-32 MOJIEKYJAPHBIX JBHXKEHHH BbldeJeHHbId cJiofi noJjyuaer
UMITY/IbC NPOTHBOMOJIOKHOTO. HAMpPABJAEHUA H, KOHEUHO, TAKOH XK€ 10
a6COMIOTHOMY 3HAueHHi0. Ero HeTpyJHO BBIUUC/AHTS.

ITpu GecrmopsizouHBIX JBUXKEHHSX Ta30BLIX MOJEKYJ 32 Bpemsa Af
B Hall c/I0# cJleBa HAMPaBO BXOJUT HEKOTOPOE YUC/IO MOJIEKYJ U CTONBKO
JK€ MOJIEKYJ/ BHIXOJAT M3 HEro B o6pPaTHOM HampaBjieHUH — CrpaBa
Ha/leBo. BxozsaiuHe MOJEKYJ/hl HECYT ¢ cOGOM ompefie/ieHHbIl HMMYJILC.
Bpixoasiire HeCyT TaKOH Ke UMIYJbC MPOTHBOTOJOXHOIO 3HAKa, Tak
4TO OGLIMI UMITYJIBC, NOJNyYaeMbIA C/I0eM, paBeH anreGpauueckol cyMme
UMIY/JIbCOB BXOJAIMX B CI0H M BHIXOIAIMX U3 HErO MOJEKYJI.

Haiinem uncao mMosleKy 1, BXOAAILUX B Halll C/IOH cleBa 3a Bpemsa Af.

3a 310 Bpems K rpaHulie a'b’c’d’ cieBa MOTYT TOJOHTH Te MOJe-
KYJ/Ibl, KOTOpble HaXOJATCS OT Hee Ha pacCTOSIHWHM, He MpeBLIIAKoIeM
v, Af. Bce onu HaxomsATcs B ofbeMe napasjefienunesa ¢ IJOWAABIO
ocHOBaHusa S (3T0 MAQIUIAAL paccMATPUBAEMOH CTEHKH) U JUIMHOH v, Af,
T. e. B 00beMe Suv, Af. Eciu B efuHulle 06beMa COCYIA COAEPKHUTCA 1
MOJIEKYJI, TO B YKa3aHHOM ofbeMe HaxoqutTcs nSv, Af mosekyna. Ho us
HHX JIMWIb MONIOBMHA JBMXKETCS CleBa HANPABO M MOTNajaeT B CIOH.
Hpyras MONOBHHA JBHXKETCS O HETO U B CJIOH He nonanaeT Cnegnopa-

TeJIbHO, 32 BpeMs Af B CJI0il cae6a Hanpaso BXOMUT - nva At Moaeky..

Kaxpas u3 Hux o61ajaeT MMIYAbCOM mu, (m — Macca MOJIEKY/IbI),
¥ oflui UMOY.JbC, BHOCUMBIH MMU B CJIOH, paBeH

% nmuiS At.

3a 370 e BpeMsl C/JIOH MOKHAAeT, IBHrasch £npasa Haaego, TaKoe
3Ke YHCIO MOJIEKYJI C TAKUM XKe 00IIUM HMITYTbCOM, HO 06paTHOro 3HaKa.
Takum ob6pa3oM, H3-32 IpPHX0Ja B CJAOH MOJIEKYJ C MOJOMHUTEIbHBIM
UMITYJIbCOM H yXO0Ja M3 HEero MOJIeKyJ C OTPHUATe/NbHBIM UMIYJbCOM
ofililee U3MeHeHUe UMIYJAbCA CJ10A PABHO

% nmuiS At — ( — & nmuiS At) — nmuiS Al

310-T0 M3MeHeHHe HMIyJbca CI0S U KOMIEHCUpYeT TO H3MeHeHue,
KOTOpOe JO/KHO OblIO Obl MPOU30HTH TOJ AeHCTBHEM HMITYJIbCA CHIIbI
F A{. Tlostomy Mbl MOXKeM HamHcaTh:

F At = nmu;S Al
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PasnennB o6e uactd 3toro paseHcTBa Ha S Af, mojyuaewm:

ﬁ = p = nmv;. 2.1)

Jlo cux mop MbI MojiYa MpeAnoJiarajd, 4To Y BCeX MOJMEKYJ rasa
OJMHAKOBblE TIPOEKIIUH CKOPOCTH ¥,. B NeHCTBUTENBHOCTH 3TO, KOHEUHO,
He TaK. K cKOpOCTH MOJIEKY.T ¥, U UX MPOEKIUH U, HA ocb X Y pasHHX
MOJIeKYJ, pasyMeeTcs, pasjHuHbL. BOMpOC 0 passHuud CKOpOCTed raso-
BbIX MOJIEKYJ B YC/JIOBUAIX PaBHOBECUS Mbl MOIPOGHO PaccMOTPUM B § 12.
[Toka xe yuTem pasiuuue cKopocted MOJIeKYJ1 H HX NpoeKIUi Ha OcH
KOODJIMHAT TeM, YTO 3aMEHUM BeJHYHHY Uy, BXOAAILYIO B GOPMY.TY 2.1),
ee cpednum 3HAUEHHEM Ui, TaK 4TO (opMyJe AnA JaBjIeHHs rdsa (2.1)
Mbl MpHAATHM BHI:

p = nmu}. ) (2.2)
Jlns CKOpOCTH v KaKJOH MOJIEKYJ/Ibl MOXKHO HAamucaThb:
V=it u,+03,
103TOMY
v =vi+v,+ vz=0%+ v, + V5 (2.3)

(oc/iejHee paBEHCTBO O3HAuaeT, YTO NOPAJOK MpPOBeleHHA onepauuil
yCpeJHeHUS U CIOKEHMA MOXKHO H3MeHATh). M3-3a mosaHo# Gecrops-
JOYHOCTH MOJIEKYJAADHBIX JBHXKEeHUH MOXHO MOJaraTh, 4YTO CpeJHHe
3HaUeHUA KBAaJApaTOB MPOEKIUH CKOPOCTEH HA TPHU OCH KOOplIPIHaT paBHbI

Apyr Apyry, T. €.

V= vj Vi,

A 370 3HauuT, MpuHHMas BO BHuMaHue (2.3), uTO

— 02

‘ U?; 37

[ToacraBuB 310 BhipakeHHe B dopmyay (2.2), moayuaem:

1 2
p =3 hmo<,

HJIH, YMHOXUB U pa3je/lMB NPaByIo YacTb 3TOTO PAaBEHCTBA Ha ABOMKY,
2 m?

p = —3— n—_Q_-. (2.4)

[TpuBeseHHble MPOCTblE PACCYXICHHA CTPABENIMBE /A  J1000i

CTEHKH cOCYyJAa M 115 JM1000H T/IOWAAKY, KOTOPYIO MBHICJIEHHO MOXHO

NOMeCTHTb B Ta3. Bo Bcex cayyasx Mbl MOJYYHM /i JABJEHHS rasa

pesynsTaT, BblpaxkeHHm dopmynoil (2.4). Benuuuna mo?/2 B op-

MyJie (2.4) npejCTaB/sieT cO00k CPEIHIOK KUHETHUECKY 0 SHEPTHIO OIHOM
Monekyanbl rasa, CiefoBaTtenbHO, dasaenue easa pasio deym mpemsam
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cpednetl Kunemuueckoll sHepeuiu Moaekya, codepicayuxcs 6 eduruue
obvema 2asa.

ITO — OIHMH U3 BaXKHeHLIHX BHIBOJOB KHHETHUECKOH TEOPUH HJealb-
Horo rasa. Popmyna (2.4) ycTaHaB/AuBaeT CBS3b MEXIy MOJeKyasp-
HbIMH BEJIHYHHAMH, T. €. BeJHYMHAMM, OTHOCAIUMMHCH K OTAE/NbHON
MoJIeKyJle,  BeJIHUHHOH JaB/IeHUs, XapakTepu3yoiieil ras Kak uejoe, —
BeJAMYHHON MaKPOCKOIIHYECKOi, HENOCPEICTBEHHO H3Mep AeMOH Ha OIIbITe.
YpaBHeHHe (2.4) uHoOrga HasBLIBAIOT OCHOBHLIM ypaBHEHHEM KHHeETHue-
CKOH TeOpUH Haea/NbHbIX T'a30B.

BaXHO MOA4epKHYTb, 4TO JaBJeHHe Trasa omnpegeffieTcs cpedHedl
KMHeTHYeCKO! 3Heprueil ero Mojiekyd. JTO 3HAYMT, 4YTO JaBJIEHHe
rasa — BeJIHYHWHA, OPTaHHYECKH CBA32AHHAf C TeM, UYTO Tra3 COCTOMUT
M3 GO/JbWIOro 4ucaa moJekysa. He uMeeT mosTomy cMbic/ia TOBOPHTS,
HarnpuMep, O JaBJeHHH, CO37aBaeMOM OJHOH WUJIM HEMHOTHMH MOJIEKY-
JAamu. O TakMX NOHATHAX, KOTOPhIE UMEIOT CMBICA TOJBKO VISt CHCTEM,
ColiepKaIMX OY4eHb MHOTO YacTHIL, FTOBOPAT, YTO OHH UMEIOT CrHamucmu-
yeckutl xapakTep.

3ameTuM 3Jechb ke, YTO BXOAAILYKO B (opmyny (2.4) BeaHuuHy

cpedneeo 3nauenus keadpama CKOpOCTH v? ciefyer OT/IMYATH OT fceaa
pama cpedrezo 3nauenus ckopoctu 9%. Eciu KOpeHb KBAJIpATHbIH U3 T

paBeH cpenaHel CKOpOCTH T, TO sz He papeH v.

Benauunna V o® ==y (a He U) Ha3blBaeTCaA cpedueil KBadpaMUUHOL
ckopocmero Moslekysa. Ecau IBHXKeHHE MOJIEKYJ BNOJNHE XaOTHYHO, TO
MX CpelHsisi KBaJpaTHYHass CKOPOCTb MpHOIU3uTesbHO Ha 9% Gosbiue
cpenueil CKOpoCTH.

Enuumnel gasaenusi. B cucreme CH 32 emununy maBjieHust mpHHH-
MaeTcsl JaBJeHHe, MPU KOTOPOM Ha 1 M® NOBEPXHOCTH HOPMAJIBHO K Heff
JeiictByeT cuia B 1 HbIOTOH. Takas eJMHHIA HaA3LIBAETCH MACKa/b
(cokpaienHo ITa);

1 ITa=1 H/m2.
Beuny Manoctu 3Toit efMHHILl pEKOMEHAYeTCsl AIS MOJIb30BaHUSA
exunuua B 10° pas GoiblHas, KOTOpOi NMPHCBOEHO HasBaHHe Oap:
1 6ap =105 I1a.
B cucreme CI'C paBneHue u3MepsieTcsl B eHHHUIAX JUH/CM:
1 oun/cm?=0,1 Ila.

B TexHHKe LIMPOKO NpHMeHsieTCsl €IHHHIIA JaBJeHHs, Ha3biBaeMas
TeXHHYeCKOH aTmocdepoil (cokpameHHO ar), papHas 1 Krc/cm? 3ra
enuHHLa JHWb Ha 2% oTaMyaeTcs ot Gapa; :

1 ar=1 krc/cm? == 98066,5 [1a ~~ 0,98 Gap.

Hnorpa chonbsyeTc;l elMHHIa — (U3HUeckas atmochepa (cokpa-
IIEHHO aTM), paBHasA JaBJEHHIO CTOI6a PTYTH BhIcOTOH 76 cm. Cuuras
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MJIOTHOCTb PTYTH pasHo# 13,5951 r/em® (13595,1 kr/M®) u yckopeHue
cBooHOro maneHusA paBHbIM 9,80665 M/c?, monyuaem:
1 atM = 1,01325- 108 nun/cm2 = 101325 I1a (== 1,01 6ap).
B o6sacTH HU3KHX NaBIeHHH NpUMeHSeTCH eQUHHUUA AABJEHHS TOP
(MHJITUMeTp PTYTHOTO CTO/GA):

1 T0p = =55 amw= 133,322 IMa ~= 1,33 10° qm/cw.

[Tpu perueHun 3agay HeoGXOAMMO NOMHHTb, YTO M3 MNPHBEACHHBIX
371eCh €IMHHLL JaBJEHHS CUCTEMHbIMH ABAA0TCA ToabKO [1a (cucrema CH)
u aun/cm? (cucrema CI'C).

§ 3. Temnepatypa
W3 ypapuenus (2.4)
mu?
2

2.
p=3n

clefyeT, UTO JaBJEHHe HAeaNbHOro rasa NpOIOpPHHOHANBHO €ro IJIOT-
HOCTH (IIJIOTHOCTDb rasa ompefeJsleTcss YMC/IOM MOJIeKyJd A B eJUHHMIE
06beMa) K cpenHell KUHETHYeCKOH 3HeprHH MOCTYNAaTeJbHOLO JBHKe-
HuA MosieKyJ1. [Ipy HeM3MeHHOM n, a 3HAUUT, NPH HeH3MEHHOM o6beMe V
raza (n = N/V, rae N — uuci1o MoseKysn B COCYRe) NaBleHHe rasa
32BHCHT TOJIbKO OT CpeJiHeil KHHETH4eCKO# 3HEPTHH MOJIEKYJI.

Mexay TeM U3 ONBITA H3BECTHO, YTO [IPH MOCTOSTHHOM OfbeMe AaB-
JeHHe Ta3a MOXKHO HU3MEHSTb TOJbKO OJHHUM CHOCOGOM: ero HarpeBa-
HMeM WJIM OXJaXKJeHHeM; TpH HATpeBAaHUH ra3a ero JaBJ€HHe pacTer,
IpU OXJaXN(IEHHUM yMeHbluaeTcs. HarpeTwlil »Xe M OXJIaxXJIEHHBIH ras,
KaK M BCAKOe Tel0, xapakTepHayercs CBoell memnepamypoil — ocoGoi
BEJIUYHHOH, KOTOPOH H3/IaBHA MOJIbL3YIOTCA B HAYKe, TEXHHKE U B OBITY.
CrenoBaTe 1bHO, MeXIY TeMIepaTypoi U cpeiHell KMHETHYeCKOH 3Hep-
ruefl MoJieKys JAOJ/DKHA CYLIeCTBOBATL CBSA3b.

[Tpexx e ueM Mbl BBISICHUM 3TY CB513b, MOCMOTPHM, YTO TpEACTABAAET
co6ofl Temneparypa Kak ¢u3uyeckas BeJIMYMHA.

B 1oBceIHEBHOHN XXU3HH TeMIeparypa AJAd HaC — BeJHYMHA, KOTO-
past OTJaMYaer «ropsyee» OT «xoJoaHoro». M mepsble mpescTabieHus
0 TeMIepaType BO3HHK/IH M3 OILYIUIEHHH Tera U xonoia. Mel moxem
HCIO/Ib30BATE 3TH 3HAKOMbIE HAM OIUYIIEHH S, YTOOL BHIACHUTD I1aBHYIO
0CcOGEHHOCTh TEMIEpaTyphl Kak (GM3UUECKOH BeTHYMHBI.

BosbmeM Tpu cocyaa. B 0QuMH U3 HUX HaJbeM ropsuyo Bogy, B 1py-
roll — XO0JIOIHYIO, @ B TPeTHH — CMeCb ropsiuell U XOJOJHOH BOIBI.
OnycTum 0JHY PYKY, HanpuMep mpaBylo, B COCYH C ropsiueif BoJOH,
a JIeBYlp) — B COCYA ¢ Xxo0J01HOH. Ilofep»xaB pyKH HeEKOTOpOe BpeMs
B 3THUX COCYJax, mepeHeceM UX B TpeTHil cocyl. UTO CKaxyT HaM HaIH
olyleHusl 0 Boje B 3tom cocyne? [IpaBoit pyke mokaxercs, uto BOAa
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B HEM XOJIOZHadA, a JeBoH — uTo oHa Temnas. Ho aTo «pasHopeuue»
HCUYE3HeT, eC/MH MOJAEpxKaTb 00e PYKH B TPeTbeM COCYIe MOAOJBIIe.
Yepes HekoTOpoe BpeMmsi 06e PYKH CTaHYT HCHLITHIBATH COBEpPIIEHHO
OJMHAKOBble OIUYLICHHS, COOTBETCTBYIOIHE TeMNeparype BoIb B
TpeTbeM COoCyJe. .

Bce nes0 B TOM, 4TO pYyKH, MoGbIBaBIIIMe CHayala B COGYAaX C ropf-
yell ¥ XOJORHOH BOJOH, HMENM pasjHuHble TeMreparyphl, OTIHYHBIE
¥ OlHa OT APYrOH, ¥ OT TeMmepaTypwl B TpeTbeM cocyme. M Tpebyercs
HeKOTopoe BpeMsl, YTOOBI TeMIepaTypa KaXkKIoH U3 pyK CTala paBHOM
TeMIriepaTtype BOZBl, B KOTODYIO OHH MOTPYyXKeHbl. Toraa u TeMneparyphl
PYK CTaHYT 0J1HaKoBbl. OIMHAKOBH Oy4yT U oulyluenus. Heo6xoaumo,
KaK TroBOpAT, YTOObl B CHUCTEMe Tes «IIpaBas pyKa — JeBad pyKa —
BOJd» YCTaHOBW/IOCH MENADA0e PABHOBECUE.

AT0T TPOCTOH OMBIT MOKa3bBaeT, YTO TeMIepaTypa — 3TO BeIK-
YHHA, XapaKTepU3yolllasg COCTOSIHHe TEeIOBOTO paBHOBeCHSl: Yy Tel,
HaXOJAIHKXCH B COCTOSTHUH TemJOBOrO PaBHOBECHH, TeMrepaTyphl OJH-
HakoBbl. 1 Hao6opoT, Tena ¢ OAMHAKOBOH TeMIepaTypoil HaxoasTcs
B TeIUIOBOM paBHOBeCHH APYT ¢ ApyroM. A ecau dea meaa maxodamcs
& MENADBOM PABHOBECUL C KAKUM-HUOYOb MpPemeum meaom, mo oba meaa
HAXO0AMCA 8 MENA0BOM PABHOBECUU 1 MENCAY coboti. DTO BaXKHOE yTBep-
XJeHHe SBAAETCA OJHUM M3 OCHOBHBIX 3aKOHOB Npupozbl. M Ha nem
OCHOB2HAa CaMa BO3MOXKHOCTb H3MepeHMs TeMmeparyphl. B omucaHHOM
OMbITe, HATNpHMeD, LIJI2 pedb O TelJIOBOM paBHOBeCHH 06eHX DYK, mocie
TOrO KaK KaKaaf M3 HUX OKasanach B TelJOBOM pPaBHOBECHH C BOJOH.

Ecnu teno wiau cucrema Ten He HaXOJUTCH B COCTOSIHHHM TEIIOBOTO
PaBHOBeCHAl M €CJIM CHCTeMa H30JHpOBaHa (He B3aWMOAEHCTBYET C APY-
THMH TeJaMH), TO Yepe3 HEKOTOpOe BpPeMsl COCTOSHHe TEMJOBOTO pab-
HOBecHs! ycTaHaBiauBaeTcd caMo coGofi. CocTofiHHe TeIJIOBOrO paBHO-
BECHA —- 3TO U €CTb COCTOSIHME, B KOTOPOe NepeXojuT Jtobast H30JUDO-
BaHHas cucteMa. [Tocse TOro kak Takoe COCTOSIHME ROCTHTHYTD, OHO
yKe Gosiblie He U3MEHAeTCH U HUKAKHe MaKPOCKOTMHYeCKHe H3MeHeHHS:
B cucTeMe He npoucxoiaT. OJHUM U3 NPU3HAKOB COCTOSHHS TENJVIOBOTO
paBHOBeCHS! U SIBJISIETCS PABEHCTBO TeMIepaTyp Bcex uacTefl Tesqa MM
BCeX Tes cHcTeMbl. M3BecTHO, 4TO B mpolecce YCTaHOBJIEHHUS TEMJIOBOTO
paBHOBeCHd, T. €. NPY BHIPABHUBAHUU TEMIepaTyphl ABYX TeJ, MpOHC-
XOIUT Mepejaya TelJOTH OT ORHOro Tena japyromy. CienoBaTenbHO,
C 3KCIepPUMeHTaJbHOH TOYKH 3peHUs TeMIepaTypa Tena — 3T0 BesH-
YMHa, KOTOpasi OmpejensieT, 6YAeT Ju OHO APYrOMy Tely ¢ HHOH TeM-
nepaTypoil nepelaBaTh TEMJIOTY WM TOJYYATh OT HEro TEILIOTY.

Temnepatypa 3aHuMaeT HeCKOJBKO 0co60e MecTo B pAay ¢u3uye-
CKHX BeTMYMH. 3TO U He yIUBHTENBHO, €ClH Yy4YecTh, 4TO B TY 3MOXY,
KOTAa 3Ta BeJMUYHHA NOfABUJIACh B Hayke, He ObLJIO U3BECTHO, KakHe
MMEHHO BHYTPEHHHE MNpPOIecCHl B BelleCTBE BHI3LIBAIOT OLLYIIEHHE Telna
H x0JI071a.

CBoeo6pa3ue TeMmmepaTypbl Kak (M3UYeCKOH BEJHYHHBI COCTOHMT
Npexje BCero B TOM, YTO OHa, B OTVIMYHE OT MHOTHUX JAPYIMX BeJHYHH,
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He addumusHa. JTO 3HAYUT, YTO €CJTM. MBICIEHHO pas3fieNuTb Teo Ha
4acTH, TO TeMIepaTypa BCero Teqa He paBHA CyMMe TeMmepaTyp €ro
yacTed. DTUM TeMmepaTypa OT/IUYaeTCA OT TAKUX, HamnpuMep, BeJH-
YMH, KaK JJ4HA, 00beM, Macca, 3HAaYeHUs KOTOpPHX IIA BCero Tefa
CK/IaAbIBAIOTCA U3 3HAUEHUH COOTBETCTBYIOUIMX BeJTUYHH A5 ero yacTed.

BcenenctBue atoro TemmepaTypy Tesna Heb3s H3MepATb Hemocpel-
CTBEHHO, KaK H3MepswT JIMHY WIH MacCy, T. €. MeTOJOM CpPaBHeHHf
¢ stajsoHoM. Eciu 06 0JHOM CTepXKHe MOXKHO CKasaTb, YTO €ro ATHHA
BO CTOJIbKO-TO pa3 GoJiblle JJUHBI JPYTOro CTep»KHdA, TO BONPOC O TOM,
CKOJIbKO pa3 OJHa TeMmepaTypa cOJepMHHUTCA B Jpyrofl, He HMeeT
CMBICIA.

Jaa uaMepenus TemnepaTyphl U3JaBHA MOJb3YIOTCH TeM, YTO IpPH
U3MEHEHUH TeMmepaTyphl Teja M3MeHSIOTCH U ero cBoiicTBa. H3me-
HAIOTCH, C/IeJ0BaTe/IbHO, BeIUYHHBI, XapaKTepH3yIomHKe 3TH CBOHCTBA.
[Tosromy pnsi co3maHusa mpubopa, H3MEPAIOWIEIo TeMmepatypy, T. e.
mepmomempa, BbHIOUPAIOT KaKOe-THOO BEILECTBO (MepmMomempueckoe
gewjecms0) W ONpefie/leHHYI0 BeJHUHHY, XapaKTepH3YIOULYI0 CBOHCTBO
BElleCTBa (mepmomempuueckyo seautury). Bpibop TOro u Apyroro
COBepLIEHHO MPOU3BoJeH. B GLITOBLIX TePMOMETPaX, HAaNpHMEp, TepPMO-
MeTPHUYECKUM BeILECTBOM fIBJsIeTCA PTYTh, a TePMOMETpHYeCKOH Beau-
YHHOH — JJIHHA PTYTHOTO CTOJIGHKA.

Jlnst Toro uto6bl BeNHYHHE TEeMIepaTypbl MOXKHO ObIIO COMOCTaBUTh
omnpefieJieHHble YHCMOBLIE 3HAYCHHUS, HYXKHO ellie 33JaTbCA TOH WM MHOM
332BHCHMOCTbIO TEPMOMETPHYECKOil BeJHYHHBI OT TeMmepaTyphl. Briop
9TOH SaBUCHMOCTH TO)XKE IMPOH3BOJIEH: Belb IMOKa HeT TepMoMeTpa,
HeJb3fl OMBbITHBIM MYyTeM YCTaHOBUTL 3Ty 3aBUCHMOCTb! B ciayuae pTyT-
HOro TepMOMeTpPa, Hanpumep, H3GupaeTcs THUHeHHAs 3aBUCHMOCTb JJIMHBI
pPTYTHOro crosfuka (oObeMa PTYTH) QT TeMIepaTyphl.

Ocraercs ellle YCTAHOBUThL eIMHHUINY TeMIepaTyphl — Irpanyc (XoTs
B MPHMHLMIIE €€ MOXKHO GblIO OBl BHIp2)KaTh B TeX Xe eIMHMNAX, B KOTO-
pPBHIX H3MepseTcs TepMOMeTpudYecKas BeJWYHHA, HAMPHUMEp 1O pTYT-
HOMY TepMOMeTpYy — B caHTuMerpax!). Bennunna rpagyca usbupaercs
TOXE MPOHU3BOJABHO (KaK H TepMOMeTPHUeCKoe BellleCTBO, TEPMOMETpH-
yecKas BeJHUMHA ¥ BHA DYHKUMH, CBA3LIBAOILEH TepMOMETPHUYECKYIO
BeJMUUHY C TeMmmepatypoii). Pasmep rpapyca ycraHaBniuBaercsi crie-
ayioiyM o6pasoM. BribupaioT, onsATb-TAKH NPOU3BOJIBHO, JBE TeMIe-
patypbl (MX Ha3LIBAIOT petlepHeiMi Mo4YKami) — OGbIUHO 3TO TeMmmepa-
Typbl TASHUA JbJA U KUMEHHHA BOABI NMPH arMocdepHOM JaBIEHHH —
H JeadT 3TOT TeMIepaTypHBI HHTEpBaJ Ha HEKOTOpOe (TOXe MpOou3-
BOJIbHOE) YHCJAO PaBHBIX HacTed — IrpaaycoB, a OJHOH U3 3THX IBYX
TeMIepaTyp MPHIHCLIBAIOT OMNpeflefeHHOe YUCIOBOe 3HaueHue. Tem
caMbIM OmnpefieisieTcsd 3HAueHHe BTOPOM TeMrmepaTyphl U /0ol nmpome-
KyTtouno#t. Takum o6paszoM NoJdydalOT memnepamypuyo wrary. Ilo-
HAITHO, Y4TO C MOMOIUIBIO OMMCAHHOA NpOUEAYPHl MOXKHO MOJAYYHThL Gec-
YUCTEeHHOe MHOXECTBO PAa3/MYHBLIX TEPMOMETPOB H TeMIepaTYPHbIX
KA, .
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CoBpemeHHasi TEPMOMETPHsI OCHOBAHA Ha wKade uleasbHo20 easa,
yCTaHABJAUBaeMOil ¢ IOMOLULIO 2a308020 mepmomempa. B npuHuune raso-
Bblif TEpMOMETp — 3TO 3aKpPLITBHI# COCY[, HATIOJHEHHHH HAeaNbHBIM ra-
30M H CHAGXKEHHLIl MAHOMETPOM MJIfi U3MepeHUs IaBJieHus rasa. 3Ha-
UUT TEPMOMETPHYECKUM BellleCTBOM B TAKOM TEPMOMETPE CJIYXKUT Haealb-
HBI# Ta3, a TepMOMeTpHUeCKO! BeJMUMHON — JaB/leHHe ra3a npu mnocro-
AHHOM o6beMe. 3aBHCHMOCTb IABJCHHA OT TEMMepaTyphl NPHHUMAETCH
(uMeHHo npuHMMaeTcs!) suHeiliHofl. Takoe gonylleHHe NPHBOJMT K
TOMY, YTO OTHOILUEHHE JABJIEHHH MpPH TeMmepaTypax KHIEHHSA BOJHI (py)
U TasiHus AbJa (p,) PABHO OTHOIISHUIO CAMMX 3THX TeMmepaTyp:

Pe _ Te
- Po Ty . ‘
OTHoweHNE p,/pe J€TKO ONpeje/uTh U3 onbiTd. MHOTOYHC/IEHHblE

U3MepeHHs [oKaszalH, uTo
Pe/Po = 1,3661.

TElKOBO7 CJIe10BaTe/IbHO, U 3HaAWeHHE OTHOLIEHUS:A TeMnepaTyp:
T /To=1,3661.

Pasmep rpaayca BeiGupaercsa nenenueM pasHoctd T ~— T, Ha cTO
yacTeit:
TK - TO = 100

M3 mociensux JABYX paBeHCTB cJjeLyeT, UTO TeMmepaTypa TasHHUsA
aeaa Ty mo BHIGpamHOH HaMH wkane paBHa 273,15 rpaaycos, a TeMm-
nepatypa kunenus Boast T, paBHa 373,15 rpaaycos. {as Toro ytoGhl
IIPH TIOMOIIM Ta30BOrO TepMOMETpPa H3MepHTb TeMIePaTypy Kakoro-
HUOYAb TeJIA, HAZO TMPHUBECTH TeJNO0 B KOHTAKT C ra30OBLIM TEPMOMeTPOM
H, O JABIIHCh paBHOBecusl, U3MepUTh JaBJeHHe p rasa B TepMOMeTpe.
Torpa temneparypa tena T omnpejensercs no gopmyJe

273,15
T= Po Py
rje p, — JaBleHHe rasa B TepMOMeTpe, NMOMELLeHHOM B TAIOILUil JeJ.

B mpakTyiKe ra3oBsIM TepMOMETPOM T0/1b3YIOTCA KpafiHe peiko. Ha
Hero BO3/J0XeHa Gosiee OTBETCTBEHHAS POJib — 0 HEMY TpalyHpYIOTCs
Bce yroTrpeb/isieMble TEPMOMETPHL.

TemnepaTypa, paBHas HyJI0 B Hamel Kajie, — 3T0, OYEBHIHO,
TeMmIiepaTypa, npH KOTOpoH JaBJjeHNe MIealbHOro rasa Oblio Obl pABHO
HYJI10. (3TO He 3HAUHT, YTO Hfea/bHulil Ta3 B CAMOM Jesie MOXHO Ha-
CTOJIbKO OXJIQJUTh, YTO €0 JaBJA€HMe CTaHET paBHbIM HYJ10.) Eciau
MpH HyJe TeMmepaTypHOi IUKa/ibl TepPMOMETpHYecKas BeJIHUMHA o0pa-
I[aeTcA B HYJb, TO TaKas 1lIKajna Ha3bIBACTCA abCoAiomMoll uikaiol,
a TeMIepaTypa, OTCYMTAHHA A MO TAKOH IlIKaJse, HAa3LIBAETCH aOCOAOMHOL
memnepamypoti. OTNHCcaHHaa 3Jech IUKAJa Ta30BOr0 TepMOMeTpa fiB-
Jgserca a6coaIoTHOH. Fe yacTo HasbiBalOT TakKwke wikaaoid Kenvsuwa,
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a e[lMHUIY TeMMepaTypel B 3TOH 1IKame — rpafycoM KenbpBUHA HJIH
IIPOCTO Keavurom (oGo3nauenue: K).

B TexHuke u OBITY 4acTo HCHOJBb3YeTCH TeMIepaTypHas LIKaza,
OTJIHYAOAACA OT ONHCAHHON TeM, UTO TeMIepaType TAsHHA JNbJA MIPHU-
NHCHIBaeTCs 3HAYEHHe HYJb (IPH TOM XKe pasMepe rpanyca). 3ra LiKana
HaswBaercs wkaaotl Lleascus. Temneparypa f, oTcuuThIBaeMas no 3ToM
IKase, CBA3aHa ¢ alCoMOTHOH TemnepaTypoil 7 OYEBHMAHBIM COOTHO-
LIEHHEM: ‘

t=T-—273,15.

Mbl B jajbHefiilnieM OyjeM No/ab30BaThesl LiKaaod KenbBuHA.

M3 Toro, uto 3iech ObLIO CKa3aHo, CIeAYeT, YTO TeMIeparypa Xa-
paKkTepH3yeT TeMIOBOe paBHOBECHE Te/l: MPH Nepexofie K COCTOSHHIO
PaBHOBeCH TeMNepaTypel TeJ BhIPAaBHUBAIOTCS, @ B COCTOSIHUH paBHOBe-
CHS TeMneparypa BceX 4YacTeil Teja H/IH CHCTEMBI TeJ OJHA W Ta Ke.
C 3TuM cBfi3aHa cama npoliefypa H3MepeHust Temnepartypel. Bemb njs
TOro, uyTOOB HM3MEPHTb 3HaueHHe TePMOMETPHYECKOH BeJHYUHBl MpH
TeMIEpaTypax TasHHA JbJAa H KUNEHHS BOJbl, TEPMOMETP HEOGXOIMMO
NPHUBECTH B COCTOSIHHE PAaBHOBECHS C TAIOUIHM JIbJAOM H ¢ KUNAWEH
BOJIOH, a 4TOOL HM3MEpHTb TeMmepaTypy Kakoro-HuGyab Teia, Heol-
XOAMMO 00ecreynTb BO3MOXKHOCTb YCTaHOBJIEHHS! TEIJIOBOTO paBHOBE-
CHSl MEeXJY TePMOMEeTPOM M TesfoM. M TosibKo TOraa, Korja Takoe paB-
HOBeCHe JIOCTHTHYTO, MOXHO CYUMTaTh, YTO TeMIepaTypa Teja paBHA
TeMIeparype, OTCYUTAHHOH MO TEPMOMETPY.

Hrak, . Temnepatypa — 310 TO, 4YTO BHIPABHHBaeTCs B Mpolecce
YCTaHOBJEHHS paBHOBecHs B chcTeMe. Ho caMo mousiTHe BhipaBHUBaHUS
O3HauyaeT, YTO OT OJHOM YacTH CHCTEMBI
4TO-TO nepenaercs K Apyro#. [Tonyuennoe
HaMH ypaBHeHue (2.4) A18 JaBreHHS
r r MA€aJbHOTO 32 TMO3BOJHT HAM MOHSATH,
uyTd npexcTaB/sieT COGOH 3TO «YTO-TOY.

[TpencraBum ce6e H30JMPOBaHHBIH [N~
JUHAP C HIeaNbHLIM TrasoM, B KOTOPOM
yXKe YCTaHOBHJIOCH TEIVIOBOE paBHOBeCHe,
g TAK YTO TeMmeparypa BO BCEX YacTAX
o6beMa rasa oJuHaKoBa. JlomycTuMm, 4TO,
6e3 HapylLIEHHs PpaBHOBeCHS, B LMJIMHAP
=~ NOMeLLEH NOJABHKHBIA NOPIeHb, Pa3fensio-

o) wui ofbeM rasa Ha jBe yacT (puc. 3, a).
Puc. 3. B ycnoBusix paBHOBecHsi mopiueHb Gyjer

HaXOJUTbCH B MOKOe. JT0 3HAYMT, YTO NPH
PaBHOBECHH He TO/BKO TEMIEPAaTyphl, HO H AaBJeHHs [0 00e CTOPOHhI
nopiuns oguHakoBbl. Cor/alacHo ypaBHeHHIO (2.4) OJMHAKOBBI H BEHYU-

HE 71 (mo?/2): B
" mo? .
2 Jcnema

NN

a)

!

. N

5o\
my?

2. )cnpnsa *
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HapyunM Tenepb BpeMeHHO M30MSLMI0 HALIETO UH/IHHAPA C rasoM
M HarpeeM OJHY M3 ero gacTeil, Ham>uMep Ty, YTO MO JIEBYIO CTOPOHY
OT TOPILH#, TIGC/E HeTOo CHOBA BCC:T@HOBMM H3oJsuMio. Temepb ras
B UMJHH]pPe HE HAaXOQUICA B paBHOBeCHM — Temrepatypa T B JIeBOM
OTJE/NIEHHH BLlllle, 4eM B npaBoMm (pHuc. 3, 6). Ho ras usonuposaH, u
caM Cco0Of HaYHeTCA Mepexoj K COCTOSIHHIO paBHOBecHsi. IIpH 3ToM
Mbl YBHJMM, YTO NOPIUEHb HayHeT ABUraThCsl C/ieBa HampaBo. A 3TO
3HAYHT, YTO COBepulaeTcs paboma H, C/eJ0BaTeJbHO, OT rasa B JE€BOM
OTJIE/IeHHH ra3y B MPABOM Yepe3 NOPIIeHb NepeaaeTcs snepaus. 3JHauuT,
TO, YTO nepefaercss B INpOLeCCe YCTAHOBJNEHHsI TEIUIOBOTO PaBHOBe-
cHSl, — 3T0 3Hepeus. Yepe3 HeKoTOpOe BpeMs ABHKEHHe NOPIIHS Npe-
kpaTtutcs. Ho ocranoBurcs mopiuens nocne psiaa KosneGauud. M ocra-
HOBHUTCS OH B TOM € CaMOM MecTe, TJle OH HaXOJHMJ/ICH JI0 TOrO, KaK J1IeBoe
OT/e/IeHHe UWJHH/PA NMOABEPIVIOCh HAarpeBaHHIO. B UMJIHMHApE ¢ rasom
BHOBb YCTaHOBHJIOCh COCTOSIHME paBHOBecHSl. Ho Temepn Temneparypa
rasa W ero JaB/jeHHe, KOHEYHO, Bhllle, YeM [0 HarpeBaHH{.

Tak kak nopiieHb OCT2HOBH/ICH Ha NMpeXHEM MecTe, TO KOHLEeHTpa-
HUS 7 MOJIEKYJ (T. €. YUCAO MOJIEKYJ B eHHHUE 00beMa) ocTanach
npexHel. 3T0 3HAYMT, YTO B pe3y/bTaTe HArPEBAHUS rasa M3MeHHJIAch
TOJbKO CpellHsifl KHHETHYECKasi SHePTHs ero MoJeKy/a. BrlpaBHHBaHHe
TeMIlepaTypbl, c/leloBaTelbHO, O3HauaeT BbIPAaBHMBaHHE 3HAYEHHH
cpeflHell KHHETHYeCKOH 3HEpPrHH MOJeKy, No ofe CTOPOHbl MOPIIHA.
[Tpu nepexosie x paBHOBecHIO OT OAHOI YacTH rasa K Apyroil nepeaaercs
3HEpTHs, HO BbIpaBHHBAeTCs He 3HePTHs BCero rasa Kak UeJoro, a cpef-
HAS KHHETHYEeCKas 3Heprus, OTHeCEHHas K OAHOH MoseKy.je. KmeHHo
Cpe/lHAIs KHMHETHYecKas SHepTHs MOJIeKy.IIbI BelleT ce6s Kak TemInepa-
Typa.

OTH 1Be BeJHYMHBI CXOJHBI €ile ¥ TeM, 4TO CpeJlHHH KHHeTHYecKasi
3Heprus, Kak M TeMiepaTypa, — BEJIHYHHA He aJJUTHBHAf, OHa OJH-
HaKOBa AJsl BCero rasa M JAas jwo0oil ero yactd (copepxxaileit no-
CTAaTOYHO GOJBLIOE YHCAO MOJIEKYJ). DHeprus e BCEro rasa — BEJH-
YMHA, KOHEYHO, ajMHTHBHAf, — OHAa CK/aJbIBaeTCsl M3 3HEpPruil ero
yacTel. -

He cieayer ayMaTb, 4YTO HallM pacCyXJ€HHs OTHOCATCH TOJNBKO
K ¢/1ydalo, Korja ras B LUHIHHJpe pasjesieH Ha JBE YacTH MOPIIHEM.
Y 6e3 nopiuHs MOJIEKYJBI IPH CTOJKHOBEHHSAX MexAy coGoil oOMeHHBa-
JHCh OBl 5HEpruell H oHa nepejaBaiach Gbl OT Gosiee HATPETOH 4acTH
K MeHee HarpeTol, B pe3y/bTaTe 4ero BbIPaBHSAJMHCH Obl CpeJiEHe -KHHE-
THUECKHE SHEPTHH MOJeKys. [loplienb JHIIb jeiaeT mepejauy SHep-
T'MH Kak Gbl BHJIHMOH TaK KaK ero J[BH}XeHHe CBSI3aHO C COBEpILIEeHHEM
paboThL.

IlpuBeneHHble MpOCThie, XOTS H HE OUYEHDb crpome paccyxKjieHus
NOKa3bIBAIOT, YTO BEJIMYHHA, JaBHO H3BECTHas IOj, Ha3BaHHEM TeMIle-
paTypel, B AEHCTBHTE/BHOCTH MNpPe]CTaB/asieT cOO0OH CpeHIO KHHETH-
YeCKYIO 3HEPTHIO NOCTYNAaTeJbHOTO JBHKEHHS MoJeKyja. To, 4To Mbl
NOJNYYHJIH 3TOT pe3yabTaT AJs CJAyyas HAeadbHOrO rasa, He MeHfeT
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nena. HeT ocHoBaHHH CUMTaTh, YTO 3TO He OTHOCHTCHA TaKkKe K XKHAKHM
H TBeplbIM TejaM.

B NPHMEHeHHH K HJealbHOMY rasy yjofiee CUMTaTb, YTO TeMIe-
paTtypa paBHa ABYM TpPeTsM CpelHeH KHHETHYeCKOH SHePTHH MOJIEKY.I,
TaK Kak 3T0 ynpocTHT BuA ¢opmynanl (2.4) pis paeienus rasa. O6o-
3HayuB ONpeje]eHHYIr TAKHM 06Gpa3oM TeMmnepaTypy GyKsoH ©, Mul
MOX€eM HallHCcath:

2 mo?

372 =9
Torpa ypaBuenue (2.4) mpuMer npoctoil BHA:

p=n0.

Ilpy TaxkoMm onpefe/leHHH TeMIepaTypbl OHa, OYEBHJHO, MAOJIKHA
H3MepsTbCS B eAMHMIAX 3Hepruu (B cucteMe CH -- B mkoy/aax, B cu-
creme eanHun, CI'C — B sprax), OJHAKO NMPaKTHYECKH MOJIb30BaThCS
TaKoH elHHHLIEH TeMIepaTypbi HeyaooHo. Jlaxe Takas majas eMHHLA
3HEPTHH, KaK 3pT, CJIHUIKOM BeJHKa, YTOOB! C/IYKUTb €IUHHUIEH H3Me-
peHusi Temnepartypbl. Ilpn 101L30BaHHK €10 OGBIMHO BCTpevaroilHecs
TeMIlepaTypbl BbIPAKa/IHCh Obl HUYTOXKHO MaJLIMK uncaamMu. Hanpumep,
TeMmepaTypa TasiHHA JbjJa paBHAJACh Gl 5,65 -107' apr, K tomy xe
H M3MepeHHe TeMilepaTyphl, BLIpaXKaeMOl B 3prax, Obl10 Gbl OUEHb 34-
TP YAHHTENBHO.

Ilo stoil mpuuykHe, a TaKke MOTOMY, YTO BEJHYHHOH TeMmmepaTyphl
TN0JTh30BaJIHCh elle 3310J11'0 10 TOr0, KaK OblIH Pa3BUTH MOJEKYJISPHO-
KHHeTHYeCKUe TpeACTaBIeHHA, PA3bICHUBIIHE WCTUHHBIE CMBICJ TEM-
nepaTypel, ee BCe-TaKH H3MEPHIOT B CTapblX eAHHHIAX — rpajycax,
HeCMOTpS Ha .yCJIOBHOCTb 3TOH eJHHHIIBL

Ho ecu naMepsaTh Temneparypy B rpaaycax, TO HeoOX0UMO BBECTH
COOTBETCTBYIOWIME KO3(hdHUHMEHT, nepeBOASILUN EIAUHHIEI 3SHEepPTHH
B rpagycel. Ero npuHsitTo 0603HayaTh GykBOil k. Torma cBA3b Mexay
TeMmnepaTypoii T, u3mepsieMoil B rpalycax, U cpeiHeld KHHETHYECKOH
3Hepruell BhipakaeTcs paBeHCTBOM:

2 mo?
35 =kT;
oTcroaa
mo? 3 : ‘
= kT. (3.1)

Hanomuum, yto dopmyna (3.1) oTHOCHTCS K MOGJIEKYE, KOTOP VIO MBI
YCJAOBH/IHCh CYUTATh NOJOGHON Toyke. Ee KHHeTHYeCKasi sHeprusi —
3TO KHHETHYeCKasl 3HEPrHa NOCMYRAmeAsHo2o HBHIKEHHS, CKOPOCTb
KOTOPOro MOxeT ObITb pa3/ioxKeHa Ha TpH cocTaBjsioiine. BeseacTBre
Xa0THYHOCTH MOJIEKYJISIDHBIX- IBHXKEHHI MOXKHO NMPHHATH, YTO SHEPIHS
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MOJIEKYJ/IbI PaBHOMEDPHO pacnpeneasercs no BCceM TpeM COCTaB/SIOIUM
1
CKOpPOCTH, TaK 4YTO Ha KaxJAyl0 H3 HHX NPHXOJHUTCH 3HEPrHA fkT

MHoxutens £, BeIpakawilkil COOTHOIIEHHE MEXKAY €UHHIEH 3Hep-
THH U ejdHHIIEeH TeMIepaTypbl — KeJbBUHOM, HA3HIBAETCH AOCMOAHHOL
Boaoymarnn. TIOHATHO, YTO €ro YHCJAOBOE 3HAYEHHE JOJKHO GHITh YCTa-
HOBJIENO 3KCNEPHMEHTaJAbHO. BBHAy 0COG0H BaXKHOCTH 3TOH NOCTOSH-
HOH OHa Oblia onpejeseHa MHOTHMH MeToxamH. [lpuBomuM HaunGosee
TOYHOE K HacToslllleMy BpeMeHH 3HayeHHe 3Toil MocTostHHoH. B cHcreme
equnun CH

k=1,380662. 10 Iw/K.
B cucreme eanunn CI'C
k=1,380662- 1016 spr/K. ]

W3 dopmyast (3.1) crenyer, 4To HysJeM TeMIepaTypel sBJAsieTCA
TeMIiepaTypa, NpH KOTOPOH CpeIHfisi KHHeTHUecKas 3HepTHs Gecrnopsi-
JIOUHBIX ABHKEHHH MOJIEKYJ paBHa HYJIO, T, €. TeMneparypa, Nnpu Ko-
TOPOH XaoTHYECKUEe IBHKEHHS MOJIEKYJ MNpPeKpailawTcs. DTo0 H ecTb
TOT abCOJIIOTHBIY HyJb, Hayajo OTcueTa aBCOJIIOTHOH TeMmepaTypel,
O KOTOpOM YMOMHHAJOCh BBILLE.

U3 dopmyaer (3.1) BriTeKaeT TakKe, YTO OTPHUATEJNbHBIX TeMMepa-
Typ ObITb He MOMeT, TaK KaK KIHeTHYeCKas SHeprus — CYLIeCTBEHHO
N0JIOKHTe/bHAS BeqHYHHA. Bnpouem, HM:kRe, B rja. VI, Gygper mnoka-
3aHO, YTO /IS ONpENesIEHHBIX CHCTEM MOXHO ()OpMajbHO BBECTH MOHS-
THe 00 OTpHuAaTeJ bHBIX TeMiepatypax. O HHX, NpaBjd, Heab3s Gy JET
CKa3aTh, YTO 3TO TeMIepaTypbl HUXKe aGCO/IIOTHOTO HYJS H 4YTO OHH
OTHOCHITCS K PaBHOBECHOMY COCTOSIHHIO CHCTEMBI.

Tak kak TemnepaTypa ONpeeaseTCa cpedHeli sHepTHeH [BH:KEHUS
MOJIEKYJ, TO OHa, KaK M JaBJjleHHe, ABJ/ISeTCH CTATHCTUYECKOH BesH-
unhoil. Hesnb3si rOBOPHTE O «TeMmneparypey OJHOH MM HEMHOTHX MoJie-
KyJ, O «ropsidHX» HJH «XOJOAHBIX» MOJeKyJaax. He umeer cwmmicia,
HanpHMep, TOBOPHTDb O TeMMepaType rasa B KOCMHYECKOM NTPOCTPaHCTBE,
rje 4HCJO MOJIEKyJ B elUHHUe o0heMa HAacCTOJIbKO Majo, 4TO OHM He
06pa3y1oT rasa B 0GbMHOM CMBIC/IE CJIOBA H HeJsb3§l TOBOPHTb O CpenHei
SHEpTHH JBHMEHHS MOJEKYJI.

DHepruH, CBSI3aHHbIE C XAOTHYECKHMH JBHXXEHHSIMH YacTHI rasa,
oyenb Maanl. M3 dopmyaet (3.1) v M3 npUBeeHHOrO 3HAYEHUS MOCTOSTH-
Hoit DBosawpumana BuiHo, uto Temneparype B 1 K coorBercrByer
sHeprus, paBHas 1,38-107 k. Ilpu HavHu3wel nocTHrHyTol K HA-
crosiieMy BpeMeHH Temnepatype (nopsaaka 10°¢ K) cpeanss sHeprus
MOJIEKYJ paBHa npubausutenpHo 1072 jpkoyng. Jlaxe Haupbicued Hc-
KYCCTBEHHO MNOJYYeHHOH TteMiepatype — okono 100 MuaianoHOB rpa-
JlyCOB, pasBHBaIOLIEACs NPH B3PLIBE f1)iepHON 60MOBI, — COOTBETCTBYET
HUYTOXKHas 3Heprus vactuy ~107° mxkoyss.
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BBuay Toro, 4To TeMnepaTypa UrpaeT O4eHb BaKHYIO POJIb B (H3HKe
¥ TeXHHKe, OHa BXOJUT Hapsaldy C LJIMHOH, Maccoil ¥ BDeMeHEM B YHC/IO
OCHOBHHIX Be/JMYHH cHcteMbl eiHHi CH, a enMHMOa TeMnepaTypul,
KeJIbBHH, BXOJUT B YHCJ/IO OCHOBHKIX €JIMHHLL 5TOH CHCTEMEI (Pa3MEPHOCTD
TeMneparyphl 0603HayaeTcs GykBoH O).

B CH eamnMua temneparypbl (Ke/bBHH) YCTaHaBIMBaeTCs He Ha
OCHOBe TeMIIepaTyPHOr0 HWHTepBasa «TeMuepaTypa Taiollero Jibla —
TeMneparypa Kunsiue# BOJAbl», 4 Ha OCHOBe HHTEpBaja «alGCcoJIOTHBIA
HYJb — TeMNepaTypa TPOHHON TOYKHM BoAuly. TpoHHAs TOYKa BOAB —
3TO TeMmepaTtypa, MpH KOTOpOil BOja, BOASHOH nap M JeJd HaXoAaTcs
B paBHoBecHH (cM. § 130). Temneparype Tpo#HOH TOYKHM BOAB MPHIIH-
crhiBaercs 3Hauenue 273,16 K (Touno).

Takum o6pasom, 1 reavsur pasen 1/273,16 wacmu memnepamyprozo
urmepeara om abcoaomuozo HYyaa memnepamypo. Go memnepamypot
mpodinol moukyu 6o0doL.

Tak kak TeMnepartypa TpoitHo# Touku Boawl paBHa 0,01°C, 10 pas-
Mepbl‘rpagyca B mKanax Lleabcus 1 KesbBHHA OAMHAKOBHI M J100ast
TeMrnepaTypa MOKeT Bblpaxarbcs JAHO0 B rpafycax LLeJIbcuﬂ (°C), mbo
B KeabBuHax (K).

§ 4. YpaBHeHHe COCTOSIHMSI MA€aNbHOFO ra3a

Pa3BuThblie Bhlllle MOJEKY/JASPHO-KHHETHYECKHE TPefACTaBJIEHHS H
NOJYYeHHbIE HA UX OCHOBE YPaBHEHHs MO3BOJAIOT HAHTH Te COOTHOLLE-
HHf, KOTOpPble CBSI3LIBAIOT MeiAy coGOH BEJHUYHHBI, ONpPeJe/siomiHe
COCTOSIHKE Ta3a. HTHMH BeJHYMHAMH SIBJSIOTCA: AdBJEHHE P, NOL KOTO-
pbIM HaxoAMTCA ras, ero Temmneparypa T u ofbem V, 3aHHMaeMblil
onpefleseHHOH Maccoll rasa. Vx HasmbBawr napamempamu CoCmosnua.

IlepeurcieHHble TPH BeJHYHHBI He SBJAIOTCH HE3aBHCHMBbIMH.
Kaxnasi M3 uMx gBisercs (QyHKuueldl AByX ApYrux. YpasHeHHe, CBf-
3nIBalolllee Bce TPH BeJIMYMHBL — [aBJeHue, 00beM U TeMIlepaTypy rasa
JUIA JaHHOM ero Macchl, Ha3LIBAETCS YPAGHERUEM COCMOARUSL H MOMKeT
OuiTh B OOIIEM BHJE 33aMHCAHO TakK:

p=F(V, T).

Dro 3HAYHUT, 4YTO COCTOSIHHE Ta3a Ompefle/IfeTcd TOAbKO JBYMS
napamerpamu (HanpumMep, AaBjgeHHeM H 0GBEMOM, AABJEHHEM H TeMIle-
paTypoli MM, HakoHel, 0GbeMOM H TeMnepaTypoH), TpeTHH nmapaMeTp
OJIHO3HAYHO OMNpeje/sercs AByMsl APyrumMu. Eciu ypaBHeHue COCTOSI-
HHS M3BECTHO B IBHOM BHJE, TO JHGOH napameTp MOXHO BbIYHCJAHTE,
3Had JBa JApyTrHX.

