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1 Bsenenue

Pa6ota Beimosnaena B neaTpe ganabix pusnku dactun, KOMITAC 8 U®BY. OcHoBHEBIE 11€11
paboOTHI:

e 000CHOBaHME HEOOXOJIMMOCTHU BeJeHUsI pabOThI MO OIEHKE W COIJIACOBAHUIO 3HAYUEHUI
dbyunamenTanbabix dusnaecknx nocrosHubix (OOII) He3aBUCHMO OT HAIMOHATBHOTO
nracruryTa craggapros CIIA (NIST) — ocaosaoro u enunracTBenHOTO “n3parens” OOIT;

® BLISICHEHME NPUHIUNNAAILHON BO3MOXKHOCTH OpPraHU3allii CHUCTEMbl HE3aBUCUMOIL IIe-
pruoamyeckoit oneHkn u cornacoBanus sHaderunit @PPII B merarpe maruabix KOMITAC ¢
ocjeioBaTe/IbHbIM BKIoYeHneM B unciao OPII napamerpoB cTaHIapTHON MOJIEIN.

Nnest paboTbl BO3HUK/IA U3 OCO3HAHUSI TOrO (pakTa, 9TO CHCTEMa JIOCTyHa K OIEHEH-
HbIM JaHHBIM 110 ODII yepe3 OymazKHbIe HOCUTEIN Y2Ke JAaBHO ycTapesa, a HOBbIE PelleHus,
npemioxkerabie B NIST u apyrumu mpou3BoAuTe/IIMEI TPOIPAMMHBIX M UH(MOPMAIIMOHHBIX
pecypcoB, He obecrednBaioT yao0cTBa U HaJjeKHOCTH PaboThl ¢ POII, HeoOXOMMMBIE TTPU
BBICOKOTOYHBIX BBIYUCJICHUAX.

B pasmene 2 ommcanust pe3yabTaToB pabOTHI MPUBEIEHA XapaKTEPU3AINs COBPEMEHHOM
cuctembl OOII, pazduparoTcd ee HeJOCTATKA U TOKa3aHa WH/YIIUPOBAHHAS UMH HEKOPPEKT-
Hocthb ucnob3oBanusg OOIT B wayanom n obpasoBaresbHoM coodiecTse. [lokazana HEOOXO-
JIMMOCTb MOJIEPHUBIINK CHCTEeMBI coryiacoBanus u npeactapiaerus OOII. [Ipusoggarcs apry-
MEHTBI K peaJjiu3allul CUCTE€Mbl OLIEHKN M COIJIaCOBaHWA CD(I)H B cucremMax KOlVIHbIOTepHOfI
anrebpsr (KA).

[TockobKy BCe BOIPOCHI, KACAIOMINECS CPaBHEHUS TEOPETUYEeCKUX MOJIe/Ieil ¢ peabHO-
CTBIO TIPHHSITO OTHOCUTD K MaTeMaTHIeckoii crarucruke [13|, Heobxoaumble cBeIeHNsI IPUBE-
JieHbl B pazaene 3. B nogpasnente 3.4 mpeicTraB/ieHO Hallle TOHUMAHIE TOT'0, B KAKOil cTerneHn
cornacoBanue QDI o3HavuaeT TakKe U COTIACOBAHNE HepapXu (DU3MIECKUX TEOPUIL.

TexHonorust aHAIUTUIECKUX BBIYUCIEHNIN — JJOCTATOYHO HOBas TEXHOJIOT S, KOTOpas Oyp-
HO pa3BHUBAeTCd B Hallle BpeMsi. B pasmeste 4 mepedncierbl OCHOBHBIE cucTeMbl KA, KoTophIe
M3BECTHBI B HACTOSIIEE BPEMs, TIPOBEIEHO TTO3UIIMOHNpOBaHme TexHoorun KA B kpyry apy-
I'UX KOMIIBIOTEPHBIX TEXHOJOTNI B KOHTEKCTE MPOOJIEM OIEHKH, COIJIACOBAHUS U UCITOIH30Ba~
nust OOII, a Takzke ceaHO HECKOIBKO OOIUX 3aMeYaHuil 0 KOMIIHIOTEPHBIX BBIUNCICHUSIX.

[Iporenypa omenku u cornacoarus PPII-1998, npunsaras B NIST u Boctipoussenennast
B makere PAREVAL, onucana B paszgene 5.

OcHOBHBIE pe3y/IbTATHI HAIIEH MEPeoIeHKN CoIepKaTcsa B pasesre 5.1.

Omnucanne nakera PAREVAL npuseneno B pasuese 6.



2 Cucrema O®PII B nccaegoBaHngX M KOMMYHUKAITAN

KOJII/IquTBeHHOe OIInCaHre XapaKTePUCTUK O6'beKTOB uccjaeaoBanud B QDI/K%I/IKG HEBO3MOZK-
HO 0e3 MCITOJIb30BaHUsSI PA3MEPHBIX BeJIMYMH U BHIOOpa MACIITAOOB UNCIEHHOTO BBIPAYKEHUsT
HAOJIIOIaeMbIX (U3MEPSIEMbIX) BEJTHYNH.

Teoperndeckue mocTpoenns: B (pusnKe ONMUPAIOTCsS Ha CBOHCTBA MEPBUYHBIX (PU3NIECKUX
00'BEKTOB U MPOIIECCOB, KOTOPBIE TTPEIIOIAraloTCs HEeM3MEHHBIMU BO BCeX (DU3UIECKUX sIBJIE-
HUAX, Ha PUOJIMZKEHHOE OMHUCAHNE KOTOPBIX MPETEHIYIOT TeopeTudecKre mocrpoenns. Ko-
JINIECTBEHHBIE XapaKTEePUCTUKN TAKWUX TEPBUYHBIX OOBEKTOB M IMPOIECCOB HE MOTYT OBITH
BBIUNCIEHBI WJIM BBIBEJIEHBI B PaAMKax TeX TEOPEeTHYECKUX MOCTPOEHUH, JJId KOTOPBIX OHU
SIBJISIIOTCSI 9acThbI0 NOHAMULTHOT 6a3vl, W UX BEJMIUHBI B MPUHATHIX IIKAJIax “100bIBAIOT-
¢’ M3 HKCIIEPUMEHTOB U HaOJIo/IeHnit. Yuc/IeHHbIe BhIpayKeHNsT XapaKTEPUCTUK MEPBUTHBIX
O6'beKTOB Ha3bIBAaIOT CbI/IBI/ILIeCKI/IMI/I IIOCTOAHHBIMU, UJIN ITapaMeTpaMNn TeOpI/H/I/IVIO,ZLeJH/I.

MHOI‘I[& IIepBUYIHbIC IIOHATUA OlLHOﬁ TeOpeTI/IquKOﬁ CXEMbI HaCTUYHO 1IN ITO/THOCTBIO MO-
IyT OBITH BBIBEJEHB! (BBIUUCIEHBI) U3 JIPYTOT0 TEOPETHYECKOTO TIOCTPOEHsI, ¢ IPYTUMU [ep-
BUYHBIME HOHATHAME U, COOTBETCTBEHHO, C APYTUMHU (PU3MIECKUMU IIOCTOTHHBIMU, KOTOPhIE
MOT'YT OBITH BBIPasKEHbI B APYTHUX PAa3MEPHOCTAX 1 MKaJtax. Tak BOZHHKaeT HAOOP (DyHKIINO-
HAJIBHBIX COOTHOIICHUIT MEK Iy TIOCTOSTHHBIMU, TO €CTh TOSIBIISIETCs nepapxust (CTpyKTypa) Ha
MHOKeCTBe HaOOPOB (PU3UIECKUX MTOCTOSHHBIX. TaK KaK OJHU ITOCTOSHHBIE B 9TOI MepapxXun
3aBHUCAT OT JPYTUX, TO BeCb HAOOP MOXKHO MOJpas3/Ie/uTh Ha Oa30Bbie ((byHIaMeHTATbHbIE)
[IOCTOSTHHBIE U BBIBOJIMMBIE.

[Toapasnenenne pU3MIECKUX MOCTOSTHHBIX Ha (DyHIAMEHTAJIbHbIE U BHIBOAUMBIE 10 HEKO-
TOpOfI CTelleHN YCJIOBHO U HE yMaJideT HpI/IKI[a,ILHOIU/I SHAYMMOCTHU BBIBOAMMBIX IIOCTOAHHDBIX.
Kak npaBusio, onu 6ostee ya00HBI /)i KOMITAKTHOTO TTPEJICTABIEHNsT COOTHOIIEHU 1 3aKOHO-
MEepHOCTel B cBoeit obyracTi mpuMeHuMocTHu. [L1aToit 3a 910 y100CTBO ABJIsA€TCS HEOOXO M-
MOCTB COTIJIACOBaHUsI BEJTMUINH ITOCTOAHHBIX M IITKAJ, UCIOJIb3YEMbBIX B CMEKHBIX ITPEIMETHBIX
00J1aCTSIX.

cDI/ISI/I‘-IQCKI/IG IIOCTOAHHBbIE — CJIy‘-IaIU/IHbIe BECJIMIUHBI, ITIOCKOJIbKY OIIpeaesIA0TCA C IIOMO-
IbI0 TEOPETUYIECKUX (POPMYJI, IIOCTPOEHHBIX JId WHTEPIpETAInN HAOJIOIEHNNI U SKCIIePH-
MeHTOB. VX qncieHHbIe 3HAYEHHS JOTKHBI CTAHOBUTHCS 00JIe€ TOTHBIMHI TI0 Mepe HAKOTLITEH!sT
U YyTOYHEHUs SKCIIEPUMEHTAIbHBIX (HAB/II0IaTeIbHBIX ) JIAHHBIX U YyTOUHEHUs TEOPETUIECKUX
BbIpasKeHUit i HAOJII0IaeMbIX BEJININH.

O,ZLH&KO MOKET CJAydaTbCd TaK, 9TO [AJIsd HEKOTOPbIX TEOPETUYICCKUX HOCTpOGHI/IfI, Ha4l-
Hasl ¢ HEKOTOPOT'O YPOBHSI TOYHOCTHU, COTJIacOBaHUE 3HaUYeHU (PyHIaMeHTAJIbHBIX MTOCTOSH-
HBIX HEBO3MOXKHO: JITOO TEOPeTUIeCKHe MOIE/N CTUIITKOM TPYObl I UMEIOT MEHBIIIYI0 001aCTh
[IPUMEHNMOCTH, JINOO HOBBIE SKCIepUMeHTaIbHbIE JaHHbIE IPOTUBOPeYaT CTapbiM. BO3HUK-
HOBEHIE TaKOW CUTYaIluN U SIBJIAETCSA CUTHAJIOM JIJId HadaJja MepecMoTpa KakK TeOPeTUuIeCKuX
HOCTpOGHI/HU/I, TaK U METOJUK IKCIIEpUMEHTAaJIbHbIX I/ICCJ'Ie,ZLOBaHI/HU/I.

Takum obpazoM, mporpecc B Pa3sBUTUU U YTOUHEHUN SKCIEPUMEHTAJIbHBIX U TeOpeTHIe-
CKUX 3HAHWI HEBO3MOXKEH 0e3 yTOUHEHUsI U COrJIAaCOBaHUs (MOHUTODHHIA) CHCTEMbI YHCTICH-
HBIX MTPEICTAaBIeHN (PU3UIECKUX TOCTOSTHHBIX.

MouuTOpuHroM (PU3NIECKUX TMOCTOSTHHBIX TPAIUIINOHHO 3aHIMAETCS TPUKJIAIHON Pas et
dusuku, cnenuaabublil pazaen Merposorun.



OCHOBOIIOJIO?KHIKOM COBPEMEHHON MeTpOIoruu (pyHIaMeHTAIbHBIX (PU3NIECKUX TTOCTO-
SIHHBIX, TI0-BHINMOMY, siByisieTcsi Paiimon Bepmk, omybimkosasmmit B 1929 roay o63op [1]
“Probable Values of the General Physical Constants”, rie ou sicHO u mcdepubiBaroiie chop-
MyJIUpPOBaJ HeoOXoauMocTh B MeTponorun gpusndeckux noctrosdHubix. [[puBegennas tam ap-
TyMeHTaIus ele Oojiee aKTyaabHa JIJIsl COBDEMEHHOI CUTyalnn B pyHIaMeHTaIbHON (hU3HKe.

“Some of the most important results of physical science are embodied, directly
or indirectly, in the numerical magnitudes of various universal constants, and
the accurate determination of such constants has engaged the time and labor
of many of the world’s most eminent scientists. Some of these constants can be
evaluated by various methods. Each has been investigated by various persons, at
various times, and each investigation normally produces a numerical result more
or less different from that of any other investigation. Under such conditions
there arises a general and continuous need for a searching examination of the
most probable value of each important constant. The need is general since every
physical scientist uses such constants. The need is continuous since the most
probable value of to-day is not that of to-morrow, because of the never-ending
progress of scientific research. These remarks appear to the writer so self-evident
that the mere statement of them may be deemed superfluous. However, in spite
of these facts, an investigation of the values of general constants in current use
in the literature reveals a surprising lack of consistency, both in regard to the
actually adopted values and to the origin of such values. This is probably due
to the fact that it is almost impossible to find a critical study of the best values,
sufficiently up-to-date to be really reliable, and sufficiently detailed to explain
the inconsistencies found among older tables.

The situation is much better in the case of selected groups of constants. Thus
the best value of the atomic weight of each element is determined annually by
certain atomic weight committees, and the need of such a list of atomic weights
is obvious to every chemist. There is certainly a similar need in the case of the
even more important constants such as the velocity of light, the charge of the
electron, the Planck constant h, etc. In attempting to respond to this need, the
writer has become only too well aware of the intrinsic difficulties involved, but
at the same time he has become increasingly convinced of the existence of the
need itself. The present investigation was undertaken only at the express request
of others, and the results given here should be considered more as a presentation
of the situation than as a final solution of the problem. To obtain a satisfactory
and thoroughly reliable judgment in such matters, there is required the unbiased
cooperation of many persons situated in scientific laboratories throughout the
world”. (Extracted from the introductory part of the paper [1]).

Baaromapst ycmausM 3KCIEPTOB MHOTUX METPOJTOTHYECKUX HHCTUTYTOB, CHCTEMATHKOB
NIST u mexxmynapoanoit koopannarun Komuccnn KOJIATA, mbl, no eceti sudumocmu, mme-
eM Hosiee MM MeHee HaJlesKHbIe TTPOIIEIYPhI COMIPOBOXKIeHUs 00beuHeHHoM cuctembl ODIT,
UX TEPUOJIMIECKH YTOUHAEMbBIX YUCAEHHBIX 3HAUEHU, TOIPEITHOCTEHl 1 KOPPEISIunii.



Mpb1 ucnonb3oBasin BeIpazkeHue “no eceti sudumocmuy’ TOTOMY, 9TO HECMOTPS Ha HAJIU-
que OOJIBIIOrO YUCIa TOCYIAPCTBEHHBIX M MEXKYHAPOIHBIX JOKYMEHTOB O TIPABUIAX U CTAH-
JlapTaxX B MPEJICTABIEHUN CTATUCTUYECKUX U SKCIEPUMEHTAIbHBIX JAHHBIX B ODUIIHATHHBIX
JIOKyMeHTax !, ecTh siBHOE TTPOTHUBOPeYre MezKly MPaBUIaMI/CTaHapTaMi U TPAKTUKON 06-
MEHa Hay4YHBIMU JIAHHBIMU B IIPOILJION U HACTOLAIIECH HAYYHO KOMMYHUKAIIMOHHON cpe/ie.

[Ipumep Takoro mpoTuBOpedms — HEIOCTATOK BHUMaHUs ‘“‘mpousBoguresneil’ POII us
NIST u xoopaunaropos kKomuccun KOJIATA mo onenke u ceprudurkarmu ganabx 0 POIT k
Ka4eCcTBY KOHEYHOI'O TIPEJICTAB/IEHUS JAHHBIX B O(DUIUATBHBIX MTYOJIUKAINAX U JIayKe B €K~
tponnoit hopme. [Ipeacrapnennnie panubie mo OPI1:1998 HemoHBI 1 HETOYHBI, KaK OyjaeT
MOKa3aHO B JaJIbHENUIIIEM.

Jpyroit mpuMmep yHOMSHYTOrO NMPOTUBOPEYNs — WUTHOPUPOBAHUE KOPPEJSIUil MOorper-
nocreit PIT Bo Becex mepemnedarkax 3Hadennii POII B aBropuTeTHBIX MHAOOPMAIMOHHBIX
pecypcax: PyKOBOJICTBaX, yaeOHIKaxX, MOHOrpausx, 0030pax U HayIHbIX TPOTPAMMHBIX Ta-
keTax (cM., Hampumep, [4] — [10] 1 KoMMenTapun K HuM).

Haunnasa c Beimycka OPII-1998, HaydHOE COOOIIECTBO MONYYIUIO PEAJHHBIN W MPAMOIL
JocTyn K KoppessnusaM norpernHocteit @OII. B npusenennoii nuzke tabsmie MOXKHO 3aMe-
TUTD, YTO KOPPEJISIINI MEYKTy MOTPEITHOCTIAMU HEKOTOPBIX yHUBepcaabHbix ODIT caurrkom
BEJIMKU W UTHOPUPOBATH UX B BHICOKOTOYHBIX BBIUUCIEHUAX OMACHO.

