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IIposooumuvcst nOpieHANTbHUL AHANI3 MECTNOBUX MemOo0di8 NIOBUWEHHS MOYHOCMI OIebKOMEMPUYHUX 601020-
Mipig [ eubip HaUbiIbW eBeKmugHo20 CRocoby, Wo 00360/15€ KOMNEHCY8AMU OCHOBHY CKIAO08Y HeGU3HAYEHOCI
OaHUX 80]1020MiIpi8 — «copmogy HesusHaueHicmv». OCHOBHUMU uUMO2aMU NPU 8UOOPI cnocoby €. 3abesneyents
iHeapianmHocmi GUMIPI0BAHbL 00 3MIHU COPMY PEYOBUHU [ MONCIUBICMb U020 3ACMOCYBAHHS K 8 1aDOPATMOPHUX,
max i y eUpoOHUYUX YMOBAX, SIK NPU BUMIDIOBAHHAX 3 0OMeENCeHUM 00'eMom mamepiany, mak i 6 nomoyi. 3 yicio
Memor npo6edeHO NOULYK Cnocodi6 BUSHAYEHHS BOJI020CI PEUOBUH I3 3ACOCYBAHHAM MeCMO8UX Memoois. B sxo-
cmi iHghopmayitiHoi 6asu UKOpUCMAHT NAmeHmu no OAHOMY HAYKOBOMY HANPAMKY. J[emanbHo po32iaHymo KOXHceH
3 0bpaHux cnocobis, OMpUMaHi PO3PAXYHKOBI 3HAUEHHS B0J020CMI 34 HABEOCHUMU 8 NAMEHMAax eupazamu i3 3a-
Ccmocy8anuam nosHoi opmynu Binepa, wjo naubinbu mouHo ORUCYE 3aNEAHCHICMb B01020CMI peyosuHu 6i0 ii diene-
KMpuuHoi npoHuKHocmi. B pezynomami ananizy ompuManux 3HayeHsb [ cnocody 6 yilomy 3p006ieni 8UCHOBKU UWo00
MOACIUBOCIE KOMNEHCayii «copmoeoi’ HEBU3HAYEHOCMI», HAAGHOCMI 30IXCHOCME Pe3yTbmamis 3 OUCHUMU 3HAYEH-
HAMU 601102U | MPYOHOWi6 peanizayii 0ano2o cnocooy.

Kirouogi cioBa: Hadta, BI/IMlpIOBaHHH BOJIOTOCTI, TICIbKOMETPUYHHUI BOJOTOMIp, «COPTOBAa HEBU3HAUCHICTEY,
¢dopmyna Binepa, koMmIieHcamist COPTOBOI 3aJIEKHOCTI.

IIposooumcsi cpagHumenvHulli AHAIU3 MECMOBbIX MEMO008 NOBbIUEHUS MOYHOCMU OUITLKOMEMPUYECKUX
611a20Mepo8 U 8b100p Haubosee IPHexmuenozo cnocoba, NO360IAIOUWE20 KOMNEHCUPOBATb OCHOBHYIO COCMABNAI0-
Wy HeonpeodenéHHOCMU OAHHBIX 8]1420MEPO8 — <COPMOBYI0 HeonpeoeiéHHocmv». OCHOBHbIMU MPeDOBaAHUAMU NPU
8biO0Ope cnocoba AGIAIOMCS. obecneueHue UHBAPUAHMHOCIU USMEPEHULL K USMEHEHUI0 COPMA 8euecmsad U 603MO-
JHCHOCMb €20 NPUMEHEHUs KK 8 1aO0paAmopHbIX, MAK U 6 NPOU38OOCMEEHHBIX VCI0GUSIX, KAK NPU USMEPEHUSX C
02paHUYeHHbLIM 00bEMOM Mamepuana, mak u 6 nomoke. C 9moil yenvio npoeedéH NOUCK Cnocobo8 onpedenenus
BIIANCHOCMU BeWecm8 C NpUMeHeHUeM Mecmosgblx Memooos. B kauecmee ungopmayuonnol 6a3sel UCnOIb308AHBL
namenmul N0 OAHHOMY HAYYHOMY HANPAGLEHUI0. [{emanbHo paccmMompeH Kaxicoblil U3 6bl0pAHHbIX CNOC0608, NOTTY-
YeHbl pacyémmuule 3HAUEeHUs IANCHOCIU NO NPUBEOCHHBIM 8 NATNEHMAX BbIPANCEHUSAM C NPUMEHEHUEM NOAHOU Po-
pmynvl Bunepa, naubonee mouno onucwvlgaroueli 3a8UCUMOCMb BIAHCHOCTNU 8eljeCmad om e20 OUINeKmpudecKou
npouuyaemocmu. B pezyromame aHanuza noaryyeHHuIX 3HAYEHUll U CnOCcoOa 8 YeioM COelanvl 3aKII0UeHUS O 803-
MOJUCHOCHU KOMNEHCAYUU <COPMOBOU HEONPEOENEHHOCTIU», HATUYUU CXOOUMOCIU Pe3yIbmamos ¢ 0eticineumensb-
HbIMU 3HAYEHUAMU BLANCHOCU U MPYOHOCTU Peanu3ayuu OGHHO20 cnocooa.

KitoueBsle ciioBa: HE(pTH, M3MEPEHHE BIAKXHOCTH, AMAIHKOMETPUICCKUN BIArOMEp, «COPTOBasi HEOIpeaeeH-
HOCTB», hopMmyita BuHepa, KOMIICHCAIUS COPTOBOM 3aBUCHMOCTH.

The article deals with the comparative &ysas of the test methods for increasing capacithasture mete
accuracy and choice of the most effective methatl @dhows to compensate the main uncertainty corapbo
these moisture meters — “uncertainty of substagpe’t The main requirementghen choosing the method are
following: ensuring of the measurements invariat@ehange the substance type and possibility aipfdicatior
both in laboratory, and production conditions wheeasuring with a limited amount of substance and flow.
The search for methods to determine the substamoésture with the help of the test methods wasi@drout fo
this purpose. The patents in this scientific fiatd used as an information base. Each of the chosethods we
considered in detalls. &culated values of moisture were received accaydinthe expressions given in the pat
with application of the full Wiener's formula whiaescribes the dependence of the substance moistuits
dielectric permeability in the most precise waye Tonclusions concerning the possibility of the “uriamty of
substance type” compensation, existence of conmesgef the results with the real moisture valuesl difficulties
of realilzation of this method were made as a resfilthe analysis of theeceived values and of the metho
genera

Keywords: petroleum, moisture measurement, capacitive meaistoeter,

“uncertainty of substance ty|
Wiener's formula, compensation of substance typemnidence.

