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Bonblwoe KOAMYECTBO Hay4HbIX FPYMM B PAa3/IMYHbIX MHCTUTYTAX LA pelleHuA
WMPOKOrO CMEeKTpa MNPUKAAAHbIX 33434 3aHMMAKTCA pacyeTam pPas/IMYHbIX
rasoAMHaMMYeCKNX Moaene.

[Ona ycnewHoOro pelweHuMa 3TUX 33434 HaZo C XOpOWeWn TOYHOCTbI 3HATb
pa3HoobpasHble CBOMCTBA BELLECTB, KOTOPble ABAAKOTCA KOIPOULMEHTAMU ITUX
YPaBHEHUN: TepMOAMHAaMUYecKme GyHKUMM, NPOBOANMOCTb, TEMIONPOBOAHOCTb,
ra3oByl0, 3N1EKTPOHHYIO U MOHHYIO BA3KOCTU, KOaddpuumeHTbl anddysnm pasHbix
copToB 4actuy, npobern ¢oToHOB, KO3DPUUMEHTbI OOMEHA 3Heprnen mexay
KOMMNOHEHTAMM CMECU U pAa ApYrux.

Ba)XHO 3amMeTuTb, UYTO TPebyloTcA LWMPOKOAMANA30HHbIE AaHHble O CBOWMCTBaX
Bewects! B npuHuMne wux cneayeTr noay4aTb ISKCNEPUMEHTANbHbIMU UM
TeopeTnyeckMmmn  metoaamum. OAHAKO B 3KCTPEMAsIbHbIX  COCTOSIHUAX
3KCNEePUMEHTbI O4YeHb TPYAHbI U BeCbMa [0POrv, a CTporme TeOpUKU He yaaeTca
co3natb. MO3TOMY CBOWCTBA BeLLECTB MPUXOAUTCA HAXOAUTb TaKXKe MEeTOZ0M
MaTEMaTUYECKOrO MOAE/IMPOBaHUA, T. €. CTPOUTb bosee AN MeHee MOoJIHble
MOAEeNn W NPoBepATb MX afleKBaTHOCTb MO AOCTAaTOYHO NpeacTaBUTENbHOMY
Habopy KOHTPOJIbHbIX 3KCNEPUMEHTOB.

MpoBepka aAeKBaTHOCTU  ABAAETCA  K/AOYEBbIM  3BEHOM  METOA0/I0TUM
MaTEMaTUYECKOro MOAeNupoBaHuA. Be3 Takon NpPoBEPKM Camo MNOCTPOeHMue
MOAENN ABNAETCA NINLIb CXONACTUYECKMM YMNParKHEHUEM, He NpeacTaBAsOWUM
Cepbe3HOro ¢M3MYEeCKOro uHTepeca, MOCKO/bKY OCTAeTCA HEeBbIACHEHHbIM,
cnpaseasinea M MOAeNb.

MepBble  3KCNEPMMEHTbl  OblAM  CTaTMUYECKMMW, B  HUX  MCClepoBanacb
N30TEPMMYECKAsA CHUMAEMOCTb BELLECTB, W MepBblit B 3TOM o0b6nactM 6Hbin
BpuarkmeHr [1]. OH uccnenoBan CXXMMAEMOCTb HECKOIbKUX AECATKOB BELLECTB A0
AasneHnt B 50-100 Kbap. Ha cerogHAwWHMN geHb Hanbonee 3PpPEKTUBHLIM
HanpaB/IEHUEM 3SKCNEPUMEHTANbHOIO MNOAX04a ABAAKOTCA 3SKCNEPMMEHTbI MO
YAAPHbIM CXaTMAM BeLLeCTB: B3pblBYaTble BelLecTBa co3gatoT Aasnenua go 0,5
M6ap. Pa3roHAs MeTannMyeckyld nNNacTUHy MPOAYKTaMM B3pPbiBa, MOXHO
nonyynmtb pAasneHne 5—10 M6ap npu ee yaape O Apyroe BelwecTso. B
NoA3eMHbIX AAEPHbIX B3PbIBAX AOCTUrAOTCA AaBieHnA B coTHM Mbap. OgHako, B



OT/IMYME OT CTAaTMYECKUX CXKATUIN, 34eCb COCTOSIHUA BELLECTBA JIeXKaT He Ha
N30TepMe, a Ha YAapHOM aaMabaTte U XapaKTepusykTCA CU/IbHbIM HAarpeBOM.

OcHoBHOM npobaemoit 3KCNEPUMEHTOB ABASETCA He TOJIbKO LEeHa — HO TaK e
BbICOKAA C/I0XKHOCTb M HETOYHOCTb MOJ/Iy4AaEMbIX Pe3y/IbTaTOB, KOTOPasA K TOMY Ke
BapbMpyeTcA B 3aBUCMMOCTM OT WCMNONAb3YEMOTO METOAa W KOHKPETHOro
9KCMNepuMeHTa.

Taknum obpasom, NoABNAETCA ABOAKAA 3aa4a: C OAHOM CTOPOHbI SKCNEPUMEHTbI B
OCHOBHOM HYKHbl 418 BepudPUKaLUM PasNYHbIX MOAEeNEN, HO C APYrOoi CTOPOHbI
HeobXxogMMO  KaKMM-TO  06pa3somM  KOHTPO/IMPOBATb  TOYHOCTb  CaMUX
3KCMEePUMEHTANbHbIX AaHHbIX.

Onsa pelweHna 3Tol npobnembl MOMKET ObiTb NPEANIONKEHO [ABa OCHOBHbIX
HanpaBieHuA:

1. OueHKa TOYHOCTU Ha OCHOBE COBOKYMHOM 06paboTKM 3KCNepUMEHTANbHbIX
AaHHbIX.  [OpyruMu  CcnoBamMm — CTAaTUCTUYECKMA  aHaA/IM3  TOYHOCTU
9KCMepUMEHTa Ha OCHOBE MAacCMBA YXKE MMEIOLMXCA AaHHbIX.

