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INPUMEHEHHNE TAPAHTPYIOIIETO ITIOAXOJA
K 3AJAYE KAJINBPOBKM BJIOKA HbIOTOHOMETPOB!

TapanTupyomuii Moaxo NPUMEHSIeTCsl K 3aJlade COBMECTHON KaJmOpOB-
K1 0JIOKa HBIOTOHOMETPOB M BBICOKOTOYHOIO cTeH1a. [loyryuen onTuMaabHbIT
IUTaH KaJIuOPOBKY ¢ MUHUMAJIBHBIM CYMMAPHBIM YUCIOM YIJIOBBIX HOJIOXKEHU
crerna. [locTpoensl onTuMabHbIEe TAPAHTUPYIOIINE OIEHKH MCKOMbBIX IIapa-
merpoB. [lockoybKy TOYHO peasn30BaTh HYKHBIE [TOJIOXKEHHUS CTEHJA YaCTO
3aTPYIHATEIHHO, 0OCYXKIAETCs MPOIE/LyPa, IO3BOJILIONIAs YIeCTh OIIMOKH,
BOBHUKAOIINE U3-32 HETOYHOCTU YCTAHOBOK CTEHJIA B TPEOYeMBbIe TIOJIOXKEHUS.
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1. Beenenue

lapanTupyromnmuit TOaX0 K OINEHNBAHUIO B TAK Ha3bIBAEMOI AIIPUOPHON TOCTa~
HOBKE BIIEpBBIC HosiBUIICH B Iybsmkanusax [1-3] (em. rakzxke [4]) n Bnociaeacrsun
6bw1 paseut B [5—8|. TapaHTUpy Ol 101X0/] TPAUIIMOHHO UMEET CBOU [IPUIIOZKE-
HESI B KOCMHUUIeCKo# OaanncTuke. B qaHHO# cTaThe MOKa3aHO, ITO IPU HEOOIBIION
MoauduKaAINI 06/1acTh TPUMEHEHHST 9TOTO TOIX0a HAMHOIO IITHIPE.

B [9, 10] npu momornu rapaHTUPYIOIIEro MOIX0/Ia UCCIIEI0BAIACH 3a/1a9a Ka-
JMOPOBKM OJI0Ka HHIOTOHOMETPOB Ha CTEHIaX ¢ rpyboit nadopmarimeil 00 yriioBoM
MOJIO’KEHUN CTEH/1a (C ONMHOKAME MOPSIIKA, IECITKOB YIVIOBBIX MUHYT).

B nanHOil craThe paccMaTpUBaeTCd IPUMEHEHHE TapaHTUPYIOMIEro MOIX0Aa K
3aja4e KaJauOpOBKU OJIOKa HBIOTOHOMETPOB Ha, IPEIU3UOHHBIX CTEHIAX, KOLIA
M3MEpPEHUsI YIVIOBBIX IOJIOXKEHUI CTEH[a BECbMa TOYHBI (C (DIIyKTYAIOHHBIMU
ommbKaMU TIOPsIIKa HECKOJBKIX YIVIOBBIX CEKyHI). B aToM ciayuae maremarmte-
CKasl MOJIESIb COOTBETCTBYIONIEH 3a,/1a91 OICHNBAHNS CYIIECTBEHHO OTINIAETCS OT
mozesiedi B [9, 10]; B 9acTHOCTH, B HACTOsAIIEH CTAThe U3MEPEHUs] COCTOST U3 TPEX
dyuKIWMit, a B mpeapaymux — u3 ogHoi. Crre10BaTe/IbHO, ONITHMAIbHDBIE TIIAHBI 13-
MepeHHUH TakzKe CYIEeCTBEHHO OTINYIatoTCss. OTMETHM, 9TO TOC/Ie OCPETHEHHS 10~
KasaHnit 6/10Ka HHIOTOHOMETPOB ITOMEXa B COOTBETCTBYIOIEH 3a/1a9e OIEeHUBAHUS
COCTOUT M3 CYMMBI OCTATOYHON OIMMUOKH 9JIEKTPOMEXAHIMIECKOT0 KOHTYPa OJI0Ka 1
OTOPOIIEHHBIX KBAJIPATHIHBIX YJICHOB. DTa BeJIMYUHA HE UMeeT HU YeTKO mapa-
METPUYECKOI MOIE/N, HU CTabUILHOrO clieKTpa. Fine 6ojiee BayKHO, UTO PEIleHHe

! PaGora BbIosiHeHa 11pu (BUHAHCOBOH mOIepKKe Poccuiickoro (orma byHIaMeHTATbHBIX
nccnenosanmii (mpoext Ne18-01-00054-a).
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3a/1a491 ONTUMAJILHOTO rapaHTUPYIONIEr0o OIEHUBAHUS U3 BCEU COBOKYITHOCTU W3-
MepeHU# BbIIEISIeT OrPaHuYIeHHOE TUCI0 Hanboaee HHMPOPMATHBHBIX U3MEPEHNUH.
Taxmm 0O6pa3oM, 3a0/IHO PEIIAETC U 3a/1a9a ONMTUMAILHOTO TIJIAHTPOBAHIS JKCITE-
pumenToB. [losToMy npuMeHeHne TAPAHTUPYIONIErO TOAX0A /TS PEIIeHUS 3a,1a 1
KaJTMOPOBKM OY€HDb aJIeKBATHO PACCMAaTPUBAEMOIl 1mpobiieme.

OrnwmiieM TPUKJIAIHOE cojlepKanue TpobsieMbl. OTHIM 13 OCHOBHBIX CEHCOPOB
MHEPIMAJIBHON HABUTAIMOHHON cucreMbl [11, 12| siBistercst 6JIOK U3 TpeX HBIOTO-
HOMETPOB, U3MEPSTIONINI yIeTBHYIO CUTY, JeHCTBYIOINYIO HA YCJIOBHYIO TYBCTBH-
TEJILHYIO Maccy OJI0Ka CO CTOPOHBI 00bEKTa, Ha KOTOPOM OH ycTaHoBjeH. CoryacHo
BTOpOMY 3aKOHY HbIoTOHA 9Ta crjla paBHA Pa3HOCTH MEKIY aDCOMIOTHBIM YCKOPE-
HEEM TyBCTBUTEIBHON MACCHI (IIEHTPa 06'bEKTA) U TPABUTAIIMOHHBIM YCKOPEHIEM.
B Texmuke 9Ta BemmUnHa HA3BIBACTCS KaXKYIITIMCsT yeKopeHueM. [Ipn craTtmaecknx
HCIIBITAHUAX OHA PABHA YCKOPEHUIO CHJIBI TSYKECTH (¢ 0OpaTHBIM 3HAKOM). XOpO-
110 U3BECTHO, ITO GJIOK HBIOTOHOMETPOB HYKJIaeTCsl B KATUOPOBKE TEPe] ero OC-
HOBHBIM MCTIOIBL30BaHIEM. Bormpocamn KaanbpoBKY TPATUIIIOHHO 3aHIMAIOTCST BO
MHOTHX CHEIUATU3UPOBAHHBIX IIPEIPUSTHSX U HAY IHBIX 3aBeJleHusTX. Kaaubpos-
Ke 6JIOKa HbIOTOHOMETPOB (B TEXHHMKE OHU YaCTO HA3BIBAIOTCS aKCeJIePOMETDAMHU )
HOCBSIIIEHO HEOObAITHOE KOJIM4ecTBO Iybsmkaruii (cMm., Hampumep, [10, 13-31]).
YacTo B HUX UCCIIELYIOTCST TEXHOJOTTIECKIE OCOOEHHOCTH MPOIecca KaJubpOBKH,
HO CTPOrHe MaTeMaTHYeCKUe IOCTAHOBKHU 3aJlad PeJKU. B M3BECTHBIX aBTOpaM
IyOJIMKAIASX BOITPOCHI MUHUMU3AIINN IUC/IA YTJIOBBIX TOJIOKEHU CTeH A N3J1ara-
forcst ckyno (kpome [9, 10]) u mcxoar n3 sBpucrtudeckux coodbpazkenuit. Hepeiko
[IOCJIe COCTABJICHUSI MOJIEJIN U YIOMWHAHUSI O METO/Ee MAKCHMAJIBHOIO IIPaBIOIO-
JIOOMST BCE OCTATIBHOE JOBEPSIETCST CTAHIAPTHBIM MaKeTaM MTPOTPaMM, MAKCUMU3H-
pyomuM QYHKIIAIO TPaBIOIoA00usT 6e3 JOIKHOIO aHAIM3a 381891 OIeHNBAHUA.
Wmnorma cooTBETCTBYIONIHE 3aIa9N ONTHMU3AINN STBJISIOTCS HEBBITYKJIBIMHU, 9TO
Kpaiife OCJIOKHSIET WX YUCJCHHOE PEITeHTe.

