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Fnaesa 1

PA3BUTUE NPEOCTABJIEHUN
O NPUPOAE TENNOTHI

§ 1.1. DUSUKA U MEXAHUKA

MexaHnuka cocmagasem gynoamenm 6ceil pu3uku, HO, KOHeY-
HO, He ucuepnbviéaem ee. Tenepb MbL. NPUCMYNUM K U3YLEHUIO
Opyzux pa3denos ¢pusuxku. Ha owepedu menaoma.

Y10 naer mexaHuka HoloTOHA?

Mexanuka HeioTOHA, HAIOMHUM, IIO3BOJIAET ONPEAEJIUTH KOOP-
JAUHATBI 1 CKOPOCTH TeJ B JII0O00M1 MOMEHT BPEMEHH 110 U3BECTHHIM
3HAYEHUAM 3THUX BeJUYUH B HAUAJIBHBINI MOMEHT BpeMeHU. [ pe-
LIEHUS 3TON 3a4a4y HY>KHO 3HATh CUJIBI, IEeHCTBYKOILIHE MEXAY Te-
JlaMH, T. e. 3HaTh, KAK 3aBHUCAT CUJIBI OT PACCTOSTHUI MEXKAYy TeJia-
MH U UX ckopocreil. Takum o6pasomM, MEXaHUKA KOJHUYECTBEHHO
OIICBLIBAET ABHIXKEHUE: IIepeMelleHre TeJl B IPOCTPAHCTBE C Tede-
HUEM BPeMeHHU.

®dusuka so spemeHa HoloToHa

Bo BpeMsa co3zaHMA Kiaccu4YeCKOM MeXaHUKHU OBbIJIM U3BECTHHI
U U3y4YaJUCh Apyrue pusndYecKue sBJIEHUA: TEIlJIOBbie, OIITUYEC-
KHe, ajexktpuyeckue u marHuTHbele. Cam HploTOH MHOro BHHUMAa-
HUS yAensiyl UCCJIeJOBAHUIO ONTHUYECKUX sABJEHUI. Pe3dyabTaThl
3THUX MCCJIeJoBAHUHN OBLIM UMM M3JIOXKeHBI B TpakTare «OnTHKa».
l'opasgo MeHbIIe BHUMAHUSA OH VIEJIAJ TEINJIOBBIM ABJEHUAM M,
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[I0-BUAMMOMY, He NPOSABJIAJ 3aMETHOIO HHTEpeca K 3JIeKTPUYecT-
BY 1 MAarHeTU3MYy.

Ycnexu B M3yYeHUM BCeX IEePEYMCJIEHHBIX BBIIIE ITPOIECCOB
OBLIHM HEeCPAaBHEHHO MEHBIINMU, YeM B U3YYEHHU MeXaHUYeCKOro
aIBmxeHusa. Ho 1 B caMoit MexaHHKe OCTAaBaJICS COBEPILEeHHO Hesc-
HBIM BOIIPOC O TOM, IIOYEMY, BCJIeACTBUE KAKUX (PU3UYECKUX NPHU-
YHH MNOABJAIOTCS T€ UM UHbIE CUJIBI; KaKoBa npupoja cuy. Cuibl
Heo0X0oAMO OBLJIO ONIPEeAENIATH 3KCIIePYMEHTAIBHO.

Bce aTo monuman u cam HeloToH. EMy npuHaaiexxar 3ameua-
TeJbHBIE cJI0Ba: «f1 He 3HAIO, YeM i KaXyCh MUPY; MHe Ke CaMOMY
KaykeTcs, YTO A ObIJ TOJBKO MaJbYMKOM, UrpamouiuM Ha Gepery
MOPA ¥ pa3BJIeKAIOI[MMCS TEM, UTO OT BPEMEHHU [0 BpeMeHHU Haxo-
aun 6oJsiee rIaAKuil KaMylleK MJaM Oojiee KpacMBYIO PaKOBHHY,
yeM OOBIKHOBEHHO, B TO BpeMsA KaK BEeJUKHIl OKeaH UCTHUHBI Jie-
JKaJI Ipeo MHO¥M COBepPIIeHHO HepasrafaHHbIM » .

MexaHunyeckas KkapTuHa mupa

ITocnenoBasiIne 3a CO3JaHNEM OCHOBHBIX ITPUHIUIIOB MEXaHM-
KU ycrnexu B u3ydyeHUH COJITHEYHOM CHCTEeMBl, IBHIKEHUA He TOJIb-
KO TBEPAbIX, HO H XXMAKUX U ra3oo0pa3HbIX TeJ HACTOJbKO 3aXBa-
THJIX BooOpakeHue yUYeHbIX, YTO OHHU CTAJIX CKJIOHATLCA K MBICJIH,
yTOo MexaHuKa HrloToHA BcecubHA.

Bce 6oraTcTBO, BCe KauecTBEeHHOE MHoroob6pasue mMupa — 3TO
pPe3yJbTaAT pPa3jinyusa B ABHKEHUU YACTUI[, COCTABJAIOIIUX TeJa.
MexaHuKa JIe2KUT B OCHOBe Bcex IpoleccoB B npupope. O6sbsac-
HUTHh KaKoe-JInbo ABJIeHNe — 3TO CBECTH €ro B KOHEYHOM cueTe K
nencTBUIO 3aKOHOB MexaHMKU HpioToHa. TakoBa cylIHOCTh Mexa-
HUYeCKONH KapTUHHI MUpAa, CJoXKuBIIeNCa K cepeanHe XIX B.

CuuTanoch, YTO TEIJIOBhIE ABJIEHUA MOYKHO CBeCTH K MEXaHH-
YeCKOMY ABHXKEHHUIO YACTUI] — aTOMOB M MOJIEKYJ*, U3 KOTOPHIX,
MPEeANOJIOKUTEJIBHO, IOCTPOEHEI Bce Tesa BceneHHONH. JJIeKTpH-
YyecKye, MarHUTHBIE U ONTHYEeCKUe ABJIEHUS — B CBOEH OCHOBE 3TO
MeXaHU4YeCKHe SBJICHUA B THUIOTETHYECKOH BCENPOHUKAIOIIEH
cpeae — MHPOBOM 3dupe.

Kpax mexaHM4yeckon KapTuHbl Mupa

HpnmeHeHHe 3aKOHOB MEXAaHHKH K OIITMCaAHHIO ABHXXEHHUA aTo-
MOB M MOJIEKYJI B TeJiaX IPHUBEJIO K OIIPpeACeJIEHHBIM yCIIeXaM.

* OT JIATHHCKOTO cJIoBa moles — macca, ¢ yMeHbUIUTEeJbHBIM cyhPHK-
COM — cula — HamMeHbllIasA YacTuIla BellecTsa.
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Briy1a mocTpoeHa MOJIEKYJISIPHO-KMHETHYEeCKasA TeOpHUsA TeIJo-
BbIX SAABJICHH¥ MJIM, KaK 'OBOPHUJIKM B Te BpeMeHa, MexXaHudeckKas
TeopHUA TemJa.

OaHako IpHU IMOCTPOEHUU 3TOM TEOPUM BBIACHUJIOCH, YTO OJHU
TOJIBKO 3aKOHbI MeXaHUKHU HEe B COCTOAHUHU O0'BACHUTH CBOeoOpa-
3Ue BCeil COBOKYIIHOCTH TEILJIOBBIX IpoleccoB. A aToro Heo6xo-
JAVMBI JOIIOJHUTEJbHBIE TUIIOTE3kI.

C nosIHO# 0YeBUAHOCTHIO OTPAHUYEHHOCTh MEXaHHUYEeCKOHM Kap-
TUHBI MUpa OoOHaApy»KHJIach IIPH Pa3BUTHM TEOPHHU 3JIEKTPoMar-
HUTHBIX SABJEHUN. BBICHUJIOCH, YTO 3JIGKTPOMATHUTHOE IIOJIE,
OCYIIECTBJIAIOIIEe B3aUMOAEHCTBHE MEXKAY 3JIEKTPUYECKH 3aps-
JKeHHBIMH YaCTUIlaMH, He NOAYNHIETCA 3aKOHAM MeXaHUKH Hrbio-
ToHa. OHO ONMHCHIBAETCA CBOMMH cllelM(PUYEeCKUMU 3aKOHAMUN —
ypaBHeHHAMU MakcBeJsjia JJA NOJs.

B XX B. OB1JIO yCTAHOBJIEHO, YTO 3aKOHBI MexaHUKH HploToHA
ONMMCHLIBAIOT ABUXXEHHE ATOMOB M MOJIEKYJI JIMIIb NPUOIUIKEHHO.
Jlajeko He Bce TeNJIOBBIE ABJIEHHUA MOMXHO IOHATH, AONYCKAaA NpHU-
MEHHMOCTb 3aKOHOB HbIOTOHA AJIA ABUIKEHUS MUKpouyacTuly. BrI-
Jla IOCTPOeHAa HOBas MEeXaHUKA JBHKEHUSA MUKPOYacTHL, — KBaH-
TOBas MeXaHHKa.

Tennosbie N 3NEeKTPOMaArHUTHbIe SIBJIEHUR

ITocne u3yyeHMs KJacCHMYECKON MeXaHHMKH MBI NepenjeM K
3HAKOMCTBY C HOBBIMHU BHJAAMHU SBJIEHUI, 00bsICHEHHE KOTOPHIX B
paMKax OZHOM MeXaHUKHU HeBO3MOXXHO. BHauaje 6yxeMm paccmar-
PHBATH TEIIOBBLIE ABJICHHA, a4 3aTeM 3JIeKTPHMYEeCKHe M MATHUT-
HEIe.

§ 1.2. TENNOBbLIE ABJIEHUSA

TenyioBble SABJIEHUA B OKPYXKalolleM HAC MHpe CTOJb JKe pac-
NPOCTPaHEHbl, KAK ¥ MeXaHHYeCKHue. ITO caMble 3HAYUTEJNbHBIE,
caMble 3aMeTHBIE IIOCJIe MEXAHHYEeCKOro IBMIKEHUA SBJIEHHUS.
OHH, KaK NpaBHJIO, CBA3AHBI C HArPEBAHUEM HJIH OXJIaXXJAeHHEM
TeJI, C U3BMEHEeHHEeM HX TeMIIePATYPHI.

Ponb TennoBbixXx ABNEeHNn

IIpuBBEIYHBII OGIMK HaINEH NJAHETHI CYLIECTBYET U MOXKET Cy-
IIECTBOBATH TOJIBKO B JOBOJIbBHO Y3KOM HHTEpBaJie TeMIIepaTyp.
Ecnu 651 Temneparypa npessicusia 100 °C, To Ha 3eMJse He cTaso
OBl pek, Mopell ¥ OKeaHOB, He GhIJIO GBI BOABI BooOmie. Bea Boxa
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npesparuiack 66l B map. IIpy moHM»KeHUH TeMIlepaTyphl Ha He-
CKOJIBKO JIeCATKOB I'paJycoB MOPSA U OKeaHbl NpeBPaATUIHUCH Obl B
rpoMajHbie JeAHUKHN™*,

IIpu cMeHe BpeMeH rojia Ha CpeIHHX IMHUPOTAaX U3MEHEHHUe TeM-
nepatypnl Ha 20—30 °C meHsieT Bech 06auK ILTaHeThl. C HacTyI-
JIeHMEeM BeCHbl HaUMHAEeTCA Npoby)kaeHue Npupoabl. Jleca oxena-
IOTCA JIMUCTBOM, 3€JIEHEIOT JIyra. 3MMOM JKe »KU3Hb PaCTeHUN 3aMH-
paeT. ToJscThI CJI0¥ cCHera nNoKphIBaeT 3eMJIIO.

Eme Gosiee y3KHe MHTEpPBAJIBI TeMIIEPATYpP HEOOXOAHMMEI AJisA
NoAJEepKaHUSA JXKU3HM TEIJIOKPOBHBIX XKHUBOTHBIX. TemnepaTtypa
JKUBOTHHIX U YeJIOBEeKa HNoAAep’KHUBaeTCsd BHYTPEHHUMU MeXaHU3-
MaMH TepMOPeryJsiiyd Ha CTPOro onpejejieHHOM ypoBHe. JlocTa-
TOYHO TEMIIepaType MOBLICUTHCA Ha HECKOJIBKO AEeCATHIX rpajgyca,
KaK MBI yXKe 4YyBCTByeM cebs He3mopoBbIMH. U3aMeHeHUe e TeM-
IepaTyphl Ha HECKOJIBKO I'PafiycoB BeJeT K rubesin opraHu3MoB.

IIoaToMy HeyAUBUTEJIBHO, YTO TEIJIOBLIE ABJIEHUA NPUBJIEKAIN
BHUMaHMe JIIOAeH C ApeBHEHINNX BpeMeH. YMeHHe AOoObIBATHL U
NOAJEeP>KUBATh OTOHb CHEJIAJIO YeJIOBeKa OTHOCHUTEJNIbHO HEe3aBUCH -
MBIM OT KoJIeOaHHMil TeMIepaTyphl OKpyKalomleil cpefbl. ITO OBLIO
OOHUM M3 BeJMYAMIIHUX OTKPBITUHA yesoBeyecTBa. Posib OrHA OT-
paxeHa B IO3TUYECKOM JApeBHerpeueckoM MHPe o IIpomeree.
IIpomeTeiit moxuTui orodb ¢ OJMMIIA U NTepeAaJl ero JIOAAM. 3a 3TO
OH OBLJI IPUKOBAH 3€BCOM K CKaJie ¥ 00peueH Ha MHOTOJIETHHUE MY-
YeHUA.

CsoicTBa Ten u remneparypa

IlouTu Bce cBoOiiCcTBa TeJ 3aBUCAT OT TeMIeparyphel. Tak, mpu
HarpeBaHUU U OXJIAXXAeHUU MEHSIOTCA padMephbl TBepABIX TeJ U
00beMBI XKUAKOCTell. SHAYHUTEJHbHO MEHAIOTCA IIPU HarpeBaHHU
UJIA OXJIAXKJAEHUM OOBIYHBIe MeXaHHYeCKHe CBOMCTBA TeJl, HAIIpH-
Mep ynpyroctb. Kycok pesnHoBo#l TpyOKM He mocTpajaeT, ecliy
IIPM KOMHATHOM TeMmepaType yAapuThb mo Hemy MoisoTkoMm. Ho
IpPH CHUJIbHOM OXJIAXKAEHHU pe3uHa CTAHOBUTCA XPYIKONH, Kak
CTEKJIO, ! OT JIETKOro yAapa pe3uHoBas TpyOka pa3buBaeTcsa Ha
MeJIKMe KycodKH. JINIIb mocjie HarpeBaHUs pe3rHa BHOBb ob6peTa-
eT IIpeXXHue CBONCTBA.

Kpome mexaHMYECKHX CBOMCTB, IPU U3MEHEHUH TeMIIepPaTypPhl
MEHSIOTCA M JPyrue CBOMCTBA TeJI: CONPOTHBJIEHHE JJIeKTpHUe-

* [IpeanoJiaraercs, 4To faBJeHHe BO3JyXa NPU 3TOM OCTAETCA PABHBLIM
0o0BIYHOMY aTMOC(HEpPHOMY.
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CKOMY TOKY, MarHUTHBIEe CBOICTBa, onTHYeckue u np. Tak, ecau
CHJIBHO HArpPeTh IIOCTOAHHBIN MArHUT, TO OH IIepeCTAHEeT IPUTATH-
BAThb )KeJIe3Hble MpeIMeTHI.

Tennosbie npoueccsl U CTPOEHMEe Bew,ecraa

TeuyeHHne TENJIOBBIX IIPOLIECCOB HENOCPEACTBEHHO CBS3aHO CO
CTPOEHHEeM BelllecTBa, ero BHYTPeHHell cTpyKTypoii. Hanpuwmep,
TOT aKT, YTO HarpeBaHue rapaduHa Ha HECKOJBKO AECATKOB I'pa-
JAYCOB JeJiaeT ero JXUAKHM, a HarpeBaHHe »KeJIe3HOro CTePKHA Ha
CTOJIBKO K€ IpajlyCcoB 3aMeTHBIM 00pa3oM Ha Hero He BjusAeT (OH
TOJIBKO HAYMHAEeT 00’KUraTh NaJibIlkl), HECCOMHEHHO CBA3aH C TEM,
4YTO BHYTPEHHEe CTpOeHUe napaduHa u xejesa pasiaudHo. [Toaro-
MY TeIJIOBble ABJIEHMS MOYKHO MCIIOJIb30BATH JAJA BbIICHEHHUS
CTPYKTYpHI BemecTtBa. Y1 Hao6opoT, onmpejesieHHbIe NMpeacTaBJie-
HHUA O CTPOGHHUH BellecTBa CIOCOOHEI ITPOJIUTH CBeT Ha ¢usauye-
CKYIO CYIIHOCTH TEMJIOBHIX SIBJIEHUI, aTh UM INIyOOKOe X HarJaAajn-
HO€e HCTOJIKOBaHUE.

Tennosbie ABIEHURA B TEXHUKe

OueHp BayKHO, YTO OTKPBITHE 3aKOHOB, KOTOPBHIM IIOAYNHAIOTCS
TeIlJIOBhIe ABJIEHUA, IO3BOJIET C MAKCHUMAJIbHOM NMOJIb30H NMpUMe-
HATDH 3TH ABJIEHUS HA IPAKTHKE U B TeXxHuKe. CoBpeMeHHBIe Tell-
JIOBbI€ JBHUTrAaTeJ M, XOJOAUJIbHBIE YCTAHOBKH, YCTAHOBKH MJA
COKHMIKEHHMSA ra3oB U MHOTHeE Jpyrie ycTpoicTBa KOHCTPYHUPYIOT Ha
OCHOBE 3THX 3aKOHOB.

§ 1.3. KPATKUA OMEPK PA3BUTUSA NPEACTABJIEHUA
O NPUPOAE TENNOBbIX ABJIERUNA

HecMoTpsa Ha BUAMMYIO IIPOCTOTY X OYEBHHOCTD TEIIJIOBBLIX AB-
JIeHUM, AJIA MOHMMAHUS UX CYTH YYEHBIM IIPHUIILIOCH HANIPAMKEHHO
paboTaTh HECKOJIBKO cOTeH JeT. FlcTopus co3faHuA TeOPUHU TEILIO-
BBIX IIPOIECCOB — IPHMEP TOro, KAKHUM CJIOKHBIM M IOAYAC NIPO-
THBOPEYUBHIM ITyTeM JOOLIBAIOTCA HAYYHEBIE UCTHHBEI.

Bo33peHus apeBHUx

BonpmuHcTBO PputocodoB APeBHOCTH GBIIM CKIOHHBI paccMar-
PUBATH OrOHb M CBA3AHHYIO C HUM TEIJIOTY KaK ONHY U3 CTUXHIA,
KOoTopasi HapALy C 3eMJeil, BOJON U BO3AYXOM o6pasyeT BCe Tesa.
OnxHoBpeMeHHO 6BLIU CHEJAHBI MONBITKY CBA3aTh TEILIOTY C BHYT-
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PEHHUMM ABHKEHUSAMHU B TeJlaX, TaK Kak ObLIO 3aMe4eHO, YTO IIPU
coyJapeHuH TeJl UM TPEHHH UX APYT O APyra OHU HarpeBaloTCH.

3apoxaeHne HayvyHoi Teopumn Tenna

IlepBhIe ycrexy Ha NMyTHU IOCTPOEHUA HAYYHOH TEOpUHU TeIlIa
oTHOcATcA K Hayaay XVII B., koraa 6sl1 n306peTeH TepMoOMeTp U
NOSIBUJIACH BO3MOYXHOCTh KOJIMYECTBEHHOr0 UCCIefOBAHMUS TEIJIO-
BBIX IIpoOIieccOoB. ITOT NpUOOpP, K KOTOPOMY MBI BCE TAK NPHUBBIK-
Jau, mo caosam P. Maiiepa (0gHOro U3 NepBOOTKPhIBaTEJIel 3aKOHA
COXPaHEeHHUA 3HEpPrui), sSBUJICA «MOrYIeCTBEHHBIM HHCTDPYMEH-
TOM B TUTAHHYECKOI 60ppbe Mexay MCTUHOHN U 3a0JyXKACHUEM».
Ho o Tom, 4To ke UMEHHO U3MEePSAIOT TePMOMETPOM, eAHHOTr0 MHe-
HUA He ObL10. BrimoTs n0 BTOpO# nosnoBuubl X VIII B. oTcyTcTBOBA-
JIO sICHOe pa3rpaHHU4YeHHe MOHATUH «TeMIlepaTypa» U « KOJHUYeCT-
BO TEIJIOTHI» .

OKClIepUMEeHTaJIbHble MCCJIEJOBAHUS C IPUMEHEHHEM TepMo-
MeTpa BHOBb OCTPO IIOCTABHJIM BOIIPOC O TOM, YTO K€ TAKOe TeIlJIO-
Ta. YeTKO HaMeTHJNCh JBe IUaMEeTPaJbHO IIPOTHUBOIIOJIOMKHBIE
TOYKHU 3peHuda. CorjiacHo Tak Ha3bIBaeMO BeIleCTBEeHHOH
TEOPHH TemJja TEIJIOTy CBA3BIBAJIYN ¢ 0coOOro poaa HeBeco-
MOM KHUAKOCTBIO, CIIOCOOHO! ITepeTeKaTh OT OLHOrO TeJsia K [pPyro-
My. OTa XXUAKOCTb OblJIa Ha3BaHA TenJop oA oM. Hem Gosablie
TEIJIOPOZA B TeJjle, TEM BhIllle TEMIIepaTypa TeJja.

CornacHo Apyroi ToukKe 3peHus, TEIJIOTA — 3TO BUJA BHYTpEH-
HEero ABUIKEHUA YacTHI[, COCTABAAKINUX Tena. Yem OnIcTpee ABU-
XKYTCSA 4aCTUIbI, TEM BRIIIIE TeMIlepaTypa Tejia. B aToit Teopuu Ten-
JIOBHIE SIBJIEHUS CBA3LIBAJIVNCH C ATOMUCTHMYECKHUM y4YEeHHEM JpeB-
HUX (pusnocooB 0 CTpoeHUH BellecTBa. Teopus ImepBOHAYAJIBHO
Ha3bIBAJIaCh KOPNYCKYJIAPHON TeopHeil Temia (0T JaTUHCKOTO CJIO-
Ba corpusculum — uactuna). Ee npuaepkuBajuch Takue BhIAAIO-
mueca ydyenele, kak U. HeioTon, P. I'yk, P. Boi#as, 1. Bepuy-
JIY ¥ Ap.

Bousbinoit BK1aa B pa3BUTHE KOPIIYCKYJIAPHON Teopru ObLI cle-
JIaH BeJIMKUM pyccKuM ydyeHsIM M. B. JlomoHOocoBEIM. JIoMOHOCOB
paccMaTpHBAJ TelJIOTY KaK BpalaTejibHOe ABUXKEeHHe YaCTHUll Be-
mectBa. C noMomnibio ¢cBoei Teopun OH JaJi NPaBAJIbLHOE, B OOIUX
yeprax, o0ObsiCHeHHe ABJIEHUI IJIaBJI€HUA, HCIAPEHUS U TeILIo-
npoBogHocTu. UM ORI caesiaH BEIBOX O CYILIECTBOBAHUM «HAaHU-
0oJIbIIe MJIM ITOoCcJeAHe CTelIeHy X0J04a», Korjga JBUXKeHue yac-
THIL BellleCTBa NpeKpailiaercsa. Baarogapsa pa6oram JlomoHOCOBa U
€ro aBTOPUTETY CpeAu PYCCKUX yUYeHBIX OBLJIO MaJio CTOPOHHUKOB
BellleCTBeHHO# TeOpHH TeIljia.
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Teopusa rennopoaa

HecMoTpsi HA HPUBJIEKATEJNBLHOCTh U TJIYOMHY KOPHYCKYJAP-
HOM Teopuu Ternia, kK cepeagute XVIII B. BpeMmenuyro nobexy onep-
’KaJia Teopus TeIIopoda. ITO IIPOUIOILIO MOCJIe TOr0, KaK 3KcIe-
PUMEHTAJIbHO OBLIIO HOKA3aHO COXpPaHEHHe KOJWYEeCTBA TeIJIOTHI
npu terioobmere. OTcrofa ObLI ceJlaH BRIBOJA O cOXpaHeHUU (He-
YHUYTOKMMOCTH) TEMJIOBOM KHUAKOCTH — Temnopoga. Ha ocHoBe
BeIlleCTBEHHOM TEeOPUM TEILIOTHI ObLIM BBeJeHbl MOHATHA TEILIO-
€MKOCTH TeJI, YAeJIbHBIX TeIJIOT rapoobpa3oBaHuA M ILJIaBJIeHUA,
IIOCTPOEHA KOJIMYEeCTBEHHAA TeOpPUs TemJIONPOBOLHOCTH. MHO-
UMY TE€pPMMHAaMH, BBEJEHHBIMU B TO BpeMsfA, MBI IIOJIb3yeMCA H
ceruac.

C noMomIbI0 KOPOYCKYJSAPHONA TEOPUM TEIJIOTHI HEe YAAaBaJIOCh
MOJIYYUTH CTOJIb BayKHbIe AJs (PU3HKHU KOJUUYECTBEHHbIE CBA3U
MEeXJYy Pa3JIMYHBIMU BeJIUUYHMHAMM, XapaKTepU3YIOUIUMU TeILIo-
BbIe mIpolecchkl. B yacTHOCTH, 3Ta TeOpuUs He CMOIJa O0BLACHUTD,
IIoYeMy TeILIOTa COXPaHAeTCA IpH TelsioooMeHe. B Te BpeMeHa He
ObLjIa sICHA CBA3b MEXKAY MEXaHHYEeCKOM XapaKTepHMCTHUKOI ABU-
JKeHUs YaCTHI[ — UX KMHETUYeCKOU SHepruel U TeMIepaTypoi
tTesa. IloHATHE 3Hepruu BooOIIe ellle He ObLJIO BBeJeHO B (PU3UKY.
IloaTomy Ha ocHOBe KopnycKyaapHOU Teopuu B XVIII B. He moryu
OBITh JOCTUI'HYTHI T€ HEMAJIbIE YCIEeXW B PA3BUTHUM KOJHUUYECTBEH-
HOH TeOpMU TEIJIOBBIX SABJEHUM, Kakue OBLIN cAeJIaHBI C IIO-
MOLIBLIO IPOCTOM Teopuu Temyaopoaa. st cBoero BpeMeHUu TeOpus
TeIlJIopoJa ObljIa MPOrPeCCUBHOM.

JlomonocoB Muxaua BarcuaseBmu (1711 —
1765) — BeJIMKHII PYCCK Ml YUEHBIH-3HIINK-
JIOIENUCT, MO3T M OOIIeCTBeHHBIH NeATeNb,
OCHOBaTeJb MOCKOBCKOro YyHUBepCHTETa,
HocAllero ero umsa. A. C. IIymkun HasBaj
M. B. JlomoHOCOBa «IIEPBLIM PYCCKUM VHH-
Bepcurerom». M. B. JlJoMmoHOCOBY IpHHaA-
JieXKaT BBIAAIOIINECA TPYABI MO dhuU3uKe, XHU-
MUK, TODHOMY pneay u Mertaynypruu. OH
pasBUJ MOJIEKYJISAPHO-KHHETUYECKYIO TeO-
PHIO TenJOThl, B ero paboTax mpeaBOCXHUIIe-
HBl 3aKOHBI COXpPaHEHUs MacChl U 9HEPrHH.
M. B. JlomoHOCOB co3man ¢yHIAaMeHTab-
Hble TPyZAbl IO UCTOPHUU PYCCKOro Hapoja,
OH #ABJAETCA OCHOBOIIOJOXKHHKOM COBpe-
MEHHOM PYCCKO# rpaMMaTHKH.




Kpax reopuu vennopoaa

B xonume XVIII B. BemjecTBeHHas TeOpHs TeIJIOTHI Hauaja
CTAJIKUBATBHCA CO Bce GOJBIIUMH U OOJBIIMMH TPYAHOCTAMHU U K
cepeguHe XIX B. moTrepmesa MoJIHOE M OKOHYATEJbHOE IOpaXe-
HUeE.

BonpmuM uucsoM pa3HOOOpPa3HEIX ONBITOB OBLJIO ITOKA3aHO,
YTO COXPAHAIOLIENCA «TEeMJIOBONl MUJAKOCTH» He CyIIeCTBYeT.
Hanpumep, npu coBepmeHuu paboThl CHJIAMH TPEHHA MOXKHO IIO-
JYYUTH OT ABYX TeJ Jio0oe KOJHYeCTBO TEIJIOTHI; TeM OoJsbiee,
yeM OoJiblliee BpeMs CHJIbI TPEHUs coBepiIaioT pabory. B To xe
BpeMs IIPHU cOBepHIeHHH paboThl MApPOBO¥ MAIIMHON Iap OXJaX-
JaeTcA M TeIlJIoTa ucyesaer.

Hrak, nmpocrasa ugea o COXpaHeHHH HEBECOMOM KHUIAKOCTH —
TenJiopoAa oxkasajach JIoxKHON. Ho Henb3A CKa3aTh, YTO YYEHBIE C
caMoro Havaja CTaji JXePTBaMHU Ipy0boro, HEMPOCTUTEJIBLHOTO 3a-
OnyxxpeHua. CxonHasa MBICIb O COXPAHEHUM HEKOM «3JIeKTpude-
CKOH JKHAKOCTHU», BBICKA3aHHAas B Hauyajle pPa3BUTUS TeOPHUU
3JIEKTPUYECTBa, OKa3ajach B OOII[MX YyepTax BepHOH. B Hee mocie
OTKPBITUA AHUCKPETHOrO CTPOEHHUA 3JIEKTPHUYECTBa U ABYX 3HAKOB
3JIEKTPUYECKUX 3apAA0B ObIJIM BHECEHHI JIMIID IIONPABKU.

B cepeaune XIX B. onBITHRIM NyTeM Obljla AOKa3aHa 3KBHBA-
JICHTHOCTb MeXaHU4YeCKON paboThl B KOJHYECTBA TEIlJIOTHI, Iepe-
naHHOM Teay. ITogo6HO paboTe, KOJHYECTBO TEIJIOTHI OKAa3aJIOCh
Mepoll U3MeHeHHUA sHepruu. HarpeBaHue MK OXJAXKAEHHUE Teja
CBSA3aHO He C yBeJIMYeHHEeM UJIKH YMeHbIIeHHeM B HEM KOJIMYeCTBa
0c060i1 HeBeCOMOM KUAKOCTH, a4 C YBeJUUYEeHNEeM HJIK YMEeHbIIEeH! -
eM ero 3Hepruu.

ITpunyun coxpanenus menaopoda Ovii 3ameHen 6onee o6 UM
U 2aYyOOKUM NPUHYUNOM — 3AKOHOM COXPAHEHUA IHEeP2IUl.

§ 1.4. TEPMOANHAMMUKA
N MONEKYNAPHO-KUHETUYECKAR TEOPUA

TepmoanHamMmuka

OTKpHITHE 3aKOHA COXPAHEHUS 3HEPriuH IIO3BOJIUJIO CO3AATh BO
BTOpoif mosioBuHe XIX B. KOJHYECTBEHHYIO TEOPHIO TENJIOBHIX
IIPDOLIECCOB — TEPDMOAHHAMHUKY.

TepMOoAVHAMHKA BO3HHKJIA NMPH H3YYEHHUH ONTHUMAJBHEIX yC-
JIOBMH UCNOJIB30BaHUSA TEIJIOTHI AJIsi COBepIIeHUss paboThI 3aX0JIT0
J0 TOrO, K&K MOJIEKYJIAPHO-KUHETHYEeCKas TeopHsa IIOJyduJa Bce-
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o6mee npusHaHue. (BemiecTBo o6JiazjaeT MHOTMMY CBOMCTBaMHU,
KOTOpbIe MOYKHO M3ydYaTh, He YIJIyOJAAcCh B CTPOEHHE BEIIecTBa.)

TepMoaguHEAMMKA — 3TO TEOPHA TEILUIOBBIX SBJICEHHM, B KOTO-
poH He YYMTHIBAETCA MOJIEKYJSAPHOe CTPOeHHe TeJ. Tak Kak B
3TOI TEOPHUU He BCKPBLIBAETCSH CYIIHOCTDL TEILJIOBBIX IIPOILECCOB, TO
TEePMOANHAMUKY HAa3bIBAIOT (PeHOMEeHOJIOru4YecKoi (omucaTeib-
HO1) TeopueH TeIa.

B TepMomuHaMuKe TeIJIOBhIE ABJEHHUS ONVCHIBAIOTCA C IIO-
MOMNIbLIO BEJIUUYMH, PETUCTPUDPYEMbIX NpubopaMu, He CIIOCOOHBIMU
pearupoBaTh Ha BO3JAeHCTBHE OTHEJbHBLIX MOJIEKYJ (TepMOMeTD,
MaHOMeTp U Ap.). Bce 3akonbt mepmodunHamuku omHOCAMCA K
6osbwiumM menam, HUCA0 MOJEKYL 6 Komopwvix ozpomro. Taxkue
Tesa B (PU3NKe HA3BIBAIOT MAKPOCKONUYeCKUMU. DHEPrus MaKpo-
CKOIIMYECKOr'0 TeJia BO MHOI'O pa3 IIPEeBHIIIAeT 3HEePIruio OTAEeJIbHBIX
moJiekyJ. 'az B OaslyioHe, BOJa B CTaKkaHe, MMeCYMHKA, KaMeHb,
CTaJIbHOH CTep)KeHb, 3eMHOH map (puc. 1.1) — Bce 3TO mpuUMephbI
MaKpocKonnueckux Tes. Hamre Tejio — 3TO ToKe MaKPOCKOIIUYe-
CKOe€ TeJIO.

Puc. 1.1

TensoBele npounecchl CBA3aHLI C mepefauveil i IIpeBpaleHHueM
sHepruu. IlosToMy OCHOBHBIE 3aKOHBI TEPMOAUHAMUKU OTHOCATCH
K IIOBeieHUIO 3Hepruu. Ilepevim 3aKoHom mepmoOuHAMUKU ABAA-
emcsa 3aKOH COXPAHEHUA 3Hepzuu, pacnpocmpaHeHHbulil Ha men-
J106ble ABNEHUA. ,

Bo BTOpOM 3aKOHe peub UJEeT O HAIIPABJIEHUHU dHePreTUUYeCKUX
IIpeBpaMieHNii: yTBEPKJaeTCs, YTO TEeIVIOTa He MOJKeT OBLITh I[eJIH-
KOM IIpeBpamieHa B paboTy.

MoneKkynapHO-KMHeTU4YecKkas Teopus

OTKpBITHE 3aKOHA COXPAHEHUA JSHEPruM LaJI0 MOIIHBIA MM-
IIyJbC Pa3BUTHIO KOPOYCKYJIADHOH TEOpHM Tellja, MOJYyYUBIIEH
Ha3BaHNe MOJEKYJIAPHO-KUHEeTHUYEeCKOH! TeopH H.
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B 3TOi TEOpHH CTaBHMJACh 3aJadya OOBJACHEHHS BCexX mpolec-
COB, NPOMCXOAALIHX B MAKPOCKONHYECKHX TeJaX, Ha OCHOBe
NpeaIoJOXKeHHSI 0 TOM, UTO Bel[eCTBO COCTOMT M3 aTOMOB H MoO-
JIeKyJ, OXBH)KEHHe KOTOPBIX INOJAYMHAETCA 3aKOHAM MeEeXaHHKH
HrroToHA.

B konne XIX B. mo-npexHeMy He OBLJIO IPAMBIX dKCIIepUMEH-
TaJbHBIX JOKAa3aTeJbCTB PeaJbHOCTH ATOMOB M MOJIEKYJI, XOTH
MHOTrHeEe (HaKThl MOXKHO OBIJIO JIErKo 00bACHUTD, JOIIYCTHUB CYIIIEeCT-
BOBaHME aTOMOB. YY€HBLIM, PA3BUBABIINM MOJIEKYJIAPDHO-KUHETH-
YeCKYIO TeOPHIO, IIPUIIJIOCH BECTH AJUTEIbHYIO 60pEOYy CO CTOPOH-
HUKaMH TaK Ha3blBAeMOr'0 3HepreTu3Ma.

IIpuBep>keHILbI 3HEPreTU3Ma CUUTAJYN €IUHCTBEHHOH IIOCHJIb-
HOH 3azauyeil HAYKH ONMCaHUe ABJIeHHH, JOCTYIHBIX HEIOCPeACT-
BeHHOMY HabusioneHuio. IIonbITKH npuBjedYeHUsA B HAYKY TaKUX
HeoCA3aeMbIX 00'b€KTOB, KAK ATOMBI ¥ MOJIEKYJIbI, OHU IIOJIATaJIu
HegonyctTuMbIMHU. [1o ux MHeHHIO, HEe TOJIBKO IIOJYYUTH JOCTOBEP-
HbIe CBeJIeHHU O CBOMCTBaX aTOMOB U MOJIEKYJI, HO U JOKa3aTh dKC-
NepUMEHTAJIIbHO UX CcyllecTBOBaHMe HeBO3MOXXHO. IIpu3HaBas 3a-
KOH COXPaHEeHHNA 5Hepruu, 3TU y4YeHble II0 CYINeCTBY OTPHLIBAJIHU
dHEPTHUI0 OT ee MaTepHAJbHBIX HOCHUTEJIe — ABHXKYIIUXCHA aTo-
MOB ¥ MOJIEKYJI.

JIumms B Hauasie XX B. Ooprba ¢ 3HepreTu3MoM 3aBepIINJIACH
ITOJTHO¥M 100ez0il CTOPOHHHKOB MOJIEKYJISIDHO-KUHETUUYECKOH Te-
opuH. Bbinia nocmpoena nocaedogamenbHas meopus noéedeHus
60nbUWUX KONJLEKMUBO8 AMOMOB U MOJEKYl — CTaTHUCT HU-
YyecKas MeXaHUKa (CoBpeMeHHOe Ha3BaHHUE MOJIEKYJIAPHO-
KHHeTHYecKoil Teopuu). CrupaBelJMBOCTb 3TOH Teopuu Owliaa 1o-
KasaHa MHOTOYHMCJIEHHBIMH OIIBITAMU.

TepmoanHamMmuka
M CTaTUCTUYECKAa MeXaHuka

ITocne co3maHusA CTATUCTUYECKON MEXaHUKH TEPMOJINHAMUKA HE
yTpaThia cBoero 3HadeHusi. Ee oOmue 3akOHBI ClIpaBeAJIUBhLI LJIA
BCeX BellleCTB He3aBMCHMO OT MX BHYTpeHHero crpoenus. C mo-
MOII[BI0 TEePMOANHAMHUKHN CPAaBHHUTEJIbHO MPOCTO OOBACHAIOTCA
TeIlJIOBLIE ABJIEHHUA U BHINOJHSIOTCA pacyeThl BAXXHbIX TEXHUUe-
CKHX YCTPOMCTB, OJHAKO IIPH 3TOM MHOTHE BeJUYUHBLI, HAIIDU-
Mep TelmJOeMKOCTH, HNOJIXKHBI OBITh OIlpelesieHbl 3KCIepPUMEH-
TaJIbHO.

CraTucTudyeckas MexaHHKa IIO3BOJIAET Ha OCHOBE OIIpeJeJieH-
HBIX IIPEACTaBJIEHU O CTPOEHHHU BelleCcTBa BHIYUCIATH TEIJoeM-
KOCTH TeJl U APyrue BeJUUYHUHBI, KOTOPbhle TEPMOAUHAMUKA 3aUM-
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CTBYeT HeIloCpeACTBEHHO M3 omnbiTa. Ho KoJnuecTBeHHAas Teopus
TBEPJAOro U 0COOEHHO KHUAKOTO COCTOAHUA BEIeCTBA OYEHb CJIOXK-
Ha, ! He Bcerja HeoOX0oAUMBIE BLIYUCJIEHUA MOT'YT OBITH BBIIIOJIHE-
HbI O KOHIIa. B psne ciy4yaes npocTeie pacyeThl, OCHOBAHHbIE Ha
3aKOHAX TEPMOJIWHAMUKHU, OKa3bIBAIOTCA He3aMEHHUMbBIMHU.

B HacTosIee BpeMsa B HayKe U TeXHHKe C YCIIEXOM HCIIOJIb3y-
IOTCA 00a MeToZa ONMHMCAHUSA TeIlJIOBbIX ABJEHUN — TepMOAMHAMU-
YeCKHUM U cTaTucTHYecKHM. OHU B3aMMHO JOMIOJIHAIOT APYT Apyra.
Ho craTucTnuyeckas MexaHuka — 0OoJiee riiybokas Teopus, B KOTO-
POl ITOJTHOCTBHIO BCKPHIBAETCA CYLIHOCTh TEILJIOBBIX siBJleHuM. Ca-
MM 3aKOHBI TEPMOJAMHAMHKH MOXXHO 000OCHOBATHL B paMKaxX CTa-
THCTHYECKOM MEXaHHKH.
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Fhasa 2

OCHOBbI MOJIEKYNIAPHO-KUHETUMECKOMN
TEOPUM

MbvL HGYHeMm C OCHOBHbLX NOJOHEHUL MOSEKYAAPHO-KUHemU-
yeckoli meopuu. OHu 6am wacmuyHo u3eecmhsvl u3 npeduecm-
8ywujezo Kypca ¢usuku. 3amem nO3HAKOMUMCA C KOAUYeCm-
8eHHOIl meopueil camozo NPocmozo MAKPOCKONULECKOZ0 meaa —
zasa.

§ 2.1. OCHOBHbIE NONOXXEHUA
MOJIEKYIAPHO-KUHETUMECKOWN TEOPUM

«Ecau O6vt 8 pe3ynvmame kKarxoi-aubo mupoeoit kamacmpo@hbvt
6Ce HAKONJEeHHble HAY4YHbLe 3HAHUA 0KA3AAUCb Obl. YHUYMO-
HCEHHbIMU U K 2PAOYUWUM NOKOLEHUAM HUBLLX cyujecma nepe-
waa 6bt MoabKO 00HG ¢pa3a, mo Kakoe ymaepixicdenue, CO-
cmaseneHHoe U3 HAUMEeHbWezo Koauvecmea CJ08, NPUuHecno
Obi HaubGoabwyio uHnpopmayuw? A cuumalo, wmo amo —
amomMHaa zczunome3sa (Moxeme Ha3bi8amy ee He
zunome3soii, a axKkmom, HO 3MO HU4e2O0 He MeHAem ). 6ce me-
nla cocmoam u3 amomMoé — MANEHbKUX meney, Komopbwvie
Haxodamca 8 bGecnpepbiéHoM 06UdEHUU, NPUMAZUBAIOMCA
Ha HebOnBULOM pACCMOAHUU, HO OMMANKUBAIOMCA, eCRU
00HO U3 Hux nromHee npuxcambv x Opyzomy.

B o0noii amoii ¢ppa3se, kxax 8vL ybedumecw, codepriumcsa Heae-
poamHMoe Koauiecmeo UHpopmayuu O Mmupe, cmoum JUWb
NPpULOXUMb K Hell HEMHO20 8000PAXCEHUA U HYYyMmb-iYymb C000-
PadCEeHUA».



ITpusedernnoe Hamu Bbicka3viéarnue npuradaexcum evidaroue-
MYyca amepuxkanckomy ¢uiuxky P. Peilinmany.

Hmak, 6 0OcCHo8e MONEKYAAPDHO-KUHEMUYLECKOL meopuu Jae-
scam mpu ymaeeprucdenus, Kaxdoe u3 KOmopvLx 6 Hacmoauee
apems cmpozo 00KA3GHO IKCNepuUMeHmanbHO: 6eu,ecmeo co-
cmoum u3 ¥acmuy, 3mu YaAcmulyb. XaomuiecKu OBUNYMCR;
yacmuybl 83aumodeiicmeyiom opyz c dpyzom.

DokasarenscTsa CyueCTsOBaKHNA MOSMEKY

IIpeanoso)xeHue 0 TOM, YTO BCe Tejla COCTOAT U3 OTAEJBHBIX
YacTHI U, CJefOBATEJbHO, HU OLHO TeJI0O HeJNIb3A pasfejiuTh Ha
CKOJIb YIOAHO MAaJIble YacTH, BRICKA3hIBaAJIOCh [IeMOKPHUTOM U ApPY-
F'MMH ApeBHerpe4yecKMMH MEICHIUTeNAMH eme 3a 2500 jser g0 Ha-
mero BpemeHH. KauecTBeHHOe OObSCHEHNEe MHOTHX SABJIEHUH C
IMOMOINbIO MOJIEKYJIApHO#I Teopuu 6blim0 gaHo B XVIII B. Oguako
GeccIIOpHBIE HOKAa3aTeJbCTBA CYIeCTBOBAHUA MOJIEKYJ H aTOMOB
YAAJIOCH MMOJYYUTD TONBKO B Hauajse XX B. Jles10 B TOM, YTO aTOMBI
ouyeHb MaJbl. OHM He BHUAHBI HE TOJBKO IIPOCTHIM I'JIa30M, HO U B
OOBIYHEIH ONITHYEeCKUN MUKpPOCKoIl. U MeHHO mo3ToMYy BCe Tejla Ka-
}KYTCA HaAM CIIJIONIHBIMH.

ITepBoe ybeauTesibHOE, XOTA ¥ KOCBEHHOE, JOKA3aTEJIbCTBO CY-
IeCTBOBAHUSA ATOMOB H MOJIEKYJ OBLJIO IOJYYEeHO AHTVIMHCKHM
xumMukoMm [I. JanpToHom (1766—1844). JansToH OOBSACHHJ 3a-
KOH IIOCTOSIHHBIX OTHOmeHHu. CoryjiacHo 3ToMy 3aKOHY nIpu obpa-
30BAHUH JIIOOBIX XMMHYECKUX COeJMHEHUI MacChl pearupymoinux
BeIeCTB HAXOAATCA B CTPOr'O onpejesIeHHbIX OTHOIIeHUAX. Tak,
HampuMep, npu oOpas3soBaHMH BOABI M3 BOAOpOAA M KHCJIOpOAa
OTHOIIIEHWe Macc IpopearupoBaBIIKX ra3oB BOACpOAa U KHCJIOPO-
na Bcerga paBHO 1 : 8. OToT paKT CTAHOBHUTCA NMCHATHBIM JIMIIL B
TOM CJIy4yae, eCJIH AOIYCTHUTh, YTO IPHU 00pa30BaHNHU MeJjJbdyaiiiein
YaCTUUYKH BOABI — MOJIEKYJIbI — HEKOTOpOe OonpeResIeHHOe YHCJIO
aTOMOB BOAOPOJA COEAUHAETCSA C OIpeAesIeHHBIM YHCJIOM aTOMOB
Kuciaopozxa. MoJyieKkyJsia BOAbI COCTOMUT U3 ABYX ATOMOB BOAOpOJa U
OAHOrO aToMa KHCJOpoxa. I1oaToMy OTHONIIEeHMe MacC BOAOPOAA
¥ KHCJIOpoAa Npu o6pa3oBaHUM BOABI AOJXKHO GBITH pPaBHO OTHO-
IIeHUI0 YABOEHHOHN Macchl aTOMa BOAOPOAA K Macce aToMa KHCJIO-
poaa. ITO OTHOIIEHNE He MOXKeT U3MEHUTHCA HU IIPH KaKHUX yCJIo-
BUAX.

Mbs=I He GyaeM nepedHCIATH BCE H3BECTHRIE ceifyac foKasaTelb-
CTBa CYLIECTBOBAHUS ATOMOB M MOJIEKYJI. B 3TOM HeT HUKAaKO He-
o6xoanmocTu. CoBpeMeHHbI€ TPUGOPHI ITO3BOJAIOT PACCMATPHUBATH
OTJeJIbHbIE ATOMBI Ha IIOBEPXHOCTAX TeJI U UBMEPATH UX pasMephl.
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CaMBblii cOBepIlIeHHBI!I M3 HUX, Ha3blBaéMbII TYHHEJbHBI M
MUKpPOCKoOMDOM, ObuLIco3zaH B cepegure 80-x rosos coTpy/-
HUKaMH 3HaMeHUTOH KommnbioTepHOM (Gupmbl IBM (r. Iiopux)
I'. Buaauarom u I'. PopepoMm, yI0oCcTOeHHBIME 3a ero usdobpereHue
HobeneBckoit npemun.

TyHHEeNnbHbIK MUKPOCKON

Camy uzeo TYHHEeJIbHOTO MUKPOCKOIIA IIOHATH HE OYE€Hb CJIOMK-
Ho. 3roroBiisieTcsa 4Ype3BLIYafHO TOHKOE BOJIb)pPaMOBOE OCTpHeE-
30HI (puc. 2.1), HaCTOIBLKO TOHKOE, UTO OHO 3aKaHUYMBAaeTCs O/-
HUM WJIN HECKOJbKUMHU aToMamMu. OcTpue HOYTH BILJIOTHYIO HOJ-
BOAUTCS K IOBEPXHOCTH IIDOBOAAIIIETO 3JIEKTPUYECKUNA TOK Bellle-
crBa. [Ipu aTOM 3jeKTpOHHEBIE OOJlaKa aTOMa Ha KOHUYUKE OCTpUA
u O KaiInero K HeMy aToMa IOBePXHOCTH HAUHYT epeKPhIBATh-
caA. Ecamn npunoxuth Hebosbmioe (mopsagxka 0,01 B) Hanpsiskenue
K IOBEPXHOCTH U OCTPHUIO, TO B 3a30pe OCTpHEe — IIOBEPXHOCTH IIO-
ABUTCA caabblii TOK — IIOpPAAKA MUJIJIHAPAHBIX JOJIell aMIiepa.
ITOT TOK Ha3bIBaeTCA TyHHeJbHbIM. (Ero nmosasienune oObsaAcCHAETCA
C IIOMOIIBI0O KBAaHTOBOro 3cddeKTa, Ha3bIBAEMOI'0 TYHHEJIbHBIM.)
TyHHeJIbHBIN TOK UYpE3BbIYAHO CUJIBHO 3aBUCHUT OT DPACCTOSHUSA
MeXXAy 30HJOM U IOBEPXHOCTHIO. IIpu M3MeHEeHUU pacCTOSHUS HA

21078 cM (mpuMepHO Ha pa3Mep aToMa) CHJIa TOKA N3MEHAETCA B
TBHICAYU pas.

Eciu ocTpue mepememiaTh BAOJIb IOBEPXHOCTH, TO CHJIa TOKa
IOJIXKHA MEHATHCSA B OYE€Hb HIMPOKUX IIpefiesiaX, YBEJIMYNBAACH IPU
OPOXOXKAEeHUU 30HJa HaJL aTOMOM M YMEHBIIAsACh A0 HUYTOMKHBIX
3HAUEHW, KOra 30H]] 3aBHCAET HAaJ IPOMEXKYTKOM MEKIy aToMa-
MU [IOBEPXHOCTH. JTO OUY€Hb HeyJO0OHO IJs
perucTpupyiolieili TOK CUCTEeMbI, He T'OBOPS
y>Xe O TOM, YTO OCTpHE MOKET IIPOCTO 3a-
HEeIIUThCA 3a HEPOBHOCTh HEJOCTATOYHO
TINATEJbHO OTIILIMN(GOBAHHON MOBEPXHOCTH.
Yro6bl M30e)KaTh 3TOro, HCIIOJIL3YIOT CJie-
AYIOIIUNA IIpHeM: chelliaJibHOEe YCTPOMCTBO
rnepeMellaeT 30HA II0 BepTHKAJXA TaKUM 00-
pasoM, 4TOOBI IPOTEeKAIINN Yepe3 npubop
TOK OCTaBaJICd HEM3MEHHBLIM. JTO [IOCTHUTA-
eTCsl C IIOMOIIBIO YCTPOcTBa 0OpPATHOM CBsI-
31, KOTOpOe YJIaBJIMBAaeT N3MEHEHHEe CHJIbI
TOKa M JaeT KOMaHAY HPHOJU3UTh 30HA K
Puc. 2.1 IIOBEPXHOCTH UJIH YAAJUTH OT Hee.
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OcHoBHaA mpobJjeMa COCTOUT B TOM, UTOOBI 30HJ IIepeMellaTh
KOHTPOJINPYEMbBIM 00pa3oM Ha PACCTOSSHUA B MUJLIMapPILHBIE HOJIH
meTtpa (~1 HM). ITO JOCTUTraeTCsA C MOMOLIBIO TaK Ha3bIBA€MOIO
IIbe303JIeKTPUYECKOro MaHHUOyJsaTopa. HeKoTopble KpPHUCTAJLIBI,
HaopuMep KBapll, 1 CIenuajlbHble KepaMUKH CJIeTKa MEHSIOT
CBOU pasMephl OJ AeicTBMEM 3JEKTPHUUYECKOro IoJis. B aTtom co-
CTOUT SBJIEHUE NbE303JeKTpUUYecKoro sp@dexra. IJIeKTpUUeCKUe
IIOJI CO34AIOTCSA TOHKMMM MeTaJIMYeCKUMH IJIeHKaMW, Hallbl-
JIIeMBIMU Ha IIOBEPXHOCTh KepaMuku. [Ipu naMeneHUN HampsaxKe-
HUSA Ha JecAThble IOJH BOJIHLTA pa3Mephl KepaMUUYeCKUX CTepKHel
MEeHSAIOTCSA IPUOJIU3UTEILHO Ha pa3Mep aToMa.

HecnoxxkHast KOHCTPYKIIAA U3 TpeX B3aUMHO IEPIEeHIUKYJIAD-
HBIX KepaMUYeCKUX CTep KHell obeclieunBaeT nmepeMeIlieH1e OCTpuA
II0 BCeM HarpasjeHUAM (puc. 2.2). MeHslomuecss Haupsi»KeHUsa Ha
CTEeP’KHAX BBI3LIBAIOT IIepeMelleHNe OCTPUS BIOJL IapaJljesb-
HBIX JIMHUH, OTCTOALIMNX APYT OT ApPyra Ha 3aJaHHble PACCTOAHUA
(ckanupoBanue). OZHOBpEMEHHO IIPOUCXOAUT IIepeMellleHie OCT-
pHs IO BepTUKAIN, o0ecneunBaioniee PUKCHPOBAHHYIO CIJIY TOKA.

IIpe3osneKTpUIECKTIT
MaHUIYJIATOD

JJIEKTPUYIECKOe |

: Ha

Puc. 2.2
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ITonyuyennasa uadopmManus o mepeMeleHUAX OCTPUs oOpabaThiBa-
eTcA KOMIIBIOTepPOM M IOJAaeTCA Ha NPUHTeD (IleuaTalmnee yCTPoOii-
CTBO) MJH HEMOCPEACTBEHHO Ha JKpPaH AUCIIEesA, HA KOTOPOM H
nosydaerca u3o0OpakeHHe aTOMOB Ha MOBepXHOCTH oOpasma. Ha
pucyHke 2.3 moxkasaHo H300pa)keHHe IIOBEPXHOCTH rpadura, Imo-

JIlydeHHoe B JjabopaTopuu KacdeApbl KBAaHTOBOH paguoPU3UKHU
MI'Y B1991r.

LT

nNay

771

Puc. 2.3

C IoMOIIbIO TYHHEJIBHOr0 MHKPOCKOIIA MOKHO He TOJBKO MOJIY-
YyaTh aTOMHOe H300pa’keHue IIOBEPXHOCTH, HO M IepeMellaThb II0
Hel aTOMBI B ITPOM3BOJILHOM HaIIpaBJieHUH. [JId 3Toro Ha OUUIIeH-
HYIO [TIOBEePXHOCTh KPHUCTAJJIA HUKEJA HABLIAIOT He0O0IbIIoe KOJJIH-
YecTBO aTOMOB KceHOHa. IloBepxHOCTh oxyakmaercsa Ao —269 °C,
yTOOBI MCKJIIOUNTH 3aMeTHbIe IIepEMEIleHHs aTOMOB KCEeHOHa
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BCJIEACTBUE TEILIOBOrO ABM KEHUS. ¥ BeJIMUNBAA HAIIPAKeHUEe MeXX-
Ay OCTpMEeM ¥ HUKeJIeBOM MOIJIOKKOM, MOXKHO 3allelIMTh Ha OCT-
pHe OT/JieJIbHBIN aTOM KCEeHOHA U IepeHeCTH ero B Hy’KHOM HalpaB-
JIeHUH. Y MeHBbIIUB 3aTeM HaOpsKeHue, MOXKHO OTIEIIUTL aTOM U
IIOMECTUTHh ero B JioooM mecTe. Ha pucyHke 2.4, ciejlaHHOM C 3K-
paHa gucILied, Bbl BUAUTe HasBaHue pupmel IBM, «HanmucanHoe»
35 aTomMmaMu KCceHOHa. Paamemnienue oTAeJIbHbIX aTOMOB B 3aJaH-
HBIX MeCTaX OTKpbIBaeT (paHTACTHUYECKIE BO3SMOXXHOCTH CO3JaHUS
XxpaHuaun MHPOpMaIlUM Ha aTOMHOM YPOBHE. JTO yiKe IpeneJ
«MHUHUATIOPU3AIUN» XPaHUJIUIN NH(POpMAILIUH.

tr—

|
I HEEEENERERERNEEREE 1] L1 IEEERENEEE RN

Puc. 2.4

Paamepbl aToOMOB U MOneKyn

TyHHeJ bHbIe MHKPOCKONBI 00eclIeunBalOT yBeJHYEeHHEe B
100 maH pas. ITO MO3BOJIAET U3MEPATH pa3Mephl ATOMOB C OU€Hb
OosbuION TOYHOCTBIO. TaK, AuaMeTp aToMa yrjaepoja OKas3aJicA
paBHEIM 1,4 - 1078 cm. Takoii sxe IIOPAAOK UMEK:T X pa3Mepsl APY-
r¥X aTOMOB.

Pasmepsl aTOMOB 1 MOJIEKYJI, HalleHHbIEe APYTUMH MeTOLaMH,
OKAa3bIBAIOTCS IIPUMEPHO TAaKUMH JKe.

ITU pas3Mepnl TaK MaJIbl, UTO HX HEBO3MOXKHO cebe Ipejcra-

BUTb. UTO BaM MOXKeT CKa3aTh, HaIpUMep, uucio 2,310 8em —
pasMep MoJIeKyJabl BogopoAa? B Taxkux ciaydaax npuberamoT K
rmoMoInu cpaBHeHuil. Eciu, Hanpumep, Ballly roJIOBY YBEJHYUTh
IO pa3MepoB cpexnHeil 3Be3xbl Tuia CoJHIIA, TO MOJeEKyJa IpH
3TOM YBEJIMYUTCA 0 Pa3MepPOB I'OJIOBHI.

A BoT eme cpaBHeHue. Eciiu npegcraBuTs ce6e, 4TO Bce pa3Me-

pbI B Mupe Boapocau B 108 pas, To Monekysa Bogopona Gyaer Bbl-
MIANeTh KakK IIapuK AuaMeTpoM Bcero B 2,3 ¢cM (CpegHHX pas-
MEPOB CJUBa), a POCT UeJoBeKa cTaa Obl paBHbIM 170 000 KM,
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pasmep myxu — 10 000 kM, Tommuua Bosoca — 10 KM, pa3mep
KPaCHOro KpOoBSIHOro TeJsbna (apurponura) — 700 M.

Yucno monekyn

IIpu cTosib MaJIBIX pasMepax MOJIEKYJI YUCJIO UX B JIO60M Mak-
POCKOIIMYECKOM TeJjle Upe3BhIYAalHO BeJIMKOo. IloicuHMTaeM IIpu-
OJMU3KUTEeILHOE YHCJIO MOJIEKYJI B KaIljle BOAbI Maccoii 1 r u, cieno-

BaTeJbHO, o6beMoM 1 cm3. JluamMeTp MoJIeKyJIBI BOABI paBeH IpH-
6ausurenpao 3-1078cMm. Cuuras, 4To KaXjgas MOJIEKYJa BOJABI

X IUJIOTHOM YIaKOBKe MoJeKysa 3aHuMaeT ob6seM (3 1078 cm)3,
MOYXHO HAWTH YMCJIO MOJIEKYJI B KaIljle, pa3fesiuB o0'beM Kariau

(1 cm®) Ha 0O6'beM, IpUXORAIUIICA HA OKHY MOJEKYNY:

_ 1cm8
(83-10-8)3 cm3

~3,7-10%2,

IIpencraBbTe cebe, UTO MOBEPXHOCTH 3€MHOrO IIIapa TBepAas U
riaagkas. Ha Bcell IMOBEPXHOCTH BIIJIOTHYIO APYT K APYTY CTOAT
awoau. Yucio giogelt npu 3ToM OyAeT 4yTh MEHbIIIe YHCcJa MoJie-

Kya B 1 cM® Bozayxa IpH HOpMaJbHOM aTMOC(hEePHOM JaBJIEHUH U
remneparype 0 °C.

Hado nomHumb OCHOBHbLE NOJONEHUA MOJNEKYNAPHO-KUHEMU-

weckoil meopuu. Amombs. umelom pa3mepv. nopadxa 1078 cm.
H3o6parxcenus amomos, nosyienHble ¢ NOMOW,bl0 MYyHHELbHO-
20 MUKPOCKONGA, He 0OCMAa8AAlom HUKAKUX COMHEHUIL 8 uX Cy-
u,ecmeoéanuu,

§ 2.2. MACCA MOJIEKYI.
NOCTOAHHAR ABOIAAPO

Maccot monexkys ovenb Manbl, eCaAU 8bLPANCAMb UX 68 ZDAMMAX
UaU Kuaozpammax, a HuUci0 MOJNEKYsl 6 MAKPOCKONUYECKUX
menax 0z2pomHo. C 0O4eHb MANEHbKUMU U O4YeHb 00SbULUMU
yucaamu umemdv 0eno Heydo6HO. Yuernvie Hawau 00804bHO
npocmoii cnocob u3bexcamsv 3mozo Heydobcmea u xapaxKmepu-
308amb MaCCbl MONEKYJS U UX YUCAO 8NOAHEe 0003DUMBLMU LUC-
aAamu, He 8bixodaujumu danexko 3a npedeavt comuu. Ceiltvac
8bL NO3HAKOMUMECH C meM, KaK 3mo deaaemca.
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Macca monexynbl BOAbI

B npeasigymem naparpadge Mbl BBIACHHIH, YTO B 1 T BOABI CO-

aepxurca 3,7 10%2 moJekys. CirezoBaTesibHO, Macca OJHONU MoO-
JIEKYJIbI paBHA:

Ir -23
m = —— =3+107°° r.
0

H:0 3,7.10%2

Maccel Takoro ke nopAagka MMEIOT U MOJIEKYJBl JPYTUX Be-
IEeCTB, HCKJIIYasd OrPOMHBIE MOJIEKYJIBI OPraHUYeCKHUX COeIHHe-
Huii. HanpuMep, Mmacca MOJIEKYJIBI reMOTrJIOOMHA ITpeBHIIIaeT Mac-
CY MOJIEKYJIBI BOABI B HECKOJIBKO AECATKOB THICAY pas.

OTHOCUTENbHAR MONEeKyNnapHaa Mmacca

Tak Kak Macchl MOJIEKYJI OYeHb MAaJibl, YAIOOHO MCIIOJIb30BATH
He a0COJIIOTHBIE 3HAYEHHUS MAacC, a OTHOcHUTeJbHBEIe. Ilo Mex-
AYHAPOAHOMY CcOTJIAaIIeHWIo, NpuHsATOMYy B 1961 r., maccel Bcex

1
MOJIEKYJI CPABHUBAIOT C 7, MACCEI ATOMA yriepoaa* (Tak Ha3bIBae-

Mas yrijiepogHas mIKaJjla aTOMHBIX Macc). I'1aBHas npu4yuHa BeI6O-
pa yrjepoaHOH IMKAaJbl ATOMHBIX MACC COCTOUT B TOM, YTO YIJIEPOJ
BXOJUT B OrPOMHOE€ YHKCJIO Pas3/JIMYHBIX OpPraHMYeCKHX COeIUHe-
HU¥M. 3TOT BBIOOP IMO3BOJIAET OYE€Hb TOYHO CPABHUBATh MACCHI aTO-
MOB THMKEJIBIX 3JIEMEHTOB C Maccoil aToMa yrJiepojaa. MHOXUTeb

1
{3 BBelleH IJIA TOTO, YyTOOBI OTHOCHUTEJIbHBIE MACChI ATOMOB OBLLIIN

6/u3KU K HeasIM yuciaM. OTHOCHTEIbHAA Macca aToMa yriepoja

TOYHO paBHa 12, a aToMa BoOpPOJa NPUMEPHO paBHA €IUHHUIIE.
OTHOCHTENbHOH MOJIEKYJNAPHONH (MJIM aTOMHON) Maccoil Be-

mecTBa M, Ha3bIBalOT OTHOUIEHHE MAaccChl MOJIEKYJXbI (MM aTo-

1
Ma) JaHHOTO BelleCTBA K 75 MAacChl ATOMA Yriepoaa mc:

mg

M,= —— | (2.2.1)
12™Moc

OTHOCHUTEJSIbHBIE ATOMHBIE MACCHI BCEX XMMHUYECKUX 3J€MEHTOB
TOYHO H3MEpPEeHHI. CKJI&}II:IB&H OTHOCHUTeJIbHbI€ ATOMHBIE MACCHI,

1
* TouHee, C 15 Macchl aToMa HauboJiee pacrpocTpaHEeHHOI'O H30TOMNAa
yriepoga-12.
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MOXKHO BBIYHMCJINTh OTHOCHUTEJIBHYIO MOJIEKYJIAPDHYIO maccy. Ha-
IIpXMep, OTHOCHUTEJIbHAA MOJIEKYNsApHaa Macca Bognl H,O npu-

O6JIM)KeHHO paBHa 18, TaK KaK OTHOCHUTEJIbHEIe ATOMHBI€ MACCHI BO-
IopoJa U KHCJIopoJa mpuMepHO paBHbI 1 1 16: 21 + 16 = 18.

KonuuecTtso Belwecrsea

YeMm 6GoJibIlIe ATOMOB UJIK MOJIEKYJI B MAKPOCKOIIKMYECKOM TeJie,
TeM, OYeBUAHO, 6oJIbIlIe BellecTBa cOgepKUTcA B HeM. Hucjo Mmo-
JIeKYJ] B MAKPOCKONMHUYECKHX Tejax orpomuo. Iloaromy yaoOGHO
YKa3bIBaTh He a0COIIOTHOE YHCJIO ATOMOB, 8 OTHOCUTEJILHOE.

IIpuHATO CpaBHUBATH YMCJIO MOJIEKYJI MJIU ATOMOB B JAHHOM
TeJie C YHCJIOM aTOMOB, CoAepXKalmuxca B yriepoae maccon 12 r.
OTHOCHUTE/IBHOE YUCJIO ATOMOB HUJIX MOJIEKYJI B TeJIe XapaK Tepuay-
eTcs oco6oi pru3nuecKon BeJIMYNHOM, HA3bIBAEMO KOJ M Y e C T-
BOM BeI[eCTBa.

KoJuuyecTBOM BemiecTBa V Ha3LIBAIOT OTHOINEHHME YHCJIA MO-
Jexya N B xanHoMm Teje K uucay atomoB N, B 12 r yraepona¥*.

_ N
V= ﬁ; (2.2.2)

3Has KOJMYeCTBO BellecTBa V ¥ yucio N,, MBI TeM CaMBIM 3HA-

eM uyucio moneKys N B BemecTBe. KosimuecTBO BemecTBa BhIpaXka-
IOTB M O JI 1 X.
MoJyip — 3TO KOJIMYECTBO BellleCTBa, COJAEP KAlero CTOJbKO Xe
MOJIEKYJI, CKOJIBKO ATOMOB COIEPXKHMTCA B yriepoae maccoi 12 r.
Ecnu konuuyecTBO BemecTBa paBHO, Hanmpumep, 2,5 MOJb, TO
3TO O3HAYaeT, YTO YUCJIO MOJIEKYJ B TeJie B 2,5 pa3a IpeBHIIIAET
YUCJIO aTOMOB B 12 r yriepoza, T. €. paBHO 2,5N 4.

MocrtoaHxana Asoraapo

Yucio MoJIeKYJI HJIM AaTOMOB B MOJIe Bell[eCTBa Ha3bIBAlOT IIO-
CTOAHHOH ABoragpo. 3To HasBaHHe JAHO B YEeCTh HTAJBAHCKOIO
yueHoro XIX B. A. ABoragpo*¥*.

* Ecyin BelecTBo COCTOUT M3 OTAEJbHBIX aTOMOB, He 00'beJHUHEeHHEIX B
MOJIEKYJIbI, TO 3JeCh U B JaJIbHeH1IeM MMoJg YMCJIOM MOJIEKYJ HaAo nojapa-
3yMeBaTh YHCJIO ATOMOB.

** A, ABorazapo (1776—1856) — uranbAHCKHMI DU3NK U XHUMHK; aB-
TOP YeTHIPEXTOMHOI'O TPYAA, KOTOPBII ObLJI MepPBbIM PYKOBOACTBOM II0 MO-
JIeKyJApHOR pusnke.
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CorJacHo onpefiesIeHUI0 MOJIA NNOCTOAHHAA ABOragpo OZUHAKO-
Ba AJaA Bcex BemecTB. OHa paBHA, B YACTHOCTH, YHUCJY ATOMOB B
MOJIe yTJjiepoja, T. e. B 12 r yriepoaa.

J1a BHIYUCJIEHUS NOCTOAHHON ABOrafpo Haj0 HANTH Maccy
oZHOr'o aroma yriepoaa (uau jiobGoro apyroro aroma). I'pyGyro
OLEHKY MAaCChl MOXKHO CJeJIaThb TaK, KaK 3TO OBIJIO BBINOJIHEHO
JAJIS Macchl MOJIeKYJbl Bogbl. Hanbosiee TouHble MeTOABI ompeze-
JIECHHS MACChl OCHOBAHBI HA OTKJIOHEHUM IIYYKOB MOHOB 3JIEKTPO-
MArHUTHBIM oJjieM. U3MepeHus JaloT AJIA MacChl aToOMa yrjepoza

myc = 1,995 10723 r. Orciona mocTosHHasA ABOTagpo paBHa

N N _l2r 1 _
\Y moc MOJIb
12 1 _6,02-10%moms!.  (2.2.3)

~ 1,995 10-23 Monb

Haumenosanue Moab ! ykaseiBaer, uto N, — YHCJIO ATOMOB

JI060ro BelecTBa, B3ATOro B KoOJIMUeCTBe OAHOro moiad. Ecam
KOJHUYeCcTBO BemectBa V = 2,5 MoJb, TO YHCJIO MOJIEKYJI B TeJe
N=vN,=1,5-10%,

CymiecTByeT MHOI'O APYr'MX METOLOB ONpeieIEeHUA MOCTOSAHHOMN
AsBoragpo, He CBA3aHHBIX C HAXO0XJEHHEM MacCc aToMOB. Bce oxu
NPUBOAAT K OJHUM U TeM e pedyabrataMm. Ilocroannas ABoraj-
PO UrpaeT Ba)KHEWIIYIO POJIb BO Bceil MOJIEKYJIAPHOM MU3HKe U
AIBJIS€TCA YHUBEPCAJNIbHOMI IMOCTOSHHOIM.

OrpomHasa BeJMYMHA IOCTOAHHON ABOrajgpo IOKa3bIBaeT, Ha-
CKOJIBKO MaJibl MUKPDOCKONUYECKHe MacmTabbl MO CPABHEHHIO C
Makpockonudyeckumu. Teso, o6nazaroiiee KONUeCTBOM BellleCTBa
1 MoJb, MMeeT NPUBBLIYHBIE AJISI HAC MAKPOCKOIIMYECKKEe pa3MepHl.

MonsipHas macca

Hapsaay ¢ orHoCUTeIbHON MOJIEKYJIAPHON Maccoit M,, B Gusu-
Ké 1 XMMHH IINPOKO UCNOJIb3YEeTCA NOHATHE MOJIAPHOM Macchl M.

MoasapHoit Maccoit Ha3sIBaIOT MacCy BellleCTBa, B3ATOTO B KO-
JIMYecTBe OJHOTO MOJIA.

CornacHo 3TOMY ONpeAeseHUI0 MOJIAPHAA Macca paBHA IIPOU3-
BEIEHUI0 MACChl MOJIEKYJIbI HA IOCTOSAHHYI0 ABOrafpo:

M=m,N, (2.2.4)
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MoJsAapHas mMacca IpocTHIM 00pa3oM CBA3aHA C OTHOCUTEJIBHOM
MoJieLyJaApHoil Maccoit. IlogcraBuB B hopmyny (2.2.4) Beipaxe-
HUA my u3 (2.2.2) u N, us (2.2.3), nony4um:

1
Moc ~““monp _ r
r 12 moc ” MOJIBb

KI
MOJIb

M=M

=1073M, (2.2.5)

Hanpumep, monsipuaa macca soasl H,O paBna 18 r/mons, unu

0,18 kr/moJsb, TaK KAK OTHOCHUTEJIbHASA MOJIEKYJIAIpHAA Macca BO-
bl IpUOJINIKEeHHO paBHa 18.

Macca m npOM3BOJILHOTO KOJIMYECTBA BellleCcTBa V U MOJIAPHas
Macca M cBA3aHbI COOTHOIIIEHHUEM:

Tak, macca 3 Mosb Bogbl paBHa: m = 3 moJib * 0,018 kr/monp =
= 0,054 kr.

Hcnoneays dopmysl (2.2.6) u (2.2.2), MOXKHO IOJAYy4YUTh GOP-
MYJIy AJIs1 YMCJIa MOJIEKYJI B TeJile B 3aBUCHMMOCTHU OT MacChI TeJia m
1 MOJIAPHOM Maccel M:

N=NAA—";. (2.2.7)

HyxcHo 3anomHumb 3navenue nocmoarHoit Asozadpo: docma-

mouho 3name nopadok eeauuunb. 1023, Cmoavko monrexya co-
Odepxumca 6 12 r yenepoda, 6 18 r 600vt u m. 3. Popmyawi
(2.2.1), (2.2.2) u (2.2.4) dawom onpedenenusa Ho8biM Pu3uye-
CKUM BEJlUYUHAM: OMHOCUMENbHOU MOJEKYAAPHOIL macce, Ko-
auvecmaey eeuyecmea U MOAAPHOU Mmacce. Bvigecmu ux Henb-
34, ux Haodo npocmo 3anomuumbs. OcmanbHble HOPMYNbL MONC-
HO 8blL8eCMU, U 3ANOMUHAMDb UX He00A3aMmelbHO.

