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KopHueHko A.A.", npogp., flyHuHa E.B.", dou,.,
domuyeesa J1.A.% douy., Mpycoea U.B.* dou.
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2. MuHck, Pecnybnuka benapycb

3 Benopycckuli HayuoHarbHbIl MexXHUYecKul yHusepcumem,
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Pedepat. B cmambe 6binonHeH pacdem 805HO8bIX yHKuul uoHos Nd3** u Pr3* e nasepHbix
Mamepuariax e.npubnuxeHuu «ce0600H020 UOHa». Ha ocHoee cpasHUMeENbLHO20 aHanu3a 3mux
¢yHKUUl cchopmynupogaHa euriomesa, obwbscHsowas nodemy meopus [xkadda-Ocpennbma
80cmamoYyHO XOpOWO TrpUMEeHUMa K Jla3epHbIM MamepuaraM, akmueupO8aHHbIM UOHaMu
Heoduma, U Marso apuMeHUMa K Mamepuarsnam ¢ rpuMechio rnpaseoduma.

KnioueBble cnosa: - Teopua [Oxapna-OdpenbTa, KOHUrypaumoHHOE B3aMMOAEWNCTBME,
BONHOBblE yHKUMM MoHOoB Nd3* n Pr3*,

Ona onncaHns WMHTEHCMBHOCTEN MONOC MOrMOLWEHNs W pacveTa CheKTPOCKOMUYECKNX
XapaKTepuCTUK NasepHbIX MaTepuanoB, aKTMBUPOBAHHbLIX  PeAKO3eMefbHbIMM  UOHaMMU,
npakTu4eckn 6e3 UCKIYeHust, npumeHsitoT Teoputo Ixagaa—OdpensTa [1,2]

S0 :ezkz Qk<7/JHUkH7/'J'>2. )

=2,4,6

3pecb SED — cuna nuHUN ANEKTPUHECKNX MEXMYINbTUMNINETHbIX OUNOJbHbIX NMepexoaos, Qk —

napameTpbl UHTEHCUBHOCTM, <7J HU kHy'J'> — MaTpuyHble 3MIeMEHTbl HEMPUBOAUMBIX TEH30POB

Uk,

OTa Teopusi MpuBNEKaeT uccriegoBaTenen cBoen -npocToTon. OHa COAEpXWUT BCEro Tpu
BapbMpyeMbIX NapameTpa, KOTopble 4acTo Ha3biBaloT napaMeTpamMu MHTeHCMBHOCTU. [MpocToTa
Teopuun obycnoBneHa rnaBHbIMNU AOMYLLIEHUSMMU:

e OcHoBHas 1 Bo36yxaeHHble KOHGUrypaLmm NonHOCTLIO BBIPOXAEHHbIE;

e DHepreTuyeckuii 3a3op Mexay OCHOBHOM U BO3BYXAEHHON KOHdUrypauumen MHoro 6onbLue

3HEPrMN MyNbTUMMETOB, BKIMOYEHHbIX B Nepexoap.

BTopoe npegnonoxeHune BbINOMHAETCA TONbKO Anst abcopOUNOHHbBIX MepexofoB ¢ OCHOBHOMO
Ha Hu3KOMeXallme MynbTUNNEeTbl M He BbIMNOMHAETCS Ans MepexodoB -Ha . BbiCOKonexaime
MynbTUNNETbl HU Ans ogHoro Ln3* noHa. Tem He meHee, Teopuio [kagna-OdenbTta yxe Gonee
NATUAECATM NeT NPUMEHSAIT ANs ONUCaHUS WMHTEHCUMBHOCTEW MOMoC MOrnoLweHns M pacyeTta
CNEKTPOCKOMNYECKNX XapaKTEPUCTUK NasepHbIX MaTepuarioB, akTUBUPOBaHHbIX Ln3* noHamu.
[oBonbHO ObICTPO ObINIO YCTAaHOBNEHO W MNOATBEPXKAAETCA MHOMOKpatTHO B COBPEMEHHbIX
nccnegoBaHusax, YTo Teopus kagna-Odenbta He NpUMeHMMa K MoHam Pré* n Eus,

B paHHoi paGoTe Ha nMpumepe CpaBHUTENbHOrO aHanM3a BOSHOBLIX (PYHKUMIA MOHOB Nd3* 1
Pr3* ccpopmynupoBaHa runoTesa, obobsicHaowas, noyemy Teopusa xagna-Odenbta 4OCTaTOYHO
XOpOLIO MPMMEHUMa K fas3epHbiM mMaTepuanam, akTUBMPOBAHHbIM MOHaMuM Heoauma, U Maro
nNpMMeHnMa K matepuanam C NpMMechio npaseoguma.

