OPUEHTALMOHHASA NONAPU3ALNA CTTIMHOBbLIX CUCTEM

0.T.H., npod. 3TkmH B.A.

lNokaszaHo, ymo y4yem QorioniHuUmersnbHoU cmerneHu ceobo0kbl,
cesi3aHHOU ¢ npouyeccamu yrnopsidoyusaHusi 83auMHOU opueHmauyuu
510epHbIX CrIUHO8, NPU8odUM K pe3yribmamam, Co2/1acyroUUMCS C OMbIMOM.

BBepgeHue. B ogHOM 13 Hawmx npeabiaywmx craten, NOCBALWEHHbIX TepMoauHaMuKe
CMWHOBBIX CUCTEM, Bbina BbisiBNEHA HECOCTOATENBHOCTb MOMNbITOK CBECTU K TENSO-
obmeHy npouecchl yCTaHOBNEHUS eAMHOWN OpUeHTaLmMm NPOTUBOMONOXHO
HanpaBnNeHHbIX SAepHbIX cnnHOB [1]. Heckonbko no3gHee 6b1no NokasaHo, YTo
npouecchl ynopsiaovmMBaHst B3aMMHOW OpUEeHTaLnn UMeT MeCTo U B MakpoMupe,
CBMAETENbCTBYS O 3aBUCUMOCTW NOTEHLMANbHON SHEPTMM OT B3aMMHOW OpUEHTaLnn
BpaLLlaloWmnxca Ten 1 Ten ¢ Hecdepudeckon cummeTpuen [2]. 3aTtem bb1n1o0 nokasaHo,
YTO CyLLEeCTBOBAHNE OPUEHTALMOHHbIX NPOLECCOB HENOCPELACTBEHHO BbITEKAET U3
pa3BepHYyTON (POPMYNUPOBKN OCHOBHOIO 3aKOHa TEPMOANHAMMKM NPOCTPAHCTBEHHO
HeoHopoaHbIX cpen [3]. MNpeacraBnaeT UHTEpec NokasaTb, YTO y4eT “OpueHTaLMOH-
HOW” cTeneHn ceobobl NpU TEPMOAMHAMUYECKOM OMNCAHUM CMINH-CIIMHOBOMO B3anUMO-
OEeNCTBUS NPUBOAUT K pe3yrnbTaTaMm, CornacyolmnMcs ¢ 3KCNePUMEHTOM.

OCHOBHOE ypaBHeHue TepMOANHAMUKU CMUHOBbIX CUCTEM. /13BECTHO, 4YTO
noTeHuunanbHas 3Heprua B3auMogencTBms Mexay YyacTvuamm 3aBUCcAT OT B3aUMHOM
OpUEHTaLNN UX CUHOB. QHepreTuyeckas BbIrO4QHOCTb COCTOSIHUS C onpeaerneHHOn
B3aMMHOW OpUeHTauuen CNnMHOB NpegonpenenseT xapakrep psga XMMU4Yeckux
npeBpaLLeHnin (B YacTHOCTK, obpas3oBaHne opTo-unM napaBogopona), oobsacHsaeT
deppomarHeTn3m n aHTudeppomarHeTnam [4]. Tak, B Monekynax ¢ KoBaneHTHOW
XMMUYECKOW CBA3bIO (Hanpumep, B MOMeKynax BogOpoAa) d3HEPreTUYEeCKn BbirogHee
COCTOSIHME, B KOTOPOM CIMUHbI BaNl€HTHbIX 3NIEKTPOHOB COEANHAILLNXCA aTOMOB
aHTunapannenbHbl. HanpoTtue, B deppomarHeTmke 6onee HU3KOM aHeprmen obnagaet
COCTOSIHME, B KOTOPOM CMUHbI 3NIEKTPOHOB B HE3AMNOMHEHHbIX 060N0YKkax cocegHnX
aTOMOB (M X MarHUTHbIE MOMEHTbI) NapanfenbHbl, bnarogapst YeMy BO3HUKaeT
CMOHTaHHAA HaMarHM4yeHHOCTb. [1o3aTOMYy NpU onNnuUcaHun psga MakpoPU3NYeCKnX
CBOWCTB BELLECTB HEODXOAMMO YYMThbIBaTb NPOTEKAIOLLNE B HUX MPOLIECCHI OpUEHTaL MK
(nepeopueHTaumm) CnMHOB saepHbIX YacTul. C TepMOANHaAMNYECKON TOYKU 3PEHNSA 3TO
O3HayvaeT Y4yeT B €€ ypaBHEHUAX eLLe OQHON cTeneHn cBobOabl, CBA3AHHON C
CyMMapHbIM COGCTBEHHBIM MOMEHTOM KONMMYECTBa OBWKEHUSA Saep nccneayemMbix
BellecTB J . OTa BENIMYMHA 3aBUCUT Kak OT OOLLIErO KONMYeCTBa HYKINOHOB B siapax
KOHOEHCMPOBaHHbIX BELLECTB, Tak U OT B3aMMHOW OpuUeHTaunn CMHOB NPOTOHOB U
HENTPOHOB. M3BECTHO, YTO AA4EpPHbIE YacTULbl NPU CBOEM BpaLLEHUN UCMbITbIBAOT
npeleccuio, T.e. ABWKEHNE, NpY KOTOPOM OCU MX BpaLleHus 06pasytoT ¢ Bektopom H
NPOCTPaHCTBEHHO OPUEHTUPOBAHHbLIN yron ¢. Kpome Toro, npoekumst cnuHosB I; I-x
anemMeHTapHbIX YacTuL, Ha BbIOpaHHOE HanpaBneHne B NpOCTpPaHCTBE (Hanpumep, Ha
HanpaBneHne BHELIHero MarHMTHoOro nons H) nameHsieTca B 3aBUCUMOCTM OT yrna @=
|| Mexay Humm oT — I; oo + I; (4to cootBeTcTBYeT = 180° U 9= 0°). CnepoBaTensHo,
CYMMapHbI MOMEHT J MOXET ObITb BblpaXXeH Yyepe3 CnnHbl I; COOTHOLLEHNEM:

