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separate the burnout areas from the image background have
been shown. The agorithm for vectorizing the thermogram
images to highlight burnout areas on the filtered image has
been developed. The neura networks choice to solve the
problem for thermogram image recognition of the lining ob-
jects has been substantiated. The thermogram image pro-
cessing results of the moved mixers and wagon with liquid
iron to determine their technical condition have been de-
scribed.

Originality. The thermogram image processing method
of the lining objects for thermal control which based on a
combination of the neural networks and classicd image pro-
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cessing methods and which dlows diagnosing the lining ob-
jects condition (determining burnout areas) has been deve-
oped.

Practical value. The practical value of these results is
that the provisions of this scientific work alowed carrying
out technical diagnogtics of the lining objects by determin-
ing their lining burnout arees.
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ANALYSISOF THE TRUNCATED NORMAL DISTRIBUTION
APPLICABILITY FOR SELECTION OF THE
MULTIPLE MEASUREMENTS OPTIMAL NUMBER

Heas. ObecrieueHne TOYHOCTH KOHTPOJIBHO-U3MEPUTENBHBIX ONEpaIii B MAIIMHOCTPOCHUM IMyTEM OLEHKHU II0-
TPEIIHOCTH TPH HCIOJIH30BAHUU YCEYCHHOTO HOPMAJIBHOTO pAaCHpenieleHus I ONpeaesIeHUs] ONTUMAIBHOTO YHCIia
MHOT'OKpPaTHBIX U3MEPEHUM.

Metoaunka. Ha ocHOBaHNMHU MCIIONB30BaHMUs MPUHIMIIA MAKCHMYyMa 3HTPOIMY U BapUAIlHOHHOTO UCYHCIECHUS TOTy-
YEHO aHAJUTUYECKOEe BBIpaKEHHE s BUJAA IUIOTHOCTH paclpe/ieNeHus CIydyaliHON BeNWYMHBI, COCPEIOTOUEHHON Ha
KOHEUHOM MHTEepBaJle P YCIOBUH, YTO HAa FpaHMIIaX UHTEpBaa 3Ha4eHUs IUNIOTHOCTU paBHBI HYJH0. [TomyueHHsI B
IUIOTHOCTH B JlaIbHEHINIEM UCIIOJIb30BaNICS Ul OLIEHKU MOTPELUIHOCTH, BHOCUMOW MPUMEHEHHEM YCEYEHHOTO0 HOpMaJlb-
Horo pacnpenenenus. [Ipu onpeneneHny 4uciaa MHOTOKPaTHBIX U3MEPEHUH UCIIONIb3yETCA UTEPALlMOHHAs IPOLeypa.

Pesynbrartsl. [IpoBeneHHBIE HCCIENIOBAaHUS NOKA3ald BO3MOXHOCTh IMPUMEHMMOCTH YCEUYEHHOIO HOPMAJIBHOIO
pacrpeaeneHus Ul OIIEHKH Ynciia MHOTOKPAaTHBIX M3MEpeHHH. PacxoxkaeHne pe3ynbTaToB OLEHKH TpeOyeMoro 4ucia
M3MEPEHNH TPH UCIIOIb30BaHUHU YCEUCHHOTO HOPMAIBHOTO PACHPENIENICHNSI U apOUTPaKHOTO 3aKOHA, IOIyYCHHOTO Ha
OCHOBE UcclIeIoBaHui, coctaBuiio MeHnbuie 0,5%.

Hayunas HoBu3Ha. ChopmysimpoBaHa 1 JOKa3aHa Teopema, MO3BOJISIONIAs ONPEACIUTb B IFIOTHOCTH pacipe/e-
JeHns, 00eceynBaomi MaKCUMYM SHTPOIUH CYMMBI JBYX CIIyYallHBIX BEJIMYMH, COCPEIOTOYCHHBIX Ha KOHEYHBIX
HMHTEpBaJIax, IIPH 3aJaHHOM CyMMapHOH JIUCIIEPCUH.

IIpakTnyeckas 3HaYNMOCTD. [TokazaHa BO3MOXKHOCTb HCHOJIB30BAHUS YCEUEHHOTO HOPMAJIBHOTO paclpeieNeHus,
YTO 3HAYUTEJBHO YIpoIaeT 00padoTKy pe3yIbTaTOB MHOTOKPATHBIX H3MEPEHHH.

KnroueBble cl10Ba: MHO20KpamHble usMepeHus, MaKCuMyM SHMpOnuu, WiOmMHOCMb pacnpeoenenis, noZpeutHocms
CpeoCcmea usmMepumenbHol MeXHUKY, 2PAHUYHbLE OYEeHKU

IToctanoBka IIpOﬁJIeM])l. Hp06neMa IIOBBIIICHUA Ipu HU3rOTOBJICHUU MPEHU3NOHHBIX ,ueTaneﬁ, TaK KakK

Ka4yecTBa MPOAYKIMH B MAIIMHO- U HPUOOPOCTPOCHUU
HEBO3MOXHA 0e3 obOecreueHrs TOYHOCTH KOHTPOJIBHO-
M3MEPHUTENBHBIX Olepaluii, IMEIOIINX 0c000e 3HAUCHHE
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OImMOKH MpH pa30pakoBKE MOTYT IPUBECTH K OTKa3y Me-
XaHU3MOB, COJCPIKAIINX JTAHHbBIC H3JIEIIHS.