BonHoBble OYHKLMKN BBIYUCTIANIMCE B NPUONMKEHUN «CBOOOAHOIO MOHa» Ha OCHOBE peLUeHust
ypaBHeHua LWpeauHrepa

HY = EY (2)
C raMmnnbToOHMaAHOM
N q q AI
H=H,+Hy+H (3)
roe He — BKIOYaeT 3nekTpocTaTudeckoe B3aMMOAEWCTBUE INEKTPOHOB C A4POM W Opyr C
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PasnoxeHune anekTpoctaTnyeckoro B3aMmMoaencTsmna Yepes nosimHoMbl JlexxaHapa nossonser

pasgenuTb YIMoBYyl0 M paauvarnbHylo 4acTb. B pesynbraTe maTpuuHble anemeHTsl H, MoxHo
3anucaTb Yepe3 YeTbipe napavetpa Ey, E;, E,, E; cnepylowmm obpazom
2 k
H, = e E 4)

k=0

MaTpuyHble  3fIeMeHTbl  ramunbTOHMAHa  CMUH-opGuTanbHoro  B3aumopencTsus H
BbIYMCIIAOTCA MO hopmyrie
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FamunstoHnad H' yuntbiBaeT gencteue Bo3ByXOEHHBIX KOHUIypaLIMA U UMeET BUA,
/-\l
H'=al(L+1)+ SG(G,) + G(R,) (7)
roe @, B,y — TNVHelHble KOMOWHAUWMW WHTErpanoB, KOTOPble TPaKTYKTCA Kak Bapbupyemble
napametpsl, G(G,) u G(R,) — cobcTBeHHble 3HaveHust onepatopos Kasumupa ans rpynn G, v
R,.

B tabnuue 1 npvBeaeHbl BONHOBbIE hyHKUMM ANs J=2 noHa Pr3*, BblYMCNEHHbIE U3 YypaBHEHUS!
LWpeanHrepa (2). Mockonbky abcontoTHasa BENUYMHA AnaroHasnbHbIX KO3MULNEHTOB (BblOENEHbI
XUpHbIM  Wpudptom) Gonblie, Yem. 0.9, TO nepemelLUMBaHWE COCTOSIHUA He3HaunTernbHoe, U
OencTBmne BO30YKAEHHbIX KOH(Mrypauni Ha Kaxkabli MynbTunneT OyaeT CTpOro MHANBUAYansHo B
3aBMCMMOCTM OT 3HepreTudeckoro -3asopa. [lo aTonm npuumMHe B nasepHbIX MaTtepuanax,
aKTMBMPOBAHHbLIX MOHaAMW Npas3eoavMMa, BAnsiHUe BO3BY>KAEHHbLIX KOHMUrypaLmn camoe CunbHoe
Ha cocTosiHne °P,. Tak kak 3TO COCTOSIHWE C camblM GOSbLUMM 3HAYEHWEM SHEPTUU U CaMbIM
ManeHbkMM 3HepreTudeckuMm 3asopoM. Teopusa [kagaa-Odenbta He Y4MTbIBAET KOPPEKTHO

BrnaHne BOS6y)KD,eHHbIX KOHCbI/IpraLI,I/IIZ n ond-nepexogoB Ha 3TOT MynbTUNNEeT gaeT 3Ha4YeHue,
CUINbHO OTIIM4awLieecd OT 3KCnepmMeHTarnbHoro.

