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AHHOTAIUA
PaccMoTpeHbl  mpUHLMIOBL  pa3pabOTKU  CUCTEM
IOoUCKa 3aKOHOMepHOCTeﬁ B BI/IpTyaJ'IBHO

MHTErPUPOBAHHBIX pPacIpelesieHHbIX 0a3aX IaHHBIX.
PazpaboTana MeTOmOJNOTWS HHTErpalyl MNpOrpaMm
aHalu3a JaHHBIX, OCHOBAHHBIX HA  pa3lIM4YHBIX
anroputMax. IIpeanoxeHHble METOABI HUCHONb30BaHbI

I co3aHus WHPOPMAIMOHHO-aHATUTHIECKON
CUCTEMBI IS aBTOMAaTU3aLuu npouecca
KOMIIBIOTEPHOTO KOHCTPYUPOBAHUSA HOBBIX
HEOPTAaHWYECKUX  COCIWHEHWH, OCHOBAaHHOM  Ha

WCTIONTb30BAHNH TPOTPAaMM  pacro3HaBaHus 00pa3oB
IUIsl TIOMCKa 3akoHoMepHocTeil B mH(opmanmm 06a3
JAaHHBIX IO CBOICTBAM HEOPraHWYECKUX BEILECTB MU
marepuanoB. [lpuBeneHsl MpuUMepbl HCMOIb30BAHUSA
pa3paboTaHHONW CHCTeMbl Ui  KOHCTPYHPOBaHUA
HOBBIX HEOPTaHNYECKNX COCAMHEHUI.

ABtopsl 6naroaapAt B. B. Pa3zanosa, O. B. Cenbko,
A. A. JloxykuHa 3a nomolup B cozganuu UAC.
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nogaepxxke POOU, mpoektsr 12-07-00142, 14-07-
00819, 14-07-31032 u 15-07-00980.
1 Bgseagenne

MeTonast oOHapyXeHUs CITOKHBIX

3aKOHOMEPHOCTEW B TaHHBIX LIMPOKO MPUMEHSIOTCS B
pa3iMYHbIX OONACTAX HayKd W TeXHUkH [1, 2]. DTum
TEPMMHOM CerofHs 00O3HAYAIOT MPOLECC MOTyYeHMS
u3 “ChIpbIX” [IEPBUYHBIX JIAHHBIX HOBOW,
MOTEHLUATILHO TOJIe3HOM nHpopmaunn 0
B3aUMOCBSI3SIX MEXAy OOBEKTaMH W SBJICHUSMU B
KOHKpeTHOH  mpeameTHoi  obmactu.  [Ipomenypa
00OHapyKeHHNS 3aKOHOMEPHOCTEH BKITFOUAET HECKOIBKO
sTanoB. Ciofa OTHOCUTCS! HAKOIUIEHNE CHIPBIX TaHHBIX,
OIIeHKa, MpeoOpa3oBaHMe, MOArOTOBKa MHPOPMALNN K
BBONYy B 0a3zy IaHHBIX, TOMCK 3aKOHOMEpHOCTeil B
JAHHBIX, AHAJIW3 HANJECHHBIX 3aKOHOMEPHOCTEH U UX
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WCTIONIb30BAaHUE Ui TPUHATHA  pelmeHus.  JTO
HampaBjicHue WH(POPMAaTHKH B HACTOAIIEe BpeMs
BBIIBUTACTCS HA TIEPEeTHWIA IUIaH, KaK IO Pa3BUTHIO
HHCTPYMEHTAJBHBIX CPEACTB, TAK U MO MPUIOKEHUIM.
[IpuuuHO# 3TOMY CITYKHUT CO3/IaHUEC HHTETPUPOBAHHBIX
cucteM 6a3 pmanHeix (BJ) w pasBuTHe MeETONOB
WHTEJUVIEKTYaIbHOTO aHaliu3a JaHHbIX, KOTOpble B
AHIIIOA3BIYHOM JMTEepaType 0003HAYaIOTCS TEPMHHOM
data mining. I[Tporpammsbl data mining Hapsay ¢ 6a3amu
JNaHHBIX SBISIOTCA SIIDOM  CUCTEM  OOHapy>KeHHs
CJIOXHBIX 3aKOHOMepHocTeil. B Hacrosiiee Bpems data
mining oObenuMHSET B ce0e alropuTMbl METOIOB
MPUKJIQAHOW CTATUCTHKH, pAaCIO3HaBaHWs 0O0pa3oB,
WCKYCCTBEHHOTO MHTEIUIEKTA U TIp.

B HacTosme#l crarbe paccMOTPEHBbI MPHHLMIIBI
OpraHu3auyu u pe3ynbTaThl pa3paboTkn
nHpopmaumoHHo-aHanutnieckoir  cucrembl  (MAC),
NpefHa3HAaYeHHON MaJisi MOMCKA 3aKOHOMEpPHOCTEil B
(101911175 obbemax JaHHBIX O CBOMCTBax
HEOPTraHMYECKWX  BEIIECTB W WCMOJb30BAHMSA
HalJEHHBIX 3aKOHOMEPHOCTEH IUI KOHCTPYyMPOBaHMS
elle He MOJYYEeHHbIX HEOPraHW4ecKHUX COEIMHEHUN n
OLIEHKH WX CBOWCTB. B 3TO#l crcTeMe MHTErpupoBaHbI
B/l mo cBoiicTBAM HEOPraHUYECKUX BEIUECTB U
MaTepHalioB, pa3padOTaHHBIE B Pa3HBIX OPTaHU3ALMIX
W CTpaHax, a TMOJACHCTEMa TMOWCKAa 3aKOHOMEpPHOCTEH
00BeaNHIET TIPOrpaMMBbl, OCHOBAHHBIE Ha Pa3MIHBIX
ITOPUTMaX pacrio3HaBaHWs 00pa30B.

