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MATEMATHUYHA OBPOBKA PE3YJIBTATIB
MOJABIMHUX PIBHOTOUYHWX BUMIPIB

Merta. BukoHaTH NOCHIIKEHHS 13 3aCTOCYBaHHSIM KpUTEpilB 3HAUYMMOCTI CHCTEMAaTHYHUX ITOXHOOK TpH
MaTEeMAaTHYHOMY ONPAIIOBAHHI PE3yNbTaTiB MMOJBIHHMX pIBHOTOYHMX BHMIpiB Ta BCTAHOBUTH HaHOLIBII
pauioHanbHuit 3 HuX. [Ipu HbOMY, pO3POOUTH METOAMKY BHUKJIFOUCHHSI CUCTEMATUYHOT MOXMOKH 3 CEPE/IHIX 3HAYCHb
TOJBIHNX pPIBHOTOYHMX BUMIipiB. MeToauKa BHpIMIEHHS MOPYUIEHWX NHTaHb IPYHTYETHCS Ha TOPIBHSUIEHOMY
aHalizi GopMyIl, pe3yNbTaTiB eKCIepUMEHTAIFHIX O0YHCICHb, PO3pO0IIi MPOIO3MIIiid Ta BUCHOBKIB. BcTaHOBIIEHO,
1[0, 3aCTOCOBYIOYM HABEACHUUN Yy JiTeparypi KpUTepii 3HAYMMOCTI CHCTEMATHYHOI MOXMOKHM, MOXHA OJCPKATH
CymnepewinBi BHCHOBKH. Pe3yabraTn. BcraHoBIeHO TeopeTndHe 3HA4YEHHS KIUTBKOCTI BHMIpIB 3aJl€)KHO Bif
TIPUHHATOI JOBipYOl HMOBIPHOCTi, KOJIM BHUCHOBKH 3a KpPHUTEPISIMH 3HAYUMOCTI CHCTEMAaTHYHOI TOXHOKH TpHU
MO/IBIHHUX PIBHOTOYHHX BHMipax 30iratoTecs. BuKoHaHI TOCTiIKEHHS HATal0Th MOKIIMBICTE SIKICHO Ta O17bII TOYHO
OINpaLIoBaTH pe3yJibTaTd MOJABIHHMUX PIBHOTOYHMX BUMIipiB. HaykoBa HOBH3HA. Y/I0CKOHAJEHO OOTPYHTYBaHHS
BHOOpPY KpUTEpil0 3HAYMMOCTI CHCTEMaTHYHOI MOXWOKHM TIpH TIOABIHHMX pIBHOTOYHMX BHMipax. Po3pobGnena
METOJMKA BHKIIOYCHHS CHCTEMATHYHOI MOXMOKH 3 CepeqHiX 3HAa4eHb NOABIHMX pIBHOTOYHHX BHUMIpIB Ta
o0uuCIieHHs] 3HAYeHHs MMOBIPHOCTI, siKa BpaxoOBYeTbCs MpU 100y10BI JoBipuoro intepany. I[IpakTHina
3HAYYIiCTh PoOOTH TONATae B ONepKaHHI TOUHIMINX Pe3yJbTaTiB MPH MaTeMaTHYHOMY OTPAIlOBaHHI MOIBIHHUX
PIBHOTOYHUX BUMIpIB, IX OILIHKKA TOYHOCTI Ta JAETANBHIIIOMY JOCIHIIKEHHI TaKUX BUMIpIB 3aBISKU YIOCKOHAJICHHIO
MeTOAMKK Ta (opMyIi, HaBeJeHUX y Jliteparypi. 3anpornoHOBaHO BHOIp KPHUTEPil0 3HAYMMOCTI CHCTEMAaTHYHOI
TTOXWOKM TMpH TIOABIHHMX pPIBHOTOYHHMX BHMipax 3aJie’)KHO BiI KUIBKOCTI BHMIpIB 1 po3paxoBaHOi MOBipyOi
WmoBipHOCcTi. KpiM 1nporo, HaBeneHa METOAMKA BHKIIOUEHHS CHCTEMAaTHYHOI TOXHOKHM 3 cepefHiX 3Ha4YeHb
MO/IBIMHUX PIBHOTOYHUX BHMIPIB 3MEHIIy€ HEB S3KY B THX (DYHKIIOHAJIBHUX YMOBaxX, SIKi € MiX BiOIOBITHHMHU
cepelHIMU 3HAYCHHSIMU LIUX BUMIpIB.

Kniouosi cnoea: monBiiiHI piBHOTOYHI BHMIpH; CHCTEMaTH4Ha IOXMOKa; KPHUTEpii 3HAYMMOCTI CHCTEMaTHYHOI
TTOXUOKW;, HMOBIPHICTE.

Beryn Marematnara oOpoOka 1 OIiHKa TOYHOCTI

. . MOABIHHUX PIBHOTOYHUX BHMIPIB 10OpE BHCBITICHI
Hl}l 4YaC BUKOHAHHSA JCIAKHUX PIBHOTOYHUX BU- . ;
y 06araTb0X KHHTaX, IMIAPYYHHKAX 1 HaBYATBHUX
nocioamkax [bompmakoB B. JI., 1983; Bompma-
koB B. /1., Mapkyze 1O. U., 'omy6er B. B., 1989;

Bunyes H. T'., Kougpa I'. C., 1969; Boiirenko C. I1.,

MipiB, 30KpeMa 1 BHCOKOTOYHHX TIPH CITOCTE-
PEXEHHSIX 3a OCIIaHHSIM MapoK Ha CcIopyJax,
HEeoOXi/JIHI BeJIMYMHU BUMIPIOIOTHCS JBiYi. ¥ LbOMY
BHIIAJKy OIIHKY TOYHOCTI MOJKHAa BHKOHYBaTH,

BUKOPUCTOBYIOUYM PI3HULI MK UMMH BUMipaMHu.
Bynp-sxuii mponec BHUKOHAHHS PIBHOTOYHHUX
BUMIpiB MOXE CYNpPOBOJKYBAaTHCS HE TIIbKH
BUMAJKOBUMH NMOXMOKAaMHU, a ¥ CHUCTEMATUYHUMH.
He € BunsTKOM i1 nmongiiiHi Bumipu. Tomy siIKIIO B
pe3ynbTaTax MOABIHHUX PIBHOTOUYHUX BHMIpiB MPH-
CYTHSI CHUCTeMaTHyHa 1moxuoka, i cirii BpaxoByBaTu
Otxe,
JIOCJTIJDKEHHSI BIUIMBY CHCTEMAaTHYHUX MOXMOOK Ha

mJ Yac BHUKOHAHHSA OLIHKH TOYHOCTI.