§ 2.3. BPOYHOBCKOE ABWXEHUE

O0HO u3 camvlx owesudnblx doxa3amenbcme d8UNCEHUA MOJe-
KYJa MOMNCHO NOAYYUMb, HA6AI00aA 8 MUKDOCKON MeabHalluiue,
838eUWleHHble 8 800e Hacmuybl KaKozo-1ubo meepodozo ewecm-
6a. dmu uwacmuybv. cosepwaiom Oecnopadounoe 0O8ujcenue,
Komopoe Ha3vigarom 6pOYy HOBCKUM.
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Tennosoe asnXxeHne MONEKyn

JIBH)KeHHe aTOMOB ¥ MOJIEKYJI MaJI0o HAIIOMUHAEeT ABUYKEHUEe CO-
6aKu MM aBTOMOOMJIA. ATOMBI XU MOJIEKYJIBI BelecTBa cOBeplla-
IOT ABM)KEHHE, B KOTOPOM TPYAHO YCMOTPETh KaKOM-JIU60 mops-
JOK U PeryJIApHOCTh. BecrnopAafouHoe ABM)XKEHHUEe MOJIEKYJ Ha3bl-
BAIOT TEMJOBLIM ABHUXEHHUEM.

JIBU>KeHNe MOJIeKYJ 6eCIOPAJOYHO U3-3a TOrO, YTO UX YUCJIO B
MaKpPOCKONMUYECKUX TesiaXx Heo003puMoO BeJInKOo. Kakaasa MOJIeKy-
Jla OecripecTaHHO MEHsieT CBOIO CKOPOCTh IIPM CTOJIKHOBEHHUAX C
JAPYTHMU MOJIEKYJIaMH. B peaysbraTe ee TpaeKTOPHUA OKa3bIBAEeT-
CA YpEe3BLIYAMHO 3allyTaHHOH, JBHM)XKEHHEe — XAaOTHUYHBIM, OoJee
XaOTUYHBIM, 4YeM ABHXKEeHUEe IeNKH B OypJAIlleM IOTOKe BOALI
WJIX MypaBbeB B pa30pPeHHOM MypaBeiHHUKe.

BecnopazoyHoe ABM)KeHHE OTPOMHOrO YHKCJa MOJIEKYJI KadecT-
BE€HHO OTJIMYAETCA OT YIOPALOYEHHOTO MEXaHUYeCKOro rnepeme-
meHus tes. OHO npeAcTaBiaAeT co00M 0CcOOLIH BUJ ABHUXKEHUSA Ma-
TEPUH CO CBOMMH OCOOBIMHU cBoiicTBaMu. OO0 3THX CBOMCTBAxX M
MONAeT peyb B JaJIbHeMHIIeM.

Moaenb 6POYHOBCKOro ABUXXEHUS

BpoyHoBckoe nBHXKeHUE IpejcTaBisdeT coboit rpyboe, CUILHO
YIIpOLIIEHHOE, HO IrIyOOK0 BepHOe OTOOpakeHue TenJoBOro ABUXKe-
HUA MoJieKyJ. CyIIHOCTh €ro MOXXHO YfACHUTb U3 CJIeIYIOILIero
npoctroro npumepa. Ha crojse crout 611080, MOJHOE KHUBHIX MY-
paBbeB (IIpUMep INpPUHAMJIECKHUT Hemenxkomy ¢usuky P. Iloiaro).
Ms1 cMoTpUM Ha GJII0L0 C JOCTATOYHO GOJIBIIOrO paACCTOAHKUSA, TAK
YTO IJia3 He B COCTOSIHMHU pa3JInyaTh OTAEJNbHBIX CHYICIINX Hace-
KOMbIX. Hamemy B3opy npezacraeT JUIIEeHHAA CTpYKTYPBI YePHO-
KOpHUYHeBas Macca. YBHUAETb HeUYTO OoJibliiee MMO3BOJIAET MPOCTOMH
npueM. BpocuM Ha 61100 HECKOJIBKO XOPOIIO BUAMMEBIX JIETKHUX
npeaMeToB: 00pe3KOB Oymaru, NymIUHOK U T. . OTU IIPeAMETEI He
ocTaHyTcAa B nnoxkoe. OHM 6yayT OecnopALOYHO ABUraThCA, IIOBOPA-
UMBATHCHA, TAK KAK MX TOJKAIOT U TAHYT B PA3JUYHbIE CTOPOHBI
Hepa3jJn4yuMBble AJIA IJia3a HaceKoMble. [IBUKeHHe NYIIUHOK U KY-
COYKOB Oymaru paeTr odeHb YNPOIIEHHYIO, rpy0yI0 KapTHHY He-
IIPEPHIBHOTO IBUXKEHUS MYPaBbeB.

Habnioaenne 6POYHOBCKOro ABUXEHUS

ITogo6HBIM 06PAa30M MOCTYNAIOT U NPU HAGIIOAEHUHU TEIJIOBOTO
ABUXKEHNA, TOJBKO B IIOMOIIb rJja3dy GepyT MHKpockon. Kamio
JKUJIKOCTH, K KOTOPOl A06aBlieH MEJKHNA HepacTBOPUMBIH IOPO-
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IIOK, PACIIOJIAral0OT NOA O00'bEeKTHBOM MHKpOCKONa. AHIMIMICKUN
ooranuk P. Bpoyn (1773—1858), HabmogaBmiuii 3T0 ABJIEHHE B
1827 r., ucrmosIL30BAaJI B3BeNIeHHBIE B Bojie cIOpkI nyayHa. Ceityac
OOBIYHO HCHOJIb3YIOT YACTUYKHU KPACKU I'YMMHTIYT, HepacTBOPU-
MO B BoJe, MJIK YAaCTUYKHU TYIIU. ITU YACTUYKH COBEpPIIAIOT Xa-
oTH4YecKoe ABHKeHHe. CaMbIM NMOpPa3UTEJHLHBIM U HENPUBBIYHBEIM
JIJIA HAacC ABJIseTCA TO, YTO 3TO ABMYKEHHe HUKOrJAa He IpekKpalia-
eTcsa. BHyTpHU 3aKpBITOI CO BCeX CTOPOH KIOBETHI (BO u3bekaHue
HCIIapeHNns »XHUAKOCTEM) ero MOXXHO HabaoaaTs JHAMU, MecAla-
MU, rogamu. OHO BeYHO M CAMOIIPOM3BOJILHO. UHTEHCHBHOCTD €ro
BO3pPAacCTaeT C POCTOM TEMIIEPaTypPhI.

B ByJIKaHMYECKHX IIOPOJAaX MHOrJAAa BCTPEUAIOTCH KAIlJIX BOAHI,
3aXBavyeHHbIE IIPU OXJIAXKAEHHUU NOPOA. BpoyH o6HApYKUJI TaKHe
KaIlJIX B IpO3payHoOM KBapiue. BecnopagouHoe JBU)KeHHe B Kalljie
CIIOP U IIBETOYHO! MBIJBIELI, K30JIMPOBAHHBIX OT BHEIIHEro MHpa
Ha MUJIJIMOHBI JIeT, 3aCTaBHJIO BpoyHa npH3HATh, YTO ABHYKEHUE
3TUX YACTHUIL HE MOXKeT OBITh ABMXEeHHUEM >KUBEIX CYIIIECTB, KAK OH
AyMaJi NEPBOHAYAJIBHO.

MB&I NPpUBHIKJIN K TOMY, YTO JI000€ JBHIKYIIleecA TeJIO PaAHO HJIU
IIO3JHO OCTAHABJIMBaeTCs. BpPOYHOBCKOe ABHXKEHHE — TeIlJIOBOe
ABV)KEHMeE, ¥ OHO He MOXKeT npekpatuTscsa. [Io ciroBam ¢ppaHILys-
ckoro ¢pusuka . Ileppena, 3KcnepuMEeHTANIbHO KCCJIEZOBABLIETO
OpPOYHOBCKO€E ABM)XEHHE, 3TO ABUIKEHHE — «TOYHOE BOCIIPOM3Be-
AeHHe TeILJIOBOro ABHKEHMUA MOJIeKYJI, UJIH, elle TOYHee, 3TO Ha-
CTosAllee MOJIEKYJIAPHOEe ABIXKeHUe... [Ipn paccMaTpuBaHNM 3TOr0O
ABM)KEHUS HET NMPUHIMNNAJbHON PasHUIBI MEXAY MOJIEKYJaMu
a30Ta, KOTOPHIIA MOXKeT OLITh PACTBOPEH B BOJE, U TeMU BHUAUMEI-
MM YaCTHI[AMH, KOTOpPbIe CYIIECTBYIOT B BHJE 3€pPEH 3MYJILCHUHU.
BecnopAzo4YHBI XapaKTep TEIJIOBOT'O ABHMXKEHUSA, ero HeHU3MeH-
HOCTh KAYECTBEHHO OTJIMYAIOT 3TO ABUYKEHHE OT YIOPAJ04YEHHOT0
MeXaHHUYECKOro repeMemeHn s MAKPOCKOMMNYECKHUX TeJI».

Kpacouno onucesiBaeT 6poyHoBckoe aABmxenue P, Ilons. HeMHo-
rue fIBJIEHHUA CIIOCOOHBI TAaK yBJeub HaOJogaTes s, KAK OPOYHOB-
CKOe JBH)KeHUe. 3ech HAOJI0ZATEe IO [I03BOJIAETCA 3arjAHYTH 3a
KYJHUCH coBepmalomeroca B npupoge. Ilepex HUM OTKpHIBaeTCsA
HOBBIA MUpP — 6e30CTaHOBOYHASA CYTOJIOKA OPOMHOIO YKCJIa Yac-
THI[. BHICTPO IpOJIeTAIOT B II0JIe 3PeHUA MHUKPOCKONa MeJnuaii-
IIye YaCTHILhI, IOYTH MTHOBEHHO MEHASA HallpaBJIeHHe ABUXKEHUA.
MeanenHee npoaBuraloTca 6oJjiee KpynHbIe YaCTHUIbI, HO U OHU IIO-
CTOAHHO MEHAIOT HAaIpaBJIeHHe ABUYKeHHs. DoJsbllne yacTHIbl
IIPAKTHUYECKHU TOJIKYTCA Ha MecTe. X BHICTYNIEI IBHO MOKA3bIBAIOT
BpallleH’e 4YacTUl] BOKPYr OCH, KOTOpas IOCTOAHHO MEHAeT Ha-
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IIpaBJieHHe B IpocTpaHcTBe. I'OCIIOACTBO cJenoro ciaydas — BOT
KaKoe CUJIbHOe, IIOJABJAIOIee BlleyaTieHue ITPOU3BOJUT 3Ta Kap-
THUHA Ha Habamogarenda. Hukakoe cjioBecHOe OnmcaHue He MOXKET
Jake IpUOJIHIKEHHO 3aMeHUTh COOCTBEHHOe HaboeHue.

Ha pucyske 2.5, a npuBegeHa cxeMa ABM)KeHUsT OPOYHOBCKOM
yacTtHuilbl. ITo/I0KeHnsa YacTHUILI onpeaeseHbl Yepe3 paBHEIE IIPO-
MeXYTKH BpeMeHu — 30 c U coefUuHEHBI NPAMBIMU JIUHUAMU.
B neiicTBUTEIBHOCTY TPAEKTOPHUA YACTHIIHEI ropa3ao ciaoxkHee. Ha
pucyHke 2.5, 6 B yBeJIJUUeHHOM MaciluTabe mpeacTaB/ieHa TPaeKTo-
pHA YACTHUIBI MEXAY TouKaMu A u B npu ycioBuu, 4TO ee II0JIO-
sxeHme peructpupyercs B 100 pas uyaine, yeM Ha puUCYHKe 2.5, a.
OT4YeTJIMBO BUIHO, UTO TPAEKTOPUA OCTaeTcs MOoJoOHOM cebe mpu
MIPOU3BOJIbHOM yBesinueHuH. I1omo0HBIe reoMeTpuyecKue 00beK-
Tel OBLIM Ha3BaHBI (ppakTasmamMu. Ba’KHOCTH 3TOro INOHATUA IJA
(Gu3UKHU cTajia AcHa coBceM HeaaBHO (80-e roasr).

BpoyHoBckoe nBHKeHHe MOXHO HabuioxaTh u B rase. Ero co-
BEpIIAIOT B3BELIEHHbBIE B BO3AYXE YACTUIIBI IIBLJIN UJIX AbIMA.

Ha gBu’KeHNe NBIIMHOK B CBOE BpeMs o0paTuJl BHUMaHUe PUM-
ckuii pusocod u noat Jlyxkpeuuiit Kap (okosmo 99—55 rr. go H. 3.).

a)

) —
»

X S

Puc. 2.5
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M Kak 3TO HU YAUBUTEJIbHO, IIPABUJILHO 00'BACHUJI €TI0 IIPOUCX 0K -
neaue. B suamenuTon nosme «0O nmpupoe Beliei» OH NHUCAJ:

Kpome Toro, moromy o6patuts Te6e HaJJ0 BHUMaHbE

Ha cymaToxy B Tesax, MeJbKAIOIIUX B COJTHEYHOM CBETe,
YTo 13 Hee MO3HAEIllb Thl MAaTEPUH TaKXKe ABUKEHbA,
IIpoucxogAiiyue B Hell IOCTOAHHO ¥ CKPBITHO OT B30pa.

M60 yBuaNIIb THI TaM, KAK MHOT'O NBIJIMHOK MEHSAIOT

IIyTh CBOM OT CKPBITBHIX TOJMYKOB M ONATH OTJIETAIOT 00paTHO,
Bcerony Tyna u cioma pazberaach BO BceX HallpaBJIeHbAX.

OO6bsicHeHne OPOYHOBCKOro ABWXEHUs

O6BbACHUTH OPOYHOBCKOE ABM)KEHUE MOXKHO TOJIBKO Ha OCHOBE
MOJIEKYJIAPDHO-KUHEeTUUYEeCKON Teopuu. lIpumumHa OGPOYHOBCKOTO
ABUYKEHUSA YACTHUIIBI COCTOUT B TOM, YTO YAAPHI MOJIEKYJI dKUIKOC-
TH O YaCTHILy He KOMIIEHCUPYIOT aApyr apyra. Ha pucyske 2.6 cxe-
MaTU4YeCKH IIOKa3aHOo I0JIOXKEeHMe OQHOM OPOYHOBCKOM YaCTUIILI U
OMoKaHIIINX K Hell MOJIEKY.JI.

MAMnyabc ogHOM MOJIEKYJIBI CIUITIKOM MaJ IJIA TOTO, YTOOBI pe-
3yJIbTAT ee CTOJIKHOBEHUA ¢ OPOYHOBCKOM YaCTHIEH MOXKHO OBLJIO
yBUZETh NOJA MUKpOckKonoMm. Ho eciu ¢ yacTunei crajikuBaeTcsa
cpa3y 0oJIbIlIoe KOJHUYEeCTBO MOJIEKYJ, CJAYyYaifHO ABHUKYIIUXCA B
OJHOM HAIIpaBJIEHUHM, TO OHM MOTYT BBI3BATh €e 3aMeTHOe cMellle-
Hue. PesynbpTHpyloniasa cuja JaBJeHUA, AEHCTBYIONIaA Ha YaCTH-
1y, OKa3bIBaeTCsa OTJIMYHOU OT HYJIA.

CpenHee naBiieHHe MMeeT OIIpefeJIeHHOe 3HaueHHe KakK B rase,
TaK 4 B KuUAKocTU. Ho Bcerma nmpoucxoaaT He3HAYHTEJbHBIE CJIY-
YyaifHble OTKJIOHEHUA OT cpefHero. UeM MeHbIIe ILJIOALb II0BEePX-
HOCTH TeJla, TeM 3HaYUTeJbHee OTKJIO-
HEHUA CHJIBbl JaBJIEHUs, AEHCTBYIOIIEH
Ha JAHHYIO ILomianb. Tak, eciau ILiIo-
IagKa HMeeT pas3Mepbl IOPAAKa He-
CKOJBKHX AMAMETPOB MOJIEKYJIBI, TO
JeMCcTByIOIIlad Ha Hee CHJIAa MEHAETCH
CKauK00Opas3HO OT HYJISA A0 HEKOTOPOro
KOHEYHOr0 3HAYeHUA IpPU IONaJaHUU
MOJIEKYJIBI B 9Ty IJIOLIAAKY.

KosnndyecTBeHHass Teopusa OpPOYHOB-
CKOro [HIBHJKeHus Obli1a paspabora-
Ha A. JiiHmuteiinoM (1879—1955) u
MOJbCKUM yueHbIM M. CMOJIYyXOBCKHUM
Puc. 2.6 (1872—1917) 8 1905—1906 rr.
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ITocTpoeHne Teopun GPOYHOBCKOrO ABHMXKEHUSA M ee 3KCIIepu-
MEHTaJIbHOe MOoATBep)KJaeHue (ppaHuysckuMm ydeHbIM M. Ileppe-
HOM (1870—1942) okoOHUaTEJILHO 3aBEepPIININ NO6EeAY MOJIEKYIAP-
HO-KMHETHUYECKON TEeOPHUH.

BpoOyHOBCKOE ABUXEHUE U uaMmepurtesnbHbie Npubopbl

B HacTodAmmee BpeMsa NOHATHE «OpPOYHOBCKOE ABHXKEHHE» HC-
noJib3yercAa B 60jiee MINPOKOM cMbIcyie. Hanmpumep, 6pOyHOBCKUM
JABUYKEHHUEM ABJIAETCA IPOKAaHHE CTPEJIOK YYBCTBUTEJILHBIX U3Me-
PHUTEJIbHBIX NPUOOPOB (KPYTHUJIBLHBEIX BecoB KaBeHauIa 1A uaMe-
PEeHUs TPABUTAIIMOHHON INOCTOAHHOM WK BBICOKOYYBCTBHUTEJb-
HBIX raJIbBAHOMETPOB). JTO APOXKAHHE IIPOMCXOLUT H3-3a TEIJIO-
BOro JABH)KEHUSA ATOMOB JeTajleil IpPHUOOpPOB M OKpYyKalollen
cpeabl. OHO HajlaraeT orpaHUYeHUs HA BO3MOXKXHOCTb IIOBBIIIEHU A
YYBCTBUTEJBbHOCTH H3MEPUTEJbHBIX HNPHUOOPOB NP KOMHATHON
TeMmnepatrype. ToJbKO riIy00OKoOe OXJa)KJAeHHe NMO3BOJIAET YBeJH-
YUTh YYBCTBUTEJIHLHOCTEL IPUGOPOB.

OueHnb manrenvbKue, HO 6ce e 8udumbie 8 MUKPOCKON uau oa-
JHe HeBOODYNCEHHbIM 2]1a30M YACMULKU 8eujecmaa 8 HudKoc-
mu unu zale yiacmeyiom 6 XaomuiecKom mennoeéom 0euiice-
HUu moaexynr. Moaexyavt dsuxcymca ewje 6onee 6ecnopadoy-
HO, Yem OpOYyHOBCKUE LacCmuuybt.

§ 2.4. CUNbl BBAMMOAENCTBUSA MOJIEKYN

Ecau monexyav. cywyecmayiom u deusxcymcs, m.o mexnc0y Humu
obazamenbHo 00NKHCHBL deiicmaeosamb cuavl. Bes maxozo e3au-
Mmodeiicmaeusn He Obino Obl HU HUOKUX, HU meepdbix me..

MonexkynsapHbie cunbl

JlokasaTh CyliecTBOBaAHNE 3HAUYUTEJIBHBIX CHJI B3aUMOAEHCT-
BHA MEXJY aTOMaMM HJIH MOJIeKyJaMu HecjoxXHO. IlonpoGyiire-
Ka CJIOMaTh TOJICTYIO NajKy! A Beb OHA COCTOUT U3 MOJIEKY.I.

CymecTBOBaHHE CHUJI IPUTAXKEHUA MeXAY ATOMaMU MOXeT JO-
Ka3aTh TAKOIl HArJIAAHBIM OMBIT. Hao B3sATEL ABA CBUHI[OBLIX O6DY-
CKa U OCTPBIM HOXKOM Cpe3aTh TOHKHUE CJIOM ¢ UX Topuos. I[Ipu go-
CTATOYHOM HABBIKE Cpe3hl MOJIYYAIOTCA INIAAKMMU U YUCTBHIMU,
CBOGOAHEIMHU OT OKCHJOB CBHHIA. Eciiu nmioTHO npuaTs 6pycKu
APYT K IPYTry CBEeXUMU Cpe3aMHu, TO OHUM CJIUNHYTCcA. Ilocse aToro
MOX>XHO OJMH U3 OPYCKOB HArpy3uTbhb I'Mpeil B HECKOJBLKO KHJIO-
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rpaMMOB, HO pa3pbiBa OpyckoB He mpounsonaer. Cuasl npursaxe-
HUA MeXAY ATOMaMH OKAa3LIBAIOTCA AOCTATOYHBIMM, YTOOHI Ipe-
OOTBPATHUTH Pa3phbIB.

Ecsn 661 MexxAy MOJIEKYJIAMH He CYIIEeCTBOBAJIO CHJI IIPUTHAXKe-
HHA, TO BEI[EeCTBO IIPY JIIOOBLIX YCJIOBUAX HAXOAMJIOCH OBl B ra3oo6-
pa3HOM cocToAHHUHU. TosbKo 61arogaps cujaaM NPUTAXKEHUA MoJie-
KYJIBI MOTYT VIEPXXHUBATHCS OKOJIO APYr Apyra ¥ o6pa3oBBIBATH
XKUJAKHE U TBepAkie TeJa.

Ho KkpoMe cuJ1 NPpUTAMKEHUA MEXKAY MOJIEKYJIAMU JOJKHEI eii-
CTBOBATh CHUJIBI OTTAJIKMBAHUS. B TOM, 4TO MeXXAy aTOMaMH HUJIN
MOJIEKYyJIAMHU ITPU HENIOCPEACTBEHHOM HUX COJMIMKEeHUHU MOABJISAIOTCA
CHJIbI OTTAJIKUBAHUA, yOeAUTHCA OYEeHb MPOCcTO. Eciu 6B TaKUX
CHJI He CYHIeCTBOBaJIO, TO BBl CBOOOAHO Morjsu OBl NPOTKHYTh
MaJbIEM TOJICTYIO CTAJILHYIO IIJIUTY. Bojsiee Toro, 6e3 moABJIeHUsA
CHJI OTTAJIKMBAaHUS HA OYE€Hb MAaJIbIX PACCTOSHUAX MEXAY MoJie-
KyJlaMH BeIeCTBO He MOTIJIO OBI CcyIiecTBOBaTh. MOJIEKYJIBI IIPO-
HUKJU OBI JPYr B Apyra, ¥ BeCh KYCOK BellecTBa cxaJyicd Obl J0
06'beMa OJHOI MOJIEKYJIBI.

IIpencraBjeHUss O CYIIECTBEHHOM POJH MEXXMOJIEKYJAPHBIX
CHMJI JJIAA ONMMCAHUSA CBOVCTB ra3oB BIEpPBbi€ BBeJI HUJEPJIaHACKUN
¢dusuk fA. II. Ban-gep-Baansc (1837—1923). On He neiTajsca yc-
TAHOBUTH TOYHYIO 3aBUCHMOCTh CHJI OT paccTosHusA. BaH-nep-Ba-
aJIbC CYMTAJI, YTO HA MAJILIX PACCTOAHMAX MEXJAY MOJIEKYJIaMHU
JEeNCTBYIOT CHJIBI OTTAJKUBAHUSA, KOTOPhIe C yBeJIHMYEHUEM pac-
CTOAHHS CMEHSIOTCA CUJIAMU INPUTAIKEHUS, CPABHUTEJLHO MeJ-
JICHHO yOBIBAIOIIMMHU IIPU AaJbHEMNIIEeM yBeJIMYeHUN PaCCTOAHMA.
Cusbl MeXXMOJIEKYJISIPHOI'O B3aMMOIEMICTBHA YACTO Ha3bIBAIOT BRaH-
Jep-BaaJibCOBBIMHU CHJIAMH.

AneKTPOMarHMTHanN Npupoaa MONEKYJIAPHbIX CUn

I[IpucTynuTr K TEOpPEeTHUYECKOMY HCCJIEeJOBAHUIO MOJIEKYJISAp-
HBIX cHJI A0 Havana XX B. OBLJIO ITOYTH HeBO3MOXKHO. IIpocTeie u
XOPOLIO U3YYEeHHbIE 'PABUTAI[MOHHbBIE CUJIBI IPH B3aUMOAEHCTBUU
CTOJIb MAJIBIX TeJI, KAK MOJIEKYJIbl, ABHO HE MOIJIM UI'DATh 3aMeT-
Ho¥ posu. OcTaBasoch NPEAIIOJIOKUTh, UTO MOJIEKYJIAPHBIE CUJIbI
MMEIOT 3JIEKTPOMArHUTHYIO IPUPOAY.

JI1060it aTom u TeM GoJiee MOJIEKYyJIa — 3TO CJIOXHAA CUCTeMa,
cocrosimasa U3 60JILIIOro YHCJia 3aPAMKEHHBIX YACTHUIL: 3JIEKTPOHOB
X ATOMHBIX sifiep. XOTA B L[€JIOM MOJIEKYJIBI 3JIeKTPUUYECKH HEMT-
pajIbHbI, MEXXAY HUMHU JEeMCTBYIOT 3HAYNTEJbHBIE 3JIeKTPUUYECKUE
CHJIBI: IPOMCXOAUT B3aNMOJEMCTBHE MEXAY 3JIEKTPOHAMU M sifpa-
MM cOCeAHUX MoJiekyJ. OnucaHue ABMKEeHHUSA YaCTHUI[ BHYTPU aTo-
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MOB U MOJIEKYJ — O4YeHb CJIOKHas 3a7ada. Ee paccMaTpuBaloT B
aTOMHOI (H3MKe U pemIajoT ¢ MIOMOIILI0 3aKOHOB KBAHTOBOM Me-
XaHUKHU. MBI orpaEMYHMCS Ka4YeCTBEeHHBIM PaCCMOTPEHHEM MeX-
MOJIEKYJIAPHBIX CHJ Pa3JIMYHLIX TAIOB X IOTOM IIpHBEJEeM KOHed-
HBIM pe3yJbTaT: IPHMEPHYI0O 3aBUCHMMOCTh CHJI B3aMMOJeiCTBUA
ABYX MOJIEKYJI OT PACCTOSIHUS MEXXAy HUMH.

OpueHTaunoHHbIe CUJIbI

Y MHOrux MOJIEKYJI, HAIPHMEP Y MOJIEKYJIbI BOABI, pacipefe-
JIeHHE IIO0JIOKHUTEJBHBIX 1 OTPHUIlATEeJbHBIX 3apALOB TAKOBO, YTO B
cpeAHEM LEHTPHI 3THX 3apAJ0B He COBIaJaloT. Takyio MOJeKyJIy
NpUOJINIKEHHO MOYKHO pacCMaTpHUBaTh KaK COBOKYIIHOCTD JBYX TO-
YeyHBIX 3apAfoB +¢ U —¢ Ha He60JBIIOM pacCTOAHHHM ! ApPYr OT
apyra (puc. 2.7). 3Ta cucreMa 3apsaA0B Ha3bIBA€TCA 3J €K T D H-
YeCKHM AUIOJeEM* JJIeKTpUYeCKHe CBOMCTBA TaAKOU MoJIe-
KYJIbl XapaKTEePHU3YIOTCA AUIOJIbHEIM MOMEHTOM

p=ql, (2.4.1)

rge ¢ — abcosi0oTHOE 3HaUeHue 3apana.

PaccyuTeiBaTh 3HAYEHUMSA AUIOJBHBIX
MOMEHTOB MOJIEKYJI Ha IIepPBBIX IIOpax He
yMmenu. Ilo co3gaHusa KBAaHTOBOU MeXaHU-
KU 3TO BOOOIIe ObIJI0 HEBO3MOXKHO.

Ho ecyiu cUuUTaATh AUMOJbHBIE MOMEHTHI ——
P1 ¥ Ps ABYX MOJIEKYJI H3BECTHBIMH, TO 3a-
BUCHUMOCTD CHJIBI B3aUMOJEHCTBUA MEXKAY Puc. 2.7

HUMH OT PACCTOSIHUA MOYKHO BBIYHCJIUTD.

JJIsi 3TOro HyXKHO TOJILKO 3HATh 3aKOH B3aMMOJEVCTBUSA ABYX TO-
YeUHBIX 3JEKTPHYECKHMX 3apsafoB. JTOT 3akoH (3akoH Kyiona)
yJKe naBHO ObLI u3BecTeH. Cuiia IPpUTAKEHUA ABYX AUIIOJNIEH MaK-
CHMaJjIbHA, KOrZla OHH pAacIoJaraloTcs BAOJb OZHOH JIMHUH
(puc. 2.8). ITa cuja BO3HHUKAET H3-34 TOI'0, UYTO PACCTOSHHE MEX-

Puc. 2.8

* IlogpoGHee 06 3JIEKTPHYECKHX AUNOJIAX OyAeT pacCKazaHO B JaJIb-
HeHIIeM.
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Iy Pa3HOMMEHHBIMHU 3apAfaMHU, HAXOAAIIMMHUCA B TOYKax 2 u 3,
YyThb MEHbIIIe, YeM MEeXKJy ONJHOMMEHHBIMH, PACIOJIOKeHHbBIMHU B
Toykax I, 3u 2, 4.

Cuia B3auMoAeNCTBU S AUIIOJEH 3aBUCHUT OT UX B3aUMHOM OpH-
earanuu. IloaTromy oHa Ha3pIBaeTCA OPHUEHTAI M OHHOIA.
XaoTHuecKoe TeIlJIoOBoe ABUKEHUe HelIpephIBHO MEHAeT OpHeHTa-
U0 MOJIEKYJI-AUIIOJEell. YUYUTHIBas 3TO, CHJIY B3aUMOAEHCTBUA
AUMOJIeM HY’KHO BBIYHCJIATHL KAK CPeNHIOI II0 BCEBO3MOXKHBIM
opueHTanusaM. PacuyeThl IIPUBOLAT K CIEAYIOIEMY pe3yJbTaTy:
CHJIA IPUTAMXKEHUA NPOIMIOPIINOHAJIbHA IPOU3BEIEHUIO JUIIONbHBIX
MOMEHTOB p; U P, MOJIEKYJ U OOpPaTHO IIPONIOPIMOHAJIBHA PACCTOS-

HHWUIO M€Ky HUMHU B CeI[I:MOfI CTeIleHH:

_ Pq1Po

F — <
op 7

: (2.4.2)

JTo oueHb ObICTpPOE yObIBaHHE 110 CPABHEHHIO C CHUJIOH B3aHMMO-
JeCTBUA TOYEYHBIX 3apAKEHHBIX YaCTHUI[, KOTOPAs HIPOIOPIIHU-

1
OHAJIbHA —; .
r2

UHaAyKuMOHHbIe (NONApu3aunoHHbI€) CUnbI

MoxxHO yKa3aTh ellle OQHO KOCTATOYHO IIPOCTOE B3aMMOJEMHCT-
BHe MoOJIeKyJ. OHO BO3HHMKAET MeXKAY ABYMs MOJEKYJIaMH, ONHA
13 KOTOPBIX 06J1aflaeT ANTIOJNIbHEIM MOMEHTOM, & Apyrasd — HerT.

JdumnosbHAasA MOJIEKYJIa CO3JaeT 3JIeKTpUUYecKoe IoJjie, KOTopoe
MOJIAPU3YET MOJIEKYJIY C JJIEKTPUYECKHUMHU 3apsafaMH, PABHOMEP-
HO pacupezejeHHbIMHU 110 00bemy. IlomokuTesbHBIE 3apAKBI CMeE-
IAIOTCA 10 HAIIPABJIEHUIO JUHUMN HAIPAKEHHOCTH 3JIEKTPUYECKO-
r'o IoJis, a OTPUIlaTeJbHbIe — IIPOTHB. B pe3ysibTaTe HenoOJIApHASN
MOJIEKYJia PacTATuBaeTcsa (IOoJAPU3YeTCA) U YV Hee BOSHUKAET JNH-
IIOJIbHBIX MOMeHT (puc. 2.9).

Puc. 2.9
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Cuny B3aMMOJIeHiCTBHS MOXXHO PAacCUYHUTAaTh U B 3TOM CJIydae.
OHa npomopIHUOHAJTbHA UIOJBHOMY MOMEHTY p HOJSAPHOU MoJie-
KyJbl, HEKOTOPOH BeJIMYHHE O, XapaKTepU3yIomell CIIOCOOHOCTb
HeIOoJIIPHOM MOJIEKYJIBI IMOJIAPU30BaThCsA (OHA HA3HIBAETCSA ITOJIA-
PHU3yeMOCThI0), U OOpPATHO NPONOPIIMOHAJIBHA CeAbMOM CTeIleHU
PACCTOAHUA MEXKY MOJIEKYyJIaMU:

F _~22, (2.4.3)

OTH CUJIBLI MPUTAMKEHUS HA3bIBAIOTCA MHAYVKIIHOHHBIMU
MJIM MOJNAPHU3AIUOHHBI MM, TAK KAK OHHM BO3HUKAIOT OJia-
rofaps MoJSpU3alluy MOJIEKYJI, BHISBAHHOU 3JIEKTPOCTATUYECKOU
UHAYKIHEeH.

AncnepcuoHHble CUnbl

XOopoI10 N3BECTHO, YTO CHJIbI IPUTSKEHUA CYIIECTBYIOT U MEX-
Iy HeIIOJIAPpHBIMHU MoJieKyJsamMu. Hanpumep, aToMbl HHEPTHBIX r'a-
30B HE HMEIOT JUIIOJIbHOI'O MOMEHTAa, HO TeEM He MeHee IPUTATUBa-
I0TCA APYT K APYTY.

KauecTBeHHO M O4YeHB IPUOJINIKEHHO IOSBJIEHUE 3TUX CHUJI MOXK-
HO 00'bSCHUTH TaK. B aToMax M MOJIEKYJIaX 3JIEKTPOHLI KAKMM-TO
CJIO’KHBIM 00pa3oM ABHIKYTCSA BOKPYI fiep, © B CPeJHEM II0 Bpe-
MEHU AUIIOJIbHbIe MOMEHTHI MOJIEKYJI MOTYT OKa3aThCA PABHBIMU
HyJg10. Ho B KaKbI}1 MOMEHT BpEMEHH 3JIEKTPOHBLI 3aHHUMAIOT Ka-
KOe-TO oIIpefesieHHoe moJsokeHue. I1o3ToMy MrHoBeHHoe 3Haue-
HHEe AUIIOJBbHOI'O MOMEHTA OTJHUYHO OT HyJs. Takoh «MIHOBEH-
HbII» AMIIONH CO3JAaeT IoJie, MOJAPHU3YIollee CoceqHHEe HEeIloJIAp-
Hble aToOMbI. [I3-3a 3TOro «MrHOBEHHBLIE» NJHIIOJM HAYHMHAIOT
B3aUMOJeicTBOBAaTh APYr ¢ ApyroM. IlosHasa cuia B3amMOJeicCT-
BUA MEXAY HENOJAPHBIMH MOJIEKYJIAMH €CTh CPEJHUM pe3yJbTaT
B3aUMOeMCTBUA BCEBO3MOYKHBIX « MTHOBEHHBIX » AHIIOJEH.

Pacuer, BHIIOJTHEHHBIN B paMKaX KBAHTOBOW MEXaHHWKH, IPHU-
BOJAHUT K BBIBOAY, UTO CHJIa B3aMMOJENCTBUA B 3TOM CJIydae IIpO-
IIOPIMOHAJNIbHA IIPOU3BEAEHHUIO IOJIAPU3YEeMOCTeHl MOJIEKYJ O, U

0, ¥ 06paTHO IPONOPLMOHANLHA CEAbMOI1 CTEIIEHH PACCTOSHUS:

, (2.4.4)

OTH CUJIbI Ha3bIBAIOTCS AHCIOIEepCHOHHB MH, IOTOMY 4YTO
AUCIIepCHusA CBeTa (38BKCHMOCTB IIOKas3aTeJid NpeJIOMJIEHUA CBeTa

2 «Mouiekyn usnka» 10 ki
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OT YaCTOTHI) ONIpeAesIAeTCSA TeMH Ke CBOMCTBAMY MOJIEKYJ, UYTO M
paccMOTPEeHHBIE CHUJIEI.

JAncrnepcHoOHHBIe CHJIBI JEMCTBYIOT MeXJAy BCEMH aToOMaMH H
MOJIEKYJIAMH, TAK KaK MeXaHW3M HUX IIPOABJIEHHUA He 3aBUCHT OT
TOr0, €CTh JIJA Y HUX IOCTOSHHEIE AHIIOJbHEIE MOMEHTBI HJIH HET.
OOBIYHO 3TH CHJIBI IPEBOCXOAAT KAK OPHEHTAIlUOHHEIE, TAK U HUH-
AVKIIMOHHBIe CHJIBI. TOJNBKO IIpM B3aMMOAEHCTBHH MOJIEKYJ C
6oJBIINMU JUNOJBHBIMHA MOMEHTAMH, HAIDUMEP MOJIEKYJI BOAHI,
OpPHUEHTAIlMOHHAA CHJIa OKas3kIBaeTcAd O0oJibIe JAUCIEePCHOHHON
(nna MoseKyJs Boael B 3 pasa). IIpu B3auMoAeHCTBHH XXe TaKHX
nonsapHeIX Mosekysa, kak CO, HCl, nucnepcuoHHBIe CHIBI B Je-
CATKH U COTHU Pa3 NPEBOCXOAAT APYyTrHe CHJIbI.

CymecTBeHHO, YTO BCe TPH THIIA CHJI IPUTAXKEHUS OQUHAKOBBIM

1
o6pa3oM yOBIBAIOT ¢ pPACCTOAHNEM IIPOIIOPIIMOHAJIEHO m Brpouem,

Ha PACCTOAHHUAX, B HECKOJILKO pa3 GOJBIINX pa3MepoB MOJIEKYJI,
HaYMHAaeT CKa3bIBaThCsA KOHEUHOCTh CKOPOCTH PACIIPOCTPaAHEHHS
3JIEKTPOMATrHUTHBIX B3auMojaeHcTBuid. M3-3a 3TOro Ha pacCTOsAHU-

Ax mopaaka 107° cM CHJIBI IPUTAXKEHHA HAUMHAIOT YyOLIBATH yiKe

KaK 1
r8°

Cunbl oTTankusaHusa

Teneps oOpaTuM BHUMAaHHKE HA CUJILI OTTAJIKMBAHNSA, NEeHCTBYIO-
IIIMe MeXXAy MOJIEeKYyJIaMH Ha O4eHb MaJbIXx paccTosHuAX. C ogHOM
CTOPOHBI, CUTyallMA 37ech Ipollle, a ¢ Apyrou — cioxHee. IIpome
B TOM CMBICJIE, YTO 3TH CHJIBI OYeHBb OBICTPO BO3pacTalOT NpH cOJru-
JKEeHUH MOJIeKYJI, ¥ IT03TOMY Ta UJIH HHas OBICTPOTA H3MEHEHUA
CHJIBI C PACCTOSHHEM He OKAa3bIBaeT 3aMEeTHOro BJIMAHHNSA Ha Teue-
HUe JI00OBIX IIPOIecCOoB.

CJ103XKHOCTBH COCTOHUT B TOM, YTO CHJIBI OTTAJIKMBAHHUS B 3HAYM-
TeJIbHO OoJIbIIel ! Mepe, UeM CHJIBI IPUTAKEeHUA, 3aBUCAT OT HHAU-
BUAYAJBHOCTH MOJIEKYJ. 3HafA, KAK MOJIEKyJa A OTTaJKHBaeT MO-
aexkyasl B u C, MHI enje He B COCTOSSHUM CYAUTh, KAKHEe CHUJIBI OT-
TaJKUBAHUA OyAyT meiicTBOBaTh Mex Ay moJiexkyaaMu B u C. Ilpu
HEIIOCPEeACTBEHHOM COJIM)KEeHUHM MOJIEKYJ HX 3JIeKTPOHHBIe 000-
JIOYKH HAYMHAIOT IIepeKPhIBATHCA U OCOOEHHOCTh CTPOEHUS MoOJIe-
KyJ cKa3blBaeTcsa B 6oJibllleil cTermeHW, 4yeM npu OOJbIIMX pac-
CTOAHHUAX MEXJIY HUMH.
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K ZoCTaTOYHO XODOIIMM pe3yJbTATaM IPHBOXHMT AOIYIIeHHe,
YTO CHJBI OTTAJIKMBAHHA BO3PacCTalOT NpU cONMMmXeRnn MOJIEeKYJI
10 3aKOHY

1
F, ~ 13 (2.4.5)
VuuTHIBasA, YTO CHJIBI NPUTAMXKEHUS C YMeHbIIEHHEM PAacCTOf-

1
HUA YBEeJIMYUBAIOTCA NPOINOPIIMOHAJIBHO 7 a CHJIBI OTTAJIKHBA-
r

1
HUA — NPONOPIIMOHAJIBHO 13’ MOXXHO NMNPNMEPHYIO 3aBUCHUMOCTH
r

CHJI OT PACCTOAHUA n300pa3suTh rpaduieck.

FpaduK 3aBUCUMOCTU MOJNIEKYNSPHBIX CUN
OT PaCCTOSHUR MEXAYy MoJieKynamMmu

PaccmoTpuM, KaKk MeHsieTCcA B 3aBHCHMOCTH OT PacCTOAHUSA
MeXJIy MOJIEKYJIAMH IIPOEKIHA Pe3yJIbTHPYIOMe CHJIBI B3aUMO-
JeMCTBHUA MeXJAy HUMH Ha IIPAMYIO, COENUHAIOMYIO IeHTPbl MO-
JeKya. Eciin MosieKyJibl HaXOAATCA Ha PACCTOSAHUAX, IIPEeBHIIIAIO0-
IMUX X pasMepsl B HECKOJbKO pa3, TO CHJbI B3aMMOJAEHCTBUSA
MeXXAy HUMH NPaKTH4YeCKH He CKasbIBaoTcA. CHIIBI B3BAMMOJEeNCT-
BHSA MEXJY MOJIEKYJIAMH KOPOTKOJeHcTByIomue.

Ha paccTosHNAX, mpeBnMAKOIMUX 2—3 AuaMeTpa MOJIEKYJI,
CHJIa OTTAJIKUBAaHMA NPaAKTHYeCKH paBHa HYJIIO. 3aMeTHAa JIHIIb
cuya nputaxeHnsa. [Io mepe ymMmeHbIIeHNsl pACCTOSTHUSA CHJIA IIPHU-
TAXXEHUS BO3PACTAaeT U OfHOBPEMEHHO HAUMHAET CKa3bIBAThCA CH-
JIa OTTAJIKUBAHHUA. JTa CHJIA OYeHb OBICTPO YBeJIMUKMBAETCA, KOTAa
9JIEKTPOHHBIE OD0JIOUKH MOJIEKYJI HAUHHAIOT Iei:eKPhIBAThCA.

Ha pucynke 2.10 rpaduyeckn nsobparkeHa 3aBUCHMOCTD IIPOEK-
nuu F, cuinsl B3aMMOAEICTBUA MOJIEKYJI OT PACCTOAHUSA MEXAY UX

- - -
Pig \\ P \\
/ \ /
' ’ \
P \{ . \
i
] ) I -
\ o N '6 ) r
\ /) ’
\ VA y/
\\ P4 ~
~T—’ Sawm=”
Puc. 2.10
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ueHTpamu. Ha paccrosinuu ry, mnpEMepHO PABHOM CyMMe PajuyCcoB
Mosekys, F, = 0, Tak KaK cuja NpUTAKeHNs paBHA 10 MOAYJIIO CH-
Je orrankuBaHuA. Ilpu r > ry Me)xxay MoJIeKyJaMu ReHCTBYeT CH-

JIa IpUTsxKeHudA. [IpoeKuusa cuiasl, efCTBYIOMEN HA NPaBYIO0 MO-
JeKyJy, orpunarensHa. [Ipu r < r, geiictByer cuja OTTaIKHUBa-

HHSA C IIOJIOKHUTEJIBHBIM 3HAYeHNEeM ITPOeKII NN F,..

MpoucxoxaeHune cun ynpyrocTu

3aBHCHMOCTh CHJI B3aMMOJEHCTBHS MOJIEKYJ OT PacCTOAHUSA
MeXAy HUMU 00'bACHSAET IOABJIeHHE CUJILI YIIPYTOCTH IIPH CIKATHH
U pacTaxeHuHu Tesi. Eciu neitarbesa c6JIM3ATH MOJIEKYJIBI HA pac-
CTOsiHMe, MeHblIlee Iy, TO HaYHHaeT AeHCTBOBATh CHJa, IPeNnATCT-

Bylomas connxenuio. Hao6opor, npu yxajieHun MOJIEKYJ APYT OT
Apyra AeHCTBYeT CHJIa NPUTAXKEHHUs, BO3BpaIalonias MOJIEKYJIbI
B HMCXOJHBIE IOJIOXKEHHUS IOCJe NMPeKpalneHnsa BHEeNIHero Bo3jen-
CTBUS.

IIpy MajsoM cMeIeHHHN MOJIEKYJI U3 MOJIO)KEHUH PaBHOBECHS
CHJIBI IPUTAMKEHUSA WU OTTAJTKMBAHUA PACTyT JHHEHNHO C yBeJH-
yeHHeM cMelleHusa. Ha MajoM yyacTke KpHUBYIO MOXXHO CUHTATH
OTPE3KOM IPAMOI (YTOJIIEHHBIA y4acTOK KPHBOM Ha puc. 2.10).
W MeHHO nm0o3TOMY NpH MajbiX AedopManusax oxasbiBaeTcsa chpa-
BeIJIMBBIM 3aKOH ['yKa, cOrjacHoO KOTOpOMY CHJIa YIIPYTOCTH IIPO-
nmopuuoHanbHa gedopmauuu. IIpum Goapmux cMeleHUAX MoJie-
KyJ 3aKoH ['yKa y)Xe HeclipaBeJJIuB.

Tak kak npu gedopManuu Tejia U3MEHAIOTCA PACCTOSAHUS MeX-
Ay BCEMH MOJIEKYyJIaMH, TO Ha JOJIIO COCeJHUX CJI0EeB MOJIEKYJI IIPH-
XOAUTCA He3HAUNUTeJbHas 4dacTh obmmein gedopmanuu. ITosaTomy
3ak0H I'yka BBIMOJIHAETCA NpH AedopManuAx, B MUJJINOHLEI pa3
NPpeBHIIIAIONIUX pa3Mephbl MOJIEKYJI.

ATOMHO-CUNIOBOI MUKPOCKON

Ha neficTBUHM CHJI OTTAJIKUBAHUA MEXXAY AaTOMaMHU U MOJIEKYyJIa-
MU Ha MaJIBIX PACCTOAHUAX OCHOBAHO YCTPOMCTBO ATOMHO-CHJIOBOI'O
Mukpockona (ACM). 3TOT MUKPOCKOII B OTJINYHE OT TYHHEJIbHOTO
II03BOJIAET MOJIy4YaTh H300pakeHUs He NMPOBOAALIUX 3JEKTpHUe-
CKHIl TOK ImoBepxHocTeii. BMmecTo BoabgppamoBoro octpua 8 ACM
HCIOJIL3YIOT MaJIeHbKHUI OCKOJIOK aiMa3a, 3a0CTPEHHBIN O ATOM-
HBIX pa3MepoB. OTOT OCKOJIOK 3aKpeIligeTcss HA TOHKOM MeTaJlIi-
yeckoM gep:karerne. ITpu cOnnxeHNH OCTpPUA ¢ UCCIEAyeMOM ITo-
BEPXHOCTBIO 3JIEKTPOHHBIEe 00Jlaka aTOMOB aJiMa3a M II0OBEPXHOCTH
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HAUMHAIOT II€PEKPhIBATBCA M BO3HUKAIOT CHUJIBI OTTAJKUBaHUA.
9T cuJbl OTKJIOHAIOT KOHUHK aJMa3HOro octpusa. OTKJIOHeHue
pPEruCTPUPYETCH C IIOMOIIBIO JIA3EPHOTO JIy4a, OTPaXalolierocs oT
3epKajblla, 3aKpeIIeHHOro Ha jepskarese. OTpakeHHBIR JIy4
IPUBOJUT B JeiicTBHE Nbe303JeKTPUYECKUN MaHUIIYJIATOpP, aHa-
JIOTUYHBIA MAaHUIYJATOPY TYHHEJIBHOTO MUKpPOCKona. MexaHusm
oO6paTHOM cBA3M 00ecreynBaeT TaAKyIO BHICOTY aJIMa3HOM UIJIbI HAJ
IIOBEPXHOCTHIO, YTOOBI N3rud IJIACTUHEI JepKaTelIs OCTaBaJICA He-
U3MEeHHBIM.

Ha pucynke 2.11 BbI BuauTe u3obpakeHue IIOJUMEPHBIX Iie-
el aMUHOKHCJIOTHI aJlaHMHA, HOoJydYeHHoe c nomomibio ACM.
Kaxapiit Oyropok mpegcraBjfgeT co00il OZHY MOJIEKYJy aMHHO-
KHCJIOTHI.

Puc. 2.11

B HacTosilmee BpeMA CKOHCTPYHMPOBAaHBI aATOMHBIE MHKPOCKO-
IIbI, YCTPOHCTBO KOTOPBIX OCHOBAHO HA JEMCTBHU MOJIEKYJISDHBIX
CHJI IPUTAKEHNSA HA PACCTOAHUAX, B HECKOJIBKO pas IMPEBLIIIA0-
IUX pa3Mepbl aToMa. ITH cuJjbl npuMepHo B 1000 pas mMeHbIIe
cusx orrajnkuBaHus B ACM. IlosTomy npuMeHseTcA 6oJiee CJI0MK-
Has 4YyBCTBUTEJbHAS CHCTEMA IJIA PerucTPaIliy CUJI.

Amombl. U MOJEKYNAbL COCMOAM U3 INEKMPUYECKU 3APANCEH-
Hblx wacmuy. Baazodapsa deiicmeuio anekmpuiecKux cull Ha
MANbLX PACCMOAHUAX MOJLEKYJNbl. npumsazuéaomcsa, Ho Havu-
Haom ommanKueamuvca, K020a 3neKmporHHbie 060J04KU amo-
MO8 nepexkpvleaomces.
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§ 2.5. NOTEHUWANBHAS SHEPIMA BSAUMOAENCTBUA
MOJIEKYN

ITpu usyvwenuu noeedeHus 6OAbWOL COBOKYNHOCMU MOJEKYJ]
émecmo cuabl 83aumodeiicmeus Mmonexkys yodobHee nNoAb3O-
6ambCa nomeHyuanbHoll 3Hepzueil,

Hyoscrno eviiucaams cpedHue xapakmepucmuku cucmembt, a
nonamue cpedHeil cuab. 63aumodeiicmeéus MoleKys AUULEHO
CMbLCAA, MAK KAK CYMMA 6Cex cul, delicmeylowux mexcoy mo-
JeKyaamu, 8 coomeemcmeuu ¢ mpemovum 3aKoHom HoviomoHa
paéna Hynrw. CpeOHAR JHe NOMeHYUANbHAR IHEPIUR 8 cyujecm-
68eHHOIL mepe onpedeasem cocmosHrue U c8oilcmea aeujecmea.

3aBMCUMOCTb NOTEHUUANBHOW IHEpPrun
OT PaCCTOSHUA MeXAy MoJsieKynamu

Taxk Kax H3MeHeHUE MHOTEHIMAJIbHON 3HEPruM onpepesseTrcs
paboToi CHJIBI, TO II0 N3BECTHOI 3aBUCHUMOCTH CHUJILI OT PACCTOA-
HUA MOXXHO HAWTH 3aBUCHMOCTH OT PACCTOAHMUA IMOTEeHIMAJbHOM
sHepruu. Ho HaM A0CTaTOYHO 3HATH JHMIIb IIPUMEPHBIN BHJ IIO-
TeHIMAJIBHOH KPHUBOH Ep (r). Ilpex e Bcero BCHOMHHUM, YTO IIO-

TeHIMaJbHas 9HEePrus onpeaeaseTcsa ¢ TOYHOCTHIO 4O IPOU3BOJIb-
HON NOCTOAHHOM, MOTOMY YTO HENOCPEACTBEHHBIN CMBICJI HMMeeT
He caMa NoTeHIMAaJbHAA dHeprusi, & pa3HOoCTh NOTEHIIHAJbHBIX
3Hepruy B IByX TOYKAaX, paBHas paboTe, B3ATOM C IPOTHBOIIOJIOX-
HBIM 3HaKoM. ByaeM cuutatsh, Kak NpUHATO B pusuke, E, = 0 npu

r — o0, [ToreHUAJBHYIO 3HEPTHIO CUCTEMBI MOXXHO paccMaTpH-
BaTh KaK paboTy, KOTOPYIO CHCTeMa MOXKeT COBEepPIIUTh, NPHUYEM
NMOTeHIMaJIbHAA dHEePrus onpefesIAeTCs PacIloJIOXKeHHEeM TeJl, HO
He UX CKopocTaAMH. HeM Oosblie paccTossHHMe MEXAY MoOJIeKyJia-
MH, TeM 00Jbmyio paboTy coBepmIaT CHJIBI INPHUTHAMXKEHUA MEXIY
HUMM NpHU ux conuxenun. IloaroMy npu yMeHbIIeHUM r, HAUNHAA
OT O4YeHb OOJBIIMX 3Ha4YeHHM, IMOTEeHLIMAaJbHAass 3Heprusa OyxaeT
yMeHbOIaThCcA. MBI NMPUHAJNH, YTO NPHU r — OO MOTEeHUHaJbLHAA
3HEeprus paBHa HyJIIO, CJIeJOBATEJIbHO, IIPH YMEHbIIEHUH I IOTEH-
HaJIbHaA 3HEePruA CTAHOBUTCA OTpPHUIlaTeJbHOM (pHuc. 2.12).

B Touke r = ry cusna paBHa HyJa10 (cM. puc. 2.10). [ToaTomy ecau

MOJIEKYJIBI PACIIOJIO’KEeHBI HAa 3TOM DACCTOAHHH, TO OHH GYyAyT IO-
KOHUTBHCH, I HUKAKYIO paGoTy CHCTeMa cOBepumaTh He MOXeT. JTO
Oo3HayaeT, YTO IIPU I = r, NOTeHIHaJIbHaA dHEepPrus MUMeeT MUHH-

MyM. MBI Morau 6bI 3TO 3HaYeHHEe NOTEHUMAIbHOH sHepruu E,,
IPUHATH 3a HAYaJI0 OTCUeTa NMOTeHIMalbHON sHepruu. Toraa oHa
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Ey

Puc. 2.12 Pnc. 2.13

6s11a GBI BclOAy moJoxuTeabHo# (puc. 2.13). O6e xpussnie (cM.
puc. 2.12 1 2.13) ogMHAKOBO XapaKTepH3yIOT B3auMoOjeNCcTBUE
Monekysn. PasgHocTh 3HaveHuit E, nud ABYX TOYEK OAMHAKOBA Y
o0erx KpUBBIX, & TOJILKO OHA 1 UMeeT CMEICJI.

IIpu r < ry, NOABAAIOTCA OGBICTPO PaCTyImue CHJBI OTTAJIKHBA-
HuA. OHH TaKXe MOryT coBepmarth pabory. IloaTroMy noTeHIaIb-
HafA 3Heprus npHu JajsHeinmeM cONMMKXEeHUH MOJIEKYJI pacTeT, IpHU-
yeM O4eHb OBICTPO.

IlorernnanpHas KpuBaa O0yzer uMeTs GopMy, U300pa’KeHHYIO
Ha pHCYHKe 2.12, ecqH MOJIEKYJHI COJHMIKAIOTCA B IIJIOCKOCTH A
BAOJb JIMHUM, COeAUHsAIONe#l MX LeHTPH (puc. 2.14). Ecau xe
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a) Puc. 2.15 0)

MOJIEKYJBI COJMIKAIOTCA B IIOCKOCTH B miau B miuockoctu C, TO
NOTeHIHaJIbHAA KpUBasa OyJeT HMeTh BHUJ, IOKA3aHHBIN COOTBET-
CTBEeHHO Ha pucyHkKax 2.15,au 2.15, 6.

FnasHaa 3apava

Mo)xHO MHOroe o6'bAACHUTh U IIOHATH, MCXOAA M3 OIpedeJIeH-
HBIX IIpPeACTaBJIEHUI O XxapaKTepe B3aHMOJEHCTBUA MOJIEKYJI B Be-
mecTBe. MBI OCTAHOBMMCSA TOJIbBKO HA OZHOM O4YeHb 00IIeM BOIIpO-
ce: KAKMM 00pa3oM 3HAHHE 3aBHUCHMOCTH NMOTEHIIMAJILHOM 3Hep-
F'MH OT PACCTOAHUA MEXJAY MOJEKYJaMH I103BOJIAET YCTAHOBHTH
KOJINYECTBEHHBI!I KPUTEPHI pas3Muusa MeXAy rasaM, XXHIKOC-
TAMH U TBepPABIMHU TeJIAMH C TOUKY 3PEHUA MOJIEKYJISAPHO-KHHETH-
YeCKOI TeoOpHH.

IIpeagBapuTeIbHO PACCMOTPHM ABHXKEHHE MOJIEKYJI C dHEepPreTH-
YeCKON TOUKHN 3PEHHS.

ABnXeHue YyacTuubl B NPOCTPpaHCTBE
C 3aA4aHHOM NOTEeHLuUaNnbHOW 3Hepruen

3Hasi 3aBUCHMOCTh IOTEHIIMAJBHOH 3HEepPruu OT PacCTOAHNA,
MOJKHO YCTAHOBHUTH XapaKTep ABHXKEHHSA TeJa, UCIIOJb3yA JHIIb
3aKOH COXPAHEeHHA 3HEePruM.

IlycTs OgHA M3 MOJIEKYJ HENOABMX»XHA, ¥ Mbl pacCMaTpHBaeM
ABHKeHHe Apyro MojeKyJbl. XapakTep ABHXXEHHUS MOJIEKYJIBI
3aBHCUT OT ee MOoJHOM 3Hepruu E. CoryiacHO 3aKOHY COXPaHEHUA
SHEPruH MOJIHAA 3HEPrus MOJIEKYJIBI OCTAETCA ITOCTOAHHOM

E=E,+E,, (2.5.1)

rage Ek )74 Ep — COOTBETCTBEHHO KMHEeTH4YeCKasa 1M NMoTeHIaJIbHasa
SHepru MoOJIEeKYJIHl.
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PaccmoTrpuM BHAuajle cJjy4ai, E 4
koraa E = E, > 0 (puc. 2.16). Ilox- P
HYI0O 3HEpPruio MOYKHO XapaKTepu3o-
BaTh IPAMOM, NMapajijeJbHOA ocH T,

TAaK KaK Npu JIOObIX r oHA uMeeT oa- E,
HO U TO ke 3HauyeHue. IIpu aBuxke-

L3 r
—
HUH MOJIEKYJIbl BAOJIb OCH I' ee KUHe- (0] ll T :
|
THYECKAadA U MOTEeHIaJIbHAA dHepPruu L
HeNpepbIBHO U3MEHAIOTCA: YeM 00JIb- E,
me IMOTeHIHAaJIbHAsA 3JHeprus, TeM
MeHbIlle KHHeTHUYecKas U Haobopor.
Puc. 2.16

Ecau yacTHIa ABUIXKETCA CIIpaBa Ha-
JIEBO, TO ee KHHeTHYecCKas dHeprus
pacTer U B TOYKe r = ry (MUHMMYM IOTEHUIUAJIBHON 3HEpruu) 1o-

cruraetr makcumyma. C gajpHeIIUM yMeHbIIeHUEeM I KUHeTUYe-
CKas dHeprus HauuHaeT yObIBaTh. B TouKe r = r; KUHeTHYeCKad

3dHeprufA paBHA HYJIO, TAK KaK B 3TO TOUKE ITOJIHAS dHEeprus pas-
Ha nmoreHnuanbHOH. Ilomactey B obsaacTs, rae r < r,, 4acTUIla He

MOXKeT, TAK KaK IIpY 3TOM ee IIOJIO’KUTeJIbHas NMOTeHuHuaJbHas
dHeprusa oxasaJiach ObI OOJIbIlle IMOJIHON dHEePruu U, cjegoBaTelb-
HO, KHHeTHYeCKasa 3Heprus cheiajach Obl orpuuartenabHoit. Ho
KMHEeTHYEeCKasA 3HEePruA Bcerjaa MmoJoXKUTeIbHA.

B Touke r = r, yacTuua ocTaHaBJIMBaeTCA U HaUYMHAEeT JBUraTh-

cA Ha3ajg, u00 Ha Hee JeMCTBYeT CHJIA OTTAJIKMBAHUS. JTA TOYKA
Ha3bIBAETCA TOYKONH MOBOPOTAa. B pansHeifleM MoJieKyJia
ABHKETCS B MOJIOXKUTEJIHLHOM HAIMIpaBJIEHUU OCH I' U YXOoAUT B Gec-
KOHEYHOCTbD.

CosepiieHHO MHasA KapTuHa Oyaet HabmoxaTb:a npu £ = E, <0
(cM. puc. 2.16). B aTom cayuae MoOJieKyja HaXOAUTCA B IIOTEHIIU-
aJbHOII iMe U He MOXKeT U3 Hee BRINTH. B Toukax nmoBopoTa ro U ry

KHHeTUYeCKas 3Heprus paBHa HyJ10. BoaHuKaeT Tak Ha3pIBaeMoe
CBA3aHHOE COCTOSHHUE: MOJEKYJhl coBepIIalOT KoJieba-
HUSA OKOJIO APYT ApYyra.

Pa3neneHue cucTeMbl Ha JABe He3aBHCHMBbIE YACTHUILI HEBO3-
MO’KHO 0e3 yBeJIMYEeHHA MOJHOM 3Hepruu ao E > 0.

Pacnonazasa zpagurxom 3asucumocmu cuavl 83aumodeiicmeus
Mmexncdy MOAeKyramMu Om paccmOAHUA, MONCHO YCMAHOB8UMD,
KaK 3aeéucum oOm paccmosHUA NOMEHUUAAbHAA IHepZUA.
3HAA 3A6UCUMOCMb NOMEHYUAAbHOIL IHepzuu Om paccmos-

HUA, MOXHO BbLACHUMDb XapaKmep 08UNCEHUA MOJEeKYJ OMHO-
cumeavbHo dpyez dpyza.
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§ 2.6. CTPOEHUE NAS00BPA3HDbIX,
XNAKUX U TBEPAbIX TEN

Monexkyaapro-Kuhemuyeckasa meopus daem 603MONHOCMLb
NOHAMb, NOYeMy 8eu,ecmaeo Mmoxcem Haxodumbsbca 8 2a3oo0pas-
HOM, HUOKOM U MBepdoM COCMOAHUAX.

Ecnu B caMbIx o0mux 4yeprax monpo6oBaTh ImpeacTaBUTh cebe
CTpPOeHHEe ra3oB, XUJAKOCTEeH M TBEpPABIX TeJ, TO MOXKHO HAPUCO-
BATh CJIeAYIOINYIO KAPTUHY.

Fasn!

B raszax paccrosHHe MeXXAy aTOMaMH UJIA MOJIEKYJIaMU B cpef-
HEM BO MHOro pa3 IIpeBHIINIAeT pa3Mepbl CAMHX MOJIEKYJI
(puc. 2.17). Ilpu atrmocepHOM HaBjeHUU 00'bEM cocyaa B HECAT-
KH{ ThICAY pa3 INpeBhIIaeT 06’beM HaXOAAIIUXCA B COCYie MOJIEKYJI
rasa.

I'agpl Jlerko C:KMMAITCA, TAK KaK IPU CXKATHH rasza yMeHbIIIAa-
eTcs JIMIIb CpeiHee PaCCTOAHUE MEX Ay MOJIEKyJIaMH, HO MOJIeKY-
JBl He «ChaBJUBAaIOT» Apyr apyra (puc. 2.18). Mosaekyabl (Miau
aTOMBI) CTPEMHUTEJbHO, KAK 0eryHBI-CIIPUHTEPBI, HO 3HAYHTEJIbHO
ObIcTpee MPOHOCATCA B nmpoctpaHcTBe. CTaJIKUBasACh APYr C APY-
I'OM, OHH HeIlpepbIBHO U3MEHSIOT HAIIpaBJIeHHEe CBOEro ABUKEHUSA
1 pasJieTaloTCsa B pa3Hble CTOPOHBI.

CnaOble cUJIBI IPUTSAXKEHUA MOJIEKYJ rasa He crmocoGHBI yaep-
JKaTh UX OKO0JIO ApPyT Apyra. IloaToMy ra3sl He COXpaHAIOT HU Pop-
MbI, H1 o0bema. Kak Obl MBI HY yBeJMYHBAJIA pas3Mephsl cocyaa,
cojeprKauiero ras, MOCJeAHUI 3aAIOJHUT ero LieJHKoMm 0e3 Ka-
KUX-JTU00 YCUJINI ¢ Hallle CTOPOHBI.

FAY '\
b\ ‘ \o /9 \\ T
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= o 00a0000 O
Puc. 2.17 Puc. 2.18
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MHorouucyseHHble yAapbl MOJIEKYJ O CTeHKHU cocyha CO3LaloT
JaBJIeHUe rasa.

Mo>xHO noJyYuTh 60J1ee riyookoe NpeacTaBjeHUe O COCTOAHUU
BellecTBa, Ha3hbIBAE€MOro peaJibHBIM ra3oM, ecJIi IPOCJIEAUTH 3a
XapaKTepoM 3aBUCHMOCTH MOTEHI[MAJbHOM d3HEPruM OQHOI U3 MO-
JIEKYJI OT pacCTOsIHUA A0 ee Omkanmux coceneit (puc. 2.19). Ilpu
IepeMelleHN MOJIEKYJIBl ee MOTeHIUaJbHAasA dHeprus Ha 0oJib-
e YacTH MyTH IIOYTH TOYHO paBHA HYJIO, TAK KaK pPacCTOAHHE
MeXXJy MOJIEKyJiaMU B rase B cpefJHeM ropasno 6oJiblile ¥X pasMme-
poB. B Toukax I u 2 pacnosioyKeHbI OJMMKalmue cocequ paccMar-
puBaeMo¥l MOJIeKyJibl. JlaHHaA MoOJIeKyJa IIPOXOAHUT Ha AOBOJIbLHO
3HAYHUTEJIHLHOM PACCTOSHUHU OT coceia I 1 Ha 6osiee 6,1M3KOM OT cO-
cena 2.

Ed

tal

O—M—r’

Puc. 2.19

CpenHAA MO BpeMeHH IOTeHIHAJbHAS dHEPrus MOJIEKYJIBI OT-
puLaTesibHa XU OYeHb MaJjia. [To MmoayIi0 OHA YHUCJIEeHHO paBHA ILIO-
manu (purypsl, orpaHUYEHHON IOTEHIMAJIbHON KPHUBOI MEXIY
TouKaMu I 1 2 ¥ OchIO ', IJIEHHOH Ha AJMUHY oTpe3ka I —2 (cpea-
Hee 3HAYeHUe IIOTEeHIMAJIbHON d3Hepruu Ha orpeske 1 —2). [TonHasn
CpeAHAs JHeprusa o0sa3aTesbHO OoJibllle HYJA (mpsiMas Ha
puc. 2.19), Tak kak npu E < 0 MsI uMeJsu OBl CBA3aHHOE COCTOS-
Hue MoJekyJs. HepaBeHcTBo E > 0 BO3MOXKHO JIMIIEL IPH YCJIOBHUH,
YTO CpefHsAA KHHEeTUYeCKas 3Heprus MOJIeKYyJbl rasa OoJiblie
CPeAHero 3HaYeHH s ee MOTeHIMaJbHON dHepruu

, (2.6.1)
rak kak E = E, + E;,a E, <0.

Xuagkoctu

MosieKyJibl KUAKOCTH PACIIOJIOMEHbl MOYTH BIJIOTHYIO APYT K
Apyry (puc. 2.20), nosaToMy KakJasa MOJIEKyJa BefieT ceOs nHade,
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yeM MoJIeKYyJIa rasa. 3askaras, Kak B KJIeTKe, APYTHMHU MOJIeKyJIa-
MU, OHA coBeplaeT «ber Ha MecTe» (KoJebeTcss OKOJIO IOJIOXKe-
HHUSA PABHOBECHS, CTAJIKMBAACH C COCEAHUMU MoJIeKyJIaMu). JIuis
BpeMs OT BpEMEHH OHA COBepIIaeT «HIPBIXKOK», IIPOPHIBASACH
CKBO3b «IIPYThiA KJIETKU», HO TYT »Ke MONaJgaeT B HOBYIO «KJET-
Ky», 00pa3soBaHHYIO HOBBIMH coceasaMu. Bpemsa oceasoit ;Ku3HHU
MOJIEKYJIBI BOJBI, T. €. BpeMA KoJeOaHHil OKOJIO OJHOI'O oIlpeje-
JIEHHOT'O IIOJIOKEHHNA PaBHOBECHS, IPH KOMHATHOM TeMIiepaType,
KaK ITOKa3bIBalOT pacyeThl, BBIIIOJHEHHBIE C IPUMEHEeHHUEeM 3aKO-

HOB CTATHUCTHUYeCKOHl MeXaHUKH, paBHO B cpexuem 107! ¢. Bpems
JKe, 3a KOTOpoe coBepIlaeTcsi OAHO KojebaHue, 3HAYUTEIHHO

menbire (10712—107'3¢). C moBHIIIeHHMEM TeMIepaTyphl BpeMs
oceJJION JKM3HU MOJIEKYJI YMeHbIIaeTcd. XapakKTep MOJIEKYJIap-
HOT'O ABHMKEHHS B JKUJIKOCTAX, BIEPBbIe YCTAHOBJEHHBIM COBET-
ckuMm dusurkom . . PpeHkesieM, II03BOJISIET IIOHATH OCHOBHEBIE
CBOMCTBA "KHUAKOCTEI.

MoseKyJabl JKUAKOCTH HAXOAATCA HEIIOCPEACTBEHHO APYT BO3JIie
apyra. IToaTroMy Ipu HmOIBITKE UBMEHUTHh 00beM JKHIKOCTH HdaKe
Ha MaJIyI0O BeJMUYUHY HadyumHaeTcsa AedopManumsa caMHX MOJIEKYJI
(puc. 2.21). JIna 3Toro HYXXHBI OYeHb OOJIBIIINE CHJIBI. ITHUM U
00bsICHAETCA Majasg COKUMAeMOCTh KULKOcTel. [IoHATh NpUYNHY
MaJIOH CKHMAaeMOCTH XHUJAKOCTH HHUYYTH HE CJIO)KHEee, UeM IIO-
HATh, IIOYEMY TaK TPYAHO BTUCHYTHCSA B IIepPeIIOJHEHHBIHA aBTOOYyC.

JHuakocT, KaKk U3BECTHO, TEKYUYHU, T. €. He COXPAHAIOT CBOeH
dopmel. OOBACHUTE 3TO MOXKHO TakK. EcJu KHUAKOCTH HEIIOABU K-
Ha, TO IIEPECKOKHU MOJIEKYJ M3 OJAHOT'O «OCEAJIOTO» IIOJIOKEeHUS B
IPpYyroe IPOMCXOAAT C OAUNHAKOBOM YaCTOTON IO BCeM HaIlpaBJIeHU-

®dpenkear AxkoB Hapmu (1894—1952) —
BBIJAIOIIUICA COBETCKUM (PUINK-TEOPETUK,
BHECIIINH 3HAYUTEJNBHBIA BKJAJ B CaMbIe
pasinuuHble ob6sacTu pusuku. . A. Ppen-
KeJb — aBTOD COBPEMEHHOU TEOpHUHU KHUJ-
KOTro COCTOSIHUA BemiecTBa. AM 3aJI02KEHBI
OCHOBBI Teopuu peppomarHerusma. IlTupo-
KO u3BecTHHI paboTel f. . ®peHkens mo
aTMoc(epHOMY dSJEeKTpHYeCTBY U IIPOUC-
XO0XKIEHHIO MarHUTHOro nojasa 3emau. Ilep-
Bas KOJIMYECTBEHHASI TEOPUA JeJIeHUS sAIep
ypaHa co3xaHa f. . ®dpenkenem.
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Puc. 2.20 Puc. 2.21 Puc. 2.22

AM (cMm. puc. 2.20). Hannuyue BHeNIHeN CUJILI 3aMETHO He U3MEHA-
eT 4ycJia IepeCKOKOB MOJIEKYJI B CEKYHAY, HO ITIePeCKOKU MOJIEKY.JI
U3 OJHOTO «O0CEeAJIOTO» IIOJIOXKEeHUS B APYyroe Ipu 3TOM IIPOHUCXO-
OAT IPEeNMYILeCTBEHHO B HANpaBJIeHUH JeMCTBUS BHEIIHEH CHJIBI
(puc. 2.22). Bor noueMy »KHAKOCTh Te€YeT ¥ IPUHKUMAET POpPMYy CO-
cyna.

OiaA TedeHUA MKUAKOCTH HeoOXOAMMO TOJIBKO, YTOOBI BpeMs
AeMCTBUSA CHUJIbI ObIJIO BO MHOTO pa3 0oJibIlle BPEMEHH «OocCenIoi
KU3HHN» MOJIEKYJIbI, HHaYe KPAaTKOBPEMEHHAas CUJia BEI3OBET JIMIIb
yupyryio gedopmManuio *KHAKOCTH, X OOBIYHAS KaIlJIA BOALI MIOBe-
neT ce0s, KaK CTAJILHOH IAPUK.

Tenepp pacCMOTPHM, KaK CBA3AHBLI CPeAHAS KHHETHUYECKasaA U
CpPeAHAS IOTeHIIUAaJbHASA dJHEePTUY MOJIEKYJIBI X 1AKOCTH. KaxKaas
MOJIEKYJIa XXUAKOCTHU B3aNMOAEHCTBYET Cpady ¢ HECKOJbKUMH CO-
cexsaMu. OrpaHUYUMCA y4eTOM B3aMMOJEHCTBUA JaHHOH MOJIEKY-
JIBI ¢ ABYyMA OIMKANIINMU cCOCeAAMHU, HAXOAAMIUMUCA IIPUMEPHO
Ha PacCTOAHUU 2ry APYT OT Apyra.