K coxkamnenunio, kKak MOYKHO TPOBEPUTDH, KOPPEJIAINMOHHAS MaTPUIA, TPEJCTABICHHAS HA
caiitax NIST u KOJIATA, gactuuano Bonpousseaennas B myoaukamun [2] (em. Tabmmmy XXV
Ha crp. 453), He SABJSETCsI TOJOXKUTEIBHO MOJIyONPEIEIeHHON, YTO TIPOTUBOPEUUT OMPEIe-
JIEHUIO KOPPEJSIUOHHO Marpuibl. [Vsas Ha koddduimentsr kKoppessmun NIST, moxkuO
3aMETUTh, YTO OHU OKPYIJIEHBI CJUIIKOM “2KecTKo.” Popmar duces1 Mo/iCKa3blBACT, YTO OHU
OBLIH OKPYTJIEHBI €MHOOOPA3HO U HE3aBUCHMO (TO €CTh UTHOPHUDPYs KPUTHYECKHE CBOTICTBA
MaTpUI| KoBapuanuii u koppessnuii). 13 yaeGHIKOB M0 YNCTIeHHBIM BBIIHCICHUSIM U3BECTHO,

Tabmuma 1: Crmcok Hekotopbix pekomenpoBanabix PDIT KOTATA:1998

Haszpanue OOII Symb.|unit| | Suauenne(norp.) x10% Koppemnsiuu
snemenTapubii zapan | e [C] | 1.602176462(63) x 10712 | ¢ h me My
nocrosinnas [Lnanka h [Js] | 6.62606876(52) x 10734 | 0.999

Macca MEKTPOHA me [kg] | 9.10938188(72) x 10731 | 0.990 0.996

Macca MPOTOHA m, [kg] | 1.67262158(13) x 10727 | 0.990 0.995 1.000

9TO OKPYIJIEHHE KOPPEJIUPOBAHHBIX BEJTMYUH — MPEIMET CIIEIUATBLHOIO PACCMOTPEHUs (CM.,
narnpumep, [18|, crp. 499). Cpeaaue 3HaUeHUs, CTAHIAPTHBIE OTKIOHEHHsT 1 KO3(DMUIUEHTBI
KOppeJIsuil HeJib3si OKPYIVIATh He3aBucuMo. HezaBucumoe OKpyT/ieHne MOXKET MPUBECTU K
“karacTpopuaecKnM’ HAPYIIEHUAM B CBA3AX CPEIHUX 3HAYCHUHN, CTAHIAPTHBIX OTKJIOHEHUH 1
dopMBI saauncouda pacceusarus: CpeIHNe 3HATEHUsT MOTYT “BBINTH 3a TPEJIeJIbl AAUNCOU-
da pacceusanus, SITAICON PACCEUBAHIA MOXKET CTaTh FUNIEPOOTOUIOM TOCIe HE3aBUCUMOIO
OKPYTJIeHNsT KOI(DDUIINEHTOB KOPPETISIIUIA.

I'ME1, 0IHAKO, HE CMOIVIM HAHTH KaKUX-JIH00 OQUIUAIBHEIX JOKYMEHTOB CTAHAPTH3HPYIOMIX IIPOIELY-
PBI OKPYIVIEHHs 3HAYCHUII COBMECTHO N3MEPEHHBIX WJIA OLI€EHEHHBIX BEJINYUH — CPeJHUX 3HAYCHUI,
CTaHIAPTHBIX OTKJIOHCHUI M NX KOPPEeIAnii.



[Ipumepom Takoit karacrpodnr ¢ ODII-1998, pekoMeHIOBAHHBIX JIJIs UCIIOJIH30BAHUS B
HAyKe U TeXHOJIOTUH, SIBJISIeTCS OTPUIaATeIbHAS BapHualus Jjis TocTossHHO Pundepra, Berau-
clleHHad 10 ypaBHeHUIO Ro, = a?mec/2h [11]. Eciu sTa TpyiHOCTL He BBI3BaHA ONEeYaTKAME
B 3HAKAX HEKOTOPBIX KO3(DMUIMEHTOB KOPPEsIuii, OHa, BepOsSTHEE BCErO, €CTh CeJICTBUE
HECOTJIACOBAHHOCTH, BBI3BAHHOW OKPYyTIJIEHHEM B BBIXOJAHBIX JaHHBIX DDII-1998.

Ecnu mMbr paBbl B TOM, 9TO 00'bsCHSIEM 3TO UCKaXKeHue 3HaYeHni K03 OUINEHTOB KOP-
PeJIIuU HEJOMYCTUMBIM OKDYIJIEHUEM, TO TOTJA HeJIb3s UCKIIYATh BO3MOXKHOCTL AHAJIO-
TUYHOTO MCKAXKEHUsT KAK CPEHUX 3HAYeHWi, Tak u juctepcuit. /s nposicHeHus cutyarun
HEeOOXOIMMO HE3aBUCUMO BOCIPOU3BECTU BCIO mporeaypy yrounenusd POPII, ucronbsyemyio
srcrepramu NIST.

Copemennas cucrema coryiacopanubix 3nadennit @11 e moxkeT ObITH MOJTyUYeHA Ty TEM
UCTIO/Ib30BAHNS JIAHHBIX HEITOCPE/ICTBEHHBIX U3MEPEHNIT TAKUX BEJIMUUH, KaK 3aPsi/l 9JeKTPO-
Ha, nocrosHHas [l1anka u Jap., TaK KakK TOYHOCTBH STUX OIpEJIETeHUil, KaK MPaBUIO, HEBe-
mika [12]. B pesysbrare TOUHBIX SKCIIEPUMEHTOB B HACTOSIIEE BPEMsl MOJIYUIAIOT YHUCIEHHbBIE
3HaYeHHsd HEKOTOPBIX KoMOmHaimit dusnaeckux PPII, manpumep fi,+/p, wnn /8a/poch,
KOTOPBbIE MOYKHO M3MEPUTH € OOJIBIION TOYHOCTHIO. 3aTeM, UCIOJIb3ysd TOT WU WHOW MeTOJI
006paboTKN JaHHBIX, HAIpUMep MeTon HamMmeHbInux kBajaparos (MHK), momydator ornenky
pesnauH QOII.

[Tomras mponeaypa yrounenus suadennit PII o nporeaype KOJIATA:1998 we mo-
JKeT ObITh OBITH BBITTOTHEHA “BpYUHYI0.” JIJIs perrenus 3Toit 3a/1a9u HEOOXOUMbBIM YCIOBUEM
SIBJII€TCS TIPUMEHEHNEe COBPEMEHHBIX KOMITBIOTEPHBIX METOJ0B U MH(MOPMAIMOHHBIX TEXHO-
aoruit ([2], erp. 357).

OpHoit u3 mesteit Harrelr pabOThI KaK pa3 U sIBJISETCsl BbIsICHEHHE U (POPMYJIMPOBAHIE
TpeboBaHuit K Metojosiorun cucreMbl MonnTopuara @®OII B nmporecce n3ydeHnsi u BOCIPO-
nu3BeIeHns “TlepeoBoit” Ha Tekymmit MomenT TexHoorun NIST.

Hawm npejicraBiisiercst HeOOXOIUMON peasnzaiius B Oy ryieil cucreme (KaKk MUHUMYM ) CJie-
Ayomux TpeboBaHUil BEICOKOrO ypoBHsi. Cucrema J0/IZKHA BKIIOUATD:

® coIVIacOBaHHBIII HAOOpP METOOB [/ BblIeJIEHIA IapaMeTPOB Teopuil 1 UX IpeJcTaBIIe-
Hus (T71e 9TO BO3MOXKHO) B TepMuHax “KaHoHndecknx’ OOII;

e 0a3y JIAHHBIX BCEX M3MEPEHHBIX K HACTOAIIEMY BPEMEHU BEJIUYUH, KOTOPbIE MOT'YT UC-
TIOJTH30BATHCA JIJII OIIEHKU TTapaMeTpOB;

e 0a3y HamboJIee TOYHBIX HA TEKYIIUiIl MOMEHT TeOpeTHIecKux (popMyJi Jjist STUX BEJIU-
YWH, 3aITUCAHHBIX B €JIMHOM CTAaHApTE KOMIILIOTEPHOIO MpeICTaBIeHusd (DOPMYT;

e HabOP METOMOB /I TPOBEPKU CTATUCTUIECKUX TMIIOTE3, OOHAPYKEHUs U OIEHOK BO3-
MOYKHBIX CHUCTEMAaTUIECKUX OIIMOOK MOJEseil U METOJIOB;

® [0JICHCTEMY TOArOTOBKHU 0a3bl HaJexkHBIX naHubix 1m0 OOIT (mocie kaxkioii ceccnn
[EePEOIeHKN ) B PA3HBIX MPEJCTABICHUAX, B TOM YUC/Ie IPUTOIHBIX JJIsl KOMIBIOTEPHBIX
BBICOKOTOYHBIX BBIYUC/IEHUIL;



® TI0JICUCTEMY IOJIyaBTOMATUYECKOI0 TIOUCKA U HAKOILIEHUsI HOBO HAYIHOI NH(MOPMAIINN
(pesteBanTHOl ipobsieme orenku u cornacoBanust PPII) u MOAroTOBKE ee K 3aIycKy
ouepenHoit ceccun nepeorenkn OPII.

[Iponerypy mepuomyecKoil CTaTUCTUIECKON OIEHKHM CTENEHU COTVIACHS TEeOPETUIeCKO
MOJIEJIU C SKCIIEPUMEHTATBHBIMU (HAOII0IATeIbHBIMI) TAHHBIMU Mbl Ha3bIBaeM, JIJIS KpaT-
KOCTH, MOHUTOPUHTOM MOJIe/ . MOHUTOPHHT MO/Ie/ I HEBO3MOZKEH 0€3 COITPOBOXKIEHIS COOT-
BETCTBYIOIIEi 0a3bl SKCIIEPUMEHTAIBHBIX JAHHBIX U COITPOBOXKICHUS OMOINOTEKN TEOpeTIe-
ckux dopmyir. [lof “conpoBok ernem” MbI TOHEMAaEM MEPUOINIECKOe H3MEHeHre (UCIpaBie-
HIT€ OIIHOOK, JOTOTHEHNe U MOANDUKAINS) Ha OCHOBE HOBBIX HAYUIHBIX PabOT, 6a3bl JTaHHBIX
TeopeTHIecKnX (hOPMYJI M PeJeBAaHTHBIX UM KCIePUMeHTATbHBIX JaHHBIX. KaxKmaas urepa-
[IWs OIEHKU CTENEHU COTJIacCUs TE€OPUU U IKCIIEPUMEHTA IPUBOINUT K IIePEOIIeHKe ITapaMeTpOB
Teopuu, T.e. MOHUTOPUHT MOJIEJIM — 3TO W “MOHUTOPHWHT OIEHOK 3HAYEHUI apaMeTpoB Teo-
PEeTUYIEeCcKO MOJIEH .

Cucrema, 3CKI3 KOTOPOH ONMUCAH BBIIIE, BCe elle He co3jpana. KOHTYpbI Takoil crucreMbl
[IpOCMAaTPUBAIOTCH B cucTeMe, ncnosb3syemoii B NIST, oinako onucanHble BbIIe U B pasjiesie 5
negocratku PPII, npoussoaumbix B NIST, mokasbiBaioT, 4T0 OHA HE YJIOBIETBOPSET BarXKHOI
YACTU ONMHUCAHHBLIX BBIIE TPEOOBAHMUIA.

[To-BummMmomy, HanOOIEE MOAXOAAIICH Cpe/Ioit I MAKeTHPOBAHUS CUCTEMBI SBJISAIOTCS
yke (bYHKIMOHUPYIOIIIE CHCTEMbI AHATUTHIECKIX BBIUUCAEHUH (MM KOMIIBIOTEPHOI asre-
6psl), cm. Hampumep Mathematica 7], Maple [24], Maxima [10]| rme yxke npemycmorpena
BO3MOXKHOCTH paborsl (mpasja orpanndennoii) ¢ OOII.

MbI UCTIOIB30BAJIA TEXHOJIOTUIO KOMITBIOTEPHOI aredbpbl u cozmaan naker PAREVAL B
CUCTeMe aHaJIUTHYeCKUX Bbramcienuit Mathematica, B KOTOPBII ObLIM BHEJIPEHBI METOIUKI
U JlaHHBbIe, pa3zpaboranabie n BhiOpaHubie sKcmepramMu NIST u pekomenmoBanasie KOJIATA.

Orazgka, ocBoerne u paspurne nmakera PAREVAL npousBoaunck B mporecce pereHust
3aJ1aun BocpousBoacTBa pe3yibraToB NIST:1998. [1pu sToM B jronosiHenne K 1easgm padoThl,
ONMCAHHBIM BO BBEJICHUM U BBIIIE B (POPMYJIMPOBKAX TpeOOBaHUIT K CHCTEMe, Mbl CTABUJIN
CJIeIyIOMIHe TIO/IIIEIN:

e IIposepka pesyabraros cormacoBarust POIT NIST/CODATA:1998. Eciu vam yaaercs
Bocrponssectn pesyabrarbl NIST ¢ ucnosb3oBanneM JaHHBIX U METOIMK U3 2], TO 310
3HAYUT, YTO OHU TOXKE WCIIOJH30BAJIM BXOJHBIE JIAaHHBIE B TOM BHJI€, B KOTOPDOM OHU
ux npejctaBuwin B mybsukanuu. Kenn sro tak, To 3nadenuss OOII:1998, no-suaumomy,
CHJIBHO CMECEIIECHDBI. O,ZLH&KO S,ILpaBbeI CMBICJI 3aCTaBJ/JIdeT COMHEBATbHCA B TaKOM MCXOZE.
[Ipwynna coMHeHnsa KPOeTCsi B TOM, YTO MATPUILA KOPPEJIAIHI TOrPEITHOCTENl BXOIHBIX
SKCIIEPUMEHTAIBHBIX JIAHHBIX, TIPUBEIeHHast B 0030pe 2|, He sABJIsSeTCs TOI0KUTETHHO
OTIPEJICJIEHHOMN, 9ero He JOIKHO OBITH 110 ONPEIEICHNI0 MATPUIIBI Koppesdnuit. Takoit
koH(Y3 cpa3dy B JIBYX PECIeKTadeTbHbIX OPTaHU3AINAX COMHUTEJIEH.

e IIpoBepka nmpunmuna “Bocnpoussogumoctu” (traceability), KOTOpbIH GbLT YIOMSIHYT B
0630pe [2]|. DT0 0MH U3 OCHOBHBIX MPUHIIUIIOB KOMIIBIOTEPHOI CUCTEMBI MOHUMOPUH2A.



o Uzyuenne meromuk NIST/CODATA mo 06paboTKe SKCIIePUMEHTATBHBIX JTAHHBIX, BbI-
OOpY 9KCIIEPUMEHTABHBIX JAHHBIX, KOTOPbIE OyIyT UCHOIb30BATHCS /IS MPOIIE/LyPhI
nepeorieHku, Merojauku mnepeorienkn POPII, koropas, Kak mpemanoaraeTcs, JIOIKHA
UMeTb JOCTATOYHO IIUPOKYIO 00JIACTh MPUMEHUMOCTH. DBbIIO ObI HEPA3yMHO HE HUC-
MIOJIB30BaTh 9TOT OIBIT, KOTOPBIN HAKAIIJIUBAJICS Y2Ke He MeHee ITOJIyBeKa.

e [locrpoenne MakeTa 6a3bl SKCIEPUMEHTAIBHBIX JAHHBIX I COOTBETCTBYIOMINX TEOPETH-
Jeckux (GOPMYJI B CHCTeMe KOMIBIOTepHOit anrebpsl Mathematica. IIpoBepka mpuros-
HocTn cucreMbl Mathematica Kak cpeJibl Jjisi IOCTPOEHUS BBIMIEOMICAHHON CHCTEMbBI
(BkIIOUAOIIEl B cebsi MO/ JIJIsI OLEHUBAHUS TAPAMETPOB TEOPETUIECKOi MOJIeIH,
6a3bl JAHHBIX TEOPETUIECKUX (DOPMYJI U SKCIIEPIMEHTAIBHBIX JAHHBIX, & TAKIKe CHCTe-
My JIJIsl IPEJICTAaBJIeHUs pe3yabTaToB B cucreme KIEX n cucTeMy OonTHMHU3AINT BBIYH-
CJICHHIA).

3 CBeleHus U3 MaTeMaTUYECKOIl CTATUCTUKN

3.1 Bsenenune

Teopust BepogTHOCTEIT OOBITHO TOHUMAETCSI KaK MaTeMaTuIecKasl JUCIUTLINHA, B paMKax KO-
TOPOIt (DOPMYIUPYIOTCS U AHAJTU3UPYIOTCS MOJE/N COOTHOIIEHU T MEXK Ty YaCTOTAMU Pa3HBIX
COOBITHIT, KOTOpPbIe HAGTIOAAIOTCS SMITUPUIecKn |14].

Tunuanas 3a/1a9a MATEMATUIECKOW CTATUCTUKU COCTOUT B TOM, YTOOBI “ONMTUMH3UPOBATD
MeTOJI TPO0 U OMIMOOK”, T.€. U3 Pe3yIbTaTOB HAOIIOACHU, chOPMYINPOBAHHBIX B TEPMHIHAX
JaCTOT, BHIBECTH METOJ, BBIOOpa AeHCTBUI, IPU KOTOPBIX YaCTOTa OIMIUOOK ObLIa OBI, 110 BO3-
MOZKHOCTHU, HAUMEHbIIIEH.

MozkHo ckazaTh 1o gpyromy [15]. B Teopuu BepositHOCTEIT MBI, 3HAsST TIPHUPOLY HEKOTOPOTO
SIBJIEHUSI, BBISICHIEM, KaK OyaIyT cebsi BecTH (KakK pacrpejieieHbl) Te WM WHble H3ydaeMble
HaMU XapaKTEePUCTUKU, KOTOPbIe MOXKHO HAOJIOJIATh B 9KCIepuMeHTax. B Maremarmdeckoit
CTATUCTHKE HAODOPOT — MCXOJHBIMU SIBJISIIOTCS SKCIIEPUMEHTATbHBIE JAaHHbIE (KAK IIPABUIIO
9TO HaOJIIOJIEHNsT HAJI CYUYAHBIME BeJIMYMHAMMU), a TPeOYeTCsl BBIHECTH TO WJIH HUHOE CY-
JKJIEHUE WM PelleHne O MPUPOoe PacCMaTPUBAEMOTO SBJIEHUS. TakuM 00pa30M, Mbl COTIPU-
KacaeMcd 3/1eCh C OJHOW M3 BasKHEUIINX CTOPOH YEJIOBEYECKON IeATEIbHOCTH — IIPOHECCOM
MMO3HAHMA. JTOT BOIPOC UMeeT HEMOCPEeICTBEHHOEe OTHOIIEHNE K TpodeMe “UCKYCCTBEHHOTO
uHTesUIeKTa” U K CO3JaHUIO cucreM ob6paboTKu 3Hanuii (cM. B pasmese 4).