2. BbluMcneHne TOYHOCTU NPOBEAEHHONO 3KCNEPUMEHTA Ha OCHOBE CBEPKMU C
MoAe/blo, A1 KOTOPOM 3apaHee U3BECTHO, YTO OHA aAeKBaTHO ONMUCbIBAEeT
nccnegyemblit AManasoH.

OpgHako ropasao bonee BbIrO4HO UCMOJZIb30BATb O6'be£I,MHeHllle 3TUX NOAXO040B.

Heobxoaumo CTpOUTb MeTOJ, aHasM3a TOYHOCTM Ha OCHOBE KaK MOAEe/bHbIX
pacyeToB (4NnA Tex obnactei, B KOTOPbIX Maso TOYEK WKW e SKCNEPUMEHTbI
BOOOLLE OTCYTCTBYIOT) TaK M NO COBOKYMHON 06paboTKe 3KCNepMMeHTasbHbIX
AaHHbIX.

CobcTBEHHO OTCHOAa BbITEKaeT NOCTaHOBKa 3a4a4M:

1. Ham HeobxogMmo nNOCTPOMUTb MOAENN, NO3BOAAOWME C XOpoLleWn
TOYHOCTbIO ONUCHIBATb KaK MOXKHO 601ee LMPOKMIN AMana3oH YCI0BUN.

2. Tak Kak B 061acTn HU3KUX AaBAEHUA U TemnepaTyp afeKBaTHble moaenu
A0 CUX NOpP He MNOCTPOEHbl, TO HaM HYXHbl MeTOoAbl, NO3BOANAOLLINE
NPOBOAUTbL CK/IENKY TEOPETUYECKM PACCUMUTAHHDBIX KPUBbLIX C pe3y/ibTaTamMu
3KCNEePUMEHTOB, KOTOPble BOCMONHAT OTCYTCTBME MOAENEN B 30HE HU3KUX
[aB/IEHUMN.



3. EcTecTBeHHO HeobxoAMMOo co3aaTb XpaHuaulle (6asy AaHHbIX), rae Mornm
6bl XPaHUTbCA Pe3yNbTaTbl SKCNEPUMEHTOB.

CTOUT OTMETUTb, YTO co3aaHue NoaobHbIX 6a3 AaHHbIX BblNO M ABASETCA BAXKHOMU
3aga4yen, KOTOpPOWM  yaenaetTca  cepbe3Hoe  BHMMaHMe  HONbLIMHCTBOM
nccneposarene.

WcTtopuyeckn Bnepsble 33fayM MO MCCNef0BaHUIO MOBeAeHUW BelecTB B
9KCTPEMaNbHbIX ycnoBuax bbiam noctasneHbl B CLUA [2], Tam HaumHana ¢ 1945, B
nabopartopusax Jloc Anamoca [3] Hayanucb NPOBOAWUTLCA IKCMEPUMEHTLI MO
YOAPHbIM CHATUAM.

KoHeuyHbiMm uTOrom ntobbix 3KCNEPUMEHTOB ABAAETCA 06paboTKa NOyYEeHHbIX
pe3ynbTaToB. M3HauyanbHO Kaxaoe nogpasaesieHne npoBoguao MCCen0BaHuUA,
ONMMPAACb TONbKO HA CBOM AaHHble, YTO NPMBOAMIIO K CYLLECTBEHHbIM Pa3/INYnNAM
B XapaKTepMCTMKAx BELWECTB, MOJyYeHHbIX pa3HbiMu nabopaTopuamu. W
OCHOBHOM MPUYNHOMN 3TUX Pa3HOrNacUit BbIIN HE CUCTEMATUYECKME MOTPELLHOCTH,
a MMEHHO OTHOCUTE/IbHaA Y30CTb UCCIeAYEMOro Anana3oHa.

Mpumep nogobHon cuTyaummn npusBedeH Ha puc. 1. B atom cnydae dakTUyecku
HEBO3MOKHO, YTO IMOO CKa3aTb O NOBEAEHUU KPUBOA.
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[na npeogoneHua atol npobnemsl B Nabopatopuax Sinsepmopa [4] 8 1949 nop,
pykoBoAcTBOM DaBapaa Tennepa 6Oblna  3anoKeHa 6asa  gaHHbIX  NO
TennopmM3nYecKMM CBOMCTBAM BELLECTB, NOJy4MBlIAA Ha3BaHue CE3AM. B aty
6a3y BOW/IM MHOTONIETHWUE pe3ynbTaTbl paboT Sloc Anamoca [5], /iusepmopa [6], u
nabopatopuit BOeHHO-mopckoro ¢psiota CAHTUA.

Ha cerogHAWHMIN aeHb 3TO HaBePHAKA KpynHenwana 6a3a gaHHbIX, HO eCTb 0A4Ha
3areo3aKa: 60/1bwan YacTb AaHHbIX COCPEAOTOYEHA B 3aKPbITOM YacTn 3ToM Hasbl,
K KOTOPOW ecTeCTBEHHO Mbl A0OCTyNa He umeem. [Tomnmo 3aKpbiTon yactu CE3AM
COLEPKUT TaK e M OTKPbITYHD 4acTb, B KOTOPOWM COLEPHKMUTCA HeKoTopoe
KONMYECTBO 3KCMEePUMMEHTANIbHbIX [AaHHbIX, HO B OCHOBHOM COAEpPXUMmoe
OTKPbITOM 4YacTm 6a3bl ce3am — 3TO OFPOMHOE KOJAMYECTBO MOZE/NbHbIX
npeanonoxKeHnit. NMpmnyem B 60NbLIMHCTBE C/ly4aeB HM O TOYHOCTM PACYETOB, HU
06 MCnonb3yemblx MOZENAX, HW O Anana3oHe ALEKBATHOCTM 3TUX Moaenem
nHoopmaunm Het. Kpome 3toro B 6ase comepkutca poctatoyHo 6osblioe
KO/IMY4ECTBO HETOYHOCTEN, M NoAYaC AaKe NPOTUBOPEUMNBLIX AaHHbIX (BO3MOXKHO
BHECEHHbIX TyAa cneuuanbHo). Bce 3ToO HECKONbKO 3aTpyAHAET MCMo/ib30BaHUe
OTKpPbITOM YacTn 6a3bl CE3AM B NpaKTUYECKUX LENsx.