OIIIHKY TOYHOCTI pPe3yJIbTaTiB MOBIHHUX BUMIpIB €
JIy K€ BRKIMBHM.

2003; Taiipmaes I1. A., bompmako B. ., 1969;
3azynsak II. M., I'apum B. I., €BceeBa E. M.,
ﬁocnnqu M. J1., 2007; Ma3mumsunu A. U., 1978;
[amazoe M. I'., Morwibnbiii C. I'., 1968; Ps6-
yiit B. A., Ps6uiti B. B., 2006; Cmupuos H. B.,
Beayrun JI. A., 1969]. Takox y jireparypi BKka-
3YIOThCSL KpUTEPil, 332 SIKUMU BH3HAYAETHCSI 3HA-
YUMICTh CUCTEMATHYHOI TTOXHUOKH. SIKIIIO BEIUYMHA
CHUCTEMATUYHOI MOXUOKW 3HAYMMA, TO TPH OIlIHIII
TOYHOCTI ii HEOOXiTHO BHIIy4aTH. A SK XKe cami
BuMipn? 3 HHUX HEOOXITHO BHKIIOYATH CHCTE-
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MaTU4YHy MOXMOKY uM Hi? SKwo 3 BUMIpIB He
BUKJIFOUATH CHCTEMATHYHY HOXMOKY, TO pe3yJb-
TaTH MOJIBINHUX PIBHOTOYHMX BUMIpIB 1 BiJIOBIIHI
pe3yJbTaTH OIIHKM TOYHOCTI He OyayTh BiJIO-
Bi/IaTH OJIMH OJHOMY.

IIpu upomy, icCHyIOTH pi3HI KpuTepii BHU3HAa-
YEeHHsl 3HAYMMOCTI CHCTEMAaTHUYHOI MOXMUOKH 1 MpH
iX 3acTOCYBaHHI OJIEPXKYIOThCSl TPOTHIICKHI BHUC-
HOBKM. TakoX y JesKMX HaBEJACHUX KpUTEpisixX
BUOIp

BUKOPUCTOBYIOTh  JIOBipYy HMOBIpHICTB,

3HA4YEHHS SIKOT He OOTPYHTOBYETHCSI.
Merta podoTu

OOrpyHTYyBaTH palioHaNIbHUI BUOIP KPUTEPIiO

BU3HAYCHHS cucreMaru4yHoi  MOXMOKM  Ta
BU3HAYUTH, SIK il BUKJIIOYATH 3 CEPEIHIX 3HAYEHb

NOJBIHUX PIBHOTOYHUX BUMIDIB.
OcHoBHi ¢popmynan

3a pIBHOTOYHUX TOABIMHWUX BHUMIpIB CHCTe-
MaTH4YHA MOXHUOKa 0 OOYHCIIOETHCS (DAKTUIHO 3a
¢dopMmynor TpocToi  apUPMETHYHOI  CepequHH
[bonbmrakos B. J1., 1983; Boiitenko C. I1., 2003;
3asynak [1. M., TI'aspumr B. 1., €BceeBa E. M.,
HMocumayk M. 1., 2007 Ta in.]:

o= )

n

Je d — 3HaueHHs PI3HMLI y napax; #n — KUIbKICTb
nap.

VY BUNaAKy 3HAUMMOCTI CUCTEMATH4YHOT 1OXH1O-
K ii HEOOXi/IHO BUKIIIOYATH 3 KOXKHOT Pi3HMLII:

d'=d;-o. 2)

VYV neskux mnociOnukax [Boasimiakos B. I,
Mapkyze 0. U., Toayoer B. B., 1989 Tta iHu.]
HABE/ICHI KPUTEPIi BU3HAYCHHS 3HAYMMOCTI CHUC-
TEMaTH4HOI MOXMOKM IMPHU PIBHOTOUHHMX BHMIpax,
TOOTO KOJIM HEIO MOXKHA HEXTYBATH, a KOJIH i1 Tpeba

BUKIIIOYATH:
[£d| <0,255d|, A3)
[£d| <1,251, % “4)
abo
[Ed| < 2,5%, 5)

Je tz — 3HaueHHs koediuieHta CThloJEHTa, SKHH
BCTAHOBIIIOETHCA 34 3HAYEHHAMH KIJIBKOCTI Haj-
JTUIIKOBUX BUMIpIB i IOBipuOi KMOBIPHOCTI.

OOrpyHtyBanHs BHOOpPY 3HA4€HHsS JOBipuOi
WMOBIpHOCTI y 3a3HAuUCHIM BUIINE JiTepaTypi HE
HaBoauThecs. ABTopH [Buayes H. I'., Kongpa I'. C.,
1969] yka3zyioTh, 10 “NpU BUKOPUCTaHHI Cy4acHOT
Teopii MOXHMOOK BHMIPIOBaHb OCHTH  YacTO
BUHUKAIOTh HENOPO3yMiHHS 3 BUOOPOM JOBipuOi
WMOBIpHOCTI, TOOTO 3 BHOOPOM “CTYIICHS BIICB-
HEHOCTI” abo “MipH pU3HKY .

