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[lpeaucnosue

MpennaraeMoe yutaTenmo yyebuoe nocobne npeacrspiner coboit nocneno-
BATENBHOC H3NOKEHHE KYDUa (PHIHKR MAIHCTHKOB, ABMRIOLIETOCH Henoopol-
CTBEHHKM (IPOBOIKEHHEM 0BILEro Kypea GHIUKK TBEPIOrD TEN4,  [TOCBANIC
no Gonee Moapobuomy PACCMOTPEHHIC OGHOTC A3 pasienor nocnennero. Kype
BXONHT B ACPEveHs AMCHMILTHE I'OCYNAPCTBEHHOrD o0pazoBaTe/bHOIG CTaR-
BapTa BRICIIET TpoPeccHoHapHore obpasosanis no Hanpasnerun 553,100
{«Texunuecxan duswke») u gucnamsaay 553101 {(«Mpaxnagnan $u3uKa
TBEPAOIO TENA: MATHHTHHE MATEPHAIN, CTIHHOBLIC CTEKAAY).

Llens yqefmuKa — 03HAKOMHTE CTYACETOR ¢ GEDINISCKHMH HCTOYHMEGMH
MATHOTHIMA, OPHIAHAMA H BHAAMH MalrHWTHOTO YNOPALOYCHHA B TBEPOEX
Teax, MAPHUTHEMH MATCPMATAMH, CBOHCTBAME MAPHETHHOB, B TOM YHONE
€ MATHETHLIMH PEICHAHCAMH # COMHOBHMH BWIHAMH B MArHHTOYHOPHLIO-
HeHHNX KPHCTS/UIAX. YyeOHEK ApepHasHadeH J7a CTYICHTOR H ACNHPAHTOR,
IHAKOMEIX © OCHOBAMH ICKTPORHHAMMER W KBaHTOBOH MCXAHMKH W CrenMa-
AESHPYIOMMXCH B 0GACTH HHIUKR TECPIOTO TeNA ¥ TREPACTEABHON JICKTPO-
HEKE, ITHM OH OTIYECTCH OT HEMHOMDYMCACHHHX KYRPCOB M0 MalHETHIMY,
H3JEBHEX Ha PYCCKOM M3HKe H NPEICTaBIGIOWNX HHTEpes TAasHEM o0pasonm
NS CTYICHTOR, CHCHHE/M3NPYIOIEXCH B oBNACTH MATHETHSMA.

Tax, xaura T, C. Kpanunka [Kpunaweg, 1985] namucana mm crynesron du-
sngeeknx GakynureTon yhusepeuTetos. [losroMy 3 Hell Gonsimoe BREMaHIS
YOSHCHO DROY PASESNOB H3MKH TBEPLOTD TONMA, KACAIGRBIXCH MATHETHIMA,
B to e npema Take B NOCACAHES MIMAANE HE POILNKA HoBeHIUIKe NOCTIDREHER
B ofJ@OTH CIPYKTYpR B DanaMakl joMerssx rpamin. Kype €. Taxaasymu
[Turanayme, 1983; 1987), wananmuiii na PYCCKOM S3LIKE, OXBATHE2ET Sombiliol
KPYF BOBPOCOB, CBA3HHBIX ¢ MATHETUIMOM: OT MarHHTHHX CBOHCTB aToMOB
10 METOIHE MATHHTHRIX H3MEPCHNH M MATHHTHMX CEOHCTR KOHKPETHEIX MaTe-
pranos. Ofza ToMa, ocoBCHEO BTOPOH, SAHHMAT CPEAHEE NONOKEHHEE MEKLY
yaefunty nocofiueM B MoHoTpadmed, mosroMy §oumille npelHA3MAYCHEL ATA
CTYACHTOB M acTIRPAHTOB, COCHHa/MHDYIOWMLCH no MaruetTHamy, Cnegyer
oTMeTUTE Takse Heboaeliylo kaury LA, Omonrencrore w B B. Jlemanora
«DepprTH H HX TeXHIMecKoe apumenenes [Cronenckuit w JTemanos, 1975],
KOTOpas NPEACTARINCT coboil ovens KPaTKOe MANOKCHHE (HIAKH PepPHTOD
Y HX TEXHAYECKOrO NPHMEHCHHN, TOITOMY HHKAK HE MOWET CUHTATHOA OHHMM
KYPCOM QHIRKE MATHETHBX ABACHHIL

OTtmrdane NMPEIaraeMoro Kypea B TOM, 4¥To, HECMOTDPS HA €re KOMIAkT-
HOCTS, & HCM JHAUHTEALHOP BHMMANNC YACACHO TeM MArHUTHLIM MATEPHANEM
M HX CBOHCTBAM, KOTOpDHEC HAWAM HaubOIbRIEe NPHMCHEHHE § COBPEMEHHON



& Fpesuc wopne

TEXHEKE, 2T0 pasawyELE GEppUTH, HX JOMCHHAA CTPYKTYPE, NPOUSCCH NBH-
HEHHA JTOMEHHBIX TPaliL B poobliic NPoUECCH nepEMATHRUMBANKS, & TAKKE
GEPPOMATHETHEI PEIGHAHE H COHHOBLIC Bonu, B yweOnom nocoCum uonans-
30BaNa cucTeMa enmaun Tayeca xax Haubonee yaobHas s MardeTHIMe. ABTOD
CTAPANCA M0 BOSMOKHOCTY UDWBECTH BHIBOAN OCHOBHHX 3aBHoHMOCTeH,
32 HCKMOYEEHEM TeX, KOTopse TpebyioT CIMOKOM MPOMOIAKHX BEYHCICHRN
{npu WeraHuK YHTZTENL MOKET NOIHEKOMHETECA £ HMMH B CUSUMATBHAX
MOHOTPAdUAX, KOTOpHE BOLIUIK B COHCOK NONMOTHHTENLMOH NUTEpATYPH,
npupenesHol B KOHUE KHMIH). MTo KacaeTcs IKCICPHMEHTANBHEIX JAHHEIX,
TO OHH OFPAHHMCHB DpHBCICHHEM HaubOnNee THIMYIHLIX KNaCCHYECKHX 38~
BHCHMOCTEH ¥ HEcRONBKHX Tabitul] ¢ xapakTePHCTHKAMU HEKOTOPHX Marke-
THEOB. OrpauH4cHo ¥ 9HCIO IHTepatTypaEX counok. Tlonpobuul nepesens
JNHTEPATYPH N0 OTACIBHBIM PRIIETEM HHTATEN, MOXKET HAKTH B CTICNHATLHEIX
Moporpaduax. ABTOp HE BKTOYHI B KHHTY MATHHTOONTHKY M MCTONHKH
MAFHHTHBIX HIMEPCHHH, TAK KaK [OCYMTAN, UTH 9TO CAMOCTOATENSHHE
IMCUMTLTHHEL, KOTOPHM J0DKHM ObiTs MOCBAINEHN OTACARHNE MOHOrpadhHH.

B ocroey yuelHoro nocolus monoies xyps GHIEKE MarBeTHKOB, KOTOPHH
aBTOP WHTAST Ha Kadeape (HIMEKE TBEPUOrO Teda (PHIHKO-TSXHWYECKOTO
paxkynerera Canxr-TlerepSyprokore roCynapeTBEHHOTD BOJHTEXHHUCCKONQ
yHHBEPOHTETA.

Aprop ouens Onacomapes ceouM xoyvteram no ©TH s A O Hodde
PAH B.B. Bosxony, E.W. lonosewguuy, B. A, Canwhofi, O. A msuazsol,
B3XBUIMX Ha celA TPYA NpPOYUTATh PYKONHCH B CIENATh USHHHE 3aMeHaHtn,



I'nasa 1

ATomubiii MarneTasm

MarneTukaMn HaINBAIOTCH BOS TENA, CNOcobNME HaMArHWMMBATLCH, T.€.
TeNA, NPHCYTCTBHE KOTOPHIX NGO BWIOHIMEHAET, JHGO CO3NAET MATHWTHOE
pone, Marawrhbe coofCTBE MATHETHEOS ONpPCNCIIHOTES CTPOCHHEM 3ACK-
TPORHEK OBONOREK ATOMOB, BXONSADLX B BemecTeo, TlosvoMy npekae Bcero
PACCMOTPHM CTPOCHME 3NCKTPOHANX oDwioveK, NpieM NPHBCAEM TOABKG
T¢ CBEZCHHA, KOTOPHE HEODXORAME ITH NOHMMAHRA MIKPOCKOMECKHX
MAFHHTHHX CBOHCTE BEMIECTD.

1.1. Cspobomanie aTombl .
Daextpon obnanaeT cOGCTBEHHHM MOMERTOM KONHUCCTBA IBHNCHHS

CIHHOM P,
p, = hvs(s + 1), (1.1}

e 5 = % u £ = h/(2r). Bnaronaps cauiy saexktpon obaanaer ® coficTpen-
HbIM MATHMTHANM MOMEHTOM 4.’

b= 2 SGT = H8 (12)
rae pp — MarnevoR Bopa
o S - u:& N
pp = 5 — = 0927 - 10" 3prilc

Haxonnes v anexTposnoi ofonouke aroMa, snextpod obuamaet opburans-
HbIM MOMCHTOM KOMYECTBA IBIDKEHHA ), BEMHMMIZ KOTOPOTO KBaHTYETCH:

pr = kI + 13, {1.3)

mel=201,2,34, ..., (n~ 1} 4n— FNaBuot KBIHTOBOE YWCND.
spdfg... .
COCTORHHA 3NCKTPOHA ¢ PAIAHMHEIMH OPOHTR/RHLIMH KBAHTOBWMMH ‘HC-
naMyu  0603HaMAITCH  COOTBETCTBYIOWAMH HM  CTPOMHRMHK  NATHHCKHMR



g Tnapa 1. AToMHbiS MarbeTHIM

Gykpamu s, p, d, § g v T.a MarowTusit MOMERT ODOHTAIPHOTO ARMKEAHS
3MEKTPOHA oNPeeIseTca GOpMYNION

R

w =m0+ 1) = g, (1.4)

TaK KaK 3apai SNEKTPORA OTPHUATENEHBN, MATHUTHLIE MOMEHTH 4, H 4
HARPABJICHN NPOTHE COOTBETCTRYIOIMIHX MOMEHTOE KONMMECTEA ABIDKEHHA,
H €C/TH MTOCHEIHME HIMEPSETE B eAMHUIAX A, TO

B, = ~21gp, {1.5)

Hy = —itghy. {1.6)

Eenu anexrpon maxounres B s-cocvonuna (I = 0), To ero oplntamsmbii

MOMEHT KOTHYCCTEE IBMKCHHS W MATHHTHHI MOMEHT pasRe Hymo. B stom

CAYYAE FNCKTPOR O0MAMACT TONBKO CIIBOM H CIHHDBBIM MATHHTHEM MOMEH-

ToM, JIng rHpOMACHHTHEX OTHONIEHEH — OTHONIERHI MATHMTHHX MOMEHTOR
€ COUTBETCTBYKNUEM MOMCHTAM KOMHYCCTBS ABMKEHAN — HMEEM

2
T Th

= H8

?# H '}’f }&, 3 { 1 . ’?}

T. . OHH OT/BTMAKTCA B B8 pasa.

HpocTpancTREHEOES KEANTORAKNE

Hamrtve MarsyTHOro o NPHBCANT K NOABICHIO 0CKH NPpOCTPAHCTEEHHOTD
KBANTOBHHUS, OTHOCHTENBHO KOTOpoH# opOHTANBHEE MOMEHT KONHUGCTEA
DBMREHINA # COMH MOrYF HMETh TONBKO OFpauHYeHHOS 9HCA0 OpHCHTA-
out (prc. 1.1). [lpoexusa py » commanax h HasuBaiores opfuraibis-
ME MITHHTHBIMH KA2HTOBLMH MACHAME # MOTYT NPHHBMaT: 3HaycHud
my = =) =t =1}, .., 1 — wcero 21 + 1 amavenuht Crivu p, MO¥er uMeTy
TONIBKO [Be OPHCHTAllHN, B COOTBETCTECHHO, CMMHOBOE MalrHHTHO? KBANTOBOE
MMCJIO MMECT B2 BO3M(KHLIX JHAYEHMH M, = i%. Taxum ofipasom, cocTo-
AHHE QNEKTPOHA B aTOMe onpenensnor 4 KBaHTOBMX YHCHa #, [, my, U m,.

i
i=1 =%
a H z
- — wl
=1 W=ViED Mg fsl= Vs + 1)
my = ﬂ
m;w.mg mi S —%

Pue 1 1. TIpooTpaHcTeHioe KBAHTORAHHC OpOMTEAEHGNS MOMEHTA KOAHYECTBA M-
WEMUS ¥ GIIMHA 3NeKTPOHA (Boe B enusbilax B}



[.1. CeoBogabie aToMbl ]

Janoanenue exTpornbsix obonoter

PaccMOTpUM Tenepb, Kak JAlONHAIOTCH 3MEKTPOHKME of0NGURH  dToMa.
Ecni BOKpYT sylpa BpamacTCH TOIBKO OAHH ISKTPOH, TO BOSMONKHBM €r0
COCTOAHHAM OTBEYAKT FHEPTETHUCCKHE YPOBHM, KAKIOMY H3 KOTOPHIX COOT-
BEFCTBYET ORPEACTCHHBH naGop 4 kBaHTOBWX 4Mcen COrTacHo NPHHUMIY
fTaynu, HE K&MIOM DBHEPreTHYECKOM YPOBHE MOMCT HAXORHTHCH TOILKO
IBd WIGKTPOHI ¢ NPOTHBOMONOKHAO HANpaBICHHBIME cnbuami. B fiepeom
apadnakerdy — 63 yueTa s3auMORSHCTBMA MEHOY DJNMCKTPOHAME —
MOMCHO CMTETE, UTO 3JaMOHEHHE WISKTPORHLX 0BOAOYEK NPOHCEOART TaK,
YTO SNCKTPOHE! NMOCHCRCBATCARMO 32HMMAIOT ITH YPOBHH SHCPIUM, RavHHAN
¢ CaMorc HIKHETS, courpercTRylomiere n=1 u { =0 Ha srom yposue
MOYT HaxXouydThCR JAB3 JACGKTPOHa ¢ m, = ié. Oun obpasywor aepryio
oBonouky, Koropan oboanavaerca kax 1s’. 3pecs nepaas umdpa osmavaer
FRAEHOS KBSHTOBOe wnono, DyxBa s noxasusaet, wro /= 0, n amgexc 2
o3iavact, 910 & obonoyke Haxonsres OBa InekTpona. Hdamee sanvmsercA
cacayomas obanouka ¢ n =2 g { = 0. D1y obonouxy MOKHO 33RHCATEH
xak 28°. Cneayioweli obonouxoi saserca 2p c n= 2 u ! = 1. B nelt moxer
HAXOAMTHCH & 3WEKTPOHOB, nockonbky my = —1,0, +1 B m, = k% Hanp~
Hefiles IANONHCHHE 3MEKTpoHHHX obonouck wnmoctpupyerea tabm 1.1,
Tlontocrsio sanonneHHpE oBONCUKH HAIMBAIOTCA JaMKuyTHME. Paccuorpes-
HaH OCHENoEaTEIbHOCTE JANOIHEHEA WMana O6 MecTo, ecan bm we Buuto
BaduMofeRCTENR MOKLY SNexTpoRaMi. M3-3a ux saauMogedictumm Mewny
eoboH LOCTOAHHA € MATLIMK 1 H DOSIBIINME { MOTYT OKa3aTHCH SHEPIETHYCCKH
MEHSE BHTORHEME, YoM ¢ BoabiiiMe #, Ho MeHbtmme L Hosromy dopmaims-
Hoe anonkesne o0OM0YEK WMEET MeCTe TONBKG N0 dproHa, anckrponHasn
KoHBUrypausa koroporo 15728%2p%3s73p®. lasee y kanus amexcrpoH nonans-
eT He B 3d-, a 8 45-0607104KY, i COUTBETCTBEHHO, 3/IEKTPOHHIR KOHBHIyPaHy
y K ~ ...3s%3p%s!, a v Ca - ...3s%3p%4s’, ¥ ronbxo mawmman ¢ Sc
sanomusercs 3d-oSomouka. Ee sanonumenne sakamwpsacred wa Cu ¢ ek
TpoHKo# Koudurypamed . , . 3s23p53d'%4s!, Orcraor » sanonnesun u apyrue
d-ofionouxy, a Taiore f-000NOUKH, KOTOPHE OKAIWBAKITCH BHYTPEHHWMH,

Tabmuua 1.1
Cxema samoniensst EXTPouHL afonovex
!

n 3 p B

0 1 2 3 5 4
I 2
2 2 &
3 2 i 14
4 2 & it 14
5 2 & e 14 18




L Thaea 1. AroMusil marseTiau

DIEMEHTH, ¥ KOTOPLIX NPORCAOAHT JANONHCHEC BHYTPeHHMX oDosovex,
HEIWPANTCA NEPEXORHNMH. MiMenToH CrefywlnEe FPYRnu MePEXOANbX M-
MEHTOB!

I'pynna xeneaa

{Sc, T, V, Cr, Mn, Fe, Co, Ni, Cu) — 15?2s%2p83s23pt3d74s' -2,

Tpynna mannagus

(Y, Zr, Nb, Mo, Te, Ry, Rh, Pd) — .. .3d"045?4p54d*55°-2%

Ipynna nnaThuN

{La, Lu, HE Ta, W, Re, Og, Ir, Pt} — _ . .4d1%4F%54?5p55d%6s! 2,

. xpowme La, y xoroporo 4f°,

Cpynrma peaxo3eMenbuLX 3ACMEHTOR

(Ce, Pr, Nd, Pm, Sm, Ey, Gd, Th, Dy, Ho, Er, T, Yb) —

. Ad194f 552 5p6 520~ 1652

Tpynma ypasa

(Ac, Th, Pa, U) — .. .4F*5525p%5d 105 Gs%6p%6d! ~2752.

Ocobesro orcraor B 3anomaenur CobonowKs, KOTOPHE . OKAILBAKTCH
CHABHO SKPAHHPOBARHBMY BHEIHAME 0BOOUKAMA,

Crom, opburancmesi B DoNEWA MOMCHT KOANYECTBA JBHKEHNS ATOMA
s ofmelt XapaRTepHOTAKY MHOTCIIEKTPORACID aTOM3 ReolXOMMMH cyM-
MapHNE Lamhble 000 sceil coBOKYIHGCTH MeKTpoHos. Ecmn snexTpoHmas
o000k IAMKHYTR, TO, NOCKONBKY HCMOMBIOBAHM BCE MATHHTHEES KBAHTOBBIE
MU, KaR opOHTaNEHbE, TAK H CHHHOBME, CYMMAa OPGHTANBMEX MOMEHTOB
¥ CYMMA CIIHHOB paBMh Hymo. TakuM o0pazoM, ia onperescHHs DACKTPOH-
HOPG COCTORHHA ATOMA HEODXONHMO PACCMOTDETD TONBKO HE MOIHOCTHIO
ssnentbie obonowrn. O6GLMHEC B aToMe AMOeT MeCTO TEK HaIlwBaeMasn
patceE-CayRRepORCKAs C8E3k, H OTNENBHO CKIRENBAIOTCA BCe opOHTANbHEIE
MOMEHTH KOAWISCTRA ABIKEHMA K BCE CHMHN 3nexTponoB. Dto ofiycresneHe
TeM, ¥ro cliM-opbirraibroe a3aamvoneticrene cnaboe ¥ NOTOMY NOHABIACTCH
Gonee cHIbHEM B3aMMoAcHCTBHEM, NPHBOIMEHM K paccenb-cayHAeposckodt
caAzd.

Hna cymmapreix opbutansaore (L) u counoboro (8) momerToR monymM:

L=3"p; S=3_p, (1.8)

[LAs ApockuMy Ha 6Chb KBAHTOBAHUA 2 HMESM:

Le=hY my =My, M, =-L L+l . kL (1.9)

S, =hY m =hMg, Mg=-8-8+1,...,5. (1.10)



1.1. CpobGonnhie aToMel H

Pyc. 1.2, OpazoBayde NORHONG MOMEHTA KOJIYECTBA ABHKE-
uud J B peayawtate cnoweHuA eextopos L u S, xoTopume
NPELISCCRPYIOT BOKpyr Bektopa J. B ceowo ouepens, sextop J
NIPEUECCHPYET BOKPYT OCH KBAHTOBAHHSA 2

Taxkum o6pasoM, L 1 § HMEIOT CMBICH MAaKCHMANbHLIX TIPOEKUMA M2 OCH
KPAHTOBaHusi NpH HanHbix L u S. CobGcTBeHHble 3HaueHHA opOuTaibBHOrO
Y CNHHOBOIO MOMEHTOB KOTHYECTBA ABKEHHA CIERYIOLIHE:

Ii=AVIL+ 1) u |S|=hySS+ 1) (L.11)

Paccrosnue Mewdy YpOBHAMH JHEPTHH, COOTBETCTBYIOWHX PasHbiM Be-
msunam L u S, cocrasnser 104 <+ 10° em~!. CocTosnua ¢ pasmmumbiMu L
0003H2YAIOTCH NPONHCHLIMH NATHHCKUMH Oykpamy; L = (S) g‘, 12)’ %, ..

braronaps cnuu-opbutansHoMy B3aHMoneficTBuio sekTopa L u S oxa-
3BIBAIOTCH CBA3AHHLIMH Y NpelecCHpYOIUMMY BOKPYD OAMON W TOH e OocH
{(puc. 1.2). Dneprua cnud-opbuTansroroe ssaumosieicrans

Wys = ALS, (1.12)

rae 4 — KOHCTaHTa cnuH-opOUTaNEwoit ceasn, CrnambiBafch, pexTopa L w S
00pa3yOT NoNKbIE MOMEHT Kor4ecTBa ABiokens J. Taknm oGpasom:

il

J=L+S, (1.13)

npK ITOM
13| = AVIT + 1), (1.14)

roe J — kBaHTOBoe HHCNIO [OHOT0 MOMEHTA KOJHYECTBA MBWweHHA Eciau
L>3S5, 1o
J=L+8L+85-1,...,L-F§

H BCEro MoxeT Npuuumath 25 + | 3pavenuit. Ecnrxe L < §, 1o
J=8S+LS+L-1,...,8-L

¥ MOXeT npuHEuMaTh 2L + | 3HayeHuit.
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CosokyiiocTs ypOBHeH JHEDIH, COOTBETCTRYIONMX PARTMYHEM IHAUCHN-
AM J, T.¢, pasHuM OpHonTaMAM L u § oTHocHTEmHO ApYr OpyTa NPY OfHHX
H Tex e senmdiax L M 5, HasHBAETCA MYIBTHIUICTOM A/IH TEPMOM, 2 YHCHo
BOIMOIKHMX YPOBHCH — mMyssTHRAcTHOCTRY. Pactronuns mexny ypobHAMY
B MyJIRTHHACTE HEBCJWKM, TaK K3K OUPCACHAIOTCE HIMEHCHHOM 3HEPIHH
cnabore Crun-opSHTATLHOIO B34WMOREHCTBUN NPH HIMCHEHWH BI2uMHON
opuentauns L u S, ¥ cocrapamor ~ 107 em™! naa 3d-sonos s ~ 107 el
g 4f-uones,

Hpoekisim J ¥s och KERHTOBAHHA B SMMHMUAX i HMEIOT RHCKpETHHE
IHASSHAN

Jo=MA Tae My=-J, —-J+1,.. . L (1.15)

Cocrosiue 2ToMa, COOTEETCTBYIOUIETO TAHBOMY TepMy, npuusSTO ob0-
3HAvaTh, nanpumep, Kax 2P, 720 D70 o3maMaeT, w70 n =3, L = 1, AwKuHu#
HAREKC NOKaabiBaer, 910 J = S, & BepXHuil YKASHBGET H2 MYILTHRRCTHOCTS
W+1=2

Marumrauid moment csofoaHoro aromMa

Tockonsky npy NOCTPOEHHK COONOYKH CIUTANNIBAKTCH OPUHTAIIBHEE MOMeH-
TH KO/ICCTRE IBIDKENMA ¥ CIIIHM, TO CKAAARBIIOTCH W COOTBETCTBYIOMME
HM MaTHHTHHE MoMeHTs, 06pasys cyspaprnit opGuTansusil (#,) W crHHO-
seiil (o) MRrHMTHREC MOMeRTH. Byfewm gasee cuWTars, Kax 970 RPUHATO,
9TC MOMEHTH KONHGCCTRA JBMACHUA wIMepsiores B cumBuuax A Torma
¢ yueroum (1.6} n (1.8) nomysvm:

By = Zﬂfj = “PBZ?:; = ~pgk., (1.16)

Hs = Z#;s = '“21”32?;; = -—2;1329& = - 28, {117
MarnuTneiii MOMEHT 2TOMa |8 DIBEH CYMME Ji; ¥ gie

# =y +pg = —pg(L +28). (1.18)

OneBHMO, 4TO NONMMOCTBIC 3UOAHEHHHE OGQIOUKH He BHOCHT BRIAd
B MATHUTHBH MOMenT aroma. Cnowenne sextopos L, S u g, u g, nokasaHo
wa puc. 1.3, Kagk swpum, wisa Tore uwro ¥, B g3 pasa Goumme, ueMm
¥, @, » J He KoAAHHeapHsk. Bes cogska mexTOpOB npeueccHpyeT Bokpyr J,
W ONPEJCNCHHOM ABNACTCA TONMLXO (POCKIEA 4 HA HANPABACHME -, KOTODPYID
bl 0603HaMUM KaK ;. [Ing p; MOWHO DoAyqHTh chenywntyo dopmyny:

My = &gV I+ 15‘ (119
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fue. L3 Chaowenme Bexvopor 5 # L 7 cOOTBETCTBYKUUHX UM
MATHITHBIX MOMONFOR H, u g, ¢ obpasoBawucsm Cymmapuoro
MATHHTHOUO MOMENTE @, NPOCKIHN XOTOpOra Ha sHanpapreuns J
¥ B ofossavens py 8 uy

me g, — taxrop Jlanne:

AU ASE 1) - L4 1)
gr=1+ TES), :

(1.20)

Tipr § == 0 waeem g, = 1, a apu L = 0 nonysum g, = 2. Tlockomeky ang J
HMELT MECTO NPOCTPAKCTBEHHOE KBAHTOBAHME, TO KBAHTYETCA W NIPOEKUMA 11,
KOTOPYIO MB 0003HaIHM KaK poy,. OMeBRano, 410 -

My = 8 g, : (1.21)

rae
My =4, —J+1,..., /.

Ocuoproe cocronake atoma. Ilpasmna Xyusa

Y aToMoB, MMEKIIMX HE3AMOJHEHHME 3TeKTpoHHbe obonosky, b obuweMm
Chyqae BOIMOWKEH pAL COCTOAHAH, JaBECAMMX ot seiwsmn L, S 1 J,
B pemectse GOABHIMHCTEO ATOMOB HAXOTHMTCH B HAUHHILIEM FHEPFETHYEECKOM
COCTOAHME, NO3TOMY ONpeIeneHre ere NPEACTARIdAeT ocofuit wiTepec, JTOT
HBMHUAHIHA, HJIH OCHOBHOH, YPOBRCHL ONPEREAACTCH CHERYWOIUMMHE Tpems
npaBxnaMB XyHOa:

t. OcHOBHLIM ABJISETCH YPOBEHL ¢ HEHBOABIINM IIPH JAHHOR IMCKTPOHHOH
KOHGUTYPAURE TIOTHLM CItHHOM §.

2. Npy naubosptites § OCHOBHOMY COCTOAREK COUTBETCTBYET Hanbogbuwml
OpOHTANBHE MOMERT L.

3. Tlpn 3anonHEHHW NEpBof MONOBUHL obonowke J memnMmasied, T.e. L
# S aHTHMApaaenbAn (J = L — 5}, KOHCTEHTE cTu-opBuTansHol Caasy
A >0, ¥ 3HeprAA B TepME YRETHUHBAeTCA ¢ poctoM J (DpusnnbHLE
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mymeTHneTH ). [IpK 3anonnenis BTOPOR NOVOBHHK 060A0SKH J MakcH-
masteH, T.e L v § mapmymemss (J =L+ 5), 4 < 0, u 3ueprUn & TepMe
YMEUBINAETCH ¢ pocyoM J {obpamieHmue MyabTHIDIET ).

Takum o6pazom, Tperse Npaskac XyHoa ONPEAsnRcT OCHOBHOH YPOBEHS
FepMa.

s wemocrpaynn npasun XyRO3 paceMoTpHM CHAvana JaflosHeHbe
2p-o0o0uKH, KOTOPOS CXeMaTHYECKH H300pakeHo Ha pHe. 1.4, 4, rie Kaxgan
H3 3 KNeTOMER NOPH3OHTANLHEX PHICE COOTBEICTBYET OTHOMY H3 ROIMOMHMX
MA4CHHA OPOHTATEHOTD KBAHTOBOrG Whena my = +1,0, —1, a cTpenkamu
noka3anHe Hanparacwne cnydos. Prc. 1.4, 5 wmocrpapyer, kay A3MCHRIOTCH
penuuuan L, 5 v J B pAgy avomos or Be mo Ne npu aanonxcsau
2p-oBoaoyKH, DOKA3AKAOM Ha puc. 14,4,

Hanpaschns COMHOB, OTECUAKDME [EpEOMY Npapry Xywaa, Jutd ne-
PEXOABIX ICMEHTOR IPYNHAL kee3a Npupeneun B 1261 1.2, Ha puc 1.5
persduabl S, L o J gaHy pn 2-BaneHTHRX HOMOR ITHX 3NCMEHTOR, a Ha
puc. 1.6 — ana J-sameHTHHMX HOHOB DEIKHX 3¢MeRk. 3aMETHM, XTC B Ipynne
*enesa Mn?t maxomwres B S-coctosmum, T.e. L =0, Mveiomul ty xe
SHEKTPoRHYI KoH(UIYPaUn©O MoH Fe' Taoke HAxomuTes B S-COCTONHMM.
B pAny 3-aneHTHWX HOHOB PENKHX 3eMenb 8 S-cocTonsnn Haxonutes Gd>*.

@ m=t1 0 1 40 -
I e NN
B 0
Lr el 1 ufnuit]
C
R N TR
N
&) 3
2 S

Puc. 1.4, Cremut 3anonneraa Zp-oBonokck aromor ot B a0 Ne (g} » senauunn §, L
8 J g atosos of B o Ne (6)
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Pue. 1.6 Benudunst S, L ¥ J nis TPEXBANEHTHEIX HOHOE DEIKHX 30MENE
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1.2. Bansnge KPHCTAUIAYECKOTO UOIN

(fpasosas KPHCTALI, aTOMB YIC HE HAXOANTCH B CBOOORHOM COCTORHIH,
¥ BX pHCMHKC ODOJIOYKH CYMICCTBEHHO H3MenmpTed. OCTanias MOKe B ¢To-
PO METAMIN, ¥ KOTOPRX MAPHUTHMC CBOHCTEE BO MHOTOM OIPCACAMIOTCH
AHEKTPOHAMY DPOBOIMMOCTH, PACCMOTPHM CHIYAUHK ¢ HIMSHEHHOM 3ek-
TPOHHLX OBONONEK ATOMOB, COCTARMIDIMX KpHCTAINIH Heserannos. [Ipn
HORKOH CBASH STOM METALIR OTUACT OHH HAM HECKOIBKO INEKTPOHOB CO
cBociH OANOH WA NBYX BHEmIHMX o0ONOYEK W CTAHOBATCH KaTHOBOM, Ecip
ATOM HE OTHOCHTCH K MEPEXOAHHIM JIEMCHTAM, TO Y KaTHOMA Ble K-
TPOHHEC OO0RONKH OKAILIBAIOTCA JaMEHYTHMU FIpUMEpOM MOTYT CHAyXHT:
wouw K*, Ca?t, Sc¥t, Ti%, Cut, Za?t (em. maba. 1.2). Meranouns,
HaoBOpOT, 3MXBaTHBAIT EKTPOHK KaTHOHOR, CTAHOBACH AHUOMAMKE, NPH
ITOM MOMHOCTHE 33CTPAMBACTCA HE3AMKHyTan obonouxa, wanpHMep y F~
# O OKasHBASTCH FOAHOCTEIO 3anomHenHoORt 2p-ofonowxa, a y CIm —
3p-obonovuxa. TaxuM o6pazoM, B HOHHOM KPHCTRUIE MATHHTHEIM MOMEHTOM
MOTYT Oﬁma’l‘ﬁ JMIE ROHBW fICPENOIHKX 2ACMCHTOB, TEK KAK TONBKC OHH
MOTYS HMETD HE TOMHCCTHIG 3RA0THEHHERE oB0NOUKN,

B cayuse xopameRTHOH B3 ONaromaps NEPEKPHITHIO 3NSKTDORHAIX
COONOUEK COCOHEFNX ATOMOB IPOHMCXONHT «0GoGIuecTBNCHEE» HX BHEMIHHAX
IMERTponos ¢ nipaionarres rubpuausik opbitranel, B4 KOTOPEIX HAXOZATCA
ABa COAPEHHAIX JILKTPOBa {T. €. INSKTPONN ¢ aHTHIEPAAACHERMMH CIMHAMA).
Cnefopgrenslo, n B OIy93e KOPAAEHTHOH CRAIH BTOME MOTYT ofnagarts sar-
HHTHEEM MOMEHTOM, €CAH NoCe 0OpR30R2HAN KOBRNEHTHON CRA3M OrTacTCR
HE TIONHOCTHIO 3AMOTHEHAGH OBS U3 ODONOYEK, TO BOTMOXHO TOARKO AA7
NEPEXOABLE HISMCHTOR.

Tabmma 1.2
Fanomeane 3d- B 45-06000%0K ¢ YueToM OPECHTINAN CURHOS
2nement 3d ‘u 4s
K ¥
Ca . H
Sc ! 1!
T T i &
v 1 T I I
Cr 1 1 1 i T
Man 1 f 1 1 Tl
Fe [ i i i I [
Co Tl fl 1 ! ! i
Ni I T H 1 1 Tl
Cu 1 [ fl H il f
Zn o0l I 14 I [




{2 BrusHue KPHCTRIUIMEECKOrD NONA 17

¥ SosbmHHCTRA HEOPTAHWYCCKMX BEUICCYR XHMIMECKYIO CBA3h HENBAs
CHMTATS HM MHMOTO MOHHOH, HH YHCTO KOBANCHTHON, HO YCIOBHME HAMHIHA
MEHETHHX MOMEKTOR B B 3TOM O/IY43C BCE TO XE, T.€. HE MOAHOCTHEY
sanonreanas ¢ ann Fobonovka. Taknm ofpasoM, HOCHTENAMM MarHHTHEX
MOMEHTOE B RPHCTAJUIR SEARKFTCH NOKUmsomatmme 4 u Fonexrpons,
Hamentune sHemHeH 2nexTpounolt o6oNOYKH H3-38 0BPaIoBanus XHMuMe-
CKORt CBW3H B COUCTAHUM C© [CHCTRHEM 3NEKTPUUCCKHX TOACH, COANABAGMBIX
OKPYRAKMIDIME AMHOH -KZTHOHAMHM, MOMET OPHBECTH K 9acTHYHOMY HAR
DAKe OAHOMY CHETHIO BEPOKICHNA N0 IPOCTPRHCTEEHHOMY pacnpeaeneHnn
WIEKTPONHOH DIOTROCTH.

‘B cnyvwae wmeTe uownOl cBEIR ACHOTEEHE OXpYMAOMMX KaTHOM AHH-
OHOB, KOTOpWe oOB9AC HAIBBAIOTCH NHMAHAAME, CBONHTCH K jelicTRuio
COABAEMOrO HMME WICKTPIECKOTo TIONE. J3To NoNe OoAYHHAD HAIBARHE
KPHCTALTHYECKOTO tioss. ToopHA KpHCTAIHYeCKON0 nons Guura passuta Bere
# Ban @nexom. B nambneiinies oKkazafioth, MT0 SAHARNE KOBANCHTHMX cemel
HA COCTOAHME KATHOHA ¢ TOUKY JPCHHA NOKATLHGHR CHMMETPHHM TIOAA, KOTOpas
MONET HE COBRAIATH C CHMMeTprel KPHOTAIUR, JKBMBANCHTHO NCHCTBRHIO
xkpucTELIANEcKoro nong, TlozroMy oONYHD KOIa peds HAET © IHANHK
NUraBage, To of #x BOANEACTRAY FOBOPAT K3k O ReHCTBHY KPHCTALTHHECKOIO
ONA, TIOHHMIER 1O STHM pesynsTaT BRMAHN o0oux uKTOpOB, mpuNeM
yYRAHYCHME KOBAAQHTHOOTH B XOMICIECKO] cBiaH fpEBORAT K YCHICHHID
KPHCTAIIMMECKOO MONs. :

Tlo cune soaacficTady KPHCTANLAMMECKOTO NONE NDRAATO PAIANTATE CNGXy-
WOHIHE CAYYaM:

1. Cmaboe riolie — peOKO3CMENbHHE HOHB ¢ CHABHD IKPARHPORAHHOR
4060 n0uxoil.

2. Cpeance none — nouu ¢ 3d-o0onoukoR.

3. Cunpsoe fione — HoHM ¢ 4d- 1 5d-00010uxass, BXOISIIME B KOBATCHUTHHE
KOMTIAEKCH,

B ciysae cnaforo xpHeTasyeckore noas one coabee cnME-opGETATE-
HOTO BIaHMOERCTRHR H J OCTRETCA «XOPOUIBM»? KBAHTOBBIM WHGHOM, T.€.
casab Paccenr-~Caysiepca octaeren. JeficTene KPHOTATHICCROO HOSTH HpH-
BOMMT K HACTHYROMY HIH NOHOMY CHATHRK (27 <+ 1)-KpRTROM RMpPOKICHHR
ypOBHE, KoTOpoe Gtino v crologHoTD RoHR,

Tpu cpeageM rneite GefCTBHE KPRCTALANYECKOTD IOAS CHILHEE CARH-Op-
BuTankHo# CBA3H, BOITOMY BOHATHE DOMHOTO MOMEHTE J TepheT oMhieh.
Yte kacaeTen L M .5, TO OHR CBo€Ip JHARYCHHA HE TEPAIOT, HO, KAK YBHAMM
HMe, NPOCTPAHCTBGHHOE BHPOXACHHC OPDMTAABHOrO MOMEHTR SACTHYMD
Wik [OHOCTRK0 cruMasTed. (1o nosoily ClHH-0pOHTANBEOTO 83asMOICHCTEHA
IBMETHM, YTO OHO MOWCT OXa3MBaTh 3AMETHOS BARAHME, HO yKe BO BTODOM
NOpsAKE TEOPHK BOMYWICHHS,
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B cmyvae cHASHOIO KPHCTASUIMMECKOTD NO/AA 3TO TOME CHABHEE YXE
He TONLKO COMH-OPOATANBHOTO BIAMMONSHCTBHR, HO H BUYTDHATOMMOID
BIEKTPOCTATHYECKOTC BIZHMOAEHCTEIA MEXIY ANEKTpOHaMU. D70 RpUBOIAT
K Hapywiensio npasunt Xyupa. Coeayer otMETUTb, 9T0 HETKOH rpanMim
MEXLY KPHCTAIAHTCCKHMH [IOJIAMH pasmaof CHUITH HeT.

PaccMmoTpis Teneps NCHCTEHE CPEAHEro A CWIBHOTO NOASH Ha MpHMepe
3d-snoxos. Boinosas YHRDHE DNEKTPOHEZ, HAXOOAWEIOCS B ATOME Ha CTa-
uRoHapROH opbyTe, HoNKHE yiosheTsopaTh ypasuenmo Idpeansrepa

Hy = Ey, (1.22)
IHE YAMUARTOHHAH 5 s
H = ~gA+{i{r}. {1.23)
3necs U{r) — NOTEHUMANBHAS SHEPTRA X
at a2 L

= Py a e é’;’i 4+ "“é"'“z""i“.
PewsenueM sraderca hyuxuys

Vum = Ry (r)8,, (0)P.(0). (1.24)

Wisaexent n, [ 0 m 0DOIHRTAIT COUTRETCTRYINIUAE WRAHTOREES YHCTA, NpW
FToM 7 = m,. JInn Hawero paceMOTPEHA 0COBEHNO BAKHE 23BHCHMOCTH OT
TIOIAPHOTO ¢ H AIUMYTANBHOTE @ YIB!

A

(1.25)

fortg =G Imi=1 g =2

Puc. 1.7. ¥rnossie 3a64CHMOCTH BoMHOoBMX Jd-GyHeuni nnm Tpex wavenal (o]
[Turansyams, 1983, 1987
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Oyuriun 6, (0) BHpAKAOTCA uEPE3 NPHCOCAHHCHHNE NOMHHOMHN Jle-
HAHEPE W gas [ = 1 UMeIOT cremyUiHe IABHCUMOCTH OT 6

m=0: (*}wodcc:szg—i,
ma=+1: 83.:&1 0.4 Sinﬂcm’»f}, {1.26)
il o= ;:t2~ 8&#2 x Si.“2 f.

Ecnn paccmarpipats ¥ TOdbKe Kak $yHNmEe r H 6, Yo, KaK BUIHO u3
(1.24)—({126), ¢ onpenensercs KkBasTOBbMM wucnaMy a, [ 8 Im) Bug srux
thynxusit npexcTanaed da prc. 1.7, rae 32 o0 KBAHTORAMIN MPHHATA OCk 2,
Buaso, ure panmyrcd OpHcHTAME OpDHTANBHOIO MOMEHTA, T.€. KKIoh
BENALHHE M|, COOTBETCTRYET CBOC PACAPEAGACHHE ATEKTPOHKOH WIOTHOCTH,
Hamenenye 3naka A1 CBOAMTCH NPOCTO K IEpEMEHE HAaNPaBR/IeHHS BPALIEHHS.

PaccMoTpaM reneph, K3k BIMseT #A PacTipegeicnde WieKTpoHsol mior-
RocTd 3d-dona KpHCTAIUAINECKOS TIONE B TOM CIYMae, €C/H HOH HAXORWTCA
B OKTA3/PATCCKOM OKPY)KEHUY nuranuos (pec. 1.8,a). R, {r} scerna semecr-
BCHHOC, 4 ¥, ~— KOMIUICKCHOE, XKpoMme clydas m = (. Ynobuee, xorua i,
BEUIECTBEHHOE, TOITOMY, IIBIYACH TeM, Yro ypasHeuue lpenmnrepa (1.22)
Anuedinoe B mobag apAckBas KoMOHHALME pelIeHHil TUOKE SRINCTCR pe-
HICHHEM, MOMHO B Ka9ecTBe [OCISAMENC B3ATE AMHCHHYI0 KOMOHHAITIO
dynmumll, COOTBETCTRYIOmHX OfMHAKOBOH Benyuuue |m|, Te npu /=2
gro m =10, 21, £2 Jina paccmotpenns BAMANES KPHCTRJUIMMECKOTO HOMS
yaobuee »TH QYHKUMH 3anMCHTs B IPAMOYTONBHMX KOOPHHMaTaX, Takux

Puc. 1.8 Qurasppuseckoe oxpywenne 3d-katnona (2} 3d-£aThon PacnonoKes B Uer-
Tpe OKTARApE, B BEPUINHAX KOTAPOTO HAXOAATCH AHHOHES - JHrarms:, HanpuMep 07
cResaraydeckoe nsobpamenne aommostix dynsunit d 5, d, o, de, 4, dy ()
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DYHKUMA 1ATh, H OHW BMEIOT BRI

(322 - %) (2P -2+ (22 -y

da=dx = * ,
da = ¥y j;-ﬁ » (xz;k‘z),

ﬁ""‘E@%%ﬁ“%* (1.27)

&= wsi}zﬁm‘} 7.

Cxemaruneckoe iobpamenme arux dymxmfi mpueeaeno ma pue, 1.8, 6.
Omennmno, 970 A CBOOOHHOID YONA BCE 3TH COCTORRNA pripoxaeHil. [lome-
CTHM TEHEP: MOH B TSHTD OKTRMAPA, Hpu FroM ook 4-ro Hopaika OKTamipa
(eM. puc. 1.8, 4} MODRITH COBHANATH ¢ OCHMH KOOPIHHAT BOAHOBRX QyHK-
umit (1.27), Tak KaK PaCTIpENENieHUE INEKTPOHEOR IUIOTHOCTA JOTKHO YEO-
BAETRODHTD OMEPALHAM CHMMCTPHM okTasupa. Taxu oGpasom, 3d-opOuru
PACHONETEIOTCA OTHOCHTELNO JHIAHA0B TAK, KaK 70 HOKA%aHo Ha puc. 1.8, 6.
H3-1a orranxusaing OTPHUATEALHC JA{VDKCHHMMHE AACSHIAMH JACKTPOHOB
Ha 3d-opburax supomaenne Frux opfirr vacrauno crumacren. Tlpm srom
aerecTkaM opOaT smeprevidecks vauboiiee BHITOAHG PACTONATATHECH MEXIY
AHUOHAMH, MEMY COOTBETCTBYWT opbuThl d,,, d,, » d,,, KoTOpNe B cmty
PaBHOTIPABHOCTH ocell BupoxacHy. Jlse octapmuccs opburd (d 5, 45 )
JHEPTETHUCCKH MCHEE BHIOAMH, HO TAKKE sWpoxichb. Takum obpasom,
IHTHKPETHO BHpOWREHHHH yposeHs any ¢BoGOAHOrO HOME PRCUieNAACTCA
HAa fIRA: OFHH TPEXKpaTHU W BTOpOH ABYKpaTHO Bupowaenpsie. Ilpunsre
caenywiue ofoanavenun ophuT:

e, — no Muanmakeny,

d.d =
2h Taloy? {d}; ~— no Bere;

. t,, — o Mumseeny,
d.s_\"d:z’dsf = {dzf} — 1o B

Paccrontue mexny t,- W e,;-yporHaMy ofosuavaetch xak 10Dg wm A
H IEBUCHT OT BHAZ KATHOHZ, €I0 3APAAA B TEOMETPMMeckol KoHpHIYpaimy
IMEKTPOHHBIX CHOIOMEK /Hranios, Eciy ApHHATS MOAOWEHES HEPACILEICH-
HOTO YPOBHA 32 HyNb H SUEPTHH 1y - W €,-yPOBHEil 0O0INAYKTE KIK. E‘;g’ Ecg,
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TO, BOCROAL30BARHIHCE NPABHIOM NMONOKCHMS HEHTDZ TIDKSCTH, HMEEM

3, + 2, =0, (1.28)

E, ~E, = 10Dg. (1.29)

g

Pewan cosmectro (1.28]) u {1.29), nomyuny
E, =6Dg, E‘?« = —4Dq.

TMonmxeHHe CHMMETPHEY NOUIA NPHBOZMT K HamsueflileMy CHATHIO Brpo-
HOEHMA, 9T0 CXEeMATHUCCKH Toxaiano ma puc. 1.9 Ecom 3d-uom maxonwres
B TETPA3NPHYECKOM OKPYRCHHM JIMFAHROS, TO NO/IOKCHHUS YDOBHEH HHBEDTH-
PYIOTCH, T.€. HIDKHHM YPOBHEM ERISCTCH ¢y, & BOPXHHM — by,

B kpucTanmrucckOM TONE cpeiMedl CHAH, KaK YXKE COTMETANCCh, Hope
Boe rpapiio XyAaa (T.€ MAKCHMATeHWE CNUH) BHNONHACTCH, M TOITOMY
FOBOPSCL, YTO ATOM HAXONHTCH B BRICOKOCHHHOBOM cocrostunm, [ins sroro
cHYRA paclien/icHHC YDOBHA NpM OXTEIAPHICCEOM OKPYKEHHH C yYeTOM
OPHEHTALMM CNMHOE CXEMATHYeCKH npefcTasneso Ha pue 1.10,a Tocme-
HOBATEALHOE 3800IHEHHE PACIIEIACHHMX YPOBHEH MIEKTPOHAMH TOK33aHo

~wa puc 1.1l Pacwennenne 3a ¢HET 3NEKTPOCTATHYSCKOTO BISHMONEHCTBMA

MEEY HACKTPOHAME OTPEHEHO HANpasieHueM ¢Tpefiox (emmnoe). Crauana
JAMOTHAOTES )~ # € -yPOBHH C ONHHM HANPABICHHEM CIMHOB, & 3aTeM yKe
€ NPOTHROTIONOMHEM.