Crieqryer 3aMeTUTh, YTO BO3MOYKHOCTH U3MEPUTEIBHBIX
prOOpPOB, HAILEAIINX HanOoJee MIMPOKOE PacIpOCTpaHe-
HUEC B TCXHUKE, MPAKTHUYCCKH HWCUCPIIAHBI. HOBTOMy BO3-
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MOXXHBI J]Ba ITyTH Pa3BUTHS. MO0 3aMEHHTH MX Ha Oosee
JIOpOTHEe, OCHOBAaHHbIE, HAIIPUMEp, Ha HOBBIX NPHUHIIUIAX,
b0 WCToJb30BaTh Oosee d(PQEKTUBHBIE METOIMKH HX
npuMeHeHus. [lepBblit MyTh He Bceraa ompasiaH SKOHOMHU-
YECKH, TAKUM 00pa3oM, MOBBIIICHHYIO aKTYaIbHOCTh TPH-
oOperaeT BTOPOH IyThb, CBSI3aHHBI C pa3pabOTKOM Mpo-
TPECCUBHBIX IPOLECCOB U3MEPEHMH, OJHUM M3 KOTOPBIX
SIBJIAETCS MIPOLIECC, OCHOBAHHBIM HA HCIIOJIb30BAHMMA MHO-
TOKpaTHBIX M3MEPEHUH, MO3BOJISIOIMI CYILIECTBEHHO IO-
BBICHTh TOYHOCTb KOHTPOJIBHBIX ONEPALUNA. YUUTHIBas, YTO
COBPEMCHHBIC PBIHOYHBLIC OTHOIICHUA JUKTYHOT YacCTyro
CMEHY TPOIYKIINH, BEAYIIYI0 K YMEHBIIEHHIO OOBEMOB
napTuil U3Aenuil ¥ IpOU3BOAUTEIFHOCTH B LIEJIOM TIPHU 3Ha-
YUTEJILHOM ITOBBIIICHUH TPEOOBAaHUI K KauecTBY, HEIOCTa-
TOK MHOTOKPATHBIX HM3MEPEHUH, 3aKITI0YarOIUicsS B CHHU-
JKEHUM TNPOM3BOJUTENIBHOCTH, OKYNAETCd WX 3HAYUTENb-
HBIMH TIPEUMYILIECTBAMH B TOYHOCTH.

Takum o6pa3om, oHMM U3 HanboJee BaKHBIX Iapa-
METPOB MHOTOKPATHBIX U3MEPEHHHN ABISAETCA UX KOJIMYE-
CTBO.

Boigenienne HepewmeHHoit mpodJembl. Bompocam
IIOBBIIICHUA TOYHOCTH H3MepeHHﬁ B MAalllMHO- U HpI/I60-
POCTPOCHHMHU TIOCBSIIICHO OOJIBLIOE KOJIUYECTBO padoT
cienyronux aBTopoB: bpacmasckoro J[.A., Kemnuucko-
ro M.M., Kopotkosa B.II., Taiiua b.A., I[Tonumko C.II.,
Pynsura S1.A., HoBuukoro I1.B., 3orpada U.A., OpHar-
ckoro IL.II., T'aBpunosa JI.H., boponauesa H.A. Ognako
PS4 BOIPOCOB, CBSI3aHHBIX C METOJAMH pacyera 4ucia
MHOTOKpaTHBIX U3MEPEHUH, HallpUMeEp, TAKUX KaK OIpe-
JIeJIeHUE BUJa IUIOTHOCTH pacIpeIeNIeHUs] OrPEeIIHOCTH,
OCTaeTCsl OTKPBITHIM.