Kpurepii 3HaunMocCTi cHCTEMATHYHOI MOXHOKH

VY ¢dopmymi (5) koediuieHT 2,5 0nepKyIOTh IPH
kiibkocTi map n > 28 i koediuienti CTprogeHTa
tys = 2 (nmpu pnoBipuiii ImoipHocTi S = 0,95).
Buxoautb, mo kputepiid (5) MOXHa BHUKOPUCTO-
ByBaTU Tinbku mpu n>28 i f = 0,95. 3a menmoi
KiJIbKOCTI 11ap pIBHOTOYHMX BUMIpiB Ta A0Bipyiid HMO-
BIpHOCTI 110 (hOpMYITy BUKOPHUCTOBYBATH HEIOPECIHO
1 HeoOXiIHO BUKOPHUCTOBYBATH KpHTepii (3) abo (4).

Ane pe3ynpTaTH 3acTocyBaHHS KpuTepiiB (3) i
(4) mo nesikux psiiB PIBHOTOYHUX TOJBIHHUX BH-
MipiB He 30iraroTbCsi, TOOTO BOHM MPOTHUIIEHKHI.
YactkoBo npoOiemMa 3aCTOCYBaHHSA LUX OBOX KpU-
TEpiiB 3HauMMOCTI cucremaTuuHoi noxubku (3) i
(4) mpu MOABIMHUX PIBHOTOYHHUX BHUMipax HaBeACHA
y [IBina I.C., Ps0uiii B. B., 2013; Psaoumii B. A.,
Weuna JI. C., 2013]. Jlas HAOYHOCTI HaBEAEMO
npoctuil mpukiang. Cyma pisauue Xd = 40 mwm,
cyMa aOCOJIIOTHHUX 3HaueHb PizHULB X|d] = 100 MM,
Kinekicte map n = 30, xoedimienT CThIOJEHTA
tg=2,0 (mpu noBipuiii iimosipHOCTI = 0,95). Toai:

40> 0,25 - 100 abo 40 > 25;

40<1,25-2,0- 100/ 4/30 abo 40 < 45,6.

3BiIKM BUXOAUTH, LIO 32 LHMMU KPUTEPiIMHU
OJIEPXKYIOTh IPOTHIIEKHI pe3yibrati. ToOro 3a
KpuTepieM (4) CHCTEMAaTHYHOIO TTOXMOKOI0 MOJKHA
HEXTYBaTH, a 3a kKputepieMm (3) HEl0 HEXTyBaTH He
MokHa. Takox 3a IHIIMX YMOB, 1HIIOI KiJIBKOCTI
BHUMIpIiB I 3aKOHOMIPHICTh 37e0imbIIoro 30epi-
raerbesi. O4EBUAHO, IO e € HE NPHUITYCTUMHUM.
HeoOxigHo KOpHCTYBaTHCh JHUIIE€ OJHUM KpUTe-
piem, Toai oGuuMcitoBadi OylyTh 0lepKYyBaTH Ti ca-
Mi pe3yabTaTd. Bignosigao mo [bomsmakos B. 1.,
Mapkyze 10. U., T'omybe B. B., 1989] aBropu
XapaKkTepu3ylOTh MEPIINI  KpuTepid sk  Olmbin
“KOPCTKUN”.

3 HaABENEHOr0 BHIIE BUXOIWTH, 0 HEOOXITHO
BHKOHATH OOTPYHTYBaHHS BHOOPY KPUTEPIiB.

HaBenemo mnpukiiajn maremaTuuHOi 0OpOOKHM
pe3yJbTaTiB PIBHOTOYHUX MOJBIHHUX BUMIPIB MpU
3HAYUMOCTI CUCTEMATHUYHOT MoxuOku (tads. 1).
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Tabnuys 1
Buxinui gaHi Ta pe3yJbTaTu 004uC/IEHb
Table 1
Initial data and results of calculations
[TepeBHnIcHHS, MM Cepeani Bunpasneni
i\/?l OpsIMO, | 3BOPOTHO, P:;};/I;fl &, v’ PBH}\IEI @, d, mm? | mepesuiienns | TCPEBHILCHIA
h n ’ h , MM heunp’MM
1 1205 -1202 3 9 1,8 3,24 1203,5 1202,9
2 -1492 1496 4 16 2,8 7,84 -1494.0 -1494.6
3 1275 -1272 3 9 1,8 3,24 1273,5 12729
4 1512 -1515 -3 9 -4,2 17,64 1513,5 1512,9
5 -1490 1487 -3 9 -42 17,64 -1488.5 -1489,1
6 1717 -1713 4 16 2,8 7,84 1715,0 17144
7 -1853 1855 2 4 0,8 0,64 -1854,0 -1854,6
8 1311 -1308 3 9 1,8 3,24 1309,5 1308,9
9 -1072 1068 -4 16 -52 27,04 -1070,0 -1070,6
10 | -1100 1103 3 9 1,8 3,24 -1101,5 -1102,1
> +13 -1 +12 +106 0,0 +91,60 +7,0 +1,0

3a dopmymoro (1) cucremarnuyna mOXUOKa
JIOpPiBHIOE ¢ = + 1,2 MM.

ITpokoHTpoOMOBaTH CyMy KBaapaTiB Pi3HHUIb i
CyMy CEpeIHiX TpH PIBHOTOYHUX MOABIHHUX BH-
Mipax, 3 SKUX BHKJIIOYCHA CHCTEMAaTHYHA MOXHMOKa,
MO’KHA 33 HABEICHUMU HIK4YE (POPMYJIaMHu:

d?=3d* —-no?, (6)
X, = XX ——— @)

Xeunp

Hagenewmo 3actocyBansst kputepiis (3) i (4) mois
JIaHuX Tabma. 1, 3BIAKH:
12>0,25-32 abo 12 > §;
12<1,25-1,8-32/ 410 abo 12 <22,8
(mipu = 0,9).