[Tpocrhie “nnzKkeHepHbIE” AJTOPUTMBI CTEHIOBON KAJIUOPOBKU OJIOKA HHIOTOHO-
METPOB OYEHb HAIVISAIHBL: HAJIO ITOCTABUTH (IIPU ITOMOIIN CTEHA) HHIOTOHOMETPHI
BBEPX U BHU3 U UTO-TO CJIOKUTH UJU BBIYECTb U PA3/eJnTh morosaM. [Ipu srom
OOBIYHO IIPE/IIIOJIAraeTCs, 9YTO YIVIOBbIE U T€OMETPUYECKHUE TTOTPENTHOCTH IIPEIU3HU-
OHHBIX CTEHJIOB MaJibl HACTOJBKO, YTO UMM MOYXKHO Ipenedpedb. OjHako aHaus
Pa3sHOOOPA3HBIX MCTOYHUKOB IOIPEITHOCTEll OJIOKA M caMOro CTEHJa MOKA3bIBa-
€T, UTO, Ha HEePBBIH B3IVIAJ, TPUBHAJbHAS IIPOIEIypa KaJIuOPOBKU HE TaK IIPO-
cra. Kpome Toro, mpejicraB/isieTcss pa3yMHBIM BKJIIOYATh B COCTAB OIEHUBAEMBIX
apaMeTPOB BO3MOYKHBIE T€OMETPUYIECKUE TTOTPEITHOCTH (IIEPEKOCHI 0Ceil Bpaire-
HUsl, HETOPU30HTATBLHOCTD OCHOBAHUS U3-3a MPOCAJIKK (DYHJIAMEHTA), HHCTPYMEH-
TaJIbHbIE TIOMPEIIHOCTH (CHCTeMATHYECKUE OIMUOKKM M3MEPEHUs yIJIOB MOBOPOTA )
HOMUHAJILHO BBICOKOTOYHOI'O CTEHJA C OJHOBPEMEHHBLIM PEIIeHUEeM U 3aJa4u Ka-
JIMOPOBKH, W 3aJadu (DYHKITHOHAJIBHONW JTUATHOCTUKH CTEHJA. DTO OOCTOSTEh-
CTBO JIOTIOJTHSIET TPAJUIMOHHYIO MTOCTAHOBKY 3ajadu KaauOpoBku. OJHAKO OHA
CTAHOBUTCI MHOTrOTapaMeTrpudeckoit. [Ipu BLICOKMX pazMepHOCTSX BBIOOD ILIaHA
SKCIIEPUMEHTOB HE OYEBUJIEH. Y UeT MOTPEITHOCTEH BHICOKOTOYHBIX CTEHJIOB — OT-
HOCHUTEJILHO HOBOE HAIIPABJICHUE B KAJIUOPOBKE; IIPU 3TOM BOIIPOC O MUHUMU3AIUU
CYMMAPHOI'O YUCJIa YIVIOBBIX IMOJIO2KEHUIN CTeHjia B IyOJIMKAIUAX, HACKOJIBKO aB-
TOpPaAM M3BECTHO, MATEMATHIECKN YETKO HE MCCJIEIOBAJICH.
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B [16] olMCcaHa WHXKEHepHAas 3a/1ad9a KaJuOPOBKHU € YIETOM IOIPENTHOCTENR HO-
MHUHAJIbHO BBICOKOTOYHOTI'O CTE€HJIa U IIPU IMOMOIIM aHAJIN3a COOTBETCTBYIONIEH Ba-
PUAIIMOHHON 331241 JJI KarK/I0I0 OIIEHUBAEMOr'o ITapaMeTpa HalileHbl HEKOTOPbIE
ONTUMAJILHDBIE YIJIOBBIE MOJIOKeHNsT cTeHa. CyMMapHOe KOJTHIECTBO MTOJIOKEHUH
CTEHJIa TIPU 9TOM PABHSJIOCH 15 — UnC/ly HEM3BECTHBIX HapamMeTpoB. lIposeme-
HIE KayKIOTO KAJMOPOBOTHOIO SKCIIEPUMEHTA SIBJISIETCST TEXHOJOTUTIECKH CJTOXK-
HOI POy POIi, IMO3TOMY BEChbMa KeJIATEJIbHO COKPATUTD YUCJIO SKCIIEPUMEHTOB.
B mamHO# cTaThe paccMOTpPEH BOIIPOC O MUHUMUBAIIAN OOIIEr0 THMCIa TOTOXKEHTIT
CTEHJIa TP OIEHKE BCEX IapaMeTpoB. lIpu momomum mocTpoeHnst cOOTBETCTBYIO-
el JBOMCTBEHHON 3a/1a91 II0KA3aHO, YTO CyMMAapHOE YMCJIO YIVIOBBIX IIOJIOZKEHUN
cTeHjia MOXKHO cokpaTuTh J10 10 (Ho He Menee). Ha niepBbiii B3rIsij1, Takoii BBIBOJL
MOXKET TI0Ka3aThCs MapaJoKCAJbHBIM: BeJb 10 10 m3MepeHusIM HeJIb3sl Olpejie-
JuTh 15 mapameTrpos. /lesi0 B TOM UTO P KarKIOM MOJIOYKEHUN CTEHIa UMEIOTCs
TPpHU U3MEPEHUsI, U TTOITOMY CyMMapHOEe YHuC/I0 u3Mepenuit paBuo 30.

2. IlocTaHoBKA 3371291 OIEHUBAHUS

OmmiieM KpaTko JByxcTeneHHoit cren [16]. Ero KoHKpeTHbIe peasmsanun Mo-
ryT OBITH Pa3JUIHBIMU, HO MaTeMaThdeckas cxeMa OJHa u Ta Ke. lIpumepom
MOXKET CJIyZKUTh crer| hupmbl “Acutronic” [32]. OcHoBaHMe CTEHA HEIIOIABUKHO
OTHOCHUTEJILHO 3eMIu. BHeIHsIst 0Ch CTeH 1A U3-38 HETOYHOCTH YCTAHOBKH OCHOBa~
HUS OTKJIOHEHA OT TOPU30HTAIBHON IJIOCKOCTH Ha MaJIblil yroJ k. BHerrHss pama
CTEH/Ia MOXKET IOBOPAIUBATHLCSA OTHOCHTEILHO OCHOBAHMs BOKPYT BHEITHEH och
Ha yTOJ (v,; BHYTPEHHsST PaMa MOYKET MOBOPAIMBATHCA OTHOCUTE/HLHO BHEITHet
paMbl BOKPYT BHYTPEHHEH OCH Ha YyTOJI [y-. YTJIbI IOBOPOTA PAM M3MEPAIOTCS Ha
domHe momex:

a=ay +Aa+ Aoy, B =Py +AB+ ABy,

rie «, 3 — pesysabrarbl uaMepennii, Aa, AfS — HeM3BECTHBIE OJNHAKOBLIE JIJIsT BCEX
u3MepeHnii koHcTanTsl, Aay, Aff — HensBecTHble HemapameTpudeckue (diryk-
TyalMOHHBIE) COCTABJISAIOIINE, Pa3HbIE JIJIsI PA3sHbIX u3MepeHuil yrioB. Tak kak
CTEH/] IPEJIIOJIaraeTcs BEBICOKOTOIHBIM, TO cocTaBsgonmMu Aa s, Aff Bcogy B
JaJibHeieM 6yaeM npeHedperarb. 9To 00CTOATEILCTBO OTIINYAECT BHICOKOTOUHDIIA
CTEH/T OT TPYDOI0 CTEH/IA, TPU UCIIOJIB30BAHIN KOTOPOIO HEJIb3sI IpeHeOperaTh Be-
JIMTYUHAMEA 3TOTO THIIA.

[Tpu oy, = 0 BHyTpeHHsisl OCb HallpaBjieHa (1I0uTH) 1o reorpadudeckoil BepTu-
KaJIi; OTKJIOHEHUE BHYTPEHHEH OCH OT BEPTHUKAJIBHON ILIOCKOCTH, 0Opa30BaHHOM
BHEITHEH 0ChI0 M reorpadUuIecKoil BepTHKAJIbIO, BCICICTBUHE HEMOPU30HTAJILHO-
CTU OCHOBAHUsI 000O3HAYAETCST MAJIBIM YTJIOM (. YKa3aHHBIE OCH [TEPECEKAIOTCS B
touke M u MOryT He GBITH B TOYHOCTH OPTOTOHAJIBHDL, MAJIBIH YIOI HX HEOPTO-
FOHAJILHOCTH 00O3HadInM 1depe3 €. C BHyTpEeHHel paMoil )KECTKO CBAYKEM CHCTEMY
koopmuaar M?j cremyromum o6pasom. Och MPjs mampasiena mo BHyTpeHHeNd
ocir. Ocy M1 pu By, = 0 JI€XKUT B IIIOCKOCTH, 0OPA30BAHHOI BHEITHE 1 BHYT-
pemneii ocsivu, oprorouabaa MPjs n 6rmska k Brermnreit ocun. Ocs MPjy obpasyer
cM bjl u M bjg [IPaBbIil OPTOrOHAJILHBIN TPEeXI'PAHHUK.

C 6/10KOM HBIOTOHOMETPOB CBSI?KEM IIPABBII OPTONOHAJIBHBIN Tpexrpanunk M z,
110 OCsIM KOTOPOTO B HjeaJe JOJXKHBI PAcIolaraTbCsl OCU TyBCTBUTETbHOCTH HBIO-
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ToHOMETPOB (TOuKa M sIBJIsSIETCS TIEHTPOM OJI0KA). DTOT TPEXTPAHHUK HA3bIBAET-
cs1 IpUOOPHBIM. BJIOK HBIOTOHOMETPOB yCTAHABIMBACTCA Ha IIAHIIANOY, »KECTKO
[PUKPEIIEHHYI0 K BHYTpPeHHeil pame Tak, 4TOObI ocu Mz Kak MOXKHO TOUHEe
OBUIH HAITPABJIEHBI 110 ocsiM Tpexrpammmka M?j. Tlorpemmocrs yeranosku Mz
orHOCHTENBbHO MY XapakTepu3yeTcst HEM3BECTHBIM BEKTOPOM MAJIOrO TIOBOPOTA
0 = (04, 92,«93)T. HerounocTs B 3HAHWN YCKOPEHWS CUJIBI TS?KECTH B TOYKE IIPO-
BeJleHUsT UCIIBITAaHUI 0003HaunM depes Ag.

