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NPEAMCJIOBHE

Lesb nonynsipHO# KHUTH MO U3KHKe NBOSIKAS.
Ipexxne Bcero, U3 Hee UMUTaTENb MOXKET y3HATb HEUTO MJISI
ce6s1 HoBoe. B 3To#l KHHTe PO TeMmepaTypy co6paHO MHOTO
pasHbIX akToB, O KOTOPBIX HE HANHCAaHO B ILIKOJBHOM
yuebnuke. XoTs KHHUTra W MOMyJspHas, a JajeKo He Bce,
YTO B HeH HANHCaHO, MOXHO MOHSATH JI0 KOHIA, MOCKOJBKY
He 000 BCeM yjaeTcs XOpolIo pacckasaTb Ge3 MaTeMaTHKU
u 6e3 Tex pasnesnoB (pU3MKH, KOTOpHe B IIKOJE He H3Y-
qaK0TCA.

IIpoTuB 3TOrO HENOCTATKa €CTh TONBKO ONHO CPEICTBO.
Hano 6erte ontumucrom. Ilpoiiger BpeMsi, unTaTenn y3HaeT
H O CTaTUCTHUeCKOH (¢u3HUKe, U O KBAHTOBOH MeXaHUKe.
Torna an1s Hero Bce paccKasaHHOE CTAHET HPOCTHIM U MOHST-
nbiM. Ha noporax nosnanus Het 06be310B; 4ToGbt J0GpaThes
JI0 BEpUIMHBI, HAJ0 INpEeoRoJeTbh MOABEMBI U [epeBaJibl,
KakiuMH Obl TsXKeJbIMH OHH HH INPEACTaBJISJIHCD.

Ho u He smasi Bcex perasnel, moJiesHo B caMoM HaudaJie
NYTEIeCTBUsl MOJYYHTh KaKoe-TO MPEACTaBJIeHHe O TOM, A€
NPOXOAUT Jiopora U B KaKue Kpasi oHa BeneT. VIMeHHO 9TOMY
JOJKHA TOMOYb MONYJApHAs KHHTA; B 5TOM H COCTOMT €€
BTOpast M, HaBepHoe, 0oJjiee BaKHAfl LEJb.

B xHure o tTemnepaType aBTOp XOTes pacckasaTb O TOM,
KaK BO3HHKAaIOT (U3UYeCKHe IIOHATHSI, KaK IOSIBJAIOTCS
HOBBIE METOJBI 151 H3MepeHUs (H3UUECKUX BEJHUYHH H KakK
pasBuTHE (HU3UKH NPHUBOJUT K TOMY, UTO CTapble, IPHBbIY-
Hble MOHATHS MEePeXOAST BO BCE HOBBIE W HOBbIE 00JaCTH
(QHM3HKH, O CAMOM CYLIECTBOBAHMU KOTOPHIX HAIUM NPEMILeCT-
BEHHHKH Jlaxe He MOJO03PEBasH.

B namue Bpemsi QpusMKa npeBpaTuiach B eJMHYIO HAYKY.
Wsyuast opun us pasgenos (puM3HKH, MBI HEMHHYEMO INoma-
JlaeM B JIpyTHe, caMble HeOXHJaHHble ee 00JacTH.

Hcropust o ToM, Kak uenoBeK OGHApYXHMBAeT 3aKOHBI
NPHUPOABI, KaK CO3/laeTCsl BeJIHYeCTBEHHOE 3JjaHNe COBpPEeMEH-
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HOTO €CTeCTBO3HAHU S, — HUCTOPUS MOYUHTEJIbHASA H HHTEpec-
Has.
Yyenne o TeMnepatype — OfHa M3 IJIaB STOH HCTOPHH,
ABrop Gnaromapen akax. M. K. Kukouny u npod.
M. WM. KaraHoBy 3a 3amMeyanusi, KOTOpble OHH CACNATH IIPH
00CyXIeHUH PYKONHCH, :
A. Cmopodunckui



BBEJEHHE

Uro TaKoe TemnsoTa — 3HaioT Bee. M3 mkoib-
HOTO YYeGHHKA M3BECTHO, UTO YACTHIB! B rasax, MKHJIKOCTSX
W TBEpJBIX TeJaX HaXOASTCA B HENpPEPHIBHOM JIBHXKEHHH H
YTO 5TO ABHXKEHHE BOCHPHHHMAETCH KaK TeIIo. DHeprus
JIBHIKEHHS YacTHL, yCpeJHEHHasl MO HX OTPOMHOMY YHCIY,
onpejeNnseT TeMnepaTypy.

Bce, uro Kacaercs Tenuia, H3J/I0XKeHO B yyeGHHKE OOBIYHO
CTOJIb SICHO M HAPOCTO, YTO 3TOT pasjen (PU3HKH Kamkercs
Jlaxe CKYYHBIM.

Ho Teopus Tenna Bosuuk/ia He cpasy. Ouenb JoJro He
MOIJIM MOHATb HH 4YTO TaKoe TeIJIo, HH Kakas pasHuIa
Mexpy TemnepaTypoi u TersoM. Pusnka — HayKa cpaBHH-
TeJbHO MoJiofas. Eme 200 Jer nHasajg 3aKoHBI HPHUPOAB!
NPEJICTAaBAANINCE KaK Pa3pO3HEHHbIE NpaBuJia, BHIBEICHHBIE
U3 ONHITa U MOYTH He CBSI3aHHBIE Mexay coboli. Jlub Mexa-
HHKa MorJla CONnepHHYaTh ¢ MaTeMaTHKOH CBoe#l CTPOroCThiO
H cTpoiiHOCTBIO. ToJIBKO B MexaHHKe yMeJH BBIBOJUTH (op-
MYJIBI, C MOMOLIIBIO KOTOPBIX MOMKHO OBIO aKKypaTHO pac-
CYHTBIBaTh MamuHb. K Mexanuke mpu6suiKajiach mo CTpo-
TOCTH ONTHKa (reoMeTpHYecKasi ONTHKa, KaK Mbl cedyac ee
HasbiBaeM). OcTaJsIbHBIE CBEEHHS O MPHPOJE GBLIH cOOpaHBI
B JBe HayKH — (U3HKY H XHMHIO.

DHU3MKH CTPEMHJIHCh NOHATb, YTO OGbEeNHHSET pasHbie
pasgensi Hayku o mpupoge. OmHM W3 HHX CYUTaIH, YTO
Bce fBJIEHHS1 Halo OOBACHATb, OMUpasch Ha MEXaHUKY, H
UTO Bce B MPUPOJE COCTOUT H3 MeJbyalIuX gacTHI: aTOMOB,
MOHaJi, KopmycKy/ (KaK HasbiBaJ{ TaKHe 4acTHUUBI B pas-
Hoe BpeMs). [pyrue HacTamBaju Ha TOM, 4TO IEPBUYHBIM
B IIPHPOJE ABJIAIOTCH XKUAKOCTH U yTo BeesieHHas 3aM0JHeHA
BeenponuKaomel cy6c1‘ammeu — s¢upom. Temno Takxke
CUMTaNH ONHOM W3 KHAKOCTEH, H TEOpHs TEIIOpoxa Obl1a
BecbMa MomyJ/IsipPHOH OCHOBOH YyueHHSI O Telue.

Mrorue ¢pusnKH cBA3BIBAJIHE TEIVIO C JABHKEHHEM MOJIeKyJI.
Tak, B wacrmoctu, myman Jlomomocos. Ho mpespatuts
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ofliue paccyXueHus B CTPOTYIO HayKy Gulto Heserko. Ipo-
HCXOAUJM YIMBHTEJBHBIE Bellld, H3 HaUBHEIX TpeJicTaBIeHNH
0 Temjgopoje OblIM BHIBEJIeHH MPABUJIbHBIE pe3YJbTATHI.
INonsiTHe 06 aTOMaXx JONTO Ka3aJoCh HE HYMKHBIM [ TEOPHH
TenJaa.

Tenepr Bce 3TO KaxkeTcsl YJHBHTENBHEIM: KaK MOXKHO
pasBHBaTbL HAyKy O TellJe, He 32jaBas BONPOCH O TOM, 4TO
3TO Takoe?

Hayke o Temne u mocBsimieHa 3Ta HeGoJbINAs KHUTA.
Uto6Bl Kak-TO OrpaHHuHTh ce0si, aBTOp B KauyecTBe TEMbI
BLIOpas TeMmepaTypy. B Kuure paccka3aHo, KaK IOsIBH-
JIOCh 3TO TMOHATHE U KaK MEHSJICA ero CMLICJ [0 Mepe TOoTo,
KaK yueHble Bce JIyyllle U JIyyllle TOHUMaJH, YTO XKe IPOHUC-
XOAMT, KOTAa MBI HarpeBaeM HJH OXJaXJaeM TeJo.

TPALYCbl U TEMNIEPATYPA

Hcropus o ToM, KaK HayYuJIuCh H3MEP ATh TeM-
nepartypy, HHTepecHa U HeoObYHA. TepMoMeTpHl ObLIM NpH-
JAYMaHBI 32 MHOTO JIET IO TOTO, KaK JIIOAN NOHSJIHU, YTO KMEHHO
OHH H3MepSIoT,

M3amepss yrib Ha HeGe, pacCTOSTHUS Ha 3eMyie Wil faxe
BpeMsi, JIOLH 3HaJHd, YTo oHM jenalor. O Temmepatype ke
3TOTO CKa3aTb OblIO HeJb3d. TemmepaTypa cBsi3aHa ¢ BeCbMa
HEONpeJie/IeHHbIM NOHATHEM TEIJIOTH M X0JI0Aa, KOTOpHe
pacnosaraJuch B CO3HaHHH YesoBeKa Te-To PSAJOM C 3amna-
xoM, BKycoM. Ho 3anmax ¥ BKyc mouTH He u3Mepsnu (mo
Kpaiineil Mepe ToyHo). HukTo He cmpalnBas ¥ HUKTO HE
NbITaJCS ONPENeNUTh, BO CKOJbKO pa3 ofHo O/MI0A0 BKYyC-
Hee JPYroro HJH Ha CKOJBKO 3amaxX ceHa oTJHyaeTcs OT
3anaxa po3. Tenuele U XOJOJHBIE TeJsa, ¢ APYToH CTOPOHHI,
BCerjJa MOXHO ObIO PaclONIOXHUTh B OfMH PSAJ U HA OLLyNb
VYCTaHOBHTH, KaKoe H3 JBYX Telljee.

YesnoBek ¢ He3amaMfITHBIX BpeMeH 3HaJ, YTO KOTJa JBa
TeJla IVIOTHO CONPHUKACAIOTCH, TO MEXAY HHMH YCTaHaB-
JuBaeTca (Kak Mbl cefiyac roBopHM) TeNJoBoe paBHOBe-
cue.

Pyka, onylllenHas B BOAY, OKa3biBaeTcsl HarpeTod (WJiu
OXJTaXHEHHOH) 1O TOH e CTeleHH, YTO M BOJA.

fleypb HarpeBaeT Bo3jyX B KoMHaTe. MerannnyecKui
cTepXKeHb, HarpeBaeMbIll ¢ OJHOTO KOHLA, HarpeBaeTcCs Ie-
JukoM. Bciopy B mnpupome CYIIECTBYIOT NOTOKH TeIlla.
B 3TOM ecTecTBOMCIbITaTe/ M JaBHO BHJE/M NPOSIBJIEHHE Be-
JIMKHX 3aKOHOB NIPUPOJIbL.
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O ToM, 4TO TaKoe NOTOKH Temja, M 4To TaKoe TellJoBoe
paBHOBeCHe, H YTO O3HayaeT CTeleHb Harpesa Teja, OblIM
pasHble MHEHHS.

AnTHYHEIE yYeHBIE M CXOMACTBl CPeJHEBEKOBbS COMOCTa-
BJISJIH C TEIJIOM M XOJIOJIOM CBOHCTBA NPUTSIAKEHHS U OTTal-
KuBaHusA. TaKoe onpezeseHHe Majo 4TO MOIVIO OOBACHHTD.

Hasepnoe, apeBHue Bpaun Cbliu NEPBHIMH, KOMY IOHa-
JoGuiack cpaBHHTe/IbHAS U NIPUTOM JOBOJNBHO TOUHAS IIKaJa
TenoThl Tesa. OHM OuYeHb JABHO 3aMETHJIM, YTO 3J0POBbe
yeJIoBeKa KaK-TO CBS3aHO C TemJIOTOH ero Tesa U 4To JleKap-
CTBa cNOCcOGHBI H3MEHHTDb 3TO KauecTBo. JlekapecTBaM NpUIH-
ChIBAJIOCh OXJaxkjalolllee UJIH corpeBalolilee JeHcTBre, H CTe-
NeHb 3TOro JeficTBUS onpelensyiach TpafycaMu (CTymeHs-
MU — no-aTeii). OJIHAKO XOJOZ M Tello He OblIH NMpOTH-
BOTOJIOXKHLIMH KayecTBaMHU: TeIJIO YMepsloch BJAaXKHOCThIO,
a XoJioJ, — cyXocTblo. Benukuii Bpau npeBHocTH I'asen —
OH kuJ Bo Il Beke — yuma, uTo JIeKapcTBa caenyeT KaaccH-
¢uupoBath N0 rpajycaM: rpaiyc Temia, rpagyc Xonoja,
Tpanyc BIAXKHOCTH, rpanyc cyxoctd. Mrak, rpanycos Obiio
YeTeIpe, H KaxJblH rpagyc ellle paséuBaJd Ha TPH YacTH.

JlekapcTBa cMelMBasHCh MEXAY coGOH, M CMeCH HMEH
pasHble rpafychl. «CMechy Mo-IaTHHU — «TeMieparypay (tem-
peratura). IlpaBna, Tasnen He naJ YMCNEHHYIO CBSA3b MEXAY
KOHIEHTpalusaMH cMecell ¥ X rpaxycamu. lns sToro nbita-
JIHCh CO3/1aBaTh Liesble TeOpHH, HO 3aiaua o6 ompele/eHHH
rpajyca cMmecd 1O rpajgycaM KOMIIOHEHT TaK H oOcCTaznachb
HepelleHHOH.

Takum o6pasoM, oT ApeBHHX Bpauell ocTamach (XOTb H
IJIOXO onpejieseHHast) 12-rpagycHasi mWKaja TEIJIOBOroO JAe-
CTBHA JIeKapcTBa.

O HeompeneneHHBIX «rpajycax» Telsa Harperoro Tesna
roBopusiu u no Iamena. 3xech o6biuHO ccbliaorcs Ha Ie-
poHa AJieRcaHApHHECKOr0, KOTOPHIH HCHOJb30BaJ CBOHCTBO
BosflyXa paclIMpsiThes NpH HarpeBanuu. Ho Hacrosuias uc-
TOpUs HayKHM O TeIUloTe Hayanach ¢ Iaumied.

TAJNHIEA

Huxro n3 coBpemennukoB [I'anuiesi He mor
CPaBHMTbCA C HHM B YMEHMH YBHJETb BeNMKHE 3aKOHbBI
B MPOCTHIX fABJeHHsAX. Bce cibIXanm o TOM, KaK MHOIO OH
Y3HaJ, pasMbILLIsAS O NajeHuu Tesia Ha 3emmo. Ho ne Tak
XOpOLIO H3BECTHO, YTO OH GBI OJHKM H3 NepPBHIX (ec/H He
NepBEIM), KTO NMHCaJ O MeXaHHYecKOH npupoje Temia. Jlo-
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GombITeH NOBOJ, KOTOpPHIH nobGyana I"amnmes K TaKUM BhICKa-
3BIBAHH M,

Ocenbro 1618 r. Hag PuMoM nosBHIHCH JBe KOMETHI.
HeGecnbie coGbITHST Bcerja BCessiIH CTpaX HJIM HafexAy.
Hurtepec x mayke neoGbluaitHo Bospoc. Jliomu TpeGoBaau
O0BbACHEHHH H TPOTHO30B.

JIunue Yesapuun mumer u3 Puma Tamunero B nekaGpe
3TOro e roga: «Jlaxe HHUEM He HHTEPECYIOLIHECS JIOIU
BCTPAXHYJIHCh, M Jaxke MOC/JeJHHE JIEHTSH BCEro ropoja
BCKaKHBAIOT O CBOMX IOCTeseH, TaK uTo Bel Moxkete ceGe
npejcTaBUTh, KaKoe Bo36YK/eHNe BBI3BaJIO NOSIBIEHUE IBYX
KOMET U KaKHe TJTyIIble PasroBopbl OHO NOPORHJIO». BosHuKIIa
GoJsbLiast IUCKyccHst 0 mpupone KoMeT, Co CTOPOHHI HE3yH-
ToB BelcTynaeT Opunuo I'paccu, ¢ HEM criopuT ydenuk I"amu-
sied Mapko I'Bunysu — npencenatenb GJIOpeHTHHCKOH aka-
Jemun. B o60MX BBICTYIVIEHHSIX MHOTO MecTa 3aHHMAIoOT
paccyxpenus o6 oOlMX Leasix HayKd. B crmop BcTymaer u
Tanunedi, on ny6aukyer kuury, nasBauunyio uM «El saggia-
tore» (Bechl J/1st B3BeIIMBAHUS 30J10Ta), B KOTOPOH OH OUYEHb
NOAPOGHO M3J1arTaeT CBOM B3IVIAJbl HA NPUPOLY (PH3UYECKHX
sIBJIeHHH. DTa KHUTa CUATAeTCs OJHHM U3 LIeJIeBPOB HTa/bsIH-
CKOH MpO3BI U JI0 CHX NOP CIYXKUT HECpaBHEHHBIM 00pasiioM
MOJIEMHYECKOH JIHTepaTypHI.

B Helt OH TOBOPHT, B 4aCTHOCTH, O HarpeBaHHH TBEPHBIX
TeJl IPU TPEHHU U NPHUBOJMT JpYyTHe AoKasaTeJbCcTBa MeXa-
HHUYecKo# npuposp! Teria. OfHako OH He 3HaJ, YTO MEXaHH-
YECKHM IIyTeM MOXKHO HarpeTb He TOJbKO TBepjble TeJa, HO
H XKHIKOCTH MJIM JlaxKe rassl. [amusero kK ToMy e MeluaJso U
OTCYTCTBHE YHCJEHHBIX JIaHHBIX O TeIle. ‘

Bo BpeMena I'anmusest ecTecTBOMCIEITATeNN TOYTH HUYETO
He yMeJsid u3MepAaTh. Jlaxke caMoe npocToe H3MepeHHe JJTHHBL
UM o0beMa BeTpeuasio TPYXHOCTH, TaK Kak He CyLIeCTBO-
Ba/l0 HHKaKHX OOCLIENPHUHSTBIX 3TAJOHOB JJIMHBI. Mepbl
JUIMHBL B PasHBIX MecTax ObLIM pa3Hble, U CpaBHUBATh HX
ObL7I0 XJIONOTHBIM JeioM. MaMepsTh BpeMsl GBLIO ellie CJ0XK-
Hee. CylllecTBOBa/M, KOHEYHO, B OOMXOJEe 4achl — COJHEY-
HEBIe, BOJSIHBIE, NIeCOUHbIE, HO BCe OHU COBCEM He TOJUJNCH
JJ15l CKOMTbKO-HUOY/Ib TOYHOTO U3MepeHU st HeOOIBbIIH X HHTep-
BaJioB BpeMeHU. I'oBopAT, uTo Ionw# I'anuiedt cmoTpen Ha
Kagaroulylocst JtocTpy B Ilusanckom coGope H H3Mepsia
TIepHoj, ee KoseGaHHMH, OTCUHTHIBAs yJapbl COOCTBEHHOTO
nysabca. 3aKOHbI MEXaHHKH MOTJIH GbITh OTKpHITHI I anu/eeM
TOJIBKO MIOTOMY, 4TO OH OJMH M3 MEPBBIX MOHAJ, KaK BaXKHO
NPOHSBOAUTL TOYHbIE M3MEpEHHS. '
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K usyuennio TennoBuix asnenunit [anunedl nogowen ¢ Tex
JKe NO3HIMH; NpeXkje BCero OH 3aHAJCA TeM, KaK H3MepHThb
TeMIeparypy TeJja.

Tepmomerprl, KoTopble zenan [amuneit (oxomo 1597 r.),
COCTOSIIH U3 CTEKJ/ISTHEOTO 11apa D, HanoJHEHHOTO BO3LYXOM;
OT HHXKHeH yacTH Iapa oTXozuna TpyG-
Ka, 4aCTHYHO 3alOJIHEHHasl BOJOH, KO-
Topas 3aKaHYMBajzach B cocyle A,
TaK:Xe HaloJHEHHOM BoJoH (pHc. 1).
Korzna Bosnyx B luape pacIMpsiicsa HJIH
CXKHMaJCsl, YpOBEHb BOJBl B CTEKJSH-
HOH TpyGKe H3MEHSJICS, UTO H CYKHJIO
YKasaHHeM Ha TeMIepaTypy, Hampk-
Mep, PYKH, NPUKOCHYBLIeHCA K ILiapy.
OziHaKo BBICOTa CTONOHKA 3aBHCENA KaK
OT TeMnepaTypel, TaK H OT aTMocep-
HOro JaBJIeHHUSI, U U3MEPSATb TaKHM Tep-
MOMETPOM CKOJIbLKO-HHOYIb TOYHO OBLIO
HeBo3MoxHO. O GapoMeTpe ke BO Bpe-
Mena I"annnest Huyero He 3uanu. Toabko
yuenuk I'amunes Toppuuessnn cmor ye-
TaHOBHTb CBSI3b ME€X]Y BHICOTOH CTOJI-
6uka pryT™H u aTMocepHHIM JaBie-
nueM, Ilpu Tamunee cama upes, urto
BO3NyX MOXeT JaBHTh Ha 3eMTIO,
Kasasach jocTaToyHo auKoi. Ilostomy
,Tepmometp Ianuiess uaMepss JOBONBEO
HEONpeJIeNIeHHY0 BEeJUUHHY, HO Jaxe
TaKOH TepMOMeTp MO3BOJISLT CPaBHHBATh
TeMnepaTypy pasHbIX TeJl B OJHO
H TO Xe BpeMs M B OJHOM H TOM XKe
MecTe,

VY3Ke TOTZIa C OMOIIBIO ellle HECOBEPIIEHHOTO TEPMOMeTpa
Bpay H anaToM Cankropuyc u3 IlagyaHnckoro yHuBepcuTeTa
HayaJl HM3MepsiTb TeMIlepaTypy uesoBeueckKoro Tesa. Jus
,3TOTO OH caM, He 3Had npo l'ajauies, mocTpouJs NOXOoXUi
‘TepmMoMeTp. McKyccTBo M3roToBJ/IeHHSI TePMOMETPOB HEOObI-
uaiiHO pa3BHJioch B TockaHe, rie u/eHbl (UIOpeHTHHCKOMH
aKaJieMHH BIiepBble CTAJH CHCTEMaTHYeCKH M3MepATh JaBile-
HHe, BJIaXKHOCTb H TeMIepaTypy Bosnyxa. TepMoMeTpH! OblIk
3anasiHel, X 3alOJHSJIH He BOJOH, a CHUPTOM, M HKMH MOXHO
6buTo M3MepsATh Jake TOrAa, Korja Boja 3aMmepsania. Pio-
penTuiickne MacTepa CblIM OueHb MCKycHbl. OHM M3roTOB-
JIAMH CTeK/ISHHBIE TepMOMETPhbl; HAHOCA HA HUX JeNCHHS
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Puc. 1. Tepmomerp
Fanmmnest.



pacn/aB/eHHOH 3Manblo, TaK 4TO MMH MOXHO OblnO H3Me-
pATb TeMmepaTypy ¢ TOYHOCTbIO mpHMepHO 1° (mo -Hauiedt
LKaJe).

TepmoMeTphl mopenTuiickux MactepoB (pHc. 2) mpen-
CTaBJAJIH COOOH OYeHb KpacuBble NPHOOpHI, TOYTH MPOHU3-
BefeHns uekycersa. Ho, Kak 3To GblBaeT, mocsie HUX HCKYC-

CTBO H3TOTOBJICHH S TEPMO-

MeTPOB  pe3Ko  ymajo.

QJiopenTHiickue  aKajie-

MMKH Ha3bIBaJIH CBOIO aKa-

nemuo «AkajeMuedl omnbl-

Tay. OHa Oblya yupexkjeHa

Bo ®uopennuu B 1657 r.,

HO eme B 1636 r. Kac-

map SHc ony6auKoBal

Kiaury «MateMaTHyecKHi

uyA0TBOpEN», B KOTOPOH

6uoia riiaBa <O TepMo-

merpe mau Jpe66ieBoM

VIHCTPYMeHTe, NOCpPEeACT-

BOM KOTOpOIO HCCJIeyeT-

cs rpafyc Temja HJIH XO-

JIofa, HaXojsllerocsi B

BO3JyXe». Couunenue

SHca 3HaMeHaTeJIbHO TeM,

yT0 B HeM omucaua 8-rpa-

JlycHasi  TeMneparypHast

LIKaJjia ¥ BIepBbEe INOSIBH-

JIOCh CJIOBO «TEPMOMETDY».

Uro xe Kacaercs «dpe6-

61eBa HHCTpyMeHTa», TO

: _ peub IVIa O TEPMOMET-

Puc. 2. Tepmomerp duopentuiicknx PaxX, H3TOTOBJEHHBIX CO-

MacTepos. OTeueCTBeHHHKOM Ianu-

: aess  Kopuemmem [pe6-

GsieM, KOTOPHIH 3aHHMMaJICs H3y4eHHeM DacHIMPEHHs Harpe-
TBIX Tras3oB (puc. 3).

Hcropusi TepMoMeTpa MHOTHM 00si3aHa OJHOMY M3 YAu-
ButenbHedmux miogefi XVII Beka — Ortro don TI'epuke.
Hecmotps ra To, uTo OH Gbl1 Gypromucrpom MaraeGypra u
YaCTO pasbesxKall ¢ JUIVIOMATHIECKHIMHU TIOPYYEHHSIMH B pas-
mble ropoxa Espombl, Tepuke ocraBusn o cefe XOpOIIYIO
faMsaTh B Hayke. Ero ombiT ¢ Marge6yprcKMMH IOJIyLia-
PHSIMH, KOTOpble He MOIVIM pasopBarb 16 jomwajeil, Bolues
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B Hctopuio ¢usukd. Jlna Toro uToGbl OTKayaTbh BO3AYX U3
nonywapuii, I'eprike NMOCTPOM/ TepBbIA BaKyyMHELH Hacoc.
OH M3roTOBMJ TaKxke NepBEIHl 6apoMeTp, NOXOxHUIl HA NPH-
6op lasnsiesi, HO ¢ oueHb AMHHHOHA TPYOKoH. B orunune or
npubopa Iamunes, us Gapomerpa I'eprke ObuI OTKauaH
BO31yX, TaK YTO BOJA 3aloJIHSJa HE TOJBKO JJIHHHYIO
Tpy6Ky, HO M YacTb Ilia-
pa. Bapomerp 6w mpH-
KpemieH K HapyXHOMH
CTEHe JioMa, H JaBJIeHHE
BO3lyXa OTMeYasoch Ha
11KaJjle, Ha KOTOPYIO yKa-
3biBaJl MaJibleM JiepeBsiH-
HBIH YeJioBeueK, IJIaBaB-
LINH B CTEKJISIHHOM Ilape.
T'epuke nepBhlii cTasn cu-
CTeMaTHUYeCKH H3MepATh
aTtMocdepHOe HaBJieHHE U
NoneITascst O6GHAPYXHTh
CBA3b MeXJy M3MeHe-
HHeM JIaBJeHHS U IIOro-
noi. 3a6asHo, uto ['eprike HasbiBaJ CBOIO QUIYPKY «BEUHEIM
JIBHT aTesIeM», ,

He ynusutenbro, uto I'eprke mocTpoU ¥ CPaBHUTENBHO
Xopowui TepMomeTp. OH COCTOSIJI H3 JIATYHHOTO Liapa, 3a-
NIOJIHEHHOTO BO3YXOM, H H30THYTOH B popMe 6ykBbl U Tpy6-
ki co cnupTtoM. Kak u B GapomeTpe, B TepmoMeTpe I'epuke
TeMIepaTypy YKasbiBasl JIepeBsiHHBIH YesioBeueK, KOTOPHIi
€ NOMOIIbIO IIHYpa H 6/10Ka OBl CBSI3aH C JIaTyHHOH 3anasiu-
HOH KOpOoGOYKOH, m/aBaBLiell B OTKPHITOM KOHIIE TepMo-
MeTpa (puc. 4).

Tepmomerp I'eprke Takxke BHCEN Ha CTEHe €ro IOMa.
T'epuke Hano GblI0 3HATh TeMNepaTypy BosayXa B KAKHX-TO
aCCOMIOTHBIX €AHHHIAX VIS TOTO, YTOGBl MOXKEO CBLIO CpaB-
HHBaTb TeMOepaTypy Bo3ZyXa B pasHbIX Mecrax. JJus 3Toi
nesu Ha TepMmoMeTpe I'epuke B cepeiyHe IIKasbl CTOSJA
TOYKa, 0OKO0JIO KOTOPOH yKasaTesb OCTaHABJIMBAJICS NIPU Tep-
BBIX 3aMOpO3KaX, — 3Ty TOUKY U BhiOpas I'epuke 3a Hauano
WKaJpl. §IcHO, 4TO TakoH BhIGOp Obl1 HaMBEH, HO BCe e
Tepuxe cupenan nepswiii mar.

Ha BosMoxnocTh H36paThb B KayecTBe ONOPHOH TOUKH
TEPMOMETPa TOUKY KMIIEHHsI Bojpl yKasasn I'tofirenc B 1655 r.
On npsMo nucan o TOM, YTO NPH TaKOM BHIGOPE MOKHO GyeT
CpaBHHBaTb TeMnepaTypy («HaG/aIOfaTe/bHYIO CTENEeHb Tem-
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JIOTbI», KK OH €€ HashlBa/J) B PasHbIX MeCTaxX, He NMepPeHocst
OJMH H TOT e TepMOMETpP C MeCTa Ha MecTo.

YnomsneM eile H pabory Helorona «O mkane creneneft
Tella H Xosoxar, onybankosannyio B 1701 r., B Koropoit
omicana 12-rpaaycHas mkana. Hysb on momectus tam e,
Tlie noMellaeM ero ceduac-¥ Mbl, — B TOYKE 3aMep3aHHs
Bofpl, a 12° oTBeyanM TeMmepaType 3OpPOBOTO Ye/IOBEKa:

Puc. 4. Tepmomerp u Gapomerp Teprke,

HeloToH, TakuM 06pasoM, yxKe B OUYeHb 4eTKoH (opme roBo-
pUJI O TeMmepaTypHOH IlKaJje; IO-BUAUMOMY, H Jpyrue
(U3KKH TOTO BpeMeHH BIJIOTHYIO NMOAOLIH K 3To# uzee. Ho
TepMOMeTp ellle He cTak (U3HMYEeCKHM HHCTPYMEHTOM.
TTonano6unoch HeMaJo BpeMeHH, MOKa MPHUILIH K MBICIH
O IIOCTOSIHHBIX TOYKAaX Ha ILIKaje TeMmmeparyp. Jluuib B
1703 r. I'miiom AMontaHn, KommenTHpysi Hpiotona, omucasn
B Memyapax Ilapukckoifi aKajeMHu HOBBIH TepMOMeTp.
B 3ToM TepMoMeTpe H3MepssOCh He YBeJHYEHHe o0beMa
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BO3JyXa TIpM HarpeBaHMH, a U3MEHEHHE ero JaBJeHud, As
YEero BO3AYX 3amupascst cToNOHKOM pTyTH. B HOBOM TepMo-
MeTpe AMOHTaH BBeJ MOCTOSIHHBEIE TOUKH OTCYETAa — TOUKY
KHIEHHS BOAB (OH He 3HaJ ellle, YTO 3Ta TeMIepaTypa 3a-
BHCHT OT 1aBJIEHHS) M, KaK 3TO HH YJUBHTEJbHO, BBIOpas
B KayecTBe HYJS «Ty 3HAUHTEJNBHYIO CTENeHb X0J0Aa», NpH
KOTOpPOH BO31YX TepseT BCIO CBOIO ympyrocTb. CBo# «abco-
JIIOTHHIA HYJb» OH BHIGpaJ CO 3HAUUTENbHOH OMHOKOH, mo-
MECTHB €T0 110 COBPEMeHHOH 1IKaJe npuMepHo Ha 240° Hixe
HYJd (HO Bce 2Ke 3T0 OBIIO HeMaJoe JocTHXKeHue)., K Kouuy
CBoeH JeATeNbHOCTH AMOHTaH NOCTPOHJ M MOJHOCTHIO 32-
NassHHBIA TepMOMeTp, CAe/NaB €ro, HaKOHel, COBCeM He 3a-
BUCSIIYM OT JaBJeHHs1 aTtMoctepsl. :

IlepBriit coBpemeHHBI TepMoMeTp Gbl1 onucan B 1724 r.
Hauuenem ®apenreiitoM, cteknoaysoM u3 onnanaun. Cos-
PEMEHHHKOB YAMBHJIO, YTO CHHPTOBHIE TEPMOMETpHI, M3ro-
TOB/IeHHEIe PapeHrefiTOM, COIVIacOBBIBAIMCH MeX1y coGoH.
Cexper Qapenrefita 6bl1 IPOCTO B TOM, YTO OH OUEHb aKKY-
PaTHO HAHOCHJI Jie/IeHHsl Ha IIKaJay, HCNONb3Ys AJISL 3TOro
HECKOJIbKO «OTOPHBIX» IOCTOSIHHBIX ToueK. CaMylo HH3KYIO
TeMneparypy cypoBoil 3uMel 1709 r. oH UMHTHPOBAJI CMEChIO
JibJia, TIOBapeHHOH CoJH ¥ HallaThlps. BTOpyIo TOuKy OH
noJiy4aJsi, morpyzas TepMOMETp B CMechb JbAa U Bojpl. Pac-
CTOSIHHE MeXXJy 3THMH ABYMs Toukamu DapeHrefiT paspenua
Ha 32 yacTy. CBOIO IKAJy OH NPOBEPSI, H3Mepas TeMIepa-
TYpy ueNoBeuecKoro Tesa. HoBas Touka nonagzaja na 98°.
[losnHee oH BBes ellle M 4ETBEPTYIO «ONMOPHYIO» TOUKY —
TOYKY Kunenus Bogbl. Oua qexana npu 212°.

Pasnble TepMomerper @apenreiita MCXKEO GBUIO CBEPATH
JApYT C APYroM, cpaBHHBasl MX NOKa3arHs B Pa3HBIX «ONOp-
HBIX» TOYKaxX IIKaJbl. [1o3TOMy OHH NpOCJABHJHCH CBoEH
TOYHOCTHIO. Takad IKasia o CHX NOp B XCAY B AHIVIHH H
CIIA.

Bo ®pannuu B ynorpeGienue Bolllia IlKasna PeoMiopa
(oxoso 1740 r.), nOCTpOEHHAsI Ha TOYKAX 3aMep3aHHsi BOIBI
(0°) 1 ee kunenus (80°). PeoMiop U3 cBoMX H3MepeHHI BEIEE,
UTO BOJa paclUMpsieTcsl MeXIy 3THMH JABYMS TOYKaMH Ha
80 TeICYHEIX CBOero o6beMa *). CnupT GblI BCKOpe 3aMeHeH
pTytbio (IlemoroM), Ko3hUIHEHT paclIMpeHHs KOTOpOiH
MeHbllie W3MeHAJICA C TeMIepaTypol, yeM y CHHpTa.

CoBpemennasi wxkana lLlenbcuss Obula NpeijioXKeHa B
1742 r. IlIBenckoMy Qu3NKy He HpPABHJIMCh OTPHILATEJbHbIE

*) IIpaBuibHOe 3Hauenue 84/1000,
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TEMIepaTypbl, U OH CYeJ HYXKHBIM MNEPEBEPHYTb CTapyIo
KA1y U [OMECTHTb HYJIb B TOUKY KUIEHHs Bojpl, a 100° —
B TOuKy ee 3amep3aHus. Ho «mepeBepuyTas Wikana» He
npuobpesa MOMyJASPHOCTH M OblIa OYEHb CKOPO «IepeBep-
HyTa» o6paTHo. )

MoxxHO 106aBHTD ellle HECKOJIBKO CJIOB O TEPMOMETpE CO
wkasof Jenauasi. PryTHble TepMoMeTpbl neTepOyprcKoro
akazemuka Jlenunss OblIM BecbMa MHomyJsipHel B Poccuu
B nepsoit mosoBrHe X VIII Beka. lllkana 3Tux TepMoMeTpoB
6nina pasgenena Ha 150 yacredi. TepMoMeTprl GBITIH XOPOLIO
ClleJlaHBl, HO BCe XKe He IpPOJepKajHCh JAOJTr0, YCTYIHUB
MecTo TepMoMeTpaM Peomiopa.

Ho pesomoruu B Poccun Obuta mpumsrta mxana Peo-
Miopa — TepMoMeTphl PeoMiopa BHce/IH Ha y/HLAaX U BO BCEX
JloMax. JIMIb B TPUAUATHIX TOiaX OHH ObLIH BbITECHEHBI TEP-
MomeTpamu Llenbcus.

B Anryuu u CIIA 10 cux nop pacnpocTpaHeH TepMOMETp
Q@apenrefita, M, uMTas AaHIVIMACKHE KHHIH, He CJEIYeT
YAMBAATBCS, YTO MSICO Hajo 3amekaTb NpH TeMIeparype
350—400° u uyTo TemMmepaTypa peGenka 98° He BBI3bIBAET
TPEBOTH Y MaTepH.

YTO TAKOE TEIJIOTA?

K magany XIX Beka TepMOMeTp cTaJ COBCeM
o6brynbiM npubopoM. Ho o ToM, uTo M3MepsieT TepMoMeTp,
€JIMHOTO MHEHHS ellle JOJIr0 He OBLIO.

K sTomMy BpeMeHH cBoHCTBa rasoB ObIIH OCHOBATEJNbHO
uccaenoBanbl. CBfi3b JaBJeHHS rasa ¢ ero o6beMoM Oblia
BbIsICHEHA ellle B 1662 r. 3HaMeHUTHI# 3aKOH, KOTOPBIH MbI
HasbBaeM 3aKOoHOM Bofns — Mapwuotra, Ha camoM jedie GblI
obnapyxeH yuenukoM boins ToynmeeM, koTopomy NpHLLIO
B roJIOBY CPaBHHUTb CTOJIOIBI YHCeN B 1aG0paTOPHOM XKypHaJe
cBoero yuutens. MapuoTT ke omyGJHKOBaJ CBOKO paboTy
auib B 1679 r. 3akoH u3MeHeHHs1 o6beMa rasa ¢ TeMmepa-
Typo# ‘6611 OTKpHIT B 1802 r. JlaneroHom u T'efi-JIroccakom.
AkkypaTHO CHOpPMYJHPOBaTL 3TOT 3aKOH ObLIO HE OYeHb
JIeTKO, TaK Kak JJIsl 3TOr0 Hajo ObLIO y2Ke YMEThb XOpOILO
n3MepaTh Temnepatypy. I[lostomy kosdduiment o B 3aKoHe
Teii-JTroccaka V = (1 4 af) V,y (Vy, — o6bem npu ¢t = 0 °C)
6ol oaT0 M3BecTeH ¢ ommuOkofi. Iefi-Jlioccak cuuTan ero
paBubiM 1/266, Kapuo npunuman ero pasueim 1/267, Men-
JIieJIeeB MCIONb30BaJ TIOYTH COBPEMEHHOE 3Hauenue 1/273.
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Ho mayuuBlInCh H3MepATh TeMmepaTypy, (H3HKH He
OueHb MpPOJBUHYJHCb B NOHMMAaHHM TOrO, UTO K€ TaKoe
TenJio.

Haxe B MexaHMKe JI0JIT0 NyTaJH pasHble MOHSATUSA: CUJIA,
sHeprusi, uMnysabc. Mexanuku XVIII Beka cnopuau o ToM,
YTO SBJIAETCSI MepOH IBUKEHHS — KHHEeTHYeCKas SHeprus
WM UMIYyJbc. KHHETHUYECKYIO SHEPTHIO JOJrO Ha3bIBaJIH
«KHBOH CHJION», B OT/IMYME OT <MEPTBOH CHJIBI» — HaIpHMep,
SHEPTUM CKATOH INpPYIKUHBL.

IousTus «T€MION M «TEMIEpPATypa» pasieUTb ObLIO €lle
Tpynuee. Korma marpeBaiorT Teso, TeMmepaTypa €ro nonbl-
waerca. Korza Tenno neperekaer ot ofHOTo Te/1a K APYromy,
TéMnepatypa OJHOro TeJa Majaer, a JIpyroro — noBbl-
1maeres. '

Tenuso Bo MHOTHX coyyasix Beger ce0sl, Kak pyued, TeKy-
LU# ¢ TOPHl B IOHHY. AHAIOTUS MEXKAY TEIJIOM H XKHIKO-
CThIO crTaja eue Oonee yGenuTesibHOH MOC/I€ OTKPBITHS
3/JIEKTPUYECKUX SIBJIEHUH; SIEKTPUYECKHH TOK TaKKe TeyeT
IO MNPOBOAAM, KaK pe€Ka, BblpaBHMBAs MNOTEHIMAA MEXAY
JIBYMS 3apSXKEHHBIMH TEJIaMH.

B 1893 r. dpannysckuil ¢pusuk BpusaosH nucan Tax:
«Uro xacaeTcs MeHs, TO s OCTalOCh NP YGEXKIEHHH, UTO
ONpeJeeHUe TeMNepaTyphl Tela Kak KOMUYecTBa SHEPTHH,
TIOTEHIHANBHOH WM KUHETHYECKOH, NOJHON UM YaCTHYHOH,
OJHO¥ OOBIKHOBEHHOM MaTepHy NpeiCTaBJIAETCA Ol O0YHbIM.
Temnepatypa, onpenensieMast TakuM oGpasoM, OyAy4H JAO-
BOJIbHO NPOCTO CBA3AHHON C TEPMOJHHAMUYECKHMHU CBOHCT-
BaMu rasoB, HE HMeeT, O-BUIMMOMY, HUKAKOH CBSI3U C yC-
JIOBUSIMY PaBHOBECHSI NpY H3JAYUYEHHH B MPOCTPAHCTBO, CBO-
GoJiHoe OT MaTepuu. B sToM mocsienueM ciyyae nenslexHoe
BMemaTenbCTBO 3(upa npuseno r. byccunecka K coBep-
1UEHHO HHOMY ONpEJeJIeHHIO TeMnepaTyphbl — ONPEJENEeHHIO,
KOTOpO€ OYeHb MaJjo M3BECTHO, HO KaXKercs MHE ropaspio
6ostee y0BJIETBOPUTEBHBIM ¥ MJIOLOTBOPHBIM. ..»

HuTepecno mocMoTpeTsb, 4TO 5TO 3a ONpefeneHHe Temne-
paTypel, KOTOPo€ TaK MOHPABHJIOCh DpuIOsHY.

B naBubIM-faBHO 3a6biTo# Beemu craThe «MccnenoBanue
TIDUHUMIIOB MEXAHUKH, MOJIEKYJISIPHOTO CTPOEHHS TeJI H
HOBOI TEOPHH COBEpIIeHHBIX ra3oB», KoTopas Oblia Hane-
yaTana B 1773 r., Byccuneck Tax onmpepenus ievneparypy:
«MoxXHO HasBaThb aGcoMIOTHOH TemmepaTypoit HeGOJBIIOro
00béMa s(upa NOJOBUHY MKUBOH CHJIbI, KOTOPOH OH 00ia-
RaeT OpH €AMHUIE MAcChl, UM KOJIUYECTBO, NPONOPIHOHANb-
Hoe eil». Cefiuac HeIerKo BJIOKHTD CMBICJ B 3TO ONPE/IENEHNE,
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MBI €ro NIPHBENH TOJbKO IJd TOro, 4ToObl MOAUEPKHYTD,
KaKUMH TPYAHBIMH AJISI NOHMMAaHHS OKasaJluCh BeIIH, KO-
TOPhi€ NOTOM CTaHOBSITCS NPOCTHIMH.

MoxHO Bce Xe NOHATb, NOYEMY NOSBUJIKCH CTOJb HE-
TIOHATHEIE HaM BhicKasbiBaHHs. [leso B ToM, uTo Kpome ra-
30B, KOTOPHIE HE TaK YK TPYAHO NPEJACTaBUThL KaK coOpaHue
MoJiekya (no KpaiiHeH mepe B KoHue XIX Beka Tak yxe
CunMTa]0 GOJBIIMHCTBO), CYLIECTBOBAJIO elle Hanyuexue. Ks-
JIyyeHne, H(TOYHMKOM KOTOPOTO MOTJIM CJYKUTb, HANPHMED,
aToMBI rasa, HeceT ¢ co060H SHePTHI0, HHTEHCHBHOCTb M3JY-
YeHHs (MJIH pacnpesiesieHne SHePTHH N0 JJIMHE BOJHBI BJOJb
CNEKTpa) ONpesesieTcss TeMnepaTypoll ¥31ydarollero rasa.
OHeprHsl M3/yYeHUs Kasajach He CBSI3aHHOH C aTOMaMH,
U NOHATH €ro npupony OblIo Ou€Hb TPYAHO.

Tpynuoil 6bia M 3ajaua onpeneneHust 3aKoHa pacnpe-
JIeNIEHNsT SHEPTHH IO CNEKTPY; Haj ee peleHneM paboTain
caMbl€ CHJIbHBIE QM3UKH Toro BpemeHH. K sTo# 3anaue MbI
elle BepHeMcs, cefyac e Haje JHWb MOYYBCTBOBAaTb,
CKOJIb TPYAHO OOBSACHUTD, KYJia I1€Ba€TCs SKEPTH S, KOTOPYIO
ras oTAaeT M3JAYYEHHIO. DJIEKTLOMAaTHHTHL.€ BOJHBI CUHTa-
JIUCh TOTJa KoseGaHHEeM MHpPOBoH cpembl — 3dupa, Hempe-
PHIBHO 3aNOJIHSIOLUIETO BCE€ IPOCTPAHCTBO, a NOTOMY HMEHHO
5GHp M JoMKeH GBI GHITH HOCHTEJIEM TElJIOBOH SHEPTHH H
BMECTe ¢ HEH U TeMIepaTryphl.

PasBuTre HayKH — HEOOBIYAFHO HHTEPECHBIH U CIOMKHBIH
npouecc. MoxHo J/o6oBaTbCcs KpacoToH H36paHHOTO NYTH,
TOJNIbKO HaXOlAsACh B €ro KOHIE; B Hauajleé Hayka IpeJacTaB-
JIS€TCS 3alyTaHHBIM JIaGUPHUHTOM, TA€ IOYTH BCE NPOXOAB
‘KOHYaloTcsA Tynukamu. Ho ypoku ucTOpHH HAyKH 4acTo HE
BIYT BNPOK: HOBBIE HCCJAENOFATENH CTOJNb K€ YBEPEHHO
YCTPEMJISIIOTCA 110 HEBEPHBIM JOpOoTaM, BEpHBIA Ke NyThb
yaaercsl HaWTH JIULIb T€M, KTO MOXKeT NPEeoJioJeTh KOHCepBa-
TH3M HAyYHOTO MBIILJIEHHS,

TpyaHOCTH ¢ H3/MyueHHEM BO3HUK/IH HE Ha TYCTOM MeCTe,
Eme KenbBuH He MOT NOHSTb, KaKas J0JS 3HEPTHH B rase
NPUXOAUTCS Ha KoneGaHusi MosexkyJa. Mojiekyny npencra-
BJSANN ceGe B BHJE OYEHb MaJi€HbKOIO YNPYTOro luapHuka,
H0J0GHOTO CJIOXKHOMY, 3alyTaHHOMY KIyOKy NPYXHHOK,
KaxJas U3 KOTOPBIX NOJI2KHA 3a0upaTh CBOIO J0JI0 SHEPTHH.
Ho Takast Monie/ib siBHO npoTHBopeurJia onbiTy. KosmuecTBO
Te1a, KOTOpoe Hajo 3aTpaTuTb Ha HarpeBaHME rasa, T. €.
TENJIOEMKOCTh ra3a, ObLIO TaKUM, KaKoe JOJIXKHO ObLIO Tpa-
THTbCS Ha JBUKEHHE MOJIEKYJIBl KaK LeJ0oro; Ha JOJI0 KoJe-
GaHHil MPaKTHYECKH HUYEro He ocTaBasoch. KenbBuH Obls
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B IIOJIHOM HEJJOYMEHUH U Jaxke IyMas, YyTo Teopembl KHHe-
THYeCKOH Teopud Temna, OTKPHIThie MakcsennoM, He-
BEpHEI.

O KuHeTHYecKoH TeopHH Mhl eme GyAeM rOBOPHTb NQJ-
poOHO. 31ech MBI TOJBKO NONYEPKHEM, YTO K NPOCTOMY It
Hac ceflyac MpeaCTaB/JAEHUIO O ABHXKYMIMXCS aToMax OblIo
HE TaK-TO JIerKO, NPUBBIKHYTb. [JIaBHBEIM IIpensiTcTBHEM
K 3TOMy OBLIO M3jyueHHe, KOTOpoe COBCceM He MOXOXkKe Ha
co6paHHe aToMOB H Ka3aJoCh HENpephlBHOH CPeloi.

[Tapamokchl co cieKTpoM H3JIY4eHHS ¥ C TENIOEMKOCTbIO
MOJIEKYJI Ka3aJiCh JIOBYLIKOH, XUTPO MOACTPOEHHOH NPHPO-
JoH. M3 aroil noBymKH ¢GU3HK, BepsUUA B KIACCHYECKYIO
GUSHKY, He MOr BadTH BhIXojga. KesbBHH MbITajcA IOKa-
3aTh, YTO TENJIOBOE JBUIKEHHE HE B030GYyxKAaeT KojaeGaHul
MOJICKYJI, W CUMTAJ, YTO OH «OKOHYATEJbHO» JOKa3aJs OLIH-
60YHOCTbL KHHETHuecKuX uaeit Maxcsessna. Kak mor 3Harb
KenpBuH, uTo Kaaccuueckast ¢GusMKa B IPHHIUUIIE HE MOI/a
paspelluTh BO3HHKUIIHX MapajoKcoB? Pemenne mnpuuuio
TONBKO ¢ KBaHTOBO# rumoresoii Ilnanka.

Ho eme no orkpbitus Ilnamka Ha npaBHJBHBIA NYTh
Berynus HepHer. MIMerHO OH HepBBIA NOHSJ, YTO HEKOTO-
pble THIBI JBHXKEHWS HE Y4YacTBYIOT Ha DAaBHBIX IIpaBax
B pacnpejeieHHH 3SHEPTHH, YTO OHM «3aMOpaXKHBAIOTCS»
TIPH HH3KUX TeMIepaTypax U BCTYNAIOT B HIPY TOJNLKO MPH
BBICOKHX. DTH IMIyGoKHe uneu no3sosuad HepHeTy yranath
3aKOHOMEPHOCTH siBie€HUH BOIH3H aGCOJIOTHOTO HYJS, XOTS
KX peasbHBIH CMBIC/I CTAJ SICEH JIHIIb MHOTO N03K€ — B KBaH-
TOBOH MeXaHHKe.

[Tnank u Hepucr npuHannexanu K TeM GU3MKaM CTaporo
TIOKOJIEHU I, KOTOPBIE ¢ SHTY3Ha3MOM BCTPETHJ/IH HOBBIE HIEH
XX Beka. Vimenso onu BBenu DHHIUTEfiHA B KPYT KPyNHE#-
WHX GU3HKOB cBoero BpemeHu. O6a OHM MOXKHIH NG TEX
JHEH, Korja MX WJed BOLIJIH COCTABHOH 4acTbi0 B BEJHKOE
3JlaHNe KBAaHTOBOH (PU3HKH.

TENJIOBOE PABHOBECHE

IonsiTie «TemIoBoe paBHOBECHE» OYEHDb YACTO
BCTpE€yaercss B TEOpPHM Temna, H HaM HeoOXOAMMO CKas3aTb
0 HeM HECKOJIbKO CJIOB Mepef TeM, KaK MBI nepeiiieM K JaJb-
Heiiinemy, HanGosee mpocTo MOHATH, Y4TO TaKOE€ TEMJIOBOE
paBHOBecHE, B CJyyae OJHOATOMHOro rasa. Ec/au ras B co-
CyZze BejeT ce6s Tak, yTo BO BCEX TOUKaX cocyla Temmepa-
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Typa OJMHaKOBasl, — €CTECTBEHHO, YTO NPH 3TOM H TeMIe-
paTypa CTEHOK COCyJa TaKKe Bcerja oJiHa 4 Ta e, — To ras
HaXOJUTCS B TEIJIOBOM PaBHOBECHU . DTO 3HAYHT, YTO B TAKOM
rase TEIJIO HE NepeTeKaeT U3 OJAHOH YacTH COCyAa B APYTYIO,
B HEM HE MEHSIeTCSl HM JiaBJI€HHEe, HH XUMHMYecKull cocTas H,
BOOOIIE, ¢ TOYKHM 3PEHHS KJIACCHYECKHX TENJIOBHIX SIBIECHHUH
B ras€ «HHYEro HE NPOHCXOAHUT».

BesqukuM 3akoHOM NIpUPCABI MBI JOJKHBI CYHTAThb TOT
($akT, yTo TEIJIO BCErja mepeTexKaeT OT ropsiyero Teaa K Xo-
JOLHOMY, T.€. 4TO TeMmmepaTypa CONPHKAacaloUUXCH Tell
CTPEMHTCS BLIpaBHATLCA. B MexaHHKe mpouecchl MOTyT Mpo-
TEKaTh MO-Pa3sHOMY: MasfTHHK MOXKET KadaTbCsl B PasHbIX
NJIOCKOCTAX, KOJE€CO MOXKHO BpalllaTh B JIOOYIO CTOPOHY.
C rensotoft neno o6CTOMT moO-ApPYroMy: ropsiuMil YalHMK
GCTHIBA€T B KOMHATe caM 1o cefe, Ho caM 1o ce6e OH He MOKET
Harperbcs; 4To0bl OXJaJHTh XOJ0ANJIbHHK, HAaZlo COBEPUIATD
paboTy. Mo:KHO HarpeTb KOMHATY 3JI€KTPHUECKUM KaMHHOM,
HeJb3s1 HArpeTh KaMHH TOJIBKO 3a CHET OXJIaXIEeHUS KOM-
HaTHl.

Tenyo Teyer Bcersa Tak, 4TOObl TeMNEpaTyphl BhipaBHHU-
BaJiich, YTOORI CHCTEMA NMEPEXOJMJIA B COCTOSIHHE TEMJIOBOTO
paBnoBecus. Ilepexox B cocTosiHHe TEMIOBOro paBHOBECKA
MOXeT ObiThb CJIOXKHBIM M JOCTATOYHO JOJIMM IIpOLeEc-
coM.
MEI roBOpHM, 4TO COCYJ| TEpMOM30JHPOBaH, KOrja NoToK
TelJia CBEeJIeH K MUHUMYMY (Tak ycTpoeH TepMoc). Bhiaior
u Gosee XuTphie ciyuau. B Harperodl miasme temmnepatypa
SJIEKTPOHOB MOXKET OT/JMYaThCH OT TEMIIepaTyphl HOHOB —
9TO Kak OBl CME€Ch rasoB pasHOH TeMmeparyphl, — Temmepa-
Typa MEXJIY HUMH BBIDaBHUBAETCA CPAaBHUTENbHO MEJJIEHHO.
Tax uTo B m1asMe B 0{HOM MecTe MOryT GhITh JBE TeMnepa-
Typhl. Kaxnas U3 cuCTeM — 3/I€KTPOHBl M HOHBI — HaXo-
AUTCS B TEMJIOBOM PaBHOBECHH : SJIEKTPOHBI — MEX 1Y co6olo,
HOHBEI — MeX1y cobomo. [loTok ke Temna MEXAy MOHAMM H
5JIEKTPOHAMH 3aTyXaeT MeJJIeHHO, MBI BCTPETHMCS ¢ TaKUMiH
NOTOKaMH, Korja 6yneM ropoputb o Bcenennoll wau o mar-
HHTHOM OXJIaXKAEHHH KPUCTAJIJIOB.

Cefiyac MBI OUEPKHEM €llle pa3: B MPUPOJie CONpHKacalo-
nipecs Tesia CTPEMATCS BHIPABHSTh CBOU TeMnepaTyphl. Ecin
B CHCTEMY HE IOCTYNAET 3HEPTHUS B BUJE TENJIA HJIN B APYTOi
(opMme, To cHCTEMA NEPEXOJUT B COCTOSTHHE TEIJIOBOTO PaB-
HOBecHsl, B KOTODOM IIOTOKH T€Iula B KOHLE KOHIIOB HCYe-
3a10T,



TEIUIOTA H XO0J101

O ToM, YTO TaKoe€ TemIo, U3JJaBHA CYLUECTBO-
Banu pasHele Muenusi. B 1620 r. ®psncuc bakon, cHcrema-
TH3UPYS JaHHBIE 00 HCTOYHHKAX TEMIa U XOJoAa, cobupast
X B Tabauuel. B aTux Tabmuuax MoxHO GRUIO HAHTH MoJi-
HUM W 3apHULBL, MIaMsi ¥ GONOTHEIE OTHH. 31ech Xe ObliH
apoMaTHyecKue TPaBhl, KOTOpHIE NP BHYTPEHHEM ymoTpes-
JIeHHM JaloT ollyllenue temna. M3 Bcero atoro Bakon xa-
KHM-TO 00pasoM JIeJ1aeT BbIBOJ, YTO TEIVIOTa eCTh «pacliu-
psweecs aBuxKenue...»., B 1658 r. BEIIKM B CBET COYKHE-
uus Ilberpo Taccennu. o ero Muenuio, TenIo0 U Xoaox —
3TO pasHble MaTepuH. ATOMEI XOJIOAa OCTphIE (OHH HMET
¢opMy TerpasapoB), NPOHHUKAas B KHAKOCTH, OHH CKpeIl-
JISIIOT ee.

IpencraBnenue 06 aToMax TpYAHO MPOHHKANO B QU3HKY.
Bonee monsiTHOH kasasiach TeopHsi TEMIOPOAA, NPHIHCHI-
BaloOllasi Teml1y CBOMCTBO MKHUAKOCTH, MepeTeKkalouiedl wus3
OJIHOTO Tesa B Jpyroe. Temaopox GblI CpORHM (UIOTHCTOHY,
THNOTETHYECKOH CyOCTaHIMH, CBA3aHHON ¢ OTHEM, — HHOrJa
‘UX Jaxe nyTadu. Temnopof, KasaJoch, XOpoWo O0ObACHA
CBoficTBa Tem/1a. XMMHKH OOBSICHSIN TOPEHHE M OKHCJEHHe
BhIJICJICHHEM TeIIopoja. Teopus TelJIOpoja 3aBoeBasa Iliu-
pokoe npusuanue B nociaensell yersepty XVIII Bexa. Onun
¥3 ecTecTBOHCHBITATeJeH TOro BpeMeHHM IHCAJ: «...CBETY
fipunHcaNd jBa cBoHcTBa: CnocOOHOCTL CBETHTH M CIOco6-
HOCTb HarpeBaTb. Te, KOTOpble CYHTAasNH CBET KojieGaHMeM
3dupa, mojaraJju, YTo H TEIJIOTa COCTOMUT K3 NMOJOOHEIX XKe
KoseGaHu# ¥ JIBHKeHUH, IPOU3BOAUMBIX 3(HPOM B HaCTHLIAX
Tena. Ho B HoBeliee BpeMsi TEMJIOTY OTAENMJIM OT CBeTa H
Y2Ke He CYHTAIOT HEeNoCPeACTBEHHBIM IeHCTBUEM TIOCIEIHEroy.

Teopus Tenmoposa (Mbl Gbl TOBOPHIJIHN, MOLE/b TEMJIOPOA)
0o0bsicHsAIA OYeHb MHOTroe. TeopHsd TemIoBOTO IBHUTAaTess,
nocrpoerroro Kapuo, Obljia OCHOBaHA Ha MOJEJH TeNJIOPOLa-
Opnako »Ta Mojiesib HE BBHIIEpPIXMBAJa HCOBITAHHS, KOrjaa
JIeTIo KacaJloch 3aKoza COXpaHeHHs.

Ecau 6b1 Temno GbLIO KaKOH-TO KUIKOCTBIO, TO OHA,
npoTeKasi, coXpaHsisach Obl: ee KOJIUYECTBO He JOJIXKHO ObLIO
H3MeHSATECA. TaK M CuMTald: CKOJbKO Temsia 3abpaniu’ ot
HarpeBaTesis, CTOJNBKO MOJMYYHJ H XOJNONUJBHHUK.

Ha nepBbiil B3rJisi TaK OHO H €CTh: OXJaXAaeTcs YafHuK,
HarpeBaeTcsl BO3AyX. o uacTo OnlBaeT COBCEM HE TaK.

ITepBEIM, KTO 06paTUI Ha 5TO BHEMaHNMe, Obl1 Bennkamen
ToMcon (crapumit Bnocsiefcteuu rpadom Pymdopaom). Ou
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Habaogas 3a TeM, Kak B MIOHXeHCKOM BOGHHOM llelixrayse
CBEpJISIT CTBOJIBI MylleK. PaHbllle HUKTO cephbe3Ho He 3ajy-
MEIBaJICsl, TOueMy HarpeBaercs cTBos. Pymdopn xe 3ajpan
ceGe 3TOT BOMPOC M He HallleJ oTBeTa. EJMHCTBEHHOE pelle-
HHE MOTJIO Gbl COCTOSITh B TOM, UTO B CTPYIKKaX COAEPKUTCS
MeHbILE TENJOPOja, YeM B CIVIOLIHOH OTJIHMBKE, H H30BITOK
ero H BhijiesisieTcs npu ceepsenuu. Ho toraa cTpyxKy ObUIO
OBl Jlerye Harperb, YeM CIUIOLIHOH MeTasa, y CTPYKeK
JIOJ2KHA Oblya GBITH MeHblle TEeNJI0eMKOCTb, YeM Y CIJIOMI-
HOTO MeTaJsljla, HO 3TO pellNTeJbHO MPOTHBOPEUHJIO OITY.

Eme Gosbiasi HeNpUATHOCTb 3aKjawoyajach B TOM, 4YTO
3aTyIVIeHHble CBepJa «NOpOKAaju» GoJblle Temsaa, UYeM
Xopollo 3aroyeHHHe. HenoHsiTHBIM 00pas3oM cBepJIeHHEM
MOXKHO 6blI0 ROOHITH HEOTpaHHYEHHOE KOJHYECTBO TemJa.
Bce 3T0 HHKaK He YKJIaJBIBAJOCh B MPOCTYIO MOJEJb HEpe-
TeKaloWero ¢ MecTa Ha MecTo Temopoja. Yauia BecoB CKJIO-
HSLJIACh K TOMY, YTOObI CBSI3aTh HNPHPOAY TEIJIOTHI C JBHIKe-
HHeM, K coxaneHuio, TOYHOCTb ONBITOB Cblla B KOHLE
XVIII Beka eine ouenb Masa, ¥, XoTa Pymdopna mopzep-
xamu sy 1 IOHT, KOTOpEIE TaK:Ke TOBOPHJIH O POJIH KoJe-
6anui M BpallleHNH MOJIEKYJ B JIIOOBIX BelllecTBaX, BCS 3Ta
HCTOPHS MaJlo KOro pasybemua.

Ho reopus ocraercst Gecninofsol, moKa runoTesbl 0CTaroT-
sl CJIOBAMH M MX CMbICJ HE NEpeBOAMTCS Ha SA3bIK Hudp u
opmys. CBsisb 3HEeprHd ¢ TemjaoTod Oblla ycTaHOB/IEHA
B onbite Jlkelimca Jkoynas (1873 r.), naBluero KoauyecT-
BEHHYIO CB3b MeX 1Y paboToit u TemsioM. JxKoyab nokasals,
4TO, pasMeIlMBas MellajKoll XKHAKOCTb U HarpeBas ee
TakuM o6pasoM, Hano TpaTuTh 460 KI'M paGoThl Ha KaXAylo
GoJIbLIYI0 KaJIOPHIO, TIOTYYEHHYIO KUAKOCTbIO *). Heckombko
paublie JIxKoyJas 3Ty e BeJMUMHY, HO C MEHBIUEH TOYHO-
ctbio (365 kI'M/kkaun) Beuncaun PoGepr Maiiep, Hcnosb3o-
BaB pe3yJbTaThl onbiToB ['efi-Jlioccaka mo paclunppeHuio ra-
30B B IYCTOTY.

Tenepb Monenb HeyHHYTOXKAICIIEHCS KHAKOCTH, TEMJIO-
poja, cTajla MOMeXoH AJis AajbHehllero pasBuTUs TEOPUH U
GBICTPO collIa CO CLenH. Dhira ellle ofsa TpyAHOCTb, KOTC-
pPylo BCTpeTHJIa MOZenb Temopoja. Ecam Tensaopox — 3TO
POX JKMIKOCTH, KOTopasi coEepilaer paboTy NpH mnepere-
KaHKH oT €oJiee BEICOKOTO YpOBHS (0T Goslee BHICOKOH TeM-
neparypel) K 6ojee HU3KOMY, TO HeJib3sl ObLIO NOHSTh, YTO
NPOUCXOAUT B HEOJHOPOJAHO HATPETOM TeJe B Npcliecce Bbl-

*) B apyroi cepuu onbitoB JKOyJb MOJyyua sHauenne 423 xI'M,
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paBHHBaHHA TeMnepaTypsl. Kyna neBaercs pa6ota, KoTopas
JIOMKHA BOSHHKHYTb IpPH NepeTeKaHWH TemIopoja.

TenJsonpoBoxHOCTb mpeAcTaBasaH ceGe B TO BpeMsl Kak
HEKOTOpOe BOJIHOBOE [BHKEHHE BHYTPH Tesla, KOTOpOe Ile-
pefaercd Takxke OT OXHOTO TeJa K APYromy.

Ho paxe ecnu He oGpalllaTb BHHMAHHSI HA <IPOMAKY?»
paboTbl, Takas KapTHHA HE Morya OOBSCHHTb, Kak mepe-
Jaercsl Temsao yepe3 BakyyM — Hampumep, oT CoJHua K
3emne. T'oBopusn o KoseGanusix 3dupa, HO MOJAYYHTH M3
TaKHX TpeJCcTaBJeHH# CKOMbKO-HUOYIb yOenuTeNbHYIO Teo-
pHIo OblI0 Hesb3sl. Teopus TemIopoja fBHO Teprena OXHY
HeyJauy 3a JApyroH.

O Tom, uTO TemyoTa CBfI3aHA C JBUXKEHHEM, TOBOPUJIH
MHOTHE eCTeCTBOUCIBITaTeNH. BhICKasEIBaHUS 1O 3TOMY HO-
BOAy MoxHO HaHiTH y MHorux. Ilucan o6 stom [Mexapr
Hanuun Bepuynnu nbitasics BbiBecTH (GopMyay sl HaB-
JIEHHS Tasa.

Oco6oro yInOMHHAHHS 3aC/AYXKHBaeT aHTIHHCKHE (U3UK
'yk. ¥ mac B naMsiTi OH cOXpaHHUJICS B OCHOBHOM KaK aBTOP
sakoHa ['yka B Teopuu ympyrocty.

I'yk 6bl1 onHUM U3 3aMeyaTesbHeHNX yuenbix X VII Be-
Ka. YueHuk Bofins, oH 0Ka3biBas CBOMMH UIesIMH GoJibliioe
BauAHue Ha yuuteas. Ilo-Bumumomy, I'yk 3Hanm o 3akcHe
BCEMHPHOTO TATOTEHHS He3aBHcHMO OT HbioTona (o6 aToM
3aKOHE TOBOPHJ U HX coBpeMeHHUK Bpen). On MHOTO 3aHH-
MaJicsl ONTUUECKUMH SIBIeHHAMH. 'YK OUeHb SICHO I'OBOPHJI
O CBA3H MeXY TENJIOTOH M JBHIKEHHEM — KoJieGaHUIMU Ya-
cTuIl B HarperoM Teste. Ho, BbicKasbiBas GuecTslllie THIo-
Te3bl, OH HE yMeJ HUX IIPOBEpPHUTb, HE YMeJ NEepPEeBecTH CBOH
HJied Ha A3bIK MaTeMaTuku. [10sToMy OTKpEITHE 3aKOHA BCe-
MHPHOI0O TATOTEHHUS CTaJMO NoABuToM HbloToHa, T09TOMY UMS
T'yka He ymomuHaeTcst u cpeiu OCHOBaTeJeH TEOPUH TemJa.

[IpaBuJbHBEIC HAEH, KaK MBI y3Ke TOBOPUJIH, BbICKA3bIBAJ
JlomonocoB. Muorue duocodst (Tak xe kak ['n66c u JIOKK)
TOBOPUJIH O TemJoTe Kak o jBuikeHHU. CTOMT YHOMSHYTb
H 0 ToM, uTo JIOKK, mo-BHauMOMY, mepBeifi (0oxoso 1700 r.)
nmucal 0 MaKCHMaJIbHOH CTeNeHd XoJoja, KoTopas «...03Ha-
YaeT npekpallleHne JIBHKEHUs Heocs3aeMblX dacTuil...». Ho
A Quiiocodbl He MOIVIM IPEBPATUTH HEOTPEAEIEHHbIE BBICKa-
3bIBaHMS B (PM3HUYECKYIO TEOPHIO, KOTOPYIO MOXKHO ObLIO
NPOBEPUTb HA OIBITE.

Hanbie Bcex mnpoxBuuyscs Makcseas. Kunernueckas
TEOpHs Telsa, co3faHHas MakcBesoM, NO3BOJIM/IA TIOHATD
TeNJIOBble $SIBJIEHHS Ha OCHOBE KJIACCHUECKOH MeXaHWKH.
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B paGore MakcBenna nosiBuaach qopMyna AJs pacnpene-
JIeHVs] ABHKYMHUXCS 4YacTHIL IO CKOPOCTAM; (opMyJsa Mo-
3BOJISI/Ia BHIYMCJIUTD HOCTOSIHHBIE, XapaKTepH3YIollie CBOMH-
CTBa TeJ, — TaKHe, KaK TeNJOoNpOBOJHOCTE U BSISKOCTDb
rasa, ¥ YCTAHOBUTb HX 3aBHCHUMOCTb OT TeMIepaTypHl.

Topo6uo Hrelotony, cospablieMy neGecHYIO MEXaHHUKY,
Magkcee/ NOMOXKUJ HAYalo CTATHCTHYECKOH ¢uauke (i,
KaK ee Has3hlBaJM B NpOLIIOM BeKe, KHHETHYECKOH TeOpHU
rasoB).

Ho u y Makcseana Gblan npefilecTBEHHMKH.

IlepBast ¢opmysa HOBoH Teopuu Temja Oblia IoJyyeHa
sagonro o Makceensna. Ho, Kak 310 GbIBaeT c «npekpeBpe-
MEHHBIMHY OTKPHITHSIMH, €e MaJlo KTo 3aMeTuJs. B nanbuei-
weM eie GyAeT pacckasano o paGorax Barepcrona. Cefiuac
JKe HaJlo BEPHYTbCA K TEPMOMETPY M TeMrepaType.