Hum cambhoro KpMCTAZUNMECKOrO MOJA  PasliciieNne [OKa3aHo Ha
puc. 112, ¥ ma pue. 113 npusegeno coorecTerByiOliee pacHpeacsienHe
BEKTPOHOB M0 Ly~ M e,-YpoBraM. Bunuo, =170 mpasmsio Xyuna HapYIHaeTes.
[Tocne 3amosnenys HANEHIMETO t,-YPORHA FBIONHACTCA TAKAE ty,"YpoOBEHS,

€ 4.2
4 / 6Dg da
-A4Dq d .
Hon 8 oepn- t
HCCKH 0B [Tgne s [: S0 Y
METPRIIOM  xyfimueck
none e:meng: Eoem pu- . fTone rerpa-
CHBMETDHE CHMMETPHRE
a < 56° sari

Puc. 1.9 Pacisennenne ypubsia d-wIEKTPOHA B KDHOTARIHYECKUX NOAAX PESTHYHOW
CHMMETPHH



22 Fhasa 1. ATOMHbI MErHeTHIM

HO ¢ APOTHBOTIONOKAEIM HATPARIEHMEM CIMEA INEKTpoHa. Taxue COCTOBRNS
HOHOR HA3BIBAICTCA HIOKOCITRHOBHMY, 1 BANEHTHOCTD B 3TOM C/iydae 05O03HA-
ugerca pumcxumy wndpamn, nanpemep Co'', Nil'l. 3ameriv, yro Co™ ke
ofianacT MArHITHED MOMEHTOM,

3

O

N
U

Pac. 110, Pacwennenye ypobtich d-000n0WEs 38 CYET BRYTPHATOMBOIO J/IeKTOCTR
THICCKOTD BIaMMORCHCTENR MENNy a/iexTpoamil B felicrens xybuecckoro wpucran-
RHYECKOTO DONA Cpenwell Cm (3HAKAMIT «+7 B €~ OTMERCHE GPOTHBONGIOKHHT
OPHEHTAUME CTIMAOE)

o - -
R

=5
(=]
==
-
=]

=
1
i i
W T
i i
4 5

1] 1] [ O
1 T ] I T
g o L ] ] [
anexrpe- 2 3 6 7 8 9
Bon
¥
mpenmx 1 2 3 4 5 43 2 1
Opbirrasms-
HoeBH- 3 3 1 2 ! 3 3 1 2
poxaeHme

™ vV o MY e o N G
™ vV o M R Y N
Mn

Pue. 111 Pactpenenenne 36-30eKTPOROB 110 by ¥ E,-YPOBHAM RPA BHICOKOCTIHHOBOM
COCTOSHUR
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TeopeTHiecKHil aHATH3 BJIMAHKA KPHCTALTUYECKOTO TIONA 0OBIYMO HAYH-
HaeTes ¢ TEOPETHKO-TPYMIOBArG PACCMOTPEHHA, KOTOPOe H3 coobpameHHi
CHMMETPHH TO3BONAET NOJYYATH IKNaccuHKAUHIO ypOBHEA, HX paclienne-
Hue NpH TIOHIDKEHHM CUMMETPHM, OHAKO HE MOXET npeackas’aTe MOPAROK
CNENOBZHHA YPOBHEA M BEAHMHMHE! pacuIensienHt.

Crienyet oTMeTHTh, YTo CYwecTeYeT PyunaMenTanbuas teopema Kpamep-
€a, COMNMAacHo KOTOPO# NPH HEYSTHOM YHCNE 2NEKTPOHOB KPHCTAILTHISCKAM
roNeM BHpOKIeHHe NMOMHOCTbIO He cHuMaeTcs. OcTaeTcA NBYKPAaTHOE BHIpO-
HIenHe 00 CHMHY, KOTOpoe MOXKET OHTh CHATO TOJIbKO MarHHTHBIM ToJTeM.

eg('")

)

M
W

(M

OnexrpocTaTAveckoe Cunmbnoe

R3aMMONCACTRRE KyGiaeckoe
MOKIY AICKTPOHAME  KPRCTR/UIHIECKOC
none

Puc. 1.12. Paculennenrie yporHeill d-o60n0YKM B PEIYALTATE INEKTPOCTATHIECKOTD
BIAMMOAEHCTBHA MEXKIY 3EKTPOHAME H AeHCTBUA CHABHOTD KPHCTAUTMYECKOTO NonA
{dHAKAMH «+» ¥ «—» OTMEYENbl IPOTHRONONOKHLIE OPHEHTALNE CITHEOR)

OO0 O ammm
T I e e A

=[]

1 t) H t)

by el B3 el I I o HE - 4t

1 1 t t] [y [t

YUneso 1 2 3 4 5 6 7 g 9
AMEKTPOHOB

U5 mux e- 2 3 2 1 0 1 2 1
CIIAPSHHRIX

Puc. 1.13. Pacnpenenenne 3NeKTPOHOB MO fy- H €,-YPOBHAM 0ODH HHIKOCTIAHOBOM
COCTOAHHH
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PaccMoTpuM Tenepb, Kak sauser KyOHMECKOe KPHCTAUTMYECKOE Mnofe
ORKTAMPA H3 MarHTHHE CBOMCTEA 3d-MOHA B BRICOKOCTTMHOBOM COCTOSHHH,
H HayuMem ¢ OnHoamexTpomyore mpubawmenwn. Jlmm cpofonmors uosa
pce dywxim {1.27) supowgend. Mowao Gparh ux mofyi nuseliuyo
xoMOHMalHIO, H OosToMy BOSMOXHo moloe smavewne [, M3 [HCKDETHO-
ro Habopa m; = —2, 1,0, 1,2 B xpucrannuMueckoM nose SHDOKICHHE
dyaxumit (1.27) yacTHyHo cHuMaeTes, OHM DACTANAIOTCA HA 0BC PYNML.
Teneps yae MOKHO KOMOHHAPOBATh TOABKO B NPEACNax IPYNIs, T.¢ Opath
KOMOMHALHH Ly ~OPOHT H OTHEIEHO €,-0pbuT. B nepsoM cayvae xoMGrnaumu
d,, +id,, npaseayr k dysxumy ¢ {1,) = 1. Bee apyrie xomburanmus d,
d,, ud,, panyr () =0, Tax xax QymkumE ¥, w ¥_,, 2 TAKKS Y,
H ¥_, BYRYT BXOOHTS C OIMHAKOBHM CTATMCTRYECKNM recom. Takum obpazos,
TOBCICHHE DIICKTPORA Ha Ly,-YPOBHE COOTBETCTRYET SHOCKTHEHOMY MOMEHTY
' =1 ¢ npoexiwmamn m,, = +1, 0, —1, T & sKBHBANCHTHO p-aaekTpory. Yro
KacaeTCs INEKTPOMOB HA €, -yDOBHE, TO OMEBHEHO, 4To moBue KomGuua-
umn d o- 0 d o -yt npusenyt x (1) = 0. Crenosarensuo, s costanmuy
CPENHErC OTAHMHOTO OT HyiIf OpOHTANGHOrO MOMEHTA YHRCTBYIOT TO/LKOD
ANEKTPOHBL HA Gy -yposHe, TlooMOTRIM, YTO NPOMCXODUT NpH TiOCnenosa-

Tephom anomscrm 3d-o6onouxa {em. puc. 1.11). Jng d'-kondarypansn
wgﬁma.rxmue BMpOKACHWE DABHO TPEM, KaK 3TC yKe oTMewanocs. Jas
d -gkondurypaury opluTalEHOE BHPOMKESHUE TAKKE TPEXKPATHOS (AWpKR
MOKET MMCTH TPH 3Hawenvsa 1, ). Kowurypamn & coormercrayer opbu-
TANGHBIE CHHONEYT, U opGHTANBHNA MoMET 3aMopoked (BOE Tpu 3HAYCHHS
m,, vicnomssosann). Konburypamam d* coorsercreyer opburanbrui nybrer,
HO OpOMTAJNBHLT MOMEHT BCE DABHO 3AMODOMCH, TaK HaK veTBRepTHA
BCKTPOH HAXOIHTCA HA €,-YPOBEe. Tlpu Koudurypamuw 4* Hon Haxommres
8 S-cocroanms u L = 0. [py sanonsessn gTopofl momosuss 3d-obonoyxa,
T.€. BEPXHMX Ty~ H €,-YPOBHEA, [OCCNOBATENBHOCTE HIMEHEHHS OPGHTANE-
HOTC BHPOMICHHS TAKaS KE, KBK ¥ OPH JANOIHCHUM NepRoit [ONOBHMEL
Takum obpazoM, opGHTATHHBIE MOMEHT HE 3AMODOKER TOIBKO B chydae
TPeXKPATHOTO OpOHTANEHONG BHpOXKICHHS, YTO COOTBETCTBYET KOHQHIypa-
upsm @', d2, 05 w o7, Jinn ocTamBMBIX KoH(urypaimit opGUTANbABIE MOMEHT
38MOpIOREH,

Juepras  cneR-0pOATANLHOTO  Bl3auMonelicTBHS  Wps  OTpHLATENBAAR,
# Beronsee, wrobGn opburaneubifl Momear Own Towrosty, ecnst arom ne
HAXOAMTCH B S-COCTORHNH, HMEETCH MCKAR KOHKYDEHIMA MEKIY KpPHOTRIN-
YeCKMM MOACM, CTPCMSHIMMCE 33MODU3HTE OpOMTAALHEA MOMEHT, M ChMH-
opfitTabHBIM  BIBAHMOReHCTBHEM, 118 KoTopOre OpOHTANBHBH  MOMEHT
HeoGXoNHM H KOTUPOS GOITOMY NPENSICTEYCT NOAHOMY 3AMOPRACHBANMIIG Op-
BSuTansnore movedTa. B peaynsTaTe opOuTANbEBA MOMEHT MOMET OKANITLCA
HE COBCEM 3aMODOMEHHDIM M SHOCATE KaKOW-TG BKIAT B MArHHTHBIR MOMEHT
aroma,



[ naga

JlmamMarseTH3m
H MapaMarHeTH3M

2.1, [Imamarmetnam au1exrponnol ofosouxn aromos

HelcTede MarHATHOTO TONA Ha ATOM, ¢oMit OH oONafacT MarHWTHEM
MOMEHTOM, B REPRYIO 0USDEIL CBOOHTCA K CTPEMITCHHIO MATHHTHOIO MOMENRTa
OpHERTHPOEITECR N0 TIONI. 3To #BAcEHE OyleT pacemorperc B 0. 2.2 He
NOMHMO TAKOIC BIZHMOEHCTENS MATHMTHOS N01¢ WIMCHIET IBHXKCHAS HOEX
SACKTPOHOB B 2TOMC HE3ABHCHMO 0T TOro, B KakoH obomovke INeKTpoH
HAXONUTCH,

PACCMOTPHM NPOCTYIO KNACCHHECKYIO MOLEML [(BIDKCHUA JACKIPOHA BOK-
pyr anpa (puc. 2.1). B 0TCYTCTBAE MErHMTROPO NOJK MMEKTPOH ¢ Maccol m
neMAKeTCA N0 Xpyrosod opbute paamyca B ¢ JMBedHOH CKODOCTRIO Vg,
COOTBETCTRYIONIEH YIHOBOR HacTOTEe Wy, NPA 3ITOM UeHTpobeAwas CHia
F, = mv}/R YpaBHOBEIIUBAETCA CUION KYNOHOBCKOND NMPUTSOKEHHS 3EKTPO-

g k aapy K, Te
o mv% = mwiR = F, e
R - i - K% Ei"

Flpn sxmouennn nons H ra 31exvpon neficTeyeT rakoke cama Hopesua

(2.1

Fq= -.Z- v x H, (2.2)

KOTOD#S MaYIpagacea & TY XC CTOpOHY, yTo H uexTpobexnan cung Te-
Neps KYNOHOBCKOE TPHTDKEHHE YPIBHOBCIMBACTCA CyMMOH LeaTpobexHoil

‘H

Puc. 2.7 Cumpl, NCRCTBYIGHIHE HE INEKTpOK
B @TOME 8 JPHCYTCTSHH MArEHTHOD NI0NR
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H nopentesckol ot Ecom npeHeOpeds HaMeHeHHEM panyyca opGHTH nps
BKJIIOYECHUH TIONA, T.€. CYHTATH HEeMIMCHRHM KYROHOBCKOE NPHTHKEREES, TO
H3 YCAGBHN PABHOBCCHA CHIY HMEeM:

mef  mv?t e

il AT AYY o 8 ,
R R c @ 3;3
fHE ¥ — <KOpOCTE NICKTPoHA Toche BKIKHYeHdn noxs. [Mocne samewmsd
v = @R nomyysm -
2 eH
w* + W W= 0. (2.4)
OTKYAS
eH el 52
om - S .
me 2:;:6) @ (23)

3neck wy = e/(2me) - 10° pag/c, Takmm oBpasoM, B moCTHKMMEX mOfsX
eH[{(2me} < @y ¥ MOAEHO CHETATE

eH .
W g — 2.6
0~ 5 (2.6)
Cornmacno Teopeme JlapMopa seorytidecst 3apagsl TPH BKUIOUCHIE MAFHAT-
HOTO ITOJH COXPAHRIOT HCMIMCHHLNM XapaKrep SRIDKCHMA B CHCTEME KOOp-
IMAaT, BpaliZIOMCHCE C TaK HAMEBZeMOH napMopoBofl HacToTOoR W paBHoR
Kak pa3 Bropomy wieHy B (26). Ecan nssoxesse 3MEKTPOH3 no opOHTe
CBECTH K TOXY /, OXBATHBRIOHIEMY [Ulo@ih 5, TO COIAABACMMIN ITHM TOHOM
MATHMTHE MOMEHT i MOMHO 320HCATH KBK
AR = R 2.7
eT o2 '
3nece T — muepuon ofbpatiensst snexrpona Ra opbure. [lpuwmman so
prmvaine (2.6), u3 (2.7) nomyynsm

’uz

eR? eiR?
#Z—ﬁwﬁwwﬂ. (2,8}

Bropo#i wien 8 (2.3) ecTh M3IMEHEHHE MATHHTHOrO MOMEHTA B Pe3yns-
TATE AeHCTBHA MAPHUTHOTS NONA. 10 H3MEHSHNC NPONOPLUHORANbHO ROTIO
K MPHROAMT K YMCHLIUGHWID MarHuTHoro momenra. [lpyramu caosammy,
B PE3YNLTATE NPHAOKEHHS MATHHTHOIO NOJA BOIHHKICT MANHHTHAIR MOMEHT,
HANPABICHHLH NPOTHE BOAR, JTO ABJICHHE H HAIMMBACTCA SUAMATHETHIMOM,
¥ 0HO WPHCYIE BCOM SNeKTPOHAM, Haxepmupmcs B moboR oBonguxe.
HAsnense BEAMATHETHIMA MOMHO TPAKTOBATL KAK NPOHRSCHHE INCKTpOMAr-
HUTHON mHnykusd. Corsacao npassiy Jlenmua npe sRAMSNHH MATHHTHOTD
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NONA BOSHAKAIOT TAKHE H3MEHEHMH TOKOR, KOTOPble OPHBOAAT K CO3NAHLIO
MATENTHONG MOMEHTR, HauPaBACHHOTD APOTHE IR

Haitnem Teneps MarHETHWE MOMeHT eimppunm ofbema memecTma, T.e.
HAMArHAYEHHOCTD, 8 TAKOKE MATHHTHYIO BocHpiiseocTs. B (2.8) K2 ameer
CMEICH CPERHErD 0 BPEMCHH IHAYCHHA KBANpaTa PacCTONHUA MEKTPOHA OT
ocH, copmagaomen ¢ anpasaenueM H. Ecny 3a 31y oCh DpRuATS Och 2, TO

RE=xT4yl (2.9)
Jna chepugecxy cummerpuinoi obonoskn
x? =yl =22, (2.10)

Myers pannye takod oboxouky r. Torga, yourhiBan

P2=xiyi4? (2.11)
K paserctsa (2.9) » (210), nonywam
=172 - {2.12)

0O503u39MM [MaMATAUTHY® YaCTs MATHHTHOIO MOMERTE Repes ,ien. s (28}

A (2.12) nomyuum
2,3
er
= ——H, 2.13
H.ﬁ 6!?%? ( }

Jro MarHATHWA MOMECHT B DACYCTE HA OAMH IEKTpon. ECAH eeliecTBO
COCTOGHT H3 aTOMOB ORHOTO COpTa M B 0DOROYXE KAKIONO ATOMa HAXOAATCA
T JJEKTPOHOB, TO [MIn IKVIYNEHNHA MACHUTHOTD MOMEHTA OJHOIO STOME HAND
npocyMMuposats (2.13) no BCeM 2ACKTPOHAM H ALIA NOMYYCHNA BaMarHHyeH-
HOCTH M YMHOKUTh 9Ty cyMmy Ha N — MHCIO aTOMOB B eqdnuge obbema.
Takum ofipaiom,
i=z .

ri. (2.14)

i=1

_e’NH
6met

CoOTBETCTRERHS, BN MATHUTHOH BOCIDUHMYHBOCTH ¥ HMeeM

1=g

2N —
g NS 2.15)

1o TaK HasMBaeMan opMyna Jlamienena.
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MarssTHan BOCHPHMMMHBOCTS, fapaeMan Gopmyacit (2.15), — senmisHa
SespaaMepran. OHa cooTeETCTBYET SAUMALE obeMa BEWIECTBR, W TEKYIO
BOCHPHHAMMHBOCTE MOMKHO Ha3paTk obpeMHoi. B 3xcnepumenrax nerwge
DUPENCTATE Maccy ofpaiua, weM ofboM, NOITOMY 1AIUe TPUBONHT MATHITHYR
BOCHPHIMMHBOCTD, OTHOCAWYIOC K EHHHUE MACCH X, = X/p, e p —
IIOTHOCTE Bewgectsa. HMenonyayioTed BOCNPHAMMHBOCTH, COCTBETCTEYIOMHE
ONHOMY MOJK (MOAPHHE) XM, 2 TAKKE FPAMM-MOHHBE (Y] W TPIMM-
aToMHbie (¥, ).

KRANTOBO-MEXAHHNECKRA TCOPAN NHAMATHETHIMA [UTH 2TOMOB CO Cheprye-
CKK CcuMMeTpHuHoR ofonoyxoft JaeT A8 AHAMATHHTHON BOCTIPHEMYHBOCTR
dopmyny, cosmapaiomylo ¢ (2.15). JivamarduTHag BOCTPHMMYHBOCTS HEBE-
nuKka — nopamka 1075 Ecim arom ob7apaeT MAryMTHREM MOMENTOM, TO,
kax OyneT [OKA32HO B CACHYIOUIEM [APATPagE, BOCIPHEMYHBOCTS, CBASANIAA
€ CPHEHTAUMEH JTOr0 MOMEHTA MAarsi¥THEIM NONeM, HE ABa nopwaxa Sonsie,
[103TOMY BHAMATHETHIM IEKTPOHHKX OBOMOMEK B ITOM CNy4ae DACT JIHIbL
MANCHLKYIO NONPABKY K CYMMAPHO! BOCHPHIMYBBOCTH, Mewmouennn covran-
AAET TRKCTLE ATOMB, ¥ KOTOPHX Onarogapa DombuioMy 4ucHy SNCKTPOHOB
BHAMSTHATHAA TONPABKA MOWKeT Aoctarate ~ 10%. Ecine aromsl sewmiectsa
He O0MafAKT MATHATHHM MOMEHTOM, TO GAHUHCTBOHHEIM HCTOUYHHKOM MEr-
HHTHOW BOCHPHHMSMBOCTH ABJACTCA NHAMATHETUIM M BEINCCTBO HAIHBASTCA
araMarpeTHkoM. duamarscruky, TakeM obBpazoM, HMEIOT OTPHUATEIBHYIO
MATHETHYIC BOCTIPMMMMHBOCTE H, C/IGHOBATC/ILHO, HAXOHNCh B MAFHHTHOM
noie, 0BIaNAI0T HAMATHINEHHOCTHLY, HATIPABIICHHON OPOTHE NONS.

JABUCHMOCTE BOCTIPHMMYMBOCTE OT WHCIHA JACKTPOHOB ¥ PAagHyCOoB HX
opbuT ccofeBio XOpOWO BEAHA NPH CPABHEHHH BOCHPHEMYHBOCTCH pRia
EHEPTHNX Ta30B @ H30ICKTPOHHEIX UM HOHOB TANOTSHOE M MIE/TO9HBIX
METAIUIOR, BEMHNBHH KOTopuX IpHeeneHw B 1abn 21. € ypenuuenuenm
HACAA DPEKTPOHOR B CronBuax pacteT ¥ BocuprMMuUKMBOCTh. B crpoxax,
| COUTBETCTBYIONIMX HICHACKTPOHHRIM obonouKas, Hanfovibiuay BOCTPHUMYH-
BOCTh Y OTPHUATENLHO SADHKEHHAIX HOHOB-HIEIOMHEIX METAIOB, 3 Y ATOMOB
MHEPTHHX 12308 — TPOMERYTOIMbIE BEMHEMHLL TaKoil XapaKTep WaMeReHps

TaGmma 2]
MargsrHbie BOCODHUMMHBOCTH: TPAMM-HONNLIE {¥,,,) — HONOB fATOHAOB
¥ rpasm-aToMese () — WHepTHRIX raj0s

Hon | Zas- 10° || AToM | gy 10° (3KCnep.) | e 10° (pocier) | Hot | foom - 10°

- — He 202 1,83 Lit 1,0
e 91 Ne 1.0 57 Na’ 68
- 23,4 Ar 12+ 19 18.% K' 145
B~ 35 Kr 2R+ 29 3,7 Rb* 22,5

i 5086 Xe 42 + 44 48,0 Cs* 350
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BOCIIPHHMYHEOCTH COOTBETCTBYET YMEHMUCHKIO PAANYCOR 3/IEKTPOHHKNY B0~
NOYEK ¢ YREIHUYCHMEM JApHNE AAPA OT BOHA ranorefa kK aToMy HHCPTHORD
raa ¥ Oaiee K HOMY WlefodHoro MeTanna JLia HOHOBR WHEPTHHX Falos
B Talm 2.1 yKa3apn Tarke PACHETHHE IHAYCHRA BOCOPUEMHHBOCTSH, 110-
nyuetnvie Chsrepom. BHaNo X0Opoiiee cornackie TeOPEH © 3KCIEPHMERTOM.
BReNopMMEHTANBHEE IHAYCHER BOSIIPHUMUEEOCTEN 174 HOHOB DONYHCHH
M3 MIMEpeHHE CAIOTEHMACH mlenodNkX Meramios, wanpumep NaCl, KCl
U TR, ¥ ORPEACACHHUS BOCTIPHMMMHBOCTH, NPAXORAMCHCE He ORMH TOT WK
PHOI HOH, B APEANGANKEHHH, WTC BOCOPHMMYUBOCTD COMH PaBHA CyMME
BOCTIPBHMYHBOCTEHR COCTARIMOIINX €€ HoKoB. [{Ns ARIMarHeTHKOB CIOKHOTO
cocraBa xopolto ceda 3aperoMennopana dopmyna, nipepaokennas [ackanem:

Ang = Znéxﬁi +2. {2.16)
i

3nech xyy -~ MoMApHAE BOCHPHHMYMBOCTD COSNMHEHHA, COCTOMUWIETO H3 i,
4TOMOB {-TO COPTA; X, — OOCTORMHAR [IacKANs, UMEOIAA CMBICIT ATOMEOR
BOCUPUMMYHBOCTH 3TOMOB /{-IC COPTA; 1 — [OCTOSHMAN, S2BHCAMAY OT
IIPHPORK Conlell MOXKIY aTOMAMH.

NocTosunbie Hackais OTMAMEITEE 0T COOTBETCTRYIOMMX ATOMHBEX BOC-
GPUAMYHBOCTEH TPOCTHIX COGNHHEeHHH, HO OHM HEHIMCHHH B NPENEnax
TOFO MIA HHOrG KAacca pemlects. hopmyna [lacxans ocobenso wacto
HCTTOJILAYETCA IR OPTaHHICCKIMX CoSaMHeltuil. )

ATOMHAA MATHETHEA BOCIPHHMMUBOCTH OMAMArHeTHEOE B razoodpasHoM
COCTORHMM OT TEMICPaTYPH HE 3ABHCHT. ¥ HenOMupHBIX MKHAKOCTEH Tem-
nepaTyoupil  koaddumpent ouchs man. BocnpuuMmumgocT: 3aMeTHO Me-
HESTCR NPH MIMEHEUHR arperaTHore cocrossms. Tak, y somw npu 0°C
Xo = —0,716 - 107%r~}, a y maa x, = ~0,700 - 1076 01,

2.2. IlapamMarneTnsm

2.2.1. Tlapamarsieraam cBoGOXHbIX ATOMOB

PaceMOTPHM KAACCHMECKYR TeopHio napaMarieTHoMa {Jlawkepen, 1905 r)
TMyetb BMeeTCH HICANMSHRIR Fa3 MATHMTHBEX JHIOACH ¢ MATHHTHBIMA MOMEH-
TAMH [, ¥ xoruedTpammeit N. Tlpe srom s3auMoeficTeie MEXTY OKOOMIMYE
ABHO HE YHUTHBACTCA, HO CIUTACTCR, MTO ZHIOMM YHECTBYIOT B TEONOHOM
JBVKEHHM U 1pPH CTORKHOBCHUAX HBIIDABACHUA MATHUTHMX MOMEHTOB MCHS-
wores. Ecnu Tako#t ra3 MarunTHbX AEBOEH HAXONHTCA B MarHATHOM Noe, TO
KaRAMY (nrone o6ranaeT noTeHUWAMEHOR JHEpTHEN

U = —ugH eos 8, (2.17)

e 8 — yron mesay gy b H. Jlomyeris, wto s pacnpeneaerna qunonedl no
IHEPTHH BHNOIHAETCR cTaTheTHr? boaspmana. Torma mepoarsocTs Tore, 470
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Puc. 22 Tenecusie yr $2 u 452

AHMOML HATMPABNCH NOO yriom § K HImpasAenMio NONA, HPONOPLMOHAAbHE
e TUIKT) o o eosOiT) o pacol  pne g = g H)(kT). Bepowtnocts p(0)
HAXOKEOEHH® JHIOAR B TeaecHoMm yrne 453 (pwe. 2.2), r.e. 9re guRONG
COCTAaBJSET ¢ fofes yrod s untepsae 6 u 0 -+ 48, pasua:

0G0 ¢8O sin 640

@ o ;
Jerotd8 R aomonn sngao
[

pid) =

(2.18)

[ HaMarHEYeRHOCTR M, Te. MArHBETHOID MOMEHTA elunstun obbema,
EMCeM.

= fe°™® cos fsin 6 ¢@
Mmpﬂﬁésémwfcssépig}dé?:pwe = -
S fe4=s®sin 9 do
0
(2.19)
Beeaem oboznanense x = cosf, Torgs {2.19) upuMeT BUA
+1
J e™xds
M = N~ (2.20)
f &% dy
-1
roe
+1 )
e dr = - {e“ - &%) {2.21)

-}

Ilnn onpeneneuus uHTerpana, croawers B uucamrene (2.20), nponnddepen-
unpyenm (2.21) no a:

1 i
d

6y .. ax ml 3 i _‘L < —#
EE/E dx-fa xdx—a{a +e )««azie +e7 ), (2.22)

2 M
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M3 dopmyme (2.20), yuurmsaa (2217 w (222}, wim HaMarHHYEHHOCTH
BOAYHUM,

e +e?

M=V ( S - ) N (tha - ) = pNLa). (223)

Pymams L{a) umusaeren dynxumert Jlamxesena. Ilpu a — oo, uro
COOTRETCTBYET CHYDAI0, KOTA MATHHTHAN SHEPrus MHOTY GOMBile TENNOBORH,
L{ag)y — 1 ¥ M =N, T.e. Boe avnonw Hanpasness no nomo. Ilpy xkom-
HATHOH TeMNCPATYPE TAKOT YCIOBHE Dbl HENOCTHKHMO, T4K KEK NPH
MAFHHTHOM MOMEHTE B iy Heobxomumo mone mopsyka 1083, Ho mpu 1K
ppH (kT ~ 1 yxe npn 10°3,

Tpu yenosun g < | dysxume L{a) MOGKHO Pasioxuts B pAa

I 1 a a | I
Lay=cha-g=ot+3-g+t-,%3 %W
Torzga ans HAMATHHYEHAOCTH AOAYYHM
_HgNa N .
M= T AT H, (2.25)
3 VIR BOCHPHHMIHBOCTH HMEemM
2
mN _C
A=RT =7 (2.26)

ra TeMNEPATYPHAR 3ABHCAMOCTE BOCHPUHMYHBOCTH NPENCTABREHZ Ha
pHe. 23 n sasssaerce zakonoM Kiopu (1895 r), 2 xooddumment C — no-
croanuoi Kwopw, QOpaTHas MarsEHTHAA BOCNPHEMHMHBOCTL JTHHEHAHO 3BACHT
OT TeMIEpATYPH, TPH ITOM YTON HaKNMOHA ONPEIEAseTcd BenwsHpamu N

e

Puc. 23, 3asucumoctst OT TEMNEPATYPH MarHut-
HOR BOCHPRUMHHBOCTA H ¢¢ ofparnofl penWuMHu
ANS AAPaMArHETHRA L F
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K ty. 3akos KiOpH nO3RoAYET 00 SKCNCPHMCHTANLHEM NAKHEM M H3BECTHOH
KOBUCHTHAIHMH MACHATHRX FTOMOBR oupmﬁnm WX MACHATHRIA MOMEHT.

Tax KaK Hd CAMOM RENIE AN MATHRETHRX ATOMOE WMEET MECTO pOCTDam-
CTRCHHOL KBAHTOBUHHE, TO HeoBXOUMMO PRCCMATRHBATL HC HETPEpUBHOL
pacnpeleniedie MarHWTHHX Oanonci N0 HAOPABACHMIK B NPOCTPAHCTBE,
4 BOAMOWHHIC JUCKPETHBHIC OPHEHTSUHH, OUPCIEIReMEE YCIOBHEM BPOCTPaN-
creenHore xBaHToBanu (1.21). MoxHO CYHTATD, YTO, KAK # B KNACCHYECKOM
cAydae, CIPARSVINES CTATHCTHYECKoS pacnpeneiicawe Boseumana, Dueprag
aTOMd B MATHETHOM HOJG ONPENSARETCHA TEHCph MArMHTHEMM KBAHTOBLIMK
yucaaMu M, W papHa

U= —gupMH. (2.27)

Jimn BWIMCNEAHA HaMATHHICHHOCTH MOCTYNAeM TAK K€, KaK M ApH
KAACCHYCCKOM PACCMOTPEHHE, HO RMECTD MHTEIPHPOBAHMS e BCEM opH-
CHTALUAM MAFHUTHOTG MOMenTa DYNEM CYMMRPOBETH MO BUEM BO3IMOMKHBIM
snasennaM M. Takum ofipasom,

My=+4id
M? ;Mj explg juigh,H / {(kT)]
M= gueN = =
Y. explz M H/(ET)}
My=m i
TN BT IS B 1
- g,,uﬁm( 57— oth a5 th -ii-a) = g MB,(a}, (2.28)

roe a = g up/H/(kT) u B,{a) — dynxumnsa Bpunmoaua. B cuaesnx nosinax
H MpU HE3KHX TEMOEpaTypax ¢ — oo, ¢th(.. .} — 1 w B;{a) — 1. B wrore
Opy IQAHOM HaChHUCHHM

M = g,uxNJ. (2.29)

BenyunHa HaMIarAWUCHHOCTH, onpegcsmeman dopmynoi (2.29), orma-
eTe 0T ROAyHenbol Npn  Kiaccwveckom paccMoTpetivn. B mocnennem
CIyMAe [ MAPHWTROIC MOMEHTA 2ToMA criedyeT OpaTh BeayusHty, JaRacMyio
hopmynon (1.18), ¥ Torla niu HAMAPHHYCHHOCTH EMEEM

M =g pNVIT + 1), (2.30)

B rex cayuanx, KOFAA HMOHM y XPHCTANIA HAXOAHTCH B S-COCTOANHM
WiH OPONTANBHLIN MOMEHT 3aMOPOKEH, IKCTIEPHMEHTATHHBIE NAHHEIE XOPOULO
cormacywres ¢ dopMynoi (228 {puc. 2.4) n HaMarHMHYCHHOCTy B Mpenene
CTPEMETCH K BETHUHEE, fasacMolt dopmynol (2.29).

Tipe ¢ <« 1 dyaxmuo Bpuamoans MoKAO padiokuTs 8 Pai;

Al I+ 1P+ 20+

- o a+ (231

By(a)
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Ecnv ooTasHTh TOABKC NIEPBBIA YNeH, To w3 (228) ans MarsuTHOH BOCTIpH-

HMTHBOCTH MMEEM: I + 1N
= 84
yo= SR L Ty (2.32)
J7a dopmyna cosnanser ¢ SopMol {2.26), nodydeHdol PR KIACCHRECKOM
PECCMOTPCHUN, CCIH PMHTETE, YTO MbperTHRHEA MATHHTHAI MOMEHT aaet-
en {1.19).
B cayyae echu BOH HIXOOHTCH-B S-cocTofunm swin OpGHTANBHBIH MOMEHT

SAMODPOKEH, s
_4piSs L N (2.33)
3T ’ '

flps OpupeseHHOM BLIHG DACCMOTPEHHM CYMYAETON, 9TO BC¢ ATOMH
BAXOHRATER B CCHOBHOM COCTOAHNA,

Uty
? B ™ & T T i ?
ek m | 5=} e
6 & :
5 ,
"[ < PRIPIETEN
s £
3 To— 3
Mx”’ 1| $=5™
2 &
o 130K
A 200K
1 x 300K
o 421K
0 10 20 0 H/T, 108K

Pic. 2.4, Kpupie HamariuauBARAs (APaMATHATHHX COMEA, [ — ZPOMO-HHKENCHHIC
KBactp, {f — Wencic-aMMotHeBpe KBacts, 1 — ruapocynsdar ranonvena, Jxens-
PHMEHTAABHLIC TOHKIS CHATH PH PAATHSHBIL TEMIEPaTYpax: O — 130K, A~ 200K,
¥ - 300K; ; — 421 K] cnacuisse RPUBHC — TEOPETHAECKHE, BHISHCNEHHKE GPY
nosoum Gyrkurit Bpanmosna {Henry, 1952

2 Yok, 3507
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CTporas KBaHTOBO-MEXAHWHECKAA TEOPHA NADAMATHETHIMA © YHETOM
BoIGYACHHEE cocTomnunl Onna passurs Ban Onexom [Van Vieck, 1932}
B NPEATIONOKEHNY, YTO HCPTHA, ODYCIOBNCHHAA MBTHHTHMM [ofdeM, Mana
00 CPABHSHHIO © PacCTOAHMAMH MEXGlY HEBHDOKIACHHEMH ¥POBHAMH 2T0M3,
a TAOKE N0 CPABHCHMIO' © TeflMoBofi asepracht (upH <« k7). Maruwmyan
BOCTIPHHMYMEBOCTE COTMIACHO 2Tofl TEOPHE COCTOUT H3 CYMMH TpeX e
HOB. OPHCHTAUMOHHOIC MapAMATHCTHAMA, TMAMATHCTHIMA ¥ TZK HAILIBaCMO-
1O TONSPAALMORHOTO TIApAMArHETHIMA, NI DapamarneTisma Baw Pnexa,
OpuenTaionnas Y2CTh MalHMTHOR BOCHMEIMYHBOCTH ~— 5T0 T4 H4CTh,
KOTOPAHA CBA32UA € OPHEHTAUMEN MArHHTHOMY MOMEHT ATOMA, HAXOININErols
B QCHOBNOM COCTOSHMH, ¥ 3TOT 4NeH coBnapaer ¢ gopmyrof 3akona Kopn.
Yner, coorBeTCTRYIOIME AUAMAIHETHSMY, COBIANaer ¢ dopmyact, nomyyeH-
Holl PHIDE W3 OpOCTOrO KISCCHYCCKOrD pacomortpeuns. Tpetsfi wicH maey
ROAGKHTENBHRA BXJI0X B METHHTHYIO BOCHPHHMUHBOCTE H, CHEHOBATEC/IBHO,
COOTBETCTRYCT MapaMATHETHIMY, T3 Y2CTh BOCMPHEMYHBOCTH HE 32BRCHT OT
Temmeparyphl. Honapusanvonunfi aapavarteTsm obyenories nedopManyel
afexTpornoR ofosouUKM ATOMS MM HOH2Z THOR JeHCTBHEM MArRMTHOTO DOJA
H HMEET MECTC B TEX CJIy4asX, Korla Mexrposnas ofonouxa we cdepuieckn
CHMMETPHTIHIY M8 Me HMECT OCH CHMMETPHM, coBnajaiuel ¢ Hanpassic-
HEeM Nodsis, C ToYRM 3PSHEA XeagTosofl MOXRHMKR BamdacEOBCKHMI mapa-
MarueTa3M oDYCHoBIeH BHDTYANGHEMH MEPEXONaMH MOKILY BHEPreTHUSCKU
HAMHP3WWM COCTOREHEM 11 H BO3OYKNEHHRIMH cocToNHMAMA #'. DopMyna nan
COOTBETCTBYIOMIER BOCOPREMIHBOCTH HMEET BRI

Zrse = 2;@}: i ﬂIM; Iﬂ’} . (2.3)

#l=1

3nece N — awcno aTomos, E, H E,; — 3HEprua ocHOBHOrO M BOABYmMaerHOTO
cocToaMult. CYMTAETCA, 9r0 MONE HANPABAEHO OO ocH z. BKiay kaxnoro
qnena B cymme (2.34) Tenm Gonewse, Yem MeHpme passoc sweprall £, — E
Ecne mer Tenfopore BoalyGeHds BHINCNORAUUIX YPORHeA, TO ¥ppe HE
3BHCUT OT TemnepaType. Knaccuueckus mpuMepoM seamerca How Eutt,
OCHOBHOE COCTOAHWE KoTopore — cunraer J =0, u opu TeMmmeparypax
Hinke 100 K opuesTaitfloHHan BOCTIPHHMIABOCTS OTCYTCTBYET. B T0 e Bpems
nepsoe B03DYMACHHOS COCTOHHHE ASKHT HE OUEHb BHICOKG, B [OITOMY
y coepmucenii ¢ Eut BeamuMEa yype dotTIaET ~ 1077 M NpH HMIKHX
TEMIEPATYPEX OT TeMOepaTyphl He 3aBEcHT. Bandnexoscruil napasarteTnay
CRUIBHO BRIPANEH ¥ Y MOROB SmPt,

B Tabn 22 npHBefeHh MATHUTHHE MOMSHTE MOHOB pPOHKHX 3eMesh,
ONPENEACHEBE IKCNEPHMEHTAAEHO H BOIMECIEHHEIE TEOPETHNECKH € YIETOM
w Oes yuera napsmarserusda Baw ©nexa. Buppo, wro ona GonmiuHHCTSR
pEAXHX jeMelh NONpaBke HepenHka., MeknoueHdem sBAsiOTCR  CaMaphi
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Tabnuua 2.2
XapakTepHCTHEM peaKeleMenbiblX HOHOR
DakTo B) C YYETOM

Vo | JnexTponnas | OcHoBHOk J’Ia}mep Ehreap P::;&l; a) o c-)rrmm a | W

KOHQUrYpauuA | ypoBeHb (2s) (t8) Bau ®neka (18)
La’* 4 150 ] 0 0 BEHaMarH.
Ce™ af Fspp v| 0857 | 2,54 2,56 2,39
priv 4f U, 0,800 | 3,58 3,62 36
Nd* a4 Iosa 0,727 | 362 3,68 3,62
Pmt 4t *Ia 0,600 | 2,68 2,83 -
Sm™ 4 *Hyz | 0,286 | 084 1,55 1,54
Eu®* 4f° "Fo 0 0 14 3,61
Gd* 4f 82 200 | 794 7,94 8,2
HH 48 Fs 1,00 9,7 9,7 2,6
Dy 4 SHis;n | 1,33 [ 106 10,6 10,5
Ho** 4F° s 1,25 108 106 10,5
Er** A sy 120 | 96 9,6 9,5
Tm™ 41 s LI7 | 7.6 7.6 7,2
Yv'*t 41 Man .14 | 45 45 44
Lu** 44 13 0 6 *0 THAMArH.

u epporuii. Opnaxo B obieM cmydae OoSBIIMM BaBGUIEKOBCKUM rapamar-
HETH3MOM IpH HHU3KHX TEeMMEePaTypax oGNanaioT COEIUMHEHWA ¢ pemxole-
MCIBHBIMH HOHaMH, HMCIOIMMH YETHOC YHCIC ekTponos B 4f-06010uxke,
Y KOTOPbIX B PE3YNBTATE HEHCTBHA KPHCTAIUIMYCCKOro OIS HIDKHHE YPOBEHb
AIBJICTCA CHHEYIIETOM ¥ paccTOSHHE N0 YepBOr'd Bo3DYHKIEHHOro COCTOAHHR
wepenuko. J1o wonm Prit, Tm**, Tb't, Ho'*. Coenmmennn, conepxamme
DapaMarEATHEE WOHB C CHEFCNETHBIM OCHOBHEIM COCTOSHMEM, H3CTO HA3H-
BawOTCA BaH(IEKOBCKHMH NAapaMarHETHKAaMH Y HOHOB DEIKHX 3€Meb TIpH
TeMmepaTypax, OpH xoTophiXx kT mopsaka paccTOSHHS MeXAY YPOBHSMH
B MNBTHIIIETe, BKAad B MAPHHTHYIC BOCNPHHMYHBOCTE NAIOT KAK OPHCH-
TalHOHHasH, TAK H BaH(ICKOBCKaA YACTH napamMardeTHaMa. Pe3ysTHpyoman
BOCITPHEMYUBOCTD OITHCHIBAETCH CAKHON dopmynoit Ban Prexa.

Jna nepexonHbiX 35eMeHTOs 3d-TpyDnbl XAPaKTEPHbl Y3KHE MYJLTHN/IETE
¢ PACCTORHHAMH MEXAY YPOBHAMH MHOTO MEHBLIIEMEH kT, H 03TOMY aTOMBI
MOTYT HAaXOAWTHCH B COCTOSHMAX ¢ pasnuyusiMu J. Teopust Ban Pnexa ang
ITOro Chy4ad NAeT CAeayrowyr GOpMyNty ijia NapaMardHTHOHR BOCTIPHHMYH-
BOCTIL

IN

X =57 4SS+ D+LL+ 1) (2.35)



36 [napa 2. [luaMarseTiaM H NAPRMErHeTHIM

Taxum ofipazos, sunonmseren 3axod Kiops. Mosaio cunrars, yre 2 srom
cAyqac CBASb Moy OpGHTANBHEM W COUHOBEIM MATHHTHHIME MOMSHTAMH
MANR M CHM KBIHTYITCA B NPOCTPAHCTEE HESABHCHMO ADYP OT [pYra

AanabaTemeckoe PAIMATHHIABAHAE

iupoko #CMONE3YEMOE OXJAXGIEHHE NPH AMMAGATHMECKOM PACIHHPEHY
Fa3om uMeeT ONpemenerHoe orpammdense. Ilpu agmabarmuecikoM npouecce
@ =dl + pdo =0, e dU — BHYTPCHHSS SHEDrHS, p —— HAWICHHE
# v — obbem. Cregosgrempno, dU = —pdv n (QU/dT)AT = —pdv. Tax
kax dU/AT = ¢, To ¢, 47 =.-pdv a npw dv > 0 noysm d7 < 0, re
TEMACPATYPa noHxkaereg. OMHAKO TIPH HWIKHX TCMIEPaTYpax jJawe resm
B rasoo0pasuoM COCTOSHHME CYMIECTEYET TOILKO NPW HUIKAX NABICHMAX,
TlogroMy mpolece anMaBaTHIeCKOro pacuupetus ManoadheKTHBEN.

B 19261927 rr. mesagseumo dpyr ot npyra Dxuowom s TeGaem Gutn
npesIoKen cnocod oxmakaesus nyTem anmabarTHecKoro pasMarHHYHBaHH
napaMarveTnEos. Mzes Meroma sammowuaerca B TOM, TO eCAM TPONECE
PRIMATHHHHEBAHHA TpoHcXxoTaET npH aanalaTideckux yenomnax, To pabors,
JATPAYHBACMIA HA codlaHMe OCCHIOPMIKA » MArHHTHOH cHCTEMEe, cosep-
MAeTCH 33 CMET BHYTPEHMEHd 3IHEDPIMM TEN3, 9T0 W NPHBOANT K TOHMWNe-
HHIO TEMRCPaTYpW. JTHM chocofoM YHaeTcH DORHINTL TEMOCPaTypy 4o
~ 107K, TpHunsiMansnad cXeMs YCTRHOBKH ANA TAKOTO OXNAKICHMS
NPUBEACHA M3 puc. 2.5. B KauecTBE NupaMarneTyikg HeHoassyloTes obulyuo
conu  KBaclos, cofepiamue 3d-momm, sanpumep NHyFe(SO4); - 12H0,
KCr(80y4); - 12H,0. [Ipensapuressto o0beM 2 3an0nugeTeA rajoobpalaeM
renseM OpH jasmenan ~ 10~'MM e CospampR temoporo KoWTAaKTa
¢ obbeMom, 3anDRHeHHLM KKy rennes. Flapu renus 3 Froro obnema

Pre. 2.5 Cxema yeranopiy um DRpaMaiBnTHOrO oxia-
wienia: § — aaxyymune obonousy, 2 - ofivem ¢ pery-
ANPYEMEIM GIBIEHHEM NAPOB Temus, 3 — NapamMarunTHan
conh
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OTKAYHBAKITCH, TIPH 3TOM Temiiepartypa nowswkaered o ~ 1 K. Brmodaercs
MAPHHTHOE [10/1e, COMb HAMATHMYHBACTCH, sareM ofbeM 2 OTHANMBACTCA
M MArHUTHOE ftosie OTKRoHaeTed, [TapaMarndtHas Conp PasMarHHMUBACTCA
Y aTHA0ATHHECKHX YCIOBUAX.

2.2.2. Hapa- » 1MamMarHeTHIM 1eKTPOHOB HPOBOJHMOCTH

flapaMarseryis 3eKTPoHOB APOROIHMOCTH
Ecnn Gb MH paccMaTpusany 2JeKTPORE NPOROLHMOCTH B METRNIAX B Knac-
CHYECKOM NPEACTABICHHMNY, KAK a3 cpoBOMHMK YaCTHY, 1O TOAYHHTH 08, TTo
METANIN fomiye obagats DonpwioR NApaMarsfiTHOR BOCTIPHHMYHBOCTRIO,
noguuHsomesics saxoHy Kwops, Ha camom 1ene MarinTHag BOCHPHAMYREOCTH
META/UIOB HE CTOML BANUKA M CHafo 34BMCHT OT Temmepatypst. Obuscuseren
FTO TEM, YTO NIEKTPOHK IPOBOOMMOCTH B METAILTE HONMHESIITCA CTATHCTHKE
Lrepru ~ [inpaka, wro, gak noxasan Maym (1927 r), xapassaasHem ofipasom
MEHRET NONXOA K DACCMOTPEHY WX MArHATHHX CROUCTE.

