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NIPEAUCJ/IOBHUE

e nonysApHoii KHKry 1o pusuke ABoAKas. I1pexne Beero,
13 Hee YUTaTeNIb MOXKET Y3HATh HeyTo /UL cebst HoBoe. B 510il KHU-
re PO TEMNEPATYPy coGPano MHOTO Pa3HbIX (PAKTOB, 0 KOTOPbIX
He HANMCAHO B UIKOJILHOM y4ebHuKe. X0Ts KHMIa ¥ NomyAsipHas, a
ZIa7TeKo He BCE, YTO B Hell HANHMCAHO, MOKHO TIOHATD 10 KOHIIA, T10-
CKOJTbKY He 060 BCEM Y/Ia€TCH XOPOLIO PaccKa3aTh 663 MaTeMaTH-
K¥1 ¥ 6€3 Tex pasaenoB (HU3NKH, KOTODHIE B IIIKOJIE HE H3YYAIOTCS.

IIpoTBs 3TOro HeHOCTaTKa €CTb TOJABKO ONHO CPENCTBO.
Hago dsith onrimuctoM. [lpoiiger Bpemsi, YHTaTe b Y3HAET M O
CTATHCTHUECKOI (U3MKe, H O KBAHTOBOI MeXahuke. Toraa s
HEro Bce PacCKa3aHHOE CTAHET MPOCTHIM U MoHaTHHM. Ha fo-
POTax MO3HAHHA HeT 00DBEe310B; YTOOB! ZOOPATHCS 1O BEPUINHEL,
HaJ0 IPE0J0JIeTh IOABEMEI U HEPEBAIb, KAKMMH GBI TSKETIBIMU
OHH HY IPeICTaBISLTUC.

Ho u He 3na% BCeX feTasle, M0JE3HO B CAMOM Hayajie Iy Te-
MECTBUA MOJIYYHTH KaKoe-TO HpeICTaBIeHHe O TOM, THe TIpOXo-
IHT J0pOra M B KaKHe Kpasi OHa BeleT. IMeHHO 3ToMYy AOMKHa
TIOMOYEL ONY/IAPHAA KHUTA; B 3TOM W COCTOMT ee BTopast #, Ha-
BepHOe, H0J1ee Ba)KHas Liejib,

B knure o temueparype aBTOp XOTeJl PaccKasarb O TOM,
KaK BO3HMKAIOT (pU3HYECKHE [IOHATHS, KaK TOSBIAIOTCS HOBbIE
MeTOAH AN N3MepeHus PU3NUYeCKUX BEeIHYMH ¥ Kak pasBHTHe
(hH3MKH NPUBOJNT K TOMY, YTO CT2pbie, IPUBLIYHbIE TOHATHS
mepexoaaT BO BCe HOBBIE M HOBpIE 00jacTH PUBHMKH, O CaMOM
CYIECTBOBAHHUM KOTOPBIX HANM NIPeAlIeCTBEHHUKH JaxKe He No-
7103pEBaJIH.



B Hame BpeMs ¢u3MKa HpeBpaTHIACh B €XHHYIO HAyKy.
Wsyyas oaun u3 pasaenos GU3MKH, MBI HeMUHYEMO [101IAJa€M B
APYyrHe, CaMble HeXKHaHHEIe ee 00IaCTH.

Vicropus o TOM, KaK 4ea0BeK OOHapyXHUBAeT 3aKOHbI HPH-
POZBI, KAK CO3/IAETCH BeJNYECTBEHHOE 3AaHHE COBPEMEHHOTO €C-
TECTBO3HAHWA, — WCTOPHsA NOYUHTE IbHAS M MHTEpecHas.

VaeHue 0 TeMmepaType — OHa U3 [J1aB 3TON KCTOPUH.

Astop 6saropapen akan. Y. K. Kuxouny u npod. M. U. Ka-
raHOBY 3a 3aM€YaHHA, KOTOPbIEe OHU CAEJATH TIPH 06CYKICHHN
pyKonucu.

A. Cuopoduncruis



BBEJIEHUE

UYro Takoe TemsoTra — 3HAIOT Bee. M3 mMIKOMBHOTO
yueOHHKa M3BeCTHO, YTO YACTHIbI B Ta3ax, KHAKOCTAX U
TBEPABIX TeJaX HAXOMASITCS B HEMPEPHLIBHOM JBHXEHHUH H
4TO 3TO ABMIKEHHE BOCIIPUHHMAETCS KaK TEII0. JHEPTHs
JBYKEHMSA YaCTHI, YCPeIHEeHHas 10 MX OrPOMHOMY YHC-
J1y, ONpefieJIsieT TEMIIEPATYpY.

Bcee, 4To kacaeTcsl Temnna, M3JNOXKEHO B yueOHUKe
O6BIMHO CTOJIb ICHO M IIPOCTO, YTO 3TOT pasfie GUusuKu
KaXeTCsI Aaxe CKYYHbIM.

Ho Teopust Tenna Bosuukia He cpasy. OueHb Aoaro
He MOLJIM TIOHATH HY YTO TAKOE TEeIIO, HU KaKasl pa3sHuila
Mexxay TeMaeparypoil u TemsioM. Ouanka — Hayka cpas-
HuTenbHo Mojioaas. Eure 200 sieT Hasan 3aKOHBI IPUPOABI
[PEeACTABASIMCh KaK Pa3po3HEHHBIE IPaBUJIa, BHIBELEH-
HbIE U3 OIIbITA ¥ TIOYTH He CBsA3atHbie Mexay coboi. Jlunin
MEXaHWKa MOIJIa COHEPHUYATh C MaTeMaTUKOU CBOeH
CTPOTOCTBIO H CTPOMHOCTBIO. TONbKO B MeXaHUKe YMEIH
BBIBOMTD (GOPMYJIbL, ¢ IIOMOIIBIO KOTOPBIX MOKHO OBLIO
aKKypaTHO paccuMThIBaTh MaiviHsl, K Mexanuke npubiin-
JKaJIaCh TI0 CTPOTOCTH ONTHKA (reoMeTpUyecKasi OINTHKA,
Kax MHI ceifgac ee Ha3biBaeM). OCTa/ibHbie CBEACHUS O IIPH-
pojie 6bLIH COGpaHEI B IBE HAYKH — (DU3HKY K XUMHIO.



DU3NKK CTPEMIIHCDH NIOHATH, YTO 0OBEAHHSET pa3-
Hble paszeinl HayKy O npupoxe. OfHM U3 HUX CYHTAIH,
YTO BCe ABNEHUS HAIO 00BACHATH, ONMPAsICh Ha MEXaHH-
KY, ¥ 4TO Bce B IPHPOAE COCTOUT U3 MeJbYaiIlNX YaCTHIL
aTOMOB, MOHAJ, KOPIYCKyJ (KaK Ha3blBajd TakHe yac-
THULB B pa3Hoe BpeMA). Jpyrre HacTausaiy Ha TOM, 4TO
TIepBUYHLIM B NIPDHPOJE ABIAIOTCA XHUAKOCTH U 4yTo Bee-
JieHHasl 3amoJHeHa BcenpoHHuKaomeidl cyGcranuuei —
apupom. Teno Takke CYNTAMH OIHO U3 MKHMAKOCTEH, U
TeopHA Temjaopoa ObUla BechMa TONYJAAPHON OCHOBOI
YYeHHsI O Tellsie.

Muorne (H3NKM CBSI3BIBAIH TEILIO C ABH)KEHUEM
monexkys. Tak, B yacTHocry, aymai Jlomonocos. Ho npe-
BPaTHTD OOLIME PACCYXIEHHs B CTPOIYIO HAYKY GBLIO He-
nerxo. Ilpoucxonuau yauputesbHuie BEUM, H3 HAMBHBIX
pe/CTaBAeH il O TENIopofe HbIIM BHIBEAEHBI IPABUIIB-
Hbie pe3yasrarhl. [loHsiTHe 06 aroMax A0/ro Kasanoch He
HYKHBIM [JIS1 TEODHH Tera.

Tenepb Bce 3TO KaXKeTCA YAUBHTENbHBIM: KAK MOXHO
Pa3BUBaTh HAYKY O TeIIe, He 3a4aBasi BONPOCH! O TOM, YTO
aTo TaKkoe?

Hayke o Teruie U nocesimieHa 3Ta HeGoJbIIASA KHUTA.
YTo6H! KaK-TO OTPAHHYHTH ceDsl, aBTOP B KAYECTBE TEMbi
BHIGpan Temrepatypy. B xuure pacckasano, Kak NosBH-
JI0Ch 3TO NMOHSITHE M KaK MEHAICS ero CMBICHI IO Mepe
TOI'0, KAaK YueHble BCe JIyullie U Jydllle TOHMMANH, YTO Ke
TIPOMCXOINT, KOTAA Mb! HAarpeBaeM WK OXJIKIaeM TeJlo.

TPAJYCbHI Y TEMIIEPATYPA

HicTopust 0 ToM, KaK HaVYMJIHCh H3MEPSITh TeMIlepa-
TYpY, MHTEpecHa u HeoObluna. TepMoMeTphbl OBIIH NPHAY-
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MAaHbl 33 MHOTO JIET A0 TOTO, KAk JIEOAH NOHAAK, YTO MMEH-
HO OHM H3MEpPAIOT.

H3Mepsst yriavt Ha Hebe, pacCTOSAHUA HA 3eMiie HAM
JiaXke BpeMsi, JIIOAH 3HANH, 9To oHu Aenaror. O remnepary-
pe Xe dTOro CKa3arh OblI0 Helb3s. TeMnepatypa cBszana
C BeCbMa HeollpeeeHHbIM IIOHSITHEM TETLIOTHI U X003,
KOTODBi€ PACHOJArajiich B CO3HAHHH YE0BEKa re-T0 psi-
ZIOM C 3amaxoM, BKycom. Ho 3anax v BKYC HOYTHM He u3Me-
psumu (1o kpaiixeit Mepe Touno). Hukto He crnpammsan
¥ HUKTO He DLITAJICS ONpejie/IUTh, BO CKOJIBKO pa3 OfHO
611010 BKycHee APYroro WK Ha CKOJbKO 3aMaX CeHa OT-
JINYAETCS OT 3anaxa po3. Ternuble M XOJIOAHBIE TeNa, C APY-
roii CTOPOHBI, BCEIi2a MOXKHO OBIIO PaclioNOXUTh B ONHH
PSIZ 4 HA OM[YIh YCTAHOBUTS, KAKOe U3 ABYX Telljee.

Yestosek ¢ HE3aaMATHAIX BPEMEH 3HA, ITO KOrAa B2
TeJia TJIOTHO CONMPUKACAIOTCS, TO MEXKLY HIMH YCTAaHABIN-
BaeTcA (KaK MbI ceifac roBoprM) TEIJIOBOE PaBHOBECHE.

Pyka, onmymmeHHasi B BOAY, OKa3bIBaeTCsl Harperoil
(unn oxnaxaeHHoI ) 10 TOM XKe CTEeNeHH, YTO U BOjA.

Tleus HarpeBaeT Bo3AyX B KOMHaTe. MeTa/LTHyecKuit
CTepXKeHb, HATPEBAaeMbIil C ONHOIO KOHL@A, HATPeBaeTcs
1esinkoM. Beiofty B 1IpUpojie CYILeCTBYIOT IOTOKH TeIia.
B 3TOM ecrecTBOMCHbITATENH AABHO BUIEH NIPOSIBICHUE
BEJIMKHUX 3aKOHOB IIPHPOIBL

O TOM, 4TO TaKOE OTOKHM TEILIA, H YTO TAKOE TEIIo-
BOE DaBHOBECHE, H YTO O3HAYaeT CTeleHb HarpeBa Tea,
ObLTM pasHble MHEHMA.

AHTHYHBIE y4eHble U cX0oJacTbl CpeaHeBeKoBbs CO-
[IOCTABJISUIH € TEIUIOM M XOJIOAOM CBOHCTBA MPUTSIKEHNS
u orTaikusBaHud. Takoe ompeneseHUe Malo 4TO MOLJIO
OODBACHUTS.

Haseproe, npeBHye Bpayi ObLIM HEPBbIMH, KOMY 110~
HagoOMIach CPaBHMTEIbHAS M IPUTOM AOBOJIBHO TOYHASA
mKajaa Tensiorsl Teja. OHH o4eHb JAaBHO 3aMETHAH, 4TO
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3/0pOBbE YeNoBeKa KaK-TG CBA3AHO C TENAOTOH ero Tena
U YTO JIEKapCTBa CIIOCOOHBI M3MEHHTH 3TO KayecTBo. Jle-
KapCTBaM IIPHITMCRIBAIOCH OXJAXAalonee 1y corpepalo-
1iee IeHCTBHE, U CTelleHb 3TOI0 AEHCTBYS ONPenensinach
TpagycaMy (CTYNEHAMH — HO-JaThIHK ). OiHaKo X0/I04 U
Temio He ObiM IPOTHBOIOOKHBIMH Ka4eCTBaMH: TeIio
YMepsiNoch BAAKHOCTBIO, a XOJ04 — CyXocTohio. Bemmxuii
Bpa4 apeBHoCcTU [amen — ow xun Bo I sexe — yums, uto
JeKapcTBa cjefyeT KiaccudUUMpOBaTL 1O Tpagycam:
rpazyc Tera, Fpaxyc X0M0a, FPaaycC BIaKHOCTH, TPAnyC
cyxoctu. MTak, rpagycos Ghu1o YeThipe, U KakK/bIi rpagyc
elte pa3GMBaIH HA TPH YACTH.

JlekapcTBa CMeIMBAMHCH MEXAY OB, M CMeCH Me-
JIK pasnble Tpagychl. «CMecs» NO-JIATHHU — <TeMIlepa-
Typa» (temperatura). Ilpasaa, Tanen He gan uncaennyio
CBf3b MEXKY KOHUEHTPALUSMH CMeceH U UX TPagycaMu.
.51 aTOTO NBITAIHCD CO37aBaTh LEJIble TEOPHH, HO 3a/la4a
06 onpesiesIeH AN IPaZyca CMECH 110 TPajycaM KOMIIOHEHT
TaK 4 OCTAiach HEPEIIEHHOH.

Takum 06pasoM, OT ApeBHUX Bpadei ocTaiach (X0Th
¥ [LIOXO onpefesiennan) 12-rpaycHas mxajia TenjioBoro
JeHCTBHS JIeKapCTBa.

O HeoupefleNeHHBIX <«TPAfyCaXx» TelUla HarpeTore
Tesa ropopu u 110 [arena. 3nech 06b4HO CCHNAIOTCA HA
Tepona AnekcaHapuiickoro, KOTOPBIif NCIIOAL3OBA CBOH-
CTBO BO3AyXa pacIINpsThes npH Harpepanun. Ho nacrosn-
Iast AICTOpUA HAYKH O TerioTe Hadanach ¢ lamunes.

TAJTUJIEN

Hukrto u3 coBpeMeHuukoB lamunes He Mor cpas-
HHTBCA C HUM B YMEHHH YBUETD BEJIMKHE 3aKOHBI B 11PO-
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CTHIX ABJNeHHsX. Boe cibxany o TOM, kak MHOTO OH y3-
HaJi, PasMBIIUIsIS O afeHun Tejda Ha 3emmo. Ho He Tak
XOPOIIIO U3BECTHO, YTO OH ObIJI OTHUM H3 TIEPBHIX (ecu
He TepPBbIM), KTO THCAI O MEXaHWYECKOi NIPUPOJE TemJIa.
Jlro60MbITeH T0BO, KOTODPBIH no6yausn Taanies K TakuM
BbICKA3bIBAHUSM. .

Ocennio 1618 r. Hax. Pumom OSBUAKCH AIBE KOMETHI.
HeGechple cobLITHA BCETTia BCEIAMM CTPax WK HaJexKAy.
Hurepec x nayke HeoOpr4aitno Bospoc. Jlioay Tpebosain
06bsicHeHuit ¥ HPOTHO30B.

Jlurde Yesapunu mumter u3 Puma Tamwmsero B iexaGpe
3TOT0 Xe rofa; «/laxke HIYeM He UHTEPeCYIOIIUecs JIOAM
BCTPSIXHYJIUCE, ¥ AaXKe IIOC/eNHVe JEHTANW BCETO ropoja
BCKAKMBAIOT CO CBOMX TOCTeIel, Tak 4To Bbl MoxeTe cebe
NPENCTABATD, KakKoe BO3OYXJEHHE BbI3BAI0 MOSBJIEHUE
JIBYX KOMET M KaKHe I[JIylble Pa3rOBOPH OHO TIOPOMJIOS.
Bosuniuta Gosbmas auckyccus o npupose komet. Co cto-
POHBI He3yHTOB BhIcTynaer Opuuno Ipaccy, ¢ HUIM cniopyT
yuennk [amines Mapko I'swmysu — npencenatesns @aopen-
THiICKOH akajieMuH. B 00oux BHICTYIIEHHSIX MHOTO MeCTa
3aHMMAIOT paccyx/ieHus1 06 oOuMx nensx Haykn. B cop
BerynaeT u [amaneit, on myGaukyeT KHUry, Ha3BaHHYI0 AM
«El saggiatores («BecsI 111 B3BeIIMBaHMs 30710Ta» ), B KO-
TOPO#i OH OYeHb TIOAPOCHO M3JAraeT CBOM BITTISLABI HA IpH-
pony $usMyecKknx ABNEHUA. ITa KHUTA CYUTAETCS OAHAM
H3 [IeleBPOB UTAMIBAHCKOM MpO3bI U O CHX 0P CIYXKUT
HeCpaBHEHHBIM 00Pa3IoM HOJIEMIYECKOH IMTEPATYPHL.

B Heii OH TOBOPUT, B YaCTHOCTH, O HATPEBAHWM TBEP-
ABIX TEJI NP TPEHWY ¥ NPUBOIUT PYTHeE JOKA3ATEALCTBA
MexaHHYeckoil npHpozst Tema. OHAKO OH He 3HAJ, YTO
MeXaHMYEeCKUM NyTeM MOKHO HATPETDH He TOJIBKO TBepIIbe
Teia, HO ¥ AKUAKOCTH MM faxe rassl. [amuneo k Tomy xe
MeINaso H OTCYTCTBHE YMCIEHHBIX JAHHBIX O TEILeE.



Bo Bpemena lanmuaes ecrecTBOMCOBITATENH HOYTH
HHYEro He yMeJM U3MepsaTh. Jlaxe caMoe IpoCTOe u3-
MepeHHe JAMHBE MM 06beMa BCTPEeYano TPYAHOCTH,
TaK KaK He CyIIeCTBOBAIO HMKAaKHX OOIIenpMHATHIX
3TANIOHOB JJIMHbL. MephI A/IMHbBL B Pa3HbIX MeCTaX ObLay
pasHbie, i CPaBHUBATh MX ObUIO XJIOTIOTHBIM AEJIOM.
HN3mepsats BpeMs Guuio emte ciaoxnee. CyIHecTBOBAIIH,
KOHEYHO, B 00MXO0J{e YaChl — COJIHEYHbIE, BOMSIHEIE, Te-
COYHEIE, HO BCe OHM COBCEM HE TOAUIHUCH [JISE CKONBKO-
HUOYZb TOYHOTO HU3MepeHHst HEOONBIIMX WHTEPBAJIOB
BpeMerd. [oBoparT, yto oHMHK annieil cMoTpen Ha Ka-
qajoulyocs moctpy B LluzanckoM cofope u m3Mepsin
HEPHOA ee KofefaHuM, OTCYMTHBAA yAaphl cOOCTBEH-
HOTO MyJbCa. 3aKOHBI MEXaHUKH MOTJIH OBITH OTKPBITHI
TanuieeM TosbKO IOTOMY, 4TO OH OMH U3 MEPBHIX NO-

HSiJI, KaK BaXXHO NIPOU3BOAUTH TOUHBIE
M3MEpeHus.

K usyuenuio Tennospix sBieHUM
lasimneil mopoiIes ¢ TexX Ke MMO3HUHM;
Hpexxie BCero OH 3aHSICA TeM, KaK H3-
MEPHTH TEMIIEPATYpY TeJid.

TepMomerpsl, KoTOphie Aenan Tamu-
neit (oxono 1597 r.), cocTOANH U3 CTEK-
JAHHOrO Iiapa D, HanloJIHeHHOTO BO3Y-

XOM; OT HIDKHEH YacTH mapa oTXoMia
TpyOKa, YacTHYHO 3AM0IHEHHAS BOJOH,
KOTOpas 3aKaHYHBAJIACh B COCYZE A,
TaKXe HalOJIHEHHOM BOJOH
(puc. 1). Korzna Bo3zgyx B
mape paCUMPAJICT WK
CXUMAJICH, YPOBEHD BOJIbI
B CTEKJISIHHOM TPyOKe U3-
Pue. 1. Tepmomerp Tanunes MEHSUICS, YTO H CAYKHIO
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VKa3aHMeM Ha TeMIepaTypy, HallpHMep, PYKH, IPHKOC-
HyBme#cst x wapy. OnHako BbICOTa cTONOHKA 3aBuCeNna
KaK OT TeMIIEPATYpH, TaK H OT aTMOCGEpHOTO AaBIEHHA,
U U3MEPSATh TAKHM TEPMOMETPOM CKOJIbKO-HHOYb TOYHO
6110 HeBoamoskHo, O 6apomerpe e Bo ppeMeHa Tanmnes
Hudero He 3Haiu. Tonpko yyennx lanvines Toppuyes
CMOT YCTaHOBHTD CBA3b MEXK/Y BEICOTOM CTON0HKA PTYTH
u atMocthepHbM gaBrenneM. [1pu luinree cama uaes, yTo
BO3AYX MOXeET JIaBuUTh Ha 3eMJIO, Ka3alaCh JOCTATOYHO
nukoit. [Toatomy TepMoMeTp Tanmiiest uaMepsi AOBOJBHO
HeompeZie/IEHHYIO BeJIMYMHY, HO JaXke TaKkoit TEpMOMETD
TI03BOJISLI CPABHUBATDL TEMIIEPATYPY PasHbIX TeJ B OHO H
TO ¥e BPeMst ¥ B OJ{HOM U TOM e MecTe.

V>xe TOrAa ¢ NIOMONIBIO ellie HEeCOBEePIEHHOro Tep-
MoméTpa Bpay 1 anatoM Canktopuyc u3 Hanyanckoro
YHHBEPCHTETa Hayal M3MEPSITb TEMIIEPaTypy dejoBe-
yeckoro Tesa. [Ins 3Toro o caM, He 3Hast npo Tanunes,
nocTpon noxoxui repmomerp. Mickycctro narotosne-
HMsI TEPMOMETPOB HeoORualiHO paspuyioch B Tockawe,
rxe wrenbl PiaopenTHiicKoON aKageMHH BIEpBHiE CTaIN
CHCTEMATHYeCKH H3MEDATH JaBJeHHWe, BJIAXKHOCTL H
TEMIEPaTypy Boaayxa. TepMoMeTpbI OBLIU 3aMasHbl, UX
3aMOJHAIN He BOAOH, a CIIUPTOM, H UMH MOXHO Onijio
M3MepsITh JaXe ToT/a, KOrfia Boja 3aMep3aia, Osopen-
TUHCKHE MacTepa ObN odeHb ueKycHbl. OHM M3TOTOB-
JISUIK CTeK/IAHHble TEPMOMETPHI, HAaHOCS Ha HUX jaefle-
HUA PacTIaBJIeHHOH IMAJIBIO, TAK YTO HMH MOKHO 610
M3MEDPATHL TEMIIEPATYPy ¢ TOYHOCTBIO NpUMeEpHO 1° (no
Hanleii mKase).

TepMometpnl  (pIOPEHTHIICKMX MacTepoB (puc. 2)
npeacTaBasm coboH oueHb KpacuBble IPuOODHI, HOY-
T npousBenenns nexycersa. Ho, xak o70 OviBaer, nocne
HUX HCKYCCTBO M3TOTOBJIEHHS TEPMOMETPORB Pe3K0 ynaio.
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(DuopenTuiicKHe akaieMHKH HasbiBa-
JIH CBOIO aKaJIeMHIO «AKAKEMHEH Ollbi-
Ta». OHa 66112 yupexzaesa o Osopen-
1M B 1657 r, Ho ente B 1636 r. Kacnap
Anc omybimkoBan KHury «Maremaru-
4ecKuil YyAOTROpell», B KOTOPOit 6blia
rmasa «O Tepmomerpe Wim [peGOie-
BOM HKHCTPYMEHTe, IOCPENCTBOM KO-
TOPOTO UCCJIBNyeTCs IpadyC TenAa Wik
XOM0Ja, HAXOJIMErocs B BO3IyXe».
Countenye JHca 3HAMEHATEJIbHO TEM,
4YTO B HeM ONMcaHa B-rpagycHas TeMm-
HepaTypHasi IIKaja ¥ BIIEPBhIE IOABU-
Puc. 2. TepmoMerp ~ JIOCh CJIOBO <«TepMoMeTp». HTO xe Ka-
dropenruiickux  caerca «/lpe66ieBa HHCTPYMeHTa», TO

Mactepos pedb 112 O TEPMOMETpAX, H3TOTOBJIEH-
HBIX cooTeyecTBenHuKoM [anuies KopremeM Jpe66aem,
KOTODBIH 3aHUMAaJICSI M3YYEHHEM pacuIMpeHHs] HarpeThbIx
rasoB (puc. 3).

Wctopusi TepMOMETpa MHOTHM 00S33HA OHOMY M3
yausuteabHeitmux moxeit XVII Bexa — Otro ¢oH ITe-
puke. Hecmorpa Ha To, 4T0 oH 6611 Oypromuctpom Ma-
raeGypra 1 4acTo pazbe3xkan ¢ AUILIOMATHYECKUMH IO-
pyuenusiMM B pastble ropoja Esponsl, Iepyke octapua o
cefie XOPOWYI0 NaMATH B HayKe. Ero ofiuit ¢ Marae6ypr-
CKMMU IIOJYIDApHSMH, KOTOpPHE He MOIJIM pasopBaTh
16 nomazeit, Boures B UCTOPUIO GusuKHU. [/t TOTO 4TOGHI
OTKA4aTh BO3AYX M3 Hosrymapuii, fepuke noctpoun nep-
BBIH BakyyMHbIt Hacoc. OH M3roTOBHJI Takxe IepBbIit
6apomerp, noxoxwuit na npubop Tamiies, Ho ¢ oueHb
auHHOM TpyOKoii. B oriuyme or mpubopa Fammes ua
Gapomerpa Tepuke ObiI OTKa4aH BO3AYX, TAK YTO BOJQ 32-
MOJIHSJIA He TOJBKO ANHHHYIO TPYOKY, HO ¥ 4aCTh miapa.
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Bapomerp 6bu1 npuKperieH
K HapyXHOH cTeHe ZoMa, H
JABJIeHWEe BO3yXa OTMeEYa-
NOCh HA I[OKajle, Ha KOTOpPYIo
YKa3bIBan [aJibileM JepeBsiH-
HbIM YesoBedeK, MIaBaBIMMIL
B CTEKJAAHHOM ape. Tepuke

. =
NepPBBI CTaJl CHCTeMaTH4e-
CKH M3MepsTh atMocdepHoe Puc. 3. «/Ipe66es
AaBleHue ¥ MOMBITAACH 06- HHCTPYMeHT»

Hapy>XWUTh CBSI3b MEXAYy M3-
MeHeHueM JaBieHns u noronoil. 3abasuo, uro leprike
Ha3pIBAJI CBOIO (PUIYPKY «BEUHBIM ABUIATENIEMS.

Heynusurenpno, yro lepuke mocTpows H CpaBHU-
TeJIbHO XopOouIMi TepMoMeTp. OH COCTOS U3 JIATYHHOTO
apa, 3ar0JHEHHOTO BO3AYXOM, M H30THYTOH B (opMe
6yxsn1 U tpybxu co ciupTom. Kak i B 6apoMmerpe, B Tep-
MomeTpe [epuke TeMmepaTypy yKasblBaJl AepeBsIHHBIH
YeJ/10Be4eK, KOTOPBIi ¢ moMoumplo WHypa U Gioka Obii
CBsI3aH C JIATYHHOM 3alassHHON KOPOOOYKOM, miaBaBuIei
B OTKPBITOM KOH1le TepMoMeTpa (puc. 4).

TepmoMetp leprke Takxke BHCEJ Ha CTEHE €TO JOMA.
Tepuke Hazo ObLIO 3HATH TEMIIEPATYPY BO3LyXa B KaKHX-
TO aBGCOMOTHBIX EMHULAX, AJisi TOTO YTOOBI MOXKHO OBLIO
CPaBHHUBATh TEMNEPaTypy BO3AyXa B pasubix Mectax. s
3TOU uein Ha TepMoMerpe lepHke B cepeAuHe IIKAJbI
CTOSLTA TOYKA, OKOJIO KOTOPOU YKa3aTe b OCTAaHABANBAJICS
IpH TIEPBBIX 3aMOPO3Kax, — 3Ty TOYKY u BeiGpan Tepuke
3a Ha4aJo wikajbl. SICHO, YyTo Tako# BRGOP ObLT HAauBEH,
HO Bce e Tepuke czienan nepsbii LIar.

Ha BO3MOMXHOCTb U36paTh B Ka4€CTBE ONOPHON TOY-~
KM TepMOMETpa TOYKY KuNeHus BOAbl yKasan [loiiresc B
1655 r. OH 1psIMO MHCAT 0 TOM, YTO IIPH TaKoM BbIGOpe
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Puc. 4. Tepmometp u 6apomerp Tepuke

MOxHO Byzer cpaBHHBaTb Temieparypy («HallonaTenb-
HyIO CTeneHb TeIIoThI», KAK OH €€ Ha3hlBal) B Pa3HBIX
MeCTaX, He NePeHoCs OIMH M TOT e TEPMOMETP C MecTa
Ha MeCTo.

YiomsneM elite i pabory Hoiotona <O mikane cremne-
Hell Tema 1 X0yI0fas, omy0auKoBaHHy0 B 1701 1., B KO-
Topoii onucana 12-rpagycuas mkana. Hyap on nomectun
TaM Xe, IZle IOMeIaeM ero ceifyac M Mbi, — B TOUKeE 3a-
Mep3aHHud BoiH, a 12° oTBevasn TemMnepaType 310poBOro
uesoBexa. HpioTOH, TakuM 06pa3oM, yxke B 04eHb YETKOM
¢hopMe rOBOPHJI O TeMIEPATyPHOIi lIKaJie; Ho-BUANMOMY,
u apyrue GU3NKHA TOTO BPEMEHH BIOTHYIO NOJOILIH K
atoii naee. Ho TepMoMeTp ellie He cTajl PU3UYECKUM HH-
CTPYMEHTOM.

Honagobuaoch HEMano BPeMeHM, NOKa NPHLLIH K
MBICJIM O TIOCTOSTHHBIX TOYKaX Ha lIKajJe TeMiepaTyp.
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JIuins B 1703 1. [uitoM AmonraH, KOMMeHTHDYA Hbio-
TOHa, OTHcay B MeMyapax Ilapuskckoii akaZeMHn HOBBIH
TepMoMeTp. B aToM TepMOMeTpe H3MEPAIOCH HE YBEIH-
yenue o0peMa BO3AyXa HPM HAarpeBaHUM, 2 H3MEHEHHE
€70 AaBJEHHS, I Yero BO3AYX 3amiMpajiCa CTONDMKOM
pTyTH. B HOBOM TepMOoMeTpe AMOHTaH BBeJI TOCTOSSHHEIE
TOYKHM OTCYeTa — TOYKY KHIleHHs BOAB! (OH He 3HaJ elle,
YTO 3Ta TEMIEPaTypa 3aBUCHT OT AaBJECHHA) U, KaK 3TO HH
YAMBHTEJIBHO, BHIOPI B KauecTBe HYNA «TY 3HAYHUTENb-
HYIO CTelleHb XO0JI0Na», IPH KOTOPOil BO3AYX TepsieT BCIO
cBot0 ynpyrocts, CBoit «abcooTHBIH HyJIb» OH BRIGpas
€O 3HAYATEJIbHOI OMMOKOM, IOMECTUB €T0 110 COBPEMEH-
Hoil nrkate npuMepHo Ha 240° Hike Hys (HO BCe XKe 3TO
6bL10 Hemasoe aocTuxkenue). K KoHIy cBoeit nedtenbro-
cTH AMOHTaH IIOCTPOKJI ¥ IOJIHOCTHIO 3ANASTHHBII TePMO-
MeTp, CAeJIaB €ro HaKOHeI[ COBCEeM He 3aBUCALIUM OT JaB-
JnieHusa atMochepsr.

[lepBoiii CcOBpeMeHHBIA TepMOMETP Obil OMHCAH B
1724 r. lannenem QapenreiitoM, creknonysoM u3 JTos-
sangun. COBPEMEHHHKOB YAUBWIO, YTO CHUPTOBBIE Tep-
MOMeTpbI, H3roToBJeHHble (DapeHreliTOM, COTJIACOBHI-
Bamuch Mexny coboit. Cexper Papenreiita Gpu1 npocTo
B TOM, 4YTO OH OY€Hb AKKYPAaTHO HAHOCHJI JieJJeHHs Ha
IIKAaJTy, HCIIOIb3YS AJISI ITOT0 HECKOJIBKO «ONOPHBIX»> MO-
CTOSIHHBIX To4ek. CaMylo HU3KYIO TeMIIepaTypy CypoBoi
3uMbl 1709 I. OH UMHTHPOBaJI CMECHIO JIb/2, HOBAPEHHOI
COJM M HAmIaThIps. BTOpyio TOYKY OH HOJIyYasi, MOIrpy-
A&Kast TEPMOMETD B CMeCh JIbAa ¥ BobL. PaccTosiHue Mexay
aTEMu AByMs Toukamu DapenredT pasaenwi Ha 32 yacTu.
CBoi0 1IKAy OH NPOBEPSL, U3MEPsIA TEMIIEPATypPy 4eso-
Beyeckoro Tena. Hopast Touxa nonagasa va 98°. Tlosatiee
OH BBeJI €1{€ M YETBEPTYIO <«ONOPHYIO» TOYKY — TOYKY KH-
nieHus oAbl OHa sexana npu 212°.
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Pasnnie repmomerpri Mapenreiita MOKHO 6BLIO cBe-
PATH ADYT € APYrOM, CPABHHUBAS WX TIOKA3aHWA B PA3HBIX
«OTIOPHEIX» TouKax uikansl. [IoaToMy oHM npociaBuIHCh
cBoelt TOYHOCTEIO. TaKast mKkaja [0 CUX TIOp B X04y B AHI-
sy v CIIIA.

Bo ®panuuy B ynorpe6ieHue Bouwuia Hikana Peomio-
pa (oxosno 1740 r.), HocTpoeHHas Ha TOYKAX 3aMeP3aHHd
Bozsl (0°) u ee kunenus (80°). PeoMiop u3 cBoux U3sMepe-
HUiA BBIBEJI, 4TO BOJA PACIIMPAETCS] MEXY STHMH ABYMSA
ToukaMi Ha 80 TBICSIYHBIX cBoerd obpemal. CiupT HbLI
BCKODe 3ameret pTyThio (JlemMokom), koadduuueHT pac-
LIMPEHNS] KOTOPOH MeHbIle N3MEHSICSE C TEMIEPATYPO,
YyeM y CliupTa.

Cospemennas wkana Ilenbcus 6bina mpeoxena B
1742 r. llIBesckoMy bu3nKy He HPaBUINCh OTPUIATEND-
Hble TEMUEPATYPHL, ¥ OH CYeJI HYXHbIM MTePEBEPHYTH CTa-
PYIO LKAy ¥ HOMECTUTH HYJIb B TOYKY KMIIEHHS BOJIBI,
a 100° — B Touky ee 3amepsanmst. Ho <«mepesepuyras
IIKaja» He IpHOOpeia NOMyIAPHOCTH M Ghiia OYeHDb CKO-
PO <IlepeBepHYTa» 06PATHO.

Moxno 106aBUTD €le HECKOIBKO CJIOB O TEPMOMET-
pe co mxanoit [enunsa. PryTHBle TepMOMETPHI meTep-
6yprckoro akaftemuka Jlenuns Obutd BeCbMa NOMYASPHEL
B Poccun B nepsoii nomopute XVIII gexa. Ilkana stux
TepMOMeTpoB ObLa pa3fienieHa Ha 150 gacreit. Tepmomer-
PBI OBLITH XOPOIIO CAENaHbl, HO BCE e He IPONEPKATHCH
ZOJITO, YCTYIIMB MECTO TepMoMeTpaM PeoMiopa.

Jo pesomounu B Poccun 6bu1a npunsaTa mikana Pe-
OMI0pa — TepMOMETpPbl PeoMIopa BHCENIM Ha YIHIAX U BO
BCex 7ioMax. JIMIb B TPUAUATHIX TOAAX OHU OBLIM BHITEC-
HeHH TepMoMeTpaMu Lenbenst,

! Tpasunsnoe sHauenue 84,/1000.
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B Awnraun u CIHIA 10 cux nop pacupocTpaHeH Tep-
Momerp Dapenreiita, H, yuTad aHMIUICKAE KHUTH, He
ClleiyeT YAUBJATHCSH, YTO MSICO HAJIO 3aMeKars Npu TeM-
nepartype 350—400° u uro Temmeparypa pebenka 98° ne
BBI3bIBAET TPEBOTH ¥ MATEPH.

YTO TAKOE TEILJTIOTA?

K nagany X1X Bexa TepMOMeTp cTan coBceM 0ObIY-
oM nipubopom. Ho 0 TOM, ur0 H3MepsieT TepMOMETP,
€MHOTO MHEHUS ellie OO He GBLTO,

K sToMy BpeMeHM CBOICTBA ra30B Obi/IM OCHOBATENBHO
uccnenosanbl. CBs3b JaBJieRHst [a3a ¢ €ro obpeMoM GbLia
BbisicHeHa eiiie B 1662 1, JHaMeHUTBI 32KO0H, KOTOPLIHA MBI
HasniBaeM 3akoHoM Doitna — MapHorTa, Ha camom Jene
6b11 obHapyxen yuenukoMm Boitnst ToyHieeM, KoTopomy
[PHIILIO B IOJIOBY CPABHUTH CTOJOLLI umcen B Jaboparop-
HOM XyPHaJle cBoero yuuresst. Mapuotrt ke ony6nkoBan
cBolo pabory svmb B 1679 1. 3aKkoH M3MeHeHUA obbeMa
rasa ¢ TeMireparypoii 6s11 oTkpeIT B 1802 1. [lansTonom u
Teit-JlioccakoM. AkkypaTHO ¢(hOPMYIUPOBaTh 3TOT 3aKOH
6BUIO He OYeHD JIeTKO, TaK KAk JJIS 9TOTO HajIo Oblio yxe
YMETb XOPOIIO HaMepATh TeMnepaTypy. Ilostomy koadgu-
meHT o B 3aKoHe [eii-Jlioccaka V= (1 + at) V, (V, — obrem
apu ¢ =0 °C) 6611 fosro M3BecteH ¢ ounbkoit, [eit-Jlioccax
cuuTas ero paBHbM 1/266, KapHO pusnMan ero paBHbIM
1/267, Menpenees MCToNb30Ba IOYTH COBPEMEHHOE 3Ha-
yenue 1/273.

Ho HayyHBIIHCH U3MEPATH TEMIIEPATYPY, PUHKH He
O4€eHb NPOABMHYJIUCH B TOHHMAHHH TOTO, YTO Xe TAaROe
TeIIo.

Jaxe B MeXaHUKe JAOJr0 MyTaiH Pa3Hble MOHSITUS:
cunia, 3Heprus, nMmyabe. Mexanukn X VIII sexa cnopuim
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O TOM, YTO ABJSIETCS MePOil IBUXeHUs — KMHETHYeCKast
IHeprus uau uMmyidse. KuueTudeckyio SHEpruio Aox-
TO Ha3bIBAJH <XKHMBOH CHJIOH», B OTJIHYME OT «MepTBOH
CHJIbI» — HanpUMep, SHEPTHH CKATOH IPYXKUHBL

TToHATHA «TENIO» U «TEMIEPaTypas PasaeauTh Obisio
emie TpyaHee. Koraa HarpeBaloT TeJo, TeMiepaTrypa ero
noBmimaetcs, Koraa Tenno neperexaer or ofHOTO Teja K
JIpYTOMY, TeMiepaTypa OQHOTO Teja Nafiaet, a JIPyroro —
TIOBBIIIAETCS,

Tensio Bo MHOrHX Cy4asx BefleT cebst kak pydem,
TeKy11ii C TopHl B JOJMUHY. AHATIOTHA MeXJy TENJIOM H
KHAKOCTHIO cTasia eute Gonee yOeaHTenbHOH TOCNE OT-
KDBITHST 3JICKTPUYECKHX SIBJICHUH; 3JeKTPHYECKHUH TOK
TakKe Te4eT [0 TIPOBOAAM KaK PeKa, BLIpaBHUBaA NOTEH-
IHaJI MEeXAY JBYMs 3apSXeHHbIMH TEIaMH.

B 1893 r. ¢paniysckuit dusuk bBpuiosH mican Tak:
«UTto Kacaercss MeHS, TO 51 OCTAIOCh IPU yOeXIEeHHH, 4TO
omnpe/ieJieHyie TeMITEPaTypPhl TeJa Kak KOJMYecTBa 3HEPTHH,
TIOTEHIMATRHOR WM KMHETUYECKOH, TIOJIHOM WiIM YacTHY-
HOM, OZIHOM OGBIKHOBEHHOM MATEPHU NIPEACTABJISETCS OLUM-
Gounbim. Temneparypa, onpeziesisiemMast TakuM oGpasom, Gy-
Y4 AOBOJIBHO TIPOCTO CBSI3aHHOM € TEPMOAMHAMIAYECKUMI
CBOICTBaMH ra30B, HE UMe€T, TI0-BUAUMOMY, HUKAKOU CBA3HU
C YCTIOBUSIMM DAaBHOBECHS IIPH M3JIy4YeHHH B IPOCTPAHCTBO,
cBoBoaHOe oT MaTepui. B 3TOM nocnenHeM clyuae Heus-
GexHOe BMEmIaTeIbCTBO 3dupa IPUBEO . ByccuHecka k
COBEPLICHHO UHOMY ONpefie/ieHHI0 TEMITEPAaTyPhl — Orpe-
JENEHHIO, KOTOPOe OYeHh MaJIo U3BECTHO, HO KAXETCS MHe
ropasio 60/ee yAOBIETBOPUTEIBHBIM U ILUIOAOTBOPHEIM. >

HHTepeco nocMoTpers, YTO 3TO 3a ONpexencHHe
TEMIIEPATypsl, KOTOPOE TAK [TOHPaBUIOCH bpunmosny.

B nasubIM-fiaBHO 3a6BITOM BceMM craThe «Mcciemo-
BaHHe MPUHLUIIOB MEXaHWKH, MOJIEKYJIIDHOTO CTPOEHHS
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TeJ1 M HOBOH TEOPHH COBEPUIEHHMIX TA30B», KOTOPast Gbira
Haneuatana B 1773 ., Byccuneck Tak oIpefiedji TeMIIe-
patypy: «Moxuo HasaTh abCoMOTHON TeMIlepaTypon
HeGobIioro o6beMa adupa NOIOBKHY XKUBOH CUIBL, KO-
TOPOit OH 06JIalaeT IPH eANHNUILE MACCH], MM KOJINYECTBO,
IIPOTIOPIHOHANBHOE eits. Celuac HeEerko BAOXHTD CMbICT
B 3TO OTpe/ie/ieHHe, Mbl €r0 HPHUBENN TOABKO AJIsSI TOTO,
4TOOBI MOAYEPKHYTh, KAKMMH TPY/AHBIMY IS IOHNMAHUS
OKa3aJIuCh BEIH, KOTOPhIE HOTOM CTAHOBSITCSI POCTBIMU.

MoxHO Bce e TIOHATH, MOYEMY IIOSIBUWINCh CTOJb
HeTOHSITHBIE HaM BRICKa3bIBaHUsL. [{e/10 B TOM, UTO KpOMe
ra30B, KOTOPHIE HE TAK YK TPY/HO MPEJCTABUTDH KaK c06-
paHue MosiekyJ (1o kpaiiteii Mepe, B koHlle XIX Beka Tak
yKe cuMTasio GOIBIIMHCTBO), CYNIECTBOBAJIO eIIe HATyYe-
nue. Manyuenune, HCTOUHUKOM KOTOPOTO MOTJIH CAYKHTB,
HanpuMep, aTOMBI Ta3a, HeceT ¢ cofoil IHEPrHui0, UHTEH-
CHBHOCTb W3JYYeHHs (Wid paclipefle/leHHe 3HEPIMH 1O
ANHHE BOJIHBI BAOAb CHEKTPa) ONPEAEAETCa TeMiepa-
Typoii M3/Iy4aloImero raza. JHePTUs U3ILYy4eHUs Ka3alach
HE CBSI3AHHOI C aTOMaMHM, H NOHATH ero npupoay ObuIo
O4€Hb TPYIHO.

Tpynuoii 6bi1a ¥ 3a1a4a ONpe/IeIeHIA 3aKOHA pacIipe-
IeJIeHVs] SHEPTHH M0 CIIEKTDY; Hajl €e penleHueM paboTa-
JI caMBle CHIIbHBIEe (hU3HKK ToTo BpemeHH. K aTolt 3anade
MBI ele BepHeMCs, celuac ke HaZo JNUIb TOYYBCTBOBATS,
CKOJIb TPYAHO OODBSICHKUTD, KyNa JEBAETCSA SHEPIUS, KOTO-
PYI0 Ta3 OTAaeT U3JyYeHHI0. JIeKTPOMAarHUTHBIE BOJIHbI
CYMTAIHCH TOT/a KoJlebanneM MHPOBO# cpefsl — adupa,
HeTPEPHIBHO 3aTIQMHAIOIIETO BCE TPOCTPAHCTRO, 3 NOTOMY
HMeHHO 3P H AOTKeH ObLI GbITh HOCHTENEM TEILIOBOM
SHEpPTUM M BMeECTe C Hell i TeMIIEpaTyphl.

PasBurie HaykH — HeoOBIYANHO WHTEPECHBEN 1 CITOX-
HbI poecc. MoxHO Ji060BaThCs KPACOTOH U3bpaHHO-
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rO MyTH, TOJIBKO HAXOJSICH B €70 KOHI[E; B HAYAJE HayKa
NPEACTaB/ACTCS 3AMyTAHHBIM JAOHPHHTOM, TAe WOYTH
BCE NIPOXOALI KOHYAoTCA Tynukamu. Ho ypoku uctopun
HAYKH YacTO He HAYT BIPOK: HOBEIE HCCIEA0BATEIM CTOMb
JKe YBEPEHHO yCTPEMJISIIOTCSI IO HEBEPHEIM IOpPOraM, Bep-
HBIH e NyTh YAAeTCsA HAWTH JHIIb TEM, KTO MOXET Mpe-
OZ0JIETh KOHCEPBATH3M HAYYHOTO MBLIIJIEHHA.

TpyaHocTH ¢ U3JTydYeHHEM BOIHUKJIM HE Ha IYCTOM
MecTe. Eme KenpBHH He Mor IOHATh, KaKas 107151 SHeprHH
B Ta3e NPUXOAMTCS Ha KosiebaHWA monexysn. Monekymy
NpeACTaBisiyiA cebe B BUZE OYeHb MAIEHBKOTO YIPYIOro
nIapHKa, NOZOOHOrO CJIOKHOMY, 3aMyTaHHOMY KiybKy
NPYXHHOK, KaKZias M3 KOTOPIX AOJKHA 3a6UpaTh CBOIO
00 sueprud. Ho Takas Mozesnb SBHO NPOTHBOPEYMIA
onbiTy. KosHyecTBo Teluia, KOTOpoe HAJAO 3aTpaTUTh HA
HarpeBaHMe rasa, T. €. TEIUIOEMKOCTD ras3a, ObLIO TAKUM,
KaKoe JOKHO OBLIO TPATHTHCA Ha ABMWIKEHHE MOJIEKYJIBI
Kax I[eJIOT0; Ha 010 KoJeGaHuii IpaKTHYeCKH HAYETO He
ocraBanoch. KesnByH ObLT B IOJHOM HEZOYMEHHH M JIaxe
AYMa1, 4TQ TeOpeMBI KUHETHYECKON TeOpUU Telia, OT-
KpbITbie MaKCBeILI0M, HEBEPHBIL.

O xuHeTHYeckoil Teopuy Mbl enie OyneM rOBOPUTDH
noApo6HO. 3[eCh MBI TOJIBKO HOAYEPKHEM, YTO K IPOCTO-
My IJIsl HaC ceifyac NPEeACTaBICHHIO O ABIDKYIHXCS aTo-
Max ObUIO He TaK-TO JIETKO IPUBLIKHYTH. [laBHBIM Npe-
MATCTBUEM K 3TOMY OBIJIO H3/IyYeHHe, KOTOPOE COBCEM He
TIOXOXe Ha coGpaHMe aTOMOB M Ka3aJioCh HENPePHIBHOM
Cpezon.

ITapasoKChi CO CIIEKTPOM HM3JAYYEHUS U C TEMIOEMKO~
CTBI0 MOJIEKYJI KA3aJIUCh JIOBY KO, XUTPO TTOACTPOEHHON
npupoznoil. M3 atoii oBymiku Qusuk, Bepsimmii B Kiac-
cuveckyto (usuky, He MoT HaWTM BBIXOAa. KenbBHH MbI-
TAJICA IOKA3aTh, YTO TEIJIOBOE ABMXKEHHE He BO30YKAaeT
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KosleGaHui MOJIEKYJL, ¥ CYUTAJ, YTO OH «OKOHYATEIbHO>
J0Ka3al OIHGOYHOCTh KMHETHYECKMX Hzael Maxcues-
sa. Kak Mor 3sars KenbBuH, 4To xiaccuyeckas GpuauKa
B MPHUHI{UITE HE MOIJIA PAa3PEIINTh BOSHUKIINX TapaJoK-
coB? PelteHye MpHILIO TOMBKO C KBAHTOBOM TMIOTE30i
IInanxka.

Ho emte 1o oTkpbiTus [1nanka Ha NpaBHAbHEIA IIyTh
Berynua Heprcr. IMeHHO oH nepBblif NOHSIL, YTO HEKO-
TOpble TUNI ABHKEHUS HE YYaCTBYIOT Ha PaBHbIX IIPaBax
B pacnpeJe/leHUU SHEPTUH, YTO OHH «3aMOPaKUBAIOTCSI»>
TP HU3KHUX TeMIlepaTypaX M BCTYNAIOT B UIPY TOJBKO
P4 BRICOKMX. JTH TiiyGokue naew nossoawin Heprery
yraJaTh 3aKOHOMEPHOCTH ABJIeHHI BOIH3H abCOMIOTHORO
HYJISl, XOTS UX PeIbHBI CMBICJ CTAJ SICEH JIMIIb MHOTO
mo3’ke — B KBAaHTOBOH MeXaHHKeE.

Ilnank u HepHer mpuxagnexamu K teM (U3HKaM
CTaporo MoxoJieHUsl, KOTOpble ¢ 9HTY3Ua3MOM BCTPETHIIH
HoBble Haen XX Bexa. IMenHo OHH BBean JHHINTEHAHA B
KpYT KpynHeimnx ¢pusukos cBoero Bpemenn. Oba onu
OOXWIIM 0 TeX AHe#, Korja X MJeu BOULIKM COCTABHOMI
YacThIO B BEJIMKOE 3JJaHNe KBAaHTOBOMH (PU3UKH.

TEIIVIOBOE PABHOBECHE

oHATYE «TEIIOBOE PABHOBECHE» OYEHD YaCTO BCTPe-
9aeTcsl B TCOPUH TeIUIa, U HaM HEOOXOAUMO CKa3aTh O HEM
HECKOJbKO CJIOB IIepel TeM, KaK Mhl NepeiaeM K Jajib-
Heifiiemy. Hanbosee mpocTo moHSITH, 4TO TaKoE TEILIOBOE
P2BHOBeCHE, B CITyYae OHOATOMHOTO Ta3a. Ecsm ras B co-
cyZle BefieT ce0s TAK, UTO BO BceX TOUKAX COCYZIA TEMITEpa-
Typa OAMHAKOBas, — eCTeCTBEHHO, YTO IPH 3TOM M TeMIIe-
paTypa CTeHOK COCy/la TakKe BCErAa OfHa M Ta Xe, — TO
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ra3 HaXOJIUTCS B TETLIOBOM DAaBHOBECHH. JTO 3HAYHT, YTO
B TAKOM rase TeIlIO He [IepeTeKaeT U3 OHOH YacTH COCYzAa
B IPYTYIO, B HEM He MeHSEeTCsI HU JaBJeHue, HU XUMUde-
CKHIi COCTAB, BOOGIIE ¢ TOUKK 3PEHHUS KIACCUYECKHX Tell-
JIOBBIX SIBJIEHHH B 1a3e «HWYETO HE IPOUCKOANT>.

Besvkum 3aK0HOM IIpMPOABI Mbl ZO/DKHBI CYMTATh
TOT haKT, YTO TEIJIO BCETAA IIEPETEKAET OT TOPAYETO TesIa
K XOJIOAHOMY, T. €, YTO TeMIIePaTypa CONPHKACAIOIUXCS
TeJl CTDEMMTCS BHIPaBHATLCA. B Mexanuke npoueccr Mo-
TyT NPOTEKaTh N0-PasHOMY: MAATHHK MOXeT KayaThCs B
Pa3HBIX ILJIOCKOCTAX, KOJECO MOXKHO BpalaTh B JMOGYIO
cropony. C TernoTo# Aeso 06CTOUT TO-APYTOMY: FOPSTIMIA
4YalfHUK OCTHIBAET B KOMHATE CaM 110 cefe, HO caM 1o cebe
OH He MOXeET HarpeThbes; YTO6H OXMAZNTD XOMIOAMIbHUK,
Ha/I0 COBEPIIMTDH PaboTy. MOXHO HarpeTh KOMHATY JJIEK-
TPUYECKHM KaMHHOM, HeJb3sl HarpeTb KaMHH TOJBKO 3a
CYET OXJIAXKIeHH KOMHATHL.

Tenso reyer Bceraa Tak, 4TOGBH TEMIEPaTypPbI Bbl-
PaBHUBANKCH, YTOGHI CHCTEMa YIEPEXOIUIa B COCTOSTHHE
TEIJI0BOro paBHOBecHsI. Ilepexos B cocTosiHMe TEIIOBOTO
PaBHOBECHS MOXXET GBITb CIOXHBIM U JOCTATOYHO JIOATHM
IPOIIECCOM.

Mbl roBOpMM, YTO COCYZ TEPMOM3QJIMPOBaH, KOrma
MOTOK TeIUIa CBeleH K MHHHMYMY (TaK YCTPOEH TepMOcC).
Boigator u Gosnee xutphble ciyyau. B Harperoit Iasme
TeMIIepaTypa 3J€KTPOHOB MOXKET OTJIHYAThCS OT TeMIle-
PaTypsl HOHOB — 3TO Kak GBI CMECh ra3oB pa3Hoil TeMne-
paTypsl, — TemIepaTypa MeXAy HUMM BbIpaBHUBAETCs
CPaBHHTEJIbHO MeAJieRHo. Tak 4To B 11/1a3mMe B OZHOM Mec-
Te MoryT OHITh ABe TemnepaTyphl. Kaxzas us cucreM —
3/IeKTPOHBI M MOHBI — HAaXOJMTCS B TEILIOBOM PaBHOBE-
CHH: SJIEKTPOHBI — MEX/Y COBOI0, HOHBI — MEXAY COD0I0.
HoTok xe Teria Mesxy HOHaMU M 3JIEKTPOHAMH 3aTyXaeT
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MeJTeHHO. MBI BCTPETHMCSI ¢ TAKMMH TTIOTOKaMHM, KOrfa
6yneM ropoputh 0 BeeseHHOM HIM 0 MATHUTHOM OXJIAX-
ZAEeHUH KPHCTAJLIOB.

Ceiltuac Mbl TOM4EPKHEM ellle Pa3: B NpUPOe CONPH-
Kacaloniecs Teia CTPeMSITCS BBIDABHATH CBOH TeMIie-
patyphl. Ecil B CHCTeMy He MOCTYHaeT HEPIus B BHIe
TelIa WK B Apyroil dopMe, TO CHCTEM2 IIEPEXOAMT B CO-
CTOSIHHE TEILIOBOTO DABHOBECHS, B KOTOPOM IIOTOKH Tel-
JIa B KOHIle KOHIIOB HCYe3a0T.

TEIVIOTA U1 XOJIOA

O ToM, 4TO TaKOE TerIo, H3aBHA CYLIECTBOBAIH Pa3-
Hble MHeHusA. B 1620 r. @pancuc Bakon, cucreMaTusupys
JaHHble 00 MCTOYHHMKAX TEILIa M XOJIOAa, cobupan ux B
Tabauipl, B atux Tabnunax MOXHO 6bLIO HAWTH MOJHUK
M 3apHULpI, WIaMs U GosoTHBIE OTHH. 34ech Ke ObUIN
apOMATHYeCKue TPaBbl, KOTOPBIE IPH BHYTPEHHEM YIIOT-
pebnenud gaoT omyluenue Tetuia. Y3 seero aroro Ba-
KOH KaKHM-To 00pa3oM fieJlaeT BBIBOJ, YTO TEILIOTA €CTh
«pacmupsiomeecs: nBwkeHue». B 1658 1. sy B cBer
countenus [Iberpo Taccenan. Ilo ero MuEHUIO, TEWIO U
X0JI0Z — 3TO pa3Hble MaTepu¥. ATOMBI XOJIOAA OCTPhIE
(oHH HMEIOT (POPMY TETPasLPOB), NPOHHUKAsI B XHUAKOCTb,
OHH CKDEILISIOT €e.

IpencrasneHue o6 aroMax TPYAHO IPOHHMKAIO B
dbusnky. bosee MoHATHON Kasajach Teopusi TENJOPOAS,
MPUIHCHIBAIOMIAs TelUy CBOWCTBO >KHIKOCTH, I€peTe-
Kajoleil 13 ogHoro Tena B Apyroe. Tertopozn 6sL1 cpoptu
(orucToHy — runoTETHYECKOH CyOCTAHIHH, CBA3AHHON
C OTHeM, MHOIZA MX JaXe myTand. Teluiopof, Kasanocsk,
XOPOUIO 0OBSICHAI CBORCTBA Teia. XUMUKH OGBSICHAIN
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TOpeHHe U OKUCJeHWe BbljeeHyeM Teriopoaa. Teopus
TEIJIOPO/la 3aBOEBaJa IIMPOKOE IPH3HaHHE B NOCJIeHeH
verseprt XVIII Beka. Omitn H3 ecrecTBOHCIbiTaTeNeH
TOTO BPEMEHH UCATL «...CBETY NDHUIHCAIH B2 CBOHCTBA:
enocOBHOCTD CBETUTS U CTIOCOOHOCTL Harpesats. Te, ko-
TODPBIE CUMTANN CBeT KonebaHueM adupa, MoJarany, YTo
U TEIUIOTa COCTOUT M3 MOJOOHBIX ke KoleOanuit u ABu-
JKEeHWH, MPOoU3BOANMBIX acupoM B yactHuax tenqa. Ho B
HoBeliniee BpeMs TEIUIOTY OT/AENHIH OT CBeTa W yKe He
CYMTAIOT HEITOCPEICTBEHHBIM JAEHCTBHEM IIOCIeTHETO».

Teopwust Tertopoza (Mbl GbI TOBOPUIIY, MOJENb TETIJIO-
pona) oGbsicHsIA 04eHb MHOTOE. TeopHs TEIIOBOTO ABU-
raTesis1, nocTpoerkoro Kapto, 6bi1a 0OCHOBaHA Ha MOZEIN
Tenoposa. OZHaKe 9Ta MOJe/Ib He BbIAEPXKHBAIA HCIIBI-
TaHWS, KOTAA JeJ10 KacaJoch 3aKOHA COXPaHeHNs.

Ecin 661 Terio 6b110 KaKOH-TO KUAKOCTHIO, TO OHA,
MpoTeKast, COXpaHsUlach Obl: €€ KOJIMYECTBO He J0JKHO
OBLITO U3MEHATHCA. TaK H CYUTANIH: CKOJIBKO Tema 3abpa-
JIN OT HAarpeBaTelsl, CTOMBKO HOIYYHI U XONOAHIbHHIK.

Ha nepBbiil B3MsiA Tak OHO M €CTh! OXJIAXKAAELTCH
wyaiiHuK, Harpeaetcst Bo3nyx. Ho wacro ObiBaeT coBcem
HE Tax.

ITepBbIM, KTO 06paTUI Ha 2TO BHHUMaHue, 6611 Benn-
xamer TomcoH (craBmmii BrnocieacTsuu rpagom Pym-
dbopaom). On Habmonan 3a TeM, Kak B MIOHXEHCKOM BO-
€HHOM 1lefiXTay3e CBEPJIAT CTBOJbI yllleK. PaHbille HUKTO
CEPhE3HO He 3ayMBIBANCS, MOYEMY HarpeBaeTcs CTBOL
Pymdopa e 3agan cebe aT0T BOIIPOC ¥ He Halea OTBe-
ta. EquHCTBeHHGe pellleHiie MOT/o Obi COCTOSTh B TOM,
YTO B CTPY’KKaX COJIEp>KHTCA MeHbule TeMJIOpoaa, YeM B
crutomHoil oTMBKe, U H3OBITOK ero U BhLAEASETCA NMPU
ceepaenun. Ho Torma cTpyxxy 6110 Gbi erye Harpers,
YyeM CIIOIHOK MeTajul, ¥ CTPYXKeK JoJkHa Obia ObITh
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MeHbIlle TEeIJIOEMKOCTh, YeM Y CIUIOIIHOrO MeTaslsia, Ho
3TO PELIUTENBHO IPOTUBOPEUUTIO OTIBITY.

Eute 6Gonpiiag HENPHATHOCTH 3AKJOYANACh B TOM,
YTO 3ATYILIEHHBIE CBEP/a «NOPOXKAVIN> GoJiblle Teria,
4yeM Xopoulo 3aTodyeHHbie. HenoHSTHRIM 06pa3oM cBep-
JIEHUEM MOXKHO ObLIO I0GLITH HEOTPAHUYEHHOE KOJHYe-
CTBO Tell1a. Bce 310 HUKAK He YKRAABIBAIOCH B NIPOCTYIO
MOZEND TMEPETEKAIOIIETO ¢ MECTa HAa MECTO TEIIOpOa.
Yania BECOB CKJIOHANACH K TOMY, YTOOBI CBA3aTh NPUPORY
TEnyIoTHI ¢ ABMXeHneM. K coxkaneHu10, TOMHOCTD ONIBITOB
6buna B koune XVII Beka eire ouenp Masia, 4, X011 Pym-
¢dopaa moazepxanu [asu u IOur, KoTOpbie TakkKe TOBO-
pHIIN 0 ponu KoNebaHUi U BpaLleHUit MOMIeKyJ1 B JIIOOBIX
BEIeCTBaX, BCA 3Ta NCTOPHS MaJlo KOTO pa3ybenuna,

Ho Teopusi octaercs Geciionnolf, noxa THOIOTE3bI
OCTAIOTCS CTOBAMU M UX CMBIC/I He IePEBOAUTCSA HA A3BIK
ucdp u dopmyn. Cesi3b 3HEPTHH C TEILIOTOM OBLIA yCTa-
HoBJteHa B onbiTe xeitvca Jxoyaa (1873), nasuero xo-
JITYECTBEHHYIO CBsI3b Mexay pabotoit U rerioM. [[xoyis
TI0Ka3aJ], 4TO, PA3MEIINBAS MEIIANKOH JKHAKOCTD U Harpe-
Bas ee Takym 00pa3oM, Hago TpaTuTb 460 KIM paboTst Ha
KaxAyio GOMBIIYIO KAJIOPHIO, IONYYEHHYIO KHAKOCTHIO .
Heckosnpko panbme JDkoyssi 3Ty XKe BeJWYNHY, HO C
MeHblel TouHocTbio (365 kKIM/KKkan) Bbrancawi Pobept
Maiiep, icrons3osas pesyasrath onuitoB Teit-JIroccaka
110 PACITMPEHVIO 'a30B B NYCTOTY.

Teneps Mozenb HEYHUUTOKAWOLLEHCH KUIKOCTH, Te-
NAOPOAA, €Taja NOMEXOH s NajbHelmero pasBUTUS
TEOPHY U OLICTPO CONLIA €O ClieHbl. Bouia enle 0Ha TPyA-
HOCTb, KOTOPYIO BCTPETU/Ia MoJieib Terinoposa. Ecim re-
TLIOPOZ — 3TO POA KUAKOCTH, KOTOPAs COBEPLIAET paboTy

! B npyroii cepun onbiTos Jxoyas moryum sHaverue 423 kIu.
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pu mepeTeraHuy oT Gosee BHICOKOTO YpoBHs (0T GoJlee
BBHICOKOM TeMIIepaTypbi) K 0ojiee HU3KOMY, TO HeJb3s
6BLIO HOHATE, YTO HPOUCXOAVT B HEOMHOPOJHO HArPETOM
Tesle B IpOECCe BhIPaBHHBaHUS TeMueparypel. Kyzaa ne-
Baetcsi paboTa, KOTOpPast 0JKHA BOSHUKHYTh HpH IIepeTe-
KaHWH TEILNOPOAa. .

TernonpoBOZHOCTD TIpeACTaBILIN cebe B TO BpeMst
KaK HEKOTOpOe BOJIHOBOE JBHXEHHE BHYTPH Tejia, KOTO-
poe nepezaeTcs TaXke OT OHOTO TEJa K APYTroMY.

Ho aaxe ecnu He oOpamath BHUMaHUS Ha <I[pOIIa-
Ky» paboThl, TaKas KADTHHA HE MOIIA OGDbACHMTD, Kak
fiepefiaeTcs TEIJIO Yepes3 BakyyM — Halpumep, oT CosHia
k 3emure. fopopuiiH 0 KoeGaHusAX 93QHPa, HO NOAYYUTD U3
TAKUX IPEACTABICHWH CKOJBKO-HMOYAb yGenuTeIbHyIo
Teopuio ObLI0 Hesmb3st. Teopus TEILIOPOJA SIBHO TepIiesia
ONIHYy HeyAayy 3a IPYrou.

O ToM, yTo TenoTa CBA3aHA C ABHXKEHUEM, TOBOPUIH
MHOTHE €CTeCTBOUCIbITaTenH. BrickasbiBanus 1o sToMy
IIOBOAY MOXHO Haiitu y MuOTHX. ITucan 06 atom Jlekapr;
Hanvun Bepiysun noitasicst BeIBeCTH (GopMyITy AJIs faB-
JIeHwsI Ta3a,

Oco6oro yIOMHHAHMS 3aCTyXXHBAeT aHTMHACKHI
¢uzuk [yk. ¥ Hac B maMATH OH COXPAHUIICA B OCHOBHOM
KaK aBTop 3aKoHa [yka B Teopun ynpyrocry.

Iyk Obi1 OgHMM W3 3aMeyaTeJbHEHIDHX YYeHBIX
XVII Beka. Yuenux Boitsst, oH 0OKa3biBa CBOUMH UAEIMH
Gosbiroe BiUsiHKe Ha yuuTeis. [To-suaumomy, [yk 3Hai o
33KOHE BCEMMPHOTO TATOTeHHst He3aBUcUMO oT HuloTona
(06 5T0M 3aKOHe rOBOPHJ U UX coBpeMeHHHK Bpen). Ox
MHOTO 33HMMAJICS OIITHYECKUMH siBNieHHsaMHU. [Vk oueHb
SICHO TOBOPHJI O CBSI3M MEX/LY TEILIOTOI U ABHXKEHHUEM —
KozebaHKsIMH YacTUIl B HarpeToM Tele. Ho, BeICKa3bIBast
GaecTAIIMe TMIOTE3bi, OH He yMEJI HX IIPOBEPHTH, HE yMeJl
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NepeBeCTH CBOM UEH Ha 3K MaTeMaTHKH. [loaTomy OT-
KpBITHE 3aKOHA BCEMHPHOTO TATOTEHMS CTANO0 MOABUIOM
Heiotona, moatoMy uMa Iyka He YHOMHMHAETCS M cpeny
OCHOBaTeJIeii TEOPHM TellIa.

IIpaBunbHEIE HEH, KaKk MBI y>Xe TOBODHJIH, BHICKa3hl-
Bast Jlomonocos. Muorre punocodsr (Tak xe kak Tuboe
1 JIOKK) rOBOPUJIH O TERJOTe KakK O ABMKeHHH, CTOMT
YIHOMSIHYTh H O TOM, 4F0 JIOKK, 1O-BHAHMOMY, NepPBHIii
(oxono 1700 r.) mHcan 0 MAKCHMAJIBHOM CTelleHW XO0JO-
Ja, KOTOpasi «03HaYaeT TPeKpaleHne ABVXKEHUsT Heocst-
3aeMbIX yacTull». Ho u ¢dunocodsi He MOTJIN IPEBPaTHTD
HeOIIPe/ieIeHHBIE BHICKA3hIBaHUSL B QU3UYECKYIO TEOPHIO,
KOTOPYIO MOKHO OBUIO TIPOBEPUTH Ha OIILITE.

[Jasbime Bcex npoxasudysncs Makcsesnn Kunernye-
CKasl TeOpHsI TellIa, co3qaHHas MaKCBe/ToM, N03BOJIH-
Jia TIOHSATDb TEIVIOBbiE SIBJIEHHA IIa OCHOBE KIacCUJYeCKoH
MexaHuku. B paGore MaxcBemna mossunacy GopMysia
ZUIST PacnpeesieHus ABYKYIUXCS YaCTHII TI0 CKOPOCTSIM;
dopMysa mnosBossiia BHIYMC/IMTH IOCTOSHHBIE, Xapak-
TepU3YIOllie CBOHCTBA TeJl — TakHe, KaK TEerIONPOBO/I-
HOCTb ¥ BA3KOCTD Ta3a, U yCTAHOBUTH UX 3aBUCUMOCTH OT
TEMIIEPATYPBI.

Hono6uo HetoTony, co3aapimeMy HebeCHyI0 MEXaHH-
Ky, MakcBe/UT T0JI0k I HAYAI0 CTATHCTUYECKON (hi3nKe
(vu, Kak ee HaspiBaay B XI1X Beke, KHHETHUECKOH Teo-
PHH ra3oB).

Ho n y Makcsesuia 6pu1# npealnecTBeHHIKH.

