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NOBbILWEHUE TOYHOCTHU UHKIMHOMETPUYECKHUX
U3MEPEHUU B CYBBEPTUKAJIbHbIX CKBAXHWHAX

MpeanoxeH MeTog AONOMHUTENBHOW KanuoépoBKX, NO3BOMAOLLNIA 3HAYUTENBHO MOBbI-
CUTb TOYHOCTb pacyeTHbIX 3Ha4YEeHU BU3UPHOTO yrna 1 asumyTa B CyGBepTI/IKaJ'IbeIX
ckBaxkuHax. NokasaHo, 4To B cny4vae mMarbiX 3eHUTHbIX YIT0B BO3pacTaloT TpeboBaHus
K yCpeaHEHUIO U unbTpauum nNepBuYHbIX AaHHbIX. PaccmoTpeHbl rpaHuLbl npume-
HUMOCTU NpeanoXeHHoro Metoga B 3aBUCUMOCTU OT BeNUYMHbBI LLYMOB NEePBUYHbBIX
npeoGpasoBaTeneVl 1 BbIOpaHHOrO MeToAa yCcpeOHEHUs NepBUYHbLIX AaHHbIX.

KnroueBovie cnoBa: uHkauHomemp, BepmukansHele CKBaXsCUHbI, Wymel nepBudHbIX npe-
o6pasoBamenel y2na HaKAOHA, NOBbILWEHUE MOYHOCMU pacdyema asumyma.

BeepgeHue

B Hacrosimee Bpemsi HaOMIOHaeTCs TCHACHIUA K YMEHBIICHHIO pas-
MepoB ‘‘™muliieHei” npu OypeHuH. B CBA3M C 3THUM COBEpPIIEHCTBYIOTCS
Kak dneMeHTHas 0asza (akcerepoMeTpHUdecKHe, MarHUTOMETPHUICCKHE U
TUPOCKOMHYECKUE JATYUKH ), TAK U METObI 0a30B0i Kanu6poBku. OnHaKo
BC€ M3BECTHBIE 0a30BbIe KATUOPOBKH HE JINIISHBI TPOOIEMBI BO3PACTAHHS
[TOIPEIIHOCTH ONPEICICHUS a3UMyTa B 00JIACTU MAJIbIX 3€HUTHBIX YTIIOB.
B 10 xe Bpems OypoBas KOJOHHA, B CIydae BEPTHUKAIbHBIX CKBaXXHH,
HAXOIUTCS B JAaHHOM CEKTOPE 3€HUTHBIX YITIOB Ha 3HAYUTEIBLHOM MPOTS-

KCHUU TIPOXOJAKH CKBAXXHHBI.
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PacueTHBIC 3HauEHMS a3UMyTa YyBCTBUTENIHHBI K OMMOKaM pacuera
BH3UPHOTO ¥ 3€HHUTHOTO YIJIOB Ipubopa. BmecTe ¢ aTuMm B cirydae cyo6-
BEPTUKAJIBHBIX CKBaXKMH J[BA aKCEJIEPOMETPUUECKUX NaTUMKa HAXOHATCS
B 30HE MaJIBIX Ipoeknuil. B 3Toit 30He cooTHOmEHME “‘CHUTHAI/IITyM”
YMEHBIIIAETCS 10 Mepe MPUONIKEHUS K BEPTHKAJIbHOMY ITOJIOXKEHHUIO,
II03TOMY, HAUMHAas C HEKOTOPOTO 3HAYEHUS 36HUTHOTO yTJIa, MOTPEIIHOCTh
BBIUKCJICHNS] BUBHPHOIO yITa CYHIECTBEHHO BO3pacTaeT. B To ke Bpems
IIOIPEIIHOCTh PACY€Ta 3€HUTHOI'O yIIa IPAaKTUYECKU He MeHsieTcs. Ommo-
Ka B pacueTe BU3UPHOTO yIJIa, B CBOIO OYEpPE/b, OKA3BIBACT HANOOIbIIEE
BIIMSHUE HA yBEIUYEHUE OIIMOKHU pacuera a3umyTa.

Takum o6pa3oM, MOBHIIIIEHNE TOYHOCTH BBIUYHCIEHUS a3UMYTa B CyO-
BEPTUKAIBHBIX CKBXXHHAX B MEPBYIO OYEpEIb CBI3aHO C IOBBINICHUEM
TOYHOCTH pPacueTa BU3HPHOTO yIvIa. DTOr0 MOXKHO JOOUTHCS KaK C anmapa-
TYpPHOM CTOPOHEI (ITyT€M YMEHBIIICHUS IIIYMOB, TOBBIIICHUS Pa3psAHOCTH
aKCeIepOMEeTPHUIECKUX JAaTUNKOB U yBEIINYEHUEM COOTHOIICHUS “‘CUrHan/
mrym”’), TaK U IyTeM CIEeIHAITFHOW KaTMOPOBKH, PeYb O KOTOPOH moiaeT
Hmke. Kpome Toro, 0011acTh HU3KMX 3HAYEHUH “‘CUTHA/ITyM” IPEIbABIIIET
Oosee BbICOKHE TpeOOBAaHUSA K YCPEIHEHHIO CHTHAJIOB. JTOMY BOIPOCY
TaK)Ke MOCBAIICHA YacCTh HACTOAIIECH PabOTHI.