J=2 hlicos ¢;, (1)



roe h — noctosiHHas Nnaxka.

Hapsagy ¢ aTum, Kak u3BeCcTHO, siapa, aToOMbl U MOSEKY bl KOHOEHCUPOBAHHbLIX BELLECTB
obnagatT HEKOTOPbIM MarHUTHbIM MOMeHTOM M, 06ycnoBneHHbIM rMaBHbLIM 06pa3omM
opbuTanbHbIM ABMXKEHUEM 3NIEKTPOHOB BOKPYT siApa U UX CnuHamn. Takum obpasom,
BHYTPEHHSASA aHeprusa U KOHAEHCUPOBaHHbIX BELLECTB 3aBUCUT B obLLeM crnyyae He
TOMNbKO OT UX TeMnepaTtypbl (MM SHTPONUKU S), HANPSPKEHHOIO COCTOSIHUS (TeH30pa
aedopmauun D) n oT ux marHMTHOro MmomeHta M, HO U OT CyMMapHOro MOMEHTa
KONnuyecTBa ABMXEHUA 90ep uccrnegyemblix BewecTs J(¢@), 3aBUCALLEro OT B3aUMHOMN
OpMEHTaLUMUN CMMHOB. QKCTEHCUBHbIE NapameTpbl S, D, M n J aBnaiTca B npyHUMNe
He3aBUCMMbIMU, MOCKONbKY SA4epHbIM CNUH J MOXXET OTCYTCTBOBaTb HECMOTPS Ha
OTIIMYHbIE OT HYNA 3Ha4YeHnsa napameTpoB S, D u M. 370 03HavyaeT, YTO BHYTPEHHSS
9Heprusa U KOHOEHCUPOBAHHbIX BELLECTB Kak PYHKLMS UX COCTOSAHUA umeet sug U = U
(S, D, M, J), a ee nonHbin guddepeHumnan BolpaxaeTcs COOTHOLLIEHNEM:

dU=TdS-MNdD + HIM + PdJ , ( 2)

roe T=(0U/0S) — abcontoTHasa Temnepatypa cuctemsl; NM=(0U/0D) - TeH30p AaBnNeHWI;
H=(0U/0M) — Hanps)XeHHOCTb BHELLUHEro MarHuTHoro nons; P=(oU/dJ).