Ieppas dopMyna HOBOIT TeopuH Tena GpUIa IOy Ye-
ua 3azgonro a0 Makcsesina. Ho, Kak 3T0 6bIBaeT ¢ «npex-
JEeBPEMEHHBIMH> OTKPHITHSIMH, €€ MAJI0 KTO 3aMeTHJL
B nansHefinrem emte Gyzner pacckasaHo o pa6oTax Barep-
croHa. Ceityac Xe Halo BEDHYTHCS K TEDMOMETDY Y1 TEM-

meparype.
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TEMITEPATYPHAA WKAJIA

Bo Bcex mpu6opax, KoTopble ObUIM NMPUAYMAHBI B
XVIII Bexe, n3MepeHne TeMIepaTyphl CBOAUJIOCH K H3-
MEDEHHIO JJINHBL CTOJIOMKA BOABI, CIMPTa MM PTYTH.
MoxHo 6110, KOHEYHO, CIefaTh JBa OXHHAKOBBIX Tep-
MoOMeTpa U A0GUThCS TOTO, YTOOB! MX ITOKA3aHUs ObLIM
BCeraa ofiMHaKoBbIMH. Ho TepMOMeTpbI paboTaiu TONbKO
B OrpaHMYEHHOM HUHTEpBaJie TeMneparyp. Hanosnsstomne
KX BelleCTBa 3aMep3aIM M KUIeJH, H 3THMH TEPMOMET-
paMu Hesbast ObLIO U3MEPATH OUEHb HU3KHE WM OYEHb
BBICOKME TeMIiepaTypbl. Kpome Torg, nonesno Ouisio 3HaTH
COOTHOIIEHHE MEXIY IPAJycaMi B PasHEIX MECTaX IIKa-
nbi. VaMepsist KOMHY€eCTBO TelwLta, KoTopoe TpeGyercs s
HarpeBaHHs KaKOTO-TO TeJia Ha OMH Ipajyc, HAIpUMeED
py KOMHAaTHOHU Temmepatype U npu 1000°, Heab3s GbL10
HOHATb COOTHOIIEHHE MEXY IPafyCaMH B 3THX TOYKAX.
Ilepex sapokIalomeicsa TEpMOMETPUEH BO3HUKIH IBE
3agauu. Hano 65110, BO-IEPBBIX, YCTAHOBHTD <OHOPHBIE»
TOYKH — YCJIOBHS, KOTOPBIM Obl COOTBETCTBOBAJIM KaKUe-
TO BRIOpaHHbIe TOYKH Ha HIKAJIE TEPMOMETPA, B YACTHOCTH
Hayaj0 OTCYETa 3TOM MIKAJbl, H, BO-BTOPHIX, IPUAYMATh
TAKOE OMpese/IeHHe TPaayca, KOTOPoe He 3aBUCENO0 OBl OT
KOHKPETHOrO TEPMOMETPa ¥ MOIJIO Gbl OBITH UCTIONbB30-
BAHO VTSI IOCTPOEHMSI WIKAJIBL B JIIOOOM MecTe 3eMJIH U B
Jo60oe BpeMsL.

Ixana Lenbcust TOYHO yCTAHABAMBALA TOJOXKEHHE
asyx touek — O u 100 rpaaycos, paccrosiHue MEXKy KO-
TODBHIMH Ha HIKaje O6bl10 pasbuTo Ha paBHhle YactH. Ho
pOJIb KaxAOTC [eJE€HHS OCTABANTACh HEOMpeleeHHOM.
Heobxoaumo 6O elie MOHATb, YTO POUCXOAMT B TEJE,
KOIJa PTYyTh B TepMoMeTpe (KOTOPHIA HAXOAUTCS C ITHM
TEJIOM B KOHTaKTe) MOZHUMaeTcs Ha oguu rpaayc. [Ipo-
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1ie Beero 6bi/10 Obl IIPEANIONIONKHTD, YTO IPU 3TOM IHEPrUs
Teda (MK cofepiKamieecsi B TeJle TEII0) YBeJIUYHBaeTCs
Ha OJHY M Ty e BeJuyuHy. Takas BeJIMYHUHA, OTHECEHHAT
K €JIMHHIle MACCHI TeJja, Ha3bIBAETCS YEJIBHOH TeIIoeM-
KOCTBIO.

Ho 3 onBkITOB XOpOUIO H3BECTHO, YTO TEILI0EMKOCTD
Pa3HbIX TeJI pa3Hasl U 4TO JAXe Y OHOTO H TOrQ 3Ke Texa
OHa M3MEHSETCS C TEMIEpaTypoil — B Pa3HBIX MeCTax
HIKaJIbl HAJI0 3ATPATATH PasHOE KOJIMYECTBO Tella, YTOOb
'HAIpeTh'TeJI0 Ha ofuH rpagyc. IlosTomy obbrunbie Bete-
CTBa [/IsT TAKOH 11eJIU He TOAsTCA.

OpHaxo CylecTByer cnocol CO3Aarh Teno, KOTopoe
HpubIMKEHHO 061a1aeT HY KHBIMU KA9eCTBAMH. ITO Ule-
ATbHBIH ras, JaBAeHUe KOTOPOra mo 3akoHy leii-Jlroccaka
U3MeHsIeTCq IUHeHO ¢ TeMIepaTypoi (IIpH MOCTOSTHHOM
06beMe). PeaslbHbIE ra3nl OKasbIBAIOTCS OUEHD GAN3KH K
HIeaIbHOMY, €C/TM JlaBjleHHe ra3a, a 3Ha4uT, U ero miaoT-
HOCTb O4€Hb MaJbL.

Koneuno, Takoii ¢i10co6 HeJb3sI HCIONB30BATH MPH
JOOBIX TEMIIEPATYPaX H AaBIEHHSIX, TAK KaK BCE Ta3bl 1ie-
PECTaOT KOrAa-HUOY b ObITh MOXOXKUMH HA W/E€AbHBIL.

Tem He MeHee ra3oBbIil TEPMOMETP UCIIOJIB3YETCA KaK
3TAJOHHBIN MOYTHU JJIS BCEX TEMIIEPATYP, JOCTUKMMBIX B
Jsabopartopui.

Ho xaK e Bce-Taky onpeAesuTh TeMiepatypy Gosee
cTporo?

Ecnu TeMmeparypa ecTb puauyecKas BeIHYMHA, TO
OJIKEH JKe CYUIeCTBOBaTh criocob ee onpefeienus, KOTo-
Ppbii, X015 Gpl B IpHHILMIIE, He 3aBUCe OBl OT TOTo, KAaKOi
Marepuasl HCIIOJb3yeTes A1 yeTpoiicTBa TepMoMeTpa. Ha
TAKOU BOIIPOC MOXKHO GBLIO OTBETHTH JIMIIE [IOCJIE TOTO,
KaK BO3HHKJIA TepMopuHaMuka. OTBer Hamen Knayauyc
B 1848 ., ocHOBBIBasiCh Ha yueHuu KapHo o Temne.
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KAPHO

Teopus Temwia uMmeeT cBoi roa poxaenus. B 1824 r.
B Ilapmxe BeIXOAWT KHUra 28-yeTHero HHxeHepa Kapuo
«PasMbliieHust 0 ABUXKYINEH CHle OTHA U 0 MalIMHAX,
crocobHEIX passuBaTh 31y cuiy»!. Ho a1y Bennkyio pa-
60Ty TIpaKTHYECKM HUKTO He 3ameTi1. Hu onun us kpyn-
HBIX Y4EHDIX HE OTKIMKHYJICS Ha ee My6IMKaluio, HUKTO
He 0OpaTH/l BHMMaHMsI Ha CJI0BA, KOTOpbie GbUIA B HeH
CKa3aHbl: «..4TOOBI PacCMOTPETh MPHHLHUI MONYYEHHS
JBUXKEHUST U3 TeIlla BO BCed MOJHOTe, HAZo €10 U3YYHTh
He3aBHCHMO OT KaKoro-gvbo areHTa, Hajo POBECTH pac-
CYX/JEHU:A, MIPUWIOXKMMbIE He TOJBKO K TAapOBBHIM MAalllH-
HaM, HO ¥ KO BCEM MBICTUMbIM TEIUIOBBIM MalIMHaM, Ka-
KOBO 6bl HU 6BLTO BEIECTBO, MYLIEHHOE B JEN0, M KAKMM
61 06pasoM Ha HETO HHU IPOM3BOAMIIOCH BOSAEHCTBHES.

IIporpamma, cdopmynupoBaHHast B 3TUX CJIOBAX,
Obila HeoObIYaHHO cMenoil. Moxer OBITH, TOJNBKO OT-
KPHITHE 3aKOHA WHEPHUU CPaBHHMO C TeM, YTO OTKDBLI
Kapno.

Kapho ymep B 1836 r., Tak ¥ He yCabIIaB HUKAKOTO
otkiuka. Ecrecrsoncmbitateny XIX Beka mopoit 6ulau
NMOPasUTEbHO IIyXH, KOTZa peyb IIJIa O HOBbIX B3IJISI/IaxX.
Tak, HUKTO He OTO3BaJICS Ha peub PuMana «O rumoresax,
JIEKAIUX B OCHOBAaHUM T€OMETPUH», HUKTO He OIEHHI
reHMabHOro XeBucaii/ia, Co3/iaBIlero onepanuoHHoe He-
YyuCcIeHue.

B 1834 r. pabora Kapro, wiu, Kak Toraa roBOpuJIs,
Memyap, Oblsia HepepabGoTaHa M Hamedataha Kiameiipo-
HoM B xypHaje Ilosmrexnmueckodt mxonn B Ilapuke.

1 Pycckuii ee nepeBoy ects B cOOpHUKe «BTopoe Hauano Tep-
MOJIMHAMKKY», BEIeAUIEM y Hac B 1934 1.
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KnaneiipoH McHob30BAX B CBOEM HM3JIOKEHHH, KOTOpoe
Hocwio Gosee cTPOTHIL MaTeMaTHYECKHI XapakTep, Ipa-
¢uyeckoe MpeacTaBIeHHE TENJIOBLIX nponeccos. Ilomy-
JAPHBIE celiyac KpUBhIe — M30TEPMBI, afNabaThi — BEAyT
¢B0I0 ncTopuio oT pabor Knanefipona.

Memyap KapHo He 6bl1 npuHST peaaKumeit KpymHeii-
1er0 XypHata «AHHAJIB (PU3HKH»>, PEAAKTOPOM KOTOPOTO
6601 [Torrennopd. 10T XKe XypHa He NPHHSAA U CTAThIO
Maiiepa (1pasaa, HaNMKCaHHYIO O4eHb HeyAa4HO). CTaThs
sxe Knameitpona npoussesia ua [Torrenzopda cTonb ciie-
HOE BIleyaT/ieHWe, YTO OH caM IiepeBeJl ee Ha HEMEIKUI
SI3BIK M HaneuaTtad B KypHane, OfHako H B 3TOM BHJe
unen KapHo He Hamitu mocieposateieid. Ilpowmno eme
9 net, u cratea Kutaneiipona Gri/1a HanevaTasa eiie pa3 B
HEMEIIKOM IlepeBo/ie, HO BpeMst /LIS ee IIOHMMaHHUsS U Ha
3TOT pa3 He HpHUIILIO. JIUIIb B Havyajle MATHAECAThIX TO/0B,
Goee yeM Yepes YETREPTh Beka, uaen Kapuo ObLIH MOHS-
Thl. OHY, BMECTE C 3aKOHOM COXPAHEHHNS 3HEPTUH, OTKPbI-
TeiM Maiiepom (8 1843 1.), ersii B OCHOBY ucclieA0BaHHMA
Tomcona u Kiaysuyca — ucciepoBanuii, ¢ KoTopbix Ge-
PET CBOE HAYaJI0 TEPMOJIMHAMMKA.

W3 sanuceil B AHeBHHKe, ONMYGIHMKOBAHHBIX HOCTE
cmeptu Kapro ero 6parowm, sicso BuaHo, yto Kapho dax-
THYECKH 3Ha/1 O 3aKOHE COXPaHeHUsI SHepruu. B 3Tux 3a-
nucsix KapHo npMBOAUT BRIYHC/IEHHE MEXaHIMYECKOTO 3K-
BHBAJIEHTA TEIUIR, TOJXyYas /J/if Hero 3Havyenue 3,6 Axoyus
Ha 1 Kayopuio (IpaBHILHOE 3HaYeHue 4,2).

Ecau 651 Kapro ycnen ony6/ukosarh CBOH 3aIIHCH,
TO 3aKOH COXpaHEHUsI SHEPIUH CTAJ GBI U3BECTEH MOYTH
3a 20 siet g0 pabor Maifepa u JKoyas, 0 KOTOPHIX Mbl
eme Gynem rosoputs. [a ¥ ero rasHas paforta craia 6ul
6071ee TOHATHOM, €CJIM 6bI B Heil ObLII HCIIONMB30BAH 3aKOH
COXpaHeH!s SHEPTHH.
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Ho B cBoem MeMyape Kapno eute Hutiero se nuier
0 CBSI3Y MEXAY TensioM v pabotoit. Pasaenss Touxy ape-
HUA, UTO TEIJIOBbIE SIBJICHUS CBA3AHEI € IEPETEKaHUEM Te-
ITOPOZA, OH CTPOHT BCE CBOM PACCYXAEHUS HA HEBEPHON
ocHoBe. Tem He MeHee eMy y/laeTcs NOJYYHTD NIPaBHJIb-
Hble pesynsratel. Ham pabora Kapro mpexcraBnsiercs
COBEPIIEHHO YAWBUTEALHBIM 06pasuom busuueckoii uu-
TYMIUH,

Tlonpobyem Heckosbko ToZpobGHee NpPOCIeAUTH 3a
meic/iamu Kapho. )

KapHo 3azan cebe Bompoc: kakuM 00pa3oM Bo3HH-
KaeT paboTa B TEIJIOBON MaulpHe M YeM OrpaHWYEHA
BEJIMYUHA 3TOl paboThi? PasHbie TEIOBbIE MAIIMHBI Pa-
6oTaroT 1o-pasHoMy: OfHa aaet Gospwmil addexr, ¢ ee
MIOMOILI(BI0 MOXXHO TPOM3BECTH Gosblte paGoOTHI, ApyTasi
pabotaer xyxe. Ho MOXHO /iy He3rpaHuYHO YJIydlIaTh
MamIuHy?

WUAEANBHBIV IMKJI KAPHO

OTBeT Ha NOCTABJIEHHBIH BOMPOC TpebOBaN yTOUHE-
HM4 MHOTHX TioHsTHH. [Ipesxe Bcero Hano 6bLI0 IOHATS,
9YTO ONHO Harperoe Tejo caMmo 1o cebe He MOXeT mpo-
u3pecTH pabory. 151 Toro 4yTo6bI TIOCTPOUTH TENAOBON
JIBUTATeNh, HEOOXOMMMO MMETh KPOME HATPETOro Tesa
(HarpeBareis) elile u BTOpOe TeJI0, C TeMnieparypoit Gouee
HU3KOH (XOMOAUIBHUK).

B HOpMasbHO TApOBOIT MalliHe HAaTpeBaTeslb — 3TO
KOTeJI, B KOTOPOM BO/ia IIpeBpaulaeTcs B [ap, 8 X0JI0AHUb-
HHK — KOHJIEHCATOP, B KOTOPOM IIap, COBEPLIMB pPaboTy,
KOHJIEHCHpYeTcs, lpepammasich obpatso B Bogy. Kpome
HarpeBaTelss W XOJOAMNbHUKA AOJIXHO CYIIECTBOBATb
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HekoTOpoe paboyee Telo — XUAKOCTb MJIM a3, KOTOPOe
MEPEHOCHT TEIUIO M <TI0 JOpore» coBepuiaeT pabory.

Kapho 00bsicHsteT BOSHUKHOBeHHE PaboThI nepeTeKa-
HHEM TeIUIOPO/a OT HarpeBaTe s K X0104uIbHHKY. IloTok
TEeNJIOPOAa MOXKHO CPRBHUTDH C TIOTOKOM BOZBI, TEXYIHM
uepes IJIOTHHY U BPAIAIONINM TypOHHY 5I€KTPOCTAHIIHH.
KonuuecTso Tensiopoza coxpansiercs (Tak ke KaK U Ko-
JINIECTBO BOJbI), U3MEHSETCS TOJIBKO «yPOBEHb» TEM/IO-
poza, KOTOpHIH 3anaercst TeMueparypoii. Utak, terropos
TedeT OT HArpeBaTelNls K XOJOAUILHHUKY Y COBEPIIaeT NPy
aToM paboty. Ecau, onHaKo, IPOLOIIKATE JHAJIOTHIO MeXK-
Ay TEILIOPOZIOM M BOAOH, TO Mbl GRICTPO 32i11eM B TYIINK.
Crenys 3710i aHAJIOIHA, ECTECTBEHHO ObLIO OB CYUTATD,
4T0 PaboTa, KOTOPAs COBEPHIAETCS IPH <TAIEHHH> Ten-
JIOpPo/Ia, IPOTIOPIMOHAILHA Pa3HOCTH TeMIieparyp (pas-
HOCTH «BBICOT»). TaKoil BEIBOJ| HaC He MOXET YCTPOMTE.
HeficTBATENbHO, €CIu Ghl 9T0 OBLIO TaK, APOBas MAMIMHA
6bima 661 Gecembicienna. Ilocne Toro Kak nmap pacitupui-
cs1, COBEPIII PaGOTy M CKOHAEHCUPOBaICS (MU IPOCTO
OXJIAZINJICST), HAM HaZl0 €ro ONATb HarpeTh M 3aCTAaBUTh
paboraTh eiie pa3. Ha Harpesanve npuuinocs 6b1 3aTpa-
THUTb POBHO CTOJIBKO PaBOTH, CKOJIBKO MbI TIOJIYYUIHN TIPH
OXJIXKAEHHH, — 1 TO TOJIBKO B TOM CJIy4ae, €CJIM BCe Halln
yerpoiicTsa paboraior Oe3 noreps.

HpencraBum cebe, 4T0 KOMY-TO NPHILIO B FOIOBY HO-
CTPOMTD THAPO3JIEKTPOCTAHIUIO Ha Gepery ropHoro oge-
pa, cryckasi BoAy yepe3 TypOUHY B Kakoii-To pesepByap,
HAOpUMED B JPYroe 03€po, PaCloNOKeHHOE HA MeHbinei
BbicoTe. UToObl N3bexars MOHMKEHNUS YPOBHA BepXHEro
osepa, 6yneM nepekayuBaTh BOXY OOpaTHO C NMOMOUIBIO
HacocoB. OueBHIHO, YTO TaKas Hies Hesena: paboTa, co-
BepuiaeMasi HacocaMi, 6yJeT HMKaK He MeHbe paboThl,
KOTOPYIO CMOTYT coBepiuath Typ6unsl. Ha camom mene
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qacTh paGoTh GyeT faxe NOTEPsAHA HA TPEHUE B TypOH-
He, Ha MICHAPEHHeE BOJbI U 110 Pa3HBIM APYTHM IIPHYHHAM.
Kak Gbl MbI HH yCTPAaMBAJIH HACOCHI, BKIIOYAH Gbl UX
NOCJIeZIOBATENBHO MIIH MAPaJUIeNIBHO, 3aKOH COXpaHeHUs
BHEPTMH He Aaj Obl Deaju30BaTh HUKAKOIO IMOJE3HOro
YCTPOHCTBA, KOTOPOE IIO3BOANA0 BbI NOYIUTD BHITOLY U3
TaKOTO MEPOIPUSITHSL.

ITouemy ke B CiIyyae TEIUIOBOH MAIIMHBI CXathe U
paciiMpeHye ra3a IPHBOAHT K COBEPIISHHIO [10J€3HOH
pabotn? B yeM cocTouT pasuuna Mexay paboToit ruapo-
CTaHUM U PaGOTOH TEILIOBOM MAITAHEI?

Pa3MbIlLIeHHA 110 3TOMY HOBOY HPHBOIST HAC K BO-
IIpocy, KOTOPHIi yXe ObLI MOCTaBJeH, a KIMEHHO: PaBHO-
IeHHbI JIM TPaJAyChl Ha Pa3sHbIX y4acTKaX IIKajbl TEPMO-
Merpa? g Boxb, Mafaonieid B TOPHON PeyuKe ¢ BHICOTHI
OIHOTO MeTPa, Ge3pasTMYHO, T€ 3TOT METP HAXOJUTCS, B
JIOJMHE WITH BHICOKO B rOpax, — paboTa, KOTOPYIO MOXKHO
[OJIYYHUTh OT HajieHusl OJHOTO JIUTPA Boabl, OyaeT ogHa u
Ta xe. ITOT OUEBU/AHBIN Pe3y/IBTAT MOKHO chopMyIUpO-
BaTh M MHaye. MOXHO cKa3aTh, YTO, H3MEPSs 3HePTHIO,
BHIJIEJIIEMYIO TIPH TaJIeHHH BOfbl, Mbl M3MepSiEM JIHIIb
Pa3HOCTD ee YPOBHEH, HO HEJIB3sI U3MEPUTD BBICOTY MECTA,
T7Ie 3TO IPOUCXOAUT.

CoBceM unave 0OCTOUT JENO ¢ HATPEBAEMbIM NIAPOM,
1 3TO MePBoe, yTo 3aMeTi1 Kapno. Pa6ora, kotopyio Mo-
JKeT IPOU3BeCTH Map, oxJiaxaaouuiics ot 100° xo 99°, ne
OyneT paBHa paboTe, KOTOPYIO COBEPIIMT TO XK€ KOJINYECT-
BO mapa, oxyaxzaasch ot 50° o 49°. Ilpuunna cocrout B
TOM, 4TO JaBJieHHe napa GyeT B 060HX CIIYYasx pasHoe,

Ho kpome HarpeBatesis H XOJOAUIbHAKA CyuleCTByeT
eile u pabouee Te10 — MOXKeT OBITh, OT €10 CBOICTB TOXe
YTO-TO 3aBHCUT? KapHO CTOJIKHYJCS C TEM, YTO B 3ajlaye
Y4JacTByeT CJIMIIKOM MHOTO IiePeMeHHbIX.
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On Hawes OecTANIMHA BHIXOJ, PACCMOTPEB «KPYyro-
BOit» TIPOLIECC — LMK/, B KOTOPOM paboyee Teo CHavyaIa
coBepuiaeT paGoTy, a IIOTOM BO3BDAINAETCSA B UCXOZHOE
COCTOsIHHE (UCTOIBb3Ysl /ISl 3TOTO 4acTh COBEPUIEHHOH
paborni). Takum o6pasoM, B Hauale ¥ B KOHIIE IUKI2A BCe
YacTH TEIIOBON MAIIHHLL (B TOM 4uche U pabodee Teno)
HAXOASTCA B OHOM U TOM € COCTOSIHUHU, U HO3TOMY TO-
CJle KaXKJIOTO OT/EJbHOTO LKA MOKHO «I0AOHTD UTOT,
Tak KaK CJHEAyIOmMH UMK OyAeT BO BCEM TOKAECTBEH
OpeABIAYIIEMY.

Pas6epem Taxoit uuki. KapHo paccmatpuBan He-
KOTOPYIO HCANBHYI0 MAaNHY, 0 KOTOPOH Hajo 3HAThH
JIMIIG TO, YTO B HEH eCTh YCTPOHCTBO THIA NUJIMHAPA C
nopwHeM (WK TAOa TYPOMHBL), IPUBOAUMOE B NBHXKe-
HWe PACUTUPAOIWUAMCS paboyuM TeOM, HanpHuMep ra-
30M. TeMneparypa rasa MoXeT U3MEHATHCH: €r0 MOXHO
HarpeBaTh C IIOMOIIbI0 KaKOW-TO CUCTeMbl — Harpeba-
Tesid U OXJIaXJATh C TOMOIIBIO Pyroil CUCTEMBI — XO-
JonunbHuka. KpoMe Toro, ecTecTBeHHO IPeaNONIOXUTh
(B 9TOM H COCTOUT «HACANBHOCTD> MANINHBL), YTO HY Te-
wio, HY pabora HUKyZa He MPONAJAIOT: TEILIO HE H3JY-
Jaercs Hapyxy, a pabora He TpaTUTCA Ha TPeooNeHUe
TPEHHsI.

Jins Toro yToObi oNMcaTh, YTO NPOUCXOANT C IasoM,
HA/JI0 3HATh, KAK W3MEHSIOTCS €T0 XapaKTePHCTHKM: 00b-
eMm V, maBnenne p, temueparypa 7. Eciu temmeparypa
raza He M3MEHs€eTCS, TO TAaKOif IpollecC Ha3bIBAIOT H30-
TepMuueckuM. Ecin He uaMeHsdercs gasieHue, TO mpo-
Hece Ha3kBAT u3obapuuecknM. Eciu e He naMeHseTcs
06beM, TO poHece — U30XOPHYECKHiL. SICHO, YTO MOXHO
HPUAYMATh CKOJBKO YTOAHO NPOLECCOB, IPH KOTOPHIX
HU3MEHAIOTCA Bee TPH Beanuunsl p, V, T. B nukae Kapuo
KaK pa3 ¥ MCN0Jb3yeTcs NPOLECC TAKOTO THIA — TaK Ha-
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3bIBaeMbIi anuMabaTiudeckuii npouecc. B agmabarudeckom
TIpoilecce ra3 He MOJYYaeT Teiia W3BHE M HE OTJAET ero
HUKYZa; IPK 3TOM HU OFHA U3 BeqiwyuH p, V, T He ocraeT-
€Sl IOCTOSTHHOM.

ViameHenne cocTOsIHMSA rasa B KPYroBOM IIpoliecce
MBI OyieM WITIOCTPUPOBATh IPAHKOM, Ha KOTODOM HO
OCSIM OTJIOXKEHBI JaBieHHe U 00beM raza. Tak Kak Mbl
GyaeM MMETb /€10 TOJNBKO ¢ MAEAJbHBIM Ta3oM, TO Ta-
Kol rpahuk MOXKHO HapHCOBaTb, 3HAs 3aKoHBL boiinsa —
Mapuorra u [leit-Jlioccaka. Mbt 6ymem cyuTarth, 410
3TH 3aKOHBI XOPOLIO U3BECTHHI M jaXKe MU3BECTHO, KaK
OHU OOBEAMHAIOTCA B YHUBepCaIbHbIH 3akoH Kianei-
posa — Menpgeaeesa'. IloatoMy He cranem noapobuo
0GBACHATD, KaK HALO CTPOUTH KPUBbIE IS HAEATBHOTO
rasa, a nepeiijieM OpIMO K JIeJy.

Yro6b1 onucats HuKI KapHo, ucrois3yem AeMOHCT-
PaLMOHHBI (KOHEYHO, He PeaJbHbII) OUBIT.

Iocrasum TpH ycranoBkH. Ilepsast 6yjger IJMTOIL
Iunuuap ¢ rasoM, IOCTaBJIEHHbIH Ha 3Ty TIUTY, PHOO-
petaer Temnepatypy T,. Bropas — Tepmoc. Humnap c
ra3oM, MOCTaBAEHHBIH B 9Ty YCTAHOBKY, He TepsieT U He
nioxy4aer Ter1o, HakoHern, TpeTbst — X0M0AuibHHK. [{u-
JIMHAP C ra3oM, MONABIIUI B Hee, TOJAYYaeT TeMIepaTypy
T,<T,.

! 3akon Knaneiipona — Menze/eeBa (14 0OJHOIO MOJIA), KAK

U3BECTHO, 3a[IMCHIBACTCA TAK:
pV=RI,

rae T =t + 273,15 — temmepatypa B rpanycax no mkaie Keabsu-
Ha, a £ — TeMieparypa B rpaaycax no mkane Heabcua, Hanomamum
elle, YTO OTPE3KH KPUBBIX Ha rpadwikax Ha3bIBAlOT H30TEPMOif
(T = const), uzobapoii (p = const) urn u3oxopoit (V = const). Ot-
Pe30K KPHMBOH, ONMKCHIBAIOIIMIT annabaTiyecKuil nponecc, Ha3bisa-
10T anuabaToii.
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CuabauM HIMHAP C Ta30M HOpIIHEM u OyieM mepe-
HOCHTH €ro ¢ MeCTa Ha MecTo. [l HpOCTOTH paccyskie-
HUH Mbl He OyieM o0palars BHUMaHUs Ha aTMocGepHoe
[aBJEHHUE, CUUTAst, YTO OHO MAJIO 110 CPABHEHHUIO C JaBJie-
HHEM rasa [oJ NOPLIHEM, WM, HaKOHEl, CYHTASA, YTO BCe
OPOMCXO/UT B BakyyMme. B Takux ycIoBHAX, eciiu HOp-
IIEeHb OCTaBUTh CBOOOAHBIM, ra3 MOA HuM OyzeT paciiu-
PATBCSL.

Opranusyem crepyOIIHil POHeCe, COCTOSMMME U3
yeThIpex ITanoB. [IycTb ra3 BHAYale UMeJ TEMIIEpaTy-
py T,

I. HocraBum nuimHAp Ha TIUTY M AaauM rasy pac-
uMpAThest. [[00%/eM, TIOKa OH MPOU3BEAET HEKOTOPYIO
paboTy, BeIMYUHY KOTOPOH 0603HauuM depe3 A,. Tak kax
aTa paboTa cOBepINaeTcs MPH MOCTOSHHOM TEMIepaTy-
pe, To Ha rpadMKe 5TOT 3Tan U306pa3uTCS U30TEPMOl ab

(puc. 3).

[TETTeTErTT Ty

M

Puc. 5. luxa Kapno: [ atan

I[Ipu cBOeM paciumupenuu ras Oyaer 3abUpath TeilIo
ot Harpesaresisi. OG03HAYMM TEIIO, NMOJYYEHHOE TasoM,
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gepes O, (KapHo cumTan, 4To pabora BO3HHKaeT 3a CYeT
«TIafIeHVsT» TEIIOPOZA).

11. TlepereceM cocya B TEpPMOC 1 IO3BOJIHM Ta3y 1po-
ROJIXaTh PacIIMPATLCA U COBEPIUNTS enle paboty A’,. Tax
KaK B TepMOCe Fa3y HEOTKY/a I0Jy4aTh TEILIO, TO, COBep-
mast paboTy, ra3 oxnaxaaercs. Jiagum eMy OXIaJIuThCS [0
temneparypsi T,. Ha rpaduke ator npouecc uzobpasutcst
B BHJIe KpMBOM — anuabatel 68, 6osiee KPYTOit, YeM H30-
tepMa (puc. 6). Ha pucyHKe BMeCcTO TepMOCa HAPUCOBAH
IPOCTO CTOJIMK, Ha KOTOPOM IIMJIMHP He HArpeBaeTcs U
He OXJIaXI2€TCs.

2y

Puc. 6. Huka Kapno: 11 aran

111. Teneps, xorna TeMneparypa rasa CpaBHAJACh C
TeMIlepaTypoH XOJOAMJIBHUKA, Mbl NIEPECTAaBUM COCY] B
XOJIOAMJIbHHK 1 Ha4HeM CXXMMaTp a3, celsl 3a TeM, YTo-
6bl ero Temneparypa 6sijia BCe BpeMsi IOCTOSHHA U PaBHA
T,. Ha 310 Mu1 3aTpatuM paboty A,, 0TAAB XOIOTHIbHUKY
tenno Q,. OcTaHOBUM CxXaTHe, KOT/a AaBieHHe U 06beM
rasa GYAyT OTBEYATh TPeThell BepIIuHe KPUBOIHHEHHOro
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YeTHIpeXyronsHuKa (puc. 7). Kak BeiGupaercst 91a TOUKa,
MbI YBUIMM Ha YETBEPTOM Jralle.

ﬂ;r 7

{1 TR

ANIIAR RIS

Lirssirarsizi

Puc. 7. Unxn Kapno: 111 atan

IV. Hepenecem tenepp 0o0OparHO cocyl B TEPMOC
M, TPOJIOJIXKAS CXKHUMATh ra3, OyaeM claegduThb, ITOGHI
OH BEDHYJICSA B HCXOJHOE COCTOSAHME, T. €. YTOBHI ero
JapjieHue H TeMIlepaTypa npuobGpesy Te 3HAYEHU, Ka-
Kue OHM MMeJH B Hayaje mepBoro atama (pHc. 8). Jis
3TOT0, KOHEYHO, HAJl0 MPaBHJIBHO BHIOpAaTh BEJHYHHBI
daBjieHUst 1 00beMa B KOHI[E TPEThero 3Tama, WHaye
MOXKHO He MONACTh B MCXOAHYIO TOUKY. 3Has 32KORbI
UIeaJbHOTO Ta3a, 3TH BETUYHHbI HETPYAHO BEIYHCIMTH
3apaHee. Ha aTarne za Takxe NIpHAETCS 3aTPATUTh HEKO-
TopyIo paboty A’,.

B pesynsrate ueThipex 3Tanos pabouee TEMO He U3-
MEHHJIO CBOEro COCTOSAHHS, HarpeBaTeNb MOTEPSLT KO-
JirdectBo temia Q, 2 XOJORUIAbHUK NOJYYHT TENI0 (.
Koauuectso temna Q, — Q, yHuIo Ha coBeplieHUe pa-
60TBHI.
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1
AUTHL

carrrezriss

A

Puc. 8. Hukn Kapno: IV atan

CMBICT BCETO PACCKA3AHHOTO 1OKA CBOAUTCS K TOMY,
4TO TEIUIOBasi MAHNIMHA He MOXKET UCIIOJIb30BATh BCE Te-
110, TI0JIyYeHHOEe OT HaTpeBaTesisl, YacTh Telulad JOJDKHA
OBITh OTAAHA XOJOAWIBHHKY.

KapHo 10Kasaj, 4TO JOJIs1 UCIOJB30BAHHOTO TEIUIa

Q1 —Qz

=12 saBucut Toabko oT Temmeparyp T, u T, u He

1
3aBHCHT HH OT KaKUX APYruX (pakTopoB, B YaCTHOCTH OT

cBolicTs paboyero rea.

[loxa3aTesbCTBO 3TOH TEOpeMBl — OXHO M3 CaMbIX
KPacHBbIX A0Ka3aTesbcTB B Gusuke. B orkpoiTun Kap-
HO YAHBHUTEIBHO TO, YTO OH HE 3HAJI 3aKOHA COXPaHEeHUs
SHEPTHH, KOra mucaj cBoii MeMyap. Ilepenoc temna mys
Hero 6bul «najieHHeM» Temopona. OAHaKo, NOAb3YACh
OITHITHBIMH JaHHEIMU 06 M3MEHEHUH TeIUIOEMKOCTH Tasa
[IPY U3MEHEHHH €T0 MIOTHOCTH, KapHo npuien K 3akiio-
YEHHIO, YTO <«IlaJeHue TeILIOPoAa TPOU3BOAUT (OJbile
JBHXKYIIEH CUIbL IIPH HU3KMX TPajycax, YeM 1pu Gosee
BBICOKUX»>. [IBmxylneil cumoii KapHo HasbiBan paGory,

40



TIPOM3BOAMMYIO MalHoOl 32 oanH nukiI OTciofa n Ha-
3BaHHMeE ero MeMyapa.

BEJIKASI TEOPEMA KAPHO

YrounuM paccyxaenus o uukie Kapuo. Ecam no-
TIBITATbCS! TIPOM3BECTH BCE OMEPAIUH HE MBICIEHHO, a Ha
caMoOM JieJie, TO MBI OGHapyKKMM, 4TO YacThb Temwna 6yner
TPaTUTBCS Ha HarpPeBaHHe CTEHOK INJIMHIPA, Ha Hepe-
ryJISIPHOE JIBMXKEHHWE TIOPUIHS U T. 4. «Bpexnbies moTepn
GynyT Tem Gonbiie, yeM GonbIle Pa3HOCTH TEMIEPATYP
MeX/y TA30M H BHEIIHEH cpefioil ¥ yeM 60JIbIle CKOPOCTh
asrxenust nopunst. Ilostomy GyneM npeamosarars, 4To
HOPILIEHb IBHXKETCS O4€Hb MEJIIEHHO M UTO Pa3sHOCTD TeM-
nepaTyp MexXIy rasoM H, HanpuMep, HarpeBaTesieM OYeHb
Masa. IT0, KOHEYHO, He BBIIOJHAETCS B PEAILHBIX Ma-
IIMHAX, TAK KaK NPH TAKKMX YCJIOBISIX MauriHa pabotaia
6b1 6eCKOHEYHO MEIJIEHHO H €€ MOIIHOCTh PaBHAIACH OB,
CTPOTO TOBODSs, HYJIO.

Ho M3, cienys 3a KapHo, HieM yc10Bust ISt IOy~
YEeHMsT MAKCUMATBHOIN paboTHI, U HaM TPUIETCA NPHMHU-
PUTHCS € TEM, 9TO TaKas paboTa MPOM3BOANTCS YCTAHOB-
KOH ¢ MOIITHOCTBIO, PAaBHOI HYJIO.

HerpyaHo BugeThb, 4To Tak Kak B IUKJIE HE MPOUC-
XOJHMT TIOTEPH, TO BCE OIEPAIM — A MX BCETO YETHIpe —
MOJKHO npousBecTH B o6parHoM nopsiake. Ecin o603Ha-
4uTh aTansl 6yksamu o, B, v, 8, To muka Kapuo mMoxHo
3anucath Tak: C = &yPo (GopMyny nazso 9nuTaTh Crpasa
HAJIeBO).

O6patHble onepaiui Mbl 0003HaunM GyKBaMu o,
B-1, v, 8. Tak, omepauus O OTBEYAET ABHAKEHHUIO 110 U30-
TepMe OT TOYKH @ 0 TOUKu 6, a 0! oTBedaeT obpaTHOMY

'
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ABUXEHUIO OT 6 K a. Eciu MbI npoussesieM NOCJ€10Ba-
TEJIBHO OIIepallHH ¢ ¥ 0!, To, OYeBHIHO, BEPHEM I'a3 B HC-
XOZIHOE COCTOSIHME, DTO MHI 3amuilieM Tak: o to = 1,

Wrak, uvkn C MBI MOXeM B HileaJIbHOM CJIy4ae TPo-
H3BeCcTH B obpaTHOM nopsnke. OGoanauuM Takoif obpar-
Hblit Uk yepes C-1 = o131y 181 fcuo, uto

C-1C = o Bty 15-18yBoc = 1.

ITo 03HAYAET IPOCTO, YTO, IpoBest HUKI C, a 3aTeM LUK
C-1, MBI BepHeM Bce B MCXOAHOE COCTOsIHME: HAarpeBaTelb
IOJYMHUT 06PATHO CBOIO TIOPLUUIO Telia ), OT XOJIOAHIL-
nuka 6yner orobpano Temio Q,, H Ha Bce 3To OyaeT 3aTpa-
yeHa BCA PadoTa, BBIMTPAHHASA B IPAMOM LUKJIE.

O6patHsiit ks C! coBceM He 0O43aTeNILHO JOIDKEH
COCTOSITH U3 TeX JKe ITANoB, yto ¥ npsmMoil. Hazo Tomsko,
YTOOBI OH BO3BpAllla]d CHCTEMY W3 KOHEYHOTO COCTOSTHMS
B Hadaibhoe, YTOORI CYINECTBOBAN M KaKOW-TO NPSIMOH
UMUK,

JlokaskeM Teleph, YTO He CYIIECTBYET TEIJIOBOH Ma-
WMHEL, KoTopast 6biia Obi GoJiee BHIrOAHOM, YEM MAIIKHA,
Hcnonsaytomas 1wk Kapro.

[IpeanomoxuM, YTO KTO-TO TAKYIO TETLEOBYIO MAIIH-
Hy npuaymai. Torza ¢ ee HOMOLIBIO MOXHO PEATU30BAThL
obpartHbrit usil C;!, IOTPaTHB Ha 3TO MeHbllie paboTHL,
4yem saia Mamiba Kapro B npAaMom uukie. Ho rorxa pe-
3YJBTATOM ABYX IMKJIOB — IIPSIMOro U obpatHoro — Gy-
€T BHINIPHI B paboTe, MocKoabKy B Lukae C ObLIO
nosydero 6osbiie paboTHL, 4eM MOTPAYeHO B 0OPATHOM
uukae C;t. Tem caMpIM cHCTeMa M3 JBYX TEILJIOBBIX Ma-
muH 66112 GBI BEYHBIM JBHraTeieM — OHA NIPOM3BOAMIIA
6u1 paboty, He OTpebIsas HY TeIia, HM Kakux-1ubo apy-
CUX BUOB 3Hepruy. Takum 06pa3om, MBI NPHIULIH K IIPO-
THEOPEYHIO.
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HerpyaHo noxa3satp, yto o6paTnMast MamMHa! He MO-
xKeT ObiTh M MeHee 3(heKTUBHOM, yeM MamuHa KapHo.
[y aTOTO HAZ0 TOIBKO PACCMOTPETDH NIPOLIECC, B KOTOPOM
IpsiMOit UKJT C; COBEPIIaeT TMIOTETHYECKAs CBEpXU/ie-
aJIbHas MalliiHa, a oOpaTHbf uka C! — mammna Kapho.
IloaToMy MOXHO yTBEDKAATH, YTO IIPH 3a/JaHHEIX TeMIIe-
paTypax HarpesaTessl ¥ XOJIONMJIBHNKA BCe 0OpaTHMbie
I[UKJIBI HMEOT OfHY M TY Xe 3((eKTUBHOCTb (IpeBpa-
WAoT B paboTy OAHY U Ty XKe [OJIO Tel1a, HOJYy4eHHOTO
OT HarpeBaTesis), papHyo adexTuBHOCTH HHKa KapHo.
Hu ot cBoiicTBa pabo4ero tena, HA OT KaKHX-Tu00 1eTa-
Jieli KOHCTPYKIMHU 9TO YTBEPKIeHHe He 3aBHCHT.

3aMeTHM, YTO eIV MaliMHbl He HiealbHble, eCIH X
paGoTa He 06paTHMa, TO 3TO TOJbKO YXYAIUAET MOJIOXKE-
HHe, TaK KaK BO3HUKAIOT JONOJIHATE IbHBIE TOTEPH.

Taknm ob6pasom, Kapho ycTanoBus, YTo CYMECTBYET
TeopeTHYeCKUil ripees paboThl, KOTOPYIO MOXET COBEp-
IIATH TEMJIOBasA MAIIMHA.

Kapho He mor BoIBecTH (hopMyITy [/t BETHYMHBI 3TOU
pabOoTBI, TIOITOMY €r0 TPYA OCTAJICST HE3ABEPIUCHHBIM.

3akonyuM pacckas o KapHo ci0BaMH, KOTOPBIMH OH
chopMympoBan cBoH 3aKkoH: «/|BHKYyIasa cuia Tenia He
3aBHCHUT OT areHTOB, B3STHIX JJIF ee Pa3BUTHSA; ee KOJIH-
4eCTBO MCKJIIOYUTENBHO OIpesleifeTcs TeMnepaTypaMu
TeJl, MeX/Iy KOTOPBIMH B KOHEYHOM CYeTe IIPOU3BOJAUTCS
epeHOC TEIIOPOIa».

3AKOH COXPAHEHMUS SHEPITMU

Tenopox HoMKEH COXPaHsITLCS; paboTa OPOU3BO-
JUTCA 3a CHeT <IaJleHHs» TeMJI0poJa C BBICOKOTO yPOBHS

! Maiumna, koTopas Moxer pabotath kdk 1o uukay C, Tak u
1o uukny C” 1
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Ha 6onee Huakuil. Tak gymanu eme B Havare XIX Beka,
u B 3T0M ObLT YBepeH KapHo, korga mucan cBoit memy-
ap. TeMneparypa B TakOH TeOpUH Urpajia pojb IOTEHIIH-
ANbHOM SHEPruH, U ecau Onl HU3UKH JIYHIIe TOHUMAIH
MEXaHHKY, TO UX HOJKHO ObLIO 6B 0HECIIOKOUTH, UTO
y TeIIopoja HeT HMYEro MOXOXEro Ha KUHETHYECKYIO
3HepruIo.

Tlonoxenne c¢ remniom 3anmyThHIBAJIOCH €IIE H U3-32
TOro, 410 (PU3NKH HE OYeHb XOPOLIQ MOHHMANH, UTO Ta-
Koe sHeprust. CaM TEPMHH «3HEPrus» MOSBHJICA JIHIIb B
Havyaje XIX Bexa, oH Obi1 BBefleH B MexaHMKy FOHroMm.
[MosTomy, MoxeT GBITD, He CIEAYeT YAUBSTHCS, YTO Npe-
BPAILEHUST SHEPTHM U ee COXpaHeHue ObINN OTKPHITHL He
(usuxom, a spauyoM Pobeptom Maitepom.

B 1840 r. Maiiep B xauecTBe kopabeJbHOTO Bpaya
OTIpaBUJICA kA OCTPoB SIBy. B nHeBHMKe, KOTODHIl OH
BEJI BeCbMa aKKyPaTHO, COXPaHHJINCD ABe 3alucH. B ox-
HOM OH 3aIMCcal CBOH pasroBop CO LITYPMAHOM, KOTO-
puiii pacckasat emy, 4TO Bo BpeMsi Gypu Boza B OKeane
Harpesaerca. MoxeT ObiTh, 5T0 ¥ Obla HepBbli War K
OTKPBITHIO. Bropas 3anuch OTHOCHTCA K TOMY, 9TO OH
3aMETHII, KOTAA HYCKaJk KPOBb (KaK 3T0 Obii0 MPHHSITO
B MeMIIHHE B Te rOAHl) MaTpocaM, 3aboeBiiMM BoCa-
JeHuneM Jerknx. Maitep o6paTui BHUMaHue HA TO, YTO
MeCTHbi€ BpauM 3HajM¥ NaBHO, XOTS U He YAMBJSIHCH
3ToMy. Benoanas XpoBp y MaTpPOCOB He Obliia TEMHOH,
K4K 3TO IPUBBIK BUAETH eBPONeCKUi Bpay, KpoBb Obiiia
ApKo-KpacHol. Maiiep npusyMan 3TOMy HeOXMIaHHOe
oObsicHenue. YenoBek NOXOXK Ha TEIIOBYIO MAIMUHY.
Temnno, koTopoe BHIAENSIETCSE B €ro Teje, BO3HUKAeT B
pe3yJibTaTe CrOPaHUs — OKUCTEHUS KUCJIOpoAa B Kpo-
BH YejioBeKa. JKUBOTHOE TEII0, 0 KOTOPOM rOBODUJIM U
MHCAJH y4eHble, 10 CYTH Jeja HHYeM He OT1M4aeTcs OT
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J1060T0 PYTOro TEILIA: €0 MPOM3BOACTBO TPeOyeT Toll-
auBa. CropesilHe OCTaTKH — YTJIEKAC/bIH Ia3 — KPOBb
«OTBO3UT» 00paTtHO B naerkue. Kposh, HaNONHAACH
«JIBIMOM», CTOPEBIIUMH NPOAYKTaMH, TeMHeeT. B xap-
KOM KJIHMAaTe Tela Hafxo Majio, TOIVIHBA PaCXOdyeTcs
MeHbille, CTOpaHye NPOUCXOAUT He CTOJh UHTEHCUBHO U
KpPOBb NOYTH HE TEMHEET,

I'naBHBIM B 3710# KapTHHe OBLIO IPENONOXKEHHE, UTO
TEJIO BBIAENSAETCSA 32 CYeT I3HEPrHMH XMMHYECKOH peak-
1y, Malcab pocTas, HO OYTH HEBO3MOKHAS JIJIS1 IIOHH-
Manu# B EBpore Toro Bpemenu. Jlaxe 3ameuanue Maiiepa
0 TOM, IOYeMY HarpeBaeTcs BoJAa Bo Bpemst 6ypH, He GbLIO
HIPHHATO yueHbIMH Npoeccopamu B TioGuHTeHe, Kyaa OH
06parHiCs 32 MOAAEPIKKOM.

Cratbs, KOTOpYIO OH oTrpaBu B wiosie 1841 r. B xyp-
Hau Ilorrennopga (o HeM MBI yKe YITOMUHATH ), ObUIa HE
3aMeyeNa pefakTopoM. Maiiep flaske He MOIYYUII POCTOLO
U3BeLIeHHs ot peakuun. Pabota 6siia, npaBAa, HanMcana
TYMaHHO — IHCAaJl €e Bpa4, GU3NKOH He 3aHMMABIIUHCS.
Cratsa HOCHa HasBaHMe <O KOMTNYECTBEHHOM U KA4€eCT-
BeHHOM onpezeneHuu cunsl. Counrenne 0. P Maiiepa,
JIOKTOPa METUIMHB 1 XUPYPIrUH, IPAaKTUYECKOTO Bpaya B
TeitnpOpoHHe».

Yepes rog Maiiep nybauKyer B XUMUYECKOM XKyp-
Hajle HOBYI0O PaGoTy, yXe MOAKPEIUIEHHYIO BHIYHCIIE-
Husami. Ha ator pas emy nomor sHamenuTbLi (pHsuoI0r
JIn6ux.

Ho Toxpko B 1845 r. Maitepy yaajoch onybaukoBath
noapobHetit Tpya «OpraHM4ecKoe IBHKEHUE B €r0 CBA3U
¢ 0OMEHOM BelecTB> (Ha3BaHME, KAK Mbl BHAMM, TOXKe HE
Ou4eHb NIPUBJIEKaTeIbHOE A5 (PH3UKOB).

3a 370 Bpems Maiiep He TOJIBKO MOHSJ, YTO SHEPIrUA
fIPEBPAILAETCSE U3 OJ(HOTO BUZA B NPYroif, HO W Hawes,
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onupaachk Ha onsiTel [eit-Jlioccaka, Mexanuueckuil sKBuU-
BaJIeHT Temra ~ 365 kIm Ha 1 Gosbinyio kasopumo (3,7 apr
Ha KaJIOpHIO).

Jns1 6uonoros BhBoabl Maitepa Takske Gbiau cTpan-
HbiMH. Muorne OuosorM (MX HasbiBaIM BUTAJIMCTAMM)
CYHTATH UCTOUHUKOM [JesITENBHOCTH KHBOTO OPraHH3Ma
HeKyIo cnenmdHiecKyio jKu3HenHyo cuiy. CoBpemenHOe
TOHUMaHHe TIy6OKOoi cBA3U OMOIOTHY 1 DUSHKA HMeeT
CBOE HayaJIo B OTKpbiTHu Maiiepa. Cyanba Maitepa 6bu1a
Tskenod. Ero TpaBMim ydyeHsie KOJIETH, €r0 He TIOHH-
Mayd Gimskue. JlecsTh €T OH IIpOBEN B CyMACHIE/INIEM
aoMme. JIMIIb B HOC/IEAHHE HECKOJIBKO JIET IepPeR CMEPTHIO
(B 1878 1.) OH MOMYYHII IPU3HAHUE.

B Te xe rogsi, korna Maifep TieTHo mbiTasncs ybe-
AUTH YIeHbI MMP B MPABUJIBHOCTH CBOWX H/EH O mpe-
BpaHIeHAN SHEPTHH B TEIUTO, B AHIVIMM HOXOXHE MBICIIH
passui Koy,

Hepsas pabota Jxoyast orHocures k 1841 1. Ona
Obita TIOCBSUlEHA WCCIENOBANMID BHIAENEHUS Tella B
NPOBOAHMKAX C TOKOM. MIHTepecHO, YTO B TOM e T'Oxy
Maiiep BrepBble BHIYHCINMII TEILIOBOH IKBUBATEHT pabo-
ThI, COOBIUB €T0 B IUChMe K CBoeMy apyry Bayapy. Oana-
KO ONMy6/IMKOBAJI CBOU PE3YJIBTATH O3XKe.

DKoy 3AKTIOYKA W3 CBOUX ONBITOB, 4TO TEINJIO Bh-
JeJisiercs 3a cueT paboThl bataped — B Pe3yJBTaTe TPOKC-
XOJANINX B Held xuMudeckux peakinil. Otcroza xoyib
TIpUINeNt K OTKPBITHIO 3aKOHA, KOTOPBII CeHYac Ha3bIBAIOT
3axoHOM [{xoynsa — Jlenna.

CBOI0 YBEPEHHOCTH B NpUpoae Temna Jxoyab non-
KpeIuJI OnbITaMH M TakK ke, kak u Maitep, onpenemun
MEXaHUYECKHH KBUBAJIEHT Terlia. Takue onbiThi [IX0oyab
TIPOU3BOAMI B TEYEHIE MHOTHX JieT. Bce ONbITHI 1oKa3a1TH,
YTO TemNIO BO3HHKaeT B peaynsrate pabotsl. Tem cambim
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OBLIO HAKOHEIl [T0KA32aHO, YTO TEOPUsT HEYHMYTOXAEMOIO
TEIIOPO/ia HeBepHa U J0/DKHA ObITh 3a0bITa.

J&Koynb Toke Janeko He Cpasy Hamen NpU3HaHHUE
cOBpeMeHHUKOB. CIMIIKOM BEJHKO ObLIO BIHSHME CTA-
PbIX TEODUIA, IepKABLUINXCS Ha BEPE B RBTOPHTETHI, YTOOB
NPUHATD HOBbIE IIPEACT2B/IEHHUS 06 SKBUBATIEHTHOCTH Te-
nna u paborhL.

Ho BCe HOBBIE # HOBBIE ONBITH MOATBEPKAANM 3TH
U/ B CAMBIX pasHBIX ycoBusix. JIubux He 3a6wLI TOTO,
YTO OH y3Ha1 y Maiiepa, u B pabote «O XUBOTHOM Tell-
Jie» PENIMTENbHO 3alUINAi BHIBOJ O TOM, YTO BCE TeIo,
BO3HUKAIOIEe B JKWBOM ODraHH3Me, II0JIyYaeTcsa 3a c4eT
CrOpaHust IHIH.

B 1847 r. uneu «0 coxpaneHun CHAbl> (T. €. 3HEPTHH)
MOJy4UaN CBOe pasuthe B paborax Tempmrossua (He
OLIEHUBIIIETO B CBOE BpeMs 3aciiyr Maiiepa).

Tak B copokoshix rogax XIX Beka B pe3yJbTaTe pa-
60T MHOTHX eCTecTBOMCHbITaTeNel Gb11 CPOPMYIMpPOBaH,
HaBepHOE, CaMblil <«IJIaBHBIH 3aKOH IPHUPOIBI» — 3aKOH
COXpaHeHHs] 3HePTHH, KOTOPHIH Ha3bIBAIOT ellle U EPBBIM
HAYaJioM TEPMOJNHAMHKH.

WnTepecHo, uTO Ha IyTH NPHU3HAHUS JTOrO 3aKOHA
BCTPETHJIACH elle OfHA TPYAHOCTD. B yTBepx/eHwe, 4TO
3HEPrusl He BO3HUKAET U3 HUYETO, YTO HeJb3S HOCTPOUTE
BeYHBIH ABUTaTE b, MOXHO OBLIO, B KOHIIE KOHIIOB, IIOBE-
puth. TpyHO GBLTIO IOHATBH, YTO SHEPTUS HE MOXKET HCYe-
3aTh. Pabota nomafy Tpaturca Ha TPenue B KoJecax Te-
JIeTHd, TEILIO HATPETOH NeuKy paccenBaeTcs 6e3Bo3BpaTHO
mo KoMHare, Ha kaXKA0M mary Mbl BUNM, Kak Jicye3aer
3HEprus, Kak paloTa TPaTUTCA BIYCTYIO, U TEM He MeHee
FOBOPHUM, YTO SHEPrHs coxpaHsAeTcs. Pa3penten napanoxc
OB JMIObL TOrZa, KOTAA TIOHSUIM, YTO TEHJIO CBSI3aHO C

BN
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OBMOKEHIEM MOJEKYJ Y 9TO «HCUE3HYBINast JHEPTUA» IIe-
PEXOIUT B SHEPTHIO ITOTO ABUKEHHS.

Hacrano spems Bepuythest ¥ Kapro. Hu Maisep,
Hu [I0yb o Hem He BeromuHau, OObacHeHHe 3aKOHa
coxpaHeHus1 sHepruM W npunnuna Kapuo 6110 32Bep-
metio KiayauycoM. Ero pabora 6si1a ony6amnkosata B
1850 r. ITorrennopdoM B TOM ke XKypHaie, B KOTOPOM
He Haluioch Mecta pa6ote Maiiepa. Knaysuyc nepsorit
3aroBOPHUJI 00 IKBHBAJIEHTHOCTH Telwia ¥ paboOTH Kak O
[epBOM HavaJle TEOPHM TellJla M HalMcajl ypaBHEHHE,
KoTOpOro He xparano Kapwo. Jlns aroro Hano 6bu10 1ipe-
/e BCEro CKa3aTh MPOCTYIO BEIIb: BCAKOE TEJO UMeeT
BHYTPEHHIOIO 3HEPIHI0, KOTOPYIO MOXHO YBEINYUBATDH
ABYMSA IIYTSAMU — [POU3BOASA HAZ TeoM paboTy W Mo-
BOZA K Teay tenio. CMBICH 3TOTO YTBEPXKAEHUS 33KJII0-
4YeH B colode «i». CKasaHHOe MOXKHO 3amucaTh B BHAE

thopmysr:
AU=AQ+ AA.

B aToit mpoctoii ¢dopmyie 3sakmoueH TAyGOKuHil
cMbici. B MexaHnke 5Heprus Tefla yBeJIMYHBAETCS, KOTAa
Kakye-TH60 BHEIIHAE CHJIbE IPOU3BOUIT HAJl THM TeJIOM
paboty. 3To yTBepKAECHUE MOXKHO 3anHcaTh Tak: AU = A4,
HOHMMast, HatlpuMep, oa AA paboTy CXaTHs IPYXKAHBL,
a mox AU — yBenudeHMe ee oTeHIMa bsHOM sHepruu. Ho
3HEPTHIO NPYKUHBI MOXKHO YBETHYHTb He TONbKO CXKATH-
em. OHa yBeinunpaercs u npn Harpepanuu. [loasoas x
KaKoH-THO0 cHCTeMe TEIIOo, MBI TAKXKe YBeJIHIHBAEM ee
SHEPTHIO.

OueHb BaXHO MOHHMATD, YTO 110 KOHEYHOMY COCTOSI-
HUIO CHCTEMBI HeNTb3s1 HHKAaKUM 06pa3oM OOHApYXXHTb,
3a CYeT YETO CHCTEMA yBeJIMUiJIa CBOO S3HEPTHIO: 33 CUeT
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Tewla uiad 3a cuer paborn. Cam Kiaysuyc maspisan U
«TeIIOM, COIEp:KallUMCsi B Teje», TPOTHBONOCTABIAS
eMy Q — «Te1uio, coobmennoe Tenys. Ceitvac U nasbisa-
10T BHYTpeHHeil sHeprueii (WK MPocTo sHeprueit), a AU
eCTb ee IpHpallleHue. '

Kax mbI ckasamd, 3Hepruio Tejia U MOXHO U3MEHUTh
KaK Mo/Bo/iA TEIUIO, TAK i COBEpMIast paboTy, HO 3TH BKJIa-
Ibl, TaK CKa3aTh, 00€3/IMYHBAIOTCS, TPEBPATUBIINCh B
eAnHylo pusnueckyio BeawuuHy — suepruio Ul He cy-
LWIECTBYET BEJMYHHEI, KOTOPYIO MOXHO GB1Io 6bl HAa3BATH
TeIIoToi Tea Q, Kak HeT BHYTPH TeJia BeJIMIMHbI, KOTO-
PYIO MOXHO Ha3Bats pabotoit A. K cocrosumio ¢ oanoilt u
TOI keoneprueit U MoXHO IPUIATH pa3HbIME CIOCOGaMH,
HO-pa3HOMY BHIGHpas KOJIMYECTBO CooBHMIaeMoro Temia
U paboThl, OCTABsAST OJHOM M TOU Xe JHIIb X CYMMY.
B sToM u 3akymovanach rnaBHas <«XUTPOCTb» MPHPOAH,
NYTh K TTOHUMAHHIO KOTOPOi OKa3aJICsT CTOMb TPYAHBIM H
IOJITHM.

Teneps MBI MOXKEM 3AKOHYHTD pacckas o nukie Kap-
HO ¥ IOJIy4HTH HOPMyJy Ais Koa(dUIHeHTa TI01e3HOTO
NeiiCTBUA TeIIOBOM MamuHu. OpHako, YTOOH CAeath
3TO, HaM HaJIo 3HaTh GOpMYAY AIA PaboThH rasa (hopMy-
JIBI Ji7Isl HAEABHOTO Ta3a HaM GyZieT I0CTaTOYHO, TaK KaKk
uMka KapHo MOXHO cocUMTarh A8 KaKoro-1n6o 0AHOro
Tena).

! Knayauyc yrsepiui B Bayke O TerJie onsTHe 3HeprnH (Toy-
Hee, BHyTpeHHel aneprun). OH BasuI 3T €JI0BO M3 MexaHUKH: «UTO
KACAETCs... HA3BaHMii, T0 OcOBEHHO MOAXOAAIMM MHE NPeACTABIIS-
ercst ynotpebnennoe ToMcoHOM ¢10B0 “aHeprua”, n6o BeuunHa, 0
KOTOPO# 371eCh UJleT Peyb, BIIOJIHe COOTBETCTBYeT BeINIMHe, 0603Ha-
4aeMOI 3THM HMEHeM B MaTeMaTHKe...» J{pyrie GM3uKky npeitaraiy
Ha3BAaHUS «BHYTDEHHSAS TEILIOTas, «BHYTpeHHss paGotar, «byHk-
A5 TeHCTBUA».
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PaGoTa, KOTOpY® HAajo 3aTParuTh, YTOOBI CKATH
1 Monb WaeanpHOro rasa or o6bema V, 1o obvema V npu
HOCTOSHHOMU TeMnepaType, paBHa

A=-RTIn v
o
(In — matypanshbii sorapudM. Ecin y = In x, To x = €7,
logx=Inx-loge = 0,23 In x).
Eciu V, < V (ra3 pacumpséres), 1o A > 0 — pabora
COBEPIUAETCS TA30M.
Dopmyna 5Ta BLIBOAUTCA TaK.
Coctosinue ueaJLHOTO rasa, Kak MbI 3HaeM, yI0BJIe-
TBOpSiET ypaBHeHuI0 cocroauua Kianeiipona — Menze-
neesal

pV=RT

(mbl Bcerfia OyzieM CYMTATh, YTO Y HAC €CTh POBHO OHHH
MOJIb Fa3a).

Iycts ras Haxomutcs B cocysie ¢ mopuraeM. [Ipuio-
UM K TIOpIIHIO AaBienne p. Hopuiens 6yzet cxxnmarb
ra3, mpousBoast paboty. Eciu nomans mopuiHs pasHa o,
TO Ha NOPHIEHS JlelicTByeT cuia po. Ecia ata cuna ocraet-
4 TIOCTOSIHHOI, TO, CABUHYB NODIIEHb Ha A/MHY Al, cusa
npoussesier pabory AA = poAl. HerpynHo Buzers, 4To
npoussefieHie A/ ecTb He YTO MHOE, KaK YMEHbIIEHHE
ob6beMa rasa — AV, Yto6n1 AA 6bLIO IIOJ0XKUTETHLHBIM,
Mbl Hamuca M 3Hak MUHyC. MTak, BrpaxeHue 1 pa6o-
TBI, COBEPIICHHOH Ha/l ra3oM, UMeeT BuJ (puc. 9)

AA=-pAV (AA>0,ecmn AV<0).

! Hurepecno, wro moxoxee ypaBHeHNe GO HAWAEHO B 3aNH-
csix Kapro.
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AA~pav~pr §F

ay %

Puc. 9. UsorepMuyeckoe cxarue raza

C noMo1bio ypaBHEHHA HACANBHOTO TA32 HCKIIOUHM
AaBJIEHRE.

AA=-=2Ay,
v
RN
14
V=-"=AA.
AV =-— A4

OTO H eCTh YPaBHeHHE, KOTOPOE HaM Hazio PENIUTD.
Hycts ras cxumaercs or o6bema V 10 obbeMa, Ha-

TIpHMeEp, %V (r.e. AV= %V). IopTopuM 3Ty Onepanuo
10 pas. B xoHIte sTanoB 06beM MPUHUMAET 3HAYEHMS %V,
~1—V 1V iV ITocMoTpeB Ha TONBXO YTO HANTUCAH-
AL TP

HOe ypaBHeHMUe, MBI YBUAMM, YTO AJisi TOr0, YTo6H o6beM

1
YMEHbUIHJICS OT 3HaYeHus V 1o 3 V , Hajo COBePHIMTS pa-
60Ty, IPEMEPHO PABHYIO

AA= %RT (nepssiii s1am: V — %V).
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BMecTo Toro YToObI TOYHO YYUTHLIBaTh M3MEHEHUS
o6peMa B TIPABOM 4acTH, Mbl 3aMeHHM V Ha MOJIyCyMMY
%(V + %V]: %V 3HaYeHui oObeMa B Havasle U B KOHIE
stana. SICHO, 4T0, CYKas 3Talbl, YMEHbIIAsT U3IMEHEeHMe
o0beMa, MOXHO CHeaTh OomMOKY 3TOro NIpUbIMKeHUs
CKOJIBKO YTOZHO MaJIOH.
Brrancanm TaxuM xe obpasom pabory, coBeplaeMyo
HaJl Ta30M Ha BTOPOM aTare. [Ipi 9TOM MbI OIISITh 3aMEHHM
1 (1 1 ] 3

obbeM Ha nosycymmy —| =V +-—V |==V. Utobst cHoBa
22 4 8

YMEHBIIHTD 00beM BABOE, HAJO0 NooXuTy AV = ZV, oT-

Ky/la IIoJTy4aeM
AA—ERT (BTOpOIi aTam: —1—V—>1V)
3 P M

Jlasbitie yxe HETPYAHO YBHAETD, YT HA JioboM 3Tare
TP YMEHbUIEHHH 0GbeMa B /[Ba Pa3a cOBepIaeTCs oHa
7 Ta xe pabora;

2
AA==RT.
3

TakuMm ofpasoM, 3aTpaveHHas paGora OydeT pacTu B
apudMeTHYIECKOl POrPECCHH, B TO BpeMsi Kak 00beM 6y-
JIET YMEHBIIATHCS B IPOTPECCHM FEOMETPUIECKOIL.

Mp1 MoXeM Tenepp HanucaTh TaKUe ke GOPMYJIB A1

cJTyyasi, KOI/Ia HaYa bHbIH 06beM V) yMeHbIIaeTCs Ha Kax-
1

JIOM 3Talle JHULIb HA O4eHb MaJeHbKYIO yacTh —V, n> 1.
n

B arom caydae nocse N stanos (N > 1) otHOmeEHUE 06b-

eMOB GyJIeT paBHO
Y. 1_1)”
v, n)’
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Y4

S

NRANRAN AN

A

Puc. 10. PaGoTa nipy M30TEpPMHU4ECKOM CHKATHH

a coBepilleHHast paboTa

5

A=N-1gT.
n

Ucxmioyast u3 3tux dopmys N, HoIydaeM CBA3b MeX-

14 .
Ky M3MEHEHMEM o0beMa T paboroii A:
0

A
|4 1Y [*"
—==||1-— .
Vi n
Ecnu Tenmepb ycTpeMHTb 1 —> o, TO BhIPaXKeHHE B

KBaJApaTHBIX c1<061<ax 6leeT CTPCMHTI)CH, KaK NU3BECTHO, K
1/e=1/2,7172..:

n
hm(l—%) = —11—n = %
lim(1+—)
n—oo n

Takum obpasom,
A

—=g RT,

Vo
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A=-RTIn Yy .
Y
Ilose3HO NPUBECTH TeOMETPHYECKYIO WILIIOCTPAIIMIO
nonydennoit ¢opmyanr. Hapucyem rpadux (puc. 10)
dyuxuuu p(V, T) npu nocrosunoit 7, 1. e. runepboiy
_RT
p= v
Pabota A npy usMeHeHun obbema VHa AV ectb IIomans
3aMTPUXOBAHHON MONOCKH, a BCA paboTa Ha CKATHE rasa
oT obvema V, 1o obvema V paBHa, OUEBUIHO, TIOMIAAM
¢uryps oa oTpe3koM runepbonsl, 06BeeHHOIH ABOHHOIM
JHHNUEN.

AIDHUABATA

Nsyuum Teneps HeMHOrO ioApobHee, KaK Bejet cebs
ra3 B TEPMOCE, KOIZia K HeMY He NOABOXUTCA TEIUIO ¥ OT
Hero OHO He orbupaercs. B aToM caydae reMiiepartypa
rasa H3MEHsSIeTCs TOJNBKO 3a CYeT BHYTPeHHeH auepruu
rasa,

Ecam cocys ¢ ra3oM TEIOM30JINPOBaH, TO pabora,
KOTOpasi COBEPUIAETCS HAJ[ Ta30M, Hau paboTa, KOTOpYIo
COBepIUIAET a3, 6yAeT eNUHCTBEHHHIM HCTOYHIMKOM H3Me-
HEHHsl €r0 BHYTpeHHEH SHepruu:

AU=AA=—pAV=—R—VTAV.

Ecan 6b ras HarpeBajicA IpM MOCTOAHHOM 0ObeMe,
TO H3MEHEHHE SHEPIMH ONPeNe/sIOCh Obl IMUIL TEMIOM,
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KOTOPOE ONBOANTCH K Teury. B aToM cryyae MOXKHO Hamu-
carb AJis aHepruy Apyryo hopmyy:

AU =, AT,

rAe ¢, — 3TO TEIIOEMKOCTbH ra3a (Ha OfIMH MOJb) NpH
HIOCTOSHHOM o6beme. I1a (GopMyJa eCTb IPOCTO OTpe-
JeTleHNe BeAUYHHHI ¢, HanncanHee jgBe GOpMyIIs! OT-
paxaloT ToT (aKT, 9T0 H3MEHEHHe BHYTPeHHEH dHepruK
MOKeT ITPOMCXOAUTH NBYMSI HYTSIMH: 32 CYeT TeIlia U 3a
cuer paborsi. [oaromy AU MoxHO cocuuTaTh, 3aMEHUB
anuabaTuYecKnii NPOHECC Ha JAPYrod, cocToswui Y3
aByx aranos, CHayasa H3MEHSIOT TEMIIEPATYPY TpH O-
crosifinom obveme. Torma U yseamuntea Ha ¢, AT. Tlocre
3TOT0 JAI0T ra3y pacuiupsTecs ipu T = const. Ilpu atom
3Hayenue U Oymer 0CTABATBCS MOCTOSIHHBIM, a8 COBEP-
IeHHas ra3oM paboTa Kax pa3 KOMIEHCUDYET TO KOJH-
YeCTBO TeIlIa, KOTOpoe GbLIo 3aTpayeHo Ha 1ePBOM 3Ta-
ne. [Ipupasumsasg AU, BEIMHCAEHROE ABYMS CIIOCODaMH,
TIOJIy4aeM
é_‘i + E!_A_T =0.
V RT

Eciu ¢, ve 3aBucHT 1y ot T, Hu oT V (310 BepHo 15
He 04eHb O0JbIIHX U3MEHEHUI TeMIIePaTyPEI HA€aIbHOTO
rasa), TO TaKOe ypaBHEHHe MOXHO pelruTh. Jlerde Bcera
MPOBEPUTH, YTO €CIIU Mbl HONOKHMM

Cl
VT R = const,

TO ypaBHenue OyzeT yaosierBopeHo. Ilposeputh 31O
MO2KHO, ozicTaBuB BMecTo V u T crerka n3ameHeHHble Be-
auuunbl V + AV u T + AT. Mbl y6emumcs, 4To const He

35



M3MeHHTCs, e Tpenebpeun (AV)?, (AT)? u AVAT. Ecn
BMecTo T BBecTH AaBeHue, To (hopMyia IpUMeET BHA

pVY=const
(nocTostHHAs 3/1€Ch, KOHEYHO, Apyras), rie
_ovt R
Cy
3ameTuM €Ime, 4TO BeIMYMHA R YHCITeHHO paBHa pa-
6oTe, KOTOPYIO COBEpINAET HIEANILHbIN Ia3, eCITH €10 TEM-

IepaTypa NOBHIIHAETCA HA 10, a /laBpaeHue 0CTaeTcst II0CTOo-
STHHBIM!

—AA= pAV = RAT.

Ecau HarpesaTh ra3 He NPH MOCTOSIHHOM o0beMe, a lpH
TIOCTOSTHHOM JIABJIEHHH, TO HA/I0 IOABECTH K HEMY JONOJI-
HHMTENBHO R Kalopuil Ha MOIb, YTOOH KOMIIEHCHPOBAThH
HOTePIO eT0o SHEPTHH, 3aTPAYEeHHOI1 Ha pacIIMpeHHe ra3a
(aT0 3Hax ente KapHo).