Hs u3yueHMs pas3/MYHbIX MPOLECCOB B rasax (M He TOMBKO B ra-
3aX) YIOOHO MOJIh30BaThcAd TPadHyecKHM INpefiCTaBIEHHEM ypaBHEHHS
COCTOSIHHSl B BHJE€ KPHBBIX 3aBHCHMOCTH OJHOrO M3 MapaMeTpoB OT
JIpyroro NpH 3aJaHHOM NMOCTOAHHOM TpeTbeM. Hanpumep, npu safannoi
NOCTOSIHHOM TeMIlepaType 3aBHCHMOCTb J@BJIEHHS Ta3a OT ero ofbeMa
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MMeeT BHJ, H300pakeHHu Ha pHC. 4, rJ€ pasHble KPUBEIE COOTBETCT-
BYIOT PasHHIM 3HaYeHHMSAM TEMIepaTyphl: YeM Bhlllle TeMMeparypa, TeMm
Bhillle Ha rpaduke gexuT kpupas, CocTOSHHE rasa Ha TaKOH Auarpamme
u3o6paxkaerca Toukoil. KpuBas ke 3aBHCHMOCTH OJHOrO NapameTpa OT
JIpyroro TnokasnlBaeT H3MEHEHHEe Co-
CTOSIHHS1;, Ha3bIBAEMOE NPOIIECCOM B rase.
Tak, sanpumep, kpuBHe puc. 4 uzobpa-
AT NPOUECC PaCLUHPeHHS WA CiKa-
THA Ta3a NpH JaHHOH NOCTOAHHOH TeM-
neparype.

B panpHefimem Mbl OyfeM LIHPOKO
NoJIb30BaThCsl NOJOOHBIMH rpadHKaMH
NPH H3YYEHHH Pa3/HYHBIX NPOLECCOB
B MOJIEKYJISIPHBIX CHCTEMaX.

Jlas ujeaJbHBIX Ta3oB ypaBHEHHe
COCTOSIHHS! JIETKO TNOJYYHTh M3 OCHOB-
HEIX YpaBHEHMH KHHETHUYECKOH TeOpHH 7.
(2.4) u (3.1). '

B camom gene, noxcraBuB B ypaB- Puc. 4.

HeHHe (2.4) BMeCTO cpejHell KHHeTHuYe-
CKOH 3HeprUH MOJICKYJ ee BbIPaXkeHHe U3 ypaBHeHud (3.1), nomyuaem:

p=nkT. (4.1)

Ecau B o6nveMe V cogepxurcs N yactuu, to # = N/V; noacraBus
370 BrlpaxkeHde B (4.1), nmeewm:

pV = NkT. (4.2)

310 ypaBHeHHe, B KOTOpoe BXOJASAT BCE TPH NapaMeTpa COCTOSIHHUS,
U ABJSETCS YPaBHEHHEM COCTOSIHHUSI HJeaJbHbIX Tas30B.
«  Ero, omHako, nosesHo npeo6pazoBaTh TaK, YTOGhl B HEr0 BMECTO
HeJIOCTYNIHOTO MpPSIMOMY HM3MepeHHI0 yucja vyacTin N BXOAWJa JIErKo
U3Mepsiemas Macca rasa M. [lns Takoro npeoGpasoBaHHs BOCNO/b3Y-
eMcsl MOHSITHEM O 2pamm-moaexyse, UIH more. HanomuuM, uto MoJsiem
BELIECTBA HA3bIBAETCA TaKoe ero KOoJMYecTBO, Macca KOTOPOro, BhIpa-
JXeHHas B rpaMMax, PaBHa OTHOCHTEJIbHOH MOJIEKY/SipHOH Macce Be-
1iecTBa (HMHOTJa TOBOPSAT: MOJIEKY/sipHOMY. Becy). Jrta cBoeoGpasHasi
eIMHULA KOJIHYeCTBAa BELICTBAa 3aMeyaTesbHa, KaK H3BECTHO, TeM, 4TO
MOJIb JIIOG0TO BelleCTBA COAEPIKHT OJHO M TO Xe YHC/I0 MOoJeKyJa. B ca-
MOM je/€, ecH OG03HaUHTb OTHOCHTEJbHBIE MAacChl JIBYX KaKUX-THGO
BEILECTB Yepe3 [4; M Wy, a MAcChl MOJIEKYJ 3THX BelIeCTR — yepes m,
H My, TO MOXKHO HANMHCATh TaKHe OYeBHJHBIE PABEHCTBA:

B N [On ]
A4
NN

m=mN;, py=mlN,, (4.3)

rie N, u N, — uMcia yactul B MoJle 3THX BellectB, Tak Kak u3 ca-
o m

MOTO OTIpefie/IeHHS! OTHOCHTEIbHOH MacChl BLITEKAET, YTO % =—L, 10,
2 2

9 A, K. Kukoun, U, K, Kukouu
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pasje/MB nepBoe U3 paBeHCTB (4.3) HA BTOpoe, MOJAYy4HM, 4T0. N, = N,,
T. €. 4TO MOJb JIOGOr0 BeIeCTBA COAEPXKHT OJUHAKOBOE UYHCJIO
MOJIEK /1.

Uueao yacTHl B MoJle, OJMHAKOBOE J/1Sl BCEX BELLECTB, Ha3blBaeTcs
yucaom Asocadpo. Mul 6y11eM ero o6o3Hayatb yepe3 N,. Mbl MOxkeM,
TaKUM 00pasoM, ONpee/uTh MOJIb KaK eIHHHIY 0coG0i BeIHYHHBI —
KOAUYECMBa 8eLyecmea

1 moae — smo Koauwecmeo eewjecmen, codepacauiee YUCAO MOAEKYA
WJIH JIPYTMX 4YacTHI (HanpHMep, aTOMOB, €CJH BEECTBO COCTOHT H3
aTOMOB), pasHoe wucay Asocadpo.

Ecan pasiennts yucio Mosekysn N B JaHHOH Macce rasa Ha 4HCIO
ABoragpa N,, T0 Mbl NOJAYYHM 4MCJAO MojeH B 3Toii Mmacce rasa, Ho
3TY Xe BeJHYHHY MOKHO MOJNYYUTh, pa3fieluB Maccy M rasa Ha ero
OTHOCHTEJIbHYIO Maccy [, TakK 4TO

M N ) M
—,= 5~ orcioga N=-—N,.
T N OTeOR T

TloacraBum 310 Bhipaxenve aas N B dopmyay (4.2). Torpa ypas-
HEHHe COCTOSHMA NPHMET BHI!

pV = %4 NekT. (4.4)

B 3T0 ypaBHeHHMe BXONAT JBe YHHBepca/bHbBlE KOHCTaHTBL YHCJIO
Aporagpo N, u nocrosiunas BonpuMana k.43Has ofHy H3 HHX, HampH-
Mep noctosinnyio Bosbumana, MoxHO Apyrylo (ducio ABoragpo) omnpe-
JIe/IMTb MPOCTHIME OMBITAMH, MOAB3YyACh CaMHM ypaBHeHueM (4.4). s
3TQro cjeflyeT B3ATb KakoH-HUOYAb ras ¢ H3BECTHBIM 3HaUEHHEM OTHO-
CHTE/IbHOH MacCH U, 3aNOJHUTBb UM COCYJ U3BeCTHOro o6veMa V, usme-
pHTb AaBJEHHe p 3TOro rasa ¥ ero TemnepaTypy T M OnpelesHTb ero
Maccy M, B3BeCHB MyCTOH (OTKauaHHBIH) COCYZ M COCYA, HanonHeHHblﬁ
rasom. Uneno Asoragpo N, okasanocb paBHbiM 6,02 -10% mosb™*

HauGosee TouHOE K HacTOAEMY BpeMeHH 3HaYeHHE YHCAA Aso-
rajapo:

N, ==6,0220943 - 102 momb~!.

IlpousBesieHne yHUBepCajbHBIX KOHCTaHT Nk, OYEBHAHO, TOXe
ABJfAETCA YHHBepCabHOH KoHcTaHTOH. OHA Mo/Myuyusa Ha3BaHHE YHU-

8epcanvHoll easosoti nocmosnHod W OGBIYHO OB03HauyaeTcs uepe3 R;

R= Ny ~6,02.102%. 1,38 10-23 — 8,31 [ix/monb - K —
=8,31- 107 spr/moanb- K.

(Tounoe snauenue: R = 8,31441 JIx/mosasb -K.)
3amenuB B ypaBHeHuH (4.4) Nk yHUBepcasbHOH rasoBoi NOCTOSIH-
Holl R, mojyuum:

v =%—RT. (4.5)
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IlpeacTaBieHHOe B TAKOM BHjE ypaBHEHHe COCTOSIHHS HAEANLHOIO
rasa 4acTo Ha3nBaWT ypasHenuem Kaanedpona — Mendenecea. Benu-
unHa M/p, Bxopsulas B 3TO ypaBHeHHe, NpPEACTaB/IseT COGOH dYHCIO
Mosiell B aHHOH Macce rasa. s ogHoro moJjs rasa, T. e. AJs ciaydas,
korga M = u, ypaBHeHHe (4.5) HMeeT BHA:

pV —RT. 4.6)

§ 5. 3akoHbl MaeaJbHOrO rasa

V3BecTHEIe Y€ [aBHO 3aKOHBI, YNpaBJsiOllHe MNOBEJEHHEM rasos,
GbLYIH B CBOE BpeMsl OTKPBITHI ONBITHBIM MyTeM (3akoH Boins —MapHOT'I‘a
ycranoBjieH emle B X VII'B.). Herpyano y6enutbest, 9To Bce 3TH 3aKOHHI
MOryT ObITb MONYYEHB! M3 NPHUBEJEHHBIX BbILIE yPaBHEHHI KHHETHYe-
CKOH TeOpHH rasosB.

3akon bBoitin — MapnorTa. PaccMoTpHM ras B ycroBHSX, KOTAa
€ro TeMnepatypa NoJJepKUBAETCS MOCTOSHHON (TakHe YCNIOBHA HAa3bl-
BaloTCs usomepmudeckumu). Ecnn B ypaBHeHun coctosinus (4.5) moJio-
x®utb T = const, TO fiCHO, YTO BCA NPaBas 4acTb YPaBHEHHS OKAa3bl-
BaeTCsl BEITHYHHOH MOCTOSIHHOM, TaK 4TO.

pV = const. _ (6.1)

Sta dopmya, KOTOPYIO HA3bIBAIOT YpasHeHUem Udonepmbl, ¥ BbIpaxaer
3akoH Boiins — MapuoTTra, COracHO KOTOpPOMY NPH NMOCTOSHHOH TeM-
nepaType cxkaTHe H pacilypeHHe rasa, T. €. H3MeHeHHe ero ofbema,
COMpOBOX/JaeTcsl TAKHM M3MeHeHHeM JaBjeHHs, YTO NPOU3BeJCHHe JaB-
JeHusl Ha o0BeM OocTaeTcsl BeJIHYMHOH NOCTOSHHOH, ['paduueckH 3aBu-
CHUMOCTb p OT V Ans pasjaHuHBIX TeMnepaTyp H3o0pameHa Ha pHC. 4.
M3 dopmyasr (5.1) BUAHO, YTO 3TH KpHBLIE, HA3bIBAEMBIE U30MEPMAMU,
NpeACTaBASI0T co6oi runep6OIbL.

3akon boitnsi — MapuoTra nokaswiBaer, KaK H3MeHsieTcsl AaBjeHHe
rasa ¢ H3MeHeHHeM ero ofbeMa NpH NOCTOSHHOH TeMnepaType i, Ko-
HEeYyHO, MpPH HEH3MEHHOH Macce. A

CHKMMaeMoCTb MjeajJbHoro rasa. HWaoTepmuueckwiti kKoadduuuenrt
cxkumaemMocTH. CBOHCTBO rasa, KakK M BCAKOTO ApPYroro Te/a, H3MeHATh
JlaBjieHHe NpH H3MeHeHHH o0beMa Ha3bIBaeTcs cocumaemocmoro. Eciu
H3MeHeHHe oGbeMa MPOUCXOAMT TaK, 4TO TeMmepaTypa rasa mpH 3TOM
He MEHfieTCsl, TO CHHHMaéMOCTb XapaKTepH3yeTCA U30MePMUHECKUM KO-
shpuyenmon cacumaemocmy %, KOTOPHIH ONpefleAeTCH KakK OMmHo-
cumenvroe 3MeHeHHe 00beMa, BHI3LIBAIOILEE H3MEHEHHe JABJEHHS Ha
equHuny. OueBHJHO, YTO )

g = ( d V) (5.2)

dp
3neck dV — n3meneHne o0wemMa rasa, BbI3HBAlOllee H3MEHEHHMe [aB-
JIEHH# Ha BeJqHYHHY dp; V — nepBoHauajbHblil 00beM (OTHOCHTENbHBIM
PL
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H3MeHeHHeM KaKoH-JHO0 BeJHYMHbI M Ha3bIBAaeTCA OTHOILEHHE H3Me-
HEHHS 3TOH BeJMYHHBI K ee MNepBOHauajbHOMY 3Haueduio). Uupekc T
y NMpPOH3BOJHOH NOKa3blBaeT, YTo oHa Gepercs npu T = comst.

Jus npeajbHOro rasa Jerko BLIMHCAHTL 3HaueHue §. M3 ypaBHe-
HUA COCTOAHHA (4.5) nonydaem:

dpV)=Vdp+pdV =0 (%’— RT=const).

Orcrona
x:_l!/,(%‘;_> =_1 (5.3

T P
3HaK MHHYC YKa3blBaeT Ha TO, YTO yeeAuyerue ofbeMa INPHBOAHT K
YMenbLeruo NaBJIeHHU .

MsotepMuueckuit Ko3hpHUHEHT CKUMAEMOCTH HJealbHOTO rasa
paBeH, TAKUM 06pa3oM, 06paTHOH BeJTHUHHE ero ABJIeHHA H H3MepAeTcs
B cucreme CH Benunnuax M2/H, a B cucreme CI'C —
B €AMHHUAX CM%/MHH.

C poctoM JaB/eHHs BeJHYHHA Y, KOHEUHQ, YMEHb-
4 1iaeTcsl, Tak Kak 4eM GoJibliie JaBjeHue, TeM MeHblie
y rasa BO3MOXHOCTeH 17151 TOTO, YTOOHI ellle GoJIbLie
[l COKHMATbCA.

z 3akon Teii-Jlroccaka. Ilycts Temeps, ras Haxo-
IHTCS B YCJOBHSAX, KOTAa NOCTOSHHBIM COXPaHAeTCH
ero JaBjeHHe p, HO H3MeHdAeTcsd TeMrneparypa. Takue

Puc. 5. YCJOBHSI MOXKHO OCVILECTBHTb, €CIH IOMECTHTb Tra3

B UMJHH]P, 3aKPBITHIA NOABHXXHBIM MOPIIHEM (PHUC. D).
B TakoM uunuHIpe H3MeHEHHE TEMIEPaTyphl BLI3LIBAET MepeMelieHHe
NOPIUHA H H3MeHeHHe oObeMa. [laBieHHe e OCTaeTcA IOCTOSIHHBIM,

W3 ypaBHeHus cocrosinuda (4.5) BHIHO, YTO B 3TOM CJ1yyae MOCTOSH-

HLIM OYJEeT OTHOLleHHe o0LeMa rasa K ero TeMieparype:

g Y _MR
‘ T Bop

L

= const. (5.4)

310 ypaBHeHHe, Ha3biBaeMoe ypasueruem usobape! (Ipolecc, NPoHUC-
XONALMH [PH IOCTOSIHHOM JaBJEeHHH, HasbiBaeTcsl wu3obapuyeckun),
BhIpaxaeT U3BeCTHHIN 3akoH ['efi-Jltoccaka (MHoOrza ero HasbBaloT, 6e3
JIOCTAaTOYHBLIX, BIIpoYeM, OCHOBaHHUiH, 3akoHom lllap.as).

I'padux muzobapwr V = f(T), kak sto Buauo u3 (5.4), umeeT BHI
NpAMOH, HUCXOAsILeH H3 Hayaja KOOpAHHAT.

KoahdmuuenT o0GBeMHOTO paclUMpeHHs Ta3a NPH NOCTOSHHOM
AasjeHud. KosdduiueHT 06beMHOTO pacliHpeHHs & MOXKeT GhiTh npen-
CTaB/eH B BH/E, AHAJOTHYHOM KO3(PDUIHEHTY CIKHMAEMOCTH:

a=3 (), 69)
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, OTKyza

:Ig
'Bl?J

W3 ypaBHenus cocrosuusa (4.5) cienyer, uto (%) =
p

a—-L[4V) _ 1
=v\ar),= 71T

T. €. K03(puIHEeHT QfBeMHOTO pacllHpeHHs HIealbHOrO rasa pabeH
o6paTHoll BesnuHHe a6conoTHOH Temneparyphl. [Ipu 0°C, Hanpumep,
ou pasen 1/273 K™.

HUaoxopuueckuii nmpounecc. Korzna ras HaxomuTcad B TAKHX YCJIOBHAX,
YTO MOCTOSHHBIM OCTaeTcsi ero ofbeM (IpOHCXOAfAILHE B TAKHX YCJO-
BHAIX MPOUECCH Ha3bIBAIOTCH U30XOpUMeCcKUMU), TO, KaK 3TO BHIHO M3
ypPaBHEHH COCTOsSIHHA rasa (4.5), H3MeHeHHe JaBleHHs rasa IpPH H3Me-
HEHHH ero TeMIepaTypbl NPOUCXOMHUT TaK, uTo OTHolieHHe p/T ocTaercs
TNOCTOSIHHBIM! ' ‘

LA i:’ R —const. (5.6)
310 yTBepkJeHHE, OJHAKO, HEb3si CYHTATh 3aKOHOM MPHPOABL Tem-
nepaTypHasi 1iKala HAeaJbHOro rasa CTPOHTCA® MMEHHO Ha OCHOBe
npeanoaoxenus, urto p/T = const (cm. § 3). Ilostomy 3KcnepHMeH-
TaJbHaA MpPOBEPKa 3TOTO «3aKOHA» He MOXKET HaTb HHOTO pe3yJbTara.
. 3akon Asoraapo. M3 ypaBHeHHs cOcTOAHHA HIeanbHOTO Trasa
HEIOCPECTBEHHO CJeyeT H 3aKOH ABOrajipo, COracHO KOTOPOMY npu
00uHaKo8bLx BaBAEHUAX U Memnepamypax 8 pasHoix 06vemax a0bo2o easa
colepacumes 00UHAKOB0E 4UCAO MOAeKyA. JleHCTBHTebHO, MYCTb MbI
UMeeM IBa OfIHHAKOBbLIX 06EeMa ABYX Pas3JjIMYHbIX Ta30B IIpH OJJMHAKOBLIX
JaBJeHHAX M TeMmepaTypax. [1d KaxJIOro H3 HHX MOXHO HalHCATb
ypaBHEHHe COCTOSHHA B dopme (4.2):

pV=NkT, pV=N,kT,

rae Ny u N, — uucio MoJieKys B KaxJIoM H3 o6beMoB. M3 aTHX 1ByX
PABEHCTB HENOCPe/CTBEHHO caeflyeT, 4To

N]_:'-Nz.

Ato ¥ ecTb 3aKoH ABorajpo.

M3 sToro sakoHa ¢ QUEBHAHOCTLIO ClElyeT, 4TO H, Hao6OpoT, pas-
JIMYHBIE Ta3bl, HO COflepKallixe ONHHAKOBOE YHCJIO MOJEKya, GyayT
NpH OIMHAKOBHX JaBJeHHAX H TeMIepaTypax 3aHHMaTb OLHHAKOBbIE
o6beMbl. [TosToMy MOJbL JIOG0TO rasa NMpH AaHHLIX JaBJEHHMH H TeMIle-

aType 3aHHMaeT OJHHAKOBblHf 00beM. B 4acTHOCTH, MpH TeMmneparype
0°C (273,15 K) u nanenun 1 arm (1,01 -10° H/M?) mosb Jto6oro rasa
3aHUMaeT 06BeM
RT _ 831.273

Ve =~ Tor e 2,24 - 10-% m3/MoJB.

Tounoe 3nauenne: V,=2,2241383-10-2 M3/Moub,
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Jlerko BBIYHC/IHTBL H YHCJIO 12, MOJIEKYa B | M® npu 3THX (TaK Hasbl-
BaeMblX HOPMaJbHBIX) YGJIOBHAX:

No _ 6,02.10%

7 m:{z 2,7 -10% M3,
0 * *

f'l0=
310-uHucno HaspiBaercs yucaom Jlowmuoma. .
3akoH JlanbTona. ITycTs B cocyne o6beMoM V uMeercs Haxoasuaacs
B COCTOfIHHH TeIlJIOBOTO PaBHOBeCHSI CMeCh pas/HYHLIX [a30B, He pea-
THPYIOUIUX XHMHYECKH APYT ¢ ApyroM. Jlig Takoft cMecH ypaBHeHHe
COCTOSIHHSI MMeeT BHJ

=(Ny+Ny+Ngt.. ) kT

rne Ny, N,, N, ... — uHc/Ia MOJIEKY]T COOTBETCTBYIOUHX KOMIIOHEHTOB
cMecH. QueBHOHO, YTO

Ni+ N+ Nz .. =

rie N — ofllee 4HCI0 MOJIEKYJ B cOCyJe.
JlaBieHnue rasa

p=S0 kT 4D kT BT

310 BhlpaxeHHe NOKasbiBaeT, YTO KaxJAas TPyNna MOJeKyJ OKasblBaeT
laBJeHue, He 3aBHCAIlee OT TOro, Kakoe JaB/jeHHe OKa3blBalOT JpYyrue
MOJIEK YJIBl. TO oﬁycnoaneﬂo TEM, YTO B HJ€AJbHOM rase Mexay MoJe-
KyJaMH{ HeT B3auMOJIefiCTBHS, MOJEKYJH «HE 3HAKOT» O CyLLLeCTBOBaHHH
Ipyrux Mosekys. Bripaxenus

N N N
——V—‘kT=p1, —V—ﬁkT=p2, —VikT=p3,

NpeCTaBASIOT c060I0 JaBjeHue KaXJAOTO U3 KOMIIOHEHTOB CMeCH, 3aHH-
Mmatoweli o6reM V, T. e. py, Py, Py ... ABIAIOTCH NAPYUQALHBIMU NAB-
JIEHUSIMH KOMIIOHEHTOB cMecH. HamomHuM, 4TO mapuua/bHbIM JaBje-
HUeM KaKoro-qu6o rasa — KOMIIOHEHTa ra3oBoff cMecH — Ha3biBaeTcs
JlaBleHHe, KOTOpPOe OKa3blBaj Obl 3TOT ras, ecaud Obl OH OJHH 3aHHMaJ
BeCh 00beM, 3aHHMaeMbll CMeChIO.

. Takum ob6pasom,

p=p1+pt+pst...,

T. €. JlaBJeHHe CMeCH ra3oB PaBHO CyMMe NaplUHANbHBIX NaBJeHHH ee
KOMIIOHEHTOB. DTO H eCTb CcOflep:KaHHe 3akoHa JlaibTOHa, KOTOpGIH,
OYeBHJHO, CNIpaBeJJIHB TOJbLKO A HJealbHBIX Ta3oB.

OnbiT nokasbiBaeT, 4TO MPH JOCTATOYHO BBICOKHX J@B/eHHAX (MO-
pAlKa JecATKOB aTMOCQ)ep) KOTJa rasbl y»Ke HeJb3fl CYHTATb HJ€alb-
HBIMH, Ha6JIIONAIOTCS OTKJIOHEHHs (B Ty H APYTYIO CTOPOHY) OT 3aKOHa
JanvToHa, -
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[Tonb3ysch OCHOBHLIMH pe3yJibTaTaMH KHHETHUYECKOH TEODHH Tas3oB,
Mbl, TaKHM 00pa30M, MOJNYYHIH 3aKOHBI, YIPAaBISIHe NOBEJEHHEM
rasoB, YCTaHOBJEHHbHIe 3KCIEPHMEHTaNbHO 3al0/1r0 10 TOro, Kak 6biia
pasBuTa TeopHs. DT0 B KaKOH-TO Mepe INOATBEPKJAaeT NPABHJIBLHOCTD
TEOpHH, MO3BOJIAET CYHTATL ee IPOBEPEHHOH ONbLITOM. JTO yKa3biBaeT
TaKXK€ Ha TO, YTO ra3oBble 3aKOHbl, PACCMOTPEHHbIE BHILlE, OTHOCATCH
TOJLKO K HJealbHbIM a3aM, 4To, BOOGLle roBOps, He GHIO H3BECTHO
o NosBJIEeHHs KHHETHUeCKoH Teopuu rasoB. ONbIT B caMoM Jefe NoKa-
3bIBaeT, YTO KOTJa YC/IOBHA HAealbHOCTH He BBINOJHEHBI, TO Habilio-
NaloTcs OTKJIOHEHHA OT Ta3oBbIX 3aKOHOB. MOXHO NO3TOMY CUYHTaTh,
YTO CTPOTOe C/el0BaHHe MpHBEJeHHLIM BbIlle Ta30BbIM 3aKOHAM fB-
JsleTcsl NPH3HAKOM HIeanbHOCTH rasa. MMeHHO NO3TOMY HAeaslbHEIM
MHOTJa HasblBalT ras, cjieiywoowufl, Hanpumep, 3akoHaM DBofns —
Mapuorra uaun leii-JTioccaka.

§ 6. CxopocTH ra3oBbix MOJeEKY

OcHOBHOe ypaBHeHHe KHHEeTHYeCKOH TEODHH Tas3oB YCTaHAaBJ/MBaeT
CBA3b MeXAYy cpelHell KHHeTHYeCKOH SHeprueil mocTynartesJbLHOrO JIBH-
JKEHHA MOJIeKyJ H a6CcoMIoTHOH TeMmmeparypoii:

-mo® 3
=7 kT.

TeM caMbM onpenendeTcd H CpeaHasd KBaJApaTHYHaa CKOpOCTb MOJIEKY.JT
— = T
sz =y = V——m—, (6. 1)

KOTOpas AJA JAHHOTO rasa (IpH JaHHOM 3HaYeHHH Macchbl MOJIEKYJIBI #1)
3aBHCHT TOJBKO OT TeMneparypbl. Ec/H 4YHC/AHTENL H 3HaMeHaTeNlb
Ipo6H B NOAKODEHHOM BbIpa:KeHHH NpaBoH uactH papeHcrBa (6.1)
YMHOM(HTb Ha 4HCJI0 ABoOragpo, To

= 3RT

Tak Kak Nok = R u Nym = p. ITocKOIBKY 00 YPaBHEHHIO COCTOf-
Hus (4.6) pV = RT, rne V — o6neM, 3aHHMaeMblii MoJieM Trasa, pa-
BeHCTBO (6.2) MOXKHO INpelCTaBHTL B BHAe:

=1 2, (6.3)
Y
rle @ — IJIOTHOCTb rasa, paBHas, oueBHAHO, W/V, T. e. Macce mons,
NeleHHOH Ha ero o6beMm. )
®opmyna (6.3) nokasniBaeT, YTO cpelHAA KBalpaTHYHAS CKOPOCThb
MOJIEKYJT MOMKET ObITb BbYUC/IEHa U3 JaHHBIX M3MePeHHH YHCTO MaKpo-
CKOMHYECKHX BEJHYHH — JaBJeHHs ras3a M ero IVIOTHOCTH. Tak, HanpH-
Mep, IUIOTHOCTb a30Ta mpH aTMocdepHOM JAaBjeHHH H Temmnepatype 0°C
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paBra 1,25 kr/m®. Cpennsasi KBajpaTH4Has CKOPOCTb MOJIEKYJ a30Ta
B 3TOM CJy4ae paBHa

3.1,013- 108
7= ]/ P A 500 mic.

TlioTHOCT, BOOpONa MpPH TeX e YCJIOBHSIX NpHMepHo B 15 pa3
MeHblle, ueM Y a3oTa. [lostoMy cpenHsis KBajpaTHuHas CKOPOCTb MoJe-
KyJa Bojopoja moute B 4 pasa GoJblie M paBHa npumepHo 2000 M/c.

uTepecHO OTMETHTb, YTO CKOPOCTH MOJIEKYJ rasa GJIH3KH K CKO-
POCTH 3BYKa B TOM e rase. 10 06bAcCHAETCA TeM, YTO 3BYKOBbIE BOJIHbI
B rase INepeHoCATCS IBHXYIIMMHCA MoJeKyaamH. HeyauBuTennHO
[I03TOMY, YTQO CKODOCTb 3ByKa ¢ B rase NPHOJIMKEHHO ONpefiesseTcs
¢dopmy.of:

c=V"plp.

Bosnbllioff HHTepec NpelcTaBAsieT 3KCIEPHMEHTAIbHOE ONpefesieHHe
CKODOCTH Ta30BbiX MOJIEKYJ], TaK KakK 3T0 JaeT BO3MOXHOCTL OIpejie-
JIMTb ONBLITHBIM MyTeM 3HayeHHe NocTosiHHOH Bosbumana k, BaXKHOCTH
KOTOPOH B KHHETHYECKOH TeopuH oueBHAHA. [lepBoe HenocpeaCTBeHHOE
OMLITHOE ONpEfelieliHe CKOPOCTH Ta30BLIX MOJEKYI GbIIO TPOBEIEHO
Hltepuom (1920 r.).

Onbit Wtepna. Cxema ombita (B n/aHe) MpeAcTaBjeHa Ha pHC. 6.
Hcroynukom yacTHi (B JaHHOM CJydyae aTOMOB), CKOPOCTb KOTOPBIX

)]
@

S,
Puc.

~

HCccJlefyeTcs, B OMbITE CAyKHJIa NJIaTHHOBas NPOBOJIOKA [, MOKpHITas
coeM cepe6pa. OHa OKpyiKeHa IBYMS LHIMHAPHYECKUMH IHadparMami,
B KOTOPLIX NPOpe3aHbl Y3KHe WieH S; H S, Tak, YTO NPOBOJIOKA H ILENH
JexaT B OJHOH BepTHKaJILHOH MJIOCKOCTH. 3TO YCTPOHCTBO IOMELIEHO
BHYTPb UHMJHHIpPa P, Ha BHYTpPeHHeHl NOBEPXHOCTH KOTOPOTQ IPOTHB
ead S, HMeeTcs MHILEeHL'— CLeMHaf JaTYHHas [JacTHHKAa. Bes srta
CHCTEMa MOMeILeHa MOJ KOJIOKOJ Hacoca, CO3aloIero BHCOKHH BaKyyM
{~107% Topa), u MoxeT BpamaThcs ¢ 6OIBLIOH CKOPOCTbIO OKOJIO OCH,
BlOJIb KOTOPOH HATSHYTa MPOBOJOKa L.

IlponyckaHueM 3/€KTPHUECKOrO TOKa uepe3 npoBojokKy L Illrepn
HarpepaJ/ ee 10 TeMmnepaTypsl, IPH KOTOpOil cepe6po 3aMeTHO Hcmaps-
Joch (1235 K). TTpu atom aToMel cepe6pa, CKOPOCTH KOTOPHIX COOTBET-
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CTBYIOT TeMIepaType MNPOBOJIOKH, BHLIETAIOT MO BCEM HANPaBAeHHAM.
YHactb aTOMOB MPOXONHT Yepe3 weiH S; H S,, KOTOpHE BHPe3aloT H3
[OTOKA 4TOMOB Y3KHH, pe3KO QuepuYeHHBIH NMYYOK, COCTOSIIMH H3 JBH-
XKYIIMXCHA B OJHOM HamnpaBJeHHH H He CTaNKHBAaIOWHXCS MEXIY CO6oM
yacTHI| (TaKHe HampaBJ/eHHble MOTOKH MOJIEKYJ HOCAT Ofliee Ha3BaHHe
MONCKYASIPHBIX HYUKOB).

Koraa Bcsi cucTeMa HenojBHXKHA, aTOMbl cepe6pa, o6pasyroiime
Iy4OK, KOHJEHCHPYIOTCA HA MHILEHH B Mecre, 0603Ha4eHHOM Ha pHC. 6
6ykBoit A, 06pa3ys Ha MHILEHH I0JOCKY, ABISIOILYIOC KakK 6bl H306-
paxeHueM Lienu S,. Ho ecau npusecTH npHGOp BO BpalueHHe, aTOMbI
IyyKa NonaayT yxe He B A, a 0Ka)KyTcs CMeIeHHHIMH OTHOCHTENBHO A
Ha HeKOTopoe paccrosinde § (Ha pucynke § = AA’). Beaw paccrosinue r
OT IWEJH S, 0 MHIIEHH aTOMbI, ABHKYLUMECS CO CKOPOCTHIO U, MPOXOISAT
3a BpeMsi ¢ = r/v. Ho 3a 3TO BpeMs KaxIas TO4Ka BpallaroLIerocs
HUJIMHIpa CMEeCTHTCH HA paccTosiHHe §, paBHoe 2mnRE, rae n — 4ucaQ
060poTOB HJIHHAPAa P B CeKYHAY H R — paauyc 3TOro UHAMHApA:

6 =2nnRt.
IMoncTaBUB clofla BMECTO { ero 3HaueHHe r/u, nonyqaer
2 ' :
5— nnRr ] (6.4)

U

ITpu BpaiueHuu npubopa B o6paTHOM HaIpaBJeHHH N0JOCKA CMECTHTCSA
Ha TaKoe XKe pacCTOfiHHe Mo JApyryto cropoHy ot A. Tarum oGpasom
Ha MHMIIEHH MOJIy4YaloTCsi [IBE MOJIOCKH, DasfleNleHHble PacCTOAHHeM 26,
D10 NOBHILAET TOYHOCTh H3MepeHHd O.

HaMepuB pacCTOsiHHe MeXIy MOJOCKaMH M 3Hafd n, r U R, BbluHC-
JadaT no dopmyae (6.4) cCKOpocTb aTOMOB v INIPH TeMIeparype Mpo-
BOJIOKH, '

HaMepeHHblE TAKHM 06pA30M 3HAYEHHS CKOPOCTH 4TOMOB OKasaJHCh
6AM3KHMH K 3HaYeHHSM, BbIMHCJAEHHbIM IO ¢dopmyre (6.1).

MeTon MoseKYaApHBIX My4YyKoB, paspa6oranuslii [llteproM, no cux
NOp ILUHPOKO HCHOMb3yeTcsl 1751 HCCAeJOBAHHS Pa3jHYHLIX CBOHCTB
YacTHLL.

BaXXHO OTMeTHTb, YTO CMELIeHHLIE MOJOCKH Ha MHIIEHH B ONBITAX
[lItepHa nosyyanuch [OBOJILHO INMPOKHMH, PasMLITLIMH H BOBCE HE
GolTH n306paxkeHHeM IUeH, B OTJIHYHE OT Pe3KOoH, Y3KOH HeCMEeLIEHHOMH
MOJIOCKH. DTOTO CJIeA0Ba/I0 QXKHAaTh, HMed B BHLY, YUTO aTOMBI cepe6pa
BbLIETAlOT H3 HCTOUHHKA C Pa3/HYHLIMH CKOPOCTAMH. $IcHO, uTo Gosee
GbICTPble aTOMBI NONAAAIOT HA MHIEHb ¢ MEHbIIUM CMELIEHHEM OTHOCH-
TeJbHO MecTa MONajaHHsd aToOMOB IMpH HENOABHXHOM OpHGOpE, YeM
aTtoMsl 6o/lee MefiegHble. Paccronnne 28 Mexny mosiockaMil — 3T0 pac-
CTOSIHHE MEXKAY TeMH HX YacTsMH, rfie Habaiofatack HauGo bluas IJ0T-
HOoCTh cepefpa H Kyla, ClelOBaTeqbHO, NMOMajano HauGosbliee YHCIO
MOJIEK Y.
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MoxXHo mnoKasaTtb, Y4TO ¢ MAaKCHMAaJbHOH IJIOTHOCTHIO HA MHUILEHb
nonagyT MoJIEKYJbl, CKOPOCTh KOTOPBHIX npuMepHo B 1,3 pasa Gosblie
cpefHell KBajpaTHuHO# cKopocTd. ITosToMy CKOPOCTb U, BHYHC/IEHHAN
u3 dopMmyas (6.4), B KoTopoil § ecTh MOJOBHHA PacCTOAHHA MEXAY
Hau6oJlee IIJIOTABIMH YacTAMH OCaflKOB cepefpa, paBHa

va1,30.

IosyuuB 3HaueHHe CpefiHell KBAAPaTHYHO! CKOPOCTH H3 OMHCAHHBIX
omuitoB IlltepHa, MOXKHO, monab3ysch (6.1), onpenejuTh 3HayeHHe IO-
croauHoil Bonbumana. Onbithl LlTepHa mo3BOMIAIOT HE TOMLKO H3MEPHTD
CpPelHIOI0 KBAaJPAaTHYHYIO CKOPOCTb, HO H IO PasMBITIHO ocajka rpyco
OlIPeJeHTL paclipefie/leHHe MOJEKYJ [0 CKOPOCTAM.

§ 7. bpoyHoBCkoe JBHXKEHHE

Onuum U3 Haubosee yGeqUTeNbHLIX [0Ka3aTeJNbCTB peaJbHOCTH
NBHXKEHHUS MOJIEKYJ CJYXKHT fBJeHHE TaK Ha3bIBAEMOTO OPOYHOBCKOZ0
Osudicenus, oTKpbiToro B 1827 r. aHriuiickuM 60oTaHHKoM BpoyHoM mpu
M3YYeHHH B3BelleHHbIX B Bofie Me/byafiiuux crop. OH o6HapyxKH/I, PH
pPacCMOTPEHHH IOJi MHKPOCKONOM C GOJIBIIHM YBE&IHYEHHEM, 4TO 3TH
CIIOPBI HAXOAATCA B HeMpepLIBHOM OeCrop siI0YHOM [BHXKEHHH, KaK Obl
HCIIOJIHAA OHKH#E (aHTaCTHYECKHH Tauell,.

HanbHeflline ONMBITHI [OKA3a/lH, YTO 3TH [BHXKEHHS He CBA3aHLI
¢ GHOJIOrHYECKHM IPOHCXOXJEHHEM YacCTHI[ HJH C KaKHMH-THGO IBH-
KeHHAMH XHAKoCTH. [Tofo6Hble ABHMKEHHSI COBEpLIAIOT JHOOble MaJble
YaCTHIbI, B3BellleHHbIe B XHKOCTH WM rase. Takoro pozna 6ecnopsnou-
Hble JBHXKEHHS COBEpILAIOT, HAIPUMEp, YaCTHIBl IbIMA B HEIOJBHXKHOM
Bo3ayxe, Takoe GecrnopsjouHOe [JBHXKEHHE YaCTHLl, B3BElLIEHHBIX
B XHJKOCTH WJHM Trase, M MOJYYHJQ Ha3BaHHe OPOYHOBCKOTQ JBH-
JKeHHS.

CrienpaJ/ibHBIEe HCC/IEJOBAHUSA MIOKa3alH, YTO XapakTep 6pOyHOBCKOIO
NBHXKEHHS 3aBHCHT OT CBOHCTB XKHIKOCTH HJIH rasa, B KOTOPHIX B3Be-
IieHbl YAacTHIBI, HO He 3aBHCHT OT CBOHCTB BelleCTBa CAMHX 4YacCTHIIL.
CkopocTh IBHKEHHA 6DOYHOBCKHX YAaCTHI[ BO3PACTaeT C IMOBBILIEHHEM
TEMIIEPATYPbl H C YMEHbIUeHHeM pasMepoB YacCTHIL.

Bce 3TH 3aKOHOMEpPHOCTH JIerKQO OOBLACHHTb, €CIH MBI [IPUMEM, UTO
NBHXKEHHSl B3BelleHHbIX YaCTHI[ BO3HHKAIOT BCJAENCTBHE yAAapOB, HCIbI-
THIBAEMBIX HMH CO CTOPOHBI JBHXK YILUXCH MOJIEKYJ XHIKOCTH HJIH rasa,
B KOTOPBIX OHH HaXoAaTCH.

KoHeuno, Kaxnas OpOYHOBCKas 4acTHLA NOJBepraeTcA TaKHM yja-
paM co Bcex cTopoH. IIpH monHo#t 6GecrnopsfilouHOCTH MOJIeKYJApHBIX
IBHKEHHI MOXKHO, Ka3aJ10Ch Obl, 03KHAATh, YTO YHCJAO YAapoB, o0pyllH-
BAalOIHMXCA HA YacTHLY C KAKOro-HHOYAb HANpaBAeHHs, NO/DKHO ObiTb
B TOYHOCTH PaBHO YMC/]Y YAapOB C MPOTHBOIONOXHOTO HANpaBJeHHS,
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TaK 4TO BCe 3TH TOMYKH JOJIXKHEI [IOHOCTLIO KOMIIEHCHPOBATh APYT Apyra
H YacTHULBI JAOKHBLI OCTABaThbCSl HEMOABHXKHBIMH,

Tak HMEHHO H IPOMCXOAHMT, €CJH HaCTHLbl He caHliKoM Mmanbl. Ho
KOTJia Mbl HMeeM JIeI0 ¢ MHKpocKouyecKuMH yactuiamu (1074—1075 cm),
neJio o6CTouT HHaue. Benb U3 Toro gakra, 4To MO/IeKyAsipHLIe IBHXKEHHH
Xa0THYHBI, CJIEJIYeT JHLIb, UTO 8 CPeJHeM UHCIO YAAPOB Pa3HbIX HANPaB-
Jenyit onnHakoso. Ho B Takoil craTHcTHUECKOH cHCTEME, KaK XKHIKOCTh
HJIM ra3, HeHs6exHbl M OTKJOHEHHS OT CpeflHHX 3HaueHuH. Takue oT-
KJIOHEHHS OT CPeIHHX 3HAueHHH TeX WM MHLIX BeJIHYHH, KOTOpbLIE NPO-
HCXOAT B MaJIoM oGbeMe HJIH B TeUeHHe MaJblX IIPOMeXYTKOB BpeMeHH,
HasLIBalOTCA ayxmyayuamy., Eciu B KUAKOCTH HJIH ra3e HaxoAuTcd
TeJI0 0OLIYHBIX Pa3MepoB, TO YHCJIO TOMYKOB, KOTOPOE QHO HCIILITHLIBAET
CO CTOPOHBI MOJIEKYJI, TAK BEJHKO, UTO HEJb3fl 3aMETUTh HH OTHE/bHBIX
TOJIYKOB, HH CJyuyafHOre npeo6iajaHHs TOJYKOB OJHOTO HAMpaB/EHHA
HaJl TOMYKAaMH ApPYTHX HampabieHuil. [nd Mmanplx ke yactau obiee
YHCJIO HCIBITLIBAEMBIX HMH TOJYKOB CPABHHTE/bLHO HEBEJIHKO, TaK UTO
npec6/afaHde 4HCIAa YAApOB TQ OJHOrQ, TO JAPYroro HampaBieHHS
CTaHOBHTCS 3aMeTHBIM, H HMeHHO 6.1arofaps TakuM QIyKTyalHsIM YHCIa
yAApaB H BO3HHKAIOT Te€ XapaKTepHble, KaK Gbl CyJOpOKHBIE ABHKEHHA
B3BElliEHHLIX 4YacTHI[, KOTOpble H Ha3biBalOTCSi GPOYHOBCKHM JIBHXKE-
HUeM,

Slcno, UTO NBHKEHHSA GPOYHOBCKHX YaCTHL — 3TO He MOJIEKYJ/IApHbIE
NBHKEHHS: Mbl BUIHM He pPe3y/bTaT yAapa OJHO# MOJIEKY./bl, a pe3yJib-
TaT npecb1anaHusa Yuca yAapoB OJHOTO HANpaB/JIeHHA Hal YHCJIOM yaa-
POB B IPOTHBOIIO/IOKHOM Hanpas/jeHHH. BpoyHoBckoe JBHMKEHHE JIHILb
QueHb fiCHO 0GHApYXHBaeT CaMo CYLIECTBOBaHHeE GecnopAI0UHBIX MOJIe-
KYJAPHBIX JBHXKeHHH.

Takum o6pa3oM, OpOYyHOBCKOe - IBHXEHHE OGBACHAETCA TeM, YT
6sarogaps cayyaidHOH HeOJJUHAKOBOCTH YHCEN YJapOB MOJIEKYJ O YACTH-
Y ¢ pa3HbIX HampaBJeHHH BO3HHKaeT HEKOTOpas paBHOAEHCTBYIOLLAf
CHJIa ONpefie/IeHHOTC HampaBaeHHA. TaK Kak (UIYKTyauuH OGBMHO
6LIBalOT KPATKOBPEMEHHbLIMH, TO Yepe3 KOPOTKHH MPOMEXYTOK BPeMEHH
HanpasJ/ieHHe PAaBHOJEHCTBYIOWEH H3MEHUTCSA, & BMECTE C Hell H3MEHHTCH
U Hampas/eHHe nepeMeuieHua yacTHpl. OTcofa Hab/oaomancsa xao-
THYHOCTL GPOYHOBCKHX [BHXKEHHH, OTpaarwollasd XaoTHYHOCTL MoJe-
KYJIIPHOTO JIBHXKEHHS.

TlpuBeneHHOe KayecTBeHHOe OOBACHEHHE OPOYHOBCKOIO JBHMKEHHUSA
MBI Tenephb AOTIOJNHHM KOMHYeCTBEHHBIM PAaCCMOTPEHHEM 3TOTO SBJEHHS.
Kosnuectsennas Teopus ero 6bl1a Bnepsbie faHa DHHILTEHHOM H, He3a-
Bucumo, CmosnyxoBekum (1905 r.). Mbl npuBeneM 3jech 6osee IPOCTOH,
yeM.y 3THX aBTOPOB, BLIBOJ OCHOBHOTO COOTHOIUEHHS 3TOH TEOPHH.

BesencTBre HEMOJIHON KOMIEHCAIMH YAApOB MOJIEKYJ Ha OGpOyHOB-
CKYIO yacTHIy AeflcTBYeT, KaK Mbl BUIENH, HEKOTOpasA pe3yJbTHPyiolas
cuna F, mon peficTBHeM KOTODOH 4YacTHua H jaBHxkercsi. Kpome 3TOH
CHJIbI ‘HA YACTHUIY AeHCTBYeT CHJIA TPeHHU f, BLI3BaHHAs BA3KOCTbIO Cpe-
IBbl H HAaNpaB/eHHas MPOTHB.CHJH F.



44 KUHETUUYECKAS TEOPUSl MAEAJLHLIX TA30B (rJL. 1

JL151 MpOCTOTHL NPEANOIOXKUM, YTO YacTHIA HMeeT dopMy cdeprl pa-
auyca a. Torna cuna tpenus f MOXKeT GuITh BhIpaxeHa gopmyJioit Crokca:

f = 6anav,

A3
rie 1 — KoshhHLUHEHT BHYTPEHHEr0 TPeHHS MHAKOCTH (WJH rasa),
a U — CKOpOCTb [BHXKEHHS YaCTHIbl. YPABHEHHE NBHMKEHHS YACTHLBI
(Bropoil 3akoH HbioTOHA) HMEET 1103TOMY BHI:

mr = F — 6anar. (7.1)

3mecb m — Macca YacTHIbl, ¥ — ee DPaaHyC-BEKTOP OTHOCHTEJNLHO
NPOH3BOJILHON CHCTEMbI KOODJHMHAT, # = @ — CKOPOCTb YacTHUBI H
F — paBHofeficTBywoWasA CHJ, BLI3BAHHBIX YJapaMH MOJIEKY.JI.

PaccMOTpHM MpOeKUHIO pajuyca-BeKTOpa » Ha OJIHY M3 KOOpJHHAT-
HbIX ocel, HanpuMep Ha och X. [lns 3TOil cocTaBifomEed ypaBHEHHE
(7.1) mepenuiuercs B BHJIE:

mi=F,—6nnax, (7.2)

rae F, — cocraBafiolias pe3yabTHpyollel cuiel F o ocu X.
Haia 3agaua coctOMT B TOM, YTOOH HafTH cMelleHUe x GPOYHOB-
CKO# 4aCTHIBl, KOTOPOE OHa IMOJIy4aeT IOJ AefCcTBHeM YIapOB MOJIEKYI.
Kaxnan u3 yacTHI[ Bce BpeMs IOJABepraercsi COyAapeHHAM C MOJEKY-
JlaMH, TOCJIe Yerc OHa MeHfAeT HalpaBJieHHe CBOero JBHKeHHA. Pasinu-
Hble YacCTHLBI MMOJMYYAlT CMEIIEeHHA, OTJAHYalomHecs Kak 110 BEIHYHHE,
TaK M [0 HampapjeHUw. BepofiTHoe 3HaueHHe CyMMbl CMeLleHHH Bcex
YaCTHI, paBHO HYJIIO, TaK KaK CMelIEHHs ¢ paBHOH BepOATHOCTBIO MOTYT
HMETb H MOJIOKHTEJNbHLIH, H OTpHUAaTeNbHbI# 3HaK. CpesnHee 3HayeHuHe
IIPOEKUHH CMELEeHHs YacTHIl X 6yjeT mosTomy paBHO Hyato. He 6yzer,
OfIHAKO, paBHO HYJIO CpeflHee 3HaueHHEe ksadpama CMelleHHd, T. €.
BeJHUKHA X%, TaK KaK x? He H3MEHfieT CBOEro 3HaKa MpH U3MEHEHHH
3HaKa x. [lpeoGpasyeM mosToMy ypaBHeHHe (7.2) Tak, 4ToObl B HEroO

BXOMJIa BesHuHHA x2. JI715 9TOrO YMHOKHMM 06€ 4acTH 3TOTO ypaBHEHHSA
Ha X:
mxX = xF ,— 6anaxx. (7.3)

Henonns yeM ouYeBHJIHbIE TOXKIECTBA:

o Ldney  dxy L 1d@)
— 2 Tar \dt)’ =9 Tar

INoncraBuB 3TH BhipaxeHud B (7.3), moayuuM:

d2 (x2 dx\2 1 (x2 »
2 (4] = —awna L2,

3To paBeHCTBO CIpaBefJIHBO if J1060H 4acTHLE M I03TOMY OHO
CIpaBeVIMBO TAKXKe H /151 CPEeIHUX 3HaUYeHHH BXOAALMX B HETrO BEJIHYHH,
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€CJIH yCpeJHeHHe BECTH MO J0CTaTO4HO GOJIBIIOMY YHCIY dacTHU. [lo-
3TOMY MOXKHOQ HAllHCaTb:

%%—m(%)2=—3nna (e )—i—xe,

dx\?
rie x* — CpelHee 3HAUeHHE KBajJipaTa NnepeMelleHHs YacTHIIbI, a ( T, ) —

cpellHee 3HAY€HHe KBajpaTra ee CKOPOCTH. Yro Kacaercs CpejJHero 3Ha-

UeHHd Be/IMYHHBI xF,, BXOASLIEH B PaBEeHCTBO, TG OHO PaBHO HYJIIO, TAK
Kak 1Jf 60JIBIIOTO YHCJA YacTHI X M F, ONMHAKOBO 4acTO MPHHHUMAIOT
KaK IOJIOXKHUTE/bHEE, TAK H OTPHIATe bHbIe 3HaYeHH .

YpaBuenue (7.2) mpuruMaeT MO3TOMY BHI: .

a2 (x2 Tdx \2 d{x?
%_‘gi)_—m@—f) = — 3mna —— (x ) (7.4)

AY

dx \2 . o
Benuunna (—dT) B '9TOM YpaBHEHHH INpeACTaBjfeT CO60H cpefiHee 3Ha-

yeHHe KBafpaTa npoekiuii ckopoctu Ha ocb X. Tak Kak nBHkeHUs
YaCTHI[ BIIOJHE XAOTHYHBI, TO CPeJlHHE 3HAYeHHS KBaLpaTOB IMpPOEKIHH
CKODOCTH I10 BCEM TPeM KOODJAHHATHBLIM OCAM JOJIAHEI OLITh PaBHHI AP YT

Apyry, T. €. .
- (@) - (&)

OueBHIHO TaKXKe, YTO CyMMa 3THX BeJIHYHMH JO/IKHA ObITb paBHAa cpef-
HeMy 3HAYeHHIO KBajipaTa CKOPOCTH uacTHI( vZ:

(@) + &)+ (&) =7
(Z) = 1.

Takum ob6pasoM, HHTepecylollee Hac BhlpaxeHHe, BXofsilee B (7.4),
paBHO:

[ dx \2
(&)

CiieqoBaTeNbHO,

Sl

_diz_l - 2 mo
at ] —

Bennunna mo?/2 ecTb cpefiHfs KHHETHYECKASl 3HEPTHS GPOYHOBCKOM
yactuubl, CTajiKHBafch ¢ MOJMEKY/J1aMH XHIKOCTH WJIH rasa, 6pOyHOB-
CKHe 4aCTHIb 06MeHHBAIOTCA C HUMH 3HeprHeH 1 HaXONATCS B TEIIOBOM
PaBHOBECHH CO Cpefioil, B KOTOpPOH OHH IABHXKYTcH. ITostoMy cpefrfis
KHHETHYeCKasi 3HEeprHs IOCTYyNaTe/IbHOTO JBHXKEeHHSA GPOYHOBCKOI ua-
CTHUBI JOMKHA ObITb paBHA cpefHell KHHETHYECKOH 3HEPTHH MOJIEKY.JI
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s

3
XKHIKOCTH (WM rasa), KOTopasi, KaK Mbl 3HaeM, paBHa - kT:

U cjaenoBaTeJIbHO
de\2 2 mo? o,
( )=§ kT (7.5)

dt

¢ .