AHaJM3 mocjegHuX HucciaegoBanuid. Ilpu oneHke
TOYHOCTHBIX CBOWCTB HW3MEPUTENBHBIX MNPHOOPOB U3
MacCrnopTHbBIX JaHHBIX H3BCCTHO 3HAYCHUC Hpe}leHBHOﬁ
MOTPELTHOCTH BO BCEM namna3oHe uzmepeHus. [Ipu atom
HEOOXOANMO YYHTHIBaTh, YTO B MpejeNax JOMyCTHMBIX
3HAa4EeHUH M3MepsIeMOll BeWYMHBI TOYHOCTh CPEACTB U3-
MEpeHHH J0JDKHA U3MEHAThCs. Tak B 001acTu cepeinHbl
TIOJIST IOYCKa OHa MOYKET OBITh MEHBIIIE, a 10 Mepe MpH-
OMIDKeHNsT K TPaHWIaM JIOJDKHA YBEJIMYMBATHCS, YTOOBI
YMEHBIINTh BEPOSITHOCTh BBIXOJA 3a ATH PAHULBI BOC-
MIPOM3BOIMMON BEJWYMHBI. BcnencTsue Toro, 4ro mpu-
60p MMeeT MOTPENTHOCT, TIPH €ro MOKa3aHUIX, COOTBET-
CTBYIOIIMX IPEIEIBHBIM WX OTU3KUM K HUM 3HaUYCHUSAM
U3MEpseMON  BEJIMYMHBI, OTPAHUYEHHON JOMYCKOM,
HEJb3sI TOCTOBEPHO YTBEP)KIATh, YTO BOCIPOHM3BOIUMAS
BCJIMYMHA HaxXOJUTCA B MpECACiax IOTOTr0 JOIyCKa. ITo-
3TOMY, 4TOOBI MOJYYUTH JIOCTOBEPHYIO MH(POPMAIHIO O
TOM, YTO M3MepsieMasi BeIMYMHA HAaXOAMUTCS B JOMyCTU-
MBIX IpezeIax, He0OX0AUMMO YMEHBUINTH I0JIE JIOMYCKa
STOW BEIMYMHBI HA 3HAUYEHUE YABOEHHOH MNpenenbHOU
norpemrHocTy npudopa. OHAKO 3TO 3HAYUTEIFHO CyXKa-
eT 00JacTh JOMYCTHMBIX 3HAYEHWH, YTO YCIOXHACT B
LEJIOM TEXHOJIOTUYECKUH Mpolecc. YBEJINYEHHE 4YHcia
MHOTOKPAaTHBIX U3MEPEHUI MPAKTUUECKU YCTPAHAET yKa-
3aHHBIN HEIOCTATOK, TEM CaMbIM IOBbIIIasd TOYHOCTH pE-
3yJipTaTa u3MepeHus. OIHaKO HCIONB30BaHUE JAHHOTO
METOAa MPUBOJUT K YBCIMYCHHUIO BPEMCHU HU3MEPCHUA,
YTO OKa3bIBaeT BJIUSHUE HA IPOU3BOJUTEIIEHOCTD MPOU3-
BOJICTBEHHBIX cHcTeM B meioM. ITosatromy HeoOxomumo
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OIpeeNsIiTh MUHUMAIIBHO HEOOXOAMMOE YHCIIO U3Mepe-
HU#, 00eCneunBaroNMX 3aJaHHYI0 TOYHOCTh. Ompene-
JIUTh HEOOXOANMOE YHCIIO U3MEPEHUH MOXXHO Ha OCHOBE
aHanm3a quddepenimanbaon suTpornuu [1]. OmHoit u3
OCHOBHBIX CIIO’KHOCTEH ITPH 3TOM SIBIISICTCS OpEIeIICHHE
BHJA TUIOTHOCTH PACIPEICIICHHUS TTOTPEITHOCTH H3Mepe-
HUs, Oasmpyromeecs Ha TPUHIMIIE MaKCHMyMa 3HTPO-
muu [xeiHca.

Bbiesienne HepelleHHON paHee YacTH NMPOOJIeMBbI.
B pabGorte [1] mpemmaraercst ompenensTh HEOOXOIUMOE
YHCJIO MHOTOKPaTHBIX HM3MEPEHHH Ha OCHOBE aHain3a
nmuddepenimansaoi suTponmu. B ucrounukax [1] u [2]
NpUBE/IEHa M JIOKa3aHa TeopeMa, COIJIACHO KOTOPOH
MaKCUMAIIbHYI0 UG GCPEHIMATBHYI SHTPOIHUIO CITy-
YallHOM BEJIWYMHBI, COCPEJOTOUYEHHOH Ha KOHEYHOM HH-
TepBase, 00ecreynBaeT KOMIO3UIIMOHHBIN 3aKOH, KOTO-
pBII A ciiydas, KOTAa €€ JUCIEepCHs YAOBICTBOPSET
COOTHOUICHHIO

Gz<(b—a)2
12

rae a u b npenenbHble 3HaUYEHMs CIyYalHOM BeIMYM-
HBI, SIBIIIETCSI YCEUCHHBIM HOPMAaJbHBIM 3akoHOM. Co0-
CTBEHHO TOBOPS, pe3ylbTaTaMH TEOPEMBI MOXKHO IOJb-
30BaThbCA JId ONPEACIICHUSA MUHUMAJIBHO HeO6XOlII/IMOFO
YHUClia U3MEPEeHHd, 00eCreunBaroNIero TpedyemMyo Tou-
HOCTh. ANropuTM creayromuii. Pacuer Benmerca urepa-
IIMOHHO C YYETOM TOTO, YTO, B COOTBETCTBHUHU C IICH-
TpaJbHON TpPENEIbHON TEOPEeMOW TEOpUU BEPOSTHOCTH,
JUCTICPCHSI CPEIHErO 3HAYCHHS TPU MHOTOKPATHBIX W3-
MEPEHHUSIX YMEHBIIIACTCS B N pa3, a €ro MaTeMaTHYECKOE
OXUIAaHUC U NPEACTIbI U3MCHCHUA CHy‘IaﬁHOﬁ BCJIMYUHBI
HE W3MCHSIOTCA. 3aJaloTCs JUCIEPCHS U  TPEICIb.
OnpenensoTes HapaMeTpbl YCEYCHHOTO HOPMATBHOTO
3aKOHA W, MCXOMS U3 3TOr0, HAXOJUTCS JOBEPUTEIbHAS
BEPOSATHOCTh pe3yibTaTa m3MepeHuid. Ecinm oHa Heymo-
BIICTBOPUTEIIFHA, TO AUCICPCHUS YMCHBIIACTCS U HIICTCS
HOBOE 3Ha4YeHHUE 4ncia m3Mmeperuid. [Ipomnece mpogomka-
eTcs I0 TeX TOop, MoKa He OynmeT oOecriedeHa 3amaHHAs
JIOBEPUTEIHHAS BEPOSTHOCTD.