Bemnuuny ¢, + R Ha3BIBAIOT TENIOEMKOCTHIO IIPH HO-
CTOSHHOM JIABJIEHMH W 0003HAYAIOT e Yepes c,- [Toaromy

" CBA3b MEXKAY AaBJI€HHEM HICAJIBHOIO ra3a u €ro aanBJje-
HHEM B azma6amllec1c0M TpoLecce UMeET BUA

‘
pVv =const.

Ity GopMyJTy Ha3LIBAIOT ypaBHeHHeM agnabaTo’.

1 Mopmynoit pV" = const, 1€ 7 — HeKOTOpOE YHCIIO, OIKCHI-
BaOT NpubIMKEHHO Iponecest ¢ 0OHMHBIMY Ta3amu. B aToM ciyuae
KPHBYIO Ha3bIBAIOT HOJHTPOMOM.
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OYHKIUA KAPHO

KapHo, kax MBI yxe 3HaeM, A0Ka3al, uyTo sddex-
THUBHOCTD TEIVIOBOH MalllMHbI 3aBHCHUT TOJNBKO OT TE€M-
nepaTyphl HArpeBaTess M XOJOAUJAbHUKA, HO HE CMOF
3Ty 32BHCHUMOCTb BHIBECTH aHAJIUTHYECKH, TAK KakK Y
Hero He 65110 Tex GopMyJ1, KOTOPEIE MBI TOJBKO YTO IO~
JIYYHIN,

3ty 3aBucuMocTh BeiBea Kiaysuyc.

Bepnemca k unxay Kapro. Anuabars! B aToM Wuxae
COeNMHSAIOT u30TepMsl ¢ Temnepatypamu T, u T); 1ia apyx
azinabaT MOXHO HALINCATDH [BA YPAaBHEHUS:

oy /R _ cy /R _
VT; '—a1) m “a27

TA€ a, M a, — JiBe pasHble NOCTOsIHHbIE. AnMabaTa 0ba-
JlaeT TEM CBOACTBOM, YTO €CJTH OHa COEAMHSET /IBE TOUYKY
c temneparypamu T, u T, To oTHOIIEHHEe 06BEMOB B 3THX
TOYKAX
R
Vi_(L)v
V, \L
3aBHCHMT TOJILKO OT OTHOHIEHUs TeMuepatyp. Ucnonsso-
BaB 3TO CBOICTBO A1 map Touek (a, 2) u (6, 8) B UuUKIe
KapHo, Mbl MOXKeM 3aKIOYHTh, 4TO
ARA
v, V.
WM 4T0 06BEMBI H2 KOHUAX JABYX H30TEPM HHKJIA YAORJE-
TBOPSIIOT BAXKHOMY COOTHOWIEHHIO:

AN |°\<

A
7
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VimenHo sToro cooTHomeHus Hie xpataio KapHo.

Tenepb MBI BBIYHCIHM palOTY, COBEPNIAEMYIO B H30-
TepMMYeCcKoM npouecce. s neproii uzotepMbl ab pabo-
Ta, MPOU3BOIUMAS Ia30M, paBHa

| AAaﬁ

Vv
=RT,In-£
v
a
OvueBHHO, 410 5Ta paboTa paBHA KOJIMUecTBY Telta Q,,
IOJIy4eHHOMy OT Harpesatens. Pa6ota, mpomsBoaumas
HaJl [a30M /TSl BTOPO#t M30TEPMBIL, €CTh

v,
A4, |=RT, Iz,

Ita pabora, B CBOIO O4Epe/(h, PABHA KOJIMUYECTBY TelUla Q,
OTAAQHHOMY XOJIOJHJIbHUKY.

YuursiBas Tellepb COOTHOIIEHHe MexIy 00hemamu,
MbI MOXKEM HAIIMCATh, YTO

A4, _ T,

|AABZ| T2
WJIH, HAKOHEL],

L_2

I, Q

Oyuxuus  Kapuo, onpenensiionias 3¢hQeKTUBHOCTD,
OOBIYHO 33JAETCS KaK OTHOWIEHNUE <«HCIOJb30BAHHOTO»
Temnia Q, — @, K nojiydeHHOMY OT Harpesates (. Cie-
J0BaTeJbHO, Mbl MOKEM HAIMUCATh

Q1 — Qz - T1 - T2 .
o I
Irto u ecTh 3HAMEeHHTAast HpopMyIa A1s koadPHLIMeHTa No-
JIE3HOTO JEUCTBUS TEIJIOBOH MAaIIVIHBL
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B raxom Buze popmyna Kapro umeer QyHAaMeHTaIbHOE
sHauenne!. OHa 10Ka3bIBaeT, 4T0 A0JIs TEIIa, KOTOPas MO-
keT ObITh NpeBpalieHa B paboTy, 3aBUCUT OT ABYX TeMIIe-
paTyp — HarpeBaTessl M XONOAWIbHUKA. B Mexanuke MH
NPUBLIKJIH, YTO KHHETHYECKAs: SHEPTUA TeJla MOXKeET OBITD
HeJIMKOM TNpeBpameHa B pabory. C Te1ioM Takoro cze-
JaTh Hesibas, BemnunHa BO3MOKHON paboTsl (IBMXKytIei
CHJIBI OFHA, Kak ropopui KapHo) 3aBHCHUT OT HAaYaIbHOIO
(HarpeBaTtesb) U KOHEYHOTO (XOJIONMABHHK) COCTOSSHUS
paboyero rasa. K rakomy npencraesienuio o pabote Hazo
ObL1e npUBLIKEYTE. OHO TIPUBENO K TIOSBJIEHHIO HOBOM
HAYKH —TEPMOJHHAMHAKH.

ABCOJIIOTHAS ITKAJIA TEMHOEPATYP

B pa3BuTHH GU3MKH eCThb MOMEHTHI, KOTa HOBasl
naes U3MeHsIeT Bech AasbHemuit xon ucropun. 06 aTux
MOMEHTAX F'OBODAT KaK O BEJIMKUX OTKPHITHAX. Y BCSIKOTO
OTKPBITHS! OBIBAIOT ITPEAIIECTBEHHUKH; HO TOJIBKO TOT/A,
Korga (pusudeckne ulen HaxosAT cebe TOYHoOE MarteMa-
THYecKoe opopMIIeHHE, OHH HAUHHAIOT )KHUTh CBOEH XK13-
HBIO, He 32BUCSILEeH YaCTOo OT CBOEIo CO3AaTeNs.

B nepsoii nosopude XIX Beka BBHIZENSIOTCS TPH Be-
JIAKHE UJIeH, KOTOPHIE ONpe/lesIAINA U CAeNald Heusbex-
HBEIM pPOXJEHHe HOBOM (QH3UKN Ha pybexe CIeayOHero
Beka. 1o naes noas Qapanes — Makcsesina, uies npe-

1 Hanomunm, yto y Kapho atux dopmyn e 6v10, Mx nosmyumn
Tonbko Kiayanyc.
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BpAalleHNs ¥ COXPaHeHuns SHeprul Maitepa u nes TepMo-
aunamuki Kapro. C pa3Ho# CTeleHb0 3aKOHIEHHOCTH
HOSBUMCH 3TH Hfed. Biieck MaTeMaTHYecKoro anmapa-
Ta MakcBe/uia 06yCIOBMA CO3[aHUE B BhICINEH CTeNeHH
3apepIIeHHON anekTpoguHamukd. Ilouru 6e3 dopmyn
3aBoeBasia Mup uies Maiiepa. KapHo mokasan Tombko
OZIHY TeopeMy, U3 KOTOpOii clieAoBaIa pocTas GopMyia

L-T,

n= , HO 32 3T0ii (hopMYyJI0# OKa3aach CKpPHITOM Le-

1
Jiast HayKa.

Ioxo6no TOMY, Kak CO3ZAaTeNb BOJHOBOH TEOPHH
Dpenens, noab3yAch MoAeNbIo 3upa I BbiBOAA dop-
MYJI BOJTHOBO# ONITHKY, TOMYYHI 3AKOHBY, HE 3aBUCSIIMe
oT MozelH, Tak ¥ KapHo cyMes U3BjIeYb U3 MOJENH Ten-
JIOPOAA CTONb ODIIVie PE3YJILTATHL, YTO UX He MOTJIO NOKO-
Jsebarb Bce ganbHelimee passutie (usuku. TepMoauHa-
MHMKa, BOSHHKIIAsA U3 HeGonbmIol craten Kapho, u cefivac
NpeCTAB/SeTCS HeOOBYAHHbIM CO3JaHHEM pasyMa Ye-
nogeka. ITocne Kapuo — u 910 6bLI0 OXHUM M3 CaMBIX
Ba’KHBIX PE3YJILTATOB €r0 Ujeu — HOHATHE TEMIEPATYPh
Mp1oOpesio HAKOHEL TOYHDL CMBICIL.

Korza-to Mamiieil oTKpeLT, YTO BCe Teja, HE3aBHUCH-
MO OT HX IIPHPOZAD], NAAI0T ¢ OAUHAKOBBIM YCKOPEHHEM.
HploTOH OTKPELA, YTO CHJia IPUTSDKEHUS Tesl He 3aBUCUT
OT UX APHPOABI M 3aBUCHT TOJXHKO OT HX Macchl. OTKpbI-
te KapHo uMeer c1o71b Ke obuinii Xapakrep.

Teopema Kapno 6b11a epBBIM CTPOTHM Pe3yJIBTATOM
B TeopuH Temsa. Bee, 4To 61110 M3BECTHO O Tellie PaHbIe,
HOCUJIO, TaK CKa3aTh, OnucaTeabHblil xapakrep. Duanku
(M UHXeHepPBI) 3HAM, KaK OMUCHIBATH PA3HbIE TETLIOBbIE
IIPOLECCH], 3HAIM, CKOJIBKO TEIJIa HA/f0 3aTpayMBaTh Ha
HarpeRaHUe PA3HELIX TEX ¥ CKOJBKO Teila BLIAENAeTcs
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fIpH cropanuy ToIiKBa, Kopoye, OHM yMenn cpaBHHBaTh
pa3Hble KOJAMYECTBA TEILIA H U3MEPATE TEPMOMETPOM TeM-
nepaTypy, HO He IOHUMAJIH, YTO O3HAYAIOT ITH MOHATHS.

Maiiep u JIxO0ysb OTKPBUIH CBA3b MEXAY TEIIOM H
sHeprueil, Kapro nousy, xak MPOMCXOAMT NpeBpaimenye
Teria B paboty. Ilocse aTOro HACTA/IO BPEMS IOHATH, YTO
Takoe TeMmeparypa. TeMnepaTypa Ka3ajach MOXOXeH Ha
SHePrulo: ZobapiseM TeIUIo — NOBHINAETCS TeMIepaTypa
TeJia; TeJ10 CoBepIaeT paboTy — ero TeMIepaTypa majaer.
Ho Takasi mpocrast cBs3b CyLIECTBYET, KOTAA Pedb uaer 0o
OJTHOM TeJte.

CpaBHUBas TEIJIOBOE NOBEAEHHE ABYX Tell, MBI Ha-
TKHEMCST Ha TPYAHOCTH. JIerko CpaBHUTBH, KaKoe U3 ABYX
Tes Telllee, a KAKOe XOJOJHee, HO HEb3s <OTHATb> ¥
OZHOTO Tejla OJMH TPaJyc M HAarpeTbh Ha TOT XKe IPazyc
apyroe Tejo. TemmoeMKkocTs Pa3HBIX Tel — KOJUYECTBO
TeNa, Hy)KHOe [JIS1 HaTpeBaHHs Tela Ha OJUH IPajayc, —
pasHas y pa3sHBIX TeJl, fa ellle M H3MEHsIeTCS ¢ TeMIIepaTy-
poii. Beio sicHO, YT0 eci JBa TeJla MMEIOT OANHAKOBYIO
TEMIIEPATYPy, TO OTCIOAA COBCEM He CJIeJAYeT, 4TO B HUX
3aK/OYEeHa OHHAKOBAS SHEPrUs.

TemiepaTypy H3MepATH TEPMOMETDAMU — 110 JUTHHE
cToOUKA PTYTH KM CIMPTA WK 0 o6beMy rasa B 3ana-
SIHHOM nipu6ope.

Ob6a criocoba, KOHEYHO, He MOI'YT CYMTATBCS GesyKo-
PU3HEHHBIMH.

PryTHBIE H CIHPTOBBIE TEPMOMETDH Boolie He ro-
ZSITCS 7t TOYHBIX H3MEpEHHUI: OHU OCHOBAHBI HA NPEATIO-
JIOXKeHHH, YTO paclldPeHHe PTYTH U CIMPTA MPONOPLHO-
HAJbHO M3MEHEHHIO TeMIIePATYpH, — TPEANOIONEHNH,
KOTOPOE QUEBH/IHO HOCHT MpUOIMKeHHHIH xapakrep. [a
M TIpOBePKa 3TOro npuGmmxeHust TpeGyeT onpenencHus
TEMIIEPATYPBI KAKUM-TH00 APYTHM METOIOM.
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B neiictBuTensHOCTH (pH3KKaM noBessio. MiaMepenne
TeMIlepaTyphl TaA30BBIM TEPMOMETPOM OKA3BIBAETCS XOPO-
KM MeToA0M GJiaroZiapsi cyacT/IMBOMY CBOMCTBY Ta30B
BecTH cebs [Py MaJIbIX IJIOTHOCTAX HOYTH OJHHAKOBO. V3
WKOJBHOTO Kypca (H3UKK MbE 3HAEM, YTO Tas3bl XOPOILIO
ONUCHIBAIOTCA OXHUM U TeM XK€ YPaBHEHUEM COCTOSTHUSL.

Cekper yZauu COCTOMUT B TOM, YTO IOYTH BCE rassl,
KOTOphI€ BCTPEYAIOTCS B IIPHPOJE, TIEPEXORAT B XXKHUAKOE
COCTOsIHME IPH OuU€eHb HU3KHX TeMIiepatypax. Bo Bpemena
Kapso maxce Aymany, 4TO TaKHe Ta3bl, Kak KUCIOPO, a30T,
BCerZla OCTAIOTCS Ta3aMU (MX TaK M Ha3bIBATH IOCTOSH-
HBIMU rasaMu). Branm ke oT TOUKH COKMXKEHHsI I3kl Be-
AyT cebst Kak HjleaynbHbIe.

ITosTomy ra3soBeI TepMOMETP /{0 CHX HOP CIIYXKHT
OCHOBHBIM IPUOOPOM IJIsi CAMBIX TOYHBIX H3MEPEHHH
TeMneparyphl. B peaybHBIX YCIOBHSIX TAKHUE H3MEPEHUS—
Z1€J10 IOCTATOYHO CJI0XKHOE, HO OCHOBHOM IIPUHIIUI IPOCT
M XOPOLIO IIOHSTEH,

OnHako ¥ ra3oBblil TEPMOMETP JajleK OT KeJaHHO-
ro neana. Xopomo 6buio ¢pusukam B XIX Beke, xoraa B
nabopatopusax He GBLIO HH OYEHb HU3KMX, HA O4€Hb BbI-
coxux remnepatyp. Ceiiuac xke B naboparopusx A0CTUTa-
1oTca Temnepatypsl Hixe — 273 °C; a B TepMOAAEPHBIX
YCTAaHOBKaX — MHJUIMOHBI IPafyCoOB.

ScHo, yTo Temmeparypa AOJKHa OHITH ONpeReJieHa,
1o KpaiiHei! Mepe TeopeTHyeckH, 6e3 cChlIoK Ha CBOICTBa
KakuxX-160 KOHKPETHBIX BEIMECTB, MyCTh AaXe MACasb-
HBIX Ta30B.

Ho npexze yeM nepeifty X HOBBLIM HIESM, OCTaHO-
BHUMCS HEMHOTO Ha BOIIPOCE O TOM, OTKY/a B3s/1ach e/lu-
HH1LI2 TEMIIEPATYPBI.

CHavajia OHA, KAK MBI 3HaeM, BO3HMKJa CJy4aii-
HOo — nocrasiiH unciao 100 B TouKe KuneHus BOAbL. ITOT
aKT MMeJl BaXHble INOCJeACTBHS: B 3akome Kianmeitpo-
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Ha — Knaysuyca nosBmiach HOBasi ra30Bas NOCTOSHHAN
R = 8,3157 pxoynp/rpanyc. Takoe 4MCI0 BOSHHKJIO TOJIb-
KO NOTOMY, 4TO BeJMYMHA rpagyca Gpuia BBeJieHa OYeHb
JaBHO M Bce U3MEHEHHs, IPOUCXO/ISIINE C Ta3aMH, OTHO-
CHAY N[O TIPMBBIYKE K JOBOJLHO CAy4aiiHo BHIOpanHoOil
mKaite Temnepatyp. Bouto 661 yaobHee ceiluac H3IMEHUTH
onpejeeHUé rpaxyca ¥ <IIPHBSI3ATh» €ro K YPaBHEHHIO
HzeaNbHBIX ra3oB. [ 3TOr0 Halo MPOCTO YMEHBLIUTH
BesIMYUHY Tpazayca B 8,3157 pasa M cyuTaTh, 4TO TEMIEPaA-
Typa B TAKOH «MA€abHO-Ta30BOM> IIKase

©=83157T.

Torzaa ypasuenne Knaneiipona — Menneneesa uMeno 6ut
BHL

py=0

¥ cTipaBa He GbLo 651 HMKaKoli moctosiHHOi. Ho rak moka
He IPHHSATO [eNaTh, U IOCTOSHHYIO R COXpaHAIOT B HayKe,
a BeJINYHHY TPayca HPOIOJIKAIOT OIPEAENATh MO CTapo-
My TepMoMetpy Llemscus.

Hocrosinnas R uMeeT pa3MepHOCTD KOy /TPasyc.
Buibupast APYTYIO eAMHALY AT IPAAYCa, MOXKHO, KaK MbI
BU/Ie/H, cAeiarh R = 1. 3To 3HAYUT, YTO rpagychl MOXKHO
U3MEPATH B JKOYJISIX — efMHUIAX sHepruu. Mexay rpa-
AycaM¥ ¥ KaJIOPHSIMH eCTh 4TO-TO O0lilee — U Te U APYTHe
H3MepAITCs: B 3prax. Ul Tem He MeHee 3To pa3Hble (PU3H-
yecKHe BeJIHYUHBL.

OTKPLITUE JIOPIA KEJIbBUHA

BomnpocoMm o cMbiciie TemirepaTyphl 3aHHTEPECOBAT-
cs1 Tomcon (Bnocaenctsum Jopa KenbBuH), KOTOpHIA B
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1848 r. obmapyxu, uto M3 TeopeMsl KapHo MoxHO cae-
AATH NPOCTOH, HO OYEHDb BaKHbIK BuBOA. Kenvnun aame-
THI, 4TO ey paborta nuwia KapHo 3aBHCHT TONBKO OT
TeMMepaTyp Harpeparesisi ! X0JOAWIbHAKA, TO 3TO O3B0~
JIfieT yCTaHOBHTD HOBYIO TEMITepaTyPHYIO HIKaJLy, KOTOpas
He 3aBMCHT OT CBOiicTB pabGouero rena. Ha muxn Kapno
MOXKHO CMOTDETB KaK Ha YCTPOMCTBO, KOTOPOE NO3BONSET
M3MepATh oTHoWeRue AByX Temueparyp T, u T,. [lna s1o-
IO HaI0 MCIOMb30BaTh PABEHCTBO

L.

T, &°
W3amepsia oTHOMEHNE KOJUYECTB TETUIOTH], B3ATOH OT Ha-
TpeBaTeNss U OTAAHHON XOJMOAMABHHKY (MM, YTO TO Xe,
U3Mepsist OTHOIIEHHe PaboT B JBYX M30TEPMHYECKUX ITa-
nax nukiaa KapHo), Ml mosydaeM oTHOLIEHME TeMIlepa-
TYP Harpesatesist K XONOAWIbHHKA.

Taxum o6pazom, nuxa Kapro, eciu ero MoxkHO Hpo-
BECTH MeXAy ABYMA TesaaMu (MCIHOJb3YS OLHO TENO B
KauecTBe HarpeBaTesisl, a APYroe B KaueCTBe XOJOMUIb-
HMKa), TIO3BOJIET ONPElenTh OTHOHIEHME TeMNepaTyp
otux AByx tex. [llkana remnepatyp, onpeneseHHass TAKHM
06pa3oM, HasbiBaeTCA aGCOMOTHOM IIKAJIOH TeMIepaTyp.
Yrobnl cama abcomoTHas Temnepatypa (a He TOJIBKO OT-
HOLIEHNE) HMeJIa OlIpe/lelieHHOe 3HaYeHHe, HaZ0 BLIOPaTh
KaKOe-TO YHCJIO AJI OIHOM TOYKM HOBOH aGCoMmoTHOM
HIKJIBI: OZIHO YHCAEHHOE 3HAYEHKE TEMIEPATYPEI IOKHO
OBITD 3a7taHO NPOM3BOJLHO. Ilocae oTOTO Bee OCTaIbHBIE
3HAYEHUS ONPEAEIIOTCS B IPHHIHIIE ¢ IIOMOIBIO [UKA
Kapso.

K coxanennio, npu Beeit KpacoTe TEOPETHYIECKOTO MO~
cTpoenyst mikaunl KelbBMHA, NPaKTHYECKH PEATN30BATh
uuxn Kapuo ouens tpymno. TpyaHo peanmnsopath o6pa-
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THMBIA WHKJ, TPYAHO W36aBUTBCSI OT noTtepb. WamepsiTh
TeMIepaTypy Hajio HAYYHThCS KaK-TO HHAYE.

PEAJIbHAA HIKAJIA TEMITEPATYP

Mocne Kensrna Bonpoc o Temneparype ¢ TeOpeTH-
4ecKO# TOYKH 3peHHus cTaJ BiosHe sscHuM. OnHako ocTa-
BaJjlach IPaKTHYecKast mpobieMa: Ha KaKoM BCe JKe IPUH-
IHIIe cAeyeT IOCTPONTD UIKATY 3TaIOHHOTO TEPMOMETPA,
KOTODHIit 6L Obl IPUTOZIEH JUIS PEAIbHBIX H3MEPEeHHI?

B Teuenne MHOTUX JleT AAsl TEMIIEPATYPHOH HNIKaJIbi
BHIOMpPANNCh ABe TOYKH — TEMIIEPATYpa IaBAeHHS JbAa
M TeMIlepaTypa KWIleHHs BOABI — UM PACCTOSTHUE MEXAY
HuMH Aeansioch Ha 100 gacreif, kaXaas U3 KOTOPBIX CYH-
Tajach rpagycom. Takasi ukana ¢ AByMs OTIOPHBEIMH TOY-
KaMH ObUIa IPHHATA BO BCEM MHUpe.

Ho s1a mkasa MMena, OAHAKO, 60JIbIIONH HEIOCTATOK C
TOYKHM 3PeHMS TOYHOCTH uaMepeHuii. /{ns Hee Hago Gulro
YMeTh TOYHO BOCHIPOM3BOIAMTD KAK YCTOBHSA ILJIaBIEHUS
JIB/IA, TAK U YCJIOBHS KUIIEHHS BOJbL.

[Tpote 68110 OBONATHCH TOMBKO OAHOI ONOPHOM TOY-
KO#i, HalpUMep TOYKOW MNJaBJEHUSA JbAa, M U3MEPSATh
TeMIepaTypy M0 OTHOUIEHHIO AABJEHUY, CBSA3aHHBIX C
OTHONIEHUEM TeMIIEPATyp ypaBHEHHeM COCTOSHHUS (WA
e opraHusys uuk1 KapHo, HO 3Ta BO3MOXKHOCTH NOYTH
BCerjia 0CTaeTCs YHCTO TEOPETHYECKOH ).

Touka IJIaBleHHs JbJa, KOHEYHO, He O4YeHb ya00-
Ha JUIA 9TAJIOHA: OHA 3aBMCHUT OT JaBJeHUA U Boobuie He
o4yeHs xopomo BocipousBoaurcs. IloatoMmy 3a eauHCT-
BEHHYI0 ONOPHYIO 3TAJIOHHYIO TOUKY BpIOHpaeTCs eeifyac
TaxK HasbiBaeMas TPOHasi TOYKA BOALL — TeMIeparypa,
TIpH KOTOPO# COCYHIECTBYIOT B DAaBHOBECHH BCE TDH ee
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(hasbr: nap — Bona — nex. [Ipu kaxaoit TeMneparype Halno
JIBJIOM CYLIECTBYET OIpeieIEHHOE JaB/IeHHe aPOB BOXBL.
Eciu nocTeneHHo NOBBIaTh TEMIEPATypy, TO B TOT MO-
MEHT, KOr/la Jiei HaYHeT IIABUThCS, Bee Tpu ¢assl 6yayT
HaXOZMTHCS B PABHOBECHH. DTOMY COCTOSHUIO OTBEYaeT
temneparypa 0,01 °C. Touky 0,01 °C, cpaBHuTensHoO ser-
KO BOCHPOW3BOAMMYIO B JTaGOPATOPHY, H IPUHUMAIOT 32
STATOHHYIO TOYKY TEPMOIMHAMMYECKOH ImKasIbl, oJaras
ee TeMNlepaTypy pasHoit Touno 273,16 K. O6p1unsiit Hy b
1lenbcus nexut npu temneparype 273,15 K.

Taxoe umcio BHIOpaHO AN TOrO, YTOOHI 3HAYEHHS
TeMIlepaTyp 1O HOBO}i IIKajie NPAKTHYECKU He OTJINYa-
JIUCh OT crapoit mkanst Henabcus ¢ AByMsl OIOPHBIMU TOY-
KaMH.

Tlepexon x HOBOHM IKajie C TPOHHOM TOYKOH BOZABI
KaK eIUACTBEHHON OMOPHO TOYKON NpOmies NOYTH He-
sameveHHBIM. Takas pepopma 6bisa npoBeniena B 1954 T,
U cefiuac Ha BOIIPOC O TOM, IIPK KaKoi TeMIlepaType Taer
JIefl IpY HOPMAJbHOM JaBJeHHH, HaZ0 OTBEYaTh: <IIpPH-
6su3uTenbHo mpu 273,15 K> wau «0pubInsuTeisHo npy
0 °C». Ha Bonpoc ke 0 TOM, KAKOBa TeMIIepaTypa Tpoii-
HOM TOYKH BOIBL, HaZl0 OTBeYaTh: «To4HO 273,16 K» min
«1ouHno (,01 °C»!,

HHrepecHo, 94T0 H/CIO O HIKaZkE ¢ OXHOMN OMOPHOM
toukoil BeiaBuHya emte B 1873 1. [I. Y. Mengenees, ko-
TOPBIi IIpejiiarai olpele/UTh BEJMIHHY OJHOTO TPajLy-
€a KaK Taxoe MOBbiEHUE TEMIIEPATYPbi, NPA KOTOPOM
nasnexne raza (y MenzsesneeBa — BOZOpoza) yBeIMIHBa-
ercst Ha 1 k['/cm2. TIpu 3TOM 32 MCXOAHYIO TEMIEPATYPY

! Celtuac obcyxuaeTcs BONPOC 0 3aMeHe TPOHHOI TOTKH BOABI
Tpofinoi Toukod rannus (29,7740 °C), koTopas ferye u TOUHee BOC-
TIPOM3BORHTCA.
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BHIOMpAIACH TEMIEPaTypa IIaBJIeHUs JbJa TIpH [aBJe-
uuu 100 T'/cm? Takoii HOBBII, HIM, KaK €r0 B TO BpeMs
Ha3blBaji¥, METPHYECKHH, TPaflyC OKa3bIBAJICS PaBHBIM
0,2728 °C.

Wnes Menzeneesa Obuia peaivisoBaHa (B HECKOJIBKO
JApyroM Buze) jaumb depe3 70 ser. Takum obpasoM, ums
Menaeneesa cB3aHO TakxKe H ¢ COBPEMEHHOM IIKanoi
TepMOMeTpa.

MEXAYHAPOJIHAS HIKAJIA TEMIIEPATYP

lixany c onHoit onopoit TOYKO# HETPYAHO COra-
coBaTh co mkanoi KeapBuna — MeHzesneesa, oCHOBaH-
Holt Ha Teopeme Kapno. TepMmonunammpveckas IMIKajia
(rak HaspiBajoT wKamy KesmpsuHa — MenzgeneeBa), Kak
Mbl y¥e TOBODUJIH, HE H3MEHSIETCA, eCTd BCE 3HAYCHUS
TEMIIEPATYDP YMHOXHTE Ha OHO M TO ke 4ucjo. Bribop
ONIOPHOI TOYKM yCTpaHsAeT 3Ty HeoaHO3HayHocTs. Ecin,
HAlpUMeEp, CYMTaTh, YTO BOJAA KHIIAT [P TEMIIEPAType
T = 373,15 rpanyca, To HHKaKOTO IPOM3BOJIA HE OCTAeTCS:
3HaYeHHs] TEMIIEPATYP yKe HeJIb3sl HH Ha YTO YMHOXKMTS,
TaK Kak 3HayeHue I, JOJDKHO OCTABATHCA HEW3MEHHBIM.
Kak o6biuso ObiBaeT, CTPOrHe ¢ TeOpeTHYeCKOi TOUKH
3PEHHs] METO/bl OKA3BIBAIOTCH HENPAKTHYHBIMU AJIS TI0-
BCEAHEBHOrO MCHOJIb30BaHMSI B TIPOCTBIX, HE METPOJO-
rudecKux aabopatopusx. TepmomuHaMudeckoil WKamoH
MOXHO TIOJIb30BaThCSl TOJMBKO B CHELMATbHBIX, XOPOHIO
obopynoBanHbIX JabopaTopusx. B o6p1unbix 1abopatopu-
5IX TIOJIB3YIOTCS IKAJIOM, KoTopas HasbiBaetcss MITTIII68
(MexxayHapo/Has NIPAKTHUIEeCKas TeMIlepaTypHas MIKaNa,
npussrtas B 1968 r.). B aToii mKkane TeMnepartypa Kune-
HUS BoAb! paBHa ToyHo 100°, kpoMe Toro, ecTs Apyrue
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OTOPHbIE TOYKK (JIOBONBHO CJIOXKHO BOCTIPOM3BOJMIMBIE),
KOTOPBIM TaKKe NPUMUCAHO ONpefeicHHoe 3HaYeHue
TeMrneparypsl. Takas mikana, KOHEYHO, He BIOJHE COBIa-
AaeT ¢ TEPMOAMHAMMYECKOI, TAK KaK TeMIleparypa OHop-
HbIX TOYEK Ha CaMoM AeJie He abcomoTHO TouHa, Pacxox-
nenue Mexay MITTII68 u repMoauHAMUYIECKON KANOH
B paiioHe KunieHus Boabl coctasaser 0,004— 0,005 K. Ta-
KHM 00pa3oM, Py U3MEPEHHM TEMIIEPATYPbL B OOBIUHBIX
71a60paTOPHSIX ZOIYCKAOT OLIMOKY B HECKOIBKO ReCATHIX
npolieHta. TeMneparypa, O-BUIAMMOMY, €CTh camast He-
TOYHasl BEJIWYNHA U3 TeX, C KOTOPHIMU MBI BCTPEYaeMcsl
MIOYTH Ha KaxaoM miary. /J[axke caMble TOUHbIE H3MEPEHUS
JaioT omubky 5 - 10-3%. Takyio e TOYHOCTh UMEET H3-
BeCTHOe ceifyac 3HaueHHe YHUBEPCATBHOH ra3oBOH MO-
crosiaHoi: R = 8,340 + 0,0022. K aromy e Tuny Benu-
YUH OTHOCUTCS H COBPEMEHHOE 3HAYEHHE MEXaHHIeCKOro
IKBMBAJIEHTA TEIUIA, ¥ KOTOPOTO H3BECTHO JIHIIb YeTHIPe
sHaka; 1 kamopusi = 4,184 * 0,0026 xxoys.

IIperusyoHHEIE TENIOBbiE H3MEPEHHS OCTAIOTCA U
celfyac OZHUMHM U3 CaMbIX TPYIHBIX U3MepeHUil B Gu3u-
9eCKoif J1aGopaTopuH.

KNMHETHUYECKAS TEOPUA TA30OB

IIsrTaThCs OMUCHIBATD ABHKEHHE KAXKAOTO ATOMA B OT-
AENbHOCTH — Je10 Ge3HaleXkHoe, 1a U He HyXKHOe: HMKa-
KoM IpHGOp He MOXeET yCIeauTh 3a BceMH aroMamu. Ente
B cepeaune XIX Beka TOHSUIN, YTO K CHCTEMAM, COCTOSI-
IIMM U3 04eHb GOJIBIIOr0 YKCIA YACTHIL, HAKO HOAXOXNTh
C TOYKH 3peHHA TEOPUH BEPOSTHOCTEH, pACCMATPUBas He
CBOMCTBA OT/IE/IHBIX ATOMOB, a YCPEAHSIS 3TH CBONCTBa
10 HOJIBIION WX COBOKYIIHOCTH.
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Bo BTopoii nonosute XIX Beka BO3HHK/IA HOBad HaY-
Ka — CTaTHCTHYecKasi (U3MKa, JOCTUIIIAsT CBOErO pac-
uBera B pabotax Boabigmana u Tu66ca.

Onanako nepsbie ujed 3apouuch paHbuie, B 310l
CB#3H CTOMT PaccKa3aTh O 3aMeyaTe]bHOM MCTOpUH aHT-
JnvaHuHa Bartepcrona. .

B 1845 . B Anrnuiickyio akaaeMuIo HayxK (ee Ha3bIBa-
1ot Koponesckim obiectsom) Gbina npeacrasiena pabo-
ta Barepcrona. B Heii 6p110 moKasaHo, 4TO JaBJIeHHE ra3a
Ha CTEHKH COCYZa MOXKHO 0OBACHUTH YAAPAMHU aTOMOB.

XoTa cama uzies 0 TOM, YTC Ta3 COCTOHT M3 aTOMOB,
6bl1a He HOBA, MaJIO KTO NPHHUMAJ BCEPbE3 yTBEpKie-
HUS, YTO aTOMBI MOTYT CBOBOAHO JBUTaThCS B COCYJE OT
CTEeHXH K CTEHKe, A YIPyTHe CBOWCTBa Ia3a MOXHO CBe-
CTH NPOCTO K KJIACCHYECKOH Mexanuke atoMoB. PaboTa
Batepcrona He HoHpaBH/ACh WieHaM y4EHOTo ofiecTra
o ObL1a UMY OTKJIOHeHa, JIMIIb MHOTO JIeT CIIYCTA ee Ha-
wien B apxuse Paseit! u ony6banxosan B 1892 r. B xypHae
«Qunocodickue coobmenns Koposnesckoro ofuiecrsar,
KOTOPHIH BRIXOAUT ¥ B HAITK JAHH.

Pareit, mexay mnpouum, 3amernn, 4yro Barepcron
NOCTYIHJT HElIPEXYCMOTPUTEIbHO, HE PACCKa3aB B Haua-
Jie CTaThM O CBOWX NpejmecTsenHuiax. Mexay Tem euge
. Bepuynnu B 1727 r. nucan o cBA3W JAaBJieHUA rasa ¢
KBaJpaTOM CKOPOCTH ABMXeHUs! ero yactuil. Ecam 6b1
BarepcToH ymoOMsIHYJ CBOETO BENHKOro HpeAiiecTBeH-
HHKA, TO, KaK mucal Panell, y penexsenrta KopoeBcko-
o 061IeCTBa He XBaTWIO GBI cMenocTH obbaBuTs paboty
«BecCMBICTIEHHO, HEPUTOAHOM JaXke JJIA YTEHNs fepe]
001IECTBOMY,

! Paneit — anrmiickuii uauk, oaMH 3 coazaTeneil Teopun
KOMeGaHUH U, B 4ACTHOCTH, TEOPUY 3BYKA.
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3ro 6bi1 nevansHbIM snu3on aaA dusuku. To, yro
6BLIO Cte/IaHO OXHUM YEJIOBEKOM M OCTANOCh He3aMeueH-
HBIM, ObLIO OTKPHITO BIIOCJEACTBHM JIHIIb B PE3YJIBTATE
PabOTHI HECKOIBKMX Y€JIOBEK, 2 OKOHYaTe/IbHasA GopMyJia
66112 HanMcaHa MakcBeniom Toaeko B 1859 1.

Hcropus ata noyuntensna. CKoIbKO Tpyaa 6bL10 1TO-
TPaYeHo Ha TO, YTOOHI OIYYHUTH OYEHD IPOCTYIO, Ha Haul

B3], GOpMYJLy: :

1
-t 2
P Bnm(v )cp.
31ech p — AaBieHMe Ta3a, 7 — KOJMYECTBO MOJIEKYJI B
1 cM3 (JIOTHOCTB Ta3a), M — Macca MOJIEKY.IH, (Z’2>cp —
cpenHee apudMETHYECKOE KBAPAaTOB CKOPOCTEH MoJTe-

Ky

CTOJIKHOBEHUA B NAEAJIbBHOM I'A3E

Tlpusenennan ¢opMysa HOKa3bIBAeT, YTO JlaBJIeHUE
rasa [psMO HPOMOPUHOHANBHO YHCILY MOJIEKYJI B €TUHH-
e 06beMa, a 3HAYUT, 06PATHO IPOTIOPLMOHANLHO 00BEMY

1 .
rasa. p-~ v IJt0 3akou Boiinsg — Mapuorra. Ho o onu-

CBHIBAeT MOBe/leHHe HAEIBHOrO ra3a. SHAYMT, ¥ (hopMyJIa,
KOTOPYIO MBI HanuCajM, ClipaBejlIMBa AJsA H€aJbHOTO
rasa.

UYro xe Taxoe MAEANbHBI Ia3 C TOUKH 3PEHHUS aTOM-
HO#l Teopun? WHoraa rosopsar, 4To aTo ras, cocTosugmit
W3 aTOMOB, Pa3MePaMH KOTOPBIX MO’KHO TIpeHeOpedbp, T. €.
CUMTAIOT, YTO H/I€QIbHBII Ta3 COCTOUT U3 MaTEPUATBHBIX
TouyeK. Ho TOUKM He MMEIOT pasMepoB M, CIIEAOBATENILHO,
He CTAJIKHBAOTCS APYT ¢ APYroM. A eCM 3TO Tak, TO UX
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CKOPOCTH He GyIeT MEHATHCS €O BpeMeHeM (pa3Be TOJb-
KO IIPH CTOJIKHOBEHHH CO CTeHKamu ). [Ipesnoaoxum, 9To
KaKOH-TO COCYH1, MMEIOLHii (opMy Ky6a, HANOMHUIN ra-
soM. Ilycts ra3 ObL1 «3amyieH» Tyla B BUAE CTPYH Tak,
YTO BCE MOJIEKY/BI JeTeau 6bl, HanpuMep, NEPNERANKY-
JISIDHO, KaKOH-/Mb0 CTEHKe W OTPaXKIHCh B IPOTUBOIIO-
JIOXHYIO CTOPOHY, Kax OT 3epkaia. Toraa MoJeKyJIbl rasa
JieTanu Ol MeXIy IBYMS CTEHKaMH, COBCEM He JeicTBys
IPYT Ha Jpyra.

SIcHo, 4TO B AEHCTBUTENPHOCTH MIPOUCXOAUT WHAYE.
Monekyn B cocyie OYeHb MHOTO, OHM HaCTO CTAIKMBa-
10TCS APYT € APYTGM, KaX/(blif pa3 MEHsA CBOIO CKODOCT.
TostoMy ouenn 6HICTPO (M 4eM Gonblie MOJEKYJ, TeM
OBICTPEE) CKOPOCTH Y PAsHBIX MOJIEKYJ CTAHYT CaMbIMU
PA3TUYHBIMU M B COCYZE YCTAHOBHTCS TEILUIOBOE DaBHO-
BECHe: JaBJieHue H TEMIEPaTypa BO BCEX MeCTax BHYTPH
cocyaa Gyayr oaunakoBbiMu'l. B coctosiHUM TersoBoro
PaBHOBECHST BO BCEX YACTAX COCY/A YCTAHOBUTCS O/IHO M
TO K€ «pachpeesieHie CKopocTelis.

MoseKkyasl B TaKOM cocy/ie OYayT JeTaTh B IOJTHOM
Oecnopsiike, TaK 4TO BO BCeX TOUKax cocyla OylAeT Ha-
60O THCST HOTHBIH X20C,

To, 4TO Takoe TeNJIOBOE PABHOBECHUE HACTYIIMT, —
0YeHb BaXHBIA (akT, KOTOPBIH, OAHAKO, TPYAHEE AQ-
ka3aTh cTporo. Ho onsiT moATBEPXKAALT, YTO, HECMOT-
p4 Ha TO, YTO B COCY/E C Ta30M BCE BPEMS IPOUCXOMASAT
CTONIKHOBEHHA GecnopaaodHe ABUKYIIUXCA MOJIEKYI,
npubOpHI MOKA3BIBAIOT HEM3MEHHOE AABJIECHHE U TEMIIe-

parypy.

! MbI, KOHEUHO, CYUTAEM, UTO CTEHKH COCYAA HMEIOT BCE BpeMsi
OAHY ¥ TY 3KE TEMNeparypy M Cocy/ AOCTATOYHO MaJI, YTOOH MOXHO
OBIIO HE CYHTATHCA C MBMEHEHHEM CHJIBI TAMKECTH C BRICOTO.



CaMoe nopasHTeabHOE, YTO COCTOSHHE TEMJIOBO-
TO PaBHOBECHS COBEPHIEHHO HE 3aBMCUT OT TOTO, Kak
HMEHHO CTANIKUBAIOTCA MonekyJsl. Ecau oHM cranku-
BAIOTCA PeNKO, TO paBHOBecHe OYAET YCTAHABIMBATHCA
MEJUJIEHHO, €CJIM CTOIKHOBEHMS YaCcThie, PABHOBECHE YC-
TaHoBuTCA OpicTpo. B rase ycraHoBjieHMEe paBHOBECHS
NPOUCXOANT HACTONBKO OBICTPO, YTO B OOJBLHIMHCTBE
CIIy4aeB Mbl MOXEM He MHTEPECOBATHCA, KAK MMEHHO
paBHOBeCHe yCTasaBjuBaeTcs. BaxHo, YTO CTOJIKHOBeE-
HHA OPOUCXOAAT U paBHOBecue Hactynaer. Ho cosep-
LIEHHO He Ba)KHO, KAKUE 3TO CTOJKHOBeHHus. a3 Moxer
GBITh HACTONBKO PA3PEKEHHBIM, YTO UACTHIH MEXKAY
€ob0i1 BooO1ne He CTaIKNBaOTCH, 2 CTATKRBAIOTCA JHIID
CO CTEHKaMH COCY[a, — TeIJIOBOe PABHOBECHE BCE PaB-
HO YCTAHOBUTCS.

3aro 11ocJ1e TOTo, KaK B COCY/lEe YCTAHOBHIIOCH COCTOSA -
HK€ TENJIOBOTO PaBHOBECHS, CTONKHOBEHHS YK€ HAYEro
HE MEHSIOT: POMCXOAAT OHH MJIM HET, 3TO YKe He OKa-
3bIBAET 3aMETHOTO BIAMSIHMA Ha JaBJeHUE M TeMIlepary-
py rasa. IMeHHO 103TOMY MMeeT CMBIC/I PacCMaTPUBATD
MOZIeJIb, B KOTOPO#M B COCTOSIHMM TEIUIGBOTO PaBHOBECHS
MOJNEKYJIBI He 06J1alat0T pasMepaMil U BOBCE HE CTaJIKH-
BAIOTCS,

Takast MoziesIb MONTEKY — MATEPHANBHBIX TOYEK, He
CTAJIKMBAIOWMXCS Mexay coboil, HO yxe TPHIEHIINX B
COCTOSIHHE TEIUIOBOTO PaBHOBECHS, — W IPUHUMAETCS
O6BIYHO 32 MOZENb MIeaTbHOTO Tasa.

KAKYIO CKOPOCTb UMEIOT MOJIEKY/JIBI?

Y pasHBIX MOJNEKYJ CKOPOCTH, KOHEYHO, Pa3HBIE.
Yt06bl BHYHC/IMTh [aBJEHME [a3a, HAJO CHeNATh Ka-
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KHe-TO MPeATIONOXKEHHNS 0 TOM, KaK paciipelesieHbl Mo-
JIEKYJIBI TIO CKOPOCTAM, T. €. KaKas J0Jis1 MOJEKYJl UMeeT
3a/aHHYIO CKOPOCTb.

Kpenur (1856) cumran, 4To Bce MONEKYJIB! ABHXYT-
cs C OIMHAKOBOM 110 BeAMUYMHE CKOPOCTHIO M YTO Kax-
Jas MOJIeKYJia IBUXKETCS B OHOM M3 TPeX BO3MOXHBIX
HallpaBJIeHUil, NapaJUleJIbHEIX 0CsIM KoopAuHaT. Paib-
me Kpenura (Ho mosxe Barepcrona) srtoii 3amaueii
saHumancs J[xoyas (B 1851 r.). OH NpaBH/IBHO MOHAT
€BSI3b MEXAY yAapaMH MOJIEKYJl O CTEHKM M A2BJIEHNEM
rasa, HO He CMOT IOJy4uTh BepHOM (popmyibl. Hakonen,
B 1857 r. Knayauyc, He ocTaBass eule npeanoaoKeHUs
O PaBHBIX CKOPOCTSIX, BbiBe HOBYI0 (hopmyJy. Touabxo
yepes Ba roAa MaxkcBe/ui NpUILes K IpaBUJIbHOMY BbI-
soay!.

Korza Monekyna crajikuBaeTcsi cO CTeHKOH U OTCKa-
KHMB2€T OT Hee, CTEHKAa NOJYYAeT HEKOTOPHIH HMITyJbC.
IIpexnosoxkuM CHaYa1a, YTO MOJEKYJa OTPAXKAETCS OT
cteHxu ynpyruM obpasom. Tlycrs och z Hanpas/ieHa mep-
NMEeHAUKYISIPHO CTEHKe, a OCH X M Y PacloJIOXKeHH B ee
IIOCKOCTH. Pa3sio:kum CKOpOCTh MOJIEKYJIbI Ha COCTaB-
Jstonue 1o TpeM ocsm (puc. 11). Ilpu yopyrom yzaape
yTOJ TaJeHusl paBeH Iy OTPaskeHHs, HOITOMY KOMIIO-
HEHTBI CKOPOCTH U, U 0, He M3MensiotcAd. KoMmonenTht
e U, IPH YIIPYTOM yZape MeHSIOT 3Hak. TakuM o6pasoM,
JIETKO COOOPa3uTh, YTO MOJIEKYNa U3BMEHUT CBO NMITYJIbC
(XOMYECTBO ABMXEHUSA ) Ha Benuduny 2my,. Teneps Hano
COCYHMTaTh, CKOJABKO MOJIEKyJl YAapuTcs o cTeRKy. Ecau
paccrosinue MeXAy CTeHKaMy, TiepeceKaloliMu och 2,

! Maxcsean ponoxun csoio pabory 21 centabps 1859 r. Ee
pycckuii nepesoy HanedaraH B c6opHuke «OcHOBATEIN KMHETHYE-
cKoif TeopH ra3os», Beiemem B 1937 1.
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Puc. 11. TpH KOMIIOHEHTHICKOPOCTH

PABHO [, TO YACTHIA, y/IAPNBIKCH O CTEHKY, IPUAET K Helt

. 21
B cJeAYIONMH Da3 yepe3 BpEMs, paBHOE — , HE3aBUCHUMO
14
2

OT BEIMYUHBI APYruX KOMIOHEHT CKOPOCTH. 3HAYUT, B
v
€IHHUITY BpEMEeHH MOJICKY/1a YAAPHUTCA O CTEHKY Ezl- pas.

Tax KaK C Kax/IsIM YAaPOM YaCTHIA lepefiaeT CTeHKe
UMILYJbC 20, TO 32 eAUHKMIY BPEMEHH OHA lepeacT UM-
mu?

nyase —=.

Yro6bl IOTYYUTh BEJIHIMHY AABACHHA, 3TO BBIPAXKE-
HHe HaZo IPOCYMMHUPOBATh N0 BceM gacTunaM (y Kax-
JO¥ YaCTHLbI CBOs ¥,) ¥ Pa3fe/IuTh Ha ILIOWA/Ab CTEHKH,
T.e.Hal?!;

Nm <

1
p=72m03=—13—

o2 )Cp.

! Jlns mpocToTht ME cumTaeM, 9TO cocyn uMeet GopMY KyGa
obbemom 12, V13 coobpaxenuii, 0 KOTOPHIX peun HyaeT fabllle, Cie-
IyeT, 4TO /IaBieHNe He MOXET 3aBHCETh OT (JOPMEI COCYZIa — Ta3 He
«3anoMiHaeT» hopMmy.
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B s10i1 opMyJIe MBI BOCTIONB30BATHCE OTIPEACIEHH-
€M apuPMeTHIeCKOro cpeaHero:

Loz=N(zl),,

rae N — obiee uuco YacTHil.
Iocnexnee mpeofpasoBaHWe COCTOMT B TOM,
) 1
uro Ml samenmm (02)  Ha —(v?) . Tak Kax
\ cp 3 op

2} = (g2 2 2 .
(v?),, =(? Joo * (vy )cp +(v?),,  craraemsre cpasa onu
HAKOBHI (MBI C CAMOTO Haasia MCXOZIMIH U3 TOTO, 4TO ABH-
’KeHHe XaOTHYHO ¥ HY OJHO N3 HallpaBJeHwil B COCy/e He

HUMeEET NIPeuMyIIecTBa Hepex APYrum), TO

<02>cp = 3(vf)cp .

3amenss eme orHomeHue N//° Ha IUIOTHOCTD YacTHI 7,
MBI HOTyuuM (opmyy BatepcToHa ans nasjieHus.

3anaua, Kak BUANTe, HecJa0XHas1, 1 BaTepcTon ee pe-
LI BepHO. KpeHHT sxe IpeAnoIoxKu1, YTo MOJIEKYIa IpH
yAape IiepenaeT CTEHKe BeChb CBOH UMIIYJbC, ¥ NOMYYHI
Pe3yJILTAT, BABOE MEHbIIMIH!,

Mo:kHo, o1HaKo, TOAYMarh, YTO B BHIBOJE CHAEJIaHO
OHAHO OYeHb BAXKHOE YIPOILICHHE: YAAD CYUTAICS YIpy-
™uM. B zelicTBUTETEHOCTH K€ 3TO NIPEANOJIOKEHHe, KaK
HH YIUBHUTEIBHO, HECYIIECTBEHHO. MoJeKysJa MOXeT
OTPa3UTbCs KaK YTOAHO, HO Pe3YJIBTaT OT ITOTO HE MeHsI-
ercsi. Ilpenmonoxenne o6 ynpyroM xapaxkrepe yZapa He
M3MEHSET Pe3yIbTaT, 3aT0 Ae/aeT BEIBOJ O4eHb IPOCTHIM.

Takoe 3amedyarejbHOE CBOMCTBO — He3aBHCHUMOCTH
PE3yJIbTaTa OT 3aKOHA OTPa)XeHHUS] — SIBJISIETCS CJIECTBH-

! Tak 65110 61, ecv 6B MOIEXY/Ta NPUINNANA K CTEHKE, 2 HE
orckakuBaia oT Hee. B cepenune XIX Bexa Mexanyka Owina eie
O4YeHb CIOKHOM HAYKOH U TaKue oi6KH ObLIA BO3MOXKHEL
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€M TEeIUIOBOTO PaBHOBECHS MEX/Y ra30M U CTEHKAMH CO-
CyZia, KOTODPBIE MOANEPIKUBAIOTCS HPH IOCTOSHHON TeM-
nepatype. OT Toro, KakuM UMEHHO 06Pa3oM OTPAKAIOTCS
MOJIEKYJIBI OT CTEHKH, OKOHYATENbHBIH Pe3yIBTaT — Tell-
JIOBOE PABHOBECHE — HE H3MEHAETCH.

MoXHO NPOHJTIOCTPUPOBATD 3TO BaXXHOE CBOHCTBO
paBHOBecHsI OXHUM rpumepoM. [Ipeanonoxum, 4To B co-
Cyiie € ra30M NOCTaBJIeHa JIeTKas IOABHKHAs ePEropo-
Ka, KOTOpas pasfejser ras Ha ABe 4aCTH Tak, 4To IoT-
HOCTb rasa M €ro Temnepatypa B 00eHX yacTax cocyaa
oauHakoBbl. [IpeanonoxuM, YTo 0O4HA CTOPOHA NEPero-
POAKH MOMMPOBaKHAs, a Apyras KJIeHKas, Tak uTO 3aKO-
HBI OTPAXKEHUS MOJIEKYJI OT IEPETOPOSIKH € 06eHX CTOPOH
3aBeZloMO pazauyHbl. Ecjiu faBieHus Ha HEPEropoaKy C
Pa3HBIX CTOPOH OKA3AIHCh OB TOXKE PAa3IMYHBIMU, OHA
cABHMHYJIACh OBl, 4TOBHI BHIPaBHATH AaBjeHHe. TeM ca-
MBIM OKa3anoCh GBI, YTO B paBHOBECHH ILUIOTHOCTH Ta3a
C Pa3sHBIX CTOPOH OT NEPErOPOAKH DasjIM4aioTCs, XOTA
JaBJAEHHUS M TeMmIepaTyphl B o6enX 4acTsaxX COCyla OAu-
HakoBbl. Ho 3T0OT BBIBOA HaXOAMTCS B NPOTHBOPEUUH C
yPaBpHEHHEM COCTOSTHUS: TaBJAeHME U TEMIEpaTypa onpe-
NeASAI0T ONHO3HAYHO IUIOTHOCTD Ta3a. 3HAYNT, JaBJicHHE
He MOJXeT 3aBUCETh OT 3aKOHA OTPaXKeHUs MOJIEKYJI rasa
OT CTeHOK. BoT K KakuM OOIUM 3aKII0YEHHSAM TPUBOAHT
NPeANON0XKEHUE O TENIOBOM P2BHOBECHH.

KUHETHYECKASA SHEPTUSA MOJIEKY.JT
U TEMITEPATYPA

Teneph HaM ocTaeTcs CBSI3aTh YAAPBI MOJIEKYJI C TEM-
nepatypoil. CopMyaupyeM cHayasa ABa NPEANOJIOXKe-
HUsL, KOTOPBIE [103BOJIAT NOAYYUTH GopMy 1y Batepcrona.
Tak e, Kak U OH, OyZeM CYMTATh, YTO KOF/Ia Ta3 HaXONUT-
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CS B TeILJIOBOM PaBHOBeCHH, TO: 1) MONEKYJIbI raza CTaji-
KUBAIOTCS JIMIIb CO CTEHKOH M He CTANKHBAIOTCSH MEXAY
cob60it; 2) MOIEKYbl CTAJIKUBAIOTCS CO CTEHKOI YIIPYTO.
IlepBoe npeanonoKeHHe 03HAYAET, YTO MBI HMEEM JeNI0 ¢
UZIea/IbHBIM Ta30M, BTOPOE, KaK Mbl yke FOBOPHJIH, HHYETO
He H3MeHseT B Pe3yJIbrare, HO yIPOUIAeT BBIBOX.

Teneps B¢e coBceM mpocro. Ecau dopmyny ans
m<02)cp
2
TI0JIb30BaThCA ypaBHeHueM Kiametlipona — MeHaeneeBa

AaBJIEHUA TNICPpENHCATh B BHIAEC p=-3—n u BOC-

r= %RT, TO TIOJY MM

2
2 m(v?)
RT==——2%N,.
3 2

Mbu1 3aMeHmnIH TpousBeienye nV Ha yncio ABOraapo

N,, Tak Kak 110 CMBbl apHeHus1 Kianeiipona — Men-
Al

aeneesa V ecTb 00BEM OHOTO MOJISL, & #1 — YUCJIO YACTUL
B 1cM

R
Ecin 0o603HaunTs N yepes k, TO moJTy4umM
A

m(v2)

3
2 = —FT.
2 2

IocrosiHHas k HOCUT HasBaHMe TIOCTOSIHHON Bosbimata
(oHa 6ruta Beegena [Lnankom B 1899 r.).

Hocaexusist bopmyia noka3biBaeT, 4TO TEMIIEPATYpa
CJIYXUT Mepoii KHHeTH4ecKOH 3Hepruu Mosekyy. Ecin
ra3 OJJHOATOMHBIH, TO BCS €ro 3HEpPTHs ecTh SHeprus Io-
CTYIaTeIbHOTO ABHKEHUS (471 Ta33, MOJIEKYIE KOTOPOTO
COCTOSIT U3 HECKOJIBKHX aTOMOB, hOPMYJIB OKAa3HIBAIOTCA
HEMHOTO CI0XHee).
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Hns onsoit M3 KOMIIOHEHT CKOPOCTH (HapuMep, v,)
MBI MOX€M HanKcaTh

m(2})

1
® = 4T
2 2 T

Taxue xe opMy b MbI MOXKEM HAUCATb U A4 ABYX OC-
TANbHEIX KOMIIOHEHT. JOBODPST, YTO aTOM MMeET TPH CTe-
neHn cBOOO/bI, TOHMMAS JIOA 9THM, 9TO €r0 ZIBHXKEHHe
3a/1a€TCs TPeMsi KOMIIOHEHTaM# CKOPOCTH.

DopMybi BEILIAAAT Tak, Kak GyATo OBl HA KAXKAOE
U3 TPeX BO3MOKHBIX NEPIEHAMKY/IAPHBIX HallPaBAeHUI
ABUXKEHMS TPUXONUTCS 3HEPrus, paBHAs (B CpefHEM)

—;—kT Ha KaXAyI0 MOJEKyJIy. JTO yTBePKAEHHUE — HacT-

HbIit CTy4aii 061Iero 3aKoHa paBHOpaclpene/ieHUs, IOpo-
ZuBHIero MHOro copos B XIX Beke.

Zocroitro yausneHws, uro Bce ToT ke BarepcTon noxna-
aviBai B 1851 r. Bputanckoii acconmaiuy: «PaBHOBECHE o
JABJIEHHIO M TeMIIEPaType MexXIy AByMs [azaMy MMeeT Me-
CTO, KOT/I2 YHC/I2 aTOMOB B euHUIle 0ObeMa PaBHbI M KOTJ2
JKMBasl CHJIa KAXK/IOTO aToMa OAWHaKoBa». Eciu 3aMeTHTs,
YTO <«KMBOM CWIOH» HA3BIBATH KHHETHYECKYIO IHEPIHIO
(B OTMYVE OT <MEPTROH CWJIBI> — CWTBl B COBPEMEHHOM
CMBICJIE 3TOTO CJI0BA)!, TO MBI YBHAMM B 3TOM YTBEDKAECHUH
CJIeAICTBUE 3aKOHa paBHopachpeaenennd. Ho u Ha 3TOT pa3
HUKTO He 00paTIJ BHUMAHUSA Ha JOKa] BatepcroHa.

1 Kax Mu yxe oT™euany, B XVI1I exe pa3HMila MEXIY CHIOH
u 3Heprueii He Obua elme ueTKo NoHATA, «CHy», 3aKII04€HHYIO B
JIeTsIelt myJte, NyTad¥ ¢ CUAOH CKaTON npyxkuusl. Je#ibnn BBen
Ha3BaHMe «KHBasi CUJa» [N1d KUHETHYECKON aHepruu ¥ «MepTBas
CWJIa», HAPUMeP, VIS CHJIb JaBJIEHHs] TUPH Ha NOJACTAaBKY. JTa IIy-
TaHHMla OCTANaCh B Ha3BaHUU <«JIOMIAJIMHASI CHJla» — elie HEJaBHO
YTOTPeOISABINEHCS eAHHHLBI MOIHOCTH,
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(opmyna Batepcrona cBsisbiBaeT JBE BETMUUHBL,
NPHpPOJA KOTOPHIX €ro NoYeTHbIM ONNIOHEHTAM MpeZICTaB-
nsiace HecpasHUMOH. (DopMysia CBs3biBaa 3HEPTHIO
YacTHI{ ¢ TEMNEPATypoH M HpUAaBaia HakoHel ¢U3HYe-
CKHIi CMBICT IOHSITUIO TEMIIEPATYPBI — IO KpaifHeil Mepe,
TemIiepaTyphi OHOATOMHOTO MAeanbHoro rasa. M xorsa
caM aBTOP He MOr BUAETH Beero GoraTcTsa cBoel GopMy-
Jibl, HO MMEHHO eif cy>IeHo OblIO cTaTh [epBoii hopMy-
JIOH KMHETUYECKOH TeOpHii ra3oB.

PACITPEAEJIEHUE QHEPTUN
110 CTEITEHAM CBOBO/Ibl

Mb1 y:Ke 3HaeM, YT0 Ha KXAYIO cTerneHb CBOOOIb B
0IHOATOMHOM Tra3e IpuxoanTcs sneprust //,k7T. B cucreme
CY moxHo 6bL10 Gbl BHIGPATH 32 TPAIYC TEMIEPATYPHON
LIKaJIbl TAKYIO BeJINYHHY, IPH KOTOPO# SHEPrUst, IPUXOJS-
1asAcs Ha OfHY CTeTeHb CBOOO/IBI, H3MeHsIeTcs Ha !/, Ko-
yas. B takolt cHcTeMe eHHUIl OTHO AeJIEHUE KA TeP-
MoMeTpa cooTBeTcTBoBaIo 061 0,7 - 102 K. J1a Benmyusa,
KOHEYHO, CJIMIIKOM BeIMKa AJIS1 UPAKTHYECKHX IIeNIe,
nioaToMy rpagycsl Kexbsuna (s Henbcust) npoposoka-
10T FOCIIOACTBOBATE B (hu3uKe. MBI y3HaeM BIIOCIEACTBHH,
4TO B s1epHO# PU3NKE M 0COBEHHO B acTpogHu3auKe IHep-
TeTHYeCKasi TEMITeDATypHas KA CTAHOBUTCA yA0OHOM.
Bosee mpakTH4Has Lika/a HOIyIANach Obl, ecii U3MeHe-
HUIO TEMINIEPATYPHl B OWH TPaJyC OTBEYANO GBI U3MEHE-
HUe SHepruM ONHOH CTerneHn cBOGOAB ATOMA, HO PacCcuu-
TaHHOe He Ha OJMH atoM, a Ha N, aToMOB, T. €. Ha 1/2R
O Taxoii mKaze Mbl yKe TOBOPHJIM ¥ 0003HAYMIHN [PAYC
B 3TOM 1iKaje depe3 ©. Torna aHeprus 1 MoJis 0XHOATOM-
HOTO atoma 3amuchiBamack Osf B Buze 3/,0. Ho raxyio
HIKa/ly HUKTO He BBOAuJ. Eciy ra3 He O[HOATOMHBII, TO
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z 4aCcTh SHEPTHH YXONHUT Ha
Kose0aHus aTOMOB BHYTPH
MOJIEKyJl W Ha BpallleHHe
camux Monexys. ITycrs, na-
TPUMEp, PeYb HOET O ABYX-
aTOMHOH MoJiekyJe THIa
O,. Eczn 651 kucopoa 6bin
OZHOATOMHBIM, TO ZIBA ATOMA
nMean OB ECTh CTemeHei
cpobonpl. Yucno cremeneii
cBOBOBI He MOTJIO H3MEHHTHCS, KOTJ2a aTOMbI 00BeMHHU-
JIUCD B MoNteKy.Ty O,. Y Takok MOEKyITbl CTh TPH NOCTY-
TIaTeJIbHBIE CTeeHu CBOGOAD! U [iBe BpaliaTeibHble — MO~
JieKyJIa MOXeT BPalaThCst BOKPYT ABYX ocelt (puc. 12)L,

Puc. 12. Bpamenne
NBYXaTOMHOI MOJIEKYJIbI

! Mo ne oueHn moHATHON B KiaccHuecKoH (u3MKe NpHIHHE
MOJIEKYJ1a Be BpalllaeTcss BOKDYT CBOEH OCH — TouHee, 3Ta CTENEHB
cBOGOIHL He UMeeT IHEPTHH. MOXHC ITO OOBICHHTS TaK, YTO aTOMAI
TOUYeUHbIe M MX HeNb3si PacKpyTHTb. CUTYaIMs CTAHOBUTCA SICHOM
JIHIDb B KBaHTOBOM MexaHuke. Ec/in MOJIeKyia COCTOMT U3 TPeX Win
GoablIero YMcA2 AaTOMOB, TO BPALEHHE MOKET IPOMCKORHTH BOKPYT
m060ro HaNPaBJeHNS — TOBOPAT, YTO MOJIEKYJIa B 3TOM CJIy4Yae UMe-
€T TPK BpauiaTesbHbIE CTeTeHy cBoboAbi (puc, 13).

2, rf_____Jv’

2

Puc. 13. Bpamenne MHOroaTOMHO¥M MONEKy 15l
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Octaercs eme mecrtas CTeNeHb CBOOOAK — 3TO Koje-
62aHusT aTOMOB EPYT OTHOCHTENLHO Apyra. ITu Kosnebanus
HAacC ¥ MHTEPeCyIoT.

B 1O BpeMsi Kak MOCTYNaTeNbHOE JBHXeHHME H (KaK
5TO MOXHO /I0Ka3aTh) BpauieHMs mnosydaior no '/,kT
9Heprud, KoneGanus monyyaior uenoe kT. Tlouars ato
MOZKHO, 3aAMETHB, 4TO MOJIEKY/1a, KAK YIIPYTast IPYXMHKA,
HMEET KPOMe KHHETHYECKOH SHEPTHH €IIlE U ToTeHIHAb-
HYI0, KOTOpas 3a6MpaeT POBHO IIOJOBHHY. JTO HETPYAHO
JZ0Ka3aTh U CTPOTO, PACCMOTPEB ABHIKEHHE YIIPYTOi 1py-
KHUHKH.

TakuM o6pasom, Mostekyna O, HMeeT SHeprHIo

)

Spr+2pra2pr=Lar,
grl gkl =3

T. €. TEIUIOEMKOCTh KHCJIOpOAa paBHa ’/,k Ha Monexyy,
win’/,R na 1 Mot

Ilo-apyromy obcrour fieo B KpUcTaiLte. B TBepanx
TeJIaX YaCTHI[H He MOryT CBOOOJIHO NlepeMenlaThCs B 1Ipo-
CTPAHCTBE H B HE CJIMIIKOM CJIOKHBIX II0 CTPOEHHIO Bellle-
cTBax He BpamaloTcs. [oaToMy npaxTuyecky Bce cTele-
HY cBOOOIH OTHOCATCS K KojtebaHMsIM, ITO 3HAYMT, YTO
TEIJIOEMKOCTh MOJIS1 paBHa 3R xamopwuii/rpagyc — no R
Ha kax/oe KorebaHue (Kaxapii aToM MOxeT xonebars-
€S B TpexX HalpaBieHusx). Tak kak R npumMepHO PaBHO
2 kam/Tpal X MOJB, TO TEIUIOEMKOCTb BCEX BEIRECTB B
TBEPZIOM COCTOSHMH AOJKHA Obinia 6b1 paBHATHCS 6, uTO
M COCTaBJISAET cofiepkanue 3akoHa Jiosonra u ITtu. Onprr
TIOKa3bIBAeT, OAHAKO, YTO PEATHHO TEILIOEMKOCTDb HE paB-
Ha TO4YHO 6, KpoMe TOro, OHa 3aBHCHT OT TEMIIEPATYPHI.
OcobenHo spKo Hecornacue ¢ 3akoHom [iononra u Iltu
6bU10 0OHAPYKEHO Y YINEPOXRa.
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ITOT BHIBO/J KA3ajCs B MPOLLIOM BeKe O¥eHb CTPaH-
HRIM, TaK KaK OH IPOTHBOPEYHII 3aKOHY paBHOpacmpeze-
senus. CieacTBUst OTKIOHeHHME OT 3akoHa [liojoHra u
[ty OKa3aIMCh, ORHAKO, 60Jiee CEPhEe3HBIMH, YEM MOXHO
661710 oxcmaaTs, OHH TpeiBEAIM KaTacTpody Kiaccuye-
cKoit husuKy, paspasupiityiocs 8 kouie pexa. O neii 6y-
IE€T PacCKa3aHo AATbLIE.

TEILIOEMKOCTb

Mbi yxKe 3aMETW M, YTO KajAopus M TIPafyc UMeioT
pasmepHOCTD aHepruu. OTCIONa MOXHO NMPHHATH K BHIBO-
Iy, 4YTO TEILIDEMKOCTb — BeJIMYMHA Ge3pasMepHas, T. €.
BeJIMYMHA, HE 32BUCSIAA OT TOTO, KaKas egWHULA U3Me-
peHus1 BBIOpaHa JJIs SHEPIUM: 5P, KAJTOPHsI HJIH eIlle YTO-
HuOYb. TO, YTO TEIIOEMKOCTh H3MEPAETCA B €AHHUIIAX
KaJIOpHsl/TPagyC W JXKOY/ib/TPagyc, — NaHb NPUBBIYKE,
He N03BOJISIONIAsi HAM OTKA3aThCA OT rPafyCoB.

Yto ke u3MepsieT TelIoeMKoCcTh? Beap A1 Kaxaoro
BellleCTBa OHa MMeeT CBoe 3Ha4eHHe, Ja ele 3HaYeHHe He
MOCTOSTHHOE, a 3aBUCAUIEE OT TEMITEPATYPBIL.

IloBTOpMM TO, UTO MBI YKe 3HAEM.

Ternn0eMKoCTb OZHOATOMHOIO HAEATBHOIO ra3a HMe-
eT npoctoi embict. Ha xaxayio crenens csoboas! npu-
XOAHMTCA 9Heprus, paBHas !/,kT. Ecau Mbl TemnoeMKocTs
GyaeM OTHOCUTb He K MOJIO, 3 K OAHOMY aTOMY, TO OHa
(B aprax Ha rpagyc) 6yner pata 3/,k i OyaeT HOKa3biBaTh
YKCJIO CTermeHeil CBOGO/IBI aToMa, T. €. YHCJA0 H3MEPeHHH
HAIIETO TPEeXMEPHOro HpocTpaHcTBal,

! B cucreme equnun, B koTopoit pV = ©, TerI0eMKOCTs OZHO-
aTOMHOrO Tasa 6pu1a Obl paBHa 3/2, T. €. 6bia 6B paBH2 II0JIOBHHE
4ucna crenereii cBoGORE! atoma, Takoi CMBICHK OKA3ANCS 3ATPSTAH-
HBIM B TEIJIOBBIX CBONCTBaX rasa.
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Ecnn xe neno xacaercs TenyioeMxocTin 6osee c1oxk-
HBIX TA30B HJIH TEIUIOEMKOCTH XHUAKOCTEH H KPUCTAJIIIOB,
TO B MAGAIBHOM CJyuae TENJIOEMKOCTh OIpeleisyia Obl
YHCJIO cTeneHed CBOOOMBI Tak, ¥TO Kaxk/oe KojebaHue
cunTajloch 6vl 3a ABe crenenu cpoboxst. Ha camom mene
nonoxenne Oosiee 3anyraHHoe. B Merajiax, Hanpumep,
37IEKTPOHKI, CO3ZAIONIHE AEKTPUUECKUI TOK, TIOUTH He
Y4acTBYIOT B TeIlJJOBOM ABikeHuH. Ux crenenn csobonni
Kak Obl «3amep3siny. IT03TOMY TeNI0EMKOCTh TBEDAOTO
Tesia MOXHO BHYACIHTD, COBCEM 320BIB PO 3JIEKTPOHBI
¥ YUHTHIBAs TOABKO KOoMeGaHus TsKesbix anep. IToHATs
3TO CTPaHHOE SIBJIEHHE YAATOCh JULIb TOT/a, Koria Gblia
CO3/IaHa KBAHTOBAsI MEXAHKKA,

1

PACITPENEJIEHME MAKCBEJLIA

Bce, uT0 6O CKa3aHO BHIIIE, €CTH CIEICTBHE TOIO
¢akTa, uTO Ta3, NPeAOCTABNCHHAN caMomy cebe ¥ Haxo-
JAIMUECSA B HOCTOSAHHBIX BHEIIHHX YCIOBUSIX (HalIpUMep,
ra3, 3aKJIIOYEHHBIH B COCYl, CTEHKU KOTOPOTO HaXOAsTCS
ITPH [IOCTOSTHHOI TemIiepatype), MPUXOAUT B COCTOSHUE
pPaBHOBECHSE.