Kak crnencTeue, MOBBINIEHHE TOYHOCTH HMHKIMHOMETPUUECKUX H3-
MepeHUN ImyTeM HECIIO0XHOI NOMONHUTENbHON KaauOpoBKU B 00nacTu
MaJIbIX 3€HUTHBIX YIJIOB CTAaHOBUTCS aKTyalbHOM 3ajmauei. Kpome Toro,
KaK IOKAa3BIBAIOT HAIIM PacdeThl, TaKas KaTHuOpOBKa ITO3BOMISIET CYIIECT-
BEHHO COKPATHUTh ‘‘MEPTBYIO 30HY’, B KOTOPOIl oIpeneeHne MOI0XKEeHUs
KopIyca npubopa OTHOCHTEIHLHO HAaNpaBIeHUsS MarHUTHOTO CeBepa He
MIPEACTABIISIECTCS BO3MOXKHBIM.

lMocraHoBKa 3apauu

ITo mMepe npuOIMKEHHS HHKIMHOMETPAa K BEPTHKAIBHOMY ITOJIOXKE-
HUIO, HaYWHAsE ¢ HEKOTOPOTrO 3HAYEHHUSA 3€HUTHOTO yIiia (OOBIYHO OKOJIO
6—7 2pad) cymecTBEeHHO BO3PacTaeT IIOTPEIIHOCTD OIIPEAEICHUS ITOJI0XKE-
HHSI OTHOCUTEIBFHO MarHUTHOTO ceBepa. B mepByro ouepens 3TO CBA3aHO
C TeM, 4TO JABE IPOEKIUH aKCEIEPOMETPOB HAUMHAIOT NMPUOIUKATHECS K
Hyn0. B 3TOM ciiydae HauMHAeT BO3PACTaTh BIMSHUE OCTATOYHOM MOT-
perrHocTH 6a30BOM KaIMOPOBKH aKCEIepOMETPOB Ha PacUETHBIE 3HAYCHHUS
BU3HUPHOTO yIima. BmecTe ¢ TeM yMeHbIIAeTcsl COOTHONICHHE ‘‘CHrHai/
mryMm” W, Kak CIEACTBHE, TAKXKe BO3PACTAaeT BIMAHHME IIyMa IIEPBUYHBIX
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npeobpasoBaresieil Ha pacyeTHbBIE 3HAYEHUs BU3UPHOTO yria. Hamomuum,
9YTO BUBUPHBIH () M 3€HUTHBIH (0) yIITBI HHKIMHOMETPHUYECKOIO JaTINKa
BBIUHCIISIOTCA TI0 dhopmynam [1]:

¢ = arctg (x/y), (D

0 =arctg (\lxz +y° /z), 2)

Il€ X, y U Z — HOPMUPOBAHHBIE IIPOECKIUH I'PABUTAIIMOHHOTO IToJst. He-
CJIOXKHO ITOHSATE, YTO BIUSHUE IIyMa Ha pacueTHbIE 3HAUeHUs O BBIPAKEHEI
B ropasfo MEHbIIEH CTENEeHU BCIEACTBHE TOTO, UYTO MPH pacuere 3TOro
ymia (2) UCIIONB3YIOTCS MOKa3aHUs AaTduka (z), KOTOPBIM IPH Maibix 0
Hu3MepseT OIU3KYI0 K MaKCHUMaJbHOU MPOCKIMI0 BEKTOPa IPaBUTAI[MOH-
Horo noss. CTOUT Takke OTMETHTB, YTO MPOCKIUN BEKTOPA T€OMArHHT-
HOTO IIOJIs1 HA OCY MarHUTOMETPUYECKHUX JAaTYNKOB TOXKE 3HAYUTEIbHbI B
uccienyeMoi oonacrtu.

Kax nokassiBaeT k03(pQHUIMEHT KOPPEISIIIUA MEXKTY ITOIPEIHOCTIMHI
azumyTa (o) 1 @ (mpubnusurensuo 0,95) B ob6mactu Manbix O, morpen-
HOCTB OIpENENeHUs () BHOCUT HauOOIbIINI BKIaJ B MOTPEIIHOCTL Pac-
yeTHOro o [5]:

o = arctg{fx sin @ + fy cos @)/
/(fx cos B cos @ — fy cos O sin @ — fz sin 0)}, 3)

rae fx, fy U fz — HOpMUPOBAHHBIE MTPOEKIH TeOMArHUTHOTO ITOJISL.

Biusnue 0cTaTo9HOM NOrPEIHOCTH KATHOPOBKH SIBISIETCS PETYISIPHBIM
U MOXET OBITh M3MEPEHO B Pe3ylbTaTe SKCIIEPUMEHTa C TOYHOCTHIO JI0
ypoBHs myMa. [IprdeM HaOII0Mal0TCS He TOIBKO BEICOKOUYACTOTHBIE IITYMBL,
KOTOPBIE JOCTATOYHO XOPOIIO MONNAIOTCS (PUIBTPALNK YCPEIHEHUEM T10
JIOCTAaTOYHO GonbioMy (Gombmie 50) yucity Touek, HO U Goiee HU3KOYAC-
TOTHBIE IIyMBI, YCPEJHEHUE KOTOPBIX HE IIPEICTaBIISIETC BO3MOYKHBIM IIPH
pasyMHOM BpeMeHH cOopa gaHHEIX. Bonee Toro, B mporecce GypeHus uiu
KapoTaxka BpeMs, JOCTyIIHOe g cOopa JaHHBIX, elle Oojiee OrpaHHIeHo,
9EM BO BpeMs KalMOpPOBKH.