To 0o6cTosITEILCTBO, YTO CPEJHSAS KHHETHUECKas 3HepTHs1 GpPOYHOB-
" 3 .
CKOI1 YaCTHLBI PaBHA & kT (kak u AJ15 ra30Boii MOJIEKYJIEI!), UMEET NPHH-

uMnuasbHoe 3Hauenue, [lelicTBUTeNbHO, BbIBEICHHOE HAMH PaHee OCHOB-
Hoe ypaBHeHue (3.1) cpaBelHBO /15 JIOGBIX HE B3aHMOJEHCTBYHOUINX
APYT C APYTOM YacTHIl, COBEPIIAIOUIHX XaOTHUecKHe ABHxKeHHs. Bynyr
JIM 3TO HEBHMMBbIE I'/1a30M MOJIEKYJbl HIH 3HAYHTEJbHO GoJiee KPYIHbIe
O6pPOYHOBCKHE YACTHIBl, COEpXKALIHE MHJIHAPIL MOJEeKyJa, — 6e3pas-
auuHo. C MOJIeKY/IpPHO-KHHETHYECKOH TOYKH 3peHHsi GPOYHOBCKYIO
YacTHIly MOXKHO TPAKTOBAaTb KaK THTAHTCKYIO MoJekyJay. [losToMy BHI-
paxeHHe 1/l cpeHel KHHETHYeCKOH 3HeprHH TAKOH 4acTHILBI JOJIKHO
6bITb TaKHM k€, KaK W 15 MoJeKydnl. CkopocTH Xe OpPOyHOBCKHX
YacTHI, KOHEYHO, HeCPaBHEHHO MeHblle, COOTBETCTBEHHO MX Go/bliel
Macce. :

BepHeMcs Teneps K ypaBHenuio (7.4) u, yurs (7.5), nepenuuiem ero
B BHJE:

m d2 (x%) d (x?)
—2——d-t2——kT=—3m1a "
910 ypaBHeHHe J1erko nurerpupyercs. O603naunB 4 (dx:) = Z, nosydaem:
m dZ
-2—-—d—t——kT=— 3nnaZ,

W mocae pasfiesielins TepeMeHHHIX Halle ypaBHeHHe mnpeoGpasyeTcs
B BUJIE!
dZ
kT
T Bana

_ 6nna
=——dt.

Hurerpupys JeBywo 4yacThb 3TOro ypaBHeHHsi B npepenax ot 0. 1o Z,
a npasyto oT 0 o ¢, noayuaem:

& dZ : 6

—as |\ bma -
S RT S m di, .
0 0

" 3mna

' 1n<Z— kT )_1H< kT >=“_ 6mna ,

3nna T 3nma m

HIN
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Orciona
6: —
_ T (1_6—— g t)_ d (x7)
3nna T odt
__ 6mma ¢
Beayuuna ¢ ™ | KaK Jerko yGeIHThCsl, B OGLIYHLIX YCJAOBHSX

ONbITa HHYTOXHO MaJia. [leficTBHTeNbHO, pa3Mephl GPOYHOBCKHX YaCTHIL
He npeBbiaT 1074 cM, BA3KOCTD JHUAKOCTH OGLIYHO 6JAH3KA K BA3KOCTH
BOJIBI, T. €, npu6ansutensHo pasua 107 (B cucreme exunun CI'C), nior-
HOCTb BEIIeCTBA YACTHI NOpsAKa eIMHHLBL. MMes B Buay, uTo macca ya-

CTHUBI /1 paBHA gna3p, MBI NIOJIYUHM, YTO [IOKA3aTeNb CTENEeHN 6‘:;'“ Z,
S,

npu ¢> 107 ¢, TakoB, 4TO BeJHYHHON ¢ ™ MOXHO NpeHe6peub.

CnenoBateJbHO, €C/IH OTPE30K BPEMEHH MeXIY MOC/eI0BATe/]bHBIMH

HaGJOIEHNIMH 34 GPOYHOBCKOH vactuuell npesriaer 107 ¢, 4o, Ko-

HEYHO, BCEer/a UMeeT MEeCTo, TO

- .
d ;= kT

Jlns KOHEUHBIX NPOMEXKYTKOB BpeMeHH A/ M COOTBETCTBYIOUIMX Nepeme-
wennit Ax* ypaBHenne (7.6) MOXHO nepenucaTh B BHAE:

Ax2 kT

AT 3m]a ’ (7.6a)
oTCioa

A = 3m]a AL, | (7.7)

Cpednee 3naenue Kadpama cmewenus 6poyHosckoll wacmuyer 3a
npomexxyToK BpeMeHH AZ Brosb ocu X, nau Jto6oit Apyroft ocH, nponop-
LHOHA/NBHO 3TOMY TPOMEXYTKY BPEMEHH,

CDopMyJIa (7.7) no3BosiseT BLIUHCAATH CpejHEE 3HAUECHHEe KBaipaTa
nepeMelleHni, npuueM cpenHee GepeTcs. 10 BCEM YacCTHIAM, YYacCTBYIO-
wnM. B sBjennd. Ho sta ¢opmysa cnpapefnuBa U J/151 CpeHEro 3Haue-
HHSl KBajpaTa MHOTHX IIOC/Te/l0BaTe/IbHLIX TepeMellieHHi OxHOoH-eIiH-
CTBEHHON HaCTHIBI 332 paBHHE NPOMEXYTKH BpeMeHH, C 3KCHEpPHMEH-
TaJJbHOH TOUKH 3peHH$ yAoOHee Ha6/M1aTh HMEHHO NepeMellleHH s OTHO
gactuupl. Takve Ha6awofeHHs H GbLH npoBesieHbl [leppeHom B 1909 r.

[Bnxenne gactun Ileppen Habnioman uepe3 MHKPOCKOMN, OKYJsp
KOTOpOro Oblj CHAGKEH CeTKOH B3aHMHO MNEepNeHAHKYJSPHBIX JHHHIH,
CAYXHMBLIUX KOOpAMHATHOH chcreMoit. [losb3ysice 3roit ceTkoit, Ileppen
oTMeda/]l Ha HeH NocJ/efoBaTe/bHbIE TIOJIOKEHHS OAHOA 06,/11060BaHHOM
MM 4acTHLEl Yepe3 onpelesieHHble IPOMEKYTKH BpeMenn Af (Hanpumep,
30 ¢). CoenuHHB 3aTeM TOUYKH, OTMEUalOUIHE MOJMOMEHUS YacTHIBI HA
CeTKe, OH MNOJYYH/ KapTHHY, MOJOGHYI TOH, KoTopas H3o0paxKeHa Ha
puc. 7. Ha 3toM pHcyHKe noKa3aHbl KaK CMeUIeHHs 4acTHIH, TAK H HX
NpoeKuuu Ha och X,
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CrelyeT HMETb B BHIly, YTO [BHXKEHHS YACTHIHI 3HAUHTENBHO CJI0XK-
Hee, YeM 06 3TOM MOKHO CYJMTb MO pHC. 7, TAaK KaK 3/lech OTMeUeHbHl IIo-
JIOXKEHHS! Yepe3 He CJHIIKOM MaJ/lble NPOMEXYTKH BPeMeHH (mopsiaka
30 ¢). Ecin yMeHbLIMTL 5TH NPOMEXKYTKH, TO OKaMXKeTCs, YTO Kamnabli
NpPSAMOJIMHEAHBIH OTPE30K Ha PUCYHKE pPa3BepHETCH B TaKYIO 3Ke CJOXK-
HYI0 3MUI3aroo6pasHyl0 TPAeKTOpPHI0, KaK H BeCb pHC. 7.

I%
1\“—_-4
\N\wx N
\ \ AN
\dz=7249] W i
\1: w7 :| \\ : [ \ \
T iz iz
T T4

/) Y ¢
’ Pue. 7.

H3 cBoux nabmonenuit [leppen Mor usmepHTb cMemeHHst Ax H Bbl-
UHC/HTb Cpe/Hee 3HAUEeHWE HX KBajpaToB. J[laHHLIE 3THX H3MEpPEHHH
HaXOJHJIUCh B XOpoLUeM coryiacHu ¢ GopmyJaol (7.7); TeM caMbM Gniia
NOATBEPKIEHA TPAaBHJALHOCTE MOJEKYJ/ISpHO-KHHETHUECKOro o6bsicHe-
HHS IBJIEHHSI GPOYHOBCKOTO JBHXKEHHS H CaMOH MOJIEKYJ/ISPHO-KHHETH-
4eCKOHl TeopHH.

®opmyaa (7.7) MoxeT OLITh HCNONL30BaHA A5 ONPEE]EHUS MO-
crosiHHOH BosibuMaHa k, ec/iM H3BeCTHHI 3HAYEHHS BS3KOCTH 1) XHAKO-
cTH, ee TemnepaTtypa T H pajauyc 4YacTHUbl @. 3HaueHHs 3TOH NOCTO-
AHHOH, nosaydeHHele [leppeHoM W APYTHMH HCC/IEIOBAaTENSIMH H3 TO-
NOOHHIX H3MepeHHH, GIH3KH K TPHBEJEHHOMY BLIllIE 3HAYEHHIO B =
= 1,380-10™% spr/rpag. OtmeTuM 31ech, uTo cam [leppeH HCIOIb30-
BaJl NOJydeHHBle MM JaHHHE IJs onpefesJeHHs 4Hcjaa ABorajpo 1o
¢dopmyse N, = R/k, TaK KaK noctossHHass R MoKeT GLITb ONpeje/eHa
H3 yPaBHEHHS] COCTOSIHHS.

Onbitel [leppena umenu Gosibllioe 3HaYeHHe LIS OKOHYATEJBHOIO
060CHOBAHHSI MOJIEKY/ISIPHO-KHHETHUECKOH TEOpHH.

§ 8. Bapomerpuueckasn dopmyna

XaoTHueCKHe MOMEKY/NSpHLIE ABUMKEHHS NPHBOAAT K TOMY, 4TO ya-
CTHHBI ra3a PaBHOMEPHO paclpelensiioTcs Mo o6BeMy COCYyHAa, TaK 4To
B K&XJIOH €IHHHLE 00BEMA CONEPKUTCHA B CPENHEM OJMHAKOBOE YHCJIO
yacTull. B paBHOBECHOM COCTOStHHM JiaBJIeHHE U TeMIlepaTypa rasa Takxe
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ONMHAKOBBI BO BeeM o6beMe. Ho Tak 06CTOHT 1eJ10 TOJIBKO B TOM CJy4ae,
KOTZA HA MOJIEKY/Ibl He JefCTBYIOT BHeIUHHe CHabL [Ipn Haqmuuu xe
TAKHX CHJI MOJIEKY/ISIpHbIE IBHXKEHHS NPHBOIAAT K CBOEOOPa3HOMY IOBe-
JEHHIO Ta30B.

PaccmoTpum, Hanpumep, ras (Bo3ayx), HaxoAsuMiics mnox AeHcr-
BHEM CHJIbl TsikecTH. Ecan 6bl oTCyTCTBOBa/IO TENJIOBOE JBH:KEHHE MO-
JIEKYJI, TO BCE OHH MOJ JAeHCTBHEM CHJIBI TSKECTH «yHaaH» Gbl Ha 3eMJIio,
H Becb BO3Ayx cobpajcs Ob TOHUYAHILHM CJIOEM Y TOBEPXHOCTH 3eMJIH.
Ecn 611 oTCyTCTBOBasa CHJA TSXKECTH, HO CYLIECTBOBA/TH Gbl MOJIEKY-
JPHBbIE JIBHKEHHS, MOJIEKY/bl pa3/jeTelHch Obl MO BCeMY MHPOBOMY
npocrpancTBy. ATMocdepa, Bo3yiHas 060/104Ka 3eMaIH, 00513aHa CBOHM
CYLIeCTBOBAHHEM B ee TelepellHeM BUJe HaJHYHIO OJHOBPEMEHHO H Tem-
JIOBOTO JBHXKEHHSI MOJIEKYJI, H CHJbI
nputsxenusa Kk 3emsne. [Ipu stoM B ar- Yy
Mocgepe ycTaHaBIHBAETCs BIOJIHE Onpe- ar
IeJIEHHOE pachpefie/ieHne MOJIEKY/ 10 Y
BpicoTe. COOTBETCTBEHHO 3TOMY pacmpe- 7 I

z

IeJIEHHI0O MOJIEKYJl YCTaHaB/JHBAeTCs H
onpejie/leHHbIN 3aKOH H3MEeHEeHH S JlaBJe-
HHSl ra3a ¢ BLICOTOH, KOTOPBIH HETPYAHO
HaHTH.

PaccMoTpuM  BepTHKa/IbHBIH CTONO
Bo3ayxa (puc. 8). ITycts y noBepxHocTH
3emiy, rae x = 0, 1aBJeHHe PaBHO P,

a Ha BbICOTE X paBHO p. [Ipn u3menenun 4
BBICOTLI Ha dx JlaBleHHE H3MeHseTcs Ha z=
dp. [laB/leHHe Bo3fyxa Ha HEKOTOPOH Puc. 8.

BBICOTE PABHO, KaK H3BEeCTHO, Becy Bep-

THKA/JbHOTO cTO/I0A BO31yXa, HaXoAsllerocs Ha 3ToH BbcOTe Haj MJO-
wanpo, paBHoil equHnue. IlosTomy dp paBHO| pasHOCTH BECOB CTOJGOB
BO3JyXa Haj NJOWAJBI0, paBHOH eIHHHIE, HA BHICOTaX X H x + dx,
T. €. PaBHO Becy CToJ16a BO3JyXa BBICOTOH dx € IJIOUIAJbI0 OCHOBAaHHSA
B OJIHY €IHHHILY:

dp=—pgdx,®

Tfie ¢ — WJIOTHOCTDb BO3Ayxa (Macca e IMHHILI 00beMA) H g — YCKOpeHHe
CHJIBl TsiKecTH. [IMOTHOCTH p rasa paBHa, OYEBHIHO, NPOH3BEIEHHIO
MacChl /M MOJIEKYJIbl Ha HX YHCJO 71 B €HHHIE o6bema:

p=mn.

M3 kunerHyeckoil Teopun usBecTHo [dopmysa (4.1)], uto n = p/kT.
CnenoBatenbHo, p = mp/kT u

dp=—'£,[ipdx.
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310 ypaBHEHHe MOXHO (115 pa3fie/leHHs NepeMeHHbIX) NeperHcaTh
B BHie.
dp mg
P = = 3T dx. ) (8.1)
Eciu cuutarh, 4TO Temneparypa Ha BceX BHICOTAaX OfHA M Ta e (470,
BOOOlIe TOBOPSl, HEBEPHO), TO, HHTETPHPYS 3TO YPABHEHHE, TIOJYYHM:

1np=—'—:f—,x+lnc, (8.1a)
rge C — NOCTOSIHHas uHTerpuposanusi. Otciona
pmce an

ITocTosiHHas C onpefensercs U3 ycaoBus, uto npu x = () JaB/ieHue
p = po. TloacraBuB B ypaBHeHHe (8.16) 3TH 3HAUYeHHS X H p, NOJYYHM:

C:po.

CJIEILOBHTEJII)HO, HHTepecyollas Hac 3aBHCHMOCTb JaBJIEHH S BO3JyXa OT
BbICOTBH! HaJl NOBEPXHOCTHIO 3eMJH HMeeT BHI.

mg :

p=pee *T ", (8.2

HJIH, yuuTHBasi, uto m = w/N, (roe u — MoJeKy/sipHas Macca, T. €,
macca MoJas, N, — unciao ABorajapo), noJyuaem:

ug
. p=poe RT * (8.2a)

YpaBHenve (8.2), ycTaHaB/HBawillee 3aKOH YOBIBAHHMS JaBJCHHSA
¢ BHICOTOH, Ha3wlBaeTcs Gapomempuyeckoll gopmysoii. VI3 storo ypasne-
HHS BHJHO, YTO JaBJieHHe ra3a yOblBaeT ¢ BLICOTO MO SKCHOHEHIHAJb-
HOMY 3aKOHY. DTUM 3aKOHOM TOJIB3YIOTCS U181 Onpe/ie/ieHN sl BBICOTH Hall
Semsieit nyTem U3MepeHU sl HaB/JIEHUS HA JAHHOIT BHICOTE U HA YPOBHE MOp$
(KoHeuHO, nocJeqHee NOCTATOUHO M3MEPUTH OJUH paa).

ITpuGopsl, cayxaune 415 U3MepeHHS BBICOTHI TOPHLIX BepILHH, MO-
Jera camoJieTa U T. II., IPeACTaBasioT cofoi cnelanbHEle 6apoMeTpHl,
IlKana KOTOPbIX NpPOrpajyHpoBaHa HemnocpeAcTBEHHO B meTpax. [las
3TUX UeJell, 0JHaKo, Heo6XOIMMO B ypaBHeHUU (8.2) BHeCTH moNpaBKY
Ha TeMIlepaTypy, KoTopas, KaK M3BECTHO, NMOHMXKaeTcs ¢ POCTOM BHl-
COTHI, TOTla Kak GapoMeTpHuecKass gopMy./ia noJyueHa HaM{ B MPEeAMNO-
JIOXKEHUH MOCTOSHCTBA TEMIEpaTypH Ha BCeX BHICOTAX.

TMosp3ysick GapoMeTpHuuecKoi dopMyJioh (8.2), TaKike MOXKHO ompe-
IeJHTb NOCTOSHHYK BosblMaHa £, HO TOYHOCTH B 3TOM CJYyuae HeBe-
JUKa UMEHHO H3-3a TeMIepaTypHoOl mnompaBKH.
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Tak Kak JaB/ieHHe ra3a, KaK Mbl BUJ€/IH PaHblLe, TIPONOPUOHANBHO
YHCY MOJIGKYN n B eAuHHLE o61eMa (p = nkT), To dopmyaa (8.2) BH-
paxaer TaKxXe 3aKoH yOBIBaHMS MJIOTHOCTH MOJIEKYJ € BHICOTOH:

. me -
n=n,e : (8.3)
TIe 7 U g — YUCJI0 MOJIEKYyJ B elMHHIE o6beMa B TOUKaX, MeXy Ko-
TOPBIMH pa3HOCTh BHICOT paBHa x. Jta opmyaa, TaK XKe Kak H dopmysa
(8.2a), nokasbiBaer, 4To atTMochepa 3eMJIH JO/KHA NPOCTHPATHCS JO
6ecKOHEIHOCTH.

IIpu BeBOsE GapoMmeTpHuecKol dopmyJn (8.2) nau (8.3) Mbl mpen-
noJiaraji, 4To YCKOpPEHHE CHJIBI TSXKECTH g TMOCTOSIHHO, T. €. He 3aBHCHT
OT BBICOTH! X. Ha 3TOM ocHOBaHHH MBI IpH HHTEIPHPOBAHHH YpaBHEHHS
(8.1) BrIHec/H g 3a 3HAK MHTerpaja. Takoe YNpolEHHe NpHEM/IEMO A
CpPaBHHTE/IbHO HeGOJIBIIMX 3HAYEHHI X (MOp KA AECATKOB KHJIOMETPOB).
Ilpu GoabIMX BEICOTAX HEOGXOAUMO NPHHSATH BO BHEMaHHe, 4TO yCKOpe-
HHE CHJIBI TSXKECTH YOBIBaeT Mo Mepe yaa/eHHs OT MOBEPXHOCTH 3eMJIH.
JefcTBUTENLHO, H3 3aKOHA BCEMHPHOTO TSITOTEHHS C/IefyeT, 4TO Ha pac-
CTOSIHHH 7 OT UEHTPa 3eM/JIH YCKOpPEHHe CHJIBI TSXKECTH

M M
g(’)=Y72‘=YW,

Te ¥ — nocTosiHHasi rpaBHTauMK (B cHcTeme CH oHa MmeeT 3HaueHHe
v =6,67-101t H -m*/kr2, a B CI'C y=6,67-10% un-cm?/r?); M —
Macca 3eMiH U ry — pamuyc 3emuH. ITostomy ypaBHeHHe (8.1) nomxHo
GLITh NEepenHcaHo B BHIE;

dp - Mm  dx

o =T VYT Gotrr

[Nocnie HHTErpHPOBaHHS nonyllaeM:

Inp =y kT r+x+1HC
HJTH
M m _
b= CexP(V T ,+x) CexP( rﬂ—kTrO-}—x)_
g _ b
=Cexp (45 500", (8.4)

Tocrosinnasi nuTerpupoBanus C onpesesieTcst H3 YCJIOBHS, 4TO TpPH
x = 0 naBienue p = p,. [loAcTaBHB 3TH 3HAaYeHHS X H p B (8.4), mosy-
qaeM:
_ Higra
C=pe *,
1) 3xecy npuMeHeHa (GOpMa SanHCH SKCMOHEHUHANbHOM GYHKUHH ¢4, obpiunas

B CHydYasx, KOL[id MOKasaTelb CTeleHu A NpejCTaBjaser COG0H IPOMO3JKOE BHIpa-
KEHHE.
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H OKOHYAaTeJbHO 3aBHCHMOCTh JABJIEHHSI OT BBICOTHI HMEET BH!
_ mg’o 7o
p_poexp[ <l r0+x>]. (8.9)
H3 sroit dopmyael cienyer napanoxcaﬂbﬂblﬂ Ha TNepBBIH B3NJsJ,

peayJspTaT, 4TO Aaxke Ha OeCKOHEUHOM YA4JNEeHHH OT 3eMJm T. €. IpH
X —> 0o, JlaB/JIEHHE He PaBHO HYJIO:

__méry

pm:poe RT

3ro 3Hauut, uto atMoctepa 3emsH (KaK H APYTUX NUIAHET) JOJIKHA
Ob1a 6Ll IPOCTHPAThCS 0 (GECKOHEYHOCTH M HHIJe IVIOTHOCTb rasa He
J0J1kHa GHTh paBHa HyJ 0. Tak KakK 370 PH3HUECKH HEBO3MOXKHO (UHCI0
MOJIEKYJl KOHeuHoe, a o6beM BcesenHoll GecKOHeueH), TO HEOOXOAUMO
NPenoJIOKHTb, YTO aTMocdepa 3eMJIH HE HAaXONMTCS B PaBHOBECHOM
COCTOSIHUH, HepaBHOBECHOCTb COCTOSIHUS 3aKJ/IK0UAeTCs B TOM, YTO aTMO-
ctepHBIil Ta3 HEMPEPLIBHO PACCEHBAETCS B MHPOBOE NPOCTPaHCTBO. 310,
OJIHAKO, HE TPHBEJO (M B TEUeHHE MHOTHX MHJIJTHAPJOB JIET He NPUBE/ET)
K notepe 3emJsel cBoeil arMocephl, Tak KaK JIHIIb HHYTOXKHAA JHOJS
YaCTHIl BO3AyXa NOKHAAeT atMocdepHyko o6oouKy 3eMmau. Ho Takoe
COCTOSIHHE MOIJIO NPHBECTH, Hampumep, K nortepe atMoctepst JIyHOi,
ec/H OHa elo’ Koraa-1u6o B mpoluioMm obnagana (06 3toM Gosee NOA-
pOGHO CM. HHXKeE).

Onuit Meppena. ®opmyna (8.3) 6bula  ucrnosb3oBana [leppeHom
AJI51 ONILITHOH TIPOBepKH GapoMeTpHuecKoH GopMYyJbl H 15 ollpeie/leHN
nocTosiHHOH BoJsblMaHa (MM, UTO TO e, uHcaa ABorajapo).

[Neppen ucnosb3oBaa TOT (aKT, 4TO, KaK IOKa3aJH €ro OINBITH
¢ OPOYHOBCKHM IBHXKEHHEM, HeOOJIbliIHe B3BellI€HHBbIE YAaCTHI(bl MOXHO
TPaKTOBaTh KAaK HEB3aHMOAEHCTBVYIOIIHE MOJEKY/JIB OYEHb OOJBIIHX
pa3mepoB. [To3TOMy MOMHO OXHIATh, YTO YaCTHLEI THNA GPOYHOBCKHX,
B3BELUEHHBIE B JKHMAKOCTH H TOJBEPXKEHHBIE [EACTBHIO CHJBI TSKECTH,

6yAyT pacnpefleJsiTbca 1O BBICOTE TaK Xe, KaK

MOJIEKYJIBI Ta3a, T. €. Mo 3aKoHy (8.3).
Muarpockan TleppeH npHIOTOBHJ 3MYJIbCHH (3MYJBCHS CO-
CTOMT H3 ABYX HeCMELIHBAIOIHXCS JKHIKOCTell,
H3 KOTOpBIX OfHAa o6pa3yeT MeJKHe Kane/bKH,
B3BelIEHHLIE B APYIOH ), C OJlepKaBIIHe YaCTHIbI
j HOYTH OJJHHAKOBOTO pasMepa H NpUOTH3HUTENBHO
mapoo6pasnoii ¢opMel. C TIOMOIIBIO MHKPOCKO-
na c o4eHb MaJIoi rJyOGHHOH pe3KOCTH, YCTaHOB-
Puc.9. | JIEHHOTO BepTHKasibHO (pHc. 9), Ha6.tonajJoch
pacnpejie/ieHHe B3BE[IEHHBIX YaCTHI[ IO BHICOTE.
i 3TOr0 MHKpOCKON (JOKYCHPOBAJICS Ha CJIOH 5MYJBbCHH Ha Pas3HBIX
BeicoTax (ry6uHax). B nosie 3peHyst MHKPOCKONA OKa3bIBa/IHCh YACTHIIE]
B csioe T1y6HHOH He Gosee 0,001 MM 1 coBceM He ObLTH BHIHBI YaCTHIB,
Jlexallye Bbillle U HHKe. YHe1o yacTull B nosie 3peHHust ObUIo HEBETHKO,

\
TRIYNBLLR



§ 8 : BAPOMETPUUYECKASL ®OPMYJIA 53

TaK 4YTO MX MOXHO 6bL10 cocuuTaTh. UHC/I0 3TO, OUEBHAHO, IPOMOPIHO-
HaJBHO YHCAY YacTHI[ 7 B eMHHLE ofbeMa. MaMepeHHs [pOH3BOAHIHCH
MHOTOKPATHO H OMNpelensijloch CpefHee W3 MHOTHX H3mepeHHH. O6uiee
HUCJO COCUHTAHHBLIX YACTHI[ B HEKOTOPBIX CEPHSAX OMNBITOB JOCTHIAJO
MHOTHX THICSIY. DTH H3MEPeHHs] NOKa3a/d, YTO KOHLEHTPALMS YaCTHI
JeHACTBHTE/NILHO YOBIBAET € BBICOTOH MO 3KCIOHEHIHAJBHOMY 3aKOHY,
BelpaxkeHHOMY dopmyaol (8.3), B KoTopoii, 0JHaKO, YuTeHa NOoTeps Beca
HACTHIBI 10 3aKOHY ApxuMesa.

Ecnr macca gacTuusl paBHa 11, To BeC ee C Y4ETOM NOLBEMHOMN CHIIBI

Apxumena paBeH:
\ mg(1—£),

Po

Tle (o — IJOTHOCTb BeulecTBa YacCTHLBl, a P — MJIOTHOCTb KHIKOCTH,
B KOTopo# oHa B3BelleHa. Popmysa (8.3) npHMET NO3TOMY BHI:

— mg_<__%)x (8.6)

n=noexp T

U3 (8.6) cienyer, 4TO €C/IH COCUHTATh YHCIIO YACTHIL A, H My B MOJE 3pe-
HHSl MHKPOCKOIIA B BYX CJ0SIX 3MYJILCHH X; H X,, TO H3 OTHOLIEHHS

n mg < 1— _p_)
-é—= exp| — -—k—fp—o(xl —x2) - (87)
HeTpyHO ONpeleHTh TIOCTOSIHHYI0 BosibuMana £, eciu H3MEPHTDb Maccy
YaCTHIL 11, UX IVIOTHOCTb (g, TVIOTHOCTb KHJAKOCTH O H Temnepatypy 7.
Tlocnennne 1Be BeJJHUHHBI H3MEPSIOTCS] OGUIEH3BECTHHIMH METOJAMH.
TpyzaHo 6blJI0 H3MEPHTb MAacCy H IVIOTHOCTD YaCTHL{ 3MYJ/IbCHH BC/IEACTBHE
HX MaJbiX (MHKPOCKONHYeCKHX!) pa3mepoB.

IlnotHocTh BeuecTBa uacTHIL [leppen ompenenuJs, H3MepHB Maccy
H 006BeM 3MyJabCHH. JI15 3TOro cHaua/ja B3BeLIMBAaHHEM ompeje/sjach
Macca Bomel M,, 3amosiHsiouell ompefeseHHbIH cocyl (NMHKHOMET).
Orciona omnpefensiicd o6beM NHKHOMeTpa M,/p, (30ech p, — MJIOT-
HOCTb BOJIbI). 3aTeM onpefenfanach macca M aMyJbCHH (B BOfe), 3amoJ-
HSOLel TOT e MHKHOMeTP. [locste 3TOro mMHKHOMETp ¢ 3MyJbCHell 1o-
Mela/Ics B Medb, TAe XHIAKOCTb MOJHOCTbIO HCMapsfaach; NHKHOMETP
CHOBA B3BeIIHBAJICA, B pe3y/bTaTe Yero ompefensnace mMacca M, ya-
CTHL B 3MyJbcHH. M3 3Tux u3Mepenuit ompenensiercsas o6beM BOJAbl B
IMYJIbCHH .

Vaoabl = (Ml - Mz)/Pn

06BeM YacTHL 3MYJbCHH
My MM,

™My M
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H, C1€oBaTeNbHO, NMJOTHOCTE [, BElIeCTBA YacTHIL:

Po= M, - Mopy
7 Viou My—M,+M;"

Pajunyc yacTHLl 3My/IbCHH, KOTODHIE GbIIH MOYTH NMPaBHJABLHBIMH IIa-
pukamu, [leppen OnpeieNisi/l, H3Mep#s CKOPOCT U HX NMaJieHHs B IMyJb-
CHH, 3aMOJHsAIOWENd KanuansapHyo Tpyoky. Ha mapuk pamuycom a,
NajaloUHi CO CKOPOCTBIO ¥ B XXHIKOCTH, BA3KOCTb KOTOPOH 1], JeHCTBY-
€T CHJa TpeHHs, HanpaB/leHHas BEPTHKA/lbHO BBEpX, DaBHas

F = 6nnav.

Kpome Ttoro, Ha najaiomuii wapHK NeHCTBYeT HampaB/eHHast BBepX
apXHMelOBa CHJa, paBHas

4_.4_, naa
3 0L,
rie p — IJIOTHOCTD JXHIAKOCTH, H, KOHEUHO, CHJIa TAKECTH
4
mg Y T[a pOg)
Po — TJIOTHOCTL BelIeCTBa Luapm(a Pesynbmpyxomaﬂ JIBYX TOCJe]-
HHX CHJ
r 4
F1=_3" 7a® (po—p) g
BbI3biBaeT JBHXKEHHE 1apHKa C YCKODeHHeM g, HamnpaB/jeHHHIM BHH3
(po > p). Ho no mMepe yBennuenHs CKOPOCTH LIapHKa pacTeT CHJa Tpe-

uua F, xoTopast TOpMO3HT ero. B pe3syabrare YCTaHOBHTCS TaKasi. No-
CTOSIHHAsl CKOPOCTb JIBHXKEHHS IIapHKa, MpH KOTOPOH

6nmav = -‘—1— na® (pe—p) g. (8.8)

{iMeHHO 3Ty CKOpPOCTB HM3Meps HeppeH U3 dopmynn (8.8) ompesiensi-
KOTCA pajHyc 4acTHIbl H COOTBETCTBEHHO €€ Macca:

a= ]/——9"0— m= = ng®
a 2 (Po—p) ’ =30

Takum o6pasoM, Bece BeMUHHBI, BXOAslHe B (8.7), moAjalOTcA H3Me-
DEHHIO.

Ilocae norapugmupoBanust (8.7) Gopmysa [ BHIYHCIEHHS TOCTOSH:-
HOH DoJbliMana k uMeeT BHJI:

’"<l—"9“>8(xz_x1) ‘
Po
T In (ny/ny) :

k=

INonyuennoe n3 ombitoB Ileppena sHauene k HECKONBKO MeHblile
NPHHSATOTO Tenepb 3HauyeHHs. [103ke, IPYrUMH HcC/IeI0BATENAMH, STHM
¥e MeTofloM Gbiio MoNyyeHo GoJiee TOUHCE 3HAYEHKE,
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§ 9. 3akon Boabumana

[Tonyuennas Bolile GapomeTpHUecKast GOpMysaa OTHOCHTCH K cayyarlo,
KOrja ras HaxoIUTCH MOX uenc‘rBHeM CHJIBl TAXECTH. BenanunHa mgx
B dopmyiie (8.3) N

_me .,
n=nge *T

npescTaBafieT co60H NOTEHIHANbHYIO 3HEPTHIO MOJIEKYJbl Ha BHICOTE
x. MoxHO 103TQMY CKasaTb, 4to ¢opmysa (8.3) naeT HaM YHCAO YaCTHIL
n, sHepruA KoTopblX U = mgx, ecH YHCJIO YACTHL C 3HepTHell, paBHOH
HYJIO, PaBHO 1, (BBICOTa X OTCUMTHIBAETCA OT HYJAs). Her ‘HuKakux
OCHOBaHHMH CUHTAThb, YTO MOBEeJleHHe ra3a CYIIeCTBEHHO H3MEHMTCH, ees
BMECTO CHJIBI TSXKECTH Ha Hero Oyjer AeHCcTBOBATh KaKas-a1HGO Apyras
CHNla, a BbIPaXKEeHHMe /A 3HepTHH OyfeT UMeTh Apyroi BHA. Eciu ras
HAaXOAHTCA B KaKOM-HHOY/b CHJIOBOM NOJE, TaK 4YTO €ro 4acTHIb 06./1a-
JlaI0T HEKOTOPOH OTeHUHANbHOH 3HepTHell, To YMCI0 YacTHI, o6nanai-
UMX 3aJaHHON 3HepTHelt U, ompefensercsa ¢opMyJ/oi
U

n=nge kT, (9.1)
dopmyna (9.1) HasbiBaercs gopmyroli Borsymana, Ona nossosser omn-
Pefle/uTh [OMIO HacTHIL, KOTOPble B YC/OBHAX TeIIOBOTO PaBHOBECHS
obnapator sHeprueit U:

R ¢ #T, 9.2

U3 ¢opmyanl (9.2) BUAHO, UTO JOMA /N, 4ACTHLL C JAHHOH SHeprueil
U, KpoMe BeJHUHHBI 3TOH 3HEPTHH, 3aBHCHT TOJNBKO OT TEMIEpaTyphl.
D10 NoO3BOJAET TPAKTOBAThH H camylo TeMnepaTypy HecKobkKo HHaue, a
HMEHHO KaK BeJHUHHY, OT KOTOPOH 3aBHCHT, KakK pacrpefieifiiorest Ha-
CTHIBI 1O SHEPTHAM.

Hpn JAaHHOH TeMrepaTtype [HOJsl MOJieKyJ, 06JafalomHux Tolt WK
HHOH sneprueil U, 3aBHCHT OT 3HaueHHs1 U U GHICTPO yMeHbLIAeTCs C Po-
croM U. 10 3HAUUT, YTO JOJS MOJEKYJ C OueHb GOJBLIOH 3Heprueit
BCerja O4YeHb MaJja. U uem miKe TeMnepaTypa TeM 6uicTpee n/n, yO6bl-
BaeT ¢ pocroM U.

§ 10. TlonaTHe 0 BepPOATHOCTH

3akon Dosabimana, Kak U GapoMeTpHYecKyt ¢opmyay, yAOGHO
TPAKTOBaThb C HECKOJbKO HHOH TOUKH 3DEeHHs, MOJb3yfACh MOHSATHEM
geposmuocmuy.

K 3TOMYy TepMHHY, B OTJIHUHE OT «IOCTOBEPHOCTHY, «ONPEeAETeHHOCTH?,
Mbl IpHGeraeM B TeX Caydasix, KOrJa HIET pedb O CYYaHHBIX COOBITHAX,
T. €. TaKHX, YCJIOBHA HACTYN/IEHHA KOTOPBIX 110 TeéM HJIH HHbIM IPHYHHAM
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HEH3BECTHB H KOTOPHIE NI03TOMY HeJ/lb3sl 3apaHee C YBePEHHOCTbIO Tpej-
CKa3aTh. 4

IlpuoGperasi, HanpuMep, OWeT B TpamBae, Mbl OOGLIYHO 3apaHee
He 3HaeM, OYNET JiH €ro HOMep ueTHBIM HJIH HeueTHbiM, [lostomy Takoe
«COOLITHE», KaK TNpHOOpeTeHHe OujeTa HMEHHO C 4YeTHBIM HOMEpOoM,
MOXKHO CYHMTATh COGBITHEM cayuyalHBIM, ECIH MBI, HanpuMep, mpHo6pe-
TeM (pa3yMeeTcs, He B OJIHY NOKynKy) 10 GHJIeTOB, TO B HX YHC/E MOTYT
OKa3aTbCHl H TPH, H LIECTb, H BOCEMb OHJIETOB C YeTHBIMH HOMepamH. Ho
MOeT CJYYHTLCSA H TaK, YTO CPeJH HHX He OKa)KeTcsl HH OJIHOTO YETHOrO,
HJIH, Hao6opOT, YETHEIMH OKaXyTcs Bce 10 GuJeToB.

OnHako B 3T0# Kaxy1ieHcs noJHelied mpoU3BOJbHOCTH eCThb H OMpe-
JleJleHHasl 3aKoHOMepHOCTh, OHa 3aK/II04aeTcsl B TOM, 4TO, €CJH MOBTO-
PATb ONBIT (MOKYNKH GHIETOB) AOCTATOYHO 6OJIBILIOE YHCAO pa3, TO MpH-
61HM3HTEbHO B TNOJIOBHHE ciyyaeB OHJ/eT GyJeT HMeTb YeTHBIH HOMep.
W dyem Gosblie GyjlerT YHCAO TAKHX «OMBITOB», TeM OJIH)KE K MOJOBHHE
Oyner noas OHIETOB C YeTHBIMH HOMepaMH, B TakoM ciyuae u roBopsT,
YTO gepoamHocnt MPHOOPeTeHHsi GUeTa ¢ YeTHHIM HOMEPOM paBHa !/,.

TouHO Tak ke, 6pocasi MHOTO pa3 MOHETY, Mbl MOXeM OBITh YBEPEeHH,
4YTO NPHOAM3HTEJBHO B TOJOBHHE C/Y4aeB OHAa ynaJeT o6pauleHHo
BBepX CTOpPOHOH c rep6oM. WM 310 6ynmer TeM BeposiTHee, ueM GoJblue
6yzer uuciao 6pocaHHUi.

_ 34 ¥ ApyrHe NOAO6GHLIE HM OMNBITH MO3BOJISIOT HaM AaTh CJleayioliee
ofnpefle/ieHHe BEPOSITHOCTH: GepOAMHOCHIbIO COBbIMUA Ha3bleaemces npe-
Oea, K KOMOPOMY CMPeMUMCS OMHOUEHUE YUCAQ ONbUMOS, NPUBOO AU
K €20 ocyuecmenenu, K oDwemy 4ucay onetmoe npu becnpedessHom
yseauterUly nocae0Heeo,

Eciu ‘vz N onpitoB (win HabmiofeHui) N' npuBosT K peanusauuu
HHTepecyolero Hac coObITHs, TO BepOsATHOCT W 3TOro coGhITHS BHIpa-
x)aetcs GopMymoii:

. !
W= lim

N N

B paccMOTpeHHOM HaMmH ciaydae ¢ HOMEpaMH OHJIETOB BEPOSITHOCTH
yeTHOro HoMepa paBHa !/,. TakoBa e, KOHEUHO, H BEPOATHOCTD HEYeT-
Horo HoMepa, CyMma 3THX JABYX BeposiTHOcTed paBHa eiauuHue. Ona
OYeBHAHO J3eT HaM BEPOSITHOCTb «COGHITHS», 3aK/IOYAIOUIErocsi B TOM,
yTO GuyieT OyleT HMeTb WJIH YeTHHIH, MJIH HeueTHBIH Homep, Ho Takoe
COOBITHEe HeH36€XKHO, TaK YTO BEPOSTHOCTb, PaBHAS €JHHHIE, O3HAUAET
JocToBepHOCTb. HaoGopoT, ecin Kakoe-TO COOLITHE HEBO3MOKHO (Ha-
NPHMED, MOJMHOE OTCYTCTBHe HOMEPA), TO €r0 BepOSITHOCTb PAaBHA HYJIO,

B npumepe c GuieTaMH (TakK.)Xe KakK W C GPOCaHHEM MOHET) «OMBIT»
(mokynka 6ujeTa) MOMET MPHBECTH K OfHOMY H3 JABYX HCXOJOB: HOMep
6usteTa MOXKeT ObITh YeTHBIM HJIH HEUETHBIM, H 004 3TH HCX0/1a SIBJISIOTCA
PaBHOBO3MOXKHbIMH. Ho Tak GuiBaeT He Bcerga. Hanpumep, H3 TOTrO
¢aKTa, 4YTO MpH BHICTpe/ie B e/Ab BO3MOXKHO JIHIIb JBA HCX0/a — IOMAa-
JaHWe MJIM MpOMax, He CJellyeT, YTO BePOSATHOCTb MONajaHHsl paBHa
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1/,, TaK KaK NonajaHHe H NpoMax He sIBJSIOTCH PABHOBO3MOXKHBIMH pe-
3yJabTaTaMH BbicTpesa. M ecau Gyler nmpoH3BefeHO OYeHb MHOTO Bbi-
CTpPEJ/IOB, TO OTHOILUEHHE YMC/a MONMajaHui K YHCAY BBICTPEJIOB e€[1Ba JIH
6yleT pPaBHO MONOBHHE: y HCKYCHOTO CTpesiKa, CHAaGXEeHHOTO XOpOoUIo
NPHUCTPEISIHHBIM OPpYXXHeM, OHO GyleT OJH3KUM K elMHHIE, Y TJI0XO0TOo
OHO MOXeT MaJji0 OTIH4YaTbcAd OT HyJaA. ONHAaKo, XOTH BEPOATHOCTH
KaXJ0TO H3 ABYX BO3MOXKHBIX MCXOIOB BhICTpeNa M He pABHBI 1/,, HX
CyMMa (IJ1s JAHHOTO CTpeJsiKa) H B 3TOM C/yYae paBHA elHHHIE: O TOM,
YTO BBICTpEJ INPHBEAET K KaKOMY-TO HCXOAY — MOMafaHHI0 HJIH Mpo-
Maxy, MOXHO YTBEDPXKAATb C MOJHOH onpefeeHHOCThIo!

Teopema ciiokeHHs1 BeposiTHOCTel. PaccMOTpHM Temepb eiue OIHH
NpUMep, KOTOPbIfl MO3BOJUT HaM CQOPMY/JHPOBATb OJHO H3 ‘BaXKHBIX
MOJIOKEHHH TEOpHH BEePOATHOCTEH H, KpOMe TOTO, [aTh elle OJHO ompe-
lleJleHHe caMof BeJIMUHHBI BeposATHOCTH. OHO 6yleT HaMm MOJe3HO B
JajbHeAIIeM.

IMycts B AwuKe gexar 20 BrosHe OJHHAKOBBIX MO CBOHUM pa3Mepam
M Becy IVialKHX IIapoB M MYCThb 5 M3 HHX BbIKpalleHbl B GeJsiblil LBET,
a ocTajbHBle — B 4epHbif. Ecnu MBI Tenepp H3BJeueM H3 SUMKA OJHH
1ap, TO sICHO, 4TO, MOCKOJNbKY BO BCeM, KpOMe IiBeTa, HIaphl APYT OT
JIpyra He OT/IMYAlOTCHA, BEPOSATHOCTb BHIHYTH OJHH KaKOH-HHOYAb IIap
paBHa BEPOSITHOCTH BBIHYTH J0G0H Apyrod. [lasi kaxaoro uiapa, KoTo-
PBIH MBI MOXKeNaau Gbl KaK-HHOYJb OTMETHTb, BCpOﬂTHOCTb ObITb BHIHY-
THIM PaBHA, OUEBHIHO, !/,

[locMoTpHM Tellepb, KAaKOBa BePOATHOCTb TOTO, 4TO GYyAeT BBIHYT
Geanlit wap? Tak Kak As KaxJaoro Liapa (Bce paBHO, 6eJIOr0 HJIH uep-
HOTO) . BEPOSITHOCTh GBITh BbIHYTHIM paBHa l/,,, a Bcero GeqiblX LIApOB
nATh (U HaM Bce PaBHO, KaKOH H3 HHX OyleT BLIHYT), TO HCKOMas Be-
POAITHOCTh PaBHAa CYMMe BepOSITHOCTEH 1A BCex OesblX LIapoB:

1 1 1 1 1 5
Vautontontontn=n :

10T pe3y/IbTaT BbIpaXKaeT OJHO H3 BAXKHBLIX MOJNOXKEHHH TEOPHH Be-
POATHOCTeH — TEOpeMy CJIOXEHHS BePOSITHOCTEH, KOTOpast TIJIACHT:
ecaw Wi, Wy, Wi u m. 0. — 8epoamHocmu HecKOAbKUX UCKAHOUAIOUUX
Opye Opyea cobbimul, mo 6epOSMHOCMb MOS0, YN0 OCYUECMBUMCS KaKoe-
HUBYOb 00HO U3 HUX, PABHQA CymMe 8eposmuocmell cex amux cobsimull,

3HauuT, CyMMa BePOSITHOCTeH HECKOJbKHX COOBITHH [laeT HaM Be-
POSITHOCTH TOTO, YTO HACTYNHT WJAH ONHO COObITHE, HJH JApYroe, HJH
TpeThbe U T. 1. [IpH 3TOM npearnonaraercs, 4To 3TH COOBITHS, HJIH XOTs bl
JBA U3 HHX, He MOTYT NMPOH30HTH OJHOBpeMeHHO. Tak, B HalleM MpH-
Mepe 5/5y — 5TO BEPOATHOCTh TOTO, YTO OYAET BBIHYT ONHH H3 GesbIX
[IAPOB, 4 TAK KaK ONepaiys H3BJeUeHHs LIapa NPOH3BOAHTCA TOJBKO
ONMH pa3, TO eC/IM BBIHYT ONMH KakoH-HHOyb GeJblil miap, TO He MOXKeT
ObITh BBIHYT HHKAKOH IpYroH. )

[TpuBeneHHbI! NpHMep MO3BOMSAET AaTbh HOBOE ONpefie/leHHe BepOsT-
HOCTH, HECKOJABKQ OTJHYatoweecss OT mnpexHero. Mbl Hamid, 4TO
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BepPOATHOCTb TOTO, YTO GyleT BBIHYT Genbiil 1iap, paBHa 8/y,, Ho uucmao
20 — 3T0 YHC/I0 BeeX BO3MOXKHBIX HCXOJIOB ONepauuy H3BJAeYeHH s mapa,
a YHCNIO § — 3TO YHC/O caydaeB (M3 Bo3MOXHBIX 20), 61aronpHsATCTBYO-
IHX HACTYIVIEHHIO JAHHOTO COOBITHS ~— MOSIBJEHHIO 6enoro mapa. 1o
H TO3BQJISET ONpee/]HTh BePOATHOCTb AaHHOTO COOBITHA KaK omuoute-
HUe YucAa caydoes,” 6AQ2ONDUSMCMBYIOWUX €20 HACMYRAeHU, K obuwemy
YUCAY BO3MONCHBIX CAYHAEE, CAU 60 CAYHAU PABHOBO3MONCHDL,

310 onpeliesieHHe BepOATHOCTH npHHamnexuT Jlanmacy., Ono, Kak
JIETKO BHJETh, He MPOTHBOPEUHT NMpeXKHeMy omnpejeseHuio, [las npuse-
JIEHHOTO TOJMBbKO UYTO ONpelie/IeHHsT BEPOATHOCTH CYIUEeCTBEHHO, YTOObI
Bce c/y4Yad GblIH pAaBHOBO3MOXHbI, PaBHOBepOSiTHB. MMeHHO Tak 06-
CTOHT [IeJI0 B HallleM NpHMepe C LIapamy,

[Ipu ¢H3HYeCKHX MPHMEHEHHSIX TEOPHH BePOATHOCTEH OGLIYHO TOXKE
NPHUXONUTCS HMMETb 1e]0 C PAaBHOBEPOSITHBIMH COOBITHSIMH,

BepHemcs Tenepsb K ¢opmysne 3akona Bombumana (9.2). M3 Toro, uro
3llecb GBbITIO CKA3aHO O BePOSITHOCTH, SICHO, YUTO BeJIMYHHA n/fy B 3TOH
thopMyJsie KaK pa3 H HMeeT CMBICA BEDPOSITHOCTH. Belb Jai06as U3 f, MO-
JeKyJa MOxeT 06s1ajaTh NOTeHUHAAbHOH 3Hepruelt U, 3Hauut, ny — 310
ofliee YHC/I0 BO3MOXKHBIX cy4aeB. B neficTBHTebHOCTH xe sHeprHel U
obmanator n Modekysa. CneloBatefbHO, A — 3TO HHCAO, KOTOpPOe Mbl
paHbllle Ha3Ba/JH YHC/AOM «GMarompHATCTBYIOLMX» caydaeB. [lostomy
OTHOILIEHHE 11/1y, KOTOPOE Mbl HA3HBAMH (U ¢ MOJHLIM OCHOBAaHHEM) fo/1eH
MOJIEKYJI, 06J1aaloMX 3Hepruell U, ecTb B TO e BpeMs H BePOATHOCTD
TOTO, YTO JI00ast U3 1, MOJeKy.a ob/aaaeT TaKOH 3HepTHeH,

Teopema ymHOMeHHMsi BeposiTHOCTeit. HaM ocraeTcs H3IOXHTDH elle
OJIHO Ba:KHOE MOJIOKEeHHe TEOPHH BEPOATHOCTEH — TeOpeMy YMHOMEHHs
BeposiTHOCTeH, OHa OTHOCHTCA K CJyuato, KOTJa OnpejiensieTCsl BeposT-
HOCTb CAOM#CH020 COOBITHSA, COCTOAIIErO B COBMEIlEHHH [BYX HaH GoJbiue
He3aBHCHMBIX COObITHH. COGBITHS HA3LIBAIOTCS HE3aBHCHMBIMH, €C/TH
BEPOATHOCTD J11000T0 H3 HHX HE 3aBHCHT OT TOTO, HACTYNHT HJIH He Ha-
CTYNHT qwo6oe Apyroe.

O6pamasch K NpeXXHHM TPHMepaM C GHIeTaMH H CTPEJKOM, Mbl
MOXeM, HafpUMep, MOCTABHTh TAKYIO 33/]a4y: KaKOBa BepOATHOCTD TOTO,
UTO CTPeJOK, OTIPABJANACh K CTPeJbOHILY HA TpamBae, npuobperer GH-
JIeT C YeTHHIM HOMepOM, a BCJIe]l 3aTeM ero MepBLIi BLICTPe yBeHYaeTcs
nomajgaHueM? $IcHO, 4TO 3TH ABa COOBITUS SIBJSIOTCH HE3aBUCHMBIMH,

HonyctuM, uto AN HaLleFO CTpPeaKa BEpOSATHOCTb W, momnajaHHs
paeHa 0,8. 3ro 3nauut, uTo B cpeineM u3 10 moceineHuil cTpenbOuila
OH B BOCbMH C/lyYasX MePBLIM BHICTPEJNOM momnajaer B uenb, Ho mpu
3TOM TOJILKO B MOJIOBHHE H3 HHX OH NMPHOOpPETET B TO XKe BpeMsi GHJET
C YETHBHIM HOMEepOM, TaK KaK BePOSATHOCTb W, MO y4YHTb UeTHBIA GHJET
paBHa '/,. 3uauuT, HCKOMasi BepOATHOCTL W, CJIOXKHOTO COOLITHS —~ COB-
najeHusl YeTHOTO HOMEPA M YCIEIIHOro BEICTpeNa — PABHA NPOHM3Belle-
HHIO BepPOSITHOCTEH KaXKJAOTO M3 HHX: -

W12 = W1W2 =0,8 : 0,5—:0,4.
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Bepo;zmuocma CoBMeweHUs 08YX tAlL HECKOALKUX He3zasucumbix cobbl-
muil pasgHa npoussederuro éeposmuocmeti Kaxc0oeo u3 Hux 6 omdeib-
Hocmu, ,

BeposiTHOCTb M cpeHHe 3HaueHMst BeJHuHH. B npenbipyuimx mnapa-
rpadax Mbl 'YK€ HEOJHOKPATHO MOJb30BANHCh CPEAHHMH 3HAYEHHSIMH
PasJIH4HbIX qmspmecxnx BEJIMYHH, XaPaKTePH3YIOWHX JBHKEHHE MoJe-
KyJ: cpelHedl CKOPOCTbIO, CpeflHeH 3Heprueit M T. A. Mbl mpuGerajiu
K 3TOMy MPHEMy OMHCAHHS MOJIEKYJSPHbIX CHCTeM MOTOMY, UTO MpH
GOJIBILIOM YHCJIE YACTHL, U3 KOTOPEIX OHM COCTOSIT, HET HH BO3MOXHO-
CTH, HH HEOGXOJHMOCTH PacCMaTpHBaTb BeJHYMHBI, OTHOCALIHeCS K Ka-
JKJO0H M3 HHX B OTAeAbHOCTH. Kak Mbl BHIE/NH, HCTIONb30BaHHE CPeJHHX
3HaYeHHH BeJIHUHH He MOMEIAJ/I0 HaM MOJ YUHTb BIOJTHE TOYHbIE 3aKOHbI,
KaK, HanpHMep, ypaBHEHHE COCTOSTHHA HJAeaslbHOTrO rasa.