IIycrs (f.) — w3BecTHBIC OCPEJHCHHBIE MOKA3aHWst 0JIOKA HBIOTOHOMETDOB B
HEKOTOPOM HETIO/[BHKHOM OTHOCHTEIHHO 3€MJIN YIVIOBOM IIOJIOXKEHHH, «, 3 —
pe3yJIbTaT M3MEPEHHsd YIVIOB II0OBOPOTA BHEIIHEH ¥ BHYTPEHHeil paM cTeHja,
f2(a, B) — mpesckasaHHBIE 110 HENMOCPEICTBEHHOMY H3MEPEHHIO YIVIOB IIOBOPOTA
paMm cTeHa MoKasaHus 6j0ka (TouHo Bbranciasiemble). Torma mamepenus z(q, [3)
JUlS COOTBETCTBYIOIICH 3a/1aui OleHNBaHNs (DOPMUPYIOTCS KaK HOPMHUPOBAHHAL
pasHoctb curHanos (fL) u f.(«, ) caemyomum o6pasom:

z(a, B) =g * {<f;> _ fz(a,ﬁ)} —
(1)
= 9_1{(E +1) (—g:(a, B,q5) + Af - (_gz(a”@))} + o(a, B),

e (. [10, 16]) g — MoestbHOE 3HAMEHNe YCKOPeHUs! CHTbl TaxkecTn, B € R3X3 —
eJIMHUYHAs MaTpulla, I — MaTpulia morperHocreil 6jioka (XapakrepusyeMast
omubkamMu  MacIITabHbIX KO3(hDMUIMEHTOB U HECOOCHOCTHIO HBIOTOHOMETPOB),
Af% — cucremarmueckne cMmemenus HoKazaHuWil 6/0Ka, ¢.(a,3,qy) — MCTHHHOE
3HAYEHUE BEKTOPA YCKOPEHUsI CHUJIbI TsXKECTU B MPOEKIIUSIX HA OCH MPUOOPHOTO
tpexrpannnka Mz, q, = (k,€, Aa, AB, a*,01,02,03,Ag/g)T — BexTOp Mapamer-
poB morpentHocTeii crerna, g, (o, ) — TOYHO BBIUYUC/ISIEMBIH 110 U3MEPEHUSIM Y-
JIOB TIPOTHO3UPYEMbIHl BEKTOD YCKOPEHUS CHUJIBI TSKECTH B IPOEKIINAX HA OCH [IPU-
6opaoro tpexrpanauka Mz, o(«, 5) — GIyKTyalmoHHAsT COCTABIISAIONIAS OIMIMOOK
m3mepennii. Oupenenenne sesmans I u A fO cocrapiiser meb KaanOpOBKH.

Jluneapusyst Hesi3ku (1) OTHOCHTEIBHO MAPAMETPOB TIOTPEITHOCTEH CTEeHIa 1
0JI0Ka, MOYKHO ITOJIy9IUTh, ITO KOMIIOHEHTHI HEBSI3KU

(?(a,ﬁ) ceR!, p=1,23,

CBA3aHbI C HEM3BECTHLIMU OIICHUBaeMbIMU ITapaMeTpaMn

(Q17 cee 7q15)T =dq € R157

MIPEeJCTABISIONNMI CO00 (DU3MIECKN ComaeprKaTe/lbHble JUHEHHbIE KOMOMHAITAN
MTOT'PEITHOCTEH TapaMeTpoB OJI0OKa W HETOYHOCTEH CTEHIIA, CJACIYIONIUMEI COOTHO-
MMEHNSAMMA:

@) D 8) =HT (@B g+ 0 (B), p=1.23,
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(»)
rJie u3BecTHbie BeKTOPhl H (o, B) € R15 OIIPEIETSIIOTCST (POPMYTIaMU

—cosf sin 8 0
(3) —cosasin g —cosacos 3 sin v
— cosacos 8 cos asin 8 0
cos 0 0
sin asin 8 0 0
sin «v cos 3 0 0
W ! 2 0 3) 0
H(a,B)= 0 , H(a,p)= cos a , H(a,p)= 0 ,
0 sin asin 8 0
0 sin a cos 3 0
0 1 0
0 0 sin asin 8
0 0 sin «cos 3
0 0 cos
0 0 1
HabJTIofaeMble KOMOMHAIINN TTApaMeTPOB MMEIOT BU/I:
q1 = R, Q2:Aa+0¢*> q3 = ¢,
Ag
qa = T3 — b2, Q5:F11—?, g6 =12 — AB + 03,
Aff
(4) W= qs = I'az + 01, g9 =T21 + AB — 03,
Ag AfY
qo =T22 — —, g = —2=, q12 = I's1 + 02,
J J A AFY
9
q13 = I's2 — 01, Q14=F33—7, Q15=73,

(p
a 0 («a,[}) — Hem3BecTHBIE OMUOKK M3MepeHuil (Takyke Ge3pasMepHbIE), KOTOPBIE
MOTYT IPUHUMATH IIPOU3BOJILHBIE 3HAYEHNA, HO IIPHA STOM OIPAHHYEHBI 110 abCco-
JIOTHOW BEJIMYWHE M3BECTHOU KOHCTAHTOW O

(p)
(5) 10 (0, 8)| <o, p=1,2,3.

Bynmem cumrarh, 9TO CTEHJ MOXKHO IOCTABUTH BO BCE JIOIYCTUMBIE IMOJIOZKE-
HUsI, T.e. YIVIBI (v U [ MOI'YT PUHUMATh JII0Oble 3Ha4YeHus u3 orpeska [0, 27]. Ta-
KM 00pa3oM, cooTHomeHus (2)—(5) onuchbBaoT BCEBO3MOXKHbIE TIOKA3aHHsT 0JIOKA
HBIOTOHOMETPOB [IPH KOHTHHYYME €ro yIJIOBBIX HosioxkeHuil. Tpebyercs mo Beem

(»)
usmepenusivm { 2 («, 5) } onpenesnTs Bce KOMIIOHEHTBI BEKTOPA [IAPAMETPOB (.

3. MeTon rapaHTHUPYIOMIETO OIEHNBAHUS

OnunieM KpaTKO METOJ FapaHTHPYIOIIEro OICHUBAHUA B AlPUOPHOM IOCTa-
HoBKe [1-8] B dopme, nmpumeHnMOil Jyisi peleHnst 3a/aun KaJanopoBKu. PaceMor-
PHIM TPH IPYIIIBI B3MepeHuii (2), rie n3BeCTHbIC HelpepbIBHBIE 110 (v, #) BEKTOPBI
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(p) (p)
H (a, ) € R™, m = 15, onpegensitores hopmyiamu (3), a nomexu € (o, 3) uz (5)

SIBJISIIOTCsI BCIoty onpesiesienHbivu Ha [0, 271] X [0, 27| uarerpupyembivu 1o Jlebery
byHKITHIIMNA.
m 2 — v
Iycrs a € R™ — sagannbiii Bekrop. B pacemarpuaeMoM ciaydae a = e)| rie
e(") — ouuH U3 eMHUYHBIX KOOPIMHATHBIX OPTOB 13 R™ ¢ eauHueil Ha v-M MecTe.
PaccMoTpuM JmHeiHbIE oneHnBaTen s | = a' ¢ Bua

3 M,
. 2 (p) (p)
© =3 / Do(0,8) 2 (@B dadas+Y 0,2 (@ 6, )
s=1

p=1
(p) (p)
re <I>0( , ) — Hekoropble BecoBble byHKIUM, UHTErpUpyeMble 10 Jlebery, a @ g,
@ @
as, B s=1,..., M, — HeKoTOpBIe unciIa U 3HadeHns yrnos us [0,27]. B or-

JITYEe OT IIMHPOKO PaCIpPOCTPAHEHHONW (DOPMBI OIEHUBATESI ITOT OIEHUBATEHb
COIEP’KUT He TOJILKO WHTETrPasIbHBIN WJIeH, HO W cjlaraeMble, 3aBUCHIINE OT OT-
NeJTbHBIX 3HAYEeHNN M3MePeHnii B HEKOTOPBIX TOYKAX.

Jl1st coKpaltieHust 3aIicu Oy/IeM YCJIOBHO MHUCATH, ITO

rie 6((a, B) = (as, Bs)) — nenbra-dbynxrus Jupaxa:

/ £(0, B)5((0, B) — (0, B))dex dB = F(as, Bs).

Bennuuna

sup |11
q€R™, |o(a,f)|<o

HA3BIBACTCS TAPAHTUPOBAHHO OMMOKOI OEHKH; 37€Ch U Jajiee yKOPOUIeHHAs 3a-
ek |o(a, f)| < o o3Hauaer BoiosHeHUE ycaoBust (5).

[Ipu BHIOpAHHOM OIEHHUBATEE 3TO MAKCUMAJIbHOE 3HATEHHE OIIMOKU OIEHKIN
[IPA BCEBO3MOXKHBIX 3HAUEHUSIX HEOIpeIeIeHHbIX (PakKTOpoB. BygeMm nckarhb Be-

P
coBble KoahbuimenTsl ¢ (v, ), MUHUMHU3UPYOIIUE TAPDAHTUPOBAHHYIO ONIHOKY
OIIEHKH, T.€. TIOJIy4aeMble U3 PEIIeHns CJIeIYIONell MUHUMAKCHOM 3a/1a4n:

inf sup 11—1].
P(a.B) ger™, |o(o,B)|<0

Taxast 3ama9a Ha3bIBAETCS 38 1a9eil ONITUMAILHOTO TAPAHTUPYIOIETO OTICHUBAHUSI.
Taxmm o6pasoM, s penrenns 3aa41 KaJIMOPOBKY U JTUATHOCTUKN CTEHIA HY 2KHO
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pPeIuTh M OTAEeIbHBIX 3a7a4d. THTepecHO OTMEeTUTh, UTO IpHUBJIedYeHne HeJnHel-
HBIX OIlEHUBATEsIell B JIONOJHEHNE K JIMHEHHBIM oleHuBaressaM Bujia (6) He npu-
BOJIUT K YMEHBIIEHUIO FrapaHTUPOBAHHOM omubku onenku [8]. Ipyrumu cioBamu,
MOXKHO OT'PAHUINUTHCS JIMHEHHBIMI OTIEHUBATEISMUA.

SIBHO BBIYUCIIsIsT BEPXHIO T'paHb B (POpMyJie TpeablayIero adsara, MOXKHO
IMOKa3aTh, UTO 9T 3aJa4a CBOAUTCSA K BapUaIlMOHHON 3ajiade BHUIA

- SN0
(7) inf UZ/|@(a,ﬁ)\dadﬁ
p:

Ipu OrpaHUYICHUAX

3
(8) S / 7 (0,8) % (@, 8) dads = a.
p=1

Bemmunna dynaknmonasa (7) ompemessier rapaHTHPOBAHHYIO OIMMOKY OIEHKH.
YeqoBust (8) HA3BIBAIOTCS YCJIOBUSIMEA HECMENIEHHOCTH, TAK KaK IIPU UX BBIIOJI-

HEHWH B OTCYTCTBHUE OIMUOOK m3MepeHuit omnenka [ copnagaer ¢ [. [TockosbKy KOH-
CTAHTA 0 BXOMUT TOJBKO MHOYKHUTEEM Tmepest hyHKITHOHATIOM, TO B TaabHEHIeM
upn anammse (7), (8) 6yaem cunrars 0 = 1.