3acTocyBaHHS IUX JBOX KPUTEPIiB 3HOB JNAIOThH
MPOTHJIC)KHI BHCHOBKH IIOZ0 BHKJIIOYCHHS CHCTeE-
MAaTHYHOI IMOXHOKH, TOOTO 3a KPHUTEpieEM 3HAYH-
MOCTI CHCTEMATHYHOI IMOXHOKH IPH PIBHOTOYHUX
MOABIHHUX BHUMIpax (3) CHCTEeMATHYHOIO IIOXHO-
KOIO HEXTYBaTH HE MOXHA, a 3a Kpurepiem (4) —
MOJKHa.

BpaxoByroum, mo mepmuid KpuTepiii Oinbmn
“>xopctknit” [bompmmakos B. [I., Mapkyze 0. U.,
lomy6es B. B., 1989],
BUKJIIOYAMO 3HAYEHHS CHCTEMATHYHOI MOXHOKH 3

TO 3aCTOCYEMO HWOTO 1

Pi3HHLE TOJBIWHUX PIBHOTOYHMX BUMIpIB (2) Ta ii
TTOJIOBUHY 3 CEpeNHIX 3Ha4eHb y Mapax 3a TakKolo
dhopmyiIo10:

=X;—

| Q

®)

gunp

Tenep BumpaBieHi cepefHi 3HaueHHS OyAyTh
BIZMOBIAATH OL[IHII TOYHOCTI.

BukoHaHi uncieHHI eKCIIepUMEHTAIBHI po3pa-
XYHKHW TIOKa3aliy, MIO TICJS BHKIIOYEHHS CHCTe-
MAaTHYHOI TIOXWOKH 3 CepeaHiX 3HAUYCHD MOABIHHUX
PIBHOTOYHHMX BHMIpiB KyTIB 1 TNEpEBHUILIEHb 3Ha-
YEHHS HEB’SI3KHM 3MEHIIYETHCS HA TaKy BEIMUUHY:

no

3anpornoHOBaHO  OOYMCIIIOBATH  CEPEHIO
KBaJpaTHYHy NOXHOKY pi3HUII, OJHOrO BUMIpy Ta

cepeliHiX 3HAauYeHb 32 TaKUMH (OpMYyJIaMu:

zdlz
mdv = 5

(10)
,/ (11)
1

5,/ (12)

I xou & - ue BiaxWwiIeHHs Bixg MPOCTOT
apupMeTH4HOI CepeHU, BCE OJIHO HEOOXiJHO
Oparu KinbKicTh BUMIpIB 7, a He (n — 1). Ockilibku
d’ — ue noninuexi pi3HuL, TOOTO pi3HUL (BU-
NaJKoBi IMOXMOKHM) 3 SIKUX BUKJIIOYEHA CHCTeE-
MaTM4YHa MOXMOKa. A §K 1ie BUKOHAHO, 1€ He
MOBUHHO I'PaTH 3KOJIHOI POJIi.

Takuit nigxia nigreepaxye Gopmyiia;

xd’

2
— =0 .
n

(13)

my =
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3a pesysibTaTaMd HaBEACHOIO NPUKJIALy 3Ha-
YeHHs1 m,, WO oOuucieHi 3a gopmynamu (10) i
(13), 36iratoThcs Ta NOPiBHIOWOTH M1, = 3,03 MMm.

YV dopmyni (4) Ha BH3HAYECHHS KoeirieHTY
CTblOJIEHTa #3 BIUIMBAE KiJIbKICTh HAJIMIIKOBHX
BUMIpIB 1 3Ha4YeHHS MAOBip4yoi HMOBipHOCTI. 3a
PIBHOTOYHHMX MOJBIHHUX BUMIPiB KOXKHA OJJHOPiHA
BEJIMUYMHA MA€ OJIMH HA/UIMUIKOBUI BUMIp, TOOTO
KITBKICTh Tap 1 BW3HAYAE KiJIBKICTh CTYMEHIB
BifbHOCTI. [IWTaHHS BCTAHOBJEHHS 3HAYEHHS J0-
Bipuoi HMOBIPHOCTI [0 CHX Tip 3alUIIAE€THCSI
BIIKPUTHM, OCKIUJIBKM HISIKOTO OOIPYHTYBaHHSI B
JiTeparypi He HaBeJeHO.

Takoxx Moxe OyTW 1€ Taka cutyailis. bib-
IITiCTh Pi3HUIL 200 Maibke BCi MalOTh OJWH 3HAK,
IO SIBHO CBIYUThH MPO HAsIBHICTh CUCTEMATHYHOI
MOXMOKH, a 3a KpurepieM 3HauuMocTi (4)
BUXO/IUTH, 1[0 CHCTEMATUYHOIO TOXMOKOI0 MOXHA
HextyBaTu. Jljisi JOCIHIPKEHHS 1IbOrO JICTalbHIlle
MpoaHaii3yeMo Mpaei yacTuHu kputepiiB (3) i (4)
Ta 3’4CyeEMO, 3a SIKOT KIIbKOCTI BUMIpiB mi KpUTepii
30iratoTecs. Y pe3ynsTaTi omepkaHa (opmyna, 3a
SIKOK0 MOXKHA OOYHCITIOBATH KiTBKICTh BUMIPIB, IPU
SKiii BUCHOBKHM 3a kputepismu (3) i (4) 30ira-
TUMYTbCSI, TOOTO
(14)

Chc,2
n—25tﬁ.

Pesynpratu 0O64unciIeHs HaBeACHI y Ta0I. 2.

Tabnruys 2

KinbkicTs BUMIpiB 3aJ1e5kHO Bix A0Bip4ol
HMOBIpHOCTI, PN fAKili BHCHOBKH
3a kpurtepisamu (3) i (4) 30iralTbes

Table 2

Number of measurements depending
on the confidence level at which criteria (3)
and (4) match

JHogipua Koediuient .POSP AXyHKona
L KiJIbKICTh BUMIPIB
iimMoBipHicTs f | CThromeHTa f; "

0,7 1,1 30
0,8 1,3 42
0,9 1,7 72
0,95 2,0 100
0,98 23 132
0,99 2,6 169
0,999 3,3 272

3a pe3ynbTaTaMu TaKUX PO3PaxyHKiB, IO Ha-
BeZleHi y Ta0i. 2, MOKHA BU3HAYUTH KiJbKICTh BU-
MipiB abo JOBipuy WMOBIpHICTH, MPH SIKHUX BHUC-
HOBKH 32 kputepisamu (3) i (4) OyxyTb 30iraTucs.