Martemarudeckasi CTATUCTUKA U3y YIAET METObI, KOTOPBIE MTO3BOJISIOT OTBEYATH HA BOIIPOC,
COOTBETCTBYET JIU TIPAKTHUKA, IPE/ICTABICHHAS B BUJIE PE3Y/IBTATOB SKCIIEPUMEHTOB, JTAHHOMY
PUIOTETHIECKOMY MPECTABICHIIO O IPUpPOo/Ie ABaeHuil i wet [13].

B ¢dusuke s/remMeHTApHBIX YACTUIL KAK HU B KAKOI JIpyToit 00/1aCTH HAYKHU, BETUIUHBI, TTO/I-
JIesKale ompeeIeHuIO0 U3 9KCIEPUMEHTOB, yIaJeHbl OT BEJIUYINH, HEITOCPEJICTBEHHO M3MePsi-
eMbIX Makporpubopamu [17]. DTa 061acTh SKCIEPUMEHTATBHOT (DU3UKI B N300UIAN JACT, Ka-
3a710Ch Obl, Tapa I0KCa/IbHbIe IPUMEpbI Olpe/ie/ieHns pasHocT Mace dactut (~ 6-1073% r) Ges
UX B3BEIINBAHUA, ONPe/IeJIeHIs BpeMeHHbIX HHTepBaiob (~ 1072% cek) u mpocTpaHCTBeHHbIX
npoMexkyTKoB (~ 1071% cM) 6e3 HermocpecTBeHHOrO U3MEepeHNs BPeMeHH U MPOCTPAHCTBA.
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Hayuno obocnoBanHble BBIBOIBI B 9TOW 00/IACTU SKCIEPUMEHTAJIBHBIX HCCIEI0OBAHUN ObLIN
OBl MMPOCTO HEBO3MOXKHBI 0€3 MPUBJICUCHHUS BCETO apCeHajia MaTeMaTHIeCKOW CTATUCTUKU.
MO)KHO JdazxKe yTBep2KJ1aThb, 9YTO IPOHUKHOBEHUE B MUKPOMUD CTaJ/JIO BO3MO2KHBIM B XX BEKe
HE TOJIBKO 6.H&FOlLapH Pa3BUTHUIO TEXHUKMW, HO U CO3JaHNIO HOBBIX METOIJ0B MaTeMaTH4YeCKON
cratucTuku. [log00HO TOMY, KaK acTPOHOMMUS U T€0J/Ie3Usl B MPOIIIOM MPEJICTABJISIA OCHOB-
Hble 00JIaCTH JIjIs TPUMEHEHU s KJIaCCUIECKOI Teoprn OIMUO0K, TaK U (PU3UKA SJIEMEHTAPHBIX
YaCTHUIL U1 aTOMHOIO sJipa B HACTOLIee BpeMsd JJId MHOIMX pa3/esloB MaTeMaTUYeCKOl cra-
TUCTUKHU CTaJIa, OCHOBHOII apeHoﬁ anpo6au1/11/1 X MPaKTUYICCKOI'0 HUCIIOJIb30BaHNUA B HAyYIHbIX
NCCJICIOBAHNAX.

OO6BITHO TeM TOYHEeE SKCIIEPUMEHT, TeM 0oJiee CJIOZKHON alnapaTypbl OH TPeOyeT U T0POXKe
ob6xouTest [18]. OHako Xoporno npojyMaHHash MaTeMarundeckas o6paboTKa Pe3yJIbTaToB B
psijie CJIydaeB MO3BOJISIET BBISIBUTH U YACTUYIHO UCKJIIOUUTH IpyObie OmubKu (IIPOMAIIKH)
SKCIIEPUMEHTOB U 3TO MOZKET 0Ka3aThCsd He MeHee 3(p(HEKTUBHBIM, YeM HCIOIb30BaHue DoJiee
JOPOroi U TOYHON amnmnaparypsl.

OmmbKY 9KCIepuMenTa yCJIOBHO Pa3dUBAIOT Ha CHCTEMATHYIECKNe, CIydaiiHble U IPyobe.
Cucremarmdeckue OMMOKI — 3TO Te, KOTOPbIe He MEHAIOTCs TPU MHOTOKPATHOM MTOBTOPEHUH
JIaHHOTO dKcriepuMenTa. [IpumepaMu Takux ommOOK SBJISIIOTCS MPEHeOPEeKEeHNE BhITATKIBA-
IOIMIMM ,ZLGfICTBHGM BO34yXa ITPX TOYHOM B3BEHINBaHUU UJIN U3SMEPEHUE TOKa I'aJIbBAHOMETPOM,
HYJIb KOTOPOI'O HENIPaBUJIbHO YyCTaHOBJICH.

Paznmuaror TpHu BUJa CUCTEeMaTHYICeCKUX OINOOK.

1. OmmbKu u3BeCTHON TPUPOJLI, BEJIUUNHY KOTOPBIX MOYKHO OIpPEIEeTUTDh; MX Ha3bIBa-
IOT TonpaBKaMu. Tak, TP TOYHOM B3BEIINBAHUN PACCIUTHIBAIOT MONMPABKY Ha BBITAJ-
KHBaloIee JIecTBUE BO3/yXa U MPUOABISIOT ee K W3MepeHHOo#l BenndmHe. BHecenue
MOMPABOK MO3BOJISIET CYIIECTBEHHO YMEHBIIUTD (MU JIasKe TMPAKTUIECKU MCKITIOUUTh )
OIINOKU TAKOr'o PO/ia.

3amMeTuM, 9TO MHOT/A pAcUeT MOMPABOK ObIBACT CAMOCTOSITE/ILHON CJI0YKHONM MaTeMma-
THYecKoil 3aadeit. Hampumep, HeKOppPEKTHO MOCTaBIeHHAS 3a/1a9a 0 BOCCTAHOB/IEHUN
IepeJaHHOTO PAJUOCUTHAJIA 10 IPUHATOMY ABJIAETCs, 110 CYIIeCTBY, HAXO0XKICHUEM I10-
[IpaBKU Ha MCKayKeHHe MPUHUMAaIolell annapaTyphl.

2. OmmbKM M3BECTHOTO TMPOUCXOXKIEHNsI, HO HEM3BECTHOM BeandnHbl. K HUM OTHOCHTCS
MIOT'PENTHOCTh U3MEPUTETbHBIX TPUOOPOB, OlpejesideMas UX KJacCoM TOYHOCTH. [l
TAKUX OMIMNOOK OOBITHO M3BECTHA TOJBKO BEPXHssd I'PAHNIIA, & KaK IMOMPABKNA UX YIECTh
HeJIb34.

3. Omubku, 0 CyIecTBOBAHUM KOTOPBIX MbI He 3HaeM. Hampumep, ucnoib3yercs mpudop
CO CKPBITBIM Je(heKTOM WM H3HOMIEHHBIN, (paKTHIecKas TOYHOCTH KOTOPOTO CyIIe-
CTBEHHO XyzKe, 9YeM 0D03HAYEHO B TEXHUIECKOM IIACIIOPTE.

J171s1 BBISIBJIEHUSI CHCTEMATUIECKIX OIMMOOK BCEX BUIOB OOBITHO 3apaHee OTIayKUBAIOT
amnmapaTypy Ha 3TaJJOHHBIX 00bEKTaX ¢ XOPOIIO M3YYEeHHBIMU CBOWCTBAMMU.



Cityuaiiible OMIMOKN BBI3BIBAIOTCS OOJILIIMM YUCJIOM (PAKTOPOB, KOTOPbIE MIPU MTOBTOPE-
HUU OJHOTO U TOTO K€ HKCIIEPUMEHTa MOTYT JefiCTBOBATH MO-PA3HOMY, MPUUEM YUECTh UX
BJIUSHUE TPAKTUYECKN HEBO3MOXKHO. Harpumep, nmpu n3mMepennun JJIMHBI TPe/IMeTa JTUHEHKa
MOZKeET 6bITb HETOYIHO IIPUJIO2KECHA, B3TJIAL Ha6JHO‘I];aT€ﬂH MOXKeET ImaJgaThb HE IMePIeHINnKYJIAP-
HO TIIKAJIEe U T.1I.

[Ipu MHOTOKpaTHOM MOBTOPEHUN SKCIEPUMEHTA PE3YJILTAT BCIEJACTBHE CIYyJaiiHOM OnInb-
K1 OyzeT pasnudabiM. OJHAKO TAKOE MOBTOPEHUE M COOTBETCTBYIONIAs CTATUCTUYECKAs 00-
paboTKa TO3BOJISIIOT, BO-TIEPBBIX, OMPE/IEIUTh BEJIMUNHY CIyYaiiHON OIMOKM U, BO-BTOPHIX,
YMEHBUINUTL €€. HOBTOPHH nusMepeHue JoCTaTO9YHOEe YUC/IIO pa3, MO2KHO YMEHBIIUTDH Cﬂyqaﬁ—
HYIO OImOKY J10 TpebyeMoil BeJIMIuHbI (11e716c000pa3HO YMeHbIIATh ee j1o Beanansbl 50-100%
OT CHCTEMATUIECKOT OIIMOKN ).

3.2 Merox naumenbmux KBaaparos B NIST

3nech Mbl puBoanM obtee onmcanne MHK, ncrmonb3yeMoro jiist OIEHKN W COTIacOBaHUSI
OOIT B NIST, cieays rexcry u obosnadenusM [2| (em. Takxke [5]).

[Ipeanomozkum, 9To y HAC ecTh N U3MEPEHHBIX (& B HEKOTOPBIX CIyYasiX BbIUYUCICHHBIX )
SHAYCHUI ¢; PA3IMIHBIX BEJIMYUH CO CTAHJAPTHBIMU OTKJIOHEHHAMH u; = u(g;) M KOBapwu-
anuamn u;; = u(g;,q;). Hampumep, ¢ — n3MepeHHOe 3HAYEHNE AHOMAJBHOI'O MArHHTHOIO
MOMEHTA 3JIEKTPOHA U, o — U3MEPEHHOE 3HAYEHNEe CBEPXTOHKOI'O PACIIEIIeHNs B MIOOHUM.
OTH JaHHBIE HA3BIBAIOTCS BLO0HBLMU JAHHBIMU WA HAOA00aeMBIMU OGHHBLMU.

Bemwuunnr z;, i = 1,..., M, rne M < N, Ha3bIBaeMble MOATOHAEMBIMI 0A30BBIMU IIOCTO-
SIHHBIMH, BBIOUPAIOTCA TaK, YTOOBI KazK10€e BXOIHOE JTaHHOE (; BhIPAXKaaoCh KaK (PYHKIHS f;
OT OJIHOM MJIN HECKOJIBKUX IOATNOHSIEMBIX IMOCTOSHHBIX TOCPEICTBOM N Ha0.4100aeMvIT Ypas-
nenut (observational equations). B nanbHeiiem Mbl 6y/1eM HCIIOIB30BATH OMPEIETIEHUsT OJI-
rOHsIEMBIE, YTOUHsIEMbIe, CorylacyeMble MOCTossHHbIe KaK SkBuBasieHTHbIe KOJIATA Tepmuny
— adjusted constants.

G=fi(21, 22, ., 2m), i=1,2,..,N. (1)

Hanpumep, z; MOXKeT OBITH MOCTOAHHON TOHKOM CTPYKTYPBI (v, a 29 — nmocToguHoi [Lnanka
h. Beioop yrounsieMbix @PII 0ObIvHO HE e TMHCTBEHHBIN; OJIHAKO OHU JIOJIZKHBI OBITH BHIOPAHBI
TakK, 9T0ObI HU OJ/IHA U3 HUX HEe MOIJIa ObITH BbIpakKeHa Kak (PYHKIUS APYTUX U BXOJUIA He
MeHee UeM B JiBa HADJIOMAeMbIX YDABHEHUS. JHAK PABEHCTBA = 0DO3HAYAET TOT (DaKT, UTO,
BOODIIIE TOBODsI, JIeBast 9aCTh ypaBHeHus (1) He paBHA IpPaBoil.

Hna Toro arobwr “nogoraars’ @PII meTomoM HAMMEHBIINX KBaJIPATOB, HYKHO HANWTH
muHEMYM dyHKIMU (B mpocrpancTse yrodrseMbix OOIT)

X2 = Z (Qi - fi(zla "'7zM)) Wi - (qj - fj(Zh "'72M))7 (2>

1<i,j<N

rae W;; — marpuna Becos, pabHad W = V=L rne Vij = i — MaTpulia KoBapualuil ncxo-
HBIX JAHHBIX.



Haiing MuanvyM GyHKINIT X2, Mbl Haiigem namryamne sgadenus QDI 2y, ..., 2y, 1 TaKUIM
00pa30M MPOBEJIEM UX OIEHKY.

Ecnu skcniepumenTa/IbHbIE TJAHHBIE HE3ABUCUMBI, TO UX MaTPHUIA KOPPEJIAINil PaBHA €11-
HUYHOII MaTpHuIle, a MaTpHlla KoBapuanuii pasaa V;; = d;;0,0;, lie 0; — cyMMapHasl OIIIOKa
q;-

st Toro aTobbl HadiTu Marpuily Koapuanuit 6a30Bbix OOII, TO ecTh OIEHKY MATPHUILLI
omnOOK, MOYKHO BBIYHUCIUTH OOPATHYIO MATPHILY BTOPBIX IPOM3BOAHBIX B “TOYKE” MIHIMYMA.

82X2 -1
8zi82j 50 (3)

ILHH TOrO YTOOLI OLICHUTHL MEPY COIVIaCOBaAHHOCTU BXOJHBIX JaHHBIX, BBIYUCJIAIOT OTHO-

menne Bepmxka:
RB = \/X2/<N — M)

Ecnun dyukuuu pacmpejesienusi BepOATHOCTEH KaXK/IOTO SKCIIEPUMEHTATHLHOTO 3HAYCHUS
IpeJIoIaraloTca HOPMaJIbHBIME, CO CPeIHUMU 3HAYCHUAME ¢; ¥ KOBapHAIUAMH U;j, TO OXKH-
maemoe 3Havenne x2 = v = N — M co craHgapTHbIM OTKJIOHeHneM v/2v. TakmM o6pason,
snavenne koddduimenrta Bepika, Gombinee wem 1 + /2/v, Gymer o3HaYATH BO3MOXKHYTO
HECOIVIACOBAHHOCTD JIAHHBIX.

B pazzese 3 661710 0OTMEYEHO, UTO OJHUM U3 BUJOB CUCTEMATUIECKUX “OMMUOO0K~ ABJISIOTCS
“ommOKN’ M3BECTHOM TMPUPOJIBLI, HO HEM3BECTHON BeJIUYNHBI. [IOCKOIBKY MOrpentHoCTH 9THX
MIOIPABOK, KaK IMPABUJIO, MOXKHO OIEHUTH, TO UHOT/IA 11€/IeCO00PA3HO BKJIIOUYUTH 3TU MONPaB-
KU B IIPOIIEYPY HANMEHBIINX KBaAPATOB Kak nodzonounvie DPIT u rakum oO6pazoM omeHuThH
U 9TU BeJUYUHBL. Takue nonogHuTenbHbIE nodzonounsie PPII kak, Hampumep, TeopeTute-
CKHe HeOIpeJIeJIEHHOCTH B (popMyJiaxX Jjisd YPOBHEH SHEPIUU ATOMOB BOJIOPOJIA U T'eJIns 5§Lj,
UCIIO/TB30BAIUCH B Tiporieaype yrounenuit @PI1:1998.

3.3 OmneHKa ypoOBHSI COTJIaCUsI TEOPUUW M SKCIIEPUMEHTA

N3 skcrepuMeHTAIbHBIX JTAHHBIX MOYKHO HE TOJIBKO H3BJIEKATH HEHM3BECTHBIE 3HAUEHUS TEX
NJIM MHBIX ITapaMe€TpOB, HO U Ae€JaTbh 3aKJ/IIOYCHHA O BaJIMIHOCTHU TeOpI/H/I/FI/IHOTe?)bI nJjam o
[PEMOYTHTETLHOCTH OJTHOW U3 aJbTepPHATUBHBIX rumores [17].

['unoresa, KoTopas MOXKeT ObITh c(hOPMYJTHPOBaHa 0€3 KaKUX-TU00 MPEIIOT0XKEHII, Ha-
3bIBAETCs MPOCTON TuoTe30i. COBOKYIHOCTD MUITOTE3, COCTOsAIIass U3 Oosiee 4eM OTHOM TTPo-
CTOI IUITOTE3bI, HA3BIBAETCS CJA0XKHON rurnore3oit. TUTMIHBIM TPUMEPOM CJI0KHOIN TUITOTE3bI
SIBJISIETCS TUTIOTE3a, COJepKalliasi CBOOOIHBIN mapaMerp.

