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PaGouast mporpamMma cocTaBjieHa Ha OCHOBE ®rOC BO no cneunansocty 21.05.04 Toproe aeno,
YTBEPKAEHHOIO MPHKA30M MOuH P® ot 17.10.2016 1. Ne 1298.

PaGouas mporpamMma paccmMoTpeHa M onobpena Ha 3acelaHuH kadyesipbl  reONOrHH,
MapKILIeHepCKoro aena 1 oBoraleH#s NoJe3HbIX HCKOMAaeMbIX

—
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JIner akryaauszanuu padoueil mporpaMmbl

PaGouast mporpamMmma repecMoTpeHa, 00CcykaeHa u o100pena s peanuzamnuu B 2022 - 2023
yueOHOM rofy Ha 3aceaHuu Kadeapsl ['eonoruu, MapKIeiiiepcKkoro eia u 00orameHus
HOJIE3HBIX UCKOMAEMBIX

IIporokomor 20 . Ne

3aB. kadeapoii I/I.A.ﬁ)I/IH_II/IH

Pabouas nmporpamma nepecMoTpeHa, 0ocyxaeHa u ogodpena st peanmsanuu B 2023 - 2024
yueOHOM roJy Ha 3acefaHuu kadeapsl ['eonoruu, Mapkuieiiepckoro eia u 00orameHus
MIOJIE3HBIX MCKOIIAEMBIX

[Ipotokom ot 20 r. Ne

3aB. kadeapoii I/I.A.?pnumH

Pabouas nporpamma nepecMoTpeHa, 00cyxaeHa u ogodpena st peanmszanuu B 2024 - 2025
yueOHOM roJy Ha 3acefaHuu Kadeapsl [eomoruu, MapKIeHaepCKOro aena u ooorameHus
TIOJIE3HBIX MCKOITAEMBIX

IIporokomor 20 1. Ne

3aB. kadeapoii I/I.A.?pI/IIHI/IH

Pabouas nporpamma nepecmotpena, odcyxaeHa u ogodpena st peanuszanuu B 2025 - 2026
y4eOHOM roy Ha 3aceqanuu Kadeapsl [ 'eonoruu, MapKIeiiepeKoro aeia u 00orameHus
TIOJIC3HBIX MCKOITAEMBIX

[Ipotokom ot 20 . Ne

3aB. kadeapoii I/I.A.?pI/IH_II/IH

Pabouas mporpamma nepecMoTpeHa, 00cyxaeHa u ogoopena st peamsanuu B 2026 - 2027
yuyeOHOM rofy Ha 3acejaHuu Kadeapsl ['eosnoruu, MapKieiiiepckoro jena u o0orameHus
TIOJIE3HBIX MCKOIIAEMBIX

IIporokomor 20 1. Ne

3aB. kadenpoit I/I.A.?pnmm{

Pabouas nporpamMmmMa nepecMoTpeHa, o0Cyx1eHa 1 0100peHa i peanusauuu B 2027 - 2028
y4aeOHOM TOJly Ha 3acefaHuu kKadenpsl ['eonoruu, MapKIeiaepckoro iemaa 1 o0orameHus
MOJIE3HBIX UCKOMAEMBIX

[Iporokom oT 20 1. Ne

3aB. kadenpoii N.A. I'puiinn




1 Iles1u ocBOEHUS TN CHMILTHHBI (MOYJI51)

st TOPHOTO WH)XEHepa-MapKIeiaepa MareMaThdeckas obpaboTka
MapKIIEeHIepCKO-Te0Ie3NIECKOI U TOPHO-TEOIOrMUeCKON HH(OPMAITHH SIBIIIETCS BaXKHEHIIIEH 13
muctumidH. [IpaBuinbHO 00paboTaHHbIE MapKIIeHIepCKue U3MEPEHUs — OJJHA U3 MPEANOCHIIOK
parroHaIbHON 1 6€301acHOM Pa3pabOTKH MECTOPOKICHHUS.