2 HuTerpupoBaHHasi cucTeMa 6a3 JaHHBIX
Kak HH(popmanuonHas ociosa HAC

Hurerpuposannas cucrema bJ[ no cBolicTBam
HEOpPTaHMYECKUX BeIIeCTB W wmarepuaioB [3, 20],
SBIISIOIIASACS nH(pOPMaIMOHHBIM SIIPOM
pa3paborannoit mamu WMAC, B HacTosmiee BpeMs
o0benuHsAeT mecTh 0a3 maHHbIX: BJl mo cBolicTBaM
HeopraHmdeckux coeauHenuit “®asei”, BJ[ mo
(azoBbIM JauarpaMmmamM cucTeM c
MOy TPOBOTHUKOBBIMH (pazamu “Jlmarpamma”, BJI mo
BEIIECTBAM  C  OCOOBIMH  aKyCTOONTHYECKHMH,
JNEKTPOONTUUECKUMU W HEJIHMHEHHO-ONTHIECKUMH
cpoiictBamun  “Kpucramn”, BJ no  mupuHe
3aMpelleHHoll 30Hbl HEOPTAaHWYECKUX COCIUHEHUil



“BandGap” wu bBJl mo cBoiicTBaM XMMHYECKHX
ameMeHTOB  «DmemeHtsl»  [1§, 22, 22, 25],
paspabotanusie UMET PAH coBMmecTHO ¢ apyrumu
opranmzauusimu  Poccuu, um BJl “AtomWork” mno
CBOWCTBaM HEOPraHWYECKUX COEIUHEHWH, CO3JaHHYIO
B National Institute for Materials Science (SInonus)
[12]. HWHrerpupoBaHHas cucrema 0a3  OaHHBIX
JOCTYIHA 3aperuCTPUPOBaHHBIM IOJb30BATENAM U3
cetu Uateprer (http://imet-db.ru/).

3 IloacucTremMa moucka 3aKOHOMepHOCTeﬁ

[lpu pa3paboTke NOACHCTEMBbl aHAIM3a AAHHBIX
Ba)kKHeilIel 3anadeil sBisgeTca oTOop MeronoB data
mining, HauOojee NOAXOAAWMX IJIA  [OMCKA
3aKOHOMEPHOCTEH I KOHKPETHOW IIpeIMETHOI
obmactn. Kak mpaBwio, pemreHwe Takoi 3amadn
BBINIOJIHSIETCA MeToAoM «mpob u owuboky». [lpu
0oTOOpe METO0B pacno3HaBaHus 00pa3oB AJd aHalM3a
XUMUYECKOH MHGOPMALMU YyUUTHIBAICA MHOTOJETHUM
OTIBIT MPUMEHEHNS ITUX METO/I0B TSt
KOHCTPYMPOBAHUSI HEOpraHMYecKux coexnHeHuit [18].
B pesysnbrare Oblny BbIOpaHBI ClEyIOLIME METOIbI U
MPOrpamMMBbl:

e -Habop aJITOPUTMOB CHCTEMBI
PACIIO3HABAHHUE, pa3pabortannoii B Bl PAH
[17]. DOra  MHOrodyHKumoHanbHAs  CHCTEMaA
pacnosHaBaHus ~ o0pa3oB, HOMHUMO  LIMPOKO
W3BECTHBIX ~ METOAOB  JIMHEHHON  MallWHBI,
nuHeitHoro  guckpumuHaHta — @umepa, k-
Omwkalimx  cocelel,  OMOPHBIX  BEKTOPOB,
HEMpOCEeTeBBIX W  TIEHETHMYECKUX  AJTOPUTMOB,
BKJIIOYAET ajropuTMbl, pazpadoranHslie B BI] PAH:
ITOPUTMBl  paclo3HaBaHWs, OCHOBAaHHbIE HA
BBIYKCIICHUs OLEHOK, aJrOPUTMbI FOJOCOBAHUS MO
TYMHUKOBBIM TECTaM, &JITOPUTMbI T'OJIOCOBAHUS MO
JOTHYECKUM  3aKOHOMEPHOCTSIM, ANTOPUTMBI
CTaTUCTUYECKOTO B3BEIIEHHOTO TOJOCOBAaHHSA W
T.I.;

cuctema o6ydeHus 9BM mnpoueccy popMupoBaHUs
nonsiTuii  ConFor, paspaboranHas B HWHcTutyTe
kubepnetnkn HAH Vkpaunsl [16]. Cucrtema
OCHOBaHa Ha OpraHW3allM JaHHBIX B MamsTH OBM
B BUJIE PACTYIINX MUPAMHUIAIBHBIX CETEH.

BeiGop  BbIIIEyKa3aHHBIX ~ MPOTpaMM  aHaiu3a
JaHHBIX ~ OOycioBieH B NEepBYI0  ouepenp
YHHMBEPCAJbHOCTBIO ~ OTHOCHUTENBHO  pa3MepHOCTeil
pemwaeMbix 3amad. CuctemMbl OAlOT BO3MOXKHOCTD
pelieHust  Kak = 3aJad  [POTHO3a pPeAKHX WU
YHHUKATBHBIX COOBITHIA, SIBIIEHUH WM TIPOLIECCOB, KOTa
HavasbHas (oOyuaromast) nHpopmanms mMana (TecsSTKH
MIPEeJICHTOB), TaK W 3agad OONBIINX pa3MepHOCTel
(HecATKHU THICSY TIPEIICICHTOR ).

Kax npaBuno, 3apaHee HEBO3MOKHO yKa3aTb, KaKoii
anropuT™M sIBNIAeTCa Hambonee SQQPEKTUBHBIM TPU
pemeHny KOHKpeTHOW 3amadn. B cBf3m ¢ aThMm
TIepCTIEKTUBHBIM  SIBISETCS WCTIOJBb30BaHWE METOJOB
pacro3HaBaHWs  KOJUIEKTHBAMHU  alropuTMoB. [lpm
CHHTE3€ KOJUIEKTHBHOTO PEIIEHNS BO MHOTHX CITydasix
yHaeTcsi  KOMIIEHCHPOBAaTh  BO3MOXKHBIE — OLIMOKH
pacrno3HaBaHus OTAENBHBIX aJTOPUTMOB NPABUIBLHBIMH
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OTBETaAaMU APYTIUX aJITrOpPpHUTMOB. Hcxons u3 9TOro, B

pa3paboranayro MAC  BKIIOYEHB  MPOTPaMMEL,
peanusylolye  pasHble  CTparerid  MPHHSITHUS
KOJUIEKTUBHBIX peuieHuit: OCHOBaHHbIE Ha:
KOMUTETHBIX ~MeTojax, MeTone baifeca, Mertoze

BBIITYKJIOTO CTa6I/IJ'II/I3aTOpa, JUHAMHUYECKOM METOAC

Bynca, MeToax, UCTIONB3YIOLINX obnactu
KOMIIETEHIIMY,  [a0lOHbl  TPUHATHA  PELICHUIA,
JIOTHYECKYIO KOppeKIwto u T.10. [ 17].

