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T.A. TkaueBa

MHOI'O®YHKLIHOHA/IbHBIE ABTOMATH3HPOBAHHBIE
IMOBEPOYHBIE CHCTEMbI CPE/ICTB U3MEPEHHH
PACIIMPEHHOIO AHAITASOHA

B TOPHOM IIPOHU3BO/CTBE

IokazaHbl npo6/1eMbl aKTHBH3aLIMH METPO/IOTMYeCKOro obecriedeHHs MeTpo/IorHye-
CKO¥ 006pabOTKMU AaHHBIX TOPHOro rnpousBoacTBa. IlokasaHa HeoOXOAUMOCTb Ka/lH-
6pPOBKU A0OBIYHOIO MPOCTPAHCTBA, UCITO/IB30BaHHs AaHHBIX [TOBEPKH, a TaKXe CITYTHH-
KOBBIX H Ha3eMHbIX M3MepeHHIT H KOHTpO/1d. BriepBsie chopMyuMpoBaHa M AOKa3aHa
TeopeMa I10 HOBbIM acrleKTaM H3MeH4HBOCTH K ropHoro o6opyaoBaHuS.

KnroueBble c/toBa: ropHOe NMPOH3BOACTBO, CpeACTBa M3MepeHHs, aBTOMaTHU3HpPOBaHHas
roBepoyYHas CHcTeMa, A0OBIYHbIe MPOLIeCCh, MeTPO/IOrHYeCKHe MPOLIECCHI.

Beenenue
nOCTOHHHoe pasBUTHE M HOBBIE OAXO/Ibl B COBPEMEHHOM MH(OPMALIMOHHOM
otpacnu, rae o6beMHeHbl U3MePeHHsi, KOHTPO/Ib M HaG/II0ICHHS 38 Pas/Iny-
HBIMU, HO B3aMMOCBSI3aHHBIMU M B3aMMHO 3aBUCHMbIMU Tpolieccamu «Oxpatbl [puy-
poabp, «<BoccTaHOBEHHs 30HBI 10OBIUH TO/IE3HBIX UCKOTIaeMbIX» 1 «/{o6bum» (puc. 1),
BHOCSIT U3MEHEHHs U B CUCTeMbl MEeTPO/IOTMUECKOTO 0BeCIieueH st TOPHOTO MTPOU3BO/I-
crBa. [locTosiHHOE M3yueHHe BceX OCOGEHHOCTeN 3THX IMPOLIeCCOB BCerza siB/siercs
CTpaTerveil ¥ TaKTUKOM pa3BUTHsS BCErO FTOPHOTO MPOU3BO/CTBA, UTO YAOBGHO Ipes-
cTaBUTh Buze rpadpa (puc. 2).

Puc. 1. O6mne Buasl yacreri /lebeanHckoro Kapbepa
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3Konorus Jlo6eIua nosie3HbIX HCKONaeMbIX
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| BoccraHoBneHHe 30HEL J00BINH I

Puc. 2. I'pach B3aHMOCBA3H perHOHa/bHbIX MPOLECCOB A0OBIMH NO/Ie3HbIX HCKONAaeMbIX

['pad B3aMMOCBs3M perroHanbHBIX MMPOLIECCOB AOOBIYM IMO/Ie3HBIX MCKOIMaeMbIxX
MOKa3blBaeT KOPPEMMPOBAHHOCTh — SKO/IOTUHU, OOBIYHBIX [MPOLIECCOB Y BOCCTAHOB-
7IeHYs 30HbI ZI00OBIYM T10/1e3HBIX HCKOTaeMbiX.

[lericTBYIOIIIME TOPHO-TTPOMBbILI/IGHHBIE KOMI/ICKChI HAB/II0AeH s, KOHTPO/Is 1 13-
MepeHHI, OXBaThIBAIOLINe MHMPOKUI AHana3oH (PU3NYeCKHX Be/lHUMH: «CITYTHHUKO-
BbIX» M «Ha3eMHbIX» — TPAAMLIMOHHBIX, YCTAHOB/IGHHBIX Ha Kapbepax, pa3pe3ax U
ap. A0OBIBAIOMIMX OOBEKTax, a TakKkKe HertocpeZCTBeHHO Ha TOPHOM 060PYA0BaHHU
(TO)» uMeroT pasHble TeHACHLMH B U3MEHUHMBOCTH CBOEIM TOUHOCTU BBUAY BAUSIHHS
MHOKeCTBa BHelHUX (PakTOpoB. K 1MosToMy ro-HOBOMY CTPOSITCH, HAllpUMep, UH-
dopMalMooro-u3MepuTesibHbIe, YIIPaB/soie U MHOTO(YHKIIMOHA/IbHBIE TPeLy-
3MIOHHBIE TIOBEPOYHbIe CUCTEeMBI /151 KOMIZICKCHOTO HCTO/Ib30BAaHUA BCEM COBOKYII-
HOCTH T10/1y4aeMo¥t MoBepoYHo uHdopmarmu [1, 3].

[pumep pellieHKst CTPYKTYPhl aBTOMATU3UPOBAHHOM [MOBEPOYHOM CUCTEMBI [aH
Ha puc. 3.

AHanuTHuecku o6paboTKa MOBEPOYHBIX M METPO/IOTMYECKHX AaHHBIX TPe/ICTaB-
71s1eTCs Kak

| O (t), > max,
I=1

O_ (t)., - max,
k|:|1j!1i|:|1 L) (1)

rae O — o6beMbl KOHTPO/IbHO-U3MEePHTE/IbHBIX (K-1) M TOBEePOUHBIX (I1) JaHHBIX,
aBTOMAaTHUECKH COOHpaeMbiX K3: Ka/MOPOBaHHOTO (METPUYECKU aTTeCTOBAHHOIO)
[OOBIYHOTO MPOCTPAHCTBa (pHrc. 4); paclipeneneHHbIX M0 HeMy i-biX BHIOB T'OPHO-

Oro3HaqYHHE Konmvaepman
obpasiosnre chpaboria
MepH AN MBR K2 HTPOIA KAMMBEPOBKA Metponormaeckoe
X mwpenst =>{ _AOBBEMHOTO NporpaMMHEpOBaHHE
NPOCTPAHCTBA
N
'abowne cpecTBa TexEONOTHA
Rabmonenuil, KOHT- RobuaM
oA B HsMepeHuH (—] fetpomormecxme CUCTEMA l
MPOUECCH C yHETOM YIIPABNEHWA X OKOHOMAYECKHE
HAHOPA3MCPREX KATMBPOBKOM é———(}f\ “—
BENHIHR JI0BBIYHOTO #~ RAaHHEHE
_f e T NPOCTPAHCTBA I
Ha6 mozaembie, KOHIPOIMPYEMBIC M MSMEPACMBIC OTOTHERHAA
durrrIeckte U APYITIC BEIRAIHBI
Puc. 3. Crpykrypa aBTomatHsupoBaH- Puc. 4. CTpykTypa Ka/HOPOBKH AOGBIYHOIO
HO¥H NOBEepPOYHOH CHCTEeMbI npocTpaHCTBa Kapbepa (pa3pe3a)
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ro 06OPYAOBaHMUS, j-bIM MOAPA3AETICHUAM U K-bIM IMPOU3BOACTBEHHO-PErtOHa/IbHBIM
MOOBIUHBIM KOMIT/IEKCaM.