(p)
Teopema 1. Ecau sexmopo. H (o, ) nenpepvisnu na [0,27] x [0,27], mo

pewenue sadavwu (7), (8) cywecmeyem u no kpatineld mepe 00HO peweHue

(), 3 » - :
{® (o, B)}5=1 A6asemea umnyavcnots Gyrnxyuets ¢ ne boaee Hem m UMNYALCAMU

(p) <. () ), @ 3
@0(057/8): @26 (CM,,B)— agaﬁg , p=123, E mpgm'
s=1 p=1

VIMeHHO 3T0 06CTOSATEIHLCTBO U Tp66y6T BBOJIUTDH UMITYJIbCHBIE OIICHUBATE/IN B YUC-
JIO JIOIIyCTUMbIX.

3.1. Jsoticmeennan 3adaya

Coorsercryomast 3a1a4de (7), (8) mBoiicTennas 3amada nmeer sus |7, 10]

9) sup a' A
AER™

Ipu OrpaHUYICHUAX

(10) |%T)T(a,ﬁ))\| <1, (a,p)€][0,2n] x[0,27], p=1,2,3.

[Tpu sTom ucxomnast mpobiaema (7), (8) nHassiBaeTcs mpsiMoit. JIBoiicTBerHast 3a1a-
4a, IOJIe3HA, HAIIPHUMED, CJIEIyIONIM 00CTOATEIbCTBOM.
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Teopema 2. ITycmov \° — pewenue sadavwu (9), (10). Onmumarvroiti overu-
20
samenv ®°(a, B) omaunuen om nyas avws 6 mexr mouwkar (o, B), 0as KOMOPLLT

(p)
| H " (a, BN |=1.

Emre ynobree jyist aHammsa MCxXoHON BapuarmoHHoil npobiaems (7), (8) Bume-
cro asoiicreennoit 3amaun (9), (10) paccMarpuBaTh SKBUBAJEHTHYIO €ii 3a/1a9y O
HAXOXKJICHIH TaK Ha3bIBAEMOI'O 0OOBIIEHHOTO YeOBIIIEBCKOIO MOJIMHOMA.

ITpu oreHrBaHIN KOOPJIMHATHI ¢, 0OOOIIEHHBIM OJIMHOMOM OTHOCHTEJIBHO I1e-
peMeHHBIX (v, ) ¢ KoaddumenTaMu y; Ha3bIBACTCs TPOKa 000OIIEHHBIX MOJIN-
HOMOB

(»)

(p
(11) Hy(o, B) + > ys Ho(a, ), p=1,2,3.
se{l,...,v—1,v+1,...,m}

3amatTa 0 HAXOXKIEHNH OOOOIEHHOTO YeOBIIMIEBCKOTO MTOJIMHOMA COCTOUT B OIIpe-
JeJeHNN TaKOTO 0DODIIMEHHOTO TTOINMHOMA ¢ KO PUITIEHTAMI yg, KOTODBI MMeeT
HanMeHbIIlee YKJIOHEHNEe OT HyJIsl, T.e. SIBJISIETCS PelleHreM 3a1adi BUIA

(p)
12) L, = i
(12) Ly = 0 o P sl o | (@A)
(p)
+ > ys Hs(av, B)] .
se{l,...v—1,v+1,..,m}

OO6OOIEHHDBIN YEOBIIEBCKUIT TOTMHOM UMeEeT BayKHOe CBOMCTBO.

Teopema 3. Onmumaronoili 0UEHUBATNEAD (% O, B) omauuen om wyas
auwn 6 mex moukar (o, B), 0as KOmopuir Komnornermor 0600ULeHH020 4ebbULEs-
cK020 noauroma npurumarom shavenue +L,. Ipu smom eeaununa L' pasna
ONMUMANLHOMY 3HAYEHUIO UCTOOHOT 6apuayuonnol sadavu (7), (8).

Taxum obpazom, ecan HafTU ODODIIEHHBIN UEOBINMIEBCKUN TOJIMHOM U OIIpEIe-

o Fo =1,2,3
auTh TOYKN (&, ), B KOTOPBIX €ro KOMIOHEHTHI Jist p = 1,2,3 J0CTHTaioT
3HadeHnsd +L,,, TO ONTUMAJILHBIN OIeHNBATETh MOYKHO HANTH U3 YCJIOBUN HecMe-
®)o (P)O
eHHOCTH (8), 3aIMCAHHBIX TOJIBKO JJIst ToUeK (g, ().

(p) 5
Teopema 4. Ilycmv dan ouyenusamenrn ® (o, ), Komopwii ydosiemeops-
em ycaosuam neemewennocmy (8), u daa woappuyuenmos {ys}, s=1,...

—1
o v—Lv+1,...,m, snavenue Pynxyuonana (7) paswo L' (y), 2de L,(y)

P
ecmy yraonenue om Hyas obobuennozo noaunoma (11). Toeda & (o, B) ecmo
pewenue npamot sadavu (7), (8), a {ys} — pewenue sadawu (12).

Teopema 1 mokasbIBaeT, ITO pelreHne 381 ONTUMAILHOTO TapAHTHPYIOIIEro
OIIEHUBAHUS COCPEIOTOYEHO B He Oojiee 9eM 1M TOUYKAX, OMPEICISIONINX yYIIOBbIe
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nosozkeHust crefga. CreoBare/bHO, IPU IMIPUMEHEHUN TapaHTUPYIOIIEro IOIX0-
Jla 3a0/IHO perraercsi mpobjeMa BbIOOPa ONTUMAJBHOIO IIJIAHA HU3MEPEHU. DTO
MIPUHITAIIAAIBHO BayKHO JITsT 330291 KAJIMOPOBKM, TaK KaK U3 peuweHus 3a0avu
2aPAHMUPYIOULE20 OUCHUBAHUA CPA3Y CACOYEM NAGH KAASUOPOBKU.

Teopema 3 1103BOJISIET IPEITOKUTE KOHCTPYKTUBHBIN aJIrOPUTM PEITeHNs 3a,/1a-
Y1 ONTUMAJILHOIO TAPAHTUPYIOIIEro orneHnBanus. HyKHo: a) HaliTu 06001eHHbII

) ®o P
JeOBIIIeBCKUI IIOJIMHOM M OIIPEJIeJUTh TOUKN (g, [ .); 6) 1O STUM TOYKAM U3
YCJIOBHIT HeCMeIeHHOCTH (8) OIIpe/Ie/INTh COOTBETCTBYIOIIIE BECOBBIE KO3hdUIN-
€HTBL.

Teopema 4 Takzke npeocrapisier crocod pentenus 3agaqu (7), (8). B kauecrse
runoressl jomnycrumM, 1ro Habop {ys}, s=1,...,v —1,v +1,... m, gocrasiser
pemenne 3amaan (12). Torma B cooTBeTCTBHU € TEOpEMOil 3 TOYKH, B KOTODPBIX
0GOOIIEHHBI TOJIMHOM JIOCTUTACT HANOOJIBINEro YKIOHEHHs (CO 3HAKOM +), eCThb
TOYKHN, B KOTOPBIX OIlEHMBAaTeIb OTiHdeH oT Hyss. [Ipu sTom coorsercrByiomue
BeCOBBIE KOI(DMUIMEHTE! ONPEIENISIOTCS U3 YCJAOBUI HECMEIEHHOCTH (eC/in OHE
coBMecTHbI). Ecin ke 3Havenne dbyHnknnonaa npsamoii 3a1aqu (7) Ha BLIOPAHHOM
onermBaTene pasHo L, t(y), To momydensr pemenms s obenx samad (7), (8)
u (12).

Jokazarenbcra TeopeM 1-3 OCHOBAHBI Ha TEOPUH JIBOHCTBEHHOCTH BBIITYK/IBIX
BApPHUAIIMOHHBIX 337184 [33—-35| U aHAJIOTMYHBI JIOKA3aTEIbCTBAM CXOKHUX TEOPEM
B [7, 10]. ItaBHBIM 371€Ch SIBJISIETCS KOMIIAKTHOCTD 0OJIACTH MHTErPUPOBaHust (OT-
pesok u cepa B [7, 10| n kBagpatr B (7), (8)), & OIS COCTOAT B OTHOCHTEILHO
IPOMO3JIKIX, HO TEXHHIECKHUX JeTassax. JlokazarenbcTBO TeopeMbl 4 Hemocpes-
CTBEHHO CJIeJlyeT u3 OOIIMX Pe3yJIbTaToB Teopuu aBoiicrBenHocT [33-35].

4. Haxox/IeHne ONTIMAIBHBIX PelIeHnit

Haiinem amamruaeckoe perenne 3aad (7), (8) mpu a =™, v =1,... m;
m = 15. Byjer nokasano, 910 MUHUMAaJbHOE OOIIEe YHUCIO SKCIEPUMEHTOB paB-
uo 10.