Bbliieyka3aHHble ~ aITOPUTMbl  PAcro3HABaAHMS
00pa3oB W TOPUHATUA  KOJUICKTHBHBIX  pelleHHM
OCHOBaHbl Ha pa3/IMYHbIX MPUHUMIAX U HCIOIb3YIOT
pasnuuHble  (QOpMBI  MPEACTaBICHHUS  HCKOMbIX
3aKOHOMEpPHOCTel (anrebpanueckue (hyHKLIMH,

JIOTUYECKNE BBIPAKEHNS, HEHPOHHBIE WM PACTyILUE
MUpaMUAaIbHbIE CETH W T.[.). [N WHTerpaumu Takux
pa3sHOPOJHBIX  MporpamMMm  ObUIa  MCIOJb30BaHA
CepBUCHO-OpUEHTUpOBaHHas  apxutekTypa (SOA),
KOTOpasi MO3BOJIMJIA YYeCTh pa3iMyMsi B [AHHBIX W
UH(OOPMALMOHHBIX ~ CTPYKTypaX, MCHOJb3yeMbIX B
UHTETPUPYEMBIX MPOrpamMMax, CI0XKHBIE MEXaHU3MbI
UX B3aUMOJEHCTBHA M obOecneyuia BO3MOKHOCTb
JOCTaTOYHO MPOCTOro N0OaBICHUS HOBBIX MpPOrpamMM
aHanu3a  JaHHbIX B MOACUCTEMY MouCKa
3akoHOMepHocTe. Ilpu uHTErpauuu nNpUIOKEHUMI
BMECTO CHEUMAIU3UPOBAHHBIX HMHTEP(EicoB MeXIy
OTAEJNbHBIMU NpOrpaMMaMHl NPUMEHEHa CBS3YIOIas
cpema, KoTopad WIrpaeT poJib  YHHUBEPCAIBHOTO
MPOrPaMMHOTO A7pa, COETNHSIOIIETO BCE MPUITOKEHNS
[5, 7, 24]. IlpeumyuiecTBOM  HCMOJb3yeMOit
TEXHOJIOTMM Ha OCHOBE WHTETpUpYIOLIEH Cpelsl
ABJISIETCA, B TNEPBYIO OYEpPeb, MPOCTOTA MOMAEPKKA U
pacmpeHus pa3paboTaHHOM Ha €€ OCHOBE CHCTEMBI.

4 HuadopManMoOHHO-AHAJIUTHYECKAS

CHCTEMA IS KOMITIBIOTEPHOT0
KOHCTPYHPOBAHMUS HEOPraHU4ecKux
coeTHHEeHnH

PesynbTaTom MPaKTHYECKOi peanu3anuu
BBIIIEYKa3aHHBIX ~ NPWHOMIOB  OblTa  pa3paboTka
nH(pOpMaNOHHO-aHATTUTHYECKOI CHCTEMBI JUISt
KOMIIBIOTEPHOTO KOHCTPYHPOBAHUSA HEOPTaHMYECKUX
COE€IUMHEHNM, OCHOBAHHOI Ha MCIOJIb30BAaHUU METOHOB
obyuenms DBM pacrniozHaBaHWIO 00pa3oB JJIS TOWCKA
3aKOHOMEpHOCTEeH B MH(popMauuu 0a3 AaHHBIX 110
CBONCTBaM HECOPraHNMYCCKNUX BELICCTB W MATCpPHAIOB
[5, 7,20, 24].

[Momumo wHTEerpmpoBanHoit cuctemsl Bl [3, 18,
20-23, 25] u nporpaMm pacrio3HaBaHus 06pazoB [16,
17] B cocraB UAC (puc.1) BXOIAT TOACUCTEMBI TTIOVICKA
KIacCHQUIMPYIOMUX TPU3HAKOB W  BU3yaM3aldd
MOJIlyYeHHBIX ~ pe3ynbTaToB, ©0a3za 3HaHMH, 0Oaza
MPOTHO30B /ISl PAa3IMYHBIX KJIACCOB HEOPraHWYECKHX
BEILECTB U YNpaBIAIOLIas MOACUCTEMA.

Hdnst  orbopa  KimaccMPUUUPYIOMMX  CBOMCTB
XUMIdecknx dyieMeHToB B MAC Obuld BKITFOUCHBI
nporpammsl [10, 13, 14]. OT60op CBOWCTB XUMHYECKHX
3JIEMEHTOB, Hanbonee WHOOPMATUBHBIX 1M
Kaccu(UKalMK BEIeCTB, UMeeT JBosikoe 3HaueHue. C



OIHOM  CTOPOHBI, yHAeTci  pe3K0  COKpATHUTb
HPU3HAKOBOE oIucaHue, KOTOpOe iib
MHOTOKOMIOHEHTHBIX ~ BELIECTB  BKJIOYAaeT COTHU
cBoiicTB 3neMeHTOB. C JApyroil CTOpOHbI, BbIOOp
CBOIMCTB  3/IEMEHTOB, Haubonee  BaKHbIX  AJA
K1accuukalMy — XMMMYECKMX  BEIecTB,  JaeT
BO3MOXHOCTb (uznueckoii UHTepIpeTaLnuu
HaliIGHHBIX ~ 3aKOHOMEPHOCTeH, YTO  MOBbILIACT

JIOBEpUE K TMOJYyYEHHbIM MPOrHO3aM U MO3BOJISIET
HAWTU CYLIECTBEHHbIE MPUYUHHO-CIIEJCTBEHHbIE CBS3U
MEXAy napamerpamMu OObEKTOB U  pa3paborarh
(du3ryecKre U XUMUYECKUE MOJICIIH SBJICHUIA.
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1 Cxema MAC nnst morcka 3aKOHOMEPHOCTEH B
XUMIYEeCKON MH(POpMAITUIH IPOTHO3E HOBBIX
COEIMHEHMH.