HeTpyaHO BHAETh, YUTO CpelHHe 3HAUeHUS PU3NUECKHX BeJUUHH TOXKE
TeCHO CBfI3aHbLI C MIOHATHEM BEDOATHOCTH.

B cuny HempepoiBHbIX GeCTOpSIOYHBIX ABH)KEHHH 4YacTHIL BCAKast
MOJIEKYJ/ISIPHASl CHCTEMAa B TeueHHe JOCTAaTOYHO GOJIBLIOrO IPOMEXYTKa
BPEMEHH JIO/IXKHA MPOUTH uepe3 GeCYHC/IeHHbIH Psill COCTOAHHH, CMEHSIIO-
X APYr APYra odeHb CJAOXKHBIM O6Pa30M H3-32 MHOTOUHCJIEHHBIX MO-
JeKYNSAPHbIX B3aHMOJGHCTBHI, B KaXX1OM M3 COCTOSIHMI Hallla CHCTeMa
3a J/IUTeJbHOEe BpeMs NOGbIBaeT He OJHH, 8 MHOTO pas.

ITycTb TpeGyeTcs onpeeHTh HEKOTOP VIO BEJTHUHHY @, OTHOCSALLYIOCS
K CHCTEMe HJH K JI0GoH ee yacTH. [I1s 3TOr0. Mbl JOJ/KHBI MpPoOJenaTh
(KOHEYHO, MBIC/IEHHO) MHOXeCTBO HaG/i0feHHIi Hall CHCTeMOIl B pasiHy-
HpIX ee COCTOsIHMAX. OOO3HAUHM YHCIO TAKHX HAO/IOJEHHIl Yepe3 N.
Torna okaxercsi, uto npy N, Habaofenusax (M3 N) Mbl Hailjem, UTO
HHTEpeCyiomlasi HaC BeJHYHHA HMeeT 3HaueHHe a,; N, HaGaOJeHHH
IanyT Ans @ 3HaueHHe a,, ¥ T. 4. CpefHee 3HaueHHe @, MO Ompe-
JleeHHI0, PaBHO:

a:Nlal+N2a2+N3a3+':-: L Nig;
Ni+Ny+Ny+... - TN

Tak Kak cymMma EN = N, + N, 4 ... paBHa o0uiemMy yHCIY Habmoje-
Huit N, TO

_ Ny N N;
a= A}a1+Afa2+ =2Wla"

Ho N,/N,T. e. OTHOLIeHHe YHC/1a HAGMIOJIeHHH, TPH KOTOPHIX BeTHUHHA
a MMeeT 3HaueHHe 4,, K ofleMy uucay HabmiofeHHit N, ecTb BeposT-
HOCTb 3TOro 3HaueHHs. . Touno tak xe N,/N — 3TO BepOATHOCTb TOTO,
YTO 3HAYeHHe a PABHO dy, H T. 1. ClleJOBaTeNbHO, CpeOHee 3HAUEHE 6e-
AUMURGL G PABHO CYMME NPOU3BEOeHILI] OMOeAbHbLX ee 3HAeHUL Ha coom-
BememeyrowUe 6epOSIMHAOCHIL

a= Wlal"l'" W202 "l"‘ Wgaa"l'". « o= E W;‘alc
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Mot yke OTMeuasH, 4YTO 3aKOHBI MOJIEKYJAAPHOH (H3HKH HMEIoT
BCeTla BepOATHOCTHBIN XapaKTep, HO H3-3a 3TOr0 OHH HHYEro He TepsioT
B CBOeH TOYHOCTH H oOmpefeneHHOCTH. ITpOHCXOAMT 3TO mOTOMY, 4TO
ISl BCSKOH cHcTeMbl, HaxOs1lelics B HeU3MEHHbIX BHELIHUX YCIOBHAX,
du3HYecKHe BeJHYHHBI, ONHCHIBAIOIIHE €€, KaK OKa3blBaeTcd, TOxe
MPaKTHYeCKH MOCTOSIHHBI H PAaBHBl HX CPeJHHM 3HaueHHAM. B Takux
clyyasiX TOBOPSIT, YTO CHCTEMa HaXOAMTCA B COCTOSIHHH PaBHOBECHS.
Bonee noapo6Ho 3TOT BOnmpoc GyAeT pacCMOTPEH HHXKe.

~ § 11. TlonsiTHe 0 pacnpeneneHHH. PYHKIMS pacnpepeseHUs

B OCHOBHble YypaBHEHHS KHHETHUECKOH TeOPHH HeaJbHbIX Ta30B
BXOJIHT, KaK Mbl 3HaeM, cpellHssl KHHEeTHYeCKas 3HEePTHs MOJeKyJ, KO-
TOpasi B CBOIO ouepellb onpefessetcss X cpefHed KBagpaTHYHOH CKO-
poctbio. CMBIC/T CpefiHell KBaJpaTHYHOH CKODOCTH 3aKJ/I04aeTcd B TOM,
UTO 3TO — Ta CKOPOCTb, KOTOPOH JIOIKHBEI OBblTH 6bl 06/JafaTb Bce MO-
JleKyJibl (ec/H Gbl BeJIHUHHBI HX CKOPOCTel OblJIH OJMHAKOBLI," a Hanpag-
JIEHHS] PaBHOBEPOSITHbI), YTOOLI JaB/eHHe rasa ObWIO TeM, KaKHM OHO
B JeHCTBUTe/]IBHOCTH siBJAsieTcsl, Ha camoM Jene, olJHaKO, CKOPOCTH
MOJIEKYJl He OJIMHAKOBBI, H MBbl 3TO Jaxe NPHHHMA/IH BO BHHMaHME NPH
BbIBOJIE OCHOBHOTO ypaBHeHHs, Ha 3T0 yKasbiBaioT W ONbITHblE (aKThI.

Tak, HanpuMep, B onbiTax [lITepHa, B KOTOPLIX U3MePsJ/Iach CKOPOCTb
MOJIEKYJ, CMellleHHasl MOJIOCKA OKasblBajlach He pe3Koi, a pa3aMbIToii
H3-33 TOTO, YTO MOJEKYJIbl C PA3HBIMH CKOPOCTAMH NONajald B pas3Hbie
MecTa Muiien, O6 3TOM CBHIETEILCTBYET H PACCMOTPEHHbIH B § 8 3aKoH
pacnpefieleHHs] MOJIEKYJI IO BBICOTE B MOJle Ts:KecTH (bapoMeTpHuecKas
dopmyaa). Ecan 6bl Bce MOJIeKYJIbl HMEJMH OJHHAKOBbIE CKODOCTH, pac-
npeneneHye 6b10 Obl COBCEM HHRIM, B caMom fiesie, mpeAcTaBUm cebe, UTO
BCe MOJIEKYJTbl, HAXOAAUeCH y TOBEPXHOCTH 3eMJH, HMEIOT Ol HaKOBble
CKOPOCTH, BEPTHKAJbHAs COCTAB/SIOWAS KOTOPLIX PaBHA u. 3TH MoJe-
KYyJ/Ibl TIOJHSATHCE Gbl 10 BHICOTHI X, ONpPeNeNsieMOH YCI0BHEM

mu?
5 = mgx,

T, €, JI0 BBICOTHI
x=u?/2g,

ToC/I€e YEr0 OHH BEPHYJIHCH 6bl K 3eM/lie ¢ MepBOHAYaNbHOH KHHETHUECKO
3HEpTHeH, T, e, OHH BeJH Obl Ce65 TaK XKe, KaK BeJleT cebsi 11060e GpoLeH-
HOe BBepX Tes0. [IpH TakHX ycjoBHAX aTMocdepa uMmena 6bl Ha BLICOTE
X PE3KYI0 TPaHHLly, 3a TpejeaaMH KOTOPOH ee He 6bl1o Gbl. OnbiT e
MOKashIBaeT, 4To atMocdepa pe3KOoll TpaHHLbl HE MMEET, €€ IJIOTHOCTb
yObIBaeT C BHICOTOH B COOTBETCTBHH C 6apoMeTPHYECKOH (opMYJ/oH.
[Ipearnonoxenne 0 paBeHCTBE CKOPOCTeH BCeX MOJEKY/ NPOTHBOPEUHT,
Takum 00paseM, OMbITY,

Baarogaps 6ecnopsilouHbIM JBHXEHHSIM MOJEKYJ H HX B3aHMHbIM
CTOJIKHOBEHHSIM MOJIEKYJbl Ta3a KaKHUM-TO 00pa3oM pacnpefensiioTcst
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MO CKOPOCTAIM, TaK YTO CPEJH HUX HMEIOTCSl KaK O4eHb OblCTphle, TaK M
OueHb MeMIeHHble, HecmoTpsi Ha MONHYIO XaOTHYHOCTH MOJIEKY.IAPHbIX
IBHXXEHHH, HECMOTPS Ha CAYyYafHBIH XapakTep CTOJNKHOBEHHH M BbI3bl-
BaeMbIX UMH H3MEHEHHIl CKOPOCTH MOJIEKYJl, HX pacnpeje/ieHHe rno cKo-
POCTAM, KaK IOKAa3bBAIOT TEOPHSI H OMLIT, OKa3bIBaeTCA He C/yyaiHbIM,
He MPOH3BOJbLHBIM, a BMOJIHE onpejeaeHHEM, Ha ero xapakrep He BJH-
SIIOT HH CTOJIKHOBEHHS MEXIY MOJIeKYJaMH, HH Jaxke BHeIUHHe MOJf.
Ouno oKasbiBaeTCsl OJHO3HAYHBIM H eJUHCTBEHHO BO3MOXHbIM. M 3TO
He TOJIbKO He TMPOTHBOPEUUT NPEeACTABJIeHUI0 O XaOTHYHOCTH MOJeKy-
JSDHBIX IBUXKEHHH, HO HMEHHO €0 H OOYCIOBJEHO.

Ilpexpe uem MPUCTYHHTh K BLIBOJY 3aKOHA pacrpele/eHHs MOJIeKY
0 CKOPOCTSIM, BBISICHHM CYINHOCTb 3ajauH o pacmpepenennH. Omnpefe-
JIUTb pacnpelie/ieHHe MOJeKy/J MO CKODOCTAAM O3HauyaeT, KaK GyITo
6bl, OTIPEJETHTL YHCIO MOJIEKYJ, OOIaalOMHX TOH UM HHOH 3aJaHHOH
ckopocThio, OHAKO B TaKOH MOCTAHOBKE BONPOC He HMeeT CMBIC/IA, TaK
KaK BepOSITHOE YHCJI0 MOJIEK /T, HMEIDUIMX TOYHO (MaTeMaTHUeCKH TOYHO!)
3aJJAHHYI0 CKOPOCTb, PAaBHO HyJ0. Belb YHCAO pa3/NUYHBIX 3HAYEHHi
CKOPOCTH GecKOHeyHO GoJiblioe. Yucno xe Moseky1 KoHeyHoe, [lostomy
YHCJIO0 MOJIEKYJ, NPUXOSIIMXCA Ha JOJI0 KamXA0r0 MPOU3BOJIBLHO 3a/1aH-
HOTO 3Ha4YeHHs CKOPOCTH, PaBHO HYJ/0. BcaencTsHe 3Toro BONpPOC 10J-
JKeH ObiThb cHOPMYIUPOBAH HHAUe: CKOJBKO MOJIEKYN (MIH Kakas 4acTb
MOJIEKY/1) ob/MafaeT CKOPOCTSIMH, JIEKAIUMMH B “HEKOTOPOM HHTEpBale
BOIM3H 3alaHHOH CKOPOCTH?

MIMeHHO TakK Bceria M CTaBATCA CTaTHCTHUeCKHe 3aiauu. Ecau, Ha-
npumep, TpeGyeTcsi HaHTH pacnpeje/eHHe Hace/eHHs CTPaHbl N0 BO3-
pacTy, TO 3TO He 3Ha4YMT, YTO HYXKHO OMNpeleJHTb BePOSITHOE YHCJIO
JIIoflef, MMEIOLUX TOT MJIM HHOH TOYHO (MaTeMaTH4eCKH TOUYHO) 3ajaH-
HbIil Bo3pacT, Takoi BONPOC HE HMEeT CMBIC/IA, TaK KaK YHCIO pasfiuy-
HbIX 3HaueHHH Bo3pacTa GeCKOHEYHO GO/bLIOe, a YHCIO el KOHeuHoe,
MoXHO /UL OTpeNeuTb BepOSTHOE YHCJO JiofeH, BO3pacT KOTOPBIX
JIEXKHUT -B OMpefle/IeHHOM HHTepBase 3HaueHH#, Koraa B noBce/HeBHOMH
peuH Mbl TOBOPHM, UTO TAKOMY-TO YeJIoBeKY 18 jieT, T0 Mbl He XOTUM 3THM
CKasaTb, 4T0 eMy poBHO 18 seT, O auedi, 0 Munyt, O cekyua, Haie yTBep-
JKJeHHEe 03HAYaeT JHIIb, YTO €r0 BO3PacCT JIEKHT B HHTepBaJe MEXKAy
18 u 19 rogamu. TouHO Tak ke, Korga, HanpuMep, MHUHHCTEpPCTBO Mpo-
CBelleHHs, MJIAHHPYs pa6oTy LIKOJ B Y4eGHOM rofy, HHTepecyeTcsl YHC-
JIOM JeTeil CeMHJIETHETO BO3pacTa, MOCTYMAMOIIHX B LIKOAY, TO OHO
HHTepecyeTcsl He JeTbMH, KOTOPbIM | ceHTAGPA B 8 4acoB yTpa HCmoJ-
HHUTCA POBHO 7 JeT, Ero Ha caMoM Jesne HHTepecyeT YHMC/IO jAeTel, ueH
BO3pPACT JIEXHT MeX1y CeMbl0 H BOCEMbIO T'OlaMH.

dyHKuMA pacnpenedennsn. Mayuas pacnpefesieHHe 4YacTHI 1O CKO-
poCTsAM, Mbl TOxke OyfeM HCKaThb YHC/AO YacTHL, CKOPOCTH KOTOPHIX
(111 KOMMOHEHTBI CKOPOCTH) JIeXKaT B onpefie/leHHOM HHTepBaJe 3Haye-
HHIf CKOPOCTH (HJIH KOMIOHEHT CKOPOCTH),

QueBH/IHO, YTO YHCAO An YAaCTHIL B elMHHIE 00beMa, CKOPOCTH KOTO-
PHIX JieXKaT B HEKOTOPOM HHTepBajle OT v 10 U -+ Av, TeM Gosblile, 4eM
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Gosblle HHTepBad, T. €. An ~ Av, niu
An=aAu, (11.1)

rie a — Ko3p@UUHEeHT NPONOPLUHOHAJIBHOCTH,

$lcHo Takke, 4TO An 3aBHCHT H OT CaMOH CKODOCTH, TaK KaK B OJH-
HAKOBbIX MO BeJIMYHHE HHTepBa/aX, HO IPH Pa3/IHYHbIX aGCOMOTHbIX 3Ha-
YEeHUsIX CKOPOCTH, UHC/IO YaCTHLL GyJeT Pas/HyHbIM, KaK He OJMHAKOBO,
HanpHMep, 4HCJ/Io JrJeH B UHTepBaJje Bo3pacToB oT 99 no 100 jet u ot
30 no 31 ropma, xOTHl pasMeprl HHTEPBAJIOB B OGOHX C/ydYasiX OAHHAKOBHI.
310 3Hauut, uto B dopmyse (11.1) KospdHUMEHT NPONOPUHOHANBHOCTH
JIoJIKeH ObITb (PYHKUMeH CKOpOCTH:

a=f(v).

HaxkoHen, Benuuuna An fomxua ObITh TaKxe MNPOMNOPLUHOHANbHA
YHCTY YacTHI 1 B eflMHUle ob6veMma. [Tostomy dopmyna ans An JonkHa
HMeTb BHJ:

An = nf (v) Av.

Ee 0OBIYHO 3anMHCHIBAOT B, TAKOM. BUJE:

& — f (0) A (11.2)

An o o
BeanunHa — B 3Tofi opMyJse mpelcTaB/sieT COGOH [OJMIO HaCTHLL

B elIMHHLE o6bema rasa, CKOPOCTH KOTOpPBIX JexkaT B HHTepBaje OT U
1o v + Av.

dyukuus f (v) HasbBaeTcst Pynkyueti pacnpedesenusn. Hainelt 3aja-
uell M siBJseTCA HalTH BUI 3TOH QyHKuUMH. CMBICH ee siceH M3 (OPMYJIbi
(11.2). B camom nene,

f(v)=7‘ npy  Av=1.

310 3HauuT, YTO f (V) paBHa JOsie YACTHL, CKOPOCTH KOTODHIX 3aKJI0-
YeHbl B eOUHUYHOM HHTEPBAJe CKOpOCTell BOIH3H CKOPOCTH .
Ilepexonst Kk mpegeny, MoxHo dopmyay (11.2) nepenvicath B BHIe:

———f(v) dv. (11.3)

W3 Toro, uTo roBepHJIOCH BHIlIE O BEPOSITHOCTH, C/AeAyeT, YTO BeJu-
. dn
YHHa —~ B ¢opmyse (11.3) uMeeT cMbICA BepOSITHOCTH: 3TO BepOSAT-

HOCTb TOTO, YTO J1106ast U3 MOJIeKYJl rasa, CoiepKaIUXCs B IHHULE ero
o6beMa, o6J1aJlaeT CKOPOCThiO, Jexalllel B HHTepBaJje dv BOJIU3H CKO-
POCTH v. Benmume ke QyHKIUU pacnipenenenus f () MOXKHO NPUIHCATD
CMBICJT BEPOATHOCTH J11000H MoJIeKyJie rasa B eIMHHIE ero o6heMa HMeTh
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CKOPOCTb, 3aKJ/IOYeHHYI0 B e0uHU4HOM HHTepBasle BOJU3H CKOPOCTH U.
Ee Ha3bBalOT HO3TOMY NAOMHOCIIGIO BEPOSMHOCTL.

[lonyuenHasi paHee GapoMeTpHuecKasi GopMyJsia 06si3aHA CBOUM BH-
JIOM TOMY, 4TO CKOPOCTH MOJIeKYJl He OJIMHAKOBHI, 2 Onpele/eHHbIM 06pa-
30M pacnpefiefleHbl 10 CKOPOCTAM. XapakTep 3TOro pacnpejeneHusl Kak
pas M 3aBHCHT OT BHAa ¢yHKUUH f (v). [Tonb3ysck yike uaBecTHoMH 6apo-
MeTpHueckoit Gopmysod, Mbl U Onpenes MM BHA (QYHKUHH pacmpejee-
HHUs1, APHBOAsiLeH K 3aBUCHMOCTH (8.3) IJIOTHOCTH MOJIEKYJ OT BLICOTHI:

. mg
n=nqe *T s,

3ameTnM, uTo GYHKIMA pacnpefesNeHHsl MOXeT ObITh HaliieHa H Ipy-
ruMH nyTamu. MakcBeasa nonyuun ee (1859 r.) us coobpaxeHnui, 0CHO-
BAHHEIX Ha TeopuH BepoATHoctel. Boabuman (1877 r.) BuiBes 3Ty PyHK-
M0 M3 PACCMOTPEHHS CTOJNKHOBeHHH Ta3oBLIX MoJeKyJ, Gmarojaps
KOTOPBIM H yCTaHaBJAHBaeTcs pacnpefieseHne. Kak caenctBue sTol op-
MYJIH MOXeT GBITb HoJyyeHa U 6apoMeTpHuecKas (gopmynaa. Mel xe s
HPOCTOTEI pacdera BOCHO/Ib3YeMCH YxkKe BhIBEIleHHOH 6apOMeTpHYeCKOH
¢opMyJ0i, uTOGH HAHTH 3aKOH pachpeleneHus. .

§ 12. PacnpenefienHe MOJIEKYJ 10 KOMIIOHEHTaM CKOPOCTH

IlpencraBum ceGe cocya C rasom, NOMelIeHHHl B MycToe HPOCTPaH-
CTBO B 10JIe TSIKeCTH. ['a3 BHYTPH COCYa HAXOIUTCA B PaBHOBECHH ‘H
ero MoJieKy/bl KaKHM-TO 00pasoM pacnpefiejieHH 0O CKOPOCTAM. T
pacnpefiesieHue HaMm u TpeGyerca HaiTH. Ecau B Kakofi-ToO MOMeHT Bpe-
MeHH COCYA Pa3GuTb, TO MOJIEKY/IbI ra3a CTaHYT ABHIaThCSA N0 BCeM Ha-
NpaB/eHHsIM, B YaCTHOCTH M BBEPX — MPOTHB HANpPaBAEHUS CHJbI Ts-
skectH. Hanuuue CHAIBI TAXECTH U NOMOXET HaM HalTH TO pacmpejeJe-
HHE, KOTOpPOe CYIIECTBOBAJIO B rase o TOro, Kak COCya Obl1 pasGur,

HamnpaBum ofHy H3 KOOpAHHATHBIX ocell, HanmpuMep oCkb Z, MO Bep-
THKaJH C HAyaJioM OTCYeTa B TOM MecTe, IJie HaxoAMTCsA cocyl. $lcHo,
UTO CHJIA TSKECTH BJIHSIET TOBKO HA z-KOMIIOHEHTY CKODOCTH MOJEKY.JI,
TaK 4To GYleM HCKaTh pachpejie/ieHHe MOJEKYJ He N0 CKOPOCTSAM, a Mo
3HAUeHUSIM COCTaBJsAKOIEell CKOPOCTH U,.

JIBiKeHHe MOJIEKYJ BBepX BJOJb OCH Z COMpPOBOXAAETCS YMEHbIlle-
HHEM 2-KOMIOHEHTHl HX CKopocTd. Ecau, Hampumep, y HeKOTopoi
MOJIEKyJIbl Ha HEKOTOPOH HauyanbHOH BBHICOTE 7, 3Ta KOMMOHEHTa Obljia
U,, TO HA BBHICOTE 2z CNPaBelVIHBO COOTHOLIEHHE 3aKOHA COXPaHEeHHs
3JHEepruu: »

mu;  mu

T:Q—"-}-mgz, - (12.1)

rfie v, — 3HauYeHHE z-KOMHOHEHThl CKOPOCTH Ha BhiCOTe 2. $ICHO, uTO Te
vgu

MOJIEKYJIBl, Y KOTOPBIX KHHETHUECKas 3Heprus )

smge, He MOryT
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AOIHATBLCA JO0 BBICOTHI, GoJbllelt yeM z. LN HHUX HauBbICHIAs TOHKa

HoAbeMa z onpeje/seTes paBeHCTBOM 2 = U3, /2g. Ha 3Toft BeicoTe y Ta-

KHX MOJIEKYJl U, CTAHOBHTCA DABHOH HYJIO, MOCJe Yero OHH MNajaiorT,
YCKOpASACh, KaK BCAKOe Teso, 6pOLIeHHOe BePTHKAJbHO BBepX.

BbiienuM Ha HEKOTOPOH NPOH3BOJNLHOH BBICOTE 2 C/OH rasa BhICOTOM

dz ¢ nyowaneio ocHOBaHus, paBHO# eauHHIe (puc. 10). ['a3 B 3ToM caoe

COCTOMT H3 [BHKYIHXCA MOJEeKyJd. 710 MoJje-

2z ‘ KyJibl, IPOXOJsilliHe uepe3 Hero CHH3y BBepX H

CBepXy BHHM3 (HaNOMHHM, YTO HaC HHTepeCYIOT

ﬂ dz  TOJBKO COCTaBJAMIIHE CKOPOCTEH MOJEKYyJa MO

--¥-  ocu Z). Pasnuua Mexuy MoJeKylaMH, MpPHXO-

JOAUMMH CHU3Y H CBepXy, B TOM, 4TO MOJeEKY-

Jbl, APUXOASAILHE CHHU3Y, HMEIOT Z-KOMIOHEHTHI

% cKopocTell, KOTOPble HO MOAYJ HEeNPEMEHHO

NpeBbIIAIOT 3HAYeHHe }/ 2gz, B TO BpeMs Kak

MOJIEKYJ/bl, HpHXOJsiliHe CBEPXY, MOTYT UMEThb

2,4 2-KOMMOHEHTBl CKOPOCTH JOGbIX 3HaueHuit, ot 0
Jo oo,

Puc. 10. B .

YCJIOBHAX paBHOBEeCHs, KOrjJa 4YHC/I0 MO

JIEKYJ B CJI0e JOJXKHO OBITh NOCTOSTHHBIM, UHCJ/IO
MOJIeKYJ1, TPOXOASIHX CBePXY BHH3, JOKHO GHITh PABHO YHCJIY MOJe-
KyJ, TPOXOAALHX CHH3Y BBepX.

Ha BblcoTe 2, ulic/I0 MoJIeKYJs1 B efuHUIlEe 06beMa C zZ-KOMIOHEHTaMu
CKODPOCTH, JIeXallUMH B HHTepBasie oT U,, 10 U, + du,, onpenensercs
paBeHCTBOM

dng, = s, f (V2,) dvs,.

B equHuLy BpeMeHH Hall C/io¥ Ha BBICOTe 2z HepeceKaroT 1, s, f(v,,) du,,
TaKux MoJieKya (cM. cTp. 21). Obluee xe 4uC/IO MOJIEKYJ], lepeceKatoLHX
cioit cHH3y BBepx (0603HauMM 3To yucao yepe3 N ), paBHO

[ae] Q
Ny= S Nz, Uz, [ (Uzy) AUz, = 11z, S Uzf (Uz,) dug,.
Vagz Vagz

Takum e 06pasoM Mbl HOJYYHM, YTO YHCIO MOJEKYJ, HepeceKarolux
coit ceepxy BHHM3 (N ), paBHO

o0

N,= S n,v,f (v,)dv,=n, S vif(v,) do..
0 0
[pu paBHOBecuu, Kak ykaseBanoch, N 1 N | NOMKHBI ObITh DPaBHbI
apyr Ipyry,
Rz, S f (Uio) Uz, dUZo‘ =N, S f(vz) v, dv,.
V22 0
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Paspenus 06e 4aCTH 3TOrO paBeHCTBAa Ha f1,, K MMesl B BUIY, YTO COTJiac-
mgz
o n o
HO GapoMeTpuueckoii gopmy.ie o= #T | monydaeM:
Zg

[ee] . _mgz © .
{ f(v2) 0z dvsy=e *T § f(0.) v, du.. (12.2)
Vg2 0

W3 3akona coxpanenus sHepruu (12.1) nudepenunposanueM noay-
yaeM (uMesl B BHJY, UTO 3HayeHHE z QHKCUPOBAHO):

Vg, AUz, = U, dU,.

3aMeHHM Mo HHTerpajsoM B JeBoi yactu paBeHcTBa (12.2) 3HaueHne
vz, dv, Ha paBHOe eMy 3HaueHHe U, du,. [IpH 3TOM HYAKHUH Npelen HH-
TErPHPOBaHHA HYXHO 3aMeHUTL HYJeM, TaK 4To

o) mgz oo

\ f(vs) vadv.=e #T { f(v,) v, do..
0 0
_mgz
Orcrona cienyer, uto f(v,,)=f(v.)e *7, uam

mgz

f ) =F(vz)e*T. o (12.3)

Wwmes B Buay GopMyy 3aKoHa coxpaHenHs sHepruH (12.1), HeTpyauo
BUJIeTh, YTo paBeHCTBO (12.3) MoxeT GbITh CHpaBelIWBBIM, €CIH TOJbKO

mv mvgu
f(vz) :Ae *T . H f(vzo) :Ae kT H

rie A — HekoTopasi nocroAHHass. UToObl B 3TOM yOeHThCA, AOCTATOYHO
MOJACTABHTL 3TH QyHKuMH B ¢opmyay (12.3), npuHuMasi BO BHHMaHHe
(12.1). Ilpu mo6Gom .apyroM Bujie ¢hYHKUHH paclnpelieieHHst YpaBHEHHe
(12.3) He OyzmeT COBMECTHMO C 32KOHOM COXPaHEHHMS SHEepPIHH.

Hrak, ¢yHKUMA pacnpelesieHHss MOJEKYJ HO COCTaBJSIOIHM CKO-
POCTH 1O OCH Z uMeeT BUJ

2
muvy

f(v)=Ae #T, (12.4)

Uucno Mosiekyn B eguHUIE 0GheMa, 2Z-KOMIIOHEHThI KOTOPBIX JeKat
B HHTepBasne oT U, 10 U; + dv,, BeipaxaeTtcs Tenepb GOpMYJTOH
mug J muvj .

Mtz " _ M
dn=nAe 2T dv,, wm 7=Ae 2kT du,.

dn M
Kak yxe ykasbiBaaoch, — TpejcTaB/seT coBoit BepoOAITHOCTE TOTO,

YTO z-KOMMOHEHTa CKOPOCTH JIt06ofl MOJeKyasl rasa paBHa U, C TOY-
HOCTBIO 10 du,.

3 ° A. K. Kukons, . K. Kuxouu



66 KHHETHYECKAS TEOPHA HIEAJIBHBIX TA30B [T 1

Hawm ocraercs eltle onpeaeauTh HOCTOSHHYIO A, BXOASAUYIO B QyHK-
dn
UM pacnpeflenenns. [last 3TOro [OCTATOMHO MPOMHTErpPHPOBATH —-

M0 BCeM BO3MOXHBIM 3HaYEHUSIM U, OT —oo JI0 4-oo 1), Torga Mbi HOTY-

YHM BePOSITHOCTE TOrO, UTO MOJeKyJja raza obaajaer CKOpOCThbIO C Ka-

KHM-TO 3HaueHHeM 2z-KOMOOHEHTnl. A Takasi BEPOATHOCTb DaBHA eJlH-

HHUE, TaK KaK 0 JIG0H MOJIEKYJle MOXHO C JOCTOBEPHOCTBIO yTBep-

XKJATh, UTO OHA 06J/1alaeT KaKOH-TO z-KOMIOHEHTOH CKOPOCTH (3HaueHHe
= (0 HHY4eM He XYyxKe BcAkoro apyroro!). Takum o6pa3oM,

(e8] d (e8] mugy
T—A \ e *Tdu,=1,
n
—00 — 0,
OTKyJa
o mvg -1
il Fea)
—

Jlnsi BbMHCIAEHHsT 3TOrO HHTerpaja BBeleM HOBYIO IepeMeHHYIHO
X2 = moi/2kT. Torna

/9T QkT
U, = Tx

[Tostomy
2
o muy .
— ir 2%T
S e *Tdy, =1 — S e dx.
-— 00 — Q0
% p—
UssectHo, uTO S e~ dx=1) n. CnegoBarebHo,
— 0
2
¢ - onkT
Y It
S e *#Tdv, =1 ——.
m
—

A unTepecyomas Hac mocrosiHHaa A B ypaBHenuu (12.4) paBHa

m 1/2
A= <2nkT> :

') BoamoxHble CKOPOCTH MOJIEKYJI He NPOCTHPAIOTCH, KOHEYHO, 0T —oo 0 -foo.
EcTecTBeHHEIM NpejieJoM 3HayeHHil ckopocTefl MoseKy. ABJAdercs, B0 BCHKOM cay-
yae, ckopocTe cerd (3- 108 m/c). [lo3ToMy MOKeT NOKasarbes, 4TO MHTEIPHPOBAHUE
GyHKUAH exp (—mui/2kT) B npegenax Or -—oo ‘10 -00 OWHGOYHO.

B ne iCTBHTEILHOCTA MIPHHATAE HMEHHO 3THX NpENe/IoB HHTEIPAPORAHAA K OUHGKe
He TPHBOJMT. o o6LICHAETCH TeM, YTO dyuruus exp (—moz/2kT) oveHs GHCTPO
y6LIBaeT C yEeNMYeHHeM 3HadeHnd v,. TaK, ye NMpH CPABHATENBHO MAJLIX 3HAYEHHAX

2 o
Uy, NpPH KOTOPEIX muz/2kRT ==5, 3nayenne 310l PyHKLMM COCTABASET OKonmo 1% oT
€€ 3HaueHHs NpH v, = (, IPH KOTOPOM OHO PABHO eNHHHUE.
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Bripaxenue xe ansl dyHKWHM pacipenesenus- IpHHHMAaeT BHA:

2

2 )

d 1o mu, { 1o muy
n m — 357 m — 557
V)= ={—)"e T = _— —-) e 2°T, 12.5
F(e) ndv, <2nkT> V' <2kT ( )

[paduyeckn sta GYHKUHs HMeeT Blif, H300pakeHHbIH Ha puc. 11.
M3 rpaduka BuaHO, uTO PyHKUMSA f(v,) CTPEMHTCS K HYJIO MIPH U, —> 00,
Ho nos1s MosteKysn ¢ 2-KOMIMOHEHTO# CKOPOCTH, PaBHOH HYJIIO, He PaBHa
nymo. Kak BugHo u3 dopmyan (12.5) u us Kpusoit puc. 11, nons mone-
KYl, 2-KOMHOHEHTHl CKOpPOCTell KOTOpHIX ) mo?

OMH3KH K HyJ10, PaBHA A (s ITOM W CO- . | 7y, gp” 7FT

CTOMT (PU3HueCKHIl CMLICT 3TOH MOCTOSIH- 4
Ho#). C moBbillleHHeM TeMmepaTtypbl 10Js
TaKHX MOJIEKYJl yMeHbIIAeTCsl,

DyHxuMIO pacrmpejiefieHHs] MOJEKYN MO
COCTABJISIIOIMM CKOPOCTH MBI MOJ y4UHJIH,
paccMmarpuBasi Ta3 B MOJie CHJIBI TAXKECTH.
Hanomuum, 4to 310 He 3H4uuT, yTO BHA
pacnpeje/ieHusl MOJIeKysl MO COCTaBJsIIO-
UM CKQPOCTH KaK-TO CBA3aH C ACHCTBHEM
CHJIbl TSXKECTH MJIM YTO WMEHHO CHja THA-
JKECTH M Co3JaeT 3TO pacmpejesienye.
Kak yxe ykaswBasnoch, GapomeTpHuecKas Pac. 11.
dopmysna, KOTOpoH Mbl BOCHOJIB30BalHCh
NpH BbIBOJE, CaMa fIBJASETCHA CJAeNCTBHEM pacrnpefeNeHUs] MOJeKYJ 1O
CKopocTAM. Posb cHsbl TsKecTw B HalleM BBBOJE COCTOs/Ia TOJABKO
B TOM, YTO OHa <«HPOsIBHJIA» CYLeCTBOBaBllee B rase pacHpefiefieHue.
To, 4To cnna TsKeCTH He MrpaeT poJiM B YCTAHOBJEHHM pacrnpenese-
HUSl, BUIHO YK€ H3 TOro, 4To B (YHKUHIO pacrnpeieseHUs] HE BXOIUT
BeJIMYHHA g, XapPaKTepU3YIOILAsi CHAY TSKEeCTH.

§ 13. Pacnpenenenne MOJeKyJd NO CKOPOCTAM

INonyyeHHoe TOIBKO YTO BblpaxkeHHe /sl GYHKLUMH pacrpelesieHus
MOJIEKyJl rasa no z-KOMIOHEHTaM CKopocTel

2
muy,

dn; _ Ae &T
ndy,

He MOXeT GbITb «NpHBHJETHe{l» HMEHHO 2-KOMMOHEHThbl cKopocTH. QOue-
BHJHO, YTO COBEPLIEHHO TaKue Keé BLIPAXKEHHS NOJ/KHBI ONpelesaTh H
pacnpefiefieHusl MOJICKYJ HO IpPYTHM KOMIOHEHTaM CKOpoOCTéH, TaK 4To

2 2
mus myy,

dny -
=Ae *T, ——=Ae *T,

ndoy,
3
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Teneph Mbl MOXeM HaHTH H BepPOSITHOCTb TOTO, YTO CKOPOCTb MOJle-
KyJbl yAOBNETBOPSET OJAHOBDEMEHHO TPeM YCJIOBHSM:
1) ee cocTaBasioLIas MO oCH X JIEXKHT B npeliesax o1 U, 10 Uy + du,;
2) cocraBastowas no ocH Y JEXHT B mpefiesiax. oT v, 10 v, + dv,;.
3) cocraBasirolas Mo ocH Z JEXHT B Apefienax oOT v, 10 v, + dv,.
3HaueHHs COCTABJIAOMIMX CKOPOCTH MO KaXA0# U3 ocell KOOPAHHAT
HE 3aBUCAT OT 3HAYeHHI COCTABJAAIOWHX MO APyruM ocsiM. [lostomy
BEPOSITHOCTb TOTO, YTO CKOPOCTh MOJEKYJbl OJHOBPEMEHHO YAOBJETBO-
pfieT TPeM YKa3aHHLIM YCJIOBHSM, eCThb BEDPOATHGCTb CJIOXKHOTO «COOBI-
THs». A OHAa, KaK Mbl 3HaeM, PaBHa MPOW3BelCHHIO BePOATHOCTeH Ka-
¥AOTO U3 COBLITHH B OTAeAbHOCTH. Ec/in Mbl 0603HAYMM 4Hepe3 dry,,
YHC/I0° MOJTEKYN B eMHHLe 00beMa rasa, COCTaBJsIOUiMe KOTOPHIX HO
OCSIM KOOpAHHAT JieKaT B NpefienaX, yKa3aHHbIX BHILE, TO Mbl MOXKEM
HAMUCaTh: .
dn —m
o Ade T gy, dv, dv,,

rie ¥* = vy + vy + v;. Orciona

mus
dny,,=nA%e 2T dy, do,du,
UJH -
muvt

Ay, =n (2-;—",7)3/ ¢ T gy, do, do,. (13.1)

Dra gopMysia HOKa3bIBaeT, CKOJIbKO MOJIEKY /1 U3 YHC/1a HAXOAAUWHUXCA

B eAMHHIe 0G1eMa rasza o6JajlaioT CKOPOCTAMH, COCTAB/IAOIAE KOTOPBIX
6 OCAM KOORAHHAT JeXaT B UHTePBalax MeX1y U, H U, + du,, v, H
vy + dv,, v, n v, + duv, T.e.obnagator

CKODOCThI0, JlexKalllefl B HHTepBaJje, 3a-

JAHHOM H N0 BeJHYHHe, H N0 Hamnpa.-

— JeHHQ. DToi GopMyse MOXKHO AaThb Ha-
LA 2 rAfiJHOE FeoMeTpHYecKoe TOJIKOBaHHe.
< pencraBuM ceGe, UTO Mbl COGPasH
BCe MOJIEKYJIB elHHHIB obbeMa rasa,
KOMMOHEHTBl CKOPOCTH ¥ KOTOpHIX 3a-
KJIIOUeHbl B YKA3aHHBIX Bbllle HHTEPBa-
J1ax, u BumycTHau Hux. Yepes 1 ce-
KYHIy BCe OHHM OKaXyTcs Ha DPaccros-
HHH U OT HAYaJbHOTO MOJOXEeHHA B ma-
Puc. 12. panasesenunene CO CTOPOHaMH dv,, dvu,

’ # dv,, T. e. B 00peme do = dv, dv, do,.

910 noKasano Ha PHC. 12, HA KOTOPOM Hall MBICJAEHHBIH OMBIT Npef-
CTaB/jeH B CBOeoOpasHOH cHCTeMe KOOPIMHAT, MO OCAM KOTOPO#H OTJO0-
MeHbl COCTaBJAIOUIME Uy, Uy H U,. UHCIO MOJIeKYJ1, OTHECEHHOE K €JH-
HHIle ofbeMa 3Toro mnapasielenunefa (He OyTaTb C YUCIOM MOJIEKY.

Uz b

Yy
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B eJIUHUIE 00beMa-rasa; 3/lech HAeT pPeub O efMHHIlE ofheMa B «Hpo-
CTPaHCTBe» CKopocTeii), cornacHo (13.1) paBHo

a
dﬂ,xyz _ m 3/2 e..,_ %v?.
do 2nkT

Bennunna 31a He MOXKeT, KOHeYHO, 3aBHCETb OT HAMPABJEHUSA BEKTOPA
ckopoctr @. [TosToMy HeTpyaHO Tenepb HAlTH M QYHKUHMIO pacnpeee-
HHS MOJICKYJI IO CKOPOCTSIM He3aBHCHMO OT HX HampaBaenusd. JlelcTBu-
TeJIbHO, €C/IH cO6paTh BMECTe BCe MOJIEKYJbl €IHHHIH 06bemMs Fasa, CKo-
POCTH KOTOPHIX 3aKJIOUeHL B MHTEpBaJe OT U
10 v -+ dv 1no.BceM. HANpaBJEHHAM, U BHI-
OYCTHTb HMX, TO OHM, pasjeraach MO BceM
HampaBleHHsAM, Yepe3 1 cekyHAy OKaxyTcs
PaBHOMEDHO pachpefie/leHHEIMH B [LapOBOM
cnoe ToMUMHOH du W pammycom v (puc. 13).
JroT 1rapoBofl c/10H CKIafbiBaeTcss M3 TeX
«napajesenunesonBs, 0 KOTOPHX FOBOPHJIOCH
Bouue. Yucno monekysd B eaunuue obbema
3TOro €101 (ero, onfiThb-TAKH, HeJlb3si MyTaTb
C YHCJOM MOJIeKys B efHHHUe ofbema rasa) Puc. 13.
TaKOe Xe, KaK H B KakJAOM [apaJjjenefu-
nefe, T.e. onpefeasiercs gopmysaoi (13.1). Uuciao ke Moaekya 4o
8cem o€ —.3T0 H eCTb YHCJIO MOJEKYJ B eJUHHLE oGbema rasa, CKO-
POCTH KOTODBIX JIeXaT B HHTepBaJje OT v 10 v + dvu.

Yucno 310, OYEBHAHO, PaABHO

2nkT

~

dn=n <—m—-)3/2 e e dQ,

rie dQ — o6bem 11apoBOrO cAOf, paBHHH 4nv?dv. Takdum o6pasom,

a2, -T2 4 Im\y2 , =T
dn=dnn (-2 \"" 12 Mdv*—‘ ‘ m> vie 2:T dp,
kT "\%T
HJIH
4 m \3 _ne
:___(—> v?e 2Ty, (13.2)
n V n \ 2kT

dra dopmyna Belpaxkaer saxon Makceeasa pacnpedeseHus mosexyn
HO CKOPOCIAM.

Benunyuna ‘%" — 3TO BePOSATHOCTh TOTO, YTO y NMPOH3BO/IBLHO BeIGpaH-
HOH MOJIEKYJHl Ta3a CKOPOCTb OKaeTcA Jexallell B HHTepBaie Mexay
v U U~ dv. MHBIMH c10Bamu, dn—" — 3TO J0J15 BCceX MOJEKYJ] €AHHHIlbI
o6bemMa, CKOPOGTH KOTOPBIX JIeKaT B HHTepBaje OT v JO U + dv,
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Beauuuna

flo) =2 —f‘,<ﬂ->m v 2T (13.3)
ndo Vo \2%T
TnpelcTaBasieT o060l yHKyuw pacnpedeseHus MOJeKya MO CKOPOCTAM.
Ona onpenenﬂeT JOJTIO MOJIEKYJ1 eiHHULE 06beMa rasa, CKOPOCTH KOTo-
PBIX 3aK/IIOYEHB B HHTEPBAJIE CKOPO-
7v) creif, paBHOM €JHHHIE, BKIIOYAIOIEM
JAaHHYIO CKOPOCTb.

[paduueckn BuI (QyHKUMH pac-
npenenenuss MakcBesaa npejacTaBieH
Ha puc. 14. Kak u cienoBano 0xH-
Jath, OHa ofpaliaercsa B HYJb NPH
v =0 u npy v —> oco: B rase HeT He-
[OJBHKHBIX MOJIEKY/] H HeT MOJEKYJ
¢ GecKoHeYHO GOJBIIHMH CKOPOCTS-
mu. Kak BUAHO u3 KpuBO# puc. 14,
yHKUMA pacnpeleleHdst HMEET MaK-

Puc. 14. CUMYM [pH HEKOTOPOM 3HaueHHY

CKOpPOCTH U,. DTO 3HAYUT, YTO HaH-

GoJIblIas A0S BCEX MOJIEKYJ ra3a ABHXKETCS CO CKOPOCTSAMH, 3HAYEHHS

KOTOpHIX G/IH3KH K U,, MOXHO TaK:ke CKasarb, 4TO CKOpOCTH, Gru3Kue

K U,, BCTPEUAIOTCS y MOJEKYy/] rasa yamle ApYrux, YTO BEpOSITHOCTb

TOTO, YTO CKOPOCTh MOJeKyJbl 61u3Ka K v,, — HauGoabwasn. Iostomy

CKOpOCTh U,, KOTOPOH COOTBETCTBYET

MAKCHMyM KpHBOH pacnpejie/eHHs

MakcBenna, Ha3snlBaeTCsl Hauseposm- .
Hediweti CKOPOCTBIO.

Yrobpl Jydile [NOHATb pasjHuHe
MeXy pacnpeleneHHeM 0O CKOpO-
cmamM W pacrpelesieHHEM [0 KOMNO- .
Hermam cKopocTtell, paccMOTPHM aHa-
JIOTHIO C JpPYTHM MpPOLECCOM, B KOTO-
pOM, TaK e KakK B C1y4yae C yCTaHOB- .
JIGHHEM pacmpefiejleHHsl  MOJeKYJI, “
IIaBHYIO POb HIPAIOT 3aKOHbI CITy- : .
Yaf{HOCTH. . .

IlpencraBum ce6e, 4TO NpPOU3BO-
JUTCSl cTpenb6a B MHIIEHb, Ha KOTO-
pOfi LEJIBIO CTYKHT TOUKA B €€ HeHTpe. Prc. 15.

Kak 66 HH O6B1 HCKYCEH CTpesNOK

B COBEpLICHHO OpYIKHE, NYJH OTHIOAb He 6YAYT NONajaTh TOUHO B Ueb,
a GynyT JIOXKHUTbCA BOJIH3H OT Hee Ha Pas3JHUHBIX PACCTOSIHHUAX OT LeJH
(puc. 15). 310 06BACHSIETCS Pa3IHYHBLIMH (PAKTOPAMH, KOTOPbIE HEJb3sl
y4ecTb: He BIOJIHE OJJMHAKOBLIE 3ap Akl B NATPOHE, BAHAHHE BETPA H AP.

y, dv v
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(B ca1yuae rasa posib TaKuX CAydyaiiHbX (PAKTOPOB HIPAIOT CTOJNKHOBEHHS
MeXJY MOJEeKy/a1aMH, O KOTOphIX peub Gyner Huxke). Ilpu mocraTouno
Go/IbIIOM YHC/e BHICTPEJ/IOB pachpejeseHHe MyJab BOKPYT UeTH, T. e.
pacnpesiefieHde 0 PACCTOSTHUAM OT Hee, NOAYMHAETCH, KaK OKa3mBa-
eTcsl, BIOJIHE OnpefeneHHOMY 3akoHY. HeTpyaHo BLIACHHTL XapakTep
storo 3akoHa. Ha puc. 15 usoBpaxeno pacnpeneneHde nonaganuit
BOKPVI UeaH. MoXHO OUEHHTb 3TO pachpene]eHHe IBOSKUM OGpa3oM.

Mo:kHO pasfieMTb BCHO MJOLIAJL MUIIEHH Ha KOJbUEBbIE MOJOCKH!
(puc. 16), KaK 3To fenaercsi npH COpPEeBHOBaHHUSIX NC CTpenbfie, NpOBeas

ar

dr

Puc. 16. ) Puc. 17.

pAZ OKp y2KHOCTeH Ha pPaBHBIX pPaccTOAHUAX Ar ApYyr OT Jpyra, H onpeje-
JATb YHCJAO NMonajaHuid An B KaXJ0H mosoce, T. €. YHCJAO NMONajgaHui,
NPUXOJALLHNXCS Ha JAHHOE PacCTOSIHHE ¢ OT LeH B HHTepBaJe OT 7 JO
r -+ Ar. B 3TOoM ciyyae B HEHTpPaNbHOM KpYXKKe, €CAH OH JAOCTaTOYHO
MaJl, YHC/I0 Nonajfanui 6yaeT 61H3KO K HYJI0, MOTOMY YTO B AOCTATOYHO
MaJIbill KPYXKOK Hesb3d nonacTb. C yBeJHYEHHEM PaccTOSHHS KOJbie-
BOH MOJIOCHI OT WEHTpa YyHCJAO nonajaHuft B Hee 6yJeT CHayasia pacTH,
JOCTHTHET HEeKOTOpOro MaKCHMyMa, nocje yero oHo Oyfer yOulBaTh W
Ha JOCTaTOYHOM YJAJeHHH OT LEJH CTaHeT PaBHHIM HYJIO (CM. KPHUBYIO
Ha puc. 16). : .

MoxxHo noctynuTh U npyruM nyreM. Paszo6bem mioians MHIIEHH Ha
NOJIOCEl, MpPOBesl PR NapanjeabHblX NPAMBIX, OTCTOALIMX JpYyr OT
Ipyra Ha Takom xe paccrosiuud Ar (puc. 17). Ecau teneps onpenensitb
YlCsI0 HonafaHui An, npuxosKXCcs Ha KaXKLyto [0Jocy, TO OKaxKeTcs,
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K4K 3TO JIerKo BHJETh H3 PHCYHKA, YTO OHO MOHOTOHHO yGLIBaeT Mo Mepe
YAaJeHUs1 OT UEHTPaJbHOH MOJOCH, CTPEMACh K HY/I0 Ha JOCTaTOYHO
GOMbLILIOM PACCTOSTHHH OT UEJH; 3T0 BUIHO Ha KpHBOH puc. 17, ananoruu-
Ho#i Kpupo# ma puc. 1. ' )

[lepBhiil U3 H3/10:KEHHBIX CNOCOGOB ONUCAHHUA paclpefieIeHUs CooT-
BeTCTBYeT onpeje/neHHo GyHKUMH [ (v), BTOPO# — onpeje/eHu0 pac-
npenejenus f (v,) A0 KOMIOHEHTaM cKopocteil.

[Tosh3aysch KpHBOH pacnpefeeHHsl MOJEKY/ N0 CKOPOCTAM, MOXKHO

o dn
rpaguyeckd HaHTH 1OJIIO MOJCKYN —= B EIUHHLE ofbeMa rasa, CcKo-

POCTH KOTOPHIX Jie:KaT B 3aJaHHOM HHTepBaje ckopoctell dv. Oma
paBHa WIOLIagu 3alUTPUXOBaHHOM MOJOCH HAa puC. 14 ¢ oCHOBaHHeM
dv v Bricoto#t f (v). $ScHo, yTO BCA MUIOIAAb, OTPAHHYEHHAA KPHBOH
pacnpefieleHHss H  OCbIO CKOpOCTeH,
JigeT HaM o6lllee YHCJI0 MOJEKy. B eH-
HUUe o6bema.

Kak BuzpHo u3 ¢opmyan (13.3), Bun
'KpUBOIl pacnpefeieHN s 3aBUCHT OT NpH-
poasl rasa (B GopMmysay BXORHT Macca
MOJIEKYJIBI M) U OT TeMmepaTypel. Ha

‘v puc. 18 npuBeleHH KpHBhIe pacopene-

Puc. 18. JIEHHU MOJIeKyJ a30Ta [0 CKOpOCTAM

Pl pasjguuHblX TeMneparypax. M3 Hux

BHAHO, YTO MpPH MOBHICHHH TeMMEpaTypbl CKOPOCTH MOJEKYJ BO3-

pacraioT, TaK 4TO BCsl KPHBas CMellaeTcs B CTOPOHY GOBIINX CKOpOCTeil.

Ho nnowmanu, orpanuyeHinie KpHBBIMH U OCbI0 CKOpOCTEH, OCTAOTCH,

KOHEeYHO, HCH3MEHHbIMH. Be/leAcTBIe 3TOr0 MakcHMyM KpHBOH HpH IO-
BBILIGHHH TeMIepaTypPul yMEHbIIAETC.