4.1. Ouenusarue qs

Haunem anaums ¢ TpeTbeil KOMIOHEHTHI ¢3: ¢ = e). Dror caydaii oTHOCH-
TEJILHO IIPOCT JIJIS UCCJIEIOBAHNS U, K TOMY K€, K HEMY CBOJIUTCS UCCJIEI0BaHUE
MHOTUX IPYTIUX KOMIIOHEHT BeKTOpa ¢. PermmuMm 3Ty 3ajiatdy IIpU TOMOIIUA Teope-
MBI 4 Tak, KaK 3TO yKa3aHO B KOHIE paszaena 3. IIpearmosoxkum, 910 COOTBETCT-
ByIOIUil 0000IEHHDINT YeOBIINEBCKUI TOJIUHOM UMEeT HyJieBble KO3 DUIIMEHTDHI

(p
Y1, Y25 Yds - - -, Ym, T-€. OH ONpejessieTcst Tpoiikoit dbyukuuii Hs(a, f), p = 1,2, 3,
u, cregoaresnbho, L3(0) = 1. CoracHo TeopeMe 3 ONTHMATBLHBIMI TOJIOZKEHISAMI
(p)

MOTYT OBITH TOJIBKO T€, B KOTOPBIX BEKTOPHI H 3(, ) NPHHUMAIOT MaKCHMAJIb-
HBIC 110 abCOJIIOTHON BesimunHe 3HadYeHWs. B jgaHHOM ciydae 910 KodbdunmeH-
ThI (— cos avcos ) u cos asin 3. Tora sicHO, 9TO JIst IEPBOM I'PYIIIBI U3MEPEHUIH
(p =1) HyXKHO pacCMaTpPUBATDL TOJIBKO MOJIOKEHI (0,0)?,) (0,7), (m,0), (m,7), a

U

JUISL BTOPOII TPYTIIIBI (p = 2) o (Ou g)7 (07 3%)7 (7T7 %)7 (7T7 7)
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CoorBercTByIolas CHCTEMa, yPABHEHUH HECMEIIEHHOCTH IIPUMET BT

(1) (1) (1) (1) (1) (1) (1) (1)

(13) H(0,0) &1 + H(0,7) &2+ H (7,0) &3+ H(m,7m) &4+
(2) T\ (2) (2) 3\ @) (2) T\ (2) (2) 3m\ (@)
m o m o _ .3
+H<0,2) <I>1+H<O, 2) <I>2+H<7T,2) <I>3+H<7T, 2) O 4= e\,

Hecwmorpst Ha TO 9TO “HCII0 ypaBHEHNUIT OOJIBINE THC/Ia HEM3BECTHDIX, cucrema (13)
COBMECTHA, U €€ PEIIeHNe ONPEENIIeTCsl IBYMs OTHOIAPAMETPUYECKIMI CeMeii-
crBaM# (B 3aBHCHMOCTH OT & ¥ 7)):

W 1w 1w 1@
(14) 1— 47 2— A ) 3— 4 , 4= 4 ,
(2) (2) (2) (2)

dq1= 57 do= _57 b 3=, b y=—n.

Suavdenne GyHKIINOHATIA PABHO

1 1
2‘5‘1‘”'5'*2‘”*1‘“'”"

Jlerxo noxkazaTh, 4T0 MUHUMAJIbHOE 3Ha4YeHHe (DyHKIMOHAIA paBHO 1 = Lo 1(0) u
JOCTHUTAETCS TIPU JIOOBIX &, 1) U3 IPOMEKYTKOB

<n<0.

] =

1
(15) 0<E<y, —

ITo Teopeme 4 coornorenus (14), (15) onpeaensor Bce perrennst IPsSAMOi 3a,1axu
()
ntst ctydast a = e3) | a oGoGuiennpi momHoM nmeer sug Hs(a, 8), p=1,2,3.

Taxum 0b6pazoM, BO3MOXKHBI 9 BapUaHTOB PEIEHU, COOTBETCTBYIOIIUX CJle-
JYIOITUM MHOXKECTBa 3HadeHuit &, n:

1 1 1
§=0,7 7 §=0,n=0; ¢ TR X
_ 1 =0; ¢&=0 <n<0 0<£<1 _ !
_47,’7_7 ) Tl ) 47"7_ 4)
0< <1 1< <0 0< <1 =0; —1 1< <0
§ 1 << § 1 1=0 =1 1 <"

Paccmorpum nepBbie derbipe BapuanTa. OHU BBIJIEISAIOT CJIEAYIOINIE HAOOPHI
YTJIOBBIX TOJIOXKEHU U COOTBETCTBYIOIINE UM OIEHKMU:

s 37
(16) (Oa 0)> (Oa ﬂ'), <7T> 5) ) <7T, 7)7
(1) rpymnma
(2) rpymnna

. 1@ 1) @) T (2) 3
G=7 |- * (0,0)+ 2 (0, 7)— 2 (w, 5) + z (71, 7)},
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(17) (0,0), (0,m), (m,0), (m,7);

(1) rpynna

1
a=1-Y0.0+Y0m+ Y w0-Y ),

w09 0%) 63 ()

(2) rpynna
~ 11 @ (2) 3 2) @ 2) 3
Q3—Z|:Z (0, 5) -z <0,7> -z (7‘(,5) + z <7r,7>}7
U 3T
(19) (7T7O)7 (7T77T)7 (Ou 5) ) <07 7)7
(1) rpymma
(2) rpymnna
- 1M 9)) 2) ™ 2) 3
G5 = 7 [z (m, 0)— 2" (m, )+ 2 (0, E) -z (0, 7)} .

Herpy/iHo 1mokasarhb, 4To I OCTAJIbHBIX IATH BApUAHTOB (£,7)) COOTBETCTBYIO-
mre HADOPBI YTJIOBBIX TOJIOXKEHUI BKJIIOYAIOT B cebsl 10 KpaiiHeil Mepe OIuH W3
epBbIX deTbipex. [[09ToMy ¢ TOUKM 3peHus MUHUMHUIAIMH CyMMapHOTO KOJIIYe-
CTBa ITOJIOZKCHUIT UX MOYKHO HE PacCMaTpUBATh.

Urak, npoBejieH TOJMHBI aHAIN3 Coydas OlleHUBaHus (3. U3 sroro amammsa
CJIeJIyeT, 9TO OJIMH U3 YeThipex HabopoB moJoxkenuii (16), (17), (18) u (19) 06s-
3aMeAbHo BOWJET B UTOTOBBI HAGOD SKCIIEPUMEHTOB.

4.2. Ouenusarue 0CMAaAbHBIL KOMNOHEHM (
4.2.1. Ouenusanue qq

Buosb ncnonbsyem Teopembl 3 u 4, mpemmosiarasi, 9TO MPH @ = e Y = ...

... = ym = 0. Torya 06061IeHHBI TTOJIMHOM onpeensercs byuxusamu: H1(w, 3),
p=1,2,3, ¢ coorBercTByOmuME KomiioneHTamu Buja (— cos §) u sin 3. Crego-
BATEJIbHO JIJIs OIIEHUBAHUS [T€PBOI KOMIIOHEHTBI ¢ CJIEJIYeT UCIO0JIH30BATh KOHTH-
HyyM nap yrios («, ), B KOTOPBIX BTOPOii yroJi IpuHUMAaeT deThipe 3HadeHust: 0,
5, - U T; IpHU 3TOM OyJIyT 3a/1eficCTBOBAHBI BEKTOPbI U3 HEPBO#l 1 BTOPO IpyI-
uol: p=1u p=2. OfHaKO B CHJIy KOHTUHYAJbHOCTU HUCCJIEIOBATH BO3MOYKHBIE
BapUAHTHI TaK 2Ke, KaK U JIA (3, 3/IeCh 3aTpyaHuTe/bHo. [losTomy npumenenue

TeopeMbI 3 He JlaeT pe3yabTaTa.

BumecTe ¢ TeM MOYKHO MCIIOJIb30BaTh NHMOPMAINIO, MOy YeHHYO TIPH PACCMOT-
PEHHMHU ¢3, UMEHHO: MOYKHO II0Ka3aTh, 4TO Jiroboro m3 Habopos (16), (17), (18)
win (19) nocrarodno s oneHuBaHus napamerpa ¢i. [lokaxkem 970, HapUMep,
Juist (16), a ju1st ocTaIbHBIX HAGOPOB ITO JETACTCH AHAJOIUIHO.

st mabopa (16) yc/ioBust HECMEIIEHHOCTH TPUMYT BHJL

) DO, 1@ @ @/ 375\ ©
H(0,0) 1 + H(0,7) &o+ H(w, g) o1+ H (w%) o= ).
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DTa cucrTeMa COBMECTHA, a ee peIleHre, OYeBUIHO, OIPEIE/IsIeTCs PABEHCTBAMU
1 (1 2) 2)
O1=— Pao= —% nu d1=— Po= %. [Ipu sToMm 3HaYeHUE (QyHKIMOHATIA PABHO
1= Lfl(O), T.e. 110 Teopeme 4 sBjsieTcsi OnTUMAaJIbHBIM. COOTBETCTBYIOIIAST OIl-
THUMAaJIbHASI OIEHKA, OMPEJIEJISeTCsT BBIPAXKEHUEM
- 1 (1) (1) @) s (2 3r
q1:——2(0,0)+z(0,7r)+z(7r,—)—z T, — | |-
4 2 2
Wrak, omeHka g ¢ CTPOUTCS Ha yKe HalEHHBIX HEOOXOIMMBIX Habopax
(16), (17), (18) u (19). ITosTOMy HOBBIE HAOODHI HE HYZKHBI.

Te ke camble paccyKJeHUs, ITO U JJIsi ¢1, CIIPABEJUINBBI U TIPU OIEHUBAHUN
mapaMeTpoB §2, G4, 7, 4s, §14 1 ¢15. TakuM 0O6pa3oM, BCce 9TH MapaMeTpPhl OIeHH-
BAIOTCA HA OJHUX U TEX 7Ke IJIaHaX, MOPOXKICHHBIX 0a30BBIM IapaMeTPOM (3.

4.2.2. Ouenusarue napamempos qs, q, 49-q13

CoBepIleHHO aHAJOIMYHO MOYKHO IIOKa3aTh, 9TO 6A30BBIMU ITapaMeTpaMU sB-
JISIIOTCSL U TIapaMeTpbl ¢g, ¢9, 12, 13, JJIS KaXKJIOI0 U3 KOTOPBIX BBIIEJISTIOTCS
110 JiBa HEOOXOJUMBIX HAOOpa YIVIOBBIX MHOJIOKeHHUi. OHU MMOIydaloTcs U3 TeX Ke
coobpazkeHuit, 9To u s g3. LIpm 5TOM Ha 00g3aTENbHBIX IJIAHAX (19 MOXKHO
OIIEHHUTDH (5, & Ha 00sI3aTeIbHBIX IIJIaHAX (13 MOXKHO OIEHUTH (10 U (11.