B aTom BbipaxkeHun uneH PdJ xapaktepuayeT paboTy, CBA3aHHYH C OPUEHTaLMOHHOMN
nonsipusaumen cuctemMbl SaepHblx cnMHoB (NogobHO Tomy Kak uneH HdM onpegensieT
paboTy, CBA3AHHY C HAMarHN4YMBaHNEM CUCTEMBI). XOTH BEKTOpHas BennymHa P
MMeeT pa3aMepHOCTb YrII0BOM CKOPOCTU, OHa Aarneka rno omMsanyeckomy coaepXaHuio ot
9TOro NOHATUSA, NOCKONbKY rOBOPUTL 00 YrioBOM CKOPOCTM BpaLLEHUS ssapa unvm atoma
nogobHO TBepAOMY Terny He uMeeT cMbicrna. [oaTomy Mbl Bygem HasbiBaTh BENUYMHY P
BEKTOPOM OpPMEHTALMOHHOM Nonsipnu3aumm CAMHOBOW CUCTEMBI.

M3 npakTnyeckmx coobpakeHnn NoTeHUNanbHy 3HEPruio CUCTEMbI BO BHELLIHEM
MarHuTHom none HM uenecoobpasHO UCKIOUYUTb U3 NOHATUSA BHYTPEHHEN SHEPIuu,
BBOAA TaK Ha3blBaeMyto “COBCTBEHHYIO BHYTPEHHIO aHepruo” U* = U - HM [5]. Toraa,
ncnonb3ysa npeobpasoBaHue Jlexxangpa HAM = d(HM) - MdH, BbipaxkeHune (2) MOXHO
nepenucarb B BUAE:

dU*=TdS-MdD - MdH + PdJ . ( 3)

OTcloga Ha OCHOBaHMM CBOWCTB NOSTHOro AnddpepeHumana cnegytoT 4ONONHUTENbHbIE
anddepeHumanbHble COOTHOLWEHUS BUuaa

(OMI0J)n = (0P/OH), . (4 )

CornacHo aToMy COOTHOLUEHUIO, OPUEHTALMOHHAs nonapmusaumns cuctTeMbl SAepHbIX
CnvHOB P nameHsieTca nog BNNAHMEM BHELLHEro MarHUTHOro nonst H B Ton e mepe,
4YTO U HAMArHM4YEeHHOCTb CUCTEMbI — BCIEACTBUE NepeopueHTaunm crmHOBOM CUCTEMBI
(M3MeHeHMss MOMEHT KonuyecTBa AsmkeHna J). NocKonbKy e B YCIOBUAX NOCTOSAHCTBA
mMarHutHoro nons H nameHeHne M MmoxeT BbiTb 06YCrOBMAEHO NULLb N3MEHEHNEM
AOEPHON HAMarHMYEHHOCTU (OUNONbHOrO MarHUTHOroO MomeHTa sigep) Mg, KOTOpbI
CBsi3aH C CyMMapHbIN MOMEHT KonmyecTBa ABmkeHus J Tak Ha3blBaeMbIM
rMPOMarHUTHbIM OTHOLEHueM g [4]

Mg=9gJ,(5)



TO BMecCTO (4) MOXXHO HanucaTtb
(0P /0H);=g . (6)

Takum ob6pasom, opueHTauMoHHast NoNapu3aunsa CUCTEMbl SAEPHbIX CIMHOB Nog,
BMUSHWEM BHELUHEr0 MarHUTHOrO Nons 4eNCTBUTENbHO MMEET MECTO U BblpaXkaeTcs
TEM Xe rMpOMarHUTHbIM OTHOLWEHNEM g . OTnnYmne OT Hynsa NIEBON 1 NpaBon YacTen
COOTHOLLEHNS (4) noaTBepxagaeT 060CHOBAHHOCTb y4eTa AOMNONTHUTENBHOW CTENEHMN
cB00OOAbI, CBA3AaHHOW C OpUEHTaUMEN CNUHOBbLIX CUCTEM.