Crmparounch Ha HaBeJleHe BHIIE, 3HOB TaKH
MO>XKHa JIIATH BUCHOBKY, SIKIIO (DaKTWYHA KiJIbKICTh
BUMIpiB Oy/Je MeHIe po3paxyHKOBOI (TeopeThd-
HOT), TO HEOOXiTHO KOPUCTYBATHUCh TUTHKH KPHUTE-
piEM 3HAYMMOCTiI cHcTeMaTHyHOi MoXuOku (3), a
SIKIIIO HABIIAKH, TO — TBOMa KpuTepisamu (3) i (4).

Ane me He o3Hauae, mo Kpurepismu (4) i (5)
MOXXHa TMOBHICTIO HEXTYBaTH. 3alle)XHO Bif
KITBKOCTI PI3HHIB I1i KPUTEPii MOXKHA BHKOPHCTO-
BYBaTH JJsl TOPIBHSHB, MOCITIIPKEHb Ta aHami3y
MTOABIHHUX PIBHOTOYHHUX BHUMIPIB.

BuxopucTtoByrour TOCTIIOBHICTH [Jill  mpu
MOBeACHHI KpuTepito (4), MOXKHaA onep)kaTH IBi
dbopmynun  TOOYIOBH TEOPETHYHHX IHTEPBAJIB
pI3HUIL IS TOCHTIDKEHHS CITIJIFHOTO BIUIUBY
BUIIAJKOBUX 1 CUCTEMATUYHOI MOXHUOOK, SIKI MOXHA
TOPIBHIOBATH MiXK COO0I0 Ta MaKCHUMAaJbHUM i
MiHIMQJIBHAM 3HAYCHHSIMH Pi3HUIID:

_ tﬂmd

o <o <o+ ; 15

T T (15)

o 1,251,5)d]| S 1,251,5|d]| o a6)
n\yn n\n

Ane BUHHWKA€E MUTaHHS: “SIKi pi3HUI HEOOXiTHO
Opatu?”. 3BicHO, 1O Ha TOOYIOBY JOBIpPUOTO
IHTEpBaly BIUIMBAIOTh CHUCTEMATHYHI MOXUOKH.
Tomy y moOyJoBi HOBipYOTO iHTEpBaly BHUKOpHC-
TOBYBAaTH PI3HUII 3 BUKIOYCHUMH CHCTEMATHY-
HAMHU TIOXHUOKaMH HE KOPEKTHO. OCKIJBKU CHUCTE-
MaTHYHA TIOXMOKa OOYHMCIIOETHCS 32 (PaKTHUHUMHU
3HAYEHHSIMH Pi3HMIb, 3 IKUX BOHA HE BUKIIOUEHA,
TO 1 OOUUCITIOBATH My 1 2|d| y popmymnax (15) i (16)

HEOOXi/THO 3 BUKOPUCTAHHAM ()aKTUIHHUX 3HAUCHB
pizauie.  Koedimienr CrhlofieHTa HEOOXiTHO
BHU3HAYATH 3a 3HAUEHHSM pO3paxoBaHOT HWMOBIip-
Hocti. OTxe, 3actocoBytoun dhopmymu (15) 1 (16),
OJIEPXKHUMO:
133,26 1,3-3,26
V1o N

abo —0,14<5<254;

3 1,25-1,3-32 1,25-1,3-32

10410 10410

abo —0,44<5<284.

1,2 <

Ql

<L,2+

1,2 <o <12+

Ql
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3a pesyiapraTaMd TMOOYIOBAaHHX JOBIPYHX
inTepBastiB 3a ¢opmynamu (15) i (16) moxHa
BII3HAYUTH Take. SIKINO pi3HMIN MOABIMHUX PiBHO-
TOYHHMX BUMIpIB (iICTHHHI TOXHOKH) IiIKOPSIOTHCS
HOpMalbHOMY 3aKOHY pPO3MOJIiTy, TO pe3ylbTaTH
MOBUHHI 30iratnch abo OyTH ONU3BKUMH MiX
co0010. 3HauHEe PO3XOKEHHS TOBOPHUTH, WIO i
pI3HHIII HE TiAKOPIOIOTHCS HOPMAIBLHOMY 3aKOHY
po3mnoiny.

e minTBepmxye Teopema  Enninrrona:
“00’€mHaHHS JEKINBKOX TPyl BHMIpIOBaHb, IIO-
XUOKH SKUX MalOTh HOPMAILHUI PO3MOIiN, B OJHY
rpyny MOpU3BOAUTH OO HOPMAJIBHOIO PO3MOALTY
MOXMOOK TaKoi TPyNH JIWIIE y BUMAAKY PIBHOCTI
CTaHIapTiB ycix okpemux rpymn” [Bumyes H. T,
Kongpa I'. C., 1969]. Lle cmymHo, ame momo
MOABIHHAX BUMIpIB MBOTO0 HEIOCTATHBO. XO4Ya
CepelHi KBaJIpaTHUYHI MOXHOKH MOXYTh JOPIBHIO-
BAaTH OJIHA OJIHIN, yCe€ X MOXke OyTH HE OJIHAKOBA
BIAMOBIAHICTE BJIACTUBOCTSAM BHUIMAIKOBUX MOXHOOK
TOIIIO.