IMocTanoBKa npo6aemn

[Moka3Huku SAKOCTI HA()TH BH3HAYAIOTHCA 11
BJIACTUBOCTSIMU. /[0 OCHOBHHUX BJIaCTHBOCTEH Had-
T MOXHA BigHecTw i TrycTuHy, (paxuiiHuii
CKIIaJl, BMICT cipku, mapadiis, Bogu 1 comneid [1].
[Ipu npomy Bij rycTHHH, (PaKIiHHOTO CKIANY,
BMICTY Cipku 1 mapadiHiB MepeBaKHO 3aJIeKHUTh
SKICTh OJCp)KyBaHHX Ha(TONMpOAyKTiB (Hampu-

119)
112 )

KJIaJl, JIM3€IbHOTO TaNuBa), a BiJl BMICTY BOIH i
coJieii — TepMiH eKcIutyaranii HadTomeperiHHuX
YCTaHOBOK.

[TnacToBa Bo&Ia € HEBI'EMHOI CKJIAJI0BOIO
Bciel HadTH, Mo BUI0OYBa€eThCS. JHCTIEPTyIOUHCH
y Ha(Ti, BOHa yTBOPIOE €MYJIbCII THITy «BOja B
Ha(TI», e HaTa BUCTYyMAE B AKOCTI AUCIIEPCIHHOT
(haswm, a Bosla — aucriepcHoi. BMict Takoi Bogau Mo-
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e cxiazat Big 1 % no 90 %o maci 1 3aIeXKuTh
BiZl pojoBuua Hadru. Ilnacrosa Boja B 3HAYHINA
Mipi MiHepalli30BaHa XJIOPHAAMH HATPi0, MArHIIO i
Kayblito (10 2500mr/n coneii HaBiTH IIPH HASBHO-
cti B HaQTi Beboro 1 % Bomm), a Takoxk Ccynbdara-
MH 1 TiApoKapOOHAaTaMHU Ta MICTHTH MEXaHi4HI J10-
mimky. Ilpu narpiBandi HadTH Boma po3umMHSE
XJIOPUCTI €OMi, 1 1€ MPHU3BOAUTH 1O YTBOPEHHS
XJIOPUCTOTO BOJHIO, SKHH BHKJIMKA€E KOPO3if0 00-
JaTHAHHA. [HIIUMH TPUKIAJaMH  HETaTHBHOTO
BIUIMBY BOJU € IOPYLICHHS TEXHOJOTiYHOTO pe-
XKUMY poOoTH HadTOmepepoOHOTro YCTaTKyBaHH,
MiABUIICHHS! TUCKY B amaparypi yCTaHOBOK Iepe-
TaHSHHA HA(PTH, 3HMWKEHHSA IX MPOIYKTUBHOCTI,
MIKPOBHOYXH, a TAKOXK BUTPATH JIOJATKOBOI Killb-
KOCTi TeTUIa Ha mifirpis Hadru [2].

3 mpOro BWIUIMBAE, IO BMICT BOAM B HadTi
noBuHeH Oyt MiHiMaigpuuM. Cranmapt [3] Bcra-
HOBJIIO€ HACTYIHI 3Ha4eHHs: He Ouibire 0,5 % s
nepiroi Ta apyroi rpym i 1,0 % mist TpeThoi rpymu
HadTH (rpyna BU3HAYAETHCS QpaKIiiHUM CKIIAIOM
HA(TH).

Haii0inbuie nommpeHHs Al KOHTPOIIO 00BO-
JnHeHocTl HadTH 1 HaQTOMPOIYKTIB OTPUMAIH Jie-
JTEKOMETPUYHI Bojoromipu. Tak, BiATOBITHO IO
NPOBEICHOTO aBTOPaMHU aHali3y PHUHKY BOJOIOMi-
piB (craHom Ha BepeceHb 2014p.), BCTaHOBIICHO,
IO JieNbKOMETPUYHI BoJoromipu 3aiiMaiots 39 %
ycix MojeneH, 1o BUpoOstoThes, 36 Yo3aiiMaroTh
Ha/IBUCOKOYACTOTHI ~ BOJIOTOMIpH, BHPOOHHIITBO
1H(payepBOHKUX aHAIII3aTOPIB CIEKTPY Ta KOHIYK-
TOMETPHYHUX BOJIOTOMIPIB B CyMI CTaHOBHTH
25 %. BH61p Ha KOPHCTB [iCIbKOMETPHIHNUX BOJIO-
TOMIpiB IOB'3aHNI1, B [IEPULY YEPry, 3 IPOCTOTOLO
iX eKCIUTyaTailii, MOJKJIMBICTIO PO3MIIIICHHS JIaT4H-
Ka B TPyOONpPOBO/I, XOPOLIMMH METPOJIOTIYHUMH
xapaktepucTukamMu. OCHOBHUM HEIOJIIKOM 3acTO-
CYBaHHS TaKHX BOJIOTOMIpPIB € HasIBHICTh TaK 3Ba-
HOi «coproBoi HeBm3HadeHocTi» [4]. Cyrs mpo-
0JIeMH «COpPTOBOI HEBU3HAYCHOCTI» IMOJIATAE B Ha-
cTtymHoMy. Bimomo, 1o poboTa AiebKOMETpUd-
HUX BOJIOTOMIpiB MOJISITA€ Y BUMIPIOBaHHI €MHOCTI
MIEPBUHHOTO TEPEeTBOPIOBAayYa, 3allOBHEHOTO, Ha-
MPUKIIAJ, JOCIIKYBaHOK Ha(TOI0, 1 BU3HAYCHHI
BOJIOTOCTI 32 pe3yJbTaTaMu BUMiprOBaHHs [S].
Ilpy 1bOMy €MHICTB NEPBHHHOTO IEPETBOPIOBAYA
€ QYHKLI€IO B NIENEKTPUYHOI IPOHUKHOCTI Had-
TH, K&, B CBOIO YEPTY, 3aJIEXKHUTh BiJl TUIly (COpTY)
Ha<1)m OueBHIHO, IO KUMBKICTH COPTIB i Mapok
HaTH HAA3BMYAMHO BenmKa i He 3aBK U icHye
MO>KJIMBICTb 1X 1IeHTH(IKYyBaTH a0 1€ MOB'A3aHO 3
YaCOBHUMH, IPOIIOBUMH Ta iHITUMH BUTPATAMHU.

Ha nymky aBTOpiB CTaTTi, OJHUM 3 HAKOiNBII
MEPCIIEKTUBHUX CIIOCOOIB KOMITEHCAIlT «COPTOBOT
HEBU3HAYEHOCTI» € 3aCTOCYBaHHS TECTOBOTO Tij-
xony. Ha nanuii yac Teopisi TECTOBHX METOXIB
3HaWIIa IIMPOKE 3aCTOCYBAaHHS NPH BHUpILICHHI
3a7a4 3 MiJBUIICHHS TOYHOCTI BUMiploBaHb [6, 7].
VY ¢BOIO Yepry, aBTOpU JaHOi pOOOTH MPOMOHYIOThH
BUKOPHCTOBYBATH TaKi METOMU VIS 3a0€3IEUCHHS
iHBapiaHTHOCTI Ji€TLKOMETPUYHUX BOJIOTOMIpiB
JI0 3MiHH COPTY PEUOBHHHU.