MapannenbHo ¢ uccnegosaHuamu B CLUA, B CCCP HaumHaa 1946 roga [7] B
aaepHom ueHTpe B Capose [8] npu coaeicTBUM TakMX BblAAIOLWNXCA YYEHbIX KaK
A.[. Caxapos, [.A. ®paHK-KameHeukunin, E.1. 3ababaxuH, B cBOEM poae nMaepos
HOBOW HAy4YyHOW AUCUMNANHBI — (PU3NKU BbICOKMX NNAOTHOCTEN, OblNM TaKkKe
OCHOBaHbl nabopatopum nNoO  WUCCNeAOBaHMAM  NOBeAEHMA  BewectB B
3KCTPEeMa/IbHbIX COCTOAHUAX. 3a Bosee Yem NOYBEKOBYIO UCTOPMUIO Y HAc Hbino
npoBeAeHO OrPOMHOE  KOJIMYECTBO  3KCMEPUMEHTOB. Pe3ynbTaTbl  3TUX
3KCNEPMMEHTOB W CTanu ABUAUCL dyHAAMeHTOM co3gaBaemoi B CapoBe, nog
pyKoBoACTBOM ANbTlynepa, cobcTBeEHHOro 06beANHEHHOrO KOMMNEHAMYMA.

Ba*KHO 3amMeTuTb, YTO pe3ynbTaTbl PabOT OTEeYECTBEHHbIX M 3anagHbIX YYEHbIX He
B3aMMOMCK/IOYatoLLMe, TaK KaK pa3Hble nabopaTtopmnmn NnpoBOAUAM SKCNEPUMEHTDI
AN PasHbIX HayaNbHbIX YC/NOBUMW, AN Pa3HbIX BELWECTB C Pas/INYHbIMM
nopuctoctTaAMn. Kpome TOro 3KCNEPMMEHTbl MPOBOAUAUCL Ha  Pas/INYHbIX
3KCNEepPMMEHTa/IbHbIX YCTAaHOBKaX C BeCbMa Pa3/INYalOWMMUCA AMana3soHaMM
CKOpOCTeN M KnaccamMm TOYHOCTU. MOKeT BO3HWKHYTb eCTeCTBEeHHbIA BOMPOC B
LenecoobpasHOCTM NPOBEAEHUA TAKOro KONMYECTBA 3KCnepumeHToB. Ecam
NPUHATbL BO BHMMaHME YTO HA CEroAHAWHWUN AeHb MUMelTcA pes3ynbTaTbl AN
YOAPHbIX CXKaTuh 6onee yem 670 BelwecTs, TO MNopsAKa ABaguaTU TbicAY



3KCNepMMeHTOB, UWHPOPMAUMA O KOTOPbIX Ham YyAanocb MNOMYYUTb Ha
CEeroAHALWHUNA AeHb, HEe MNOKaXyTca TakMM Yy 6onbliMm KonundvecTBom. bonee
TOro, ANA MOPUCTbIX 0OpPasLOB AOCTAaTOYHOE ANA CTAaTUCTUYECKOM 06paboTKm
KO/IMYECTBO 3KCNEPUMEHTOB MNPOBEAEHO TOJIbKO /1A HECKONbKMX 006pasuos.
MMeHHO nosToMy 06paboTKa NOPUCTbIX BeLLLecTB HeceT B cebe A0NONHUTENbHYIO
TPYAHOCTb — Masioe KOJIMYECTBO 3KCMEPUMEHTA/IbHbIX AAaHHbIX Ae/iaeT 06paboTKy
OYeHb C/IOXKHOW, KpomMe TOro, [0 CUX MOpP He BMOJIHE ACHA 3aBUCUMMOCTU
XapaKTePUCTMK BeWecTBa OT KO3pdMUMEeHTa MNOpPUCTOCTM — YTOo Aenaet
HEBO3MOHbIM 06pPabOTKy BCEX MMEILMXCA AAHHbIX A5 MOPUCTbIX 06pasLoB
OJlHOBPEMEHHO, W BbIHY)KAaeT 06pabaTbiBaTb OTAENbHO KaKAblA AManasoH
nopucrocteid. M HakoHel, pPa3pO3HEHHOCTb, W OTCyTCTBME obuero ¢opmara
AEeNaloT MNPUMEHEHME UMEKLWMXCA AaHHbIX 3aTPYAHUTENbHBIM M BeCcbMa
TPYA0EMKUM.

Takum 06pa3om, BO3HMKAET BarKHas 3ajavya OObeAUHEHUs BCex AOCTYMHbIX
MCTOYHUKOB B eAuHyl 6a3y JAaHHbIX, CNeumanbHO npeaHasHayeHHy Ann
ynpoLeHusa nx nocneayrouien obpaboTku U NCNob30BaHUA.

Co3sgaHne nogobHoM 6a3bl — 3TO OYEHb TPYA0EMKMIN, HO BECbMA Ba*KHbIN NMPOEKT.
OpHOM M3 Takux peanusaumin asnsetca 6asa gaHHbix NMHCTUTYTA Tennodpusmku
IKcTpeManbHbix CoctoaHuit [9]. B a1y 6a3y yKe BKAOYEeHa 60/bLLAA YacCTb AaHHbIX
n3 OONbLIMHCTBA YMNOMAHYTbIX pPaHee WCTOYHMKOB. basza MTIC HacumtbiBaeT
nopagka 17000 Touyek. OgHakKo Npu NpoBeAEeHUW CBEPOK C nocnegHumu
pefaKkLMAMM OPUTMHANBHBIX KOMMNEHAMYMOB BbIACHWMNOCL Hanauune npobenos B
AaHHbIX, oWKMOOK M NPOCTO oneyaTtokK. MogobHoro poaa Hefo4YETbl MOTYT BAMATD
Ha pe3ynbTaTbl nocaeaylolwmx obpaboTok, B ocobeHHOCTU, ecnn peyvb naet ob
0b6paboTKe NOPUCTbIX BELLLECTB.