Tinoraoers cocrormmt CeobonuMX INeXTPONUB B Metanne & xak GyHxms
sRepru# anektponos £ onrcwBsercn Gopmynod

I os2m32 .,
G(E) = ‘z.}?("{z) A (2.36)

 Bynes cuuTath, w0 reMnepatypa Gansxa x 0K, see cocToAuME © :aucpmeziz
MEHbIE suepray Pepmu Ep sanomienu B

, .
Ep= 2% (322N, (237

rag V - 4HCAO NexTpoHOR B epdHuue oboema Tlpn orcyTerens noim
CyMMa NPOSKUME CNHEOB BOCX INEKTPOHOR M3 JTobyi oChb paBHa HYTD,
UTH CXEMATHYLCKH OTPANEHO Ha PHE 2.6,4, H CYMMapHIR HAMATHUYCHHOCTD
pasna Hymo. TIpy OpuoKensy nods ¥ Beex 3JIEKTPOHOB CO CIIMHOM F10 TGAK
IHEPIHA NOHHIKYCA HA BEAHUMHY ppH, 4 y 3NCKTPOHOB CO CTIMKOM NPOTUB
nO/A — HA TAKYIO JKC BetuMHy nosecured (puc. 2.6,0). Tak kak yposems
Depmu A9 BCEX HNEKTPOHOB A0MKeH GWTH oMM B TOT e, § G(Ep)upH
(cunraem ugH <€ Ep) snewtponos ua fesofl wacTH nepeiller B npasyio
{puc. 2.6,8), ¥ TakuM OOPAIOM, WICKTPOHOB C MAIHMTHBIM MOMEKTOM 110
nomm crauet Goavite wa Ar, Ovesunto, 4o

An == G{EplugH. {2.38)
Torpa 0% BEMArHUSCHBOOIH UMEEM

M o= gl = GIERugH. (2.39)
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al &)
E
S S Ypopory
Peprvm
1 i
GE) GIEY  G(E) 7 GiE) GEY v G(E)
H=§ =9 H=1{
Fue, 26 Haswerpauvii Naynesckoro DAPSMarReTHIMA | ~— CTIBHL HATDABIEND
NPOTHE 10N, | -— CITMHBE HENPABIEHK BIOAD THOTA
Henonsaya {236} 1 {237), oxonuarensho nony4um
IuENH
- CHRTT (2.40)

Taxun: 0bpo3om, NAPAMATHHTHAR BOCAPUHMYHBOCTD WICKTPOHOE NPOBUAM-
MOCTH B MOT&RIC
Xn = iﬂi‘ﬂ,
2Ey
Kax BuaHO, X7' HE JABMCHT OT TEMOePaTypsl M [0 BEHEMHAS JHAYMTENBHO
MeHbHHE TOW BOCMDHUMYRBOCTH, KOTODER HPH TCX WC YCOUOBHAX CHAEROBAIA
Op zaxomy Kiopd, Tak kax » JHAMEHATCIE BMCCTO TelOBOM Oncprug k7T
CTOHT BONHMHHL, Ha JBA-TPH HOpHIKa DONbIAE.

(2.41)

JIHaMarieris s 2ICKTPOROE HPOBOIHMOCTH

Jannay [Napnay, 1930] noxasan, 970 2AeKTPOHB MposoaEMocTy 0Bzt
HAPATY © NapPaMECHCTHIMOM TEKKe R avaMarsetiaves. [ipm apioressyd
cgoboanore wiektpona cuaz flopesua, 3akpyMHBAIOUIAS TPAEXTOPHIO ek~
TPOHZ, YPABHOBCWIMBAGTCS LeHTPOOEKROT CHION, OTKYAA N€rKa FOAYHUTS,
470 KPYTOBAS MACTOTA [IBHACHIA IAEKTPOHI

e

= (242}

fh, = .
4 e

Besnansa ar, 0 88 pasa Goablue JApMOPOBOH KpYroBoil YacToTh HREKTPOHA
B AaTOME W HaleBaeTCH uusroTponuol sactoroit Ecaw warmutHoe nosc
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HATIPARACHO 10 OCH 7, TO KpPYIOBOE NPCUECCHOHHOE RBIGKCHHE MOKHE
PASTOAKNTL Hi Bd BIAWMHC DCDNEHARKYASPHREL KONeOaTenbHbIX ABHHEHHA
BROAL ocedl x H y. D xoacDatenbniie DBIOKCHES CORTACHO KBANTOBOM
MEXIHIKE KBAHTYIOTCH ¥ BMEIOT IHCKDETHMH CRHEKTE ZHEPTHR

E,=(n+ %) hoo, (2.43)

e n = 0.1, 2, .. — kpanToBOR MkeHo octpanaTOpa. MTo KacaeTea nBHKe-
HHE INEKTPOHA s;mm:. OCH 7, TO UHO HE HIMEHACTUH W COOTBETCTBYIOUIAR
ayeprun paswa p2/{2m), mMe p, —— KOMIOHEHTA HMITYCa BAOM> OCH .
Teneph s NORHOA 3HCPTHH 3UICKTpOna Npy vuere (2.42) nMeeu

s + 2ugH (fz + ) (2.44)

2
Taxum 06pasoM, 2HEprHa WICKTPOHA «4acTHYHOY KeaHTyeTcA Keaswvosa-
HME OTHOCHTCH K IBWKEHMO B IUIOCKOCTH XY, H JHEPIHA, COOTESTCTEYIOMAN
3TOMY ABHKEHHIO, B MarHUTHOM H0TC DACNANASTCA Ha NHCKPETHHE YDOBRHH
(ypoesu Jlanaay) ¢ pacCTOAHUAME MEELY YPOBHAMH

AE = 2ugH [(n 1 %) ~(n+ %)} = g, (2.45)

COOTReTCTRY NG REIKCHBIO B mocms:m XY HMIYIBC p L Take
xkpanTyeTc. Jeficranrenso, p = {p? + p}} a TaKk Kag £, = p} /(2m), To,
yupTaBan (2.43), noaysm

Liz
] !
pL= [4m;zBH(n + %)} . (2.46}

Kpawropanse BeqmumHel p, UPHBONMT K TOMY, 9T0 % [POCTPEHCTEE

HMntyboos cpepa Depmy 3avenieTcs Ha0OPOM BARCAHNLIX B HEe KOBUEHTPU-
JECKHX UKITHRAPOS ¢ OGIUCH 0CBIC, cormatanuei ¢ ocbio z (pHe. 2.7), ¥ ecnp
A0 OPHICWCHHS MATHUTHOTO 108 BOC COCTORWHMA BHYTDH cepHuecikod
noBepXrocyd QepME PABHOMEPHO ZANOMHEHH, TO NGCAe €70 IPHIGKEHHH
BOIMOKHLIC COCTOSHMH HAXONATCH HE NOBEPXHOCTAX KOBHCHANBHLIX LHAHH-
Apoe. .
Hyolu onpencisTe HAMArHHYCHHOCTE, HAA0 HAHTH PACNDEIEICHHE K-
TPOHOB 110 BOIMOKHENM COCTOAHMAM. MMNCAD XRAHTOBHMX cocTomHud, cooT-
CCTCTRYIOBEIN JAHHOMY 21 ¥ BEAMUMHAM 7, AOHAUIMM B MHTEPBAIE o7 p,
fo p. +dp., PaBHO YHCAY COCTOMIME B ODREMe DNPOCTPAHITE UMIYILCOR
B BMAC UBIUIHRIPHYCCKOTO KOABUA BRICOTOH dp., paguycoM p, W wmupw-
HO# dp ,, 0bneM koToporo 2wp dp dp. W3 (2 465 cirenyet, uTo

podp, = ZmpyyHaAn = 2mugH = -ej H. (2.47)
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g i,‘,__ PP
gél“i;‘,}f T

R

Pac 27, MamocTpatuA DACINCNNCHHR KBa3HHENPEPHBHOIC COEKTPA FNCNTPOHHOMO
T334 8 MAFHHTHOM NOMe, HANPARIEHHOM BIONE OCH 2. COCTRRASIOIEA MMIYIRGE p,
OCTATICH WEeRpEPHBHON, p, K p, KBAHTYRITCH o yenosWio {146), i BosMoMHER
IHAHEHWA Py, P M Nesar sHytpu ofeps ®epua (Ha pucyHke -~ ofud e
okTa3Ep OABC) Ha NOBCPXHOCTAX KOHLEHTPHRYSCKUX WmHHnpor {abod), BUHCAHHEX

B ehepy ®epmy

npy An = 1. Beawunna sAemerTapHod #uchikg 8 Qa3oBoM NpOCTPEHCTRE —
W /H, 2 npy yverc yX BoIMOXHLIX OPHERTAUMA cmvua — A /{2H). Las
cTaTHCTHYECKOTO Beca G, yuuTsean (247}, umeem

2V 2eVH
Gn = zﬂp_x.dpldpz '}'1_3' = W d?z! (248}
rie V — obsem oOpasua Meranm,
Tercpb MOKHO HANHCaTh, YEMY PaBHA CTATHCTHICCKAY CYMMA

L~ 7 2evH sgH (20 + 1) + pir(2m) _
o Zo / chi “"( iT )d”??— =
AV

(2.49)

eVH  (mmkD)VE (Bﬁmkf)h‘l ugH j(kT)
T ok shjugHAKT))

TUTRET) shipgHi T
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3nan Z, HaBACM HAMATHEYCHHOCTS:

dinZ rugH KT upH

3necy LugH/(kT)) ~ dynkuus Jamkenena. B coywae pgH < kT dynsumio
Tlasesena MOKRO PasIONTE B pat (2.24), # €CW OrPAHMUNTLCR YICPBHM
YTICHOM, TO NOAYIuM

o _ Y
X =T {2.51)

Taxim ofpasoM, DACKTPOHE NPOBOIMMOCTH OlNanaloT Hapaly C sEapaMar-
HUTHON Tal0Ke M IHAMACHWTHON BOCAPHHWMUHBOCTEIO. Popmyna (2.51) cnps-
BEANWRS AMA HCBHPOKACHHOTO TA33 SACKTPOHOR, HMCIOWIETO KTACCAYSCCKOE
pacnpenenctne Makcsesnia—Boneiivana. B neHCTBHTENLHOCTY 2NEETPORHER
23 BHPOAZICH B cBOBOMHME COCTONHNA UMEKYTCH TUNBKG B Y3KOM IHITCpBAe
anepruit nopaaxa kT sbansn ypoens Pepmn. Yncno anexrpowos, Raxops-
WUXCA B ITOM HHTEpRANE aHeprndl, obo3naunM KaK Ay HPR 3T0M

np = G{EMT. (2.52)

Honcrapnan clomd suipaxkeaye pan G{E) (236) upw £ = Ex 1 yuwrs-

pap (2.37), nosyunm
kTN

2Eg

Tenepp, 3ameuas 6 (2.50) N Ha n,, OKOHYATENSWO IR JHAMATHHTHOH
BOCTIPHHMYBBOCTH HMEEM

ne = . ©(2.53)

N

o = —"%F. (2.54)

J12 BOCSIPHUMYMBOCTE He JABMCAT OT TeMICPATYPH M COCTABAAET IO

aBCoMmOTHON BeWdMWE POBHO OHY TPeTh OT napaMarnTrol (oM. dopmy-

ny (2.41}). Takum 06pazoM, OXOHHATENLHO A% MATHITHOH BOCIPHEMMAROCTH
INCKTPONOE OPOBOJHMOCTH 3aTIRIIeM:

= Y (2.55)

FKenepaMERTAILHRIC PEIYILTATH

¥ HopManpHEX {#enepexONHBIK] META/IR0B MArHHTHAH BOCAPHHMYHBOCTS
ONPEISRRSTCA BENARAMH, KOTOPHE HAKST 2AEKTPOHB NPUBOIHMOCTY W AWa-
MATHETHIM HOHHOIO ocToRE. Kak MBI BIARIH, TAKHE BIUTATE MANO 3ABHCHT OT
TEMICPETYPH, W 3TO XOPOLO corfAcyercn ¢ IKCAepUMenToM. Yre xacaercs
BLMHCACHEE BETUYMH MAarHHTHOR BOCHIPHUMMUYUBOCTH, TO 1CCH BOIHHKEET



42 Inana 2. JuamarHeris B fapasarderssm

BONPOC © BEJAHMMHE BOCHDHHMYHBOCTH HOHHOIC OCTOBS, KOTOp@s oNpeie-
JIIETCA KOCBEHHO, H O TOM, KAKAH YACTE BATCUTHSIX INEKTPOHOB YIaUTBYET
B AMSKTRONPOBOAHOCTH, YTo BakTHICCKH HCHAIBSCTHO.

B tafin 23 npubeicHb SRCHEpUMCHTANDHBIC BE/IHTHHD BOCHPHHMYHRO-
CTel, 4 TAKKe BOCHDHHMUHEOCTH HOHKOTO 0CTOBA Y Metamnon V rpyimm
IMepronmueckoft cucremur anemenros (Bi, Sb) Gonsmag no aGcomorHol
BOAHYHHE HAMATHITHAR BoCTpIMiHa0CTs. Tlo-BHamMOMy, 3T0 oDbicHRETCH
TeM, HTO TO/ABEO HEIHATHTENbHAR HACTH BAMCHTHLIX 3BCKTPOWOB YHACTBYET
B HPOBOAHMOCTH.

Tabmam 2.3
IRCELPAMEHTAALHBIE BRANTHIL) YPAMM-STOMAMY {14) W ofbemabix (x)
MATHHTHBIX BOCHPHEMYHBOCTEH AOPMATMHENX METAIIDE, 3 TAKKe
pacaeTHnie [PaMM-Eoatbe (Yuy) Socnpumemsocti (T = 300K)

Metann x-10¢ xa - 108 Hon oon - 10°
Li +1,89 +24.6 Li* -1
Na +0,68 +16,1 Mat —6,5
K +047 +21,35 K* —14
Rb +0,33 +182 Rb* -23
Cs +0,42 +29.9 Cs* -36
Cu 0,76 -5,41 Cu* —18
Ag 21 ~21.% Ag* —34
Au -29 ~29.6 Aut —40
Be —1,83 -902 Be** ~0,4
Mg +0,95 +13,25 Mgt -29
Ca +1,7 4440 Ca** ~104
Sr $2,65 +91,2 gt 20
Ba +0,56 +20.4

Zn —124 ~11,4 Zn -3
Cd —-1,52 —19,7 Catt -27
Hg -2,25 -33,3 Hg** -40.6
Al +1,67 +16,7 APt -2.5
Ga —1,%4 —21.7

In -0% ~126 [ —32
aTl -337 580 T —48
Sn {Ben.} +0,276 +4,3 Syt -28
Sn {vep) —{,184 -37

Ph -1,36 —24,86 [ .y
As —042 5,5

Sh -39 —1070

Te 2.0 -40,8

Bi -130 ~2840
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Tafnnna 2.4

Tpamm-wtosniie {x,) » obbesunie {¥} MaruETIRE ROCRPUAMYHBOCTH

nepexoaubx Meraszos (T = 300K)

Inement x-10° 2a-10° || Dnemenr x - 10° xs - 10°
Sc 190 286 La 493 112
Ti 14,4 161 Yb 7195 2500
v 283 2967

Lu 18,7 3360
y 817 196 Hf 4.6 70,0
Zr &40 121.0 Ta 13,9 152.0
Nb 189 2120 w 56 55,0
Mo 8.5 82,5 Re 733 65,5
Te 25 270 Qs 0,11 9.5
Ru 518 44,0 I 4,06 350
Rh 12,4 101,0 Pt 20,8 189,0
Pd 63,5 5580

U 52,8 4140

-

¥V nepexofHHX METAANOB MATHMTHHIE CBOHCTBA OTPEACIRIOTCH B nep-
BYH} OMEPCHE MATHHTHHIMH MOMERTAME HE NOSHOCTBEY 3ANOGAHEHHnX d-
u f-oBonoqex. Bee 3TH MeTa/LTH ABIAKTCA NApamarHeTHEaMy W obnagaor
BOCTIPKMMMEBOCTRIC HA OREH-MRA Nopaika Oosbied, weM ¥ HOPMATLREX 16~
PAMATHUTHBIX METANNO0R, W ¢ Bofige CHALHOH TeMICPATYPHOR IABUCHMOCTHIO,
BocnpusuapEOCTH PAa NEPEXOTHEX METALIOR YRa¥an B 1aln. 24,



I'nama

MarsuTtHoe YHOPAOOYICHHE

B Teepianx TENax ¢ SoxsiiM CONSKIHASM ACPEXOIHNX WICMEHTOR IPYIHM
WESTCIR B DOIKMX 3CMENTh RIHMOMCHCTBHE MOKEY 4TOMAMH, CONANaIUNMH
MATHUTHEMM MOMEHTAME, NPHBOIMT ¥ ROIHHKHODGHHK) [pH TeMIepary-
e, KEPAKTEPHON A KOKIONO BEUIECTER, MAaTHHTHOTO YHOPAROUEHHSA, T.€.
K HaAHTHIO ONPRHESICHNOrO HANLHEIO NOPASKZ B BANPABACHHAX MErRHTHBIX
Momertos aromos. Hanbosee npooTiM THIOM YHOPSTOUYeHHA sEmeTea dep-
POMATAHTHOE, TPH KOTOPOM MATHHTHERIE MOMERTH BCEX ATOMOB FapaICALRHEL
CyMMHPOREHHE MArHWTHBIX MOMEHTOB BCEX ATOMOB (IPHBONHT X HAaMHYAI
MaKPOCKOIIMYECKOH CIOOHTAHHON namarmwqenHocTs M, Jammo mnapecTno,
970 eppoMarneIHKaMi ABAIOTCH HEKOTOPSie 3d-METANIN ¢ BRCOKHMME
TEMIICPATYPaMy TIEPEXOI2 B MATBHTOYIOPERUNCHHOE COCTORHES, 2 HMCHHO
Fe (1044 K, Co {1388K), Ni {627K), 13 pegxosemenshsix meranios — Gd
(293K).

Beraer sorpoc: GAarefaps KakoMmy sIauMOZICHCTEMIO BOSHMKSGT MarHuT-
noe ynopgnotesne? TTpocran onelka nokaspipacT, 410 270 He momer SHTL
[POCTO HMIOML-TATIONBHOE BIZMMOTEHCTBHE MATHHTHBIX MOMEHTOB aTOMOB.
JeficTadrebH0, 0pE TeMNEpaTYPS NOABACHHTA MaTHHTHO) yropafovenns T
SHEPTHA MATHHTHOrG IWIONA B MAalHHETHOM none JoMkxa DuTh nopasxa
TeoBoR SHeprim, T e. uH = kT Oreiona
kTp 141071108

u 2.10-%
(cumranock, 4To g = 2uy). Kak mOKajMpaioT pacyeTH, AUNOIb-IHIONEHOE
BIAAMOTCHCTREE HA HECKONbrO MOPAZKeR ciafee M MOMET NMPHBECTH K Mar-
HHTHOMY YIOPSIIOUEHRIO TOIBKO NIPH TemMnepatype ~ [ K.

Meparit war » pemermay npoGriemy BosHHKHOBCHME deppoMalHUTHOIO
ynopsgoveHns 6wt cuenad Beliccom {1907 1), kOTOpE BEEA HEKOE MO-
JEKYAAPHOE (1018, NPONOPUHOHAIBHOS HAMATHMYEHHOCTH, DT0 NO3R0ANIC
OOBACHUTE HE TONHKD NOABACHHC CHOWTARHOR HEMArHWMCHRGCTH M e 3a-
BUCHMOCTD OT TEMALPETYDH, HO H TEMNEPETYPHYIO JaBHCHMOCTE MarsHTHo#
pocnparMusBocTy. TTpnpona cua s3aUMONCHCTBHA, IPHBONALEN K MarBHTHO-
My yriopanedeHo, elsa yoranonmesy B 1927 . npakrHicoky OIHOBPEMERHO
Ppenrenem u [eltseubepros.

Hx =0,7-10" (3)
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3.1. Teopus moxexyssipaoro nons eppoMarseTHKoB

BefCe NPearTOnoKKA, YTO HA MaTHUTHA MOMEHT K2KAO0T0 ATOMA ACHCTBYET
HEKOC MOMCKYNApHOE e H ., (pOnopIMOHRALHOC HAMATHIHCHHGCTH, T. L.

H, =AM, (3.1)

rae A — xoaddubneHT MonexymapiEore noas, Janee, cuuTaercs, wro
GopMyTa [fiH HaMArHWNCHEOCTH B MArHWTHOM A0/7€, TOAYYCHHAR 1IN
HERIRMMORCHCTEYIOUMX MAPHHTHEX JMIToNeH, ApHMCHUME B B 5TOM CyYas,
HO 0pY YYETe TOTO, YrG HA FHIGHH AelicTBYET HE TONLKD BHEWHGE, HO
H monexyaproe nane H . Torna emecto Gopmynn (2.19) moxHO HanmMeats

E4
[ exp (4982 cos6) cos 9sin0.d8
¢

M = M = gL}, (3.2)

3 vy
[exp (iﬁf‘;—;ﬂ‘i cesé) sinodo
i}

roe ofo3HaveHo
o = HolH + M)

kT . (3.3)
OTKYRA
T H .
M=ima-7 (3.4)

Hamarsp4eHHoCTS JOMDKHA YIORJIETBOPATL OZHCBPEMEEHO YPABHeHHAM (3.2)
# (34). Pewmenue OyleM uckaTh TPadHYECKH K3K TNeEpecedeHHE KPHBHX
sappomocTel M oor @ — xpusoli dyuxunn Masmbxesesa u npAMOA TRHHK
(puc. 3.1). [pn H = 0 ¥ BHcOKBX TeMmnepaTypax pelleHrs wer, 1.e. M =0,
HO ¢ (OHWKeHUeM TEMNepaTYphi HakioH Opamo# ymespuiaerca. Tipn vewo-
Topoff TeMmepatype T, KOTOpas Ha3mB2eTCA TeMAepaTypoll {HiH rTodxoi}

M

Prc. 3.1, 3anucaMocTh  HAMBTHEMCHHO-
oth of @ 0o {32} u (34} apn pazmine
HBIX TEMEPATYpEx 0 &
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Puc. 3.2 ZasMeAMOCTR T TeM-
DepaTYPL. CHOHTANHOH  HaMar-
BHHCHHOCTH A, HaMardsuen.
ooty M npu H#0, vy u 1/x
pan QeppoMATHETHES TI0 TEO-
PHN MONEXYRAPHONG 043

Kwopu, npamag CTaHOBMTCH KacaresipRol K xpusoft Jwmnxescha » navane
EOODAHHAT, 4 ¢ NOHIDKCHHCM TCMIICPaTYPsl NONANACTCH TOUK2 [ICPCCCHCHUR,
HaMardnyeHBOCTD PACTET ¢ NOHICKCHEEM TEMNCPaTYPhl, CTPEMACE K 1N Npu
T = 0. Tax xax # = 0, to 370 cnouTanHas waMarumdedrocts. Takam ofpa-
30M, PRCIRHAC MOJICKYIADHOTO NOTIA NO3BOMACT ODBACHHTE BOSHHEKHOBCHHE
{HOHTBHHOR HAMBIHBMEHHOCTH, M MOKHO TIOKa3aTh, 9T0

M, x (Te - TV (3.5)

Takast 3aBuCHMOCTh {PHC. 3.2) MEMIOXO OMMIACYETCH € JKCTCPHMEHTOM
B ofinacTH Ke Overb Gomewnx 3gaveHnd (T — T7), xoTd wane NOKA3ATEND
crenenn Be 1/2, a 1/3, IlpH HHOKHX TEMNepaTypPax TeopHA MOMCKYTApHOTO
THOSA TAIOKE ACT TCMNEPATYPHYIO 3ABHCHMOCTE HAMarHHYCHHOCTH, HC COBCEM
COBIIARAIOLIYIC ¢ aKenepumentost. Jlysmee cormacne noxasupaet opamya,
notysciiian HRoXoM u3 TEOPUH CHHHOBBIX BOTH.

M, = N (1 - (%)M) . (3.6)

Ipy Hamrme BREIHETO TofA copMecTHoe petienne (3.2) n (3.4) umeerca
npH mabbix TemMnepaTypax, NOTOMY, CTpoTo FoBops, Ga3zosoroe nepexoma HeT

Hajinem reneps MaruuTiy) BOCIIPHHMIRBOCTS Bpe Temieparypht Kiopu
Tipunuman so BrnManne {3.2), MOKHO 3aRHCATH

aM ,, . aa
X = ppNL (a 3 (3.7}

H3 {33} wmeen

bx gy Ay M Mo

Y T A TR e o (3:8)
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[TpH BHCoxHX Temneparypax o < 1, v B pasnowenny L(a) (2.24) mowuo
orpasManTbed nepsuM unevom af3. Tloncrabnas npu arom ycnoeuu (3.8)
8 (3.7) H peilas OTHOCHTENLHO ¥, HOMYHHM:

KN/(3K)

R 4
Mpoussomnsie o M no « k3 (3.2) u (3.4) pasubl, COOTBETCTBEHHO,
Ba_M = pgNL' () = ﬂaN (3.10)
a
aM kT
— = . 3.
da Ay, (315

B Touke Kiopd, T.e. npa T = T, 3TH APOH3IBOAHBIE PaBHbl, H, IPHPABHUBAA
HX, HOJTYHHM
AuiN
3k
Tenepb, yuuThbas (3.12), dopmyly 1A MarHurHobl BOCIIPHHMHHBO-
cti (3.9) MOXHO nepenucaTk B BHAE:

Te = (3.12)

JUoN _ C B

W -1 T-T. (3.13)

x::

D70 Tax HassipaeMbil 3axon Kiopw—Beticca ayia MaravTHO#H BOCI’[pHHM‘iPl-
BOCTH (peppomarseTHia, a C HassiBaeTca nocToAnHod Kiopr, C = udN/(3k).
3aencamoctu x(T) 1 1/x(T) cxemaTH4eCKH NPECTABICHH Ha PHC. 3.2,

Ecad pg samendts Ha g, mo cbc)pmyne (1.18), To Bmecto (3.13) u (3.12)
NOAYYHM, COOTBETCTBEHHO,

) _ g (J + 1IN
3T ~T¢)

g_,,uBJ(J + l)lN
3k

(3.14)

Te = (3.15)

3.2. TepmonHnamMuieckad TeopHs
¢eppomaranTHOro ¢asosoro nepexoia

Jna paccMoTpeHus dysUMeckux CBOHCTE deppOMATHETHKOB MOMHO HCIIONE-
30BATE TEPMOAHHAMHMECKYK? Teopuio (a3oBelx TEpexolOB BTOpPOro pola,
passuTyo Jlanpay. B kauecTse napaMeTpa, XapaKTepH3YIOWEro WIMEHeHHe
CHMMETDPHH TipH (1a30BOM DEPEXOAR, MOXHO B3ATE BEIMYMRY OTROCUTENLHONH
HAMAHMYSHHOCTH WX NpOCTO HamarHHyeHHocTb. [nA npocrorhl GyneM
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CUETATE, TTO COCTORHHE BRPPOMATHETHKE ONPRILAAETCA TOABKD BEAWNHHOR
HaMarMpYeHHooTH, 2 BaugmHe Dofee cmabuix msaumomelicTud, KOTOpHE
6yayT paccMoTpeHN Hwke, YYUTHBaTe ne Gymed. Torma ana TOM wacTw
TEPMOAREAMHISCKOre Noreniwana depposarserira B, xoTOpan 3aBHCHT OF
HAMATHMYEHHOCTH, MOXKHO HATTHCATE PA3I0MEHHE B AL 10 JETHHM CTeNSHAM
HAMATHMICHHOCTH H OPREMYUTECE WICHAMY USTBEPTOrD BOPANKE

i i |
&= aM®+ —bM* — HM. (3.16}
2 4
Yuyrenw TOnbko HerTubie cTeneuy, TaK Kag O gomxen OwTe wABADMAHTCH
GTHOCHTSNBHO HIMCUCHUR HANPABACHME HaMarHHYCHHOCTH Ha 05?3?&[06
r cuaraercs, wro M | H Yenoawsmu munamyma & asnawres

ggmaMwM%H:c, (3.1%)
2 .
% =+ 3bM% > 0, (3.18)

fipu H = 0 ypasueune (3.17) uMeer upa kopus: M = O o

P .
M= e {3.19)

[leproe pemewue coorercrayer T > T, # npy atom u3 (3.18) cneayer,
ure 4 > 0. Ovesnguo, uTo propoc pemenHe cooTseTeTRYST 00HACTH CO
CTIOWTANROR HaMarHWYeHHOCTLIO. TTockonsKy @ AO/DKEH HMETE MUHHMYM TIpH
CKOfTb yrofido Manok M, o B 3108 ofinacri g < 0. Yro kacacres b, TO npu
scex remueparypax b > 0. lpu T > 7 am# yenoBus COOTBETCTBYIOT HAMM-
HHIO TOJIBKO OAHOTO SKCTpeMyMa — fip M = 0, anpu T < T obecneunpaor
muunsyM O npe M # Q, v yroBRCTEOPHETCH YCOBHE BCIHSCTBEHmOCTH M
8 {3.19). Ha pue. 3.3 npusenenst 3asucumocty & o1 M (DB HECKOMBKHX

B TIL TeT. T<T,

Puc. 3.3, 3asucuMOCTE  TEDMORMHAMHYE-
craro rererumzna P OT HEMAPHHYCHNG-
o M CTH (PEPPOMATHETHER NPH TPEX Temiepa-
Typax
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TeMRepaTypax. M3 yonosss uenpepeleHocTR @ caemyer, Ure @ =0 npn
T = T,. Taxuu ofipasom, a asnrerca dynxuued Temnepatypu. Pasnaras o
no creneran (T — T}/ T sOmmK T, n orpaHMMHBARCE DEPBBIM 9IEHOM,
NIOAY WM
‘ T - T
a=a —f,
T
rae a’ -— nexsd koadupruvent. Tlogcrasaan aro pupmxenne wm a b (3.19),
JAnRIneM Y

(3.20)

W] ”2" (3.21)

bT.

3aBAcHMOCTE M, o1 TEeMREPATYPH TAKAR XKE, KAK cnepyet n3 dopmyns (3.5},

Hadinem remepe MarAwTHYIO pocnpudamunsocth. Tpomnddepenunpy-
em (3.17) mo H u mpn yonosuu M =0, r.e. npu T > T, nonyunm 3 = 1/a.
TloekonsKyY @ 3aBHCHT OT TeMuepaTypel no (3.203, To BHANO, YTO ¥ chenyer
aaxony Kiopn—Beficez

s |

Te

T (3.22)

Xﬂ

3.3. Obmennoe p3ammopeiicTrHe. :
Moaaexyna sofopona 1 moxeas [elisenbepra

Uaitrnep u onfgen B 1927 & npoBesan KBAHTOBO-MEXAHAYECKOE PACCMOTPEHHE
MONEKYIN BGIOPOAA ¥ NOTYHHIH, STO BHEDINA TakoH MONEKYIE 3aBHCHT OT
B3EHMIGH OPHEHTAIHMY CHHHOS IPHHANTIMANIMK MOICKYNE ABYX 3IEKTPOHOB.
ZIroT pesyasTaT # ¥BRACT oTOpabHol Touxcl aus $penkens g lefsenbepra
B 0DLACHCHNA BI2HMOREHCTBMA, MPUBOHAIEETO K BOIRUKHOBCHRIO MArHUTHOT
YHOPHROUCHKA.

PAceMOTPAM KPAaTHO X0 PELICHUS 33739 MONexwIbl Bosopona, CXeMaTy-
SECKH PACTKUIOKEHHE SHCP W IACKTPOHOB JRYX STOMOB BOJIODORE IIpeacTaBlie-
1o ra pue. 3.4 Tam ke npueerenn obosnavents wcoGXoiumux paccTosHNL

1 r 2
g Qe SRRl 4 QN

‘.
Lo Py Tai ;
\ ' :
L} B

far T

A, R e R e W W R e W e -Q-?

Pue. 3.4, Cxemariugckoe w30Dpanense ¢ @ @

MOREKYSIE BOEOPAa A
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CoBOKYRHOCTE KOODIEHAT 2ACKTPoE0E |-00 # 2-10 aToMop ob0aHaHM g 4 4
cooresTeTBeHHO, Ypasuenue llpefuurepa anm scell MOAeKYRH JamHLIETCN
B Buic

{L‘»s 8+ [E UR, r.rp 7 az’fm»sz}]}‘i’{fh.fiz} =0, (3.23)
me A; — onepatop Jlannaca,

32 a2 32
A= o B - S i
3 1
axf A8y 9z
{/ — snexTpoCTATHHECKAR JHCPIUR,
2 2 2 2 2 2
s e e e £ ¢
U o= e e e i o e e —
R v 1y Ty 'm Tw
Vpasuesne peiaeTcd METOZOM noclienoBaTe/nlux npubyrpienuit. Ipu nyne-
soM npubmokenn R — 0o, 1) € 70, 7,y € ;) H 330492 PacHajaeTeR Ha
zae e of aToMe Bofopora. Flycrs ¥ atoma A 1 snexrpon, a y ayoma B
28 ¢ BONROBEMH GYHKIAMHE P, (g, ) B ¥, (q,) COOTBETCTECHHO 1 HAMHHANIHHA
ypoHdeHy KaWjuore W atosmon octe K, -Torma sosnosme dymxumu ¥,(q,)
1 1,{q;) yIOBRETBOPAIOT YPABHEHHAM

[13: + 5 B+ 2 )Jﬁ%{‘?z} =
(3.24)

[ (ﬁ‘w )]%(Qz} 0.

Bynes Teneps DACCMETPHBATS COBOKYIHOCT: ABYX #TOMOB KAX €0MHYIO
cucTemy. Toma somuosas Qyuxius ama cucremst Wylq,, q,) pasHa npous-
BEACHAO BOAHOBHX (YHKUHMH A7 OTEEHBHHX ANEKTPOHOR KAK BCPORTHOCTH
OBYX REJABMCHMEIX COBHTHA, T

Vol @) = Y {a {qz) Baw Wilgy, q2) = ¥,(aa005(q,).  {3.25)

TaKk KaK Bewrpodit HepauwrauMpl Taxofl CHCTEME COOQTBETCTBYET 3IMep-
rug 2By Tak gax ypasucnue Hlpemmnrepa mmelinoe, vo ero ponrcHuem
SBARETCH U MumefiHan komOnuamns $ymxunt (3.25), T e

Wolgi. 92) = ¥, {q)¥lq;) + By, CISRCAR (3.26)

Qyaxupy ¢, WY, HOPMHPOBAHM, T.C.
[ warrar = [w@iar <. (3.27)
rae dr — sneMedt offbema, B HHTErpHPOBAHWE BEAETCH NO BCEMY KOH-

dwmrypauuoniomdy npoctpadcTsy. Bynes nonarats Tawoxe, wio dyhgium,
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OTHOCAIHMECH K PA3IULIM RADIM, OPTOrOBAMLHL, T.€

[ $righby(gldr =0 (3.28)

Flonoxesne o6 OpTOrOHANRHGCTH OCHOBAHO Ka ToM, YTo ofc dyrxumm
Guerpo yBWBART HpR yaanewwn o appa. Ommako npu obxenny suep
HEpOKpLITHE DYRST UMETh MECTS H OPTOrOHAIBHOCTE TOUMO He cobmionaeTes,
HO Tionpapka Gyner mMeTs sm;ftiugy BTOPUTO IIOPAAKE MAAOCTH, H AN Mac
OHZA HECYLIECTBCHHA.

Tlepeltnem reneps Ot Hyﬂeaom K CHERYWemy, Uepkomy, npubmpreHunio
H Y4TEM T¢ BIaAMOMeHcTBHR, KOTOpMMHE OpH GONbiioM DACCTORRAME MeXIy
sapamy Moie Onno nperebpeyn. HlycTs o1y niaumoneficTend 1aio7T ponpan-
Ky ¥ sxepran £/, TaxuMm oGpazoss, 118 BoNuol SHEPTHA HMoees:

E=2E;+ E'. (3.29)

NMpennonoams, aro Yo (3.26) seisercs pemeruem ypaeaenns [Hpemim-
repa (3.23), u nogcrammm 8 wero W, [ipu stom yarem ypapuenns (3.24)
H agaforuiHBe 1M I 16, (g,) U 1,(g, ). B peaymbraTe MONCTAHOBKH NOTYHM
cHeayoLee ypaBHeHHe:!

2 2 2 2
E - £ .5 -+ 2L i -
alpr- S-S e v S

2 Lz 2 '
e - S0 v Slntmai =o

Y4t
{3.30}
3anaya cBoRMTCH K noASopy TAKAX JHawenmd ¢, f u E’, npm xoropmx
YPABHCHHC YAOBNCTROPACTES.

Yuronum ypasuenre (3.30) wa o) (g, w7 (q,) v npoutrerpupyem o sce-
MY KOMHrypanHOHROMY MPOCTPAHCTRY. 3ateM ypasueHHE (3.30) ymHOMuM
Ha 1 {q, ) (q,) n Toxe opounrerpupyer. TIpn HETErpUpOBaHUY NPHMEM
Bo eHmManke (3.27] u {3.28). B pesympraTe nosyuMM B4 OEHOPOAHBIX
ypaBHeHUs INK onpelenends «, 1 E:

alE -C}—ﬁfm0, (3.31)
al — BE - C) = 0.

3aecy £ — ACKTPOCTATHICCKAA JHEPrHA ABYX ATOMOB ¢ OUHHM 3ACKTDOHOM
¥ K@KI0TD

ol & 1 L2
= 7 4‘/(% - "g— - ;—") zé»@uml 1, ‘?z?] dg, dg,. {3.32)

r Ya2 B
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8 J — obmennndl RETErpANL

i 2 bl
1= [(5- == & itaiamlamia) dndn. (39

GuandeckHil cMuCT J HE HMEST KnaccuHecKol arasormid, Xora ra Hep-
IMA M 2MeKTPOCTATHYECKAN N0 CBOESH MPUPONE, HO OHM2 ABIMETCH CAGICTEHCM
RUCTO KBARTOBOTO 3(dexTa — HEPLINUTHMOCTH HECTHLL, NOITOMY MMEETCH
KOHCUHAA BEPOSTHOCTL [IAY 3nerTpora | saxomurses 2 obonovxe atoma B,
& ona wiextpona 2 — & vbonouxe atoma A, Cucrema ypapsesudi (3.31) ume-
T PEIeHNE, eCIH 66 NSTEPMHHANT PABEH HYITIO, OTKYI2 noNyuum £/ = C £ J,
u pemenasve (3.31) aeamores o = 8. Taxam obpasom, y ypasreuns (3.30)
[BA PEINSHIUST

V5 (g1 42) = e, (g1 (g2) + ¥ (208 (41)] (3.34)
¢ sneprach
EW = 2B, 4 C+J (3.35)
H
Wiy, 42) = alta (g Walan) ~ Yular)tslan)] (3.36)
¢ anepruel
E@R =28, +C . (3.37)

Paccromie memay 3THMY YpoBEAME sHepram pasao 2J. Kakoe w3 coctonmmit
BHrOgMee, BUCHT OT 3Haka J. Ormers, 9To *ilgi) SRASCTCA PETICHASM
CHMMOTPHYRNM, T2X KAK HEC MCHECT SHANZ NIDH NEPEeCTaHOBKE 3NIEKTPOROB,
2 qng} ~ PCHICHHE JHTHCHMMETPHAHOS, NOCKOIBKY NPH NEPecTaHOBKS
STEKTPOHOB 3HEK MCHRCTEA.

B oposeieHHOM pacCMOTPCEMY He YUMTHBANOCE HAAMMAC Y BNEKTPOHOB
CHUHOS @ MArHETHHX MmoMeHTOR, Bonnonas GyHkuMe, NMAAROCTROD ONHCHBA-
0MHAY COSTOMHIE CHOTEMb], AOMKHA OTPRKATE B OPHERTALMIC B APOCTPAHCTEE
cnpnop. [Iyets 0 B ¢, — CHUHOBbIE KOGPIMHATH IEPBOTO H BTOPOFD
INCKTPONLB, 4 {0, ;) — coormercrayoway um Pynxuus, Cuesuano, gTo
EONH CIMBM TApALIe/bHN, TO COHHOBAA OYHKIHA CAMMETDHWHAA, CCIH
SHTHOAPEIBHN — TO auTHcHMMeTpEuHad, EclH He YMWTHOATh COME-
opGUTARBHONG BI2HMOREHCTBHA, TC NOAHYID BOAHOBYIC GYHKUBIGY cote-
me Wit(g, ) MOXHO NpeaCTaBHT KAK OPOHIBELCHHE ABYX BYHKUKIL onua
M3 KOTODHX 3aBHCHT OT NPOCTPRHCTRCHHBLIX "KOODOMHAT, 3 BTOPEH ~— OT
CPUSHTALUME CIHHOB

Vg, o) = Wylgy, 92)xl01, 03). {3.38)
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Cornacso npunuany Flaynn B crcreMe B3 moloro 4poss 9aeKTPOHOR
OCYWCCTRIIOTCH b T€ COCTONHMA, BOAHOBHE (YHKUMH KOTOPMX dH-
THCHMMETPHMUL OTHOCHTEILUO TICPECTAHOBKH KaK RPOCTPRHCTBERHBX, TaK
U cHHNCHBR KoOpsuHar Fofoll mapm onextpowos, Cagioratenvio, fysx-
uus W{q, o] pomuma ONTs aHTHCHMMETPHWHOH, ¥ wrolGH 0 BHNOAHN-
HOCH, CUMMCTPHH QYRKUMH \lig}{qf, ¢s) ¥ x{(0}, ;) Me AOMKHB COBHARATH.
[osroMy aHYHEADAATCARHON OPHEHTIIU CAHHOS COOTRETCTAYET YHKUMA
‘Ifgiﬁf?i# ¢3), 4 NApAIENBHOH — ‘Ifgé{qi, i73). Taxum ofpasom, Mb! TOSTYSHIH
BKHME BHBOL OHEPIMA MOACKYIH 38BMCHT OT 83aMMHoH  Opuelraups
crivnos afewrporos E'V = By w EW = E. Busncnennbic 3apncumMocTd’
E;s B v C OT paccrositun MEsUIY AAPaMH aToMOB BONOPONA NPHBLACHM
Ha pHe, 3.5, FlyHKTHPOM NOKRIAHA JANMCHMOCTD, IOYIEHIAN W3 IKCRepHMen-

E 3B
3k i

&l

fﬁmstm

[ § el I S P
——————
——— ——

-

/!
N

Prc. 3.5 PacueTHeIC 3aBHCHMOCTH E?; ' E?,’ B 0T paccToAnds MeKOy =IpaMu
atoMoB Bofcpona. llyuxTapyan KpHBa# nonyueHda W3 3KCACPUMCHTANBHRX NAHHBIX,
dg — GOpOBCKHE panuyC aToMa BONDPUA
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TANLHBIX AAHHBIX. BHIHO, YTO ry8oKuii MUHHMYM SHEPruM HMEET MeCTO wis
AHTHNAPANACTBHON OpHEHTALHY CHHHOR

XoTs oDMEHHME HIYErPan # UMEET MEKTPOCTITHICCKYIO NpHpoY, OH
CBA3AH © YHCTO KBAHTOBHM 3dibexron |, B OTAHYNIC OT KYICHOBCKOH IHEPIHY,
oueHb OHICTPO YMEHRUICTCA ¢ PACCTORHEEM, TAK KAK 3ARHCHT OT HCPCKPRITHH
IACKTPOHHBIX BOAHOBHX (yHKUMA, B ucxoRsndl raMBALTOHMAH CNHHOBHE
HEPEMEHNEIE ARHO HE BXOUAT, NOFTOMY YIOOHO BBECTH Hekui 3hderrdnsiiii
FAaMUABTORHAY, ACHCTEYIOUBIR TONbKC HA COMHOBBIC NEPCMEHHBIC, W U8
JTOTO HCTMONB30BATL ONEPATOPHl CTIMHOB DACKTPOHOA §; H §, B emumntiax k&
coOUTREHHEE SHAYCHHE KBANPATOR JTHX BOKTOPOR PABHLL

sylsy+ 1) = 8,{5, + 1) = %(% + i) - %, (3.39)

His coScTeetnore 3RAUCHNE KEAIPATS PEAYIILTHPYIOIIETO CIIMEA § MONeKysl
AMESM

3 3
S(S+ 1) = (s 5 =sf+53 425087 = T4 7+ (2515 oogzme (340)

OTciona cobicTREHHOE SHAYSHHE &, 5, PAdHO m%, ecnn § =0, 1 }, ecm § = 1.

Teneps MOMKHO HARCATD FAMAILTOHMAR, JeHCTRYIOUIHE TOILKO HA COUHO-
Bhie MEPEMEHHbIC ¥ MMEIOIHH COBCTRERRME 3nauchns E 0 Ey ana § = 0
# § = 1 coorRercrBEHHO:

O 3
H = i Er + P
Ecnu B {341) onyorurs uAeHH, He MBACHIME OT ONEPATOPOB CRHUA, TO
NOAYIHM TRK HE3HBACMEIR FaMIIBTOHHAR OOMEHHOI0 BI3aHMONENHCTEHA

!?953, = .—ﬂgig‘q. (342}

s (335) u (337) umeem J = ; (E;, — Eyr), T-¢, 04 ONpeReiseT acinvuHy
PACHISTIACHAR COCTORHMH C aHTHNADAIUICABHEM H NApaiicIbHRM HANpar-
JennaMe crHos. 130 nopaxy sennyaHe oDMCHHMEE HHTerpaN CoCTaBnger
Jrtel/R, roe & mopsaxa 0,1, H ONpENENSETCA CTENEHLIO NEPEKPHITHS
BOJIHOBRIX YHKInil ANeKTPOHOE.

Wnen Ppenxens n Telienbepra 3aimoqanace B TOM, 910 NPHUYHHOH
YUOPANCHCHHA MATHMTHBIX MOMEHTOR RTOMOB ABIHETCH HMCHHO 0BMeHHOS
paapMoneiicTare, koTopoe Onaronapd cBoRR ANCKTpOcTATHNECKOH Npupone
BOCTaTO9HO CHARHOS. FCnn CYBTATH, YTO CNUHBL OKRIHIOBAHBL HE ATOMAX,
W Be YHHTHHATE opBuransiuit Moment (Mopens Tefizenbepral, To rasibpTo-
HUAH CHCTCMBE ATOMOB MOMHO 33MHCATL B BHAE!