[Ipeamonoxkum, 9TO HY’KHO TpoBepuTh runoresy Hy (HasblBaeMyto HyJIEBOI THIIOTE30ii)
II0 OTHOIIIEHUIO K HpOTI/IBOHOJIO}KHOﬁ TUIIOTE3E H1 Ha OCHOBE HEKOTOPBIX 3KCIIEpUMEHTAJIbHBIX
nabsosiennii. [Tycts X Oyzer HekoTopoit hyHKIMe HAO/II0/IeHi, Ha3bIBAeMOil ITPOBEPOTHOI
CTATUCTUKOM, a W — mpocTpaHCTBOM BCEX BOBMOXKHBIX 3HaUYeHMiT . Pa3aenmnm mpocTpaHcTBO
W na kputndeckyto w u jgomnyctumyio W — w obnactu, takue, 9To ecjiu HyHKIUS HAOIIIO-
nennit X momajiaer B 0071aCTh W, TO 9TO O3HAYAET, UYTO HyJeBas TUIOTe3a HeBepHa. Takum
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obpa3oM, BEIOOP KpuTepusi TpoBepku Hy ¢cBOAUTCS K BBIOOPY MPOBEPOTHON CTATUCTUKA X 1
KPUTHIECKON 00IacTh W.

OOBIIHO pasMep KPUTUUIECKOH 00/IACTU BBIOMPAETCST TAKMM, YTOOBI Oy IUTh YKE/TAeMbIii
YPOBEHb 3HAYNMOCTH ¢ (BeJTMIMHA KPUTEPUs), ONpe/IeJIeHHbIl KaK BEPOSATHOCTD TIOMAIaHUs
X B w, korma runoresa Hy Bepra: P(X € w|Hy) = a. Takum o6pazom, o — BEpOsSTHOCTD
Toro, aro Hy Oyaer orOpoIieHa, Jae ecau OHa B AefiCTBUTE/ILHOCTH BEpHA.

[TonesHocTh KpuTepus TPOBEPKU 3aBUCUT OT €0 CIIOCOOHOCTU OTIEJUTH JAHHYIO T'HIIO-
Te3y OT MPOTUBOIOIOXKHOM runore3nl Hy. Mepoil 310l MoIe3HOCTH CTy?KUT MOIIHOCTH KPU-
Tepus, ONpe/ie/IeHHasl KaK BePOSITHOCTh 1 — (3 momaganust X B KPUTHIECKYIO 00JIACTh, €C/in
Hy Bepua P(X € w|H;) = 1 — (. Unbivu cioBamu, [ — BEpOATHOCTb Honaaadus X B
JIOIYCTUMYTO OOJIACTD, €C/IM BepHA MPOTHBOMNOJIOKHast runioresa P(X € W — w|H;) = (.

Ha camom neme: Hy | Ha camom gese: Hy
X € W —w (npunsra Hy) | BepositHocts 1 — a | BeposirrocTs 3
X € w (upungara Hy) Bepogaraocts « BepositHocts 1 — (3

YacTo BO3HHKAaET HEOOXOAMMOCTb IMPOBEPUTH COBMECTHOCTH SKCIIEPUMEHTAJIHLHOIO U Te-
OPETUYEeCKOTO 3HAYEHUi OJHOM M Toi ke hbu3mdeckoir BesmauHbl. JlomycTim, 3aaHbl 9KC-
IePUMEHTAJIBHO M3MepeHHoe 3HadeHne X, ¢ CyMMapHOi OIMOKO# 0, U TeopeTudecKoe 3Ha-
qeHne X; CO CTaHJIAPTHBIM OTKJIOHEHHEM 0, B KOTOPOe BKJIIOUYeHbI omnOkn 3uadennii @PII
1, BOBMOXKHO, CHCTeMaTu4IecKasi OMnOKa MeTo/ia BhIauc/IeHnd. MoXKHO TPOBEPUTH TUIIOTE3Y
0 PAaBEHCTBE THUX JIBYX Caydailnbix semmdnn |[16]: Hy : X, = X, oTBepraerca Ha ypOBHE
3HAYMMOCTHU (¥, €CJIN

| X. — Xi|A/02 + 0} > uq,

Ijle U, OIpPEJe/AeTcs U3 ypaBHeHus o« = erf (\%ua AN 02+ 0?), tne erf — cranpaprhas
dyukug ommboK. B 3TOM mpocTtoM citydae BEposATHOCTD nonajanud 4 = X, — X; B JIomy-
CTUMYIO 00/IaCTh, €CJIM BepHa MPOTUBOIIOIOKHAS THIIOTE3a, 3aBUCUT OT YPOBHS 3HAYUMOCTHU
Tak: 0 =1— a.

3.4 MOHUTOPUHT COTIJIaCUsl TEOPUU M IKCIIEPUMEHTA

B paszgene 3.3 roBopuioch 0 TOM, KaK IMPOBEPUTH COBMECTHOCTH TEOPETUYECKOTO 3HAYCHUSI
X; ¢ sxcepuMmenTaabHoit Bemunnoii X,.. [Ipu ananuze nponeaypbl yrounenns PPII-1998
MOZKHO HOIIPOGOBaTh IPOBEPHUTH, Kak Teoperndeckue dynkimn f;({z;}), koTropsre ncnombso-
BAJIUCH JIJIs OLEHKH {2} COIIACYIOTCS ¢ 9KCIEPUMEHTAIBHBIME JaHHBIME {¢; } ¥ UX KOBapu-
anusaMu ulg;, ¢;l, 4,j = 1,..., N [2].

st aroro Bbimennm HEKOTOPYIO fx (21, ..., 2ar) 1 npoBejieM otienky PDIT 6e3 wee (u, co-
OTBETCTBEHHO, 6€3 qr U u[qk, qi], © = 1,...,N). 3arem cpaBHUM f), BBIUUCIEHHYIO 110 Haii-
neHHbiM sHadennaMu OOII, ¢ sKcnepuMeHTAIBLHO U3MEPEHHBIM 3HAYCHHEM (;, yUNThIBad
NOrperHocTs o|f;], Bosuukaionryo or norpemnocreiit @DII; cormacHo 3aKOHY O MEPEHOCE

HOTPEIIHOCTEl, 1 TOrPeIHOCTb 0(q;] = \/u[gi, Gil-
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Oyukunn f;({z;}), ¢ = 1,..., N IpeACTABISIOT CICCTBHS PA3HBIX (PU3UIECKUX TEOPUii,
HO BbIpaskeHHbIX B TepmuHax OOII. TTosTtomy mpoBepka Ha COBMECTHOCTb TEOPETHYECKUX
dbopmyn fi({#;}) ¢ sxcnepumenTanbHBIME JAaHHBIME {¢;} He JaeT OCHOBAHUII IOJBEPrarhb
COMHEHUIO KAKyIO-TO OJHY KOHKPETHYIO T€OPUIO.

Hanee onmiem, Kak MOXKHO OBLIO OBl OIEHUTH COTJIACOBAHHOCTH IKCIIEPUMEHTAIBHbBIX
JAHHDBIX C TEOPETHIECKUMI BBIPAKEHHUAMI, KOTOpble BXoAAT B f;({z;}) Kak momsbpakemnns,
U KOTOPBIE MOJIYYeHbI KaK CJIEJCTBUSA OJIHON Teopun X.

JomycruM, MBI XOTUM NPOBEPHUTH, KAK TEOPUsA X COMJIACYETCHA C IKCIEPUMEHTATHLHBIMU
JaHHBIME {@; }. DTH JaHHBIE, KAK 0OBITHO, pacCMaTPUBalOTCst Kak (yHKImn 6a30Bbix OOII:
{a:.}=1fi({#}),i=1,..,N,tne{z}, j =1,..., M. IIpeamnonozkum, MbI 3HAEM, ITO BCE OCTATb-
Hble TEOPHH, KOTOPBIE UCIOIL3YIOTCs 1y BhiBoga f({z;}), Gomee mocToBepHbl, weM Teopus
X.

TaxzKe IPeIIoIoKNM, 9TO B KazK/10i1 f;(2) MOXKHO BBIIEIUTH TIOIBBIParKEHIE, Oy YeHHOe
KaK CJIeJICTBUE X, TO €CTh:

fz‘(@(z),z)i%

JlomycTuM TakzKe, ITO eCTh HabII01aeMble BeIMIUHEL {¢;, }, KOTOpbIE He 3aBHUCAT OT X, TO
ecTb cooTBeTCTBYIONHE ¢, (2) = 0, npudem ux uncio K > M. Torpa us 5TuxX HaO/IIOAAEMBIX
MOKHO u3BJjieub 3Havdenns OPPII, nanpumep 1Mo MeToly HAaUMEHBITNX KBaJIPaTOB:

fi(2) = g, = {20,5}-

Homycrnm, HakOHeI, 9T0 ocTaBunecst (PyHKIUI TAKOBDI, YTO @p,; MOXKHO Pa3PEHIUTh CIIEJIy-
IOIIM 00pa30M:

¢mj (2) = (I)mj (2) + qm; -

Torga o Tomy, Kak ¢, ({20;;}) cormacyiorea ¢ coorsercrByomumu P, ({20;5}) + ¢m,, 1m0
KPUTEPHIO, U3JIOKEHHOMY B paszjiese 3.3, MOXKHO CYJIUTb O TOM, HACKOJIBKO XOPOIIo X CorJia-
CyeTcCd C dKCIIepuMeHTaJIbHbIMIA JaHHbBIMHA.

HacTHBI cIydail BBIIEN3I0KEHHOTO METO/IA UCIIOIb30BAJCsA B KHuUre 12| ma1st mpoBepku
BBIBOJIOB KBaHTOBOM 3j1eKTpojunamMukn. CyTh 9TOW MPOBEPKH COCTOsIA B ciaeayromem. 13
MOJIYYEeHHBIX K TOMY BPEMEHU SKCIEPUMEHTAJbHBIX JAHHBIX, /I KOTOPBIX BBIBOJ COOTBET-
CTBYIOIIUX TEOPETUYECKUX BBIPAXKEHUIT He OMUPAJICs HA KBAHTOBYIO 9JIEKTPOJUHAMUKY, V/Ia-
JIOCH € BOJIBINON TOYHOCTHIO “U3BJIEYDL’ BEJIMYUHY TIOCTOSTHHOMN TOHKO# cTpyKTyphl oo WQED).
O HAKO, TOMUMO 9THX SKCHEPUMEHTAIBHBIX JAHHBIX, ObLIa €Ile TPYIa JaHHBIX, TeOPeTU-
YeCKUue BbIpazKeHUA JJId KOTOPBIX COAEpzKaT & 1 MOT'JIN 6bITb IIOJIy49€HbI TOJILKO B KBaHTOBOI
5JIEKTPOIMHAMUKE: aHOMAJIBHBII MOMEHT 3JIeKTPOHA G, W MIOOHA @y, CBEPXTOHKOE PACIIell-
nerre B MiooHun Avyp,,. CpaBHUBas TEOPETUYIECKUE BBIPAKEHUS JIJIsT STUX HADJIIOIAeMbIX
BesimanH, Beraucienubie ¢ a( WQED), ¢ cooTBeTCTBYIONIMMI SKCIIEPUMEHTATIBHBIMA BEJININ-
HaMM, MO?KHO IIPOBEPUTH BbLIBO/IbI KBaHTOBOI AJNIEKTPOAUMHAMUKMH.
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4 KparKknii 0630p TEXHOJIOTUN aHAJUTUIECKNX BBIYHCIE-
HU

[IIupoko U3BECTHO MHEHHE, YTO €INHCTBEHHBIMI OTIEPAIIUSIMEI, KOTOPBIE BBITIOTHIET KOMITHIO-
Tep SBJSIOTCSA CJIOXKEHUe W MPOCTEIIe JJorndeckre orepannu. KoMmbiorep 0OBIMHO e/
CTABJIAIOT KaK MAIINHY [T 9UCICHHBIX BbrancaeHuit [18], kak Gosee coBepiieHHbIH TPHOOD
[0 CPABHEHUIO ¢ apuDMOMETPOM, apUMMETHICCKON JIMHEIHON 1 KAJTbKYJISITOPOM, OTIAIAI0-
MUICS OT HUX JIUIIh BBICOKOW CKOPOCTBIO BBIYHCIEHUI W MAJbIM BpeMeHeM Ha 00paboTKy
"e quHUYIHOI " onIeparm.

CranmapTHOE Ha CETOHAIIHUI JIeHb ucnonb3oBanne [IK cocront B mporpaMMupoBaHun
TO# nin WHOH (hOPMYJIBI Ha sI3bIKE BHICOKOTO ypoBH«, Hanpumep, Cu, @oprpan mwim [Tackas,
U B peaJM3alii TeX WU WHBIX aJrOPUTMOB, B KOTODBHIX ydacTByeT 3Ta dopmysa. OgHako
Ta ke (hOPMYIa MOKET PACCMATPUBATHCS KAK MATEMATUIECKUl OOBbEKT B CHCTEME CUMBO/Ib-
HOW a/irebpbl, KOTOPBI JomyckaeT (hopMasibHbIe MPeodpa3oBaHusd, TaKue Kak, HaIpUMep,
nuddepeHImpoBane, THTETPUPOBAHIE U PA3JIOKEHUE B Pl

KommbrorepHoit anrebpoii Ha3bIBAETCS TEXHOJIOIHS CUMBOJIBHBIX MIPe0Opa30BaHmil MaTe-
MaTHIecKuX (hopMysT udgpoBbIME KOMIbIOTepaMu. J{o/roe BpeMsi 3Ty JUCHUILINHY HA3bI-
BaJIll [O-PA3HOMY: TO CHMBOJIBHBIMU U aJIreOpandecKUMU BBIYUCIEHUSIME, TO CHUMBOJIBHBI-
MU U aJrebpandecKuMu Mpeobpa3soBAHUSIMEI U, HAKOHEIl, OCTAHOBHWJINCH HA HA3BAHUU KOM-
nbtorepHast aarebpa [19]. B kauecrBe mpumMepoB coBpeMeHHbIX cucreM KA MOXKHO Ha3BaTh
Mathematica ("5", 2003) [21], MAXIMA ("5.9.0", 2003) [22], REDUCE ("3.7", 1999) [23],
Maple ("9.0", 2003) [24], muPAD ("2.5", 2002) [25] (cm. Taxxke [34]). DT cucreMsr mmo-
3BOJISIOT PeliaTh HACTOMBKO MIUPOKUN KJIACC 3a7ad, 9TO UX CTaju Has3biBaTh KA obmrero
nasHadenus ("General purpose computer algebra system"). CyriecTByror Tak»Ke Crienuaim-
supoBannble KA, co3mannbie Jjis pelenns: mpodJieM U3 CIeUaIbHOl 00/1acTH, HATIPUMED,
FORM [26]. U, nakoHer, cymecTByioT GUOJUOTEKHN JIJisi A3BIKOB IIPOIPAMMUPOBAHHUS, J0-
HOJTHAIOINIIE BO3MOXKHOCTH si3blKa sjeMenTamu Texnosornn KA, manpumep, GiNaC [27] u
SymbolicC++ [19].

Dusnka 3/IeMEHTAPHBIX JACTHUIL - OJIHA W3 BarKHenmx obaacreii mpumenenns KA, mocto-
SIHHO 9KcmTyaTupyet rexaoaoruio KA [35]. Ormernm, uro sra 061acTh (GU3UKI TPAJUIIUOHHO
SIBJISIIOTCS TIEPBO# 06/IACTHIO TPUMEHEHUsT HOBBIX METOJI0B KOMITBIOTEPHBIX BBIUUC/IECHUI, ITO
maer u "oOpaTHYIO CBsI3b"K PA3sBUTUIO CAMUX METOIOB.

Ormernm, uro BbruncieHus B KA npuHIUNMAIBLHO OTIMYAIOTCS OT BBIYHCIEHWU B CITEI]
nporpammMax Takux kak [36], [37], (em. Taxxke [40]).

To aro Texnonorus KA KauecTBEHHO OTIMIAECTCs OT TEXHOJIOTMN YUCTEHHBIX BEITUCICHUN
MOYKHO TIOHSTDH CJIeytomuM oopaszoM. [Ipu quciieHHbIX BhIYHCICHUAX Ha "BX0m"Iporpamme
[I0/IA€TCsl KOHEUHBIIT HADOP 4Yuces1, KOTOphIe Mpeodpa3yioTcs, n Ha "Bbixoje' momydaercs apy-
roit Habop unces. B rexnomormm KA na "Bxog"momaercs (un ma "Borxome momyaercs) HaOOp
MATEeMATUIECKUX BBIPAKEHUI. YrKe IIPU TAKOM MOJIXO0/Ie MOHATHO, IYTO TEXHOJOTMIO IUCTIEH-
HBIX BBIYUCIEHUI MOYKHO TIOHUMATH KaK 9aCTHBIN cydait Texaosorun KA, mockoabKy ducia
MOYKHO TTOHUMATH KaK MMPOCTEHIIHIT cIydail MaTeMaTHIecKOro Bhipaykenusi. Ha nmpaxkTuke cu-
crembl KA MoryT ncnosb3oBaThest Kak "HaacTpoiika" Ha 1 CHCTEMOil, B KOTOPOI TPOU3BOJISIT-
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cd unciaeHuble Beranciaenus. Hampumep, B cucremax Maple u Mathematica MOXKHO TTpOBECTH
AHAJTUTUYIECKUE BBIYUC/IEHUsI IO TOO MOMEHTA, MOKA BCE OTBETHI BBIPAYKAIOTCS B JIEMEH-
TApHBIX (DYHKIUAX, & 3aT€M aBTOMATUIECKU COCTABUTH MPOTPAMMY ISl YUCJIEHHOTO CUeTa
Ha s3bIKe BBICOKOTO ypoBHs (cucrema KA — s3BIK MpOrpaMMUPOBaHMUs), HAIIPUMED, s
Qoprpana nan Cu.

Kak u3BecTtHO, B JTI000M (PU3MIECKOM HCCJIEIOBAHUN €CTh 4 MCTOYHUKA IMOTPEITHOCTH
pesynbrata [18]:

1) Maremarndeckas MOZIEID;

2) Ucxoznuble JaHHBIE,

3) pubsmzkeHHbIH METOI;

4) OkpyryieHus TPU BbIYUCTEHUSIX.

[TorperiHoCTh MaTeMaTUIECKOW MOJEIN CBI3aHa ¢ (PUBUICCKUMHE JIOMYIIEHUSIMUA.