CnepoBaTeNbHO, BaXKHO MMETb KakK MOXKHO 6onee nonHyo 6asy, coaeprallyto
KaK MOXXHO MeHblLe HETOYHOCTEN.
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Bo-nepBblX, NOCTPOUTb XpaHuUAULWE ANA COBMECTHOrO XpPaHEHUA COBOKYMHOCTMU
3KCMNEPUMEHTANbHbIX AaHHbIX MO YAAPHbIM CXATUAM Bew,ecTB. BHecTn B Hee
ncnpaBaeHHble N A0NOJIHEHHbIE AaHHble n3 6a3 UTIC, Ce3am. CBepUTb AaHHbIE C
nocneaHUMM peaakunuaAMM KOMNeHAMYMOB COOTBETCTBYOLLMX abopaTopuil.



Bo-BTOpbIX — cO34aHWe W peanus3aums MPeuM3MOHHbIX Mogenen Aans
LWIMPOKOAMANA30HHOrO MNpPeAcTaBAeHUA  yAapHbiXx aguabat. Yto nossoauT
npoBOAUTbL AanbHenwyo 06paboTKy MmaTepuanoB. M HaAKOHel, NOCTPOeHMEe
MEeTO0B aHa/M3a TOYHOCTU IKCMEPUMMEHTA/IbHbLIX AaHHbIX. YTO B Kyne c
UMEWMMUCA MOAENAMMU W  COBOKYMHOCTbIO 3IKCMEPUMEHTANIbHbIX AAHHbIX
NO3BOAUT  CTPOUTb  MeTOAbl  UTEPALUMOHHOrO  MNOBbLIWEHUA  TOYHOCTM
LUMpPOKOAMANAa30HHbIX yAAaPHbIX agmabar.
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Y paHHoM paboTbl 6b1/10 ABE OCHOBHbIX LLENN:

MepBoe - co3gaHue 6asbl AaHHbIX MO TenN0PU3NYECKMM CBOMCTBaAM BELLECTB B
3KCTPEMa/IbHbIX COCTOSIHUAX. [ToMMMO co3aaHnA 6a3bl HeoHXxoAMMO BbINO TaK Ke
peann3oBaTb KOMMJIEKC, NO3BO/AOWMIA yNpaBaaTb 6a30M, a TaK e NpoBoAMUTb
06paboTKy AaHHbIX M pPaccunTbiBaTb  Pas/IMYHble  TEPMOAMHAMUYECKUE
XapaKTEPUCTUKN BELLECTB.

Takmm obpa3om, B pe3ynbTate paboTbl co34aHa KpynHenwasa 6asa AaHHbIX Mo
Tennopusnyeckum CBOMCTBAM BeELLECTB, BK/Alo4Yalowana B ceba okono 20 000
pe3ynbTaToOB YyAapPHbIX 3KCNepuMeHToB, gna 670 BeliecTB. A TaK XK€ OCHOBHble
CBOWMCTBA 3TUX BeLWECTB W JaHHble 00 YypoOBHAX WOHM3auuMm nepsbix 105
3N1eMEeHTOB, YTO B OOLWEN CNOXKHOCTM cocTaBndeT npumepHo 5 000 ypoBHeW
NOHM3aLUMN.

B 6a3y BKAIOYEH LEenblii pag BbICOKOTOYHbIX MOAenen Ans pacdeta Lenoro paga
Tennodu3nYecKkmMx CBOMCTB BELLECTB:

1) Mogenb Tomaca-®epmu ¢ KBaHTOBOW M OBMEHHOM NONpPaBKaMMu.
2) Mogaenb MoHnsaumoHHoro PaBHoBecHs.
3) Mogenb dneKkTpoHHoro MNepeHoca.

B nononHeHue Ko Bcemy BbllenepeyncaeHHomy, 6asa TEPUC coaepxuT B cebe
Tabamupbl TEPMOANHAMMYECKUX BEIMYMH, PACCYMTAHHbBIX MO Pa3HbIM MOAENAM Ha
AOCTAaTOMHO NOAPOOHbIX CceTKax. YTO npu  HaAnMuMM  XOpPOLIMX METOA0B
annpoKcMmaumn, (B TOM YMUC/E M BK/OYEHHbIX B KOMMJ/EKC) NO3BOIUT M3bexaTb
BPEMEHHbIX 3aTPaT Ha pacyeT TepMOANHAMUYECKUX TabnL, ANA peLleHnsa LLenoro
psga NPUKAaaHbIX 3ada4y nNpu ucnosnb3oBaHuM 6asbl TEGUC. B aaHHoOe Bpems
npoBoAsaTcA paboTbl NO BHECEHMIO B 3TU Tabanubl moaenbHble pacyeTbl U3 6a3bl
CE3AM, 4yTO NO3BO/UT NPOBOAUTb CPABHEHUS W AadNbHEWLIME pacyeTbl Mo



lWMpoYyanwemy Habopy mogeneir 6e3 cyl,ecTBeHHbIX 3aTpPaT BbIYUC/IUTE/IbHbIX
MOLLHOCTEMN.

Btopas uenb -  pa3paboTatb  BbICOKOTOYHbIA  METOA  MOCTPOEHMA
WMPOKOAMANA30HHDbIX YAAPHbIX agmabat, npurogHbii ana o06paboTKM Kak
CN/IOWHbIX, TaK NOPUCTbIX BewecTs. Ha ocHoBe 3TOro meToga NOCTPOEH METOA
0H6BEKTUBHOM OLLEHKU TOYHOCTU 3KCMEPUMEHTANbHbIX AAHHbIX, BK/AKOYAA OLUEHKY
CUCTEMATUYECKMX norpewHocTert nabopatopmin. Kpome TOro, Ha OCHOBaHMUM
BbIYMCNIEHHDbIX OLEHOK TOYHOCTM 3KCMEePUMMEHTA/IbHbIX AaHHbIX 6bla pa3paboTaH
MeTO/, WUTEPALMOHHOIO MOBbIWEHMA TOYHOCTU LMPOKOAMAMNA30HHbIX YAAPHbIX
agunabar.