OnHako TONMyYeHHBIE Pe3yNbTAaThl MOTYT JaBaTh He-
CKOJIBKO 3aBBIIICHHYIO OICHKY YHCIIa H3MEPEHHUi. DTO BbI-
3BaHO CJICAYIOLUMM OOCTOSTEIBCTBOM: W3BECTHO, YTO CyM-
Ma IBYX YCCUCHHBIX 3aKOHOB JA€T BU IIJIOTHOCTH, KOTOpast
MMECT HyJICBBIC 3HAUYCHHMS Ha TPAHMIIAX MHTEPBAJIA, BHYTPH
KOTOPOT'O COCPEIIOTOYCHA CITyJaifHas BEJIMYMHA, YTO HE CO-
OTBETCTBYET YCCUCHHOMY HOPMAJIBHOMY 3aKOHY.

®@opmyaupoBaHue Hean padorsl. Llenpio paboTH
SIBIIICTCSL OIICHKA MOTPEUTHOCTH TIPH HWCIOIh30BaHUH
YCEUEeHHOTO HOPMAIBHOTO PacIpeesieH s Uil OTpeie-
JICHHUS ONITUMAIIFHOTO YHCJIa MHOTOKPATHBIX H3MEPCHHH.

Hznoxxkenne ocHoBHOro Mmartepuana. IlocranoBka
3a/a4d. HEOOXOAUMO OIPEIC/IUTh B OOIIEM BHUAE ILIOT-
HOCTH pacmpezencHus ciydaiinoir Bennuntsl  (CB)
y =, +a,, ABIAIOLIEACS CyMMO# 1ByX He3aBucuMbix CB

o ua,, COCPEIOTOUCHHBIX HAa KOHEYHBIX WHTEpBaax,

obecrieynBaroniell MakCHMyM €€ HEONpeIeeHHOCTH,
npuyem gucnepeuto CB y o6osnaunm d,, .

IInoTHOCTE 3TOM BENMYNHEI UMEET BU
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b
P09 = [ Po(x=Y) Pi(y)dly -

Ecnm uckate MIOTHOCTE Py (X) Kak pElIeHHE Bapha-

IIUOHHOM 3a1a4n

2b
Ps (%) > maxy H = - j[pz(x)ln(pz(x))]dx}

—2a

Ipu OIrpaHUYCHUAX

2b
I ps (X)ax =15

—2a

2
sz pr(x)dx=d,

—2a

TO €€ pelieHneM OyeT YCeUeHHbBIH HOPMAbHBIM 3aKOH
2
BUIA py(x)=e" e, rae mocrosHHble 4,4, ompeje-

JISIOTCSL U3 MPUBEICHHBIX BbIIIEe orpaHuyeHuid. OxHaKo
JIaHHO€ pEelIeHHEe HEe YJOBJIETBOPSET MOCTAaBICHHOW 3a-
Jlage, T.K. HE BBIIOJIHACTCS YCIOBHE Py (—2a) = ps(2b) =0.

ITosToMy HEOOXOIUMO CHauaja IIOCTaBUTH 3agady B 00-
Jiee 00IIeEM BHIE.
Haiitu notnoctn pacnpenenenus  p(x), p,o(X),

obecrieunBarome MaKCuMyM (QyHKIIMOHATIA

2b| b
P09, P2() - max{H | U P2 (x=Y) Py (Y)ly-
—2al —a (1)

b
.m[ [P2(x-y) pl(y)dyﬂdx},

IIpyu OIrpaHUYCHUAX

ipl(y)dyﬂ; @)
iyz- P y)dy =dy; (©)
J pvy-a @
Jlz y* po(y)dy=d,. ®)

Bun dyukumonana (1) aBToMaTHuecku 0OecreynBaeT
BBINIOJIHEHHUE YCIIOBMI Py (—2a) = ps(2b) =0.

[loctaBieHHas BbllIe 337a4a SBISETCS BapUALMOHHON
3aa4ell ¢ U30NEPUMETPUUECKUMHU OTpaHU4eHUsIMU. B oT1-
JIMYME OT KJIACCUYECKOM IOCTAHOBKHM, B JIAHHOM 3ajaue
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Tpeiesibl MHTErpupoBaHusl pyHKIMOHAIA U OrpaHUYSHHUN
He coBmajaroT. s IpUBeIeHUs ee K KJIacCHYeCKOMY BU-
Iy Oynem pemiaTh 3a/iady HE OTHOCHTEIBHO CYyMMBI JIBYX

o t+ay

CB o, n a,, a otHOcHTEenBHO CB 8 = . B atom

cinyvae ¢yukimonan (1) Oyaer umers BUL

Pu(X), Po(X) > maX{H oup™ _J.|:I 2-py(2x=y)p(y)dy- ©)

-al-a

b
~In[j2~ pz(2x—y>p1(y)dyﬂdx}.

