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Tpunyunvel o6pabomxu ungopmayuu 015 RPOSHOIUPOSANUSL MEPMOOUHAMUYECKUX NAPAMEMPOE
oKpyscaroujel cpedvl 6 3a0auax, npedcmasiennvix ¢[1], [2], [3].

IpuHuunbl 00padoTku nHGopManu

" Pewenue npobnem, nazsannvix Moppucom 'npoxnsmuem
meopemukda', npedcmagisien Upe3ebluatiHo CONCHYIO 3a0ayy u3-3d
BO3HUKAIOWE20 He MAK Youc peoKko NpOMuUGOpeuUsi MexHcoy
a0eKkeamuHocmplo  Mooenu U OOCMYNHOCMbIO — HeoOX0O0UMOU
MHBAapHaHTHOCTh ‘ unopmayuu. Iloneimku —aunarumuueckozo pewienus 3a0ad,
' CBA3AHHBIX C NPAKMUYECKOU peanusayuell npoyeoyp usmepeHus u
peuaemvix 6 peaibHOM 6peMeHU CONYMCMEYIouWuUx 3a0ad, ece2oa
CONPOBOACOAIOMCSL OISl PA3PAOOMYUKA MPEBONCHOU MbICIbIO O
HeOOCMAamoOYHOCMU OAHHbIX 8 CYUWeCmEyIoueM UH@OOPMAYUOHHOM
\&’\‘ - nomoke. Ilpoxisimuem meopemuxa 5Asemcsi €20 OecmaxkmHblil
KoJLIe2d, GHe3aNHO GOCKIUKHYSUWIULL, YO MOOeb O0eliCmEUmenbHO
xopowia, HO 01 Hee HEBO3MOICHO CoOpamv HeoOX0OUMbIX
UCXOOHBIX OanHbIX. 30ech 01 meopemura npedoCcmasisitoncs 08e
803MOJICHOCIU.  UOO  OH  ONUCHIGAEM — AOEKEAMMHYIO,  HO
Hepabomocnocobnyio modenv, aubo pazpabamvieaem pabomMocnocoOHYIO Modelb, OONYCKAs CYWeCmeosanue HONCHUY'
MedHcOy HeobX00UMOU U 00CMYNHOU UHGopmayuei” .

OHTPOIIHS g
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Ecnu umeTs BBUIY, HampuMep, 33J1aqy U3MEPEHUS MacChl KaKoi TUOO0 3JeMEHTapHON YacTHIBI, TO 3/1€Ch
HEO0OXOJMMO Cpa3y OTMETHTH. JJI W3MEPEHHS MAacChl DJIEMEHTapHOM YacTHIIBI HEeT MPSMOTO WHCTPYMEHTapHs,
AQHAJIOTUYHOTO TOMY, KOTOPBIH MCHOJB3yeTCAd B KJIACCHYECKOW (pM3UKE B BHE BECOB WM JMHAMOMETPOB. 3/1€Ch
HCTIONB3YIOTCS KOCBEHHBIC JAaHHBIC, HAPUMEP — MO Pe3yJbTaTaM CEUCHHH M YIJIOB paccesHus, U apyrux (ux
MHOT0). OIHHM CIIOBOM, Ha CaMOM JieJie U3MEPSIIOTCSI HE HEMOCPEACTBECHHO TpeOyeMble MapaMeTphbl, a TO 4YTO
JIOCTYIHO HabmofeHnio M m3MepeHuto. [locpegHUKOM ke MeXIy HapaMeTpamu, TPeOYIOUMMH OLEHKH WU
M3MEpEHUsI, M JOCTYNHBIMH JaHHBIMH SIBISCTCS HEKHME TEOpWH, O0ECIeUHMBAIONIUE MPOLEAYPHl HM3MEPEHUS
(OYHKITMOHATBHBIMH CBS35IMH MEXAY U3MEPSIEMBIMHE U IIeJIEBBIM ITapaMeTpamH.

U3BecTHO, UTO 6 mpoyecc uzmepenus GMeulu8aiomcs Cryyainvie (akmopsvl U HOIHOE UCKIIOYEHUe UX
eAUAHUA  Henpeodoaumo. 1103TOMy MaTeMaTHYECKUM amlapaToM, aJeKBATHO OMHUCHIBAIOIIUM TaKUE MPOIEAYPHI,
SIBIIIETCSI TEOPUSI BEPOSITHOCTEH M MaTEeMAaTHYECKOW CTATUCTHKH, 0a30BBIMH IMOHATHAMU KOTODPBIX SBISIFOTCS
BEPOATHOCTU U (DYHKIIMH PACIIPEICIICHUS BEPOSITHOCTEH. Toraa /Ui OleHKU IMapaMeTpoB 3ajad, HeoOX0UMO, BO-
MEpPBbIX, HAWTH BUA (DYHKIMI pacrpeneNicHHus IoKa3aTrejeld WIH BEIHYUH, BO-BTOPBIX, OICHUTH IHapaMeTphl
(YHKIMIA pacrpeneicHus, mapaMeTpbl MOJEIH W3MEPEHUS 10 TeM IEPBUYHBIM JIaHHBIM, KOTOPHIC PEaTbHO
JIOCTYITHBI U TOCTOBEPHBI.

U 30eco mvl Habaooaem B603HUKHOGEHUE ewé 00HO20 MOMEHmMA, CONYMCMEYIue2o0 npoyedypam
uzmepenuti (Hapsody ¢ HeOMBPAMUMBIM EMEULAMENbCMEOM CYUAUHBIX (AKMOPOB), GbIHYICOAIOWUT HAC 66eCMU 8
MEeopuI0 UsMePEHUsl CyUWeCmeeH bl dlleMeHm HeonpedeieHHocmu. Mepa dTOH HeOoIpeIeIEHHOCTH OYIET OTPaKaTh
“ImIpUHY HOKHUIT MEXTy HEOOXOIUMOM M TOCTYITHON HH(POPMAITHEH.

B peUIeHU N MOAOOHBIX 3a7a4 He00XO0JHMO BbBIAEJIUTHL HECKOJbKO B3aMMHO JOIOJHHUTEIbHBIX

aCl'leKTOBl).

Ilepswiti acnexm CB3aH C WCIOJIb30BAaHHEM TaK HA3bIBAEMOT'O MpUHYUNAG WHBAPUAHTHOCTH, OTUYCTIHMBO
chopmynmupoBanHoro Jlonckepom Ha ocHoBe wmaed Kommoroposa (1935), Opmema wu Kama (1946,1947)
JanbHeliliee pa3BuTHE MeToaa CBA3aHo ¢ paboramu Iyb6a (1956),ITpoxoposa (1953,1956)Ckropoxoma (1956),
Buuarenu v apyrux. [IpuMeHeHHe MPUHIMIIA HHBAPHAHTHOCTH 0a3MpyeTcsl Ha ammapare IpeIe/ibHbIX TeOpeM
TEOPHH BEpOSATHOCTEH. DEHOMEHOIOTHIECKON OCHOBOW NMPUMEHEHHUS dTOTO MPHUHITUIIA SBJISETCS M3BECTHHIN (hakT
HE)KECTKOW 3aBUCHMOCTH PacIpeIeeHH MaKpOmapaMeTpOB OT MHKPOXapaKTEPHUCTHK CHCTEMbI, YTO TO3BOJISIET
UCIIONB30BaTh JUTS TOCIIEAHUX MOJICNbHBIC pachpe/eneHus. B ¢u3uke, HanpuMep, H3BECTCH (aKT: MPEAeTbHBIM

Y Crenys [4, 5]
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MakpopachpeAe/IeHUeM JUIsi YacTHIl, TMOMYUHSIOMMXCS cratucTukam @Pepmu u  [upaka sBisercs oOiiee
pacnpenenenue Makcpeiia.