Iloncucrema BU3yajindalu  CTPOUT TMPOCKUUHN
PacnoIOKEHUA 00OBEKTOB B ABYMEPHBIX MPOCTPAHCTBAX

CBOWCTB KOMIIOHEHTOB XUMHUYCCKHX BCILICCTB,
BK/IIOYAKOMMX HE TOJBKO HUCXOAHBLIE MapaMETpbl
KOMIIOHEHTOB, HO W YKa3aHHbIE [II0JIb30BATCJIEM

anredpanyeckue (yHKLUU OT ITUX NApaMeTpOB.

baza 3HaHUH COEPKUT MOJTy4eHHBIE
K1accuuLupyone  3akoHoMepHocTH. [lpu  ee
MporpaMMHON  peanu3allid  BO3HMKJIA Mpodlema,

CBSI3aHHA C TeM, 4TO (hopma MpeacTaBieHNs 3HAHNH B
UCIIONB3YeMbIX ~METOJaX paclo3HaBaHUs 00pa3oB
CYIIECTBEHHO pasiuyaeTcs. B cBA3u ¢ 3TuUM ObLIO
IpEeUIOAKEHO HOBOE MPOrpaMMHOE pelleHHe s
XpaHEeHUs TIOy9YeHHbIX 3aKOHOMEPHOCTEW, a Takxke
comyTcTBylomeld  wHpopMaummu O  MapaMeTpax
MporpaMM U HccieqyeMblx 00bekToB [24]. XpaHeHue
3TOi WH(pOpMaUMM peanu3oBaHo cpeacTBamu SQL-
cepBepa U (aiioBbIX CTPYKTYp Ha IHUcKax cepBepa. Ha
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cepBepe XpaHATCs IOJyYeHHble 3aKOHOMEPHOCTU B
CreuuajbHOM  BHYTpeHHeM (opmare nporpamm
aHanu3a JaHHbIX, a B Tabauuax b/l Ha SQL-cepepe -
ciyxeOHas uH(popMaLusa 00 ITUX 3aKOHOMEPHOCTAX, a
UMEHHO: YHUKaJIbHbII uneHTuduKarop
3aKOHOMEPHOCTH,  O00O3HauyeHUe  MPOTHO3UPYEMOil
XapaKTepUCTUKY, (OPMYNbHbIH COCTaB XUMUYECKUX
CoellMHEeHUH, 0003HaYeHUs CBOMCTB XUMHUYECKUX
3JIEMEHTOB, HWCIONb3YEMbIX Ul OMMCAHWSA BELIECTB,
nyTd K ¢aiinaMm Ha auckax, (GpamMuins CHeLuaIncTa,
NPOBOJMBILETO OLIEHKY WCXOIHBIX JAHHBIX WM IOUCK
3aKOHOMEPHOCTE, nara (opMupoBaHus
3aKOHOMEPHOCTH H T.II.

B 06a3e mporHo3oB comepikKarcs — pe3ysbTaThl
NpeAbIIYIMNAX KOMIBIOTEPHBIX 3KCHEPHMEHTOB, a
TakkKe CCBUIKM Ha  ciykeOHylo  uHpopmarmro,
XpaHsiLyrocs B 0ase 3HaHWiA. lcrmonmp3oBaHme Oa3bl
MPOTHO30B TO3BOJIMJIO MOBBICUTH (PyHKIHMOHAIBHOCTh
6a3 naHHBIX MO CBOICTBAM HEOPTaHWYECKHUX BELIECTB U
marepuanos MMET PAH 3a cuer npenocraBieHus
MOJTb30BATEIIO HE TONBKO M3BECTHBIX CBEACHUIT 00 yxe
W3Y4YEHHBIX BEINECTBAX, HO W MpPOTrHO30B €IIE HE
MOyYEHHBIX HEOPraHWYECKMX COEIMHEHHMH M OLEHOK
X CBOMCTB. B HacTosimee BpeMs WIET 3allOJHEHHE
9TOH Ga3bl.

Ynpasnstomas nojcucTemMa OpraHu3yeT
BBIYMCIIUTENBHBI  Mpolecc U OCYLIECTBJISET
B3aMMOJICHCTBYE MEX Iy (YHKIMOHATBHBIMHU

noacucremamu MAC, a Takke obecrieunBaeT JOCTYT K
cucreme w3 cetu MHurteprer. ITlomumo »toro,
yHpaBJsAroIas nojcucTemMa NpeI0CTaBIIsAET
HOJIB30BATEIIIO NIPOrpaMMHBIE cpeactea  and
MNOArOTOBKM JAHHBIX I aHAIN3a, BbLJAYM OTYETOB U
peanuzauuyM  IpYrux  CepBUCHbIX  (yHKumii. B
yacTHOCTH, [ u3BnedeHus u3 bJl undopmanmy,
KOTOpasi Mociie OLEHKH 3KCIMEPTOM HCTONb3yeTcs UIs
KOMITBIOTEPHOTO aHaJNM3a, pa3padoTaHa cCHenuaibHas

MOJCUCTEMA. Ona MPEIOCTaBIIAET JKCIEPTY
BO3MOYKHOCTH peraKTUPOBaHUS HalJIeHHOU
nadopmatmn W (OPMHPOBAHWS  NPHU3HAKOBOTO
omucanua. B mocnmemHeM ciydae SKCNIEPT TOIBKO
oTMe4yaeT  BBIOpaHHbIE  CBOWCTBa  XMUMHYECKHX
JJIEMEHTOB B  CHELMANbHONH  TalONHLE-MEHIo, W