Kpim 1mporo, Ha migcTaBi aHamily pe3yibTaTiB
MO/IBIHHNX PIBHOTOYHHWX BUMIpPIB MOXHA 3pOOWTH
taki mpunymeHHs. OCKUTbKH 00WaBa PO TIO0-
JBITHUX BUMIpiB PIBHOTOYHI (CTaHAAapPTH KOXKHOTO
psilly  OIHAKOBi),
Enninrrona. Ajie 3 npakTUKKU BUMIPIB JJOBOJII 4acTO

TO TMOBHMHHA [iTH TeopemMa

OyBae, 110 CyMa yCiX Pi3HUIIb 30BCIM HE JOPIBHIOE
HYJIIO, HaBiTh OlJblIe YBEPTI CyMH 1X aOCOJIOTHHX
3HAuYeHb, X04Ya BUMIPU BHKOHAHI J00POsKiCHO. Y
TaKMX BWIIQJKaX BBaXKalOTh, 10 TMPUCYTHS
cUcTeMaTh4yHa MoxuOKa. AJie MOXHa 3poOuTH i
take npunylueHHs. OCKUIbKM KiIbKICTh BUMIpIB
HEe3HauHa, TO Y KOXXKHOMY psifly NOJBIHUX PiBHO-
TOYHMX BUMIpPIB cyMa iX BHUIIAJKOBUX IOXHOOK
MOXXE 1 HE JIOPIBHIOBATH HYJIIO. SIKIIO BUIAKOBI
noxuOKM y JBOX psiAax pPi3HI 3a 3HAKOM, TO
3arajibHa cyMma ix pi3HUIb Oyze 301IbIIyBaTUCE.

3 HaBeJEHOTO BHIIE MOXHA 3pOOHTH Take
mpumynieHHs. Slkmo abcomoTHa cyma pi3HHUIb
3HAXOAUTHCA B MEXax BiJ HYJS A0 TOJOBUHH CyMHU
abCONIOTHHUX 3HAYEHb Pi3HMIIB, TO I MOXe OyTH He

MposiB JAii CHCTEMaTH4YHOI TMOXHUOKH, a pe3ysbTar

B3aeMOJil  BUMAJKOBHX TMOXHOOK Yy  CBOIH
CYKYITHOCTI.
KoedinienT kopensiuii
YV migpyunuky [Bompmako B. ., 1983]

HaBeJICHO, 1[0 Y BUMAJIKY, SKIIO Pi3HUII TOABIHHAX

BUMIpiB € (YHKUISIMU 3aleKHUX (KOPETbOBAHHX )
BUMIpiB, TO ¢opMyna OOYHCIEHHS CepenHbOi
KBaJpaTHYHOI TOXUOKH pi3HHLI 7, Oy/e Taka:

(17)

ne m; 1 my — CepeiHi KBaJpPaTHUYHI MOXUOKH

2 2, 2
my =my +mp —2m;mply

BUMIDIB; 7, — Koe(DilieHT KOopesii.

3a ymMOBU my;=m; =m 1 NO3HAYUBIUU 7} = F,
HaBe/icHa Taka (opmyja OOYHMCICHHS CEpPeIHbOT
KBaIpaTU4HOI NOXUOKHK BUMIPY:

me |24 (18)
2n(1—-r)
[Mpoananizyemo wui aBi ¢opmynu. Koediuient
i -1,
cepe/iHs KBaJpaTU4yHa MOXUOKa PI3HULI My MOXKE
JOpIBHIOBaTH HyTH0 a00 TIOJBOIOBATH  CBOE
3HAYEHHSI.

TeopeTHYHO MOKHA MPUITYCTUTH, 10 3HAYEHHS
cepenHbOi KBaJAPaTUYHOI MOXMOKHM MOXKeE MOJBO-
iTHCB, @ OCh JIOPIBHIOBATH HYJIIO — MAJIO IMOBipHO,
OCKIJIBKH 1ie cynepeunTsd ¢popmyi ['aycca:

2
m=y 2% (19)

n

Kopessiii  MoXke jiopiBHiOBaTH +1 TOI1

SAxuio cepeaHs KBajaparnyHa MoxXuOKa Pi3HUIL
JOPIBHIOE HYJIIO, TO BHUXOAWTb, IO 1 CEPEIHS
KBaJpaTHyHa TOXHOKa BHUMIPY TEX JOPIBHIOE
HYJIIO, aJIe 1€ TaKOX MPOTHPIYUTh PpopmyJi:

2d*

m=y, (20)

Buxoasun 3 1bOro, NpONOHYETHCS HE 3aCTO-
npyd  OUiHLI
TOYHOCTI MOJIBIHHUX PIBHOTOYHHUX BUMIpIB.

coByBatu Koe(iuieHT Kopessiii

HaykoBa HOBHM3HA i NpaKTHYHA 3HAYYINICTH

VY10cKOHalleHO OOIpyHTYBaHHsi BHOOpY Kpu-
TEPil0 3HAYMMOCTI CUCTEMATHYHOI MOXMOKU INpH
Po3pobieno
METOJMKY BHKIIFOUEHHSI CUCTEMATHYHOI OXMOKHU 3

NOJBIHHUX PIBHOTOYHUX BHUMipax.

cepelHiX 3HAauYeHb M0/IBIHHUX PIBHOTOUHMX BUMIipiB
Ta OOYHCIEHHs 3HauYeHHS HMOBIPHOCTI, SKy Bpa-
XOBYIOTb y TMOOYyIOBI JOBIipUOrO iHTEpBaIy.
[IpakTyHa 3HAYyIIiCTH POOOTH TONSATAE B OAEP-
aHHi OLNBII TOYHUX PE3yJIBTATIB MiJl Yac Marema-
TUYHOTO OMNpAIIOBaHHS TMOJABIHHUX PIBHOTOYHUX
BUMIpIiB, iX OI[HKH TOYHOCTI Ta [IeTaJbHILIOMY
NOCTI/DKEHHSI TaKUX BHMIpIB 3aBASKH YIOCKO-
HaJleHHIO METOJMKH Ta (OpMyJ, HaBeAECHHX Y
JiTepaTypi. 3amponoHOBaHO BHOIp KpHTEpito 3Ha-
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YUMOCTI CHCTEMAaTUYHOI MOXMOKH MpU MOABIHHUX
PIBHOTOYHHX BHMIpax 3aJeXHO BiI KIUTBKOCTI
BUMIpIB 1 po3paxoBaHOi JOBipuOi KWMOBIPHOCTI.
KpiMm 1mporo, HaBegeHa METOJHMKA BHUKITIOYEHHS
CHCTEeMAaTHYHOI MOXMOKH 3 cepeiHIX 3HaueHb MOo-
NBIHHUX PIBHOTOYHUX BUMIPIB 3MEHINYE HEB’SI3KY
B THX (DYHKI[IOHATHPHUX YMOBAaX, SIKi € MK BifIIO-
BiTHUMH CepelHIMU 3HAYEHHSIMH ITHX BUMIPIB.