Ipu stom orpaunuenus (2)—5) ocrarorcst 6e3 m3mMe-
HeHwi, a suTporst H; CB g Oyzer paBHa

Hﬁ:Hy—InZ,

rae H, —ourponus CB y .
HeobOxomumo oTMeTuTh, 4To T.K. CB » nMeer uziom,
BcaencTeue toro, uto CB o ma, cocpenoTodyeHsl Ha

KOHEYHOM UHTEpBaJe [a, b], TO

b
[ 2pa(2x=y)py(y)dy =

—a

#(x)
= [ 2py(2x-y)py(y)dy=
w(X)
2x+a b
[ 2py(2x- y)pl(y)dy,xe[ a,?}
I 2py(2x~ y)pl(y)dy,xe[bza }
2x-b
e _a { g}
w(x)= 2
2x—b, { a,b}
2X+a, X€|:—a,b;2a:|
Pp(x)=

b, XE[B,b}
2

Jns pemieHus IOCTaBICHHOW 33Jadd HCIIOJIB3YyeM
ypaBHenue Jiinepa. [Ipudyem dynkuus Jlarpanxka B nan-
HOM CIIy4ae UMEET BH]

»(x)
- [2p,2-y)p(y)ay-
w(x)
?(x)
- [2p,2x= )Py [+ P9+ X () + - ()

w(x)

+A3P2(X) + ﬂ4X2 p2(X)
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Xorsi ¢(yHKIMA @ WMEET H3JIOM, HCIIOIb30BaHHUE
ypaBHEHHe Dityiepa CcIipaBeIInBo, TaK Kak (GYHKIIMOHAT He
COZIEPKUT MPOU3BOIHBIX MCKOMBIX (PYHKIMH M, CIeI0Ba-
TeNFHO, ycToBue Beitepmrpacca-OpamMana BBITIOIHIECTCS.

CunTass p, HE3aBHCHUMOW IEpeMEHHOH, OepeM Mpom3-

BOJIHYIO OT BbIpaxkeHus1 (7) ¥ MpUPaBHUBAEM €€ K HYJTIO

5(1) #(x)
== | 2p,(2x-y)dy-
w(x) Ly

.{In[lp(.[x) 2p,(2x—y)py( y)dy]+l}+/i1 +4,x =0.

w(Xx)
Pemras YpaBHEHHUE OTHOCUTCIIBHO

#(x)
[2pa2x-y) () » ®

w(X)

Ps o (x) =
noJTy4aem

#(x)
[ 2p,(2x=y)py(y)dy =
w(x)

A 1 s
#(x) #(x)
J 2p,(2x-y)dy (f 2p,(2x-y)dy
w(X) w(X)

() (0
YHHTEBas, 1O ijz(ZX— y)dy = J 2p,(y)dy TO
v w(x)
4 1 2px?
»(x) 2(x) 200
[2py(y)dy [2p,(y)dy
IZP2(2X— y)pi(y)dy =e® ) . (9)

v(x)

Awnanornyno, gupdepenuupys Boipaxenue (7) mo
p, , moy4yaem

s A4X?

1
?(x) o(x)
iy [2py(y)dy [2p,(y)dy
[2pa@x-y)pr(y)dy = e . erto
w(x)

IIpu 5TOM MIIOTHOCTE pacmpenesneHus py,,(X) (8) CB

B obecrieunBaer dKcTpeMyM (yukimonana (6). Ecmm
yBenmuuth CB B 11Ba pa3a, COOTBETCTBEHHO M3MEHUB
€e IUIOTHOCTh, TO HOBOC BBIPAXKEHHE IUIOTHOCTH Oymer
obecrieunBath 3kcTpeMyM (ynkmmonana (1). Ilpu stom
sutporusi CB B yBenuuwrcss HA KOHCTaHTY, PaBHYIO
In(2) . CooTBeTcTBEHHO, HEOOXOAMMO M3MEHHUTH W IIpa-
Boie uactu Beipaxenuii (9) u (10). ITocie npeobpaszosa-
uust Beipaxkenust (9) u (10) npumyT Bua

A 1 RS
s W(Jx;Jz(y)dy 4W(jxiaz(y)dy
Pe() = | pa(x-Yy)pi(y)dy=e"® e v

w(X)

;(11)
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3 e
o(X) o(x) 1 o(x)
[ Pu(y)dy 4 [ p(V)dy
ps(X) = Ipz(X— y)pu(y)dy =e"® - e v (12
v(X)
—a, xe[-2a, b-a].

piriem W(X)_{x—b, xelo-a 20

_x+a xe[-2ab-a]
¢(X)_{b, xelb-a 2]

[Moay4nTh TOUHOE peleHne CHCTEMbI (DYHKIIMOHAb-
HBIX HMHTErpanbHBIX ypaBHeHHil mepBoro poaa (11) u
(12) B obuieM Buie OTHOCHTENBHO py(Yy) M p,(y) KpaiiHe

cioxHo. OITHAKO, WCCIIENOBaB MOJNyYCHHBIC 3aBHCHMO-
CTH MOXKHO yKa3aTh YAaCTHBIC PELICHHUS, KOTOPbIE MOTYT
HUMETh ONPEAeICHHOS MPUKIATHOE 3HAYCHUE, HAIPUMED
[pH IPOBEACHIN MHOTOKPATHBIX H3MEPEHHUIA.

[MpupaBuuBas npassie yactu Beipaxkenuit (11) u (12),
HOJIy4aeM

s s IR
#(x)

1 #(x) #(x) #(x)
[ py)dy 4 [ p(y)dy I m(y)dy 4 ] p(y)dy
evf(X) . e w(x) ze//(X) . e w(x)

O‘leBHﬂHHM YCJIOBUEM Ui MOJYYCHUSA OJHOI'0 M3
BO3MOXXHBIX peHICHI/Iﬁ SIBJIACTCS paBEHCTBO

»(x) »(x)
[ Putyay= [ pa(v)ly (13)
w(X) w(x)

YTO, €CTECTBEHHO, MOXET ObITh

P(Y) = P2(Y) -

VYhpocTuM HCXOAHYIO 3amady U chopMyiIupyeM ee
CIIEAYIOIMM 00pa3oM: TNpH 3aJaHHOW IUIOTHOCTH pac-
NPENENEHNs p,(y) HAWTH IUIOTHOCTh paclpelelICHUsS