Lenbto mpenogaBaHusl AUCUUIUIMHBI SBISETCS (POPMUPOBAHUE Y CTYAECHTOB MPOYHBIX
3HaHUU 0 Xapakrepe u 0COOEHHOCTSIX 00paboTku pa3IMuYHBIX BUJIOB
MapKIIeHIepCKO-Te0Ae3ndecKoil HHPOPMAIIIH, IPUBUTHUS HABBIKOB BHITIOJIHEHHS] HEOOXOAMMBIX
BBIYMCIICHH.

2 MecTo TMCHHMIIMHBI (MO1YJIsI) B CTPYKTYpe 00pa3oBaTe/bHOIl POrpaMMbl

Jucuummmaa MaTtemarudeckas o0paboTKa pe3yJlbTaTOB U3MEPEHUI BXOJUT B 0a30BYIO
4acTh y4eOHOTro Mi1aHa 00pa30BaTEIbHOM IPOTrPAMMBI.

Jns  W3ydeHUs  JUCHUIUIMHBL  HEOOXOMUMBI  3HaHUS  (YMEHHs,  BIIAQJCHUSA),
c(hOpMHUPOBAHHBIE B Pe3yJIbTaTe U3yUEHUS TUCIUILINH/ PAKTUK:

['eone3us u mapkuieinepus

Marematuka

I'eonesus

Mapxkueiigepckiue paboThl MPU OTKPHITOW Pa3pabOTKE MECTOPOXKICHHM MOJIE3HBIX
HCKOITAeMBIX

3nanus (YMEHHs, BIAJICHUS), TOJyYCHHbIE NMPH M3YyYCHUU TAHHOW NUCIMIUIMHBI OyIyT
HEOOXOIUMBI IJIS1 U3YUCHUSI JUCIUILITNH/TIPAKTHK:

JlucTaHIMOHHBIE METO/IbI 30HIUPOBAHUS 3EMJIU

TexHosorus Npon3BoACcTBa padoT

AHanu3 ¥ OLEHKa Pe3ylIbTaTOB

Bricmas reonesus

Mapxkieiiaepckre paboThl IPU CTPOUTETHCTBE TOJI3EMHBIX COOPYKEHUN

Mapxkieiiepckoe odecrnieyeHre 0€30MacHOCTH BEJICHUS TOPHBIX PadoT

Mapxkuieligepckoe o0OecriedeHre TOPHBIX paboT U CTPOUTENBCTBA TUIPOTEXHUYECKUX
COOPYKEHUMU

IToaroroska k caade U cada rocy1apCTBEHHOIO HK3aMeHa

3 KomnereHuuu ody4yaroiierocsi, popMupyemMbie B pe3yabTaTe 0CBOEHUsI

TUCHUILUTUHBI (MOYJIs1) ¥ IJIAHUPYEMBbIE Pe3yJabTAThl 00yUeHu sl

B pesynapraTe OCBOGHHMS AUCHMIUIMHBI (Momyns) «MaremaTudeckas o00paboTKa
pe3yNbTaTOB U3MEPEHU» 00yJaIOIIUIACS TOKEH 0071a1aTh CIEAYIOIUMU KOMIIETEHITUSIMU:

CrpyKTypHBIH [Tnanupyemsble pe3yabTaThl 00yUeHHs
JJIEMEHT
KOMIIETCHIIMHU

VK-2 Cnocoben YIIPABJIATH IMIPOCKTOM Ha BCEX 3TallaX €ro )KU3HCHHOI'O IUKJIA

VK-2.1 @opmynmupyeT Ha OCHOBE ITOCTABICHHOH MPOOJIEMbI MPOSKTHYIO 3a/1ady H
CIIOCO0 ee pelIeHus Yepe3 peaan3annio MPOSKTHOTO YIIPABICHUS

PazpabaTbiBaeT KOHIEMIMIO MTPOEKTa B paMKax 0003HAaUeHHOW MpoOIeMbl:
VK-2.2 dbopmynupyeT 1eib, 3a7auyd, 0OOCHOBBIBAET AKTyaJlbHOCTh, 3HAYHMMOCTb,
O’KU/IaeMbl€ Pe3yJIbTaThl U BO3MOKHBIE Chepbl UX TPUMEHEHUS