BucHoBku Ta npono3uuii

1. BcranoBreHo, mo HaBeAeHi y JiTepaTypi
KpUTepii 3HAYMMOCTI CHCTEMATHYHOI MMOXUOKHU TPU
MOABIMHUX pPIBHOTOYHHX BHMipax (3-5) maioTh
MOJKJIUBICTh 3POOUTH TPOTHIICKHI BUCHOBKH. JIJIs
BCTAHOBJIEHHSI 3HAYMMOCTI CHCTEMATHYHOI MOXUO-
KA 3aIpOIIOHOBAHO BHUKOPHCTOBYBATH TLTBKH KpH-
tepiit (3). IHmI KpuTepii MOKHA BHKOPHCTOBYBATH
JUIIe Ui aHali3y pe3yNbTaTiB MOABIHHUX PiBHO-
TOYHHX BHMIpIB Ta iX MOCIHimkeHHS a00 MPH KiJlb-
KOCTI BEMIipiB OiJIbIIIE 32 PO3paxyHKOBY (Tabm. 2).

2.IIpu oO4YHCIIEHHI CEepemHbOl KBaJIPATHIHOI
MOXMOKM PpI3HMIB, OJHOTO BUMIPY 1 CepemHix
3Ha4YeHb (ITiCJIsT BUKJIIOYCHHS 3 HUX CHCTEMATHYHOL
NMOXHOKH) CyMy KBaJpaTiB BHIIPABICHHUX PI3HHIIb
MiJ] KOPEHEM KBaJPaTHUM HEOOXiJHO MOMUIMTH Ha
KUJIBKICTh MOJIBIHHMX PIBHOTOYHUX BHUMIpiB, TOOTO
3acrocoByBaTH popmysu (10)—(13).

3. [TonoBWHY 3HAYEHHSI CUCTEMATHUYHOI IMOXHO-
KM TIOABIHHUX PIBHOTOYHHX BHUMIpiB, 0OUHCICHOTO
3a  Qopmymoro (1), HEOOXiIHO BHKIIOYATH 3
CepelHIiX 3HaueHb KOXHOI mapu BuMIpiB (8). VY
pe3yabTaTi IBOro OILIHKAa TOYHOCTI BiJIIMOBiIaTUMeE
o0YmCcIIeHOMY psITy CepelHiX 3HaueHb IMOJBIMHUX
piBHOTOUHMX BHUMIpiB. [licas BUKIHOYEHHS MOJO-
BUHU 3HAYEHHS CHCTEMATHYHOI MOXUOKH 3 cepe/l-
HiX 3HaYeHb KOXKHOI Mapy MOJIBIHHUX PIBHOTOUHUX
BUMIPiB 3HAUYEHHSI HEB’I3KH 3MEHILYE€ThCS.

4. lnst 1OCHIKSHHSI PI3HULb MOABIMHUX PiB-
HOTOYHMX BHMMIpiB y 1oOyJl0Bi JOBipuoro iHrep-
BaJly JJIsl ICTUHHHOTO 3Ha4yeHHs (MaTeMaTU4HOI'O
OUiKYBaHHS) CHUCTEMATHYHOT MNOXUOKH JIOLIIBHO
3acrocoByBatu opmysu (15) i (16). [Ipu upomy,
JOBipYy HMOBIPHICTP HEOOXIMHO OOYHCIIIOBATH,
ale y JesSKAX BHITAJKaXx MOXKHA NpUAMATH 3
SIKUXOCh MipKyBaHb.

5. 3po0JIeHO TIMOTETUYHE MPHUIIYIIECHH. SIKIIo
CyMa pI3HHUIb TOABIMHUX PIBHOTOYHHX BHMIpIB
3HAXOJIUTHCS B MEXAaX BiJl HYJIS 70 MTOJIOBUHHU CYMHU
a0COJIIOTHHUX 3HAYEHBb Pi3HUIIb, TO 1€ MOXKEe OyTH HE

TITBKH [isl CUCTEMAaTW4HOI MOXUOKM, a 1 TposB
CYKYIHOCTI B3a€MOJii BUTIAIKOBHX TTOXHUOOK.

6. [lpu oIiHII TOYHOCTI TMOABIMHHUX piBHO-
TOYHHMX BHMIpiB 3aCTOCOBYBaTH KOe(IiI[ieHT Kope-
TATIT HEOMUTHFHO 1 HEKOPEKTHO.

[epcriexTrBa MOJANBIINX TOCTIKEHb MOJIATAE
y JOCTI/KEHHI MaTeMaTUYHOlI OOpOOKH pe3yiib-
TaTiB TMOJBIMHUX HEPIBHOTOYHHX BHMIpIB Ta ix
OLIIHKH TOYHOCTI.
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MATEMATHUYECKASI OBPABOTKA PE3YJIbTATOB JIBOMHbIX PABHOTOYHbIX U3BMEPEHUN