[Ipu BhBOje ypaBHehusi MakcBedsa pacrnpefeseHUst MOJEKYJs Mo
CKOPOCTAIM Mbl COBEpIICHHO He MPUHHMAJIH BO BHUMAHUE CTOJKHOBEHH S
MeXJy MOJEKYJaMH, XOTS CTOJKHOBEHHS He MOFYT He BJUATH HA CKO-
POCTH MOJIEKYJI, @ 3HAUNT U Ha pACpefieNeHHe HX MO CKOpocTsAM. B neii-
CTBUTE/ILHOCTH HMEHHO 6/1arojaps CTOJKHOBCHUAM H yCTaHaBJIHBaeTcs
MaKCBeJJIOBCKOe paclnpefieieHde no ckopoctsM. B camom pene, mpen-
CTaBHM ce6e, YTO ra3s HaxOAUTCS B TAKOM COCTOSIHHH, UTO BCE MOJEK YJIbi
HMEIOT oJHHAKOBEIE (O MOJY/0) CKOPOCTH. Takoe COCTOAHUE HEe MOXeT
6LITE YCTOITYHBBIM (DAaBHOBECHHIM), HOTOMY YTO CTOJIKHOBEHHS MeXKJy
MOJIeKY/1aMi HeNPEeMeHHO MPHUBEAYT K TOMY, YTO CKOPOCTH MOJeKYJ
nepecranyT ObITh OAHHAKOBBIMU. [IpU KaMIOM CTONKHOBEHHH ABYX MO-
J€KyJ CKOPOCTh OJHOM U3 HHX YBEJHUHBAETCs, @ CKOPOCTh JIpyrofl yMeHb-
waercs. ¥ MakcBe/s1 BnepBele o6paTi/ BHUMaHUe Ha TO, YTO JIOJKHO
CYLIECTBOBAThb TAKOE COCTOAHUE, IPH KOTOPOM YHC/IO MOJIEKYJI, CKOPOCTh
KOTOPBIX NPH CTONKHOBEHHAX YBEJMYUBAETCS, PABHO YHCAY MOJEKYJ,
y KOTOPBIX CKOPOCTb B pe3ysbTare CTOJKHOBEHHH yMeHbulaercsi. Takoe
COCTOAIHHE W ABJAAETCA PaBHOBeCHHIM. IMEHHO TaKOMY COCTOAIHHIO H
COOTBETCTBYET MAKCBE/JOBCKOE pachpefeseHde no ckopoctaM. [losxe
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BosbiiMan nokasaj, 4To €C/qHM ras HaXOJHTCH B COCTOSIHHH, B KOTOPOM
ero MOJICKYJbl Pacnpe/ie/IeHbl 10 CKOPOCTAM He 1o MakcBesay, To TakoH
ras, 61arofiapsa CTOJKHOBEHHSIM MOJEKYJ, caM co6Gol IepeXoiHT B €O-
CTOSIHHE C MaKCBEJIJIOBCKHM pacrpeleJeHreM,

Pacnpenenenue MaxcBessa (HHOTJA TOBOPAT: pacnpeneneHue ‘Max-
cBessia — BoabiiMana) — 3T0 paéduosecHoe pacnpenenenue. Mul ¢ sToro
M HavyalW Hawe paccMoTperue. [lostomy, Hanpumep, NpH BhIBOAE dop-
myael (12.4) HaM He HYXKHO 6BLIO YUHTBIBATb CTONKHOBEHHS, Benb eciu
KaKHC-TO MOJEKYJbl, MOKHHYBIIHe c10H Az), H3-3a CTOJNKHOBEeHHH He
JOLIAH 10 caosi Az, TO 3aTO Kakue-TO APYrde MOJEKYJbl, KOTOpble He
JIO/KHbl GBLIM B HErO MOMAacTh, NOLLTH JIO HE[O B pesyJibTaTe CTOJKHO-
BeHHH.

MoanekynapHble JBUXKEHUS, NPOUCXOJslHE B rase, Mbl Bce BpeMs
Ha3bIBA/IH XaoTHYeCKHMH. Tenepb MBI MOXeM [aTh TOYHOE ONpefe/ieHHe
NOHATHIO XaOTHYHOCTH TeNJIOBLIX ABHKEHHH: J8udicerue MOAeKya HOA-
Hocmon Gecriopadouno (Xa0THUNO), €call CKOpocmu MoAeKya pacnpedeie-
Hbt no 3axkoHy Makceeara.

Taxue BrosiHe XaoTHYeCKHe JBIKEHIS MOJICKYJbl COBEPIIAIOT, KOTa
ras HaxOMHUTCA B COCTOSIHIH paBHOBeciis. Kak Mbt BUfiesd B § 3, 370 co-
CTOSIHME XapakKTepH3yeTcs BeJHYHHOM TeMneparypbl, KOTOpas B CBOIO
ouepesib omnpeneseTcd CpefHed KHHETHUECKOH 3Hepruedl ABHKEHHS
MoJsieKys. Orclona ciaefiyeT, 4To Temmeparypa OmnpefessieTcs cpefHei
KHHEeTHUYeCKOHA 3HeprUell UMEeHHO Xxaomuueckux IBM:KeHHH. Bcesxoe xe
HanpaB/eHHOe [BH:XEHUE MOJECKYJ, KAKOBbl Obl HH ObLTH UX CKOPOCTH
B TAKOM JBUKCHHH, HHKAKOTO OTHOLIEHHS K TeMmepaType He uMeeT.
Kak 6bl BesqiMKa HH Obl1a CKOPOCTb BO3JyXa, 0Opasyiollero CHUIbHBIN
BeTep, OHA He cle/aeT ero ropsAyHM. BeTpbl, Aaxe camble CHJbHBIC, MO-
Iyt ObITh H TENJIHIMH H XOJIOJHBIMH, IOTOMY UTO TeMIepaTypa rasa onpe-
fe/sieTésl He HaNpaBJeHHOH CKOpPOCTbIO BETpa, a8 TeMH XAOTHYECKHMH
JBIDKEHIISIMH, KOTOPBIE MOJIEK YJThI COBEPILAIOT HAPANLY C HANpaB/JeHHbIM
JIBMKEHHEM Ta3a Kak [eJoro U He3aBHCHMO OT HETO.

§ 14. Cpennre CKOPOCTH MOJEKYJ

[Monb3ysch GyHKuMel pacnpeneseHdss MaKcBesa, MOMKHO BBbIYH-
CJIHTh PSAJ BEJHUHH, BAXKHHX JIIS MOJIEKY/IAPHOH H3HKH. 3nech B Ka-
yecTBE MPHMEPOB MBI [IPUBEEM BHIYHC/ICHH R cpeﬂ;Heu -apU¢MeTHYeCKOH

CKOPOCTH T, CpefiHeli KBAJApaTHYHON CKOPOCTH T = Vzﬂ, yKe BbIUHC-
JeHHoH Hamu paHee (cM. ctp. 39), H, HaKOHEl, HaUBepOATHEHILEH CKo-
poctH v, HauHeMm co cpefHell apu(MeTHUECKOH CKOPOCTH MOJEKY.JI.

CpedHas apugmemuseckas ckopocms U TIO ONpeNieJIeHHI0 PaBHA OTHO-
1LIEHHI0 CYMMBI BCEX CKOPOCTeH BceX MOJIEKYJ B efHHHIE OOBeMa K YUHCY
MOJIEKYJ B efuHuile o6beMma.

Yucso MosieKys B eluHIILEe 06beMa, CKOPOCTH KOTOPBIX 3aK/IOYEHH
B HHTepBaje OT v fo U - du, paBHO, oueBlifHO, n f(v) dv. Cymma cKo-
pocTell BceX TaKHX MoJeKys paBHa un [(v) dv. UToGul HalTH cymmy
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CKOpocTeHl Bcex MOJIEKYJ, CGMajaiolHX JOOLIMH CKOPOCTSAMH, HYXKHO
3Ty GYBKUMIO NPOHHTETPHPOBATH 110 BCEM BO3MOMKHBIM CKOPOCTSIM OT
Hy/4 Jo 6eckoneuHocTH. CIeoBaTe/1bHO, CyMMa BCEX CKOpOCTEH paBHa
o
{ on f(v) do,
0
a cpellHAS apH{MeTHYeCKas CKOpPOCTh ¥ paBHA

[ee) [e9]

o= % on f(v) do = S v f(v) do. - (14.1)
d 0

[ToncraBuB ciofla mosiydyeHHoe paHblie Bpipaxkenue (13.3) mna f (v),
T0JT yUHM: :

® mu?

g A (MmN s TR
7 e (\Q T> 6\0 e dv. (14.2)

Y1o6kl BEIMHCJHTL BXOIAIHHA B 3TO BhIpak€HHe HHTerpaJ, npeobpa-
3yeM MOAUHTErpasbHOE BhIpAXKEHHE:

_me _me
e T du=1v?e 2T ydu,
Tak kak vdv = */, d(v?), 10

mu? muvt

® e*‘m dv = é vte 2T d (Uz)

& _me
S vte 2T d(v?).
0

2 2
0
HHrerpupoBanue no yactaMm 1aeT:
o
\zezdz=1.

-

0

Tagum o6pasoM, 11 HHTerpana B ¢opmyne (14.2) foJIyyacM BbIpa-
JKeHue:



§ 14] CPEJJHHE CKOPOCTU MOJIEKY/JI 75

IToacrapnas ero B (14.2), HaXOAUM AIA T BhIpaXKEHHE!

g A [ m\V2 gfkT\2 _ 3 /BT
U_]/E<2k7'> 2<m> am’ (14.3)

ITonoOHEIM Ke 00pa3oM MOXKHO BLIYHUC/IHTL H cpenHee apudMeTHue-
CKO€ 3HAUEHHE cocrmasasoweli ckopocmu 10 KaKol-1ubo KoopIuHATHOH
ocH.

CoGCTBEHHO rOBOPA, CPefiHee 3HaueHHe JI0G0H KOMIIOHEHTH CKOPOCTH
PaBHO HyJI10, TaK KaK OHa C PaBHOH BEPOSATHOCThLIO MOXKeET OHITh U M0JI0-
JKUTeNBHOH, U oTpHuaTensHOH. Ho 3Toro Hemb3s ckasaTh 0 cpefiHeM 3Ha-
ueHHH Modyas TaKoH KoMmoHeHTb. Haiimem, Hanmpumep, cpennee apud-
METHUYECKOE 3HAYEHHEe MOJY/fA X-KOMIIOHEHThI CKOPOCTH, T. €. BEJHUHHY

|v,|. JInA Hero MOXHO HamHcaTh ypaBHeHHe, aHasoruuyHoe (14.1):

oo

vel= | v.f(ovy) do,. (14.4)

— Q0

3nech f (v,) — 31O YHKIMA pacnpeieSeHds MOJEKYJ MO COCTABAAK-
wed v,, HaWJeHHAA HaMH paHblue:

2

NUy

Hod == () e T

IMoncraBuB 3To Bulpakeuue B (14.4), nomyuum:

- 1 / 1/2 [es] vai

— m P

Uy| == |— vee T du,.
o] Vn \ri> g * *

Hnrerpas, Bxoadauil B 3Ty dopmyay, 6eperca C MoMOLILIO 3aMEHbI Me-

pemennoit mui/2kT = 2. Torpa a1 |u, | noayyaercs BhlpaKeHue:

ux|=]/%. (14.5)

CpaBuuBas Buipaxenna (14.3) n (14.5), Mbl BUAuM, UTO cpenHee 3Haue-
|

HHE MOJAYJ/S X-KOMIIOHEHTH | v, | BABOE MEHbIUE CPEJHEro 3HAuYeHHUs
CKOpOCTH T:

|ve | =10/2.

1o BhIpaXKEHHE MO3BOJIAET PelUTh HHTEPECHYIO 3afiauy O CpefHeM
yHcsle yAapoB MOJIEKYJ O €AHHIHLYy IJIOUaJH CTEHKH COCYJa B €IHHHILY
BDEMEHH.

B § 2 (ctp. 21) Mbl BHAenH, 4TO YHC/IO MOJIEKYJ, MNepeceKao-

KX 3a BpeMmsi Af mJowafKy miaowanbio S, paBHO 5 novS Af. Otciona

, N 1
cnenyeT, YTO Ha eduﬂub;y nJowanu B esuruyy BpeMeHPI najgaer Q nU,
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MOJIEKYJl. 3aMeHUB 3/leCh U, €e CPEJIHUM 3HAUEHHEM | U, |, Mbl TOJIYYHM,
YTO CPEJHEE YHCJ/IO YAApOB v MOMEKYJ O efHHUIY IIOWAaH B eTHHHIY
BpEMEHH DaBHO:

V=5nl|v|=—F

N —

Cpednss xkeadpamuuuas c;copocmb Moaexya. HUToObl HAHTH cpeHioio

KBaApPaATHYHYIO CKOPOCThb Mone}(yn 1’ 02 HY2KHO BLIUHC/HTHL OTHOLUCHHE

CyMMbl KBaApaToB CKOPOCTeH MOJIEKYJT € JHHHILLI obpeMa K HHCJTY MOJIE-

Kysn B aToM o6beMe. [ToBTopast npeislaylliHe paccyXICHHS, MOJydaeM:
! o

v?=\ v*f(v) do.

0

IlocrasuB cioga Beipaxenue (13.3) aaa f (v), nonyuum:

muo?

[ee]
B m \¥2 ¢ 4,7 5T ]
vP=A4n <2nk7‘> vie dv.

Huterpan, BXofamuil ciona, HaXoJuM HHTerpupoaaHHeM Mo yacrsim
H MoJyyaem:

[ee] mu?

- 3 (kT2 | ;=
28T = < [
Siﬁe 2%T dy 8\m> V.
0
Orciona
w=¥ V=71 % (14.6)

m - m
Takoe BEIpa)KeHHe Mbl MOJYYHJIH H PAHbILE,

§ 15. HauseposiTheilluas cKopocTb Mojekya

BruucIuM Tenmeps HaHBEpPOATHEHILIYI0 CKOPOCTh U, MOJIEKYN — CKO-
pOCTh, OKOJIO KOTOPOH TPYNIHPYIOTCA CKOPOCTH HaHGOJbIUEro 4YHCaa
MOJIEKYJI Tas3a. STOH CKOPOCTH COOTBETCTBYET MaKCHMYM KpHBOfl pac-
npepenenda Makcseana (cM. puc. 14). ITostomy, utofsl HAfTH CKOPOCTD
Uy nymg) NPHPABHATh HYJIIO MPOU3BOAHYIO OT GYHKUHH pachpejesie-
uusa (13.3):

d a| 4 2, 2
U v e .
ddf( )= du{l/n(w)

Ao PABEHCTBO 6y11eT BBIIIOJIHEHO, €CJIH

i ,_m__v2>
o, T %T | _
W (\U e =0.
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ITposens audipepenuupoBaHHe, MOTYyUHM:

my?

. 2ve” 2“(1 —;’;—‘;) 0.

310 paBeHCTBO BbIHO.HHHeTCH nu6o npu v = 0, mu6o npu v = oo
nubo npH ycJAOBHH, 4To | —

14

m_,o $lcHo, 4TO mepBble 1Ba yCJIGBHA

He COOTBETCTBYIOT MaKCUMyMy KpHBof pacnpefenenus. CiieloBaTe/NbHO,
3HauYeHHe U, ONpeJe/seTcs H3 yCIOBHS

mu?
l —_ W‘ = O.
Orcroza
2kT

CpaenuBas Beipaxenus (14.3), (14.6) u (15.1), Hax0aUM COOTHOLLe-
HHE MeX]y TPeMf BbMHC/IEHHLIMH 3HAYEHHSIMH CKOPOCTEH:

o= Bo=100=1 3o,~12,

Kak BupHO, pasnuyue MexAy STHMH TPeMs 3HAYeHHSAMH He OY€Hb
BEJHKO: H CPeAHAA apnq)MemqecKaﬁ H CDeHsiA KBajpaTHUHasA CKo-
pocTH 6JH3KH K HaupepOsTHeHed CKOpOCTH

§ 16. ®dopmyaa Maxcseana Aisi OTHOCHTENbHBIX CKOpOCTel

Jl1s pelneHHs MHOTHX 3ajay yA0GHO mosnb3oBaTbes dopmysnoii Mak-
cBe/ita B dopMe, KoTopas MoJy4aercs, eCJH BLIPAa3HThb CKOPOCTH MoJie-
KyJ He B OOBIYHBIX €HHHIAX, 8 B OTHOCHTE/IbHBIX, MPHHAB 32 HHHLY
CKOPOCTH HAHUBEPOATHEMIYI0 CKOPOCTb MONeKysn v, OTHOCHTENbHAs
CKOPOCTDb - 4, CJeJoBaTte/bHO, paBHa

U =u/v,.
3mech v — 3ajJaHHas CKOPOCTb MOJIEKYJ, a U, — HauBepoATHeHIlas
CKOpOCTb TpU JaHHO# Temneparype. Kak Mbl TOJNIbKO YTO BhLIsSICHHIIH,
vy =V 2kT/m.
B ¢opmyny Makcsesia -

- myl

dn 4 [ m N2 T kT

ndv  Va\2kT
NBaKbl BXOAHT BhipaxenHe m/2kT. 3ameHHB B Hell 5TO BbIpaXKeHHE
paBHbIM €My BhIpaxKeHHeM |/ui M 0603HauMB v/v, OYKBOH u, MOXHO
ypaBHeHHi0 MakcBessa MpHJATh BHJA

- d 4 .
L e, (16.1)

ndu Va
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310 ypaBHeHHe — yHHBepca/lbHoe. B Takom Buge ¢yHkuusa pac-
npejie/ieHu sl He 3aBHCHT HH OT poja rasa, HH OT TeMmepaTyphl.

ITono6Hoe e ypaBHEHHE MOXKHO COCTABHThL H U1 (PYHKUHH pacrpe-
ZIe/eHHsl MOJIEKYJI T COCTAB/IAIOWIM CKOPOCTH 10 OCAM KOOpIMHAT.
Ecnu, Hanpumep, HJET pedb O X-KOM-

f(;)_ [IOHEeHTEe CKOPOCTH, TO, BBeJl U 31eCh
& ; OTHOCHTEJIBHYIO CKOPOCTh U, = U,/U,,
a6F ! MOXKHO TpeJIcTaBUTh (GYHKIHIO pac-
24 i npefenenus (12.5) B Buje
- (
? ' dn 1 2
” ! - ——e " (16.2)
s2r ! ndu, Vn
It 'u L ( \A
05 10 15 20 25 4-L ‘ Jlnst pelueHusi pas/quuyHbIY 3a3jay,
¥ CBA3AHHBIX C PAaCHOpPeNeJeHHEM MoO-
Puc. 19. JIEKYJ1 10 CKOPOCTAM, YAOGHO MOJb-

30BaThcs GOpMyJTaMH pacnpeeseHus
umenHo B dopme (16.1) u (16.2). Ha puc. 19 npeacraBnena kpupas pac-
npefesenns A8 OTHOCHTENBHBIX CKOPOCTEH.
O yHKIIH

2p—u? 1 —uf
V‘ue H V—-e
11 11

MOryT OHITH 3aPaHee BBIYHCAEHH AJIS1 PA3/IHYHBLIX 3HAUEHUH 4 H Uy U
npeJicTaB/ICHEl B BUAE IPadHUKOB, M0 KOTOPHIM H MOXKHO ONpPEeJeNsiTh Hc-
KOMBIe BeJHUHHBL. B Ta6a. 1 npejcraBieHsl 3Hau€HHA 3THX (YHKIUH,
BbIICJEHHbIE C JOCTATOYHOM AJIS pellleHHs MHOTHX 3ajJad TOYHOCTBIO.

Ta6auwa 1

U, A L TR %p —”JQC 4 u) = -——4—_— 2g—u? u, )= ’\1‘_& ___“;z:
“ f(u) Vn t ) v i, F(u) = u f(u) Ve
0,1 0,022 0,558 1,2 0,770 0,133
0,2 0, 087 0,542 1,3 0,703 0,104
0,3 () 185 0,515 1,4 0,623 0,079
0,4 O 308 0,480 1,5 0,535 0,059
0,5 0,439 0,439 1,6 0,447 0,044
0,6 0,567 0,393 1,7 0,362 0,031
0,7 0,677 0,345 1,8 0,286 0,022
0,8 0,761 0,297 2,0 0,165 0,010
0,9 0813 0,251 2,2 0,086 0,004
1,0 0,830 0,208 2,4 0,041 0,002
Ll . 0,814 0,168 30 0,003 —

ITyctes, Hanpumep, TpeGyeTca HANTH J0JI0 YACTHIL a30Ta IPH KOMHAT-
no#t Temitepatype (300 K), cKOpocTH KOTOpBIX 3aK/IIOUeHL! Mexnay 275
u 276 m/c.
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[lpexfe Bcero HaxXouUM HAHBEPOATHEHIIYIO CKOPOCTh:

_1/2%T _/2RT _ 4/ 2-831-10°.3.10% _

OrtHocHTebHASA CKOpPOCTb U paBHa:

v 275
P L

o 394%0,70.

W3 Buipaxenua u = vly, cieayet, uto du = dv/v,. B nannom cayyae

MHTEPBaJ CKOPOCTH, paBHHIN 1 M/c, JOCTATOUHO MaJj H MOMKHO CUHTATD,
il

4To duzfﬂr:0,00QS. ITo rpaduky, KOTOpBIH KaXAWH MOXKET Mo-

H
CTPOHTb MO JAHHLIM TAGMHLLI 1, HAXOHM, YTO OTHOCHTENLHOH CKOPOCTH
u = 0,70 cooTBeTCTByeT 3HaueHue YHKUHH

An w0677,
N ndu Va
Orcrona

i‘hﬁ —0,677-0,0025=1,7-10-2,

3nauuT, TonpK0 0,17 % Bcex MoseKy.1 06/1a1a10T CKOPOCTSIMH, J1€3KA UMK
B yKa3aHHOM B 3ajJaye HHTepBaJje cKopocTed.

OnHOH U3 HHTEPECHBIX 3aJ]a4, CBA3AHHLIX C paclpele/eHHeM MoJie-
KYJ1 110 CKOPOCTAIM, ABJSIETCA ONPECICHHE JOH BCEX MOJIEKYJI, CKOPOCTH
KOTOpHIX MpPEBLILIAIOT 3ajanHyo. 1S pelmeHHs Takux 3afad TaKxke
yao6HO moJib30BaThes GopMysofl MakcBe/sa LIS OTHOCHTEJbHLIX CKO-
pocreil, T. e. dopMyJoi

dn 4

— = ——ute— " du.
n Vn

$IcHO, 4TO €csIM HYXKHO HaWTH LOJII0 MOJIEKYJ, CKOPOCTH KOTOPBIX
MPEBHILLIAIOT HEKOTOPOE 3alaHHOE 3HAUEHHE U, a 3HAUHT H ONpeJieeHHOe
4, TO YPaBHEHHE HYKHO MPOHHTETPHPOBATL B Mpeje/ax OT 3aJaHHOIO U
0 0ECKOHEYHOCTH, TaK 4TO

4 &
=_——\ 22e2dz,
7z

u

sy
n

rle fis, — 3TO0 YHCJAO MOJIEKYJ, OTHOCHTE/NBbHBIE CKOPOCTH KOTOPBIX
6osbwe 3agannoro u. CrefoBaTenbHO, pellieHHe 3ajaud CBOAMUTCA K
BEIMHC/IGHHIO CTOSIMIETO 3/lech HHTerpasa. B Tabs. 2 npuBejeHsl ero aua-
yeHHs AJ151 PA3NHYHLIX 3Ha4YeHuil 4. M3 Tabiuiisl BHAHO, YTO YHCJIO MoJie-
KyJ, YbH CKOPOCTH IMpPEBLILIAIOT HAHGOJEe BEPOATHYIO, T. €, MOJEKYJ
cv > v, cocraBaseT 57,24% Bcex MOJEKYN B rase — 6oJiee MOJOBHHLI.
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Ta6auua 2

4 4 < 4 e

b 2 52 A 2 ,—2t 1 222
u e S 27 e ‘ziz u Vi S 2 dz u ]/J"t’S z dz

u u u

0,1 0,9992 0,8 0,7340 1,5 02123
02 0,9941 0,9 0,6550 1,6 0,1632
0,3 0,9807 1,0 05724 1,7 01230
0.4 0,9582 111 0,4900 1.8 0,0905
0.5 09190 1,2 04105 1,9 0,0602
0,6 " 0,8685 1,3 0,3370 2,0 0,0460
0,7 0,8061 1,4 0,2702

310 3HA4HUT, YTO KPHBAA pacnpefeneHns Makcsesia He CHMMETPHYHA OT-
HOCHTEJbHO MaKCHMyMa, 4TO SICHO BHJHO H H3 MpeJACTaBJeHHBIX BBILE
rpaduKkoB (cMm. pHc. 14, 18, 19).

§ 17. 3akoH pacnpeiesieHHs1 MOJEKYJ [0 CKOPOCTHAM
H aTtMoctepsl NJaHeT

-

Mbl yxke uMess caydyail o6paTUTh BHUMaHUE 4MTATEIEeH HA TO, YTO
aTMocdepa 3eM/IM He MOXKeT HaXOANTHCH BO BIOJIHE PaBHOBECHOM coC-
TOSIHUM U 4TO JOJIKHO MPOUCXOAUTH HEMpepblBHOE paccesiHhe BO31yXa
B MHDOBO€ NPOCTPAHCTBO (CTp. 52). 3aKOH pacmpeleseHHs MOJEKY
0 CKOpOCTAM I03BOJIsleT GoJsee MOAPOGHO PacCMOTPETh 3TOT BOMPOC.

HN3BectHo, uTO A/151 TOro, 4T06H KaKoe-1HO0 TEJI0 MOTJIO MPeoinseTh
NpHUTAXKeHHe 3eMH U IOKUH YT €€, OHO JIOJUKHO 06/1alaTh TaK Ha3blBae-
Mol BTopoil KocMHuecko# cKopocTbio, paBHoit 1,12-10* m/c. Tpu atoit
CKOPOCTH OHO 06/ajiaeT KHHETHUecKOoH 3sHeprueil, JocTaTouHol s
coBepllleHHsl paboThl, MOTpe6HOH A% ylajJeHHs Ha GeCKOHEYHOCTb.
310 B paBHOH Mepe OTHOCHTCA M K MOJeKyJaM Bo3dyXa B aTMocdepe
Semiu. '

CorylacHo 3aKoHy pacmpefieneHnsi MakcBensa, cpefll MOJIEKYJ art-
Mocdephl IMEIOTCS U TaKHe, CKOPOCTH KOTOPBIX IPEBOCXOAAT ETOP Y10 Koc-
Muyeckyw. OueBHIHO, YTO TAKHe MOJIEKYJIB (M TOJBKO TaKue) NOKUAAIOT
atmocepy ¥ pacceMBalOTCA B MHPOBOM MPOCTpaHCTBE.

Dopmyna pacnpejflefieHnsi MOJIEKYJI 110 CKOPOCTSAM MO3BOJISET HAWTH
JoMI0 TaKUX MOJIEKYJ B Bo3JyXe 3eMHOH aTMocthephl. [Tpote Beero 3T0
cpenatb rpaguuecku. Ha puc. 20 mpencraBieHa Kpusas pacnpefiede-
HusA MakcBe/sa, MpHYeM CKOPOCTH 1O OCH a6CLMCC OT/IOKEHH B OTHOCH-
TeJ5HBIX eMHUIAX v/v, (cM. § 16), TaK 4TO MaKCUMyMy KpHBOH (HauBe-
posTHeiillell CKOPOCTH) COOTBETCTBYET abclucca, paBHAs eAuHHILe,
Tak Kak BTopasi KocMH4eckasi CKOpoCTb B 28 pa3 NpeBOCXOAMT HaHBe-
POATHENILYIO CcKOpocTb, Kortopasa npu 0°C pasHa 3,94-102 wm/c,

1,12 10t

394. 102 28,
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T0 Ha pHc. 20 ckopocty 1,12 -10* M/c cooTBeTcTBYeT abelcca, paBHas 28,
M3 Buga kpuBoil 6e3 BCAKMX BBIUMC/IEHHH 5ICHO, KaK HUYTOXHA 105
yacTull B aTMocdepe, 06/1aJlalolUX CKOPOCThIO, AOCTATOYHOH L/IA TOrO,
4TOGH! €€ NOKHH YT, 1151 cpaBHeHus Ha puc. 20 3aluTpuxoBaHa MJIoLlalb,
paBHas JoJe 4acTHL, CKOPOCTH
KOTOpBIX JIeXaT MeX1y 2u, fy
1 3v,. Josas yactil, cKopocThb
KOTOpPHX GoJiblle 28v,, 6bi1a Ghl
paBHa nJollagu cHpaBa OT
uMdps! 28 Ha 3TOH IUarpaMMe,
Jnsa Jlyusl, Macca Kotopo#,
a 3HaYUT H CUJa TATOTEHUH,
MHOTO MeHbIle, 4eM y 3eMid,
BTOpas KocMudeckasi CKOpOCTb ’ 2
paBHa 2,4 -10® M/c. Ha Toit xe z ‘?, &/
Juarpamme 3Toi CKOPOCTH COOT- . Puc. 20.
BETCTBYET 3HaueHHe aGCLHCCHI,
paBHCcz 6. Takoil cKopocTbio TaKXKe o6/ajaer BecbMa MaJsasl J0Js dac-
THIl, HO Bce e He HACTOJNbKO MaJjas, yToObl JIyHa He MoOr/a yXe B
OTJaJieHHble OT HAC 3MO0XH IMPAKTHYeCKH [OJHOCTBIO YTPaTHTh CBOIO
atMocdepy, KOTOpo#l OoHa, GbITb MOXeT, 06/ajaJja.

L M.

§ 18. JkcnepHMEHTANbHAA MPOBEPKA 3AKOHA pacnpeieleHHs

J151 3KCTepUMeHTaNbHON NPOBEPKH 3aKOHA PaCIpele/IeH! A MOJIEK YT
M0 CKOpocTsiM Gbl/la MCHO/Ib30BaHA METOAMKA MOJEKYJASPHBIX MYYKOB,
C KOTOpO# MBI 103HAKOMMJIMCH BHIE, NpH onucaHuu ombita [ltepHa.
Jla u caMblit 3TOT OMBIT IPU HECYLIECTBEHHOM M3MEHEHUH AeTaJeil MOXeT
He TOJNLKO JaThb 3HaueHHs CKOpocTell MOJIEKYJ, HO U CJAYKHUTDH LIS OM-
pelleleHH s 3aKOHA UX pacnpefeseHUsl 00 cKopocTsiM. Ecu B KadecTBe
MHILEHH, Ha KOTOPOH KOHAEHCHD YIOTCH aTOMBI, HCIOJb30BATh HE MeTaJLl,
a CTeKJ0, TO MO MPO3PavyHOCTH OCA/Ka B Pas/IMYHBIX YACTAX CMeLIeHHOH
NOJIOCH MOXHO CYAHTB O KOJMYECTBE MONABIUMX TYJAA aTOMOB, 8 3HAUUT
Vi M O pacnpefefeHMH HX 1O
ckopocTaM., Takoil onbIT 6bI
4 | , B CaMOM JieJle [OCTaBJeH
S 5 D [lltepHoM, HO JOCTUIHYTast
. .
o7’ X TOUHOCTb H3MepeHHit Gblia
~~p"’ HeJ0CTaTOuHa.
Puc. 21. B 1947.r. U_ITepHOM XKe
coBMecTHO ¢ HcrepmaHoMm u
CUMIIEOHOM A5t NPOBEPKH 3aKOHa pacrpeféfeHds MoJeKyJ M0 cKopo-
cTAM OBLT MOCTABJAEH HECKOJABKO HeOOBIUHBIL U OueHb TPYAHBIA OMHIT,
B KOTOPOM TOXKe MPUMEHSJICA METOZ MOJEKY/IADHBIX MyuKoB. B 3Tom
onbite HabJofajoch cBOGOJHOe TajieHHe MOJeKyJ nydka B noJie
cunpl Tsxectd, Cxema ombiTa npeicraBleHa Ha puc. 21,
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Uctounnkom aToMOB OGbil paciiaB/ieHHBIl 1e3uil (temmepatypa
iasienus tesus 301,65 K, nau 28,5°C), ucnapssimiics u3 He6oJb-
woi meun A, B KoTopoil 1esnit HarpeBajcs fo TemmepaTypu 450 K.
W3 neun atomel 11e3UH BBELIETAIOT Yepe3 Y3KYIO0 OPH3OHTA/JIBHYIO Wb
S, umpunoit 0,02 mm. Ha paccrosuuu 1 M or S; pacnosioxeHa Bropas
wenab S, Takofl e LWIMPHUHB, KaK U NepBasg. Mumenb D B BUIe TOHKOH
BoJIbpamMoBoit mpoBoJoKu TosiuHOi Toxe 0,02 MM mnoMelaercsi Ha
paccroaHuu | M ot weau S, (MpoBoJIoKa NepneHAnKyApHa K MJIOCKOCTH
prucynka). Takum ob6pa3om, ofumas AJuHa L Myuka OT MCTOYHHKA HO
MHIDeHH cocraBjafina 2 M. Bce ycrpoiictBo nomemajioch B UUJIHHAPD,
B KOTOPOM MoAfepxuBaJjcs Buicokyil BakyyM. Hlean Sy, S, v Muwens D
yCTaHaBJNBAJUCh 110 OFHOH CTPOro rOPU3CHTABHOH MpAMOH.

Cuer aTtoMoB, MONaJAMIKUX Ha MULIEHb, TPOU3BOAUCH CJAEAYIOUINM
obpasom.

[TpoBo/oKa-MULLEHD nponycxaHHeM uepe3 Hee 3/EKTPUUECKOTO TOKa
HarpeBaJach O TAKOH BLICOKOH TeMNepaTypbl, NpHU KOTOpPoil aToMbl
1le3Us, MONajaiie Ha Hee, HOHU3YIOTCH, NIPEBPALLAfCh B NOJIOXHUTE/Ib-
HO 3aps’KeHHBle HOHBI. MOHEB! 3TH TYT Xe NOKMIAIOT MULLIEHD U MONalal0T
Ha OTPHLATENBbHO 3apsKeHHBI LHJIMHAP, OKPYXKAMUIUiA MPOBOJIOKY,
B KOTOPOM, pa3yMeeTcsl, cllelaHbl Tpope3y LJsl NPOX0ja aToMOB, Mexny
MIPOBOJIOKOH U IMJMHIPOM MPOXOJIUT 3JEKTPHUYECKHHA TOK HOHOB, KOTO-
pblil Moc/Ie YCHJIEHHSI MOXKHO ¢ GOJBLIOH TOYHOCTBIO M3MEPHTH (TaKoil
METOJ pEerucTpallii aTOMOB [1y4Ka Ha3blBAETCS METOJOM MOBEPXHOCTHOH
noHu3auuu. OH OGBIYHO TNpUMEHSIETCH s JETKO HOHHU3YIOWHXCS
aToMOB, K UYHC/IY KOTOPBIX U OTHOCATCH aTOMBl LIENOYHBIX METAJ/OB).
CuJla TOKa HEMOCPEACTBEHHO ONpele/seTcs qHCJIOM I/IOHOB, a 3HauuT
M YUCJIOM aTOMOB, MOMABHIHX HA MPOBOJIOKY.

AToMbl Ue3Ms B MyuKe Ha JABYXMETPOBOM MYTH OT MCTOYHHKA [0
MHILUEHH MOZ JAeHCTBHEM CHJIBI TSIKECTH «MajaloT» U JABUTAOTCA, Kak
M3BeCTHO, No napa6oJie. [ToaToMy Te aTOMBI, KOTOpBle MOKUAAIOT IENb
S| €O CKOpOCTBIO, HAMpPAaBJEHHOH FOPH30HTAJNBHO, BAOJb OcH X, depes
meab S, He MPOHAYT U Ha MHLIEHb He MoNafyT (MYHKTHpHas JUHHSA
Ha puc. 21). Ilenp S, npoiiayT Te aToMbl, KOTOpBlE BBHILLIM M3 Sy moj
HEKOTOPBIM MaJlbiM YIJIOM &, KaK 3TO N0Ka3aHo Ha pHCYHKe CIJIOLIHOf
JIMHUed,

Has xoopauHar x U y JmoGod TOYKH TPAGKTOPHUM TAKHX 4YACTHIL
MOXHO Hamnucath W3BECTHBIE PaBeHCTBA

2

Xx=u,, y=vyt—%-.

HckmounB u3 3THX ABYX ypaBHeHHH BpeMs, MoJyuyaem:

y=v, 5 —% (18.1)

r 20‘

310 U ecThb ypaBHeHHe NapaloJibl, BAOJbL KOTOPOH JABHXKYTCA aTOMHI.
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B Touke TpaeKTopuM aTOMOB, MpoXoAsiiel yepes 1elb S,, KOOpaHU-
HaTa y paBHa HYyMoO, a x = L/2. Ypauenue (18.1) pas stofl Touku
NPUHHUMAET BUJ

L glL?
Uy~ — g3 ==
Y2, 8t

0.

Orciofia mosyyaeM AJs1 BeJHUYHHDBE U, BbIpa)KeHHE:
v, = glL/4v,.

Hac uHrepecyer Bennunna y, T. e. cMmellleHHe aTOMOB.OT ocH X Ha
paccrosnun x = [ oT Hcrounuka. [loxcraBuB B ¢opmyay (18.1) L
BMecTo X U gL/4v, BMecTo u,, MOJyYaeM:

y=—gl?4uv;.

Takum o6pa3oMm, cMelligHHE aTOMOB M0 BEPTHKAJH ONpele/aseTcs
TOJIbKO 3HAyeHHEM Uy, KOTOPOe MNPH MasbiX YIJaX o oueHb G6JM3KO
K 3HaueHHI0 caMo#l CKOPOCTH aToMOB ¥ (Belb Uy=U COS @, 4 NPH MaJbIX
yraax cos o 6/M30K K eiuHuue). [lepemelias mpoBOMOKY-MULIEHB TO
BepTHKaMH (nostoxKeHus D', D” Ha DHCYHKe) U W3Mepss WOHHBIA TOK
(T. €. YHCJIO ATOMOB, MAJIAOMIUX HA MHIUeNb) HA Pa3/IMYHLIX BBICOTAX,
HaXoJAT UYKC/IO aTOMOB, UMELIMX pa3/IM4HBlE CKOPOCTH, a 3TO U AaeT
pacnpefenenye aToMoB no cKopocrsam. Cjenyer UMeTb B BUAY, 4TO,
H3MepHUB YHC/O aTOMOB, MOMANACIIUX HA MPOBOJIOKY Ha TOH UM HHOH
BBICOTE, ONpENENAT YUCJAO TeX AaTOMOB, CKOPOCTH KOTOPBIX JeXar
B HEKOTOPOM UHMepease CKOPOcTell, MOTOMY UTO, KaK HH MaJa TOJIHA
NIPOBOJIOKH, OHA BCe K€ KOHEUHa U Ha Hee M0MajaioT aTOMBL ¢ GJIM3KUMH,
HO He ¢ OJMHAKOBHIMH CKOPOCTSIMH.

O TpYAHOCTH TIpOBEAEHHS 3TOTO OIIBITA MOXHO CYAUTH 1O TOMY,
YTO JaXe caMble MeJJIEHHble aTOMBI CMELAIOTCA BCero Ha BBICOTY OKOJIO
0,2 MM (aTombl ¢ HauBeposTHeitllel ckopoctbio B onblte Lltepna — He-
tepmaHa — Cumncona cmetaauchk Ha 0,174 mm). OnHaKo, MOCKOJIBKY
lupuHa wenaell S; 1 S, U TOMIMHA NPOBOJOKU-MHIIEHH COCTABJSAIM
Bcero 0,02 MM (TaKoBa Ke M TOJIUIMHA MyuyKa!), TO H3MEpeHHS Bce XKe
MOTJIH OBITh MPOBEIEHB! ¢ JOCTATOUHO 6OJbLION TOUHOCTBIO. M He TosbKO
C aTOMaMH Lle3Hd, HO U C MY4KOM aTOMOB HATpHs, AJMA KOTOPBHIX BHICOTA
najeHus elle MeHbLUe.

MaMepeHHs MOJHOCTBIO MOATBEPJAUAN MAKCBEJJIOBCKUIL 3aKOH pac-
npefle/IeHUsl MOJIEKYJ 1O CKOPOCTSAM.

§ 19. UsmepeHue napaMeTpoB COCTOSAHHA

Hamepenne oGbema. O6BeM rasa — 310 06beM cocyjaa, KOTOPBIi
on 3aHuMaer. [TosToMy omnpejeneHie o6beMa rasa CBOAUTCS K H3Mepe-
HUI0 CBOGOJHOTO 0O6BEMA COCYAA.

HauGosiee npoctoit cnoco6 usmepenns o6beMa cocyla 3aK/ioyaeTcs
B TOM, 4TO U3MepPAEeMblii 06beM HAMOMHAETCH KaKOH-HUOYAb XKUAKOCTBIO,
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MJIOTHOCTb KOTOPO#l Xopolllo H3BecTHa. BaBecHB cocyh o U mocJe Ha-
NOJIHEHH A, HaXoAUM o6BbeM Mo oueBHIHOH ¢opMyse:

= (My—My)/p,

rie M, u M, — Macchl HANOJHEHHOTO | MYCTOTO COCY/a COOTBETCTBEHHO,

0 — MJIOTHOCTb HAMOJIHALEH XUAKOCTH. :

JIasi 3aro/IHEHUst coCyAa O6BIYHO MOJIB3YIOTCS BOAOH /M PTYTHIO.

M B ToM ¥ B ApyroMm ciydae HEOGXOAHUMO BHOCHTb MOMPABKH, CBA3aH-

HblE C TeM, YTO KHJKOCTH 06pa3yloT MeHUcK. CyLIeCTBYIOT CrielualbHbie
TabMullbl 1JS BHECEHHMs TaKUX MOMpPAaBOK.

Heo6X011M0 MOMHUTB, YTO U3MEPEHHE TOJIBKO YTO OMHCAHHBIM CHO-

co60M Ja€eT 3HaueHne 06beMa cocyAa IIpH TOf TeMnepatype, Npu KOTOpo#

y nposefieno usmepenue. Ecan cocyn

MCRO/Mb3yeTcs MpH  APYrodl Temme-

m #  parype, NOJIKHBl GbITH BHECEHBI IO-

X NpaBKH Ha TelJoBOE paclIHpeHue

: Marepuasa cocyja.
B Tex 10BOJIbHO yacThIX cayuasx,

Y

M Korja B3BelIHBaHHE H 3amnoJHeHUe
. KHJIKOCTBLIO H3Mep AeMOoro o6beMa He-
Puc. 22, BO3MOZKHBI (STO, B YaCTHOCTH, OTHO-

CUTCA K COCYAaM oueHb GOJbILUHX
pasMepoB), H3MepeHHe ofGbema MPOU3BOAHUTCA C MOMOUIBIO BOJIOMO-
MeTpa. Croco6 3ToT sceH U3 puc. 22.

Namepsaemblil o6veM V., uepe3 KpaH K npucoefuHSETCA K COCYAY,
06veM V KOTOpOro Xopollo u3BecTeH (M3MepeH OMHCAHHBIM BHILIE CIIO-
co6om). 3atem 06a cocylla PH OTKPHITOM KpaHe K OTKauMBalOTCA Haco-
com P. Ilocsre storo kpaH K mepekpbiBaercs H B cocyA V BBoauTCs
BO34yX A0 HEKOTOpOTO [JaBJEHUA p,, HU3MepseMoro MaHomeTpom M.
Ecinu Termepb cHOBa OTKpHITH KpaH, TO JaBieHHs B 0GOMX cocylax
BBIDABHAIOTCS M YCTAHOBUTCS HOBOE, MOHHIKEHHOEe, JaBJieHHe p,, TaKXKe
OTCUUTHIBaEMOE MaHOMeTpoM. [1s14 rasa Jo u nocse BoIpaBHUBAHUA AaB-
JeHU#l B 060UX cocylaX MOKHO HamucaTb paBeHcrBo Boflns — Mapu-

oTTa:
pIV ="Pa (V + Vx)a

Orctofa Aas uckoMoro o6bema V, moJyuaem dopmyay:

_—pa) V
Ve= P2

H3smepenne paBieHHst. MeToAbl H3MEpPEHHS JABJEHUS OTJIHUYAKOTCSH
6oJ1bLIMM pa3HOO6Gpa3neM Kak Mo NMpHHUHNY AeAcTBUA NpHGOpOB, Tak H
10 HX KOHCTPYKLHSM.

[pu6opkl 18 U3MEpEHUS JaBJe€HUA HA3BLIBAIOTCH MaHOMETPAMH, HO
MAHOMETPHI, NpefHAa3HAuEHHbIE /151 U3MEPEHUS OUeHb HH3KUX JaBJIeHHUH,
YACTO HA3BIBAIOT BaKy yMMeTpaMu. [IpuGopsl, cnellHaJbHO NpeiHa3HayeH -



§ 19] HU3MEPEHHE TAPAMETPOB COCTOSIHHS 85

HBle JUIA MSMePEeHUs aTMoChepHOTo AaBJeHHS, HOCST HasBaHHe 6apo-
MEeTPOB.

Cpely MaHOMETPOB, YNOTpe6/IsieMblX B NPAKTHKE H3MEPEHUs JaBJe-
HUH, CyLeCTBYIOT NpUGOpBl, KOTOpblEe H3MEPAKT HEMNOCPEICTBEHHO
JaBJieHHe W TI03TOMY MOTYT GbITb Ha3BaHBL MpU6OpaMH aGCOIOTHBIMH,
nepBHYHBIMH. [Ipyrie MaHOMETPHl HEMOCPEACTBEHHO U3MEPSIOT HE JaB-
JeHHe, a KaKylo-nu6o ApYTyio BeJHUHHY, TAK HJIM UHAYE CBS3aHHYIO C
JaBjeHueM. TarRue BTopuuHble NpHOOPHl HYXKIAKOTCA B MpEABApHUTE/b-
HOH I'paiyupoBKe, WJH, KaK HHOTZa TroBopAT, Tapuposke. [pamyu-
pOBKa MPOU3BOJAHUTCA MYyTeM CpaBHEHHUS UX NOKa3aHUH ¢ moKa3aHHAMH
NepBUYHBIX NPHUGOPOB.

JunanasoH AaBneHHi, KoTopble NPUXOAHMTCA H3MEPATb B MpAKTHKE
¢$u3nuecKux HccaeoBaHu#, upe3BblyaiiHo wupok. Haunusiine pabne-
HUS, MOJYYeHHble B COBPEMEHHBIX (PU3HuYecKUX J1a60paTopusix, paBHEH
10-'% MM pT. ¢T., a HAUBHCIIHE — OKoJIo 4 - 10 aT™, TaK 4TO OTHOLLEHHe
HaHBhbICIIEro K HAaWHU3ILEMY JaBJEHHIO COCTaBJseT MNPHOIU3UTENBHO
10%°. Pa3syMeercs, He CYLLECTBYeT NMpHGOPOB, KOTOpble GbLAH Gbl MpH-
rOJHbLL AJIs1 U3MepeHUs JaBJjieHUs BO BCceM 3TOM OTPOMHOM JHama3oHe.
HyKHo oTnnuarh npubopbl A8 U3MepeHHs O4YeHb MaJjblX JaBJeHHH
(BaKyyMMeTpBI) OT MaHOMETPOB, CIIOCOOHRX U3MePATE BHICOKHE U CBepX-
BHICOKHE JaBJeHHS, a TaKKe OT Npu6OpOB, HU3MepSMOIIUX JaBJeHus,
6/1u3KHe K aTMochepHOMY.

Tpyzano, pasymeercs, NMpoBecTH pe3KyK TpaHULy MeXAy OTIeb-
HBIMH 06JIACTSIMH, MO3TOMY YCJIOBHO OyJeM CUMTATH HH3KHUMHU JaBJEHUS
menblie 1 Topa (1 MM PT. CT.), BEICOKMMH — JaB/eHNs,
MpeBHILIAIOLHE COTHH aTMOCEP, U CBEPXBBICOKUMU —
naBaenus csoiue 10 000 atw.

B 310l rnaBe Mbl He §yIeM paccMaTpHUBaThb MpPH-
60pHL 171 U3MePeHUsT HU3KHUX AaBJAeHUi, TAK KaK OHH
COCTaBJAAIIOT pasfes] BAKYyMHOH TeXHHUKH, O KOTOpOH
6y1er peub B ORHOH U3 C/Ie/lylouuX IJias.

Ilns uaMepenus AaBjeHuil B mpefenax ot 1 Topa
Jo 1 arM uaume Bcero NPUMEHAIOTCA 2KHUAKOCT-
Hble MaHOMETPHl, OOBIYHO 3amlOJHAEMBIE DTYTHIO.
JKuKocTHEIYL MaHOMeTp TpeacTaBaser cobolt U-o6pa3-
Hy©0 TPYOKY, 4YaCTHYHO 3afoJIHEeHHYI DTYTBIO HJIH
KaKo#-HUGYAb Apyroifl KHAKocThto. ONHO U3 KoJeH
TpYOKH OTKauHBaeTcs JO BBICOKOTO BaKyyMa H 3amau-
BaeTCA WM BO3NYX HaJ PTYTHIO B 3TOM KOJIEHE yia-
JigeTcl NPH HanoJHeHHH DTYTbl0, TAK 4TO Haj HeH Puc 23
o6pa3yeTcsi «Toppuuej/IMeBa INycToTa» (puc. 23). ¢
BTopoe, OTKpPBHITOE, KOJNEHO MPUCOEAUHACTCA K HCCAeNyeMOMY O6heMy.
PasHocTb ypoBHeil £ B 060uX KoJleHaX HEMOCPeACTBEHHO AaeT JaBJelue
B MHJWIMMETpaX pTYyTHoro cronba. [las GoJbliefi TOYHOCTH OTCueTa
HY?KHO, 4TOObl TPyOKH B OOOMX KoJleHaX ObUIM OJHOrO JAHAMETPA.
1o u363aBUT OT HEeo6XOAUMOCTH BHOCHTH ClelMaJabHble TONpaBKH,
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CBAI3aHHBIE C MEHUCKOM KujikocTd., [Ipu s3amnosHeHUH MaHOMeTpa
PTYTbIO HEOGXOAHUMO CJAEeIUTh, 4YTOOBl TAa30BbiE MY3BIPbKH, OGBIYHO
cofiepxallllecss B PTYTH, He MPOHUKJAW B OTKAYaHHOE KOJIEHO.
U-o6pa3sHble KHUAKOCTHBIE MAHOMETDBI NPUMEHSAIOTCA TaKXkKe AJS H3-
MepeHUs He6oJbLUMX pasHocTed JaBJ/eHUil (TaKke MaHOMeTpbl Hasbl-
Batorcal AudepeHunasbrbiMu), CXeMa NPUCOEIHHEHHS TAKOTO MaHO-
MeTpa NoKasaHa Ha puc. 24, B aToM c/iiyuae MaHOMETpP U3MepseT Pa3HOCTh
naBjenuil B cocynax A u B. Eciu B auddepeHuraNbHBIl MaHOMETP
3a/IUTh HE PTYTh, a JETKYH0 KUJAKOCTb, .-TO C €0
MOMOILIBI0 MOXKHO H3MEDPATh BeCbMa MaJible Pa3HOCTH
JaBJeHHH — 10 COTBIX JoJeH MM PT. CT.
Ecau U-o6pasHyio Tpy6KY HSTOTOBHTH HE M3
CTEKJ/a, a U3 MeTaJlJa, TO Takue JudepeHliiaabHble
MaHOMETPBl MOXKHO HCMOJB30BaTh AJS H3MePEHMA
3HauuTeJbHBIX MO0 albCO/IOTHOH BeJ/IMYHHE JaBJle-

< g

Puc. 24, Puc. 25.

HUl — nopaaka coreH armochep. Hab6moneHue 3a ypoBHeM DTYTH
MOKHO B 5TOM CJlyuae BECTH C NOMOILLBI0 MarHUTHOIO IOMJaBKa, NoMe-
ILlEHHOTO HAa MOBEPXHOCTH PTYTH BHYTPH TPYOKU, U MaTHUTHOH CTPE/IKH-
HHAMKaTopa BHe ee. [Ipu TakoM crnocobe HaGMofeHUs MaTepuas TpyOKH
JOJKeH GbITh HEMATHUTHBIM (CTelHa/IbHBle HeMarHUTHEIE COpTa CTaslH).

ITpu6opsl, npefiHa3HaueHHbE A8 U3MEpPEHUA aTMOC(EePHOro JaBJe-
HUS, KaK y»Ke yKasblBaJloch, HasblBatorcsl 6apomerpaMu. Bapomérpow,
B YaCTHOCTH, ABJseTcA U H3cGpaxKeHHBIA Ha puc, 23 PTYTHBIA MaHOMeTD,
eclM BTOpoe (HEeOTKauyaHHOe) KOJeHO OCTAaBUTb OTKPHITHIM. KMHorma
Gapometpy npujaercs gopmMa, nokasaHHas Ha puc. 25. 37ecb 062 KoJ/leHa,
BBINOJHEHHbIE U3 TPYOKH OHOTO AUaMeTpa, HaXOAATCS Ha OfHOH BepTH-
Ka/ll U COelHHEHBl HU30THYTOH TPy6KOH, uTo mo3BoJssAeT Gosiee TOYHO
OTCYUTBIBATL PA3HOCTL YPOBHeH,

JKuzKocTHble MAHOMETPHI, HEMOCPELCTBEHHO U3Mepslolllie AaBJeHue,
OTHOCATCA K YHuC/]y HanboJlee TOUHBIX NpUGOPOB, MPeiHa3HauYeHHbIX 1,14
oToH I/ .

Ilns u3mepeHus BBHICOKHX JaBJ/eHHil daille BCETO HCMO/b3yeTCA TaK
Ha3blBaeMblfl MaHOMeTP BypiioHa, cxema Koroporo nokasaHa Ha puc. 26.
Hccnenyembiit 06beM NpHCOefHHAETCA K MAHOMETDY TOCPEACTBOM HHIe/s
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A, K KOTOpPOMY € APYyTO#l CTOPOHBI MPHCOEUHEHA [JIaBHAS 4ACTh MaHO-
MeTpa — mnoJas MeTtaJiidueckKas Tpy6ka B oBagabHoro ceuenus, Ilox
JeficTBUEM JaBJjeHHs TPYOKAa CTPEMUTCS BBIUIPSAMUTBCS, TAK 4TO ee
3anasiHHbI# KOHel HeCKOJIbKO CMelllaeTcsl U 3TO CMELIEHHE, KaK MOKAa3bl-
BAET OMbIT, MPOCTbIM 06PA30M CBA3aHO ¢ BeMHuHHOM AaBseHus. K 3a-
MasHHOMY KOHIy 3TOH TP YGKU-TIPyKUHBI
MPUCOENHUHEH MOKa3BIBAKIIMHA MEXaHH3M
CO CTPEeJIKOH, CKOJBb3fllefl Mo Kpyriaomy
uudep6naty, Ilocnenuuii rpaayupyercs
HEMOCPEACTBEHHO B €IUHUIAX JABJEHUSA.
Takumy MaHOMETpaMH MOXKHO H3MEpATh
LaBjeHusa po ~ 10 000 artm,

ManomeTpsl BypioHa moryt GbiThb BbI-
MOJIHEHB! W JJIA U3MEpPeHHs HHU3KHX Ja-
BJIEHUH, HO TakuMu NpudopaMH B Mpak-
TUKe (H3UYECKUX HCCAEoBAHUE  MOJb-
3YIOTCA pejiKo.