CymecTByeT pa3Hble 4acTHbIE (OPMYIHPOBKH MPHUHIIAIIA WHBAPHAHTHOCTH CBA3aHHBIE C KOHKPETHBIMHU
WCCIICIOBAHUSAMY psiia aBTOPOB, a NPOCTCUIINIA BapHaHT MPHHIUIA JaeT (OPMYITUPOBKA IECHTPAITBHOMN
NpeJIeTIbHON TEOPEMbI TEOPUU BEPOATHOCTEM.

XOopoIIo HM3BECTHO MPOSIBICHUE STOTO NPUHIUNA TPH ONHCaHWuu (u3udeckux cucteM. [lo-Buaumomy,
MMEHHO (OPMYJIHPOBKE MPHUHIMINA WHBAPHAHTHOCTH HA SBPUCTHYECKOM YPOBHE MBI OOS3aHBI yCICITHOMY
OTMHCAaHUIO CTATHCTUYECKUX CHUCTEM, TO €CTh CHCTEM CO MHOTUMH BHYTPEHHHUMH CTETIEHAMHU CBOOOBI, C TIOMOIIBIO
TEPMOJMHAMUYECKUX METOJ0B. B 00mem cimydae K TOJOOHBIM CHUCTEMaM OTHOCHTCS Takue, Y KOTOPBIX
OTHOCHTEIHHO JCTEPMHUHHPOBAHHBIM XapakTep HAONIOAaeMBbIX MPOIIECCOB COYETAETCS C MX CTOXaCTHYECKOW
npuponoit. [IpuHIMI WHBApHAHTHOCTH INMHPOKO M YCHEIIHO WCIONB3YeTCs TakKe W MPH HCCIeTOBAHUH
OpraHU3alMOHHBIX U YKOHOMHYECKHUX cucTeM. DopmanbHasi MOJEIb CUCTEM 3TOr0 Kjacca, KOTOPble Ha3hIBAIOTCS
MaKpOCHCTEMaMH, OITHChIBACT MpPeoOpa3oBaHME CIIydalHBIX MEKDIICMEHTHBIX CBs3el (Muxpoyposenv) B
HEKOTOPBIN BIOJIHE PETYJISPHBIN Tpotiece (Makpoypoeens).

Takum 00pa3oM, NPUHLIMI HHBAPUAHTHOCTH AAET BO3MOXKHOCTH YCTaHABIMBATH 3aBUCHMOCTH MEXKAY
XapaKTePUCTUKAMH, OIMMCHIBACMBIMU JBYMsI THIIAMH MapaMeTPOB: CBOICTBA mapaMeTpoB (Makpo-) OJHOTrO THIIA
ONPE/ICIISAIOTCS Yepe3 CBOMCTBA MHOTHX MapaMeTpoB (MUKPO-) JPYroOro THIIA.

Bmopotl acnexm cBs3aH ¢ UCNOIB30BAHUEM KOHICTIIHU UHGOPMAYUOHHOU DHMPONUY W BAPUAITHOHHOTO
NPUHYUNG  MAKCUMYMA  UHQDOPMAYUOHHOU dHmMponuy, TO3BOIAIONNX TMONYYNUTh BHJ PpAaCHpEACICHUsl MpH
pasnu4HbEIX GopMax orpaHuueHui. [lapaMeTpsl nogyvaronuxcs pacupeaeeHnii MpeICcTaBIsoT cO00i MHOXKUTETH
Jlarpamxa, yuurteiBatomirie HHGOPMAIIIO O BUAE paclpeIeTIeHHS.

[IpuMmeHeHrE TpPUHIUIA MaKCHMyMa SHTPOIMUM IO3BOJISIET yYECTh MAaKCHUMAaJIbHO “I00pOCOBECTHYHO”
nH(popMaruio o Bune GyHKIMH pactupeaeneHus. CymiecTBo neia B cieayroneM. Yamie Bcero CBOHCTBa CITydaitHbIX
BEJIMYMH BBIPAXKAIOTCSI B BUJAE PABEHCTB HEKOTOPHIX KOMOWHANWN WX 3HaYeHWH. Takue orpaHWdYeHHs] HECYT
OTIpeICTICHHYIO NH(OPMAITUIO OTHOCUTEIFHO BHJIA PACIIPEICICHUN CIIyYaifHbIX BETHYMH. B 3TOM ciydae perieHue
3a/layd  OMpENEeNeHUs BHIA pacIpeleleHns [TOJDKHO YYWUTBIBaTh HH(OPMAIIMIO, CONEpXKAIIylocs B JTHX
OTPaHUYCHHSX M TOJIBKO 3Ty MHPopMarmioo. Kinaccudeckue paboThl Mo Teopru WHGOPMAIUK, YCTaHABIMBAIOIINC
CBSI3b MEXJY MOHATHSIMH DHTPOIUU W WH(POPMAIUH MO3BOJISIIOT UMEHHO TaK TPAKTOBATh MPUHIIMII MaKCUMyMa
SHTPOTHHU

B coBpemeHHOW (M3MKE TPUHIUI MaKCUMyMa DSHTPONHH SIBJISCTCS OJHMM U3  OCHOBHBIX
METOJIOJIOTUYECKUX TPUHIIMIIOB, a TOHITHE OSHTPONWU SIBISETCS YHUBEPCAILHOW XapaKTEPHUCTHKOH BcexX
(U3NYECKUX TIPOLIECCOB M CIYXKHUT (PyHIAaMEHTAJIbHBIM OOBEAMHSIONIMM WX HadaioM. [loiHOe BOIUIOIICHHE
MPUHIIUIIE MHBAPUAHTHOCTU U MaKCUMyMa 3HTPOITUU HaXOJAT B TEPMOJWHAMUYECKOM TMPEAETe CTaTUCTHUSCKUX
TEOPHi, pacCMaTPUBAEMBIX C TTIOMOIITLIO0 aHcaMOIeit I mo6ca. DPheKTHBHOCTh MPUMEHEHHUS B Pa3INIHBIX 001aCTIX
3HAHUHU BBIJBUTACT MPUHIMII MAaKCUMyMa 3HTPOIUU B PSJI OCHOBOITOJIATAIONINX TPUHITUTIOB MIPH UCCIEAOBAHUN
CIIOKHBIX CUCTEM.

[IpumeHeHue npunyuna MakcumaibHo20 npagoonooodus SIBISCTCI MpembuM AcneKmom PEUIeHus 3anad
00pabOTKH HEMOCPEICTBEHHBIX PE3YJIbTATOB W3MEPEHHH M OLECHKH MNapaMeTpOB paccMaTpUBaeMOill MoAeH
ynpasienus. CyiecTBOBaHHE CBSA3M SHTPONHHU ¢ (GyHKIMEH IpaBronooOus, yCTAaHOBICHHON 10 CBUCTEIBCTBY
Buiscona [4] JlunaneeMm, mO3BOJSET pa3BUTh MHG)OPMAIMOHHYIO (SHTPOIHMKHYIO) WHTEPHPETAIMIO MPOLETYPHI
CTaTUCTUYECKOH OneHKH mapameTpoB. C MOMOIIBI0 METOJAa MaKCHMAIBHOTO MPaBAONOJO0MS OLEHHUBAIOTCS
MHOXHUTeNU Jlarpanka ycJIOBHOIO MakCHMyMa SHTPOIIMM HENOCPEICTBEHHO uepe3 NEePBUYHbIE JaHHbBIC, NPHUEM
KpUTEpHH TpaBAoNoaoOus oOecreunBacT MaKCHUMAIbHBIA y4eT HH(OpMaluyd BBIOOPOYHOW COBOKYHMHOCTH O
napameTpax peraemMoii 3agauu.