AcnekT ynpaBleHHs MeTPONOrHYeCKHM obOecrneyeHHeM A0ObIYHBIX
NPOLIECCOB U TEXHO/IOTHUM

[nst adppeKTUBHOM 1 MOMHOM pearrsalivii (PYHKLINK aBTOMAaTH3MPOBAHHOIO KOHT-
pons, vaMepeHui, HabMoaeHU U yripaBaeHus 1o moaenu (1) HeobxoauMo pas-
pabaThiBaTh M BHEAPSTD ITPHHLIMITHA/IBHO HOBBIE HMH(OPMALIMO/IOTMUECKUE CUCTEMbI
(prc. 3, 4) 1 TexHOMOrWM, BK/IOUAIOLINE CPaBHEHUE MCIO/b3YeMbIX CHCTEM METPO-
MIOTUYECKOro obecrieyeHusi ropHeix npearnpuatyi [1-3]. OcobGeHHOCThIo oaxoaa
K rpoGrieMe MeTpO/IOTHYeCcKOro obecrieueHrs roOpHOro MPOU3BO/ICTBA SIB/SIOTCS:

* BK/IIOYEHHE TeXHO/IOTMU Ka/IMGPOBKU MOOBIUHOTO MPOCTPaHCTBa (puc. 4);

* aTTecTalys A0OBIYHOTO MPOCTPAHCTBA, BK/IOYAIONIErO M3MepeHusi, KOHTPO/Ib
Y Hab/TioAeH s 3a MHOTUMH (DH3NYECKUMH 1 He(pU3MUeCKUMU Be/TMUMHaMU;

* UCIIO/Ib30BaHKe Mpeae/bHO BO3MOXKHOTIO /715l AaHHOTO TOPHOTO MPeArprUATHs
[vara3oHa U TOYHOCTH U3MEPeHUM, KOHTPO/IS ¥ Hab/moAeHN MHOXKeCTBa husnye-
CKHX Be/TMUMH, BK/IOUasi HAaHOPa3MepHOCTh; pa3paboTKa HOBBIX aClleKTOB MEeTPO/IO-
TMYECKOro MPOrpaMMUPOBAHUS.

ABTOMaTU3UPOBaHHasl CHCTeMa CPe/ICTB M3MEepPeHHi, KOHTPO/Is U Hab/MoAeHUI
TOPHOTO MPeANPUATHSA AO/MKHA UMETh PacCPef0TOUeHHYIO CTPYKTYPY U MOCTOSTHHO
Pa3BUBAIOIIYIOCS MTOBEPOUHO-3KCIIePHUMEHTA/IBHYIO Gady (HarpyuMep, peMOHTHBIE U
MoBepOYHbIe MacTepCKHe, Liexa, [IPeArnprATHUs, (UPMBI 4718 COBMECTHOM, COBMECTH-
MOM M COI7/IaCOBAaHHOM (3KOHOMHYECKH, TeXHUUYECKH, TeXHO/IOTHUECKH, COLIMA/IbHO
Y T.[.) 9KCI/IyaTallMk OTeYECTBEHHOM U 3apyOe:kHOM KOHTPO/TbHO-U3MEPUTE/IbHON
TeXHHKH) U CepBepHYI0 MH(POPMALIMOIOTHUECKYIO CTPYKTYPY C YUAaCTUYHO OTKPBITHIM
OOMEHOM HeKOTOPOM YacTH MPOM3BO/ACTBEHHBIX TAHHBIX, HAlpPaB/IeHHbIX Ha WHTeH-
CUDUKALIMIO PerMoHa/IbHBIX TOPHO-TTPOM3BO/ACTBEHHBIX MpolieccoB [2]. MiMeHHo 31O
Y orpe/ensieT U3MeHeH!sl B TIePCIIeKTUBHBIX TPeGOBaHUSAX K MX TOUHOMY YITpaB/ie-
HUIO ¥ HOPMHPOBAHUIO.

OcHoBHble TpeboBaHHUsA 34eCh C/Ieayiolilye: Ha/MyHue COBPEeMEeHHOIro U MOCTOsH-
HO OOHOB/IAEMOr0 TEeXHUKO-TEXHO/IOTMUECKOro ObOecrieueHust mpolecca A1s Mpo-
Be/IeHUs] SKCIIePUMEHTA/TbHBIX M TeOpeTUYeCKUx paboT (Hamprmep, obecrieueHust
HMH(OPMalIMOHHO-U3MePHUTETbHOM TeXHUKOM U TTOBePOYHBIMU TEXHO/TOTUAMU U CH-
cTeMaMu), TOYHOCTU U COT/IaCOBAHHOCTH B3aMMO/ICUCTBHS PeXUMOB (PYHKIIMOHHUPO-
BaHMs BCEX TOJCUCTEM, Ha/IeKHOCTH M SKOHOMUYHOCTU, BO3MOKHOCTH Pa3BUTHS.