Ucxonuble maHHBIE 3a9aCTyI0 HETOUYHBI: HAIIPUMEDP, 9TO MOTYT ObITh SKCIIEPUMEHTA b
HO M3MEpPEHHBIe BEJIMINHBI, KOTOPbIE 00s3aTeIbHO UMEIOT CUCTEMATHIECKYI0 COCTABIISIONLY O
“ommOKu’ BEJINIUH, UM YUCIEHHO BBIYUCIEHHBIE BEJIMUNHBI, KOTOPbIE, KaK IPaBUIO, UMEIOT
KOHEYHYIO TOYHOCTD.

[TorperHocTh MeTOJA CBsI3aHA C TE€M, YTO TOYHBIE OIEPATOD 3aMEHSIOTCs MPUOINKEH-
ubiM. Hampumep, 3aMeHsIOT WHTErpaj CyMMOil, MPOU3BOJHYIO — Pa3HOCTHIO, (DYHKIIHIO -
MHOTOYJIEHOM UJTU CTPOSAT OECKOHEUHBIN UTEePAIMOHHBI MPOIECC 1 OOPBHIBAIOT €r0 MOCe KO-
HEYHOI'0 YHC/Ia urepannii. MeTombl cTposTcss OOBIYHO TaK, YTO B HUX BXOJIUT HEKOTOPBIi
rmapaMeTp; MpU CTPEMJIEHUU IapaMeTpa K OIMpeIe/€HHOMY IpEeJeNy MOrPEITHOCTh MEeTO/a
CTPEMHUTHCA K HYJIIO, TaK UTO 3Ty HOIPENIHOCTh MOYKHO PEryaInpoBaTh.

Boeraucnenus kak na Oymare, tTak u Ha DBM BBITOTHSIOT ¢ ONpeIe/IeHHBIM THC/IOM 3HaYa~
X 1ugp. DTO BHOCUT B OTBET MOTPENTHOCTh OKPYTJIEHUsI, KOTOpas MOKeT HAKAILINBATHCS
B IIPOIECCE BBIYUCICHAN.

Crnenaem JBa 3aMedaHusi 00 OCOOEHHOCTSAX BBIYUCACHUN C BEJIMYMHAMU MMEIOIUME I10-
rpemtHocTh. JItobas GYHKIUS OT CIydalHbIX BEJIMUIUH SBJIAECTCA CIyJIalHON BEJIMIHHON, KO-
TOPYIO MOXKHO XapaKTepPU30BATh CPEIHUM 3HAYUEHUEM U CTAHIAPTHBIM OTKJOHeHuWeM. [lo-
9TOMY ZKEJATETbHBIM CBOMCTBOM BCEX BBIUHUCIUTE/IBHBIX CXEM, CHCTEM U ITaKEeTOB, sIBJISIETCs
ABTOMATHIECKOE BBIUNCICHUE IUCIIEPCAN U, BO3MOXKHO, TOMPABOK K CpPEIHEMY 3HAYEHHUIO,
BOBHUKIIIEMY U3-3a ‘HerayccoBoCTH (QYHKIHH pacupeenenns ‘BXOIHBIX CIYyJIalHbIX JTaH-
HBIX (HATIOMHUM, 9TO CpejiHee OT (DYHKIINY CIyYailHbIX BEJIMYNH HE BCEr/Ia PABHO 3HATEHUIO
YHKIMN 0T CpeJHUX 3HAYEHU{T BEJIMUNH, OT KOTOPBIX OHA 3aBHCHUT). OTMETHM, 9TO BBIUH-
CJICHUE JIUCIIEPCUU PE3yJbTaTa BBIYUCICHUN O TOW WM MHON CcXeMe, WJId B TOM WJIA WHOM
IaKeTe MOXKeT OBITh CaMOCTOSITETBbHOM 3aatueil, CPABHUMOM MO CJIOYKHOCTHU C BBIYUC/IEHIEM
pesyabrata. OIHAKO CKYPITyJIEP3HOE HAyIHOe NCCIeI0BaHe TpedyeT TaKnX BBIYUC/IEHU.

Bropoe zameuanme KacaeTcs MpOIEAyp NPUHATHs pelneHus. PaccMoTpuM KOHKPETHBIH
IpuMep — 3aJa49y O HAXOXKIEHUH IJI00aJIbHOIO0 MUHUMYMa (DYHKIIUU OTHON ITepEeMEeHHOMN, Ha-
npumep x2(z;a), e X - mepeMeHHasd, a - HapaMerp.

I3 pucynka BUIHO, UTO II0OAIbHbINH MuHIMYM X2(2;0) pacnonoxken ¢ Touke x=0. Jlo-
IyCTUM Tellepb, UTO MapaMerp a — ciaydaitnas peqmauaa ¢ @ = 0. C onpeaeseHHOi 1osteit
BEPOATHOCTH, OTJIMIHON OT HyJIsl, @ MOYKET IPUHSTDH 3HaYeHne a+d0a. B aTom cirydae, ¢ Toii xKe
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Puc. 1: x*(z;0) — remuag ymuus; x2(z;0 + da) — cernas (cungas) junust; x2(z;0 — da) —
cetiast (roybast) JTMHMST

caMoil CTeNeHbl0 BePOATHOCTH, KaK BHJHO U3 PUCYHKa, IIOGANLHbBIN MunnMyM X2 (z; @ + da)
pacIoiozKeH Jinbo B ToUke X—2, 100 B TouKe X—1, yiub0o B 0boux Toukax. Takum odbpasom,
JUI HAXOXKJIeHUs TI06aIbHOr0 MUHUMYMa X2(T;a) HY?KHO HCIO/IB30BATh XapaKTePUCTUKH
caydaitHoit BesimauHbl a. Kpome Toro, oTBEeT MOXKET HOCUTD BEPOATHOCTHBI XapakTep. JTOT
IpUMEP MOXKHO 0DODIIUTD Ha CIydail /1000 Mporeypbl TPUHATHS PElIeHns, Ha “BXOJ KO-
TOPOIl MOJIAIOT CTOXACTUIECKUE MTApAMETPHI.

Omnuiiem BKpaTie JApyrue COBPEMEHHBbIE KOMITBIOTEPHBIE TEXHOJIOIMH U CPABHUM X C
texuoyiorneit KA.

[lepexos oT TexHOJIOTNN YUCICHHBIX BhlUncaeHuil K Texnonorun KA M0KHO paccMaTpu-
BaTh KaK MOBBIIIEHNE "MHTE/IEKTYaIbHOCTH " KOMITbIOTEPHBIX cucTeM. CIieyonunx ypoBeHb
— MHOTJIA HA3BIBAIOT "KOHIENTYaJIbHBIM TporpaMMupoBanem[28]. D1o mogxo K pereHuio
3aJiad, npu KoropoMm DBM mpumensieTcs yke Ha dTare MOCTAHOBKU 33Ja9H, a HE TOJIBKO Ha
STare KOJAUPOBAHUS W BBIMOJHEHUS MTPOTPAMMBI. 371eCh PAOOTAIOT C MOHSATUSIMU, OIMUCHIBAs
UX U Jajiee UCIOIb3YI0T ONMMCAHHBIE TOHATHS 71 (DOPMYINPOBKH perraeMbix 3a1ad. O 3a1a-
Ye W O MYTH €€ PeIIeHns HaJ0 TOBOPUTH B TEPMUHAX, KOTOPBIMU TOJIB3YIOTCS CHEIUAIICThI
TOit 00J1aCTH, T/Ie OHA BO3HUKAET. JTO XOPOIIO MOHITHO KAXKJIOMY YEJOBEKY, TOBOPAIIEMY O
cBoeit crieruabHOCTH. CyIIECTBEHHO, YTO 1O JIOCTATOYHO TOYHBIM onucaHusM 3a1ad dBM
ABTOMATHIECKN COCTABJISET MPOTPAMMBbI UX pellleHus. BIoHe ecTeCTBEHHO, YTO TaKas MPO-
rpaMma JIOJIZKHA OBbITh chOpMYJIMpOBaHa JIJIsd BhIYncaeHns Ha a3bike KA (cucrema KIT —
s3pik KA, aHanmorndno TomMy Kak cucreMbl KA aBTOMATHYECKH CTPOSAT IPOTPAMMBI JIJIst
YHUBEPCATBHBIX A3bIKOB MIPOTPAMMUPOBAHUS JIJIsi IUCCHHOTO CUeTa.

[Tocneauuii ypoBeHb "HHTEIEKTYATBHOCTH" 0 KOTOPOM 3aXO/IUT Pedb B paboTax crernua-
JIACTOB 110 "MCKYCCTBEHHOMY HHTEJLIEKTY "Texuosorus obpaborku suamuit”[29], [30], [31], [32]
(em. Takzke [33]). AHATIOTHYHO TPEABLLYIM JBYM YPOBHIM, PE3YJIbTATOM PabOThI CHCTEMBI
JIOJIZKHA OBITBH MPOTpaMMa JIJTsi si3bIKA MPOTPAMMEIPOBAHUS KOHIETTYAJTHLHOTO TPOTPAMMEIPO-
Banns (cucrema O3 — s3pik KIT).
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MOo>KHO TIPEIIOI0KUTE, ITO IPHU IIOCTPOSHNUN JTII0O0 BBIYUC/IATEIHLHON CHCTEMbBI B HAY Y-
HOM HCCJIEIOBAHII MOYKHO BBIJIE/INTH BCE YeThIPEe YPOBHS "MHTE IIeKTya bHOCTH " IpOrpaMMHBIX
CHUCTEM U TaKoe pa3dmeHue J0IKHO ObITH CJIeIaHO JJIs MOBBIIIeHnd 3(MEGEKTUBHOCTH pa3pa-
OOTKM, UCIOIb30BAHNA U MOJICPHU3AIUN HOBBIX CHCTEM.

[ToBbitenne "uHTE/IEKTYAJIBHOCTH 38 CUET CIIENUATU3AINN sI3bIKA ONMMCAHUA 3aa9n —
NPUHIAITAAIBHBI MOMeHT. Hu oiHa 13 MOIBITOK MOCTPOUTH NCKYCCTBEHHBINH MHTEJIEKT UJIN
X0Ts1 Obl CHCTEMY, PelIalolyio 3aJad9l U3 pa3HbIX oOjacTell 3HAHUI, 0 CUX IIOp HE yBEH-
Jajach ycrmexoM. [loartomy paszpaboTKy HOBBIX BBIYHC/IUTEIBHBIX PECYPCOB JOJIZKHBI OCYIIe-
CTBJIATH CIIENMAJIUCTBI B TO# 00JIACTH, CHCTEMY JIJIsi KOTOPO# HYKHO MOCTPOUTH. JInbo xe
pa3paboTKy [IOJIZKHA BeCTH IpyIIa JIO/ell: CIerraancThl B 006/1acTi MHPOPMAIMOHHBIX TEX-
Hostoruii, crenuaanctel B oosactu "MN", u cienmanuctsl u3 obyracTt 3HAHUM, CUCTEMY TS
KOTOPOii HYy?KHO IOCTPOUT.

Mpar1 ncnionb3oBasu Texuosoruio KA Ha 6a3e cucreMbl aHAJTUTUIECKUX Bhrancaennit Mathematica
JIJIsT TTOCTPOEHUST CUCTEMbBI OLEHKW 3HadeHuil (DyHIAMEHTAJIbHBIX KOHCTAHT (110 TPOIEIype
KOJ/IATA:1998). Dta cucrema 6yeT HCHOIB30BATHCST KAK MTPOOOPA3 JIJIst MOCTPOEHUST TeXHO-
JIOTUH MOHUTOPWHTA 3HAYeHW yHIaMEeHTATIbHBIX KOHCTAHT.
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5 Omnenka n coraacoBanne OPPII B makere PAREVAL

Hamm snanus o ¢pyHgaMeHTaIbHBIX 3aKOHAX MaTepHa/JbLHOTO MHUPa OTPaXKAIOTCA B ypaB-
HeHnAX (Hu3nKU, B KOTOPHIX (yHmamentaabubie OPII, Hanmpumep CKOpoCTh CBeTa, Macca
9JIEKTPOHA U MPOTOHA, TocTosiHHAas [[1aHKa, sBJIsioTCs YucjaeHHbiMu Koadduimentamu [12].

XopoIIo M3BECTHO, YTO MHOTHE pas3fiesibl (DU3MKM, Ha MEPBBII B3IV JaJleKue JIpyr OT
Jipyra, B JIEHCTBUTEIBHOCTU TECHO B3AMMOCBA3AHBI. JTO €IUHCTBO (DU3UKU MOATBEPIKIACT-
Csl, HATIPUMED, MIHPOKOIT 00JIACTHIO MIPUMEHEHHUsT H3MEePEHHOTO 3HadeHust €/h, Moy deHHOro
Ha ocHoBanun 3ddekra JIxko3edcona B cBepxnpoBoasnmx crpykrypax [38]. Moxuo cka-
3aTh 1o npyromy. Ecim dyHmamenTanbHasg Teopus MpeTeHIyeT Ha OIMcaHue HabJIIo1aeMoit
JIeCTBUTEILHOCTU, OHA JIOJIYKHA, B KOHEYHOM HUTOTe, MPEIOCTABJIATH HAOIOTaeMble BeJI-
YUHBI, 3anucanibie B TepMuaax POPII, He B 3aBUCHMOCTH OT TPUPOJIBI OOBEKTOB, KOTOPbIE
paccMaTpuBarOTCA B HEM.

OrmernM, 9TO OTHOCHTEIbHAS TOIHOCTH 3HadeHuit PPII — 310 XapakTepucTUKa yPOBHS
HAyYIHO-TEXHUIECKOTO paspuTus muBmimsanun. C KaxkabiM nepeotiennBanneM POII, Tou-
HOCTh UX 3HAYEHUI pacTeT; HalpuMep 1ocse yroarenus o mporeaype NIST /KOJIATA:1998,
norperraoctsb 3Havennit PDII ymenbmmnacy B 5-10 pas.

[Ipobnema ODII — mpobiema, KOTOpasg CTOUT Ha MEPECEYECHUN TEOPUU U SKCIIEPUMEHTA,
U COCTOUT W3 JIByX Pa3HbIX ITPOOJIEM:

1) monydvenne camocorinacopantoro Habopa suadenuit OOIT;

2) Anamms gepes suadenns ODII Toro, Kak COBpeMEHHBIE TEOPUH COOTHOCATCS C IKCIIe-
PUMEHTAMU U ME¥KIY COOOM.

Nzyuaa nmpodaemy PPII MbI MO)KEM OLEHUTDH ‘‘CAMOCOTJIACOBAHHOCTH U “TIOJIHOTY  CO-
BpemenHoro 3Hanug o [Ipupomge. BoiBoabl 0 “camocorsiacoBaHHOCTH MOYKHO CJIE€/I1aTh, MTyTEM
pellleHnsT BBIIEYTOMSIHY TOfi TIpo6IeMbl 2).

Maueitinast necoenacosanrocms cucrembl OOIT [39], eciu oHA HE MOXKeT OBITH 00bsACHE-
HA TMOrPEITHOCTSAMEI SKCIIEPUMEHTa WA IPYyObIME OIIMOKAMU, MOZKET MOTPeOOBATH KOPEHHOI'O
[epecMoTpa HAIUX MPEJCTABICHNNI 0 3aKOHOMEPHOCTAX B mpupomge. OTMeTnM, OJJHAKO UTO
IpH 9TOM (paKT HECOTTIACOBAHHOCTU, KOTOPbI, O9EBU/IHO, OyIeT 3aBUCETh OT YPOBHS JIOCTO-
BEPHOCTH, JOTKEH OBITH OMpeJIesIeH.

[IpuBenem npumep Toro, kak rpu otennBanun OOII 6bLT c1es1aH BBIBOJ O HECOOTBETCTBUM
TEOPUU U SKCIIEPUMEHTA.

B knuure “©OyHpaMenTaIbHBIE KOHCTAHTBI I KBAHTOBasA 1€KTpoinHaMuKa’[12] 6110 BBI-
CKa3aHO ODOCHOBAHHOE MHEHUE, MCXOJId U3 aHAJIN3a UMEIONINXCA Yy aBTOPOB JAHHBIX, O He-
YJIOBJIETBOPUTEIHLHOM cocTosgann corsacoBannoctu K9/ Teopun ¢ sxcnepumentom. O 1HAKO,
KaK yzKe ObLIO 3aMeveHO B MPEIUC/IOBUU PeIaKTOpa IepeBoja KHUI'H, HOBble Ha TO BpPeMs
paboThI MMO3BOIUIN “TIPUBECTH BO BIIOJIHE YJIOBJIETBOPUTE/ILHOE COIJIACHE TEOPETUYeCKue U
9KCIIEPUMEHTAIbHBIE PE3YJILTATHI .