MOJACKCTEMa TOATOTOBKM BBIOOPKM [ aHaIM3a
U3BIEKAaeT BbIOpaHHbIE 3HAuYeHUs CBOWCTB U3 Bl
«DNeMeHTBI», eCcld HY)XHO, TO (OpMUpPYET CIOKHbIE
Npu3HakKu B BuAe anredpanmyeckux (QYHKUMH OT
UCXOIHBbIX, U «CKJICMBAeT» MPU3HAKOBOE OIMCAHUE B
¢opme Excel-tabnwisl, KoTOpas 3aTeM TMOCTyHaeT Ha
BXOJ CUCTECMbI aHAJIN3a JaHHBIX. HOZ[CI/ICTeMa BbIJA4YU
pe3ynbTaToB TNpeldHa3HaYeHa IS MNpeNoCTaBICHUS
TIPOTrHO30B B HpI/IBLIIIHOﬁ JJIA XNUMHUKOB n
MaTepralioBeIoB TabIIMIHOU (opme.

BaxHOl 0COOCHHOCTBIO TIPOTPaMMHON peaTm3aun
HNAC sBasercs TO, 9TO KIHEHTCKAs 4acThb MOJHOCTBIO
moctpoeHa Ha 0Oa3e Web-unaTepdeiica. To ectb
nonb3oBarenu padotator ¢ MAC mocpencteom Web-
Opay3zepa.

IMpoueccel oOydyenus u pacrno3HaBaHud B MAC
pearn30BaHbI c TTOMOIBIO CTeLNATIBHOTO



acuHXpoHHoro Web-cepBuca, 4To No3BoJjseT pelaThb
IJUTENbHbBIE 1O BpeMEHW 33Aaud  oO0ydeHus U
NpOrHO3UpOBaHUA B cpene MHTepHeT, B KOTOpOii
BO3MOXHbI ~ cOou.  AcHHXpoHHBII ~ Web-ceppuc
M03BOJIAET M0JIb30BATE/SIM MHULMUPOBATh IUTEIbHOE
BBIIIOJIHEHHE pecypcoeMKHX onepauuii,
KOHTPOJIMUPOBaTh  CTENEHb WX  BbINOJHEHHA B
ACUHXPOHHOM peXuMe, M[OJy4YaTb OIOBELIEHHEe O
TOTOBBIX  pe3yJbTaTax  pacueToB,  IpepbIBaTh
BBITIOJIHEHNE 3aJad C COXPAHEHHEM IPOMEKYTOUHbIX
pe3yJbTaToB.

Pa3zpaboTannas HAC JOCTyIHA
3aperucTpUpOBaHHbIM  [OJNb30BAaTENAM U3 CETH
Wnrepner (http://ias.imet-db.ru).

5 MWcnooan3oBaHue HAC IS
KOHCTPYHPOBAHMS HEOPraHUuIeCKHX
coeIMHEeHHUIl
[Mpumenenne paspaborannoit MAC mno3Bonmio

CKOHCTPYHPOBATh THICAYM €Ile He MOJY4YEHHBIX

HEOPraHUYEeCKUX COECIMHEHUHN B IBOMHBIX, TPOMHBIX U
Oosee CIIOKHBIX XMMHYECKHX CHUCTEMax, a TakKxke
OLICHUTb HEKOTOpblE UX CBoOicTBa. Hibke npuseneHsl
HEKOTOpbIE€ NPUMEPHI IOMYYEHHBIX PE3YyIbTaTOB. Jlnd
pacueToB ucnosb3oBaincsa cepeep 2x Intel Xeon ES5-
2650v2 / 128Gb RAM 1866 / Adaptec RAID 6405 / 4x
4TB HotSwap SATA / sDVD+RW / 2x GLAN / IPMI+
/ 2x 750W HotSwap. Bpems o006paboTKM HaHHBIX
BapbUPOBAJIOCh OT HECKOJIBKUX CEKYH], 10 HECKOIBKUX
4acoB B 3aBUCHUMOCTH OT ajiroputMa U oObema
AQHAIN3UPYEMBIX JAHHBIX.

5.1 IIpor1o3 Bo3MOKHOCTH 00pa3oBaHUs
coequHeHuii coctaa AB;X;

Lenmsto paboter [19] ObITO  KOHCTpYMpOBaHHE
coemuHeHU coctaBa AB;X; (A m B — 3mecwk u manee
pasHble XUMUUeckue 3neMeHTel; X = S, Se unu Te),
aHaJIOTUYHBIX TIPYCTUTY (AsAg;S;) W mHpaprupury
(SbAg;S;), mpUMeHsIeMbIX B HEIMHEHHO-ONTHYECKUX U
JNEKTPOONTHYECKUX yCTpoIicTBax. Hast
KOMITBIOTEPHOTO aHamn3a UCTIOJIb30BAJIach
nHdopmanms BJ] «®Pa3bly, BXoasmeit B coctaB MAC, o
117 mnpumepax o0pa3oBaHHs COEOVHEHWH COCTaBa
AB;X; 1 58 mpuMepax OTCYTCTBUSI COEAMHEHHI 3TOTO
coctaBa. Kaxmoe BelleCTBO OMUCHIBAJIOCH HAabOPOM
6onee 240 napameTpoB KOoMIOHeHTOB A, B u X
(XMMHYECKUX 3JIEMEHTOB U MPOCTHIX XaIbKOTCHUIOB).
[Tpy mporHo3MpoBaHWUM OBUTM HCTIONB30BAHBI TOJIBKO
3T  IIMPOKO  M3BECTHbIE  3HAYEHUS  CBOWCTB
KOMITOHEHTOB.