Bce 3T XxapaKTepuUCTUKKU 6a3bl NO3BONAKOT YTBEP)KAATb, YTO HA CEroAHALHUM
AEHb 3TO Hambosiee NONHbIA U3 AOCTYMHbIX MCTOYHWUKOB MO TenaodpuU3nYecknum
CBOMCTBAM BELLECTB.
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PaspaboTaH YUCNEHHbIN anropuTm NPeun3NOHHOro pacyeTa
LIMPOKOAMANA30HHbIX YAaPHbIX aaMabaT, Kak A1a CN/IOWHbIX, TaK U ANA NOPUCTbIX
BELLECTB.

Ha ocHoBe npeanoXeHHOro anropuTtma peasnns3oBaH MeTon aBTOMaTM4YECKOMN
OUEHKN TOYHOCTU 3SKCNEPUMEHTAJIbHbIX AadHHbIX WU METo4 WUTEPALUMNOHHOIo
nosblileHNA TOYHOCTU WNPOKOAMNAMNA3OHHbIX yAapPHbIX a,u,ma6aT I'IpMI'O,D,HbIVI KaK
ANA CNAOWHDbIX, TaK U ANA NOPUCTbIX BELWLECTB.

Co3paaHa 6a3a AaHHbIX No TennoduUsnYecknm ceoiicTBam BewecTs. basa BkatoyaeT
B ceba KpynHeuLwWwmnim Habop sKCNepuUMeHTasIbHbIX AAHHbIX, @ TaK e — KOMIMJIeKC
nporpaMmm Ana BbICOKOTOYHbIX MOZAENbHbIX pacyeToB. ba3a BbiNoONHEHa Kak
eOMHbIN, WHTErPUPOBAHHbLIN Komnaekc. Kpome TOro oHa paccynTaHa Ha
AaNbHellee pacwmpeHme.
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Pe3synbTaTbl paboTbl AOKNAAbIBAINCE HA MEXKAYHAPOAHbIX KOHPEPEHUMSAX:

3rd Moscow Workshop on Targets and Applications, October, 2007 Moscow,
Russia.



International Workshop «Numerical Analysis and Scientific Computing»
(NASCom'08) 13-17 oktsabps 2008, PocToB-Ha-[l0oHY.

Physics of high-energy density in matter. November 24-25 2008. Mockga.
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Copepnt BBeAeHMe, O0OOCHOBaHME aKTya/lbHOCTU Tembl, (GOPMYAUPOBKY
OCHOBHbIX LieNen, HayanbHble cBeAeHus, KpaTkun o63op Komnnekca TEPUC wu
KpaTKoe cogepaHme OCTanbHbIX [NaB.

OnucbiBaeT ncnosbsyemble B 6ase TEPUC meToabl pacyeta TepMOgMHAMUYECKUX
bYHKUMIA, HeobxoaMMble ANA pacyeTa acMMMTOTUK yAapHbIX aguabart. nasa
coAepuT obocHoBaHWE BbIbOpa MMEHHO 3TUX METOAOB M AEMOHCTPUPYET MUX
3¢ deKTUBHOCTb. CxeMaTUYecKn AMana3oHbl MPUMEHEHUA Moaenein n3obparkeHbl
Ha (Puc. 2).

He

3KCTPEMasbHble
COCTOAHMA P

B aToM rnase onucbiBaeTca moaenb Tomaca-dPepmum ¢ KBaHTOBbIMU M OOMEHHbIMU
nonpaBKkamu, Kak MoAe b, NPUHATAN ANA pacyeTa CBEPXN/IOTHOM nsa3mMbl B 6ase
TEDUNC.



MpuBoanTcA aBTOMoAeNnbHAA moguduKauma 3To moaenu ana pacyera aoboro
334aHHOrO BeLLecTBa, NO3BONAIOLWAA B HECKONbKO NOPAAKOB NOBbICUTb CKOPOCTb
pacueToB PpaKTUYEeCKM 6e3 NoTepu TOYHOCTH.

B aTOM rnaBe TaK e ecTb pa3fen NocBAWEHHbIN KPaTKOMYy OMMCAHMIO MOAENMU
MOHU3AUMOHHOINO pPaBHOBECMA, WCMNO/MIb30BAaHHOM ANA  pacyeTa  ra3oBbIX
nnaoTHocTtew B 6asze TEOGUC.

N B 3aKnoueHune npueeneHa MH(I)OpMaLI,VIFl O KBa3W30HHOM monenn, Kotopytro
npeanonaaraertcA wMCNosib3oBatb B  KayecrBe moaeam agnd pacy4eTtos B
NMPOMENYTOUYHbIX MeX Ay ra3oBbiMU N CBEPXNTIOTHbIMU COCTOAHNAMMN.

OcHOBHas Npu4YMHa, No KOTopol B paboTe yaenserca CTo/b NnogpobHoe onucaHune
MCNONb30BaHHbIX MOAENen ANa MOCTPOEHUS TEePMOAMHAMWMKM — OTBETUTb Ha
yacTble Bonpocbl 06 0621acTM NPUMEHUMOCTU pacyeToB, 06 WX TOYHOCTU U
afiekBaTHocTU. Kpome Toro, 3HaHMe 06 WCNO/b3yeMbiXx MeToAax pacyeTa
No3BOJIAET CYyAUTb O TOYHOCTM [Aa/IbHENLIMX PACYETOB LIMPOKOAMANA30HHbIX
yAapHbIX aanabart, uTo ABNAETCA BECbMa BaXKHbIM ¢paKTOM B 3TOM pabore.

CnepnyeTt NOHUMaTb, YTO NOAPOOBHOE ONUCAHME KaXKAO0N U3 YNOMAHYTbIX Mogenen
— npeameT oTAeNbHON paboTbl, NO3TOMY B AaHHOM paboTe nMpuBeAeHbl NULLb
OCHOBHbI€ MOMEHTbI M MNONIOXKEHMUA UCMO/Ib3YEMbIX METOAOB.

