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Obaanamomne (u3NgecKHUM CMBICJIOM pelieHHs] 3TOT0 YPaBHEHHs He
JOJIKHbl MMETb OCOGEHHOCTH B Hayasie KOopjauHar: p— const npu
r— 0. 9ro TpeboBaHHE aBTOMATHYECKH INPHBOJAHT K YCJIOBHIO A/IA
nepBod NPOH3BOAHOH

d

=0 npn r=0, (107,6)
KaK 3TO HENOCPEJCTBEHHO cjeiyer M3 ypapHenus (107,5) mocse HH-
TerpupoBaHHS MO dr:

[

r
d_ % { rapsredr.
0

Pan cymecTBeHHHX pe3yJabTaTOB MOXKHO MOJIYUHTH yXKe IyTeM
npuMeHenHs1 K ypapHeHuto (107,5) npocThix coobpaXeHuii pasMmep-
Hoctd. Peumenns ypasnenus (107,5) copepiar JHUIb ABa NOCTOSIHHBIX
nmapaMerpa —IOCTOSIHHYIO A H, HanpuMep, pamuyc tena R, sajaHueM
KOTOpOro OJHO3HaYHO onpejensercs BHOOp pemedus. M3 atux apyx
BeJIHYHH MOXKHO 006pa3oBaThb BCEro OfHY BEIHUMHY C PasMepHOCTBIO
IJIMHBE —CaMBill paguyc R, H OfHY BeqHUYHHY C pasMepHOCTBIO SHep-
run: 1/A?R* (nocTosiHHas A MMeeT pa3MepHOCTb cxu™2-3pe=1/2). [ToaroMy
AcHo, uTo QYHKUUS W (r) AOJMKHA HMETh BHJ '

B ()= et (%) (107,7)

rae [—Heroropas (YHKIHS TOJIBKO OT Ge3pasMepHOro OTHOUICHHS
r/R. TTocKOABKY MJIOTHOCTH O IpPONOpLHOHAABHA W¥2, TO pacnpefe-
JIeHHe [JIOTHOCTH JOJIXKHO HMEThb BHJ

0= ()

C XHMHUECKHM TOTEHILHAJOM 3/IEKTPOHOB B KayecTBe |4 H ¢ Maccofi, mpuxofsutefics
Ha OfIMH 3JeKTpOM, B KauecTBe rm’. [eficTBuTe/NbHO, BRBOJ STOTO YCJIOBHS PaBHO-
Becus (§ 25) cBs3aH ¢ paccMOTpeHHeM MNepeHoca GECKOHEUHO MANOTO KOAHUECTBA
BellleCTBA H3 OfHOTo MecTa B Apyroe. Ho B rase, cocrosiliiem u3 3apsiKeHHEIX ya-
cTHI{ 060HX 3HAKOB, TaKOil NepeHOC MANO MpefcTaBiATh> cebe KaK MEepeHOC HEKOTo-
poro KoAuyecTBa HeHTPaJbHOro BelllecTBa (T. e. 2JCKTPOHOB H suep BmecTe). Pasnb-
e/lMHCHHE 3apsAfnoB O6OMX 3HAKOB 3HMepreTHUecKH BecbMa HEBBITOJHO Giarogaps
BOSHHKAIOUIUM TNpH 3ITOM OueHb OoAblmMM SeKTpHuecKHM mnodAsmM. I[lostomMy mE
NOJAYYHM YCJOBHE DABHOBECHS B BHJe

Ran+Zpax + (Mag +Zmay) ¢ =0

(va onso smpo mpuxoauTcs Z sneKTponos). BenencTeue Gonbwof maccl saep (no
CpaBHEHMIO ¢ MAccOH 3/ICKTPOHOB) HX XHMMYECKHA NOTEHIHA! OYeHb Man M0 CpaB-
HEHMMIO C [oy. IIpenebperast Jig; W pasfieqHB ypaBHeHHe Ha Z, NOAYYHM

Hox+m'@=0.