HckoMyio MOTeHIIMANBHYIO KPUBYIO MOYKHO MOJIYYHUTH HAJIOMXKe-
HUeM KpUBOH, u3obpakeHHO# Ha pucyHKe 2.15, a (mapHoe B3au-
MoJeiicTBUe), Ha TAKYIO )K€ KPUBYIO, CMEIEeHHYI0 OTHOCUTEJLHO
[IepBOil HAa paccTosHNe, YyTh Gosnbluee 2ry. [loTeHIaIbHEIE 3HED-

F'MY CKJIAJbIBAIOTCA, I03TOMY IJIyOMHA IMOTEHIHMAJbHOM SIMBI yBe-
JIMYMBAETCHA IIOYTU BABOE, & MAKCHUMYMBI 3HEPTrUH YMEHBIIAIOTCHA
(puc. 2.23). Xox moTeHUHAIbHON KPHUBOH ¢ yYEeTOM B3aUMOJAeHCT-
BHSA C IPYrMMM MOJIEKYJIaMHU NOKAa3aH Ha PUCYHKe 2.24.

Hn1a Toro 4To6B! MOJIEKYJIA HE MOIJIA IOKHHYTh KHAKOCTD, ee

CPeaHAA 3HepPrusa NOJKHa 6ulTh oTpunarensHa (E < 0). Toabko
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Puc. 2.23 Puc. 2.24

B 3TOM cJjy4ae MOJIeKYyJia OCTaHeTCHA BHYTDpHU IIOTGHIIH&JILHOZFI AMBI,

oOpa3oBaHHOI1 ee cocegamu. Eciu E > 0, TO MosieKyJia He yaep-
JKUTCA BHYTPH KUJKOCTH U IIOKUHET ee.

Tak kak E = E, + E,, u E, <0, To cpeiHAA KUHeTHYECKAH
3HEPTUs MOJIEKYJIBI JKUIKOCTH MeHbIIe aGCONIOTHOTrO 3HaYeHUs

cpefHell MOTeHIMAJNbHON 3Heprum: E;, < |Ep
3HAYMTEJIbHO MEHbIIIE:

, IPUYEeM JIMIIDb He-

E, <|E). (2.6.2)

IToaTomy IEl < |Ep0| — MAaKCHMAJIbHOrO (II0 MOAYJII0) 3HAYe-

HUA NMOTeHUUaJbHOU 3Hepruu. Ha pucyHke 2.24 rpapuk cpegue
3HEpPruHu MOJIEKYJIkI HU300paKeH OTPE3KOM IIPSIMOM.

Kone6aHuA MoJieKyJIbl B IOTEHIIMAJIBbHON iMe He IPOAOJIKAIOT-
cs goaro. M3-3a XaOTUYHOCTH ABHKEHUA MOJIEKYJI UX 3HEPruA He-
MIpepbIBHO MEHSETCS U CTAHOBUTCA TO Oojibllle, TO MEHBIIIE Cpef-

Heii sHepruu E . Kak TOJbKO 3HeprusA MOJEKYJbl IPEeBLICUT BBICO-
Ty NOTEeHIMAJbHOH KPHBOH (BBICOTY IOTEHIHaJIbHOro 6apbepa),
OTAEJAIONIeN OfHY AMY OT APYroi, MOJIeKyJja MepecKO4YUT U3 Of-
HOT'O ITOJIOKEHU S paBHOBECHUA B Apyroe.

Teepable Tena

ATOMBI UJIM MOJIEKYJIBI TBEPALIX TeJ B OTJIMYHE OT KHUAKOCTEH
He MOT'YyT pa3opBaTh CBOM CBA3M ¢ GJMMKANIINMHU COCeAAMHU U KO-
J1e6JII0TCA OKOJIO OIpenesIeHHBIX II0JIOKeHUM paBHoBecus. IIpas-
na, MHOrAA MOJIEKYJbl M3MEHAIOT IOJIOXKeHUe paBHOBeCcHs, HO
IIPOMCXOAUT 3TO KpaiiHe peAKo. BoT moueMy TBepabie Tejia coxpa-
HSIOT He TOJILKO 00beM, HO U HopMy.
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EcTh eme ogHO pa3jndue MexAy KUAKUMU U TBepABIMU TeJla-
mu. HXHUIKOCTh MOYKHO CPABHUTH C TOJINOM, B KOTOpO# Joau Gec-
MOKOMHO TOJKYTCS Ha MeCTe, a TBepjoe TeJjio, KaK MPaBUJO, II0-
KoGHO cTpOitHOI Koropre, TAe JIOAU XOTS U He CTOAT IIO CTOMKe
«CMHPHO», HO BBIAEPXKUBAIOT MeKAYy co00H B cpeiHeM ONpeJeJieH-
Hble MHTepBaJbl. EC/u coefMHUTD LeHTPHI NOJIOXKEeHNH paBHOBECUA
ATOMOB HJIM MOJIEKYJI TBepAOro TeJjia, TO MOJYYUTCA NPaBUJIbHAA
NMPOCTPAHCTBEHHAs pellleTKa, HadbiBaeMas Kpucrapindeckoi. Ha
pucyHkax 2.25 u 2.26 noka3aHbl KpUCTANINYECKHE PeeTKH Io-
BapeHHOH cosu 1 ajmasa¥.

Puc. 2.25 Puc. 2.26

Ecau KpucTally He MEIIAIOT PacTH, TO BHYTPEHHHUII NOPANOK B
PacIoJIoXKeHUH ATOMOB IPUBOAUT K reOMeTPHUYECKH NMPaBUJIBHBIM
BHEILIHUM popmMaM.

KpuBas noTeHUHAJIbHON d3HEPrUH B3aUMOJEN-TBUSA MOJIEKYJIEI
TBEpPAOTro TeJia CO CBOMMHU OJIMKaWIIuMH cocegAMHU (puc. 2.27) no-
X0’Ka Ha KPUBYIO IIOTEHIMAJIbLHON 3HEPruHd B3anMOAeCTBUA MO-
JeKyJ Xuakoctu (cM. puc. 2.24). Toasko ray6buHa NOTEHIMATb-
HOH SAAIMEI JOJIPKHA OBITH HECKOJIBKO 00JIbllle, TAK KaK MOJIEKYJIbI

pacmoJIoKeHbI 6JiMyKe APYr K Apyry. ¥cJjoBue |E| < |Ep0|, BBIIIOJI-
HsAeMoe IJIsl JKUAKUX TeJl, BRIIOJHAETCA U 1 TBepAbIX. Ho kKuHe-
THYECKAasA dHepPrus MOJIeKYJ TBEpPAOro TeJia 3HaYUTeJIbHO MeHbIIIe,
yeM MOJIEKYJI X KUAKOCTU. Beab TBepabie Tesia o6pa3yroTcs IIpH 0X-

* B geiicTBUTEJIBHOCTH pa3Mephbl aTOMOB (MJIM HOHOB) CPABHH MBI C pac-
CTOAHHAMH MEXAY Y3JlaMHU KPHUCTAJIIMNYECKON pelieTKH, TAK YTO ATOMBI
IOYTH CONMpHKAacalTca ApPYyr ¢ apyroM. Ha pucynkax 2.25 u 2.26 ux pas-
Mephl CO3HATEJIbHO YMEHbIIIEeHbl, IJIS TOr0 YTOOBI OblJIa BUAHA KPUCTAJIIIHN--
YyeCKaf pelleTKa.
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\ naxxaeHuu. CooTBETCTBEHHO B TBep-
ABIX TejaX CpeAHAs KHHeTHUYecKas
0o dHEprusa MoJIeKYyJ 3HAYUTEJIbHO MeHb-
e aGCoJIIOTHOrO 3HAUEHUA cpemHeln
MMOTEeHIMaJIbHOM 3HEePIruu:

Y

'p0

V.___XJ__ Ek < |Ep|~ (2.6.3)

Ha pucynke 2.27 cpenHsasa sHep-
rUs MOJIEKYJIBI BHYTPHU AMBI n3obpa-
’)KeHa OoTpe3KoM mnpamoi. Yacruua
coBepmiaeT Koje6aHUA y AHA IIOTEH-
IHAaJIbHOH AMBI. BBICOTHI MOTEHIHANBHEIX GaphepoB MEXAY CO-
CeNHUMH SIMAMU BEeJIMKU, U MOJIEKYJIBl IIOYTH He IepeMeInaloTcs
U3 OJHOro IIOJIOKEHHs paBHOBecHs B Apyroe. I[JA nepemMemieHus
MOJIEKYJIa [HOOJIKHA IOJYYUTH JHEPruio, 3HAYUTEJHbHO IIPEBHI-
IMAIONIYI0 CPEefHIOn. JTO COOBITHE MAJOBEPOATHO. BoT mouemy
TBepAble TeJla B OTJIMYME OT KMAKOCTEHl COXPaHAIOT CBOIO ¢op-
My.

o]

Puc. 2.27

YV 2a308 cpednsaa kunemuuweckas 3Hepzus MoaekYysn Ooabuie
cpedHeil nomeHyuaabHol 3Hepeuu. Y wudxocmeil CpeOHAA KU-
HemuyecKaa 3Hepzus HeMHO20 MeHbWe cpedHell nomeHyualy-
HOll, y maepdblx mes CPeOHAA KUHemuieckas IHepzus MHO20
MeHbluie cpedHell nOMmeHYyUANbHOLL.

§ 2.7. NPUMEPbI PEWWEHUA SA0AY

IIpu pemenun Gosibleit yacTu 3agad Ha TeMy « OCHOBHI MoJie-
KYJAPHO-KMHETHYECKOH TeOpHH» HYXHO YMETh ONPEAEJATH MO-
JISpHBIE MAacCCHI BelrlecTBa. [{Jisi 3TOro 1o M3BeCTHBIM M3 TAGJIHIIK
. . MenaesneeBa OTHOCUTEJbHBIM ATOMHBIM MaccaM HaJ0 omnpe-
JEeJILTh OTHOCUTEJIBHYIO MOJIEKYJISIDHYIO Maccy, a 3aTeM U MOJIAp-

Hyl0 Maccy 1o ¢opmyae M = 1073M , Kr/Moias, rae M — moiusap-
Has macca, M, — OTHOCHTEeJbHAA MOJEKYJIsipHas Macca.

Bo mHorux sagauax TpebyeTcs o H3BeCTHOIl Macce TeJjia OoIpe-
JEeJIUTh KOJIMYECTBO BellleCTBA UJIM YHCJIO ATOMOB (MOJIEKYJI) B HEM.
m

m
TR N = ITINA' Maccu

I 3TOro UCMmoab3yTCcs QOPMYJIBI: V =

M
OTJEJIbHBIX MOJIEKYJ OIpefesioTcd o opmyne: my = N - B He-
A
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KOTOPBIX 3a7ladax MAacCy BellleCTBA HYXXHO BBIDA3UThL depe3 ero
IIJIOTHOCTH p M 00beM V: m = pV.

3apava 1

B aByx cocynax HaXOAATCA BOAA U PTYTh OAUHAKOBOro 00'beMa.
CpaBHHTE YHCJIO ATOMOB B 3THX KUAKOCTAX.

3m1
—L N, monexkyn wmu Ny = —2N,

Pewenune. Bona conepxkut N =
M, 1 M,

my
aTOMOB, & PTYTh COAEPXHUT N, = T 2N A ATOMOB.
2
Macca Bogel m; = p;V; macca pTyTH m, = p,V, rae p, =
= 1000 kr/mM® — mIOTHOCTH BOAEL, a p, = 13 600 kr/m2 — maor-

HOCTh pTyTH. MosApHaA Macca Boger M, = 18- 1073 xr/Moub; Mo-
nAapHAA Macca pryta M, = 0,2006 kr/mous. CirenosareibHO,

Ny _3p1VNAM, _ 3-1000-0,2006
N, M;p,VN, 18-1073-13 600

YucJi0 aTOMOB B BoJie IpuMepHO B 2,5 pasa 6oJsibine, 4eM B PTY-
TH.

3apaua 2

OnpeznesuTe cpefHee paccTossHHe d MeXAY IeHTpaMU COCeJHUX
MOJIEKYJI B KycKe Jbza. IlmoTHOCTh 1A p = 900 Kr/m°.

Pewenne. IIpu nioTHOI ymakoBKe MOJIEKYJ CpeZHee pacCTos-
HHue d MeXXy IIeHTPaMU COCeAHNX MOJIEKYJI pABHO JIMHEMHBIM pa3-
MepaM caMHX MoJIeKyJ. IToaTomy

V ~d3N,
rge V — o06beM Kycka Jbaa, a N — 49HCJIO MOJIEKYJI B HEM.

Cormacuo (2.2.7) N = — NA = pVNA IloaTomy

= q3ev
V=d’tN

Orcroza
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3apnavya 3
BBIIIKCJIHT8 OpAMEpPHBIC padMepPhI aTOMAa 30JI0TAa.

p’

=1,9310*kr/M® — nmorHOCTH 30sIOTA, M = 0,197 Kr/MOID —
ero moJsispaasa macca. O6'beM OHOr0o aToMa 30JI0Ta paBeH

Pewenune. O6seM oxHOrO MOJIA 30J70Ta paBeH V,, =

V. = VM M
O -~ 5y T T ar_ .

Ny PNy

IIperebperas npoMeXyTKaMu MEXKJAYy aTOMaMH BBHAY HUX IJIOT-
HOM YIaKOBKH, HalileM NpUOIH KEeHHO JNHEMHBIN pa3Mep aToMa:

U

d=§ﬁ’3=3 M _ 0,197 kr/MoJb

PNA 3|19 300 kr/m®- 6,02 - 1023—

MOJIb

~2,6-1010,

YnpaxHeHnue 1

1. sBecTHO, UTO HEJIBL3s 3aCTABHTh KaleJbKY OJJMBKOBOrO MacJja
o6beMoM 1 MM® pacIIEITBCA IO HOBEPXHOCTH BOAEI TAK, YTOGEI
OHA 3aHsJa wiomaas Gonbme 0,6 M2, OneHUTe MO 3THM JaH-
HBIM MUHUMAJIbHEIE pa3dMepbl MOJIEKYJIEI OJIMBKOBOI'O MacJja.

2. IIpit oO6pasoBaHMH COEJMHEHHS A30Ta C KHCJIOPOAOM OTHOIIe-
HUe MacC IIpopearupoBaBINUX BemecTB paBHO 7 : 16. KakoBa
XuMHUYecKas popmyJia 3TOr0 COeUHEHNA?

3. Cunras guaMerp aroMa Boiaboppama d = 2-107%M, omerure
KOJIMYECTBO ATOMOB, INOKPHIBAIOMIUX IOBEPXHOCTH OCTPHS HI-
ns1. OCTpHe CINTATH IOJIYIIAPOM paguycoM r =5+ 1078 m.

4. OnopegenuTe OTHOCHTEJNBHYIO MOJIEKYJIAPHYIO MacCy M MOJIAP-
HyI0 maccy Harpua Na, okcuaa yriaepoza CO, okcmpaa asora
NO, megnaoro kynopoca CuSO,.

5. Kakoe Ko0JIM4eCTBO BemIeCTBA COJEPKHTCA B CIUTKe cepebpa
maccon 5,4 kr?

6. KakoBsa macca Boasl, B3ATOM B KoanudecTse 100 Moian?

7. Baruuciaure Maccy ogHoro aroma renus He, MmoneKkyJanl OKcH-
na azota NO 1 mosnekynsl merana CH,.
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11.

12.

Boga u3 Oaropna mosHOCThIO ncnapuiack 3a 10 cyr. CkoapKo
B CPeHEM BBIJIETAJIO MOJIEKYJI C IOBEPXHOCTH BOAbI 3a 1 ¢, ec-
JI1 Macca BOAbI paBHsacek 100 r?

CKOJIBKO aTOMOB coep»XHuTcsA B cTtakaHe BoAkl (200 r)?
B ozepo cpeaneit ray6uHoit 20 M ¥ IIOMIAABI0 MOBEPXHOCTH

10 kM2 6pocKn KPUCTAJLIMK HOBapeHHO! cosu Maccoii 0,01 r.
CKOJIBKO aTOMOB XJIOPa OKa3aJIoch OBl B KaIjie BOAbLI 00'beMOM

10 mm3, B3ATOI U3 O3epa, eCaU CYUTATH, UTO COJIb IOCJE pac-
TBOPEHU s PABHOMEPHO paclpeaejuiaach B o3epe?

CKOJIBKO aTOMOB yTIJiepofa COAepP»KUTCA B rpacdUTOBOM CTEPIK-
He anuHOH | = 10 cM ¥ miomansio cedenus S = 4 mm2? ITnor-
HoCTh rpadura p = 1,6 - 103 kr/m3.

Kakyio niomans S uMeeT IIOBEPXHOCTH 30JI0TOM (oI Mac-
coit m = 1r, ecau TommuHa ee cocraBaser n = 10* moxeky-
JAPHBIX caoeB. I1oTHOCTS 30ost0Ta p = 1,93 - 10* kr/M3.



Mnhasa 3
TEMMEPATYPA. TASOBbIE 3AKOHbLI

B amoii znase 6b. ysnaeme Hemano H08020 0 pu3uyeckoilL ge-
AUYUHE, KOMOPYI0 KaxObiili 0eHb Yynomuraom 6 c800Kax nozo-
dbl; 0 memnepamype, 0 mom, KAK OHA cmMpozo Hay4Ho onpede-
asemca 8 gpuiuke.

30ecb e bl NOHAKOMUMECH C IMNUPULECKUMU 3AKOHAMU NO-
8edeHuUs Camo20 NPOCMOZ0 MAKPOCKONUYECK0Z0 mena — 2a3a.
Hmenno omkpbimue u uccredosaHrue 2a308bix 3aKO0H08 0a.no
B03MONCHOCMb 88ecmu NoHamue abcorOmHOL memnepamypb.

§ 3.1. COCTOAHUE MAKPOCKOMWUYECKUX TEN
B TEPMOOVWHAMMKE

Bvi. 3naeme, Kax xapaxmepu3yemcsa cOCMOAHUE CUCMeMbL 4ac-
muy (uau men) 6 karaccuveckoii mexarnuxke. Ilocmompum, Kax
onpedeniemca cOCMoOAHUE MAKDOCKONLUYECKUX mea 8 MmepMo-
Jdunamuke.

B MmexaHMKe COCTOAHHE CUCTEMBI YAaCTUI] ONpejesisieTCsa UX II0-
JIOXKeHNAMHM (KOOpAMHATAMM) U cKopocTAMU. [Io HavyaJIbHBIM KO-
OpPAMHATAM U CKOPOCTSAM MOYKHO IIPHU 3aJaHHBIX CHJIaX HAWTH IIO-
JIOXKeHNe U CKOPOCTH 4YacTHUI B J1I000M ocjieAyOIN MOMEHT Bpe-
MEHH,

OnpexgenuTs MOKOOHBIM 0Opa3oM BHYTPEeHHEe COCTOSIHHE MaKpo-
CKOIIMYECKUX TeJ, COCTOSAIUX U3 OPPOMHOI0 YMCJIa YaCTHUIl, HeJIb-
3s1. OgHaKO nmoBefieHHe MAKPOCKOIIMYECKUX TeJI MOXKHO OXapakTe-
pU30BaTh HEMHOT'HMM YHCJIOM (PU3HUYECKHUX BeJHUYUH, OTHOCAIIUXCS
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He K OTAeJbHBIM MOJIEKYJIaM, CJIAaraioliuM Tejia, a KO BCeEMY MakK-
POCKONNYECKOMY TeJy B IejoM. K uuciy TaKMX BEJIUYHUH OTHO-
carca o0beM V, taBl1eHue p, TeMnepartypa t #Aap.

Tak, ras JaHHOM MaccChl Bcerjga 3aHMMAaeT HeKOTOPRIA 00beM,
MMeeT onpelieJIieHHbIE JaBJIeHUuEe U TeMIlepaTypy. O0bem u gasle-
HUe MpeACcTaBJIAT co00if MeXaHHYeCKHe BeJIMYUHBbI, OIMMCHIBAIO-
1ue cocTossHue raza. [lousaTre TeMnepaTypsl B MeEXaHUKe He pac-
cMaTpUBaeTcs, TAK KaK OHAa XapaKTepusyeT BHYTpEeHHee COCTOA-
HUe TeJl.

Makpockonuyeckue napamMeTpbl

JI1060e MaKpOCKONHNYECKOe TeJI0O WJIMU rpylna MakKpocKomnuue-
CKHUX TeJI Ha3bIBAETCA TEPMOAMNHAMMUYECKOMN cCUCTEMOH
(oT rped. systema — 11es10e, COCTaBJIeHHOE U3 YacTei).

BennuuHabl, XapaKkTepuU3ylOmie COCTOSHME TepMOAMHAMMYe-
CKO#l cucTemMbl 0e3 ydyeTa MOJIEKYJISPHOTO CTPOEHMSA TeJi, HA3bI-
BAJIOT MAKPOCKONMYECKMMM (MJIM TepMOAMHAMMYECKMMH) IIapa-
MeTpaMHu. MakpocKoIndYecKue IIapaMeTpbl He MCUYEpIbIBAIOTCS
o0 beMOM, JaBJIeHNEeM U TeMneparypoii. Hanpumep, Aasa cmecu ra-
30B HY°KHO 3HATh KOHIIEHTPAIIMH OTAEJBHBIX KOMIIOHEHTOB CMe-
cu. Eciin BeliecTBo HaXOANUTCA B 3JIEKTPUYECKOM MJIM MAarHUTHOM
oJie, To HeoOGXOAMMO 3a/aTh XapPaKTEPUCTHUKHU 3THUX IIOJIEH B Be-
LIEeCTBeE.

B 1o ke Bpemsa ¢opma cocyla, B KOTOPOM HaXOAUTCA ras, He
ABJAETCA CYIIECTBEHHON [JIsA OIpeAesIeHNs ero cocrosaHus. Ha-
IpuMep, KHCJIOpPoA B cocyae, u3oOpakeHHOM Ha pucyHke 3.1, a,
OyzeT HaXOAUTHLCSA TOUHO B TAKOM K€ COCTOSIHUY, B KAKOM U KHC-

Puc. 3.1
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JIOpoJ B cocyae apyroit ¢opmer (puc. 3.1, 6), ecau o6beMbI cocy-
OB, Macchl M TeMIIEpPATypPhl Ta30B OAMHAKOBEI. B yacTHOCTH, AaB-
JIEHHd ra3oB B 000MX cocyaax paBHbl. He 3aBucHT 0T GOpPMEI coCy-
Ila C3KMMAaeMOCTh ra3a M ero Apyrue cBoicTBa.

DaBnexne raza B MONEKYNSPHO-KUHETUHECKOW Teopum

Ha npumepe gaBieHUs rasa BBIICHHM, KaKOW CMBICJ HMEIOT
MAaKpPOCKONMNYECKHe IIapaMeTPhl C MOJIEKYJIAPHO-KUHETHYECKOH
TOYKH 3pEHUA.

ITycTe ras HaxoAUTCA B 3aKPBITOM cocyze. MaHOMeTp MOKa3bI-
BaeT JaBJIeHUe rasa p,. Kak Bo3HUKaeT 3TO aasjeHue? Kaxnas

MOJIEKYJIa Ta3a, yAapsasach O CTEeHKY, B TeUeHUe MaJIOro IIPOMEXYT-
Ka BpeMeHM JelCTBYeT Ha Hee C onpelesieHHON cujoii. B pe3yisb-
TaTe 0ecHIOpANOYHBIX yIapOB O CTeHKY CHJa, AeHCTBYIOIIAs CO
CTOPOHBI BC€X MOJIEKYJI HA IIOBEePXHOCTh CTeHKH eJVHUYHOM IIJIO-
Iagu, T. €. JaBJeHue, oyaer OLICTPO MEHATHCS CO BpeMEeHEeM IIpHU-
MepHO TaK, KaK IMOKa3aHo Ha pucyHke 3.2. OnHako AeiicTBUSA, BHI-
3BaHHBIE yJapaMu OTJAeJbHBIX MOJIEKYJI, HACTOJBKO cjabbl, 4TO
MaHOMETPOM OHH He peructpupyiorcsa. ManHomeTp ¢dukKcupyer
CPeOHIOI0 IO BpEMEHU CHJIY, AEHCTBYIONIYVIO Ha KAXKAYIO eIUHUILY
IIJIOIIaA [IOBEPXHOCTH €r0 YYBCTBHUTEJBHOI'O 3JIeMEHTa — MeMO-
paHbl. HecMoTpsi Ha HeOoJsblIMie U3MEHEHUA NaBJIEHUSA, cpegHee
3Ha4YeHUe JaBJIEHUSA P, IPAKTHYECKU OKa3bIBaeTCsd BIIOJIHE OIpe-

JEJIeHHBbIM, TaK KaK yaapoB O CTEHKY OUYeHb MHOI'O, 4 MaCChI MOJIEe-
KYyJ O4€Hb MaJibI.

P
POWMWMWVF

Puc. 3.2

CocmosaHue mepmoOuHaAMULeCKOU cucmemvbl xapaKmepusyem-
CA MAKPOCKONUYECKUMU napamempamu — obzemom, 0a81eHU-
emM u memnepamypoil.
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§ 3.2. TEMNEPATYPA. TENNTOBOE PABHOBECHUE

Tepmomempamu noavdyromca éce. A umo oHu usmepaiom? Ko-
newrno, memnepamypy! Odnaxo amo ewe He omeem. 4mo 03-
Havalom caoéa: «f u3mepun memnepamypy meaa»? 4Ymo s
npu amom y3nan? Ymo umenHo xapaxmepu3yem memnepa-
mypa? Omo He makx npocmo, KaAK MOxem NOKA3AMbCA HA
nepavtil 832a40.

Cy6bexTusHbie npeacrasneHns o teMmneparype

B reomeTpuu BBOAAT OAHY OCHOBHYIO BeJIUUMHY — AJUHY. Oc-
TaJIbHBIE BEJIMYUHEL: ILUIOIIAaAh 1 00beM — NPOU3BOAHEIE. B KuHe-
MaTHUKe JO00aBISAIOT ellje OAHY BeJIUYNHYy — Bpemsa. CkopocTs, yc-
KOpeHHe ABJAIOTCA NPOU3BOAHBIMU. B nUHaAMHKe elle OXHOM ocC-
HOBHOM BEJIMYMHON CTAHOBUTCS Macca. B Teopnu TemnyJoBBIX ABJIE-
HUHA eJWHCTBeHHas HOBasg OCHOBHAS BeJNYHUHA, KOTOPYIO HaAO
BBECTH, — 3TO TeMIlepaTypa.

B koxke Hamiero tejia, KpOMeé YyBCTBHUTEJbHEIX IIPMEMHHUKOB,
pearupymoiiiux Ha IIPUKOCHOBeHUE, JaBJieHHe 1 00oJieBhle pasjxpa-
’)KeHUsA, eCTh NPUEMHHKH, pearupyolue Ha pas3JpakeHue OIly-
IIIeHUeM TeIljla ¥ X0J0oxa. PYKOBOACTBYACH 3TUM, MOXKHO BCe TeJia
pacnoJIOXXHUTk B pAJ IO UX CIOCODHOCTH BHI3BIBATH OINYIIEHUSA
Tersa u xonoxa. IIpuunHy cnoco6HOCTH TeJ Mo-pa3HOMY BO3Jeil-
CTBOBATb HAa OpraHbl YyBCTB MOXKHO CBA3aTh C PA3JIMYHOM cCTe-
MEeHbIO Hazpemocmu mesn — memnepamypoiil. 3TO TOJNBKO KadecT-
BeHHOe, CyO'beKTHUBHOE OIlpejieJieHne TeMIlepaTyphl, He coAepKa-
iee yKasaHHU Ha crocob ee uaMepeHus. B oTiinune oT U3MepeHus
OJIUHLI, BPEeMEeHH, Macchl M T. . NPONLIO IJ:ATEeJbHOE BpeMd,
mpeJe 4eM Ha CMeHy Cy0O'beKTUBHBIM BIe4YaTJIEeHUSM O TeMIlepa-
Type NPHUIIJIN TOYHbIE 1 eAUHBLIEe METObI ee n3MmepeHusd. Pazsurue
METOJ0B U3MEpPEeHUA TeMIepaTyphl CTAJIO BO3MOXKHBIM JINIIL TOT-
Aa, xorjga Oblja yCTaHOBJIEHA 3aBHCHMOCTb OT TEeMIIEpaTyphl Ta-
KHUX BeJIUYMH, KaK JJIuHA, 00beM U T. K., KOTOpBIE MOXXHO H3Me-
PATH HEIIOCPEACTBEHHO.

MpoucxoxaeHne TepMUHOB «TeMnepatypa» U «rpaayc»

Bpaun eme B APeBHOCTH 3aMeTHJIM, UTO 3JOPOBbLE 4YeJIOBEKAa
CBSI3AHO C TEIJIOTON ero Tejia. SHAMEHUTHIM aHTUUYHLINM Bpay Ia-
JeH (ok. 130 — ok. 200) cuuTajs OCHOBHBIM CBOMCTBOM JIEKApCTB
IX corpesaolee M oxJjaxkaaliee aeiicrsue. Hapaay c atum Je-
KapcTBa JOJIKHEI PeryJupoBaTh NPOTUBOIOJIOXHEIE KayeCcTBa: Cy-
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XOCTh M BJIAXKHOCTH. Bce JekapcTBa corJyacHo I'ajieHy ciexpyer
pas3jvyaTh 0 «IrpagycaM» TeIJIOTHI, X0JI0Ha, BJAXKHOCTH U CYyXOC-
1 (oT ;mar. gradus — mar, crynedsb). Kaskgoe m3 3aTuX KaudyecTB
MMeeT YeThIpe OCHOBHBIX I'paAyca, Ka’KAbIH M3 KOTOPBIX B CBOIO
ouepenn pasnesaserca Ha TpH dacTd. TpebyeMslii rpagyc JeKapCTB
MOJKHO MOJIYYUTL NMyTE€M HUX CMEIIeHUs B Pa3HBIX NPOIOPIHUAX.
HAmeHHO oTCI0Za OepeT HAYaJI0 TEPMHH «TeMiepaTtypa» (OT JIaTHUH-
cKoro cyoBa temperatura — cmemenue). IIpaBga, Hu cam INanesn,
HU €ero IocjenoBaTeNIll He CMOTIJIM OIpPeAeJUTh KOJUUECTBEHHYIO
CBA3b MEXKIY rpaJlycoOM CMeCH ¥ rpajycaMu KoMmnoHeHToB. Ho mo-
HATUA «TeMIepaTypa» M «Tpaayc» IOSABHJINCEH elfe A0 usobpere-
HUS TepMOMETpA.

NMepBble TepMOMETPbI

KonuuecTBeHHBIE METOAbI U3MEPEHUA TEMIEpaTyphl TeJl Haya-
au pa3BuBathbed B X VII B. IlepBrIil mpooOpas TepMoMeTpa A€MOH-
crpupoBay Ha cBoux Jexkuuax I'. 'aaunenr B 1592 r. Tepmomerp
l'annnaesa (TepMOCKOII) COCTOAN U3 TPYOKM, YaCTUYHO 3aIIOJIHEH-
HOM BOAOM, 1 CTEeKJAHHOro mapuka. Konen TpyOku ObIJI onmyieH
B OTKPBITHIH cocyh ¢ Bogou (puc. 3.3). IIlpn HarpeBaHuu mapuka
JaBJIEeHME BO3/lyXa B HEM YBEJNUYMBAJIOCHh U YPOBEHD BOJLI B TPYO-
Ke onyckaiucsa. IIpu oxsmaxkaeHnn, Hao60poT, ypOBeHb OAHUMAJI-
cA BBepx. TakuMm o6pa3om, o TeMIepaType MOKHO ObIJIO CYAUTH II0
YPOBHIO BOJLI B TPyOKe. IlepBoe mpuMeHeHHe TEPMOCKOII HAIlleJI B
MeIHIIUHE.

Tepmockon N'asnies uMesl TOT HEZOCTATOK, YTO €r0 MMOKA3aHUA
3aBHCEJHN OT aTMocdepHoro aasiaeHusA. Ilpm nmoBwlIleHUU IaBJIe-
HUA YPOBEHb KHUIKOCTH B TpyOKe Oyzer mo-
BBHIIATHCA 0€3 yBeJUYEeHHd TeMIepaTyphl.
Bnocaeacteuu Bo PiaopeHI Y 6BIJIA N3TOTOB-
JIeHbI IOJIHOCTHIO 3alasHHbIe TepPMOMETDHI,
IIOKa3aHUA KOTOPBIX He 3aBHCENH OT aTMO-
chepHOro aaBjeHusd. Boma Oblia 3aMeHeHa
cnupToM c 6oJiee BBICOKOM TeMIlepaTypoii 3a-
Mmep3aHusaA. YroObl OKa3aHUA Pa3JIHUYHBIX
TEPMOMETPOB MOXKHO OBLIO CpaBHUBATh, He-
00XOAMMO BBECTH TEMIIePATYypPHYIO IIKaJy.
Ina 3Toro Hajgo HpeXkje BCEro yCTaHOBHUTH
IIOCTOAHHBIE TOYKHU C PUKCUPOBAHHON TeMIIe-
paTtypoi. Ilociie MHOTUX MONBITOK B KAUECTBE
OMMOPHBIX TOUYEK OBIJIN BLIOpAHBI TeMIeEpaTy-
Puc. 3.3 pBI TASTHUSA JbJa UM KUIIeHUsA BOALI. Brepseie
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9TO NPEeAJIOKHUJ cheyiaTh HuAepaaHAackuil ydyeHhIH X. I'roiireHc
(1629—1695) B 1655 r. [[o aToro B KauecTBe ONMOPHEIX TOYEK HC-
IMOJIb30BAJINCH TAKHE HeHaleXKHbIe U HeonpeJeJIeHHEIe TOYKH, KaK
TeMIeparypa 3gopoBoro ueyioBeka (rmo HrloToHy), TemMmepaTypa
BO3JyXa NpH NIEepPBBLIX 3aMOPO3Kax B OKpecTHocTAXx Maragebypra
(mo 'epuke) u t. A.

Camoit ynoTpeOHUTENBHON TeMIepaTypHOR IIKAJOM B aHIJIO-
SAIBBIYHEIX CTPaHaAX JO CHX IOp ABJseTcA IIKana PapeHreiTa. 3a
0° B aTOM mKaJIe MIPUHMMAETCA TeMIlepaTypa CMeCH CHera 1 Haina-
THIpA, a 3a 100° — HOpMaJIbHAA TeMIlepaTypa 4eJIOBe4eCKOro Te-
na. Temneparype 3aMep3aHUA BOALI IO 3TOM IIIKaJIe COOTBETCTBYET
32 °F, a remneparype kunenusa 212 °F,

CoBpemMeHHble TepMOMEeTPbI

Jisi u3MepeHUA TeMIepaTyphl MOXXHO BOCHOJIb30-
BaTbCA U3MEHEHHEM JI000i1 MaKpPOCKONMHUYEeCKOil BeJu-
YUHEI B 3aBUCUMOCTH OT TeMIepaTyphl: o6'beMa, gaBJe-
HUA, JIEKTPUYECKOI'0 COIPOTHUBJIEHUSA U T. [J.

Yame Bcero Ha NpaKTUKe UCIIOJb3YIOT 3aBUCHMOCTD
o0beMa XKHUAKOCTH (PTYTH HJIM CIIUPTA) OT TeMIlepary-
pel. IIpu rpagyupoBKe TepMoMeTpa OOBLIYHO 3a HAYaJIO
orcuera (0) NpUHUMAIOT TEeMIIEpATypPy TAIOLIEro JbAAa;
BTOpPOM nocToAHHON ToukoM (100) cunraroT Temmepary-
Py KMIIEHUs BOABI IDU HOPMAJLHOM aTMoc(hepHOM JaB-
neHnyu (mkaiua lleascus). lllkany mexay Trouxkamu O u
100 genar Ha 100 paBHBIX YacTeil, Ha3bIBa€MEIX I'paay-
camu (1 °C) (puc. 3.4). Ilepemenienue cronbuxa ¥ ua-
KOCTH Ha OLHO JeJIeHHEe COOTBETCTBYeT M3MEH-~HHIO
TeMmneparypsl Ha 1 °C.

OOBIYHBIN KHUAKOCTHBIM TEPMOMETD — O4YeHb «YM-
HBIM» npubop. uaxocTy npu HarpeBaHUH He3HAYH-
TeJIbHO YBeJIMYUBAIOT CBOM 00beM, U ee paclIIHpeHue
On1s10 GBI MOYTH HE3aMETHBIM, eCJIM OBl XXUIKOCTH pac-
HIMPAJIACh TOJbKO B Y3KOil Tpy6Ke. [IoaTromy B Tepmo-
MeTpe MCIOJb3yeTCA IIPOCTONH, HO XHUTPOYMHEIM Mexa-
HU3M ycuJeHuA. BOJblIas 4acTh XUIKOCTY HAXOLUT-
cs B IIapMKe Ha KOHIle TpyOKH, a He B caMOil TpyOKe.
Iloaromy nmaxke 2% -Hoe HM3MeHeHHe IOJHOro o0beMa
KHUJIKOCTHU NPUBOAUT K USMEHEHUIO AJUHEI CTOJIONKA B
10 u 6osee pas.

Tak KaK pasnnyHble XUIKOCTH PACIIMPAIOTCA DX HarpeBaHUM
He COBCEM OAMHAKOBO, TO YCTAHOBJIEHHAs TAaKUM o0pa3oM ILIKaJia

Puc. 3.4
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OyZeT A0 HEKOTOpON CTeneHM 3aBHUCETh OT CBOMCTB >XUAKOCTH.
OnopHele Touku 0 °C 1 100 °C 6yayT, KOHEYHO, COBIIAAATH Y BCEX
TepMOMETPOB, HO, CKa)keM, oTMeTKHU 50 °C coBnagaTts He OyAyT.

Kakoe ke BemecTBO BRIOpPATh, YTOOBI H30ABUTHLCA OT 3TO 3aBU-
cuMocTi? BELIO 3aMeueHo, YTO B OTJINYME OT XKUJAKOCTel Bce pas-
peXXeHHbIe raspl — BOAOPOJ, IeJInii, KUCJIOPOL — PpacIIupAIOTCA
Ipy HArpeBaHUM OAMHAKOBBIM OOpasoM M OAMHAKOBO MEHSAIOT
CBOe JaBJIeHHe NpN N3MeHeHUH! TeMnepaTyphl. I1o aToi npuunHe B
dM3NKe AJNA YCTAHOBJIEHUA TEMIEPATYPHOH IIKAaJNBI MCIOJB3YIOT
H3MeHeHne o0’beMa OIlpefesIeHHOr0O KOJIMYeCTBAa pa3perKeHHOro
rasa IpH IOCTOAHHOM JABJICHMM MM N3MEHEHHe NAaBJIEHUA NPH
MMOCTOAHHOM o0'beMe. ITO TaK Ha3klBaeMasi ra3oBasd NIKaJga
TemMmnepaTyp. Bunrepsaine or 0 5o 100 °C pryrHas u rasosas
IDKAaJIbl TEMIIEPATYP IIPAKTUYECKH COBIAJAIOT.

IToapoOHee c ra3oBoi IIKAJON TeMIEPATyYP Mbl IO3HAKOMHUMCSH
B JaJIbHeHIeM.

TennoBsoe paBHoBecue

O cnocobGax u3MepeHUs TeMmeparypsl Bhl y3Haau. Ho kakoe-
aub60 pu3nyYecKoe onpejesieHue 3TOro NOHATHUSA NMOKa He naHO. Ha-
3BIBATH TEMIIEPATYPOHN «CTeneHb HArPeTOCTH» Tejla ABHO HEKOp-
PEKTHO: He SICHO, YTO )Ke TaKoe «CTelleHb HarpeTocTu». [1s ompe-
JeJIeHUA TeMIlepaTypbl HY»>KHO BBECTH HOBO€ H OUYEHb BaXKHoe
IOHATHE — TEeNJOBOEe PpaBHOBEeCHE.

Y106bI H3MEpUTHh TEMIIEPATYPY TeJia, CJEAYeT IOoJAep)KaTh Me-
AUIMHCKUH TepMOMETP IIOA MBIIIKON 5—8 MuH. 3a 3TO BpeMsd
PTYTh B TePMOMETpE HarpeBaeTCHd U yYpOBeHb ee moBhimmaercs. Ilo
JJIHE CTOJIONKA PTYTH MOXXHO CYAUTH O TeMneparype. To ke ca-
MoOe IIPOMCXOAUT IIPY U3MEPEHUH TeMIIepaTyphl JII0OOro TeJja JIo-
ObIM TepMoMeTpoM. TepMoMeTp HUKOrJa He IMOKa)XeT TeMIlepaTy-
py TeJia cpa3y ke IocJie TOro, KaK OH CONIPUKOCHYJIcs ¢ HUM. He-
00Xx0IMMO HEeKOTOpoe BpeMA AJIA TOro, YTOOBI TeMIepaTyphl Teja
1 TepMOMeTpa BHIPDABHAJINCH KU MEXAY HUMH YCTAHOBHUJIOCH TeIl-
JIOBOe paBHOBecHe, IIPpH KOTOPOM TeMIIEpaTypa lepecTaeT H3Me-
HATHCA.

TenysioBoe paBHOBecHe C TeYeHHEM BPEMEHM yCTaHaBJINBAETCA
MeXxX Ay JIOOBIMHM TeJlaMU ¢ pas3IMYHOM TeMmIepaTypoil. BpoceTe B
CTAKaH C BOAOH KyCOUeK JIbAA 1 3aKpoiiTe CTAKAH MJIOTHOMN KPBIIII-
Koi. Jlex HauHeT NmIaBUThHCA, & BoJa oxJa)kaatbca. Korpa sen
pacraeT, BOJa CTAHET HArpeBaThCH; IIOCJIe TOrO KAK OHA IIPUMET
TeMIIepaTypy OKpY KaloIlero Bo3ayxa, HUKaKUX N3MeHeHUH BHY-
TPHU CTaKaHa C BOJOH IIPOUCXOAUTD He OyerT.
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A3 3tux m nomoOHBIX MM IIPOCTHIX HAOJIOZEHHII MOMKHO cle-
JIaTh BBIBOJ O CYIIIECTBOBAHUH OUEHb BAXXHOT'0 CBOMCTBA TEIJIOBBIX
aBneHnii. Teso npu HEUIMEHHbLX BHEULHUX YCAOBUAX CAMONPO-
U360/1bHO nepexodum 6 cocmosHue mennogozo pasHosecus. Ten-
JIOBBIM, HJIM TEePMOAMHAMHYECKHMM, PaBHOBeCHEM Ha3bIBAIOT Ta-
KOe COCTOsIHMe, IIPHM KOTOPOM Bce MAaKPOCKONMHYECKHe NmapaMer-
PHI CKOJIb YTOZHO AOJIT0 OCTAIOTCH HEM3MEHHBIMH. ITO O3HAYAEeT,
YTO HEe MEHAITCA o0beM M [IaBjeHue, He IPOUCXOIUT TeIlIoo0-
ME€H, OTCYTCTBYIOT B3aMMHBIE€ IIpeBpaIleHus ra3oB, JKUIKOCTEH,
TBEPABLIX TeJ U T. . B 4aCTHOCTH, He MeHAeTcsa 00beM CTOJIONKa
PTYTH B TepMOMETpe. JTO O3HAYAEeT, UTO TeMIepaTypa CHUCTEMBI
OCTaeTCA IMOCTOAHHOM.

Ho mMukpockonnyecKkue Ipoiecchl BHYTPH Tejla He IIpPeKpaIa-
IOTCA U IIPU TEILJIOBOM paBHOBecuu. MeHAIOTCA MOJIOMKEHUA MOJIe-
KYJI, X CKOPOCTH IIPH CTOJIKHOBEHHAX.

Temnepartypa

Ecau xaxoe-rub6o meno A (HampuMmep, BOJa B OAHOM CTaKaHe,
puc. 3.5, a) Haxodumcsa 6 menanosom pasrosecuu ¢ meaom C (rep-
MoMeTp), a meso B (Bojga B APyroM CTakaHe) moxce Haxodumcs
8 pasrnogecuu ¢ meaom C, mo meana A u B maxwe naxodamcs 6
COCMOAHUU MenJso8020 pasHosecua*. Eciin nmpuBecTH cTakaHbl B
KOHTAaKT (puc. 3.9, 6), T0O HUKAKNX HN3MEHEHHI C BOJOI BHYTpPH
HUX He npousoiijer. UMeHHO I03TOMY MBI MOJKEM CPaBHUBATH CO-
CTOAHUA TENJOBOI'O paBHOBECHUS TeJjl, He IIPHUBOJS MX B Hemocpes-
CTBEHHBI! KOHTAKT, 1 BBECTH IIOHATHE TEeMIIepaTypPhI.

’8‘ C

* 9TO yTBepK/IeHNEe HHOTa HAa3BIBAIOT « HYJIEBLIM HAYAJOM TEpPMOJAMHA-
MUKH» . «CTpaHHBIH» HOMED IIOABUJICA IIOTOMY, UTO JUIIb IOCJE OTKPHITHA
NepBOTO ¥ BTOPOr'o Hauas (MJIM 3aKOHOB) TEPMOAHHAMUKH YUEHBIM CTAJIO
FICHO, YTO JaHHOE ITI0YTH OYEBUHOE YTBEPIKJeHEe HA/I0 IOCTABUTL BIIEPEH.

Puc. 3.5
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He Hazo xymartsh, yTo 11pu go6oMm paBHoBecun Te1AcCu Bc C
Tesla A u B o6a3arenpHOo OyayT B paBHOBecuu*. Ecan onycTuTs B
pPacTBOpP CepHON KHUCJIOTHI MEAHBIM M IIMHKOBBIA CTEPXKHHU, TO Ye-
pe3 HEKOTOpoe BpeMsi My pacTBOPOM M CTEP)XHEM yCTAHOBUT-
CA paBHOBecHe: PACTBOPEHHE CTEp)KHeil 1 oca)XJeHue Ha HUX Ka-
Knx-1ubo BemecTB npekpatutrca. Ho mexay co6oit cTep)KHH He
OyayT B paBHOBecuHn. Eciii coeIMHUTH NX IPOBOXHUKOM, TO IO He-
MYy IO JET 3JIEKTPUYECKUH TOK.

Mgu1 ropopumM, 4TO TeIa A M B uMeloT OAMHAKOBYIO TeMIlepa-
TYPY, €CJIM KaKkaoe H3 HUX HAXOJAUTCHA B TEIJIOBOM PaBHOBECHH
¢ TeaoM C (3TUM TesioM MOXKeT ObITh TepMomeTp). 1 Hao6opor, ec-
JIA TeJla MMEIOT OAMHAKOBYIO TeMIIepaTypy, TO MOXXHO YTBEpK-
AaTbh, He IPUBOAA MX B HENOCPEACTBEHHBIN KOHTAKT, YTO OHH Ha-
XOQATCA B COCTOSIHHHN TEIJIOBOIO PABHOBECHA.

TepMognHaMHUYeCcKasa CUCTEMA MOXKET HaXOANUTHCA B Pa3JIMYHBIX
COCTOSAHUAX TEIlJIOBOro paBHOBecHA. B Ka)kJoM U3 3TUX COCTOAHMIA
TeMIlepaTypa MMeeT CBoe, CTPOro olnpeaejieHHOe 3HaueHue. J[pyrue
BeJIMYHUHBI B COCTOSIHHUM TEILJIOBOrO paBHOBECUS MOTYT MMeTh pas-
JIUYHBIE (HO IIOCTOSAAHHBIE) 3HayeHUsA. Tak, Hanpumep, 0O0beMEI
pPa3JIMUYHBIX YacTel CUCTEMBI M NaBJIEHNS BHYTPH HUX IIPU HAJU-
YKUU TBEPABIX 1eperopoioK MOryT ObITh pa3HbIMUu. Eciiv BRI BHece-
T€ C YJIMUIbI MAY, HAIIOJIHEHHBIM C)KATHIM BO3JyXOM, TO CIIyCTA He-
KOTOpOe BpeMA TeMIIepaTyphl BO3yXa B MAdYe N KOMHAaTe BhEIPAB-
HAIOTCA. JlaBjieHHe e BO3Ayxa B MsadYe OyaeT mO-IIPeXHEMY
OoJibIlle HaBJIEHUS KOMHATHOTO BO3ayXa.

TeMnepaTtypa XxapaKkTepHu3yeT COCTOSAHHE TellJIOBOr0O paBHOBE-
CHA MAaKPOCKONIHYECKOH CHCTEeMBI: BO BCeX YaCTAX CHCTEMBI, Ha-
xoasauleicss B COCTOAHMM TeIJIOBOTO PaBHOBECHs, TeMIlepaTypa
HMeeT OJHO M TO e 3HaYeHHe.

IIpu ofHAKOBRIX TeMIIEPATypax ABYX TeJl MEXAY HUMU He Ipo-
ucxoxur remsoobmeHa. Tesa HAXOAATCA B COCTOAHUU TEIJIOBOTO
paBHOBecHs. Ecay »xe TeMmepaTyphl TeJl pa3JIMYHBI, TO IIDH yCTa-
HOBJIGHVH MEXXJY HUMHU TENJIOBOr0O KOHTAKTa OyAeT MPOUCXOAUTH
o6meH sHeprueil. [Ipu aTom Tejo ¢ 6oJsblIelt TeMnepaTypoit 6yaer
OTHaBaTh 3HEPrHIO TeJ)y C MEHbIIeH TeMmnepatypoi. Pa3Hocmb
memnepamyp mea yka3vléaem HaAnPA8AeHUE Menao00MEeHA MeN -
0y HuMmu.

* BooO11ie roBopsi, HUKOr/a 3apaHee HeJIb3A YTBEP»KIATb, UTO OTHOILLIe-
HHU A, uMemoluecs Mmexay A n C u B u C, 06a3aTesIbHO OYAYT U MeXAy A 1
B. Tak, ecan Koas nob6ur Jleny u Aseia awobut Jleny, To 1106uTh Apyr
apyra Kossa u Aneira He 00si3aHBI.
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MonekynsipHO-KUHETUYECKOe UCTONIKOBaHue TeMneparypbl

YeMy COOTBETCTBYET C MHKPOCKONUYECKON TOYKHU 3PEHUA pa-
BEHCTBO TeMIIePATypP MAKPOCKONMUYECKHUX TeJ NPH TENJIOBOM paB-
HOBecUHU Mexay Humu? BeiacHeHue 3TOro Bonpoca — OjHa U3 ca-
MBIX Ba>XKHBIX 3a/la4 MOJIEKYJIAPHO-KHMHeTH4YecKoil teopuu. IIpu
CTOJIKHOBEHHH OBICTPO ABHXKYIIMXCSA MOJIEKYJ C MeAJEHHO ABU-
XYIIUMHUCA TAKOH Ke Macchl CKOPOCTH GBICTPBIX MOJIEKYJ YMEHb-
mIal0OTCA, a MeJJIEHHBIX — YBeJHYHBAIOTCA. 3a cueT 6ecUmnclieH-
HBIX COYAApeHUI cpefHHEe KUHETUYEeCKHe 3HEPruu MOJIEKYJ BHI-
PABHUBAIOTCA U IIPU TEIIOBOM PaBHOBECHHM MMEIOT OJHO H TO Xe
3HAUYeHMe KaK OJA MOJEKYJ OAMHAKOBOM MACCHI, TAK U IJIs MOJe-
KyJ pasHbIX macc. Temnepamypa séasemca mepoil cpedueil Ku-
Hemu4ecKoll IHepzuu XaomuyeckKozo 08UNEHUA MOLEKYL 6 MAK-
pockKonuieckux meaax. 3To yrBepaxKaeHUe OyaeT crporo o60cHOBA-
HO HaMMU B AaJIbHeHIeM.

K oTAaenbHBIM MOJIEKYJIAM IIOHATHE TeMIIePATYPhl HEIIPUMEHUMO.

He 8 nepévtii pa3 6am npuwsioch 8biCayulamb pacckas3 o mom,
KaK ycmpoen mepmomemp u kak oH Oeiicmeyem. Ho noseu-
A0Cb U Heumo H080€ — Bb. NO3ZHAKOMUJIUCH C MENJOBbLM PAS-
HoBecuem, XOMA UMeau ¢ Hum 0ero mMHoxecmao pa3. Temne-
pamypa no3eoasem omauiamb 00HO COCMOAHUE MeNnJN06020
pasHosecus meaa om 0pyzozo. 3mo He O4eHb HAZAAOHO, HO
oueHnb 8awHO Oaa Quauxu. Pazzoeop o memnepamype ewe 0a-
JeK0 He 3a8epuleH.

§ 3.3. YPABHEHUE COCTOAHUSA

ITocnre mozo kKak MbL NO3HAKOMUJAUCHL C MeM, Ym0 makxoe
memnepamypa u KaK ee MOMNHO U3imepamb, obpamumca K 060-
Jee 0emanbHOMY PACCMOMPEHUIO MeNnN0BbLX ABAEHUIL.

3HAKOMCTBO CO MHOTMMM SBJIEeHHAMH MOXXHO Ha4aTh, He pac-
mojarafd KakKuMU-1u60 ¢pusndecKkuMu npuGopamu. OGBIKHOBEH-
HBIA JeTCKUIl pe3WHOBBIN HAJYBHOM LIAPUK, €CJHU IMOAOWTH cepb-
€3HO K Ha0JII0JeHUIO 3a IOBeleHueM BO3AyXa BHYTPHU HEro, mo3Bo-
JIUT IPUUTH K BAXXHBIM BBIBOJAM.

[ITapuk, a 3HAYUT, U BO3AYX B HEM HMEIOT OIpeAesIeHHBII
ob6bem V. OToT 06bEM — OJHA U3 XAPAKTEPUCTHK COCTOAHUA BO3-
AyXa B HIapHUKe.

[ITapuk, Kak U Jg0060e ApPyroe TeJo, MOXKET HaAaXOAUTHLCA B pas-
JUYHBIX BHEITHUX YCJIOBUAX. EcJM Bl mMogHUMeTE ero Ha BBICO-
KYyI0 ropy, TO AaBJeHHEe OKPYKAaIoIero Bo3fyXa Ha ero CTeHKHU
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yMeHbIINUTCA. Beab aTMochepHOe AaBleHHe C BRICOTOM yMeHbINa-
eTcs. To NPHUBEJET K TOMY, UTO IIapUK pa3ayercsa. [laBieHne BO3-
AyXa BHYTPU HEro npu yBeJUYeHUU ob6bemMa cTaHeT MeHbmle. Ha-
obopoT, ecau cAAaBJIUBATH MIADHMK PyKaMH (OCTOPOXXHO, KOHEYHO,
yTOGBl OH HE JIONMHYJI), TO 00b€M ero yMeHbIIaeTcsa, a AaBJIEHUE
BO3/lyXa BHYTPH BO3pacTaer.

CBa3p MexAy 060beMOM BO3JyXa BHYTPH IIapUKa U ero gaBJie-
HUEeM, KOHeYHO, OYeBHJHA U NOHATHA BceM. Hy»XHo sumb nmocra-
paThCsa 3aMETHUTDh 3lech IPOABJIeHNEe 00Imel 3aKOHOMEePHOCTH.

JIBe BeJIMYUHBI, XapaKTEepPU3YIOI[He COCTOAHNE BO3AyXa B IIa-
puke (06beM U KaBleHUE), 3aBUCAT APYT OT ApPyra.

He Hano 3abwIBaTh 1 0 Temuneparype. Ecau cHauaja Mmoo UTh
BHYTpbh IIAPMKA JBIUHKY, & [IOTOM HAAYTh €ro, TO IIPOH30OMAET
caenymomee. JIbAIMHKA HAYHET TaATh, a IIaPHK HA rja3ax HauHeT
«XymeTb». JlaBIeHHe BO3AyXa B HEM U 00'beM HAYHYT YMEHBIIATh-
cdA. SIcHO, YTO 3TO IPOUCXOAUT IIOTOMY, UYTO TEMIIEpATypa BO3ayXa
B IIapHKe U3MEHUJIACh.

W3 nogoOHBIX IIPOCTBIX HAOMIOAEHUIT MOXXHO YCTAHOBHUTB, YTO
Mexxay o0 beMoM, AaBJIeHUEM M TeMIIepaTypoil Bo3Aayxa B IIapHUKe
CYLIIECTBYET olipeJiesieHHasA CBA3b. M 3TO cnipaBeAJIMBO HE TOJBKO
AJIA BO3AYyXa B IapUKe, HO U AJA JI060ro razaoo6pasHoro, »XHUIKo-
ro ¥ TBepAOro TeJja.

YpaBHeHHe, OIpeaessdonlee CBA3b TeMmepaTypsl, o0beMa H
AaBJICHHS TeJl, HA3bIBAIOT YPAaBHEHHEM COCTOSHHMHA.

Kaxkgas cucreMa — ras, XKUAKOCTh UJIM TBepAOe TEJIO — XapaK-
TEepPU3YeTCsA CBOMM ypaBHEHUEM COCTOAHUA. B ogHUX cayuaax (Ha-
npuMep, pas3peXXeHHbIi ra3z) — ypaBHeHUEe COCTOAHUS IIPOCTOeE.

A MUIKOCTeH 13-38 CJIOXHOrO UX CTPOEHHS A0 CHUX IOp He
yAaJoCh MOJYYUTH O0IIero ypaBHeHUA cocTosHusA. [Ipuxoaurcs
JOBOJILCTBOBATBCA BeCbMa NMpPUOJMIKEHHBIMH YPDaBHEHUAMH, U TO
AJISA XKUAKOCTEHN, MOCTPOEHHBIX M3 IPOCTHIX MoJeKyJsa. Her yHu-
BepCAaJIbHOT'O YPABHEHUA COCTOSHUA U JJIS TBEPABIX TeJl.

3HaHUEe YpPaBHEHHUA COCTOAHHA OYEHb BaXHO IIPH HCCJeNOBa-
HUM TEIJIOBHIX NpoueccoB. OHO MO3BOJIAET IOJHOCTBHIO HUJIA Yac-
TUYHO OTBETUTH CPa3y Ha TPU I'PYINEI PA3JUYHBIX BOIIPOCOB.

YpaBHeHNE COCTOAHUSA IO3BOJISIET ONpPEAEeJUTh ONHY U3 BeJIH-
Y1H, XapaKTepU3YIOMNX COCTOSTHUE, HAIIPUMED TeMIIepaTypy, ec-
JIX U3BECTHBI ABe ApYyrue BeJUUYUHbI, OTO U KCIOJb3YIOT B TEPMO-
MeTpax.

3Has ypaBHeHHe COCTOAHHUA, MOXKHO cKasaTh, Kak OYAYyT mpo-
HCXOAHUTH B CHCTEMe Ppas3JIMYHbIe IPOIECChl IPH OnpeAesIeHHBIX
BHEIIHUX YCJIOBUAX, HAIPUMeEp, KaK OyJeT MEeHAThCA AaBJIeHUE
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rasa nNpu HarpeBaHHHU, eCJIH ero o6beM ocTaHeTCs HeH3MEeHHEIM;
YTO IIPON30HAET C JaBJIeHUEM rasa, ecj yBeJJMUUBATH ero o6sem
IIPH YCJIOBUU HEM3MEHHOCTH TeMIIepaTyphl, U T. X.

HakoHen, 3HaA ypaBHEHHE COCTOSAHHA, MOXXHO OIpeJeJINTh,
KaK MeHseTCs COCTOAHUEe CHCTeMbl, eCJI OHA cOoBepIIaeT paboTy
HMJIY IIOJIYYAaeT TeIJIOTY OT OKPYKAIOIMX TeJl.

O6o BceM 3TOM NONAET peysb B AaJIbHEHIIEM.

Mexcdy mepmodurnamuuecKkumu napamempamu cyujecmeyem
c6a3vb, onpedensemas ypaéHernuem cocmosarus. Hawa Oau-
awalwaa 3adava — YycmaHo8leHUe YPABHEHUA COCMOAHUA
0na camoil npocmoil MaKpoCKoOnuweckoil cucmems. — 2asa.

§ 3.4. PABHOBECHbIE (OBPATUMbDIE)
N HEPABHOBECHbIE (HEOBPATUMbIE) NPOLIECCbI

IIpesxcde uem nepeiimu K noay4eHUl0 YpasHeHUs COCMOAHUA,
no3xaxkomumca ¢ obujelt kaaccuguxkayueii mepmoduHamuye-
CKUX npoyeccoas.

ITycTs mUAMHAD C NOPIIHEM 3aIOJIHeH rasoM. Eciau nmopmoieHs
HEMOJABHXKEH U TeMIIepaTypa OKpY»Kalollero Bo3Jyxa HeusMeHHa,
TO ra3 B UJIUHJPE HAXOAUTCA B TePMOAMHAMHUYECKOM paBHOBe-
CUM: JaBJIeHUE rasa BO BCEX TOYKAX BHYTPH IIUJIHHAPA OAUHAKO-
BO, & TeMIepaTypa paBHA TeMIIepaType OKPYXKAIIIUX TeJl.

Ecyu cxxumaTh ras B UJIMHAPE MOJ MOPIIHEM, TO COCTOSIHUE ero
OyzeT MeHATbCA: 00'beM YMEHBUIATHCA, & JAaBJeHHE pacTH. MbI BH-
AUM, 4YTO TepMOAUHAMHYECKHEe IapamMeTpbl U3MEHSIOTCA CO Bpe-
MeHeM, NPOUCXOAUT, KaK rOBOPAT, TEPMOJAUHAMMUYECKHUH
npomnecc. Ho ecsu coxaTue NpoUCXOAUT OYeHb MEIJIEHHO, TO B
J1060¥1 MOMEHT BpeMeHM OyeT yCleBATh YCTAHABINBAThLCA HOBOE
COCTOsIHME DAaBHOBECUS C HOBBHIMHM 3HAYEHHSMH JABJIEHUA U 00b-
ema. ITogo6GHble MeaJIeHHEIE POLECChI HA3BIBAIOTCA PABH O B € C-
HBI M H.

Ecnu nocie MeAJIEHHOTrO CXKATHA IPOBOJUTH PABHOBECHBII IIPO-
ecc B 00paTHOM HanpaBJeHUH, T. €. IIPeJOCTABUTH ra3y BO3IMOXK-
HOCTH MEJIJIEHHO PACIIMPATHCA, TO OH IIPOMAET Uepes Ty XKe Moceo-
BaTEeJIbHOCTh PABHOBECHBIX COCTOSIHUM, YTO U NMPH CIKATUHU, 1o 3TOM
IIPUYMHEe pABHOBECHBIE ITPOLIeCChI HA3BIBAIOTCA OGpA T MU M BI M H.

HMenHO cocTOsIHME TEPMOAMHAMUYECKOrO PABHOBECHS M DaB-
HOBeCHBIE IPOIeCChl B IePBYIO ouepeb ABJAIOTCA NPEeaMeTOM MC-

63



CJIeJOBAHUA B TePMOANHAMHUKe. 3ech 3aKOHOMEePHOCTH HauboJee
IIPOCTBHI.

Ilpouecc U3MEeHEHHA COCTOSHUSA, CONPOBOXKAAIOLIMIICA Hapylle-
HHEeM paBHOBeCHs B CHUCTEeMe, Ha3biBaeTCd HepPaBHOBECHbI M.
IIycTsr nmopmieHs COXXMET ras B LUJHHApPe o4deHb OwicTpo. Torga
paBHOBECHOEe cocTOAHUe OyAeT HAPYILIEHO, U JIUIIb CITYCTA HEeKOTO-
poe BpeMs (BpeMsa peJJaKcalluHd) ra3 nepeiaer B HOBOe
paBHOBecHOe cocToAHMue. Takou npoilecc cxxaTusa oyaer Heo6paTu-
MBIM: NIpHA OBICTPOM CXKATHH AAaBJIEHWE IIOA ITOPIIHEM B HEepPBhIA
MOMEHT OoJibllle, 4YeM B OCTAJIbHOM IUJIUHJApPE, a IpH OBICTPOM
pacIIpeHUN — MEHBbIIIe.

PeanbHbIe npoliecchbl, KOHEYHO, He IIPOTEKAIOT 6€CKOHEYHO Mej-
JIeHHO, ¥ paKTHYeCKH Bce OHU HeoOpaTuMel. IIpeacrasnenue o6 06-
pPaTUMOM IIpOLiecCe TaKkas XKe HjeaJu3anusi HaCTOANIMNX MPOIEeccoB,
KaK JBH)KeHHe a0COJIIOTHO TBEPAOr0 TeJla UJIH TeYeHHe UAeabHOMI
XHUAKOCTH B MexaHuke. Ho nsyueHue o6paTHMBIX IIPOIECCOB TEM
He MeHee MOXKeT JaTh HaM LieHHble CBeAeHUs O BO3MOXKHBIX H3Me-
HEeHUAX B peaJIbHBIX cucTeMax. Kpome Toro, u peanbHbie IMpoIeC-
Chl MOTYT IIPOTEKATHh JOCTATOYHO MeIJIEHHO, I UX MOXXHO C XOpo-
UM NpubJNKeHHeM CUUTAThL pPaBHOBeCHRIMH. I{J1a aToro Hanmo,
4yTOOBI BpeMs U3MEHEeHHU A NapaMeTpoB ObIJI0 MHOTO 00JIbIIIe BpeMe-
HHU peJlaKcaluy.

B nanpHeiineM, ropops o mpoieccax, Mbl 6ygeM UMeTh B BULY
MMEHHO paBHOBECHhLIe Iponecchl. TOJBKO IJI TAKHUX IIPOLIECCOB
TepMOAUHAMUYECKHEe TapaMeTphbl MOI'YyT HMETh ONpeieJIeHHbIe 3HAa-
YeHHUA AJA J10oro MmomMeHTa BpeMeHHU. [Ip1 HepaBHOBECHBIX NPO-
1eccax, Nogo6HBIX OBICTPOMY CHKATHMIO UJIH pacLINpPEHHUIo rasa, na-
paMeTphbl, HanpuMep AaBJieHUe, He OyAyT HUMeTh OIpeleJIeHHOro
3HAYEHUA AJIA BCEN CHUCTEMHI.

B mepmodunamuke npeumyujecmeeHHo paccmampuearmcsa
pasHosecHble (MmedseHHble) NPOYECCHL, NPU KOMOPbLX 8 KA
Oblli MOMmeHnm 6pemenu mepmoduHaAMuUYecCKue napamempbol
umeiom onpedenernHbie 3HAYEHUSA.

§ 3.5. TA3OBbIE 3AKOHbI. 3AKOH BOMIR—MAPUOTTA

Hccnedosarnue mepmoduHamuieckux npoyeccoé Ha“iuHaem C
usyiernua 6osee npocmoii cucmemdv. — 2a3a. JJna nHezo 3xcne-
PuUMeHLmManbHO OblaU YCMAHOBLeHbl. npocmble 3AKOHbL, CEA3bL-
eaowue mepmoduramuieckue napamempot.
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Ma3oBbie 3aKOHb!

H3MeHeHMEe OJHOrO0 M3 MAKPOCKOINMYECKUX ITapaMeTpOB Belle-
CTBa ONpeJieJIeHHOH MacCH — JaBJjieHus p, oobema V uiu TeMme-
paTyphl ¢ — BBEI3BIBAET U3MEHEHUE OCTAJIBHEIX IapaMeTpPOB.

Eciy OfHOBPEMEHHO MEHSAIOTCS BCE BEJIMYMHEI, XapaKTepu3ylo-
IIHe COCTOsTHME ra3a, TO Ha OIBbITe TPYAHO YCTAHOBUTH KaKHue-JIH-
60 ompenesieHHBIe 3aKOHOMepHOcTH. Ilpome cHavajla H3YYIUTH
IpoIecchl, B KOTOPBLIX Macca ¥ OJUH K3 Tpex mapameTpos — p, V
UMM ¢t — ocTaloTcAd HeuaMeHHBIMU. KoJimuyecTBeHHBIE 3aBHCHMOC-
TH MeXAYy ABYMSA INapaMeTpaMHM rasa OXHOM M TOM ke MaccChl
NP HEeM3MEHHOM 3HAaUYe€HHMH TPeThero napaMerpa Ha3bIBAaIOT ra-
30BBIMHM 3aKOHAMH.

3axoH bonna—Mapuwortra

IlepBbIii rasoBbI 3aKOH OBLT OTKPHIT AHIJIMHCKHUM YUYEHBIM
P. Boitnem (1627—1691) B 1660 r. Pabora Boitna HasmIBajiach
«HoBBpie 3KcmepHMeHTHI, Kacalluecs BO3AYIIHON IPYKHUHEI».
W pericrBuTenbHO, ras Befer cebsa mogoOHO C)KaTO NMpPy)KUHE, B
3TOM MOYKHO yOeAUTBhCS, COKMMAafA BO3AYX B OOBIYHOM BeJIOCHIIe[-
HOM Hacoce.

Boitnp uayuan usMeHeHHe AABJIEHHUA rasa B 3aBUCUMOCTH OT
o6'beMa NpH NOCTOAHHOIH TemmnepaTtype. [Iponecc H3MeHeHHHA CO-
CTOAHMA TePMOJHHAMHYECKONH CHMCTeMbI NPH MOCTOSAHHOMN TeMIie-
paType Ha3bIBalOT M30TePMHUYECKHMM (OT rpedyecKMX CJOB isos —
paBHBIi1, thérmé — renso). [Ina moaaepKkaHUA TeMIIEPATYPHI ra-
38 IIOCTOAHHON Heo0X0AMMO, YTOORI OH MOr 0OMedHBAThCA TeIlJIo-
TON ¢ 6OJIBIION CHCTEMOM, B KOTOPOM MOAAEPKlis3aeTCs IIOCTOSH-
Hasg TeMmIlepaTypa, — TEpMOCTATOM. TepMOCTATOM MOXeT CJy-
XHUTh aTMocGEepHBIN BO3QyX, €CJIHU TeMIepaTypa ero 3aMeTHO He
MEHseTCSA Ha IIPOTAXKEHUH OIBITA.

Boinb nabaronan 3a U3BMeHeHeM o0'beMa BO3AyX4a, 3allepToro B
ANTUHHON U30rHyToi TpyGKe cTosGoM pryTu (puc. 3.6, a). BHaua-
Jie YPOBHH DPTYTH B 060MX KOJIeHaX TPYOKM OBLIM OJHHAKOBLIMH M
AaBJIeHHe BO3JyXa paBHO aTtMochepHOMy (760 MM prt. cT.). Jonu-
BadA PTYTh B AJIHHHOE KOJIeHO TPpyOku, Boitnp 3amMeTns, uyTo 06'beM
BO3yXa yMEHbIIUJICA BJBOE, KOrja pPasHOCTh YpPOBHEIl B o060uX
KOJIeHaX okasaJjach paBHo h = 760 MM, u, ciaegoBaTeNbHO, AaB-
JIeHHe BO3/lyXa yBeJuduaochk BaBoe (puc. 3.6, 6). 3to HaBesno Boii-
JIl Ha MBICJIb O TOM, 4YTO 00'beM QAHHOM MaccChl ra3a U ero jgaBJie-
HHEe HAaXOAATCA B OOpPATHO NPONMOPIHUOHAJBHON 38BUCHUMOCTH.
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HanvHeitimmne HaOMOAeHUSA 3a H3MeHe-
4 _ HUueM o0'beMa IIPH JOJIMBAaHUU Pa3JINy-
HbIX NOPUIUM PTYTH HOATBEPAMUJIMN 3TO
3aKJIIOUEHMe.

HezaBucumo ot Boiiid HECKOJBKO
no3xHee (ppaHOy3cKuil yuyeHnlit 9. Ma-
_-t puorT (1620—1684) npuries K TeM ke

BeIBOgaM. IloaTomMy HaliieHHBIN 3aKOH
OoJy4YmJ Ha3BaHuUe 3akKoHa bBoi-

a) 6) ana—MapuorTta. CorimacHo aTomy
3aKOHY JaBJIEHHE NAaHHON MaccChl (MJH

Puc. 3.6 KOJMYecTBa) rasa 0NOpH IOCTOAHHON
TeMIiepaType o6paTHO IPONOPIHOHAIb-

THAmDY

S R e

it

)
!
A\

HO 00'beMy rasa: p ~ %

Ecnu p, — nasyieHue rasa npu o6weme V,, a p, — ero gasie-
Hue npu o6veme V,, TO

Py _ Vs
— === 3.5.1
5, 7, ( )
Orcioza cienyet, uto p,V, = p,V,, niu
pV = const (3.5.2)

npu t = const.

IIpou3BegenHe MAaBJIEHHSA ra3da JaHHOM Macchl HA ero oomeM
NOCTOAHHO, €CJIH TeMIlepaTypa He MEeHJeTCH.

ITOT 3aKOH CIpaBeAJIUB AJIsS JIIOOBIX ra3oB, a TaKXe AJA cCMe-
ceit ra3oB (Hannpumep, AJIsA BO3AYXA).

¥Yb6enuThcA B cripaBeINBOCTH 3aKoHA Boitna—MapuoTrra Mox-
HO C IIOMOIINbIO Ipubopa, n300paKeHHOro Ha pucyHke 3.7. 'epme-
TUYHBIA roppupoBaHHBIN COCYA COEIUHEH C MAHOMETPOM, PETHUCT-
PUPYIOIINM JaBJIeHNEe BHYTPU cocyna. BpalieEneM BHHTa MOXKHO
MeHATHh 00beM cocyna. O6 o6 bemMe MOXKHO CYyAUTh C IIOMONIBIO JIN-
Heliku. MeHaAa o6beM M uU3Mepsasa aBjJeHUe, MOXXHO 3aMeTUTD,
4TO ypaBHeHUe (3.5.2) BBIIOJIHAETCA.

Kak u apyrume ¢pusmdyecKkue 3aKoHbI, 3aK0oH Boitns—MapuoTrTa
siBisieTcA NpubianKeHHbIM. IIpu maBiIeHUAX, B HECKOJIBKO COTEH
pas GOJIBIIINX aTMOC(hEepHOT0, OTKJIOHEHUS OT 3TOI'0 3aK0OHAa CTaHO-
BATCSA CYILIIECTBEeHHBIMU.