B ¢Bs3u ¢ 3THM mepBoOe, YTO HEOOXOOUMO clelaTh, — 3TO OIpese-
JIUTBCS C KOJIMYECTBOM TOYEK JJIS YCPETHEHUs MePBUYHBIX JaHHBIX. Tak
Kak IIyM X- H y-aKCeJIEpOMETPOB II0 Mepe yMEHbIICHHs O Bce GoubIie
BJIMAET HA PacYETHBIC 3HAUYECHUA () U O, [1eJIeCO00pPa3HBIM SIBIISIETCS YBE-
JUYEHHE KOIMYECTBA YCPENHIEeMBIX NaHHBIX. OTHOBPEMEHHO C 3TUM
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OYEBMJIHO, UTO BPEMsI YCPENHECHHSI HE TOJDKHO OBIThH CIMIIKOM OOJBIITUM.
B paccmaTpuBaeMoM ciydae HCIONB3yeTcs ycpenHenue mo 100 Toukam
IIEPBUYHBIX JAHHBIX, YTO IPU YaCTOTE ONpoca MPHUOTMU3UTENbHO 16 mc
IIO3BOJNSIET MOIy4YaTh OOUH KaJp NaHHBIX B 1,6 ceKyHABI. 3aMETHM, YTO
TaKO€ KOJINYECTBO YCPETHAEMBIX JaHHBIX 11€JIECO00Pa3HO TOIBKO B 001aCTH
ManbIx 0, To ecTh IpH 0 = 7 2pao MOXKHO NOIy4aTh JAHHBIC 3HAYUTEIHHO
yamie. B nporecce kapoTaka cileryeT HECKOIbKO yBEIHYUTh KOJIIMYECTBO
YCPEIHAEMBIX TOYEK, YTOOBI YMEHBUIUTH BIMSHHE IIyMOB, HO Jaxe 0e3
M3MEHEHM BPEMEHHU YCPEIHEHHs METONUKa OyIeT MO3BOJIATH IOIYy4arh
Oosee TOYHBIE JAHHBIC IIPU YCIOBHH QHIBTPAIIAH HCTIPABICHHBIX KPUBbIX
(¢ U O 110 JTOCTAaTOYHO OOJIBIIOMY YHCITy TOYEK.

CTOHT OTHENBHO OCTaHOBUTHLCSA Ha HMCCIENOBAHHMH XapaKTepa pac-
IIpEAEIIEHNs] HU3KOYaCTOTHBIX IIYMOB, KOTOpPBIE HE YCTPAHSIOTCS Jaxe
CPAaBHUTEIBHO OOJIBIION BHIOOPKOH MEPBUYHBIX TaHHBIX. Kak MOKa3bIBaIOT
pacdeTsl, OOBIYHO JTU IIyMBI IO PacHpeNeleHHI0 OYeHb OJH3KHU K rayc-
COBCKOMY HOpMaJbHOMY pacmpezeneHuio. Kpome Toro, kak mokassiBaroT
SKCIIEPUMEHTBI, XapaKTEPUCTUKH IIIyMOB (L — MaTeMaTH4YeCKOe OKUJaHue
U O — cpennekBagpaTudeckoe orkioHenue (CKO)) ouens 6iu3ku uist Tpex
naruukoB. IlepexpecTHble K03)OUIHEHTH KOPPENALUN MEKIY IIyMaMu
OIU3KH K HYIIO, YTO TOBOPUT 00 MX HE3aBUCHMOCTH. Bce BhINIEnepe-
YUCJICHHOE IMO3BOJAECT CMOJAEINPOBATh BIMSIHHE ITyMOB Ha pacyeTHBIC
nokaszaHus 0, @ u .

PeanpHble cUrHaIIBI IEPBUYHBIX aKCEIEPOMETPHUECKHUX Mpeodpa3oBa-
TeJael MOKHO NPEACTaBUTh B BHUJE:

x o me + axa
PP ANE “4)
Z ch + Z9

TIE Xyns Vmes Y Zye — IOCTOSIHHBIC COCTABIISIONINE 3HAYEHU M poekumit; &,
€, u &, — byHKIMK aATUTHBHOTO [IyMa, UMEIOLIHE HOPMAILHOE PacIpee-
JICHHE C MATeMaTHIECKUMHU OXKHUIAHUSAMH WU,, U, U U, 1 CKO, paBHBIMU O,
0, ¥ 6,. O4eBUIHO, YTO NpHU OECKOHEIHO OOIBIIOM BPEMEHHU YCPEIHEHUS
BIUSHHE TAKOTO IIIyMa HUBENIUPYETCA U 3HAYSHHSI IPOEKIHii X, y 1 z OyayT
C BBICOKOU CTENEHBIO TOYHOCTHU PABHBI X0, Ve U Zype COOTBETCTBEHHO.