AHaJti3 oCTaHHIX 10CTiIKeHb i myOrikauiii
BubGopy TecTOBUX METOAIB B AKOCTI eeKTUB-
HOTO CMOCO0Y KOMIIEHCAIT «COPTOBOT HEBU3HAYE-
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HOCTI» IepeayBaB TTHOOKHUHA 1 JeTajlbHUN aHami3
ICHYIOUMX Ha CHOTOJHIIIHIA AeHb crocoliB BHpi-
LICHHS 3asBieHoi mpobiemu. B sixocti iHpoOpMa-
iHHOT 0a3u aBTOpaMH BUKOPWCTAHI MATECHTH 1 aB-
topebki cBimonTBa CIIA, Kanaau, SAnonii, Kuraro,
Kpain €Bpormy, 30kpeMa Ykpainu Ta Pocii. B xoxi
JOCIIDKEHHS BUSIBIICHO PAA CIOCOOIB BU3HAUCHHS
BOJIOTOCTI Ha()TH Ai€THKOMETPHYHHMHU BOJIOTOMi-
pamu. Hacamnepen, 1ie:

1) BUMiprOBaHHS Ii€JEKTPHYHOI TPOHUKHOCTI
IpY eMyJIbraiii 1ociimpKyBasol cyminn HapTu [8],
IpU 3MiHI KiNBKICHOrO CKiIagy abo arperaTHOro
CTaHy OJIHOTO 3 KOMITOHEHTIB 1€l cymiri [9];

2) BU3HAYEHHS BOJOTOCTI HA(TH 3a 3MiHOIO
TEeMITepaTypH, IIITXOM BUMIPIOBAHHS IiCICKTPHY-
HOI MPOHUKHOCTI TIPH Pi3HUX TeMIeparypax abo B
pesyJibTari Temneparypuoro BBy [10];

3) BU3HAUYCHHS BOJIOTOCTI HAQTH B 3aJI€KHOC-
Ti Big wactortu [11];

4) Bu3HaueHHS BOJIOTOCTI 3 BHKOPHUCTAHHAM
rpaAyloBaIbHUX XapaKTepUCTUK abo KaaiOpyBalib-
HUX KpuBHX [12];

5) BIUIMB Ha JOCHIKyBaHy Ha(Ty eIeKTpUY-
auM moaem [13];

6) BU3HAUCHHSI BOJIOTOCTI 3 BHUKOPUCTaHHIM
€MHICHUX JIaTYUKIB pi3HOT KOHCTpYKLii [14];

7) BU3HAUYCHHS BOJIOTOCTI IIUISIXOM BUITyYCHHS
BOJIOTH 3 Ha(TH 3 MOJANBLUIMM BUMIpIOBaHHIM
[14];

8) BUMipIOBAHHS €MHOCTI TIEPBHHHOTO TIEpe-
TBOPIOBAYa 3 JOCIIKYBaHOI HA(YTOW y MOYATKO-
BOMY 1 3HeBOgHeHOMY cTaHi [15] abo 3 mocmimky-
BaHOI Ta 3pa3KoBOK0 npobamu Hadtu [16];

9) criocobu 3 BUMIPHOBaHHAM JIEKIIBKOX Ia-
pameTpiB, TakMX SK MICNEKTPUYHA MPOHUKHICTD,
TaHreHC KyTa IieNeKTPUYHUX BTpaT, LITBHICTB,
COpT, TeMmeparypa, MBHIKICTh NPOXOIKEHHS
yIbTpa3ByKy Tomo [17];

10) BUMiprOBaHHs EMHOCTI MEPBUHHOTO TIEPE-
TBOpIOBa4Ya B IIOPOKHHOMY 1 3aIIOBHEHOMY CTaHi
[18];

11) BuzHaueHHs Bojorocti HadTH 3a Koediri-
€HTOM aMILTITYyTHOT MOIyJIsLi1, cTpymMom [19];

12) Bu3HaueHHsS BOJIOTOCTI Ha(TH 3a KyTOM
3cyBy a3 curnaiis [20];

13) BU3HAuUCHHS BOJIOTOCTI 3 BUKOPHUCTAHHIM
TECTOBUX MeTOMIB (y T. 4. 3 100aBkamu Boau) [21].

[Ipote 3 yCiX MpeACTaBICHNX BHUIIE CIIOCOOIB
BU3HAYEHHS BOJIOTOCTI HA()TH TUIBKH YOTHUPH JO-
3BOJISIIOTH AESKAM YHMHOM BPaxOBYBATH BIUIUB CO-
pty Hadtu. o HUX BiZHOCATBCS crocodu Trpyn 3,
8, 91 13.

Y pesynbTaTi pETENBHOrO BUBYEHHS MIEPEBAT i
HEJOMIKIB KOXKHOTO 3 TIPEICTaBICHUX CIOCOOIB
HaWOIIBITY 3aIliKaBICHICTh BUKJIMKAB CIOCIO BH-
3HA4YEHHS BOJIOTOCTI HATH 3 BUKOPUCTAHHIM Tec-
ToBHX MeToAiB. OIUH 3 PHUKIAIIB peanizamii Tec-
TOBOTO METOJY MpPEJACTaBlICHUN B poOoTi [22]. V
IIbOMY BHIIQJIKy IIPONOHYETHCSI TNPOBOAMTH TPHU
BUMIpH: JTICIEKTPHIHOI MPOHUKHOCTI JTOCITIIKyBa-
HOT IPOOH PEYOBUHH; NiCICKTPUIHOI IPOHUKHOCTI
JOCIIJKYBaHOI IpOOH Micyist 100aBKH BiIOMOI Ki-
JIBKOCTI BOJM 1 JICICKTPUYHOT IIPOHUKHOCTI 1i€l K
po0w Mmicis 100aBKK 0 APYroi mpoOu Ie TaKoi x
KUTBKOCTI BOAM. SIK TTOKa3ylOTh Pe3yJIbTaTH po3pa-
XYHKIB, Takuil cHoci® 03BOJISE€ TEBHOIO MipOIO

—
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BUKJIIOYMUTH BIUIMB MOYAaTKOBOi Ji€NIEKTPUYHOL
MPOHUKHOCTI JIOCHI/PKYBaHOTO MaTepiany (To0To
KOMIICHCYBATH <«COPTOBY HEBH3HAUCHICTH).

DopMyTIOBaHHS WiJi CTATTI

Mertoro ctarTi € BUOip HallOIIbII eheKTUBHO-
ro croco0y, 1o 103BOJISIE KOMIICHCYBATH OCHOBHY
CKJIaJl0By HCBU3HAYCHOCTI J@HHUX BOJIOrOMIpIB —
«COpTOBY HeBU3HaueHicTh». Llei BHOIp 3xiiicHIO-
€THCS TIUIIXOM TIPOBEICHHS MOPIBHUIBHOTO aHai-
3y TECTOBHX METO/IiB ITiIBUIICHHS TOYHOCTI JTiCib-
KOMETPUYHHUX BOJIOTOMipiB. OCHOBHMMH BHMOTa-
MU IIpu BUOOpi criocoly €: 3abe3nedeHHs iHBapia-
HTHOCTI BUMIPIOBaHb JI0 3MiHH COPTY PEUYOBHHU i
MOJXKIIMBICTb HOTO 3aCTOCYBaHHS 5K B Jlaboparop-
HHX, TaK 1 Y BAPOOHMYMX yMOBAX, 5K IPH BUMIpIO-
BaHHSX 3 OOMEXEHUM 00'€éMOM Marepiany, Tak i B
noroui. [Ipy 1poMy CIijl 3a3HAYUTH, WO TOAIOHUH
aHaJi3 JuIsd JIeSKUX CIOCO0IB, OMMCAHUX y TIaTeH-
Tax, aBTOPCHKUX CBIJOUTBAX | HAYKOBUX MpALLIX 3
JaHol TEeMAaTHKH, B)KE IPOBOAWBCS B MOMEPEAHIX
nyOJiKalisaX, OJHAK IO3UTUBHHUX PE3yJbTATIB Y
iaHi BUOOpy HalOUIbII e()EKTHBHOTO CIIOCOOY HE
MIpHUHIC.