BaxXHBEIM  BHIOM  MaHOMETPOB  $B-
JIAIOTCA  MOPIUHEBBIE  MAaHOMETPHI, Ko- )
TOpble, TOJAOGHO pPTYTHBIM, HENoCpes- Puc. 96.

CTBEHHO HU3MepAT AaBjeHue. OHU MpH-
MEHATCA I TpaAyUPOBKH BTODHYHBIX MaHOMETPOB (B uvacT-
HOCTH, MaHoMeTpa ByproHa), a TakKe fisa uaMepeHul BLICOKHUX JaBJe-
nuit. Ha puc. 27 nokasana
cXeMa MopLUHEBOTO MAHOMET-
pa, usrotosasemoro B CCCP
(tun MI'-1), npennasHaueH-
HOro 1Ja TpaJyHpOBKH Ma-
HoMeTpoB. OH COCTOHT 13
BHHTOBOrO npecca K, oT Ko-
TOPOTO JaBJjeHue nepefaeTcs
yepe3 foplleHb P, U YeTH-
peXx BepTHKAaJbHBIX LUUJ/IUH-
JIPOB, CHAGKEeHHBIX BEHTH/IS-
MH (KpaHamu). [IBa u3 3THX
UUJHHAPOB, [ U 2, CJyXar
JJ151 IPUCOeUHEHU A Tpajyu-
pyeMbIX MaHOMeTpoB. B uu-
Puc. 27 aHHApe 8 nepemellaeTcs
NoplleHb, K KOTOPOMY MpH-
BHHuYeHa TapeJsKa P; ¢ rpy3samu B GopMe nuckoB. I'py3bl Ha 3Tol Tapesike
ypaBHOBeLIUBAIOT JaBJeHue nipecca. LIHunAp 4 cayXuT A4 HalloJsHe-
HH S MaHOMeTpa XHuJaKocTel. Eciu G — Bec nopIuHsA ¢ TapesKoft # ypas-
HOBelllUBAMOWUMH Tpy3aMu, TO JiaBjeHHe p BHuHcaAeTcs no dopmyJe:

p=4a/8,
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rge § — mjowafb TMOPLIHS, NPHYeM MOA NJOWAABI0 MOPLIHS NOHU-
MaloT TJIOIAJlb CEeYeHUS CAMOro TNOPLIHA TMJIOC MOJOBUHA MVIOLIAJH
KOJILIIEBOTO 3a30pa MeXKAY TMOpLIHEM H UMJIMHIPOM, B KOTOPOM OH
nepemeitaercs. O6bMHO MOk TopHaA S 6u3Ka K 1 cM?.

Takoro posa mMopiiHEBblE MAHOMETPBI HTPAIOT POJb 06pa3LOBHIX H
cJIyKaT [/ MPOBEPKU M TAPHPOBKH BCeX APYTHUX mpubOpOB IS U3ME-
pEHHS IaBJeHUs. MHoria IJs 3THX lejell cayXaT Takxe o6pasLoBbIe
MaHoMeTpbl THNa DByproHa, HO camMM OHHM cHayasla TapUpPYIOTCA MO
NOPLIHEBOMY MaHOMETDY.

Uamepenné Temmepatypbl. B § 3 6bi1o ykasaHo, 4TO 3a OCHOBY
COBpPeMeHHOM TepMOMeTPHH MPHHUMAETCS Fa30BbLIH TEPMOMETD, TOUHEE —
20306bLLi MEPMOMEMP NOCMOAHHO20 00Be-
ma. Bee jgpyruve TepMmomeTphl rpajyn-
PYIOTCSI IYTeM CpaBHEHHS HUX IMOKa3a-
HUH C TOKa3aHHSIMH Ta30BOTO TePMO-
MeTpa.

TasoBbit Tepmometp. Ha puc. 28
npeicTaBleHa CXeMa OAHOH H3 Kom-
CTpyKIH# raszoBoro TepMomerpa. OH co-
CTOUT U3 cocyAa A, colepxalllero ras,
U pryTHoro maHometpa M. ToHkuil ka-
nuisap K coeluHsieT MaHOMETp C cocy-
goM. Ot kanmuaaspa K OTPOCTOK, TOXKe
KalUAAApHLIA, BeLeT K YCTPOHCTBY,
NpeHa3HAUEHHOMY /151 3aNIOJTHEHHS CO-
cyna A rasom. YeTpoHCTBO 3TO COCTOHT
13 OTKpHITOTO cocyla C cO PTYThbIO,
COEIMHEHHOT O THOKUM LIJIaHTOM ¢ TP yO-
KoM, CHaGXKeHHON KpaHOM f;, OT KOTO-
. POl OTXOAHUT OTPOCTOK C KpaHOM f,.

Piuc. 28, Uepes 3TOT OTPOCTOK H BBOJHTCA Tas

NpY OTKPHITHIX KpaHax f, U A, U TpH

onyieHHoM BHU3 cocyle C. [Tocne Toro Kak BHyCK HYXHOTO KoJlH4e-

€TBA Ta3a 3aKOHYEH, KpaH h, nepekpbiBaercs, a cocyl C NofHUMaeTCA

TaK, YTOGbl PTYThb NOAHSANACH TOUTH JO HHUMKHEro KOHLA OTPOCTKA

Kanuisapa, nocle 4ero nepekpeiBaercl U Kpad f;. Cocyn A ¢ ka-

nuanspoM K oKasblBaeTcs, TAKHM 00pasoM, OTAe/eHHBIM OT BHeILHero
MPOCTPAHCTBA DPTYTHBIM 3aIOPOM.

[TocrosancTBo 06beMa offecnedyuBaeTcs TeM, YTO B MPAaBOM KoJieHe
MaHOMeTpa PTYThb YCTAHABMMBAETCH U TNOANEPKUBAETCA HA YDOBHE KOHILA
ocTpusl S. ¥CTaHOBKA YPOBHS NMPOM3BOIMTCS NMojayell PTYTH U3 3amac-
HOTQ cacyda G uepe3 KpaH hg HJIM CIYCKOM ee U3 pe3epByapa yepes
KpaH h,. ToyHas ycTaHOBKA ypOBHS OCYILECTBJ/ISETCA C NOMOLLbIO BUHTA
{, JeficTBYIOLLETO Ha THOKYIO YNpyryio craibHyio meMOpany N.

Tak KakK TepMOMETpUYECKHM BeILECTBOM B TEDPMOMETpE SBJSETCS
TOJIBKO TOT ra3, KOTOpHIH 3aKioueH B ofbeMe cocyaa A, a B co3jaHul

I
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JaBJIEHH «Y4acCTBYET» U ras, 3anoJIH AWK 06beM Kanuusipa, ¥ 4acTb
o6beMa NpaBoro KoJleHa MaHOMeTpa, 10 OCTPHS, TO 3Ta uyacTb ofbeMa
rasa fABJseTcs «BPeJHbIM» 0OBEMOM, BHOCSILMM OLIMOKY B M3MePeHHS.
OH Jo/1eH GBITH MOITOMY HACKOJIBKO BO3MOMKHO MAJIBIM 110 CPABHEHHIO
¢ o6beMoM cocyaa A. .

[Ipy usMepeHun temnepatypbl cocys A TPHUBOJUTCA B KOHTAKT
C TeJOM, TeMmmepaTypa KOTOPOTO [OJKHa ObITh M3MepeHa, H Moc/e
YCTAHOBJICHHSI TEIVIOBOTO DABHOBECHS OTCYMTBIBAETCH JaBJeHHEe p
(cm. puc. 28). TemnepaTypa Beiuncasiercs mo QopmyJe

T =" 9273,15.
Pa

3necb p, — daBaeHue rasa npu temneparype 0°C (273,15 K), xoropoe
NO/KHO OBITb ONpefieNleHo B CrelHalbioM ONbITe, a p — 3TO AaBJEHHe,
OTCUMTAHHOE 10 MAHOMETPY, HO HCMpaB/JeHHOE C YYeTOM pPas3/IHYHBIX
norpeiliHoctef, CBA3AHHBIX C CYLIECTBOBAHHEM «BPERHOTO» of0beMa,
C TEpMHYECKHM DacLIMpeHHEM cocyla U Ip.

B rasoBblx TepMOMeTpax HclioNb3yeTcs 160 reil (pH U3MepeHHH
HU3KHX TeMrepatyp), J160 a3oT (17151 BLICOKUX TeMNepaTyp, NPH KOTo-
PHIX Te/MH NPOHHKAET Yepe3 CTEHKH COCyaa).

C noMollbio ra30BBIX TEPMOMETPOB H3MEDPSIOT TEMMEPATYPhl B LIKPO-
Ko# o6smact, npuMepHo oT 4 K 5o TeMmepaTyphl mJaBieHHs 30J10Ta
(1337,58 K, uau 1064,43 °C).

[lpakTHyeckn, oaHAKO, Ta3oBble TEDMOMETPHl HJISl TEXHHYECKHX
H3MepeHHH He UCNoJ/b3ytoTcs, 3HaueHHe Ia30BbIX TEPMOMETPOB COCTOMT
B TOM, UTO OHH ABJISIOTCS HePBUYHbIMI WHCTP yMEHTAMH A5 H3MEPEHH S
TeMIIepaTyphl, N0 KOTOPHIM IPALYHDVIOTCH 6MOpPUiHbE TEPMOMETDHI,
JeflcTBHE KOTOPBIX OCHOBAaHO Ha HCMOJB30BAHHHM APYI'HX TEPMOMETDH-
YeCKUX BellecTB U BeUYUH. BTopuuHble TepMOMeTpH T'pagyup yioTcs
JI160 HENoCPeNCTBEHHO 10 Fa30BOMY TEPMOMETDY (UTO JesaeTcsd B PeIKHX
cayyasx), mu60 NpH UCTNOMb30BaHUU TaK HasbiBaeMoil MexcdynapooHod
npakmuseckoti memneparnyproti uuamnl. OHa OCHOBaHa Ha psjle onpe-
OeASHOUYUX ROCMOAHHbLX modek (DENepHBIX TOYEK), T. e. TEeMNEPAaTyp,
KOTOPBIM TNPUCBOEHBl OrpefieleHHble YKUC/IOBLIE 3HAYEHUS, U3MepeHHBIe
C TOMOLIBIO Ta30BOT0 TepMOMeTpa. MexkayHapoiHasd TeMIepaTypHas
iKaJja, npunnatasg B 1968 r. (MITTIL-68), ocHoBaHa Ha onpeaensoLux
TOCTOSIHHBIX TOYKaX, NpHBeJeHHHIX B Taba. 3.

M3 BTOpPUYHBIX TepMOMETPOB HauOo/Abllee 3HAYEHHE  HMEIOT
XKUIKOCTHBIE TEDPMOMETPBl, TEPMOMETPBI COMPOTHBJEHUS H TepMOo-
3JIEMEHTBI. .

JXupkocTHble TepMoMeTphl. JKUAKOCTHBIE TEPMOMETPHI yiKe [aBHO
HCIO/B3YIOTCA B TeXHUKe U OBITY, HO He 06/1aal0T I0CTATOUYHON TOYHO-
CTBIO [/ IpUMeHeHUs B ¢U3nuecKuX HccnenoBaHux. O6aacTb UX NpH-
MeHEeHHsl OrpaHuuyeHa €O CTOPOHBI HH3KHX TeMreparyp cBOHCTBaMH
KHJKOCTH, a CO CTOPOHBI BBICOKHX — CBOHCTBAMH CTeKJIA: NPH HU3KUX
TeMnepaTypax JXUAKOCTH 3aMep3aioT, a NPH BBICOKUX CTEKJO pa3MAr-
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yaercd. Tem He MeHee, XKMAKOCTHbIE TEPMOMETPHl MOTYT TPHMEHSTHCS
B JIOBOJILHO LIMPOKOH 06sacTi TeMneparyp: ot —200 xo 600°C.

b Ta6auma 3

0 TpucBoeHAbIE 3HAYEHUS
NMpefeALINe MMOCTOSTHHbIE TOUKH TeMnepaTyphl
MexayHapoaHoll TeMnepaTypHo# wWKamhl :
(MHITILL-68) .

K | °c
Tpoiinas Touka BOAOpoja 13381 —259,34
Touxka KHMEHHS] BOJOpOAA - 20,28 —252,87
Touka KHNEHHS] HEOHa 27,102 —246,048
Touka KUNEeHHA KHCA0poaa 90,188 — 182,962
Tpoinas TouKa BOARL 273,16 0,01
Touka KuNeHUS BOJBI 373,15 100
ToiKka 3aTBepAeBaHUs UUHKA 692,73 419,58
Touka 3aTBepAeBanUsl cepebpa 1235,08 961,93
Touka 3aTBepieBaHUs 30/0Ta 1337,58 1064,43

B KHMAKOCTHBIX TEPMOMETPAX HCHOMB3YIOTCA TIJaBHBIM 00pa3oM
CJIeAYyIOWHE HKHUIKOCTH:

nexras, o6aactk Temnepatryp ot —200 go 20°C;

STUJIOBLIA cnupT, oT —110 10 50°C;

Toayosa, ot —/0 go 100°C;

pTyTh, oT —38,87 mo 600°C.

Y cTpolicTBO PTYTHBIX TEPMOMETPOB OQOLLEN3BECTHO, TO3TOMY He
6y1eM NojApo6HO €r0 ONUCHIBATB. Y KaXeM JHLIb, YTO CYLIECTBYIOT 1BA
OCHOBHHIX BiJa TepMOMeTpoB. IlepBHIH M3 HHX COCTOMT M3 pe3epByapa
CO PTYTBIO, LHJIHHIDHYECKOH MM chepHyeckol ¢opMbl (LHIHHApHYEC-
Kasl NpeANoYTHTENbHEE), K KOTOPOMY TIPHNASH TOHKMHA H TOHKOCTEHHHIA
KamuJJIsIp M3 CTeKJa TOro e copTa. 3a KalWJJIApOM NpHKpENserTcs
IIKaja M3 MeTaJjja HJH MOJOYHOTO cTeKJsa, Ha KOTOpoH mpH rpaayu-
POBKEe HAHOCATCH [IeJNeHH — Ipajaychl M J0Jd rpaiyca. [akue rep-
MOMETpHI /11 U3MEPEHH S BLICOKHX TEMIIEPATYpP He MOTYT NPHUMEHSATHCS,
TaK Kak Bblliie 356°C (TouKa KHUMEeHHs PTYTH MpH atMocdepHOM Aasie-
HHH) Kanuiap A0JXKeH crelabHO HANIOJHATBLCH Ta30M MOA GOJIbIIHM
IaBJeHHEM, 3 TOHKOCTEHHBIA KanUJ//15p HE MOXKET BBIAEPHKATb HYKHOTO
JIaBJeHUs rasa, Koropoe goxogut fo 20 u gaxe go 70 at™. Ilna srofi
UeJd MPUTOJHB TEPMOMETPHL C TOJCTOCTEHHBIMH KalRMAApaMH — TaK
Ha3bIBaeMble NaJloyHble TepMoMeTpbl. HapyxHblil anamerp Kanuaisipa
B HUX TIOYTH TaKOH e, KaK JHaMeTp pe3epByapa, a LIKa/Jd HaHOCHTCA
TpPaB/JEHHEM Ha CaMbIfl Kanu/aasap.

[Tpu TouHBIX U3MepeHUAX B 110KA3aHUA PTYTHOTO TepMOMeTpa A0JIK-
Hbl BHOCHUTBCSI MHOTOUYHC/IEHHBIE NMONPABKH, /15 KOTODBIX CYLIECTBYIOT
COOTBeTCTBYIOIHE (OPMYAHL.

Jpyrue :XKuIKOCTH, UCNOABb3YyeMBlE A5 KHIKOCTHHX TE€DPMOMETPOB,
OTJIMYAIOTCS OT PTYTH TpekIe BCET0 TEM, UTO OHH CMauyMBalOT CTEKJIO.
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[Tostomy ans mpeloTBpaILeHHs pa3pblBa CTOJNOHKA JKHMAKOCTH KAaIHJ-
JISIpbl TEPMOMETPOB JIOJIKHBI HANOJHATLCS I'a30M BCerfa, a He TOJIbKO
IpH BBICOKHX TeMmneparypax. BaxHol 0cO6eHHOCTBIO 3THX TEPMOMETPOB
IBJIAETCS TaKXKe HePAaBHOMEPHOCTb HX LIKaJ, T. €. Pas3jHUhe pa3MepoB
rpafiyCHBIX JIe/leHHH B PasHBIX 4yacTfX WKaJb. D10 CBA3aHO ¢ 0cofeH-
HOCTfIMH TeIVIOBOTO PacCWIHDEHHsT 3THX KHUAKOCTeH.

TepMomeTpbl conpoTHBJeHus. B 3THX TepMoMeTpax TepMmoMeTpH-
YECKHM TeJIOM #BJseTCH 06bIYHO NPOBOJIOKA U3 KAaKOro-HUOyIb MeTasla,
a TepMOMETPHUYECKOH BEJIMYHHOA — 3/IEKTPUYECKOE COMPOTUB/IEHHE 3TOM
NPoBONIOKH. KaK U JKUAKOCTHEIE TEDMOMETPbI, OHH HYXal0TCs B TPaiyH-
pOBKe MO Ta30oBOMY TEPMOMETDY HJIH 1O APYTOMY TEPMOMETPY, NMOKa3a-
HHUAl KOTODOTO YK€ CBf3aHHl CO LIKAJQH ra3oBoro.

ConpoTHB/ieHHe MeTalsa C MOBBILIEHHEM TeMIEPaTypbl Bo3pacTaeT
10 BIIOJIHE ONpejeIeHHOMY 3aKOHY, KOTODBIA caM Mo cebe ToKe 3aBUCHT
OT TeMINEePaTyphl, TAK YTO B Pa3HBIX 06/1ACTAX TEMIIEPATYPhL IPUXOAUTCH
MOJIb30BATBCS Pa3HBIMM (HOPMYJIAMH 3aBHCHMOCTH CONPOTHBJIEHHS! OT
TEMIIepaTyphl.

Haun6ousee yHOTpeéuTeanban MeTaJ/JlaMH JJ1s1 TeDMOMETPOB CONpO-
THBJIEHHA fABJAOTCA YUCTHE NMIaTHHA U MeAb. [lnaTnHa mpurogHa Ans
M3MepeHHs TeMnepaTyphl B IIMPOKOM HHTepBase oT —200 1o 1100°C,
Mellb — B GoJiee y3KoM uHTepBase oT —20 1o 100°C. ITnatnHoBHIA Tep-
MOMETp, H3rOTOBJIEHHBIA M3 OUeHb YHCTOrO MeTallla, DPEKOMEHAOBaH
MexnyHapOIHBEIM KOMHTETOM Mep M BECOB JAJISl BOCIIPOU3BEIEHHU ST TEpMO-
IMHAMHYECKOH WKajel Temnepatyp B obiaacth ot —I190 1o 660°C.

[Ipu H3MeHEeHHH TeMIepaTyphl Ha | rpanyc yaenbHOe COMPOTHBIEHHE
TUIATHHBL (M MHOTHX IPYTHUX MeTasJoB) BOVIM3H KOMHATHOH TeMmepa-
Typbl H3MeHsieTcsl Ha 0,4%, 4To oueHb 6/M3KO K 3HaueHHio 1/273 —
TeMnepaTypHOMY Ko3dxbHUHEHTY H3MeHeHH 1 06beMa U JaB/IeH! S Haeallb-
HBIX T'a30B. JTa BeJHUMHA HA3bIBAETCH MEMNEPAMYPHbIM KOXphuyueH-
mom conpormusenus. TIprBeleHHOe 3HaUeHHe TEMIIEPATYPHOTO KO3dxpu-
UHEHTa MO3BOJIAET H3MepATh H3MEHEHHs TeMIepaTypbl B HECKOJbKO
THICAYHBIX JOJIel Tpajyca, TaK KaK H3MepeHHe TeMIepaTyphbl CBOIUTCS
K H3MepEHHUI0 CONPOTHUBJIEHN A, KOTOPOE MOXKET ObITb TPOU3BEACHO ¢ 60JIb-
I10fi TOYHOCTBIO NPH OYeHb GOJBLIOH YyBCTBHTENBHOCTH.

TepMoMeTpEl CONMPOTHBIEHHS NMPHUMEHSIOTCH TaKXKe /51 U3MEPEHHS
OYeHb HH3KHX TEMIEPATyp, HO B STOM C/y4ae OHH MSTOTOBJIOTCA He
U3 MJIaTHHBL 1 MEIH, a U3 JPYTHX BELIECTB, I'JIABHBIM 06p a30M 13 6pOH3H
1 yras (rpadura).

Oco6blM BHIOM TEPMOMETPOB COTPOTHUBJIEHHS SIBJSIOTCA  MepMo-
conpomugaeHus, WA, KaK MX HHOTAA Ha3blBAlOT, TEPMHCTOPHI. 31ech
TePMOMETPHUECKHM  Te/IOM IBIAETCS HE MeTa/ll, a MOJYNPOBOAHHK,
OT/IMYAIOUMACA OT MeTas1a TeM, YTO C DOCTOM TEMIepaTyphl €ro co-
TNPOTHBJIEHHE He pacTeT, a najaer. Kpome Toro, TemMneparypHeii kKoxd-
(hUILMEHT CONPOTHBJ/IEHH A NTOMNYTIPOEOAHHKOB NpHMepHO B 10 pas GoJbiue,
YeM Yy MeTaslJIoB, a y/eJbHOE CONpPOTHBJEHHE B JECATKH H COTHH pa3
Goabie, Bnaronaps 3THM JABYM 0COGEHHOCTSIM MOJYTIPOBOJHHKOBBHIE



92 KUHETHYECKASl TEOPUS UEAJBLHLIX TA30B (rJ1. 1

TEPMOMETPHI CONPOTHBJ/ICHH ST 06/1a1210T OTPOMHOH YYBCTBUTEJBHOCTBIO H
MOT'YT HMeTb HCKJ/IOUHTEJNbHO MaJjhkie pasmephl. OOBIYHO pa3Mepsl Tep-
MHCTOPOB HE TNPEBBINIAIOT HECKOJNbKHX MHJ/UIUMETPOB ¥ HMH MOXXHO
HaJIe}KHO U3Mep ATh H3MEHEHHS TeNMIepaTyprl B THICAUHBIE JOJIH I'pajyca.

Beinyckaemble B CoBerckom Coto3e MoJyNpOBOJHHKOBEIE TEPMOCO-
TNPOTHBJICHHS NpelHa3HaueHbl JJ15 U3MEpPEeHHH TeMnepatypbl B 06/1acTH
oT —100 no 4120 °C. UyBCcTBUTENBHBIH K TeMNepaType 3JeMeHT 3THX
npu6opoB uMeeT GopMy CTEpKHHA, NMJIACTUHKH HJM WapuKa (6YCHHKH).

YTOMSIHYTHIE BbIE HH3KOTEMIIEpaTypHbLlE YTOJLHBIE TEPMOMETPHI
COTIPOTHUBJ/IEHU ST TOXKE MOXKHO OTHECTH K YHCJAY MNOJYNPOBOAHHKOBBIX,
TaK KaK UX TeMnepaTypHHE# Ko3(HLHEHT CONPOTHUB/IEHUA UMEET TaKoH
e 3HaK, KaK U Yy MoJyNPOBOAHHKOB, — COMNPOTHBJEHHE C NOBHILICHHEM
TeMnepaTypel Najgaer (IpaBia, 0O APYTHM TPHUYHHAM).

TepmoaniemMeHThl (TepMonapbl). BaKHEIM BHIOM BTOPHUYHBIX TepMO-
METPOB fIBJAIOTCH TEPMONApHI, 3/lech HCHOAb3YeTCs fIBJEHHE, H3BeCT-
HoOe 110Jl Ha3BaHHeM siBJieHH s 3eebeka. OHO 3aK/04aeTCs B TOM, YTO €CJ/H
COCTaBHTb UeMb H3 IBYX Pas3JuUHBIX TpoBofHuKoB A u B (puc. 29),
CNAasiHHBIX HA KOHILAX, TO B TaKoil

Ueny MOsABJACTCH 3JCKTPOABHKY- Vi 2
1Aasa CHJa, ecAH Ccllau HaXojsaTcs < @
NpU pas3jUYHbIX TeMmIeparypax. B i
Benuuuna 3TOH Tak Ha3blBaeMoi a)

TEPMO3JIEKTDPOABH K YILIel CHJIHI
(TepMo-3.1.c.) 3aBUCHT OT pas-
HoCTH Temmneparyp cnaeB. Ecmn

2/
Puc. 29. ] ‘ Puc. 30.-

OfMH crafl MojNep:KHUBATb NpH TMOCTOSIHHOH Temneparype T4, TO
TepMo-3. A.c. OyldeT 3aBHCETb TOJBKO OT TeMmmeparypbl T, Ipyroro
cnas, [lostoMy ycTpolicTBO, TNoOKasaHHoe Ha pHc. 29, Ha3wlBagMmoe
TEPMO3/JIEMEHTOM HJIH TEPMOMNapoil, U MoKeT ObITb HCIO/IB30BAHO |19
H3MepeHHs TeMIeparyphl.

TakuM o6pasaM, TepMOMETPUYECKUM TesoM B TePMOMapHOM TepMo-
MeTpe MABJSETCS TEPMOIEMEHT, a TEDPMOMETPHYECKOH BEJIHYHHOH —
€T0 TepPMO3JIEKTPOABHAKYILAA CHJA.

Jlis1 H3MepeHUst TePMO-3.1.C. B UeMb TEPMONAPEI BK/IOYAETCS 11PH-
6op, u3MEPSIOWMA 3.4.C. (MH/IIHBO/IBLTMETP). OH MOMeT BKJIIOYAThCH
m60o no cxeMe, nokasaHHofi Ha puc. 30, a, 1460 M0 cxeme, OKa3aHHOH
Ha puc. 30, 6. B nepBoM cayuae ocTaeTcs CBoéo,aHbIM OIUH CNaH, KoTo-

»




§ 18] W3MEPEHUE [APAMETPOB COCTOSHUS 83

PHH U PUBOAMTCS B KOHTAKT C TEJIOM, TEMIEPATypa KOTOPOro JOJ/IKHA
ObiTh M3MepeHa. Bo BropoM ciyuyae cBoGomHbl o6a crnas. OnHomy H3
HHX 06eCneyuBaloTCs YCJMOBHS CTPOrOr0 MOCTOSIHCTBA TEMIEpPATypPhl
(06bIYHO €To MOMEILAIOT B COCYI C TAWWMM /baoM). [Ipyroil xe crnai
IIDHBOAHUTCS B KOHTAKT C UCC/eAYyeMBIM TesoM. [I1s1 TOYHBIX H3MepeHuH
NPEANOoUTHTR/IbHEE, KOHEYHO, BTOpAsl CXeMa, NpH KOTOpoH MoKa3aHUd
npu6opa He 3aBHUCAT OT TEMIEPATypbl OKPYMKAIILEH Cpeibl.

Ot TepMonap, HCMOMb3yeMBIX A5 U3MEPEHHUS TeMnepaTyp, Tpedyercs
BO3MOXHO 6oJlee BBICOKOE YHC/EHHOE 3HayeHHEe TepMO-3.1.C., CHJIbHAA
34BHCHMOCTb €€ OT TEMIIEPATYphl, [0 BO3MOXKHOCTH MpPOCTOH BHI 3a-
KOHA, CBA3LIBAONIETO TEPMO-3.1.C. C TEeMIEpPaTypol, H CTaGH/IBHOCTD
MaTepHa/oB TepMONaphl B yCJAOBHSX BHICOKMX TEMIIEpPaTyp.

Ilanuble 0 Tepmonapax, HauboJiee YacTo NPUMEHAEMBIX B MpakTHKe
M3MEPEHHH TeMneparyp, NpHBeleHB! B Tabua. 4.

T.a6anna 4
O6nacTb MaMepsieMbIX
Tepmonapa C ocTaB CI4aBOB Temrepatyp, °C
[Tnatuna —niaTuHepoauil Pt—909%; Rh—109% Ot 0 no -1700
JKene3o — KOHCTAHTaH Cu—559%; Ni—459% Ot —200 go -600
Xpomenb — anoMenp Ni—909; Cr-—109
Ni—959%; Al —29% Or —200 po 1350
X poMenb — Ronesb Mn—29: Si—19 Or —50 g0 --800
Menb — KoHCTaHTaH Ni—439%; Cu—57% Or —200 o --600

Oco6eHHOo BaxKHOe 3HaueHHE MMEeT TepMOMapa MjaTHHa — MJIAaTHHO-
POMUH, OTAHYAOILASICH CBOEH BBICOKOH CTOMKOCThIO NPH BHICOKHX TeMIle-
paTtypax. PenreHueM MeXIyHapoqHOTO KOMHTETa Mep M BECOB HMEHHO
3Ta TEpPMOMapa HCIONb3yeTcsl A/ BOCIPOU3BEAEHHS TepMOJAHHAMUYEC-
Ko#l NIKaJ/bl Temnepatyp B o6jaactn 660 —1063°C.

KpoMe nepeuucieHHBIX, NPUMEHSAIOTCS ¥ JpyrHe TepMoNaphl: Xpo-
MeJIb — KOHCTaHTaH, MJIAaTHHOPOAMH — 30J0Tonannainil, HpHIAHH —
CTJIaB UPUAHE — pyTEeHHH (3Ta TepMmomapa MOXeT U3MEDAThL TeMIepa-
Typy Ao 2000 °C) u ap.

BricokHe M HH3akMe TeMmepatyphl. M3mepeHue ouenb BHICOKHX TEM-
nepatyp (B ThICAYH I'PAAYCOB U BHILIE) HATAJKHBAETCS HA Ty OUEBHIHYIO
TPYAHOCTb, YTO He CYIUECTBYeT TaKHX TYTONJABKMX TEePMOMETpPOB,
KOTOpBle MOXKHO Ob1/10 OBl IPUBOAUTE B KOHTAKT CO CTOJIb CHJILHO Harpe-
TeIM 00bekTOM. [losToMy B 3TO#l 06s1aCcTH TeMnepatyp TeDMOMETpHYec-
KUM TeJIOM CTAaHOBHUTCSI CaMO HAarperoe Tesao, a TepMOMeTpHYecKol
BEJIHUMHOH — M3/y4yaemMasi UM B BUJe cBeTa 5Heprus. Mamepenne sto#t
SHEepPTHH He TpelyeT HeNoCPeICTBEHHOTO KOHTAKTAa C ee HCTOYHHKOM.

O6 ucrno/b3yeMblX 31ech GU3UYECKUX 3aKOHOMEPHOCTAX H O NMpHOo-
pax (nupomempax), ¢ IOMOLLBIO KOTOPHX H3MepsAeTcs SHEepPTus H3jayde-
HHS, YHTaTeNb Y3HAeT B Kypce ONTUKH. 31ech MBI JHLIb OTMETHM, YTO
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TepMOJMHAMHYECKas WIKaja TeMieparyp Beile 1063 °C Bocmpouseo-
JHUTCA, COTVIaCHO pellleHHI0 MeXIyHapoJHOTO KOMHTETa Mep H BECOB,
HUMEHHO ¢ NOMOLLBIO TTHPOMETpa.

BoJbline TPYIHOCTH BCTPEUYAIOTCA W TIPH H3MEPEHHH OueHb HH3KHX
temniepatyp (Huxe 1 K). Tlpexze Bcero mpu 3THX Temieparypax, Kak
MOKa3bIBaeT OMBIT, IPOCTOH KOHTAKT TEPMOMETPA C OXJIAXKAEHHBIM TEJIOM
AJIUTENIbHOE BPEMS HE IPHUBOAUT K YCTAHOBJIEHHUIO PABEHCTBA TEMIEPATYD
Mexay HuMH. KpoMe Toro, uenbll psifl TEpMOMETPHUUYECKUX BEJIHUMH,
MPUTOJHBIX I/l MCIO/Mb30BAaHUA TIPH 6ojie€ BLICOKHX TeMIepaTypax,
«OTKa3blBalOT» B paccMaTpHBAaeMOH 06/acTH TemnepaTyp: JaBJeHHe
ra3oB CTAHOBUTCH HEM3MEPHMO MaJlbIM, COIIPOTHBJIEHIE NIE€PECcTaeT 3aBH-
CeTb OT TeMnepaTypel U T. A. IloToMy W 37lechb, KaK H NIpH KpakiHe BbICO-
KHX TeMrepaTypax, TEpMOMETPUYECKHM TEJOM CTAHOBHUTCA CaMO OXJIax-
JerHoe teqo. Kak Gyzer nokasano B ra. VIII, camble HU3Kue Temnepa-
TYpbl NOJYYAOTCH ¢ IIOMOLLBIO NApAaMarHUTHBIX coJsiell. 310 No3BoJIfAeT
MCIO/Ab30BaTh B KaueCTBE TEPMOMETDHUYECKOH BeJMYMHBI [lapaMarHHT-
HYI0 BOCIDHUMYHMBOCTB 3TOH COJIH — OCHOBHYK) XapaKTEPHCTHKY ee
MarHUTHBEIX CBOHCTB. 3Jech, OfHaKO, BO3HHMKAIOT Cepbe3Hble W eile He
NpeOoNO/IeHHbIE TPYAHOCTH, CBf3aHHBIE C COTJIACOBAHMEM H3MEpPEHHOM
TaKHM 06pa3oM TeMHepaTyphl ¢ TEPMOAMHAMHUECKOH IIKaJoil TeMiepa-
TYp. 3/lech HeT BO3MOXKHOCTH PacCMOTPeTb JeTa/u 3TOTo Bollpoca.



IF'nasa II

KUHETHYECKAS TEOPHUSA TEIMJIOTHI.
3AKOH COXPAHEHHS1 3HEPTHHU

B 310t riiaBe Mbl 06paTHMCSl K SHEPTeTHYECKOH CTOpOHE mpouecca
U3MEHEHHUs COCTOSAHHMA HACAJBLHOTO rasa H, B NEPBYIO ouepelb, pac-
CMOTPHM MPOUECC H3MEHEHHA COCTOSIHMA ra3a NpH M3MEHEHWH ero TeM-
nepatypslL '

§ 20. BHyTpeHHsisn 3Heprusi MAeaJbHOro rasa

I/ISBQCTHO, 9TO CpeHAA 3HEPTUsA MOJIeKyJibl HACa/JbHOIO rasa, €cJ/Jiu

CUHTaTb €ro 4acTHubl TOYKaMH, ONPEIC/AETCA BbIpaKEHHEM
- mo? 3

CnenyeT €lle pa3 3aMeTHTL, YTO 3TO BbIDAXKEHHE CIpaBeUiIuBO A/
MOJIEKY/1-TOUCK, CNIOCOOHBIX COBEpIIATLE TOJIBKO MOCTyINaTe/hHOE JBHU-
Kenue. Takoe NpeICTABJICHHE O rasde MOXKET CUHTATbCA CrnpaBeaJHBbLIM
JJIS OAHOATOMHEIX ras3oB. Eciau xke MOJIEKYJIa rasa COACpXKUT HE OJHH,
a 6oJibllle aTOMOB, TO OHa MOXKeT COBEpIIATh W Jp YTHE BUJbI IBHXKEHUA —
BpaulaTeJibHOE U KOJIeﬁaTeJIbHOG, C KOTOPBIMH TOXK€ CBfI3aHa HEKOTOopad
SHEPIrHU.

OI‘paHI/IllPIMCH, OJHaKoO, INoOKa c¢/jaydyaeM TOJIbKO OJHOATOMHEBIX rasoB
H HallMLIeM Bblpa)KCHHe I/ 3HEPTHH BCEX MOJEKYJI JaHHOH Macchl
rasa. Ecau ras COJEPXKHUT N MOJIEKYJ, TO UX obuaa SHEpruda U paBHa

U= NET. (20.1)

HJIH OIOHOI0 MOJA 3TO Bblpa)KeHPIe HpPIMeT BHU]
U=3 NkT = 5 RT. (20.2)
Ora sHeprHsl Ha3bIBAGTCH GHYymperHeld sHepeuell MIEaTbHOTO Trasa.

Boo6uile »xe BHYTpeHHeH 3Heprueil Tesia Has3blBaeTCs MOJHAA 3Hep-
T4, OTHOCAIAACA K CAMUM MOJIEKYJaM, T. €. HX «HEeBHAHMaA» SHEPTUA.
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Crofla BXOJHT KHHETHYECKAsl SHEPTHS ABHIKEHHs CAMHUX MOMEKYJI, KHHe-
THYECKAsl SHEPTUS ABHXKEHUS aTOMOB BHYTDH MOJIEKYJIBL (€CJAH MOJIEKY-
Ja He OJAHOATOMHAaf), NOTeHUHa/IbHAS SHEPrus B3aUMOACHCTBHA MeXIY
aTOMaMH BHYTPH MOJIEKYJbl U Ja)Ke€ KHHETHUYECKasd SHEPruf uYacTHL,
BXOJAIIMX B COCTaB aToMOB (ffiep M 31ekTpoHOB). OHA, OJHAKO, He
BK/IIOYaeT Ty KHHETHYeCKYIO SHEepTHio, KOTOpoH ras MoxeT 06/1alarThb,
€C/IM OH, KakK uesoe, IBHKETCS, U TY NOTEHUHMAABHYIO SHEPTHIO, KOTO-
poil OH MOxeT 06/1afaTh, €C/I¥ HAXOJUTCH B IIOJN€ KaKUX-HHOYIbL CHUJI.

BHyTpeHHAA 3HeprHA JaHHOM Macchl W€aJbHOrO rasa 3aBHCHT,
Kak 3To BHEHO U3 dopmya (20.1) u (20.2), ToabKo OT TeMmnepaTypbl U
He 33aBUCHT HH OT JaBJCHUSA, HU OT obbeMa rasa. ([li1s HeHIealbHBIX
rasop 3TO HEBEPHO.)

W3 npuBegeHHbIX GOPMYJ BHIHO, YTO /151 H3MEHEHHs TeMIepaTypbl
rasa Hy»HO H3MEHHUTb €ro BHYTPEHHIOI 3Hepruto. MameHeHue xe sHep-
THH, KaK 3TO U3BECTHO M3 MEXAHHWKI, CBA3aHO ¢ paboTofl: sHeprus Tenaa
H3MCHSCTCA, €CJAH Tesqo coBepliaeT paGoTy WM Haj TeJOM COBep-
waercsl pa6oTa, M 3TO U3MEHEHHE KaK pa3 paBHO COBEpLICHHOH paboTe.

Orcioga Kak 6yaro Obl csefyeT, 4TO U3MEHEHHEe TeMIepaTyphl rasa
Wid BooOlIe KaKoro-1u6o Tesa MOXKeT OpiITh AOCTHTHYTO TOJBKO 3a
CyeT MeXdHMYeCKOH paGoThi: IJis HAarpeBaHus Tela HaJ HUM Hajo CO-
BepLIUTb paboTy, a A1 OXJAaKACHUA HYMKHO CO3]aTh TaKHe YCJAOBHS,
NP KOTOPBIX OHO CaMO MOTJIO Gbl COBEPIIUTE paboTy. ONBIT NOKA3bIBALT,
YTO TEeMNepaTypy Te/a B CaMOM Je/l1€ MOXHO M3MEHUTb NyTeM 3aTpaThl
COOTBETCTBYIOLIEH MeXaHHYecKol pa6oTel. Tak, HanpuMmep, NpH TPEHHH
Tel Jpyr O JApyra OHM HarpeparoTcsl (Ha 3TOM OCHOBaH JpeBHEHIIMH
€noco6 Jo6uiBaHufA orHe), Kak GyneT nokasaHo HHXKe, ra3 TOXE MOXKET
OblTb HarpeT 3a cueT COBepUIEHUS PaGOTHI.

§ 21. KoauuecTBo TemioThHl

H3secTHO, 0dHAKO, 4TO ras, Kak M BCSKOE JPYroe Tesno, MOXKHO
HarpeTb WJIH OXJAZHTb M JPYTHM CIoco6oM, NPH KOTopoM pabora Ha
nepBHIN B3r/f1 He HUrpaeT HUKakKoH posn. Crnocob STOT 3aK/K4aeTcs
B TOM, YTO Te/O0 NPHBOAMTCA B KOHTAKT C ADYTHM TeJOM, HMEIOIHM
TemMnepaTypy, OTIHYHYIO OT ero cofcTBeHHOH. ToT e peaysabTaT MoXeT
ObiTb JOCTHUTHYT U 6€3 HENOCpeICTBEHHOro0 KOHTAaKTa, Korja JABa Tesa
pasJuyHON TeMnepaTyphbl pasfeseHbl KaKOM-HHOYAb Cpejoi WM Jake
nycrorodi. B nepBoM c/ydae roBOpfT, YTO HArpeB HJH OXJaXKIeHHEe
OCYIUECTBJASAKTCA IyTeM TeILIONPOBOJHOCTH, BO BTOPOM — H3JYyye-
HHEM.

Ho u3 dopmyanl (20.1) cienyer, 4To U3MeHeHHe TeMIepaTyphl rasa
BCerja CBfI3aHO C H3MEHEeHUeM 3Hepruu. Korja 3To U3MeHeHHe NPOHCXo-
IAT B pe3y/bTaTe 3aTpaThl paGoThl, NPHUYMHA M3MEHEHUS fICHA, Belb
pa6oTa — 3TO M €CTb M3MEHEHHE SHEPIHH. 3HAUUT U NPH «KOHTAKTHOM»
cnocofe KaKUM-TO 06pas3oM MPOHCXOAHT NOABOA (IPH HArpeee) HJIH
OTBOA (NpH OXJIaXJeHUH) 3HEprHH.
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MexaHu3M nepejaun 3HEPTUH B «KOHTAKTHOM» CIocofe 3aK/iouaercs
B TOM, YTO YacCTHLUHl CONPHKACAIOUMXCS TeJT MPU B3AaHMHBIX CTOJNKHO-
BeHUAX OOMEHHBAIOTCA 3liepTrHel, TaK 4TO 4acTHIIL CHJIbHEE HarpeToro
Tesla TePAIOT 3HepPTHIo, NepefiaBas ee YacTHLAM MEHee HarpeToro maprT-
Hepa. 3HA4HT B 3TOM C/ayyae BMECTO H3MEHeHHsI 3HEPTHH 3a cueT
3aTpaThl paboTht TOT K€ De3yJbTaT JIOCTHIAETCsl MyTeM INepeaauut
SHEPTHH XaoTHueCKH MABHKYIUMXCH YacTHU ONHOrO Tesa YacTHUAM
IpYToro.

Ognnako, B cHay OGCTOATENBCTB, CBSI3AHHBIX C HCTOPHEH Pa3BUTHS
(M3HKH, B TOM C/yuyae, KOTAA M3MEHEHHe TeMmepatyphl (HarpeB Wiu
OXJ/IKJACHHE) Te/a TNPOM3BOJAUTCA «KOMTAKTHBLIM» CIIOCOGOM WJIH H3JY-
UeHHEM, TOBOPAT, YTO K TeAy NOABOIHTCA HJIH OT HEr0 OTBOAUTCH
HEKOTOPOE KOAUHECHBO IMenAormsL.

3Ha4uT, KOJMUECTBO TEIVIOTH MNpeJCTaBJAAeT COGOH suepeuro, KOTO-
pas nepenaeTcs OT OZHOTO Tea K APYToMy IPH HX KOHTaKTe (Hemocpell-
CTBEHHOM HJIH 4epe3 TpeTbe TeJO) UM myTeM H3anydeHus. [1o cymecTsy,
NpH mepejauye TemIOTH Mbl TOXE HMeeM Jesn0 c paboToit, HO paboTy
B 3TOM C/1y4ae COBEpIIAIOT HE MaKDOCKONIHYECKHE YIOPsiJOYCHHO JIBH-
MyllHecss Tesna, a OecnopsilodHO  IBMXKYIUHECA  MHKDOYaCTHUBL
Kak ™Mbl YBHAHM HHXKe, 3TO OOGCTOATENLCTBO HIpPaeT BeCbMa BakK-
HYIO pOJib.

§ 22. MexaHH4eCKHH IKBHBAJNEHT TeNJOTbI

Hukakoit Apyroil pasHuibl MeXIy TenoToit u paboroit (sHeprueft)
HeT. [To3ToMy OHH JO/KHBI U3MEPATLCA B OJHHUX H TeX XK€ eJIHHHUAX.
B cucreme CH 3a equnmnuy KoaH4ecTBa TelJlOTh NPUHAT 1 1Ko yis (J1xk).
Ho B cuny UCTOPUYECKUX NMPHUYHUH KOJUUYECTBO TEIIOTH JO NOCACIHEr0
BPEMEHHW H3MepsiIoch B KaJopusix M kunokanopusix. Ocobas eanHHLA
I/l KoNMyecTBa TeNaOTH Ghila BBEIEHA elile B Te «JOKHHeTHYECKHe» Bpe-
MEHa, KOrja TelJoTa CuuTasach OCOObIM BEIECTBOM, CHOCOOHLIM,
noJo6HO HeKoel KUJAKOCTH, NepeTeKaTh H3 OJIHOTO Tend B JApYToe.
Tenepb, Koriia sicHa 5KBUBaJEHTHOCTL SHEPTHH M TEMJIOTHI, 3Ta €IHHHLA
yTpaTu/ia cBOH ocoOblil Qu3MUeCcKHi CMBICI, HO 1O TPAAULIMH COXpaHH-
Jlach elle ¥ B ¢U3UKe, U B TEXHHUKE.

Kusokanopusi onpefie/isieTcd KaK KOJHYECTBO TEIIOTHI, MOJABOJ
(A1 OTBOI) KOTOPOTO BbI3LIBAET HArpeBaHHe (MJH, COOTBETCTBEHHO,
OXJIZXK/IeHHE) OJHOTO KHJIOTPaMMa BOABI 1IPH aTMOChepHOM JaB/EHHH
Ha OfMH KeJbBHH.

OKBHBAJEHTHOCTh TEIJIOTHI M SHEPTHH Oblna O0COGEHHO HAIVISAAHO
NpoJeMOHCTpHpoOBana emte B 50-X roxax npouuioro cronerusa . Lxoy-
JIeM, NOKa3aBLUKMM CepHell KPONOTJANBLIX OINBITOB, YTO HATPEB, BLI3LIBAE-
MbIH OJHOH KUJOKaJopueH TemioThl, — TakOH XKe, KaKOH JaeT BIOJIHE
onpedesieHHas W BCErJa ONlHA U Ta ke pabora. MiMeHHO, 0Kasasoch, uTo

1 kkan=4186,8 k.
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Monsaytores Takxke eguHuueii, B 1000 pa3 meHbled, 4eM KHJI0KaIO-
pHs, — 3T0 rpaMM-KaJIOpUf, WIH IIPOCTO Kajaopus (Kau):

1 ka1 =4,1868 /Ixk. .

Uncno, nokaselBaroilee OTHOLIEHHE eMHHIIE MEXAaHUYECKOH pPaGoThl
K €IHHHIE TENJIOTHI, HA3EIBAKOT MEXQHUHECKUM IKBUBAACHINOM MENAOMbL:

1 =4186,8 x/kkan=4,1868 [Ix/ka.

OG6paTHas eMy BEJMUMHA HA3HIBACTCH MENAOLIM IKBUBAAEHINOM Me-
xaru4eckod pabomol:

I'=2,39.10-* xxan/Ix = 0,239 kasu/lx.

B nasibHeilieM u3710KeHUH MBI He GyREM N0JAb30BaThCA STHMH 3KBH-
BaJieHTaMH. B Tex ciyuasx, xoriaa B OJlHOM ypaBHEHHH OyayT GHTYpH-
pOBaTh U KOJIMYECTBO TeIIOTH, H paboTa WM SHEpPrHs, MLl OyIeM cuu-
TaTb, YTO OHU M3MEPAIOTCA B ONHUX M TeX ke eAHHHUaX (KaJOpUAX WIH
HKOYJIAX, 6e3p a3/ IUYHO).

§ 23. llepBoe Ha4ajg0 TepMOJHHAMHKH

Hamenenne coctodHus JMoO0OTO Tesa WIH CHCTEMBI Tes, Boo6LIe ro-
BOD#A, comnpoBoXkaaercd paGoToH, NPOHU3BEIeHHOH 3TOH CHUCTeMOH, HJH
paboToi, coBepLIacMON Haj HeH BHEIHUMH CHaAaMH. Jta pafora MOKeT
OLITh BhIpaXKeHa yepes NapaMeTphl, ONpeeIAIIUe COCTOHUE CHCTEMEI.

Ecnn, Kak MBI yKe 3HaeM, COCTOAHME Tesa ONpefeaseTcs ABYMA
U3 Tpex napametpoB p, V u T, 10 B ofLleM c/yyae U3MEHEHHe J/1o60To
M3 HHX JO/IKHO CONDOBOXKIAATLCA BHELIHEH paGoToH.

Tak, nanpumep, H3MeHeHHe TeMmmepaTyphl rasa, T. €. €ro Harpema-
HHE WM OXJAXKICHHUE, MOXKeT ObiThb OCYIIECTBJAEHO B pe3y/bTaTe 3a-
TpaThl MeXaHHYeCKo# paGoThl H3BHE (HArPEeBaHHE) HJH 3a cueT paboThl,
NPOH3BEJICHHO! NPOTHB BHELIHHX CHJ (OXJaXKACHHE).

Sra MexaHuyeckasd paboTa COBepIIATCS NPH CXKATHH ra3a BHEIHeH
CHJIOH, KOTJa ra3 HarpeBaeTcsi, HJH NPH pacCliHpPeHHH rasa, KOIaa OH
caM NpOH3BOJMT pafoTy, oxanaxjasdck npu 3ToM. HameHenue obveMa
rasa MOeT OBITb NPOH3BeICHO H 0e3 H3MEHEHHA €ro TeMmIeparyphl
(cM. HmKe), TOrja COOTBETCTBEHHO TpebyeTcsi MeHbluad paGora.

Ho, kak 6b110 yKa3zaHo, COCTOSiHHE ra3a (MJH IPYTHX TeJs) MOXHO
H3MEHHTb, COOOIUMB €My WJH, HaoGOpOT, OTHAB OT HEIO HeKomopoe
Koaudecmeo menaomet, T. €. TIPUBEAS €ro B «<KOHTAKT» ¢ 6oJiee HarpeThiM
un Gojiee XOJIOAHBIM TEJIOM,

Kakas paGora Gyzer coBeplieHa npH 5TOM crocobe H3MEHeHHS CO-
ctoAHuA? OTBET HA 3TOT BONPOC JAET 3AKOH CoXparerus sHepeuu. Ecnn
rasy (uaM APYroMy Tesy) COOOLIEHO HEKOTOpOe KOJIHYECTBO TEMJIOTHI
dQ, To 1pu 3TOM, BoOOIlle roBOp#, coBepluaerca pabota dA u usmMeHAeTCA
€r0 GHYympenHAs 3Hepeus Ha dU. :



§ 23] NEPBOE " HAUAJIO TEPMOJMHAMUKH 99

3aKOH COXPAaHEHHA 3HEPIHH TJACHT: paboma, cosepuiaeman cucme-
MOL, PABHA  PA3HOCL MENCOY KOAUHECTBOM Menaomol, Coobujaemodl
cucnieme, U UBMEHEHUEM ee BHYymMpeHHell 3HepeulL

dA =dQ-—dU,
HJIH

dQ = dU + dA. (23.1)

OT0 ypaBHEHHe BblpaX{aeT BaKHEMIUHH 3aKOH NPHPOAbI, 3aKOH
COXPaAHEHHA 3HEPTHH NPHMEHHTEJ]LHO K MEXaHHYeCKOH M TenJoBo#
SHEPTUH. JTOT 3aKOH MOJYYHJ HAa3BaHHE Nepeo2o
HQYaAQ MepMOOUHAMUKLL.

PaGota npu wuaMeHenuu oO0beMa rasa. p
Herpyauo Beusncants paboty, cBS3aHHyIO € pac- [ Fl
IIHPEHHEM HJIH CKaTHeM rasa, T.e. ¢ H3MeHe-

HHeM ero o6wema. [lpeactaBuM cebGe, 4yTo ras
HaXOAMTCA B UHJIHHAPE, KOTOPHIA  3aKPLIT | A
NOJBHXKHBIM IIOPIUHEM, HMEWIMM mjowass S  [h——— -~
(puc. 31). Ilycts mop nAeficTBHEM NPHIIONKEHHOMH %
BHeIlIHeH cuabl F nopuieHs OnycTHsAcs Ha pac-
cTosiHHe dx, CXKaB npH 3ToM ra3. [as Gyler
CXKHMMaTtbeA 0 TeX Mop, MokKa cuja F He ypas- Puc. 31.
HOBECHTCAl CHJIOH, JAefCTByIolIeH Ha MOpLIEHb :

CO CTOPOHBI rasa M paBHOH pS, rie p —. JaBieHue rasa. Pabora dA,
3aTpayeHHasA Ha NepeMelllcHHe NOPIUHA Ha paccTosinue dx, paBHa, ode-
BUAHO, pS dx. Ho S dx ecTh He 4TO HHOe, KaK H3MeHeHHe o6beMa rasa
dV npu cxkartuH, T. e,

ty
fe— § —f

Sdx=—4dV,

OTKyJa _ -
dA = —pdV. (23.2)

HaoGopor, npu pacuimpeHHH rasa, T. €. IIPH yBeJHYCHHH o0beMa Ha
dV, ras cam copepluaer pa6oTy NPOTHB BHELUHHUX CHJI, paBHylo —+p dV.