C MaxpoCKOIH4€ECKOH TOYKH 3DEHUs B HEM YCTaHaB-
JIABAIOTCS TIOCTOSTHHAS TeMIIEpaTypa, IOCTOSIHHOE laBJie-
HHe, a eCJIN Ta3 COCTOUT U3 HECKOJIBKUX KOMITOHEHT (KaK
BO3YX), TO ¥ COCTAB rasa B Pa3HbIX MeCTax B cocyze 6y-
et ORUHAKOB.

Mosnexy:pi raza flaske B paBHOBECHH JABIXKYTCS Gectio-
PAIOMHO, CTANKMBAACH MeXKAy cODOU 1 CO CTEHKAaMU cocy-
aa. GecrpepsiBHO MEHSIS CBOIO CKOpOCTh. OHAKO He Bee
u3MeHseTcs crolpb XaoTHyecky. Kak 651 HM uaMensmach
CKOPOCTDb, Cpe/iHee 3HaueHWe ee KBaJpaTa ocTaeTcsa No-
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CTOSTHHBIM. JTO 3HAYMT, YTO, eC/M Obl MbI MOTJIK CJIEIUTD
3a KakoH-HHOY ib MOJIEKXYJI0H IOCTATOYHO JOJTO, Mbl YBH-
Aesv 6L, 4TO OHA GYZ€T TO YCKOPATHCSA, TO 3aMeIIAThCS,
XOTS B CpeIHeM KBAJIPaT ee CKOPOCTH ByaeT IIocTOSHHbIM
(cpenHuM mo BpeMeHH). TOT ke pe3ynTaT MOJYYHMTCH,
€CJIH MBI BMECTO TOT'G, YT00BI CIEAUTD 33 OXHON MOJEKY-
JI0i, H3MEPHIM B KAKOH-TO MOMEHT BPEMEHH CKODOCTH
DPa3HBIX MOJIEKYJL: CPeJiHee 3HaYeHHe OMSATh OKa3aIoch Obl
TeM ke (CPeRHHM 10 YHCITY MOJIeKyn)!.

3aafiiM BOTPOC: CKOJBKO MOJIEKYJ, T. €. Kakad HUX
YacTh, ABWXKETCS C ONPeJIESIEHHONH CKDPOCTHIO B JaHHBIH
MOMeHT? 1y 3adauy pemun Maxcsesn (obuasi Teopus
CTAaTHCTHYECKUX CBOMCTB du3HIeCKHX cHcTeM ObliIa pa3-
suta Bonbumanom u Tu66com).

Mur He 6ymeM BbiBoauTh (popMyny pacmpeseeHUst
Maxceesuna. i1 HamMx Uesiel BaXKHO TONBKO TO, 4TO
cornacHo 3toil dapMyne pacnpefieNieHue MOJEKYya MO
CKOPOCTSIM ONPE/ENSETCE MHOMXKHTENIEM, NMEIOIIINM BHJ
IKCIIOHEHTH, T. €.

£
Sf(@)~ CXP(—E) ,
mv?

rae T =& — KHHETHYECKast IHEPTHSA MOJEKYJIbl.

Makxkcsent omy6ankoBat csoio popmyty B 1860 r. Ero
BBIBO/ Ka3asicst oueHb ctpaHHbiM. OH He peluai noApobHo
YPaBHeHHIi JUIA KAXZOr0 U3 CTAJKHBAIONINXCS aTOMOB, a
€pa3y MOIy4YAN YCIOBHUSL JJS PABHOBECHOTO COCTOSAHHSI

! BHuMarenbHHH YHTATENb MOXET CAPOCHTD, NOYeMy [IpH
IBYX criocobax ompeaeneHHst cpexHel CKOpOCTH pe3yasrar Oyaer
onHuM 1 TeM xe. CpeiHee N0 BpeMeHH BBeJ B QH3NKY JHHIITEHH, #
TO, YTO 3TO CpeAHee PABHO CPEIHEMY MO THCILY MOMEKYL, 10 CUX IO
He OKa3aHo /0 KOHLA.
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cucreMsl u3 Gospmoro yucsia aroMoB. Ho taxue yciosus
HUKAK He cJIeJoBaIH U3 MexaHukd. HeyausuresibHo, YTO
naxe TOMCOH BITAJICS IPOBEPATDH 3aKOH PacHpeAeeHHs,
PacCMaTpUBasd MEXaHHKY Ow/uMapausix mapos!. Max-
CBEJUI BO3BDAILIAICS BHOBb K BBIBOAY CBOel hopmynl
B 1867 r. B Hosoii paboTe OH J0Ka3ai, YTO NMOJIY4EHHOE
MM pacrpe/ie/ieHHe AeHCTBUTENBHO He M3MEHSIeTCS IpH
coynapeHHsix MoJtekya. CTporuil BeIBOjI pacripeieNieHust
MaxkcBensia Ha caMOM ZeJie OKA3aJICA HEJIETKHM AEJIOM, B
KOTOPOM €IIl€ JI0 CET0 BpEMEHH He BCE HPOSICHIIIOCh,

YTO TAKOE PACIIPEJEJIEHUE?

Ha nepsaiit B3risig Bo ¢pase: «CToapko-To MOJIEKy.T
B rase UMeeT CKOPOCTh, Hanpumep, 200 M/c» — Her Huye-
ro crpansoro. Ho aro uxcio 200 se Moxer ObITh coBep-
eHHO TOYHHM. TOUHBIX 3HadeHWH GECKOHEYHO MHOTO,
2 MOJIEKYJ XOTs M MHOFO, HO BCE-TaKH KOHeYHOe YHCIIO.
B xax/AbIH JaHHBIH MOMEHT MO3TOMY MOJIEKYJILI HE MOTYT
uMeTh BCe BO3MOXHEIE ckopocTH. Ho ato u He HyxHO.
Bcsikyio ckopocTh MBI H3MEpsieM C KaKOH-TO TOYHOCTBIO,
4 [T03TOMY Ha CAaMOM /Iefie Peup HAET He TOYHO O CKOPOCTH
200 M/c, a 0 HexoM uHTepBaie ckopoctedi or 200 — & go
200 + §, rae § — HexkoTOpas Masas BeJMYMHA, OTBEYAIO-
H[ast YCIOBUSIM OIThITA.

Eciu roBoputh He 06 abconoTHON BerMYHHE CKOPO-
CTH, 3, CKaXXeM, 0 KOMITOHEHTe ¥, TO MOXHO 3a/1aTh BOIPOC:

! Baunnaps okasa/ics NOMY.IApHOM MOAEBIO JIA HCCHEI0BA-
HHs1 IOBeAeHHs1 aToMoB. Teopyst CTANKHBAIOWMXCA MAPOB Ha G-
MHAPIHBIX CTOJAX Pa3HOil GOPMEI pasBUIACk B HHTEPECHYIO 00J1aCTh
MaTEMaTHKH,
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CKOJIbKO MOJIEKYJ (MJIH, JIydile, Kakasl 4Ol MOJIEKYJ)
HUMEIOT KOMIIOHEHTY CKOPOCTH, JIEXAIIYIO B HHTEPBaJe OT
v, 10 v, + Av,? Taxyio BeTH4MHY MOXKHO 3aIINCATh B B
An(v,) = f(v,)Av,. Oynxumio f(v,) naspiBaior GyHKIHEH
pacnpe/ie/IeHusi.

Ha puc. 14 uso6paxens Ase auarpammbr. CTymeH-
JaTas JIMHUS ONHCHIBAeT IPUMEPHOE paciipeieJieHHe MO-
JIeKyJ, TaK YTQ ANOIAAb KaXAOro (7-T0) NpAMOYTOib-
HHKa (OHa paBHa f,AD ) eCTb J0/5 MOJIEKYJI, HMEIOHUX
CKODOCTH, Jexalile B COOTBETCTBYIONIEM HHTEpBale.
Benuynsa unTeppana Av, BbiOpaHa PABHOM eIMHHIE.
Takan guarpamma Ha3biBaeTcsi rHCTOrpaMMmoil. Ecau
4YHCJIO CTYNEeHEeK THCTOTPAMMBI OY4eHb BEJIHKO, TO CTY-
NeHYaTy1o IMHUIO MOKHO 3aMEHHTD IMaIK0# (0HA TaKke
n306paxeHa Ha PUCYHKe). ITa JIMHUA U €CTb (PYHKIMSA
pacnipenenenusi. Tak kaK f(v,) onpeznesnser oo MoJe-
KYJI, TO IJIOINA/b IO/, BCeH KPUBOH JOJIKHA ObiTh PaBHOM
eIHUILE,

il

Puc. 14. TucTorpamma ¥ KpuBas pacnpeaeneHus (1as v,)

-

Uy

TouHo Takue ke rpadHKy — rHCTOTPAMMBI — MOMKHO
[OCTPOUTh A1 QYHKIMH pacnpezesieHHs ABYX APYTHX
KOMIIOHEHT: U, H U,
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Temnepp HanuIIeM BbIPAXEHUE IS IOTH MOJIEKY, KO-
TOpbiE UMEIOT KOMIIOHEHTRI CKOPOCTEH U, v, 1 v, (TakxKe
B HeKOTODbIX MHTepBajlaX BOKPYT 3THX 3HayeHuil). ITo
MOXHO c/eJaTh TakK. Jlosss MosleKy/1, HMEIOIHX KOMIIO-
HEHTY CKODOCTH U, paBHa f(v,)Av, U3 atux Mosekyn
HEKOTOPas YaCTh HMEET BTOPYIO KOMIIOHEHTY, PaBHYIO U,
Jonst TaKMX MOJIEKY X, O4EBU/IHO, DPAaBHA

An(v,,0,)= f(v, ) (v,)Av Av,.

M3 qucna 3TUx Monekyn fonst f(v,) Gyaer umeTs TpeThio
KOMITOHEHTY CKOPOCTH ¥, 3HAaYMT, [0/ BCEX MOJIEKYJ,
MMEIOLMX CKOPOCTh C KOMIIOHEHTaMH 0,, U, v, Gymer
paBHa :

kS

An(vx‘ vy’ vz) = f(vz)f(vy)f(vx)Avavysz'

DyHKIHIO

f(@0v,0,)= f(0,)f(0,)f(2,)

MOJKHO Ha3BaTbh QYHKHUMeH pacnipeiesieHUsi MOJIEKY. Mo
ckopocTaM. Bee Tpy yHkuun pacnpezenieHus mo KOMIo-
HEHTaM CKOpOcTeil R3AThl OIUHAKOBBIMHM, TaK KaK B Tell-
JIOBOM PaBHOBECHH BCe TPU HATPaBJEHHUs B IPOCTPaHCTBE
HUYEeM He OTIMYAIOTCA IPYT OT APYra.

PASHBIE CPEAHBUE
Ecau NpUHATD, 9TO 3aKOH PACIPEAENICHHS MOJIEKYJ
10 CKOPOCTSIM U3BECTEeH, TO MOXHO BBIYMCIAHTH U DPasHble

XapaKTePUCTHKU 3Toro pacupefeneHus. [[ns cpeanero
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KBaapaTa CKOPOCTH NOJYy4YaeTcst (pOpMysia, HaM yxKe M3-
BECTHAsT

3kT
(vz)cp = 2—m,

WM, JU18 CPefiHel KUHeTN4ecKoH SHEepIuy,

3
<E>cp=5kT' %

MoXHO HalTH M CpefiHee 3HaYeHUe abCONIOTHON BETHYU-
HEI CKOpOCTH

{il),, = ( 8kT ]1/2 -1, 772("1)1/2.

nm m

Haxkowrell, «Hauosee yacTo» BCTPEYAOTCA MOJIEKY-
JIBL €O CKOPOCTBIO (HanGosiee BEPOSTHAs CKOPOCTH)

1/2 1/2
(%J) =1,414(.k1) .
m m

He cnenyet yAHBAATBCA, YTO MOJIEKYJIBI CO CPEXHEH CKO-
POCTBIO BCTpEYaloTCst He Hanbosee yacto. AGConoTHaS
BeJIMYHHA CKOPOCTH — BeJHMYWHA TIOJIOXKHTENBHAS, M
4HCJI0 MOJEKYN, MMEIOUMX CKOPOCTh MeHbIle CpexHeit,
Bcerzia 60Ibille, 4eM YHUCII0 MOJIEKYT, MMEIOLIMX CKOPOCTD

! Cpenniee anauenne CKOPOCTH PaBHO HYMIO, TAK KaK OTDHI{a-
TEJbHBE H TOJOXHTeNbHNE 3HAY€HHS KOMIIOHEHT PaBHONPABHHL.
BoramcreHne cpeAHHX CBOANTCS K BHIYMCACHHIO HHTETPAJIOB H 37ie-
MEHTaPHO CAENAHO OHTb HE MOXET.
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Gonbuie cpexHedl (YTOOB «ypPaBHOBECHTb» MOJIEKYJIB! €
GOBIINMY CKOPOCTSIMH, HaZlo UMETh GoJIbIiiee KOINIeCT-
BO MOJIEKYJI C MAIEHBKHMH CKOpOCTSAMH)'.

Ecm 6b1 Bce MONEKY/IBI MMETN OJUHAKOBYIO CKO-
POCTh, TO BCe TPH BEJIHYMHAI GbUTH OB, KOHEYHO, PABHbI
apyr apyry. Ux pasiuume MoKasbiBaeT, HACKOJBKO Da3-
6pocaHb! 3HAYEHHA CKOPOCTEIL.

s Toro 'wTo6El XapakTepu3oBaTh Pasbpoc CKOpo-
cTel, OKa3HBAeTCs YAOGHBIM BHIYMCIMTD €Ie CPEeXHH
KBaZIpaT KHHETHYECKOH 3Hepruu

2
m 15
2y sy 22 e
(82),, =" (04), =T
CocTaBuM Teneps pPa3HOCTb, KOTOpasl Ha3BIBAeTCA AHC-
nepcueit:

3
o=(E?)_~(E)2 = FHT

M5l o6HapyXuBaeM, uTo TEMIIEpAaTypa BHICTYHAET
elie B OJHOM KayecTBe: OHA XAPAKTEPU3YET «IIHPUHY»,
pasbpoc pacrpenesieHUs: MoJIEKya [0 CKOPOCTSIM (MiIH
DHEPTHSIM), T. €, BEJIMUMHY €CTECTBEHHOTO pa3bpoca Ku-
HETHYECKOM SHEPTMH MOJIEKYJIbl BOKPYT CPEHErO ee 3Ha-
qeHHs.

Taxkum obpasom, obvenunenune Gopmynl Barepcero-
Ha C HOPMAJIBHBIM PACIIPEZie/IEHAEM TIPUBEJIO K AaJIbHEH-
IeMy pasBUTHIO MOHATHsI TEMIIEPaTYPhl Kak mapameTpa,
ONpEAEAIOMEro pasépoc sHEPruM B IOCTYHATENBHOM
JBUKEHHMH YaCTHI] rasa.

! 310 x0pOMIO M3BecTHO craTHcTHKAM. Yncao Monets, moay-
qaI0IMX 3apN/aTy Gosblte cpeaxedt, Beeraa MeHblIile, 4eM YHCIIO JHO-
aeit, NOTy4alonMX 3apIUIaTy Menblile cpeanei.
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PACITIPEAEJIEHUE MAKCBEJIJIA 1 XAOC

OcraHOBHMCH ellle HEMHOTO Ha pacnpeaeieHuy Max-
cBesuta, IIpexnae Bcero, omuceipas ras, mepelizieM, Kak
TOBOPAT, H3 IPOCTPAHCTBA KOOPAUHAT B IPOCTPAHCTBO
cKopocTell. ITO 3HAYMT, YTO MBI OyaeM <«u300paXkaTb»
KKAYI0 MOJEKYJy TOYKOH ¢ KOODAMHATAMM, PaBHBIMH
KOMIIOHEHTaM CKOpOCTed 3Toit MonekyJsnl. Tak, Touka B
HauaJe KOOPAMHAT COOTBETCTBYET NOKOAMIEHCS MOJTEKY-
Jie, TOYKH Ha OCH X — MOJIEKYJIaM, IBIKYIIHMCS C Pa3Hbi-
MH CKOPOCTSIMH BJIOJIb OCH X, ¥ T. . TaKoe IpocTpaHCTBO
u306paxkeHo Ha puc. 15.

i
g f———————
AI} i
i/ 40,
40, Y
Y
//
rd
7/
L A

4
Puc. 15. DnemeHTapHbIiH KyOHK B IPOCTPAHCTBE CKOPOCTElt

Tpexacrasum cebe KyOUK ¢ OIHOI U3 BEPILHH B TOYKE
(%, y, 2) U ¢ pebGpaMu, NapauIeJILHEIMH OCSIM KOODAMHAT.
BuyTpu aT0ro xy6uKa 6y IyT HaXOAHThCS TOUKH, COOTBET-
CTByIOHIME MOJIeKyJaM, KOMIOHEHTH CKOpocTeif KOTO-
PBIX JIeXKaT B MHTEPBaJIaX, ONpPeAe/sieMbIX KOODANHATAMH
BeplKH KyOunka. YHcio Takux MOJEKYJ Ha camoM Jejie
BCE BpeMA MEHseTCS — MOJIeKyJIbl CTAIKHBAIOTCS APYT C
APYTOM, H3MEHSIIOT CBOM CKOPOCTH. JTH IIPOLecChl 6yayT

90



TIPHBOAUTH K TOMY, 4TO TOYKH B KyOuke OyAyT TO 110sB-
JThCs, TO Ncdesats, Ecu Touka ncuesiia, 3Ha4nr, rae-1o
B ApPyrom KyOuKe (MBI JIeTKo MOxeM cebe mpeaCcTaBuTD,
UTO BCE <IIPOCTPAHCTBO CKOPOCTEH» PasbUTO HA TaKue
KyOUKH) NOSBUTCS HOBAs TOYKA.

SIcHo, 4TO Ofliiee YUCIIO TOYEK, KOTOPOE PaBHO TIOJI-
HOMY YHCJLY MOJIeKY.T B Ta3e, 0CTaercst HocTosHHBIM, Ecan
ORI HAC MOTPOCHJIM TOAPOGHO OIMCATD, YTO IPOUCXOAUT
B KakoM-HHOYIb KyOuKe, TO 970 6bia Opl HEMOCHIIbHANA
3aza4a. OHAKO Hac He UHTEPECYIOT TaKue NoAPOGHOCTH,
OHM HaM IIPOCTO HU K YEMY — BCE PABHO MBI He 3HauH 6B,
uto ¢ HUMH Jenats. Ha caMoM-To Jieste Hac MHTepecyer,
CKOJILKO MONEKYJI HAXOAWTCA B 9TOM KyOuKe B cpefiHeM, !
Ha 3TOT BONPOC A2€T OTBET pacupeneieHyde MakcBesua.

Herpyaso mnossATh, 4To (GYHKUMS pacrpeleieHus
MOET 3aBMCETb TOJIBKO OT KBAZipaTOB CKOpOCTell, 160
OHa He [I0JDKHA 3aBUCETH, OYEBUAHO, OT X HANPABICHUH.
Ecau 6bi 310 GBLJIO HE TaK, TO B KAKOM-TO HAIIPaBJICHRA
neresio 6u GONbIIE MONEKYJ, YEM B APYTOM, ¥ BECh ras
ABUraJICS GBI KaK 1eJIoe.

Ho mb1 3HaeM, 4T0 5Ta HYHKIMA JOJKHA PACTIANaThCs
Ha TPU OIMHAKOBEIX MHOKUTEJS, KAXKABII 13 KOTOPHIX 32-
BHUCHT TOJIBKO OT OHOH KOMIIOHEHTBI CKOPOCTH (TO4Hee,
OT ee KBaapaTa).

Ksagpar CKOpOCTH paBeH CYMME KBAApaTOB KOMIIO-
HenT: v? =02 +v2+v?. Urax, 3aaa COCTOUT B TOM, 4TO-
6bI HalTH TaKyI0 (PYHKLMIO OT 2, KOTOpas pacnajanach
6Bl Ha TPOU3BEJICHHE TPEX OXHHAKOBHIX QYHKIUE 0TV, ¥
H U, COOTBETCTBEHHO,

MoXHO IT0Ka3aTh, YTO eAHHCTBEHHAS QYHKIMS, YIOB-
JIETBOPSIONIAS STOMY YCJIOBUID, 3a[IUCHIBAETCS B BHIIE

Y

f(©?) ~ exp(~ow?) = exp(-ow? yexp(~0w? ) exp(—aw?).
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Janbrefimue pacyeTsl TPeGyIOT BRIYMCJIEHMsI HHTErpa-
JIOB, MBI UX NIPHBOJIUTD He G6yAeM. 3aMEeTHM TOJIBKO, YTO
koathdument

a="_
2kT
HAXOJIUTCS U3 YC/IOBHSL, YTOGBI Cpe/IHee 3HAYCHHE, HATPHMED
(v, )2, YAOBJIETBODSLIO CTAPOMY YCJIGBHIO ("x).;p = Emz

MoxHo emle HanmucaTh (HYHKIMIO, KOTOPasi OITHCHIBA-
€T pacnpe/fie/leHHe MOJeKYJI [0 KHHETHYeCKOH SHepPTHH,
T. €. OIpeJesiseT JOJI0 MOJEKYJ, UMEIOoIUX KHHeTHYe-
CKyI0 3Hepruio B untepBaie g, € + Ae. Takas dynkius
uMeeT BUA

f(&)=(2rkT)3/2¢~¢/kTgl/2,

Ira bysKMA TakxKe Ha3kIBaeTcsl QyHKIMEH pacnpesnesie-
HHs1 Makcpesiia,

U3 toro dakra, uro QyHxUMsS pacnpeneneHUs pac-
NaJaeTCs Ha MHOXHTENH, BHITEKAET, 4TO pacnpeesieHHs
110 BCEM TPeM OCSIM He 3aBUCAT APYT OT JApyra ¥ IOx4u-
HSIOTCSI OXHOMY M TOMY e 3aKOHY. MoxHO cKa3aTb,
YTO BEPOSITHOCTD JJIS1 MOJIEKYJIbl TIONACTh B HEKOTOPBIi
BoIOpaHHBIH HaM#i KYOHK, T. €. BEPOATHOCTb TOTO, YTO B
pe3yJIbTaTe CTOJKHOBEHMM MOJIEKyJia IPHOOpETaeT CKO-
POCTD, OTBEYAIOLIYIO KOOPAMHATAM BHYTPH 3T0r0 KyOuKa,
pacnaiaeTcs Ha TPY MHOMXKMTEJA — BEPOSITHOCTH KX 0
U3 KOMIIOHEHT CKOPOCTH MOJIEKYJIhl OKa3aThesl B MHTEPBa-
Jie 3HaYeHUH, OTBedaomeM pebpy KyOuka.

Takyio 3anady MOXHO HPOWIIOCTPHPOBaTh WIpoit
B KocTH. Ilycth MBI GpocaeM TPH HIpajIbHbIE KOCTH, BbI-
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KpallleHHble B pasHble 1{BeTa. BeposATHOCTH TOro, YTO Ha
OZHOM M3 KOCTeli, HaNpUMEp KPACHOI, BRINAZIET NATEPKa,
paBHa ! /¢ TaKoBa e BepOATHOCTb TOrO, YTO Ha 3eJeHol
KOCTH BBIIIAfieT TpoiKka (MM Ha XKeJITOH — YeTBepKa).

TTouru oyeBuaHO, YTO eciim Mbl Gynem Gpocath Bce
TPH KOCTH Cpasy, TO BEpOATHOCTH 060l KoMOUHAINH,
HanpuMep: 3 (kpacHas) + 4 (3emeHasn) + 1 (xearasn) — 6y-
AT PaBHA NPOU3BEACHHMIO !/ - /s 1/ =1/, ...

OcHoBatyeM JUISl TAaKOTO PEIIEHMS CAYKHUT UHTYH-
THBHAas1 yBEPEHHOCTD, YT0 6pocaHue Kax 0N KOCTH HUKaK
He 3aBUCUT OT GPOCAHHMS [PYIHX, a IOTOMY BCe TPOMHbIE
KoMOuHanuu uncen ot 1, 1, 1 70 6, 6, 6 AOKHBI BHIIAAATD
OIHMHAKOBO 4acTo, T. €. UMETh OJJMHAKOBYIO BEPOATHOCTS.
IIporiecc pacnpenesienuss MOJEKyJI IO CKOPOCTSIM B pe-
3yJIbTaTe CTOJKHOBEHHIA, KOHEYHO, He MOXOX Ha OpocaHue
KocTed, ITOT MPOUECC TONBKO AEMOHCTPUPYET, noYeMy
IIPOM301LIET pacial Ha TPH MHOXKUTEJIS.

BriBoz pacnpeznenenus MaKcBesia XOTs U He OY9€Hb
[POCT, HO KaXXeTCsl HACTOJIBKO JIOTHYHBIM, YTO HHKAKOTO
APYTOro pacupefiesieHus Bpozie ObI i ObITh HE MOXET.

Y1065l MOAYEPKHYTH, HACKOJBKO OIIMGOYHBIMU MO-
TYT OKa3aTbCs «OYeBHHBIE» BEIIH, CIeAyeT CKa3aThb, YTO
pacnipe/iesierye MakcBesia He OMMCHBACT a3, B KOTOPOM
CYLIECTBEHHYIO DOJIb HIDaioT KBaHTOBBIE CBOKCTBa (Ha-
IpHMep, 2JEeKTPOHBL B MeTajlle MJIM ra3, COCTOSIIHI U3
totoHoB). g Takux cucreM GYHKUHS pacTipeseNeHHs
BBIBOANTCS U3 COBCEM APYIUX TPENTION0KEeHHUH.

Ias, B xoTopoM Molekysbl pacrpenesnieHsl mo Mak-
cBeuty, 0Onazaer 3aMevateNbHbIM cBOiicTBoM. Takoe
pacupezeneHne He U3MeHseTCA co BpemeHeM. Kaxas ot-
AejibHAsT MOJIEKYJIAa M3MEHSET CBOIO CKOPOCTh OYeHb dac-
TO (CTaJKUBAasiCh C APyriuMu Monekysamu). Ho ra Mecro
MOJIEKY/Ibl, BHIOBIBLIEH M3 KyOHKa, MPUXOXHT APYTast MO-
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Jexya. Ecan Mbl He pa3iduaeM MOJIEKYJIb Mexay coboi
(a 970, KOHEUHO, Tak!), TO pacmpesesnenue MoeKky. Gy aer
OCTaBaThCs BCE BPEMSI O[HUM U TEM XKe.

Ecan nanonaHuTh Kakoii-Jin60 COCYX ra3oM, TO yepes’
HEeKOTopoe BpeMst paclipeielieHHe €ro MOJIEKY I 10 CKOPO-~
CTSIM CTaHeT PaBHOBECHBIM, MAKCBE/UIOBCKUM. JTO 0JK-
HO NPOM30HTH COBEPIIEHHO He3aBUCHMO OT TOFO, KaKoe
pacnpeznenenyve ra3 UMesl B Ha4aAbHbI MOMEHT — Mose-
KYJ1bI €70 MOTJIH MIMETD, HATIPUMED, OIMHAKOBbIE CKOPOCTH
HJIN JIBUraThesi elle Kak-HUGYAb, HO TMOCJe HEKOTOPOTO
BpPEMEHH JIOJKHO YCTAaHOBHMTHCS PABHOBECHOe pacnpene-
JIEHHE. ’

Eciii HEMHOXKO moaymarh, TO 3TO YTBEDXKAEHHE
JOJIKHO [TOKA3aThCsl CTPAHHBIM H JlaKe He BIIOJIHE MpaB-
nonoRobHEIM. B 3a7ayaXx MeXaHMKH MBI NIPUBBIKAM K
TOMY, YTO HAaJ0 337aTh HaYaIbHble KOOPJVHATH U CKOPO-
CTH, YTOOBI ONPEAEIUTH C MOMOIBIO ypaBHeHwmit Hroto-
Ha IOJIoXKeHHe ¥ CKOPOCTH YacTull B Hosee riosaHue (Min
Gonee parHue) MOoMeHThl BpeMenn. [1py aToM pasHbie Ha-
yaJIbHblE JlaHHbIe IPUBEXYT K Pa3HbIM COCTOSIHHSIM CHC-
Templ. B Mexanuke, Kak roBODSIT, CHCTEMA «[IOMEHT® CBOH
HaYaAbHbIE YCJOBYA, T. €. TaM RCeT/ia MOXHO B IPUHIKIe
BOCCTAHOBUTDH HCTOPHIO CHCTEMBL.

B raze Bce mpoucxoaut no-apyromy. Kakum 6p1 Hu
6bLIO pacHpeziesieHHe CKOPOCTE B HEM B MCXOJHBIA MO~
MEHT BPEMEHH, OHO JOJKHO IIPEBPATHTHCSL B OXHO M TO XKe
pacnpenesetine Maxceesna. B atoMm ciyuae cucrema «3a-
6bIBaeT> CBOI0 HUCTOPMIO, M M3 U3YUEHUs pacripefeseHHs
ra3a B PaBHOBECHH IIOYTH HUYero He/b3sl y3HATh O TOM, B
KaKOM OH Obl/i COCTOSTHUY DaHbIITE.

Victopust rasa, KOTODbIM Mbl 33HOJHUIH COCYN, Pa3-
6uBaeTcs Ha ABa nepuoja. B mepBeii nepuoa Moseky-
JIBI CTJIKUBAIOTCS MEXIY COOOH MM CO CTeHKAMH ¥ X
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pacnpeneneHde NpUOTHKACTCA K PABHOBECHOMY. JTHM
NIEPUOJOM 3aHHMAETCS CliellHaJbHAs HAYKa O HepaBHO-
BecHBIX cucreMax. [locsie HECKOJILKUX COTEH WK THICSY
coyAapeHuii KaxAol MoJieKyabl Ta3 NpaKTHYeCKw Iepe-
XOJMT B DaBHOBeCHOe cocrosiHue. [ampiie coyiaapeHus
y3Ke HUYEro He U3MEHSIIOT.

Eciu coBceM He yuuThIBaTh CTOJIKHOBEHHH, T. €. €C/In
ra3 IOCTATOYHO Pa3pexkeH, TO Mbl IIPUAEM K MO/ Hie-
aNPHOTO rasa, B KOTODOM CTOJKHOBEHHS HYKHBI JIMIIb
AJISL YCTAaHOBJIEHUS PaBHOBeCHs !,

CTo/1KHOBEHHS MOJIEKYJT IPUBOIST K TOMY, YTO YPaB-
HEHHE HIeabHOTO Ta3a OTJM4aeTcs: oT ypaBHenus Kia-
neipoHa — Menzeeena.

PaBHOBecHOE COCTOsIHHE 233, O KOTOPOM MBI I'OBO-
P¥M, MOXKHO OIIMCATH TaK: B paBHOBECHOM T'a3e CymecTBy-
€T MOJIeKYIApHbIiA xaoc. C/I0BO «Xaoc» HaJ0 MOHUMATh B
TOM CMBICJI€, 9TO CHCTEeMa He COXPaHMIIa HUKaKo# uupop-
MAIHH O CBOEM IPOILLIOM.

IlousaTue xaoca NO3BOJAAET YIPOCTATH OGOCHOBaHHE
HeKoTopbiX ¢opMy. Hanpumep, koraa BerBoAuAach Gop-
MyJIa s IaBJieHus ra3a Ha CTEHKY COCY/a, MBI PacCyx-
JAJTH O TOM, KaK MOJIEKYJia OTPKAeTCsi OT CTeHKH. B feil-
CTBHTEJILHOCTU MOJIEKYJNA, KAK HIPaBUJIO, YAAPUBIIHKCE O
CTEHKY, IPWIHIIAET K Heil Ha HEKOTOpOE BPeMs, 2 MOTOM,
OTOPBABUINCEH, JIETUT B KaKyio-HUOY/b CTOPOHY, «3a0b1B>
0 TOM, OTKYyZa OHa Hpuierena. [losToMy HeccMBICieHHO
JeTaibHO 06CYKIaTh IPOIIeCe OTPaskeHusl M MPOIIE pac-
CY’XAATb TaK: MOCKOJIbKY CBOHCTBA I'a3a He 3aBUCAT OT Ha-
NPABJIEHHS, TO KOMMYECTBO ABIKEHUS, EPEHOCHMOe ra-

1 Ecau cronkHoseHnit MEXAY MOJICKYJIaMH TIOYTH HET, TO PaB-
HOBECHE, KaK yXKe€ TOBODHIOGCH, BCE XKE 6yl[€T yCTaHaB/IHBATLCA 6na-
ToAApA CTOJIKHOBEHHAM CO CTEHKaMu.
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30M B CTOPOHY CTEHKH, I0/DKHO OLITh PABHO KOJIHYECTBY
JBYDKEHHUs1, KOTOPOe HECYT MOJIEKYJIbi Iasa, JeTAailHe oT
CTeHKH. DTOT (HaKT He ROJKEH 3aBHCETH HHM OT KaKHX NOA-
pobuocTeii B3auMoZEHCTBISA ra3a CO CTEHKAMHY, OH CBA3aH
TOJILKO C XaOTHYHOCTBIO ABMXKeHUs MoneKyl Ecan Ont
o6a notoka (K CTEHKE H OT CTEHKH) ObLIH PA3HBIMHY, T. €,
HecnH ¢ co6o pasHOe KOMMYECTBO ABHKEHUS, TO HA HE-
KOTOPOM PAcCTOSHUM OT CTEHKH 3TO MOXKHO OLLT10 611 06~
HaPYXHTb — Ia3 «3allOMHUI» OB, YTO OH OTpaXajcs OT
crelkd. Ho 370 IPOTHBOpEYMT IMIIOTE3E, YTO I'a3 «Xao0TH-
YeH» ¥ HUYETO He «IIOMHHT».

A pa3 ra3 He <TIOMHHT» O CTE€HKE, TO Pe3YJIbTaT BbIBO-
113 He N0JIKeH 3aBHCETh OT CBOMCTB CTEHKH M OT TOT0, Kak
aTOMBI Ta3a OTpaKauuce ot Hee. B yacTHOCTYH, aTOMBI He
<IIOMHST» O TOM, KaKy1o opMy HMeeT cocyz, ¥ popMyJia
pacnpenenenus 6yneT OAMHAKOBOM U mobOTO Cocyna, o
YeM Mh] yoKe FOBOPMIIH.

Jpyroit ciydait «3abeIBUMBOCTH» rasa oGHapyKuBa-
€TCs1, eCJIM B3ATh COCYZ C Ta30M, pa3fie/leHHbIH rieperopos-
KOH Ha mBe yacTH. EcaM BRIHYTH NEPEropoAKy, TO ra3 U3
00ENX NONOBHHOK TIEPEMEINAETCS, ! ICHO, YTO HUKAKHMU
crniocobaMy HeJb39 OMO3HaTh, KAaKOH aroM Haxopwicd B
Hayajie oNbIT2 B IPaBoi M KaKOH B JIeBOi TIOJIOBUHKE,

Korza ropsramii yaiiHuk ocTeiBaert, HarpeBast BO3AYX
B KOMHaTe, HUKAaKHM CIocoboM Helb3st BIOCJEACTBMA
ornpeRennTh, IOYEMy Harpesics Bo3RyX. BceM scHo, 4ToO,
U3Mepsist TeMIIEPAaTyPhl B PA3HAIX TOYKAX KOMHATHI BAATH
OT 4yaiiHMKa, Heb3s onpeAenuTs GopMy YailHHKA, KOTO-
Pphiif HarpeBaeT KOMHATY. ITO COBCEM He IIOX0XKe Ha SJIeK-
TPOMAarHMTHOE IIOJIE. CBET, OTPAXKasiCh OT HIOBEPXHOCTH,
niepeHocuT HHGOPMALHIO 0 NoBepxHocTH. fopamasn s1am-
Ila XOpPOLIO BHAHA, OCBENleHHasd COOCTBEHHLIM CBETOM.
YaliHHK MOXHO «YBH/IETH» C IIOMOIIIbIO IpuGOpa, perucT-
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pupywomero undpakpacubie sosnn. Ho nudpakpachne
JIy4d — 3TO HalpaBJeHHbIé IEKTPOMATHUTHBIE BOJHBI,
KOTOpHIE MOTYT HarpeBaTh AetekTop. Mcmyckaemsie yaii-
HHKOM, OHM HE HAXOISTCSA B TEIIOBOM DaBHOBECHH C
BO3JYXOM, HEe PaCCEHBAIOTCH €I'0 aTOMaMM, II03TOMY OHM
MOTIYT nepefaTh o6pa3 4aiiHHKa, KOTOPHIA OHM <3aIIOM-
Hu». HanpoTus, XaoTHyecKoe ABIIKEHHE MOJEKYs He
MOXeT nepeaarh TakoH MHMOPMaLINH.

ABCOJIIOTHASA TEMITIEPATYPA
U KBAHTOBASI MEXAHUKA

Hayamo orcyera mikanel TemMnepaTyp JIEXHT IIPH
—273,15 no KenbBuny. Sta ToYka HaskBaeTcs abComoT-
HbIM HyJeM. Ee CMBICA WPOSICHM/ICA MOCAE TOTO, KAaK
KMHETHYeCKasd TeOpHsA ra30B CBsisaja JaBjleHHe rasa C
KHHETHYeCKOH sHeprueit ero atomos. 13 atoil Teopuu ka-
3aJ10Ch SICHBIM, YTO HpU aGCOMOTHOM HyJIe IPEKPalLaeTcst
BCSKOE IBHXEHHE aTOMOB U abcommoThast Temneparypa T
€CTh IPOCTO Mepa UX KHHETUIECKON SHEPIUH.

Ho ato mpocroe W moyTH Harasgmoe OObsICHEHHE
OBUIO HEBEPHBIM., DJIEKTPOHBI B METAANIaX ABWXKYTCS C
GompmumMu ckopoctamu aaxe npn T = 0. Ksanrosad Me-
XaHMKa 3aCTaBHJIa COBCEM TI0-MHOMY ITOCMOTPETD Ha JBH-
XXEHHE DJIEKTPOHOB ¥ aTOMOB.

Ho ona otmions He ycaoxuuna kapruny. Hanportus,
MHOrYE [IOHSTHS TOJYYHIIM B KBAHTOBOW MeXaHMKe ecTe-
cTBeHHOe obbacHenne. K TakiM MOHATUSAM OTHOCHTCA U
nousiTue 06 abecomoTHOM Temneparype 1 0b abcomoTHOM
HyJIe.

Ho 4to0s1 paccKa3aTh, 4TO NPOKCXOMMT C TEMIIEPATY-
POH B KBAHTOBOI MeXaHMKe, KaJI0 3HaTh XOTA Obl YTO-HU-
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Oyxp 06 atoii Hayke. K coxanenuio, pacckasars 00 3TOM B
HECKObKHX CA0Bax Hesb3s. Ho, ¢ Apyroit cTopoHb, HaM
¥ HyXHO o4eHb HemHoro. [lostomMy npuaercs: noCTynuThH
TaK: coobImaTh 6e3 Z0KA3aTEIBCTBA HEKOTOPHE CBEAEHUS
U3 KBAHTOBOI MEXaHMKH, TOJBKO CTapaThCs HCIIOJb30-
BaTh TaKuX (PAKTOB KAaK MOXHO MEHbIIE.

Ceityac HaM HajIo 3HaTh, KaK BEAET cebs 3JIEKTPOH,
TIOMEIeHHBIH B MATHUTHOM IoJie. B KBaHTOBOM MeXaHuKe
ITC OMUCHIBAETCA CAEAYIOMUM 06pazom.

INeKTPOH MOXKHO CPaBHUTD (XOTSH 3TO CpaBHEHME He
COBCEM TOYHO) C BPAiIaloIiMMCA BodKoM. bosee mpa-
BUJIBHO TOBODHTb, YTO 3JEKTPOH, KAK H BpAIIAONIAiCS
BOJTYOK, MMeeT YIJIOBOH MOMEHT, Ha3blBaeMbIii CIUHOM, U
He BXOAWTh B MOAPOoOHOCTH 0 ero Bpautenuu. CO CIUHOM
3NEKTPOHA CBA3AH ¥ MarHUTHLIA MOMEHT — 3JIEKTPOH Be-
ZeT cebsi B MATHUTHOM TI0JIe, KAK MarHuT.

Ecnay 2/1eKTPOH HAXOAHUTCA B MOCTOAHHOM MarHWT-
HOM I10JIe, TO, COTJIACHO IIPABUJIAM KBaHTOBOMH MeXaHu-
KM, €T0 CIIHH MOXeT ObITh HalpaBieH Jubo 1Mo Moo —
TOrAa TMPOEKUUs CIIMHA Ha HalpaBJeHue MOJA PaBHA
+%h, 1460 e TMPOTHB NOJSL M €ro NPOEKIUsI PABHA
—¥%h (A — nocrosuHas Inanka).

MaruuTHbri MOMEHT y 3JIEKTPOH2 HaIIPaBJICH IPOTUB
CMHHA, ¥ OH MOXeT UMETh ITOITOMY, TAK Xe KaK U CIIUH,
IBe TIPOCKIMM Ha Hanpap/ieHHe MarHMTHOTO HOJS: —U,,
€CJI CIIHH HanpasJieH 1o noxmo (i, > 0), u +p, ecay cnux
HanmpasneH HpoTuB noAs. Beynuuna y, HasbiBaeTCA Mar-
HeToHoM Bopa u paBHa

_ ¢eh

Ho 2mc’

Ecsn peTmynHa MarHUTHOTO oIS paBHa H, TO moTeH-
[MAIHHAA JHEPTUs FNEKTPOHA B ITOM TIOJE PaBHA JTHOO
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ppH, xoraa cnvu Hanpapien no noso, aubo —puH, xorna
CNHMH HampaBjieH IPOTHB noss. Bce sTm paccyxiaeHuns
CBOZATCS K TOMY, YTO B MarHHTHOM I10JIe 3JIEKTPOH MO-
eT HAXOAUTHCA B ONHOM W3 JBYX COCTOSHWHN, a 3HEprus
9THX COCTOSHUI paBHa M. IIpy 5TOM MBI CUMTaEM, YTQ
3NEKTPOH He MMeeT TIOCTYNaTe/IbHOH CKOPOCTH — IIYCTb,
HAIIpUMep, OH CBA32H B aTOMe,

Ha taxoit npocToit Mogexn MoxxHO 6e3 ocoboro Tpy-
Jia TPOUJUTIOCTPHPOBATh MHOTHE CBOMCTBA, CBSI3aHHbIE C
TETJIOM.

PaccMOTPHM CUCTEMY, COCTOALIYIO K3 HOJIBIIOTO IHC-
Ja 2/IeKTPOHOB, 3aKPEIVIEHHBIX B PasHbIX TOYKax Hpo-
CTPAHCTBa, — HaNPHMep, IIYCTh 370 GyAET MHOTO aTOMOB,
KaX/bIll U3 KOTOPBIX COZEPXKHMT 2JIEKTPOHbL DHEpPrus
TaKOH CHCTeMBl B MarHWTHOM II0JIe ONpejensieTcs: TeM,
CKOJIBKO 3JIEKTDOHOB MMEIOT CHYH, HallpaBJIE€HHBIH IO
HOJTIO, X CKOJIBKO — TIPOTHB I10JIS1.

Ecan Mb1 ycs10BHO 1306pa3iM ABa BO3MOXKHBIX 11010
JKEeHMS CUHA JEKTPOHA JBYMsI TOPH3OHTAIbHBIMU JIH-
HVISIMH, HAallMCaB OKOJIO HUX 3HaueHue 3Heprum (puc. 16),
TO CxeMy pacipeieseHus CIIHHOB 3/IeKTPOHOB MOXKHO 6y-
AET u3006paXxaTh KPYKOUKaMu-2J€KTPOHAMU, HADHCOBAH-
HBIMU H3 9THMX JUHUSX (MBI, KOHeuHo, OyaeM pHCoBath
JIMIID HECKOJIBKO KPY/KOYKOB).

Cnuw no nomo e

+ ﬁ m = /”p#
L nomyl monm e#

~* me =4

Puc. 16. IHeprus s1eKTpoHa B MArHUTHOM TI071€

CucreMy 271€KTPOHOB ¢ MATHUTHBIMH MOMeHTaMH
MOXHO CPaBHHTb G HZeanbHeM rasoM. Poas ckopocted
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ATOMOB, BepHee — UX KMHETHYeCKOH IHEPruH, 34ech Ur-
paeT 3Heprus 3JeKTPOHA B MarHHTHOM nosie. Ho kuneTH-
JecKasi SHEPTUN MOXKET MPHUHMMATD JI000€ T10J10XKUTeIb-
Hoe 3HayeHHe, a JHePrisd B MaTHWTHOM IIOJie — TOJIBKO
Z(Ba 3HAYECHHS.

3aMevyaTeNbHO, YTO 3TO 06CTOATENBCTBO HE H3MEHSET
OCHOBHOTO 3aKOHA CTaTHCTHKH: B TEIJIOBOM PaBHOBECHH
BEPOSITHOCTh HAMTH YacTHILy B COCTOSIHHH C 3Heprued €

£

NPONOPLHOHANBHA IKCIIOHEHTe € # .

Kaxk u B rase, Ipy 3ToM He0OXOAMMO, ITOOHI TEILIOBOE
paBHOBecHe aTOMOB MeXZIy coGOil MOLJIO peaibHO A0C-
TUrathest. JUIst 3TOr0 HyXHO, YTOOBI aTOMBI HAEANLHOIO
rasa CTAJKHBAJINCh, 3 MATHUTHHIE MOMEHTHI B3aNMOZEH-
cTBoBaH Obl Kak-TO ApyT C ApyroM. IIpu aToM ycnoBum
3aKOH CTaTHCTUKH OYJET BBINOJHATHCS HE3ABUCHMO OT
TOrO, KaKOH KOHKPETHO MEXaHM3M IIPHBOJUT CUCTEMY B
COCTOSIHHE TEIUIOBOTO PABHOBECHSL.

B 3TOM CMbIC/Te HAII PHCYHOK C 3IEKTPOHAMM, «pac-
CTaBJIEHHBIMH» Ha [BYX YPOBHSAX, H/UTIOCTPHPYET JULIb
COCTOSIHME PaBHOBECHS] M HHKaK He OTPaXKaeT TOTo, KaK
3TO paBHOBECHE OO IOCTUTHYTO.

U3 Bcero, uto 6bLI0 PaccKka3aHO, MOXHO 33KIIOYHT,

!
4TO B TEMJIOBOM PaBHOBECHH YMCJIO SJAEKTPOHOB n(—a ,
HMEIOMHX dHepruio —y H, 6yaer Gobime, teM 4UCIO
3JIEKTPOHOB 1 +§ , KOTOpbie UMEIOT IHEPTHIO i H.

OTHoeHHe 3THX JBYX YHCEJI (HX Ha3bIBAKOT HACe-
JIEHHOCTAMH ypOBHeﬁ) onpeaessieTcad OTHOLIEHueM 3KC-

MOHEHT:
RoH ol
n(—%]:n(-&%]:e L
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Jra npocras GopMyJia 3aMeyaTeIbHa TEM, YTO OHa
CrpaBe/iNBa IJIs1 CHCTEM M3 oYeHb GOJIBINOro Yucsa yac-
THI{ ¥ IIOYTH HE 3aBHCHT OT TOTO, KaK CHCTEMa YCTpOe-
Ha, — HaJI0 TOJAbKO, YTOOB! Y CHCTEMBI ObUIH COCTOSHMS C
OHpe/e/IeHHON JHepruell U 4TOOBI CYIIECTBOBAI KaKO#-
Jubo NyTh K TEIUIOBOMY paBHOBecHio. Torga ee KoHey-
HOE PaBHOBECHOE COCTOSIHHE GYAET ONpelesaThCsa OAHUM
napaMerpom. T— ee abcomorHol Temneparypoit. Takoe
CBOMCTBO cUCTEM ObLIO JOKA3aHO AMEPUKAHCKUM (DH3M-
koM [ub6com B camoM Havate XX Beka.

Du3nku paHblie AaXKe He HOA03PEBAIH, YTO CYLIECT-
BYIOT CHCTEMBH!, KOTOPbie HMEIOT JIMIIb KOHEYHOE YUCHIO
BO3MOXHBIX cocTossHui. I1oaToMy OHM He MOTJIH mpel-
CTAaBUTh TOTO OFPOMHOTO KOJIMYECTBA KPacUBEHIX 3dipex-
TOB, KOTOpbIe CBSI3aHbI C TAKUMH IIPOCTHIMH CHCTEMaMU.

MATHUTHBIE CTPEJIKH

ITyctp BMeCTO 3/1eKTPOHOB C MATHHTHBIMH MOMEHTa-
MU ¥ HAaC €CTb MHOIO CTPEJOK OT KOMIIaca, YKPelIeHHbIX
B Gecniopsizike Ha uronkax (puc. 17). Tak kak MATHATHBIM
CTPEJIKaM NOJIOKEHO CMOTDETh Ha CEBEP, TO OHHM BHayase
OyayT KosebaTbCsl ¢ paBHOM aMILIMTY/AOM OKOJIO HATIPAB-
Jexus or — cesep. Ecsm 6b1 TpeHHE B OIOpe OTCYTCTBO-
BAJIO U eCJH OBl CTPEJIKK He IIPUTATHBAIUCH APYT K APYTY,
TO TaKHe UX KoreOaHus TIPOJOTKAIUCH OBI CKOJIb YTOLHO
nonro. B aeliCTBUTEIbHOCTH, KOHEYHO, KoJlebaHus mpe-
KpaTaTcs, TaK KaK MX SHeprusi MCTpaTMTcs Ha pabory
IIPOTHB CHJ TPEHHS B ONOPe, H BCE CTPEJIKH NOKAXYT Ha
ceBep. KpoMe TOro, MATHUTHBIE CTPENKH ACHCTBYIOT APYT
Ha Jpyra, uX ABHKEHHUS «CLEIeHbl» — OHH MOTYT Iepe-
AaBaTh APYT APYTY YacTh csoeit sHepruu. Herpynno ysu-
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AETH B 3TOM NOBEACHUH CTPEAOK MOAEDb YCTAHOBJICHUS
paBHOBECHA B CHCTEME CIIMHOB.

. TAY

Puc. 17. CucreMa MarHUTHBIX CTPEJIOK

Onopsl CTPeJIOK UrpaloT pojib XOMOAWIbHHKA, KOTO-
POMY CTPENIKH MEePeRaloT CBOI0 KHHETHUYECKYIO SHEPTHIO,
OcTaHoBMBIINECS CTPE/IKH TTOXOXKH HA CHCTEMY CHHHOB
npu Temreparype T = 0. Temneparypa «Hy.ip» nosiBiiach
H3-32 TOTO, YTO SHEPIUA BCET/A IepesiaeTcst OT CTPEJIOK K
ONOpaM H paBHOBECHE MOXET YCTAHOBHUTHCS JIMIIb TOTAR,
Korzia 6yzieT Iepeiana BCs SHEPry.

Ecay paccMOTpeTh CHCTEMY MATHUTHBIX CTPEiok Ho-
Jiee BHUMATENBHO, TO Mbl BBIACHH/IN Obl, YTO CTPEJIKH He
OCTaHABIUBAIOTCS OKOHYATENbHO, a MO BAUAHUWEM Yyaa-
POB MOJIEKYJI BO3AYXa W Majblx KoJeOaHmi caMux onop
HA CaMOM Jiefie KOJeOMIOTCS ¢ 04eHb Majioil aMILIHTY A0,
TaK YTO UX IHEPTHUS HE OIYCKAeTCsA A0 HYJIA, a OCTaeTCst
paBuoit (B cpeanem) k7. Takoe ABUXKEHHC Ha3biBaeTCs
6poynosckuM. Ero Teopernyeckoe o6GocHOBaHme OBLIO
Aano JiimureiiHoM B 1905 1.

Mozenb 3€KTPOHOB B MATHUTHOM InoJie (MJIH Mar-
HUTHBIX CTPEJIOK) MOJe3Ha JUisi MOHUMaHMA TOro, 4To XKe
Takoe aBCOMIOTHBIN HYJIb TEMIIEPaTyPhl.
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Tpu moboit TemnepaType Ba BO3MOXKHbIX HanpapJie-
HUs civHa GyayT BCTPEdaThesl ¢ PAasHOM BEPOATHOCTBIO.
IIpn oueH» HM3KMX TeMHIepaTypax NOYTH BCE 3JEKTpPo-
HBl OYAyT HAXOMRTLCA Ha HIDKHEM YPOBHE — HX CIHHBI
6ynyT cMoTpeTh npoTUB noss. BepxHuii yposens Gyaer
MTOYTH IYCTBIM — HE <«3aCeJeHHBbIM». UeM Bhllle Temire-
paTypa, TeM GoJiblie «3aCeiseTCsI» BEPXHHI YPOBEHb, H,
HaIpUMED, MPH OYeHb BBHICOKMX Temneparypax (kT &)
o0e mpoeKnuy criMHa GYAYT HMeThb IIOYTH PaBHYIO BEpo-
ATHOCTH (puc. 18).

O U S,

Prc. 18. PaBHbte BepOATHOCTH 3acenedust yposHel (T = )

w, = 72

Ecnu TeMmepaTypa MOHHXAeTcs, To Bce Gobliast
IOJS 3MEKTpoHoB GyneT MMETh CIIMHBI, HANpPaBJIEHHbIE
nporus noJist. Eciu T = (, To 1poTHB OIS OKaXyTCs Ha-
NpaBAeHHHIME CTIMHDBI BCEX 3/IeKTPOHOB (pHuc. 19).

+ e,

7=0

Pauc. 19. Bee snexTposs ua HikHeM yposne (7= 0)

Takoe COCTOSIHUE CHCTEMbI OTBEYaeT aBGCoMOTHOMY
HYJTIO TEMIIEPATYPhL

B KBaHTOBOi TeopHH IOHSTHE a6COMOTHOrO Hy.st
nprobperaeT oveHb werkuii cMbicid. Cpexu sHepreTH-
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YeCKHX YPOBHEl 060A KBaHTOBOM CHCTEMHM €CTb OHH
YPOBEHb, KOTOpHIf 06NajaeT HauHU3MeHR 3IHEpPrueit.
B paccMOTpeHHOM HaMH NIpUMeDE TaKOE COCTOSIHUE eCThb
COCTOSIHHE, NPH KOTOPOM CHHHBI BCEX 3JIEKTPOHOB Ha-
npasJieHkt npoTHB NoJisA. IIpu aGCoMoTHOM Hy e CHCTEMA
HaXOAHTCS B OCHOBHOM COCTOSTHHH, H IO9TOMY OHA HE MO-
€T OT/laBaTh SHEPTUIO HUKAKOH APYro#i CHCTEMe IPOCTO
[IOTOMY, 9TO y Hee HeT 6osiee HU3KMX YPOBHEH, Ha KOTO-
phie OHa MOEJIa Ol TIEPEHTH, MOTEPSB SHEPTHIO.

MbI TOBOPHJIM, YTO He OYeHb SCROE NMpeACTaBCHHE
06 abcomoTHOM HyJte, cBsi3aHHOe ¢ 3akoHoM leii-Jlioc-
caka, cymectBoBa1o faBHo. Ho maxe B Hauame XX Beka
TIOHSTHE aGCOTIOTHOTO HY IS ellje KA3AJI0Ch He BIIOJHE sic-
HoIM. B «JleTckoit aHumkaoneauus, usgandou 8 1914 r.,
mucamy: «VTaxk, ecand npu OXNMAXKIEHUU Ta3 CKUMAETCS,
TO, CJIef0BaTeNbHO, 00beM ero yMmeHbluaeTcs. SIBiser-
csi Bonpoc: He GyZIeT JI1 BO3MOXHBIM MCYE3HOBEHHE €T0,
KOTZ2 MBI JIOBE/IEM Ta3 JI0 COCTOSIHUA abCOMOTHOTO X010~
na?» Takuve BBICKA3bIBaHMs 3BYYaT ceifuac HausHO. Bce
€ YAMBUTEIbHO, KAK MHOTO GBLJIO 3aKJTI0YEHO B IPOCTOI
mpobu !/, nosiBuBlUIeiics B MIUpuyecKoit dopmyne
Teit-Jlioccaka.

HEJOCTUXXHNMOCTL ABCOJIIOTHOI'O HYJIA

BceM xopoillo M3BECTHO YTBEDXKAEHHE, YTO HEJb3s
[IOHU3HTD TeMIIEPATYPY TeJa A0 abCONIOTHOTO HY IS, XOTS
¥ MOXHO TIpHOJIM3UTBCS K HEMY CKOJIb YIOXHO GJIM3KO.
3T0 yTBEpKIEHHE HATIOMHHAET M3BECTHBIH Mapajokc 06
Axnnjece n yeperaxe (ero Ha3biBaloT aniopHeil 3eHoHa).
[Mapagokc cocTonT B caenylomeM. AXHiuiec, KOTOPhIN Oe-
raeT B 10 pa3 6sicTpee uepenaxy, 0/xeH ee forHars. Ko-
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ria Axuiuiec IpoGEXHT BeCh IyTh, KOTOPHBIH OT/esLI €10
BHayaJsie OT Y€PENaxy, Yepenaxa CMECTHTCS Ha !/, myTu.
Axuirec, KOHeYHo, GBICTPO TIPEOoaeeT ¥ 3TOT IyTh, HO
yepenaxa yizaer eme Ha !/, ... Ckosnbko 6b1 pas Axuiiec
HHM NpHOIDKAICA K Yepernaxe, OHAa HEM3MEHHO yXOImuia
6u1 Briepen. Koneywo, npu apyroM noaxoze k 3azae Bee
craner Ha csoe Mecto, Cymma 1 + 1/, + 1/ ... papna 1!/,
¥ B NApajfioKce HET HAYETO OOJIbIIEro, 4eM B yTBEPXKAE-
HUH, YTO BeckoHedHas AecsTHYHas apobwb 1,11... umeer
KOHEYHOE 3Ha4eHue.

Jlns 3eHoHa mapajioKC COCTOSAT B TOM, YTO AXUILIEC
AOJKeH TIPOHTH GeCKoHEYHOe YHCI0 OTPE3KOB B KOHEY-
HOe BpeMs!.

He 6yzneM ciopuTh ¢ 3eHOHOM, a HEMHOTO M3MEHHM
ero sajgauy. JlomyctuM, 4TO 9epemaxa, Kotopas Oblia
OuYeHb NEJAHTHYHA, HONPOCHAA AXWIiECA MOCe KaX/I0-
ro sTana (Kaxaoro wieHa B GECKOHETHOM Psily) AeaaTh
KaKyi0-1100 OTMETKY HJIM HPOCTO CYMTATD BCIYX ITAIIBL.
TTocKkoNbKY TaKMX OTMETOK JOJKHO OBITH CETAHO HECKO-
HEYHO MHOT0, TO 11 BpEMS IOEAHHKA CPa3y XKe CTAHOBUTCS
GeCKOHEYHBIM.

Kak 651 GbIcTPO AXuiiec HU OTMeYaJ 9Tanbl, Gecko-
HEYHOe YMCJIO OTMETOK OH clIe/1aTh He MOXKeT. Tak HEBHH-
Hoe O6IpOKpaTHUeCKOe YCOBEpLIEHCTBOBAHHME CEJIANI0
TIPOCTYIO 3a7ayy HEBBINOIHUMOM. B TakoM Buze sagaua
Axunneca CTaHOBUTCA TOXOXEN Ha sagavy o6 abcosmoT-
HOM HyJ€e.

Jlns Toro 4tobbl OXJafuTh Teao A0 abCoJIOTHOTO
HyJts1, HeO6X0UMO OTOOPATh ¥ HEFO KOHEYHOE KOJIHYECT-

! 3eHOH He COMHEBAJICA B TOM, 4TO AXHILIEC AOTOHHT Yeperaxy,
HO JI6Nan BBIBOJ, YTO OTPE30K HE MOXKET COCTOSTh U3 HECKOHEYHOTO
9HC/Ia YacTelt.
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BO TeIJIa. ITO KOJIMYIECTBO TEILNA JIETKO BEIMHCINTD, €CIH
M3BECTHO, KaK 3aBHCHT TEIJIOEMKOCTB TeJIa OT TeMIIepaTy-
pbL. Ho MoxHO i1 0TOGpath y Teja Bee 910 TEMIO B OJMH
npuem?

HmeHHO B 3TOM M COCTOMT TPYAHOCTD. IIpu m0GOM
MeToJe OXJAXACHUSA TeMIIepaTypa NOHMXAeTcd B 3a-
JAaHHOe YHCJO pa3, a He HA 3afaHHy1o Beauuudy. Korga
Mbl ONMCHIBAIM TEPMOAMHAMUYECKYIO NIKaTy, OGHapy-
JKHJIOCh, YTO 3Ta MIKAJIA 00JIAJAeT 3aMevaTeIbHOH CHUM-
MeTpHeli. Ecny Bce 3HaueHUs TEMIepaTyP:yMHOXHUTD Ha
OIVH ¥ TOT e MHOXKUTENb, TO QOPMYJIbI OCTaHYTCS Ge3
M3MeHeHuM. JTO 3HAYMT, YTO HA TOHMXEHHE TeMIepa-
TYPHI 3aatiHOro Tena ot 100° mo 99° u ot 200° no 198°
HAJ[0 3aTPATUTh OZHO M TO JKe KOJMIECTBO PabOTHI, TaK
kak 100:99 = 200: 198.

Ho ecau B TepMOAMHAMMKE BO BCE PaCYETHl BXO-
ST TOABKO QTHOHIEHHS TEMIIEPATYP, OTHOWICHHS 00b-
€MOB M T. I, TO B J1060M MpoIIeCCe, UCTIONb3YEMOM ISt

_OXJIRXK/eHUsA, KOHeuHasi (HU3Kasl) TeMmmepaTypa Oyaer

NPONOPLUHOHAJIBHA HAYaAbHOM (BBICOKOI), T. €. Jiiobas
onepauus NOHHXEHNUS TEMIEPATYPHl MOXKET TOJIBKO H3-
MEHHTH MaCIITab — yMeHbITHTh TEMIIePaTypy B KaKoe-
TO YHCIO Pas.

Tak, B qukiae KapHo, Kak MBI BUJIETH, BRIIOIHSIETCS
cooraomenue T, : T, = Q, : Q,. B Hero, oyeBuaHO, He BXO-
ISIT HU KOJIMYECTBO TEILTa, HU TeMIIepaTypa caMu 1o cebe,
a TONIbKO MX OTHONIEHHSI.

Terneps J1erK0 MOHATH, YTO IS TOrO, YTOOHI IIOHU3UTH
TeMIIepaTypy Kakoro-To TeJa Ao aGCoMI0THOTO YIS, Haflo
coBepIUTh GecKoHeyHoe Yuco onepauuit. Kaxnas one-
paumsa — 3T0 MOXeET ObITh 3aMKHYThIH LUK WIH OTAENb-
HEBIi TIpoTiece, Hampumep aguabaTHYECKOe pacIIMpeHHe
OXJIaXJAIOMIETOCS Ta3a.
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B kaxno# omepanuyl 3aTpauuBaeTCs onpejeeHHas
KOHeuHast paboTa U TeMIlepaTypa OHWXAaeTCs B HEKOTO-
po€ KOHEYHOE YHCI0 pa3. A TaK KaK Ha KasKyi0 OTIEPAIMIO
YXOAUT KOHEYHOE BPEMSI, TO TIOJTHOE BPEMS, HY>KHOE 1151
OXJIKIeHUS JI0 aOCOIOTHOTO Hy s, 6yeT 6eCKOHEUHBIM.
[IyTh ¥ aOCOMOTHOMY HYJIO B 9TOM CMBICJIE TIOXOXK Ha CO-
CTOSHME AXWIIeCa M YepenaxH.

MoKHO CHpPOCHTD, He H3MEHHTCH JIH TIOJOXEHHE B
KHHEeTHYeCKOM TeopuM ra3os? Hesnzs jm, ckaxeM, me-
PEBECTH BCE CIIMHBI B CHCTEME JIEKTPOHOB B HU3HIEE co-
CTOsiHHe (HAIpHMep, TIOI0XK/AAB, [I0Ka OHKM U3Jy4aT CBOi
u36bITOK 3Heprur)? Ho u3 3T0T0 HHYEro He TOMYUMTCH.
Ecau 6b1 cuicTeMa Haxoauaach B GECKOHEYHOM KOCMOCE, B
NOJIHOH IyCPOTe, U M3JyYeHHas SHEPrus yXoauia 6ol Ha-
BCET/a, TO, KOHEYHO, CHMHBI ITOTEPSLIH GBI BCIO 9HEPTHIO U
cucreMa nepeuia Hb B COCTOSHME, OTBEYAIOLIEE TEMIIEDA-
Type abcomornoro vyast. Ho ecnn cuctema Haxomurest B
KaKOM-TO 3aMKHYTOM 00beMe, OTPaHHUEHHOM CTEHKaMH,
TEMIIEPATYPA KOTOPBIX TIOAAEPIKUBAETCS MOCTOSHHOM, TO
Takasi cucTeMa GyZieT UMeTh TEMIEPATYPy CTEHOK U cie-
JIaTh €e HUXKE TOH TeMIlepaTypsl 6e3 copepuieHus pabo-
THI HEBO3MOJXKHO.

IOHTPOHNA

Ions3ysach TepMOMETPOM, MOXKHO OHpeJeIUTh 3Ha-
yeHue TeMiepatypht jioboro Tena. Ilpasaa, TepmoMmerp
MOKa3BIBAeT CBOI0 COOCTBEHHYIO TEMIIEPATYDPY, 4 KAK OHA
OTHOCHTCS K TeMIepaType Tejiia — He BCETAa IPOCTO BhI-
SICHUTH, B Hawmel oObIIEHHOM KU3HH MBI YaCTO TOBOPHM
o0 TeMIlepaType u 60biel YacTbio 3a0bIBaEM O CIOKHBIX

107



TpoIeccaX, CBA3AHHAIX ¢ aTHM monstHeM. HayunBivcs
H3MEPSTh TEMINEPATYPY MHOTO JleT Hasal, QHIHKH OYEHb
J0JITO He MOTJIM TIOHSATD, KaK TeMIepaTypa CBA3aHa ¢ Ko-
JyecTBoM Teria. QueHb TPYAHO GBLIO J(OTafATbCs, UTO Y
TEMIIEPATYPHI €CTH CBA3AHHAS ¢ Hell BeJIMYMHA — 3HTPO-
T¥sl, yBeJYeHHe KOTOPoil, YMHOXEHHOe Ha TeMmepary-
Py, olipeliesisieT KOJIMYECTBO TeILIa, MOTYYEHHOIO TeI0M.
durponus ObUIa OTKphiTa Teoperndeckd KiayamycoMm n
APEACTABISAETCS OHUM U3 CAMBIX YAHBUTEJIBHBIX OTKPbI-
THif, KOTOPBIMY cTOJb Gorat XIX Bek.

durponust Obula BeeAeHa B PU3HKY YHCTO TEOPETH-
YeCKHM IIyTeM, TaK KaKk He CymecTBoBajio npubopa, ko-
TOPbiM ee MOXHO ObL0 Gbl M3MepHTh. HeT aaxe cnocoba
CPaBHHTb SHTPOMHIO ABYX Pa3HBIX CHCTEM, IIOZOOHO TOMY
Kak MOJKHO CPaBHHMBATb TEMIIEPATYPY ABYX TEJL

Hesbas, HanpuMep, B3sSTh Ba COCYA2 C PAa3HBIMHU
rasaMi M CKa3aTb, KaKOW M3 HUX MMeeT OOJIbINYIO SHTPO-
HHIO. JHTPOIHKIO 232 MOXHO HalTh B TabMMnax, HO HeT
npubopa, ofo6HOro GapoMeTPy MM TEPMOMETDY, KOTO-
paiif GBI NOKA3aJI BEIMYMHY SHTPOIIHH.

Knaaysuyc npuigen K MOHATHUIO SHTPOIHHM, MLITASICh
moHATH raybokui cMeict uccaemosannii Kapro. Kap-
HO, KaK Mbl YK€ 3HaeM, JOKa3aJl, YTO eCJTH MeXAY AByM:A
«Te/IaMU» — HArpeBaTe/]eM H XOIOMHJIBHMKOM — CyIiie-
CTByeT o6paTHMBbiil TepMOAHHAMHYECKHUI [poIlecc, T. e.

' MOCTPOEHa TeIOBas MaliHHa, KOTOpasi copepuiaer pabo-
Ty, o16upas ot Harpesarenst Temwno |Q;| u oraaBas dacts

atoro Tenna |Q,| xonoansHuky, 0 |Q,| u |Q,| ceszans
¢ temneparypamu T, u T, HarpesareJst ¥ XOJOAUIBHUKA
npornopuuei

|Q1| : |Q2’ =T1,:T,
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3To COOTHOUIEHHME CIpaBeIMBO s moboil TerioBoi
MaliMHbI, €CJIH TOIBKO OHA MAEATbHA, T. €. eC/IM e MOXKHO
3acTaBHTb paboTaTs B «OGPaTHYIO CTOPOHY» Tax, 4To0b!,
3aTpauMBas Ty xke paboTy, oHa OTOMpana OT XOJOANJIb-

HUKa KOJJHYECTBO TEILIA |Q2| H nepeaBpajla HarpeBaTeaio

KOJIHYeCTBO Tera Q| .

Harycannyo NPONOPHMIO Ayulle NEepenucaTs Tak:
Q_9
L T
TOTO, 4TO TeIJIo OTHHMaeTcs OT pabodero rasa. Otcioga
TOJTYHAETCS, 4TO

. 3Hak MHHYC HOCTaBJEeH Kak CBUAECTEJBLCTBO

2,24
L T

Mut IOJYYHAIN BHPAXEHUE, [I0X0XKee Ha 3aKOH coxpa-

|Qx|

Henus. [1pu pabore unkna Kapao BesmyvHa — , «OTHS-

[2[

Tasi» OT HArpeBaTe/is, paBHa BeJIMYHHE — «OTllaHHOIfI>

XOJOJHUILHHKY.

Cam Kapho, xak MBI 3HaeM, NIOJIb3OBAICA MOJEJbIO
Temnopoa. 3Ta MOJENb AOJKHA OBUIR IPUBOAUTL K Ka-
KOMY~TO COOTHOMIEHHIO, BRIPAXAIONIEMY COXPAHEHHE -
MOTETHYECKOR TEMMOBOH XHAKOCTH. Mosess Gbiia Obi
PHEMJIEMOH, eciy GBI BRIIOMHANOCH COOTHOLIEHUE THITA
|Q,|=|Q2|\. 9To o3Ha¥AM0 Gbl, YTO TEIJIO COXPAHAETCH, a
paboTa coBeplLIaeTCs 3a CUET [Iepexoia Temia ¢ GoJiee BbI-
COKOr0 YPOBHs Ha 60Jiee HHIKHH.