Tabnuua 1 — BonHoBble yHKUMKM ans J=2 noHa Pr3*..OHeprun B cm™!, B KBagpaTHbIX CKOGKax
0003Ha4YeHMs1 COCTOSIHUI B KpUCTanse.
J=2

OHEPI’M  4689. 15763. 21684.

[BF]1 [MD] [BP]

3F 9871 .1576 .0286

1D .1595 -.9504 -.2670

3P -.0149 .2681 -.9633

CuTyauusi npuHUMNManbHO Apyrasi, Hanpumep, ons uoHa Nd3*. B Tabnuue 2 npuBeneHbi
BONHOBbIE yHKUMM Ans J=3/2 noHa Nd3*, BbluncneHHble 13 ypaBHeHus LpeguHrepa (2).

Tabnuua 2 — BonHoBble dyHKkUMKM ana J=3/2 noHa Nd®*. OcTtanbHble 0603Ha4YeHUsl Takue Xxe,
Kak B Tabnuue 1
J= 3/2
OHEPTUN 10985. 12925. 20504. 25424. 27104. 32260.
[4F 1 [4S] [2D1] [2P ] [4D ] [2D2]
4F 9693 .0766 -.1960 -.1265 -.0009 .0094

4S8 -.0528 9705 .1981 -.1248 .0216 -.0111
2D1 2238 -.0410 .6741 .6602 .1268 .2048
2P -.0600 .2245 -.6548 .6990 -.1381 .0980
4D -.0127 .0157 -.1407 .0954 .9056 -.3881

2D2  -.0611 .0029 -.1393 -.1868 .3799 .8931

YKVpHbIM WpUdTOM BblgeNeHbl KO3dULMEHTbI CBUAETENLCTBYIOLWME, YTO cOCTOosiHUE 2D 13,
CUINIbHO CBSI3aHO C COCTOSIHMEM 2Psp, aHanormyHo “Dz» cunbHO cBsfizaHo c¢ 2D23». CTeneHb
CMELLMBAHNS COCTOSIHUI 3afaeTcs HeamaroHanbHbIMU KoadhdumumeHTamu. [ns nepevmcneHHbIxX
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COCTOSIHUIM Takne koachdmumeHTol npeBbiwatoT 0.38. Tenepb BO30OYXOEHHbIE KOHUrypauum
OyoyT npov3BOOUTb OAMHAKOBOE BIMSIHUE OOHOBPEMEHHO Ha cocTosiHUS 2D71sn U 2Psp,
aHanornyHo Ha *Dsp 1 2D23. 3TO NPUBOAMT K TOMY, YTO MOrPELUHOCTb MPWU ONMCaHWUK MO TEoPUN
IOxappa-Odpenbta OygeT Tenepb pacnpedenstbCad Mexay napaMu MepexogoB U SBHOMO
cBuaeTenbcTBa He npumMeHMMmocTn Teopum [kapna-Odenbta He OymeTt. KoHdwurypauuoHHoe
B3aMMOENCTBME MOXHO Gonee KOpPPEKTHO y4ecTb, Hanmpumep, B MOAMMULMPOBAHHOW Teopun
Dxapna-OdensTa [3].

Takvum 06pa3oMm, aHanM3nMpyst Ha OCHOBE BOITHOBbIX (PYHKLUUWIA 3NEKTPOHHYK CTPYKTYpY
COCTOSIHMI LN3* MOHOB B NasepHbIX MaTepuanax, MoXHo caenaTb BbIBOA O CTENEHU CMeLUnBaHMS
CNUH-OpOUTanbHLIM B3aMMOZENCTBMEM COCTOSIHUA C OAVHAKOBLIM MOMHLIM MOMEHTOM J 1
NPOrHO3npoBaTh CTeneHb BNNSHUSA BO3OYXAEHHbIX KOHUrypauun.
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PA3PABOTKA CUCTEMbl ABTOMATU3UPOBAHHOIO YINMPABAEHUA
BEHTUASAUNU 3AAHUA

Wansim M 4., cmyd., Mypbiyeea B.B., cm. npen.
Bumebckuti 2ocydapcmeeHHbili mexHono2udeckul yHugsepcumem,
2. Bumebck, Pecnybnuka benapyco