[lononHss Teopernyeckue npuHLmel K. [eaens — «nonHoter v K. Dmbu — «3a-
KOH HeOOXOAMMOro pasHOoOOpasvsa yripasieHus» (puc. 4), B JaHHOM c/iy4ae Me-
TPO/IOTMYECKOT0, CYTb KOTOPOTO COCTOMT B TOM, YTO: «... pasHOOOpa3ue CHCTeMbl
yrpasaerns (CY) momkHO ObITh HE MeHbllle PasHOOOPa3us YITpaB/IseMoro oObeKkTa
(B HallleM caydae paccpes0TOYeHHOTO B KOOpAHWHATaX — X, Y, Z U paclpeneneHHOro
0 BpeMeHH — t) ...» U YUHUThIBas [IPU 3TOM, UTO, BO-TIePBbIX, TOYHOCTHBIE TTOKa3aTe-
nu CY Ha MopsaoK BhIle, YeM Y 0ObeKTa, Y CPe/CTB U3MepPeHHH U KOHTPO/IS OHU
Ha TopsnoK Beile, ueM y CY), M, BO-BTOPbIX, MAKCUMA/IbHO TTO/THBINA CIIMCOK OT-
K/IOHEeHUH ToKasaTtesnier, Kak (pakTop UH(POPMALIMO/IOIHUEeCKOMN ITO/THOThI OIMCAHUSA
V3MEHUMBOCTH, NPEACTAB/ISETCH aHA/IMTUUECKU B C/IeYIONIeM BU/Ie

{AKo(l ), X0, Y10, Z10.10) >> AK -, (I , X t

v s Kicy Yiey +Zicy » tey )

{AKO(I, X 10, V05 Z 1005 10) >> ARy Iy, X ousY ey sZ neys Eev - (2)
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cy(Icy’chy’y1cy’z1cy’tcy)} >> {AKM(IM’XIM’yIM’ZU/I’ ty)

AK
AKcy(Icy’chwylcyvzlcyvtcy)} >> {AKK T, Xis Yi> Zc»> B)

AK oy ey s Xy s Yncy sZncy s tey ) >> {AKK (I, Xk s Yo > Zoie s i)
AK oy (Tey s X ooy s Yoy »Zney s Ty ) >> {AKK (L, Xoks Yoo Zoger ) 3)

roe AK,, AK.,, AK,, AK,, — OTK/IOHeHU# INOKa3aTe/lell TOPHOTO WM MeTPO/IOrH-
yeckoro obbekra, CY, cpencTB KOHTPO/IS U U3MEPEHH, OllepaTUBHbIE AaHHbIE T10
KOTOPBIM aBTOMAaTHUeCKH 06pabaThiBaloTCA B HMHPOPMALMOHHO-OOCIYKHUBAIOIMX
CeTAX FOPHBIX MPearpUATHI, N — YUC/IO0 U3MepsaeMbIX, KOHTPO/VMPYEeMbIX U YIIpaB/is-
eMbIX [TOKa3aTesieil Ha OObeKTe.

Bcs noctynaioiasi moBepouHasi ¥ MeTpo/IorMueckast MHpOPMALIMs A0/MKHa CIOo-
CcOBCTBOBATh peasv3aliii ONTUMa/IbHOTO 3aKOHa YITpaB/IeHUs [TOACUCTeMaMH, KOTO-
pble BK/IIOUYAIOT, B YACTHOCTH, TMOACUCTeMbl HabMIOASHNI, U3MePEeHU U KOHTPO/Is,
YTO MpeACTaB/seTcss Kak ONTUMa/lbHasg COBOKYITHOCTb BU/a

Upoplly > ©) — opt, (4)

rae Upp(ly — ) — yrpaBasiomee Bo3aeicTsre, BbipabaTbiBaeMoe, HarpruMep, Ha
OCHOBe H3YueHHs OCOOEHHOCTel M OIepPaTHUBHOIO BK/IIOUEHMs AaHHBIX [MOBepOu-
HOM MH(OPMaLIMK CPeaCTB FOPHO-TIPOM3BOACTBEHHBIX M3MepeHUt U KOHTPO/s B
OCHOBHBIX TeXHO/IOTHSIX Ha FTOPHBIX OOBEKTax, YTO MOBBIAET MX YYBCTBHUTE/IBHOCTD
K MU3MeHEeHHsIM 1 TOYHOCTb.

CkazaHHoOe Bblllie orpe/ienseT HeKOTOpble HOBbIE acrieKThl PUaocoduu Coraaco-
BaHHOTO PasBUTHS, aKTUBHBIX METPO/IOTMYECKUX TeXHO/IOTHI U OCHOBHBIX IpOLiec-
COB COBPEMeHHOTI0 rOpPHOro MPOM3BOACTBA, BK/IOYas HOBble HayuHble HarlpaB/eHH s
(MHTEHCHBHOE KCITO/Ib30BaHKe MMOBEPOYHON MH(OPMALIMU; TOUHOE HOPMHPOBaHHe
MPOU3BOACTBEHHBIX [MOKa3aTe/siell ¢ Y4eToM CTPYKTYPHOM CAOMKHOCTH BXOAAIIMX B
HUX (PU3MUECKHX Be/MYMH U T.11.).

HHucpopMallHOHHBIH acCneKT

B Hacrosimiee BpeMsi MAEeT WHTEHCUBHOE TOBbILIEHHE TOUHOCTH — MPELM3HOH-
HOCTb 00paboTku ([10) MmoOBIX AaHHBIX, B T.4. KOHTPO/BHBIX — «K», U3MEpPHTE/lb-
HBIX — «¥», HAaBMOAGHUM — «H», 30HAMPOBAHUSA U T.A., YaydiiaeTcss PakTo/NOTUs Top-
HO-TIPOM3BOACTBEHHLIX IMTPOLIeCCOB, HO IPH 3TOM BO3HHMKAIOT M HOBbLIE HpO6H€MbI.

BO—HepBbIX, O6'b€MbI Mo/1y4yaeMbIX TOPHO-TIPOMU3BOACTBEHHbIX AaHHBIX XOTA U Be-
NMWKM, HO HET /I0Ka3aTe/lbCTB TOTO, UTO OHU aZAeKBAaTHO OTPAXKAIOT UCTHHHOE I10710-
JKeHMe, HarpyUMep, CBA3aHHOoe ¢ HazexkHOoCThio [O npu 106k14e Moie3HbIX MCKoTae-
MBIX. OcoBeHHO 3TO KacaeTcs, HarlpuMep, U3MeHUHMBOCTH A0MYCKOB Ha MapaMeTphl,
BXO/SIIME B TOKA3aTe/ld HAAEXKHOCTU, B YAaCTHOCTH, KO3(ULIMEHT TOTOBHOCTH —
K TO.