3a 6 yieT, MpoeAmye Mocie MyONuKauy HaIIuX
MpOTHO30B [19], OBUIN 3KCTIEPUMEHTAIBHO MTPOBEPEHBI
25 cocrtaBoB (tabmuma 1). B Tabmuume mNpWHSATHI
cremyromue o0o3HadeHus:: | — MporHo3 oOpa3oBaHMs
coenuHeHuss AB;X; npu oObIuHBIX ycaoBusax (298 K u
1 at™m); 2 - IPOrHO3 OTCYTCTBHS COEAMHEHHS COCTaBa
AB;X; mpH OOBIYHBIX YCIIOBHSIX; 3HaKOM # 3/iech U
Janee OTMeYeHbl NMpUMepbl, MHPOPMALMA O KOTOPBIX
WCTIONb30BaHa Ui 00ydeHns OBM; mycTele KIeTKH —
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31€Ch M Oajiee HeOHpe,IleJ'[eHHLIﬁ TpPOrHo3; 34€Ch H
aanee  CEeppIM OTMEUYCHBI pPE3YyJIbTaTbhl COBIIAACHUA
MPOrHO30B C OKCIIEPUMEHTAJIbHBIMU JAHHBIMH.

Cne;[yeT OTMETUTH, YTO BCC HaIHU HpOl"HO3bI
o0pa3oBaHUs TpU OOBIYHBIX YCJIOBUAX COCIUHEHHIA
coctaBa AB;X; coBnaju ¢ 3KCIEPUMEHTOM.

Tabauua 1. ITporHo3 BO3MOMKHOCTH 0Opa3OBaHUs
coeauHeHu coctaBa AB; X5

X S

A |Fe|GalIn|Sn(Sb|La|Ce|Pr|NdPm|Sm|Eu|Gd|Tb|Dy|Bi
B

K|1[#2[1]1 [#1]1 {11 (1|11 |1|1#2
Rb| 1 #1111 L1111 ]1]1p1
TI| 1|2 HLAL#LH2[2 [#2(2 (22 |2

X Se

A |Fe|Ga|In|Sn(Sb(La|Ce|PrNd/Pm/Sm|Eu|Gd Tb|Dy|Bi
B

K#L[#1[1]1 [#1 1 L{1]1|1]|1]1@1
Rb| 1|1 |1|1]|1]1 1111|111
Ag|2 |#2(2| [#2[2|2]2]|2]2|2|2 21212
Cs|1|#I|1|1]1]|1 1111|111
T 1|2 #2#1|#L[2 (222 #H2
X Te

A |Fe|GalIn|Sn(Sb|La|Ce|Pr|Nd/Pm|Sm|/Eu/Gd|Tb|Dy|Bi
B

Rb(1|1(1[1]1 1 1 1

Ag| 2 |H2[H212 |[#2|2 (22|22 |2 |2|#2]|2]2]2
Cs|1|1(1|1]1 1 1 1

T 1|2 |2 [#1[#2)#2(2]2(2]2 #2

5.2 T1porHo3 TuNa KpUCTA/UIM4ECKOH CTPYKTYPBbI
coenuHeHnii cocraBa ABX,

XanbKoreHnAHbIE coenHeHus coctaBa ABX, (X =
S, Se mnn Te) oTHOCATCS K MEPCNEKTUBHOMY KIIaccy

TIOJTYITPOBOIHUKOBBIX u HEJIMHEHHO-ONTUYECKUX
BemecTtB. OcoOblif WHTEpeC M WCCledoBaTeNei
OPEACTaBISIOT  COEAMHEHHS  3TOr0  COCTaBa ¢

KPHUCTAJUITNUECKON CTPYKTYpOM THNA XalbKOMHUPUTA,
KOTOpBIE WCTONB3YIOTCS B KaueCTBE MaTEPHANIOB JUIS
conHeuHbIX Oartapeii (Hanpumep, CulnS,, CulnSe, win
CuGaSe;) [9, 11], wuau HEITWHENHO-ONTHYECKUX
ycrpoiictB [8] (mampumep, ZnGeP,, AgGaSe, win
AgGaTe,).

Hamu GbUTO MpOBENEHO MPOTHO3MPOBAHWE HOBBIX
coenrHeHu coctaBa ABX, W mpeackasaH TUIl HX
KPHUCTAJUTNYECKOI CTPYKTYpbI TIPH OOBIYHBIX YCIOBUSIX
[4]. dns koMIbIOTEPHOTO aHaiu3a Oblla UCTOIb30BaHa
BbIOOpKa ®3 Oojiee ThICAYM W3BECTHBIX BEIIECTB,
Ka)kJ0oe W3 KOTOPHIX OBUTIO ommcaHo HabopoMm Ooree
240 mapameTpoB KoMIoHeHTOB A, B n X. B Tabmuue 2
naH QparMeHT TONyYeHHBIX pPe3yabTaToB. [IpHHATHI
cremyroniiie 0003Ha4YeHHs: 1 — MPOTHO3 COeTMHEeHUS
ABX; ¢ xpuctamumdeckoit ctpykrypoii tuna o-NaFeO,
Mpu OOBIYHBIX YCJOBUSX; 2 — TPOTHO3 COEIMHEHWS
ABX, co ctpyktypoit Tuma NaCl;, 3 — mnporHos



COEIMHEHUS ABX, co CTPYKTypoOi TUMa
xanpbkonuputa; 4 — mporHo3 coenuHenus ABX, co
ctpyktypoii tuma TISe; S — nporHo3 coeauHeHUA
ABX, ¢ KpUCTAIJIMYECKOH CTPYKTYPOM, OTJIMYHON OT
MPUBEICHHBIX BbINIE; 6 MPOTHO3  OTCYTCTBUA
coeaurHeHus: coctaBa ABX, mpu OOBIYHBIX YCIOBHSAX;
YEpHBIM  OTMEYEHBI  PE3yJbTaThl  HECOBMAAEHUS
MIPOTHO30B € 9KCIEPUMEHTAIbHBIMH TaHHBIMU.