B3aumocBsa3p nH(pOpMAIUK, HTPOIIMK W TPABAONOA00HS, O0bEIUHEHHE TPUHIMIIOB WHBAPHUAHTHOCTH,
MaKCUMyMa 3HTPOINHUHU U NPaBAONOA00Hs JAIOT BOZMOKHOCTh C €IMHON MH(POPMAIIMOHHON TOUKH 3pEHHS OMHCAThH
mpoteaypy mpeoOpazoBaHus WHPOpPMAIMM OT PETUCTPAlldd  MEPBUYHBIX  JAaHHBIX [0 IapamMeTpoB
paccMaTpuBaeMoil mojenu. MHbopMalMOHHAs TPakTOBKa STOW MPOLEAYpPHl TO3BOJISIET PEUIMTh 3a4ady



YCTaHOBJICHHUS COOTBETCTBHS MEXIY JOCTYNMHONH wH(popMmanuelr u TpeOyeMbIMM B MpPOIECCE PEIIeHUM
rmapaMeTpaMHl CHCTEMBl JaK€ IMPH HAIMYAW “HOXKHHII MEXKIYy HEOOXOAMMOW M IOCTYITHOW HWH(pOpMAaIHCH.
Heomnpenenennocts, mpucymas momo0HOW Tpoleaype mpeoOpazoBaHuss WHPOPMAIMU BECbMa €CTECTBEHHBIM
o0pa3oM YYHUTHIBACTCS BBEJCHHEM WH(QOPMAIIMOHHONH SHTPONHH, KaK OJHOW M3 OCHOBHBIX XapaKTEPUCTUK
uccneayeMoit cucrtembl. [Iporenypy mnpeoOpa3oBaHWsi HMCXOAHOW WHQOPMAIMM B YUCICHHBIC 3HAYCHUS
M3MEPSEMBIX ITapaMEeTPOB MM ITOKa3aTeieid, OyieM Ha3bIBaTh MOJCIBIO HaO1t00eHus. TOUHOCTh WIIN aIcKBaTHOCTh
MOJICTTH HaOJTIO/IEHUS TakKe (POPMATU3YETCSI C UCTIOIh30BAHUEM TIOHSATHS SHTPOITUH.

B o0muiem Bujie MoJeb HaOMIOACHHUS MOXHO OIHCATh CIACAYIOIUM 00pa3oM. MI3BECTHO , YTO MOMEHThI
OJTHO3HAYHO OMPECISIIOT PACHPEACTICHUS CIyYaiHbIX BEJIWYMH TMPH BBIMOJHEHUH HEKOTOPhIX ycioBuid. K
OCHOBHBIM XapaKTEPUCTUKAM MJIH MOMEHTaM CIIy4allHOH BETMYHMHBI CIICAYyET OTHECTH: 00JIACTh €€ ONpeaeICHUsI
(mopmupoBKa), Mepy monoxkeHus (cpemHee) u Mepy pasdpoca (maucnepcus). Bonee BBICOKHE MOMEHTBI
KOPPEKTUPYIOT OKUIAEMbIC YACTOTHI UIIH BEPOATHOCTH IS 3HAYCHUH, HAXOSAIIMUXCS B MHTEPBAJIC C CEPEAMHON U
HIMUPUHOM, ONpeIeNIIeMbIMU MEPBBIM U BTOPBIM MOMEHTaMH. J[jisi OOJBIIMHCTBA PAcyeTOB M, B YaCTHOCTH, LIS
HHTEPBAILHOTO OLCHUBAHUS JAOCTATOYHYIO TOYHOCTH OOCCIICUMBACT 3HAHHWE TMEPBBIX TPEX MOMCHTOB WJIH, B
o0mieM citydae, Kakoro-iub0 KOHEYHOro 4Hcia. YderT WHpOopManuu O paclpeneiicHUH, KOTOpas COACPKUTCS B
MOMEHTaX, ¥ 0 MOMEHTaxX 4epe3 JaHHbIe BHIOOPOYHOH COBOKYITHOCTH OCYIIECTBISIETCS C IMMOMOIIBIO MPUHIIUIIOB
MaKCUMyMa SHTPONHHU U TPABAONOA00US: MPHUHIUI MaKCUMyMa SHTPOIHHU MPU 3aJaHHBIX MOMEHTaX MO3BOJIAET
ONPE/ICIUTh BHUIl paclpeiesicHus, a METOJ MaKCHMAJbHOTO MpaBAONOA00UsS — OICHUTh MOMEHTHI dYepes
HaOJfOIaeMbIe  TaHHBIC, MOJydaeMble HEMOCPENCTBEHHO TIPH PErHCTpaluk 3THX JaHHBIX. llerecooOpasHo
HCTIONBb30BaTh TPU MOMEHTA - HOPMHUPOBKY, Cpe/iHee U AUCIEPCHI0. BO3MOXHOCTH MPUMEHEHHST MOMEHTOB 0OoJiee
BBICOKOT'O TMOPSI/IKA TP pacyeTe MHOTOMEPHBIX 3ajiad OTpaHHYCHBbI BpeMeHeM pacyera U mamsteio I1K. B atom
ciydae, Kak u3BecTHO [3, 5], camocormacoBaHHON (QyHKIMEH pacrpeeficHUs SIBISCTCA YCEUCHHOE HOPMATbHOE
pacnpeneneHue. TIPHHIMIT MHBAPHAHTHOCTH HAXOAUT 371€Ch OTpaKEHHE B (hakTe HE3aBUCHMOCTH HailJICHHOTO
pacmpenesieHus OT JAeTaTbHBIX XapaKTEPUCTUK JTaHHBIX BHIOOPOYHOM COBOKYITHOCTH.

Ilpeonacaeman  mooenv  HaOMOOEHUs  NO3BOAsIEM  YCMAHAGIUBAMb  63AUMOCEA3b  NAPAMEMpPOs,
ONUCBLIBAIOWUX CcUCMeEM)Y, HA YPOBGHE UX CPEOHUX 3HAYeHUll U OUCNepCUll. COOMHOWIEHUST MeXNCOY CPeOHUMU
SHAYEHUAMU ONUCHIBATOM NPUUUHHBIE KOPPENAYUU MeNCOy NapaMempamu, COOMHOULEHUSI MeNCOY CPeOHUMU U
oucnepcusiMu No360A10M OYEHUMb Pe3yIbMmamsl 6030eUCMEUs. CYHAUHbIX U HEYYMEHHbIX (Pakmopog, mo ecmv
HeonpeoeeHHOCIU 3HAYEHUTl NAPAMEMPOE; COOMHOUWEHUSL MeNCOY OUCNEePCUIMU HO3BOJISIIOM YCIMAHOBUMb CB53b
MedHCOY HeOnpeOeneHHOCMAMY 3HAYEHULL NAPAMempO8.

BeceMa WHTEpECHO TOSBICHHE TEPMOJAMHAMHYECKOW DHTPOIHAU PSAIOM C WHOOPMAIIMOHHOW IIpHU
PaccCMOTPEHNH BOTIPOCOB 3KOJIOTHH. OIHAKO CIIy9aifHO 3TO WIIM HECITyYaitHO — TOKaKET BPEeMH.