[ns TO, paccpeanoToUeHHOMY U MOCTOSIHHO TepeMellalolieMycsi B COOTBETCTBUM
C TeXHO/IOT'MYeCKHM pPer/iaMeHTOM I10 TOPHM30OHTaM KapbepoB U pPa3pe30B, Mbl MMeeM
MPOCTPAHCTBEHHO-BPEeMEeHHYIO METPU3VIOIIYIO 3aBHCHMOCTb BH/Ia

OM,K,H(XiAX7YiAY,ZiAZ,tiAt)—)oo, 5)

rae Oy, (X £AX)Y £ AY,Z £ AZt £ At) — 06beMbl JAHHBIX PELM3UOHHBIX TEXHO-
MTOTHYECKHX U3MEPEeHHI, KOHTPO/Is U HabmoaeHui (B YaCTHOCTH, Ha3eMHBIX U CITYT-
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HHKOBBIX CHCTEM M TeXHO/TOTHI), U3MEHSIIOIIMXCA B ITPOCTPAHCTBE W BO BpeMeHU Ha
TOPHOM OOBEKTe.
M nipu MHOPMaLIMOHHO-METPO/TOTMUECKOM 1eKOMITO3ULIMH

O (X+AX,Y £ AY,Z £ AZ t + At) umeem

H.K.H

Oﬂ HA3EM I/I,K,H(

XH3 iAXH3’YH3 iAYH3’ZH3 iAZH3,tiAt)—)OO, (6)

Opcrvr upnXe £AX, Yo £AY, Zo £ AZ,t £ AL) — o, 7

rae O nasem HKH (Xps £AX 13, Yis £AY 5, 2,3 £ AZy 5t 2 AL

u O e (Ko £AX, Yo £AY,Zo £ AZ,t + At) — 06beMbl AaHHBIX TTPELIM3HOH-
HBIX TeXHO/TOTHUECKUX W3MEpPEHMI, KOHTPO/IS W HabMIOAeHWI Ha TOPHOM OGbeKTe
Ha3eMHbBIX U CITYTHUKOBBIX CHCTeM, COOTBETCTBEHHO.

OrmMernM, uTO O6BEMBI TOPHO-TIPOM3BOACTBEHHBIX AaHHBIX BE/IMKH U B Ipeserse
CTpeMATCs K 6€CKOHeYHOCTH, a cooTHomenne Mexay O, .yor ¥ O 11asey TOCTOAHHO
M3MeHSIOTCH. YKe ceflyac MAeT MHTEHCUBHBIN r1epexoa OT [-6aiTHbIX K [ [-6aiiTHeIM
obbemaM U Horiee, riepepabdaTbiBaeMoii HHPOPMaLIKH, UTo TpebyeT MOCTOSHHOM MO-
[lepHU3aLIK NIPUMeHAeMON UH(OPMalIMOHHO-U3MEPHTETbHOM TeXHHUKKU U MeTPO/IO-
TMYeCKUX TeXHO/IOTHH.

Merponoruueckuii acriekT

OlieHKa ¥ CpaBHEHNE METPO/TOTHUECKUX XapaKTePHCTHK MO/MYUaeMblX Ha3eMHBIX
Y CMIYTHHUKOBBIX TOPHO-TIPOM3BOICTBEHHBIX aHHBIX — 3TO OT/Ae/IbHasg Hay4yHO-TeXHH-
yeckas 3aia4a. [ loaToMy, BO-BTOPBIX, HEOOXOAUMO COI7IaCOBaTh B3aUMO/ICHCTBUE U
TOUHOCTb MTPUMEHsIeMbIX OOPa3sLIOBbIX Mep, KOTOPhIe BCer/ia UCTIONB3YIOTCS TIPU Me-
Tponorudeckoi o6pabotke naHHbIx (MO/]) 1 B 3HauUTe/ILHOM CTEreHU OIpeaesisiioT
ee MOrpelHOCTH B HEMMOCPeACTBEHHOM pPexRUMe (DYHKIIMOHUPOBAHUS.

B-Tperbux, 06beMbl AaHHBIX, COAepKallie MPeLMU3HOHHO-UHOPMALIMO/IOrHYe-
crue (ITH) pesyrsraTthl U3MepeHnit (HarpyuMep, 3KCKaBUPYeMOM FOPHOM Macchl, 3a-
TpaT 5/1eKTPO3HEepruu, Bozasl, rasa) rno [0 [ 2]

Omiro X, Y, Zt)=> 0 (8)

rae Oy, , — O6beMbl JaHHBIX MPEeLM3HOHHBIX TeXHO/IOTMUeCKUX U3MepeHHH U KOH-

TPO/Isi, U3MEHSIIOIMECs B IIPOCTPAHCTBE U BO BPEMEHU Ha TOPHOM OGbeKTe.
B-yerBepThiX, 06pabotka Oy, , TPebyeT paspabOoTKU HOBBIX METPO/IOTMYeCKHUX

CXeM, YUMTHIBAIOIIMX OCOBEHHOCTU IpHMeHseMbIX 0o6pasLioBhiX Mep (puc. 5) pas-

Cuctema ¢ saemnmaumMu OM

Cuctema PCHro ¢

BHyTpeHHUMH OM ﬁ

TOpHO-TIPOMBILLLTEHHBIH OOBEKT

Puc. 5. O6o6mennan cxema ceasu OM - PCH (cocraB armoccpepbl Ha A0GbIBalOIIHX
obbeKTax, Beca, 3aTpaT 3/1eKTPDO3HEepTrHH, pacXoa Boabl, ra3a H Ap.)
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MWUYHBIX (PUBHMUECKUX U APYrUx BenuuuH. [Ipu Mpelr3uoHHONM MeTpOIoTrHyecKomn
00paboTKe JaHHBIX OOpPasLIOBble Mepbl AO/MKHbBI KCIONB30BATLCHA Kak B Ipoliecce
3KCTMepPUMEHTa, TakK U 0OpaboTKU ero pesy/nbTaToB.

B-HHTbIX, pe3ybTaThl ITOBEPOYHLIX AaHHbLIX TeXHO/IOTMYEeCKHX CPeaCTB HM3Mepe-
HHUI 1 KOHTPO/Is TOKa ellle UCIO/b3YIOTCA OrpaHuyeHHO. A UMeHHO OHM Bcer/a siB-
ASIIOTCS UCTOYHUKOM OTIePATHBHOM AOTIONHUTE/IBHONM MH(OPMALIMH, HeOOXOAUMON
71 TIOCTOSSHHOM MO/IepHU3aLIMKU TOPHOTO MPOM3BO/ICTBA U PerMOHa/IbHOM 9KO/I0TH-
YeCKOM PeKOHCTpYKLMK B Mpotieccax «Oxpansl [Ipuponsr, «BoccTraHoBHTe/1bHBIC
rpotiecch U «/106bIUU MTOME3HBIX UCKOITAaeMbIX».