Ecin 66 TemmepaTypa 0OblIa aHaJOrOM BBICOTHI, TO
paborta, IpoM3BoAMMAast MAITMHOM, A0/kHA Obiia 6b1 OBITH
IPONOPLUMOHANBHON PasHOCTH TeMrepaTyp. OAHAKO, KaK
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MBI TOJIBKO YTO BUEJH, B 0OPaTUMOM IIPOLECCE COXPAHSi-
€TCsA He KOJIMYECTBO Temia (WM TENJIopoaa), CORepXa-
LETOCs B TeJle, a /IPyTas BeIMYKHA, H3MeHeHHe KOTOPOi
PaBHO U3MEHEHHIO NIONBEAEHHON TETUIOTH, OIe/IEHHOMY
Ha TEMIIEPATyPY TeJia.

TewnoTy, yyacTsyiolyo B mpoiiecce, Hajao <Iofe-
NMTH» HA TEMIEPATYPY, TONTBKO TOIZA MBI IOMY4YHM BeJH-
YWHY, COXPaHAIONIYIOCS B 06paTHMOM TIpoliecce.

Wiamenum obosHaueHys # 6yaeM nucats AQ, BMECTO
Q, 1 AQ, BMecTo Q,, ToAMEPKHBas, YTO pedb HAET O Nop-
wun rera AQ,, monydensoi pabounm rasom, u AQ,, no-
TepsaHoi uM, Jas uuxta Kapuo

80,80,
L T

Kraysuyc rnocTyInpoBaj, YTo cyIiecTByeT HEKOTOpas Be-
JIMYAHA §, KOTOPasi MOZOOHO AHEPTHH, JABIEHHUIO, TEMITE-
paType xapakTepusyeT cocTosiHue rasa. Koraa x rasy noa-
BOAKTCS HeDOMbIIAsS TIOPLMA TeTa AQ, TO § BO3pacTaeT
Ha BEJHYKHY, PABHYIO

t

as=22
T

Beauuuny § Knayauyc u HasBas aHTpolineid.

Tocne orkperusa Kiaysuyca cTaso HakoHell SICHO,
noueMy ObIJI0 TaK TPY/HO NMOHSATh CBA3b MEXKIY TEILIOM K
TeMneparypoil. OKa3anoch, 4T0 HEIb3st [OBOPUTH O KO-
YecTBe TelIa, 3aKJII04EHHOM B Teje. DTo IIOHATHE TPOCTO
He uMeeT cMbicaa. Temo Moxer nepexozuts B pabory,
CO3/[@BaThCA TIPH TPeHHUH ¥ BooDNIEe HUKAKON TeHACHINH
K COXPaHEHHIO HE HMEET.
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B TO e BpeMsi TOYHBIH CMBIC MMEET TOHATHE KO-
JIMYECTBa TelJa, NepeJaHHOTO TeJy WM ke OTHATOrO OT
Hero. Telsio MOXeT IiepeasaThesi, Ho, Bool1ie rOBOpPS, He
coxpansercst. Coxpansoneiics BeauiuHoi B 00paTuMoM
npolecce 0Ka3ajach COBCEM HOBasA BEJMYHHA, O CYIIECT-
BOBAHUY KOTOPOif HUKTO PaHbIlle U He TIoA03peBa, — 3TO
u 6buta sHTponusa Kaaysunyca.

TocmoTpuM, 4T0 IPOUCXOAMT, HATIPHMEP, C SHTPOIH-
eii raza B nukse Kapro.

Coornommenue A1s npkia KapHo, HanicaHHoe Bbilile,
o3HayaeT, 4TO B 0OpatuMoM uuKne KapHo sHTponus pa-
fouero rasa Ha mepBOM 3JTale LUKJIA BO3PAcTaeT POBHO
HaCTOJIbKO, HACKOJIbKO OHA YMEHBIIAETCA HA TPETHEM 3Ta-
ne. Ha BTOpoM 3Tame, Ha KOTOPOM Ta3 Gbl/I H30JMPOBaH
¥ He TOJIy4as Tellsa, ero SHTPONUSA OCTaBANACh IOCTONH-
HOI; TakXe NOCTOSHHOM OHa OCTaBaNaCh ¥ Ha YETBEPTOM
aTarne.

Taxum obpasoM, B o6patuMom nuxsre KapHo snTpo-
nus pabouero rasa He uamersieTcst. He uamensercs ona u
IpY aguA6aTHIECKOM MPOIIECCe.

K 1moHATHIO 3HTPOITMH MOXHO IPHATH K APYTHM ITy-
TEM, ONpPE/Ie/NHB ee KaK BeJIMYUHY, KOTOpas OCTAETCA M0-
CTOSHHOH Npu aauabaTHYECKOM IIpouecce, — MOAOOHO
TOMY KaK TEMIEePaTypa OCTOAHHA TIPH M30TePMUYECKOM
npouecce. JHTPQIHUA OdeHb yHOOHA Anst U30GpaXkeHHs
nukna KapHo, rpadmk koToporoe nNpespamaercst B MpsaMo-
yroasuuk. Ha takoM rpacuke o4eHb XOPOLIO BUAHO, YTO
3HTPOIHS <IEPETEKAET» OT HArPEBaTeNR K XOJOAUIbHH-
Ky, a oToM 0OPaTHO OT XONOAWIbHHUKA K HarpeBaTelio,
npuyeM Tak, YTO B KOHUE 0OpAaTHMOTO UHKI2 3HTPOTHSA
pabouero raza BO3BpaIlaeTCsA K TOMY 3HAYEHHIO, KOTOPOe
OHa uMeJia BHayYase,
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MUK KAPHO HA TUATPAMME TS

Hapucyem uuxa Kapro Ha anarpaMme B IlepeMeH-
uux T u S (puc. 20). [lepsuiit atan — u3oTepMa — U30-
6paxaercst Ha 5TOM rpaduke IPAMO, apaIeAbHOM ocH
S. Bropoit atan — aguabara; 310 npsaMasi, napaUiesibHas
ocu T. /IBa noc/eAHUX 9Tana — BTOpasi H30TepMa M BTO-

pas aguabarta — JaAyT ABE JPYTHX CTOPOHHI IPAMOYTONb-
HMKa.

Homepme
74 4 'A

Advodonr

/S i i ¢

4! .4

& Sy &
A =7 (0083
g, =na(eded)
by~ nn(Beoe)

Puc. 20. Hnxn Kapro B nepemerasix TS

Hetpyato naiitu rpagudeckoe nzobpaxenre pabo-
Thl. KosmnuecTBo Tella, Nosiy1aeMoro OT HarpeBaTeJisi, Ol
penensiercs: dopmynoit TAS. Tak kak Tenno oTHHMAaeTcs
OT HarpeBaTelsl MPH LNOCTOSHHOMH TeMmreparype, TO 1oJj-
HOE KOJIMYeCTBO Tellla, OTHATOE OT HarpeBaTesisi, paBHO
T (S,-5).

Ha auarpamme aTa sesimuuna n3obpaxkaercst miona-
ZIBIO NIPSIMOYTOIPHAKA a6ed.

Tak e HOACYHTHIBAETCS M KOJIMYECTRO TeMJa, OTAaH-
Hoe Xo10auabHUKY. OHo pasro T,(S, — §,). d1a BeTH4MHA
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n3obpaxkaercs Ha JMarpaMMe IJ10LIaAbIO IPSIMOYTObHHE-
Ka 8zde. TakuM 06pasoM, TOJIHOE KONAUYECTBO Tellia, te-
PeHEeCeHHOe OT HarpeBaTeiist K XOJA0AUJIBHHKY (a 3HA4IMT,
U paBHas eMy BeJHYMHa paboThi), paBHO IAOHIAZM 3a-
IITPUXOBaHHOTO IPAMOYTOIBHUKA @662, N306pakaoniero
uuki Kapuo. Koaddunment nojestoro aeiicrsus Oyaer
paBeH OTHOHIEHMIO TIOIATEHN ABYX PACCMOTPEHHBIX NpPs-
MOYTOJIbHHKOB.

ITnomans npamoyrobhuka pasha (T, ~ T,) (S, - §,).

Tenepb A€rko noNpaBuTh paccyxaenus Kapro. Ecnu
npezcTaBaATh pasHocTh T, — T, XaK pasHOCTh yPOBHei,
TO POJb Nagalomedl JKUAKOCTH — TeIIopoaa — UrpaeT
pasHocTb S, — S, 3HaueHWil SHTPONHM rasa B Havase u
KOHIIE IPOLECCa, A He KOJNYECTBO KaKoi-T0 cyOCcTaHIuH,
nepeHeceHHOH paboYMM rasoM OT HarpeBaTels K XOJO-
JUJIBHUKY.

Kpome uuxna KapHo, IpocToro Ajst TeOpHi, HO He-
YAOGHOTO ISl MPaKTHMYECKOTO UCHOJIL30BAHUSA, Cylle-
CTByeT MHOXECTBO APYTHX IMKJIOB, B KOTOPBHIX Tra3hl
NpeBPAMIAlOTCs B KUJAKOCTb, KAK B HADOBOH MAaIllHHE,
B3pBIBAIOTCS, KaK B JBUraTese aBToMoGus, U T. 1. Uk
MOKET COCTOSITH U3 H30XOp M afnabar (uuka CTUpIHH-
ra), u3 u3obap u aguabar (uuka pT). Ux HeTPYIHO M30-
6paxaTs KaK B KOOPAUHATAX p, V, Tak H B KOOpAMHATAX
T, S. Teopueil TaKUX UMKJOB 33HNMaeTCHS TEXHWYECKas
TepMOJHHAMHKA.

Pucys auarpaMMBi, IOJI€3HO 3HATD, YTO TIJIOIAM Ha
guarpammax pVu TS 11t OIHOTO U TOTO K€ IIUKJIA PaBHEI
ApYT APYTY: IJomalb Ha Juarpamme pV ecTh NoJyyen-
Has paboTa, II0Imas Ha guarpamme TS ecTb KOJIMYECTBO
nepenecerHoro Temna. Obe 5T BeHYMHBI PaBHBI ApYT
Apyry.
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COITPAXEHHDBIE BEJIMYMHDI

Hanumem eie pas ¢opMyy A1 KoaudecTBa Te-
1, NOABOAMMOrO B KaKOH-TO CHCTEMe B 0OpaTHMOM
pouecce:

AQ = TAS.

3Jta popMya HAIOMHHAET (POPMYNY AJIS KOJIMYECTBA Pa-
6OTHI, COBEPUIAEMOIT HAJ( TEJIOM:

AA = —pAV.

B steBBix yacTsx obenx (popMyn CTOSIT BeTMYMHbBI TEILIA
¥ paboTBL, 151 KOTOPBIX MMEET CMBICJI TOBOPUTD JHIIb 06
ux u3MeHeRuH: AQ U AA HMeIOT BIIOJIHE YeTKHi (r3nye-
CKHI CMBICJI, HO HET BEJIMYMH, KOTOPbIE GBI MOXKHO OBLIO
Ha3BaTh TelIoM Q wiu paboToil A, COAEPKAIIMMUCS B
Teste. BeamuuHbl 7Y p MOX0KHU ApyT Ha APYra: PaBeHCTBO
TEMIIEpaTyp U ZaBJeHUI — ABa yCJI0BUS paBHOBECHSL, 06e
BeJIMYHHBI U3MEPSIIOTCSI HEMOCPEACTBeHHo, T — TepMo-
METPOM, J — MAHOMETPOM.

EcTecTBeHHO 0XUAATH, YTO AO/KHO OBITH YTO-TO
oflee M y OCTABUIMXCS ZBYX BEJHYHH — IHTPOMNUM H
o6bema. OzHo Takoe cBOCTBO oueBHAHO. O6beM 060
CHCTEMBI paBeH cyMMe 00beMoB ee YacTeil. TouHo Tax xe
BHTPONUS CHCTEMBI PaBHA CYMME 3HTDONKHM €€ JacTel.
OO0neM U BHTPOIHUS — BEJUYMHE /IIUTUBHbIE (MJIH, KaK
TOBOPSIT, SKCTEHCHBHbIE, B 0T/IM4ue 0T T 11 p — BeAWIUH
uHTeHCHBHBIX: T U p cuctemsr paBubl T u p moboil ee
YacTH). )

Benuuuusl p m V Ha3bIBAaIOT CONMPSKEHHBIMM BEJH-
YMHAMH, TAKIKE CONPSIKEHHBIMH BEJHYMHAMU SIBISIOTCS
3HTpomus S 4 TeMieparypa 7.
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SHTPOIINA NAEAJBHOI'O TA3A

X014 3HTPONAIO HENL3S U3MEPUTD, €€ MOXKHO BhIYMUC-
auth TeoperHyeckd. IIpoie Bcero ato cpenars Jis wie-
aJbHOTO ra3a.

BoabmeM 1 MOJIb Ta3a IIpH HEKOTOPOU TeMIeparype
T, Tlyctb ra3 sanumMaet o6wem V. [lepenenem ero B apy-
roe cocTosiHNe Co 3HAYEHUSAMH TeMueparypsl 1 obbema T
u V. CuenaeM 3ro B ABa sTana. CHavasia pacIiMPUM ras
H30TEPMHYECKH, TaK, 4ToOBI eTo 06beM crai V, a Ha BTO-
POM 3Talle HarPeeM €ro TP HOCTOSHHOM 00beMe 0 TeM-
riepatypst 1.

Ha mnepBoM srarie ra3 copepiut paboTy (MBI ee BbI-

| %4

qucasin), pasuyo RTIn v IIpu sTOM Ta3 NOAY4WI OT
0

HarpeBaTeJisl KOJIMYECTBO Tella, PaBHOE TOH e BeJIndu-

He, 3HAYMT, eTo JHTPOIINA BO3POC/Ia Ha

% %
Z =Rz
v, )=,

1

Si=So=7
0

RT,In
Ha Bropom arame AJi HarpeBaHHs rasa Ha BeTuunHy AT
3aTpauyMBaeTCs KOJHYECTBO Temja, papHoe ¢, AT. Ilpu
3TOM SHTDONKS ra3a BO3PACTAeT Ha

3 AS:CVT.

Yrobbl cocyuTaTh U3MEHEHHE SHTPONMH, KOrJIa TeMIe-
paTypa U3MeHAeTCs] Ha KOHeyHy10 BesmunHy ot T no T,
HY>XHO NIPOCYMMHPOBaTh BCe BKJIAABI AS, YUHTHIBAd, YTO
T pacreT. 3T0 HeTPYAHO CAENAATD, €CJIY CUUTATD, YTO Tell-
JI0EMKOCTE €y, OCTA€TCA B TeYeHMe BCEro poliecca IocTo-
STHHOH.
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BoiyHcieHHe 34ech HaJ0 NPOM3BOAUTH 0 TOH XKe
cxeMe, [0 KOTOPOH Mbl BBIYHCAAAH PabOTy B H30TEPMH-
yeckoM rpouecce. s nebombmioro n3meHeHusa oobemMa
Mbi THCATH

Ad=-pAV = —RTAV—V,

410 npuBeso K dopmyie (npu T = const)

1%
A=-RTln—.
V()
1o aHa/mOrHM MBI MOXEM HANMCATh ¥ W3MEHEHUE 3HTPO-
1My BpY U3MeHeHuy Temmeparypbi ot Ty o T

T
S-S 1 =Cy In T
0
O7ciona yxe npsMO BuiTeKaeT (popMyJIa /s TOJTHOTO H3-
MCHEHHN SHTPONINN.

T Vv
§-S,=c¢,In=—+RIn—.
T, V.
0 0
3nauenus V, u T, mMoryr OBITH BHIGpAHDI TIPOHU3BOJIBHO,
TIO3TOMY IOJIydeHHasi (hopMyJa MO3BOJAET BBHIYUCHATH
TOJIbKO H3MEHEHHE PHTPOIINH, 2 He ee a0COMOTHYIO BEJH-~

YHHY.

PEAJIbHBIN, HEOBPATUMBIA MUP

PaccxasmBas o nukiax Kapro, Mbl Bcerna momgep-
KHBAIH, YTO BCE NMPOLEeCCH 00paTUMbL. B peanbioM Mupe
Tak He OniBaet. BoabMeM, Hanpumep, COCYA € Ta30M, pas-
JieJleHHBIH Ha JIBe YacTH TeNIOU30J1pYyIonieil neperopos-
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koli. IIpeanosoxumM, 4To TeMnepaTypa B 06enx HOJOBH-
Hax cocysa pasHas. YOepeM neperopoaky. Temmepatypa
HayHET BLIPDABHMBATBCS (BMeECTe C Heil BhIpaBHsAETCA U
Aanjenie). HUKaKkoi BBITOABL OT TAKOTO IPOLECCa MOLY-
YUTH HEb3d, PA3HOCThL TeMIlepaTyp UCYE3aeT, a HUKaKOM
BUANMOIL paboTh! He coBepiuaercst. Hetpyauo yBuaets H
MPHIUHY TaKO# <«roTepus». [lpouecc TenaI0npoBOAHOCTH,
HpoLiecC BHIPABHMBAHMS TeMIepaTyphl HeoOpaTuM — He
3aTpaTUB PabOTBI, HENMb3sl BEPHYTh CHCTEMY B HCXOLHOE
COCTOSTHHE.

C TakuM <«HCYE3HOBEHHEM» BO3MOXHOM pabOTHL MBI
BCTpeyaeMcs Ha KaxaoM mary, OnuuchbiBas H3oTepMuye-
CKMii IIpoIiecc, IpU KOTOPOM TeIljI0 MEPEXOMHUT OT Harpe-
BaTeJis K pafodeMy rasy, Mbl 3aMedalId, YTO 9TOT [POLEece
Oyzer HeOOpaTHM, €Cd MeXXay Ta3oM M HarpepaTeseM
6yZeT CYmecTBOBaTb XOTbh Kakas-Tu00 PasHOCTb TeMIe-
paryp. Heobparimble mpoitecchi BOSHUKHYT ¥ BHYTDH
PaCUIMPSAIOMIETOCH ra3a, ecliu ero TeMIepatypa He Gymer
HOEePKUBATBCS CTPOTO HOCTOAHHOM IO BceMy 06beMY.
TMostomy Ha camoMm zeste nuka KapHo ocynectBuTh HeJib-
351 AIS1 3TOTO Haflo YHUUTOKUTE BCE IIEPENajbl TeMIlepa-
Typ. Ho ecsnt 310 ciesath, To TerIo MepecTaHeT mepere-
KaTb OT HArpPeBaTess ¥ MaliuHa paboTaTs He GyAer.

Yro xe MPOUCXOAHT C ra3oM, B KOTOPOM IIPOTEKaeT
HeoGpaTuMbiii Hponecc? PaccMOTPHM ONSITh COCYA C Ta-
30M, pa3/ie/ICHHbI Ha ZBE 0IOBUHbL, K COCYNTAEM H3Me-
HeHUe SHTPONMH ra3a IpY BRIPAaBHUBAHUM TeMIlepaTyp.

[Tporecc nepeMemMBaHusl ra3a MOXKHO OMHCATh TaK:
KajK/J1asl MOPIIMsl Ta3a PacLIupsieTcs, H ee 06beM yBerd-
YUBaETCs B /IBa pa3a. ByJeM Jist IPOCTOTHI CYUTATD, YTO
B K2X/0ii [TOTOBHHE COCY/IA HAXOMHUIOCH |/, MOMA rasa 1
410 B 00€euX OMOBUHAX JapjeHue OfNHaKoBoe. Tak Kak
TeMIepaTypa NOCJe CMEITHBAHUA IIPHHATA, OYEBHIHO,
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auavenue !/ (T, + T,), To U3MeHeHUe SHTPOMUH OymeT
PaBHO
-1 T+T,

3 cyln +RIn2

1

1 T, +17, +T.
+= cvln -2 1RIn2 -cvln L +Rin2.
2 T, 2JTT,

2 142
3aMeTHM, YTO 3TO TOJOXKHMTENbHOE YHCI0, TaK Kak
(T, +T,)? 24T,T,. Burponns Bospocna. Toibko B obpa-
THMBIX NIPOLECCAX SHTPOTIHS CUCTEMBI OCTAETCS TIOCTOSH-
HOI — HOTEPH SHTPOTIHY O/HOM YACTHIO KOMIIEHCHPYIOTCS
BBINTPBIIIEM APYTOi. DHTPONUS HArPeBaTeNs] YMEHbIIA-
€TCS POBHO HaCTONBKO, HACKOJIBKO YBEJHUMBAETCS 9H-

AQ
TponuAd pa6oqero ra3a, T. €. Ha T Mogzenn TEImAopoaa

paboTaer XOpOIHO, KOT/]a HAZ0 ONHCHIBATH Mepefady Ter-
Ja oT HarpeBaTens kK paGoueMy raszy. Ho xorna pabounii
ra3 OT/aeT TeIIo (J, XOMOAMIbHUKY, TO 3TO KOJIUYECTBO
Terlsla MEeHbIIIE, YEM TO, KOTOpOe OH TIOJIYYHT OT Harpega-

Tensi. B To e BpeMst aHTponus ATQ HepefaBagMast Xo-
JOAWIBHUKY, B TOUYHOCTH DPAaBHA IHTPONUH, MONYYEHHOM
ot Harpesaresisi. B o6paTHMOM liponiecce OT HarpeBatesis
K XOJOAUJIBHHKY B [EJOCTH H COXPAHHOCTH IIEPENAETCs
HHTPOIIKS, 2 He KOJIUYECTBO TellIa,

Ecnu 651 310 3Han Kapho, T0, HaBepHO, OH HaJblie
paccyxaan 661 Tak. Ecav B nukie nepesaercsa KOJIM4ecT-
BO Terziopoaa (HpexnoaoxumM, 4To KapHo Tak Hassan 6p1

SHTPOIHIO), PABHOE % , YMHOXas 9Ty BEJIMYUHY Ha Pas-

HOCTb TeMIIEpaTyp, nony‘mM, 4T paboTa, NPOU3BENEHHASL
MAUIHHOH, paBHa
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Q1 Tt‘Tz
X(T,~T,)=Q, 2.
Tvl 1 2 2 T;

B atoit opmyJie, KOHEUHO, MBI Y3HAEM BBIDAXKEHHUE 115
paboThl NAEaTbHOTO UK C K03 GhHUIMEHTOM HOAE3HOro

T,-T,

JEeUCTBUA M= — BbIPaXKEHHE, MOJIYYEeHHOE JHUIb

1
Kraysuycom cnyctst Muoro Jiet nocse cmeptu Kapuol,

Y Bce-Takn Mozesb TETLIOPOAA CHACTU HaM HE yaa-
eTcs. B HeoOpaTHMbIX IpOHeCCax HTPOIHUSL HE COXpa-
HSAETCHA, M e HUKaK HeJb35 B TAKUX MPOILECCAX OTOXAE-
CTBJSITH C TEIJIOPOMOM, KOTOPHIH, MO CaMOMy CBOeMy
CMBICJTY, HE A0JKEH HU CO3/IaBaThCsi BHOBb, HH MCYe3aTh
6eccaenno. Tak 4To € TEMIOPOAOM MPHXOAUTCS BCE Xe
PacpOCTUTHCA.

ILVIATA 3A PABOTY

M&i rOBOPHAH, YTO eC/li MOMBITATECS PEATH30BATA
WieasbHbIi UK, TO MBI BCTPETHMCS! C HEPaspeIuMBIMU
npobaemami. Inaphoe, Hajo NPOCAEANTD, YTOObI TEMIIE-
paTypa rasa BCETA2 TOYHO DABHSLIACH TEMITEPATYPE X0JI0-
IUILHUKA ¥ 4TOOBI PACIIMPEHUE Ta3a ! ero CKaTHe MPOHC-
XOMUJTM GBI OYEHDb MEIEHHO — WHave He OYAYT YCIeBaTh
BHIDAaBHUBATBCS TEMIIEPATYPA U /IaBJieHHe B rase. TaKoil
HMKJI XOTS U HA€a/IeH, HO HY HA YTO He TOAUTCS: €10 MONI-
HOCTh Oy/i€T CTPOro paBHA HYJII0 — Ji0bast paboTa norpe-
6yer Geckoneyro Gosbioro spemeny. YTo6bl NoMyanTH
KaKyo-1160 paboTy, HIPHXOAUTCS HAPYHIATh KECTKHE YC-

! Kapno 3Ham, 4TO «ABUXYIUAS CHJIA OHS> 3ABHCHT TOABKO OT
7, n T,, HO KaK HMEHHO 3aBUCAT — OH He 3Ha.
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J0BUSt MReanbHoro uukaa. Ho kak Tonbko yenosus 6yayt
HapyHIeHBI, B HIPY BOHET TEILAONPOBOLHOCTD — MEXKIY
y4acTKaMu ¢ pa3Hoit TeMIiepaTypoil BOSHUKHET MTOTOK Te-
TUIA ¥, KaK ObIJI0 CKa3aHo BHIE, BO3PACTET DHTPONUA.
Ipu u30TEPMUYECKOM paciIUpeHnH (Ha 1€PBOM 3Ta-

AQ,

ne nuxsia KapHo) sHTponus Bo3pacTeT He Ha ——, a Ha
1
I3
Gonbiiyo sesinyuny. TOUHO Tak XKe NPH Mepenaye Tema

AQ,

XOJIOAWABHUKY SHTPOIHMA YMEHBIIHTCA He Ha —==, a Ha
2
MEHBINYIO BeJMYMHY. B pesyssrare suTponus pabodero

raza HocJle BCETo IIKJIa BO3pacTeT.

Orcoza cnefyer ofiHa U3 CaMbIX BaXHBIX TEODEM,
TJlacsinas, 4To U3MeHeHNe 3HTPOINNY TeJla (WJIM CHCTEMBI)
BCer/ia Gonbile, YEM KOAMYECTBO TeTia, NOABEAEHHOTO K
Texy (cucTeme), IeIeHHOE Ha abCOMIOTHYO TeMOEpPaTypy
Tena:

As»32
T

3uak paBeHcTBa OTBeyaeT 06paTUMOMY (T. €. IPAKTHYe-
CKH HEOCYIECTBUMOMY ) TIPOLECCY.

BospacTanHe SHTpPOIMM — 3TO IUIATa 3a PEANbHYIO
paGoTy TernnoBoil MAWIMHBL, 33 TO, YTO MAIMHA HUMeeT
MOI{HOCTB, OTAMYHYIO OT HYJIS.

Ecau Mbl XOTHM, 4TOOBI Kakasi-TO MAHIMHa COBEPUIN-
N2 paboty, To 33 3T0 HeOOXOAMMO 3AMIATUTL He TOILKO
DACX0N0M SHEPTHH, HO ¥ BO3PAaCTAHUEM SHTPOIIMHK CHCTE-
Mbl. JHEPTHIO MOXKHO BEPHYTh, OTAAB OOPaTHO MOMYYEH-
HyIo pa6oty. Boapocuiyo sHTponuio ymeHsuuTs (6e3 10-
MOJHKTEIbHOH paboThl) Heb3s — B 06paTHOM mpolecce
OHa enye GoJblne BO3PACTeT.
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Hasepro, 65110 b1 pasymree UBMeHHTD 3HAK B OIIpe-
AENEHHN SHTPONMH — Beb €C/IM YTO-TO TepseTCsl, TO JIo-
IHYHO FOBOPHTD 00 yMenbmieruy. B Teopuu nudopmanun
TaK W Je1al0T — TOBOPSIT O <HErSHTPONHU» — SHTPONMK C
06paTHBIM 3HAKOM.

Tinatuts 9HTPONMEN HAZO HE TOABKO 33 COBEpILEH-
HYI0 PaboTy, HajIo IUIATHTS U 3a JI060e H3MEPEHHE.

Bonsromy noctasuau tepmomerp. Ctonbuk pry-
TH BHavaje He Obia Buzen. K TepMomerpy molliesn HoToK
Temwia oT Teda GOJNBHOrO, W CTOAOGHK pTYTH NOAHAJCS
BBepX. BMecte ¢ TeM yBennyw/iach aHTPOIHA TEPMOMET-
Pa M yMeHbIIHJACh (HE3HAYMTEIbHO) SHTPOIHS 6OIbHO-
r0. DHTPOMHS CHCTEMBI GOJBHOM + TepMOMETDP BO3POCTa
HeobpaTtumo. Henb3sh oCTaBUTh TEPMOMETp TaK, YTOOBI
[OTOKA TeIUia He BO3HMKAJNO, — AJs ITOYO HAJO 3HAThH
TeMmnieparypy GoabHOro 3apanee. Ho uMeHHO TaKo#l uH-
cdopMauuu BHayale HeT — WHA4Ye 3a4eM OBUIO CTABUTDH
TEPMOMETP.

Kakoe 651 naMepenne Hu GbLIO TpOM3BEieHO, 33 BCe
Hajl0 3aIlIaTUTh SHTponUed. B Hauem Mupe J0GOH Bbi-
urppil B pabore, Moboe usmepenue 00sA3aTeNbHO TIPH-
BEAYT K yBeJHYCHHIO SHTponuy. Boapactanue sHTporuu
COIPOBOKAAET HAC Ha KakaoM mary. Tpenue, TEIIONpo-
BOAHOCTD, [H(PpPy3us, BA3KOCTb, AKOYIEBO TEMIO — BOT
HEKOTOpblE M3 OCHOBHEIX MEXaHU3MOB, KOTOpHIE yBe/lH-
YHBAIOT SHTPONHIO.

DHTPONHA W30JHPOBAHHOM CHCTEMBI PacTeT 0 Tex
1Op, [IOK2 CHCTEMA HE NPHAET B COCTOSIHHE TePMOXHHA-
MHYECKOTO PABHOBECHS, KOTZa B Hell pexpaTsiTcs Bee He-
o6paTUMBble IPOLECCHL

B cocToSHNH TEILIOBOTO PaBHOBECHS SHTPONHSA J0OC-
THTraeT CBOEro MaKCMMAaJbHO BO3MOXKHOTO 3HayeHus. [az
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HOTOMY <«3a6HIBAET> O CTEHKaX M CTOJKHOBEHMSX, YTO B
COCTOSHHH C MaKCHMATBHOUH SHTPONIMEH eMy HedeM <3a-
IJaTUTh» 33 MHGOPMAILIMIO O XapaKTepe yAapoB, HOO oH-
TPOIUA GOJbILE PACTH HE MOXKET.

EIE OHA ©®OPMVYIJIA /14 S9HTPOIIUU

st suTponuM, oTHeCeHHOH K 1 MOJIO H/i€asIbHOro
ra3sa, Mbl IOy YnIH GOPMY Iy

T 14
§S-Sp=¢yln—+RIn—.
T Vi
‘ 0 0
Ecyn BocnionsaoBatThest ypaBHeHMeM coctoanusg pV = RT
H C €70 IIOMOII[bI0 UCKJIIOYHTE V, TO HOTydUM

T P
S-5,=(c, + R)In—+ Rln-—,
o= (Cy T, 2

jamnsl

S-S8,=c, lnT1+Rln—£ ,

0 Py .
raec,=c,+ R — 3T0 TENOEMKOCTb DH NOCTOSHHOM AaB-
JeHun. MOXHO Terepb 3aKJIIOYHTb, YTO BHIPABHUBAHUE
JaBJeHusa TPH TOCTOSAHHOH TEMIEPATYpe Takxke TIPUBO-
AUT K YBEeJIHYEHUIO IHTPONUH. MexaHH3M BHIpaBHUBAHHS
JaBJleHMA COCTOHT B TOM, YTO YACTHIIBI Ta3a, CTAJIKUBAsCh,
HEPENAIOT APYT APYTY KOAMYeCTBO ABmxkennd. TIpu atom
4aCcTULbI ra3a, KOTOPBIE UMEIOT B CPELHEM GosIbLINE CKO-
POCTH, NEpefalT YacTh CBOETO MOMEHTa APYTHM 4acTH-
[aM: IPOUCXOAUT TOpMOXKende 6ojee GBICTPBIX YACTHIL
3T0 — BA3KOCTD raza. BA3KOCTh BKIIOYAETCs B AeHCTBHE,

122



Korja B raze (MJIM JXHIKOCTH )! BO3HUKAIOT Pa3HOCTH JaB-
Jneunii. Korna AaBieHns: BBIPaBHUBAIOTCSH, Mbl ONIATh MO-
KeM 3a6BITb O TOM, YTO YACTHUBI CTAIKHUBAIOTCH MEXIY
coboit. Hukakyux BocmoMHHaHMH 00 9THX CTOJIKHOBEHHSIX
B COCTOSTHMM PaBHOBECHS He COXPaHUIIOCH.

JIABA HAYAJIA TEPMOJIWHAMMKH

MBI NIPOULTH yXe GOMBIIYIO YacTh IYTH, H MOXKHO
cAieJaTh KpaTKy10 ocTaHoBKY. [lo3aan ocranacs nctopus
0 TOM, KaK M3 OUEHb CMYTHBIX HipelcTaBienuii o Teniore
M TeILJIOPOie BOSHUKJ/IA HOBBIE IOHATHS: SHTPOTNA, TEM-
1eparypa, BHyTpeHHss sHeprus. McTopus reopuu Tenra
OKa3ajach MOXOXeH Ha 3alyTaHHBIH AeTekTuB. Bemmuu-
HEBI, KOTOPBI€ 3aHJIN IJIaBHOE II0JI0XKEeHHe B 3TOH Hayke,
Hesb3s Oblo HabmopaTh WM M3MEPUTh HEMOCPEACT-
BEHHO.

Henbas naxxe cka3aTp, Yro HOBBIE NOHATHA BO3HUKIN
M3 HOBBIX ONBITOB. TONBKO onpeereHHe MEXaHHYECKOTo
SKBHBAJIEHTA TeIlJla B OoNbITax /[JKOYJsI MOXKHO OTHECTH
K byHAAMEHTAIBHBIM OIbITAM B 3TOH obJsactH, fa U TO
Kapxo u Majiep BBIYHCIVIAM 3Ty BEIUIUHY CYLIECTBEHHO
panbiie JLxoysis, He IPOU3BOAS HUKAKHX HOBBIX 3KcIIe-
pumMeHnTOB. CTpoliHOE 3faHue TEPMOAWHAMHKH SIBUJIOCH
Pe3yJIETaTOM DPa3MBILLIEHUH O eIUHCTBe (U3UYecKHx
3aKOHOB, 0 IIy6OKOM CBA3M, KOTOPAst 0JDKHA CYNECTBO-
BaTh MEXIy Pa3HEIMH SIBJEHHUSIMU IPUPOABI. YCIIeX Tep-

! BaskocTs CYWIECTBYeT W B TBEPABIX TEJaX, TOALKO TaM ee
TPyAHee 3aMeTHTb. 3BYK, PacHpOCTPaHSIOWMIACS B TBEPAOM Telle,
3aTyXaeT U3-3a BA3KOCTH — B CBUHIlE GBICTEE, B MEIH MEJUICHHEE, a
B CHIPE 3BYKOBHIE KOJIE0aHHs COBCEM HE BO3HHKAIOT.
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MOJAMHAMMKM [TOKa3bIBAET, HACKOIBKO CIIPABEAINBA HALlIA
YBEPEeHHOCTh B TOM, YTO NPUPO/A YIPABJIAETCS MPOCTHIMU
3aKOHAMH H 4TO 3TH 32KOHBI MOTYT ObITb OTKPBITH U HO-
HaTBL. CaMoe yIMBHTEJIbHOE B HALLIEM MUDPE — 3TO TO, 4TO
OH HO3HABaeM.

3aKOHbL, YNPAB/AIOLIHE TEIAOBBIMU SABIEHHAMH,
0Ka3aJuCh NPOCThIMH. IIpakTHYecKn Bes TepMOAMHAMU-
Ka CTPOMTCA Ha ABYX NOCTY/aTaX, KOTOpbIe Ha3BIBAIOT
HavanaMi. Oun 6bum copmyarposansl KiaaysuycoM n
TomcoHOM.

IlepBoe Hawasno TepMOAMHAMMKM — 3ITO 3aKOH CO-
xpaseHus sHepruu. OH BKAOYaeT B cebs TPUHUMUIL 3K-
BUBAJIEHTHOCTH TeILIA H MeXaHH4YecKo# paboTsl (3TUM
OH OTJIMYAeTCs OT 3aKOHA COXPaHEHUs SHEPrHU B MeXa-
HUKe), ¥ ero MOXHO ChOPMy/INPOBATh TaK: U3MEHeHwe
BHYTpeHHEl SHepTUH CHCTeMbl PABHO CyMMe HOJBekeH-
HOTO K Hel Telia M coBepuiaeMO Haj Heil MexaHWye-
CKOii pabOTHL

Bropoe Havasi0 TepMOAMHAMUKH CBA33HO C 3aKOHOM
BO3pPACTaHUs SHTPONHUM: SHTPOUHUSA 3aMKHYTOH CHCTEMBI
He MOXXET YMEHBIIAThCA. ITOT ke IPHHITUI MOXHO cbop-
MyJIUPOBAaTh U HHAYe: He CYIeCTBYeT TAKOTO NpOIecca,
€INHCTBEHHBIM PE3YJITaTOM KOTOPOTo GBI0 GbI oXJTax-
AeHue OfHOIO Tela U COBEpILEeHNEe MeXaHHuecKod pabo-
1o. Hests3s1 nmpeBpatiTh Temto B paboTy e nKoM; 1071
TelJa, NPeBPAIEHHOTO0 B paboTy, He MOXET MPEeBBIIIaTh
3Hauenns ¢pyukiy Kapro.

B arorT HaboOp MOCTYAAaTOB BKJIIOYAETCsS €lle M Tpe-
THIi — TpeThe Hayalo, MMEHyeMoe TaKKe TeopeMoii
Hephcra: HUKAaKMM KOHEYHBIM YHCJIOM OTIEPALUii Helb3st
OXJIAJUTh TEJO IO TeMNEPATypH, PaBHOH abCOMOTHOMY
Hymo. Teopema HepHcra ecTs Ha caMoM fienie ciefcTBue
KBaHTOBOM MexaHWkH. O6 sroM, KoHeuno, HepHcT ne
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3HaJ, HO OH ACHO BHMJEJI CIEACTBHA CBOElH TEOPEMHI AJis
TEOPMH Tela.

[lBa HayaIa TEPMOIMHAMHUKH 3alpeInaioT, 00basIs-
10T HEBO3MOKHBIMHU BE€UHBIE [BUTATEIH.

IlepBoe Hawyano 3anpelaeT BeYHbLH ABUTATENb IEp-
BOTO poJa, T. €. ABUraTeflh, coBepiaomuii pabory Ges
3aTpaThl Tellla MU BHyTPeHHell SHEPruy Kakoi-ubo
CHCTeMBI. JTOT 3alpeT Kaxercs cefiyac yxe TPUBUAJIb-
HBbIM, K 3aKOHY COXPaHeHUs IHEPTUH MPHBBIKJIU B Me-
XaHHUKe.

Bropoe Hauano 06GbABIAET BHE 3aKOHA BEYHBIN ABH-
rateib BTOPOTO POJa, JOOBIBAIOIIUE SHEPFHIO OT OXHOTO
HarpeBarens, T. €. paboTafoinmii He Ha repena/e Telna, a
JIHIUKB 32 CYET TellIa OHOTO Tea. ITO MOPO3UJIbHUK, KO-
TOPBIi He TOJBKO He MOAKTIOYeH K CETH, HO U HarpeBaeT
KOMHATy 3a cdYeT TeIlIa, OTOOPaHHOTO OT 3aMOpaXKHBae-
MbIX TIPOZYKTOB. [10X0Kero 3akona B MexaHUKe He Obio,
1 0ObSICHUTS, MMOYEMY HeJIb3s [IOCTPOMTH BeYHBIH JABUTa-
TeJib BTOPOro poja, O4eHb Tpyano. IIpHHIuI Bo3pacTanys
SHTPOIHH — 3TO CBOHCTBO HAIIEro MEKPOMHPA, KOTOPOE,
OBbITH MOKET, ¥ HEJIb3s CBECTH K APYTrHM, 6ojiee IPOCTHIM
3aKOHaM.

Boapacranue sHTponmm onpezensier W HampasJe-
Hue BpemeHH. PaauoaxTuBHBIH pacnajg, TODMOXeHHUe
NapamioTHCTa, PACXOA SHEPTHH NMPYKUHB! 3aBEJEHHBIX
4acoB (WIH 3Hepruu MEKTPUUECKOH GaTapeu) U, B KOH-
e KOHIIOB, CTapeHHe BCexX HaC — BCE 3TH NIPOLECCHI Ipo-
HCXOJST B OIHY H TY XK€ «CTOPOHY», 6Maroaaps UM MBI
oTauYaem OyAyiiee OT MPOUIEALIET0. YIMBUTENBHO, YTO
BO BCeil u3BecTHOH HaM BcesieHHOH BpeMs TedeT B OQHY
ctopony. Poxnenue 1 Becex Habaoaatenei npemect-
ByeT rubeny, IpyiMHA HUKOrAa U HUTAe He ollepexaeT
CIENCTBHIL.
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BCIOlIy, BCErAa 3HTPOIMNsS DaCTET, 3aJaBasl «CTpeny
BpEMEHH» — TaK HHOrZA Ha3bhiBalOT TO, YTO OTJHYACT
<«BYEpay OT «3aBTPa».

XOJIOJAWIbHUK

Xorss 00paTHMOCTh HMKJIOB B TeJIOBOH MamiuHe
HCIOJIb30BAIACh BO MHOYMX PacCyXKAEHMAX H TEOPHIX,
OYeHb JI0JIT0 HUKOMY HE TIPUXOAMJIO B TOJIOBY, /IS Yero
MOXET NMOHaZOOMTLCA Ha TPaKTHKEe TEIIOBas MAIlWHa,
KoTopast paboTtana 651 B obparHoM HanpaBienuu. [Tove-
MY-TO HZes] KOMHATHOTO XOJIOAM/IBHUKA BO3HUKJIA CPAB-
HUTEIbHO HelaBHO. KoMHATHBI XONMOAUNBHIAK, HAOUTEIK
JIBIOM, TIOSIBMJICSI B KBapTHpax JMIIb B CepefiMHe IPo-
IJIOTO BeKa, a JJIEKTPUYECKHil XOJOAUIBHUK, KOTOPBIH
CTOMT ceifuac MOYTH B KaX/I0i KyXHe, IOSIBUJICS B IIpoJa-
ke JIALIG B EPBBIX AecaTuieTnsx XX Bexa.

Ecin ocTaBUTh B CTOPOHE KOHCTPYKTHBHBIE CO00-
PaXeHH, TO XOJOANIbBHHK PabOTaeT 10 TOMY e TPHH-
LVILY, 4TO ¥ TEIJIOBasi MallMHa, TOJHKO BCe Onepaiuu
HpoBoAsATcs B oOpatHoM nopsiaxe. [luka Cr3ameneH Ha
muka C! (puc. 21).

LT
7
é
g
e ced

Puc. 21. Ilukn Xon0qAMABHHKA
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Tlpu U30TEPMHUYECKOM PACHIHPEHUM HA JTAlle 82 TEH-
J10 AQ, OT XOJIOIMIBHUKA MEPEXOIUT K OXJIAKAAIONEMY-
¢ rasy. Janpine ras aauabaTH4eCKH CKMMAETCA 70 JIaB-
JIEHHs!, OTBEYAIOMErO TOYKE O, B KOTOPOIi T'a3 BCTYIAET B
KOHTAaKT ¢ HarpeBaTe/ieM (KOMHATOM ) 1 T/ie OH B IIpoIecce
M30TEPMUYECKOTO CKATUS 10 TOYKY 4 [epesiaeT HarpeBa-
Temo (B AeHCTBUTENBHOCTH — IIPOCTO BO3yXy KOMHATHI)
Temio AQ,. Ha sro saTpauusaerca pabota. Ha nocregaeM
JTale ras anuabaTUYeCKH PaCIIMPSETCS W «BO3BPaILaeT-
Cs1» B TOUKY 6. B XOJIOMMIBHOM IIMKJIE Ha yYacTKe 66a pa-
Goraer KoMIpeccop (B MPAMOM LHKJIE 3TO OBUT HITHHAD
C TIOpHIHEM, KOTOPBIH CJIY’KHUJI UCTOYHUKOM PaboTHI).
Bmecro komIpeccopa B CTapeiX XOJIOZUJIBHUKAX JaBJIe-
HHe ra3a [OBBIIAIOCH HATPEBAHUEM, MOC/TE HarpeBaHMsI
ra3 BRITEKaJI, PACUIUPSSICh, B IPAKTHYECKH IYCTOH COCYA.
[Mpu pacimpennu ero TeMnepaTypa yMeHbIIaNacs.

KoMHaTHEINH XOMOTUIBHHK OXJIAKAAET IIPOAYKTHI
W HarpesacT KoMHary. Korma-To, Korma XOJOAMJIBHUKH
TOJILKO BXO[uAM B OBIT, PpeKIaMHPOBATAcCh JJEKTpUYE-
CKag TUTHTA, KOTOpasi OBOPOTOM DYKOSITKM TIPEBpalia-
JIach B XOJONWIBHHK. Bbuia v 3Ta minta yzo6Ha u xo-
pOIiIa, HEM3BECTHO, HO OHA IIPEKPACHO JEMOHCTPHPOBATIA
OCHOBHYIO M€l obpaTiMoro rukIa KapHo.

JlJis XOJOAMIbHEKA HE O4€Hb MPOCTO OIIPENENHUTh
BeJINYUHY, NOAOOHYI0 K03thhUIHEHTY MOJIE3HOTO AeiicT-
BHA y TelLiosoro'ipuratens. Ha muarpamme TS (puc. 22)
BHZHO, YTO OT XOMOAUABHUKA OTHHMaeTcA Telwno AQ,, a
HarpeBaTeso OTAaeTCs Terno AQ,; u36bITOK NOMOIHSET-
cs1 paboToii, copepuiaeMoil KoMIpeccopoM. ITy paboTy,
Ka3aJI0ch Gbl, MOXHO CEJIaTh CKOJIb YTOAHO MAJOH, eCJH
6Bl Pa3HOCTH TEMIIEPATYDP HATPEBATENSA U XOJOLMILHHKA
Takxe 6bliIa OBl JOCTATOYHO Mo, OHAKO Ha IPAKTHKE
Harpesareb 3afaH. TemirepaTypa HarpeBates — 3TO TeM-
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Puc. 22. PaboTa x01041IbHHKA
(ne obgsaTennro nuxa Kapuol)

neparypa KOMHATHL SICHO, 4TO B OYeHb XOJI0KHOH KOMHa-
Te OXJIATATH ITPOAYKTI JieTue, 4eM B KAPKO HATOILIEHHOH,
¥ B 3aBUCHMOCTH OT YCJIOBHI 3aTpadyeHHast paboTa MOKeT
CKOJIBKO YTOJHO HpEBBINIATh KOJMYECTBO OTOOPAKHOTO
TeruUla, Kak 3TC JIerKo BUAETH Ha puc. 23.
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Puc. 23. 3ddeKTHBHOCTD XONOANIBHUKA

OtHoulenue BeJIMYUHBI IPOU3BEAEHHON paGoThI K Be-
JIHYMHE 0TOOPAHHOTO Y XOOAMIBHUKA KOJIHUECTBa Tella,
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KOTOpoe XapakTepusyet 3¢ exTHBHOCTD X0NOAUIBHIKA,
MOXeT OBITh OYEHb MAajbiM, €CIH XOJOAWILHHK JIMIIb
cJierka IOHMXaeT TEMIIEPATypy, HO MOXKET OHTb U CKOJIb
yroziHo GosbiauM, eci TpebyeMast PasHOCTh TEMIIEPATYP
JomkHa 66rTe G0b1Ioi, Bpsim I CTOMT Ha3bIBATH BEJH-
YUHY, KOTOPAs MOKET HMETh JII00bIE 3HAYEHHUS! OT HYJIS [0
6eCKOHEYHOCTH, K03(DDULHEHTOM 110JIE3HOTO AEHCTBUSL.
Ee npunsaTo HasbiBaTh 3(pheKTHBHOCTHIO.

HACOC TOMCOHA

Ceiliyac HUKOTO He YAUBJISIET, YTO XOJOAUIHHUK Ha-
rpeBaeT KOMHaTy. I3 BTOpOro Havajsa TepMOAMHAMUKH
CJIEAYET, YTO HEIb3sk IOCTPOUTH NPHOOPa, KOTOPBI bl
OXJIAXKIaJ KaKo#-TO 00beM, He 3aTPAUUBasi COBCEM pa-
60TsL.

Boino 661 XOpoIIo UMETh KYXOHHBIA KoMOaitH, KOTO-
DBl 3aMopakuBai Obl POAYKTH U Bapui 0Gel, He Tpe-
Oys muTaHUA OT ceTd. ITO, OAHAKO, 3ANPENIEHO BTOPHIM
HAYaJIOM TePMOIMHAMHUKH.

Ho ecamn He TpeGoBaTh OT XOMOAWIBHIKA HEBO3MOX-
HOTO, a MOCTABUTH Ilepes; HUM OoJiee MPOCTYIO 3ajayy
oborpesa KyXHH, B KOTOPOi OH CTOHT, TO OH, Ka3aJI0Ch Obi,
MOJKET 9TO CAEAATh ToUTH OeciuiatrHo. Takyio Ha nepBbril
B3LJBSI CTRaHHYI0 ycraHoBKY npuiaymai Tomcon (Kens-
BuH). OH ee HA3BAJ TEILIOBBIM HACOCOM.

Ecim Ha KyxHe ecTs GaTKOH, TO MOXHO TOCTaBUTh
XOJIOAWJIbHUK B TPOJIET ABEPY, ABEplieli Ha ynuny, a 3a/-
Heil cTeHkoil B KyxH10. OTKpoeM /IBepILy XOJOAHIbHUKA 1
BKJIIOUHM €r0 B CeThb. XOJOMMIBHUK GyeT nepeKaunBaTh
TEIJIO, OXJIAXK/asl YUY U HarpeBas komHaty. OH MoXeT
HEePEHOCUTh MHOTO TEIUIa, 3aTPAYNBasi O4eHb MaJIo pabo-
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TBL: /L7151 3TOTO HAJO TOJIBKO, YTOOH Iepenajl TeMIepaTypal
6611 HeGonbmmm. Torma nuomans KpUBOH, u3obpaxaio-
nieit KUK, by et MaseHbKo# (puc. 24), a KOIMYECTBO Te-
peHeceHHOTO Telia — GonbmuM. QumbKHN B 3TOM paccy-
XKAEHHH HET — Mbl IIPOCTO HCTIO/b30BaJH PEXUM PaboThI
XOJI0uBHUKa ¢ 6071610 3d()EKTHBHOCTHIO, 0 KOTOPOI
yxe 610 pacckasano. TennoBoit Hacoc — He O4eHb MN0-
ne3HbIN HPUOOD, HO OH NPEBOCXOAHO WIIIOCTPUPYET Pa3-
HUILY MeXJIy TePBBIM U BTOPHIM HAYaJIOM TEPMORUHAMMU-
ku. [lepBoe Havalo yTBepXAA€T SKBHBAIEHTHOCTh Tellla
4 paGoThl, BTOPOE YKA3bIBAET HA MX IIPHHIUIHAIBHOE
pasindue: 9ToOB! NOAYYUTh paboTy, HAZO CO3/ATh IOTOK
TEILa; OCAe[HNH, 0JIHAKO, 0OSI3ATEIBHO COMPOBOXKAAET-
€SI POCTOM SHTPOIINH, HO He 06s3aTeNbHO CBsA3aH ¢ O0Jb-
UM UIMEHEHUEM SHEPIHH CHCTEMBL,

7
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/e 4
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Puc. 24, Hacoc Tomcona

[TapajioKcanbHOCTh TENJIOBOTO HACOCA COCTOMT B TOM,
4TO OH CO3/{AaET PAsHOCTD TEMIEPATYD NOUTH Ges 3aTpaTsi
paborsl. B OGBIMHOM e Npoliecce, TEIUIONPOBOAHOCTH
PasHOCTH TeMIlepaTyp ucuesaer Oes coBepuieHdsi pabo-
Tb1. Ec/i Tenepb NOCTPOMTD TEILIOBOI JBUTaTe/lb, KOTo-
pblit 651 paboTas Ha TOH Pa3HOCTH TeMmepaTyp, KOTOPYIo
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co37iaJl I0YTH GeCHIATHO TEeMJIOBOI HAacOC, TO TAKOMH ABU-
ratesb Oyner BbUIaBath paGoThl He Gosbine, YyeM Oblio
MOTpaueHO Ha CO3/laHue 3TOil PasHoCcTH (2 B CHIIY Heol-
paTHMBIX HOTEph Aake Menbile). HepasencTso B saxone
BHTPONHH PabOTAET YECTHO B OAHY CTOPOHY: JIETKO MOTe-
PSTDb SHEPTHIO, HUYETO He NOJIy4YUB B3aMeH, HO HEJb3d ee
I06bITE, HUYEM 32 3TO He 3aILIATHB.

DOOPMYJIA BOJIbIIMAHA

TTocre Tomcona u HepicTa 31aHHe KJIACCUYECKOLH
TepMoaMHaMuKH ObUI0 3aBepireHo!. Ho k ToMy BpeMenwy,
KOT/a B TEPMOJHMHAMUKE 3aBEPIIHINCH, TAK CKa3aTh, OT-
AEIOUHbIe PaboThi, PA3BUICA HOBHI B3rsA HA Dusnye-
CKHe€ SIBJIEHUs], B3[JISIA CO CTOPOHBI KMHETUYECKOI Teopuu
ra3oB. Hago 6b110 COEIHHUTD B OTHO LEJIOE TO, YTO A€l
Maxcsenn, u To, 4ero goctursn Tomcon u Hepucer. C Tou-
KM 3peHust MakcBeJsiia ra3 — 5TO KOJUIEKTHB YaCTHUII, Ka-
X712 U3 KOTOPHIX OMUCBHIBAETCS YPaBHEHMEM MEXaHUKHU
HeioToHa.

Bosbim yeriexoM KHHeTHHeCKOi TeOprH ra30B ObiIo
o0bsiCHeHNE TaB/eHus ¥ BHYTPEHHEH sHeprur. MocT me-
Ty MEXaHWKON M TePMOAMHAMUKOU BBITJIALEN BIIOJIHE
HaZeXkKHbIM, eCJii Obl He 0JIHA €0 C1a00CTh — B MEXAHHKE
He GBLIO MECTa IHTPOIIUM.

Haiitu 310 MecTo okasanoch 3ajaveit HeoOpgaiino
TpyaHoi. Kora oHa 6Gplia HakoHen pemena B 1872 r.

! TepmonunaMHKa BHIr/SENa HACTONBKO 3aBepIIEHHOH, yTO
yuennk [unsbepra Kapateomopu npuayMan crporoe HalOxeHue
TEPMOIHHAMHKHN (COBCEM KaK B MaTeMaTHKe), OCHOBAHHOE Ha aK-
CHOMaX.
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BonbiiMatioM, TO BHOBb HOBTOpHMJIACh CTapas MCTOPUS:
BonpuMaH BCTPETWII HEIOHHMaHHe DOJBLIMHCTBA CBOMX
xostner. Crapoe 1okoJieHHe He BH/IEJI0 IPHYMH, KOTOPble
ONpaB/pIBaTN OB NMEPeCMOTP BIIOJIHE XOPOIHEH Teopuu
Temnna,

BoasuMan yBuze, 4To aHTPONNA NOABJAETCA B KH-
HeTU4eCKOU TEOPHM KaK Pe3yJibTaT PUMEHEHHs] TOHATHS
TeOpHH BEPOATHOCTEl K CHCTeMaM, Ha KOTODbie /i0 HEro
CMOTPEJHU TOJABKO C TOYKHU 3PEHIHsT MEXaHUKH,

Mopmysa, oTkpeiTas BospumaHOM, HMeeT O4YeHb
IIPOCTOM BHI;

S = klnw.

OHa cBA3bIBaeT TEPMOAHHAMHYECKYIO BEJWNYUHY — IH-
TPOIMIO CO CTAaTHUCTHUECKOH BEeNWYHHOM ®w — BeposiT-
HocTelo cocrosiiusa. Kosddunuenr k 681 nobassier B
a1y Gopmyny nosxke ITnankoM, KoTOpbIH U Ha3Bal ero
noctosHHoi Bonsumana. B dusmke ects kopotkue dop-
MYJIBL, HOJIHBIE TAy6OKOro cMbicsia. OHU YCTAHABIMBAOT
CBA3b MEXKAY BeJMYHHAMM, KOTODPbIE PAHbIIE CYUTAIHCD
WMEIONIMMH COBCeM pa3sHyio npupondy. Tak, dopmyna
mm,
R2
colt ¥ cunoil Tarotenus; dpopmyaa JitHmrelina E = mc?

HbioTona f=7v

yCTaHOBUJIa CBA3b MEXAy Mac-

06beMHMA ABA COBEPUICHHO Pa3HbIX B KJIACCUYECKOM
MexaHiKe IIOHSTHUS — MacCy M JHepruo; ¢opmyia
ITnanka A®=g& OTKPHLIA CBI3b MEX Y YACTOTOH U 3HED-
ruefi kBanTa; opmyna Xab6na v = HR — cBasb Mexay
PacCTOSTHUEM [IO TAaKTUK M CKOPOCThIO UX pasberanus.
I10 Bee Beukue GopMybl, ¥ ¢popmyaa boasuMana 3a-
HUMaeT CPeAM HUX NoYeTHOe MECTO, a caM bonpumaH
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OCTaJIC B HCTOPHH KaK OJUH U3 IJaBHBIX co3fareseit
CTATUCTHYECKOH (PU3UKH.

Yrobsl HOHATH CMBICA (popMyabl Bosbimana, pac-
cMOTpHM CcoCyA obbemoM V,, B KOTOPOM HAaXOIHUTCS
HAEATbHBIA ra3. ATOMBbI rasa GecrmopsiiouHO JTBUXKYTCS
BHYTpPH cocyna. C TeueHHeM BpeMeHHU KaX Bl aTOM I10-
GBIBaET OJMHAKOBO YacTo (C OAHHAKOBOI BEPOATHOCTHIO)
NPAKTUYECKH BO BeexX Yactax cocyaa. He nenas Gonpmoi
ONIMOKH, MOXHO CKA3aTh, YTO IIOJIOBHHY BCEro BPEMEHH
Kajk/blii aTOM IPOBOMT B [IPABOH, a TONIOBUHY BPEMEHH B
JIeBOi nojoBUHE cocyna. Takke MOXKHO YTBEPKAATH, UTO
€CJIM COCYyJ, MBICJIEHHO pa3/iesieH Ha YeThipe PaBHBIE Yac-
TH, TO B KaXKIOH M3 HUX aTOM IIPOBOJUT OJHY YETBEPTH
Bcero BpeMenH. lIpopomkas aTH paccysaeHus, MOXHO
3aKJIIOYHUTD, YTO B KAX/OM BhigeeHHOM obbeMe V (Hesa-
BHCHMO OT ero (pOpMBI) aTOM TIPOBOJAHT JIOJII0 BPEMEHH,

14
PaBHYIO v ecn V, — obbem Bcero cocyaa. ITOT pakT
0

MOXHO ONIMCATh TaK: BEPOSITHOCTD HAlTH aToM B oObeMe
14
VpagHa w= v

Cobepem Terepb BCe HHTEPBAJIBI BPpeMeHH, KOI/Ia Halll
aTtoM (Mbi 0603HaYMM ero aToM 1) HaxoxuTcs B obbeme V,
u GyzeM CIeUTH 32 APYTUM aTOMOM — atoMoM 2. IToMy
aTOMy HET HUKAKOTO JeJia 0 [IOBEIEHUsT U MECTOHAXOX-
Aenus atoMa 7. [loaToMy He3aBHCUMO OT TOTO, TAE HAXO-

\%
AUTCST aTOM 7, aTOM 2 10JI0 BpeMeHH -‘;— TaKXe [PoBo-

0
IuT B o6beMe V. 3TO 3HAYHT, 4TO 32 HEKOTOPOE HONBIIOE
BpeMst T atom 7 OyzeT HaxoauThes B o6beme V B Teuenne
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v
BpeMmen T, = VT . 3a 70 xe BpeMsa T, atom 2 6yneT Ha-
0
XO[MTBCSA B TOM Xe ofbeMe V B TedeHne BpeMeHH

2
|4 14
=—T,=l—]|T.
1 VO

Orciona MOXHO 3aKJIIOYHTh, YTO BEPOATHOCTH HalTH

B obbeme V atoM 7 1 aToM 2 BMecTe paBHa @, = v
)
IT0 paccyx/jieHlie MOKHO IPOJIOJIKUTh, BKJIIOYHB B HETO
H JIpyrvie aTOMBi.
Takum o6pa3om, BeposTHOCTD HaliTn B 00beme V Bce
N, aToMOB (Bech MOJIE) paBHa

JTa BEPOATHOCTh OTHOCUTCSI K TAKOMY CTPAaHHOMY CO-
CTOSTHMIO, KOT/Ia I'a3, 3aO/HSIIONUYU BECH COCY/, C/IYUalHO
coXMerca u 3aiiMeT obbem V. Uncao ABorajpo HeBooO-
PasuMO BEJIMKO, TIO3TOMY @y~ OYeHb MaJa: HHKOIZA He
GpIBaeT, UTOOLI Ta3 CaM OYKCTIN XOTs1 OB CaMyI0 HE3HAYH-
TeNBHYIO A0 006beMa, T. e. 9To6n V oTauyanocs o1 V, Ha
CKOMBKO-HUGY/1b 3aMETHYIO BETHIHHY:

Ecau mMb1 Teneps cpaBHMM (opmyity Iis1 BEPOATHO-
CTH C BEIDOXKEHYEM [ SHTPONUY UAea/bHOTO rasa (1pu
T=T,)

§—5,=Rln’-
. V()
WM, I51 ORHOM MOJIEKYJIBS,
14
S-S, =kln—,
4] n Vo
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TO YBHJHM, 4TO!
S-S, =klhw.

3ro u ectb opMyna Bombiimana a1 neajbHOTO rasa
npu T = const.

KAK 3ABUCUT S OT TEMIIEPATYPbI?

JokasarenscTBo opmysbl BonbiiMana At Tasa, B
KOTOPOM MEHSETCs TEMIIEpaTypa, CyHecTBeHHO Ooviee
c10x%HO. MBI IpMBe/ieM He BIIOJIHE CTPOToe PacCy>K/eHHe.

Jlns 3TOrO BCIOMHMM, YTO MBI TOBODUJIM B CBSI3U C
pacipefienenueM ckopocteit Makcpesna. ByneM ciaennts
3a TeM, Kax ABHXKYTCSI aTOMBI B IIPOCTPAHCTBE CKOPOCTEH,
T. e. KaK H3MEeHsIETCSI CKOPOCTb aTOMOB €O BpeMeHeM. B ot1-
nUYHUe OT OOBIYHOTO HPOCTPAHCTBA, IPOCTPAHCTBA KOOP-
AWAAT, B KOTOPOM aTOM MOI HAXOJMThCA B MOOOH TOYKe
€ PaBHO¥ BepPOSITHOCTBIO, B ITPOCTPAHCTBE CKOPOCTEH ero
<KOODJMHATH> ¥ IPHHAMAIOT JIMIIL 3HAYeHUd, O113KMe K
CpellHeMy 3HAYE€HHIO CKOPOCTH:

U =OVET .

Msl He 6yfieM YTOYHATH, O KAaKOW cpegHeld CKOPOCTH
HJIeT Peub — CpeAHeKBaApaTUYHOMH, Haubosee BepPOAT-
HOU U T. 1., — M OCTaBUM KO3(puument o 6e3 BHUMA-
HuA. CKOpPOCTh aTOMOB, KaK 3T0 CJIEAyeT H3 pacmpe-

! Ha caMoM fete MBI BRINHCJISIEM He CaMy SHTDOTIHIO, A ee IIpH-
paileHHe IpH Nepexofe oT o6bema V) k o6beMy V. Durponas ucxox-
HOIO cocTostHust rasa (temneparypa T, obbem V) octaetcs neon-
Ppefie/IeHHOH MOCTOSIHHOR. 3T0 OTHOCHTCA U KO BCEM AaTbHeNImM

dopmynam.
135



Jesennsi MakcBennia, He paBHa TOYHO v . Ho MoxHo
CKa3aTh, YTO GOJIBIIAS YACTH ATOMOB nmeer CKOPOQCTb,

XOTOpas OTJIMYAETCS OT 0, He Gonee yeM Ha BVAT, rae

B — eme oaHa MOCTOSTHHAsl, TOMHBIA CMBIC KOTOPOMH
HaM He BaKeH.

Takoe yTEepskaeHHEe MOXKHO ONPABAAThH, €C/IH BCIIOM-
HKTb, YTO TOBOPUJIOCH O AMCIEPCHH — pa3bpoce 3HaYe-
Huii ? (MM 3HEPruK) OKOJIO CPEAHEro 3HaYeHHs (CTpo-
roe 060CHOBaHME €T0 CA0XHO). MOXHO CKa3aTh, YTO B
IIPOCTPAHCTBE CKOPOCTEH NOAABIAIOMAS YacTh MOJIEKYJI
OKasbiBaeTcsl B 0ObeME, B KOTOPOM BCE TOUKH HaXOUATCS

Ha paccTosHHK He GojbuleM, ueM npuMepro BVET, ot
TOYKH, OTBEYAIOIIEN 3HAYEHNIO KOMIIOHEHT CpelHei CKo-
poctH.

Tenepb MOKHO CKa3aTb, 4TO B MPOCTPAHCTBE CKOPO-
CTeli IOYTH BCE aTOMbl HAXOAATCA B 0ObEMe BETMIMHOM
nopsinka §3(&T)3/2. Ecau Temuieparypa ra3a n3MEHHIIACH
Ao 3Hauenus T, TO 3TOMY B TPOCTPAHCTBE CKOPOCTELL OT-
BEYaeT KapTHHA, B KOTOPOI II0YTH BCE ATOMBI «CTOJIH-
nuch> B MeHbilieM ob6weme, ecnin T < T, wun «pasbexa-
nvck» B bomblinit 06beM, ecom T> T, .

BoiukciTh BEPOSITHOCTD TAKOTO PEAKOro COOBITHSI
coBceM Tipocto. Hano aelictBoBaTh Tak e, KaKk AeHCTBO-
BAJIX Mbl NIPH BLIYUCJICHUM BEPOATHOCTH <«COOMpaHUi»
rasa B MeHbIIHA 06beM B OOLIYHOM ITpocTpaHCTBe. Bepo-

SITHOCTb 9Ta PaBHa
3N,
T 12
w=\| —
T
Kaxk sierko uzlets, koadpduuuents ncyesnu u3 GopMy-
Jibl — TIOTOMY-TO Mbl HMETU OCHOBaHHE UMM He UHTepe-

COBaTbCA.
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JHTpoNus paBHa J0rapudMy 3TOro BEIPAKEHHS, YM-
HOXEHHOMY Ha R. 3naywur,

§-8,= cvln—;— (npu V=1V)),
0
TaK Kak 3/, N, = ¢, ecTb TenJI0eMKOCTs 1 MOJIs Taza IpH
HOCTOSIHHOM 00BeMe.

Buisesennas ¢opMysia coBliagaeT ¢ TOH, KoTOpast
6bia mosyyeHa U3 TepMoAuHaMUKU. OfHaKO eciii cpaB-
HHUTb 3TOT BBIBOJ CO CTAPHIM BBIBOJIOM, B KOTODOM BBIYHC-
JSUIOCH KOJIMYECTBO Telia i PabOThi ¥ COBCEM HE YIIOMH-
HANACh BEPOSTHOCTD, TO UPUXOANTCS YAUBJISITHCS, CKOJIb
pa3Hble TOUKY 3peHus B (pusuke NIPUBOAAT B KOHLIE KOHIIOB
K ONHHMM U TeM ke (opmyiaM. BoamoxkroCTh CMOTPETD Ha
(puanyecKkue SABIEHAS C CaMbIX PA3HBIX TOYEK 3peHMA —
XapaKTepHOe CBOWCTBO coBpeMeHHOil Hayku. Hayyurbes
3TOMy — NepBeiiias 3a71a4a eCTeCTBOUCTIBITATE]IA.

IMIOTHOCTh COCTOSTHUH

ConceM N0-ApyroMy MOSBJSIOTCA HTPONUS U TeM-
neparypa B cHCTeMaX, B KOTODBIX AEHCTBYIOT 3aKOHbI
KBaHTOBOH MeXaHWKH. B TakuX cHCTeMax, KaK, HalpH-
Mep, aToMHOe SiAPO, Hesb3s U3MEPATH y vactul (Hy-
KJIOHOB) MX KOODAMHATH U CKOPOCTH. [{a 310 U HUKOMY
He HYXHO. ATOMHOE SIIPO XapaKTEPN3yeTcs TeM, Kakue
3HaYEeHUsI HEPIMU OHO MOXET UMETh!, — 3TH 3HaYeHUs

! Kaxzoe cocrossme siipa, KpoMe SHEPIHH, ONHCHIBAETCS etle
PANOM APYTHX XapaKTePHCTHK; CIHEOM, Y€THOCTRIO M T. . O HUX Mbl
oApo6HO roBOPHTD He GyAEM, HO OHE BaXXHEI, TAK KAk MOXeT ObITh
MHOTI'0 COCTOSHMIT C O/[HO# AHepTHel, OTINYAIOIMNXCA APYTUMHE Xa-
PaKTEpPUCTHKAMH.
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SHEPIUHU COCTABJSIET TO, YTO HA3BIBAIOT CHIEKTPOM aTOM-
HOTO S1/[Pa.

Eciu aTtoMHOE siIpO MOAYYHIO HM3BHE OOMBIIYIO
SHEPrUIo, HalpUMEP OHO 3aXBAaTHJIO HEUTPOH, To TOCie
TaKOro aKTa 3axBaTa OHO ¢ IPUMePHO PAaBHOW BEPOSITHO-
CTHIO MOJKET 0Ka3aThCA B OTHOM U3 MHOTHX «KOHEUHBIX»
cocrosiimit. O6beM AApa MOUTH HE U3MEHAETCS, IOITOMY
cBoGo/1a BeIGOpa KOHEYHOTO COCTOSTHHS OrPAHHYUBAETCS
BBIOOPOM 9HEPIUH. 3a1a4a CTAHOBUTCS MOX0XeH Ha 3a1a-
Yy BBIYUC/ICHHS BEPOSITHOCTH B IPOCTPAHCTBE CKOPOCTEMH.
Omnako B caydae 4Apa MBI HHUETO He 3HaeM O CKOPOCTSIX
HYKJIOHOB. 3aTO MBI 3Ha€eM, YTO ¥ si/ipa €CTh MHOTO YPOB-
Hell aHepruu. B KaxxaoM ManeHbKOM HMHTEDBAale 3HED-
iy (ecaM caMa SHeprusi He OYeHb Maja) PacloJIOXeHO
CPaBHUTEIbHO MHOTO YPOBHEN, U MBI MOXXEM I'OBODHUTH O
yiciie ypOBHeEH An Ha e AMHUYHBIN MHTepBaT 3Heprum AE,

An .
Takywo Benuuny E Ha3BbIBAIOT IJIOTHOCTBIO YPOBHEH

U 0603navaioT p(E). MOXHO BBICKA3aTh TAKYK THITOTE-
3y: BePOSITHOCTb HAiTH s1/ipo (Iocie 3axBaTa HeTpoHa)
B HEKOTOPOM COCTOSIHMH IIPONODUMOHANbHA IJIOTHOCTH
ypPOBHeii B TOM MHTEPBAJIE SHePTHH, B 1<0T0p1>1171l HOmajaer
SUIPO TIO 3aKOHY COXPaHEHHs! SHEPTHH.