Yxkazxkem Ha ocoberroctn pabore ¢ DPIL. OueBugno, aro PPII — ciyvaiinbie BeTUINHBI,
XapaKTePU3yIOIINecs CPETHNM 3HAY€HUEeM U CTAHIAPTHBIM OTKJIOHEHUEM. DTO YTBEPKICHIE
He 3aBHUCHT OT criocoba onenuBanus 3uaderuii DI, mockonbky 3navenns PPII nmudo m3-
BJIEKAIOTCS U3 PE3YJILTATOB SKCIIEPUMEHTOB, KOTOPbIE OOBITHO UMEIOT KOHEUHYIO CUCTeMAaTH-
YECKYI0 OMINOKY, JuO0 BhIAuCAioTCs Kak dyakius apyrux PP, koropwie B cBOoe Bpems
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ObLIN U3BJIEYEHBI U3 SKCIEPUMEHTAIbHBIX JTaHHbIX. COBpeMeHHas CHCTeMa COTJIACOBAHHBIX
snadenuit @OII nonygaercs mocie mporeypbl 00PAOOTKHI BCEX COTVIACYIOIMIUXCS MEMKIY CO-
00it HKCIIEPUMEHTAIBHBIX JJAHHBIX [I0 M3MEPEHUsIM BICOKOTOTHBIX HAOIIOIAEMbIX HEKOTOPBIX
komOuHanmit PPII. 3unavenus 6azoeix OPII momyvatoTes mocte mpoIEeaypbl 00pPabOTKN
BCEX COIVIACYIONINXCS MEYKIY COOOi JIAaHHBIX, HAIPUMED C TOMOIIBI0 METO/Ia HAUMEHBIINX
kBajipaToB. [locie Takoit oopadborku s Bennaun OOPII oneHnBaioT BEKTOP CpeTHIX 3HAMTE-
HUIl ¥ MATPUILy KOBAPUAINIL, KOTOPAasi, KAK IMPABUIO0, OKA3bIBAETCS HEIUATOHAIbHON. Takum
obpazom, ODII uMmeroT CI0KHYIO CTPYKTYPY JAHHBIX — 9TO Pa3MePHbIE BEKTOP CPEIHUX 3HA-
genuit 20 u MaTpua Kopapuanuii norpermsocreit u(2?, z;-)). B npocrpancree @PII z xoner
BekTopa cpexnnx 3uadeHnit OPII 2° B “mpenesne BeIYMCICHUIT ¢ GECKOHEYHON TOYHOCTHIO"
JIEYKUT B IEHTPE JIUTICOUJIA PACCEAHUs, ONPEIEIIeMOro 00paTHON MaTpuUIleil KoBapualuit

i7j

DTO COOTHOIIEHUE HAJIaraeT BechbMa KeCTKHe orpaHmdenus Ha mpeodpasopanua OOII npn
BBLIYHCICHUSX C 3aJaHHOI TOYHOCTBIO. V3 Hero, B 4aCTHOCTH, CJIelyeT HeBO3MOXKHOCTL He-
3aBUCUMBIX OKpyTyieHuil cpegnux 3uadennit @PPII u MaTpudHBIX 37IEMEHTOB MATPUIIBI KO-
Bapualuii u KOPPEeJAuil /i TJI0X0 OOYC/IOBJIEHHBIX MaTpull. K coxkajaeHuio, 3ToT (haxT
HEJIOOIEHNBAETCS. MHOIMMIE crienuajncramu (cM. obcyxkaenust B padore [20]).

JIroboe Buipaxkenue, 3apucsiiee or ODII, numeer nucnepcuio, CBA3aHHYIO CO “CIydailHbIM
xapakrepoM” O@II, 11 BLIMUCIEHEA KOTOPOil HYyZKHO MCIOIL30BATH MATPUILy KOBAPUALMIL
DOII cormacuo 3aKkoHy TepeHoca (propagation) nmorperrocreii [2]:

u[f(21, 0y 2n)] = Z a—zia—zju[zi,zj].

Ecmun marpuna xoppensuunit @PII equnuanasi, ciaegoBaTebHO, MaTpUlla KOBapUalldit
JUaroHasbHa, U (popMyJia IepeHoca MOTrPeIrHOCTel MPUHIMAET CIeIyOMi B

u[f(2z1, .y 2n)] = g—ig—ia[zi]a[zj]éij = Z(%G[ZZDQ

3,j=1

[Tockonbky Jsro60e BhIpazkenwue, 3aBucsiiee or OOII, umeer MorpenHocTb, TO UHTYHH-
TUBHO IIOHSITHO, YTO HET OCODOI0 CMBICIA BBIYUC/IATH TEOPETUYECKHE IONPABKU K 3TOMY
BBIPAYKEHUIO, €C/IN UX BeJIMIMHA 3HAYUTETbHO MEHbIe Beundnnbl norpermnoctn or OOII.

Cospemennbie 3nadennst PPII O6b111 TOTYIEHBI B HAIMOHAJILHOM UHCTUTYTE CTAHIAPTOB
u rexuosoruii (NIST) CHIA B 1998 rozy, 0mo6peHbl 1 peKOMEHI0BAHBI /11T MEZK Iy HAPOTHOTO
ncnonb3oBaausa komuccueit KOIATA.

[Tpusenem copaBky o Komurere [2[:

e KOJIATA, xomureT 110 JAHHBIM JIJIsI HAYKA U TEXHOJIOTUHU, OCHOBaH B 1966 rory.
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e KOJIATA crpemutcst c/ieJuTh 3a KA9eCTBOM, HAJIEKHOCTHIO, 00pabOTKOIl, yIpaB/IeHu-
€M U JIOCTYIHOCTBIO JTAHHBIX, PEJICTABISIONINX UHTEPEC /I HAYKU U TeXHOJOTHUH.

o Mexaynapomnas rpymmna mo OOIT KOJIATA 6br1a ocnoBana B 1969 r. Ee nesb mepu-
OJIMIECKH TIPEIOCTABISTH HAYIHOMY U TEXHUIECKOMY COOOIIECTBY HAOOP CaMOCOT/IACO-
BaHHBIX CD(DH, UCXoad m3 BCEX JOCTYIIHBIX K 9TOMY MOMEHTY JaHHBIX.

B ony6mukosanaom B 2000 roay ordere 2] o mepeorerke OPII-1998 moapobHO OmUCAHBI
MeTonukn u nporeaypsl yrounenus OO, Oanako Ha caMoM MOCTIETHEM JTAIE MPOIIELYPhI
[IEPEOLIEHKN — TIPEJICTABICHUE PE3y/IbTATOB HAYIHOMY U 00pPAa30BATEILHOMY COOOIIECTBY —
ObLTN JomyIIeHbl Tpyoble omuOku. Tak, HanmpuMep, MaTpUIla KOPPEIsnil SKCIIEPUMEHTATb-
HO M3MepseMbIX BEJHYHH 7T;;, HaledaTaHHas B 2] ma crp. {434, 436}, KoTOpas BXOAUT B
COOTBETCTBYIOILYIO BEJIIIIHY

X2 = Z (Qi - fi(zh EES) ZM))V;;I(QJ - fj(z17 ) ZM))

ij=1,....N

Kak V;; = o|g;|o[gj]ri; He gBIAETCS MONOKUTEIBHO OLPEIEIeHHON (IMeeT 2 OTPHIIATETbHBIX
cOOCTBEHHBIX 4ncia). MoxKHO ToKazaTh, 4To B 3ToM ciaydae V! takxke He GyJeT MOIOKH-
TEeILHO OIpejie/IeHHOl MaTpuilei, U BeJMYUHa X2 MPOCTO He MMeeT MUHHMyMa, KOTODDIi
Tpebyercsd HaflTU B MeTO/Ie HAMMEHBIIINX KBaJPATOB.

Kpowme Toro, sstemenTsl MaTpuiibl Koppessannit yrounenabix @I, npusenennble Ha odu-
[AJTBHOM caiiTe [3]| 1 YacTU9IHO pPUBEIEHHBIE B 2], OKPYIVIEHBI ¢ TOTHOCTBIO JI0 TPEX MEePBBIX
JIECSTIMHBIX 3HAKOB TIOCJIE 3AIIATON UTO W IMPUBEJIO K MOSIBJIEHUIO OTPUIIATETBHBIX COOCTBEH-
HBIX 3HaUeHUil y MarTpuilbl Becos(!).

[Tepeuncinm 1 MPOKOMMEHTHPYEM MTPOOJIEMBI, ¢ KOTOPBIMU MbI CTOJIKHYJITUCH TTPU MCIIO/Thb-
3oBaHuu JaHHbIX 1 nHpopMmarmu mo OOII:

29 =29

o llckarKkeHust MaTPHI] KOPPeJISIH, “BXOJHON” U “BBIXOAHOI”, Kak B 0030pe |2|, Tak u Ha
odurmaabaoM caitre [3].

e OrcyrcTBUE ONMUCAHUS METOJIUKU OKOHYATETHHON 00PAabOTKM PEe3yJIbTATOB JIJIs MPE/I-
CTaBJICHUs. DTa METOIMKA HYKHA JIJIs TOIO, YTOOBI MCKAXKEHUIl JAHHBIX OOJIbIle He
obL10. OTCYyTCTBIE 9TOH METOINKN TOHUKAET IIEHHOCTD ITPEJICTABICHHBIX PE3YIHTATOB;

=297

e Her “mammuounTaemoro” ucrounuka ganubix 1o OOII. “MamunounraeMblil’” HCTOYHUK
— UCTOYHUK, C KOTOPOTO HHMOPMAIIs MOXKET ObITh aBTOMATHYIECKH TIePEHECeHa B Iep-
COHAJTBHBII KOMITBIOTED, HAITPUMED depe3 ceTh VHTepHeT, U 3aTeM UCIIO/Ib30BAThC S JIPY-
rumvu mporpavMvamvn. Hu KOJIATA, au NIST Takoit BOSMOXKHOCTH HE TIPEIOCTABIISAIOT.
[IpaBaa, ects opunmansubrit caitt NIST, ¢ koroporo @PII, ux ommbKM 1 KOppessImn
MOXKHO TmiepeHocuTh 1o npuniumny “Copy-Paste.” Omnako eciu Tpedyercss BBIMHCIUTH
crangaprHoe oTkyoHeHne oT pyHKun N 6a3oBbix ODII, To ynciao ko3hGUIIEHTOB,
KOTOpBIe HYKHO “mepenectu’ ¢ caifita, papao: W = N + N + (N(N +1)/2 — N) =
N(N + 3)/2. Ilpu N = 8, kak, nanpumep, B (opMyJ/ie [Tl SHEPIUU YPOBHEH aToMa,
Bozopona Ey(nL;), W = 44.
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o “CokpbITne” JaHHBIX M0 HEKOTOPbIM oreHeHHBbIM 6a30BbiM DOPII. B okonuaTebHOIM
tabsmie pekomenoBanubix KOJ/IATA & wucnonszoBanuio OPII wer mabopManum o
cnepyommx OPII, koTopbie UCIIOTBL30BAINCH T TIponeypbl yrouneHus PPII-1998:
dn(nLy), Oe, 0,1, Opry — HMOIPABKU K TEOPETHUECKUM BBIPAKEHUSIM JIJIs yPOBHEH SHEPI UM
arombl Bogopoga (N = H) u neiitepust (N = D), aHOMaJIbHOTO MATHUTHOIO MOMEHTA
9JIEKTPOHA U MIOOHA, & TaK»Ke K CBEPXTOHKOMY DACIIEIJIEHUI0 B ATOMEe MIOOHW, a
Takke, dggo(X), rme X = ILL, N, W17, W04, W4.2 MO*4, SH1 (3HaveHus IIOCTOSHHBIX
PEIIeTOK /It ceMy MOAuMUKAIN{T MOHOKPUCTAJIOB KDEMHUS ).

e B mponeaype KOJATA npoussomurca MoucK JIOKAILHOIO MEHEMyMa X2. Bompoc o
[JI06ATbHOCTH HAHJCHHOINO MIUHIUMYMa He 00CyKuaeTcs B 2.

e OrcyrcrByeT MeTo/inKa 00paboTku “monpaBounbix’ yrounsgeMbix DI nocse nporemy-
pot yrounenust. “Ilonpasounsie” yrounsempre OOII, Takue kak, nanpumep, oy (nk;) —
MOTIPABKN K TEOPETUIECKUM BBIPAXKEHUSIM JIJIs YPOBHEH SHEPTUH aTOMbBI BOJIOPO/IA, HE
spistiorest, o cytu, @I kak cnpaBeanBo 3aMedaroT aBTopsl |2]. OgHAKO METOANKA
o6paborku srrx OPII noce nporeayphbl OlEHUBAHNS He OlucaHa B |2].

e OTCyTCTBYIOT METOIMKH I TOCTPOEHMS MpEeICKas3aHuil 1 yKa3aHnsa Ha ‘ciiadble Me-
cta’ oleHUBaHUs. Bplle ObLIN yKa3aHBI JBE MOJA3a/[a9i, KOTOPbIe BOBHUKAIOT B PaM-
kax 1npobgembl ODII. Eciu mepBast m3 Hux Oblla TaK WM MHAYE pPeIleHa, TO BTO-
pas OblLjla JIMIIb TOJIBKO 3arponyTa. [Iponemypa yrounenus KOJATA:1998 onupasiack
HA CIIPaBE/INBOCTD CICAYIONMX KoHmenuii (|2, ¢.355): crermanbHas Teopust OTHOCH-
TEJILbHOCTH, KBaHTOBas Mexauunka, K9/I, cranmaprHas Mojenb pU3nKu 3/1eMEeHTAPHBIX
qactu, copmectHo ¢ CPT maBapmanTHOCTBIO, a TakxKe Teopuu 3dderTa JIxko3edco-
Ha (Josephson) u kBanTOBOrO 3hhexra Xosta 1 0COGEHHO HA TOYHOCTH COOTHOIIEHH
Mexk Iy nocrosiaabivm: JIxko3edcona n don Kimrsunra (von Klitzing); snemenrapaoro
zapsdaaa e u nocrosgaHoi [Lnanka h.

JI1s1 perteHnst HEKOTOPBIX U3 IePedrc/IeHHbIX mpobsem Obl1 co3man nmaker PAREVAL B
CUCTeMe KOMITBIOTEpHOI ayredpwl Mathematica, BOCIIPOU3BOILIINI CTPATETHIO U ITPOIE/LY PbI
OIEHUBAHVs, OMMCAHHBIE B [2].

Hns yrounennss @PII-1998 mer ncnomnbsosamn 93 nabarodaemvr ypasnenud fi(z), Takoe
JKe KOJIMYIeCTBO HAOJIIONAeMbIX BeJMYHH (¢;) U UX KoBapmanuit, (u[g,q]), KoTopble ObLIn
BeIGpansl u3 107 coornommenuii Tuna ¢; = f;(z) B [2| 11 okoHUIATEIBHOI TPOIELYPEL YTOU-
Henusi, u onennBaan 57 6a30oBbix OOII (cpenn koropeix 66110 29 “nctuHEbX’ ODIT 1 28
“monpaounbix OOIT”).

C momomipio nakera PAREVAL 66110 TpoBeIeHO HECKOJIBKO CEeCCHii COrIacoBaHms 6a30-
Bbix OOII o ganubiv [2|. OxpHa ceccusi — ¢ MaTpHIEii KOPPEISIIU BXOJAHBIX IKCIIEPUMEH-
TaJbHBIX JIAHHBIX U3 [2|, Apyras — ¢ eIUHUYHON MaTpUIEil BXOTHBIX SKCIEPUMEHTATBHBIX
JMaHHBIX (pe3ysnbTarbl cM. B [20]) u TpeThs — ¢ “pasoKpyIJIeHHON MaTpHIel Koppessiiuii
BXOJIHBIX SKCIIEPUMEHTAIBHBIX JaHHBIX U3 [2|. Pesyabrarsl Tperheil ceccnn mpeicraBieHbl B
CJIEIYIOIIEM pa3Jesie.
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5.1 OcHoBHbIe pe3yibTaThl. BbiBobl. O6cyXK1eHne

Huzke npusenena tabinna saadenuiit @PII (cm. Tabiuiry 2), mosydeHHBIX ¢ TOMOIIBIO TAKETa
PAREVAL B ciiyuae, Korja UCIOIb30BAIACh PA30KPYTJIEHHAS TIOJIOKUTETBHO ONpeIeIeHHAasT
MAaTPUIAa KOPPeJISIIii HCXOJAHBIX S9KCIIEPUMEHTATBHBIX JIAHHBIX (TO €CTh OJIHA U3 BO3MOYKHBIX
MaTPHI KOPPEIAIUil, OKpyIrJeHne KOTOPOH 10 TPeX JIeCATUIHBIX 3HAKOB JTaeT MaTPHILy U3
[2]). Pasokpyriisiicst cuMmMeTpudHbIil 610K OMyOIMKOBAHHON MATPHIIBI ¢ HAMOOJIBIIINM KOJIU-
YeCTBOM MAaTPUYHBIX 371eMeHTOB Buja (0.999.

N3 anammsa npuBeeHHBIX TaOJIAIT MOYKHO CIe/IaTh BBIBO/I, ITO MBI IMEET COT/IACHE MEK LY
pesyabraramu yrounenns OPI1-1998 u mammmu pesyabrataMu B npegenax b% oT cpemneit
BEeJIMYIUHBI CTAHIAPTHBIX OTKJIOHEHU JIBYX 9TUX PE3yJIHTATOB.