OcHoBHUII MaTepiaj K0CTiAKeHHS

JlJis BUKOHAHHS IOCTABJICHOI y CTaTTI METH
JIOCITIDKEHHST PO3TIITHEMO HasiBHI TECTOBI METOIU
MiIBUIIEHHS TOYHOCTI MieTbKOMETPUYHHX BOJIO-
romipi. B sxocti mkepen inopmartii 6yaemo BU-
KopHcToBYBaTH ateHTH [23] 1 [24].

VY mareHti [23] BOJOTiCTh BH3HAYAIOTH ILIS-
XOM BHUMIDIOBAHHS JICICKTPUYHOI IPOHUKHOCTI
JOCIIDKYBaHOI PEYOBHHH 1 JICICKTPHYHOI IPOHH-
KHOCTI Ti€i )X PEYOBHHH ITIiCIs BBEIACHHS B €MHIC-
Hull natauk N JieeKTpUYHUX UTiH/PIB.

B oMy BUManky po3paxyHKOBHI BUpPA3 IS
BU3HAYCHHS BOJIOTOCTI Ma€ BUTJTISIL:

W'(Cy-Cp) 1
Wp03p =Y~ ~ Y 3¢ (1)
3Cx2-Cua) 3
ne W' — BennumHa, 110 BU3HAYAE 3MIHY €EMHOCTI
JlaTYMKa TIPU BBEJACHHI B HBOTO MiCICKTPUYHUX
ATIHAPIB,

C,q1 — EMHICTb J1aT4UKa, 3alI0BHEHOT'O JOCII-
JKYBaHOIO PEYOBHHOIO;

C,, —cymapHa napa3uTHa €EMHICTb,

Cyo — €eMHICTb JaTUUKa, 3aII0BHEHOI'O JOCII-
JUKYBAaHOIO PEYOBHHOIO, TIPY BBEACHHI B JATUHK
JUETEKTPUIHIX ITAITIHAPIB.

Benmnunna W' pospaxoByeTbes 3a Gopmy-
JI010:

N[V,
w'=—~7=,
Vo
ne N — KiNbKICTh BBEICHUX MICICKTPUYHUX ITH-
JHIPIB,;

V,, — o0'eM BBEICHOTO IICICKTPUYHOTO LIHIIi-

HJIPA,;

V, —o00'eM naTuuka.

Jlns orpuManHst Bupasy (1) aBTOpH MATCHTY B
CBOIX pO3paxyHKaX BHKOPHUCTOBYBAJIM CIIPOIIEHY
dhopmyiy Binepa:

114)
114 )

€1=¢, (1 + 3\N),

Je & —AieNeKTpUYHA IPOHUKHICTh MOCIIIXKY-
BAaHOI PEUYOBHHH,

€, —JleJIeKTpUYHA HPOHUKHICTb 3HEBOJHE-
HOTO 3pa3Ka PEUOBUHH.

OpHak BiIOMO, IO IS pealibHUX MPOIIECIB
3B'I30K MK BOJIOTICTIO PEUOBHHU 1 11 i€ICKTpUY-
HOIO TIPOHUKHICTIO HAHOUIBIT TOYHO MOXKE OyTH

onucanuii 3ajexHicTio (popmyna Binepa B moB-
HOMY BHTJISI):

e =g, |1t | 0
€, +2¢, Yy
€ " &y

Ie €, — MAieJEKTpUYHA INPOHUKHICTH Boau (3a

JIOBITKOBUMH JaHuMH jopiBHioe 80).

Takum 4HMHOM, € HEOOXIIHICTH NEePeBIPUTH,
HACKUIbKK 100pe Bupas (1) kommeHcye 3MiHy BO-
JIOTOCTi PEYOBUHU TNPU 3MiHI i JHETEKTPUIHO
MPOHUKHOCTI U peajbHUX MPOIECiB, TOOTO 3rij-
HO 3 BUpa3zoM (2).

3 mi€r0 METOI0 BH3HAYMMO 3HAYEHHS €MHOC-
Teil Cyq Ta Cyp:

Cxa =9y (3)

Cxo =9LEy, (4)
e § —TOpoCTOpOBa XapaKTEPUCTHKA EICKTPUY-
HOT'O TIOJIA 3a30pYy, AKHH yTBOpeHUH (popmoro ene-
KTPOAiB OOpPaHOTO TEPBHHHOTO BHUMIipIOBAaJIHHOTO
neperBoproBaya ([1BIT);

€9 —NIENEKTPUYHA IPOHUKHICTh AOCIIIXKY-
BaHOi PEYOBHMHM TIPH BBEJCHHI B €MHICHUH NaTYHK
JUCNEKTPUIHUX IHITIHIPIB.

JlieneKkTpudHi MPOHUKHOCTI €1 Ta £ MOXYTh
OyTH BU3HAYCHI SIK:

176, 1+ o — ©)
SS_SH
3(W+§W’j
S e S
P

J1a oTprMaHHS YHCIOBHUX 3HAYEHb BOJOTOCTI
3amaMocst ACSIKUMH yMOBaMH. ABTOpPH MATEHTY
BHCYBAIOTh HACTYIHI BUMOTH /O MiCICKTPUYHUX

VT H]PIB!

— KUJIBKICTD MATIHAPIB
N =(003...008) 0, /V, );

— IiaMeTp MWIiHIpa du <001, me b -

MDKEJICKTPOIHA Bi/ICTaHb,

— IOBKWHA IWJIHIpa JIOPIBHIOE JOBXKHHI
KOHJICHCATOpa, TOOTO hu =h,.

O0'eM yBeZICHOTO JICIEKTPUIHOTO MIJIiHApA 1
00'eM JaTYMKa MOXXHA BU3HAUUTH 32 POPMYJIOIO:
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Tabauus 1 — 3HayeHHs MapaMeTpiB AJs1 PO3PaxXyHKY BOJIOTOCTi

Jnst natdnka g.M | g C,,n®
b, M dy, m hy , M V,, M3
0,076 0,08 0,06 3,02M0*
Hns anin[piB 10 80 0
d, ™ h,, m V,M N, mT.
7,6110° | 0,06 | 2,42110° 554

— 2, . — 2
Va—Tl]’a ha, V” —T[r” h’4'

ae I, 1r, —paaiyc HuiIiHApa 1 pajaiyc JaT4yHKa,

Y
nopiBHIOOTS BianosiaHo d, /21 d, /2.