Eciti BeIGpaTh KaKy0-TO [LIOTHOCTH YPOBHSI 32 CTaH-
JApTHYIO, 9TAIOHHYIO Py ¥ OTHOCKTD IIOTHOCTH YPOBHEH
K 3TOM [POU3BOJIBHO BEIOPAHHOM eIAHHLE, TO UL SHTPO-
MUY TIOJIyYuM No ¢opMyie BonsiiMana

S=kint-.
Po

Taxolt rpy60ii GopMyJIOil MGXHO IOAB30BATHCS IS TIPH-
GAMAKEHHOTO OIHMCAHUA CUCTEM C JOCTATOYHO OOMBUINM
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upncioM cTeneHedt cBoboapt. OHa Halllla, HAapUMep, Kpa-
CHBOe IPUMeHEHHUE IIPH OITHCAHUH SAEPHBIX PEKIHIL,

TEMIIEPATYPA ATOMHBIX A/ EP

B 1937 r. Bop npenoXILU OIIKCHIBATD S/IE€PHbIE Peak-
MM C ITOMOINBI0 MOJENH COCTABHOIO, MM <KOMITayH/»-
supa. Maest 3Toil MoziesTH coCTOSLIA B TOM, UTO PEaKIHsl, KO-
TOpasi POUCXO/UT TIPH CTOJKHOBEHUH HelTPOHA C SIpOM,
ONnMCBHIBAETCS B /[Ba dTana. IlepBbiii 3Tan coCcTOUT B 3aXBaTe
HeiTpoHa sfipoM. Ecu sHeprust HeHTpoHa HEBEIUKA, TO OH
6bicTpO PacTpaunBaet ee. HeliTpOH NpUTATMBAETCS SAPOM,
M 3Ta SHEPIUs MPHTSDKEHUS <«pa3basapUBaeTCa» MEXIY
HYKJIOHaMHU, TaK YTO BHYTPU siipa YCTAHABIUBAETCS HEKO-
TOpOe CTAaTUCTHYeCKoe pacnpeaenenne. Yem Gosrbiie sHep-
THH NOTIAZAeT B AP0, TEM BoJIbIIe OHO «Bo30YRaaeTcs» u
TeM GOJIbIIIE CTAHOBUTCS TWIOTHOCTD €70 YPOBHEH, KoTopas
pacTet 04eHb GBICTPO ¢ Hepruel Bo30yK/IeHNsL.

B TakoM COCTOSIHHMU SIIPO OCTABaThCA JOJTO He MO-
xet. [Tono6uo warpeToll XHAKOH Kamnie, SAPO AOKHO
OTAaTh U3OBITOUHYIO SHEPIUI0 U OxJanuThes. Usumiex
IHEPrAU OYAYT YHOCUTD <MCIAPAIOUIAECA»> YACTHIIBL.

ITOT APOLIECC MOXKET GBITH ONHUCAH aHAJIOTHYHO KCIIa-
PEHMIO C MIOBEPXHOCTU HarpeToi Kamm. Vcnapsmoguecst
MOJIEKY/IbI pacnpeaessiioTcs o MakcBeny, € TeM TOJIBKO
OTJIMYMEM, 4TO pacrpelieJieHHe 31eCh OIMCHIBAET He 110-
KosIuicst (Kax 1ie/10e) ras, a MoTok! MOAEeKYI, BbuTeTan-

! B Takom pacrpefiesieHH¥ NOSBJIAETCS TMUIHH MHOMKHTETh v,
(z — HOpMaJIb K TOBEPXHOCTH ), YYHTBHIBRIOUIHIt TOT GaKT, 1TO HOTOK
YaCTHL NPOTIOPLIHOHAIEH TPOU3BEAEHMIO HX TJIOTHOCTH HAa KOMIIO-
HEHTY HX CKOPOCTH.
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X U3 KUAKocTH. UTo6B omucaTh MPOHECC MCHapeHus
4acTHUIl U3 SIAPA, HAJO 3HATh TeMuepaTypy siapa. Ho mMul
3HaeM TOJILKO SHEPTHIO BO30YXAEHUA U IIOTHOCTD YPOB-
Heli — TeMIlepaTypy e siipa Mbl USMEPHTH He MoxeM. Hu
O/INH M3 NIPpUGOPOB, U3BECTHHIX TEPMOMETPHUCTAM, Jlaxe B
[IPHHIKIE He IOAXOAUT AJIS BHIIOMHEHHA TaKoil 3afayu.
3arto TeMIlepaTypy SApa MOXHO BhIMHCIUTb.

Ecii HeMHOro B0O36GyAUTh SAPO, HOOABUB €My IHED-
ru10 AE, TO 1o 3HTpOINS BO3PAcTeT Ha

AE
AS =—,
T
TaK KaK yBeJMYEHHE SHEPTHM S/Ipa ¥ TOJBOJ Telja X
SIPY — 3TO OAHO U TO xke. IToACTABNAA ClOa 3HAYeHUe
AS, nonyuum!
1 ,Alnp

—=k ,
T AE

T. €. 00paTHas TeMmeparypa PaBHa H3MEHEHMIO Jorapud-
Ma IUIOTHOCTH YPOBHel ¢ sHepruedl BosGyxaexus. Yem
cuibHee Bo30yxaeHue, TeM OObIIe MIOTHOCTh YPOBHE
u TeM GoJible TeMrepaTypa azapa. .

TeMnepatypy si/ipa ecTecTBEHHO H3MePsTh He B TPay-
cax KenbBuHa (B KeJbBHHAX), 3 B 3HEPTETUUECKUX eIUHH-
[{aX, T. €. B JKOYJIsIX, n30aBMBIINCh HAKOHEI[ OT IOCTOSIH-
Hoit Bosbipmana £, OxHaKo 1KOYIb — €IUHKAIA CIULIKOM
6oJIbItIas, TO3TOMY TEMIEPATYpPy (TaK e KaK M SHEPIHI0
BO3OYXKIEHUS AApa) NPHUHATO M3MEPATh B MWLIHOHAX
anextponBoasT: 1 MaB = 1,6 - 1076 apr = 1,6 - 10713 I
nan 1 MaB = 10 K.

1 Py MOXKHO OTGPOCHTD KaK IIOCTOSHHYIO.
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Koneyno, mpuMeHeHUe K sAPY NMOHATHSA TeMIepary-
Pbl He 0YeHb 060cHOBaHHO, UHC/I0 YaCTHIl B s/ipe HEBeJIA-
KO, 1 A7[po He 3a0bIBaeT NOJHOCTHIO CBOK cTopHIo. Tem
He MeHee BO MHOIHMX CJIy4Yasix CIIEKTp cKkopocTeil HeHTpo-
HOB, BRLIETAIONIMX M3 BO30YKIEHHOTO 54pa, 04eHb OX0XK
Ha CHEKTP MOJIEKYJI, HCTAPSAIOMHUXCS U3 HAarpeToil KA.
Tonbko TeMuepaTypa, KOTOpOil OTBevyaeT paclpefieieHue
4acTHIl, O4eHb Gospinasi. MOXKHO ITOKa3aTh, YTO TEMIIEpPA-
Typa s/[pa pacTeT NPHUMePHO KaK KOPeHb KBaJAPaTHBIH 13
DHEePruu BO30YKIEHHUsI U COCTABASAET (B SHEPreTHIECKUX
eauHuIax) npumepHo 1—1,5 MaB nipy sHepruu Bo3Gyx-
nerus 10 MaB 8 ofnactu agep ¢ A = 100. 1o cooTBet-
crByer npubausurenapbHo 1010 K, Tak 4ro HeHTpPOHHBIH
<Tap» Hajl SAPOM HA CAMOM JieJie OY€HB Topsrauii!

ITpumMep c TemmepaTypoll sapa WHTepeceH AL HAC
ellle U TEM, YTO B SAPE B e[MHUNAX SHEPIUH U3MEPSIOT
iBe BEJMYHMHBL — BeJMYUHY BO3OYXAEHHS H TEMIEpaTy-
DY, [OKa3bIBAIOLIYIO, KAaK H3MEHSIETCS [UIOTHOCTH YPOBHEH
¢ poctoM auepruy Bo3Oyxaenus. UMenno ato pasiuyue
MEXAY KOMMYECTBOM TerUla M TeMueparypoil TpyaHo
OBLJIO MOHSTH HATAM HPEAKAM.

CIIMHBI B PEIIETKE

[penmonoxumM, YTO ¥ HAC €CTb KPHUCTATIMYECKas
PellieTKa, B y3/1aX KOTOPO# PaCIOJI0XKeHbI HEMOABHIKHBIE
onuHakoBbIe aToMbl. I1ycTh y Kaxzoro atoMa ecTb yIJio-
BOI{ MOMEHT — CITMH — Y CBSI3AHHMIN CO CIIUHOM MarHuT-
Hbii MoMeHT. O ToXoXkel cucTeMe — CHCTeMe 3JIEKTPO-
HOB — MBI yke TOBOPHJIH BBIIIIE.

Bce, yto HaM Hajgo 3HaTh 06 aTOMax, — 3TO TO, YTO
ecyu abCOMIOTHASI BeJIMYMHA CIIMHA aTOMa PaBHA Sk, TO
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€ro TPOEKLKsI Ha HANPaBIeHHEe MATHUTHOTO TOJIT MOXKET
APHHUMATh He j1I00ble 3HAYEHHA, @ JIMIIb 25 + 1 3HaYeHni,
PABHBIX

~sh, —(s—=D#, .., (s—1h, sh.

MarauTHBI MOMEHT aTOM2 HalIPaBJIEH IO €ro CITMHY, a
MIOTOMY €ro NPOEKIIMA Ha MATHATHOE TI0JIe TaKKe IPUHHU-
Maer 2s + 1 3HaueHuil.

Ec/m MBI 0603HAYMM MAKCUMAJIBHYIO BEJTHYHHY [IPO-
€KIIMH MATHMTHOTO MOMEHTA 4epPe3 gUs, TO eT0 BO3MOX-
Hble IPoeKany OYIyT

—8Ms, "8”(3'1), o) gu(s+1)y 8us.

O6o3Hayenne MATHATHOTO MOMEHTa TpeMs GyKBaMu
MMEET CMBICH, | — 3TO CAWHHIA M3Mepenus. Eciu mar-
HUTHBIA MOMEHT CBSA3aH C JeKTPOHaMH (KaK B PaccMOT-
PeHHOIl paHbIie MOZEJH), TO B = M, — MarHeToHy Bopa n
MAaTHWTHBI MOMEHT g M3MepseTCss B MarHeToHax bopa.
Ecnu MarHuTHBIA MOMEHT CBSI3aH C SIIPOM, TO M = My —
AIEPHOMY MATHETOHY: :

eh
r
2M N4
e Mp — Macca IPOTOHA, M MarHUTHBIA MOMEHT U3MepsI-

€TCHA B SIICPHLIX MAartHETOHAX.
Toutble 3HaYEHUSA ITUX BEJTUIHH TAKOBbI:

H, = 0,578839 - 108 3B/spcren,
py=3,1525 - 10-12 5B /apcren.

Uy=

Exmunusl BHIOpansl Tak, 4ToOb TOCTE YMHOXEHNS Ha Be-
JIMYMHY MAarHUTHOTO TIOJIS YIOTyYanach Obt 3HEPruA B 3B.
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Haxowel, g — 9T0 OTHOIIEHHE MATHUTHOIO MOMEHTA
K YIJIOBOMY, TaK Has3hIBaeMOE TMDOMAIHHTHOE OTHOIIe-
uue, OHo MoXeT OBITH IIOJOXHUTEAbHBIM U OTPHIATENb-
HBIM. ¥ nipoToHa g = 2,8, y HeliTpoHa g = —1,9. ¥ oanux
anep g <0 (xak y 3emmmnl), y apyrux g > 0.

Bo BHelrseM MAarHUTHOM IT0JI€ SHEPIUA MATHHTHOTO
MOMEHTa aroMa paBHa —mglH, rae m IpHAMMaeET o1HO
u3 2s + 1 spaveHmii:

m=-s,-s+1,.,s-1,s.

JTOT BBIBOJ MOXHO CHOPMYJIMPOBaTH M HEMHOTO
uHave. S11po B MaruuTHOM moJie uMeeT 2s + 1 ypoHeii
DHEPTHH, TAKUX, YTO PA3HOCTD IHEPTUI MeXKIY YPOBHSIMU
HOCTOSTHHA U TPONOPIMOHANBHA BeJIUYMHE MAarHUTHOTO
nossi. MOXHO 3TO yTBepKA€HUe TPUHATD Ha BEPY U He
Pa3bUpaThCs B I0Ka3aTeIbCTBE BOoGiHe.

PABHOBECHE CIITMHOB U TEMIIEPATYPA

IlycTs cHaYaNMa HUKAKOrO MArHUTHOTO Noss Het. To-
T7id TIOBOPOTH CITHHOB He BJIWSIOT Ha 3HEPTHIO M CITHH C
OIMHAKOBO} BEPOSTHOCTBIO MMeeT Jiiobyio U3 2s + 1 mpo-
€KIM. YCIOBHO MBI U300pasuM 9Ty KapTHHY TAK, YTO Ha
KaxoM u3,2s + 1 ypoBHel, KOTOpble UMEIOT OAMHAKO-
BYI0 3HeprHuio, HapHCYeM OJIMHAKOBOE YUCJI0 KPYXOYKOB
(puc. 25). ITocie BRII0UeHHS] MAaTHHTHOTO TIOJIS1 B IIEPBBIiL
MOMEHT KOJINIeCTBO aTOMOB Ha Ka’KZIOM YPOBHE He ycIie-
€T U3MEHUTHCA, XOTs SHEPTHUs YPOBHel cTaHeT pasHol co-
rnacHo gopmyJie £ = —mgyt.

Ecny 6b1 aTOMBI OBLIM NIOJHOCTBIO H30JIHPOBAHBI,
TO HMX CIHHBI, KaK CBOOOAHbIE MAarHWTHBIE CTPEJIKH, HE
MOTIH Obl OCT2ZHOBUTBCS — JUJISI OCTAHOBKH HYXKHO Tpe-
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Puc. 25. Pacupenenene aToMoB Ge3 MarHWTHOTO HOJsL

Hue B onope. Pojb TpeHUs 11 aTOMOB 6YIAET Urpath UX
B3aUMOJIENICTBHE C APYTYIMA ATOMaMH, ¢ KOTOPbIMH OHH
oGMenvBaloTca aneprueil. 3To u OyAeT npolleccoM ycTa-
HORJICHMSI TEILIOBOTO paBHOBecHs. B pe3y.brarte vyepes
HEKOTOpOE BpeMsl DaclpelleleHHe COMHOB ATOMOB IO
yPOBHsAM Gyner onuchBaThest (HOPMYJIOH, 1OX0XKeH Ha
thopmysny Maxkcsesina, a HMEHHO: YHCJI0 ATOMOB, KOTOPbIE
6yayT HAXONUTBCSA HA M-M yPOBHE M MMETh BHEPIHUIO €,
TIPONOPITHOHAJIBHO 3HAKOMOH YyiKe 2KCIIOHEHTe:

_Em mgpoH
w(m)=Ae T = Ae T

Koaddunment A onpezessiercst M3 yCI0BMSA, YTO TIOJIHOE
YHCI0 Afep 33AaHO0 U PABHO, HatipuMep, V-

s
AY w(m)=N. ¢
m=-s
Cymmy (oHa ecTb reoMeTpuuecKast IIPOFPECCHs C OTHO-

8ioH
III€HVEM COCEAHMNX YJICHOB, paBHBIM € kT ) JIETKO BbIYHC-

JIMTh, HO MBI 3TO JIEJIATh IOAPOOHO yaKe He OyieM.
PacnipeaesieHne CIMHOB aTOMOB B T€NJIOBOM DaBHO-
BECHUH WLTIOCTpUpYeTcs Ha puc. 26.
MBI BHAUM, YTO MOXKHO TOBOPUTH O CTIMHOBOI TeM-
neparype aroMoB. JTO eCTb BeJIMYHHA, KOTODast ofipezie-
JISIeT 3aKOH pacrpe/ieJIeHHs CIIMHOB 110 Pa3HbIM MPOEKI{H-
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£ o—o—o padwolecus
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£, 23> >4,

Puc. 26, CniyHnl B MATHUTHOM [10J1€ B TETJIOBOM DaBHOBECHH

sIM B MarHMTHOM 110Jie. Ecim TeMmieparypa o4eHb BeIHKa
(T — o), TO 9KCTIOHEHTA CTAHOBUTCS PaBHOH €MHHLE M
BCe w(m) CTaHOBATCHA PAaBHbIMH IPYT APYTY.

PacnpegesieHne ClIMHOB aTOMOB IO YPOBHSIM B Mar-
HUTHOM [OJIe NMPUBOAUT MOYTH CPasy K HeOXKHAAHHOMY
TapaIoKCy.

OTPUUATE/IbHBIE TEMIIEPATYPBI

XoTa Bcerna yTBEpXKAaeTcss — U 3TO YTBepXKACHHE
[PABUJIBHO, — YTO aBCOMIOTHBIA HYJIb MPENCTABISAET CO-
601 camMyl10 HU3KYIO U3 BO3MOXHBIX TEMIIEPaTyp, GH3UKU
YaCcTO rOBOPAT ¥ 00 OTPUIATENBHBIX TEMIIEPATYPAX.

TIycTb aTOM MMeeT CIIUH !/, ¥ COOTBETCTBEHHO HMEET
B MarHUTHOM IIOJIe {BA COCTOSIHHS ¢ m = £1/,,

Eciv MarHMTHBIH MOMEHT aTOMa IOJIOXKUTENIEH
(g > 0), To y Gonpneit YacTH aTOMOB CIHHBI HATIPABJIEHE]
110 TOJTIO. ﬂaxce npy T’ = oo BepOATHOCTH 0GOMX HampaBJie-
HMIi, KaK Mbl BUJEJH, TOJBKO CPABHHBAIOTCS. JTO 3HAYMT,
4TO, CKOJIBKO Obl HU MOABOAUTEH K CHCTEME TEILIA, HEJIb-
asd cenaTh TaK, 4ToBl cocTosHue ¢ Gonbliell sHepruei
BCTPedanoch yame — ObUIo 61 GOJIbINE «HACENEHO>, YeM
COCTOsIHWE ¢ MeHbmeH sHeprueii. Tem He MeHee Takoit
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06paTHOH 3aceNEHHOCTH MOXHO IOCTAYD ¢ TIOMOUILIO He-
6onpmoil xurpoctr. {1 3Toro Hajo OGBICTPO H3MEHUTh
HanpaBJieHRe MArHWTHOTO Tossi Ha obpartnoe. UroGwi
OIHCATh HOBYIO CHTYAIlHIO, HAlO Bo BCex (OpMYJIax 3a-
MenuTh H na —H. Ho s10 TO Xe camoe, 4T0 H3MeHUTDH T
ua —T. PacnpenesieHre CIIMHOB TIOCJE <[IOBOPOTa» MO
GyaeT BHIITIAAETh Tak, Kak OyITO UX TeMIepaTypa CTaia
oTpunaresbHoi. YpoBeHs ¢ GoJbliell sHeprueii 3acesieH
6oavure (puc. 27)!

£ —eo—0—0-—0—0o—
£H)—o—o—0—
fy——0——
54 \

£, >6,>E3>E,

r<g

Puc. 27. Pacnipenesetne npy «0TPHLATENbHO> TeMNepaType

To, 4T0 HEJIL3sE OBLIO ClIETaTh, OTOMpPast TEIIO, OKa3a-
JI0Ch CPABHUTEIBHO TIPOCTO CAENATH, YIIPABJSAA MATHHT-
HBIM 1I0JieM. Y CHCTEMbI YPOBHEH He MHOTO, M NiepecTa-
BHTb HX MECTAMH OKa3a/10Ch BO3MOXHBIM. .

Yro 6yaer ¢ Takod cHcTeMOH Aaibme? SICHO, 4TO
cHCTeMa CIIMHOB OyjleT BO3BpAlATbCH B COCTOSHHE Te-
wioBoro pasHosecust. CIMHbE ATOMOB OyAYyT mepeBopa-
YUBATHCA 6JaroAapst 37€KTPOMATHUTHOMY B3aHMOZEHCT-
BHIo aTOMOB. U36HITOK SHepruu 6yaeT yXoauTh B Apyrue
YACTH CHCTEMBI, ¥ CITMHBI AaTOMOB PAcCHpEAENATCS TakK,
Kak AKoJkHO ObiTh pu TeMneparype 1. Takoii mpouecc
OYeHb NOXOX Ha NepeAayy Temja — H3ObITOK JHepruu
otzaeTcs 6oJiee XOJMOAHBIM YacTAM cucTeMbl. Mabuitox
9HEPrud BO3HHK, KOHEYHO, KOTAA K CHCTEME CIIHHOB
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6bU1a 106aB/ieHa SHeprus NpH oOpaleHH K HallPaBIeHHUs.
MATHHTHOFO HOJIS.

OTOT Pe3yJIETAT MOKHO ONUCATH 1 H0siee HPOPMAIBLHO.
JUIs 3TOr0 3anuIleM OTHOIIEHHUE <HACEJEHHOCTEN> IBYX

YPOBHeii:

A

w(E -—

a:ﬁ:e kT,
w(e,)

e A = g — &, — PasHOCTb SHEPrUil ABYX ypoBHeir. W3
opMyIIBI BUAHO, YTO B «<HOPMAJIBHOI» cHUTYalluH, Koraa
T usmensiercs ot 0 /10 oo, ot u3mensieTcs ot 0 10 1; uHrep-
BaJly XKe U3MeHEHHU oL 0T 1 A0 0, KOTAa BEPXHHIt YPOBEHB
6onee 3acesieH, HAZIO COIOCTaBUTh 3HAYEHUSI T OT —oo 210 0.
Hacenennocts onuceiBaetcs pa3puiBHoM pyuxuuei or T;
PaBHOH HaCeJeHHOCTH JBYX YPOBHEH OTBEYalOT ABa 3Ha-
yeHHs TeMNepatypbl: 1= *eo, TaK KaK o (Feo) = 1.

Takxum 06pa3oM, OTHOCUTEIbHASI HACEJIEHHOCTD BEPX-
Hero ypoBHs (BeJIMYKMHA () ONHCHIBAETCS TeMIepaTypoi
HECKONbKO INapaflokcaibueiM obpasoM. Hacenensocts
pacTeT, Koraa TeMiepaTypa TOIHUMAeTCst OT HyJSL 10
beckoHeunoctu. Ho T = « oTewaeT He camomy 601b1o-
My 3HaueHHIo .. HacemeHHOCTD MOXET PacTé U AATbIIe
(o1 1 10 ), ecut TeMuepaTypa GyIeT PacTH, OCTABASCH
OTPHUATENBHOM, OT —eo K0 (). B 3TOM CMBIC/IE MOXHO CKa-~
3aTh, YTO OTPHIATE/IbHBIE TEMIEPATYPhL JIEXKAT «BHIIIE>
T = oo. OnincaHye NOBeAERHs 0. 6110 65l TIPOLLE, ec/u Gbr
MBI TI0JIb30BAJIMCh BETMYMHON, OOPATHOM TeMIlepaType:
B = 1/T. Herpyaso yBuzers, 4T0, KOT/a O U3MEHSETCS OT
0 710 o0, p yMeHblIIaeTCA MOHOTOHHO, 6€3 BCAKHUX CKAYKOB
oT o Jlo —oo. «O6GpaTHas Temmeparypas 1/7 4acro oxasni-
BaeTca Gosiee ynoOHOM BeMUMHOI.
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IlepeBepHyTOE (<MHBepcHOE») 3acesieHUe YPOBHEH
UCHONB3YEeTCsI B JIa3ePHOM TeXHUKE,

Korza ypoBheil TOMbKO 7Ba, TeMmIlepaTypa OIpene-
ASIeTCST IPOCTO ~ M3 Jorapu()Ma OTHOIIEeHHS HaceleH-
Hocteil. OnHako ecid ypoBHeH MHOIO, TO UOJNOXKeHUe
ycnoxHsieTcs. Jlajeko He BCerZa «HeNpapuibHYIO» Ha-
CEeJCHHOCTDh YPOBHEH MOXKHO OITMCAaTh ONHUM IapaMeT-
pOM — TeMITepaTypoii.

Ecnu MOXHO M3MEHMTh SHEPruio Bcex yPOBHEH €
Ha ~€,, TO IOHATHE OTPHLATENbHOK TeMIepaTyPhl UMeeT
veTkHil cMblc. VIMEHHO Tak OOCTOMT JA€/0 JJISi BHEPIUM
CIIMHOB B MarHUTHOM Tiose. Mbl BUZIEJIH, YTO €CJIU CIIUH
aTOMa PaBeH §, TO cUcTeMa nMeeT 2s + 1 cocToanuii co 3Ha-
YEHUSAMU IHEPTHM, COCTABASIOMHMH apUPMETHYECKYIO
nporpeccuio. VIHTepBansl MEXKAY YPOBHSAMY OHMHAKOBH,
1 3aMeHa H Ha —H u3MeHseT TONBKO HOPSAIOK YPOBHEH,
He M3MeHsI UX PACCTOSIHUS, TAK YTO BCA cXeMa YPOBHel
He fleopMupyeTcsi. VIMEHHO 103TOMY MBI ¥ pACCMOTpENIH
ApUMEDP C MATHUTHBIM MOMEHTOM.

Ecnu xe cxema ypoBHeil He Tak MpOCTa U HHTep-
BajTbl MEXK/y YPOBHSAMH Pa3HBIC, TO MBI He MOXeM IpO-
CTHIM 06Pa30M <«IlepeBEPHYTH> HACEIEHHOCTH YPOBHeH,
H, CTPOrQ TOBOPA, OTPHUIATENbHAs1 TeMuepaTypa Ajs
Takoil cHcTeMBl He HMeeT cMbIcjia, OQHAKO M B 3TOM
clyuae MOXKHO TOBODHTb O TeMIeparype, PasHOM s
PA3HEIX YYaCTKOB CIIEKTPa YPOBHeH, BRIOUpAst yyacTKu
TaK, YTOOBI BHYTPH HMX MOXHO OBLIO CUMTATH MHTEP-
BaJIBl OXWHAKOBBIMH. B 3TOM clyuae MOXXHO TOBOPHTD 0O
pa3sHBIX TeMIEpaTypax B Pa3HBIX y4acTKax creKTpa. Yc-
TAHOBJIEHHE PABHOBECHS U 3/1€Ch COCTOMT B M3MEHEHUH
HACeJeHHOCTH B CTOPOHY NPaBUJIBHOTD, DaBHOBECHOTO
pacupenenenusi. M1 onsts BTOpoe Havasio TepMOAHHA-
MUKH YKaXXeT HAM HAMPABIEHHE TEILI0BBIX IOTOKOB, IT0-
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KaxeT, KaKHe yYacTKH CHleKTpa OYAyT TepsATh SHEPruio,
a Kakue pHoOpeTaTs.

Cnyyail HepaBHBIX MHTEPBA/IOB OYeHb PACNpaCTpa-
HEH B CIIEKTPax aTOMOB, T/le MarHUTHBI MOMEHT aToMOB
HMMeeT CJIOXKHYIO IPUPOALY, TAK KAK CO3/IaeTCsl ABKEHHEM
MHOTHX 3JIEKTPOHOB M HX cluHOB. [loHsATHE OTPHLIATEIB-
HBIX TEMIIEPATYp CTAN0 BAXHBIM TIOHATHEM B ONTHKE W
0C0O0EHHO B (u3HKe J1a3epoOB,

Jnst Bcex paccyxaeHHH ObLJIO OYeHb BaXKHO, YTO
CHCTEMa MOXKET UMeTh OTPaHUYEHHLIH CHEKTD ypPOBHEH
aHeprun. ToabKO B 9TOM CJIy4ae Y CHCTEMbI KPOME CaMOTO
HICKHETO YPOBHSI €CTh M CaMBblil BEPXHHI, U 3Ty CHCTeMY
MOJXKHO <IIePEBEPHYTh» — 3aMeHuTh T Ha —I' U OJYYHUTh
KapTHHY, 0TBedaonyo ¢opmanbho T < 0.

Jsi [OCTynaTenbHOIO [BHIXKEHMs, OIS KOTOPOro
IHEPrHsi MOXeT U3MeHsThca OT 0 [0 oo, OTpUIATENBHBIE
TeMINEePaTyPhl HEBO3MOXHBI — /IJIsI TAKUX CUCTEM HEJb3S
€0374aTh pacHpejie/leHHe, OTBEYalollee OTPHUATEILHBIM
TeMIIePaTypam.

HU3KUE TEMIIEPATYPbI

VinTepec K mosryueHNI0 HU3KUX TeMMepaTyp BO3HUK
He TOJbKO U3 MpaKTHYeckuX coobpaxenuil. Ousukos
HaBHO MHTEPeCoBaJ BONPOC, MOXKHO JM NPEBPAaTHTh B
HKHUIKOCTb Faspl — TAKHUeE, KaK BO3AYX, KHCIOPOX, BOXOPOA.
Havao 3toit ucropuu otHocures K 1877 r.

Iourtu 3a cro et 1o atoii zarhl, B 1783 r., JlaByasse
nucar:

«...eCNM BBl MBl MOTJIM TIOCPY3UTh 3eMJII0 B HEKYIO
BECbMA XOJOAHYW 00JacTb, Hampumep B armocdepy
IOnuTepa unu CatypHa, TO Bce HALM PeKu W OKEaHBI Tpe-
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Bpatusnch Obl B Topbl. Bosayx (unm, mo xpaiineil Mepe,
HEKOTOPBIE €r0 KOMIIOHEHTHI ) 1lepecTas Gbl ObITh HEBUAM-
MbIM M npesparmics Ol B xkuAKOCTS. IlpeBpamenue Ta-
KOTO pO/i2 OTKPBLIO 651 BO3MOKHOCTh MONYYEHUS HOBBIX
XHMIKOCTEH, 0 KOTOPHIX MBI 10 CHX TIOp He M¥MeeM HUKaKo-
TO IOHSITHUSI».

JlaByasbe He BHZIE] APYTOTO NYTH CXUHXKEHHA BO3-
Qlyxa, KpoMe KaK [IePeHeCTH ero Ha APYyTryio — XOJIOQHYIO
TIaHeTy.

Tlosy4aTh Temno ObUIO IPUBLIMHO, <AENATH> XOJOJ
He o3BOJISLIA Aaxe danTazus’.

B 1877 r. ropubiit unxeHep Kaiiete obmapyxun
KaIJIK JKWAKOTO alleTHJeHa B 1260paTopHOM cocyze, B
KOTOPOM HEeMXKHWA2HHO OTKpHIIAch Teub. Pe3koe NoHH-
JKeHHe JaBJIeHHs BRI3Balo obpa3osanme TymaHa. ITou-
TH B Te Xe aun [Tukre us ¥enenn coobmun o nocse-
JOBaTeJbHOM, KaCKa/lHOM CXWXKEHHH Da3HBIX [a30B,
3aBepmIMBIIEMCS] HOJyY€HHEM XKHIKOTO KHCJAODOZA2
npu temiepatype ~140 °C u naBnennu 320 atmMocdep.
Temnepartypa B onbitax Kaiiete onennBanace B —200 °C.
Texuukn 3aHAIKCH NOCTPOHKONH XONOAMIBHBIX aliapa-
ToB. B 1879 r. u3 ABcTpasiun B AHITIMIO OTHPABHICS
nepsoiit pedpykepatop, rpyxeHHbiid MacoM. [lo-sunu-
MOMY, IEPBBIH U3 NATEHTOB Ha XOJIOAWIbHBIE YCTPOUCT-
Ba, garupoBannbiit 1887 r., 6611 Briaan CuMency? Ho
3TH YCTPOHCTBa AaBain Maso xojioza. Knakuii Bosayx
6511 nonyyes KnonoM B 1902 . Bce meToabt cxmxkenus
6b1IM OCHOBAHKI Ha OXJIAXKAEHUH I'a3a TIPH PaCIIHPEHUH

! Benomuure «Crexuyio Koponesys Anzepcena. Jlaxe ona He
MOIJIa CReTaTh X040/, 2 BHIHYX/eHa 6bina sxuth #a Cepepe.

2 B 1888 r. B AcTpaxany Gbuta OCTPOEHA GOMBINAN XONOMHIb-
Hast MAllMHA LIS 3aMOPasKHBAHHS DHIGHL.
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¢ coBepmieHueM PaboTHI (B HOPUIHEBOM MM TYPOHHHOM
apuraTese) AM6O0 IPH PaCHIUPEHHH B TYCTOTY, KOra pa-
Gora coBepuiaeTcs IPOTHB CHJ TNPUTAXEHHA MOJEKYJT
BHYTPH CaMoro rasa.

B aT10# MCTOPHH Hazo yNoMsiHYTh Jlpioapa, KOTOpHId
B 1898 I. nOMyYHII XUAKWIA BOJOPOA, CHU3HB TeMIepaTy-
py mpumepHo go 129 K. Hakonen, B 1908 r. Kamepsunr-
Onnec B Tonnawanu moiyuun n kuakuii resumii. Tem-
HepaTypa, KOTopast 6bUIa MM JOCTUTHYTa, TOJIbKO Ha 1°
OTJIMYAJIach OT aGCONIOTHOTO HYJIS.

B 1939 r. I1. JI. Kannya nokasan 6o1smyio spoex-
THBHOCTb CXKH)KHUTENbHBIX MaIllMH, B KOTOPBIX Ia3 COBEp-
maer paboTy ¢ momoupio TypbuHbl TypGoaeTanmepbt
IOJIYYHIIU ¢ TeX TIop Gosbiioe pacrpocrpadenue. OH ke
TIPEAJIONKUI U KOHCTPYKUHIO 3¢ (deKTUBHOH yCTaHOBKU
IS CAMKEHWS TeTust.

MATHUTHOE OXJTAKAEHNE

Cxema ypoBHeil aTOMOB B KDUCTAJLIAX MOMOXET HaM
pasobpaTbcs B MHTEDPECHOM METO/E OXJIaKAEHUHA, KOTO-
Phiit MOXHO IPHAYMATb, TOJIBKO XOPOILO 3Hast KBAHTOBYIO
MEXaHHKY.

Ilpu HM3KHX TeMIepaTypax [PeKpPauaeTcss noyTu
BCAKOE JIBWKEHHE — IOCTyHIaTeJbHOE, BpAlIaTe/bHOE.
OnHako naxe npu TeMmneparypax, meusmux 1 K, crimun
aTOMOB TIPOJIOIKAIOT BECTH CefsT KaK aTOMbI HAEATBHOTO
rasa — ouu oOMeHUBAIOTCS 3Heprueit (xors u c1abo), u
HX [T0JI0KEHHE B TPOCTPAHCTRE (MX NPOEKIMH HA HAIIPaB-
JIEHHEe MarHUTHOTO TTOJIS1) MOXET U3MEHATHCS ITOYTH CBO-
60H0. B TakMXx 371IeMEHTAaX, KaK PeKHE 3eMJIH, 371€KTPOHEI
3aMOJIHSAIT BHYTPEHHHE 0600YKH aTOMOB, X HX CIMHE!
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HIOYTH He 4yBCTBYIOT APYTHX 3j1eKTPOHOR. ClenoBaresns-
HO, 1 MarHUTHEIE MOMEHTHI BT Ce0s KaK CBOGOMHEBIE.

Ha atoM CBOHCTBe 271eKTPOHOB OCHOBaH METOJl TO-
JIy4eHHsI CBEPXHH3KHX TeMIIEpaTyp — MarHHTHOE OXJIaX-
JeHHE,

Ecnp HaloXHTh Ha KPUCTAI, B KOTOPBIH BXOZAT
ATOMBI PEIKHX 3eMeJjib, MATHUTHOE 0JIe U M03ab0THTHCS
0 TOM, yTOGB! KPHUCTAJLI He HarpeJics (T. e. BKJIOYaTh NoJe
M30TEPMHYECKH ), TO, KAK FTOBOPHJIOCH, CYCTA HeOOMbIIOe
BpeMS BCE MArHUTHBIE MOMEHTHI (eC/Ti OHH TI0I0KATEN -
HBI, T. €. ecay g > () YCTaHOBATCA 10 MOJIO, TAK CKa3aTh,
crpenkoii Ha for. Ecsn Temepb 6bICTPO BBHIKJIIOUMTD Mar-
HHUTHOE II0JIe, TO BOBHUKHET HeoObluHadA KapTnHa. Iloss
HET, BCE CIIMHbI HANIPABJIEHH! B 0HY CTOPOHY, a He pasfpo-
CaHBI Xa0THYECKH, KaK 9TO JOHKHO Obii0 OBITL B TEILIO-
BOM pasHoBecul. [IpaBaa, MBI IPENTIONIOKMUIIH, YTO, KPO-
Me JIBHKEHUS CITUHOB, B CHCTEME HUYETO He NIPOUCXOHT,
ABIUKEHHEM aTOMOB, MX KoJeGaHWsIMM Mbl TIpeHeOperin.
Terepp HazO YTOUHUTH KapTUHY. ATOMBI B KPUCTAJIHN-
4ecKoii pelleTKe Ha caMoM Jelie KOJeOJIOTcs, TaK Kak
pelIeTKa MMeeT HeKoTopyio Temueparypy 7. HFiHreHcHs-
HOCTh KONeDaHWMN M onpenesisierTcss TUM ‘3HadeHueM T.
JIBikeHHe aTOMOB TlepefaeTcss ¥ ClIMHaM, TaK KaK IIpH
JABHDKEHHHY 3apA/0B BO3HHKAET cjaboe mepeMeHHOe Mar-
HuTHOe nojie. [103ToMy CIMHBL HaXOAATCA He B IIOJIHOMH
H30JISAITHH, 4 B TEPMOCTATe, MMeIoIeM Temiepatypy 1.

Koraa ¢ moMolbio BHENTHETO MATHUTHOFO TIOJA BCE
CITMHBI OKa3HIBAIOTCS BBHICTPOCHHHIMH B OZHOM HAIpaB-
JIEHUH, TO BO3HUKAET MOPSIOK, KOTOPHIf He MOXeT Co-
xpansaTbhea 6€3 monsi. CIMHBI HO/DKHBI W3MEHSITh CBOE
HampapJieHue (B pe3yJIBTaTe B3auMOAeHCTBHA ¢ Konebo-
[MUMHUCS AaTOMAMMA ) ¥ CTPEMHTBCSI PACTIOJIOXKHTHCST Xa0TH-

152



YeCKH — TaK, YTo6kI 1106251 U3 ero NPoeKIIHii BcTpedanach
€ OfMHaKOBoi BepoATHOCTHIO. IIpy TakoM npouecce o~
XEeH BO3HHKHYTb OOMEH 3Heprueil Mexy CiMHaMu u Ko-
NeGauusIMUM ATOMOB.

OnHaKo Ha NepBblii B3I/ TPYAHO MOHSTh, B KAKYIO
CTOpOHY 6GyneT niepeaBaThCcsl BHEPrus — OYAYT Jiu KoJie-
6anus ATOMOB YCU/IUBATHCS WK Ke ocnabnsrees.

Yto6bl OTBETHTDH Ha 3TOT BOIPOC, HAZIO HPHBAEYD Ha
TIOMOMIb HTPONHUI. JHTPONUS CHMHOB JI0JKHA BO3Pac-
TaTh; TO 3HAYMT, YTO JOJDKEH BO3HHUKHYTH TOTOK TeILia
oT pemeTkn (KojebaHui aTOMOB), KOTOPAs HaXOAUTCA B
TEIJIOBOM PAaBHOBECUH, K CIIHHAM, CIHHEI BO3BPATATCS
B Xa0THYECKOE COCTOSTHHE, a KoJiebanus aTOMOB HECKOJIb-
KO 3aTyXHYT.

IJTo 03HayaeT, UTo KpUCTALT oxaauics. Tak ciaenyer
u3 Teopur. Ha puc. 28 cxemaTnyecky H300pakeHO, KaK
M3MEHSIOTCS TEMIIEPATypa U SHTPONMS B TaKOM CUCTe-
Me. BepxHas kpuBas OnUCHIBaeT 3aBUCUMOCTD SHTPOIMH
KPHUCTAJLIA OT TEMIIEPATYPHI, KOTA BeJIMYMUHA [0JIs] PABHA
HYJIIO, HYKHSS KPUBAs — TY K€ 3aBUCHMOCTD TIPH BKJTIO~

0y
w=0
Ada oy yeexoe
DTIMTBHU UL y
e el AV /7 T
-~ v i
[ A Y7
fw Tvov ; ‘

Puc. 28. AxnabarHyeckoe pasMarHHYHBaHUeE.
DuTponus Kak GyHKUMS TeMuepaTyps 6e3 noas (H = 0)
u B none (H=H,)
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YeHHOM BHemHeM rone. Koraa mose OpicTpo BKITIOYALOT,
TaK 4TO ero SHTPONHS He U3MeHseTCsI (3TO U Ha3bIBaeTCs
anabaTHIeCKUM Pa3MarHHYMBaHUEM), TO TeMIEpaTypa
NafaeT, NOCKONbKY TOYKHM C OJIMHAKOBBIM 3HaUYeHHeM §
JIEKAT Ha pasHBIX KPUBBIX NMpH pasHeix T. OmbITH NOJ-
TBEPAMIM NpefcKazanysi. MoXHO au GBUIO NPUAYMATb
TAKOM CIIocob oXJaxk/IeHus1, ecH Obl He 3HATH TOHKOCTH
TEOPUU?

MeTo MarHUTHOTO OXJIAXIEHHS ObLI IPELTOKEH B
1926 r. lxuokom B CIITA u He3aBHCHMO (adKe HECKOJIb-
KHUMH HezedssMH paHbine) Jlebaem B Tepmannu. Dtum
MeTo0M OBUTH IOCTHTHYTHI TEMIIEPATYPhI IIPUMEPHO 0
0,003 K. Bonee HU3KMX TeMmepaTyp NOJyYUTh TAKHM
croco6oM He YIaeTcs], Tak KakK CIHHbI [epecTaloT ABH-
TaThCsi CBOOOHO; HX YHOPSAOYEHHOCTb (BCE CMOTDSAT B
OIHY CTODOHY), BO3HMKAIOImas M3-32 B3aUMOJACHCTBUS
MeX/Iy HUMH (KaK MeXJAy CTpeJKaMy KOMIIacoB, pacmo-
JIOKEHHBIX IPYT OKOJIO ZIPyra), He pa3pymiaercst caabbim
TETJIOBBIM JIBUKEHIEM aTOMOB.

MoxHO cIyCTHTBCSL IO TeMIEPaTypHOIi LiKaje elle
HUXE, €CTH MCIIOJIb30BaTh 0YeHb GosbInne MArHUTHbBIE
TIONS — B [IECATKH THICSY 9pcTel. B Takux mosnsix MOXKHO
OpPHEHTHUPOBATh MArHUTHBIE MOMEHTHI SI/IEp U TOBTOPSITH
BCe OIEPAIMH € SITPAMH.

B 1956 r. CHMOH 10CTHT TaKMM crocoboM Temiepa-
type 0,000016 K. K coxanenuio, 3ToT pekopa He BIOJIHE
peaneH. Slapa oYeHnb caabo B3aMMOLEHCTBYIOT C SJIEKTPO-
Hamu (TaKoe B3aUMOJIEHCTBHeE B CTIEKTPOCKOITMY HA3bIBA-
10T CBEPXTOHKHM), ¥ MM TIOYTH HEBO3MOKHO TOJNYYWTH
OT pelleTKH PHTPONHIO. SIpa Ha caMoM fiesie MeIJIEHHO
HArpeBalOTCs, a TEMIIEPATYpPa PElIeTKH He MaJaeT — pe-
IIETKA YCIeBaeT BOCIOJHUTD IIOTEPSHHOE TEIIO U3 OK-
pyXaiolieii cpelbi (HECMOTPS Ha BCSYECKHE YXHIIPEHUS
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akcnepumentatopos). [lyTs B 06/1aCTh MHJUTMKENTbBHHOB
(THICSYHBIX Tpalyca) Kasaics 3akpbiThiM. Kak oxmaauTts
10 0,001 K u nuxe He WIMIO30PHYIO CUCTEMY CIIMHOB, 8
KYCOK BelecTsa?

Oxa3a10Ch, BO3MOXHO H 3T0!

PacTBOpEHHe COJIM NOHUXKAET TEMIEPATYPY pacTBO-
pa, 3TOT MPOCTOH M XOpOIIO M3BeCTHBIH 3(PdeKT moMor
¢usuxam. OKa3anoce, 4To €CIU PaCTBOPSTh ra3 Tejuii ¢
aTOMHBIM BecoM 3 (Tenuii-3) B OGBIMHOM KHIKOM TeJIiH,
TO TeMIlepaTypa pacTBoOpa IIOHMXKAETCs. Tak HOMy4aroT
Temneparypy Ao 0,001 K.

Ho ectb 6oaee xuTpsiit crioco6; ero npuayman Y. Ilo-
MmeparuyK. CIIoco6 3T0T ToXe CBSA3aH C reideM-3.

Ytobbl IOHATD, B 9€M COCTOMT ITOT METOI, Hajo Ha-
pHMCOBaTh KPHBbie HTpONHH ABYX Ga3 remus-3 — TBep-
AOTO ¥ XUAKOTO — BO/IM3M abcomoTHOTo HyAs (puc. 29).
CorznacHo KBaHTOBOI Mexanuke, IpH aGCOMIOTHOM HYyJE

Toeoioé te®

7 3 W 000 7
Hananenoluy

Puc. 29. Surporns: He® B xuaxoit u Teepaoit dasax

155



BCE CHCTEMbI HAXOASTCS B CBOEM HaWHW3ILEM COCTOSTHHU
{ 3HTPOIMS TAKOTO COCTOSHUS PaBHA Hymo! — 3Heprus
Xe MUHHMaIbHas. IIpu aToM, YTO OYEHb BaXKHO, SHTPO-
nust obeux da3 — KHAKOCTH U TBepAOro Tea — npu =0
OAMHAKOBA, N1epeX0] U3 olHoit $askl B APYryI0 NPOHCXO-
aut 6e3 M3MEHEeHUs IHTPONUY, 6e3 H3MeHeHHs! SHEPTUH.
Iro cBo#icTBo 6biM0 noCTyMpOBaHo HepHcToM U siBisi-
ercsd oqHOi u3 GOPMYIHPOBOK TPETHETO HAYAJIA TEPMO-
JUHAMHKH.

ns meroza Ilomepanuyka BaxHO, 4¥TO KpHBbIE pac-
OJIOXKEHB! TAK, YTO SHTPONHUS TBepA0it (asbl GOIBINE FH-
Tponuy xKHUAKO#H (da3sl. Eciii 651 KPUBbIE PaCTIOIOKUIUCH
MHAY€e, METO/IA HE CYIIECTBOBAIO ObL

CyTb MeTOj1a MOXHO IOHSTH U3 pUcyHKa. Eciin BecTr
IPOLECC OXJIAXKICHUSL, AMa0aTHYECKU COKHMAs KHUAKOCTh
M TIepeBO/iA ee B TBepAyIo $a3y, TO, KaK 3TO BHAHO U3 PHU-
CYHKa, TeMnepatypa refus-3 Oyaer nmoruxatbes. Tak
ToyyeHa ceityac temneparypa okosno 1 MK. Ilpu 2 MK
KUAKUI Tenuii-3 cranoBuTcs, MoAoOHO resuio-4, cBepx-
TEKYYHM, U B 3TOI 00J1acTH cefiYac OTKPBLICA HeoObIYaii-
HO CJIOXKHBIM M HHTepPeCHbl MUD PU3NUECKUX SIBIEHHH.
WX onmcanue, k coxasieHuio, yke BBIXOMUT 32 PAMKH Ha-
Hied TeMB.

Breuse meron TToMepaHdyka MOX0X HAa MAarHHUTHOE
oxyaxzene. B melicTBUTeNbHOCTH 3Ta aHAJIOTHS Aaxe
6onee riybokas. Bech adbdexT cBsazan c TeM, 4TO Aapa
resusi-3 UMEIOT CITHH (Apa 0GBYHOTO resivs-4 ClHHA He
umelor). B xuakom reimu-3 CUMHBL IpH OYEHD HHU3KHUX
TeMIepaTypax YHOpPSIOYHBAIOTCS, BBICTPAUBAIOTCA I1a-

! Tounee, ona obparmaercsas B NOCTOSHHYIO, ORMHAKOBYIO IS
obenx ¢das. CpasHeHHe aGCOMIOTHHIX 3HAYEHUI] SHTPOINM Pa3HBIX
BEIUECTB, He NPeBPAIIAIOUUXCS OHO B APYTOE, He HMEeT CMbICIIA.
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PamensHo Apyr ApyTy. B TBEpAOM rennu-3 3TU e CIIMHBI
«PaCKMfiaHbl» B GecIiopsiiKe BILIOTD IO TeMIiepaTyphl OKO-
g0 0,003 K. Iepexoa u3 KHIKOTO COCTOSHUS B TBEPAOE
NOXOX IO3TOMY Ha annalaTHyYecKoe BHIKIIOYEHHE Mar-
HHTHOTO 110J151 (CIIMHBI pa3bpackiBaioTCs), a oOpaTHbiii e~
pexon — 3TO HaMarHUYHBAaHUe., JHTPOIUS TBePAOH (a3bl
(1pu TOii Xe TeMmeparype) 60Iblie SHTPOINHY KUAKOCTH
H3-3a cnuuoB. Ha camoM Jete KapTHHA PacHOJIOKeHHUst
CITHHOB B TBEPJAOM rejini-3 60J1ee CI0KHAs, HO JUIsl 0Obsic-
HeHHd a¢hdexTa JOCTATOYHO OMHCAHHOMH IPyGOii cXeMb.

DusKka HU3KHX TeMITEPATypP BCTYIIMIA celyac B HO-
ByIO 310Xy, O6/1aCTh MUIIJIMKEIbBHHOB CYJIHT €111€ MHOTO
CIOPIIPH30B.

3AJIAHA V1A PA3BJIEYEHWA

M1 yxxe MHOTO paccKa3ajy O TeMIIepaType U TeIio-
BRIX mpouieccaX. Mosker ObITb, YHTaTeNb NOHSN, KaK He-
Jerko ObLI0 OGHAPYKMTH B MPOIECCAX llepeiiayn TeIIa
SHTPONMIO H KakK ee NosiBieHHe B (QH3HKe npeobpasuio
BCIO HayKy. HaBepHo, Oy/eT 1o/Ie3HBIM IIOCMOTpPETb Ha
IPOCTOM NpUMePe, Kak paboTaioT B Hape TeMIlepaTypa H
SHTPOIHSL.

[pounnocTpUpyeM NOHSATHE 3HEPTHM B THAPOAVHA-
MHKe. \

TpencTaBum nBa 6acceiita, yPOBHU BOJBI B KOTOPBIX
6ynyt pasusiMu. Boza MoxeT neperekath u3 oftoro 6ac-
ceiina B Apyroil. IloctaBum Mexay GacceiiHaMu TypOMH-
KY, KOTOpast, KaK aKKyMyJIATOp, 6yaer «co6UpaTh» 3Hep-
THIO, TOJHMMAs, CKaXeM, IDy3 Ha HEKOTODYIO BBICOTY.
3anacemcs e1e U HACOCOM, KOTOPbIH, €C/IU MOHAZOOHTCA,
Gyaxer nepexaynBaTh BOAY 0OpaTHO. Y Hac NOJAy4YUTIACH
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IPUMHTHBHas Mofesb ruApocTaHuuH. Ecau motepp Ha
TpeHHe HeT (Tak, KoHeyHo, He ObIBAET), TO JETKO NOHSTh,
40 Boga OyAeT NepeTexaTh U3 OXHOro 6acceitna B ApYToi
IO TeX MO, I0Ka YPOBHH He BIPOBHAIOTCS. [loTeHIHa b
Has 3HEPrus BOABI [epeilZieT B OTeHIHAIBHYIO SHEPTHIO
rpysa. Ecaim rpys omyckats, To ¢ IOMOIIBIO HACOCA MOXKHO
nepexayaTh BCIO CIyIeHHyIo Boxy obpartro. KoHeuHo, Ha
€aMoM JeJie BCIO BOJY IiePeKadaTh He YAACTCs, KAKHe-TO
norepu 6yayT, HO UMK MBI IpeHeOpexeM U 6yeM CUHTATH
Hallly yCTaHOBKY 00paTuMOoii.

Ecau 661 TypOuHKE He 65110, TO YPOBHY BCe PABHO Gbi
BHIPOBHSLIACD, TOJIBKO BCS SHEPTHsl OECIONE3HO TIpeBpa-
THJIACH OBl B TEIUIO U IepekadyaTh BOLY oGpaTHO Obiio Gbl
HeyeM. Haxonus suHepruio, MoXKHO ee UCIIOJIb30BATh AJist
pasHbIX eseil. MoXHO, B YacTHOCTH, IiepeKavyaTh BOAY U3
TpeThero HaccelHa, PacioNOKEHHOIO ELIE HHXKE, B BEPX-
Huit. Kopoue roBopsi, MOXKHO CI€/IaTh BCE, YTO MO3BOJSET
3aKOH COXPaHEeHHs SHEPTHH.

HocTpoum Teneps TEILIOBYIO MAINKHY, 110 BO3MOXHO-
cTH 6JIM3KYIO K TOH, KOTOpas GbLIa TONBLKO YTO ONMCAHA.

BosbMmeM Tpu Ky0Oa, CAeaHHbIX 3 OHOTO MaTepraa
¥ OIMHAKOBBIX pa3MepoB. I1ycTh kybbl HATPeTH 0 pas-
Hoit Temriepatypsl — a8a 2o 300 K, a onus o 100 K. B zo-
TOJIHEHME K TPEM KybaM ecTb ellle TerioBasi ManinHa, Ko-
TOpas MoXeT paboTaTh Ha JOGOM nepenajie TeMIEPaTyp.
o xakoli MAKCHMaNBHOH TeMIepaTyphi MOXKHO HarpeThb
OZlMH U3 Ky6oB?!

BossMeM cHauasa j[Ba ky6a ¢ Temneparypoit 100 u
300 K n mioTHO npikMeM MX ApPYT K ApyTY. Temrnieparypa

! 9ta 3amaua nmpeanaranach Ha ak3amene 8 Kem6pumxe. Ona
HarneyaraHa B kuure «O6pasoBasHbIi yueHEi», Beimieaueli B 1979 1.
B H3zatenbcTe «Haykay (crp. 101, 3anaqa 169).
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KyGos suipaBHsercs. EC/IH 1151 HPOCTOTH CIUTATD, ITO Tem-
JIOEMKOCTD MaTepHa/ia KyboB DaBHA €/IHHIIE ¥ HE 3aBHCHT
OT TeMIepaTypbl, TO KOHEYHAs TEMIIEpATYPa OKAKETCsl paB-
foi 200 K, HO 9acTh SHEpIHMM mponajeT 6e3 BCIKOM Noib-
3p1. Ec/ii NOUTIOYHTS TEILIOBYIO MAIWHY, TO TI0 Kpaiinei
Mepe 3Ty YaCTh 3HEPrHU MOXKHO IPEBPATHTD B paboTy.

Yroboi y3HATH, KAKY10 PaGOTY MOKHO NIONY4HTh, HAIO
HCIIONL30BaTh BTOpoe Hayano. MakcuMmanshylo pabory
MBbi TIOTY4HM, €CJIH [IPOLecC OY/ET OOpaTUMBIM, T. €. eCAu
SHTPONHS BCeji CHCTEMBI HE yBeJTHUMBAETCHA H TEM CAMBIM
BBITIOJIHAETCS. YCIOBKE

2l I

L T,
HamomuuM, 410 Q, €CTh TEILIO, OTHATOE OT FOPSIYEro Tela
npu Temmneparype T, a Q, — Tenso, 0TAaHAoE XOJOAHOMY
Tety npu Temmeparype T,. Korma or ropsdero tena or-
HHMAJIOCh TEMJIO (J,, TO TeMIlepaTypa 3TOTO Tejia JO/KHA
6BU12 TOHH3HTHCS HA

ar=--g,

TaK KaK TeInoeMKkocTs ¢ = 1. To4HO Tak e TeMIleparypa
XOJIOAHOTO Tejia MOBBICUTCSH, KOTAA K HEMY TIOABOAMTCS
Tenno (), Ha BEIUIHHY

AT, =Q,.

Teneps HaZO HCHOIB3OBATH YCAOBHE OOPATUMOCTH TIPO-
Hecca, KOTOpoe HalycaHo Bhinre. I1oxcTaBuM B HEro BbI-
paxkenye s Q, ¥ Q, ¥ NepenMIIeM NOJAy4eHHoe yC10-
BHE TaK:

T,AT, +T,AT, =0.
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10 YCIOBHE MOXCHO 3aliACaTh ¥ MHAke:
(T, + AT))(T, +AT,) =TT,

ecau npere6pedn Manoii Bemrunnoit AT, - AT, . Taxoe pa-
BEHCTBO O3HAYaeT, YTO JI0CHe TOro, KaK TemnepaTyph T,
n T, B pe3yssrate 06PATHMOrO TIPONECCa M3MEHIINCD HA
AT, u AT, (scro, uro AT, u AT, pasHbix 3HakoB: ecnu T,
BoapacraeT, 10 T, yOniBaet), a0maab NPAMOYTOAbHHKA C
amuxamy cTopoH T, ¥ T, 0cTanach OCTOSTHHOWU:

T,T, = const.

TaxoMmy COOTHORIEHHIO AOIKHDE YAOBACTBOPSTH TEM-
HepaTyphl IBYX KyGOB B Hauale H B KOHLE HPOIIECCa, eCiu
npomecc obpatum.

Teneps y Hac ects Bce, YT0 Hazo s pacuetoB. Hau-
HEM € TOT0, YTO NOCTPOUM TEIUIOBYIO MAIIKMHY U3 [BYX KY-
60B ¢ T= 300 K u 100 K. Koraa 8 o6paTimomM npoirecce ux
TeMIIEPATYPbI BHPABHAIOTCS, TO KOHeUHast TeMuepatypa T
ONpENeNUTCA U3 COOTHOTHEHUS

T,T,= T2

3uauur, 7= (300 - 100)/2= 173 K.

Mpoctoe nponosxenne cocTosno Gsl B TOM, 4TO6H
paboty, xoTopas 6bia NOAYYEHa Ha NepBOM 3Talle, Ipe-
BPATHTb B TEILIO U OTAATH 3T0 TENJIO TpeTbeMy Ky6y. Tem-
neparypa ero npH 3ToM noassiiiach 6ui 10 354 K.

ITO crieayeT U3 3aKOHA COXPAHEHUs! SHEPrUH — Hep-
BOPO Hayana TEPMOAHHAMMKH. JHEPIUs HaWUX KyGOB
PaBHa YACJIEHHO X TeMIlepaType, Tak 4To pabora, 3ama-
CeHHast Ha NepBOM 3Tarle, PaBHa

A=300+100-2-173 = 54.
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Taxoe peilienne, ORHAKO, HepaBHIbHO! TIpaBuibHbLH OT-
BET COCTOUT B TOM, YTO 3aIIaCEHHYIO pabOTy HaZo HCIO/Nb-
30BaTh A paboThl XOAOAMABHYKA, OXJIaxast CHCTEMY
aByx ky6oB ¢ T= 173 K u narpesas xy6 ¢ T= 300 K.

OTOT HOBHIH 3Tall ONYCHIBAETCSI HE YCJIOBUEM
T, T, = const, a IPYTUM YCIOBHEM:

T,T? = const.

TlosiBnenue xBagpata T CBA3aHO C TEM, YTO OXJIRXKIEHUE
cucTeMbl KyOoB onuchiBaercs yeaosuem Q = ~2AT, 1. e.

AS=-22,
T

1 YP2aBHCHUEM 1(3])}!0, KOTOpO€ NTpEBpAIaAcTCs B
2TAT, +T,AT =0.

Paccyxzast ouTH TaK Xe, Kak PaHbiiie, OAYYWM yXe Ha-
nucanuoe ycaosue 7,7% = const. O6o3nayast KoHeyHbIE
TEMIIEPATYPHI YEPE3 X U Y, IOTyYaeMm

TT,=x%.

OxHOTO ypaBHEHHA A/ ABYX TeMiepatyp Maio. Bropoe
YPABHEHUE JAET IepBOe HAYaNno:

A+2T+T,=2x+y.
Honcrasnas snavenus A, Tu T, nomyyaem cuctemy
. x% = (300)?- 100,
x+ 2y =700.

Pemtenue MoxHO HailTH HeckoNbKIMu npobamu. B ntore
NOJY4HM

x =150, y = 400.
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UTak, TemnepaTypy ropsuero Kyba MOXKHO AOBECTH [0
400 K, oxmaguB nipu 9T0M Jiga xpyrux Ao 150 K.

APYTOE PEHLIEHUE

Bce paccyskaeH st MOJKHO CAENaTh KOpo4e U, IJIaBHOE,
MOYTH ABTOMATHYECKH, €CJIH BOCIIOAb30BATHCS HHTPOIHU-
eit. JuTponua A Ky6a, €U ero TelIOEMKOCTh TIOCTO-
SIHHA, PABHA

S=knT+C,

rae noctosiHdasi C He 3aBUCHT OT TEMIIEPaTyphi'.

YenoBue oOpatMMOCTH O3HAYAET, 9TO SHTPONMA
CHCTEMBI, COCTOsINER M3 Tpex Ky0oB, He W3MEHSETCH.
MakcvMaibHOE HATPEBAHHE OAHOTO Kyba AOCTHraercs,
OUYEBHHO, TOI/la, KOT[a TEMIIEPATYPLI ABYX APYITHUX CpaB-
HHMBAIOTCS (MHAYE C WX MOMOIBI0 MOXHO ObLIO 6B TMO-
ay4uTh ewe paboty). Benomuuas, uro sutponun kyGos
CKJIAJIBIBAIOTCS, TOJIYIUM

Inx + Inx + Iny = 1n300 + In300 + In100,
Wi
x%y = (300)? - 100,

T. €. IePBOE YPaBHEHHE, KOTOPoe ObLj10 moaydeHo Gosee
JITMHHBIM IIyTeM. BTopoe ypaBHeHMe, ecTeCTBEHHO, OCTa-
€TCSI IPEKHUM.

! D10 BHpaXEHME MBI NOMYYAIH 418 HIEATbHOIO rasa. Hpu
BRBOZE UCNO/IB30BAIOCH TOJALKO OHO CBOMCTBO rasa — He3aBHCH-
MOCTH TETLUIOEMKOCTH OT TeMIiepaTypsl. [03TOMy 0HO BEpHO H B Ha-
IeM ciydae.
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Ecau ele pa3 DONBITATHCSA CPABHHTD 33Ka4y O TPeX
Kybax ¢ 3agadeii o Tpex GacceiiHax, TO MBI YBUAUM, 4TO
POJIb IOTEHMAIBHOM SHEepruy HrpaeT jorapudm Temile-
paTypsl — 3HTPONHS U BMECTO OJHOTO 3aKOHA COXpaHe-
HUsI 9HEPTHH NOSBJSIIOTCS ABa HAYaJIa TEPMOAMHAMHKH:
HePBoe OTPEENHI0 CYMMY TEMIIEPATYP, BTOPOe — CYMMY
ux norapudmos!, InasHoe B 3a7a4e o Tpex kybax — 310
TO, YTO HMKAKUMH CIIOCOGaMM Helb3sl IOHU3HTD Temile-
paTypy xomoauoro kyGa — 31O 3ampeniaer BTOpoe Haya-
no. B 3agaue o Gaccelinax paboTy, TOAYYEHHYIO OT OHON
TYPOHHBI, MOXKHO HCTIOIB30BATh AJIS HOHHKEHUS YPOBHS
BOZbI B TPETHEM, CAMOM HH3KOM OacceiiHe.

CpaBHUTH 06€ 33/1a49U 0UeHb TIOJIEIHO.

B A0NOMHEHHE KO BCEMY MOXHO €llleé BCIIOMHMTDH O
TOM, YTO FOBOPHUJIOCH O HU3KHUX Temneparypax. Mopmyiia
S = FInT ne mosxeT ObITb BepHOH, £C/IM TeMNEPATYpa HU3-
kast. Bosmau T = () 5HTpOIMS HE MOXKET CTPEMHUTHCS K —oo,
a J0/KHA CTPEMUTBCA K HYJUO, Tak Kak jobas cHcTeMa
npu T = 0 HAXOAUTCS B YIIOPSAAOYEHHOM COCTOSTHUH U €€
BHUTPONKS JOJKH2 ucuesdath. [ToaToMy Hazio OHITH BHEMA-
TeAbHbIM K TOMY, O KaKuX TEMIEPaTypax UieT pedb. JJst
TeMIIePaTyp, KOTOpble BhIOpaHb! ObLiu B 3afaye, Bee o6cTo-
UT OJIATOIOIYHHO.,

YEPHOE U3/JIYYEHUE

B Te roass, Koraa eme 6p1a2 TONyJiApHA TEOPHS Tel-
JIOPOZA, GOJIbIINE CTIOPHI BAI3BIBAJL BOIIPOC O TOM, Ky/ia Jie-
BaeTCA TEIUIOPOJ, KOI/Ia TEILIO TPATUTCS HA U3JIyYeHHe,

B uuxse KapHo Temno otbupasoch OT Harpepates
PacHINPAIOMIMMCS ra30M. TeInIo B rase TPATWJIOCh HA yBe-

1 Yenosmio ommnakonoit Maccel Ky6oe B 3amaue o Gaceeiinax
Gyzet oTBEYATh OHHAKOBAA ILUIOMIR/b GacceliHOB.
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JndeHyue KHHETHYECKOH 3HePrHH ero MoJIeKyJ, TaK 4To
¢busudeckmii mpoliecc nepexayy Temna — Kak ¥ KOMY OHO
nepenaeTcsi — GBUI TIOHATEH W TMPOCT (KOHEYHO, IIOCiTe
TOTO, KaK KHHETHYeCKas TeOPHUS I'a30B yTBEPAUJIACEH B
¢dusnke). Ho Tenno nepesaercs oT 04HOTo Te12 K APYro-
My He TOJIbKO HpH koHTakTe. CosHIle nepeqaeT TEIJIO Ha
3emJno yepes kocMudeckuii BakyyM. Eme ApxuMen 3nai,
YTO MOXHO (HDOKYCHPOBATH TEILIOBbiE JIyYH ¢ IIOMOIIBIO
orpoMHbIX 3epkaji. OmbiTamu no GOKyCHpPOBaHHUIO Ten-
JoBeIX Jy4eil sanuMannch muorye dusuxu XVIII Bexa'.
B koHIle KOHIIOB OHH PELIHITH, YTO CBET K TEILIO — sIBJle-
HHSI O/IHOTO THNIA H IIOTOMY TeIJIO, KaK U CBET, €CTh KOJe-
Ganus abupa. 3abnyxaeHne ucyesno He CKOpO.

[Ipupoza paswirpeiBaia ¢ pusMKaMu mopoil Komu-
yeckne ucropuu. Koraga Bce yBepuinuch B TOM, 4TO JUIA
pacnpocTpaHeHusi cBeTa Tpebyercss a¢up, OH OKa3ajcs
sumHaM. Koraa xe ¢usuxu ObLiH yBEPEHEI, 4TO Tell-
JI0 — 3TO TEIJIOPOZ, KOTOPbil CyllecTBYeT caM 1o cebe
KOTOPOMY HOCHTeJb He HyXeH, 0Ka3aJ0ch, 4YT0 TEIIopo-
Aa HUKAKOTO HET, @ TEIJIO NEPEHOCHUTCS 3I€KTPOMaTHUT-
HBIMH BOJTHAMH.

Ho ecsin cBeT nepeHocuT Temo, T0 OH B NPUHLUILE
MOXeT ObITh pafoduM TesloM B Tewwniosoii mamuue. Cser
AOJIXEH TOTAA UMETh M BHEPIuio (YTO NOHATH NPOCTO), U
SHTPOIIHIO, U TeMIepaTypy. boaee Toro, Ans cBeTa A0TXK-
HO MMeTb CMBICJI 1 TEIIOBOE PABHOBECHE.

1 B 1778 1. B krure Illeesist <O cBeTe M OTHe> BII6PBHIE TOABUII-
CA TEPMUH «TyIHCTas TernnoTas. [[leens sametun, yro xpome Temia,
KOTOPO€ HOTHHMACTCH Haj OTHeM BMeCTe C BO3[YXOM, €CTh TEILIO,
KOTOPOE MbI OILYIIAeM, CTOS MHUOM K ormio. Ho Temto sazepxu-
BaJIOCh CTEKJIOM, & CBET HeT, H 3T0 ACJIG CTABHNO B TYIHK YYEHBIX.
«CBer U Tel110 — BCe-TaKH BEUIM PA3HbICy, — 3aK/NOYaJIHM OHH.
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Ecsm 61 6511 ipaB HptoTon 1 cBeT cocTost Obl 13 0T-
JIEeNBHBIX YACTHL], TO OMMCAHME €r0 KaK MAEAJbHOrO rasa
umMesio Obl manchl Ha ycnex. Ho XoTa cBeT cocTOMT U3
(oTOHOB, Hesb3s CKa3aTh, CKOIBKO (POTOHOB HAXOMUTCS
B 33JaHHOM 00beMe, — (POTOHDLI HOIVIOMAIOTCA H H3Iy4a-
10TCSA CTeHKaMM, ¥ WX YKMCJIO ONpeAesNTh HEBO3MOKHO,
Kax Mbi yBrznM, faxxe #x cpeayee YHCIO 3aBUCHT OT TeM-
Heparyphl.

Harperoe teno McycKaeT CBET: IPH HU3KUX TeMnepa-
Typax — 3T0 UH(}pPaKpacHoe U3IydeHue!, mpy BRICOKHX —
BUAKUMOE, B KOCMOCE TAIAKTUKH H3Jy4ai0T B PEHTIEHOB-
ckoii obiactu u faxe B obsactu y-myyeh. Mamyuenue
JI060T0 UCTOYHWKA OMHMCHIBAETCSI CBOHMCTBAMH CIIEKTPA,
T. €. 33/laHMeM IHEPIUH, MpUXOsIleiics HA Pa3HbIE ero
yaacTkM. DyHKIMA pacupeaencHust Ui U3/IyIeHHs UMe-
€T CMBICJI, IIOX0XHI Ha cMBIC] GYHKIMH pacnpene/ieHus
aTOMOB IT0 CKOpPOCTAM, Ecsin HaYaTh ¢ FHCTOTPaMMBI, T. €.
€ MarpaMMBbl, IOKA3BIBAIOIIEH, CKOJIBKO IHEPTHH 3aKITI0-
YeHO B YYACTKe CIEKTPa IMMPHHOU AV OKOJIO V, TO TOTOM
3Ty THCTOTPAMMY MOXHO 3aMeHHTh HEepepbIBHON QYHK-
nue ¥ TOBOPHTD O IJIOTHOCTH 3HEPIHH U3JAYYeHUst.