VK23 PazpabaThiBaeT 1uiaH peaqu3aliy MPOEKTa C YYETOM BO3MOXKHBIX PHUCKOB

peanu3ai U BO3MOXXHOCTEH MX YCTpaHEHUSs, IUIAHHUPYET HeoOXOIMMbIe
DECVDCEI

OcyiecTBiseT MOHUTOPUHI XOJa pealu3alii MPOEKTa, KOPPEKTHPYET
OTKJIOHEHHS, BHOCHUT JIOTIOJHUTENIbHbIE W3MEHEHUS B IUIAH peanu3aliu
MIPOEKTAa, yTOUHSAET 30Hbl OTBETCTBEHHOCTH YYaCTHHUKOB ITPOEKTa

VK-2.4

VK-2.5 [Ipennaraer mnpoueaypbl M MEXaHHU3Mbl OILIGHKH KadecTBa IIPOEKTa,
UH(PaACTPYKTYpHBIE YCIOBUS IJIsl BHEAPEHUS PE3YIbTaTOB IPOEKTa

[1K-1 CrnocoGeH BBIMOTHATh MHKEHEPHO-TE€0IE3MYECKHE HM3BICKAaHUS, TUIAHUPOBATH Pa3BUTHE
TOPHBIX PalOT, OCYLIECTBIATh MAapKIIEHIEPCKUNA KOHTPOJb COCTOSHHS TOPHBIX BBIPAOOTOK,
3IaHUA COOPYKEHMI M 3€MHOI IOBEPXHOCTH Ha BCEX JTalax OCBOCHUS M OXpaHbl HEAp ¢
o0ecreueHreM MPOMBIIIJICHHON U 3KOJOTHYECKON 0€301MacHOCTH

TIK-1.1 Cocrasiser IIPOCKThI IMPOMU3BOJACTBA MameeﬁHepCKHX n TeoAC3NYCCKUX
p360T, OCYHICCTBJIACT KOHTPOJIb 3a BBIIIOJIHCHUEM U3bICKATCIIBCKUX pa60T

MK-1.2 [Inanupyer pa3BUTHE TOPHBIX pabOT U KOHTPOJUPYET COOTBETCTBHUE
(haKTHUYECKOTO Pa3BUTHSI TOPHBIX pa0OT MPOSKTaM U KaJICHIAPHBIM TUIaHAM

K-1.3 OOG0CHOBBIBAET U UCIOJIB3YET METO/Ibl FEOMETPU3ALMU U IPOTHOZUPOBAHUS
pasMelleHMs T0Ka3aTeNeil MECTOPOXKIEHUS B IPOCTPAHCTBE

K-1.4 AHanu3upyeT W TUIU3HPYET YCIOBUS pPa3pabOTKH MECTOPOXKICHUIM
TMOJIE3HBIX UCKOMAEMBIX ISl UX KOMIUJIEKCHOTO MCIIOJIb30BAHMS, BBITIOIHSET

[IK-2 CrnocobeH  BBINOJMHATH  MapKIIEHIEPCKO-T€Oe3UUeCKne  pabOThl,  ONPEACTAThH
IIPOCTPAHCTBEHHO-BPEMEHHBIE XapAaKTEPUCTUKU COCTOSIHUS 3€MHOM IOBEPXHOCTHM M HEIp,
TOPHO-TEXHUYECKUX CUCTEM, OJI3EMHBIX U HA3EMHBIX COOPYXEHHUI U 0TOOpakaTh HHGOPMAIUIO
B COOTBETCTBUU JCHCTBYIOIIUMU HOPMATUBHBIMU JOKYMEHTAMU

[K-2.1 Hcnonb3yeT 3akoHBl U MHBIE HOPMATHUBHBIE IPABOBHIE aKThl B 00JacTH
Ie0JIOTMYECKOr0 U3yUEHHUs], UCIIONIB30BAHUS U OXPAaHbl HEAP U OKPYXKAIOLIEH
Cpenbl; HOPMAaTUBHBIE IIPaBOBBIE aKThl, PYKOBOISIIME, METOAMYECKHUE W
HOPMAaTUBHBIC MaTEpHalIbl, KACAIOIIKUECS ACATEIBbHOCTH MAapKIIEHIepCKOn
CITYKOBI;

[1K-2.2 OcymiecTBisieT HEOOXOAUMbIE MaPKIIEHIEPCKHUE KaMepalbHbIe U TOJIEBHIE
paboTel, 0opMIISIET TPOU3BOJICTBEHHYIO JOKYMEHTAIIUIO U OTYETHOCTh