TEMIEPATYPHAS LIKAJIA

Bo Bcex npuGopax, KoTophie OblIH NPUAYMaHB!
B XVIII Beke, usMepesue Temnepatyphl CBOJAHJIOCH K W3-
MEPEHHIO ANIMHEI cTOJIOHKA BOJbl, COUPTA WK PTYyTH. MoXHO
€blI0, KOHEYHO, clesaTh JBa OJMHAaKOBBHIX TepMoMeTpa H
J06GUThCS TOTO, YTOOBl HX NOKa3aHHA OblIN BCerja OJHHaKo-
eoiMu. Ho TepMoMerprl paGoTain TONBKO B OTPaHHYEHHOM
nHTepBaJe TeMnepatyp. Hamoamsioline uX BellecTBa 3a-
Mep3aju ¥ KHMeN, ¥ STHMH TePMOMETPaMM Hesb3sl GhUIO
H3MepSITh OUEHb HH3KHE HJH OYEHb BHICOKHE TEMIepaTyphl.
Kpome Toro, nosnesuno 6bl10 3HaTh COOTHOLIEHHE MEXKNY Irpa-
JAycaMy B pasHBIX MeCTaX IUKasel. K3mepsst KOJHYECTBO
Tensa, Kotopoe TpebGyercs 1Js HarpeBaHHsl KaKOro-To TeJja
Ha OJMH TIpPajyc, HampuMep, NpH KOMHATHOW TeMmmeparype
n nipu 1000°, Hesb3st GELIO MOHSITH COOTHOIIEHHE MEXAY TI'pa-
JycaMH B 3THX ToukaX. Ilepes 3apoxparoiieiicsi TepMoMeT-
puell BosHHK/M JBe 3ajauu. Hajo Oblio, BO-NEPBHIX, yCTa-
HOBHTb <ONOPHBIE» TOYKH — YCJOBHSH, KOTOpHM GBI COOT-
BETCTBOBaJIM KaKHe-To BHIGpAaHHBIE TOYKHM Ha IlKaJjie TepMo-
MeTpa, B YAacTHOCTH HayaJo OTcYeTa 3TOH WIKaJjbl, — H,
BO-BTODHIX, NpHJIYyMaTh TaKoe ONpeje/]eHHe rpanyca, KoTo-
poe He 3aByceso Gbl OT KOHKPETHOrO TEPMOMETpPa H MOIJIO
6bl OHITH MCHOJIB30BAHO JJISI MOCTPOEHHS IUKaJbl B JIHOGOM
MecTe 3eMJaH U B J1060€ Bpems.
Mkana Henbcus TouHO ycTaHaBIMBaNa NOJOXKEHNE IBYX
Touek — 0 u 100 rpanycor, pacCTOSIHHE MEXKAY KOTOPBIMH
Ha IIKane ObUIO pa3buTo ma paBHble yacTu, Ho posab Ka-
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JKJOTO NeJIeHUsl ocTaBajach HeonpeneneHHoii. Heo6xomumo
6ui1o ellle MOHATb, YTO NPOHCXOMUT B TeJe, KOTAa PTYTh
B TepMoMeTpe (KOTOpHIH HaXOJUTCSl € 3THUM TeJOM B KOH-
TaKTe) MoJHNUMaeTcsl Ha onuH rpanyc. Ipoiie Beero 6bi10 Gbl
NPEANONOKUTb, UTO NIPH TOM SHEPTHUs Tesa (MJIH COAEpKa-
Lieecs B Tesle TeMJIO) YBeJIMUUBAaeTCs Ha OJHY M Ty e BeJH-
unny. Takasi BeMunHa, OTHECEHHAA K eIHHULE MacChl Teaa,
Has3bBaeTcsl YAEJbHOH TEIJICEMKOCTHIO.

Ho wu3 oneiToB xopowo u3BeCTHO, YTO TEMNOEMKOCThb
PasHEIX Tesl pasHast W 4TO fAaxKe Y OJHOTO M TOTO Xe Tena
OHa U3MEHSeTCS C TEMIIEpATYPOH — B pasHBIX MeCTaX IIKaJ/bl
HaJl0 3aTPaTHTb PasHoe KOJNMYeCTBO Temsia, 4ToObl HarpeThb
TeJs10 Ha oauH rpanyc. IlosatoMy oGrunEle BelllecTBa /i TaKOH
Hey He TORATCA.

Onnaxo cyuiecTByer cnoco6 co3aarth Tea10, KOTopoe NpH-
6JiHKeHHO 06/1aflaeT HYKHBIMH KayecTBaMu. DTo HeasbHEIH
ras, JaBJeHHe KoToporo no sakony I'edi-Jlioccaka usme-
HseTcd NHHEHHO ¢ TeMrepaTypoil (IpH MOCTOSTHHOM o0beMe).
PeaJibHble ra3el oKasbiBaloTcsi OueHb GM3KH K HlealbHOMY,
€CJIM laBJIeHYe T'a3a, a 3HAUUT, | ero MIOTHOCTb 04eHb MaJibi.

Koneuno, Takoil cnoco6 Hesib3si MCMONB30BATb IPH JIO-
OLIX TeMmepaTypax M AaBJIeHHSIX, TaK KaK Bce raskl nepe-
CTalOT KOTAa-HHOYAb OBITh HOXOXKHMMH Ha ¥JeasbHBIH,

TeM He Menee rasoBblil TepMOMETP HCHOJb3yeTcs Kak
STaJIOHHBIH MOYTH [J1s1 BCEX TeMIepaTyp, LOCTHKUMEIX B Jla-
Gopatopuu.

Ho kak ke Bce-Taku ompenesuTh Temmepatypy Gonee
cTporo?

Ecan Temneparypa ectb Qu3suueckasi BelMuMHa, TO 10J-
JKeH e CYLIeCTBOBaTb CIOCOG ee ompefiesieHHs, KOTOPHIH,
XoTd Obl B NPHHIMIeE, He 3aBucesa OBl OT TOro, Kakod MaTe-
puaJ HcrmoJb3yercs AJsl yerpoiicTBa TepMoMerpa. Ha takoit
BONIPOC MOXHO OBLJIO OTBETUTH JIMILB. [IOCJE TOTO, KaK BO3-
HHKJ1a TepMopuHamuka. OrBer names Kaaysuyc B 1848 r.,
ocHOBHIBasick Ha yuennn Kapuo o Temse.

KAPHO

Teopusi Temna mMeeT cBOH Trof pPOXKAEHHSA.
B 1824 r. B [lapuzke BHIXOAUT KHHTa 28-JIeTHETO MHXKeHEpa
Kapno «PaaMbilienusi o ABMXKYIUEH cHJie OTHA H O Malld-
HaX, CIOCOGHEIX pa3BuBaTh 3Ty cuay»*). Ho 31y Benukyo

*) Pycckuii ee mepesox ecth B c6opHuke «Bropoe Hauajlo Tepmo-
JAVBaMHKH», BblllemeM y Hac B 1934 r,
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paboTy npakTHYeCKH HHKTO He 3aMeTus. Hu oxun us xpyn-
HBIX YYCHBIX He OTKJHKHYJCS Ha ee MyGJMKalHIo, HUKTO
He 00paTuJl BHHMaHHS Ha CJIOBa, KOTOphle ObLIM B HEH cKa-
3aHBI! «...YTOObl PacCMOTPETh HPUHIMI NOJYUEHHS JBHIKE-
HUS M3 Temsa BO Bcedl MOJIHOTE, HAJO €ro M3YyYHTb HE3aBH-
CHMO OT KaKoro-Ju6o areHTa, HaJio IPOBECTH pacCyXKAeHHH,
NPHJIOZKMMBIE HE TOJILKO K IapOBBIM MalllHHAM, HO B KO BCeM
MBIC/IHMBIM TENJIOBHIM MalllHHaM, KaKOBO Gbl HH OblJIO Belle-
CTBO, NyLIEHHOE B 1eJ0, H KaKuM Gbl 00pa3oM Ha HEero HH
NPOUSBOIUJIOCH BO3JEHCTBHES.

Ilporpamma, cdopmysmmpoBanHasi B 3THX CJIOBaxX, Oblia
HeoOblyaliHO cMmestof. MoxeT GbiTh, TOJNBKO OTKPHITHE 3a-
KOHa HHepLUHH CPaBHEMO C TeM, 4To OTKphl1 KapHo.

Kapno ymep B 1836 r., Tak M He yCJbIIaB HHKAKOTO
oTkauKa. EcrectBoncnbitatesu XI1X Beka mopo#t Gelin mo-
pPasHTeJIbHO IVIyXHMH, KOTJAa peub IlJa O HOBBIX B3TJAjax.
Taxk, nuxro He oTosBanmcs Ha peub Pumana «O rumoresax,
JieXallliX B OCHOBaHHHM TeOMETPHH», HHKTO HE OLEHHJ Te-
HHaJbHOTO X3BHcalija, CO3LABIUETO ONepalliOHHOE HCYH-
cleHHe, :

B 1834 r. paGora Kapno, usH, Kak TOTHA TOBODHJIH,
MeMmyap, Oblia nepepaGoraHa M HaneyaTaHa Kaameiponom
B xypHaJe [Tormurexunueckoi mwkoiasl B [lapuxe. Kaanei-
POH HCNOJb30BajJ B CBOEM M3JIOXKEHHH, KOTOPOE HOCHJIO
Gomee cTporuii MaTeMaTHuyecKHil Xapakrep, rpaduyeckoe
NpeJcTaB/IeHHe TEIVIOBBIX mpoueccoB. IlonmyaspHble cefiuac
KPHBBIE — M30TE€PMBl, affadaThl — BELYT CBOIO HCTOPHIO OT
pabor Kunanefipoua.

Mewmyap KapHo He Gbl IPHHAT pefaKuyeil KpynHeHero
}KypHana «AHHA/JB (U3KKHY, PENAKTOPOM KOTOPOro OblI
Iorrennopd. Ator ke KypHa/ HEe IPUHS U cTaThio Mafiepa
(mpaBna, HamucaHHyl0 oueHb HeyaauHo). CraTbsi ke Kila-
nedpona mpousBesa Ha Ilorresgopda CTOMb CUJIbHOE BIe-
yaTJIeHHe, YTO OH CaM IlepeBes ee Ha HEMEeUKUH A3BIK M Ha-
neyataJ B XypHaje. OnHako u B 3ToM BHAe Haen Kapuo
He Haluui nocJaenoBartenefi. [pomo eile 9 ser, u craths
Knanefipona Gblyia HameyaTaHa ellle pa3 B HEMELKOM Mepe-
BOJIE, HO BpeMsl /151 ee IOHUMaHHU 1 M Ha 3TOT pas He MPHILLIO.
Jlump B Havale NATHIAECATEHIX TOMOB, Gosee ueM uyepes
uyeTBepTh BeKa, uaed Kapuo 6bumn moHsTel. Onu, BMecTe
C 3aKOHOM COXpaHEHHS 3HEPTHH, OTKPHITHIM Mailiepom
(8 1843 r.), Jersn B ocHOBY HccenoBanuil Tomcona u Kaay-
3Hyca — HCCHeNoBaHHM, ¢ KOTOpHIX GepeT cBoe Hayaso Tep-
MOAMHAMHKA,
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W3 3anuceil B ueBHUKe, ONyGAMKOBAHHBIX TOCJIE CMEPTH
Kapuo ero 6partom, sicio Buxuo, uro Kapuo dakTnuecku
3HaJ 0 3aKOHe CoXpaHeHus sHeprun. B atux sanucax Kapuo
NPUBOJMT BbIYHC/JIEHHE MEXaHHUYeCKOr0o SKBHBAJNCHTA TeIlIa,
noayuast jJsl Hero 3Hauenue 3,6 mkoyas Ha 1 xajsopuio
(npaBuJsibHOe 3nauenue 4,2).

Ecan 661 Kapro ycnen ony6ukoBaTh CBOM 3amicH, TO
3aKOH COXDaHeHHS 3HepTHH crasJ Obl M3BeCTEH MOYTH 3a
20 et no paGotr Maiiepa u JIxoy/1s, 0 KOTOPHIX MBI elle
Gynem rosoputh. [la u ero riapras pabota crasia Gl Gosee
MOHSATHOH, ecJii Obl B HeH ObL1 UCIOJNb30BAH 3aKOH COXpa-
HEHUS] SHEpTHH.

Ho B cBoem Memyape KapHo ellle Huuero He NHIUET O
CBSI3H MeXJy TemsoM u paboroll. Pasnensis Touky 3penusd,
YTO TEIJIOBLIE SIBJICHH S CBSI3aHBI C IepeTeKaHueM Tenaopoja,
OH CTPOMT BCe CBOM pPAacCyXJEHHS Ha HEBepHOH OCHOBE.
TeMm He MeHee eMy yJnaeTcsi MONy4YUTb NPABUJIBHEIE Pe3YJib-
TaThl. Ham paGora Kapno npepcraBisercss cOBEpILEHHO
YAHBHTEbHEIM 00pasuoM (U3HYECKOH MHTYHIMH.

[Tonpo6yem HecKo/lbKO NoApoCHee NpOC/TEJUTb 3a Mbi-
caamu Kapno.

KapHo 3aman ceGe Bompoc: KakuM 06pa3oM BO3HHKAeT
pabora B TenJoBOH MallMHE M YeM OrpaHHYeHa BeJHYHHA
3To# paGoThl? PasHble TemnoBble MalIMHBL paboTalT Io-
pasHoMy: ojiHa jaeT Goabluui 3¢deKT, c ee MOMOLIBIO MOXKHO
npousBectd Goublue paGothl, apyras paGoraer xyxe. Ho
MOXKHO JIM 0€3TPaHHYHO YJyullaTb MalllMHY?

MJEAJIBHBIA LHKJ KAPHO

OrBer Ha mocTaB/leHHBIH Bompoc TpeGoBaJ
yTo4HeHHsI MHoruX monsaTuii. IIpexae Bcero Hafo ObLIO No-
HSITb, YTO OAHO HAarpeToe TeJO caMO N0 cefe He MOXKeT
npoussecTH pabory. i Toro 4roGbl MOCTPOMTDH TENJIOBOM
JiBHTaTeJb, He00X0AMMO HMETb KpoMe Harperoro Tesna (Ha-
rpeBareisi) ellle ¥ BTOpoe TeJo, ¢ TeMnepaTypoll Gosee HH3-
KoH (XOJIONHJIbHHUK).

B HopMmanbHOH napoBod MalliHe HarpeBaTeJb — 3TO
KOTeJl, B KOTOPOM BOja NnpeBpaliaercs B nap, a XOJOIUJb-
HHK — KOHJEHCATOp, B KOTOPOM @ap, coBepliuB paGoty,
KOHJIeHCUpYeTcsl, npeBpailiasick ofpatHo B Boay. Kpowme
HarpeBaTelisi U XOJIOJMIbHUKA JOMKHO CyLIECTBOBATb HEKO-
Topoe pabouyee TENO —- XKUAKOCTb HJIM I'a3, KOTOPOE MEPEeHO-
CHT TeIJIo ¥ «Io jopore» coBepiuaeT padoty.
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Kapno o6bscHsIeT BO3HNKHOBEHHEe pa6GoThl NepeTeKanueM
TeMJIGPOJA OT HarpeBatessi K XoJoAHJAbHUKY. [loTok Temsio-
POZia MOXKHO CPABHUTh C IOTOKOM BOJBI, TEKYIIHMM Yepes IJ10-
THHY M BpallaioliuM TypOuHY 3/eKTpocTaHiuu. KonyecTBo
TeMI0poia coXpaHsiercst (Tak e KaK H KOJHYeCTBO BOJBI),
H3MEHSIeTCSl TOJNbKO «YpOBEHb» TEIJIOpoJa, KOTOpHIH 3a-
Jaetcs Temneparypo#. Mrak, temsnopoj Teyer oT HarpeBa-
TeNsT K XONOAUJIBHUKY H COBepIIaeT HpPH 3TOM paboTy.
Ecau, onHako, npono/XaTh aHAJOTHIO MEXY TEIJIOPOJIOM
BOZOH, TO MBI GbICTpo 3aiiiem B TynuK. Cirenys 3To# anaJjo-
THH, €CTeCTBeHHO Oblio Obl cuuTaTh, yTo padora, KoTopas
CoBepluaeTcst MPH «IaJeHHM» TelaIopoja, NPONopUHOHAJbHA
PasHOCTH TeMmmepatyp (PasHOCTH «BBICOT»). TakoH BHIBOJA
Hac He MoxeT YycTpouTb. JleHcTBHTeNbHO, ecau Obl 3TO:
6blJIO TaK, NapoBasi MallnHa 6biia Gbl Gecembicsienna. [Tocoe
TOTO, KaK Map pacllHpHJCs, COBepLIMJ paGoTy H CKOHAEH-
cHpoBaJcsl (MM NPOCTO OXJANUJICS), HAM HAjo ero omsiTh
HarpeTb W 3acraBuTh paGorTaThb ellle pa3. Ha narpeBanue
NpHLLIOCh Obl 3aTPaTHTb POBHO CTOJBKO PaboThl, CKOJIBKO
Mbl TIOJIYYHJH TPH OXJaXIEHHHM, — M TO TOJNbKO. B TOM
c/lyyae, €CJIM Bece Halll yCTpoHicTBa paboTaioT 0e3 moTepb.

[pencraBum ceGe, 4To KOMy-TO HPHILIO B TOJOBY [OCT-
POMTb THIDPO3JEKTPOCTAHUMIO Ha Oepery ropHoro osepa,
chycKast BOLY uepe3 TypOHHY B KaKoH-To pesepByap, Ha-
npuMep B ApYroe 03epo, pacrosioKEeHHOe HA MEHbIUeH Bbl-
cote. UToG6w! n36ekaTh MOHUKEHHUS YPOBHS BEPXHEro 03epa,
Oynem nepekayHBaThb BOAY OOPAaTHO C MOMOLIBIO HACOCOB..
OqeBupHo, yTo Takasi Hiesi HeJema: paGoTa, coBepliaemast
HacocaMH, OymeT HHMKaK He MeHblle paboThl, KOTOpYIO
CMOTYT coBepluath TypOunsl. Ha camoM jmese gacTb paGoThl
OyleT naxe notepsiHa Ha TpeHHe B TypOHHe, HA UCNApeHHe
BOJbI M MO PasHbIM ApYruM mpuyuxaM. Kak 6bl MBI HH yCT-
pauBaJil Hacochl, BKJ/OYa/JH Obl HX TOCJEL0BATENbHO HJIH
napaJijieJibHO, 3aKOH COXPaHeHHs SHeprHu He jaj Obl pea-
JIN30BaTh HHUKAKOTO IOJIE3HOTO YCTPOHCTBA, KOTOPOE IiO-
3BOJIMJIO Obl MOJYYHTb BBITOAY M3 TAKOTO MEPONpPUSTHS.

[loyemy 2xe B cyyae Tem/oBOH MalUHHBI CXaThe H pac-
LIHpeHHe rasa OIPUBOAUT K COBEpILEHHIO NMOJIe3HOH paboThbi?
B uyem cocroutT pasuuma Mexny paGoToH THAPOCTAHUMH U
paboToli TemsOBOH MalIMHBI?

PasmMpliienns no sTomMy MNOBOAY MNPHBOAAT Hac K Bo-
npocy, KoTopbiil y2ke GblJ IOCTARJEH, 8 HMEHHO: PaBHOIEHHBI
JId Tpajychl Ha pasHbIX y4acTKaX IUKa/ibl TepMomeTpa?
Jas Bonupl, najaiomedl B ropHofl pedyke ¢ BBICOTHI OJHOTO
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Merpa, Ge3pasiMyHO, IJie STOT METP HAXOUUTCHA, B JOJHHE
HJI1 BBICOKO B TopaX, — pafoTa, KOTOPYIO MOXKHO TOJy-
YUTh OT NaJeHHs OJHOTO JUTpa BOABI, OYJAET OJIHA M Ta KeE.
OTOT OYEBHAHBIA pPESYJIbTAT MOXHO CGHOPMYJHPOBATH H
unaye. MoxHO cKa3aThb, 4YTo, U3Mepsisl SHEPTHIO, BhIIeJse-
MYIO NpH NaJieHHH BOAH!, Mbl H3MepseM JIMIUb PasHOCTb ee
YPOBHE#, HO HeJb3d M3MEPUTDH BHICOTY MECTa, T 3TC mpo-
HCXOJHT.

CoBceM HHaue OGCTOMT €0 C HATPEEacMbIM MapoM, H
3TO0 nepsoe, yTo 3ameTua Kapro. PaGora, xoTopyio Moxer
Npou3BecTd nap, oxsaxpawomuiics or 100° go 99°, e 6yner
paBHa paboTe, KOTOPYIO COBEPLIMT TO e KOJHUYECTBO mapa,
oxaaxnaack oT 50° no 49°. Ilpuunna COCTOMT B TOM, UTO
JaBJjeHne napa 6ynerT B 06OMX cayuasix pasHoe.

Ho kpome HarpeBatesist u XooAu/IbHAKA CYIIECTBYET €lLe
v paboyee TeJIO — MOXKET GBITb, OT €r0 CBOHCTB TOXKE UTO-TO
3aBucuT? KapHO CTOMKHYJCS ¢ TeM, YTo B 3ajjaué y4yacTBYET
CJIUIIKOM MHOTO NIepEMEHHBIX,

On nawen GecTsuil BBIXOJ, PACCMOTPEB (KPYTrOBOM»
npoilecc — HUKJ, B KOTOPOM pabouee TeJO CHayasla COBEp-
IlaeT paGoTy, a TNOTOM BO3BpalllaeTcss B HCXOJHOE COCTOSI-
HHE (HCMOJB3ys JJIs1 STOTO YacTh COBEPIIEHHOH pPaGoThi).
Takum 06pasoM, B Hayaje 0 B KOHIIE IUKJA BCE YACTH Tell-
JIOBOH MallMHBI (B TOM uyHCJe U pabouee Tes0) HaXOAATCH
B OJIHOM H TOM K€ COCTOSIHHH, M HO3TOMY HOCJE KaXKIOoro
OTZEJPHOIrO HHKJIAa MOXHO «HOAOHTb HTOr», TaK Kak cJje-
AYIOUKH UHKT GyJeT BO BCEM TOXKIECTBEH NMpEpLAYIIEMY.

Pas6epem takoit uuka. Kapro paccMatpuBa/ HEKOTOPYIO
HJ€aJbHYI0 MallHHY, O KOTOPOH Hajo 3HATH JHIIb TO, YTO
B HEHl eCTh YCTPOHCTBO THNA LHMJMHADA C HOPLIHEM (MJIH
THOA TYpOHHBI), NPHBOAUMOE B JIBUXKEHHE PACIIMP SIOIIUMCS
paGounm TesioM, HanpuMep rasoM. TemnepaTypa rasa MOMKeT
HM3MEHAThCS: €r0 MOXKHO HArpeBaTh ¢ IIOMOLIbIO KaKOH-TO
CHCTEMBI — HarpeBare/]s U OXJIaXJAaTh C MOMOMIBIO ApYyroi
CHCTEMBI — XOJIOAMAbHUKA. KpoMe Toro, ectecTBeHHO npen-
NOIOKUTD (B 5TOM M COCTOHT «HAEAJBHOCTH» MAIIMHBI), UTO
HU TeI10, HU paboTa HUKYJia He MPONaJaloT: TEeMIo He H3Ty-
yaercsl HapyXy, a pabota He TpaTHUTCd Ha NpeoJoJIeHHe
TpeHus.

s Toro yToGH onucaTh, YTO MIPOMCXOAUT C ra30M, HALO
3HaTh, KaK H3MEHAIOTCS €ro XapaKTepuCTHKH: obbeM V,
JaBjenue p, Temneparypa 1. Ecan TemmepaTypa rasa He
M3MeHsieTcsl, TO TaKOH NIpollecc Ha3bIBAlOT U30TEPMHYECKHM.
Ecan He nsMeHsieTcs1 JaBJIenne, TO Npoliecc HasblBaloT n3oba-
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puueckuM, Ecin xe He m3MeHseTcsi o6beM, To mpouecc —
uaexopuuecku#. SIcHO, YTO MOXKHO NpUAYMaTb CKOJbKO
YT'OJIHO MPOLECCOB, MPH KOTOPHIX H3MEHSIOTCS Bce TpH Be-
auyunsl: p, V, T. B nukne KapHo Kak pas u HCIOIb3YeTCS
npolecc TaKoro THNA — TaK HasbBaeMbill afuaGaTHyecKuit
npouecc. B anmaGaTtHueckoM mpoliecce ra3 He MoJydaeT
TemJia H3BHE M HE OTAAeT ero HUKyja; NpH 3TOM HHU OJHa
u3 BeuuuH p, V, T He ocTaercsi MOCTOSIHHOH.

VisveHeHne cocTOsSIHHSI rasa B KPYTOBOM IIpoOIlecce Ml
OyneM HJIIOCTPHPOBaTh rpaduKoM, Ha KOTOPOM MO OCAM
OTJIOXKEHBl JaBjeHHe M o0beM rasa. Tak Kak MBI OyjeM
HMeTb JIeJI0 TOJIBKO C HJieasJbHBIM ra3oM, TO TaKoH rpauk
MOXXHO HapHCOBaTh, 3Hasl 3aKOHbI Doitnss—Mapuorra u I'eit-
Jlioccaka. Mel GymeM cunTaTb, YTO 3TH 3aKOHBI XOpOILO
H3BECTHBI U Jla’ke H3BECTHO, KaK OHUM OOBENHHSAIOTCS B YHH-
BepcasbHEI 3akoH Kiane#ipona—MenneneeBa *). Ilostomy
He CTaHeM MOAPOGHO OOBSACHATh, KaK HaMO CTPOHTb KPHBLIE
AJ1s HJealbHOTO rasa, a mepefiieM OpsMo K Jeny.

Uro6el omucath muksa Kapuo, ncnonbsyeM JeMOHCTpa-
LMOHHBIH (KOHEUHO, HE peaJsIbHbIH) OMBIT.

IlocraBuM Tpu ycranoBku. IlepBasi Gyaer numrtoit. Lu-
JIMHJID C Ta3oM, NOCTaBJeHHbIH Ha 3Ty NUIMTY, NpHOGpETaeT
temnepaTypy T;. Btopas — tepmoc. Llunuupp c rasowm,
NOCTaBJEHHLIA B 3Ty YCTaHOBKY, HE TepsieT U He MOJydaeT
terio. Hakonen, TpeTbst — xosogunabHuK. Hunnuap c ra-
30M, momaBllil B Hee, moJydaer Temnepatypy Ty < Ti.

CHa6auM UMIHHAD ¢ ra3oM MopluHeM M OyfeM IepeHo-
CHTb €ro ¢ MecTa Ha MecTo. L/l IpOCTOTH pacCyKAeHH i MBI
He OyfeM ofpallaTh BHUMaHHSI Ha aTMoc(epHoe AaBJeHUE,
CYHTasl, 4TO OHO MaJd IO CPAaBHEHHIO C JaBJEHHEM rasa Moj
NOPIIHEM, HJH, HAKOHel, CYHTasi, 4TO Bce IPOHCXOAHT
B BaKyyMe. B Takux yc/oBuX, €c/H MOplIeHb OCTaBHTD CBO-
60 HLIM, a3 NoJA HUM GOyJeT pacLIHpSTHCH.

Opranusyem creayomuii npouece, COCTOSWMA U3 YeThI-
pex atanos. IlycTs ras Bhauane umea temnepaTypy Ti.

*) 3akon Kuaanefipona—Menjeneesa (gasi OAHOTO MOJS), Kak
H3BECTHO, 3amHChIBaeTcs TakK:

pV =RT,

rne T = ¢+ 273,15 — Temnepatypa B rpagycax mo mxane KeabBunas
a ¢ — rtemmneparypa B rpagycax mo wmxaie Lleabcus.

HamoMHuM eme, uTO OTPE3KH KPHBHIX Ha rpaduKax HasbiBaloOT
usorepmofi (T = const), usoGapoit (p = const) mau msoxopoi (V =
= const). OTpe3oK KPHBOH, ONHCHIBAIOWMI aanaGaTHUECKHA mpouece,
Ha3BIBAOT afuabartof,
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1. TlocraBuM UMMMHAD HA TUIMTY W JAJUM rasy pacliu-
parbes. Ilonoxnem, moka oH NpoH3BEET HEKOTOPYIO pa-
GoTy, BeTMYHHY KOTOpo#t 0603HaunM yepes A;. Tak Kak sTa
paboTa coBepillaeTcsl NpU TOCTOSIHHOH TeMmepaType, TO Ha
rpaguke 3ToT 3Tan u3oGpasutcs usorepMoil ab (puc. 5).

Ilpn cBoeM pacumpenun ras GymeT 3aGupaTh TeIIO OT
HarpeBaressi. O6G03HaYHM TemJO, MOJYUYEHHOE ra3oM, yepes
Q1 (Kapuo cuurad, uto paGoTa BOSHUKAET 3a CUET «MafeHHS»
TENJIOPOAa).

N

Puc. 5. Iluxa Kapuo; I aram.

11. Tlepenecem cocys B TepMoc H NO3BOMMM Tasy Ipo-
J0JKaTh paclUMpSATbCS U COBepLIHTh ellle padory Aj. Tax
Kak B TepMoce rasy HeOTKyJa IoJyyaTb TelJo, TO, COBEp-
Liasi pa6ory, ras oxJaxnjaercs. JlanuMm eMy oxJaguThes 1o
TeMnepaTyphl T,. Ha rpaduke sror mpouecc msobpasures
B BHJE KDHBOH — anuabaTel 68, Gosee KpyToH, ueM H30-
TepMa (puc. 6). Ha pucynke BMecTo TepMoca HapucOBaH
IPOCTO CTOJIHK, HAa KOTOPOM LMJIMHAD HE HarpeBaeTcsl U He
oXJaxnaercs.

II1. Temneps, Korna TeMnepaTypa rasa cpaBHsIach ¢ TeM-
nepaTypoi XOJOJAUMbHHKA, Mbl IIEpECTaBHM COCYHA B XOJO-
JUJIBHHK M HauHEM CXUMaTb ras, cjeus 3a TeM, 4ToObl €ro
TeMmnepaTypa Oblla Bce BpeMsi mocTosiuna ¥ paBHa T,. Ha
3TO MBI 3aTpaTUM paGoTy A,, OTAAB XOMOAUJIBHHKY TEIO Q.
OcTaHOBUM ciKaTHe, KOTJa fAaBjeHHe U 06beM rasa GyAyT
OTBeYaTh TPEThed BepUIMHE KPHBOJHHEHHOTO YETHPEXyToJb-
HuKa (puc. 7). Kak BbiGupaeTcst 5Ta TouKa, MBI YBHAUM Ha
YEeTBEPTOM 3Tale,
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IV. Tlepenecem Tenepp 06paTHO cocya B TepMoc H, NPO-
JoJIXKasi CKUMaTh ras, OyJeM CJeIUTb, YTOOH OH BEpHYJICS
B HCXOJHOE COCTOSIHHE, T. €. YTGObl €ro JaBJeHHe H TeMIie-
paTypa npuobpeJsiu Te 3HAUeHHI, KAKUE OHU MMEJM B HayaJje
nepsoro 3Tana (puc. 8). s sToro, Komeuso, Hajo npa-
BHJIbHO BHIGpATb BEJMUHHBI JIaBJEHMSI U oObeMa B KOHLE
TPEThEro 3Tana, HHaye MOXKHO He II0NacTh B HCXOAHYIO TOUKY.
3Hasi 3aKOHBI HJEaJbHOTO Tasa, STH BEJHYMHBE HETPYIHO
BbIYMCJIHTE 3apanee. Ha sTane 2a Takke npujetcst 3aTpaTutb
HeKoTopyio paboty Aj.

B pesyspTaTe yeTeIpex 3TarnoB paGouee TeJIo He H3MEHHJIO
CBOETr0 COCTOSIHHM S, HarpeBaTesb NMOTePSI KOJMYECTBO Teria
Q1, a XOJIOAUIBHUK noayyra Temno Q,. KoauuecTso Temnna
Q; — Q. ymto Ha coBepluieHHe PaGOTHL.

CMBICsT BCero paccKasaHHOTO NOKa CBORUTCS K TOMY, YTO
TEIOBasi MallliHA He MOXKET HCI0/b30BaTh ECe TEIIO, HoJy-
YeHHOe OT HarpeBaTe/sl, 4acTh TeIJia JOJ/KHA GhITb OTJaHa
XOJIOAUJIBHUKY.

Kapro pokasan, uTo [0Js1 HMCHOMB30BAHHOLO TeTia
__Q15Q2 3aBMCUT ToabKo OT Ttemnepatryp T, u T, u ue 3a-

1
BHUCHT EH OT KaKuUX APYTUX CpaKTOpOB, B YaCTHOCTHU OT CBOHUCTB

pabouero Tena,

HoxasarenbCTBO 3TOH TeOpeMbl — OJHO U3 CAMBIX KPacH-
BBIX J0KasaTesnbcTB B (ushke. B orkpbituu Kapho ynusu-
TEJbHO TO, 4TO OH HE 3HAJ 3aKOHA COXPaHEHMs SHEpTHH,
Korja nmcajs cBok MeMyap. Ilepenoc temna jsist Hero Gl
«najgennem» reriopoga. OnHaKo, NOMb3ysCh ONBITHBIMU JaH-
HbBIMH 06 H3MEHEHHH TENJIOEMKOCTH rasa NpPH H3MEHEHHH
€ro mIoTHocTH, KapHo mpuliesn K 3akJ/IOYeHHIO, YTO «maje-
HHE TemnI0pojia NPOU3BOAUT GoJblle NBMXKYLICH CHJBI NpU
HHU3KHMX rpajycax, yeM mpu OGoJiee BbICOKHMX». JBHXKymlei
cunoé KapHo HaseBas paGoTy, NMPOM3BOJUMYIO MaIUMHOM
sa omuy uuka. OTcioga ¥ HasBaHHE ero Memyapa.

BEJIMKAA TEOPEMA KAPHO

YTounum paccyxaenust o uukiae Kapuo. Ecan
HONBITAaThCSl NPOU3BECTH BCE OMEpAlUH He MBICJIEHHO, a Ha
caMoM [eJie, TO Mbl OOHAapyXXHM, 4TO 4YacTb Temaa Gynger
TPaTUTbCS HAa HarpeBaHKe CTCHOK IMJ/IMHAPA, HA HEPEeTyJsp-
HOE JIBUXKEHHE NMOPIUHA H T. 1. «Bpexnnble» norepu OyIyT TeM
Gosplue, yeM GoJsiblile PA3HOCTh TEMIEPATYP MEXKIY rasoM
H BHellHeHd cpefofi u uyeM Gosblle CKOPOCTb JBHMKEHHS
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nopina. [losTomMy 6GyaeM npeanonaraTh, YTO MOPIIEHD JBH-
KeTCsl OYeHb MEJJIEHHO M Y4TO PasHOCTb TeMIepaTyp Mexny
rasoM ¥, HampuMep, HarpeBaTteJeM OYeHb MaJja. DT0, KO-
HEYHO, He BBINOJIHSETCS B peaNbHBIX MalllHaX, TaK KaK OpH
TaKHX YCJIOBHSX MallliHa paboraja Obl GECKOHEUHO Mex-
JIEHHO U €e MOIIHOCTb paBHsJach OB, CTPOrO roBops, HYJIO.

Ho M1, crenys 3a Kapho, uimem yc/oBust 1Jsi mosyue-
HHSl MaKCHMaJIbHOH paGoThl, © HaM IPUAETCS NPHUMHPHTbCH
€ TeM, 4TO Takasl pa6oTa NpOU3BOJUTCS YCTAHOBKOH ¢ MOLI-
HOCTBIO, paBHOH HYJIO.

Herpynuo BuzeTh, 4To Tak Kak B HUKJIE HE NPOHCXOAHUT
noTepb, TO BCE ONEpPAlUH — a UX BCEr0 YeThIpe — MOXKHO
npousBecTd B o6paTtHOM nopsake. Eciu 0603HAaYUTh STanbl
6yxBamu @, B, y, 0, To nuka KapHo MOXKHO 3anucaTth Tak:
C = dyPo (dopMysay Hano uMTaTh CrpaBa HaJeBo).

OGpatnble onepauuy Mbl 0G03HauMM GykBamu o1, -1,
v-1, 8 L. Tak, onepanusi o OTBeYaeT JIBHIKEHHIO [0 H30TepMe
OT TOYKH @ JIO0 TOYKH 0, a ! oTBeyaeT 0GpaTHOMY JBHKe-
HUIO 0T 6 K a. Ec/iu MBI npou3BeJeM NOC/el0BaTeNbHO Ore-
pauuu o U !, T0, OUeBUAHO, BEDHEM I'a3 B HCXOLHOE COCTOSI-
HHe, DTO MEI 3anuileM Tak: o la = 1.

Urax, nuka C MBI MOXKEM B HJeaJbHOM CJydae IpPOH3-
BecTH B oOpatHoM mnopsake. OGo3HauuM TakoH oBpaTHBIA
nuka gepes C-! = o-1f-1y-18-1. Scuo, uTo

CC=a1p-y 15 8ypa=1.

91003HaYaeT nIpocTo, 4T, npoBeAs kA C, a 3aTeM Uk C-1,
Mbl BepHEM BCe B HCXOJIHOE COCTOSIHUE: HarpeBaTe/b MOJYYHT
o6paTHO cBOIO Mopimio Temsa Q, oT XonoauibHEKa Gyner
oToGpaHo Tensio Q,, ¥ Ha Bce 3T0 OyJeT 3aTpayeHa BCA pa-
6oTa, BEIMIDaHHAs B NPAMOM LHKJE.

O6parueiit kg C-! coBceM He 06513aTe/IbHO JOJIKEH CO-
CTOATb M3 TeX e 3Tanos, uTo M npamoi. Hamo Tosbko,
yTo6bl OH BO3BpallaJ CHCTEMY H3 KOHEYHOTO COCTOSIHHSA
B HayajbHOe, 4YTOOBI CYIIECTBOBaJ H KaKoH-TO mpsMoi
LHKJ.

JokaxeM Tenepb, 4TO He CYLIECTBYeT TEMJI0BOH MalllHHbI,
KOTopasi Oblia Gbl Gosiee BLHITOAHOH, YeM MallMHa, HCHOJb-
sywollast nuka KapHo.

[IpepnonoxuM, 49TO KTO-TO TaKyiO TEMJIOBYIO MallHHY
npugyMad, Torza ¢ ee moMollbio MOXKHO peaJin3oBaTh obpar-
Hbl# ks C7', HOTpaTHB Ha 3TO MeHblle paboTHl, YeM jaja
mamna Kapeo B mpsmom nuksae. Ho toraa pesysbTaToMm
JBYX LUKJOB — NPAMOTO M 00paTHOro — OyJeT BbIMTPHILI
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B paGoTe, MOCKONBKY B LuKJe C ObIO MOJYYEHO GOJblle
paboThl, yeM NoTpayeHo B o6paTHoM nukie C;t. Tem cambim
CHCTeMa U3 ABYX TeNJIOBbIX MallUH Oblla GBI BEYHHIM JABH-
rarejeM — OHa NPOU3BOAUJA Obl paboTy, He NOTPEGsss HU
TernJia, Hi KaKuX-Ju60 ApYTuX BUJOB dHeprud. TakuM obpa-
30M, MBI NPHLUIM K NPOTHBOPEYHIO.

HerpynHo nokasath, uTo o6paTuMasi MaliuHa *) He Mo-
XKeT ObITb U MeHee 3(dekTHBHOH, ueM Mammua Kapho.
JLast 3Toro HajgoO TOJABKO PACCMOTPETh MPOLECC, B KOTOPOM
npaMoit nuka C; coBeplllaeT THNOTETHYECKAs! CBEPXHIEab-
Has MallMHa, a obparHbli wuka C-! — mammua Kapno.
TlosToMy MoKHO yTBep:KaaTh, UTO NpPH 3aJaHHBIX TeMIEpa-
Typax HarpeBaTelis ¥ XOMOJAUJIbHUKA Bce 0OpaTHMBIE LUKJIbD
HMEIOT OJIHY U Ty ke 3((eKTUBHOCTb (IpeBpallaloT B pa-
60Ty OZHY M Ty e JOJIO TellJia, NMOJYYEHHOTO OT HarpeBa-
TeJis), paBHYIO addekTuBHOCTH wukaa Kapuo. Hu oT cBoit-
cTBa pabouero Tesa, HU OT KaKUX-JMU60 HeTajiel KOHCTPYK-
LU 3TO yTBEpXKJEHHE He 3aBHCHT.

3aMeTuM, YTO €c/M Mall¥Hbl HE HACa/bHbE, €M HX
pabora He o6paTHMa, TO 3TO TOJBKO YXYALIAET MOJOXKEHHe,
TaK KaK BOSHHKAIOT NOINOJHHUTEJbHBIE MOTEPH.

Takum o6pasom, Kapuo ycranoBuJ, 4TO CyLIeCTByeT
TeOpPeTHYeCKHUH Mpefes paGoTe, KOTOPYIO MOXKET COBEpIIHTb
TenJioBas MalliHa.

KapHo He Mor BriBecTH OPMYJY IS BETMYHHBI STOH pa-
GOTBI, NOSTOMY €ro TPYA OCTascd He3aBepIIeHHBIM.

3akonuuM pacckas o KapHo c/oBaMH, KOTOPBHIMH OH
copmynupoBas cBoH 3aKoH: «[IBuiKyllag cusia Temna He
3aBHUCHT OT areHTOB, B3ATHIX AJi ee pa3BUTHA; ee KOJH-
YECTBO HCKJ/IIOYHTENBHO ONpelessieTcs TeMmepaTypaMH Tel,
MeX1y KOTOPHLIMH B KOHEYHOM cyeTe IPOM3BOAHUTCA INepe-
HOC TemIopojar.

3AKOH COXPAHEHHUS 3HEPIUU

Tenmopox no/KeH coxpaHsAThes; paGoTa npo-
H3BOJAUTCA 3a CUET «IafleHU» TEIIOPOja C BHICOKOTO YPOBHS
Ha Oosee Hu3ku#l. Tak pymanu ellle B HayajJe HPOULIOro
BeKa, U B 3ToM Gbln yBepeH Kapno, Korjga mucan cBoi Me-
myap. Temneparypa B Tako# TeopuM Hrpaja poJb IOTEH-
quasJbHOH 3HEepPruu, U ecau Obl PU3UKK Jydlle OHMMAaJH

*) MauiHa, KoTopas Moxer paGoratb Kak mo mukay C, Tak u
no unkay C,
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MEXaHHUKY, TO UX JIOJKHO OBLIO Gbl 06€CTIOKONTD, U4TO Y Ten-
JIOPOJid HET HHYEro MOXOXKero Ha KHHETHYECKYIO SHEepTHIO.

ITonoxenne ¢ TemjaoM 3anmyThiBaJoch ellle H H3-3a TOTO,
9TO (JM3HKH He OYEHb XOpOIIO MNOHMMAJH, YTO TaKoe 3Hep-
riusi. CaM TepMHH <3HEpTHsiy IOSIBUJCA JHIIL B Havaje
XIX Beka, on Gbun BBesieH B Mexanuky IOurom. Ilostomy,
MOXKeT OBITb, HE CJIELYeT YINUBJSATbCS, 4TO NpEeBpalleHHs
SHEPTHH H ee COXpaHeHHe ObIM OTKPHTH HE (DH3HKOM,
a BpauoM PoGepTom Maiiepom.

B 1840 r. Maiiep B kauectBe KopaGeJbHOTO Bpaua OT-
npaBuicst Ha ocTpoB $IBy. B 1HeBHHKe, KOTOpBI OH BeJ
BecbMa aKKypaTHO, COXPaHUJIUCD [iBe 3alHcH. B ofHOH oH
3amucaJ CBOH pa3roBOp CO IITYPMaHOM, KOTOPHIH pacckasas
eMy, YTO BO BpeMs GypH Boja B okeaHe HarpeBaercs. Mo-
#eT CbiTb, 3TO M GBI MEPBBIH IIaT K OTKpHITHIO. BTopas
8aMHCh OTHOCHTCSI K TOMY, 4TO OH 3aMETHJ, KOTAA MycKas
KpoBb (KaK 3T0 OBLIO NPHHSTO B MEJHIMHE B T€ TOMbI) MaT-
pocaM, 3aGosieBUIMM BocraJsienneM Jjerkux. Mafiep oGpaTtui
BHUMaHHE Ha TO, YTO MeCTHble Bpaul 3HaJH JaBHO, XOTs
¥ HE YIUBJSJIHCb 3TOMY. BeHO3Hash KpOBb Y MaTpOCOB He
6bl1a TeMHOM, KaK 5TO NPHBBIK BHIETb eBpoNeHckuil Bpay,
KpoBb Obla ApKO-KpacHOH. Malep npuaymasn 3TOMy He-
oXuJaHHOe oObscHenue. UenoBeK mOX0XK Ha TENJIOBYIO
malukHy. Temio, KoTopoe BbIENAETCA B €ro Tejie, BO3HHKaeT
B pe3yJbTaTe CTOpaHHS — OKHCJEHHS KHCJIOPOAa B KPOBH
yesioBeKa. JKMBOTHOE Tens0, 0 KOTOPOM FOBOPHJIM H MHCAJH
yu€Hble, 110 CYTH Jie1a HUYeM He OTJIHYaeTcsl OT Jiroboro Apy-
TOro TemJa: €ro MPOM3BOACTBO TpeGyeT TommuBa. Cropee-
IIMe OCTATKM — YIJIEKHUC/BIH Ta3 — KPOBb «OTBOSHT» 00-
patHo B serkue. KpoBb, HANOMHASCDH «IBIMOMY, CTOPEBLINMU
NPOJYKTaMH, TeMHeeT. B xkapKoM KJiMaTe Temla Halo MaJo,
TOIJIMBA PAaCXOAYeTcsl MeHbIle, CropaHHe NPOMCXONHT HE
CTOJIb WHTEHCHBHO M KPOBb IOYTH HE TEMHeEET.

InaBueiv B 3TOM KapTHHe OBUIO MpPENNOJIONKEHHE, 4YTO
TENJIO BBHIJEJSIETCS 3a CYeT SHEPTHH XMMHUYECKOH peaKIuHy.
Meicib nmpocTasi, HO NOYTH HEBO3MOXKHASA JJIsi NOHHMAaHHUSA
B EBpone toro Bpemenu. [axe sameuanue Maiiepa o ToM,
1o4eMy HarpeBaeTcs Boja BO BpeMsl 6ypH, He Obl10 IPHHATO
yueHbIMH npodeccopamu B TioGuHrene, Kyaa oH oGpaTuJcs
3a MOJLEPIKKOH.

Crarbsi, KOTOPYIO OH OTIIpaBuJI B Hiojie 1841 r. B KypHaa
Iorrenmopda (0 HeM MH yxke ymomuHadu), Gblla He 3aMe-
yeHa pelakTopoM. Maliep naxe He MoOJy4YHJ NPOCTOTO H3Be-
IleHust oT pejakuuu. PaGora Obina, npaBja, HanucaHa
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TYMaHEO — nuca/j ee Bpad, (U3HKOH He 3aHUMaBLIMHCA.
Cratbsi Hocu/1a Ha3BaHue «O KOIHYECTBEHHOM M KayecTBeH-
nom onpezenenun cuibl. Counnernue [O. P. Maitepa, okTopa
MEJUIMHB ¥ XUPYPTHH, NpaKTHYecKoro Bpaua B [leilsb-
OGpOHHEY,

Uepes ron Maitep ny6/HMKyeT B XHMHYECKOM XypHalje
HOBYIO paboTy, yke IOAKpEIVIeHHYI Bbluncienusimu, Ha
3TOT pa3 eMy NOMOr 3HaMeHUTHIH Qusnosor JIuGux.

Ho tonnko B 1845 r. Mafiepy yrmaioch omyGiuKoBath
nonpo6uei Tpyx «OpraHuyeckoe IBUXKEHHE B €ro CBSI3U
¢ oOMeHOM BelllecTB» (Ha3BaHWe, KaK MBI BHAUM, TOXKe He
OYeHb NPUBJEKATSJIbHOE L/ (DHU3HKOB).

3a 310 Bpemsi Mafiep He TOJBLKO MOHSJ, YTO JHEPIUA
npeBpallaeTcsl H3 OJHOTO BUAA B APYTOH, HO U HAlleJ, ONH-
pasicb Ha onblTsl ['efi-Jltoccaka, MeEXaHUYeCKHI SKBHBAJIEHT
tera — 365 xI'm ma 1 Gosbuiyto kajdopuwo (3,7 3pr na
K2aJIOPHIO).

s 6uonoros BeiBogs Mafiepa Take ObLIM CTPAHHBIMH.
Muorue 6nosory (MX Ha3bIBa/IM BUTAJIHCTAMH) CHATAJIU HCTOY-~
HHKOM JEATEJBbHOCTH JKHBOTO CPTaHH3Ma HEKYIO CHelHQi-
YecKyIo XusHeHHylo cuny. CoBpevMeHHOe MoHMMaHue rayto-
KOH CBSI3H GHOJIOTHH U (PU3HKM KMEET CBOe HAYaJo B OTKphI-
tuu Maiiepa. Cyap6a Mafiepa Gbita Tsxesofi. Ero TpaBuiau
yueHble KOJIJIeTH, €ro He noHuManu Gmuskue. Ilecsartb qer
OH MpOBeJ B cyMaculenmeM jgome. JIuuib B nociefHue re-
CKOJIbKO JIeT mepef cMepThlo (B 1878 r.) on mosyuusa mpu-
3HaHHE,

B Te e romwl, Korga Mailep TIIETHO MHITajcs YOEAHTH
YUeHHH MHD B NpaBHJIBHOCTH CBOMX MJEH O NpeBpalleHHU
SHEPTHH B TENJO, B AHIVIMH [I0X0XKHE MEIC/TH a3Bu Koy ib.

[lepsas paGora Jkoyus. otHocuTes K 1841 r. Ona Gblia
TIOCBSALIEHA HCCIAEN0BAHHIO BBIIEJICHHUS TeIJIa B IPOBOJIHHKAX
¢ TokoM. MHTepecno, uTo B ToM e roay Maitep BrepBbie
BLIYHCJIMJ TEMJIOBOH SKBUBAJNEHT pabOTHl, COOOLIMB €ro
B mHchMe K cBoeMy Apyry Bayspy. Oxnako omyGmukoBas
CBOH pe3yJ/IbTaThl MO3KeE.

JI0yJIb 3aK/IOUHJ H3 CBOHUX OIBITOB, YTO TEIJIO Bbife-
asieTcst 3a cyeT paGoThl Gataped — B pe3y/bTaTe MPOHMCXO-
AKX B Helt xumuueckux peaxiuit. Orcrona Jxoyib npu-
IIeJT K OTKPBHITHIO 3aKOHA, KOTOpHIA cediyac Ha3biBalOT 3a-
konoM [Ixkoysasi—Jlenna.

CB0iO yBEPEHHOCTb B IpHUpOZe Tena Jxkoynb NOAKpenuI
OMBITAMY U T2K e, KaK H Maiiep, onpesesna MEXaHHUeCKUA
5KBHMBaJIeHT Temnia, Takue ombiThl J2KOysb HPOH3BOAHJ
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B TeueHHe MHOTHX JeT. Bce onmThl nokasanu, 4ro Temio
BO3HHMKaeT B pesynbrate paboTel. Tem cambmM GbliIO, Hako-
Hell, TOKa3aHo, YTO TeOPHsl HEYHHUTOXKAEMOTO TelIopoja He
BepHa U JOMKHa ObITH 3albITa,

JXoy.b TOXKe HajieKo He cpas3y Halles NpPU3HaHHE COB-
peMeHHHKOB. CJIMIIKOM BeIHKO OBIIO B/IHSIHHE CTaphiX Teo-
pHil, fepxKaBllUXcAd Ha Bepe B aBTOPHUTETH!, YTOOH MPHHSATH
HOBBHIE TIpEACTaBJeHHs 00 KBHBAJICHTHOCTH Tella M pa-
6OTEI.

Ho Bce HOBbIe U HOBBbIE ONBITHI NOATBEPIKIAIH 3TH HAEH
B caMbIX pasHHX ycJoBHAX. JI6UX He 3a0bL1 TOrO, YTO OH
ysHan y Mafiepa, u B pabore «O KHBOTHOM TelJie» pely-
TeJIbHO 3allliilia/] BHIBOA O TOM, YTO BC€ TEIIO, BO3HHMKalo-
mee B JKHUBOM OpTaHHM3Me, NOJYy4YaeTcsl 3a CUeT CTOpPaHUs
TMHLIH.

B 1847 r. npen «o coXpaHeHHH CHJbI» (T. €. 3HEPTHH)
NOMYYHJIN CBo€ pa3BHUTHe B paborax ['enbmrosbua (He ole-
HUBIIETo B cBoe BpeMms 3acayr Mafiepa).

Taxk B copokoBbix rogax XIX Beka B pesyibraTe paGoT
MHOTHX ecTecTBOHCHBITaTeJel OblT chopMy/JHpOBaH, Ha-
BepHoOe, CaMBIfl «TVIaBHHIH 3aKOH NPUPOJBI» — 3aKOH cOXpa-
HeHUS SHepPTHH, KOTOPHIH HA3LIBAIOT elle U NMEPBBIM HAYajJoM
TepMOJMHAMHUKH.

HurepecHo, uto Ha myTH HpHSHaHPlH 3TOTO 3aKOHa BCTpe-
THJIach ellie OJiHa TPYAHOCTb. B yTBepkjeHue, 4To SHEprus
He BO3HHMKaeT M3 HHYEro, YTO HE/Nb3s NOCTPOHTH BEUHLIH
JABHUTaTelb, MOXKHO OBLIO, B KOHIE KOHIOB, IIOBEpHTb.
TpynHo OblIO MOHATH, YTO 3HEPTHS HE MOXET Hcye3aTb.
Pa6ora nomagu TpaTuTcs Ha TpeHHE B KojecaxX TeJserH,
TEIJIO HarpeTodl MeyKku paccenBaeTcsl 6e3BO3BPATHO IO KOM-
Hare. Ha kaxpom mary Mel BUIUM, KaK Hcye3aeT SHepTHd,
Kak paboTa TpaTHTCSl BIIYCTYIO, H TeM He MeHee TOBOPHM,
4TO 3HEPTHs coXpaHsercd. Paspelen napajokc ObLI JHLIb
TOTJia, KOTAA TOHSJIHM, YTO TEIJIO CBfI3AHO C JBHIKEHHEM
MOJIEKYJI H YTO «HCUE3HYBIIAsl SHEPTHS» NEpeXOfUT B 3HEp-
THIO 3TOTO JBHIKEHHS.

Hacramo Bpems Bepuyrbcsi K Kapuo. Hu Matiep, nu
Hxoynp o HeM He BcrmoMuHauu. OObsicHEHHE 3aKOHa CO-
XpaHeHus sHepruu u npuHuuna KapHo 6bIO 3aBepllerc
Knaysuycom. Ero paGora Gblia omyGnukoBana B 1850 r.
Iorrengopgom B TOM ke KypHane, B KOTOpOM HE HAlJIOCh
mecta paGore Mafiepa. Knraysnyc mepBrilt 3arosopu 06
9KBUBAJEHTHOCTH Tema U paboThl KaK O IEpBOM Hayalje
TEOPHH Telvla H HalucaJ ypaBHEHHE, KOTOPOTrO He XBaTaJo
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Kapno. Hast aToro Hamo GBLIO mpexnae BCEro cKasaTh NMpPo-
CTYIO Belllb: BCSIKOE T€JI0 HMeeT BHYTPEHHIOI SHEPTHIO, KOTO-
PYIO MOXKHO YBEIHUMBATh ABYMS OYTAMH — HPOU3BOAS Hal
TesioM paboTy M NOABOASA K Tesy Temo. CMBIC/ 3TOTO yTBep-
XKIEHUS 3aKJIOUeH B cotose «u», CKa3aHHOE MOMKHO 3aMHCaTh

B Buze (OpPMYJAHL:
AU =AQ+AA.

B sto#t mpocrofi ¢opMyJie 3aK/OueH TJTYGOKHE CMBICI.
B Mexanuke sHeprus Tesa yBeJHUMBAeTCH, KOTJA KaKue-
160 BHELIHHE CHJIBI MPOU3BONAT HaJ 3THM TeJoM paGoTy.
10 yTBepKIEHHE MOXKHO 3amucaTh Tak: AU = AA, nonn-
Mast, Hanpumep, nox AA paboTy c:xaTHA NPYXKHUHBI, a MOA
AU — yBenuuenne ee rnorenunanbuofi swepruu. Ho snep-
THIO PYKUHBI MOXKHO YBEJIHUYHTD He TOJbKO cxkaTHeM. Ona
yBeJIMuMBaeTcs M NpH HarpeBanuu. IlogBons K Kako#-nuGo
CHCTEME TEIIO, MBI TaKiKe YBeJNHUHBAeM ee SHEPTHIO.

Ouenpb BaXXHO MOHMMATh, 4TO IO KOHEUHOMY COCTOSIHHIO
CHCTEMBI HeJb3s HUKAaKUM 00pa3oM OOHApyXHTh, 32 CUeT
Yero cHCTeMa YBEJIMYHJ/IAa CBOIO SHEPTHIO: 32 CUET TelJia HJIH
3a cuer paGotel. Cam Kmaysuyc maseBan U «remsiom, co-
JiepIKallUMCs B Tesie», IPOTUBOIOCTABISAS eMy Q — «TemJo,
coobwennoe Teny», Cefiuac U Has3bIBalOT BHYTPEHHEH 3HEp-
rueft (umu mpocto sHeprueft), a AU ectb ee npupalleHue.

Kak mbI ckasausu, suepruio tes1a U MoXHO H3MEHHTD, KaK
TIOABOAS TemJo, TaK H coBepllasl paGoTy, HO 3TH BKJAaAbI,
TaK CKas3aTb, 00€3/INYMBAIOTCS, NMPEBPATHBUINCh B EIUHYIO
¢usuueckyio Bennunny — sueprutio U *). He cymecrsyer
BEJIMUHMHBI, KOTOPYIO MOXKHO Oblio OBl Ha3BaTbh TEIJIOTOH
Tesa (, KaK HET BHYTPH TeJla BEJHUHHBI, KOTOPYIO MOXKHO
Has3BaTbh paboroit A. K coctosiHuIO ¢ OfHOH U TOH Xe 3Hep-
ruefi U MOXKHO NPUHTH pasHBIMH crocofaMH, O-PASHOMY
BBIOHpasl KOJMYECTBO cooOllaeMoro Temsia H paGoThl, OCTa-
BJISIS OJLHOH U TOH 2Ke JIMILb UX CyMMY. B 5TOM 1 3aKmodasach
IJIaBHASl «XUTPOCTbY MPHUPOJBI, MYyTh K MOHUMAHUIO KOTOPOi
0KasaJjicsi CTOJIb TPYIHBIM H JOJTHM,.

Tenephb Mbl MOXKEM 3aKOHUMTb pacckKas o mukjae Kapuo u
noJyuuTh GOpMyJy AJIs1 KO3(hDUIHEHTa NOJE3HOTO JAeHCTBH A

*) Kiaysuyc yTBepIus B HAyKe O TeIUIe NOHsTHe SHepPruu (TouHee,
BHYTpeHHe# sHepruu). OH B3sI 3TO CJIOBO H3 MeXaHHKM: «UTO Kacaercst
... Ha3BaHHMH, TO OCOGEHHO MOAXOASAIIMM MHE IpeACTaBAdeTCA yNoTpe6-
JgeHHoe TOMCOHOM CJIOBO «SHEpPTHusi», MO0 BeJHYHHA, O KOTOPOH 3jech
HEET peub, BOOJHE COOTBETCTBYeT BelHYMHe, 0GO3HAuaeMOR JTHM
HMEeHeM B MaTeMaTHKe ...». Ilpyrue ¢usHKH MOpejiaradu HasBaHUSA
«BHYTPEHHSI1 TEMJIOTA», «BHYTPEHHS paGoray, «PyHKUHS IEHCTBHS».
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TenyioBolt Mammngel, Onnako, yTo6H cAenaTh 3T0, HaM HAZO
3HaTh (GopMyny Aast paborthl rasa (QopMyJsbl AJs Hueasib-
HOro rasa HaM OyZeT N0CTaToyHO, Tak Kak nuka Kapuo
MOXXHO COCYUMTATh JJISi KaKoro-auGo OfHOTO Tenaa).

Pa6ora, xoTopyio Hano 3aTpaTuThb, uToGHI CxKaTh 1 MoJb
WeanbHOro rasa ot o6semMa V, no oébema V mpu nocrosu-
HOH TeMnepaType, paBHa

|4

(In — narypantneiii gorapudm. Ecam y = In x, 10 ¥ = ev,
logx=In x-loge=20,23 Inx).

Ecmu Vo < V (ras pacumpsercs), o A > 0 — pabora
coBeplIaeTcss ras3oM.

®opmyna 3Ta BEIBOAMTCH TaK.

CocrosiHne HIeanbHOTO rasa, Kak Mbl 3HaeM, YIOBJIETBO-
pAeT ypaBHeHHIO cocTossHusl Knanefipona—Mengeneea*)

pV =RT

(ME! Bceraa 6yzieM cUMTaTh, YTO y HAC €CTh POBHO OZHH MOJIb
rasa).

Ilycts ras maxoputcsi B cocyne ¢ nopiuneM. Ilpunoxnm
K nopwuio nasnenue p. Ilopwenn 6Gyner cxumarh ras,
npoussofs pabory. Eciu niollanb nopllHs paBHa O, TO Ha
nopiuens feficTByeT cuaa po. Ecau ata cuna ocraetcs no-
CTOSIHHOH, TO, CBHHYB HOpLUEHb Ha AauHY Al, cuna npous-
pesiet paboty AA = po Al. Herpynno Buners, uto npou3sse-
Jenne 0 Al ecTb He YTO HHOE, KaK yMeHblleHHe obGbema
raza —AV. Uro6bl AA Gbli10 NOMOKUTENTBHBIM, MBI HAUCATH
3HaK MuHyc. Mtak, Bhipaxenue nias paGoThl, COBepLIEHHOH
Haj rasoM, umeer Buj (puc. 9)

AA=—pAV (AA>0, eciu AV <0).

C noMOWBIO ypaBHEHHS HAEaJbHOTO Ta3a HCKJIIOYHM
JlaBJIeHNE:

RT
HJIU
AV =—-Y_aA
SERAYV

310 ¥ ecTb ypaBHeHHE, KOTGpOE HaM HalO PEelIHTh.

*) VntepecHo, 4TO MoXoxee ypaBHeHHe ObJIO HaiifleHO B 3amucax
y Kapuo,
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IycTb ras cxuMmaercss or o6seMa V 1o o6peMa, Hanpu-
Mep, % Vv (T. e. AV = % V). IToBTOopuM 3Ty onepanwuio 10 pas.

B xonue sTanoB o6beM NpUHUMaeT 3HayeHUS %V, %V
1
5V 2wV TlocMoTpeB Ha TONBKO 4YTO HaNHCaHHOE

)

#A=pav=rr 4L

-

4av 4

Puc. 9. HsorepMuueckoe cxxatue rasa.

ypaBHeHHe, MBI YBUJUM, '-ITO 17151 TOro, 4ToObl 0OBEM yMeHb-
1ACs OT 3Hauenust V ,uo V , Hajlo coBepluuTh paboTy, NpH-
MepHO PaBHYIO

AA= —g— RT (nemeﬁ stam: V —->—;— V).

Bmecto Toro 4ToGhl TOUHO YYUTHIBAaTb M3MEHEHUsT oObeMa
. 1
B npaBou qacm, MBI 3aMeHMM V Ha moaycymMmy —<V—|-

+ = V) = =V spauenuil o6beMa B HauaJle ¥ B KOHIIE 3Tana.

ﬂcno, uTO, cyx&aa STanbl, yMeHblllas H3MeHeHHe obbheMa,
MOXHO CJlefaTh OWMOKY 3TOro NPUOIHKEHHST CKOMBKO

YroJHO MaJIoH.
BriugcIuM TakuM ke o6pa3oM paGoTy, COBEpIIaeMyio
Haj rasoM Ha BTOPOM 3Tare. l'Ipn 3TOM MLI onaTh 3aMEHUM

o6beM Ha TOJYCYMMY ;( V4 V) --—V Urto6rI cHOBa
yMeHbIIMTb 06BEM BJBOE, HAJO MOJOXKHTH AV=%V, oT-
KyJla moJyyaeM

AA=-§-RT (BTopoﬁ 3Tam: %V—»% V).

Janbine yXe HETPYAHO YBHAETb, YTO HA JIOGOM 3Tane
NpH yMeHbLIEHHH OoGbeMa B JBa pa3a COBEpLIAETCS OAHA
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u Ta ke pabora:
2
AA =3 3 RT.
Takum o6pa30M, 3aTpayensasi pa6ota GyAeT pacTd B apud-
MeTHYeCKOH NporpeccHu, B TO BpeMs KaK oGbeM Gyger
YMeHbLIATbCH B NPOTPECCHH IeoMeTPHUYeCKOH,

Ph

Padoma

ey
—

14

Puc. 10. PaGora nmpu H30TepMUYECKOM CKATHH,

Mel MokeM Temepb HamucaTh Takue ke (GOPMYJIbI /s
caydasl, KOrja HauaJabHbIH o6beM V, yMeHbIUaeTcs Ha Ka-

1
JI0M 3Tale JIMIIb Ha OYeHb MaJeHbKYIO YacTb - V, n>1.

B stom cayuae nocse N stanos (N > 1) oTHowenHe oGbe-
MOB OyJieT paBHO

Vo_ (] LW

F=(-3)'

a coBeplleHHas pa6oTa
A=N-.LRT.

Hckmouast us stux gopmyn N, nonydaem cBsisb MeXny
H3MEeHeHueM o6beMa VV— H paGotoil A:
0
A

14 1 ) ]R—r‘
===
Ecnu Tenepb YCTPEMHTD 1 —- 00, TO BHIDAXKEHHE B KBaj-

paTHEIX cKoOKax OyHeT CTPeMHTbCS, KaK U3BECTHO, K 1/e =
= 1/2,7172...:

. 1\» 1 1
llm (l—'—) =——l—n—'=—.
a-® n lim (1+—) ¢

n—o0 n
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Taknm o6pasom,

A
Y _RT
Vo !
nJau
14
A=—RT lnvo.

[Nonesno npuBecTH reoMeTPHYECKYIO HITIOCTPALIUIO TONY-
uennoll ¢opmyanl. Hapucyem rpaguk (puc. 10) ¢pyuruuu
p (V, T) npu nocrosiuro#t T, T. e. runepGoay

RT
p==

PaGora A npu usmenenun o6vemMa V na AV ectb miowanm
3alITPHXOBAaHHON NOJOCKH, a Bca paboTa Ha cXXaTHe ra-
3a or obveMa V, o obrema V paBna, OYeBHIHO, MJOLIa-
Ju Gurypel mox  oTpeskoM — rumepGosibl, 00BefeHHOMH
JIBOHHOH JIHHHEH.

AIIMABATA

Hayunm renepp HeMHOro mofpoGHee, Kak
BejieT ce6a ras B TepMoce, KOTJa K HEMY He MOJBOJUTCS
TEIJIO U OT Hero OHO He oTOMpaeTcsi. B 3TOM ciyuae TeM-
nepaTypa rasa H3MEHSETCS TOJbKO 3a CYeT BHYTpeHHeiH
SHepTHH rasa.

Ecay cocyn ¢ rasoM remsonsonupoBaH, To pabora, Ko-
TOpasi coBepluaeTcsl HajJ rasoM, uam pabora, KOTOPYIO CO-
BepllaeT ras, 6yJeT eIMHCTBEHHLIM HCTOYHHKOM H3MEHEHHS
€ro BHYTpEHHEH SHEpIHuH:

AU=AA=—pAv =— 2L ay,

Ecan Gbl ras HarpeBaJics TNpH TOCTOSTHHOM o0BeMe,
TO M3MEHEHHEe SHEPTHH OIpelensnoch Obl JHIIb TEIJIoM,
KOTOpO€e TOJABOJMTCS K Tely. B 5TOM ciyyae MOXHO HamH-
caTh JJs SHEPTHH JPYTYI0 (opMyJy:

Al

AU =Cy AT ,
rje Cy — 3TO TEIJIOEMKOCTD - Tasa (Ha ONMH MOJb) TpH
nocTostHEoM o0BeMe. Dta (opMyJia €cTb NPOCTO Ompesese-

HHe BesquunHb Cy. Hanmcannble e QopMyJisl OTpazKkaioT
TOT (akT, YTO H3MEHEHHME BHYTPEHHEH 3HEPIHH MOMKeT
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IPOUCXOAUTL ABYMS MYTAMHU: 3@ CUET Telsa H 3a CUeT pa-
6otel. [loatomy AU MoxHO cocuuTaTh, 3aMeHKB anuabarii-
yecKuil mpouecc Ha ApYyro#, COCTOSIUMEA M3 ABYX 3TaloB.
CHauaJla H3MEHSIOT TeMIIepaTypy IPH MOCTOSIHHOM 00BeMe.
Torna U yBemnuutcs nua c¢yAT. Ilocme storo pawr rasy
pacumpstbess mpu T = const. Tlpu stoM suauenne U
6yneT ocTaBaThCs IIOCTOSIHHBIM, & COBEpILeHHAsl Tas3oM
pa6ota Kak pa3 KOMIEHCHDYET TO KOJHYECTBO TemJsa,
KoTopoe OblIo 3aTpaueHo Ha HepBoM 3Tane. [lpupaBhuBas
AU, BrrunicienHoe ABYMs criocoGamu, MOMyu$aeM

ﬁ‘i_l_fLﬂ:o
74 R T :

Ecan cy ne 3aBucut uu oT T, uu ot V (310 BepHo ans
HEe oueHb OOJBIIMX H3MEHEHHH TeMOepaTyphl HIEaJbHOro
rasa), To TaKoe YypaBHEHHE MOXKHO pelluTb. Jlerye Bcero
IIPOBEPHTb, UYTO €CJU MBI IONOXKHM

cy
VT R =const,

To ypaBHeHue GyZeT yoBJeTBopeHo. [1poBepHTb 3TO MOXKHO,
nojcraBuB BMecTo V u T cllerka H3MeHEHHBIE BeJIMYHHBL
V+ AV u T + AT. Mu y6enumcsl, uto consSt He H3Me-
nutcsi, ecnu npenebpeus (AV)%, (AT)2 m AV AT. Ecam
BMecTo T BBECTH JaBieHue, To QopMysna HPHMET BHA

pVY¥=_const
(nocrosiHHas 3lecb, KOHeYHo, Apyras), TAe

c,+R
y=-—"—.
|4

3ameTuM ellle, YyTO BesIHYMHA R uuC/JE€HHO paBHA pa-
6oTe, KOTOPYIO COBEpIUAeT HAeastbHBIA ras, €ciu €ro Tem-
nepaTypa HoBBHILIaercs Ha 1°, a JaBienue ocraercd mo-
CTOSTHHBIM:

—AA = pAV =RAT.