IIpeactaBieHde O TEMHEPATYPE HIAYYEHHS H O
GyHKIMK pachpeReseHUs TSl CIIEKTPa M3AYYeHHs Ha-
rPEeTOro Tejia OBLIO MePBBIM YCIEXOM HOBOH (H3HKH.
MHoro TpyJa 6bLIO MOTPAaYeHO HA TO, 4TOOHW HAEW O
TEIIOBOM PaBHOBECUH MCHOJb30BaTh JJA OMHUCAHUA
n3nydeHus. /leno Havanoch ¢ TOro, YTO BBEJH B pac-

! MoXHO HAMOMHHATB, YTO H3AyJeHHe HArpeToro rena coaep-

K¥T, B00OuIE TOBOPS, BCE YaCTOTHI, HO OCHOBHAS YaCTh 3HEPTHH CO-
CpeaoTOuEHa B CPABHUTEEHO Y3KOM YYacTKe cnekrpa. [ze nexur
3TOT Y4ACTOK CHeKTpa (TA€ Y CIeKTpa MAakCHMyM) U KakoBa ero
PopMa — 3anaya, KOTopol 3anuMannch buanku B konte XIX Bexa.
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CMOTpEHME 3aMKHYTHI 00beM, B KOTOPOM HAXOAATCA
371eKTPOMarHUTHBIE BOJIHBL. BOJHEI MOTYT M3JIy4aThCs K
HOTJIONIATHCSI CTEHKAMH COCYZa, KOTOphle UMEIOT OTIpe-
ZelleHHyio TeMuepatypy T, Kakum-To oOpa3oM Bce Bpe-
Ms1 IOZAEPKHBAEMYIO.

Ceityac mo7106HbIN cOCY/I HA3BIBAIOT PE30HATOPOM; B
pe3oHaTOpe 0OBMHO CO3AAETCS FNEKTPOMATHUTHOE [0JIE €
O4YeHb Y3KUM CIEKTPOM, IOYTH MOHOXPOMATHYECKUM, HO
MO2KHO <«PacCTPOUTBY> PE30HATOP TAK, YTOOH! B HETO MO~
JIY BOJTHBI C CAMBIMH PAa3HBIMH YaCTOTaMY.

Jlyyucrasi TemsnoTa, MO TEPMMHOJOIMHM TIPOILIOrG
Bexa, Bce BpeMsi Oy/eT YXOAUTh U3 CTEHOK BHYTDb PE30-
HATOpa, HO TaK Kak CTEHKU He MOryT 6e3 KOHIIa OTAABaTh
CBOIO 9HEPTHIO, TO JOJDKHO B KOHIIE KOHIIOB YCTAHOBUTHCA
TEPMOJMHAMIYeCKOe DaBHOBECHE, OTIpe/iesIsIeMOe OIHOH-
efuHCTBEHHOM Bestmuuuoit T. B cocrosivuu paBHOBecus
3HEPIrUsA, KOTOPas U3Jy4aeTcs CTEHKAMH, A0JIKHA B TOY-
HOCTH KOMIIEHCHPOBAThCS SHEPTHEH, KOTOpasi CTeHKaMH
nornomaercs. KoMneHcauus A0/mkHa BbIIOJHATHCS LIS
KOKAOTC WHTEPBAJIa YacToThl ManydeHus. EcrectBeHHO
CYHUTaTh, YTO B PABHOBECHU M3TyUEHWE UMEET TY JKe TeM-
neparypy T, UTO ¥ CTEHKH.

W3 campix 06mnx coobpaxkenii MOKHO yTBEPXKAATD,
YTO 3/IEKTPOMATHUTHOE I10/i¢ BHYTPH PE30HATOpA SBJIS-
€TCS TaKOH Ke CUCTEMOMH, KaK M MJEeaJibHbIH ra3, B TOM
CMBICJIE, YTO 11071€ OOMEHMBAETCS IHEPTHEHR CO CTEHKAMR
(u3nyyenve YOIJIOMAercss W UCIYCKAeTCA) U YTO 3ITOT
HpOLieCC PUBOAUT K TEIIOBOMY, TEPMOAMHAMMYECKOMY
paBHOBECHIO.

Korzia Takas 3aaua 6bua cOPMyHPOBaHa, TO pe-
IIeHMe TOHAYALY OKA3a/I0Ch CIMIIKOM TPy AHBIM. MMenHO
31eCh M Pa3blrpaiach KaTacTpoba, OCTaBIIANCs B HCTOPUH
O/l Ha3BaHUWEM YIBTPaUOJIETOBOI.
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YABTPAOHUOJJETOBASA KATACTPODA

IlepBast mombITKa COCTOSJIA B TOM, 4YTOGBI YIOZO-
6UTD ATOMBI B CTEHKAX COCYJa, ra3y WM, BepHee, Habo-
Py KoAeGMOMMXCA 3apANOB — OCHMJLIATOPOB, KaXAbii
U3 KOTOPHIX, KaK 3TO MOJIOKEHO 110 TeopeMe Makcsena,
MMeeT B cpe/iHeM SHepruio £7 (1T010BHHa 5TOMH BEJTMIHHEL
MPHUXOANTCS Ha KHHETHYECKY|O SHEPTHIo, IOJIOBMHA — HA
NOTEeHUHaTbHYIO). [Tocie 3Toro MoXHO 65110, IOIB3YSICh
METOZAMH TepMOAWHAMHKM, PAcCYMTaTh M IJIOTHOCTD
aHepryu naayyenus. Yuciao ocumnnsaropor Paneii (xo-
TOPbIH BIIEpBbIe BBIBEA (POPMYJY) CUUTAJ IPONOPLMO-
HAJbHBIM V?AV IS KaXJIoro MHTepBaia yacror. Dop-
MyJia Panest Hony4yaeTcst M3 HO/ICYETA YHC/IA BOIMOMKHBIX
pasnn4HBIX konebauuii aromoB. Ho ripu atoM Bo3HuKAIOT
TPYAHOCTH € TeopeMoii 0 paBHOpacnpeenenus. [Tpunu-
ChIBasi KAKAOMY OCUWIUIATOPY SHepruo, pasuyio kT, Pa-
Jiefl TIOJIy4HJT JI/isl TIOTHOCTH 3HEPIWH, HAaXOAAMeHcs B
paBHOBecHM cO creHKaMu, GopMyaty, HOCAIYI0 HasBaHHe
dopmyasl Pasess — Ixunca:

F(v)av= 87tv kT

Tlpu Hu3KHX yacToTax ata GOpPMyna coriaacyercs
C OMBITOM, HO € POCTOM YacTOTHl YUCJIO OCHULISITOPOB
pacreT 6eCIpPelesIbHO, ¥ eCIU MBI KAXIOMY OCHMILISATODY
bynem npunmceBaTh 3Hepruio kT, TO SHEPIHA UINTYYEHUs
OKakeTcs OBCKOHEUHOI. DIeKTPOMATHHUTHOE I10I€, eCITH
€T0 paccMaTpUBaTh € IO3UIHI KWHETHYECKOH TeOpHH
Ta30B, OKA3LIBAETCS HEHACHITHBIM: CKOJIBKO OBl SHEPIUH
HH OT/|aBajla CTEHKA, 3Ta 9HEPrus nepepabaThiBaiach Onl
B KoJteGaHus Bee G0abmnX M 60abIMX YacToT, Tepmoan-
HAMHUYeCcKoe DABHOBECHE MEXKY CTEHKOH M 37eKTpoMar-
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HMTHBIM TIOJIEM B PAMKaX KJIaccu4eckol UMK OKa3bl-
BaJIOCh HEBO3MOXHBIM.

IoneITKy HCHPaBHTL Aeno chenan Bua. O 3aun-
TepecoBasica (OPMyTo# pacnpesiesieHus SHEPrUM IS
yABTPahMOIeTOBOTO YUacTKa CNeKTpa ¥ 0GHAPY KU, YTO
KOJIMYECTBO 3HEPIUH B HEM XOPOUIO OnUCHBaercs dhop-
MyJ10#i (OTiATH B HHTEPBAJIE YACTOT OT V 10 V + Av)

b
avide T Av,

rae a u b — HexkoTopsie nocrostinbie. CMBICH 3T0H dop-
MyJibl GBI HesiICHBIM. HuKakoro oTHOMEHHs Kk KHHETH-
YeCKOH TEOPUH OHa HE MMeNa M /19 MAJbIX 4acToOT Oblna
HenpurofHa. Cioxuiocs crpanHoe nosoxenue. Oxnna
(dopmyia bbira XOpoLa ¢ TEOPETHYECKOH TOUKH 3PEHHA,
HO NpUBOAMIA K aOGCypiy; BTOPast CPABJIsLIACh C KaTacT-
podboii TIPH BBICOKHX YacToTaX, HO ObLIa, OU€BHAHO, He~
BEPHA NP HU3KHMX. B paccyxaennsx 61¥ rae-To MOPOK.
Ilopoxk nexan B OCHOBaX TEOPHH, K JIOTUKaA HEe MOTJIa IO~
MoYb ero Hairri. HyxHo 6bL10 pasopBaTh JIOTHKY. D10
cpenan [nank.

‘

HOBASA OYHIAMEHTAJIbHAA
MOCTOAHHAA

Kotou x 3araaxe 6bin ckpsit B popmyste Buna. B Heit
cpasy Gpocaercst B T1a3a NOABJNEHNE HOBOH NOCTOAHHOK
b B noka3zaresne 3KCIIOHEHTH. B Te BpemeHa TeMIlepaTypy
HHKTO HE YMHOXaJ1 Ha IiocTosHHyio Bosblmana (oHa, Kak
Mbl TOBOPHAH, Obina Beenena aumb Inankom). Ho ecru

v bkv
1I0Ka3aTeJb 3KCNNOHEHThI HAallKCATh B BUE T =-k—T—, TO
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BMecTO K0a¢pHuHeHTa b B (pOpMYITY /it pacripelesleHus
Bo#NeT HOBLIH koaddument bk. Pasmeptiocts xoadpPu-
imenTa bk — sHeprus x Bpems. Insans Ha dopmyay Buna,
MOXHO OBLIO B KOHIe KOHIIOB IIOHATD, YTO He CYILIEeCTBYET
criocoba BHIBECTH ee M3 Kakux-iubo coobpaxeHuH, ecau
OHM OCHOBaHBI Ha YDaBHEHUAX KJIACCH4ecKoi (PU3NKu.
Hazo 6b110 MAaxXHYTh PYKO# Ha KJIACCHYECKYI0 (DU3MKY,
oTOPOCHTD JIOTHKY H, HE 3aAyMBIBASICh Ha MepBBIX MOpax
0 CMBbICTIe, IPHAYMATh HOBYIO rHIoTe3y. Takoi THIoTe30i
oKa3sajiach TUIIOTE3a KBAHTA.

[Inank xopollo oraaBaj cebe OTUET B TOM, HACKOIBKO
HeoGbiuna ero THnoresa. Ho ona cnacana ¢pusuky, # 310
6BL710 IOCTATOYHBIM OCHOBAHUEM /IS TOTO, 4TOGBI OH HeE
HCTIyTaJCs ee 3alUTHTS. [moTesa cocTosiia B npeanono-
EHHH, YTO aTOMBI CTEHOK COCY/Ia, B KOTOPOM HaxOAUTCS
H3nydeHue (Te, KOTOPbIE MBI HasBaJM OCLMJLIATOPaMMU ),
MOTYT HCOYCKaTh HAM HOTJOLATh IJMEKTPOMarHMTHbBIE
BOJIHBl TOJILKO TIOPLMSIMH — KBaHTaMu ¢ SHeprueii hv.
ITOTO TIPEATNONOKEHUSI OKA3ATOCh AOCTATOMHO, YTOOBI
JIMKBUAAMPOBATD yJIETPaduoeToByI0 KaTtacTpody.

Msoro nosavee Ilmank nucan u3 Bepamna Byay:
«Jloporoii xonnera! Bo Bpemst Moero yxuHa B IpunTH
Xoan Bel BricKasau moxesanue, 9robbl st Hanucas Bam
6osiee IOAPOOHO O TOM TICHXOJNOTHYECKOM COCTOSHHH,
KOTOpOE TIPHBE/0 MEHsT KOT/A-TO K NIOCTYINPOBaHMIO TH-
noTessl KBanToBoi aHepruu. Ceitdac g BeimonHsI0 Bawe
noxesaune. KpaTko s Mory onmcars cBou JeHCTBHS Kak
aKT oryagHus, Hbo 10 cBoell IpUpPOAE A MUPOIIOOHB U
He Mo0J10 COMHUTEIbHEIX Npukmoyennit. Ho st uespix
LIeCTh JIeT, HayHHas ¢ 1894 ., 6e3ycniemno BOEBa ¢ 1po-
Oi1eMaMyl PaBHOBECH S MEXY M3JYYEHHEM U BEIECTBOM;
st 3HaJI, YTO 3Ta Npobema umeeT GyHAaMeHTaTBHOE 3Ha-
ueHHe AR (PU3HAKY; g 3HAT POPMYJTy, KoTopasi JaeT pac-
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npezesieHyie SHEDIHM B HOPMAJIBHOM CIIEKTDe; JI03TOMY
HeobGxonuMo OBUIO HANTH TeopeTHYeckoe OGBsICHeHHe,
yero 6bl 3TO HM cTroWao. Knaccuueckass ¢usuxa Oblia
3nech becnosie3Ha — 3TO s NOHMMAL... (KPOME JIBYX HAYa
TEPMOAUHAMUKY ).

$1 GBI TOTOB NPHHECTH B XEPTBY MOU YCTAHOBUB-
muecs hpU3nYecKue NpeAcTapieHus. boubiman 06bsic-
HWI, KaKMM 00Pa3oM TEPMOAMHAMUYECKOE DaBHOBECHE
BO3HHKaeT 4epe3 PaBHOBECHE CTATHCTMYECKOE; €Cu
Pa3BHTb 3TH COOOpa’keHUsT PABHOBECUS MEXIY Bellle-
CTBOM H M3JYYEHHEM, TO OOHADYXKHTCS, YTO MOXKHO
u30exarb yXoa IHEPrHM B M3JAYUYEHHUE MPH TOMOMNIU
IPeANOJIOXEHUS, YTO IHEPTUSA C CAMOTO Havaja J0JK-
Ha 0CTaBATHCA B QOpPMe HEKOTOPHIX KBAHTOB. IT0 GBLNIO
yicto GopMalibHOe TPEANIOIOKEHHE, U 51 B JIefCTBH-
TeJIbHOCTH He OY€Hb PasMBUILISAI O HEM, CYMTASA TOJBKO,
4TO, HECMOTPSL HY Ha Kakue 06CTOATENBCTBA, CKOJBKO
Obl HY NPUILTOCH 33 3TO 3AMIATHTB, S TOJDKEH HPUNATH K
HyXKHOMY PEe3YJIbTaTy>.

To, uto ckazan [11auk, TpebyeT HEKOTOPOIO OGBACHE-
Hust. JJIst 9TOr0 Hajlo IpelcTaBuTh cebe COCyx — ANUMK,
B KOTOPOM eCThb 3jeKTpoMaruutHoe 1ose. Ilycts B ero
CTEHKaX HAXOASTCS TEKTPOHBI, KOTOPblE HE MOTYT IBH-
raThCsi CBOGOIHO, a KOEOIOTCS, KaK Obl CBA3aHHbIE YII-
pyro#i npyxkuHoii. He Hago nyMmarh, 4To Takasi KapTuHa
CIUMIIKOM TPy6a, — 3aKOHBI TEMJIOBOTO DABHOBECHS He
3aBHCAT OT KOHKPETHOIO YCTPONHCTBA CHCTEMBI, M MOJIENb
€ 37IeKTPOHAMH JIOJIKHA TIPUBECTH K TOMY K€ PE3YNBTaTY,
uto n jmoGas apyras mozens. Heobxoaumo, oIHako, co-
OMI0CTH ABA YCIIOBHMS:" BO-NIEPBBIX, YACTOTH KOAeHaHmit
3NEKTPOHOB JOJKHBI OLITh CAaMBIMM PA3HBIMUA, YTOOBI OHM
MOIJIH M3JIy4YaTh U HOCAOMIATH ANEKTPOMATrHUTHOE U3JIY-
yeHMe 1060 YaCTOThI; BO-BTOPBIX, 3MEKTPOHbI JOKHBI
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HAaXOIHUTHCA B TENOBOM PABHOBECHH CO CTEHKOM, 4TOGBI
MX JBHXEHME MOXXHO ObLJIO OMUCHIBATH OIPEAeJeHHOM
TeMIepaTypoH.

K coxanenwio, seiBectu popmyny [Inanka noBonsHO
TpyZAHO. JljIst 9TOro HaZo yMeTh BBIYMCJATH paclpese-
JieHHe OCHWIIATOPOB Ho 3Heprud. Mbi npuseseM cpasy
KOHeuHHId pe3ynsTaT. Popmya, BeiBeseHHast [Liankom,
uMeeT BUA

8mhvd 1
fm= Q3 W
o1

Inasuyo ocobesHocTh Gopmyast [lnanka MOXHO
yBuzetp npu Gonbmmx yactorax. IIpeaiosnoxus, yTo
SHEPTUsI MOXET M3IY4aThCsl W IOTJIOMATHCS TOJBKO B
BHZIE KOHEYHBIX HOPIHI — KBAHTOB, CBSI3AHHLIX € JACTO-

Tol dopmyoit
e=hv,

[InaHK OGHAPYXHUI, YTO HPH ITOM YJETpadUoIeTOBAS
katacTpoda HMCYE3aeT M JJisl pacrpefeNieHus] ToJy4a-
ercst pasymuas ¢opmyna. Ilpu kaxupoit Temuepartype
CHIEKTP MOXHO Pa30HTh Ha B¢ YACTH: B OZHOM — 4aCTO-
b1, 601b1He T, B Apyroii — yactorsl, Menpmue 2T, Be-
awumnna kT rpy6o XapaKTepU3yeT TO MECTO B CIEKTpe, B
KOTOPOM COCpelioToueHa 6oIbIas yacT aneprui. Korxa
hv MHOTO Boabinie, yeM kT, TO BKCIIOHEHTa B 3HAMEHATEe
CTAaHOBMTCS GOMBINON U efVHULEH MOKHO NpeHeOpeds.
Torna

3 _hbv
e i,

F(v)= 8nhv
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Mbe1 Buaum, yto dopmyna [1nanka BOCIIPON3BO/MT HOBe-
nenue QyHkuun pacnpenenenus Buna. CroexkTp usinyye-
HUA yOBIBaeT 04eHb OBICTPO C POCTOM 3HEPTHH, a TOTOMY
npy GOBIINMX YACTOTAX HHKAKOM «KaTacTpo(bl» He Hpo-
HCXO[IHUT.

Jeno BHIIIAAMT Tak, 4To KoJebOaHua IJIEKTPO-
MArHATHOTO TOJs, OTBeYaliHe OGOJBIINM YacTOTaM,
NPAaKTHYECKH He I0JIyYaloT 3HEPrHu. ITO €CTh CAENCT-
Bue runore3bl Ilnanka o kBaurtax. Ilo mpexcraBieHu-
SIM KJIACCHUYECKOl Teopuu, Kaxmoe KojebaHHe HOJKHO
uMetb cpexHioo 3nepruo kT. Ecnu kT >»hv, TO Ta-
KON 9HEPTHM OTBEYaIOT HECKOJBKO KBaHTOB. Ecin ke
kT < hv, 10 Ja’ke OHOTO KBaHTa CTAHOBUTCS CAUIIKOM
MHOro. VI31y4uTh JKe IOAKBAHTa MM 4eTBEPTh KBAaH-
Ta aTOMBI-OCHMJIISTOPH He MOTYT: TaKuX mopuui Her
B npupofe. A Tak Kak «boJiblIves KBaHTH — KBAHTHI
¢ BoIBIIOH YACTOTONH — He M3JIYYAIOTCS, TO UX HET U B
ANEKTPOMATHUTHOM HOJ€. ITH CTelleHH CBOOOIBI <BbI-
Mep3JH». «BbIMep3aoT»> e 4aCTOThI, KBAHTHL KOTOPBIX
CIUIIKOM BeJaHKH 110 cpaBHeHu!o ¢ kT. C yMeHbIIeHHEM
TeMIepaTyphl «BbiMep3aeT» Bce Gombiie U Gosblire KO-
nebammit. IIpu aBCOMIOTHOM HyJle HCUE3AI0T BCe CTETeHH
cBO6OARI — PHEPTUA U IHTPONHUS U3JIYUeHHA YCTPeMJsi-
I0TCSt K HYJTIO.

SIBneHue <«BHIMEp3aHHS» CTENeHM CBOGOAR OOHA-
pyxui emte HepHeT 3agonro 1o mosBjieHHs] KBAaHTOBBIX
npeACTaBAeHHH, Pa3sMbIIUISASI O TOM, KaK AO/DKHA BECTH
cefst anTponus B6IM3H abCOJIOTHOTO HYJISL.

Ecnu nocmotpers Ha dopMyiy Ilnanka npu HU3KUX
gacrorax ( Av < kT ), T0 B 31011 061aCTH MOXKHO 3aMEHHTD
BKCIOHEHTY 1o (opMyJie ¢* = 1 + a npu 0. <1 n nouy-
uute hopmyny Panes — Joxunca:
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Fn=2

St0 3aMeuarenbHad Gopmyna. U3 Hee ucyesna mocrosH-
Has [lnauka . Ilpu HUBKHMX YACTOTAX, KOTAA KBAHT «Ma-

JIeHBKHit», HDOPMYTIa JaeT KIACCHYECKOe YHCIO CTeneHei
2

CB060,7.U>I IEKTPOMarauTHOrO NoJd — UX Ha HUH-

TepBas YactoTsl Av. Ha xaxiyio crenens cBoGOAB TIPH-
xoauTcs aHeprus kT.

B uictopuu ¢ kBantom [{7aHK nposiBui yAMBUTENb-
Hy10 HHTYyMIMIO. Beab Ha caMoM Jieie He CyIIeCTRyeT HU-
KaKoii JIOrnYeckoi LeloYKH, KOTopast Mor/a Obl pHBec-
TH €T0 K OTKPBITHIO.

[Inank cam He [yMas O HACTOSAINIMX KBAaHTaX — KBAH-
Tax 3JEeKTPOMArHUTHOro moJisA. Jl/Ist Hero KBaHTbi OBLIH
MOPUHUSIMH 3HEPTHU, KOTOpBIE TEPSI OCHULIITOP. Tous-
KO Yepe3 mATb JeT JUHIITeHH 3aMeTHJ, 4YTO €CJIH KBaHT
HMEET 3HEPTHio, TO U3 TEOPUH OTHOCUTENBHOCTH CIENy-
€T, YTO OH JIOJIKEH MUMETh W UMITYAbC. Torma KBaHT uMmeeT
IpaBo Ha CaMOCTOSITE/IbHOE CYIIECTBOBaHHUE, KaK YacTHI[a
¢ 9HeprHeii € 1 MacCoii OKOsI, PABHOM HYJIIO.

Tounbie pacyerst mo ¢opmyse Ilmanka maror s
IJIOTHOCTH HEPIMM H3Jy4eHHs B eauuuie obhema (3a-
koH Credana — Bonsnmana)

E,=aT¥,

rae
a=F _1917.10-5_2BF
15k3¢3 cm? - rpant
B a1y opmyy BXoasT cpasy TpU pyHAaMeHTAIbHbIE N0~
croguuste; k, i u ¢. [loctoannas BonpuMada — U3 KuHe-
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THYECKO# TeopHH, NocTosnHas I1nanka — U3 KBaHTOBOM
MeXaHHKH, CKOPOCTb CB€Ta — U3 TEODPHUHU 3JeKTPOMarHuT-
Horo nojs Makcsesia.

3axon Credana — DonbiMana o6BMHO MALIYT He
IJIS1 TUIOTHOCTH 3HEPIMH B eluHMIIE 00beMa, a A5 KOIH-
4ecTBAa HEPTHHU, KOTOpOe 32 CEKYHAY MCIYCKaeT C efll-
HUIIBI IOBEPXHOCTH B MYCTOTY T€JI0, HATPETOE 0 TeMIle-

parypst T

HOTOK SHepruu = 674,

e 6=>5,67-10-° —%— . ITocToAnHbIE G U @ CBA3aHbI
cM” -rpan
cooTHOIEHUeM C = !/, ac.

Ecnu pasgesuTs wioTHOCTD 3Hepruyt E; Ha aHepruio
o/iHoro KonebaHus, 1. e. Ha kT, TO MOJyYUM BENIHHY, KO-
TOPYIO MOXHO MHTEDPIPETHPOBATDH KaK YHCJIO KBAHTOB B
enunyie o6beMa. OHO OKa3BIBAETCS PABHEIM IPHMEPHO
14T3. 310 3HAYNT, YTO YMCJIO KBAHTOB HE OCTAETCS TIOCTO-
AHHBIM, 2 PAcTET C TEMIIEPATYPOit. ITHM ra3 u3 (HOTOHOB
oTANYaeTcsd OT KAeaRbHOro rasa, ra3a U3 IOCTOSTHHOTO
YHCJIa ATOMOB.

Orxpoite [1nanka o6pesio pusanyeckoe cogepxanue,
Korda JHHIOTeHH NOHS, 4TO 3JIEKTPOMArHHTHOE II0Jle
COCTOMT H3 KBAHTOB — (DOTOHOB U YTO OCHUJLISITOPHI U3-
JIy4aloT ¥ NOTJIoMAoT HOTOHN ~ YACTHILEE, ABUXKYIIHECS
€O CKOPOCTBIO CBETA ¥ HE HMEIOIHE MACChi IIOKOS.

INogasnenne (GoTOHOB B (pu3MKe GBIIO HACTOJIBKO
HeOXHJaHHBIM ¥ HMX CylecTBOBaHue 6BLI0 HACTONBKO
TPYAHO IPH3HaTh, YTO To/bKO B 1924 r. doToHBI CTAIHM
paccMaTpuBath KaK a3 # NPUMEHATH K HEMY 3aKOHHI CTa-
THCTHHECKOH GH3UKH,
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OOTOHHBIV TA3

B 1924 r. Mmosozmo# nnamiickuit pusuk Bose obHapy-
KWL, YTO pacnpezenenHue [1naHka MOXHO MOIYyIUTH HOY-
TH TAKMM ke 00pa3oM, KaK u pacrnpeneiedie Maxcseia,
€CJTH CYUTATD JIEKTPOMArHHTHOE [10J1€ CUCTEMOH U3 MHO-
KeCTBa POTOHOB, T. €. CYUTATH €TO AEATIBHBIM (POTOHHBIM
rasoMm. [IpH 5TOM, KOHEYHO, He HazZo 3abBIBaTh, YTO HOTO-
Hbl — 35TO He OObIYHBIE 2TOMbI, OHH HE MMEIOT MACCHI 0~
kos. Bose npo 210 He 3a0bu1 U 0OHApYXUN, 4To dopMysia
pacnpenenenust [L1anka ects He 4TO MHOE, KaK paBHOBEC-
HOe pacrpe/eleHue Takoro ¢GOTOHHOTO Ia3a, Ha3BaHHOTO
BIOCJACACTBUN H03e-TazoM.

BoiBox Bose ouenp monpaBuica IJUHMTEHHY; OH
nepeBen CTATHIO HA HEMEINKUI A3bIK (C aHIJIUHCKOTO) U
HaIpaBW ee B pusnueckuii xypHai. Ilocae atoro smex-
TPOMarHutHoe 1oJjie (moje (OTOHOB) CTAN0 PUMEPOM
HOBOTO U/IEAJIBHOTO I'a3a, y KOTOPOro ypaBHeHUe COCTOsI-
HHs!, KOHCYHO, HE UMeeT HUYero OGHIEro ¢ ypaBHEHHEM
Knaneiipona — Menzeseesa.

Brisoz ypaBHeHuUst cocTosinust GOTOHHOTO rasa Golee
CJIOSKHBIH, YeM BBIBOJ, YPaBHEHHsT OOBIYHOTO MAEAILHOTO
rasa. Ho B 5ToM BRIBOZIE cTOMT pasobpaTtses.

[loxa y Hac, ecTh hopMya JJIsi IUIOTHOCTH SHEPTUH
nsityqenns E; EC/ IJIOTHOCTb SHEPIH YMHOXHTH Ha
00BEM, TO TIONYIHM BHYTPEHHIOW IHEPTHIO H3IYUEHHST:

U=aT*V.

Lt Toro 4ToOB! YBEAUIUTH DHEPruio Ha AU, Hako MOBBI-
CHUTDb TEMIIEPATYyDPy Ha HEKOTOPYIO BeIHUuny AT

U+AU =a(T +AT)*V.
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4
(T+ATY =T* (1+A—7T] =T (1+%}

oTCIoNa

U+AU =U +4aT3VAT.

3TO 3HAYHMT, 4TO yBeAwyeHne sneprn AU cBsizano ¢ yse-
JinyeHueM Temnepatypsl AT cooTHOMIEHHEM

AU =4aT3VAT.

Ho yBemtuenue snepruu npn AT = 1 ectb Tennoem-
KOCTb CHCTEMBI ITpH TTOCTOSHHOM 00beme:

AU =¢ AT,

¢, =4aT3V.

Tenepb MBI MOXEM COCYMTATb, HACKOJIBKO H3MEHMIACH
aHTpomnusi. MsI 3HaeM, 4T

AQ ¢, AT
AS="X=V
T T

TaK KaK TeIio, NOJBOUMOE K (POTOHHOMY Ta3y, MAET Ha
yBeJIYeHHe €T0 BHYTpeHHel aneprun. Utaxk,

AS =4aT?VAT.
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Terreps Hafio HOTa/aThCSA, KaK JKe BHIIAKAT POPMYIa,
KOTOpasi CBSILIBAET DHTPOIHMIO UM TEMIEPATYPY, YTOGHI
HU3MEeHEeHHEe HHTPOIUYU BBHIPAKATIOCH HANHMCAHHOM BbIlIE
dopmyoii.

IlpeanonoxuM, yto GopMysa 4jid SHTPOTTHH MMeeT
BUX

§=AT53,

rae koapuientsl A 1 B Hano onpegents. YBeanium
SuaAS,a TuaAT:

S+AS = A(T+AT)? ~ AT? + ABT AT,

AS = ABTB-AT.

Cpasuusas ¢ hopMynoit anst AS, nonyuenHoll BuIMe, cpa-
3y HaiizieM

B=3, A=éaV.
3

TakuM 06pasoM, MBI HALUIM BbIPKEHHE AT SHTPOIMH
U3NIYUEHUs:

4
S=—al?.
3a

3amernM, uro, B cormaciu ¢ HepHerom, sHTponus o6pa-
mraercst B Hynb ipu T =0,

MoXHO TOKa3aTh, YTO M3JAyYeHMe BefAeT cebs Kak
ras, 4To ero MOXHO CKHMATh, 3aTpaunBas pabory, u YTO
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TP pacIIMpeHMH OHO caMo coBepuiaer paboty. Ilycrs,
HampuMep, 06beM, B KOTOPOM HAXOAHTCS H3MYYeHHeE, yBe-
JMYUIICS OT 3HaveHust V, go 3uaueHus V), Ecim Temmepa-
Typa IIPH 3TOM NONLEPKHBAETCs TTOCTOSHHOM M Npolece
00paruMsIil, TO TIPK YBeu4eHUH 00beMa IHTPOIHS BO3-
pacrert:

5,5, =%aT3(V2—V,).

Tak kak c yBeJHndYeHHeM SHTPOIMK CBA3aH MOABOA

AQ

remaa: AS =—T , TO
4
AQ=~30T V;-V).

DHEPrus U3/IyIeHNs! BO3pacTaeT IPH PaCIIUPEHHH Ha Be-
JIA4UHY

= 4 -
U,-Uj=aT v, =").
Mbur BHJIMIM, UYTO 3HEPIrUsi BO3POC/ia MEHBILE, '-‘IeM ocry-
nuio Temwia. Tak ¥ gomxHO GBIT, TAaK KaK 4acTb TeIUId

THI0nI1a Ha coBepleHue pabotsl. 13 nocrentnx AByx ¢dop-
My.J1 HaXOZlUM, YTO 3Ta paboTta

A=3aT' (=W,

Ho OHA, KaK W3BECTHO, paBHa IIPOU3BEACHUIO AABJIEHUSA
Tra3a Ha YBEJIHYEHNEe 061>ema, T. €.

A=pV,-V).
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OTCIOlla TIOJIyYaeTCs, UTO AaBJICHUE U3JIYUYCHHA PABHO

p= 1aT“.
3

3To M ecTh ypaBHeHHe cOCTOSIHUA (HOTOHHOrO rasa.
Cpasy BHIHO, 4TO OHO PE3KO OTJIMYAETCS OT YpaBHEHHsA
COCTOSHYS WAeANbHOTO rasa. Hambosiee YAMBHTENBHO,
YTO JaBJieHHE He 3aBHCUT OT 0OBeMa, T. €. POTOHHBIN Ta3
MOXXHO C)KHMATh H30TEPMUYECKH M €ro JaBieHue He Oy-
JeT TIpK 3TOM BO3DacTaTh. Takoe HOBeIeHWE MOXET IO-
Ka3aThCsl NPOTHBOPEYAIIAM 3/IpaBOMY cMBICTY. B atom,
O[THAKO, HET HHWYEro CTPaHHOTO, €CTH BCHOMHHTH, YTO
4yucyo (poToHoB He coxpasiercst. [Ipu cxaTiu rasa yacts
¢oToHOB MCYe3aeT, HOTJIOMEAETCSI CTEHKAaMH COCYAA; TIPH
PacIIMpeHny ra3a POXKAAITCS HOBbIE (POTOHBI.

Ecan sHTpONMIO rasa NOMEPXKHUBaTh MOCTOAHHOM,
T. €. €CJIM COBEPIIATH C Ta30M afuabaTUYECKuii IPoIecc,
TO 06BeM U TeMiepaTypa OyayT CBSI3aHBl YDaBHEHHEM
anuabaThr

T3V = const.

3Has ypaBHeHHe M30TepMbl ¥ agrabarthl, MOXKHO IIPOBE-
puth Teopemy Kapso, BeiGpaB B KauecTse paboyero rasa
¢OTOHHBI Ta3.

(MotoHHEI $a3 MMeeT elle OZHY OCOOGEHHOCTB: OH
MouTH Beerfa HaeansHpid. (DOTOHBI TPAKTHYECKH He
B3aWMOJIEHCTBYIOT APYT C ApyroM (He CTaJIKUBAIOTCS),
W TMO3TOMY MX TEIJIOBOE DAaBHOBECHE YCTAHABIMBAETCS
TOJIbKO 6J1aT0/Iaps IIPOIEcCaM MOIOMIEHNS H U3y YeHns
CTEHKaMM COCYZa.

Ecnu GBI MOXHO ObLI0 CO3AATh YCIOBUS AJISL CYIE-
CTBOBaHMA PaBHOBECHOTO (POTOHHOTO Ta3a H YMETh W3-
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MepSITh ero AaBJeHUE, TO MBI MMeNH OBl UICaIbHBIL Tep-
MOMETP, KOTOPSIX 0e30 BCAKMX TONPABOK M3Mepsa Opl
abCOMIOTHYIO TeMnepaTypy. IT0 GbLT Obl caMblil TOUHBII
TepmoMeTp Ha cseTe. K coxkaleHuio, TOBTOPUTH OIBIT
JleGeneBa (U3MepUTDb JaBJeHHe CBETA) o4eHb TPYAHO, &
€031aTh YCJOBUS TEIVIOBOLO PABHOBECHSA €ILE TPYAHEE.
IToaToMy (DOTOHHBIH TEPMOMETP B TAKOM UMCTOM BHJIE
€034aTh [OKa HENb3sI, XOTS MPUHLNUI (POTOHHOTO TEPMO-
MeTpa ¥ UCIONb3YETCsl yXKEe JABHO IS OIIEHKU TeMIle-
patypsi 3Be371. Ecau 651 CIIeKTp M3JIy4eHUs 3Be3/Ib OIu-
ceipajicst popmyaolt Credana — bBombimana, To 3Be3na
cayxuia Ob1 TepMOMETPOM, M3MEPSIOIIHMM CBOKX cOGCT-
BeHHYI0 TeMmireparypy. Ho ss1 3T0ro oHa [0MKHA Gblia
ObI OBITH YEPHBIM TETIOM.

YEPHOE TEJIO

He Besxoe Harperoe Teo uU3ay4aer CrieKTp, OIHChi-
Baemsblit dopmystoit [lnanka. CrexTpst MOryT GbITH pas-
Hble. THOTIA OHM COCTOSIT U3 OTHEIbHbIX JIWHHMN, HHOTIA
u3 1oJ0c. YTo6bI CeKTp TeAa ObLT TIIAHKOBCKHM, HAZO,
4T06H! U3JTyYeHye OBIIO B TEILIOBOM PaBHOBECHH C U3IY-
YAIOHMM TEJIOM, 4TOObl OHO «I103a0bL10» BCE O Iporecce
CBOETO BOSHUKHOBEHHSI.

B XIX Beke HpUAyMBIBaJIU Dpa3Hble MOAENH sl
takoro mnpotlecca. OaHa #3 HUX, caMmasl HONYJAsApHasl.
MPeACTaBAsyiaCh B BWAE 3aKPHITOTO COCYAR, IHOJOCTH
C MaNeHBKUM OTBepcTHEM. TAKYIO NOJIOCTh HA3bIBAIH
«4epHbIM TeJOM». V3/ydeHne, MHOTO pa3 OTPAXasch OT
CTEHOK MOAOOHO rasy, MOCTENEeHHO IPUXOAUT B TEMLJIOBOE
paBHOBecue.
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B nelficTBUTE/NBHOCTH OYeHb TPYAHO cHOPMYJH-
pOBATH YCJIOBUS, KOTOPHIM JO/KHO VAOBJIETBOPATH
yepHoe Tes0. YTobbl y3HATH, ABASETCS JTH W3NyYeHUE
PaBHOBECHBIM, TENJIOBBIM, HAJX0 M3MEPUTb €ro CIEeKTp:
€CIM OH OKaXeTCs MIaHKOBCKUM, TO BCE YCJOBUS BEI-
TIONHEHBE.

MosxHo nosToMy npezcraBuTh cebe usymiaenve ¢u-
3MKOB, KOTJIa OKa3aJ0Ch, 4To BCsi BeesleHHas 3amonHena
(OTOHHBEIM Ta3oM C IJIAHKOBCKUM ciieKTpoM. (DoTowbl
Hecu ¢ coboll uHGopMauio 06 04eHb AABHEN UCTOPKHYU
Bcenennoii u manu HauboJiee spKOe JAOKA3ATENBCTBO ee
pacIupeHusi. ITO BHIIJIAAENO0 YYAOM, H 3TO YYAO HAJA0
6b110 pactindpPoOBaTh.

PEIUKTOBOE U3JIVYEHUE

HMmenHo Takast 3aa4a BO3HUKIa, koraa B 1965 . 6br10
0OHApYXEHO, YTO N3 KOCMOCA CO BCEX HAMPABIEHUH K HaM
uayT caalble PAIHOCUTHANDI. JTH CHIHAIbI HaOMIOAa11Ch
npu aiaure Bonubl 7,35 cm. Ecan cyurats, uro Habumo-
JAJICST MaKCUMYM B pacripeieseHuit IIanka, To KapTHHA
BRITJIsI7IE]1a TaK, KaK O6YATO M3 KOCMOCA TIOCTYIIANO H37y-
YeHHMe 4ePHOro Tesa ¢ Temnepartypoi oxoiao 3 K. bBeura
BbICKA3aHA CHIOTE32, YTO ITO U3NYUEHWE 0GYCIOBJEHO
OCTaTKaMM GYPHBIX [IPOUECCOB, KOTOPBIE IPOHCXOANIN BO
Bcemennoii, korna ona 6buia ouenb ropsyeit. Bosee Toro,
OKa3a/0Ch, YTO CYUIECTBOBAHUE TAKOTO U3JAyueHUs ObLIO
JaBHO TIPeACcKa3aHo TaMOBBIM, TOJbKO 06 3TOM TpEAcKa-
3aHUM BCE YCIEU 3a0bITh.

Ecay iBurarbest Hazafl BO BpeMeHH, TO T/I0THOCTS Be-
ifecTBa BO BeesteHHo Bo3pacTaeT; BMECTE ¢ IIOTHOCTHIO
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pacrter u sHeprus. B Takoit ropsueil Beenennoit doro-
HBl POXAAIOTCS ¥ HCYE3AI0T, IPEBPAIAsICh B MAPHl JJeK-
TPOH — HO3UTPOH. MexX Iy BceMH 4aCTHIIaMH CYILleCTBYeT
TENJIOBOE PaBHOBECHE.

Ho Bcenennast pacimpsieTcsi U 3HEPTHHU YacTHLl Ma-
paiot. ot addext MoxkHO Habmozaats u ceiuac. Jlane-
KHe 00BEKTH — KBA3aphl, TAIAKTHKH M MX CKOIUIEHHS —
[OCHLIAIOT K HaM H3JyYeHWe, JAUHBI BOJH KOTOPOTO
CABUHYTH! B JIMHHOBOJIHOBYIO 061aCTh [0 CPAaBHEHHIO C
TeMH JKe IMHUSMY B CIIEKTPE TeX e 3JIEMEHTOB Ha JeMJe
(Tax HaspIBaEMoOE «KPacHOe CMeleHue>.) OTCIona MOXKHO
3aKJIOYHTD, YTO JajieKne 0OBEeKThl YAAIAKTCA OT Hac, U
3TO CMemIeHye CIEKTPAIBLHBIX JIUHMIA eCTh pe3yJIbTaT a¢-
dekra Jomnepa. CkopocTs yAaneHHS IPONOPUHOHANBHA
PacCTOSHUIO JI0 cBeTsinerocs obwekra: v = HR, tne H —
NIOCTOSTHHAS, HadbiBaeMasl noctosHHOM Xa66aa, no umMe-
HM aCTPOHOMA, KOTOPHI# 06HapyKuj 3Ty 3aBUCUMOCTD B
1929 !

Iocroanuas Xa66.1a pasua mpuMepho 1/18 - 10° srer.
IIpu pacuinpenuu BcenenHoii cpefHssl SHEPTUA YaCTUIL
yMeHbIaeTcsl, I03TOMY MajfaeT W TeMIepaTypa Bceil Ha-
rperoit cMecu. CorzacHo 3akoHy Xa66.a, 1JIMHA BOTHEI
M3JIydeHHs] PACTET JMHEHHO ¢ PACCTOSIHUEM, TaK YTO YeM
crapuie cTaHoBUTCH Beesiennas, TeM Gosibite CTaHOBUTCS
InuHa BoJiHbL. C POCTOM AJHHEBI BOJIHBI 9HEPTUA (POTOHOB
IIaZlaeT, BMECTE C Heif afaeT u TeMieparypa.

Hoka o6Men sHeprueil Mex/y KBaHTAMM H OCTANIb-
HBIM MHPOM TIPOZOJIKaeT OBITh SHEPTUYHBIM, TeMIIepaTy-

! Kpacuoe cmemenve orxpsto Craidpepom B 1922 1. Xa66a
e Hailes 13 HaOMOAEHUH CBA3b MEXIy CKOPOCTHIO «pasGeranus»
M PACCTOSHYIEM.
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pa BCex YacTeii CHCTEMBI 0CTaeTCst, FPy6o roBops, OMHOM 1
Toi1 >ke. Ho o Mepe ocToiBanms Beenennoit 1 oxyaxe-
HUS BEIeCTBA HaCTyNaeT Takoi MOMeHT, Koraa POTOHaM
CTaHOBUTCS TPYAHO «COPACHIBATH> CBOIO FHEPIUIO, TAK KAK
oOpa3oBaHUe nap MPeKPaTHIOCD,  APYTHX 3HEKTUBHBIX
IIPOLECCOB, KOTOPBIE N3MeHI/M (bl 3HePTHIO GOTOHOB, He
cyiecTByeT. Bo BceJleHHOH HeT HU CTEHOK, HH JOCTaTo4-
HOTO KOJMYECTBa OCUM/LUISITOPOB, KOTOPbIE MOMOTJIM Gbl
¢oToHaM ycTaHaBIMBATH CBOJO TeMIepaTypy B COOTBET-
cTBMHM C OKpyxawniel cpezoit. MOTOHLI OKA3HIBAIOTCS B
H30JUPOBAHHOM TOJIOKEHHH, HOX0XKeM Ha MHOJIOXKeHye
siiep B peuretke. [Ipespanienyie HOTOHOB B U30JIHPOBAH-
Hbli (DOTOHHBIA a3 NPOUCXOANUT YIPU TEMIEPATYpe OKO-
g0 5 - 10° K (0,5 MaB). Ilpu panpHelieM oXaaxaeHun
¢OTOHBI IPAKTHUECKH HE TEPSIOT CBOEH SHEPIUH Ha B3ai-
MOIEHCTBHS, HO IUTHHA UX BOJHBI IPOAOJ/KAET YBEHIM-
BaThCA C MPOJAOJIKAIOMMMeS pacuiuperHueM BceenexHoit.
JlmMHa BOTHBE! pacTeT Tak ke, Kak M PacCTOSHUST MeX/LY
TraIaKTUKAMH.

Tak Kak CKOPOCTb CBeTa OCTAeTCA NOCTOSIHHOM, TO
YaCTOTA M3NMyYeHds YMEHbUIAETCA CO BpeMeHeM. ITO 3Ha-
YMT, 4TO U 3Heprus POTOHOB AV CO BPeMEHEM NA/A€T.

TlocMmorpuM elile pa3 Ha opmysy Ilnauka: B Hee Av

hv
BXOIHMT B KOMOMHALMY T [oaToMy yMeHbOIEHUE V 03-

HayaeT TO JKe caMoe, YTO U yMeHBHICHHe TeMIIeparypsl.
HeiicTBuTenpHo, eciv vV U T yMeHbIIUTh B OJUHAKOBOE
YKCJO pa3, TO apryMeHT B ¢opMyre lliaHka He H3me-
HHUTCA, He M3MeHHTCA U pacnpeaeneHue Il1anka, TomsKo
Terepb oHO OylieT OTHOCHTBCA K APYIOH, 60JIee HH3KOM,
Temueparype. MOTOHHEI ra3 OXNaX/Aaercs, ero Temue-
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paTypa najgaer 06paTHO MPOMOPIHOHAIBHO paxuycy Bee-
JIEHHOM (MJIM PACCTOSTHHIO MEXKAY FalaKTHKAMM )
1
T-—.
R
O6nem Beenennoit V pacrer xak R® wim xak T3, n Mb
TPHUXOIUM K YIVUBHTENbHOI hopMyre:

VT3 = const.

Taxast popmyia yxe Bcrpeuanach. OHa OITUCHIBAET afiua-
Garmieckoe pacuinpenne poroHHOro rasa. (POTOHHBIN
ra3, HanoJHslMiA BeeneHnnyro, pacupsiercs, Kak B OF-
POMHOM cocye ¢ nopiHem!

Buavasie ONbiTH He /aBajd JOCTATOYHO MAaTepua-
JIa 1715l IPOBEPKYU TEOPUH, NIOTOMY YTO B HMX M3MEPEHUSA
TIPOM3BOIW/IMCH JMIb HA OHON AJIMHE BOJHBI B OOJac-
TH MakcumMyma. Ho HoBHEIe u3Mepents oATBEpAUIN, YTO
CIIEKTp M3JIy4YeHHUs1 Ha CAMOM jejie I0CTaTOuHO XOpouio
cornacyerca ¢ IJIAHKOBCKOW KPHBOI MO0 oGe CTOPOHBI
MaKCHMyMa.

Temneparypa, oTBedaromass 3Tofl KPHBoil, paBHa
2,7 K. Ceituyac He ocTaeTcsi COMHEHUH B TOM, YTO KOCMH-
yeckHil GoH MHKPOBOJHOBOLO M3JIyYeHUS €CTh OCTaTOK
Tex (OTOHOB, KOTOpbiE KOrAa-TO CHIrpajiil CBO POJb B
npolecce 3BooUHY BeeneHHo#.

Ho paxe penuktoBblii GOTOHHBIHM a3 He HAXOZUTCS
B TOYHOM TeIJIOBOM paBHOoBecHd. [Ipy TINATeNbHBIX U3-
MepeHUsIX BBISICHUIOCH, 4To ¢hopMysra [Lnanka onuceisa-
€T €ro CIEKTP TOJAbKO € TOYHOCTBHIO IO BYX 3HAKOB, JTO
CBSI32HO ¢ B3auMojielicTBHeM (POTOHOB C MOJIEKYJIAMH,
PacCesTHHHIMH B KOCMOCE, C JBUXXEHHEM 3eMJIM OTHOCH-
TeIbHO PEJIMKTOBOrO U3JyYeHHUs U C PAa3HBIMU APYTHMHU
daxropamu. Tak 4yT0 PEITUKTOBOE M3yYeHNEe OKa3bIBa€eT-
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€5l C TOYKH 3PEHHUSI TEPMOIVUHAMMKH MeHee WAEeabHBIM,
qeM ueaabHbIN Ta3 B 1abopaTopuu.

Hrak BBBACHWIOCH, YTOo Hamia BcesteHHas npencras-
asiet coboit TEPMOCTAT, B KOTOPOM TIONIEPKUBAETCS TEM-
neparypa 2,7 K. MaMepenue TeMnepaTypbl peJIMKTOBOTO
H3JIy4eHHs B PasHbIX Mectax HeOGOCBOJA OKA3LIBAET, YTO
ckopocTs aBuxenust COJHEYHOH CHCTEMBI OTHOCHTENIBHO
PETMKTOBOTO U3IyUeHUs cocTaBiseT npuMepHo 300 xm/c.
Jl7tst cpaBHEHHsT HATOMHHM, YTO CKOPOCTb ABUXKEHHUS 3eM-
1 o opbute Bokpyr Conia cocTassieT 30 kM/c.

PennkroBoe n3IydeHue OKa3a0Ch OYeHb TIOXOKHM
Ha aGCOTIOTHYIO CHCTEMY, OTHOCUTENBHO KOTOPOH MOXKHO
HU3MEPSTH CKOPOCTH KOCMHYECKHIX OGBEKTOB.

YEPHBLIE /IbIPbI

TeMuepaTypa peJIMKTOBOIO M3JIyYeHHs — €llie He ca-
Masl yAWBUTENbHas U3 KoyeKuun Temneparyp. Coscem
(haHTACTHYECKH BHITISIIUT HCTOPHSI C TEMIIEPATY PO uep-
HOM JABIPHI.

ITa UCTOPUS HEOKHUAAHHBIM 06PA3OM HAYAIACh elle
B XVIII sexe. B 1783 r. Mononoit anrnmiickuil Gusuk
Maiiks 3aMeT¥1, YTO eCyM CYIHEeCTBYET 3Be3Ja C OYeHb
6onpiuuM paguycom (B 500 pa3 boabumam paguyca Cosn-
11a) ¥ IJIOTHOCTHIO, PaBHOM rioTHOCTH COJHIE, TO «CBET,
M3Jly4eHHBIH TakuM TejoM, OyJer BO3BpaieH oGpaTtHO
H3-3a cOOCTBeHHOM TshKecT». Heckosbko mozxe To xe
camoe nosTopun Jlannac (B 1799 r.). [Ipenckasanue, moa-
TBEPKJAEHHOE NOYTH TIPABUIbHBIMH (XOTS ¥ HEBEPHO BbI-
BeieHHbIME ) GopMmyJiamu, onpaBAasock B o6ILeit Teopun
OTHOCHMTENBHOCTH.
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Mopmy:ta 1 paauyca 3Be3bl, LIS KOTOPOil BTopast
KOCMHY€eCKasi CKOPOCTh PaBHa CKOPOCTH CBeTa (TaK 4To
HHUKaKOe TeJ0 M JaKe CBET He MOXeT [OKHHYTh ee Io-
BEPXHOCTB ), IMeeT BUJ

t/2
(53"
3 ¢?

IZie Y — HbBIOTOHOBCKas IOCTOAHHAS, a P — IUIOTHOCTD
4
Tena. Eciu BBecTH Maccy Tena M = §1cR3p, TO IoCNeiHee

COOTHOIMIEHWE MOYKHO 3aITHCATh KAK COOTHOIIEHUE MEXKTY
MAaccoii ¥ paanycom:

- ( M)tn
] c? '
2yM
Bemunua e Ha3bIBAETCS [PABUTALMOHHBIM PaUy-
com tena R . OH nponopuyonasnen Macce 3Bes/bl U pa-
BeH, HampuMep, st ConHna 3 km. .

W3 teopun sBosonuu BeeneHHON caeyet, 4T0O Kpo-
Me QOTOHOB BO BcesreHHOI A0/ eEH CyIecTBOBATh U Heil-
TPUHHbIH (POH, TEMNEPATYPa KOTOPOro (HECKOAbKO Hosee
HU3KasA, 4eM y GoToHOB) nosmkHa ObiTh okoao 2 K. Kak
OGHAPYXHUTh TaKHe «PeJHKTOBble» HEHTPUHO, HOKA HH-
KTO He 3HaeT. ITO — TPyAHAA 3ajaya A OyAyIMX Ha-
6moxaTenei.

OKos10 HeGeCHOro Teaa, pafnyc kotoporo R He npe-
BBIIIAET €r0 IPaBUTALMOHHOIO pajiyca R_, mpoucxoxsr
crpanHble coObITHS. Bee Tena, Haxoasimuecs: BOJIM3M Ta-
KOTo HeGecHOro Tesia (Ha pacCTOSIHUU MEHbIIE 3Rm, ecin
TEJI0 ABHXKETCS MEAJIEHHO), MaAaloT Ha Hero W HH Tipu
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KaKHX yC/IOBHAX He MOTYT BHIDBAThCS 06paTHO U3 OIpoM-
HOTO 1O BeJIMYMHE MOoJIs TsKecTH. J{s1 Takoro Tesa BbI-
6pau MpauHoe UMS — <4epHas Abipas. C NOBEepXHOCTH
YEPHOIA /IbIPbI HE MOTYT BHIXOAMTH HUKaKKe CHTHAJIBI WU
YaCTHI[BL.

B cHIBHOM IPaBUTANMOHHOM I10JI€ YEPHOH ABIPbI H3-
MensieTcs Yactora ¢oToHa. Ha paccrosiiun R, ot nentpa
4epHO# ABIPH YacToTa (a ¢ Heii u 2Heprusi) GoToHa obpa-
MIaeTCs B HYIb. ITO MOXKHO MOHMMATh TaK, YTO HA TO, YTO-
6Kl BEIPBATHCS U3 FPABHTAIIHORHOIO TIOJIST 94EPHOM IIBIPHL,
(hOTOH AO/KEH 3ATPATUTh BCIO CBOIO SHEPTHIO M BBIXOIHUT
<HAPYXy» C SHeprueii, paBHOM HYJIO, T. €, [[POCTO MCYe-
3aeT. CTpaHHbie COOLITHSA NPOMCXOIAT U C TeJaMH, Tla-
JAoNMMH Ha yepHYyIO Ampy. Ilagenue compoBoxiaercs
OTPOMHBIM BbII€JIEHNEM YHEPIHH, U 3TO 0OCTOATEIBCTBO
JeJlaeT THIIOTe3y YePHOH ABIPHI O4eHb COBJIa3HUTEeIbHOM
IUIS1 acCTPOUHKM.

YepHble ABIPH, BO3MOXHO, HTPAIOT POJb B TeX 06-
Jgactsx BeenenHol, rae BbiJiesfieTCs OueHb MHOTO 3Hep-
TMH: KBa3apax, SApax rajaktdk. [Jo cuX mop HHUKTO He
HOHMMAET, OTKy/la 6epeTcs aTa 3Heprusa. MoxXeT ObITh,
OCHOBHBIM HMCTOYHHKOM JHEPIrHH TaKUX 0OBEKTOB SB-
JIAOTCS YEPHBIE JBIPl, MACCA KOTOPHIX B MHJLIHOHBI H
B MHJLTHApAbL pa3 6osbiie Macchl CoMHIA M B KOTOPBIX,
Kak B aTOMHbIX 60M0ax, «Cxuraercs» Macca IIOKOs CO-
rnacHo ¢opmyae E = Mc? Takasi KapTuha 3HepreTHde-
ckoro OanaHca BHIIVIAAMT AOCTATOMHO BHYILIHTEJBHO.
Ecrp ocHoBanue cuMTaTh, YTO ABOiiHas 3Be3ga X-1 B
co3pe3ziuy Jlebenb UMeeT YepHYIO AbIPY B KayecTBe He-
BUAMMOIt KoMIioHeHTHL. OIHAKO BCe TaKie yTBEPKAECHUS
elle OYeHb HEHa/IeXHbI, ¥ O HUX IOKa HE CTOUT TOBOPHTD
6ouee moapobHo.
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ITAPA/TOKC YEPHO¥ JIbIPBI

CylecTBOBaHHE YePHOM BIPHI caMo To cebe mapa-
aokcanbHo. YepHas apipa Bemer cebs, KaK TeNo ¢ TeM-
[epaTypoii, paBHOI aGCOMIOTHOMY HYJIO, IIOTOMY YTO C
NOMOL{BI0 YEPHOH ABIPH MOKHO IOJHOCTBIO IPEBPATUTh
TEIIO B paoTy.

Ilpu nagenun Ha YepHYyIO ABIPY TEJIO MOXET IIPOH3-
BOAMTE PaboOTy 32 CUET 3HEPrHH IPABUTALMOHHOTO IIPH-
TSDKEHUS K YepHoit Anipe. Ecim kakoe-nu6o Teso magaer
HA YePHYIO ABIPY, TO BCSI €T0 9HEPTHSI BMECTe ¢ «dHeprueit
nokost» Myc? (M, — Macca 1oKos TeJ1a) MOXeT OBITb Ipe-
BpaieHa B pabory’.

Takum 06pasoM, Ha TpaHuUIE YEPHON ABIPBI MOMHAS
SHeprus Tea obpaturcs B HyAb. MOXHO CKa3aTh, 9TO
Macca MOKosl TeJia IOFracUTCS OTPHLATENbHON MOTeHLH-
aJIbHOI 3Hepryieil Tesa B FPaBUTALMOHHOM IOJiE YepHOH
IBIPBI. B OGbI‘{HI)IX 3E€MHBIX YCJOBUSIX INOTCHUNAJbHAA
SHEPrHsl O4E€Hb Majia 10 CPaBHEHUIO ¢ DHEPrHeil MOKOof,
TaK YTO Macca MaJIaloIer0 KaMHA OCTAeTCS IPAKTHYECKH
HEHU3MEHHOM; ITPH Na/IeHWH B [0JIe YePHOM BIPHI OHa 00-
palaercst B HyJIb.

3akon TATOTEHMS JeHCTBYET TaK, YTO CUJIA IPUTSIKe-
HUS IPOTIOPIAOHANbHA Macce IPUTATHBAEMQIO TeJla HE3a-
BUCHMO OT TOTO, C YeM CBsA3aHa 3Ta Macca. [opstuuit vaii-
HUK HEMHOTO TsDKeJlee X0JI0[HOT0; Iaas Ha YepHYIO IBIPY,
ropsauii YallHUK BBIIIETUT HECKOJABKO GOJBIIE SHEPTHH

1 .
(#a — U, rne U — BHYTpeHHsIst 9HEPTHST), YeM XOJIOJHbIH.
c
YepHast ApIpa paboTaeT Kak UACAIbHBIN X010 JHIbHUK [IPH
1 9ra pabora peanmsyercst B BHE MOUIHOTO M3MYYEHHSI HIEK-
TPOMArHUTHBHIX U PABATA{MOHHBIX BOJIH.
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T = 0 K, ¥3 KOTOPOro HUKaKUMHU CIIOCOOaMH HeJIb3s U3-
BJieYb KaKo-au60 sHeprun. 1o 3HavuT, yto KIIJ uukia
¢ YepHOH ABIPOil B KaYecTBe XOIOAWIbHUKA, o KapHo, 6y-
IeT paBeH eauHuie. Bo3HUKAaeT CUTYals], 0YeHb HATIOMH-
HAIOIIAsi BEYHBIN JBUTATENH BTOPOTO POJA, U 3K BO BCIKOM
ciy4ae Hapymaercst TeopeMa Heprcra. Takoii mapamokc
JOJKEH OBUT HEMUHYEMO HABECTH HA MBIC/b, YTO YEPHAS
JbIpa He MOxkeT uMeTh Temmepatypy T = 0.

Penienue napagokca Hajao ObUIO UCKATbh B TEPMOIH-
HaMHYECKHX cBOiicTBax yepHoOil Aniphl. IlepBast moragxa
COCTOSLIA B CJIEAYIOIIEM.

Ecimu yepHas awipa MMeeT TeMIIEpPaTypy, OTIMYHYIO
oT abCOJIOTHOTO HyJisl, TO OHA MMeeT U suTponuo. Eciu
YepHast Jpipa cepuyeckd CUMMETPHYHA, He BPaIlaeTcs
M HE 3apsiKeHa, TO SJHTPOIMS MOXKET 3aBHCETh TOJBKO OT
macchl. Ho sHTponus — Benmnunna Ge3pasmepHast, OHa He
3aBUCHT OT e/IMHHUI H3MEPeHUsT; YHCIeHHOe Xe 3HaUYeHHe
Macchl, KOHEYHO, 3aBUCUT OT TOTO, B KAaKUX eAMHHIAX
MBI €€ M3MepseM — B IpaMMax WJIH B MHUJUIMOHAX TOHH.
JHTPONUS NUAEAIBHOTO Ta3a Ompeeianach OTHOIEHHEeM
06beMOB u oTHONIeHHeM Temrepatyp. [lo-BuguMoMy, U
SHTPONMSI YePHOH IbIPbl JOJKHA OIPENesSThCsS OTHO-
IeHHeM ee MacChl K KaKOM-TO CTaHAAPTHOH 3TanoHHON
Macce. Ho kakoii? Kak Bce ke JOJKHO BHIIJISIETE BBIpa-
skeHue /71 SHTPOIINH YePHO IbIPbI?

Kauecrsennoe pemenwe 3afadu 6bLI0 TPUAYMAHO
BexenmreiinoM. BuuManue ero npuBieksia oqHa reopeMa
oluxeii Teopuy, OTHOCHTEMBHOCTH. Teopema yTsepkIana,
4T0, KaKue Obl IPOLECCH HY MPOMCXOIWIN B CUCTEME, B
KOTOpOif €CTh HYepHble ABIPbI, CYMMapHas ILIOIaAb IIO-
BEPXHOCTEH YePHBIX JBIP MOXET TOJIbKO YBeIMYUBATBCS.
OTa oueHb 0OUIas TeOpPeMa NOX0KA HA TEOPEMY O BO3pac-
TaHuy sTponny. [lromans, Tak ke Kak SHTPOMHS, BeJIH-
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YUHA aAAMTHBHAS U, TAK XK€ KAK ¥ SHTPOIMS, 3aBUCKT OT
Macchl 4epHO# Abipsl. 11osTomy ObIM COGIA3H MpEATIONO-
KMTh, YTO IHTPOIHNA YEPHON ABIPH TIPOCTO TPONOPLUO-
HasbHa ee rromaznu A : S ~ A. Ho xak caesaTb sHTPONHIO
GeapasMepHOl, ecou IUIOmanb A HMeeT DasMepHOCTb
KBajipaTa AJINHBI?

EAVHHWIIBI IIVTAHKA

B MukpoMupe HeT cBoero Mactaba aymnsL. Uz gByx
TIOCTOSHHBIX Fi M C HEJBb3sI COCTABUTH BEJMYMHY C pPa3-
MEPHOCTbIO JVIMHBI HJIH BpeMend. [LJ1g 3TOro Hajmo B3SATH
etite Maccy. Torna amuHy MOXHO, HallpUMep, COCTaBUTD

h
TaK: — .
mc

B 061meil TeoprH OTHOCHTEIBHOCTH TAKIKE HET MAC-
mTaba J7IMHABI, TAK KaK ero HeJb3s COCTABUTh U3 YH ¢. Ho
€CJIM [puBJedb HA MOMOIIb Maccy, TO AMHY MOXHO CO-

CTaBHUTDb TaK: mz .
C

A
O6benrnuM Tenephb obe IaMHBL — u Y7 cocrasue

mc ¢’
m

1/2
HX TeoMeTpHuecKoe cpelHee {-—;) . IIpu sroM Mmacca
c

COKPaTHTCSI. JTO ¥ €CTh EAMHULA JUTHHBI, IPEIIOKEHHAS
IInankom.

Ilocste Toro xax Ilnank BBesn ABe byHaaMeHTaIbHBIE
nocTosuuse A ¥ k, OH 3aMeTHI, 9TO OABKIACH BO3MOX-
HOCTb TIOCTPOUTEH HOBYIO CHCTEMY €IMHMUIY, He CBA3aHHYIO
HH ¢ KAKUMM MCKYCCTBEHHBIMM 3TAIOHAMU. JTO CAEAYIO-
M€ eUHAITBL
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) =5110-10-33 cm,
+h 1/2
BpeMS £, =[—J =1,7016-10-% ¢,

1/2
Macca mp=( ] =6,189-10"6 1,

5\
4acToTa @, =(E] =0,5863-104 ¢},

 Tond i %
3HeprHs €, = T =0,5563-10'¢ apr,

172
1( hc’ 3
Temneparypa T, = % T =4,029-10% K.

Eautnns: Tlnanka yao6HbI IpH pacyeTe TAKUX CHCTEM,
rae cyuiecTBeHHBI 3¢ deKTh Kak KBAHTOBBIE, TAK H TPABU-
TAllHOHHbIE.

Ho emunuusr Ilnanka e TONBKO yAOOHBI, OHH 00-
AT MPHHLUITHANBHOM ocobeHHOCTBO. WX cymect-
BOBaHME 03HAYAET, YTO B IMPUPOAE, Bo BceseHHOMU ecTh
€CTeCTBEHHbIE MaclITabbl, CBA3aHHbIE OHOBPEMEHHO H C
KBaHTOBBIMH, H C DEIITHBUCTCKHMH CBOMCTBAMH MUPa.
Mocrosnnas [lnanka onpepenuia CBs3b MEXAY 2Hep-
rueit u yactoToil (MaciuTab KBaHTa), CKOPOCTh CBETa —
CBA3b MEXAY Maccoil M sHeprueil (Macurrab sHeprun).
EcrectBeHHO O6BLIO NPEANMOJNIOKHTD, YTO M EIMHHIbI
ILranka onpesensioT MaciTabpl XapaKTepUCTHK KaKuX-
TO cobbITHil WK o6bexToB. UepHas Abipa (M ee aHTPO-
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IMsI) KaXeTcd YAAYHBIM KaHTUAATOM AJIS NPUMEHEHHS
equnnil [11anka.

IIpeanonoxuM, 4To MacliTal SHTPONMM CBSI3aH C
TIOCTOSTHHOM JITHHBI lp, T. €. YTO IUIOIAAb TIOBEPXHOCTU
4ePHOH ABIPHI HA/IO pasnenuTh Ha [2 ¢ KakuM-TO Ko3G-
duneHTOM, 0O KOTOPOM, KOHEYHO, HENb3s J0ralaThCs
3apanee. Ha ocHOBe Takmx, HaZO CO3HATbCH, HE OYEHD
CTPOTHX PAaCcCyXAeHUMH ¥ OBIIa BBUIBHHYTA THIOTESA, YTO
3HTPOIHS YepHOH ABIPH 10/DKHA UMETh BUA § = T e

P
K03 (QUIMEHT Of HAZI0 BBIYHCIUTD H3 KAKHX-TO cooOpa-
xeHWH ocobo. Takasi moragxa okaszalach TPaBHIBHOM.
Koadduument o 6bUT BHIKC/IEH HO34HEE XOYKHHIOM,
On okazajicst paBHBIM !/,

3Hasi SHTPONHUIO, MOXKHO BRIYMC/IUTH ¥ TEMIIEPATYDY.
3aMeHUM ITomMaib A ee BRIpaKeHWeM depes rpaBHUTallU-
OHHBIH pasuyc:

A iR = 16mM?
P C4
Hcnonsays exununsl [1naHka, MOXKHO Tenepp HalMCaTh

dbopmyty st HTpOLAM:
y

S=16ma —M
m
P
TeMrepatypa 3amuinercst B BUze
1 m
T=—— —LT .
32na M °
Uckmoyas us s1ux Gopmy Maccy, 6y/ieM umeTb
' 1
ST2=——.
16n
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Takoe ypaBHEHWE COCTOAHUS HH Ha 4TO He NOXOXE.
U3 Hero cliefiyerT, YTo YeM BHIIIE TEMIEPaTypa, TEM MeHb-
IIIe SHTPONHKSA, a IPH abGCOMIOTHOM HyJie SHTPOMUA 06pa-
maetcst B 6eCKOHETHOCTD.

OTci0/1a MOXKHO 32KJIIOMHTD, YTO AMO0 B HAIIKX Paccy-
KIAEHUsIX Ipy6ast ornbKa, 1160 ¢ YEPHOH JIBIPO# IPOHCXO-
IMT HEUTO CEPhE3HOE M OHA He «/I0XKHBaeT» 10 abcomoT-
Horo Hyad. Ho B paMKax Ki1aCCHYECKUX HNpeiCcTaBleHHi
[apagoKe Pa3PelInTh OKa3aloCh HEBO3MOKHBIM.

W3JIYYEHUE YEPHOW /{bIPHI

Iapazgokc ucues, korjga XOYKUHT TeOPETHIECKH O~
Kasaj, 4To BOJIM3M YEPHON ABIPbl HPOMCXOLUT POXKIe-
Hue yactul. HeoxunaHueiM 06pasoM BBRIACHWJIOCH, 4TO
TEopeMa O BO3PACTAHWH ILIOMIAAH ITOBEPXHOCTH YepHOi
IBIPHI riepecTaeT GBITH CTPOToi B KBAaHTOBOW MEXAHUKE U
SHTPOIHS €€ MOXKET YMEHBUIATBCS 32 CYET TOrO, YTO BO-
KPYT Hee co37aeTcsl TOTOK (POTOHOB, KOTOPLIE 3TY SHTPO-
MO YHOCSIT.

Ouenp 6ONBION TOTEHIUAT TPABUTAIIMOHHOTO HOJIs
BOJIM3H 4EPHOI JBIPHI TIPUBOANT K TOMY, 4TO Ha €€ TIOBEPX-
HOCTH POXKAAIOTCS Napbl (pOTOHOB (M JpYrHe YaCTHILBI).
Sueprusa 3THX GOTOHOB (KaK M BCeX 4acTHIf BOM3H Yep-
HOM III)Ipr\) paBHA HYJIIO, I0O3TOMY OHY MOTYT DOAMTBCA
<U3 HUYero», He HapyIIasi 3aKOHa cOXpaHeHHs SHepTUH.
Iocne poxnenus napsl GOTOHOB OTHH U3 HUX YXOAMT B
YepHyIo ABIPY, 2 Bropoil 3a cueT ocBoGopuBLIEliCs dHED-

1 MosxHo (He 0YeHb CTPOro) TOBOPHT, uTO (POTOHEI, IPOBAIH-
BAsICh B YEPHYIO ABIPY, IPHOOPETAIOT OTPHLATENbHYIO (TIOTEHIINAD-
HYIO) SHEPTHIO.
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THH yJIeTaeT Ha GeckoHesnocth, CrcteMa paboTaeT Kak
6JI0K: OIMH IPY3 OIYCKA€ETCS, a 3@ €r0 CYET MOJHNMAETCH
Apyroii. Pesyabrarom aToro npotiecca 6yJ€T yMeHbILIeHUe
MacChl YEPHOH JbIPHI (2 3HAYMT, ¥ ee TIOBEPXHOCTH ), SKBH-
BaJIEHTHOE SHEPTHH YJIETEBIIUX (POTOHOB.

