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Annomayus. Ha npumepe Tpéx3apsigHoii TeopeTHKO-
MOJIeBOil  Moje/M, ONHChIBaWINell aHTH(epPOMarHUTHBIE
¢azoBble mepexoabl B KPHCTALIAX €O CJIO0KHBIMH BHIAMH
ynopsiiodeHusi,  o0cy:xkKaaercss  aIrOpuTM  BBIYMCJICHUS
TEH30PHBIX K03(GHIHEHTOB, COOTBETCTBYIOIIUX AHATPAMMAaM
@eifHMaHA B paMKax  NepPeHOPMUPOBAHHON  TeopHH
Bo3MmylieHuss. Tenzopublii k03puUMEHT, KaK pe3yJabTaT
CcBEPTKH TEH30POB, ACCOLMHPOBAHHBIX € PA3JIMYHBIMH THIAMHU
B3aMMOJICHCTBMSI B KpHCTaJlJle, IpeACTaBjIseTcss B BHe
nosmaoMa mo N, pa3mepHoctn N-KOMIIOHEHTHOTO TOJSI
napaMerpa NoOpsiika, MNpPH  Pa3IUYHBIX KOMOMHAIMAX
MHBAPDMAHTHBIX  3apsiioB, COOTBETCTBYIOIMX  BepPIIHHAM
auarpamm @eiinmana. OnucaHHbI aJrOpUTM YHHBepCAJIeH,
T. €. JONMYycKaeT BbIYHMCJeHHe TEH30PHBIX CBEPTOK AMArpamMm
HAa OCHOBe CTAHJAPTHBIX  AJITOPUTMHYECKHX  SI3bIKOB
nporpammuposanust Tuna PASCAL uin FORTRAN.

Kniouesvie cnosa: kpumuueckue a6nenus; nojie napamempa
nopaoka; ouazpammul Deiinmana, meH3opHvle c6EPMKU

|. BBEJIEHUE: KPUTUYECKUE SBJIEHUA. DIVKTYALIA
ITAPAMETPA TIOPSJIKA

B nmaHHOM paznene Mbl BKparLe IOSCHUM, 3a4eM IMpHU
HCCNEAOBAaHUM KPUTHYECKUX CBOMCTB BELIECTB CaMOM
pa3IUYHON MpUPOABl MPUXOIUTCS HPUMEHSATH METOJbI
KBAaHTOBOM  TeopuM TOJsA  Takue, HampuMmep, Kak
JluarpaMMHbIE Pa3IO>KEHUs U IEPEHOPMHUPOBKA.

CornacHo TeOpHH, ONHCHIBAOIIEH KPUTHUECKUE SBIICHUS
B PpasHOTO poJia Marepuajgax M MoOJeNsIX (u3nmueckux
CHCTEM, CHHTYJISIPHOE MOBEJICHUE PAZa TEPMOJHHAMUYECKUX

GyHKIMH TakMX, HampuMep, Kak TEIUIOEMKOCTH WIIN
MarHUTHOM  BOCHPHUUMYHBOCTH, SIBJISIETCSI  CIIEACTBHEM
MOSIBIIEHUST B KPUTHYECKOW Touke (Touke (hazoBoro

Mepexo/ia) CHIBHBIX B3aMMOJEHCTBYIOIIMX MEXIY COO0O
¢nykryarmii  mapamerpa mopsiaka  (IIII).  Poms  IIIT,
N-KOMINOHEHTHOTO  BEIIECTBEHHOTO WM KOMIUIEKCHOTO
NoJiss, MOXET WrpaTh, HampuMep, HAMarHUYeHHOCTb B
MarHUTHBIX BEUIECTBAX, BEKTOP CIIOHTAHHOM MOJISIPH3ALIH B
CETHETORJIEKTPUKAX HIIM B Clydae CBEPXIIPOBOJAHUKOB —
KOMIUIEKCHOE BEKTODHOE TIOJIE Y  CBEPXIIPOBOJISILETO
KOH/IEHCaTa.