Ecou marpeBaTh ras He NpPH NOCTOSIHHOM o0beMe, a IpH
NOCTOSTHHOM JABJIEHHII, TO HAJO MOJABECTH K HEMY JOMOJ-
HUTEAbHO R Kajopu#i Ha MOJb, 4TOObl KOMIEHCHPOBaTh
IOTEPIO €ro 3HEpTHH, 3aTpaueHHod Ha pacllupeHue rasa
(370 3Han ewme Kapwno).
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Bemunny ¢y -+ R Ha3BIBAIOT TEIJIOEMKOCTBIO NPH IIo-
CTOSIHHOM JlaBJIeHHH M 0Go3HayaloT ee yepe3 Cp. IlosTomy

¥ CBS3b MEXNY JAaBJCHHEM HJCaJbHOro rasa H €ro jpabje-
nueM B anrabaTHYecKoM npouecce UMeeT BHUJ

cp
pV°V = const.

A1y ¢opMysy HasbIBAOT ypaBHEHHeM ajuabathl *).

®YHKIUA KAPHO

KapHo, Kak Mbl yXXe 3HaeM, NOKas3al, YTo
2 eKTHBHOCTD TEIJIOBOH MalUMHBI 3aBUCHT TOJNLKO OT TeM-
nepaTypbl HarpeBaTeNss H XOJOAMJIBHHKA, HO HE CMOT 3Ty
3aBHCHMOCTb BHIBECTH aHaJIUTHUECKH, TaK KaK y HeTo
He 6blIo TeX (opMyJs, KOTOpHE MBI TOJBKO YTO MOJYYHJIH.
Aty 3aBucuMOCTb BhiBesr Kmaysmyc.
Bepuemcsi x uukay Kapro. AnmaGatel B 3TOM LHKJe
COeMHSAIOT M30TepMbl ¢ Temnepatypamu Ty u Tp; nna aByx
aauabaT MOXKHO HamHucaTh JBa ypaBHEHHSA:

VTlcV/R =0y, VTch/R =a,,
TIe &; ¥ @, — JiBe pasHble mocTosiHuble. Annabata obnanaet

TeM CBOMCTBOM, 4TO €C/IM OHa COEJMHSET JBE TOYKH C TeM-
nepatypamu T3 u T,, To oTHoleHHe 00BbEMOB B 9THX TOY-

Kax
Vi (T\R
Ve \T.)V

3aBHCUT TOJNBKO OT OTHOWIeHHs1 TeMnepatyp. Hcmosnb3oBas
9TO CBOMCTBO /151 map Touek (a, &) u (6, 6) B nukjae Kapmno,
MBI MOXeM 3aKJ/IOYHTb, 4YTO

*) @opmyaoit pV” = const, re n — HeKoTopoe UYHCJIO, OMHCHIBAIOT
NPHOIMKEHHO Npouecchl ¢ OOBIYHBIME TrazamH, B 3TOM ciyyae Kpusyio
Ha3BIBAIOT NOJIMTPONOI,
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HJH 4TO OOBEMBl Ha KOHIAX JBYX H30T€pM IHKJAA YAOBJIE-
TBOPSAIOT BAXXHOMY COOTHOLUCHHIO:

—_— i ——,

Vo Ve
Hmenuno 3Toro cooTHollleHHsl He XBaTasno Kapwo.
Tenepb Mbl BEUHCAHM paboTy, coBeplIaeMyio B H30Tep-
MuueckoM mpornecce. Jas mepBoli m3orepMel a 6 pabota,
IpOM3BOAMMAS Tas3oM, paBHA

|Adas| =RT:1In K—Z

OueBuHO, YTo 3Ta paGoTa paBHA KOJHUeCTBY Temna Qy,
NOJIyYEHHOMY OT HarpeBaTteasi. Pa6ora, npou3BoiHMast
HajJ TrasoM JJIs1 BTOPOH H30TEpMEI, €CTb

|Ady| =RT;In -z
8

dra pabora, B CBOIO ouepelb, paBHA KOJIHYeCTBY Termna Q,,
OT[IAaHHOMY XOJIOLHJIbHHUKY.

YuuthiBasi Tenepb COOTHOLIEHHE MEXAYy oObeMaMi, Mbl
MoOXeM HamHucaTb, 4TO

IAAM _ Ty
A, |~ T,
HJH, HaKOHEIL,
L _ &
Ty,  Q°

Oyukuus Kapuo, onpenensomas 3pdeKTHBHOCTb, OGHIYHO
3aJlaeTcsl Kak OTHOLUEHHE KHCIOMb30BaHHOTO» Temna Q; — @,
K [OJyYeHHOMY oT HarpeBaTenst Q;. CrnepnoBaTesqbHO, Mbl
MOXeM HanucaTh

Q=@ _ Ty=Ty
Q T,

d1o u ecTb 3HaMeHuTas QopMmyna mias KoddduumeHra mo-
JIE3HOTO JEHCTBHUSA TEIVIOBOH MallMHbI:

T,—T,

n=-—7
B Takom Buue ¢dopmyna Kapuo umeer ¢ymnpameHTansbHOE
snauende *). OHa moKasblBaeT, 4YTO JOJsS Temia, KoTopas

¥) Hanomuum, uto y Kapho atuX ¢dopMya He Ouvio, MIX momydmi
Tonbko Kaaysmyc,
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MoxeT ObIThb IpeBpaillecHa B paGoTy, 3aBUCUT OT JABYX
TeMIepaTyp — HarpeBaTessl 1 XOJNOAWJIbHUKA, B MexaHuke
Mbl DIpHUBBIKIM, YTO KHMHETHUYeCKas SHEpPrus TesJa MOXKET
6LITh LEJHKOM IpeBpallieHa B paGory. C TemjoM Takoro
clenaTh Heab3sl. Benmuuna Bo3MoxHOH paGoThl (ABHXKY-
LieH cHJIbI OTHS, KaK roeopusa KapHo) 3aBUCHT OT HayaJb-
HOro (HarpeBaTesib) H KOHEYHOTO (XOJOAUIBHHK) COCTOSTHHUS
pabouero rasza. K takomy npexcraBienuio o pabore Hajpo
6b10 mpHBHIKHYTb. OHO IpUBENO K INOSIBJIEHHIO HOBOMH
HayKH — TePMOJHHAMHUKH.

ABCOJIIOTHASl IHKAJIA TEMIIEPATYP

B pasButHM (U3MKM eCTb MOMEHTHI, Korja
HOBasl M€ W3MeHseT Bech JaJbHEeHIIMH XOoX MCTOpHH,
O6 3THX MOMEHTaX TOBOPST KaK O BEJNMKHUX OTKPHITHSIX.,
Y BCAKOTO OTKPHITHS GBIBAIOT NpEIIeCTBEHHUKH; HO TOJbKO
TOTZA, KOTAa (H3HyYecKHe HJeH HaXosAT ceGe TOUHOE MaTe-
MaTHyeckoe odQopMieHHe, OHH HAuWHAIOT XKUTb CBoel
JKU3HBIO, HE 3aBHCSALIEH YacTo OT CBOETo CO3JaTens.

B nepo#t nonosune XIX Beka BHIENAIOTCS TPU BEJIH-
KHe HJeH, KOTOpBle OIpEeJeNUNH U CHeJalnd Heu30eKHBM
poXJeHHe HOBOH (M3UKM Ha pyGexe cJeAyIOLIEro Beka.
Aro unea nons Papanes— MakxcBesana, unesi NpeBpalleHu st
H coxpaHeHusl 3Hepruu Maiiepa u uzesl TepMOAMHAMHKH
Kapuno. C pa3Hofi cTeneHbi0 3aKOHUEHHOCTH TOSIBUJIUCH 3TH
upen. bieck matemarnueckoro ammapara Makcseasa o6y-
CJIOBHJ CO3JlaHue B BHICIIEH CTeNeHH 3aBepLICHHOH 3JIEKTPOo-
Junamuki. [outn Ge3 gpopmy. 3aBoeBasa Mup uges Maiiepa,
KapHo 10Kasas TOJNBKO OJHY TeopeMy, U3 KOTOpoOH cJe-
JloBasa mpocTast opMyJia n=71_;1ﬁ, HO 3a 3Tod dop-
MyJiofl 0Ka3anach CKpHITOH Lesasl HayKa.

Ilono6Ho ToMy, Kak co3uarenb BoJHOBOH Teopun Ppe-
HeJb, NOJAb3YSICh MOJENbIO 3¢upa I/ BbBOAa GOPMYJ
BOJIHOBOH ONTHKH, NOJYYHJ 3aKOHEI, He 3aBUCSILHE OT MO-
nenu, Tak ¥ KapHo cymen u3p/ieub M3 MojeaIH TemJIoposa
cToNb OClMe pe3yJabTaThl, 4TO HX HE MOIJIO IoKoJe6aTb
Bce JaJsbHeHllee pasButue (usuku. TepmonuHaMuKa, BO3-
HMKIIas u3 HeGosbllo#d ctatbu KapHo, u cefiuac mpejcras-
JisieTcsl. HeoObluaiHEIM co3/iauneM pasyMa uesoBeka. Ilocse
KapHo — u 3T0 GbJIO OJHMM M3 CaMBIX BaXKHBIX Pe3yJb-
TaTOB €ro HJeW — MOHSATHe TeMIeparypsl npuobpeno, Ha-
KOHel, TOUHBIH CMBICI,
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Korpa-to Tanuneit oTkpeul, 4TO Bee Tesa, HE3aBUCHMO
OT HX [pPUPOABl, MAJAIOT C OAUHAKOBEIM YCKOPEHHEM.
HploToH OTKpBII, YTO CHJIa MPHUTSKEHHS TeJ HE 3aBHCHUT
OT HX HPHUPOXBI H 3aBUCHT TOJNBKO OT MX Macchl. OTKpbiTHE
Kapuo umeer crtosb e oOWui Xapakrep.

Teopema Kapno Oblia mepBbIM CTPOTHM pe3yJbTaTOM
B Teopuu Temnna. Bee, 4To OblJIO H3BECTHO O TenJ/e paHbILe,
HOCHJIO, TaK CKas3aTb, ONHcaTesNbHBbI!l Xapakrep. PH3UKH
(1 MHXeHepbl) 3HANH, KaK ONHCHIBaTb pasHble TeIJIOBbIE
npouecck!, 3HaAMH, CKOJAbKO TelJa HAafo 3aTpauuBaTh Ha
HarpesaHHe pasHbiX Te H CKOJNbKO TEIJia BbLAEJACTCA NpH
cropaiuu TonnuBa. Kopoue, oHM yMesH cpaBHHBaTb pas-
Hble KOJHYeCTBa TeMsia M H3MepsiTh TePMOMETpOM TeMmepa-
Typy, HO HE TNOHHMAaNH, YTO 03HAYAIOT STH NOHATHA.

Matiep u JIxKoysib OTKDBUIM CBSI3b MeXAy TEIJIOM H
sHeprued, Kapuo noHss, Kak MPOUCXOAMT NpeBpalleHHe
Tenna B pabory. Ilocne sToro HacTano BpeMsl MOHATh, HTO .
Takoe TeMiepaTypa. TemmepaTypa Kasanach NOXoxe# na
3HEprulo: jo0aB/sieM TeIIoO — MOBBINAETCA TeMmnepaTypa
TeJa; TeJo coBepliaeT paboTy — ero TeMmmepaTypa napaet.
Ho rakasi mpoctas cBAsb CYLIeCTBYeT, KOTAa peub HIET
00 ofiHOM Teue.

CpaBHuBas TenjoBoe NOBeJECHHE ABYX TeJ, Mbl HATKHEMCS
Ha TPYAHOCTDb. JIerko cpaBHUTB, KaKoe U3 ABYX TeN TelJee,
a Kakoe XOJIofiHee, HO HesIb3sl KOTHATbY Y OAHOTO TeJa OfMH
Tpajyc M HarpeTb Ha TOT e rpagyc Apyroe Tejo. Temso-
€MKOCTb PasHBIX TeJ — KOJIMYeCTBO TEeIJIa, HYXKHOE AJif
HarpeBaHHs TeJa Ha ONMH TIpajyc, — pasHad y pasHbIX
TeJ, Ja ellle H u3MeHserTcss ¢ TeMnepaTypoil. Bolio scho,
YTO €CJH JBa TeJjla HMeIOT OAHHAKOBYIO TeMIeparypy,
TO OTCIOfia COBCEM HE CAeAyeT, YTO B HUX 3aKjaiouexa Oju-
HaKOBas 3Heprud. i

Temnepatypy u3sMepsiiu TepMOMeTpaMH — MO JAJIHHE
CTONCHKa PTYTH HJAM COHPTAa UM Nmo ofbeMy rasa B 3a-
nasHHoM mnpubope.

O6a croco6a, KOHEUHO, HE MOTYT CUUTATbCA Ge3YKOpi3-
Li€HHBIMH.

PryTnbie u cripToBble TepMOMETPHI BOOOLIE He TOASTCS
JJ151 TOYHBIX H3MEpeHHH: OHH OCHOBAHBL HAa NPEANIOIOXKEHHH,
YTO pacllHpeHHe PTYTH M CIHPTa NPONOPIHOHANBHO H3Me-
HEHHIO TeMIIepPaTyphbl, — MpPeANOJOKEHHH, KOTOPOE OYEBHJ-
HO HOCHT MpPHUONHXKEeHHbIH XapakTep. [la U mpoBepKa 3TOro
npubauxeHuss TpeOyeT omnpeneneHUsT TeMnepaTypbl Ka-
KHUM-1HOO0 APYyTHM METOJOM,
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B pefictBuTenbHocTH (Gu3nKaM moBe3so. M3mepenue
TEMMEepaTypbl Ta30BBIM TepMOMETPOM OKasblBaeTcs XOpo-
LIHM MeTOJOM OJarofiapsi CyacTJIHBOMY CBOHCTBY Ta3oB
BecTH ce0sl NpPH MaJsibiX IIOTHOCTAX IIOYTH ORMHAKOBO.
M3 mixonbHOro Kypca GH3HKH MBI 3H2eM, 4TO rasbl XOPOLIO
ONHCBIBAIOTCS OAHUM U TEM e YpaBHEHHEM COCTOSIHHUS.

Cekper yaauH cOCTOMT B TOM, YTO [OYTH BCE [a3Hl,
KOTOpBle BCTpeYaioTcsl B NPHPOJE, INEepPeXoisT B KHAKOE
COCTOSIHHE NIDH OYeHb HH3KHX TeMrepaTypaX. Bo Bpemena
Kapno paxe pymasnu, 4To Takue rasel, Kak KHC/JIOPOJ, a30T,
BCeraa ocTaloTcs razaMi (MX TaK U Ha3BIBaJH [OCTOSHHBIMU
TasamH). Branu ke OT TOUKH CXKHXKeHHS rasbl BelyT ce0s
KaK HJealIbHEIe.

[Tostomy raszoBbifl TepMoMeTp A0 CHX MNOP CJAYMKHT
OCHOBHBIM NpHOOPOM JJIS CAMBIX TOYHBIX HM3MEpeHMH TeM-
nepatypbl. B peanbHBIX yC/IOBHSIX TaKHe H3MEpEHHSI—
JIelo  IOCTaTOYHO CJIOXKHOE, HO OCHOBHOH NPHHUMI MPOCT
# XOpollO NMOHSTEH.

OnHaKo ¥ TasoBbli TePMOMETp Ha/leK OT KeJaHHOTO
uneana. Xopoluo Gbo ¢u3MKaM B IPOILVIOM BeKe, KOrAa
B JlabopaTopusix He OBLIO HU OYeHb HU3KHX, HH OYEHb BBHICO-
kux Temneparyp. Cefiyac ke B Jlaﬁopa"ropnﬂx JOCTHTa-
foTcst Temmepatypsl Huxke — 273 °C; a B TepMOSIEPHBIX
YCTAHOBKAX — MHJIIMOHBI TPajycoB.

$lcHo, uTo Temnepatypa HoJkHaA ObITH ONpeAeNieHa, 1o
Kpafinell Mepe TeopeTHUECKH, 6€3 CChIJIOK Ha CBOACTBA KAKUX-
JIH60 KOHKPETHHIX BellleCTB, NMyCThb JaXe€ MACaJbHBIX ra3oB.

Ho nmpexne yeM nepeliTH K HOBBIM HAEAM, OCTaHOBHMCSI
HEMHOTO Ha BOINPOCE O TOM, OTKYyJa B3sJach €IMHHLA TeM-
flepaTypHl.

Chayana oHa, KaK Mbl 3HaeM, BO3HHKJIA CJHy4afiHO —
nocTaBiJii yncio 100 B Touke KuMEHHA BOABI. ITOT aKT
uMeJ BaXKHble MOCHEACTBHS: B 3akoHe Kuamefipona —
Knaysuyca nosBusiach HOBasi rasoBast TIOCTOsIHHaA R =
= 8,3157 mxoyab/rpanyc. Takoe uuc/I0 BO3HHKIO TOMHKO
fIOTOMY, 4TO BeJIMYHHA rpajyca Oblia BBEJEHA OYEHb HABHO
¥ BCe HM3MEHEHHsl, NPOMCXONSUIHE C Ta3aMH, OTHOCHJIH
0 MpPUBLIYKE K JOBOJBHO cilydafiHo BHIOpaHHOM IUKaJe
Temnepatyp. Beulo Obl ynoOHee cefiuac M3MEHHTb OIpeJe-
JIeHHE TPajyca U «IPUBS3aThb» €ro K YPaBHEHHIO HJEAJIBHBIX
ragoB. Jlis 5TOro HAajO MPOCTO YMEHBIUHTH BEJHUHHY Tpa-
nyca B 8,3157 pasa M CYMTaTh, YTO TeMIeparypa B TaKoM
«HJleasibHO-Ta30BOM» IUKaJe

0 =8,3157T.
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Torna ypaBuenne Knanelipona—MengeneeBa numeso Gbl BUp
pV =6

1 cnopaBa He 6o Obl HHKakoH nmoctostHHOH. Ho Tak noka
HE NpPUHATO JeNaTh M IOCTOSIHHYIO R COXpaHSIOT B HayKe,
a BeJIMYHHY Tpajyca MPOXOJIKAIOT ONpENeNsATb 10 CTapoMy
tepMomerpy Llenbcus.

[Noctosinnasi R MMeeT pa3MepHOCTb JKOYJb/Tpajnyc.
BriGupas npyryio emMHHLY IS Tpajyca, MOXHO, KakK
MH BHAeNH, cpesatb R = l. 3To 3HAuuT, YTO TpaiycChHl
MOKHO H3MepATb B JXKOYJIAX — eMHULAX dHepruu. Mexny
rpajycaMu M KaJIOPHSMH €CTh 4TO-TO ofllee — ¥ Te U Jpy-
rue usMmepsitorcss B aprax. M Tem He MeHee 3To pasHbie
(pu3uyecKUe BEJMYHHH.

OTKPBITHE JIOPJA KEJIbBHHA

BonpocoM 0 cMbicie TeMneparyphl 3auHTe-
pecoBajiics Tomcon (BmociencrBuu Jopx KenbBuH), KoTo-
puiit B 1848 r. o6Hapyxua, uto u3 TeopeMel KapHo Moxuo
cliesaTh NMPOCTOH, HO OYeHb BaKHHIA BhiBoj. KenbBUH 3a-
MeTHJ, 4To ecau pabora nukna Kapro 3aBHCUT TONBKO
OT TeMnepaTyp HarpeBarte/]sl H XOJNOAMJIbHHKA, TO 3TO MO3-
BOJISIET YCTAHOBHTH HOBYIO TeMIEpaTypHYIO ILKaxy, KOTO-
pasi He 3aBHCHT OT CBOHCTB pabouero Tesa. Ha muki Kapuo
MOXHO CMOTpeTb KaK Ha YCTPOHCTBO, KOTOpOE HO3BOJSET
H3MepsTh OTHOLIeHHe IBYX TeMnepatyp Ty u Ty. Has storo
HaJo HCHONB30BaTh PaBEHCTBO

&
To Q@

VaMepss oTHOLIEHHEe KOJIMYECTB TENJIOTH], B3ATOH OT Harpe-
BaTeJsl ¥ OTAAHHOH XOJOIMJNBHUKY (MJIH, 4TO TO XKe, H3Me-
psis OTHOWleHHe paoT B IBYX M30TePMHUYECKHX 3Tamax
uukana KapHo), MBI No/NyyaeM OTHOLIEHHE TeMIepaTyp
HarpeBaTessl M XOJOAUJIbHHUKA.

Takum obpasoM, uuka KapHo, ecau ero MoxHo mnpo-
BECTH MEXIY JBYMs TeJaMH (MCHOJB3Yys OXHO TeJNO B Ka-
yecTBE HarpeBaTelisl, a Ipyroe B KauecTBe XOJNOAUJbHHKA),
II03BOJISIET ONpEJeJIUTh OTHOLIEHHE TeMIeparyp 3THX JBYX
res. lllkana Temneparyp, ompejenenHas TakKuM oGpasoM,
HasblBaeTcst abCoMIOTHON IIKaol TeMneparyp. UToOwl cama
aGcooTHast TeMneparypa (a He TOJBKO OTHOLIEHHE) HMena
onpejie/ieHHOE 3HayeHHe, Haj0 BHIOpATb KaKoe-TO YHCJIO
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AJ OJHOHM TOUKM HOBOH aGCOJIOTHOH INKaJbl: OJHO YHCJIECH-
HOe 3HaueHHe TeMIepaTyphl JOMXKHO OBITh 3aJaHO MpOI3-
BoJbHO. Ilocsie 3TOro Bce OcTaJIbHBIE 3HAUEHUS ONpPENeNs-
IOTCSl B NPUHLHMIE C IOMOWIbI0 HUKAa KapHo.

K coxanenuio, mpu Bcefl KpacoTe TeOPETHUECKOI'o
nocTpoeHus IIKaJbl KesnbBHHA, NMPaKTHUYECKH peasM30BaTh
uukn Kapuo ouenb Tpyauo. Tpymno peanusoBaTh oGpa-
TUMBIH LMK, TPYAHO H30aBUTbCS OT noTepb. M3MepsThb
TeMIepaTypy Hafo HAy4YUTbCH KakK-TO HHaue.

PEAJIbHAS LIKAJIA TEMNEPATYP

ITocre KenbBuna Bompoc o TeMmepaTtype
C TEOpPeTHUECKOH TOUKH 3PEHHU sl CTaJ BIoJHe ICHBIM. OJHAKO
ocTaBaJlach IpakTHyecKas mpoOJieMa: Ha KaKOM BCe Ke
NpUHLHINE CJefyeT NOCTPOHUTh IIKaJy 3TaJOHHOTO TEPMO-
MeTpa, KOTOPbH ObLI OBl IPUTOAEH AJIst peasbHEIX H3MepeHu i ?

B Teuennme MHOTMX JieT A/ TeMIepaTypHOH IIKaJbI
BLIGMpAJHCh JBe TOYKH — TeMIepaTypa IJIaBJIeHHS JbJa
H TeMIepaTypa KHIIEHUS BOJBl — H DAacCTOSHHE MeXJy
HUMH neamioch Ha 100 gyacre#f, Kaxnas U3 KOTOPBHIX CUH-
Tajlack rpagycoM. Takas IKaJa C IBYMsI OHOPHBIMHU TOY-
KaMH Obljla IPHHSATa BO BCEM MHUDE.

Ho sra mkana umesna, omHako, GOJbIIOH HEXOCTATOK
C TOYKH 3DEHHS TOUHOCTH H3Mepenuf. s nee Hano GbLIO
YMETb TOUHO BOCIIPOM3BOIUTh KaK YCJIOBHS MJIaBJEHUS JbJaA,
TaK U YCJIOBHS KHUNEHHS BOJXHI.

Ilpome Gbl10 0GOATHCH TONBKO OZHOH ONOPHOH TOUKOH,
HanpuMep TOUYKOH IJIaBJeHHUS JbJa, H H3MepATb TeMIepa-
TYpYy HO OTHOIIEHHIO JaBJIEHUH, CBSI3aHHBIX C OTHOLIEHHEM
TeMIepaTyp YpaBHEHHEM COCTOSIHUS (MJIM 2Ke OpTraHusys
kg KapHo, HO 3Ta BO3MOXKHOCTb NOYTH BCErJa OCTaeTCst
YHCTO TEOpETHYECKOH).

Touka mnJaBieHHsl JbJa, KOHEYHO, He OueHb YHOOHa
JUJIS1 3TAJIOHA: OHA 3aBHCHT OT JABJEHHSI H BOOOIIe HE OYEHb
Xopotuo Bocnpou3sBoauTtes. [osToMy 3a eTMHCTBEHHYIO OMOp-

- HYIO 3TaJIOHHYIO TOYKY BHIOMpaeTcsi cefiyac Tak HasblBae-
Masi TpofiHas ToYKa BOJBI — TeMIepaTypa, IpH KOTOpOH
COCYIUECTBYIOT B paBHOBeCHM Bce TpH ee (asbl: nap —
Boga — Jsen. Ilpu Kaxpoil TemmepaType Halo JbJIOM
CyIIECTBYeT OINpejeNIeHHOe JaBlieHHe MmapoB Boipl. Eciuu
IOCTENIEHHO IIOBHIIUIATH TEMIEPaTypy, TO B TOT MOMEHT,
KOTJla Jie]] HayHeT IVIaBHThbCs, Bce TpH (as3bl OyAYT Haxo-
JUTbCS B PAaBHOBECHH., DTOMY COCTOSTHHIO OTBedaeT TeMIle-
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patypa 0,01 °C. Touxy 0,01 °C, cpaBHHTEJBHO JIETKO BOC-
NPOU3BOAUMYIO B JlaGopaTOpHH, H NPHHHMAIOT 3a 3TaJIOH-
HYIO TOUKY TEpMOIMHAMHYECKOH LIKaJbl, moJiaras ee TeM-
nepatypy pasuoii Touno 273,16 K. OGeunbiit Hyab Lemb-
CHsl JIEXHT npu TeMnepatype 273,15 K.

Takoe wuncio BbIOpaHO M TOro, 4ToObl 3HAUEHMS
TeMIepaTyp IO HOBOH IIKaJjie NMPAaKTHYECKH He OTVIMYAJHCD
OT crapoil mxaJsel llenbcusi ¢ ABYMs ONOPHBEIMH TOUKaMH.

ITepexon k HOBoH MKase ¢ TPOHHOH TOUKOH BOABI KakK
€JIUHCTBEHHOH ONOpPHOH TOYKOH NpOILeJ INOYTH He3aMeueH-
vuM. Takasi pedopMa Gblia mposeneHa B 1954 r., u cefi-
yac Ha BONPOC O TOM, IIPH KaKOH TemmepaType TaeT Jief
NpH HOpPMaJbHOM [aBJEHHH, HajO OTBeyaThb: «MpHOIU3H-
teabno npu 273,15 K» uau «npubmusutensro npu 0 °Co.
Ha Bompoc ke 0 ToM, KaKoBa TemmepaTypa TPOHHOH TOUKH
BOJHl, Hajo OTBeuyaTh: «TouHo 273,16 K» wuau «TouBO
0,01 °C» *).

HHrepecno, uto upeo o IKajle ¢ OfHOH OmopHOH Tou-
Kofl BeigBuHyJ ewe B 1873 r. . M. Mernenees, KoTophlit
npejsaraj ONpejeJuTb BeJMUHHY OJHOrO TIpajyca Kak
TAaKOe IOBHILEHUE TEMIEPaTyphl, IPH KOTOPOM JaBJeHHe
rasa (y MengeneeBa — Bofopojia) yBeJMUMBAETCA Ha
1 kI /em?. Tlpu 3TOM 3a HCXOAHYIO TeMIEpaTypy BEIGHpasiach
TeMmepaTypa NJaBleHusi Jbja npH nasienun 100 I'/cm?.
Takoi#t HOBBIH, UJIH, KaK €T0 B TO BPeMsl HasblBaJH, METPU-
yeckull, rpafyc okasbiBajicsi paBHeM 0,2728 °C.

Viness MenpeneeBa Oba peainsoBaHa (B HECKOJBKO
apyroM Buze) numb yepes 70 jer. TakuM o6pasoM, HMs
MengeneeBa CBfi3aHO TaKXe H C COBPeMEHHOH INKa-
JoH TepMoMeTpa.

ME)XIYHAPOJRHAS HWIKAJIA TEMIEPATYP

MIxany c¢ opHOl omopHOH TOUKOH HETPYIHO
coryacoBath co mkancii KeabBuna — MenjeneeBa, ocHo-
BanHo#l Ha Teopeme Kapno. Tepmonunamuueckasi LiKasia
(rak maseBaror mkKany KenbBuna — MenjeneeBa), kKak
Mbl YK€ TOBOPHJIH, HE H3MEHseTCs, €cJH BCe 3HAUeHK
TEMIepaTyp YMHOXKMTb Ha OJHO M TO ke uucjo. Bribop
ONOPHOHA TOUKH YCTpaHsieT 3Ty HeoXHO3HAauHOCTb. Ecau,
HampuMep, CUMTaTb, YTO BOJa KUIHT IpH TeMIeparype

*) Cefiuac o6GcyxjaeTcsi BONPOC O 3aMeHe TPOHHOH TOYKH BOMBE
TpojiHoit Touroit ramns (29,7740 °C), kotopas Jerye ¥ TouHee BOCHPO-~
H3BOAHTCS,
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T, = 373,15 rpanyca, TO HUKaKOTO IPOU3BOJIA HE OCTALTCS:
3HAYEHHMS TEMIEpaTyp y»Ke Heslb3si HU Ha YTO YMHOXMUTb,
TaK KaK 3Hauenue I JOMKHO OCTaBaThCs HEHU3MEHHbIM.
Kaxk o6blunO GbIBaeT, CTPOTHE C TEOPETHYECKOH TOUKM 3pe-
HUSL MeToJbl OKa3bIBAIOTCS HENPAKTHYHBIMH JJI IOBCe-
JIHEBHOT'O HCIOJIb30BAHUS B IIPOCTHIX, He METPOJIOTHYECKUX
Jabopatopusix. TepMoauHaMuyecKoH MIKa/JOH MOMXKHO MOJib-
30BaThCSA TOJNBKO B CHELHAJBHBIX, XOPOLO 000PYAOBAHHEIX
aabopatopusix. B oOblMHEIX JafopaTopHaX Ne/Ab3yIoTCH:
1kamnol, Koropasi HaseiBaercss MIITIIGS (Mexnymapoznnad
npaKTHYyecKasl TeMIlepaTypHas IIKaJja, npuesitas B 1968 r.).
B 370 m1KaJe TEMIIEpaTypa KUTNEHU s BOJH paBHa TouHo 100°,
KpPOMe TOTO, €CTb JPYTHe ONOPHBIE TOYKHU (IOBOMBHO CIOKHO
BOCIIPOU3BOJYMBIE), KOTOPHIM TaKXKe NPHIMCAHO OIpefe-
JIEHHOE 3HayeHHe TeMmepaTypel. Takasi IIKaja, KOHEUHO,
HE BIOJHE COBNAJAET C TePMOJAMHAMHYECKCH, TaK Kak
TeMilepaTypa ONOPHBIX TOYEK HA CaMOM Jiejie He aGCOJIIOTHO
Toyna. Pacxoxguenue mexny MIITII68 u repmonuramuue-
cKofl mKasoff B pafioHe KuneHus Bojwbl cocraBaser 0,004—
0,005 K. Takum oOpasoM, NpH H3MEPEHHUHM TeMIEpPaTyphl
B OOBIYHBIX J1aGOpaTOPUAX JONYCKAIOT OIUOKY B HECKOJIbKO
IecATBIX mpoueHTa. TeMmmepaTypa, mO-BHIMMOMY, €CTh ca-
Masi HeTOYHasl Be/JIMYHHA M3 TeX, C KOTODHIMM MBI BCTpe-
yaeMcsl MOYTH Ha KaxkjaoM wary. Jlaxke camble TOuHbIE H3Me-
penus pawor omm6Ky 5-10-2 %. Taxyio ke TOUYHOCTb UMeeT
H3BECTHOe cefluac 3HaueHHWe YHUBEpCaJbHOH ra3oBoH MO-
crosigpoi: R = 8,340 & 0,0022. K stomy ke TUmy Benu-
YHH OTHOCUTCS U COBPEMEHHOE 3HayeHHE MeXaHHYeCKOTo
5KBHBAJIEHTa TeIJa, Yy KOTOPOrO H3BeCTHO JHUIUb YEThipe
sHaka: | kanopusi = 4,184 4= 0,0026 pxoyas.

[IpenusviorHble TeN/JIOBBE M3MEDEHMs OCTAKTCA M Ccelf-
yac OJHKMH M3 CaMBbIX TPYIHBIX HU3MepeHHMH B (u3Huec-
Ko#l JsaGopaTopu.

KMHETHYECKAA TEOPHUS IA3CB

IlbTaThcst  OMUCHIBATD JBHMIKEHHE KaXKIOTo
aToMa B OTJEJBbHOCTH — JieJo 0e3HaJie’XHoe, Ja H He HYX-
HOS: HHKaKOH mpubop He MOXKeT YCJIEeAHUTb 3a BCEMH aTo-
mamu. Eme B cepenune XIX Beka moHsu, 4TO K CHCTEMAM,
COCTOSIIIMM M3 OYeHb GOJIBIIOrO YHC/a YacTHUL, Hajao MHOJ-
XOJIATh C TOYKU 3PEHUs TEOPUH BepOSATHOCTeH, paccMarpu-
Bas HE CBOHACTBA OTHE/JbHBIX aTOMOB, a YCPEIHSS 3TH
CBOHCTBA 110 GOMBLIOIH HX COBOKYIHOCTH.
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Bo Bropoii monoBure XIX Bexka BosHHK/Ia HOBast HAYKa—
cTaTHCTHYecKas (PU3HKa, NOCTHTLIAS CBOEro paciBera B pa-
6orax Bosbumana n I'nG6ea.

Onnaxko nepBble HAeH 3apoAMIUCh paHblle. B aroil
CBfI3H CTOUT PaccKas3aTb O 3aMeyaTeJbHOH HCTOPHH aHTJIH-
yaHuHa BartepcroHa.

B 1845 r. B anriuiickylo akajeMulo HayK (ee Ha3bIBAIOT
KoponeBckum ofliectBom) Obia mpeicTaBiaeHa paGoTa
Barepcrona. B Heil Gbuio nokasaHo, 4To JAaBjieHHE rasa
Ha CTEHKH COCYJa MOXHO OOBSICHHTb yjapaMu aTOMOB.

XoTs cama Hies 0 TOM, YTO ra3 COCTOMT H3 aTOMOB,
Obl1a HEe HOBa, MaJlo KTO NPHHUMAJ BCepre3 yTBepKJEHHS,
YTO aTOMBI MOTYT CBOGOJHO JBHTATbCSl B COCYJE OT CTEHKH
K CTeHKe, a yIpyrue CBOHCTBAa rasa MOXKFO CBECTH IPOCTO
K KJaccuuecKoH MeXxaHHKe aToMoB. PaGoTa BaTepcrona
He INOHpaBHJach YJeHaM y4yeHoro ofmiecTBa M OBLIA HMH
OTKJIOHeHa. JIulllb MHOro JIeT CIycTs ee Halllel B apXHBe
Paneit *) u onyGaukoBaa B 1892 r. B xkypuate «Pusocod-
ckue coobmenus KoposeBckero ofliecTBas, KOTOPbIH BBIXO-
JUT H B HallH JHH. ,

Pane1, Mexkny npouum, 3ameTus, yto BarepcTor mocty-
NN/ HeNpeLyCMOTPHTEJNbHO, HE paccKasaB B HayaJse CTaTbd
0 CBOHX mpepilecTBeHHHKax. Mexny tem eme . Beprynm
B 1727 r. mucas o CBSI3W JaBJIEHHs rasa ¢ KB2JpaToM CKo-
pocTH JBHKeHHs ero yactul. Ecau G6br Barepcron ymomsa-
HYJ CBOEro BeJHKOro MNpejllecTBEHHHKa, TO, KaK MHcall
Paneli, y pernensenra KoposeBckoro ofllecTBa He XBaTHJIO
6bl cMeIoCTH OGBSBHTH PaboTy «GecCMBICTIEHHOH, HENpH-
TOLHOH Jfaxe JJIsl YTeHUs mepej oOIIeCTBOMY.

9ro Gbl1 nevasbHbl 511304 At ¢usnku. To, yTo GO
ClIe/JIaHO OJHUM YeJIOBEKOM U OCTaJIOCh He3aMeueHHbIM, ObLIO
OTKPHITO BIOCJEJCTBUH JHIIL B pe3ynabTate paCoTbl He-
CKOJIbKHX YeJoBeK, a OKOHYyaTeJabHas ¢opMmysa Cblia Hamu-
cara MaxkcsensnoM TosbKo B 1859 .

Hcropus sra noyunrenbra. CkosnbKo Tpyaa OblIo norpa-
YeHO Ha TO, YTOOb! IOJYYUTb OYEeHb IIPOCTYIO, HA HAlI B3IUIsAL,

dopmyy: .
p =5 nm (o).
3Jech p — AaBJIEHHE rasa, i — KOJHYECTBO MOJIEKy. B 1 cm®

(n7oTHOCTL Ta3a), m — Macca Mousekyasl, {v?)., — cpex-
Hee apudMeTHYeCcKOe KBaJPaTOB CKOPOCTEH MOJEKYJ.

*) Paxelt — aurauiickuil GpusiK, OfuH U3 CO3JaTeNIeH TEOPUH KOJie~
Ganuil M, B 4aCTHOCTH, TEOPUM 3BYKa,
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CTOJIKHOBEHHS B UIEAJIbBHOM TA3E

IlpuBenennas dopMysia nokassiBaer, 4TO 1aB-
JieHHe Trasa MpsIMO [PONOPIMOHAJNBHO YHCJAY MOJEKYJI
B eauHuLle o6beMa, a 3HAYHT, 0GPATHO MPOIOPLHOHAIBHO

o6beMy rasa: pNTl,—. 1o 3akon Dbofns — Mapuorra.
Ho oH onuceiBaeT mnoBeieHHe HAEaJbHOIO Tras3a. 3HAuHT,
¥ Qopmysna, KOTOPYK Mbl HamHCadH, CHOpaBeLJHBa /s
HZeaJbHOTO Tasa.

Uro e Takoe uieaNbHEIA ra3 ¢ TOYKH 3pEHHST aTOMHOI
Teopuu? MHorna roBopst, 4To 3T0 ras, cocTosiluii U3 aTo-
MOB, pasMepaMH KOTOPHIX MOXKHO NpeHeOpeub, T. €. CUH-
TAIT, YTO HJEaNbHBIH Ta3 COCTOMT H3 MaTEPHANBHEIX TO-
uek. Ho TouKH He HMeEIOT pasMepoB H, CJI€OBaTENbHO,
He CTaJKHBAIOTCH APYT ¢ APyroM. A ecau 3T0 Tak, TO MX
CKOpoCTb He OYyIeT MeHSITbCS CO BpeMeHeM (pasBe TOJNBKO
NpH CTONIKHOBEHHH co creHKamu). Ilpemnomoxum, uyro
KaKOH-TO cOoCy[l, UMeIoluii ¢opMy Ky6a, HAMOMHUIU Ta30M.
ITycte ras 6bu1 «3amylleH» TyAa B BHIE CTPYH Tak, uTo Bce
MOJIEKYJ/Ibl JieTesin Obl, Hampumep, NepneHJUKYJISPHO Ka-
KOH-/IH60 CTEHKE H OTPaXKa/liCh B MPOTUBOMONOMKHYIO CTO-
pOHY, KaK OT 3epKasa. Torja MoJsiekyJbl rasa Jietand Obl
MeXJy IBYMs CTeHKaMH, COBceM He JeHcTBys JApyr Ha
Lpyra.

SIcHO, YTO B J;EHCTBUTENBHOCTH MNPOUCXOIUT HHAUE.
Mounekys B cocysie oueHb MHOTO, OHH YacTO CTaJKHBAIOTCS
JpyT C IpyroM, KaxJplli pa3 MeHsis CBOIO cKopocTb. [lo-
3TOMY OYeHb OLICTPO (M yeM GoJibllie MOJIEKYJI, TeM OrIicTpee)
CKOPOCTH y pa3HBIX MOJIEKYJ CTaHYT CaMbIMH pa3/IMYHLIMH
H B COCyAe YCTaHOBHTCS TeIJIOBOE PaBHOBECHE: [aBJIEHHE
H TeMmmnepaTypa BO BceX MecTaX BHYTPH cocyla OYyAyT
OIMHAKOBHIMH *). B cocrosiuuu TemmoBoro paBHOBecHS
BO BCEX YaCTAX COCYJa YCTaHOBHUTCS OXHO W TO XKe «pacmpe-
JieJIeHre cKopocTefis,

Monexynsl B TakoM cocyae OYyAyT JieTaTb B IIOJHOM
Gecropsifike, TakK YTO BO BCeX TOYKaXx cocyfa OyzneT Haburo-
JlaThesl MOJIHBIA Xaoc.

To, uTo Takoe TemioBoe paBHOBECHE HACTYIHT, — OYEHb
BaXKHBIH (aKT, KOTOpHIH, OJHAKO, TPYAHEE J0K¥a3aTh CTPOroO.
Ho omeiT noarBepxaer, uto, HeCcMOTpS Ha TO, 4TO B cocysie

*) MbI, KOHEYHO, CUMTAeM, YTO CTEHKH COCyJa HMEIOT Bce BpeMs
OIHY H Ty 3Ke TeMIepatypy H COCYyJ HOCTaTOYHO MaJs, YTOOBI MOXKHO
ObUIO HE CYHTATLCA C H3MEHEHHEM CHJIBI TSIKECTH C BBICOTOH,
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¢ Ta30M BCe BpeMs NPOUCXOIAT CTONKHOBeHNS GecnopsafouHo
IBUIKYIIMXCS MOJEKYJ, NpuOOpbl NOKa3hBAIOT HEU3MeH-
HOE JIaBJieHHE U TeMIepaTypy.

Camoe mopa3uTesbHOE, YTO COCTOSIHHE TEINIOBOTO PaBHO-
BeCHs COBEpIIEHHO He 3aBHCHT OT TOro, Kak MMEHHO CTaji-
KHBAlOTCHd MOJIEKYJbl. EcAM OHHM CTaJKUBAIOTCH PEAKo,
TO paBHOBecHe OYJAET YCTaHABJIMBATHCHA MEIJIEHHO, €C/IU
CTOJNKHOBEHHSI UacThle, pPaBHOBECHE YCTAHOBUTCS OBICTPO.
B rase ycranoBjienue paBHOBECUS! N[ OHUCXOMUT HACTOJBKO
6BICTPO, uTO B GOJILIDUHCTBE CIY4aeB Mbl MCIXKEM He MHTepe-
coBaThCHl, KaK MMEHHO paBHOBeCHe yCTaHaBJHEaeTcs. Bax-
HO, UTO CTOJIKHOBEHU S IPOHCXOAAT H paBHOBECHE HACTYIAeT.
Ho coBsepluenHo He BaXKHO, KaKue 3TO cToJKHOBenus. I'as
MOXKET GBITb HACTOJILKO Pa3pekKeHHBIM, YTO YaCTHIBI MEXAY
co6oli BocOllie He CTaJKHBAIOTCS, a CTaJdKuBawTCHd JHKIb
€O CTEHKaMH COCYZAa, — TeIJIOBOE pAEHOPecHe ECe PaBHO
YCTaHOBHTCS.

3aro nocse Toro, Kak B COCyJe YCTaHOBHJIOCH COCTOs-
HHME TENJIOBOTO PaBHOBECHS, CTOJIKHOBEHHUSI YKe HHUYEro
HE MEHSIIOT: NPOUCXOAAT OHM MJM HeET, 3TO yXKe He OKasbl-
BaeT 3aMeTHOTO BJHAHHMSA Ha JaBJeHHEe U TeMIepaTtypy
rasa. VIMenHO mO3TOMY HMe€eT CMBICI PacCMaTpUB&TH Mo-
Jie/ib, B KOTOPOH B COCTOSIHMH TENJIOBOTO PaBHOBECHUS MoJie-
KyJbl He 06/1ajlaloT pasMepaMu U BOBCE He CTa/JKHBAIOTCH.

Takas Mozie/ib MOJIEKYJT — MaTepHa/bHEX TOUEK, HE CTaJI-
KHBaloWuXxcsl MexXay co6ofl, HO yKe NpHUIleAIIHX B COCTOSA-
HHE TEmJOBOTO pPAaBHOBeCHS, — U INpPHHUMAaeTcsl OOBIYHO
3a MOjfieJb MIeaJbhbHOTO Tasa.

KAKYI0 CKOPOCTb UMEIOT MOJIEKY/JIbI?

Y pasHBIX MOJIEKYJ CKOPOCTH, KOHEYHO,
pasuble. UToGbl BHIUMCJINTL JaBJeHHe Trasa, Halo CAenaTh
KaKHe-TO NPEJINONOKEHHS O TOM, KaK paclpelesensl MoJie-
KyJbl [0 CKOPOCTSIM, T.€. Kakas J0Js MOJIEKYJ HMeeT
3aJaHHYI0 CKOPOCTb.

Kpenur (1856) cumTan, 4To BCE€ MOJIEKYJB ABHKYTCH
¢ OIMHAKOBOH MO0 BEJHYMHE CKOPOCTBIO M YTO KaXKnuasi MoJe-
KyJa JIBUKETCS] B OJHOM U3 TPeX BO3MOXHBIX HaNpaBJIeHnil,
napanJenbHbIX ocsM KoopiuHaT. Pambme Kpennra (xo
nosxe Bartepcroma) 3ToHl samauweil sammmanca J[lxkoyib
(8 1851 r.). OH mpaBU/JBLHO MOHSAJ CBSI3b MEXAY yaapamu
MOJIEKYJ O CTEHKH H JiaBJIEHHeM Trasa, HO HE CMOT NONYUHThb
Bepro# ¢opmyJisl. Hakonen, B 1857 r. Kaaysuyc, se ocras-
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Jsisl ellle NPeANoJNOXKEHHSI O paBHBIX CKOPOCTHX, BHIBEJ
noeyo dopmyay. Tonbko yepes mBa roma Makceenn mpu-
IeJ K NPaBUJIBHOMY BHIBOZY *).

Korna Mosekyna cTalKuBaeTcs CO CTEHKOH M OTcKa-
KHBaeT OT Hee, CTEHKa IOJYyYaeT HEKOTOpHIH "HMITYJbC.
Ilpennonoxum cHava/la, 4YTO MoJIEKyJa OTpaxaercst OT
CTEHKH  ymnpyrum  o6pasoM.
Ilycts ocb 2 nanpaBiena nep-
NEHAHKYJSPHO CTEHKE, a OCH X
W Y PacrnoJIOXKeHBl B ee IJIoC-
xoctd. Pasnoxum ckopocTh
MOJIEKYJIBl Ha COCTABJISIIONLNE IO
TpeM oca (puc. 11). Tlpu ynpy-
TOM yzape yroJ NafieHusl paBeH
YLy OTpakeHu s, 03TOMY KOM-
TIOHEHTE CKOPOCTH Uy M U, HE
namensiiorcs., Kommonentsl ke Puc. 11. Tpn  KommoHenTsl
U, NIpA yNpyroM yjape MeHSIOT CKopOCTH.
sHakK. TakuM o6pas3oM, JerKo .
coo6pasuTb, 4TO MoJIeKyJsa ¥3VIEHUT CBOHM HMITYJIbC (xou-
YeCTBO JBHIKEHM ) Ha BeJHUHHY 2mv,. Temepb Halo cocuy-
TaTh, CKOJbKO MOJIEKYJl yAapuTcA O CTeHKy. Ecau paccros-
nMe MeX]y CTeHKaMu, nepeceKaloMH ocb 2, paBHO I,
TO YacTHLa, YAapUBLIMCh O CTEHKY, NPUAET K HEH B CJe-

. 21
RylolHi pa3 yepes Bpems, paBHOE -, HE3ABUCHMO OT BEJIH-
z
YHHBl JPYTHX KOMIIOHEHT CKOpPOCTH. 3HAUHT, B EXHHHLY
(4
BpeMeHH MOJIeKyJa YJapHTICs O CTEHKY —7 pas.

Tak Kak c KaxjpiM yJapoM yacThua nepenaeT CTeHke

HMnyJbc 2m02, TO 32 €IUMHHILY BpeMeHH OHa mnepenacrt
mo?

HMIYJIbC —=

Uro6bl mONYYNTb BEJUYHHY JAaBJIeHHS, 3TO BbIpa’keHue
HaJl0 TPOCYMMHPOBaTh IO BceM yacTHIaM (y KaXKjoH uac-
THIBI CBOSI U,) H Pa3ke/IHTh Ha TUIOLA/b CTEHKH, T. e.Ha [2 **):

1 R Nm ,
p=5 3, mui="F" (tDep

*) MakcBelsl Konoxua cBolo pabory 21 centsabps 1859 r. Ee
pycckuil nepepon HameuataH B cOopHuKe «OcHoBaTend KHHETHYeCKOIi
TEOPHH Tas3coB», BuimexmeM B 1937 r.

**) JIns mPOCTOTH MBI CHHTAEM, YTO cOCYX MMeeT (opMy Kyba obpe-
MoM I3, U3 coobpakenuii, 0 KOTOPHIX peub Oyner Hajblle, CJIEAyer,
4TO JaBJeHHE He MOXKET 3aBHCeTb OT (OPMBI cocyja — Tra3 He «3amo-
Munaer» ¢opmy,
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B sTofi dopMyJse ME BOCNOJNB3OBAJHCH ONpeENeJeHHEM
apupMeTHYeCKOTO CpefHero:

Z v;=N <v§>cp;

rae N ofliee 4ucJIO YacTHIL.
ITocnepnee mpeobpasoBaHHe COCTOHT B TOM, YTO MEI

3amenuM (v3)., Ha %(vz}cp. Tak kak (v?®), = (V}),+

-+ (vj)cp -+ (vi), U craraeMble CHpaBa OAMHAKOBHI (Mbl
€ caMOro HayaJla UCXOJUJIH K3 TOrO, YTO IBHKEHHE Xa0THIHO
H HH OJJHO M3 HaNpaBJeHHH B COCYJe HEe UMeeT MpeHMyLie-
CTBa mepej, APYTHM), TO
(V%)ep =3 (02).

3avenss eme oTsollenue N/I* Ha nioTHocTb wacTul #,
Mb mosyuuM Qopmyny BartepcTona nnst maBienus.

3ajava, Kak BHIHTe, HeCJlOXKHast, W Batepcron ee
pemns BepHO. KpeHHr ke mpenmosoxusa, 4To MoJeKyJa
IpH yjape nepenaeT CTEHKe Becb CBOHM HMITYJbC, H IMOJY-
UHJI pe3yJ/bTaT, BJBOEe MeHbIUui *),

MoxHo, ozHaKo0, MOLYMaTh, UTO B BEIBOJE CAEJIAHO OLHO
OUeHb BaXKHOe YIpOINEHHe: yJap CUYMTAACd YIOPYLHM.
B neficTBHTENLHOCTH Ke 3TO NpPEeANOJIOKeHHEe, KaK HH YU~
BHTEJbHO, HecyllecTBeHHO. MoJlekysia MoXKeT OTpasuTbCs
KaK yrojHo, HO pe3yJabTaT OT 3Toro He MeHsiercs. Ilpen-
noJoxenue o6 ympyroM XxapakTepe yjzapa He H3MeHseT
pe3yJbTaT, 3aTo JesaeT BBIBOJ OYeHb MPOCTHIM.

Takoe 3ameuaTenbHOE CBOHCTBO — HE3aBHCHMOCTb pe-
3yJbTaTa OT 3aKOHAa OTpaeHHsl — SABJSETCH CJeACTBHEM
TEeIVIOBOrO PABHOBECHS MeXAY rasoM M CTEHKaMH COCyna,
KOTOphle MOAJEPIKHBAIOTCA OPH IOCTOSIHHOM TeMmmepaTtype.
Ot Toro, KakuM HMeHHO 006pasoM OTparKaloTCsl MOJIEKYJIbI
OT CTEHKH, OKOHYATeNbHBIH pe3yJbTaT — TElJIOBOE PAaBHO-
BecHe — He H3MeHSeTcs.

Mo2KHO NMPOUJIIIOCTPUPOBATh 3TO BaXKHOE CBOHCTBO paB-
HoBecHsl ofHUM npumepoM. Ilpexamosioxum, 4to B cocyne
C TrasoM IOCTaBJeHa Jerkas IOJBHXKHAsl MNeperopojka,
KOTopasl pasfesseT ras Ha jBe YacTH TaK, YTO IJIOTHOCTb
rasa H ero TemnepaTypa B o0eHX 4acTX COCYZAa OJHHAKOBEL.
[MpexnonoxuM, 4To OZHA CTOPOHA MEPETOPOJKH MONHPOBAH-

*) Tak 6bu10 Gbl, ecnu GBI MOJIeKyJa NPUIMNANA K CTEHKe, a He
OTCKaKuBajla OT Hee. B cepepyuHe mpomnToro Beka MexaHHKa ObuIa eile
OYeHb CJIOKHOH HAyKOH M TakHe OMMOKH ObTH BO3MOMKHDI

58



Haf, a Jipyrag KJeHkas, Tak 4TO 3aKOHEI OTpaxKeHHs MoJe-
KYyJ OT HepPeropoiku ¢ 96enx CTOPOH 3aB€JOMO Pa3/HYHEL.
Ecav naBnenust Ha meperopofiky ¢ pasHBIX CTOPOH OKa-
3a/uch Obl TOXEe Pa3jUYHBIMH, OHa CABHHYJAchb Obl, 4TOOBI
BLIDaBHAITb JaBJleHHe. TeM caMbIM oKasajoch Obl, UTO
B PaBHOBECHH IIJIOTHOCTH Ta3a C pasHBIX CTOPOH OT mepe-
TOPOAKHM pAa3/HyaloTcsl, XOTs JaBJEHHS U TeMIepaTyphl
B 00euXx yacTsIX cocyAa OfuHaKoBel. Ho 3TOT BHIBOZ Haxo-
JHUTCS B MPOTHBOPEUHH C YPaBHEHHEM COCTOSIHHSI: JaBJIeHUE
H TeMIepaTypa ONpeessioT OAHO3HAUHO IJIOTHOCTH Trasa.
3HayuT, JaBJeHHe He MOXeT 3aBHCEThb OT 3aKOHA OTparke-
HMSl MOJIEKYJI Ta3a OT CTEHOK. BOT K KakuM OOIIUM 3aKJIIO-
YeHH M NPUBOJUT NPEANOJIOKEHHE O TENJIOBOM PaBHOBECHH.

KHHETHYECKAS 3HEPTHSI MOJIEKYJI
H TEMIEPATYPA

Tenepr Ham ocraeTcst cBsI3aTh yAapsl Mode-
Kyn ¢ Temnepatypod. CdopmymupyeM cHavana ABa mpef-
TNOJIOXKEeHH !, KOTOphIe NMO03BOJIAT NMoJy4YnTh Gopmyny Batep-
croHa. Tak Xke, KakK H oH, OyZeM cyuTath, 4TO KOrja ras
HaXOJHUTCA B TENJIOBOM DaBHOBECHH, TO: 1) MOJIeKyJbl rasa
CTaJKHBAIOTCS JIHILIb CO CTEHKOH H He CTaJKHBAIOTCS MEXIY
co6ofi; 2) MoJIeKyJibl CTaJIKMBAIOTCSI CO CTEHKOH YIpyro.
IlepBoe mnpexnosoXkeHHe O3HayaeT, YTO MBI HUMeeM J€Jio
C HjleaJIbHBIM Ta30M, BTOPOe, KaK MBI y2Ke TOBOPHJIH, HUYETrO

He U3MeHsleT B pesyJbTaTe, HO YIPOLLaeT BHIBOX.
Tenepb Bce coBceM™ pocTo. E((:JIH>' dopmyany mast nabJe-

2 m(viep

HUA nepenucarb B BUae p = n-——2——— U BOCIIOJIL30BAaThLC A

ypaBuenneM Kunanefipona — MengeneeBa p =T1/' RT, 10
TOJYYHM

m(”)
RT =~ —"EN,.
Mer samenusu npoussenenue nV Ha uncio ABoraipo N,

TaK KaK o CMbIcay ypaBHeHHs1 Koanefipona — MenjeneeBa
V ectb 06BeM ofiHOTO MOJISI, @ 1 — YHMCJIO YacTHIL B 1 cM3,

Ecan 0603HauuTh /Ti?_ yepes R, TO MOJYYHM
A
m{(v¥)¢p 3
-———TZ— = ‘E' kTo
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Tloctosiunasi k& HocuT HasBamue nocTosiHHOH DBosblMana
(ona Oblna BBenena Ilmamkom B 1899 r.).

[Mocnenuss ¢opMysa mokasslBaer, yTo TeMmepatypa
CIyXHT MepoH KHHETHYECKOH 3Hepruu MoJekya. Ecau
ras OJJHOaTOMHBIH, TO BCsA €ro 9Heprus ecTb SHeprusl NocTy-
NaTeJbHOTO JBHXKEHHs (NI rasa, MOJEKYJbl KOTOPOIro
COCTOAT M3 HECKOJbKHX aTOMOB, (POpPMYJBI OKa3bIBAIOTCS
HEeMHOTO CJIOXKHee).

Jnst omHOH M3 KOMIOHEHT CKOpOCTH (Hampumep, U,)
MBI MOXEM HamucaTb

m{vep . 1 LT

T2 T et
Takue ke ¢opMy/abl MBI MOXEM Hamucath M AJAS JBYX
OCTaJIbHBIX KOMIIOHEHT. 'OBOpSIT, YTO aToOM MMeeT TpH CcTe-
neHy cBOOO/b, MOHHMAS MOJ 3THM, YTO €ro ABHIKEHHE 3a-
JlaeTcst TpeMsl KOMIIOHEHTAMH CKOPOCTH.

QopMysBI BEINISAAT TaK, KaK Gyaro Gbl HAa KaXKJoe
H3 TpeX BO3MOXKHBIX MePNeHJUKYJ/SPHBIX HanpaBieHH

JIBUKCHHS IPHXONUTCS SHEPIHs, paBHas (B cpejHeM) —é kT

Ha KaXJyl MOJIeKyJa1y. DT0 yTBepKJeHHe — YacTHHIH cJay-
yaf oOllero 3aKoHa paBHOPACHpPENE/eHHUS, MOPONHBLIETo
MHOTO CHOpPOB B MpOLILIOM BEKe.

HocrofiHo ynuB/IeHusl, uyTo Bce TOT e BatepcroH
JokJanpiBaa B 1851 r. Bputanckofi accommauuu: «PaBHO-
BecHe II0 NaBJICHHIO M TeMIepaType MexKAy IByMs rasaMH
UMeeT MecTo, KOIJla YHc/ia aTOMOB B eIMHHLE 00beMa paBHBI
U KOTZa XHBasl CHJa KaXJAOro aroMa ojuHakoBa». Eciu
3aMeTUTb, YTO «KHMBOH CHJIOH» Ha3blBaJH KHHETHUYECKYIO
SHEpPrHIo (B OT/IHYHME OT «MEPTBOH CHJIBIY — CHJIBI B COBpe-
MEHHOM CMbIC/JIe 3TOro cJoBa) ¥), TO Mbl YBUIUM B 3TOM
YTBEPXKJEHUH CJICJCTBHE 3aKoHa paBHopacrpeneneHus. Ho
U Ha 3TOT pa3 HUKTO He oOpaTHJ BHHMaHHS Ha JOKJaj
Barepcrona.

®opmyna Bartepcrona cBsi3biBaeT jBe BEIHYMHBI, MpH-
poza KOTOPBIX €ro HOYETHBIM ONMOHEHTaM MpejCcTaB/as/Iach

*) Kak mbl yxe ormeuanu, B XVIII Beke pasHuma Mexay cuioi
d 3Hepruefl He GbLIA elle 4eTKO MOHsATA. «CUTy», 3aK/IOUEHHYIO B JIeTs-
el myJie, nytadu ¢ CUIOH cxKaroll mpyKuHH. JlefiGHUL BEeJ Ha3BaHue
«XKUBasl cujay IJisk KHHETHUECKO! SHEPIHH M KMepPTBast CHJIa», HampuMep,
IJIsl CUJIbI JABJEHHSI THPH Ha MOZCTaBKYy. Dta NyTaHHLA OCTANach B
HasBaHUM «JOLIAJuHas CUa» — elie HeJAaBHO ymorpeb/aaBLICHCA enu-
HHUBI MOIIHOCTH,
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HecpaBHUMOH. ®opMysa cBSA3BIBaJNA SHEPTUIO YACTHIL C TeM-
nepatypol M TpuZAAaBaja, HaKOHel, (M3HYECKUH CMBICJ
TIOHATHIO TEMIIEPaTyphl — Mo KpalHeHd Mepe TeMmepaTyphl
OJIHOATOMHOTO HJeajbHOTO rasa. M xors cam aBTOp He Mor
BHUAETb Bcero GoraTcTBa cBoeil OpMYJEl, HO HMEHHO M-
CcyXgueHo OblJIO cTaTb nepBofl (opMysofl KHHETUYECKOH
TEOPHU Tas30B.

PACNIPEREJIEHHE 3HEPTUH
Mo CTENEHAM CBOBO/ibl

Mbr yxe 3HaeM, YTO Ha KaXAyl0 CTeNeHb

CBOGOAR B OJHOATOMHOM Ta3e NPHXONUTCH 3Heprus 1/,kT.
B cucreme CH moxno GHiIo OBl BHIOpATh 32 rpanyc Temme-
paTypHO#H IIKasbl TAKYI0 BEJMYMHY, IPH KOTOpOH SHeprud,
NPUXOAAIIAsACS HA OJHY CcTeNeHb CBOGOAB!, M3MEHSETCS
Ha !/, pxoyas. B rtakoil cucteMe emuHUI OJHO JeseHHe
IUKaJbl TepMomeTpa cooTBercTBoBasmo Gel 0,7-10% K. Dra
BeJIHYMHA, KOHEYHO, CJMIIKOM Be- z
JMKa JJS NPaKTHUeCKUX IeJel,
nostoMy rpanycel KenbBuna (uin
Henbcus) mpononkaioT TOCHOACT-
BoBaTb B (u3uke. Mbl y3HaeM
BNOCJEACTBUN, UTO B ilepHOH (u-
3HKe H 0COGEHHO B acTpPO(H3NKE
SHepreTHYecKasi TeMnepaTypHas
IIKajJa  CTaHOBUTCA  YHOOHOH. Puc. 12. Bpamenne nsyx-
Bonee npaktuunas mxana nosy- ATOMHOM MOJICKYJIHI.
upsach Obl, €C/IH H3MEHEHHIO TeM-
neparypsl B OJHH Ipajyc oTBeuajo Obl M3MEHEHUE SHEPTHH
OJHOHN cTeneHH cBOGOABI aToMa, HO PACCYNTAHHOE HE HA
OIMH aToM, a Ha N, atoMmoB, T. e. Ha 1/,R. O takoll L1KaJje
Mbl YK€ TOBOPMJM M 0603HAYMJM Ipalyc B 3TOH ILIKaje ue-
pe3 ©. Torga sHeprust 1 Mosnst ogHOATOMHOTO aToMa 3amnu-
ceiBaJslach Ghl B BHjE 3/,0. Ho Takyio IKasy HUKTO He BBOAUI.

Ecay ras He 0JHOATOMHBIH, TO YacTb SHEPTHH YXORHUT
Ha KoJe6aHusi aTOMOB BHYTpU MOJIEKYJ M Ha BpallleHue
camux Mosieky.a. Ilycre, HanpuMep, peub UIET O ABYXaTOM-
Ho#t Mosexyse tuna O,. Ecau 661 Kucsopon GBI OZHOATOM-
HBEIM, TO JBa aToMa uMeju Obl 1ecTb cTemeHeHd cBoGOABI.
Uucso creneHell cBoGojbl He MOTVIO HM3MEHHThbCS, KOTJA
aToMsl 06beUHUIUCh B MoJleKyny O,. Y TaKo# MOJIEKYJBl
€CTb TPH MOCTyNaTesbHble CTeNeHH CBOOOABI M JiB€ Bpallla-
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TENbHbIE — MOJIEKYJIa MOMeT BpallaTbcst BOKPYT JABYX
oceil (puc. 12) *).

Ocraercst eme 1Liecrasi CTeneHb cBOGOABI — 3TO Koseba-
HHSL aTOMOB JPYT OTHOCHTENbHO ApyTa. DTH KoseGaHus
HAC M MHTEPECYIOT.

B 1o BpeMs Kak MOCTYNaTe/lbHOE JBHXKeHHE H (Kak
3TO MOXKHO J0KasaTb) BpallleHHsl mosydaioT mo 1/,kT suep-
rud, Kojebanusi nosnyuator uenoe kT. Iousts 310 MOXKHO,
3aMeTHB, 4TO MOJIEKYJa, KaK YIpyras NpYyXHUHKA, HUMeeT,
KpOMe KHHETHYeCKOW SHEepruH, elle ¥ NOTEHIHAIbHYIO,
KOTopast 3a6HpaeT POBHO INOJOBHHY. DTO HETPYAHO JOKa-
3aTh M CTPOTO, PACCMOTPEB JBHIKEHHE YNPYrofi MPYKHHKH.

Taxkum o6pasom, Monekysna O, UMeeT SHepTHIO

3 2 7
o kT + 2 KT+ kT =4 kT,

T. €. TEMIOEMKOCTb KHCJIOpOAA paBHA 7/,R HA MoJeKyiy,
unu 7/;R ua 1 moub,

IMo-npyromy o6cTouT mesno B KpHCTa/ie. B TBepabix
TeJaX YacTUIBl HE MOTYT CBOGOJHO MepeMelaTbcst B Ipo-
CTPAHCTBE ¥ B He CJHIIKOM CJOXHEIX [0 CTPOCHHIO Bellle-
cTBax He BpawaioTcsl. [1o3ToMy NpakTHYeCKH BCE CTEMEHH
CBOGOABI OTHOCATCS K KOJEGaHHSM. DTO 3HAUHUT, YTO Tell-
JIOEMKOCTb MoJis paBHa 3R Kanmopuii/rpagyc — mo R

*) Ilo He oueHb NOHATHOH B KjaccHuecKoi (U3HKe NMPHUMHE MoJe-
KyJla He BpalllaeTcsi BOKPYT CBOeii OCH — TOUHee, 3Ta CTeleHb CBOGOABI
He HMeeT SHeprmH. MoXHO 9T0 OGDBSCHHTL TaK, YTO aTOMbl TOYEYHbIE

Puc, 13. Bpaumense MHOTOATOMHON MoJIEKYJIHL,

H HX Heslb3s PacKpyTuTh., CHTyauus CTaHOBHTCH SICHOH JIMLIb B KBaH-
ToBOK MexaHHKe. EcIM MosieKy/1a COCTOHT M3 TPeX HJH GOJBLIET0 YHCIA
4TOMOB, TO BpalleHHE MOXKET MNPOUCXOAUTh BOKPYF JKGOr0 Hampas-
JIeHHS] — TFOBOPSAT, 4TO MOJIEKYJIa B 3TOM CJy4Yae HMEET TPH BPalATeb-
HBIE creneHH cBoGoAwl (puc, 13),
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Ha Kaxjaoe KojebGanue (KaxkIblii aToM MoxKeT KoJseGaTbes
B Tpex HampasaeHusx). Tak Kak R npHMepHO paBHO
2 xkan/rpaj-Mosb, TO TENJOEMKOCTb BCEX BELIECTB B TBEp-
JIOM COCTOSIHHH JloMXHa Oblia Obl paBHATBCA 6, uTO M CC-
craBasieT cojepxkanue 3akona Jliomonra u Ilrn. Omnmwir
NOoKashiBaeT, OJHAKO, YTO peasbHO TEIIOEMKOCTb He paBHa
To4yHO 6, KpoMe TOro, OHa 3aBHCHT OT teMmepatyphl. Oco-
6GeHHO SIpKO HecorsacHe ¢ 3akoHoM [Hrononra u [ltn Geuto
o06HapyeHo y yrJepoza.

ITOT BBIBOJ, KasaJscsl B NpPOLLJIOM BeKe OUYEHb CTPAHHBIM,
TaK KaK OH INPOTUBOPEYHJ SaKOHY paBHOpaclpeflesleHHs.
CnenctBusi oTkJIoHeHHH oT 3akoma Jomoura u Iltu oka-
3aluch, OJHAaKo, Oosee Cepbe3HBIMH, Y€M MOXHO OBLIO
oxunarb. OHH mpenpemanu KaracTpody KJIacCHYECKOH
(¢usuKH, paspasuBllylocsl B KoHle Beka. O Hell Gyzer pac-
CKa3aHo JaJblle,

TENJIOEMKOCTb

Mer yxe 3aMeTHsIH, Y4TO KalOpHSl H Tpagyc
HMeIoT pasMepHocTb 3Heprud. Orcioga MOXHO NpHATH
K BHIBOLY, YTO TeIIOEMKOCTb — BesMuMHA OespasMmepHas,
T. €. BeJHYHHA, He 3aBHcsAllas OT TOro, Kakas eJuHHLA
H3MepeHHsl BhIOpaHa ISl SHEPTHH: SPT, KaJopHs WJH elle
uT0-HH6Y k. TO, YTO TENNIOEMKOCTh H3MepsieTcs! B €AMHUIIAX
KaJopHsi/Tpajlyc MJH JUKOYyab/Tpajgyc, — JaHb MpHBBIYKE,
He NO03BOJSIONIAs HAM OTKas3aThCsl OT TPafycoB.

Uro ke usMepsieT TEIJIOEMKOCTh? Belp ajs KaxJoro
BelllecTBa OHA MMeeT CBoe 3HayeHHe, Jia ellle 3HaueHHe He Io-
CTOSIHHOE, a 3aBHCsIlee OT TeMIeparyphl.

[ToBTOpHM TO, YTO MBI yXKe 3HaeM.

TenyoeMKOCTh OZHOATOMHOIO HZEAJbHOTO Trasa HMeeT
npoctoit cMeics1. Ha kaxnayio crenenb ¢BoGoABI NPHXOAUTCS
sHeprusi, paBuasi !/,kT. Ecau Mel TemnoeMKocTb GyaeMm
OTHOCHTb He K MOJIIO, 2 K OJHOMY aTOMy, TO OHa (B 3prax
Ha rpaayc) Gyher paBHa 3/,k M GypeT nokashlBaThb YHCJIO
crenenell ¢cBoOOJbl aToMa, T. €. YHCJIO H3MEpeHHH Hallero
TPeXMEpHOro NMPOCTpaHcTBa *).

Ecau ke jeno Kacaercsl TEIJIOEMKOCTH GoJsiee CJIOXKHBIX
rasoB HJIH TEIVIOBMKOCTH XKHJKOCTEH H KpHCTalJIOB, TO

*) B cucreMe enmHul, B Kotopo#l pV = ©, TemIoeMKOCTb OJHO-
aTOMHOTO ra3a Gbina 661 papHa 3/g, T, €. 6bia 66l paBHA IOJOBHHE YHCIA
cTeneHeii cBoGofbl atoMa, Takoll CMbICH OKa3ajcs 3apsTaHHLEIM B TEIVIO=
BHIX CBolicTBax rasa,
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B HJeaJbHOM CJydae TeIJIOeMKOCTb Ompejessisia Obl 4HCsIo
creneHed cBoGombl TaK, YTO Kaxjoe KojebaHME CUHUTANIOCh
6Bl 3a gBe cTemeHH cBoOoxbl. Ha caMoM Jese MoJoXKeHHE
6oJiee 3amyTapHoe. B Merassiax, HampHMep, 3JEKTPOHEL,
CO3JialollHe 3JIeKTpHUecKUHl TOK, IOYTH HE Yy4acTBYIOT B Tell-
JIOBOM JiBU3KeHUH. X cTeneHn cBOGOIBI KaK Obl «3aMep3JIH».
IMostomy TemmoeMKocTb TBEPAOIO Tesla MOXKHO BBIYHCIHTD,
coBceM 3a0blB PO 3JEKTPOHbl M YUHMThIBasi TOJBKO KO-
ne6anusa Tskesblx sgep. IloHSiITh 3TO  cTpaHHOE sIBJIe-
HHe VyAaJoch JIMIIb TOTJAa, Korja Obljia co3/laHa KBaH-
TOBasi MEXaHHKA.