Teopus atoro mporecca oueHb ciaoxsa. Ho pesyb-
TaT OBIT HHTEPECHHIM. YepHaa AbIpa U3MydyaeT (POTOHEI,
CIEKTP KOTOPBIX COBHazaeT ¢ pacnpenenenueM Ilnanka,
OTBEYamUM TemnepaType (B eauHunax Ilnamka, T.e.
m,=1u Z'p =1)

8 M’
U3 aroii hopmyJisl cremyert, 4To Koadduliment o = !/,
Takxum 06pa3oM, YepHas AbIpa U3IYYaeT KaK Heasb-
HOe YepHOe TeJo (HeOXKUJAHHO Peaiu30BaHHOe B KOCMO-
ce ¢ 0YeHb GONBUIOH TOYHOCTBIO).

oL

TUBEJIb YEPHOM JIbIPLI

Temepp CTAaHOBHTCS $ICHHIM HCTOYHMK TIApafiloKCa.
YepHas apipa — cHCTEMa HEYCTOHYHBAs, HeDaBHOBECHAs,
NIO3TOMY U MOHATHE O TeMIlepaType YepHOH ABIPbI — MO~
HATHE He BIOJIHE TOYHoe. TeMrepatypa 4epHOH ABIPHI
pacCTeT ¢ yMeHbLIEHHEM MAcChl; POXKAEHUE TTAp IPHBOIUT
K YMEHBIIEHHUIO MACCHI, 4 CJIEA0BATEIHHO, U K TOBBIIIEHHIO
TeMnepatypbl. C pocTOM TeMieparypsl MHTEHCHBHOCTB
M3JIy4eHHs YBEIMUYUBAETCSA, U TEMIEpaTypa BO3pacTaer
etfe Gostbie. B KoHIle KOHUOB YepHast ABIPa JOJKHA CTO-
PETh COBCEM, NIPHYEM CTOPETH 32 KOHEYHOE BPEMSL.

Pacuer BpeMeny cropanuns necjioxeH. Heckosbko or-
py6IIsIst CXEMY, MOXKHO BOCTIONB30BATLCA A5 3TOTO (op-
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mynoit Credana — Boaslmana A1t U3ydeHUs ¢ eNUHK-
Il IOBEPXHOCTH YEPHOH ABIPbI M YMHOMHUTH PE3YJIBTAT
Ha IIOa/b TOBEPXHOCTH.

Otser nony4aercs Takoil. Bpemsa xusuu (B cexyH-
Zlax) 4YepHOH AbIPH ¢ Maccor M (B rpaMmax) TaKOBO:

1=2-10"7M5.

W3 aT0it hpopmynsl BuaHO, uto ANt M = 1015 r Bpems xn3-
Hn T = 2 - 108 ¢, yTo npuMepHO paBHO Bo3pacTy Bceenen-
HO. /{151 60BHINX Mace BpeMs KH3HH BO3PacTaeT.
Yepnbie apipbl ¢ Maccolt nopsizka maccsl ConHia
(10%®) umeror mpakTHyeckn OGECKOHEYHOE BpPEMS XKK3-
Hu. Temneparypa Takux YepHbIX ABIp OyAeT oueHb Maia.
Dopmyny it TEMITEPATYPHI MOKHO HAMMHUCATh TaK:

1026
M)’

Mpn M=10%1rT=10" K.

Jlisi Bcex HebGecHBIX Teu, a TeM GoJiee sl THOOTE-
THYECKUX TMTaHTCKMX YEPHBIX JBIP, KOTOpHIE, MOXKET
ObiTh, NUTAOT 3Heprueit Beeneumywoo, Temueparypa
NPaKTUYECKH paBHa abCOMOTHOMY HYM10. DTH OOBEKTH
HUYETO He U3JMYYAIOT: OHU — H/€AJIbHbIE XONOAUIbHHU-
KH, KOTOpBle MO3BOJIAIOT peasiH3oBaTh UMKA Kapro ¢
K03 dULIHEeHTOM [0Je3HOTO AEHCTBHA, MOYTH PaBHBHIM
equHULe.

Heropusa ¢ depHoii Abipoid noyuurtensHa. [loBenenue
4YepHO# AbIPE (YHCTO TeopeTHUeckoe) HMPOTHBOPEYHIIO
OCHOBHBLIM HayaJaM TeDMOAMHAMHKH. Buixon obHapy-
XKHJICS B KBaHTOBOM Mexanuke. Takag sxe ncropus 6buia ¢
TPETBHM Ha4ajIoM, KoTopoe 651710 nocTymposano HepH-
ctoM. Tosbko 1ocie nosinjienusi popmynsl BoabiiMana u
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KBaHTOBOU MeXaHHKHU CTaJia ICHOH CBSI3b TPETHEro Haya-
Jia ¢ PYHIAMEHTAIBHBIMY 3aKOHAMH (PHBUKH.

3aKOHbI MUKPOMHUPA OKA3BIBRIOTCSI HEOOXOAMMAKIMHA
47151 OOBACHEH sl TAKUX ABJIEHUI, KOTOPbIE, KA34J10Ch OB,
OTHOCATCS K MakpoMupy. BsauMmHas cBf3b MeXAy pas-
JejJaMy (pU3HKK CTONb CHJIbHA, YTO HOYTH HEBO3MOXKHO
W3MEHHTD YTO- MO0 B OHOM MecTe, He HapYIIMB rapMo-
Huu Bcell pusnyeckoli xapTHHE Mupa. IMeHHO mosToMy
0Ka3a/MuCh Ge3yCHeIlHbIME MOMBITKH HCIPABUTE TEOPHIO
OTHOCHTEJIbHOCTH MJIH JIOHOJHHTH KBAaHTOBYIO MEXaHHKY.
HeusbexHocTs 9THX TeOpHH NEMOHCTpUPYyeTCs BCell co-
BpeMeHHOU (pu3nIecKol KapTUHOI MUpa.

HOBBI TAPAJIOKC

YepHbie AbIpHI ¢ Maccoii Menbiue 10% r 10KHbE GbLTH
AaBHO cropets. ECTh 11 YepHbie AbIPBI ¢ HoMbIei Maccol,
[OKa HEU3BECTHO.

Teoperuyeckne CBOHCTBA YEPHBIX ABIP CTOJIb HEOXKHU-
JaHHbL, YTO HHTEPECHO NPOCAEAUTH 32 BOBMOXKHOM Cy/ib-
60lf MaeHbKOMN YEPHOMN ABIPHL.

WNanyuenne PoTOHOB YHOCHUT Maccy W SHTPOIHIO.
Temnepatypa YepHO# ABIPBI HOBBILAETCH. PaccMOTpuM
4epHyI0 AbIpy ¢ Maccoii 10Y r. J1a Macca oTBedaeT TeMile-
parype 101! K. Sueprus hoTOHOB 1IPH TaKoii TeMIeparype
6yaer umers nopsigox seandnnbt kT ~ 10 MaB. Takue ¢o-
TOHBI MOTYT POXKAATh Napbl 37IEKTPOH — MIO3UTPOH (Mac-
ce Takol napel oTBedaet areprus ~ 1 MaB). Koraa mMacca
uepHoit ApIpbt crarer eme B 1000 pa3 MeHblne U aHePrus
thoronoB Boapacret B 1000 pas, Ha4HHeTCS POXKAEHHE U TH-
JKeJbIx yacTul. Paxuyc yepHoit apips (ipu Macce 1012 1)
Oyner pased puMepHo 3 - 101 cM, T. €. IPEMEPHO paany-
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Cy 9JeMEHTApHBIX YacTHI. 3/1eCh yKe TaWrcs KOBapHasi
sosylika, Korja yepHast apipa 65112 ente 60/bMIOH, OHA B
OCHOBHOM COCTOSUIA M3 HyKJIOHOB — ITPOTOHOB ¥ HEHTpPO-
HoB. Ho yucs0 HyK/I0HOB 10/KHO B IPUpPOAE COXPAHATD-
cs1 (TaKoKe COXPAHAETCS] M YUCJI0 3J1eKTpoHOB). Ilpu atoM
cyeT 4Mcia YacTHIl BeleTcs Tak, YTO aphl YacTHLA — aH-
THHACTHIA OTOPACEIBAIOTCA. JOBODAT, YTO HYKJIOHBI MMEIOT
HYKJIOHHBIW 3apsijl, PABHBIN €IMHMIIE, a AHTUHYKJIOHBI —
MuHYyc euHUIE. Toria coxpaHeHHe Yuciia HyKJIOHOB (op-
MYJHDYIOT KaK COXPaHeHue 6aPUOHHOTO 3apAaa:

N (ayxnonoB) — N (aHTHHYKJIOHOB) =
= GapuoHHbII 3apsA,

YepHas Abipa, Cropas 1 YMeHbIIAACh B pasMepax, He
MO3KeT YMEHBUINTh YHCJIO HYKJIOHOB. B cucreMe ¢ pasme-
pamu 104 cM JOIKHO COAEPKATHLCS CTOMBKO XKe HYKIO-
HOB, CKOJIbKO UX GbLIO B 3Be3jie ¢ Maccoit 1015 1.

3To KaxeTcs HEBEpOSITHHIM. Elle TpyaHee IOHSTS,
KaK MOTYT HYKJIoHB cuesuyTs. Ecau Sapuonusiil 3apsas
He COXpaHsIeTCs, To Ipobaemsl Het. UepHasi AbIPA CrOPMUT,
u GapuoHHLIN 3apsin Bcenennoit ymenpuintes. YepHast
ABIPa MPENCTABIAETCS TOrJa HEKUM MEXaHU3MOM, KOTO-
pylii «TepepabariBaeT»> TsxKeble YaCTHIBI B U3IYYEHHE,
Takoe pelneHye BHIFJISIAUT CTPAHHDBIM.

Ecnu xé GapHOHHDIH 3aps/l COXpAHSETCH, TO Hero-
HSTHO, KaKoBa 6yZeT CyAb0a OCTATKA YEepHOH IRIPBL C
OTPOMHBIM GApHOHHBIM 3apsiioM H Masoi maccoi, Ilo-
BUZNMOMY, CBOICTBA TAKOH CHCTEMBI He MOTYT ObITH OTIH-
cansl 6e3 HOBLIX HAEH.

Bonpoc o Tom, cTabuien JM IPOTOH, MOXKET JIH OH
[PEeBPATUTLCSA, HAITPUMED, B IO3HTPOH, OKa3aJcs celdac
B IIEHTPE AMCKYCCHI B QH3UKe ITeMEHTAPHBIX YaCTHUIL.
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EcTb A0BOJIBHO BeCKUe OCHOBAaHHMS OXHIATh, YTO TIPO-
TOH B OOBIYHBLIX YCJIOBHSX MOXET IIPEBPATHTBCA B MO~
3UTPOH, TOJIBKO C OYEHb Majioif BepOsATHOCThIO. Bpems
TOZIBKO pachaja, 10 oYeHb TPy6Oi OLEHKE, COCTABJISET
1031 —10% ner.

Ceifyac Ha4a/I! CTPOUTD IEPBHIE DKCIIEPUMEHTAJIbHbIE
YCTaHOBKY /151 IPOBEPKY TEOPETHIECKUX 1IPE/ICKA3aHMA.

TepMOXHHAMHKA, NDAMEHEHHAS K 4YEeDHBIM JBIpaM,
NpUBea K 0YeHb IIyOOKuM HOBBIM IpobaeMam.

OXJAXKJAEHUE IITYUKA AHTUIIPOTOHOB

HeoxuaanHo 1 oueHb a¢ekTHO NOHATHE TEMIiepa-
TYPBI ObLJIO UCIIOIL30BAHO B H/EE CO3aHNS NIPOTOHHBIX 1
aHTHIIPOTOHHBIX ITyYKOB, BhickazaHHo# I. Byakepom.

MHoro et Ha3ay, 06Cykast IPOUCKXOKICHHE KOCMH-
yeckux Jydeit, DepMu paccMaTpUBan BO3MOXKHOCTD yC-
KOpEHUS YaCTUI] XaOTHUYECKUMY MATHUTHBIMH TIOJISIMH B
kocMoce. Bosuuk Bompoc, 6yayT M YacTHIIB YCKOPSATHCS
HJIN 3aMeIIATHCH, TIPOJIETas «MaTHUTHBIE 001aKa». B cra-
The DepMH MO 3ITOMY NOBOAY HamucaHo: «Paccmorpum
Tereps GBICTPYIO YACTHIY, ABMXKYILYIOCS CPEfM TaKHX
6Ty KAAOIMNX MArHUTHBIX noJeid. Eciu aTol wactuneit
SIBJIAETCS IPOTOH C 9HEpruei HeckobKo I5B, To oH 6yzeT
JIBUTATHCSI BOKPYT CUJIOBOM JIMHUM 110 CIIHPAJIH ¢ Pajdy-
com okoJio 1012 cM 7o Tex mop, OKa He TIPOU30IAeT «Co-
yaapeHHe» C HEOAHOPOAHOCTHIO MAarHuTHOTO mosis. [Ipu
S5TOM ITIPOTOH OTPAXKAETCH HECKOJBKO GECTOPAAOUHBIM
00pa3oM: B pe3yJbTaTe COYZIAPEHHs MOXKET TIPOU30UTH
KaK BBIMIPHII, TAK U IIOTepSI sHepruu, OXHAKO BHIUTPHILE
sneprun 6ozee BeposTeH, yeMm motepsi. K sTomy BhIBOAY
JieT4e€ BCETO NPHHTH, €CJIM 3aMEeTUTb, YTO B KOHEYHOM
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cyeTe IO/KHO YCTAHOBUTHCS CTATMCTHYECKOE PACIPeAe-
ACHME MEXAY cTenenamu cBoOOAB OayXKAAOUIKX Tonel
W cTeNeHssMu cBoOObI YacTHITBL. SICHO, YTo paBHOMEpHOE
pacmpesiesieHue (10 CTETeHsiM CBOOOBL) COOTBETCTBOBA-
J10 6 HEBOOOPA3UMO BHICOKOW 3HEPTHU...> B naeansHom
cJlyuae SHeprus NPOTOHA 0JKHA ObLma Ob1 CPABHATHCA €
aHeprueil rpaHAMo3HOro obaka. IToro, KOHEYHO, He IPO-
U30HJeT.

Hanbme B crathe Pepmu 06CYRKAAOTCS NPUIHHB,
KOTOpbIE HEe JajlyT YCTAHOBHTHCS CTATUCTHYECKOMY Tell-
JIOBOMY PaBHOBECHI0. MOXKHO CKa3aTh, 4TO mmepeaya Te-
1a oT Oy AKX OJIel K IPOTOHaM GyeT Ipoucxo-
JWTh OYEHb MEJIEHHO, IO HAPaBJIEHHIO OTOKA 3HEPrUH
OT TI0JIedl K MPOTOHAM YCTAHABJIHMBAETCS 6e30lUO0YHO.
KpacuBoe paccyxaeHnue, OCHOBaHHOE Ha aHalOrMu C Bhi-
PABHHUBAHUEM TEMIEPATYPHI, [TO3BOTUJIO IIPOCTO HONY-
YHTH KAUECTBEHHOE peleHue TPYAHOI 3224

Ioxoxue paccyxaenns npusenu I. Byakepa k unee,
KOTOpYIO ceifyac NpORepsIOT Ha yckopureistx. Ilydok
AHTHIIPOTOHOB, IOJYYAeMBI HA YCKODHTENE, COCTOUT
M3 4aCTHIl, HMITYJIbChI KOTOPBIX PasbpocaHsl M0 HAmpas-
JIEHUSIM. DTO 3HAYMT, UTO Y YACTUIL CYLIECTBYeT CIy4ail-
HO paclipe/ie/ieHHbIH TIOMepevYHbI MMMYJIBC, TpuYeM
IIMPUHA 3TOTO pacnpefiesieHus J0BoabHO Bexuka. Hajo
YMEHBIIUTB 9T0T pa3bpoc. MMy abe B HanpaBAeHUY My4-
Ka (IPOMIO/IBHBIA HMITYIbC) TaKXkKe HECKOMBKO pas3bpocan
10 BeJIUYMHE, HO ITOT PasGpoc HAC He WHTEpeCYeT — OH
3aMacKHpOBaH OOJbIUMM YIOPSNOUEHHBIM MMIIYJIBCOM
9acTHIl B ITyYKE.

Pacnpenenieine NOMEPEYHBIX HMMIYJAbCOB MOXHO
XapaKTepU30BATH HEKOTOPHIM MOZOOUEM TeMIepaTypsl.
Yem GoJiblie pasdpoc, TeM GONIbIIE «TIONepedHasi» TeMne-

parypa nmy4ka.
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Wnea cocrostia B TOM, 4T0OBI BMECTE C JIYIKOM aHTH-
IIPOTOHOB, B CMECH C HUM, HANPAaBUTh MYYOK SJIEKTPOHOB.
ITy4oK 3/1eKTPOHOB MOKET ObiTh CAEJNaH C OUEHDb MATHIM
pa3bpocoM TIOTIEPEYHBIX UMITYJIbCOB, T. €. OH Oy/IeT UMeTh
HMBKYIO <Ioniepednyio» TeMmepatypy. Ho ecim pas6poc
HMITYJIbCOB Y 3JIEKTPOHA MaJl, TO 3/1eKTPOHbBI HAXOAATCH B
6oJiee YIIOPSAOYEHHOM COCTOSIHUY (3T0 M 3HAYMT, YTO HX
nonepeyHast TeMilepaTypa Maja, a y TAXeJIbIX YacTHIl pa3-
6pOC BEJIMK — UX TeMIlepaTypa Bbillie) H BOSHUKAET IIOTOK
Tei1a OT aHTHUIIPOTOHOB K 3nekTpoHaM. Iloatomy nydok
AHTUTIPOTOHOB OYMET <OXNAXNATLCA», & DICKTPOHHBIN
My4OK — <«HarpeBaTbcsi». Pasbpoc MOMepevHBIX CKOPO-
cTeil aHTHIIPOTOHOB 6yZeT yMeHbLIAThCA. JTO 3aKTIOUe-
HHE MOKHO OBIJIO CHENATh, COBCEM HE PACCMATPUBAS O/
POBHOCTH MPOIIECCOB B3aWMOEHCTBUS aHTUHPOTOHOB U
2EKTPOHOB.

Takoli c1iocob KOIMMAPOBaHKS My4Ka aHTUIPOTO-
HOB Obemaer 6bith 3dexTuBHBIM. LI IPOTOHOB Me-
TOIl OXJIAKAEHUS MOXET CHIBHO YIPOCTUTH PaboTy mo
CO3JIaHNUI0 «XOPOIIHX» IIYYKOB, a JJisl aHTUIIPOTOHOB 6e3
oxnaxkeHnsi Boobue He BUHO yTed K CO3AaHUIO TYYKa,
TIPUTOAHOTO AJIs OTIBITOB.

«Xonoaunbunks Byakepa npeacrasnser ‘coboit ca-
MBI YAVBHTEIbHBINA U3 XOJOAUIBHUKOB.

TEMIIEPATYPA 1 IUCIIEPCHUA

KoneyHo, MCNONB30BaHWMe TIOHATHS teMIEpaTyphl
JJ1SL TAKMX HEOOBIYHBIX CHCTEM, KAK YaCTHIBI B KOCMUYe-
CKUX JIy4ax WJIM TYYKH YaCTUIL, BLUIETAIOLIMX U3 YCKOPU-
Tens, — ulesd odeHs Kpacusas. Ho y 31oit uzen ects oxun
nedexT: oIVICaHHble CHCTEMBI HA CAMOM Jejle HUKaKoii
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TeMIIEPaTyPHI He HMEIOT, KaK HET €€ Y TOJIBY, BRIXOAAUIeH
noce ¢pyrbosBHOrO MaTya Co cTaauoHa. Temmepatypa —
3TO XapaKTEePHCTHKA CHCTEMB], HAXOASUIENCs B TETLIOBOM
paBHOBeCHH. MBI 3HaeM, YTO B TEIJIOBOM PaBHOBECHH He
BCe YacTUUbI (He BCE CTEMEeHH CBOGORBI) HMEIOT OfMHA-
KOByI0 aHepruo. HanpoTus, 3HauyeHUs 3HEPIHU YaCTHI]
pa3bpocaHsl BOKPYT HEKOTOPOTO CDEIHEro 3HaueHHH.
M5l roBOpH/IN YK€ O TAaKOM pa3bpoce W XapaKTepyso-
BJIH €ro CHEelMaJbHON BeJTHUMHON — pucnepcueit 3(€),
KOTOpasi IPONOPLHOHAJIBHA TeMIlepaType cucTeMsl. Mbt
Jaxke TOBOPHJIN, UTO TMCTIEPCHS MOXKET CIY>KHTh Mepoh
teMieparypst. OAHAKO TO, 4TO BEPHO /1S CHCTEMBI B Te-
MI0BOM PaBHOBECHH, He 00S3aTEIBHO BEPHO AN IPYTUX
CIIy4aes.

Pasz6poc sHepriu YacTUIl B IYYKE MOJKHO OMHCHI-
BaTh JUcHepcHedl, HO 3TOH AMCIIEPCHM HEJb3A, CTPOro
TOBODs, CONOCTABUTb HUKAKOi TemmepaTypsl. Tem He
MeHee YTREDXKIEHHE O TOM, YTO SHEPrUA NePeTeKaer OT
cucTembi ¢ HosbIuM pasbpocoM anepruy (¢ Goapmoi
mucriepcHeif) K CHCTeMe, Y KOTOPOH UCIEPCHS MeHbile,
B OOJIBITUHCTBE CHYYaeB NPABUIbHO. MOXKHO BhIuMC-
JIITh, YTO IIPU TAKOM TPOLECCE BO3PACTAET BHTPOIHS, 2
TOJIKO OHa YIMPAaBJisieT TeYeHHEM TEILTOBHIX IIPOIECCOB
B npupoje. VIMEHHO T03TOMY MOXHO 3aMEHSTh CJIOBO
<«AVICTIEPCHSI» CJIOBOM <«TeMIIepaTtypa» M He BIIajaTh B
ounbky. Ho 310 MOXHO feiaTh Juiilb 40 TOPHL 10 Bpe-
Menu. Ecaiv IBe CHCTEMBI KMEIOT PaBHbIe JUCIEPCHH, HO
He HaxOAATCS B TENUIOBOM DAaBHOBECHH (XOTS Obl OfHA
Y3 HHUX), TO MEXIY HUMH MOKET CYIIeCTBOBATh MOTOK
SHEPruy. JTOTro He MOrJo OB ObiTh, €CiH Obl ¥ cHCTEM
OB OZMHAKOBHIE TeMNepaTypsl. B Kakyio ke cTOpO-
Hy OyZeT mpoucXoiuTh nepegaya sHepruu? OTBETUTH
HAa 3TOT BOIPOC MOXHO, JHIIB TOACYUTAB U3MEHEHHE
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sHTponuu. Ilepenaya sHepruu GyAeT HPOUCXOAUTD TaK,
YTOG B! DHTPOIHUS YBEJIMYUBANACH. YIIPABJASET [POLECCA-
MH 3HTPOIIHS, TEMIEPATYPA ke B 9TOM CMBICIE IOHATHE
He cTonb obwee, Heaumuum GyAeT OTMETUTD, YTO NO-
XOXKHe 3aMeyaHusl Hafo GBUIO CAENaTh M IPH paccKase
06 OTpULATENbHBIX TEMIEPATYPAX W O HEPABHOBECHOM
3aceJIEeHHU YPOBHeEIl SHEPTHHL.

BPOYHOBCKOE JIBUKEHHE

Hac yxe He T0/KHO YAUBISATD, YTO B OJIHOM 00beMe
MOTYT CYlECTBOBATh pa3Hble TeMiepatypbl [loToku Ten-
Jia (MJIM SHTPOINHH ) OT CIIUHOB K PEILETKE, OT MATHUTHBIX
06J1aKOB K TIDOTOHY H MHOTHE APYTHe IPUMEPH WIIIOCT-
pPUPYIOT IPOLECCHl YCTAHOBJEHUS TEIJIOBOLO pPaBHOBeE-
Cusl, KOT/a TelIo iepenaercs ot osee XaoTHYeCKOi cuc-
teMal (Gonbiiue T) k Gosnee ynopsinodentoii (Masste T).
[TepBBIM IpUMEPOM TAKOTO Tipoliecca GblI0 GPOYHOBCKOE
aprkenne. OHo 6bio0 OTKpEITO B 1827 . aHrimiickuMm
6oranukoM BpoyHOM, KOTOphI B cBoeii cratbe (1828)
oumcan 6ecnopsaaoIHOe BHKEHUE MAJICHPKAX MbLIMHOK
B XMAKOCTH, HAGIIONAEMOe B CHIBHBIN MEKPOCKOIL.

WHTepecHo, 4TO 3TO siBeHNE TIOYTH CPasy CBA3AJIN
C ABUXXEHHEM MOJIEKYJ XMAKOCTH, HO TTOTOM HOYEMY-TO
3Ta TOYKA 3peHHst ObLJIA OTBEPrHYTA, M IaXe B Hayasle Ha-
HIEro BeKa GPOYHOBCKOE JBIKEHHE CTAIN OOBSICHATH M0-
TOKAMH B JKHAKOCTH.

B 1905 r. B OHumkIONIE1MYECKOM cioBape Bpokray-
3a u Edpona 6pumo Hamucano: </{oiroe BpeMs MHOTHE
AYMAJIH, 4TO sBJEHHE 00YCIOBIUBAETCS JeHCTBATE/b-
HBIM MOJIeKyJISIPHBIM ABIKEHHEM BHYTPH KUAKOCTH. Ta-
KOTO MHeHus npuziepxusaics emie B 1863 r. Bunep. Ho
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TOTYAC e TOCJAe OTKPHITHSA ABJEHHUS BHICKA3BIBAIUCH U
ApYTHe B3TJIAAbI HA IPUYHHY €r0...» Tak YTo oT npobie-
MBI 6POYHOBCKOTO ABHMIXKEHMs TPEANOYMTASH OTBOpA-
yuBatbcs. [losTomy, korza B 1905 r. nosBunacs paGora
JitnmTetiHa «O ABMXEHUH B3BEIIEHHBIX B MOKOAIEHCS
JKUAKOCTH YACTHI», B Hel He OBLIO aXe CCHIIKM Ha 6po-
YHOBCKOE jiBrxenme. Teopus co6CTBeHHO GPOYHOBCKOTO
IBYDKEHUs COAEPKAJIAch JHUNIb B MyOJIMKAIMH CJAERAYIO-
1IEro roza.

CyTb Teopuu 6GPOYHOBCKOrO IBHXXEHMSI COCTOMT B
TOM, UTO B TEILJIOBOM PaBHOBeCHH (B KJIaCCHYECKOH KHHe-
THYECKON TEOPHH Ia30B) BCe CTENEHH CBOOOABI CIEAYIOT
Ha PaBHBIX OCHOBAaHMSIX 3aKOHY PaBHOpacHpefieIeHUA.

ITBITMHKY B )XHAKOCTH 06Pa3yioT CHCTEMY — HIEATb-
HBII ra3 YacTHI, XOTH M He B3aUMOJEHCTBYIOIIUX MEXIY
c060ii, HO B3AUMOIENCTBYIOIMX C YACTHI[AMH JKHUIKOCTH,
B KOTOPOIi OHH ILIABAIOT.

Boob6pasum cebe, 4TO BCE 3TH IBUIHHKH OCTAIOTCA He-
HOABHXXHBIMM. TO 03HAYAIIO ObI, UTO TEMITEPATYPA «ra3a»
U3 IbITMHOK Obiia 6l paBHa abcomoTHOMY Hymo. Toraa ¢
HeoOX0AUMOCTBIO BOSHUKHET HOTOK TETLIA OT XKHAKOCTH K
IBUIMHKAM, KOTOPBIH He IIPEKPATUTCS /IO TEX ITOP, TOKA Ha
KaXI0H cTeneHy CBOGO/ABI IIBLIMHKH He HAKOIMTCS 3Hep-

1
51, paBHAA EkT' [TsinaKa 6yeT y4acTBOBATh B TEILIO-

BOM JBHXXeHWH HaDaBHE C YaCTUI[AM¥ XKHAKOCTH.

PaccmarpuBas NbUIMHKY — IDapHK € PajiuycoM 7,
ABIXKYINYIOCS B XHIKOCTH ¢ K02(OUIMEHTOM BI3KO-
CTH 1|, DHHIITEHRH Noy4yu/1 GOpMyITy A CpeJHETO KBa/l-
para ee cMetieHus (f — BpeMs):

kT

= t.
8mny,
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Eme 10 paGoTsl 10 TeopHH OPOYHOBCKOTO [BHKEHHS
DitnmTelin o6paTuA BHUMAaHME HA TO, YTO M3 Habo-
JIEHHMsI JBIDKEHMsI PAacTBODEHHBIX MOJIEKYJ B XKHUAKOCTH
(t. e. u3 uamepennii xoaduimenta guddysun) MoxHo
onpeneauTs 4uca0 Asoraapo. 1as atoro Hazo HaNTH U3
OIIBITA & ¥ BOCHOJIb30BATHCS MU3BECTHHIM 3HAYEHUEM ['a30-

. . R . o
BOit moctosinHoit N, = 7 dfHiuTeltH 3t0 U crenan. llo-

ny4eHnoe uM suadenue N, = 3,3 - 10 6u3ko cosmano
¢ MPUHSTHIM TOr/Ja 3HauYeHueM. Pacyer Ditnuiteiina Ot
SIPKMM JOKA3aTeJbCTBOM DEAJbHOCTH MOJIEKYJI, B YeM B
1905 . efilfe MHOTHE COMHEBANHCD!,

U3 ¢$opMysl 11 cpefHero KBagpaTa CMellieHHst Mbl
BUJIUM, YTO, U3MEPSIA CMelIeHNE MBLUIHHKH, MOXKHO ofipe-
HeNMTh TEMOEpaTyPy XHAKOCTH. JTOT CNOcod A0JKEH
ObITh B NpHHIUIIE 0YeHb obemaowyuM. IIbUMHKY — 3TO0
uaeansHbIR ra3. TemmoBoe paBHOBecHe YCTaHABIMBAETCS
6eicTpo. TpyAHO TOMBKO TOYHO M3MEPUTH A?,

MOXHO paccMOTPETh M APYTHE MPUMEPHl GPOyHOB-
cKoro apuxeHus. Hamnpumep, BMeCTO MBUIMHKH MOX-
HO PacCMOTPEeTh IAPHK € PafiyCoOM 7,, KOTODBIH MOXeT
HE TOJIbKO IBUTATHCS [IOCTYHATENBHO, HQ, M BPAIIATHCH.
MoxxHo BEIMHCIMTE CPEAHUI KBaJpaT yIJia HOBOPOTA Ila-
DHKa BOKDYT CBOEH ocH (92)cp. JWHIITERH Aa clesyio-
myo popmyny:

kT

(92>cp = Zm]—roat.

! ITonesno ormeTHTD, 4TO Cpe/iHEe CMelIeHMe TEUTHHKA — 3TO
CpeAHee 110 BpeMeHM, BHYNCIeHHOE A7 OZHOM NMANHKHA. DinmTein
HCTIO/Ib30BAN, KK MBI 3HaeM, CpefHee [0 BpeMeHU, a He cpefiHee no
YaCTHUAM, KAK CUUTANN B TO BpeMsi B KHHETHUYECKOI TEOpUH ra3os.
310 NO3BONWIIO emMy PELINTh 3a4a4y O OPOYHOBCKOM ABHKEHHH.
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IIlapuk MOXET CJIyXKUTh TEPMOMETPOM, IPHYEM IS U3~
MepeHHs OTHOLIEHHS TeMIlepaTyD He Haio 3HaTh faxe
3HaYeHHeE k.

HerpyaHo noayyuts aHamornunyo dopmyay ais
IIApHKa, KOTOPBIH 3aKpeIieH Ha HEBeCOMOM NPYIKUHKE C
K02 OHLHEHTOM ypyrocTH ¢. IIpUpaBHENBast CPEAHIO
MOTEHIUAJIBHYIO HEPIUI0 apuKa (KaK /I YacTHULHI B

rase) 0OKIYHOI BEJINUHHE %kT:

o 1
‘2'(x2>q,=§kT'

kT
NOJIY4YUM JUIS CPeIHero KBaJjpaTa CMeleHus (xz)cp =0

Ilpuaenaiite c60Ky OT WapuKa IIKALy — W TePMOMETP
TrOoTOB!

QIYKTYALUS

ToBopst 0 Temmeparype, SHTPOIHH, Mbl CJIEAOBATU
B3rasigam tepMoauHaMukos XIX Beka. [Ipeanonaranocs,
YTO STH BEJIMYHUHBI HMEIOT CTPOrO 3aJaHHOE 3HAYCHUE B
KaXK0H TOYKe ¥ B COCTOSIHMM TeIUIOBOTO PaBHOBECHS
TeMIIepaTypa U JaBjieHHe CTPOTO TIOCTOSIHHBI 110 06beMY.
ITH TIPeANONAOKEHH JIEXATU B OCHOBE U IEPBOrO U BTO-
pOro Hayasia TEPMOAHHAMHUKH.

Ha camoMm pene, KoHeYHO, BCE BEJIMUUHB! U3MEHS-
I0TCS CO BpeMeHeM U ¢ koopauunatamu. BeiBonsa dopmy-
JIy IS JaBJEHHUS ra3a Ha CTeHKY, Mbl TOBOPUJIM JIHIIL O
cpentieM jaBienuy. Ecim 661 MOXHO ObUIO CreIUTh 3a
JaBJIeHHEM TOAPOOHEe, U3MEPsisl €T0 Yepe3 Kaxble T ce-
KyHZ (T/ie T TaK MaJjio, YTO YHCJIO YAAPOB O CTEHKY 32 Bpe-
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M T 66110 681 HeBONBIKM), TO NPUGOP HoKa3ak Obl, 4TO
IaBneHue Bce BpeMsi Kosebiercs, daykryupyert. Tak kak
JaBJIeHMeE MPONOPIHOHANBHO [IIOTHOCTH SHEPIHH B eIH-
HuIrie 06beMa, To ¢ ero U3MEHeHUeM H3MEHHTCS TaKKe
u sHeprust. OaykTyanuu sdepruu (Kak 1 XPyTUX BeJH-
4nH) YA06HO Onuio OB XapakTepU30BaTh OTKJIOHEHHEM
ee BeJTMYUHBI OT CpefHeit: (€ — eo)cp. Ho sra senvuuna 8
cpenneM paBHa Hymo!. TI03TOMY eCTeCTBEHHO XapakTe-
pu30BaTh (DAYKTYALMH CPeHHM 3HadeHWeM KBAZpaTa
9TOH BEJTHUMHBL:

2
cp’

8(e?)=((e~e,)?), =(e2),,~(e)
Ira BenMuMHa Ha3biBaeTCs cpeaHeil kBasipaTHyHOU hayK-
Tyauueil. IMeHHO 0 Hell 06BIUHO H/ET Peyub, KOTAA FOBO-
par o Gaykryaumax. Boraucusite duykryanum — aeno
TPYIHOE, H MbI IPUBEZIEM TOJIBKO HECKOJIBKO OKOHYATE)Ib-
HBIX PE3YJIBTATOB.
[ GayxTyauuy jasieHus NOayyaeTcs

C
s(pt)=22_
(p*) o N
i ’
(p?) ¢ 1
P ¢ N’

rae N — YHCIO YacTHl B cHCTeMe. JT0 U ecThb OIleHKa
TOYHOCTH CaMOT0 TIOHATHA AaBjienus. Tax xax N obnraHo
O4eHh BEJIUKO, TO QPIYKTyaluH AaBjieHHs 0OLMHO OYeHb

! OtkyI0HenHe B MEHBIIYIO CTOPOHY H OTKJIOHCHHE B BOIBLIYIO
CTOPOHY B3aHMHO KOMIIEHCHPYIOTCSL.
!
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MaJbl. AHanorndHas ¢opMmyna a8 GIyKTyauun TeMie-
paTyphbl OAHOATOMHOTO Ta3a MMeeT BUJL
1% _31
T2 2N’

Taxue HOPMyJTBI MOKA3BIBAIOT, CKOJIb TOYHBI B 0OBIY-
HBIX YCJIOBUSIX TepMoanHaMudeckue nouatust. O6e dop-
MYJIbl — a7 GAYKTYanuu AaBJieHust U A7 GIyKTyanuy
TeMIlepaTypsl — IOYTH coBmafaioT. Obe OHU yTBEpXKaa-
f0T, YTO TOYHOCTD 3THX NIOHATHI PacTeT, KAK KOPEHb KBaI-
paTHBIN U3 YUCIIa YaCTUIL

p? T2 N’
Tax, ast 1 Mmm3 rasa (nipu gassienuu 1020 rekromackagei)
N = 10716 u orHOCHTembHBIE (IYKTYAIHH COCTABJISIOT
npumepro 10716, 3HaunT, i TAKOrO KOJIMYECTBA rasa
IaBJIEHNE U TEMIIEPATypa UMeIOT TOUHbINA CMBICII.

Ho MBI Hayau pa3roBop 0 GAyKTyauusax He TOABKO
A7 060CHOBaHMA NPUBbIYHBIX NOHATHH, a AJIs TOTO, YTO-
6b1 HAlTH ci1oco0 U3Mepenns reMneparypsl. Hamucamusie
Bhiiie (hopMyibl HUYETO HAM B 3TOM CMBICJIE He 106aBis-
0T, TaK KaK U3MepsiTh QIYKTyalluy TepPMOIHHAMIYeCKUX
BEUUMH O4eHbL TPYAHO. [/len0 CTAaHOBWTCA HECKOJBKO
HpOTIE, eCIH MEPEHTH K BeTUUYHHAM JIEKTPUIECKUM.

B anextpuyeckoll nemd, B KOTOpO# HeT 3. A. C., TOK
He uzuet. Ilo kpaiiteil Mepe, 31O cjienyeT U3 3akoHa Oma.
B neficTBUTEIBHOCTH 3TO HE COBCEM TakK. BepHee, 510 yT1-
BEPIKIECHNE CTPOTO CUPABEAJIMBO JUIDb OPH a0COMOTHOM
uyJe, koraa xer Gaykryauus. IIpu apyrux reMneparypax
BO3HUKAeT CJHY4YaHHbIi TOK, TEIUIOBOE ABHXEHUE 3JIEK-
TPOHOB CJy4ai{HO CTAHOBUTCS YHOPAAOYEHHBIM.
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Benmynna durykryainum toxa 6biia Beunciena Haiik-
suctoM B 1927 r. BosHukalomstii Tok He MoxeT OBITH,
€CTeCTBEHHO, NOCTOSIHHBIM, a C PasHOH BEpOSITHOCTHIO
BO3HMKAeT TOK Pa3HO# yacrorhl. BMecTo Toka MoxHO ro-
BOPHTSH O (hAYKTYAIUOHHOI 3. 1. €. [Ipu 4acToTe ® Takoii,
uto K< kT , oHa onpeaensiercs GhopMyIoit

<££))cp = {-R(O)) ’

rae R(®w) — conpoTusieHue nenu npu dacrore @ Ha
ykTyanMoHHyIo 3. A. ¢. MOXHO CMOTPETh KaK Ha CBHU-
JETeJIbCTBO TEIUIOBBIX KOJeGaHUil 3IeKTPOMArHUTHOMN
cucremsl. [lonyuenHast opMysia yxe MOXET CAyXKMTh
OCHOBO# J/Id M3MepeHus TeMnepatypel. OaHako husuku,
3aHUMAIOIIHECST YCTPOHCTBOM TEMIEpPATyPHOU MIKAJbI,
HAILIM enie JIyUIivii METOA,

Ilnsa Toro 4ToOBI TIOHATH, O YeM OyIeT UATH peub,
HaJ0 CHayasia OGbSACHUTD, YTO TAKOE TIYM, TOYHEE, YTO Ta-
Koe GeJiblii IyM.

BepHeMcsT K [IPOBOIHUKY, HAXOASIEMYCS TIPH TEM-
nepatype T. IlycTs Teneps Mo HeMy TedeT TOK, KOTODbIi
MATaET, HallpuMep, 06MOTKH MarHuTa MUKpodoHa; 3To
npocreiiurasi cxeMa Teledonnoi smaNY, Ms-3a Teruo-
BHIX 9(eKTOB Ha TOK, HECYINHl KAKyIO-TO II0JI€3HYIO
urgopManuio, HAJOXATCA ciaydaiiHple IepeMeHHbIe
TOKH, KOTOPble 6yAYyT BOCTIPMHUMATLCSI MUKPOGOHOM U
co3zaBaTh mymoBoi ¢oH. Takol myM MOXHO mpeacTa-
BUTh CIEKTPOM 3aBUCHUMOCTM WHTEHCHMBHOCTH CUTHANA
oT dactorsl. EC/IM 3TOT CeKTp OTBe4aeT XaOTHYECKHM
ToMexaM, TO LIyM HashBaloT OenbiM — Gesbiil miyM He
HeceT HUKaKo# n_ﬂd)opmaunn, KxpoMe HHGOPMAIUH O
temueparype. Lllym conmyTcryer moboMy asekTpoMar-
HUTHOMy sBjenuio. Ero He o6sA3are/ibHO perHCTPUpO-
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BaTh MUKPOOHOM M BOCIIPMHHMATh Kak 3ByK. [llymom
H, B 4aCTHOCTH, 6e/IbIM mryMOM Ha3BIBAIOT QIYKTYALHIO
moboi ¢pusnueckoil BesuunHbl, Bribupas pasunie spie-
HM$1, MOXKHO HAaKOHel] HaliTH wieaNbHbH (110 KpaitHen
Méepe € TOUKH 3PEHUS TEOPHH) METOX M3MepEHUS TeMTIe-
paTyphL.

K coxanennio, xak Bcskuil cCOBpeMeHHBI TpELU3N-
OHHEII METOJI, METOJI U3MEPEHMSI ITYMOB HMEET CI0KHYIO
TEOPHIO, M MOXHO JIMINb B BUJE IPUMEPA COOGIHTS, YTO,
H3Mepsst IMyMbl B TaK Ha3biBaeMoM nepexozie /[xxo3ecdco-
Ha (ZBa CBePXIIPOBOJHMKA, Pa3/esieHHbIe TOHKUM CJIOEM
M30JI9TOPa), YAAJIOCh M3MEPHUTh TeMIEpaTypy ILiaBJe-
HUS rejius 1o abcoMoTHOH mKane ¢ TOYHOCTHIO A0 MSATH
3HAKOB.

JEMOH MAKCBEJLJIA

Msl 3aKOHYMM HAIl PAacCKa3 TOCEHUM NapajiokK-
COM, KOTOPBIii MHOTO JIET Cy:KWJI TeMoil aucKyccuil u
KOTOpBIH OU€Hb XOPOIIO NpOBEpsieT <Ha NPOYHOCTHY
CTATHCTHYECKYIO (DHU3UKY M ee OTHOHIEHHE KO BTOPOMY
Hawajay TepMOAMHAMHKH. B TepMopmnamuke Bce Gbuio
SICHO: IPOLECCH UAYT TaK, YTO SHTPOIUSA BO3paCTaeT, U
HHMKaKOTO CIoco0a HapyWHTh 3TOT 3akoH HeT. Ho ecin
HA aTOMBI U MOJIEKYJIbl BellleCTBa CMOTPETh KaK Ha MaTe-
pHAJIbHbIE TOYKH, KOTOPbIE MOAYHHAIOTCS 3aKOHaM Me-
XaHWKH, CIPABEJIMBOCTh 3aKOHA BO3PacTaHMs IHTPO-
MWW CTAHOBUTCH, IO MeHbLIIeH Mepe, NONO3PUTEAbHON.
Pa3 y MOXHO cMeMIaTh MOPLMIO aTOMOB, ABHKYIUXCS
6bICTPO (BHICOKAs TeMIeparypa), C aTOMaMH, ABHXKY-
MHMHCS MeJIEHHO (HU3Kast TeMIlepaTypa), U NOJy4UThb
CHUCTEMY aTOMOB, IBIKYNIMXCS TaK, 4YTO MX pacrpexe-
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JMeHWe omUCHIBaeTCS pacnpeeiieHueM Makcpewia ¢
HEKOTOPO# CpeiHell TeMIIEpaTypoil, TO MoYeMy HeJb3si
c/leJIaTh M OGDATHYIO IIPOLEAYPY — Da3AeSIUTh KAKHM-
To 006pa3oM 6GBICTPBIE U MeIEHHBle aTOMbI? MexaHuKke
Takas 3aTes HUKaK He poTuBopeuut. Moxer ObITh, Me-
XaHHKA HO3BOJIMT KaK-TO 06OHTH BTOPOE HAYajIo TEPMO-
AMHAMUKH?

ITpo6rema J1yune Beero BHIACHAETCS, €CJi IPH3BaTh
Ha [oMoIIb eMoH Maxkcaesuia.

Boob6pasum cebe MaseHbkoe CYHIECTBO, KOTOPOE MO-
xeT BuAerh atoMbl. [locagum Takoro zemoHa B SIIHK C
rasoM H, yCTPOUB B CTEHKE SAIHUKA MaJIEHHKOE OTBEPCTHE
C ZIBepLieil, Hay4uM ero npodeccun MBeHuapa: OTKPhIBATh
IBEpIY, KoIjla K Heil moajetaeT OBICTPHIA aToM, AaBast
aTOMY BBLIETETH, ¥ 3AKPHIBATH €€, KOrAa K ABEpIe ToJe-
TaeT aToOM MeAJieHHbIN. Kakoil atoM cunuTaTh OBICTPBIM H
Kaxoil MeUIeHHEIM — IPEAOCTABHM €My PelllaTh CaMOMY.
Hagenum TOIBKO €ro BO3MOXKHOCTBIO O4€Hb OBICTPO H3-
MEPSTh CKOPOCTH MOJIETAONIMX ATOMOB. HYepes HEKOTO-
poe BpeMst OOHAPYKUTCS, YTO CPEAHSIA CKOPOCTh ATOMOB
B AIHKe YMEHbIINWIACh — a3 oxnaauics. PaGora reMona
NpHBeJa K Hy)KHOMY PE3YJIBTATY.

OnHako pe3y/bTaT 3TOT He CIMIIKOM POTHBOPEYHT
H TepMoauHamuke. Eciu Ob MBI 6e3 Besikoro mBeinapa
HPOCTO OTKPBUIM ABEPLY, TO GRICTPHIE ATOMBI BBLIETE/H
6b1 camu 110 cebe B 60JIbLIEM KOMUYECTBE, TAK KAK TAKHUX
aToMOB GoJIbilie HOJTETaeT K ABEPLE; aTOMBI C OYEHb Ma-
JIeHbKO#M CKOPOCTBIO BOOOIIE HE MMOXXOXMIH Obl K ABEPIIE.
T3 OpM pacliMpeHMH B IYCTOTY OXAAXKAAETCS; 3TO W3-
BECTHO M M3 TEPMOAMHAMHKH.

Yro6b HOJYIUTH HOBBIH Pe3yJibTaT, Haflo U3MEHHTH
MHCTPYKIWIO, JaHHy1o mBeiuapy. Hago npocuts ero ot-
KPBIBATH JBEPILY Mepel MeAJeHHBIMH MOJEKYIaMH U 3a-
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KpbiBaTh niepes ObicTpriMu. B sToM cydae ras Gyzer He
OXJAXKAATHCS, a HarpeBaTbes. Kasamocs 6w, eciv 3aKOH-
HA TIepBasi MHCTPYKIHS, TO To4eMy Gbi He HerpoboBaTh 1
Apyryio?

C nomoupio A€MOHa, TakuM 0OpasoM, MOXHO Io-
CTPOUTH NPOCTOH NpUOOP ANA HArPEeBaHHA, KOTOPHIN He
noTpebisin 651 HuKaKoi snepruu. OH NPOCTO AU Gl
ra3 Ha /iBe YacTH ¢ PasHOil TeMIlepaTypol, HO ¢ TOH ke
cyMMapHo# sHepruel. Takoii BeqHbI [BUTaTENb BTOPOIoO
poZia HUYYTh HE XYK€ «HOPMATbHOTO» BEUHOTO ABUTaTe-
Ji1. Y Hero ecTb TOJbKO OAMH HEIOCTATOK — OH TaK Xe
HEOCYHIECTBUM.

ScHo, 4To Aeno B iIeMOHe U YTO eMy TIPHIIMCaHbl Ka-
Kie-TO CBOMCTBa, NMPOTHMBOpeYalue 3aKoHaMm (puauxm.
Tlapanoxc 6sut paspemen Crmiapaom B 1928 1.

Ilpexne Bcero BbISICHMM, KaKOH BEJIMYHHEI JOTKEH
OBITH IEMOH TIO CPABHEHHMIO C Pa3MEPaMU MOJIEKYJL.

Ecau bl IEMOH COCTOAT U3 OXHON WM HECKOMBKUX
MOJIEKYJI, TO OH caM coBepiiai 6bl GPOYHOBCKOE ABHXKE-
HHe, ¥ B €T0 CHCTeMe KOOPAMHAT (CKOPOCTb KOTOpOii Oy-
IET XaOTHYECKH UBMEHSATHCA ) €My TPYAHO OBLIO0 Obl U3Me-
PUTh CKOPOCTb APYTHX MOJIEKYJ], ¥ OH He MOT Gbl CTOSTh
BCE BPeMsI OKOJIO ABEPITHI, YTOOHI BOBPEMS €€ OTKPHIBATh
¥ 3aKpBIBath. OTCIOAA CJEAYET CAENATh BBIBOJ, YTO AEMOH
JOJIKEH ObITh MaIeHbKHH U TSKeJIbIH, YToObI OH MOT CTO-
ATh OKOJIO BXOJa MIpaKTU4ecku Hemoaswxkxo. Ho Torma
Hac XJAeT APYyras HelPUATHOCTD: YAaPhl MOJIEKYT HE CMO-
[YT CABHHYTH €r0 C MECTa, U YTOObI IOYYBCTBOBATD STH
yapbl, U3MEPHUTb CKOPOCTb 3THX MOJIEKYJI, ¥ HETO B PYKax
JOJUKEH OBITH JIerkuii Iprubop, KOTOPHIit OT3bIBAJCS Obi Ha
3TH yAaphl, HATIPUMeD JieTKasi TIACTHHKA, OABEIIeHHAs
Ha HuTKe. HO Kakoro pasmepa ZO/KHA GbITh TIACTHHKA?
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Eciu oueHh MaJIeHbKasi, TO OHa He GyZeT CTOSTh Heno/-
BUKHO... U Bce paccyxaeHust TOBTOPAIOTCSA CHavana.

Yr00bi JEMOH MOT BBHIIIOJIHATD CBOM (YHKIMH, HAZO0
€r0 CaMoro ¥ €ro mpubop AepXarb IPH OY€Hb HU3KOH
TEMIIEpaType, HalIpHMED, OXJ1aXK/asi BCe BpeMs XKHAKHM BO-
aopozomM. Torxa ero Tennosoe ABMXEHNE PEKPATHTCS ¥ OH
CMOXeT U3MEPATh CKOpocTH Mostekyst. K ToMy ke eMy He
06513aTeNIbHO CHMTATD OTAE/BHBIE MOJEKYJIbI, H OH MOXET
CJIEIUTD 32 MIYKTYalUsIMH IIOTOKOB, OTKPBIBAs IBEPILY, KO-
IZa TeMIepaTypa HEMHOTO OBBICUTCS 13-32 (OIYKTYalUiL

TakuM myTeM AeMOH cMor Obl B NPHHIMIE H3Bjle-
KaTh SHEPTHIO H3 XAaOTHYECKOIO ABMKEHHS, HO M3 3THX
€ro JedCTBHI HeJIbast OBLI0 GBI H3RIEYD OJIB3Y. JHEPTHSL,
3aTpadeHHas Ha OXJIAXK/JEHHE CaMOTO JEMOHA, Ha TIOAaB-
JieHHe ero co6CTBEHHEIX (IyKTyaluii, ero 6pOyHOBCKOrO
ABVKEHHs], TI0 MeHbilleil Mepe Ghuta 6bl paBHa HEpPrud,
¥M 3apabotannoiil.

[Monyuenue M060i nuGOPMALUH B HAIIEM MUDE TPe-
Gyer 3aTpaThl HEPTHH.

Btopoii 3aKOH TepMOAMHAMMKH HAPYHIMTh HENb3S.
JT0 OfMH M3 CAMBIX MOTYYMX 3aKOHOB HAILIETO MHMpa.
O6oiiTi 3TOT 3aKOH HEMb3SA U B JIEKTPHYECKOH IemH.
Brinio 66 coBNa3HUTENBHO NOJIYYHTh SHEPTHIO, HCIOMb-
3ys TOK, CIyYaHHO BO3HMKAOHMH B 3aMKHYTOM Nemw.
3mech AeMOHOM Moria OBl CIYXKUTH MPOCTast NEKTPO-
IUTUTKA, KOTOpPas OB HarpeBagach MPONOPUHOHAILHO
KBaztpaTy ToKa (110 3akony J[xoymnsa — Jlenna). [lockons-
Ky HHKaKO#l TOK He MOXKET OXJIAKAATh IUIATKY, TO CyM-

! Ceppesno rosops, 310 03Ha9a€T, 4T0 HPHGOP /IS H3BIEUEHH
SHEpPruH n3 QIyKTyanuu He MoXeT OHTh HI MOTEKY/SIPHBIX pasMe-
POB, HY MaxpocKoIHiecKux, B 06oux ciry4asx u3 Hero Hebast GbLIO
GBI M3BJTEYh HUKAKOH NPAKTHYECKOH TOIb3BL.
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Mapueiit adyhexT Gyaer Beerna HONOKUTENBHBIA PEAKo U
HEMHOT0, HO ILIHTKA Gyzer rpeTocst!

Hosoe paccyxzenue 1oyt# npaBuabHo. Mu Ha ca-
MOM Jiesie MOAOILIM K HAee BEYHOTO JBUraTesls BTOPOrQ
pona. K coxaneHuio, M 3xech HaM MoMelaoT Qaykrya-
LIMY TeMIEPATYPsI Camoil uTKY. Ee TeMnepatypa Gyzer
U3MEHSITHCS, XA0THYECKN YBEJIMYUBAsICh ¥ YMEHbIIASACH,
He3aBUCHMO OT BEJIMUHHBI TOKA.

Ecnu xe Mbl TOZaBUM (QIyKTyalud B ILTMTKe, MO-
MECTUB €€ B XOJOIMIbHHK, TO ujes cpaboTaer — Teiio
IIOTEYEeT OT JIEKTPUYECKOH LIeNH B XOJ0AHUIbHHK, HO 3TO
yaxe Gyner obbrunas TENIOBAs MAUIMHA C HarpeBaTeIeM —
KOMHATOH.

Ho u3 xaxnoit uCTOPHM HATO YMETH U3BIEKATH M0Jb-
3y. EcTb oHa 1 B Haitleii ucTopuu. Tak Kak HUKaKO# JeMOH
HE MOXKEeT HaPYyIIMThb BTOPOTO Hayajia TePMOAMHAMHKH,
Jaxe MCIOMb3Ys CaMble XUTPhle IPUCTIOCOGIEHHS, TO OT-
CI07la CJIeAYeT, YTO 3aKOHbI (PIYKTyalluy He MOTYT 3aBU-
ceTp OT AeTaeil npHOOPOB, a ONPEeAENAIOTCA JHUIb TEM-
TIepaTypoH, ZaBjJeHHeM U APYIMMH MaKpOCKONIYeCKAMH
napamMerpaMH. IMeHHO MO3TOMY uaMepeHue QIIyKTyamuu
OKa3BIBAETCS CaAMbIM JIYYIOIMM PeleHHeM CTapoit 3afavu:
KaK H3MEPHTh TeMITepaTypy?

Mopaib COCTOMT B TOM, YTO HUKAKOE MEXaHHYECKOe
npucnocobiesue He MOXeT TIOMOYb B IIPEOJI0JIEHHH OTPa-
HUYEHHH, HAKTAIbIBAEMBIX 00IIMM 3aKOHOM BO3PaCTaAHUS
SHTPONUH.

BBEPX ITO IKAJIE TEMIIEPATYP

Bepremcst k uzeanpHoMy rasy. lllapuky, He crajaku-
BAIOIIHECST MEXy C000if, 0Ka3AIHUCh XOpoLlIeil MOe/IhIo
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JUISL OTIMCAaHKUsI MHOIUX CBOMCTB 'a3a, KOTOPBIH HAXOMUT-
Csi B TEIJIOBOM PaBHOBeCHH, JTY MOZXeIb M HCTIONL3O-
Basin (pusuku npomuioro Beka. Ho Torna eute He 3Hany,
YTO aTOMBI He WIAPHMKH, & YTO 3TO CJIOKHBIE CHCTEMB,
cocTosIMe U3 MROruX yacTull. Iloaromy BHonHe yMecT-
HO 3a/IaTh BONIPOC; 10 KaKMX IIOP MBI MOXXEM He AyMaTh
0 TOM, YTO B aTOMax €CTh 3J€KTPOHHI ¥ siIPa, a CIUTATD
HX [IPOCTO MaTePHAJIbHBIMH TOYKAMH, HIMEIOIHMHU TOJIb-
KO TpH cTemeHy cBoGoan? OTBeT CBsA3aH ¢ KBaHTOBOM
MexaHNKoi. B aToMe 3/1eKTpOHBI ABMKYTCS He CBOGOX-
HO, ¥ HEJb3si, CJIErKa TOJKHYB MX, N00aBUTH MM sHEP-
TUIO, TIOAOGHO TOMY, KaK aTOM M3MEHSIET CBOIO SHEPTHIO,
CTATIKMBAsCDH € JPYrHM aTOMOM WM €O creHKoit. Utobnl
3JIeKTPOHBI B aTOME M3MEHUIM CBOE JBIIKEHUE WU, Kak
NPHHATO rOBOPUTH, U3MEHIIH CBOE COCTOSIHHE, HAJIO e~
peJaTh UM He CKOJb YTOJHO MATYIO HOPHHIO 3HEPruH, a
KOHEYHYI0, OTBEYAIOIYI0 3HePIUd BO30YKAEHUS aTOMA.
AtoM (0706HO TOMY, KaK 5TO GBLIO Y CIIHHOB B MArHMT-
HOM I10JIe ) MOKeT HaXOAUThCA JIMIIb B COCTOSTHUSAX C Ol
pezesnenHo# sHeprueil. B ob6pI4HBIX aTOMaX SHEPTHS BO3-
GyXIEeHHs COCTABISAET JAeCATHIE AOJH 3JIEKTPOHBOJIBTA:
MEHbBIIEH SHEPTrUH ATOM [IPOCTO HE MOXET BOCIIPUHSITD.
OinHa fecsaTas 3/eKTPOHBOJIBTA — 310 ipumepHo 1000 K.
[Ipu TeMmeparypax Takoro nopsjaka MHOTHE Tejla Hayu-
HAlOT CBETUThLCS, OATBEpXAast 9TUM (aKThl BO36yxze-
HYIS 37IEKTPOHOB.

TTpu Temneparypax Hecko/bko Gonpmux (10 000 K
M BBbINIE) 9IEKTPOHBI IPU CTOJKHOBEHHAX aTOMOB MO-
[YT OTPbIBATLCA OT ATOMHBIX 060JI0YEK U BMeECTE C HO-
HaMM BCTYIIaTh B COCTaB ra3a. MaeanpHulil a3 IPH 3TOM
<«KOHYAETCA» M B COCYZe OKa3bIBAaeTCss CMeChb 3JeKTPo-
HOB M MIOHOB, CBOMCTBa KOTOpO# OyayT BeChbMa JaseKkn
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OT CBOICTB ra3oB, K KOTODBIM Mbl IIPUBBIKJIM IIpU Goee
HOpPMaJIbHBIX TeMneparypax. CMech HOHOB u 3JIEKTPO-
HOB (X KOTOPOii, KOHEYHO, IPUMEINBAIOTCA U HEUTPAID-
Hble aTOMBI) Ha3bIBaOT M1a3Moi. [l1asma 6bisia paHbLIe
IOBOJIBHO PELKMM 00BEKTOM HCCHAEOBAHUS C HEil MMe-
JIY IeJIO B Ta30BOM pazpsijie # 00 ee CBOHCTBax MaJo KTO
3Has. Celfuac 1J1a3My Ha3BIBAIOT YeTBEPTHIM COCTOSIHHEM
BEIeCTRA, C Hell HMEIOT AeJIO Te, KTO 3aHUMAeTCsT yCKO-
putensamu, acTpodusuku U 0cOOEHHO yueHble, 3aHHMAI0-
IMecs poHeMoil OCBOEHHUS TEPMOAIEPHOH SHEPTHM.

TepmosinepHasi iiasMa eliie Gosee ropsyas, B Hee BROAAT
HelfTPOHbI, BHIOUTHIE U3 JIETKUX siAep,— Pafiil HeTPOHOB U
COOPYXAIOTCS 3TH YCTAHOBKHU. JHEPIHH HEHTPOHOB COCTaB-
JISIOT TBICSTUY 3/1eKTPOHBOJIET — MIULTHOHBI IPA/IyCoOB.

KoneuHo, rpazychl 3xech yCIOBHbIE — MOJHOIO Tel-
JIOBOTO PABHOBECHS B TaKOif T1a3Me HET, U peyb 0OBIMHO
HJET O XapaKTEPUCTHKE CPeHEH IHEPTUH,

TepMosin — He Hama TeMa, U MbL TUUIb 00PATUM BHHU-
MaHue, KaK B IJIa3Me C POCTOM TeMIlepaTypsl (T. €. 3Hep-
TUM) B UTPY BCTYMAKOT BCE HOBbIE CTENEHH CBOOOLBI —
4eM Bbillle TEMIIEPATypa, TeM OOJIblIe YACTHI YIaCTBYeT
B TEIUIOBOM paBHOBecud. C yMeHbIIEHNEM TeMIIEPaTyPh
HEHATPOHEI «BO3BPAIAIOTCS» OOPATHO B S/PA, JMEKTPOHEI
«CajaTCsI» Ha CBOM OPOUTBI; CTENEHU CBODOABI BbIMED3a-
10T COBCEM TakK, Kak ropopuy HepHCT, KoTophii, KOHey-
HO, HE MOT J PEAII0JIaTaTh, KAKMM OKaXXeTCs MEXaHH3aM
«3aMep3aHusl creneHeil csobonbl». IIpu eme Goabmmx
TeMIIepaTypax 3/eKTPOHBI ¥ MPOTOHB POXAAIOTCSA U3 Ba-
KyyMa IpH CTOJIKHOBEHHAX — 3TO TEMIepaTypa MacHira-
6a 109—10'° K. Ilpu temmeparypax 103 K poxaaoTcs
HyKJIOHBL Takue nponeccul GypHO NPOTEKAIN Ha DAHHUX
gTanax passutis BeesenHoit.
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TemnepaTypht, 0 KOTOPBIX MBI CeiT9ac TOBOPUM, H3Me-
PpATDH NPSIMO HeBO3MOXKHO, Hert TepMoMerpa, KoTOpSIii GBI
MOXHO GBUIO «3aCYHYTh» B I1J1a3My.

TemnepaTypy OlLleHHBAIOT IO U3/Ty4E€HUIO, IO SHEPTUHN
vacTy, BBNcasnoT... Ho Munnnons: rpaxycos B nabopa-
TOPHH Ceidac CTAaHOBATCS PeAIbHOCTBIO.

MoxHO, KOHEYHO, CIPOCUTD: a B YeM XPAHUTh Hel-
TPOHHBIA a3 B MMJUIHOH rpagycoB? Bor sto aenars
HAYYHWJIHCH: Ta3 <«TOABEUINBAETCA» B BAKyyMe CJIOXKHOH
CHCTeMOit MATHUTHBIX ToJTed (KX HA3BIBAIOT «OYTHUIKA-
M#», «IPOGKaMu» U AP.).

B sajutiouenue 3afannM BoIpoc: 0 KaKo# camoii 60Jib-
IOH TeMITepaType HMEET CMEICH PA3roBapUBaTh (KOHEY-
HO, He u3MepaATb)? Takas TeMmepaTypa €CThb B CIIHCKE
ILUIaHKOBCKKX equtul. Oto Temneparypa T, = 4 - 103 K,
umn 4 - 107 3B = 4. 108 [3B.

IInasma ¢ Taxoit Temmneparypoii, xak ceiidac Jyma-
10T, CYINEeCTBOBAJa B caMOM Hauaje pa3BUTHA Bcesen-
Ho#i. Oxnaxaenue TaKOil CBEPXPEIATUBUCTCKOH ILIa3-
MBI, COITPOBOXJaeMoe (pa30BbIMM IIEDEXOJaMH, BEJIO K
coBpemeHHolt BceenenHoii. 3gech HayuHaetcss 06JacThb
HayK4 H (aHTa3MH, B KOTOPYIO MBI cefidac BXOIUTH He
Gynem!, ‘

SAKJIIOYEHUE

HodeMy 10 cux nop TeMnepaTypy H3MepsIIOT B Ipazmy-
€ax, a KOJIMYEeCTBO Tella — B KAJIOPHAX, a HE B €IMHUIAX
3HEPTMH — [XOYAsX?

Y 06 atom yenekatenbro pacckasano B kuure: C. Baiinbepe.
Tepsnie Tpu MUHYTHL. — M. Jueprus, 1980.
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(Du3uKN HEOXOTHO PacCTAIOTCS CO CTAPLIMU BeJHYH-
HaM# He TOJIBKO MIOTOMY, YTO OTZHAIOT AaHb MPUBBIYKE.

Xors mpoinno MHOTO JieT ¢ Tex Iop, kak Maiiep u
Jxoyse onpenenny, CKOIBKO IXKOYJIEH 0TBeYaeT ONHOM
KaJIOPUH, USMEPUTh KONMYECTBO paloThl, oTBevalomest
3aaHHOMY KOJIMYECTBY TeILIa, OYeHb TPYAHO, €CIH 3TO
HaJo cliesaTh TouHo. VineanpHble IIpoIiecchi, ONMCAaHHbIE
B KHHIE, TI03BOJAIOT B IPUHITMIIE BHITOJIHUTH TAKOE 3272~
HHe, HO peanu30BaTh 06paTUMBIIL TPOLECe ¢ OCTATOYHOMN
TOYHOCTHIO 10 CHX NOP M1 He yMeeM. [ToaTomy xonuyecT-
BO TeIlIa Jyyllle U3MepsITh TETUIOBLIM CIIOCOO0M, C TTOMO-
IbIO XOPOUIET0 KATOPUMETPa, a He ¢ NOMOLIBI0 MEXaHH-
4ecKoro Mprbopa, POU3BOAAIIETO PaboTy.

Tak e 06CTOMT A€o U ¢ Temiteparypoii. Jlake ecau
GBI MBI MOTJIH IOCTATOYHO TOYHO UBMEPHTb CKOPOCTH BCEX
MOJIEKYJL, TO ASI TOTO, YTOOh! BEIYUCIUTD U3 H3MEPEHHO-
rO paclpefesieHusi CKOPOCTeil TeMIlepaTypy, Hano Gpiio
GBI IPOM3BECTH CIIOXKHBIE PACHETh], HA TOYHOCTh KOTOPBIX
TPYAHO NOAOXKUTHCA. TONBKO €CM ra3 MeaJbHbI 1 MBI
3HaeM, 4TO paclpelieJieHHe CKOPOCTeH B HEM ONUCHIBAET-
ca ¢opmynoit Makcsenna, 3ajauya CTAHOBUTCS MPOCTOH.
Ho ecsin ra3 ueanbHbIH, TO NIpoIie WCTIOIb30BATh YpaB-
HeHye COCTOSTHHSA Y M3MEPSATh TEMIIEPATYPY ra30BbIM TepP-
MOMETPOM.

TentoBbie eAUHMIB A0 CHX IIOD OCTAlOTCA HE IOXO-
KMMHA Ha e[HHUIIbI, UCIIONb3yeMble B MexaHuke. Cs3b
HX C MEXaHHKOH 3aKJII0YeHa B {BYX IIOCTOSHHBIX — MeXa-
HHYECKOM 9KBHUBAJIEHTE TeILIa, CBA3BIBAIOLIEM KAJIOPHIO C
JKOYJIeM, U TOCTOSHHOH BosbiiMana, cBA3EBatomiei rpa-
IYC C DKOYJIEM.

EctecTBenHast Teiwiopasi mkana Gyzer yCTaHOB/IEHA
TOT/, KOoraa GPU3UKK HaydaTCss XOPOLIO U3MEPSITh paboTy
B TEILJIOBOM ITHKJIe (HCIIOJIb3YsI IePBOe Hayalo TePMOAHU-
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HAMHKH) M yCTpauBarh i Kapho 11s uamepenus ot-
HOIlIEHUd TeMeparyp (UCIoJb3ys BTOpOe Hadaio TEPMO-
JHHAMMKH ).

OO6e 9TH 3aia4yl PEMIAOTCS NIPH M3MepeHusx (ayk-
Tyamus. BeposiTHOCTD HaiiTH cHCTeMy B Kakom-HHOYIb
HEPaBHOBECHOM COCTOSIHMH CBsI3aHa HENOCpPEeACTBEHHO
¢ abcomoTHolt Temmneparypoit. Ho TouHble maMepeHus
daykTyanuu — ge0 Hejerkoe, a GOpMYJIbl, CBSI3bIBAIO-
Hide U3MepsieMble BEIUYHHBE C TEMIIEPATYPOil, COBCEM He
TaK MPOCTEI, KAaK ypaBHEHHE HCAIBHBIX ra30B.

Taxk 4T0 NMoka (PU3UKYU IPOAOIKAIOT JOBOJILCTBOBATE-
Cs1 yCIOBHOM efluHuIel — KanopHell ¥ yCJIOBHBIMY OIIOD-
HBIMH TOYKAMM, KOTOPbIE 20T BO3MOXXHOCTB COTJIACOBEI-
BaTh TEPMOMETPBI BO BCEM MUPe.

MBt yoxe TOBOPHMIIH, YTO 32 OCHOBHYIO TOUKY YCJIOBH-
JHCh U36HpPATh TPOIHYIO TOUKY BOAHL. KpoMe 3toii ToukM
IIPU TPAAyHPOBKE STAJOHHBIX TEPMOMETPOB HCIIOAB3YIOT
M PAJ IPYIUX TOYEK, TEMIIEPATYPHI KOTOPBIX IO OIpee-
JIEHWIO CYMTAIOTCS TOYHBIMHU!,

Wx 3HayeHHS, KOHEYHO, OTBEYAIOT CaMbIM JIyUIIHM
H3MEPEHUSIM, OJHAKO YCJIABAUBAIOTCS, YTO AajbHelIne
VIYYHIEHUS] METOZIOB H3MEPEHUA He OYAYT UX W3MEHSITD,
TaK 4YTO MPAKTHYECKas LIKajia TeMmneparyp Oyier otiu-
4aThCS OT CTPOrOil TEPMOIMHAMMYECKOH [0 TEX IOp, TTOKAa
He OyzeT pemrena 3agava o6 u3MePeHUH KOJMYECTBA Tell-
JIa B IKOYJIAX.

IIpuBesieM B 3aKIi0YeHye CIIHCOK HEKOTOPBIX OIIODP-
HBIX TEMIIEPATYPHBIX TOYeK, IpuHATHIX B 1968 . 1 mpen-
JoxeHHbIX B 1976 1.

1 Kax YXe TOBOPHJIOCH, €CJIH YCTaHOBUTEH O/THY OIIOPHYIO TO4-

Ky (#1 abCOIOTHBL Hy/1b) € TIOMONIBIO nrkaa KapHo, To Bee ocTaib-
HBIE TOYKH MOKHO U3MEPHTD, a He 33/laBaTh POU3BOJIBHO.
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TpoiiHble TOUKH: BOABI 273,16

aprosa 83,798 1968 1.

kuciaopoga 54,361

HeoHa 24,559 1976 r.
Touka kuneHus renust 13,8045
TeMneparypbi iepe-  CBHHIA 7,1999
ot I U B

ATIOMUHHS 1,1795

LIMHKa 0,851

KaaMus 0,519

Ita Tabnviia 1a€T NPEACTABIEHHE O TOYHOCTH COBpE-
MEHHOM IIKaJIbl TEMIIEPATYP.
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