H3amenenue obwvema easza conposvscdaemcs pabomodi, pasHot npo-
u36e0eHUI0 OasACHUA, NO0 KOMOPBIM HGXO0UMCA 203, HA UBMEHEeHUEe €20
obpema.

dopmyna (23.2) BepHa He TONBKO A rasa, HO H /A JIOOLIX TeJ.
Ecnu npu H3MEeHEHHH COCTOAHHA Tesa BHEIIHAA paboTa coBepluaeTcs
TOJILKO 32 CyeT M3MeHeHHd o6beMa, TO NEpPBOe Hauaso TepMOJAHHAMHKH
MOXKHO HamucaTb B BHIE!

dQ=dU+-pdV. ' (23.3)

BoaMoKHBI Cydad, Korja H3MeHeHHe COCTOSHHS Tesl COIPOBOX-
JaeTcsi W3MEHEHHEM 3/IeKTPHYECKHX, MarHHTHHIX HJIM JDpYTHX mnapa-
MeTpOB, TOria K NpaBOfl HacTH ypaBHEHHA cielyeT Jo6aBHTL (OOT-

4«
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BETCTBYIOLLUE C/ATAeMble: 3JEKTPHYECKYIO, MarHHTHYIO H APyrHe BHIH
3HeprHH. Mpl OrpaHHYMMCA 371eCh PAcCMOTPEHHEM H3MEHEHHs TOJIBKO
napametrpoB p u V.

Mo3KHO BHIUHCIHTEL BHEIUHIOW paGoTy H B TOM ciyude, KOria H3Me-
HEHHE [1apaMeTPOB COCTOAHHA He OGeCKOHEYHO MaJlo.

Eciu Tesio nepexoaut us cocTofinus [ B cocTosiHHe 2, TO CBAI3aHHAA

¢ 3TuM pabota A onpejensercd NyTeM HHTETPHPOBAHHA YypaBHEHHS
(23.2): .

2 2
A={dA=(pav.
1 1

10T MHTErpasjs MOXKHO onpeienutb rpatuuecku. JleficTBHTe/bHO,

COCTOSIHHE Te/id, KaK ObUIO yKa3aHo, XapaKTepH3yeTcsl TOYKOH Ha KpH-

Boi p = f (V). IloaTromy, ecaun 3aBHCHMOCTb

d p = [ (V) noctpoena rpaduueckH, Hanpumep,

eCc/qi 3Ta 3aBHCHMOCThH BbIpa)caeTcl KpHBOH [
Ha pHc. 32, To

2
(pav
1

paBeH 3alTPUXOBAHHOM [LIOW@AAH NOA 3TOH
KPUBOH,

Puc. 32 Ecnu nepexoa u3 coctogHua [ B cocrosi-

nue 2 NPOHCXONHUT TaK, YTO H3MCHEHHE JaBJe-

HHA ¢ 00BEMOM moﬁpamaeTCH KpuBO# [/, TO CBsi3aHHasi C 3THM Ile-
pexojoM paborta OyAeT APYroi.

Brewnan paboma, npouseeQennasi meiom (uau Hod Hum) npu us-
Menenuu e20 00vemMa, 3aeucum om NOCACO0BAMEAbHOCIU COCHIOSHUL,
KOMOpYio NPOXOOUM Meas Om HAYAA6H020 &8 KOHEYHOE COCTMOAHUE.

Uto KacaeTcsl enympenuedi 3Heprud U, TO OHa 3aBHCHT MOA6KO
OT COCTOSIHHA TeJa H ee H3MeHEHHe He 3aBHCHT OT MPOMEXYTOUHBIX
COCTOAHHH, B KOTOPBIX Teso npebuiBaJo.

[Tostomy ypaBHenue (23.3) MoxeT GhITb NEpelHCaHO B BHIE:

SdQ U1 U, +§pdv

rie U, n U, — 3HaueHus BHYTPeHHeH 3HePIHH TeJa B COCTOSHHAX
I u 2 coOTBETCTBEHHO.

B uacTHOM ciyuae, ecsiu Tesio B pe3yAbTaTe BCEX H3MEHEHHIT cocTod-
HHSl BEDHYJIOCh B HCXOJHOE cocrosinue, T. e. U; = U,, T0 B 3TOM Cay-
yae roBOPAT, YTO INPOLECC H3MEHEHHA COCTOAHHA — KDPYroBOH, HJH
L;ux/zuqecxud I'padmuyeckn Takoll npouecc usobpaxkaerc 3aMKHYTOM
KpHBoii (puc. 33), u paGoTa, NIpH 3TOM COBeplIIaeMas (mm 3aTpaueHHan),
onpejesifieTcs 3alITPHXOBAHHOH MJIOMIATbIO.
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OueBunno, ecnn pa6orta
A= S pdVv -

3a UMKJ TOJIOXHTe/bHA, T. €. CaMO TeJo COBeplinao paboTy npoTHB
BHEIIHUX CHJI, TO 3TO O3HAYaeT, YTO OHO NOJNYUHJIO U36HE PABHOE KOJH-
yecTBO TemioThl Q. Ecnm ke 3ra pabora A 3a uuka OTpHuaTenbHa,
T. €. Haj TeJoM Oblla coBeplleHa paboTa BHEIL-
HUMH CHJIdMH, TO NPH 3TOM 6bi0eAuroct PABHOE p
el KOo/JIMYecTBO TeloThl Q.

‘Takum 06pa3om, IpH UHKJIHYECKOM I[Ipolecce

Q=A.

UnraTeis He JO/DKEH CMYILATH HEOGhIYHBIN
Buz Kpusoil p = f (V) Ha puc. 32 u 33, Korga -
'Ha HEKOTOpHIX ee ydacTKax MAaB/JeHHe Bo3pac- v
T@eT NPH yBeJNHYeHHH obbeMa. «OGpuHAaA» 3aBH- Puc. 33.
CUMOCTDb, IIpH KOTOPO# AaBjeHuHe oOpaTHO Npo-

NOPUHOHAILHO 00BEMY Trasda, HabJjiofaeTcd TOBKO IIPH MOCTOSHHON
TeMmrnepaType, T. €. IIpH H30TepMHYeCKOM mpouecce. PaccmatpuBaeMeiit
JKe HaMM IIpouecc H3MeHeHHf o0beMa rasa OTHOCHTCH K Caydalo,
KOrjJa rady cooO6ulaeTcs HJIH OT HETO OTHHMAETCS HEKOTOPOe KOJTHYECTBO
TEIVIOTHL M HaJ HHM COBepllaeTcs (MM OH caM CoBeplliaeTr) pa6oTa,
H Ha pasHHIX CTaAufiX H3MEHeHHs oOBeMa TeMIepaTypa rasa passas.

Hugero HeT yaHBHTENBHOrO B TOM, YTO OJHOBPEMEHHO C pacIIMpe-
HHeM (TIOJHSATHEM MOPIIHS) Ia3 MOXKeT 3a CueT HCTOYHHKA TerJa HaCTO/b-
KO NOBLICHTb CBOIO TeMmnepaTypy, 4TO €ro JaBJeHHe, HeCMOTps
Ha YyBe/HYeHHe oGbeMa, MNOBLICHTCH (M Hao6OpOT, NPH CXKATHH ras
MOXeT 0TAaTh TemIo 6osiee XOJ0IHOMY TeNy, H ero JaBaeHHe TOHH3UTCH).

IrtuM 0OBACHAETCA H TO OOCTOATEJABCTBO, YTO [IPH Mepexofie H3
OJIHOTO H TOTO >Ke Hauya/JbHOro CocTosiHHA (py, V;) B OJHO H TO XKe KO-
HeyHoe cocTosiHue (p,, V,), HO uepe3 pas/juyHbie [POMEXYTOUYHbIE
COCTOSTHHS pabora noJiyyaeTcsi pasHOH H, C/1eJ0BaTesNbHO, NPH Kpy-
rOBOM IIPOLECCE OHA He paBHa HyJ0. MIMEHHO Ha 3TOM OCHOBaHa pafoTa
BCEX TEIVIOBBIX MalluH (ABHTaTeell). '

EznBa AW HYXHO NOJAYEPKHBAThH, 4TO HHKAKasd INOJOXHTE/NbHAs pa-
6oTa He MOKeT OLITb NIPOH3BEJEHA TEJIOM, eC/IH B TeUeHHe BCEro Kpyro-
BOTO MIpoliecca TeMneparypa te/ia Heu3MeHHa (T. €. eC/IH IIPoLece H3oTep-
Muyeckuil). B rase, o4eBHIHO, TaKOH H30TEPMHUECKHH Kpye060d NpoLece
BoOOlile HEBO3MOXKEH, TaK KakK, eC/H H3MeHeHHe JaB/aeHHs ¢ 0GheMOM
NPOUCXOAUT BJOAL H30TEPMBI, TO BEPHYTbCA B HCXOAHOE COCTOSIHIE
MOYKHO TOJNBKO BIOJIb TOH ’Ke H30TE€PMBI; HO TaKOH Npouecc Henb3s
Ha3BaTh KPYroBbIM B YNOMAHYTOM BhIlli€ CMBIC/E.

KBasucratHueckné npoueccel. Ilpu BoiBOsle ypapHenus (23.2) gns
paboTsl rasa, CBA3aHHOH ¢ H3MEHEHHEM ero o6LeMa, MOJYA/IHBO [Ipej-
noJ1arajiioch, uTo B TeUEHHE 6ce20 Npouecca H3MEHEHHs oObeMa JaBleHne




102 KUHETHYECKAS TEOPUS TEMJOTHl - - [rJa. 11

B KaxkJblfl MOMCHT BPEMEHH OJIMHAKOBO BO BCeX TOUKax rasa. B nporus-
HOM C/1y4ae 3HaueHHe AaB/IeHHs p Gblio Obl.COBEPLIEHHO HEONPENEIEHHO.
Mexnay Tem obecreyuTb Takoe MOCTOSHCTBO IAB/JAEHHH BO BCeM o0beMe
rasa (Kak, BIpoyYeM, H J000ro Teia) B Ipouecce ero pacliMpeHHs W/IH
CXKaTugd BOBCE He TaK IPOCTO. '

Ecau paciummpense WM CKaTHe rasa NPOHCXOAHUT Gbicmpo, TO JaB-
JIeHHS1 B Pa3HBIX €ro 4acw¥ixX He yCreBaloT BhipaBHUBaTbes. [lop meii-
CTBHEM Da3HOCTH JaBJEeHHH BO3HHKAIOT TeyeHUs Tasa C PasjJHYHBIMH
CKOPOCTSIMH B DPa3HbIX TOYKaX, B YACTHOCTH M BHXPEBHLIE TEUeHHs. D
IBHKEHHS TpeGYIOT /ISl CBOEro co3faHus HekoTopol padoTu. Kpome
TOr0, pasHele YyacTH ra3a MOTYT NPH 3TOM HMETb pasHble TeMIepaTyphl
H IJIOTHOCTH. -

CnoroM, 0pH OLICTPOM H3MeHeHWHM o6beMa ras He HaxOJUTCH B co-
crmoanul pasrosecus. JLast Toro 4To6bl B Ipouecce H3MeHEHHs CBOEro
obbeMa (WM ApPYrofl BeTMYHHEBI, XapakTepH3ylouleH COCTOfIHHe) ras
Haxojuicsa B paBHOBECHH, HeOGXOAHMMO, 4TOGBI 3TOT IPOLECC I1POTEKail
BecbMa MeJUIEHHO, B Npejiesie — GeCKOHEYHO MelJieHHo. B 3ToM cayuae
BCe OTKJ/IOHeHH§i OT DaBHOBecH$l GyAyT ycrneBaTb Hcye3athb, ras Gymer
NPOXOIUTbL uepe3 pad CoCmoAHUb pasHocecus, TNEPEXONANX OIHO
B IpYroe. ‘

Takune npoueccsl Ha3HBAIOTCA KBABUCAIAMUMECKUMY, TIOTOMY UTO NIPH
9TOM B KaXJblil JaHHBIH MOMEHT COCTOsSIHHE rasa Majo OTJH4aercs OT
CTaTHYECKOrO COCTOSTHHS, MPH KOTOPOM IapaMeTphl COCTOSIHHA OJHHA-
KOBHI BO BceM oOBeMe. $ICHO, YTO TONIbKO KBAa3HCTATHYECKHE IPOLECCHI
MOKHO rpaduyecKH peACTaBHTD B BUJE KPUBLIX, IOJOOHLIX, HAIPHMED,
NpUBEJEHHEIM Ha puc. 32 uiu puc. 4 (cTp. 33). HekBasucratuueckui
npouecce H306pa3uTb Henb3d. YpaBHeHHeM (23.2) M CJIEICTBHAMH H3
Hero MOXHO MOJIb30BaTbCA TOIbKO AJSI KBAa3HCTAaTHYECKHX MPOLECCOB.
(TToppoGree 06 3toM cM. 11, VI1.)

Ecnu nmpouecc M3MeHeHHA O6heMa, T. €. CKATHE WM pacllHpeHHe
rasa, NPOHCXOJHMT HEKBAa3HCTATHHECKH, TO COBeplEHHAH INPH CXKaTHH
WJIH pacliMpeHHH paboTa OyfeT MeHblle, YeM IPH IIpolecce KBasHCTa-
THYECKOM. JTO MOXHO INOHSITH M3 Caefyioniux cooGpaxenuil. [1peacra-
BUM cebe, 4TO ra3 B cocyze C nopuiHeM (cM. puc. 31) HaxoauTcs cHa-
4aja B PaBHOBECHM; 3TO 3HA4HT, YTO JAaBJeHHe ra3a p BHYTPH COCYAa
paBHO BHeIIHeMy JaBjenuio. IlycTh noa AeficTBHEM TeX HJIH - HHEIX
NPHYUH Ta3 CTaJ] DPaclIUPATHCA (HEKBA3HCTAaTHUYECKH), T. €. NOPIIEeHD
CTaJ1 nepemelllaTbCcd BBepX. 3HAUMT, BHElIHee NaBJEHHE p; CTAJ]0 MEHBIIE
PaBHOBECHOTO JAaBJIEHHSl p M, CIe[0BATeNbHO, BHEIUHAS padoTa

prdV < pdV.

COOTBETCTBEHHO MPH HEKBA3HCTATHYECKOM CXKATHH ra3a BHELUHee JaBe-
HHe p; GoJIblile PABHOBECHOTO M N03TOMY paloTa (Ha 3TOT pas OHa OTPH-

naTe/IbHAA)
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U TosbKO TIPH KBa3HCTaTHYECKOM Ipolecce BHellHee AaBjeHHe GecKo-
HEYHO MaJIO OTJIHYAeTCsi OT PAaBHOBECHOTO H, CleloBaTe/ibHO, pabora,
NpOH3BeleHHAsl B 3TOM CJydae, Hanboabluas.

Bosiee Toro, ras MoxeT pacliHpsIThbCs, BOBCE He COBEPIIWB HHKAKOH
BHelllHe# pa6otbl. TaKoil ciyyail MOXKHO OCYIIECTBUTH, COEIHHHB APYT
¢ ApyreM JBa COCYJa, H3 KOTOPHIX ONHH HANOJHEH Tra3oM, a Apyrofl
nycroil. Torna ras nepeTeuer W3 NEPBOTO COCYda BO BTOPOH M 3aiiMerT,
cnenoBatesbHO, Goabiunit o6bveM. Ho npu 3ToM HHKaKoil paGoTsi (BHeLL-
Hell) He Oyner coBepuieHO (HOO HET HHKAKHX BHEIIHHX CHJI, NIPOTHB
KOTOPHX 3Ta paGoTa MOTIJIA COBepILIaThesi). JTO TaK HasbiBaeMbH mpo-
1ece pacmiupeHus B nycrory (cM. cip. 125). M nefictBuTenbHO, B Teue-
HHe BCEro 3TOTO IIPOlecca. ra3 He HaXOoAuTcs B paBHOBecHH (Kak Obl
MeJJIEHHO OH HM INpOoTeKaJ).

§ 24. TensioeMKOCTb HAeasIbHbIX Ta3oB

OnpenenuM Tenepp KOJUUECTBG TEIIOTHI, KOTOpoe HeoOXOAHMO
COOGUIMTL HIEaNbHOMY Ta3y A/ ero HAarpeBaHHs WM OTHATb OT HEro
IJISl er0 OXJaxKAEHHA.

W3 ckazauHoro B mpeablaylileMm naparpa(pe SICHO, 4TO KOJIHUECTBO
TEIUIOTHl, NOTpPeOHOe A M3MEHEHMS TeMIepaTypel rasa, 3aBHUCHT OT
TOrO, COBEpIIAETCA JM TIpPH 3TOM pafoTa, T. €. H3MEHAETCA JH IIpH
3TOM 00BeM rasa.

Ecnn narpesaeMblil (MM OXJ12)K1aeMbiil) Fa3 3aKJIOUeH B 3aKPBIThIN
CO BCeX CTOPOH COCYA, OGBEM KOTOPOTO He MOXET H3MeHAThCA (TenJio-
BBIM_ paciiMpeHHeM MaTepHaja COCyla Mbl 3/ech npeHefperaem), TO
NOABOANMOE K HeMy Temio dQ 3aTpauHBaeTCA UCKJIOYUTEJBHO Ha H3Me-
HeHHe ero BHYTPeHHel 3HeprHH. JlaB/ieHHe rasza MpH HarpeBaHHH Oyner
pacTH 1O W3BECTHOMY Yy)Ke HaM 3akOHy. Ecsn ke ras HaxoauTca B CO-
cyle, nofo6HoM H306paxkeHHOMyY Ha pHc. 31, To OH Oy eT paciMpAThbeA,
coBepiiasi paGoTy NoJAkeMa NOPIUHA H COXPAaHAA NPH 3TOM JaBjeHHe
nocToAHHbIM. TToBOAUMOE B 3TOM C/ly4yae Tellio -Onpeae/aserca ypaBHe-

HueM (23.3): d0mdl+p dV
= p .

dlcHO, 4TO NpPH COXpaHEHHH J[aBJeHHSl Ta3a IOCTOAHHBIM Tpebyercs
GoJiblllee KOJHYECTBO TEIJIOTHI. '

KosnnuecTBo TemnoTh, NOTpe6HOE AJA HAarpeBaHHsl Tasa, 3aBHCHT
OT KOJIMY4ECTBAa HATPeBaeMOro rasa H oT TOro, Ha CKOJbKO TPajycoB
JOJIKHA ObITh M3MeHeHa ero TemnepaTypa. YUem Gosblie TO M APYToe,
TeM 6oJiblle NoTpeGHOe KOJMHUecTBO TemyoTH. [losToMy AnA xapakrtepu-
CTHKH TeIJIOBbIX CBOHCTB ra3a, KaK W BCAKOrO APYroro Tena, NoJb-
3ywoTesl 0coGoil BETHUUHON — MenAcemKocmso.

Tenaoemrocmero meaq HQA3bIGALIMCA KOAUMECMEO MeEnAQ, KOmopoe
HYMCHO N006eCUL K HeMY WAL OMHAMb 0Nt HeeO 0Af USMEHEHUS €20 meM-

nepamypot #a 1 K.
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TennoeMKOCTb, OTHeceHHasi K €JHHHUE Macchl BelllecTBa, Hasbi-
BaeTca ydeasroli menacemrocmoro. OHa XapaKTepH3yeT yxKe HE TeJIo,
a BElLIeCTBO, U3 KOTOPOTO TEJIO0 COCTOMT.

TennoeMKOCTb, OTHeCEHHAs! K OJHOMY MOJIIO BEllecTBa, HasbiBaeTcs
MOAAPHOL menaoemkocmero. Kak B yjelpHasl TEMJIOEMKOCTb, OHa f1B-
JdeTcd XapaKTepHCTHKOH BellecTBa.

V3 onpepeneHn s Tema0eMKOCTH ICHO, 4TO TEIJIOBMKOCTb TeJsla Bbipa-
xaetca B JIx/K. CooTBeTcTBeHHO 3TOMY Yae/bHas TeNJIOEMKOCTb
uamepsgerca B [xk/kr-K, a monapuasa — B [Ik/moab -K.

EcnM KOJIHUECTBO TEm/IOTH H3MepfAeTcA B KajldoOPHAX, TO YAeNbHAas
TeIJIOEMKOCTL H3MepsAercs B Kaa/r -K, a monapuas — B Kaa/mousb -K.
OueBHHO, 4TO

1 kan/r- K =4186,8 Tx/kr- K, 1 Kan/mons - K =4,1868 II)K/Monb-K.
Mex 1y yAenbHOH TenIoeMKOCTbIO, KOTOPYO0 Mbl OyjaeM 0603Hayarh
yepes ¢, 1 MonfipHOH C cyluiecTByeT OYeBMJHOE COOTHOLIEHHE:
= C/hy

rIe p — MoJfpHad Macca BellecTBa (UMC/ICHHO DaBHas Macce MOJs).
Ecnu Mosb BeLecrsa narpeBaeTcs He Ha 1 rpanyc, a Ha dT rpanycos,
TO KOJIMYECTBO- 1€I/1a, 3aTpaudBaeMoe Ha 3TO, PaBHO

dQ-=CdT,
OTKyJa
a9
C = (24.1)

[TycTh HarpeBaHye MPOHUCXONHT B YCJIOBHAX, KOTAA 00beM OCTaercs
nocrosuubiM (V = const). CooTBeTcTBYOIAA MOMAPHAS TENJIOEMKOCTD
HAa3bIBAETCS MENACeMKOCHIbIO NPU NOCMOAHHOM 0OBeme, WM UI0XOpPU-
Yeckoti menaocemkocmoro, U o6osznadaerca Cy:

Cy = <j§>v (24.2)

Tak Kak TemJoTa NpPH 3TOM TPATHUTCA TOJIBKO Ha H3MeHEeHHe BHYTpeH-
neil suepruu dU, 10 dQ = dU n
AU
Cy= <dT)V . (24.3)
Orcrona dU = C\, dT. YpaBueHHe 3aKOHa COXpaHeHHs sHepruH (23.3)
MOXHO Telepb IepenucaTb B BUIE

dQ=CydT+pdV. (24.4)
Cneuosz;Te.anO, noaBoOJUMOE K Teny TenJa0 pacxonyeTCH Ha H3MeHe-

nue Temneparypst dT (M3MeneHHe BHYTPeHHEH 3HEPTHH) H H3MEHEHHe
o6bemMa dV (c 3THM CBsi3aHa BHELIHAA MeXaHHYecKas paloTa),
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Ecan npn HarpeBaHuM NOCTOSIHHBIM OCTaeTcCs AaBJAEHME, TO TEmJo-
€MKOCTb Ha3bIBAeTCA Men0emKocmsio npu nocmoantom dasseruu C,
(ee MOXHO TaKKe HasblBaTh 4306apULECKOLl MENA0eMKOCIbIO):

C,= <§§)

[Tonb3ysick pe3y/nbTaTaMu KHHETHYECKOH TeOPHH Ta30B, JeErKO
BBIYHC/IHTD MOJISIDHBIE TEIJIOEMKOCTH H[IeasibHOTO rasa.

§ 25. Ten/oeMKOCTbh OHOATOMHBIX Ta30B

Jaisi nieanbHOrO OAHOATOMHOTO ra3a, KaK Mbl BHAEIH, BHYTPEHHSR
3
3Heprus Mosst paBHa U = -2—RT', 3HAYMT,

Cv="R. (25.1)

Ecnu pasnenuTs 3T0 3HAueHHe MOJNFPHOH TENIOEMKOCTH Ha YHCJO
MOJIEKY./1 B IDaMM-MOJEKYJIE, T. € HA YHCH0 ABoranpo, To f10J1Y4HM TOT
CPelHHil BKJAZ, KOTOPHIH KAa)KAas MOJMEKY/a BHOCHT B TEILIOEMKOCTb
rasa:

ol w
=
I
[NSJRSL)
&

0

CJ'IellOBaTeJIbHO, Npy NOBBIICHUH TeMNepaTypoul Ha 1 geabBUH 3Heprus
M 3 o
KaxXJOH MOJIEKY/bl B CPCAHEM BO3pacTaeT Ha b) k AXKOYJIeH.

TennoemkocTs C, HAEATBHOTO Ta3a MNPU NOCTOSHHOM JaBAEHHH
6oJibllIe TeN0eMKOCTH Cy PH NOCTOSTHHOM 00beMe Hd BEJIHUHHY PaGOTHL,
KOTOPYIO COBepluaeT MoJb rasa, paclinpsisch MpH HarpeBanud Ha 1 K.

Co=Cy +p<§‘§)p - %R+p<§‘§>p. (25 9)

Pa6ora 3Ta paBHa p 3—7‘/,. Takum oGpa3zom,

Ho ans Moas upeanbHoro rasa pV = RT, nostomy p <§¥>p=R "
3 3
Cp= ‘2“R+R:'Q‘R (253)

-3 dopmyt (25.1) 1 (25.3) BUAHO, YTO TEIIJIOEMKOCTD IIPH TTOCTOAHHOM
NaBJ€HHH NPEBOCXOAHT TellJI0eMKOCTb NPH MOCTOAHHOM O0GbeMe Ha Be-

JHYHHY R:
C,—Cy=R.
3HAUHT, YHUBCPCAABHAR 2030805 NOCMOAHHAR YUCAEHHO pasHa pabome,

Komopyro 1 MOoae UOLQABHO20 2a3Q COBEPUIALT, PACLULPAACL NPU Hacpe-
ganuu Ha 1 Keavus,
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Tax Kak R == 8,314 [Ix/MOb, TO Al MORSIPHLIX TeNJOEMKOCTE!
Cy u C, nonyyaem Takue 3HadeHus:

Cv=SR =13 8314=12,47 u/moms- K;
Cp=5R=8314=20,78 [x/vors - K.

YHuBepcabHYIC ra30By0 NOCTOSIHHYIO R MOXHO BLIPA3HTh U B €1H-
Huuax kKaa/mousb -K. Tak kak 1 Tx = 0,239 kaia, To.

R = 1,988 kan/mosb- K ~A-2 kan/mous - K.

~

Toraa ans Cy u C, nonyuuMm 3HaueHHs:

-Cy~3 kan/monb-K; C,~5 kan/monb- K.

Pa3HoCTh 3THX TEMJOEMKOCTell paBHa
C,—Cy=R ==2 xan/mosn - K, (25.4)

a HX OTHOLIEHHWEe

y=C,/Cy=1,66. . (25.5)

- B Taba. 5 npuBeleHH SKCNEPHMEHTA/bHbIE 3HAYEHHS MOJISAPHBIX
TEMJIOEMKOCTeH, KOTOPbIE XOPOLLO COTMIAcyOTCS ¢ PACUCTHLEIMH HAHHBIMH
J151 OHOATOMHBIX T'a30B (a Hallla TEOPHS, KaK yiKe YKa3biBaI0Ch, 10K HA
ObITH CIpaBelIHBa MMEHHO NJIst TaKUX rases). [eficTBuTeNBHO, H3 (25.1)
caenyer, uro Cy/R = 1,5, a corsacHo (25.4) u (25.5)

c,—-C, . . c

Kak BuaHo u3 Tta6i. 5, SKCNEPpHUMEHTAJIbHbIE - NJaHHBIE HaXOAATCHA
B COIVIaCHH C TEOPETUUYECKUMH,

Ta6nuua 5

TennoemkocTh OJIHOATOMHBIX ra3os

Faa i‘f Cp—Cy f_‘_’ Fa: Cv [Cp—Cv ?ﬁ’

R R Cy R R v

Tenuit 1,619} 1,001 | 1,659 Kpuirron — — 1,68

Heon — — 1,64 . Kcenon — — 1,66
Aprou 1,5 1,008 | 1,67

Tennosaa dyukuuna. Ecan coo6uuth rasy HeKOTOpPOe KOJHHECTBO
TEeNJIQTHl TaK, 4TOOkl JaBJEHHE €0 OCTABANOCh NOCTOSIHHBIM, T. €, JaBas
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€MY BO3MOXKHOCTb cBO6GOIHO pacuiupAaThCs, TO ypaBHEHHEe, BhipaXkatoliee
nepBoE€ HavdaJOo TePMOAMHAMHKH, MOXHO NepenucaTb B BHJE:

(dQ), = d(U+pV).
JleficTBHTENBHO,

dU+pV)y=dU+pdV +Vdp.
Ho ecnn faBnenue ocraetcss noctosiHHbM, 10 dp = 0 H COOTBETCTBEHHO
d(U+pV)=dU+pdV.

310 3HAUHT, 4TO €CJIH NPOLECC HATPEBAHUS MM OXJaXJAeHHs Ta3za (Wiu
JIF060T0 Te/1a) coBepllaeTcsi NPH NOCTOSAHHOM JaBJeHHH, TO COOGLIEHHOE
€My H/H OTHTOE OT HEro TeN/O OKA3LIBACTCS DPABHBIM HW3MEHEHHIO

BeIHYHHbI
I=U+pV,

KOTOpasi nosyuuja HazBaHHe mMENA0B0L (yHKYUL WIH SHMAALHUU.
(B TexHHKe 3Ty BeJMYMHY YACTO HA3LIBAIOT MENAOCODEPHCAHUEM.)

- TemoBasi pyHKUMS TOKE MOXKET CJ1YKUTH NapaMeTPOM, ONpelesio-
UM COCTOSIHHEe [a3a, ecJd M3MeHeHHe COCTOSIHMA. MPOUCXOMUT NpH moc-
TOSIHHOM JlaBjieHnd. QueBHAHO, YTO TENJIOEMKOCTh Ta3a NPH NOCTOSIHHOM
JaBJIEHHH MOXKHC BbIPa3HUTh 4Hepe3 TENJVIOBYIO (pyHKU,l/IlOZ

c. — (4 4l
P \dT /s — dT*
Ins udeassHoeo 0NHOATOMHOTO T'a3a TenJioBasi GYHKUMS JAAHHOH Macchi
rasa nponopuHOHaNbHA TeMHepdType H He 3aBHUCHT OT 32HHMAaeMoro
UM ofbema:

I=U+pV=3RT+RT =3 RT;
c¢Jje0BaTe/J1bHO,
Co= 2 R.

Ilns HeMjeaNbHOTO Tasa TensoBas (YHKUHMS 3aBHCHT OT 0GbeMa.
OueBHHO, YTO MPH NOCTOSIHHOM JiaBJIeHHH CBOHCPBA Ten10BoH HYHKUUH
I aHanorHuHH - CBOMCTBAM BHYyTpeHHe#l 3Hepruu U npH NOCTOSIHHOM
obpeme.

§ 26. TennoemkocTh razos
H 4uCI0 cTemeHed cBoGOABI MOJIEKY

st cpaBHEHHS ¢ pe3y/ibTaTaMH TeOPeTHYECKHX BHIUHC/IEHHH TenJo-
eMKOCTH Mbl BLIOMpa/id ONbITHblE JayHbiE, KAcaloHecs OJHOATOMHEIX
rasoB, T. €. Ta30B, MOJIEKYJ/bl KOTOPbIX COCTOAT H3 ONHOIO-eJUHCTBEH-
Horo atoma (cM. Ta6a. 5). U 310 He cayuaiiso. OaHO M3 mpeanoJo-
KeHui#l, JexalluX B OCHOBE KHHETHYECKOH TeOpHH, M3 KOTOpPOH H
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clelyeT H3JI0XKEHHAsl BhILe TEOPUS TEMJIOEMKOCTH, COCTOHT B TOM, HTO
YacTHUb! MJeaJbHOTO Ta3a MOXHO paccMaTPHBATh KakK TOYKH HWAH, MO
KpaiiHe#l Mepe, KakK Me/buaiilliie MIAPHKH. A TaKOMY NpeJCTaBJICHHIO
0 rase G/iHXKe BCEr0 OTBEYAT UMEHHO OJHOATOMHEIE Ta3bl.

CpenHsasi 3HEpTHs TAKOH YACTHUBI NOJHOCTHIO OnNpejefsieTcsl cpell-
Heil KHHETHYeCKOHl 3HeprHell ee nocmynamessHoco ABHXKeHUst mu*/2.
SHeprHIO 3Ty MOXHO NMpPeJCTaBUTh KAK CYMMY TPeX CJIaraeMbiX — Kulie-
THYECKHX 3HEPTHil JBIXKEHHS MOJEKYJH [0 TPeM B3aMMHO NepneHiH-
KYJISIPHBIM HanpaBJeHHUsAM:

re v,, U, U, — COCTABJAIOUHE CKOPOCTH MOJIEKYJbl MO TPEM OCSM
KoopauHat. [losHas XaOTHYHOCTh MOJEKYJAPHBIX NBHXEHHH NO3BO-
JISIeT CUMTAThb, YTO CPelHHe 3HaueHHs KHHETHUYeCKUX 3HeprHii no Tpem
HampaB/JeHHSIM PaBHbl APYr APYTy: {

]

mv?, m{;i mo? b mo?
= =— = . 26.1)
2 2 2 3 2
Tak KaK COr/IacHO OCHOBHOMY yPaBHEHHIO KHHETHYECKOH TEOpHH
muo? 3
5 =2k

TO KaxJoe W3 Tpex cjaaraeMbix papeucTBa (26.1) paBno £T/2.

PaznenieHie KMHETHYECKOH 3HepruH 4acTUlUbl HA TPH HE3aBHCHMble
COCTAB/SAIOMME CBA33aHO ¢ TeM, YTO YaCTHUA pacCMaTpHBaeTcsl Kak
CBOOOJHAs MaTepHa/ibHAsl TOYKa, OOJANAIILAS MmpPeMa CIENEHAMU C80-
600eL.

HanomHuM, 4TO 4HcJ/JOM cTeneHed cBOGOJb MeXaHHYeCKOH CcHCTe-
Mbl Ha3bIBAETCS YHC/I0 HE3aBHCHMBIX KOOPAUHAT, ONpelefsomHiX ee no-
JIO)KEHHe H KCHOUTYpauuio B NPOCTpaHCTBE. 3HAUWT, HA KaXKIYIO CTe-
neHb CBOGOJbI OJHOATOMHOH MOJIEKYJIbl MPUXOJUTCS 3HEPTH#A, paBHas
kT /2.

Ecnu 6bl, HanpuMmep, CyillecTBOBaJ TaKOH THNOTEeTH4ecKHil ras,
MOJIEKYJIbl KOTOPOrO MOIJIH Obl ABHUTATbCS TOJABKO BJOJb HEKOTOPOH
JIMHHH (OZAHOMEpHBLi ra3), TO CPefHsS KHHETHUYECKAs SHEePTHS MOJIEKYJIbl
TaKoro rasa Obwia Obl paBHa £T/2. MoJssipHasi TemJOEMKOCTb MPH MNO-

3
CTOSIHHOM OGbeMe Y TAKOrO rasa paBHs/iach Obl He R,a R/2. IBymep-

HHI Ta3, T. €. a3, MOJIEKYJ/ibl KOTOPOro OrPaHUYeHH B CBOEM JIBHKEHUH
KaKoH-1H60 IIJIOCKOCTbiO, o6jasan Obl TenaoeMKOCTbio Cy, paBHO#H

2
gR=RY.

Yy CpoiicTBaMH JBYMepHOro rasa npH6Au3HTRILHO o6/ajgaer ciofi rasa, Nornjo-
WeHHbIH (agcop6UpoBaHHbBIA) Ha HOBePXHOCTH TBEPAOTO Tesa.
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§ 27. TenyioeMKOCTb ABYXaTOMHBLIX H MHOTOATOMHLIX ra3os

NamepeHusi, npoBefleHHbie Ha HeOJHOATOMHHIX ra3ax, NOKa3a/H,
4TO HX MOJISIPHble TENJOEMKOCTH NPEBOCXOAAT TENJOEMKOCTH OJHOATOM-
HBIX Ta30B. 10 BHAHO M3 Ta6j. 6, B KOTOPOH A1 PSALa MHOTOATOMHBIX
ra3oB NpHUBeJleHbl 3HAYEHHS] TeX »Ke BeJHYHH, YTO U B IIpelbiiylieid
TabJuLE.

Ta6anuuna 6

TennoeMKOCTh MHOrOATOMHbBIX Ta3oB

Cy |C,—Cy C,, Cy |C,—Cy <,
3 — laa — ==
re R g |' oy R -l LYY
Bopopon (Hy) 2441 0,995 [1,41 || Xnop (Cly) 302! 1,09 | 1,36
Xnopucerwléi soso- | 2,541 1,02 |1,40 |Bona (nap, Hy0) 3,3 1,06 | 1,32
pon (HCI) Yraekucnora 34 1,02 | 1,3
Asor (Ny) 245( 1,005 | L,404| (COp) -
Ogucb yraeposa | 248 | 1,005 | 1,404 || runen (CoHy) 404 1,03 | 1,25
(CO) Meran (CH,) 3251 1,01 1,31
Kucnopon (Os) 2,50 1,004 | 1,401 | Ammuak (NHy) 3421 1,06 | 1,31
Oxkucb asora (NO) 12511 1,005 [1,4 '

W3 tabauubl BULHO, YTO rasbl, MOJEKYJbl KOTOPHIX CONEPIKaT ABa
U 06oJjiee aTOMOB, OTJIHYAKOTCA OT OAHOATOMHBEIX Ta30B 3HAUYEHUAMHU
pesivund Cy/R (a 3HauuT, U Cy) u C,/Cy. 3HaueHHe He BbIPaeHHs
(C,—Cyw)/RY BCEX Ta30B OfHO U TO >Ke 3T0 3HAUMT, YTO HE3aBHCHMO
OT YHCJ/a aTOMOB B MOJIEKYJIe Pa3HOCTb MOJISIPHBIX TEMJIOEMKOCTEH HeH3-
MEHHO. paBHa R, T. €, MOJIb JII00OTO HAeaJbHOTO ra3a, pacuIMpssiCh MpU
MOBBILIEHHH ero TeMmepaTypbl Ha 1 K B yC/JOBHSIX MOCTOSIHHOrO JaB-
JIeHHs, COBeplUaeT OAHY M Ty e paGoTy, paBHyiO R.

U3 rta6aumsl BUAHO, YTO Mepeydc/eHHble B Hell Trasbl OTYET/IHBO
pasfefsilorcsi Ha ABe TPYNMbl: rasbl ABYXaTOMHble, y KoTopbix Cy/R
6mu3ko Kk 2,5, a C,/Cy — k 1,4, 1 rassl, MoJIeKyJibl KOTOPBIX CONEPKAT
TPH H 60J1ee aTOMOB Y atux rasos sHaueHuss Cy/R 61H3KH K 3, a
C /Cv — K 1 3

3T0 3HAUMT, YTO LJIsI Ta30B NePBOH IPYNNAb! (ABY XaTOMHbIX) 3HAU@HHSA
MOJISIPHEIX TEMJIOeMKOCTell G/IH3KH APYT K APYTY U PaBHbI

Cy= g R =~220,8 Ixk/Moab - K ~~ 5 Kaja/Moas - K;
= %R 4+ R a=29;1 JIx/Moub - K &~ 7 Kan/moib - K.
CuiefloBaTeNIbHO,

7
5

o

il
Cy

a1,4.
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J1151 ra3oB, MOJIEKYJ/bl KOTOPbIX COCTOSIT U3 TPeX WJIM GoJiee aTOMOB,
TEMJIOEMKOCTH, KaK 3T0 BHAHO H3 Ta6/. 6, HMEIOT clleflyioliye YuC/IeHHbIE
3HaYeHHS:

Cy=3R ~=24,9 JIx/Moab-K =26 Kaa/mosb - K;

~ Cp=3R+R~=33,3 Lxk/Mons - K~ 8 Kaa/moas- K,
oTciofa
c, . 8
E‘; = g% 1,33.

[TpuBef¢HHEIE 3KCNEpPUMEHTa/bHble JaHHbBIE O TEMJIOEMKOCTH -OTHO-
CATCS K rasam TpH. CPaBHUTEbHO HeGOJBLIHMX JaB/ieHHAX (MopsjiKa
atTMocdephl U HHXKeE) U K TeMrneparypaM, 6H3KHM K KOMHaTHEIM. B 3Tux
YCIOBHAX Ta3bl Maso OT/IHYAIOTCS OT HieafbHBIX.

Uem xe 06bACHUTb TaKhe 3aKOHOMEPHOCTH, OTHOCALIMECS K BeJiu-
YgHAaM TeVIOEMKOCTH JBYX- M MHOrOaTOMHBIX rasoB? OTBeT Ha 3TOT
BOMpPOC [aeT TaK HasblBaeMbifl 3aKOH paBHopaclpefesieHUs,

*3aK0H paBHOpacnpejie/lendss H TenJoeMKOCTh MHOIOATOMHLIX a3os.
B npeasiayiiem naparpade, npu paccCMOTPeHHH TETVIOEMKOCTH OJJHOaTOM-
HOTO rasa, 6bu10 06pallieHo BHUMaHHe Ha TG, UTO CPeHAA KUHeTHUeCKas
3HEpTHsl MOJIeKYJLl, MPUXOAALLASACA HA OJAHY CTeMmeHb CBOGOALI, pPaBHa
kT/2. EcrecTBeHHO 6bLI0 MpPEANONONKHTh, YTO ec/M 6bl MOJIEKYJ/a rasa
06/1a/1a/1a ellie_KaKUMH-HHOY Ib CTeNeHsAMH CBOGO/EI, TO H Ha KaXAYIO U3
HUX mnpuiliiack Obl KuHeTHuecKas sHeprus kT/2.

IeficTBUTENIBHO, B K/acCHYeCKol CTaTHCTHueCcKo# ¢uauke (Knaac-
CHYECKOW — 3HAYHT He KBAaHTOBOi) TaKasli TeopeMa JOKa3biBaeTcs
(Bosbuman). 3Ty TeopeMy MOXKHO cOPMYJHPOBATD TAK: €CAU CUCMEMA
MOAEKYA HAX00UMCSL 8 MERA0SOM pastosecut npu memnepamype T, mo
CPEOHAR KUHEMULECKAS SHeP2US PABHOMEPHO PACRPEOeseHa MeXCOYy 6cemul
cmenensamu 806006l 1 04 KAHOOt crmenery c60600bL MOAECKYAbL OHQ PAGHA
kRT/2.

([Llpyrasi- ¢opMy/IHPOBKa 3TOTO e 3aKOHA IVIaCHT: eClH KaKasi-l1u6o
COCTaBJAOUIas] 3HepTHH CHCTEMBbl MpPONOPIHOHANbHA KBaApaTy Koop-
JUHAThl UAH KOMIOHEHTBl CKOPOCTH, TO B COCTOSIHHH TEMJOBOTO pPaBHO-
BecHs CHCTeMHIl IpH TeMnepaType T cpefHee 3HaueHHe 3TOH 4acTH 3Hep-
rui paBHO RT/2.) '

Jra TeopeMa Ha3blBaeTCsi 3aKOHOM DaBHOMEDPHOTO pacnpefeseHHs
KHHeTHYeCKOH '3HepTHH MO CTeneHsiM CBOGOABI, HJIH, KOPOTKO, 3AKOHOM
DPABHOPACHPEOCNCHUA.

3TOT 3aKOH NMO3BOJIAIET OTBETHTH HAa MOCTABAEHHEHIH BHIlIE BOMPOC.

B oTHowenuu cBoeii BHyTpeHHe#i 3HEPruM ABYX- H MHOTOATOMHBIE
rasel OTJIHYAIOTCA OT OJHOATOMHBIX UHCJOM CTeneHeill CBOGOABI CBOHX
MoseKyJsl. 3HAauHT, /sl BBIUMCJEHHsI BHYTPEHHEH 3HepTuM rasa M, cje-
JOBATe/IbHO, TEIJIOEMKOCTH HaJ0 yMeTb OmpeflefsiTh YHCIO0 CreneHeft
cBoboapl MOJIEKYJl rasa.
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PaccMoTpuM cHauaja~mpocTefuuil ciyuall — ABYXaTOMHOH MoJse-
KyJel. Ee MoxHO cefe mpeicTaBUTh B BHJE CHCTEMBI, COCTOSILIEH H3
JABYX aTOMOB, DAacroJIOKEHHBIX Ha He-

KOTOPOM pacCTOSiHHH APYr OT ApYyra f

(puc. 34). PBeau paccrosinme Mmexay Y
3THMH 4TOMaMH He MeHSeTCs (TaKHeA Q)
MOJIEKYJIbl Mbl 6Y/IeM Ha3blBaTh KECTKH- H

HMeeT 1IecTb CTeneHedl cBOGOMBL

JleliCTBHTE/ILHO, HOJOXeHHe H KOH-
duryparnus Takoil MoseKyJbl Onpefe-
JISIIOTCS: TPEMsT KOO AHHATaMH ee LeHTPa
Macc, KOTOPBIMH OHpefe/ifeTcsl MoCTY- Puc. 34.
natejbHOe JIBHXKEHHE MOJIEKYJbl Kak )
[IeJIOTO, W TpeMsl KOOpJAHHAaTaMM, OnpefefsiOliMMH BO3MOXHBIE Bpa-
LLeHHsT MOJIEKYJIbI OKOJIO B3aHMHO MeprneHAHKYJAspHLX oceit X, Y, Z.

OnHaKO OTBIT ¥ TEOPHSA NMOKA3bIBAIOT, UTO BpallleHHe MOJIEKYJ/I 0KOJIO
ocd X (cM. puc. 34), Ha KOTOpO# JsiexkaT leHTphl 060HX aTOMOB, MOMKET
OBbITh BO3GYKAEHO JHIIb NPH OYeHb BEICOKMX Temrepartypax. [Ipu o6blu-
HBIX TeMrepaTypax BpallleHHe 0KoJIo ocH X He TMPOHCXOAHT, TaK Ke Kak
He Bpailaercsl OTAeNbHBIH aToM. [lo3ToMy A/A OMHCAHUA BO3MOXKHBIX
BpallleHH# Hallell MOJIeKYJbl JOCTATOYHO IBYX KOOpPAHHAT.

CrenoBateibHO, YHCJO CTeneHell CBOGOAB KeCTKOH ABYXaTOMHOH
MOJIEKYJ/Ibl PaBHO 5, H3 HHX TPH MOCTynaTe/bHble (Kak MPHHATO TOBO-
pHTB) 4 JBe BpalllaTesbHbEE CTeNeHH CBOGOAHI.

Ho aToMBl B MOJIeKyJle He BCerfa ecTKO CBS3aHbl ADYT C APYTOM;
OHM MOTYT COBepllaTh KoJieGaHHs ApYr OTHOCHTeJbHO ApYyra. Toraa,
OUYeBHJHO, TpeGyeTca ellie 0fiHa KOOpAHHaTa AJIs onpellesieHHs1 KOHPHTY-

z panH# MOJIEeKyJbl, 3T0 -— DacCcTOsIHHe
MeX/1y aTOMaMH.
CnenoBatesibHo, B 0OllieM cllydae
4 L[ByxXatoMHasf® MoJlekyna  oGnrajaer
wiecmeto  CTeneHsiMd  CBOGOAB:  TpeMs
NOCTyMNaTeJbHbIMH, ABYMs BpalllaTe/ib-
HBIMH H OHOH KoJieOaTesbHOM.

Ecau MosekyJsia COCTOMT H3 7 aro-
MOB, HEXeCTKO CBSI3aHHBIX, TO OHa HMeeT
3n creneHeii cBoGOAb (KaXIBIH aTOM
HUMeeT TPH cTeleHH cBoGoibl). M3 aToro

Puc. 35. ulc/Ja TPH CTeleHH CBOGOAH MOCTYymna-

Te/lbHBle W TPH BpalliaTesbHble, 33 HC-

KJIIOUEHHEM c/lyuasi, KOrja aTOMbl PacrosIoXKeHH Ha OflHO# npsiMoll, —

TOTJla BpaIl(aTelbHBIX cTeneHeH CBOGOABI TONMBLKO fBe (KaK y JABYyX-
aTOMHOH MOJIEKYJIbI).

Ilns npuMepa Ha puc. 35 mpHBeieHa Mofesih TPEXaTOMHOH MoJie-
KyJbl H NoKasaHu ocd X, Y, Z, BAO/Ib KOTOPHIX MOXKeT GhITh Pa3JIoXKeH

e

> f
MH), TO TaKasi CHCTeMa, BOOGLe roBopH, O /-\

Wb
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BEKTOp YIJOBO#i cKopocTH MoJieKysbl. Takum ofpasoM, HenuHeiiHast
n-atoMHasi MoJieKysa B ofllieM ciydyae MoxeT HMerb 3n — 6 kKoseGa-
TeJIbHBIX cTeneHedl CBOGOABI, a JiHHefiHas 3n — O.

Bo mHorux cayuasix xose6aresbHOe JBHMKeHHe aTOMOB BOBce He
Bo3byxnaercs. Ho ecin KosneGaHHSI aTOMOB B MOJieKyJle COBepLIAoTCS
H €CJIH HX aMIUIMTY[ABl JOCTaTOYHO MaJibl (M0 CPABHEHHIO C PAaCCTOSAHHEM
MeXK1y HHMH), TO TaKHe Ko/eGaHHs MOMKHO CUMTAThb TapMOHHYECKHMH;
aTOMBl B 3TOM CJyuae SIBASIOTCS TapMOHHYECKHMH OCHHJ/JISITODaMH.

Ho ocunnnsarop obnanaer He TOJAbKO KHHETHYECKOH, HO M MOTEHIHU-
albHOH 3Hepruedl (Moc/elHAs 00yC/OBJEHa CHJIaMH, BO3BpalllalomyMH
aToM B ToJOMKeHHe paBHoBecHsi). Ilnsi eapmorudeckoeo “ocluMANATOPA,
KaK H3BeCTHO H3 MeXaHHKH, cpellHHe 3HaueHHsl KHHeTHYeCKOH H TNOTeH-
[lHa/bHOH 3HEPTHH paBHbl MeX1y co6oil. CienoBarte/ibHO, eC/lH B MoJle-
KyJsie BO36YXKJeHbl 2apmonudeckue KojeGaHHS aTOMOB, TO MO 3aKOHY
paBHOpacTpe/lesieHHs1 Ha KaXAylo KoseGaTe/ibHylo CcTeleHb CBOGOIbI
npuxonuTcs kT/2 B BUle KHHETHUYeCKOH sHepruy U kT/2 B BUJle TIOTeH-
uuanpHOH, [l aHrapMOHHYHBIX (He TapMOHHYECKHX) KojeGaHHil 3TO
HEBEepHO. '

Hpyrumu cioBamu: 3Heprus, NpUXOASIasicss Ha KaxkAylo xoieba-

kT, a 2.0 kT =4T.

[Tocne 3TOrO0 HeTpyAHO BHIYHCAHTH TEMJOEMKOCTb MHOTOATOMHBIX
ra3oB. " .

Ecan uncsto crenenedl ¢Bo6osibl MOJIEKYJIbl Ta3a paBHO {, TO ee cpef-
HASL 3Heprusi paBHa

MmeabrYyt0 crefleHb CBOGOABI, paBHa He

T
l 5— ,
a BHYTPEHHSIST 3HEPTUsI OQHOTO MOJIsl TAaKOro lasa
U=%RT. ' 27.1)
COOTBeTCTBeHHO 3TOMy MOJIﬂprIe TenJIOeMKOCTH rasa
dau j
Cy="57 = 5R (27.2)
H . .
c,,=cV+R=(~-‘2- + 1>R. T @1.3)

[Ipu moacuere uucsaa cTeneHeill cBoGozbl { HaJ0 YHCJIO KoJebare/ib-
HbIX cTeleHe# CBOGOABI yABOHTb. DTOrO MOKHO He Jies1aTh, ec/H JaTh
HecKoJIbKO JApYroe ompejiesieHHe 4YUCIY crefleHeil cBOOOABI {; HMEHHO,
eCJIH 3TO YHCJO ONpelesHTh KaK 4UCAD HE3ABUCUMbBIX KBAOPAMUYHBIX
NEPEMEHHbIX, KOMOPbIM U ONpPeOeAsemca 3HePRUs cucmembl.

B camoM sesle, KHHeTHYecKasl 3HeprUs NMOCTYHaTeJbHOTO M Bpallia-
TEJbHOTO ABHXKEHHIl MOJIEKYJBl NpPOMOPIHOHAaNbHA CYyMMe K8adpamos
COOTBETCTBY:OUMX (HE3aBHCHMBIX) KOMIOHEHT CKopOcTed (JMHeHHBIX
H YIJIOBHIX).
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Uro KacaeTcsi 3HeprHH KoJieGaHHil aTOMOB BHYTDH MOJIEKYJbl, CO-

BepllaeMblX, HanpuMep, BA0Ab ocd X, TO OHa paBHa CyMMe KHHeTHUeC-

- !
KOH 3HepruH, NPOIOPHUOHANBHOH K6A0pamy CKOpoCTH (%)2, H NIOTeH-
IHaJbHOH, KOTOpasl, KaK H3BEeCTHO, MPOMOPIHOHaNbHA x%, keadpamy
CMEILEHHsI ¥ OTHOCHTEJNBHO MOJIOXKeHHs paBHOBecHf. TakuMm o6pasoM,
COrJIaCHO HOBOMY Ompejie/leHHIO uHc/a cTeneneil cBoOo/bl, Kose6Garesb-
HOMY JIBHXKEHHIO aTOMa BJOJb JaHHOH OCH c/elyeT NpPHOHCATb JBe
cTeneHy cBo6osbl, U dopmyJia (27.1) mpumeHHMa Ge3 OroBOpPOK (cpaBHHTE
BTOPYIO OPMYJIHPOBKY 3aKOHa paBHOpacNpejeseHHus).