Kak u B § 106, npn unc/eHHBIX OLCHKaX B sTom maparpade Oyjaem mojaraTh
m’ paBHOH y/IBOCHHOH Macce HyKaoua (m'=2m,).
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TakuM o6pa3oM, NIpH H3MEHEHHH Pa3MEpoB cepsl pacmupenesenue
IJIOTHOCTH B Hell MeHsiercs mojoOHBIM 0o0pa3oM, NpHUYEM B MOZOOHLIX
TOYKAX IJIOTHOCTb MeHsercs o6paTHo nponopuuoHanbHo R®. B wacr-
HOCTH, CPefHAS MJIOTHOCTL cdephl 6Gyger mpocTo OOpPaTHO mpomnop-
myoHanpHa RE:

- 1

pC/D—Rg—s-.
[TonHas ®e Mmacca M Tena, ClefOBaTeNbHO, OGPATHO NPOMOPLHO-
HanbHa KyOy pajamyca:

1
Mm_R—S‘

3tu JIBa COOTHOIIeHHMSA MOMKHO HanucaTb TakK¥Ke B BHUAE
R M-13, pun M2, (107,8)

Takum o6pasoMm, pasmepbl paBHOBeCHofl cdepbl o6paTHO MPONOPLLHO-
HalTbHBH Ky6HYEeCKOMY KOPHIO M3 ee HOJNHOH MAaccH, a CpefHss IJIOoT-
HOCTL IfpomopliHoHaNbHA KBaxpaTy maccel. [locnennee o6cTosiTe/bCTBO
NOATBEPXKAAeT CIeJaHHOE BBILE NMPEANOTOXeHHe O TOM, YTO IJIOTHOCTb
rPaBUTHPYIOLETO TeJNa pacTeT ¢ YBENHYEHHEM ero Macchl.

Tor dakr, uro rpaBuTHpylomas cdepa H3 HEPEIATHBHCTCKOrO
BHIPOXKJEHHOrO (epMH-rasa MOXKET HAXOLUTbCH B DABHOBECHH NpU
mo6oM 3HauYeHHH MNOJHOH Macchl M, MOXHO GBIJIO yCMOTpeTh 3apaHee
H3 CIeJYIOMIHX KadyecTBCHHHIX coobGpaxkeHufl. [lonwas xumeTHueckas
SHEePTHs YaCTHL TaKoro rasa npornopuronanssa N (N/V)2/® (cM. (57,6)),
HJIH, 4TO TO e, M5/3/R? a rpaBUTallHOHHAs SHEPrHs rasa B LEJOM
OTpHIaTeNbHA H mponopuHoHadbHa M2/R. Cymma IBYX BBIpaXkKeHHH
TaKOro THIA MOXET HMeTb MHHMMYM (KaK QYHKUHs OT R) npH Jo0oMm
M, npudem B TOuKe MHHHMYMa R w» M-1/3,

[Toxcrasnasa (107,7) B (107,5) u BBOxs Ge3pasMepHYIO NepeMeH-
Hyo §=r/R, HailgeM, uro dyuxnus f(§) yaoBJIeTBOPsieT ypaBHEHHIO

1 d d
() na

¢ rpaHyuHbIMH yeaoBusaMu [ (0)=0, f(1)=0. 310 ypaBuenue He
MoXeT ObIThb PENIEHO B AHAMHTHYECKOM BHAE H JOMKHO HHTETPHPO-
BATbCSl UMCJEHHO, YKaxeMm, YTO

FO)=178,2, f (1)=—132,4.
C noMolbI0 3THX YUCJCHHBLIX 3HAYCHHH JErKo onpenesuTh 3Ha-

yeHHe nocTosHHOH MR®. YvuoxuB ypasuenue (107,1) ma r2dr u
unTerpupys or 0 1o R, moayuum

_pede|  __Rdu| Q)
GM=RE| = du —

=R ‘m dr \r=r m'A2R3 ’
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Ecan szaMKHyrast MakpoOCKonH4eckast cucreMa HaXOJWTCS B TAaKOM
COCTOSiHHH, B KOTOPOM A/ fl060# ee yacti, sBJAiollefica camodl no
ce6e MaKpPOCKOMHYECKHM Te/IOM, MaKpockonuueckHe Quanueckne se-
JIHYHHB! C 6OJbLIOH OTHOCHTEAbHOH TOYHOCTBIO PABHBI CBOHM CpPEJHHM
3HAYEHHSM, TO FOBOPSAT, YTO CHCTEMa HAXOAMTCH B COCTOAHHH Cma-
mucmuueckoeo pasHosecus (0 HEM rOBOPAT TaKXKe KakK O mepmodu-
HamuueckoM WIW mMensosom paBHoBecun). M3 npeabyilero BHIHO,
YTO €cJH 3aMKHYTasi MaKPOCKONHYECKas cucreMa Habiolaercs B Te-
YeHHE JOCTATOUHO OOJBIIOTO NMPOoMeKyTKa BpeMeHH, TO NOAABJIFIONYIO
gacTh 3TOT0 NMPOMEXYTKA OHA NPOBOJHT B COCTOSIHHH CTAaTHCTHYECKOro