Ao ==Y UuS,S,. (3.43)
o
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lon S ¥ S fynes IMOHVMATE NORHEE COMEN atomos. M3 rauwnero-
HHaHA 343} Moﬁ(ﬁé HOMYMHTE BHpIKeHne A% OOMEHHOH 3HMEpTHY B KBa-
IMKAGCCHIECKOM Tpubamketitn, [Jan 37010 aMeHHM Xw“ g1 oOMEHKYIO
3HEPTHIO E g, 8 NPOMIBGICHHEE ONICPATOPOE CNHHOE — Hi CKAINPHOES NPOHE-
pepenne seTopon cimwioB, Torna ans suepray oBMCHNOMO BaanmoneficTBHA
i-00 HOHE CO BCCMM IPYPUME HOHAMH UMEEM:

Egn=— 9 M55, (3.44)
« dU#D
Ovepaaio, Ama tore Mol MarsaTHNe soMedts arosos Oois napan-
neabus, .o Osino QeppoMarHHTHOE YyrOpEIO€eHue, HeoOXuluMo, YTobw
ofimenabiit wHTerpan Ooin nonokuTensHuM. ByneM cauTars, 4TO Bee Mar-
HUTHHIC aTOMBI OfHHAEOBb ¥ HaxoasTes B S-cocTomiius. Toraa, yMHOKHB
u paanenne (3.44) wa 4pd, nonyaum:

27, 24, 27 4.
= 20,8, THRRT A Y. 3.45
M g 4;1% H E}: 41“% { )

Tak xaxk obmeanoce psaumoichicrsre Guorpo yOBBASYT ¢ PACCTONHAESM, TO
Synewm cuWTath, ITO JOCTATOYHO YHECTh BIAMMOASHCTBHE TOVIbKo ¢ Gumokal-
MR MErHATHEMH COCEIAME, TR0 xoTopux ofoauawrs wepes z. Teneps,
onycKan HARCKTH Y J, ans E, ., HMeeM -

-

§ Ofim 4}1%

Bygem cwtrath, uto OGMEHHEM SHEprisl, NPHXOMAWAANGCH Ha OIMH KoM,
SKEHBAIEHTHA JHCPIHH BaRMONEHCTBHA MArEHTHOID MOMEHTA 3TOID HOHA
¢ Hexum 3PPEXTHBRLM 0OmennnM nonem Hy, 1.e E, o = —pH,, Torna,
npREAMas {4} = M/N, tToe N — WMHCAO MArHMTHBX GTOMOE £ elnHHUe
olbeMa, (g Hy mosyyqam:

A . (3.46)

; iz ‘
= M. 347
B Taxolt murepnperanme oGMeHNOC NoONE SKBHBANCHTHO MOMEKYAAPHOMY
nomo Beficca, n 4 B (3.1} pasna:

27z
- 3.48
= (349
FMonorasus (348} 8 (3.15), nonyasm
Tp = %Sé_iiﬁ (3.49)

HecmoTtpa B3 Bci rpyGocTh cienanyuy fonyuesdi, Gopryna (3.49) mower
BNOJIHE CHYKWTD [UIA OLEHOK BenwsiHbl J no T v Haobopor.
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3.4. Obémennoe p3arpMoaeiicysne 8 3d-MeTasnax

B 3d-meramnax soasonne OyHKIHY 3d-30eKTPOHOB 3aMETHO NEPCKPBIER-
oTCA, 4TO UPHBOAMT K CYMISCTBEHHOE KOMICKTHBHIAOMH 3ITHX 2JMEKTPO-
HOB, KOTOPHE BMECTE ¢ BBHSHTRHMA 3ACKTPOHAMM oORAIVIOT CMCWRHHYE
depuu-muakocTs. Teopus geppomarneTioMa B 3d-MeTanmax pa3BMBANACH
Broxom (1929 1), Crosepom (1936 ) ® apyrmvu yuenusu. Monem
KOMNEKTHEMIHPOBAHERE 3heXTponos, Apoanosesdas CTOHepoM, OCHOBAHS
KaKk paz Ha ydere ocofierHocrefl soHHOB crpywrypw 3d-merassos. Ha
pre. 3.8 CXemaTHUeCKE NPCACTRBACHDE QYRKUHH TLIOTHOCTH COCTOAHME Aay
4s-anextpoHos npoponumocts G (E) » 3d-anexrporos G, (F) o Metamon
€ NOMHOCTHIY H He NONMOCTHIC 3anonHenHod 3d-nonoco#, Homyersm, mpu
HE NONHKOCTHIO 3arTolseHH0N 3d-n10/100e B DepPOMATHHTHOM COCTORHEH H3-3a
OBMEHRHOTO S3AMMONCHCTRHA APCHCXORUT COBHI NIOH30H, SQGTBETC'I‘By‘mlﬂ){X
PAIHLIM HAlPABICHHNM CNNHOB, HA BOINHHY TAK HastBacMoro o0MeHHONO
PACIICHACHKA, T. € HOOIOHE CMEINAIOTCH AHANOIHYED TOMY, KaK CMENRAIHCH
dyEruny pacnipenenicnnl ¢ao0ONHLX IACKTPOHOB NApaMariiTHOTe METALIA
BO BHEIHEM MATRNTROM ITone (oM. puc. 2.6). [Ipu s1oM Moger BuTo nBa
cnygaxr 1) 3d-noanonoce cMeuieHH TAK, YTO ONHA M3 HEX NOAHOCTHIO
3ATONNEAZ, YPOoBEHb DIEDMHE PACTIOMIONKEH BRE €¢ B NIPOXOAMT Hepes BTOPYH
He TMOAHOCTBIO 3ANONHeRRY:: momnonocy (e 3.7,4); 2) ofie mosocw me
NOMHOCHI0o sanonnet (puc. 3.7, 8}, o ypoBeHs GCpMH NPOXOLHT vepes Hux.
B chiyuae mapaMarHHTHOIO MCETAla ¢ HONHOCTHI 3alonnennoi 3d-nono-
cofl A cmamioB obeMX OpHEHTRIMA B OTCYTCTBUE BHEIDHE's MATHHETHOTO
mona cMeuienvs nonoc uer (puc. 3.8). ®eppomarseTHsM B raxol Mojens

a) &
G (E) G(E)
3d-nanoca
Gy(E) Gy(E)
:
ds-nonoca
P o7 B
Ee E

Puc. 3.6 Oyngaun INOTHOSTH COCTORNWE 1t 4s-anesTponos G (B w d-snextponos
Go{E}: @ ~ METAR]I C NOAHOCTRIO JANQNHENON JreKTpotamu 3d NoAoCol; 6 - nepe-
xonrsi# serasn 3d-n000Ca He NOAHOCTEIO 3ANDAHEHE AEKTPOHAM
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BOIMOWEH, ©C/IM B PesWIBTATE CHOBH(Z JHEPICTMMECKMX [OHNOADC, COOT-
BETCTBYSOMMX PUBHEM OPHOHTALMAM CIGEHOR, 4acTh JEKTPOMCR mepeider
13 nonocw () & nosocy {—) W 3T0 GYEET IHEPrETHUECKH BRINOLHO.
fiyers b mapasarmyTHOM COCTOSHHM MHCHO TCKTPOHDR B syHHA(e 0Gbema
B fonocax (+) » () paBHO, COOTBCTCTBEHHD, i, M R_ U B, =n,_ = N/2,
e ¥ - [MOTHOS 9HONO BNCKTPOHOB. YHCND MNEKTPOHOR, NEpCCHLKX 13
OFHOH TIONOCK B APYIVIO i NPUXOARIHXCA A3 eAuBHiLy olnema, o00IHEYHM

a) E 6) E
"
Vponer, Pepsa j?( .
2(l]%

2 B

SV

] 7 2

GEY ¢ GEY G(EY' 0 G(EY

Prc. 3.7 Oynxo nneTHocT coctosubl ani 3d- ® ds-nonoc nnis snextponos
€ HPOTHBONOOWKHG OpHEHTHPORAHESME APOCKIHAMY CHHHOD

Puc. 3.8 Dyurume AnOTHOCTH COCTORHMR 8 nepe-
speipaouixes 3d- u 4s-nosocax g INEKTPONHOS
¢ BPOTHSOTONUKHO DPHEHTHPOBEHEMME [IPOCKUME-
MH CTHOE § QIYHAS HETRPOXOINDIG METARM
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MEpe3 V, 2 CARNI IHCPreTHYECKHX 110/10C, CEE3AHENA ¢ oOMEHHEM BIANMO-
neficrades, ~ uyepes SE. llepexon SREKTPOHOB APHMBREAST K YBEHMCHHO
KMHETHYECKOH JHCPIUR B pacyeTe HA COMAMNY obbeMa va vOE, Obmenms
SHEPIHA W4BUCHT OT BIAHMOJEHCTBME NAD 3I/IEKTPOHOB ¢ OHHHAKOBLIMH
CHMHAMM, TIOFTOMY NPOROPLIHOEANLEZ KRARPATY “UCAA JICKTPOHOB B KaXKNo#
mognenoce ¥ obuenHoR sReprun, NpHXOMRUEHCR Ha nMApy ANEKTROHOB
{€otn). TIpM BOIBMKHOBCHMYM HAMATHWMEHHOCTH IS BUMIPWMIA obmeHuoi
aneprad AE , HMeeM.

st = (B o) 4 (§ ) 2] et 550

Hrobu Bo3Huksie HeppoMariBTHOS cocTosdue, OBUIEE CyMMApHO® HIMeHE-
HHE JHEPIHR HADKHO BHTh OTPHURTCABHOR:

2)eulV? > VEE. (3.51)

MOXEO CIETATE, YT0 Y N0BEPXHOCTH Pepmy v & %G(EF)ﬁE, # TOTAS YOIO-
BUE ROBHAKAOBEHVA (CPPOMATHETHIMA CBONMTCA K BHMOTHEHMKY HEPABERCTRA

GEp)eus, > |- (3.52)

Taxum o0pazoMm, NN BOSHHKHOBEHES (epPOMBrHETHIMA NeobXommsir
1) wmcokas mrotHoeTs CcocTosudi BOaudM yposuda Pepmu n 2) Gomman
oTpHuaTeasHas ofmeunas snepran Tlepsoe ycioaue mNNOIHSETCH Nyvime
npH y3xoit 3d-nonoce. V nepexonHsx Merannos 3d-rpynne B Havane pama
3d-nonoca Gonee nmMpoKas W CHIBHO rHGpHANIMpoBaNA © 4s- 1 4p-TTOAOCAME,
a BENHYMHA £, OAENE K sHaueHwaM 408 csobomHMX 37exTpoHOB. B Honue
puza (Fe, Co, Ni) 3d-monoca ywe menee rupuiuusmpoBand, £, CparHM-
TEABHO RENIMKO H OmbKe X BEMMUMHE, XapaKTEpHOR I WICAUPORIHHOTO
aroma. Bee 3710 crocofcrsyer BOSHMKHOBCHWO (EPPOMATHETIOMA y 3THX
meranaos. Moness Crosepa AsAR€TCH odend yhipollleknol. Tipeanonaraercs
OfHOPOROE PAcCUpEAeACHHE KOMIIGHEHT CIHAR B OPOCTPRHCTSE, TOFAA KaK
B HelfcTBUTEALHOCTH WMEETCH ONpeieNicnlay NoKauamma Creayer orme-
THTY, 410 KpHeTaans Cr o o-Mn ashsiorcs anrddoppoMaraeTHEa M.

1.5, O6Mennoe B3auMoIeHCcTBHE B MeTA/LIAX
peIKnX 3emens

Y aromop penkux JeMeas He NOMHOCTRK 1anoiHennas 4f-000n09Ka ABoReTCY
BHYTpetiueH, ¥ NSPCKPHITHA BOHOBX dynxunit Af-aiekTponor, npuHagie-
WAUMX COCEABHM ATOMAM, NMpakTUyeckH HeT FIoaToMy camayiOiuM 3reHOM
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CAYKET SN1EKTPOEN TIpoBomusocTd. Brepsnie Hien oBMeHRON cause MEKRY
NOKATM3CBANHEME MATHUTHEME 3ASKTPOHEEME OD0J0MKAMHI REPE3 JSKTPO-
Hbl niposogumocTd Onida Buickasana [ybeusim w Bovconckum {1934 )
B naspHeRiiem M NPESCTARNCHNR NDHMEHHTENBHO K DEOKHM 3eMIEM
(s~f-monens) paseusan 3auep (1951 ), a raxke Pyzepman, Kurrens, Kacyfin
n Hocuna (19541957 rr.). PaspaBoransad MMM Monens NORYMHNIA HA3BAHHE
«PKKH-obmern».

PaccuoTpuM KpaTie pacder s—EwdaumofneficTeun, chenasHutil 3umepos
B paMKax MpRGIKeHHs MONICKYAAPHOTG [ONM. JHepruM B3aMMoneRCTBUS,
MpHXONSIUIHECH HA OIMH y3el1, 3afiamem B Buie —iJgm? mam f-fasan-
sofieficTeud, —Jomem, — ans s—fesaumonedicTeun. 3aeck Jy, S — o0
OTEETCTBYIONE IHEPTETHYSCKHE NAPAMETPH BIAHMDICHCTBHE, AHAIOrHUHEEG
KOHCTaHTaM MOJEKYAfipHOTO WO, #p ¥ Al —— CpCAHAN OTHOCHTE/bHAX
HamaraksesrocTs £ 1 s-aneskrponos, TIputem s-B1eKTPOHN CYHTAIOTCH CAMY
Ro ¢e0e NapaMaTHETHBIMM, ¥ TONOA DHEPIME, 32TPEYCHHAA HA HX HaMalHu-
unsanne, pasha y M H = L M2/y,. Obossatan miovsocTs anexTpotos Yepes
N, cantaa M, = ugm N 6 savennn y, no dopMyac (2.41) 3a BwueroM Aua-
MArHETHIME, OKOHUATCARHO HAX IHEPruy, ISTPAYEHHOW HR HAMATHUMMBAHHE
S-OMEKTPOHOB H IPHXOASIRERCH HA OIHH Y361, HAXOMNM:

MI _ HEmINE,  miEy
2Ny  2NuN 2
Ecau sanucars o7y 24epris B BHAS %Jmﬁ, TO ioNydRM, 970 J ~ B,
ObMenupie 9eprud OTPUUETENLHBE, JHEPIHA, JATPANCHRAT HA HaMarH-
HEBAHUE $-CKTPOHOB, HONOKHTEMBHAA, H TOIMA LR TONHOM IHEPTHH HueeMm:

1 i
E{ms,mf} = ““é-fﬁ#’ﬂ? ‘“‘jsfms}’&f+ %ng (353}
MHHHMYM 3TON IHCPTMH [IpH YOIOBUH |my| € me . ¥ im]| € mq, .. AMeeT
MECTO NpH

J
Me =M H msm%mf' (3.54)

O6wano J g =~ 107 + 107 P apn, J ~ Ep = 1071 + 1072 3pr u, crenosa-
TesibHo, J /S = 0,1 + 0,01, Taxum ofipajoM, noiMarssyyBiHHe IapamMar-
HUTHBX S-3NeKTPOHOR HACT HAMAMKMMCHHOCTH, cocTaRmmonpw 11 10%
HaMarRHeHHOCTH Eariektposos. Honcrasns (3.54) 8 (3.53), nonyunm

i 2
E o () = —; (.fg ¥ -":;I)mg (3.55)



&0 Tnasa 3. MarsutHoe ynopanouenne

To, 910 CTONT B CKODKAX, COOTBETCTBYET IPHEKTHRHOMY napamerpy odMex-
HOro BaRWMONeNCTRUA 4T-EKTPOHOR J pp

J =Jg+ -5, 3.36

LE i S (3.36)
Bropok wieH coOTBETCTBYET EOCBOHROA ofMemuoll CBE3R © HHTErpaIcM
obmeHa
%k 3s

Jppey = & 7 2 .

J oy BCETIS NONMKWTEACH, ¥ nodroMy s—fBaammonedicrsne cnocofierpyer

deppomarnertiiny. KpuTepre™ eppoMarseTHIME HBISETCH BRINOJHEHHE

YCIOBHS
2

J
Jp+ -E > 0. (3.58)
E;
Ecnu cunrath, 410 Ji = 0 A3-32 Mastors nepexpurhs 4f-0borowex aToMon,
To MarBETHOE ynopageachue obyciorneyo s—fazauMoneiicTsHeM B, cneno-

1y (KTcER)'?, (3.59)

1 ynopsnodeaie deppoMardutroe. Bosee Towrwe pacdern no PKKH-monenm
noKasans, IT0 GAAroNaps YYaCTHIO SACKTPOHOR MPOROAMMOCTH BIAHMOOCH-
CTBHE MEXIY DPEOKO3CMCJILHBIME ATOMBMH ABAACTCA NAABHONCHOTRYIOUHM,
T.¢. YOWBAOMM ¢ PACCTORHMEM HME 10 JKCRONEHUMATLHOMY, & MO CTe-
feHHoMy 32aKkoHy. Kpose Toro, BIAHMONSHOTBHMC HOCHT OCHMILIMPYIOHINH
XapaKTep, T.€ C paeﬂ?ﬁﬁﬁﬁé%ﬁ GCPBOAMMOCKY MCHPETCE 3HIK, 4T TpH-
BOBHMT K ODpaloBaHNIO CHOKHHEX MIrRUTHNX CTPYKTYD TelBKOUIAIRHEIX
HAH CHHYCOMIAABHBIX, KoTophie Hipuseaermsl Ha puc. 3.9 Fennkonpanpibie
CTPYKTYpH INEIITCR Ha GEpPPOMAIHWTHHEE ¢ HRAMMHEM PESYAETHPYOUIerc
MArHHTHOrO MomeHTa u adTnibeppomardnrine. CneiyeT 3aMeTHTh, 4TO
KpHCTaHYecKan PCIUeTEA NoMTH Y BGEX DPEREKNIEME/BHBIX METANIOB Iek-
carodancnas ¢ naotHol ynaxopkoi. Moxkmowennem spaseres ronsxo Sm,
pemerka y Kovoporo pomBosgpuueckss, a Tarke Bu a Yb, umeoumme,
COOTBETCTBEHHO, ODLEMHOUEHTPHPOBANAYIO H IpaHClUCHTPUDOBAHRYK: pe-
WMETRH,

B cnyuae deppomarnuTHoTo refnnkona (puc. 3.9, 6) MarHRTREIE MOMEHTH
ATOMOR TPH IMEPLxORE OT CAOA K C0K B KPHCTALIMMECKOi pelleTe
MOBOPAYMBAIDTCA BOXPYT BBRICACHADH OCH 8K, 4TO WX NPOCKIMS HA ITY
OCb HE WIMEHACTCH, a OpOCKUME Ha OUINCHYIO 1A0CKDLTL PaBHOMEDHO
spamiaercl. B wiydae aHTHOCPPOMBIHWTHOIO PEAHKOHIA MAIHHTHHE MO-
MeHTH Anbo AewsT B DMIMCHOR TUIGCKOCTH W PEBHOMEDHD BPAIHAKTCA
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{(DpocToii aHTHMEPPOMArHUMTHLA TETHKOMA, CM. PHC. 3.9, a), nnBo npoekttus
MAPHHTHOIG MOMCHTA HA (asHCHYR AAOCKOCT: EPAWASTCH, 8 NPOekuas
HA BEUIENEHHYIO OCE NEPRONHYCCKH MEHRCT HANPARNeHMe (LMKAOHIANBHLH
resuKoHn, oM. pue. 3.9, 2). Flpn cupyconmansiol cTpykType (cM. pue. 3.9,¢)
NEPHORHYECKE HIMEHTIOTCH BENHIMHE H HANDEBACHNE MATHUTHBLX MOMERTOR,
A0 OHH OCTAIOTCH KOTUIHHEAPHMMI OTHOCHTEIBHD BbieteHHo# neu. [lepuons:

d) z 6} F 4 2) F4

-0

ARNA
VAR N

A
U

DVARVEA VAR VANV

S

Prc. 39 Tunp  MarsuTHIX CTPYKTYP KPHCTAUIOE  DENKOICMENLHEX  MeTAMIoB:
4 — NPOCTOR ANTHGCPPOMBIHHTHIA renuonl;, & —— JeppoMartumul reankousy;
£ - CHHYCOMIANLHAR CTPYTYPY, ¢ — LUMEADHAANbHME POITUEOKN
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Tatinugz 1.}

Feamrepayypht MEFINTHLIX PUIORMX OCPEXONOE # MAFRHTHEE CIPYRTYPH
B puAY peakoseMentHbiX Metaion o1 Gd ao Tm

Gd T < 298 K, vonnuneapuiil GeppoMarieTir

T T < 219 K, rommsneapnd 219K < T < 230K, aurudepno-
eppoOMareTIK M&THHTHBIH TERHKORIT

Dy T « 85K, xonauncapusil 85K < T < 179K, anvaeppo-
BePPUMAIHETIK MIFHATHHIA TEAHKOUA,

Ho T « 20K, peppomar- 2K < T < 133K, antudeppo-
HATHERIR reaukom MArHBTHHIA TEAHKSH,

Fr T < 20K, WK < T < S50K, | 50K <7 < 85K,
deppoMaryuTipil UHMKNOUHAR | euHycowanpHas
FeAHIOM crpyKTypa | crpyxType

Tm 7 < 20K, xonanpeapuii 20K < T < 60K, conyconaafbian
feppoMarHeTHK STYKTYPA

MarHHTHOI H KpucTarnorpadrseckol cTpykryp B oblileM oiydae He COBNAaga-
BT, HE COBOANANGT TAGKE HePHois BPAeHUS NPoeKUMH MaTHUTHMX MOMEH-
TOB Ha GA3MCHYID NAGCROCTD M HIMEHeHHE NPOSKNUA HA BRIIENCHHYIO OCh,
Kawecteenno oOpazopanie NpocToll MesMKounaibaol CTPYETYPH MONHO
NpecTaBHTh KAK KOHKYPERIMI TPpex Baanmoelcrsnil peppomarHuTiere —
MEKY ATOMaMH § COUSHHHX CJI0HX, AHis(epPOMATRHTHOIO -— MEKAY
AToMaMll B IADCKOCTAX, CROMYIOIIHR 33 GmokaliinM, d OXHOOCHOR KpH-
crannorpadimeckolt ammsotTponsefi (3roT Bun slaMMofeictun SyreT pac-
CMOTpeH B T 4), cTapaiomeiics YIoKHTL MaruHTHLHE MoMelTs B GasHcuyio
ILIOCKOCTh. , :
DKcnepiMENTAIbHEE AUBHWE 0 TEMNEPaTYPaX [Epexofd B COCTOAHRHA
¢ deppo- wa aHTHQEPPOMArHHTHHM YOOPRROYEHHEM NS BeeX pelkole-
MESTBHBIX MCTAJIIO8 NipeAcTanfeds! g pue. 310, 2 8 tabn 3.1 jwas meranack
eTmrensxy peixux dement (or Gd no Tin) nprpefenn peanusywotituces
MEPHHTHBIE CTPYKTYDPH ¥ 0BRACTH TeMOSPATYP MX CYICCTBOBAHKA.
KapakrepHois ABARKYICH HE3IKHC TEMIEPATYPb aATH(HEPPOMITHUTHOID
YHOPAAGUSNHA Y TOH YacTH PeIKHX 38MEhb, ¥ KOTOROH NPOHCXOAHT 3alion-
ucwie nepsoil nonosnty 4fo6osouks. Pesksd cxavor rmeer mecre ¥ Gd,
KOTOpH JepPOMArHETUK, B JANee C yBeUMMeHHeM 9ucaa 4F3nexTpoHos



1.6, KocpeHuoe oBmeHHOE B3aMMoaeiicTaxe 63

400
200
e
§ m “
% i00
; | ;
[
0 fe femreeeel ; e—
4_._p-—‘P
+=/ \"\ /
-100 -
0 2 4 6 8 10 12 14
Ynermo 4fanextponocs -

Ia C Pr Nd Pm Sm Bau Gd Tb Dy He BEr Tm Yb Lu

Puc. 3.10. HekoTophie Xapa¥TepicTHEM PERKONEMCIBHELR METIIOE: -+ ~— BCHMIITOTY:
4ecKas TOUKa KiopH; © — TEMUSPATYDA Hepexola b anTHGCPPOMATHIITHOE COCTORHHE;
& — TEMICPATYPa nepexois b HEPPOMAHETHOR COCTORNUS

TeMIIEPATYPa MArHHTHOTO YHODANOYEHMH 0a128T, 3 CaMOoH HU3KOTeMfte-
patyproil $adel seaserca deppomarknrnan. Boolme MommO OTMETHTS,
HTC [OMBKHTENRHAY THIPAMATHHTHAR TOIKE KODH ¥ «TIRKCHIMX® POEKHX
JeMeNb CBHRETENLCTEYET o fpeobsagapmy PeppomarnnTHoll CcRA3M MemIy
MarHMTHHME MOMCHTEMH.

3.6. Kocaepnoe obmennoe Biagmonelicrsue

Bonswmucreo kemecrs, oONafaiolBx MArHUTHHM YROpAAOYEHUEM HIRE
HEKOTOPOH TEMAepaTYphl, HE METANNW, A JAHINCKTPHKM WAH NOIyHposoln-
HHEKH. ATOMB ¢ METHHTHBIM MOMCHTOM 8 KPHCTAMUTHMECKOHR PEINCTKS TAKHX
COENHHEHUH HE ABASKIOTCE SAWKMAMINHMY COCSHAMH, WX PAaSHENAIOT aHAGHM.
Ulosromy npsmoro nepexpurua 3d- mnu 4fsoanomux Pysikumét Her w,
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CASRGBATEALHO, POAB APAMOTe DOMEHNOIG RIAHMOBERCTRHA HUNTONHE, TaK
WE KE&K M KOCBCHHOTD OOMEHHOPO BIAMMOAEHCTBHA Yepes MEKTpoHBL HPo-
pogaMocTH, O0MEHHOe BIUMOIEHCTRYE B TAKHX COYYasx OCYIHCCTBIACTCH
qepel AACKTPOHN AHACHOB M HA3LIBACTCA KOCHEHHLIM OGMCHHRIM B33uMO-
AeHCTBHes Mo, TTO0H M0 OTIHYMTL OT B3aUMORSHCTBHR Jepe3 HeKTPoHb
OpoBORUMOCTH, caepXxofmetoM mubo, peke, cynepOBMenom.

Mongns KoCBEHHOIG OOMCHHOTC BIAWMOMCHCTRHS uepe3s AHHOHL Oni-
ma npepnowena Kpasepcom (1934 ) v daxBonee novme  paspabota-
Ha Amgepcosom [Anderson, 1950 Ocuosnyio wmerr Kpamepea Moo
MPONEMOHCTPHDOBETE #a ApHMEpE THIOTCTHYCCKOH Neflousn H3 3 HoHob
M, -0 ~M,; M, ¥ M, — 1Ba KaTHOHE NEPEXORHOTO METAJUIE, ¥ KANIOMD
H3 KOTOPWX OAMH oneftpow Ha d-obonouxe, Mexay waTHOHaMM HaXONWT-
CH HOM KHCHOpONR C ABymMa 3JMEKTPOHAMM ua p-obonouxe (180°-ceazn).
B ocHOBHOM COCTORHMM BCC YOOMSHYTHE DACKTPOMM JIOKANH3CBAHB Hi
cBoHX Homax. Mro KacEeTCR KX CHMHOB, TG Y HOHOB KHOAOPOAZ OHW
CAAPEHE, 2 ¥ KATHOHOB HEKAK HE CKOPPIMPOBAHN HE Meagly cobodl,
HH CO CIUfHAMA 3AeKTPOROR Kwiopoza. [lasee npermonaraetcs, 4To BoO3-
MOKHO BUIBYKIICHHOC COCTORHHE, PR KOTOPOM OOMH H3 P-WISKTPOHOA

KHcopona nepexoaut Ha d-obosouky, cxaxeM, karwoua M, (puc. 3.11,4).

Buiarogap CHALHOMY BHYTPHATOMEOMY o0MEeHHOMY B3auMOCHCTBHIO HO
npasnay XyHOE CUHHH Teneph ywe ABYX d-3NeKTPOHOB KZTHOHZ M, mOmK-
aei GuiTe tapajinensHel Ocrasungica HEeCHApDEHHBIA pP-3/ICKTPOH HA HOHE
KHCACpORa Borymer B aETadeppoMaruaTHOS OOMCHHOE BIdMMOACHCTRHE
¢ d-anexTpoHOM KaTWOHa M,, K, Takum ofpajom, COHMHWN KaTwoHOB M,
H M, OKATHBAKTCA CKOPPETMPOBANHBMK ADYr C ApyroM (eppoMarsuTHo,
4TO MOKHO TPAKTORATh K4k KocReHHYIO ofimenityir ¢snsh. (4eBHAHO, 4To

al

ME-& 3&14

Puc. 3.11. Cxemarndeckoe  mobpaxe:
6 HHE KOCBEHROTO GOMENHOrD pagumonei-
crous no Kpaumepcy— AMiepoony, g -
g 359 BOFOVAUICHHDE COCTORHAR il 370N
ueriH 3d-obon0uNn KaTHONOB MEHBUIC
4eM HANOAOEURY, & - HOsByaGIEMHOS
l s I coeToRKHKe fpd Janonsedan 3d-obonow
4 et K9 KATHOHOB HAMOAOBHHY ¥ Oonee
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cnvAW  d-3nexTporoR OynyT nNupannennHsl, echd d-0B6OIOUKH KATHOHOB
3ANMONNCHN MEHBMIZ YeM HANOJORHHY. ECTM 3aN0MHeRWE HINOAORUHY WAH
GONBINEG, TO CHUF AEPeIleauierc p-3neKTpoHa OYACT OPHEHTHPORANW FHTHNA-
PANEIBHD CyMMapHOMY oniny d-30eKTponoR KaThona M,, 4To mpHBeser
¥ BHTHHAPATIENBHOCTH criHuoR d-3eKTPOHOR Ha KaTuoHax M, u M,,
T8 ¥ ZHTHGEPPOMATHETHOMY KOURSHHOMY OOMERHOMY BIaHMORSHUTRMO
{puc. 3.11,6}. Tlpn Taxkoit TpaKTORKE CBAIH BONHOBAR QYHKLMR CHCTEMH
aomkHa OWTh cyntepnosmaneh adaropsx dyuKiui ocsepEOrY # Bo3GYHICH-
HOTO COCTORRHMIL

Flpepnonaranca y4eT H ApyTHx 8030yRIEHHX COCTOAHMI, HANDHMED TAX
HAILIBAEMOTO NONSPHIAUKOHHOrD HpdeKTa, KOTOPHIA 3axmoOMacTcd 8 ChM-
HOBOH TNONBpH3anhy anexTpoHuol obonouwy adHoda. Ilpw orcyrcremm
S3AMMONICACTRNA ¢ WATHOHAMM HEHWTPH THKECTH D-3EKTPOHOR SHHOHI
¢ HPOTHBONOAMKHG HARPABICHULIME COWHAMH cOBNAnaoT. Jipm Hanmmm
KATHOHOB ¢ d-9NeKTPoHaMH H3-33 OGMEHHOIO R3ARMOAEHCTBHA MERIY P-
¥ d-3MeKTPOHEME TOTEHUMANBEAS SHEPTHE 3AEKTDOHOB nOHIDKACTCH, eC/H
uX CHMHBL papaiiensrd. DO NPHEORHT & OTTATMBAUMIO [P-3/IRKIPOHOB
¢ courseTcrsyiomiefl oprenTauMelt covHor X warteoWam. LleHTpw THwecTH
INEKTPOHOE ¢ APOTHRCGUOMOKMEIMU CIOHHAMH YAC HE COBMANMOT, NpH
STOM H3-32 gHTHNAPANAEIBHOCTH CHRNHOE P-NEKTPOUos SMHE d-2neKTPOHOE
UKa3HEAIOTCH CKOPPETRDOBSHHEIMY ARTHOEPPOMATHUTHO. ﬁeﬂﬂpﬁsau}wliﬂblﬂ
stbext veseitdr, i dM obuEo UpeRehperaoT.

Pacomarpuranca v mexannaM ofpazoranns wockeanoll obMedHON CBA3K 38
CUET OJIHOBREMENHOND RePeXoltd NBYX 3HCKTPOHOB aunoHa Ha 00a cocennux
KaTHowa, uanpEMep nepexot Mn?* — (%~ - Mn?* B poaByxaentoe cocTosHKe
Mn+—O-Mn*.

Kax nokaaasmd paceeTsl, B 1eopug obMeHHOTe B3auMoneiicTsHa Kparepea—~
Annmepcona abcomoTHas seaHukna sdudexTuRioro ofMeHHOro WMTErpama
NPOTIOPIKOHANDHY KBRZPATY HHTUTIPANA NIEPCHOLR JIBKTPOHS Meky p-opba-
TaARIo KHCAOpoaa ¥ Bosfvacienno d-opfutamer xarwone. (Froiong cremyer
BKHEIA BWBON TaK Kak sneMeuts p- u d-opfaranedl umenot dopMmy BuTH-
HYTHIX JenlectkoB {rawTenedt), To HaTerpan nepenoca Oyger sanGonsimui,
KOIIA HOHBL AeKaT Ha ognod npsmoit {180°-cegas), T.e. KOTAA NepexpHTHE
BwHOBLIX dymiumd npaubosblies, aTOPOR BHBON, KOTOPBE <edyeT 3
Teopul, 310 Yem Boaplic SACKTPOOTPHUATEALHOCTE 3HWOHA, TEM MEHbIIE
NepeKpHTHE BOAHOBLIX QYHKIMHA ero MIEKTPOHOB ¢ BOJHOBBEIMA DYHKIIAMN
cocenHHx Karnowon. OTCIONA CAERYCT, YTO, HANIPUMED, B PALY XANBKOrCHMNOR
MnO, MnS, MnSe, MnTe, B KOTOPOM HEKTPOOTPHLATENLHGCTY AHAOHOB
YMEHBIIEETCH, KOCBeHHOC OOMEHHOL BIZUMONCHCTBHC yoraMeaeTca. o
ACHCTBUTENBLHO HAOHONAETCHA, XOTH €CThb NPUMEPH, KOTHA ASHHOC NPABHNO
U HE BHAOHHACTCH, OTMETHM, Y10 33GHCHMOCTL XSPAKTERY KOCBEHHOTD

3 3. 3507
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ofmednor ByaUMoReficrany O JanonHeuus 3d-ofonodky. vake ge Boerna
pRpLICeTes N0 ToMY Opasniy, KOTOPOE CHERYET W3 PacCMGTPEHHON
IpOCTOH MORGTH.

Boolute ammorpofblt  xapaxrep 3d-opfur MIrHHTHEX KaTHOHOB
# pP-opBHT BHACHOB HPUBONHT K JABHCHMOCTH DCPCKPHTHS HX BOMHOWIX
dyHKIMA or pxauMuol opueRTanMu opbut. Takne BoaMoKHHE OpHEHTE-
mwi npy  180°-ceaaw npmeepeHn ma puc. 3.12. Kax essawm, anrerpans
nepeKkprTHs opbutanch, cooTBETCTBYIONMX YPOBHIO €, ¢ opbaTanaMu p,
{puc. 3.12, a} u opbuTanell, COOTBETCTBYIONIHX YPOBHIO t;,, ¢ OpGHTAMAMY D,
(puc. 3.12, 2} paBHB HY/HO, 9TO 0OHAMAET BIAHMHYIO OPTOTOHANBHOCTb ITHX
Tiap opOuT. TaknM obpasom, npu 180°-CEAIX BOIMOKHO NEPEKPLITHE €,—D,~
H ty,—p,-OpO4T, T.€. 0~ H 7-CBEM, NPH ITOM TICPCKPHITHE TPH G-CBAIN
cymiecTacuso Hoabme, SeM NP A-CBR3M,

Yuer avwsorponuoto xapaxrepa opButancit B coueTasis © DKCICPAMEH-
TANBHEIME JAHHWMH [0 XAPAKTEPY MATHUTHOCO YHOPHACHCHHS B COCAH-
HeHuax ¢ pasnawumuiMu 3d-novamu nossomind Uynemady [[ynewad, 1968
¥ Kawamopr [Kanamory, 1959] copmynaporats fpakwma kocseHporo of-
MERHOTO RdaMMomeRcTBA. B Janbuelinesm 5TH DOIYSMOMDHNECKHE [Pa-
BHNY HaUIM DONTREPAGIEHHE B TeopMH, pasBHTOM Amnepcosom. Tipapuna

a)
Xy
d. Py
Zz
G=4
¥
) 6 | %Y
d,. Da
~% +
% - 2
G# &, G=G, +G.=0

Puc. 3.12, [pumepst s3apmnoll opuentaiom 3d-opBur katonos n p-opbur amiouos
npe 180°-8 cosam, & - unTerpan nepekpsting
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Tynenada—Kanamopu ¢ yderoM nonosuewuii Annepeora [Anderson, 1963
bopMynaHpyYOTes SrenyiomM obpazow:

f. AnTHdeppoMariuTHOE BIAMMOICHCTRHE DCYIICOTRIRETCR, ek ol Ki-
THOHA KMCIOT HAMONOBHHY JAMCMHCHHHE OPOWTH, KOTODHME NEpEKPRBAKTOR

Puc. 313 Wamocrpaups kocsennbix 1807 {a. 8, 4) u 90°-x {2, 4, ¢} mavmoneficrenil.
HEPTONKA BMECTO AENECTRE OIHAYAET HESANONHEHHYIO oprTY
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¢ onHOH ¥ TOH Ke npoMexyrovwsHod opbvrol aumoua. [lpy oxraznprueckoM
OKDYICHHHM FT0 MOKET OHITh B CHELYIONMM TPEX CHYHERX

1) npa 180°-crasw, KOrna HaNOJIORMHY 3afCIHensRMM OpGHTaMH ABARIOT-
ot opliTH e THNA B B3AMMOJEHCTBHE OCYHICCTBAACTCH Yepes o-CBidk
{puc. 3.13,4). B asroM ciyuse aETHGEPPOMArHMTHOS BIMMOLeHCTBHE
OCOBERHO CHITbHOE;

2) npn 180°-camsu, ®orna HANONOBMHY 3NOJHEHBL OPOKTH ty -THIE W BIAN-
MOfeiicTRNe OCYIeCTRIACTE Yepes -ceasy (puc. 3.13,6). Taxoe anry-
$eppoMaraMTHOE BanuModeiicraue cnatoe, TeM B NEPBOM CITYYae, TAK Kay
MEHBIIE EPEKPHTHE BOTROBLA PYHKIMA KATHOROD W 4HHOHOB;

3) npu 90%-cee3M, XOIMA Y OAHOTC XKATHOMA HATIOJIORHHY 3aMOjHSHHEE
OpOHTH (PHMALICHAT ©,-THRY, & Y APYroro — i, -THmy {pue. 3.13,2).
B atoMm ciryqae ooBg U Ta Ke opOHTE NPOMEKYTOUHONO AHAOHE ABNACTCA
BJTH REPBONO KATHOHZ [, @ AUIA BTOPOTC Py,

{1, GeppoMarBHTHOE IANMONECHCTBHE OCYNICCTRIICTCH, €CK HADONIORHHY
Jano/iHeHENE OpGHTH PACTIONIMEEHE TaK, WIO HC AT OTHIHOTO OT HYmIs
HHTETPARE NEPEKPHTHN ¢ ONBOH H TOH Xe oplinToll IPOMOKYTOMHOrO aRMOHE
H3-38 WX OPTOrOHANGHOCTH. 310 BlamMoneficTeme obprino cnabee antudep-
POMATHHTHOIC W B OKTZIIPHUCCKUX KOMILISKOAX HMEEST MECTO B ClGIYIOmNX
Cay"anx:

1} npa 180°-cea3n, ¢cnu y OAMOTO KaTHOME HANCIOBMHY 3ali0/HEH2 opbHTa
€, THIFL, 2 ¥ Ipyroro — opluTa 1,,-THIA, T. €. ¢ QIHOM CTOPOHN! — & -CBRA3b,
a ¢ ppyroft — s-ceask (pre. 3.13,8);

2} npu 90°-cewam, oy y 0BOHX KaTHOROB MATIOIOBHHY 3aNONHEHW opGHTH
OUHOFO M TOTC Xe THIA, T.&. € M & (puc. 3.13,0) wm t25 1t
{puc. 3.13, ¢). B s1oM cayvae caise g —o HuM 71—, 90°-ssanMoneicTeie

cratee 180°-praumogefiCTRIS.

Ofiveanoe p3avMoliefiCTrNe MOKRY MaPHUTHEIME KaTHOHAMH, RaXo[sui-
MHCA B OKTAdpax, YaofiHo NpORAMIOCTPHPOBRTE HA NpHMEpPE cOBMMHEHM,
UMEIOBIMX CTPYKTYPY THOZ NepoBCKWTa, B KoTropol 3d-wonn (momm B
#a puc. 3.14) pacnogomeswt: B UCHTPE OKTA3/POB, B BCPIMUHAX KOTOPMX
HEXOJIATCH HOHM KHCHOpoxs wan ¢ropa. O6uHO cocnMHenHs ¢ 5Tol CTpyK-
TYpof HMEIOT MemMewrapryd s4cliKy anbGo KyOuweckywo, 1mbBo HeCKONbKO
HOKOKCHHYIO, Yallle Boero poMOMMecKyo, H, CTPOrG OBODA, B TAKOM Cnyuac
onpenessiowee obMenioe g3auMofieiicTere He cosceM 180°-e, mo aro, ax
NPABKIG, Manc OTPHKARTCH HA XapakTepe mandoneficrsua, Jnas pacnpeacie-
Hue Id-eKTPOHOE 110 OPOHTANIAM fyg H & THIIOB U NEPEXOHBIX JEMOHTOR
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FPYITIBG KEAL3H, MONKHO COTOCTABHTS IKCHCPUMEHTANLHDE HAHHNE O MarHuT-
HBIX CTpYKTYpax ¢ npasiiamu Dyaenada—Kanamopu— Araepeosa,

B coenpnennx YFe(Q,, LaFeO,, FeF,, Cof, nouu xenesa TpexpanenTrue
A HafloJIOBHHY 3aONHCHM KAK {g-, TAK U e,-0pbuTH. JlenecTsu e,-opbut
pACTIGNATAIOTeS TaK, KAk 310 1oKasauo Ha puc. 3.15, 4. Mosromy MarHTHas
CTPYKTYDa anpofelderTes B nepsyo odepent sapbonee cunbnbiM antadep-
POMArHATHEM B3apManefcTBuesM o mpabuny L1, ¥ ¥ KaOKIOTO MarHHTROMD

Puc. 3.15. Pacnonowense e-opluranch 3d-karsonn B oTRYKTYDE NEpOBCKETE &
npu saexTponnod xondurypausn 3d%; 6§ — npu anexrponos koudrrypata 3d°
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HOHa HRIDKaANNE MArHUTHMWH COCEA HMEEST NPOTHBONONOKHOS HAllpaBIIcHkKE
MarauTHOro MomenTa. Takas ke Marwutaas orpyxrypa v LaCrQ,, CaMnO,
u CrFy. llpuvem epopbursr y 3d-HOHOB B 5THX COCOMHEHHAX He JAHNTH,
¥ B3AMONSHCTBHE oCYlleCTRISETCA Mo npasuiy L2 » ssamerca antudep-
povarsnTuemM. B caysse LaMnO; y Mu' v e-cocrommmn waxomuren
ofue anextpon. CHHTSETCH, 9TO H3-33 HCKAMCHAS dreMerTapHoll saefiin
BEPONIEHAE ITOTO YPOBHS CHAMAETCA W SNCKTPOH HAXOAWTCA Ha d_y-opbnTe,
GPH 3TOM NPOHCXOIHT YHOPENOICHHE B PACHOIOKCHHH JAELLCTRKOR JAHHBIX
opbur (prc. 3.15,6). Takum oBpasosM, B TOPHIOHTANBHBIX TIOCKOCTSX CEA3D,
Gnmsran Kk 180°-7, vepes annoH ¢ooTeeTeTRYeT npaskny I, | u apnacres dep-
POMAFHHTHON, a MEWKAY TOPH3OHTANbHBIMK TTOCKOCTAMH OHA COOTBETCTBYET
npaewity I, 2 # auTidgeppoMArHHTHAN,

3.7. AsrudeppomaraeTurn

Kak wmpr spgenn, obMmensoe BaanMopeiioToMe amoxer Ositn xax eppo-
MArHBTHEM, TK H SRTHGEPPOMATHHTHEM, TPEOYIOUANM AHTHIADAINENLHOH
OPUEHTALHH MarHHTHEX MOMERTOR B3auMOfeicTBYomuxX aromon. Ecm anti-
deppoMarHnTHOS BIGHMONCHCTIME SRASETCH ONPC/CAMIGUMM, TG MATHHTHOS
YIHOPAROYEHNE MOUKET GHTL TEKHM, YTC MEKPOCKOTIIYECKHd RAMATHKISHHOCTD
GyneT pasua Hymo, [Ipennonomenne 0 BOIMOKEOCTH cyGCTROBAHAS NONOD-
HWIX MATHHTHWX CTPYKTYP BhepBué Gumo caemaso Jlaunay {[Tanpay, 1933],
KOTOPSIH CHATAN, YTO B rAAAOHAKNIX coniax 3d-saeMentor, HMCIOWEX CAOHC-
TYIO KPHCTAILIMYECKYI0 CTIPYKTYPY, B GIIOHX MEKTY MATHUTHHIMH 3TOMAMH
pazHMoficierene GeppOMAIHHTHOES H MATHHTHEE MOMEHTR HOHOB TAPATLAC b~
HEl, & MOKIY CRoaMH — aHTHEeppOMAriNTHOS A MBTEHTHMC MOMEHTH CII0SB
aHTHRapAnIeansn, Takum obpasos, CyMMApHAA HaMarHWMENHOCTh D3BHa
gymo. Bemecrsa ¢ MErHMTELM YOOPRIoUeHNEM, Ho He ofmamaiomue Makpo-
" CKOHMYGCKON HAMARHHEHHOCTEIO, HA3WBAKTCH aHTHGEepDOMETHETHKAMMN.

¥ auritheppOMATHETHROB IPH BOIHMKHOBCHIH MACHHTIHOTO YIOPAROMEHUS
OGEIMHG HMET MeCTD MAKCHMYMB MArHMTHOR BOCHDHHMMHEOCTH, Tellio-
eMKOCTH H SPYIHE 3HOMATHH, XapaKrepHnie A (asorc flepexofia RToperc
pofB. Xotfs TAKOFO PO AHOMATHE HA TEMICPATYPRMN 3EBHCHMOCTAR
HaOmoJaNuce ¥ MHOTHX coegusesud, NpMMLe JHCUCDHMCHTAIBHAHE [ORS
3aTeROTEY aFribeDPDOMATHHTHOTO YIIOPHIOYCHHE GRUNM NOTYYEHS TONBKO
npu nefttponorpadugeckux wccaenosamusx HMlannom w ap. [Shull er al,
1951a; Shull ef al, 19519 Hanuuse smrunThoro MoMeHra y HefTpoua
TPHBOAMT K BaHMONEACTSWO REHTPOHE ¢ MBrEHTHHME MOMEHTAMY aTOMOB
B KPHCTALMMYSCKOH peiierse. Braromaps TakoMy B3aHMOilefcTBHE HOTOK
MOHOXPOMEBTHMECKAX HEHTPOMOB HCRBITHEAET Iw(pAKUMIG HE Toibko HA
MepHOGMHECKH DACTINIOKEHHEIN B MPOCTPRHCTES ATOMHEIX AOpAX, HO ¥ WA
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Tabimpua 3.2
MarnsTinie XapaKTepRcTRKE KeEoTOPbIX aHTHdheppomarueTHR OB
Beieerse F, K 8., K
MnO 116 —616
MnS 168 ~528
MnF, ’ &7 ~§2
MoF C47 8
RbMnF; 55 190
FeF: 749 ~117
Fe(l; 24 48
FeO 198 — 570
FeSO,y 21 ~30,5
Coo 291 ~330
CoFy 377 —52.7
NiG 525 ~2470
NiCl; 52 67
KNiF; 253 —%43
KCuF; 230 ~355
CusQ;, 34,5 ~71.5
CuFz-2H:0 26 - =37
CryOn 37 ~485

BEPHONBMECKR PACHDNOKCHHELIX MArHHTHHX MOMCHTEX, PACCEHANC HA KOTO-
pHIX f10 WHTCHCHBHOCTH CP3BHMMO C paccssindes Ha sifipax. To, wre Tak
HASBBACMBC MAPHUTHEE DOQEKCH CBRIGHH ¢ MEFHHTHHIM VIODHACUSHH-
eM, JErKD APOBepRCTCA BHINE TEMUSPATYPH MarBHTHON YROPRAOYCHHR
oud he HabmogaoTen. JTe MATIOCTPHPYIOT ODHBENCHNHIC Ha puc. 3.16
Heitrpororpassst MnQ. Marnirdas CIpyKTypa 21010 OKCUIA, NOAYMCHEAA
Ha OCHOBAHEW HeRTpOMOTpaMME, nokazaHa Ha puc. 3.17. Oxazanocs, w10
antadieppaMaraeTIM — ROJAcHEHE pYCHR pacnpoctTpaseHdoe. IIpaxTitecky
BCBAZ UpH TakoH KoHUeHTpauMu atoMos 3d-METANNDR B KPUCTANNAX, TP
KoTopoit OOMCHHOS BIAUMOIRICTBHE OCYIHECTRIAETCR uepes 1--2 aHHOHA,
npoHexonHT ARTHGEPPOMATHITHOS yROpARouCaHE. ANTHPeDPOMATHETHRIMEH
SEAMOTCR W HEKOTOPSe 30-MeTANNEL, 3 HMEHHO XPOM B MBPIaHel, 2 TaKKe,
KaK YKe YNOMHHANOCH, Pt PeAKNX 3emenb. HexoTopble H3 aHTH(EpPOMATHE -
THEOE npeacTaaiens & taba 3.2

Marauraas cnoreMa astudeppoMardeTika skapvzeT B ocels ape WM
Bonce TAK HAIMBACMME MAMHHTHBIC TOAPEICTIG, KOKHAR H3 KOTOPBIX COCTOUT
M3 ATOMOB, MATHHTHLIC MOMEHTH KOTODHIX NapanneibHb, HO BCKTOPHAR
cymMa uamarHuuesnoctell moapemrerok pasnz mynn. Haubonee npocrsim
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Hurreacupiooms mytka seliTponon
(11 @ Gy Gy
100 - % t t t MnO
30 L 41 T=80 K do,=885A

0
100 -
8-
T=23 K  dy=443A
60_
40l
20
i
0 10 20 30 40 50

Puc. 3.16, Heirrpororpammst MnO npr vemneparypax wmxe (7 = 80K) # wasue
{T = 293K) Toumu Heenw duy, H dy — Dapasetpsl MATHATHON H KPHCTAILIOIPa-
hHgecKoll ANEMEHTAPHEX B92EK

Prc 317 Maruuraag crpystypa MnO. Crpemgems
BOKATAGL HANDAUNCHWH MATHHTHBIR MOMeHTOB
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cHYHREM ABTIAETCH KONHHERPHAH CTPYKTYDA, IPH KOTOPOH HaMaryuiesHocTy
OOIPELIETOR KOSUTHHCAPHN 1 CAATCH Ha aHTHIAPATINEIBHIE Naphl.