Tem cambiM, pertenbl Bee 3agaun (7), (8) st v =1,...,15, onupasicb npu
3TOM Ha TEOPUIO JBOMCTBEHHOCTH.

4.83. Heobxodumwie nonoostcenus cmenda

IIpoBeerHOe BBIIIE HCCJIEIOBAHNE HEOOXOMMMBIX ITOJIOXKEHUI CTEHa TOKa3bI-
BaeT, YTO JjIs MAUHUMU3AIMH YKCJIa [IOJIOKEHUN CTEH/Ia JTOCTAaTOYHO OPUEHTUPO-
BaTbCs Ha 0A30BbIE TAPAMETPHI §3, 6, 49, ¢12 1 ¢13. VIX HEOOXOMMMBIE TTOJIOXKEHUS
IIpecTaBIeHbl B TaOI. 1.

HpI/I COIIOCTaBJICHUU IIJIaAHOB JJIfA 0a30BOro IHapaMeTpa @12 C IlJIaHaMM JJIgd Oa-
30BOI'O ITapaMeTpa @9 1 IIJIAaHOB JIJIgd 0a30BOro IHapaMeTpa @13 C IIJIaHaMW JIJIgd

Tabmmma 1. HeobxommmbIe MOTOXKEeHNsT CTEH A JI/1sT OA30BBIX TAPpaMeTPOB

Baszosnie
rapaMerpbl

ILnansr KCIICPUMEHTOB

(0,0), (0,n), (7T, g), (71’, 37#) wi (0,0), (0,7), (7, 0), (7, 7) nin

(O,g), <0,3§>, (T(,g), <7r,3§) wu (7, 0), (7, 7), (O,g), (0,%)
T T 37 3m w 3m 3w

02 (5:3) (577) wa (75)’ (77)

2 ) (50) (5

: (5 (5) == G- (59
T 37 3m 3w T T 3w

v (57)7 (?7) wm (3.3) (?5)

qs
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Tabmmma 2. Bapuantsr Hab0poB ¢ 10 cyMMapHBIME TOJIOKEHUSIMU CTEHJIA,

q7, 48, 414, 415

I'pynmet Heobxo/iumble HAOOPBI yIVIOBBIX ITOJIOXKEHUIT
[IaPAMETPOB
s 3m
o | e 00, O, (7 5), (7.5) waw 0,00 0.0, (0. (r.7)

n(03)-(62).(:3).(-2)

um (7,0), (m,7), (0%)7 (0’3777)

g5, 49, 412

GEDED= G EDED

g6, 410, 411, 413

ba3oBoro nmapamerpa ¢g u3 Tabjia. 1 ciemyeT, 4TO CyIIeCTBYeT MHOI'O BapUAHTOB
Ha0OPOB HEOOXOMMBIX SKCIEPUMEHTOB (110 KpaiiHeil Mepe 64) n3 10 mosioKeHuii.
Vcnonb3oBarh MeHblre, yeM 10 I10JIOJKEHUIT, OYEBUIHO, HEJIb3s. DTH BapUAHTHI
yKa3aHbI B TabJI. 2.

Jlms KaxKaol TpYyIIbl MapamMeTpOB BO3bMEM, HAIpPUMED, HaOOPBI, OTMEYeH-
oble *. Ha 3Tux sxcmepuMeHTax W MOCTPOUM TpedyeMble ONTUMAJbHBbIE TapaH-
TUPOBAHHBIE OIEHKU B IMOPSJIKE, COOTBETCTBYIONIEM YKAa3aHHBIM BBIIIE I'DYyIIIaM
(orrTUMasIbHBIE TAPAHTUPOBAHHBIE OMIMOKK TUX OIEHOK DABHbBI 0):
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NG — > = N

N

-

) (1) (2) T (2) 3r
- 20,00+ 2 (0, 7))+ = (71, §> -z (71, 7)},

Y (= 7) - D, 37”) ~20,0+% 71')] ,

Y00+ 0,n-% (. 2) + ? <7r, 3—”)} ,

(1) (1) (1) s 1)
2 (0,0)+ =z (0, 7)— = (7r, 5) -z

Y0,0+% 0 n+ % (m. )+ v <7r,

[(2 2 2 2
Y0,0+%0 n-% (v 3) - 2



G4 = % :(2) (0, 0) — ? (7T> g)] )

q15 = % _(2) (0, 0) + ? (77, g)] ;
1w r w7 3
©=5 _Z (5’ 5) T (5’ 7)_’
PG ()]
o PG -2 ()]
[ H e )
e 2[F GO -2 o)

= d[2E0) <2 (50
03[P0 -G

OrmeTnM, 4TO B JIONOJIHEHNE K KOMIIOHEHTAM ¢ IIPEJICTABIISIOT HHTEPEC OleHKH
JUIsT TIEPEKOCOB oceit 6itoka [10]:

Fo+To1=qgs+q, Tis+Is1=qu+q2 u I'sz+Is =g+ qs.

B [16] mokazano, 9TO OITHMAJIbHBIE OIEHKH JIJIs 9TUX TPEX KOMOMHAIMH MMEIOT
BU/J

P P P

(g6 +99) =G+ qo, (a4 qi2) =da+q12 1 (g8 + qi3) = Gs + Q13-

DTO CBOMCTBO A UTUBHOCTHU, IPUBLITHOE IS OIEHOK, MOJIYIEHHBIX 10 METOLY
HaUMEHBINNX KBaJPATOB, JJIsT METOJA TapAHTUPYIOMIEro OIEHUBAHUS B OOIIEM
cJryvuae HEBEPHO.

5. CybonrumasbHbIii HAOOP M3MepeHuit

11t OeHUBAHUST KAzKI0il KOMIIOHEHTBI BekTopa ¢, T.e. st a = e, v =1, ...
..., M, TpeOyeTCs PEMIUTD M OTAeNbHBIX 3314 (7), (8). Permenne kaxmoit u3 sTux
3a7a9 B COOTBETCTBUH C TEOPEMOIl 1 OIpemensieT onTUMAJILHBIC YIJIOBBIE IIOJIO-

(p)() @ )0
xkennsi (o, B), s=1,...,mp, p=1,2,3, cyMMapHOE KOJIIIECTBO KOTOPBIX HE
IIPEBBIIAET M. B COBOKYIIHOCTH JIJIsT BCEX KOMIIOHEHT ¢ COOTBETCTBYIOIIUE Dellle-
must w3 KorTHHyyMa [0, 27] X [0, 27] BRyesior S < m? map yIIoBBIX TIOOMKEHTH,
COCTABJIAIOIINX CyMMaPHBINA ONTUMAJILHBIA [IJIaH U3MEPEHUIA.
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st manbHERuX paccMOTpeHuil yrpoctuM obo3HadeHnst. OnTuMaIbHBIM yT-
JIOBBIM TIOJIOZKEHUSIM COOTBETCTBYIOT ONTHMAJIbHBIE n3Meperus. OO03HATUM CO-

BOKYITHOCTH BCEX ONTHMAJILHBIX HU3MEpeHuil depe3 Zy = (Zi?, 20, )T R, co-
OTBETCTBYIOIINE UM BEKTOPLI — depe3 Hy = (Hi(l)’ .. ,Hi%)T € R™*S a momexn —
gyepe3 Py = ( 0i05 -+, 00 )T € RS. Torna B MaTpUIHON (hopMe COBOKYITHOCTD OIITH-
MAaJIbHBIX M3MEPEHUl MOXKHO IIPEJICTABUTD B BUJIE
T
Zo =Hoq+ Po.

O6O3HAMIM OLTHMAJIBHBIE OLCHHBATEIN Il ¢y, v = 1,...,m, gepes U e

€ RS, te.
G, = ¥ 2,

OpuveM B CHJIY YCJIOBHIT HeCMeIeHHOCTH (8)
(20) HoUW) =™ p=1,....,m,

T KarKIbIi y®) COZIEPKUT He 0oJiee M OTJIMIHBIX OT HYJISI KOMITOHEHT.

Ecin niccsieioBaTesib B COCTOSTHIN peain30BaTh yKa3aHHbIE H3MepeHnust (B pac-
CMATPUBAEMOM CJIyUuae 0e3yIpPeIHO YCTAaHOBUThH CTEHI B CTPOrO ONTHMAJIbHBIE II0-
JIOXKEHWA ), TO 3aja4a MOJTHOCTBIO perrera. OHAKO yCTAHOBUTH CTEH]T TOYHO B 3a-
JIaHHBIE [TOJIOXKEHUsI HE BCErja TeXHUIECKH Jierko. JacTo ero Mo;KHO YCTAHOBUTD
B HEKOTOPbBIE OJIM3KUE TOJIOXKEHUA. 10rma B MATPUIHON (dopme HAOOp CyOOIITH-
MaJIbHBIX M3MEpPEHU IPeICTaBUM B BUIE

(21) Z=H"q+P,

rjge Z — BEKTOpP, COCTaBJIEHHBIH UX CyOONTHMAJbHBIX u3MepeHuil, P = (g;,,...

-, 0ig)" — Bexrop nomex, H = (H;,, ..., H;,); npu sTom Bextopbt Hy,, ..., H;,
COOTBETCTBYIOT YIJIaM, OJIM3KUM K ONTHUMAJLHBIM, M IIO9TOMY OJIM3KUA K OITH-
MaJIbHBIM BEKTOpaM HZ-?, o ,HZ-% . ITo aHaj0ruu MOKHO HOIBITATHCS CHOPMUPO-
BaThb OIEHKM, COOTBETCTBYIOIINE OJIM3KUM ILJIAHAM, HO C TEMU K€ OITUMAJIbHBIMU

OIcHUBaTCIAMM:
(22) g, =uvTz

Omaaxko 111 OTM3KUX IIJIAHOB YCJIOBHSA HECMEIEHHOCTH, BOODIIE TOBOPs, y2Ke He
BBIIOJIHSIOTCS:

HYW) ;ée(”), v=1,...,m.

Torja, Kak JIEMKO MOKAa3aTh, TApAHTUPOBAHHbIE OIMINOKN OIEHOK (22) GeCKOHEUHHbI,
U [I09TOMY OIECHKHU (22) HEIPHUIO/HBI.