Tabauua 2. IlporHo3 Tuma KpHCTaJUIMYECKON

CTPYKTYpbl coenuHeHuid coctaBa AB; X3
X S Se Te
A|CuRb|Ag|Cs| TI|LiNa|K [TI[K IRbjAg(Cs|T1
B
B |3 [#5|3 #5#5| 1|1 [4]4]1 14
Al(#3| |#3| [4HSH#HAHSHSE4|  [#3|4 #4
Cr|#5|#1[#5] H5|2|#1[1| |55 |#5|SHS
Fe [#3[#5|#3| [#5] |1 #5#S)1 | 1 [#3]1 (5
Ga|#3 [#5|#3| 5 [#5]5| 4 H5HSHES|  [#3| #4
As|#5| |#5| S 5| |#S5H5|5 4|5 [#2]5
Y | 5|1 [#5]5 #IF1#L[1 #1 #5|1 j#1
In |#3|#5|#3|#SHAWHS#L | S HAF4|  |[#3 4
sb 45|45 [Bl 5 [ 2] 2] 5 lesls |4 [s]wafuslen
La| |#1| |#L#OWSH#L|1 #6]1 | 1 16
Ce|#5|#1| |#1HOWS|H#L[1 #6]1 | 1 1 [#6
Pr(#5[#1| [#5] JL|#1|1FHY1 |1 1 #1
Nd|#5|#1| [#5 #1|1#11 [ 1 1 #1
Sm|#5|#1 |#5|#5F]] (#L{1[|1]1]1 1 #1
Gd|#5|#1 |#5|#5SHIF1AL 1 #1| 1| 1 |[#5] 1
Th(#5[#1|#S5#SHIFN#L 1] |1 [5]1 #1
Yb|#5|#1 |#5|#5F]] [#1#11]1]1 1
Bi |#5|#1|#1] H#H1H2#2#2#2 n #1

3a 5 ner Obul mpoBeper 31
OOHapyXeHO  TONBKO 4  HECOBMAJCHUS
OKCTIEPUMECHTAJIbHBIMU TaHHBIMH.

Hall TPOTHO3.
c

5.3 Ouenka BeJJHYHHBI INMPHUHBI 3aNpelieHHOMH
30HBI I XaJIbKONUPUTOB cocTaBa ABX,

Pa3BuTHE ONTOANEKTPOHUKH U JPYTUX MPUKIaJAHBIX
obnactell, B YACTHOCTH, COJIHEUHONH JHEPreTHKH,
YCTPOMCTB NETEKTHUPOBaHUS (POTOHOB W 3apsKEHHBIX
YacTHL[ BbI3BAJIO MHTEpPEC K TOUCKY  HOBBIX
LIMPOKO30HHBIX MOJYNPOBOAHUKOB. 11IMPOKO30HHBIMU
MPUHATO CYUTATh TOJYMPOBOMHUKH, Y KOTOPBIX
SHEPTUsT  MEX30HHBIX  3JIEKTPOHHBIX  TEPeXO0J0B
MPEeBOCXOIUT 3HaueHue, Omu3zkoe k 2 3B [15]. B
mocjenHee  BpeMs ~ BHUMaHHE  HUccliefioBaTeneil
MPUBIEKIA  IIUPOKO3OHHBIE  TONYNPOBOOHUKH €
KpUCTaJJIMUeCcKoil cTpykTypoit Xanbkonuputa [11]. B
CBA3M C ATHM U1 YacTU MPOTHO3MPOBAHHBIX BbIIIE
COEIMHEHUI CO CTPYKTYpPO#l XaJdbKOMMpUTa HaMU ObLIa
OTICHeHa BeNTMUWHA IMUPWHBI 3aMpemieHHON 30HBI [6].
HUcnonp3oBanack Beibopka u3 41 coequaeHus (Tabmuia
3). Ucxonst u3 QU3NUKO-XUMUYECKHAX MPEICTABICHUN, B
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KpUTepHii ObLIM BKIIOUEHBI CJEIYyIOLIMEe NapaMeTphbl
anemeHToB A, B u X (Bcero 15 mapametpoB):

yskums Ay = 2%x — xa — xsl rHE XN -
3NEKTPOOTPHUIATENIEHOCTH o MapTBIHOBY-
bauanosy;

BaJIcHTHOCTH Z,a, Zp, Zx (m18 TmepexogHbIX
METaJUIOB — HOMep Tpymmnbl B [lepuommueckoii
CUCTEME);

Cpe/iHee YKCIIO BAaJCHTHBIX 3JIEKTPOHOB: N = (n +
ng + 2ny)/4;

ANIEKTPOOTPHLIATENBHOCTD N0 1Kase [leTTudopa;
oyukumst (I/Z2), — {6 + 0.1(1/Z)c}, rme I, —
MOCJIeIHUI OTeHMAT HOHU3ALIUH.

Tabauua 3. CpaBHeHME [POrHO30B  LUMPUHBI
3anpemieHHoi 30HBl (E,) ¢ dKCepUMeHTanbHBIMU
JAaHHBIMU IJIA U3YYEHHBIX XaJIbKOITMPUTOB

Coeaunenue | Eg,cn, 3B | IIporuos E,
CuAlS, 3.5 >2 3B
CuGas, 2.44 >2 3B
CulnS, 1.5 <23B
CuAlSe, 2.67 >2 3B
CuGaSe, 1.63 <23B
CulnSe, 0.95 <213B
CuAlTe, 2.06 >2 3B

CuGaTe, 1.18 <23B
CulnTe, 0.88 <23B
AgAlS, 3.13 >2 5B
AgGaS, 2.75 >2 3B
AgAlSe, 2.55 >2 3B
AgGaSe, 1.65 <293B
AglnSe, 1.24 <293B
AgAlTe, 1.8 <213B
AgGaTe, 1.1 <29B
AglnTe, 0.96 <2 B
ZnSiP, 2.07 >2 3B
ZnSiAs, 2.1 >2 3B
ZnGeN, 2.9 >2 3B
ZnGeP, 2.1 >2 3B
ZnGeAs, 1.16 <23B
ZnSnP, 1.45 <2 3B
ZnSnAs, 0.74 <23B
ZnSnSb, 04 <2 3B
CdSiP, 2.2 >2 3B
CdGeP, 1.8 <2 3B
CdGeAs, 0.53 <23B
CdSnP, 1.16 <2 3B
CdSnAs, 0.3 <2 3B
AgInS, 1.9 <2-B
CdSiAs, 1.51 <25B
CuFeS, 0.53 <2 3B
CuFeSe, 0.16 <2 3B
CuFeTe, 0.1 <2 3B
LiGaTe, 2.31 >2 3B
LilnTe, 1.46 <2 3B
AgFeSe, 0.23 <2-B
MgSiP, 2.35 >2 3B
MnGeP, 0.24 <2 3B
MnGeAs, 0.6 <23B