OueHka norpemHocTen

MsBecTHO, UTO B Mpoliecce M3MepeHus (a 3TO Bcerza ABOMCTBEHHBIM IMPOLIecC:
BOCIIpOU3BeIeHUe 3HaueH sl Mepbl U COOCTBEHHO MonydyeHre MHopMaliu 06 u3-
MepsAeMoi BeIMUMHe A, aHa/IUTHUeCKH BhipaxKaeMas Kak

m fx)=A ©)
rae X, X, U A — u3MepsieMoe, U3MepeHHOe 1 AeUCTBUTe/IbHOE 3HaYeHHe (PU3MIeCKOM
WX OPYrof Be/MUMHBI, COOTBETCTBEHHO, M 00paboTKa M3MepHTe/bHBIX AaHHBIX
(CMYTHMKOBBIX ¥ HA3eMHBIX), [IPY KOTOPOM TOXKe BCeraa BO3HUKAIOT MOTrPElIHOCTH.
I/IX Be/TMUWHBI 3aBUCUT OT MHOzKEeCTBa df)aKTOpOB KaK HM3BECTHbIX, TaK M HEeHu3BeCT-
HBIX, a 3Ha4YUT YUYHTbIBaeMbIX M HEYUMTbIBaeMhbIX, UTO CO34aeT Oollpeae/ieHHble, 4aCTo
HelCCrieIOBaHHBIe METpO/IorMdeckre npobneMsl. MccrneayeM v anroputMusupyem
HECKO/TbKO B3aHMMOCBSA3aHHBIX TPYIIN COCTaBasommx rnorpemtocredt MO/l naHHBIX,
Npe/CTaB/IgeMbIX B BUIE METPO/IOrMueckoro rpada (puc. 6).

OtMeruM, uTO abCOMOTHBIE TIOrPEIIHOCTY AMHAMUUYECKOrO ITpoliecca KBaHTO-
BaHUA (MpeoBpasoBaHus), Bceraa ocyiectBageMoro npu MO/ — Ayoqm (A(1)),,
BO3HMKAIONIME B Pas/IMUHBIX Auvarna3oHax — (/) u3MeHeHuss PU3MUECKON Be/IMUUHBI,
ornpeaernsioier HeKOTOPbIM TexHorornyeckuit napamerp (TT1) — cocrarB atMocdeps
AOOBIYHOTIO MPOCTPAHCTBA, BEC, 3aTPaThl 3/1eKTPOSHEPIUU, PacXod BOAbI M T.A. MO-
ryT ObITb MTPeACTaB/eHbl B BU/IC

AMOLI TI1 (ﬂ(t)) = Z AC—MO[I i (ﬂ(t)) + Z AC/I—MOLI }(ﬂ(t», (10)

rae Avogm (A1), - oBwas norpemrocts MO, Ac yoq (W),  Acqmon (A(t) -
CUCTeMaTU4eCKhe M C/IyYaiiHble COCTAB/AIONIME IMOrPelHOCTeN AWHAMHUUYeCKOrO
npottecca MO/I, cOOTBETCTBEHHO.

Ipu MO/ cuctematryeckue coctasastiommie — Ac_yoq ; (A(t)) xots m ocratotes noc-
TOSIHHBIMH, TMOO 3aKOHOMEPHO M3MeHslioTcs B rpotiecce MO/I B orpesnenieHHOM ava-
nazoxe —/I(t), Ho A0CTaTOUYHO TPYAHO BbI-

1 o fgetetaiyh = 3 AB/IIeMBI, YTO 3aTpPYyAHsAeT OrepaTHBHOe
BHECEHHe COOTBETCTBYIOMMX [MOMPAaBOK.

\ WccnenoBanve v yuer xe cydaiHbIX COC-
3 TaBAAOWNX Ay yoq (A1) mpu MO/,

BbIAIB/IIEMbIX B [TPOLIECCaX MHOTOKPATHbIX
Puc. 6. Merpoaoruueckmii rpagp: 1 — nvia- TOBTOPHBIX M3MepeHU OHOTO U TOTO XKe
TNa30HbI U3MepPAEeMbIX N KOHTPO/IHMPYEMBbIX TeX- HapaMeTpa Ha 6OHI>IHI/IX OTpe3KaX BpeMe‘

HO/IOTUYECKHX BeMUMH; 2 — YYBCTBUTE/IbHOCTh
HCTIO/b3YeMbIX CPeACTB M3aMepeHui; 3 — abco- HH, OCYIIECTBAACTCH CTATHCTHIECKH.

MIOTHBIE ¥ OTHOCHTE/IbHbBIE TIOTPEIIHOCTH U3Me- B merponorndeckux npoueccax ab-
peHuit comotHble cnyuaittble — Aoz (A1)
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U cucteMatnueckue — A yoq(/(t) coctaBasiome mnorpemHocTeit TexHoMornue-
CKHX TOKa3aTes1ed, B T.4. U HazaexHocty [0, rnposeasioTcs B paGoueM NpocTpaH-
CTBE — Xypp, Yoy Zpy Y BPEMeHH — t OZIHOBpPeMeHHO /W60 pasHOBpeMeHHO. Tak uto
obwas norpemHoctb — Ayoq 1 (t) = Acy_yon (A) + Ac_yioq :(A(1) npu yenosum nx
He3aBHCHUMOCTH MpeacTaBuMa B moaenn CKO kak

2 2
Swoa b, Xgrp, Vs Zorp) = \/G cn-mont X1y, Y11, Z) + 6% c_aon (b Xy, Yy Z11) , (11)

rae Gy, — CpeaHee KBaAPaTUIeCKOe OTK/IOHEHUe.

3ameruM, UTO 3HaUeHWsl BPeMEeHHBIX U [IPOCTPAHCTBEHHBIX COCTAB/SIONIMX C/1Y-
YalHOM MOrPenHOCTH 3apaHee HensecTHO. OHY BO3HMKAIOT M3-3a MHOKECTBa pas-
MUUHBIX, B T.4. ¥ HEYYTeHHBIX (pakTOpoB (Hampumep, padota [O Ha pasmUUHBIX
TOPH30HTaX WM KOMMEPYECKH pasae/leHHbIX Y4acTKax, Ha KOTOPBIX AeMCTBUTE/IbHO
OCVIIECTB/AAIOTCH KOHTPO/Ib M M3MepeHHs MPOM3BOACTBEHHbIX Ipolieccos). Cryuari-
Hble MOTPeIIHOCTH XOTH U He/lb3d NCKAIOUUTh TIOTHOCTBIO, HO UX B/HSHHE YaCTUYHO
YUUTBIBAETCS MPU MHOTOKPATHO!M 0OpabOoTKe TMOMYUeHHBIX Pe3y/IbTaTOB U3MepPEeHHUIA.
[ls1 3TOrO NOMKHBI OBITH OIMpeesieHbl UX BePOATHOCTHBIE U CTATUCTHUECKUE Xapak-
TEePHCTHKHU (3aKOH pacripeie/ieHusi; 3aKOHOMEPHOCTH M3MeHEeHHUs] MaTeMaTHUeCKOoro
OXMIaHUS, MO/bl, MeauaHsl, cpeaHero 3HadeHuss CKO; noBepuTerbHblie BepoOsT-
HOCTb Y UHTEpBasa U ap.).