I1K-2.3 Hcnonb3yer  reoMHpOpMalMOHHbIE  CHUCTEMBl  JUIS  BBIIOJHEHUS
MapKIeiIepckux padbot

[1K-2.4 VYcraHaBnuBaeT MPUTOTHOCTH T'€0/IE3MIECKOTO 000PYI0BaHMS U TPUOOPOB K

pabote




4. CTpyKTypa, 00bEéM H coep:KkaHue TUCHUIIMHBI (MOAYJIS)
OO0mas TpyJA0EMKOCTh JUCITUIUIMHBI COCTABIISCT 2 3a4€THBIX C€IWHUII /2 aKaJ. 4acoB, B TOM
quce:
— KOHTaKTHas padora — 45,85 aka. 4acos:
— ayauTopHas — 45 akaJl. 4acoB;
— BHeaynutopHas — 0,85 akaz. yacos
— caMocTosTeNbHAs paboTa — 26,15aka. 4acos;

dDopMa arrecTaiuu - 3a4cT

AynutopHast s s
o, | KoHTaKTHAs pabora E QE dopma TeKyIwero
Paszen/ Tema § (B akaj. yacax) E > Bun 5 KOHTPOJISI Kox
J— : g 2 CaMOCTOSTENBHOM | yereBaeMOCTH KOMITETEHIIHH
O | ek, mab. [ mpakr. [ 9 & paboThI IPOMEKYTOUHON
3aH. 3aH. | 2'Q aTTeCTaluu
O &
1. DneMeHThI TEOpHU
MOTPEIIHOCTEH (omub0oK)
TEOJIE3NIECKIX N3MEPEHHIH
IK-1.1
Wzyuenue IK-1.2
OCHOBHOM 1 IK-1.3
1.1 OOwmme cBeneHus 06 04 1 JIOTIOJTHUTEIbHON YcrHBI onpoc IK-1.4
HU3MEPEHMSIX ' JIUTEPATYpPHI IO (cobecenoBanue) IK-2.1
JUCLMILINHE, [1IK-2.2
KOHCTIEKTA JIEKIIAH IIK-2.3
T1K-2.4
IK-1.1
Wzyuenue I1K-1.2
OCHOBHOM U I1K-1.3
1.2 [Torpemnoctu| 9 05 1 JIOTIOJTHUTEIILHOM YerHblit onpoc [K-1.4
pe3yJIbTaTOB N3MEPCHHIA ' JIUTEPATYPHI 110 (cobecenoBanue) MK-2.1
JTMCIUIIIAHE, [1K-2.2
KOHCIICKTA JICKIMI MK-2.3
[MK-2.4
IK-1.1
I/I3yqu1fe MK-1.2
OCHOBHOU U HK'13
1.3 Bagaun TEOPUU 05 1 JOIIOJTHUTEIIFHOMN VYcerHbIl onpoc MK-1.4
MOTPEIIHOCTEH U3MEPEHUH ' JIUTEPATYPHI 110 (cobecenoBanue) l'[K-2'1
JTUCLIUTUTHAHE, K-2.2
KOHCIICKTa HK'23
Wroro no pazneny 1,4 3
2. PaBHOTOYHBIE M3MEPEHUS
IK-1.1
2.1 Brluucnenue Hauboee I/IsyquI:Ie [IK-1.2
OCHOBHOM 1 IK-1.3
TOYHOI'O II0 BCpOﬂTHOCTI/I o yCTHBIfI Ompoc HK-]_ 4
AHAYCHIS 9| o5 1 JTOTIOTHUTEITHHON ; p .
pesysbTata —— JIUTEPATYPHI 110 (cobecenoBanue) IK-2.1
OJTHOM Y TOM K€ BEJTUYUHBI AHCITHILTHHC, . [K-2.2
KOHCIIEKTa JIEKIUI [IK-2.3
T1K-2 4
Uroro no pazaeny 0,5 1
3. Orenka TOYHOCTH
pEe3yJILTATOB PsiJia PABHOTOYHBIX