1) TTpuseseM NpuMep, HalJSAHO NOKA3HBAOMUI, ¢ KaKOH OFpOMHOH TOUHOCTBIO
BRINOJASeTCH 9To npasujo. Ecan BhAE/HTh B KakoM-anGo Iasde YYacToK, copepixka-
mufi, ckaxewm, cero 1/100 rpaMM-MoseKy/Ibl, TO OKa3biBaeTCsd, UTO CPefHee OTHOCH-
TeJbHOE OTKJIOHEHMe, HCIBITHBAEMOe SHeprHell 3TOro KOJHYeCTBa BEIEeCTRBa, OT CBOErC
CpejlHero 3HaueHHs coCTaBJsier Beero ~10-11. BepostrocTb ke Haliti (mpu opmmo-
KpaTHOM HaG/OAEHHH) OTHOCHTE/BHOE OTKJOHEHHe, CKaXeM, NOpiaka 10-8, nso-

103 10%
Gparkaercs WyJOBHILHO MaJbIM uHc/oM ~10 .
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pasHoBecHs. Ecan B Kakof-HMGY/b HAua/bHBIL MOMEHT BpEMEHH
‘8aMKHYTasi MaKPOCKONHYeCKas CHCTEMa He HAXOZUIACh B COCTOSIHHMH
CTATHCTHYECKOrO DABHOBECHS (HanpuMep, Oblla HCKYCCTBEHHO BhIBe-
JieHa M3 TAKOro COCTOSIHHS BHELIHMMH BO3JEHCTBHSIMH, TMOCJE 4Yero
6blia BHOBb NPEROCTaBJIEHA caMOH cebe, T. €. BHOBb CTajla 3aMKHYTOH
CHCTeMOH), TO B JasibHeHIIeM OHa 06s3aTe/IbHO NepefiieT B COCTOsIHHE
.paBHoBecusi. IIpoMexyroK BpeMeHH, B TeueHHe KOTOPOrO JOJIKeH
00s13aTeJIbHO NPOH30HTH MNEPeXOf K CTATHCTHUECKOMY PABHOBECIHIO,
Ha3bIBAIOT 6pemenem peaaxcayuti. I'OBOps BhIE O «1OCTATOYHO 60JIb-
WHX» NPOMEAKYTKAX BPEMEHM, MBI MO CYIIECTBY HMeJHd B BHAYy Bpe-
MeHa, OOJbiine Mo CPaBHEHHIO CO BpPeMEeHEeM pesaKCcallHH.

Teopuio npoueccoB, cBA3aHHLIX C NEPEXOAOM B COCTOSIHHE PABHO-
BeCHsl, Ha3LIBAOT KUHEMUKOL; OHAa HE PACCMATPUBAETCH COBCTBEHHO

CTAaTHCTHKOMH, M3yvarouieil CHCTEMBI, HAXOMSIIHECS B CTATHCTHYECKOM
PaBHOBECHH.
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PaccmorpuM  Teslo, HAaxondlueecs B IIOCTOSIHHOM (BO BpEeMeHHU)
BHENIHeM NoJie. Pa3yuuHble 4acTH Teja HAaXOAATCH NPH 3TOM B pas-
JUYHbIX YCJIOBHAX, MO3TOMY Teo Oyaer HeoaHopoaHbM. OnxHuM #3
yCJIOBHH pABHOBECHR TAaKOTO TeJlda FBJAETCS MO-NpEKHEMY IOCTOSH-
CTBO TeMIIePaTyphl BROJIb TEJA; JaBJeHue Xe OyJIeT Tenepb pasiiuyHo
B pa3JMYHBIX €ro TOYKax.

Hns BHBOAA BTOpPOrO YCJOBHS PABHOBECHN BLIIEJHM H3 TeJa IBa
onpefe/ieHHbIX coNMpHKacalomuxca obbemMa ¥ norpebyeM MaKCHMAab-
HOCTH HX 3HTpomuu S=3S,;+ S, Npu HeH3MeHHOM COCTOSTHHH OCTaNb-
Hbix gactedl Tesa. OfHO U3 HeOGXOJUMBIX YCJIOBHH MakCHMyMa 3a-
KJiOYaeTcs B paBeHCTBe HYJI0 mnpousBoaHoii 0S/AN,. Tlockosbky
obmee uuchgo uactuu N,-+N, B JBYX JaHHHIX UYACTAX TeJa pac-
CMaTpUBaeTCH Kak MMOCTOSHHOE, HMeéM

23, 3600 0%
oNy ON, 0N, ~ ON; _oN, "