Kaxk y»xe roBopHIoCh BBIIIE, IIYMbl IEPBUYHBIX ITpeoOpa3oBaTelei,
KOTOpPBIE HE YCTPaHSAIOTCS IIPH yCPEIHEHUH, BIUIIOT Ha PacCUETHLIE 3HA-
geHus @ (1), 6 (2) u, xak cnencreue, Ha o (3). [TorpeurHocTs pacuera @
MOXHO MPEACTAaBUTh B BUJE CYMMBI IBYX CJIaraeMbIX:
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A=A, s+ &g, (5)

IepBOC M3 KOTOPBIX MOCTOSHHO M OTBEYAET OCTATOYHOW IMOIPEITHOCTHU
KaTMOPOBKH (CHCTeMaThYecKasl IIOTPENTHOCTh), a BTOPOE cllaraeMoe Co-
OTBETCTBYET HEPETYISIPHOMY BIMSHHIO IIIyMa IIEPBUYHBIX MpeoOpa3oBaTe-
nei (ciydaiiHasi oTpenrHocTh). HecnokHO TOHATH, YTO AQ MOXET ObITh
H3MEPEHO TIPSMBIM 3KCIIEPUMEHTOM B Mporecce cOopa KaIMOPOBOYHBIX
JTAaHHBIX. AHAJIOTHUYHO IJIs MOTPEenIHoCTH O

XO= Aemc H &95 (6)

rne AO,,. — ciaraemMoe, OTBEYAIOINIEEe OCTATOYHOM IMOTPENIHOCTH KaimO-

poBku; g — craraeMoe, OTBEYArOIlee HEPErYIAPHOMY BIMSHHIO IIyMa

NIEPBUYHEBIX IpeoOpazoBaTeiei.

Taxum 06pa3om, BO3BpAIasCh K METOAY MIPAaBKHU PACUETHBIX 3HAYSCHUH
¢ u 0 BOMM3M BEpTHKAIH, U3 HEAIapaTypPHBIX METOJOB KOPPEKTUPOBKHU
MOXHO BBIJIETIUTH KOPPEKTUPOBKY ITOKA3aHUM (p IPHU MaNbIX O ¢ JagbHei-
IIUM HCIIOJIF30BaHUEM CKOPPEKTHPOBAHHOTO 3HAUCHUS IIPU pacdeTe Ol.

s ocyIiecTBICHHS JaHHOTO METOZa MOXKHO MCIIONIb30BaTh CICAYIO-
Ui MOAX0: cobparh TabIMIly pacdeTHBIX 3HaUCHUN O U () ¢ HEKOTOPHIM
OIaroM IO OTHM YIJIaM; Ha OCHOBE JTOU TaOIHMIIBI MOXKHO OMPEACITUTH
BEJIMYMHY YXOJa pacyeTHOro 3HadeHUs @ (AQ) o Mepe yMECHBIICHUS
0 ot pacueTHbIx 3HadeHUU O (2) u @ (1) ymoB. B xauecTBe 3TaTIOHHBIX
3HAUYCHHH () B TAKOM CITy4ae MOXXHO BBIOpaTh pacyeTHBIC 3HAYCHUS IMPU
0 = 16 epao.

Takol oaXoa Ieiecoo0paseH U3 JIBYX COOOpakeHUM:

1) momycTuMasi MOTPEMIHOCTE OmpeneneHus @ npu 0 = 16 epad mpax-
THYECKH HE MPEBHIIIACT JOIMYCTUMYIO MOTPEIIHOCTh B aHaria3oHe 0
(16; 164). B sToM nmama3zoHe IOIMyCTHMas MOTPEIIHOCTh O OOBITHO
MIPUHAMAETCS IIOCTOSHHOM;

2) ormazaeT HeOOXOMMMOCTh B TOYHBIX JIMMOaX mo .

Kpome Toro, ycTaHOBKa HHKJIMHOMETPA 1O O Takke NPOU3BOIUTCS 1O
pacyeTHBIM MOKa3aHUsIM U He TpelyeT aumoa.

3Has sKcHepuMeHTaIbHYI0 Tadmuny (AQ(0;, ©;), Tae i onpenenseTcs
KOJIUYECTBOM KaJMOPOBOYHBIX IOJIOKCHHMIT), MOKHO BHECTH IIPAaBKY B
pacdyeTHBIE 3HaYEHUs (@ B obmacTtu Manbix 0. Mcmonp3ysi uCrpaBiIecHHOS
3HaueHue B Gpopmysne (3), moryduM yTOYHEHHOE 3Ha4eHue O. [IpuHnmmm-
aJBHBIM BOIIPOCOM, OJTHAKO, SIBIISIETCS MHTEPIOJSIHS YKCIIEPUMEHTATh-
HBIX TaHHBIX B MIPOMEXYTOYHBIX 3HAYCHUSIX apTYMEHTOB (pacyeTHBIX 0 u
(), a TaKXKe BOIIPOC TOYHOCTH U I'paHUIl IPUMEHUMOCTH IpeaIaraeMoi
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METOIHKH B 3aBUCHMOCTH OT OCTAaTOYHOM MOTPEIIHOCTU KaTHOPOBKU U
XapaKTEepHUCTUK IIYMOB MEPBHYHBIX MPeoOpa3oBaTeiei.