PACNTPEAEJIEHUE MAKCBEJUJIA

Bce, uTo GBlI0 CKa3aHO BHILIE, €CTh C/IEACTBHE
Toro ¢akTa, 4To ras, npeioCcTaBJeHHbH camoMy cele H Ha-
XOASIMUECS B NMOCTOSIHHBIX BHEIUHHX YCJIOBHSIX (Hampumep,
ras, 3aKJIOUeHHbIH B COCYJ, CTeHKH KOTOPOIO HaXOJSITCs
IOpH MOCTOSIHHOHA TeMnepatype), NPHXONUT B COCTOSIHHE
paBHOBeCHS.

C makpockonnyeckofl TOUKHM 3peHHs] B HEM YCTaHaBJIH-
BAlOTCSl MOCTOSIHHAS TeMmepaTypa, MOCTOSIHHOE JaBleHue,
a eCc/IM ras COCTOMT M3 HECKOJNbKHX KOMIIOHEHT (KaK BO3-
AyX), TO U COCTaB rasa B pasHbIX MecTaXx B cocyjne Oyner
OMHAKOB.

MouJiexyibl rasa Jaxe B DaBHOBECHH JABHXKYTcsi Oecro-
PSOYHO, CTANKHBasich MeXny Co0OH M cO CTEHKaMH CO-
cyza, GecripepblBHO MeHsisl CBOWO cKopocTb. OnHako He Bce
U3MeHsIeTCs] CTOIb XaoTHuecKu. Kak Obl HH M3MeHsJach
CKOpDOCTh, CpeJlHee 3HAUEHMEe ee KBajpaTa OCTaercsl MocTo-
SIHHBIM. OTO 3HAUMT, YTO, €caM Obl MBI MOIJIM CJIEJHUTDb
3a KaKOH-HUOYJAb MOJIEKYJOH HOCTATOYHO AOJTO, Mbl YBH-
Jeau Obl, 4To OHA OYyIeT TO YCKOPSITbCS, TO 3aMenIAThbCs,
XO0Ts1 B CpeflHeM KBaJpaT ee CKOPOCTH OYJeT MOCTOSTHHBIM
(cpenum mo Bpemenn), Tor e pesysnbTaT MNOJTyYHTCH,
ec/lId Mbl BMECTO TOTO, YTOOBI CJeJHTb 32 OJNHOW MOJEKY-
JIOH, H3MepHJH B KaKOH-TO MOMEHT BpeMeHH CKOPOCTH
Pa3HBIX MOJIEKYJ: CpejHee 3HauYeHUe OIfATb 0Ka3a/JoCh OL
TeM e (CpelHHM MO YHCJIY MOoJieKyun) *).

*) BHuMaTe/bHBIH yuTaTeNb MOMKET CIPOCHTb, MOYeMy HPH JBYX
crioco6ax ompejeseHUsi cpeHedl CKOpPOCTH pe3yJbTaT OyIeT OLHHM
1 teM xe. CpeaHee mo BpeMeHH BBeJ B (pH3UKY DfiHWITEHH, H TO, 9TO 3TO
cpejiHee PaBHO CPejiHEMY [0 YHCIY MOJEKYJ, O CHX NOP HE J0Kasamno
[0 KOHIia,
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3aganuM BOmMpPOC: CKOJNBKO MOJIEKYJ, T. €. Kakas HX
uacTb, JABHUIKETCS C ONpeleseHHOH CKOpPOCTbIO B JAHHBIH
MoMeHT? Ity sajauy pewmnya Makcsenn (oGLiast TeOpHsi cTa-
THCTHYECKHX CBOHCTB (DH3HYECKHX CHCTeM Oblla pasBHTa
BonbumanoM u 'u66com).

Mgl He GyneM BBIBOZUTH opMyJly pacnpenenenuss Make-
Besia. Jina HamMX mesell BaXKHO TOJBKO TO, YTO COIVIACHO
3To# (hopMyJsie paclpesiesieHHe MOJIEKYJI 10 CKOPOCTSIM Ollpe-
JeNAeTCs] MHOXHTENEeM, HUMEIOUWIHM BHJ SKCIOHEHTHI, T. €.

f &
(v) ~exp ("‘k_f>r
my?
Iie ——=¢&— KHHETHYeCKas SHEPTUsl MOJEKY/IbI.
Makcesant onyGanKoBad cBolo ¢Qopmyay B 1860 .

Ero BbiBog Kasaiicst ouerb crpannbiM. On He peliias noApoGHO
ypaBHEHUH A KaXkAOTO M3 CTaJKHBAIOIIUXCS aTOMOB,
a cpasy NOJNYyYuJ YCJAOBHS MJIS PaBHOBECHOTO COCTOSIHHS
cucTteMbl 3 Gosbluoro uucia atoMoB. Ho rtakue ycioBHs
HHKaK He CcJeloBaJd H3 MeXaHuku. He ynauBuTesbHO,
uTo gaxe TOMCOH mHBITasICsl MPOBEpSITh 3aKOH paclpepelie-
HMsl, paccMaTpuBasi MeXaHWKY OHJ/IIHapAHBIX MLIapoB *).
Makcsen BosBpalllaicsi BHOBb K BBIBOAY CBOEH (POPMy.Jibl
B 1867 r. B HoBoil paGore OH HOKa3aj, YTO MOJYUYEHHOE
UM pacnpejeseHHe JeHCTBHTEJbHO HE H3MEeHSeTCs NpH
coysapenusx MoJeky/a. CTporuit BbIBOZ paclpejeeHus

aKCBeJJIa Ha CaMOM JeJle OKas3asicsi HeJeTKHM JesIoM,
B KOTOPOM €llle IO Cero BpeMeHH He BCE MPOsICHUJOCH.

YTCG TAKOE PACNPEJEJIEHHE?

Ha nepsoit B3risiz Bo ¢pase: «Crosnbko-To
MOJIEKYJl B ra3e HMeeT CKOpocTb, HampuMep, 200 m/c» —
HeT Huyero crpaHHoro. Ho sto uncno 200 He MoxeT GbiTh
coBeplleHHO TOYHbIM. TOUHBIX 3HaueHHH GECKOHEYHO MHOTO,
a MOJIEKYJl XOTSI U MHOrO, HO BCe-TaKd KOHEUHOE YHCJIO.
B kaxppril JaHHBIA MOMEHT NOITOMY MOJIEKYJbI HE MOIyT
MMeTb BCE BO3MOXKHBIe cKopocTH. Ho 3Tto u He HYXHO.
Besikylo ckopocTh MBI H3MepsieM ¢ KaKOH-TO TOYHOCTbIO,
a MO03TOMY Ha caMoM Jie/e peub HIET He TOYHO O CKOPOCTH
200 M/c, a o HekoM wuHTepBaje ckopocrel or 200 — &

*) Buiinap] oxasajicsi NONMYJISAPHOH MOJEJbIO JJisl HCCIENOBAHH S
MOBefieHHst aTOMOB. Teopusi CTaJKHBAIOWMXCS IIAPOB Ha GHJLIHAPIHBIX
CTOJIaXx pasHOH (OPMBI Pa3BH/IACH B HHTEPECHYIO 00JIaCTb MaTeMaTHKH.

3 . A. CMmopopuHCKuik 65



Jgo 200 + 8, rne 8 — nekoTopass Masnasi BeIHYMHA, OTBe-
yaolllasi yCJOBUSIM OIBITA.

Eciu roBoputh He 00 aGCOMOTHON BeJHYMHE CKOPOCTH,
a, CKaXeM, O KOMIOHEHTe Uy, TO MOXHO 3ajaTh BOIpOC:
CKOJIbKO MOJIEKYN (WM, Jydlle, Kakas J0Js MOJEeKYJ)
HMeIOT KOMIIOHEHTY CKOpOCTH, JeXallylo B HHTepBale
oT U, J0 U, + Avu,? Takyio BeJHYHHY MOXKHO 3amucaTb
B Buge An (v,) = [ (vy) Av,., @ynkumo f(v,) HasHBaKT
¢GyHKuMed pacnpeneseHus.

Ha puc. 14 usobpaxenn ape auarpammbl. CTynenuarast
JMHUSA ONHUCHIBA€T NpHMepHOE paclpefe/ieHHe MOJIEKYJI,

TaK 4TO IVIOWAAb KaxKJoro
(n-ro) npsiMmoyrosbHKKa (OHA
paBHa f,Av,) ecTb Roas MO-
JIEKYJI, HMEIOlUX CKOPOCTH,
Jexalllie B COOTBETCTBYIO-
meM HHTepBase. Benuuuna
uHTepBana Av, BEIOpaHa paB-
Ho#l emuumnue. Takas amar-
U, pamMMa HaseBaeTcs THCTOT-
Puc, 14, I'mcrorpamMma u KpuBas pammo#t. Ecau ynciao cryne-
pacnpefieNieHust (As Ux). HEK T'HCTOTPaMMBl OYeHb Be-
JIUKO, TO CTYNeHYarylo JIH-
HHIO MOXHO 3aMeHHTb IMaJKoH (oHa Takke H300paxeHa
Ha PUCYHKe). DTa JHHHA U ecTb (YHKUHUA pachnpeleseHHus.
Tak kak f(v,) onpenensier NoJI0 MOJIEKYJ, TO NJOWaAb
non Bced KpHBOH JOMKHA ObIThb PaBHOHM eIMHHIIE.

Toyno Takue Ke TrpadUKH — THCTOTPAMMBI — MOXKHO
NOCTPOHTb ISl (YHKIUH pacnpejiesleHusl IBYX JPYTHX
KOMIIOHEHT: U, H U,.

Tenepp wanuimeM BBIpaxkeHHe JJIs1 JOJMH MOJIEKYJ,
KOTOPBEIe HMEIOT KOMIIOHEHTBI CKOpOCTeH Uy, U, ¥ U, (TaKxke
B HEKOTOPHIX WHTEpBajax BOKPYI 3THX 3HauYeHHi). 2To
MOXHO cZesaTh TaK. Jlosis MoJIeKyJ1, UMEIOIUX KOMIOHEHTY
CKODOCTH Uy, paBHa f (v,) Av,. 13 91X MosieKys HekoTOpas
YacTb HMeeT BTOPYIO KOMIIOHEHTY, PaBHYIO v,. Jlons Takux
MoJIeKyJl, OueBHIHO, paBHa

An(vy, vy)=[(vy)[ (vy)Avy Av,.
M3 uucna stux Mosekya nois [ (v,) GyZeT uMETb TPEThIO
KOMIIOHEHTY CKOPOCTH U,. 3HAudT, JOJd BCeX MOJIEKYI,
HMEIOIUX CKOPOCTb C KOMIIOHEHTaMH Uy, Uy, U, OyAeT

paBHa
An(vy, vy, V)= f(ua)f (Uy)f (vx) Av, Av, Av,.

‘ .
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Qyukuuio
vy, vy, v)=F(v.)f(v,)f(vs)

MOXKHO Ha3BaTb (DYHKLMEH pacrpesie/eHns MOIEKYJ MO CKO-
poctsiM. Bee Tpu QYHKUMH pacnpefiesieHust IO KOMIIOHEHTaM
CKopOcTeH B3AThl OMMHAKOBBIMH, TaK KaK B TEIJIOBOM PaBHO-
BECHM BCE TPM HaNpaB/IeHUS B MPOCTPAHCTBE HHUYEM HE OT-
JUYaloTca APYT OT JApyra.

PA3HDBIE CPEJHUE

Ecnu npuHATb, YTO 8aKOH paclpeieseHus
MOJIEKYJl 10 CKOPOCTSIM H3BECTEH, TO MOXKHO BBIYHCJHTD
¥ pasHble XapaKTEPHCTHKM STOro pacmpenenennd. s
CpenHero KBajpaTa CKOPOCTH IOJydYaercss ¢opMmyna, HaM
yXe H3BecTHas:

36T
(Oep =35

HIH, s cpefHell KUHETHYeCKOH SHepruM,
3
(E)ep =5 KT.

MoxHo HaliTH H cpefiHee 3HAueHHE a6GCOMIOTHOM BENUUHHEE
cKopoctH *):
&kT \1/2 ET \1/2
<|v|>cp=(m-) =1,772 (—m—) .
Haxkonen, «nauGosee wacTo» BCTpeyalorcs MOJEKYJIBL
CO CKOpPOCTbIO (HauGoJiee BeposTHAs CKOPOCTD)

7= (-”em—T)'” - 1,414(%)"2.

He crepyer yauBasiThesi, 4To MOJIEKYJB CO cpeiHeH CKo-
pocThi0O BcTpeuyaloTcs He HauGosiee Yacto. AGCOJMIOTHas
BeJINYMHAa CKOPOCTH — BeJHYHHA NOJIOXKHTENbHAsI, H YHUCIIO
MOJIEKyJl, MMEIOUHX CKOPOCTb MeHbIle CpejHeH, Bcerja
Gonplile, yeM UHCJIO MOJIEKYJ, MMEIOUUX CKOpOcTb GoJblie
cpennelt (4TOGBI «yPaBHOBECHTbY MOJIEKYJBI € GOJBIIMMH

*) CpepHee 3HaueHHe CKOPOCTH PaBHO HYJIO, TaK KaK OTPHUATEJb-
HBle H IIOJIOKHTENbHble 3HAYeHHs] KOMIOHEHT PaBHONpPaBHHL. Briumcie-
HHe CPeJHMX CBOAMTCH K BBIYHCJICHHIO HHTETPaJOB H 3JIeMEHTapHO cle-
JIaHO OLITh HE MOXET,
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CKOpOCTSIMM, Halo HMeTb Gonbllee KOJNHUECTBO MOJEKYJI
C MaJIeHbKHMH CKOpOCTMH) *).

Ecau 6bl Bce MOJIEKYJIbI MMEJIH OJMHAKOBYIO CKOPOCTb,
TO BCe TpU BeNUUHHHl OblIM OB, KOHEYHO, pPaBHH APYT
npyry. Mx pasnnume mokaseiBaeT, HAaCKOJNbKO PasbpocaHbi
3HAUYeHHs] CKOpOCTeH.

Jinst Toro uToGbl XapaKTepHaoBaTh pasGpoc cKopocTei,
OKasblBaeTcsl yXOGHBIM BBIYMCJIUTDL €llle CpefiHMH KBajpar
KHHETHYEeCKOH SHepruu

<Ez>cp = _,%z_ <U4>cp = l:l. p2T2,

CocTaBUM Temepb pasHOCTb, KOTOpasl HasbiBaeTCsl AHcCIep-
cHuen:

0= (E%)y— (Ely =5 k2T,

Mrr o6Hapy:xuBaeM, uyTO TeMIlepaTypa BBHICTYNAeT elle
B OJIHOM KauyeCTBe: OHA XapaKTepusyeT «ILMPUHY», pasbpoc
pacnpezesenusi MOJEKYJ MO CKOPOCTAM (MM 3HEPTHSM),
T. €. BEeNUUYHHY €CTecTBEHHOro pasbpoca KUHETHYECKOH
SHEpPTUM MOJIEKYJIEl BOKPYT CPEJHETO €€ 3HAUEHHSI.

TaxuMm o6pasoM, obbenuuenne dQopMyan BarepcTona
C HOPMaJbHBIM pachpefie/leHneM NpHUBENO K AalbHeHIneMy
pasBUTHIO MOHATHS TeMIepaTyphl Kak napameTpa, ompe-
Jlessoiliero pasépoc 3HEPTHH B HOCTYNATEIbHOM JBHXKE-
HHMH YacTHIl rasa.

PACNPEAEJIEHHE MAKCBEJIJIA H XAOC

OcTaHOBUMCS €llie HEMHOTO Ha paclnpejesne-
HuM MaxcBesa. Ilpexne Bcero, omuchiBasi ras, mepeijem,
KaK TOBOPAT, U3 NPOCTPAHCTBA KOOPJAUHAT B MPOCTPAHCTBO
CKOpocTel. 3TO 3HAYHT, YTO Mbl OyaeM «H306pazkaTby
KaxIyl0 MOJEKYJY TOUKOH ¢ KoopauHaTaMH, pPaBHBIMH
KOMIIOHEHTaM CKopocTell 3ToH MoJieKyJabl. Tak, Touka
B HauaJle KOOPJAMHAT COOTBETCTBYET MOKOsILIEHCS MoJIEKyJIe,
TOYKH Ha OCH X — MOJIEKYJiaM, JBHXKYIIMMCS C pasHbIMHU
CKOPOCTSIMH BJOJIb OCH X, H T. A. Takoe mpocTpaHCTBO H30-
GpaxeHo Ha puc. 15.

*) 210 XOpOLIO H3BECTHO CTATHCTHKAM. UHCIO0 JIofeH, TOMYYaromuX
sapnyiaty Gonblie cpejHelf, BCerza MeHbINe, YeM UYMCJIO JIoneH, moay-
YaOMHUX 3apNiIaTy MeHblle cpejHeH,
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IpencraBum ceGe KyOuK ¢ ORZHOH M3 BepluMH B TOUKe
(x, y, 2) u ¢ pebpamu, mapa/JieJbHBIMH OCSIM KOOPJHHAT.
BuyTtpu srtoro Ky6uka OynyT HaxoAuMTbcs TOUKH, COOT-
BETCTBYIOLIHE MOJIEKY./1aM, KOMIOHEHTHI CKOPOCTEH KOTOPhIX
JIEXKAT B WHTEpBajaX, OMNpelesieMblX KOOpAMHATaMH Bep-
mpH KyGuka. Uucilo TakuX MOJEKYJ Ha caMoM Jene Bce
BpeMsl MeHsIeTCs — MOJIEKYJIB CTaJKHBalOTCs APYT C ApY-
TOM, M3MEHSIOT CBOM CKOPOCTH. STH Hpolecchl GYAYT HpH-
BOIUTH K TOMY, 9TO TOUKH B KyOHke GYAyT TO MOABASATHCS,
TO Hcue3aTb. Ecau TodKa z
Hcuessa, 3HAYMT, I/E-TO B
JIpyroM Ky6uke (MBI JE€rKO ) I— —
MoxeM ce6Ge mpEeACTaBUTD, dvy
YTO BCE€ «IIPOCTPAHCTBO CKO- 11,7740,
pocTefi» pasGHTO Ha TaKHe 2 4o, Uy
KyOMKH) MOSIBUTCS HOBafl !
TOYKa. }

SlcHo, uto oflee yucio i
TOYEK, KOTOpOe PaBHO MOJ- Vg /f——————= ~v
HOMY UMCJy MOJIEKYJI BTase, &

OCTaeTcsl MOCTOSHHBIM. ECIM  Puc. 15. DnemenrapHbill KyGHK B
Obl Hac MONPOCHJH MOAPOOHO TPOCTPaHCTBE CKOPOCTeH.
onucarb, 4YTO TPOHCXOAUT

B KaKOM-HMOynb KyGHKe, TO 3TO Oblia Obl HEMOCHJIbHAsA
sajasa. OIHAKO HAC HE MHTEPECYIOT TaKHe MOAPOOHOCTH,
OHH HaM NPOCTO HH K UeMy — BCE DaBHO Mbl HE 3HAJH OHI,
YTO ¢ HMMH jenaTh. Ha caMoM-To nejie Hac HHTEPECYeT,
CKOJIbKO MOJIEKYJl HaXOAMTCS B 3TOM KyOuke B CpeLHewm,
H Ha 3TOT BOIpOC fAaeT oTBeT pacnpesenenne Maxcsenna.

HerpyaHo moHSTh, YTO GYHKUHMA PaClpele/IeHHS MOXKeET
3aBHCeTh TOJILKO OT KBaApaToB CKopocTed, HOO OHa He J0JK-
Ha 3aBHCEeTb, OYEBHJHO, OT WX Hanpabienuni. Eciu Obi
5T0 GBLIO HE TaK, TO B KAKOM-TO HalPaBiCHHH JIETeNo OLl
GoJbllle MOJIEKYJ], YeM B APYToM, M Becb ras jBuracsi Obl
KaK Hesnoe.

Ho Met snaeM, uro 3Ta yHKUHSA JOJIKHA pacnaiarbCs
Ha TPH OJMHAKOBHIX MHOMHTEJS, KaXAblH H3 KOTOPBIX
3aBHCHT TOJBKO OT OZHOH KOMIIOHEHTHl CKOPOCTH (TOuHee,
OT ee KBajparta).

KBajpaT cKOPOCTH paBeH CyMMe KBaJpaTOB KOMIIOHEHT:
v® = v} + v} + vi. Hrak, sajaua cOCTOMT B TOM, 4TOGHL
HaliTH Takyio QYHKOMIO OT %, KoTopas pacnajajiach Gbl
Ha IMpOou3BeleHHe TpeX OJHUHAKOBBIX GYyHKUME OT Uy, U,
H U, COOTBETCTBEHHO.
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Moxno moxasaTh, UTO €IMHCTBeHHAs (yHKUMS, YHOB-
JIETBOPAIOIIAsi 3TOMY YCJIOBHIO, 3alHChIBAaeTCs B BHJE

f (v?) ~ exp (— aw?) = exp (— ow?) exp (— av}) exp (— ov3).

Hanbueitiune pacuetsl TpeGyIOT BBEIYHCJAEHHS HHTErpaJioB,
Mbl HX IpHBOAMTL He GyjaeM. 3aMeTHM TOJNbKO, YTO K03¢-
dunuent

o= m

T 2kT
HaXOJUTCA M3 yCJ/IOBHA, YTOOHl CpelHee 3HaueHue, HamnpH-
kT
Mep (vy)?, YIOBJIETBOPANO CTAPOMY YGAOBHIO (Ux)ep == -

MoxHo eule HanucaTb (YHKIHMIO, KOTOpasl ONHCHIBAeT
pacnpefie/leHHe MOJIEKYJ IO KHHETHYECKOH 3HepruH, T. e.
onpeie/IsieT OO MOJIEKYJI, HMEIOIUX KHHETHYECKYIO SHep-
ruio B HHTepBane €, & + Ae. Takaa GyHKIMA HMEET BHJ

f(e) = (2nkT)—3/2 ¢—e/kTgl/2,

Sra QyHKuMA TaKKe HasbBaeTcsi GyHKIMeH pacnpeneseHust
Makcaenna. '

M3 Toro dakra, urto GyHKIMA pacnpeneseHus pacnana-
€TCS Ha MHOXKHTEJH, BBITEKAeT, YTO paclpeiesieHusi o BceM
TPeM OoCsIM He 3aBHCAT APYr OT Jpyra M NOAUYHHSAIOTCA
OJIHOMY M TOMY e 3aKOHy. MoHO cKasaTb, 4TO BEpOST-
HOCTb JIJISi MOJIEKYJIBl ONAcTb B HEKOTOPHIH BbIOpaHHBIA
HaMM KyOWK, T.e. BEpOATHOCTb TOro, 4TO B pe3yJbTaTe
CTONIKHOBEHHH MoJsieKysa npuoGpeTaeT CKOpOCTh, OTBEYaro-
Liyl0 KoopjAuHAaTaM BHYTpH 3Toro KyOWKa, pacrnajfaercs
Ha TPH MHOXKUTEJSI — BEPOSTHOCTH KaXKJ0H M3 KOMIOHEHT
CKODOCTH MOJIEKYJIEl OKasaThCsi B HHTepBaje 3HAUEHHH,
oTBeyarolleM peGpy KyOuka.

Takyio 3ajauy MOXHO NpPOHJIIOCTPHPOBATb HTIPOH
B KocTH. Ilyctb MBI 6pocaeM Tpu HrpasibHble KOCTH, BbIKpa-
LIeHHbIe B pasHble 11BeTa. BepoATHOCTb TOro, 4To Ha OAHOH
U3 KocTel, HanpuMep KpacHOH, BHINAJET NaTepKa, paBua /.
TaxoBa ke BepOSATHOCTb TOTO, YTO Ha 3eJ€HOH KOCTH BHI-
najeT Tpo#Ka (MM Ha KelATOH — uyeTBepKa).

IToytn oueBmAHO, uTO eciu Mbl GymeM GpocaTh BCE TpH
KOCTH cpasy, TO BEpOATHOCTb Jl0GoH KOMOMHALMH, Ha-
npumep: 3 (kpacHas) + 4 (3enenast) + 1 (;kenras) — Oyner
paBHa mnpousBenenuio 1/g-1/g -1/ = 1/216.

OcHoBaHHEM JJIs TAaKOrO peIIeHHS CJAYHHT HHTYHTHB-
Hasl yBepeHHOCTb, YTo OpocaHHe KaXKJOH KOCTH HHKaK

70



HE 3aBHCHT OT GpocaHHsi APYTHX, a MOTOMY BCe TPOHHEHIE
KoMmOuHauuu gucen ot 1, 1, 1 o 6, 6, 6 mo/Xub! BhIIagath
ONMHAKOBO YaCTo, T. €. MMeTb OJUHAKOBYIO BEPOSITHOCTD.
Tpouece pacnpesesienns: Moeky1 Mo cKOpoCTsM B pesy.ib-
TaTe CTONKHOBEHHH, KOHEUHO, He NMOXOXK Ha GpocaHne Ko-
crefl. DTOT Npouece TOMLKO AEMOHCTPHPYET, NMOUEMY Ipo-
H30LIeJ pacnaj Ha TPH MHOXKHTEJS.

BriBon pacmpenenennst MakcBessia XOTSi M HE OYeHb
NPOCT, HO KaxKeTcs HacTONbKO JIOTHYHBIM, 4TO HHKaKOTO
ApYyroro pacnpenesneHHss Bpoie Obl U ObITh HE MOMKET.

HTosl nonYEPKHYTH, HACKOMIBKO OMHMGOUHEIMH MOTYT
OKasaThCsl «OYEBHJHBIE» BellW, clefyeT cKasaTb, YTO pac-
npenenenne MakcBessla He ONHChIBaeT ras, B KOTOPOM
CYLIeCTBEHHYIO POJIb MIPAlOT KBaHTOBEIE CBOHCTBa (HaIpH-
Mep, 3/JCKTPOHH B MeTaJljie HJIM Tas, COCTOSILIUH U3 ¢oTo-
HoB). [lisi TakMX cucTeM (yHKIHS DaclpELeseHHs BHIBO-
AUTCS U3 COBCEM JAPYTHX NPEANONOXEHHH,

Fas, B xoTopoM Mosekyanl pacmpesesensl mo Make-
BeJTy, o6/ajaeT 3aMeuaTe/bHEIM CBofcTBoM. Takoe pac-
nipenieieHne He H3MeHsieTcs co BpeMeHeM. Kaxkpas otmenn-
Hasi MoJeKysla H3MeHSeT CBOI0 CKOPOCTh OYeHb 4YacTo
(cranxuBasice ¢ gpyrumm Mosekyaamu). Ho na MecTo
MOJIEKY/Ibl, BEIOBIBIIEH H3 KyOHKa, IPUXONMT ApPYTas MoJe-
Kyna. Eciu MBI He pasiHuaeM MOJIEKYJB MeXAy CoGoi
(a 310, KoHeuHo, Tak!), To pacmpereseHue MoJieKys 6ymeT
OCTaPaTbCsl BCE BpPeMs ONHHM H TeM Xe.

Ecin nanonmHuTh Kako#-nm6o cocy; rasoM, TO uepes
HEKoTOopoe BpeMsi paclpeiesieHHe ero MOJIEKYJa [0 CKo-
POCTSIM CTaHET paBHOBECHBIM, MaKCBEJJIOBCKHM. DTO NO/IKHO
NPOH30HATH COBEpIIEHHO HE3aBHCHMO OT TOTO, KaKoe pace
lipefiejieHne ra3 uMeal B HavyaJbHBIE MOMEHT — MoJie-
KYyJIbl €ro MOIVIM HMeTb, HalpHMep, OJUHAKOBBIE CKOpO-
CTH HJIM JBHIaThCsl €llie KakK-HHOYAb, HO MOC/e HEKOTOPOTO
BPEMEHH JOJ/KHO YCTaHOBUTbCS pPaBHOBECHOE paclpeje-
JieHue,

Ecan neMHOXKO mozyMath, To 3T0 yTBepIKAeHHE JOKHO
NI0Ka3aThCsl CTPAHHBIM H JlaXke He BIIOJIHE MPaBIOMOJCGHEIM,
B 3ajmauax MexXaHMKM MBI NPHBBIKAH K TOMY, 4TO Haxo
3afaTh HayaJbHbIE KOODJAMHATHI H CKOPOCTH, 4TOOHI OIpe-
JeMUTh C InoMolblo ypaBHeHHH HreloTona mosoxenue
H CKOpPOCTH YacTHIl B GoJiee mosnuue (uau GoJiee paHHue)
MoMeHTHI BpeMeHH. Ilpn 3ToM pasuble HauasbHBEE HaHHHIE
NpUBEAYT K pasHbIM COCTOSIHHSM CHCTeMbl. B Mexanuke,
KaK roBOpSAT, CHCTEMA «IIOMHHUT» CBOM Haya/IbHEIE YCJIOBHS,
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T. €. TaM BCEr/la MOXHO B NPHHIKIIE BOCCTAHOBUTL HCTOPHIO
CHCTEMHI.

B rase Bce npoHCXOAHT no-apyroMmy. Kakum Gbl HH GbLIO
pacnpefiesieHHe CKOpocTel B HEM B MCXOAHBIA MOMEHT
BpEMEHH, OHO JIOJKHO MpPeBpaTHTBCH B OJHO M TO XKe pac-
npefenesve MakcBeqna. B 3ToM ciyuae cucrema «3aGhbi-
BaeT» CBOX HCTOPHIO, U M3 H3YYEHHUS paclpele]eHHs
rasa B paBHOBECHH IIOYTH HHUYEro HeJb3fl y3HaTh O TOM,
B KaKOM OH OblJ COCTOSHHH paHblle,

Vcropusi rasa, KOTOpPbIM Mbl 3allOJIHHJM COCYJ, pasOu-
BaeTcd Ha JiBa nNepuoja. B mnepBHil mepHOX MOJEKYJIbL
CTaJIKUBAIOTCd Mexny cobofl MJM CO CTeHKaMH H HX pac-
npefesenne NpuGAHKaeTcss K PaBHOBECHOMY. OTHM NEPHO-
JIOM 3aHHMMaeTCs CcHelpalbHafd HaykKa O HepaBHOBECHBIX
cucremax. Ilocsie HECKOMBKHX COTEH MJIH THICSY COYAapeHuil
KaxJoH MOJIEKYJIbl ra3 NpakTHYeCKH NepeXxojuT B paBHO-
BecHoOe cocTodHue. Jlasbllle coyiapeHns yxe HHYEro He u3-
MEHSIIOT.

Ecin coBceM He YYHTHIBaTb CTOJKHOBEHHH, T. €. €CJIH
ras IOCTaTOYHO paspekeH, TO Mbl IPHJeM K MOJIeNIH HJealb-
HOTO Ta3a, B KOTODOM CTOJIKHOBEHHSI HYXKHBI JIHIUb JJIf
YCTaHOBJIEHHSI paBHOBeCHS *).

Cro/KHOBEHH s MOJIEKYJl IPHBOAST K TOMY, YTO ypaBHE-
HHe MJeaJbHOrO rasa oTJHyaercsi or ypaBuenus Kiameit-
poHa — MenjieneeBa.

PaBHOBecHOe cocTosiHMe Tasa, O KOTOPOM MBI [OBODHUM,
MOXKHO ONHCaTb TaK: B paBHOBECHOM Trase CYLIeCTBYeT
MoNeKyAsApHEIH «xaoc». CI0BO «Xaoc» HaR0 IOHHMAThb
B TOM CMEIC/IE, YTO CHCTEMa He COXpaHHJa HHKaKo# HHop-
MalHH O CBOEM HPOIILIOM.

Ilonatue «xaoca» MO3BOJAET YNPOCTHTH OOOCHOBAHHE
HEKOTOpEIX ¢opmys. Hanpumep, xorma BhiBojuniach ¢op-
MyJsia JJif AaBJeHHUs rasa Ha CTEHKY cocyjia, MBl paccyx-
Jlany o TOM, KaK MOJIEKyJia OTpa)kaeTcsi OT CTeHKH. B nei-
CTBUTEJNLHOCTH MOJIEKYJIA, KaK NPABHJIO, Y apHBILHCh O CTeH-
Ky, NpUJHNaeT K Hell Ha HEKOTopoe BpeMs, a IOTOM, OTOP-
BaBIIKCh, JIETHT B KaKYIo-HUOYIb CTOPOHY, «3aBEIB» O TOM,
oTKyna oHa mpuJerena. ITosTomy GeccMbic/ieHHO A€Ta/bHO
ofcyxaTh NpoLecc oTPakeHHs H Opollie paccyxXaaTh Tak!

*) Ecn CTONKHOBEHHH MeXAY MOJIEKyJaMu NOYTH HET, TO PaBHO-
BECHE, KaK yaKe IOBOPHJIOCH, Bce e GyJeTr ycTaHaBJAMBaThCA Gaaroaaps
CTONIKHOBEHHAM CO CTEHKaMH,
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NOCKONILKY CBOHCTBA rasa He 3aBUCSAT OT HalpaBJeHHd,
TO KOJHYECTBO JIBHKEHHS, NEPEHOCHMOE Ia3oM B CTOPOHY
CTEHKH, NOJ/KHO OHThb PaBHO KOJHYECTBY JBHIKEHHS, KOTO-
poe HeCyT MOJIeKyJbl rasa, JeTdllie OT CTEHKH. JTOT (akT
He JOJIZKeH 3aBHCEThb HH OT KaKHX NoApoGHOcTe# B3auMo-
JefCTBHA Tasa cO CTEHKaMH, OH CBSI3aH TONBbKO C XaoTHY-
HOCTBIO JIBU2KEHH A MosieKyJl. Ecou 6l 06a noToKa (K cTeHKe
H OT CTeHKHM) OLIH PasHBIMH, T. €, HECHH ¢ co6oi pasHoe
KOJIMUECTBO JBHKEHHS, TO HAa HEKOTOPOM PpacCTOSTHHH
OT CTEHKH 3TO MOXHO OBLIO Obl OGHapyXKHTb — Tra3 «3a-
NOMHUJI» Obl, 4TO OH OTpaxkajcs oT creHkd. Ho 3To mpo-
THBOPEUHMT TMIOTE3e, YTO a3 «XaOTHUYEH» W HHUYErO HE (MOM-
HHT»,

A pas ras He <HOMHHT» O CTEHKe, TO Pe3yJIbTaT BHIBOJiA
He JIOJKEH 3aBHCETb OT CBOMCTB CTEHKM H OT TOro, Kak
aToMbl rasa oOTpaskaJHCb OT Hee. B uacTHOCTH, aTOMbI
HE «TIOMHAT» O TOM, Kakylo GopMy HMeeT cocyn, U dopMyJa
pacnpenenenus OyzeT oJMHAKOBOH Aisi JIOGOrO COCYAa,
O YEM MBI YK€ TOBOPHJIH.

Hpyroi#t ciyuait «3a0EIBUNBOCTH» Ta3a OOHAPYKHBaeTcH,
€CclH B3ATh COCYJ C ra3oM, pasjieieHHbIH Neperopoakoi
Ha JiBe yactH. Ec/m BBIHYTH Heperopoaxy, To ras H3 obenx
NOMOBHHOK NEPEMENIaeTcs, H ACHO, YTO HUKAKHMH crnocobamu
HeJb3s ON03HaThb, KAaKOH aToOM HaXOAMJCS B Hayaje ONbITA
B NpaBOH H KaKOH B JIeBOH MOJIOBHHKE,

Korma ropsiumit waliHuk octbiBaer, HarpeBasi BOSLYX
B KOMHaTe, HHKaKHM CIocoO0M HeJsb3si BIOCTEACTBHH onpe-
JeMuTh, MoYeMy Harpescs Bo3ayx. BceM ficHo, uTO, H3Me-
pAs TeMmepaTypel B pas3HBIX TOYKaX KOMHATHl BAAalH OT
yaiHHKa, HeJb3Sl OMNpeNesNuTb (opMy UYaHHHKA, KOTOPHIHA
HarpeBaeT KOMHATy. JTO COBCEM He IIOXOXe Ha SJEKTPo-
MarHuTHOE MoJie: CBET, oTpaXasdchb OT NOBEPXHOCTH, Hepe-
HOCHT HH(pOpMalHI0 0 noBepXHoCTH. ['opsfillas Jamma Xo-
pollo BUAHA, OcBellleHHasi COOCTBEHHBIM cBeToM. YaliHHK
MOXHO «YBHJIETb» C MOMOIIBIO MpHGOpa, perucTpUpPYIOUEro
HHppakpacHele BosHbL. Ho undpaxpacHoie nyun — 310 Ha-
npaBJjieHHble 3JIEKTPOMarHHTHBIE BOJHBL, KOTOpBIE MOTYT
HarpeBaTb jerextop. McnyckaeMble yallHHKOM, OHH HE Ha-
XOAATCS B TENJIOBOM DaBHOBECHH C BO3AYXOM, HE pac-
CEeHBAIOTCSl €ro aTOMaMH, I03TOMY OHH MOTYT nepeiaTb
o6pa3 uvafiHHKa, KOTOpHII OHH «3anoMuunu». Hanporus,
Xa0THYECKOE JBHIKEHHE MOJIEKYJ HE MOXET nepefath Takok
HHpopMaLHH,
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ABCOJIIOTHASI TEMNIEPATYPA
H KBAHTOBASI MEXAHUKA

Hauano orcyera MIKanibl TeMmepaTtyp JEXHT
npu —273,15 mo KenpBuHy. Jra Touka HaswbiBaeTcsl abco-
JIOTHBIM HyJeM. Ee c¢MblcT mnposicHW/cS Moc/ae TOro,
KaK KHHETHYecKasl TeOpHsl Tra3oB CBssaja JaBJeHHE rasa
¢ KHHETHYeCKo# sneprueit ero aromMoB. K3 sToli Teopun Kasa-
JIOCh SICHBIM, YTO NpH abCONIOTHOM HyJie MpeKpaulaercs
BCSIKOE JBHXKEHHE aToMOB W abcoJioTHash Temmeparypa T
€cTh IIPOCTO Mepa HX KMHETHYECKOH SHepruH.

Ho 3T0 mpocToe U mouTy HarisanHoe 0ObsSCHEHHE OBUIO
HEBEPHBIM. DJIEKTPOHBI B MeTa/ljiaX ABHXKYTCA C GONBILMMH
ckopoctamu naxe npu T = 0. KBanToBas MexaHuka sacTa-
BHJIa COBCEM II0-HHOMY IOCMOTpETh Ha ABHIKEHHE 3JIEKTDO-
HOB H aTOMOB.

Ho ona orniops He ycnioxuusia Kaptuay. Hanmporus,
MHOTHE MOHSITHS [OJYYHJIH B KBAHTOBOH MeXaHHKE ecTe-
CTBeHHOe o0bsicHeHHe. K TaKuM NOHATHAM OTHOCHTCS H MO-
HAITHE 06 abGCoMOTHOH TeMneparype H 06 aGCOMIOTHOM HYJe.

Ho urto6bl pacckasaTh, YTO NPOUCXOAUT C TeMIepaTypoi
B KBaHTOBOH MeXaHHKe, HAJO 3HATb XOTsl Obl 4TO-HHOYAb
06 atoii Hayke. K coxanenuio, pacckasaTb 00 3TOM B He-
CKO/JIbKHX cJoBax Hesabsd. Ho, ¢ apyrofi cTopoHsl, Ham
U HYXHO oueHb HeMHOro. [lostoMy mnpupercss mocTynuTb
Tak: coofmaTth Ge3 J0KasaTe/lbCTBAa HEKOTOpble CBENEHHS
M3 KBaHTOBOH MeXaHWKH, TOJbKO CTapaTbCs HCIOJIb30BaTh
TaKMX ()aKTOB KaK MOXKHO MeHbLIe.

Ceflyac HaM Haf0 3HAThb, KaK BejieT ceBsl 3JEKTPOH,
NOMEIIeHHBII B MarHUTHOM noJie. B KBaHTOBOH MexaHHKE
3TO ONMCHIBAETCS CJEAYIOIUM O00pPas3oM.

ONIEKTPOH MOXKHO CPABHUTD (XOTS 3TO CpaBHEHHE He COB-
CeM TOYHO) C BpalllalOMMCS BOJYKOM. DoJiee npaBHJIBHO
TOBOPHTb, HYTO 3JIEKTPOH, KaK H Bpallaioliuics BOJYOK,
HMMeeT YIJIOBOH MOMEHT, Has3hbiBaeMbIHl CIHHOM, W HE BXO-
JUTb B NoApoOHOCTH O ero BpalleHWH. Co CIHHOM 3JeK-
TPOHA CBSI3aH H MAaTHHUTHBIH MOMEHT — 3JIEKTPOH BeJeT
ce0s B MarHHTHOM [0Jie, KaK MarHuT.

Eciy 27€KTPOH HAXOJUTCH B IOCTOSSHHOM MarHUTHOM
noJe, To, COIVIACHO MpaBHJIaM KBAaHTOBOH MeXaHHKH, €ro
CnoHH MoXeT ObITb HampaBieH Ju6Go [0 IOoJI0 — TOTAA
NpOeKLHs] CNHHA HAa HampaBjeHHe mnoJad paBHa -+ !/f,
60 Ke MPOTHB NOJIS W €ro MPOeKUHs paBHa —/ofi (A —
nocrosiunas [lnanka).
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MaruuTHbII MOMEHT Y 3JCKTPOHA HamNpaB/JeH MNPOTHB
CNHHA, H OH MOXKET HMETb HO3TOMY, TaK Xe KaK M CIHH,
JiBe MpPOEKUMH HA HAMpaBJEHWE MarHUTHOTO NOJSA: —o,
€c/M COHH HampaBieH no nomo (we > 0), U —+ po, eciu
CNUH HanpaBJeH OpoTHB moss. Bennumna p, HasbiBaerTcs
MmarHeronoM Bopa u paBna

_ e
Po =gz

Ecin BeqMunHa MarHuTHOro nogs pasHa H, To moTeH-
LMa/lbHAS SHEPTHS 3JEKTPOHA B 3TOM MoJe paBHA JHuGO
oM, Korjia ciyH HampaBleH M0 Moo, JH60 —eH, Korza
COMH HampaBJeH NpoTHB nNoas. Bce 3T paccyxjeHus
CBOZATCS K TOMY, YTO B MarHHTHOM IOJIe 3JIEKTPOH MOXKeET
HAaXOZMTbCS B OJHOM H3 IBYX COCTOSIHHH, a SHEPIHUSl 3THX
cocTosiHufl paBHa == Mofd. Ilpm 3TOM MBI CuuTaeM, YTO
3JIEKTPOH HE MMeeT MOCTymaTeJbHOH CKOPOCTH — NYCTh,
HanpuMep, OH CBS3aH B aTOMe.

Ha raxofi mpocro#t Momemu MoxHO Ges ocoGoro Tpyha
NPOHJVIIOCTPHPOBAaTh MHOTHE CBOHCTBa, CBfi3aHHBIE C Tel-
JIOM.

PaccMorpuM cHcTeMy, cocTosllyio H3 GOJBLIOrO YHC/Ia
SJIEKTPOHOB, 3aKpPEMJIEHHBIX B pPAa3HbIX TOYKax MHPOCTPaH-
CTBa, — HaNpuMep, MycTb 3To OyAeT MHOIO aTOMOB, KaX-
Iblfl M3 KOTOPHIX COIEPMKHT 3JEKTPOHBI. DHEPTHs TaKo#
CHCTeMbl B MarHHTHOM IOJ€ ONpEeAeNsercsi TeM, CKOJNbKO
SMEKTPOHOB KMEIOT CIHH, HampaBJeHHBIH MO N0/, W
CKOJIbKO — NIPOTHB NOJA.

Ec/u MBI yC/I0BHO H3006pa3uM jiBa BO3MOXKHBIX NOJIOXKE-
HHS CNIMHA 3JIEKTPOHA JIBYMsA FOPH30OHTAJbHLIMH JHHHAMH,
HalHCaB OKOJIO HUX 3Hauenue smepruu (puc. 16), T0 cxemy

Ly 7o oo Vo4
+4 7me "% 7
Ly npomil nons ey _
Ime = % 4

Puc. 16, Sueprusi 31eKTPOHA B MAarHUTHOM IOJIe,

pacmpefiesieHds CIMHOB 3JIEKTPOHOB MOXHO OyAeT H3obpa-
XaTb KPY2KOUKaMH-/IEKTPOHAMH, HAPHCOBAHHLIMH Ha 3THX
JMHUAX (MBI, KOHEUHO, OyJeM DHCOBaTb JHILIb HECKOJbKO
KPY2KOUKOB),
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CucreMy 3JIeKTPOHOB C MATHUTHBIMH MOMEHTaM¥ MOKHO
CPaBHUTb C HJeaNbHBIM rasoM. Poib ckopocTe#l aromos,
BEpHEe — UX KHHETHYeCKOH SHEeprHM 3Jech HIpaeT 3SHep-
THsl 3JIEKTPOHA B Mar#UTHOM mosie. Ho KuneTnueckas sHep-
THSl MOXET NPHHHUMATh J000€ MHOJIOXHTENbHOE 3HAUECHHE,
a HepTrHsi B MarHUTHOM IIOJIe — TOJbKO JBa 3HAYEHHUS.

3aMeuaTesibHO, YTO 5TO OOCTOSITENBCTBO HE H3MEHSET
OCHOBHOTO 3aKOHA CTATUCTHKH: B TEIVIOBOM DPAaBHOBECHH
BEPOATHOCTD HaWTH YACTHIY B COCTOSIHWH C SHeprueHd &

e
NPONOPLUHOHATbHA SKCIIOHEHTE ¢ T,

Kak u B rase, mpu 3ToM HEO6XOAHMO, YTOOBI TEIJIOBOE
DPaBHOBECHE aTOMOB MeXAY coG0 MOIJIO peajbHO JOCTH-
ratbcsl. JIs 3T0ro HyKHO, YTO6bI aTOMBI MJEAJbHOTO rasa
CTaJKHBaJKCh, a MarHuTHble MOMEHTH B3aMMOJEHCTBOBAJIH
Obl Kak-To ApYyT ¢ ApyroM. Ilpu sToM ycsoBuu 3aKoH cra-
THCTUKH OYyJeT BBINOJHSTbCS HE3aBHCHMO OT TOro, KaKoH
KOHKDETHO ME€XaHH3M [PHUBOAUT CHCTEMY B COCTOSIHHE
TENJIOBOTO PAaBHOBECHS.

B sToM cMbicsie’ HAll pHCYHOK ¢ SJEKTPOHAMH, «pac-
CTaBJIEHHBHIMH» Ha JBYX YpPOBHfX, HJ/VIIOCTPHPYET JIHILb
COCTOSIHME PAaBHOBECHS M HMKAaK He OTpaiKaeT TOro, Kak 3To
paBHoBecHe ObIO JOCTHTHYTO.

M3 Bcero, uTo GbIO paccKasaHO, MOXKHO 3aKJIOYHTb,
YTO B TEIVIOBOM paBHOBECHU YHCJO JIEKTPOHOB n<—— %),
HMEIOIIKX SHEPTHIO —Wold, Gyner GoJibllle, YeM YMCJIO JJIEK~
TPOHOB n(-}—% , KOTOpBIE HMEIOT SHEPTHIO oll.

Ornolmenne 3THX ABYX uHces (KX HA3bIBAIOT HACcEJIEH-
HOCTSIMM ypoBHeH) ompejessieTcsi OTHOIIEHHEM 3KCIOHEHT:

1 1 WwoH _ woH

n(——7>:n<+7>=e” te kT,

Ota mpocTas QopMysia 3ameyareJbHa TeM, 4YTO OHa
CrpaBe[yIuBa JJisl CHCTeM M3 OueHb GOJBbLIOIO YHCJIA YACTHIL
H TOYTH HE 3aBHCUT OT TOrO, KaK CHCTeMa YCTpPoeHa, —
HaJl0 TOJIbKO, YTOOHl y CHCTEMBbl OBIIH COCTOSIHHSI C oIpe-
Jie/leHHOH sHepruedl W utoGbl CyliecTBOBal KaKoH-11uG60
NyThb K TENJIOBOMY paBHOBecHio. Torja ee KoHEUHOE pPaBHO-
BECHOE cOCTOsIHME OyHeT OmpenesnaTbCs OJHHUM IapaMer-
poM T —ee aGcomoTHoli Temneparypo#l. Takoe cBOHCTBO
cHcTeM OBUIO JOKa3aHO amepuKaHcKuM ¢usukoM I'm6Gcom
B camoM Havase XX Beka.
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@u3uKH paHblle faxe He 0J03PeBaH, YTO CYUIECTBYIOT
CHCTEMBbI, KOTOpbl€ HMEIOT JIHUIb KOHEYHOE YHCJIO BO3MOIK-
HBIX cocTossHUH. [loaToMy oOHM He MOIJIM NpEACTaBHUThH
TOTO OTPOMHOTO KOJIMYeCTBa KpacHBBIX 3(PeKTOB, KOTOpBIE
CBfI3aHbl C TAKHMH NPOCTHIMH CHCTEMaMH.

MATHUTHBIE CTPEJIKH

IlycTh BMeCTO 3/1EKTPOHOB € MarEUTHBIMH
MOMEHTaMH y Hac eCcTh MHOIO CTPeJNOK OT KoMIaca, YKpen-
JeHHBIX B Gecropsiake Ha uronkax (puc. 17). Tax kax
MaTHHTHBIM CTpesiKaM I0JI0XKEHO CMOTPeTh Ha ceBep, TO OHH
BHayaje OyAyT KosebaTbcsl C PaBHOH aMILIHTYAOH OKOJO
HanpabJieHHs 10T — ceBep. Ecun 6bl Tpenue B olope OTCYT-
CTBOBa/JO M €cJAM OBl CTPEJNKH HE INPUTSATHBANIHCh JAPYT
K ApYTY, TO TaKHe HX KoJeOaHUs] NpPOoRoJIKaNich Gbl CKOJIb
YTOAHO H0JTO. B MefcTBUTENBHOCTH,
KOHEUHO, KoneGauusi npekparatcsi, AV / \
TaK KaK HX JHEPTHS HCTpaTHTCS Ha é é
paboTy NpOTHB CHJI TPEHHS B olOpe,
K BCE CTPEJIKM MOKaXXyT Ha ceBep. \ é /
Kpome Toro, MaruuTHBIE CTpeJNKH |g 9
IeHCTBYIOT ApYT Ha JApyra, HX JABH- é
JKeHHS «CLENJIEHbI» — OHU MOTYT Iiepe- 9
JaBaTh JpPYT JpYry 4YacTb CcBoe# .
sueprun. Herpyano yBuzers B s1OM p“i;ﬂg;ﬂ?g:x; o
HOBEJICHNH CTPEJNIOK MOJeNb YCTaHOB-
JIEHHS] PABHOBECHSI B CHCTEME CIIHHOB.

Omnopbl CTPEJOK HrpailoT posb XOJOJAU/IbHHKA, KOTO-
pPOMY CTpeJIKH IepelaloT CBOI0 KHMHETHUECKYIO SHEpTrHio.
OcTraHoBuBIINeCS CTPEJKH MHOXOXH Ha CHCTeMY CIHHOB
npu temneparype T = 0. Temneparypa «uy/ab» NOsiBUIACH
K3-3a TOTO, UTO SHEPTHS BCerja nepefaercs OT CTPENoK
K OlopaM M paBHOBECHE MOXET YCTAaHOBHThbCS JIHIIb TOTJA,
Korja GyJeT mepefaHa BCS SHEPTHS.

Ecau paccMOTpeTh CHCTEMY MarHHTHBIX CTPEsOK Gojlee
BHUMATENbHO, TO Mbl BBISCHHJHU Obl, YTO CTPETKH HE OCTa-
HABJMBAIOTCH OKOHYATENbHO, a TIOj BJHSHHEM YAapoB
MoJIeKyJl BO3AyXa M MaJblX Kose6aHMH caMHX ONOp Ha
caMoM jieJie KOJeGJIoTcs C OueHb MaJjiofl aMILIHTYAOH,
TaK YTO MX SHEPTHS He ONMycKaercs O HYJf, a OCTaercs
pasuoft (B cpemueMm) kT. Takoe ABUXKEHHE Ha3bIBaeTCs
GpoynoBckuM. Ero TeopeTnueckoe oGocHOBaHUE ObLIO HAHO
S#tpmresinom B 1905 T.
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Mozesb 3J€KTPOHOB B MarHHTHOM MoJsie (MY MarHHUT-
HBIX CTPEJIOK) noJsie3Ha AJisl OHUMAaHMsl TOro, YTO e TaKoe
aGCOJIIOTHHIA HYJIb TeMIepaTyphl.

Ilpu moGolt TemmepaType JBa BO3MOXKHBIX HampaBie-
HUSl cnvHA OYAYT BCTpeyaTbCs € PasHOM BePOSITHOCTBIO.
Ilpn oueHb HM3KHX TeMIepaTypax IOYTH BCE 3JIEKTPOHbI
OyAyT HaXOJUTbCS HAa HUKHEM YPOBHE — MX CIHHB GynyT
CMOTPeTh NpPOTHB NoJsA. Bepxuu#l yposenb OyZeT MNOYTH
MyCTBIM — He «3aceNeHHbIM». YeM Bbillle TeMIepaTypa,

—é——é—é—— + ity ol

Puc. 18. PaBHuble BeposiTHOCTH 3aceqeHnss yposre#t (T = oo),

TeM OoJblle «3acessercs» BepXHHH ypoBeHb, W, HalpHMep,
IpH oueHb BHICOKHX TeMmeparypax (kT > €) oGe npoek-
oMM cngHa OynyT HMeThb IIOYTH pPAaBHYIO BepoOSITHOCTb
(puc. 18).

Ecnu temMnepatypa HouuxKaercs, To Bce GObIIast Zoss
9JIEKTpoHOB OyJeT WMEeTb CIHHB, HaNpaBJI€HHHE NPOTUB
noasi. Eciu T = 0, To nmpoTHB 10JIST OKaXYTCS HANpaBJIeH-

HEIMH CIIHBI BCEX 3JIEKTPO-
+#4a, HOB (puc. 19).
Takoe cocTosiHUe CHCTEMBI
é $ é é é é ~/#@,  oTBeuaeT aGCOMOTHOMY HYJIIO
7=0 TeMIepaTypH.
Puc, 19. Bce 3/1eKTPOHEI Ha HHXK- KBaHTOBOM  TEOPHH
Hem yposte (T = 0). MOHSATHE aGCOMIOTHOTO HYJIS
npuobperaeT oO4YeHb YETKHH
cumeics. Cpeny sHepreTHyec-
KHX YPOBHEH Jito60o# KBaHTOBOH CHCTEMBI €CTh OJIUH YPOBEHb,
KOTOphIAl o0JanaeT HaumHu3IeH sueprued. B paceMorper-
HOM HaMH TMpPHMEPE TaKoe COCTOSIHHE €CThb COCTOSIHHE,
fIpd KOTOPOM CNHHBI BceX 3JEKTPOHOB HAIpAaBJIEHH IPO-
TaB mons. Ilpu aGcomoTHOM Hyse cHcTeMa HaXOAMTCS
B OCHOBHOM COCTOSIHHMH, U II03TOMY OHa HE MOXKET OTZAaBaTh
SHEPTHI0 HMKaKOH JPYro# cucTeMe NpPOCTO MOTOMY, YTO
Y Hee HeT GoJiee HH3KHX YPOBHEH, Ha KOTOpbIE OHA MOTVIa Gbi
NEPEHTH, MOTePSB SHEPTHIO. :

Mbl rOBOpHNH, YTO HE OUEHb SICHOE NPEACTABJEHHE O
alcoMIIOTHOM HYJe, cBsi3aHHOoe ¢ 3akoHoM [Iei-Jlioccaka,
cyllectBoBasio AaBHO. Ho jaxe B Hauasne Beka moHATHE
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aGCOMIOTHOTO HYJSA elle Kas3aJoch He BIIOJHE SICHEIM.
B «Jlerckoit spuuKIONCAN», H3fauHOH B 1914 r., nucasu:
«Hrak, ecqu npu oXJMaXKAEHHH a3 CKHMaercs, TO, CJENO-
BaTesJbHO, OOBEM €ro yMeHblllaercsi. SIBjsiercss BOHpoC:
He OYIeT JId BO3MOXKHBIM HCUE3HOBEHHE €ro, KOTja Mbl
JOBeIeM ras JI0 COCTOSIHHSI aGCoJIIOTHOTo XoJjona?» Takue
BBICKa3blBaHH S 3ByyaT cefuac HauBHO. Bee ke yIuBHTENBHO,
KaK MHOTo GBbLIO 3aKJ/IOYEHO B MPOCTOH ApobH /pg4, mOsI-
BUBLIeHCA B sMmnupHuecKol dopmyse Ieit-Jlioccaka.

HEROCTH)KUMOCTb ABCOJIIOTHOI'O HY Jis

Bcem xopolo u3BecTHO YTBEpXKIEHHE, UTO
HeJb3sl TOHHM3HTb TeMmepaTypy Tejaa 10 aGCOJIOTHOTO
HYJIsI, XOTSl ¥ MOXHO NPHOGMU3HUTBCS K HEMY CKOJIb YTONHO
6113Ko. DTO YTBEepKIEHHE HANOMHHAeT H3BECTHHIM mapa-
Jokc o6 Axmiyece W uepenmaxe (ero HashiBalOT aNopHel
3enona). Ilapamokc cocrour B cienymooumeM. Axuinec,
Koropeifi Geraer B 10 pas GwlicTpee uepenmaXu, JOJXKEH ee
norHath. Korpa Axusnec mpoGexuT Bech HyTh, KOTOpBI
OTJEJAJ ero BHayaje OT Yepenaxd, yepernaxa CMeCTHTCS
Ha '/; nmymu. Axussec, KOHeuHO, ObICTPO TpEOHOJIeeT
M 3TOT NYyTb, HO Yepemnaxa yiijer eie Ha /iy ... CKOMBKO
6l pa3 Axussec HH nmpHGIHIKAJICSA K Yepemaxe, OHa HEH3-
MeHHO yXopauna €bl Brepef. Koneuno, mpu apyroM mnof-
XoJie K 3ajjaue BCe cTaHeT Ha cBoe Mecto. Cymma 1 + t/y 4=
~+ 1/100... paBua 11/, ¥ B mapanokce HeT HuuYero G60Jb-
1Iero, 4eM B YTBEpXKIEHHH, UTO GeCKOHeUHasl JeCATHYHas
Ipob6b 1,11... uMeeT KOHEUHOE 3HAUEHHE.

IOns 3enona mapafjokc cocrosi B ToM, uTo AXxuiiec
JIOJKeH NpONTH GECKOHEYHOE YMCJIO OTPE3KOB B KOHEYHOE
BpeMmsi *).

He 6ynem cnoputh ¢ 3eHOHOM, a HEMHOTO H3MEHHM €ro
3ajauy. JomyctuM, YTO yepenmaXa, KoTopas Oblla OYeHb
NejaHTHyHa, nompocusaa Axumaneca mocne KasKAOro 3Tana
(kaxkporo uneHa B GeCKOHEUHOM psifly) AelaThb KaKyio-
JIHGO OTMETKY HJIH IPOCTO cuuTaTh BCayX stansl. [lockonbky
TaKHX OTMETOK JOMKHO OBITb CHENaHO GECKOHEUHO MHOTO,
TO M BpeMsi NMOeAHHKA CPasy Ke CTAHOBHUTCS GECKOHEYHBIM.

Kak 6br GbicTpo Axusjiec HH OTMeYaJs 3Tanbl, GECKOHeY-
HOE YMCJIO OTMETOK OH CJeJaTh He MOXKeT. TaK HeBHHHOe

*) 3eHOH He COMHeBaJCs B TOM, 4TO AXmijec JIOTOHHT yepernaxy,
HO fesaJl BBIBOL, 4TO OTPE30K HE MOXKET COCTOSITh H3 OeCKOHEYHOro
4HCiIa yacTtei.
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OIOpOKPATHYECKOE YCOBEpILEHCTBOBaHUE CcAENAN0 MPOCTYIO
3ajayy HeBBIMONHHMOH. B TakoM Buae sanaua Axuiieca
CTAHOBHTCS NOXOXeH Ha 3ajayy 06 alCOMIOTHOM HYyJe.
st Toro uToGhl OX/MAAUTH TENO A0 aGCOMOTHOTO HYJIS,
HEO0X0JuMO 0TOOpaTh y HEro KOHeYHoe KOJHYECTBO Tellia.
9TO0 KOJHYECTBO Tem/a JIETKO BBIUMC/HTb, €CJIH H3BECTHO,
KaK 3aBHCHT TeIVIOEMKOCTb TeJa oT TeMmepaTypsl. Ho
MOKHO JIH 0TOGpaTh y Tea Bce 3TO TeIJIO B OJHH NpHeM?

HmenHO B 3TOM H cOCTOHT TpyaHOCTh. [Ipu moGom meToze
OXJIaXKJEHHS TeMIlepaTypa MOHHXKaeTcdl B 3aJaHHOE YHCJIO
pas, a He Ha 3ajaHHYIO BeqHuHHy. Korza Mbl omuchHBamlu
TEPMOJMHAMHYECKYIO KA1y, 0OHapY2KHJI0Ch, YTO 3T IIKala
obnajaeT sameyaTesabHOH cuMMerpueil. Eciu Bce 3HaueHHs
TEMIIepATyp YMHOXKHTb HAa OJUH M TOT 2Ke MHOXKHTeJb,
TO GopMyJbl OocTaHyTcd 6e3 M3MeHeHuH. DTO 3HAUYMT, 4TO
Ha TIOHHXKeHHe TeMmepaTypsl 3ajanHoro Ttema or 100°
1o 99° u or 200° go 198° Hano saTpaTHTh OXHO H TO XKe
KoJHuecTBO pabothl, Tak Kak 100 : 99 = 200 : 198.

Ho ecim B TepMopmHaMuke Bo Bce pacueThl BXOAAT
TOJIbKO OTHOLIGHHSI TEMIEPaTyp, OTHOLIEHHS 0OBEMOB U
T. A., TO B JIOGOM Ipolecce, HCIOIb3yeMOM JJIS1 OXJaxKie-
HMSl, KOHeUHas (HH3Kaf) TeMmeparypa OyzeT NpPONOPLHO-
Ha/lbHa HayaJbHOH (BBICOKOH), T. €. Jio0asi onepauys MOHH-
JKEHHM S TeMIepaTypbl MOXKET TOJMbKO H3MEHHTb MacluTtab —
YMEHbLUIMTb TEMNEPATYpPy B KakKOe-TO YHCIO pas.

Tak, B mukne KapHo, Kak MBI BHJENH, BBINOJHSETCS
cootHowtenne Ty : Ty = Q4 : Q,. B HEro, oueBHAHO, HE BXO-
JAT HH KOJHYeCTBO TeIVIa, HH TeMmepaTypa caMH o cebe,
a TOJbKO HX OTHOIUEHHS.

Teneps Jerko MoHsITB, YTO A/ TOTO, YTOOH MOHHSHTH
TEMIIEPATypy KakKOro-TO Tesa N0 abCOJNIOTHOTO HYJs, HAJO
COBEpLINTL OecKoHeyHoe uucao onepauui. Kaxpaa one-
panus — 3TO MOXKET OBITb 3aMKHYTHIH LHKJ HJIH OTAC/b-
HBIH 1pollecc, HampuMep afuaGaTHuUeCKoe pacllipeHHe
OXJaXkJallerocss rasa.

B kaxnolt omepauum 3aTpauyuBaeTcst OnpeneJeHHAst
KOoHeyHasl paGoTa M TeMmmepaTypa IOHHKAeTCs B HEKOTOPoe
KOHEUHOe YHC/MO pas. A TaK KaK Ha KaXJAyl0 ONEpalHio
YXOJHT KOHEYHOE BpeMsi, TO INOJHOE BpeMs, HYXHOe AJIs
OXJIaXKJieHHsi 10 aO6COJIOTHOTO HYJsA, OyneT GeCKOHEUHBIM.
ITyte K aBcoMOTHOMY HYJIIO B 3TOM CMBIC/IE MOXOX Ha CO-
crosiune AXuJ/uleca W yepenaxu.

MOXHO CIIPOCHTD, He H3MEHHTCS JIH MOJIOXKEHHE B KuHe-
THYeCKOH TeopHu rasos? Hesbss i, ckaixem, nepeBecTi
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BCe CIHHBI B CHCTEMe 3JIEKTPOHOB B HHU3IIEE COCTOSHME
(HampuMep, MOJOXK[IAaB, MOKA OHM H3Jy4aT CBOH HM3OBITOK
sneprun)? Ho u3 storo umuero e moayuurcsi. Ecim 6ol
CHCTEMa HaXOJuJach B OECKOHEUHOM KOCMOCe, B MOJHOH
IycToTe, M H3JAy4YeHHas SHepPrus yxoxguna OB HaBCeria,
TO, KOHEYHO, CIOMHBI NOTeps/H Obl BCIO SHEPTHIO H CHCTEMA
nepemia 66l B COCTOSIHHE, OTBeyalollee TeMmepaType abco-
JIOTHOTO HyJd. Ho ecnu cucrema HaxomuTcss B KaKOM-TO
3aMKHYTOM 0o0beMe, OrpaHHYEHHOM CTEHKaMH, TeMIepaTypa
KOTOpBIX MOANEPKUBAETCA MOCTOSHHOH, TO TaKas CHCTEMa
6yAeT UMeTb TeMIepaTypy CTEHOK M CHe/JaTh €e HHIKe 3ToH
TeMIepaTyphl 6e3 coBeplleHHs paGOTbl HEBO3MOXKHO.

SHTPONIM S

Ilone3ysicb TepMOMETPOM, MOXKHO OIpefe-
JINTb 3Ha4Y€HHE TeMnepaTypsl Jwodoro Tena. Ilpaena, Tepmo-
MEeTp MOKa3hBaeT CBOIO COOCTBEHHYIO TeMmepaTypy, a Kak
OHa OTHOCHTCSl K TeMIepaType Tesja — He BCETJa IpPOCTO
BBISICHUTh. B Hamell oGblIeHHOM KU3HH MBI 4acTO TOBOPHM
0 TeMmmepartype u GoJiblIeHl 4acThIO 3a0bIBaeM O CJIOXKHBIX
npoueccax, CBA3aHHBIX ¢ 3TUM mnoHsitHeM. HayuuBimmcs
HU3MepATh TeMOepaTypy MHOTO JieT Hasal, (Qu3HKH O4YeHb
JOJIT0 HE MOIVIM IOHAThb, KakK TeMIepaTypa CBf3aHa C KO-
sanyecTBoM Temaa. OuweHb TpyAHo OBWIO JOrafartbcfl, YTO
y TeMIepaTtyphbl ecTh CB3aHHAS C HeH BeJMYHHA — SHTPO-
NHs, yBEJIMYEHHE KOTOPOH, YMHOXEHHOEe Ha TeMneparypy,
OIpee/sieT KOMHYeCTBO TellJla, MONYyYEeHHOTO TeJIOM. DHTPO-
nusi OblIa OTKpBITA TeopeTHuecKH KiaysunycoM u Hpejcras-
JISIeTCA OZHMM H3 CaMBIX YIUBHTEJNbHBIX OTKPHITHH, KOTO-
pbiMH cToab GoraT XIX Bek.

OHTponus Obl1a BBeleHa B (DU3MKY YHCTO TEOPETHUE-
CKHM IIyTeM, TaK KaK He CyLIecTBoBasjo npubopa, KOTOPhIM
€e MOXHO 6blI0 Obl H3MepuTh. HeT naxe crnocoGa cpaBHHTH
SHTPOMHMIO JBYX PAa3HLIX CHCTEM, MOJOOHO TOMY KaK MOXKHO
CpaBHUBaATh TEMIIEpPaTypy ABYX Tel.

Henp3s, wanpumep, B3sTh [Ba COCYA4 C pasHbIMH
rasaMM ¥ CKasaTb, KaKOH M3 HUX uMeeT GOABIIYIO SHTPO-
nuio. DHTPOIHMIO Tasa MOMKHO HalTH B TaGiuLax, HO HET
npubopa, NoX06GHOro 6apoMeTpPy HJIH TEPMOMETPY, KOTOPHIH
6bl TOKa3asl BeJNMYHHY SHTPOIHH.

Knaysuyc mnpuilen X HOHSTHIO 3HTPONHHM, INBITasich
HOHATb IMyOoKuE cMbica uccienoBanuii Kapuo. Kapro,
KaK MBI yXe 3HaeM, JoKasaJ, YTO €C/IH MeXAY JByMs
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«TeJIaMH» — HaTrpeBaTeseM H XOJOAHIbHHKOM — CYIIECTBYeT
o6paTHMBIEl TepMOJMHAMHUECKHI mpolecc, T. €. MOCTPOeHa
TEemaoBasi MallMHa, KOoTopad coBepllaeT paboTy, oTOHpasd
oT HarpeBatens Temno |Q, | ¥ oTaaBad yacTh 3TOro TEmJa
| Q; | xomomunbuuKy, T0 |Qy | 1 | Q, | cBsI3aubl ¢ Temme-
parypamu Ty u T, HarpeBaTenst H XOMOAHJNbHHKA IPOIOP-

nuen
|Qu]:]Qe|=Ty: T,

3To CoOTHOIIEHHME CHpaBefIUBO A JI0G0H TemaoBoi
MalllMHbl, €c/IM TOJNbKO OHa MjeanbHa, T. €. €CJH €e MOXHO
3acTaBUTb paGoTaTh B «OOpaTHYIO CTOPOHY» TakK, UYTOOHI,
3aTpauuBasi Ty e paboTy, oHa oT6Hpaja OT XOJOAUIbHHKA
KOJHUecTBO Temna | Q| M mepefaBana HarpeBaTeNo KOJH-
uyecTBO Temaa | Qq |.

Hanucaunyio nponoputio nyuille nepenycarb Tak: —o- =
=—Q

T
YTO TEMmN0 OTHUMAaeTcsl oT pabouero rasa. Otciofa moay-
gaercs, 4To

. 3mak MHUHYC IIOCTABJEH KaK CBHUIACTEJAbCTBO TOrO,

1 Qg —
Mg nonyunsy BEIpaXKeHHe, MOX0Xee Ha 3aKOH COXpaHe-
Hus. Ilpun paGore mukna Kapro BenMuuna —— IQII , COTHfI-
1
Tas» OT HarpeBaTess, paBHa BeNHUHHE IQﬁl , OTHaHHOH»

XOMOJUNBHUKY .