Ha rpaduke 3aBHCHMOCTH AaBJeHUS OT oO6'beMa Ka*KJOMY CO-
CTOSIHUIO ra3a COOTBETCTBYET OHA TOUYKA.
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t2> 1

Puc. 3.8

U3oTepmbl

IIpomecc n3aMeHeHU s JaBJEHUS rasa B 3aBUCHMOCTHU OT o6beMa
nsobparkaerca rpadpuyecKu ¢ IIOMOIIBIO KPUBOM, KOTOPAss HOCUT
Ha3BaHUEe U 30T e p M bI (puc. 3.8). M3oTepMma rasa Belpakaet 00-
pPaTHO IIPONOPIIMOHAJIBHYIO 3aBUCHMOCTh MEXKIYy JaBJI€HUEM U
obbeMom. KpuByI0 TaKoro poja HasbIBaloT rumnepdbosioii. Pasubpim
MIOCTOAHHBIM TeMIIepaTypaM COOTBETCTBYIOT PAa3JIMYHBLIE MU30TEep-
MbI, TAK KakK OoJiee BBICOKOM TeMIiepaType IIpH OJZHOM M TOM
JKe o00'beMe CcOoOoTBeTcTByeT OoJiblilee naBiieHue*. IloaTomy wuso-
TepMa, COOTBeTCTBylomasa 0ojiee BBICOKOU TeMmmepartype f,, Je-

SKUT BBIII€ N30T€PMBbI, COOTBETCTBYIOIIEe 0oJiee HU3KOM TeMIepa-
Type t,.

MonekynsapHO-KUHEeTU4eCKOe MCTOJIKOBaHue 3aKOoHa
Bboiina—MapuorTa

JaByieHMe ra3da 3aBHCHUT OT YHCJIA YAAPOB MOJIEKYJI O CTEHKY CO-
cyraa. Hucao yrapos npsAMO IPONOPIMOHAJBHO YUCJIY MOJIEKYJ B
eruHnIe ooveMa (koHueHrpanuu n). IIpy yMennmeHnu ob6bema

rasa KOHIOEHTpalouda yBeJINYHNBaeTCda, TaK KaK n = ]—‘\77, roe N —

YHCJIO MOJIEKYJ B cocyze. JlaBiieHne NpOnoOpPIMOHATIbHO KOHIIEHT-
panuu u, ciIefoBaTeJlbHO, 00pPAaTHO NPOIOPIMOHAJIBHO O0BEMY:

1 L
p~n~g5. Tax 1 nomKHO OBITH coryiacHo 3aKoHy Boitis—MapwuorTa.

* [TonpoGHee 06 3TOM OyzeT pacCKa3aHO B AaJIbHEHIIIEM.
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3axon Bouaa—Mapuomma ycmanasarueaem npocmyio ob6pam-
HO NpPONOPYUOHAAbHYI0 3A8UCUMOCTMb MexHdYy dasaeHuemM U 00%-
eMOM 2a3a npu nNOCMOSAHHOU memnepamype.

§ 3.6. 3AKOH rEA-JIIOCCAKA. UAEANIbHbBIN A3

Coobuwernue 06 omkpvimuu euje 00H020 24308020 3AKOHA ObllO
onybaukosaro auwdv 6 1802 r., cnycma noumu 150 snem noc-
ae omkpvimua 3axona Boiuasa—Mapuomma. 3axkon, onpede-
AAOWUL 3a8ucumMocmb 06semMa 2a3a om memnepamypvl. npu
NnOCMOAHHOM 0aéaeHuu (U Heu3mMeHHOU macce), Ovin Yc-

maHoénren @Qpanuyysckum ysenom Ieiu-JIroccakom (1778—
1850).

3akoH Nen-Jlioccaka

IIpouecc u3MeHEeHUSA COCTOAHMUS TEPMOAHMHAMHYECKOH cCHCTe-

MBI NIPH IIOCTOAHHOM JABJEHMM HA3bIBAIOT M300apHBIM (OT rpe-
YeCcKHUX CJIOB: iS0s — paBHBI# u baros — TsKecTsb, Bec).

Cxemaruyecku npubop Ieii-JIroccaka moxkasaH Ha pucyHke 3.9.

HccaenyeMslit ra3 HaXOAUTCA B CTEKJISAHHOM OAJJIOHYNKE, COeIu-
HEHHOM C JJMHHOM CTeKJAHHOM TpyOKoii. I'a3 sanmepT HebOIbIIION
KaleJbKoM pTyTH B TpyOKe. Tak Kak TpyOKa pacmoJsio’KkeHa ropu-
30HTAJIbHO, TO JaBJIeHNE B OAJJIOHYMKE BCE BpeMsA OCTAaeTCs paB-
HBIM aTMocdhepHOMy. TeMuepaTrypa rasa ¢ HOMOILBIO CIEIHAIE-
HOro HarpeBaTteaa yBeauuuBaetrcs ot 0 no 100 °C. 3a nusameHeHU-
eM o0'beMa MOYKHO CJIEUTH II0 IIepeMellleHNI0 KaNeJbKH PTYTH.
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IIpn M3y4YeHUM TEIIOBOrO paCIIUpEeHHUsA ciefyeT pacCMaTpH-
BaTh He aOCoJIIOTHOe U3MeHeHUe of0'beMa, a OTHOCUTeJabHOoe. Ecian
npu Temneparype t, = 0 °C o6sem rasa paseH V,, a Ipu TeMnepary-

V-V,
Vo ’
Ha ocHoBauuu HaOmoxenuit Ieii-JIroccak ycTaHOBUJ 38KOH:
OTHOCHTeJIbHOe H3MeHeHue o0’beMa rasa JaHHOM Macchl IIPH IIO-

CTOAHHOM JAaBJIEHHH NPAMO IIPONOPLUHOHAJIHHO H3MEHEeHHIO TeM-
neparTypsl t:

pe t oH paBeH V, TO OTHOCHTEJIbHOE N3MEeHEeHUe 00'beMa eCcTh

V-V,
VO

= Qt, (3.6.1)

rae O — TeMInepaTypHBIA KoapduuueHT 06/beMHOT0 PACIIUPEHUS.
Temnepamyphbuiiit Kodghduyuenm 003eMHOZ0 pacuiuperus o
YUCJIEHHO paBeH OMHOCUMENbHOMY U3MeHeHUI0 00sema 2a3a npu
u3meHernuu ezo memnepamypsv. Ha 1 °C.
Hamepssa o6beM rasa nIpu ABYX OIMOPHBIX TOUKax, Hanpumep 0
1 100 °C, M0oKHO HANTH K03 PHUIUEHT O:

VIOO—VO
o= m (3.6.2)

IIPYU YCJIOBHH, YTO Pyoo = Po-

OnBIT IOKA3bIBAET, YTO IIPH MAJBIX INIOTHOCTAX TeMIIePaATyPHbIA
Ko3ppHuIHeHT 06 bEMHOr0 pacIINpeHU s OJNHAKOB AJIA BCceX rasoB.

1 o1
A= 5ra c. (3.6.3)

ITO 03HAYAET, YTO 2a3bl. USMEHAIOM C60ll 003eM NPUMEPHO HA
1/273 mozo o6sema, KkomopbuLii KaxObLii U3 24308 3AHUMANL NpU
0 °C, ecau memnepamypa mernsemca nal °C.

C TOYKHU 3peHusA MOJIEKYJIAPHO-KNHETHYECKONH TeopuH, OquHa-
KOBOe 3HadYeHHe KoddduiueHTa O A BCeX rasoB 00bACHAETCA
TeM, YTO MOJIEKYJbl rada HaxXoAATCA B CpeagHeM Ha OOJBIINX IO
CPaBHEHUIO C UX pa3MepoOM pacCTOAHUAX ApPYr ot Apyra. OcobeH-
HOCTHU MEXXMOJIEKYJIAPHBIX CUJ AJA PA3JUYHBIX ra3oB B 3THUX YC-
JIOBUSIX HE CKA3bIBAIOTCSH.

YpaBHeHue (3.6.1) MOXXHO 3an1ucaTh B Apyroii ¢popme:

V=Vy1 + at) (3.6.4)
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O61beM rasa onpegevieHHOM MacChl COrJIaCHO ypaBHeHHUIo (3.6.4)
NpH IIOCTOAHHOM AABJIEHUHU MEHSeTCA JIMHEHHO IpH U3MEeHeHHU
TEeMIIepPaTypPHI.

JxcnepuMeHTanbHoe onpeaeneHue
3asucumocTy o6bvema rasa oT rtemnepartypbl

¥6enurscs B cripaBeAJIMBOCTH 3aKOHa I'eit-Jlloccaka MOKHO C
IIOMOMIBIO yKe M3BecTHOro Ham npubopa (cm. puc. 3.7). Insa aro-
ro, 3aMeTHUB IOKa3aHUA MaHOMETpA, cjleAyeT U3MEePUTh TeMIiepa-
TYpy rasa B ro@pupoBaHHOM COCyfe U 00beM cocyaa. 3aTeM HYXK-
HO HarpeTtb ras, IOMeCTHB COCyJ B ropsdyyio BOAy, M, Bpamas
BUHT, AOOUTBCA TOro, YTOOBI IMOKA3aHUA MAHOMETpPAa OCTAJIUCH
npexxHuMu. CHOBa M3MepUTh TeMNepaTypy 4 o0bem rasa. ITocse
3TOrO ONATH UBMEHUTH TEMIEPATYPY, KOOUTHCA IIePBOHAYAJIBLHOTO
3HAYEeHUHA JaBJIeHUSA W H3MEpPUTh TeMnepaTypy M o0beM rasa B
TPeTH# paas.

NU306apsbi

Hcnonsaya HaljeHHBle 3HAYeHUs 00bemMa rasa IpH pasjny-
HBIX TeMIlepaTypax X OJHOM M TOM XKe JaBJIEeHUH, MOYKHO IIOCTpPO-
UTh I'pa@uk 3aBUCHMOCTH V oT ¢{. 9Ta 3aBUCUMOCTH M300pasuTcA
npaAMoOy JHHUEN — u306apoil, KAK U JOJNKHO OBITH COr'JIACHO
dopmye (3.6.4).

PasiuyHBIM JAaBJEHHUAM COOTBETCTBYIOT pasHble H300aphbl
(puc. 3.10). Tak kak ¢ pocToM AaBJieHHs 00beM rasa NnpH IOCTO-
SIHHOH TeMIlepaType yMeHbmaercs (3akoH Boitns—Mapuorra), TO
n3obapa, COOTBETCTBYIOLasA 6oJiee BRICOKOMY JABIEHUIO Py, JIEKUT

HHMIKe U3006aphl, COOTBETCTBYIOIEH 60Jlee HUSKOMY JaBJIEHHIO P, .

v
P
P1< P2
//pz
- ”’_,,/
Pl -
-273°C 0 t
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NpeanbHbi ra3

Ecnu npoxoxkuTh n306apel B 00J1aCTh HUBKUX TeMIlepaTyp, r'e
H3MepeHHUs He MPOBOAUJINCH, TO BCe NIpPsIMbIe lIepeceKaloT OCh TeM-
ImepaTypsl B TOYKe, COOTBETCTBYIOINEeil 00beMy, PaBHOMY HYJIIO
(nyHKTHpPHBIe npsaMbele Ha puc. 3.10). Ho 3To He o3HavaeT, 4YTO
o0beM rasa AelCTBUTEJIbHO oOpalnaeTca B HYJb. Belb Bce rassl
P CUJIBHOM OXJIaXKJAEeHUH MPeBpallaloTCA B XXKUAKOCTH, a K KUA-
KOCTAM HH 3aKOH ['eii-JIroccaka, HM 3aKOH Boins—MapuoTTra He-
IIPUMEHHMBI.

PeanbHble raspl MOAYUHAITCA OCHOBHBIM Ta3OBBIM 3aKOHaM
JIUIIb NPUOJIHIKEHHO U TeM MeHee TOYHO, YeM 0oJibIlie NJIOTHOCTH
rasa ¥ HHKe ero remneparypa. 'a3, KoTopbIii B TOUYHOCTH IOAYMH-
HAETCA ra3oBbIM 3aKOHAM, Ha3bIBAIOT HAeaJbHbBIM.

Fa3osan wkana remneparyp

ToT akT, YTO YMCIEeHHOe 3HaYeHHe TeMIlepaTypHOro Koaddu-
nueHTa 00beMHOro pacHIMpeHHUsi B IIpefJesIbHOM CJjiydyae MaJlbIX
IJIOTHOCTEeHl OJMHAKOBO [AJIA BCe€X rasoB, NO3BOJISET YCTAHOBUTDH
TeMIIePATYPHYIO IIKAaJNy, He 3aBUCALIYIO0 OT BellecTBa, — MU J e-
AaJbHYH ra3d3oBylo IIKaJy TeMIneparTyp.

IIpunaB 3a ocHOBY mKaay Llesnbcusi, MOXXHO ONpeenTh TeM-
nepatrypy ua coorHounresus (3.6.1)

V-V,

t= v, (3.6.5)

rae V, — o6beM rasa npu 0 °C, a V — ero o6seM npu TeMmmepa-

Type t.

Taxum obpasom, ¢ nomoribio Gpopmyisl (3.6.5) ocymecrsasaer-
CA ompejeJieHUe TeMIlepATyphl, HEe 3aBUCAIIlEE OT BEIeCTBA TEPMO-
MeTpa.

Hano onpedenenue udeanvnozo za3a kax 2a3a, 8 MowHOCMU
nodyunawujezoca 3axonam Boina—Mapuomma u Teii-JTioc-
caxka. Beedena udeanvhas za3o8as wkaaa memnepamyp, He
3asucaujaa om eeujecmaa.

§ 3.7. ABCOJIIOTHARA TEMNEPATYPA

He ece 6 mupe omnocumeavro. Tak, cywecmeyem abcorom-
HbLil HYyab memnepamypsi. Ecmb u abconommnan wranra mem-
nepamyp. Ceiiuac vt ysnaeme o6 3mon.
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IIpun yBenuuyeHMH TeMmnepaTyphl 00'beM rasa HeOrpaHHYEHHO
Bo3pacTaeT. He cyuiecTByeT HUKaKOro npejeja IaJs pocTa TeMiie-
paTypbi*. HannpoTus, HU3KHE TeMIlepaTypbl HMEIOT IpeneJ.

Cornacso 3akony I'eit-Jlroccaka (3.6.4), npn NOHMIKEHUH TEM-
nepaTypsl 060beM CTpeMHUTCA K HyJI0. Tak Kak o0’beM He MOXKeT
ObITh OTpHILIATEJBHBEIM, TO TeMIlepaTypa He MO)KeT ObITh MeHbIIIe
oInpejeJIeHHOro 3HaueHus (oTpuuaTeJbHOro no meaje Ilenscus).

AGCOnNIOTHBLIA HYNbL TemnepaTypbl

IIpenenbHyIo TeMIIepaTypy, IIpH KOTOPOi 00'beM nieaibHOrO ra-
3a CTAHOBHTCA PABHBIM HYJIIO, IPHHUMAIOT 38 a0COJMT IO THBI
HYyJ1b TeMnepaTypbsl. OqgHako 06'beM peaNbHbIX I'a30B IPHU
abCcoJIIOTHOM HyJle TeMIlepaTyphl o0pamaTbCA B HYJIb He MOJKET.
W meeT siu CMBICJI TOra 3TO IpefesbHOE 3HaYeHHe TeMIIepaTypbl?

IIpenenvbHass TeMimeparypa, CylieCTBOBaAaHHE KOTOPOM BBITEKAa-
eT U3 3akoHa ['eii-JIloccaka, uMeeT CMBICJI, TAK KaK MPaKTHYECKH
MOKHO IIPpUOJM3UTH CBOMCTBA peaJlbHOTO rasa K CBOMCTBaM He-
anpHOro. [lyis atoro Hago OpaTe Bce GoJjiee pa3peKeHHBIN ras, Tak
4yTOOBI €ro ImJOTHOCTb CTPeMHJIACh K HYJIIO. ¥ TAKOro rasa Jem-
CTBUTEJILHO 00'beM C MOHUKEHHEM TeMIEPATYPHI OyeT CTPeMUTh-
CA K IpefeJbHOMY, OJIM3KOMY K HYJIIO.

Haiinem 3HaueHune abCOJIIOTHOrO HyJA 1o mKane llenbcus.
IIpupaBHuBas o6seM V B popmyie (3.6.4) Hy110 1 yYUTHIBAA, YTO

_ 1 on-1
o= 573 °C,

MOJIYYUM
1

0=V0(1 + 2—731')

Orcrona abCOMIOTHRIN HYJIb TeMIIEPATYPHI paBeH
t=-273 °C**,

OJTO NpejesibHasA, caMaA HU3Kas TeMIlepaTypa B IIpUpojJe, Ta «Ha-
nOosbImAasn UM MOCHAEeIHAA CTEeNeHb X0J04a», CYIIleCTBOBaAHHE KO-
TOpO# npexckasas JIOMOHOCOB.

* Haubosnbiie TeMnepaTyphbl Ha 3eMJjle — COTHH MHJIJIMOHOB r'pany-
COB — MOJIy4YeHHI [1pH B3phIBaxX TepMosaaepHbIx 60m6. Eite 60s1ee BrICOKHE
TeMIIepaTyphbl XapaKTePHHI AJIA BHYTPEHHHUX 06J1acTeil HEKOTOPBIX 3Be3J.

*%* BoJsiee TouHOe 3HayeHHe abcosoTHOrO HyJaa: —273,15 °C.

72



llkana KenbBuHa

Anrauiickuii yueHblii Y. KeJbBHH BBes aOCOJNIOTHYIO LIKaJIY
Temnepatyp. HyneBaa Temieparypa mo ImkKajge KeiabBHHA COOT-
BETCTBYeT abCOJIIOTHOMY HYJIIO, U €JHHHUIIA TeMIIepaTyphl IO 3TOM
IIKaJie paBHA rpagaycy mo mraJe Ilenbcusa, moaromy abconrorTHasd
teMmneparypa T cBA3aHa ¢ TeMnepaTtypoi o mkaje Ieascusa ¢op-

MYyJIOH

Ha pucyuke 3.11 gasa cpaBHeHuA
n300pakeHsl abCoJIIOTHAA IIKajla M
mkaJa lenbcus.

Enguanna abcosfoTHOM TeMmmepa-
Typbl B CH HasbiBaeTca K e JI b-
BuU HOM (cokpamieHHO K). CienoBa-
TeJIbHO, OJHH TIpajgyc II0 IIKaJje
IHenscusa paBeH OZHOMY rpagycy Io
mkajye KeasBura: 1 °C =1 K.

Takum o6pa3om,
TeMIlepaTypa II0 OIpeleJIeHUI0, Ia-

T=t+ 273. (3.7.6)
K °C
3731 . . _ 100
313 371 _
213, 0_
abcoJsoTHAA
0 -273

BaeMoMmy ¢dopmyoi (3.7.6), asiasaer-
cAd NPOU3BOAHOIN BEJIMUYMHOM, 3aBH-
cAme or remoeparypbl lleascusa u

Puc. 3.11

KeaxsBur Yuapam (Tomcon V.) (1824—
1907) — BrIgaromuiics aHraIuicKuil Qu-
3UK, OOUH U3 OCHOBaTe el TepMOLNHaAMU-
KH U MOJIEKYJISIPHO-KMHETUYE€CKOM TeOpuH
rasos.

KenbBuH BBesl aGCOJNIOTHYIO IIKAJY TEM-
mepaTyp U Aaj oxHY Hu3 (hOpMYJIHPOBOK
BTOPOI'0 HavYaJjia TepMOAUHAMUKHU B hopme
HEBO3MOXHOCTH IIOJIHOIO IIpeBpameHus
TemJoThel B pabory. OH mpom3sBeJ pacder
pa3MepoB MOJIEKYJ Ha OCHOBE H3MepeHus
NOBEPXHOCTHOM 3HEPIrHM KHAAKOCTH.

B cBA3M ¢ mpokaazkoil TpaHcaTJaHTHUe-
ckoro Tejerpagroro kabensa KenbBuH pas-
paboTaj TEOPHIO 3JIEKTPOMArHUTHEIX KO-
nebaHUN 1 BBHIBeJ QOPMYJIYy AJA HMepHoAa
CcBOOOAHBIX KOJIeOaHMI B KOHTYpe.

3a HayuHbIe 3acayra ¥. ToOMCOH moJydna
TUTYJ Jopja KeanBuHa.
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OT 3KCIIEPUMEHTAJIBHO onpeaeAaeMoro 3HaueHusa o. OgHako OHa
nMeeT GyHIaMeHTaJIbHOEe 3Ha4YeHue.

C TOYKH 3peHUsa MOJIEKYJIAPHO-KHHEeTHUYecKOoN TeopHu abco-
JIIOTHAA TeMIlepaTypa CBA3aHa CO CpefHe! KMHEeTHUYEeCKO 3Hepru-
el XaoTHYeCKOro ABH)XeHHUA aToOMOB UH MoyaeKyJa. [Ipuy T =0 K
TeIlJIOBOe ABHKEeHUe MOJIeKYyJ npekpaliaercsa. [logpo6Hee 06 aToM
IO AeT peyb B riase 4.

3aBucmmocTb oObema ot abconoTHOW Temnepartypbl

IIpumensaa mkany KenbBuHa, 3akoH I'ei-Jlioccaka (3.6.4)
MOXKHO 3anucaTh B 6osiee nmpocroit popme. Tak kak

1
1+at—1+2—73 (T -273)=aT,

TO
V =V,aT. (3.7.7)

O6sem za3a 0anHOU Mmaccbt npu nNOCMOAHHOM 0ABJEHUU NpA-
MO nponopyuoxaser abConOMHOL memnepamype.

OTrciopa cienyer, 4YTO OTHOLIEHHEe 00beMOB raza OJHOM U TON
’Ke MacChl B Pa3JIMYHBIX COCTOAHUAX IIPH OZHOM U TOM »Ke JaBJie-
HHUM PAaBHO OTHOUIEHUIO a0COJIIOTHBIX TEMIIEPATYP:

o h (3.7.8)
v, " T, .

Cywecmsyem MUHUMAJNLHO B03MONHAA memnepamypa, npu
Kxomopoil o6sem (u daeénernue) udearbHozo zai3a obpaujaromcs
8 HYab. Imo abcoromHubilt HYyab memnepamypwr: —273 °C.

Y0o6Ho omcuumvieame memnepamypy om abCORIOMHOZO HY-
aa. Taxk cmpoumca abconiomuas wkxaara memnepamyp.

§ 3.8. SAKOHbI ABOTAAPO U AAJIbTOHA

Caedyem cxa3amb euje 0 08yx za3o8bix 3axonax. OOuH u3 Hux
Kacaemcsa YuUcaa MoJaeKys Pa3AULHbLX 2a306 npu 00UHAKOBbLX
dasnenusax u memnepamypax, a 0pyzoit OMmHOCUMCA K CcMecu
2a308.

3akoH Asoraapo

B Havyase XIX B. OBIJIO YCTAHOBJIEHO IIPABUJIO KPATHBIX OTHO-
IIIeHU# IJIA ras3oB, BCTYNAIOIINX B XUMHYECKYIO peaKiuio. Ecau
TeMIIepaTyphbl U JaBJIEeHUA r'a30B, COEJUHAOUIUXCA APYT C IPYyromMm,
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paBHBI, TO UX 00'beMBI HAXOAATCA B IPOCTHIX OTHOmeHuAX: 1 : 1,
1:2,1:3urT. 1 HaocHoBanuu aToro npasmna Asoraapo B 1811 r.
BBICKA3aJl CMeJIYIO AJIsl TOrO BpeMeHH! THIOoTe3y: 8 PasHblx 00%-
emax 2a308 npu 00uUHAKOBbLX memnepamypax u 0aA8JLEHUAX CO-
depmcumcesa odunarosoe uwucano monaexyn. IIpm orHomenum 1 : 1
MOJIEKYJIBI Pearnpymiolux ra3os COeJUHAITCA nonapHo. Ecau ort-
HOIIIeHHe 00'beMOB pPaBHO 1 : 2, TO KaXJasa MOJIeKyJa IepBOro rasa
npucoefuHseT K cede JBe MOJIEKYJIbI BTOPOTO U T. [I.

B HacTosAmee BpeMa runore3a ABorajpo CTporo JoxasaHa ¥ HO-
CHT Ha3BaHHMe 3aKoHAa ABorapgpo.

CoryacHo 3aKOHY ABOrajipo pa3jJu4yHbIe ra3sl, B3AThie B KOJIH-
yecTBe 1 MOJIb, HMEIOT OJMHAKOBbIE 00'BEMBI IPU OXWHAKORBIX
JaBJIeHHMAX p M TeMmneparypax {, Tak KaK YUCJIO MOJIEKYJ B HUX
OLHO ¥ TO Xe. [Ipu HOpMAaJbHEIX YCJIOBHUAX, T. €. IPA TeMIepary-
pe 0 °C u armocdeprom gaBiaeHnn 101 325 Ila, saTor 06beM, Kak
MMOKAa3LIBAIOT N3MEPEHMA, PaABeH

Varo = 0,0224 M3/MOJIB = 2,24 n1/MO0Jb. (3.8.1)

O6beM Vj, HA3BIBAIOT M O JI A P H Bl M IOPH HOPMAJBHBIX YCJIO-

BUAX.

ITouemy ke B paBHBIX 00’'beMaXx ra3os IPH OAHMHAKOBBIX JaBJIe-
HHUAX U TeMIepaTypax Bcerga o0Hapy»>KMBAeTCA OJHO M TO YKe JuC-
JIO MOJIEKYJI He3aBHMCHMO OT TOro, Kakoit ra3 B3AT? O0bACHUTD 3TO

MOXHO TOJIBKO C IIOMOIIIBIO MOJIeRYJIHpHO-KHHeTH‘IeCKOfI 3Hepruu
(cm. § 4.5).

3akoH [lanbToOHa

Yaie uMeroT LeJI0 He C YHUCTHIM I'a30M — KHCJIOPOAOM, BOAOPO-
JOM U T. I., & CO CMeChIo ra3oB. ATMmochepHbIA BO3AyX, B YACTHOC-
TH, IpeAcTaBasAeT cO00i1 cMech a30Ta, KMCJIOPOJA M MHOTHUX ApPY-
rux rasos. Kaxabiil U3 rasoB cMeCH BHOCUT CBOIL «BKJIAZ» B CYM-
MapHoOe JaBJIeHUe Ha CTeHKH cocyna. [laBieHue, KOToOpoe uMeJs 661
KaXXJ[blil M3 ra3oB, COCTABJAIOIINX CMECh, €CJH YAAJIUTh U3 COCY-
Ja OCTaJIbHbIe ra3bl, HA3bLIBAIOT NapUO UM aJbHB M (T.e. 4acT-
HBIM) JaBJIeHHEM.

IIpocreiiinee npeanoso)keHne, KOTOPOe MOXXHO CAeJaTh, COCTO-
HT B TOM, YTO JaBJIeHUE CMeCH rasoB p PaBHO CyMMe Iaplualb-
HBIX JJaBJIEHUH BCEX ra3oB P;, Py, P3 ...t

P =p; tpy+ p3... (3.8.2)
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Auariuniickuit xumuk . [laasToH ycTaHOBMJ, 4YTO AJIA AOCTa-
TOYHO Pa3pe’KeHHBIX ra30B HUMEHHO TaK U €CTh B AeHCTBUTEJIbHOC-
t. CooTHOmEeHMue (3.8.2) HaspIBAaIOT 3aKOHOM JlanxbTOHa.

C TOUKM 3peHUs MOJEKYJISIPHO-KUHETHUYECKON TeOpHH 3aKOH
JlabTOHA BBIMOJHAETCA NIOTOMY, UTO B3AUMOAEMCTBHE MEXIY MO-
JeKyJaMU HIeaJIbHOro rasa npeHebpexumo maso. IloaTomy Kax-
IBIHA ra3 OKa3bIBaeT Ha CTEHKY COCcyJa TaKoe JaBJIeHUe, KaK eCJIH
ObI OCTAJIBHBIX I'a30B He OBLJIO.

Moav 2106020 2a3a npu HOPMAALHLLX YCAOBUAX 3aHUMaem
o6sem 22,4 1. Imo 3HaYeHuUe 00BemMa YCMAHOBIEHO SKCNeEPU-
MeHmaavHo. B cmecu zazoe kaxcoviii u3 Hux oxasvigaem 0as-
JeHue Ha cmeHKuU cocyda He3asucumo om npucymcmaeus opy-
2UX 2a308.

§ 3.9. YPABHEHVE COCTORHUA MAEAJIBHOIO NrA3A

CocmosHnue 0aHHOI Maccvbl 2a3a xapaxkmepu3yemcs mpems
MAKPOCKONUYeCKuUMu napamempamu: dasneHuem p, 06semom
V u memnepamypoii T. Ceiivac mbL HallOem c853b MeH Oy HUMU.

YpaBHeHue CcOCTOfAHUSA

B § 3.5 u 3.6 BbI 03HAKOMUJIKCH C IOBEJEeHNEM HUJI€aILHOIO I'a-
3a B CIIeIIMAJIbHO CO3JAHHBIX yciaoBuax. [[Ba rmapameTrpa u3 Tpex
(p, Vunu V, T) U3aMeHAIUCH [IPU [IOCTOAHHOM 3HaUYEHUU TPETHETO
(T unu p). OOBIYHO Xe B IPUPOJe U TEXHUKe y ra3a MeHAITCA
cpasy Bce Tpu napamerpa. Hanpumep, Korjga HarpeTslii y 1oBepXx-
HOCTH 3eMJii BO3AYyX IIOAHHMAaeTCsa BBEpX, TO OH pacliupsercsd,
JaBJIEHNE €TI0 YMEeHbIIaeTCA U TEMIlepaTypa IIOHNKaeTCs.

HMcnonb3ys razoBbie 3aK0oHBI (3.5.2) 1 (3.7.8), MOXKHO MOJIYYUTD
ypaBHeHUe, CBA3bIBalOIIlee Bce Tpu rmapamerpa p, V u T, xapakTepu-
3YIOIII1e COCTOSAHHE ra3a JaHHOM Macchl. JTO YPaBHEHUE HA3bIBAIOT
YVPAaBHEHHUEM COCTOSHUA UAEAJBbHOTO Iraaa.

EATE l‘_H |/r{
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NameHeHue COCTOAHUA rasa

HOna omeiTa MCIOJNB3yeM y)Ke H3BECTHBIM HaM mnpubop (cwm.
puc. 3.7). Ilycte B HayaJbHOM COCTOSHMHM [ ras B cocyze
(puc. 3.12, a) umeer gaBnende p,, o6vem V, u remneparypy T,
PaBHYIO TeMIIepaType OKPY>Kalolero Bo3ayxa. 3aTeM ras nepexo-
OUT B KOHEYHOE COCTOsSHHe 2, IPH KOTOPOM JAaBJjieHune, 06eM u
TeMieparypa OyAyT uMeTh 3HaueHUs p,, V,, T,. KakoBa cBf3b
MeXXAy BCeMH 3TUMH BeJIMYUHaMH?

IlepeBeneM ras u3 cocToAHUA I B COCTOsSHHE 2 C MIOMONIBIO ABYX
IIpoleccoB, MoAYHHAKIMMNXCA 3akoHaM [eit-Jlroccaka u Boina—
MapunorTa: n306apHOro 1 H30TepMuYecKoro. I[Jis aToro noMecTuM
cocy/ B Gosbmiylo 6aHKy C BOAOH, Harperom Ao teMmnepaTypsl T,
(puc. 3.12, 6). Boga B 6aHKe 6ygeTt caykuth TepmocraTom. OfxHoO-
BpeMeHHO HaYHeM yBeJIMYUBaATh 00'beM rasa Tak, 4YTOObI JaBJIeHHE
P OCTaBaJIoCh NMOCTOAHHBIM (M306apHBIN nmpoiecc). I'a3 ¢ TeueHu-
eM BpPeMeHH nepeiaeT B MPOMeXYyTOYHOe cocTossHNe 1’ ¢ o0 reMoM
V' u remneparypoit T,. I'paduuecku sror mepexon msobpasurtcs

npsimoit 1 — 1’ Ha pucyHke 3.13.

Tz = const

T, = const

e
| 4

Puc. 3.13

3aTeM M30TepMHUYeCKHU NpHU Temnepatype T, mepeBesieM ras B
KOHEYHOe COCTOAHHe C JaBJieHUeM p, U o0beMoM V,, MeAsIeHHO

yMeHbIasa o6beM cocyaa (puc. 3.12, 8). I'papuyecku 3To nsobpa-
3UTCA y4acTKOM runep6oams 1'—2 (cMm. puc. 3.13).

BbiBOA ypaBHEHUA COCTOSHUA UAEANbLHOro rasa

Cornacso 3akony I'eii-Jlioccaka (3.7.8)
v, T,
V= T_z . (3.9.1)
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[Ipumensasa 3akoH Boitnga—Mapuorra (3.5.2) A1sa u3orepmuye-
CKOro Inpoiecca, mNoJy4YuM

D1V’ = p,V,. (3.9.2)
Bripa3um u3 ypasHenus (3.9.1) V.
V' = VIT_I (3.9.3)
U OACTABUM MOJIVYEHHOE 3HaYeHHe B ypaBHeHHUe (3.4.2), rorga

PiVy PV
T, T,

npu m = const. (3.9.4)

B npemenax TouyHOCTH, obGecrieYMBaeMOM 3KCIIEDHUMEHTAJIbHOM
YCTaHOBKOM, aHHBIN Pe3yJILTAT COTJIACYETCA C OIILITOM.

Tak Kaxk HayaJIbHOE I KOHEYHO€e COCTOSSHUSA rasa BrIOpaHbI IIPo-
H3BOJILHO, TO IIpOM3BeJAeHHe JaBJIEeHUA rasa JAaHHOH Macchl Ha
ero o6reM, QejieHHOe Ha aOCOJIOTHYI0 TeMIlepaTypy, eCTh BeJHu-
YHHA NOCTOAHHAS, He 3aBHUCAINAA OT COCTOSSHUS, B KOTOPOM Ha-
XOZHUTCHA ras:

27 = const. (3.9.5)

YpaBHeHHe (3.9.5) HOcuT Ha3BaHUe ypaBHeHUA Kinanelpoua*
U npeacrasiisieT co6on oAHY U3 (GOPM 3aIUCH YPABHEHHUSA COCTOS-
HUSA UJEeaJIbHOTO rasa.

|4
Ecnu BesnmunHa p‘T IIOCTOAHHA, TO €eCTECTBEHHO BBIACHHUTH, Ye-

My paBHA 3Ta OCTOSHHASA.

YHuBepcanbHasa ra3zosasf noCTossHHaN

Bo3pMeM BHauaJie ra3 B KoanuyecTse 1 Mosb, ero o6'beM 0603Ha-
yum depe3 V,,. [Ipu remneparype 0 °C u atMocepHOM JaBlIeHUU

101 325 ITa o6bem MoJsa Jyio60ro rasa OAMH U TOT Ke: Vi, =

=0,0224 m® /MoJb. CiemoBaTesbHO, AJIA MOJIA JIIOOOro rasa

* B. I1. Knaneiipoun (1799—1864) — dbpanny3ckuit pu3uk, B TeYeHHE
10 ner pa6oran B Poccuu.
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PVm _ PoVmo _ 101325-0,0224 _H-m3 _ g g, [lx

T TO 273 M2 'MOJIB'R MOJIB'R )

Takum o6pa3om, 02 00H020 MO 2a3a npou3eederHue das.e-
HUA Ha 00sem, OMHeCeHHoe K a0CONIOMHOIL memnepamype, A8J5-
emcs nOCmMOSAHHOU B8eNUHUHOU Oaa 8ceX 2a308. ITY IOCTOAHHYIO
Ha3bIBAIOT YHUBEepPCaJbHOMN ra30BOM MOCTOAHHOM
1 0003HaUaloT 6YKBoOi R:

R = 8,31 x/(moxs * K). (3.9.6)

YpasHeHune Menpeneesa—KnaneipoHa

Hina 1 Monp uaeaJbLHOrO ra3a, Kak BhITEKaeT U3 BhIparKeHUH
(3.9.5) u (3.9.6),

pVy = RT. (3.9.7)
HYCTB Ternepb KOJIMYeCTBO ra3a paBHO He 1 MOJIb, & IIPOU3BOJIb-

" m
HOMY YHCJY MOJIell v = 37’ TAe m — Macca rasa, a M — ero mo-

aapHaa macca. O6beM V 3TOro KoJm4yecTBa BellleCcTBa IIPU TEX Ke
3HAYEHUAX JaBJEHUA U TEeMIIePATyphl paBeH

V=V, = A_”;VM. (3.9.8)

Menaenees /Imurpuii HBanoBuu (1834 —
1907) — BenumKHIl PYCCKHUHA Yy4YeHBIH,
co3zaTesib NEePUOANYECKOM CHCTEeMBI XH-
MUYECKMX 3JIEMEHTOB — OJZHOro M3 ca-
MBIX TIJIyOOKHX o0O0OOIIEeHNil B HayKe.
J. . MeHzeneeBy NIpPHHAAJIEXKAT BaX-
HelIrne padoThHI IO TEOPUH I'a30B, B3AUM-
HBIM IIPpEeBpAIl€eHUAM ra30B M KHUJKOCTEH
(OTKpBITHE KPDUTHUYECKOH TeMIepaTyphl,
BbIIlle KOTOPOM ra3 HeJb3s NPEBPATUTH B
SKUAKOCTD).

IlepenoBoii  oOIllleCTBEHHBIN  AesATeIb,
. 1. MengeneeB MHOTO caea AJis pas-
BUTUSA NPOU3BOAUTEJBHBIX cuj Poccuu,
WMCIIOJIb30BAHUSA II0JIE3HBIX MCKONaeMBbIX
U Pa3BUTUA XMMHYECKOTO IIPOU3BOJCTBA.
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YMHOXKaa 06e yacTn ypaBHeHus (3.9.7) Ha V ¥ yUYUTHIBAA ypaB-
HeHHe (3.9.8), monyunm Hanbosee obmyio ¢dopMyny ypaBHeHHUS
COCTOSAHHUA IJIsi IPON3BOJIbHON MacChl HAeaIbHOrO rasa

m
pV = 5 RT (3.9.9)

B takoit popme ypaBHeHUe COCTOAHHUSA OBIJIO BIIepBhIe 3alIMCAHO
BeJIUKUM pyccKuUM yueHBIM [I. . MeraeneeBniM. IloaTomMy ypaB-
HeHHUe (3.9.9) Ha3kIBAIOT YpPaBHeHHeM MeujgeneeBa—
KnamenpoHa.

EnuHcTBeHHas BeJIMYMHA B YPABHEHUH COCTOAHUSA, 3aBUCAIAS
OT poja rasa, 3TO €ro MOJIApHAas Macca.

Ypasrnenue cocmoarnua (3.9.9) — nepsoe u3 samevamenbHbLx
o0obwenuit 8 pu3uxe, ¢ nomMowblo KOomopbvLx ceolicmea pas-
HblX 8ew,ecme 8bipaxcarmca wepe3 O0HU U me e OCHOBHbLe
éenuyunb.. Hmenno Kk amomy cmpemumcsa Pu3uka — K Ha-
x0%c0enul0 o0WUx 3aKOHO08, He 3ABUCAULUX OM meX ULU UHbLX
sewecms. I'a3bl, cyuwecmeenno npocmbie no ceoeii npupoode,
danu nepéviii npumep markozo 06006u,eHuA.

§ 3.10. 3AKOH WAPNA. TA3OBblA TEPMOMETP

C nomowbio YpaBHeHUA COCMOAHUA MO}HO HAlmu 3as8ucu-
Mmocmb daénenHus za3a om memnepamypb. Npu NOCMOAHHOM
o0zeme. Imy 3A8UCUMOCMb IKCNEPUMEHMALLHO YCMAHOBUN
¢panyyscrkuit gusux M. Illapav (1746—1823) e 1787 2.*
Pacnonazaa ypasrnenuem cocmoarus udeanbrozo zaia, npube-
zamb K onbimy yxe Hem Heo6xodumocmu.

3akoH Wapnn

CorsacHo ypaBHeHUIO (3.9.9)
p=T3T. (3.10.1)

JdaBjieHHe JaHHOH MAacChl ra3a NpPH MOCTOAHHOM 00'beMe NpA-
MO NPONOPUHOHAJLHO a0COJMIOTHOM TemmepaType. B aTom u co-
crour 3aKoH IIlapuas.

* . [llapas B 1787 r., T. e. panblle, uem Ieit-Jloccak, ycTaHOBUI U
3aBUCHUMOCTBb 00'bEMA OT TEMIIEPATYPhI NNPHU TOCTOAHHOM JaBJeHHH, HO OH
CBOEBpPEeMEHHO He ONyO0JIMKOBAaJ CBOUX pabor.
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N3 3axona Illapaa ciaeayer, 4to p
omHoweHue oasaeruilt 0anHoll mac- f Vi< Vs
Cbl za3a npu nocmosaHHOM obseme vV,
PABHO OMHOULEHUIO €20 abconom-
HbLX memnepamyp: V,

4 ﬁ (3.10.2) /
p; T, S .

IIpouzecc M3MeHeHMA JaBJICHHA et
ra3a, BhI3BaHHBIH M3MEeHEeHHEM TeM- «
nepaTypsl NpH NOCTOAHHOM o0beme,
Ha3bIBAaIOT M30XOPHBIM (OT rpedve- Puc. 3.14
CKHX CJIOB iSos — paBHBIN U chora —
3aHUMaeMoe MeCTO0). 3aBUCHMOCTH
JaBJIEHUA rasa OT TeMIlepaTyphl rpa-
¢puyecky n3obparkaeTca NpAMON JIMHMEHN — M 30X 0 poi1. Pas-
HBEIM 00'beMaM COOTBETCTBYIOT pas3IMYHBIe M30XOpHI (puc. 3.14).
Tak KaKk ¢ pocToM oO0beMa rasa Ipu IIOCTOAHHOIN TeMIlepaType
aaBJieHUe ero nagaer (3akoH Boias—Mapuorra), To U30xXopa, CO-
oTBeTCTByIOImAas 06bemMy V,, JeKUT HUXKe M30XOphl, COOTBETCT-
Bylomieil ooremy V,; < V,.

Bce npsiMble 3aKAHYMBAIOTCA B Hayaje KOOpAMHAT. 3HAYMT,
naBJIeHHE HJeaJlbHOro rasa mpu abCOJIIOTHOM HyJie PaBHO HYJIO,
Tak ke KakK 1 00beM.

IIpeanaraemM yuTaTeN 10 CAMOCTOATENLHO YOEAUTHCA B TOM, YTO
sakoH lllapsa MoXxxHO 3anucars B (popme

p=poyT, (3.10.3)

rjge p, — AaBlleHue ra3a npu temneparype T = 273 K, a koaddpu-

IIMEHT Y, HA3bIBAEMBI1 TeMNIepPaATYPHBIM Ko3(ddumueH-
TOM AAaBJEHUSA ras3a, paBeH TeMIepaTyPHOMY K03 PuiL M-
€HTY 00'b€MHOr'0 PaCHINPEHUS:

~ 1 g1
y~273R Q.

KoadduuueHr y npeacraBiaser co60if OTHOCHUTeIbHOE U3MEeHEHUE
JAaBJIeHUs IIDY U3MEHEeHUM TeMIlepaTyphl rasa Ha 1 K.

Fasosbit TepmMomMeTp NOCTOAHHOro o6bema

B § 3.6 roBopuiiocs 06 ugeanbHOM ra3oBoil MKaJe TeMIIEepaTyp.
1A onpejeseHUs TeMIePATYpPHl IO 3TOM IIKAaJe MCIOJB3YIOT I'a-
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Puc. 3.15

30Bble TepMoMeTpbl. Hanbojiee mpocThIM rasoBbIM T€PMOMETPOM
ABJIAETCA TePMOMETpP NOCTOAHHOro oo’beMa. MlamepeHne Temmnepa-
TYPBI C IIOMOIIIBIO 3TOT'O TEPMOMETpPA OCHOBaHO Ha 3aKoHe Illapnsa
(3.10.2).

I'a3oBbIif TEpMOMETD IIpeACTaBIIAET CO00i cocy, 3aIIOJTHEHHbIH
TeM WJIH WHBIM r'a3doM: a30TOM, aprouom miau reauem. Cocyn co-
eIVuHEeH r'mbKoil TpyOKO# ¢ pPTYTHHIM MAHOMETPOM, KOTOPBIM H3Me-
pAIOT JaBJIeHHE rasa U INOAAED)KMBAIOT €ro MOCTOAHHBIN 00BeM
(puc. 3.15, a, 6). CHayasa U3MepAT AABJEeHHEe NPH HEKOTOPOH
¢duxcuposarnoil Temneparype T, (cm. puc. 3.15, a)*. 3aTem us-

MEepAIT AaBJeHHe npu Temneparype T (cm. puc. 3.15, 6). 3Haa
naBJieHUe p, IpHu TeMuepatype T, ¥ JaBJIeHHe p DU TeMIepaType

T, remunepatypy T onmpenessiioT 1o ¢oopmyJie

T="T,L. (3.10.4)
Po

I'azoBbIll TEpMOMETP AJIA TOYHBIX U3MEPEHUU — OYEeHb CJIOMK-
HOe yCTPOHUCTBO. [lJ1d n3MepeHUusA TeMnepaTypbl IpHU (PU3NUECKUX
HCCJIeAOBAaHHUAX OH INDpHMEHAeTCA DeaKo. OCcHOBHOe ero HasHa-
YeHHne — HCIIOJIb30OBaHHe NJA I'DAAYHUPOBKH 6011ee IIPpOCTBIX, BTO-
PUYHBIX TEPMOMETPOB. JTa I'PaAyHUpPOBKA HNPOM3BOAUTCA B OIOpO
CTaHZAPTOB, B METPOJIOT'HYECKUX HHCTUTYTAX M B OTJeJIbHBIX (Qu-

* B KayecTBe 3TO¥ TeMIlepaTypbl OOBIYHO BbIOMpaeTcA TeMIlepaTypa
TPOMHOM TOYKH BOABI, T. €. TEeMIIEPAaTypa COCTOAHUS, B KOTOPOM JIel, BoJa
U BOAAHOU Map HaXOAATCA B TEIIJIOBOM PaBHOBECHUU.
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augyeckux jgaboparopuax. Hua rpaayupoBKH OOBIYHBIX, HIHPOKO
IIPUMEHsAeMEIX T€PMOMETPOB HCIOJb3YIOTCA BTOPHYHBLIE TEpPMO-
METPHI.

Ha 3axone Ilapas ocHO8aHO ycmpoiicmeo 2a308020 MmMepMmo-
mempa 01 onpedeseHus memnepamypbl no udeasbHoil 2a3o-
80l wkaJe.

§ 3.11. NTPUMEHEHUE FA30B B TEXHUKE

T'asvt o6radaom padom ceoiicme, komopble denarwm ux He3a-
MEHUMbIMU 8 OYeHb O00JbWOM HUCLE MEeXHUHeCKUx ycm-
poiicma. Bce oco6enrnocmu noeedenusn 2a3o08, no3eorsujue
ucnoab3o8amsv UX HA NPAKmuKe, MOXHO YCcmaHo8umb € no-
Moublo ypasHenus cocmoarnua (3.9.9).

Na3 — cxaroe ynpyroe Teno

Kak cleayeTr U3 ypaBHeHHs COCTOSAHUA, JaBJIeHHEe, OKa3bliBae-
MoOe ra3oM Ha CTeHKH cocyaa, paBHO

p=r. (3.11.1)

JTo fKaBJieHHe Mcye3aeT UMb npu m — 0 (rasa mo4YTH HET) UJIHU
V — 00 (ra3 HeorpaHMYeHHO pacIIHpHics), a Takxke npu T — 0
(MOJIEKYJIBI ra3a He ABMXKYTCH).

Cuna gaBieHHA rasa Ha CTeHKH F = pS, npejcraBiasAeT coboi
YacTHBIM BUA CHJIBI yrnpyroctu. 'as moxobeH 11pykuHe, KOTOpas
BCerga c)xata. Ba)XxHo, 4To ra3 mMaJioif Macchl criocof6eH co3gaBaTh
CPaBHUTEJbHO 6OJIbILIOE HAaBJICHUE,

YnpasneHue pasneHuem rasa

JlaBjieHMe ra3a MOXXHO MEHATH, U3MEeHAA ero ob’beM HJIHU TEeM-
neparypy. Kpome Toro, cuny JaBjeHHs rasa JerkKko peryJupoBaTh
1 He MeHAA ero o6bema uiaum temmnepatypbl. 'as — 3To cokaras
«TIIPYXKHUHA», «¥KECTKOCTb» KOTOPOM MOXXHO OBICTPO M3MEHMTb,
HUCIIOJIb3YyA IPAMO IPOINOPUMOHAJBLHYIO 3aBUCHMMOCTH [AaBJICHUSA
rasa ot ero maccel (cm. popmyay (3.11.1)). ¥YBenuuuBasa maccy ra-
3a B Ji060M 3aMKHYTOM ITPOCTPAHCTBE, MbLI MOJKEM YBEJIHUYHUTH
AaBjeHHue. Tak U nocTynamoT, HaIpuMep, HaKa4YuBas aBTOMOONJIb-
HYIO IIUHY UJIU QyTOOJBHBIA MAY BO3AYXOM. Brinmyckas 4yacTs ra-
3a U3 cocyja, YMEHBIIIAIOT ero JAaBJIeHHe.

83



Bbonbwiasa cXxMmMaemMocCTb rasos

l'a3sl, 0COOEHHO IIPpH AaBJIeHUAX, OJU3KHX K aTMochepHOMY,
10 CPABHEHMIO C "KNAKOCTAMM M TBEPABIMHU TeJIaMH JIETKO CoKUMa-
I0TCA. ITO O3HAYAET, YTO HEDOJBINIOe U3MEHEHN e JaBJIeHUsd 3aMeT-
HO MeHseT ux oo’beM. 1 Hao60poT, 3HAUNTEIbHOE N3MEHEeHHNEe 005-
eMa He NPUBOAUT K GOJIbIIIOMY U3MEHEHUIO JaBJICHHUA.

Baaromapsi 60JbIIONH CoKHMaeMOCTH ra3a CHJIa ero JaBJIeHHUSA
MaJI0 MeHAeTCA INpPH paclIMpeHuu niu ckaruu. Ilosromy ras,
TOJIKAA IIOPIIIeHb, COBepIIaeT 3HAYNTEJbHYIO paboTy Ha 60oJbIIOM
OTpe3Ke myTH.

Xopouiasa CKMMaeMOCTh ra30B II03BOJIAET 3anacaTh UX B 00Jb-
OINX KOJHUYecTBax B OajutoHax, YAOOHBIX A4 XpaHeHuA. CokaThiil
IIPUPOLHBIN ra3d TPAHCHOPTUPYETCA IO TPybaM Ha pacCTOAHUA B
THICAYN KUJIOMETPOB.

3aBucMmMocTb OObema raza or remneparypbl

O6beM ra3oB 3HAYUTEJNBHO YBEJHYHUBAETCS IPHU YBeJIHYEHHH
TemuepaTypbl. IIpu Harpesanuu Ha 1 °C o6bem raza npu mocTosAH-
HOM JIaBJIEHNH YBEJUYUBAETCA B COTHHU pa3 OoJible, 4yeM o0'beM
KUAKUX U TBEPABIX TeJ.

Bce nepeuncieHHbBIE CBOMCTBA I'a30B NCIIOJIb3YIOTCA B TEXHHUKE.

Fas — amopTtusartop

CBoiicTBO rasa He COXPaHATHL CBOI0 (JopMy, MajaA ero ILJIOT-
HOCTh U BO3MOXKHOCTb PEryJINPOBKHY JaBJ€HUA AeJIAIOT rad OJHUM
M3 CAMBIX COBEePIIeHHBIX aMOPTHU3aTOPOB.

Bot xak paboraeT aBToMOOMJIIbHAA WU
BeJlocuneiHaA IIuHa. Korga kKoJsieco Ha-
e3:KaeT Ha Oyropok, IIMHA C HaxoAdA-
HIEMCA B Hell BO3AYXOM ZAe(OpMHUpYeTCA
(puc. 3.16) 1 TONYOK, IOJydaeMBEI OCBIO
KoJieca, 3HAUYMTeJbHO cmAryaercsa. Ecam
OBI IIIITHA OBlJIa KEeCTKOi, TO OCh IOAIIPHIr-
HyJia ObI BBepX Ha BBHICOTY Oyropka ujiu

Puc. 3.16 eme 6osbIue.

a3z — pabGouee Teno asurareneu

Bospnias cXMMaeMOCTh Ta30B M SAPKO BBIPAa’KEeHHAA 3aBHUCH-
MOCTb UX [aBJEeHHUA U 00'beMa OT TeMIIepaTyphI AeJIaloT ra3 «ymoo-
HBIM» paboOYUM TEJIOM B ABUTATEJNAX, paboTaIOMUX Ha CoKATOM ra-
3e, ! B TEIJIOBBEIX ABUIaTeJIdX.
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B paBurarensax, paboramommux Ha
CoKaTOM rase, B YaCTHOCTHU Ha C)KaTOM
Bo3ayxe, ras (Bo3gyx) mpu pacmimpe-
HUU BCJIEJICTBHE XOPOILel CKXUMaeMOoC-
TH coBepimaer pabotry HOYTH NpU IIO-
CTOAHHOM aaBieHnn. C)xaTbeIil BO3AYX,
OKa3bIBas [JaBJIeHHE Ha IIOpIlIeHb, OT-
KpbIBAeT JBepHd B aBToOycax, moe3zmax
MeTpO U 3JjieKTpuukax. CiKaTbIM BO3-
IYXOM ITPUBOJAT B ABUKEHUE MOPIIHU
BO3AYIIIHBIX TOPMO3OB KEJIE3HOLOPOX-
HBIX BaroHOB M rpy3oBuKoB. IIHeBMa-
THYECKUN MOJIOTOK M ApPyrue ITHeBMa-
THYEeCKHe NHCTPYMEHTbI IPUBOLATCA B
IBHKeHNe CKAaThIM BO3IyXOM.

ITake Ha KOCMHUYECKHX KOpabisax mMmeloTcA HeOoJbIlINE peak-
TUBHBIE IBUTaTeJu, paboTaloliie Ha cKaToM raze — reauu. OHn
OPHMEHTHPYIOT Kopabsb HYKHBIM 00pa3oMm.

B aBuraressx BHYTPEHHEI'0o CrOPAHUA Ha aBTOMOOMJIAX, TPaK-
TOpaxX, CaMoJIeTaX U B PeaKTHUBHBIX JBUTraTeJIsiX B KauecTBe pabo-
yero Tejia, IPUBOLAIIErO MOpPILIEeHb, TYPOMHY WJIH paKeTy B ABU-
’KeHUe, UCIOJIb3VIOT Ira3bl BHICOKOM TeMIlepaTypHl.

Ilpu cropanuu roprmoudeil cMecu B IUIKHHApPe (HalpuMmep, I1apoB
OeH3MHaA M BO3JyXa) TeMIiepaTypa pe3Ko yBeJIUYUBaeTCH, AaBle-
HHe Ha [IOpIIIeHb PacTeT U ra3, pacUIupasich, coBepIaeT paboTy Ha
Bcell nnuHe pabodero xoxa mopiunHa (puc. 3.17).

IIpaxTuyecku TOJABKO ra3d MoXXHO 3((¢peKTHBHO UCHOJIb30BATh B
KauecTBe pabouero Tesa B ABHrareaax. Harpesadaue »HUJKOr0 UIHN
TBEPJOro TeJjia 0 TaKOH »Ke TeMIepaTyphl, Kak U rasa, BbI3BaJIO
OBl JINIITL HE3HAUUTEJBLHOE IepeMellleHre MOPIIHA.

JIro60e orHecTpesibHOE OPY’KHE B CYILIHOCTH ABJAETCA TeILIO-
BOM MainmHo#. Pabouee Teso 3meck ToXKe ra3 — MPOAYKTHI Cropa-
HUS B3pBIBUATHIX BelllecTB. CHJja [JaBJeHUA rasda BbITAJIKHUBaeT
IyJI0 U3 KaHaJia CTBOJIAa UM CHapsad U3 nyJa opyaus. U cyiecr-
BEHHO, YTO 3Ta CHUJIa coBepllaeT pabdoOTy Ha Bcell AJiMHe KaHaJia.

IIosToMy CKOpOCTH IyJH U CHapALa OKa3bIBAIOTCS OIPOMHBIMHU:
COTHH METPOB B CEKYHY.

Puc. 3.17

Pa3speXxeHHble rassl

ITone3Hsnle cBOMCTBA r'a3oR, C YCIEXOM HMCIIOJb3yeMbl€ B TEXHU-
Ke, B HEKOTODBIX CJIydasX UTpalOT OTPHUIATEeJLHYIO poJjb. OT rasa
TPYAHO N30aBUTHCH, T. €. IOJYUYUTh I'ad B cOCyZe NIpU OUYeHb HU3-
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KOM AaBJeHHUH — B COCTOAHHM BaKyyMa, KOrga MOJIEKYJbI rasa
CTAJIKUBAIOTCA He APYT C APYTOM, & TOJbKO CO CTEeHKaMH cocy/a.

Bricokuii BaKyyM HyKeH BO MHOTHX CJy4YasX U I'JIaBHBIM o0Opa-
30M B 3JIEKTPOHHO-JIYYEBhIX TPYOKaxX M APYrMX BAKYYMHBIX IIpH-
6opax. NHOrAa MpUXOAUTCA CO3AABATH BAKYYM B OYeHb OOJIbIINX
o6bemMax, HampuMep B OTPOMHEIX YCKOPHUTEJNAX 3JeMeHTAPHBIX
YaCTHUI UJIH JJI UMHUTANMM KOCMHUYECKOro npoctpaHcrsa. OxuH
13 caMbIX Ooapmux MMUTATOPOB B XbiocTOHe (CIIIA) mmeer aua-
MeTp 22 M U BeIcOTy 15-3TakHoro goma (40 m). Koraga acTpoHaBTH
BRICAXKUBAJIMCH Ha JIyHe, AYONHDYIOIINUI 3KUIIAX IIPOJEJIKIBAT Te
JKe onepaluy B UMHTATOPE. ITO IO3BOJIAJIO HANIPABJIATD AEHCTBUA
ACTPOHABTOB B ClIy4yae HelpeABHUAEHHBIX aBapHiA.

BricOKU1 BaAKYyM HYK€H M AJIA MHOTHX JAPYTrUX liejeii, B 4acrT-
HOCTH JIJIA BHIIIJIABKHM CBOOOJHBIX OT OKCHAOB METAJIJIOB, CO3LaHUA
TEepPMOU3OJIALMH, HAIIPUMED B TepMOCaXx.

OOBIyHBIe MOPHIHEBhIE HACOCKH! H3-3a IIPOCAYNBAHUSA ra3oB MeX-
Ay MOPIIHEM U CTeHKaMH IIMJIHWHAPA CTAHOBATCA He3((PeKTUBHEI-
mu. [ToaydyuTs ¢ MX IIOMOIIBIO AAaBJIEHHE HUIKE NECATBHIX AOoJeM
MUWJJIHMeTpa PTyTHOro ctosba He yaaerca. [Ipuxomurea oA oT-
Ka4YKH rasoB IIPUMEHATH Pa3JIMYHbIE CJIOKHEIE YCTPOMCTRBA,

B macroamee Bpemsa npu temneparype 30 K gocTuruyTe nas-

nenus no 10712[1a. ITpu oxJaKKeHUM KO TEeMIIEPATYDHI KUAKOIO

reaus (= 5 K) gaBnenue noixkHo 66110 661 cocTaBaaTe 1073 I1a.
Takoe naBjeHHe y)Ke HEBO3MOXKHO M3MepUTh. KoHUeHTpauus ra-

38 IIDM TAKOM JaBJIEHUH N = 3° 107 M3, 310 osHauaer, uro,
HanpuMmep, yepe3 Ky0 co CTOPOHOI 1 M IpoOJIETUT MoJIeKyJia 1 pas
B 3 roxa. Jlaxke gaBiieHHe B MeEXTrajJaKTHU4eCKOM KOCMHUYECKOM

npocTpaHcTBe HamMHOro Gonbme: 1072"IIa. A BHyTpM Hameii ra-
JaKTHUKY faBieHue cocraBaser 107 1% [1a.

§ 3.12. NPUMEPHI PELLEHUA SAOAM

3agauyy Ha NMpHUMEHEeHHe ra3oBHIX 3aKOHOB O4Ye€Hb pasHooOpaas-
Hbl. [[71A X pemeHUs HeJb3sl YKasaTh KaKoNH-IH00 OXUH ompesne-
JeHHbIN npueM. IloJle3HBIMH MOTYT OKAa3aThCHA CJeAYyIOIIHe cOBe-
THI.

1. Ecnn corsacHO ycJIOBHIO 3alauyil OAMH H3 TpeX IIapaMeTpOB
(p, V unu T) nocroauusiii, To npu T = const Hax0 NPpHUMEHATH 3a-
KoH Boina—Mapwuorra (3.5.2), npu p = const — 3axon I'eit-Jlioc-
caka (3.7.7), a npu V = const — 3akoH Illapaa (3.10.2) uan
(3.10.3).
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2. Ecsin u3MeHAIOTCA BCe TPU napaMeTpa, TO CJeAyeT BOCIOJIb-
30BAThCA ypaBHEHUEM cocTosHuA B popme (3.9.9) uim (3.9.5).

YpaBHeHue coctoaHuA (3.9.9) npuMeHAeTCA B TeX CJAy4Yafax,
KOrjJa M3BeCTHA Macca rasa 1 4aCTh MAKPOCKOIINYEeCKHX ITapaMerT-
POB B OIpeleJIEeHHOM COCTOSIHMM ra3a U HaJ0 HaTH HEeHU3BECTHhIEe
BEJIUYUHBEI.

3. nsa onpeneseHns faBJeHUA CMECH ra3oB, He BCTYHNAIOLIUX B
XUMHUYecKHe peaKIuy, NCnoJb3yIoT 3aKoH JlanbToHa (3.8.2).

4. Bo MHorux sagauax Tpebyercsa nmocrpoeHue rpadukoB, H30-
Opa’kalpmXx pa3Horo pojaa npoieccel. s 3TOro Hy>kHo 3HATb 34-
BUCHMOCTb IIapaMeTpPOB APYT OT Apyra, KoTopas B ofIiieM ciyuyae
HaeTcA ypaBHEHMEM COCTOSHHSA, & B YACTHBIX — ra30BbIMH 38KO-
HaMH.

5. [Ipu pemreHrH GOJBIIMHCTBA 3afa4Y HALO0 YETKO NPEACTAB-
NATh cebe, KAKOBO HayaJibHOE COCTOAHNE CHCTEMBI M KaKoi mpo-
1ecc NIepeBOAUT ero B KOHEYHOe COCTOSHME.

3apnaua 1

Kak namepuTs MeJULIIHUHCKUM T€DMOMETPOM TeMIIepaTypy Teja
YyeJIOBEKa, ecJIN TeMIIepaTypa OKpy kaloniero sosagyxa +42 °C?

Pewenune. MoxxHO npegBapuTebHO OXJIAAUTh TEPMOMETD B XO-
JoauiIbHUKe. EciaM XOoJMOZUJIBHUKA HET, TO HYXXHO IIOJEpPKAaThb
TepMOMETPp 5—8 MUH IIOA MBIIIKOI, M3BJIeYb €ro M cpas3y xe
CTPAXHYTb. TepMOoMeTp IOKaXXeT TeMNeparypy Teja, TAK KakK
PTYTh B TEPMOMETPE COXKMETCH IIPH KOHTAKTE C TeJIOM Lo o0bemMa,
COOTBETCTBYIOILIErO TEMIIEpaType TeJia.

3anaua 2

a3 B HUIMHAPUYECKOM cOCye pasfiesieH Ha IBe paBHbIe YacTH
IIOABH>KHBIM IIOPIITHEM, UMEIOLIIMM MacCy M Y IJIOIIaAb CedeHus S.
ITIpu ropu3oHTAIBHOM MOJIOMKEHUHU UJINHAPA JaBlIeHHe ra3a B Kax-
Ao¥ MosloBHHE cocyna paBHO p. OnpeaennuTe AaBieHue p, Tasa HAJ

IIOPIIIHEeM NMPY BePTUKAJBHOM IIOJIOXKEHNH HUINHAPa. TeMnepary-
py rasa CYUTAThb IIOCTOAHHOM.

Pewenune. IIpy ropu3oHTaIbHOM MOJIOKEHUM IUIMHAPA 06beM
KaXXJIoM ero yacTu o603HauuM uepe3 V (atu o6'bems! paBHEI). IIpu
BEePTUKAJIbHOM II0JIOKEHUM LUINHAPA 00beM BepXHeill 4acTH cra-
HeT paBHBIM V + AV, a HukHeilt V — AV, JlaBieHue B HUXKHeH yac-
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mg

5 - CorsnacHo 3akoHY Boitna—

TH UJHHJIDA CTAHET PaBHBIM p; +
MapuoTTa

PV +AV) = (py + m—s-g)(V- AV) =pV.

HcKi09nB U3 3TUX PABEHCTB AVV, MOJIYYUM KBajpaTHOE ypas-
HeHUe JJIA P;:

OTcrona

peile- % (3

Bropoil KOpeHb KBaAPATHOIO YPABHEHNA OTPHUIlATEJIEH U IIOTO-
My JINIIEeH QUIUIECKOro CMbICJIA.

3apnaua 3

ITopmHEeBOit Hacoc Mpu KaXA0OM KauaHHUHU 3aXBATHIBA€T BO3AYX
o6bsemoM V,. IIpu oTkauKe 3TM HACOCOM BO3ZyXa M3 cocyjaa o6b-

eMoM V Hacoc coBepmIMJI n KadaHMWM. 3aTeM APyroil Hacoc ¢ TeM
xe pabouum o6'beMoM V, HauaJl HATHETATh BO3AYX M3 aTMocdepsl
B TOT K€ COCYy[, COBEepPIIUB TaKxXe n KayaHuii. Kakoe nasienue yc-
TaHOBHUTCA B cocyze? Temneparypy Bo3gyxa Bo BpeMs paboThI Ha-
coca CIUTATH HOCTOAHHOM.

Pewenne. CorsracHo 3akoHy Boiing—MapuoTra IpH OTKadKe
BO3JyXa H3 COCyZa IIocJie IepPBOro KadyaHHsA JaBJIeHWEe B COCyhe

PoV
V+7V,
ITocne BTOpOro Kawanms OyAeT BBIIIOJHATHCA PaBeHCTBO: p,V =

CTaHeT DaBHBIM: p; = , Toe p, — aTMmocdepHOe KaBJIEHUE.

2
=po(V + V) u, cienoBareibHo, py = Pg (V:VT’—) , 1 T. 0. ITocae n
0

. Vv o\
KayaHUH B COCyJie YCTAHOBUTCA JaBJIeHUE P, = P (V:C_V—) .
0
IIpm HarHeTaHHUM BO3[yXa B COCYZ IIOCJIe NI KAUYaHUUI JaBJIeHUe
CTaHeT PaBHBIM:

_ ponVy v \a  nV,
P= Pt ‘Po{(m) +7}’
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IIpu n060M n p > p,, TaK KaK BO BpeMs HarHeTaHUsI BO3JyXa

[P KaXXJOM KaYaHHHM HACOC 3aXBAThIBaeT BO3AYX, HMEIOIIUii aT-
MocdepHOe gaBJeHHE D, & IPHU OTKAYKe IPU KaXJOM KadaHUU

yaajnsieTcda BO3AYX IIPHU ABJIEHNH, MEHBIIIEM D,.

3apnaua 4

B sanmasHHO# ¢ 000X KOHIIOB LUJIMHAPHUYECKOH TpyOKe Haxo-
IUTCA BO3AYX IIPYM HOPMAaJIbHEIX ycioBusax. TpyOka pasjgesieHa
IIOJABHIKHEIM IIOPIIHEM Ha JBe 4acTu, o6beMbl KOTOphIX V; u V,
oTHOocaATca Kak 1 : 2. Jlo kakoi TemIepaTypH ¢, cieayeT HarpeThb
BO3JYyX B MeHbIIIel 4acTH TPYOKHM U IO KaKoi ¢, OXJaAUThb B 60JIb-

e, 4ToObl MOPIIEeHb AeJNUJ TPYOKY Ha JBe paBHEIE€ YACTH, €CJIU
HarpeBaHUe U oXJiaKAeHHe B 00enX YacTAX TPyOKM NMPON3BOLATCA

| 4
pY YCIOBUH 7 = const?

V
Pewenue. Yciosue T = const o3HAYaeT, YTO MPOLECCHl HArpe-

BaHUA M OXJIAXKJAEHUS IMPOUCXOAAT M300apHo. IIpu oTHOmeHHN

| 4

1 _ 1 1
HavYaJbHBIX 06b€MOB 7. = 3 9TH 00'beMBI COCTABIAIOT V| = 3 Vou
2

2 o
Vy= 3 Vo, roe V, — o6beM Beceit TpyOxku. KoneuHnble 00 beMbl 00enx

o 1
yacTeil OXMHAKOBBI M PABHBI Vi = 5 Vo-

CornacHo 3akony I'eii-Jlioccaka Ans Bo3gyxa B MeHbIIei 4yacTu
TPYOKU BHIIIOJIHAETCA COOTHOIIIEHHUE

1 _T

Vs Ty’
a ana Bo3ayxa B bosbHIeil yacTu

V2 _To

Vg T3’

rae T, = 273 K — TeMneparypa, COOTBETCTBYIOIAs HAYAJIbHBIM
yeaosuaM. OTcloga

_ TV, _ 3 o
T, = Vo =32 To=~410 K, umu ¢, = +137 °C;
T - ToVs 3 .
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3anaua 5

B nunuHape nmox MOpPIIHEM HAXOAUTCA BO3AYX IIPHU AaBJIEHHUU
= 2-10°I1 = 27°C. O
Dy a u temnepatrype ¢, = 27 °C. Onpeaenute maccy m
rpy3a, KOTOPBIM HYXXHO IIOJIOXKUTH Ha IOPILIEHb IIOCJie Harpesa-
HUA BO3Ayxa X0 TeMmmnepaTtyphl t, = 50 °C, uTo6bl 00beM BO3AYyXa
B IIMJIMHJpE CTAJl paBeH IepBoHauajlbHOMYy. IIjomiaas mopiuHsa
S = 30 cm2.

PeweHne. Taxk kakK B mpoliecce HarpeBaHus O0beM Bo3ayxa B
IUJINHAPE He U3MeHseTCs, TO coryiacHo 3akoHy lllapias umeem

pn_T
— ==, 12.
P, T, (3 1)
rage
mg
p2=pt+ 5.

ITopcraBnas B (3.12.1) BeIpakeHue AJd Py, HOJYUYUM:

kT
m T,
Py
Orcrona
_pIS T,
= T(T; 1)~4,7 KT.
3anaya 6

Haiiqure cpeaHon (3¢pdeKTHBHYIO) MOJAPHYIO MAaccy CyXoro
aTMocepHOro BO3AyxXa, IIpeArnojiarasg HN3BEeCTHHIA IPOLEHTHHIN
cocTaB BO3AyXa IO Macce: a30T — n, = 719,52%, Kuciopox —

n,=23,15%, apron — nz = 1,28% n yraeKucamlil raz — ny =
=0,05%.

Pewenue. [I1a Ka)Xgoro ra3a MOXHO 3allMCATh ypPaBHEHHUE CO-
CTOAHUSA:

M b b= 2R by e D8RP bV = 4 RT
pr_ATl » Pa —E » P3 _Ma » P4 —E .

3aecb M, M,, M;u M, — MONAPHbBIE MACCHI COOTBETCTBEHHO a30-
Ta, KKCJIOPOJa, aproHa M yrjJeKHucJoro rasa.
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CkJajbIBas Npaskbie U JIeBbie YaCTH 3TUX YPaBHEHUIl, ITOJydHnM:

m, m, mg mgy
(Py+P2tPs +p4)V=(Ml tu, tm, T, )RT. (3.12.2)

IIJIH CMeCH ra3oB BBIINIOJIHAETCA COOTHOILIIEHNEe
m
pvV = 3 RT, (3.12.3)

rge m = m; + my, + mg + my,— Macca BO3JyxXa C o6bvemoMm V,

a M — uckomas 3apdeKTUBHAA MOJIAPHast Macca.
CorisacHo 3akoHy JlaJbTOHA

p=p,tp;+pstpy
CpaBHMBasA ypaBHeHus coctroanus (3.12.2) u (3.12.3), nonyuum:

m1+m2+m3+m4

M=
m;, my mg my

M, "M, M, M,

PasfennB YHMCIWTENbh M 3HAMEHATeJb HA M U YMHOXXHUB Ha
100% , nonyyuM BeIpakeHue AjA M uepe3 IPOLEHTHBLIA COCTAaB
BO3/yXa II0 Macce:

ny+ny,+ng+n,

f— = . -3 ~
M = n n, ns  ng 28,966 10" Kr/moJb
M, * M, ¥ M * M,
= 291073 kr/mouns.
3apnava 7

3aKpHITHI ¢ 060MX KOHIIOB IMJIMHAD HAIIOJIHEH ra3oM NMpu JaB-
nenuu p = 100 xkIla u remuepartype t = 30 °C u pa3aeneH NogBN K-
HBIM TEIJIOHENMPOHMIIaeMbIM IIOPIIHEM Ha ABe paBHBIE YaCTH AJIH-
Hoit L mo 50 cm. Ha xakyio BenmuuuHy AT HY>KHO NNOBBICUTH TeMIIe-
paTypy rasa B OJHOHM IOJIOBMHE IMWJIHHIpPA, YTOOHB MOpPIIEHb
cMmecTHiICcA Ha paccrosiiue | = 20 cM, eciM BO BTOPOil IOJIOBHHE
IMJINHApPA TeMIepatypa He usMmeHsercsa? Omnpenenute gaBjieHue
rasa IocJje CMeIieHs MOPIIHS.