Ho w3 paBencTsa dEszS +wdN, HanucaHHOrO B BHJE

_dE
dSM—T———TdN,

Mbl BU/JIHM, 4TO IPOH3BOAHAS 5 05 ~ (npd nocrosutbix E u T) papaa—np/T.
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Taxkum oGpasoM, umeeM: w,/T,=n,/T,. Ho npu pasnosecun 7,=T,,
TaK 4T0 U [, =},. Mbl IpPHUXOAMM, CJEAOBATEJ]LHO, K pe3yjbraty,
4TO NPH PAaBHOBECHH BO BHEIIHEM I0Jie, KpoMe MOCTOSIHCTBA TeMIie-
paTyphl JO/XKHO COOGJIIOAATECA YCJIOBHE

p = comst, (25,1)

T. €. XMMHUYECKHe MOTEHIHA/Bl BceX yacTedl Tesia JOJXKHB ObITh PaBHHI
apyr apyry. Ilpn sroM xXumugeckuii NoTeHUHAJ KaXAo# YacTH ecTh
GYHKIUS ee TeMIepaTyphl M JaBJeHHs, @ Takxke NapameTpoB, olpe-
JACAAIOUX BHellHee noje. Ecau nmoje oTcyTcTBYeT, TO M3 MOCTO-
aHcTBa W U T aBTOMAaTHUYECKU CJAEAYeT B MOCTOSAHCTBO AABJEHHS.

B noJe TAroTeHHs NOTEeHIHaJbHAasi 3HEPTHS MOJEKYJHI # eCTh
GVHKIMSA TONBKO KOOPAMHAT X, Y, 2 €e LEeHTpPa TSXecTH (M He 3a-
BHCHT OT pAcCIIOJIOKEHHS] ATOMOB BHYTDH MOJeKyJsl). B stoM cayuae
H3MeHEHHe TEepPMOJHHAMHUYECKHX BeJHYHH Tefia CBOJHTCH K AobasJe-
HHIO K ero 3HEepPruH INOTeHIHaJbHOH 3SHEPruH MoJeKya B noJe. B
YacTHOCTH, XUMUYECKHH MOTeHUHaJs (TepMOIMHAMHUYECKHH MOTEHIKaN,
OTHECEHHLIH K OJHOH MoOJEKYJe) NpUMeT BUA M= W, +u(x, y, 2), rae
o (P, T) ects XMMHYECKHH NOTEHIHaJ B OTCYTCTBHe nojs. Takum
06pa3oM, yCJIOBHE PaBHOBeCHs! B IOJie TSTOTEHHS! MOXHO HalUCaTh
B BHE :

o (P, T)+u(x, y, 2)=const. (25,2)

B uacTHoCTH, B OfHOPOAHOM NOJE TAXKECTH u=mgz (m — Macca
MOJIEK YJIbl, g — YCKOPEHHE CHJIBl THAXKECTH, 2 — BePTHKaJbHAs KOOp-
auHara). Hduddepennupys paseHcTBO (25,2) Mo KoOpAMHATE Zz NpH
IIOCTOSIHHOH TeMmepartype, IOJYYHM

vdP= —mgdz,

rie U= (0p,/0P)r — yaenanhriii 06bem. Ilpu HeGOMBIINX H3MEeHEHHSX
JaBJIEHHS] U MOXHO CYHTATh NOCTOSIHHBIM. BBoAs mioTHOCTH p=m/u
H UHTErpupys, NOJYYHM

P=const —p gz,

T. €. OObIIHYIO GOPMYJY AJISI rHAPOCTATHYECKOTO. 1aBJCHUS B HECHKH-
MaeMoil XKHAKOCTH.
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Paccmorpum Tesio odeHb 6OJbIIOH Macch, TaCTH KOTOPOTO YAep-
JKUBAKOTCSl BMECTE CMJIAMUM TPABUTAIUOHHOTO NpUTHAXeHHS. PeasbHble
TeJia 6OIbIIONH MAaCChl W3BECTHH HaM B BUJE 3Be3Ji, HENPEpPBIBHO U3-
JYYalomUX 3HEPTUI0O U OTHIONb He HAaXO[AMUXCS B COCTOSHUH Tell-
Jqosoro pasHosecusi. [Ipencrapnsier, oqHako, NpUHIUIINAIbHBIE HHTEpeC
paccMoTpeHHe paBHOBeCHOro Tes1a GoJibiiof macchl. Iipu stom bl Oyznem
fpeHeOperaTb BIUSHUEM TEMIepaTyphl HA ypaBHEHUE COCTOSIHUSA, T. €.
OyneM paccMaTpuBarh TeJ0 HAXOAAMUMCS TMpu abCOJMIOTHOM HYyJie
(«xonopHOoes Tes0). ITockosbKy B pealbHBIX YCJIOBHSIX TeMmeparypa
HAapyXHOA MOBEPXHOCTH 3HAYUTEIbHO HUXKE, YeM BHYTPEHHSAS TeM-
neparypa, paccMoTpeHde TesMa C OTJUYHOH OT HYyJASA TMOCTOSHHOH
TeMIeparypol BO BCAKOM CJy4yae JIHIIEeHo (u3ugeCKoro CMhIC/A,
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Bynem nanee npeamoJiararhb TeJI0 HeBDPAILAIOMHMCH; TOTAa B PABHO-
BecHU OHO OyfeT HMetb chepuueckyio GopMy, H paclpenejenue n/or-
HOCTH B HeM GyJeT IEHTPAIbHO-CHMMETDHYHEIM.