HOJ'H:3y$ICI> HpeﬂCTaBHCHHOﬁ MeTOﬂOHOFHeﬁ, onmumeM B ACTAIAX MpOUCAYypY HU3SMCPCHUA IapaMeTpa,
MNPUHUMAIOIICTO TOYCYHBIC 3HAYCHUS, TO €CTh NPOLUCAYPY HAXOXKACHUA €TO "HCTUHHOTO" 3Ha‘-I€HI/I$I2) .

WuTepBan 6cex BO3MOXKHBIX 3HAYCHHWH TapaMeTrpa, KOTOPBIE MOTYT OBITh IONYYEHBI B Ipolecce
WU3MEPEHHH, HA3BIBACTCS 2EeHEPANbHOU COB0OKYNHOCMbI0. VIMEHHO TeHepalbHash COBOKYIHOCTH COIEPXKHT BCIO
nH(popmaruio 00 m3MepseMoM mapamerpe. OgHAKO B IpoIlecce M3MEPEHHS WM HAOMIOACHHS 3a TapaMeTpoM
MOTYT OBITh TIOJMYYCHBI TOJIBKO JUCKPETHOE M KOHEUHOe UYUCIIO PEe3yabTaToB. JTa COBOKYITHOCTH PE3YJIBTATOB
OyZeT Ha3bIBATHCS 8bI00POUHOU COBOKYNHOCIBIO.

OO0meit 3amaveli CTATHCTUKA SBIISETCS OLIEHKA IMapaMeTPOB TeHepaTbHONH COBOKYITHOCTH Yepe3 MapaMeTphl
BBEIOOPOYHOHN COBOKYITHOCTH, TO €CTh, B KOHEUHOM CYETE, 110 pe3yJIbTaTaM 3KCIICPUMEHTOB.

Ilycte B pesynbraTe cepud H3MEpeHUN mapameTpa X TMOJNyYeHBl YHUCICHHBIC JaHHBIC BBIOOPOYHOU
COBOKYIIHOCTH. Xq,X3, X3, ... Xy. MOXHO JIM M3 3TUX 3HAUYCHHUI MPUHATH Kakoe-nu0o 3a uctuaHoe? Her! Jleno B
TOM, YTO B MpOIEcCe HM3MEPEHUS BO3HUKAIOT HEMPEOAONIMMBIE ciy4daiiHble (DakTopbl, KOTOPBIE BCAKUN pa3
HCKXAIT MUCTUHHOE 3HAYCHUE M3MEPSEMOro MapaMeTpa. JTH HEMPEOAOIMMBIC U CIIydalHbIe (aKTOPhl MOXKHO
Y9ECTh TOJIGKO BBeIs (ZYHKIIUIO paclpe/eicHIs BEpOSTHOCTEH I 3HAUCHUH TeHEPATbHON COBOKYITHOCTH. Yepes
ucnonv3oeanue QYHKYUU pacnpeoenenus 6eposimHocmeti 08 2eHePAIbHOU COBOKYNHOCTNU Mbl 3A8E00MO 8800UM

2) Crenys [6]



4.

VUém HeonpeoeiéHHOCMU, C8A3AHHOU C GIUAHUEM HEKOHMPOIUPYEMbIX (PaKmopos Ha pe3yabmamvl UMEpPeHull.
OO6o03HauuM TUIOTHOCTh pactpenencHusi BepostHocteit ([TPB) cimywaiinoit Bemwumnsl X depe3 f(x). Takum
o0pa3oM, uamepsieMblii mapameTp X JODKEH MpeacTaBasaThes mapoi (x, f(x))

M3BecTHO, YTO TpHW BBIIOJHCHWH OINPEACIEHHBIX VCIOBHA (DYHKITHS pacTpeeieHIs] TOJHOCTHIO
ompenenseTcss CBOMMU MoMeHTamMu. Curyamusi cXo0ka C TOM, KOTOpas BO3HUKAeT NpU NPEACTaBICHUHU
AHAJIMTHYECKON (PYHKIMK C moMolsio psaa Tenopa, rae QYHKIHS MMOJHOCTHIO ONPEACIIICTCS 3adaHheM BCeX
MTPOU3BOHBIX B TOUKE, KOTOPBIX - 0ECKOHEYHOE CUETHOE MHOKECTBO. OTHAKO /ISt OOJBITMHCTBA PACUETHBIX 3a/1a4
MIPU XOPOLIEH CXOAUMOCTH Psiia TOCTATOYHBIM SIBIIICTCS YUET BCETO HECKOJIBKUX WICHOB Psifia.

AHAJIOTUYHO M B CTATHCTHUYECKHUX 3a/auyax OLICHMBAaHWs 3HA4YEHHUH IapaMmerpoB. 31ech, BOOOIIE IoBoOps,
NPU OMHCAaHUU U3MEPSEMOTro MapameTpa ¢ MOMOLIBIO CBOMCTB cirydaiiHo# BenmunHoi (CB) mocraTouHo 3HaHus €€
HEPBbIX HECKOJIBKMX MOMEHTOB. J[JIsl OLIEHKH K€ BEJIMUMHBI 3HAUCHUS W3MEPSEMOro Hapamerpa W pa3zdpoca ero
3Ha4YeHUH (TOYHOCTU ONpEEIICHHs) B IMOJABISIONIEM OONBLIIMHCTBE 33a4 JOCTATOYHBIM OKa3bIBACTCSI 3HAHUE
MEPBBIX TPEX MOMEHTOB. HOPMHUPOBKH, CPETHETO U TUCTIEPCHH, KOTOpBIe onpenessitores yepe3 [1PB mo hopmymnam:

+0o0
1= f f(x)dx (nopmuposra — nyneBoit MmomeHnt CB) Q)
+o0
U= f xf (x)dx (cpeonee — mepeolii MoMeHT CB) (2)
4+
o= f (x — w?*f(x)dx (Oucnepcus — Bropoit moment CB) (3)

Crnydvaiiaple (akTOpbl HACTOJNBKO CIyYalHBI, 4YTO JUIA HHUX JaXe paclpelelicHus BepOsSTHOCTEH
Hen3BecTHBI. OIHAKO TPUHIUI MHBAPHAHTHOCTH TOBOPHUT O TOM, YTO JJII HMX MOXHO BEIOpaTh W MOJICIBHEIC
pacnpesiesieHus, TOCKOJBKY "cymMma' STHX MOJEIBHBIX pACIPEEICHUN aCUMITOTHYECKA BCE paBHO OyIeT
MOMYMHITHCS HOPMAIBHOMY 3aKOHY pacIpelelieHus. A pelleHHe BapHalMoOHHOW 3aJadd MaKCHMyMa SHTPOIHH
NIPU U3BECTHBIX 3HAUCHUAX HOPMHUPOBKH, CPEOHETO M NUCIEPCUU NaET TaKXKe HEMOCPEACTBEHHO HOPMAaJbHOE
pacnpeiefieHre I €r0 YCEUEHHBIN BUJT.

OO0 »TOM >Xe TOBOPHUT W IeHTpanbHas mnpeneasHas teopema (LIIIT) Teopwn BepOSTHOCTEM, Kak MpPHMEP
MpOsIBIICHUS "paboThl" NMPUHIMIIA UHBAPUAHTHOCTHU. MYCTh CllydaiiHas BeIMYMHA X UMECT CpellHee 3HAYCHUC [ U

2

mucnieperio o2, Ecii 02 KOHEYHO, TO TIPH CTpeMJICHHH 00BEMAa BEIOOPKHM N K GECKOHEUHOCTH paclipeselcHie

BBIOOPOYHOTO CPEITHETO

i=n

%= %;xi (@)

OylIeT CTPEMHThCS K HOPMAIbHOMY CO CPEIHMM [ U JAWchepcueil o2/n. 3aMeTuM, 4TO 37€Ch HUYErO HE
[PE/IIoIaraeTcsi OTHOCUTENFHO KOHKPETHKH (QYHKINK pactipeneicHus f(X) ciydaitHoN BenuuuHbl X.