3HaYECHHs APaMETPiB. ,Z[J'ISI PO3pPaxyHKy BOJIO-
TOCTi 1 3HAUEHHS, OTPUMaHi B pe3yJbTaTi po3paxy-
HKIB, 3Be/ieH] B Tabm. 1.

VY po3risHyTOMY MATEHTI B SKOCTI JAOCIiIKY-
BaHOI peuoBHHHU 00paHO HAPTY. Sk Bimomo, mierne-
KTPUYHA IPOHUKHICTH HAQTU BapiIOETHCS B MEKaX
Bix 2 1o 4. B TakoMy BUMAAKY B SKOCTi KOHTPOJIb-
HUX TOYOK IS TIEPEBIPKH 1HBApiaHTHOCTI BUPA3y

(1) 3amamo 3HaueHHS €,,, IO AOPIBHIOIOTH 2; 2,5;

31 3,5.1Ipu upoMy BoOJIOTICTH OyAEMO 3MiHIOBATH
Bix 0 (0 %)mo 0,3 (30 %) kpoxom 0,1 (10 %).

Takum unHOM, mifctasusiny Bupasu (5) B (3)
i (6) B (4), a motiMm orpumani 3HaueHHs B (1),
OTPUMAEMO PO3PAaXyHKOBI 3HAYCHHS BOJOTOCTI
(tabn. 2). Cnig 3a3Ha4YMTH, IO I[i 3HAYCHHS HE €
HOPMOBaHHUMHU.

Ta6auns 2 —Po3paxyHKoBi 3HaYeHHsI BOJIOTOCTi

€ |W | Wpoyp € |W | Whoyp
2,0 0,0 0,342 3,0 0,0 0,355
2,0 0,1 0,35 3,0 0,1 0,363
2,0 0,2 0,346 3,0 0,2 0,36
2,0 0,3 0,331 3,0 0,3 0,346
25 |00 ] 0349 | 35| 00] 0362
2,5 0,1 0,356 3,5 0,1 0,37
2,5 0,2 0,353 3,5 0,2 0,367
2,5 0,3 0,338 3,5 0,3 0,353

Ilpu 306impmienHi Bomorocti pewoBuHH W

pospaxyHkoBe 3HaucHHs Bonorocti W, Takox

HOBUHHE 301JIbIIYBATUCS. AJle B HAIIIOMY BHUITAIKY
(Tabn. 2) MOHOTOHHE 3POCTAaHHS 3HAYEHb BOJIOTOC-
Ti BiACyTHE. SIKIIO TOBOPUTH NPO iHBAPiaHTHICTH
JI0 3MiHH MMOYATKOBOI Ji€IEKTPUIHOI MPOHUKHOCTI
PEUYOBHHHM, TO 3 TabJ. 2 BHIHO, 110, HAMPHKIAL,
st €, =20 (mpu W =0) po3paxyHKOBe 3HA4YCH-
Hs Bojorocti craHoButh 0,342, nnsx €, =25

Wpsp =0349, s €, =30 W,,,, =0355 Ta
=35 W

s €, posp =0,362, ToOTO BOJOTICTH pe-

YOBUHU 3aJICXKUTH BiJ 11 HiENEKTpUIHOI TPOHUKHO-
cti. TakuMm 9uHOM, B pe3yNIbTaTi aHANI3y CIOCO0y,
OTMHKCAHOTO B MaTeHTi [23], BCTaHOBIEHO, IO Jia-
HUH CHoci0 He BUpINIye MPOOJIeMY «COPTOBOI He-
BH3HAYCHOCTI» MIIeTbKOMETPHYHUX BOJIOTOMIpiB.
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V matenTi [24] 11 BU3HaYEHHS BOJIOTOCTI Pi-
JUHHUX CEPEeOBHIL MPOBOIATH 3 BUMIPIOBaHHS:

a) IOCIIiKYBaHOTO 3pa3Ka PeUYOBUHHY;

0) DOCIiHKYBAaHOTO 3pa3Ka PEYOBHMHH IIiCIIs
(ikcoBaHoi 106aBKH B HBOTO BOAH;

B) JIOCJII/DKYBAHOTO 3paska pevoBHHH 3 (ik-
COBAHOKO JI00ABKOKO PIIMHHOTO CEPENOBHUIIA TOrO
X CKJIay, IO i peYOBMHA 3 33aJaHOI0 BOJOTICTIO
(abo 3HEBOJIHEHOTO CEPENIOBHIIA).

TakuMm YMHOM, TICIS TPHOX BHUMIpIB OTpUMa-
€MO CHCTEMY PiBHSHD:

g =a+b;
£2=a+bWN2; (7
£3=a+bWN3,

ne &, W, — nmienekTpuyHa NPOHUKHICTH 1 BOJIO-
TiCTh AOCTIPKYBaHOI TPOOH pEUOBHHH;

€5, W, — niefleKTprYHa IPOHUKHICTD 1 BOJIO-
riCTh AOCHIIKyBaHOI MPOOKM PEYOBUHH MICHA J0-
0aBkHu (iKkcOBaHOTO 00'eMy BOIH;

€3, W3 — zieleKTpu4Ha MPOHUKHICTB 1 BOJIO-
ricTh AOCHIIKyBaHOI MPOOKM PEYOBMHH MICHA J0-
0aBku (pikcoBaHOTO 00'€My CepeloBHIIA, IO KOH-
TPOJIFOETHCS, BiTOMOT BOJIOroCTi (200 3HEBOIHEHO-
T'O CEpPEIOBHIIA).

Y PpO3IISIHYTOMY TMATEHTI aBTOPU MPOIOHY-
IOTh JIEKI/IbKA BapiaHTiB OTPMMAHHS TPETHOTO BH-
Mmipy. PosrisiHemo Oinbln geTanbHO KOXKEH i3 3a-
NPOTMOHOBAaHMX BapiaHTiB.

Bapiaur 1. Jlna Tpetsoro Bumipy dikcosany
N00aBKy PEYOBUHHU 3 BiJIOMOKO BOJIOTICTIO BBOASTH
B CYMilll, OTPUMaHy IIiCJIsl APYrOTO BUMiPIOBAHHS.
VY npoMy BUMAAKy cucTeMa piBHsiHb (7) Mae BU-
LIS

g=a+t b Ml'
g2 =a+b kg W +AW);
g3 =a+blk, (W, + AW, + AW, (W),

ne AW, =AV; /Vp —BigHOmeHHS AofaHoro ¢ik-
COBaHOTO 00'eMy BOJIM J10 TOBHOTO 00'eMy 3pa3Ka,

ky =1/(1+AW,;) — xoediuient, mpuitHsTHIA
JUISL CIIPOLIEHHS 3aIMCy BHPasy;

AW, =AV, [V — BigHOLmIEHHs KogaHoro ¢i-
KCOBAHOTO 00'€My CepeoBHILA, [0 KOHTPOIIOETh-
cs1, BIIOMOI BOJIOTOCTi 10 00'eMy MEPBUHHOIO 3pa-
3Ka PEYOBHHH;

ko =1/(1+ AW, + AW, ) — koediuient, mpu-
WHSITUI 1J1s1 COPOILECHHS 3alliCy BUpa3y;

W, — BOJOrICTb CepenoBHIIa, 10 KOHTPOIIO-
€TBCA.