Taxum 06pazoM, OBLIH MOTYYEHBI CIEAYIONINE PE3YIbTATHI:

e Paszpaboran MakeT cucTeMbl [Jig MOHUTOpHHTa 3HadeHuit 6a3oBbix ODII B cucreme
Mathematica — maker PAREVAL (kpatkoe onmcanune cM. B mocsieieM pasjede). [la-
KeT MOKeT ObITh UCIIOIBL30BAH Jj1st HOBOTO corytacoBannsg PPII, a Takxke Juts perrenns
IIIPOKOI0 KJIacca 3aJiad 10 OIEHKE MapaMeTPOB TEOPEeTHYECKUX MOJIeNIeil 10 IKCIe-
pUMeHTAJIBHBIM JaHHbIM. [laker nmeer ymmensuto GPL u 6yaer mocrymnen mist obre-
CTBEHHOTO HCIOJIb30BaHUS.

e IIposepensr pesymnbrarsl yrounenuss PPII-1998 nmo meromuke KOJJATA /NIST:1998
(em. Tabmuiy 2).

e Pesynbrarsl mpoBepKHn npuHIuna “npociaekuBaemoctn’ (traceability) [2] mokazasu, aro
pesyabTaThl nepeorieHkn OPI1-1998 He BOCIPOU3BOIUMBI TOYHO: HAM HE C YeM CpaB-
HUTD it oteHeHHBIX DDIT (06 9TOM OBLIO y7Ke HAMCAHO BBIIIIE).

o [lonyyena mosioKuTeIbHO-ONIpE/Ie/IeHHasd MaTpulia Kopessiuii 6a30Bbix OOII.

o [losy4ueHbl BeIMYINHBI TOMPABOK K TEOPETUIECKNM BBIPAYKEHUSIM YPOBHE( SHEPIHN aTo-
MOB BOJIOPOJIA U JIefTepus, AHOMAJIbHBIX MATHUTHBIX MOMEHTOB JIEKTPOHA U MIOOHA, a
TaKKe CBEPXTOHKOMY paciieriernio B Moornu (cM. Tabsuy 3). lo nporeaypsr ote-
urBannsg QOII 51y BemarHBI OBUIN HEM3BECTHBI; ObLIA U3BECTHA TOIBKO OLEHKA I10-
rpemHocTeii 91ux Beandand. HanomuuMm, aro stu nonpasounsie @PIT ncnonszosasmch
kak nogaronounsie OII B mponeaype NIST /KOJATA:1998. Kpome Toro, jijist Kazxk1oii
TaKOIl MOCTOSTHHON BBOIIIINCH Habatodaemuvie ypasuenus Buna 0=35X | rie coorBeTCTBY-
fomee ¢; = 0 mmesio morperHocTb o[ X]| (o9eBumHO, HabAOIaEMBIE COOMHOWEHUA B
5TOM cirydae umesn npocroit Bug f;(6X) = 6X).
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Tabnuma 2: Cpasrenne smadenuit NIST/CODATA:1998 (Tpermit cTonGem) ¢ COOTBETCTBYIONAME 3HA-
yeHusgMU (4eTBepPThIl crosben), Koropble Obuau mosydeHbl 1m0 Meromy NIST ¢ moMomipio Halmero makeTa
PAREVAL. A_/o_ = (2copara — 2parEvAL)/\/0[2copaTAl? + 02pAREV AL]?, Ndf = 93 — 57 = 36 —

qUCI0 CTereHeil cBOOOIbI.

CumBoin KOJATA:1998 3natuenue PAREVAL 3navenne
OODOK HenckazkeHHbIiT KOpPETITOP Paszokpyruennsiii koppeasitop | A_/o—
1| Reo 1.097 373 156 8549(83) x 107 1.097 373 156 8547(83) x 107 0.018
2| A.(e) 5.485799 110(12) x 1074 5.485 799 110(12) x 10~* —0.048
3| Aq(p) 1.007 276 466 88(13) 1.007 276 466 88(13) 0.048
4| A.(n) 1.008 664 915 78(55) 1.008 664 915 78(55) —0.014
51 Ar(d) 2.013 553 212 71(35) 2.013 553212 71(34) 0.0015
6 | A-(h) 3.014 932 234 69(86) 3.014 932 234 69(86) 0.012
7| Ar(@) 4.001 506 1747(10) 4.001 506 1747(10) 0.036
8 | 7.297 352 533(27) x 1073 7.297 352 533(27) x 1073 0.0014
9 | fe-/pip —6.582 106 875(66) x 102 —6.582 106 875(66) x 102 0.000 33
10 | pa/ps —4.664 345 537(50) x 1074 —4.664 345 537(50) x 1074 —0.037
11 p,ef/g; —6.582 275 954(71) x 102 —6.582 275 955(72) x 102 0.0058
12 u%/u; —7.617 861 313(33) x 10~ ¢ —7.617861 313(33) x 10~* 0
13 un/,u;, —6.849 9694(16) x 107! —6.849 9694(16) x 107! 0.0035
14 | me/my, 4.836 332 10(15) x 1073 4.836 332 11(14) x 1073 0
15 | h 6.626 068 76(52) x 1034 6.626 068 76(52) x 10734 0
16 | R 8.314 472(15) 8.314 472(15) 0.024
17 | xu(CuKay) 1.002 077 03(28) x 10~ 13 1.002 077 02(29) x 10~ 13 —0.000 64
18 | xu(Mo Kay) 1.002 099 59(53) x 10713 1.002 099 59(52) x 10713 0
19 | A* 1.000 015 01(90) x 1010 1.000 015 01(90) x 1010 0.0093
20 | dago(ILL) HeT 1.920 155 816(56) x 1010 Her
21 | dago(N) Her 1.920 155 819(51) x 10~ 10 Her
22 | dago(W17) HeT 1.920 155 841(48) x 10710 Her
23 | da2o(W04) HeT 1.920 155 810(52) x 10710 Her
24 | dagp(W4.2a) HeT 1.920 155 799(50) x 1010 Her
25 | dagp(MO*4) HeT 1.920 155 607(44) x 10~ 10 Her
26 | daoo(SHI1) HeT 1.920 155 762(46) x 1010 Her
27 | dago 1.920 155 845(56) x 1010 1.920 155 839(56) x 1010 0.019
28 | R, HET 9.07(33) x 10716 Her
29 | Rq HeT 2.153(14) x 10715 HeT
x2/ndf = 0.90 [2], page 446 x2/ndf = 0.90
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Tabnuia 3: Cpasrenue BXomHBIX 3HAMeHHIT TOMPaBouHbIX O@II § (TpeTha KOJTOHKA) ¢ COOTBETCTBYFOTTAMH
3HAYEHNsIMU (JIeTBepTasi KOJIOHKA), TIOIyIeHHbIME ¢ noMoinbio nakera PAREVAL nocre mpouemypst yTod-

Henust 110 Metonuke KOJTATA:1998, ( ndf = 93 — 57 = 36) — uucsio creneseil cBOGOIBL.

CumBoin KOIOATA:1998 BxomHble JaHHbIE PAVEVAL 3nauenue
OPK Pazokpyriennblit KoppeasaTop

30 | 0x(1,0,1) 0(9.0000) x 10* 0.0082(8.9731) x 10*

31 | 61 (2,0,1) 0(1.1000) x 10* 0.005(1.0975) x 10%

32 | 65(3,0,1) 0(3.300) x 103 0.003(3.291) x 103

33 | 61(4,0,1) 0(1.400) x 103 0.009(1.3964) x 103

34 | 6p(6,0,1) 0(4.20) x 102 0(4.19) x 102

35 | 9x(8,0,1) 0(1.80) x 102 0(1.80) x 102

36 | 6m(2,1,1) 0(1.100) x 103 —0.040(1.091) x 103

37 | 6(4,1,1) 0(1.40) x 102 —0.05(1.39) x 102

38 | 6m(2,1,3) 0(1.100) x 103 0.015(1.096) x 103

39 | 0x(4,1,3) 0(1.40) x 102 0.02(1.39) x 102

40 | 61(8,2,3) 0(1.7) x 10t —0(1.7) x 10!

41 | 05(12,2,3) | 0(5.0) —0(5.0)

42 | 61(4,2,5) 0(1.40) x 102 0.01(1.400) x 102

43 | 0u(6,2,5) 0(4.0) x 10! 0(4.0) x 10*

44 | 6p(8,2,5) 0(1.7) x 10* 0(1.7) x 10*

45 | 6(12,2,5) | 0(5.0) 0(5.0)

46 | 6p(1,0,1) 0(8.9000) x 10* 0.0041(8.8770) x 10*

47 | 6p(2,0,1) 0(1.1000) x 10* 0.0012(1.0971) x 10*

48 | 6p(4,0,1) 0(1.400) x 103 0.001(1.396) x 103

49 | 6p(8,0,1) 0(1.70) x 102 0(1.70) x 102

50 | 0p(8,2,3) 0(1.1) x 10* —0(1.1) x 10*

51 | 6p(12,2,3) | 0(3.4) —0(3.4)

52 | 6p(4,2,5) 0(9.2) x 10 0.06(9.20) x 10*

53 | 0p(8,2,5) 0(1.1) x 10 0(1.1) x 10

54 | 6p(12,2,5) | 0(3.4) 0(3.4)

55 | de 0(1.1) x 10712 0.010(1.10) x 10~12

56 | dnru 0(1.20) x 10? 0.010(1.2) x 10?

57 | 6, 0(6.4) x 10710 0(6.4) x 10710
x2/ndf = 0.90
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6 Kparkoe ommucanne nmaketa PAREV AL

[Taker PAREVAL cocTouT 13 HECKOIBKIX HE3aBUCUMBIX MOIYJIE. YCIOBHO €r0 MOXKHO Pas-
JIJTATH Ha 4 TIOJICUCTEMBI:

{file: ‘analize-8-m.m’} Mouysb js onenunBanuss POII (o onucanuoii B [2| cTp. 481-484
merouke NIST /CODATA:1998). Ha ero “Bxox” mogarorcs “manubie” epeolieHNBaHNUS,
TO ecTh 6a30BbIil HAGOP yrounsembrx PPII, reopermueckue dhopmysbl (observational
equations), 9KCIIEpUMEHTAILHO U3MEDPEHHBIE 3HAYECHUST HADJIIOIAEMBIX BEJININH, UX 110~
CPEITHOCTU U KOppessiuu. Takke Jjisi YTOYHEHUs] HEOOXOIUMO 3aJaTh ‘CTapTOBBIE”
suadennst OPII (koropere, Kak mpaBuso, 6epyTcs u3 Habopa 3HAYCHUIT MPEBLIYyIIeit
ceccru miepeotieHkn ). Ha “BbIxo/ie” mpotieyphbl Moy IatoTcsi yTOIHEHHbIE 3HAUeHUsT Oa-
30BbIX OPII.

{files: ‘cod-15-3.m’, ‘formulae-2.m’} Momyu a1t mocTpoenust TeopeTudecKux hopMyJ
qist ipotieypbl NIST/CODATA:1998. Tak, nanpumep, 8 Mathematica ObLi peasin-
30BaHbl Takne (PYHKIUH, KaK (DYHKIUSA I ypOBHEl SHEPruu B aTOMe BOZOPOJA U
nefirepust E'ij, rae L=SP,... u X=H,D (|2] crp. 466-474), aHOMAJILHBIX MATHUTHBIX
MOMEHTOB 3JIEKTPOHA @, ([2] cTp. 474-476) u Mroona a,, (|2], crp. 476-479).

{files: ‘myparser-1.m’, ‘correlations-4-pos.m’} Moaynu masg onucanusi, HAKOIJICHUS,
XpaHeHWsI U TPeoOpa30BaHUsT SKCIIEPUMEHTATIBHBIX JTAHHBIX (CPEIHUX 3HAYEHWUIl, T0-
IPEINTHOCTeN U KOPPeJISIIHii).

{files: ‘texprint-1.m’, ‘addon-5.m’} Moysu jjist IpejicTaBIeHUs] PE3YILTATOB B CUCTe-

Mme ITEX.

[Taker ucxomno coznasasics ms onennBannsg PPII no nporemype NIST/CODATA:1998.
Opnako 110001 M3 MOJYJIel, MePEeUNCIeHHBIX BbIIIe, MOXKHO HCIOJIH30BATh HE3aBHUCHUMO OT
OCTAJIBHBIX, TOJKJI04ast ero K pabouemy Mathematica mucty (notebook) ¢ momorpo KoMaH-
net 'Get’ (wn '«’). Cam Mathematica pabouwii UCT, B KOTOPOM OBLIN BBITIOJTHEHBI yTOYHE-
nng OOII, npempcrasiser coboit 0ObBIYHOE NMPUIOKEHHUE, UCIIOIB3YIONEee COBMECTHO MOJLYJ/IN
PAREVAL. Onucanune KaxKa0ii 1oACUCTEMbBI IPUBEJIECHO HUYKE.

6.1 Monayab AJsi olleHuBaHUsA NapaMeTpPoB MojaeJieit

Kak 6bL10 0OTMe4YeHO B pasjelie 3.2, Jjis TOro Y4TOOBI OIeHUTh NAPAMETPHI 21, ..., 2 U3 IKC-
HNepUMEHTAILHO U3MEPEHHBIX BeJUYNH (1, ..., (N, KOTOPBIE BBIparKaloTcs KaK (DYHKINU ¢ =
fi(z1, -, 20m), oo, g = fn(21, ..., 2p) OT mapamerpos {z;}, cornmacuo merony MHK, my»xkio
HAiTH MUHUMYM KBaJIPpATUYHOH (hOPMBI OTKJIOHEHUI 0T HyJIg pasHocTell tuna q; — f;(.):

X2 = Z (Qi - fi('zla "'?zM)) Wi - (qj - fj<2’17 "'?zM))? (4>

1<ij<N

rne W;; — marpuna Becos, pasaags W = V™1 tne Vi; = u,;; — mMaTpuna KoBapmammii nexo1-
HBIX JTAHHBIX.
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Oyuxunn {f;(z1, ..., 2m)}, KaK OpaBuiIo, HeJnHEHHLL. st TOro 9TO6BI IPUMEHUTH JIH-
HEHHBIX MATPUIHBIN MeTo moncka Muaumyma ([2], App. E), ux #yxHo “mHeapu3oBaTs’, TO
€CTh Pas3JIoKUTh UX B paj Teilopa, B Masoii OKpECTHOCTH OKUIAeMbIX 3HAYEHUI GA30BBIX
OODII {s;}, 1 OrpaHUIUTHCS JIMHEHHBIM YIIEHOM:

ofi
fi(z) = fi(s) + o (z s A
j=1,M J lz=s
BBeﬂeM HOBBIE HepeMeHHbIe
ofi
Yi=q — fi(s); m=2—s5 ay;= oz (5)
Xim = (Y = AX)TW(Y — AX); (6)

A =2ATW(Y — AX) + ATWA.
Bripazkenue 1j1a Y2 TOTIa IPUMeT BUJL
=Y - AX)TW(Y - AX) +2ATW(Y — AX) + ATWA =
=2 +2ATW(Y — AX) + ATWA = X2, + A

Boipazkenue st cronbua X,,i,, KOTOpOe MUHUMHU3UDYET X% | 33a€TCsl BHIPAsKEeHUEM

Xonin = GA" WY, (7)
rie G = (ATWA)~L. Marpuna xosapuanuit X,,i,, B CBOIO 09epe/ib, 33/1aeTCsl BEIPAZKCHHEM

cov(Xomin) = G.

Koneuno, nac unrepecyer He cToOel X,,;, KaK TAKOBOI, a HAMIYUIIAS OINEHKA Zpyin'

Zmin = S + Xinin

[TockonbKy ypaBHEHUST HEJTMHEHHBI, pellleHne JIMTHEHHOM alpPOKCUMAIINN HE JaeT TOYHOTO
pelenns HeJIMHETHO TPo0JIeMbI, HO 9TO pemenue maeT 3nadenus PDII, koTopwie, Kak 0xKu-
nmaercs ([2], p.482), jexar GsimzKe K TOUKe, B KOTOPOii JOCTUTAeTCsi MUHUMAJIbHOE 3HAYCHUE
pemmanne! x2. JIag Toro, 9TobB momyanTh Gosee Tounble 3Hadennsa OOII, MBI HCIOTL3yeM
yaydirerabie 3naderns POII B kadecTBe HOBOI “cTapTOBOI TOYKM I JIMHEHHON AITPOK-
CUMAIIUU. DTa MPOIE/Iypa, MOBTOPSETCS JI0 TeX 0P, MmoKa ctapToBble 3HaueHuss OPII yayT
oTmyaThcsa oT HOBBIX OolleHeHHbIX DDIT ma ovenb Mamyto momio ot norpemuoctu POII. Mur
HCIIOSIB30BAJIH CJIeIYIONIee YCJIOBUE CXOIMMOCTH BBIYUCIUTEIBHON CXEMBbL:

2

Linin; j —20
> S <107, (8)

=M [T mins ]

KOTOpO€ CJIelyeT U3 yPaBHEHHsI [JIsl SJIINICOHJA B IPOCTPAHCTBE MAPAMETPOB {Zpmin:j} C
nOIyOCaME {U[Zyin,;] - 10710%.

B momyste ecth Tpu (byHKIMN, KOTOPBIE PEAn3yIOT BLIMACINTEILHBIE CXeMbI, O KOTOPBIX
rOBOPHJIOCH BBIIIE.
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’ Nmsa dysknmm ‘ Kpatkoe onucanmne

makeAY Cosnaer marpurpl A n Y, cm. (5)
AdjustStep Haxomur munnmym S(X, X)) o dopmyie (7),
AdjustFull Peamusyer meTos1 mocsieioBaTe/IbHBIX TPUOTHKEHUHN 171 TTOUCKA

CTalMOHAPHBIX TOYEK (B TOM HYHCJIE, MI/IHI/IM}/'Ma) BEJIMYNHBI X2,
C 3aJaHHbIM KpUTEepHUEM CXOJIUMOCTHU

Dyukiua MakeAY

Input: {func, data, fpc, subsfpc00}

Output: {A, Y}

Description: func — cnucok dynkumii; data — crnmcok gaHHbIX; fpc — crnmcok mapame-
TpoB; subsfpcO) — CIMCOK IOJCTAHOBOK JIJIs IIapaMeTPOB B TOYKE, B KOTOPOH MPOMCXOIUT
BBIUNCIIEHUs; A — MaTpuia a;;, Y — cromber y; u3 (5).

[Tpumep:
In[11]:= makeA¥[{x"2 + 2y + 1, 2»x+ ¥}, 172, 1}, {x, ¥}, fx =1, ¥y = 0}]

Out[{1]= {{{2, 21, 12, 111, {-g, -1}}

dynknua AdjustStep

Input: {func, data, matcov, fpc, subsfpc00}

Output: {{X, CovX}, {Y, CovY}, x?, SO}

Description: func — cnucok ¢dyukimii; data — cmucok manHBIX; fpc — crnmcok mapame-
TpoB; subsfpc0) — crnucoK MOACTAHOBOK I TTApaMeTPOB B TOYKE, B KOTOPOii ITPOUCXOUAT
BBIUUC/IEHNS; Matcov — MaTpuila KOBapHAaIiii SKCIIePUMEHTAIbHBIX JTAHHBIX.