Cam Kapho, Kak MbI 35aeM, HOJIb30BaJCS MOJEIBIO TeIJIO-
pozra. dra Mojesb JoJMKHA OblTa NPUBOJUMTH K KaKOMY-TO
COOTHOILIEHMUIO, BhIpaKaloIEeMy COXpaHEeHHe TMIOTeTHYeCKOH
TEIJIOBOH KujKocTH. Mogenb Obuia Gbl mpHeMIEMOH, €c/H
6bl BBIIOJHAJNOCH cooTHolleHHe tMna |Q; | = 1Q, |. 3o
o3Hayaso Obl, YTO TEIVIO COXpaHseTcd, a paboTa coBep-
IiaeTcs 3a cyeT nepexoja Temna ¢ GoJiee BHICOKOTO YPOBHSA
Ha OoJiee HHU3KUU.

Ecnu 6b1 TemmepaTypa Oblla aHAJOrOM BBICOTBI, TO pa-
60Ta, NpOW3BOAMMAs MalMHOH, JQ/KHA Obi1a Obl OBITh
NPONOpIMOHANbHOH pasHocTH Temmeparyp. OnxHako, Kak
MBI TOJIBKO YTO BHJeNH, B 00paTHMOM Hpolecce coXpaHsercs
He KOJNUYEeCTBO Temna (WIM TemIopoja), cojeprkallerocd
B Tesle, a Jpyrasl BeJMuHHA, M3MEHEHHe KOTOPOH paBHO
H3MEHEeHHIO MOJABEJEeHHOH TeMI0Thl, NOAEJEeHHOMY Ha TeMIe-
patypy Tena.
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TensoTy, yuacTBYIOLLYI0 B HpoOLecce, HaJ0 «HOJENHThb»
Ha TeMreparypy, TOJbKO TOTJa Mbl NOJYYHM BeJIHYHHY,
COXpaHsIolyocss B o0paTHMOM Ipoliecce.

Vismenum oGosnauenusi u GyneM nucath AQ, BMecTo Qy
n AQ, BmecTo Q,, MOgYEpKUBAs, YTO peub HIET O MOPIHH
teria AQ,, monyuensol paGounM razoM, u AQ,, noTepssHHOH
uM. Jnga mnxna Kapuo

AQ. AQ
T, T T,

Knaysuyc nocryauposad, uTo CyIHecTByeT HEKOTOpas BeJH-
urHa S, KOTopasi, MOZOGHO SHEpruH, AaBJEHHIO, TeMepa-
Type, Xapakrepusyer cocrosiHue rasa. Korma K rasy non-
BoauTCs HeGosbllast mopuus Temna AQ, To S BospacTaer
Ha BeJWYHHY, PABHYIO

—AQ
AS=—.

Bemuuuny S Knaysuyc u HasBas sHTponuem.

Ilocne otkpeitusi Kiaysuwyca cTato HakoHell fICHO,
noueMy OBIJIO TaK TPYIHO MOHSTH CBSI3b MEXAY TEIUIOM M
Temnepatypoil. OkasaJjioch, UTO HeJb3si FOBOPHTb O KOJIHYE-
CTBe TemJsa, 3aKJ/IOUEHHOM B Teje. DTO MOHSATHE INPOCTO
He HMeeT cMbicaa. Temmo MoXeT mepeXofuTb B paboTy,
C034aBaThCs NpPH TPEHHUH H, BOOOIe, HUKAKOH TEHIECHUMH
K COXPaHEHWIO He HMeeT.

B To e BpeMsi TOUHBIH CMBIC/I HMEET MOHATHE KOJHUe-
CTBa TeIa, MepejaHHOro TeJNy HJH e OTHATOTO OT Hero.
Tenso Moxer nepenaBathesi, HO, BOOOIIE TOBOPSI, He COXpa-
nsiercs. Coxpansiolleficst BeIMUMHON B 06paTHMOM MpoLiecce
OKasasach COBCEM HOBasi BeTHUMHA, O CYLIeCTBOBAHHH KOTO-
PO¥ HUKTO paHblle U HE MOJ03peBaJs, — 3TO M Obl1a SHTPO-
nus Knaysuyca.

ITocMoTpuM, UTO NPOMCXOAWT, HANPUMEP, C SHTpONHeH
rasa B mukiae Kapwo.

Cootroltenne 1n51 nukaa Kapro, Hanucansoe BhILIE, 03-
HagaeT, yTo B o6patuMoM nuk/Ie Kapuo surponus pabouero
rasa Ha NepBOM 3Tare OHKJa BO3pacTaeT POBHO HACTOJBKO,
HACKOJIbKO OHa YMeHbIIaeTcsi Ha TpeTheM stane. Ha BTopom
sTamne, Ha KOTOPOM ra3 GbLT H30MHPOBaAH U He NoJ1Y4dal Tella,
€ro SHTPOMUA OCTaBaNach MOCTOSIHHOM; TaKXkKe INOCTOSHHOH
OHa ocTaBajlacb U Ha 9eTBEPTOM 3TaIle.

Takum oGpasom, B ob6paTuMoM nukae Kapuo snTponus
pabouero rasa e u3Mensiercsi, He usMmensercs oHa H npu
ajnabaTHyecKoM Ipolecce.,
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K noHATHIO SHTPONHH MOXKHO NPUHTH M APYTHM NyTeM,
ONpEZENNB €€ KaK BEJUUHHY, KOTOpasi OCTAETCS TOCTOSHHOM
npu agnabaTHYeCKoOM Ipoliecce, — nofobHO TOMY KakK TeM-
nepaTtypa nocTosiIHHAa NPH H30TepMHYECKOM Mpoiuecce. DHT-
pomust oueHb ymoOHa IJisi H3oGpakenusi uuknaa Kapwo,
rpaguK KOTOpOTo npeBpallaercss B mpsMoyronbHuk. Ha Ta-
KOM rpaduke oueHb XOpOLIO BHJIHO, YTO SHTPOMHUS (repere-
KaeT» OT HarpeBaTe/isl K XOJMOAUIbHUKY, a OTOM 06paTHO OT
XOJIONUJIbHHKA K HarpeBaTesIo, NpHYeM TaK, YTo B KOHIE
o6paTHMOro IHKJIa SHTPONHS paGoyero rasa BoSBpaLlaeTcst
K TOMY 3HayeHHIO, KOTOPOE OHa HMeJia BHAuase.

IHKJ KAPHO HA JHATPAMME 7§

Hapucyem nukn Kapuo va guarpamme B nepe-
venslX T u S (puc. 20). Ileperiit sTan — usotepma — 1306~
pamaerca Ha 3ToM rpaduke npsamoll, napasrensrol ocu S.

Bropo#i stam — apumabara; 3TO

T\ #Hoomener npsMasi, mnapanienpHass ocH T.
T JBa mocnepHnx 3Tana — BTOpas
Aduadirme
: u30TepMa H BTOpad ajuabata —
JanyT ABe APYTHX CTOPOHBI NpsMO-
e 4 YTONbHHUKA.

7 io Herpynno naiiTu rpaduueckoe
3, S, s  usobpaxkenue pabothl. KomnyectBo
Tensa, IoJy4aeMoro OT Harpesa-

A=nn @0s) ’ y P

O=rn(aied) q;gJXaé %npe;(enﬂefrcyx dopMyoi

0,=n (Bde) . Tak Kak Temno OTHHMa-

eTcs OT HarpeBaTeJisl IPH NOCTOSIH-

Puc. 20. Lukn Kapro B HOH TemmepaType, TO TOJNHOE KO-

nepemennsix TS. JIMYECTBO TeIJa, OTHSATOE OT Harpe-
BaTeJisl, paBHO Ty (S; — Sy).

Ha punarpavve sta Bennunua n3obpaxaeTcss NJIOMALbIO
npsAMOYTroJibHHKa abed.

Tax xe moscuNTBIBAETCS W KOJMYECTBO TEIIa, OTAAHHOE
xononunbHuKy. Ono pasuo T, (S, — S;). Ora Benuunna
usobpaxkaeTcst Ha JHarpaMMe MJOLIAJBI0 NPSMOYTOJbHHKA
620e. TakuM o6pasoM, NOJIHOE KOJNMYECTBO TemJa, IepeHe-
CeIIHOE OT HarpeBaTesisi K XOJNOAHJIBHHKY (@ S8HA4YHT, H paB-
Has eMy BeJHYMHa paboThl), PaBHO MJIOWAAH 3alUTPHXOBaH-
HOTO IpsIMOYTONIbHHKaA ab6e, u3obpaxaromlero nuka Kapuo.
Koaduupent nosesnoro neficteus 6yner pases OTHOINEHHIO
nJIollafied ABYX PacCMOTPEHHBIX MPSIMOYTOJbHHKOB,
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ITnomans npamoyronsuuka pasua (T — T) (S; — Sy).

Tenepn serko mompaButh paccyxnuenusi Kapuo. Eciou
npeacTaBaAaTh pasHocth 77 — Ty, Kak pasHocTb ypoBHel,
TO PO/Ib Majalolllell XKUIKOCTH — TEIIOpPOoAa — UIPaeT pas-
HOCTb S, — S; 3HaUeHUIl SHTPONMH rasa B Haya/e ¥ KOHIE
npoilecca, a He KOJMYECTBO KaKoH-To cyGCcTaHLUM, NepeHe-
CeHHOM palouMM rasoM OT HarpeBaTessl K XOJOJAUJBbHHKY.

Kpome nukna Kapuo, npoctoro asisi Teopus, HO HEYHOO-
HOTO /Il NPAaKTHYeCKOTo UCMO/Mb30BaKus, CYILIeCTBYeT MHO-
JKECTBO JAPYTHX LHMK/IOB, B KOTOPHIX Tasbl IpeBpallaioTcst
B XKHJAKOCTb, KaK B [ApoBOH MalliMHe, B3pbIBAlOTCS, KakK
B JBUraTesie aBTOMOGHJIS, U T. A. LIuK/I MoXKeT cocTosITh U3
u30xop ¥ aguabar (muxa CrupJunra), us usobap U aguadar
(uakn pT). VX HeTpynHO H300paxkaTh KaK B KOOPAUHATAX P,
V tak u B koopuunatax T, S. Teopuell TAKHX UMKJIOB 3aHU-
MaeTcsl TeXHUYECKasl TepPMOJHHAMEKA.

Pucys pmarpammbl, mosesHo 3uartb, 4TO IVIOMIAAM Ha
nuarpammax pV u TS pnst 0QHOTO U TOTO e LKA PaBHBI
IpYyT APYTY: MJollanb Ha guarpamme pV ecTb moJydeHHas
pa6ota, miomanp Ha AuarpamMme T'S ecTb KOJHYECTBO Mepe-
HeceHHoro Temna. OGe 3TH BEJHUYMHBI PaBHBI APYT APYTY.

CONPA)KEHHBIE BEJIUYHUHBI

Hanumewm eme pas ¢opMyay A1si KoJquuecTBa
TelJ1a, MOJABOJUMOrO B KaKOH-TO cHcTeMe B 06paTHMOM IIpo-
ecce:

AQ=TAS.

Sra popMy./1a HanmoMHHaeT GOopMyYJTy AJIst KOJHUecTBa paboTh,
coBeplllaeMol HaJ TeJOM:

AA=—pAV.

B neBpix wacTAX o6euX (OpPMyJs CTOST BENHYMHBI Tervia H
paboTbl, A/l KOTOPBHIX MMeeT CMBICJ TOBOPHTH JHILb 06 MX
usmenenuu: AQ u AA umeroT BnosiHE YeTKUH (U3HUECKHH
CMBICJI, HO HET BeJHYHH, KOTOpble Gbl MOXKHO OBLIO Ha3BaTh
TenyioM Q mim paGotoit A, comepxkalumucs B Tese. Benu-
uyrHBl T ¥ p HOX0XKHM APYT Ha ApYra: PaBEHCTBO TeMIEPATyp
W JaBjieHMH — IBa YCJIOBHSI paBHOBECHSd, O0€ BeJHUHHBI
H3MepAIOTCS HeNOCPeNCTBEHHO, T — TepMOMETPOM, p — Ma-
HOMETPOM.

EcrecTBeHHO OXMJATh, UTO AOXKHO OBITH YTO-TO OOllee
H y oCTaBIUMXCS JBYX BEJHUHH — JHTPONMH U oObeMa.
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Ozno Takoe cBoHcTBO oueBHAHO. O6BeM J0GOH CHCTEMBI
paBen cymme o6LeMoB ee yacteil. TouHO Tak »Ke SHTPOMHS
CHCTEMBI paBHa cyMMe SHTponui ee yacrell. O6beM H HTPO-
NHs1 — BEJUYMHBL aJJJUTUBHBIE (WJH, KaK TOBOPSAT, 3KCTEH-
CHBHEIE, B OTVIMYHE OT I W p — BEJHYHH HMHTEHCHBHBIX:
T u p cucremst paBuet T u p J060¥ ee yacTu).

Bennuunel p u V Ha3HBAIOT CONpPSIKEHHBIMH BEJIHWYH-
HaMH, TaKXe COINpSKEHHBIMH BeJIHUHHAMY SIBJISIIOTCS SHTpPO-
nusi S u teMmnepatypa 7.

SHTPOIINA HUAEAJIBHOIO FA3A

XOoTSl SHTPOMNHIO HEJIb35l H3MEPHTh, €e MOXKHO
BEIUHC/INTh TeopeTHyecKH. [lpolie Bcero sTo cpenath A1d
HJ€aJbHOTO rasa. ‘

Bosemem 1 Mosb rasa npu mekotopof remnepatype T,
[ycte ras saunumaer o6vem V. IlepeBenem ero B apyroe
COCTOSIHME CO 3HAueHMsIMH TeMnepartypsl u obbeMa T u V.
Crnenaem sto B xBa stana. CHayasa pacIlMpuUM ras H3oTep-
MHYECKH, TaK, YToObl ero o6beM cran V, a Ha BTOpOM 3Tane
HarpeeM ero IpH NOCTOSIHHOM ofGbeMe no teMneparypel 7.

Ha nepBoM sTame ras coBepumut paGoTy (MBI ee BEIUHC-

asnu), paBHylo RT,ln VV— ITpu stoM ras nosyuus or Ha-
0

rpeBaTe/iss KOJHYECTBO TelJa, paBHOE TOH JKe BeJHUHHE,
3HauuT, ero SHTPONHS BO3poOCHaa HA

17/ %4 v
Sl—“So‘—‘ﬂ(RToanE):Rlnv—o.

Ha BropoM srane s narpeBanusi rasa na seauunny AT
3aTpauynBaeTcsl KOJMMUECTBO Temna, paBuoe cyAT. Tlpu stom
SHTPONHMSA rasa Bo3pacTaeT Ha
AS = CVA'I_?:—'
Uro6bl COCUNTATh H3MEHEHHE SHTPONHH, KOTJla TeMiepaTypa
U3MeHsIeTCs1 Ha KoHeuHylo Beauuuny oT Ty mo T, HyxHo
IpOCyMMHpPOBaTh Bce BKaajpl AS, yuuteiBas, uto T pacrer.
ST0 HETPYAHO CHe/1aTh, €CIH CYUTATh, YTO TEIVIOEMKOCTD Cy
ocTaeTcs B TEUeHHE BCEro Ipolecca HOCTOSHHOM.
Beruncsienue 3uech Hajo NpOU3BOXHUTH IO TOH XKe cXeme,
110 KOTOPOH MBI BBHIYHC/ISIIM paGoTy B H30TEPMUYECKOM MPO-
uecce, s HeGosblioro nsMeneHusi o6beMa Mbl NHCALK

AA=—pAV=—RTY,
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uTo mpuBesno K ¢opmyne (mpu T = const)

vV
=—RT lnf/;.

[To aHasoruu MBI MOXKEM HamucaTh H H3MEHEHHe SHTPOIHH
Npu H3MeHeHHH TeMnepatyphl or Ty no T

s_&=wm%.

Orciona yxe npsMo BbITeKaeT GopMyJia IJIs TOJHOTO H3Me-
HEHUS SHTPONHHU:

s_&=wm%+Rm%.

3uauenns Vo u Ty MOryT GBITH BEIGpAHBEI MPOM3BOJBHO, MO-
3TOMy moJsiyueHHass GopMyJsa No3BOJSAET BBIYHCAATH TOAbKO
U3MEeHEeHHEe SHTPONHHU, a He ee alCoJIOTHYIO BeIHUMHY.

PEAJIbHbIY, HEOBPATUMbBIFI MHUP

PacckaseiBasi 0 nmkiaax Kapro, MBI Beerza
MOJUepKUBA/H, YTO BCe mpoLecchkl ofpaTiMel. B peajbHOM
Mupe Tak He ObiBaeT. BosbMeM, Hampumep, COCYA C rasoM,
paszesieHHBIH Ha JBe YacTH TENJIOU30IUpYIOLIEH neperopos-
Koit. IlpexmonoxuM, uto TeMnepatypa B 06€MX IOJOBMHAX
cocyZia pasHas. ¥Y6epeM Heperopoiky. TemnepaTypa HauHeT
BHIpaBHHBaTbCS (BMecTe ¢ Hell BhIpaBHSieTCS U JaBJICHHE).
Hukako#i BRITOZBI OT TaKOro mnporecca MONYYHTh HEb3d,
pasHOCTb TEMIEpaTyp HUcuesaeT, a HUKaKoH BUAMMO#H paGoThl
He coBepluaercsi. HeTpyaHo yBuaeTh u mpHunHY TaKo# «io-
Tepu». IIponecc TennmonposoAHOCTH, Mpolece BEIPAaBHUBAHU S
TeMmepaTypel Heo6paTHM — He 3aTpaTuB paboThl, HENb3st
BEpHYTb CHCTEMY B HCXOAHOE COCTOSHHE.

C TakuM «HCYE3HOBEHHEM» BO3MOXKHOH paGoThl Mbl BCTpe-
yaeMcs Ha KaxjoM mary. OnuceiBasi H30TepMUYECKHH MPG-
1ecc, MpH KOTOPOM TeIlJIo IIE€PeXOAMT OT Harpeparenas K pa-
6oueMy rasy, MbBl 3aMeuyaJid, 4TO 3TOT mpouecc GyneT HEeo6-
paTHM, eclH MexJAy rasoM H HarpeBateseM OyjeT CYLUeCT-
BoBaTb XOTb Kakasi-inGo pasHocTb Temneparyp. HeoGpa-
THMBIe Npolecchl BOSHUKHYT M BHYTPM pacluMpsioLierocs
rasa, ecily €ro Temmepatypa He OyJeT MOAJEPXKUBAThCS
CTPOro MOCTOSIHHOH Mo BceMy oGbemy. Iloatomy Ha camom
Jene nuka KapHo ocyluecTBHTb HENb3fA: JJIs 3TOTO Hao
YHHUTOXHTb Bce nepenajisl TeMneparyp. Ho ecin ato cpe-
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J1aTh, TO TEIVIO NEPeCTaHeT NepeTeKaTb OT HATPEBATeJs U
MaliMHa pa6oTaThb He GyjeT.

YTo 2Ke NMPOMCXOIUT C ra3oM, B KOTOPOM NPOTEKAET He-
ofpaTuMblii mponecc? PaccMoTpuM omaTh COCyZ ¢ TrasoM,
pasjenieHHbIA Ha JBe TOJOBHHBI,  H COCUHTaeM H3MEHEHHe
SHTPONMH Tasa NpH BLIPABHUBAHHU TEMIEPAaTyp.

[Mponecc nepemeluBanusi rasa MOXKHO ONHUCAaTh Tak:

(a)¢fas MOpUHMs rasa pacliupsiercs, U ee ofbeM yBeTHYH-
BaeTCﬂ B 1Ba pasa. byzem jJis npocTOTHI CYHTATb, YTO B Ka-
#J0H NOJOBHHE COCyha HAXONMJIOCh '/, MoJsi rasa M 4TO
B 00euX MOJIOBUHAX JaBJeHHE ONMHAKOBOe. TakK Kak TeM-
nepaTypa nocJie cCMEMINBaHUsl IPUHSAJIA, OYEBHIHO, 3HAUEHNKE
Yy (Ty 4+ Ty), To navenenne surponuu GyjeT paBHO

AS =%<cvln nitTe 4 Rin 2) +

1 Ti+Ts
LI
+2<0Vn22

_ T+ T,
+Rln2> evinbt +RIn2.

3aMeTuM, uTC 3TO NOJCKHTeNbHOE yHcao, Tak Kak (T, +
+ Ty)? = 4T,T,. Sutponus eospocia. Toabko B ofpaT-
MBIX NPOIECcaX SHTPONHS CHCTEMBI OCTAETCS MOCTOSIHHON —
NIOTEPH SHTPONHH OJHOHN YacThIO KOMIIEHCHPYIOTCS BLIUTDHI-
mmeM Apyrofi. SHTpPONHs HarpeBate/sl YMEHBILAeTCs! POBHO
HACTOJbKO, HACKO/IDKO YBEJIMYHBACTCS! SHTPOMHS paGoyero
rasa,T.e. naTQ- Mornens rensopoza paGoTaer Xopollo, KOraa
Halo ONHCHIBATh NIepejlauy Temna OT HarpeBaTess K paboueMy
rasy. Ho xorna paGouuii ras orgaer Tenno (, XOJIOAU/Ib-
HHKY, TO 3TO KOJIMYECTBO TeIia MeHbIlle, YeM TO, KOTOPOE OH

A
NOJIY4YHJI OT HarpeBaTesd. B 10 ke BpeMs SHTpoONu A 7? , iepe-

JlaBaeMasi XOMOJHMJIbHUKY, B TOUHOCTH paBHA SHTPOINMH,
NoNy4eHHOM OT marpeBaTessi. B o6GpatuMoM mpouecce OT
HarpeBaTeNsl K XCJIOJMJIBHUKY B LEJOCTH U COXPAHHOCTH
nepejiaeTcsA SHTPONHS, a HE KOJHYECTBO TEIJa.

Ecnu 651 370 3521 Kapso, To, HaBepHO, 0 JaJblie pac-
cyxzas 6bl Tak. Ecoiu B MK/ mepefaeTcsi KOJUUECTBO Tell-
Jopoja (mpeanonoxuM, uro KapHo Tak HasBaj Gbl SHTPO-

NHI0), DaBHOE &, YMHOXKasi 3Ty BEJUYUHY Ha PasHOCTb
1

TeMnepaTyp, NoJayuuM, 4To pafoTa, nMpou3BeJCHHAA Malliki-
HOH, paBHa

T—T
T (r-Ty)=0 D5,
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B arofi ¢opmyne, KoHeYHO, Mbl y3HaeM BbIpaxKeHue AN

paGoTHl MjeaJbHOTO IHKJAa C K03()PUIHEHTOM MONE3HOTO
o T,—T

ReHCTBHS M= —17—2 — BhIpaKeHHe, MOJYYEHHOE JIHIlIb

1

Knaysuycom cnyerst Muoro sier nociie cMeptu Kapuo *).
W Bee-TakM MojeJb TEIVIOPOZKA CNACTH HAM He yhaercs.

B meofpatuMblX mpolieccaX SHTPONHSI HE cOXpaHsieTcs, H

€e HHKaK HeNMb3s B TaKMX MNpolieccaX OTOXAECTBJATb C TEN-

JIOPOJIOM, KOTOpHIH, MO CaMOMY CBOEMY CMBICHTY, He JOJIXKeH

HH co3jaBaTbCcs BHOBb, HHM HcuyesaTb GecciepHo. Tak urto

C TEMJIOPOAOM NMPHXOJHUTCS BCe K€ PAaCHPOCTHTHCH.

IJIATA 3A PABOTY

MEI roBOpHJIM, YUTO €CJIH MOMBITaThCS peasnso-
BaThb UJICAJIbHBIA KK/, TO MbI BCTPETHMCS ¢ Hepa3pelluMbiMH
npobaemamu. I'maBHOe, mago mpoc/euTh, 4ToChl TEMIepa-
Typa rasa Bcerja TOYHO paBHsJIach TeMIepaType XO0JI0AHJb-
HUKa U 4ToObl pacIliMpeHHe rasa H ero cxkatHe NPOHCXOAUJIH
Obl oueHb MeJJIeHHO — HHaye He GyAyT ycneBaTbh BLIPABHH-
BaThCsl TeMnepaTypa U JaBleHHe B raze. Takoll LUKJ XOTH
U HJieasieH, HO HU Ha YTO He TOJHMTCS: €ro MOLIHOCTb OYyHeT
CTPOTO paBHa HyJI0 — Jiio6ad pabora mnoTpefyer OecKo-
HEYHO GOJIBIIOTO BpeMeHH. UToOBl MOMYYHTb KaKylo-u6o
pabory, NpUXOAMTCS HAPYyMIaTh KECTKHE YCJIOBHSA Hjealb-
Horo uukia. Ho kak Toibko ycsoBust GyAyT HapyLIeHSI,
B HUIPY BOHJAET TEIJIONPOBOJHOCTD — MEXAY Y4YacTKaMu
C pasHo# TeMIepaTypoki BO3HHKHET NOTOK TelJIa H, KaK GO
CKa3aHOo BBbIllle, BO3PACTET SHTPOIMHSI.
Ilpu usorepMmueckoM pacliipeHdd (Ha MepBOM 3Tare
uukna KapHo) sHTponud BospacrteT He Ha %, a Ha 607b-
1
yio BeanuuHy. TOYHO TaK e IpH mepejaue Tervia XoJo-
ZUIbHUKY SHTPONHUS YMEHBIUHTCS HE Ha %—%2, a Ha MeHbIIYIO
BesnunHy. B pesysbprate sHTponusi paGoyero rasa mocie
BCEro IMKJa BO3pacrer.
Orcrona cefyeT ofiHa U3 caMbIX BaXHBEIX TeOpeM, IJiacs-
as, 9yTO M3MEHEHHEe SHTPOIMH Tesa (WM CHCTeMbI) BCeria
Conmblle, YeM KOJHYECTBO TeIJIa, HOJBENEHHOIO K Teay

*) KapHOo 3Haj, YTO «IBMXKYIas CHIa OTHS» 3aBUCHT TOJBKC OT
Ty u Ty, HO KaK MMEHHO 3aBHCHT — OH He 3HaJl.
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(cucreMme), menenHoe Ha aGCOJIOTHYIO TeMOepaTypy Tena:

AQ
AS>—7-,—.

3HaK paBeHCTBa OTBeyaeT ofpaTHMOMYy (T. €. MPaKTHYECKH
HeoCyIIeCTBUMOMY) Ipolieccy.

Bospacranne sHTponHH — 3TO IJaTa 3a peasbHYIO pa-
6OTy TemyIoBOH MalUHHE!, 3a TO, YTO MalllHHA MMEET MOLU-
HOCTb, OTJIHYHYIO OT HYJIA.

Ecan Mpl XoTHM, uTOGHl KaKaf-To MalllMHa COBEpIIMJIA
paboTy, TO 3a 5TO HeOGXOAUMO 3aIIaTHTh He TOJbKO PacXo-
JIOM SHEpTHH, HO H BO3pAcTaHHEM SHTPONHH CHCTEMBbI. JHep-
THIO MOXKHO BEPHYTb, OTJaB 06paTHO MoJydeHHyic palory.
Bo3spociyio sHTpONHIO YMEHbIIHTE (G€3 JoNOoTHUTEIbHON pa-
60Thl) HeNb3s — B OGpATHOM Ipollecce OHa elle GoJblue
BO3pacrer.

Hasepro, 6Gbli1o Gbl pasyMHee M3MeHHTb 3HaK B ONpeje-
JIEHHH SHTPONHH — BeJb €CJIH YTO-TO TepseTcs, TO JIOTHYHO
rOBOPHTbL 00 yMeHblUeHHH. B Teopuu nHdopManuu Tak H
JeJaloT — TOBOPAT O «HETSHTPOIHH» — SRTPONHH ¢ 06-
paTHBIM 3HAKOM.

[TnaTuTh SHTpOmMeH HajO HE TOJNBLKO 32 COBEPLICHHYIO
paboTy, Hafo IVIaTHTb U 3a JoGoe H3MepeHHe.

Bosnbnomy nocraBusmu tepmomerp. CronGHK PTYTH BHa-
gaje He Obl1 BHAeH. K TepMomerpy molues MOTOK Telja OT
Tes1a GOMBHOTO, H CTOJGHK PTYTH NMOAHSJCSA BBepX. Bmecre
C TeM yBeJIHYuJach SHTPONMUSA TepMOMeTpa H YMeHbLIH/IACh
(nesnaunTesILHO) SHTpONHS GOMBHOTO. DHTPOMHS CHCTEMBL
GoJibHOI - TepMoMeTp Bospocia HeoGpatumo. Heabssi mo-
CTaBUTb T€PMOMETD TakK, YToObl IOTOKA TemJa He BO3HHKa-
JI0, — JJIS1 3TOTO Hajo 3HATh TeMnepatypy GoJbHOrO 3apa-
nee. Ho umenno Takofi uHdopManyuu BHayajse HET — HHAYe
3ayeM OBbLIO CTAaBHTb TEPMOMETP.

Kakoe 6bl n3mepenye HU GbLIO MPOH3BEJEHO, 3a BCE HAJ0
3amVIaTHTb SHTponued. B HameM Mupe m0G0H BBHIMIPHILI
B paGore, /060e H3MepeHHe 00s13aTe/bHO NPHUBELYT K yBe-
JIMYEHHIO SHTponHH. BospacTanue sHTpPONMMH CONMPOBOXKIAET
Hac Ha KaxpuoM uary. Tpenue, TemIonpoBORHOCTD, AUQPY-
3H$1, BA3KOCTb, J2KOYJIeBO TeIJI0 — BOT HEKOTOPBIE M3 OCHOB-
HBIX MeXaHH3MOB, KOTOpHIE YBeJHUHBAIOT 3HTPOIHIO.

OHTpONHS H30JHPOBAHHOH CHCTEMBI pacTeT 1O TEX MOp,
NoKa cHCTeMa He MPHAET B COCTOSIHHE TePMOJAHHAMHYECKOro
paBHOBeCHs, KOTJa B HeHl IpekparaTca Bce HeoOpaTHMbie
TpoLecCHl.
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B cocrostHuu TeNJIOBOTO paBHOBECHS SHTPONHUS JIOCTUTaeT
CBOEr0 MaKCHMaJbHO BO3MOXHOro 3Hauenus. I'as moTomy
«3a6bIBaeTy O CTEHKAX W CTOJIKHOBEHMSIX, UTO B COCTOSIHHH
€ MaKCUMaJIbHOH SHTpONHEH eMy HEUeM «3alljaTUTh? 3a MH-
¢opMaimio 0 XapakTepe yAapoB, 60 3HTponusi GoJblie
pacTy He MOXKeT.

EHIE OJJHA ®OPMYJA JJIsl BHTPONHU

Il sHTpoONKH, OTHECEHHOH K 1 MoJiio Hjeatb-
HOTO Tasa, MBI MOJYYHJIH (opMyy

S—So=cvln%—|—Ran!‘;.

Ecan Bocmomb3oBaThes ypabHenueM cocrosuusi pV = RT
M C €ro NoMollpi0 MCKMOUHTb V, To mosyuum

S——So=(cV—l-R)1nTlo+Rlnp%,

nJn

s—so=cp1n7,10+Rln£,

rie Cp = Cy + R — 3T0 TemI0eMKOCTb INPH IOCTOSTHHOM
JlaBJeHHH. MoXHO Temnepb 3aKJ/IOUHTb, YTO BBIpaBHHBaHHE
JIaBJIEHHS1 NPH IIOCTOSIHHOM TeMIepaType TakKiKe NPUBOLUT
K YBeJHUYEHWIO SHTPONHH. MexaHH3M BHIpaBHHUBaHUS JaB-
JIEHHSI COCTOMT B TOM, YTO YacTHLBl rasa, CTajJKHBasiCh,
nepejaloT ApYT APYTY KoJuuectso xsuxenusd. Ilpu sTom
YaCTHIH rasa, KOTopble HMEIOT B cpe/iHeM 60oJIbIINe CKOPOCTH,
IIepealoT YacTh CBOETO MOMEHTa ADYTMM YacTHLAM: NPOHC-
XOIUT TopMoMeHHe Gosee OBICTPBIX YacTHIl. JTO — Bsi3-
KOCTb rasa. BAskocTh BKJIIOYaeTcs B AeHcTBUE, KOTa B rase
(umy xupKocTH) *) BO3HMKAKOT pasHocTd jAaBaenui. Korna
J1aBJICHHS BHIPABHUBAIOTCS, MBI ONSITh MOXKeM 3a6HTh O TOM,
YTO YaCTHIB! CTAJKHBAIOTCS MeX1y coboli. Hukakux Bocmo-
MHHaHHH 06 5THX CTOJKHOBEHHAX B COCTOSHHH pPaBHOBECHS
He COXPaHMJIOCh.

*) BA3KOCTB CyluecTByeT H B TBePAHIX TeJaX, TOMNBKO TaM ee TpYyA-
Hee 3aMeTHTb. 3BYK, pacnpocTpaHsiomuiics B TBEPIAOM Tese, 3aTyXaeT
H3-32 BSA3KOCTH — B CBHHIIEe OhicTpee, B MeXd MeJJieHHEe, a B Chblpe
3BYKOBble KOJNI€OaHHSI COBCEM He BO3HHKAIOT,
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ABA HAYAJIA TEPMOJHHAMHKH

Mbr npomu yxe GObliyio YacTb OYTH, H
MOXKHO cJle/laTb KpaTKyl0 OcTaHOBKY. I[lo3amu ocTajach
UCTOPHSI O TOM, KaK H3 OYeHb CMYTHBIX IpeACTaBJCHHH
O TemIoTe M TENJIOPOAS BO3HHMKJ/H HOBbIE NOHSATHS: SHTpO-
nusi, TeMmneparypa, BHyTpeHHsist sneprus. Mcropus reopuu
TelJla OKasaJjach MOXOXeH Ha 3anyTaHHBIM neTeKTuB. Be-
JIMYHHBI, KOTOpble 3aHfJH [IJaBHOE IOJOXEHHE B 3ToH
Hayke, HeJab3s OblIo HAGMIOZATb HJIH M3MEpPHTb HErocpes-
CTBEHHO.

Henb3si maxe ckasaTh, 4TO HOBblE NOHSTHS BO3HHUKJ/IH
H3 HOBBIX ONBITOB. TOJIBKO oOmpejiesieHHE MeXaHHYeCKOro
bKBHMBaJIeHTa Temja B ombiTaXx JIXKOy/s MOXHO OTHECTH
K (yHaMeHTaJ/IbHEIM ONbITaM B 3ToH o6sacTH, aa u To KapHo
¥ Mafiep BEIYHC/HJIH 3Ty BEJHYHHY CYLUIECTBEHHO paHbLIe
Ixoyns, He NPOM3BOASI HHKAKUX HOBBIX 3KCIEPHMEHTOB.
CrpofiHoe 3jaHHe TepMOJMHAMUKH SIBUJIOCH pPE€3yJbTaTOM
pasMBIILLIEHHH O &IHHCTBE (PU3UUYECKHX 3aKOHOB, O ITyGOKOH
CBfISH, KOTOpasl MOJIKHA CYIIeCTBOBAaTb MeXAY PpasHBIMH
ABJICHUSIMH TPHUPOABL. YcNeX TepMOAMHAMUKH IOKa3blBaeT,
HAaCKOJIbKO CIIpaBe[jiHBa Halla yBEpPEHHOCTb B TOM, 4TO
OpUpojia ympaBJsieTcsl MPOCTHIMH 3aKOHAMM H YTO 3TH 3a-
KOHBI MOT'YT ObITb OTKPHITHl # NOHATH. CaMoe YANBUTE/NbHOE
B HalleM MHpe — 3TO TO, YTO OH IIO3HABaeM.

3aKoHBl, yIpaB/siOle TEMJIOBBIME SIBIEHHAMH, OKasa-
JiMchb pocTeIMA. [IpakTHyecKy Besi TepMOAUHAME KA CTPOUTCS
Ha JIByX [OCTyJaraX, KOTOpHE HasuBaroT HauanaMu. Onu
Gbltu copMyJupoBanbl Kiaysuycom u TomconoM.

ITepBoe Hayaso TepMOAUHAMUKHM — 3TO 3aKOH COXpaHe-
nus sHepru. OH BK/oyaeT B ce6sl NPUHLUMII 3KBUBAJIEHT-
HOCTH TeIIa H MeXaHu4yecKoH paGoThl (3TUM OH OT/IMYAeTCs
OT 3aKOHA COXpaHEHHs SHEPTHH B MeXaHHKE), U €ro MOMKHO
chopMyupoBaTh TaK: M3MEHEHHe BHYTpEHHEH SHeprHu CH-
CTeMEI paBHO CYMME HOJBEAEHHOrO K Hell Tella U coBepluae-
MOH Haj Hell MeXaHHYeCKOH palGOTHI.

Btopoe nauaso TepMOAMHAMHKH CBSI3aHO € 32KOHOM BO3-
pacTaHds SHTPONUH:. SHTPONMS 3aMKHYTOH CHCTeMBl He
MOXKET YMeHbLIAThCH. DTOT e NMPHHIHI MOXKHO copMyiH-
poBaTh W HHaue: He CYLIECTBYeT TAKOro Ipolecca, eIUHCT-
BEHHBIM pe3yJ/IbTaTOM KOTOPOro GbL10 Obl OXJIaXKAEHHE OJJHOTO
Te/lla M coBeplIeHHe MeXaHHuecKo# paGorel. Henbss npeBpa-
TUTb TeIJIo B paGoTy LEJHKOM; N0Jis Telia, IPeBPallleHHOro
B paGoTy, HE MOXeET NpeBHILaTh 3HaueHHU sl HYHKIHUH Kapno.
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B stoT nHaGop mocTynaToB BXOYaeTcs elle H TPeTHHd —
TpeThe HayaJio, HMeHyeMoe TaKxke TeopeMoit HepHeTa: HuKa-
KHM KOHEUHBIM YHCJOM ONepalMH HeNb3sl OXJaAuTb TEJIO
JI0 TeMmepartyphl, paBHofl abcosoTHoMy HyJo. Teopema
HepHucera ecth Ha caMoM jenie c/iefCTBHe KBAaHTOBOH Mexa-
uuku. O6 aToM, KoHeuHo, HepHCT He 3HaJI, HO OH ICHO BHJE
CIELCTBHSI CBOEH TeopeMbl I/ TEOPHH TeIIa.

JBa Hauana TepMOXHHAMHKH 3amnpellaioT, OOBSABJISIOT
HEBOSMOXKHBEIMH BeuHblE JBHIaTend.

IlepBoe nayasno 3ampeliaeT BeyHHIAl ABHraTejb NMEPBOTO
pojia, T. e. JBHraTesib, coBepllaiolluii paboTy 6e3 3aTpaThl
TeIUIa HJIH BHYTpPEHHeH SHepruH KaKoH-/n60 cHCTeMbl. JTOT
3ampeT Kaxercs cefiuac yxe TpHBHANbHBIM, K 3aKOHY CO-
XpaHEHUs! 3HEPTHM IPHBLIKIH B MEXaHHKeE.

BTopoe Hauaso oGbSB/IseT BHE 3aKOHA BeuHBIH JBHTa-
TeJb BTOPOro poja, NOOBIBAIOWME 3HEPTHIO OT ONHOTO Ha-
rpesartess, T.e. paboTaloliufl He Ha MNepemaje Temia, a
JIHIIb 33 cYeT Temia OFHOTO Tesla. DTO MOPO3HJibHEK, KOTO-
PHIH He TOJbKO He MOJK/IIOUEH K CeTH, HO M HarpeBaeT KoM-
HAaTy 3a cyeT TemJja, OTOGPAHHOTO OT 3aMOpaKHBaeMBIX
nponykroB. IToxoxkero s3akona B MexaHHKe He Obuio, H
OObACHHTb, TOYEMY HeJIb3SI MOCTPOHTb BEUHLIH JBHTraTeNb
BTOPOTrO poja, oueHb TpyxHo. IIpuumun Bo3pacTaHusi 3HT-
ponmuH — 3To CBOHCTBO HAIEro MHUKPOMHpa, KOTOpoe, GHTh
MOXeT, U HeJ1b3d CBECTH K JApYruM, 6osee MPOCTHIM 3aKOHaM.

Bospacranue sHTponuyn onpezesisieT U HaNpaBJieHHE Bpe-
MenH. PanoaKTuBHBIN pacnaj, TopMOXKeHHe NapallioTHCTa,
PacXoji SHEPTHH NPYXKHHbI 3aBEJIEHHBIX YacoB (MJIH 3HEPTHH
3JIeKTpHuYecKol GaTaper) U, B KOHIIE KOHIOB, CTapEHHE BCEX
Hac — BCe 3TH NpoLecchl MPOUCXOAAT B OJHY H Ty 2Ke «CTo-
poHy», Gnarogaps ¥M MBI OTJHuaeM Gyjayluee OT NpoOILen-
1mero. YAuBHUTENbHO, YTO BO Bcel H3BecTHOH HaM BceesieHHOH
BpeMs TeueT B OJHY cTopony. Poxnenue nna Bcex Haluno-
Jartejedl mpejuecTsyeT rufesu, NpHYHHA HHKOTAA H HHTAE
He onepexaeT CJAEINCTBHH.

Bcrony, Bcerna SHTpPONUS pacTeT, 3ajaBasi «CTpesy Bpe-
MeHH» — TaK HHOIJA HasblBAlOT TO, 4TO OTJIHYaeT «Bue-
pa» oT «3aBTpa».

XO0JIOANJIbHHK

Xorsi o6paTHMOCTb LHKJOB B TEIIOBOA Ma-
LIMHE HCIO0JAb30BaNach BO MHOTHX PacCyXIEHHAX H Teo-
pHAX, OYeHb AOJI0 HHKOMY HE NPHXOAHJIO B TOJIOBY, IJid
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Uero MoKeT NMOHANOCHTLCH HA NMPaKTHKE Tem/oBasi MallMHa,
Kotopas paGorana 6bl B 0OpaTHOM HanpaBsieHuH. [Touemy-To
Hlesi KOMHATHOTO XOJIOZHJIbHHKA BO3HHKJA CPaBHHTEIBHO
EefaBHO. KoMHATHHIE XOJIOAMJIBHHMK, HAaGHUTHIH JBIOM, MO-
SIBUJICS B KBapTHpaX JHIIb B CepefdHe HPOILIOrO BeKa,
a 3JIEKTpHuecKN# XOJNOIMJIbHHUK, KOTOpPHIH cTOHT cefigac
HOYTH B KaXJOH KyXHe, MOSBUJCA B MpOJaxe JHULIb B Iep-
BHIX JeCSITHJIETHUSX Hallero BeKa.

Eciu ocTaBUTB B CTOPOHE KOHCTPYKTUBHBIE COOOpaike-
HHSl, TO XOJOJHJIbHUK paboTaeT 110 TOMY Ke NPUHLIHUNY, UTO
U TemjoBasl MallWHa, TOJbKO BCe OIepaluH IPOBOASATCS
B ob6partuoM nopsake. Lukn C samenen

pﬂ\ “ Ha uuka C-* (puc. 21).
ITpy u30TepMHUYECKOM pacLIdpeHHH
g Ha 3Tame 82 Temwio AQ, OT XOJOAHJb-
e HUKa MEepexXOfuT K OXJ/a:KAalolleMycs

rasy. Hanblue ra3 aguabaTH4eCKH CXKH-
4 MaeTcsl JI0 JaBJIeHHsI, OTBEYAIoero To4-
L . Ke 0, B KOTOpPOH ras BCTyNaeT B KOH-
¥V TakT c varpeBaTesieM (KOMHaTOH) H [Ije
Prc. 21. lluxa xo- oH B mpolecce H30TePMHUECKOTO CXKaTH
JORUNBHAKA, JIO TOUKM @ TepejaeT HarpeBaTenio (B
JIeACTBHTEILHOCTH — MPOCTO  BO3AYXY
KoMHaThl) Temyo AQ;. Ha sTo sarpaunBaercsi paGora. Ha
noc/efiHeM 3Talne ras aguabaTHYecKH paclIUpseTcs] H «BO3-
BpalllaeTcsi» B TOUKY 6. B X0JIOIUIBbHOM LHKJE Ha yYacTKe
66a paboraeT Kommpeccop (B MPSMOM LHKJIe 3T0 ObLI LH-
JIMHJIP C TOpIIHEM, KOTOPHIH CYKUJI HCTOUHHKOM paboThl).
BmecTo KoMmmpeccopa B CTapBIX XOJIOJUJBHHKAX JaBJIeHHE
rasa MOBHILATOCh HarpeBaHHeM, I[OC/Te HarpeBaHHSA ra3
BBITEKaJ, paclIUpssich, B NpPAKTHUECKH NYCTOH COCYA.
Ipu pacmmpenuu ero TeMmepaTypa yMeHbIIasach.

KoMHaTHBIH XOMOAUIBHUK OXJIaXK(aeT NPOLYKTHI H Harpe-
BaeT KoMHaTy. Korja-To, Korja XOJOJHUJNBHUKH TOJBKO
BXOJHU/IH B OHIT, pPeK/JaMHpOBaJach 3JeKTpHUeckKasl IUIHTa,
KOTOpasi NOBOPOTOM DYKOATKH HpeBpaliajach B XOMOXHJb-
HUK. Dbina sim sTa muuta ypoGHa M Xopolla, HEH3BECTHO,
HO OHa MPeKPacHO JIEMOHCTPHPOBaJa OCHOBHYIO HJEI0 06-
patumoro mukiaa Kapwuo.

J1s XonoxuNbHAKA HE OYEHb IPOCTO ONPENENHUThH BeJIH-
4HHY, NOXOGHYIO KO3(pPUIHEHTY MoJIe3HOro AeklcTBUS Y Tel-
JioBoro apurartensi. Ha nuarpamme T'S (puc. 22) BuaHo, 9TO
OT XOJNOIM/bHHKA OTHHMaeTcs Temno AQ,, a HarpeBaTemo
ornaercsi Temno AQ;; u306HTOK mMomoAHseTcs paboToi,
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coBeplaeMOH KoMmpeccopoM. Ity paGoTy, Kasajoch OFI,
MOXKHO cZe/aTh CKOJb YTOAHO MaJjoH, eciu Obl pPasHOCTb
TemIeparyp HarpeBaTesss U XOJNOAHJbHHKA Takxe Obla Obl
JocTaTouHo Majoii. OnHako Ha NpakTHKe HarpeBare/b 3a-
nan. Temmeparypa HarpeBaTesiss — 3TO TeMmeparypa KOM-
HaTel. SIcHO, YTO B OUeHb XOJIOAHOH KOMHaTe OXJIaAUTh NpO-
JAYKTBL JIeTye, 9eM B 2KapKO HaTOIVIEHHOH, U B 3aBHCHMOCTH
OT ycs0BUH saTpayeHHas paboTa MOXKET CKOJMbKO YTOJHO
NPEBHLIIIATh KOJHYECTBO OTOOPAHHOIO TeIia, KaK 3TO JIETKO
BHJIeTb Ha pHc. 23.

r
o T4 g
7
e
A z -
A=nn@083) 7, -2 g
1 Gmwamoe memmo~
=n11(6208) 7 e
2
A s ¢
_ i (Bede) <1
7 e 5 " i(adde)
Puc. 22. Pa6ora XOJMIOXUJbHHKA (HE Puc. 23. SddexTtus-
obszatenbHo uuka Kapaol), HOCTb XOJIOJMJIbHHKA,

OrHollenye BeJHYMHBI NPOM3BEIEHHOH pPaGOTHI K Be-
JIMYMHE OTOOPAHHOTO y XOJIOAHJIbHHKA KOJHYeCTBa Tella,
KOTOpO€ XapakTepusyeT 3(¢eKTHBHOCTb XOJIOAHJIbHHKA,
MO2KeT GbITb OYEHDb MaJIbIM, €C/IH XOJOAMIbHHK JIHIIb Clierka
MIOHHKAET TEMIEepaTypy, HO MOXKeT ObiTb M CKOJIb YTOXHO
GoJbLINM, eciH TpefyeMasi pasHOCTb TeMIEpPATyp HO/KHA
ObiTh GoJbLIOH. Bpsn /v CTOMT HashBaTh BENUYHHY, KOTO-
past MOXET UMeThb JI0Oble 3HAueHUs OT HYJS Jo GecKoHey-
HOCTH, K03(¢HLueHTOM HosesHoro jaeiictBus. Ee mpuuATo
HasbBaTh 3(PEKTUBHOCTBIO.

HACOC TOMCOHA

Cefilyac HMKOTO He YIHMBJSET, YTO XOJOIU/b-
HMK HarpeBaeT KoMHary. M3 Broporo Hauaja TepMojuHa-
MUKH CJeLyeT, YTO HeJb3d NOCTPOMTb Npubopa, KOTOPHIH
Grl oxJlaxJall KakoH-To oO0beM, He 3aTpauuBas COBCEM pa-
GOTHI.
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Brio 661 x0polIo HMeTb KyXOHHBIA KoMOafiH, KOTOPBIH
3aMopakuBaJl Obl IPOAYKTHI U BapuJs o6efi, He TpeGys mura-
HHMA OT CceTH. 3TOo, OJHAKO, 3alpellleHO BTOPHIM Haya/JoM
TePMOJMHAMUKH.

Ho ecnu ne TpeGoBaTh OT X0JIOAU/IbHUKA HEBO3MOXKHOTO,
a 1ocTaBHTb @epe] HMM OoJiee NMpOCTYIO 3ajadyy oOorpeBa
KYXHH, B KOTOPOH OH CTOMT, TO OH, Ka3a/Jochb OBl, MOXET
370 cAenaTh MOYTH OecmaTtHo. Takylo Ha NepBbIH B3TVIAL
CTpaHHYIO ycTanoBKY npuayMan Tomcon (KenbBun). O ee
Has3BaJl TeIJIOBbIM HAaCOCOM.

Ec/n Ha KyXHe ecTb 6aJKOH, TO MOXXHO NOCTaBUThL XOJIO-
JIMJABHUK B NpOJIET IBepH, ABepHedl Ha yJauuy, a 3ajHei
CTeHKOH B KyxH!0. OTKpoeM JBeply XOJOIUIbHHKA H BKJIO-
YUM €ro B CeTb., XOJOIHJIBHHUK O0Y-

7

1 2 ; IeT nepeKaudBaTh TEIVIO, OXJaxuas
7 yauiy U uarpeBasi Komuary. OH Mo-
A g JKeT MePEeHOCHTb MHOTO TellJa, 3ar-

paunBasi oueHb MaJo pa6oTH: JJf
9TOTO HaJO TOMbKO, YTOOHl Nepenaj
TeMIeparypbl 6bl1 HeGobIIHM. Torna
miolllanb KpHBOH, H306pakaroulei
7 o>y € S yuga, GyleT MaleHbKoH (puc. 24),
a KOJIMYeCcTBO [IepeHeCeHHOro TemIa —
Puc. 24. Hacoc Tom-  GosipmmM. OmmGKE B 3TOM paccyk-
coua. J€HHH HeT — MBI NIPOCTO HCIOMB30-
BaJlM pexuM paboThl XOJMOAMJIBHHKA
¢ Gonpuio# 3¢PeKTHBHOCTHIO, 0 KOTOPOH y2ke GbLI0 paccKa-
saHo. TensoBolf Hacoc — He oueHb MOJE3HbIH mpUGOP, HO
OH NPEBOCXOAHO HJUIIGCTPHPYET PasHHUIy MeXIy NepBBIM H
BTOpPBHIM HayaJjIoM TepMoiuHaMukH. IlepBoe Hauaso yTBEpXK-
JlaeT 3KBUBAJEHTHOCTb TeIsla H paGoThl, BTOPOE YKasblBaer
Ha UX NPUHUMNHAJbHOE pasjiuue: yToObl NoJayyuTh pabory,
HAaJO cOo3laTh MNOTOK TemJja; NOCaeNHHH, ojgHaKo, 00sA3a-
TEeJbHO COMPOBOXKJAETCS POCTOM 3HTPONHH, HO He 00d-
3aTeJIbHO CBSi3aH ¢ GOJBLUIMM H3MEHEHHeM BSHEepruH CH-
CTEMBI.

[lapanoKca/lbHOCTb TeNIOBOTO Hacoca COCTOMT B TOM,
Y4TO OH CO3JaeT PasHOCTb TeMIepaTryp IouTH 0e3 3aTpaThl
paGotel. B o6bluHOM e mpoliecce TeIIONPOBOAHOCTH pas-
HOCTb TeMIrepatyp Hcyesaer 6e3 coBeplleHHs paboTel. Ec/u
Tenepb MOCTPOHTH TeMJIOBOH JBUraTesib, KOTOpbIH Gbl pabo-
Ta/l Ha TOH PasHOCTH TeMIepaTyp, KOTOPYIO CO3JaJ MOYTH
OecIIaTHO TEIVIOBOM Hacoc, TO TaKoH ABMIraTeNb GYAeT Ebl-
AaBaTb paGoTel He GoJibllie, 4eM GbIO MOTPAaueHO HA CO3Aa-
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HHMe 3TOH pasHOCTH (a B CHJIY HEOGPaTHMEBIX NOTepb JHaxKe
Menblne). HepaBeHcTBO B 3akoHe SHTpONUH paboTaeT YeCTHO
B OHY CTOPOHY: JIETKO IIOTePSATb SHEPTHIO, HUYETO He IMOJY-
4UB B3aMeH, HO HeJb3s ee JOObITh, HHUEM 3a 3TO He 3aIJa-
THB.

POPMYJIA BOJIbIIMAHA

INocse Tomcona u Hepucra 3panue knaccuue-
CKO# TepMoJuHaMUKH Gblio 3aBepiueno *). Ho k Tomy Bpe-
MEeHH, KOTJa B TepPMOJMHAMUKE 3aBepLIM/IHCh, TaK CKa3aTb,
OTZe/IoYHBle paboThl, Pa3BHJICS HOBBLIM B3rJfA[ Ha (U3HYe-
CKHe SIBJICHHS, B3IV CO CTOPOHBI KHHETHYeCKOH Teopuu
rasoB. Hajgo 6blIO COENHHHUTHL B ONHO IEJOE€ TO, UTO JeJajt
Makcsesa, u 1o, yero focturiu Tomcon u Heprer. C Toukn:
3peHuss Makceesia ras — 3T0 KOJIUIEKTHR YacTHL, Kaxjaas
U3 KOTOPBIX ONHCBIBAeTCS ypaBHeHHeM MexaHuku HbioTona.

BonbmmM ycnexoM KHHETHYECKOH TeOpHH Tras3oB OBLIO
00bsICHEHHE JaBJIeHUs U BHYTpeHHeH sHepruu. MocT Mexny
MeXaHUKOH M TepMOAMHAMHKOH BBITJIAJEN BIIOJIHE HaAEX-
HBIM, ecJid Obl HE OfHA €ro cJabocTh — B MEXaHHKe He GbLIO
MecTa 3HTPOMHH.

Haiitu sTo MecTo oKasasioch 3ajjauell HeoGblualHO TPV~
Ho#l. Korza ona 6blia, HakoHell, pelleHa B 1872 r. Boabu-
MaHOM, TO BHOBb NOBTOpPHJIACh cTapas ucTopusi: bBojbuman
BCTpPETHJI HENOHMMaHHe GOJBIIMHCTBA cBoMX KoJsuaer. Cra-
poe MOKOJIEHHE He BHAEJNO MpPHYHH, KOTOpble ONpaBiblBajId
Obl mepecMOTp BIOJIHE XOPOIUEH TEOpPHH TelJa.

Bonpuman yBujes, 4To sHTponus MOsBASETCS B KHHe-
THYeCKOH TeopUH KaK pe3yJ/ibTaT NPHMEHEHUs NOHATHA Teo-
PHH BEPOATHOCTH K CHCTEMaM, Ha KOTOpbIE 0 HETO CMOTpeJIH
TOJNBKO C TOYKH 3pEHHs MEXaHHKH.

®opmy.sia, oTkpbiTasg DosbuMaHoM, HMeeT O4eHb MHPO-
CTOH BHI:

S=*klnw.

Osia cBsAI3BIBAa€T TEPMOAWHAMHYECKYIO BEJHUHHY — SHTpO-
THIO CO CTAaTHCTHYECKOH BEJHYHHOH W — BEPOSATHOCTBIO CO-
crosiuust. Kosdounuent k£ Guun goGaBien B 3Ty GopMyay
nosxe IlmaHkKOM, KOTOpPBHII M HasBaJ €ro IOCTOSSHHOH
Bosbumana. B ¢usnke ectb KopoTkue (GopMyJbl, MOJHBIE
ray6okoro cMeiciia. OHM YCTaHABJAUBAIOT CBA3b MEXKAY Be-

*) TepMonuHaMuka BHIMVIsSIZeNa HAacTOJbKO 3aBEPLIEHHOH, 4TO
yueHuK ['mipb6epra Kaparteonopu nmpuiyMal CTPOrOe H3JIOXKEHHE TEpPMO-
JHHAMHKH (COBCeM KaK B MareMaTHKe), OCHOBaHHOE€ Ha aKCHOMax.
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JINUMHAMH, KOTOpbI€ paHbllle CUMTAIKUCh MMEIOUIHMH COBCEM
pasuyio npupopy. Taxk, ¢opmyna Hreiorona f=vﬁ£?—'
yCcTaHOBHJIA CBsI3b MeXJy Maccol M CHJIOH TAroTeHus;
dopMmyna ditnmtedina E = mc? o6bejuHNNA JIBa COBEPILEHHO
pPasHBIX B KJacCUYeCKOH MeXaHHKe MNOHATHS — Maccy |
sHepruio; ¢opMyna Ilnanka fiw = & OTKpHLIA CBSI3H MeXKIY
YacToTOH M Hepruedl kBauTa; ¢opMyna Xa6bna v = HR —
CBSI3b MEXKJY pacCTOSHHEM JO ralaKTHK H CKOPOCTBIO HX
pasberarus. dTo Bce BeJHKHe GopMyJbl, H dopMmyna Bosbi-
MaHa 3aHHMaeT cpeJH HHX IOYETHOE MecTo, a caM Dosbuman
ocTascs B UCTOPUH, KaK OJHMH M3 IVIaBHBIX co3faTesedl cTa-
THCTHUUECKOH (PH3UKH.

Uro6bl moHATH cMEICA GopMysasl Boabumana, paccMmor-
puM cocyn o6veMoM V,, B KOTOPOM HaXOAUTCS HJeasbHBIHA
ras. AToMbl rasa GecrnopsilOYHO ABHKYTCS BHYTPH COCYAA.
C TeuenueM BpeMeHH KaXKABIH aToM NOGBIBaeT ONMHAKOBO
yacTo (C OXMHAKOBOH BEPOATHOCTBIO) MPAaKTHUECKH BO BCEX
yacTax cocyra. He penas GonbLioH oWHGKH, MOXKHO CKa-
3aTh, YTO MOJIOBHHY BCETO BpeMEeHH KaKIBIH aTOM NPOBOXHT
B NpaBofi, a MNOJOBUHY BPEMEHHM B JIEBOH IOJIOBHHE COCYJa.
Takxe MOXKHO yTBepXKJaTh, YTO €CJHH COCYA MBICJIEHHO
pasfiesieH Ha yeThipe paBHBIE YacTH, TO B KaXIOH M3 HHUX
aTOM NIPOBOZHUT OJHY YETBEPThL Bcero BpeMenu. IIpomomxkast
3TH pacCyXJAeHHS, MOXKHO 3aKJ/IOYHTb, UTO B KaXJOM Bhl-
neneHHoM o6beme V (HesaBHCHMO OT ero ¢opMbl) aToM Hpo-

BOJIMT JI0JII0 BPEMEHH, PABHYIO -, ecnuV, — ofbeM Bcero
0

cocyzna. D1oT GaKT MOXKHO ONHCATh TaK: BEPOSTHOCTb HAHTH

aToM B o6beme V paBHA w= VL
0

CoGepem Temepb Bce MHTepBaJbl BPEMEHH, KOIJa Hall

aToM (MBI 0GO3HauMM ero aToM I) HaxouTcss B oGbeme V,

u OyneM clefuTb 3a APYTHM aToMOM — aToMoM 2. DToMy

aTOMy HeT HHKaKoro jesa 10 NMOBEJEHHS H MeCTOHaXoXKJe-

Hust atoma 1. IlosTOMy He3aBHCHMO OT TOTO, Iie HAXOAUTCS
Vv

aToM 1, aToM 2 10J110 BpeMeHH 77~ TAK2KE IPOBOAUT B 0GbeMe V.
0

OTo 3HauuT, uTO 32 HEKOTopoe Gosbiloe Bpemss T atom I

GyneT HaxonuTbcsl B oGbeme V B Teuenme Bpemenun T, =

vV
= V—OT' 3a a10 ke BpeMa Ty atom 2 GyneT HaXOAHTbCA
B ToM Xe oOpeMe V B TeueHue BpeMeHH
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Orciona MOXHO 3aKJIIOUUTh, YTO BEPOSITHOCTH HalTH B 06®-

2
eme V aTom I u aToM 2 BMecTe paBHa wz-—-(Vl) . 910 pac-
0

CYXJ€HHE MOXKHO NpPOJOJIKHTD, BKJIOUHB B HETO H JAPYTHE
aToMsl.
Takum o6pasom, BeposTHOCTb HalTH B o6beme V Bce Ny
aToMOB (Becb MOJIb) paBHA
v\'a
wns=(7) -
OTa BEPOATHOCTb OTHOCHTCS K TAKOMY CTPAHHOMY COCTOSI-
HUIO, KOTJA ras, 3aNoJHAMUA Bechb COCYH, CAydYafiHO co-
XKMeTcst U 3aiMer o6beM V. Uuneso ABoranpo HeBooGpasumo
BE/IHKO, IO3TOMY Wy, OYEeHb Maja: HHKOTZa He ObIBaerT,

yTOObl a3 caM OYHCTHJ XOTs Gbl CAMyI0 HE3HAUMTENbHYIO
JloJio o6beMa, T. e. yTo6bl V oTyiinyasioch ot V,, Ha CKOJIbKO-
HHOYb 3aMETHYIO BEJHUHHY.

Ecnu MBI Tenepb cpaBHUM (GOpMyny /s BepPOSTHOCTH
C BhIpaXKeHHeM JJIs1 SHTPONHUHU HAeaabHoro rasa (mpu T = T)

4
S —S8;=Rln Ve
WIH, LIS OJHOH MOJIEKYJIb,
|4
S— So = kln V—o N
TO YBHIHM, 4TO *)
S _— So = k ln w.

910 u ectb dopmyna DosbuMana mia ugeanbHOro rasa
npu T = const.

KAK 3ABHUCHUT § OT TEMIEPATYPbI?

HokasaTenbcTBo GopMysibi Bosmbumana aas
rasa, B KOTOPOM MeHSeTCS TEMIepaTypa, CYLIECTBEHHO
Gonee coxHO. MBI IpHBeJeM He BIOJIHE CTPOTOE paccyK-
JieHue.

,UJIH 3TOro BCIIOMHHMM, YTO Mbl I'OBOPHUJIH B CBSI3U C pac-
npegesieHueM ckopocTed MakcBesia.  Bygem  caemuthb

*) Ha caMoM fieie MBI BbIYHCJISIEM He caMy SHTPOIHIO, a ee mpHpa-
IeHHe NpH mepexoze ot obveMa V,y K o6beMy V. DHTpOmHA HCXOZHOTO
cocTosiHHSA rasa (temnepatypa T,, o6beM V) ocraercsl HeompeneneHHOMH
TIOCTOSTHHOH, DTO OTHOCHTCS H KO BCeM JajbHeHwnM (popMyJam,
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32 TeM, KaK JBHIKYTCSl aTOMBbl B IPOCTPAHCTBE CKOPOCTeH,
T. €. KaK H3MeHsieTcsl CKOPOCTb aTOMOB cO BpemeHeM. B ot-
JHune OT OOBIYHOrO NPOCTPAHCTBA, NPOCTPAHCTBA KOOPIH-
HaT, B KOTOPOM aTOM MOT HaXOJHUThCS B J1I0GOH TOUKE C paB-
HOH BEPOATHOCTBIC, B NPOCTPAHCTBE CKOPOCTEH €ro «KOoOop-
JMHATH» U IPHHUMAIOT JIMLLb 3HAY€HHUS, OJIM3KHE K CPELHEMY
3HAYEHHIO CKOPOCTH:

v, =0V kT.

Meur He GyneM yTOUHSTB, 0 KaKoH cpenHell CKOPOCTH HJET
peub — CcpelHeKBafpaTHuHoli, Haubosee BepOATHOH W
T. A., — 1 OCTaBUM Ko3dpuuuent o 6e3 BuuManusi. CKopocThb
aTOMOB, KakK 3To cJIefyeT u3 pacnpenenenuss Makcpenna, ne
paBHa TOUHO U.,. Ho MoxHO ckasaTh, uyto 60ablUas yacTb
aTOMOB HMEET CKOPOCTb, KOTOpas OTJHYaeTcst OT U, He
6Gonee uem na B}/ kT, rne p — elle ofHa NOCTOSIHHAS, TOY-
HBIA CMBICJI KOTODOH HaM He BaiKeH. :

Taxoe yTBepXKJIeHHe MOXKHO ONpaBlaTb, €CJHH BCIOM-
HUTb, YTO TOBOPHJIOCH O JUCIIEPCHH — pa36poce 3Hauenui v?
(nym sHEpryuHM) OKOJMO CpeliHerc 3nayeHusi (cTporoe o6ocHO-
BaHHE €ro CJ0XHO). MoXHO CKasaTh, YTO B IPOCTPAHCTBE
CKOpOCTE# MOJAABJANINAS YacTb MOJIEKYJ OKasblBaeTcs B
o0BeMe, B KOTOPOM BCe TOUKH HAaXOJSATCS Ha pacCTOSIHAM, HE
Gosbliem yem mnpumepro P11/ kT, oT ToukH, oTBeuarolllel
3HAUEHHIO KOMIIOHEHT CpefiHeH CKOpOCTH.

Tenepb MoXHO CKa3aTb, YTo B NPOCTPAHCTBE CKOpoCTeH
TIOUTH BCE aTOMbl HaXoHsITcs B 0GBbeMe BENHYHHOH INOpsKa
p® (kT)%2. Ecnu teMmepaTypa rasa M3MEHMJach 1O 3Haye-
waa T, To sTOMy B NpPOCTpaHCTBE CKOpOCTell OTBeuaer
KapTHHA, B KOTOPO#H MOUTH BCe aTOMH! «CTOJIIHJIHCEY B MEHb-
weM obveme, ecin T << T, niu «pasbexaauchy B GOBIIMIT
ooreM, ecin T > T,

BbruncuTh BEpOATHOCTb TAKOTO PEAKOro COOBITHS COB-
ceM npocTo. Hazno gmeficTBoBaTh Tak ke, KaK JeHCTBOBAJM
MBI [IpH BEIYHCJICHHH BepPOSTHOCTH «COGHPAHHSI» Ta3a B MEHb-
muA o6beM B OOBIYHOM NpPOCTpaHCTBe. BeposiTHocTh 3Ta
paBua

SNA

o= (E "

Kak Jierko BHIeTb, K03(hHUIHUEHThl HCYe3AU B3 GOPMYJIbl —
NOTOMY-TO Mbl HMEJH (CHOBAHHE HMM HE€ HHTEPeCcoBaThCs.
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OuTponus paBHa JorapudMy 3TOrO BhIpaMKEeHHsS, YMHO-
XeHHOMY Ha R. 3Hauwur,

S—So=cvlnT10 (npu V =Vy),

TaK Kakd/; Ny = Cy ecTb TemsoeMKocTb 1 Mosist rasa npu
HOCTOSIHHOM o6beMe.

BriBenennas ¢opmyJia coBnajaer ¢ ToH, Koropasi Gblia
nojyyeHa u3 repmojuHaMuKi. OfHAKO eC/I¥ CPaBHHUTH 3TOT
BBIBOJ| CO CTAapLIM BEIBOJOM, B KOTOPOM BBIUHCJISIOCH KOJIH-
YeCTBO TemJa U paboThl H COBCEM HE YIOMHHAJach BEpOsT-
HOCTb, TO NPHXOJHUTCS YAHBJSATBCS, CKOJMb DPasHbIE TOYKH
3peHus B QH3HKE NPUBOAAT B KOHLE KOHIOB K OJHHM H TEM
xe QopmynaM. BosMoxHOCTE cMOTpeTh Ha (H3HUECKHE 5IB-
JIEHH S C CaMBIX PA3HBIX TOYEK 3pPEHHS] — XapaKTepHoe CBOil-
CTBO COBpPeMEeHHOH HaykH. Hayuurbcs sToMy — nepBefiiast
3ajaya eCTeCTBOHCHBITATEJ .

MJIOTHOCTb COCTOSIHUH

CoBceM No-ApyroMy MOSIBJISIIOTCS SHTPONHSA U
TemmepaTypa B CHCTeMaX, B KOTOPBIX JAEHCTBYIOT 3aKOHbE
KBaHTOBO¥ MeXaHHKH. B Takux cucremax, Kak, Hanpumep,
aTOMHOE $IpO, HENb3Sl H3MEPATh Y YacTHL (HYKJIOHOB) HX
KQODAHHATBI H cKopocTd. Jla 3T0 M HHKOMY HE HYXKHO.
ATomHoe SIpO XapaKTepH3yercst TeM, KaKHe 3HAUEHUS! SHEp-
THM OHO MOXET MMeTb *), — 5TH 3HAU€HHs SHEPTHH COCTaB-
JISIeT TO, YTO HA3LIBAIOT CHEKTPOM aTOMHOIO sfpa.

Eciu aToMHOE fp0 noJyyHsIo H3BHE GOMBIIYIO SHEPTHIO,
HampuMep, OHO 3aXBaTHJIO HEATPOH, TO MoC/Ie TAKOTO aKTa
3axBaTa OHO C NpPHMEPHO DABHOH BEPOSATHOCTBIO MOXKET
OKasaThCsl B OJHOM H3 MHOTHX (KOHEYHBIX» COCTOSIHHM.
O6bem sipa nouTH He H3MeHseTCs, [03TOMY cBoGoja BbiGopa
KOHEYHOI'0 COCTOSIHHS OTpPaHHYHBaeTcsi BHIGOPOM IHEPTHH.
3ajaua CTaHOBHTCS MOXO0KeH Ha 3a7auy BbIYHCICHH S BEPOSIT-
HOCTH B npocTpaHcTBe cKopocteil. OnHako B caydae sjipa
Mbl HHYETO0 HE 3HAaeM O CKOPOCTSIX HYKJMOHOB. 3aTo MHI
3HaeM, 4YTo y fipa ecTb MHOT'O ypoBHeH sHepruu. B Kaxjpom
MaJIeHbKOM HHTEDBajie 3HEPTHH (eC/IH caMa SHEpTHA He

*) Kaxpoe cocrosiHue s/pa, KPOMe 3HepTHH, ONHMCHIBaeTCs elle
pANOM JPYTHX XapaKTePHCTHK: CHHHOM, 4YeTHOCTBIO H T. A. O HHX
MBI O/IPOGHO TOBOPHTH He GYNEM, HO OHH BaXKHbl, TaK KaK MOXeT GblTh
MHOTO COCTOSIHMII ¢ OJHOH SHeprued, oTAMYAIOUMXCSA APYTHMH Xapak-
TEPUCTHKAMH,
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OUEHb MaJsla) PacHoJIOXKeHO CPaBHUTENBHO MHOTO YpOBHeH,
H MBI MOXKEM FOBOPUTb O YHCJe YpoBHEH An Ha eMHHYHBIN

untepBan sueprun AE. Takyio Beqnuuny A_Z:‘

IJIOTHOCTBIO ypOBHeH u o6osHayaioT o (E). MoxHo BHI-
CKa3aTh TaKyl0 TMIIOTe3Y: BEPOSTHOCTb Ha#TH sjpo (mocne
3axBaTa HeHTpOHA) B HEKOTOPOM COCTOSIHHH IPONOPLHO-
HaJIbHA IJIOTHOCTH YPOBHEH B TOM HHTepBaJie SHEPTHH, B KO-
TOpHIH IOMajaer sApO IO 3aKOHY COXpPaHEHHS SHEPTHH.