X ~ v -~ ~

TpeTbﬂ rnaBa NoceAWEHa yAapPHbIM ap,ma6aTaM. B Hen paCCKa3blBaeTCA METOAUNKA
BblYNCNEHUA YAaAPHDbIX ap,ma6aT Ha OcHOoBe Tab/NYHbIX TeEPMOANHAMUNYECKUX

GYHKUUN.
B aTom pasgene onucbiBaeTcs MeTOA, pPeLEHUA YpaBHEHUS:

6E- E 05(P B)l/r, 1/ 7
|
ir=4¢D/(D U),P B BU

OnucbiBatoTca TpeboBaHMSA K TOYHOCTM peLeHUs, M NPUBOAATCA pPeLleHus,
onupatolmecs Kak Ha Knaccuyeckue metogbl [10], [11] Tak n Ha opuUrMHanbHble
METOZbl C MOBbIWEHWEM TOYHOCTU. B COBOKYMHOCTM MpeanoXKeHHble METOAMKM

no3BONAAKOT NOJIYYUTb TOHHOCTb NOPALAKA 0.1%.



B cnepytowem pasgene 3To rnasbl BbIBOAATCA aCMMMNTOTUKM YAAPHbIX aanabar B
AvanasoHe afeKkBaTHoCTM moaenn Tomaca-depmu C  nonpaBkamu. ITu
aCMMNTOTUKN UMEIOT CAeayoWwmnin BUA,:

D, ,,U)°C 8BU AU, C 0B 1> A C
MpnBoaATCA OLLEHKU TOYHOCTU AaHHOﬁ annpoKkcnmauunn.

BoiBOoAATcs 3aBucumoctn KoaddpuumeHtos A,B,C oT nopuctoctm matepuana,
nMmeroLwme cneayowmi Bua;

lgC(m° C wlg m
IgA(M©° a \lgm

Ig[B(m) +2{/ AmM G m 4] ©°b big r

B cneaytowem pasgene npMBoAUTCA aCMMNTOTUKA NOBeAEHUA yAapHbIX aanabat
NPU HU3KUX [aBAEHUAX, OMNMPAACb Ha KacCcMyeckoe npeacTaBieHne o
noBeAeHUM yaapHbIX agnabat npu HU3KNX AaBAEHUAX:

DEXP(U) ° CO -|b)U .
MpuBoanTca aHann3 3peKTUBHOCTU 3TON aNNPOKCUMaLMN Ha pALe BELLecTs Ana

Pa3NIMYHbIX NopucTocTen. Ana npumepa Ha puc. 3 NpmeBeay HayanbHbIA Y4aCcTOK
yAapHoW agmabatbl 4na meaum, B 06nactax, rae KpuBas MHenHa.



Copper (Cu)

D km/s

B "~ he "y 1 *® A ch e ’ ‘g;é‘.éﬁajéh’_yiofm. moot ~tmet. 5 Ot H m
mm " o ot ~Em o) h xcc @

B cheagywuwem pasgene npmBoamntca MeTon pacyeTa WHUPOKOoAMANa30OHHbIX
YAapPHbIX a,u,ma6aT, OCHOBAHHbIN Ha CK/IEMKEe KBAHTOBO-CTAaTUCTUYECKUX a,u,ma6aT n
KPpUBbIX, OCHOBAHHDbIX HA SKCNEPUMEHTAJIbHbIX AdHHbIX.

Knaccuyeckun ato pelleHne OCHOBbIBAETCA HA MOCTPOEHUN cne,u,yrom,ef/'l KpMBOVII

C- -B
O(0)=0olt) T " e

Fae by, 3TO0 NnapameTpbl IMHENHON aNNPOKCUMALLMKN, PACCYUTAHHbIE HA OCHOBE
IMHENHOM annpoKCUMaUMM pPe3yibTaTOB IKCNEPUMEHTOB MPU HU3KUX AaBNEHUSX,
a A, B, C — napameTpbl KBaZpaTUYHOM annpOKCUMALMM KBAHTOBO-CTaTUCTUYECKOM
KPpWBOMN.

OaHako Yy 3TOro noaxoda €ecCTb CYLLECTBEHHbIA HeAOoCTaTOK, 3TO TO, YTO He
YUYUTbIBAIOTCA SKCNEPMMEHTa/IbHbIE AaHHble A 061aCcTU BbICOKUX AAaBNEHUM, TO
eCcTb B Tex y4yacTKax, rae KpuBasa y»Ke He NMHenHa. A 3TO A0CTaTOYHO MACCUBHOE
KOJINYECTBO AaHHbIX.



B paboTe npeano)KeH HECKONbKo gpyroi noaxoAd. [lpeanoXKeHo McKaTb
LWMpPOKOAMANa30HHYI0 YAapHY0 aanabaty B cneayowem Buae:

D(u) =D, ,,(u) -aF( &)
Mpuyem, aun b BbIMUCNAIOTCA C Y4ETOM BCEX IKCMEePUMMEHTA/IbHbIX AAHHbIX, a
DCfn(t!,J) - 2T0 napa6onw4eCKaﬂ annpokcmauma Ha OCHOBE KBaHTOBO

CTaTUCTUYECKON MOAENN.

MpnBOAATCA OUEHKU 3ODEKTUBHOCTEN pPa3AnUHbIX GyHKUuMIA F(X) M oueHku
3pdeKTUBHOCTM Hanbonee ycnewHoOm N3 HuX.