B Tabmuue 3 mnpuBeneHsl pe3ynbTaThl OLEHKU
LIMPHHBI  3alpelIeHHON  30HBI  JUIA  W3BECTHBIX
XaJlbKONUPUTOB, Ais KoTopbix B bBJl “BandGap”
XpaHWINCh CBEACHHUs O IIMPHMHE 3alpelIeHHOIl 30HBI.
BblI0O  O0TMEYEHO corylacHe 3KCHNEPUMEHTAIBHBIX U
MPOTHO3UPYEMBIX 3HAYEHUIl MIMPUHBI 3aNpEeIlCHHON
30HBI (Tabnuua 3), 4YTO MOATBEPK A0
000CHOBAaHHOCTb ~ NPHUMEHSEMBIX  KOMIBIOTEPHBIX
MeTonoB. C MOMOLIbI0 HAaWAEHHBIX KpUTEpHUEeB Oblia
OlIEHEHA IIMPHUHA 3aNpeleHHON 30Hbl XaJbKOINMPHUTOB
(tabmuma 4), mia kotopeix B BJ] “Bandgap” [21] ne
Obuto0  cooTBeTcTBYROmIEH WH(popManyuu. CoriacHo
HAllUM MPOTHO3aM, XalbKoNUpUThl ZnAlS, u ZnAlSe,
OTHOCSTCS K ITUPOKO30OHHBIM  TONYNPOBOJHUKAM,
TIePCTIEKTUBHBIM TS OTITOAIEKTPOHHBIX TMPHITOKEHHH.

Tabnuua 4. Ilpornos E, 111 XaabKONUPHTOB,
UHQOpPMAUMS O KOTOPBIX HE HCIOJB30BaHA IIPU

Coeannenue | Ilpornos E,
ZnAlS, >2 5B
ZnAlSe, >2 3B
ZnAlTe, <2 B
AgFeS, <253B
AgFeTe, <2 3B
ZnGaTe, <2-B
CdGaTe, <2 3B
HgGaTe, <2 B

KOMITBIOTEPHOM aHaJIu3€

6 3axiroueHue

HHpopmalmoHHO-aHAIUTUYeCKast cucrema
MO3BOJIIET PELINTh JIBE BaKHbIE 3aJadd. Bo-mepBbIX,
OHA JaeT BO3MOXHOCTb YaCTMYHO aBTOMAaTH3HMPOBATh
aHAJM3 OTPOMHOW 3KCTIEpUMEHTAbHOW WH(popmMann,
HaKOIUICHHOW XWUMWEH, Ui MoHucKa 3aKOHOMEpPHOCTEH
B JAHHBIX U MOCIEAYIOMETr0 KOHCTPYHPOBAHUS HOBBIX
COEIMHEHNII ¢ 3aJaHHBIMM CBOHCTBaMH. Bo-BTOpBIX,
OHa pacIMpsieT BO3MOXHOCTH TpaAWLMOHHBIX BJI mo
CBOWCTBAM BEIECTB W MaTEpPHANIOB, MPEAOCTABIIAA
MOJIB30BATENI0 He TONbKO uHpopMamuio 06 yxe
WCCTIEIOBAHHBIX BEIECTBAX, HO W MPOTHO3BI T elle
HEeWM3yYeHHBIX BEIIECTB M NX CBOMCTB.

Pazpabotannas MAC 1wupoko HCMoJb3yeTcs A

KOHCTPYHUPOBaHUs HOBBIX HEOPraHN4eCKnux
COCIMHEHUI, NEPCHNEKTUBHBIX JJIA CO3J1aHUA
MaTepuajloB - AKTHUBHbIX KOMIIOHCHTOB
TOJTYTPOBOAHUKOBBIX, DJIEKTPOONTUYECKUX,
aKyCTOOINITHUYECKUX, HEJIMHEMHO-ONITUYECKUX,
JIa3€PHBIX, MarHuTHBIX n npovunx YCTpofICTB

COBPEMEHHOM 23J1eKTPOHMKH. C €€ MOMOILBI0 yAAoCh
OCYIIECTBUTh TPOTHO3 BO3MOXHOCTH 00pa3oBaHUA
TBICSY HOBBIX COCJUHEHUIl M OLICHUTb HEKOTOPBIE HX
cBOlicTBa  (TMM  KPUCTAUIMYECKOW  CTPYKTYDBI,
TeMneparypy  Iepexoja B CBEpXMpOBOAsLICE
COCTOSIHUE, TeMIeparypy IuiaBieHus u T.1.) [4-7, 18,
19]. CnemyeT OTMETHTb, YTO TpPH MPOTHO3MPOBAHWU
HEHUCCIIeTOBAHHBIX COCIMHEHUN WCIONIB3YEeTCA TOJBKO
uHpOpMAIMA O XOPOLIO W3BECTHBIX  CBOMCTBAX
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KOMIIOHEHTOB (XMMHMYECKHUX 3JIEMEHTOB WM OoJjee
NpoCThIX coeanHeHuit). Kak mnoka3piBaeT cpaBHEHME
MPOTrHO30B C OSKCIEpUMEHTalbHbIMU JaHHbIMU [18],
cpenHss JIOCTOBEPHOCTb MPOrHO3UPOBAHUSA
HeopraHu4yeckux coearHeHui npesbimaet 80 %o.
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Information-Analytical System for Design of
New Inorganic Compounds

N. N. Kiselyova, V. A. Dudarev, A. V. Stolyarenko

The principles of development of systems of
knowledge discovery in virtually integrated distributed
databases are considered. The methodology of
integration of data mining programs based on different
algorithms is developed. The proposed methods are
applied to development of the information-analytical
system for automation of process of new inorganic
compounds computer-aided design based on use of
pattern recognition programs for discovery of
regularities in information of the databases on
inorganic substances and materials properties. The
examples of application of the developed system to
design of new inorganic compounds are given.