Ecnn BEIGpaTh KaKyl0-To IVIOTHOCTb YPOBHSA 3a CTaHZAPT-
HYIO, STAJIOHHYIO g H OTHOCHTb IJIOTHOCTH YPOBHEH K 3ToH
NPOU3BOJILHO BHIOpAHHOH €IHHHLE, TO [/ SHTPOIUH IONY-
yuM no opmyJse Bosbumana

= £
S—klnpo.

Ha3bIBaIOT

Taxo# rpy6Goi#t dhopMyso# MOXKHO HONB30BATHCA [Js NPHU-
GJIMKEHHOTO OIMCAHHUS CHCTEM C JOCTATOUHO GOJIBIIMM YH-
coM creneHedl cBo6oapl. OHa Hallla, HampuUMep, KpacHBoe
IpUMEHeHHe JJIfl ONHMCAHHS SJEPHHIX peaKIHH.

TEMIIEPATYPA ATOMHBIX AJEP

B 1937 r. Bop mpepnoXui onuceBaTh Anep-
HEE pPeaklUUH C TMOMOWIbIO MOJENH COCTaBHOTO, HJIH KOM-
nayum»-sapa. Mzest aTo#l Mofesin cocTosisia B TOM, YTO peak-
HydA, KoTopas NPOHUCXORHT NPH CTOJKHOBEHHH HEHTpOHa
C SIAPOM, OMHCHIBaeTcst B aBa 3rama. IlepBhiil aTanm cocTout
B 3axBaTe HeHTpoHa sjnpoM. Eciu sHeprust HedTpoHa He
BeJIKa, TO OH GHICTPO pacTpaunBaer ee. He#iTpon npursiru-
BaeTcsA SAPOM, M 3Ta 3HEPIUsl NPHUTSKEHHS «pasbasapu-
BaeTCs» MEXIY HYKJOHAMH, TaK YTo BHYTPH ffipa yCTaHaB-
JIMBaeTcsl HEKOTopoe CTAaTHCTHYeCKoe pacnpenenenue. Uem
6oJIbllie SHEPTHM NoNajaeT B sApO, TeM GoJblle OHO <BO3-
6yxpaercs» U TeM GoJblle CTAHOBHTCS IJIOTHOCTb €ro ypoB-
HeHl, KoTopasi pacTeT oyeHb OHICTPO C 3HepTrHeHd Bo30yx-
JeHus,

B TakoM cocTOSIHHH SIpPO OCTaBaThes JOJTO HE MOXKeT.
INono6uo narpeToll KuAKOH Kamje, sApO HOMKHO OTAATh
H3CBLITOYHYIO SHEPTHIO M OXJajuThcsl. Majulllek sHEprun
O6y4yT YHOCHTb <HCIApSIOUHecs» YaCTHIH.

IToT mpolecc MOKeT GHITh ONHCAH aHAJOTMYHO HCIape-
HHIO C NOBEPXHOCTH Harperoft kammu. Mcnapsomuecs Mo-
JIEKyJIBl pacnpejieniaiorces nmo Makcsesny, ¢ TeM TOJIBKO OT-
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JIMYHEM, 4TO paclpefie/ieHHe 3JeCh ONHCHIBAET HE IOKOs-
wuiica (Kak Lesoe) ras, a MoTok *) MoJIeKyJ1, BbIIETAIOLIHX
M3 XuAKocTH. UTOOR omucaTh NpoLECC HCIAPEHHS YacTHIL
U3 sjpa, HaJo 3HATh TeMmepaTypy sigpa. Ho Mbl 3naem
TOJIbKO 3HEPTHI0 BO30OYXKIEHHS M IUIOTHOCTb YPOBHEH —
TeMIeparypy ke sapa Mbl U3MEpUTh He MoxkeM. Hu oxun us
npu6opoB, M3BECTHBIX TEPMOMETPHCTaM, JaXKe B NPUHIHUIE
He TOAXOJMT JJ/IS1 BEIMOJIHEHHS TaKoil 3ajaud. 3aTo TeMie-
paTypy sipa MOXKHO BEIYHCJHTb.

Ecnu HeMHOTO BO36GYAHMTDH PO, A0GAaBUB €MY SHEPTHIO
AE, To ero sutponusi Bo3pacTeT Ha

AE
AS=—F,

TaK KaK yBeJIMYeHHe SHePTHH SIpa ¥ NOABOJ TelIa K APy —
aTo oHo ¥ To xe. IloxcraBasisi ciofa suauenne AS, mosy-
upM **)

1 _,Alnp
T—k AE !

T. €. oOpaTHasi TeMnepaTypa paBHa H3MeHEHHIO JioTapu¢ma
[JIOTHOCTH YpOBHEH ¢ sHepruell Bo3Gyxaenuss. UeMm cuib-
Hee BO30yXKJeHHe, TeM GoJblie IVIOTHOCTb YPOBHEH U TeM
GoJipllle TeMriepaTypa fnpa.

TemnepaTypy sapa ecTeCTBEHHO U3MEpPATh He B I'pafiycax
KenbBuHa (B KeJbBHHAX), a B SHEpreTHYECKUX ENHHHLIAX,
T. €. B JIXOYJ9X, U30aBUBLIMCh, HAKOHEl|, OT IOCTOSHHOMH
Bonbimana k. OpHako JK0y/ab — eJUHHIA CAULIKOM GOJlb-
asi, Mo3TOMYy TeMmepaTtypy (Tak Ke Kak M SHEPTHIO BO3-
OykIeHHSI ]pa) NPHUHATO H3MEPSTh B MHJIJIHOHAX 3JIEKT-
pou-BosbT: 1 MsB = 1,6-10-% 3pr = 1,6.10- )k wusu
1 MsB = 10 K.

KoHneuno, npuMeHenue K APy HOHATHS TeMIepaTyphl He
oueHb 06ocHOBaHO. UHC/O YacTHIL B spe HEBENHKO, U SAPO
He 3a0blBaeT NOJHOCTBIO CBOIO HCTOpHUIO. TeM He MeHee Bo
MHOTHMX CJIydYasiX CIEKTP cKopocTell HeHTPOHOB, BhlIeTalo-
KX U3 BO30YXKAEHHOTO S]pa, OYeHb NOXOXK Ha CHEKTP Mo-
JIEKyJl, HCHapsIolluXcs U3 Harpertodl Kamiu. ToJbKo TeM-

*) B TakoM pacnpenesleHHH MOSBJSIETCS JHIUHHA MHOXHTENb U,
(2 — HOpMa/b K MNOBEPXHOCTH), YYMUTHIBAOMHHE TOT (PaKT, UTO MOTOK
4acTHIL NPONOPIHOHANEH NPOM3BEJEHHIO WX INIOTHOCTH HA KOMIIOHEHTY
HX CKOPOCTH.

**) Pp MOXHO OTGPOCHTb, KaK IOCTOSAHHYIO,
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neparypa, KOTOpoH OTBeuaeT pacnpefieieHUe YacTHIl, OYeHb
Goabliasi. MoxHo nokasarh, YTo TEMnepaTypa fipa pacter
NpUMEpPHO KaK KOpeHb KBaJpaTHBIA K3 3HEPTHH BO36YKJe-
HHS H COCTaBJ/IsieT (B SHEPTeTUUECKHX eUHKIIAX) NPUMEPHO
1—1,5 M5B npu sxepruu Bo36yxnenust 10 MsB B obnactu
snep ¢ A = 100. 3ro cooTBeTCTBYeT NPUOGINSUTENBHO
101 K, Tak uTo HEHTPOHHBIH «Hap» Haj AAPOM HA CaMOM Jiefe
oueHb ropsiuni!

[Tpumep ¢ Temmepatypol sapa MHTepeceH AJIS Hac elle
U TeM, 4TO B sJpe B €IUMHUIlaX 3HEPTUM HU3MepsSIOT JBe Be-
JIMUHHBl — BeJMYHHY BO3OYXKIEHHS M TeMnepaTypy, NOKa-
3bIBAIOLLYIO0, K&K H3MEHSIeTCS MJIOTHOCTb YPOBHEH C POCTOM
sHepruu Bo3OyxueHus. MiMeHHo 310 pasnnume Mexny Ko-
JMUYECTBOM TeMmJIa H TeMmIeparypoil TpyAHO OBIJIO MOHATH
HallUM NpejKaM.

CIIUHb! B PEIMETKE

[Tpennonoxum, 4TO y Hac €CTb KpHCTaslJHyge-
CKasl pelleTKa, B y3/JaX KOTOPOH DAaclOJIOXKeHbl HEMOLBH M-
HBlE OJIMHAKOBEIE aTOMBL. [1yCcTh y KaX10T0 aToMa ecTh yrJo-
BOH MOMEHT — CIIMH — H CBSI3aHHBI# CO CIIHHOM MarHUTHBIA
moMeHT. O noxoxel cHCTeMe — CUCTEME SJleKTI.)OHOB — MLI
y2Ke TOBOPHJ/IM BpIllE.

Bce, 4To HaM HaNO 3HaTh 06 aTOMaxX, — 3TO TO, UTO €CJAH
aGcoJioTHas BeMMUMHA CNUHA aToMa paBHa $f, TO ero npoek-
WS Ha HanpapJeHHe MAarHHTHOTO HOJIS MOXKET NPHHHMaTb
He Jo0bie 3HayeHus, a Jullb 25 + 1 3HayeHUH, paBHHIX

—sk, —(s—1)A, ..., (s—1)7#, sh.

MarsuTHBIH MOMEHT aToMa HanpabJeH 1O ero CIHHY, a Io-
TOMY €r0 NPOEKIMs Ha MaTHHTHOE M0JI€ TaKKe INPUHHUMaeT
2s + 1 3nauenui.

Ecnu Mbl 0603Ha4NM MaKCHMAaJIbHYIO BEJIMYHHY NMPOEKIUH
MarHHTHOTO MOMEHTa uepe3 gus, TO ero BO3MOXKHbIE NPOEK-
nuu 6yRyT

—gus, —gn(s—1), ..., gu(s+1), gps.

O6Go3nauenne MarHUTHOTO MOMEHTa TpeMsi 6y KBaMK HMeeT
CMBIC/I. [ — 3TO eJMHHIA U3MepeHus. Ecu MarHuTHBIHA Mo-
MEHT CBfI3aH ¢ 3JEKTPOHaMH (Kak B pacCMOTPEHHOH paHble
MoJieNiu), TO B = W, — MaTHeToHy bopa u MarnuTHBI# Mo-
MeHT gs uaMepsietcst B MarseTosax bopa. Ecau MaruuThbiii
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MOMEHT CBfI3aH C SApOM, TO R = Uy — SIAEpHOMY Marse-
TOHY:
eh
My = 2Mye”?

rae MP — Macca npoToHa, u MarHUTHBIH MOMEHT HsMepserca
B SIJIEPHEIX MarHeToHaX.
Tounble 3HaueHHst 3THX BEJMYMH TaKOBHI:

mo = 0,578839 - 10-8 3B/apcren,
py =3,1525-10-12 3B/spcren.

Exnnnns BRIOpaHb! TaK, YTOGH MMOCJE YMHOMXKEHHS Ha BeJH-
Y{UHY MarHMUTHOTO MOJsSA NoJyuyasiach Obl sHeprus B 3B.

Hakonen, g — 3T0 OTHOLUEHHE MaTHHTHOIO MOMEHTa
K yIJIOBOMYy — TaK Ha3biBaeMOe T’HpOMarHHTHOE OTHOIUEHHE,
Ono MoKeT 6HITh NOJOKHTENbHBIM H OTPHLATeJbHEIM. ¥ Ipo-
10Ha g = 2,8, y nefiTpona ¢ = —1,9. Y oanux anep g < 0
(kak y 3emsmn!), y npyrux g > 0.

Bo BHellHeM MarHHTHOM IIOJi€ SHEPTHS MAaTHUTHOTO Mo-
MeHTa aToMa paBHa —mg Mo, rie m npuHUMaeT OAHO W3
2s + 1 3navenuit:

m=—s, —s+1, ..., s—1, s.

SToT BBEIBOZ MOXKHO COPMYJIHPOBATL H HEMHOIO HHAYE.
S1Apo B MarHAUTHOM noJje uMmeeT 2s -+ 1 ypoBHeH sHepruu,
TaKHX, 4TO Pa3HOCTb SHEPTHH MeXIy YpPOBHAMH IIOCTO-
sIHHA M NpOINOpIMOHAJbHA BEJHYHHE MAaTHUTHOTO IIOJIA.
MoxHO 9T0 yTBepKJeHHe NPHHATb Ha Bepy M He pasOu-
paTbcs B JI0KasaTesJbCTBE BooOlle.

PABHOBECHE CITMHOB U TEMIEPATYPA

ITycTe cHayana HHKAaKOTO MarHHTHOTO IOJisI
HeT. Torsa noBOpPOTH CNIMHOB HE BIHAIOT Ha SHEPTHIO H CIIHH
C OJIMHAKOBOH BEPOATHOCTBIO HMeeT Jo6YIo U3 28 + 1 npoek-
uui. Yca0BHO MBI H300pasuM 3Ty KapTHHY TaK, 4TO Ha KaX-
JoM u3 2s -+ 1 ypoBHeH, KoOTOppe HMEIOT OAMHAKOBYIO
SHEPTHUIO0, HAPUCYEM OMHAKOBOE YHCJIO KPYIKOUKOB (pHc. 25).
INocne Bk/lOYeHHS MAarHMUTHOTO MOJs B NEPBHIH MOMEHT
KOJIHYECTBO aTOMOB Ha KaXXJOM YPOBHE HE YCIIeeT H3Me-
HHTbCS, XOTSl SHEPTHS YPoBHEH CTaHET PasHOM COIVIacHO

dopmyne e, = —mg pof.
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Ecnu Gel aToMBbl ObLIM LOJHOCTBIO H30JHPOBAHBE, TO HX
CIHHBI, KaK CBOGOJHBIE MAarHUTHBIE CTPEJIKH, HE MOIVIH Obl
OCTAHOBHTBHCST — JJIS OCTAHOBKH HYXHO TpDEHHE B OINOpE.
Posib Tpenus 1ss atoMoB OyJieT HIpaTh HX B3aMMOJEHCTBHE

¢ JApyruMH aToMaMH, ¢ KOTO-

£, -0—o0—0—— pbIMU OHH OOMEHHMBAIOTCS 3HEp-

£, —0—0—0———— /-0 rueii. 1o u GyJeT npoLECCOM yC-

£5—0—0—0———— ,_, TaHOBJIEHHS TEIVIOBOTO paBHOBe-

£,—0—0—0—— cus. B pesysnbrate yepes HeKo-

TOpOe BpeMsl paclpeie/eHne

Puc. 25. Pacnipesesenne ato- CIIMHOB aTOMOB IO YPOBHAM Oy-

MOB 6e3 MAarHMTHOTO IOJ. JIeT onmMcHBaThes hopMyJioi, no-

xoxell Ha popmyny Makcseana,

a HMEHHO: YHCJIO aTOMOB, KOTOpble OYAyT HAXOAMTBHCS

Ha mM-M ypOBHE M MMeTb 3HEpTHIO &, MNPOIOPUHOHAIBHO
3HAKOMOH Yy2Ke IKCIOHEHTe:

g mauoH

w(m)=Ae B Ay o

Kosbpuuuent A omnpenensiercs M3 YCJIOBHS, 4TO IMOJIHOE
uuClo siep 3aJaHO M paBHO, Hanpumep, N:

A }s‘_, w(m)=N.

m=—s

Cymmy (oHa ecTb reoMeTpHuYecKasi IPOTPECCHs ¢ OTHOLIEHHEM
8uoH

COCeHHX 4JICHOB, DaBHBIM e T ) JIerKo BHIYHCJHTH, HO
MBI 3TO JesaTbhb NofApoGHO yxke He OyzeM.

Pacnpenenenne cnMHOB aTOMOB B TEMJIOBOM PaBHOBECHH
HJIIOCTPHpYeTcs Ha puc. 26.

£, 9
£ *—o H#0
£, —o—oo—— pabwobecue
E, ——0—0—e——

£4 >£3 >£2 >f,

Puc, 26, CnuHE B MarHUTHOM MOJieé B TEIVIOBOM PaBHOBECHH,

Mgl BUAKMM, UTO MOXKHO F'OBOPHTH O CIMHOBOH TeMnepaType
aTOMOB, DTO ecTh BeJHYHHA, KOTopas ONpele/seT 3aKoH
pacnpefiesieEHsl CIHHOB [0 Pa3HBIM IPOEKUHAM B MarHUT-
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HoM nosie. Ecou Temnepatypa ouenb Beqnka (T —- 0o0), To
SKCIOHEHTA CTAHOBHTCS PaBHOHN elMHHLE W Bce W (m) cra-
HOBSITCSI PaBHBIMH JPYT APYTY.

Pacnpeziesienie CIMHOB aTOMOB N0 YPOBHSIM B MATHUTHOM
oJIe MPUBOJMT NOYTH CPasy K HEOXHJAHHOMY NApajoKCy.

OTPUUATEJIBHBIE TEMIEPATYPbI

Xors1 Bcerjia yTBepxkKaaeTcss — U 3TO YTBep-
JKJIEHUE MIPABUJIbHO, — YTO a6COMIOTHBEIA HYJIb IPEACTABJISET
co6oil caMylo HU3KYIO H3 BO3MOXHBIX TeMneparyp, Qusuku
4acTo rOBOPAT H 06 OTpHULATENbHBIX TeMmepaTypax.

[lycte aToM MMEET chHH '/, U, COOTBETCTBEHHO, HMEET
B MarHHTHOM TIOJIE€ BA COCTOSIHHMA ¢ m = ==1/,.

Ec/iu MarHuTHBIE MOMEHT aToMa mojoxutesen (g > 0),
TO y Gosblleli yacTH aTOMOB CIMHBI HampaBJeHB! MO MOJIO.
Haxke npu T = oo BepOSATHOCTH O0OMX HampaBJeHHH, Kak
Mbl BHUJEJH, TOJBKO CpPaBHUBAWOTCA, ITO 3HAYHT, YTO,
CKOJBKO OBl HH MOABOIUTb K
CHUCTEMe Tellia, HeNb3s caenarb £, —e—e—s—o—e——

TakK, YTOObl COCTOSIHHE C 60Mb- £, —e—0—0———

el sHepruedl  BCTpEdaloCh g P 7<g
yame — 6510 GbI GOJIbINE «Ha- 55 _

ceJeHO», YeM  cOCTOosiHHE ¢ 7 N
MeHblIEH sHeprHedi. Tem me 4776276575,

MeHee TakKod o06paTHOM 3aCe-  pyc, 97. Pacnpeetenne npu
JIEHHOCTH MOKHO JIOCTHYb C II0-  «oTpHIaTeJbHOMH» TEMIeparype,
MOLIBIO HEGOJBILOH XHTPOCTH.

Jasi sroro Hamo OGBICTPO H3MEHHTb HalpaB/eHHE Mar-
HHUTHOTO IIOJs1 Ha obparHoe. UToOHl omHMcaTh HOBYIO CHUTya-
LLHIO, HaJ0 BO Beex (opmyJiax samenutb H Ha —H. Ho 310
TO 3XKe caMoe, 4yTo u3MenuTh I Ha —7T. Pacnpenenenue cnu-
HOB IIOCJIE «IIOBOpPOTa» MmoJs OyHeT BBITVISIETb TaK, Kak
6yATO HX TeMmepaTypa cTala OTpHIATEJbHOH. YpPOBEHDb
¢ Goabllell smeprueil sacesien Godblie (puc. 27)!

To, uro HeabL3s OGbUIO cAenaTh, OTOMpas TEmIo, OKasa-
JIOChb CPAaBHHUTEJBHO MPOCTO CAENaThb, YNPaBJsist MaTHHTHEIM
noJeM., ¥ CHCTEMBl YpOBHeH HEMHOro, H MEPeCTaBUTb HX
MecTaMH 0Ka3ajioch BO3MOMKHBIM.

Uro GyAeT ¢ Takol cucTeMoi fanplie? SIcHo, UTo cucreMa
CIHHOB GYIET BO3BpallaTbCcs B COCTOSIHHE TEIJIOBOTO paB-
HoBecus. CnmHEl aTOMOB GYAYT mnepeBopauuBarbesi Gsaro-
Japsi MEKTPOMAarHUTHOMY B3aHMOAGHCTBHIO aTOMOB. I36bI-
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TOK SHeprHH OyjaeT yXOAUTb B APYIHe 4YacTH CHCTEMEI, H
CIHMHBI aTOMOB pachpenensitcs Tak, KakK JOJXKHO ObIThb NpH
temneparype T. Takoll mpouecc oueHb MOXoX Ha nepejauy
Tema —- U36BITOK SHEPTHH oTjaercs Gosiee XONOAHBIM 4Ya-
CTAM cHcTeMBl. VI36BITOK SHEpTHH BO3HHK, KOHEYHO, KOrja
K CHCTeMe CIHHOB Obliia 100aB/eHa SHeprus Npu o6palleHuu
HanpaBJeHHs] MarHMTHOTO TOJS.

OTOT pe3y/bTAaT MOXKHO onucaTb H Gosee (opMasbHO.
Hnsi atoro samnuileM OTHOLIEHHE (HACENEHHOCTEH» HABYX
ypoBHe#:

ge

v (e
w (€z)

rae A = g, — &, — pasHocTb 3HepTui ABYX yposHe#. M3
(GOpMyJIBI BHAHO, YTO B «HOPMAJbHOM» CHTyauHH, Korxa T
usMensiercs ot 0 o oo, o usMmensiercs ot 0 no 1; unTepBany
2Ke H3MeHeHHH o oT 1 fio oo, Korjja BepXHUH ypoBeHb GoJiee
3aceJsieH, HAJ0 COMOCTaBUTh 3Hauenusi T or —oo nio 0. Hace-
JIEHHOCTDb ONHchiBaeTcsi paspbiBuofl ¢pyukuyed or T; paBHOH
HACEJIEHHOCTH JBYX YpOBHEH OTBEWaloT [jBa 3HAYEHHS TeM-
nepatypbl: T = =4 oo, Tak Kak o (4=00) = 1.

Takum o6pasoM, OTHOCHTEIbHASA HACEJEHHOCTb BEPXHEro
ypoBHS (BeJMUMHA ©O) OMNHChIBaeTcs TeMIepaTypod He-
CKOJIbKO MapafioKca/lbHbIM ob6pa3oM. Hacenennocth pacrer,
KOTJa TeMrepaTypa NogHUMaeTcs OT HYJ151 KO 6ECKOHEUHOCTH .
Ho T = oo oTBevyaer He camMoMy GOJBLIOMY 3HAYEHHIO O..
Hacenennocts MoxeT pacTé u Jaablie (oT 1 mo oo), ecau
TeMrnepaTypa OyneT pacTH, OCTaBasichb OTPHLATEJNbHOH, OT
—o0 110 0. B sTOM cMBIC/IE MOXKHO CKa3aTh, 4TO OTPHIlATE/Nb-
Hble TeMIepaTypsl JexaT «Bbiue» T = oo. Omnucanue no-
BeleHHss o Oblio Obl mpolle, ecad Obl Mbl NOJb30BAJIMCh
‘BeJIMUHHOH, o6paTHOil Temmeparype: § = 1/T. Herpyamso
yBUJIETb, UYTO, KOTja o H3MeHsiercs oT 0 g0 oo, f§ yMeHb-
aeTcss MOHOTOHHO, 63 BCSKHUX CKauKoB OT 00 JIo —o0,
«O6patuast TeMnepatypa» 1/T wacto okaswiBaeTcs GoJsee
yI0OHOH BeNTHYHHOH.

[TepeBepuyToe (<HHBEpPCHOEY) 3acesieHHe YPOBHEH HCIIO/b-
3yeTcsi B JlasepHOH TeXHHKe,

Korzna ypoBue#l TonbKo JBa, TeMmeparypa onpeaessercs
IPOCTO — M3 JorapudMa oOTHOMEHHs HaceneHHocted. On-
HaKo ec/M YpOBHEH MHOrO, TO IIOJIOKEHHE YCIIOXKHSETCS.
Jlaneko He Bceria «HeNpaBHJbHYIO» HACEJEHHOCTb YPOB-
Hefl MOXHO ONHcaTb OJHUM IapaMeTpoM — TeMnepary-
poit.
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Ecau MOXHO M3MEHHTb SHEpPIUIO BceX ypoBHeH &, Ha
—=¢,., TO NOHSATHE OTPHLATEIbHON TeMneparyphl KMeeT yer-
Kuit cMblcal. ViMeHHO Tak 06CTOHT Jiesio JJisl SEepTHH CIHHOB
B MarHHTHOM noJsie. Mbl Bujesy, 4TO €CliM CIHH aToMa pa-
BEH S, TO cHcTeMa UMeeT 25 + 1 COCTOAHHH CO 3HAUEHHAMH
SHEPTHH, COCTABJAMIIINME apu(METHYECKYIO NPOTPECCHIO.
VnTepBaJsibl MeXK1y YPOBHSIMH OJMHAKOBEHI, U 3aMera H Ha
—H u3MeHseT TOJNBKO NOPSNOK ypOBHEH, He H3MEHss HX
paccTofgHHSA, TaK YTo BCA cXeMa ypoBHe# He jedopMuEpyeTcs.
ViMeHHO 1m03TOMY MBI B paccMOTpeJsH NMpPUMEP C MarHHUTHBIM
MOMEHTOM.

Ecau xe cxeMa ypoBHeH He TaK NpocTa W MHTEPBAJIbI
MEXJy YPOBHSIMH pasHble, TO Mbl HE MOXKeM IIPOCTHIM oOpa-
30M «I€peBEePHYTb» HACEJNEHHOCTH ypoBEEH, H, CTpOro ro-
BOpSl, OTpHIaTeNbHAsl TeMneparypa JJIs TaKo# CHCTEMBl He
uMeeT cMbicna. OIHAKO U B 5TOM c/lyyae MOXHO FOBOPHTb
0 TeMIniepaType, pa3Ho# [/ pasHbIX y4acTKOB CNEKTPa ypOB-
Hell, BHIGHpAast y4acTKH TaK, uToGBl BHYTPH HHX MOXKHO OBLIO
CUMTAThb HHTEpPBA/Bl OJMHAKOBBIMH. B 3TOM c/yuae MOXHO
rOBODUTb O pasHHIX TeMIepatypaX B pasHBIX YydacTKaX
CNeKTpa. YCTaHOBJIEHHE PAaBHOBECHS M 3]ieCh COCTOHMT B H3-
MEHEHHHM HaceJEeHHOCTH B CTOPOHY NPaBHJbHOIO, PaBHO-
BecHOro pacnpeziesenus. M onsite Bropoe Hauasno T€pMOIH-
HaMHKH yKa’KeT HaM HallpaBJleHHE TEeNJIOBbIX NMOTOKOB, MO-
KaeT, KaKHe yyacTKH cIeKTpa OyayT TepsaTh 3HEPTHIO,
a Kakue npHOOpeTarhb.

Cayyalt HepaBHBIX MHTepBalOB OYE€Hb pacnpoCTpaHeH
B CIEKTPaX aTOMOB, IJie¢ MarHHTHBHIH MOMEHT aTOMOB HMMeeT
CJIOXKHYIO NPHPOAY, TaK KaK CO3JaeTcs JBHIKEHHEM MHOTHX
9JeKTPOHOB H MX cnuHoB. [loHATHE OTpHIIATEJbHBIX TEM-
nepaTyp CTaJo BaX<HBIM IIOHSITHEM B ONTHKE H OCOGEHHO
B (M3HUKE Ja3epoB.

Has Bcex paccyxpmeHufl Obl10 OY€Hb BaXkHO, YTO CH-
cTeMa MOXeT HMeTb OTpaHHYEHHbIHl CIeKTp ypoBHEH sHep-
rud. TonbKO B 3TOM cJlyyae y CHCTEMBbl KpOME CaMOTO HHXK-
Hero ypoBHSI €cTh U caMbl¥ BepXHHH, U 3Ty CHCTEMY MOXKHO
«repeBepHyTh» — 3aMeHuTh T Ha —T U NOJy4HTh KapTHHY,
oreyatomyio Gopmanpno T < 0.

Jlyis mocTynaTeNbHOTO JBHUXKEHHS, 1JisT KOTOPOTO SHEp-
IHsl MOXKET H3MeHATbcA oT 0 1o oo, oTpHLlaTe/IbHBIE TEMIe-
paTyphbl HEBO3MOXKHBI — JJ1s1 TaKHX CHCTEM HeNb3si CO3/aTh
pacnpesesieHde, OTBeyalollee OTpUILATENLHBIM TEMIEpaTy-
pam.
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HU3KUE TEMIEPATYPbI

VnTepec K no/syyeHHIO HH3KHX TeMIepaTyp
BO3HHK HE TOJbKO H3 NPaKTHYeCKHX coobpaxenui. Pusu-
KOB JaBHO HHTEpecoBasJ BONPOC, MOXKHO JIH IPEBPATHTh
B XKHAKOCTb Ta3bl — TaKHe, KaK BO3AYX, KHCJOPOJ, BOLOPOA.
Havasno aTo#i mcropum ornocutes x 1877 r.

[Touru sa cto JieT no arodl natel, B 1783 r., JlaByasse
nucaJs:

«...ecyii Gbl MBI MOTJIH MIOTPY3UTh 3eMJII0 B HEKYIO BecbMa
XOJIOAHYIO o6sacTb, HanpuMep B atMocdepy IOnurepa nim
CarypHa, To Bce Halld peKH M OKeaHbl NPEeBpPaTHJIHChH Obl
B ropel. Bosnyx (uiM, mo kpaiinelt Mepe, HEKOTOpBHIE €TO
KOMIIOHEHTHI) TnepecTas Obl OBITb HEBHIHMBIM H IpeBpa-
THJICA OBl B XHAKOCTb. [IpeBpallenne Takoro poja OTKpPLLIO
6b1 BO3MOXKHOCTB TOJTYYEHHS HOBBIX XKHJKOCTEH, 0 KOTOPBIX
MBI IO CHX IIOp HE HMeeM HHKAKOro MOHATHAY.

JlaByaspe He BHIEN APYroro NyTH CXKHIXKEHHs BO3JyXa,
KpoMe KaK MepeHecTH ero Ha APYTyl0 — XOJOAHYIO IJia-
HeTY.

[MosryuaTe Temno GbIIO NMPHUBBIYHO, 4AEJNATb» XOJNOL HE
nosBoJssiia jaxe (antasus *).

B 1877 r. ropuuiii nuxenep Kaliere o6Hapyxun Kaniu
JKHJIKOTO alleTHJeHa B JaGopaTOpHOM cocyle, B KOTOpOM
HEOXHJaHHO OTKpBLIach Teub. Pe3koe MOHHKEHNE JaBJeHH s
BhI3Ba/I0 0GpasoBanue TyMana. [loutn B Te xe nuH [lukre
13 )KeHeBbl cOOOILMI O MOCTe0BATe]bHOM, KACKaHOM CXKHU-
*KeHMH pasHbIX Ia30B, 3aBepILMBILEMCS MOJYYEHHEM XHI-
KOTo KHciIopoja mnpu Temmeparype —140 °C n paBienuu
320 atvoctep. Temmeparypa B ombitax Kaillere onenmsa-
nack B —200 °C. TexuukH 3agsiuch NOCTPORKOH XOIOANb-
HbIX annapaToB. B 1879 r. us Ascrpanun B Auriuio otnpa-
BHJICSl TIEpBbIH pedpuKepaTop, TPYyKeHHBIH MscoM. Ilo-
BHIMMOMY, NepBbIH H3 NMAaTEHTOB Ha XOJIOAHJbHBIE YCTpOH-
cTBa, faTupoBaHHHi 1887 r., 6bi1 Began Cumency **). Ho
9TH YCTpOHCTBa JaBaslu MaJjio Xonoja. )KuIku# Bo3nyXx GbLI
nonyuen Kiomom B 1902 r. Bee meTopmpl cxMxeHHS GbLId
OCHOBaHHI Ha OXJIAXJEHUH ras3a NpH paclUpPEeHHH C COBep-
IIeHHeM paGoTHl (B MOPLIHEBOM HJIM TYpOGHHHOM JBUTaTele)

*) BemomHure «CHeXHYIO KopoaeBy» AHpgepceHa, Jlaxke OHa He
MOTrJIa CIeNaTh XOJIOf, a BBIHYXJeHa Gbljia XUThb Ha ceBepe.

*#) B 1888 r. B Actpaxanu 6blia moctpoeHa GoJibliasg XOJOLHJIbs
Hasg MallHHaA JJid 3aMOPaKHUBaHHA DHIGHL,
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Jn60 NpH paclliPEHAH B TYCTOTY, KOTa paGoTa coBepluaeTcs
NPOTHB CHUJI NMPUTAKEHHS MOJEKYJ BHYTPH CaMoOTO rasa.

B sroili mcropuu Hamo ymnoMsuyth [lbloapa, KOTOpBIH
B 1898 r. nmonyuun Xuakuil BoIOPOJ, CHHSHB TEMIEPATYPY
npumeprno jo 129 K. Haxomen, B 1908 r. Kamepsunr-
Onrec B Tonnauguu nonyuus u xunkuil reqauii. Temnepa-
Typa, KoTopas Oblia UM JOCTUTHYTa, TOJBKO Ha 1° oTyiMya-
Jiach OT alCOJIIOTHOTO HYJA.

B 1939 r. I1. JI. Kanuna nokasan Gousbliyio 3¢deKTHB-
HOCTb CXKHIKHMTEJIbHBIX MalliH, B KOTOPBIX TI'a3 coBepliaeT
pabory ¢ moMomlbio TypGuHBL. TypGopeTaniepsl moMy4HIH
c Tex mop Goublioe pacnpocTpanenne. OH ke mnpexso-
XU M KOHCTPYKUMIO 3(pGeKTHBHOH yCTAaHOBKH AJA CXKH-
XKEHUS Tesus.

MATHHATHOE OXJIA)XIEHUE

CxeMa ypoBHeH aTOMOB B KpHUCTa//IaX IOMO-
XKeT HaM pas3obpaThcsl B UHTEPECHOM METOJe OXJaXKIeHHd,
KOTOpPBIA MOXKHO NPHAYMaTh, TOJBKO XOPOLIO 3HAsl KBAaHTO-
BYIO MeXaHUKY.

Ilpn HU3KHX TeMmepaTypaX mpekpallaeTcsi NMOYTH Besi-
KO€ JIBUXKEHHE — IOCTyNaTeJ]bHOe, BpallaTesnbHoe. OxHako
Jaxke npH TeMmepartypax, Meublimx 1 K, cmounel atomos
TIPONOJIZKAIOT BECTH ce6sl KaK aTOMBI HIealbHOTO ra3a — OHH
o6MeHHBalOTCA HEpTHeH (XoTs M c1ao), H UX MOJIOXKeHHe
B MPOCTPAHCTBE (X MPOEKIHH Ha HampaBJeHHe MaTHUTHOIO
TI0J151) MOXKeT H3MeHSITbCS IouTH cBoGogHO. B Takux aue-
MeHTaX, KaK pelKHe 3eMJH, JEKTPOHbl 3aMoJHAIT BHYT-
peHHHe 000JIOYKH aTOMOB, H UX CHOHHBI IIOYTH HE YYBCTBYIOT
IpYTHX 3JeKTpoHOoB. CliefioBaTeIbHO, U MaTHUTHEIE MOMEHTHI
BeIyT ce6s1 Kak cBOGOMHbIE.

Ha stoMm cBoficTBe 3/€KTPOHOB OCHOBaH METOJ MOJyye-
HHSI CBepXHH3KHX TEMIepaTyp — MaTHHTHOE OXJaXKIeHue,

Ecnu HaloXuTbh Ha KPHCTaN/, B KOTOPHIH BXOIST aTOMEI
pelKHX 3eMesb, MaTHHTHOE MoJie M M03aGOTHTBCA O TOM,
4TOOBI KpHCTaJ] He Harpescs (T. e. BK/IOYATh MOJe U30Tep-
MHYECKH), TO, KaK TOBOPUJIOCH, CIIycT HEGOJBILOE BpeMs
BCe€ MaTHHTHbIE MOMEHTHI (ECJIH OHH MOJIOXKHUTEJbHBI, T. €.
eca g > 0) ycTaHOBATCS MO NOJIO, TaK CKas3aTh, CTPENKOM
Ha 1or. Ecnu Tenepb GBICTPO BHIK/IIOUMTH MATHHTHOE MOJE,
TO BO3HMKHET HeoOblyHas KapTHHa. [losis HeT, Bce CHHHBI
HanpasJ/ieHH B OJIHY CTOPOHY, a He pa36pocaHbl XaOTHYECKH,
KaK 5TO JO/MKHO OblIo OBITh B TEmIOBOM DPaBHOBECHH.
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[MpaBpa, Mbl NpeANoOsIONKHIH, 4TO, KPOME NBHKEHHS CIH-
HOB, B CHCTEME HHYEro He MPOUCXOMHT, ABHUIKEHHEM aTOMOB,
MX KoJieGaHMsIMH MBI npeneGpersu. Temepb Hao YTOUHHTD
KapTHHY. ATOMBl B KpHCTa/JIMUECKOH peIeTKE Ha CaMoM
Jesie KoJ1eGaioTcs, TaK KaK pellleTKa HMEeT HEKOTOPYIO TeM-
nepatypy 7. VurencuBHoCT: KoJjeGaHHH M ompenessieTcs
oTuM 3navenneM T. JIBuiKeHue aTOMOB HepefaeTcs W CIIH-
HaM, TaK KaK [PH JBUXKEHHU 3aps0OB BO3HHKAeT claloe
nepeMeHHoe MarHHTHoe noJe. IlosToMy cnuHB HaxoAsiTCA
He B IIOJIHOH H30J/5lMM, a B TepMocTaTe, UMeEIOIEeM TeMile-
parypy T.

Korza ¢ momolnpio BHeIUHEro MarHHTHOIO IMOJIST Bce
CIUHBI OKa3bIBAIOTCS BHICTPOEHHLIMU B OJHOM HAlpaBJICHUH,
TO BO3HMKaeT MOPSNOK, KOTOPHII HE MOXET COXPaHAThCSH
6e3 mosiss. CoHHBL JO/KHBI H3MEHSTh CBOE HaMpaB/I€HHE
(B pesysibTaTe B3aMMOAEHCTBHUS ¢ KOJIEO/IOLMMUCS aTOMaMu)
U CTPEMHTHCSI PAaCOJIOKUTbCS XaOTHUECKH — TaK, 4YTOCbI
Jobast M3 ero NpoeKnUi BeTpeyasach ¢ OAMHAKOBOH BEPOST-
HOCTbIO. TIpy TakoM mpolecce J0JKeH BO3HHKHYTb OOMEH
9Hepruef MexJy CNHHaMH U KoseGaHUsIMH aTOMOB.

§ n=0

Aduadimiechoe

PIIMGRHUSUBCHUE / 4
7

-~

P \//wwe,o/ffwmwe
P Ohrroyeie
P o
vd
- L.
Thaneq lay T

Puc. 28. AnnabaTnueckoe pasMarHu4dBaHHe, DHTPONMHA KaK QyHKUHS
teMneparyphl 6e3 mosiss (H = 0) u B moste (H = H,).

Onnako Ha mepBbIf B3IV TPYAHO MOHSITH, B KaKyiO
CTOpOHY OYyIeT mnepenaBaTbcs 3HEPTHS — GYAYT JH KoJje-
6aHUA aTOMOB YCHJIMBATbCS HJM XK€ 0cJabasiThes.

Uro6bl OTBETHTb Ha 3TOT BOIPOC, Hajo NpPUBJEYb Ha
MOMOLb SHTPOMHIO. DHTPONHS CIHHOB JIOJIKHA BO3PAcTaTh,;
3TO SHAUHMT, YTO JOJ/IKEH BO3BHUKHYTb IOTOK TelJsa OT pe-
meTkH (KojeGaHHH aTOMOB), KOTOpasl HAaXOAUTCS B TEIJO-
BOM DaBHOBECHM, K CIHMHaM, CIHHBI BO3BPAaTATCH B XaOTH-
YECKOe COCTOSIHHE, a KOJIEGAHHS aTOMOB HECKOJbKO 3aTyX-
HYT.

1o o3HauaeT, 4TO KPHUCTALJ OXJaguicsi. Tak cilepyer
u3 Teopuu. Ha puc. 28 cxemaTuuecku H300pakeHo, Kak
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U3MEeHSIIOTCA TeMIlepaTypa M SHTPONHUS B TaKoH cHcTeMme.
BepxHsisi KpUBas ONHCHIBAaeT 3aBHCUMOCTb SHTPONHH KpPH-
cTaJjiy1a OT TeMnepaTypHhl, KOTr/ia BeJIMYMHA N0/ paBHA HYJIO;
HUXKHSISI KpUBas — Ty K€ 3aBUCUMOCTb IIPH BKJIOYEHHOM
BHelllHeM noJie. Korzna mose GBICTpO BKJIIOYAIOT, TaK YTO €TI0
SHTpOMUSI He u3MeHseTcs (3To U HasbiBaeTcs ajnuabGaTuye-
CKHM pa3MarHMYMBaHHWEM), To TeMIepaTypa Najaer, MHo-
CKOJIbKY TOYKH C OIHHAKOBBIM 3HAUEHHEM S JieXaT Ha pas-
HBIX KPMBBIX NpH pasHbiX T. OnbiThl MOATBEPAUJIM NpeACKa-
3anus. MoxHo JiH GbUTO MPUAYMaTh TaKo# croco6 oxJaxye-
HHS, ecJqu Obl He 3HATb TOHKOCTH TEOpUH?

MeTos MarHMTHOTO OXJaXJeHHs ObBUI NpeNJoXeH B
1926 r. H:kuokom B CIIA ¥ HesaBucMMO (Haxe HECKOJIh-
KHMH HeglesisiMu paublue) [leGaem B ['epmanuu. dtuM Mero-
JioM ObLIIM JOCTHTHYTHI TeMnepaTypsl npumepso jo 0,003 K.
Bonee Huskux teMmepaTyp mOJIydHTb TAaKHM CHOCOOOM He
yAaercsl, TaK KaK CIHHBI NEpecTaloT IBUTaThCsl CBOGOAHO;
UX YNOpSIAOYEHHOCTb (BCe CMOTPSIT B OQHY CTOPOHY), BO3-
HHUKamllas W3-3a B3aUMOJIeHCTBHS MeXKIY HUMH (KaK MeXAy
CTpPeJKaMH KOMIIAcoB, PacloJIOKEHHBIX APYT OKOJIO ApyTa),
He paspyliaeTcsl ¢aGbiM TEIJIOBHIM JBHIKEHHEM ATOMOB.

MozkHO cIyCTHTBCS [0 TeMmepaTypHOH IIKaJe ellle HHXKe,
€CJIM HCIOJNb30BaTh OYeHb OOJbIINE MarHHTHBIE MO —
B JIECATKH ThICAY 3pcTei. B TaKuX mossx MOXKHOOpPHEHTHPO-
BaTb MarHHTHbIE MOMEHTHI SIep U NMOBTOPATH Bée onepalHH
¢ sipaMu.

B 1956 r. CuMon jocTur TakuM crnocoGoM TeMmeparyphl
0,000016 K. K coxasnenuio, 5ToT peKOpA He BIOJHE pea-
JeH. Slppa oueHb c1aGo B3aMMOJEHCTBYIOT ¢ 3JI€KTPOHAMH
(Takoe B3aHMOAEHCTBHE B CIEKTPOCKONMUH HA3HIBAIOT CBEPX-
TOHKHMM), H UM INOYTH HEBO3MOXKHO IOJYYHTH OT peLIeTKH
suTponuIo. Slnpa Ha camMoM jesie MENJIEHHO HarpeBaroTcs,
a TeMmepaTypa pelleTKH HE MajaeT — pelieTka ycheBaeT
BOCIIOJIHHTb MOTEPSAHHOE TEIVI0O U3 OKpYXKalolleH cpexsl
(HecMOTpsl Ha BCSIYECKHE YXHILPEHHS dKCIepHMEHTaTOpOB).
Ilyre B 061acTh MUJLIHKEJILBHHOB (THICSIYHBIX Tpajgyca)
KasaJsicsi 3akpeIThiM. Kak oxsaguts go 0,001 K u muxe He
HJITIO30PHYIO CHCTEMY CIOHHOB, a KYCOK BelllecTBa?

OkasaJiocb, BO3MOXHO H 3TO!

PactBopenue cosmu mnoHHXaer TemmepaTypy pacTBopa.
STOT NPoCTO# ¥ XOPOLIO H3BeCTHBIH 3()heKT IOMOT PH3HKAM.
Oxkasaiock, 4To ecJii pacTBOPATD a3 reJiuil ¢ aTOMHbIM BECOM
3 (renuit-3) B OGBIYHOM MKHAKOM I€JIMH, TO TEMIepaTypa pa-
cTBopa noHuxKaercs. Tak nonyuator remnepatypy 100,001 K.
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Ho ectb Gomee xutpniil croco6; ero npuayman . ITome-
panuyk. Crioco6 3TOT TOXKe CBSI3aH C rejueM-3.

Yrto6bl MOHATB, B YEM COCTOMT STOT METOJ, HaJl0 HAPHCO-
BaThb KPHUBBLIE SHTPONUHM ABYX (a3 renus-3 — TBEPLOro H
JKUAKOTO — BOMM3N abcomoTHOTo HYyas (puc. 29). CorsacHo
KBaHTOBOH MeXaHWKe, NpH abCOJIOTHOM HYJIE BCe CHCTEMbBI
HaxoNsiTcsl B CBOEM HAHWHHU3-
1eM COCTOSIHHM W SHTPONHS
TAaKOTO COCTOSIHMSl paBHa
HYJIIO *) — SHEpTHs Xe MH-
HuMaJabHad. [lpm stoM, gro
OYeHb BaXXHO, SHTPONHHA
obenx a3z — KUIKOCTH W
TBepaoro tesia — npu T =0
OJIMHAKOBa, Tepexo] U3 OJ-
HOH (pasHl B ApYTYIO NpOMC-
XonuT 6e3 N3MEHEHUS SHTPO-
nuy, 6e3 M3MEHEHHS 3Hep-
, Ay rHH. DTO CBOHCTBO GbLIO MO-
7 3 w 30 w0 T crymupoBano Heprerom

Punnawensiuy sIBJIsieTcs OJIHOH M3 ¢opmy-

Puc. 29. Outpomns He® B xuaxon - APOBOK ~TPETBETO  Hauasla

H TBeproill dasax. TEPMOAMHAMHUKH..

Hns wmeroma Ilomepan-

YyKa BaxHO, YTO KPUBLIE pac-

TIOJIOXKEHBI TaK, 4TO SHTPONMSA TBepnoH (aswl 60MbLIE IHTPO-

nuu KupkoH ¢asel. Ecan 66 KpUBBIe pacloNoXU/INCh HHaYe,
MeTojia He CylLiecTBoBaJso Obl.

CyTb MeTozia MOXHO NOHSTh U3 pHcyHKa. Ecan BecTn
Npolece OXJaXKJACHUA, afuabaTHYeCKH CXKHMas XKUIKOCTb
U TepeBois ee B TBepAywo ¢asy, To, Kak 3TO BHAHO M3
pHCYHKa, TeMmepaTypa renus-3 Oyaer moHmXKaTbcs. Tak
nonyyena ceilyac temmeparypa okono 1 MK. Ilpm 2 MK
JKUNKMH renui-3 cTaHOBHTCS, Noxo6HO renuio-4, cBepXTe-
Kyu4uM, H B 3ToH o6JacTu cefidac OTKpHLICS HeoOblYaHHO
CJOXHBIH ¥ HHTepecHBi MHp (u3UYeCKHX sBIeHMH. Hx
ONHMCAaHMe, K COXKAJIEHHIO, YKe BBIXOAHT 32 PaMKH Halle#
TEMBI.

Bremne mMetop [loMepanuyKa 0XoX Ha MaTHHTHOE OXJ1a-
XKaeHue. B neHcTBHTENbHOCTH 3Ta aHaJIOTHA Jaxke Gosee

SA Tbendon We®

*) Tounee, oma ofpamaercsi B MOCTOSHHYIO, OXMHAKOBYIO IJs
oGenx ¢as. CpaBHeHne aGCONIOTHBHIX 3HAYEHHl SHTPONHM PA3HBIX
BEIlleCTB, He IPeBPallalOMUXCA OJHO B APYroe, He mMeeT CMbICIA,
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rayGokasi. Becb ahdexT cBsf3aH ¢ TeM, 4To Anpa renusd-3
HMEIOT CIHH (sifpa OObIYHOrO renus-4 CHHHA HE HMEIOT).
B ku1KOM resinv-3 CIMHB IPH OYeHb HU3KHX TeMIepaTypax
yIOpSA0UHBAIOTCS, BHICTPAMBAIOTCA TNapa/lieJbHO ApYT
apyry. B TBepioM renmu-3 3TM Ke CIOMHBI «PacKHAAHBLY
B Gecriopsiike BIUIOTb Jo Temmepatyphl okosao 0,003 K.
Tepexop U3 XKHJKOTO COCTOSIHHSI B TBEPJOE MOXO0XK MOITOMY
Ha ajuabaTuyecKoe BBHIK/IIOUEHHE MAaTHUTHOTO NOJf (CHHHBI
pas6pacbiBalorcsi), a oOpaTHBIN Nepexoj — TO HaMarHHyH-
BaHue. DHTPONHUS TBepjoi ¢asbl (IpH Toil e TeMmneparype)
GoJIbIlIe SHTPOIHHU KHUAKOCTH H3-3a cnuHOB. Ha camoMm nene
KapTHHA DACNOJOXKEHHS CIHHOB B TBepIOM requu-3 Gosee
cJI0XHasl, HO s o0bscHeHHA 3(¢deKTa J0oCTAaTOYHO OIH-
caHHO# rpy6o#l cxeMhl.

®dusnuka HUSKHX TeMIeparyp BCcTymusa cefidac B Ho-
Bylo sn0Xy. O6nacTb MHJIJIHKENTBBHHOB CYJHT €le MHO-
ro CIOPIIPH30B.

3AJAYA NJ1d PA3SBJIEYEHUSA

Mgl y:xe MHOro pacckasalu o TeMneparype
TeMJIOBBIX mpoueccax. Moxer ObITh, UMTaTe/Ib NOHAJN, KakK
HeslerkKo OblI0 oOHapyKHUThb B IpolleccaX Mepefaus Tersia
SHTPOIHIO U KakK ee MosBJIeHHe B (U3HKe IpeoOpasu/o BCIO
Hayky. HaBepno, GyzeT 1o/e3HBIM OCMOTPETb Ha MPOCTOM
npuMepe, Kak pa6oTaloT B nape TemnepaTypa M 3HTDONHA.
[TpousmocTpupyeM NOHSATHE SHEPTHH B THAPOJAUHAMHKeE.
IlpencraBuM gaBa OacceiiHa, YPOBHHM BOABI B KOTODBIX
6ynyT pasHbMH. Bona MoxeT neperekaTh M3 OjHoOro Gac-
ceiftna B apyroil. ITocTaBum mMexny GacceiiHamMu TypOHHKY,
KoTopas, Kak aKKyMynasaTop, OynaeT «co6HpaTb» 3SHEpPTHIO,
TIOJ(HAMAas1, CKaXKeM, 'PY3 HA HEKOTOPYIO BHICOTY. 3anaceMcst
ellle ¥ HAcOCOM, KOTOpHIH, €c/H MoHanobuTcs, OyZeT mepe-
KauMBaTh BOAY 06paTHO. ¥ HAc MOJYYHJIach NPUMHTHBHAS
MoOZesIb THApocTaHIMK. Ecin moTepb Ha TpeHHe HeT (Tak,
KOHEUHO, He GhiBaeT), TO JIETKO MOHSTb, YTo Boja Oyner
nepeTekaTh U3 ofiHoro Gaccefina B Jpyrofl Jo TeX nop, noka
ypoBHH He BhIpaBHsIOTcA. IloTeHunasbHasi SHEPTUS BOIBL
nepefiieT B NOTEHLMA/JbHYIO SHepruio rpysa. Eciau rpys
OMycKaTh, TO ¢ NOMOIIBIO Hacoca MOXKHO NepeKauaTh BCIO
CHyIleHHylo Bofy o6partHo. KoneuHo, Ha caMoM Jiesie BCio
BOJy NepekauaTb He yaacTcsl, Kakue-To IoTepu GyAyT, HO
HUMH MBI npeneOpexkeM W OyAeM cUMTaTb Hally YCTaHOBKY
o0paTuMOH.
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Ecnu 6b1 TypOGHHKYM He GblI0, TO YPOBHH BCE PaBHO GHI
BbIpABHSJINCE, TOABKO BCA 3HEprus GecrosiesHo NmpeBpaTi-
Jiach Obl B TeIJIO M MepeKayaTs BOAY 00paTHO ObLIO OBl He-
yeM. Haxonus sHepruio, MOXKHO €e HCIOJB30BaTh AJsI pas-
HBIX wLeae#i. MoHO, B 4aCTHOCTH, mepeKayaTb BOAY M3
TpeThero GaccefiHa, PaclOJIOXKEHHOTO ellle HKXe, B BEpPX-
muf. Kopoue roBopsi, MoXHO chenaTh Bce, YTO TIO3BOJISIET
3aKOH COXPaHEHUS SHEPTHH.

TlocTpouM Temephb TEmIOBYIO MaILHHY, 1O BO3MOXKHOCTH
6iM3KyI0 K ToH, KoTopasi Gbljla TOJNBKO YTO OMHCAHA.

Bosbmem TpH Ky6a, cie/aHHBIX M3 OJHOTO MaTepua/ia U
OJMHaKOBLIX pasMmepoB. IlycTe Ky6bl HarpeThl o pasHoM
Temneparypkl —aBa 1o 300 K, a ogun 1o 100 K. B pononne-
HHe K TpeM Ky6aM ecTb ellle TemIopast MallliHa, KOTopas Mo-
xeT paboTaTh Ha J1I06oM nepenaze reMneparyp. lo xako# ma-
KCHMaJ/IbHOH TeMIIepaTyphl MOXKHO HarpeTh OJMH U3 KyGoB? *)

Bosbmem crauana pBa kybGa ¢ Temmepatypoii 100 u
300 K u moTHO mpuxkMeM MX APYT K Apyry. Temmeparypa
Ky0oB BhIpaBHfAeTcs. Ecaum s mpocToTHl CYHTATh, YTO
TEMJIOEMKOCTb MaTepuasja KyO6oB paBHA eIUHHMLE H He 3a-
BHCHUT OT TEeMIIEpaTyphl, TO KOHEYHas TeMIepaTypa oKaxkercd
paBroi 200 K, Ho wyacth sHeprum mpomnaner Ge3 BCSKOH
nosb3bl. EcaiM NOAK/IOYHTE TEIVIOBYIO MAllIHHY, TO, MO Kpak-
Hell Mepe, 3Ty yacTb S3HEPTHH MOXKHO NPEBPATUTb B paboTy.

Yro6bl y3HaTh, KaKylo paGoTy MOMKHO MOJYYHTb, HAL0
HCII0/b30BaTh BTOpoe Hayano. MakcumasnbHyio paGoTy MBI
NOJIYYMM, ecu npollecc OyaeT o6paTHMbIM, T. €. €CJH 3HT-
ponys Bced CHCTEeMBbl He YBEJHYHBAETCS U TeM CaMbIM BHITIOJN-
HfIeTCH YCJIOBHe

1G] _ 10|
1 T,
Hanomunm, uto Q, ectb Temio, OTHSITOE OT ropsiYero Tesa
npH temnepatrype T;, a Q, — Temio, OTAAHHOE XOJNOLHOMY
Teny npu Temnepatype T,. Korza oT ropsiuero Tena OTHH-
MaJjioch Temo (;, TO TeMnepaTypa 3TOro Tesa 10/xKHa Obiia
NIOHH3HTBCS Ha ‘

Tak Kak TemioeMkocTb ¢ = 1. Touno Tak ke TeMnepaTypa
XOJIOJHOTO Teja IIOBHICHTCS, KOIJa K HEMY MOABOAUTCS

*) Dra sajaua mnpejjaranach Ha sK3amene B KemGpumxke. Ona
naneyarana B KHure «OOpasoBaHHEIN yueHblf», Bbuuenmeil B 1979 r,
B uajarenbctee «Hayka» (ctp, 101, 3agaua 169),
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Tem1o Qg, HA BENHUUHHY
AT2=Q2.

Tenepb Haj0 HCTONB30BaTh yCJ/I0BHE 06GpAaTHMOCTH HpoLecca,
KoTopoe HanucaHo Bbile. IlojcTaBuM B Hero BbIpakeHue
A Q; u Q, ¥ mepenulieM MOJYyYeHHOE YC/JAOBHE TaK:

T]_ AT2 —I— Tg ATI = O.
DTo ycJaoBHE MOXKHO 3alUcaTh U HHAye:
(T1+AT1) (T4 ATg) =TT,

ec/id npeHeGpeyb Mavioll Besinuunoil ATy - AT,. Takoe paBen-
CTBO 03HAYaeT, YTo Moc/e Toro, Kak TemmepaTypel T; u T,
B pesyJsbTaTe oOpaTHMOro npouecca uaMeHuiaucb Ha AT,
u AT, (scHo, uto AT} u AT, pasubix 3HakoB: ecau Ty Bos-
pacraert, To T, yObIBaet), mioliaab NpsIMOYTOJIbHHKA C JIJIH-
Hamu cTopoH T, u Ty ocrasnach MOCTOSIHHOR:

T1T2 = COI]St.

Taxkomy COOTHOIUEHHIO NOJIKHBI YAOBJETBOPSTH 1eMile-
paTyphl AByX Ky6oB B HauaJe M B KOHIE Ipoliecca, ec/aH
npouecc obpaTuM.

Tenepb y Hac ecTb Bce, uTo Hajo A1 pacueToB. Haunem
C TOro, YTO MOCTPOHM TeIJIOBYIO MaIlMHY H3 JBYX KyGoB
¢ T =300 K u 100 K. Korza B o6paTuMoM mporecce ux
TeMIepaTyphl BHIPABHSIOTCS, TO KOHeyHasd Temneparypa T
ONPEJEeUTCS U3 COOTHOIUIEHHS

T,T, =T

3uayur, T = (300-100)!/2 =~ 173 K.

[TpocToe nponoskenne coctosiio Gbl B TOM, YTGOHI pa-
GoTy, KoTopas Obla MoJyyeHa Ha MEepBOM 3Tame, MpeBpa-
THTb B TEIVIO H OTAATb 3TO TEIVIO TpeTbeMy KyOy. Temme-
patypa ero npu 3ToM nopHsiiach 6el no 354 K.

10 c/efyeT U3 3aKOHA COXPAHEHHS SHEPTHU — IEPBOro
Hayaja TepMOAMHAMHKH. OHeprusl HalluX KyGoB paBHa
YHC/JEHHO HX TeMmepaTrype, Tak yTo paboTa, 3amaceHHas
Ha NepBOM 3Tane, paBHa

A=3004100—2-173 =54.
Takoe pemenne, onnaxo, HenpabuibHo! IIpaBH/bHbIA oTBeT
COCTOMT B TOM, 4TO 3allaceHHYIO paGoTy HaLO MCII0JIb30BaThb

IJ1s paGoTHI XOJOAUIbHAKA, OXJIaMKasi CHCTEMY JBYX KyGoB
¢ T = 173 K u narpeBas ky6 ¢ T = 300 K.
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SToT HOBHIH 3Tan omMchiBaeTcs He ycioueM T,T, =
= const, a ppyruM yciaosuem:

T;T? = const.
losienienne kBagpata T cBSIsaHO C TeM, YTO OXJaKIeHHE
CHCTeMbl KyGoB omMchiBaeTcsi ycioBueM Q = —2AT, T. e.
2AT
AS =— _;T-‘—v

u ypaBrenvem Kapno, KoTopoe mpeBpallaercs B
2T AT3+T3AT =0.
Paccyxnas moutH Tak xe, Kak paHblle, NOJTYYHM Y3Ke Halli-
canHoe yciaoBHe T3T? = const. OGosHayast KOHEUHBIE TeM-
nepaTypel 4epes X H Y, MoJdyyaeM
T*Tg=x%y.
Onnoro ypaBHeHMs AJs ABYX TeMneparyp Majo. Bropoe
YpaBHEHHE JaeT NepBoe HayaJjo:
A+42T 4 Ty=2x+}y.
MoxncraBnss snavenust A, T u T,, monyuaeM cucremy
x*y =(300)2- 100,
x4+ 2y =T700.
Pemenne MoxHO Ha#TH HecKOJMbKUMH npoGamu. B wutore

HOJYYHM
x=150, y=400.

Wrag, temnepatypy ropsiuero Ky6a MOXKHO JOBECTH [0
400 K, oxsaznus mpu 3ToM ABa Apyrux so 150 K.

APYTOE PELIEHHE

Bcee paccyxnenus MoXHO clieaTh KOpPoue H,
rJaBHOE, TIOYTH aBTOMATHYECKH, €CJAH BOCIHOJb30BaThCs
sHTponuel. DHTponus Ansl Kyba, €C/H €ro TeIVIOEMKOCTb

NOCTOSIHHA, PaBHa
S=kInT+4C,

rae noctosinnast C He 3aBHCHMT OT TeMmepaTyphl ¥).
YcaoBre 06paTHMOCTH 03HAYaeT, YTO SHTPOIHUS CHCTEME],
cocTosilllefl U3 Tpex KyOoB, He HaMeHsteTcsi. MakcumasbHoe

*) D10 BHIpaxKeHHe MBI NONYYaad JIJsA HAeaNbHOro rasa. Ilpu
BLIBOZE HCIIONB30BaJOCh TOJABKO OJHO CBONCTBO rasa — HE3aBHCHMOCTb
TeIIOEMKOCTH OT TeMnepartyphl, IT0910My OHO BepHO H B HallleM CJyuae,
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HarpeBaHue OHOrO Ky6a JOCTHraercsl, OYEBHIHO, TOTAQ,
KOTJa TEMNepaTypH ABYX APYTHX CPaBHUBAIOTCA (MHAYE C HX
TIIOMOILBbI0 MOXHO ObLIO OBl MOMYYHTDH ellle pa6oTy). Bemo-
MHHas, YTO SHTPONHH KyGOB CKJAJBIBAIOTCSH, MOJNYYHM

Inx-+1Inx+41ny=1n30041n300+1n 100,
HJIn
x*y = (300)2- 100,

T. €. NepBOe ypaBHeHHe, KoTopoe OblIo noayuyeHo Gonee
IJIHHHEIM 1yTeM. BTopoe ypaBHeHHE, €CTECTBEHHO, OCTaeTcst
NPEeXHUM.

Ecnn ellie pa3 noNHTaTbed CPaBHUTDL 33134y O TPEX Ky-
6ax c 3agauell o Tpex GacceliHaX, TO Mbl YBUAHM, 4TO POJb
MOTeHIMaJbHOH SHEPTUH UTpaeT JorapudM TemMneparypn —
SHTPONHS H BMECTO OJHOTO 3aKOHa COXPAaHEHHS SHEPTHH
MOSIB/ASIIOTCS JBa Hayasla TepMOJMHAMHKH: II€pBOE orpe-
IeNUJI0 CYMMY TEMIIepaTyp, BTOpoe — CYMMy MX Jorapug-
MoB *). I'maBHoe B 3ajaue o Tpex KybaX — 3TO TO, 4YTO
HUKaKHMH cnoco6aMy Hesb3sl NOHH3HTL TeMNepaTypy Xo-
JIOZHOTO KyGa — 3T0 3ampeliaeT BTOpoe Hauaslo. B 3anaue
0 GaccefiHaX paGoTy, MOJIYYEHHYIO OT OJHOH TypOHMHbI,
MOKHO HCIIO/Ib30BaTh [J19 NOHHXKEHHS YPOBHS BOJBI B Tpe-
TbeM, caMOM HH3KOM Oacceiine.

CpaBHUTbL 06e 3ajlayd OYeHb INOJIE3HO.

B momosiHeHHe KO BceMY MOXHO ellle BCIOMHHTH O TOM,
YTO TOBOPUJIOCH O HH3KHX TeMmmeparypax. Popmyna S =
=k In T ue MoxeT ObiTb BEPHOH, €c/i TeMNeparypa HH3-
kasg. B6iusu T = O sHTponHs He MOXKET CTPEMHTbCS K
—o00, a IOJIXKHA CTPEMHUTHCS K HYJIO, TaK KaK Jobas cucreMa
npu T = 0 HaxXoAuTCsA B YNOPANOYEHHOM COCTOSIHHH H €€
SHTpONHUS AOMKHA HcyesaTb. [losTomy Halo ObITb BHHMa-
TEJIbHEIM K TOMY, O KaKHX TeMmepaTypax ufuer peub. Jlas
TeMIeparyp, KoTopble BoiGpaHb! ObliH B 3afaue, Bce 06cCTo-
UT 6JIarONOJYYHO.

YEPHOE H3J1YYEHME

B Te roapl, xorza eille Opljia nonyJsipHa Teo-
pust Temjopoja, CoJbIlKe CIOPBI BBI3BIBAJ BOIPOC O TOM,
KyZa fieBaeTcs TeIVIOPOJ, KOrja TeIyIo TPATHTCS Ha HU3Jy-
uyeHHE.

*) YciI0BHIO 01MHAKOBOR Macchl KYG6oB B 3ajaue o faccefiHax Gyuer
0TBeuaTh OAMHAKOBasA mJowaib 0accefiHOB,
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B nukse Kapuo Tenso orGrpaloch OT HarpeBatens pac-
IypsolEMca rasoM. Temno B rase TpaTHJIOCh Ha YBeJlH-
YEHHEe KHHETHYECKOH SHEepruM €ro MoJEKyJ, Tak uTo (usu-
yeckH#l Ipollecc Nepefayd Temna — Kak M KOMY OHO nepe-
JaeTcss — Obl1 MOHSITEH M NpOCT (KOHEYHO, IOCJe TOro,
KaK KHHeTHUecKas TeOpHf a3oB yTBepAuJach B (H3HKe).
Ho tenyio nepenaercst oT ofHOro Tes1a K APyroMy He TOJIbKO
npu KouTakre. CosMHLE nepefaer Temnro Ha 3eMII0 yepe3
KocMuyeckuil BakyyM. Eme ApxuMen sxaj, 4ro MOXKHO (o-
KYCHPOBaTb TEIVIOBbIE JIYYH C IOMOIIBI0 OIPOMHEIX 3€pPKaJl.
Oneitamu 10 OKYCHPOBAHHUIO TEIIOBBIX Jydell 3aHMMalHCh
mHorue ¢usukd XVIII Beka *). B koHlle KOHIIOB OHM pe-
IIMJIH, YTO CBET U TeIJIO — SBJeHUS! OJHOrO THIA H NOTOMY
TEIJIO, KaK U CBeT, ecTb KoJeGanus sdupa. 3abayxjeHue
HCYE3JI0 HE CKOpO.

[Npupona paswirpeiBana ¢ ¢usuKaMu nopoii KOMHYECKHe
ucropun. Korma Bce yBepuauch B TOM, 4TO /ISl pacnpo-
CTpaHeHHA cBeTa Tpebyercs 3QUP, OH OKasaljCs JHUIIHHUM.
Korpa xe ¢usuku GblIM YBEpEeHH!, YTO TeII0 — 3TO TeilJIo-
pOX, KOTOphIfl cylllecTByeT caM no ce6e M KOTOPOMY HOCH-
TeJb HE.HYXKeH, 0Kas3aJoch, YTO TEIIOPOJa HHKAKOTrO HET,
a TemJo NEePEHOCHTCS 3JeKTPOMATHHTHBLIMHA BOJHAMH.

Ho ecmu cBer nepeHocuT Temsio, TO OH B NpHHEUMIE
MoXeT ObiTh paGouuM TesqoM B TemsoBod MamuHe. Cper
JO/XeH TOrAa HMeThb W SHEPIHI0 (YTo IOHATh IIPOCTO),
¥l SHTPOIHIO, H TeMnepaTypy. bosee Toro, A/ cBeTa J0KHO
¥MeTb CMBICJI U TeNJOBOE paBHOBECHE.

Ecan 6bl 6bi1 mpaB Heloton u cBeT coctos Gl M3 OT-
JeJbHBIX YacTHUL, TO ONMCAHHME ero, Kak HJeaJbHOro rasa,
uMesio GH Lianchl Ha ycmex. Ho xors cBer cocTouT u3 ¢o-
TOHOB, HeNB3f CKasaTb, CKOJBKO (POTOHOB HaXOAMTCH
B 3aJlaHHOM 00beMe, — (POTOHBI NOIVIOWIAIOTCA H H3Jiyya-
I0TCA  CTEHKaMH, H HX YHC/IO ONPEAEJUTE HEBO3MOMKHO.
Kak MBI yBHAMM, Jaxe HX CpeiHee YUCAO 3aBHUCHT OT TeM-
nepatypH.

Harperoe Teno ucrmyckaeT cBeT: NpH HH3KHX TeMIepa-
Typax —3To HHpaKpacHoe HaIyderHe **), mpu BHICOKHX —

*) B 1778 r. B kuure Illeensi «O cBeTe M OrHe» BHEpBHE MOSBHICS
TePMHH «IyducTasi temvioray. Illeesb 3amMerds1, 4TO0 KpoMe Temna, KOTO-
poe MOJAHHMaeTcsi HaJ OTHEM BMecTe C BO3LYXOM, €CTb TEINIO, KOTOpoe
Mbl OILyLIAeM, CTOsI JIHIOM K oraio. Ho Temno 3afepuBanoch CTEKIOM,
a CBET HET, M 3TO JOJITIO CTABHJIO B TYMHK yueHnX: «CBeT M TeIIO —
BCE-TAKH BEIM PA3HBIE», — 3aK/I0YaJIH OHH.

*#) MOMHO HAIIOMHHTb, YTO H3JIyueHHE HArpeToro Tela COACPHKHT,
BOOGILE FOBOPSI, BEe UaCTOThI, HO OCHOBHAA 4acTb YHEPIHH COCPELOTOYEHA
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BHJAMMOE, B KOCMOCe TajlaKTHKH H3/Yy4aloT B PEHTIeHOBCKOMH
obnacTn KM jaxe B oOjactH y-ayuefi. Manyuenmne moGoro
UCTOYHHKA ONHNCBHIBaeTcsl CBOHCTBAMM CIEKTpa, T. €. 3aja-
HHEM 3HepTHM, NpHUXoAflleHcss Ha pasHBE €ro YYacTKH.
@yHKUNSA pacnpelesieHHsl JJIs HU3JIYYeHHS HMEET CMBICJ,
NOXOXHH Ha CMBICJ GYHKIMH pacnpeleseHHsi aTOMOB
no ckopocTaM. Ecnu HauaTh ¢ THCTOrpaMMbI, T. €. C JHa-
TpaMMbl, MOKasplBalOLIEH, CKO/JIbKO 3HEpPTHH 3aKJIOYeHO
B yYacTKe CIeKTpa WHpHHOH Av OKOJIO v, TO NOTOM 3TY
THCTOIPAMMy MOXKHO 3aMEHHTb HeNpephBHOH (yHKuUHMel
U TOBOPHTH O NJVIOTHOCTH SHEPTHH H3JYYEHHS.