HsnoxeHHble TOJBKO YTO cOOOpaKeHHS O BO3MOKHOM UHCJ/e CTemne-
Hell CBOGOABI MOJIEKYJ -NO3BOJISIIOT HCTOJIKOBATb HpHBeJleHHble BhbIlle
3KCMepHMeHTaJbHble [aHHble O TeMJOeMKOCTH MHOTOATOMHHIX TIa3o0B.

Tak, nanpumep, u3 Toro hakra, 4ro TeNJI0EMKOCTb BOLOPOAE, a30Ta,
KHCJIOPOZia H HEeKOTOPHIX APYTHX ABYXaTOMHBIX T'a30B JOBOJBbHO TOYHO

paBHa - R, c/leflyeT, 4To UHCJ/IO CTeNeHeil CBOGOABI MOJIEKYJ 3THX T'a30B

pPaBHO 5. 3TO 3HAUUT, YTO MOJIEKYJIBl 3THX [a30B MOXHO CUHTATh XKeCT-
KHMH (KosieGaTesibHbIe cTeNeHH cBoGOAB: He Bo3GYxJeHbl). To ke OTHO-
CHTCS H K HEKOTOPHIM TPeXaTOMHBIM rasam. Ho 3jech 3KcnepuMeHTasb-
Hble pe3ynbTaThl 0GHApYKHBAIOT CYllleCTBeHHble OTKJIOHEHHsI OT Teope-
THYECKH OXHJaeMblXx. M3 dopmynwl (27.2) crepyer, YTO TemJOEMKOCTb

6
Cy /151 KeCTKHX» TPeXaTOMHBIX MOJIEKYJI JO/KHA PABHATECA & R = 3R.

MeXny TeM TemJQeMKOCTH BCeX TPeXaTOMHBIX Ia30B, NePeuHC/IeHHBIX
B TabJs. 6, 0Ka3blBatOTCS HECKOMBLKO GoJibliie 3TOT0 3HaueHus (Ha BeJH-
YHHY, KOTOPYIO HeJb3sl OGBSICHHTD TMOTPELIHOCTSMH H3MepeHHS).

Ha TpynHocTH Hara/IKHBaercsi ¥ TONBITKA OOBSCHHUTH C TOUKH 3pe-
HHSl U3JIOKEHHOH TeopuH HalileHHble 3HaYeHUs TelJI0eMKOCTH XJopa.
[MpuBeseHroe B Taba. 6 3HaueHHe TemJoemkKoctd xJopa Cy = 3,02R
COOTBETCTBYET ILIECTH cTereHsM CBOGOABI AJS MoJeKyJ/bl XJopa. Ho
MoJieKyJia XJopa, Kak JBYXaToMHasl, MOXKeT UMeThb JIM00 HAThb cTelleHel
CBOGOMbI, ec/lH Ba elo aToMa KecTKO CBSi3anbl Me:XKay cofoil (1oria

5 (1]
Cv=§R>, Ja160 ceMb crereHell ¢cBoGOAB (COTJIACHO BTOPOMY ONpejie-
JIEHHIO Yuc/ia I), ecqd aToMbl BHYTPH MOJIEKYJBl MOTYT COBepIIAaTh
\
KosieGanusi (Toraa CV:?R),

~Kak BuAHO, U B 3TOM C/yuae TeopHs TEMJOEMKOCTH HE MOMKET CUH-
TaThCs yNOBJETBOPUTENbHOH. DT0 0GbsCHAETCS TeM, YTO Hallla TeopHs
He B COCTOSTHHU JI0/KHBIM 06pPa30M y4ecTb 3HEPTHIO, CBSI3aHHYIO C BHYT-
PeHHUMH JBHKEHHSIMH B MOJIEKYJ/ie, K KOTOPhIM 3aKOH paBHopacmnpeje-
JIEHHS] He BCer/la TPHMEHHM.

OcofeHHO BaXHBIM OTKJIOHEHHeM OT pe3YJbTaToB TeODHH SIBASETCS
TOT ()aKT, YTO TeNJOEeMKOCTb OKa3hiBaeTcs 3aBHCsILeH OT TeMrepaTyphl,
B TO BpeMsi KakK, COr/iacHO ypaBHeHuio (27.2), oHa Jlo/KHa GbITh s
JAaHHOTO ra3a ¢ JaHHbIM 3HaueHHeM [ BeJHUMHOH NocTOAHHOH. OmbIT
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MOKa3blBaeT, YTO TEMJIOEMKOCTb C TOHHXKEeHHeM TeMIeparyphl yMeHb-
LIaercs. :
3Ty 3aBHCHMOCTb MOXKHO 6bLJ10 GBI OGBSCHHTD TeM, UTO ¢ H3MEeHeHHeM
TEMIEPATyphl H3MEHSIeTC YHC/IO «JIeHCTBYIOWIMX» CTeNeHeil CBOGOABI
MOJIEKYJI, T. €. KaKHe-TO ABHXKEeHHS MOJEKYJ, MPOUCKXOAsIIHEe B OfHOH
006/1aCTH TeMnepaTyp, npekpatiaiorcs B Apyroil. OqHaKo Takoe npeano-
JoKeHHe TpebyeT, YTOOBI TENJIOEMKOCTb W3MEHSJach C TeMmepaTypoil
CcKaykaMH. Beib TO H/JM HHOe JABHXKeHHE MOXeT HJH TPOMCXONHTD,
HJM He TPOUCXOAHTb, B 1lepBOM CJydae eMy COOTBETCTBYET 3Heprus
kT/2, Bo Bropom 9Ta 3HEpTHs U CBSI3aHHBIH ¢ Heil BK/IaJ B TENJIOEMKOCThb
OTCYTCTBYIOT.. BO3MOXKHO, KOHEYHO, He BHe3amlHoe TpeKpalieHHe HJH
BO3HHKHOBEHHE TOTO HJ/IM HHOTO BHJa /IBH3KEHHS MOJIEKYJ/H, a MocTe-
NeHHOe H3MeHeHHe ero HHTeHcHBHOCTH. Ho 3akoH paBHopacnpenenenus
He pas/iMuaer 3Toro; ¢ JMo6oH cTeneHblO CBOGOAH CRSI3aHa OflHa H Ta XKe
sHeprusi '). Mexay Tem TemmeparypHasi 3aBUCHMOCTb TemJOEMKOCTH,
KaK NOKa3blBaeT OMbIT, HMeeT MJaBHEIH X0 — TemJOeMKOCTh H3Me-
HsleTCsl MOCTeNeHHO. ITO CBHAETENBLCTBYET O TOM, YTO 3aKOH paBHOMEp-
HOTO pacnpefleleHHs 3HepTHH II0 CTelleHsIM CBOGOAB! He MOXKET CUHTAThCS
BIIOJIHE BeDHBIM H HMeeT OrpaHUYeHHYIO IPUMEHHMOCTb.
Tennoemkocth Bojopoga. Bogopos obnagaer ToH 0co6eHHOCTBIO,
YTO TeMIlepaTypHasi 3aBUCHMOCTb TEIJIOEMKOCTH y Hero 0coGeHHO pe3Ko
BbIpaxkeHa. Ec/iu npH KoMHaTHOH TeMmeparype TemJ0eMKOCTh BOAOPOAa
IpH NOCTOSIHHOM o6beMe paBHa 5 Kas/Mosb-K, To mpu Temmepatype
okoso 50 K (-223°C) oma cra-
Ny . HOBUTCA paBHOH 3 kan/moJb -K,
8 ok T. e. BOJOPON BejleT cels Kak
i ' O/IHOATOMHBIA a3, o6JafalomHii
ok TPeMs CTeleHsIMH: CBOGO/HI.
KpuBasi 3aBHCHMOCTH TemJIO-
K e€MKOCTH BONOpOfia OT TeMiepa-
TYpbl mpejcTaBjeHa Ha puc. 36,
. L f M3 KOTOPOTO BHAHO, YTO TeEILIO-
0 00 200 J00 T, A eMKOCTb C MOHHXKEHHeM TeMilepa-
Puc. 36. TYpBl TMajaeT MOCTeNeHHO, UYTO,
BooOile roBopsi, HeoGbSICHUMO
C TOYKH 3pEHMs KJACCHYeCKOH TeopHH TersoeMKOcTH. MoxHo, npaBaa,
IIPELIIONOKHTL, YTO C MOHMXKEHHeM TeMIlepaTyphbl HMOCTENeHHO yMeHb-
IaeTCsl YUCJA0 MOJIEKYJ, COBEplUAIOMX BpalliaTe/bHOe [BHXKEHHE, HO
H B 3TOM C/lyyae OCTaeTcs HesiCHBIM, MOYeMy MMEHHO OflHa 4acTh MoJie-
KyJ CcOBeplliaeT TakKHe JBHXKeHHS, B TO BpeMs KakK y Apyrod 3TH
CTeleHH CBOGOJBl «BBIK/IIOUEHbI.
31ech Mbl BCTpeyaeMcsl ¢ OfHHM M3 MHOTHX C/yyaeB, KOIa KJacCH-
yeckast (U3MKa OKasbIBaeTCs He B COCTOSIHMH OGBSCHUTh ONBITHBIE

(2

!

AOA/N

1y TTo ynaunoMy BripaxeHHio 3oMMepdiesba, «cTeeHH CBOGOAB MOACUHTEIBAIOTCH,
2 He OlEHHBAIOTCHN. :
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(bakThl. B HalleM ciiyuae pacxoKaeHue TEOPHH H ONbITA CBUETEIbCTBYET,
OYeBHMJIHO, O TOM, YTO MpeACTaB/JeHHE O MOJeKyJaX KaK 0 TBepAblX
lIapuKax, ABHKEHUS KOTOPbIX MPOMCXOAAT N0 3aKOHAM MEXaHHUKH,
He BIIOJIHE COOTBETCTBYET AeHCTBUTEbHOCTH. Temepb XOpOLIO H3BECTHO,
YTO MOJIEKY.JIbl COCTOSIT M3 B3auMOJlefiCTBYIOLUX MeXAy co6oii aToMOB,
a aTOMBl HMEIOT C/I0KHOE CTPOEHHE W COCTOSAT M3 MHOTHX ellle MEHBUIHX
YacTHIl, KOTOpble TaKKe ABHXKYTCA CHOKHBIM o6pa3oM. JIBHXKeHue Xe
aTOMHBIX YacCTHI[ He NOAYHHSIETCS KJACCHYeCKOH MeXaHHKe, a yIpas-
JsieTcsl 0co6hiM «CBOJOM 3aKOHOB» — KBaHTOBOH MexaHuko¥. [Toaromy,
MIOKa HIET peub O TEJIOEMKOCTH OJHOAaTOMHBIX T'a30oB, Ha KOTOPYIO He
BJIMAIOT BHYTPUATOMHbIE IBHKEHHS U CBSI3aHHasl C HUMH 3HepTHsl, U3Jo-
JKeHHasl Bbllle TEOPHS TEIJIOEMKOCTH OKa3biBaeTcsl B IPEBOCXOAHOM
coryiacui ¢ ombitoM. Ho Bo MHOroaroMHHIX MOJIeKyJiaX CYLIeCTBEHHYIO
poJib MUTPAIOT yxKe BHYTPEHHHe MPOIEcchl B MOJIEKyJlaX U aToMax, C Ko-
TOPHIMH HECOMHEHHO CBSi3aHBl, HAmpHMep, KoJe(aTeslbHble CTeleHH
cBoGofbl. EcrecTBeHHO, 4TO Haula. TeopHsi, He yuuThIBaiolasi 0cOGBIX
KBAaHTOBBIX CBOACTB aTOMHEIX CHCTEM, B 3TOM CJy4ae /jaeT JHWb OpHGIH-
3UTe/IbHO BepHble pe3ysbrarhl. KBaHTOBasi ke TeopHsl HaeT MOJHOE
00bsICHEHHe BCeM OMBITHBIM JaHHBIM O TemJOeMKOCTH.

B uactHoctH, B c/1yuae atoMma -BofOPONa KBAaHTOBasl TEOPHS MOKa3bl-
BZeT, YTO MOJIeKYJbl BOAOPOAa MOTYT HaxOAHTbCS B IBYX DasHBIX CO-
CTOSIHHSIX —B COCTOSIHHH Aapasodopoda U opmosodopoda, TelJIOeMKOCTH
KOTOPHIX [I0/IKHBI OTJIMYAThCSl APYT OT Apyra. Pasnuyne MeXLy 3THMHU
COCTOAHHAMH COCTOMT B CJIefYyIOLLEM.

W3 xBaHTOBOfi TeopHM cJiefyer, YTO aTOMbl (TOYHee, aTOMHEBIE
fapa) 06/1a7al0T HEeKOTOPHIM MOMEHTOM KOJIMYecTBa JBHXKEHHs (MOMEH-
TOM MMIyJbca). Korza u3 1Byx atomoB Bojopoja o6pa3yercst MoJIeKY.1a,
3TH MOMEHTH sifep (OHH, KaK M BCSIKMe Apyrue MOMEHTHI, SIBJSIOTCA
BEKTOPHLIMH BeJIHYMHAMH) MOTYT paclo/IOXHTbCsl JHOO NapasiiesbHO
(1), m6o anTHmapansenwHo (| {) apyr apyry. Kak camo cyuiecrso-
BaHMe fJlePHEIX MOMEHTOB, TaK U HX BO3MOXKHbLIE OpHEHTAaLHH SIBAAIOTCS
CleJICTBHEM KBAaHTOBOH MeXaHHKH H M3 OGBIUHOH MeXaHHKH He MOTYT
OpITb mOyYeHB. BoHOpoA, MOJeKyJBl KOTOPOTO COCTOAT H3 aTOMOB
C mnapa/jsenbHO OPHEHTHDOBAaHHBIMM MOMEHTaMH sifep, Ha3blBaercd
OPTOBOLOPOZOM, B OT/IHYHE OT BOJOPO/A C AHTUNApaJ//iebHEIMH MOMEeH-
TaMmH sjlep aToMcB B MOJIeKYJle, KOTOPbIH Ha3bIBaeTcsl MapaBoJ0POIOM.

B o6biunoM Bojoposie cosiepKarcsi oGa Buia MOJIEKYJ, IpUYeM HX
OTHOCHTE/IbHOE COjlepKaHue 3aBUCHT OT TeMrepartyphl. [Ipu komHaTHO#
TeMIlepaType B HOPMa/bHOM BOJIOPOJE COAePKHTCS 0KoJIO 25% mnapaso-
JIopofia, a ¢ TOHMXKEHHEeM TeMIepaTyphl CojepKaHue MapaBofOpoOAa
Bo3pacTtaeT, Tak yto npu 20 K Bofiopos MOYTH 1eJIMKOM COCTOUT U3 napa-
Bogopona (99,8%) ). :

1) [Mpu o6BIYHEIX TeMIEpaTyPaX Mepexof MOAEKYA H3 OpTo- B MAaPacOCTOsS HHE TMPo-
HCXOJMT odeHb MefieHHO. OH yckopsieTcst MpH KOHTaKTe BOJOPOJa C HEKOTOPHIMH
MeTaJaaMH,



116 KHHETHUUECKASl TEOPHS TEHJIOTBI [r1. 11

‘OpTO- U MapacoCTOSIHUIO BOJOPO/Ja COOTBETCTBYIOT pa3Hbie 3HaAYeHHs
3HEepTHH BpalaTeJbHOTO ABHXKEHHs, 4eM U OObSCHsleTcsl pas3/u4yHoe
3HayeHHe TEMJIOEMKOCTH BOJOPOAa B 3THX JBYX cocTrosiHuaX. Ho npu
HU3KHX TeMmmepatypax (okoso 50 K) tennoemKocTh, 3aBuCAlllasi OT
BpallaTe/IbHOTO JBHIKEHHS! MOJIEKYJl, B OGOMX COCTOSTHHSIX CTAHOBHTCA
paBHOM HYJII0. ITUM H OGBSCHSETCS TO, YTO TEMVIOEMKOCTb BOJOPOAA
CTaHOBUTCS TaKOH e, KaK y OJHOaTOMHOTO rasa.

TenoeMKoCTb APYrMX MHOTOATOMHBIX Ta30B, TaK e KakK y BOJO-
pofa, NajlaeT ¢ IOHHKEHHeM TeMIePaTypbl, CTPeMsiCh K 3HaYeHHIO Tell-

3
JIOEMKOCTH OJHOA4aTOMHBIX Ta30B <-2-R) HO MPOHUCXOJHUT 3TO B o6Jy1acTu

OUYeHb HU3KHX TeMIepaTyp, KOTAa HelocpeACTBeHHOe H3MepeHHe Tenso-
eMKOCTH Ta30B BCTpeuaeT GoJibliMe TpYAHOCTH.

VamepeHus TemAOEMKOCTH MO3BOJSIOT, TaKHM 00pasoM, ClefaTh
BaXKHBIE 3aKJIOUEeHHST 0 CTPOEeHHH MoJieKyJ1. [Tostomy Takue HamepeHus,
0coGeHHO TIPH HU3KHX TeMIepaTtypax, uMeloT 6oJiblloe 3HadeHHe. Kpome
TOTO, 3HAHHE BeJHUYMHBI TEMJOEMKOCTH H €e TeMIepaTypHOH 3aBHCH-
MOCTH Heo6XOJMMO TpH pelleHHH MHOTMX TeXHHYeCKHX HpobJeM.

§ 28. WU3meHeHHe COCTOSIHHA MpPH H3MeHeHHH o0beMa rasa

M3 ypaBHeHHS 3aKOHa COXpaHeHHs 3Hepruu (24.4)
dQ=CydT +pdV

BU/HO, YTO NMOABOAMMAS K Ta3y TelJoTa MOMXKeT BbI3bIBAaTb H3MeHEHHsI
Temrepatypbl ra3a (dT) ¥ u3MelieHue ero o6bveMa (dV). B npenbiayuux
naparpadax Mbl pacCMOTpeJH C 3HepTeriddecKOid TOUKH 3peHHs Mpolece
M3MEHeHHs Temneparyphl raza. Temepb o6paTHMCS K BOIIPOCY O paclly-
PEeHUH U CXKaTuH HeaNbHOTO rasa, T. e. K Bompocy o6 H3MeHeHHH ero
COCTOSIHHSI TIPH M3MeHeHHH oOheMa.

Bbli0 noKa3aHo, YTO KOJHYECTBO TEMJOTHl, He06X0oAUMOe 15 H3Me-
HeHUs TeMrepaTryphl a3a, 3aBHCUT OT YCJOBHH, B KOTOPLIX 3TO H3Me-
HeHHe TMPOUCXOJMT, OT TOTO, COXpaHsercs JM NpH HarpeBaHHU rasa
HeH3MeHHBIM efo o0beM WM AaBleHHe, T. €. SBJASAETCA JU H3MeHeHHe
TeMnepaTypbl H30XOpHUECKMM HJM H306apHYeCKHM.

CxKaTHe U paclUMpeHHe T'a3a TOXe MOXeT MPOHCXOAUTD B Pas3iHYHBIX
YCAOBUSAX, U OT YCJOBHH OMBITAa 3aBUCHT 3HEPreTHYeCKUH pe3yJ/ibTaT
mporecca, T. €. coéepulaeman npu mom paboma (Belb H3MeHeHHe
o6beMa rasa CBSI3aHO UMEHHO ¢ pa6oTof).

CxKaTie W pacllMpeHue Ta3a MOXHO IPOU3BECTH TakK, 4TOOBl ero
TeMnepaTypa OCTaBajach mnocTossHHOH. Takoifi mpouecc HasblBaeTcs
usomepmuseckum. Ero MOXKHO OCYUWLeCTBHTb, MNOMECTHB a3 B COCYJ,
CHaGXKeHHBIH MOpLIHeM, NPHYeM TeMmepaTypa cocyla MNojJeprKUBaeTcs
NOCTOAHHOHU. “ [l 3TOro ero mnoMewaloT B TepMmocTaT — ammnapar,
cHaOXeHHbIH KaKUM-HUGYAb HCTOUHHKOM 3HepPrHH  (3JeKTpHuecKod
neubto, ropeskoit U T. 1.). [Ipu xopoluem KoHTaKTe rasa co cpefoii TepMo-
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CTaTa MOXKHO JNOGHTbCS TOTO, 4YTOGB! NPH BBILEJEHHH 3HePTHH a30M
KOJIHYeCTBO Tellia, MOABOAHMOrO OT HCTOYHHKA, YMeHbMIAJoCh, a MpH
TMOTVIOLIEHHH Ta30M 3HePTHH OHO YBeJIHYMBAJIOCh M TeM caMblM obecrie-
YHBa/JOCh MOCTOSHCTBO Temmepatypbl. CrelHanbHOe YCTPOACTBO —
TEPMOPEryJaATOp — aBTOMAaTHYECKH AOJepKUBAET TeMIlepaTypy B Tep-
MOCTaTe MOCTOSTHHOM.

Ecau B 3THX yC/I0BUAX [lepeMelllaTh ¢ NOMOILBIO BHelIHed CHJIbL HOp-
WeHb BHU3 (cM. puc. 31), raz Gymer cxkuMaTbcs, a BHELIHSIS Cuja —
coBepuwarb pa6ory. HaoGopor, mnpu paclIMpPeHHH MOJOXHTeNbHAS
paboTa coBepluaercs cHJ0ii, ¢ KOTOPO# ras JaBUT Ha NOpLIEHb,

H3meHenne ofbeMa MOXKHO TaKxkKe NPOHM3BeCTH B YCJOBHSX, KOI/a
K rasy He MOJBOAHTCH U OT HEro He OTBOAMTCA TenJsora. Takoii mporecc
Ha3wlBaercsl aduabamroim. B oTanYMe OT H30TepMHYecKoro Ipolecca,
TpeGyIoLIero XOpOolUlero KOHTaKTa co cpeflod TepMocraTa, aiuadaTHbIi
npollecc, HAnpoTHB, TpeOyeT TIATEAbHON TellJIOBOH H30/AUMH Tasa oT
OKpy:Kalollieii cpejsl.

§ 29. Padota npH H30TepMHUECKOM H3MEHEHHH 00beMa
njaeanbHoro rasa

Uro6el onpefenutb paboTy IpH H30TepMHYEeCKOM H3MeHeHHH o6beMa
rasa, HeoOGXOAHMO, COTJIACHO ypaBHeHHIO (23.2), BHYHCAUTbL HHTerpaJ

{da=(pav

BJI0JIb H30TepMhl. MBI He MoXkeM BLIHECTH p 3a 3HaKk HHTerpaJja, Tak
KaK faBjeHde BO BpeMs pacllMPeHHus HelpephlBHO H3MeHsieTcs. A
U3MeHsieTcsl OHO ¢ H3MeHeHHeM o6beMma 1o 3akoHy Bofins — Mapuor-
T2, T. €.

pV =RT ==const, orkypa p= @VT_.

IMoacTaBuB 3TO BBIpa)eHue JJ/Isl p TOj 3HaK HHTErpaja, NOJdy4dM AJs
pa6otel A npu u3meHennu obwvema ot V; mo V:

<
o

V,
A=\RT %/-:RTS-!VK=RTIn : (29.1)

Vi Vy

310 H ecThb BhIpaxeHHe /15 PaGOThl H30TEPMUYECKOTO paclIMpeHus
(anu cxkarusi) 1 Moss upeaspHOro rasa. Ecsiu Macca rasa paBHa He
1 Moo, To dopmyna (29.1) mpuHuMaer BHA:

M LV
== mi:2 29.2
A m RT1 o A (29.2)

rie M/p — 4ucno Mosei,
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U3 dopmya (29.1) u (29.2) BuaHo, uto paGoTa H3OTEPMHYECKOTO
paclIHpeHHsi 34BHCHT He OT PasHOCTH 0GbeMOB, MeX1y KOTOPHIMH
NPOHCXOAMT paclidpeHHe, a OT HX OTHolWweHdHs. To ke OTHOCHTCH,
KOHeYHO, H K CXKaTHIO. '

" Tak kak no 3akoHy bBoiis — Mapuorra p,V/y = p,V,, TO

Vo _ P2

Vi Py’

Ilosromy B dopmysaax (29.1) u (29.2) BMecto OTHOWEHHS O6LEMOB
MOXHO MOJACTaBHTb 00paTHoe OTHOWeHHe AaBneHH#. Torza

_M PL
A= pRTlnpz‘

Kak yxXe yKa3blBaJoch, NDH H30TepMHYECKOM DacllMpeHHH NOABO-
IUMasl K Ta3y TemoTa TPATHTCH TOJAbKO Ha cOoBepllieHWe BHellHei pa-
6otel. Hao6opoT, ApH H30TepMHYECKOM CKAaTHH paboTa BHELIHHX CHJA
HJeT Ha yBelHYeHHe BHYTpeHHell sHepTHH (HaTrpeBaHHe) OKPYIKaOLIHX

d
tes1. PopMasbHO 3TO-COOTBETCTBYET TOMY, UTO TEeMJOEMKOCTb Tra3a ﬁ
paBHaco (tak kKak dT = Q).

§ 30. AguaGaTHoe H3MeHeHHe o0beMa HjeaNbHOTO rasa

[Ipy amuabGaTHOM HpoOlecce a3 He OTAAeT OKPYXaloWHM TesaM
TEeMJNOTY, TaK XKe Kak H He noJjydaer ee u3BHe (dQ = 0). 3akoH coxpa-
HeHMs] 3HEPrMH HDHHHUMaeT B 3TOM cCJjydyae BHA:

—pdV=CydT. (30.1)

310 3HaYHT, YTo PaboTa, CBA3aHHAs C M3MEHeHHeM 06heMa rasa, N0KHa
COTMPOBOKAATbCA H3MEeHEeHHeM BHYTpeHHell 3HeprHH, a 3HauHT, H TeM-
nepaTyphl. 3uak muHyc B BblpaxkeHud (30.1) osmauaer, 4YTO yBeJH-
yeHHe o0neMa ras3a (pacllMpeHHe) cOmpo-
T,, BOXK/JaeTcsl MOHHXKeHHeM ero TeMneparypsl,
a c)KaTHe — MOBBbIIIEHHEM TeMMepaTyphl.
B nepBom cuayuae paborta coBepliaercs
rasoM 3a CYeT ero COGCTBEHHOH BHYTpeH-
Hell 3HepPTHH, MO3TOMY €ro TeMmepaTypa
H noHHXKaetcsl. Bo BropoM caydae paora
coBeplligeTcsl BHelllHe# CHJAOH W 3a cuer
3101 paboThl pacTeT BHYTPeHHSs 3Hep-
THsl, a 3HaYHT, H TeMmepaTypa rasa.
Puc. 37. Jlerko mpeacTaBHTL cefe  «KHHETH-
YeCKyIO» KapTUHY 3TOTO H3MEHEeHHs TeM-
neparypsl. IlpeacraBum ceGe cocya ¢ rasom B Bule UHJIHHAPA C NOpLU-
Hem (puc. 37). Ilycte nopliueHb NOZHHMAeTCs] BBEPX CO CKOPOCTBIO 4
(ra3 pacumpsercs). PaccMOTpuM HeKOTOPYIO MOJIEKYJY, ABHXKVLLYIOCS
CO CKOPOCTBIO ¥ B TOM e HampaBJ/ieHHH, 4TO i noplleHb. Ecn ckopoctb
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3TOH «JIOTOHAIOLIEH» MOpPIIEHb MOJIEKYJIbl OTHOCHTE/IBHO CTEHOK Cocyja
paBHa v, TO OTHOCHTe/BHO MOPLIHA €e CKOPOCTh paBHa v — u. Ilocae
TOTO KaK Hallla MOJIeKY./1a «[IOTOHHT» MOpLIeHb W MPOH30HAeT ympyruii
yZap, ee CKOPOCTb OTHOCHTE/IbHO NMOPIIHA JO/IXKHA OCTAThCA NO-NMpeXXHEMY
v — u, XOTA TENePb OHA yXKe IBHXKETCS He BC/ej 3a MOpPLIHEM, a OT Hero.
D10 3HAYHT, YTO CKOPOCTb ee OTHOCHTENBHO CTEHOK cOocyla JO0JIKHA
ObiTb MeHbllle, YeM MpeXXHsis, Ha BeanunHy v — 2u. TakuM ofpasoM,
BCe MOJIEKYJIbl, CTAJIKHBAIOLINECS ¢ IBHXKYIHMCA NMOPILHEM, OTPaXKaloTCs
OT Hero ¢ MeHbllieH, yeM JIo yapa, CKOPOCThIO. DTO U MPHBOJANT K yMeHb-
IIeHHIO CpellHel CKOPOCTH MOJIeKYJl, a 3HAYHT, H K NMOHHXeHHIO TeMrie-
parypbl.

TaknM ke o6pa3oM NpH OGPAaTHOM JBHXKEHHH MOPLIHSA J0/KHO
NIPON30HTH TNOBBILEHHE TEMNEpPaTyphl.

¥Ypasuenune [lyaccona. Ilpexne uem BbluMCIHTB pabory annabar-
HOTo H3MeHeHHsA oGbeMa rasa, HeoGXOIMMO HaHTH COOTHOIEHHe MeXIy
o6beMOM Ta3a H ero JaBjeHHeM, TaK KakK NpH aAnaGaTHOM Ipouecce
OHO YyXe He GyJeT ompenensitbcsi 3akoHoM bofnss — Mapuorra. Jas
3TOrO CJAeRyeT H3 ypaBHEHHs ‘

CydT+pdV =0 (30.2)

HCKMOYHTh 7. 3T0 MOXHO cfleNaTh, BOCNOJ/b30BaBIUHCh YpaBHEHHEM

COCTOSAHHA
- pV -=RT,

nuddepeHIIHPOBaHHE KOTOPOTO JaeT:
pdV+Vdp=RdT, otkyna d’I‘=ELV%Vﬂ.
HOACTaBﬁB 3To 3Hauenne dT B (30.2), nonyuaem:
Cy PV | pav —o,
HJH nocﬁe 3ameHbl R paBHbIM emy 3HaueHneM C, —Cy = R umeem:
CyVdp+C,pdV =0.

O6o3HaunM oTHOlleHHe TemnoeMkocTell C,/Cy =y, TorAa mnocJ/elHee
ypaBHEHHe TPHHHMAaeT BHI:

dp av
"p_ + Y —V‘ = V. (30.3)

B NnpeAnoJloXKeHHH, UYTO Y MOCTOAHHO, MOXXHO HaNHCaTh:

{2y (Y=o
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Iocne wnuTerpmpoBanus noayuyaeM: lnp 4- yInV = const, uan
pVY = const. ' (30.4)

310 1 ecTh HCKOMOE COOTHOLIEHHE MeX]y JlaBjeHneM H 00beMOM Hleallb-
HOro rasa npH ajgHaGaTHOM [pollecce H3MEeHeHHA ofbeMa.

YpaeHenne (30.4) HasbBaerca ypasweruem Ilyaccona waw ypas-
HeHHeM ajuabathl,-a BednynHa y = C,/Cy — nokasamesem aduabamet.
Ilpn uuTerpupoBaHHK (30.3) MBI NPHHAJH BEJHUHHY Y IIOCTOSIH-
Hoit. CTporo roBops, 3To He coBceM TouHo. TemnsoemkocTb Cy, a cjejo-
BaTe/MbHO, C, H Y MOTYT MEHAThCA C H3MeHeHHeM O0beMma, NaBJIeHH
" TeMHepaTypbl Tlostomy ypasrenne Ilyaccona (30.4) crporo cnpasel-
JIUBO JLISl OTPAaHHYEHHOT'O MHTEpBaJja 3HaueHHH 1aBjcHHH H 06beMoB.

Jnddepenunanproe xe ypaBHeHHe (30.3) ABAseTcA TOUHBIM.
M3 ypasuenns IlyaccoHa BHAHO, 4TO, B OTJIHYME OT H30TepMMUeC-
Koro mpotiecca, MpH agHaGaTHOM H3MeHeHHH o0beMa rasa ero JaBJjieHHe
MeHsercd o6paTHO TPONOPLHOHANBHO He

nepBo#l cTeneHH ofbema, a VV, IpHYEeM y
Gosbite eanHHUbl, Tak Kak C, > Cy.
ToHsiTHO, 4TO rpadMK 3aBHCHMOCTH jlaBJje-
HAs o1 o6bema Ternepb y>Ke He OyjeT ru-
nep6oJioit.

Tak Kak y > |, To KpuBas p = f(V)
npH anuabaTHOM 1poliecce, Ha3bIBaeMast
aduabamoti, Kpyde H30TEPME, KaK 3TO
BHIHO U3 pHUC. 38, Ha KOTOpOM H300pakeHa
agpabara u, AJAS CpaBHeHHUs, M30TepMa
HleanbHoro rasa. bBosee KpyToe nazenue

Puc. 38. JaBleHHs C yBeJHuYeHHeM o0ObeMa [pH

ajuabaTHOM TMipoliecce OGBbACHAETCA TeM,

YTO NPH afnabaTHOM paclIHpEeHHH HJeaJbHOTO rasa ero 1aBfelHe

YMeHbIIAeTCA HEe TOJBKO 32 CYeT YBeJHUeHUS ofbeMa, HO M BCJAEJCTBHE
NPOHCXONAIIEr0 NPH 3TOM NOHHKEHHSA TeMNepaTypel rasa.

HerpynHo Ha#iTH COOTHOLIEHHS MeXJly IPYTHMH napameTpamu rasa
NpH ajanadaTHOM Mpoliecce.

Taxk, HanpuMep, HckJ/tounB U3 ypaBHeHHs (30.4) u ypaBHeHHSA cocToA-
HUA pV = RT naBJeHune p, NoJyylM COOTHOLUEHHE MeXAy TeMrnepary-
poil 1 06beMoM rasa npu ero aanabaTHoM u3Menennn. [loacraBus B ypas-
Henne (30.4) 3Hauenwe p = RT/V, noayuyaem:

P

<)

RT yv const,

Han
TV =const (30.5)

(mocKosbky R — MocTosiHHAS),
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Touno Tak xe, noacrasus B ypasuenne (30.4) 3Hauenne V u3 ypap-
HeHHA cocTosHHA, V = RT/p, monyuum COOTHOLIEHHe MeX1y AaBJe-
HHeM H TeMnepaTypodl npu ainaGaTHOM Mpouecce:

p <%7-‘ >v =const
TVp'-Y = const. (30.6)
BosBens ofe wactn pasenctBa (30.6) B crenenn 1/y, moayuaem:

Tp ¥ =const. (30.7)

Slcuo, uto K opmyaam (30.5) u (30.7) TakKe OTHOCHTCA 3aMeyaHHe,
cleslaHHOe O mpefenax npumenuMocrd ypasuenusa [lyaccona.

§ 31. Pa6ota npu apnaGaTHOM H3MeHEHHH of6beMa rasa

IMosnb3yack TOMBKO 4YTO MOJYYEHHBIM ypaBHeHHeM afuaGaThl, Mbi
Tenepb MOXeM BBIYHC/IHTb paGoTy, COBEPINAEMYIO ra3oM NPH ero alH-
a6aTHOM paclUHpeHnH (Mau pa6oTy, MPOH3BOAUMYIO BHELIHHMH CHJIAMH
NpH CXAaTHH rasa).

BoiuncanM pa6ory paciunpeHus rasa (1 MoJisa) oT HeKOTOPOTO HayaJb-
Horo 3Hayenus o6bema V, 1o V,. Ilo-npexHeMy 3nemeHtapHas pa6Gora
NpH M3MeHeHHH ofbeMa Ha dV pasHa

dA=pdV.

CpA3b MeX]y JlaBJieHHeM Ta3a p U ero o6beMoMm V' onpenensiercsa ypas-
HeHHeM ajabathbl (4T00bl GBITH PABHOBECHBIM, MPOLECC pacllupeHHs
JOJKeH BECTHCh BIOJb annabaThl):

pVY == const, .
KOTOpOEe Mbl MOXeM HalHcaThb H B TaKOM BHJe:

pV¥=p VY,

rje p; — HauyajJbHoe JaBjeHHe ra3a, V; — HauajbHblil o6beM ero.
Orcrona ‘

__PlVY
P==pv-

IMoncraBuB 310 3HaueHne p B opMyJay 1asi paGoOThl, MOMYUHM:

Y
dA=Ptav,
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Yro6el monyunth paGoty paciumpenus ot Vi 1o V,, Halo npouHTe-
TPHPOBaTh BblpaMeHHe AJs dA B 3THX npeﬂe.naX'

Vs
vdV v € dv
A= 5 PV =pV! SV”

IToc/1e HHTErpHPOBaHHA MOJMYyYaeM /15 HHTErpaJia B NpaBoii 4yacTH paBeH-

CTBa BblpaXkeHHe:
Vs
av. _ 1 ( 11
vY o p—1\py—topyst)p
t

[Tosromy Bepaxkenne A paGoThl A NpHHHMAeT BHIL:

=)
1 2 -

M3 ypaBHeHus cocTosiHusA chaenyer, uro p, = RT,/V,, oTkyla
noJlyyaeM OKOHUaTe/lbHOe BbipaXeHHe:

RTy [q _ (Vaw—=1]
aA=X [1 . <V> ] @31.1)
Ecan Macca rasa paBHa M, ¢opMyna 3Ta npHHHMaeT BHA:
LRIy ()
A= Y_1[1 <V2 ] (31.2)
y-1 v-1 V1 y—l
Tak Kak T,V = T,VV" 10 (VZ) = ;2. Tlostomy (popmyny

115 paGoThl NMPH ajMaGaTHOM H3MEHEHHH oébema MOXHO MpeJCTaBHTh
B BHJE:

T
A= (1) = R —ry=coTy - T,

TaK Kak Yi——CV

CpaBHenue Boipaxennii (31.1) n (29.2) nokaswiBaer, uto npu agnabar-
HOM pacCIHpEHHH CoBepllaeTcA MeHblas paGoTa, yeM NMpPH H30TEPMH-
yeCcKOM (IPH OHOM H TOM e H3MeHeHHH oGbeMa). 3710, OYeBHIHO,
CBA3aHO ¢ GoJiblledl KpyTH3HOH annabathl MO CPAaBHEHHIO ¢ H30TepMoil,
TaK KaK H3-32 3TOTO NPH OJIMHAKOBBIX HAYaJbHBIX YCJOBHAX B /OGO
CTajJuH Tpollecca paclUHPeHHsl JaBJjeHHe NMPH aauabaTHOM TNpolecce
OyleT MeHblle, YeM NMPH H30TEPMHUYECKOM.

Pa6ota npH afnaGaTHOM paCIIMPEHHH Ta3a CYIEeCTBEHHO 3aBHCHT
OT 3HayeHHsl Tokasartensa aauabathi y = C,/Cy. Jlerko ‘BHIeThb, 4YTO
ecan y — 1, pabora agnaGaTHoro pacmnpe}mﬂ CTPEMHTCA K 3HAueHHIo
paGoThl TMpH H30TepMHYeCKOM Npolecce. B 3ToM MoXHO yGeauTbes,
HaiilAd mpellelbHoe 3HaueHHe mpaBo#l uactu ypaBeeHusa (31.1) npu
y— 1 (npumenns Teopemy Jlonuraas).
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Y MHOroaTOMHBIX ra3oB, A7 KOTOpPHIX 3HaueHHe Y GJHXKe BCEro
K eliHHlE, pa3HHUa B 3HaUeHHAX PaGOT M30TEPMHYECKOro W ajpabar-
HOTO TNpOLIeCCOB HAHMEHBIIAA.

CpaBHeHHe IBYX PaCCMOTPEHHbIX POLIECCOB ylo6Hee BCero MpoBecTH,
€C/IH NPHGETHYTh K IpaduueckoMy H306paXkeHHIO npoliecca H3MeHeHHs
o6beMa rasa. Ha rpaduke 3aBHCHMOCTH JaB/eHHS Ta3a oT ero ofbema
(puc. 39) sneMeHTapHas paGotra dA W3MeHeHHs o6beMa rasza Ha dV

A A

\,

N

?””:Xg\
A ?&,' . ,
/ / 2
. - ]
y @ g7 2 G v
Puc. 39. Puc. 40.

H300pa3suTCs MJOLIAJIbIO, OTPAaHHYEHHOH YacThio KpHBOH AB H.oTpes-
KOM Ha ocH afcunce dV (uTpuXoBKa «B Kaerouky»). PaGora e H3Mme-

2
HeHHA ofbeMma rasa oT 3HaueHHs V, Io 3HaueHus V,, paBHas S pdV,

Vy
H300pasnTcs Bcell 3alITPHXOBAHHOH MJIOUIAJIBIO, OTPAHHYEHHOH COOT-
BETCTBYIOLIIM ydacTKOM KpuBOH AB H orpe3koM ocu a6ciiuce.

Ha puc. 40 npuBefieHbl 115 cpaBHeHusi KpUBble [ H 2, NpeCTaBAAO-
e coboil H30TepMy U aauabaty AJs ONHOTO M TOTO XKe rasa W JJs OflH-
HAKOBBIX HAuYajbHBIX ycaoBHil. Pabora M30TepMHUECKOro H3MeHEHHs
o6beMa rasa ot V, 1o V, paBHa nuowann ABV,V, A, a cootBercTBYyIOU1a5
pabora anuabaTHOrO paciuupeHns paBHa nJjotann AB,V,V;A, koro-
pas, oueBHIHO, MeHblle (cM. puc. 40).

Uem MeHblle .OCTOSIHHAA anuabaThl y, TeM aanabara 6/HKe K H30-
TepME H TeM MeHbllle pa3HHUA B IVIOWANAX MOA OGEHMH KpPHBBIMH.
B npenene; korga y-—> 1, annaata nepexoiMT B H30TepMy.

§ 32. MomuTponnyeckuii npouec_é

PaccMoTpenHble Bblllle H30TepMHYeCKHHl M afiMaGaTHHA Mpolecch
M3MEHEeHHsl COCTOSIHHS Ta3a SABJAITCA HIeaJH3HPOBAHHBIMH IpoOLEC-
caMH: NepBHI H3 HHX TpebyeT HAEaNbLHOIO KOHTAKTa C OKp YXKatoieh
cpefloll HJH ¢ TEPMOCTATOM, BTOPOH —CTO/b e HAeaNbHOH H3OJALHH.
O6a 3TH npollecca MOXKHO pacCMarpHBaTh KaK YacTHLIE Kpa#Hue ciay-
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yan Gosee ofilero mnpoliecca, HAa3bIBaeMOro noaumponuyeckum. Tak
HAa3bIBAETCA BCAKH Mpollecc H3MeHeHHs COCTOAHU S, TPH KOTOPOM TenJ1o-

eMKocTb C OCTaeTcsi MOCTOSIHHOH H paBHOMH 3—%:
d
c=% w  dQ=CdT.

[

Haiinem ofiee ypaBHeHHe MOJHTPONHYECKOTO 11pouecca (ypaBHeHHe
TOJIMTPOIIHL).

CorsiacHO MepBOMY Hayasay TepPMOAHMHAMHKH

dQ=CdT =CydT+pdV,
HJIH .
C—CydT=pdV. (32.1)

N3 ypaBHeHus coctosiHuA AndxhepeHupoBaliieM HalleM BblpakeHHe
aaa dT, kak 310 GbLIO clenano Ha crp. 119:

pdV+Vdp
—Fr

TTon¢taBuB 3710 Bhipaxenue B (32.1) u 3amMeHHB R paBHEIM eMy Bbipa-
xennem C, — Cy, l'IO.HleHM

c—-C v oy

dT =

Orciofla JIeTKO MOJydaeM:

c—cy c—c,
<C - l>pdV=— c=c, Vdr

Pa3fle/HB nepeMeHHble H MpOH3BEAs MPOCThie MpeoGpa3oBaHHs,
Haiilem:
c—c, dv C—Cy dp

c,~Cy, Vv _ ~C,—C, cv p
Orctofia, MHTErpUpysl 3TO ypaBHeHHe, HaXOIHM:

c-C
lnp+a—j’;-ln V = const.

O6o3HaynM
c—Cp
c—c, ™
Torjaa
pV" = const. (32.2)

c-C
o 14
Ilokasarenb n B 3T0M YypaBHEHHH, PaBHBIH & @

, rae C — TenJo-
v
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TeMKOCThb Ta3a B JaHHOM IIpollecce, HAas3blBAETCA MOKQ3amMeem NOAll-
mponet, $IcHo, 4To 1Js aanabaTHOro mpouecca, NpH KOTOPOM TemioeM-
koctb C paBHa HYJI0 (noTomy uto dQ = 0), nokasarens n = C,/Cy = y.
Jlnsi u3oTepMuyecKoro mpouecca, NpH KOTOPOM TeMJOeMKOCTh paBHa
GeckoneuHocTH (moTomy uro dT = (), mokasartesib n paBeH eIHHHIIE,

Ecnn B BelpaXeHHH 1219 1 MONOXHTHL TemsoeMKocTb C paBHoO# C,,
TO H3 ypaBHeHHA (32.2) mosyynM, Kak 3TO H JOMKHO GbITh, p = comst.
Touro Tak e, ecqn nonoKHTh C = Cy, TaK YTO 7 CTAHET PaBHBIM 0O,
TO MHl MoJiyddM V = comst, B ueM Jerko yGeQHTbCs, €ClH BO3BECTH
ypaBHeHHe (32.2) B cremenb 1/n.

AnMabaTHas CHHMAaeMOCTh MjaeadsHoro rasa. B § 4 6oulo mMoka-
3aHO, YTO H30TepMHYeCKHil KO3(QGHLHEHT CXKHMaeMOCTH HIeaJbHOro
rasa y paseH —1/p. Ecin u3meHATh JaBjeHHe Tra3a B aguaGaTHBIX
YCJOBHAX, TO CXXHMAaeMOCTb €ro oKaXKeTcs WHOH. 210 CBfA3aHO C TeM,
YTO NMpH aAHaGaTHOM H3MeHEeHHH [aBJeHHsl MeHsSeTcs He TONBKO 00bheM,
HO H TeMnepaTypa rasa, Kotopad cama mo ceGe BausieT Ha o6beM. Tak,
ecJli yBeJHMYHBATb JlaBJjeHHe, T. €. CKHMAThb a3, TO OH HarpeBaeTcs.
A HarpeBaHHe rasa BbI30BeT yBeJHYeHHe ero oGbeMa, KOTOpoe YaCTHYHO
CKOMIEHCHPYeT yMeHblueHHe ofbeMa, BbI3bIBAeMOe CXKaTHEM.

TTostoMy 3 KauecTBEHHBIX COOGP aXKeHH H OUEBHJIHO, YTO CKHMAEMOCTh
rasa npH anvabaTHOM H3MeHEHHH [aBJeHHS JO/KHA OblTh MeHblle,
YeM MPH H30TePMUUYECKOM.

KonnuecrBeHHo 3HaueHne afnaGaTHoro Ko3dpuuHeHTa CKHMaeMo-
CTH, KOTOpPBIH MO ompejlefieHHI0 PaBeH

1 dV

X= i d;’ .
noJyuyaercl HemocpeicTBeHHo M3 ypaBHeHHs (30.3):
—_ 1L
A=

AnnalaTHasi CXKHMaeMOCThb ra3a OKasblBaeTCs, TaKHM oGpasoM,
B Y pa3 MeHbllle H30TepMHYECKOH.

§ 33. PacumpeHHne rasa B HyCTOTY

B ocHoBY npuBelleHHBIX BbIlle PAacCyXACHHH O TEMJOBHIX Mpolleccax
B Fa3ax OBl MOJIOXKEH 3aKOH COXPaHeHNs HepTHH, BbIpa’KeHHHIH ypas-

HeHHem (23.3):
dQ=dU+4pdV.

JeiicTBUTeNbHO, Ta3, HaXOAAWMACA, HANPHMep, B cOCye ¢ MOJBHXK-
HBIM TMOpPIUHEM, NPOW3BOJAMT HAa HEro JAaBjeHHe W TNpPH pacllHPeHHU
coBepwaet paGory. I1pu u3orepmuyeckoM npolecce paGora coBepilaeTcs
3a CYeT MOJBOAHMON H3BHE TE/lJIOTH, MPH afHabaTHOM — 3a cYeT BHYT-
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peHHel sneprun. B 3ToM nocsieqHeM ciyyae ra3 npu pacllHipeHHH oXJ1axX-
NaeTcsl. B3aMeH 3Hepruu, KOTOPYIO TEpSOT MOJEKYJBI, MoJYyyaercs
KHHeTHYeCKas 3HeprHs MOPIUHSA, ec/lH eMy cooOiaeTca 3aMeTHas CKo-
pOCTb, HJH TOTEHIHa/bHAS 3HEPIus, ec/H, HANMPUMep, BMeCTe C MOpIl-
HeM MOJHUMAeTCsi HEKOTOPHIH Tpy3 WAM CXHMaeTcsl NPYXKHHA. ITof
3HepTHEH MOXKHO BOCMO/1b30BAThCS [J/15 NPHBELEHH A B IBHKeHHe MalllH-
Hbl, €CJIH ee JOJ/DKHBIM 06pa3oM COeIMHHThL C MOpLIHEM.

Ilpy ammaGatHoM cXKaTHH, HaoGOpOT, BHYTPEHHAS 3SHEpPTUs rasa
YBeJHYHBAETCA 3a cueT paboThl BHEIIHHX CHJ. DHEPTHA XKe Tesa, COBep-
atoinero 3Ty paBoTy, yMeHBIUAeTCH.

Cnenyer, o/HaKoO, 3aMeTUTb, YTO caMo No ceGe pacllnpeHHe Fas3a
HEe MOXeT NMPHBECTH K €ro OXJaXIEHHIO, ecM NPH pacllHpeHHH ras
He MPOH3BOJAHUT PaboTy. DTO 3HAUMT, UTO €CJAH HIeaNbHHI ra3 pacllu-
psieTcsl TaKHM 00pa3oM, YTO K COCYLY, B KOTOPOM OH HaXOJHTCS, PHCOe-
JIHHSAETCS JpYro#, nycrof cocyl, TO TeMmepaTypa ra3a He H3MeHseTcs.
Ilpn TakoMm pacwupenuu & nycmomy WIeaNbHBIH a3 He coBepliaer
paboThI. ' )

HenaMeHHOCTh TeMmepaTypel rasa npH 3TOM CJeayeT H3 TOro, 4TO
BHYTPEHHSIS1 SHEPTHA HJIEaJbHOrO rasa He 3aBHCHT OT 3aHHMaeMOro
o6beMa. ITo GO NOKAa3aHO 3KCMEPHMEHTAJBHO ellle B TMPOLLIOM CTO-
aerun (1845 r.) IxoyJiem.

Oneit [10y51 cocTos B caeaytoueM. J1ea 6an/oHa, OIHH — HamnoJl-
HEHHBIl BO3JlyXOM JI0 CPaBHHTEJIbHO BBICOKOTO JaBjeHHs (okKojo 20
at™ocdep), Apyro#t — nmyctofi (OTKauaHHBIH), MOTYT OBITh COEIHHEHBI
Ipyr ¢ Apyrom npu nomotuy KpaHa. O6a 6anjioHa noMellasnch B BOAA-
HOH KaJIOpHMETp, TILATE/bHO TEeMNJIOU30JHPOBAHHLIN OT OKP YXKaloILero
npocrpaHcTBa. Yepe3 HeKOTOpoe BpeMsl MOCJE OTKPBITHS COETHHHTE/b-
HOT'O KpaHa H3MepsJ/och H3MeHeHHe TeMNepaTyphl BoJIbl B KaJlopHMETpe.
OneiT 1mokasaj, YTO TeMneparypa KajJopuMeTpa He H3MeHsJaach. 31O
JI0OKa3blBaeT, 4YTO H ra3 COXPaHHWJ CBOIO. HayaJbHYIO TeMIlepaTypy.

OnbiT [IKOy/st BMECTE C TEM MOMXET CJAYXHTb 3KCNepHMEHTalbHbIM
JI0Ka3aTeJIbCTBOM TOTO, YTO BHYTPEHHAS 3HePTHsl rasa (MIeasbHOro)
NpH MOCTOSIHHOH TeMmepaType He 3aBHCHT OT oObeMa.

Bo/lee mosnHne TOYHBIE OMLITHI MOKa3ajH, YTO NPH pacLIHPeHHH
CHJIBHO CXKATOT'o rasa B MyCTOTy TemnepaTypa rasa uamenseicd. Ho
3TO H3MeHEeHHe TeMNepaTyphi, Kak 6yJeT nokasano B ra. VIII, cesisano
C HeHJleaJbHOCTBIO asa.

B npouiom crosernn, Korjlla KHHeTHYeCKasd TEOPHS He MOJy4yHJa
eilie JIOCTATOYHOrO pasBHTHA, ObLIO TMOTPAueHO HEMAJIO YCHJAHH A
OMBITHOTO JIOKA3aTe/IbeTBA CPaBelIiBOCTH cooTHollenns (23.1). Tlocae
TOTO KaK OHO OBLIO TBEPJO YCTAHOBJEHO, OHO MOJYYHJO Ha3BaHHe Nep-
BOr0 Haua/ja TepMOJHHaMHKH.

C ToukM 3peHHA KHHETHYeCKOH TeOpHH, COTVIacHO KOTOpOH TenJsoBas
SHEprHsl eCTh SHEPrHA XA0THUECKHX IBHKEHHH MOJIEKyJ1, MepBoe Hayaso
TePMOJHHAMHKH MONPOCTY FABJAAETCH BbIpaXXEHHEM 3aKOHA COXPaHEHHs
3HEeprHH. '