F(x):;

1+ X1 )
HecmoTpa Ha manble OTAMYMA OT KNACCUYECKMX METOAMK, 3TOT noaxon umeer
AOCTAaTOYHO CEpPbe3Hble MPEMMYLLECTBA M 3TO TaK e AEMOHCTPUPYETCA B 3TOM
rnaBe Ha OCHOBe AeMOHCTpaunm 3PPEeKTMBHOCTM 3TOrO METOAA Ha LUMPOKOM
psge BewecTtB. Puc. 4 otobpakaeT cyTb MeToAa — M TaK Xe AEeMOHCTpupyet
noseaeHWe WMPOKOANANAa30HHOM yaAapHOM aanabarsl.
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M B 3aKnouyeHMe NPUBOAMTCA METOZ pacyeTa LUMPOKOAMANA30HHbIX YAAPHbIX
aAnabat gns NOPUCTbIX BeL,ecTs, NMoKasbiBaeTcA 3PPEeKTUBHOCTb 3TOr0 MeToAa
ANA PAcYeToOB MOPUCTbIX BELLECTB C MOPUCTOCTbIO M<10 Ha nNpuMmepe BeLLECTB C
Hanbonee npeacTaBUTENbHOM BbIOOPKOM  3IKCNEPUMEHTOB C  MOPUCTbIMMU
obpasuamm (cm. puc. 5).

Lead (Pb)

D km/s

U km/s

YeTBepTan rnaBa nocBALLEHA MeToAy OLEHKM TOYHOCTU IKCNEePUMEHTASIbHbIX
AaHHbIX. 3TW OLEHKM NPOBOAATCA C MOMOLLbD  OUEHOK CTaTUCTUYECKUX
XapPaKTEPUCTUK COBOKYMHOCTM 3KCMEPUMEHTANbHbIX [AaHHbIX UM Ha OCHOBeE
CPaBHEHWUI 3TUX XapPaKTEPUCTUK C XapaKTepuCTMKamu pacnpegenexHus laycca. B
3TOW rNaBe OMUCbIBaeTCd HeobXoAMMOCTb TaKOW OLUEHKM, KaK Mo OTAe/IbHbIM
TOYKaM, TaK U OLLEHKa CUCTEeMaTUYeCKUX norpeliHocTen nabopatopuii n obuero
KayecTBa 3KcnepuMmeHToB. [puMBOAWUTLCA OMUCAHWME METOAMK WUTEPALMOHHOrO
NOBbIWEHMA TOYHOCTU AN PACYETOB LIMPOKOAMANA30HHbIX YAAPHbIX aanabar,
NO3BONAIOWMX MOJy4aTb COrNAcOBaHHbIE OLEHKNM OOBLEKTUBHOM TOYHOCTM
9KCMepUMEHTa/IbHbIX AaHHbIX MO BCEMY AMANA30HY.
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MATas rnaBa NOJIHOCTbIO NOCBALLEHA OMMUCAHUIO apXUTEKTYPbl Komnaekca TEOUC,
ero cxemMaTuM4Has CTPYKTypa n3obpakeHa Ha Puc 6.

basza aaHHbIX Tennodusuka YnapHble agnabatsl
< Mogenb MoHM3aunoHHoro
= A - 4 PacyeTt TeopeTUyeckux
aBHoBecus
Tabnuua BewecTs v yaapHbix aguabat
MX OCHOBHbIX
CBOWCTB. Pacuer
Tabnunua yposHei — LWMPOKOAMANA3OHHbIX
MOHM3aLUMN.
. KBaHTOBO-CTaTUCTMYECKaA yAapHbIx agnabar
TabnnLa Moaenb OueHKa norpewHocTei
IKCNEePUMEHTA/IbHbI 3KCNEPUMEHTA/IbHbIX
X AaHHbIX. Mogenb SN1eKTPOHHOIo NaHHbIX
w NEEEHEEE 7 Y
Tabnunua
NNTEPaTYPHbIX i
MCTOYHMKOB
L) Monb3oBaTeNbCKUIA
Tabanup! N—/ nHTepdenc n cuctema
TEpMOAMHAMMYEC ynpasneHua 6a3oi gaHHbIX.
KUX BE/IMYUH <
_.@shoﬂt<7txh" oac m - 'Ji” o)

— < — «

B sTol rnaBe onucbiBaeTcA CTPYKTypa 6asbl AaHHbIX (puc 7.) n TexHonoruu,
NCNONb30BaHHble AnA ee noctpoeHuA. OcHoBHaA npobnema 3aKato4vanacb B
BblOOpe CUCTEMbI, MOCKONbKY 6blanM CcHOPMYANPOBAHbI AOBOJIbHO KECTKMEe
TpeboBaHuA: C 04HOM CTOPOHbI cama 6a3a AaHHbIX A0NXKHA ObITb HE3AaBUCUMOI OT
nnatdopmbl. C ApPYyro CTOPOHbI OHA A0NXKHa ObITb AOCTAaTOYHO ObICTPON, TaK KakK
npu 0bpaboTKkax 3KCNEePMMEHTANIbHbIX AAHHbIX BO3HMKAET A0CTAaTOMHO 6osblioe
KO/IM4YecTBO 3anpocoB K H6ase. N B-TpeTbmux, 6a3a AoKHA NoanepXmBaTb paboTy,
KaK Ha NOKa/IbHOM MalLMHe, TaK M Ha cepBepe.
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Ona Toro ytobbl yooBNETBOPUTL BCEM 3TUM TpeboBaHMAM B paboTe 6bin BbiOpaH
[OCTAaTOYHO HeCTaHAAPTHbIM noaxoa. B KauectBe dopmaTa AaHHbIX A5 SKCNOPTA
6a3bl AaHHbIX M3 nNpuaoXkeHus 6bin BblbpaH ctaHgapt XML, c xkecTkum
onpeaeneHnem cxembl Ha asbike XSD. B KayecTBe OCHOBHOroO XpaHuUAWLLA Obin
Bbl6paH Microsoft SQL Server Compact Edition — 6ecnnatHo pacnpocTpaHsemasn
Bepcus mnssectHoro SQL cepsepa, oTanyarowanca Tem, YTo HeT He0bXxoAMMOCTH
yCTaHaB/MBATb AOMNOJIHUTENbHbIE KOMMOHEHTbl. 9TO MO3BOAMAO caenatb 6asy
npeaenbHO NPOCTOi U nerko pacwmpsemoi. Kpome Toro, Microsoft SQL Server



Compact Edition oTanyaeTcs BecbmMa BbICOKOM MNPOU3BOAMUTENBHOCTBIO, YTO
no3BONSAET NPOBOAMUTb pPas/ivyHble BblIOOPKM M3 6asbl AaHHbIX C OrPOMHOM
CKOPOCTbHO.