3.7.1. Teopns mMoaeKynApHero noias

Teopua antHQEPPOMArHETHER ¢ ABYME MarHHTHHMH TIONDEINETRIMH B NipH-
OmpKeHIN TCOPHM MONEKYRpROTO Nonx Geina coamana Heenem [Neel, 1948].
IlycTe atomm A u B ofpasyior npocryio KyGuseckyio pemersy {puc. 3.18)
H MATHATHHE MOMEHTH dromob A RANPRBNCHH & ONHY CTOPOHY, 4 arg-
MOB B — B OPOTHBONUAMKRYIO, YTO OTPAXSHO wa puc. 318 snaxamy «+»
H «~». CupraeM, 4ro atoMet A » B pasmu4aioTCR TOABKO HANPaBAcHHEM
MATHHTHOrO MomenTa. HamarnpaennocTn nonpetuerok ob03HaunM Hepes M,
W M. Tlpeamonaraeres, 9ro MoReKYASpHHE IHUIA, ACHCTEYIOUIAE Ha MORB,
ABJIOTCH CYMMOH Asyx nonel, oflifo B3 EOTOPHX NPONOPHROHANLHD M,
2 apyroe — M. Takmy o6pazoM, A MONEKYAAPHBIX Tionedl, nelCTBYIONHMX
sa wouel A (H_,) o nonst B (H_;), 8 camom o6lueM Buie MOKHO RANMCATS!

Km = wMMA + wAB&EB;

(3.60)
Hyp = wpaM, + wapMg. :

Bynem c¢uamrare, 9ro yams, B XOTODHIX HaxggaTcs Homwl A n B, ax-
BHBAJICHTHEL, TIOSTOMY W,. == Wpg = W,. ECTECTBERHO TAKKe CUNTATH,
HTO W,p = Wgy = Wy 14K K4K DACCMATPMBACTCA ARTHEPPOMATHETHK, ToO
M, = —M;. C yuerom scero srore pasercrea (3.60) npuoBperalor BuL

H .= (w, —w,)M;,
mA { i 2) A (361)
CHyg = (w; —w, Mg

KoadgduumenT wy; < 0 1 |w,] > w,, TaK KaK aToMBi CBOCH [OIPRIGETEH
HAXONATEH BO BTOPOI KOOPAHHALMOHHON cepe W BIAUMOREHCTBHME MCANY
numK crafiee, HeM MeXly aTOMaMM, HAXO[SUIMACH B PAIHBIX NOAPEINETKAX.
Brpanenus 40a moneKylsprEX nonelt asanoruasnt dopmyne (31}

Puc, 3.18. Tpemep npocroi xySwuecioft anrepep-
poMartmrrnoll pemergn, MariuTHeie MOMEHTH aTo-
MOR A # B uanpamnexsl # TIPOTHEGHONMKNE CTO-
poHEl
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DEPPOMArHETHXY, BOITOMY, HCOONABAYE 3TV ananoruio, esecre (32) maw
HAMaUHHMEHHOCTEH TIOAPCUICTOR MOWHO CPaty SANHCATE!

i ol — wa M
My = éﬁ‘&fv}s(“ﬂ—(——‘i T 2} A),

_1 polwy — wy )My
M““z“‘m‘( kT ’ )

(3.62)

3mech yo — MATHHTHBI MOMEHT MOHA, N — YHCNIO MAHHTHEIX HOHOB B &3~
HHiie o6bema. HaMarnnmeHsocTs HOAPCIETOR MOXKHO BLIN0 BHPa3HTh H Yepes
dyurunio Bpunniosna TeMRCparypHBC 33BHCHMOCTH HAMArHWYCHHOCTER
NOKPELICTOR, MONYYAICUNICCA M3 pelllenua ypapucnuii (3.62), BMeOT TOT Ke
XAPAKTER, YT0 H TEMIIEPATYPHAER 32BHCHMOCTS CIIOHTAHMHON HAMATHHYCHHOUTH
PeppoMarnerara (om. puc. 3.2}, Temneparypa, npH KkoTOpoH mnossjfeTcs
HAMATHHYGHHOCTS TIONPEILETON, HA3LIBAETCH TEMACPATYPOH, WIR To4Koil,
Heens (7). Ec MoXNO ONPEneanTh TEM XKe IYTEM, YTO # TeMNepaTypy Kiopu
deppoMarneraxa, ¥ 0o asasoran ¢ {3.12) ooryaam

— HoN(w —w,)

I 6k

{3.63}

PacomoTpum Teneph TEMOCPATYPHYX: 2aBHCHMOCTE MATHETHOH BOCOpH-
uMuEBoCTY. Tipa NpMACHKEHUH MArEHTHOrO HOJM BOOSL HAMErHWHCHHOCTEH
HOJPEHICTOK HX MAMAMWRYCHHOCTH vike fie OyOyT OAMHIKOBM NO BRAHYMHC,
¥ BMECTO sEpawkerndl (3.62) cnegyer €anucars

1 H+w M, +w,M
M, = E%N{{ﬁ‘o( Ek; 3 135)g

(3.64)

l HolH +w,M, +w M
Mﬂ“%M( 0 2}(; 1 B))‘

3aecs CYMTANOCH, ¥TO NONE NEACTEYET B AOJGKHTSALHOM HANPARICHHM,
[Mponuddepenipyem 3T YPABHEHHA N0 /.

2
oM, ! ML’(;};)(% cw Ma Ly, W”),

aH 2 kT aH *"3H
3 1 wiN aM oM (3.69)
My T A
A ! 1 A il -
30 2 kT L(‘”)( M7 IR T )

3nece o, M o, — aprymentel Pynkumiz lamxepeHa (364) ana A- w Bnom-
PeIeTOK CaaTBETCTBEHHD, (UNOXUE ypasHenus (3.65), Nonyuum supmxenve
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A BOCHPHEMMUBOCTH

aH aH
IN aM aM
o MY - Ta B
= 2kTL{m}[2+(w;—}wz} =5 + (w, +w,) ik (3.66)

Pacemorpum toneps napamariuTayio o0nacts Temnepatyp. lockomxy
3aech 1, < 1, 10 B pasackenunx $yaxuan Jlmokesena (2.24) mMoxHO ocTa-
BUTE TOIbKO nepsuit wiel, ¥ roraa (e, ) = 173, Toncrannng 710 spadeune
L) 8 (3.66) o paapenms OTHOCHTENBHO X, HMEEM

2
_ N _ C
X %r-ey T-6, (3.67)
e 6, —— aCHUMMTOTHYSCKAN, WK DapaMaruyTHag, touxa Kopu:
2 2
g, = FNW W) o N (3.68)

6k 3k

Tloxyumnack 3aBHCHMOCTh, anasordynas sakoHy Kiopu-Beficca ans dep-
POMATHCTHEOB, HO MOCKOABKY W, < O M |wyl > wy, To 8, <« 0. THoncra-
Bas (3.63) 1 (3.68) 8 (3.67) nonyunm, 570 B Touke Heens ¥ = —1/w).
3akou Kmpu nna nmapaMarseTHros M 3akon Kiopu—Belicea nns deppo-
H AHTHQEPPOMArHETHKOR MOXKHO DacCMATPRBATL Xak eanwmil 3axen Kwopn.
Paymuqee Toamko B ToM, 910 ¥ GEPpoMarHeTHKoR Onaromapd monowM-
TenshoMy KoadWDHIMCHTY MONCKYASPHOTO nond o¢deKTHERI TeMIepaTypa
OCHIAKAETER, 3 Y AHTHPEPPOMArHeTHKOB #3-33 NPEBANMPYIONICTO BAUSHMY
OTPHUSTENLHOTO MOJMSKWIAPHOTG MO O CTOPOHW OpyroH HONpEETKH
sderTurnan TemuepaTypa NossmacTes. JIpyriMe CaosaMu, ecTH B cayyae
EPPOMITHETHROB ODMEHHOE BIaHMONCHCTEHE CTPEMHTCR BCC MATHHTHHE
MOMCHTH CISRaTh MAPALIRIBHEME, T.€. YBCAHYHTS BOCHPUHMYHBOCTD, TO
B cAyuge aHTHQCPPOMArHeTHKOB ofMeHuMOS BIZMMOACHCTBHE CTpeMuTCA
0o0paTHTE HaMArHHMYEHHOCTE B HYIR M, CACAOBATENLHO, BOCHPHHMMHBOCTD
ymeusmuts. M3 dopmya (3.63) u (3.68) surexaer, uro
O, . witw,

ol Jp 3.69
N w-w, (69
Orciona Brono, ato {8, = Ty, ecmn wy < Jw,|, T.¢ ccan BausHue cuoed
wogpetetky nperebpexumo mazo. B olwesm cayuac |8, mower Gbitb
w menbme, 1 OSonste Ty, Ecnu szaumonciicTsHe co cBOEH moapelneTkod
deppoMarauTHOE, o ¢ ero poctoM |£,] yMEHBIIASTCH, COAH Xe aTH(Ep-
POMArHHTHOE, TO YBEMYHBACTCH.
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al ¥ 4 .y

H

Puc. 3.19. Hanpamnenns  samarsi-

x
HEHHOCTCH ABYRNOHPENICTOYHOTD dH-
TRGEPPOMATHETHKA UDH NOAE, NpHIs-

tMe

oK

WMEHHOM napwiensio (@) B hepnet
muxynspuc (6) auradepposarirTaoll

Huwe Touky Heens weoGxoMuMo pasiM4aTy BOCHPHMMYMBOCTD B TOJE,

DEPNCRAMKYAAPHOM (¥, ) H [apRiiensaoM (x”) HTHHEPPOMATHHTHOR OCH.
ity cuTYalHn oxemaTevecky wioOpakenN #a puc. 3.19. Ecma pose npuio-
WEHO NMEPDERIHKYNApHO auTHdeppoMarunTHod ook (puc. 3.19,a), To Mar-
HETHBC MOMCHTH AOHOB, & CACHOBATENLHO, W HAMATHHYCHHOCTH OOAPEIHCTOK
HOBEPHYTCH K OCH X # [UIA KOMIIOHEHT MOMIEKYIAPHONe V0N, AeACTRYIOWEro
Ha MOHB A-TTORPEINCTEY, MOMKHO HAACATE CHeRYIONME YPaRHECHHE

- (Hpar = w My, 4w My,

{3.706)
{ﬁm)y = ngA}‘ ”{" wlMBy‘
Tax xak NoApCIueTKs CHMMETPIURHE, TO
Mﬁx W}J&, ngm'—'fgf*}. {3?1}
Yaurnan (3.71), ypasHennn (3.70) mepemmuyres B Buie
(X w= (g WMy,
maky = (@) wM (3.72)

Hypady = (wy —wy )My,

Orsiowenne M, /M, pasno oTHOWCHWIC Tonell, HanpasjeHHEX, Co-
OTBETCTBEHHD, BRoMb oced x wu y. T4k KAK BA0TL oCH ¥ pedicreyer
HOMBMO MOJCKYASPHOTO H BHeDIHEC MORE, TO 4NN OTHOHICHNMS KOMIOOHCHT
HAMariHeHHOCTeR HMeeM:

My _H+Hpp),  Ht{w +w)M,

Ma A+ Hpady _ ‘ (3.7
MA_? {amﬁ}y (wi - w2)MAy
Pemran 310 ypaBHenne OTHOCKTENLHO M, , TONYWHM
H
My, = (3.74)

2w,
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Yugreman (3.71), ana x, sapmmem:

M, +Mg, 1
PE. Skt - S 3.7%
X1 i ~ (3.75)

Taxum 06pazom, x, He 3aBHCHT OT TEMIEpATYPH.
PaccmoTtpaM Tereph Xy B arom cayvae, pemas (3.66) oTmocHTeNsHO

BOCTPHMMYMBOCTE B YuuTHBag {3.68), monydum

ICL (@)

. S 3.76
Xﬁ T — SLI(G)G‘: { 7 }
Henonesya npapwio Jionmrans, waliiies, Yemy pasuo Xy npu T — 0
. , 3CL"{a)3a/aT : .
0= I T A (ayg pagaT (377

B dopmynax (3.76) u (3.77) HCOGXOOHMO HCHONBIOBATS [TOMIOE BMPAKCHNES
Anz fynxumn Jlamkesena, e (223). Ha puc. 3.20 npepcrasnenn rpaduxe
TEMIIEPATYPHEIX 3aBUCHMOCTEH MATHITHOR BOCIIPHHMYHBOCTH B NAPaMarHuT-
How u aHTHdepPOMBIHUTHON grasax.

He3aBROHMOCTD OT TeMIEpaTyphl x; b oOpallcHie 8 HyNs %, apu T — 0
MOKHO ODBSCHETL, HCXOOR M3 caMbix ofmpx coobpamenwit. [lpn awradep-
POMATHHTHOM YITOPHRONCHMH H& MAarHHTHBIC RTOMH 8 A- ¥ B-ioapeineTtkax
NeHACTBYIOT CRbHNES OBMEHHbE DO/, HANPABASHHME B NPOTHBCTGROKHEE
croposil Ecnu mncmMee done nperiaskeacTes (IEpICHAUKYNApHo aHTRdep-
POMArsrTHOH OCH, TO NIDH STOM, KAK YXXE OTMENAI0tE, ero AclicTBHe CROMTCH
K reQorbiioMy 0BOPOTY MATHWTHHX MOMEHTOB atoMos, Tek Kak BRCIIHES
[ONIe MUOTO MeHblHe OBMERHOTO, IPAKTHYCCKH NIPH BCEX TEMNepaTYpaX Hinke
toukd Hesnma adupert or ero poyefcTeuA He 32BMCHT OT TEMIIEPATYPH.

a \ |
: \Z =
. ) hY X
' A\
+
: 3
H /0
% e
» ¢
E A
: ]
: ’ %o
FPoc. 320 TemnepaTypHsie  3apucHMoc- ' et ;
- v e H
TH ¥ # 1/y B napamarknTeO# obnacT, i !
¥ r £
& TAKKE X3 ¥ Xy IRYXAGAPSIHETOMHOTO L iy - -
anTadeppoMArHETHKE Oy ¢ M
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B cnyuae npwioxeHns BHEIMHEIO NOAA NapanneibHO AHTADEPPOMArHUTHOH
OCH BOSHAKHOBCHHE HEMATHMMEHHOCTH CBRIAHO TAKKE ¢ (IOBOPOTOM MArHHT-
HEIX MOMEHTOR ATOMOB, HO B HGHHOM YIS IoROPOT OGYCMORACH 83aHUMO-
DEHCTBHEM [IONA ¢ KOMTIOHOHTOH MATHUATHBX MOMCHTOB, NEPRCHIHKYALPHOM
anrndeppomarnnTHed ocH. Tlo Mepe Nowiokesy TemNlepalypel cpefuss
BEJIHYMHA IToft KOMOCHCHTH YMeabacTcA ¥ ofpaunzerca s wyme nipr T = 0,
¥OTHa JOCTATEETCA MONHOE YhopsaoueHue, BaauMonslcreue nong ¢ xomao-
HEHTAMH MarHMTHHIX MOMEHTOB ATOMOB, HANPARMEHHBIMM BOOHE H ITPOTHE
oBMeHHOro nons, NEBCTBYIOUIETO HG TOMM OAHOR M OpYrofl NONpPEIeToK,
He Aaef BKNAaA B WaMalHHUYCHHOCTH, TaK Kak, BO-NCPBLX, BHEMRGE NMONE U
MHOI'O NOPHAKOR MEHbIIE GOMEHHOre H, BO-BTOPLIX, HIMCHEHHS BEMUHMHE ITHX
KOMIOHEHT HAMATHHYEHHOCTH HMEIOT NIPOTUBOTIORMKREE JHAKH,

3.7.2. TepmomEnaMuvecKas TeopH#

A Teopernaeckoro pacoMoTpeMnd anTudepPOMarHETHKOB ¢ YonexoM Npy-
MeHuMa  TepMouHamMpgeckan Teopus. Kax Guio moxasano Jlawnay, no
HIBECTHOM CHMMETDPHH KPUCTANIA NIPH TeMICPATYPaX BHNE TOYKK $azoBoro
NEpexoRa BTOPOTC POXR MOKHO OHPCAGNTE BOIMONKHEE KAACCH CHMMETDRM
HH3IKOTeMIEpATYpHoH yrnopagodennodt dmaze. IpiMensTensre K anTadep-
POMAIHETHRAM TAKGE pacoMOTpeHue Dbiilo yorenso passiro [5saommMHckEm
{Maanomuncxay, [957]. CuuraeTon, uro MarHuTHNE MOMEHTM 2TOMOB (§,)
NOKARH3OBAEH W BONMM3H TOuKd ¢asoBore Hepexoma TepMOIMHaMHWECKH
BOTEHLAAN $ MOAHO PALIGKETS B PAA 10 CTENEATM KOMIIGHEHT BEKTOPOS S,
Tipn 2ToM B PEVIOKEHHE BOMIYT TONBKO HETHWE CTENCHE KOMIIOHEHT, TAK
gaK & pospkes Guith BHBADHAHTHERM OTHOCHTCRBHO M3MEHCHHS RANpIRICHIA
seex BexTopos S, Ha ofipatroe. Kpowue rora, pasnomensie 1oungno GuTe HHBS-
PHAHTHEM OTHOCHTENREHO BCEX NpeoOpajoEzHHE NPOCTPEHCTEERHOH IPyINK
xpucTasnz. MuuuMym & cooTerTeTyer papxoecHbM S, T.e. crabuasson
MArAMTHOR CTPYRTYDC KpHUCTAAIA.

PaccmoTpum apocTefmuk cnyualt — olHOGCHH aMTHOEPPOMArBETHK
¢ ORYMS MATHWTHHEIMUH NOApeileTRaMu 8 wieMenTapHoi suciike. TepMonvna-
MAMCCKHIT NOTSHIMAN YROOHO 330MCATE B BHIE PAIIOHCHUA [0 CTENCHEM
EOMIIOHCHTOB BCETOPOB

HES 5; ~— SQ IS ¢ e S; + Sg, (3?3‘}

KOTOpHe 1ipeofpasyioren HEJIABUCHMMO [DH BCEX ONCPALURAX CHMMETPHH
TPOCTPaNCTBOMHON Tpynam EpucTanna. OMEBHAHO, 49T0 M — CPEAHUH
MArHUTHSIR MOMEHT IACMEHTAPHOH S3eilK, 4 BeKTOD | Aa3KBIETCA BEKTOPOM
aHTHOEPPOMAIHETHIME WK ARTHEPPOMArHUTHEM BeKTopom. Bbiuan rouxu
(azoBoro mepexoma | ¥ M MEAH # B PRMIOWEeRHW P ZOCTATOUHO YMECTh
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TOARKS YMEHW Broporo nopmixa. Jobasnm ciie ofui 9Nt YeTBeproro
nopaa ¢ I, mockontky [ 35 m. Takum 06pazoM, MOKHO Hanucats:

A 4 & 3 a 3 b 1 Cg
(22::':.”. It — - i R L ) ‘?9

YUneunl, He 3aBHCHIIME OT OpHEHTALMM BekTopos | ¥ m {chaemoparemssto, §,
B 8,) oruocuTensHe KpucTInorpadiNeckax ocell KPHCTAILIA, COOTBETCTRY-
0T oBMennol SHepray, TPETUA H YeTRCPTHH WieHN RPEACTABMAIT FHEPIHIO
AHHIOTPONNR, NMPHPOIa KoTopol OYAeT paceMOTpeHa B TiL 4, a pooneyiui
YNEH €CTh SHCPrHA B0 BHE(UHEM MAaTHMTHOM fofe. Yonosua muuumyma §
RPHEONHT K CHEAYIOMHM YPaBHEHRAM

g?m%A@aﬁg;Q
X
aP
qi, ~ A+ =0 (3.80)
¥
g?wu+@ufmza
2 (S
OTcioaa BO3MOXKHEL B3 PEUICHIS, COOTBETCTRYIOUIMG ABYM GOCTORHHAM,
A + 2
NL#0, L=l =0 P= Wgﬁ, ® = _iAng} ’
R {3.81)
A A
2} lzzﬁ; sz"-"»“”""‘c“, 4’2““%

B napamarnaTiol ofmacth MurrMyMY P cooTReTCTRYST M = [ = G, nosTomy
A > 0u B > 0 Hoke Touxw nepexofa B > 0, Tax X3k ¥Havye xpucrana Gun
6u deppomarumtiem, 2 A < 0. U cpastenns @, u ¢, nz (3.8]1) creayer,
YTO OpPHEHTAIMK BekTopd anTidepposarveThiva rfo exGpasmol oon (7) wm
B ILUTOCKOCTH, NepneHINRYApRod eff, 3apycnt oF sBaxa b, Tipa b < 0 sexrop 1
OPHEHTHPOBaY BIOJb GCH, I'pH b > (O — neprneHnukymspuo cf. B Touke
dazoBoro nepexoia xodpPuument A {sas A + b, o |Al > |b]) ofpaumerca
B HY/Ib, IOSTOMY €10 MOXHO PatneKHTD B pax o crencHsm {T — Ty), ¥ ecnm
QrpAHVHUTLEH TIEPBbiM YNEH0M, TO

A =AT ~Ty). (3.82)

Orryna, yantssas (3.81), nonyquM TeMUEPaTYPHYH 3ABACHMOCTE HEMATHN-
YeHHOCTEN TOAPELISTOR

i 172 ‘
[~ [E:‘ (T - r)] . (3.83)
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Puo. 321 Tempeparypuas 3aBECHMOCTD MaHHTHON BOCHPHHMAINEOUTA MOHOKPHCTAT
s MoF,. Kpusan ¢ rousamn — no nanwsm [Bizetle & Tsal, 1954]; cniowsas
KpHBas — 0o paHHEM [Stout & Griffel, 1949]

B napamarsatholl ofmacts ! = O, B MymnmEaung noresnana (3.79) opn
H # 0 no Tpes KOMIOHCHTAM M PHBOAMT K CAEAYIOIMM GopMyam;
m, = ..{1..’-‘-; = MHﬁ; m, = i, . {3.84)
B B B+a
Taxum obpasom, xosfupuupeny B ectn ofpaThan socnpsmvumsocTh, Orme-
THM, BEJIYHHA ¢ OMPENCNRET AHHIOTPOINNO BOCAPHHMUMBOCTH B TTapaMar-
HUTHO# 00NACTH, KOTOpAR HEBENKKA, Tak Kak B > a. Bosmoxwo paecmorpe-
HHME BOCTIDMMMYHBOCTH H B aHTPEPPOMArHATHOR 00MacTH, 2 TRIOKE aMANH?
NOSEHCHUA AUTHQOPPOMATHETHKR B CHABHBIX Momax (ecm. n. 6.17. Tepmo-
JMHAMHYECKOE PACCMOTPERNE aHTHPEPPOMATHETHRDB 0CODEHHE HATEPECHO
MPH CAOKHLIX MarHHTHEIX CTPYKTYDAX, (71 YAAETCH, HCXOAR W3 CTPYKTYpH
W CHMMETPUM KPHCTAILNE, NPEACKA3ATh BOIMOKHBIC MATHUTHEIE CTPYKTYPSL.
[Ipumep TEMNCPATYPHOH 3ABMCHMOCTH MATHHTHON BOCTIDHHMMHBOCTH,
HoNyueHEOR SKCRepUMeHTaTbRO, puBeiden Ha pie. 321 Chegyer orverits,
YTO CTOMb XOPOLWIEE COMIACHE ¢ NPOCTOH Teopuel HabMONACTCR HE 4BCTO.
[Tpu CAMKRBIX MATBUTHEIX CTPYKTYPAX MAKCHMYMa MArfiHTHON BOCHPHUM4H-
s0CTH B Touke Heens mower # He wabmongarsen. [1pr remueparype Heens,
K4K 3TC W AOUDKHO GoiTh BpY Qa30BOM MEpexose BTOPOTO POmd, HMECT MECTO
MAKCHMYM TENAOEMKOCTH, KOTOPHHA 0COBEHHC XOPOMO HPOABARETCH B TEX
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Puc. 3.22 Temueparypsas 2abiCHMOCTE TeITOSMKOCTH MnF, [Stout & Adams, 1942

cnyvanx, Korna Gasossil NECPoROL NPOHCXORWT Np¥ HH3KOH ToMmieparype
¥ PERICTOUHAA YaCTh TEUMCMKOCTH Hesenuxa (puc, 3.22).

3.8. MarauTnas cuMMeTpUR

[IpH #3yScHHH KPHOTANNIOR DONBLIOE JHANCHHE HMEST YYCHHE O CHMMETDHH,
KOTOPOE HE TOMBKD BAXKHO i GIHCAHUA HX CTPYKTYDH, HO W JAeT TAKKE
BOIMGKHOCTE NPLRCKasbiBath CAMMETpul (usbeckux cHolicTe W cymeeT-
BOBAHHE PAIAMYHE YPPeKTOB. Y KPHCTLUIOR ¢ MATHITHEIM YNOPAAOSEHACH
HOMSMO ATOMGE, CHMMETPHA DACTIOIOKCHUS KOTOPLX OITHCHBACTCS B PAMEAX
obmynoil Kparctaanorpadud, B Y3hax KPUCTRIAMMECKOR pRMISTHH, 8 Yame
TOALKO B 94CTH Y3I0B HIXOMATCA MATEHTHLIC MOMEHTEL OTois cacoyer, 9Te
€CHE BK/HOUATD B PACCMOTDEHNE ITH MOMEHTH, TO K/IACCHYECKOS ONHCABHE
CHMMeTpHHA RpHCTAZIAA yxe He Bymer crpaseanupo. HeoGXomuMo yuecTh Ha-
JHMUKES METHRTHBIX MOMEHTOB, KOTODLIE ABAAKTOH AKCHANBHHME BEKTODAMH,
WM TICBIOBCKTOPAaMHE ¢ CHMMETPHEH &, g MX MOXHO NDEICTABHTH KK
Kpyroesie Toku {pue. 3.23).

aj )
Pre. 323, Tlonapuwit (@) w akceanskibw {#)
BEKTOPB
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Beoe ypanHeuws MEXaHRKR SBASIOTCS HHBADHANTRBIMA OTHOCHTENBHD HaME-
HEHUMA SHAKA BPEMEHM, T.¢ 3aMetbl § Ha ~—f O0o3nzuMM 9Ty ONepAUMIO Kak
R. OuerngHo, 9To onepaiun R, ACHCTBYR Ma TOKY, MIMEHAST HX HanpakicHHe
A3 ofpaTHOE ¥ ANIK MATHETROIY MOMCHT2 2TOMA MONHO HARHCATDL, ¥T0

Rp(r) = —pir), {3.85)

T.© HANPABNCHHE MAFHNTHOI'O MOMEHTA mImenseTcR Ha ofparmoe. Ecnp
onepaikd £ caMa no cebe ABNACTCH OTRPENMeH CHMMETPRY KPHCTARTA, To
IO FHAUAT, ITO B KPECTAIE HET MATHHTHONG YUOPAIDYCHUs, DTO OYEBHIHO,
T4K KAK, © OZHOH CTOpORE, pa3 R —- ONepallHa CHMMETPHH, TO

Ru(r) = p{x), -~ {3.86)

¢ apyro#t cToponsl, cnipaseaineo (3.85). O0a papeHCTRA COBMECTHMN TONBKOC
npi u(r) ~ 0. Ha ocoflesBocts ONepakis HEBEPCMH BPEMEHH 110 OTHOICHMIO
K MOrHHTHBM coficTeam snepsbic Onlo ykatano Jlanmay n Jledurnes
[Tlaenay u Jhsmmm, 1964]

PacoMoTpuM Teneps Ha npuMeps fnipocTol ofheMHOLCHTDHPOBINHONA pe-
IIETKH, ¥ KAKHM H3MCHCHHSM ©C CHMMETPHM UpHBezeT (eppoMarsurioe
YHOPHAOICREE MEFHHTHHX MOMEHTOR B £¢ Y3ax. HekoTophie 3neMeHTs Cam-
METpHH TRKCH Tuehns NipHBenent Ha puc. 3.24, ¢ C NosBACHHEM MATHMTHOTO
ynopatodenna [(pHc. 3.24, §) HeuessidT 0Ch METBEPTONO NOPHNKAE ¥ OOHE ¥3
3CpKAbHBIX mnockocTel, Bmecro HWX NoSRMEOTCA JBE HOBLIC ONEpaUMy
CHMMETPYH, ONHY M3 KOTOPHX MOKHO TIPEACTABYTE KK COBOKYNHOCTH OCH
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Puc. 3.24 OBpeMHOLCHTPEDOBANHAR KyOuueckas aNeMeHTApPHAN T¥eAKa He3 MarHuT-
HOPG YTIOPRAQYEHHRE (@) B C MACHATHLIM yROpAzoYeHnem {B6)
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BTOpOro NOPAOKE # omepalny K, T.e. IR, 3 BTOpyR — XaK COBOKY{HOCTSH
3eprajisHON IIOCKOCTH ¥ onepatap K, T.e. mR. Mrak, Halwune MarHUTHOTO
YIIOPHAOHEHHA MOMKET {IPHBOIMTL K HOABIEHHIC HOBLIX IJICMEHTOB CHMMET-
pri, KOTOpHe ABjtioTeH xoMOnHAuMeR OGMYHHX IUIeMEHTOB CUMMETPHH
¢ onepauueit R.

y6anxosrm [Mlybuuior, 1951 6bia pazewra TeOpus TaK HA3EBACMOH
yepRO-GEAoil CHMMETPRA HAH AHTHCHMMETPHM, KOTOPAs ABIANACH Pe3yins-
TATOM BBEACHMA HOBOH OMEpallMH — ONepali¥l AHTHCHMMETPHA, TpecBpa-
sywmiei rouky {(purypy) B rouxky {durypy) npyrore usera. B oraumume ot
ofepalMK oToxnccTaienns 1 {Aepexona cucTeMH B camy cefa), onepatus
AMTHOTORNECTRICHAS Oria 0BosHavens kax 1/, Onepauua 17 moxker onncars
wimenrenne moboroe caolictsi GUIypH HA NPOTHBOTIONUKHEOS #, B MACTHOCTA,
HIMEHEHNE HARNpapAcHAA MAaTHATHOTO MOMERTZ HMa npoTusononokioe, [lo-
aroMy onepattmn K ¥ 1 saomopduu. Ecan obosmauwrts "epes g miolyw
KPHCTAIOFPadHYECKYIO OTIEPAUMIO CHMMETPHI, TO COOTRETCTRYIOLIAA &i
aHTHORepauns g’ ABJSETCH KoMOMHauued JTOM ONEpauMM H ONEpaumMu
anmuoToxaecrenenus, T.e g = g1’ Ouesnamo, wro B ciyvae MarsurHOMN
cimmeTpin g’ = gR. [lance Gymem NMOME30BATECA TONBKO MHTEPHALHOHAML-
HEME oBosusueHnaMi B o 1 aonusate onepawro R, Toraa kpuetan-
norpadguycckiM onepaumsiM Tosopera 1, 2, 3, 4, 6 u nMHBEPCHOHRLIM
nosoporam 1, 2(=m), 3, 4,6 cooTeercreyor anTimosopdtit 17, 2/, 4, 6"
# HHBEpPEHONHEIS anTHIOBOpOTH 17, 2'(= m}, 3, 4, €. Taim oBpasom, one-
paLii MaTHHTHOK cuMMeTpii 2R w mR (puc. 3.24,6) B nHrepHationaisibex
0BO3HAYENRAX JANMINYTCA, COOTRETCTBERND, KAk 2 1 m'.

Beepewne oncpauui 17 = R YBEJMYMBAET YHCHO TOMEYHBX M NPOCTPaH-
CTBEHHBIX rpymiL BeBon BCeX TOUEYHBIX TPYNN {KNIACCOB) MArvHTHON CHM-
meTprH Omn onestan HlyGpuxoabm 8 TepMHHax 4epuo-0enoii CHMMETPHH
# Tasrepom n 3afiucepiM [Tasrep u 3aftues, 1956, Tasrep, 1958] B Tepmunax
MarapTHol ciaiderpmi. Beero nmeeTes 122 knacca MardMrHOd CHMMETPHE.
Mpu arom 32 wnacea we comepwar um 1, mu g’ 370 Taxk uzseisaeMbie
fenvte, HAM OHOLEBETHHE, WM NOMIpHbe knaccH, OuE 0003HAYAIOTCR KAk
oberunpie  kpuctannorpaduueckne knacew. Fe 32 wmacea copepwar 1
camy no cefe Dro cepbie, HAM OecupeThue, WM HediTpaibibie KIACCH,
K obpmsnm kpucramiorpaduvecknm obospavenns gobaeanercr I, nanpu-
mep 321, m3ml. Ha 1o, wTo ToCYHAR rPyiita cepad, yHAIWBAET TaKKe
Halmvpe B cAMBone sHaka 3. Tak, smecro 3217 mokHO nanncars 32,
a BMecTo m3ml’ — m3'm. Ranee ocrasmwmecn 38 wraccos (vcpno-Genule, Hip
REBYXLIBETHHE, W CMEWAHHOR NOmapHOCTH) He copepwar ', HO coONepwar
HAPAAY © KPRCTAZAOrPMPHUCCKHMA ONEpayHiMH TAKKE AUTHONCPALHK 27

*}Onepaupa 3/ ne FBAACTCS SEMEATOM CHMMETPHR, TAK Kax TpeXKpaTHoe nomTopemne
IKEHBRACHTHO DRepakn 1.
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32 — Besmie (oIpONBETHIE, TOASPERE), —— 230 — Genue {(OAEOURCTERE,
HE coepaT 1’ THONHPHEE )
230 — cepre (GecmpeTHERE,
/ seErpanmeLe)

32 e cepiae {BernueTHES, HENTPAMRHEIE),

coneparr 1 \

Puc. 325, Caaspy mexny yOHBXOBCKEMHA IPYNIEMU B TOMCWHHMK MATHIFTHNME
TPYTINaNME

Deppomarietiam gomyckaer 31 kaace, n3 xoropux 13 Gemte u 18 wepHO-
Genne. Bee 122 krmacca DonyckaoT MarRETHAE yRopsaosenne. Yro KacaeTcn
[apa- 8 JAMAMAIBETHROB, TO OFM ONHCHBIIOTCH CSpHME KRaccamy, HO,
KBK MH YBMIMM HENE, K CepHM K& KI3CCaM OTHOCATCR ¥ HEKOTOPHE
AHTHOEPPOMATHETHK,

TpocTpatcTBeHHEE IPYINE MATHUTHOR CHMMETPHM, HadkBaeMule uryOHy-
KOBCKHMY FSYTIAMI, Baps#ay ¢ npeobpasosanisumit 00EMHEIX HPocTPaHCTeEH-
BHIX FPYUN — TPAHCAAIBAMH, HHEEPCHOHHMME H BHHTOBMMHE NOBOPOTAMH
HA 71/2 ¥ #/3 ¥ KPAaTHIMM §M, J€PRANBHEME H CROALIMIMMY OTPRMCHASMH
H HHBEpCKHEl — colepmaT Takme npeodpasopalia B CONCTANMH ¢ UABEpCHel
BPEMEHR — ANTHTPABCIRIGE oOSIUHEE, HEBEPCHOWHNE H BUHTOBAE ANTHIO-
BOPOTH; IEPKRABHEE U CKONBIAIIME AHTHOTPAKEHNIS, 4 TAOKE AHTHHHEBEPTHH.
Beero Hacauromaerea 1651 wybHukosckan rpynna {JaMopsaes, 1957, wovo-
poie MOXHO pasBETs HA HECKONbKO rpynn {pue. 3.25).

Mueercs 230 myfuskoBekEX rpyni, KoTophie spasoTes GeasMy {nossp-
HeIMH, OHOUBETHERIMM], 'L €. He CONE]IKAT HMKaKUX aHTHolepanad u coppa-
2a%T ¢ GObMENMH DEAOPOBCKUMY TPYIMAMA. ITUM WYDHHKOBCKEM PPy
COOTBETCTBYROT Genuie Todeunsie rpynme. Hanee umeered 230 cepux (Hefi-
TpamHEX, DecUBeTHHX ) MYGHHKORCKHX FPYIN, KOTOPLIC HAPRAY ¢ ODIMHEME
OflepaaME CHMMETDRE COEIKAT ONCPALMIc HTHOTOKAECTRNCHNS. Takum
UIYGHHKOBCKHM IPYITIEM COOTBETCTBYIOT cepnie (BectiBerHuie, HefiTpaibiitic)
rovednbie Fpyunel. OcTanbawe WwyOHBKOBCKHE TPyRUBL, & WMenno 1195,
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Tafruua 3.3

Pacripenencuiie KPUCTANNOE ¢ PaARIHBIME MAHHTHLME CROHCTBAMER
BO FPYINAM MATHRHTEOH CHMMeTPHY

TouesHue rpynns

WyGrpxos- | 20 Gemux 2 9eprO-GenbIX TOIETHHIX TPy

CKHE rpymH 31 deppomar- 59 anTndepporar- 2 cepg};c;eqa&e
HUETHRN TPYNNA | ¢ HHTHEIX FPyDn |
1421 Genas | PeppoMarHeTHKE ArTRgieppoMar- AnTaheppoMarkeTHic,
u wepHo-Genan | (275 wybawxop- | vervixy (629 wryS- MArHHTHAR AucHka
rpynnga CKHX Ipynm) HEKOBOKEX Tpymn) S XamuecKoR
{517 wyBnuxopcKux
rpynn)
230 cepux - - bies marnuThOR eTPYK-
rpynn ryprt {230 wyGynkop-
CKHX [Py

4EpHO-BeNNE {IByXiBeTHHE, CMCIIZEHOH TONEPHOCTH), #3 mux 517 conepxar
OUEPALHIO RHTHMCPCHOCE. [ KPHCTRANAX, BXONANIMX B 9TY rpymmy, anTa-
GEpPOMArHHTHAR SACMEBTapHAN wyclike HE COBMANAST ¢ XHMKUCCKOH —
npoucxonuT yosoenne no 1, 2 wiM 3 papaMerpaM M NpM HeMArHMTHHX
BOITEHCTBMAX MAKPOCKOMHYECKHEe MATHHTHHE CBOACTBA Me NPONEJRIOTCR.
Tague wyBHMKOBCKUE TPYIIR OTHOCATSR K CEPHM TOYeMHHM IpyImam.
Ifpouue 674 uepro-Oeinie MWYOHUKOBCKHE IPYNIE He COHCPMAT AHTHIEpe-
HOCOB 4 onepainid 1 W oTHocATes X S8 uepuD-HentiM TOReUHBIM TPYINAM.
Pacnpeencuye KpHCTAIUIOB 110 FRYIIAM MATHHTHOM CHMMCTPHA NPHBENEHD
s Tab 3.3,

Crnenyer OTMETHTH, 4TO YYEHHE © MAHHTHON CHMMETDHM B PaMKax
YOHHKOBEKHX TPYINT HEMPRMCHHMO K TEHKOHNANbEBM o 30HTHIMbIM Mar-
HUTHEM CTPYKTYPaM B TeX cayyasy, Korfa TaRue Crpykrypu e ofinapasor
TpaRCAAHHOHRON TSPHOTHIHOCTRIO,

3.9. ®eppumarseTuka

Ha npuMepe PeIKOIEMEIBHBIX METALA0B MK BHACAH, 9T0 MATHHTHOS YROpH-
HoMEHHe MoMeT BErTE BECHMa CIOWHBIM, M TAM.3T0 CBA3ZHO ¢ aCo0enHocTLR
obMennore saanMoncitcrama, Ho, oxaasmsaeros, MOTYT BHITE CNYUBH, SIPH Ko-
TOPLIX MAIHVTHOE YROPANONCHHEE He CEORMTCR K Deppo- uin asTudeppomar-
HeTHAMY. XOTH YHIOPRAOHCHHNE MArEHTHEA MOMCHTOR B TAKOTO PORa COCHHHEE
HHAX 0 ofvasioBAeHo anTHPEPPOMArHHTRbIM OOMEHHEM B3auMOuBHCTEHEM,
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HO 3TH COCAMHEHHA 00MUTAKT CNIOHTRHHOH HAMATHHYCHHOCTHIO, H DDHUeM
IHAUMTENRHOHA, 9TO HenaeT X Sofslie NOXOKUMH HE DEPPOMArHCTHRM.
Taxwe coenstHemus fonyumaM Hassauue deppruMarkernios, Knaccuuccuum
BpUMEpOM QEPPHMATHETHKOB ABAAKTCA GeppHTH INMELHH.

3.9.1. Geppurst mmunen

DeppuTsl  GINHHENH KDUCTA/UTHIVIOTCA B CTPYKTYPC MMHEDANA UITHHENH
MgALO,. Ofuyio dopmyry (eppMTOR HINMHENCH MONHO 3BHMCATE KAk
MO-Fe,0,, rae M — gpyxsanenThble sonsl Metauzon Nitt, Co?t, Mn?',
Fe?+, Cu?*, Mg®*, Zn**, Cd** unu xoMOHHAHMA OAHO- H TPEXBAJIEHTHOTO
Mevawios, Hanpumep Liy sFe, O, (Lij FegtO—~Fe,0s).

CrpyKTYpa DINMUCIDE SDISCTCA OAHOH M3 ILIOTHHEX KYGHIeCKMX YNAKOBOK
WAPOB, B Y3/1aX KOTOPRIX HAXOIATCK BOMbIIME 10 pasMepan (r = 1,3 A) Ko
gucnopota, 00pasylonue rpAHELCHTPRPOBAHRYIC peuieTKy. B Tako#l mioTHol
HEPOBDH YTIAKOBKE MMEIOTCH MEKIOY3/IEE ABYX THIOB! TETDAMIpHYCCKHE —
B UEHTPAX TETPadiipol, B BEPOIMHAX KOTOPHX HAXONATCH HOMH KHCAODUNA,
¥ OKTAINPHYECKAC ~— B UCHEPAX OKTAIPOB K3 HOHDB Kueiiopopa. Hucno ter-
PAMIPHICCKEX MEKIOYIIME PABHO YIBOCHHOMY KONWMYECTBY YIM0B MIOTHOH
YNAKOBKY (B [IEHHOM CIIYJa€ KHCAODOAR), 8 YHONO OKT2H[IPHMCCKHX MERE0-
vyl B osa pasa mepsiie. B Mexnoysamax ofoHx BuOOE pachoIAraiorcs
HOHB MEVANLIOB, HMEIOUWE MOMHME pamyc r = (0,6 +~0,8) A, Ho Be Bee
TETPAMIPHIECKAE B OKTAIMPUNCCKHE MERAOYIINA, KOTOpHEe Raykillc Gyaes
HA3LEBATL TETPAMIPHICCKHMH N OKTAMIPHMECKMMH ONOKCHHAME, 3JAHATH
MOHAMH METAIIOB, IIOFTOMY HMESTCH BOTMOMHOCTD PASNHYHEX OTK/IOHCHIMH
OT WICATHHOH oTpyRTYpsl wikHens, Ha puc, 3,26 npencrasacHa aneMeHTap-
Hag wHciya QeppuTa co CTpykTypo#t mtiHend. O603Ha%eRH Ke BCE aTOME, HO

/@

.(:,/ Puc. 3.26. DnemenrapHas  sueika
QeppHTA CO CTPYKTYDOH (LINHHENH
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3870 BHOENEHH COCEIHHE OKTAaUpP M TETPEp, 4TO, Kax ByaeT BHANO Aance,
HMEET BOKHOE 3HA%EHHE NPK PacCMOTpCanM oDMEHENR B3anmonelicTnui.
Flours Boe $deppurs: iinyHenn KyDIMECRUE 1 OTHOCATER K OROCTPARCTREH-
Ho# rpynne O] —Fd3m. Dnemerraphas suefika MMeer pasmepnl ~ 8,5 A
§ WOHOR METALNA 3aHUMAWT No3WiMW B{a} B leHTpe TeTpasnpos, 16 —
paconsraycd B mozsumax 16(d) ® oxrampax, a 32 woHa EMeIOpONia
naxogaTen B nosmimsx 32{e). CoBOKYNHOCTS TETPAMIPHHNECKHX NOAGKeHHH
ofnvEo HALISHOT HONpCIBCTHOR A, 3 OXTANpHYECKMX — Rogpoilierkod B.
ITo pacnpenencHA0 HOHOB METIUTA N0 TCTPIMPHHECKHM B OKTAIIPHICCKHM
NONIoKeHUSM GEPPHTH INHECHE MOKHO PAjAeHTh HA TPH IDYIIRES

1. Hopmanpanic nmvseny — Boe 2-BAMEHTHME WOHM HAXONATCA B TETPasl-
PHUECKHX TIONONEHHAX, 8 Bee 3-BANCHTHME -—— B OKTAZNpHyecKax. Cust-
BOJIMNMECKN TAKOC PACHDENEiEHNC MoXHe sammeats kax (MZ)[Fel*O,.
K nopMamimim mrmuensm oteocstes ZnFe,Oy » CdFe,0,.

2. ObpameRHbic UKTHHETH — BCE 2-24ACHTHBIC HOMB HAXOARTCH B OKTRSAPH-
YECKAX MONCIKEHHAX, OHA MOMOBHAa 3-BANCHTHNX HOHOB — TAKKE B OK-
TEAIPHYMCCKHX, 8 Apyrag — B Terpaggpryecknx. Olwyio Gopuyny MOKHO
sanmcars kak (Fe'* )[M* Fel+]0,. Obpamiennimi wnuHensve SBasioTca
MnFe,0,, NiFe,0,, CoFe,0, 1 varnerur Fey O, —(Fe+)[Fe?* Fe3*|0,.