B anroputMax KOHTPO/IBHO-U3MEPHTE/TBHBIX
MMPOLIECCOB TOPHBIX TeXHO/IOTUM MpH 06paboT-
Ke Pe3y/IbTaTOB MEeTPO/IOTMUeCKUX HabmoneHHT
BO3MOXKHBI U ApYrue acrekThl PacCMOTPeHHs
ocobenHoctert MO/ Kak Mo KakaoMy TeXHO-
norudeckoMy Mokazateno [O, Tak v ropHoMy
MpOM3BOACTBY B 11ertoM. Passutre MO/I B rop-
HOM TPOMBILIZIEHHOCTH T103BO/ISIeT OlePaTHBHO
COT/IaCoOBBIBaTh TEXHO/IOTHYECKHe, 3KOHOMUYe-
CKHe, 3KO/IOTMYeCKHre U Ap. IoKa3aTe/Iu. Omcrokc#1 JUHTe IHHOCTH

LI SKCKABALIEL

B-1ecTnix, B NMpesenax AOMYCKOB UMeeT Me-

CTO 3HauWTe/bHas W3MEHUYMBOCTb 3akoHOMep- PHC. 7. I'mcrorpamma pacnipese-
HOCTell pacrpesie/leH!i MapaMeTpoB, KoTopyio ~eHHA OTKIOHEHHH  ATHTE/IbHOCTH
HeoOxoMMMO aHanuaupoBaTh (puc. 7-11). Ha [IHITa B PaSAHHHBIX VCIOBHAX SKe:
KaBallHH

puc. 7 npeacTaBsieH MpyuMep MOIUMOAATBHOTO

pacripesiesieHsi OTK/IOHEHWI BpeMeHH LIMK/a
SKCKaBaLlMM, 3aBHUCALIMN, HApUMep, OT TeXHO-
IOTHUeCKHX YUaCTKOB Pa3pes3oB WK Kapbepos,
rae BedeTcsl dKcKaBalwms. [Ipumep rucrorpam-
MBI 3aKOHOMEPHOCTU paclipeie/ieHusi CTaTUCTH-
yeckoro K| B pasnmnuHbix ycnopusax pabots [0
(puc. 8).

Pacnpenenenue K., Ha puc. 8 umeer oaHo-
MOZIa/IbHBIM XapaKTep C /IeBOM acHMMeTpHer,
YTO CBf3AHO C OTHOCUTE/NbHO OO/1erdeHHbIMU
YCIOBUSMU Ha Teperpyske. [Ipumep rmcro- 0
rpaMMbl pPacripesie/leHrs CTAaTUCTUUECKOTO TO-  Pyc, 8. lucrorpamma pacnpenesne-
kasaTens Ha ) B sKcTpeMasibHBIX YCIOBUAX Pa- Husa Kr B pasaM4HBIX YCAOBHAX IKC-
6otel [O naH Ha puc. 9. KaBauMH

06

03

Omnouenns Kr
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Puc. 9. I'ucrorpamma pacnpeaene-
HHA CTaTHCTHYECKOro nokasarte/s

Ha_, B 3KcTpeMa/bHBIX YCAOBHAX
pag?)nu I'O, onpeaensiemoro B npo-
ecce MapKIIeHAePCKHX 3aMepOB

OTa rucTorpaMma pacrpeziesieHrus OAHOTO U3
BaxkKHEHMIMX [OKasatener HazexHoctd [O -Ha-
IPYKEHHOCTH, KOTOPOe OAHOMOJANbHO U HUMeeT
BbIpaKEHHYIO TTPaBYIO aCUMMETPHIO, UTO Xapak-
TEePHO /ISl C/IOXKHBIX YCIOBUM PabOTH B 3ab0sX
HIXHUX TOPHU30OHTOB M O3HadaeT Ha ITpaKTUKe
3HAUMTE/IbHYIO Meperpy3ky, uTo BedeT B U3MEH-
uMBOCTU K| ;. ANTOPUTM CTATUCTUUECKHX pacye-
TOB MCC/IeIOBaHUM KOHTPO/IbHO-U3MEPHUTE/IbHbIX
CHUCTeM Y METPO/IOTMUecKoro obecrieuenus rnpea-
craeneH Ha puc. 10.

OnbIT paboThl € MOMYYaeMbIMU TTPELIM3HUOH-
HBIMH aHa/TUTHUECKUMU U CTaTUCTUYECKHUMHU [aH-
HBIMU, UX OOpabOTKOM M MCC/IeOBAHUAMU I10-
KasblBaeT, UTO HerpephiBHO AOMKHBI COBEpIIeH-
CTBOBATBLCA U IMPOLIECCH KOHTPO/IS U U3MEpPeHUE

Ha TOpHOM IIPpOM3BOACTBE, YUMTbIBad WM BHeApPeEeHKHe HOBLIX, B T.4U. U CIIYTHHUKOBBIX

CHICTeM.

IIpocne:xxuBaeMoOCTh pe3y/IbTaTOB KOHTPO/IA U H3MEpPEeHHH

B-ceabMBIX, U3BECTHO, UYTO TEOPHS U3MEPEeHUI U KOHTPO/Isl, B TOM YMC/Ie U rop-
HO-TeXHO/IOTMUECKHX, A0CTAaTOUHO XOPOIIO paspaboTaHa A/ pellleHrss MHOTHX Me-
Tponoruueckux 3azad. Ho B cootBerctBuu c [4, 6, 9-10] nosBnsercs HOBoe MeT-

ITyck

BrIGop HanpaBieHHs HCCNETOBAHHH

Pa3paboTka KOHTpPO/JIBHO-H3MEPHTENBHBIX
CHCTEM, METPOJIOrHYECKOrO
NporpaMMHpOBaHHsA H obecrneyeHus

AKTI'IBI‘B&U,PISI MOBEPOYHBIX CHCTEM I'OPHBIX
obwekToB Ha O6asze EWB, MS u np.