Boixomom u3 9T0it cuTyannm sBIsieTcs cieayomuit mpueM. Beegem marpuity D
nopsaka m X S, 00pa3s0BaHHYIO ONTUMAJILHBIMUA OICHUBATE/ISAMHI JJIsI BCEX KOM-
ITOHEHT:

D- (\p<l>,...,m<m>)T
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U YMHOXKHMM Ha Hee cjieBa ypasHenus (21). Torya moydaum cucremy m ypaBHEHUI
OTHOCHUTEJILHO 1M HEU3BECTHBIX §:

DZ =DH'q+ DP.

Marpuna H 6smska K Hg, JIg KOTOPOW BBIMOJHEHBI YCIOBUSI HECMEIEHHO-
cru (20): D’Hg— = FE,,, tie F,, — equnonaaas maTpuna mopagaka m. [losromy kBa-
parHas Marpuia DH ' 61u3Ka K eIMHITHON 1, CIIeJ0BATENTHHO, HEBLIPOKICHHA,
1 OLEHKU (f;, MOYKHO IIOCTPOUTH CJIEILYIOIIIM O00Pa30M:

-1
Q=g = (PHT) Dz,

(23) ) ) AT

e, G =BTz, m(wsz((prT) >e<v>.

IIpu sroMm, ouesnano, W) ~ v,
[TocTpoeHHBIE BBIIIE OIEHKU ), SIBJISIIOTCSI HECMEIEHHBIME, TaK Kak B cuiy (23)
OYEBUJIHO, UTO

(24) HIW =)y =1,...,m.

BorancanM rapanTHpoBaHHBIE OIMUOKH OIEHOK ¢, ToJIaras, 9To B 3aJade Ka-
JUOPOBKM BCe OIMMOKN M3MEpPEHU OTpPAHUYIEHBI OMHON BEIMYUHONR — eInHuIeil
(0 =1). YunTeBast ycaoBus HeCMEIEHHOCTH (24) 1 BBOIA 0003HAMEHI /15 KOM-

= ~ - T
TIOHEHT OIHMBaTENed v = (\ng)a ceey ‘Pg)) , IIOJIyYUM PaBCHCTBA:
max @ —al = max ‘@(v)T Z Tyl =
q€R™ {|o;) |<o, k=1,...,5} g€R™, {|o;, |<0, k=1,...,S}
= max (H@(V) _ e(v))T g+ gWTp
a€R™ {|0;, |<o, k=1,...,5}
S ¥)
— max ‘\ll ‘ ‘\1;
{|sz|<cr,k 1,..,S} Z k

B cuny 6mmsocrn W) u W) pocremmee BbipazkeHme 6IM3KO K BEIMUMHE

22:1 |\Il](:) |, paBHOI1 ONI'TUMAIBHOMY IrapaHTUPOBAHHOMY 3HAYEHUIO OMIUOKY OICH-
KU KaXKJIOH KOMIIOHEHTBI ¢,. TakuM 00pa3oM, MOCTPOCHUE OIIEHOK MCKOMBIX ITa-
paMeTpoB MO peasmu3yeMbiM dopmynaM (23) TPUBOAUT K MOYTH ONTHMATHHBIM
OIICHKAaM.

6. O HEOOXOAMMOCTH YYMTHIBATH ITOTPEIIHOCTH CTEHIA

Bpre IIOJIYY€HBI OIITHUMAJIbHBIC T'apaHTUPYIOIIUE OIEHKU ITapaMeTpOB 0JI0Ka,
HBIOTOHOMETPOB B HPEAIIOJIO?2KCHUN HEUICaJIbHOCTHU CTEH/IA. Boznukaer BOIIPOC:
€CJIN IIPU ITOCTPOEHNN aJITOPUTMa OIEHUBAHUA HE IIPOU3BOAUTL €0 JUAaIrHOCTHUKY,
YCJIOBHO IIOJIarad €ro macajibHbIM, TO HEJIb34d JIX IIOJYYIUTH OIUEHKU IIapaMeTPOB

155



OJ10Ka 60JIee TIPOCTHIM CIIOCOOOM, UCXOJST M3 MOJEIN, YIUTBIBAIONIEH TOJIBKO IT0-
IPEIIHOCTH CaMOro 6JI0Ka, KOTOPbIe W IPU HEUJIeAJLHOM CTEeHE ObLIN OBl J0CTa-
TOYHO TOYHBIMU.

Herpyno yBujiers, 9To €ciu He NPUHUMATH BO BHUMAHUE HOIPENIHOCTH CTEH-
na (npyrumu ciosamu, nojarasi B (2) g1 = g2 = q3 = 0), TO 3a7a4a OlEHUBAHUS
(7), (8) mexkommosMpyeTcst Ha TPU HE3ABUCHUMBIX 3aJa4d TApAHTHPYIOIIETO OIle-
HUBAHUS — OTJEJbHYIO JJIsi KaXKJIOro HbIOTOHOMeTpa. Cpeiy ONTHMAIbHBIX JIJIst
YIIPOIIEHHON MOJIE/IN ONEHOK HEKOTOPBIE OIEHKH MOTYT OKA3aThCs ONTUMAJbHBI-
MU ¥ JJIsI TIOJTHOM CHCTEMBI, a KaKHe-TO CYNECTBEHHO HEONTUMAJBHBIMUA M CMe-
MIEHHBIMU (T.€. ycaoBus (8) OyyT HAPYIIEHB): ONIMOKN CTEH/Ia HAPSIMYIO Hepe-
XOJIAT B OIMMOKM OIEHOK OJI0Ka, yBEJUINBast UX 10 CPABHEHUIO C ONTUMAILHBIMA.
OHako 3apaHee, 6e3 aHAIN3a TOJIHON CUCTEMBI, BBISICHUTD, KaKasl OIleHKa sIBJIsSIeT-
Csl HECMENIEHHOMN TIPU HENJIeaTbLHOM CTEH/Ie, a KaKas — CMENIeHHOi, HEBOZMOXKHO.
[TosTOMy TIpH OIEHKE MOTPENTHOCTel OI0Ka HBIOTOHOMETPOB yHUUTHLIBATH HEMJIe-
ATBHOCTH CTEH/Ia HeOOXOAMMO. IIpu 9TOM MOMKHO YCTAHOBUTB, UTO YCJIOKHEHUE
MOJIEJIU 32 CYeT ydeTa HeUJIeaJbHOCTH CTeHJa He MPUBOIUT K YBEIMYCHHUIO OIIN-
GOK OIpeJiesieHnsI IOrperHocTeil 610Ka.

7. Ipyrue crmocobbl yCTaHOBKH 0JIOKa HHIOTOHOMETPOB HA ILJIAHIIIAKOY

HazoseMm onmcanHoe BhIIe MoJIOzKeHNE OJI0Ka HbIOTOHOMETPOB Ha ILIaHIIaiibe
0a30BbIM. BO3MOXKHBI U JAPYyTrUe BapHaHTLI yCTaHOBKU OJioka. B HuX ocm 6j10Ka
HBIOTOHOMETPOB COBIIQIAIOT C OCSIMU B OA30BOM ITOJIOYKEHUU, HO MPU APYTUX HY-
Mepali U HAIPABJICHUH OCell. DTO COOTBETCTBYET OPTOTOHAJIBHON MaTpuie (),
cocrosiieit u3 Hyseil u euHuIl (CO 3HAKOM ILJTIOC WJIX MUHYC); OIPEJIETUTE/ b MAT-
putibl () paBen enuuuiie. lajee Oymer mokasaHO, 9TO HOBBIE PE3YJILTUPYIOIIHE
COOTHOITIEHUsI HE HYYKHO BBLIBOIUTH 3aHOBO C CAMOI'O Hadasa, & MOXKHO IOJIYyIUTH
X, HEMHOTO MOJUMUIIPYS Oy YeHHbIE BbIe 0A30BbIe COOTHOIIEHUS.

OmnuireM HOBBI BapuMaHT YCTAHOBKHM OJIOKa Ha ILIAHMIANOY, MCKYCCTBEHHO
[PEJICTAB/ISAsI, ITO CHAavYaja OJIOK ObLI YCTAHOBJIEH Ha IUIAHIMAOy (¢ HEKOTOPOi
HEGOJIBINOf MOrPENTHOCTBIO) B COOTBETCTBUY ¢ GA30BBIM, & MOTOM JIONOJHUTEIHHO
MOYHO TIOBEPHYT B cooTBeTCcTBUN ¢ Marpuiei Q. Ilpustom /' = Q X/, Q7' =QT,
rae X' — KOOpAMHATHI TIPOM3BOJIBHOIO BEKTOPA B IPOCKIMAX HA OCH IPUOOPHOTO
TpexrpanHuka Mz, yCTaHOBJIEHHOTO B COOTBETCTBHU C GA30BLIM BapHAHTOM, a
X" — KOOpAMHATEI 9TOTO ¥Ke BEKTOpa B MPOEKIUAX Ha ocu M2z B ero HOBOM IIOJIO-
JKEHUH.