BBITIOJTHEHO  ITPpU

ps(X) , 0OecIeunBaoIIyI0 MakcHMyM (yHKIroHana (1),

IIPY OIPaHUYEHHUAX

b
[ P2tc=ym(yay=1: (14)
b
[y p:0-npdy=a, (19

Ee pemenune HaliTH MOKHO.
[IpennonaoxuM, 4To «, UMEET YCEeUEeHHBIH HOpMaJlb-

HBIA 3aKOH pacIpeneseHus], obecrneunBalommi e, Kak
JOKa3aHo B [1], MakcuMyM SHTpPOITHH

p,(y) =it (16)

rae 2], A, onpenesioTcs u3 ycnosuii (4), (5).
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Ioxcrasnsas B (11) Beipaxkerue (16), mOTydUM MI0T-
HOCTb paclpejieNieHusl CyMMBbl JBYX (QYyHKIMH pg(x),
o0ecreunBaroNIy0 MakCUMyM (GyHKIHoHana (1).

o(x)
Ipz (x=y)p(V)dy =
w(x) (17)
A : Aox’

o) 2, o) 20,
j e/q—ley /dey 4. J- el|—le), }dey
ev™ e Y™

Hnsa onpenenenus MHoxutenei Jlarpamxa 4, A, B

BeIpakeHUH (17), HEOOXOIUMO MOACTaBUTH €T0 B Orpa-
HuueHus (14), (15) m pemmTs NMONyYEeHHYIO CHCTEMY
YPaBHEHHI OTHOCHTEIBHO A, A,.

OTMeTuM, UTO pelIeHHe ypaBHEHUs Dilnepa gBis-
eTCsl HeOOXOAMMBIM YCIOBHEM DKCTpeMyMma (pyHKIHO-
Hana (1).

IIpoBepka HOCTATOYHOrO YCJIOBHUS HE INPOBOAU-
Jach, MOITOMY TJIOOAJIBHBIA IKCTPEMYM HE rapaHTH-
pOBaH.

PesynpraTel MOIenupoBaHUs NpPUBEIAEHBI Ha puc. 1,
r7ie KpUBOH / COOTBETCTBYET INIOTHOCTH PACIIPECICHNUS
p: CB y.

Puc. 1. Buo nromnocmu pacnpedenenus:I— niom-
Hocmb pacnpeoenenuss ps CB y; 2 — niom-
HOCMb NOLYYEHHO20 3AKOHA

CpaBHMM MONYy4YEHHBI BHJ 3aKOHA pPacIpeIeeHUs
Ps C 3aKOHOM pacIpereneHust cyMMel 1Byx CB, umero-

IIUX OJMHAKOBBIC HOPMAJIBHBIE YCEUEHHBIC 3aKOHBI pac-
npeneneaus. OTMETHM, YTO JaHHOE peEIIeHHE COOTBET-
ctByeT ycioBuio (13). Bun 3akoHa mnpezicTaBieH Ha
puc. 1 kpuBoil 2. YUnucneHHoe pelleHue mokas3aio, 4To C
TOYHOCTBIO 710 4 3HAKa TOCJIe 3aIITON 3HAUYCHHSI SHTPO-
MU COBMAIAIOT.
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Ha puc. 2 npencrasneH rpaduk 3aBUCUMOCTH 3Haue-
HUH 3HTponuH Komnosunuu 18yx CB «, u «, ot guc-

nepeun d, TP 32JaHHOK aucnepenn d, .

AHaJ’II/ISI/Ipyﬂ 3aBUCUMOCTDL, IIPEACTABJIICHHYIO Ha
puc. 2, MOXXHO CKa3aTb, YTO OSHTPOIHUA KOMIIO3ULIUN
ABYX CB o U o, AMECT MAKCUMAJIbHOC 3HAUCHUEC ITPU

d =d,.

2162

215

2 16-

2159

2158

Puc. 2. 3asucumocme 3navenuil sHmponuu KoMno3u-
yuu 08yx CB o, u a, om ducnepcuu d, npu 3a-

odannou d,

IIpu uccnenoBanun BeIpaxenuit (11), (12), Ha mep-
BBIM B3IV, KaKETCS, UTO B HUX MPHUCYTCTBYET NMPOTHU-
BOpeuHe: Uil TOro, YTOOBI B IPaBOI YacTH 00ECHEYUTh
YCIOBHE py(—2a) = ps(2b) =0, HEOOXOAUMO, YTOOHI T0-

Ka3aTeNb dKCIIOHEHTHI ObLT paBeH —oo . OIHAaKO HUKAKO-

To MPOTUBOPCUUA HET, TaK KakK KOS(I)(I)I/IHI/IGHT npu xz

OTPHULIATENBHBIN, a 3HAa4eHHWE HHTerpana Npu x=-2a,
x =2b paBHBI

2a
[ 2y =0
—2a

2b
I p(M)dy=0;
2b

2a
Ipl (»)dy=0:

2b
J p(»)dy=0-.
—2a 2b

MOXHO yKa3aTh €Iie OJUH MOJIXOJ K PEIICHUIO MO-
CTaBJICHHOH 3amaud Ui ciydas, xorga CB ¢, a, co-
Cpe/IOTOYEHBI Ha Pa3HbIX MHTEpBajlax, a B KAueCTBE W3-
BeCTHOW (pyHKIMHU mpuHHMaeTcsi QyHKLUs, JTOCTATOYHO
omu3kas K O -QyHKIMH, CYIICCTBYIOIIAs HA WHTEPBAJIC,
OJU3KUM K HYI0. I3BECTHO, YTO

2b
P = [ PISG= )y
—2a
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PesynbraThl MOAENMPOBAHUS IIPH HW3BECTHOU (YHK-
IIMU  p,(x), OMM3KOH K O -QyHKIMH, y KOTOPOit Auchep-
CHSI M TIpefiesibl ONMU3KK K HYJIO, IPUBEICHBI Ha puC. 3.
Ha sTom ’xe pHCyHKe HpPHBENEH BHUJl YCEUCHHOTO HOP-
MaJIHOTO 3aKOHA, OOECIICYMBAIONIETO MaKCHMAIIbHYIO
sHTponuio. Yem Ommxe ykazaHHas QyHKIUSI K O -pyH-
KIMH, TeM Onvke KpuBast | K KpUBOH 2.

Puc. 3. Buo nromnocmu pacnpeoenenus:1 — yceuen-
HO20 HOPMANbHO20 3aKOHA p,(x); 2 — céepmKu

3akoHa p,(x) U @QYHKyuu p,(x), OAU3KOU K
0 -Qynxyuu

BoiBoAbl M NepcHeKTUBBI PAa3BUTHS HampasJie-
Husl. Pe3ynpTaThl Mcciae0BaHNi MO3BOIISIOT CHOPMYITH-
POBaTh CIIEAYIOUIYIO TEOPEMY.

Teopema. HeoOxomuMple ycIOBHS MakCUMyMa 3H-
Tpormu cyMMHI 1Byx CB, cocpenoToYeHHBIX Ha KOHEY-
HBIX MHTEpBaJlaX, UMEIOIINX OJMHAKOBBIC TPaHMIIBI, IPU

33J]aHHOM JIMCHEPCUU  CYMMBI dy obecrneynBaroTCs

IJIOTHOCTAMU PACIPCACIICHUA CJIaraCMbIX CB, yAaoBJie-
TBOPAIOIINX YCJIOBUIAM

i 421"‘2
X) (x)
900 "y 4" [ p (»dy
j Pa(x=y)p(y)dy =e" e "V )
w(x)
(i=12),

rae A, Ay; — KOHCTaHTBI, ONIPe/ieisieMble U3 BBIPAKEHHI

b
I P2 (x=y)p(Mdy=1;

—a

b
f YV py(x=»)p(Wdy=d,

—a

a Ipe€acJIbl UHTETPUPOBAHUA UMCIOT BU
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_|-a, xe[—2a,b—a],

v = x—b, xe[b—a, Zb]
x+a, xe[—Za,b—a]
#(x)= :
b, xe[b—a, Zb]

Cneocmeue. HeoOxouMble yCIOBUSI MAKCUMyMa SH-
TPOIHU JJOCTUTAIOTCSI NP BHITIOJIHEHUH yCIOBUH

rM=p(»; A=Ay =4,

CdopmynupoBaHHas TeopeMa IIO3BOJISIET OIpejae-
JUTh BUJA TUIOTHOCTH paCIpelleleHHs, oOeclednBaro-
WA MaKCHMyM SHTPOIMH CYMMBI ABYX CIydailHBIX
BEJINYUH, COCPEJOTOYEHHBIX Ha KOHEUYHBIX HHTEpBa-
Jlax, IIpU 3aJlaHHOM cyMMapHoU nucnepcuu. Ilpousse-
JI€HHas OIIeHKAa TNPUMEHHMOCTH YCEUEHHOIO 3aKOHa
pacmpezenenus Mmokasajla BO3MOXHOCTb €ro HCIHOJb-
30BaHHUs, YTO 3HAYUTENILHO ympomaer o0paboTKy pe-
3yJIbTaTOB.

B panpHeiiiieM miuaHupyeTcs HAMTH MAakCUMYM 3H-
TPONMH JJIS Cilydasi, Koraa GQyHKIUN p,(y), p,(») cocpe-
JOTOYEHHBI Ha MHTEPBaJax C pa3sHbIMU rpaHuiamMu. Oc-
HOBHas CJIO)KHOCTb JAHHOW 3aJaud 3aKJII0UaeTCs B TOM,
YTO INpeesibl HHTETPUPOBAHUS OTpaHUYEHHH He COBIIa-
Jal0T ¢ TIpelellaMd  HMHTErPUpPOBaHMs  (YHKIHOHAA.
IIpennaraercs cnegyrouuii MOJAXON, KOTOPBIA MOMXKET
HCTOJB30BaThCSl NMPHU PEIIEHUH IOCTABICHHOW 3agauu:
HEU3BECTHYIO (DYHKLUIO, HAIpUMEP p, (), NPEACTaBUTh

KaK cymMy ABYX QyHKUME p(y)=p'(y)+p,'(¥), TPH-
yeM aucrepcus (QYHKIMH p,'(y) CTPEMHUTCS K HYIIO,