3, PazynopanonedHnble wmnMHend — Z- ® 3-pANeHTHbE MHOHE METAN-
JOB PECTIPCHERCHH 1O TCTPAMIPIMECKMM ¥ OKTAREPHNMECKHM  IIONC-
WCHHRM  TIPOHIBONBHO W oDutyro DopMysy MOKHO 3aIHCATD KaK
(FedrMEt, )[Fedt , M2¥]0,. K pasyropsnoyeHHEM WMUHENsM OTHOCHTCS
Mg§3264,

B ofipameHnsx MINKHENIX B OKTRIPHIECKOH HOZPELIETRE PASHOBAICHT-
HEe MORM OBNYHO pacopeleneHBl CTATHCTHYSCKA, HO B HEXOTODHX CAYHManX
HIDKE ONPEIeRCHEDH TeMNepaTyPhl NPORCXOOUT #X YIOPHACYEHIE, HANpHMED
B smresom Geppure (Fe**)[Lij Fe1tO, mmke 1000K ofpasyerca nans-
HUA NOPHAUK B pacTpeneNeHHA WOHOR NMTRA M keneda, [Tpeanonarsercs,
a0 B marmerre moke 115K opomexomur ynopsgodeume uenmos Felt
u Fe’t,

Honroe mpems vabaonapmadcs SEAHMHHY HAMRIHHYCHROCTH MarHe-
THTE oCTapasNach sarankofl. JleHCTRMTENLHO, €CAH MArHHTHHC MOMEHTH
2- H 3-paneNTHNIX WOHOB JKeAC3a RApAACABHM, TO B pacueTe Ha $op-
MYABHYIO eIMHMIly, Y4HTHEBAR, %10 MarHUTHHE MOMEHTM Hoos Fe™
paBHE 4y, 8 Felt — Sgtp, MArHATHHE MOMEHT NODKCE COCTABIATE
At + {5- 2}y = 14y, Peanuio e MarHATHLE MOMEHT COCTEBKET BCErT
4,1up. Obvscnenne atomy Omno nafineno Heenem [Necl, 1948, woropuit
NPEANCAMKHA, MTO MAarHUTHHC MOMCATH HOHOB, HAXONURIMXCH B OKTEINDEX
H TeTPRINPAX, HANPABNCHE ANTHOAPDAICALHO, HOITOMY MAPHHTHME MOMES-
T wonos Fel' 2 oXTAdNpAX W TETPAIAPAX KOMICHCHDYIOT APYr APYTa.
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]

Fe''

TICHORCHER

Terpasrpisecxae
THATOMKE ST

1

Puc. 327 Hanparnenns MarsuTaeX MOMENTOE ATOMOB Heqead & 3AEMEHTApHOH
fueike MarneTHT,

B uTore HaMArHHMENHOCTh PABHE CYMME MATNWTHHIX MOMeHTOB Homos Fel™
¥ N0 BeAHYHHE COBMNANRET ¢ SKCHEDHMCHTANbHGIM IHavenneM. CXemartiye-
CKH 3TA CHTYAUMA [NpeNCTARAcHa Ha pue. 327 Oﬁmymwipopmnywc yue-
TOM MarHHTHOTO YTIOPAIOYEHHR MOXKHO 3amucaTh kak (Fe'*}[Fel*Fe’t]0,.
Taknm oOpaioM, MArHEMTHAA CHCTEMA COCTOMT M3 [IBYX KOJMTHHEAPHHX, HO
HEIMBHBATCHTHHX MEPHHTHNX NOAPCIDCTHK -— Tc’rpaa{:{pﬁqecxoﬁ H OKTa-
SNPHIECKON; B PEBYNRTATE HMESTCA CTIOHTAHHAA HAMATHHMYCHAOCTE. TAKOH
cmyqall MArHUTHOTO ynopsjgouensn Guul Hassax Heenewm deppumarnerus-
mom. TomoBroft marasrsol ¢rpyxrypoll oBranaey ¥ apyrie doeppuThl
INTHHEAH,

MarsuTHoe YHopanovucHUe, Bpeanokednoe Heenem, saxonur csoe 0bbac-
HERHC [IpH PICCMOTPOHUWE KOCBEHHLX OOMCHHRIX BianMogeilicrsail B cTpyE-
Type withuend. Haulonce cuiuemv Blaumonelictsnen ssnaerca A-O-B
Y KMCTOpORHHX TETPasOpa M oKTazupa — ofas BepmiuHa (OM. puc. 3.26),
FO3TOMY DaCCTOMBRN MENJlY XaTROHAMH H WOHOM EHCIIOpUNA WEBENTMKH,
3 YIOJl CBR3M ~ 125°, T.e. pecema GraronpuseTen nns ceepxobmena. CoceHue
KHCHOPOIHHE OKTamApH HmewwT obume pebpa H yron csmu B-0O-B
~ 907, uro cyimecTeeHno Mesee Onaronpusrao mir obmeas. Ha cuabocre
pyanMogelcTsus B—0O-—B yrasuBaeT, Hampauep, ToT daky, 9T0 uWHKOBAA
mngHenk ZnFe,0,, koropaa ABIRCTCH HOPMANBHOW M BCOE HOHE Xesesa
KOTOPOH HAXOASTEA TONBKO B OKTEINPAX, — IT0 aHTHGEPPOMAIAETHE © DYSHL
Aol rouko¥ Heems ~ 9K, M vaxowen, Bsawmoneciictsne A—-O-A ewe
cnabee. Yron caran aiechk ~ 807, Taxru oBpazon, no yiapano abconiotHof
BEJMYHHE OGMEHHbE BHTETPAb PACOMIraAlOTCR B PIAY Jap, Jop, J4,. Bee
ITH BIAHMOACHCTEHS SHTHDEPROMATHUTHEE, U TOCKOAbEY alaumoleorsue
A-(-B 3HaYHTEABHO CKIBHE: OCTANBHMX, TO B PEIYALTITE PEMMIYCTCH
KOMIHHCAPHAR MAFHHTHAT CTPYRTYpA, npoihoxenday Heenem. Peppumarus-
TUKH TI0 CYIISETBY HEARIOTCH HE TOAHOCTHI0 CHOMTIEHCAPORAHHBIMY anTudiep-
POMArHETHKAMH,
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MpapnmsHocTh MATRRTHOR CTpyKTYps, npeanoscnnalt Heenest, nonreep-
WHACTEH IKCASPUMENTATLHEMA PE3YNLTATAME, HANDHMED HIMSHEHHEM BOIH-
HHBEL BAMATHEMEHHOCTH B PRIY TAK RASHIBAEMBIX CMEIaf X GCPPUTOR HITIH-
HesleH Ha OCHone 0OpALICHHNX mmpHenell. 3aMenas 9acTh ABYXBajeHTHBIX
HOMOB HA ROHW Zn°7 W YUUTHEAS, Y70 UOHH IHAKA NPEANOIHTAIOT 3aHHMATh
TETPAMIPHIECKHE TIONOWEHHA, NMOTyanM Thepipiit pacteap ¢ obweil Gopury-
noft (ﬁ?ﬁx%f*}{§%i;§%f;1]04, 43 KOTOPOH BMINO, 9TO, HE3ABHCHMO OT
ania MArHHTHONS HoHa M?Y no Mepe yeenwuenHs KOHIEHTPAUHM HOHOB Zn2F
H3-32 YMEHBIIEHKE METHHTHOTC MOMERTR TETPAMPHYECKON NOADCIHETRH CyM-
MApHEH MarHMTHWE MOMCHT BOMKEH YBEAHYHBATHCA M CTpemurbes ¥ 10wy
B pacyeTe Ha GOPMYTLHYIO BEHHHMILY NpH X = 1, T.¢. K BCIMYHHE MRrHHTHOTO
MOMEHT2 #Byx HosoB Fe'™ B oxTasgpudeckol nospewerxe. Ha pue, 3.28
MPHBSISHD PeayibTaTh TAKHX HCCNERobanni. BraHo, 9T0 NpH Maamx x HMe-
STCH NOJIHOE COOTBETCTRHE NPECKAIaHMIO MoeiH, OTKIOHEHHE © POCTOM X
chA3ato ¢ IHPEKTOM TIK HAILIBACMOTD AMaMENNHTHOIG pasbasicHms, T.e.
€ YMEHBIICHHEM KOHISHTPALMM MATRHTHLIX HoHOP. [IpaswisHOCTE rANOTEIH
Heenst vis MarHuTHON cTPYRTYPW QeppiTop JUNHHENEH GHA2 NOXTBCpXK-
AeHd TAKKE HERTPOHOTPAPHYSCKUMH HCCNENOBEHUAMH H HCCASAOBAHMAMH

(Ligs t Feys)
Ni

1 H i i

0 02 44 05 a8 10
MFe, 0y x Zake, O,

Pre 328 MarnuTHsie MOMCHTH HacHUWEHKS TECPAMX pacTsopos Zn M, Fe,Q,
& marneTonax Bopa B pacyere Ha Gopmynbayio ennnnuy [Gorter, 1950]
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Talmeya 3.4
Pacnpenenenue xaTnonon, Tempeparyps KiopH 1 MBMATHNYCHHMOCTH HACHIEGEHUA
REKOTOPBEX BpocTai (eppHTOR mnHIenedl

Momentn | Pesynbru-
dopoma | TP | s, | pyouna | T 4
s MOMEHT, {ip
{A) (B (A (B} :reop.|sxcn OK 30K
LigPes504|  Fe* Ligs+Ferh | 5 10+2,5] 2,5 | 26 5754200 3900
MgFez 04 Fe**  [Mg™4Fe™ | 5 (045 | O | 1,1 |440|1800 1500
CuFe 04 Fe* | CuFe™| 5 (145 | 1 | 13 2000; 1700
NiFea04 Fe™ Nit*+Fe™* | § |2+45 | 2 | 2,3 |585[3800| 3400
MnFe:Os  |Mndi+Fell Mngh+Fell] 5 |545 | 5 | 4,6 |300]7000| 5000
FeFe,Ou Fe** Fe'*.tFe'* ]| 5 |445 | 4 | 4,1 |585/6400] 6000
CoFe,04 Fe** Co 1Rt 5 1345 | 3 ¢ 3,7 |520]|6000) 5300

¢ noMomibio sfepexta Méccbayapa. B rabn. 34 Dna uexoropux npocTEX
$EpPUTOR MINTHHETCH NOKAIAHO PACTIPES/ICHHS KITHOHOB 11O TIONPCINETAM,
3 TAKXE NpHBEACHH TeMneparypu Kiops H BAMArHUYEHHOCTH HECHIUCHUS,

3.9.2. Teopnn Heens

Heenem [Neel, 1948] Gbina paseura Teopusi KOLNmHeapHBIX peppuUMarte-
THKOB, KOTOpas BasMpyercd Ha NpeiCTsBCHHM O MOZEKYBIPHOM [OAE.
Hitike psccMOTPHM OCHOBHWIE BbIBOAM ITOR Teopsn. Jia npocrors Gyaem
CHHTATH, 9TO B COCHHMHEHMM HMEIOTCA MATHHTHME ATOMH TOMLKO OJHOTO
BHa ¢ MATHUTHEM MOMEHTOM [y ¥ KOHTIeHTpAUHeR N. MaruaTunte aromb
" J2HHMAIOT ABA HEPKBMBATCHTHMX nosiowkerux A n B. Ilyers A u g — nosmw
MIPHETHEX HOHOB B DoxpetneTkax A ¥ B coorsercreenno, Takim ofpasom,
A+p =1 OBoskavum uepes M, HaMarHW4eHHoCTh NpH TeMilepaType T
B ToM CIIY4ae, ecili Dt BCE MArHMTHHE STOMB HAXONAMICH B NOApeleTkE A,
a €epes M, — B cyuse, eciH Ob Bee MBPHUHTHME aTOMBE HAXO[HIIHCH
& noapewetke B, Toraa neHcroHTe nENE BAMATHMYMEHHOCTH MOIPELIETOR A
# B paenm, cootsetcrsento, AM, W pMpg # ANR CyMMApHOH HIMArHMYEHHD~
ety M umees

TdpexTubHele AoTA, JelCTBylOmME H3 HORM B A- M B-nompewerxax,
oboanauuM, cooreeTcTsenno, Kak H, 4 Hp v Oyaes cuuvats, 470 Kaxdoe U3
HUX COCTOWT M3 ABYX CIArdeMbIX OAHO TIPOTICPUAOHANLAC JuMArHHCHHOCTH
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csoelt ToRpelieTEN, Bropoe - Yywoll noapewmretke. Ima H, »u Hy rorna
HMECKM]
H, = n{aiM, — uMg), {3.88)
Hp = a{fuMy - AM,), (3.89)

e n, na 1 af — x0apPRIRERT MoNeKyIIApHOre tiond (£ > 0). Baanmoach-
CTBHE MENNY OOIPENISTKAMM CUMTICTCH OTPHUATEIRHBM, T.€. HaMaFHEYSH-
HOCTY TONPEUIETOK AHTUIMAPATCHLHE; & 1 § — GespaIMepHNE AapaMeThl,
SHAK H BEIMIHHD KOTOPHX XAPUAKTEPHIVIOT BHYTDHROAPCINETOTHHIE BIAHMO-
AeHCTBHA B OTHOCHTCNbHMK CIUMHUAX, TIPH TOM 33 COHHALY HIMEPCHAHR
RpuHsT R0GDAQHCHT MONEKYTAPHOIS NOAR A% MOKTOAPERICTOHHOIG B3aH-
MoefICTBR, 1. €. n. B napaMaranThofl 06N20TH CURTACTCA, IO BRNIOIHACTCR
aaxon KopH, Torma fan HaMarHHYeHHOCTER RORPEISTOR HMESM:

My = 5 (H + Hy),
- (3.90)
MB e *‘“?“; (H ”‘.”Hg}

3necy C = Npd/(3k). Vcwuowas wa (387)—(390) My, My, H, u Hg,
HOITY<EHM

_ T2 = nCAer + u)T + n*Cu(ep — 1)
H = CiF - aCiu(Z +a+ 8} M, ‘ @n)
oTKYAR
1 r 1 o
Ll (3.92)
e
1
— = n{2 ~ AP - ﬁzﬁ},
X
(3.93)

7 = nCAu[A(1 + a) —a(l + 5],

8 =nCau(2 4 a + ).

Bupamense 111 ofparuoéi Bocnpunmunrocts (392 npencrasnser coboft

runepbony ¢ acaMnTOTOR
I 1

— = e 3.94)
x C % (
NePeceKAoLLYI0 ook TeMAepaTyp {puc. 3.29) & Tovke
C

X
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Pac, 329 Temnepatypuss 3aBAcH-
MoCTh Ly SepprMarseTura

TE TEMUSPRTYPR HMaNBaeTeR acHMirrorHueckod Toukolt Kopa Bocnpuum
SHBOCTH 0Opam@eToR B GECKOHEUROCTD NIPH TeMIEPaType

0, m-’?g(mwﬁm\/@a-pg}uc@). (3.96)

Hipxe wroit remneparypi BOSHHMEZeT MarHwrHoe ynopafouewue. lns pea-
JIM3ALMH TAKOro cocTosssa weobxonnmo, 9robm 6, » 0. Ha (3.91) u {3.56)
cnenyeT, w0 8, = 0 npn

aff = 1. (3.97)

Eoytr paccMatpHsath o W £ KaK NPRMOYTONBHBE KOOPHHHATH, To 0T
puuatensHaa eetes remepbonu (3.97) pasgeaser mwnockocrs of Ha JBe
gactd (puc. 3.30,4). Ta wacte, B KoTOpoB HAXOMMYTCH HAYAMO HOORIHHAY,
COOTBETCTBYET TakM & M fi, pH koTopHx €, > 0. 3o ofmacts Qeppr-
martcTEaMa. B apyrodi qactu sroft maockoctH 6, < 0, MTO COOTBETCTBYET
NAPAMATHETHIMY.

Hixe 7temnieparyps 8, nNOSBASIOTCR CNOHTAHRHE HAMATHWYEHHOCTH
noapemierox AM ., B pM ., KOTODHC OBDPEICASIOTCH K3 CREAYOURX ypas-
HeHEH:

Supn(cdM, — uM
MA3=N§S.UQB§{8 Hpn(eiM s g 3‘3},

&T
(3.98)

28Supn{fuM,, — M
M&mNgSprs{ upn{fu Bs f&s} )

kT

PesynsTHpYIOLIAR CIOHTAHHAA HAMarHWHeHHOCTe M = |AM 4 — Mg ] # Mo~
wer OnTe BHMMCACHA #3 ypasnemu (3.98). Anamus TeMmreparypHo#t 3a-
BHCHMOCTY Af, 7 DAsfHvHBX BENHUM# TigpaMerpos «, f. 4 0 u Npe-
BEI K PEIYILTATAM, KOTOPHE MOKHO NPOREMOHCTDHPCBATH Ha puc. 3304

1 e o T
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a)

6)

0 T. T

Pric. 3.30. RnarpaMma pas/HYHBIX MaTHHTHBIX COCTORHHA ABYXIOAPEIIETORHOTO Gep-
PHMATHETHKA B IVTOCKOCTH off NpH’ OTPHLATEABHOM B3aHMONEHCTRHH MEKAY Nompe-
wetkamu (A/u = 2/3) (@) 1 BO3MOMHME TEMAEPATYPHBIE 3IABMCUMOCTH CNONTaHHON
H&MACHMYEHHOCTH ABYXnoapewieTounoro deppumarterika (6) [Neel, 1948
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ama Aju=2/3. Omono T =0 B pasmmunmx ofimacrax wrockocrs off
HMEEM:

FCE — M, = My, = M, HaMarBRIEHHOCTE MAKCUMATDHY,

ECB - M, = M, My se dacnmens;

ACF — My, = M, M, e nacumiens,

ASD — M, |} Mp; seane;

HSB -— M, || M, sesne;

M |[Mp, opu T=10,

DSH —
M M, opu T sbumsu 6,

Taxum o6pasom, B obnacty DSH mpu 77 = 0 cnodransas HAMarHHIEHHOCTS
napayienbia HAMArHWSEHHOCTH foapeineTkn B, a oxono tosku Kopa —
HaMarqHYeHnocTy noppeeTial A, OTciona caegyer, YTo NpH HEROTOpOiH TeM-
HepaTYPe, KOTOPan HAILBAETCA TouKof koMnencamud 7, CTIOHTAEHAR Hamar-
HHYEHROCTE MEHSACT CBOI OPHEHTAUMID, IpOXOKs sepes Hymb. Cxemaruvecku

ITOT Coydait TEMNCPATYPHHX 3ABHCHMOCTEH CTIOHTRHANK HAMATRMSCHHOCTEH

npencTapneH Ha pue. 3.31. Boobume mis apyxnonpemeiouHoro HEENIGECKOro
depPUMarHETHKR TEOpH! MONEKYIAPHOTD MOJIR JAcT HECKOIERO BOIMOMKHEX
THIOB TEMIEPATYPHOH JABHCHMOCTY CTIONTAHHON HAMAPHWYCHHOCTH, KOTOpHIS
cxeMaTHUeckn mofpakenn ma puc. 330,46 Moxmo orMerdrs eme ommy
CCOBEHHOCTE TEMIIEPATYPHOTD XOIA HAMBFHHMEHHOCTH, KOTOPYIO 13ET TEOpAS
MONEKYIApHOTO Boas. B HexoTopHX <ly®asy, Kak suino #s pue. 3.30,6,
OpH OOBBIIEHUM Temoepatypw oT T = { cnouTansasd HAMAPHUYCHAOCTH
YBCAMUMBAETCH. TO NPUTHBOPSINT PeayTbTaTY KBAHTOBO-MEXARHIECKOID
PACCMOTHCHNS, NPEICKAMNBAIMIEr0 U B cray+ac PEPRUMATHETHIME BMIIOI-
HeHne wxoa booxa,

M

Pup. 331, TesmepaTypHan 3aBHCHMOCT:  Ha-
sarssuennocTel noapeivetox A B B, 4 Tasxe
pEIYRLTHDYIOEH CROHTAUHOR HamarH#wen-

M, HOCTH B TOM CRYMAR, 8CAH CYIECTBYET TOYKa
gomrcaoatuie T,
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Teopua Heensa nipeznosnaraer, 4T MEKMOZPEWISTOYHOE B3aHMoleHdcTRHE
A—~B MHOrO ciUbHee, MeM BHYTpHitogpeweToqnoe A—A wau B-B, crer-
CTEHEM HEro H ABAACTCA KOJTHHEAPDHAA OPHEHTALHA MATHHTHBIX NOAPEIETOK.
B chyyae cunbHoro BHYTPHNOAPELIETOYHOrO B3AHMONEHCTBHA BO3MOXHO
oOpajoraHue HEKOJUIMHEAPHBIX MAUHUTHHIX CTPYKTYD; HAallpHMED, €CNiH BHY-
TPMNOAPEINICTONHOE B3AHMOACHCTBHE AJA OAHOH M3 NOAPEUCTOK aHTUdep-
POMATHHTHOE ¥ CPaBHUMO € MEMNOAPENIETOMHBIM B3aMMOACHCTEBHEM, TO
BO3MONHO obpasoranHe Tpeyroﬁbm)ﬁ MaTHHTHOH CTPYKTYpLL

3.9.3. ®eppurvi-rpanaThi

Peppurhl-rpadarst umMeiotT obmyio gopmyry M chogz, me M — Ttpexsa-
neatHwi won Y3, Gd*t, Dy**, Ho’t, Ert, Tm**, Lu’*, Yb*t, Sm?*, Eu*t,
Tb**, u KkpucranmmMsyloTca B M3OMOP(DHOH CTPYKTYpPE MMHEpANa rpauata
Ca,Al,(Si0,);. Tpocrpancreennan rpynna gepparos-rpanator O)0—lald.
SnemenTapyan s4efika MMeeT PaIMeps ~ 12A u cONCPHHT 3 DOPMYIBHLIX
enwnmy {160 artomor). 96 — O, 40 — Fe’t w 24 — M**. Kartuorwn
HaxXoATCA B TPEX TONOKEHHAX: B TeTpasapax (24d), oxrasgpax (16a)  go-
pexasgpax (24c¢), ofpaszopapHbIX HoHaME KkHCiopoga. (parmeHT CTPyKTYpHI
@eppHTa-IpaHaTa nokasad ua puc. 3.32. TerpasaprveckHe W OKTasnpUHEcKHe
nonoxeHus sauATh nonamu Fe’*, a nonekasnpuueckue M>*. Pacupenenenne
KaTHOHOB MOXKHO 3AIHCATL CedyloimmM obpasom:

(M3} (Fel*)  [Fe}t]Oy,
AONeKa’nphl  TETPasnpH  OKTA3APH

Hanbonee cumphoe oOMEHHOE R3aHMONCACTBHE OTMEMAETCA MEXNY TET-
padIPUYECKMMH UM  OKTaPUMECKMMH HOHAMM JKeJe3a, T.€. B Uenouke
{Fe)—O—[Fe|, e yron ceaau ~ 127°. D1o B3anMonefcTRHE OTPHUATEILHOE
H HAMHOTO CUJIbHEE, HEM BHYTPH TETPASAPHYECKoR M OKTA3NPHHECKoi noape-
WETOK, TI03TOMY HAMACHHYEHHOCTH YTHX TOIPEwieToK aHTHIapanienban. Ha
Tpex ofMeHHHX CBa3eil Yepes HOHB KHCIODONA Y KATHOHOB, HAXONAIIMXCH
B nomexasapax, {M}—O-(Fe), {M}-O—[Fe] u {M}-O-{M}, Haubonee
CHNIbHBIM ARJACTCA IIEPBOE, T.€. C TETPAMPUUCCKAMU HOHAMH IKENesa, nps
3TOM IAaHHOE BIAMMOLEHCTEME OTPHLATENBHOE H 3JHAUMTENbHO crnabee, deM
MEXAy #enesuntmH noapemerkamu. Ha cnabyio ofmennyro ceasb ponekaan-
PHHECKOH TORPEIIETKH yKa3esaeT ToT ¢aky, wro Temnepatypsl Kiopu Boex
deppHTOB-rpatarTor ouenb Gnuiku {563 £ 15} K. Takum ofpaiom, MarHKTHYWO
CTPYKTYDY (eppHTa-IrpaHata MOKHO 3alMCATh B BHAOE {‘M’3}(‘r3€3)[§é2]0,2.
Bce SKCTEpHMEHTANbHEIE NAHHLIE XOPOWO CONACYIOTCA € TAKOH Marunt-
HOR CTPYKTYpoH. HeAcTButennHo, B pacdere Ha GoOpMyfbHYIO EAHHHLIY
MariuTHeH mMoMeHT Y;Fe,0, no pacuery cocraenfer Spp (MaruurtHbif
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MOMENT ORHOrO WoHa Fe’ ™), 2 SKCHEPHMEHTLITEROE 3HAUCHHE — 4,964, Han
Gd;Fe 0y, pacder naer 16up, KCNEPHMERTANLHOE K¢ 3HavueHue — 15,20y,
B oramuse oT raaoiHencBore $eppuTa-Tpanars, ¥ QEppHTOB C APYIHMHA
PEAKHMH FEMAAMHE COTACHE HE CTONb XOPOLICE, TAK KZK TAKHE KATHOHH Haxo-
OATCH HE # S~COCTORHHE W BX opBHTANRHEE MOMCHT OKASWBAGTCA YACTHYHO
FAMOPONEHHIM, TeMIepaTypHas 3aBHCHMOCTL CHOHTaNROH HAMATHMMEHRO-
CTH OAA HeXoTOpHX {EppHTOB-TpanaToR npueencxa Bz prc 333, Bruwo,
YT Y MHOTHX TPAHATOE HMECTCH TOYKA KOMAEHCAIMH. JT0 oDBACHRETCH
TEM, YTO [PH HHIKHX TEMIIEpATYpax H3-3a GONBIIOre MArsHTHOID MOMEHTA
PEAKC3SMENBHOTO HOHZ CYMMa BaMAaTHHYSHHOCTEH NORSKASIPHYECKOR M OK-
TAPHUCCKOR Nofpeeror Dombille, YoM HEMATHHYCHHOCTS TeTPasIpHIccKof
nogpewierky. C NOBBIHEENENM TEMREPATYPH HAMEPMAYCHHOCTD ROREKAINPHYS-
CKOMH NOZPEIICTH DHCTPO NATACT, DA HEKOTOPOR TEMNEPATYpe CyMMapHas
HAMATHHICHHOCTh NPOXOIAT SEPE3 HYIIb, H Jaliet yKe NDEBAANpYET Hamar-
HWYCHHOCTS TETPA3IpAYECKOR I0TPETIIETK,
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Puc, 332 PparmenT xpectayideeckoll CrpyrRTYpe QeppuTa-TRamata HTTPHA! ¢ -
wonbi Fe'* 8 Tetpasapax, & — wolih F¢'' g oxvasupax; ¢ — woMsl Y & foaexaanpax
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Mexny npocTeME SepPPUTAMU-TPAHITIMH BOSMOKHO ofpaiopanye u3aHM-
HHIX TBEPHBIX PACTBOPOB. CHHTEIAPOBAHK { JAMCIIEHHNE GEPPHTH-IPAHATH
¢ zameroft mokos Fed™ ma APY, Ga'* mm Si*t, Ge®t, V3* ¢ onnobpemen-
HHM BEEACHHEM B AONCKasApuuecKyto nozpewetky Ca’t pna coxpanesns
CTEXMOMETPHNA, 2 TAKIKE COCTABE €O IHAYUTEILHMM COepKaHHEM Hotos Bt
B BOTSKASApUNecKOl Nogpeilers e,

Deppurei-rpauatel obnanaor pagom dusmdeckux cBofics, KoTOpHE e
HAI0T KX HelaMSHUMBMH JMA MHOTHX (HSHYECKHX HCCNefoRARMRt b Tex-
HAMCCKHX NpHMeHSHHA. 3To GoJpaoe 3eXTPINECcKOE CONpOTHRNCHHE [0
~ 1012 OM - cm, ovenb MANaA mMpEBa JAHEY GEPPOMATHUTHOTO PEIOHAHCA
H Maasle NOTepH B auanasore CBY, onTHuecKar NpO3PAYHOCT: B TOHKHX
cnonx. Jna H3EHeckHX HOCReAoBaHHR W NPAKTAHECKOND NPUMEHEHHR 04YEHD
BAMHO TO, IO MarHUTHHE CBOHCTBA (CDPHTOB-TPEHATOB MOWHO MEHATL

g DIHPOKHX NPERenax HIMEHCHMEM XHMHUYCCKOTQ COCTABA H  YCIOBHAMY
CHIFTC34.
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Prac. 333, Hamarsnuesnootd Hacaltieund Gepprios-rpaHaTon 8 marieToRax Bopa na
Mosexyry 5Fe,( - 3M,0;, [Panthenet, 1938}
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3.9.4. D'ekcaronansubie ¢reppurn

Boneittyrds rpyany epDEMAVHETHROE NpPEACTEBAZIOT rekcadeppuTh —
SEePPUTE © rexcaroHafbHOR KpHotanmpMeckoll oTpyxTypoll. Takue coenw-
wewma ofpasysorcs B cucteme oxmesnion MPO-MU0-Fe,0,. 3necs M!
0B03HAYAET IBYXBANEHTHRA HOoH ¢ DoNipitfil WOHHBIM DPAIMYCOM ~- Ba%*,
Pb?, 83t Ca’t, o M cooTHETCTBYET NBYXBANCHTHEM HOHAM MEPEXONHBX
SREMEHTOB TPYNNH Menesa — ¢ nebonbuiuMy HonMEME pansycamy Mg,
Mn?t, Fe2*, Co®t, Ni2*, Cu?t, Zn*t (rabn 3.5).

KppcTanmuneckan cTpyKTypa rexcadeppuTos  cocTouT B3 depeny-
BIAXCA CloeB ¢ WIOTHOH kyDideckodl H FEKCArOHAMBHOH YNAKUBEAMH
HOHOB Kucaopoga. CAcH PacTICHETAIOTCH NepCHIHRY/RPHO FeKcaroHanbHol
ocu. Haubonee npocrevm rexcadeppuramii RpASiOTCH MarHuTOmNOMGHT
PbFe;,0,, (ananor mumepana MariuTonnoMOHTa ¢ npnmepHol gopmyaci
PbFe, Mg (Al sTig 50,0} ¥ deppoxcmop BaFe),0y,, 8 xoTophix orcyr-
cteyer xommonenta MHO. 06a amn coenuncuna uMenT GaHKYI0 KpheTan-
JHMECKYI) CTPYKFYQY, KOTODYI MONHO OPCICTABHTR K3k €cpelyImecs -
BROJAb TEKCaroHALHOM ocu ¢ Grorr Tanoe 8, 8, R uw R* (pue 334)
Brokn S- m ST-THHZ ¥MEIOT CTPYRTYpY Mnmdems ¢ ocsio [111] moons
ocd ¢ Kawunit w3 HeX CORCPWET B2 CNIOA KUCIODONS H COCTOMT #3
BOCEMM HOHOB KHCAGPODE M IUECTH HoHos wefesa. Biaoxn tama R o R
FEKCArOHaNbHbIE, COCTONT B3 TPEX CNOEB KHCHOPOMA M CONCPHAT OlBHRANIATD
HOHOB KACIOpONR, WECTR HOHOB Ke3a B B ciaydae deppokcaiopa —
ORdH HoH Gapua, JamMeINaonIRE ONME A3 WOROB XHCnOpona (oM. pue. 3.34)
Broxy tama §° n R® oTamvawres or Onores tana S 2 R oromexe Tem,
910 OMH MOBCPHYTR OTHOCHTenbHO aud Ha 1807 moxpyr ocm ¢. Cnod,
aMeloiE dod fapun, BMECTe ¢ NPWIKANMME K HeMY CROBMU B3 HOHOB
KucAopona ofpaiyeT fEKCIroRanbHY ymakopry. B aaemenTapuod sueiixe,

Tabmuna 3.5
Honpsie pasmycs! 2ex07ophix IBYXELILNTHELIX HOHOE

Hou Pamsyce, A Hon ; Pamnyz, A
o 1,34 Mg 0,74
Ca™ 1,06 Mn? 091
gt 1,27 Fe’~ {,80
Ba'* 143 Co?* 0,78
P 1,32 N 0,74

Zn** 0,33

Cal* 0,50
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comepxatnedl nze GOpMYARHLIC CRHHMUH, ONOKH HepeldylOTeR B N0C/Sno-
satessHOeTd RSR*S* (oM. puc. 3.34). CTpykTypd T4KOTO THIA HAIBIBALTCR
crpyxrypolt Tema M. Momw Fe®* B Hefl 3aHHMEIOT MONOWEHHA TpPeX
THNOB. OKTA3MPHYECKHE, TETPAYPHICCKHE H rexcasapuyeckue. [locnenune
MMEIOT TIRTHKPATHOE KHCIOPORHOE OKPYKeHHE, KoTopoe obpasyet SunpusMy
HI JBYX Terpamipos, umeiommx ofmyle rpanb. HUro xacaercs marnurHol
CTPYKTYDH, TO B tUrMHENsHBX GAOKAX MAFHMTHEE MOMEHTH WOHOB Wefe3a,
SEHMMAIOIHK OKTZIAPHUCCKHE TIONOWEHHR, IHTHIAPAAACTLHE MATRHTHHM
MOMEHTAM HOHOB eiesa B terpasfipax. Takum olpasosm, wrmmensHsH

M = BaFe,,0y4 e ?
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Puc. 3.34. PacrronoweHys aTOMOB B cosouseHsax rewcabeppwror tna M {m —
NAOCKOCTD JEPKANBHOTD OTPaMEHHA }
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Gaok mMeer marauTHEl MoMert {4-2)- Sy, = 10py. B rexcaroHansHoM
Grioxe MATHUTHMA MOMCHT HOHE KEJIE3E 8 FEKCagPUYSCKOM (IOMOMEHUW
BAPANACHEH MAFHUTHRIM MOMEHTAM HOHOB B TPEX OKTAIPAX H SHTHIE-
PAJUICSSH MRFHHTHMM MOMCHTRM CCTRIBHMX IBYX MOHOB B OKTASUPAX, T.L.
reNcaroRaInHell GOK uMeer MarHdTHUE MoMenrT (1 + 3 — 2) - Syt = 10u,.
Taxkum ofpasom, cymMapBbl MarsaTEHE MoMenT pasent 20uy;, WTO xopoilo
COPAACYETCA © BECNCPHMEHTANBHEM 3HAUCHHCM,

B rexcadicppirax Gosige CROKHOPG COCTABA TPHCYTCYBYCT ¢mle ofMu
rexcaronansnll Gnox T, ¥oropeilt COCTORT HZ YeTHpEX €/0€B KHCAOROMA,
B HosM Dapus 3aMeilAIOT HEROTOPHIC HOHE KHO/IOPONE B RBYX COCRRHUX
caomx {puc. 335). Pan coenusesnil ¢ padMuHLIME KOMOMMAIGDIME CTDYR-
TYpHEX 610808 H #x cuMBomideckne ofo3mavenud npuacnensl s rafin 36,
a & ta0n. 3.7 fagn PEXOTOPBE MATHHTHLIC XaDaKTePHCTHKY Npencrasurench
rexcadeppuros ¢ pauniuscl crpykTypoi. BoamoxkeH cuwTes Goawlmoro
SHCH3 TERCIQEpPUTOs ¢ PRIMYHHME KoMOHHARMIME 6ROXOB, W INHHA
SREMEHTAPHOR A9CHKH MOKET AOCTATATE HOCKOABKNX COTEH BHroTpeM. Bosk-
HSHHETRD TEECADCPPHTOR ~— ORUDDCHNE PEPPUMArHETHKR ¢ OCHID ICIKONY
HAMArHEABAHNA BIONE TeKCaroHasibHol ocl, wo rexcabepputm rpymun Y
HMMEKIT NAGCKOCTS AETKOND HAMArHUHMBANUR B RasHBaKTed deppoKeaanams,
Yexcadeppury Co,Y u Co,Z npe Temueparypax mipke 215K ofmanaor
KOHYCOM JNerwux nanpasrieudhl. Henpocras KpUCTALAHMECKAS CTPYRTYpa,
PASHOE EMCHAOPOSHOE OKPYECHHE MABFHHTHHX MOHOB — BCE 370 COIacT
CAOKHYIO KAPTHHY oOMCHHHX BIaHMONEHCTEME B MOXCT pUBECTH JaKe

o
O o Ba®" ﬁ} Fe¥", Me®
[

Pre. 3.35. Pacnonoxenke arosog B cnosx R- B T-munos
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K ODpASUBAHMID refHxouganencil MarauTHOH CTPYXTYPH, K4k B Clydat
(Bag, Srgg)Zn,Fe 0,

Brarogaps pasHOOBDASHEM MArHHTHRM CROJCTRAM, BHMCOKMM TOYKAM
Krops 1 Somiuofi saMarpeniolT rekcadepprtsl HaXossr JHpokoe tipH-
MEHEHHE B TEXHHKS. Y GIHOOCHRX rexcadieppiTos KOIPUHTHEHAK CHTa MOMET
AGCTHFETE HECKOABKHX JECHTKOR WHACGDCTEN, W TAKHE CcOCTABH IDHPOKD
HPUMERRIOTCR JUIR MIFOTOBNCHHA NOCTOAHHBIX MAPHRTOB. YIKHE nuHHs (ep-
POMArHUTHOTO PEIOHANCE DCETD D HECKOJIBKC SpCrel H Dosbine KOHCTaNTH
BHIICTPONHA NOIBOIROT APUMEHATE TexcaGeppuTnl B PAIIIUHBIX YCTPOiteT-
pax CBM-pmanasona. $GeppokcIIanb SBAMIOTCH YHUKATLHBIMY MATHHTHOIME
MaTepHaiamMy, ODAARAIOIIAMK SHAYHTEABHON MAPHETHOR NPOHHLACMOCTHIO
BUJIOTE 20 Y3CTOT B HOCKOIBKO COTEH METArepl, 9TO HO3BORAET HCROALIOBATL
ux g CBH-yerpoflersax.

Tabmpua 3.6
Jaunbie 0 CTPYKTYPE BEXOTOPUX rexcadeppayos
X i - Bin - Hpeno cnoer | Jlauba Auefixe
HMHSEOKUA "} Comapon | u “epenoBaHEe | B rexcarcHansieol | anoms rexcaro-
cocTes | 8noxon AYeHKe wansHoi ocn, A
BaFeuOn M RSR*8" 10 232
BaMiFeisOn | W RSSRS°S* 14 328
Ba; MY Fea0s2 Y (RTS8} 1x6 415
BasM ! FesOs Z | RSTSR*S'T*S* 22 52,3
Tabnaya 17

Marseranie csoliciea nekoropeix rexcadheppuros

Obosia- Hasarnuvennocers | Touxa

Xummaeckuii cocTas uacwimenis, 4xM, It | Kops,

HIE L (womsarran Temmpa) | Te, °C

BaFe ;09 {Ba0-6Fe;O3) BaM 4730 450
PbFe(hy (PBO-6Fe;05) FoM 4020 452
BaMnzFesa (B&O’EM!S&’SF(‘Q{}}) MW 3900 415
BaFe:Feis0yr (Ba(2Fe0 - 8Fe: O4) FesW 5220 458
Ba:MnzFeel (28a0-2Ma0 6Fe:05) | MmY 2100 290
Ba;CoiFe: O (2B20-2C00-6Fe201) | CoaW 2300 340
BaiCo FezOa [3Ba0-2C00-12Fe;0;:) | ConZ 3350 410
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3.10. [eposckuThI-MaRI AHHTHL :
CroeolpasnniM  KIIGCCOM MAIHETHKOS HBIIAIOTCR MAHPAHWTAL €O CTPYKTY-
pof NEPUBCKHTA C MOHAMM MAPTABUa & 3- H 4-BACHTHOM COCTONMMM.
2710 TRCDAME pacTROp, oDHIYHY QODPMYAY NOTOPHX MOXKHO JANHCATEH KaK
La,  M¥*MnjZ Mn?*0, 3nece M — meyxsanemrawe soms Ca?*, 5%,
Ba?*, Pb2*. Bmecro nanrana mower Gars Prit wim Nd°*.

Bosmoxan H roMOunaimms 3-Banérenix wonos. B pagy rawux reep-
WX PACTEOPOB B HEKOTOPOM HHTEPB&JC 3HANCHHA X —— IDHMEPHO
or 8,2 ao 0,6 — HaGmonaroTes PEpPOMATBUTHEE CBONCTHA CO CROWTAHHOK
HAMAIHHYCHBOCTEIO, COOTBOTCTRYIOMEH CTIMHOBMM MATHHTHHM MOMCHTaM 3-
H 4-BARCHTHED. HOHOB Mapramud. PeppoMAarHHIHEe COCTABR, Kax NpaBHio,
HMCIOT FOYTH KyDWSECKYI0 NIeMeHTapHYID S4eliKy — suis ¢ HeboNpummMu
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Pruc 336, 3apucumocts UBMATHMYCHROETH HACHIMEHNS OF COCTRR TBEDHMIX PACTEG-
pos (LaCe}MnO,. Mpamag mnus — SLMRCISHHAS BABUCHMOCTE C YMETOM TONBKD
CITHHOBBIX MATNKTIEX MoMelToR [Jonker & van Santen, [950]
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poOMBUALPHYECKUMA HITH MOHOKMMERBIMY HCKRSHIAMI. SABHCHMOCTD RAMAT
HUSCHHOCTH HACKHNCHUA OT COCTaRa AAA TEepamx pacTaopes La) . Ca, MnCh
wiobpawena #a puc. 3.36. Kpaimwe coemmmenus LaMnQ, u CaMnQ, —
armpeppomarderTuky. HeGonbinan cnonTansas saMmarniuenuocTs ¥ LaMnQ,
ceaaaia co crabum deppomarHeTHaMonm {noapoebuo o caabom duppomar
nermme oM 0 43) PeppoMmarueTHIM MOKHO TIOAYSMTH M nyTeM o
OAHHS HECTEXHOMETPUMECKHX COCTABOA, TaK, (EPPOMATHOTAKOM SBASTCH
LaMnO, ,,. ’

OcobeHNOCTBI0 MAHTAHHTOB-TICPOBCKUMTOR SB/SETCA TAIOKE OMCHD CHUIbHASR
FABUCHMOCTE IALKTPHYIECKHX CBOACTB OT COOTHOWICHMS KOHGEHTpauuil 3-
R 4-RaRENTHHIX WOHOE Mapranila. TemmepaTypHHC 32BHCRMOCTH YHSNBIX
CONPOTHBAEHWH PAIMANHLIX COCTAROR TBEpANX pacTBopes Ln,_ Sr MnO,
npusenens g2 pue 337, a wa puc. 338 npencranaena marstreas $asosan

p${3“' oM
10°
10°

10t

i 1 !
O 160 200 300 400 T.K

Pue. 3.37. TemDepaTypHas 32RHCHMOCTL YABABHOID CONPOTURACHHA obpaiuop Teep-
auix pacteopoR La;_ Sr,MnOy. Crpeskamy noxazsadbl TeMucparypbl MarHHTHOND
ynopsnouenus [Urushibara et af, 1993]
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auarpaMma. Buasoe, 4o ¢ pOcTOM X IPOHCXUAHT NEPEXOA FASKIPORPOROIHO-
CTH, XAPAXTEPHON N8 AWSAEKTPEKA, ¥ METAUTHYECKOH MIICKTPO MDOROIHOCTH,
npE 3ToM UPHMEpHe Ha 200° noBMIURETCA TOMUCPaTYPd MArHETHOPO YHopa-
DOYEHRL., .

INeRTPHYECKME CROUCTES DOPPOMATHUTHEIX COCTAROR DYCHE YYBCTEHTETL-
Hbi K MAUAMTHOMY DOMO ¢ 0BAZ4450T FHPAHTUKHM MarHHTOCOUPOTHBICHH-
ex, Ha puc. 3.39 npencraenensl TeMNEPETYPHME 3ABHCHMOCTH YASTHHOTO
CONPOTHBACHHA OHHOTO W3 COCTABOB ¥ PAIMHMHEX MArHHTHHX [ORRX,
a4 TAKKE OTHOCUTE/bHOE MATHHTOCONpOTHBIeHHE & = (p(H) - p{0)) /p(0)
npu noge 2 157Tn. Haubonswan senH4EHE  MArHHTGCONpOTHBIERHA
5y = (p(H) ~ p(0)) /p(H) nonyscHa Wa Tuicnkax Toepawx pacrsopos (La,
Ca)MnG,: npu 125K 8 = ~8,3 - 10°% v mpu 57K & = —10* % [Gong &f
al; 1955].

[lepBbic ROMETRYE OOBECHEHER CTOTb HCODBYHBIX MATHHTHAHX ¥ YICKTRH-
SECKHX CBOfCTE OCHOBWBATMCL HA HEG/HOZABWEMCA coveTaHuu geppoMar
HETHOTC YIIOPANOYCHHA © BRICOROR GNeKTRONPOBOIHOCTRIY, YT # TOTITYRRIIO
UpHAEHON NPHRICYCHES TEOPHH TaK HAa3HEscMOro aeofinoro obMmena 3unepa
{Zener, 1951a; 1951b; De Gennes, 1960\, Fpennonaraetcs, 4o «Mumniy
snextpor Ha Mn®® no cpasmemwio ¢ Mn’' mower nepexomnTe ¢ Homa
Mn't na son Mn** u obpato, T.2. HeNpePHBHO TPOHCXOANT HEPEROBAHKC
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Prc. 3.38. Pazopas puarpavma Tecpamx pactsopos Lay 5r, MnOy 14 - ma
pamarieTHEd meanewtowk, 1M — napsmarnsmhs® meraan, CBPM — cnabun
deppomarnersk; $I — geppoMarnpTinl Ersaexipuk; BM — deppomarnprHbiit
setans {Urashibara o7 f, 1995



310, Tleposckirt-MaHPaHUTH 108

korburypaunit Mot -0 - Mn#t = Mn** -0 —Mn**. TTpu arom anex-
TR HEPEXORHT HE HENOCPENCTBEHRO C OHOr0 MOMA Mapramlia Wa upyro#,
@ HMeped NPOMEXYTOYHBE HOH wucaopopa. CHUTAETCH, YTO MUIDHpYOd
SNEKTPOH NONAPUIOBAH CHITBHBIM  BRYTPHOOMCHHBIM BIAHMOAEHCTBHEM H,
COTNacHo NPABHTY XyHAa, ere CIMH NAPAMIENCH CRMHY HOHHDPO ocTopa Tax
HEK AEpERol MMEKTPONA TPONCXoXKT 623 HAMCHEHAR HANPAWICHUR CrInHA, T
SHEPIHH CHCTEME NOHIDKAETCR, EC/H CITHHM HOHOB MAEpPraHia Hapeiic/IbHeL
[pennonaranocs, 910 Y COCTABOE C HAMATHHSEHHOCTSIO, MeHBER deppomar-
HUTHOR, MATHUTHAR CTPYKTYPA HexoANIHECapHax.