MK-1.1

3.1 Cpennsis Visyucnue K-1.2
KBaJ[paTH4YeCcKast .
OCHOBHOU U Brimonaenne T1K-1.3
MOTPEIIHOCTh  pe3yjbTaTa . o
JOIIOJIHUTECIIBHOU NPaKTUYECKOU [IK-1.4
OTIEIBLHOIO 0,5 15
JUTEPATyphl 10 | pabOTHI U peleHne IIK-2.1
u3Mepenus. [IpenensHast u
JUCLUIUINHE, 3a/1a4 [1K-2.2
OTHOCHTEIILHAS .
HOTPEITHOCTH KOHCIIEKTa JIEKIINN T1K-2.3
1K-2.4
ITK-1.1
Uzyuenwue IK-1.2
OCHOBHOM H BhIOHEHME I1K-1.3
3.2 BeposTHelime JTOTIOJTHUTEIILHOU 9 IK-1.4
MOTPEIIHOCTH 0.5 15 JIUTEPATYPBI 110 [PAKTHHCECKOM IK-2.1
[ — paboThl U penieHne K-2.2
KOHCIIEKTAa JICKIUI I1K-2.3
[1K-2.4
Hroro no pasaeny 1 3
4. OueHka TOYHOCTH (hYyHKUUI
W3MEPEHHBIX BEJIMYNH
ITK-1.1
Uzyuenue MK-1.2
41 Cpensis OCHOBHOI1 1 Brimonnenue IK-1.3
KBaJ[paTH4ecKas 05 15 JIONOJHUTEILHON MIPaKTUIECKOM IIK-1.4
HOTPEIIHOCTh ¢byHKIMU ' ' JIUTEPaTyphl 0 | pabOThI U pelleHue IK-2.1
o011ero Buaa JIHACHIHIIINHE, 3a7a4 [1K-2.2
KOHCIIEKTa JICKIUH I1K-2.3
[1K-2.4
ITK-1.1
4.2 Cpenusist Usyaenme IK-1.2
' OCHOBHOM U Brinmonnenue IIK-1.3
KBalpaTHiccKa OITIOJIHATEILHOMN NPaKTHYECKOM [IK-1.4
TOTPEIIHOCTE MpOCTOit 0.5 15 Hﬂme aTypHI 110 a6(I))TLI U pelIcHHE by
apuMeTHIECKOM Hcp HHYJE/IHe p sa apq TK-2.1
CepeMHBI Ancn > ! MK-2.2
KOHCIEKTAa JEKIUHI I1K-2.3
IIK-2 4
ITK-1.1
Nsyuenune K-1.2
4.3 OrneHka TOYHOCTH OCHOBHOM M Brinonnenue K-1.3
pe3ysIbTaToB YIJIOBBIX 05 15 JIOIIOJIHATEILHOMN MPaKTUYECKOH IK-1.4
HU3MEpEeHU B ' JUTEPATYpPBI 10 | pabOTHI U peleHne K-2.1
TPHUAHTYJISAIIH JACIHATIINHE, 3a1a4 IK-2.2
KOHCIEKTa JICKIUH K-2.3
IK-2 4
IIK-1.1
Nzyuenwue IK-1.2
4.4 OineHka  TOYHOCTH OCHOBHOM M Brinonnenue IIK-1.3
pe3ysIbTaToB psna 05 15 JIOIIOJIHATEILHOMN MPaKTUYECKOH I1K-1.4
JIBOMHBIX ~ PaBHOTOYHBIX ' ' JIUTEPaTypHl 0 | pabOTHI U pelIeHue MK-2.1
HU3MEepEeHHI JMCIUIIINHE, 3a7a4 I1K-2.2
KOHCIEKTa JICKIUH I1K-2.3
I1K-2.4
Uroro no pazneny 2 6
5. HepaBHOTOUHBIE H3MEPEHUS
IK-1.1
Nzyuenue MK-1.2
51 Oomas OCHOBHOM 1 I1K-1.3
. Brinonnenue
apupmeTnyeckas JIOTIOTHUTEIHHON [K-1.4
cepearHa Beca 0.5 15 JIMTEPATyPHI IO TpaKTHHECCKIX I1K-2.1
PCIHHa. . patyp pabot '
pe3yNbTaTOB U3MEpPEHUI JUCITUTINHE, [K-2.2
KOHCIICKTA JICKIIUI I1K-2.3
[1K-2.4
I1IK-1.1
N3yuenue IK-1.2
i}fa aTnyecKas Cpemn OESJ}IIEI}?I}TIZJI;ILI;OI?I Brmosmenye N
P 0,5 15 A IIPaKTUYECKUX IIK-1.4
MOTPEIIHOCTh € IUHHUIBI JIUTEPATYpPHI 110 pabor IK-2.1
Beca JIHCHHILINHE, IK-2.2
KOHCIICKTA JICKIIUI IK-2.3