Xopomro m3BecTHO, uTo (urykryarmu [1I1 npoctuparorcs
Ha OoNbIIMEe PACCTOSHHUSA W MEIJICHHO 3aTyXaroT, TaKk 4YTO B
Touke (ha30BOr0 MEpexona, 10 CYTH, MBI HMEET JAEN0 C

CHJIIPHO  HeNMHEeHHBbIMU  Tporieccamu.  CremoBaTenbHO,
OCHOBHAs  3a/ladya  TEOPUHM  KPHUTHYCCKUX  SIBICHHUN
3aKJIFOYaEeTCs B yaére CHUJIBHO Pa3BUTBIX
TEPMOJUHAMUAYECKUX  (PIIyKTyalnui, OTBETCTBEHHBIX 3a

QHOMAJIBHOE TIOBEICHUE TEPMOTUHAMUYECKUX (DYHKITHH, IS

MOJIy4YeHUs] KOPPEKTHBIX KAYECTBEHHBIX M KOJIWYECTBEHHBIX
MpeICKa3aHuil OTHOCHTENFHO KPHUTHYECKOTO IOBEICHUS
pealbHBIX  BeIIeCTB. ECTECTBEHHBIM 00pa3oM  ydyecTh
BIHMAHUE (QIYKTyalii Ha CBOWCTBa (Pa30BBIX IEPEXOJOB B
KPUTHYECKOM 00JaCTH MO3BOJSIET XOPOIIO pa3pabOoTaHHBII
METOJ] peHOopManu3aluoHHoi rpymmnel [1, 2], ocHOBy
KOTOPOTO  COCTaBJSIIOT ~ JUAarpaMMHBIE  Pa3loXKEeHUS U
MIEPEHOPMHUPOBKA MapaMeTPOB MOJACITH B paMKaX KBaHTOBO-
MOJIEBOTO noaxoja. JIeliCTBUTEILHO, AKTBI
MHOT'OCTYIEHYATHIX IMPOMEKYTOUHBIX MIPOLIECCOB PACCESTHUS
(DIIYKTYOHOB CKOJIb YrOJHO BBEICOKOH KpPAaTHOCTH U CKOJb
YIOJHO  Pa3IMYHBIX THIOB MX  JBIKCHHS — MEXKOY
CTOJIKHOBCHHSIMHU, a TaKXKe BCE BO3pacTaromas
HEJMHEHHOCTh CaMOM Cpenbl, SBIAIOIIEHCS HCTOYHHKOM
paccessHus GIIYKTYOHOB APYT Ha APYyre, MpU OIPpHOIMKEHUT K
KPUTHYECKOH TOYKE OIPEIEISIOTCI POCTOM KOHCTAHT
B3aUMOJIEICTBUS B MOJICJILHOM ((hiryKTYyaliMOHHOM)
ramunbToHnane Jlanmay—Bwmibscona. B Touke dasosoro
Imepexoja HENMHEHHBIE  CBOMCTBA  CHCTEMBI  OydyT
OIpPENeNAThCA YK€ HE  3aTPaBOYHBIMH  («TOJIBIMEY)
KOHCTAHTAMH B3aUMOJCHCTBHUS HUCXOMHOTO I'aMUJILTOHUAHA,
a HEKOTOPBIMH 3} heKTUBHBIMU («oeTBIMHY),
VYUTHIBAIOLIMMY BIIMsIHUE (GIyKTyanui, 3apsaamu. [lepexon
OT 3aTPaBOYHBIX IapaMeTpoB (yHKIMoOHAma JlaHgay—
Bunbcona k ero 3¢h(MEKTHBHLIM aHAIOTaM IOCPEICTBOM
IIEPEHOPMHMPOBKH, a TaKkKe MpeICTaBlIeHUe KOHCTAHT
PEHOPMHPOBKH B BHUIEC OECKOHEUHBLIX IHATPAMMHBIX DSIIOB
noapoOHO OLLI OnMcaH B Npeablayliel Hamei padore [3].
Ilemro MaHHOrO HMCCIEAOBAHUS SBISETCS OMMCAHHE OJIHOIO
CYIIECTBEHHOI'O (hparMeHTa BBIUMCIIEHUM, ONPEaeISIonero
BKJIAJ OTHEILHO B3ATOM auarpaMmbl DeiinMmana B oOliee
pa3loKeHue I KOHKPETHOH BENIMYHMHEBL. Peub MmMOMAET O
BBIYUCJIEHHH  CBEPTOK  CHUMMETPH30BAaHHBIX  TEH30POB,
aCCOLIMUPOBAHHBIX C PAa3JIUYHLIMU TUIIAMH B3aUMOICHCTBUS
B PaccMaTpHUBaEeMOI MOJICIIH.