(8)

—
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Bupimryroun cucremy (8) Binnocno W, otpu-
MaeMo:
W, = {(

- £,) Ok AW, + (& — &,) Tk (AW, -

_(51 - 52) LAW, LAW, (W, Dkz}x 9)

{(e1 - &2) i, — k)= (62— £5) iy ~ 1} 7.

Iepesipka (9) Ha iHBapiaHTHICTH MTPOBOIUTH-
Cs 3 BMKODHCTAHHSM HACTYNMHHMX (OpMyJ pospa-
XYHKY TiCICKTPHYHOT IPOHUKHOCTI:

3V,

€ =¢ |1+ : 10
l H Eg +2€H _W ( )
€ — &y '
£ =¢, Mo by
€, +2¢, _W
€ —E, 2
g53=¢,| 1+ ke : (12)
g, +2¢, Yy
€~ &y 3

e Wp =W + AW Wy = (W, +W, )/ 2.

B Tabn. 3 Bka3aHi BUXIiAHI JaHi IS pO3paxy-
HKY BOJIOTOCTI, B3STi 3 TPHKJIaay, HaBEICHOTO B
narenTi [24].

Taoauusa 3 —Buxigni nani
IJISl PO3PaxXyHKY BOJIOTOCTi

AV]_, I AVz, I W() &
0,05 0,25 0,1 80

VO , JI
0,5

Sk KOHTPOJIBHI TOYKM 3a7aMO 3HAUYCHHS JIie-
JEKTPUYHOI MPOHUKHOCTI €,, IO JOPIBHIOIOTH
2; 2,5; 31 3,51a Bonorocti W, 1110 1OPiBHIOIOTH
0; 0,1; 0,21 0,3.B Tab6u. 4 HaBenEeHI PO3pPaXyHKOBI
3HAYCHHS JIICNEKTPHYHHUX TPOHUKHOCTEH.

IMigcrausmu Bupasu (10), (11)i (12) B (9)
OTPUMAEMO PO3PaXyHKOBI 3HAYEHHS BOJIOTOCTI
(Tabm. 5). HopMyBaHHS IUX 3HAYCHb BKJIIOYAE B
ce0c HACTYITHI eTaIu:

1) nepexin W,,,;, 10 o6macTi no3MTHBHUX
3HAa4eHb!

Woosum :Wposp ~W,
ae Wy — 3HaueHHs BOJOIOCTI B TOYlli, B SKiif
W=01i¢g,=35;
2) cyMillieHHS Tiana3oHiB:
W Wnosum / nozum N / Wmax)v

ne W, ,..,n — 3HaYCHHS BOJIOTOCTI B TO4Li, B

axii W =03 1 €, =35 micnsa nepexony a0 obua-
CTi IO3UTUBHHX 3HAYCHD;

Winax — MakCHUMalbHE 3HA4€HHsS BOJOIOCTI
W, nopisntoe 0,3.
116

—

Ta6auns 4 — Po3paxyHkoBi 3HaUeHHSs

AieJJeKTPUYHUX MPOHUKHOCTEH

e, W JlieneKTpu4Hi NPOHUKHOCTI
€ €2 €3
2,0 0,0 2,0 2,614 2,614
2,0 0,1 2,614 3,368 2,971
2,0 0,2 3,368 4,317 3,368
2,0 0,3 4,317 5,545 3,814
2,5 0,0 2,5 3,252 3,252
2,5 0,1 3,252 4,173 3,688
2,5 0,2 4,173 5,324 4,173
2,5 0,3 5,324 6,806 4,714
3,0 0,0 3,0 3,885 3,885
3,0 0,1 3,885 4,963 4,396
3,0 0,2 4,963 6,305 4,963
3,0 0,3 6,305 8,022 5,596
3,5 0,0 3,5 4,512 4,512
3,5 0,1 4,512 5,741 5,095
3,5 0,2 5,741 7,262 5,741
3,5 0,3 7,262 9,197 6,459
HopMmoBani 3HaueHHs BOJOTOCTI HaBelEHI B
Tabm. 5.
Tabauus 5 —Po3paxyHkoBi 3HAYEHHS BOJIOTOCTi
€y Vvl Wlpo3p WH
2,0 0,0 -0,925 0
2,0 0,1 -0,741 0,149
2,0 0,2 -0,629 0,24
2,0 0,3 -0,556 0,299
2,5 0,0 -0,925 0
2,5 0,1 -0,741 0,149
2,5 0,2 -0,629 0,24
2,5 0,3 -0,556 0,299
3,0 0,0 -0,925 0
3,0 0,1 -0,742 0,148
3,0 0,2 -0,629 0,24
3,0 0,3 -0,555 0,3
3,5 0,0 -0,925 0
3,5 0,1 -0,742 0,148
3,5 0,2 -0,629 0,24
3,5 0,3 -0,555 0,3

3 tabn. 5 BUAHO, II0 OTPUMaHi PO3PaxyHKOBI
3HAYEHHS BOJOTOCTI MPAaKTUYHO HE 3alie)KaTh BiJl
3MiHM TIOYaTKOBOI Ji€JIEKTPUYHOI MPOHUKHOCTI
pEYOBHMHHM: TpH 3aAaHiil Bosorocti O mIs mienekT-
puaHEX nponuknocred 2,0; 2,5; 3,01 3,5 Hopmo-
BaHI pO3PaxyHKOBI 3HAYECHHS BOJIOTOCTI Y BCiX TO-
ykax cxiangaroth 0; mpu Bomorocti 0,1 HOpMOBaHi
3HAYCHHSA 3MiHIOIOTI>C$I Big 0,148 no 0,1491 T.1.,
TOOTO TIPHUCYTHS iIHBAPIaHTHICTH BUMIiPIOBAHb.

OpmnHak, SKIO TPOaHATi3yBaTH OTpPUMaHI B
TaOu. 5 gaHi Ha HAsBHICTH 301KHOCTI, TO BHIHO,
0 JUTsl AIMCHOTO 3Ha4eHHs Bosiorocti O mpu pi3-
HUX JIICTICKTPUYHUX IPOHUKHOCTIX OTPUMAEMO
HOPMOBaHI 3Ha4YeHHs BoyiorocTi 0 y BCiX TOYKax;
s Bosorocti 0,1 orpumaemo Bemmumam 0,149;
0,149; 0,148; 0,148 T.n. SIx BUAHO, HE BCi pe-
3yJIbTaTH PO3PaxyHKiB 30iraroTbcs 3 IiIHCHUMH
3HaYEHHSIMHU, TOOTO € BigxuieHHs. el dakT cBia-
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YHUThH MPO TMOTraHy 301KHICTH pe3yibTaTiB. Makcu-
MaJibHa PO301KHICTh B ILOMY BUIAJKy CTAaHOBUTD
4,9 %.