INpencraBnenve o TeMnepaType H3JydeHHS H O QYHK-
IMH paclnpefieleHHsl IJIs CHEeKTpa H3JIY4eHHs Harpetoro
TeJa OblIO NEPBBIM ycleXoM HoBOH ¢usuku. MHoro Tpyjaa
6bLJI0 MOTPAYEHO Ha TO, YTOOH! HALIO O TEIIOBOM PaBHOBECHH
UCIONB30BaTh AJIs OnMcaHHusa uanydyeHus. Ieso Havamoch
C TOTo, YTO BBEIH B paccMOTPEHHE 3aMKHYTHIH o6beM,
B KOTODOM HaXOAATCS 3JEKTPOMATHHTHBIE BOJHHEL. BosHBI
MOTYT U3/y4aThcst M NOIVIOIAThCSA CTEHKaMH CocyAa, KoTo-
pble HMEIT omnpeleseHnyio TeMmnepaTypy 7T, KaKHM-TO
o6pa3oM Bce BpeMs NMOALepHKUBAEMYIO.

Cefiuac nonoGHBIH cocyJ, HasbiBalOT PE30HATOPOM; B pe-
30HaTOpe OCBIYHO CO31aeTcs SNEKTPOMATHHTHOE N0JIE C OYEHD
Y3KHM CIEKTPOM, MNOUYTH MOHOXPOMATHUECKHM, HO MOXKHO
«PacCcTpOUTh» PE30HATOP TaK, YTOOBl B HETO MonajH BOJIHBI
C CaMBEIMM Pa3HBIMH YacTOTaMH. '

Jlyuncras TemsoTa, mo TEPMMHOJOTHH IpOLLIOTO Beka,
Bce BpeMs OYJAEeT YXOJuTb M3 CTEHOK BHYTPbh PE30HATOpA,
HO TaK KaK CTEHKH He MOTYT 0e3 KOHLA OTHaBaTb CBOIO
SHEpPTHIO, TO NONKHO B KOHILE KOHIOB YCTAHOBHTHCH Tep-
MOIMHAMHUECKoe pPaBHOBECHe, oONpefesseMoe ONHOM-eIHH-
crBenHoll BesmunHofi T. B cocTosiHMM paBHOBecHs 3Hep-
rus, KoTopasi H3JdyyaeTcs CTEHKaMH, JOJXHA B TOYHOCTH
KOMIIEHCHDOBATbCS 3Hepruell, Koropas cTeHKaMH IorJolla-
erca. KomneHcauus [o/i2KHA BHINOMHATHCA A KaXKIOro
VHTEpPBa/la YacTOThl H3aydyeHHs. EcTecTBeHHO CUHTaTh,
YTO B DABHOBECHH H3JyYeHHE HMeeT Ty ke Temneparypy T,
YTO H CTEHKH.

Hs campix o6WuX cooOpaxeHHH MOXHO YTBEPXKIATb,
YTO 3JIEKTPOMarHHTHOE I0JI€ BHYTPH Pe3oHATOpa SBJsETCS

B CPaBHUTEJbHO Y3KOM yyacTKe CIeKTpa. [Jie JIeXHT STOT yuacTox
criekTpa (Tie y CHEKTpa MaKCHMyM) H KakoBa ero ¢opma — sajaua,
KoTopoll saHuManuch ¢usuku B xonue XIX spexa,
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TaKo¥ JKe CUCTeMO#, KaK U MjeaNbHBIH ras, B TOM CMBICJe,
uTO noJie oOMeHHBaeTCs SHepTHell O cTeHKaMu (M3Iydyenue
NOTJIoaeTcss M HCHYCKaeTcs) M 4TO 3TOT Npolecc MpUBO-
JUT K TEIJIOBOMY, TepMOAMHAMHUYECKOMY pPaBHOBECHIO.

Korna Takas 3amaua Gblia cdopmysupoBana, TO pelle-
HHE [OHayaly OKasaJoch CJAMIMKOM TpyaubiM. MMenuo
3jech M paspirpajach KaTacTpoda, OCTaBIIAsics B MCTOPHU
HOJ, Ha3BaHUEM YJbTPaduOJIETOBOH.

YJIbTPA®HOJIETOBASI KATACTPO®A

Ilepass nmonmiTKa cocTosiia B TOM, HYTOGHI
yHnoZoOUTb aToMbl B CTeHKaX COCyja rasy HJH, BepHee,
Habopy KoJ/eGMmiolyXcs 3apsajoB — OCUMJIIATOPOB, Kax-
JBIH U3 KOTOPBIX, KaK 9T0 NOJIOXKeHOo 1o TeopeMe Makcsesia,
HMeeT B cpefineM suepruio 2T (mo/oBHHA 3TOH BEJHUMHBL
NPUXOJUTCS HA KHHETHUYECKYIO SHEpruio, IOJIOBHHA — Ha
‘moTeHuHanbHyl0). Ilocse sToro MoxHO G6BLIO, MOJB3YSCH
METOJaMH TePMOZMHAMMKH, PacCYUTaThb M IVIOTHOCTH 3Hep-
ruu usmrydenus. Yuco ocuusiastopos Paselt (koTopbidl Bnep-
Bble BBIBE/ POPMYJIY) CUMTAJ NPONOPLHUOHANBHEIM VAV Njist
KaXJoro HHTepBaja uyactoT. @opmysna Panes noayuaercs
U3 IIOACUeTa 4YKMc/Ja BO3MOXKHBIX pA3/HYHBIX KoJeGaHui
aToMoB. Ho npu 3ToM BO3HMKAIOT TPYAHOCTH C TeOpeMoH
0 paBHopacnpenesnenud. IlpumuchiBas KaXXuoMy OCLHMJI/IS-
TOpy 5Hepruio, paBuyw k7T, Pajefi noayumsn pis mior-
HOCTH 9HEpIu¥, HaXoAsllefics B PaBHOBECHH CO CTEHKaMH,
¢dopmyay, HOCsIMYyIO HasBanue GopMyasl Pases — lxkunca:

8nvekT
c3

f(W)Av = Av.

Ilpu Hu3KHX yacToTax sTa dopMyJa cornacyeTcs ¢ Onbl-
TOM, HO C POCTOM YacTOTHl YHCJIO OCLMJIIATOPOB pacTeT
GecrpefeNbHO, M €CIHM MBI KaXJOMy OCUMJIATOPY OyaeM
NpUNKCHIBATL 3Hepruio kT, To SHeprus H3NTyuyeHHs OKa-
KeTcsi GECKOHEUHOH. OD/IEKTPOMArHUTHOE IOJIe, ECIH  €ro
paccMaTpuBaTh C MNO3HLME KHHETHYECKOH TEOpHH Tasos,
OKasblBaercsl HEHACHITHBIM: CKOJbKO OBl SHEpTHHM HM OTHa-
BaJla CTeHKa, 9Ta 3Heprus nepepabaThiBajach OBl B KoJje-
6aunst Bce GOJBLIINX M GOJNBIUMX YacTOT. TepMoavHaMHue-
CKOE paABHOBECHE MEXAY CTEHKOH M 3JeKTPOMarHHTHBLIM
NoJeM B paMKax KJacCH4ecKoH (M3UMKU OKasblBajoch He-
BO3MOXKHBIM.
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TTonbiTKy McnpaBuTh fedo cienan Bun. On saunTepeco-
Basicsi (opMyJIOH pacnpejeseHUs SHEPTHM JJs  YyJbTpa-
(HOJIeTOBOTO yyacTKa CreKTpa M oCHapyKHJI, 4TO KoJjuye-
CTBQ 3HEPTMM B HEM XOpOIUO OMNMCHIBaeTCs (opMyJioi
(onsATb B HMHTEpBaJe 4acCToOT OT Vv 10 v + Av)

_b
avie T Av,

rie @ u b — HeKoTophle nocrostHHble. CMbica 3TOH Qop-
Mysbel Obl HescHbIM. HMKakoro oTHOLIeHMS K KHHETHYe-
CKOH TeopHH OHa He HMeNa M JJIsi MaJblX 4acToT Oblia
penpuronna. Cnoxumoch crpaHHoe noJoxkenne. Onna dop-
MyJna Oblla XOpollla C TeopeTHuecKoH TOYKH 3peHHs, HO
npHBOAMJIA K abCcypAy; BTopas crnpaBJsijach ¢ KaTtacTpodol
OpH BBICOKMX 4YacToTaX, HO Oblla, OYeBHJHO, HEBepHa
npu HU3KHX. B paccyxkaenusix Obl1 rie-to mopok. Io-
POK JiexkaJl B OCHOBaX TEOpHM, M JIOTMKa He MorJja Io-
Moub ero Hafitu. HyXHo GblIO pasopBaThb JOTHKY. IOTo
u cpenan Ilnask.

HOBASl @ YHIAMEHTAJIbHASI NOCTOAHHAA

Kumoy x 3aranxe Gbu1 ckphIT B hopmysie Buna.
B neit cpasy 6pocaercs B Iias3a MOSIBJIEHHE HOBOH IIOCTOSH-
HOH b B moKasaTesie SKCIIOHEHTH. B Te BpemeHa TeMmepa-
TYpy HHUKTO HE YMHOXaJ Ha TOCTOSHHYI0 BoabmMana
(oma, KaK MBI roBopusM, Gbula BBeneHa Julb Iltamkom).

bv bkv
Ho ec/i1 nokasare/Ib SKCIOHEHTH! HANKCATD B BUAC = = )
To BMecTo Koadunnenta b B GopMyy AIs pacrpeneseHust
BoiizieT HOBBI Koaddunuent bk. PasmepHocTb Koadduien-
Ta bk — sneprus X Bpems. [sans na dopmyay Buna, Moxuo
OblJIO, B KOHIle KOHILOB, IIOHATb, 4TO HE CYIIECTBYeT crio-
co6a BHIBECTH €€ M3 KaKHX-JHO0 cOooOpakeHWiH, ecqu OHH
OCHOBaHbl Ha YypaBHEHHSX KJjaccuueckoi ¢usuku. Hano
6bII0 MaXHYTb PYKOH Ha K/IaccHYecKyIo GU3HKY, OTODOCHTD
JIOTHKY M, He 3aJyMblBasich Ha I€PBBEIX IIOPax O CMbIC]E,
IpUAYMaTh HOBYIO ruroresy. Tako# rumotesoil oKasamach
runoTe3a KBaHTa.

ITnank Xopolllo oTnaBas ce6e OTYET B TOM, HACKOJNLKO
HeoGkluHa ero rumoresa. Ho ona cmacana ¢usuky, u 3To
6BIJI0 OCTATOYHBIM OCHOBAHHEM JJIsl TOT'O, YTOOHI OH HE UCITY-
rajcs ee 3allliTHTL. ['HIoOTE3a coCTOs/Ia B NPEANOIOXKEHNH,
YTO aTOMBbl CTEHOK COCYJZa, B KOTOPOM HaXOAMTCS H3Jyue-
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HUe (Te, KOTOpble Mbl HasBaJH OCUUJISTOPAMH), MOTYT
HCITYCKaTh UJIM NOIVIOWIATh 3/1€KTPOMATHUTHbIE BOJIHBL TOJIb"
KO MNOPUUSMH — KBaHTaMH C 3Hepruefl Av. IDroro mpen-
[OMIOXKEHHSl 0Ka3aJoch [0CTaTOYHO, Y4TOOB! JIMKBHAMPOBATH
yabTpaduoIeTOBYIO KaTacTpody.

Mtuoro nosguee Ilnauk nucan us bepmuna Byny: «[o-
poro#i kKosneral Bo Bpemst Moero yxuna B I'puntn Xosn
Brl BhIcKasasu moxenanue, yToObl s Hamucaa Bam Gosee
noApo6HO O TOM IICHXOJOIMYECKOM COCTOSIHMH, KOTOpoe
IIpUBEJO MeHS KOTIAa-TO K TOCTYJHPCBAHHIO THIIOTE3bI
KBanToBo# sHepruH. Celivac a BrinonusAio Baule noxenanue.
KpaTko s1 Mory omucaTtb CBOM JeHCTBUSI KaK aKT OTYasfHHUA,
100 1o cBoeH IpHpoJe s MHPOJMIOOUB H HE JIIOG/II0 COMHH-
TeJIbHBIX Npuk/MoyeHu#. Ho g menpix mecTb JeT, HauHHAsA
¢ 1894 r., GesycmemHo BoeBas ¢ npobreMaMy DaBHOBECHS
MexXJy H3JyuYeHHEeM U BelllecTBOM; f 3HaJ, YTO 3Ta Npo-
6emMa uMeeT (yHAaMEHTaJbHOE 3HAYeHHe A (PU3UKH;
f 3Hal (opMyJsy, KOTopas JaeT paclpefie/leHHe SHEPTHH
B HOPMaJIbHOM CHEKTpe; [03TOMY Heo0X0oAuMo ObLIO HAHTH
TeopeTHyecKoe oGbsiCHEHHE, yero Gbl 310 HH cTomao. Kiac-
chuyeckas ¢usnka Oblna 3uech OecrojiesHa — 3TO f IOHHU-
MaJs... (KpoMe IBYX HayaJ TePMOIHHAMUKH).

51 6Bl rOTOB NpUHECTH B XePTBY MOM YCTaHOBMBILUHECSH
(usuyeckue npencraBjaeHus. DosbuMaH OOBACHUJ, KaKUM
o6pa3oM TepMOZMHAMUYECKOE PaBHOBECHE BO3HMKAET yepes
paBHOBecHe CTaTHCTHYECKOe; €c/H Pas3BHTb 3TH copOpake-
HHS paBHOBeCUS MeXJIy BelleCTBOM H H3Jy4YEHHEM, TO
00HapyKUTCS, YTO MOXKHO M30€KaTh YX0[a SHEPTUH B H3Jy-
YeHHe [PHU NOMOIIY MPENNOIOXKEHH A, YTO SIHEPTHUS C CaMOoro
Haya/la JOJI)KHA OCTaBaTbCcsl B (opMe HEKOTOpPbIX KBaH-
TOB. 370 6blIO YHCTO (POpMasbHOE INPEANONONKEHUE, H s
B JIEHCTBHTE/ILHOCTH HE OYEHb PasMBILVIAJI O HEM, CUUTas
TOJNBKO, 4YTO, HECMOTPS HM HA Kakue oOCTOATeNbCTBa,
CKOJIbKO Obl HH NpPHHLIOCH 33 3TO 3alJaTUTh, A JAOJIKEH
NpHATH K HYXKHOMY pe3yJIbTaTy».

To, uro ckasan Ilnauk, TpeGyer HeKoroporo oOGbscHe-
uus. Jns 3Toro Hajo mnpencTaBuTh ce6e cocya — AIIMK,
B KOTODOM €CTb 3J€KTpoMarsuTHoe mnose. IlycTs B ero
CTEHKaX HaXONATCHA 3JMEKTPOHH, KOTOpble He MOTyT JBH-
ratbcs cBoGOJiHO, a KOJEOMIOTCs, KaK Obl CBSI3aHHBIE yNpY-
ro#t mpyxkunoii. He Hafio fyMath, uTo Takas KapTHHA CJIMLI-
KOM rpy6a, — 3aKOHBl TENJIOBOTO pPaBHOBECUS HE 3aBHCAT
OT KOHKPETHOTO YCTPOHCTBA CHUCTEMBI, U MOJENb C 3JIEK-
TPOHAMH JOJKHA NPHUBECTH K TOMY K€ pe3yJbTaTy, 4To
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n mobas apyras monenb. Heo6xomumo, onxako, coGmocTi
JBa YCIOBHS. BO-NEPBHIX, YacTOTH KoseGaHUH 3JeKTpo-
HOB JOJ/KHBI ObITb CAMBIMH pa3HBIMH; YTOOBI OHH MOIVIH
H3/JyYaTh M INOIVIOUIATh 3JEKTPOMATHUTHOE U3JYUeHHE JIIo-
6ol yacTOTHl; BO-BTOPBIX, 3JIEKTPOHBI JOJIKHBEI HAXOIHTLCSA
B TEIJIOBOM DaBHOBECHH CO CTEHKOM, YTOOB HX JIBHIKEHHE
MOXHO ObITIO ONHUCHIBATL ONpelesieHHON TeMiepaTypoH.

K coxanennio, BeiBectu dopmyany Ilnanka noBolbHO
Tpyxuo. st 3Toro Hajo yMeTb BHIUHC/SITbL paclpejeseHHe
OCHMJIISITOPOB 10 3HEpruu. Mel npuBeieM cpas3y KoOHEU-
Hblfi pesyabTaT. Qopmyna, BoiBefieHnas IlmaHkoM, nMeer
BHJ

8nhv3 1
fv) =g ——

B3
<
.

I'naBuylo ocobennocTs ¢opmynsl Ilnanka Moxuo yBu-
JeTb mpH Gosnbliux yactorax. Ilpenmonoxus, uto sHeprus
MOXKET M3JIy4aTbCsl M TOIJIOWATLCS TOJNBKO B BUJE KOHeu-
HBIX MOPUHMHA — KBaHTOB, CBSI3aHHBIX C YacTOTOH (opMyoit

ge=hv,

Ilnank oOGHapy»uJ, 4YTO 0pH 3TOM yabTpaduoJeTcBas
KaracTpoda HcuesaeT U AJIsl paclpefefeHusl HOoJydaercs
pasymnasi ¢opmyaa. Ilpm kaxnpohi Temmeparype cmektp
MOXKHO Pa30HTb Ha JB€ YaCTH: B OLHOH — 4acTOThl, GOub-
mue kT, B ipyroét — uactotsl, Menbiune kT. Bennuuna £T
rpy6o XapakTepHu3yeT TO MECTO B CIIEKTPE, B KOTOPOM COCpe-
JoTouena GOnbllas yacTb Hepruu. Korna v Muaoro 6oablue,
ueM kT, TO KCIOHEHTa B 3HAMEHATENIE CTAHOBHTCA GOJMb-
wol u eauHHIeH MoXHO npeHeGpeub. Torza

hv
3 o —
f(v)=-8n%e kT,

Mgt BupuM, uto ¢dopmysa [lnanka BOCIpPOMSBOAMT mOBeje-
Hue GyHKUHM pacnpefeneHust Buma. CnekTp u3iydyeHus
yOBIBaeT OYeHb OLICTPO C POCTOM 3HEPTHM, a HOTOMY TpH
GosblINX YacTOTaX HMKaKOH «KaTacTPOGEl» HE IPOUCXOMKT.

Jeno BBEIMIAZAT TaK, 4YTO KoJaeGaHHS 3JEKTPOMATHHT-
HOTO MOJs1, OTBeyaloliie GOMbIINM YacToTaM, HMpPaKTHUECKU
He [I0/Ty4aloT SHePTHH . DTO eCTh CJIEACTBHE rHnoTesb! [1nanka
0 xBaHTaxX. [lo mpeacraBienusM KJaccHuecko#l Teopuw,
KaxJaoe KoJebanHe JO/IKHO HMeTb cpefHwoi0 sHepruio kT .
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Ecm kT S>> hv, TO TaKoit 3HEpPTHH OTBEUalOT HECKOJbKO
kBaHToB. Ecnn xe kT < hv, To Jaxe oJHOTO KBaHTa CTa-
HOBUTCSl CJUIIKOM MHOro. VI3nyunTh ke moJIKBaHTa HJH
ueTBepTh KBaHTa ATOMHI-OCUMJIIATOPH HE MOTYT: TaKHX
nopuuil HeT B mpHpoje. A TaK Kak «GosbIIHe» KBAHThI —
KBAHTHI ¢ GOJIBLION YacTOTOH — He H3/1y4aloTcs, To UX HeT U
B3JIEKTPOMArHHTHOM HoJle. DTH CTeNeHH CBOOOJEI «BbIMEP 3JIH».
«BbIMep3aioT» Ke 4acTOThl, KBAaHTHl KOTOPHIX CJIHIIKOM Be-
JUKH mo cpaBuenuio ¢ 27. C yMeHbllleHHEM TeMIepaTyphl
«BbIMep3aeT» Bce Gousblle H GoJblie kojeGanui. Ilpu a6eo-
JIOTHOM HYJIe HCYe3aloT BCe CTENeHH CBOGOABI — SHEPIUf
U SHTPOIMS H3JYYeHHUS YCTPEMIAIOTCS K HYJIO.

SIBjieHue «BbIMEp3aHHS» CTENEHH CBOGOJBI OOHAPYXKUJI
emle HepHer 3afonro 1o mosiBleHusi KBaHTOBHIX IpeJCTaB-
JeHuf, pasMBILLVIASA O TOM, KaK JOJXKHA BecTH cebs 3HTPO-
st BOMU3H abCoJIOTHOTO HYJIA.

Ecau nocMorperb Ha ¢opmyny Ilnanka npu HH3KHX
gacrorax (hv < kT), T0 B 3TOH 061aCTH MOXKHO 3aMEHHTh
aKcronedTy mo ¢opmyse e ~ 1 + o npu o < 1 u noay-
uuTh opmyay Panesa — JxkuHca:

8miv2
[(v)=—-kT.

dro sameyartenbHas ¢opmysna. M3 mee ncuesna mnocTosiH-
Has Ilnauka h. Ilpy mHuskux wyacroTax, Korja KBaHT «Ma-
JIeHbKUH», ¢opMyJia JaeT KJIacCHYeCKOe YHCJIO CTeneHed

8y
CBOGOJBL 5J1€KTPOMATHUTHOIO MOJS — HX —z~ Ha HHTepBal

yactoTel Av. Ha xaxayio crenenb cBoGOJBI NPHUXOJAUTCS
speprusi kT.

B ncropun ¢ xBantoM Ilnank mposBuJ yAMBHTEJNbHYIO
uutyunuio. Benb Ha caMoM fesie He cYIIECTBYeT HHMKAaKOH
JIOTHUECKON LEeNouyKH, KOoTopas Morja Obl NPHBECTH €ro
K OTKDBITHIO.

Ilnank cam He JyMaJ O HACTOALIMX KBaHTaX — KBaH-
TaX 3JEKTPOMArHHTHOro noid. s Hero KBaHTBI GBLIH
MOpLUUSIME 3HEPTHH, KOTOphle Tepsa ocuu/IsATop. TonbKo
uepes nATh JeT DHHIUTEHH 3aMeTUJ, 9TO €c/IH KBaHT HMeeT
3HEPTHI0, TO M3 TEOPHH OTHOCHTEJNbHOCTH CJEAYeT, 4YTO
OH JIOJKeH HMeTb H MMIyJbc. TOTZa KBaHT UMEET HPaBo
Ha caMOCTOSITE/IbHOE CYIIeCTBOBaHHE, KaK YacTHIA C JHep-
ruefl € U Maccodl NOKOsl, PaBHOH HYJIO.

Tounbie pacuetsl o gopmysne Ilnanka paroT pjis miaoT-
HOCTH SHEPTHH H3JIyUYeHHs B eXuHuue oObeMa (3aKOH
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Credana — Boabiumana)
Eo=aT4,
rae
_omERr 1 apr
a—ﬁﬁc—g—l,QlTlO 5m.

B sty dopmyny BXoAsiT cpasy TpH ¢yHAaMeHTaJbHbE IO-
crostuHbie: B, fi u ¢. IlocrosnHas BoabnMana — U3 KuHeTH-
uyeckofl TeopuH, nocrossHHas Ilnanka — U3 KBaHTOBOH
MeXaHUKH, CKOPOCTb CBeTa — U3 TEOPHH 3JEeKTPOMarHuT-
Horo nosii MakcseJia.

3akon Credana — BonbuMana o6blyHO NHINYT He JJIst
IJIOTHOCTH dHEPTUH B equHuue obbeMa, a LJIs KOJNHYeCTBa
SHEPTHHU, KOTOPOE 3a CEKYHAY HCIIYCKAeT ¢ ENHHUIBl IO-
BEDXHOCTH B IIyCTOTY TeJO, Harperoe Ao TeMnepatypul T:

HOTOK HEpPrun =oT4,

r
TIae 0’=5,6710 5W
COOTHOILeHHEM ¢ =1/, ac.

Ecin paspgenuts niotHocTs suepruu E, Ha 3Hepruio
ofiHOro Kone6anus, T.e. Ha KT, TO HOJYUMM BEJIHUHHY,
KOTODYIO MOXKHO HHTEPIIPETHPOBAaTb KaK YHCJAO KBAHTOB
B efunuue o6beMa. OHO OKa3bIBAaeTCs PABHBIM HPHMEPHO
14T3. D10 3HAUUT, YTO YHC/IO KBAHTOB HE OCTAe€TCs MO-
CTOSIHHBIM, a pacTeT ¢ TeMneparypol. DTUM ras u3 GoTOHOB
OT/IMYaeTcs OT HJeaNbHOTO rasa, rasa U3 oCTOSIHHOTO YHC/Ia
aToMOB.

Orkpuitue Ilnanka ofpeno ¢usnueckoe couepianmue,
Korja OJHHIITEHH NOHSJ, YTO 3/EKTPOMATHHTHOE MOJe
COCTOMT U3 KBaHTOB — (JOTOHOB W YTO OCLHUJIATOPHI U3JY-
YaloT M IOIVIOWAT (DOTOHB — YACTHUB, JABHXKYLIHeCH
CO CKOPOCTBIO CB€Ta M He MMelollie MacChl MOKOS.

IMoaBnenne ¢oToHoB B dusnKe GBUIO HACTONLKO HEOXKH-
JAHHBIM M HX CYLIeCTBOBAaHME OBIO HACTONBKO TPYIHO
OpHU3HATh, YTO TOJAbKO B 1924 r. ¢orombl craau paccMa-
TPUBATb KaK a3 M NPHUMEHATb K HEMY 3aKOHbI CTATHCTH-
YyecKoH (PU3MKH.

. IlocTosiHHBIE G U @ cBSI3aHbI

$OTCGHHbIA TA3

B 1924 r. Mosono#i uupuiickuii ¢usuk Bose
ofHapyxuJ, uto pacnpesenenue [lnanka MoXHO HONYuHTh
NIOYTH TaKHUM ke 06pa3oM, Kak U pacnpenenenue Makcsenna,
€C/IM CUMTaThb 3/JEeKTPOMAarHHTHOE MOJE CHCTEMOH H3 MHO-
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*ecTBa (POTOHOB, T. €. CUHTATh €r0 HJeaJbHbIM (DOTOHHBIM
rasoMm. IlIpu sToM, KoHeuno, He Hajo 3abIBaTh, YTO (OTO-
HBl — 3TO He OOBIYHEIE aTOMbI, OHH HE HMEIOT MacChl IIOKOS.
Bose npo 3To He 3a6bl1 M oGHapyxui, uto QopMyJsa pac-
npefesenus Ilianka ecTp He 4TO HHOE, KaK paBHOBECHOE
pacmpejesieHHe Takoro (OTOHHOTO rasa, Ha3BaHHOTO BIIO-
CJIEACTBHH 603€-ra3oM.

BriBoxg Bose ouenr nonpaBuics DHHIUTeHHY; OH mepe-
BeJl CTaThl0 HAa HeMeUKHH f3HK (C aHTIMHCKOro) W Hampa-
BHJI ee B (usuueckuil xypHaa. Ilocse atoro snexTpomar-
HHTHOe mnoJe (moje (OTOHOB) cTalo IPHMEPOM HOBOTO
UJEajJbHOTO ras3a, Yy KOTOPOIO YypaBHEHHE COCTOSIHHS,
KOHEYHO, He MMeeT HHuero ofllero ¢ ypaBHenHeM Knaneii-
pona — MenjesieeBa.

BriBox ypaBHeHHsl cocrosiHHSI (OTOHHOro rasa GoJiee
CJIOXHBIH, 4YeM BHIBOJ YypaBHEHHS OOCBIYHOIO HAEAIBbHOTO
rasa. Ho B sTOM BbIBOZE CTOMT pasobpaThbes.

[Toka y mac ectp Qopmyna aJsi MJIOTHOCTH SHEPTHH
usnyuenuss E,. Ecau DJIOTHOCTH 3HEPTHH YMHOXHTL HA
00beM, TO MOJYYHM BHYTPEHHIOO SHEPTHIO H3TyYEHHS:

U=aT*V.

Jast Toro utoGel yBenuuuTh sHepruio Ha AU, Hano moBbI-
CHTb TeMIepaTypy Ha HekoTopyio Benuuuny AT:
U+AU =a(T+AT)V.
Ho
(T++ATY=T4 (1 + ATT-)‘* ~T* (1 + i‘—ATl)
OTCI0A
U+ AU =U +-4aT3V AT.

910 3HauHuT, yTO yBesuuenue sHepruu AU cBsi3aHO ¢ yBe-
auueHneM teMmneparypsl AT cooTHolLeHHeM

AU = 4aT3V AT.

Ho yBenunuenue sanepruu npu AT = 1 ecTb TEIVIOEMKOCTb
CHCTEMbI NpH TNOCTOSHHOM oOfbeMe:
AU =cy AT,
T. €.
cy=4aT?V,



Teneps MbI MOXKEM COCUHTATH, HACKOMbKO H3MEHMJIACh
sHTponHa. Mal 3HaeMm, uTo

AS:E_?_—.CVAT
T T

TaK KaK TEIJIO, NOABOAKMOE K (POTOHHOMY rasy, HjeT Ha yBe-
JIMYeHHe ero BHYTpeHHell suepruu. Hrak,

AS = 4aT?V AT.

Tenepp Hamo norajaThes, KaK JKe BBUVIAAHT (opMyna,
KOTOpasi CBASHIBACT SHTPONHIO H TEMIEparypy, uYTOGHL
H3MEHEHHe SHTPONMH BbIPaXKasoch HANHCAaHHOM Bbllue (op-
MyJIOH.

IMpeanosoxumM, uto GopMyna AJsi SHTPONHH HMEET BHJ

S=ATSB,
rae xoadduuuentst A ¥ B Hano onpepenuts. Yenauuum S
Ha AS, a T na AT:
S+AS=A(T+AT)B~ AT8 4 ABTB-1AT,
T. €.
AS = ABTB—-1AT.

CpasuuBasa c ¢opmynoit ana AS, mnoayueHHoH Bhiite,
cpasy Hafinem

B=3, A=—g~aV.
TaKHM o6pa30M, Mbl HAUJIH Bblpa)KeHPle A 3HTPOH!’H'I
H3JTyYeHHs:
S= 4 aT3V.

|

3ameTuM, 4To, B corviacuu ¢ Hepuerom, surpomus oGpa-
maercst B Hysb npu T = 0.

MoxHO moKasaTb, 4TO H3/ly4yeHHe BefeT cels Kak ras,
4TO ero MOXKHO CXKHMMaTb, 3aTpayuBasi paGoTy, H 4TO mpu
pacluHpeHHH OHO caMo coBepliiaer paGory. IlycTs, Hanpu-
Mep, 00LeM, B KOTOPCM HAXOAHTCS H3JYYEHHE, YBEIHUHJICH
oT 3HaueHus Vy o snauenus V,. Ecam temnepatypa npu
9TOM MOANEpKHBAeTCs NOCTOSHHON M mpouecc oGpaTHMbIH,
TO NpH yBeJHUYEeHHH 00beMa SHTPOMHSA BO3pacTeT:

Sy —Sy=4aTs(Va—V)).
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Tak Kak ¢ yBeJMUEHMEM SHTPONUM CBA3aH MOABOA
TenJja: AS=—A7—(:2—-,TO

AQ=-5aT* (Vo= V).

Dueprus usIyuyeHHs Bo3pacTaeT MPH pacllMpeHHH Ha BesH-
YHHY

UZ—-U1=aT4(V2—V1).

Mu1 BuuM, 9TO 3HEPrUsl Bo3poc/a MeHblle, 4eM MOCTYIHIO
tenya. Tak W JoMXKHO ObiTb, TaK KaK 4acTbh TelJa Mollia
Ha coBepluenue padorel. M3 nocnenuux asyx dopmyn Ha-
XOHM, 4TO 3Ta paboTa

=5l (Vo= V).

Ho ona, Kak H3BecTHO, paBHa NPOU3BENEHHIO NABJEHHUS
rasa Ha yBeJugeHnue oObeMa, T. e.

A=p(Vy—Vy).
Orciona nosmyuaeTcsl, 4To JaBJEHHE U3JIYYeHHS PaBHO

p =—é~aT4.

9T0 M ecTb ypaBHeHHe COCTOSHHA (OTOHHOTO rasa.
Cpasy BHIHO, Y4TO OHO De3KO OTJIHYaeTcsl OT ypaBHEHHS
COCTOSIHHSL HMJeasbHOTO rasa. Hau€osee yauBHTENBHO, 4TO
JlaBJIeHUe HE 3aBHCUT OT 06beMad, T. e. GOTOHHBIH ra3 MoXHO
CXKHMaTb H30TE€DMHUECKH H €ro JaBjeHue He OyneT mnpu
5TOM Bo3pacTaTb. Takoe IOBEJEHHE MOXKeT IeKasaThes
NpoTHBOpEYalluM 3ApaBoMy cMelc1y. B 3ToM, omuaxo,
HET HHYEro CTPaHHOTO, €c/H BCIOMHHUTb, YTO YHCJIO (oTO-
HOB He coxpansercsl. Ilpum cxkaTmu rasa uacth ¢oToHOB
Hicue3aeT, NOIvIoLlaercsl CTEHKaMH Cocya; NPH pacliMpeHdy
rasa poXJalTcs HOBble (OTOHHI.

Ecan sHTpONHIO rasa nojfepKuBaThb MOCTOSHHOM, T. €.
ec/Ii coBepliaTh ¢ rasoM aguabaTHuecKuil npouece, To 06beM
H TeMneparypa OyAyT cBA3aHbl YpaBHEHHEM annabaThi:

T3V =const.

3Has ypaBHEHHE H30TepMbl M anuabaThbl, MOXKHO NPOBEPUTH
teopemy Kapno, BbIGpaB B kKauectBe pafouero rasa ¢orou-
HBIH ras,
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DoTOHHHH ras MMeeT ellle OJHY 0cOGEHHOCTh: OH [OYTH
Bcerja uueajbHbli. QOTOHBI NpPAKTHUYeCKH He B3aUMojeH-
CTBYIOT Jpyr ¢ JApyroM (He CTaJKUBAalOTCs), H MO3TOMY
HX TEIVIOBOE paBHOBECHE YCTaHABJIMBAETCS TOJbKO Graro-
Japs ImpoleccaM INOIVIOIIEHHS H H3Jy4YeHHs CTeHKaMH co-
cyrna.

Ecan 661 MOXKHO GBLIO CO3JaTh YCIOBHSA /IS CYLIECTBO-
BaHHS DaBHOBECHOro (JOTOHHOILO Tasa U YMeTb H3MepaTh
€ro JaB/ieHlie, TO Mbl HMeJH Obl HjeasJbHBI TEpMOMETp,
KOTOpHIH 6€30 BCAKMX MONPaBOK M3Mepsis Obl aGCOJIOTHYIO
TeMnepaTypy. 21o Cbl1 Obl caMblii TOUHBIH TepMOMeTp Ha
ceere. K coxa/leHuio, MOBTOPHTh onbiT JleGeneBa (M3MEPHTD
JlaBJIeHHe CBeTa) OYeHb TPYAHO, a CO3JaTh YCJOBHA Tem-
JIOBOIO paBHOBecHd ellle TpyzaHee. [Tostomy ¢oronHBIf Tep-
MOMETD B TaKOM UHCTOM BHJE€ CO3[aTh IIOKa HEJNb3f, XOTA
NPHHUOMN (OTOHHOrO TepMOMeTpa M HCIOJIb3yeTcs yixe
JaBHO JJifl ONEHKH TeMmepaTypbt 3Be3n. Eciau OBl CIEKTp
U3JIyYeHHS 3Be3Jbl onuchbiBagcs ¢opmynoli Credana —
BonbumMana, To 3Besga cayxuia Gbl TepMOMETPOM, H3Me-
PSAIOLIKM CBOIO COOCTBeHHYIO Temnepatypy. Ho pas aToro
. OHa Jo/kHa Oblna Obl ObITh YEPHBLIM TEJIOM.

YEPHOE TEJIO

He Bcsikoe marperce Teso M3Jy4YaeT CLEKTp,
onuceiBaeMbiii  ¢opmynoin Ilnanka. CrekTpry MoryTt ObITb
pasubie. MIHOTIa OHH COCTOSAT K3 OTHEJbHBIX JHHHH, HHOTAA
u3 nosoc. YToObl crnexTp Tesa OBl HJIAHKOBCKHM, Hano,
uToOBl H3JyyeHHe ObLIO B TEINIOBOM DaBHOBECHM C H3JY-
yaloll¥M TeJoM, YTOOBl OHO «H03abbLIO» Bce O Ipolecce
CBOEro BO3HMKHOBEHHMS.

B mpomioM Beke NpUAYMBIBAJIH pasHble MOJENH JJisl
Takoro mpeuecca. Opna M3 HHEX, caMas InoONyJsipHas,
npejcTaBisAach B BUAE 3aKPHITOrO COCYAa, MOJNOCTH C Ma-
JIECHbKHUM OTBepcTHeM. Takylio HoJocTb HasblBaJH «4epHBIM
TesioM». Manyuenne, MHOro pas ortpaxasch OT CTEHOK
10J06HO rasy, NOCTENEHHO NIPHXOAUT B TENJI0BOE paBHOBECHE.

B jeficTBUTENIBHOCTY OYeHb TPYAHO c(HOPMYJIHPOBATH
VCJIOBHS, KOTOPHIM JO/XKHO YJOBJIETBOPSATb YEPHOE TeJo.
Urto0bl y3HaTh, SBJASETCS JIH H3JIydYeHHE PaBHOBECHBIM,
TEIVIOBBIM, HaJ0 M3MEPHTb €ro CIEKTp: €cJH OH OKaxKercs
IJIaHKOBCKHM, TO BCE YCJIOBHS BHIIOJHEHH.

MoxHO no3TOMy mpencTaBHTb cebe H3yMJIeHHe (H3u-
KOB, KOrlla oKasaJsoch, 4TO Bci DBceneHHas sano/HeHa
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GOTOHHBIM TFasoM ¢ IVIAHKOBCKHUM cnekTpoM. DoToHmr
Becan ¢ coboii mHpopManuio o6 oueHb naBHeH uctopuu Bee-
JeHHOH H Jamu HauGosee SpKOe JOKa3aTeNbCTBO ee fpac-
wupeHnsi. D10 BHIVIAKEJIO UYAOM, H 3TO YyRO Haio Obl-
Jo paciuugpopars.

PENWKTOBOE H3JYYEHHE

Vimenno Taxkas 3ajaya BO3HMKJA, Korna
B 1965 r. 6mio ofHapyXeHO, 4YTO M3 KocMoca Co
BCEX HanpaBJeHUH K HaM HIYT cjabbie paftiocHTHAMbl. ITH
curyanbl HabalofalHch npu AauHe Bosme 7,35 cM. Ec-
JIH CUHTaTh, YTO HaOJOAaJCAd MakKCHMyM B DaclpeieseHuH
Ilnarka, TO KapTHHA BBRINISHENa Tak, Kak Oyaro
H3 KocMoca TOCTYNaNo H3JIyueHHe YEPHOTO Tena C TeM-
neparypoit oxoso 3 K. Brura Boickasama runoresa, uTo
3T0 H3AyuyeHHe oOyCJIOBNEEO ocTaTKaMH OGYpHHIX Ipo-
IIECCOB, KOTOphle NpOHCXoJuiH Bo BcenleHHoM, Korja oxa
€eia oueHb ropsivefi. BoJee Toro, oxasajoch, YTO cymle-
CTBOBAHHE TaKOro H3NYyueHHS ObLIO H2BHO IPEICKAa3aHo
TaMoBBIM, TOMBKO 00 3TOM TpeACKa3aHKH BCe YCMenu
3a0HITh.

Ecnn pBuratees Hasaj Bo BPCMEHM, TO TJIOTHOCTL Be-
mecTBa Bo BcesenHolt BospacTaeT; BMeCTE € IJIOTHOCTbIO
pacreT u sneprus. B Tako#l ropsuefl Bcenennofi ¢oTonbl
POXIANOTCSl M HCYe3aloT, NpeEpallasch B naphbl 3JeKTpOH —
RO3UTPOH. Mexay EceMu yacTHIaMu CYUIECTBYeT TeNJOBOe
paBHOBecHe.

Ho Bcenenras paciinpsieTcss M SHEPTHH YaCTHIL NafaloT.
DroT 3¢(eKT MokHO Habmionath n celuac. Jlanexue o6b-
€KTbl — KBasaphl, FaJlaKTEKH H UX CKOIJIEHHA — HOCHLIaIoT
K HaM H3JyYeHHe, LJHHB BOJH KOTOPOro CABHHYTH B JJIHH-
HOBOJIHOBYIO 06JIaCTk O CPABHEHHIO C TeMH Ke JHHHSMH
B CHOEKTpe TeX 2Ke 3JeMeHToB na 3eMje (Tak HasblBaeMoe
«kpacHoe cMemenue».) OTciola MOXHO 3aKJIOUHTb, YTO
nanekie OGBEKTH YHAJfATess OT Hac, M 3TO CMelllenue
CTEKTpasbHbIX JHHHE ecTb pesyabtaT 3ddgexra Honnepa.
CkopceTh  yAaJCHHMA MNPONOPLMOHANILHA PACCTOAHMIO JIO
cBeTamerocss obwvexra: v = HR, rie H — nocrosiHEas,
nasbiBaeMasi nocTosHHoll XaG6ma, no HMEHH acTpoHoMa,
KOTOpBI o6HapyKHJI 3Ty 3aBHCHMOCTb B 1929 r. *).

*) Kpacroe cmewenue otkpbiro Crnafigepom B 1922 r. XaG6a xe
Hamies M3 HabmofeHKH ChA3b MeXIY CKOPOCTEIO «pasberanms» M pac-
CTORUEM,
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[TocTosinnas Xa66na paBxa npumepuo 1/18-10° user.
Tpun pacmmpenun BceseHHofi cpepuAs SHEPrus YacTHL
yMeHbIaeTcs, NO3TOMY NajaeT M TeMmepaTypa BceH Harpe-
To#l cMecu. Cor/siacHo 3aKoHy Xa60na, IJHHA BOJHBL U3MY-
YeHHS pacTer JHHEHHO ¢ paccTOSHHEM, TaK UTO ueM CcTaplie
cTaHoBHTCSL Bcenennasi, TeM GoJibllle CTAHOBHTCS JIJIHHA
Bo/iHBl. C POCTOM JMMHBI BOJIHBL 3HEprusi (GOTOHOB Majaer,
BMecTe ¢ HeH majiaeT M TeMmeparypa.

[Toka oOMeH sHepriHedl MeX1y KBaHTaMH U OCTaJbHbIM
MHDOM TNpofo/xKaeT ObITb SHEPTUYHBIM, TeMIepaTypa Bcex
yacTedl cHCTeMBbl OCTaeTcst, rpy6o roBopsi, OLHOH H ToH Xxe.
Ho mo Mepe octhiBamnsi BcesnenHoit u oXx/axaeHus Be-
llecTBa HacTymaeT TakKoH MOMEHT, Korja (oToHaM cTaHo-
BHTCS TPYJHO «cOpachiBaThy CBOIO HEPTHIO, TaK Kak obpa-
30BaHME Tap NpeKpaTHAOCh, a APYTHX 3(pQPeKTUBHBIX Npo-
1eccoB, KOTopble M3MEHHJH Obl 3HEprHio POTOHOB, He Cyille-
ctByer. Bo Bcesnensoii Her HH CTEHOK, HM JOCTATOYHOTO
KOJIMYeCTBa OCIMJ/NATOPOB, KOTOpLIE MOMOIJH Obl (oToHAM
yCTaHaBJIMBaTh CBOIO TEMIEPaTypy B COOTBETCTBHH C OKPY-
*Kamomel cpenofi. PoToHbl OKasbBalOTCs B H30JHPOBaH-
HOM IMOJIOKEHHH, MOX02XKeM Ha NOJIOXKEeHHe fJep B pelleTKe.
INpeBpamenne (oTOHOB B H30/HpOBaHHEIH (JOTOHHEIA ras
NPOHCXOAMT NPH TeMmeparype okono 5-10° K (0,5 MsB).
Ilpn panpuefitem oxnaxuenuu GOTOHB! NPAKTHUECKH HE Te-
PAIT CcBoell SHEPrHH Ha B3aMMOJEHCTBHA, HO NJIHHA HX
BOJIHBI TMpPOJOJIXKAET YBEJHUMBATHCA C INPOAOJIKAIOLUMCSH
pacmipenneM Bcenenunoit. JlsvHa BOJMHBL pacTeT Tak e,
KaK M PacCTOSIHHS MeXJY raiaKTHKaMH.

Tak Kak CKopocTb cBeTa oOCTaeTcs [MOCTOSIHHOH, TO
YacToTa M3JYYEHHS] YMEeHblaeTcsi cO BpeMeHeM. DTo 3Ha-
YMT, YTO M dHeprus (OTOHOB Av cO BpeMEHeM Najaer.

[Tocmotpum elle pas na Gopmyay Ilnanka: B Hee Av

BXOJMT B KOMOHMHAUHH —k;;’—,. ITosToMy ywmembllleHHE v O3HA-

YaeT TO e caMoe, YTO U yMeHblieHue Temnepatypbl. Hed-
CTBUTEJIbHO, €c/id v U T yMeHBLIUTh B OJHHAKOBOE HYHCJO
pas, To aprymenT B opmyse Ilnanka He H3MeHUTCH, HE H3-
MeHHTCA W pacnpefenenne [lnanka, TONbKO Tenepb OHO
GyneT OTHOCHTbCA K jpyrofl, Gojiee HM3KOH, TeMmeparype.
QoTOHHBIH ras oOXJa)kaaercsl, €ro TeMmmeparypa mnajaer
c6paTHO nmponoplHoHanabHo pasuycy Beeaennoit (aam pac-
CTCAHHIO MEXKAY TaJaKTHKaMH):

. t
7 g E-
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O6Gvem Bcenennoit V pacrer kak R® uim kak T-%, u mpr
IPUXOJUM K YAMBHTENbHOH (opMmyse:

VT3 = const.

Taxas ¢opmyna yxe BcTpeyasnack. OHa onuchiBaeT afua-
OaTuueckoe pacliMpeHue (oToHHOTO rasa. PoToHHBIH ras,
HanonHAWMN Beesennyio, pacmupsiercss, Kak B OFpOMHOM
cocyzie ¢ nopiunem!

Bravane onblThl He JaBasu AOCTaTOYHO MaTepuasia Ajs
NPOBEPKH TEOPHH, NMOTOMY 4TO B HUX H3MEPEHHA NPOU3BO-
JUMJINCE JIMIIL HA OFHOH AJIMHE BOJIHB B 06JaCTH MaKCUMyMa.
Ho HoBEIe n3MepeHust NOATBEPANIH, YTO CIEKTP M3IYUEHHS
Ha caMoM JieJie J0CTaTOYHO XOPOLIO CorviacyeTcs ¢ MJIaHKOB-
CKO¥ KpHBOH 10 06e CTOpOHBI MaKCHMYyMa.

Temnepatypa, orBeuaromas stoft KpuBofi, paBra 2,7 K.
Cefiyac He ocTaeTcst COMHEHHH B TOM, 4TO KOCMHYeCKHH ¢oH
MHKPOBOJIHOBOTO H3/JY4€HHS ecTh OCTaTOK TeX (OTOHOB,
KOTOpHIE KOTJAa-TO CHIIPajy CBOIO POJb B HpOLECCe 3BOJIO-
nur Bcenennoii.

Ho naxe pennkToBbifi (OTOHHBI ras He HAXOAMTCA
B TOYHOM TemJoBOM paBHOBecuu. IIpu TIaTeNbHBIX H3Me-
peHUsX BHIACHMJIOCh, 4To ¢opMmyna Ilmanka onuchiBaer
€ro CHEKTP TOJIBKO ¢ TOYHOCTBIO 10 ABYX 3HAKOB. 3TO CBf-
3aHO ¢ B3auMozeHcTBHEM (DOTOHOB C MOJIEKYAaMH, paccesH-
HBIMH B KOCMOCE, C ABHKEHHEM 3eMJI OTHOCHTENbHO PeJiHK-
TOBOTO H3/IYyYeHUS H C Ppas3HbIMM JPYyTUMHE (aKTopaMmu,
Tak 4TO pe/qMKTOBOE H3JIyyeHHE OKA3bIBAETCH C TOYKH
8peHUs TEPMOJAMHAMUKY MeHee HIealbHBIM, YeM HAeanbHbIH
ras B JiaGopaTopuH. :

HWrak Beisicuusioch, uto Hama Bcesnennas npepcrabaser
co00fi TepMocTaT, B KOTOPOM MOANEPKHBAETCA TeMnepa-
typa 2,7 K. Hamepenne TeMnepatypbl PeTHKTOBOTO H3MY-
HeHUS B pasHBIX MecTaX HeGOCBOJA MOKA3bIBA€T, YTO CKO-
pocTb aBuxennss CONHETHOR CHCTEMB! OTHOCHTENBHO PeliHK-
TOBOTO H3JyuYeHHsl cocTaBiser npumepuo 300 km/c. s
CpaBHEeHHS HAalOMHHM, 49TO CKOPOCTb JBHIKEHHS 3eMJH
no opoure Bokpyr Couanua cocrasasier 30 km/c.

Pe/mkToBoe H3/yueHHe 0Kasaloch OUYEHb [OXOXKHM
Ha alCOMIOTHYIO CHCTeMY, OTHOCHTENBHO KOTOPOH MOMHO
H3MEPATb CKOPOCTb KOCMHUECKHX OGBEKTOB,

134



YEPHBIE XbIPbI

Temnepatypa pesIuKTOBOro H3NYUEHHS — elle
He caMasi yAMBHTeNbHas H3 Kojuieknuu TeMmmepatyp. Co-
BceM (aHTaCTUYECKH BHIIVIAHT HCTOPHS C TeMmepaTypoil
uepHOH ABIPHI.
STa WCTOpHSl HEOXHUIAHHBIM 00pasoM Hayasach eLie
B XVIII Beke. B 1783 r. mosomoHt aurimfickuii ¢usux
Mafikan 3aMeTHJI, YTO €CJaU CyLIecTBYeT 3B€3la C OYeHb
GosbituM paauycoM (B 500 pas GosbmuM panuyca Cosua)
H IJIOTHOCTbIO, paBHOH miaoTHocTH CosHUA, TO «...CBET,
H3JydYeHHBIH TaKuUM TesoM, OyAeT Bo3BpallleH o6paTHO
H3-3a coGecTBEHHOM TskecTu». HecKoMbKo nosxke To ke ca-
Moe moBTopua Jlammac (B 1799 r.). Ilpenckasanue, moa-
TBEPXKAEHHOE [OYTH NPaBUJIbHBIMH (XOTH M HEBEPHO BhIBe-
JIeHubiMH) (opMyJsaMH, onpaBiajJoch B ofileH Teopuu
OTHOCHTEJIBHOCTH. .
 Dopmysia /s pajuyca 3Be3fibl, A8 KOTOpPOH BTopast
KOCMHYECKast CKOPOCTb paBHa CKOPOCTH cBeTa (TaK 4TO
HHKaKoe TeJI0 ¥ Ja¥Ke CBET HE MOXKeT NOKHHYTb ee MoBepX-

HOCTE), HUMEET BUJ
8 yp\1/2
Ro=(51%)"

rje Y — HbIOTOHOBCKasf TIOCTOSIHHAd, a Q — IVIOTHOCTb
4
Tesa. Ecau BBecTH Maccy Tena M =§nR3p, TO nocJennee

COOTHOLIEHHE MOXKHO 3amucaTb KaK COOTHOLIGHHE MeXAy
Maccofl H pajHycoM:
2yM \1/2
Ro=(221)"

c2

Benuuuna 2?2‘4 Has3blBaeTcs TPaBUTALHOHHEIM pajnycoM
Tena R,,. On nponopuuonajen Macce 3Be3jsl H paBe,
sHanpumep, Aas ConHua 3 KM.

W3 teopun spomonyu Bcenennoft cienyer, 4to Kpome
(oToHoB Bo BcesenHoll pomken cyllecTBOBaTb M HEHTpuH-
Hbifl (oH, TeMmepaTypa KOTOPOro (HecKOJbKO GoJjiee HHu3-
Kasi, ueM y (oTOHOB) jo/kHa ObiThb oKoso 2 K. Kak o6na-
PYXHUTb TaKHe (PeNHMKTOBbE» HEHTPHHO, [OKA HHKTO He
3HaeT. OTo — TpyAHas 3ajaya A OyAylMx HabJoaa-
Tesel.

Oxono HeGecHoOro Tesa, pamuyc Koroporo R He mpe-
BLILIAET €r0 IPaBHTAMOHHOTO paauyca R, NPOUCXOAAT
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cTpanuble codbTnd. Bee Tena, Haxonsiuecs BOJIH3H TaKoro
neGecHoro Tena (Ha PACCTOSHUM Menblue 3R, ecin Telo
JBHIKETCS] MeJJIeHHO), NajaloT Ha HEro W HU NPH KaKux
YCJIOBHSIX HE MOIYT BBIpBaThCst 0OpaTHO H3 OrPOMHOIO
0o BesuydHe mons TsxecTd. Jasg Takoro Tesma BeIGpanH
MpayHoe HMSI — «uepHast apipa®. C HOBEPXHOCTH yepHOoH
JbIpbI HE MOTYT BBIXOJAMTb HHKAKHE CHIHAJIbl HJIH YacCTHLBI.

B cHJIBHOM rpaBHTaLHOHHOM M0JI€ YepHOH ABIPHl H3Me-
usercs gactotra ¢otora. Ha paccrosimmu R, oT wuenTpa
uepHOH AbIpHI YacToTa (a ¢ Hel u sHeprus) oToHa obpa-
ulaeTcsi B HyJb. 3TO MOXKHO MOHMMaTb TaK, 4TO Ha To,
4TOObI BLIPBATBCS H3 I'PABHTALAOHHOTO MOJS YEPHOH ABIpH,
(OTOH HOJKEH 3aTPaTUTb BCIO CBOIO 3HEPTHIO M BBIXOAMT
«HapyXy» c 3Hepruell, paBHOH HYJIO, T. €. NPOCTO HCUE3ZET.
Crpanuble cOCHITHS NPOHCXOAAT M C TejaMH, Najarollimu
Ha uepHylo nwipy. [lajenne conpoBoxpaercs OrpoMHLIM
BBIJIEJIEHHEM 3HEpPTHH, W 5TO 0OCTOATENbCTBO AEJaeT THio-
Teay uepHOH JbIpbl OYeHb COOJIasHUTENbHOH A4 aCTpo-
QH3KHKH,

Uepuble AbIph!, BO3MOXKHO, HrpaloT polb B TeX obna-
cT9X Bcenennoli, rae BbliesisieTcsi OueHb MHOIO SHEprHiul
KBa3apax, fAApax ranakTuk. o cuX nop HMKTO He NOHH-
MaeT, oTKyja Gepercst 3Ta dneprusi. Moxer 6wiTb, OCHOB-
HBIM MCTOYHHKOM ~ SHEPTHH TaKHX OOBEKTOB MABJAIOTCS
yepHbIe Jbipbl, Macca KOTOPBIX B MUJJIHOHB M B MHJIIHAPAbl
pa3 Goablie Maccei CosHIA M B KOTOpHIX, KaK B aTOMHBIX
GomBax, «CXKHTaeTcfiy Macca HOKOSl COIVacHO (opMyne
E = Mc® Takas KapTHHa SHepreTHuecKoro GasiaHca Bbi-
FASOBT AOCTaTOYHO BHYWIMTENbHO. ECTb OCHOBaHHE CuUH-
TaTh, 4TO ABoHiHas 3Besga X-1 B cosBespuum JleGens
HMeeT YepHYIO JbpYy B KayecTBE HEBHIMMOH KOMIIOHEHTEHI.
OnHako Bce Takue YTBEPKIEHHS elle OUeHb HEHAIEHKHBI,
M O HHMX [I0Ka He CTOHT rOBOpPHTb Gosiee NoApo6HO.

NAPAJIOKC YEPHOR AbIPbI

CyuiecTBoBaHHe uepHOH ABIPHL caMo no cele
napajokcambHO. YepHas Jpipa BeeT cebsi, KaK TeJo ¢ TeM-
neparypofi, paBHOH abCO/IOTHOMY HYJIO, IIOTOMY YTO
¢ TOMOHIbI0 YEDHOH ABIPHI MOXHO MOJHOCTBIO NPEBPAaTHTh
Temio B paborty.

[Tpy najenHrn Ha yepHYlO ABIPY TeJO MOXKET- NMPOH3BO-
JWuTb paboTy 3@ CYET 3HEPTHH TPABUTALMOHHOTO HIPATANE-
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ENS K uepHOK awipe. Ecnn Kakoe-mu6o Teno mafaet Ha yep-
HYIO JbIPY, TO BCA €r0 3HEPTHS BMeCTe ¢ «dHEepruel mokos»
Myc* (M, — Macca noKosi Tesia) MOMeT OHITb NpeBpallena
B pabory *).

Taxum o6pasom, Ha rpasnue 4epHOH ABIPHl HOJHAf
SHeprua Teja obpaTHTcd B HyJab. MoXHO cKasaTh, 4TO
Macca MOKOA Tela MOTacHTCA OTPHIATEeNIbHOH MOTEHLHAJ b-
HOH 3Heprueli Tesja B TPaBHTAlOHHOM IOJIE YEPHOH HBIPBI.
B 0OblYHBIX 3€MHBIX YCJOBHAX MOTEHUHATIbHAA SHEprrs
OYeHb MaJia 110 CPaBHEHHIO ¢ SHeprHel NoKos, TaK 4To Macca
Nafalomiero KaMHf OCTaeTcsl NpaKTHYECKH HEH3MEHHOI;
npy NajeHHM B MoJie YepHOH JIBIpHl OHa ofpallaercst B
HYJb. '

3aKCH TATOTEHHS JEHCTBYET TakK, YTO CHJIA NPHTSHEHHA
NPOMOPUHOHAJbHA Macce NMPUTATHBAEMOTro TeJla He3aBHCHMO
OT TOTO, C YeM CcBsi3aHa 3Ta Macca. ['opsuuii yalfiHnk HeMHOrO
TsAXeJNee XOJIOJAHOro; Majas Ha YepHYIO AbIpY, ropaunii

. 1
yallHHK BBIAETHT HECKONbKO GoJibile 3Hepruu (Ha EEU’

rre U — BuyTpeHHSI1 5HeprHsi), ueM XoJormblit. Yepnas
Jbipa pafoTaeT KaK Haeatbubill xosoauabuuk nmpu T =0 K,
M3 KOTOPOrO HHKAaKHMH clocoGaMH He/b3sl H3BJeYb - Ka-
Kol-mn6o snepruH. 210 3Hayut, yro KILI mukia ¢ uephoi
JBIpOH B KauecTBe XoJojuabHHKa, no Kapuo, 6yner pasen
enunune. BosHHKaeT cuTyauwus, OueHb HAaNOMHHAIOWas
BeuHHbIl JBHraTeJb BTOPOTO POAAa, H YK BO BCAKOM clyuae
Bapyuwaercsa TeopeMa Hepucra. Takolt mapajokc mosKen
Obl1 HEMHHYEMO HaBeCTH Ha MbICIb, 4YTO uepHas JIplpa
He MOXeT uMeTb Temnepatypy T = 0.

Pemenne napajokca Hajio GblI0 HCKaTh B TepMOAHHa-
MHUYEeCKHX cBoHcTBax yepHo# apipwl. [lepBast njoranxa cocros-
212 B CJEIYIOEM.

Ecnin uepHas fplpa HMeeT TeMneparypy, OTJIHUHYIO
OT alcoJIIOTHOTO HYJfA, TO OHa MMEeT M 3HTpomnHi. Eciu
yepHast Iblpa cepHUecKH CHMMETpHYHA, He Bpalllaercs
W He 3apfXKeHa, TO 3HTPONHs MOXET 3aBHCETb TOJbKO
or Maccel. Ho sutponnsi — Bennunna Ge3pa3mepHasi, oHa
HE 3aBHCHT OT eJHHUL H3MEpPEHHS; YHCAEHHOE KE 3HaUeHHe
Macchi, KOHEUHO, 3aBHCHT OT TOr0o, B KakKHX €IHHHLAX MbI
ee HaMepsaeM — B rpaMMax WJH B MHJIMOHAaX TOHH. SuTpo-

*) Bra paborta peainsyercs B BH, e MOILHOTO H3JYUECHHS 3JIEKTpo-
MArHHTHBIX M TPaBHTAUHMOHHBIX BOJIH,
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nHs HAEaNbHOTO Trasa olpejensyiach OTHOLIEHHEM 00BEMOB
W OTHOLIeHHeM Temnepartyp. Ilo-BHauMoMy, M SHTpomust
uepHOH JBIPH JO/KHA ONpPeJeNsATbCA OTHOIIEHHEM €€ Macchl
K KaKOH-TO cTaHJapTHOH 3TajoHHOH Macce. Ho kakoii?
Kak Bce e XOMKHO BBINVIALETh BEIPAXKEHHE JUIST SHTPONHU
YepHOH ABIPBI?

KauecTBenunoe pemense 3anayu Gbino npuiymano Beken-
mredHoM. BHHMaHHe ero mpHBJeEKJIa OfHA TeopeMa of~
Iled TeOpHH OTHOCHTENTbHOCTH. Teopema yTBep:Knana, 9rc,
Kakue Obl Ipolecchl HH NPOHCXOJHMJH B CHCTEME, B KOTOPOIt
€CTb uepHble JBIPhI, CyMMapHasl IJOWaAb NOBepXHOCTell
UEPHBIX JBID MOXKET TOJbKO YBENHYMBATbCA. IJTa OYEHb
oflllasi TeopeMa MOX0Xa Ha TEOPEMY O BO3DACTAHHH SHTPO-
nuu. [lromane, Tak Xe Kak SHTPONHS, BEIMYHHA afHTUE-
Has M, TaK Xe KaK M SHTPONHSA, 3aBHCUT OT Macchl yepHoil
Jeipel. [losToMy 6Bl cOG/asH MPELNONONKUTE, YTO SHTPO-
IMs YyepHOH IBIPHI NMPOCTO NPONOPLHOHANbHA €€ MJIOMWanH
A:S ~ A. Ho kak cpenate SHTDOMHIO Ge3pasMepHON,
ecsiu nuomanb A HMeeT pasMepHOCTb KBajpaTa JJHHBI?

EJMHUUBI MJAHKA

B Mukpomupe HeT cBoero MaciiTaba AJIMHHL.
W3 nByX nocTOAHHBIX A H € HeNb3s COCTABHTb BEJHUHHY
C DasMEPHOCTBbIO JJMHEI MJH BpeMeHH. [ sToro Hano
B3ATH ellle Maccy. Torma AmMHY MOXHO, HanpHMep, cocTa-

3
BHTb TaK: —.
me

B ofulefi TeopuH OTHOCHTENBHOCTH TaKXke HeT Mac-
wraba AIUHBL, TaK KaK €ro HeJNb3s COCTaBHTb M3 Y H C.
Ho ecnu npupneup Ha nomoiip Maccy, TO IJHHY MOXKHO

ym

COCTAaBHTb Tak: =

I
O6pepuuuM Teneph o6e IJIHHBI e ’Z—Z’, COCTaBHUB KX
(’W 1/2
TCOMETPHUECKOE CPEAHEE ) Ilpu arom macca cokpa-

TUTCA. DTO M €CTb €JWHMIA JJMHE, npepjoxenHas Ilian-
KOM.

[Mocne toro kak Ilnauk BBenm 1Be ¢yHmaMeHTa/bHbIE
NOCTOSIHHBIE /2 U R, OH 3aMETHJI, YTO NOSABUIACH BO3MOXKHOCTD
IIOCTPOUTL HOBYIO CHCTEMY €JIUHHII, He CBS3aHHYIO HH ¢ Ka-
KMMH HMCKYCCTBEHHBIMH  3TalOHaMH. JTO  CJAEAYIOue
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€JMHHU B!

nnvHa lp= (\%E Ve 5,110-10-3% cm,

BpeMsl lp= (%h— e =1,7016-10% c,

Macca mp = <%C—>l/2 =6,189.10-¢ r,
yacToTa ®p = (%)m =0,5863-10% ¢!,
SHEepPrus &p= <E>m =10,5563- 10 spr,

-el%f =

Temneparypa Tp=%< )"2=4,029-1031 K.
Enunuue [lnanka yno6Hbl mpu pacueTe TaKMX CHCTEM, IJIe
cyulecTBeHHbl 3(Q{eKThl Kak KBaHTOBbIE, TaK H TIpaBuTa-
‘LHOHHBIE.

Ho epunnust Ilnanka ne TonbKO yAOGHB, OHH oOna-
JlaloT NpHHIMNHANBHON ocoGenHocThio. X cylllecTBoBanHe
O3HayaeT, YyTo B NpHpole, Bo BceneHHO# €CTb ecTeCTBEH-
Hble MacliTalbl, CBA3aHHEIE OJHOBPEMEHHO M C KBAHTOBBIMU
H C peNsSTUBHCTCKHMH cBolicTBaMu Mmupa. IlocTosiHnas
Ilnanka omnpefesuia cBsi3b MeXAY SHeprued M 4acTOTOH
(vacwta6 xBaHTa), CKOPOCTb CBETa — CBSI3b MEXIY Mac-
coft u sueprueil (MacmraG 3gepruu). EerecTBenHO ObLIO
NpeAnoNoXHUTb, YTO K enuHHUb [lnanka onpeneasioT Mac-
WTabe XapaKTEePUCTHK KaKHX-TO COOBITHi MM OGEBEKTOB.
UepHast gpipa (U ee SHTPOMNHUSA) KaxkeTcs YAAYHbIM KaHZAHU-
JaToM RJist npuMenenus epuunn Ilranka.

[peanonoxum, yro Macmuta® SHTPONMH CBS3aH ¢ MO
CTOSIHHOH JJIHHBL [p, T. €. 4TO IVIOUIaJb MOBEPXHOCTH Yep-
HOl JIbIDBI HAZIO Pa3leluTb Ha /j ¢ KaKuM-To Kosdduuues-
TOM, O KOTOpOM, KOHEYHO, He/b3sl Jorajathcsi 3apaHee.
Ha ocnoBe Takux, Hafo co3HaTbcsl, HE OYEHb CTPOTHX pac-
CYXJeHHH u Oblla BHIIBHHYTA [FHIOTE3a, YTO 3HTPONHA

uepHOH ABIPH J0/I3KHA HMETh Bul S = %g— , TIe KospduauenT
¢ HaA0 BHIYHCAMTb M3 KaKuX-TO cooOpaxeHu#l ocobo.
Takaa jgoragka okasanach npaBuibHod. Kosdduuuent o
Gbin1 BHIEcseH nosanee XoykunroM. On okasancs pas-
HbIM /4.

3nast SHTPOMNHIO, MOMHO BBIYHCIHTD H TEMIEPATypy.
3amenuM mioianb A ee BhIpakeHHEM 4yepes rpaBHTAMOH-
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HBIA paguyc!

2
A =AanRy, =101

Hcnonbsys epunupsl Ilnanka, MoxHO Tenepp HamHcaThb
thopmyay JJISl SHTPOIHHU:

S=16m(M)’.

mp
Temneparypa sanuinercs B BHze

T 1 mp T
=~ Rma M P
Hcxmoyas us atux dopmya Maccy, 6yaeM uMeThb

1
ST2=—IER.

Taxoe ypaBHEHHE COCTOSIHHSI HH Ha YTO He MOXOXe.
W3 Hero cienyer, uTo yeM Bblllle TeMMepaTypa, TeM MeHblile
SHTPONHS, a NpH abCOJMIOTHOM HYJE SHTPONHA obpailaercs
B GECKOHEYHOCTb.

Orciofa MOXHO 3aKMIOYHTB, 4YTo JHGO B HAIUMX pac-
CYXIEHHAX rpybasi oliOKa, Ju60 C yepHOH AbIpoH mpo-
HCXOJHT HEYTO CEPHE3HOE H OHA HE «JOXKHBaeT» 10 aGCoJIoT-
roro Hyas. Ho B paMKax KiaccHuecKHX NpeACTaB/eHHM
napajokc paspeliHTb OKa3aJoCh HEBO3MOMKHBIM.

H3NYYEHUE YEPHOH AbIPbI

[Napagoxc ucues, xoraa XOYKHHT Teoperu-
YeCKM JloKasaJ, 4To BOMH3H YepHOH ABIpHl POHCXOAHUT
poxaenue yactul. HeoXunaHueiM 06pa3oM BBISICHHJIOCDH,
YTO TeopeMa O BO3pPacTaHUU IVIOWAAY MOBEPXHOCTH Yep-
HO# JBIPBI mepecTaeT GbiTb CTPOrOff B KBaHTOBOHM MEXaHHKe
H 3HTPONHSI €e MOXKeT YMeHbUIaTbCH 3a CYeT TOro, 4To
BOKPYT HEE CO3/laeTcsl MOTOK (OTOHOB, KOTOPHIE 3TY SHTPO-
[HIO YHOCAT.

Ouenb GosbllOA NOTEHIMAN TPaBHUTAUHOHHOIO I[0.1s
BO/MH3Y YepHOH JBIPHl OPUBOAMT K TOMY, YTO Ha €€ MOBEpX-
HOCTH poxjaloTcsl napel ¢oToHOB (M JApYrHe 4YacTHIW).
OHeprus 3THX (OTOHOB (KaK M BCeX wacTUL BO/IH3H yep-
HOH XBIpH) paBHA HYJIO, MOITOMY OHH MOTYT POAHTHCA
€3 HHMYero», He Hapyllafd 3aKOHA COXPaHSHHS SHEPTHHU.
Iocne pomnenus napbl (GOTOHOB OAHH M3 HHX YXOIUT
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B yepHYO IBIpY ¥), a BTOpoH 3a cueT OCBOGORHBIIEfics
SHEpPrHM yJeTaeT Ha OeckKoHeyHocTb. CucreMa paGoraet
Kak GJNIOK: OIKH IpPy3 ONYyCKaeTcss, a 3a €ro CyeT MOIHH-
maeTcs Apyrod. PesysibTatoM 310T0 mpoiiecca OyleT yMenn-
IieHHe MacChl YepHOH HBIpH (a SHAUHMT, U ee OBEPXHOCTH),
5KBHBAJIEHTHOE SHEPTHU YJeTeBIUHMX (POTOHOB.

Teopus aToro mpouecca oyenb cioxua. Ho pesyabrar
6ui1 uaTepecHbiM. UepHas Ippa uanyuyaeT GOTOHBI, CIEKTH
KOTOPHIX COBNAjaer ¢ pacnpenenenueM Ilianka, oTBegato-
muM TeMneparype (B emunuuax Ilnamka, T.e. mp =1
44 Tp = 1)

11
T=mw
M3 s1o#t dopMy.isl cienyer, yro kKosddunuent o0 = 1/,

TaxkuM o6pa3oM, uepHas Ipipa H3TydYaeT Kak HJeaslbHoe
yepHOe TeMo (HEOXHIAHHO pealu30BaHHOE B KOCMoce
¢ ouenb GOMBIIOH TOYHOCTBIO).