Pe3ynbrarbl 3KCNepMMeHTOB U 0OCyXaeHUs

OKCHEPUMEHTH! IPOBOAUIIUCE C UCIIOJIBE30BAHNEM MHKIHHOMETPHYEC-
KOTO JaT4MKa C IByMS TEPMOKOMIICHCHPOBAHHBIMHU TPEXOCEBLIMU OJI0-
KaMH (aKCeJIepOMETPUYECKUM U MarHUTOMETpuueckuM). Mccnenosanue
aJJUTUBHBIX LIYMOB aKCEICPOMETPOB IPH HaOOpe MPOCTPAHCTBEHHBIX
IIOJIOKEHUM TOKA3aj0, YTO IIyMBl (Iocie ycpegHeHus rno 100 kampam)
II0 PAaCIpPENeICHHUIO C BBICOKOI CTENEeHbI0 TOYHOCTH COOTBETCTBYIOT
HOPMaJbHOMY I'ayCCOBCKOMY PaCIpPEICIICHHIO, CPSIHUE MaTEMATHYECKHE
OXHJaHus WU, U, u W, o4eHb Omu3ku K Hymo, a cpeanue CKO o,, 6, n
O, JUIs HOPMHPOBAHHBIX MPOEKIuH paBHBI 1,274 - 1074, 1,223 - 10 u
1,211 - 10™* exn. coorBercTBenHo. Pa3z6poc CKO mrymMoB He HMpeBbIIIA
+25%. Kak yxe oTMedanocs BbIIIe, KOIQOUIMEHT KOPPEISIUA MEXIY
aJIUTUBHEIMU IIYMaMHU aKCEJIEPOMETPOB ONM30K K HYIIO, YTO FOBOPHUT
00 WX HE3aBUCHMOCTH.

Crourt TaxKe OTMETUTH, 4YTO HAOOp aHHBIX B ITOJIOKEHIH JIJIS OTIPEe-
JIEHHsI TapaMeTPOB IIyMa HEOOXOIUMO OCYIISCTBISATE JOCTATOYHO TOJITO
(He MeHee IByX YacOB Ha TOYKY). B IpOTHBHOM citydae BO3MOKHO IOy~
yeHue 3aHmKkeHHbIX 3HaueHnH CKO nryma mepBUYHEBIX IpeoOpa3oBaTeicii.
BnpoueMm, npu MeHpIIeM BpeMeHH cOOpa JaHHBIX B TOYKaX, MOXKHO He-
CKOJIBKO yBenu4uTh 3HaueHus1 CKO mryMoB, 4TO IMO3BOJIUT rapaHTHPOBATh
IoNafaHKue PeasbHOTO IIyMa B IIPEICKa3bIBAEMbI MOJIEIBIO HHTEPBAI.

3HaHUEe XapaKTEPHUCTHK IIYMOB I[IEPBUYHBIX MpeobpaszoBareneit (U u
O) MO3BOJISIET NpU oMoy (GyHKuuu omuodku [3] cMOAeIUpOBaTh UX
BIMSIHHME HA BETUYMHBI &, 1 &g 13 (5) 1 (6) B IMPOKOM JHarasoHe O u @.
CrenaTs 5TO MOXKHO CIEAYIOMUM 00pa30oM: CreHepHUPOBATh MPU TTOMOIIT
Mertoza u3 [3] 6oasimoe uncno (Oompie 10 000) 3HaYEHMH aAIUTUBHOIO
IIyMa C 3aJaHHBIMHU [l U O JUIsI K&KJOTO U3 TPEX aKCeIePOMETPUUECKUX
JaTYUKOB; MCIIOJIb30BaTh MOJIydeHHbIe 3HaueHHusI B Gopmynax (1) u (2);
paccuyuTaTh [ HOJYYEHHBIX 36HUTHOTO M BU3HPHOTO YIVIOB U U O.
OueBUAHO, YTO MPEIOKEHHBIN METOI MOJASTUPOBAHUS TEM TOYHEE, YEM
GoutblIe BEIOOpKA CTCHEPUPOBAHHBIX 3HAYCHHUH. JIaHHEIN TIOAXO0 II03BOJISET
OIIEHUTH YaCTh IOTPENTHOCTH, CBI3aHHOU C IIIYMOM, B JTFOOOM IOJIOKEHUH
JaT4YHKa B IPOCTPAHCTBE, a TAK)KE ONPEIESIIUTh IPAHHUIIBI UCITOIb30BAHHUS
HIPEeJIORKECHHOTO METO/Ia KOPPEKTUPOBKU @ U CL.
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Ha puc. 1 npencraenena 3aBucUMOCTS (0T 0) yCpeTHEHHOTO MOJIETTEHOTO
CKO myma @ (< G, >), BEI3BAHHOIO IIyMaMy NEPBUYHBIX aKCETEPOMET-
pudeckux npeobpazosareieii. CTOUT 3aMETUTH, YTO ITPU PUKCUPOBAHHOM
0 mabmromanack cnabas 3aBHCHMOCTb BETHYHHBI G, OT (), YTO BBHI3BAHO
HeOONMBIION pasHUIIEH MEXY O, U O,. O4EBHIHO, YTO €M MEHBILE |G, —
G,|, TeM MeHbIIE OyIeT BRIpaXKeHa 3Ta 3aBUCUMOCTb. B paccmarpuBaeMom
CIly4ae IPUBEJEHO CPEHEE 3HAYEHHE < O, > [UIs Pa3IUYHbIX 3HaYEHUH 0.
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Puc. 1. 3aBMCMMOCTb < G, > OT 6 MHKIIMHOMETPUYECKOTO AaTyuka

3aBucuMOCTh ycpenaenHoro monensnoro CKO 0 (< o6, >) or 0 mpu-
BeneHa Ha puc. 2. HeclioxxHO 3aMeTHTbh, YTO MPEACTABICHHAS BEIMIUHA
0OCTaeTCs MPAKTHYCCKH ITOCTOSHHOMN MpHU BCeX O UM MMEET cpemHee 3Ha-
genne 7,07 - 107 2pao.