I

OueHKa pe3yNbTaTOB AHAJTHTHYECKOH H
cratucTHieckoit MOJ]

Brigate HTOroBYyIO
oueHky MOJI

la

[

OcraHoB ]

Puc. 10. Aaroput™M MeTpo/1oro-aHalHTHYeCKHX H CTAaTHCTHYECKHX HCCAeAOBaHHH IMOKa-
3aTe/ieli TeXHO/IOTHH Ha Kapbepax (pa3pe3ax)
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["OpHO-NpOMBIINEHHBIH 06BEKT

lT + t &Tl'[

Cucrema Cucrema
Crcrema METpU3aLMH MeTpusamu || CHCTEMA
METpH3aLMHU Ha Ha YpoBHE NIOA- Ha YpOBHE METpH3aLUH
YPOBHE BCEro pasjeneHus TEXHOJIOrHYec- e ro
FOpPHOTO npeanpuATHs KHX Y9aCTKOB 0,001%
TIpEANPHATHA (mMeTposioru- KapbepoB 1 -«
(cryTHUKOBBIE yeckas cnyx6a || paspesos
cHCTEMbl U T.L) [T 90019%) 0,025%

0.0015%

Puc. 11. O6061menHas cxeMa aBTOMaTH3HPOBAHHOH MeTpH3allHH MPOCTPAHCTBa A06bI-
Balomiero o6beKTa

ponorudeckoe TpeboBaHHe — HeoOXOAMMOCTb O6ecreuunBaTth MPOC/IeKUBAaeMOCTh
KOHTPO/IA U U3MEPEHUH 10 BCeMY TeXHO/IOrMYeCKOMY MPOLIECCY, Peartta3yiolieMycs
Ha ropHoM npeanpustud. [ Ipy sToM Teopust HabmoaeHWH TpebyeT TeOPETHUECKOro
0OOCHOBaHUs, U UMEHHO Ha 31O U HaripaiaeHa L1O aaHHBIX FOPHBIX MPOU3BOICTB.
["opHbIe TeXHOMOTMY CAOKHBI, IOPOrOCTOSMLIN, CYLIECTBEHHO BAMAIOT Ha 3KO/I0-
TUIO pPeryvoHa, rzae pa3MelieHo U 3KCII/IYaTHPYeTcss MeCTOPOKAEHHE MTO/Ie3HBIX UCKO-
naemsbix. [TostoMy Heo6xoauMo pa3pabaTbiBaTh B HUX BBICOKOTOUHbIE FOPHO-TEXHO-
norruyeckure mnpotiecckl. OHu MOryT ObITh IpeacTasneHs! 1o [0, TexHomornyeckum
yJacTKaM (HarpuMmep, neperpyska — I1; 3aboi — 3; BCKpbIllla — B; CKAad — C) U T.A.
OOIMMY [IPOCTPAHCTBEHHO-BPEMEHHBIMU MHPOPMALIMOHHBIMY MOAE/ISIMU BHAA

OI"O—I/I,K,H (Xro £ AX 1o, Yro £ AY 6, Zro £ AZpg trg + Alpg) = o0, (12)
On—M,K.H(XniAXn’YniAYn’ZniAZn’tniAtn)_)oo7 (13)
Oy (X, £AX,Y, LAY, Z £ AZ ,t £ At) > o, (14)
OB—I/LK,H(XB iAXB’YB iAYB’ZB iAZB’tB iAtB)—)OO, (15)
OZIC—I/LK,H(XC t AXC’YC t AYC’ZC T AZC,tC * Atc) —> 0, (16)

Cratuctrueckasgs MO/I 1o TeXHOMOTMYeCKUM Y4acTKaM TOPHBIX TTPOU3BOACTB 110
Mozensm (12—16) rnossoasier A/1st ONepaTUBHOTO YITPAB/IeHUS Ha TOPHBIX MPearpHs-
THSX PaCCUMUTBIBATD MOTHYIO COBOKYITHOCTb CTATHUCTUUCCKUX TOKa3aTe/elt — CpeaHue
(Ma, Me, Mo), otknonenus — (o, D, V) ¥ T.4. ¥ CTPOUTb TMCTOrPaMMBI pacrpe/aerne-
HUs Bcex TpebyeMbix rokasaternnent HaaexHocty [0 (puc. 10-11).

ABTOMaTH3HpOBaHHas KanHOpOBKa (MeTpH3auMsa) NPOCTPAHCTBa pa3Me-
meHus M 3kciayatauuu 'O

B-BockMbix, MO/I criocobcTtByer 6o/ee TOUHOM aBTOMATHM3MPOBAaHHOM MeTpH3a-
LIMM TTPOCTPAHCTBA A0OBIUM IT0/Ie3HBIX MCKOTMaeMbiX 1 pasmemeHus [0, cosmaer Ho-
Bble BO3MOXKHOCTH MPAKTHYECKOTO OTepaTUBHOIO YITpaB/IeHHs, MOBHILIAET 3alllHilieH-
HOCTb TIepCOHa/ia OT 3KCTPeMa/IbHbIX YC/TOBHM, KOTOPbIe XapaKTepHbl /15 TOPHOro
npounsBoacTtBa. O600IIeHHas cXeMa ITpHMepa MeTPHU3aLK FOPHO-ITPOMBIII/ICHHOTO
OOBbeKTa, e YKasaHbl TOUHOCTH CHCTeM, Ipe/cTaB/ieHa Ha puc. 11.
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B cucteMbl aBTOMaTH3MPOBAaHHOM METPH3aLMK BK/IIOUAIOTCH pacyeThl KaK CaMUX
nokasatenei HanexxHoctv [0 — Hapy, K; 1o, To ¥ aAp., TaK ¥ UX IPOU3BOAHBIX He-
CKO/IBKUX TIOPSIZIKOB. , ,

Hanpumep, no kosdpduiimenty TOTOBHOCTH — Ko, Ky / dt, d°Kpp / dt
W 1p.; HarpyxeHHoctn Ha,,, dHa,, / dt, d"Ha, / dt* v ap.; cpeaHei HapaGOTKH —

2 2
T, dT, /dt dT, /dt® n np. Ha ocHOBaHMM IOMYYEeHHBIX PACUeTOB CTPOAT-
cs roaorpadobl BUAA:

dKrro /dt= fKr(Kr ro) (17)
derro /dtz :fKr(KFFO / dt) (18)
dHa,, / dt = £, (Ha,) (19)
d’Ha,, /dt* =1, (dHa,, / dt) (20)
dTro / dt = fT(TFO) (21)