Dopmyna (4) mpeacraBiasieT co00# MpUMEp Ba)KHOTO COOTHOIICHHS, YCTAHABIMBAIOIIETO CBSI3b MEKIY
MapaMeTpoM TEHEPaTbHOW COBOKYMHOCTH (M €T0 OICHKOW (I = X, BBIYHMCICHHON [0 JaHHBIM BEIOOPOYHOI
COBOKYMHOCTH, TO €CTh IO PE3YJIbTaTaM PEalbHBIX U3MEPEHUI.

CymecTByIOT pa3Hble METOMbI OIIEHKH MapaMeTPOB reHepaTbHON COBOKYITHOCTH IO JAHHBIM BBIOOPOYHOM
COBOKYIMHOCTH. Pa3Hble MeTompl MpUBOIAT B OOMIEM-TO K ONM3KMM YHCICHHBIM pe3yibTaTaM NpH OONBIINX
00béMax BBIOOPKH, OJHAKO CBOWCTBA TMOJYYCHHBIX OICHOK MOTYT W OTINYaThCs  (HECMENIEHHOCTD,
3 PEeKTHBHOCTD, COCTOATENBHOCTD). OIHUM M3 PaCIpOCTPAHEHHBIX METOIOB SIBISETCS METOJ, MCIOJb3YHOIIHi
MPUHIAIT MaKCUMAJIBHOTO MpaBAonofo0us. J[is OIEHOK CpelHero W IUCIEPCUM TeHepajJbHONH COBOKYITHOCTH
METO]T MAaKCUMAJIFHOTO TPAaBIOTON00MS NAET CIEAYIOINE BEIPAKCHHS:

=n

/ft=f= X (5)
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OTH OIeHKH 00JIaZlaloT BCEMU IEPEUNCICHHBIMA CBOHCTBAMH. B 3TOM M COCTOWT AOCTOMHCTBO METOAA
OIICHOK TTapaMeTPOB reHepaIbHONH COBOKYITHOCTH C MCIIOJIb30BAHUEM MPUHITUITA MAKCUMAIBHOTO MPaBAOO100Hs.

3Has fi oueHku u 62 ay1s napamerpos i U o2 TIPB f(X) MOXKHO 3aJ1aThCsl BOMPOCOM: KaKOBa BEPOSTHOCTD
Pr{ye(a,B)} Toro (akra, 4ro mpu odepeIHOM HM3MEpeHHH X, 4TO OyAeT MOJYyYEHO 3HAYEHHE Y, JICKAILEE B
untepsaie (a, f)? OTBET OUCBH/ICH:

B
Prive@ ) = [ Foodx @)

Wntepan (@, ) HasbiBaeTcs B CTATHCTHKE O006epumenvhviM unmepsaniom, a senmmuuna & = Pr{ye(a,B)} -
BEPOSTHOCTBIO HJIH HAOENCHOCHbIO TOBEPUTEIBHOTO HHTEPBAIA.

Takum 06pa3om 00 HCTHHHOM 3HAYEHHWH NapaMeTpa X B pe3ylbTaTe MPOBEICHUS CEPUN U3MEPEHUI MOYKHO
TG CKa3aTh, YTO €ro 3HaYCHUE HaxomuTcs B uHTepBaie (a, f) ¢ Han&xHocThio €. C HAAEKHOCTBIO £ PE3yIbTaT
OUepEAHOr0 H3MEpeHUs NomaaéT HMEHHO B 3TOT uHTepBal. [IpuuéM npu HCMNONB30BAHUU TOJBKO JBYX

XapaKTEPHCTHK [ U 02

MOJTyYeHHBIH pPe3yNbTaT Halllero U3MEPEHUsI HIYEro He TOBOPHUT O TOM, HAallpHUMep, B JIEBOH
WIK TIPaBOW dYacTW JOBEPHUTEIHHOTO WHTEpBaja OOJBIINE BCErO CIEAyeT OXUAATh pPe3ylabTaT OYeperIHOTrO
u3MepeHusi? DTO SABISCTCS CICACTBHEM TOro (hakTa, 4To mpu omnpeneicHun napamerpoB [IPB M1 ucmonb3oBamu
JIMIIE TTApaMeETPHI MOJIOXKEHUs BennuuHel (cpeqree) u pasbpoca (mucmnepcun). PaccMoTpenre ke MOMEHTOB Oolee
BBICOKOTO TIOpsiAKa B pasnokennu [IPB u omeHka ux 1Mo MaHHBIM BBIOOPOYHON COBOKYITHOCTH JACT BO3MOYKHOCTH
YYUTHIBATh U HECUMMETPHIO PACIIONIOKEHUS PE3yIbTaTOB U3MEPCHHS B IOBEPUTEIIFHOM UHTEPBAIE, a Takxke Ooliee

TOHKHE 3P(PEKThI U3MEPEHHUSI.

O00011ast, MOXKHO CKa3aTh, 4TO pe3yabTar m3Mepenuss CB X HeoOXoaumo ohOpMIISTh CIIEIYIONUM
obOpa3zom:

fi—§-6<x<p+§-6 e=Prixe(d—§-6,4+5-06)} (8)

3neck & ("kcu")- MPOU3BOIIEHOE YKCIIO, 3a/Jal0IIee OTKIOHEHHE OT CPEIHETO [l B UHHIIAX CPETHEKBAIPATHIHOTO
OTKJIOHEHHS §; TIepBOE€ JBOHHOE HEPAaBEHCTBO MOKA3bIBACT CHMMETPHUYHBIN WHTEpBaNl HMmpHHOH 2 - (& - 45)
OTHOCHTEIIbHO CPEIHETO [I, B KOTOPOM 3a(h)UKCHPOBAHO M3MEPSIEMOE 3HAUCHHE, @ BTOPOE BBIPAKEHHUE ONPEICIsIeT
HaA&KHOCTh € WM CTEMEHb JOCTOBEPHOCTH TOJYUYSCHHOTO pPe3yjbTaTa, KOTOPOEC MOXHO BBIPa3WTh  OoJiee
KOMITaKTHO:

e=Pr(lx — | <&-6) =20(9). )
¢
31ech (%) ! f —? dt (10)
=——1|e
V2m
0 Tabauna 1
Ne { €
usBecTHas (ynkuus Jlammaca, mporaOynMpoBaHHas, Hampumep, B [8]. B tabm. 1 | _n/n
MPUBEICHBl 3HAYCHUS ENPU Pa3HBIX TMONYIIMPUHAX JOBEPUTEIHHOTO WHTEpBala ; ; gggii
¢ B emqunniax o. Tak, Hanpumep, npu & = 3 (TpeThs cTpoka B Tabdi. 1) momydaem: 3' 3 0'9973
e=Pr(|lx—u| <3-0) =2®(3) = 09973, TO ecTh BEPOATHOCTH TOrO, HYTO 4. 4 0.999936
OTKIIOHCHHE 10  a0CONIOTHONH  BeIWMYMHE  OYyAeT  MCHBIIE  yYTPOCHHOTO 5. 5 0.999994

CPEIHEKBAIPATUYHOTO OTKIIOHEHUs paBHA 0.9973.