Pewenue. [ rasa B yacTH IUJIHHAPA C IOCTOAHHON TeMIepa-
Typoil IpuMeHUM 3aKOH Boitnas—Mapuorra:

pLS =p,(L - 1)S, (3.12.4)
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rge S — mjomaab OCHOBaHUS LMUJIMHAPA. (11 HarpeBaeMoi yac-
TH IIWJHXHApPA 3anumeM ypaBHeHue Kianelipona:

pLS _ Py(L+D)S
T = T+AT

(3.12.5)

B ypaBHenusx (3.12.4) u (3.12.5) p, — naBieHue rasa nocje cMe-
IIIeHNs IOPIIHA, OXWHAKOBOE B 00eMX YacTAX IUJIHHApPA BCJIen-
CTBMe paBHOBecus mnopuiHs, a T + AT B ypaBHeHRnu (3.12.5) —
TeMIlepaTypa rasa B HarpeToi 4acTH IIUJUHIpPA.

PaspenuB nouseHHo ypaBHeHUe (3.12.4) Ha ypaBHeHue (3.12.5),
MOJIYYUM

L-1
T—(T+AT)m .
Orcroma
2T
AT = I =404 K.

W3 ypaBHeHus (3.12.4) Haxoaum p,:

P = 7 =167 klla.

3apnauya 8

Cocyn o6semom V = 100 51 pasgesieH nomosiaM IOJIyNIPOHUILAe-
MO neperopogkoil. B HauaibHBII MOMEHT BpeMeHH B ONHOMH Io-
JIOBHHE COCyAa HaxXoJWJCSA BOAOPOA, Macca KoToporo m; = 2T,
a BO BTOpoit — 1 moub a3ora. Onpenenure KaBjJeHUA, YCTAHOBUB-
muecs 1o obe CTOPOHBI IepPeropoaKH, ecjlu OHa MOXKET IIpomyc-
KaTh TOJIbKO Bogopoa. TemnepaTrypa B 06enx moJoBHHaX OJUHAKO-
Ba ¥ noctrosAHHa: t = 127 °C,

Pewenue. Tak xkak Bogopos cBOOOLHO NMPOXOAHUT Uepe3 Iepero-
POAKY, TO OH pACHPOCTPAHSIETCS II0 BCEMY COCYAY. 3amuiieM
ypaBReHue MeHaeneeBa—KinanelipoHa Ayis Bogopoja mocJje ycra-
HOBJIEHUS COCTOSTHHUSI PABHOBECHA:

p1V = 1\71 RT,

raneM,=2- 1073 kr/Monp — MOJIApHaAA Macca BOAOpOAA.
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B Toit yvacTH cocyna, B KOTOpPO¥ BHa4yaje OblJ TOJBKO BOAOPOX,
OH M B JaJIbHEHIIIeM OCTaHeTCS B YHCTOM BHJe, TAK 4YTO JaBJIEHHEe

B 3TOH YacCTH coCcyJa CTaHeT paBHbBIM

m,RT
Py = M,V

= 33 kIla.

Has azora ypaBHeHne MeHgeneeBa—HKianeripoHa nMeeT BUJ:

| %4
P23 = RT,

rpe p, — AaBJIEHHUE a30Ta.

Tak KakK B 3TOH ITOJIOBHHE HaxogsaATcA Booopoag 1 a3oT, TO II0JI-
HO€ JOaBJIEHHEe p COIVIaCHO 3aKOHY H&JIBTOH& CKJaagbIBaeTcsa M3

napuuaJbHbIX JaBJIeHUN p; U Py, T. €.

"1y g)B
vV

p=pl+pz=(y1 +2

3anaua 9

Il'enuit maccoit 20 r, 3aKJIIOYEHHBIN
B TEMJOWU3O0JINPOBAHHOM IUJIUHADE
IIoJ IOPIIHEM, MeAJIEHHO IIepPeBOLUT-
csi n3 cocToaHUa I ¢ ob6vemom V, =

= 32 n u nasnenueM p; = 4,1 aT™ B co-
crosHue 2 c o6bemom V, = 9 1 u gas-
JeHneM p, = 15,5 atm. Kakoit Hau-

fosbiIeil TeMIepaTypsl [JOCTUTHET
ra3 IIpym 3TOM mpoiiecce, €cJH Ha rpa-
¢duKe 3aBHUCHMMOCTH JaBJICHHUS rasa OT
o6beMa mpouecc uszobpakaercs nps-
Mo 1uHuel (puc. 3.18)?

= 0,1 MIIa.

7y

P,

Puc. 3.18

Pewenue. Kak cieayer u3 pucyHnka 3.18, naBseHue u 06'beM ra-
3a CBAABaHBI IMHENHON 3aBUCHMOCTBIO: p=aV + b, rgea u b — no-
CTOsTHHBIE KoadduuueHTsl. 3 ycioBuit 3agauu mosydyaeMm cucTe-

MY YpPaBHEHH

pp,=aV;+b,p,=aV, +b.

Pemus aty cucreMy oTHOCHTENIBHO a U b, HaifineM
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/o l LA
A
/ \
/ : : : \
R
0 %  Vax W v
Puc. 3.19
_ PPy
= V.oV, = —0,5 atm/,
_ PV -piV,
b= V.oV, =~ 20 aT™.

IloacraBuB B ypaBHeHHe MeHaeneeBa—HKanelipona BMecTo p
BbIpaxkenue aV + b, monydyum

aV*+ bV = 7. RT = const - T. (3.12.6)
I'paduk 3aBucumoctH T ot V npexacraBiaser cobort mapaboay
(puc. 3.19). KpuBasa pocturaer makcumyma npu V ., = —2—-ba =

= 20 J1, Korga KOpHH KBaJpaTHOro ypasHeHus (3.12.6) copnagaror.
IIpu aTom

Prax = @Viax T 0= 1—2) =10 aT™m.
CienmoBaTesbHO,
pmameax
T ax = R M =490 K.

3apaua 10

Ha pucynke 3.20 uzobpaxeH rpaduK H3MEeHEHUSA COCTOAHUA
HjeaJbHOTO rasa B koopaguHarax p, V. HayepTure rpadpuku atoro
npouecca B koopaunarax V, Tup, T.
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Pewenue. 113 pucynka 3.20 cie- p4
JyeT, 4YTO JAaBJIeHHMe rasa p M ero
00beM V HaxoAATCA B IIPAMOM NpoO-
MMOPIMOHAJIbHON 3aBUCHUMOCTH

p=FkV, (3.12.7)
rae k — IOCTOAHHBIN KO3(pHUIIUEHT.
IloncraBUB 3HauYeHHe MNaBJIEHUSA y
(3.12.7) B ypaBHeHue Mengeneea— i _
Kinaneiipona, nojJiy4yum o) 7
_m Puc. 3.20
EV? M RT,
NJIN
mR
vi pj
/ /
/ /
/ /
— o
o T O T
a) €)
Puc. 3.21

YpasHeHue (3.12.8) — 3to ypaBHeHue napaboJibli, OCb CUMMET-
puH KOoTopoi coBnagaer ¢ ochkio T'. CienoBaTesibHO, B KOOPAWHA-
taXx V, T uckoMbI# rpaduk uMeeT BHJ, IOKA3aHHBIN HA PHUCYHKe
3.21, a. AHAJIOTHYHO MOJIYYUM rpaduK 3TOro mpoiecca B KOOpAau-
Hartax p, T (puc. 3.21, 6).

YnpaxHeHue 2

1. Ber Hagyau uiekn. I[Ipu aToMm u gaBjieHue, U 06'beM BO3AyXa BO

pTy yBenuyuBaroTca. Kak aTo corsacyercs ¢ 3aKkoHoM Bonina—
Mapuorra?

2. YTo6bl M3MEepUTh TEMIIEPATYPY UeJIOBEYeCKOro TeJsa, IPHXO-
AUTCA Aep>KaThb TePMOMETP IMOJ MBIIIKON B TedyeHHe 5—8 MUH.
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96

. B unuauHApe mox MOPIIHEM HaXOAUTCH

B To Xe BpeMA CTPAXHYTh €ro MOXKHO IIPAKTHYECKH Cpa3y moc-
Jie U3MepeHHuA TemnepaTypsl. [louemy?

V3kaAa BepTHUKalbHas TpyOKa AJHHON L, 3aKpeiTas C OZHOrO
KOHIIa, COXEPXUT BO3AYX, OTAEJIEHHBIN OT HaPYXXHOro Bo3Ayxa
cTos6nMKoM pTyTH AJnHOK h. IInoTrHOCTH pTYTH paBHA P. Tpyo-
Ka pacIoJIo’KeHa OTKPBITHIM KOHIIOM BBepx. KakoBa 6Gblya giu-
Ha | cronbuka Bo3ayxa B TpyOKe, eCJM NPH HepeBepTHIBAHUU
TPYOKH OTKPHITHIM KOHIIOM BHH3 M3 TPYOKH BBHIJIMJIACH NOJIOBH-
Ha pTyTu? ATMOC(heEepHOe JaBJIEHHE PABHO p,.

. B pryTHBIN GapoMeTp nomnaJ ny3sipeK Bo3ayxa, BcjegCTBHe Ye-

ro 6apomMeTp NoKa3bIiBaeT JaBJieHNe MeHbIle UcTHHHoro. Ilpu
AaBJIeHWHU p, = 768 MM DT. CT. ypOBEeHb PTYTH PaACHOJIOMEH Ha
BhIcoTe h; = 748 MM, npHyeM AJIHUHA MIYCTON YacCTH TPYyOKM |l =
= 80 mm. KakoBo armocdepHoe faBneHue p,, €CJIU PTYTh CTOUT
Ha BeicoTe h, = 734 mm? IlnoTHOCTE pPTYyTH P = 1,36 ° 10% kr/m3.

IInomans ceyeHHss IUJIHUHAPA aBTOMOOHJIBLHOrO Hacoca S =
= 10 cm?. OmpefenuTe AIWHY | LMUJIHHADA, €CIH HU3BECTHO, YTO
IUIA HaKauykKy muHsl oobemoM V = 0,02 m2 or nasieHus Po =
=1-10°T1a mo maBnenus p = 3-10° [Ia Tpe6yeTcss COBEpPIIUTH
n =100 kayaHuii. YTeUykoil 1 HarpeBaHHEeM BO3Jyxa IpeHeO-
peysn.

Bo3ayx. Ilopmenp nmeer ¢popmy, moka-
3aHHYIO Ha pucyHke 3.22. Macca mopui-
HA m = 6 Kr, monagb Ce4eHUA IUJINH]-
pa S = 20 cm?. ATmMocdepHOe XaBieHHe
Do = 10°TIa. Haiinure maccy m, rpysa,
KOTOPBI HAZO IIOJIOXKHUTH HA NOPIIEHBD,
yTo6Bl 06BEM V, BO3AYyXa B IMIHHIDE
yMeHBbIIWJICA B 2 pa3a. TpeHue He y4u-
THIBATh. TeMiepaTypa IOCTOSTHHA.

. I'a3 Harpet or Temnepatypsl t; = 27 °C no Puc. 3.22

temnepatypsl t, = 39 °C. Ha ckoJpko
IIPOIIEHTOB YBEJUYHJICA ero o0’beM, eciu
JaBJIEHHE OCTAJIOCh HEH3MEHHBIM ?

BepTuKanbHBIA IUJIUHAP, 3aKpPBLITHIN IOABUYKHBIM MOpPII-
HeM, cofiep»XHuT ra3 maccor m = 0,012 xr. IIpu Temneparype
t; = 177 °C o6bem rasa pased V,; = 4 i1. I[Ipu kakoil Temnepa-

Type t, IJOTHOCTH 3TOro rasa 6yzer paBHa P, = 5,3 Kr/ M3?

OTKPBITYIO CTEKJSAHHYIO KOJIOY, UMeoInyio ¢opMy HIapa pa-
auycoM r = 2 cM ¢ ropaslimikom aauHo# | = 10cm u gua-



10.

11.

12.

13.

14.

MeTpoM d = 1 c¢M, Harpeju HO TeMIepaTyps t;, a 3aTeM IIO-

IPY3HJIN LIEJIMKOM B BOAY ropJbIIIKOM BHH3. [Ipu oxmaxkzge-
HUMN KoJOBI Bojxa Bomaa B ropiabsimko. Korzga Temnepartypa
KO0JIOBI cTasa paBHOH t, = 13 °C, ee HaUaJIM NPUNOAHUMATH U3
BOAbI, He IepeBOopauyuBasi, TaK 4TOOBI IIapoo6pasHas d4acTh
OKasaJiach HajJ BOJOM, a rOPJBIINIKO — YaCTHYHO IOrpy’KeH-
HBIM B Boay. IIpu aToM, Korjga ypoBeHb BOABI B IOPJILIIIKE U B
cocyle COBIAaJ, IIOA BOJOM OCTaJach IIOJIOBUHA TrOpJIBIIIKA.
KakoBa 6rly1a TemMnepartypa t,, 0 KOTOPOi Harpeju KoJby?

MasomMmeTp Ha 6aJIIoHe ¢ ra30M B IOMEIIEHHH C TeEMIIEpPATypou
t; = 17 °C nokasniBaer nasyeHue p = 240 klla. Ha ynune mno-

KasaHue MaHoMeTpa yMeHbIHJI0och Ha Ap = 40 kIla. Haitgure
TEeMIIepPaTypy Hapy»XHOro Bo3fyxa, ecJu aTMocepHoe gaBJe-
Hue p, = 100 kIla.

JBa cocyza oqTMHAKOBOM BMECTHMOCTH COAepKaT BO3AYyX, OXHUH
npu Temneparype T, ¥ gaBJIeHUH p,, APYI'ON IIpU TeMIIEepaTy-
pe T, u naBneHuu p,. Cocyabl COEJMHUIN TOHKON TPYOKON U

IIocJie BipaBHUBAHUSA JaBJI€EHUN U TeMIlepaTyp BO3AyX Harpe-
nu po temneparyps T. Kakoe maBjieHHe yCTAHOBUTCH IIOCJIe
HarpeBaHuA?

IITap-30HA 3aNoJIHEH ra3oM npu temmneparype t; = 27 °C go naB-
neHus p, = 105 klla. ITocne nogsema mapa Ha BBICOTY, TJe
naByenue p, = 80 klla, o6bem mapa yBesuuusica Han = 5% u

AaBJIEHNE B HEM CTAJIO OTJIMYATHLCH OT BHellHero Ha Ap = S klla.
Omnpenenurte TeMnepaTypy Bo3ayxa Ha 3To¥ BbICOTe, IpPeAIIO-
jlaras, 4To ra3 B mape npuo6pes TeMIepaTypy OKpy»Kaliero
BO3AyXxa.

W3 6anyoHa CO CXKATBHIM YIVIEKHCJIBIM I'a30M H3-3a HEHCIIPaB-
HOCTH BEHTHUJIS BhITeKaeT ras. BmecTumocTs GajijioHa V =
= 10 n. IIpu Temneparype T, = 263 K MmaHOMeTD moKasbIBaj

naBjeHue p, = 9,3 aTM™, a yepe3 HEKOTOPOe BpeMsA MPH TeMIie-
parype T, = 295 K maHoMeTp moKashlBaJ JaBJIEHUE D, =

= 9,4 atm. Yemy paBHa Macca m rasa, BhITEeKIIero u3 6ajaaoHa
3a 3TO BpeMA?

a3 nmocnexoBaTeJIbLHO IEPEBOSUTCA U3 COCTOAHUA I ¢ TeMmIe-
parypoit T, B cocTrosnue 2 ¢ Temnepartypoit T,, a 3aTeM B CO-
cTossHHe 3 c TeMneparypoii T3 1 BO3BpalaeTca B COCTOSAHUe 1.
Onpenenure tremneparypy T's, eciu npouecckl H3MEHEHUs CO-
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15.

16.

17.

18.

98

Puc. 3.23

CTOSHMSA INPOMCXOAWJIM TaK, KaK 9TO IIOKA3aHO Ha rpaduke
(puc. 3.23), a remneparyps!l T'; u Ty U3BECTHHI.

B 6annone BMectumocTeio V = 10 1 cogep’kuUTCcs BOZOPOXA NPH

Temneparype ¢t = 20 °C mox gaBnenueM p = 107 [Ta. Kakas
Macca Bogopoja Oblja BhINYIeHA U3 0aIJIoHa, eCJIN IIPH I0JI-
HOM CrOpaHHH OcTaBluerocs rasa obpasosasioce m = 50 r Bo-
ABI?

B 6annone BMectuMocThio V = 10 1 HaxommicAa rejuil mojg
nasiaenueMm p; = 10 atm npu remneparype t, = 27 °C. Ilocse

TOro Kak n3 OajyoHa ObIJ BeINYINEH ra3 maccom m = 10r,
TeMIepaTypa B 6ayIoHe 6bliIa MOHMXKeHa 0 ¢, = 17 °C. Onpe-

JleJIUTe NaBJIeHUe reJinf, ocTaBIlerocs B OaJJIoHe.

MoJseKyIApHBIN BOAOPOA HEKOTOPOH MacChl 3aHUMAaeT o6bem
V, =1 m® npu Temmeparype T, = 250 K u maBnenum p; =
= 2-10°ITa. Kakoe maBieHue Bogopox OyXeT co3gaBaTh pH
temneparype T, = 5000 K u o6weme V, = 10 M, ecam npu

CTOJIb BBICOKOII TeMIIepaType MOJIEKYJIbI BOLOPOA ITOJHOCTHIO
AUCCOUHPYIOT H& ATOMBI?

IlBa cocyna o6bemom V; = 200 cm® u V, = 100 cm®, nanosnnen-
HbIe KUCJIOPOAOM ITpH TeMuepatype ¢ = 27 °C nox gaBjieHHEeM
Do = 760 MM DpT. CcT., coeANHeHb! TPpYOKOH, BHYTPH KOTOpPOU
HaXOAUTCA TeIJIOU30JUPYIOIass TIIOpPHCTas IIeperopoaka,
obecreypBalonias OAMHAKOBOCTDh AABJIEHHH B cocyxax. 3aTeM



NepBBIN cocyx Harpenu ao Tremneparypsl ¢, = 100 °C, a Bropo#
OXJIaguJIN K0 TeMuepatypsl t, = 0 °C. OnpegenuTe ycTaHOBUB-
Ieecsi B CHCTeMe JaBJIeHue,

19. N3ob6pasuTe Ha rpajpukax B koopguHarax p, V; p, Tu V, T

HM30TepMUYECKHUH MpoIecc AJst ofHoro moadg rasanpu I' = T,
uT=2T,.

20. N3o6pasuTte Ha rpajpukax B koopaunarax p, V; p, TuV, T
u3obapHBIY npouece: 1) ansa p=p, up = 2p,, ecau v =1 MoJb;
2) qna p = p,;, eCIu Vv = 3 MOJIb.

r}

Puc. 3.24

21. Ha pucynke 3.24 nokasad rpadukKk HU3MeHeHHUS COCTOAHUA
“JeaJlbHOro rasa B KoopAuHarax p, V. Ilpex:raBsTe aTOT NMpo-
1ecc Ha rpadpukax B koopauHarax vV, Tup, T.



Mhasa 4

MOJIEKYNTIAPHO-KUHETUYECKASA TEOPUA
UAEAJIbHOIO FA3A

Kauecmeennoe o6sacrhernue 601bULOZ0 YUCAA ABNEHUIL HA OCHO-
8e MOJeKYNAPHO-KUHemuyeckoii meopuu 0ocmamovHO npoc-
mo u Hazaadho. O0HAKO KoAuvecmB8eHHAA meopus daxce ma-
Kot npocmoil cucmembt, KaK udeanbHbLil 2a3, 6eCbMa CAONCHA.
IToomomy ozpaHuwuMca 3HAKOMCMBOM MOJbKO C meopueil
udeanvbHozo za3a. Kpome mozo, no3HAKOMUMCA C HOBbIM Mu-
nom 3aKO0H08 — CMAMUCMUYECKUMU 3AKOHAMU.

§ 4.1. CUCTEMbI C BOJIbWXAM HYUCSTOM HYACTUL
N 3AKOHbl MEXAHUKW.
CTATUCTUYECKARA MEXAHUKA

K cucmemam c ovendv 6oabUWUM YUCOM HACMUY 3AKOHbL MeXxa-
Huxu Hvlomona HenocpedcmeeHHO NPpuMeHAMb HEB03MONCHO.
Mecmo mexanuxu Hbvlomona 3aHumaem cmamucmuieckas
Mmexanuxa. OHa noseoansem BbliUCIAMb CpedHUE 3HAYEHUA
gusuneckux 8enuUH, KOmMopbvle pezucmpupyiomca MaKpocko-
nuieckumu npubopamu.

TepMmoaMHaMuyeckue napamerpsbl
C MUKPOCKONUYECKON TOYKN 3PEeHuUs

Kak cBoiicTBa, TaK M COCTOAHNE MaKPOCKOIIUYECKOro TeJa OIl-
pelesisIIOTCA XapaKTepoM B3aMMOAEMCTBUA M ABHKEHHUSA cJaralo-
ImuX ero yactunn. CiaegosaTesibHO, 3HaAUEHHE JIOOOr0 TepMOAUHA-
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MHUYeCKOro rnapamerpa A0JIXKHO ObITh KAKMM-TO 00pa3oM CBA3aHO C
ABHXXEHHEM MOJIEKYJI UJIX aTOMOB TeJa.

Takasa cBsA3b HAa Ka4eCTBEHHOM YypoOBHe OhllIa pacCMOTpPEHAa B
§ 3.1 Ha npuMepe faBJIeHHs ra3a Ha CTEHKY cocyna. Beljo nmokasa-
HO, YTO MAHOMETP PETHUCTPUDPYET CPeOHI0I0 NO 8peMeHU CUny, ne-
CTBYIOINYIO HA €JMHHUIY IIJIOINAAHN NMOBEPXHOCTH ero MeMOpaHkI CO
CTOPOHHBI MOJIeKyJ. 3-3a TOro 4To yxapoB O CTEHKY O4YeHb MHOTO,
3TO cpeAHee 3HAYEHME OKAa3hIBAETCA BIIOJIHE ONpeJesIeHHON BeJH-
YU HOM, HECMOTPS Ha HeOoJbIIMe KoJieOaHUSA qaBJIeHHUS.

JlaBieHVe rasa B KaX»Jblii MOMEHT 3aBUCHUT OT KOOPAWHAT U
UMIIYJILCOB MOJIEKYJ ra3a. OHO U3MEHseTCA CO BpEMEHEM HMEHHO
IIOTOMY, YTO MEHAIOTCA 3TH BEJIUYUHBI. JlaBjieHNe KaAK MaKpPOCKO-
NUYEeCKUH mapaMeTp eCTh He UTO HHOe, KaK CpeJHee 10 BPEMEHH OT
HEKOTOPOM QYHKIIMM KOOPAMHAT U HMIIYJILCOB BCEX MOJIEKYJI rasa.

ITOT BBIBOJA HOCHUT OOIIMIT XapaKTep: 3HAUYEHUA TePMOAHHAMMU-
YeCKUX IIapaMeTpoOB B COCTOSTHHH TEPMOANHAMHUYECKOTO0 paBHOBe-
CH S ABJISAIOTCA CPEJHUMM II0 BpEMEHH OT COOTBETCTBYIOIIIUX 3THM
napamMeTpaM ¢pyHKIMH KOOPAVMHAT ¥ MMIIYJIbLCOB YACTHII, CJarawo-
X CHCTEMY.

Cuctembl n3 60nbwOro uncna YacTuly N 3aKOHbl MEXaHUKWN

TepMoaguHaAMUYECKHEe ITapaMeTpPhl, KOTOPhLIE M ABJAITCA MaK-
POCKONMUYECKNMH XapaKTEPHUCTUKAMHU COCTOAHUSA BellecTBa, IOA-
JIe)KalluMy onpeAeeH’Io, MOryT OBITh HAMJEHBI IIyTEM YCpPEXHEe-
HUA 110 BpeMeHU QYHKIUH KOOPAMHAT 1 MMIIYJIbCOB BCEX YACTHIL
cucremsl. Ho ass aToro Hy>KHO 3HATh 3aBUCHMOCTH KOOPAHUHAT U
MMIIyJBCOB BCEX MUKPOYACTHIL OT BDEMEHH, T. ¢. PEUIUTDh 3a4a4y O
ABUYKEHUH OIPOMHOIO YHCJIa YaCTHII.

HBUKEeHNEe MOJIEKYJ B KJIACCHYECKOM (He KBAHTOBOM) PuU3MKe
NoAYHHAETCA 3aKkoHaM MexaHUKHU HrpioToHa. CocTossHME CHCTEMEI
13 N1060r0 YucJia YacTHI IIOJTHOCTBHIO ONpeaessieTcs 3afaHueM UX
KOODAMHAT M CKOPOCTeN (MJIM MMNYJbCOB). 3AKOHEI 3TH IMPOCTHI,
OAHAKO OHH MAJIO YTO MOTYT AaTh, €CJIX X HEMOCPEeACTBEHHO IPH-
MEHHUTH K IBHXKEHUIO YaCTHUIL, CJIaralolqux MaKpoTeja, IOCKOJIbKY
YacTHUI[ OYeHb MHOro. Mexanuka HpioToHa xopomo npucnocobJe-
Ha JJIA ONMHCAHUA ABUXKeHUA HeOoJbIoro uucsaa rex. Ho u B aTom
cJIiy4yae CPABHUTEJbHO NMPOCThIE CHJIBI BBI3LIBAIOT ABHIXKEHUS, KO-
TOPHIE MOTYT OKa3aThCsA BeChbMa CJIOXKHBIMM., Hanmpumep, npocTeie
CHJIBI BCEMHDHOTO TArOTEeHUs OOYCJIOBJIMBAIOT OYEHb CJIOMXKHBIE
TPaeKTOPHH IJIAHET, eCJIM YYUTHIBATh HE TOJIBKO NIPUTSXKEHHe UX
K ConHuy, HO ¥ B3aUMHOe BJIHSIHUE APYT Ha Apyra.
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Ecnn ke 4uco ABUKYIUXCA YACTUIL JOCTHraeT MUJIJIMOHOB,
MHUJIJINAPAOB U T. A., TO YHUCTO MEeXaHNYECKU IMOAXOA BOOOIIIE Te-
psaeT cMmbicya. Mo)kHO TemInTh cebA NNII03Mel, YTO B IPUHIUIIE,
ecsi ObIJIO 6B N3BECTHO COCTOSHHE CHCTEMBI (T. €. KOOPAUHATHI B
MMIYJIbCHI BCEX YACTHUI[ CHCTEMbI) B HAYaJbHBIII MOMEHT BpeMEHH
M 3aJaHbl CHJIBI B3aMMOJENCTBUA 4YaCTHUIL APYr ¢ APYI'OM, MOXXHO
Obp1y10 OBl paccUMTATh ABHM)KEHHE YACTHUI, 3aMKHYTOM CHCTEMBI C
n10001 cTeneHbIo TOUHOCTH. OQHAKO caMa ITOCTAHOBKA 3aadyu (OI-
pelesieHle HAYAJNbHBIX MOJIOXKEHHN U UMIYJIbLCOB YaCTHUI[) He Me-
Hee TPYAHA, YeM ee pelreHue. B 3Toi cuTyanuy He MOMOryT HUKAa-
KHe BBIYHCJIHTEJbHEIE MAIITNHBEI.

M3BecTHO, HapUMep, YTO ra3, B3ATHIA B o6beme 1 cMm3, mpu
HOPMAJIbHBIX YCIOBUAX COAePKUT okoyo 10!° monmerysn; ansa saga-

HUA UX HAYAJIBHOTO COCTOSHHUA Heo6xoxauMo 6 - 10!° umucen. Ecin
BBOAUTh B OBM mno TheicAue uuces B 1 ceKyHay, To norpebyercs

okoJso 2+ 10° mer. Kpome Toro, BeAb HM OJHA CHCTeMa He MOXKET
CUUTATBLCS IOJHOCTHIO U30JIMPOBAHHOMN OT BHEIIHUX BO3AEHCTBUA.
OHu Bcerga ecTh. Ilo moacueraM ¢paHIy3cKoro yueHoro 9. Bope-
s, U3MEHEeHHe KOOPAMHAT M CKOPOCTEH MOJIEKYJl Ha BEJIHYUHY

nopaxka 1071% genaer HeBO3MOXKHBIM NpeACKa3aHUe ABUKEHUS

MoJIeKyJI rasa yxe cnyets 107% c. A Begp Takoe n3MeHeHHe KOOp-
AMHAT ¥ CKOPOCTEe# MOJIEKYJI rasda MOXKeT Npou30uTH, ecau Ha Cu-
puyce 1 r BemjecTBa nepemectTuTcsa Ha 1 cM™.

CratucTtuyeckans mexaHuka

TpyaHOCTH CO3JaHUA KOJUYECTBEHHON TEOPHU IIPOLIECCOB, IIPO-
HCXOASAIINX BHYTPM MaKPOCKOIMMUYECKHUX TeJl, Ha OCHOBE Ipej-
CTaBJIEHUA O ABMKEHHUH MOJIEKYJI Ka)XyTCA Ha NepPBLINA B3rJIAL He-
npeogonuMeiMi. OfHAKO 3ajiada UCCJIEeLOBAHNUA CHCTEM U3 OTPOM-
HOrO 4MCJIa YacTHUI[ BCe e moaxaeTca pemeHUio. Ilosexenue
TAKUX CHUCTeM OOHApYy>XHBAeT OIpelesieHHble 3aKOHOMEPHOCTH.
Ho 3To0 y»e 3aKOHOMEpPHOCTHM HOBOT'O THIIAa, 3aKOHOMEPHOCTH
CTATHCTHUUYECKON MeXaHHMKH, UIH CTATHUCTHUYUEC-
KON dHU3UKHU.

OxaseIBaeTCA, YTO AJIA ONMMCAHUA CBONCTB MAKPOCKOIIHMYECKHUX
TeJ U MPOIeCCOB C HX yYacTHeM, KOTophie HaGJI0Aal0TCsA HA OIBI-
Te, He HY’KHO 3HATh MUKPOCKOIIMYECKOEe COCTOSIHHNEe CHCTeMBb! (3Ha-
YeHHUA BCeX KOOPAMHAT M HMMIIYJILCOB YACTHI). Ba)KHO 3HATH He
NOBeJleHUe OTAEeJbHbIX MOJIEKYJI, a cpeJHUll pe3yabmam, K KOTO-
POMY IIPUBOAUT UX COBOKYITHOE ABHUIKEHHE. ITOT CPeAHUI pe3yib-
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TAT ¥ MOYXHO NpeABUAETH C IIOMOLIbI0O 3aKOHOB CTATHCTHYECKOI
MEeXaHHUKH.

OueBHAHO, KAXKIOMY MUKPOCKOIIMYECKOMY COCTOSAHHIO OTBeva-
eT onpefieJIeHHOE MaKPOCKOIIMYECKOe COCTOSHME (ompeneseHHBIE
3HAYEHHS MAaKPOCKONHUYeCKHX mnapamMerpoB). OZHAKO OAHOMY H
TOMY K€ MaKPOCKONMHWYECKOMY COCTOAHHUIO MOXeT OTBeYaThb Or-
POMHOE YHCJIO MHUKPOCKONHNYECKHUX cocToAHHN. Hanmpumep, Hu
JaBJIeHUe, HU TeMIllepaTypa rasa B COCTOSHMHM TepMOAWHaMHUYe-
CKOro paBHOBeCHUS He MEHSAIOTCS, HO MOJIEKYJIbl, U3 KOTOPBIX CO-
CTOHUT ras, HEIIPEPBIBHO ABMXKYTCA, MHKDOCKOIHNYECKHE COCTOA-
HUSA CUCTEMBI HeIIPEPLIBHO CMEHAIOT APYT ApYyra.

CpeaHune No BpeMEeHU U cTtaTucTuueckue cpeaHue

Ilepex cTaTHCTHYECKON MEXaHMKOM CTOMT 3a7aya OIpereeHUs
CpeaHUX 3HAYEHU! JIIOOBIX QYHKIIMI KOOPAMHAT U CKOPOCTEH MoJie-
KyJ1 6e3 BEIUMCJIEHNA 3aBUCMMOCTH 3TUX BEJMYUH OT BpeMeHH. []o-

CMOTpPHM, KaK B IIDHHIINIIE MOXXHO PEIINUTHh 3Ty 3agavy Ha IIpume-

pPeé BBRIYHNCIIEHNA CpeAHero 3Ha4yeHUsaA KBajgpara CKOPOoCTH Uz MoJie-

KYJIBI ra3a, OT KOTOPOro 3aBUCHUT ee CpeJHASA KUHeTUYecKas 3Heprus
- mb2
E; = 5 (3HaK «~» CBepXy O3HaYaeT yCpeAHEHHe II0 BpEMEHH ).
JlomycTuM, 4TO B COCyAe C ra3aoM, TeMIepaTrypa KOTOpPOro Ioja-
AepKUBAETCA NMOCTOAHHOM, NMeeTCA JOCTATOYHO Gosibmioe yucyao N
MoJekyJ. BeigenuM MbICJI€eHHO OAHY M3 HUX. Ecau mpoussectu
pAJL rocieA0BaTEJbHBIX U3MEPEHUI CKOPOCTH JaHHOH MOJIEKYJIBI B
MOMEHTEI BpeMeHH! 1., ,, {3 U T. . Yepe3 MaJjblie OAUHAKOBEIE ITPO-

MeXXYTKHU BpeMeHH (puc. 4.1, a), npoaenas JocTaTOYHO GOJIBIIIOE
yucao N; naMepeHuil (B IPUHIUIIE 3TO BO3MOXKHO), TO CPeJHEe 110

BpPEMEHHU 3HAYEHHE KBaJpaTa CKOPOCTH MOXXHO 3allMCaATh TakK:

) v2(t) + v3(ty) + ...+v2(tNl)

Ve = N, . (4.1.1)

ITO nmpocToe apupMeTHYECKOe CpefHee.

Hanee oueBUAHO, YTO Bce N MOJIEKYJ ra3a HaXOAATCA B OAMHA-
KOBBIX MAKPOCKONMUYECKHUX ycaoBUaAX. Hu ogHa 13 HUX He BBIJENA-
eTCA B CMBICJIe XapaKTepa CBOero nosefAeHus cpeau apyrux. [Toaro-
MY CPeJHMI KBaJApaT CKOPOCTH ra3oBOM MOJIEKYJIBI MOXKHO OIpeje-
JUTh U Ho-ApyroMy. Ilycts ogHOBpeMEeHHO H3MepeHB!
CKOPOCTH Uy, Vs, ... Uy BCceX MoJiekyJ (pHc. 4.1, 6). Torpa cpeguuii
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U, . 8
2 Ug
i 7001

Puc. 4.1 0)

KBaJApaT CKOPOCTH MOJIEKYJIbI PaBeH cpeAHEMY apu(pMeTUUYECKOMY
KBaJpaToOB CKOpOCTeif BcexX MOJIEKYJI ra3a B JaHHBINI MOMEHT:

= _ vi+vi+...+0f
N .

OnpeneneHHOe TaK CpefHee 3HAYeHWEe KBajpaTa CKOPOCTH L2
HA3bIBAETCA CTATHUCTHUYECKHUM CPeJH UM (MJIHU CPeIHUM
II0 COBOKYIIHOCTH) B OTJIMYHE OT CPEAHEro II0 BpeMeHU 3HAYEeHUA
KBajzpaTa cKopocT# 2.

OcHOBHOE AONYIIlEHHE, KOTOPOEe INPHMHHMAETCS B CTATHUCTHUYE-
CKOM MexXaHHKe, COCTOUT B TOM, 4YTO cpedHee no épemeHu coena-
daem co cmamucmuyueckum cpedHum. B pacCMOTPEHHOM ITPOCTOM
cJy4yae TaKoe AOMNYIleHHe MpeACTaBJIAEeTCA JOCTATOYHO €CTECTBEH-
HeIM. OHO mnpeamnoJsaraeT MOJHBIA XaoC B JBHXXKEHHH MOJIEKYJI,
Korjga BCe OHM B 0o0IIeM BeAyT ceba oqgnHaKoBo. Teopus cTpouTcs
TaK, YTOOBI OHA MMO3BOJIAJIA ONPEAEISATh CTATHCTHYECKHE CpeaHMe,
TaK KaK 3ajJa4ya HeIOCPEACTBEHHOrO BBIYHMCJIEHHS BPEMEHHBIX
CPeAHUX 3aBeIOMO HEBHIIIOJIHUMA.

(4.1.2)

ABa 3Tana CTaHOBNEHUA CTAaTUCTUYECKON MEXaHUKHN
(MONeKynapHO-KMHEeTUYEeCKOn Teopumn)

B nepBBIX HcclenoBaHHAX NPUHUMAJIOCH B KauyecTBe NpUOIu-
KEHUA, YTO BCE€ MOJIEKYJIKI MMEIT OJHMHAKOBBIE MOAYJIH CKOpOC-
Tel, paBHbBIE UX CPeAHUM 3HAUYEeHUAM. C MOMOIIbIO 3TUX CPeAHHUX
CKOpPOCTEH BBIYHCJIAJNIOCH CPEeIHEee YHCJIO COYAapeHHUN MOJIeKYJ B
CeKYHAY, CpeHAA AJIMHA cBOOOAHOrO mpobera U T. A.

PemnrennHelil mar srnepex OblI caesad B 1859 r. aHraIniickum
dusukom IIxx. MakcBesom (1831 —1879), KOTOpEIH BriepBhIe BBEJI
B (UBHKY MOHATHE BEepOSATHOCTH, BLIpaGoTaHHOE paHee IIPH aHa-
JIA3€e a3apTHBIX UTD.
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Hdo Makcaesja Ka3ajoch, YTO €XUHCTBEHHON aJIbTEePHATHUBOM
IIPEAIIOJIOKEHUA O PABEHCTBE CKOPOCTE MX CpeJHUM 3HAYEHUAM
ABJISETCS CTpOroe peuleHve ypaBHeHuil HrioToHa AnsA Bcex uac-
THL[ CHCTEMEI.

BBeseHne BepOATHOCTH MO3BOJIMJIO HAPALY CO CPEAHHNMU 3HAUe-
HUAMHU (PU3NYECKUX BEJUYHH pacCMATPHUBAThH BEPOATHOCTH TOTrO,
YTO 3TH BEJIUYWHBI IPUHUMAIOT T€ UJIH MHBIe 3HAYEHUA. B nanb-
HeHIeM NOHATHE BePOATHOCTH CTAJIO OCHOBHEIM JJIA JIOOOro cra-
THUCTHUYECKOro 3aKOHA.

MEI B OCHOBHOM OrpaHMYMMCA 3HAKOMCTBOM C 3JIEMEHTADHBIMU
BBHIYMCIEHUAMM CPeAHUX 3HA4YeHH#. JIuip Bo BTOpPO# YacTH ria-
BBl HA IPOCTOM IPHUMEPE MO3HAKOMUMCSHA C BEPOATHOCTHBIMM 3aKO-
HaMH{ CTATUCTHUYECKON MeXaHUKH.

Tenepv 6v. 3Haeme, Kax onpedeaswwmcs cpeOHUe 3HAYEHUA,
8 yacmuocmu cpedHuit keadpam cKopocmu MOAEKYA. MO He-
npocmoit éonpoc. Bv. npugvbikau ¥ momy, ¥mo cKkopocmbv ume-
em kaxcdas wacmuya. CpedHsas e cxkopocmb MONEKYJL 3A8U-
cum om 08uMCeHUA 8cex wacmuy.

§ 4.2. UAEANbHDBIA A3
B MOJIEKYNAPHO-KUHETUMECKOWN TEOPUMU

B npedvidyujeil znase mb. NO3SHAKOMUAUCL C YPABHEHUEM CO-
CMoAHUA udeasbH0Z0 2a3a. Imo ypasHerue Obl0 NOAYHLEHO U3
dKcnepumeHmaJbHblX 2a308btX 3aK0H08. MoaeKynrapHo-KuHe-
muieckas meopus npuérexanlacb Auuwb 0nA KaiecmeeHHO0zZ0
o003ACHeHuA Habalodaemblx Ha onvime 3axKoromepHocmeil. Ho
¢usuka — Hayka xoauxecmeeHHaA, U celliac MONCHO 2080-
pumb 0 MONEKYNAPHO-KUHemuyeckoli meopuu (uau cmamuc-
muueckoii mexaHuke) Kak 0 pa3deae co8pemeHHOll puluru
MOJLbKO nomomy, Y¥mo nocmpoeHa KouiecmeeHHas meopus
MONEKYNAPDHLX NPOUECCOB.

NpeanbHbiA ras

PeanbHblil ra3 — KOCTATOYHO CJIOXKHAasA cucreMa. MBI paccMoT-
PMM mpocTeHnIyio PU3NYEeCKYI0 MOJEJb peaJhLHOro rasa — HJe-
aJIbHBIN ras.

ITon Momenpio B (U3MKE IIOHMMAIOT HE YBEJHUYEHHYIO HJIH
YMEHBIIEHHYIO KOIIMIO peaJbHOro oosekTa. Puiuveckas mooeab —
amo ynpowjenHaa cxemamuueckas Konusa uccaredyemoll peasbHoil
cucmembt. Moaens DOMKHA OTpa)aTh Haumbojee cyliecTBeHHEIE,
HauboJiee xapaKTepHBIE CBOMCTBA CHCTEMBI.
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B moaenu raza NpUHUMAIOTCA BO BHUMAaHUe JIUIOb T€ OCHOBHLIE
CBOMCTBA MOJIEKYJI, YYET KOTOPHIX HEoOXoauM AJis O6BsCHEHUs
3aKOHOMEDHOCTEeil IOBEeNeHUA peajbHOro rasa B OIpeAesIeHHBIX
HHTepBaJlaxX JaBJIEHUS U TEMIIePATYPHI.

B MoaeKkyJsApHO-KMHETHUYECKOH TeOpHMM HIeaJIbHBIM ra3om
Ha3bIBAIOT ra3, COCTOALIMH M3 MOJIEKYJl, B3BAHMOJAeHCTBHEe MeK-
Ay KOTOPBIMH INpeHeOpexHMo MaJo. IHBIMH cjoBaMH, IIPeRIo-
JlaraeTcf, YTO CpeAHss KMHEeTHYeCKas 3HepPrua MOJIeKYJ HAealb-
HOTr'0 ra3a BO MHOT'0 pa3 060JbllIe MOTEHIIUAJIBHOM SHePruy UX B3au-
MojaercTBus. UMEeHHO faHHAs MOJEJb PeaJlbHOTO ra3a NpUBOAUT K
ypaBHeHHIO cocToAHUA (3.9.9). [ToaToMy TepMoagnHaAMHUYECKOE OII-
penesieHNe HAeaIbHOIO rasa Kak rasa, mog4YuHAIONIEroca ypaBHe-
HUIO COCTOAHUA MeHaeneesa—HKianeiipona, HAXOAUTCS B MOJHOM
COOTBETCTBUM C IIDHUBEJEHHLIM BHIIIE MOJIEKYJISAPHO-KHHETHYE-
CKHM OIIpeJieJIeHHEeM HAeaJbHOro rasa.

PeanbHble rassl BeAyT ceba mogo6HO uaeaJsbHOMY rady InpH xo-
CTATOYHO OOJILIIMX Pa3peKeHHAX, T.e. Korga cpedHee paccmos-
Hue Mmex0y MmoseKyaamu 80 MHOZ0 pa3 6GosbWe ux pa3mepos.
B 3ToM ciyuae cusaMH IPUTSIKEHUA MEXAY MOJIEKYJIAMHA MOXXHO
npeHebpeuys. CHJIBI UX OTTAJIKMBAHUS IPOSABJISIOTCA B TEYEHUE
HHAYTOXKHO MAJIBIX IIPOMEXYTKOB BPEMEHU IIPH CTOJKHOBEHHUSX
MOJIEKYJI APYT C APYTI'OM.

3HayeHue CTONKHOBEHUIA MeXxay Monekynamm

CTOIKHOBEHUA MEXJY MOJIEKYJIaMH CYIIeCTBEHHBI, TaK KakK
HMEeHHO Osaronapsi 3TUM CTOJIKHOBEHUSAM ra3 mepexoAUT B COCTOSA-
HHe TeIlJIOBOro paBHOBeCHs. B 3TOM COCTOAHMM MOJIEKYJIEI B COCY-
Je ABHIXKYTCS B IMOJTHOM GecriopAjKe, TaK YTO BO BCEX YaCTsAX COCY-
Ha HabsmonaeTcsa NOJHBINA xaoc. CTOIKHOBEHNA MEXAY MOJIEKYyJa-
MH B COCTOSIHUM PABHOBECHUS rasa y»Ke HUUero IpUHINIINAJIbHO He
MeHAI0T. OHU He BIUAIOT HA Ha JaBJIeHHe, HU Ha TeMIIepaTypy ra-
3a. I[ToaTOMy B COCTOAHHUM TEIJIOBOI'O PABHOBECHS MOXKHO BOOOIIE
npeHeOpeub pasaMepaMy MOJIEKYJ U CUYUTATH, YTO MOJIEKYJIBI HJe-
aJILHOrO rasa — 3TO MaTepHaJbHbEIE TOUKH.

KoHeuHO, C MOMOII[bI0 TAKOM IPOCTON MOJAENH Heab3ss 00bsc-
HUTH Bce 0€3 UCKJIIOUYEHHs IIPOLIeCCHl B pa3peXeHHBIX rasax (Ha-
npuMep, onTudeckue ABieHnsa). Ho Mel mocraBuM u GyeM pemiaTs
YaCTHYIO 3a4a4y: BRIYUCJIHUTh C IIOMOIIbI0O MOJIEKYJISADPHO-KHHETH-
YeCKOM TeOpMM JAaBJieHMe rasa. [lys aToi 3agayy npocreiduias Mo-
JeJib ra3a OKa3bIBAeTCS BIIOJIHE YAOBJIETBOPUTENbHOM. OHA IPHBO-
OIUT K Pe3yJIbTaTaM, KOTOPHIE TOATBEPKAAIOTCA OMBITOM.
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Hdeanvroiit za3 — modesb peaavbHozo za3a. Moaexyabt amozo
2a3a — KpouwleiHble WAPUKuU, He 83aumodeiicmayowue dpyz c
Opyzom, mouHee, KuHemuueckas 3IHep2usL MOJNEKYJL MHOZ0
60/ble NOmMeHYUAaAbHOIl IHepzuu ux 63aumodeiicmeus.

§ 4.3. CPEOHEE 3HAYEHUE CKOPOCTH
TEMJI0BOIro ABVNXEHUA MOJIEKY1

ITpexcde wem npucmynumdv K 6blHUCLEHUI0 0ABAEHUA za3a C
NOMOWbI0O MOLEKYNAPHO-KUHemMmUu1ecKoll meopuu, paccmompum
demaavHee npocmbie 3GKOHOMEPHOCMU, OMHOCAWUECA K cpel-
HUM 3HAYeHUAM CKOpocmell menaosozo 0BUNCEHUA MOJeKYL.

CpepHue 3HavyeHus

IIpeAnonoKUM, YTO MOJIEKYJIbl rasda ABHXKYTCA Oecmop a-
AodHO. CkopocTh JI060M MOJIEKYJbI MOXKET OKAa3aThbCA Kak
oueHb GOJIBINION, TAK U OYEeHb MaJieHbKOM. HampaBieHue gBHkKe-
HHS MOJIEKYJI Xa0TUYECKH MEeHAETCA IPH UX CTOJKHOBEHUAX APYT
¢ apyrom. O6 aTom 6GblJIO pacckasaHo B riase 2. HaGimonenue 6po-
VHOBCKOT'O ABMXKE€HHA CJYXXHUT Q0KA3aTeJbCTBOM Yy4YacTHUs MOJie-
KYJI B Xa0THYECKOM JBUXKEHUH.

OaHakKo, XOTA ABUXKE€HHE OTAEJNbHBEIX MOJIEKYJ XaOTUYHO, IIO-
BeJeHHe BCeX MOJIEKYJI B I[eJIOM O0OHAapy KHBaeT IIPOCThIe 3aKOHO-
MepHOCTH. Bo-nepBhIX, €CJIM B ra3de IIPOM3BOJIBHO BHIAEJIUTh KaKoe-
160 HampaBJIeHHE, TO CpeJHee YHMCJIO MOJIEKYJI, ABUXKYIIUXCHA B
3TOM HAIIpaBJIEHUN, NOJI’KHO PaBHATHCA CpPEAHEMY YHCJIy MoJie-
KyJI, ABMXKYIIIMXCA B IIPOTHBOINOJIOXKHOM Hanpag.ieHrU. Beapb xaoc
B ABM)KEeHHH MOJIEKYJI O3HAYAEeT, YTO HU ONHO M3 HAIpABJEHUH
ABM)KEHUs He fABJISETCA IIPpeMMYyIIeCTBEHHHIM. Bce OHM paBHO-
NpaBHBI.

TOYHO TaK ke cpegHee UHMCJIO JIOAEeH, HAYIIUX IO YJIHUIEe Iopo-
Jia B OOHY U APYTYIO CTOPOHY, B CpeAHEM 3a JOCTATOYHO GOJIbIION
IIPOMEXYTOK BpPeMeHHU (HUJM IJIA AOCTATOYHO OOJIBIION TIpYIIIIBI
noAeil) oguHaKkoBOo. KoHeYHO, ecsi MCKJIYATL OCOORIe caydau
BpoJe YJIUYHOI'O IeCTBUA.

Bo-BTOpHBIX, IPOCTBIE 3aKOHOMEPHOCTH CIIpaBEAJINBHI AJIA CPej-
Hell apudMeTHUYECKOH CKOPOCTH MoJieKyJ. Ilycets uMeerca N Mo-
JeKyJ. IIpoekuu ckopocTei 3TUX MOJIEKYJ Ha och X MOryT NMpH-
HUMATh BCEBO3MOYKHbIE 3HAUEHHUA: V;,, Usys Usgyy +ovs Upyyy TPUYEM

KaXXJas MIPOeKIUA MOMXKeT ObITh KaK IMOJIOXKUTEJILHON, TAK U OTPH-
nareabHoil. CpeaHasa apudmMeTHyecKas IPOEKIUM CKOPOCTH D,
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Ha JaHHOe HampaBjieHHe X paBHa CyMMe IIPOEKIMH CKOpocTeit
BCe€X MOJIEKYJI, IeJICHHON Ha MX YUCJIO:

v +0U + o+ D
D, = X sz Nx, (4.3.1)

MN3-3a xaoca B ABHXXEHHUH MOJIEKYJI IIOJOMHUTEeJIbHbIEe 3HAYEeHNA
HpoeKIJ;I/Iﬁ CROpOCTeﬁ BCTPEYAIOTCA CTOJIb XXe 4YaCTO, KaK M OTpH-
oaTeJIbHBIEe. Hoa'romy cpeanHee 3HayeHHue IIPOEKIIMH CKOPOCTH Ha

HaHHOe HampaBJyieHHe X paBHO Hymio: U, = 0. Ecau 6s1 3T0 65170

He TaK, TO ra3 JBUTaJcd OBl KaK egUHOe IeJIoe.

Cpe,uHee Keé 3HaA4YeHHne MOoAYJA IMIPOeKIINU CKOPOCTH Ile SABJIS-

eTCs BIIOJIHE ONpeleIEHHOM BeJHMYMHOI, OTJIMYHOM OT HyJadA. Ilo-
SACHHUM 3TO TAKUM npuMepoM. PoCcT yueHHKOB B OJHOM KJIacce Heo-
ANHAKOB, HO CpeJHee 3HaUEHUE POCTa — OIpeAeieHHAA BeJIHUYH-
Ha. UYToObl ee HaAWTH, HAZLO CJIOXKHUTH BMECTE POCTA YUYEHHKOB H
pas3zesiuTh 3Ty CYMMY Ha UX KoJinuecTBO (puc. 4.2).

B Li+ls+ .+ 1ly
cp N

Puc. 4.2

CpepHee 3HayeHue KBaapara CKOpOCTH

Hac O6yzer nHTepecoBaTh CPeAHUI KBaJpaT IPOEKIMU CKOPOC-
. OH HaXOAUTCA TaK Ke, KAK KBaJPaT MOAYJA CKOPOCTH (CM.
BhipakeHue (4.1.2)):

2 2 2 2
— Dixt Vot e+ Ui+ oeo + U

v2 = ~ z . (4.3.2)

CkopocTH MOJIeKyJ OIPMHHUMAIOT HelIPEPBIBHBIN Psj 3SHAYCHUH.
OnpenesuTh TOUHBIE 3HAUEHUSA CKOPOCTEH M BBIYMCJIHATH CpeaHee
3Ha4YeHue (CTATHCTHYECKOe cpeAgHee) ¢c moMolbio GpopMy.sl (4.3.2)

NpaKTHUYEeCKH HeBO3MOXKHO. Onpenenum v J% HEeCKOJIbKO MHaue, 00-
see peanuctudHOo. O603HAYMM Uepes3 n; YUCJIO MOJIEKYJ] B 00beMe
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1 cM3, uMerommx mpoexkumu ckopocreit, 6IM3KHMe K V1,s 4Yepes
n, — YHUCJIO MOJIEKYJI B TOM XXe o6beme, HO CO CKOPOCTAMHM, 6Iu3-
KHMH K U, U T. A.* YHucJIO MOJIEKYJ CO CKOPOCTAMH, OJIN3KUMHU K
MaKCHMAJbHON U,,, 0003HaUYUM uyepe3 7, (CKOPOCTb UpX MOXKET
OBITH CKOJIb YTOAHO BesnKa). [Ipu 3TOM HOJI’KHO BBINOJHATHCH yC-
JoBue: n; + ny + ...+ n;+ ... + n, =n, rae n — KOHIUEHTPaAUUH
MmoseKysn. Torza ans cpefHero 3Ha4YeHUA KBajpaTa IPOEKIHH
CKOpPOCTH BMeCTO (opMYyJHl (4.3.2) MOXXHO HAIIMCATD CJIELYIONIYIO
9KBUBAJIEHTHYIO QOpPMYyay:

2 2 2 2
— nlle+n2v2x+...+nile+...+nkvkx
02 = - . (4.3.3)

X

Taxk Kak HanpaBJjieHHe X HHUYeM He OTJIMYaeTCs OT HalpasJie-
HUN Y u Z (onATH-TAKHN N3-3a Xa0ca B ABMXKEHUHU MOJIEKYJ), cIIpa-
BeJJINBhI pABEHCTBA!

12 = 12 = 1,2
vy = Vg = V7. (4.3.4)
s KaX KO MOJIEKYJIBI KBAAPAT CKOPOCTH PaBEH:
2 — 2 2 2
Vf vE, + Vi, + v5 .
3HaueHHe CpegHEero KBajpaTa CKOPOCTH, OIIpeAesiAeMoe TaK

’)Ke, KaK CpPeJHHH KBaJpaT MPOEKIHH CKOPOCTH (CM. (POpPMYJBI
(4.3.2) u (4.3.3)), paBHO CyMMe CPeAHHX KBaJPATOB €€ MPOeKI[HUi:

vZ =v2 + 2 + V2. (4.3.5)
W3 suipaxenuii (4.3.4) u (4.3.5) cnexnyer, uTo
vf = vf = vF = 202, (4.3.6)

. 1
T. €. CPeAHHA KBAJPAT NPOEKUMH CKOPDOCTH DaBeH 3z CPeIHEro

o 1
KBaJpaTa caMoOil CKOpocTH. MHOXXUTeNb 3 MOABJIAETCA BCIeA-

CTBME TPEXMEPHOCTH NpPOCTPAHCTBA M, 3HAUHT, CYILIECTBOBAHUA
TpexX NMpoeKU Ul y JI000ro BeKTopa.

* O ToM, KaK 3TH 4YUCJIa MOTYT GBITh ONpezaeseHsl, GyaeT pacckasaHo
B §4.6.
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Crxopocmu monexys 6ecnopadoLHo MeHAIOMCA, HO cpedHee 3Ha-
YyeHue npoexyuil ckopocmu Ha aio6oe nHanpasienue u cpedHull
Keadpam ckopocmu — 6noJiHe onpedeseHHble 6eULUHDL.

§ 4.4. OCHOBHOE YPABHEHUE _
MOJIEKYNAPHO-KUHETUHECKOWU TEOPUU

Boiuucarum ¢ nomowbio MONEKYNAPHO-KUHemuLeCcKolL meopuu
Odasnenue zasa. Ha ocHo8e npodesarHblx paciemo8 MOMCHO
6ydem cOenamb O4eHb 6AXHCHbLIL 6bl600 O C8A3U memnepamypbol
2a3a co cpedHell KuHemu4eckoll 3Hepzueil MoieKy.L.

ITycTe ra3 HaXOAHUTCA B INPAMOYrOJBHOM COCyAe C TBEPABIMH
cTeHkaMu. ['a3d ¥ cocya MMelOT OJMHAKOBBLIE TeMIIePATYpHI, T. €.
HaxXOO4ATCA B COCTOAHMM TEILJIOBOrOo paBHOBecusa. ByaeMm cuuraTth
CTOJIKHOBEHMS MOJIEKYJI CO CTEHKaMU abcoJloTHO ynpyrumu. [lpu
3TOM yCJOBHM KHHETHUYEeCKad SHEpPrus MOJIEKYJ B pe3yJIbTaTe
CTOJIKHOBEHHUS He MEHAETCH.

Tpeb6oBaHHE TOro, 4ToO6bl CTOJIKHOBEHMSA ObLIN a0COJIIOTHO YII-
PyruMu, He ABJISETCA CTPOro 00s13aTeJIbHBIM. B TOUHOCTH OHO U He
peasn3yercsa. MoJyieKyJibl MOTYT OTPaXaTbCA OT CTeHKH IIOJ pas-
HBIMH YTJIaMH ¥ CO CKOPOCTAMU, HE PaBHBIMU II0 MOJYJII0 CKOpOC-
TAM X0 coyaapeHusi. Ho B cpegHeM KMHeTHYeCKasa 3HEpPrusa orpa-
YKeHHBIX CTEHKOH MOJIEKYJ OyJeT paBHA KUHETUYECKOHN SHEepruu
nagaoux MOJIEKYJ, eCJId TOJBKO CYIIEeCTBYET TEIJIOBOE€ paBHO-
Becre. PesysnbTaThl pacueTa He 3aBUCAT OT AeTaJIbHOM KaPTHUHHI
CTOJIKHOBEHU I MOJIEKYJ CO CTeHKOM. [IoaToMy BIOJIHE AOIIYCTHMO
CYUTATH CTOJIKHOBEHHUSA MOJIEKYJ MOAOOHBIMHU CTOJIKHOBEHUAM YII-
PYrux HLIapoB C a6COJIIOTHO IJIaJKOM TBEPAOH CTEHKOM.

BreruuciuM gaBieHHe rasa Ha CTeHKy cocyza CD, umemmyro
ILTOIIaAb S 1 PACIIOJIOXKEHHYIO IIepIeHANKYJIApHO ocH X (puc. 4.3).

Yl

Puc. 4.3 Puc. 4.4
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CronkHoBEeHME Monexynbl CO CTeHKOMN

IIycTs CKOPOCTHL U; MOJIEKYJbI ¢ HOMEpPOM i HampaBlieHa IOJ
NPOU3BOJILHBIM YTIJIOM K cTeHKe (puc. 4.4). IIpu cTosIKHOBeHUH
IIPOEKIUsA CKOPOCTH Ha ochk X U;, MeHfAeT 3HaK, a MPOeKIUH CKO-
POCTH Ha HanpaBJIeHUA, COBIIaJaloye ¢ OCAMHA Y u Z, Uy ¥ Uy, OC-
raloTcA 6e3 usmeHeHus. Ilocie coynapeHusa

’

r _ r _
Vix = “Vixs Viy =V Viz = Uiz

iy’
O6bsacHAETCA 3TO TEM, YTO IPU aGCOMIOTHO YIIPYroM yiape OT-

CYTCTBYIOT CHJIBI, IapajjielbHble cTeHKe. FlaMeHeHne nmpoeKnuii
MMIIyJIbCa MOJIEKYJIRI Ha OCh X DABHO:

mgyv;, — myv;, = —2mgyv,,, (4.4.1)

rpe m, — Mmacca MOJIEKYJIBI.

CornacHo 3aKOHY COXpaHeHHUA UMIIYJIbCA CTEeHKe COCyAa MoJie-
KyJoi Gyser nmepenaH MMIyJabc 2myv,,. ClegoBaTenbHO, B COOT-
BETCTBHH CO BTOPHIM 3aKOHOM HbIoTOHA Ha CTEHKY 3a BpeMsd yha-
pa MmoxeicTByeT MMIIyJbC CUJIBI 2myV,;,, HAllpaBJIeHHEI! MepIeH-
AUKYJIAPHO CTEHKeE.

Yucno coynapeHuin coO CTEHKOW MONEKyn,
CKOpPOCTU KOTOPLIX 6/IN3KKU K v;,

3a BpemA At CTEHKHM MOryT AOCTHYb JIMIIb MOJIEKYJEI CO CKO-
poctsamu v;, > 0, KOoTOpble HAXOAATCA OT Hee Ha pPACCTOAHMM, He
IpeBhIIaomeM v;, At (puc. 4.5). 3TH MOJIEKYJIb! IBHIKYTCA CJieBa
Hanpaso. MoJIeKyJbI, HAXOAAUIMECH Ha OOJBIINX PACCTOAHHUAX,
He YCIIeIOT A0JIeTeTh IO CTeHKH ¥,

He Hago aymarsb, 4TO 3HAYEHUs NMPOEKLUI CKOPOCTEN Uy M U,
KaK-TO BJUSIOT Ha JOCTHXXKeHue MoJjeKyjaMu ctreHKH CD. Ecian
MOJIEKYJIa CTOJIKHeTCs co cTeHKoiH BC unu AB (cm. puc. 4.5), To
NMPOEeKHUA CKOPOCTH VU;, IPHM 3TOM He H3MEHHUTCA U MOJIeKyJa

CMeCTHUTCA BAOJb ocu X MO-IPeXHeMy Ha OTPe3oK U, At.

* 3aMeTHM, YTO CTOJIKHOBEHHUA MOJIEKYJI APYT C APYyrOoM He BJIHUSAIOT HA
YUCJIO UX CTOJIKHOBEHHH cO cTeHKON. Eciim Kakaa-1ub6o MoJsieKyJsa, y Ko-
TOpOii v;, > 0, U3-3a CTOJIKHOBEHHU 1 HE CMOXKET JOCTUTHYThb CTEHKH, TO ee
MeCTO 3aiiMeT KaKafA-To gpyras MoJieKyJsa. [laBjieHune onpenesieTcsa cpes-
HUM YHCJIOM MOJIEKYJI ¢ PA3JIMYHBIMH CKOPOCTAMH, KOTOPOe He MeHseTcH
B COCTOSIHU M TEIJIOBOI'0O paBHOBECHSA IPH CTOJIKHOBEHU AX.
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Puc. 4.5

Brigenenssiit o6bem CC'DD’ paBeH v; AtS. Yucio Moiekya B
3TOM o6'beMe CO CKOPOCTSAMH, 6IM3KHUMH K V;,, COCTABJIAET
rAe n; — 4UCJIO MOJEKYJ CO CKOPOCTAMHM, 61M3KUMU K U, > 0,
B1cMmd,

MmMmnynbC, nepenaHHblii CTEHKE MOneKyiamMu
co ckopoctamu v;, > 0

IlepesaHHBIN MOJIEKYJaMu (MX YHCJIO PaBHO AZ;) UMIYJBC pa-
BEeH NPOU3BeNeHMI0 Az; HA UMNYJbC, NepeJaHHbIN OZHOI MOJIEKY-
Joii (onpexnensaerca no gopmye (4.4.1)):

Az2mgv,, = 2myvE, n,SAt. (4.4.3)

UMmnynbC cpeaHen cunbl, AENUCTBYIOLLUA HA CTEHKY
CO CTOPOHbI BCEX MONEKyn

Mosexky bl co CKOPOCTAMY, 6IU3KNMU K V;,, 38 BpeMsa At MeHA-
IOT UMIIYJIbC CTEHKU Ha 2m,v?2, n;SAt. IaMeHeHMe NUMIIyJIbCa CTEH-

KU 3a BpeMsa At BCeMH MOJIEKYJAMH, CTOJKHYBIIMMHUCA CO CTEH-
KO0i1, paBHO CyMMe BeIpakeHuii (4.4.3) mo ckopoctsam v;, > 0 Bcex

MOJIEKYJI:

Y 2mgvin,SAt =2mySAt Y, nvk . (4.4.4)
V;, >0 V>0

CorsacHo BTopomy 3akKOoHY HploToHa mMmnyabsc cuiusl FAt, neii-
CTBYIOIIeil HA CTeHKY, PABeH M3MEHEHHUIO0 MMIYJIbCA CTEHKHU:

FAt =2mySAt ) n;v2 . (4.4.5)

v,,>0
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BeIpa3uM 3TOT MMIYJIBC CHJIBI Yepe3 CPegHUI KBagpaT NMpoeK-
IIUM CKOPOCTH Ha och X, KOTOPHIH coriacHo dopmye (4.3.3) om-
penensieTcH Tak:

n;v?

v =y L, (4.4.6)

* n

le

rje CyMMHPOBaHUE OCYII[ECTBJISIETCSA IO BCeM INPOEKIUAM CKOpOC-
Teil, KaK IOJIOXKHUTEeJbHBIM, TaK U orpuuareJbHeiM. Ho mosmoxu-
TeJbHBble 3HAYEHUA NPOEKIIH CKOPOCTe BCTPEYalOTCH CTOJb Ke
YacTo, KaK ¥ oTpuIlareybHbie. IloaTomy

1
2 — . 2
> nvk D) 2nvl,
>0 Vyx

WM, YYATHIBAsA onpeneseHue cpenHero keajgpara (4.4.6), 6yanem
HMeTh:

wiol

Y npw? =3 nvl. (4.4.7)
>0

3aMeHsas B ypaBHeHHM (4.4.5) cyMMy IO IIPOEKIMAM CKOpOC-
Tei ee BoipakeHueM (4.4.7), NoJIydYuM cpeAHUN MMIYJIbC CHJIBI:

F At = mySAtnv2. (4.4.8)

JTOT pe3yJbTAT MOXXHO IOACHUTH rpadpuueckn. Ha pucynke
4.6, a n306parxeHa 3aBMCMMOCTD OT BpeMeHHM CUJIE! f, AelicTBYome
Ha CTeHKY IIPH CTOJIKHOBEHUH C HEI0 Pa3/;IMYHBIX MoJeKyJ. Bpemsa
coyzapeHusa 0t < At. Cuyia MeHsieTCA XaOTUYECKH B 3aBHCUMOCTH
oT BpeMeHu. Ilimomank moa Ka)KIbIM NMUKOM IIpeJCTaBJisieT cob0it
HMIIYJIBC CHUJIBI, JEHCTBYIOIIEH Ha CTEHKY CO CTOPOHBI OJJHOM Mo.JIe-

A\\SCCC Ty

TR
AN
IEITITrTrTrTEESS

NNNNUANRICRCER

i
“l ar - & -
a) 0)
Puc. 4.6
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KYJbI Ipu coyaapedun. CymMmmMmapHas NJIOILIaAb 110/ BCeMHM MUKaMH
(ee yncIeHHOe 3HAUEHNE) AaeT MMIIYJbC CHJIBI, AeHMCTBYIOIENH Ha

cTeHKY 3a Bpemsa At. CpegHuii uMnyiasc cuiabl F At rpadudecku
XapaKTepuayeTcs ILIOIagbl0 IPpAMOYrojlbHUKa (pHuc. 4.6, 6), paB-
HOM CyMMAapHOM IJIoIagy KMIIYJIBCOB CHJI OT OTAEJIbHBIX MOJIEKYJI.

AdasneHue rasa

Paazgenus jieByI0 ¥ npaBylo 4acTH ypaBHeHus (4.4.8) Ha SAt u
YYUTHIBas cooTHomeHue (4.3.6), HalijeM JaBjeHue rasa

mqnuv? (4.4.9)

ol =

p=

JTO M eCTh OCHOBHOE ypaBHEHUE MOJIEKYJIAPHO-KMHETHYECKOM
TeOPHUM HJeaJIbHOro rasa¥.

JlaBJjleHMe HIEaJbhHOro rasa IIPONOPIIMOHAJBHO INIPOM3BeJe-
HHUIO MacChl MOJIEKYJIbI HA KOHIEHTPAIMIO MOJIEKYJ M CpegHMH
KBaJApaT UX CKOPOCTH.

dopmyna (4.4.9) cBA3BIBAET MAKPOCKONMUYECKYIO BeIHUHHY —
JaBJIeHHe, KOTOPOe MOXKeT ObITh N3MEPEHO MAHOMETPOM, — C MH-
KPOCKONMYECKMMH BEJIHYHNHAMH, XapAKTEPU3VIOIIUMH MOJIEKY-
JIbl, ¥ ABJAETCA KaKk Obl MOCTOM MEXAY ABYMA MHpPaAMH: MaKpo-
CKOIIMYECKHUM M MHUKPOCKOIINYECKHUM.

Ecnu uepe3s E 0603HAYNUTD CPefHIO KMHETHYECKYIO 3HEPIHIO

— 2

IIOCTYIIATEJBHOTO ABMXXEHUS MOJIEKYJIbl: E = % , TO YypaBHEeHHe
(4.4.9) mo)xkHO 3amucaTh B hopme:

p=%nE. (4.4.10)

OTrMmeTHM B 3aKJIIOYEHHE, UTO XOTA pacueT nMpousBejieH O0e3 fAB-
HOI'O yuyeTa CTOJIKHOBEHHMI MOJIEKYJI, 3TO He 03HAYaeT, YTO CTOJK-
HOBEHHSA COBCEM He YUHUTHIBAJINCH HaAMK. I MeHHO OrpoMHOE YHCJIO
CTOJIKHOBEHM I IPUBOAUT K TOMY, UTO ABM)KEHUE MOJIEKYJI ABJISAET-
cA xaorTudyeckuM. PaBeHcTBa (4.3.4) u (4.3.6) BRITOJNHAIOTCA C 60JIb-
IIO¥1 TOYHOCTHIO KAK pa3 BCJEACTBHE 'POMAJHOrO YHMCJIA CTOJIKHO-
BEHHU.

* 9TO ypaBHeHHe — IepBoe KOJIMYeCTBeHHOe COOTHOLIeHHe, MOJy4YeH-
HOE B MOJIEKYJIAPHO-KHHeTHYeCcKO#i TeopuH. II03TOMy ero npuHATO HA3BI-
BaTh OCHOBHEIM.
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Ham ydanocv éviiucaume Oasnrenue udeanbH020 2a3a Ha
cmenku cocyda. OHOo 3a8ucum om KOHUeHmMpayuu MoOJNeKY..
Kpome mozo, daeaenue 2a3a nponopyuoHanbHo cpedHeil KuHe-
muuecKoil IHepzuu MONLEKYA. MO u ecmb 2A8HbLU paxKm.

§ 4.5. TEMINEPATYPA — MEPA CPEQHEN
KUHETUHECKOWU SHEPITM MOJIEKYN

H3 0cH08H020 YpaBHEHUA MONEKYAAPHO-KUHEMUYECKOL meopuu
2a3a eébimexaem 6axcHOe caedcmeue: memnepamypa ecmbov Me-
pa cpedreil KuHemuyeckoili anepzuu moaexya. [Joxaxcem amo.

HOna mnpocroTel OygeM cYMTATh KOJHUYECTBO rasa paBHBLIM
1 mosns. MonspHbIit 06'beM rada o6o3naunm uepes V,,. [Iponssege-

HHe MOJIAPHOro 00’beMa Ha KOHIIEHTPAILMIO0 MOJIEKYJI NIpeaCTaBJa-
er coboil mocToAHHYI0 ABoraapo N,, T.e. YHCJIO MOJIEKYJ B
1 Mmoxs.

YMHOKHUM 00e yacTH ypaBHeHHA (4.4.10) Ha MoNsApHEBIH 00BEM
V) 1 yuteMm, uto nV,, = N,. Torna

PVi = 2N,E. (4.5.1)

dopmyna (4.5.1) ycraHaBjIuBaeT CBA3b MAKPOCKONHYECKHX
IIapaMeTpoOB — fAaBJIeHUd p u o6beMma V,, — co cpefHeil KuHeTHYe-
CKOH 3Hepruei ocTynaTeJbHOro ABMXKEHUA MOJIEKYI.

BwmecTe ¢ Tem IIOJIY4YeHHOe ONBITHBIM IIYyTeM YpPaBHEHHE COCTOA-
HUA UJeaJIbHOrO rasa aJjs 1 MoJbp UMeeT BH[I:

pVy = RT. (4.5.2)
JleBrIe yacTu ypaBHeHui (4.5.1) n (4.5.2) oAMHAKOBHI, 3HAYUT,
ROJIXKHBI OBITH PABHBI H UX IIPaBhle YaCTH, T. €.
2 Al —
3 N,E =RT.

OTcrona BeITEKaeT CBA3b MEXAY CpelHeil KHHEeTHYeCKOH 3Hep-
rMei MOCTYyNaTeJbHOTO ABMXXEHUA MOJIEKYJ M TeMIIepaTypoil:

_3 R

E-55 T (4.5.3)

Cpennsas kuHeTHYECKAsA 3IHEPrUHA XaOTHYECKOrO IABHKEHMS
MOJIEKYJl Ta3a mnpONOPUMOHAaJbHAa abCoJIOTHOIH TeMIepaType.
YewMm BbIIlIe TEMNEpaTypa, TeM GhICTPee ABMIKYTCH MOJIEKYJIHI.
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CooTHOIlIeHNe MeXKIYy TeMIiepaTypoy U cpeJHell KNHeTUYeCKOoM
3Heprueil MOCTYIMATEJIbHOI'O ABUXKEHUs MoJIeKyJ (4.5.3) ycTaHOB-
JIEHO JJI paspesKeHHBIX rasoB. OJHAKO OHO OKa3bIBaeTCs CIIpa-
BeJJIUBBLIM JJIA JIOOBIX BEeIIeCTB, ABUKEHHE aTOMOB MJIM MOJIEKY.JI
KOTODHIX IMOAUYMHAETCA 3aKoHaM MexaHuMKM HeioToHa. OHO BepHO
IJIS KUIAKOCTEH, a TakiKe IJIA TBEPABIX TeJ, Y KOTOPBIX aTOMBI
MOTYT JIUIb KoJiebaThCcsa BO3Jie IOJIOXKEHUII paBHOBECHA B y3Jax
KPHUCTAJLJINYECKOM pellleTKH.