TepmogmHamMmumka NO3BOMSET TaKKe YCTAHOBUTb YCIOBUSA PaBHOBECUS ABYX CMUHOBbIX
cuctem. C aTom Lenbio NpUMMEHNM Kputepui pasHoBecust [mbbca dUs -0 k
paccMOTpeHHOM B [1] COBOKYMHOCTM ABYX CMIMHOBLIX nogcucteM kpuctanna LiF. bygyuu
9KpaHMPOBAHHOW OT BO3L4ENCTBUA BHELLHEro marHmMtHoro nonsa (H = 0), ata cuctema B
uenom obpasyeTt B Lienom Hegedopmupyemyto (dD = 0) Tennon3onnMpoBaHHY CUCTEMY
(dS = 0), Pa3buBas cuctemy Ha ase 4actu 1 o6o3Ha4vas nx napameTpbl BCres 3a
'M66CcomM COOTBETCTBEHHO OQHUM M ABYMS LUTPUXAMKU, UMEEeM ANns Hee

dU =dU¢ +dU?=P¢ dJ¢ + P?dJ?°0(7)

PaCCMOTpVIM 3TO COOTHOLWIEHNE COBMECTHO C YpaBHEHUAMUN HAJTOXEHHbIX CcBA3ewn,
KOTOpPbI€ BbITEKAKOT N3 3aKOHa COXpaHEHNA MOMEHTa Konm4ecTBa ABUXEHUA:

dJ=dJ¢ +dJ2=0.(8)

PaccmaTtpuBas (7) cOBMeCTHO ¢ (8), Haxogum, 4YTO YyCNOBWUIO CMMH - CIMHOBOIO
paBHOBECUS [BYX CUCTEM OTBEYAET PAaBEHCTBO BEKTOPOB NX OPUEHTALMOHHOM
nonapusaumm:

P¢=P2 (9)

OTO BbIpaXkeHMe NoKa3sbiBaeT, YTO JaXe B OTCYTCTBUE BHELUHErO MarHMTHOrO NOMs CrvH
- CMMHOBOE B3aMMoencTBne NpuBoaMT K YCTAHOBIIEHUIO eQMHOW OpUeHTaumm AByX
CMNHOBBIX CUCTEM. JTO sIBMEHME N BbINI0 OB6HAPYXEHO C OMnblTax MO CMELLEHUIO OBYX
CMNHOBLIX CUCTEM C NPOTUBOMOJSIOXHOWM opueHTaumen cnuHoB [1]. Takum obpasom,
Npu3HaHWe grakTa CyLecTBOBaHMUS OPUEHTALMOHHbLIX MPOLIECCOB N CBA3AHHOW C HEWN
AOMNOSTHUTENBHOW CTeneHn cBoboabl KOHAEHCMPOBAHHLIX BELLECTB NPUBOAUT K
pesyrnbTaram, COrnacyrLlmmcs C OnbITOM.

O6cyxaeHue pe3ynbTaToB. [1peanoxeHHOe TepMoaNHAMNYECKOe onnucaHme
NpOLLeCCOB CMUH-CMNHOBOIO B3aMoOgencTBusa cBo60gHO OT NPOTMBOPEYUNIA, CBA3AHHbIX
C NONbITKaMN NpUnNMcaTb CUCTEME AAEPHbBIX CMMHOB OnpeaeneHHyo (NONOXUTENbHYHO
UnNu oTpuuaTenbHy0) abConTHYO TeMnepaTypy U TEM CaMbiM CBECTU NPoOLECC
YyCTaHOBEHWSI €4MHON OpUeHTauun ABYX CMIMHOBbLIX NOACUCTEM K NMPOLLECCY
BblpaBHMBaHMs UX Temnepatyp [5]. TOT npumep ewe pa3 noaTBepxaaeT
cnpaBenMBOCTb BbiBOAA [6] O TOM, YTO OCHOBHbIE METOAOOrMYEcKme oLnbKM npu
NPYMEHEHNN TepMOaUHaAMUKN 06yCNoBneHbl HapyLLleHneM A0BOSIbHO O4EBUOHOMO
NOMNOXEHNA, COrNMacHO KOTOPOMY YMCIO HE3ABUCUMMbIX MEPEMEHHbIX, ONpeaenaoLmX
COCTOSHME KaKOW-NMbBO CUCTEMbI, PAaBHO YMCIY HE3aBUCUMbIX MPOLECCOB,
npoTeKkalwWwmx B HEN.