C nomoIpo napamerpa ¢ MOKHO 33JaBaTh TpeOyeMyr0 Haa&KHOCTh BBIBOJIA MO Pe3yIbTaTaM HU3MEPCHUS
M ONpEeNeNuTh ero 3HaueHue 3apanee. [lapamerp o 3amaér TOYHOCTH MpUOOpa WM MeTona W3MepeHus. Ecim
MEePBBIN TapaMeTp MOXKHO 33aTh UCXOMS U3 IeJIeCO00pa3HOCTH MTPUMEHEHUS pPe3ybTaTa U3MEPEHNUs, TO 3HAUCHHE



6.

BTOpPOT0O mHapamMceTpa BaﬂaéTC}I XKECTKO U OrpeACIACTCA KOHCTPYKTHBHBIMU CBOICTBaMH an6opa n MCETOJaMH
OILICHUBAaHMUA.

IIpaBuiio Tpéx curm. BeposTHOCTH TOTO, 9TO aOCOMIOTHAS BEIMYWHA OTKJIOHEHUS MPEBBICUT YTPOCHHOE
CpPEeIHEKBaIPATUYHOE OTKIOHEHUE, OUEHb Mala, a UMeHHO paBHa 1 — 0.9973 = 0.0027. D70 o3Hauaet, YTO JUIIH
B 0.27% ciy4aeB Tak MOXeET MPOU30UTH. TakuM 00pa3oM, HCXO/IS U3 MPUHIIMITA HEBO3MOKHOCTHA MaJOBEPOSTHBIX
COOBITHH, MOXKHO CUMTATHh MPAKTHUCCKH HEBO3MOXHBIMHA. B 3TOM M COCTOHT CYIITHOCTDH IpaBHIIA TPEX CUTM: ec/i
CAYHAUHAs BEUYUHA pAChpedesieHd HOPMAIbHO, MO aOCOMOMHASL eIUUUHA €€ OMKIOHEHUs OM CPEOHe20 He
npesoCcxooum YympoeHHo20 CpeOHeK8aopaAmuiH020 OMKIOHEHUSL.

Ucnonp3oBanre OTKIOHEHHsT ¢ OT CpeAHero [ B enuHHMIax & - ectb pabora co CB ZE ("kcu"),
onpeesieMO COOTHOIIICHUEM:

X=pu+Z-o, (11)
mporexypa ke nepexona X — = Ha3wsIBaeTCs Iporeayport Hopmanu3anuu CB X. B maHHOM citydae aTa mporieaypa
OKa3bIBACTCS TPEACIBHO MPOCTOM, BRIpaXKaeMoi paBeHCTBOM (11).

PaccMoTpum emni€ oHU acneKT MPUMEHEHUS MpaBuiia TPEX CUTM, YTO MOXKET HMPUBECTH K PsTy "TpaBwiI N
curM”. TTOCKONBKY BMECTO UCTUHHBIX 3HAUYEHHH (L U 0 MBI UCTIOJIB30BANIN MX OICHOYHBIC 3HAUCHHS, TIOTPEITHOCTH
caMHX 3HaueHuil I u G TpeOyIOT KaKOH-TO CBOCH cojieprKaTelbHOM MpoBepku. CaMbIM MIPOCTBIM CIIOCOOOM 37€Ch
SIBJISICTCS TIPOBEPKA HA CAaMOCOTIIACOBAHHOCTh PE3yJIbTATOB U3MEPEHHI | BHIBOJA B BH/Ie MHTepBaa (8).

IMocrie 3aBepIicHNs] CEPUU M3MEPEHHI M BBIYMCIICHHS TapaMeTpoB nHTepBaia (8) He0OXOMUMO BHIYUCIHTE
OTHOCHUTENIbHYIO YacTOTy IOMAaJaHusl B TOT WHTEPBall BHIOOPOYHBIX 3Ha4YeHWH. EciM oTHOCHTENbHAas 4acToTa
MOTTaJITAaHUS 3HAYCHUHN BBIOOPKH COTJIACYETCS C B 3aJIaHHOW HAJIEKHOCTBIO £, TO PE3yJIbTAT OICHKH mapamerpa X
MOXXHO CYHTaTh TOJIOKUTEIbHBIM. B TPOTUBHOM cilydae Mbl BBIHYKACHBI OyJieM pPaCIIUPUTh JAOBEPUTCIHHBIH
WHTEpBaN emé Ha OJHY § M CHOBA IOBTOPUTH TECT MO OTHOCHUTENBHBIM 4acToTaM. [Ipu 3TOM JOBEpUTENHHBIH
WHTEpPBaJ CTAaHOBUTCS IIMPE, HO HAJAEKHOCTh BBIBOJA YBEIWYHMBACTCS B COOTBETCTBHUU C JaHHBIMH Ta0m. 1.
[ponenypa pacumpeHus: TOBEPUTEILHOTO WHTEpBajia MOBTOPSIETCS JO TEX IOp, MOKa HEe OYyJeT yCTaHOBIICHA
CaMOCOTIIaCOBAaHHOCTh PE3YJIbTATOB.

Takum 00pa3oM, eciii Ha KaKOM-TO IIare HaMm yJaa€Tcs MOCTUTHYTh CaMOCOTJIIACOBAaHHOCTH pPE3YJIbTaTOB
W3MEpPEHUS U BBIYMCIICHUS, TO UIMEIOTCS OCHOBAHUS TIPEJIONAraTh, 4YT0 U3ydaeMas HOpMalH30BaHHAS BEIMYMHA B
3asiBIICHHOM TPUONKEHUU pACIpeleiicHa HOPMalbHO, a B TMPOIEAYpEe HOPMAaTW3allMMl YYTCHHI BCE
(hYHKITMOHABHBIC 3aBUCHMOCTH BIUSIONINE HA TMOBEJCHHE HMCXOTHOTO MapaMeTpa. B NPOTHBHOM cCilydae MbI
JOJDKHBL  OylleM KOHCTAaTHPOBaTh, YTO B JIaHHOM MPHOJMKCHUM HW3MEPSEMBI IMapaMeTp HE ITOIYHHSCTCS
HOPMaJIbHOMY 3aKOHY pAacCIpelleiCHUs, a B MPOIEAype HOpMalH3alli HE YYTEHBl HEKOTOPHIC CYIICCTBCHHBIC
(haKTOPHI BIUSHHIS.
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Application

Energy, market, ecology and the challenge of civilization-(4)
V. A. Kasimov (E-mail: quadrica-m@mail.ru)

Principles of information processing for predictinthermodynamic parameters of the
environment in the problems presented in[1], [A].[

Principles of information processing

"Solving the problems Morris calls the 'curse oé ttheorist' is
extremely difficult because of the not infrequenhtradiction
between the adequacy of the model and the avaflatuf the
necessary information. Attempts to solve analytipabblems
Invariance & related to the practical implementation of measuraM
Entropy ; procedures and rela_ited t_asks solved in real time aiways

accompanied by a disturbing thought for the develagbout the
lack of data in the existing information flow. Tharse of the

[ ikelihood=Tcs®

- theorist is his tactless colleague, who suddentjaéxed that the

model is really good, but it is impossible to colléhe necessary
initial data for it. Here, the theorist is given awpossibilities:

either he describes an adequate but non-functiomadlel, or he

develops a workable model, allowing the existeri¢sc@ssors' between the necessary and availalibenmation”.