Buazuranocs # anpbrepuaTHeRos ofnackenne feppoMarteriahma, oCHOBAK-
HOE HE TOM, YTO KOCREHHOE 0EMEHHOE BIZHMOJIeRCTEIE MEKIY HoHaMy Ma®*
# Mn** o npasuny Tyienada—KanaMopu— ARIepcors NPeHMYIIECTBEHHO
eppomarnnTHoe. B Tex cnywanx, xorma HaMarTHWMENHOCTH MeHbtue deppo-
MATHKTHOM, TAKAE NPEATIONAranach HOKOUTHHEAPHAA MaTHHTHAR CTPYKTYpA
QOnuako o ganpieiuen CTaAM CKIORATHCH K TOMY, YTO MBHIEH#TH ¢ Mn*
H Mn** meomsopoans ¥ Mn*' npedMymecTBeHHO KOMLEHTPHDYETCH OKO-
RO 2-BanedATHWX KaTHOHOB. Taka® HEOZHOPOLHOCT 1o COCTABY HPMBOIHT

210 O ~Aplp(H=0),%
3 4 100

N 15Tn

i

g 200 KX

Puc. 339 Temnepartypuas  S8BMCHMOSTE  YURApHOTO  CONpOTHEASHMR  ofpaas
LagpsSrg sMnQy 8 pasnpambi Marsirielx  ponax Ceemisle  #pywks — &
e none 13T [Urushibara of 4l 1995)
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H

K HEOMHODOIHOUTH N0 MardwTHOMY ynopsaouewwo. [lpennonaracres, q-"mi,
umeryren SepPOMArHHTEES # arTHepposaruwTme obmacta. Oruomenne
Oﬁ'beMOB, JEHHMACMBIX DTEMHE Oéﬁaﬂ!lhﬁi, JABHCHT OT COCTaRa, ¥ HOATO-
MY HET HEODAOUHMOCTH HONYCKAThH HANMMHC HEKQ/UIHHEAPHLIX MATHHTHRIX
crpyktyp. OCHOBSHHMEM UTH BHEOMI 0 MaTHHTHOR HEQIHOPOAHOTTH CAYMAT
TABHLIM 06Gpa3oM pesyTbTaTH HEHTpoHoTpadneckux Heeaenorannd [Wallan
& Kochler, 1955], xovopsie MOXa3sKBAOT COCYMECTBORAHYE PEPPOMATHAT-
HOTO H aHTHKPPOMArHUTHORO yROpAZoHERHA, OXCHYITCARHOTO OObACHEHRA
MATHUTHBX CBOHCTS CMEIDARNBIX MaHTAHHTOR NOXE WET.

3.11. Marsamubie DOJIYRPOBONHAKY

Memaxanskoretuin cepongs

HpyxeanesTanti esponvi obpasyer ¢ xanskoreuama O, §, Se n Te mpocrue
COCOUHEHIA — MoHOXabRoTensa Tane EuX ¢ npocrod xyGuueckol crpyk-
Typoir tana NaCl (npoctpasicreennas rpyina OF —Fmim). 3TH coenusesns
OTHOCATCR K NONYAPOBONHKEKAM © MBPOKCH JANPEEnHod 30H0R H HpoKoH
30H08 TposomMocty, Crexmomerpuseckud BuQ npu xomuatsol Temne-
patrype uMeer conporusnenme 108+ 10'00m. oM, no npr servpopasumu
3-paNCHTHEIME ROMBMH DPCIHHX 3€METb HOH NIPH HANHYHH BaKAuCHR no
EHCIOPORY 3NEKTPONPOROIAOCT: MOKET YBeauTsCs Ha 1112 nopanxos.

Harbonce HHTEPECHK MarHHTHHE CBORCTBE MOHOXA/IBKOMeNHIOB EBPOTIHA.
Oxazanocs, uro EuQ, Eul — deppomarserny, EuSe —- wmeramardersx
{o MeTamarsersame oM. 1. 6.1] w EuTe — awradeppomarsetvk. Hegoropne
XapAKTCPHCTHKE ITHX cocuEennit npunenens: B Tabn 3.8,

Temmeparypw MATHHTHOID YHOPSOOMEHMA MeBLICOKHE, HO, HIHpHMep,
zag BuQ remneparyps Kiopy smomer OGurs nostimena go 130K mpu
sacTitHoft {30 5 5 8%) lamene ceporms ua camapuil. B repnnix pacTpopax
Eu,_,5m O camapmii neyxsanentruifl, xoTs cav moHooxcHlla he olpasyer
JleyxpaneHTHES WOH EBPONAS HAXOMHTCH B 1S,,,-COCTORMIK ¥ He obJamaet

Tubimua 3.8
Hapamerpit snemestapaoil Ruelive B MATHARTHSIR XAPAKTEPHCTHER
MOHOXANRKOreHRioh epponus

MarieThas CTpYKRTYDR:
Monroxamxoresun | a, A @ — $epPOMArHETHK, o nmn T, K 4, TC
AP — aHTHdHLPPOMATHETHK

EaO 5,144 ¢ 69,4 24300
Eus 5963 @ 16,5 15400
EuSe 6,195 & AP 3846 13830

EuTe 6,598 AQ 9.6 -
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opburansasiM MomenToM. ¥ Ev?' 4f-anexTpons SKpamupoBaHsi, 03 ¥ PaEMyC
UX MK, A03ToMY deppoMarswrHoe yropagodenue 8 Eu u EuS peannayeres
Gnaremaps ToMy, YTO MMecTen Mesanondesdan 5d-o6aouxa.

PeppomMarEATENE XAIbKOreHRARGIC HIKREIR
CyWeCTBYET PAR XANsKOrCHHIHWX UMKHeNeH XpoMa ¢ ofmel Hopmynoit
MCr,X,, me M — 910 Cd, Hg, Zn, Cu, 2 X — 270 8 wm Se. Bee
ITH COCHHACHAN KPHCTANNHAYIOTEA B CTPYETYDPe HOPMAnbHOMN wWHHeH (npo-
cTpancTBersias rpynna O —Fd3m). Takum obpaiom, wousl Cri* saHmarT
TOMBKC OKTasApiIeckne nonowennn. B tabn, 3.9 npuBeleHw HexoTopHe
aauusie 00 ITHX cosguHennaX. BOABIMHCTBO U3 HUX ABASOTCH QeppoMar-
HETHEAMM € HaMardpvenHocThio Hacsauenny npu 42K 47M, = 45007,
yro coorserctryet (2,7 4+ 2,8)uy wa ommy wou Cr'¥ npu TeopeTRueckofi
seaudune up. CoenMienus ¢ MUKOM ~— 3HTHGEPPOMATHETHKH €O CHUPanE-
goit (ZnCr,5,) nm rexmkounamsuoll (ZnCr,Se,) MAFHUTHLMR CTPYKTYDAMH.
Hinsmenn HgCr,8, ceoficrsenen Meramarnenam: opH 7 « 25K B cnaliom
fofe IT0 BHTHAEPDOMArHETHK, B CHNBHOM -—— (EPPOMArHETHK, a NpH
Temneparypax kwme 25K - tunuudeli deppomarternir, 3ameTHM, WTO
CuCr,§, u CuCr,8e,, obnunaroume naubonee BHCOKMME TEMUEpaTYpaMmH
KiopH, UMeIOT METAIUIHHMECKYIO TPORDIMMOLTE,

¥ uenpoBONALIMX XANEKOIEHRIHBX NIMuHETEH ef)epgouammnee yrops-
Bouente obycmomineno 90°-m obMeHsbM BISHMORECHCTEHMEM MENTY UOHA-
mu Cr't, maxomammmucs B oxrasnpax. Ilo npaewny N'ynenada—Kanamopy—
Anfepcona TaKoe B3auMOfeficTame G, SNEKTPOHOB WOMOB XpOMa wucpes
A-CBHSH MOHOR XaNbKOTEHA ABIAITON doppoMarHuTaEbM. B cnyase me-
TAILNHYECKOH TPOBOIHMOCTH WIR JIETHPOBARHEX KPHCTAILUIOS, 0ONaaommy
MeTaHyesxell NpoBOIHMOCTDIO, HMEET MecTo Kax 90%-¢ xocBeHHOe obMen-
HOS PIAMMORCHCTBHS, TaK H ODMEHHOE RIANMONCHCTRHE HEPE3 IEKTPOHH
UPOBCANMOCTH,

Tabnita 3.9
Hexoropsie Tasisle 0 XAALKOTEHNANMY DNNNEINX Xpoma

Himmnens MCo: Xa a, A Marswruan crpycrypa Teune I, K
CdCr,8 10,244 3] 84,5
{dCr;8es 10,755 @ , 130
HgCrS4 10,237 - AD L 6036
HaCr,Se, 10,753 ) 106 + 120
ZnCrS, 9986 Ad 8
ZoCr;5e4 10,443 Al 2
CuCr, 8, 9,821 e 390 - 42¢
CuCrsSeq 10,334 P 430 -+ 480 -
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3.12. AmopHbie MarHeTHKH B COIMHOBble cTeKna

Hapafly ¢ kpeoTaniamy ¢ MarsHTHEM YOIOPRIGHEHHEM, KoTophle obitnmoy
DAJIbHMB TOPAIKOM KaK B PACMOAOESHMH aTOMOB, T8K H B OPHEHTAlHH
ATOMHMX MATHUTHREX MOMCHTOR, B HACTOMILICE BPEMH [OAYMEHE MATCPHANN,
OPHEHTAIMA MEPHHTHEX MOMEHTOR ATOMOR B KOTOPHIX HIEC ORpenencHHof
Temitpatyps dHKCUPOBAHA B IPOCTPAHCTERE, HO JaMbHul MarHHTHu! no-
pagoK oreyTeTRYeT. IpHunpoll aTore smagsercs win aMopHos COCTORHME
BelllecTsa, WAM OTCYTCTRHE B KpHCTING JaNbHEro HOPHAKZ 8 NOICKEHWR
MATHHTHBIX aTOMoB AByx Jub0 Gone¢ BHACB B COMETAHHH € HEKOTOPHIMH
ocobeHpoCTAMN ODMEHHEX BIANMONCHOTER MY HUMMK,

Amopdmbie MATHETHEN
BoasMexHOCTE CYWECTROBARMA AMOPPHEIX H SKUIKAX PepPOMATHETHROD BItep-
Boe Goura ofocnosana Teopermyecku A. W, IyBanopm [TyBanos, 1960].
B pamenefitites OrKpEIach NePCHCKTHBA NPANTHECKOT) NPUMEHEHHA aMODd-
HBIX MarHETHKOB, WFO CTHMYNHPOBAIO PAIBHTHE TCXMOIOFAH TaKMX MB-
TepHanos # ux wiyvenwe. [Uim amopdHOro Bemiectsz XApaKkTepHO OT-
CYFCTBRE HARBHETO DOPMNKA B PACHCHMKCHUM ATOMOB, MAKPOCKONHUMECTKAR
ORHOPORHOCTS ¥ HaHmwue GMMKHero HOpsIKa, T.e. NOPANKE HA HECKWIBKHX
aromarx pacerommnax. J1o ceoelt aroMuoft crpynrype avopdune peimecTaa
BHAMOTHEAN HHAKOCTHM, N0 aMOPQHOE COCTOAHUE HEPABHOBECHOE M MOIKET
CYHIECTBORATE B HOKOTOPOM HHTCPBAIE TeMISPATYD ONPEJCHCHHOS BpEME —
spesst craliibHOCTH, M aMOPdIHKE BEIECTRA KPUCTAWUIMIYIOTCR TPy TeMile-
parype sHiTe TemleparyPs KPHCTRAAMIAIMN. ATOMHYIO CTPYKIVDY amopd-
HOTO MArHETHK3 MOWHO NPENCTEBNTH Kax CHYYIHHYIO NIOTHYIO YIEHOBKY
wecTRUX chep. Ymakoasa cayuRHAAR, TaK KaK KOPPETAMh MEXY choepami
Ha paccTodHBW OoNice ONTH WX AHAMETPOS MAA4, WO [UIIOTHAN, T4K KAk
nPOMERYTKR MeRary chepamu {IycToTH) Merbne pamMepor chep. TTycror,
KOTOPHE COCTARMUOT npMepno 20% ot obwero wnena cdep, MOFYT GHTh
3ARATH BTOMAMH MCHBUIETC Pa3MEPR, TAK HalmBacmbiMH aMophulaTopamy,
uan erexnoobpazyomumy aementamu (B, P, C, Si, Ge u np.), npueyreraue
KOTOPBX CYUISCTBEHEO NOBHINACT TEMITCPATYRY KPHCTALIHIBIIA,
CyipeetpyeT HECKOALKO METOAOB NOMYMeHAN AMOPPHBIX MATHETUKOB, Ho
BCE OHH MMCIOT ooy oDUEYR 49epTyY. aMopHoe COCTOoSHEE ROUTHraeTed
f[IpK TEMNIEPATYPAX HIDKE TeMneparypw kpuctaimusaimn. Hanbonee pacnpo-
CTPRHCHHBIM METOROM A8ARCTCS DHCTPoE oXnakiexue {IAKANKA) Pacmiasa,
Ofmuao B 3ToM Clyuae CTPY# paciidara fbeToR HA oXAaKZacMull H BuicTpo
BPALUAIOIMICA AHCK HAM B 3230p MeXay XEYMA OXJIDKAzeMBIMK 4 BueTpo
BPRWAKIIMMUCH B DA3HBIE CTOPOHB! BANKAMH, (KODOCTS OXUTAKACHUA NOIDKHE
f6ITh HACTOABLKG BEWIKA, WTolM HE MOT HAYaThCA MPOLESE KPROCTAIM3A-
uuy. OBb9HO 370 cxopocTs mopaaka 107 + 108K - ¢! Buronsee, wrofbl
TeMIIEPaTYpPa fUIBREHHS ObiJla KAK MOKHO HWOKE, H STOMY CnocoloTsyioT
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nobapky crewioobparyommx snesmentos. C TaknMa Jobasxamu NoAYYA0T
amopdupie cnnass 3d-METANNIOE 8 BHAE ACHT IHPUHOR HECKOMBKO CAHTHMET-
pos u ronukiHoR okoao 0,05 MM, ocTiioniHecs cTaDHIBHBIMK B0 TEMNEPaTYp
8 HeCKObKo coter rpajyeon Llemcus,

HeynopanoueHHOCTs ZTOMROH CTPYRTYPH DNDHBOAHT K 3IHAMHTENbHNM
dryeryauruM ofMeEREX BaMMonefcTeN 1 onHOWOHMOM aursoTporui Tlpy
OACKHTEILHOM OOMEHHOM BlaHMOHSHCTRIE, NPesHLIAIONEM ORHOHOHEYIO
AHMEOTPUNHI, yCTaHARMiBacTCR eppomarastioe cocTosnue. Ecam nono-
WHTEAbHOE oOMEeRNOe BIAMMONEHCTRUE TAKOTO X NOPALKA, KaK K OKO-
HOHHSN SFHIOTPONKN, TO GyaeT HAMOEATECH COCTOSHIE HEYNOPRAOUEHHOTD
deppoMarseTHIMA, T €. MAKPOCKOIMNECKAS HAMarHWveHHOCTh HMeeTCH, HO
cyumiecTsyer Hexuli pasbpoc fo HAUPABMCHKAM ATOMHEIX MATHHTHLIX MO-
MenTos, YITo Kacaercd caMiX aTOMHBX MOMCHTOB, TO OHHM MEHbIDE, ¥eM
B KPHCTR/UTWMECKHX cnnabax, Ha (03 + 0,5)up, 4T0 ¥BiimeTCR ChencTBHeM
anusHis cTexncobGpasyiownx gobasor. Ilpy oitHOM H ToM Xe XUMHYSCKOM
COCTABE MATHHTHGE CBOHCTBA MArHETHKY, HAXONRUEIOON B KPHCTATHYCCKOM
# aMophHOM COCTOAHESX, MOFYT CYMIECTEGHHO pasamizTeen, Hanpumep,
ecmu Kpuctananseckue FeF,, FeCly, Bi,Fe, 0y — aumudeppoMarreTnks, To
B aMopdHOM COCTOBME oHB JepposarauTaie # ¥ BiFe,0, remueparypa
Kiopy 5 gea pasa puame Temnepartyps Heens, Marsnisbe XapaKTepHCTHEH
HEKOTOPSIR aMOpHEX CIINaBoB npueeieHs 8 Tadn 3,10, |

B sacrosmuce ppeMs paspabOTAHN aMOPHBIE CIUTSER, OTIWYZIONAESS Bhi-
COROH MAPHHTHOH [(POHHIZEMOCTHIO, MAMKIMA MATHKTHRIMH H aKYCTHICCKUMH
nOTEPAMH 1§ 04eHh BHRCOKOH KOPPO3IHOUHOR CTORKOCTEIO.

AMOpdHRe Nnerrh SHeTHIX 3d-METAUI0B DRUH DONyHEssL yTEM TepMuYe-
CKOTO ManpiIeHHA B BAKYYME Ha TIONIOKKY, OXNEAIACMYIO HHAKHMH 2130TOM,
BOHODONOM WK renHeM. KaKk MpaBino, TAKKE DICHKH HMEIH TeMucparypy
KpHCTaMAINE oke komEaTtHOH [lottarouvo Tepsmvecky CTabibHb-
Mit (TEMIEPATYPE KPHCTAUTHIAIAH HOECKONLKO COTEH rpaiycop llenscua)
OKA3LBAOTCR IUIGHKH CIUTaBOB 3G-METANIOB ¢ DPEefKuME SeMISMH. OTH

TaGnnua 3.10
Hamarawaenocts vachimienss {dzA1), resmeparypa Kiopn (72),
koapunTHesas canz (H.) s yaensnoe conpotmsnente (o}
REROTOPRIX AMOp(HME CONABEE npE koMtatHOll Temoepatype

Cocras anM, wle Te, °C H. D g 105, Om-em
FesConPuBeAly 6,3 260 4013 -
FesoBr 16,68 374 (678 146
FegPiusCiBy 149 292 0,65 150
FesNisaP e Bs 8,2 247 0,019 180
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[UIEHEN TTONYYAIOT KaK TCPMIMCCRIM, T4K # KETOOHEM {HOHHO-LIASMEHHBIM )
HATBUICHHEM HA OXADKIICMYIO BOAOH MOATMKKY 0PH BHCOKOA CKOPOCTH
OCAMACHHA.

Margwrnas CTPYKTYpa TakuX NUCHOK onpenenscrea beppoMariuynmM
BIANMORCHOTERHCN MeHAy aToMas Jd-MeTannos, Koropoe Habonee cWib-
HOC, # anTHQEDPOMArHUTHENM BaaMonciicTreM Mexny 3d-meTanrtos i pen-
koil desnel. BaanmonelicTee Meway aroMami peaxod semnE  cnaboe,
fO3TOMY TIPEANONAraeTes, W 3TO COPAAcYeTcR ¢ HeHTpoHOTpadHUYeCKHMH
HCCTIENOBAHHAMH, YT0 MATHWTHBE MOMEHTH 30-METALIOR OpHEHTHPYRTOH
NPEHMYUICOTREHHO NApasiielbie APYE OpyrY, MAPHHTHEE MOMEHTH ATOMOB
DEANUX 3EMENib — TAKKE NADLINCHRHO APYD APYLY, MO aHTHIApannels-
HO MarHUTHbIM MOMEHTaM aTomoB 3d-metammos. @uxcatMd OpHeHTaLHA
MAHHTHRX MOMEHTOR &TOMOB 3aBHCHT KaK OT pacnpefenchns oDMeaHMX
B3ZHMOZEHCTEHH, TAK H OT JOKRARHOM DOHOHOHHON MArHUTHOH aHH3OTPONM:,
[na pacoMaTpHBaICMMX OASHOK X2DAaKTEpHZ GIHOUCHAR MAKPOCKONAYCCKAR
MATHHTHER BHHIOTPOTHA ¢ OCHIC JErYaiilery MaMarHWYHBZHHUA, nepnend-
NHKYASPHON IWIOCKOCTH DASHEKM HAW Aokdlled B HEH —— B 33BHCHMOCTH
oT COCTaBA, & TaKKe o7 cnocala W yonosnd OpwrotoBnenua BooGme
roBOpH, BOMMOKHN TP THOA MAarHUTHELIX CPPYKTYD TEKHX aMOpOHEX CriiaBeB
{puc. 3.40), 018 KOTOPHIX 92CTO TONSIVIOTCH COEUMANBEHON TEPMIHONOTHER.

a} &) &}

8

Py
/f
Prie, 340 BoamowUe MArHRTHES CTpyRTYDE SMOphelix inenon cnassoes dd-uwent

OB ¢ DRIAKHMH ACMARMIL 7 CHEDOGMArHTHG i - SCOCPOMATHNTRAR, 7 4 -
CHEPHMEIHETHAY
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. CHepOMartiTHas  CPPYKTYPA  —  MAPHHTHAS CTPYKTYPE  DOSHOCTHIO
HOYNOPSHOYCHHEAS, DPe3VABTHDYIORIAA HAMArHHUYEHHOCTH  OTCYTCTRYET
{puc. 340, a)

2. AcnepoMarnHTHad CTPYKTYDR — pe3yJIbTROYKANAS HAMANHHMCHHOCTE He
PABHA Y0 I CYUICCTBYET BbINeICHHOC HANPABNCHHE OPHEHTAMH aTOM-
HBIX MAFHHTHBIX MoMerTob {pie. 340,40 u 6).

3. CrepnMarsuTHan CIPYKTYDR — pPO3YIbTHPYIOAA HAMATHHYEHROCTE HE
PABHY WYAI0 W WNESTCA BHIAC/ISHNOE HANPIBJSHHE OPHERTAUMH ATOMHDBIX

MATHHTRBIX MOMEHTOR, obpasyiomux ase {umw 6once) HEOKBHBANEHTRLE
MATHHTHME «AOAPEWETRH» € ZRTROCPPOMITHATANM BIAHMONCHOTEREM

sencty wanis {pre. 3.40,2 1 2).

CoeprMarHiTHRE CTRYRTYPR OviyT pacomorpens maxe. Tlpumepom ac-
gepoMarnurHoll cTpyRTyps meiswres naeaky Fe—Y, Co-Nd. Marmsraue

somMerTht Co H Nd unanpapicunl NpedMymEcTscHHO B ofHY CTODOHY,
XoTA saammoneiicTmee awrHdeppomarnutaoe. OGBLACHRSTCA 310 TEM, YTO

M,,RL“
ooR ™

i 100 00 300 LK

Puc. 3401 TemiiepaTypras 3aBucHMocTE HAMATHBYENHOCTY HACHBICHHA AMODHHOrD
cronnea {Gdp (sCupslouse Mgy (CIUIDIHAR mastia] B PACOCTREIS HAMAFHUYCHHOCTH
enpapetzeTors Co i Gd {oyakespreic mmn) [Hasegawa e af, 1978
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y atoma Nd sexvopw 8 # L manpapncdnl B OPOTHEOMOAMKHHE CTOPO-
HE M B MarHgTHOM MoMeHTe npeobnagaer opbhrassHag cOCTaBNAKOHIAE,
T03TOMY, XOTA CHHHOBMH MOrBRNTHRIA MOMEHT W OPHENTHPOBAEHR TNaBHbM
ofipazomM TpOTHE MarBHTHHXY MOMeHTOs aToMoB Co, PesyIbTHPYIOIDRNE Mar-
HUTHB MOMCHT HANPARJICH NMPeAMYBICCTECHHO B TY X¢ cropony. [paMepoM
COCPUMACHETHIMA MOCYT caykuTh mneskn Co~Gd, Co-Dy (puc. 340,2)
H Fe~Dy (puc. 3.40,0}. ¥ TaRMX CNIBROB BOIMOKHBL TOMKH KOMIIHCALN,
TEMASPETYDY HOTOPEIX MOKHO MEHATH, NOEOHPas COOTBETCTBYIOMMRHA COCTAR,
Tpumep Takof nncHKH MpRECIes Ha pug, 3.41

Cannonsie ¢rexaa
MaryT GuTE ROAYYEHE TAKHE BEINECTBA, B KOTOPHX OBMEHHHE BIaHMONEH-
CTEHA MEAGIY MarHHTHBMMH ATOMAMH DaHY4alOTCA K4K [0 BENWYHHE, Tak
H mo 3paKy. Takex CHABHO pa3YNOPANOYCHHBIX BCIIECTH HGBECTHO AOBONE-
a0 wsoro. [Mpumepamy moryr cmysxwrs BEu,Sri_ S » cnnses Cuy_ Fe,,
Cu;_ Mn,, Au,__Mn, npn mameix x. B nepsom cnywae B EuS, xotopsut
ARsmeTcs eppoOMArFETHROM, 9aCTh MAPHHTHEIX aTOMOB EBPONHA 3aMEHeHa
Hg Aesarsuranie arodul orposrms. B EuS aroMs emponus, SBIRiogRecs
GmoKalummMn cocetaMy, Chsanp obMernms B3anMogelicTereM deppomar-
HATHO, B B3aBMOASHCTBME CO CleyBWPMH cocenvl — avrmbeppomar-
HUTHOE, TP 2T0M BelnwHEa obMesnoln MHTETpajid BOSrO B [BA pasa
Menasme peppoMarsnTHOre. lIpn sacTRyHOM HEYRODHAROUCHHOM 3aMEIICHUH
ATOMOB EBPORNA HA MUAMATHHTHEE ATOMB CTPOHLUAS COHHLE aTOMOR CRpOIUR
ORAIWRAOTOS NoA AefCTEHEM KOHKYPHPYRONIEX o0MCHHMX BIaHMONEHCTRI
paasore 3haka. BOSHHKHOBCHHE B 3TOM CAydae MAarBHTHOIG YNOPAAOUCHHSA
€ FANLHEM TOPRIKOM YIKE HEBOIMOMHO, Ho OOMEHNHE BIAHMOICHCTRUA Boe
Ke ORAIHBAXTCA ACCTATONHO CHABHLME, YTolH HINKE HekoTopod TeMnepa-
Typsl T; 33hHKCUPORATD HAMPABACHNA CHMNOE, HO 3TH HANpaBjcHAR He yno-
prnoueHsl. BOSHAKZST COCTORHME CIIMHODOIO CTEXA CHEPOMATHETHOIO T,
exeMaTadecyi HsobpakeHHoro Ha pre. 342, Marnutras dasosas jarpamma
TAKUX TBEDJEIS PacTBOPOB MOKET cofcpaers u Tpu dase. B Hexoropod
oBMaCTH COCTAROD BOSMOMEH [pH OXN@KAEHHN TEpeXol W3 MapaMarHnTHoH
a3yt cuavAia B QepPOMATHIITHYIO, @ 38TEM YKe g §asy CIMHOBOIO CTEKINY
{puc. 3.43). B caydae CIUTaBOB MERAY MarHUTHRIMY dTOMAMK CylHSCTRyeT

Pyc, 342 Opuentaima MAPHATHHX MO-
MEHTOR ATOMOS B CHHHOBOM CTEKE
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sranmoeiicrane PKKH, kotopos, kak yxxe oTMesanccs B 1. 3.5, suaxorepe-
MEHHOS, M APH HEOONBWON KOHUEHTPAIMHE MalHWTHOTO 34-METRING PRIMBE
NEpL HTHY FTOMOR OKESHIBAIOTCH ¢ OGHHAKOROH BOPUNTHOCTRK: CHRMEHM
heppOMArHHTHEM it anTRgCPPOMArkiTaNM B3auMoneicTeneM. Boannkuo-
BOHIEC ARILHETS TIOPHAKA CHHHOB HEBOIMOKHO, HO CIIHEH HKCHDYIOTCH MO
KAOTHHECKH DacnpeAcncdubiM BanpasacHuaM. B cotToanun CORHOBOID CTER-
54 B OTCYTCTRIE MATHUTHOTO NONA yCpeadeaustit no KondarypaupamM cpeinai
MAHHTHEE MOMCHT 2TOMA DABCH RYMIO, CICHOBITENBHO, H HAMAPHIYEHHOCTE
paBHa HYmO. '

Y BelliecTs © GATBHYM MATHHTHBIM NOPHIAKOM KOHQHEYDAUME MATHITHBX
MOMEHTOR COUTBOTCTRYST OEHH HIIM -— B CNy9ac SOMSHHOR CTPYKTYDH -~
HECKOIBKD MMHMMYMOB sHCprus. [na dasw e ciHHoBOro CTexkia Bo uwcel
ofirauTR ee CylUecTROBaNME OAHOR W TOR A XoudMrypamms OoOMEHHBX
HHTCrPANCS B NOKATHHOI 00AACTY, T.€. OEHOMY H TOMY e GHKCHPOBAHHOMY
PAcIpeneIeH 0 ATOMOB B NIPOCTPRAHCTRE, COOTHETCTRYET GeCKOHEHROE YHLNO
PR3AHYHBIX MATHHTHNX KOHQUrypauni, y kakupoll w3 xoropuX ecrb cpoil

K

15

0 0,2 6.4 086 03 x

Puc, 343 dasoran awarpaMma Cianopure crexne Bu, Sr,_ 5 1 - napamarduTHas
fasa; 7 — deppomariuraan asa; I — iasa cosmonore crexaa [Maietta & Felsch,
1980]
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Pye. 3.44. TemnepaTypran 3asucmmocts X' ¥ x” nom Bug)SrosS Ha pasHbix sacToTax
PMuser et gl 1982]

MHHMMYM SHEPryis. B cuCTEME MAHMTHMX MOMEHTOE NPOMCXOMHT CTy<ait-
wa% adEyans 2 NPOCTPRHCTEE TaKHMX MHHAMYMOB JHEPIHE, B NpOUECCE
KGTOpPOi MpeoNoNesainTcd NOTEHUHANTBHEE Daphephl PANIHYHOR RLCOTH, YTO
(IpYBOAMT X 1HPOKOMY AMANA3oHy BPEMER MArHMTHON pesakcarsr Takum
ofpasos, MarHHTHOS CTERNIO RBARETCH TCPMORMNAMHTSCKH HEeYCToNSMBRM
HEPABHOBCCHHIM METACTAGHIbHEIM MATHHTHBM cocroanseM. CHCTeMa Mar-
HUTHBMX MOMEHTOB ipH J00mx HabmomeHusx HaXOIMTCH B KBIIMPABHOBEC-
HOM COCTOHHHM, COUTBETCTBYIOMIEM ONHOMY MAH HECKOTBKHM MMHUMYyMam
UOTEHIHANBHGH JHEPIHH, OTCIONZ — HEIPTOIHLHOCTE MATHHTRLIX cBOHCTS,
KoTopas ocobeHHO APKO [POABICTCH HA MATHHTHOH BOCHPUMMH4MBOCTH.
Tlpu nmepexose M3 MApEMaTHHTHOTG COCTOAHHA B a3y CNWHOBOTO CTeKTa
HAGIONAETCH MAKCHMYM MArHATHOH BOCHPHHMHHBOCTH, TEMNEPATYPA KOTO-
POFO 3ABMCHT OT YacToTsl UIMEPHTENbHOFO mona (phe. 344). B obnactu
MAKCHMYMA ' pesko soapacraer x, T.€. loTepi. 31y CBOACTRA cOBEpUIEHHD
He Te, YTO AODKHH OsytH S0 wabnliaThed npr JAIOROM (EPEXOIC BTOPOID
pona.
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Puc. 345, TeMnepaTypHEE 3RBHCHMOCTH Yre W Xeme 08 Cuy  Mn, |Nagata & af,
1979

*

FIpH WsMependax B NOCTOSHEOM MarHWTHOM NOAE NPH TEMICPATYPEx
amke T; BOCOPHAMMMBOCTS, HSMEpEHHAR NoC/ie oxnaxknenws ofpasma o
BHCOKHX TEMIICPATYP B MATHKTHOM IONE Xy (field cooled), cymiectaenno or-
AHYRETCS OT BOCHPHAMMHBOCTH, MaMepeHHO Nocae OXTAKICHNR B RYIC80M
MAarHUTHOM [0Jle M Py Harpesatuyt Xppo (210 field cooled). [Jas cnunosmix
crekon Cu,_ MnO, TemiepaTypHbe 3RBHCHMOCTH Xpe W Xype HPHBEACHM
Ha puc. 345, Buano, w70 fp. DPAEKTUMECKN HC MENSETCH NPH HIMCHEHHW
Tesueparypht. Takum ofpasoM, MarH#THHE CBOHCTBA CHHHOBGIG CIEKNA
3RBUCHT OT OpeasicTopHy obpasna. KpoMe Toro, Yype MEHAETCH CO EpeMeHeM
a0 norapudaMiecKoMy 3aKoHY

2(1} = Xorc -+ Sint {3.99}
# CTPEMHTCR K Ype (Ta¥ HazwBacMull 39dexT crapenvn), § — woaduupent
nocaeneHcTBAS.

CeoficTsa CIMHORHX CTeKoJl Ha DaMIHYHBIXN YacToTaX B 3pdexr cra
PEHHA NOKASHBAKT, WO PEJAKCAUMA NPOHCXOAMT WaupHaa © ~ 107 g
mo 10% + 10% ¢, sro npesocxoaHT spems xnanw Beenennoit. Habmoncuue
TaKol LauTensEol pesaKcaluy Bo3MOKHD Onaroxaps ce noraprdMpeckoMy
xapaKTepy, H u3 30 + 50 nOpADKOR HIMCHEHMA AKCICPHMEHTANLHO HaGmo-
OAOTCH MRS TPU-ueThipe. IAHTEALHNIN XapagTeEp pPRAaKCaUMM ABLFETCH
CNECTBHEM CHNGHIMOTO CHEKTPa BpeMeH penaxcauue. TakaM  obpaiow,
CHUVOEBE CTEKAE BCOFNA HAXONATES B HEDPARHOBECHOM COCTORHHN.



I nasa

MarnarHasg aHH30TpONHs
H MarHATOCTPHKIHA

4.1. Maraurnas agu30TPONHs

ObMeHHOe B3aHMOIeHCTEAC TPH DPOCTCIIEM PACCMOTPEHHN, KaK, HApEMED,
B Mofcni D'efisenfepra, CYMTBETCH W3OTPOMHLIM, T.€ 34BACHT TOAbKO OT
BIARMAOH OPUMCHTEIHR MArMHMTHHX MOMEHTOB ATOMOB B KPHCTRIUIE B HE
FABHCHT OT OPHEHTHIMH FTHX MOMEHTOS OTHOCWUEMBHG KpHCTARNOrpadvse-
ckux oceil. B 1o e epeMa B MArRUTOYHOPAAOICHHOM COCTORHME MATHHTRNE
MOMEHTH ONPCACHCRIIAM 00Pa30M OpHEHTHPOBAHE B KpHCTARAUYCERON pe-
weTke. JTo OTHOCHTCH kax & (eppoMarseTHiaM, TaK ¥ K aHTHGRppOMarie-
Thram. B ciaydae deppoMarieTHkop HANPaRCAe, 110 KOTOPOMY HAHPIBICHA
HAMITHUYCHHOCTh, HAZHBACTCA OCHIO Nerdaiiiuero WM HPOCTO JErKOTO Ha-
MarHsuueanss. JUms oTRaonelng HaMATHUMEHHOCTH oT 3Toi ock Tpebyered
JATPETHTL OIPERCACHHYK: JHCDIHI) — DHEPrHi0 MarsuTHOR aHA3IOTPONHH
CylecTByIoT HANPABNCHUS, FO KOTOPHM TDYIHCS BLEFQ OpHEMTHPUBATE
HAMaArdB4CHBOCTE, ~ 2T0 OCH TDYNHOID HaMAriRIHBaHE

B cayyae anradeppoMarHeTHEOB, K3K YKe OTMENAIIOCH, 0Cb, N0 KOTOPO#H
HANPABICHE HAMAIHHSGHHOCTH MarHATHNX MONPEINETOK, HATMBALTCH MHTH-
BEPPOMATHUTHOR OCHIO, MR OCHIO IHTHREPPOMATHCTHIME,

MargsTHan AMKIOTPONUA KPHCTAUR, MMEOINEro MartinThoe YHOPHLo-
HEHHE H HACATLHYH) KPHCTRILIHYMECKYI0 PEUIETKY, HAIMBACTCY MaraMTHOR
KpuctTannorpaducckolt anmsotporiselt. flance sbt ysuauM, ¥ro MoryT Owite
H OpYTHC BRAANE & MATHHTHYIO aHuaoTpommio, ofycnopncHubie Redex-
TAMH, MEXAHHICCKHMH HMUMUBDKCHHAMY, BRIIOYCHHAME B T.IL Yactd ITH
HONGAHATEABSNE BKIAAN GRAZHEITCA DOBMIC KpUcTAnIOrpadHIeCKo At
IOTPORHE.

Kakosn weroundke marnurnol amuzorponus? HawGonee ouesnanmM
HBARCTCR NPOCTO QHNOAL-IRIOALHOES ssauMOneicTeHC MOKAY MAUHYgTHbIMK
MOMEHTAMHK ATOMOB. JIIA IBYX MATHHTHLX THIOREA g, o . NMAPAIIERLHEX
HAH BHTHOADEANCALHMX OPYT APYTY u HIXOARMXCH #2 pAcCTORHYW F apyTr
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OT IPYra, FHEPTHA TUNOAb-RHNONEHOTO BIAMMOACHCTRHA

E #1#2 (1 — 3cos’ p), (4.1)

a

TOE @ — Yroa MEXKIY DPAZHyCOM-BEKTOPOM, COEIMHAIONIMM JUNONM, B Ha-
npaBnaeH¥eM aunonefi. 3Hax «+» COOTBETCTBYET NapanfenbHbiM, a 3HaK «—»
aHTHNApA/NICABHbIM Runosam. [lockonbky E; ONpENesACTCH YIJIOM @, TO
OTCIONA C/CAYCT 3aBHCHMOCTh NHMONb-IMNOABHOH JHEPIHH O TOIO, Kak
Manpasenbl THIONBHEIE MOMEWTHL B KpMCTALIMYecxoii pewerke. OueHkn
NIOKA3BIBAIOT, HTO BENNYUHA JHNOAL-AUNCNIBHOTO B3aUMOACHCTBUA HeBEIMKa
1 oOHYHO COCTABNAET HeaHAuMTeNLHYIO YacTb 3Heprdl KpMcTasinorpaduye-
cxolf aHH30TpOTMH. VicKnoueHHeM ABNMOTCA HEKOTOPHIE pPEAKO3IEMENbHLIC
METQINLL, rAe BKNag MoweT OHITh CymecTRensnM Onaropaps Gonbiinm
MATHHTHBIM MOMCHTAM ATOMOB U GIH3KOMY PACTIONOHKEHHID CIMHX ATOMOB
ApYT X gpyry. ClenyeT oTMeTHTh, Y10 I KyGHYECKHX KPHCTA/LIOB SHEprust
IHICNL-AUOIEHOTO BIAUMOICHCTBYA H30TPONHA H HE AeT BKNAAA B IHEPTHIO
2HH30TPOIHH.

B O0AbIIMHCTBe MATHHTOYHOPANOYCHHHIX BCHIECTE OCHOBHOH NMPWYHHOM
KpHCTANNOTpadi2eckol MaTHHTHOH aHHIOTPONHH ABNACTCA CNHH-OpBHTAND-
Hoe B3aHmoncHcrsue. [lpy 3Tom OpuHATO pa3sivuaTh JBa HCTOYHMKA aHUIO-
TPONUH: ORHOMOHUYIO AHH3OTPOMUIC U aHU30TPONHIO aOMeHgoro BlanMogeh-
CTBHA.

OnmioMoHHag aHN30TPONHA ABJIASTCA TPAMBIM CJIENCTBHEM ARHHIOTPOMHH
MaTHUTHHX CBOHCTB OTRENBHHIX HOHOB, HAXOPAIIHMXCA NON AcicTBHeM KpH-
CTAJUTHYECKOTo MO, T.¢. 3aBUCHMOCTH BHEPrHH MOHA OT HANpaBJicHUs €ro
MarHuTHOro Momenta. B cmygae atoMoB 3d-MeTaIIOB BHEprid KpucTainnye-
cKkoro nons GoNbile COMH-OpOHTANBHOFC B3aNMOACHCTBYA, H B pelynbraTe
BEHCTBUA KPUCTA/UTMYECKOTO Monst OpOHTANBHBIE MOMEHT oOmpeac/ieHHhIM
00pa3oM opueHTHPYeTCs OTHOCHTENbHO KpUcTawmorpadguueckdx oceil. Bna-
rogapst CHHMH-opOHTATILHOMY B3aHMOJEHCTBHIY ONMPEEEHHYI0 OpPHEHTALHIO
npuobperaeT H ChHH.

Yacto B OCHOBHOM COCTORHMM OpOHTANBUEIT MOMECHT 3aMOpPONEH, HO
obngHo Onaronaps CIMH-OPOHTA/ABHOMY B3AHMOMEHCTEHIO NMpOUCXOAHT Nog-
MelBaHue Gnmxaiiutero Bo30YHICHHOTO COCTOAHHA H YACTHYHOMY «pas-
MOpaKUBaHHIO» opbuTanbHero MOMEHTa. ¥ Pellkix 3eMentb H3-32 3KpaHupo-
Bansa 4-060109KkM Bo3ACACTENE KPUCTAUTHYECKOTO MOJIA He CTO/b BEJIHKO,
1 Bojee CUAbHOE CNMH-OpOHTAIBPHOEC BIaHMOJCHCTBME MPHBOOMT K CJIO-
HeHHio opburaneHoro MoMeHTa co civHoM. OpbHrannuas coctasnsomas
NONHONO MOMECHTA CBA3AHA G COOTBETCTBYIOUIMM YINOBRIM pachpenciiecHHeM
aNleKTPoHHOH wioTHoCTH 4f-000n0MKH, B3aHMonelcTBHe KoTopofl C KpHCTa-
JAHICCKHM T1071CM OpPHBOOMT K 3ABHCHMOCTH 2HCPTHH HOHA OT OPHEHTALHH
NOJHOI'G MATHHTHOMO MOMEHTa OTHOCHTENbHO KpHcTannorpadmyeckux oced,
T.€. TIONOMKCHHA DHEPICTHYECKMX YPOBHeH HoBa 33BHCAT OT OpHEHTALMH
MAarHATHONO MOMEHTA aToMa. MUHMMYMBL 3HEPTHH OCHOBHOT'O COCTOSHHA HA
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TAKOH 3ABHCHMOCTH COOTBETCTBYIOT HANPABIEHHAM OCEH JIETKOTD HAMArHH-
qUBAHHA GCPPOMATHETHEE i AHTHPEDPOMATHUTHEM OCAM aHTHORPPOMATHG-
THKA, Y eppOMAIHCTHKS HIMEHSHMA BHEPFUH TIPH NOBOQOTEX MardHTHNX
MOMEHTOB aTOMOB, CyMMupyHSh fio Beemy ofpemy obpasmta, opubopsar
K MAKPOCKOTIHYECKOR IHEPTHY MArHNTHON GHU30TPONKA,

B chaydae anusoTponnore ofiMCHHOI B2auMOACHCTRNR 3BEPrEs AHHIOTRO
MK CBAIAHA C I3BHCHMOCTHIO sHepray ofiMeHEore saadMureHicTBis oT Nepe-
KPHITHA SMCKTPORMNBX 0B0A0YSK CAMHX MATEHTHEX HOHOB (B CYMAs OpAMOIG
obMeHa] WIH JIEKTPOHHEX 000I0YEK MArHHTHHIX HOHOB M IIPOMEXYTURHBIX
KATHOHOB (B CITyuae XocBeHHOro ofiMeHa), KoTopoe B CBOK OUEpeh JBHCHT
0T BIAAMHOTO NPOCTPAHCTBEWHDIC PACTIONMESHHE MEKTPOHHON NIOTHOCTH
& 3TAx 0DOMOMKAX, a CNENORATENEHO, OF HX DACIOMEHHA OTHOCHTENBHD
xprcrannorpadAtecknx ocell. MaMeneune wappasneHHs cn#Ra Graromaps
CITMH-OPSHTANBHOMY BIAHMONEHCTRINO NPUBOART K HIMOHORMIO RanpasieHus
OpORTANBHOTO MOMENTE, T.&. K ReKOTOPOMY MIMCHEHH® (OopMBI D/IeKTPOH-
HHX OBOMOMEK, 2 ZHAYMT, B K HIMCHEHIIO NCPENPHTHA M, CASHOBATENLHO,
ofiMensoro BamMofefiorsis. Takdm o6pasoM, ¥ B FTOM CAYUAS MArHUTHA
AHUBOTPOIUA NBIRCTCH CHCACTRHEM CHHH-OPOHTANBHOMD B3aHMONCHCTRISL.

DEeprWo MArBATHOHR aHM30TpoNuE HCpPOMATHETHKE MORNO PAsSNOMUTL
B Pl 0 CTRTRHAM NPOSKIMA SAMArAHYCHHOCTH Ha OCH KOOPIMHAT HILH, YTO
NPAKTHYECKH OOHO B TO Me, 110 CTENSHAM TPUIOHOMETPHYSCKHX (YHKIRE
yrrioB Mekay M u ocamu xoopnsHaT Takoe pas/ioweiine NOMKHEO COREPIKaTh
TOARKO HETHAE CTROGHH KOMIoHEHT M wns TpHroMoMeTpisecruX &yH KL,
TAF KaK PHEPTUA HHBAPMAHTHA OTHOCHTENbHO ODpalneHus BpEeMeRH, TOTAR
Kax npockipm M menspT 212K, Kpome Toro, paunmxenHe O/DEHO Swfb HH-
BAPWAHTHO OTHOCHTENLAD BCEX ONEPALME CHMMCTPHH, BXONAHMX B TOUETHYIO
IPYIITY KPHCTALNA, JHepTrHA aHADTPOINH obRIYHO H3MEPAETCH B pacueTe Ha
ey offsma. Takoe MpeacTaBAcHie SHEPIHE MAMHTHOH AMFIOTPOOMH
ABASETCR HOHOMEHONOTHIECKAM, H KORHULHMeHTH Nepel TPHIOHOMETpHYE-
CKEMH (iYHKOHAMEA B DICXDHBAIOT GHIMYECKHUX TIPHYHH SHHIOTROMHH,

B cayqse opHOOCHSIX KPUCTAUIOR DHEPTHIC AHHIOTPONHM MOMXHO NPEACTa-

BHTH B BHAS paga
E = k,sin’aq, {(4.2)

e k, — KOHCTANTA QHM3GTPONBH, ¢ — yroa Mexiy M B oowmo nerxoro
samarnpuneanss.  Obsrauo NOCTATONHO OFPAHHYHTLCA ONHHM HAW AByMA
HECHEMH palJIOREHEA

E, =k sin*a + kysin* o (4.3)
fipu k) > O # &k, = O (eppoMarHeTHK UMeeT OCh JECKOrG HAMATHUYHBAHUA,
4 npu & <O u kys= @ — NIOCKOCTL JIETKOTO HAMAHHMHBAHHS, T.€.

BCE OCH NETKOrD HAMArMWIHEAHER JICHKAT B NAOCKOCTH, DEPrCHAMKYNHp-
HOd BLUIENCHHON OCH KPACTAIUTE. 3TC TaK HAsLIBAEME SErKOIUIOCKOCTHON
deppoMarHeTsr, WIH $CPPOMATHETHK THNA «JIerkas MA0CkueTh», Eonm
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ky # 0, To aMeT mecte Gonee chokHME ciysan, Ho e k) < § [k,
TO TAK RAIBIBAEMBIE JCTHME ¥ TPYRHBE OCH OCTaHYTCR Temu we. B chyuae
TETPAroHAALHNY KPUCTANNOE Npy YueTe obuitHo HeGOABIOH aHWIOTPOIHI
B GaaucHoR MOCKOCTH SonomuTensHo K (4.3) Bofiger wiew k) cos® @ cos g,
e ¢ - yrios 8 Basschod nﬁocxom Lns rexcaronafbHmX KpHCTAinOR
TAKHM HJICHOM AIRNSETCH k) Sin S g cos 6.