THBENb YEPHOH JbIPb!

Tenepb cranoBHTCA SICHBIM HCTOYHHMK Mapa-
nokca. Yeprasi mpipa — cucteMa HeycTOHUHBasi, HepaBHO-
BecHasl, I03TOMY U NOHSTHE O TeMIepaTtype YepHoH AbIpE —
NOHSITHE He BHOJHE ToyHoe. TeMmmepaTypa 4epHOH AbIph
pacTeT C YMEHBIUEHHEM MacChl; POXJIEHHE Nap NPUBOAHT
K YMeHbILEHHIO MacChl, @ CJAENOBaTeNbHO, U K MOBLILUEHHIO
TemnepaTypbl. C pocToM TeMmepaTypbl MHTEHCHBHOCTb H3-
JYUYeHHs yBeJHUUBaeTcsd, M TEMIepaTypa Bo3pacTaeT elle
Gosbiue. B KOHIE KOHLOB uyepHas AbIpa JOMKHA CropeThb
CoBCeM, NpPHYEM CFOPETb 3a KOHEYHOE BpeMs.

Pacuer BpeMeHu cropanust necnoxen. Heckomnbko orpy6-
Jifisi CXeMy, MOXKHO BOCHOJIb30BaThesl I/ 3Toro dopMynoi
Cre¢ana — Bonbumana pi1s usiyyeHHS C €IHHHUBL [O-
BEPXHOCTH YEpPHOH IBIpbl H YMHOXHTb pesyJbTaT Ha ILIO-
Liajib NOBEPXHOCTH.

Orger nosyyaetcst TakoH. BpeMsi xusHH (B CeKyHZHax)
yepHoOlf ABIpHl ¢ Maccoét M (B rpamMmax) TakoBO:

T=2.10M5,

*) MOXHO (He OYeHb CTPOro) roBOPHUTL, YTO (JOTCHEL, NPOBATUBANCH
B 4EPHYIO ABIPY, DPHOGPETAT OTPHUATEAbHYIO (NOTEHUHMAMIBHYIO)
SHEPTHIO,
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WUs stofi ¢opmyas Buaro, uyto ans M = 10" r Bpems
xu3HM T = 2.10'® ¢, yTo npuMepHO paBHO Bo3pacTy Bce-
aennoft. Iis GoablUMX Macc BpeMsi KM3HH BO3pacTaerT.

Uepuble ABIpHl ¢ Maccolf mopanka maccel Connna (10%9)
HMEIOT NpPAKTHYECKH GECKOHEYHOe BpeMsl #XH3HH. Temne-
paTypa TaKuX uepHHIX Ablp OyAeT ouenb Mana. Popmyny
JJISL TeMIepaTypbl MOXKHO HanHcaTh Tak:

1026
T='M—(F)'a
MNpu M =103 r T = 10-7 K.

Jlns Bcex HebGecHBIX Tea, a TeM OoJiee AJS1 THIOTETH-
YECKHX THTaHTCKHX UYepHBIX JbIP, KOTOpble, MOXKeT ObiTb,
nuTaloT sHeprueli Bcenenmylo, TemMnepaTypa HOpakTHYECKH
paBHa abCOJIIOTHOMY HYJIO. OTH OGBEKTH HHYErO HE H3Jy-
YAIOT: OHU — HJeaJibHble XOJOANJbHUKM, KOTOpHIE MO3-
BOJISIIOT peanusoBaTh uuka KapHo ¢ kos¢duuuentoM mno-
JIE3HOTO JeHCTBHS, NOYTH PaBHBIM €IMHHIE.

Vctopusi ¢ uepHoil Hblpodl noyuuTenpHa. [losenenne
uepHOH JBIpHl (4HCTO TEOPETHYECKOE) MPOTHBOPEUYHJIO OCHOB-
HBIM HayajlaM TepMOAHHAMHKU .. BbIXo 06Hapy X HJICS B KBaH-
ToBOH Mexanuke. Takas »e HcTopusi Obliia C TPETbHM
HauajioM, KoTopoe Geito mocTynupoarno HepreroM. Tombko
rocne mnosBaenus ¢opmysael bonpumana ©  KBaHTOBOH
MEXaHHKH cTana SICHOH cBsi3b TpeTbero Hauana ¢ ¢ynza-
MeHTa/bHBEIMM 3aKOHaMH (PH3HKH. , '

3aKOHBI MHKPOMHpA OKa3HIBAIOTCH HEOOXOAMMBIMH /IS
OOBSICHEHHS TaKUX SIBJEHMH, KOTOpbe, Ka3anoch Obl, OTHO-
cqaTcsl K MaKpoMHpy. Bsaumuas cBsisb MeXIy pasienaMu
(U3UKH CTOJb CHJIbHA, YTO MOYTH HEBO3MOXKHO H3MEHHThH
uTo-1u60 B OJNHOM MecTe, He HapyIIMB TapMOHMH Bcei
¢u3nyeckod KapTuHbl Mupa. Vmenno nostomy oxasanuch
6e3yCHelHbIMA MOMBITKH HCNPaBHTb TEOPHIO OTHOCHTEJNb-
HOCTH HJIH JIOTIOJIHUTD KBaHTOBYIO MeXaHUKY. Hens6exHocTb
STUX TEeOpHH JEeMOHCTpHpyeTcss Bcefl coBpeMeHHOH ¢usu-
uecKOH KapTHHOH MHpa.

HOBbIA MAPAJIOKC

Uepnele JBIpEl C MaccOH MeHbIIE 105 p

JIOJKHBI GbLITH aBHO cropeThb. EcTb /n yepHbie ABIPEI ¢ 60J1b-
wed Maccoi, noka HEH3BECTHO.

TeopeTnueckue cBoficTBa YepHBIX JBIP CTOMb HEOXKH-

JIaHHBI, YTO HMHTEPECHO NpOCAENHTb 3a BO3MOXKHOH CYAb-
6ol Ma/IeHbKOH 4epHOH ABIPHI.
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Usnyuenne (oTOHOB YHOCUT Maccy H 3HTpomnuio. Tem-
mepatypa uYepHoH Ipipbl MoBHIIaeTcd. PaccMoTpum uep-
HyIO JBIpY ¢ Macco#t 10'° r. Dra macca oTBeuaer TeMmepa-
type 10" K. Dueprus (oTOHOB NpH TaKoH TeMmepaType
6yner umerb nopsnok BemuuuHb RT ~ 10 MaB. Takue
¢OTOHBI MOT'YT POXKJaTh Naphl MEKTPOH — MO3UTPOH (Macce
Takol mapsl oTBeuaeT 3Heprus ~ 1 MsB). Korza macca
uyepHo# ApIpHl craHeT ellle B 1000 pas meHblle ¥ 3HEprusd
¢doronoB Bo3pacter B 1000 pas, HauHeTcss pOXKIEHHE H
TSIKEJBIX yacTHl. Paguyc uepHo#t mpiphl. (npu Macce 102 r)
6yzer paBen npuMepHo 3-10-14 cm, 1. e. npumMepHO paguycy
5/JI€MEHTApHBIX YacTHIL. 3jech yXe TauTcsi KOBapHas Jo-
Bymka. Korna uepuas nuipa Gbinia eliie Gosbllioll, OHa B OCHOB-
HOM COCTOSiIa H3 HYKJIOHOB — NPOTOHOB H HEHTPOHOB.
Ho uucio HYK/JIOHOB JO/MIKHO B INPUPOLE COXPaHATHCH
(Takke coxpaHseTcs M uucja0 3JeKTpoHoB). Ilpu 3Tom
CYeT YMCJIa YacTHIL BejeTcsl TaK, 4To Naphl yacTHUa —
aHTHyYacTHIa or6pacbiBaotcd. ['OBOpPAT, 9TO HYKJIOHBI
UMEIOT HYKJ/OHHBIH 3apsfl, paBHBI €QUHMIE, a AHTHHYK-
JIOHBl — MHHYC efuHuue. Torma coxpaneHne uyucsia HyK-
JIOHOB (bOpMYJIMPYIOT KaK cOXpaHeHHe OapHOHHOILO 3a-
pana:

N (nykm0HOB) — N (aHTHHYKJIOHOB) = GapHOHHBIH 3apsif.

Uepnas pwlpa, cropafd M yMeHbHlasicb B pasMepax,
He MOXKeT YMeHbIUHTb YHCO HYKJOHOB. B cucreme c pas-
mepaMu 10-1% ¢M 10/1KHO cofiepKaTbCsl CTOABKO Xe HYKJO-
HOB, CKOJIbKO UX OBIIO B 3Be3fe ¢ Maccoii 108 r.

OTo KaxeTci HeBepoATHHIM. Elle TpyaHEE MOHATD,
KaK MOTYT HYKJIOHBI HCue3HyTh. Ecnn GapvoOHHEIA 3apsn
He COoXpaHserTcs, To npo6ueMsl Her. UepHad Apipa Cropwur,
u OapuoHHbIA 3apsaj DBcenenno#i ywmenbmmtcs. Yepnas
Iblpa NpeicTaB/seTcss TOIa HeKHM MeXapu3MoM, KOTOpbIH
«nepepabaTeIBaeT» TAXKeJble YacTHIBl B H3ayuyeHue. Takoe
pelleHHe BBIIVIAIHT CTPaHHBIM.

Ecnu ke GapuoHHHIH 3aps) coxpansieTcsl, TO HENOHATHO,
KakoBa OyzeT cyabba ocTaTka 4epHOH ABIPHI C OI'PCMHBIM
GapHOHHBIM 3apsigoM U Majolt Maccoil. [lo-Bumumomy,
CBOHCTBAa TaKOH CHCTEMEI He MOryT OBITb ONHCaHBl Ge3
HOBBIX ujefl.

Bonpoc o ToM, cTabusen Ju npoTOH, MOXKET JIH OH Hpe-
BpaTHTbCH, HaNpuMep, B IO3MTPOH, OKasancs cefiuac
B IIEHTpe JHCKycCH¥ B (M3UKe 3JIeMEHTAapHBIX YAaCTHI.
EcTp 10BOMbHO BECKHE OCHOBAaHHS OXHJAaTh, 4YTO MPOTOH
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B OOBIYHBIX YCJOBHSIX MOMET MPEBPATUTbCH B [O3HTPOH,
TOJbKO C OYeHb MaJiofl BEepOSATHOCTbIO. BpeMsi TOMbKO pac-
najaa, no oueHb rpyGoi ouerke, coctasisier 1031 — 10% jer.
Celiuac HayalHd CTPOMTb MEPBHE SKCIEPHMEHTa/bHbIE
YCTQHOBKH ]ISl POBEPKH TEOPETHUECKHX MpeNCcKasaHui.
TepMonunaMHKa, MPUMEHEHHAsl K YEPHBIM JbIpaM, MpH-
BeJa K OuYeHb [MIYGOKUM HOBHIM mpoG/ieMaM.

OXJAXIEHHUE NYUYKA AHTHRPOTOHOB

Heoxunanno u ouenb 30GdeKTHO NOHATHE
Temneparyphl GLIO MCIOJb30BAHO B HAee CO3JaHHA INPo-
TOHHBIX M AHTHIPOTOHHBIX NYYKOB, BhicKadauuo#l I'. Bya-
KepoM. 4

Muoro JneT Hasaa, ofcyxkas OPOHCXOXKJECHHE KOCMHU-
ueckHX Jydefi, PepMu paccMaTpHBal BO3MOMKHOCTb YCKO-
PEHHS YacTHI[ XaOTHYECKHMHM MarHMTHBIMH MOJISIMH B KOC-
moce. Bo3HHK Bompoc, GYAyT JIH YacTHUb YCKOPSAThCA
W/ 3aMeJIAThCA, NPOJIeTast «MarHuTHble 061aka». B craThe
Qepmu no 3TOMy NOBOAY HamMcaHo: «PaccMOTpHM Temepb
OLICTPYIO yacTHIy, ABHIKYILyIOCS Cpeli TakuX Oayxpuaro-
IUHX MarHUTHBIX mosed. Ecau 3Tol wacTuue# sBasercs
NpOTOH C 3Heprueil HecKoMbKO 3B, To OH GyJeT ABHraThcs
BOKDYT CHJIOBOH JINHUY 10 CIIMPAJIH C paguycoM okoso 102 cm
J0 TeX 1op, MoKa He NPOH30HAET «COYAAPEHHE» C HEOJHO-
POAHOCTbIO MarsuTHoro noas. Ilpu 3ToM mporoH oTpaxa-
elca HecKoslbko GecnopsiiouHblM oOpa3oM: B pesy/bTaTe
COYAapenHsi MOKeT NPOH30HTH KaK BHIMIPHILI, TAK H MOTEPSA
suepruyi. OpHako BHIMIPHIL 3SHEprHu Oosee BEpOATEH,
yem noteps. K sTomy BbIBopy Jerue Bcero NpHHTH, ecqd
8aMETHTb, YTO B KOHEYHOM CYeTe JOJKHO YCTaHOBHThCS
CTATUCTHYECKOE paclpefiesieHHe MexJAy CTEneHsMH CBO-
6onel OYKIAIOIMX NoJed U CTEHeHAMH CBOGOJB YaCTHIBL.
SlcHo, uTO paBHOMepHOe pacnpezeneHHe (mMo cTenerAM
¢B00O0/k!) COOTBETCTBOBAJIO Gbl HEBOOGPA3HUMO BHICOKOH SHED-
THH...». B njeanbHOM ciyyae 3Heprusi OpoTOHA JOJIXKHA
Oblia Obl CPaBHATHCS ¢ dHepruefdl rpanfvosHoro obnaxa.
Aroro, KOHEYHO, HE MPOU3OMIET.

Hanbuwe B cratbe QPepmu oOCYKIAOTCA NPHUHHBI,
KOTOphle HE JafyT YCTAHOBHTHCS CTAaTHCTHYECKOMY TemJo-
BOMYy paBHOBecuio. MoXHO ckasaTh, 4TO nepejaua Temsa
oT OayMpalolux nojed K mpoToHaM OYAeT NPOHCXOMUTb
OUeHb MEJVIEHHO, M0 HANpPABJEHHIO MOTOKA SHEPTHH OT Mo~
Jefl K NpoTOHaM ycTaHaBJHBaercsl GesolinCouno. Kpacusoe
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paccysKieHue, OCHOBAHHOE HA aHANOIHH C BEHIPaBHHBAHUEM
TeMNepaTyphbl, MO3BOJNHJO NMPOCTO MONYYHTb KauyecTBEHHOE
pelicHHe TPYAHOH 3anauH.

[Toxoxue paccyxnenns npusean I'. Byaxepa k uzee,
KOTOpylo cefiyac mpoBepslor Ha yckoputenax. Ilywok
aHTHIIPOTOHOB, MOJyYaeMblH Ha YCKOpHTe/]e, COCTOHT W3
YacTHIL, UMIYAbCHl KOTOPHX pa3bpocanbl N0 HanpaBAeHUAM.
D10 3HAYHT, UTO Y YACTHL CYUIECTBYeT CJAy4afiHO pacmpe-
Jle/IEHHBIH MonepeuHblfi WMMYJbC, NpPHYEM LIHPHHA 3TOro
pacnpefie/ieHus JOBOMBbHO BesiHKa. Hano yMeHbIIMTb 3TOT
pas6bpoc. Mmnynbc B HampaBienud nyuka (npoROJbHBIA
HMIYJIbC) TaKXKe HECKOJAbKO pa3bpocaH o - BeJHUHHE,
HO 3TOT pa3bpoc Hac He HHTepecyeT — OH 3aMacKHpo-
Bad GOMBIUMM YHOPSAOYEHHBIM HMIY/JbCOM YacTHI B
nyuke.

Pacnpenenenne monepeyHbiX HMIYJbCOB MOXHO Xapak-
TepH30BaTh HEKOTOPHIM nonobueM temnepatypsl. Uem Godb-
e pasbpoc, TeM OGosblue <«nonepedHasiy TeMmmeparypa
ny4Ka.

HMpes coctosina B ToM, uyToGbl BMecTe C NMYy4KOM aHTH-
NPOTOHOB, B CMECH C HHM, HanpaBHTb NYYOK 3JCKTPOHOB.
Ily4ox 3/1€eKTpOHOB MoXeT ObiTb CHeJaH C OYeHb MaJbiM
pa3bpocoM MonepeuHbX HMIYJAbCOB, T. €. OH OyNeT UMEeThb
HH3KYIO «monepeyHyio» TeMnepatypy. Ho ecam pasbpoc
HMIYJMBCOB Yy 3JEKTPOHA MaJ, TO 3JEKTPOHBl HaxojsATcs
B GoJjiee ynNoOpAJOYEHHOM COCTOSHHM (3TO H 3HAYHT, 4TO
HX [ollepedHas TeMnepatypa MaJja, a y THAXeJblX YacTHIL
pasfpoc BeNMK — MX TeMNepaTypa BbIUE) W BO3HHKAET
IOTOK TeNNa OT AHTUNMPOTOHOB K 3JeKTpoHaM. IlosTomy
Ny4oK AHTHOPOTOHOB GYAET OXJNAXKIATBCA», a SJEKTPOH-
Hbli MYYOK — «HarpeBaTbcs». Pa3bpoc nonepeyHbX CKo-
pocTell aHTHNPOTOHOB GYAET YMeHbINAThcH. ITO 3aKJIOYe-
HHE MOXHO OblI0 CAeJaTh, COBCEM He paccMaTpHBas IMOA-
pPOGHOCTH NpOIECCOB B3aMMOJeHCTBHS aHTHNPOTOHOB H
3/1eKTPOHOB. :

Tako#i cnoco6 KonMMMHpOBaHHS MydYKa aHTHIPOTOHOB
ofellaer 66T 3QdekTUBHEIM. [l NPOTOHOB METOA OXJ/aX-
J€HHs MOXKeT CHJIbHO YOPOCTHTh pafoTy MO CO3JaHHUIO
«XOPOLIHX» MYYKOB, a AJIS1 aHTHIPOTOHOB 6€3 OXJaXKACHHS
BooOlle HE BHAHO .nyTeH K CO3JAHHIO Nydka, NPUTOJHOTO
ANl ONBITOB,

«Xonomuabruk» Bypkepa npencrasaser cobodt camblit
YAUBHUTEJBHBIN U3 XOJOJHJbHUKOB.
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TEMIEPATYPA U TUCHEPCHSA

Koneuno, ncnonbsoBanue NOHATUS TeMIepa-
TYpHl /1 TAKHX HEOOBIUHBIX CHCTeM, KaK YacTHLBl B KOC-
MHYeCcKHX Jy4yaxX HJIH OYYKH YacTHIl, BHUIETAIOIWMX H3 YCKO-
puTens, — ujess oyeHb KpacuBasg. Ho y 3Tod upen ectb
OIMH JleeKT: OoNHCAaHHBIE CHCTEMBl Ha CaMOM JeJ€ HHUKa-
KOA TemmepaTypsl He HMEIOT, KaK HeT ee y TOJIbl, BBIXO-
Jamelt mocse ¢yrGoabHOrO Marya co CTajHoHa. Temiepa-
Typa — 9TO XapaKTepHCTHKA CUCTEMBI, HaXoAsAllekcs B Ten-
JIOBOM paBHOBecHH. MBI 3HaeM, 4TO B TeNJIOBOM PaBHOBECHH
He Bce YacTHIHl (He Bce cTenmeHH CBoGoJbl) HMEIOT OANHAKO-
Bylo sHepruioo. HanpoTus, 3HaueHusl SHeprHH HacTHIL pas-
6pocaHbl BOKPYI' HEKOTOPOTO cpefHero suauerns. Mml ro-
BODHJIH YK€ O TakKoM pasbpoce H XapaKTepH30BAaJH €ro
crenuanbHOl BeJIMUYHHONH — aucnepcredt O (g), KoTopasi npo-
NOpLMOHA/IbHA TeMnepaTtype cucTeMbl. Mbl faxe roBopHJH,
YTO JHUCHepCHS MOXeT CJYXKHTb Mepoll TeMmmeparyphl.
Onnako To, 4To BepHO LJIA CHCTEMBI B TENJOBOM DaBHOBE-
CHMH, He 00s3aTeIbHO BepHO JJId JPYTHX CAydaes.

Pas6poc sueprum wacTui B Oy4YKe MOXKHO ONHCHIBATh
Jucnepcuell, HO 3TOH JHUCHEPCHH Hesnb3sl, CTPOro TOEOpH,
CONOCTaBUTb HUKAKOH TeMOeparypel. TeM He MeHee yTBepK-
JI€HHEe O TOM, UTO SHEpPTHS MEPETeKaeT OT CHUCTeMHl ¢ 60Jib-
mwuM pasGpocoM SHepruu (¢ GoJbllofl AucnepcHedl) K cu-
cTeMe, y KOTOpOH jucHepcusl MeHblle, B GOJbIUMHCTBE
C/IyYyaeB NPaBHJIbHO. MOMKHO BHIYHCAHTDB, UTO IpPH TaKOM
npoiecce Bo3pacTaeT SHTPONHs, a TOAbKO OHAa YNpaBnser
TeYeHHeM TeNJIOBBIX IpolleccoB B npupoae. Mimerno nosromy
MOXHO 3aMeHATb CJIOBO «IHCIEpCHSI» CJIOBOM «TeMmmepa-
Typa» U He Bnajath B olHOKY. Ho 370 MoxHO AenaTh JHIIb
J0 mophl, 1o BpemeHH. Ecim gBe cHCcTeMBl HMEIOT paBHbIE
JUCIEpCHH, HO HE HAXOAATCH B TENJOBOM paBHOBECHH
(xoTs1 GBI OfHA M3 HHX), TO MKy HHMH MOXKET CYLIECTBO-
BaTb INOTOK 3HEPTHH. DTOTO HE MO0 Gl GbiTh, ecau Obl
y cucteM ObUIM OJHHAKOBBIE TeMmepaTyphl. B Kakywo xe
CTOpPOHY OyJeT NPOHUCXOAHTb nepenaua suepruu? OTBeTHTH
Ha 3TOT BONPOC MOXKHO, JIHUIb [IOJICYHTAR H3MEHEHHE SHTPO-
nuu. Ilepenaua sHepruu GyeT npoOUCXOAUTD TaK, YTOGH! IHT-
pomHs yBenuyuBasiach. ¥YIpaBisieT NPOLeCCaMH SHTPOIHSA,
TeMIeparypa e B 3TOM CMHICJIE MOHSITHE He CTOJb obllee.
He mumnuM GyfeT OTMETHTb, 4TO NOXOXKUE 3aMeYaHus Hajio
ObL1o cpenaTh M NPH paccKase 06 OTpHUATENTbHBIX TeMIepa-
TypaxX ¥ O HEPABHOBECHOM 3ace/IeHHH YpOBHeHl 3HEpruH.
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BPOYHOBCKOE JBHW)XEHHE

Hac y:ke He JOJMIKHO YAUMBJATH, YTO B OJHOM
ofbeMe MOryT CYLIeCTBOBaTh pasHbie Temnepatyphl. Ilo-
TOKHU Tem/a (HJTH SHTPONMH) OT COHHOB K pelleTKe, OT Mar-
HHTHBIX OG/MaKOB K NPOTOHY M MHOTHE JpyTHE HpHUMephl
HJUIIOCTPHPYIOT NpPOLECCh YCTAHOBJEHHS TEMJIOBOTO paB-
HOBecHs, KOrla TemIo nepefaercs oT Gojiee XaoTHUECKOH
cucteMb! (Goabine T) Kk Gonee ymopsuaouenuoil (Mansie 7).
IlepBeiM npuMepoM TakKoro mnpoiecca OblJIo OpOYHOBCKOE
neuxenne. OHo GblI0 OTKpPEITO B 1827 1. anrauiickuM Gora-
HHKOM Bpoyunowm, KoTopbi#i B cBoefl cTatbe (1828 r.) omucan
GecnopsiioyHOe [BUXKEHHE MaJIeHbKUX INBUIHHOK B 3KHJ-
KOCTH, HabmofaeMoe B CHJbHBIA MHKDOCKOM.

MurtepecHo, 4To 5TO fBJEHHE MOYTH Ccpasy CBSA3aaH
C JBMXKEHHEM MOJIEKYJ JKUAKOCTH, HO IOTOM II0YEMY-TO
3Ta TOuUKa 3peHUss Oblla OTBeprHyTa, M Jaxe B Hayale
Halllero BeKa OpOYHOBCKOe JBHIKEHHE CTalH oObsICHATH
MOTOKaMH B KMIKOCTH.

B 1905 r. B DunukaoneguueckoM cioBape Bpokxraysa
n Edpona 6bli10 Hanucaro: «Jloaroe  BPEMs MHOTHE JyMaJid,
YTO sBJIeHHe OGYCJOBJMBAaeTCs IEHCTBUTE/IBHBLIM MOJIEKY-
JISIPHBIM JIBHXKEHHEM BHYTPH XHIKOCTH. Takoro MHeHus
npunepxusajcs eme B 1863 r. Buuep. Ho Toruac xe
10CJI€ OTKPBITHS SIBJIEHUS BBICKA3bIBAUCh U APYTHE B3TVISLEL
Ha NpPUYHHY ero ...». Tak 4To oT npobsieMbl 6POYHOBCKOTO
JIBUXKEHH ST MPEeJNOYnTaNd OTBOpaynBathesl. [losTomy, Korza
B 1905 r. mosiBuaack paGoTa Jinwrelina «O IBHKEHHH B3Be-
LIEHHBIX B MOKOseHcs MKUAKOCTH 4acTHLy, B HeHl He OblIO
Jlaxke CChIIKH Ha GpOYHOBCKOe IBHKeHHe. Teopus co6CT-
BEHHO GPOYHOBCKOrO JBHIKEHHMS cOAepzKajach JHWb B My6-
JIMKALUK CJeNyIOllero roza.

CyTb Teopuu OpOYHOBCKOIO }IBH}KeHHﬁ COCTOUT B TOM,
YTO B TEIJIOBOM paBHOBEeCHH (B K/IacCHYecKOH KMHETHue-
CKOfl TEOpHH Ia3oB) Bce CTEINEHH CBOGOIB! C/IENYIOT Ha paB+
HBIX OCHOBaHHAX 3aKOHY paBHOpaclpele/eHHus.

[TeITMHKYE B XHIKOCTH 0Gpa3yIoT CHCTEMY — Hea/bHbI
ras yacTHL, XOTSl U HE B3aHMOJEHACTBYIOUIMX MEXIY COGOH,
HO B3aMMOJIEHCTBYIOIIMX C YacTHLIAMM XKHIKOCTH, B KOTO-
po¥ OHM MJIABAIOT.

Boo6pasum cefe, 9TO Bce 3TH NBUIMHKH OCTAlOTCS
HEMOJBHKHBIMA. DTO 03Haya/0 Obl, YTO TeMIeparypa «rasa»
U3 MbUIMHOK Obina Gbl paBHa abcomoTHOMy Hymo. Torxa
C Heo0XOZMMOCTbIO BOSHHKHET IOTOK TelJa OT XHAKOCTH
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K NBITUHKaM, KOTOpLI HE NPEKPaTHTCHA A0 TeX mop, MokKa
Ea KaxJo#l cTeneny cBOCOAL! NBUIMHKHM HE HAaKONUTCH dHep-

1
TAfl, paBHad kT. Ibutunka Gy et yuacTBOBaTh B TENJIOBOM

JABHIKCHHH HapaBHE C YacTHLAMH XHIKOCTH.

PaccMaTpuBasi NBITHHKY — IIAPHK C PAgUycoM o, ABH-
KYILYIOCSE B XKMAKOCTH ¢ KO3((HLUEHTOM BS3KOCTH 1],
OfHIWTeH nonyuns QopMyay AJs CpelHEro KBajpara ee
cMeiienust ({ — Bpems):

kT
<A2>cp = W t.

Eme no paCoThl no TeopHH GPOYHOBCKOIO ABHKEHHS Siiy-
wredH o6paTH/l BHEMaHHE Ha TO, YTO U3 HaOJICHeHHS JIBH-
JEHUS PacTBOPEHHBIX MOJEKYJ B JKHAKOCTH (T. €. U3 H3Me-
pennit Koadpduurenta rudbdy3HH) MOXKHO ONPENEJHTb UUCIO
Asoranpo. Ina storo nazo HaliTh H3 onmbiTa kK W BOCHOJB-
30BaThCSl HM3BECTHBIM SHAYEHHEM TasoBOM MOCTOSHHON

Na =%. Dituiurelin 310 M chenan. [lonyyenHoe uM 3Ha-

yenre Ny = 3,3-10% Gausko coBnajo ¢ NPHHSATEIM TOrja
anayeHneM. Pacuer Diiniurelina Obl1 APKMM JOKas3aTellb-
CTBOM peaJbHOCTH MoJeKy.s, B ueM B 1905 r. ele MHorue
COMHEBaJUCh *).

N3 dopmyns! ais cpepHero KBajpaTa CMeLIEHHS Mbl
BHJUM, YTO, U3MEepssl CMellieHue NMBUIMHKH, MOXHO onpeje-
JHTb TeMIepaTypy MXHAKOCTH. DTOT cnocob JoJkeH OhTh
B NpHHOUINE oueHb obemlarowinM. IIbTMHKE — 3TO HAealDb-
Hbll ra3. TemnoBoe paBHOBecHe yCTaHaBMHEAeTCs GHICTpO.
TpyaHo TonbKo TOYHO M3MepuTh A2,

MoxKHO paccMoOTpeTbh M ApyTHe mpHMephl 6POYHOBCKOTO
JBuxkennsi. Hanpumep, BMeCTO NBIIMHKHM MOXHO paccMo-
TPETb IUApHK C PajHyCoM o, KOTOPHIH MOXeT He TOJBXO
JBHTaThCs IOCTYNATeNbHO, HO M BpamlaTbcd. MoxHO BhI-
YHCJNTb CPEJHHHA KBajpaT yIVa HOBOPOTA IapHKa BOKPYT
ceoeit ocn (62),,. Ditnwredin xan crexyiomyo Qopmyny:

kT
<62>cp = W t.

*) Ilosle3HO OTMETHTh, YTO CpeJHee CMelleHHe NBUIHHKH — 370
CpejiHee 1O BPEMEHH, BLIYMCIEHHOE IS ONHON NBUIMHKH. DfHITeHH
HCTIONB30BaJ, KaK MBI 3HaeM, CPellHee 1O BPeMEeHM, a He CpefllHee no
yacTHUaM, KaK CUHTalH B TO BPEMS B KHHETHUeCKOH TEOPHH rasos,
310 NO3BOJIKJIO €My pelinTth 3afauyy O GPOYHOBCKOM ABHIKEHMU,
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[llapuk MOMXeT CJYXHTb TePMOMETPOM, MpHUYEM IS H3Me-
penusi OTHOIUEHMS TeMriepaTyp He HaJO 3HaTh Haxe 3Ha-
yenue k.

Herpyaso noayuuTb aHa/JOrHUHyO (opMyJay Ans ua-
puKa, KOTOpHIH 3aKpenJsieH Ha HeBecoMoH NpYXHHKe ¢ Ko3¢-
¢uunenToM ynpyroctd o. [lpupaBHHBas CpeJHIO MOTeH-
UMaJbHYI0 3HEPTHio IapHka (Kak AAsi 9acTHIBEl B Tase)

OOLIYHOM BeJUyHHe ~2—kT:

o 1

) (x’)cp = 5 kT,
N0AYYHM JJIi CPEAHEro KBajpaTa CMelleHHs (x’)cp=—k&7—‘.
Ilpupenafite cGoKy OT IUapHKa IUKaJy — H TepMOMETp
rotosl

SJAYKTYALUSA

ToBopst 0 Temmeparype, SHTPONHH, MBI cJe-
JOBa/ly B3TJIsAaM TepMOAMHAMHKOB mpoluioro Beka. Ilpes-
[0J1arajioch, 4TO 3TH BeJHYHHHl HUMEKOT CTPOTO 3aJaHHOe
8HaYeHHe B KaXIOH TOUKE H B COCTOSHWH TEMJIOBOTO PaBHO-
BecHsd TemnepaTypa W JaBJEHHME CTPOr0 NOCTOSHHBI [0
obbeMy. OTH MPelNoNOKEHUS JIeXKaJd B OCHOBE U MepBOro
H BTOpPOTO Haya/ja TepMOAMHAMHKH.

Ha camom jnene, KoHeuHO, BCe BeJMYHHBI H3MEHSIOTCH
€O BpeMEHeM H ¢ KoopAHHaTamu. BriBops dopmyay ans
JlaBJIeHAsT Tas3a Ha CTEHKY, Mbl TOBOPHJIM JIHIIL O CPEelHEM
nasaeHnu. Ecam 66l MOXKHO OBUIO CJEAMTb 33 JABJEHHEM
nofipoGHee, H3Mepss €ro Yepe3 Kaxjbie T CeKyHJ (rae T Tak
MaJio, 4TO YHCJO YAapoB © CTeHKY 3a BpeMst T Oblio Obl
HeGOJIbIIEM), TO NPHOOP MOKasas Obl, YTO JAaBJIEeHHE BCe
BpeMsi KoJjebaercs, ¢uayktynpyer. Tax Kak JaBienve
NPONOpUHOHAIbHO MJOTHOCTH SHEPTHH B e€fMHHMLE ofbeMma,
TO C €ro H3MeHeHHeM H3MEHHTCs Takxke M sueprus. DPayk-
Tyauuy 3Heprud (Kak U APYTHX BEJIHYHH) YAOGHO GbiIO Gbl
XapaKTepH30BaTh OTKJIOHEHUEM ee BEJWUHHbI OT CpejHeil:
(¢ — &)c,. Ho 31a Benmumna B cpenseM paBHa HYMO *).
[Tostomy ecrecTBeHHO XapaKTepus3oBaTb (MyKTyalHH Cpei:-
HHMM- 3HaY€HHEM KBaJpaTa 3TOH BEJHYHHBL:

6 (82) = <(S - 8cp)2>cp = <82>cp - <3>zl"

*) OTK/IOHEnHE B MEHbIUIYIO CTOPOHY H OTKAOHEHHe B GO/bmyiO
CTOPOHY B3aUMHO KOMITEHCHAPYIOTCSH,
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Sra BesuynMHA Has3blBaeTCA CcpelHefi KBajgpaTHuHOH (ayk-
Tyanue#l. ViMeHHO 0 mell QOBIUHO HJET peub, KOTJA TOBOPST
0 Qayxryauusx. Briuucaste ¢GuyKTyanus — Iejno TpyA-
HO€, M Mbl NpUBENEM TOJBbKO HECKOJBKO OKOHUATENbHBIX
pesyJIbTaToB.

Hnsa QuykTyannu paBjaeHHs IMoJyudaercs: ¢opMmyaa

cp p?
2y —_P F
8(p)—cv N?
HJan
4 (p? cp 1
P T, N?

rae N —uncjo uacTul, B cucTeMe., DTO M €CTb OLEHKa
TOYHOCTH CaMOro NOHATUA AaBiaenusi, Tak Kak N 06GbIYUHO
O4eHb BEJMKO, TO (UIYKTyallud JAaBjeHHfd OOBIYHO OYeHb
MaJbl. Ananoruysas gopMysa gna QaykTyauu# temnepa-
Typbl OZHOATOMHOTO Tas3a UMEET BHJ

8(T2) 31

T2 2N’

Takne dopMyJIbl OKA3BIBAIOT, CKOMb TOYHBI B OGBLIYHBIX
yCJI0BUAX TepMojMHaMuueckue nousitus. O6e QopMysbr —
Ans QAYKTyanuu JaBaeHusd U [ QIyKTyanuu TeMnepa-
Typhl — moYTH coBnajaioT. O6Ge OHH YTBepXAaloT, YTO
TOYHOCTb 3THX MNOHATHH pacTeT, KaK KOPeHb KBaJpaTHBIH
K3 4HCJIa YaCTHIL:

8 (p? 8 (T2 1

LG BOLI DR
Tak, nns 1 mm® rasa (npu apasiennu 1020 rexTonackaisei)
N =~ 10-*® u oTHOCUTe/IbHBIE QIYKTYaUUH CCCTABJSAIOT MpH-
mepHo 10-18, 3nauuT, RAA TAKOro KOJNHUYECTBA ras3a AaB-
JIEHHE H TeMmIepatypa MMEIOT TOYHBIA CMBICII.

Ho Mpl Bavasm pasroBop o (UIYKTyauMsix He TOJBKO
[ 0GOCHOBAHHS MPHBBIYHBIX MOHATHH, a ]I TOTO, YTOGHI
HalTH crnoco6 uaMepenus: TeMnepatypsl. Hanucanuble Beiiie
(opMyJsIEI HMUETO HaM B 3TOM CMEIC/Je HE J00aBJAAIOT, Tak
KaK H3MepATb (NyKTyanHuu TepMOLVHAMHYECKHX BeJIH-
uyH oyeHb TpyAHO. [leso ctaHoBHTCS HECKONBKO MpolIeE,
€cJIH mepefTH K BeJHYHHAM 3JIEKTPHYECKHM.

B anexTpuueckod uenu, B KOTOpDOH HET 3. A.C., TOK
ne uper. Ilo kpafinelt Mepe, aT0 caeayer us sakona Owma.
B neficTBHTeIBHOCTH 3TO HE COBceM TaK. BepHee, 3T0 yTBEpK-
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JIleHHe CTPOTO CHPABEMJIMBO JIMIIL NPH aGCOMIOTHOM HYJIe,
Koraa Her ¢uykryauuii. Ilpu apyrux temmepatypax Bo3-
HUKAaeT cJaydalHBIH TOK, TENJIOBOE JBHIKEHHE snamponos
Cy4afiHO CTAHOBUTCS YNOPSILOYEHHBIM.

Besyunna ¢ayrryanuil Toka Gena BbluvcieHa Hafiksu-
croM B 1927 r. BosHukaiomuil TOK He MOXKET ObiTh, €cTe-
CTBEHHO, NOCTOSIHHBIM, a C pa3HOH BEPOATHOCTHIO BO3HH-
KaeT TOK pasHOH wacToTel. BmecTo Toka MoOXHO TOBOPHT
o ¢aykryaunuouso#t 3. A.c. Ilpu uacTore © Tako#l, 4TO
ho L kT, oHa ompexensercs q)opMyJIon

<eg)>cp = —.‘J'B_ R((D),

rie R (o) — conmpoTuBjenye Ienu npu yactore . Ha
(IYKTYyaHOHHYIO 3. A. C. MOXKHO CMOTpeTb KaK Ha CBH-
JETebCTBO TEIJIOBHX KoseGaHHH 3/JeKTpOMAarHUTHOH CH-
cremul. [losyuennass opMyna yxe MOXKET CTyXKUTh OCHO-
BOH 1J1s1 uaMepenust TemnepaTyphl. OnHako (HM3HMKH, 3aHH-
Marolyecst yCTPOHCTBOM TeMOepaTypHOH IIKaJbl, HalljH
elle Jy4iuil MeToj,.

Jast Toro uToGH NOHSATb, 0 YeM OyneT HATH pedb, Halo
cHayana OOBACHHTb, YTO TaKoe IUyM, TOYHee, YTO TaKoe
OesIblf IIyM.

BepreMcss K NpPOBOZHMKY, HaXojflleMycsi NpH TeMIe-
parype T. IlycTh Temepb mo HeMy TeueT TOK, KOTODHIH
nuTaeT, HanopuMep, OGMOTKM MarHuTa MHKpoQoHa; 3TO
npocrefiiasg cxeMa TeseonHOH JuHuH. M3-3a TensIoBLIX
5((peKTOB Ha TOK, HECYWIH# KaKylo-TO HOJEe3HYI0 HH(popMa:
IMI0, HaJoXkKarcs clydaHHBle NepeMeHHBe TOKH, KOTOPHIE
GyLyT BOCIPHHUMATLCS MUKPO(QOHOM H CO3/laBaTh LIyMOBOH
¢on. TaxoH LIyM MOXHO NpPEACTaBUTb CHEKTPOM 3aBHUCH-
MOCTH HMHTEHCHBHOCTH CHTHala OT yacToThl. Eciam sToT
CIIEXTP OTBEUaeT XaOTHYECKHM IOMeXaM, TO LIyM HashbBaloT
GesnniM — GesiblH 1OyM He HEceT HUKAKOH HH(opManui,
KpoMe undopMauun o TeMnepatype. Llym comyrcTByer
JI060MY 3JEeKTPOMarHUTHOMY fBJeHulo. Ero He o0si3a-
TeJbHO pETrHCTPUPOBATh MHKPO(QOHOM U BOCHPHHHMATh
Kak 3ByK. llymoM u, B yacTHOCTH, GeJIbIM IIYMOM HA3KIBAIOT
¢aykTyanuio MoGoit ¢usuueckofl BeauuHHB, BpiGHpas
pasHble SIBNEHHS, MOXKHO, HaKOHel, HaHTH HJealbHBIHA
(mo kpaiiHell Mepe ¢ TOUKH 3peHHS TEOPUH) METOJ, H3MEPEHUS
TeMIIepaTyphl.

K coxanenuio, Kak BCSKUH COBPEMEHHBIH HpEIU3HOH-
HbIAl METOA, METOJ H3MepeHHs LIYMOB MMEET CJOXKHYIO Teo-
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pHIO, M MOXHO JIHIIb B BHJE NpUMEpa COOSUIUTh, uTo,
M3MepsAs IWYMbl B TaK HasbiBaeMoM nepexone Jlxosedcona
(nBa cBepXNpOBOAHHKA, pasjeNeHHbie TOHKHM CJIOEM H30-
J5iTopa), yAanoch H3MEPHTh TEMIEPATYPY TMJIABJICHHS TeHs
no abcoMIOTHOH LIKaJNe ¢ TOYHOCTBIO L0 MATH . 3HAKOB.

REMOH MAKCBEJJIA

Mpl 3aKOHYUEM Hall  paccKkas MOCTEeTHHM
1apajiokcOM, KOTOpLIH MHOIO J€T CAYXKHJ TeMOH AUCKyc-
CHI M KOTOpDEIH OYEHb XOPOLIO MPOBEPSIET «HAa NPOUYHOCTHY
CTaTHCTHYECKYIO (U3HKY H €e OTHOILUEHHE KO BTOPOMY Ha-
yajly TepMOJHHaMHKH. B TepMonnHamuke Bce OBLIO SICHO:
NpPOUECCHl HAYT TaK, YTO SHTPOINHA BO3PACTaeT, H HUKAKOTO
cnocofa HapyIUHTb 3TOT 3aKOH HeT. Ho ecan Ha aToMbl
¥ MOJIEKYJ/Ibl BEIlecTBA CMOTPeThb KaK Ha MarepHasbHbe
TOUKH, KOTOpbIE MOAYMHSAITCH 3aKOHAM MEeXaHHKH, cnpa-
BEJVIMBOCTh 3aKOHA BO3pacTaHHsl SHTPONMHM CTaHOBHUTCH,
o MeHslUeHd Mepe, MOAO3pUTEJSbHOH. Pa3 yX MoXHO cMme-
1waTh MNOPUHI0 aTOMOB, JBHXKyIuXcA OvicTpo  (BBiCO-
Kad TeMmmeparypa), ¢ aToMaMH, ABHXKYIIHMHCA MeJJIEHHO
(em3kas TemmepaTypa), H MOJIYYHTb .CHCTEMY aTOMOB,
JBHXKYUMXCSA TaK, 4TO HX pachnpeie/ieHHe ONHCLIBAaeTCH
pacnpezesnenreM MaxkcBenna ¢ HeKoTopol cpefneil Temme-
paTypo#, TO moueMy He/ab3si cHesaTb H OOpPaTHYIO mnpo-
LUeAYPY — PasAeNuTb KaKuM-To ofpa3oM GLICTpble W Mej-
JieHHBle aToMbi? Mexanuke Takas 3atess HHKaK He NPOTHBO-
peunt. MoxkeT GbiTb, MeXaHHKa MO3BOMHT Kak-To 0GoHTH
BTOpPOe HauaJo TePMOJMHAMHKH?

IlpoGniema syuie Bcero BHISICHSETCA, €CJAH NPU3BaTh
Ha noMolib jeMoH Makcsesa.

BooGpa3um cebGe MasleHbKoe CYUIECTBO, KOTOpOE MOXKET
BHJETb aToMbl. [locaguM Takoro JeMoHa B SIIHK C rasoM
M, YCTPOMB -B CTeHKe flllliKa Ma/leHbKOe OTBEpPCTHE C ABep-
nei, HayuuM ero npodeccHy LBefinapa: oTKpbIBATh ABEpIY,
KOrZa K Hefl noj/ieTaeT OLICTpLIH aToM, JaBasl aToMy BElje-
TeTb, W 3aKphiBaThb €e, KOTJa K JBeplie MOJJETaeT aToM
mennennblit. Kako#l atom cuntaTh GBHICTPHIM W KakoH Mej-
JIEHHBIM — NpPEeJOoCTaBHM eMy pellaTb caMoMy. Hapeanm
TOJbKO €r0 BO3MOXKHOCTbIO OYeHb OBICTPO H3MEPATh CKO-
pocTb nojJeTalolinX artoMoB. Yepes HekoTopoe Bpema
o0HapyKHTCH, YTO CPefHAs CKOPOCTh aTOMOB B slUHKe
yMeHbUINack — ra3 oxsapujcs. Pabora pemona npuBena
K HYXHOMY pe3yJbTaTy.
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Onmako pesy/nbTaT STOT HE CJAHWIKOM MPOTHBODPEYHT
n tepMojuHamuke. Eciu Obl Mbl 6e3 BcAKoro HiBeduapa
NPOCTO OTKPHUIM ABEPLY, TO OLICTpHE aTOMbI BBLIETENH Obl
camH 1o cebe B Go/bleM KOMUYeCTBe, TaK KaK TaKHX aTo-
MOB GoJible MOAJIETaeT K JABEpIie; aTOMbI C OYeHb MaJleHbKOf
CKOpOCTbIO BOOOLIE He MOAXonuau Obl K Asepue. I'as npw
pacllupeHHH B IYCTOTY OXJaxKHaercs; 5TO H3BECTHO U U3
TepMOZHHAMHKH.

YTto6bl MOJMYYHTb HOBHIY pes3ysbTaT, Haj0 H3MEHHTb
MHCTPYKIHIO, JaHHY!0 WBefinapy. Hano npocHTh ero oTKphi-
BaTh JBEpLY Nepej MeIJIeHHBIMH MOJIEKYJaMH M 3aKpHIBATb
nepej GulcTpbiMH . B 3TOM coryuae ra3 6yLer He oXJaxaaTbCH,
.a HarpepaTbcs. Kasanoce Obl, eciH 3aKkoHHa nepsasi MH-
CTPYKLHA, TO noyeMy Obl He HcrpoGoBaTh H APYTYIO?

C nomoupio feMoHa, TaKHM 06pa3oM, MOXKHO TOCTPOHTD
npocToil npHGop AJA HarpeBaHHs, KOTOPHIH He MOTpebnss
Obl Hukakod smepruu. On npocTo jesms Obl ras Ha JABe
YacTH C pasHOM Temmepatypol, HO ¢ TOH e cyMMapHOH
suepruedl. Taxoli Beurblfi JBHraTesb BTOPOTO poja HHYYTh
HE XYK€ <¢HOpDMa/JbHOIO» BEYHOro JBHTaTess. ¥ HEro
€cTh TOJMIbKO OJMH HEAOCTATOK — OH TaK ke HeocyllecT-
BHM.

SlcHo, YTO JiesI0 B JIEMOHE U YTO €My NPHIHCaHbl KaKHe-TO
cBOHACTBA, NMpoTHBOpevalllye 3akoHaM ¢usnkH. [lapajgoke
6na paspewen Cuusndpaom B 1928 r.

Ilpexkne Bcero BLIACHHM, KaKOH BEJMUMHBI JOJIXKEH
6LITh I€MOH MO CPABHEHHMIO C pasMepaMH MOJeKy.JI.

Ecan 6bl JeMOH COCTOS/N K3 ONHOH HJIH HECKOJbKHX
MOJIEKYJI, TO OH caM coBeplia/j 6bl 6pOYHOBCKOE JBUIKEHHE
H B €r0 CHCTeMe KOoOpJuHaT (CKOpOCTb KOTOpO# GyAeT Xao-
THYECKH H3MEHATbCS) eMy TpyAHO Obuio Obl H3MEPHTH
CKOPOETh APYTHX MOJIEKYJ U OH He MOT OBl CTOSATh BCE BpeMs
OKOJIO ABepPLEH!, yToOH BOBpeMsl ee OTKphiBaTh H 3aKPHIBATh.
Orcionia crenyer clienaTh BBIBOJ, YTO HEMOH JOJIKEH ObITh
MaJIeHbKHH H THAXKesblH, 4TeObl OH MOT CTOATh OKOJIO BXOja
npakTHueckKH Henojsuxuo. Ho Torza Hac XpueT Apyras
HENpPHATHOCTb: YAaphl MOJEKYJ He CMOTYT CABHHYTb €ro
c MecTa, M 4ToGbl MOYYBCTBOBAaTb 3TH YAaphi, K3MEPHTb
CKOpPOCTb 5THX MOJIEKYJI, y Hero B pYyKaX JO/I2KEH ObIThb Jier-
Kuil npuGop, KeTophlfl oTsbiBasicas Obl Ha 3TH yJaphl, Ha-
npuMep Jerkas n/acTHHKa, NojBelleHHas Ha HUTKe. Ho
KakKoro pasMepa Jo/iKHa ObiTh IuiacTHHKa? Eciu ouenp
MaJieHbKasl, TO OHa He OyIeT CTOATb HeNmOABHXKHO... H Bce
paccyxaeHus NOBTOPSIOTCH CHadaJa.
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Uro6el feMOH MOT BHINOJAHATL CBOM (YHKIMH, Halo
€ro caMoro Mau ero npubop JAepxkaTb NPH OYEHb HHU3KOH
TeMmepaType, HampuMep, OXJaaxKAasd Bce BpeMf XHAKHM
BoZopozioM. Torza ero TemJoBoe JBHXKEHHE NPEKPATUTCS
H OH CMOXET H3MepATb CKOpocTH Mosekya. K Tomy xe
eMy He 00f3aTeJbHO CYMTATh OTHAEJbHLIE MOJIEKYJE], ¥ OH
MOXET CJAeIUTb 3a QIYKTyalusMH [I0TOKOB, OTKpHLIBas
JBeply, KOTAa TeMnepaTypa HEMHOTO MOBHICUTCH H3-3a
QaykrTyanui.

Takam nyrteM aeMoH cmor Obl B NPHUHIMIE H3BIEKATb
SHEPTHIO M3 XaOTHUECKOTO JBUKEHHS, HO U3 3THX €ro Jei-
CTBHH Hesb3st Obl10 Obl M3BJIEYb MOJMb3Y. DHEprusd, sarpa-
yeHHash HAa OXJaXIEHHE CaMOro JieMOHa, Ha MOJaBJeHHe
ero co6cTBeHHBIX (UIyKTyauu#, ero GpOyHOBCKOTO JABHXKe-
HHd, N0 MeHbllel Mepe Oblia Ob paBHa SHepPTUM, MM 3apa-
6otanuof *).

[Tosyuenue JoGoii vHGopMauuu B HalleM MHpe Tpe-
6yeT 3aTpaThl SHEpPTHH.

Bropoil 3aKoH TepMOAMHAMHKY HaApYIIHTh Heab3fl. IJTO
OJMH M3 caMblX MOIyuYMX 3aKOHOB Haliero mupa. OGoiitu
3TOT 3aKOH HeJb3s M B 3JEKTpHueckoil nend. Beuio 6wt
c0o6JIa3HUTENBHO MOMYYUTh SHEpPTHIO, UCNONb3YHd TOK, Cay-
yailHO BOSHMKAIOUMMI B 3aMKHYTOH menu. 3Jech JEMOHOM
Mor/ia OBl CJYKHTb MPOCTasl 3JMEKTPOIVIATKA, KOTopast Obl
HarpeBaJiach IpOMOPLHOHANBHO KBaJpaTy ToKa (10 3aKOoHY
Hxoyns — Jlenua). TlockombKy HHKaKoH TOK HE MOXKET
OXJlaXAaTh IVIMTKY, TO cyMMapHHIH 30dekT OyAeT Bceraa
NOJIOXKHTENbHbIAI: PeIKo M HEMHOTO, HO IJuTKa Oyner
rpetbcal

HoBoe paccyxpenue noutd npaBu/ibHO. Mbl Ha camom
JeJie MOAOLIIM K M7ee BEYHOTO JBUrare/isi BTOPOTO poja.
K coxasennio, u 3zecb HaM noMelalOT QIYKTYaluy TeM-
nepatyper caMo#l miuTkd. Ee temmepaTypa OyIeT H3Me-
HATbCA, XAaOTHYECKH YBeJNMUMBasgch M yMeHblIafACh, He3a-
BHCHMO OT BEJIMYHMHBI TOKa.

Ecin ke Mbl nofaBUM QUIYKTyaluH B NJINTKE, IIOMECTHB
ee B XOJONWJbHHUK, TO ujed cpaGoTaeT — Temjo noredeT
OT JIEKTPUUECKOH LenH B XOJOAUJbHHK, HO 3TO yXke OyjeT
ofbluHasl TenjaoBas MallMHA C HarpeBaTe/ieM -—— KOMHATOM.

*) Cepb€3HO roBOps, 9TO O3HA4aer, YTO MPHGOP A1 H3BJAEUEHHUS
SHEPTHH M3 (QUIYKTyauuil He MOxer ObITe HM MOJNEKYJAPHBIX pasMepos,
HH MakpoCKOnuuecKuxX. B 060MX clyyasfx M3 Hero Hejb3a OblIO Obl
U3BJIeYb HHKAKOH NPaKTHYECKOH NOJb3bl,
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Ho 13 kampofi HCTOpHH HANO YMETb H3BJEKATh MOJbL3Y.
EcTb oHa n B Hawe#l HcTopuH. Tak Kak HHKaKoH JIeMOH
HEe MOXET HapyiUHTb BTOPOrO HauaJa TEPMOAMHAMHKH,
Jlaxe HCHOJIb3ys caMble XHTpble PUCTOCcOOIeHH, TO OTCIOAA
clenyeT, 4TO 3aKOHBl (IYKTyauu# He MOTyT 3aBHCeThb
OT JieTaned npubopos, a ONPEeAeSIOTCS JIHILb TeMepaTypoH,
JaBJIeHHEM H JPYTHMH MaKpOCKONHYECKHMH NapaMeTpaMi.
VvenHo mnosToMy wu3Mepenne ¢uyKTyauuii oOKasbiBaeTcs
CaMBIM JIYYIIMM pelleHHeM CTapof 3ajauu: Kak H3MEpHTb
TEMAepaTypy?

Mopanb CcOCTOMT B TOM, YTO HHKaKOe MeXaHHYecyoe
NPHCIOCOGACHHE HE MOXKeT IOMOYb B IIPEOJONEHHH Orpa-
HHYEeHUH, HakK/aJblBaeMbIX OOLIHM 33aKOHOM BO3pacTaHusd
SHTPOINHH.

BBEPX MO WKAJIE TEMITEPATYP

Bepnemcs Kk naeanbHomy rasy. lHlapnku, He
CTaJKHBalOIIHeCss MexXAy co0oH, oKa3aJHCh Xopoiled
MOZEeAbIO [AJs ONHCAHMS MHOTHX CBOHCTB ras3a, KOTOPHH
HaXoAHTCS B TENJIOBOM DaBHOBecHH. DTy MOIEJb H HC-
nosnb30BaM (DU3MKH mpoumsoro Beka. Ho Torxa eme He-
3HAJ/H, YTO aTOMbl He IIAPHKH, a YTO 3TO CJOMKHHE CH-
CTEMHI, COCTOAI[HE M3 MHOrMX yactuH. [losroMy BHOJHE
YMEeCTHO 32JaTh BONPOC: NO KaKHX IOp MBI MOXKEM He
AyMaTb O TOM, YTO B aTOMax eCTb 3JEKTPOHH H SApa,
a CYMTaTh HX NPOCTO MaTepHaJIbHBIMH TOYKaMH, HMe-
IIMMH TOJMBLKO TPH cTeneHH cBoOoxbl? OTBeT CBA3AH ¢
KBaHTOBOH MeXaHHKOH. B aToMme 2J/IeKTPOHBI JBHIKYTCS
He CBOGOJTHO H HeNb3sl, CjJerka TOJNKHYB HX, N0GaBUTb
HM 3HEepruio, nojo6HO TOMy KaK aToM H3MEHSeT CBOIO
SHEpTHIO, CTAJKHBasACh C ADYFHM aTOMOM HJIH CO CTEH-
KO#. UToOHl 3/1eKTPOHH B aTOMe H3MEHHJH CBOE [BHKeE-
HU€ WJH, KaK NPHHATO TOBOPHTb, H3MEHHJIH CBOE COCTOS-
HHe, HAJAO MepelaTb MM He CKOJb YrOLHO MaJjyk mHop-
LU0 SHEPruH, a KOHEYHYIO, OTBeYaioUlylo SHEePTHH BO3-
GyxaeHHs atoma. AtoM (mOZo6HO TOMY KakK 3TO OBLIO
y CIIHHOB B MarHUTHOM I0Jie) MOXeT HaXONHTbCS JIHIIb
B COCTOAHHSIX ¢ OnpejeneHHoO# 3Hepruefi. B oO6braHBEIX
aToOMax 3Heprus Bo30OyKAeHHA COCTAaBJISET HeCATHE KOMHU
9JICKTPOHBO/IbTA: MEHbIIEH SHeprHH aToM IIPOCTO He MO-
J)KeT BocnpuHATe. OnHa OecsTas 3JEKTPOHBOJbTA — 3TO,
npumepro, 1000 K. Ilpu remneparypax Takoro nopsaxa
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MHOTHE TeJla HaYHHAIOT CBETHTbCHA, NOATBEpPKAAs 3THUM
¢$axTH BO3GYKAEHHS JEKTPOHOB. ’

[Ipr Temmepatypax, HeckoJbko Géabuux (10000 K
H BbIIlIe), 3/IEKTPOHBl NIPH CTOJNIKHOBEHHSIX aTOMOB MOTYT
OTPHIBATBCA OT aTOMHBIX 000JIOYEK H BMECTE€ C HOHaMH
BCTYyNaTb B coCTaB rasa. MlieanbHbIH ra3 NpH 3TOM «KOH-
qaeTcA» M B COCYAe OKa3biBaeTcsi CMeCh 3JIEKTPOHOB H
HOHOB, CBOficTBa KoTopofi OyAyT BecbMa JHaJieKH OT
CBOMCTB I'a30B, K KOTOPHIM MBI NPHBBIKJIH IIPH GoJiee HOP-
MaJIbHHX TeMmnepaTypaX. CMecb HOHOB H 3JIEKTPOHOB (K
KOTOPOH, KOHEYHO, NPHMELIHBAIOTCA H HeHTpaJsbHbElE aTo-
Mbl) Ha3BIBalOT Mua3Moi. [lnasma GHUIa paHbile AOBOJb-
HO peAKHM O0beKTOM HCCJeHOBaHHA: C Hell HMeJH AeJO
8 ra3oBoM paspsje H 00 ee CBOACTBaX MaJio KTO 3Hal.
Cefiyac masamy HasHIBAalOT YeTBEPTHIM COCTOSIHHEM Be-
11ecTBa, C Hell MMEIOT JeJOo Te, KTO 3aHHMaeTcs YCKOpH-
TeASIMM, acTpodH3MKH, W, 0COGEHHO, YyueHble, 3aHHMAIO-
wHecs nMpo6aeMON OCBOGHHA TepMOSLEPHOH SHEprHH.

Tepmosnepras nnasma eie GoJsiee ropsiuasi, B Hee
BXOJAAT HEHTPOHBI, BEIOHTEIE H3 JIETKHX silep,— paAH Heil-
TPOHOB H COOPY2KaIOTCSl 3TH YCTAHOBKH. DHEpPrHH Heil-
TPOHOB COCTaBJAIOT THICAYH 3JIGKTPOHBOJBT — MHJJIHO-
HBI TPafycoB.

KoHneuHo rpafycH 3/ech yCIOBHbIE — HOJHOIO TEIJI0-
BOr0 paBHOBECHS B TakOH IJla3Me HeT M peub OOGLIYHO
HJEeT O XapaKTepHUCTHKe cpejHell SHepruH.

Tepmosii — He Hala TeMa W MBI JHIIL OOPAaTHM BHH-
MaHHe KaK B IJasMe ¢ pocToM TeMilepaTyphl (T. e. sHep-
TMH) B MIPY BCTYNalOT BCe HOBbie CTelleHH CBOGOABI —
yeM BbllIe TeMuepaTypa, TeM OOJblle YacTHL, y4acCTByeT
B TemjoBOoM paBHOBecuH. C yMeHblUeHHeM TeMIepaTyphl
HEHATPOHBl «BO3BpallalOTCA» 06paTHO B AAPA, JIEKTPOHMI
«CajATCA» Ha CBOH OPOHTH; CTeleHH CBOOOAL BhIMEp-
3al0T COBCeM TaK, Kak rosopusi HepHer, KOTOpHIH, KO-
HEUHO, He MOTr H NpeAnoJaraTh KakKHM OKajKeTcsi Mexa-
HH3M «3aMep3aHusl creneHefl ceo6oanl». [lpu eme 66Jib-
IIHX TeMiepaTypax SJeKTPOHbl H NPOTOHH pPOKJIATCA
U3 BaKyyMa IpH CTOJKHOBEHHAX — 3TO TeMIepartypa
macurraga 10°—101 K. IIpu. temneparypax 1013 K
poxjalorcs HykJoHbl. Takue mpoueccht GypHO pa3BHBa-
JINCh Ha PaHHHX 3Tanax passuTHa Bcenenuofl.

TemnepaTypbl, 0 KOTOPHX MBI cefiyac roBODUM, H3-
MepATb NPsIMO HeBO3MOXHO. Her Tepmomerpa, KOTOPHIH
651 MOXKHO GBLJIO «3aCYHYTb» B [/1a3My.
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TemmepaTypy OLEHHBAIOT MO H3JyYeHHIO, IO dHEPIrHH
YaCTHI, BHIYHCAAIT... HO MHIJIHOHH rpanycos B JaGo-
paTopHH cefiyac CTaHOBSTCA PeasbHOCTHIO.

Mo3KHO, KOHEYHO, CIPOCHTb: a B YeM XPaHHTb Heil-
TPOHHBI ra3 B MHJUIHOH rpajycos? Bor 3To menarth Ha-
VUHJIHCh: Ta3 «IOABElIHBAECTCA» B BaKyyMe CJIOXKHOH CH-
CTeMOH MAarHHTHLIX MoJieil (MX Ha3HBAIOT «OYTHUIKAMHY,
«npo6KaMu» H APYTHMH Ha3BaHHAMH).

B 3akaioueHue 3alJafHM BONPOC: O KakoH caMoi
GOJIbILOH TeMIlepaType HMeeT CMBICJ pa3roBapuBaTh (KO-
HEYHO, He U3MepsATb)? Taxaa TemmepaTypa €CTb B CIIHC-
Ke MIaHKOBCKUX efuuuul. d1o temnepatypa Tp=4-108 K
uan 4-1027 5B=4.1018 ['3B.

[Tna3mMa ¢ Takoil TemmepaTypoii, Kak cefiyac Ayma-
10T, CYLIeCTBOBAJIa B CaMOM HayaJe pa3BHTHA BceseHHoil.
OxJaxJeHHe TaKo# CBepXpesATHBHCTCKOH MJIa3MBbl, CO-
npoBoxAaouee (a3oBLIMH NepeXofaMH, BeJO K COBpe-
MeHHOH Bceesmenno#t, 3aech HauuHaercss 06.1aCTh HayKH
¥ haHTa3uH, B KOTOPYIO MBI cefiyac BXOAHTb He Oyaem *).

SAKJITOYEHHE

[Touemy 1o cux mop TeMmepaTypy H3MepsIoT
B rpajycax, a KOJHYeCTBO Telia — B KaJiOpKsiX, a He B e-
HHIAX SHEPTHH — JKOYJAX?

®U3KKH HEOXOTHO PacCTaloTCs CO CTaPhIMH BEMYMHAMH
HE TOJIbKO IOTOMY, YTO OTAAIOT JaHb HNpPHBbIYKE.

XoTs npouwIo MHOTO JeT ¢ TeX mop, Kak Mailiep u
JLxoy/ib OMNpEeJesHIH, CKOMbKO JUKOYJeH OTBEYaeT ONHOM
Ka/NoOpHH, M3MEPHTb KOVHYeCTBO paboThi, OTBEYaiollel 3a-
JAHHOMY KOJHYECTBY TellJla, OY€Hb TPYHHO, €CJH 3TO HaJo
clenaTh TOYHO. MeanbHble mpouecchl, ONMCaHHbE B KHUTE,
[O3BOJSIIOT B NPHHLHIE BHIIOJHUTb TAaKOE 3ajjaHHe, HO
peasu3oBaTh COpaTHMBIH IIporecc ¢ JOCTATOYHON TOYHOCTDIO
L0 CHX op MHI He yMeeM. [osTomy KosnuecTBO Teria Jyylie
H3MepATh TeIJIOBBIM CNocoGoM, € MOMOLIbIO  XOpOLIero
KaJlopuMeTpa, a He ¢ MOMOLIbI0 MexaHHuyecKoro npubopa,
npoxsBojsllero pabory.

Tak e ofctonT aeno u ¢ Temneparypoi. Haxe ecan
Gbl MBI MOTVIH JOCTaTOUHO TOYHO H3MEDHTb CKOPOCTH BCeX
MGJIEKYJI, TG AJISi TOTO, YTOOBI BBIYHCJUTL U3 M3MEPEHHOTO

*) O6 sToM yBJeKaTeJbHO pacckazaro B Knure: C. Baiiubepe.
[lepsuie Tpu MuHYTH. — M.: Dneprusa, 1980,
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pacnpesiesienus cKopocTefl TeMmepaTypy, Hafo OblIo Obl
TIPOU3BECTH CJIOKHBIE pacuyeThl, HA TOYHOCTb KOTOPBHIX
TPYLHO NMOJOXKHUTbCA. TOJMbKO eciM ras HpeajbHBLIH M Mbl
3HaeM, 4YTO paclpefeseHHe CKOopocTeHl B HEM ONHCHIBaeTCs
¢popmyaoi Maxkceensa, sajaya craHoBHTcH npoctoii. Ho
€CJM ra3 MAeasbHbIH, TO Hpolle HCIONb30BaTh YpaBHEHHE
COCTOAMHHSl H H3MepsiThb TeMIepaTypy rasoBbLIM TepMOMeET-
poMm.
TensoBble eIMHULB! 10 CHX NOP OCTAlOTCH HE MOXOXUMH
Ha eJHHHUILEI, UCIIOJb3yeMble B MexanHuKe. CBs3b HX ¢ Mexa-
HUKOH 3aKJIOYeHa B [BYX I[OCTOSIHHBIX — MEXaHHUECKOM
3KBUBAJIEHTE TeIJa, CBA3HBAIOIIEM KaJOPHIO C IXKOYJEM,
nnocTossHHOH DoJsbLiMana, cBS3bIBaOLLEH Ipafyc ¢ JKOYJ/IEM.

EcrecTBenHas TemsnoBasl IixKana OyIeT YCTaHOBJEHA
TOrJa, Korja (USHKH HayyaTcsl XOpOIIO H3MepsTb paboTy
B TEIIOBOM LHMKJE (UCHOJB3YS HEpPBOE HAyaslo TePMOJMHA-
MHKH) H ycTpauBaTh LMK KapHO IS M3MEDEHHSI OTHO-
IIeHUd TeMnepatyp (¥cnonb3ys BTOpoe Hadago TepMo-
JIHHAMHKH).

O0e 3T 3ajaud peliaoTcsl NPU M3MEpeHHAX (IyKTya-
unfi. BeposiTHOCTD HAHTH CHCTEMY B KaKOM-HHOYIb HEpas-
HOBECHOM COCTOSIHHH CBSI3aHa HENOCPEeCTBEHHO ¢ abcoioT-
HOH TeMneparypoli. Ho Tounble namepenus ¢ayxkryauu —
JeJlo HeJerkoe, a (opMysbl, CBS3BIBAlOLIME M3MepsAeMble
BeJIMYMHBl C TeMnepaTypoH, COBCeM He TaK INpPOCThl, Kak
ypaBHEHHE HJeaJbHLIX TasoB.

Tax uTo moka ¢M3MKM OPOKOIKAIOT JOBOMBCTBOBATHCA
yC/lIOBHOH efMHHIEH — KaJopHeil ¥ yCIOBHBIMH ONOPHBIMH
TOYKAMH, KOTOpbIE Jal0T BO3MOXHOCTb COIJIacOBLIBATb Tep-
MOMETpBEl BO BCEM MHpE.

MBI yxe roBOpHJH, YTO 32 OCHOBHYIO TOYKY YCJOBHU-
JHCch M36HpaTh TPOHHYIO TOuky Bojpl. KpoMe aToH Touku
Opd TpajyHpOBKE 3TANOHHBIX TEPMOMETPOB HCHOMBL3YIOT
H DAL APYTHX TOYEK, TeMIepaTyphl KOTOpHIX IO ompenese-
HHIO CYMTAIOTCS TOYHLIMH *).

Vix snauennsi, KoHEYHO, OTBEYAIOT CaMbIM JIYYIIHM
H3MepeHUsIM, OJHAKO YCJAaBIHBAKOTCs, YTO JajbHeHIune
yJy4IleHUs] METOJOB HM3MepeHHsl He OyAyT HX H3MEHSTb,
TaK yTo NpaKTHUecKas LIKaa TeMneparyp 6yAeT OTIHYaTbCs
OT CTporo#l TepMoj¥HaMHYecKOH IO TeX Iop, NoKa He Oyner
peleHa 3ajaya o6 H3MEePEHHH KOJINYecTBa TelJia B KOy IsAX.,

*) Kak yxe roBOpPUJIOCH, €C/IH YCTaHOBHTH OJHY ONOPHYIO TOYKY
(1 abGcomioTHEII HY/B) ¢ MOMOmbIO IHKJIa KapHO, TO Bce OCTa/JbHBI®
TOYKH MOXKHO M3MEPHTh, @ HE 3aJaBaTb NPOH3BOJIBLHO,
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IpuBeseM B 3aK/IOUEHHE CIHCOK HEKOTOPHIX OMOPHBIX
TEMIepaTypHBIX TOueK, NPUHATHX B 1968 r. u mpensoxen-
HBIX B 1976 1.

Tpolinbie TOUKH: BOJIbI 273,16
aprona 83,798 1968 r.
KHCJIopofia 54,361
HEOHa 24,559 1976 r.
Touka KuneHua reaus 13,8045
TemnepaTypr nepexoga
B CBepXNPOBOAALLES
COCTOSIHHE! CBHHIA 7,1999
1976 r.
HHHSA 3,1416
aMOMHHUA 1,1795
HHHKA 0,851
KaaMus 0,519

Odra Tabnuua JaeT NpeiCTaBJEHHE O TOUHOCTH COBpe-
MeHHOH WIKaJLl TeMmepartyp.
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