If we take into account, for example, the probleihmeasuring the mass of an elementary particén th
should be noted at once: for measuring the maas efementary particle, there is no direct toolilsinto that used
in classical physics in the form of weights or dymaneters. Here we use indirect data, for exampiee results of
cross-sections and scattering angles and othexne (#re many). In short, what is actually measigembt directly
the required parameters, but what is availableofigervation and measurement. The intermediary lestviee
parameters that require evaluation or measuremedt the available data is some theories that provide
measurement procedures with functional connectietween the measured and target parameters.

It is known tharandom factors interfere with the measurement pge@nd the complete exclusion of their
influence is irresistibleTherefore, the mathematical apparatus that adelgudéscribes such procedures is the
theory of probability and mathematical statistitt® basic concepts of which are probabilities armbability
distribution functions. Then to evaluate the par@mseof the problems, it is necessary, first, talfthe type of
distribution functions of indicators or quantitiesnd secondly, to evaluate the parameters of thtilition
functions, the parameters of the measurement nowddle primary data that are really available afidiole.

And here we see the emergence of another pointat@mpanies the measurement procedures (along
with the inevitable intervention of random facteif@yrcing us to introduce an essential elementrufentainty into
the measurement theorfhe measure of this uncertainty will reflect theidth of the scissors" between the
necessary and available information.

I'n solving such problems, it is necessary to distinguish several mutually additional aspects.

The first aspecis related to the use of the so-called invarigorieciple, clearly formulated by Donsker on
the basis of the ideas of Kolmogorov (1935), Erdasth Katz (1946,1947). Further development of tle¢hiod is
associated with the works of Doob (1956), Prokhd$53,1956), Skorokhod (1956), Billingsley andesth The
application of the invariance principle is basedtba apparatus of limit theorems of probabilitydhye The
phenomenological basis for the application of grisciple is the well-known fact of non-rigid demmce of the
distributions of macroparameters on the microcharestics of the system, which makes it possiblegde model
distributions for the latter. In physics, for exdmpthe fact is known: the limit macro-distributidor particles
subject to Fermi and Dirac statistics is the gdridexwell distribution.

There are different partial formulations of the/danance principle associated with specific studiés
number of authors and the simplest version of theciple is given by the formulation of the Centtamit
Theorem of probability theory.



The manifestation of this principle in the destop of physical systems is well known. Apparenitys to
the formulation of the invariance principle at theuristic level that we owe the successful dedonpf statistical
systems, that is, systems with many internal degoédreedom, using thermodynamic methods. In géneuch
systems include those in which the relatively dateistic nature of the observed processes is combivith their
stochastic nature. The principle of invariancel$e avidely and successfully used in the study ghaizational and
economic systems. The formal model of systems wf ¢hass, which are called macrosystems, desctites
transformation of random interelement connectionieroleve) into some quite regular processgcroleve).

Thus, the principle of invariance makes it possitd establish dependencies between the chargicteris
described by two types of parameters: the propeotigparameters (macro-) of one type are deterntimedigh the
properties of many parameters (micro-) of anotieet

The second aspeid related to the use of the concepindbrmation entropyand the variationgdrinciple of
the maximum of information entrgpwhich allow us to obtain the type of distributionder various forms of
restrictions. The parameters of the resulting iistions are Lagrange multipliers that take intacaamt
information about the type of distribution.

The application of the maximum entropy principlievas us to take into account the most "consciergio
information about the type of distribution functidrhe essence of the case is as follows. Most dfftenproperties
of random variables are expressed as equalitissroé combinations of their values. Such restristicarry certain
information about the type of distributions of rand variables. In this case, the solution to theblenm of
determining the type of distribution must take iatwount the information contained in these rdstins and only
this information. Classical works on the theoryirdbrmation, establishing the relationship betwé®s concepts
of entropy and information allow us to interpres rinciple of maximum entropy in this way.

In modern physics, the principle of maximum enyrgpone of the main methodological principles, #mel
concept of entropy is a universal characteristialbphysical processes and serves as a fundamaritging basis.
The full implementation of the principles of invamice and maximum entropy is found in the thermodyadimit
of statistical theories considered using Gibbs efes. The effectiveness of application in varidigdds of
knowledge puts the principle of maximum entropyainumber of fundamental principles in the studgahplex
systems.

The application ofthe maximum likelihood principlés the third aspectof solving the problems of
processing direct measurement results and evajudtia parameters of the considered control modbe T
existence of a connection between entropy andikedhood function, established according to Wilddh by
Lindley, allows us to develop an information (eplypinterpretation of the procedure for statistieatimation of
parameters. Using the maximum likelihood methoe@, tlagrange multipliers of the conditional maximuin o
entropy are estimated directly through the pringaia, and the likelihood criterion provides maximaceounting
of the information of sample population about theameters of the problem to be solved.

The relationship of information, entropy and likelod, the combination of the principles of invaca,
maximum entropy and likelihood make it possiblenir@a single information point of view to describes th
procedure for converting information from the régison of primary data to the parameters of thelehander
consideration. The information interpretation oistprocedure allows us to solve the problem ofldisiaing a
correspondence between the available informatidnlaa system parameters required in the decisiocegs, even
if there are “scissors" between the necessary amilable information. The uncertainty inherent inck a
procedure of information transformation is veryumatly taken into account by the introduction ofoirmation
entropy, as one of the main characteristics ofsysem under study. The procedure for convertirgyititial
information into numerical values of the measurathmeters or indicators, we will call theodel ofobservation
The accuracy or adequacy of the observation medsdkd formalized using the concept of entropy.

In general, the observation model can be descramdollows. It is known that moments uniquely
determine the distributions of random variablesaurgértain conditions. The main characteristicemoments of a
random variable include: the area of its definitigtormalization), the measure of position (averaged the
measure of dispersion (dispersion). Higher momadjsst the expected frequencies or probabilitiessédues in
the mid-range and width range determined by th&t fand second moments. For most calculations, and i
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particular for interval estimations, the knowledyehe first three moments or, in general, a fimtenber provides
sufficient accuracy. Accounting for information aibéhe distribution, which is contained in the manse and the
moments through the data of the sample populatarairied out using the principles of maximum emyrand

likelihood: the principle of maximum entropy at givmoments allows us to determine the type ofidigion, and

the maximum likelihood methoe to estimate the moments through the observed dained directly when
registering these data. It is advisable to useethmements - normalization, average and dispersiotiis case, as
is known, the self-consistent distribution functisrthe truncated normal distribution. The prineipff invariance
is reflected here in the fact that the found distiion is independent of the detailed charactegstif the sample
data.

The proposed observation model allows to estalalisélationship between the parameters describieg t
system, at the level of their average values arthnees: ratios between the average values descarinesal
correlations between parameters; the ratio betwdenaverage and variances allow us to estimatdrtipact of
random and unaccounted factors, i.e., uncertaifityasameter values; the ratio between the variamreside the
link between the uncertainties of parameter values.

Very interesting is the appearance of thermodynaemtropy next to information when considering
environmental issues. However, whether it is actmleor not, time will tell.

Using the presented methodology, we will descnibdetail the procedure for measuring a paraméir t
takes point values, that is, the procedure forifigdts "true” value.

The range ofll possible parameter values that can be obtaind¢iteirmeasurement process is called the
general populationlt is the general population that contains adl thformation about the measured parameter.
However, only a discrete and finite number of ressohn be obtained by measuring or observing anpea. This
set of results will be calledsample set

The general task of statistics is to estimateptrameters of the General population through thanpeters
of the sample population, that is, ultimately, bg tesults of experiments.