Il. MOJEJBHBIN TAMUJIBTOHUAH

PaccmoTpum 0000ImEHHYTO 2N-KOMIIOHEHTHYIO
TEOpEeTHKO-NIoNIeBYl0 Mozenb Jlannay—Buibcona c Tpems
KOHCTAHTaMH CBSI3U (3apsiiaMH), COOTBETCTBYIOIIUMH TPEM
pasNMYHBIM  THIAM  B3aUMOJAEHCTBHS B KpHCTaJlIe
(m30TpomHOMY,  KyOMYeCKOMYy W  TETpParoHalbHOMY),
OIMCHIBAIOIIYI0 KPUTHYECKHE CBOWCTBA (Pa30BBIX IIEPEX0JIOB
B HEKOTOPBIX aHTH(EeppOMarHeTHkax, IeMeHTapHas s9eika
KOTOppIX TIpu | = T, yBeIM4YMBAeTCs B OIHOM WIH
HECKOJIBKUX HarpasieHusx [4—6]:
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3necs D — mpocTpaHCTBEHHAsS Pa3MEPHOCTE CHCTEME, Ug, Vo
1 Zp CyTh 3aTpaBOYHBIC KOHCTAHTHI CBSI3H, a KBaJpaT TOJOH

maccbl M. mpormopuuonanen T -T®, rme TO-
TeMIieparypa (a3oBoro mepexoaa B MPUOJMKCHUN CPEITHETO

Ilone x‘; -

duykryammii  I1II, xKoTopoe MOXKHO paccMaTpUBaTh Kak
O0OBEKT, COCTOSAMMHA U3 [ABYX, YETHOM M HEYETHOH,
KOMIIOHEHT, Ka)K/1asi M3 KOTOPBIX cama sBisgeTcss N-MepHBIM
BEKTOPOM.

IoJIA. BCHICCTBECHHOC  BCKTOPHOC  IIOJIE

MonenpHblii TamuiabTOHHAH (1) oONHCHIBaeT BIMSHUC
KputHueckux  Quaykryauuii  Ha  (asoBble  IEPEXO/BI
MHOKeCTBa aHU30TPOMHBIX cucteM [7, 8]. Tak ciygaro N = 2
B (1) oTBeuaror anTHdeppoMarHuTHbIE (a30BbIE NIEPEXOAbI B
TakWX BellecTBaX, kKak ThAU, u DyC, CTpyKTypHBIH
nepexon B kpuctawie NbO,, a Takxe (a3zoBrie nepexoasl B
renukouaaabHbx Maraetukax (Th, Dy u HO) u maruertukax
C CHHYCOMJAJIBbHOM cHUMHOBOM cTpykTypoil. K Tomy xe
KJIacCy YHUBEPCAIbHOCTH OTHOCSTCS CBEPXIPOBOAHHKH C
HETPUBUAIIBHBIMHU BUJIAMH CIapuBaHUs (TspKerno-
depmuonnbie  cBepxnpoBoxuukd UPt;, Ubeiz wu, mo-
BUIUMOMY, BBICOKOTEMIICpATypHBIE  CBEPXIIPOBOIHHKH),
MOJIHOCTBIO (hpyCTPUPOBaHHBIE JKO3e()COHOBCKUE PEIIETKH
mpu T = 0. Cayqato N = 3 oTBeuaroT aHTH(EPPOMATHUTHBIE
¢asoseie nmepexonpl B kpuctamiax KylrClg, ThD,, MnS, u B
HEoanMe.

11l. CUMMETPU30BAHHBIE TEH30PbI 1 KOHCTAHTBI

TTEPEHOPMHWPOBKN
Ilepenumem ramunbToHHaH (1) B IKBUBaJICHTHOM
¢dopMme, TO3BOIAIOMICH BBECTH B PAcCMOTPEHHE TPH

cuMMeTpu30BaHHbIX TeH30pa Gy, Gy u Gj:
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ACCOLIMMPOBAHHBIX C TpPeMs BUIAMH B3aHMOJCHCTBUS B
Hareit 3agade. Onpeneaum TeH30PHI:
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COOTBETCTBYIOIIHI B3aMMOIEHCTBUIO KyOHUYECKOTO TUTIA U
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COOTBETCTBYIOIIMM  B3aMMOJEHCTBUIO  TETPAroHaJIbLHOIO
trmna. I'peueckme mHpmekcol {a, B, w, v}=1, 2 mpoberaror
4ETHBIE U HEUETHBIE KOMITIOHEHTHI, a natuHckue {1, j, k, 1}=1,
2, ..., N—camu mos.