CTOUT OTMETUTH, YTO NPEACTABIECHHbIE MOJAEIbHBIE 3aBUCUMOCTH
<0y~ U < Og~> XOpPOLIO COITACYITCSA C COOTBETCTBYIOIIMMHU 3KCIIC-
PUMEHTaJIbHBIMU AaHHbBIMH. CpaBHeHUEe MozaensHbIX aanHeix CKO o,
C DKCIIEPUMEHTAIBLHBIMU JAaHHBIMU JJs Pa3HbBIX O U (¢ MpHUBENEHO Ha
puc. 3. PacxoxJieHue ¢ 9KCIIEpUMEHTAIbHBIMHU JaHHBIMHU B UCCIEAYEMOM
nuanaszone 6 u @ He npeBsimaeT 10%. CpenHee MoeNbHOE 3HAYEHUE Cg
TaK)Ke XOPOIIIO COTIIACYETCS CO CPETHUM IKCIIEPUMEHTATBHBIM 3HAYEHUEM
7,1 - 1073 zpao.
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O4eBUIHO, YTO CTEIEHb HCIIONH30BAHUS METOAUKU OIpEHeNIsieTCs
rpaHuieii ‘“mepTBoi 30HB’ H3MepeHus asumyTa (0j;,). TeopeTndecku
000CHOBaHHYIO TPAHUILY TAKOW 30HBI MOXKHO PACCUHUTATh IO (HOpMYIIe

Olim = |AB,6c| + 200, @)

e |AB,s.| — MOIYIs aMIUTUTYABI A0COTIOTHOM TOIIyCTUMOM MOIPEIIHOCTH
o 0 (oOBIYHO 3a7ja€TCs B MACIOpTe HHKIMHOMETpa); 69 — CKO agauTuB-
HOTO TayCCOBOTO IIyMa pacuyeTHBIX 3HaYeHUH O Tpu BEIOpAaHHOM BpEeMEHU
yCpeaHeH s MEPBUIHBIX JAHHBIX. [ UCIONB3yeMOT0 B DKCIIEPUMEHTE
naryuka 0y, = 0,165 2pao.

B 10 e BpeMsi He IpH BCeX 3HAYCHUIX OCTATOYHOTO IITyMa IEPBUIHBIX
npeoOpaszoBaTeseli BOSMOXXHO JOCTHXKECHHUE TPaHUIBI “MepTBOM 30HBI”
(7). OueBuaHO, 9TO 00IACTH HUCIIOJIB30BaHUSA MPEMIOKCSHHOTO METOAA
OIIpENETIACTCS HEPABCHCTBOM

PmaxA(p(e) 2 40({)(9), (8)
7€ Ppyaxaq(0) — HHTEPIONALKA MAKCUMANILHBIX OTKIOHEHHH @ (JAQ,|1pax)
npu GUKCUPOBaHHOM 3eHUTHOM yriie 0,5 i = 0,6 (JAQ|pax OTIPEAEISIOTCS

10 KaJMOPOBOYHOM TabaMIE (CM. HIXKE), @ Oy(0) — pacueTHOE MOJIETIBHOE
3HAYEHNE CPEAHEKBAAPATHIESCKOTO OTKIIOHEHHUS (. 3HAUYEHUE B YeThIpe
CKO BrIOpaHo u3 Tex coolpaxeHHi#, 4To oHO Oonee wem Ha 95% 1mo-
KpBIBAaeT MUAana30H U3MEHEHUH (, CBI3aHHEBIX C IryMoM. CiieoBaTesbHo,
DTS OIIEHKH TPaHUIIBI MpUMeHeHnus MeTona (0 ;) MOXXHO HCIOIB30BaTh

dopmyy
PmaxA(p(emin) . 40({)(emin)- (9)

Hunst uccneayemoro naranka 0, = 0,106 epao. Takum 06pa3om, BILIOTh
110 0}, METOIMKA TAPaHTUPYET MOBBIMICHUE TOYHOCTH pacdeTa @ Hu Ol