[Tycrs z(a, B) — HOpMUpPOBaHHAsI HEBsI3KA TIOKA3aHUl 610K HBIOTOHOMETPOB B
HOBOM TI0JIOKeHuH, 0(c, ) — ayKTyarmoHHas MOrPenHOCTb 0JI0Ka HbIOTOHOMET-
POB B HOBOM IIOJIOYKEHHUH. '1OrIa, OUeBUIHO, JJI HOBOI'O IOJIOKEHNsT OJIOKA MMeeT
MECTO CJIeIyIolnee COOTHOIIeH e, anamorndnoe (1):

2o, B) =g {{f) = (@B} + ole ) = g7 {{f) = Q. B) | + (e B) =
=g {(E+D)Q (~g:(0.8.0) + A" = Q (=5:(. B)) | + e, ),

rie: (f') — usBecTHBIE OCpEJHEHHbIE NOKA3aHWsi OJOKA B HOBOM IIOJIOJKEHUH;
f(a, B) — mpenckazaHHbBIE IO U3MEPEHUSIM YIVIOB (v, [ MOKa3aHus OJIOKa B HOBOM
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nosozkennit; [ (v, 3) — IpeiCcKa3aHHbIe TOKABAHUS GIOKA B GA30BOM IOJIOKEHIH;
I, AfY — mapamerpsr norpemsocreit 6710ka; g, (, 3,qy) — KaK u paHee, HCTHH-
HOE 3HAYCHHE BEKTOPA YCKOPEHUST CUJIBI TAXKECTH B MIPOEKINAX Ha OCH IIPUOOPHOTO
Tpexrpannuka Mz B 6a30BoM mosoxKenuu; q, = (k, €, Aa, AB, o, 01,02,03,Ag/g)T—
Kak 1 paHee, mapaMeTpbl [OrpertHocTeil crenna; §,(«, f) — Kak u paHee, TOYHO
BBIYHC/ISIEMBIIT 110 U3MEPEHUSIM yTJIOB IMPOTHO3UPYEMBIil BEKTOD yCKOPEHHUS CHJIBI
TSKECTH B IIPOCKIMAX HA OCH HIPHOOPHOTO TPeXTrpanHuka Mz B 6a30BOM HOJIOZKe-
HUM.

Torma, oueBuIHO,

Q (e ) =g {Q 7S — e, B) } + @ ole, B) =
(25) =g {(E+Q 'TQ)(~g: (e B,00) + Q "AF*~ (= a0, )} +Q "ol B).

Dopmyita (25) oMHAKOBA 110 CTPYKTYpPE CO BTOPbIM paBeHCTBOM B (1) u 1moJi-
HOCTBIO COBIIQJIAET C HUM IPH 3aMeHaX:

(26) = Q7 'z, T-Q'TQ, Af°—Q 'A% o0—Q 'o

IIPU 3TOM MCXOIJHBIC JIEMEHTHI MCHAIOT CBOE€ PACIIOJOZKEHNE COOTBETCTBEHHO Q

TakuM 0Opa30M, HCIOAL3YsT M3BECTHYIO U3 MPEAbIAYIINX PACCYKICHI 3aBU-
CUMOCTBH (2) MTOTOBBIX MMOKA3aHWil OT IIOTPEIIHOCTEN CTEeHa U OJIoKa, TOJIydeHa
AHAJIOTIIHAsS 3aBUCHMOCTD JIJIsI HOBOI'O ITOJIOYKEHHUsT OJI0Ka HbIOTOHOMETPOB. [Ipu
3TOM B Kad¥ecTBe YIOGHBIX NTOTOBLIX M3MepeHuil Gepercsa semmamma Q 1z(a, B).
Torma mpy MOMOIIM IPEICTABJIEHHON BBIINIE METOAUKN OINEHUBAIOTCS BEJIMIHHBI
Q7 'TQ u QA fC. Ommmem 310 6osIEE TOIPOGHO.

[Ipu HOBOM BapmaHTe yCTAHOBKH OJI0Ka HBIOTOHOMETPOB (DUBUIECKH OCMBIC-
JIEHHO TIOCTYIIUTDH cjemayiommuM obpazom. CHadaja HaI0 MepefiTh OT CUCTEMBI
koopmuaaT M?j k HOBOI cmcreme koopmmmar MUk, mo ocsM KoTOpoil B mIea-
JIe JOJKeH ObITh yCTAHOBJIEH OJOK HbIOTOHOMeTpoB. Marpuma opumentammu MUk
orrHocuTenpHo MPj onpesensiercss u3BecTHON MaTpuiei (). 3aTeM, B cumiy cyM-
MapHOH TIOTPENIHOCTH YCTAHOBKH ILIAHIMANHOLI 1o ocaM MYk u 6Gioka Ha mTaH-
maiidy, obpa3yercss HETOYHOCTH B YIVIOBOI OpHEHTAIUU TPUOOPHOTO TPEXIDaH-
ruka Mz otHocuTessio MPk. Dta merounocTs ommchBaercs matpueit (E + ék),
rae 0F = (9’f, 95’, 9]3" )T — HEM3BECTHBIN BEKTOP MAJOTO MoBopoTa M z OTHOCUTEIHLHO

MYk, a 6% — coorBercTByIOIIA €My KOCOCHMMETPHIECKAST MATPHIIA.

Buawase sror nepexo ObL1 hOpMaM30BaH NCKYCCTBEHHO: CHAYAJIa OPUEHTa-
st M?j 6bia Ty Th m3MeHeHa IPH TTOMOIIM HEM3BECTHOTO BEKTOPA MAJIOTO TIOBO-
poTa @ ¢ HesBHBIM MOCTPOEHHEM HOBOTO Tpexrpanuuka MPj(6), a moToMm ToUHbIM
M3BECTHBIM IIOBOPOTOM, OIpeIessieMbIM MaTpuiieil (), ObLIO IMOJYyYIeHO UCTHUHHOE
[TOJIOXKEeHNEe TIPUOOPHOro TpexrpanHuka M z.

[TosToMy KocOCHMMeTpIIecKie MaTpuibl 6F 1 0, cooTBeTCTBYIONIIE BEKTOPAM
MAJIBIX IOBOPOTOB 0% 1 ), CBA3AHBI COOTHOIICHTEM

0 ok —ok
QIE+0) =(E+6MQ, o= -5 o o
05 —oF 0
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(ManI/ILLa é OlIpeJie/ideTcda aHaJ'IOFI/I‘{HO), OTKYyIa
(27) 0=Q'0*qQ.

CiietoBaTeIbHO, TIPH HOBOM TIOJIOKEHNH OJIOKA B OCHOBHBIX hopmyrnax (4),
CBSI3BIBAIOIINX HEIIOCPEICTBEHHO OIEHUBAEMbIE MIApAMETPhI ¢ ¢ OIUOKaMu OJI0Ka
HBIOTOHOMETPOB U CTEH/JIa, HAJIO ¢jiesiaTh 3aMenbl (26), (27).

Torma ¢ yaerom dopmyst (4) HETPYAHO TOIYUNUTh CJIEIYIONNE COOTHOIICHUSI:

Af](.) q'7
(28) R =4d1, Ao —|—O£* = (2, € = (3, Afg = gQ q11 5
Af?? q15
. 45 46 44 B Ag B
<F+9k> =Q| ® qo ¢ |Q'+E——-QNQ AB,
q12 4913 qi4 g
(29)
0 -1 0
N=|1 0 0
0O 0 O

Dopmyitst (28) u (29) SBISIOTCS OCHOBOIL I IOCTPOEHUST OIEHOK ITOI'PEITHO-
creit 610ka HBIOTOHOMETPOB U OMINOOK CTEH[A IPU HeOA30BOM HOJIOXKEHUH OJIOKA.
OO6BIYHO IPUHUMAETCST OJIHO W3 CTAHJIAPTHBIX COIVIAICHUIT oTHOCHTE bHO It cun-
Taercs, 9To Marpuna I sBiisercs 160 HIZKHETPEYTOJIBHOM, b0 CHMMETPUIHOI.
Kpowme toro, snementsr E % MHOI'O MEHBIIIE JUArOHAJIBHBIX 9J1eMeHToB [, a 1Ba

HEHYJIEBBIX, BHEMArOHAILHBIX d/1eMenTa QNQ 'AS MHOrO MeHbIE COOTBETCT-
ByIOIIIX 97eMeHToB §%; mosToMy mMu MokHO npereGpeus. Torma, MOACTABISS B
(28), (29) BMECTO KOMIIOHEHT ¢ WX OICHKH, HAfiJ[CHHbIe IIPH HOMOIIU 6a30BOrO
AJITOPUTMA, MTOJPOOHO OIMUCAHHOTO BBIIIIE, JIETKO MOCTPOUTH OIEHKU JJIst TOTPEII-
Hocreit crenma K, Aa + o, €, cucremaruueckux cmemennit AfY, AfY AfY u
3JIEMEHTOB MaTpuIlsl ' + 9"’ Wcnonb3yst crangapTHBIE COTIAINEHNsT OTHOCUTE b
Ho I' m KOCOCI/IMMeTpI/ILIHOCTb Hk, 1o onenke I' 4+ 0% serxo OJHO3HAYHO OIEHUTH
3jieMeHTHI [’ 1 BeJ U InHbI 91, 0]5 u 0§.

8. 3ak/rouenue

B crarbe moapobHO onmMcaHO MPUMEHEHNE MEeTO/a TapaHTUPYIOIIEro OIeHIBA~
HUS JJIsI TIOJIYYeHUsT MUHUMAJILHOTO YUCJIA YIVIOBBIX HMOJIOXKEHHUI IIPU KaJIuOPOBKE
0JI0Ka HBIOTOHOMETPOB Ha HOMUHAJILHO BBICOKOTOYHOM creHje. Ilokazano, 4ro
MUHHUMAaJIbHOE YHUCI0 HOoJIoXKeHuil crerga pasuo 10. IToaydeH MTOroBbIE MUHH-
MaJIbHBIHA IJIaH KaJIuOPOBKH, U IOCTPOECHBI OITUMAJIbLHBIE FapaHTUPYIOIIIE OIEHKN
nmapameTpoB. HcciaenoBan ciaydail HETOYHON peau3aliy ONTHMAIBLHBIX YIVIOBBIX
nosozkeruit. ITpuBenensr (hopMyJibl Ilepecyera Ipu OOIIEeM OJIOXKEHNH 0JI0KA HbIO-
TOHOMETPOB Ha IulaHimaiibe. IIpuMeHeHne mpemIoXKEHHOIO MOAX0Ha K peaIbHOi
3ajade KaJaunOPOBKU C IMArHOCTUKON CTEH/a MOKa3aJI0 BBICOKYIO 3(DPEKTUBHOCTD
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MeETOa TapaHTUPYIOIICro OIUCHUBaHWN. Drot METOHd MO2KET OBITH HCIIOJIb30BAH
JJIgl pelIeHnd MHOT'UX 3a/ad OIICHUBaHW A, KOT/Ia IHUCJIO I/IBMepeHI/Iﬁ JOJIZKHO OBITD
MHUHUMHU3HUPOBaHO.
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