Tak e ONnuCbIBaeTCA apXUTEKTypa YMNpaBAastolWen cuctemol kKomnnekca TEDOUC,
onucbiBaeTca AM3aiiH Nob30BaTe/IbCKOro MHTepdelica. N HakoHeLl,, onucbiBaeTcs
MEeTOAMKA MHTErpaumin pasinNUHbIX MOAYNEN, BbINO/IHEHHbIX B Pa3HbIX A3bIKOBbIX
cpegax (C++, Fortran, MATLAB), B Tom uncie u moaynem, BbINOAHAIOLWLMX PacUeTbl
Ha OCHOBe pa3paboTaHHbIX MoAenen.

Onsa peanusaumm OCHOBHOM ynpasiawowen cpeapl (MeHeaKepa) UCNONb3yeTcs
nonynapHas cpeaa Microsoft .NET Framework 3.5. Micnosib3oBaHWe 3TOI cCUCTEMb!
No3BO/INIO pPeann3oBaTb YAOOHbIA A0CTyn, Kak K 6a3e [AaHHbIX, TaKk U K
peanvsaumam mogenen, Kotopble peannsosbiBaanck Ha C++, Fortran n MATLAB.
CToNb TecHoe nepenneTeHne pasnYHbIX A3bIKOBbIX N1aTPopM No3BonAO bonee
HanpaB/EHO WCMNO/Mb30BaTb WX WHCTPYMEHTapuu. TaK, MNoNb30BaTeNbCKUM
nHTepdenc u A0CTyn K JaHHbIM peann3osbiBancA Ha fA3bike CH, KoTopbii
nossonAeT bbicTpo U 3dPeKTUBHO pellaTb NoAobHble 3a4a4yM, OAHAKO OH He
[OCTaTOMHO MPOU3BOAMTENEH MPU CEPbE3HbIX MaTeMaTUYECKUX pacyeTax. Ons
3TOro UCNoNb30BanuUCh A3blkN C++ 1 Fortran, KoTopbiM B NaHe BbIMUC/IEHWUIN HET
pasHbix. MATLAB ke ncnonb3oBancs ana moaenemn, KoTopblie HaxoaATCA B CTagum
COBEPLUEHCTBOBAHMA, MNOTOMY 4TO OH o06nagaetr 6orateMmm apceHaiom
BM3yanmsaumm m boratblM apceHasiom maTtematuyeckux bubnuotek, 4yto 6bino
BaXXHbIM Ha 3Tane pa3paboTKku 1 oTNaaKkM moaenen. B byayuiem, ans yBenmyeHms
NPOM3BOAUTENBHOCTM MAAHUPYETCA peanmsauma 3TUX Mmoaenenm Ha 6bonee
6bicTpoAENCTBYOLWMX NAaTPOPMaX.

B 3akntounTENBHOM YacTWM 3TOW rNaBbl NPUBOAMUTCA CpaBHeHMe Komnaekca TEOUC
Cc cyuwecTtsylowmmmn 6asamm  gaHHbix Ce3am u  UTIC. BbisBnawotca WU
AHa/IN3NPYHOTCA OCHOBHbIE OTINYUA, LOCTOUHCTBA U HEAOCTAaTKMU KOMMNEKCa.

L. T s

B 3akntoueHnn chopmyIMpoBaHbl OCHOBHbIE pe3yabTaTbl PaboThbl.

NN’V\\.V‘.’VS

B NPpUAOKEHNUN NpunBeadeHb>bl Ta6J'II/1LI,bI napameTpos WNPOKOAMAMA3O0HHbIX
YAapPHbIX a,u,ma6aT AN1A OCHOBHbIX 3/1EMEHTOB, N OUEHKa UX TOYHOCTW.



Mommmo TabnmMyHOro npeAcTaBNEHUA B MNPUIOKEHUN NpuBeaeHbl rpaduKkm
LUMPOKOANANA30HHbIX YAapHbIX aanabat ¢ HaHECEeHHbIMU 3KCNEPUMEHTANIbHbIMMU
AAHHbIMU.

N HaKoHel, npuBeaeHbl MCXOAHblE KOAbl MPOrpamm M Moaynen KoMMaekca
TE®UC.
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V TlocTpoeHne BbICOKOTOYHOM MOAENN LIMPOKOAMAMNA30HHbIX YAAPHbIX
agmabaT AnAa CNAOWHbBIX U MOPUCTbIX BELLLECTB.

V Pa3paboTka npeumsnoHHbIX aIfOPMTMOB pacyeTa yaapHbIx agnabar.

V Pa3paboTka MeToAo0B CTAaTUCTMYECKOrO aHanM3a 3KCNepUMEeHTaNbHbIX
AAHHbIX C 06 BEKTUBHOM OLLEHKOM UX PAKTUYECKOM TOYHOCTMU.

V CospaHue MeToA0B NUTEepPaLUOHHOro NOBbILLIEHUSA TOYHOCTU
LIMPOKOANANA30HHbIX YAapHbIX aanabar.

V Cos3paHue nononHaemon 6asbl AaHHbIX TEOUC, obbeanHmusluen B cebe Bce
AOCTYMHbIE HA CEroAHAWHUA AeHb KOMNEeHAMYMbl YA3aPHO-BOJIHOBbIX
3KCNepPMMEHTaNIbHbIX UCCNeA0BaHUN.

V Co3gaHue komnnekca TEOPUC obbeanHuBliero B cebe Kak 6a3y AaHHbIX
TEPUC, Tak M uenvih psag moaenem w  nNporpamm  AnA  pacyeta
Tennopu3n4yecKknx CBOMCTB BELLLECTB B IKCTPEMA/IbHbIX COCTOAHMUAX.
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OTneyaTaHo B MHCTUTYTe maTemaTuyeckoro moaennposaHma PAH

Tupax 100 aks.