Coop TabnuaHBIX JaHHEIX AQ,(0;, ;) OCYIIECTBISICA C YCPEOTHEHUEM
B omHOM moyioxkeHuH o 100 kagpam maHHBIX. 3HadueHUs O B Tabnuie
npubnusutenpHo paBusl (0,25; 0,5; 1,0; 2,0; 4,0; 8,0; 16,0). Meronnka
He TpebyeT TouHOro BhIcTaBieHUs O mo auMmOy. Illar mo ¢ cocraBiser
npubnuzutensHo 30 epao ot 0 mo 330 epao. llpuyeM CTOUT OTMETHUTH,
YTO MIAT MOXET JIUIIb MPUOIH3UTENLHO paBHATECS 30 2pad, HO OH IOJ-
J)KeH OBITh (PuKcHUpOoBaHHBIM I Bcex 0. ToMbKO B 3TOM cilydyae MOXXHO
OTKa3aTbCs OT JUMOa 10 (¢ U NPUHATH 3Ha4YeHUs @ npu 0 = 16 2pao 3a
omopHbIe. Pa3HOCTh MEXIYy ONMOPHBIMHU 3HAYCHUSIMH BH3UPHOTO yIjia U
€ro 3HaYCHHUSMH IPH APYTHX 3HAYCHHUSX 3€HHUTHOTO yIiia BHICTYIIAET B
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poJi HeOOXOAMMOW IPaBKU JJII YTOYHEHHS () U O. BO BpeMsl OypeHus
WM KapoTaxa.
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Puc. 4. CpaBHeHve 3aBUCUMOCTEN OT O MaKCMMarnbHOW 3KCMepuMeHTarnbHOWN
OLUIMBKM BU3UPHOTO yrna u ydyetBepeHHoro mogenbHoro CKO ¢

TIpUHIUITHATBHBIM BOTIPOCOM TIPH PEaTM3allMH METO/Ia SIBIISIeTCS] HH-
TEPIOISIIHUS SKCIEPUMEHTAIBHBIX TaOJTMYHBIX JaHHBIX B IPOMEXYTOUHBIX
3HAYEHHUAX apTyMEHTOB (pacueTHHIX ¢ 1 0). Hanbonee nmpocTeIM U 0fHO-
BpeMeHHO Hanbolee rpy0bIM cr1ocO00M MHTEPIIOJSAINY B JAHHOM CIIy4ae
SIBJISICTCSI TPHAHTYJSIIUsSL. [I71s1 TOTO I TEKYIIeH TOUKY C KOOPIWHATAMH
(6;, ;) HEOOXO0MMO HANTH TPH OMIDKANIINX TaOIMIHBIX 3HAYCHHUS, ITOCT-
POWTH YPaBHECHHE IUIOCKOCTH Yepe3 3TH TOYKH U HAUTHU 3HaYCHHE PyHKIUN
OTKJIOHEHUsI. DTOT METOJ SBJIsIeTCS OBICTPBIM M He TpeOyeT cepbe3HBIX
BBIYUCIIMTENLHEIX MOIIHOCTEH, TOATOMY OH MOXET OBITh MPUMEHEH Ha
MHKPOKOHTPOJLJIEPE IIPSIMO BO BPEMS 3aMEPOB.

OnHaKO YHCICHHBEIE METOJB! IIO3BOISAIOT CYIIECTBEHHO COKPAaTUTh
omuOKy MPUOIMKEHHS B MPOMEKYTOYHBIX TOYKax. Tak, CrutaifH-HHTEp-
MTOJISIIASL IIPOMEXKY TOYHBIX TOYSK TTO3BOJISET MOIYYUTh MIAIKYI0 IOBEPX-
HOCTB OIUOKH A, KOTOpasi CTPOro IPOXOIUT HYepe3 KaIHOPOBOIHEIE U C
BBICOKO¥ CTEIEHBIO TOYHOCTU MPUONIDKAET MpOMeXyTouHble Touku. Ha
pHUC. 5 mpHBEeHA WHTEPIIOJSIIHS UCCIeTyeMOH TOBEPXHOCTU MOIUDH-
[IUPOBAaHHBIMU CIUIaliHamu [4].
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O, 1pag 49

360 1

Puc. 5. Pesaynsrat MHTEpPNONAUMU TabrimyHbIX AaHHbIX OWUGKMA BU3UPHOTO yrna
Ao, 6;) npy nomowwm moandmrkaumm crnaHa Akumbl [4]

CTOoHUT TaKXe OTMETHUTE, YTO 10 TaOJIMIHBIM JAaHHBIM MOXKHO IIPOBECTH
SKCTPAIOJIAIINIO TaHHBIX B 00JacTh o4ueHb Maibix O (Menbiue 0,25 2pad).
Takasi SKCTPanoJALKs MO3BOJISIET BIUIOTHYIO NMPUOIU3UTHECA K TEOPETH-
qecKoMy mpeneny omnpeneneHus o (7).

CpaBHEHHE HECKOPPEKTHPOBAaHHBIX M IONPABIEHHBIX 3HAYCHHH @ B
MIPOMEXKYTOUHBIX (HE KaTHOPOBOTHBIX ITOJIOXKEHHUAX ) IPUBEACHO Ha PUC. 6.