X — cronben, X, u3 (7), koropwiit Munnmusupyet x5 u3 (6); CovX — marpuna Kosapu-
anuit Bekropa X; Y — cronben Y us (5); CovY — marpuia Koapuanuii Bekropa Y x2 -
BeJIMIMHA X, COOTBETCTBYIOMAst HAMJEHHOMY X,pnin; SO - Bemmauna X7, B TOUKe Xpin.

[Ipumep:
AdjustStep[{x"2+2+¥+1, 2+%x+ ¥}, {1/2, 1},
{1, 1710}, {1510, 1}}, {x, ¥}, {x—=1, ¥y =0}]

1 1 23 27 27 9
Wab el b 50 i
3 1 1 295
Wgb enp i g g i 5o
Oynkmua AdjustFull
Input: {func, data, matcov, fpc, subsfpc00, cret}
Output: {{X, CovX}, {Y, CovY },subsfpc00, SO}
Description:
func — cnmcok dyukmit; data — cnmcok mauubIX; fpc — cnmcok mapamerpos; subsfpc00 —

CIIMCOK IIOACTaHOBOK IIJId IIapaMETPOB B TOYKE, B KOTOpOfI IIPOUCXOIUT BbIYUC/IEHN ] matcov
- MaTpula KOBapI/IaHI/Iﬁ IKCIIEPUMEHTAJIbHBIX JaHHBIX] cret — yciaoBue CXOAUMOCTH 8.
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X — cronben X, u3 (7), koropeiit Munnmusupyer x5 u3 (6); CovX — marpuna kosapu-
anmit BekTopa X; Y — cronben Y us (5); CovY — marpuia Kosapuaimii Bekropa Y; x>
— BeauYMHa X2, COOTBETCTBYIOMAdA HailIeHHOMY X i subsfpc00 — 3HaueHHs mapaMeTpos
'fpc’, 3aaHHBIE B BIJE CIUCKA IOACTAHOBOK {2, — Zj; min }; S0 — Bemdena Xlzm B TOUKE X min-

[Tpumep:
Inf21]= RAJuStFulI[{1+x "2 + X+ ¥, L+ 2xx+ 2wy, Xx-¥)Y, {1, 2,12},
{01, 0,0}, {0,121, 0}, {0,0, 1}}, {x, ¥}, {x—-1F2, ¥ -—=0}, 10*{-3}]

Munher of the equations:3 (3,3,3)

Humber of the adjusted constants:Z2 (2)

Creterion: ———
1a0aoa

+++ Make less then 10 iterations =+=x

Iteration #l

chi*Z=0.5625 with "Precision’=MachinePrecision
50=0.310345 with "Precision’=MachinePrecizion

Ry _B=0.75

Precision of the correction ®[[l]] MachinePrecision
Creterion=0.18056

New substitutions: {x—0.318%66, v—- 0.02586211

Iteration #:2

Iteration #5

chi*2=0.335425 with "Precision’=MachineFrecision
50=0.335425 with "Precision’=MachinePrecision

By _B=0.579159

Precizion of the correction X[[l]] MachinePrecision
Creterions6.63945: 107

Hew substitutions: {x— 0.342992, vy—= 0.00173169}

=+x Creterion was achiewved +x=

oui {{{{-0.362068), {0.05172411}, {{0.239006, -0.186669), {-0.166689, 0.3124811}!,
{{i{-0.672414)}, {-0.62069}, {-0.413793}}, {{0.36265, 0.428083, 0.218815},
{0.428083, 0.712474, -0.14697), {0.218815, —0.14697, 0.9248761)1,
% - 0.342992, v 0.001731691, 0.335425)
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6.2 Moayab aJisi TOCTPOEHUsI TeOPEeTUIeCKNX (PyHKITIit

st Toro aTobsr otiernTh napamerpsbl B makere PAREVAL, na “Bxox” dyuknun *AdjustFull’
Hy’KHO, B TOM ducie, 3anare cuucok dynkmuit {f;({zx})}. das mporeaypsr nepeonenkn
OOPII:1998 mbr cozmanu aBa Mathematica Momysisi, B KOTOPBIX OMUCAJU YEeThIPE OCHOBHBIE
dyHKIIN:

Nma CumBou Onucanne
dyuknun | Obosnadenue

Eltot Ex(n,L,j) | Yposuu sueprun atomos H u D ([2], App. A)

Qe e AHoMaJIbHBIN MArHUTHBIH MOMeHT 3eKTpoHa (2], App. B)

a, a, AnomasbHBI MarauTHBIT MoMenT MiooHa (|2], App. C)
Avpy, Avp, Ceepxronkoe pacuieruienue B Mioonnu ([2], App. D)

v v DyHKIWMs, CONpsizKeHHas (PYHKIUI CBEPXTOHKOTO

pacuieruienus: B Mioonuu ([2], p.387)

TakuM 06pa3oM, MBI PELIUIN CPA3Y HECKOILKO IIPOOJIEM:
)

® BO3MOXKHOCTbH TECTUPOBAHUS pPeaTn30BaHHbBIX (DYHKIINI HA HAJINYME B HUX OMIUOOK MPO-
rpammupoBanust (“bugs”’) mocse mocTpoeHnst Beeii menu BHIYUCTEHHI;

® BO3MOXKHOCTH JIOCTATOYHO ITPOCTON MOAMpUKAIy (DyHKIINIT O€3 N3MEHEHN OCTaTbHBIX
Herneil BhIYrCcIeHnil;

® BO3MOXKHOCTH UCIOJIB30BATh (PYHKIIMHU B JIPYTUX MPUIOKEHUAX. Y IPOIIEHNE MEXAHN3-
Ma OTUY KJIECHUA IaKeTa.

DOyHKOUA a,
Input: {alpha, dae}
Output: {Expr}

Description:

alpha - mocrosinnast TOHKOI CTPYKTYPHBI; dae - BeJlmdYeHa TEOPETUIECKON TONPABKU K de.
Feature:

Otger 3anmuceiBaercs B repmunax @OII C'i,., mojacTaHOBKE /17151 KOTOPBIX ecTh B 'subsCO1’
Example:

H[a.[a, 6a.] /. subsCO1 /. subsCONST, 17]

Out[40]= 1.6610000000000000 = 107 4 0. 159154945091895336 @ - 0. 033261524747073364 a° +
0.038096609572942051 o - 0, 0154995500081224005 a® + da,

DyHKIMA a

Input: {alpha, damu}

Output: {Expr}

Description: alpha — mocrosinHast TOHKOI CTPYKTYPbI; damu — BeJIUIrHA TeOPETUIECKOM
HOTIPABKH K .

Feature: OrBer 3ammceiBaerca B Tepmuaax OOII (', ToACTAaHOBKE /171 KOTOPBIX €CTh B

'subsC02’.
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Oyukiust Avyy,

Input: {mE, mM, aMU, alpha, R}

Output: {Expr}

Description:

alpha — mocrogHHas TOHKO# CTPYKTYPBHI;

mE — macca s1ekTpoHa;

mM — macca MIOOHA;

R - mocrosinnas Punbepra;

Feature: Oreer 3anuceiBaercs B repmuaax OPII 'dnXi’, moactaHOBKE 7151 KOTOPBIX €CTh

B 'subsX’.

Example:

In[49]:= H[Simplify[Avpgm. . my, a,, a, R] f. subs) /. dMu — Shovpgy,,
a>0&&a<1/28&m, > 0&&m, = m.]]

outfel= 0.333333 |525. +

16. cRo’md |-0.106103 o

171. +2. Logla]® - 9. Log[a] LDQ[E]] -
m‘E

I
3 L'jg[ e o (=1.93407 - 2. Log[a]) 101.209 ¢ Ratnd
. -
3.14159 - 11U [1- +’“_=]2 (e + 1) *
iy Q'

ﬁ [I:I. 0025666 cRat [lDZEE. B+ 778, 0+ 9474, 852 Ll:n;t[l.'x]2 +6l2.611
I, + Iy

ng[;ﬂ - 120, (9.42478 - 2. &) Lng[;ﬂ]z - 240, @ Ln-;r[;lE ]2] mfmﬁ] +

2. cRo' (B.+12.a +17.a%) (1. + a8, m, m; 1

(Iie + ) ? (I, + Ty ?
{l.59267 %107 cRa’
(2.07962 % 10% o - 3.96455 % 107 b + 70665.6a (-5326. 522 + 12384, o) +
78.9566 [-202500, - 6.70459x10% ¢’ + 4,86 10% &y +
44413.2 (~1537.69 - 17937. 5a) o’ Log[a] +

1.35717x 107 o' (6.28319 +o0) Logla]®) (1. +a,) L, 1) + 3. Glvi
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DyukIimda v

Input: {fr}

Output: {Expr}

Description:

fr - mporonnas NMR gacroTa;

Feature: Orger 3anuceiBaercst B repmutax OPIT {muemup, memmu, damu, dae, dMu}

Oynknusa Eltot

Input: {X, n, L, j}

Output: {Expr}

Description: X=(1[2),

X=1 mng aToma BOIOpOJA,

X=2 njs aToMa JefiTepus;

N — IVIaBHOE KBAHTOBOE YHCJIO;

L. — KBaHTOBOE YUCIO OPOUTATIHBHOTO MOMEHTA MUMITY/IbCA;

j — KBAHTOBOE YHCJIO TIOJIHOIO MOMEHTa UMITYJIbCA;

Expr — Boipazkenue s Ex(n, L, j).

Feature:

1) Orser samucsiBaercs B Tepyuaax OPIT {h (mocrosnnas [lnanka), m, — Macca /ek-
TpoHa, my; (Macca nporona (i=1) win meiirpona (i=2)), RR[i] (mporonusrit (i=1) u meitrpon-
ubiit (i=1) cpeanekBajparnueckuii pajuyc 3apsaa), alpha} u mex. apyrue.

2) NHoryia B BBIpazKeHUH MOTYT MOABATHCS TIEPEMEHHBIE My . DTO CBA3AHO ¢ OCOOEHHOCTHIO
ucnob3oBanHoro B Mathematica criocoba cOOPKU, KOMIUIAINU, (DYHKITUU, 3aBUCAIIEH OT
JIMCKPETHBLIX MepeMEeHHBIX. JTa TPYAHOCTH IIOKa He IIPeOJOJIeHa, MOSTOMY B STHX CIIydadx
HY?KHO JIOTIOJIHUTE/TLHO BBITIOJIHATH MOJCTAHOBKU My — 1.

[Tpumep: (cM. Ha ciieyrommell cTpaHue. )
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[Tpumep: Kiaccuaecknii JIsmboBcKuii ciBur:
In[27]:= Cullel::t[

Sj.mlify[[Euut[m{, 2,0, ;] -Eltot[HH, 2, 1, ;]] /.
{Z-1, my—my, m—my, RR[1] -RP}, a:0&&a<1/2&&m, »0&&m; = m, &L 1= 0], ]

1

o[Efs ——
slooooooooo

1350000000 ¢* o® nf mf

Tig =Fip bt 1

o(m, +mp) # +h2?TEme+mp33mf¢

[ 15Log[1+m_m1:] 53:2,‘41@3"‘;]

-718875000000h +

[2? cfotnlmg, [_n2 [szsnnnuu 4 1420893300 o + LODOOD0OO00 & Log[a] - 500000000 o Lu:ug’l 4 ]
n.

m; - 1000 [lS?lDD hfe+c? x*rE!
: : ZomRPow, ng :
-1000000 + e (1762043 - 1000000 Lag[2]) + 1000000 & Lug[—] w ||| +
h (m, + 1]

33?5DDDDDDJTLDg’l ML

1
Goio’ ol |- 16675 (2369 + 136448 o) + "r -
ot mg (M, - Wp) (I +Tp)*
1 2 :
—— (m} (-5680710291 ;r + 167500000 7" o (-1 + Log[64]) +
(I, +mp:]2
1
11250000007 Log[a] - 156250000 (197 + 108 Zeta[3]110 || - ————
(e +mp)?

[c* o m,n [avsannnnn mtal 4 106984375 7% af + 9 (3125179903 + 3432672425008 -

11718750 7' o (3547 + 540’ + 1296 Log[2] - 864 Log[4] - 24 Log[64]) -
T, + I ] .

N
ZE1250000 7 (45+a° (55+ 192 Log[2])) Log[ =
uzmp

m,+mP]t+
&

1125000000 o (9m+ 80 -1+ 2EulerGanma + Log[4])) Log[
ot Ly

1250 a (203760605 a + 6250 (3767 + 2592 Zeta[3])) ]]

6.3 Moayab COIPOBOXKAEHUS SKCIIEPUMEHTAJIbHBIX JAHHBIX

DKcIepuMeHTaIbHbIEe JaHHbIE, KOTOPhIE UCIIOIBL30BAJINCDH B IIporeaype yrounenns OOIT:1998
xpangarca B aByx ASCII daiiiax: ‘data-A.txt’ u ‘data-B.txt’. @aiiybl uMeoT CjIeayommii
dopmar. B meppoii crpoke crout umcygo N 3alMcCaHHBIX JaHHBIX B Qaiiine. B ciaemyromeit
CTPOKE CTOUT TMEPBOE JAHHOE, 3aTeM ITyCTas CTPOKA, 3aTeM BTOpPOe JAaHHOe, MyCTas CTPOKA U
Tak najiee 1o N nanubix. Kaxmoe gannoe umeer takyto crpykrypy X(Y)[U], me X — cpenee
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3HaYeHne, Y — IMOTPEITHOCTh K MOCaeHUM mudpaM cpejHero 3Hadenns, U - obo3HaUeHMEe
Besimanbl n3Mepenns. Hanpuwmep, ‘0.8545(120) [fm]” o3Hauaet, 1To cpeiHee 3HAYMECHIE PABHO
0.8545 fm, morpermuocts 0.0120 fm, fm = 107'° [m| B cucreme CI.

Martpuria Koppessiuit XpanuTcesa B MoyJe ‘correlations-4-pos.m’. O61mast MaTpuia Kop-
peJIsIuii CTPOUTCS U3 JIBYX HeKoppenupytommx 0710koB Aa n Bb: Aa — BepxHuit jieBbIit OJI0K,
a Bb — mHmkuunit mpasblii.

Huke npuBesieHo onucanne HEKOTOPHIX (DYHKITHIA.

®dyaknusa Parsel

Input: {String}

Output: {res, un}

Description:

Huraer dopmar "X(Y)|U|"u Bosspamiaer cpenHee 3HadeHue (res) W ero MOrPENTHOCTH
(un).

Example:

o)== W[Parsel["11.192(222) [x10-2]"]]

outpol= {0.11192, 0,002221

®Oyuknusa ReadData

Input: {Stream}

Output: {data, err}

Description:

Huraer daits, KOTOPDI OTKPBIT C IECKPUITOPOM Stream, (popMaT KOTOPOrO OIHCAH BbI-
IIe, U BO3BPAIIAET CIHCOK CPeJAHNX 3HadeHnil (data) u CIMCOK COOTBETCTBYIONIMX MOIPEII-
HoCTel (un).

6.4 Moaynp nipeactaBjieHusi pe3yabTaToB B cucteme KRTEX

[Ipu Gosbinom obbeme MoTydaeMbIX ¢ TOMOIIBIO TAKeTa JAHHBIX, TAKOM Kak, Halpumep, 57
snadennit POII ¢ morpemrHOCTAMEI ¥ KOPPEAIUAME, TTPEJCTABIEHUE UX B 0003PUMOM BUJIE
9TO TPYIOEMKasT 3a/1a4a, P BHITIOTHEHIH KOTOPOil MOT'YT BO3HUKATH OIMUOKU. {11 perrennst
9TOI TTPOOJIEMBI OBLT CO3JaHbl MOy ‘texprint-1.m’; ‘addon-5.m’.

Moayab texprint-1.m

Ilepemennasi subsList

Description:

subsList - cnimcok coorBercTBUsa cuMBOIOB OPII, KOTOpPHIE UCTOIB30BAINCH TIPUA YTOTHE-
nnn, n WTEXKoMaH/bI, KOTOPBIE JTOJIKHBI UM COOTBETCTBOBATL B OTYETE.

Example:

subsList = {{R, "R_ {\\infty}"}, {RP, "R_p"}

dynkmusa TeXPrint

Input: {matrix}

Output: {String}

Description:
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Cosnaer komanabl KTEX iis Marpunst matrix (B opmare String).
Example:
)= TeXPrint[mat111l= {{BP, "2.4+10"{-5}"}, {RD, -4}, {5, 6}}]

out[@]= Ybhegin{tabular:{ll} § F_p § & § “phantom{-}Z.4=10"~(-51 §
§ R ds s § -4 45 4y
§ 35 & §F 6§ N
Yend{tabular?}

Monaymas addon-5.m

Oyaknoua WithUncFormO1

Input: {x, un, fig}

Output: {"X(Y)\times 10{z} "}

Description:

BanmceiBaer cpejHee 3HadeHne (x) ¢ norpemHocThio (un) ¢ dpopmare X(Y) \times 107,
OImMOKA TOIPEIIHOCTH HIPU 9TOM OKDYIVIEHA He MEHee UeM C TOIHOCTHIo o fig 3Hagamumx
D (cpejiHee 3HAYEHIE IPU STOM €CJIN X >UN OKPYIVISeTCst COOTBETCBEHHO YHCITY OCTABIINX-
cs 3Havamux udp y norpermsoct). Kpome Toro, 4mcia mepeBoJsaTCs B HAYUHYIO 3allUCh
(scientific notation). X — oKpyryieHHOe cpejiHee 3HadUeHne, Y — OKPYIVIEHHAsI TIONPEITHOCTD,
7 — TOPsIZIOK 10 ocHoBaHuio 10 B HaywHOM 3ammcu (scientific notation) umncia.

Example:

nz0]= WithUncForm01[-62.9157, 2.5754, 2]

Q0] —6.29(26)%tines 104{1}

Oyuknua unFPC

Input: {cov}

Output: {un}

Description:

Bossparmaer crmcok norperHocreii (un) u3 MaTpuisl Kopapualwii (cov). Hamomunm, 1To
unli] = /covli, .
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