Bapiaur 2. Jlna tpethoro Bumipy dikcosany
N06aBKy PEYOBUHH 3 BiJIOMOIO BOJIOTICTIO BBOJSTH
y nepsunHy cymim. Cucrema piBusHb (9) MOKe
OyTH npezcTaBieHa B HACTYITHOMY BUTJISIAL:

€, =a+bW;
€o =a+b|:k1 E(W1+AW1),

83:a+b|:k2' [(VV1+AW2 M@),

(13)

ne  ky =1/(1+AW,) — koediuient, npuitHsTHiA
ULl CTIPOLLICHHS 3aITiCy BHPa3y.

Bupimyroun cucremy (13) BimHocHO W
OTPHMAEMO:

(51 EZ)EWZEN() Dkz (51 53)leDk1( 14)

A ek - (6 e k)

s nepesipku (14) na iHBapiaHTHICTH Oye-
Mo BukopucroByBatu (dopmymu (10), (11)i (12).
Ognnak y mpomy Bumaaky Wz =W, +W,)/ 2. B
SIKOCTI BHUXIJHMX JaHUX BUKOPHUCTOBYEMO 3HAYCH-
Hs 3 Tabm. 3.

TakuMm YwHOM, B peE3yJbTaTi PO3pPaxyHKIB
OTPUMAEMO 3HAYCHHS JIeTCKTPUYHUX POHUKHOC-
TeH, mpencTasieHi B Tabm. 6. Po3paxyHkoBi 3Ha-
YeHHsI BOJIOTOCTI (Ta0J1. 7) MOXKYTh OyTH OTpHUMaHi
nuisxoM migcranoBku Bupasis (10), (11)i (12) B
(14).

Sk 1 y BUIIAAKy BUMIipIOBaHb 3a BapiaHToM 1,
pe3yNbTaTH PO3pPaxyHKIiB BOJIOTOCTI, HABEACHI B
Ta0N. 7, € iHBapiaHTHUMHU 10 3MiHM TOYaTKOBOI
JEeTIEKTPUIHOI MPOHUKHOCTI. AJIe TIpH ITbOMY TaK
came, SK 1 B IMONEPETHHOMY BHIAJKY, TMPUCYTHS
morana 30DKHICT pe3yibTaTiB. MakcumanbHa
PpO30LKHICTE MK OTPUMaHHMM HOPMOBaHHM 3Ha-
YeHHS BOJIOTOCTI Ta JIMCHUM CTaHOBUTE 3,8 %.

Bapianr 3. [lyis TpeThOro BHMIPY BBOIATH
(hikcoBaHy 100aBKY 3HEBOJHEHOTO 3pa3Ka peyo-
Buan. Cucrema piBHSHB (9) MaTHMe BT,

£1=a+bDW1;
€o =a+bEk1 E(Wl'l'AWl);

€3 =a+bEk2" Wvl,

(15)

ne ko, =1/(1+AW, ) — koedimient, npuiiHs-
THii IS CIPOIIEHHS 3aIUCy BUPA3y,;

AW, =AV,./Vy — BiIHOIIEHHA JOJaHOTO
(ikcoBaHOro 00'eMy 3HEBOJHEHOIO CEpEIOBUIIA,
II0 KOHTPOJIIOETHCA, 10 00'€eMy IEPBUHHOTO 3pa3Ka.

B pesynbTari po3B'si3aHHS CHCTEMH PIBHSHb
(15) BimHocHO W oTpuMaemo:

(81_82)[k1[AW1 "‘.(16)

(61 —€3)ll-Kky) - (eg ‘32)[(1‘ ko )

Iepesipka (16) Ha inBapianTHICTH 3iticHIO-
€TbCA, K 1 B IONEPEIHIX BHUIAAKAX, 3 BUKOPHUC-
tagasMm Gopmyn (10), (11)i (12) 3a ymoBH, 110
Wy =W, /2.

W, =

Ta6auns 6 —Po3paxyHkoBi 3HaueHHs
AieJJeKTPUYHUX MPOHUKHOCTEH

JlieneKTpu4Hi MPOHUKHOCTI

Eu W €1 €2 €3
2,0 0,0 2,0 2,614 2,292
2,0 0,1 2,614 3,368 2,614
2,0 0,2 3,368 4,317 2,971
2,0 0,3 4,317 5,545 3,368
2,5 0,0 2,5 3,252 2,858
2,5 0,1 3,252 4,173 3,252
2,5 0,2 4,173 5,324 3,688
2,5 0,3 5,324 6,806 4,173
3,0 0,0 3,0 3,885 3,422
3,0 0,1 3,885 4,963 3,885
3,0 0,2 4,963 6,305 4,396
3,0 0,3 6,305 8,022 4,963
3,5 0,0 3,5 4512 3,983
3,5 0,1 4,512 5,741 4,512
3,5 0,2 5,741 7,262 5,095
3,5 0,3 7,262 9,197 5,741
Tabauus 7 —Po3paxyHKoBi 3HAYEHHS BOJIOTOCTi
€y Wy W1p03p W,
2,0 0,0 -0,034 0,001
2,0 0,1 0,1 0,138
2,0 0,2 0,192 0,232
2,0 0,3 0,257 0,298
2,5 0,0 -0,034 0,001
2,5 0,1 0,1 0,138
2,5 0,2 0,193 0,233
2,5 0,3 0,257 0,298
3,0 0,0 -0,034 0,001
3,0 0,1 0,1 0,138
3,0 0,2 0,193 0,233
3,0 0,3 0,258 0,299
3,5 0,0 -0,035 0
3,5 0,1 0,1 0,138
3,5 0,2 0,193 0,233
3,5 0,3 0,259 0,3

Po3paxyHKOBi 3HaYEHHS AICIEKTPUYHUX IPO-
HUKHOCTEH JUIS JaHOTO BapiaHTy BHUMIipIOBaHHS
HaBezieHl B Tabn. 8, a cami 3HaYeHHS BOJIOTOCTI Ta
HOPMOBAaHI 3HaYEHHS BOJOTOCTI — B Tabm. 9.

3 tabn. 9 BuAHO, WO MpU 33AaHOMY 3HAYEHHI
Bosiorocti O anst OieNeKTpUYHUX TPOHUKHOCTEH
2,0; 2,5; 3,4 3,50TrpuMaemMo HOpMOBaHI 3HAYCHHS
BOJIOTOCTI, IO MOpiBHIOWTHh O y BCIX TOYKAaX; IpH
BosiorocTi 0,1 aist TUX caMuX JieNEeKTPHYHUX MPO-
HUKHOCTEH HOPMOBAaHi 3HAYEHHS BOJIOTOCTI JIOPiB-
HI0I0Th 0,136y Bcix Toukax. AHai3ylOud TaKUM
YUHOM 1HII maHl Tadia. 9, MOKHA BIA3HAYWTH, IO
HEBeJIMKa PI3HUIL B OTPUMAHUX HOPMOBAHHX 3Ha-
YEHHSIX BOJIOTOCTI BHUXOJUTh JIMIIE Yy TOMYII
W; =03 (W, 3wminwoerses Big 0,295 10 0,3). B
IIbOMY BHUNAAKY TIOXHOKA, TIOB'SI3aHA 3 «COPTOBOIO
HEBH3HAYCHICTIO» JiETEKOMETPUYHUX BOJIOTOMi-
piB, ctanoButh 0,005.