HecnoxHo 3aMeTHUTh, YTO JJIS CPaBHUTENbHO Oonbmmx 6 (Oombime
6 2pao) npemnoxKeHHas METOIUKA MPAKTHYECKHU He MPUBOAUT K yTOYHE-
HUIO @ (pHC. 6, e).
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DTO CBSA3aHO C TEM, YTO B JaHHOM JHaIla30HE yUYeTBEpPEHHAS AUCIIEp-
cus mryma OiuM3Ka K MOCTOSHHON OCTATOYHOM MOTPENIHOCTH 0a30BOM
kanuOpoBkHu (puc. 4). B obmactu MeHbIINX O KOPPEKTUPOBKA 3HAUEHUN
() IPUBOJUT, B CpEIHEM, K YIIBOCHHIO TOYHOCTHU (pHUC. 6, a—0), 4TO XOpo-
IO cornacyercs ¢ puc. 4 (pasHUIA MEXKAY KPUBBIMH |AQ|y.x U 4 < Gy, >).
CTOHUT TaK)Ke OTMETHUTD, YTO BOJIH3HM KaTUOPOBOYHBIX TOUEK METOIMKA EIIIE
JydIie CrocoOCTBYeT YTOYHEHUIO (9, OJHAKO MPOBEPOYHBIE TOYKH OBLIH
crienynaibHO BRIOpaHBI MEXAY HUMH Kak IO (9, TaK U 1o 0.

CpaBHEHHE HECKOPPEKTHPOBAHHBIX M MOTPABICHHBIX PAaCUETHBIX
3HAUYCHHH Ol B IPOMEXKYTOYHBIX MOJIOXKEHUIX IIPUBEIEHO Ha puc. 7. g
MHHHMH3AIHUH TOTOTHUTEIHHBIX OTPEIIHOCTEN N3MEPEHHS IIPOBOAIIUCH
B CIIOKOMHBIN T€OMarHuTHBIN O€Hb [2].

Kak u B cimyuae nmpaBku @, pa3der Mexay UCXOTHBIMHU ¥ CKOPPEKTHPO-
BaHHBIMU 3HAYCHUSIMH (L IPAKTHUECKH He Habmromancs npu 0, Oombimx
6 epao. B obmactu MeHpmux O MeToAMKA, IPHU AAHHOM YPOBHE IIyma
MEpBUYHELIX MpeoOpa3zoBareiel, MO3BOIIET BBIYMCIUTE (L B CPEIHEM C
BJIBOE OOJIBIIEH TOUHOCTBIO.

3aknloueHue

ITokaszaHo, YTO MOMHMO OCTaTOYHOMN ITOTPEITHOCTH 6230B0i KaITuOpOB-
KH B 00JIaCTH MaJIBIX 3€HUTHBIX YIJIOB, HA pPacYeTHBIC 3HAUCHUS BU3HUPHO-
TO yrjla W, KaK CJIeJICTBHE, a3UMyTa 3HAYUTEIbHOE BIIUSIHHE OKa3bIBaIOT
IIyMBI TIEPBUYHBIX IpeoOpa3oBaTeneil yriioB HakioHa. IlpuyeM ux BiH-
STHHE TEeM CyIlleCTBEHHee, YeM MEHbIIe 36HHTHEIH yron. B 1o ke Bpems
CKO uryma BH3HPHOTO yIjia MOXHO CMOJEIHPOBATh HA OCHOBE 3HAHUS
cpennero CKO HOpMHpOBaHHBIX NMPOEKIMI JaTYNKOB YITIOB HAKJIOHA,
YTO MO3BOJSET OLICHUTH Pa3dpOC pacyeTHBIX JAaHHBIX, a TaKkKe 00IacTh
IPUMEHEHHUsI ¥ TOYHOCTh IPeIOKEHHON MeToguku. Tak, Ad AaTYHKOB
co cpenaum CKO octarouHoro nryma nocie ycpenaenus mo 100 kanpam
JaHHBIX, paBHEIM 1,236 - 107 OT BeMYMHEI HOPMHPOBAHHOMN IIPOEKIIHH,
MIPEeAIOKEHHAS METOANKA [TO3BOJISAET YTOYHUTH 3HAYCHH BU3UPHOTO yIyia
B CpPEIHEM B JIBa pa3a B 00JaCTH 3€HUTHBIX yIJIOB OT IPAaHUIBI ‘‘MEPTBOU
3ouBI” (7) mo 6 epad.

BrigBUHYTas Ha OCHOBE BBICOKOTO KO3 (dHIHMEHTa KOPPEIAIHNH T'H-
MOTe3a O MPEBANHPYIOMIEM BIHSHUH Ha MOTPEIIHOCTh pacueTa asuMyTa
oImMOKH pacyeTa BU3UPHOIO yIjia MOATBEepAniIack. TakuM o6pasoM, a3u-
MyT B 00JACTH MaJIbIX 3€HUTHBIX YIJIOB TakXKe YTOYHSIETCS B CPEJHEM B
IBa pasa.
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IToBpIIEHNE TOYHOCTH IPEIOKEHHOW METOJMKHU MPABKH BHU3UPHOIO
yIiia ¥ a3MMyTa BO3MOXHO IIyTeM yMEHBIICHHS [IYMOB JaTYMKOB YIJIOB
HAKJIOHA, COBEPIIEHCTBOBAHHEM METOAOB YCPEIHCHUS U (QUIBTPAIIUH, a
TaK)X€ IOBBLILIEHUEM TOYHOCTH BBIYHMCIICHUS MPOMEXYTOYHBIX ITOIPABOK
10 TabauIe, 9YTO BO3MOXKHO, B YaCTHOCTH, IIyTEM YBEIUYCHHUS YUCIIA Ka-
THOPOBOYHBIX ITOJIOKEHUH, a TAKXKE YBEIHYCHIEM BPEMEHH cOOpa JaHHBIX
B KaJJMOPOBOYHBIX TOYKAX.
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