C apyrov CTOpOHbI, NPeAnoXeHHbI Noaxo4 noaTesepxgaeT 060CHOBAHHOCTb
pacCMOTPEHUS CMMH-CNUHOBOrO B3aUMOAENCTBMUS Kak 0Ccob0ro, ka4yeCTBEHHO
OTNINYMMOrO U HECBOAMMOTO K APYrMM MpoLuecca, CBA3aHHOrO € ynopsgovmMBaHueM
OpUeHTauun CNUHOB Pa3HOPOLHbIX HYKMOHOB, aTOMOB U BELLECTB B LenioM. BelgeneHne
N n3yyeHne cneundukm NogobHbIX OPUEHTALNOHHBLIX NPOLLECCOB MOXET NPOMnTb
HOBbIN CBET HA MHOTNE ABMEHUS, NPOSABASIOLLMECS B TOM YNCHE U HA MaKpoypoBHe. B
KayecTBe npvmMepa conemcs Ha obHapy>KeHHOe HeJaBHO rPYMNMnon YYeHbIX
Meccauy3eTCKoro TEXHONTOrMYECKOro MHCTUTYTa HEMOCTOSIHCTBO rPaBUTaLMOHHOM
NOCTOSIHHOW (TOYHEEe, 3aBMCUMOCTb €€ OT OpUeHTaumMm Ten OTHOCUMTENBLHO 3Be34). Ecnin
(kaK 3TO UMENO MEeCTO B paCCMOTPEHHOM Cly4ae) BHYTPEHHASA dHEPINA CUCTEMBI
3aBMICUT OT B3aUMHOWN OpMEHTaLNM €e KOMMNOHEHTOB NN CyOKOMMOHEHTOB (B AaHHOM
cny4yae - OT B3aMIMHOW OpUEHTaUMW rpaBUTUPYHOLLUX Te), TO cuna ux B3auMHOro
npuTskeHusa F, onpegensieMas kak npon3soaHas ot U(r,@) no pagnyc-BeKTopy r, Takke
OyneTt 3aBUCeTb OT @:

F =-oU(r,¢)/ or = F(r,¢). (10)
lMockonbKy e B COOTBETCTBUM C 3aKOHOM HbIOTOHaA
U(I’) =- Gm1m2/r12( 11 )

noTeHuManbHasa 3Heprus B3aMmoaencTeusa AByX Ten Maccon ms u my Npu HEM3MEHHOM
PaCCTOSAHUN MEXAY HUMMU 72 3aBUCUT TOMbKO OT rpaBUTaLMOHHON NOCTOSAHHOM G,
OCTaeTCs NpM3HaTb NOCMNELHIO Takke 3aBUcsALen oT opueHTauum ten, 1.e. G = G(¢).
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HononHeHne ot 20.05.05.

Hanuune opueHTaLMoHHOro B3aMMOAEeNCTBUSA BpaLLlaloLLnXCS
MaKpPOCKOMUYECKUX TeN NErko obbsACHAET Takke, NOYEMY [ABMXEHUE OAHOro
aCTPOHOMWYECKOro Tefa BOKPYr BpallaoLLerocs Apyroro aCTpoHOMUYECKOro
Tena npoucxXoauT B HanpaBneHun BpaleHns LLeHTparbHOro Tena u B OCHOBHOM
B 9KBATOpManbHOM NMOCKOCTU. B 4acTHOCTU, B CONHEYHOWN cUCTEMeE BCE MnaHeThl
1 NOSIC acTEPOMAOB ABUXKYTCH Mo opbuTtam B 0OHOM HanpasneHuu,
coBMagaLWuM ¢ HanpasneHnem BpalleHms ConHua; opobuTbl NNaHeT 1 nosica



acTepouaOoB nexart B NIOCKOCTAX, ONMU3KMM K 3KBaTOpUarbHOM NIOCKOCTH
CornHua; CnyTHUKN NNaHeT ABWXYTCS Mo opbruTam npenmyLLeCTBEHHO B OAHOM
HanpasneHuu, coBnaaatoLLUM C HanpaBreHneM BpaLLleHNs NnaHeTbl; opouTbl
CNYTHMKOB MaHeT fexaT B NIOCKOCTSIX, GYIM3KUM K 3KBaTOPMarbHOWM MIOCKOCTM
nrnaHeT, a okononnaHeTHble kKonbua Konutepa, CaTypHa, YpaHa n HentyHa
nexat B MNOCKOCTAX, 6NIM3KMM K 9KBaTOpUarnbHOW NNOCKOCTU NNaHeT.