IIpu nmpubiaukeHUN TeMIepaTypsl K aOCOJIOTHOMY HYJIIO 9HEPIrusd
TEIIJIOBOT'O ABUKEHUA MOJIEKYJI TaKKe NMpUOInKaeTcss K HyJI0*,

MocroaHHaa bonbumaHa

B ypaBHeHmMe (4.5.3) BXOAUT OTHOLIEHNE YHHBEPCAJIBLHOM ra3o-
BOH mocTosaHHOi R K nocrosanHo# ABorazpo N,. OTo oTHOLIeHHE
ONVHAKOBO JJis1 BceX BemmecTB. OHO Ha3bIBaeTcsi MNOCTOAHHO U
Bonsmnmmasa, BdYects JI. Borbnmana, ofHOro n3 ocHOBaTeJei
MOJIEKYJIAPHO-KUHETHYECKOH TeOPHH.

Boasnvan Jlioasur (1844—1906) — Be-
JIUKUH aBCTPUMCKUN (PU3UK, OOJUH U3 OC-
HOBOIIOJIOXXHHUKOB MOJIEKYJISAPHO-KUHETH-
yeckoil Teopuun. B Tpymax Boiasmmana
MOJIEKYJIAPDHO-KMHETHUYEeCKas TeOpUs BIep-
Bbl€ IIPEACTAJIa KaK JIOTUYECKM CTPOifHAasA,
nocjgegoBaTeJibHaA (pu3ndYecKas Teopud.
BospnMaH fajg CTATUCTAYECKOE HCTOJIKO-
BaHHE BTOPOr0 3aKOHA TEPMOAMHAMHKH.
MM MHOrO cesaHO AJIA Pa3BUTHUA U MOIY-
JApU3aNUU TEOPUH IJIEKTPOMATHUTHOTO
noas Makcsesia. Bopenm, mo HaTtype,
BonpiiMan cTpacTHO oTcTamBaJ HeobXo-
AUMOCTD MOJIEKYJSAPHOT'O MCTOJIKOBaHUA
TeIJIOBBIX ABJIEHUN U IPUHAJ HaA cebA oc-
HOBHYIO TAXKeCTh 60pb0bI ¢ YU€HBIMH, OT-
PHUIIABIINMHM CyLOIECTBOBaHME MOJIEKY.JI.

* IIpu oueHb HU3KHX TeMIepaTrypax (B6sau3u abCoNIOTHOTO HYJIsA) ABHU-
JKE€HHe aTOMOB M MOJIEKYJI yKe He nmoguuHsaercsa 3akoHaM Herorora. Co-
IJIaCHO §0Jieeé TOYHBIM 3aKOHAM IBHIKEHNS MHUKPOYACTHUI[ — 3IaKOHAM
KBAaHTOBOI MEXaHUKH — abCOJIIOTHBIN HYJIb COOTBETCTBYET MUHUMAJIbHO-
My 3HAQYEHHUIO 3HEPruH JBH)KEHUs, a He IOJHOMY IIpeKpalleHnIo KaKoro-
aubo ABM)KEeHUsAa BooOIIje.
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I[TocTrosiunaa BosbMaHa paBHa:

_ Mk
R 8’31K'MOJIB

k= N, - 6,02 - 1023monn"

: =1,38-1088%  (4.5.4)

YpaBHeHue (4.5.3) ¢ yueToM nocToAHHON BosbplMaHa 3aNNChl-
BaeTcHd TaK:

E = ng (4.5.5)

dusnyeckuit CMbICN NOCTOSKHHON bonbuMaHa

Hcropnuecku TeMnepaTypa Obljia BIIepBbie BBeJeHA KaK TepMO-
AUHaAMH4YecKas BeJMUUHA, U JJIsl Hee OblyIa yCTAHOBJIEHA eJUHMIIA
nsmepeHus — rpaayc (cm. § 3.2). Ilocse ycraHOBJIEHHS CBA3U
TeMIIepaTypsl CO cpeJHeii KHHeTUYEeCKOM 3Heprueil MOJIEKYJ CTa-
JIO OYEBUIHBIM, UYTO TEeMIIEPATYPY MOXKHO OIpeAeNATh KaK cpej-
HIOI0O KHHETUYECKYIO 9HEePrui0 MOJIEKYJ ¥ BhIpa)kaTh ee B AXKOY-
JIAX WM 3prax, T.e. BMeCTO BeJWUYMHHI T BBecTH Benuuuuy T
TakK, 4TOOBI

2
. Mmyu
T=-3

OnpenenenHas TakuM oOpa3oM TeMIlepaTypa CBs3aHa C TeMIle-
paTypoi, BeIpa)kaeMoii B rpagycax, cieayoimum oopasom:

._3
T —sz.

IToaTtomy nocroaHHyio BosibiiMaHa MOXKHO pacCMaTpPUBATh KaK
BeJIMUYMHY, CBSA3KBAIOLIYIO TEMIIEPATypy, BRIpa)kKaeMylo B 3Hepre-
THYECKHUX eJUHHIAX, C TeMIIepaTypoii, BRIPaXXeHHOH B rpagycax.

3aBuCUMOCTb AaBNEeHUA ra3a
OT KOHUEHTPpauum ero MonexKyn u remneparypbsi

BripasuB E u3 cootHoueHus (4.5.5) u noacrasuB B GopMyay
(4.4.10), monyuyuM BbIpa)keHHe, IOKa3bIBalollee 3aBUCHMOCTD
JaBJIEHN s ra3a OT KOHIEHTPAIMHN MOJIEKYJ U TEMIIEPATYPHI:

p=nkT (4.5.6)
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U3 dopmynnl (4.5.6) BeITeKaer, 4TO NPU OAMHAKOBBIX AaBJIe-
HHUAX U TeMIIepaTypaxX KOHIEHTPAIlUs MOJIEKYJI y BCex rasoB OAHA
U Ta XKe.

Orcioia cienyeT 3aKOH ABOrajpo: B paBHBIX 00beMax rasoB
IIpY OJMHAKOBHIX TeMIIepaTypax M AaBJIEHUAX COAEPIKUTCH OAU-
HAKOBOE YHCJIO MOJIEKYJI.

Cpednas KuHemuueckas 3Hepzus nocmynamenbrozo deudice-
HUuA MOJEeKYA NpAMO NPONOPYUOHAAbHA AOCONIOMHOU memne-
pamype. Koagppuyuenm nponopyuonasbHocmu — nocmoaHHYIO

Boavymana k = 1072 [Ixx /K — nado sanomuume.

§ 4.6. PACNPEAENEHUE MAKCBENNA

B Goavwom wucae cayuaes 3nanue o0HUX CpedHUX 3HAYEHUU
gusuveckux eeauvun HedocmamouHo. Hanpumep, 3nanue cped-
Hez0 pocma Jaio0ell He NO3BOLAEM NAAHUPOBAMb BbLNYCK 00€XH-
Obl pa3auyHblx pasmepos. Hado 3nambe npubarudumenbHoe LUCIO
ato0eil, pocm KOomopbLx Aexcum 6 onpedeseHHOM UHMepeaJe.
TouHO Mak e 8axHO 3HAMb LUCIA MONEKYL, UMEIOUUX CKO-
pocmu, omauiHbie om cpedrezo 3HaveHuA. Makcaean nepevim
Hawen, KAK 3Mu YUCAA MONCHO onpedeasamsb.

BepoaTHOCTb Cny4anHoro cobbitus

B § 4.1 MBI y)Xe ynmoMMHAJ/IM, YTO AJIA ONHCAHUA INOBEeJNEeHHUSA
00JIbIION COBOKYIMHOCTH MoJieKyJ J[»x. MakcBeJlsl BBeJl MOHATHE
BEepPOATHOCTH.

Kakx HeOZHOKPATHO MOAYEePKHBAJIOCH, B IPHUHIIUIIE HEBO3MOX-
HO MPOCJIeAUTH 38 U3BMEHEHHUEM CKOPOCTH (HMJIX UMIYJbca) OZHOM
MOJIEKYJIBI HA IPOTAXKeHUH 00JIBIIOro NHTepBaia BpemeHu. Henb-
34 TAK)Xe TOYHO ONpeAeJIUTh CKOPOCTH BCEX MOJIEKYJ ra3a B JaH-
HBIF1 MOMEHT BpeMeHHU. 13 MAKpPOCKOIINYECKHUX YCJIOBUH, B KOTO-
PBIX HAXOAUTCA rai3 (ompeaesIeHHBINI o0'beM M TeMIepaTrypa), He
BBITEKAIOT C HeOOXOAMMOCThIO ONpeAesIeHHBIe 3HAYEHHUA CKOpOC-
Teilt moJyieKkyJi. CKOpOCTh MOJIEKYJIBI MOXXHO pacCMaTpuBaTh Kak
CIyYaWMHY BeJUUYHUHY, KOTOpad B JAHHBIX MAaKPOCKOIIH-
YeCKUX YCJOBHUAX MOXeT INIPMHUMATL pa3jIN4YHbIe 3HAYEeHUd, IIO-
J00HO TOMY KaK Npu 6POCAaHUHM UTrPAJIbHON KOCTH MOJKET BHINACTH
Jn1060€ YMUCJIO OYKOB OT 1 10 6 (4ncyio rpaHeit KOCTHU paBHO ILIIECTH).
IIpenckasaTh, KaKoOe YHCJI0 OYKOB BhINaJeT NPHU JaHHOM OpoCaHUM
KOCTH, Heans3si. HO BepoATHOCTSH TOro, 4YTo BhINIAAET, CKa-
KeM, IIATb OYKOB, OANaeTCA ONpeeIeHNIO.
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Yo Ke TaKkoe BEPOATHOCTh HACTYIIJIEHHUSA CJYy4YalHOro COOBI-
tuAa? IlycTs nmpomn3BeeHO O4eHb OoJybimoe 4ucjao N HCIHBITAHUMN
(N — uucao 6pocanuii koctu). IIpu atom B N’ ciyuasax umes mec-
TO OJIArONPHUATHHIA MCXOJ HCHBITAHUN (T. e. BBINAAEHHE IATEP-
Ku). Torga BepOATHOCTh JAHHOrO COOBITHS PAaBHA OTHOIIEHHIO
YHCaa cJy4dyaeB ¢ OJMAronpMATHBIM HMCXOAOM K IOJHOMY YHCIY
HCNBLITAHUH NPH YCJIOBHH, UTO 3TO YUCJIO CKOJBKO YTrOAHO BEJIHKO:

’

W= A}LmooTV—' (4.6.1)

AN CHMMETPHYHOM KOCTH BEPOSATHOCTH JIIOO0Oro BHIOPAHHOIO

yucJia o4koB oT 1 1o 6 paBHa 6

Mr1 BUAUM, 4TO Ha (JOHE MHOXKECTBA CHYUYaNHBIX COOBITHIT 06-
Hapy>XUBaeTCA OlpefieieHHAadA KOJIM4YeCTBEeHHas 3aKOHOMEPHOCTD,
MOABJISAETCA YUCIIO. ITO YMNCJIO — BEPOATHOCTHh — ITO3BOJISIET BhI-
YHCJIATH CpeJHUe 3HaueHus. Tak, ecau npousBectu 300 6pocauuii

KOCTH, TO CpeJHee YHCJIO BhHIMAJAHUIN NMATEpPKH, KAK 3TO CJIeAyeT

u3 ¢popmyasl (4.6.1), 6yzer pasuo: 300 - % = 50, npuuem cosep-

meHHo 6e3pas3nnuHo, 6pocats 300 pa3 oAHY U TY 2Ke KOCTb HJIH Of-
HoBpeMeHHO 300 oAMHAKOBBIX KOCTeH.

HecomHeHHO, YTO moBeZieHMe MOJIEKYJ rasa B COCyAe ropasio
CJOXKHee ABM)XKeHUs OpolmleHHOHM uUrpajbHoi KocTu. Ho M 3aech
MOXHO HaJesAThCA OOHADYXXWUTh OIpeAesIeHHbIe KOJNUYeCTBEHHBIE
3aKOHOMEPHOCTH, IIO3BOJIAIOIINE BEIYHUCIATH CTATHCTHUYECKHE
CpeJHue, eCJIM TOJBKO CTABUTH 3aJ]a4y TaAK »Ke, KaK B TECOPHHU UTD,
a He KaK B KJIaCCHYeCKOil MexaHHKe. Hy)XHO OTKas3aThCA OT He-
paspemuMoON 3aja4yM OIpeAeeHUA TOYHOro 3HAYEHHUS CKOPOCTH
MOJIEKYJIbl B JAHHBIA MOMEHT U IIONBITATHCA HAWTU BEPOATHOCTH
TOI'0, YTO CKOPOCTh UMeEEeT ONpeieieHHOe 3HaUYeHue.

Pacnpenenenne monekyn no CKOpoCTaM —
pacnpeaeneHne Makcsenna

MaxkcBeJs1 JONYCTHJI, YTO B radax B COCTOAHHU TEIJIOBOro pas-
HOBECHsA CYIIeCTBYyeT HEKOTOpoe paclpefejieHHe CKOpocTeil, He
U3MEeHsfIoNleecs ¢ Te4YeHueM BpeMeHM, WHBIMH CJOBaMM, YHCJO
MOJIEKYJI, HMEIOIUX CKOPOCTU B 3afaHHOM HMHTEpBaJie 3HaYeHUI,
ocraercA MocToAHHLIM. 1 MakcBesns Hamies 3To pacupeesneHue.

Ho rinaBras saciyra Makcsessa CoCTOsAIa He CTOJNBKO B pellle-
HUH 3TOM 3aa4H, CKOJIBKO B CAMOI TOCTAHOBKE HOBOM Npo6JeMEl.
OH sAcHO oCO3HAJ, 4YTO CJyYailHOE B JAHHBIX MAKPOCKONMUYECKHX
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VCJIOBUAX IOBEJE€HHE OTHAEJbHBIX MOJIEKYJ IOAYMHEHO olipeje-
JIEHHOMY BE€POSAATHOCTHOMY, UJIM CTATHUCTUYECKOMY, 3aKOHY. JTOT
CTATHCTUYECKHI 3aKOH JAJIA pacnpegesieHUsA MOJIeKYJI rasa Io CKo-
POCTAM OKAa3aJICA CPABHUTEJBbHO NPOCTHIM.

HarnapgHo pacnpegeseHue MOJIEKYJ IO CKOPOCTSAM MOXKHO
NpeACTaBUThL cJleayomuM ob6pa3oM. BeiGepeM NpAMOYTroJbHYIO
CHCTEMY OTCUeTa, Ha OCAX KOTOpPOH OyxeM OTKJAABLIBATH IIPOEK-
I[UHU Uy, Uy, U, CKOpPOCTei YacTull. B peaynbTaTe noayuuTcs Tpex-
MepHOe «IIPOCTPAHCTBO CKOPOCTEN», KaXKJaA TOUYKa KOTOPOro COo-
OTBETCTBYEeT MOJIEKYJie CO CTPOTO 3aXaHHOI CKOPOCTBIO U, paBHOM
[0 MOAYJIO OJIMHE paxuyca-BeKTopa, IIPOBeJeHHOro M3 HayaJja
CHCTEMBI OTCUeTa B 3Ty TOUKY (puc. 4.7).

OObmee npeacTaBjieHHe O paclpefieIeHUM MOJIEKYJ IO CKOpOC-
TAM IOJYYUTCH, €CJOM CKOPOCTh Kaao¥ U3 N MoJieKyJ u3obpa-
3UTh TOYKOH B 3TOM IIPOCTpPaHCTBe ckopocreit (puc. 4.8). Touku
OKa)XyTCH PACIOJIOXKeHHBIMH JOBOJIBHO XA0TUYECKU, HO B CpeJHEM
IIJIOTHOCTh TO4YeK OyaeT yORIBATH II0 Mepe yAaJIeHHUA OT Hauaja OT-
cueTa (He Bce 3HAYEHHA CKOPOCTEH MOJIEKYJ BCTpPe4YaloTCA OJHHA-
KO0BO yacTo). KapTrHa pacnpeaeseHns To4eK, KOHEYHO, He fABJIAET-
cA 3acteiBIIeil. C TeyeHneM BpeMEeHU CKOPOCTH MOJIEKYJI 3a CUeT
CTOJIKHOBEHU¥ MEHSAIOTCS U, CJeJ0BATEJbHO, MEHAEeTCS KapTHHAa
pacnpenejieHus TOYeK B IPOCTPaHCTBe cKopocTeit. OgHaKko ee usme-
HEeHUe TAKOBO, UTO CPeAHsA IJIOTHOCTh TOYEK B JII000i obsacTu
IIPOCTPAHCTBA CKOPOCTEl CO BpeMeHeM He OyaeT M3MEeHSAThCH, OHA
OCTaeTCA OAHOU U ToH Ke. IMeHHO 3TO 1 03HAaYAaeT CYIeCTBOBAHUE
onpeZeIeHHOr0 CTATUCTUYECKOro 3aKoHa. CpefHeil IIJIOTHOCTH CO-
OTBETCTBYeT HaulboJiee BepOATHOE paclpeesieHue CKOPOCTeil.

13) 1))
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Yucno Touex AN B HeKOTOpoM MajyoM o6beme Av,Av Av, mpo-

CTPAHCTBA CKOpOCTEeH, OYeBHAHO, PaBHO 3TOMy 06beMYy, IIOMHO-
JKEHHOMY Ha ILIOTHOCTH TOYEK BHYTPH Hero. (AHAJOrHYHO Macca
Am HekoToporo o6semMa AV paBHaA IIPON3BEAEHUIO IIJIOTHOCTH Belle-
CTBa P Ha 3TOT 06beM: Am = pAV.) O6osnauum yepes Nf(v,, vy, ;)

CPEeAHIOI0 IIJIOTHOCTh TOYEK B IIPOCTPAHCTBE CKOpPOCTeH, T. e. YUC-
JIO TOYEK, IPUXOAANINXCA HAa eAMHUILY 0O0'beMa IIPOCTPAHCTBA CKO-
pocteit (N — obuiee yucjo MOJIeKyJ rasa). Torga

AN = Nf(v,, v,, v,)Av,Av Av,. (4.6.2)

dakTnueckn AN — 3TO YHCJIO MOJIEKYJI, IPOEKIUU CKOPOCTeM
KOTOPHIX JIeXKAT B MHTEpBajax 3HaYeHuy ot v, Ko v, + Av,, OT v,
}o v, + Av, u OT v, 10 U, + Av, (PaAUYCHI-BEKTOPBI CKOPOCTEH 3TUX
MOJIEKYJI OKAHYMBAIOTCA BHYTPH 00'beMa IIPOCTPAHCTBAa CKOPOCTeH
Av = Av,Av Av,, nmeromero popmy Kyba (cM. puc. 4.8).

BepoATHOCTH TOro0, YTO MPOEKIMKY CKOPOCTH MOJIEKYJIBI JIeXKAaT B

3aJaHHOM HHTepBaJie cxopoc'ref«'l, pPaBHa OTHOILIEHHWIO YHCJIa MOJie-
KYyJ ¢ JaHHBIM 3HAYeHHEeM CKOPOCTH K IIOJTHOMY YHUCJY MOJIEKYJI.

AW = —AITII.-V = f(v,, vy, V,)AV,Av Av,. (4.6.3)

Pynkuus f(v,, v, v,) HazbiBaeTca GyHKIHeH pacnpesedeHus
MOJIEKYJ IO CKOPOCTAM M IPEJCTaBJIAsAET COO0H NMIOTHOCTHL Bepo-
ATHOCTH, T. €. BEPOATHOCTh, OTHECEHHYIO K eAMHUYHOMY 00HeMy
NPOCTPAHCTBA CKOPOCTEH.

CkopocTH MOJIEKYJI B JaHHBI MOMEHT BPEMEHH B IIPUHIUIIE MO-
ryT OKa3aThcA JI00bIMU. HO BepOATHOCT pa3JMUYKKIX pacrpepee-
HUM CKOpocTell HeoguHakoBa. Cpeay BcexX BO3MC’KHBIX MI'HOBEH-
HBIX pacipejiejeHUN NMeeTCs OZHO, BEPOATHOCTH KOTOPOro 60Jib-
Ime, YeM Bcex APYrux, — HauboJiee BepOATHOE paclpejesieHUe.
MaxcBess1 yCTAHOBUI, YTO QYHKIUA pacnpexgeneHus f(v,, v, v,),

JAalomnias 3TO HaueepoamHeiiuiee pacnpedenerHue ckopocmeii moJe-
kya (pacnpepesieHue MakcBesja), omnpejesisieTci OTHOIIEHHEM

mov?  my 2 4 u2 4 p2
2~ 3 (x tyy *ur)

KHHETHUYECKOH JHEPIrnnu MOJIEKYJIbI v

K cpeJHel 3Hepruu ee TemjoBoro ABuKeHUA kT (kB — mocToAHHAA
BosabiMaHa). ATo pacrnpejesieHue HMEeT BUJ:
myu?
T 2kT
f(v,, v,y V) =Ae . (4.6.4)

3xech e = 2,718 — ocHOBaHMe HATYpAJBHBIX JOrapudmMos, a BeJH-
YyiHa A He 3aBHCHT OT CKOPOCTH.
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(v, § Takum obpasom, 10 Makcsenny,
IJIOTHOCTh TOYEK, M300parkalmmux Mo-
JIEKyJIBI B IIPOCTPAHCTBE CKOpOCTeil,
MaKcuMaJibHa BOJIM3M Hayajia OTcyeTa
(v = 0) n ybsIBaeT ¢ pocToM U, IIpHYEM
TeM OBICTpee, uUeM MeHbllle JHeprus
— =y TEIJIOBOrO ABM)KeHHA kT. Ha pucyHke

0 U= 4.9 IIpeAcTaBjieHa 3aBUCHMOCTh (PyHK-
UK pacnpenesieHUsa [ OT MPOEKLUH U,
IpA YCJIOBHH, YTO IPOEKUUHU U, U U,
no0bie. PYHKIINA paclpejejeHusa uMe-
eT XAapaKTepHYI0 KOJOKo0Jioo6pa3Hyio ¢(opMy, KOTOpas 4YacTo
BCTpPeYaeTcA B CTATHCTHYECKHX TEOPHUAX M Ha3biBaeTCs KPUBOU
Taycca.

ITocTOAHHYI0O A HAXOJAT HU3 YCJOBHSA, YTO BEPOATHOCTh IJA
CKOPOCTH MOJIEKYJIbl UMETh JiI000e 3HaueHHe OT HyJA X0 OGecKo-
HEYHOCTH JOJI)KHA PaBHATHCA eJUHHULe. ITO YCJIOBUEe Ha3biBaeTCsa
YyCJIOBHEM HOPMUDPOBKHU. (AHaJOrM4YHO BEPOATHOCTH BHI-
najgaHusa Jobdoro yucsia oukos oT 1 10 6 npu faHHOM 6pOCAaHHUU UT-
pPaJIbHOM KOCTH paBHa eauHuIle.) IIonHasa BepOATHOCTD ImOJydaeT-
CA CJIOXKEHHEM BEpPOATHOCTEil BceX BO3MOXXHBIX B3aMMOMCKJIIO-
YaoUIUX peajusanui Cay4yanHoro coObITHA.

Cymmupysa BepoATHOCTH AW, BCex BO3MOXKHBIX 3HAUEHUH CKO-

OCTH D;, IOJIVYUM VDABHEHHUE:
i

Puc. 4.9

AW, =Y f(v;,s vy, U;,) AV, AV Avy, = 1. (4.6.5)

! 1]

Beruucians ¢ noMomibio ypaBHeHud (4.6.5) HOpMUPOBOYHYIO ITO-
CTOAHHYIO A, MOXXHO 3aIlCaTh BhIpakeHue JJIs cpeHero 4yunciia yac-
THIL CO CKOPOCTAMH B 3aJaHHOM MHTepBaJie B ciaefyomieit popme:

mgu?
L m “2RT (4.6.6)
AN(U)_N(anT) e Av,Av Av,

3
2

CkopocTps J1000i1 MOJIEKYJIBI B JAHHBIE MOMEHT BpPEeMEHH —
cayuyaitHad BeJquuynHa. [IoaTtomy U camMo paclpeieseHHe MOJIEKYJI
II0 CKOPOCTAM B JJAaHHBINL MOMEHT BpeMeHHU cjy4yariHo. Ho cpexHee
pacipezejieHue, onpejesisieMoe CTATUCTHYECKUM 3aKOHOM, peasu-
3yeTcsa ¢ HeOOXOAMMOCTHIO B OIIpPelesIeHHBIX MAKPOCKOIHYECKHX
yCJIOBHAX U He MeHsieTCs co BpeMeHeM. OgHaKO Bcerja eCThb OT-
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KJIOHeHHUSA OT CpefHMX — (PAYKTyauuu. ITH OTKJIOHEHUSA C
PaBHOM BEPOATHOCTBHIO IPOHUCXOAAT B Ty M B APYTLYI0 CTOPOHY.
VIMeHHO MO3TOMY B CpeHEM HMeeTCs OIpeAesieHHOe paclpeneJie-
HHE MOJIEKYJI II0 CKODOCTAM.

PacnpeaeneHue MoJeKyJ o ckopocTaM MakcBeJja OKa3biBa-
eTcs cIpaBeAJIMBBLIM HE TOJIBKO AJIS Ta30B, HO M AJIA XUAKOCTEHN U
TBEpPABIX TeJ. JIMIIb B TOM cjy4yae, KOrjga AJIA ONMHUCAHUA JBHXKe-
HUA YaCTUIL, HeJib3s IIPUMEHHTh KJIACCHYECKYI0O MEXaHUKY, pac-
npexpesesue Makcsesia repectaeT ObITh BEPHBIM.

PacnpeaenexHne moaynen CKOpocTtehn mMonekyn

Haiigem cpegHee 4HUCI0 MOJIEKYJ, CKOPOCTH KOTOPBIX II0 MOZAY-
JIIO JIeXKAT B MHTEepBaJie OT v 0 U + Av.

Pacnpegnenenne Makcsenna (4.6.4) onpenensier yuciao MoJie-
KYJI, IPOEKIINN CKOPOCTEN KOTOPBIX Jie)KAT B MHTEpBaJax 3Hade-
HUM oT v, Mo v, + Av,, OT v, KO v, + Avy, OT U, 0 U, + Av,. BeKTOpHI
3THUX CKOpPOCTeil OKaHYMBAIOTCA BHYTpu obbema Av,Av ,Av, (cM.

puc. 4.8). TakuM oOpasom 3agaeTcsa cpegHee YHUCJIO MOJIEKYJI,
AMEIONIMX OIpeJeJIeHHBI MOAYJb U ONpeAesieHHOE HamnpaBjeHUe
CKOpOCTeil, 3agaBaeMble IoJOXKeHHeM obbema Av,Av,Av, B mpo-
CTPAHCTBE CKOPOCTEI.
Bce mosekysibl, MOAYJIM CKOpPOCTeH v

KOTOPBIX JIeXKaT B MHTepBaJIe OT U O U +
+ Av, pacroJaraloTcsi B IPOCTPaHCTBeE
CKOpOCTell BHYTpH IIIAPOBOTO CJIOS pa-
ANYCOM U M TojuuHON Av (puc. 4.10).
O6beM IapOBOrO €J0A paseH mpouase- [ [.. -.. [/ .\ |
JeHUIO IJIOINAaAu IIOBEPXHOCTH CJIOA Ha |. O T ;;
ero ToJaIUAY: 4nv2Av. YKcmo MOJeKyI, A '
HaxXOoAALIUXCA BHYTPH 3TOr0 CJOA H,
cJexoBaTeJbHO, obOjazaliux 3afaH- h
HBIMU 3HAYEHUAMHU MOAYJISA CKOPOCTH B
HHTEpBaJe OT v K0 U + Av, MOoXKeT OBITh
HanaeHo u3 ¢popmynl (4.6.2), ecau 3a-
MeHUTb 00BeM Av,Av,Av, Ha oObeM

4nviAv.
TakuM 06pa3oM, HCKOMOe cpeJHee YHUCIO MOJIEKYJ PABHO:

NS

Puc. 4.10

3 m.v?
5 0

) e_sz 4nvAv. (4.6.7)

m
2nkT

AN(v) = Nf(v)4nvAv = N(
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Tak Kak BEPOATHOCTH OIIpeAEeJIEHHOI'0 3HA4YeHUA MOAYJA CKO-

AN
POCTH MOJIEKYJIBI paBHA OTHOIIIEHHNIO T y TO IJIA IIJIOTHOCTH BEepO-

ATHOCTH IIOJIYYUM.

AN Mo \2 ~“2%T o
= 3y s = 4 by e L2 4. L]

)= §¥ap = 4™ ameT v (4.6.8)

I'paduk, BeIpa)kaloIiUil 3aBUCUMOCTh 3TOM (PYHKIMU OT CKO-

POCTH, IIOKa3aH Ha pucyHke 4.11. Mul Bugum, uro GyHKIuA f(v)

HUMeeT MAKCHUMyM y»e He B HyJle, KAK IUIOTHOCTH BE€POSATHOCTH

f(vy, Uys v,). IlpuuuHa aToro coctTouT B ciaexyouieM. IlioTHocTs TO-

YyeK, M300pa’kaloliuXx MOJIEKYJIBI B IIPDOCTPAHCTBE CKOpPOCTe, IIo-
npexxHemy Oyzer Haubosbimeil B6au3u v = 0, HO 3a cueT pocTa

06'5eMOB IIAPOBLIX CJIOEB C YBeJIMYeHHeM MOAyJei ckopocTeii (~ v?)
IIpouCXOAUT yBesndyeHHne pyHkuuu f(v). IIpm aTom umceso Touek
BHYTPH HIAPOBOro CJOA pacrteT ObicTpee, YeM yOmIBaeT GYHKIIMA
f(v,, Uy» U,) BCJIEACTBHE YMEHBIIEHNUA IIJIOTHOCTH TOYEK.

MoxxHO MOACHUTH CKa3aHHOE HArJALHBIM npumepom. Honyc-
THM, OOBIYHYI0O MHIIEHb C KOHI[EHTPUYECKUMH KpyramMu oGcTpe-
JINBaeT AOCTATOYHO METKHH cTpeyoK. [IonagaHusa nmyJyip KOHIEHT-
PUPYIOTCA BOKPYr IleHTpa MHUINeHU. IljoTHOoCTsr momagaHuii —
YHUCJIO MoNnagaHui Ha efUHUIY IJIoIHagl — OyJeT MaKCcHUMaJbHOMI
BOJIM3M IeHTPa MUIlleHU. PasgeinM MUIIEHb HA OTAEJbHEIE Y3KHe
MOJIOCKU IUPHUHON Ax (puc. 4.12, a). Toraa oTHolIeHHe Yucia Io-
najaHui Ha JAHHYIO IIOJIOCKY K ee IIMPHUHe OyJeT MaKCHUMAaJbHO
BOJIN3H LEHTpa MUIIEeHH. 3aBUCUMOCTh OTHOIMIEHUSA YUCJIa Mora-
JaHAM B JAHHYIO MOJIOCKY K ee IIMPHUHE UMeeT BUJ, ITOKa3aHHEIHA
Ha pucyHKe 4.12, 6. 3gechk onATh IIOJIyYaeTCsA rayccosa KpHBas,

fw)h

Puc. 4.11
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AN AN
Ax . Ar i

N

O
P4
o
S

Ax Ar
a) 0) 8)
Puc. 4.12

KaK U A pacnpepesieHus f(v,) Mo MpoeKIUAM CKOpocTed (cM.

puc. 4.9).

Ho coBceM apyroif pesyJbTaT IMOJYYUTCS, €CJIHU NMOACYUTHIBATH
YHCJIO IIONAZAaHUI B pa3jIMyHbie KOJbIla MUIIEeHU. B aTOM cayuae
OTHOIIIEHHE YHCJIa ToNaJgaHuil B KOJIBIIO PAJHUYCOM I K ero mupH-
He rpaduuyeckn GygeT XxapaKTepH30BaThCA KPHBOM, M300paxeH-
HOi1 Ha pucyHke 4.12, 6. X0oTa NJOTHOCTh NMONaJaHUN IO Mepe
yAaJIeHus OT LIeHTpa MHIIEeHH yOhIBaeT, HO ILJIOLMIAAU KoJiell pac-
TYT IIPOMOPIHMOHAJBHO I, YTO K IPUBOAUT K CMEIIEeHUI0 MAKCUMY-
Ma KPHUBOH OT HYJIA.

HaubGonee BeposiTHaR CKOPOCTb MONEKY”N

3Hasa dopmyay (4.6.8) myia IJIOTHOCTH BEPOSATHOCTH MOJXYJie
CKOpPOCTEN MOJIEKYJI, MOXHO HANTH 3HaUEeHHe CKOPOCTH, COOTBETCT-
BYIOIIENl MAKCUMYMY IIJIOTHOCTH 3TOM BepPOATHOCTH*. CKOpPOCTH (ee
Ha3LIBAIOT HauboJee BepoOATHOIH) OKa3bIBaeTCsA PABHOM:

_ [T
Uy = e (4.6.9)

BoabIMIMHCTBO MOJIEKYJI UMEIOT CKOPOCTH, OJIM3KMe K HauboJee
BepoATHOM (cM. puc. 4.11).

* 3TO gejaeTcsA MO NMPaBHJIAM HAXOXKAEHHMS MaKCHMMyMa H3BeCTHOI

dyHkun. Hy»XHO BHIYMCIUTD NPOU3BOLHYIO 3TOM PYHKIIHH 10 CKOPOCTH
U IPDHPABHATH ee HYJIO.
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f(v” Ty< T,< Ty

O (vn.n)l (vn.n)z (vn.n)s

Puc. 4.13

<V

ITo mepe yBennueHusa abcosoTHON TeMnepatypel T HauboJiee
BEpOsITHASA CKOPOCTh YBEJUUYNBAETCA U IIPU 3TOM KPHUBasA 3aBHUCH-
MocTH f(v) craHOBHUTCA Bee 6oJiee criakeHHOM (puc. 4.13).

Ponb GbIiCTPRIX MONEKyn

IIpu g006011 TeMmepaType HMeeTCA HEKOTOPOe KOJUUYECTBO MO-
JIeKYJI, CKOPDOCTH KOTOPBIX, a 3HAYHUT, U KHUHETHUECKHe SHepruy,
3aMEeTHO IIPEBLIMIAIOT CPeaHUE.

HM3BecTHO, UYTO MHOTMe XMMHUYECKHE PeaKI1H, HalIpuMep rope-
HHe OOBIYHBIX BUAOB TOILJINBA (ApoBa, YroJb U T. A.), HAYMHAIOTCH
TOJIBKO IIPH OIpeAesIeHHOM, JOCTATOYHO BRICOKOH TeMIepaType.
JHeprus, HeoOxoguMas IJi HayaJIa npoiecca OKNCJIEHUA TOILIH-
Ba, T. €. TOpeHNA (ee HA3BIBAIOT 3HEepPruel aKk TUBAIMH), UMeeT II0-

panox 107!° [Txx. A mpu Temmeparype 293 K (KoMHaTHas TeMie-
paTypa) cpefHsAs KHHETHYecKas SHeprusa TeIJIOBOro ABHXKEHUS

MOJIEKYJl cocTaBjser npumepHo 5°1072! IIxx. ITosToMy ropexue
He npoucxonur. OfHAKO yBeJHUUYEeHHe TeMIIepaTyphl BCEro JHUIIb B
2 pasa (mo 586 K) BrI3niBaeT BociiaMeHeHue. CpefiHaAs 3HepPrus
MOJIEKYJI YBEJIMUNBAETCA IIPY 3TOM TOXKe B 2 pa3a, HO YUCJIO MOJIe-

KyJI, KHHeTHYecKas 3Heprua KoTopkuIx mpessrmaer 107! Ik, yBe-

nauuuBaeTca B 108 pas. D10 crexyeT s pacnpegenenus Makcse-
na. IToaromy npu remneparype 293 K Bul uyBcTByeTe ceds, UNTasA
KHUTY, KOMPOpPTHO, a npu 586 K KkHKUra HauMHAET ropeTs.

HcnapeHue XHUIKOCTH TaKxKe omIpejesseTca ObICTPEIMHU MOJe-
KyJIaMH IIpAaBOr0 «XBOCTa» MAaKCBEJIJIOBCKOTO paclipefeseHus.
OHeprus CBA3HU MOJIEKYJI BOALI IDH KOMHATHOM TeMIlepaType 3Ha-
yuTesabHO Oosbmie kT. Tem He MeHee ucIlapeHHe NPOMCXOAUT 3a
cyeT HeOOJIBIIOrO YHCJia OBICTPBIX MOJIEKYJ, Y KOTOPHIX KUHETH-
yecKas 3Heprusa npessiinaet kT.
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Makceean omkpbin HOBbLL mun pu3uveckKkozo 3aKoha — cma-
mucmuyeckuil u Hawean pacnpedeseHue MOJEKYL no CKOPOC-
mam. OH omyemau60 NOHUMAL 3HAYEHUE C60€20 OMKDPbLMUA.
B dokanade Kembpudxcckomy guaocopcromy obwecmsey Makc-
gean ckasaa: «fA cuumalo, umo Haulbosee 8axcHoe 3HAYeHue
Oaa pazgumus HAwWux memodo8 MbLULIEHUA MONEKYNADHbLE
meopuu umelm nomomy, Ymo OHu 3acmaeaaom deramsy pas-
auvue mexncody dsymsa memodamu no3HAHUA, KOMOPbLE Mbl MO-
Hem Hazeamb OUHAMUYECKUM U CIAMUCMUYLECKUMY.

§ 4.7. USBMEPEHUE CKOPOCTEW MONEKYJ1 FA3A

OcHo6HOe YpaéHeHue MOAEKYNLAPHO-KUHEMUYeCKOL meopuu
2a308 (4.4.9) 6bi10 noayveHo Ha OCHOBe Modeau udeanbHozo
zasa. Ilpu amom 6btno cOenLAHO HECKOLbKO Ynpouw,anoujux pe-
AAbHYI0 KapmuHy npednoaoxcenuil. Ymobvt ybedumuvca 6 do-
nYcmumocmu cOeAAHHbLX NPEONONONEHUIL, HYNHO NPOBEPUMD
dKCnepumeHmanbHo 6bimekxawujue u3 ypasHenus (4.4.9)
caedcmeun. OOHuUM u3 zaa6HbLX caedcmeuil 0OCHO8H0Z0 Ypas-
HeHUSs MOJEKYNAPHO-KUHemMUYeCcKoll meopuu A8aAemca 3a6u-
cumocmdb cpedHezo Keadpama CKOPOCMU menaoeozo 06uiice-
HuA Moaexkya (Mmukpockonuueckas xapakmepucmuka zasia)
om memnepamypsv. (MAKPOCKONUYECKOU XxXapaxKmepucmukxu
COCMOAHUA 2a3a). ImY 3a6UCUMOCMb U MONHO Nnpoéepumob
aKcnepumernmaJbHo.

CpeaHsf CKOPOCTb TENJIOBOro ABUXEHUSI MOJIEKYJ

M3 conmocraBinenus ypaBHeHus (4.4.9) ¢ TepMOAMHAMUYECKHM
ypaBHEHHEM COCTOSSHHA HJeaJbHOro rasa ObIJIO IIOJIYYEHO BhIpa-
)xkeHUe (4.5.5) xia cpefHeld KNHETUYECKON 3HEPruM IIOCTynaTeb-
HOT'O ABUXKEHUSA MOJIEKYJI:

12
mgv

E = _3
E = —— =5kT.

Orcroza cpefHUl KBaipaT CKOPOCTH MOCTYIATEJbHOTO JBUXKe-
HUSA DABEH:

v2 = 222 (4.7.1)
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KBazpaTHBIII KOpPeHb M3 3TOM BeJIMUYMHEI HA3BIBAETCA C P e A-
Hell KBAJPATHYHON CKOPOCTHBHIO:

5 = o = /‘%T (4.7.2)

CpenHsas KBagpaTHYHAs CKOPOCTh MAJIO OTJIMYaeTcsa OT Haubo-
Jiee BePOATHOH CKOPOCTH, OIIpeesisieMoi BhipakeHueM (4.6.9).
Taxk Kak nmocrosHHasa BoJjibliMaHa paBHa OTHOIIEHHIO YHUBED-

W & A L R
CAJIBHOHN ra3doBOy IMOCTOAHHOH K ITIOCTOAHHOHN ABOI‘&}IpO ( = AT ),
A
a MacCy MOJIeKYJIbI MO>XHO BBIDA3HUTh 4Y€pe3 ee MOJIAPDHYIO Maccy

( my = NM; ), TO U3 QopMyJiHl (4.7.2) monydaercs:

— ,3RT
v = STk (4.7.3)

BrruncienHsle mo 3To popMysie CKOPOCTH U AJA pPa3jJNYHBIX
ragoB npu t = 0 °C (T = 273 K) npuBeneHs! B Tabaune 1.

Tabruya 1
Tas v, M/c Tas v,M/C
Boxopox 1838 Kucnopog 641
A3zor 493 Yraekucanlit ras 393

Kak BuAHO 13 Ta0JHIBI, CKOPOCTH MOJIEKYJI OYEHb BEJIMKH —
NOpSAAKA CKOPOCTH ApPTHJIJIEPUHCKHX CHAPAJOB — ¥ HECKOJBKO
6oJibllIe CKOPOCTH 3BYKa B COOTBETCTBYIOLIEM rase. Ha nmepBuIx mo-
pax TaKON pe3yJbTAT BBLI3BAJI 3aMeIlIaTEJLCTBO cpeau (PU3UKOB.
Beab eciyt CKOPOCTH MOJIEKYJI CTOJIb BeJIMKH, TO KaAK OOBACHUTD,
HanmpuMmep, 4YTO 3alax AYXOB, IIPOJHUTHIX B KOMHATe, pacipocrpa-
HAETCA AOBOJIbBHO MEIJIEHHO; ZOJIXKHO IIPOMTH HECKOJBKO CEKYH],
yTOOBI 3amax pacIpOCTPaHHJICA IO Bceit KoMHaTe. OgfHaKO 00'bAC-
HUTD 3TOT (paKT OKAa3aJI0Ch JOBOJILHO ITPOCTO. MoJIeKyJIklI ra3a, He-
CMOTpPs Ha CBOM MaJiple pasMephbl, HENpPEepPHIBHO CTAJKHBAIOTCSA
Apyr ¢ apyroMm. M3-za 6G0JbHION CKOPOCTH ABUXKEHHUSA MOJIEKYJI
YHCJIO CTOJKHOBEHUH MOJIEKYJI BO3AyXa B 1 ¢ IIPH HOPMAJBHBIX
aTMOC(EepPHBEIX YCJIOBHAX [JOCTHUraeT HECKOJBbKHUX MHJIJIMAPAOB.
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Puc. 4.14

Cpennsaa nnumHa CBOOOZHOrO mpodera MOJIEKYJIbBI OKa3bIBaeTCA

paBuoit 107*—10°cm. II03TOMy TpaeKTOpDMA KaMI0il MOJEKY-
JIBI IpeJCTaBIsieT cO000f OYeHb 3aNyTAHHYIO JIOMaHYIO JHUHUIO
(puc. 4.14). Bosbmue ckopocTu MOJIEKyJa HMeeT Ha NpAMOJIU-
HeMHBIX oTpes3Kax JioMaHoii. IlepemerieHre ke MOJIEKYJBI B Ka-
KOM-JIn00 HalmpaBJIEHHU B CpelHEM HEBEJIMKO Jake 3a BpeMs IOo-
pAAKa HECKOJbKHX ceKyHA. Ilpum nmepememieHMM MOJIEKYJBl U3
TOYKU A B TOUKY B HpOIAeHHEIN €10 NIYTh OKa3bIBaeTCA ropasio
6oJibIIIe paccToAHUA AB.

3dKcnepuMeHTanbHOE onpeaeneHnue CKopocteilt Monekyn

OneITHI IO ONpPEeAESeHUIO CKOPOCTH MOJIEKYJI NOKa3aJH CIpa-
BeJJINBOCTH opmyisl (4.7.3). OauH 13 ONBITOB OBLJI OCYIIIECTBJIEH
HemenKHM ¢pusukoMm O. Illtrepaom B 1920 r.

Cxema ombiTa IOKa3aHa Ha pucyHke 4.15. IIpu6op cocTouT us
cocyza 1, cucremsl guadparm 2, 3 u muianHApa 4, Bpallaiolineroca
¢ 60JIBIION YIJIOBOM CKOPOCTHIO M.

Puc. 4.15

B cocyne 1 maTsiHyTa TOHKasA IJIATHHOBaA IPOBOJIOYKA 5, MO-
KphITasa ciaoeM cepebpa. IIo npoBosiouke MpoOmycKaloT 3JIeKTpUYe-
ckuit ToK. IIpu nmpoxoskieHun Toka cjoii cepebpa MCIApPAETCA U
cocyn 3aloJIHAeTCA ra3oM M3 aToMOB cepebpa. I'as maxomurcsa B
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PABHOBECHOM COCTOAHHMM NpH TeMmmnepaTtype T, KOTOPYIO MOXKHO
U3MEePUTh.

B cTrenke cocyna I nmeeTcsa MaJleHbKOe OTBEPCTHE, Yepe3 KOTO-
poe HeGOoJIBIIoe KOJIMYECTBO aTOMOB cepebpa BhljIeTaeT U3 COCcya B
IIPOCTPAHCTBO, I'Zleé CO3AaH BHICOKHM BaKyyM. 3JieChb aTOMbI IIpakK-
TUYECKH He CTAJKHBAIOTCA APYT C JPYTOM.

C nmomompio auacdparm 2, 3 BhIAEJNAETCA IIYYOK aTOMOB, Ha-
IIpaBJIEHHBIN BJOJIb AUaMeTpa Bpamjamlieroca nuauHapa. B mu-
JIMHAPe HMeeTcA y3Kasa Inesib. B MOMeHT, Korja IieJib OKa3bIBaeT-
cd Ha IYTH IIy4YKa, HeOoJbIasg MopLuAd ATOMOB IIOIajaeT BHYTPb
MUJUHAPA U IBHXKETCA K ero IIpoTHUBOIOJIOMKHOM cTeHKe. Paccros-
HUe, paBHOE AUaMeTpy HMjiIuHApa D, 3TH aTOMBI OPOJIETAIOT 3a

D _
BpeMA T = —, I'ie U — CpeJHee 3HaYeHHe CKOPOCTH. 3a 3TO BpeMA
v

IUJAHAD IIOBEPHETCA Ha YroJl ¢ = T = 9—(_)2 . Ecou 6B1 nuINHAD

OBLJI HEIIOABUKEH, TO ATOMBI OCAaKAAJHUCh ObI HA ero BHyYTPEeHHeMH
IMOBEPXHOCTH IIPAMO NpoTuB 1ean. Ho npu BpaleHnu MUJINHAPA
aTOMBI IIOMAAAIOT HA YYACTOK IIUJIHUHAPA, CMEIleHHBIi Ha paccTos-

Do _ wD? .
5 — 5% OT TOUKH, JieKaIllel Ha OJHOM JMaMeTpe CO

mresab0 3 (cMm. puc. 4.15).

Ha BHyTpeHHe#l NMOBEPXHOCTH IUJIMHApa obOpasyercsa cJej OT
ocaXJeHHOTOo cepebpa B BUJe TeMHOro nATHA. ToJIMHA IIATHA He
Be3ze oaAMHAKoBa. Ha ompenesleHHOM y4acTKe TOJILHHA CJIOA Ce-
pebpa makcuMasnbHa. I3MepHuB AJIHUHY AYTH S, COOTBETCTBYIOLIYIO
HaunOoJIbIIeH TOJIIIUHE CJIoA cepebpa, ¥ 3HAsA AUaMeTp IUJINHApA
1 ero yrjIoByI0 CKOPOCTb, MOXXHO OIpele/;IUTh CPeqHIOI0 CKOPOCTh
MOJIEKYJI 110 (popMmy.Jie:

HHNe s =

- _ D2
b= (4.7.4)
Corsacue co 3HaUe€HHEM CpeJHell KBaJpaTUYHON CKOPOCTH, BHI-
yucJeHHOH o dopmye (4.7.3), OKa3bIBaeTCA BIIOJHE yAOBJIETBO-
PHUTEJNBHBIM. OTO CJIYXKHUT 3KCIIePUMEHTAJIbHBIM JOKa3aTeJIbCTBOM
cupaBegauBocTH ¢Gopmyabl (4.7.3), a 3HAYUT, U BBIPAXKEHUA
(4.5.5), 13 KOTOPOro cJjeAyeT, YTO CpeAHAA KMHEeTHUYeCKas dHep-
rus IpsAMo IPONOPIHOHAIbHA a0COJIOTHOU TeMIiepaType.
N3mepsasa ToNMMHY IATHA cepedpa B pPasHBIX MeCTaxX, MOXXHO
NMPHUOJIU3UTENBHO MMOACYUTATh YHCJIO ATOMOB, CKOPOCTH KOTOPBIX
JIeXKaT B TeX HJH MHBLIX MHTepBajaX. Takum oOpa3oM OCYyILIeCTB-
JISeTCA OIBITHAS MPOBEepPKa MaKCBEJIJIOBCKOTO paclnpeiesieHUs MO-
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JIEKYJ o ckopocTaM. Coryiacue ¢ 3KCIIepHUMEHTOM AJs paclipeje-
JeHuA MakKcBeJljla TaK»Ke OKa3bIBAeTCA YAOBJETBOPHUTEIBHEIM.

CpenHas cKOpoCTb OPOYHOBCKOI YacTuUlbl

dopmyna (4.7.2) no3BosseT NOHATH, MOYEeMY HUHTEHCHUBHOCTH
OpOYHOBCKOTI'0 IBHYXE€HUA BO3pacTaeT C MMOBHILIEHUEM TeMIlepary-
PHI )KUJIKOCTH M YMEeHbIIaeTCHa IIPH YBEJHUUYEHUU MAacCChl YaCTHUIIHI,
Beap 6poyHOBCKAaA YacTHUIla YYACTBYET B TENJIOBOM ABHKE€HHUH MO-
nekyJa. IlosTomy ee cpefHAsA KUHETHUYECKAaA 3HEPTrUsA TaKXKe ompe-
aensiercss gopmyJaiont (4.5.5), a cpeAHAs KBagpaTUYHAA CKOPOCThH —

bopmynon
- _ [3RT
v = )
N Mg

rae mg — Macca GpoyHOBCKOM 4yacTulbl. Eciu macca yacTUllbl Be-

JIUKAa, TO CPeAHASA CKODOCThb €e JBHXKEHUs HAaCTOJIBKO MaJja, 4YTo
ABHIKEHUE YaCTULbl IPAKTHYECKH OOHADY K UTh HEJIb3s.

CkopocTb 6POYHOBCKOM YaCTHIIBI B )KUIKOCTH HU3MEPUTH HEIIO-
CPeACTBEHHO HEBO3MOXKHO M3-3a KpaiiHeil HeperyJsapHocTH Gpo-
VHOBCKOT'O ABH)XEHUA.

CpedHue cxopocmu MOMEKYA npesbllLalOM CKOPOCMb 38YKA U
docmuzaom comen mempog 8 1 ¢c. Idmu ckopocmu ydanrocs us-
Mepumb 6razodapa momy, ¥mo maxpockonuveckomy mery (yu-
LUHOPY 8 onbime IIlmepra) moxHO cOOOULLMb CMOAb 60LbULYIO
Y2108Yi0 CKOpPOCMb, YUMo 3a 8pemsa npoiema MONLeKYl 6HYmpu
YUIUHOpPA OH NOBOPAiUBaeMCA HA 3AMEMHY D 8EAULURY.

§ 4.8. BHYTPEHHAA SHEPIA NOEAJIbBHOIO FA3A

IIpu u3yueHuu menaoevix ABLEHUL HAPAOY C MEXAHUYECKOIL
dHepzueil mea e6sodumcsa HOBbLIL 6Ud IHepZuUU — BHYMPEHHAA
anepzus. Botnucaumev enympennion dnepzulo udeanbrozo za3a
He cocmasasem 60abuUL0zo mpyoa.

HaunGousee nmpocT 1mo cBoMM cBOMCTBAM OJHOATOMHBIM ras, T. €.
ra3, COCTOAILIMK U3 OTAENIBbHBIX aTOMOB, a He MoJieKyJ. OfHOaTOM-
HBIMHU SABJISIIOTCA HHEPTHBIe ra3bsl — Trejuil, HEOH, aproH u Ap.
MoO>XHO NMONYYUTh OJHOATOMHBIN (aTOMAapHBIi) BOZOPOA, KHCJO-
pox u T. 1. OfHaKo TaKue rassl OYAYT HEYCTOHUYMBBIMU, TAK KaK
IIpH CTOJKHOBEHUAX aTOMOB obpasyiorca monekyasl Hy, O, u Ap.
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MoJIeKyJIbl HAeaJbHOTO ra3a He B3aUMOJeNCTBYIOT APYT C APY-
roM, KpoMe MOMEHTOB HeloCPeACTBEHHOI'0 CTOJIKHOBeHUs. IToaTo-
MY UX CpeIHss MOTeHIUaJbHAasA 9HePrus OoueHb MaJa U 6CA IHep-
2usa npedcmasasem cob0ll KUHEMUYeCKYl0 3HepeZulo Xaomuiecko-
20 08uxceHusa Moaexya. 3To, KOHEUHO, CIIpaBeJINBO, €CJIH COCY T C
ra3oM IOKOHUTCA, T. €. ra3d Kak Iliejioe He IBHXXeTcA (ero IeHTp
Macc HaXOJQUTCA B MOKoe). B aToMm ciydyae ynopsagoueHHOe JBUXKe-
HHe OTCYTCTBYET M MeXaHHuecKas 3Heprus rasa paBHa HyJ10. I'as
o0saxaeT sHeprueii, KOTOPYIO Ha3bIBAlOT BHY TP e HH e 1.

1A BBIYMCJIEHUA BHYTPEHHEHN 3Hepruu nuaeajJbHOro OJHOATOM-
HOT'O ra3a Macco¥ m HY>XHO YMHOXHUTh CPEIHIOI0O 3HePruio OJHOTO0
aToMma, BbIpa)kaemyio ¢opmysion (4.5.5), Ha YHUCJIO0O ATOMOB. ITO

m
YHCJIO PABHO MPOU3BEAEHUIO KOJINUECTBA BellleCcTBa V = M Ha II0-

CTOSIHHYIO ABoraapo N ,.

m
YMHOXasa BeipakeHue (4.5.5) Ha MN A» HOJIYUYUM BHYTDEH-
HIOIO SHEPruio HaeaJbHOI'0 OQHOATOMHOrO rasa:

U= RT (4.8.1)

[\ RV)
=3

BHYTpeHHAA 3HepPrud HAEaJbHOTO0 ra3a NnpPAMO IPOIOPIM-
OHAJILHA ero aocoJIIOTHOM Temmeparype. OT o6'beMa raza oHa He
3aBUCHUT. BHympeHHAA IHepzua za3a npedcmaéafem coboii cped-
HI0I0 KUHemu4ecKYlo 3HepzZuio 6cex ez0 amomos.

Eciu meHTp mMacc rasa JBUXKETCS CO CKODOCTBIO Uy, TO MOJIHASA
JHEeprus rasa paBHa CyMMe MEeXaHUYeCKOUN (KMHeTHYeCKOW) aHep-

2
mv
0 .
THM —5— M BHYTPEHHEH dHepruu U:

2
B mvg 3
N 2

> RT. (4.8.2)

m
M

BHYTPEHHAR 3HEPrus MONEKYNSAPHbIX ra3os

BHYTpeHHAA 3HePrua ogfHOATOMHOro rasa (4.8.1) — ato mo cy-
IIIECTBY CPeNHAs KHUHETHYeCKasdA 3Heprusa MOCTYNaTeJbHOTO ABU-
JKEeHUS MOJIeKYJ. B oT/JinuMe OT aTOMOB MOJIEKYJIBI, JIMIIEHHbIe
chepnuecKkoii CHMMETPHH, MOTYT ellle BpamaTeca. [loaTomy Haps-
Iy C KHHETHUUYEeCKOil sHepruei nocTynaTrejJbHOro IBHXXEHUA MoJie-
KYJBI 00J1aal0T 1 KUHETHYECKOH 3Hepruen BpallaTeJbHOTO JBHU-
XKEeHUA.
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B kinaccnueckoi MOJIEKYJISAPHO-KMHETHYECKON TEOPHUH ATOMBI
1 MOJIEKYJIBI pPACCMATPHUBAIOTCA KaK OYeHb MaJleHbKUe abCoII0OTHO
TBepAblie TeJsa. JI100oe Tes0 B KilacCHYECKOM MeXaHHKe XapakTe-
pHU3yeTcs OIpelejleHHBIM YU CJOM CTeIleHeld CBOOOAH
f — uucJIOM He3aBUCHMEIX IIepeMEHHBIX (KOOPAWHAT), OZHO3HAYHO
onpejeAIONIUX MOJIOXKeHHe Teja B pocTpaHcTBe. COOTBETCTBEH-
HO YHCJIO HEe3aBUCHMBIX IBUIKEHHI, KOTOPHIE TEeJIO MOXKET COBep-
IAaTh, TAKXKE PaBHO f. ATOM MOYKHO pacCMaTpPHUBaTh KaK OJHOPOA-
HBIf mIapMK C 4YUCJIOM cTremeHeil cBoboxawl f = 3 (puc. 4.16, a).
ATOM MOXET COBEpPIIATH TOJBKO IOCTYIATeJbHOE ABHXKEHUe II0
TPEM He3aBHCHMBIM B3aMMHO INepHEeHAUKYJIAPHBIM HallpaBJeHU-
aM. JIByxaToMHasi MoJIeKyJa o0sagaeT ocCeBOM cHMMeTpHeit
(puc. 4.16, 6) 1 umeeT NATH cTeneHei cBo6oasl. Tpu cTeneHu cBo-
00oabI COOTBETCTBYIOT €€ IIOCTYIIaTeJbHOMY IABVIXKEHUIO U JBEe —
BpalllaTeJIbHOMY BOKDYr ABYX oOcCel, NepNeHIUKYJISPHBIX IPYr
APYTY X OCH CHMMETPHUH (JIMHUH, COeAUHAIOUIEeN I{eHTPhI ATOMOB B
MoJIeKyJje). MHoroatoMHas MoOJIeKyJia, MOLOOHO TBEPAOMY TeJay
NPOU3BOJIbLHON (POpMBI, XapaKTepHU3yeTCA IIeCThI0 CTEeNeHAMH
cBobognl (puc. 4.16, 8); HapAAy C HNOCTYHATEJbHBIM JIBHUXXEeHHEM
MOJIEKYJla MOJKeT COBepIIaTh BpallleHHWs BOKDPYr TpPeX B3aUMHO
MepneHaAUKYJSAPHBIX ocei.

f=3 f=5 =26
a) 0) 8)
Puc. 4.16

OT uucna cremeHeil cBoGOABI MOJEKYJ 3aBHCUT BHYTDEHHAA
dHeprusa rasa. BciaencTBue moJyiHOM 6eCHOPAJOYHOCTH TEMJIOBOT'O
ABVIKEHUS HU OAVH U3 BHJOB JBUIKEHUSA MOJIEKYJIbl He UMeeT Ipe-
uMyIiecTBa nepexn apyrum. Ha xa)kayio crerneHp ¢cBoGOABI, COOT-
BeTCTBYKOIIYIO IIOCTYIATEeJbHOMY HJM BpallaTeJbHOMY JABHXKe-
HUIO MOJIEKYJI, MIPUXOAUTCA OHA U TA YK€ CPeAHAA KHHeTH4YecKas
aHeprusa. B aToMm cocTouT TeopeMa 0 PaBHOMEPHOM pacHpexeJe-
HUM KHUHETHYEeCKOH 3HEepruy Io cTeleHAM cBoGOALI (OHA CTPOro
AOKAa3bIBAETCA B CTATUCTHYECKOIN MexaHHKe),
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Cpe,zmsm KHHeTH4YeCKas 3Heprus rnocCTynaTeJbHOro ABHXXEeHHN

3
MOJIEKYJI PaBHa 5 kT. ITocTynaTeJbHOMY ABHXKEHHUIO COOTBETCTBY-
IOT TPH cTeneHu cBo6oAbl. CiefoBaTeIbHO, CPeAHAA KMHETUYEeCKas
sHeprua E,, NpUXOIAmMAACA Ha OHY CTelleHb CBOOOJbI, PABHA:

Eo = 5 AT. (4.8.3)

Ecnu aTy BeMYMHY YMHOMHUThL HAa YHMCJIO CTelleHeil cBOOOAHI U
YHCJIO MOJIEKYJI ra3a Maccoil m, TO NOJYYUTCA BHYTPEHHASA dHep-
rusA NPOU3BOJILHOIO UeaJlbHOIO rasa:

v=L2npr. (4.8.4)

NI~
qE

Jta dopmysa orauuaercs oT dopmynasl (4.8.1) gaa oxHOATOM-
HOT'O ra3a 3aMeHOM MHOXXUTeJsA 3 Ha MHOXKHUTeJb f.

BrhympenHnasa anepzus udeanbHozo 2a3a NPAMO NPONOPYLOHALL-
Ha abconlomHoll memnepamype u He 3agucum om obsema zasa.

§ 4.9. NPUMEPDbI PELLEHUA SANAN

IIpu pemeHnun 3axady Ha IPUMeHEHUE MOJIEKYJIAPHO-KHUHETHYe-
CKOM TeOpHH HJeaJIbHOro rasa HCIOJIB3YIOTCA OCHOBHOE ypaBHe-
HUe KHHEeTHUUYecKoi Teopuu rasos B ¢opme (4.4.9) unu (4.4.10) u
BHITEKAIOI[HE N3 HEro BBIPAKEHUA IJIA CpefHell KUHETHYEeCKON
dHeprum MoJiexkya (4.5.5) u cpeaHell KBaApaTHYHOH CKOPOCTH
(4.7.2) unu (4.7.3). 3HaUNUTEIBHOE KOJHUYECTBO 3aKad yA0OHO pe-
mIaTh, UCHOJB3YA popmyay (4.5.6), cBA3LIBAIOIIYIO AaBJeHUE ra-
3a C KOHIEHTpaluel MoOJIeKYyJl U abGCoOJIIOTHOH TeMIlepaTypom.
BHyTpeHHAs oHeprus HAeaJbHBIX OJHOATOMHBIX rasoB (HampH-
Mep, MHEPTHBIX I'a30B) BhRIUNCAAeTcA 110 popmye (4.8.1).

3apnaua 1

Yemy paBHa Macca rasa, COIep’Kalllerocsi B 3aKpbITOM LUJINHL-
pe Bmecrumoctsio V = 0,5 i1, ecin naBieHHe raza p = 5 10°Ia, a
CpPeAHAA KBaJApaTHYHAaA CKOPOCTh MOJIEKYJ U = 500 m/c?

Pewenune. CorysiacHO OCHOBHOMY YPaBHEHHUIO MOJIEKYJIADPHO-
KUHEeTUUYEeCKOi TeOpHuu
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1 -1
p=gmenv® = zpv*,
rie p = myn — NIOTHOCTh rasda. Ho p = %, rae m — Macca rasa,
aV — ero o6sem. Iloaromy
_1m-3
p= 33 Ve,
OTkyna
m="2" _3.10%kr.
v2
3apava 2

B Bosayxe npu t = 27 °C B3BelleHbl NBIIWMHKH chepHUECKOit
dopmsel. Paguyc nensok r= 1078 M. ITnoTHOCTS BelecTBa MBLIN-

HOK p = 1,3 103 kr/m3. OnpegenuTe cpeaumit KBagpaT CKOPOCTH
IIBIIMHOK.

Pewexue. IIBITMHKY IPUHUMAIOT yYacTHe B ODOYHOBCKOM JABH-
xeHnu. CpegHU KBAApPAT CKOPOCTH NMBIIMHKHU

Y 3kT
V¢ = —,
Mg
rie mg — Macca IbITUHKH.
CinenoBaTesbHO,
- 9kT
v2 = =~ 2,3-107%m?/c2,
4nrdp /
3apaua 3

B cocyne naxoaurcsa 1 i Bogel npu Temmneparype 27 °C. Kakum
ctayo OBl JaBJieHHe BHYTPH COCYAA, eCJIM 6bI CUJIBI B3aUMOJEHCT-
BUSA MEXAY MOJIEKYJIaMH BHE3aITHO Mcue3n?

Pewenue. IIpu ncue3HOBEHUH CHJI B3AUMOAEMCTBUSA MEXKAY MO-
JIEKyJIaMM BOJa IIpeBpaTUJiach Obl B uAeaJbHBIA rad. JlaBieHue
MOXKHO HANTH IO YPaBHEHUIO COCTOSHMA UIealbHOro rasa;

p= %7 ~ 1370 aTm.
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3apnaua 4

IIBa cocyzna, cogep)auinx pasjMdyHble ra3bl, COeJUHEeHbI TPyO-
KO# ¢ KpaHOM. [laBJIeHUe ra3a B IIePBOM COCYyZe Py, & YMCJIO MoJIe-

KyJa N,. JlaBieHue rasa BO BTOPOM COCYJ€ Py, HUCJIO MOJEKYa N,.

Kakoe gaBieHne yCTaHOBUTCS B COCyAax, €CJIU OTKPBITH KPaH CO-
efuHUTeNbHO! TPpyOKku? TeMepaTypy CUUTATh IOCTOAHHOM.

Pewenue. CorsacHo dopmyie (4.5.6)

pl = nlkT n pz = nsz,

rae
N, N,
n,= = ,Ny,= o
1 Vl 2 V2
(3mecy V;, u V, — o6'beMBl COCYyZ0B).
CnenoBaTenbHO,
pVy = N,kT,

ITocne Toro xak KpaH 6yIeT OTKpPHIT, AaBJIe€HUsS BHIPABHAIOTCA
U UCKOMOe JaBJIeHUe COrJiaCcHO ToH ke ¢opmye (4.5.6) onpexne-
JILTCA YPABHEHUEM:

p(Vy +Vy)=(Ny + NykT.

IloacraBasA cioga BhIpaXKeHUA AJMA 00beMOB M3 MpeAbIAYINX
dopmya, HOoNydUM:
_ P1P2(N1 +N,)
PNy +pyN,

3apnava 5

IInoTHOCTS rasa B 6aJIsIOHE ra30MOJIHON 3JI€KTPUYECKOH JIAMITBI
p = 0,9 kxr/m%. IIpu ropeHuu naMIEl faBIeHHe B Heil BO3POCIO C
p;=8- 10 ITa xo py =1,1:10°ITa. Ha CKOJBKO YBENIUYMIACH IIPU
9TOM CPeAHsAs KBaApPaTHYHAsA CKOPOCTh MOJIEKYJI?

" Pewenue. I11oTHOCTD rasa p = myn, ¥ OCHOBHOE ypaBHEHHUE MO-
JIEKYJIAPHO-KMHETHUYECKOH TEOPHH MOYKHO 3alIMcaTh B popMe

puv.

Ol =

p=
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IToaTtomy

- ’3171 - ’3P2
vl = T ’ vz = T ’

OTKyZaa

1.

D, — D, =£(@-@) = 90 m/c.

YnpaxHeHue 3

IIpu KakKoil TeMmeparype MOJIEKYJIbl KHCJI0POLa UMEIOT TAKYIO
)Ke CPeJHIOI KBaJpPaTUYHYIO CKOPOCTh, UTO ¥ MOJIEKYJIBI a30Ta
npu Temneparype 100 °C?

Ha cTenky miomazpio S HajJeTaeT IMIOTOK MOJIEKYJI CO CpefHel
CKOpOCTBhI0O U. YHCJI0 MOJIEKYJ, ABHXKYIIUXCA IO HaImpasJe-
HUIO K CTeHKe, B eJUHUIle 00’beMa Ny, Macca KaXxJoil MOJIeKy-
Jabel my. Haiaure melcTBYIOINYIO HA CTEHKY CUJIYy W JaBJIeHUeE,
€CJIM MOJIEKYJIBI ABUXKYTCS NMEePHNeHAUKYJIAPHO CTeHKe U yaaphl
MOJIEKYJI O CTeHKY abCOJIIOTHO Heylpyrue.

Kakoe JaBJleHUe Ha CTEHKH COCya MPOU3BOAUT BOLOPOJ, €CJIM
uucsio Mmonekys B 1 cm® pasHo 4,1 - 1018, a cpennsas kBagpaTHy-
Haf CKOpocTs ero moJiekya 2400 m/c?

OnpenenuTte YMCJIO MOJIEKYJ KHUcjaopoaa B 1 M3, ecsiu gaBneHue
paBHo 77 klla, a cpegHAA KBagpaTU4YHas CKOPOCTh €ro MoJie-
Kya 400 m/c.

OmnpepennTte MJIOTHOCTD ra3da, MOJEKYJIbBI KOTOPOT'O IPOU3BOAAT
Ha CTeHKHU cocyjna nasyieHue 1,6 10°I1a. CpepsHAa kBagpaTUd-
Hasa ckopocTh moJyeKkys 800 m/c.

KakoBa cpegHsas KBaApaTH4YHAaA CKOPOCTh MOJIEKYJI ra3da, KOTO-
perit 3aHuMaet o6beM 1,3 M2 npu gaBnenuu 5-10%ITa? Macca
rasa 60 r.

. B nuanHape BMeCTHUMOCTHIO 1,2 J1 colep»XUTCA ra3 moja gasJe-

auem 10° ITa. CpenHee 3HaueHNe KHHETUYECKON d3HEPIUH KaX-
moit MosieKkybl paBHO 6+ 1072! IT»k. CKOIBKO MOJIEKYJI ra3a Ha-
XOAUTCA B LUJIHUHADE?

. CKONTbKO MOJIeKYJl BO3AyXa BBIXOAUT U3 KOMHATHI o6beMoM V),

P NOBBILIEHHUH TeMmnepatrypel or T, mo T,? ATmocdepHoe
AaBJIeHHE PABHO P,.

IInoTHOCTH cMecH a30Ta ¥ BOAOPOAA pu Temnepatype t = 47 °C
U naBjeHuu p = 2 at™ paBHa p = 0,3 r/x. HaliguTe KoHIleHTpa-
LMY MOJIEKYJ a30Ta ¥ BOLOPOJa B CMECH.
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10.

11.

12.

13.

Amnyna o6bemoMm V = 1 cm®, comeprkamas Bo3gyx mnpu HOp-
MaJIbHBIX YCJIOBMAX, OCTaBJIeHa B KocMoce, rpe AaBjeHHe
MOXKHO CYMTATH PaBHBIM HYJ1I0. B amnyie npoaenaHo orsepc-
THe. Yeped KaKoe BpeMs JaBJIeHHE B aMIIyJjie CTaAHET PaBHBIM
HYJIIO, €CJIM CYUTATH, YTO Yepe3 OTBEPCTHUE KAXKIAYI0O CEKYHAY
Beltetaet 100 maH Mosekyn?

IIpy noBBIIIEHMH TeMIepaTyphl ujeaJbHOro rasa Ha 150 K
CpefHAA KBaApaTUUYHAA CKOPOCTH €ro MOJIEKYJ BO3pocja ¢
400 go 500 m/c. Ha ckoJbKO Hago HarpeTh 3TOT ras, YTOOBI

VBEJIMYUTH CPEAHIOI KBaAPATHYHYIO CKOPOCTBH €ro MOJIEKYJI
oT 500 xo 600 m/c?

N3sMeHUTCA 1 BHYTPEHHSsA JHEPrus HJAeaJlbHOro rasa IIpH
ero U30TepMHUUYECKOM CXKaTUun?

OgHOaTOMHBIN ras, HaXOAALIUIHACA NPH MOCTOAHHOM JaBJie-
HAU p = 2-10%ITa B UUJIUHApPE IO IOPINHEM IJIOIIAaAbIO
S = 160 cmM?, HarpeBaeTCs TaK, YTO HOPIIEHb IEePEMeIaeTcs

Ha paccrosgsHue Ah = 15 cm. Haiigure naMeHeHue BHYTPEeHHEHN
SHEepruu rasa.



fnasa 5
3AKOHbI TEPMOOAUWHAMUKHA

Tennosbie AB8NEHUSA MOWCHO ONUCLLBANMDb C NOMOWbLIO BeLUYUH
(MaKpockonuyeckux napamempos), pezucmpupyemovix makxu-
MUu npubopamu, KAK maHomemp u mepmomemp. mu npubopbi
He peazupyilom Ha 6030eiicmeue omdeabHbix monekyn. Teopus
menJao8blx Npoyecco8, 8 KOMOpPOiL He Yyiumbléaemcsa MOoaeKy-
AAPHOEe cmpoeHue meJsr, Ha3bieaemcs mepmodunamuxoi. O0
amom Yxce ynomuHaaocv 8 znaee 1. B amoii 2zaase mepmodu-
Hamuky mbl 6ydem usyvameo.

§ 5.1. PABOTA B TEPMOAVWHAMUKE

B znaee 3 mb. NO3HAKOMUAUCHL C PA3AUYHbLIMU npoyeccamu,
npu KOmopbulX MeHAemcsa CoCmoAHue mepmoOuHaAMUYECKOll
cucmenmbvl. Y Hac peib w.aa npeumyuiecmeeHHo 06 u3MeHeHUU
cocmosanua uleanbHozo 2a3a npu uslomepmuieckom, usobap-
HOM U U30XODHOM Nnpoyeccax.

Ansa Oanvreilwezo paccmomperus mepmoduHamMuiecKux npo-
yeccos HYXHO OemanbHo uccaedoéambv, 8 pe3yabmame KaKux
8HeW HUX 68030eilcmeull mMoxem MeHAMbCA COCMoOAHUe AI0001
mepmodunamuieckoiL cucmemv.. Hmeemca d8a cyujecmaeHHO
pas3auinbix 6uda 6o3deiicmeuil, Komopbie npueodam K uame-
HeHUI COCMOAHUA CucCmeMbl, m. €. K U3MEHEeHUI0 mepmoOuHra-
MuvecKkux napamempo8 — 0OaéieHus p, o6zema V, memnepa-
mypvt T, xapaxmepu3dyrowux cocmoanue. ITepébiit u3 Hux —
amo coeepueHrHue pabom bl
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Pab6oTta B MexaHuke u tepMmoanHaMuke

B MexaHHKe paccMaTpuBaeTcs ABHXKEHNE MAKPOCKOMIUYECKUX
tes1. PaboTra ompenenseTcs Kak IIPOM3BeJeHHEe MOAYJIEH CHJIBI U
IepeMeneHnsa ¥ KOCHUHYca yrjia MeXXy HanpaBJIeHUAMHU CHUJIBI U
nepemenieHusa. Pabora coBepmaeTcsa Npu JeMCTBUY CUJBI NN He-
CKOJIBKMX CHJI Ha JBHXKYyllleecd MaKPOCKOMHUUYECKOoe TeJIO ¥ paBHa
H3MEHEHUIO ero KHHEeTU4YeCKO¥ aHepruu.