Let a series of measurements of the paramétersult in the numerical data of the sample poprat
X1,X2, X3, ... Xn. Can any of these values be taken as true? No! ddted that in the process of measurement there
are insurmountable random factors that every tinstod the true value of the measured parametees&h
insurmountable and random factors can be takenaicitount only by entering the probability distribatfunction
for the values of the general populatidirough the use of the probability distribution dtion for the general
population, we knowingly introduce accounting fbe tuncertainty associated with the influence ofomtiolled
factors on the measurement resulienote the probability distribution density (PDDf) & random variable&l
throughf (x). Thus, the measured paramefanust be represented by a pairf{(x))

It is known that when certain conditions are ntie¢, distribution function is completely determineylits
moments. The situation is similar to that which wscwhen an analytical function is represented blyaglor
series, where the function is completely determimgdefining all the derivatives at a point. Thare an infinite
countable set of derivatives. However, for most gotational problems with good convergence of thiesgit is
sufficient to take into account only a few membafrthe series.

Similarly, in statistical problems of estimatiorfi parameter values. Here, generally speaking, when
describing a measured parameter using the propartia random variable (RV), it is sufficient todm its first
few moments. To estimate the value of the measpaeameter and the spread of its values (accuradyiei vast
majority of problems, it is sufficient to know tffiest three points: the normalization, the averagd the variance,
which are determined through the PDD by the forsula

1= f:';f(x)dx (normalization— zero moment of RY (1)

w=J""xf(x) (average value- first moment of RY )
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o= fff(x — Wi (x)dx dispersion— second moment of RV) (3)

Random factors are so random that even probaldigiributions are unknown for them. However, the
invariance principle suggests that model distriimgican also be chosen for them, since the "surtifese model
distributions will still asymptotically obey the moal distribution law. And the solution of the \aional problem
of the entropy maximum at known values of normaiara mean, and dispersion also gives a directiymab
distribution or its truncated form.

This is also indicated by the central limit thearéCLT) of probability theory, as an example of the
manifestation of the "work" of the invariance pile: let a random variabl¥ have an average value pfand a
variance ofr2. If a2 is finite, then when the sample sizéends to infinity, the distribution of the samphean

=n

S|
Rl

= (4)
i=1
will tend to normal distribution with an averageand a variance?/n. Note that nothing is assumed here about

the specifics of the distribution functigitx) of the random variabl¥.

Formula (4) is an example of an important relatfop that establishes the relationship between the
parameter of the general population and its estihat X, calculated from the data of the sample populatitat
is, from the results of real measurements.

There are different methods for estimating theapeaters of the general population from the datthef
sample population. Different methods lead in gehtr similar numerical results for large sampleesj but the
properties of the obtained estimates may diffebi@asedness, efficiency, consistency). One of thetroommon
methods is a method that uses the maximum liketihminciple. For estimates of the mean and variafdcie
general population, the maximum likelihood methogkg the following expressions:

1l=n
fp=x= n 2% (5)

L

5 = (i — )2 ©)
1

i
These estimates have all the listed propertiess Ehthe advantage of the method of estimating the
parameters of the General population using theciplie of maximum likelihood.

Knowing the estimates gf ando? for the parameterg ando? PDD f(x), one can ask the question:
what is the probabilityPr{ye(a, )} of the fact that the next measuremen&othat the value of lying in the
interval (a, §) will be obtained? The answer is obvious:

B
Prive@ ) = [ Foodx @)

The interval(a, B) is called theconfidence intervain statistics, and the value= Pr{ye(a, 8)} is the probability
or reliability of the confidence interval.

Thus, the true value of the parameXeas a result of a series of measurements can enbaldl that its
value is in the rangéx, 8) with the reliability ofe. With reliability € the result of the next measurement will fall
into this interval. Moreover, when using only twieacacteristicg: ando?, the result of our measurement does not
say anything about, for example, in the left orhtigoart of the confidence interval, the result bé tnext
measurement should be expected most of all? Thic@sequence of the fact that we used only trensers of
the position of the quantity (average) and the atisipn (dispersion) in determining the parametérhe PDD.
Consideration of higher-order moments in the PDBodgposition and their estimation according to tamge
data will make it possible to take into account #symmetry of the location of the measurement tesalthe
confidence interval, as well as more subtle measent effects.
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Generalizing, we can say that the result of thasueement of R\ should be designed as follows:
f—¢-G<x<[A+&-6; e=Prixe(i—&-6,4+&-6)} (8)

Here¢ is an arbitrary number that specifies the devafrom the meai in units of the standard deviatién the
first double inequality shows a symmetric intereblvidth 2 - (¢ - §) relative to the meag, in which the measured
value is fixed, and the second expression detesrtine reliability ofe or the degree of reliability of the result,
which can be expressed more compactly:

e=Pr(lx -4l <§-6) =20(). (9)

Here

£
1 t?
=—|e7 10
6 mofezdt (10)

a well-known and calibrated Laplace function.

In Table 1 the values of for different half-widths of the confidence intah§ in units ofo are given. So, for
example, whed = 3 (the third line in the table. 1), we obtaih= Pr(|x — u| < 3-0) = 2®(3) = 0.9973, that
is, the probability that the deviation in absolutdue will be less than three times the standawiatien is 0.9973.

You can use thé parameter to set the required reliability of theport Table 1
from the measurement results and determine itevaladvance. The parameter | Ne 3 Py
specifies the accuracy of the instrument or measemé method. If the first| 1. 1 0.6826
parameter can be set based on the feasibility plfyag the measurement result,_2: 2 ]0.9544
the value of the second parameter is set rigidly iandetermined by the design i' i 8'335336
properties of the device and methods of evaluation. 5 5 0.999994

The three sigma rule. The probability that the absolute value of the
deviation exceeds the tripled standard deviatiorerg small, namely — 0.9973 = 0.0027. This means that only
in 0.27% of cases this can happen. Thus, based on thepgeiraf the impossibility of unlikely events, it mde
considered almost impossible. This is the essefidaeothree sigma rulaf a random variable is distributed
normally, then the absolute value of its deviafimm the mean does not exceed the tripled standevédhtion.

Using the deviatiog from the meari in unitsc is working with RV E, determined by the ratio:
X=u+&-o, (11)
the procedure of transitioki —» = is called the procedure of normalization RV In this case, this procedure is
extremely simple and expressed by equality (11).

Consider another aspect of applying the three aigrte, which can lead to a number af Sigma rules".
Since we used their estimated values instead ofrtleevalues oft ando, the errors of the values d@f andé
themselves require some kind of meaningful vetifica The easiest way here is to check for selfsgiancy of
the measurement results and output in the forrm afiterval (8).

After completing the series of measurements arduleding the parameters of the interval (8), it is
necessary to calculate the relative frequency efstimple values falling into this interval. If ttedative frequency
of hit values of the sample is consistent with gieen reliability £, then the result of the evaluation of the
parametelX can be considered positive. Otherwise, we willehiyextend the confidence interval by one n®re
and repeat the test on relative frequencies agéinthis case, the confidence interval becomes wyidet the
reliability of the output increases in accordandéhvthe data in the table. 1. The confidence irdgkmxtension
procedure is repeated until the results are sei$istent.

Thus, if at some step we manage to achieve salfst@ncy of the measurement and calculation results
then there are grounds to assume that the studiedatized value in the claimed approximation istriisited
normally, and the normalization procedure takes autcount all functional dependencies that affeetitehavior of
the original parameter. Otherwise, we will havestate that in this approximation, the measuredrpeter does not
obey the normal distribution law, and the normdiaa procedure does not take into account somefigignt
factors of influence.
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