)

d*T,, / dt* = £.(dT,, / dt) (22
[lonaraem, uto nontHeie andpdpepeHLrantl ¥ NpypalleHys IIPUMEpPHO PaBHBI, TO
13 Beipaxenuii (17, 19 u 21) nonyyaem

dKr ro =AKr o (23)
dHa,, = AHa, (24)
dT,, = AT,, (25)
rae AK; ., AHa,, AT, — abcomoTHble rnorpemHocty oueHku K. ,, Hap,, T, co-

OTBETCTBEHHO, MMEIOT MHO2KeCTBeHHble NCTOUYHHKH I'[OI'peI].IHOCTeI;I. Onu orpeanend-
IOTCA KaK

AK; ro1 = KT siomy — Kl or | (26)
AK; rop =K gpxr = Krpiopu | 27)
AHarg, =|Hay oy ~ Hagae| (28)
AHa, o, = |Hag,r = Hayopy] (29)
AT, = |THOPM - TCPAKT' (30)
AT 1o =[Toaxr = Triopul (31)

Ho norpelHocTh OLIeHOK MoKa3aTe/el HaeKHOCTH A0/MKHa ObITh Ha MOPAAOK U
6oriee MeHbllle X COBCTBEHHOM M3MEHUMBOCTU. EcTecTBeHHO, UTO HOPMHPOBaHHbIE
1 pakTHUecKHe MoKasartenu HagexxHocTu [ O ornndatotces aApyr ot apyra. M Raxabiv
M3 HUX Olpe/ie/sieTcsi CBOMM MPOCTPAHCTBEHHO-BPEeMEeHHBIM MTO/I0KEeHUEM U MPHCY-
IIMMU TO/IBKO eMy cBoricTBaMu. | losTtomy 1 asroputmel (26) v (27), (28) u (29), (30)
v (31) pasnuyHel, T.K. HOPMUPOBaHHbBIE U (DaKTHUECKUEe 3HauyeHusi rokasateneit [O
OTpeaensitoTCs PasIUIHbIMK MeToAaMU. B-aeBaThiX, oAHOM U3 Mpob/ieM, peliaeMbix
Ha COBPEMEHHOM FOPHOM ITPOM3BOZCTBE IO 0GECIeYeHHIO SKO/TOTHUeCKoM He3orac-
HOCTH Haubo/bluil 3peKT crreayer oKuaaTh OT PeanusaliMu 3a4ad TOYHOM MeTpH-
3alMK KapbepHOTo MPOCTPAHCTBa M BCeX MPOLIecCcoB, TaM nporcxoasmux. [ lorper-
HOCTM MeTPH3aLMM MapaMeTpoB Kapbepa — K, TexHomorndeckux yuactkoB — TY u
ropHoro o6opynoBanus — [O, KOToOpble UMeIOT abCOMOTHBIE — U OTHOCHUTE/TbHbIE —
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3Ha4eHHnd, B 11e/IOM MOI'YT PACCUHUTBIBATbCA ITO-Pa3HOMY. Haan/IMep, apI/ICbMeTI/I‘-Ie-
CKHMM M reoMeTrpryeckrM CYMMHpPOBaHKeM, T.e. NMeeM

YA =Y« tY1v ¥ Yror,

r

Y = (sz + YzTy + ero:')l/2

(32)
W3 Beipaxenunit (32) monydaeM BEpxXHIOK (MaKCHMMa/lbHYIO) U HUKHIOK (MMHU-
Ma/IbHYIO) OLICHKH TMOTPElIHOCTEH, MPaKTUYEeCKOe UCMONb30BAaHUE KOTOPBIX 3aBHCUT
OT pelllaeMbiX MH(OPMALIMOIOTHUECKUX Y METPO/TOTMYECKHX 3a1a4 10 aTTecTalry
11 HOPMHPOBAHUIO COBPE@MEHHBIX FOPHBIX TeXHO/TOT UM, B KOTOPBIX MapKILIeHaepCcKue
3aMepbl U MX MPEeLM3MOHHOCTh AB/IAIOTCH BaXKHBIMM (DAKTOPaMU, BAMSIONIMMM Ha
HaZeXKHOCTb U 9p(PeKTHBHOCTb paboTh TOPHOrO 06OpYAOBaHUs B LieroM [1, 5-7].

BbiBoab!

[apMOHMUHOE, 3KOHOMMYECKH M COLIMa/ZIbHO 3HAaYMMOe PasBHUTHE TeXHUKU U
TEXHO/IOTHI 3KCI/IYaTallii KapbepoB, Pa3pesoB, LIAaxT U PYAHUKOB obecrieurBaet
3KO/IOTMYECKYI0 6e30MacHOCTh U 3(pPEeKTUBHOE PasBUTHE TOPHOTO MPOU3BOICTBA
Tormbko Ha ocHoBe MO/, BRaOUAOMMX CIYTHUKOBBIE M Ha3eMHble Hab/moneHuUs,
KOHTPO/Tb U UI3MEPEHUs U HOBble CHCTeMHI cTaHaapTos [1, 8-11].

1. B cootBerctBuM ¢ [3] nocTaBneHa 3azaya akTHUBU3ALIMK METPO/IOTMUYECKUX
MPOLIECCOB Ha FOPHBIX MPEATIPUATUAX U UX TeXHoMorui Ha ocHoBe MO/I.

2. T'lokasana HeobxoaMOCTh BhisiB/ieHus 1pobrnem MO/] naHHBIX B rapMOHHY-
HOM Pa3BUTUM HAa3eMHbIX U CITYTHUKOBBIX CUCTEM W TeXHO/IOTHIA.

3. BriepBbie cdhopmynrpoBaHa U n0KasaHa TeopeMa Mo Kr,, cHHTesupyiommero
Y OTpazKalollero BClO U3MEHUYNBOCTh TOPHO-TeXHOOTMUYECKHX MTPOLIeCCOB Ha /MI060M
MECTOPOK/ICHUU TO/Ie3HBIX UCKOTTAeMbIX.
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MULTI-FUNCTIONAL AUTOMATED VERIFIERS FOR EXTENDED-RANGE
MEASUREMENT INSTRUMENTATION IN MINING
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Moscow State Open University, e-mail: rector@msou.ru.

In the paper deals about problems and decisions of the activate of the metrological ensuring of the digital
technologies of the mountain industrial. Is significant the necessity of the utilization of the facts of the believe,
and also sputniks and grounds measures and control with extended precision. Is formulate and prove the
theorem on the news direction of the changeable KR of the mining equipment.

Key words: mining, measurement tools, automated calibration system, production processes, Metrology
processes.
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