B repMomuHaMUKe JBU)KEeHUeE TeJja KakK ILeJIoro He paccMaTpu-
BaeTcA M pedyb UJET O IEpeMellleHHH YacTell MaKpPOCKOMUYECKOr'o
TeJia APYr OTHOCHUTEJBHO Apyra. IIpu coBepirenun paboTsl MeHs-
eTcs 00'beM TeJsia, a ero CKOPOCTh OCTAaeTCA paBHOM HYJI0. Ho cko-
POCTH MOJIEKYJI Tejia, HaIIpUMep rasa, MeHsoTcA. [loaToMy MeHs-
eTcsa U TeMIlepaTypa TeJa.

IIprnymHA COCTOMT B CJEAYIOLIEM: IIPH YIPYTUX COyAapeHUsAX
MOJIEKYJI ¢ ABMIKYILIMMCSA IOPIIHEM (IJIs cIydasa C)KaTHA rasza) ux
KHHeTUYeCKad dHeprusa nsMeHsercs. Tak, Ipu ABU)KEeHUU HaBCTpe-
Yy MOJIEKYyJIaM IIOpIIeHb BO BpeMfA CTOJKHOBEHHI IIlepefaeT UM
YacTh CBOEV MeXaHHYeCKOH 3HEPruHu, B pe3yJbTaTe uero ras Harpe-
BaeTcA. I[lopmens geicrByeT nogobHo Gyrdonucry, BecTpevaoeMy
JIETAIIUIA MSAY yJapoM HOTH U coO6LIAoIeMy MAYY CKOPOCTH,
3HAYUTEJIbHO O0JIBIYIO TOM, KOTOPOH OH 06Jsafgan no yaapa*.

U waobopoT, ecsu ra3 paciuiupsieTcs, TO I0cJe CTOJIKHOBEHUSA C
yAaMAUIUMCA IOPIIHEM CKOPOCTH MOJIEKYJI YMEHBIIAIOTCsA, B pe-
3yJbTaTe 4ero ras oxjakaaercsa. Tak ke JgelicTByeT QyTOOJHCT:
YTOOBI YMEHBIIUTh CKOPOCTb JIETSAIIEro Madya UJu OCTAHOBUTD €ro,
Hora (pyTOosucTa ABUIKETCA OT Msida, Kak Obl ycTyInas eMy ZOpOry.

HNrak, npu coBeplieHHH paboThl B TEDMOAMHAMHKE MeHsSeTCHA
COCTOAHVE MAKPOCKOIIMUECKHUX TeJI: MeHsieTCcA UX o6'beM U TeMIle-

partypa.

BbiuucneHue paborbl

BeryucauM pabGoTy B 3aBHCHUMOCTH OT U3BMEHEHHA oObeMa Ha
npHMepe rasa B HWJIKHADe oA mopiuHeM (puc. 5.1). IIpome Bcero
BHavaJie BEIYMCJINUTh He paboTy cuisl F, nelicTByioeii Ha ra3 co
CTOPOHBI BHEIITHEro Teja (MOPILIHA), a paboTy, KOTOPYIO CoBepIIa-
eT caM ras, JeiiCTBys Ha IopiIeHb ¢ cuyioi F'. CoryacHo TpeTeemy
3akoHy HrloTona F = —F’,

* 3agaua 06 U3BMEHeHHH CKOPOCTH LIIADHUKA NPHU YIIPYTroM COyAapeHHH
ero ¢ ABHXKyLuelca cTeHKoi nmoapo6Ho paccMoTpeHa B § 6.12 «MexaHu-
KH» (3agauya 5).
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mim ] !
B _j . [l | A
| Il |
=, I—»
F F
Ah hy Ah . by
AN TN - o
oo™ by
- A
Puc. 5.1 Puc. 5.2

Moayns cunbl, KeHCTBYIOLIE CO CTOPOHBI rasa Ha IIOPLIEHb,
paBeH F' = pS, rae p — naByieHHe rasa, a S — Imjomajb oBepx-
HocTH nopmH4A. IIycTs ras pacmupsieTcs ¥ NopluieHb CMeLaeTcs B
HanpaBJIeHHH CUJIBI Ha Majioe pacctossiHue Ah = hy, — h,. Ecau me-
pememeHue Majad, TO AaBJIeHHE rasa MOXXHO CYUTATh NOCTOSH-
HBIM.

Pa6ora raza paBHa:

A’ = F’Ah =pS(h2 - hl) =p(Sh2 - Shl). (5.1.1)

3Ty paboTy MOXXHO BEIPA3HUTh Yepe3 M3MeHeHHe oObeMa rasa.
HauaneHbiit 06beM V| = Sh,, a KoHeuHslit V, = Sh,. [loaTtomy

A" =p(V, - V) = pAV,

rae AV =V, -V, — uameHenue o6oemMa rasa.

I[Ipn pacmupeHHH ras coBeplIaeT IOJOXKHUTeJbHYIO paborty,
TaK KaK HallpaBJIEHUA CUJIbI U IIepeMellleHU s IIOPIIHA COBIALAIOT.

Ecsu ras cxxumaerca, To dopmyia (5.1.2) gns pa6oTs! rasa oc-
taeTcA crnpaBeanusoil. Ho remepr V, < V,, u mostomy A’ < 0
(puc. 5.2).

Pa6ora A, coBepliaeMas BHEIIIHUMH TeJJaMH HaJ ra3oM, OTJIU-
yaeTcA OT paGoTel rasa A’ TonrbKO 3HaKOM: A = —4A’, TAK KaK CUia
F, peiicTByrollas Ha ras, HalpasJjieHa IIDOTHUB CUJBI F’', a mepeme-
IleHHue OCTAaeTCs TeM JKe caMbIM. [lo3aToMy pa6oTa BHEIITHUX CHJI,
JeHCTBYIOIINX Ha ras, paBHa:

A=-A"=—pAV. (5.1.8)
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3HaK MUHYC yYKa3bIBaeT, YTO NPH CXKATUM rasa, korga AV =
=V, -V, <0, pabora BHemHeil cuibl monoxurenbua. IlonaTxo,

noyeMy B 3TOM ciy4yae A > 0: npu cXKaTUM rasa HanpaBJIeHUSA CH-
JILI U IepeMelleHUs cosnagamoT. [Ipy pacmupeHuu rasa, Haobo-
poTt, pabora BHemIHUX TeJ oTpunarenbHa (A < 0), Tak kak AV =
=V, -V, > 0. Tenepr HannpaBJeHUA CUJIbI U IIEPEMEIEHUS NPO-
THBOMOJIOMX HHI.

Breipaxkenusa (9.1.2) u (5.1.3) cripaBeIUBbI HE TOJBKO IIpH
CKaTUM HJM pacUIMpeHUM rasa B HNUJIUHApPE, HO U NPHU MAaJoM
n3MeHeHUH oObeMa b0l cucteMbl. Ecnu nmpouecc u3ob6apHBIN
(p = const), TO 3TU HGOPMYJIBI MOXKHO IPUMEHATDL U AJA OOJBIINX
M3MeHeHUu obbemMa.

FeomeTpuyeckoe mcrtonkosaHue padoTbi

Pabore rasa A’ gas ciaydyasi IOCTOAHHOIO JaBJEHUA MOMHO
JaTh IIPOCTOE I'eOMeTpUUYeCKOe HCTOJIKOBaHHUeE.

IToctpoum rpaduk 3aBUCHUMOCTH JaBJIEHHs rasa oT o06beMa
(puc. 5.3). 3gecs mromagb NpAMOYroJbHUKA abcd, orpaHUYEHHAA
rpadukoM p, = const, ocblo V 1 orpeskamu ab U cd, paBHbIMHU JaB-

JIEHHUIO rasa, YUCJIEHHO paBHa pabore (5.1.2).

o
r) i I
. b d
e
o 7 //ﬂffc v ’ /
0 av1 %/{,: v
Puc. 5.3 Puc. 5.4

B ob6mem cinydyae mpu npou3BOJIBHOM H3MEHEHHU o0'beMa rasa
JaBJeHUe He OCTaeTcA HensMeHHbIM. Hampumep, nmpu #©30TepMU-
YeCKOM Ipollecce OHO yObIBaeT 00paTHO NPOMOPLHOHAJIBHO 00B-
emy (puc. 5.4). B atom cayuae Ays BEIYUCIEHUA PaGOThI HYXKHO 00-
Iiee U3MeHeHUe oObeMa pa3fesIUThb Ha MaJible YaCcTU, BBIYUCJIUTH
3JleMeHTapHbIe (MaJsble) paboThl, a IOTOM BCe UX CJOXKUTH. Pabora
rasa Io-mnpeKHeMy OyZeT YHCJI€HHO paBHAa ILIoIagu GUryphl, Or-
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paHMYeHHOI rpad®HUKOM 3aBUCHMOCTHU p oT V, ockio V 1 oTpesKamMu
ab u cd, paBHBIMHM JaBJIEHUSIM D; U P, B HAYAJIbHOM U KOHEYHOM
COCTOSTHUAX.

Pa6oma eHewHell cunbl, usamenalowell o6sem za3a Ha AV, pas-
na A = —pAV. Pa6oma camozo za3a A’ = —A = pAV, z0e p —
daseaeHue zaasa.

§ 5.2. KOJIMMECTBO TENNOTHI

ITpu cosepwenuu pabombt npoucxodum nepemeuwjerHue MaKpo-
CKOnuYecKux meJa, Hanpumep nepemeuwjenHue nOPULHA npu
caamuu zai3a, paccmomperHom 6 npedvidyuem napazpage.
ITpu makxom nepemeweruu u3mensemca cocmosanue zaia. Ho
U3MeHUmMb COCMOoAHUE Meaa MO}CHO Oe3 cosepulenus pabombot,
npocmuvim HAZpeBAHUEM.

CocTosAHMe rasza B IMJINHApe OyaeT MEeHATHCH, -
eCJIA IOpIIeHb 3aKpPEelUTh U HArpeBaTh ras Npu
nmomomu ropeaku (puc.5.5). Ob6beM rasa npu
3TOM He MeHAeTcs, HO TeMIlepaTypa U JaBJjieHUe
yBeJUUYUBAIOTCA. B TaKUX caydasax roBopsAT, 4TO
cUcTeMe NepefaHO HEKOTOpoe KOJHUUYeCTBO
TEemJOTBI. OTO €CTh BTOpPOil cnoco6 u3MeHe-
HUA COCTOAHUSA TeJl.

TepMUH «KOJHUYECTBO IlepeJaHHOM TEIJIOThI»
UJIM, KOpOuYe, «KOJHUYECTBO TEMJIOTHI» BO3HUK B
Te BpeMeHa, KOrJa TeIJI0O paCCMaTPHBAJIOCh Kak
HEeYHUUTOXKHUMAA MKHUIKOCTb — TeIlJIOpoJ, CIO-
coOHas ImepeTeKaTh OT Teja ¢ 6oJsibllel TeMmepa-
TYpOi K TeJy ¢ MeHbIeil Temnepatypoit. Cuura-
JIOCh, UTO 4YeM GoJiblIIe B TeJle TeIJIOpPoJia, TeM BhI-
Ile ero TeMIepaTypa, a KOJHYeCTBO TeIJIOTHI,
ImepefaHHON TeJly, NMOHUMAJIU KaK KOJUYECTBO
IepeTeKIlero K HeMy Temnjopoja.

B neiicTBUTENBHOCTH, KAK MBI TellePh XOPOIIIO 3HAEM, HUKAKOMH
HeYHHUYTOXXHUMOM KUAKOCTH — TeIljlopoja — He cymecrByeT. Ha-
rpeBaHHe TeJla O3HAYaeT yBeJIMYEHHE CKOpOCTeil ero MoJeKyJ.
[Ipu B3auMOAENCTBUU MEAJEHHBIX MOJIEKYJ XOJIOZHOM CUCTEMBI C
0oJiee OBICTPBEIMH MOJIEKYJIAMU ropAYeil Ha rpaHUIle CUCTEM IIpo-
HCXOAUT BhIpABHHBaHUE KHHETHYECKUX 3Hepruit Mmojexkys. B pe-
3yJBTaTEe CKOPOCTHU MOJIEKYJI XOJOAHOH CHCTEMbI YBEJINUYNBAIOTCA,
a ropsivel — yMeHbIIAIOTCA.

143



KanopumeTtpuuyeckue onbiThbl

ITono6HO TOMY Kak M300peTeHHe TepMOMeTpa IMO3BOJIUJIO JAThb
omnpejieIeHHe TeMIIePATYPhl, IOHATHE KOJUYECTBA TEIJIOThI IIprob-
peJsio TOUHBIM CMBICK ITOCJie M300peTeHUss KaJopuMeTpa —
npubopa, B KOTOPOM MOYKHO HaOJII0AaTh TEIJIo00OMeH MeKAy TeJa-
MU, N30JIMPOBAHHBIMHY OT B3aUMOIEHICTBUSA C OKPYKaloleN CpeRou.

BoabpMeM 00JBINION TOHKOCTEHHBIN METaJIJIH-

a YecKHUM cocyn, nMeomuid GopMy cTakaHa. ITOT

CTaKaH IIOCTaBMM Ha KYCOYKH IPOOKHM BHYTDb

] apyroro, 60JbIIIero cCTaKkaHa Tak, YTOOBI MeXAY

T35 CTAKaHaMM OoCTaBaJIcA cjiol Bo3ayxa. CBepxy 3a-

: KpoeM o0a cocyxa KpuImKo# (puc. 5.6). ITo He-

CJIOKHOE YCTPOICTBO U MpeACTaBIAeT co00ii Ka-

JopumeTp. OH CKOHCTPpYHPOBaH TaK, UYTOOLI MaK-

CHMAaJIbHO YMEHBIIIUTH TeILIOOOMEH COAePsKHUMOro
BHYTPEHHEro CTaKkaHa C BHeIlIHeil cpeon.

HasweMm B KajJloOpuMeTp BOAY, Macca KOTOpPOH

Puc. 5.6 m, u TeMneparypa t;, a 3aTeM 100aBUM B HETro BO-

JbI Maccoil m, ¥ TeMneparypou t,. Ilycrs ¢, > ¢,.

B cocyne HauHeTCs TenJI0o00MeH, U CIIyCTA HEKOTOpPOe BpeMs ycTa-

HOBUTCS COCTOAHME TEIJIOBOI'O paBHOBecus — 00e IMOPIIMU BOILI
IIPUMYT OJMHAKOBYIO Temneparypy ¢. OueBupro, t; <t <i,.

HNzmeHeHMe cOCTOAHUA 00eMX IMOPIMI BOABI MOXXHO OTHECTH 3a
cyeT TOTO, UTO NepBasA MOPLHUSA MOJYyUYNJa HEKOTOPOe KOJUYECTBO
TEIJIOThI, a BTOpas ero orgajga. dacTh TEemJIOThl OyaeT mepegaHa
CTeHKaM caMoro xajgopuMmeTrpa. Ho ecam ero macca Bo MHOro pas
MEHBbIIIe Macc /m; U m,, TO MOKHO NpeHeO6pedr HarpeBOM CoCy/a,
He JOIIYCTHB IIPHU 3TOM 60JIbIION omuOKHU.

Kak BuauTe, onblT KpaiiHe npoct. Ho nmoHazobuiock HeMaJio
OCTPOYMHSA M HACTOHUYMBOCTH, YTOOBLI C IIOMOIIBIO 3TOr0 U MOJ006-
HBIX €My OIILITOB OOHAPYXHUTh COXpPaHEHHe HOBO¥, HEM3BECTHOU
paHee BeJIHUYHHEBI. [Ipexkae Bcero 66110 3aMeUe€HO, YTO AJISA JAHHBIX
Macc BOALI M, ¥ M, IPU JI00BIX 3HAUEHUAX HAYAJbHBIX TeMIepa-

Typ t; U t, BHIIIOJIHAETCS 3aMeuaTeJIbHOe IO CBOeil IIPOCTOTe pa-
BEHCTBO:

i W (5.2.1)
to—-t my’ -

IIpnuem 3aMeTbTe, HUKTO He 3HAJ, YTO JAOJI)KHA CYLIECTBOBATh
Kakasa-JInbo mpocTad CBA3b MEXKAYy U3MEHEeHUSIMHU TeMIepaTyp H
MaccaMH. B HaxX0KIeHUH MOAOOHBIX MMPOCTHIX CBS3el U 3aKJII0Ya-
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eTCcs OJHA M3 CTOPOH TaJIaHTa ydeHoro. Pacmosaras KaJOpHUMeT-
POM, BBI CAMH JIEF'KO MOXKeTe yOeJUThCA B CIIpaBeJJIMBOCTH PaBeH-
ctBa (5.2.1). CymecTBeHHO, 4To Gopmy.ia (5.2.1) BEINIOJSIHAETCA HE
TOJIBKO AJIsI BOABI, HO U JJIA JIFO0O0M *KUJKOCTH.

Tenepp YCJI0XXHUM OnbIT. BMeCTO BTOPO# IMOPIUHK BOJALI ONyC-
THM B KaJIOPUMETP KYCOK JKeJjiesa Maccoil m,, TeMnepaTypa KOTo-

poro t, > t,. C TeueHHUeM BpeMeHH ONATH YCTAHOBUTCA PaBHOBEC-
Hoe cocToAaHMe. Ho cBA3b MexxkAy TeMIepaTypaMH M MaccaMH
Ooyzer uHoIi. B mpaBoit uacTu BeIpakeHud (5.2.1) moaBUTCA Koad-
dumueHrT k:

Pt

i~k (5.2.2)

ITOT K03 PUIMEHT MOXKHO OoNpeaenuTh, U3MepuUB ¢t U 3HadA I,
ty, My U m,. Ero 3HauyeHHe ocTaeTcss HEUM3MEHHBIM IIPH JIOOBIX
Maccax ¥ HadaJIbHBIX TeMIlepaTypax BemjecTB. Ho eciu B3ATH
BMECTO KeJjie3a aJJIOMUHHUI UK BMECTO BOABI MacJjio, TO 3HaUeHUe
aToro KoapduuueHra oyger npyrum. Orcioga MOXXHO caeJIaTh BHI-
BOJ, YTO KOHEUHAs TeMIlepaTypa B KaJopuMeTpe 3aBUCUT He TOJIb-
KO OT Macc m; ¥ m, BelleCcTB, HO ellle OT CrueluPUUYeCKUX TeILIo-
BBIX CBOMCTB CaMMX BeIlleCTB. Ty 3aBUCHMOCTh H XapaKTepuayeT
Ko3ddumueHr k.

Tak Kak AJs OXMHAKOBBIX BelecTB £ = 1, To 3TOT Ko3addumu-
€HT MOXXHO 3aInMcaTh B BU/le OTHOIIEHUSA BEeJIUYUH C, U C;, XapaK-

TEPU3YIONIUX TEIJIOBEIE CBOMCTBA BeIeCcTB (HampuMep, Keje3a U

m
’ 2 e
Boabl). Hapsaay ¢ oTHomeHueM macc -— B IIPABCH YaCTU PABEHCT-
1

c
2

Ba (5.2.2) AOMKHO CTOATH OTHOIIIEHHE polie k.
1

Konunuectso Tennotbl. YpasHeHue tennosoro 6ananca

O6osnauuM H3MeHeHHe TeMIepaTyphl BOABI uepes At, =t — t,,
a U3BMEHEeHMe TeMIlepaTypHI KeJie3a uepe3d At, =t — t, (At, <0, ecan
t, > t;). Torna ypaBuenue (5.2.2) MoxHO 3anucaTh B Gopme

At1 B Com,

-At, cym,
U
cym At + comyAt, =0, (5.2.3)
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PaseHcTBo (5.2.3) umeeT xapakTep 3aKoHa coxpaHeHusa. Cym-
Ma ABYX BEeJHUYHH, OJHA U3 KOTOPBIX OTHOCHUTCSA K IIepBOMY TeJay,
a fpyrasgd — KO BTOpPOMY, BCerja paBHa HYJII0 He3aBHUCHUMO OT Macc
TeJI, UX TeMIepaTyp ¥ BelOopa map Tes. Boay u kese3o MBI BeJb
BbIOpAaJIX ITPOU3BOJILHO.

Ha3zoseM @, = c;m;At; KOJIHUYECTBOM TeIJOTHI, MOJYyUYEeHHBIM
BOJOM, a @, = c,m,Al, — KOJHUYECTBOM TeIlJIOThI, OTAAHHBIM XKe-
Jie3aoM. Torga MOXXHO YTBEPKAATh, YTO KOJIHYECTBO TEIIJIOTHI B Ka-
' JIOPUMeTPHYECKUX OIEITAX COXPAHAETCA:

Q1 + Qz =0. (5.2.4)

B paBenctse (5.2.4) @, > 0, Tak kak At; > 0 (Boja Harpejach OT
TeMIlepaTypsl ¢, o TeMiepaTypsl t > t,). Bropoe e ciaraemoe @,
OTPHUIATENBHO (@, < 0), Tak kak At, < 0.

Taxum o6pa3om, IOJIyYeHHOE TEJIOM KOJHYECTBO TEIJIOTHI IIO-
JIOXKHUTEJIbHO, & OTHaHHOe — OTPUILATEJIbHO.

KosnuecTBO TeNnyJOThHI, OTAAHHOE OAHKM TEJIOM, PABHO IO MOJAY-
JII0 KOJIMYECTBY TEIJIOTHI, MOJYYEHHOMY APYTHM TeJIOM. Y paBHEHME
(5.2.4) HaspIBaeTCA YPaBHEeHHUEeM TenJoBoro 6amsaHca.

HTtak, MBI BBeJIH HOBYIO BEJIMYUHY — KOJIMYECTBO TEIJIOTHI:

Q = cmAt (5.2.5)

B ob6mem cayuae Tensoo6MeH OCyHIEeCTBJIAETCHA MEXAY MHOTH-
MM TeJIaMU U YpaBHeHUe TellJIOBOro 0ajiaHca 3alnyuIneTcs Tak:

Q+Q,+@;+..+Q,=0 (5.2.6)

3xech @, @, Q3, ... @, — KOoJIMYeCTBA TENJOTHI, NOJTyYEeHHEIE
NJIU OTAAHHEIE TeJaMU.

TennoemMkocCcTb

BrissicHuM (pu3nyecKUii cCMbBICI BeJUYUHEI ¢c. Eciu Macca Tesa
pPaBHA eJUHUILIE U TeMIlepaTypa MeHseTcA Ha eIUHUIY, TO corJac-
HO popmyie (5.2.5) BeIHUMHA ¢ YUCJIeHHO PaBHA KOJIMYECTBY Tell-
aoTel. TakuM 060pa3oM, MOCTOTHHAA ¢ YMCJIEHHO PaBHA KoJIMYe-
CTBY TeIJIOThbI, KOTOPOe HY’KHO COOOLIMTH eJMHHIle Macchl Belle-
CTBa, YTOOBI H3MEHHUTH ero temmneparypy Ha 1 °C. 9Ty BeJJUUHHY
Ha3bIBAIOT YA EJbHOMN TENJOEMKOCTBHIO BEIIECTBa.
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OHa xapaKTepuayeT TeIlJIOBble CBolcTBa BemrecTBa. KosuuecTBo
TEeILJIOTEI, HeoOXoAuMoOe AJis YBEJUUYeHUA TeMIepaTypel Ha OXUH
rpagyc y TeJjia IIPOM3BOJIBHOH MacChl, Ha3bIBAIOT T e I J O e M-
KOCTH IO JAHHOTO Te Ja. TerIoeMKOCTh OJHOT'O MOJISI BeIlleCT-
Ba HA3BIBAIOT MOJAPHON TENJOEMEKOCTH IO,

B onmeiTax mo HaGiOneHHUIO TensiooOMeHa MeXXAY TeslaMHM, Kak
MBI BHeJIY, KOJIMYEeCTBO TeIlJIOTH coxpaHsercA. I MeHHO Ha OCHO-
Be 3TOro (paKkTa BO3HHKJIA T€OPUSA TEMJIOpPOJa, B KOTOPO! TEeIio
paccMaTpHUBaJIoOCh KaK HEYHUUTOXKHMAas, HeBecoMasd XUAKOCTH.
C TOukM 3peHUs TEeOPHH TeIJIOpPoJa TeIJIOEMKOCTh aHAaJIOTUYHa
0OBIYHOIM eMKOoCTH cocyaa. IIogro0HO TOMY Kak IPU IIepeJIuBaHUU B
COCYJl HEKOTOPOT'O KOJINYeCcTBa YKUIKOCTH YPOBEHb €€ B COCyhe II0-
BbIilIaeTCA TeM OOJIbIlIe, YeM MEHbIIIe ero IolnepeyHoe cedyeHUe
(ero eMKOCTB), TaK COOOIIIEHME TeJIy JAHHOrC KOJINYeCTBa TeIlJIOTHI
TeM OOJIbIIEe YBEJUUYHUT ero TeMIepaTypy, ieM MeHbllle TeIlioeM-
KOCTb TeJia.

dna naMepeHUs IepefaHHOTO KOJHWUYECTBA TENJIOTHI Obljla BBe-
JeHa clelnyaJbHasd efUHUIla — KaJadopwusa. ITod kaxropueir no-
HUMAJAO0Cb KOUYECMB0 menJaombl, KOMOpoe HYMIHO coobuumb
1 r 800bt, umobvL ysenuvumsv ezo memnepamypy Ha 1 °C. Takum
o6pa3oM, YAeJIbHYIO TEIJIOEMKOCTEL BOABI 11O OIIpeaeJIeHUIO IPUHH-
mauy paBHoit 1 kaun/(r- °C).

KanopuMeTrpuuyecKre OIBITHI NO3BOJAIOT ONPENEeSIUTH YAeNb-
HYIO TEIIJIOEMKOCTbD Jilo6oro BemtectBa. IJs 3TOro Hy»XHo IpocJie-
OUTH 384 TEIJIOOOMEHOM HCCJIELyeMOr'o BeIlIecTBa C BOAON, yIeJb-
Has TeIlJIOEMKOCTh KOTOpPO# ¢ NpUHATA 3a efusuny. YIs ypaBsHe-
HuA (5.2.3) caenyer:

_clml(t -17)
my(t-t,)

cy = : (5.2.7)

Bnocnencrsuu (cM. caenyouiuii maparpad) IpAMBIMY ONBITA-
MM OBLJIO JOKA3aHO, YTO KOJHYECTBO TEILJIOTHI COXPAHAETCSH TOJIb-
KO IIpM OlpeJieJIeHHbIX ycaoBUAX. OTKpPbITHE 3TOrO hakTa npuse-
JI0 K rubenu Teopuio Teropona. Ho cosganHas Bo BpeMeHa ee roc-

IMIOACTBA TEPMHUHOJIOINA, OTHOCAIIAsAICA K TEIIJIOBBIM IIpolieccaM,
ocTtaJjiachb.

Hazpesanue unu oxnaxdenue mena c843aH0 ¢ nepedaueil Ko-
auvecmea menaomslt @ = cmAt. Ilpu kanopumempuyeckux
onbLLmax KOoAuYecmeo meniombs. COXPAHACMCA.
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§ 5.3. SKBUBAJIEHTHOCTb KOJIMHMECTBA TENNOTbI
U PABOTbI

Hcmopuueckuil npoyecc u3yieHus mennosbvlx A8AEHUIL, npu-
éedwull kK opmyaruposxe 3aKOHA COXPAHEHUA IHepzuu, Obll
daumenvhvim u mpyonvim. Jo cepedunbr XIX 6. pazsumue
MEXAHUKU U meopuu mennodvlx A6JeHUIL WA0 8 OCHOBHOM He-
3asucumo. Pa3znuunvt Gbiau memodvl uccnredosanus mMexaHu-
YeCcKUX U menosvlx A6JeHUll, cnocobb. u3mepeHus u eOuHU-
Ybl. maKux 8eJUMUR, Kax paboma u KoJUYecmeo menJombl.
OzpomHnbuLili npozpecc 8 npedcmasneHuax o npupode menaombl
Obin docmuznym moezda, kozda 6bl10 00KA3aAHO, ¥MO npu men-
J000MeHe COXpaHsaemcsa IHepzus, a He 0coboe sew,ecmeo —
menaopoo.

HarpeBaHue Tesia, Kaxk MOKa3ajy 3KCIIEPUMEHTEI, MOXKET IIpo-
HCXOLUTH 0e3 cOOOIIeHU A eMy KaKoro-Jinbo KoJIM4YeCcTBa TEMNJOTHI,
a TOJIBKO 3a CUET COBepIIeHNA paboThsl. Y6eAUTHCA B 3TOM HETPYA-
HO. BosbMuTE OGBLIKHOBEHHYIO PE3UHKY U 3HEPTHYHO IIOTPUTE €10 O
croJ. IIpnnokuB nocje 3Toro pe3UHKY K IeKe, Bhl OOHaApy»KHUTe,
YTO OHA HarpeJachk.

B Gosnpminx macuaiTabax HabGurogan nmogoOHoe ABJIEHUE elie B
1798 r. B. Pymdopx. IIpu cBepieHNMH NyLIEYHOro CTBOJIA, KOTO-
poe MPOM3BOAUNIH C IIOMOINBIO JIOLIAJel, BpallaBIIUX OoOJIbIIOE
Tymoe cBepJio, Pymdopa ycneBas BCKUNATUTH IIOCTABJIEHHBIN Ha
CTBOJI KOTeJ ¢ Bogoi. Pymdopa npeanosioxui, 4To BoJga Harpena-
eTCsA B NIpoliecce coBeplIaeMOi IIpU CBepJIeHHU paboThl.

HU3BecTHO, 4TO 6€3 CMa3KH, YMEHbIIAKIIEe TpeHe, paboTa CHJI
TPEHHA NPUBOAUT K TAKOMY HarpeBaHMIO, YTO IIJIABATCS ITOALIMII-
HUKHU (HannpuMep, y KOJIeHYaToro Bajia aBTomMobusns). B coBpeMeH-
HBIX OBICTPOPEXXYILIMX CBEPJINJIBHBIX U TOKAPHBIX CTAHKAaX Harpes
CBEepJI 1 pe3I0B HACTOJIBKO BEJIMK, YTO AJISE UX OXJIAXKJEHHUS IIPHU-
MEHAIOT CIIelMaJIbHbIE YKUAKOCTH.

C noMoIIpI0 TPEHUSI CYXHX KYCOYKOB JepeBa MOYKHO JOOBITH
OroHb, T. €. HarpeTrhb JepeBO OO TeMIepaTyphbl, IIpeBHINIAIOMIEH
TEeMIIEPATYpPY ero BOCILJIaMeHEeHUA. ITO YMeJIO HCII0JIb30BAJIH IIep-
BOOBITHBIE JIIOJU.

IlepeuuciieHHBIe BhILIE ¥ MOAOOHBIE UM MHOTOYYCJIEHHBIE OIIBI-
Thl IOKAa3aJIk, YTO KOJHYECTBO TEIIOTHI COXPAHAETCA TOJIBKO IpPH
Tersioo6MeHe, Koria He coBepuiaerca pabora. KosnuecTBo Teniors!
He ABJIAETCSA HeYHUUYTOXKMMON U HECOTBOPHUMOM »XKMIKOCTBHIO, OHO
npeacrasJyiser cob6oi BeJIHUYUHY, POACTBEHHYIO paboTe. OquHaKO-
BOe IOBBIIIEHHe TEMIIEPATYPHI TeJla MOXKeT ObITh BLI3BAHO KaK IIe-
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penadeil HEKOTOPOTO KOJIMYECTBA TEIJIOThI @, TAK M COBEPILIEeHUEM
orpeneseHHoi paboTel A. Ho pa6oTa B MexaHnKe paBHA U3MEHEHUIO
sHepruu cucreMsbl., [loaTomy Konruvecmeo menaomoel, KAk u pabo-
my, Hado cuumamov Mepoil USMEHEHUS IHEPZUL CUCMeMblL U 8blpa-
Jcambv ee 8 mex e eduruyax, ¥mo u pabomy, m. e. 8 OHOYAAX.

OnbiTbl [xoyns

ITepBble TOYHBIE ONBITHI, JOKAa3LIBAIOII[He SKBUBAJEHTHOCTD KO-
JIMYeCTBa TEIJIOTHI, IepPelaHHOro TeJy, ¥ PaboThl, OLIJIM BHITIOJIHE-
HbI aHrauiickumM yueHsIM [. [[»xoynem B cepenune XIX B.

HNHuTepec K npobiieMme BriepBble BO3HUK Yy [[2KOYJIA 13 3HAKOMCT-
Ba C 3JIEKTPUYECKUMH JBUTATEISIMH, KOTOPHIE TOJIBKO UYTO OBLIH
n3obperennl. [:Koyapr OBLI UYeJIOBEKOM BechbMa IIPAKTHYECKOI'O
CKJIaJla YMAa, U ero yBJIeKJIa e Co3JaTh BeUHbIN HCTOYHUK dHEP-
run. OH N3roTOBHJI BOJILTOBY OaTapero, 3allyCTHJI OT Hee IIPHMHU-
TUBHBIN 3JIeKTPOABUTaTeNbL COOCTBEHHOM KOHCTPYKIIMH U YBUAEN,
YTO IIOJYYUTHL HEUYTO M3 HUYEero He yJaeTcdA: IIMHK B OaTapee che-
najica U 3aMeHa ero ob6xoauiack HoBOJbHO pgoporo. (Ilos:ke
II>Koysn1b mokKasajl, K CBOeMy COOCTBEHHOMY YJIOBOJLCTBHUIO, UTO
OPOKOPMUTH JIOIIAAh BCerja AelleBjie, YeM MEeHATh IIMHK B OaTa-
peAx, TaK 4UTO Jiouiagb HUKOrAAa He OyZeT BLITeCHEeHAa 3JIeKTPOABU-
raTeseM.) 1o nobyzmnio IKoyaa uccaegoBaTh CBA3b MEXKAY Tell-
JIOTOM U 3Heprueil Bcex BHUAOB, 1 OH PEIINJ BBIACHUTDH, CYILeCTBY-
eT JI TOYHOEe KOJIMYECTBEHHOE COOTHOIIEeHHe MEeXXAY TeIlJIOTOH M
MeXaHU4YeCKOU sHeprueu.

JI?KOYyJIb IPOBeJl MHOI'O Pa3jIMYHBLIX 3KCIEPUMEHTOB. B ogHOM
U3 HUX OH M3MepAJ yBeJIMUeHHe TeMIEepaTyphbl DTYTH B KaJOpPH-
MeTpe IIPU BpallleHUH JIoNacTei, KOTOphle IIPHUBOAUJIINCH B JBUKE-

Axoyas Mxerimc IIpeckorr (1818—
1889) — Brigaromuiica asrauicKuii gu-
3UK, OIUH U3 NePBOOTKPLIBATEEH 3aKOHA
coXpaHeHUsA dHepruu. [[HKOyab IepBHIM
OCYIIIeCTBUJI OUE€HBb TOYHEIEC N3MEPEHUS Me-
XaHUYEeCKOT0 3KBHUBAJIEHTa TelnoTel. Ha-
paay c¢ 9. X. JleHnieM yCcTaHOBHJI 3aKOH
AJIA onupeleseHNus KOJUYeCTBA TeIlJIOTHI,
BBIZIeJIAEMON 3JIEKTPUYECKHUM TOKOM (3a-
koH [[xxoyna—Jlenua).
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Puc. 5.7

HHe OIlyCKAIINUMUCA rpy3amu (puc. 5.7). B Hauajie ¥ KOHILEe OIIbI-
Ta rPy3bl, JIOIIACTHU U PTYTh B KajiopuMeTpe (puc. 5.8) HaXOqUINCh
B IIOKOE, TaK YTO UX KMHETHYeCKas SHEPrusi 3a BpeMs OIILITA He
MeHsJachk. 3Hasg paboTy, coBeplIaeMyi0 rpy3aMH IIpH IBHXKe-
HUU*, 1 u3MepAd yBeJHdeHHe TeMIlepaTyphl IPpU TPeHHUH Jomac-
Tell 0 pTYTh, I2KOYJb IIpULIe]l K CIeAYIOIeMy pe3yJabTaTy: IIpHu
coBepmreHun paborsl 4,2 2K IpOMCXOAUT TaKoe Ke IOBBIIIeHUe
TeMIIepaTypbl, KaK M IIPU COOOIIEHNH TEeJy KOJUYEeCTBA TEIJIOTHI,
paBHoro 1 kai.

MexaHunyeckuii 3KBUBaJIGHT TenJoThbl

MHorouncJieHHbIe MOCHeAyIomue ombIThl camoro [lxkoyasa u
IPYTHX YUYeHBIX MMOATBEPAUJIN CAeJJaHHBIN BbIBOA. BHLIO 3Kcnepu-
MEHTAJILHO JOKA3aHo, YTO KaJOpHUA eCTh He YTO MHOe, KaK TeILIo-
BasA egmHMIa 3Heprum. BenwuwnHa 4,2 [I)k/kan (unu, TOUHee,
4,1868 JI>x/kaJy) monydymjia Ha3BaHNEe MeXaHHNYEeCKOro 3 K-
BUBAJeHTAa TEIJOTBHI: 3TO IIepeBOJHOM MHOMKHTENb U3
TeILJIOBLIX €INHUIL B MeXaHNYeCKue**,

B CU kKosmn4ecTBO TEIJIOTHI BHIPAXKalOT B OMKOYJIAX, a
YAEeJbHYIO TEIIJIOEMKOCTh — B N K OYJAX Ha KUJOTrpaM M-

KeJbBHH. [[JIg BoAbl yaeabHas TEIJIOEMKOCTh IPUMEpPHO paB-
Ha 4190 Ik /(kr * K).

* Jta pabora B yCJIOBUAX OoNbITa [[3KOyJis paBHAJIACh U3MEHEHUIO II0-
TEHIMaJbHOM 3HEePruy rpy30B IIPHU ABHIKEHUH UX BHHUSI.

*% 1. I>koyab moayuusa 3Hadenue 4,155 [»k/kan. CroneTHUIT ONBIT
YCOBEPIIEHCTBOBAHUS TEXHUKH U3MEPEHUH YIyUIINI pe3yabTaT [xoyiisa
MeHee yeM Ha 1% . IsaMepenus [Iokoyiis ObIIM BbINOJHEHBI C 3aBUAHON
TOYHOCTLIO.
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Koauuecmeo nepedannoii menaomb. 0Ka3aJloCb IKEUBA-

JAeHMHbM pabome: MexXaHUYECKUl IKBUBAJEHM menaombl
4,2 JI»x/xkaiu.

§ 5.4. 3AKOH COXPAHEHNSAA SQHEPTUN.
BHYTPEHHARA QHEPTUA

Ha ocnosanuu onbtmos [Jaucoyara u 6ecLucieHH020 MHONHCECm-
8a Opyzux HalbarwldeHuil, nymem 0600ujeHus OnbLMHbLX (Pak-
moé Obll CHOPpMYAUPOBAH 00UH U3 Hauboaee PyHdameHmanrb-
HbLX 3AKOHO8 (PU3UKU — 3AKOH COXDAHEHUA IHep2Ul.

3aKoH coxpaHeHus IHepruu

OnpiTel J[)KOYyJIsA U APYrux y4YeHbIX yOeAUTEJLHO AOKAa3au,
YTO MeXaHW4YeCcKas 3HEeprus HUKOrja He Ipomanaetr OecciegHO.
OnyckaloTca rupu, Bpalalolie JONacTU B cocyle C pPTYyTblo, U
TeMIlepaTypa PTYTH MOBHIIIAETCA HA CTPOro OonpeaeeHHOe YHUCJIO
rpaaycoB. ITagaeT MOJIOT Ha KYCOK CBMHIIA, U CBHHeI] HarpesaeTcs
BIIOJIHE OIIpeZieJIEHHBIM 00pa3oM.

Brln ciesaH BHIBOJ: 9HEpPrus B NIPpHUpoOJe He BO3HMKAEeT U3 HHU-
Yyero ¥ He Mcye3aeT: KOJIHYEeCTBO IHeprun HeuaMeHHo. OHA TOJb-
KO IepexXoxIUuT H3 OAHOH (opMbI B APYTYIO.

3aKOH COXpaHEHUA JHEPruu YyIpaBJsAeT BCEeMU SBJIEHUAMH B
NPpUPOJie U CBA3LIBAET UX BoeAWHO. OH BRINMOJIHAETCA Bcerga: He
U3BECTHO HU OJHOrO cJly4yas, Korjga Obl OH ObIJI HAPYIIEeH.

Ecsu B MexaHVKe 3aKOH COXPaHeHUsA ObLI IMONIYYEeH U3 3aKOHOB
HrioToHa, TO 00LMI1 3aKOH COXPAHEHUS IHEPril, BKJIIOYAIONIIUN
Bce ee GOpMBI, ABJIAETCA ONBITHHIM (3IMIUPHUYECKHUM) 3aKOHOM. OH
Onls1 OTKPHIT B cepearHe XIX B. HeMelIKUM yueHBIM P. Maiiepom*,
aHrauiickuM ydyesHbIM [[. J[)koyJseM M moJy4uuJ HauboJjiee MOJHYIO
dopMyIMPOBKY B Tpyaax HeMelkoro ydyeHoro I'. 'enrbMroJbiia.

* Bo BpeMs npe6GbrIBaHUA B TponuKax (ocTpoB f1Ba) B KauecTBe CyL0OBO-
ro Bpaya Maiiep npu anuaeMuu Jero4Hbix 3a60jeBaHN JIeYHUJT MOPAKOB
OOBIYHBEIM B TO BpeMA MeTOAOM: OOUJILHBEIM KPOBONYCKAHHEM U3 BEHBI PYy-
ku. OH o6paTj BHUMaHHUeE Ha TO, YTO 1{BET BEHO3HON KPOBU 3HAYUTEJILHO
cBeTJIee, YeM IPH IJaBaHUHU B CeBepHBIX MIHpoTax. Ee MOXKHO cnyTaTs ¢
aprepuasbHOi. MexXAy pasHOCTBIO TEMIIEPATYP TeJla U OKPYIKalolleil cpe-
Abl U CTEIIeHbI0 OKUCJIEHUsI KPOBH CYIeCTBOBaJIa OUeBHAHAA CcBA3Bb. OT-

ciona Maitep caesias BeIBOJ O CBA3H MexAY norpebseHneM nuiu u obpa-
30BaHHEM TeIJIOThl B OpraHuame.
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BHyTpeHHASa 3Heprus

Bce Makpockomnuyeckue Teja HapAAY C MEXaHUYECKOM IHepru-
eif 06JI1agaloT elle 3Hepruen, saBUCAILle OT BHYTPEHHEro COCToA-
HUA TeJ. ITY S9HEePTrHuIo Ha3bIBalOT BHYTpeHHeH. OTKpBITHE 3aKOHA
COXPaHEHUA 3HEPruM OKAa3aJIOCh BO3MOXKHBLIM JIMIIL IIOCJIE TOrO,
KaK OBbLJIO JOKA3aHO CYLI[eCTBOBaHNE BHYTPEHHeil 9Hepruu.

IIpu HarpeBaHuY PTYTH B onbITax J[»KOyJid ee BHyTPEHHAA 3HEP-
rufA yYBeJIMUYMBAJIACH 3a CUET YMEHBLIIIEeHUSA MeXaHNYeCKOH 3Hepruu
onmyckamImuxca rups. [Ipu pabore mapoBoit TypOuHBI, Ha060pOT,
MeXaHUYecKas SHEPrusa MOABJISAETCA B pe3yJbTaTeé YMEHLIIEHUA
BHYTPEHHEe! 3Heprum mnapa.

HabGuaronaTe npeBpallleHre BHYTPEHHEM 3Heprud B MexaHHYe-
CKYIO MOKHO Ha IIPOCTOM onbITe. Ecyin HarpeBaTs BOAY B MpOOUDKe,
TO BHYTPEHHAA 9HEPrus BOAbI HAUHET Bo3pacTraTh. Boja 3akunur, u
JaBJIeHME Iapa YBEJIWYUTCA HACTOJIBKO, UTO ITpoOKa OyaeT BuIOUTA.
KunHeTnueckasa sHeprua NpoOKHM yBEJIWYMJIACh 3a CUYET BHYTPEHHEeH
aHepruu napa. Pacmupsscey, BOgAHOI Iap coBepiuaeT paboTy u ox-
aaxaaercsa. Ero BHyTpeHHAA 9HEPTHUA IIPHU 3TOM YMEHBIIAETCA.

C TOYKM 3peHHUus MOJIEKYJISIPHO-KUHETHYEeCKOH TeopuH BHYT-
PEHHAA 3HEeprud MAaKpPOCKOIMYECKOro Tejia paBHA CyMMe KHHe-
THYECKHX 3HEPrHi XaoTHYE€CKOro ABHKEHHA BCEX MOJIEKYJ (MIH
aTOMOB) OTHOCHTEJIBHO I[€HTPa MacC Tejia* M IOTEeHIMAJbHBIX
dHEpPrui B3aMMOJEHCTBHA BCE€X MOJIEKYJ APYT ¢ ApPyroM (HO He C

Maiiep IOamyc PoGept (1814—1878) —
HeMellKMil Bpay M 3aMevyaTeJIbHBIA ¢u-
3uK. Maiiep dakTHYeCKHU BIlepBbIe YETKO
chopMyIHpOBaJ 3aKOH COXpaHeHUs dHep-
FHU ¥ BBIYHCJIHNJ MeXaHUYeCKMil s3KBHUBA-
JIGHT TeIIOTHl HA OCHOBE CPAaBHEHUSA Tell-
JI0OEMKOCTe# razoB Npu IOCTOSHHOM JaB-
JIEHUN ¥ TIOCTOAHHOM ob6beme. Waen
Maiiepa He cpa3y ObIIU IOHATHI U IpPH-
3HaHbl COBpPeMeHHHKaMHU, a B JaJIbHeil-
meM OCIapyuBaJICsd HPUOPHUTET €ro OTKPHI-
THs. ITO HAHECJIO eMYy TAXKeJNYIO IICUX0JI0-
THYECKYI0 TPAaBMYy.

* KuHeTuuecKasa 3HEPrus MOJIEKYJI NIpU YIOPALOYEHHOM IepeMelrie-
HHUM UX BMECTE C TeJIOM IpeJcTaBisAeT cob60il MexaHUYeCKYI0 KUHeTHudJe-
CKYIO 9HEpPrHuIo Teja.
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MoJIeKyJiaMu Apyrux Ttej). Kpome Toro, Bo BHyTPEeHHIOI 3HEPTUIO
BXOAUT 9HEPrus IBUKEHUA UM B3aUMOJEMCTBHUA YaCTHIL, cJarao-
IIMX aTOMBI M MOJIEKYJIbI. Ho npu He COIMIIKOM OGOJIBIIAX TeMIIe-
paTypax 3Ta 9Heprus oCTaeTcA HeHU3MeHHOM.

Y ngeannbHOro rasa BCA BHYTPEHHASA 3HEPrus IpeacTaBseT co-

601 KMHETUYECKVIO 3HEPrui0 TEIJIOBOTO ABUKEHHUA €ro MOJIeKYJI
(cM. § 4.8).

3aBMCUMMOCTb BHYTPEHHEeN 3Heprum
OT MaKpOCKONMUYEeCKUX napamMeTpoB

BrruucanTe BHYTPEHHIOI 3HEPrUi0 TeJia UJIH ee U3MeHeHue,
VYHATELIBAA ABUIKEHHE OTAEJbHBIX MOJEKYJ H X IMOJIOXKEHNe APYT
OTHOCHUTEJILHO Apyra, IPaKTUYeCKN HEBO3MOXKHO U3-3a OTPOMHOTO
YHCJIa MOJIEKYJ B MAKPOCKonmuuecKux tejax. Heo6xoauMo moaTo-
MY YMeThb OIpefesATh CpefHee 3HaUeHWe BHYTPEHHE! 3HEeprum u
ee H3MeHeHHe B 3aBHCHMOCTH OT MAaKPOCKONWYECKHX NapaMerT-
POB, KOTOPbIe MOXXHO HEIIOCPeACTBEHHO U3MEPATD.

Mgl YyCTaHOBUJIM, YTO BHYTPEHHAA JHEPrusa HAEaJbLHOro rasa
3aBHCHUT OT OJHOTIO MapamMerpa — temneparypsi. OT o6beMa BHYT-
pEeHHAA 3Heprua uAeaJlbHOTO0 rasa He 3aBHCHT IIOTOMY, YTO IOTEH-

lensmroasn, I'epmam Jlrogsur ®depau-
maHng (1821 —1894) — Bmigalomwuiica He-
MelIKU (pU3HUK, MATEeMATHK ¥ (DU3HOJIOT.
B 1847 r. B pa6ore «O coxpaHeHHUY CHJIBI»
lenpMrosbl, BIEpPBBIE MAaTeMaTHYe€CKH
000CHOBaJl 3aKOH COXpPaHEHHUs SHEpPruu.
IIpoananmnsupoBaB GOJILITMHCTBO M3BECT-
HBEIX B TO BpeMd GU3HUECKUX ABJIEHUN, OH
IIOKAa3aJl ero BCeOOITHOCTbD.

IIInpoxko m3BecTHHI TPyAH! I'elbMroJniia
II0 TEepMOAMHaAMHKe, 3JieKTPOAWHAMUKE,
TUAPOAVHAMUKE U HU3NOJIOTHIECKOM aKyC-
tuke. OH BepBhIe YKa3aJ Ha KojebaTeNb-
HBIJ XapaKTep pasp#Aja JeiJeHCKoul OaH-
KH¥ (KOHZleHcaTopa), o ero IpeayodKeHuIo
I'. I'epu;, mpousBes OnBITHI 110 OOHApy’Ke-
HUIO 3JIEKTPOMATHUTHBIX BOJIH. ['eJbM-
roJibll, IEepPBHIM HM3MepHUJI CKOPOCTHL pac-
NpOCTPAaHEHUA UMIIYJIbca BO30OYKACHUS B
HepBaX, IIOCTPOMJ MOJeJIb yXa ¥ pa3BuUJI
TEOPHUIO I[BETOBOTO 3pEeHHA.
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MaJbHaA 3HEeprua B3aUMOAENCTBUA ero MOJIEKYJ CUUTAETCS PaB-
HOU HYJIIO.

VY peaJIbHBIX ra3oB, JXKUJKOCTEeH U TBEPALIX TeJI CPeAHAA IIOTEH-
IIMajJbHasA dHEpPrus B3aMMOJEVMCTBUSA MOJIEKyJ] He paBHA HYJIIO.
IlpaBaa, ansA peaJdbHBIX ra30B OHA MHOrO MeHbIe CpegHEeN KHHe-
TUYECKOM dHepruu, HO JJIS TBepAbIX ¥ JKUJIKUX TeJ CPaBHUMA C
KuHeTudecKor. CpefHAsA MOTEHIMANbHAA 3HEPrus B3aUMOJEMCT-
BUA MOJIEKYJI 3aBUCHT OT 00'beMa BellecTBa, TAK KaK IPH U3MeHe-
HUU o0'beMa MEeHSeTCA CpeilHee PACCTOAHMNE MeXXAy MOJIEKyJaMu.
CnenoBaTenbHO, BHYTPEHHAA 3HEPrusA B o0IeM ciydae HapAny C
TemnoepaTtypoii T 3aBHUCHUT ellle ¥ oT oObema V.

Tak Kak 3HaUeHUsA MaKpocKonudeckux napamerpos T, V u ap.
OAHO3HAYHO OIpeAeJIAIOT COCTOTHUE TeJI, TO, CJIeOBATEJbHO, OHU
onpeAeNAIOT 1 BHYTPEHHIOI 3HEPruio MAKPOCKOMUYECKUX TeJl.

BHyTpeHHsAa sHeprusa U MaKpOCKONMHUYECKHX TeJ] OQHO3HAUHO
onpeaeyserca IapaMeTpaMU, XapaKTepPU3YIINUMM COCTOAHUSA
3TUX TeJI:

U=UuU(T,V).

Ho o6paTHoe He cipaBeanuBo. OqHON M TOH >Ke BHYTPEeHHEHN 9Hep-
My MOTYT COOTBETCTBOBATHL pa3JIMUYHEIe cocToAHUA. Tak, mocJe
TOrO KaK B KAJOPUMETP C BOJOH IMOJIOXKEH HATrPETHIN KYCOK JKeJle-
3a, COCTOSIHME CHUCTEeMBl BOJla — ’KeJjie30 U3MEHHUTCA: BoJa Harpe-
eTcd, a Keje3o ocThiHeT. OQHAKO BHYTPEHHAS 3HEPrus BCel cuc-
TeMbl He HBMEHHUTCS, TAK KaK dHEepPrus He IOCTyIlaeT N3BHE OT OK-
PYJKAaIOIIUX TeJ U He MepeaeTcH UM,

Makpockonuueckue mena Hapady ¢ mexaruueckoili 3Hepzuell
obnradaiom 6HympeHHell sHepzuell. B mepmodunamure snym-
DeHHAA 3Hepzus onpedensemcsa MAKPOCKONUYecKuMu napa-
mempamu T,V u dp.

§ 5.5. NEPBbIA 3AKOH TEPMOAUHAMUKN

Ilepebiit 3axkon mepmoduHaMukKu — 3mo 3AKOH COXPDAHEHUSA
dHepzuu, pacnpocmpaHenHblit Ha menanoévie AéaeHus. OH no-
Ka3vieaem, om KaAKux NPuiuH 3a8UucCum uU3meHeHue 6HYMpeH-
Hell JHepzuu. Imom 6enuKuil 3aKoH npocm.

NMepBbiA 3aKOH TepMOANHaAMUKN

B mexaHuKe OBIJIO JOKA3aHO, YTO €CJIU MEXY TeJlaMU JeHCTBY-
IOT CHJIBI, 3aBUCANIME TOJHBKO OT DACCTOSAHUS, TO IIPU IIepexofe
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CHCTEeMEI TeJl U3 HaYaJIbHOIO COCTOAHUA I B KOHEeUYHoe 2 u3MeHe-
HHe 3Hepruu paBHO paboTe BHEIIHUX CHJI

AE=E,-E, =A. (5.5.1)

OHeprusa E — oxgHO3HaYHAA QYHKIMA COCTOTHUSA CHCTEMBI; OHA
3aBHCHUT OT CKOPOCTEH TeJl U UX PACIHOJIOMEHUSA.

ITocse Toro KaxKk Mbl BBIACHUJIM, UTO HAPAAY ¢ MeXaHUYECKOMH
sHeprueil Tesa o6jafaloT elle M BHYTPeHHell sHeprueil, Koropas
MOJKEeT MEHATHCA He TOJIBKO IIPH COBepINeHHH paboThl, HO U MpPHU
TenJjonepeaayue, 3aKoH coxpaHeHus (5.5.1) MoxHO 0606IIUTH Ha
TEeNJOBbIEe IIPOLECCHI.

HN3meHeHMe nojHON 3Heprum (MexaHu4Yeckoi E U BHyTpeHHe! U)
IIpY Iepexoje CUCTEeMBI U3 HAYAJIbHOIO COCTOAHNUA | B KOHEeUHOoe 2
PaBHO cyMMe paboThl BHEIIIHUX CHJI U KOJIMYECTBA TEIJIOTHI, Ilepe-
JaHHOT'O CHCTEeMe:

(E,+Uy) - (E,+U)=A+Q. (5.5.2)

B Teopuu TemynoBBIX SABJIEHUN OOBIYHO paccMaTpUBAIOT TeJia,
IIOJIOYKEeHVEe LIEHTPa MAacC KOTOPBIX HM3MEHSAETCS HEe3HAYUTeJbHO.
B aTom ciyyae MexaHU4YecKas d3HepPrus IIPaKTUYECKU He MeHseT-
ca: E,=E,.

CuuTad MeXaHUYECKYI0O 9HEpruio HeM3MeHHOM, MBI MOXKeM
NepBBIH 3aKOH TEePMOAMHAMHMKU C(HOpPMYJIHPOBATH CJIEAYIOLIUM
ob6pa3oM:

H3meHeHHe BHyTPpeHHEHM 3HepruM CHCTeMBI IIpH nepexone ee
H3 OQHOT'O0 COCTOAHHA B JAPYroe paBHO cCyMMe padoThl BHENIHHX
CHJI M KOJIMYECTBA TeIlJIOThI, lIepeJaHHOr0 CHCT¢ Me:

AU=A+Q (5.5.3)

H He 3aBHCHT OT cnoco0a, KOTOPBIM OCYUIECTBJISETCHA 3TOT Imepe-
XOZ.

IlepBhIil 3aKOH TEPMOAVMHAMUKM CBSA3BIBAET U3MEHEHUE BHYT-
PeHHell 3Hepruy ¢ u3MeHeHUeM MAaKPOCKONMHNYECKUX IapaMeTpPoB
V u T, Tak Kak dyepe3 U3MEeHEHHe 3THX MapaMeTpPOB BHIpa)kaeTcs
paboTa ¥ KOJHYECTBO TEIJIOThl. BHYTPeHHSAA 3HEpPrusa onpeaes-
eTcsl MepPBLIM 3aKOHOM C TOYHOCTBIO A0 NPOU3BOJIBHOM ITOCTOSIH-
HOH, TaK Kak ypaBHeHUe (5.5.3) nmo3sossgeT onpeaenuTs NU3MeHe-
HHe BHYTPEeHHel SHepruu, HO He caMy 3Hepruio.

Yacro BMecTo paboThl A BHEIIHUX TeJ HAJ CHCTEMOM paccMart-
puBaloT paboty A’ cucTeMBl HaJ BHEIIHMMM TeJaMH. YUYUTHIBasd,
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yro A’ = —A (cM. § 5.1), nepBBIi 3aKOH TePMOAUHAMUKY B hopme
(5.5.3) MOXXHO IepenucaTh TakK:

Q=AU+ A" (5.5.4)

Koauvecmeo menaomeot, nepedarnnoe cucmeme, udem Ha u3me-
HeHue ee 8HYMmPpEeHHell IHePZUUL U HA COBepuleHue cucmemou pa-
6omb. Ha0 HEWHUMU MeELAMU.

CyTb nepBOro 3akoHa TepMOAUHAMMUKM

Camoe nmpucTalbHOe BHHUMAaHUe HaZo oOpaTHUTh HAa CJIeAYIOIIee.
Cama ¢popmysa (5.5.3) — 3TO elje He 3aKOH NNPUPOAH! (He NepBhIHA
3aKOH TePMOJAHHAMMKH); 3TO JIUIIb OIpeJeJIeHre TOro, YTo MOHU-
MaeTcsa II0J BHYTPEHHeN JHepruer (TouHee, IOA H3IMeHEeHHEM
BHYTPEHHel 3Hepruu). BRIUHUCIATH MBI MOXXeM paboTy U KoJinye-
CTBO TEIJIOTHI COOTBETCTBEeHHO o ¢opmynam (5.1.3) u (5.2.5), Ho
He HeIlOCPeJCTBEHHO BHYTPEHHIOI0 3Hepruio. CyTh 3aKOHA B YT-
BEeP)XJAEeHUU: M3MeHeHHe TaK oNpeaeIeHHON JHepruv He 3aBHCHUT
OT Ipoliecca H oIpenesigeTcs TOJbKO HAaYaJIBHBIM H KOHEYHBIM
COCTOSIHMSIMM CHCTEMBI. JTO O3HAYAET, UYTO BHYTPEHHAS dHEprus —
OAHO3HAYHAA PYHKIMA COCTOSTHUA CUCTEMBI (C TOYHOCTHIO JI0 IPO-
M3BOJIBHOM IIOCTOSIHHOM) U B 3aMKHYTOM CUCTEME COXPaHseTcA.

HeBO3MOXHOCTb CO3AaHMA BEYHOro ABurarens

3a10Jir0 S0 OTKPHITUA 3aKOHA COXPaHeHUs 3Hepruu MpaHIy3-
ckas AxkazeMus HayK npuHana B 1775 r. pemreHue He paccMaTpH-
BaTh NNIPOEKTOB BEUHBLIX ABUraTesieil mepsoro poza (OT JATHHCKUX
caoB perpetuum mobile — Beuno aBUMKYyIIeecsa). BrocaeacTresuu
nonoOHbIe pelleHus ObIIM IPUHATH BEeAVIIMMHU HAYYHBIMU yU-
PeXACHUSAMHU APYTUX CTPaH.

IToxn BeuHBIM ABUraTeJeM MepPBOro poja MOHMMAIOT YCTPOMHCT-
BO, KOTOpOe MOrJI0 ObI COBEPINATh HEOTPAHMYEHHOE KOJMYECTBO
paboThl 6€3 3aTpaThl TOIJIMBA WJIM KAKUX-TuU60 APpyrux marepua-
J0B. Tenepbs MOXXHO CKa3aTh — 6e3 3aTpaThl dJHEPTUH.

IIpoexkToB Takoro poaa aBurartesieii ObIJIO CO3JZAHO BeJIMKOE
MHOXecTBO. [IpofomKaoT UX NPUAYMBEIBATE HECBEAYII[HE JIIOAU U
ceriyac. MHorue U3 3TUX IPOEKTOB ObIJIU OCTPOYMHBI, U AaJIeKO He
cpa3y MOYXHO CKa3aTh, YTO Xe KOHKPEeTHO MellaeT paboTaTs npej-
jlaraeMbIM ycTpoiicTBaM. (Y6eaUThCA B 3TOM BBl MOXKETe, IONpPO-
6oBaB pelIuTh 3agauy 12 ynpaxxHeHus 4.) Ho Bce oHU o6naganu u
o0samaoT oOIIUM CBOMCTBOM: He NeHMCTBYIOT BeuHO. IMeHHO 3To 1
IIPHUBEJIO YYEHbIX BCEro MUpPa K YBepPeHHOCTH, 4YTO eJio 3JeCh He B
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HeCOBEpPIIIeHCTBe OTAEJbHBIX KOHCTPYKIMII, a B HEKOM ob1eil 3a-
KOHOMEPHOCTH IIPHPOJLI.

CorylacHO mepBOMY 3aKOHY TEPMOAMHAMMKM, €CJIU K CHCTeMe
He nmoctynaeT TemaoTra (@ = 0), To paGora A’ B COOTBETCTBHH C
ypaBHeHueM (5.5.4) MokeT OBITH COBEpIIIEHA TOJBKO 34 CUET yObI-
Ju BHyTpeHHeill sHepruu: A’ = —AU. Ilocse Toro kak samac sHep-
MY OKa)KeTCcA McuepaHHEBIM, ABUraTelb IepecTaHeT paboTaTsh.

B cinyyae M30JMpPOBAHHOM CHCTEMBI HaJ Heil He coBeplIaeTcs
pa6ora (A = 0), ¥ OHa He OOMEeHUBAaEeTCA TEIJIOTON C OKPYXKAaION M-
mu teaamu (@ = 0). CorsacHO mepBoOMy 3aKOHY TEPMOAMHAMUKU
B aToM cnyuae AU = U, - U, =0umu U, = U,. Buympennaa snep-
2us U30JIUPOBAHHOI cucmemb. ocmaemcsa Heu3mMeHHol (coxparnsa-
emcsa).

PaboTra u KOnu4ecTBo TennoThl —
XapaKkTepucTUKu npouecca U3MEeHEeHUs 3Heprum

B naHHOM cocTOosIHMM cHCTeMa Bcerja obJiagaeT onpeaesIeHHOM
BHYTpeHHel sHeprueit. Ho nHeav3dn zogopumbs, wmo 6 cucmeme co-
depycumcsa onpedesrenHHOe KOAUYECMB0 mMenaomb. uau pabombi.
Kakx pa6oma, mak u koauwecmeo menaombvl. ABAAIOMCA 8EAULU-
HaAMUu, XapaKmepusyow,umu U3mMeHeHue IHepeuU cucmembt 8 pe-
3yabmame mozo UJU UH0Z0 npoyecca.

BHYTpeHHAs 3HEPrusA CUCTEMBI MOXKET U3MEHUTHLCSA OJNHAKOBO
KaK 3a CYeT COBepIIEeHNA CUCTeMOi paboThl, TAK U 3a CUeT Imepeja-
YY OKPYIKAIOIIUM TeJiaM KaKOoro-TO KoJIM4ecTBa TenJjoTel. Hampu-
Mep, HArpeThIH rad B UUJIUHAPE MOXKET YMEHBIINS CBOXO 9HEPTHUIO
ocThIBas, 6e3 coBepuieHuA paboTbel. Ho OH MOXKeT moTepATh TOYHO
TAKYIO )K€ 3Hepruio, nepeMenias nopueHb, 6e3 oTAauYM TENJOTHI
OKpYy’KamoiuM TejJaM. [ 3TOro CTeHKM LUJIVMHAPA U IOPIIEHb
OOJIKHBI ObITH TENJIOHEIIPOHUIIAEMBIMU. _

B panpHeiimeM Ha NPOTAXKEHUM Bcero Kypca pu3uKu MbI Oy-
JAeM 3HAaKOMHUTHCA C PAs3JUYHBIMHM JpPYyrumMu ¢opmMaMu 3HEpruu,
crioco6aMu X NpeBpalleHUA U NepesauM.

Cywecmeyem 00HO3HAYHAA (DYHKYUA COCMOAHUA — 6HYmM-
PeHHAn IHepzus. Ee usdmenenue onpedensemcsa HaA4aJbHbiM U
KOHEYHbLM COCMOAHUEM CUCMeMbL U He 3asucum om cnocoba,
KaKum ocyujecmeénsemca nepexod u3 00H020 COCMOAHUA 8
dpyzoe.
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§ 5.6. TEMJIOEMKOCTU rA3A NP NOCTOAHHOM
OBbEME U NOCTORAHHOM AOABJIEHUN

ITpu sBedenuu noHamusa menjoeMKocmu Mb. He obpaujanru
6HUMAHUE Ha O0HO cyu,ecmeeHHoe 00CmoAmenbCcmao. menJo-
eMKocmu 3a8uUcam He moJbKo om ceoilcme eewecmea, Ho u om
npoyecca, npu Komopom ocyu,ecmensemca menaonepedaia.

Ecsu HarpeBaTh TeJIO IIPY ITOCTOAHHOM AAaBJIEHUH, TO OHO OyJeT
paclIupPATLCA U coBepiaTh paboTy. [lna HarpeBaHus Tesa Ha 1 K
IIPY MMOCTOSAHHOM [JaBJIEHUU eMy HYXXHO nepeaarthb 6oJjibIiee KOJIU-
YeCTBO TeIlJIOThI, YeM IPY TAKOM JKe HarpeBaHUM IIPU IIOCTOAHHOM
o0beme.

JKuaxue u TBepabie Tejla pacUIMPAIOTCA IIPU HarpeBaHHUU He-
3HAYUTEJNbHO, ¥ UX TEIJIOEMKOCTHU IIPH IIOCTOSHHOM 00'beMe M II0-
CTOAHHOM JaBJIEHUW MaJio pa3iauuaioTcsa. Ho Ais rasoB 3To pasjiu-
ype cymiecTBeHHO. C IOMOIIBIO IePBOro 3aKOHA TEPMOAVHAMUKH
MOXHO HaWTHU CBA3b MEXAY TEIJIOEMKOCTSIMH rasa Ipy NOCTOAH-
HOM 00'beMe U NOCTOSSTHHOM JaBJICHUH.

TennoemMkoCTb ra3a npym NOCTOARHHOM oObeme

HaitneM MOJSIPHYIO TEIIJIOEMKOCTH ra3a IpH MOCTOAHHOM 00'b-
eme. CorylacHoO omnpee/IeHHUIO TEIJIOEMKOCTH

Q

C=H"

rae AT — usmeHeHue TeMIlepatypsl. Eciiu mpouecc nmpoucxoguT
IIPY IIOCTOSIHHOM 06'beMe, TO 3Ty TEIJI0eMKOCTh 0603HAYUM uepes
Cy. Torna

, Qy=C/AT. (5.6.1)

Ilpu nocrosiHHOM o0bemMe pabora He coBepuraerca. IlosTomy
MepBbIif 3aKOH TEPMOAVMHAMUKY 3alUIIETCA TaK:

C,AT = AU. (5.6.2)

HaMmeHeHue 3Hepruu OJHOr0 MOJIS AOCTATOYHO Pa3pe’xeHHOIo

(ueanbHOr0) OJHOATOMHOrO rasa pasHo: AU = gRAT (cMm. § 4.8).

CJIQJIOB&TGJIBHO, MOJIApHasa TeIJIOEMKOCTH IIPDU IMOCTOAHHOM 00B-
eMe OJHOaATOMHOI'O ra3a paBHa.

I
(I VY

C,= SR. (5.6.3)
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TennoemMkoCTb ra3a nNnpu NOCTONHHOM AaBNEHUN

CorjacHO omnpefieIeHUIO TEIIJIOEMKOCTH NMPHU IOCTOAHHOM [AaB-
JeHU!n Cp

Q, = C,AT. (5.6.4)

Pab6ora, koTopyio coBepmuT 1 MoJIb HAEaJIBHOrO rasa, paciiu-
pAIOIIErocsa NpHU NOCTOAHHOM JaBJeHUH, pABHA:

A’ = RAT*. (5.6.5)

ITo caenyeT U3 BEIPaXKeHUs AJA paboThl rasa npu NOCTOAHHOM
paBieHUn A’ = pAV u ypaBHEHUA COCTOSHHA (LJIs OJHOrO MOJIA)
naeanbHoro rasza pV = RT.

BHyTpeHHAA 3HEeprus uaeaJbHOro rasa ot o6’beMa He 3aBHUCHUT.
ITosToMy 1 npH NOCTOSAHHOM JaBJIEHHU H3MEHeHHe BHYTpeHHel
sHeprum AU = C,AT, kak u nipu noctTosHHoM o6veme. [Ipumenss

MepBHI 3aKOH TEPMOAUHAMHUKH, IMOJIYYUM:

C,AT = CyAT + RAT. (5.6.6)

CJIe}IOBaTeJIbHO, MOJIAPDHBIE TEIIJIOEMKOCTHU HAeaJIbHOI'O rasa
CBsA3aHBI COOTHOIIIEHHEM

C,=Cy+R. (5.6.7)

BrnepBrie ata dopmysa 6elia nmonyueHa P. MaitepoM u HOCHUT
ero uMs.

B cjiy4yae naeaJIbHOIro OJHOATOMHOI'O rasa
c.-3p+r=2p (5.6.8)
=3 °R. 6.

TennoeMkoCTb uageanbHOro rasa
npu u3oTepMnU4eckom npouecce

MosxHo ¢popMaJIbHO BBECTH NOHATHE TEIIJIOEMKOCTH U IIPH H30-
TepMHYECKOM Ipouecce. Tak Kak NpH 3TOM Npolecce BHYTPeHHAA
3Heprus UJeajlbHOro rasa He MeHseTCHA, Kakoe OBl KOJUYECTBO
TEeIJIOTBL eMy HU OBLJIO IlepefaHo, TO TEeIJIOEMKOCTh GECKOHeYHA.

* U3 ¢popmyael (5.6.5) BUAHO, UTO YHHBepCcaJbHAA ra3oBas MOCTOAH-
Has YUCJIEHHO paBHa paboTe, KOTOPYIO coBepluaeT 1 MoJsb UAEATILHOrO ra-

3a IIpH NOCTOAHHOM JaBJIEHHUH, eCJIH TeMIlepaTypa ero yBeéJIN4UBaeTcHA Ha
1 K.
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Monsprhaa menaocemkocmsv udeanbHoz0 2a3a NPu nNOCMOAH-
Hom OaénenHuu 60slblie MenioemMKoCmu npu nNOCMOAHHOM 00-
eme Ha 6elUYUHY YHUBEPCALbHOL 2a30801L nocmoAHHOL R.

§ 5.7. ABUABATHbIN MNPOLIECC

Muv. paccmompenu uzomepmuueckuii, u3o0apHuviii U U30XO0P-
Hblil npoyeccovi. Ilocne o3HaKOMAEHUA C nepévim 3AKOHOM
mepmMoOUHAMUKL NOABAAENCA B03MONCHOCMb UIYLUMb euje
00uH npouyecc, — 3ImMO npouyecc, npomekarvwuii 6 cucmeme
npu omcymcmeuu menaooOMeHa C OKPYIarnwumu meramu.
(Ho paGomy Hal okpyxcawowumu menamu cucmema moxcem
cogepuiame. )

IIpouecc B TenJIoM30JIMPOBAHHOM cCHCTeMe HA3LIBAIOT aaH-
abaTHBIM.

IIpu agnabaTHOoM nporecce @ = 0 u coryiacHO 3aKOHY (5.5.3)
N3MeHeHle BHYTPEeHHEeN 3Hepruu IPOUCXOAUT TOJBKO 3a CUET CO-
BepIIeHus paboThl:

AU = A. (5.7.1)

KoHeuHO, HeJb3A OKPYXXHUTb CHUCTEMY OOOJIOUKO¥, a6COJIOTHO
HcKJIoyalonieid Teriooomen. Ho B psajge ciaydaeB peajibHBIE ITPO-
IlecCchl OYeHb OJIM3KHU K aguadbaTHbIM. CyIiecTByOT 000JI0UYKH, 00-
JIafalole MaJioil TerJIOMPOBOAHOCTHIO, HAIIpUMEp JBOMHEIE CTEH-
KU C BAKYYMOM MeXXAY HUMU. Tak U3roTOBJIAIOTCS TePMOCHI.

IIpoiecc MokHO cuuTaTh afuabaTHBIM Aake 0e3 TeIJIOU30JIH-
pyoomei o60JI0YKM, eClu OH IIPOHMCXOAUT JAOCTATOYHO OBICTpO,
T. €. TaAK, YTOOBI 3a BpeMs Ipoliecca He MPOUCXOAUJIO 3aMETHOr0
TenJIoo0MeHa MeXAy CUCTEMOH 1 OKPY KAIOIMMH TeJIaMH.