PaBHoBecHoe pacnpenenenye NJIOTHOCTH (M APYTHX TEPMOJUHAMH-
YeCKUX BEJUYHH) B Tesae OyeT ONPENEATHCS CJEAYIOMHMYU Y DPaB-
HeHusiMH. [BIOTOHOBCKUI rpaBUTAMOHHHI NOTEHIUAN @ y;IOBJIETBO-
psier auddepeHuanbHOMY ypaBHEHHIO

Ag = 4nGp,

rnje p—0OJOTHOCTh BelleCTBa, (G — HBIOTOHOBCKAA rpaBuTanyoOHHas
NOCTOSIHHAA, B LEHTPAJbHO-CUMMETDUYHOM CJayudae HMeeM

1 d
;ga;(r dr>—4nGp (107,1)

Kpome Toro, B Ten/JIOBOM DPaBHOBECHH AO/IKHO BBINOIHATHCS YCJOBHE
(25,2); B rpaBUTaNUOHHOM [10Jle NOTEHIHAAbHAN 3HEPrus YaCTHILHI
¢ maccoit m’ ectb m'@, TaK YTO HMeeM

n+m'e=const, (107,2)

rae m’'—amacca YacTUnht Tela, a8 Y XHMHUECKOro NoTeHIHaJda Belle-
CTBAa B OTCYTCTBHUE NOJIS JJIs1 KPATKOCTU ONYIIEH HHJAEKC HYyJh. Boipasus
¢ uepes u u3 (107,2) u noacrasuB B ypaBHenue (107,1), Mbr MoXeM
Hanucarb nocjejHee B Buje
r—lz % (r2 %’;) = —4nm'Gp. (107,3)

Ilpu yBeauueHUM MacCHl I'PABUTHDYIOIIErO Tesla BO3PacTaer, ec-
TECTBEHHO, U ero CpefHsAs NJOTHOCTB (3TO OGCTOATENLCTBO OyaeT
MOATBEPIKAEHO CJAENYOWMMU HUXKe Bbhiuucienusmu). [losTomy npu
ROCTAaTOYyHO GoJIBIIOH mnojHOH Macce M Tesa MOXKHO, COrVIaCHO HU3-
JIOXKEHHOMY B npenbiyeM naparpade, pacCMarpuBarh BelleCTBO Teda
KaK BRIDOXKJICHHBIHA 3JEKTPOHHHHA depMu-ra3—cCHagala HepeasTu-
BUCTCKUH, a 3aTeM, NpH ele GOIBIIMX MAaccax, peqsaTHBHCTCKUI.

X uUMHYeCKHUH NOTeHiuaJa HepedATHBUCTCKOrO BHIPOXICHHOr0 3JIEKT-
POHHOrO rasa CBg3aH C IJIOTHOCTbIO Tesla 0 DABEHCTBOM

_ (Bm¥Y: B2
w= 2 mem/z/s p*/? (107’4)

(bopmyana (57,3), B Koropyio nopcraBimeHo p=m'N/V; m’—wmacca,
NpPUXOAAIAACS Ha ONUH 3JIEKTPOH, m,— 3JEKTPOHHAsi Macca). Boipa-
3UB OTCIOAa P 4Yepe3 p u nonctaBus B (107,3), moayuum caepyromiee
vpaBHeHHUe ).

1 d dH 27/zms/sm G .
p (rz dr):—xm/z, A (107,5)

1) Jlerko BuAeThb, YTO I MEKTPHYeCKH HeHTPaJbHOro rasa, COCTOALIErO M3
3JIEKTPOHOB M aTOMHBLIX ff1ep, YCJIOBHe paBHOBECHS MOXKHO nHcaTh B Buue (107,2)