Bce 3arpaBouHbBIE MapaMeTphbl MOJEIH (3apsibl, Macca 1
nmoine IIIl) mHODKHBI OBITH IIEPEHOPMHUPOBAHBI  ITYTEM
BBCJICHUS B 3aTPaBOYHBIA TaMWIBTOHHMAH (2) KOHCTAHT
PEHOPMHUPOBOK Z; TIO TIPABHITY
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KOHCTaHThI B3auMOACHCTBUSA, ¢ = 4 — D — OTKIIOHEHHE OT
YETHIPEXMEPHOCTH TPOCTPAHCTBA (B Cilydae TPEXMEPHBIX
kpuctaminoB ¢ = 1). CaM¥ KOHCTAHTBI PEHOPMHUPOBKH Z;
MIPEICTABIAIOT CO00M OECKOHEYHBIC IHAarPaMMHBIC PSIBI

Z.(lu,v,z) =1+§:ci(l;u,v, z),

i=1

B KOTOPBIX Kakaas auarpamma OeiHMaHa COAEPKUT OJIEThIC
JUHWUM W  BEPIIUHBL, T.€. YYUTHIBACT (IIYKTyaluu
(I 0b03HaUaeT 3HAYEHWE WHTErPajia, BLIYUCICHHOTO Ul
KOHKPETHOM JuarpamMMbl). Bkmag Kaxjaol auarpaMMbl
YYUTBIBAECTCS OTIEIIBHO, 3aTE€M PE3YyJbTaThl CYMMHUPYIOTCS B
paMKaxX JaHHOTO KOHKPETHOro npuoimxkeHus (L-merieBoro
MPUOIIVKEHS ) TIEPEHOPMHUPOBAHHOM TEOPHH BOSMYIICHHSI.

IV. AJITOPUTM BBIYMCJIEHUS TEH30PHBIX CBEPTOK.
YUCJIEHHBIE PE3VJIbTATHI

Kaxk u3BecTHO, BK/Iaj Kaxa0ro pelHMaHOBCKOTO rpada B
KOHCTAQHTBI ~ PEHOPMHPOBKM Z; TPEACTaBISET  COOOH
NpOM3BEICHHE  TPEX  MHOXHTENEH:  KOMOHMHATOPHOTO
(cummeTpuitHOr0) KO3(GUIMEHTa, pe3yabTaTa TECH30PHON
CBEPTKM M 3HAYEHUE MHTErpajga, acCOLUUPOBAHHOIO C
JNaHHoW jamarpammor. KomOWHATOpHBIE MHOXHTEIH U
3HAYCHNS WHTETPAlOB, BBIYMCICHHBIE B paMKax &-
pasNoXeHHs WM HENOCPEJCTBEHHO B  IPOCTPAHCTBE
(uxcuposanHoit pasmeproctd (D = 3 unu D = 2), usBecTHsI
CeroJHs BIUIOTh JI0 luecTureriesoro npubmmkenus [9,10], B
TO BpeMs KaK BBIYHMCICHNE TCH30PHBIX CBEPTOK BEPIIMHHBIX
M MaccOBBIX JWarpaMM KakKAbIH pa3 MpeJCTaBIsIOT coOOn
aKTyaJlbHYIO 33/1a4y B 3aBUCHMOCTH OT BHIOPAHHOW MOJEIH,
BKJIIOYAONIel B ce0sl Te WM MHBIC THUIBI B3aUMOJCHCTBUSL.
Ilockonpky B TpEXNETIEBOM M BbIIIE MOPALKE TEOPUHU



BO3MYILICHUSI MBI MMEEM JEJIO C JOCTaTOYHO OOJIBIINM
KOJIMYECTBOM JHarpamm (B LIECTHNETICBOM NPUOIMKECHHN
nx nopsiaka 1000!), nust BEIYMCIEHHsT TEH30PHBIX (haKTOPOB
MBI pa3paboTanM  MaKeT MPHUKIAJHBIX  IPOrpamm,
HalMCAaHHBIX Ha CTAaHJAPTHOM alTOPUTMHUYECKOM S3bIKE
PASCAL. Hmxe MBI IPUBOIAMM HAII aITOPUTM BBIYHACICHHS
TEH30PHBIX CBEPTOK BEPIUMHHBIX JHArpaMM, KOTOPBIH
OTIMPAETCS Ha JIBA €CTECTBEHHBIX MPETIOI0KEHHS:

e AnreOpa TEH30pHBIX CBEPTOK 3aMKHYTa, T.C.
Kaxapii MmoHoM Gy *...* Gj 41, Jaromui BKJIag B
BEePIIMHHYIO  (YHKIMIO, SBISETCA  JIMHEHHOM
KoMOuHanmeil 6a3ucHblx TeH3opoB Gi, G, u Gs.
Nmenno,

i*...*Giui=a(N)G1+b (N) G, + ¢ (N) Gs. (4)

e 3asucumocts k0o durmenToB a (N), b (N) u ¢ (N)
oT qucia N KOMIIOHEHT TII1 HOCHUT
MTOJTMHOMHUATBHEIA XapakTep. CTeneHp MOJIMHOMOB
HE MPEeBOCXOUT uucia L merens ¢elHMaHOBCKOTO

rpada.

IlepBoe ycnmoBMe O3HA4aeT, YTO B HAIlel MOJENU He
MOSIBUTCSL HOBOTO B3auUMoJIeiicTBrs. BTopoe npemosioxenue
CTaHOBUTCSl OYEBMHBIM IOCJIE aHAIN3a KOHKPETHOTO BHJA
TeH30poB G;.

ITockombKy  MONHHOM  CTemeHH | TOMHOCTBIO
ompezieseTcss CBOMMHU 3HaudeHusiMd B | + 1 pasmmdsbix
TOYKAaX, JOCTATOYHO BBIYUCIHTH CBEPTKH TEH30POB,
nocaenosatensHo monarags N =2, 3, ..., | +2. Mbl HaunHaeM
¢ N =2, tak xak ipu N = 1 mexay teHszopamu G; mmeercs
JUMHEMHas  3aBUcUMOCTb. Jlig  ompeneneHus — TpEX
nems3BecTHbIX KO3 ¢uumento a (N), b (N) u ¢ (N),
HEOOXOAMMO CpaBHHTh 00€ uacTd BbIpakeHus (4),

a4 1122
NPHUCBAMBAK MYIBTHHHICKCY i 3HAYCHUA 115y

1111 1212

i T oan
JIMHEHHBIX YpaBHEHHH, ubsi 3X3-Marpuiia He 3aBucHT OT N.
W3 sToli cucTeMBbl ypaBHEHMH HaxomsaTcs KO3(QUIMEHTHI
paznoxenust (4). AHATOTHYHYIO MPOLEAYPY MOXKHO
NPUMEHUTh M K BBIYMCICHUIO MAacCOBHIX auarpamm. Hipke
MBIl MPEACTABIIAEM, B Ka4eCTBE IPUMEPA, PE3YJIbTATHI
pacyéToB  IBYXIETIEBBIX  BKIaJOB B  KOHCTAaHTHI
PEHOPMUPOBKH Zj, YYWTHIBAIOIIME BCE TPH YIHOMSHYTBIX
BBIIIE ~ MHOXHTENS  JUIA  KOKIOr0  KOHKPETHOTO
¢eiinmaHoBCcKoro rpada.

OT0 HaéT HEBBIPOXKICHHYIO CHCTEMY

Luacpamma Cummempuiinble MHOJICUMENU — 3HaueHue
Detinmana U meH30pHble KOIPPuyuenmvl  unmezpand
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IJ€ CUMBOII = o0o3Hauaer quddepeHnnpoBaHue TMHUN
(pomoratopa) 1o m?,

B 3akimo4yeHMM OTMETHM, YTO BBIYHCIEHHE KOHCTAHT
PEHOPMHPOBOK II03BOJIIET HAWTH CHCTEMY JBOJIOLMOHHBIX
YpaBHEHHI Ha MHBapHaHTHLIE 3apsaipl (S-QyHKLUU), aHAIN3
YCTOMYMBOCTH PELICHUI KOTOPOHM HapsiAy C BHIYHCICHUEM
KPUTHYECKHUX WHJIEKCOB, [103BOJISET [TOCTPOMUTE
KOJIMYECTBEHHYI0  TEOPHI0  KPHUTHYECKOTO0  IMOBEJACHUS
HACCIEAYEMBIX BeEIECTB. IIpy 3TOM YeM BBIIIE IOPSIOK
npubmkenns (L-metieBoe npUONMKEHHE), TEM TOYHEe
OyayT mpeAcKa3aHus TEOPHUH.
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