CorsiacHO BeIpakeHUIo (5.7.1) mpu coBepllIeHUN HAJ CHCTEMOM
NOJIOXKUTEJIBHON paboThl, HAIIpUMeED IIPU CXKATUM ra3a, BHYTPEHHAS
SHEpPruf ero yBeJIM4YUBaeTcs; ra3 HarpesaercA. Hao6opor, npu pac-
INVPEHUH ra3 caM COBepIIaeT IHOJOXKUTENbHYI0 pabory (A’ > 0), HO
A < 0 1 BHYTpPEeHHSAA 3HEePrus ero yMeHbIIaeTCA; a3 OXJIAXKAAeTCH.

3aBUCHMOCTH AaBJIeHUA rasa oT ero o6bemMa npu agmnabaTHOM
mpolecce u3obpakaeTcs KpPHUBOHM, HasbplBaeMol aguabaToit
(puc. 5.9). Axnabara o6a3aTeIbHO UAET Kpyde H30TepMbl. Bensp
npu aguabaTHOM Ipolecce JaBJeHNe rasa YMEHbIIaeTCA He TOJb-
KO 3a CUeT yBeJUYeHUs o0beMa, KaK IIPU M30TepMHYECKOM IpO-
1ecce, HO U 3a CUET YMEHbIIEHUA ero TeMIIEPATYPHI.

ApuabaTHble INpouecchl IIHUPOKO HCIIOJB3YIOTCA B TEeXHHUKE.
OHu UrpaoT HeMaJyio poJib B IpUpoAe.
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PdopcyHKa

MN3orepma

Puc. 5.9 Puc. 5.10

Harpepanune Bo3ayxa mpi OBICTPOM C’KAaTUM HAIILIO IIPUMEHEHHeE
B aBurareasx {usens. B aTux ABHUrarejisx OTCYTCTBYIOT CUCTEMbI
IIPUT'OTOBJICHUSA U 3a;KHUraHUs roproueil cMecHu, HeOOXOAUMEBIe AJIA
OOLIYHBIX OeH3MHOBBIX JBHUTraTelIieil BHYTpeHHero cropasusa. B nu-
JUHIDP 3aCachIBaeTCA He ropioyasi CMeCh, a aTMOC(EepPHBINA BO3LYX.
K KoHIly TaKTa C)KaTHd B NWJINHADP C NOMOIIBIO CHEIHAJILHON
(GOpPCYHKU BIPBICKHBaeTCA KUIKoe TOIIuBo (puc. 5.10). K atomy
MOMEHTY TEeMIIEpPaTypa CXKaToro BO3AyXa TaK BeJIMKAa, YTO roplo-
yee BOCILJIAMEHsEeTCA.

Tak xak B ABurareie J[{nseysa coKMMaeTCA He ropiodas CMecCh, a
BO3[YX, TO CTEIEeHb CoKATUA Yy 3TOr0 ABUraTeNs 00JbIlIe, a 3HAYUT,
KosdpdunuenT moaesHoro AeiicrBusa (KIL) aBurareneint [usensa
BHIIIIE, YeM Y OOBIYHEBIX ABHUTraTejeil BHyTpeHHerc cropanus. Kpo-
Me TOro, OHM MOryT paboraTh Ha 6oJjiee JellleBOM HU3KOCOPTHOM
TorIuBe. EcTh, OfHAKO, Y ABUTaTe A [lU3easa 1 HeAOCTAaTKMU: He0O0-
XOAMMOCTB BBICOKHX CTeNeHel cokaTusa u 6oJibmmoe pabouee gaBJie-
HHUe JeJIaloT 3TH JBUraTeii MAaCCHBHBIMHU M BCJIEICTBHE 3TOro Hosee
MHEePIUOHHLEIMUA — OHH MeJJIeHHee HaOMparT MOIHOCTL. [[BHUTra-
tean [{usens O6osee CI0KHBI B M3rOTOBJICHUH M 3KCILIyaTaIllUH,
TeM He MeHee OHM IOCTEeNEeHHO BBITECHAIOT OOBIYHbIE O€H3MHOBHIE
OBUTATEJN, NCIIOJIb3yeMble B aBTOMOOMIIAX.

OxJnakaeHue rasa npu agrnabaTHOM pacIIMpPEeHUHU IIPOUCXOMAUT
B I'paHAMO3HBIX Macmitabax B armocodepe 3emau. Harperslit Bo3-
AyX TOAHHMMAETCA BBEePX M pacHINpseTcd, TaK KaKk aTrMocdepHOe
JlaBJieHHe IaJaeT C BbICOTOH. JTO pacIIMpPeHHe CONPOBOXKIAETCH
3HAYUTEJIbHBIM OXJIa)KJeHueM. B pesyibTaTe BogsHbIE TapHI KOH-
NeHCHUDPYIOTCA U 00pa3yroTcs obJaxa.
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Tennoo6MeH B 3aMKHYTOU cucreme

Ecau cucrema He TOJIBKO He 0OMEHHBAETCA TEIJIOTON C OKpPY-
JKAOIMMMH TeJlaMH, HO U He coBepIIiaeT paboThl, TO OHA ABISAETCA
3aMKHYTOl. BHyTpeHHAA 9HEPrUA CUCTEMEI B 9TOM CJIy4ae He Me-
HsaeTcA. Ho BHyTpH Hee MOr'yT IIPOMCXOAUTH IIPOLECChI, B YaCTHOC-
TH TEIJIOOOMEH MeXXJAy TeJlaMH CHCTEeMBbl, €CJIM TeMIlepaTyphl HUX
pasnudYHbl. IMEHHO TaKHue IpolecChl MPOUCXOAAT B KaJOPHUMET-
pe, eCJIM MOXXHO NpeHeOpeub TenJIo0OMEeHOM COLEepsKHMOro KaJo-
pHMeTpa C OKPYKAIOIUMHU TeJaMH.

Ilpu TemnooOMeHe MeXKAYy TejlaMH He coBeplIaeTcsa paboTHI.
IlosToMy n3aMeHeHHEe 3HEePruu JO0ro Teja BHYTPU KajJlopUMeTpa
PaBHO KOJIMYECTBY TEILJIOTHI, MOJYYEHHOM MU OTHAAHHOMN 3TUM Te-
JIOM [0 HACTYILIEHMSl TEIJIOBOrO PAaBHOBECHS BHYTPHU CHCTEMBI:
AU; = Q,. CknaasiBas nofo0HbBIe BEIDAKEHUA [JIA BCEX TeJ CHCTe-
MBI M YYUTBIBasA, YTO CyMMapHasi BHYTPEHHAA 3HEPrusa He MeHs-
erca (AU = AU, + AU, + AU; + ... = 0), nony4yum ypaBHeHHe:

Q+Q,+Q;+...=0. (5.7.2)

ITo U ecTh YPaBHEHHeE TEIJIOBOro 6ayaHca, KOTOpoe OBLJIO IMoJIy-
yeHO B § 5.2. Ho TaM OHO MOSIBUJIOCH KAK pe3yJIbTAaT 00001eHUsA
ONBITHBIX JAHHBIX II0 KAJOPHMETPUUECKHM 3KCIepuMeHTaM. Te-
Ieph Ke MBI €ro MOJIYYMJIU B Ka4yeCTBEe OJHOT0 U3 CJIEJCTBUU Iep-
BOI'0 3aKOHA TEPMOJMHAMUKH.

IIpoyecc 8 cucmeme MOHHO ciumamb aduabamHbiM, ecil OH
npomexaem docmamo4Ho Obicmpo U 3a 3mo épems He NpPouc-
xo0um 3amemHoz0 mennoobmeHa Mmexc0y cucmemoil U OKDY-
aarnwumu meaamu. Taxue npoyeccv. wupoxo pacnpocmpaHe-
HbL 8 npupode u UCNONb3YIOMCA 6 MexXHUKe.

§ 5.8. HEOBPATUMOCTb NPOLECCOB B NPUPOLE

3akxoH coxpaHeHus IHepzuu ymeepxcoaem, YMo KOAUYECME0
9Hepzuu npu NIOObLX ee NpespaujeHusx 0Cmaemca Heu3MeH-
Hboim. HO OH Huuezo He 2080pum 0 moMm, KaKue 3Hepzemuie-
CKue npespaujenHus 603MO0xicHbt. Mexwdy mem mHozue npoyec-
Cbl, 8NnoNHe donycmumble C MOYKU 3peHUA 3AKOHA coxpaHe-
HUA 3Hepzuu, HUKoz0a He npomekaiom 8 deilcmeumenbHoCmu.

Harpersle Tes1a caMu co60¥ OCTHIBAIOT, IIepefaBasi CBOIO 9HEPTUIO
0oJiee X0JIOAHBIM OK Py KalouM TestaM. O6paTHBIN Npollece mepena-
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YU TEeIJIOTHI OT XOJIOZHOrO Teja K rops-
yeMy He NMPOTHBOPEYHUT 3aKOHY COXpaHe-
HHUS 3HEpPruy, HO Ha caMOM jJeJle He Ipo-
MCXOJUT.

Hpyroit npumep. Konebanua masAT-
HUKAa, BLIBEACHHOrO U3 I0JIOXKEeHUS paB-
HOBecud, 3aryxailotr (puc. 5.11; 1, 2, 3,
4 — mocJyenoBaTeJIbHBIE ITOJIOKEHUA Ma-
ATHUKA NPH MAaKCHUMAaJIBbHBIX OTKJIOHE- Puc. 5.11
HUAX OT IOJIOXKEHHUA paBHOBecHs). 3a
cueT paGoTHl CHJI TPEHHA MeXaHU4YecKas sHeprus yOnliBaeT, a TeM-
nepaTrypa MasTHUKA U OKPY’Kalolero BO3Ayxa cjerka nophlmaer-
cA. DHepreTHYeCcKM JONYCTUM U o0paTHBII nmpoiuecc, Korga aMIuin-
Tyna KoJieOaHMIl MassTHUKA YBEJIMYUBAETCA 3a CUET OXJaXXJeHUd
caMoro MaATHUKA U OKpy»xaromeit cpeabl. Ho Takoi nponecc Hu-
Korjga He HaOmogayca. MexaHu4yecKasa dHeprusi caMoOIpPOU3BOJIb-
HO IIepeXOoJUT BO BHYTPEHHIOKW, HO He HaoGopoT. IIpu arom ynop4-
MOYEeHHOE JBHUKEeHHe TeJla KaK IeJIoro IpeBpalnaerca B HEynops-
JOUYEHHOE TeIJIOBOe ABUIXKEHUe CJIaralolux ero MoJeKyJ.

Yucyso nogoOHBIX IIPUMEPOB MOXKHO YBEJUYHUTH NPAaKTHYECKU
HeorpaHH4YeHHO. Bce OHU rOBOPAT O TOM, UTO Npoyeccb. 6 npupode
umeom onpedeseHHYI0 HANPABIEHHOCMb, HUKAK He OmMpPaMiceH-
HYl0 8 nep8om 3axone mepmoduramuxu. Bce npoyeccot 8 npupo-
Je npomerxaiom moAbKO 8 00HOM OnpedeseHHOM HANPaéieHUU.
B o6pamHom HanpaéieHuu Camonpou3éolbHO OHU npomeKamb
He mozym. Bce npoiecchl B npupoie HeoOpaTUMBI, U CaMble Tparu-
YyecKue U3 HUX — CTapeHHe U CMepTh OpraHM3MoOB.

YToYHUM NOHATHe HeoOpaTtuMoro mnpolecca. HeobpaTHMbIM
npoifeccoM MoskeT ObITh Ha3BaH TaKO# mpoiecc, oOpaTHBIH KO-
TOPOMY MOJKeT NPOTEeKaTh TOJbKO KaK OJHO M3 3BeHheB OoJiee
CJIO2KHOTO nmpouecca. Tak, B IpuMepe ¢ MAATHUKOM MOXKXHO BHOBb
YBEJIHNYUTh AMIUIUTYAY KoJIeOaHUN MAasSITHUKA, MOATOJNKHYB €ro
pykoit. Ho 3aTo yBesnYeHHe aMIIUTYJbl BOBHMKAET HE CAMO CO-
001, a CTAHOBUTCA BO3MOXXHBIM B pe3yJibTaTe 00Jiee CJIO0XKHOTIO
npolecca, BKJIIOYAIONIEro TOMY0K PYKO#. MOXXHO B NpHUHIIHUIIE IIe-
peBecTH TENJIOTY OT XOJIOZHOTO Tejia K ropsdyeMy, HO AJIA 3TOrO
HY>XHa XOJOJUJbHAA YCTAHOBKA, NOTPeOA0IAasa 3HEPTrulo, U T. J.

MaremMaTu4eCKM HeOOpaTHUMOCTh MeXaHHYEeCKHUX IIPOIIEeCCOB
BBIpa)kaeTcss B TOM, YTO ypaBHEHUS JBH)KE€HHS MaKpPOCKOIIHYe-
CKUX TeJ U3MEHSIOTCS ¢ UBMeHeHHeM 3HakKa BpeMeHH. OHH, Kak
rOBOPAT, He MHBAPHUAHTHHI IIpU npeobpa3oBaHuu t — —t. YcKope-
HUe He MeHseT 3Haka npu ¢t — —t. Cujasl, 3aBUCAIIIAE OT PAcCTOA-
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HUil, TaK>Xe He MEHSIOT 3HaKa. S3HaK IIpHU 3aMeHe ! Ha —t MeHseTcs
y ckopocTi. UMeHHO no3ToMy IIpM COBEpHIEHUHM PaboThl CHJIaMU
TpeHUdA, 3aBUCAILIUMH OT CKOPOCTH, KHHETUYECKAasa dHeprus TteJa
Heo6paTHMO NepexoaUT BO BHYTPEHHIOIO.

Xopoieil niIOcTpanue HeoOpPpaTUMOCTH ABJIEHUN B IIPUPOJE
CJY>KHUT NMPOCMOTP KHHOPHUJIBMA B oOpaTHOM HampaBieHuun. Ha-
npumMmep, nafeHue XpycTaJbHOM Ba3bl CO cTojia OyAeT BHIIVIALETH
caenyomum obpasoM. Jlexxamirue Ha 1oy OCKOJIKM Bas3hl yCTpeM-
JAAIOTCA APYT K APYry U, COeAUHAACH, 00pa3yIioT LeJyio Ba3dy. 3a-
TE€M Ba3a BO3HOCHUTCA BBePX U BOT y)Ke CIIOKOMHO CTOHUT Ha CTOJIE.
To, uTO MBI BULUM Ha 3KpaHe, MOIJIO OBl IPOMCXOAUTH B JeMCTBU-
TeJIbHOCTH, ecJIU OBl Mpoilecchl MOXKHO Ob1y10 06paTuTh. HesenocTs
IIPOMCXOAALIEro IPONCTEKAaeT U3 TOr'0, YTO MBI IPUBLIKJIN K OIIpe-
JleJIeHHOM HAIIpaBJIEHHOCTH IIPOLIECCOB M He HOIIyCKaeM BO3MOXK-
HOCTH UX OOpaTHOro TeueHuA. A Beb TaKOH mpoiecc, KAaK BOCCTa-
HOBJIeHHE Ba3hbl U3 OCKOJIKOB, HE IPOTHBOPEYHUT HU 3aKOHY COXpa-
HeHUA 3Hepruy, HU 3aKOHAM MeXaHMKH, HU BooOuIe KaKuM-Jubo
3aKOHaM, KpoMé BTOPOro 3aKOHAa TepPMOJUHAMHUKH,
KOTOPHIA MBI chopMyIMpyeM B clefylolneM naparpade.

IlIpoyeccvr 6 npupode Heobpamumvi.. Haubosiee munuwHvimu
Heo0pamumblMU Npoyeccamu ABAAIOMCA:

1) nepexod mennombL. om zopauezo meaa K XO0JN00HOMY;

2) nepexod mexanu4eckoil IHepzuu 60 6HYMPEHHIOIO.

§ 5.9. BTOPO 3AKOH TEPMOAUHAMMUKMU

Bmopoii 3axon mepmodunamuxu yrasviéaem HaANpasaeHUE
B03MOMNCHbLX 39HepzemuieCKUX npespaweHuil U mem cambvim
eébipaxcaem Heo6pamumocmb npoyecco8 8 npupode. OH Obia
ycmaHoeaen nymem HenocpedcmeenHHoz0 0000WieHUA OnbiLMm-
HblX pakmos.

EcTp HecKoJBbKO (pOpPMYJHPOBOK BTOPOro 3aKOHA TepMOJAUHA-
MHKH, KOTOphle, HECMOTPA Ha BHEIIHee pa3jiuyue, BhIPAXKaloT B
CYIITHOCTH OZHO U TO )K€ U IIO3TOMY paBHOLleHHBI. Hemenkuit yue-
HbI P. Knaysuyc chopMyanpoBa 3TOT 3aKOH TaK:

HEeBO3MOJKHO IepeBeCTH TeIio oT 6osiee XOJOTHOM CHCTEMbI
K Gojiee ropsAyei NpHM OTCYTCTBMM OJHOBPEMEHHBIX H3MEHEHHH
B 00eHX cHCTeMaX MJIM OKPY’KaIOUMX TeJaxX.

3aech KOHCTATUPYETCA ONBITHBIA (DaKT onpefesleHHON Hanpas-
JICHHOCTH TeIlJIoNepegadyi: TeIljoTa cama coboi mepexoguT Bcerga
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OT ropAYUX TeJ K xoJsoaHbIM. IIpaBra, B X0JIOAMJIBHBIX YCTAHOB-
KaxX OCYIeCTBJIAETCA TeIlIoepeAada OT XOJOLHOIO Tesa K 6osee
TEIJIOMY, HO 3Ta IIepejaya CBA3aHA C APYTUMHU U3MEHEHUSIMM: OX-
JasKIeHue JOCTUraeTcs 3a cueT paboTel.

Hpyraa ¢bopMyJHpOBKAa NPUHALIECKHUT aHIJIMUCKOMY YYEeHOMY
Y. KenbBuny:

HEBO3MOJKHO OCYIIECTBMTh TAKOH IEepHMOAMYECKHMH IIpoliecc,
eXHHCTBEHHBIM Pe3yJbTATOM KOTOPOro 0n1710 Obl MOJIydeHHE Pa-
0OTHI 32 CUET TeIIOTHhI, B3ATON OT OXHOI0 MCTOYHMKA.

31ech OIATHh KOHCTATUPYIOTCA U YTOUHSAIOTCS ONBITHEIE (DAKTHI.
Ecin, Hanmpumep, mapoBas MalllMHa coBeplnaeTr paboTy 3a cuer
TEIJIOTHI, IIOJIY4E€HHO# OT MapOBOI'0 KOTJia, TO IIPH 3TOM COBEp-
maemasi pabora He SABIAETCA €INHCTBEHHBIM pe3YyJILTATOM IIPO-
Iecca, Tak Kak 4acTh TEILJIOThI 00A3aTeJIbHO YXOAUT B aTMochepy
BMecTe ¢ oTpaboTaHHBIM ITapoM. To ke caMoe OTHOCHUTCA K JBHUTA-
TeJIIM BHYTPEHHEI'0 CropaHus M BOOOIIE KO BCEM TEILJIOBLIM JBH-
rarensaMm. AHade roBops, HA OAMH TEIJIOBOM JBUTATEJb HE MOKET
UMeTh KO3(Q(PHUIMEeHT IOJIe3HOrOo AeiCTBHUS, PABHBIH eXUHHIE.
ITox xo3¢dppuIMEeHTOM ITOJE3HOr0 AEMCTBUSA T) TEILIOBOI'O ABHIra-
TeJA MOHMMAIOT OTHOIIIEHHE COBEepPUIEHHOM MAIIMHOM paborhr A
K KOJIMYECTBY IMOJYYSHHOM IJIf 3TOH IEJH TEILIOTHI Q:

_4
n=7%- (5.9.1)

Knaysuye Pymoasd IOamyc Imanmysas
(1822—1888) — sBrigarmmmiica HeMell-
KA QUBUK-TEOPETHK, OJUH U3 OCHOBATE-
Jiell TepMOAMHAMUKH M MOJICKYJIAPHO-KH-
HETUYEeCKO! TEOPHH.

PasBuBasa ugen C. Kapuo, Kinayasnyc (ox-
HoBpeMeHHO ¢ KesnbBuHOM) nax dopMyan-
POBKY BTOPOI'0 3aKOHA TEePMOAMHAMHKH,
B KOTOPOH coAep:KajioCh YTBepMKAeHHE O
HeoOpaTHMMOCTH Hpollecca mepesayy Tell-
JoThl. BrnepBrie BBenl (pyHIamMeHTaIbHOE
IOHATHE SHTPONNH KaK Mephl KadecTBa
BHYTPeHHel sHepruu teja. B obsmacti mo-
JIeKyJNApHO-KNHEeTHYeCKo# Teopum Kia-
y3uyc BBeJl HOHATHE AJHUHEI CBOOOJHOIO
npobera, KOJMYECTBEHHO OOBACHHJ AB-
JeHUA Audp@ys3uu, TenJOIPOBOAHOCTH M
BHYTPEHHEr0 TPeHHUA B rasax.
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IIpu agunabaTHOM pacIIMpPeHHH rasa B LUJIHHApPe pabora coBep-
ImaeTcs 3a cueT yOuLIM BHYTPEeHHell aHepruu 6e3 nepegadyy TeIo-
Tl ApyruMm rtenam. CoriacHo ¢opmyine (5.7.1) A" = —-A = —-AU.
IIpu uzorepMHUYEeCKOM IIpoliecce BCsA IepeAaBaeMas rasy TeILIOTa
OKa3bIBAeTCA paBHOH paboTe raza: A’ = Q.

OnHako KaK B IMepBOM, TAaK X BO BTOPOM IIpoliecce pabora co-
BepIIaeTcss NMpH OAHOKPATHOM pacIIMpeHUH rasa OO AaBJIEHHUS,
PaBHOro BHENIHeMY (HanpuMmep, atMmocpepHOMY AaBjieHUIO). [[Bu-
raTejyib XKe JoJI’keH paboraTh AJUTEJbHOE BpeMfA. JTO BO3MOXKHO
JIAIOb B TOM cJiy4ae, KOrja Bce YacTH ABUraTea (IIOPIIHM, KJala-
HBI U T. [.) COBEPILIAIOT ABHXKEHHUA, IOBTOPAIOIIHUECS Yepes3 ompe-
JeJIeHHble MPOMEXXYTKH BpeMeHHU. [[BHratrenb JOJIXKEeH NMepUuogu-
YeCKH I10 IIPOMIeCTBHM OZHOr0 pafouero IMKJa BO3BpamlaThCA B
HCXOQHOE COCTOSAHHUE, MJIH JKe B ABUraTeJie JOJKEH COBEPIIAThCA
HeU3MeHHBI BO BpPeMeHH (CTallMOHAPHBIN) nmpouecc (Hampumep,
HellpepBIBHOE BpalleHue TYpOUHBEI).

Y106 BO3BPATHUTE ra3d B HUJIMHADPE B UICXOQHOE COCTOAHME, €ro
HeoOxoamuMo cxkaTh. IlJis c)kaTHUsA rasa HaZO COBEPUIMTH HAJ HUM
pabory. Pabora cxxaTtusa 6yzer meHblle paboThl, coBepIIaeMoi ca-
MHM rasoM NpHM pacUIMpeHHUH, eCJIH rad CKHUMAaTh NPH MEHbIIeH
TeMIepaTrype, 8 3Ha4UT, U IIPU MEHbIIIEM JaBJIeHHUH, YeM 3TO IIpO-
HCXOAMJIO IIpU paciuupeHuu rasa. [y aToro Heo6xXoAMMo I0 CHKa-
THA WU B IIpoOILlecce CXATHUA OXJAAUTh ras, nepegaB HEKOTOpPOe
KOJINYECTBO TENJIOTHI APYTHMM TeJaM (XOJOZUIBHUKY).

Ecnu nepBhIit 3aKOH TEPMOAUHAMUKY (3aKOH COXPaHEHUS 9HEP-
FUM) MOXXHO BBICKA3aTh B (popMe YTBEPKJEHUSA: HEBO3MOXKHO II0-
CTPOUTH BEYHBII ABUTATEJb IIEPBOTO poja, TO ¢OpMYyJIHPOBKA BTO-
poro 3akoHa, qaHHaa KeJbBHHOM, II03BOJIAET BLIPA3UTH 3TOT 3a-
KOH B BUJE YTBEPXAECHUS: HEB03MONCHO nocmpoumb 6e4Hbllil
deuzameab amopozo poda, T.e. JBUTraTeNb, coBepliapIuii pabo-
Ty 3a CUeT OXJIaXKAeHUS KaKkoro-jiubo ogqHOro rea.

BeuHBI¥ gBUTAaTeJ b BTOPOrO poja He HapylmaeT 3aKOHa coxXpa-
HeHHS 3Hepruu, Ho ecju Obl OH ObIJI BOSMOXKEH, MBI paclioJiaraju
OBl IPAKTUYECKM HeOrpaHMYeHHBIM MCTOYHUKOM paboThl, yeprnasa
ee U3 OKeaHOB M oxJakjaad nocjegHue. OTHAKO oxXJIa)KAeHHE OKe-
aHa, KaK TOJBKO €ro TeMIlepaTypa CTAHOBUTCS HH)KE TeMIIepaTy-
PBI OKpY2Kalomieil cpeabl, 03HAYAJIO OBl IIepEeXo] TEMJOTHI OT Teja
6oJsee XOJIOOHOTO K Teyly 0Oojiee ropAUYeMy, a TaKOM Ipoliecc cam
cobo¥t uaTH He MoXKeT. 113 aToro npuMepa BULHO, UTO obOe IMpHUBe-
JAeHHbIe GOPMYJUPOBKHY BTOPOro 3aKOHA BHIPAXKaIOT OJHO U TO »Ke.
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Hanpasnernue npoyeccoe 6 npupode yxas3biéaem eémopoi 3a-
KOH mepMOOUHAMUKU.

§ 5.10. CTATUCTUHECKOE UCTOJIKOBAHUE
HEOBPATUMOCTU NPOLECCOB B NPUPOLE

Bmopoii 3axon mepmodunamuxu Koncmamupyem ¢axkm HeooO-
pamumocmu npoyeccoé 8 npupode, HO He daem emy HUKAKO0zZO
06BACHeHUA. IMO o0BACHeHue moxcem Obtmb NOLYUEHO MOJb-
KO HG OCHO8e MOJEeKYNAPDHO-KUHemU4ecKkoit meopuu, U OHO A6-
asemca 0aneKo He npoCmbuiM.

MpoTusopeune mexay o6paTMMOCTbBIO MUKPONPOLIECCOB
M HeoOGpaTUMOCTbIO MaKponNpoweccos

Heo6paTuMoOCTh MAKPOINpPOLECCOB BHIMNIALUT IapajoKCAJbLHO,
IMIOTOMY YTO BCe MHKpPOIIpolecchl 00paTHMbI BO BpeMEHU. ¥ paBHe-
HUA JOBH)KEHHUSA OTHEJbHBIX MHKPOYACTHI], KaK KJacCU4YeCKHe,
TaK ¥ KBAHTOBhIE, 00paTHMBI BO BpeMeHH, H00 HHKaKHX CHJI Tpe-
HHUA, 3aBUCAIINX OT CKOPOCTH, He coaepxkar. Cuyia TpeHUsas — 3TO
MAaKpOCKONN4YeCKU 3¢pPeKT oT B3auMOogeCcTBUA OOJBIIOro Teja ¢
OrPOMHBIM KOJIMYECTBOM MOJIEKYJI OKPY»KaloIei cpeabl, ¥ MOSB-
JIeHHe 3TOM CHJIBI caMO HYyXkaaeTcsa B o0ObAcHennu. Cuisl, rocpea-
CTBOM KOTODHIX B3aMMOJAEHCTBYIOT MHKPOYacCTHIbI (B IIEPBYIO
ouepeib 3TO 3JIEKTPOMATrHHUTHBIE CHJIBI), 10 BpEMEHHU oOpaTHUMBI.
YpaBHeHUs MakcBesja, ONKCHIBAIOIINE 3JIEKTPOMarHUTHLIE B3au-
MOJeHCTBUA, He MEHAIOTCA IIpY 3aMeHe ¢ Ha —t.

Eciu B3ATH NPOCTEHINYIO MOAEJIb Ira3a — COBOKYIIHOCTD YIIPY-
r'UX IIApPUKOB, TO ra3d B IIeJIOM OyaeT oOHapy»X 1BaTh ONpEeJIeH-
HYIO HanpaBJIEHHOCTb noBeAeHus. Hanpumep, 6yayud cxkKar B IO-
JIOBHHE COCYyJAa, OH HA4YHET PaCIIUPATHBCA U 3aiiMeT BeCh COCY.A.
CHOBa OH He COXXMeTCA. Y paBHEHHUA e NBUXKEHUA KaKA0¥ MoJIe-
KyJbI-IapyuKa 00paTUMBI I10 BpeMEeHH, TaK KaK COAep»KaT TOJBKO
CHUJIBbI, 3aBHUCSAILIME OT PACCTOAHUM U IIPOABIAIOIINECHA IIPU CTOJK-
HOBEHHUH MOJIEKYJI.

Takum o6pa3oM, 3afaya COCTOUT He TOJHKO B 00'bACHEHHUH IIPO-
HCXOXAeHUs HeoOpaTHMMOCTH, HO M B COrjlacOBaHUM (hakTa o6pa-
THMOCTH MUKpONpoueccoB ¢ ¢aKToM HeOOpaTMMOCTH MAaKpOIIPO-
1IECCOB.

3acyyra B HaXOXJeHUHU NPUHIUIHAJBHO [IPABUJIBHOTO IIOLXO-
Aa K PelIeHUIo 3Toi npobaeMbl npuHaAJIeXKUT Boabumany. Ilpas-
Aa, HEKOTOPLIE acMeKThI IpobaeMbl HeO6PATUMOCTH JO CHX IIOp He
IIOJYYHUJIN MCYEPIILIBAIOIIEr0 pellleHus .
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Xurteiickuit npumep HeoGpaTuMocCTHn

IIpuBeneM npocToy XKUTEHCKUN IPpUMep, UMEIOIUM, HECMOTPA
Ha CBOIO TPUBHAJIBHOCTD, IIPAMOE OTHOIIIEHME K pelIeHUIo npobJie-
MBI HeoOpaTumocTu BoabnmMaHoOM.

HdomnycTuM, ¢ IoOHeAeJbHUKA Bbl PEIINJIN HAYATH HOBYIO XKU3Hb.
HenmpeMeHHBIM yCJIOBHEM 3TOr0 OOBIYHO SABJIAETCA HAeaJbHBIH
I OJIN3KHUM K NJeaJlbHOMY IIOPALOK Ha IINCbMEHHOM cToJie. Bl
paccTaBJsfieTe Bce NMPEeAMETHI U KHUTHM Ha CTPOro OIpejesIeHHbIEe
MecTa, U y Bac Ha CTOJIe I[aPUT COCTOAHNE, KOTOPOE C IMMOJHEIM IIpa-
BOM MOXKHO Ha3BaTh COCTOSSHUEM « TOPAJOK» .

YT0o nmpou30HIEeT C TeYeHHEeM BpeMeHH, XOPOIIO M3BeCTHO. BhI
3abbIBaeTe CTAaBUTh NIPeAMETHl I KHUTH Ha CTPOT'O OIpeAeeHHbIe
MecTa, U Ha CToJie BolapseTca CocTosiHHe xaoca. HerpyaHo mo-
HATHb, C YeM 3TO cBA3aHO. COCTOAHMIO « IOPAAOK» OTBEYAeT TOJLKO
OLHO OIpefeJIEHHOE pACIIOJIO)KEeHHEe IIpeAMEeTOB, & COCTOAHHIO
«Xaoc» — HecpaBHUMO Ooubinee yucyio. 1 Kak TOJIBKO npegMeTHl
HAYHYT 3aHUMATH IIPOU3BOJIbHBIE IIOJIOXKEHHSI, He KOHTPOJHpYye-
MBle Balleil Bojieit, Ha CToJie caMoO co00it BO3HHNKaeT 60Jiee BepOAT-
HOEe COCTOsIHHEe Xaoca, peajin3yeMoe ropasfo OOJbIIHMM YHCJOM
pacrnpefeseHU IIpefMETOB Ha CTOJIe.

B npuHIune MMeHHO TaKue cooOpaKeHHUsa OBLIN BBICKA3aHBI
BoasumaHoM a5 06 bACHEHUS HEOOPATHMOCTH MAKPOIIPOILECCOB.

Muxpockonuyeckoe  MakKpOCKONUYECKOEe COCTORHURA

HyxxHO mpexxjie BCero pasj4yaTh MAKPOCKOMNYECKOE COCTOS-
HUe CUCTEeMbl U ee MUKPOCKOIINYEeCKOoe COCTOAHME.

MaKpOoCKONMHYECKOEe COCTOSIHHE XapaKTepH3yeTcss HEeMHOI'MM
YHCJIOM TepMOAMHAMUYECKHX [1apaMeTpoB (JaBJeHHuEM, 06'bEMOM,
TeMIlepaTypoy M Ip.), & TaK>Ke TAKUMHU MeXaHHYEeCKMMHU BeJHYH-
HaMU, KaK I0JIOXKeHUe I[eHTpa Macc, CKOPOCTh LIEHTPa Macc U Ap.
IMeHHO MAaKpOCKONMUYECKHE BEJINYUHBI, XapaKTepHU3YIOI[He CO-
CTOSSHUE B I[€JIOM, UMEIOT MpaKTHYeCKoe 3HAYEHHE.

Muxkpockonudeckoe COCTOSIHHE XapaKTepu3yeTcs B OOIIEM CJIY-
yae 3aJaHHEeM KOOPAMHAT U CKOpPOCTel (MM MMITYJILCOB) BCEeX dac-
THL[, COCTABJAIIINUX CHCTEMY (MAKPOCKOIIHYECKOEe TeJI0). ITO He-
cpaBHeHHO 0OoJjiee AeTaJbHAs XapaKTEPHCTHUKA CHCTEMEI, 3HAHUeE
KOTOpO# coBceM He TpeOyeTcs AJisi ONMHCAHUA IIPOILECCOB C MAKPO-
CKONHUYECKUMHU TejaMu. Bosee TOro, 3sHaHMe MHUKPOCOCTOSHUA
(aKTHYECKH HEAOCTHUXXHUMO H3-3a OTPOMHOr0 YHCJIa YacTHIL, CJa-
ramniMx MaKkporeJa.
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B npuBegeHHOM BbIIIE YKUTENCKOM IIpHMepe C nIpeagMeTaMU Ha
CTOJIE MOYXHO BBECTH HNOHATHA MUKPO- U MAKpPOCOCTOAHUN., MuK-
POCOCTOSAHUIO OTBEYAET KAKOe-TO OAHO OlpeAeIeHHOEe PaCIIOJIOKe-
HUe IIpeJMEeTOB, & MAKPOCOCTOSAHUIO — OIL[EHKa CUTyalUU B Ile-
JIOM: JIN6O «IMOPAAOK», JUOO «Xaoc».

BriosiHe o4yeBUIHO, UYTO onpedeseHHOe€ MAKPOCOCMOAHUE MO-
Jscem Obimb pearu3oéanHo 0ZPOMHLIM HUCIOM PA3AUYHbLX MUKPO-
cocmoaruil. Tak, HanpuMep, IIepexo[ OAHON MOJEKYJbl U3 JaH-
HOI TOYKHM IIPOCTPAHCTBA B JPYIYyIO TOYKY UJIU U3MEHEHUE ee CKO-
POCTH B pe3yJbTaTe CTOJKHOBEHHUSA H3MEHAIOT MUKPOCOCTOSHUE
CHCTEMBI, HO, KOHeYHO, He MEHSIOT TepMOJMHAMUYECKUX Iapa-
MEeTPOB U, CJIeA0BaTEJIbHO, MAKPOCOCTOAHUSA CUCTEMBI.

Teneps BBeeM runoresdy, He CTOJIb OYEBUJHYIO, KaK IIpeJInecT-
BYIOIIIUEe YTBEPXKAEHUSA: 6Ce MUKPOCKONnuU4eckue COCMOAHUA 3aMm-
KHYmoil cucmembl. PABHOBePOAMHbL; HU 00HO U3 HUX He ébldene-
HO, He 3aHuMmaem npeumyu,ecmeerHoz0 NOAONHeHUA. ITO IIPeIo-
JIoOXKeHUe (paKTHYeCKHU JSKBHUBAJIEHTHO TUIIOTE3€ O XaOTUYECKOM
XapakKTepe TelJOBOro ABHXXKEeHUA MOJIEKYJI.

BeposTHOCTb COCTORHUA

C TeueHHeM BpeMEeHHM MHUKPOCOCTOSAHUA HENPEPHIBHO CMEHSAIOT
Apyr apyra. Bpemsa npeOGeIBaHUA CHCTEMBI B OIIpe€JIECHHOM MakK-
POCKOIMNYECKOM COCTOAHUU MPOINOPIHOHAJIBHO, OYEBUAHO, YHUCIY
MUKPOCOCTOSAHUM Z |, KOTODbIEe pealu3yIoT faHHOe cocTossHMue. Ec-
JU yepe3d Z 0603HAYUTH IIOJITHOE YHCJIO MUKPOCOCTOAHUM CUCTEMBEI,
TO BEPOATHOCTH COCTOAHUA W omnpefie/IUTCA TaK:

Z,
W= —, (6.10.1)
Z
BepoATHOCTP MAKPOCKONHYECKOr0 COCTOSSHUA PaBHA OTHOILIe-
HHIO YHCJa MMKPOCOCTOSHHMI, PeaJIM3yIOIIMX MAaKPOCOCTOSIHHE,
K MOJHOMY YMCJIy BO3MOYKHBIX MHKPOCOCTOSIHHIA.

Mepexoa cucrembl K Haubonee BEPOATHOMY COCTOSHUIO

Yewm Gosbuie Z,, TeM 6osbllle BEPOATHOCTL JAHHOIO MaKpOCOC-

TOSAHUSA U TeM GoJblliee BpeMs cuUcTeMa OyJeT HaXOAUTHCA B 3TOM
cocroaHun. Takum o6pasom, sgosryus cucmemob. npoucxodum 8
Hanpaeanenuu nepexoda om Mal08ePOAMMHBLLX COCMOAHUIL K CO-
cmosHnuam 6onee sepoammbim. IMEHHO ¢ 3TUM CBA3aHa HeoGpaTH-
MOCTh T€YEHUS MAKPOCKONHWYECKHUX NPOIEeCCOB, HECMOTPS Ha 00-
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pPaTUMOCTh 3aKOHOB, YIIPaBJIAIINX JBHXKEHHEM OTJAEeJbHBIX Yac-
tul. OOpaTHHIN npouecc He ABJIAETCA HEBO3MOXXHBIM, OH IIPOCTO
MaJioBeposATeH. Tak KaK Bce MUKPOCOCTOAHUA PABHOBEPOSITHBI, TO
B IIPUHIMIIE MOXKET BOSHUKHYTh MaKpPOCOCTOSIHME, peasndyeMoe
MAaJIBIM YHMCJIOM MHUKPOCOCTOAHUI, HO 3TO YpPe3BLIYAHHO pegKoe
coOriTHe. MBI He JOJIKHBI YAUBAATHCSH, €CJIN HUKOrAa He YBUAUM
nx. HaubGosiee BepoATHO COCTOsIHME TEILJIOBOrO paBHOBecusd. EmMy
oTrBevaeT HauboJbmiee Y1CJI0 MUKPOCOCTOAHUMN.

Jlerko NmOHATH, MOUeMy MeXaHUYecKasdA 3Heprus CaMOMmpou3-
BOJIbHO NEPEeXOJHUT BO BHYTPEHHIOI0. MexaHH4YeCcKoe IBHYKeHHe Te-
Ja (UJIM cCUCTEMBI) — 3TO YIOPAJOYEHHOEe ABHXKEeHHe, Korga Bce
YacTH TeJia epeMeIlaloTcsd MAEHTUYHO HJIM CXOAHBIM 06pasoM.
YnopsAanoueHHOMY ABUXKEHHUIO OTBeYaeT HeOoJIbIoe Y1CJIO MUKPO-
COCTOSIHUH IO CPaBHEHUIO ¢ 6eCIOpAKOYHBIM TEIlJIOBLIM ABH)KEHH-
eMm. IloaTroMy MayioBepOsTHOE COCTOSHHE YNOPAJOYEHHOro Mexa-
HUYECKOro JBHXKeHUuA caMo coboit nmpeBpaiaeTca B 6ecnopAgoy-
HOe TeIlJIOBOe ABMXKEHUe, peajiudyemMoe ropasso 60JbIIUM YUCJIOM
MHKPOCOCTOSHUIA.

MeHee HarJsiieH MpoiecC IIepexoa TEerJOThl OT ropsA4ero TeJja
K xonogHomy. Ho ¥ 3gech cymHOCTh HEO6GpaTUMOCTH Ta XKe.

B HavyaJyie TenyiooOMeHa eCTh JBe IPYNNbI MOJIEKYJI: MOJIEKYJIBI
c 6oJiee BRICOKOM cpeHel KMHETUYECKOI dHepruei y ropsuero Te-
Jia ¥ MOJIEKYJIbl C HU3KON CpeHell KNHEeTUYEeCKOl 3Hepruei y xo-
goaHoro. IIpu ycTaHOBJIEHNH TENJIOBOrO paBHOBECHUSA B KOHIIE IIPO-
1ecca Bce MOJIEKYJIbl OKaXXyTCA NPUHAAJIEeKaNIUMK K OXHOH rpy-
IIe MOJIEKYJI C OGHOM U TOM 2Ke cpefHel KMHeTUYeCKON aHepruei.
Boiee ynopAafo4eHHOE COCTOSIHHE C pasZieJIeHueM MOJIEKYJI Ha JBe
TPYIIILI IIePeCcTaeT CyIIeCTBOBATD.

Hrak, HeoOpaTMOCTH IPOIIECCOB CBSA3aHA C TEM, YTO HEepaBHO-
BECHbIe MAKPOCKONMHYECKHEe COCTOSSHHUA MAJIOBEPOATHBI. ITH CO-
CTOSIHUA BO3HUKAIOT JTU0O €CTeCTBEHHBIM IIyTEM B pe3yJbTaTe 3BO-
sonuu BeesieHHOM, 1100 2Ke CO3XAI0TCA HCKYCCTBEHHO YeJIOBEKOM.
Hanpumep, MBI nojiydyaeM CHJIbHO HepaBHOBECHbBIe COCTOAHUA, Ha-
rpeBas pabodee TeJIO TENJIOBOrO ABUraTeNs A0 TEMIIEPATYpP, HA COT-
HY I'paJycoB IIPEBHIIIAIOIINX TEMIIEPATYPY OKPYKAaOIeli cpeabl.

Pacwupenune «rasa» U3 yetbipex mMonexkyn

PaccmoTpuM npocToil nmpuMep, NMO3BOJAIOIINI BHIYUCINTD Be-
POATHOCTH PA3JIMYHBIX COCTOAHHUI M HAINJIALHO ITOKAa3bIBAIOIHA,
KaK yBeJIMUeHHe YHCJIa YACTUI[ B CUCTEME NMPUBOAUT K TOMY, YTO
IIpOIleCCHI CTAHOBATCA HEOOpaTUMBIMHM, HECMOTPA Ha 00pPaTHUMOCTDb
3aKOHOB JABM)X€HUA MUKPOYACTHII.
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IIycTs y Hac uMeeTcs «ra3» B COCyje, COCTOSSOIHI BCEro JUIIb
M3 YeThIpex MoJIeKyJ. BHauane Bce MOJIEKYNbl HAXOLATCA B JIEBOH
IIOJIOBHHE COCYyZa, OTAEJIEHHON I1eperopoAKOi OT IMpaBOM IMOJIOBH-
HHI (puc. 5.12, a). YO6epeM nmeperopoiKy, U «ra3» HauHeT pacHIu-
pAThCcA, 3aHUMasa Bech cocyh. ITocMoTpuM, KakoBa BepPOATHOCTH
TOro, YTO «ra3» ONATH COXKMEeTCH, T. €. MOJIEKYJIbl CHOBa co0epyT-
Cs B OAHOM MMOJIOBMHE COCYAA.

B Hamiem npuMepe MaKpocoCTOsIHHE OyAeT XapaKTepu30BaThCA
yKasaHUEM YHCJIa MOJIEKYJ B OZHOI IMOJIOBUHE cocyna 6e30THOCH-
TeJbHO K TOMY, KAKHe HMEHHO MOJIEKYJIbl 35ech HaxoaATcA. MukK-
POCOCTOSSHUA 3aJAaI0TCA pacnpefesieHHeM MOJIEKYJI IO IOJIOBUHAM
cocyha C yKasaHHMEeM TOro, KakMe MMEHHO MOJIEKYJIBI 3aHMMAIOT
NJaHHYIO MOJIOBUHY cocyaa. IIpoHymMepyeM MoJieKVasl nudpamu 1,
2, 3, 4. BoamoxxHHI 16 pasnUYHBIX MUKPOCOCTOSIE XA, BC€ OHHU M30-
Opa’xeHbI Ha pucyHke 5.12,a — 2.

BeposiTHOCTHh TOro, 4TO BCE€ MOJIEKYJIBI COOepyTcA B OAHOM mmoO-
JloBUHe (HanpumMmep, JIeBOi1) cocya, paBHA:

L1

VA 16°

TAK KaK JaHHOMY MaKpPOCOCTOAHHIO COOTBETCTBYET OZHO MHKPO-
cocrosinue (cM. puc. 5.12, a, 6).

BepoATHOCTE Ke TOro, YTO MOJEKYJbl pPACIpeAesaATCs IMOPOB-
Hy, Oyzaet B 6 pa3 GosbIe:

Wl=

TAK KaK JaHHOMY MaKPOCOCTOSIHUIO COOTBETCTBYET IIIECTh MUKPO-
cocTossHUM (cM. puc. 5.12, 9).

171



BepoAaTHOCTH TOro, 4YTO B OLHOI ITOJIOBUHE cocyja (Hanmpumep,
JIeBOi) OyAeT TPpH MOJIeKYJIbI (4 B APYTroil COOTBETCTBEHHO OJHA MO-
JIeKyJa), paBHa (cM. puc. 5.12, 8, 2):

I
16 4

Bosbpmyo 4acTh BpeMEeHHM MOJIEKYJbI OYAYT pacrpeneseHbl 110
II0JIOBUHAM COCYZA IIOPOBHY: 9TO HanboJiee BePOATHOE COCTOSTHUE.

W,

1
Ho npumepHO {6 AOCTATOYHO 0OJIBIIIOr0 MHTEpPBAJia BPEMEHHU Ha-

OJMIOaeHUA MOJIEKYJbl OYAYT 3aHHMATh OAHY U3 IIOJIOBHH COCYZAA.
Takum o6pa3oM, mpollecC pacIIupeHusa o0paTHM M «ra3» CHOBa
C)KMMAaeTCsi 4epe3 CpaBHUTEJILHO HeOOJBIION IIPOMEXXYTOK Bpe-
MEHH.

HeoOpaTumocCTb pacwmpeHus rasa
Cc 6ONbLWIKUM YUCNAOM MONEKYN

Ho ata o6paTHMOCTh BO3MOXKHA JIUIIL NIPH HeOOJBIIOM YHCJE
MoJieKkyJ. Eciu ke 4ucJIo MoJIEKYJI CTAHOBUTCS OFPOMHBIM, TO pe-
3yJIBTAT CymeCTBEeHHO MeHsAeTcA. [logcunTaeM BepOATHOCTHL COOBI-
THS, KOra MOJIEKYJIEI BHOBb cO0epyTCs B OZHO# IIOJIOBUHE COCyZa
IocJie pacIIpPeHN s, eCIA YHCJI0 MOJIEKYJ MPONU3BOJILHO.

MoseKkynbl HaeanbLHOro rasa NpPpaKTUYECKHU JBHIKYTCS He3aBHU-
CUMO ApyT OT Apyra. I1Jis oqHO! MOJIEeKYJIbl BEPOATHOCTH TOI'0, YTO

1

§ .
TakoBa Xe BEepPOATHOCTL U JJA APYroil MOJeKyJbl. OTH COOBITHA
He3aBHCHMEI, ¥ BEPOATHOCTb TOro, YTO II€pBaA U BTOPAA MOJIEKY-
JIbI coOepyTcH B JIEBOH ITOJIOBHHE COCYJZla, PaBHA IPON3BEeJEeHHIO Be-

. 1 1 1 1
poATHOCTEH: 5 ' 5 = 7 = 5. 1A Tpex MOJIEKYJ BEPOSATHOCTH Ha-

OHAa OKaXXeTCs B JIeBOW IIOJIOBUHE cocyaga, paBHa, O4YeBHJIHO,

" 1
XO0XIeHNA MOJIEKYJ B O4JHOM IIOJIOBHMHEe coCyJga paBHAa ? y & AJIA

YyeThIpex — ‘B}Z . UMeHHO TaKoe 3HaYeHNe BEPOATHOCTH MbI U IIO-
JYYUJIU IIPHA AETAJIBHOM PAaCCMOTPEHHUH paclpenesieHUus MOJIEKYJI
IO COCYZAY.

Ho eciu B3ATEL peasIbHOE YMCJIO MOJIEKYJ rasa B 1 cm® mpu Hop-
MaJLHEIX yeaoBuax (n = 3 - 10'%), To BepoaTHOCTH TOrO, YTO MOJIE-
KyJBl cobepyTcs B OLHOI moJIOBHMHe cocyaa oovemom 1 cm3, Gyzer

COBEpPIIeHHO HUYTOXXHaAa: W .
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Taxkum 00pasoM, TOJIBKO K3-3a 60JIBIIOr0 YUCJIa MOJIEKYJI B MaK-
poTejIax Mpolecchl B NPHPOJLE OKA3LIBAIOTCA IIPAKTHYECKH Heol-
paTUMBIMH. B nmpuHIMne oOpaTHbIe Npouecckl BO3MOXHBI, HO Be-
POATHOCTH UX OsM3Ka K HyJai0. He nporusopeuyuT, cTporo ropop4,
3aKOHAM IIPUPOALI ITPOIECC, B pe3yJbTaTe KOTOPOro IPHU CaAydan-
HOM JIBH)XEHHH MOJIEKYJ BCe OHH co0epyTcCA B OAHOI IIOJIOBHHE
KJiacca, a yJdalguecd B APYyroy moJIoBUHe KJacca 3agoxHyTtcda. Ho
peaJIbHO 3TO COOBITHE HUKOrAa He MPOMCXOAMJIO B IIPOILJIOM U He
npousoiger B 6yaymem. CIUOIKOM Maja BepOATHOCTh IOLOOHOro
COOBITHA, YTOGBI OHO KOrJa-JIn00 CIYyYHIOCHh 38 BCE BPEMA CYILIECT-
BOBaHUA BcejleHHON B COBPEeMEHHOM COCTOSAHHHM — OKOJIO He-
CKOJIBKMX MUJLJIHAPJAOB JeT.

Ilo maHHBIM OI[€EHKaM, 3Ta BEPOSATHOCTH MPUMEPHO TAKOTO Xe
MopAAKa, KAK ¥ BepOATHOCTh TOro, 4to 20 000 06e3paH, xaoTHue-
CKH yJZapsad IO KJaBHIIAM MHIMYIIUX MAIINHOK, HameyaTamoT 6e3
exnHoM omubKM. « Boitny u mup» JI. H. Toncroro. B npusnune
3TO BO3MOXKHO, HO peaJibHO HUKOr/ia He IIPON30MAeT.

Crpena BpemMmeHu

Bo Bcex npoieccax CymecTByeT BblAeJIEHHOE HapaBJjieHHe, B KO-
TOPOM IIPOLECCHI UAYT caAMH c000il OT GoJiee yIIOPAAOYEHHOrO CO-
CTOSIHHUSA K MeHee YyNopAAoYeHHOMY. YeMm GoJbIle MOPAAOK B CHC-
TeMe, TEM CJIOXKHee BOCCTAHOBHUTH ero n3 6ecrropAanka. HecpaBHeH-
HO npomie paséuTh CTEKJIO, YeEM U3rOTOBHTH HOBOE U BCTABHUTH €ro
B pamy. 'opasno npomme y6uTh }KHBOE CYII[ECTBO, YeEM BO3BPATHThH
ero K JXHU3HM, eCIH 3TO BooOIie BO3MOXKHO. «Bor corBopun ma-
JIeHbKYI0 OykamKy. Ecyin ThI ee pa3gaBuinb, OHA YMPET» — TAKOH
anurpad mocrtaBUJI aMepUKaHCKUN 6MoxuMuK Cent [lbepaH K CBO-
el kuure « BbruosHepreTukar.

BrinenenHoe HarnpaBlieHHMe BpeMeHHM («CTpejia BpeMeHH»), BOC-
IIpUHUMaeMoe HaMH, OYeBHIHO, CBA3aHO HMEHHO C HAIIPABJIEHHO-
CTBIO IIPOLIECCOB B MUPE.

FpaHuubl NPUMEHUMOCTH BTOPOro 3aKkoHa repMmoanHamMuku

BeposiTHOCTHh OOpaTHBIX MPOLECCOB IIEpexX0ja OT PABHOBECHBIX
COCTOSAHMI K HepaBHOBECHBIM JJIA MAKPOCKOIHMYECKHX CHCTEM B
neJoM odyeHb Maja. Ho pna maneix o6beMOB, cofep)Kamux He-
GoJIbIIIOE YHMCJIO MOJIEKYJI, BEPOATHOCThL OTKJIOHEHHUSA OT PaBHOBe-
CHfA CTAHOBUTCA 3aMeTHOH. Takue ciyuaiiHble OTKJOHEHHUSA OT
PaBHOBeCHA HA3BLIBAIOTCA G NYKTyaumuaMmu. VMeHHO QayK-
TYalUsAMH IIJIOTHOCTY rasa B o06JIaCTAX mOpsAAKa AJHUHEI CBETOBOM
BOJIHHI 00'bsICHSIETCA paccesHMe cBeTa B aTMocdepe 3eMJH U roiy-
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Ooii nBeT HeOa. PIyKTYyaluy JAaBJIEHUA B MAJILIX 00beMax 00bAC-
HAIOT OPOYHOBCKOeE JIBHKEHHE.

HabGaronerne GaIykTyamui COYKHUT BaKHEUIIINM JOKAa3aTeJihb-
CTBOM HOPaBHJIBHOCTH CO3JaHHOH DBoJbIIMAHOM CTAaTHCTHYECKOH
TEOpHH HeoOpaTHMOCTH MaKpoIporeccoB. Bmopoit 3axon mepmo-
OUHAMUKU BbLNONHAEMCA MONLLKO ONL CUCMEM C 0ZDOMHLIM YUC-
JAom wacmuy. B mansix o6beMax CTAHOBATCA CYIIECTBEHHBIMH OT-
KJIOHEHHS OT 3TOI'0 3aKOHA.

«[lemoH MakcBenna»

JI1060ObITHEIA IpUMep AKOOBI BO3MOXKHOTO HapYIIIeHUsI BTOPO-
ro 3aKOHa TepMOAMHaAMHKU npuaymaa Maxcsena. PazymHoe Cy-
IECTBO — «JIeMOH» — YIIPaBJIIET OYeHb JIeIKOi 3aCJIOHKOH B IIe-
peropojke, pasmeJsiomnieii 1sa orceka — A u B — ¢ rasom, Haxo-
OAIIAMCSA OPU OZUHAKOBOM TeMmepaType u gaBieHnu (puc. 5.13).
«[leMOH» ciieIuT 3a MOJIEKYJIAMH, HOAJIETAIOIIUMH K 3aCJIOHKE, ’
OTKPBLIBAET €€ TOJLKO AJIA OBICTPBIX MOJIEKYJI, ABHIKYIIUXCA U3
oTrceka B B oTcek A. B peaysbTaTe ¢ TeUeHHEM BPEMEHH I'a3 B OTCe-
Ke A HarpeBaeTcd, a B oTcexke B ocTriBaeT. Pa6ora npu 3ToM He co-
BepIIaeTcd, TaK KaK 3aCJOHKAa IPaKTHYeCKH HeBecoMa, U BTOPOH
3aKOH TEePMOAWHAMHKH KaK OyATO HapyIIaeTc.

OxgHAaKO B JeMCTBHTEJNIbHOCTH HAPYIIEHUSA BTOPOro 3aKOHa He
npoucxonuT. st cBoeit paboThl «ZeMOH» JOJIKEH IIOJIy4aTh WH-
¢dopManuIio 0 CKOPOCTAX MOJJIETAIOIINX K 3aCJIOHKe MoJyeKyJ. I1o-
JIYYUTD JKe TaKyIio nHpopMamuio 6e3 3aTpaT 3Hepruu HEBO3MOXKHO.

Orcex A . Orcex B

Puc. 5.13
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1A nonydeEnsa Takoil mHGOpPMAIIMM HAL0, K IPUMEPY, HAIpPaB-
JIITh Ha MOJIEKYJIBI 3JIEKTPOMATHUTHOE M3JIy4eHHe U NPHUHHUMATDH
OTpa’KeHHLIE CUTHAJIBI.

Heo6pamumocmbv npouyecco8 6 npupode c643aHa CO CRipeMm.ie-
HUem cucmem K nepexody 6 Haulboaee 6epoammHoe cocmosrue,
Komopomy omeevaem MAKCUMALbHbLIL 6ecnopadok.

§ 5.11. TENNOBbLIE ABUIrATEJIN

3anacv. 6HYympeHHell IHepZuUU 68 0KeaHaXx U 3eMHOIl Kope MOMXC-
HO ciumamb npakmuiecKku HeozpaHuveHHuimu. Ho pacnoaa-
zamb 3anacamu sHepzuu euje HedocmamouHo. Heobxodumo
ymembs 3a cuem 3Hepzuu npusodumbdv 68 06ulceHue CMAHKU HA
¢abpurkax u 3asodax, cpedcmea mpaHcnopma, mpaKmopbvl U
Opyzue mMawuHdbl, pau,ambsb pOMopyL 2eHepamopos 3aeKxmpuue-
ckoz0 mokxa. Yenoseuwecmay HYNMHbL d8Uzamenu — Yycmpoi-
cmeéa, cnocobHble cogeputamdy pabomy.

Boseimas yacTs ABUraTesieil Ha 3eMje — 3TO TEIJIOBbIE JBHra-
TeJH, T. €. YCTPOMCTBA, NMpeBpamalonye BHYTPEHHIOKW JHEPTHIO
TOIJIMBA B MEXaHMYECKYIO 3HEPTrHio.

Heo6paTuMOCTB HPOIIECCOB B IIPUPOJE HaJaraeT ompeaeseHHbIe
OrpaHMYEHHUA Ha BO3BMOYKHOCTH UCIIOJIL30BAHUSA BHYTPEHHEH 3Hep-
TUHU JJIS COBepIIeHNsI paboThl TeIJIOBLIMU ABUTATEIAMUA. ITO MpA-
MO OTPa’KeHO BO BTOPOM 3aKOHE TePMOAUHAMHUKH B (OpMYJIUPOB-
ke KesapBuHAa (cM. § 5.9).

MpocTenlnans Moaensb TensioBO MaLLUUHbI

IIpocTeiimyo TEMJIOBYI0 MAIIHHY MOXKHO CO-
OpaTh U3 cTaKaHA C BOJAOH, KAl aHUJIUHA U I'O-
peaku (puc. 5.14). Tak Kaxk cocyZ ¢ BOJOM IOJO-
rpeBaeTcsi CHMU3y, TO TeMmmeparypa Bogel Ty B
BEepXHUX CJIOSX, €CTEeCTBEHHO, HU)KE, UEM TeMIIe-
parypa T, BHuay.

IlnoTHOCTHE aHMIMHA ¥ HJIOTHOCTH BOALI IIO-Pas-
HOMY 3aBUCAT 0T TeMneparypsl. IIpu T nioTHOCTH
aHWJIVHA MEHbIle IJIOTHOCTHM BOABI, a mpu T,

Gosnbine. Eciu BAUTH XOJIOOHBIM AHWJIWH B BOJLY,
TO OH OIIYCTHUTCS Ha AHO. [Tocsie HarpeBaHUsA ILJIOT-
HOCTh AHWJIMHA YMEHBIIAeTCS U OH BCILJIBLIBAET.
YV NOBEPXHOCTH BCJEACTBUE OXJIAXKIEGHUA ILJIOT- Puc. 5.14
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HOCTH AHUJINHA cTaHeT 6OJIbIlle IIJIOTHOCTH BOJABI, M KAIJIA BHOBb
ONMYCTHUTCS Ha AHO. 3aTEM BECH IIMKJI IOBTOPUTCH.

IIpn kaXxJ0oM IIMKJIe cOBepLIaeTCA MOJIOXKUTeJbHaA pabora 1o
NIPEeooJIEHUIO TPeHHUs NPHU ABMIKEHNU Kanjau B Boae. Ecin kamiaio
BHU3Y «HArpy»>kaTh», & BBEPXY «pasrpykXaThb», TO TaKasa TeIjioBaf
MaUInHa MOXKeT 6bITh HCIIOJIb30BAHA AJA IIOA'bEMA I'Py3a.

Ecay nokpeITh CTaAKaH CTeKJAHHON IIJIACTUHKOM, TO TeMmIepa-
Typa BepXHUX CJIOEB BOJALI YBEJHUYUTCS 1 MAaIlIXMHA IIepecTaHeT pa-
6oraTsb.

B Hame® npocreiiineil MalIyHe IIPOUCXOLAT IIPOLIECCHI, OOIIMe
AJISL BCE€X TEIVIOBBIX ABHUrareyei. MammuHa nosy4yaer oT Harp e-
BaTe s (ropeJKH) KOJUYECTBO TEIJIOTH §, ¥ mepesaeT X o J o-

AUNBHUKY (B AAHHOM caydae aTMoc(epe) KOJINYECTBO TEILIO-
TH @,. 3a cyeT TOro, 4TO Q; > Q,, ¥ coBepmaeTca pabora.

MpuHuMNbl AEeNCTBUA TENNOBbIX ABUraTenemn

Yrto6wl gBUraTeNb coBepuial paboTy, HeoOXoguMMa pa3HOCTH
JAaBJieHU1 o 00e CTOPOHEBI MOPIIHA ABUTATEJIS WU JoacTei Typ-
O6uHBI. Bo Bcex TENJIOBHIX ABUraTeJIAX 3Ta Pa3HOCTh AABJIEHUI [O-
CTUraeTcd 3a CUEeT IMOBHIIIEHHUS TeMIlepaTyphl paboudero Tejia Ha
COTHHM rpagycoB II0 CPABHEHHIO C TeMIIepaTypoi OKpy»karomiei
cpeasl. Taxkoe NMoBHIIIEHNE TeMIIEPATYPHI IIPOUCXOAUT IIPH Cropa-
HUN TOILJIKBA.

PabounM TesloM y BceX TEIJIOBBIX ABHUraTeNeil ABJsieTcA ras
(cMm. § 3.11), KoTopHIit coBepiaeT paboTy npu pacmupenuu. 060-
3HAYMM HAYaJbHYIO TeMIepaTypy pabodero Tesa (rasa) uepes T',.

ITy TEMIIEPATypy B IapOBHIX TYpOMHAX HJIH MAIIHHAX npuobperTa-
eT nmap B IIapoBOM KoTJie. B aABHUraTessix BHyTPEeHHEro CropaHuA U
rasoBblX TYpOMHAX IOBHIIIEHHE TEeMIIEPATYPbl IIPOUCXOAUT IIPH
CrOPaHMM TOIIJIMBA BHYTPM camoro asurarens. Temneparypy T,

HA3bIBAIOT TEMIOI EepaTypoil HarpesaTeJd.

Ponb xonogaunbHuka

ITIo Mepe coBepuieHUs paGoThI ra3 TepseT SHEPruio ¥ Hen3bex-
HO OXJIa)KJaeTcsa 40 HeKoTopoi Temnepatypwu T',. OTa TeMnepary-
pa He MOXKeT OBITH HUXKE TeMIIepaTyPhl OKPY Kalomiei cpeanl, TaK
KaK B IPOTHMBHOM CJiyuyae AaBJieHHe rasa CTaHeT MEHLIIIe aTMOC-
¢hepHOrO U ABUTraTes b He CMOXKeT paboraTs. OGBIYHO TeMImepaTypa
T, HeckoJsIbKO GoJIbIlIe TEMIEepATYPHI OKPYKaloeil cpeasl. Ee Ha-

3HIBAIOT TEMNEepaTypoil XONOAMNIBbHHUKA. X0oJOAUIb-
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HHUKOM SABJIAIOTCA aTMocdepa MM CllelUaibHbIEe YCTPOMCTBA AJIA
OXJaXKJEeHUA U KOHAEHCAIMU OTpabOTAaHHOro rnapa — KOHJeHca-
Topbl. B mocyegHeM ciydae TeMIepaTypa XOJIOZUJIbHHUKA MOJKET
OBITh HECKOJIBKO HUJKE TeMIIepaTypHl aTrMocdepsl.

Taxkum oOpa3om, B gBuUrarese pabouee Tesi0O IpH pacIIUpPEeHHUU
He MOXKET OTAaTh BCIO CBOI0O BHYTPEHHIOIO 3HEPTrUI0 Ha COBeplle-
Hue paboTel. YacTh aHeprun Hemsbe)xXHO mepepaeTcsa aTMmocdepe
(X0JM0AMJIBHUKY) BMecTe C OTPa6G0TAHHBIM ITAPOM HUJIM BBIXJIOMHBI-
MH rasaMy JABUTraTeJieil BHYTPEHHEro CropaHMA U rasoBBIX TYP-
OMH. JTa 4YacTh BHYTPEHHeN 3Hepruu 06e3BO3BPATHO TepseTcH.
M MeHHO 00 3TOM ¥ FOBOPHUT BTOPO 3aKOH TEPMOANHAMUKH B QOP-
myaupoBke KenbBuHa.

Harperarens Tremneparypst T

KosnudecTBo TennoTn @,

Pa6ouee
TeJo
BHTaTead

Pabora A’

———

v KosnuecTBO TennoTH Q,

XonoauabEHK TeMnepaTypu T,

Puc. 5.15

[IpuHnUNUanpHasaA cxeMa TeIJIOBOro ABHUraTelsis H300pakeHa
Ha pucyHke 5.15. PaGouee Teso gBUraTess mojiydaeTr npu cropa-
HHMH TOIJIMBa KOJIMYECTBO TENJIOTHI @, coBepuIaeT paboty A’ 1 Ie-

pefiaeT XOJOAUIBHUKY KOJTMYECTBO TEIIOTH |@,| < |Q,].

KN4 rennosoro asurarens

CoriacHO 3aKOHY coxpaHeHHUs 3Heprum paboTa, coBepliaemas
JABUTaTeJIEM, paBHA

A=Q,+Q, (5.11.1)

rae Ql — KOJHUYeCTBO TeIlJIOThI, IIOJIy4YeHHOe OT HarpesmaTensd,
a Qz — KOJIHYeCTBO TEIlJIOThI, OTAAHHOE XOJOANJIBbHHUKY.
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KoadpduineHTOM I0JE3HOro AENCTBHA TeIJIOBOro ABHUTraTeNd
HA3BIBAIOT OTHOHMIeHHe paboTel A’, coBepmiaeMoil ABUraTeJeM,
K KOJINYECTBY TEIJIOTHI, IIOJIYyYeHHOMY OT HarpeBaTeJs:

A _u+Q _ |&-[Q] _ . |9

. , 1 -2
2 Q, 4| Q4|

(5.11.2)

Y napoBoii TypOMHEI HarpeBaTejieM ABJISETCA [IaPOBOM KOTeJI,
a y ABUTraTe el BHYTPEeHHEro CropaHus — caM¥ IIPOAYKTHI cropa-
HUSA TOILJIMBA.

Tak Kak y Bcex ABUraTeJjiell HEKOTOpPOe KOJUYECTBO TEIJIOThI
rnepesaeTca XOJOAUIBHUKY, TOM < 1.

NMpumeHeHne TennosbiX ABUrarenen

HaubosbIllee 3HaYeHMEe MMEET UCIIOJIb30BAHNE TEIJIOBRIX JBHUra-
TeJie¥ (B OCHOBHOM MOIIHBIX ITAPOBRIX TYpOHUH) HA TEMJIOBHIX 3JIEK-
TPOCTAHIIUAX, I'/le OHX MPHUBOAAT B JBUXKEHHUE POTOPHI reHEPATOPOB
aseKTpuueckoro Toka. Okoso 80% Bceil 3eKTPOSHEpPruu B Ha-
11Iei cTpaHe BhIpabaThIBa€TCA HA TEIJIOBBIX 3JIeKTPOCTAHIIUAX.

TenJioBble ABUTATEHN (IApOBbIe TYPOMHBI) YCTAHABJIUBAIOT TaK-
’Ke Ha ATOMHBIX 3JIEKTpOoCcTaHIMAX. Ha aTux craHUUAX AJIA MOJY-
YeHUA IIapa BBICOKOI TeMIlepaTyphbl HCNOJIb3YEeTCA 3HEePrus aToM-
HBIX sAfep.

Ha Bcex 0CHOBHBIX BUJaX COBPEMEHHOI'O0 TPAHCIIOPTAa IIPEeUMY-
IIeCTBEHHO MCIOJIb3YIOTCA TeIJioBhle aBurarenu. Ha aBToMoOu-
JIAX NPUMEHAIOT [IOPILIHeBLIe JBUTrATEJN BHYTPEHHEr0 CrOpaHus ¢
BHEeIIHUM o0OpasoBaHUEM ropruei cmecu (Kap6opaTopHble JBUTA-
TeJH) U ABUTATEJHN ¢ o0pasoBaHUEM roproueil cMecH HEIoCpeACT-
BEHHO BHYTPH IIUJIUHAPOB (AU3eJaH). ITH Ke IBHUTaTEeJH! yCTaHAaB-
JINBAIOTCA Ha TPAKTOpax.

Ha »xeyie3aHOOPOXKHOM TpaHcnopTe 40 cepeauHbl XX B. OCHOB-
HBIM JBUraTejieM Obljia mapoBas MainnHa. Temeps »Ke IIaBHBIM
06pa3soM MCHIOJBL3VIOT TEIJIOBO3bl C AU3EJIbHLIMHM YCTAHOBKAMM U
3JIEKTPOBO3kl. HO M 3JIeKTPOBO3BI IOJIyYAIOT 3HEPTUIO OT TEILIO-
BRIX AABUraTeJedl 3JIeKTPOCTAHIIUIA,

Ha BogHOM TpaHCHIOpPTE MCIOJb3YIOTCA KaK ABHUraTeJil BHYT-
PEeHHero cropaHus, TaK U MOIIHbIEe TYPOMHBI AJI KPYIHBIX CYAOB.

B aBnanuy Ha JIerKUX CaMOJIETaX YCTAHABJMBAIOT IIOPIIHEBHIE
JBUraTeJii, a Ha OTPOMHBIX JlalHepaX — TypOOBHHTOBEIE M peaK-
THBHBIE JBUTATEJH, KOTOPbIE TaAKe OTHOCATCA K TEIJIOBHIM JBU-
raTeJAM. PeaKTHBHBIE ABUraTeJN IIPUMEHAIOTCA U Ha KOCMHYe-
CKHX paKeTax.
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Bes TensoBRIX ABUTraTeJel COBpeMeHHas IIUBUIN3AIUA HEMBIC-
auMa. MBI He uMesHd Obl JemIeBYIO 3JIEKTPOIHEPruio U OBLIU Ohl
JIUIIEHBI BCeX BUAOB COBPEMEHHOI'0 CKOPOCTHOrO TPAHCIIOPTA.

Tennosbie ABuUrarenyn U oxpaHa npupoabl

HeyKJOHHBIN POCT 9HEPreTUYECKNX MOIHOCTel, Bce Goabmee
pacrnpocTpaHeHUe YKPOLUIEHHOro OrHd — B TONKAaX U KOTJaxX Tell-
JIOBBIX 3JIEKTpPOCTaHU MM, GabpHUK U 3aBOAOB, KOTEJBHEIX I'OPOJOB
U ceJl, B JABUraTeJIAX BHYTPEHHEro CropaHuA, B pakeTrax U aBUaIu-
OHHBIX JABUTAaTeNAX — IIPUBOJUT K TOMY, YTO KOJHUYECTBO BhIJe-
JIIeMOH TEeNJOThl CTAHOBUTCHA COIIOCTABUMBIM C APYTHMMHM KOMIIO-
HEeHTaMH TeIJioBoro 6anaHca B armMocepe. 3TO He MOYKeT He NpPU-
BOAMTH K NMOBBILNIEHUIO cpefHell TemnepaTryphl Ha 3emJe. Ceituac

MOIIIHOCTH ABHUTaTeeii cocraBager npumepHo 10'° kBt. Korga ara

mMomHocThs ZocturHeT 3 10'2kBr, To cpesHsA TeMmepaTypa aT-
mocdeprl 3emMan moBeicUTCA puMepHOo Ha 1 °C. lasnpHeitniee mo-
BBIIIIEHHE TeMIIePaTYPhl MOXET cO34aTh yrpo3y TAAHUA JIEAHHUKOB
1 KaTacTpodUueCKOro NoBHIIIIeHNA ypoBHA Muposoro okeana. Ho
3THUM JaJIeKO He HCYEePNBIBAIOTCA HEeraTHBHbIE MOCJIEACTBUSA NpPH-
MEeHEeHHsA TeIUIOBhIX aBUraresieii. Pacrer Bri6poc B aTrmocdepy
MHUKPOCKONMHUYECKNX YaCTHUL[ — caXKH, Iemja, H3MeJbYeHHOro
rosinBa. OHNM U3MEHAIOT OIITHYECKHe CBOMCTBa aTMOoCc(depkrl, COOT-
HOIIEHWEe MEeXJAY IOIJIOIEeHHONH M OTpPa’XeHHOM COJIHEYHOM 3Hep-
ruey, yBeJMYUBAIOT « TAPHUKOBHINA 3pPeKT», 00YCIOBIEHHHBIH 1T0-
BBIIIEHVEM KOHIIEHTPAIMH YIJIEKUCJIOro ra3a B Te4eHue JJINTeNb-
HOI'O MNPOMEXXYTKA BpEeMEeHH. YTIJIeKHCJBIH ras 3aJep’KHBaeT
TEeIJIOBOE U3JIyYeHHe 3eMJIH, YTO MPUBOAUT K IICBBIIIIEHUIO TEMIIe-
paTyphl arMmocoepsl