¥ ammi)eppnmmmm SHEPTHIO MarHHTHOH GHH3OTPOIMHE TAIOKS MOKHO
NpeACTABHTL B BUAE PAMICKCHIA 10 TPHEOHOMETPUYECKHM  QYHKLMAM,
H B obuieM CrydMae HRAO YH4CCTh RANPABICHHE HAMAYHHMCHAOCTH Kawgod
noppeie T B oTandbe 07 QeppoMarHeTHKOs, n1puU PACCMOTPCHHM TIOBOPOTA
HAMBTHHYCHIOOTeHl DOMPEMISTOR JOMKHE YUHTHBATHCA HE TOABKO 3IHED-
TUH MArBEUTHON aHWSOTPORWH, SHEPIHS B33HMOACHCTRUA HAMarHMNeHHooTsH
NOJPEUIETOK ¢ BHCIMMMM MATHHTHRIM O0TcM, 80 u ofMeuHEe BIauMo-
neiterepn. HNonpofnee wra npofimema pacomotpena B 1 6. [lo ananoras
¢ (heppoMarHeTHRAMHE, eCHH AATHOCPPOMATHHTHAR OCh FBARCTCH CRWHNTIHOM,
TO aHTHHEPPOMATHETHK NPUNAANCKRT X THNY «ICTXad 0Ch», eC/NM HaMar-
HHYEHHOCTH HOApemeTor newar B GasHCHON mnockocys, Twa anTHBeppo-
MATHCTHKZ - &Nerkas naockocrsy. JLng apyXnonpelicTOUHOrO OfIHOOCHOTD
AHTHPEPPOMAIHETHKE TIPH Yy4ETE TOABKG NEPBOH KOMCTANTH AHUIOTPOUHH
IHCPTHA MOTHMTHOR SHISOTPOIMK 33ARINETCH KaK

E, = k'(sin” 6, + sin® 8p), (4.4)
rae 8, u Og ~ YUfiH, KOTOPHE COCTABNNIOT HAMATHWICHHOCTH HORPEHETOK
¢ anTHdeppoMarHuTHoi ook, Heam 8, =0 =&, 1o

E, = 2t'sin’ @ = ksin® 6.

¥V xyGrueckoro GeppoMarHeTika SHEPIAID AHUIOTPOTIHA NPUHATO JATHCH-
BATh B BHAC PA3NOKEHHY N0 HANPABIAIOHIMM KOCHHYCcaM. Tak kak TP ocH 9K-
BHBAICHTHB, TO KOMRPHINIENTH NEPEA NEPBLIMH BOIMONHEIMK 4ICHAMH Pa3-
NOWEHHH THIIA Cos% &, OIMMAKOBH, 8 Tak kax cos? ar, + cos’ a, -+ cos’ ¢y =
TO COBOKYTHOCTh TAKAX WICHOB HE HACT YIIOBOM 33BHCHMOCTH M HX MOXHO
oryeTHTE. B pasnoaeimy OCTanyTCa YICHE qe'rsep’mm K zifes:mm nopsis-
KOB. i}ro COOTBTCTBEHHO, cos® o, costar, + cos? ety cosi oy + cas o, casz a,
i cos’ o, cas’ oy cos’ . Yo B0ACTCR_ ey ::a:)s4 a, + cos* o, + cost q;,
T0, HCDOB3YH TOMAECTBO COS> o, + costa, + cos?ay = 1, ee MoNHO BHpE-
IUTH 4Cpes NPHBSICHAYIO prillle CYMMY NpOM3IBefedil KOCHHYCOR B KBaIpare
It #e HEJTIOYATE B pawiokenne. OKOHYATENbIO, 3aMEHAR LA KPATHOCTR COS A,
NPOCTO Ha ), IHEPIWIO KpHeTaUIorpaduIeckoll MarHRTUOR 2HH3OTPOY MUY
KyOWHECKOrD KPHCTALIA 3aNIHIUEM B Bue

E, = k\{ated + odot + aiad) + keladal. (4.5)
Mpn {h,| < ;| ecanm &, > 0, TO serkuMm oCAMM ABBIOTCA AATIPABIC-

uus {100}, a pyameman — (111} ecom ®e &, < 0, To aerxme ocn — (111}
u tpynHue — {100).
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_ Tabmuiis 4.1
KoncrasgTnt marnsmeoll anssotpoms nekoTopsx (eppo- o eppUMarHeTskes

Cocras ky, 2pr- em™? k3, 3pr - om™?

Fe 45 10° 1,5-10°

Ni -5.10* 23-10¢

Co 4,1-10° 1,6-10°
Y:FesOu 6,5-10°

NiPezCa -6,2- 10"

BaFe: O 3,3-10°

Bennudkin KOHCTAHT MArBHTHOH aHBIOTPOIRK IR PALA BepPOMATHHTHBIX
METAINOB ¥ GEPPHTOR NMpHpencHH B Tabin 4.1. Yro xacaercs TeMnepaTypHoil
FABUCHMOCTH KOHCTAET MAFHATHON aHMI0TPONHH, TO HX alcomoTHas se/imin-
A&, K8K OPaBIIIGe, PACTET & NONHKEHHEM TEMIEPATYPH.

Hepesigu cayyak, KOrta 0ps HIMEHEHAT TEMNepaTypht MEARKTOS HAPaR-
NeHWA HaMarHWISHHOCTER nogpeieTox aNTHEPPOMAIRETHRS BIR HaMaTHi-
YeHHOCTH $eppoMardeTuky. [IPOHCXORRT TaK HaaWEBacMHC OPHEHTAINOHHEE
HITH CRMHE-CPHEeATAIHOHHEE MaTHETHMe (adcnbie fepexoiul. Taxve nepexons
BOIMOXHM ¥ E PEIVIHTATC BHCWRHX BoATeHCTRUN, HanpuMep not feficTaues
MarEHTHOrO MMong {noftpobuee oM. B ML 6). [lun wonezs, Hukens, xobamta
R Y3FesD1y TeMIepaTypHEe 3a8HCHMOCTH KOHCTEHT MATHHTHOH GHA3OTPONHH
npuserens Ba puc. 4.1. ¥ xobanvra nps remnepatypax Hinke 520K nerxoft

9 s '\ Fe
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Eg 40
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o
r ¥ k;
£ 20
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Puc. 4.1 TemnepaTypubie JABUCHMOCTH KORCTANT MATHUTHOR BHWIOTPOMHY: 4 -
seneto [Bozorth, 1937, Kupenckuii, 1937 # ~ goSaner {Bozopr, 1936]; ¢ — Huwens
Bosapr, 1956; ¢ -— ¥,Fe;0y, |Hansen, [978]
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Pre. 42 Hamarawuupasue MOHOKPHCTAIIA KENess f1e TPEM KpHCTARNOrpadiMIecKnm
HANPABIEHIAM

OCLI0 #BJIASTCH TEKCATOHANBHAS OCh, NPH TOBHIISHHM TEMIEPATYPH K,
MEHAET 383K, HAMATHHUYCHROCT: OTEROHASTCS 0T rektarogafivHol 0CH B npH
T = 580K umeom k, = —2k, 1 M, nowurcs 8 GasMcryio TA0CKoCTS, !
CyUICUTBYET HECROIDKO SKONePAMEHTABHNX CriocofoR ONPIENEHER KOH-
CTAMT MArHNTHOH AHHIOTPONME, W ONWH H3 HUX MH DACCMOTPHM B 3TOM
paifienie. KOHCTAHTH GHM3OTPONMH MOTYT OHTH ONDPENCTCHB H3 KPHBBIX
HEMBIHWIHBARKH MOHOKDUCTR/UIA DEPPOMArHSTHNY 10 PANLrHEM XPHOTAR-
Jrorpadaeckiy Hanpamekias. B xavecTse npUMeps oGpaTHMCH K HaMATHN-
YHBAHMIG MOHOKPHCTAINA Xenesa (puc, 4.2). Jina Taxux waMepenud, 3robu
H3abekaTh HoNel PAIMATHHYABAKHA, H3 MOHOKDHCTAIING BMPEISKITCA DAMKM
¢ pefpaMH, NAPANACHLHEME, COOTBEVCTBEHHO, ocam [100], [110] wmm [111].
JlerkdMH OcsiMH B STOM cnyvae apnsioTes Hanpaenenus {100), cpemun-
mit {110} 1 Tpymsema (111} Ana naMarHHuRassns kpueTaia B moGoM 13
uanpasnerrd (100} nocrarcyno HeGORLINOTO MOAA AJIA MHEBHAAUHHE JOMER-
Ho# eTpyrTypu. Takolt nponece OyaeT paceMoTpen 8 T, 5, # ceityac 378 Hac
BEAKHO TONLKO TO, YTO HAMATHHTHRANHE IPOHIOMACT B CpapHuTebHe cAaloM
nose. [Ipy AaMarsuuHBanms BAOAL QnACTO B3 wanpasnennd (110} wm (111}
cHa4ana B CchAabuX noisx NpofinyT NPOUECCH CMEILEHHR JOMEHHbIX I'PaHHL,
4 3aTEM € pPOCTOM DONA HAMArHHwensocTh OyieT MOBOPAYHBATLOH, NOKA €€
HENPABAEHUE HE COBANET C ADAEM. ‘FTOT NOBOPOT CBAZAH ¢ NPEGHONCHUEM
CHA MarHUTHOH anmsorponup, Palors, serpavcHias Ha HAMATHMYUBAHME A0

*iflpw T = 690K y xoBansta NpGHCROMMT HEPExOR @3 reKCAroHAbROR daa & xyluvecky
£ 1PRHCUSHTDHPOBAHHOR YEMSHTAPHOR AUeHKOR.
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HACHILIEHNA B HanpawieHuu [Akl], pasna
; M,
]

T.€. IUICINGAM, 3aKTOYEHHOH MEKEY KpHBOH HAMATHUYHBAWWE U OCHK
opmwraT. na nanpasnenvs {110] wmanpasssioume kocwHyest v (4.5}
@ =0y =1/V2 na; = 0. ¥ (4.5) enenyer, wro

i
Aoy ~ Apse) = 7 k1 (4.7)

cresosaremsto, k| = 4{Ay o — Apop). DKCTIEDHMEHTATILHAA KPHBAZ WaMar-
wuuBanEg BA0M [111) nossonser onpenenute u k. Has [111] oy =@, =
w = 1/ /3, crenosatensio,
1, 1
Ay = Apegp = 7K1+ 55
Orxyna, suag u3 (4.7} k), MOKHO waltvh k.
CylecTBYIOT H# APYTHE METOIN OOpEICIeHNA KOHCTERT MarEUTHOH agso-
TPOTHH, H B MEPBYI0 DYCPENb H3 N3HHEIX 110 QEPPOMATHHTHOMY DE3CHAHCY.
Has nnenox feppuTen-rpanaToR, npoapavHuix p suaMMol ofmacTi ceera,
G610H pa3BHTH MArEHTOONTHYECKHE METONM, HCMONBIYIOWMEC ONTUYECKYIO
PErHCTPAHMIO HANDABICHIH HAMAMHYYEHHOCTH HIK OTHOCHTENEHON BEAHYHEN
MArBHTHON BOCADUEMYMBOCTE.

ks (4.8)

Haseaennas MarvyTian anHsoTpOINS

Hapstry ¢ ecrecTsedHOR MarHurHOH rpHOTAIUIOrpaguieckoft anusoTponued
BOIMONHA TaKk HAIMEBAcMad HHOYHHDOBAHMAA, W HABCIEHHAR, MATHHTHag
AHHZOTPOMNEA, KOTOPAR HBARETCA CHACHUTEHEM ONPEAENeHHOrQ JOKAABHOTD
PACTIONOKEHHA NPHMECHBIX RTOMOB, BAKAHCKHA, 2TOMOB B MEWAOYIMHAX K T. 1,
KOTOpOE 3JHEpreTHYecKH Hanbonce OGnaronpHaTHO ANM JaHAOR AOKaTLHOH
OPHEHTAURN HAMArAHYCHHOCTH. MOHO cradaTs, 4T0 HABGICHHAR aHHIOTPN-
AHA JOKENBHO CTPEMHTCH CTaDHANIHPOBATH HANPARICHHE HAMAIHKSCHHOCTH.
Hapenennas asrsoTponus ocoberBo 3aMerHa MMM AaXe Hrpacy onpeflens-
QY0 poik B TEX cAyvasx, Korma KpHCTanaorpadiueckas aHHIOTpOHHR
aepenvra. HaseneHuyio aHW30TPOMNI0 MOXKHO CO3ABATE HCKYCCTREHHOD, YTO
BAKHO 1TDH COBIAEHH HEKCTOPLIX MaTHRTHLIX MATepHAIOE.

TlpumepoM Tako#f ofpaboTKR ABAHETCH TEPMOMATHWEPHBIH OTHHI, T.e
HEK2A TepMooOpaboTia B IpUCYTCTBHH MAPHHTHOTC TO/IA, TIPH KoTopo#t
Onaropaps AnpYsHE ApEMEcH YROPALOTHBAIOTCH TAK, 910 CNocoBCTRYIOT
33ZBHHON MAFHHTHEM [I07ieM OPWeHTAUMH namarnidednoory. Hasegennas
AHHIOTPOMMA MOXKET BOIHMKATh B NPOUecce pocTa Kpucramwioe Hmaronaps
YAODRAOUSHHID ATOMOR 3AMEIEHHS. .
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(Yomesran, HIH ORHOHANPARACHEAA, ANHIOTHOTHA

Unrepectoe smacnue Goiao oOHAPYAEHRD HA MENKHX, paavepomM 100 + 10004,
CHErka OKHCNCHHHIX YaCTHdKaX Metaaawdecrkoro kobampra. Oxasanmes, 410
€I TEKHE HACTHYKH OXJTARATE B MArHHTHOM none 3o 77 K, ro onu GyayT of-
NanaTh OAHOHANPARACHHON aHU3OTPOMHEH ¢ HAMArHHYERHOCTEIO, HARpaRICH-
HO# BRONL TIONA, B KOTOPOM OXAGKIEIBCE. Co0TRETCTREHHD, SHEPIHIO aHUI0-
TPONUM MOXHO 3aMAcaTh B BHAE £, = —k, €088, riie ky 32BHCHT OT IUTOIHANH
NOSEPIHOCTH JaCTHUH. 3T HBNEHHE CHAEHO © TEM, 4To ORCHA KobansTs —-
awTneppoMarnetur ¢ Touxoll Heens 300K. Ilpu oxnmakmendd MacTHYEK,
MOKPHTHX NACHKOHK OKCHS, B MATHATHOM NOIIC MATEATHHE MOMEHTH! 4TOMOB
ko0ajikTa B nepBoM Ghoe owckia Onarofapd o0MEeHAOMY B3aMMONCHECTBHIO
€ TIOBEPXHOCTHHMH 2TOMaM# METRAAZ BHCTPEHBRIOTCA HAPANICTLHO HM,
7., TIAPAIACABHY MPHAOKCHNOMY Tomie. KoIfla noche OXmbKOSHHA NONC
OTKUCMACTCA, HOBEPXHROCTHEIC aTOMB KOoBaNETa METAANA H OKCHAZ OCTHIOTCH
obMenno-censaHubiME. Tax k3K DOBEpHYTh MarHHTHHE MOMEHTH aTOMOB
robansTa B okcuac B moasx ~ 0% HeROIMOKHO, TO MATHHTHEE MOMENTH
aCTHTEK METAMNA OCTAKTCH «JAMOPOMCHAMMEY® B HANPABNSHUM Dpauee
npuoAeHEore nosa. (Orciofa K BOSHHKACT (VIHOBANPABNEHHAR ZHHACTPONHE,
INoeopoT HeMarEMYeHHOCTA JACTHIL, KOHEUHO, BOIMOOKEH, TAK KK ¢ OKCHIOM
OGMEHHO CHfiZal TONBKe 4TOMH KoGaNbTA HA NOBEPXHOCTH, YHCAD KOTOPHIX
MAn0 A0 CPaBHeRMIC ¢ obmum Wy uMcnoMm B oBbeme wactaul. [losromy
MAFHKTHAN 2HI3CTPONHNA He CTOML: Bennka. B mantreinpes obMeHBas amino-
Tponus Habmoganacs Ha cuereMax Fe—Fed), a Takae B cAaBaX A OKCHIHBIX
cHoTeMAX B 0o0NBCTH, IAE MOIYT cOCYIECTHOBATH OBS (hash: OgHA — €O
CIFORTaRHOl HaMarHwIeRHOCTDIO, BTOpad — aHTHOCDPOMArHNTHAR,

4.2. MarssrocTpaxius

MaramrocTpuximell HaseinacTen ynpyiras AedopMaiiug GeppoMarHeTHia npy
HIMEHEHUN N0 HAMalHIMEHHOCTH KaK N0 BeJIHYMHC, TAK v [0 HANPaBACHKIO.
Henenwe 316 Guno ofhapyxero Jxoynem & 1942 1 ¥ asnseTcn CHCACTRHEM
TAK HASHEAEMOTO MarHuToynpyroro sianMopeftersua. Tak kak ofmeHnoe
BIauMonieBCTEHE, RBISHOLICESS MpHIHioH MATHHTHOIO YNOPATLOYEHHR, H KPH-
CTALINMECKOE TIode, oDyCaBANBAIES MATHIHTEYR KpucTannorpadireckyo
AHH3UTPONIMED, 3BHCAT OT BIAMMHOIO PACIOMOWCHHS ATOMOB, TO Hanuuue
MAFHUTOYRPYTOR CBA3M BNOAHE ecTecTserno. TipH BOIHMKMOBEMIH MarHKT-
HOUG YIOPANOHCHHA PABHOBECHHE TIOMOKEHHA ATOMON HECKOABKO MEHHIOTCR
# COOTBETCTBYIOT MURMMYMY CYMMADHOH 3HEprHu — obMeHuol, ynpyro#
u aHmsoTpomds, [lpouexonur cuomtaumas gedopmauwa. [lpn stoM wime-
waeTes obbeM, BTO NPEKAE BCCro CBHMSAND ¢ JABHCHMOCTRID GOMeRHOH
JHCPIRH OT PACCTONHMN MEKAY aToMaMB. ATOMH CMegiTes, 4robu Buin
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Puc. 4.3, Temneparypras 3aBUCHMOCTS KOMMGULMCHTA TERNORATO PACIUKPEHNT HUKE-

AR (CIOUHAY KPHBAR); OYHKTUDHER JIHHRY — ¥O %, oo 6 Be Goio Nepexosa
& deppomartaTios cocTornue [Bosopt, 1956

sbrpss 8 OOMEHROH SHEPTUH, HO GHHOBPSMEHHO YBESMMHBACTCH YNpY-
r4s SHCPIHE, W BOoBHE DABHOBOCHHE TMOGKEHUE HTOMOB COOTBETCTRYION
MEHHMYMY CYMMApHO# BHEPIWH 3THX ABYX BianMoReifcTeuit ObveMuan
MAPHHTOCTPHKIHA IKCHEPHMEHTANBHO fIPONBIAETCH NIPH H3MCPEHHH TeM-
NEPATYPHHX 3JABUCHMOCTE!l OTHOCHTEABHOIG YIUIMHEHHH KK HEKAas aHOMa-
mg 8 touke Kiopw Ha pre. 4.3 npuseleHa TeMneparTypHas 3IaBHCHMOCTE
koadprunents nukeiilore pacuapenss unkéna. B roure Kiopn smeerca
AcOoNBInol MakcuMysd. OOHMHO OTHOCHTCHABHOC HIMeReHHE offbeMa, 33 cuer
MArHETOCTPHKUME DKCTPANCIWPOBAHHOE H HU3KHC TEMISPATYPhL, HEBEAMKO
W cocrapnser ~ 1073,

Te sranmoichcrsng, KOTOpHE OTBETCTRCHNE! 33 MATHHTHYK 2HUIOTPONRMID,
OPUBOART K HCKAKEHHID JNEMCHTAPHOA srielKkA TIOCKORBKY MCK@KeHwe
HEBCIMKD, 1O OGORYRO Py YNOMMHARHEH KpReTanAorpadittecrol CHMMeTpHR
MArHHTOYHOPANGUESHHOTO KPHCTAIA HA3BIBAKOT ero CHMMETPHIO B Hapamar-
HRTHOM cOCToaHHH, Ho, CTPOre Tosops, HanpHMeED, eClA B NapaMarsUTHOM
COCTOAHMH DMICMeRTapHan mHeilka KyDWHeckad, 10 B MArHHToyTIOpAIoueH-
HOM ¢OCTOSHME KyGnueckolt owa yke He Oyner Hedopstiuus nposcoadr
¥ OpH COBOPOTE HAMATHUMEHHOCTH, TAK KAK KPUCTAMIY 3HCPreTHHecxu
BRIFOMHEE HECKONIBKO NehOpMUPOBATLCA H YTUM YMCHBUINTL SHEPTHIO BHU3O-
TPOTIHH.

Jaa GeHoMEHOROMHHECKOTO ONHCAKMA MAarinTOCTPHELHN deppoMarneTy-
KOB HEODXOMUMO PaceMoTpeTh Ynpyryw ®, u MArHUTOYIPYTYIO ®,,, Hacty
TEPMOIHHAMEYCCKOTO TroTeHUnaia. Kax ussectno,

1
P, = 7 Ciger iy Harn ‘ (4.9)
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TIe €5 8 #;,;{8,} — COOTBETCTECHHO, KOMAOHEHTH TeHIOpOS ynfsymi&
KECTKOCTH U fedopmapi. B, MOKHO J2IHCATD B BHE:

d’“? o gd’jf&} ﬁéf ak al (4,3{}} -

3neck by ;;; — KOMITOHEHTS! TEH30P2 MATHUTOYNIPYPHX NOCTOARHLIX, ¢ H ¢ ~
HAMPABNAIOIME KocHMye wWamarHwaennoctit [lockomiy Tewsop Marim-
TOYIPYIMX TNOCTOABHMY MUTCPHANBHHE, TO YHUIO HEABHCHMHX KoM~
MOMEHT ONpEfesiAeTCA ¢HMMETpHed Xpucranna DBnaromaps Toxknecrsy
af +0f +0f = 1 paxe Ak KPHCTWINOB CAMON HHIKOH CHMMETDHA WHCAO
;w:sanacnmix KOMIOHEHT cokpamaerca ¢ 36 ao 30. Koaddumuwsentst b,
JBHCAT OT BOIMMMHE saMmarsugcnuocTn. B nanvHedmiem Oymem  irte-
PECOBATECR TOIBKO TOH “acts P,,, KOTOPRH JABHCHT OT OPHCHTALMH
HaMarHAYeHHOCTH. ,

Pacemorpind HanGoree npocrolt ciryuad — xybuyeckuit deppoMarterik
HUcnomeaya matpiunbie obosnatcim Ana KoddrbHIHEHTOR YIDYTOCTH, N4 P,
HMEEM CNETYIOHICe BRIDAKCHIE!

1 3 2
b, = 3 ey (g, + uvf}. + 15} +c12{a_ﬁ;¢ + Uy Uy +a )+

1
+3 eag(ul, +uk, +ul). (4.11)

Tewsop b, ANA KyOHYECKNX KPHOTAIIOB MMCET TPH HEIABHCHMBE KoM-
MOHCHTH, HO eC/AH YNHTHIBATH JIMIB TY 9acth @, KOTopas 3aBMCHT OT

HAPDABRNCHER HAMAIHMMCHHOCTH, W TOXIECTBO af + zzf. + af =1, T0 BMpa-
KEHHE A By, MOWHO JATHCATE TONBKO C ABYMS KOHCTAHTAMM

2
q’my"gligxxa "”“13,0'5 i, z)+

A By o, +ag o, bu ), - (4.12}

e By = b,y = bagyy ¥ By = 4b,,, - MATHUTOYNPYIAE nocTORMESE. [a
weneas By = ~29-107opr-cw > u B, = 3,2 107 apr-em™?.
Pemnernamy ypasHenus
e, + )
Fu,

if

=0 (4.13)

SRARKTCR PABHOBOCHEE ﬁéﬁ)epmaﬂﬂﬂ

. By [c); — ey + 2¢)]
T ey —elen H2¢)

(4.14)
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IAns onpepemeHnn orHOCHTEALHOrO ywmmHenHs Alfl B HanipasneHuu,
3ANAHHOM HATPARATIGUIMME KOCHHYCaMH [, BOCHIONBIYeMCS HIBECTHOH $op-
MYJIOH

Al

‘?‘ S u;;ﬂ; ﬁj' (4»15}

Toncrasus 5 (4.15) pasHoBecHbie snaveuun Aedopmamm (4.14), nomysnm

Al Byfey~ ooy +2e5)] 5 Bileyy —o3{ey +2e5)] oy
— By + - B+
{ () ~ ey +2ey3) (e = cidleyy +2¢y)

B feyy — ooy +2¢yy)]

(e ~epiley +2ep)

B
Bi - :ﬁ‘ (ay@f\By + ayaafofy + aza 5 51).
(4.16)
Q1fipacsinan WICHN, He 3aBUCAIIHE OT (Y;, OKOHMATENBHO JAMANIEM

Al B
T =B o+ o)
2

T~ e -
- f—i (o8, + ayoafofly + a3y 83B(). (417}

Qopmyny (4.17) MOXHO PacCMAaTPHBATH KAK OTHOCHTEIRHOE YIUIHHEHHE
ofpaila BOAR HANPJABACHBH, GOPEACICHHONO HWATPABACHHMH KOCHHYCA-
MH f,, RoTopot npoucxofHT GAarofdp® 3QdexTy MarHWTOCTDHKUME OpH
yenoBRAY, TO O0pazel; HaMareiHeH A0 HACHINEHEE B HANPABACHWN, 3aIaHHOM
HANPaBNMONTHMH KOCHHYCAMH «;. HeXoNHWM COCTOSHMEM B 3TOM Cnydae AB-
JACTCH THAOTETIHECKOE ¢ HYNeBOH CIDHTANHON HAMATHEMEHHOCTRO, OBHYA0
IRCHCPHMEHTANGHO SOEeKT MATHRTOCTPHKIMI HIMEpAIOT Kak AedopMmainme
NPH #aMarHrusanny GeppOMArHeTHEY, B HCXOJHOM COCTORHIM TOJHOCTRG
pasmarimaendoro. fIycTe slerkAmy ccamp xySnueckoro deppoMarHeTHia
semsores ocu (100} B sroM cayqae HMeeTes BCErO €CTh THIIOB A0MeE-
Hoe. MareHToCTpIKIIHORE2S AeGOPMAIHS KOKAOIO M3 AOMEROB HE 33BHCHT
OT TOTQ, B KAKOM HANPABNCHKH BIONE JCrkoll ool HaUpaBliend HAMardiyen-
BoeTh, f1O9ToMY © TOUKH 3peHH AchOPMALHA HMECTCS TPH THNA GOMEHOB.
B ranpapiiensst ¢ nanpaBasRWMMH KoCHEyCamMu f§; neopMALME KEKLOTO H)
TPEX BHAOE JOMEHOR BYAYT CHelyIOIAMHE,

Al B
a =1, m=ay=0 "fﬁ“;“:jf“g:;ﬁf;
Al B
ay=ay, =0, a =%l TEWW@; (4.18)
il 12
Al B
a;mazzﬂ, ﬂ}ﬁ:{tig ME-:W(Y‘\_TZ;;; 2.
11

Hedopmauns scere ofpasua asasercs cymmoll tedopmaissl OTICIBHBIX
ZoMeHOB, YMEOKUS fedopMalM0 B KaWAOM U3 8108 gomexos Ha 1/3 {ero
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momo 8 ofuwem ofbeme ofpasua) W CAOKME 3TH HedopMallid, HOAYSHM

sedopMALKI paIMArHHYEHRNOr obipasua:

i
—g e (B + B + B]) = gg;’%’";’;;"j

3e FRF
Teneps, wrobs onpenenyts fedopMalIo OTROCHTENLHO PA3MATHRUCEHOIO
coctosums, caenyer U3 (4.17) sbmieers (4.19). B mrore noaywum:

ﬁmg‘ﬂw __._Bﬁ__,
{ S TR ]

(4.19)

(cd? + 33 + a2} - ) -
- fj (0B + 2By + ayaBaf). (4.20)

Fe A,y — KOHCTAHTH MarsrocTprkumi. OBeMBo win Kybnaeckux kpuoran-
AOB DPHBOIATCH BEHUMHE KOHCTANT MaTHpTOCTpHRIMY anons {100} w {111},
T.6, &)gp ¥ 4,,; COOTBCTCTBEHHO, A KOTOPMX H3 (4.20) raxonmm:

28, B,

Bupasxts B, 9 B, depes Ay W Ay v noacrapus B (4.20), sannmeM
OROHMATENLHYIO QOPMYTY AR 4

Fats 3 i
5 =24 w§3:so (512512**“223% +a§ﬁ32“‘3—) +

+ 344 (B By + ooy + sy}, (4.22)

MerusTocTPRRIBIOHHEC KOHCTAHTH JI/% HEKOTOPBIX MATCPRAION NpHBLICHN
» bz, 4.2.

flsnenne MArHMTOCTPUKLMH, KAK MBI BHINM, JaeT BK/IAH B HSMCHERHE CRO-
OoHOf HCPIHE KDPHCTAANA NPY OTRAOHEHHMY HAMArHWHEHHOCTH OT JIeTKoH

Tefimms 4.2
KaHcTaHT MICHRTOCTPURUENM HRROTOpHIX EPHCTARNOS
Marepuan K Ao - 10° Am - 10°
Fe 360 253 —186
Ni 300 —-62,0 -24.0
NiFe, Oy 300 630 — 260
¥iFesO)y 300 - 140 - 280
GdsFes Oy 4,2 %51 8,3
ThiFe:On 4.2 {270 2460
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ocr. TTpK PAcCMOTPEHMH MAPHHTHOH KPHCTARNOrpaduueckol aHU3OTPONUK
70 He yuWreiBanoch. Yrobu NonyuuTs BHpaKeHHE ANA OJHOR 3seprun
aunzoTpoimak, chenyer x {4.5) nobamure @, u &, Te (4.10) u (411)
Nocae nogcrauosiu B 3Ty GOPMYIN PapHOBECHRX 3HIYeHHR nedopMattin,
8 KoToprX B, U B, BripakeHs vepes o, H 4,4, ipH yiere B (4.5) Tonbko &,
LT AOFHGR SHEPrHH MATHMTHON aHu3oTpomss KyOudeOKoro KpucTanna
noftysne

Fl = (ky + ky){afad + o5ad + adai), (4.23)

ek} = 3 [{c}; —ep) Ay ~ 2e44dlyy]. Paaimmune mesay ky mk, + k] B TOM,
9TO k| SRIAETCR KOBCTAHTOH JHUIOTROMHM NpR NOCTosHHOR AedropMatim,
a ky +k} ~— mpu MOCTOSHHEIX HanpsokesnAx. Benusmua k], xak npasuio,
HEBENHKA ¥ COCTARIAET HECKOIBKO NPOLCHTON OT &,

Eci K KpHCTRUINY DPUIOKEHB MEXAHWMECKHe HROPMKEHHS 0;;, TO NO-
ABKTCA JOTIOMHHTENLENHA BKIAL B SHEPIHIO M, ,0; ;. UToON NOMYYHTE NoAUYID
SHEPIHIO, ITOT fononEATeNsubil BKIAA Hago nobaBuTs k cymse ¢ (4.10),
P, (412) 4 E, (45). Munumusauns Takoft obmelt suepruy QacT Hobe
PAPHOBECUBIE 3AZUEHEA KOMAOHEKT Tensopa: gethopmarmu. Ecaw npunokessl
MANPMKCHA PACTAKCHEA KM OKATEA H OHU OJHOPOIUE K PaBHE T, T0

{.‘f'rj = U?;?j, . (4.24)

e ¥; H p; — HaNpABAAIOIEHC KOCHHYCH NPAIOKCHHOT0 HANPAKCHHA OTHO-
CHTENILHO Oced KpMcTabla. MOXHO nokasarh, ¥To NOMONHHYENRHAST SHEPrus
MEXBHMMECKHX HANPAOKeHH NPH PaBHOBECHHX 2ehODMAIMAX ONHCHBAETCR
cnepyiondi bopmynclt:

3o

Fy = == (ool + gy +ap])+

+ 2*11}1{3}&3*?;}’;‘ + aﬁ'a,:?y?z + azax?z?t)]- (4'25}

B caydae mefonbtiof 2uH3OTPOOMM MAFEHTOCTPHKIMH, T.€ A5 T 4, =
s A, (4.25) npusumacr opoCToH aux

F, o=~ ; A cost @, (4.26)

FEe @ -— yroa MmeKzy M, ¥ HanpaBaesHcM ODHOPOZHOIC HanprkKewsbi
IMpw manoil ecrecreensodl KpucTaorpaguueckol ARMIOTROIHE W GonbiHX
HANPMKCHMAX JHSPrUa F, MOMET UMETH CYLICCTRCHAOE Juatenue. Wa (4.26)
BHAHO, YT ponb KOHCTAHTH AHUIOTpOMMM warpuctT KodhdwumenT %Asa.
Takum oOpazom, NM0R B/BAHMEM MEXARHICCKHX HANDRKEHMI MarduTHARA
AHM3OTPOIHA KyDHWECROMO KPWMCTANIA MOMCT CT2Th OAHOOCHOR, NipH 3ToM
3HAK KOHCTAHTHE HABENEHHON AHWIOTPONHE 3ABHCHT 0T JHAKOB A, H 7.

5 3ex 3507



136 Trapa 4. MErHTHAS a0 INOMHE B MOTHIROCTREKIURS

4.3, Caabpiii deppomarnerusm

¥ aorns anTHPCppoMarie rHres ocoGeHOCTH KPULTATANMCCKON CIPYRTY b
TAKOBBI, IO UTUMB, OTHOCHUWMECH K TIOJPCINETKAM ¢ [POTHBORIOKHO
HATIPABIETHBMU HAMAHIMEHIOCTAMY, HAXONATCH I HE COBCEN IKBUBRNCHT-
HEX  EPACTALIOCPAPHYSCKAX  HOJOREHMAR, T0ITOMY H3 HAX DeHCTBYIT
HOOTHHA KO BBIC CLIAR 2f30TPONHN. ITU MOKET (ﬁ‘t‘ilH LDONYCRICT CHMMCTRHA
KPMCTAAMA) UPUBCCTH K TOMY, YTO HAMACHHYCHHOCTH NOHPCLWICTOR CTasyr
HEKOLTHHEAPHHMH, HRPYUIHTCR HX TOUHAH BIAHMH4AA KOMIICHCAUMS M 0O-
HEHTCA HeGONBIIAR COOHTRHHAS HAMArHHUYCHHOCTD, KOTORAS COCTABSRET BCOIY
1072 5 107* or voMmanbHol, HexoannueapaocTs MokeT BHTh CBASANG KaK
¢ BHHAOTPOIHBIM KCCDCHHLEM 00MEHHBIM B3LHMOASHCTBHCM, TAX H © ONMHGNCH-
HO# aHu3oTponHel. B/ icHUC BOIHHKHOBCHILA TRKOH ReDOABIION CHOHTAHHON
AAMATHHICHHOCTH Ha3ueacTcR caabemg QeppoMATHOTHIMOM, 3 Beneerea,
¥ EOTOPUX 0RO #aBmonacTes, - caabdemi (eppoMarieTHKaMA,

Hammne  weDOnitol  COOHTEHHOH  HAMATHHYEHHOCTH Y FeMAaruTa
{a-Fey05) My psas conct 3d-meratios Suno HIBeCTHO aavHo # Gosp-
WHHCTBOM HOCACIOBATEICH NPURMCHBAIOCH HAmtw0 B ofpatnax deppo-
MariHTHeX npHaecell, OTKYIA TOARKICH TEPMMH «TapasuThuit Qeppovar-
HETHIME, KOTOpBIR BETPEMACTCR Clie 1 ceidac 8 sapydemHoll AMTepaType.
Ilo sepe nonyvends Bce 00ACC YMOrBX EPHCIRIIOR CFAN0 HCHO, Y10
HAMMe CHOHTAHHCH [AMETHHMEHHOCTH ¢CTh CBOHCTS0 CaMMX KPHCTAIRGE,
# A C. Boposnkom-PoManoBels Gali0 BRICKASAHO APCANONIOXCHAS, YTO Npy-
THHOH ABANCTSH HCKOUMHCRPHOCTR MATHATHEX foapeerok, Teopernyeckoe
obocnosarnue arei uacu aan W E asnomusckiit.

PacomoTpum nosmicHne cnaforo deppoMArHeTHIMA Ha npuMepe poM-
Gosaprueckux xapbonator MnCO, u CoCO,, x0TOpHE 0THOCATCH K Npo-

{111]

T
iy

¢

i
d 4) 2

F e ’ u Pre 44, Pacsionoskenie MaiwnTeex wonop {121 syoae

Y e DTV 8 wpetannax wapbowatos  MaCQ., FeCO.

d ot O CoCOn ¢ we ToUKA mepecedenns ocelt cumMeTprE ()

T ¢ oubiy (LG o - rouss nepeeceHud paockocTel orpa-

HOHsUE Qg oceft 8, ¢ ocelo T
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crpancTeennoll rpynne DS, (R30) # B napaMarsurHOM COCTORMAY HMEWT
CRENYIOUSE BReMeHTH auMMeTprl 2C,, 34, 1, 25, 3o, R

2y —— OCH TPETBErD HOPANKA, Napannembabie [111];
3, ~ oeH BTOPUrC NOPRIKE, nepHesIuKyIspHse [111];
f -~ unmepcus,
84 —— IEPEaibHO-FOROPOTHAA OUL IGCTOFO MOPAIKE;

a, ~— TROCKOCTh CKOMBIKCHIA C© Tpancanusell Ha TonoBrHy mepuona
ggoas ocu [111] w neprexmuxynspras ocu U,

Ha puc. 4.4 nokasane PacnGNOKENHE MArHHTHBIX HOHUB K HEXOTOPHIX
37MEMENTOB CHMMETPUH B CTPYKTYpe KapOouaros. MarnuTHmie ceolicTea
KapboHaTeR XOpOUIO OIMCHIBRIOTCH INBYMSA MATHHTHBMH OONpPEIUeTKaM,
K MaTHHTHAA ICMENTAPHAA AueHKa COBIANACT ¢ KPUCTATIOXHMHHECKOH,
Takum 06pa3oM, MaruuTHEE aToMel [ ¥ 2 (cm. poc. 4.4) CTHOCHTCH K OAMON
IAESMEHTapHOM A4ERKe, MO K PasHM MardHTHeM nogpetueTkaM. HekoTophie
M3 REPEYHCIICHHBIX INEMCHTOB CHMMETDHU TISPECTABRAIOT MECTAMH MArEWT-
Hbe HOEM, @ HEKOTOPHE Het

Cot F—=1, 22, Uy 1 @2, Sgul: I=1 222 a,. 1222

Boamossl TPH BHAR MarHWTHOH CTpYETYpH {(puc. 45). B cTpykrvpe A
MATHUTHBE MOMEHTH NONPCLIETOK HanpaBleHH Baofb ocH (111}, B cTpyk-
TYpe B oHm NISKAT B RIOCKOCTH CHMMEIPRM O, & B CrpykType C —

A

Crd ‘!

Pug. 45 Tpu sosMOKHME OPHCHTHIMH BAMArHUHCHHOCTER MATHATHRIX OADCWEToR
B xapfowarax id-meraanos — FeCO., MalO; 4 CoCOy
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sanpasacHu Baonk ocH Uy Crpyerypy A wmeer FeCOy, crpyxrypy B
MaCO, # CoCO,.

Crpyrtype A o0nanaeT BCeMH 2UCMOHTAMH CHMMETDHE KPHCTAILIO-
rpadEtcckol npocTpancTeeHHOH pynns, kposme R. [onyorm, wte nph
TR0l MATHETHON CTPYKTYPE HMOCTCR PESYAbTHPYIONMH MarHHTHNE MOMCHT
m =y -+ C COCTABATIOWIMMA My A M| COOTRETCTRENHO Napamiesbrol
H nepreHuRynsphodt ocn [111). Mpwicm m, HHRZDHAHTHO, A M HE HHBA-
PHAHTHO OTHOCHTENLHO OcH (4, MOBTOMY M MOKET BT UHBADHAHTHO OT-
HOCHTENLHO 3TOH ONEPRLMHE CHMMETPHE TONLKO npH m == (. Taxum obipajom,
B oTpYRTYpe A Cchafwl QeppoMArHeTHIM HEBOSMONMER, H ZefcTBUTERbHO,
FeCO, ue obnanaer cAabus MariMTHEM MOMEHTOM.

B crpykrype B MarvvTHRE MOMCHTH NeN@T B [UIOCKOCTH ¢, (Mepred-
HAVKYAAPROA NJIOCKOCTH PHOYRKA) H DNICMEHTAMH CHMMOTPHW auasores ],
U,, 64 XOTOpDHE NOMYyCKAOT NOBOPOTH MATHHTHMX MOMCHTOB HOHOB [
H 2 RapcTpedy [pYT ApYTY © BHEXONOM H3 TIOCKOCTH 0, WTO MNpHBOLHT
K NOABNCHHIO PE3YIbTHRYIOMEro MOMEHTA W 7 (0 BIONL ocH U, (puc. 46).
Hedcrsareasio, MnCO; n CoCO, spmoren coabEMy depposMarneTkamm.

Kmaccmuesnn npUMEpOM BAMAHAAS MATHHTHOR CORMMETDHH KPHCTZ/UIA
Ha BOIMOKHOLTE HOSBACHHA cnaloro DeppOoMaTHHTHO MOMEHTA SBARETCH
resarrr a-Fe 0,4, BMeomul pomGosspHIecKYIo SMEMEHTAPRYIO HueliKy C qe-
THpbLMA atosasy kenesa. Flpy 250K B remarHTe AmeeT MecTe MAPHETHBIR
CITHH-OPHEHTAIHOHNEN $a30BRGt Tepexoil, T. €. HIMSHACTCA MATHHTHAR CTPYK-
Typa. Hpy 7 « 250K MarsgThHHC MOMEHTH HOHOB MENE32 NAPALICNbHE
ocu {111] kpucranna, 2 npa T > 250K sonote ao roukn Heens (950K}
nexat B Gamucsol nockocTit. B nepeom cnyvae cnabuit heppoMarseTraM 3a-
Apelied, 4 B0 BTOPOM MarsUTHAN CTPYKTYpPa ero gomyckaet. [eficrsureniHo,
HeGONpOIAA CAORTANAAR HAMArHIMEHHOCTS HabMionaeTes TONMbKO & AHTCPRANE
TeMIepaTyp Mexay 250 n 950K

CooDpaXCHHS CHMMCTDHI NO3BONAKYT YCTBHOUMTE 0OmMe ymoaﬂa BO3-
MORHOCTH BOSHHRHOBeuuN cnaboro deppomarweTiama. Pacostorpam cnyqah
KOMRAHCAPHOTO AHTAQPPOMAEFHETHKS C JBYMS MACHATHRME FI0APCHICTKAMHA

Puc. 4.6 Obpazopasve pesyAbTHPYOLIENe MATRETHOM
moMenTa m v kapBonaros ¢o cnaboim geppomarneTi-
MOM. 8; ¥ 8; — HOMArHWMCHHOCTH, O —— YTIUI CHUCA
MATHHTHBIX (TORPEIIETOK
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KPUCTANAOTPAMNCCKH PKBHBANCHTHEX 3TOMOB, @ MYCTh UPOCTPAHCTBERHEAR
‘TPyTNa KPHCTANNZ CONCPKAT HaBepeHio 1 unw tpaHemsisno T # 9TH aneMen-
TH CHMMETPHE MCHAIOT MECTAMH MardRTHHC TORPCIISTRY, T.e MariuMTHan
RPOCTPAHCTBEHHAA Fpynna conepawt sAemeHTol JR vy TR. Torza, ¢ onuod
CTOPOHB, ACHCTBHC 3THX ONEpaiuyH CHMMETPHH Ha HaMarHHYCHHOCTE M
HAYErQ He AOMmKHO Ontro Bbl wiMessyh, T.€ (IRYm = m uaw (TR)m = m.
C apyrolt cTopoutl, zeffctiiHe Ha BOKTOP A3MArHMYeHHOCTH TakuX onepaini
caMMeTpHY npHBOIHT ¥ (JR)m = -m ¥ (TR)m = —m. CosmecTuMocts
PeaYALTATOR BOIMONEHE TONbKe np m = 0. Taxum obpasom, nps nany-
Yuy B APOCTPAHCTBEHHOR TPYNNE KPUCTAANG HUBEPCUM HAM PPAHCIIMM,
menmiomel MECTAMM MATHHTHHE NORpeleTk, cmabei  deppoMarHeTiIM
HESDIMOMEEN,

¥no6Ho Ha3BaTh AHTHHEPPOMANIHTHYI CTPYKTYPY METHON OTROCHTENLHO
HAEVOH ONCPANHK CHMMCTDPHH, €/ NIOCHEARIN IRPECTARIAET ATOMB B TIpe-
Henmax ogsof ¥ TOH K MarHuTHOH NoNPelUCTRH, 8 CcCap MEHAXTCH MECTaMY
ATOME, QTHOCAIIHECA K PAsHBLIM ONPRINCTKAM, TO TAKY) aHTHhEppOMartT-
HYI0 CTRYKTYDY MOWHO HA3RATh HeweTHoH. MonmontayR Ty tepMuHONOIHIQ
A obobuian nonyyensE0e BHINE JKMIONEHHe 00 YOAOBHAX MEBOIMOMHOCTH
symecTsoBaiia craboro deppoMarHeding, MOKHo Teneps cHopMyTHpORaTs
YKE CNemylnmce YCIORMe cymecTsomatia cnaGore depposarsetusma {Ty-
pos, 1963 1) cnafnil QeppoMarseTHIN BOSMOKEH RHIIL B TUX CITYYaRx,
KOT2 aHTHOEPPOMArHHTHAR CTPYKIYPA HBIACTCA SIETHON OTHOCHTENBNO
BCCX TPRBHCNAUMH DEICTKH W HEHTPA CHMMETDUH, €CH TRKOBOH HMEeTCH
B KpHMoTAAnorpadMueckoR RPoCTPANCTBEHRON rpynne xpeeranna M3 storo
oBers RUDOMA CIERYET, ¥T0 LA cyecTaosanns cnaboro deppoMaryeTiIMa
HeobxopuMo: 1) coBmancHie MATHUTHOR # KpUCTALIOrPAQUIEcKoH 3NeMEH-
TAPHLIX AYEeK, 2) COBNATCHUE HANPABJIEHHH MArHHTHHX MOMEHTOB BO BCEX
V3N, OTHOCHUMXCH K opuoft M TOH e peeise Dpase, a vakke B ysaax,
1pectpasyIOMHXCA PYE B APYTa UCHTPOM CHMMETRHY.

Oueyk pesyIsTaTHRHM OKa3LnoCck (EHOMEHONOrEIECkoe PACCMOTpEHNE
cabbX  (GeppOMATHETHROD, OCHOBaHHOE Ha TeopHs Jlampay dasoBmx ne-
PEXOROB BTOPOPD pola B pasnoHelne TepMOIMHAMEMECKOTG [OTeHURANA
BBOASTCH  WICHM, KOTOpHE HMHBAPHANTHH OTHOCHTEIBHO BCeX onepaimh
CHMMETDHY KPHCYTRINIA B JHHEHHW N0 KOMIOMEHTEM HAMATAHUEHHOCTH,
onpeRenseMeEM 13 yohosun d¢/3T = 0 npu H = 0. fipoucxmxienve TaKkux
YHEHOB MOXKeT BRITE ABOSKOE, HO B ODOMX CYMARX ORC CBR3AHO © HEKQTOPOH
HOSKRHBANICHTHOCTHIO TOMOKEHHIT MaTTHTHBIX HOMOB, OTBOCRLINXCH K pa3AbiM
[OAPEILETRAM,

B neproM chiyvae u3-3a komOMHausn sddexron rockeurore ofMauHoro
BIAMMOACHCTRUY M CTHH-OPOHTAIbHON CRAH BoIHUKRAET 4ieH Baia DIS, x 8]
(rae D — pekropubtit SHEPreTHUCCREH TAPAMETD), KOTOPBUL OIACHBAET TAK
HBILIBEEMEIH AHTHCHMMETDHIHEH OOMEH ¥ COOTBOTCTBYET BIauMOAEHCTBMIO,