Hens. BoinonHuTe uccnenoBaHus NPUMEHEHHs] KPUTEPUEB 3HAYMMOCTU CUCTEMATHUYECKUX MOTPEUIHOCTEN MpU
MaTeMaTnieckod oOpaboTKe pe3ysNbTaTOB [BOWHBIX pPAaBHOTOYHBIX H3MEPEHHH U yCTaHOBUTh Hauboiee
paunoHalbHbIH M3 HUX. [IpM 3TOM oOmnpeaenuTh Kak BHIYMCIATH JOBEPUTEIbHYIO BEPOSITHOCTH M Pa3paboTaTth
METOJUKY MCKITIOYEHUS] CUCTEMAaTUUECKOW MOrPEeIIHOCTH U3 CPEIHUX 3HAUCHUH BOMHBIX PAaBHOTOYHBIX U3MEPEHMI.
Mertoauka pemieHHs 3aTPOHYTHIX BOMNPOCOB Oa3WpyeTcs Ha CPaBHUTENBHOM aHamm3e (GOopMys, pe3ylIbTaToB
SKCMEPUMEHTAIBHBIX BBIYHACICHUH, pa3paboTke NpPEAsOKEHWH W BBIBOJOB. YCTAHOBIEHO, YTO MPHUBEICHHBIE B
JUTEpaType KPUTEPUM 3HAUMMOCTH CHUCTEMATHUYECKOW MOTPELIHOCTH HE COBHaAaloT. Pe3yJbTaThl. YCTaHOBICHO
TEOPETUYECKOE 3HAYEHUE KOIMYECTBA U3MEPEHUI B 3aBUCUMOCTHU OT NMPHUHATON TOBEPUTENBHON BEPOSTHOCTH, KOTr/a
KPUTEpUHM 3HAYMMOCTU CHCTEMATUYECKOH MOTPEHIHOCTH IPU [IBOMHBIX PABHOTOYHBIX H3MEPEHUSX COBIAJAIOT.
BblirosiHeHHbIE KCCIIE0BaHMS 1al0T BO3MOXXHOCTh KaueCTBEHHO M 0OoJiee TO4HO 0Opaborarh pe3ysibTarhbl JBOWHBIX
PpaBHOTOUHBIX M3MepeHni. Hayuynasi HOBH3HA. Y COBEpIIEHCTBOBaHO 000OCHOBaHME BBIOOpA KPUTEPHs 3HAYHMOCTH
CHCTEMaTHYECKOH MOTPEIIHOCTH TPH IBOWHBIX PaBHOTOYHBIX HM3MepeHusX. PazpaboTaHa MeTOIMKAa HMCKITIOYCHUS
CHUCTEMATHUYECKON MOTPENIHOCTH U3 CPETHHUX 3HAUEHUI IBOIHBIX PABHOTOYHBIX W3MEPEHHUH W BEIYMCIICHUS 3HAUCHUS
JIOBepUTEIbHON BeposiTHOCTH. IIpakTHyeckasi 3HAYMMOCTH palbOTHI 3aKIIIOYaeTCs B MOJTYYEeHHH Oojee TOYHBIX
pe3yIbTaToOB IPH MaTeMaTHYECKOM 0OpabOTKe ABOMHBIX PaBHOTOYHBIX M3MEPEHHH, UX OLEHKH TOYHOCTH U Ooiee
JETaJIbHOM HCCIIEZIOBAaHUU TaKUX M3MEPEHHH Oyarojapsi yCOBEPIICHCTBOBAHUIO METOIUKHI M (POPMYJI, IPUBEAECHHBIX
B sureparype. llpeiiokeH BbIOOp KpHUTEpHsi 3HAUYMMOCTH CHUCTEMATHYECKOW [OrPELIHOCTH HPU  JBOHHBIX
PaBHOTOUHBIX U3MEPEHUSX B 3aBHCUMOCTM OT KOJMYECTBA M3MEPEHUH M PACCUUTAHHOH JOBEPUTENBHON
BeposATHOCTH. Kpome 3Toro, mpuBeneHHas METOAMKA HCKIIOUEHHs] CUCTEMAaTHUYECKOW MOTPEIIHOCTU M3 CPEJHHX
3HA4YEHHH JIBOMHBIX PABHOTOYHBIX M3MEPEHHH YMEHbLIAET HEBSI3KY B T€X (DyHKLMOHAIILHBIX YCIIOBUSIX, KOTOPbIE €CTh
MEX]ly COOTBETCTBYIOIIUMH CPETHIUMHU 3HAUEHUSMH 3THX U3MEPCHUH.

KitodeBble cioBa: 1BOIHBIE PAaBHOTOYHBIE U3MEPEHUS; CUCTEMATUUECKasl MIOrPEIIHOCTD; KPUTEPUU 3HAYMMOCTH
CHUCTEMATHUYECKON TOTPEITHOCTH; TOBEPUTEIbHAS BEPOSTHOCTE; KO3(PPHUINEHT KOPPEISIIH.
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MATHEMATICAL PROCESSING OF RESULTS OF DOUBLE EQUALLY ACCURATE MEASUREMENTS

Purpose. Run trial of criteria importance of systematic errors in the mathematical processing of results of
measurements of double equally accurate and install the most efficient one. Thus, to determine how to calculate the
probability of trust and develop a method of exclusion bias of the mean values of double equally accurate
measurements. Methods of resolving the issues raised based on the comparative analysis formulas, experimental
results of calculations, developing proposals and reports. Established that the literature significance tests are not the
same bias. Results. Established theoretical value measurements based on the number of accepted of confidence as
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significance tests bias in double equally accurate dimensions match. The research quality and enable more accurate
process results double equally accurate measurements. Scientific novelty. Improved selection criteria justify the
importance of systematic error in the double equally accurate dimensions. The method of exclusion bias of the mean
values of double equally accurate measurements and calculate the value of confidence. The practical significance of
the work is to obtain more accurate results in mathematical processing of double equally accurate measurements, their
evaluation of accuracy and more detailed investigation of these measurements through improved methods and
formulas described in the literature. A selection criterion of significance bias in double equally accurate dimensions
depending on the number of measurements and calculated confidence probability. In addition, the method is shown
exclude systematic error of the mean values of double equally accurate measurements reduces the residual functional
in those terms that are between the respective average values of these measurements.

Keywords: double equally accurate measurements; systematic error; significance tests bias; confidence
probability; correlation coefficient.
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