HHTEpBa CYIIIECTBOBAHUS ¢$hyHKIUH ')

o o ' 5§ &
—a+=,b—=|, a QyHKINH -=, =|. Boarom
{a > 2} by P2'(y) [ 5 2}

ciaydae QyHKIMIO p;()) MOXKHO MHTETPUPOBAThH B IIpe-
Ienax [— 2a, Zb], COOTBETCTBYIOIIMX TpenenaM (QyHK-

uronana (1), npuuem ¢ynkuus Jlarpawka B To4kax
X=—a U x =D He IacT CKauyka, 4TO MO3BOJISIET UCIIOIb-
30BaTh ypaBHeHUe Oinepa. YeM MeHbIE O , TEM TOUHEE
pe3ynbpTar. OKOHUYATEIbHOE DPELICHHE MOXET OBITh IOo-
JIy4eHO MpeNeNbHbIM NEPEXoaoM pu & — 0.
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Merta. 3a0e3mneueHHs] TOYHOCTI KOHTPOJIBEHO-BUMIPIO-
BJIBHUX Olepaliil y MalnHOOy TyBaHHI IUIIXOM OLIIHKH
MOXUOKM IpH BUKOPHUCTAHHI YCIYEHOTO HOPMAaIBHOTO
PO3IOTY U BU3HAUCHHS ONTHUMAJBHOTO 4Hcia Oara-
TOPa30BUX BHMIPIOBaHb.

Metoaunka. Ha mijncTaBi BUKOPHCTaHHS MPHHIUITY
MaKCUMyMy €HTpOIIii Ta BapiamiifHOro YHCICHHS OTPH-
MaHO aHATITHYHUI BHpa3 A BUAY MIIIBHOCTI PO3IIO-
Iy BUMAAKOBOI BEIMYMHHU, 30CEpeKeHOI Ha KiHIle-
BOMY iHTEpBaili 3a YMOBH, III0 Ha KOPAOHAX iHTEpBaIy
3HAYeHHs IUIBHOCTI JIOPIBHIOKOTH HYIN0. OTpuMaHuid
BH/JI IIUJIBHOCTI HaJgali BHKOPUCTOBYBABCS ISl OIIHKH
MOXUOKH, 110 BHOCUTHCS 3aCTOCYBaHHIM yCIY€HOTO HO-
pMmansHOTO po3noxiny. I[Ipu Bu3HaueHHI yucia Oararo-
pa3oBHX BHMIpIOBaHb BHKOPHCTOBYETHCS iTepariiiHa
nporenypa.

Pe3yabraTn. [IpoBeneHi oCTiKEHHS TOBEH MOXKIIU-
BICTh 3aCTOCYBaHHS YCI4EHOIO HOPMAIBHOTO PO3IOALLY
JUI OIIHKYM 4YKcia Oararopa3oBHX BHMIpIOBaHb. P030DK-
HICTB pe3yJIbTaTiB OUIHKH HEOOXiqHOTO YMCIIa BUMiPIOBAaHb
TIPY BUKOPUCTAaHHI YCIYCHOTO HOPMAJIBHOTO PO3IOIULY Ta
apOiTPa’KHOTO 3aKOHY , OTPUMAHOTO Ha OCHOBI JJOCIII/KEHb,
ckiana meHie 0,5%.

Haykora HoBu3Ha. ChopMmynboBaHa i TOBEICHA Te-
opeMa JT03BOJISIE BU3HAYMTU BUJ HIUIEHOCTI PO3MOJILTY,
mo 3abe3redye MaKCHMyM EHTPOINi CyMH JBOX BHIaJ-
KOBHX BEJIMYHH, 30CEpPEIDKEHIX Ha KiHIIEBUX iHTEpBaiax,
IIpY 3aJlaHill cyMapHii qucrepcii.

IMpakTuuna 3HauymmicTb. [lokaszaHa MOXIMBICTH
BUKOPHCTAaHHS YCIY€HOTO HOPMAJBHOI'O PO3IOALTY, L0
3HAYHO CIIPOIIye OOpOOKY pe3ylbTaTiB OaraTopa3oBUX
BHAMIPIOBAHb.
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KurouoBi ciioBa: 6azamopazosi umipiosants, Mak-
cUMYM eHmpOnil, wintbHicms po3nodiny, noxubka 3acoby
BUMIDIOBANILHOT MEXHIKU, 2PAHUYHT OYIHKU

Purpose. Ensuring the accuracy of measurement op-
erations by estimating error when using the truncated
normal distribution for determination of the optimal
number of repeated measurements.

M ethodology. On the basis of use of the principle of
maximum of entropy and calculus of variations analytical
expression for the form of appearances density of distri-
bution of a random variable concentrated on a finite in-
terval has been received provided that on borders of an
interval the values of density are equal to zero. The re-
sulting form of the density was subsequently used to es-
timate the error introduced by the use of the truncated
normal distribution. An iterative procedure when deter-
mining the number of repeated measurements has been
used.

Findings. The invedtigations have proved the applicabil-
ity of the truncated normal digtribution for estimating the
number of repested measurements. The discrepancy be-
tween the results of estimation of the required number of
measurements using the truncated normal distribution and
arbitration law, derived from investigations, was less than
0.5%.

Originality. We have formulated and proved the theo-
rem which dlows defining the type of density of the distri-
bution, providing maximum of entropy of the sum of two
random variables concentrated on final intervals given the
st totd dispersion.

Practical value. We have shown that it is possible to
use the truncated normal distribution in order to simplify re-
aults processing considerably.

Keywords: repeated measurements, entropy maximum,
distribution densty, error of means of measuring equip-
ment, boundary estimates
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