SIKmo roBOpUTH TPO 301KHICTH OTPHUMAaHUX
pe3ynbeTatiB, TO 3 Taba. 9 BUIHO, 110, HATIPHUKIIA],
TIpH IieNeKTpudHiit mporukHOCTI 2,0 my1s AificHOTO

—
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Ta6auns 8 —Po3paxyHkoBi 3HaueHHSs
AieJJeKTPUYHUX MPOHUKHOCTEH

JlieneKTpuiHi MPOHUKHOCTI

Eu W €1 €2 €3
2,0 0,0 2,0 2,614 2,0
2,0 0,1 2,614 3,368 2,292
2,0 0,2 3,368 4,317 2,614
2,0 0,3 4,317 5,545 2,971
2,5 0,0 2,5 3,252 2,5
2,5 0,1 3,252 4173 2,858
2,5 0,2 4,173 5,324 3,252
2,5 0,3 5,324 6,806 3,688
3,0 0,0 3,0 3,885 3,0
3,0 0,1 3,885 4,963 3,422
3,0 0,2 4,963 6,305 3,885
3,0 0,3 6,305 8,022 4,396
3,5 0,0 3,5 4512 3,5
3,5 0,1 4512 5,741 3,983
3,5 0,2 5,741 7,262 4,512
3,5 0,3 7,262 9,197 5,095
Ta6auns 9 —Po3paxyHKoBi 3HaUeHHsI BOJIOTOCTi
€y Wy Wlpo3p W,
2,0 0,0 -0,273 0
2,0 0,1 -0,244 0,136
2,0 0,2 -0,224 0,23
2,0 0,3 -0,21 0,295
2,5 0,0 -0,273 0
2,5 0,1 -0,244 0,136
2,5 0,2 -0,224 0,23
2,5 0,3 -0,21 0,295
3,0 0,0 -0,273 0
3,0 0,1 -0,244 0,136
3,0 0,2 -0,224 0,23
3,0 0,3 -0,209 0,3
3,5 0,0 -0,273 0
3,5 0,1 -0,244 0,136
3,5 0,2 -0,224 0,23
3,5 0,3 -0,209 0,3

3HaueHHs Bojorocti O oTpuMaHe HOpMOBaHE 3Ha-
YeHHs1 Takox JopiBHIoe O, ane Bxke JUIS 3HAYCHHS
Bosiorocti 0,1 HOpMOBaHe 3HAY€HHS CTAaHOBUTH
0,136 p036ixkHIcTE — 3,6 %).B iHIIMX TOUKAX ISt
BosiorocTi 0,2Ta 0,3 Takox 0a4nMo po30i1’KHOCTI.

TakuM YHUHOM, B Pe3yibTaTi aHANi3y MaHUX,
OTPUMAaHMX IS BapiaHTIB PO3pPaxyHKY BOJOTOCTI
1, 2i 3, MOxHa 3pOOHMTH HACTYIHI BUCHOBKH I[0JI0
Croco0y BHU3HAYEHHs BOJIOTOCTI, OMUCAHOTO B Ma-
TeHTi [24]:

a) nanwmii cmoci6 103BoNsAE  OCUTH  10Ope
KOMIIEHCYBaTH COPTOBY 3alIEXKHICTh Ji€NbKOMET-
PUYHHX BOJIOTOMIDIB, OCKIIbKH aHAII3 PE3YIIbTATIB
PO3paxyHKiB, OTPUMAHUX MICIIs IEPEBIPKU BHPa3iB
(9), (14)i (16) Ha iHBapiaHTHICTH 3 BUKOPHCTAH-
HsM 10BHOI (hopMynu Binepa, nokasas, wo i pe-
3y/IbTaTH € IHBapiaHTHUMH JO 3MiHM [OYATKOBOI
JUENIEKTPUIHOT MPOHUKHOCTI PEYOBUHH.

0) pe3ynbTaTé po3paxyHKy BOJIOTOCTi, OTpH-
MaHi 3 BHKOPHUCTAHHSIM PO3PAXYHKOBHX BHpPa3iB,
HaBeJCHUX y maTeHTi [24], nmokaszanu noraHy 30i-

11a)
118 )

KHICTh, TOOTO OTpUMaHi HOPMOBaHI 3HaYEHHS BO-
JIOTOCTI He 30iraroThcs 3 ,Z[if/iCHI/IMI/I. MakcuMansHa
PO301KHICTh 3a TpbOMa BapiaHTaMU BUMIpPIOBAaHb
cranoButh 4,9 %. ko Bpaxysaru, mo B OiIbIIO-
CTi BUIAJKIB MOXMOKA [i€TbKOMETPHYHHUX BOJIO-
romipiB He nepesuye 0,5 %,To HasgBHICTH Takol
PO301KHOCTI PI3KO 3HHKYE TOUHiCTH JAaHUX BOJIO-
TOMIpIB i € YNHHUKOM, IO CBiJYUThH HE Ha KOPHUCTh
PO3TIITHYTOTO CTI0CO0Y.

B) 3aCTOCYBaHHS JAaHOTO CIOCOOY IOB'SI3aHO 3
MIEBHUMH TPYIHOIIAMH HOTO peaiizamii: He 3aB-
XKAW MOXJIMBO OTPUMATH 3HEBOJHEHE CEpeOBU-
1ie, U0 KOHTPOJIOETHCS, a00 H00aBKy PiIMHHOTO
CepeIoBHINA TOTO XK CKJIay, IO i caMa peYOBHHA.

BucHoBku

Sk BHZHO 3 NPOBEJEHOrO aHaji3y TECTOBUX
METOAIB I1iIBULLICHHS TOYHOCTI [i€IbKOMETPHYHUX
BOJIOTOMIDIB, IHBAPIaHTHICTh BUMIPIOBaHb 3a0€3-
MIeYy€eThCS JIUIIE TIPU TPOBEACHHI PO3paxyHKY BO-
JIOTOCTI 3a CIIOCOOOM, IO ONMCAHWKA y TATEHTI
[24]. OnHak y 1bOMY BHUIMAAKY HE MOXHA TOBOPH-
TH TIPO XOPOIy 301KHICTH OTPUMAHUX PE3YNbTaTiB
3 AINCHMMHU 3HAYCHHSMHU BOJIOTOCTi. Jlo Toro XK,
el crocid JOCHTh BaKKHWH y pearizariii abo ioro
3MIACHEHHS B3arajli He YSABISAE€TbCS MOXKIHUBHM (Y
BUMAJKY, SKIIO HE MOKHA TOYHO BH3HAYUTH CKJIA]l
PEYOBHHH, 110 KOHTPOITFOETHCS).

OTxe, muTaHHs 3a0€3MICUYCHHS iIHBaPiaHTHOCTI
3 BUKOPHCTaHHSM TECTOBHX METOJIB HE MOXKHA
BB2)KaTH BHUYCPIIAHHM.
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