Pedepatr. B cmambe paccmMompeHbl OCHO8HbIE npuHuunsl paspabomku ACY npumoyHo-
ebimskHolU eseHmunayuu. 1o mepe ocyuwiecmsneHus MexaHu3ayuu rnpou3gsooumcsi cokpaujeHue
msixenoeo  ¢pusudeckoeo  mpyda, yMeHbwaemcs .. YucrieHHocmbs — paboyux,  3aHsmbIX
HerlocpedcmeeHHO 8 rpousdsodcmee. Asmomamu3ayus UCKYaem criydau mpasmamusma.
lMeped paboyum nepcoHaroMm cmassmcs Opyaue 3adayu: aHanus pe3ynbmamos yrnpasnieHus
MEeXHO/I02U4YeCKUMU rfpoyeccamu, cocmassieHue 3adaHull u- mpospamMm Ofisi asmomMamuyeckux
rpubopos, HanadKy C/IOXHbIX agmomMmamu4yeckux ycmpotcms u m.o.

KniouyeBble CcnoBa: BeHTUNsSUMUA, aBToMaTM3auus, ynpasneHue, cucrtemMma, MexaHu3auud,
npon3BoACTBO.

BeHTUNAUMA - 9T0 perynvpyemMblin BO3AyX006MeH B NOMELLEHUAX, CO3aaloLWmn 6naronpuaTtHoe
Onsi Yenoseka COCTOsSHME BO3AYLIHOW Cpefbl (CocTaBa BO3adyxa, TeEMMepaTtypbl, BNaXXHOCTU U Mp.),
a TaKkKe COBOKYMHOCTb TEXHUYECKNX CPEeACTB, obecneyvmBarowmnx Takon BO3ayX00OMEH.

B nepByl ouepedb, BeHTURAUMS [OIMkHa obecneuynBaTb MpaBUibHBIA “COCTAB BO3AyXa.
Yenosek B npouecce Xu3HeOesaTenbHOCTU pacxogyeT KACNopon M BblAensieT Yriekucrnbii ras.
300poBbIN BO3AYX AN AblXaHWsA AOMMKEH coaepxaTtb He meHee 21 % kucnopoaa, YMeHblUeHve xe
KOHUEHTpauun Kucriopoga B BO34yxe MOXET Bbi3blBaTb OLlylleHMe AyxOoTbl, HegoMOraHue,
ronoBHyto 6ornb. [ocTosAHHaa HexBaTka kKucropoda cHwkaeT paboTocnocobHOCTb, OTpULATENBHO
CkasblBaeTCs Ha 300pOBbE YerloBeKa, YCKOPSET NpoLecC CTapeHust.

Kpome Toro, B 3akpbITOM NomMeLLeHUN 0BbIYHO MPUCYTCTBYIOT MCTOYHMKN 3arpsi3HeHNst BO3ayxa
- cTpouTenbHble MaTepuansl, cogepxawme acbect, mebens n3 ACI1, 6biToBadg xmmus, rasosble
nnuMTbl. YTOGbLI He [onyckaTb BbLICOKOW KOHLUEHTpauun BpedHbiX BeLlecTB B BO3Ayxe W
CYLLLECTBEHHOIrO MOHWXKEHUS COAEPXaHWs KMCnopoda, BO34yX B JKUMOM MOMELLEHUN [AOMKeH
MOMHOCTbIO OBHOBNATLCA Kak MMHMMYM OAMH pa3 B TeyeHue vaca (KpaTHOCTb Bo3ayxoobmeHa B
yac pasHa 1). B nomelueHmnsax co cneuynanbHbiMy (OYHKLUMSIMW KPATHOCTb BO3A4yX00bMeHa JomKHa
ObITb Gonblue, HanpuMep, B KyXHE KPaTHOCTb Bo3gyxoobmeHa B 4ac - He MeHblue Tpéx, B
nomeLLeHnmn, npegHasHayeHHoM Ansa kypenust — 10.

CoBpeMeHHbIe CUCTEMbI BEHTUMALUN HE TONBbKO OOHOBNAKOT BO34YX B MOMELLEHWUN, OHU MOTYT
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