TTK-2 4




MK-1.1

5.3 Cpennss Wsyuenne IIK-1.2
KBaJIpaTH4yecKas OCHOBHOM M~ Brlmonnenue IIK-1.3
. JIOTIOJTHUTEIILHOM I[IK-1.4
MOTPEIIHOCTh U BeC 001 0,5 15 1 MPaKTUYECKUX
apudmeTUIECKOit JTCPATYPRI 11O pabot IK-2.1
CepeTHHbI JMUCUHUILIINHE, I1IK-2.2
P KOHCIIEKTA JICKIUI T1IK-2.3
1K-2.4
ITK-1.1
Uzyuenwue IK-1.2
5.4 Beruncnenue cpenHeit OCHOBHOI 1 BAIOIHEHIE I1K-1.3
KBaJ[paTHYCCKON 05 15 1 JTOTIOJTHUTEIILHOU DAKTHYCCKIX IK-1.4
MOTPEIIHOCTH  €IUHMILIBI ' ' JIUTEPATYPBI 110 p aGoT IK-2.1
Beca JIHCHHILINHE, p I1K-2.2
KOHCIIEKTAa JICKIUI I1K-2.3
[1K-2.4
ITK-1.1
Uzyuenne IK-1.2
5.5 DBeluncienne BecoB OCHOBHOM 1 . Brimonanenue IIK-1.3
> JIOTIOJTHUTENIEHOM IK-1.4
(GyHKIMH ~ HE3aBHCHUMBIX 0,5 15 1 TIPAKTUYECKUX
apryMEHTOB JUTCPATYPBI IO pabot IIK-2.1
p JIHACIHTIINHE, I1K-2.2
KOHCITEKTa JICKI[Hi I1K-2.3
IK-2.4
HWroro no pazneny 25 7,5 5
6. OCHOBEI MeToaa
HAMMEHBIINX KBAJJPATOB
IIK-1.1
N3yuenue IK-1.2
6.1 3amaua COBMECTHOIO Oggggf[?g;ﬁoﬁ Brimonanenue gi}i
YPaBHHBAHUS HECKOJIBKHX 0,7 1,4 1,1 a TIPAKTUYECKUX '
WU3MEPEHHBIX BEJIMYHH JHTCPATYPPI IO pabor MK-2.1
JIUCLMILINHE, [1K-2.2
KOHCIIEKTA JIEKIHI I1K-2.3
I1K-2.4
ITK-1.1
Nzyuenwue IK-1.2
OCHOBHOM M BAIOIHEHHC I1K-1.3
6.2 TIpunmun (croco0) 07 14 11 JTOTIOJTHUTEIILHOU DAKTHYCCKIX I1K-1.4
HaMMEHBILIUX KBaJpaTOB ' ' ' JIUTEPATYpPBI 110 P aGoT MK-2.1
JACIHATIINHE, p [1K-2.2
KOHCIEKTa JICKIUH I1K-2.3
I1K-2.4
IIK-1.1
Nzyuenue MK-1.2
OCHOBHOM H I1K-1.3
. . Brinonnenue
6.3 KoppenatHslii croco0 07 14 11 JIOTIOJTHUTEILHON - MK-1.4
YpaBHHBAHUS JIUTEPATYPHI 110 pabor K-2.1
JMCIUTIINHE, [1IK-2.2
KOHCIEKTA JICKITUI I1K-2.3
K-2.4
IK-1.1
Nzyuenwue IK-1.2
OCHOBHOM M BAIIONHCHIE I1K-1.3
6.4 ITapamerpuuecknit 07 14 11 JIOTIOJTHUTEIbHON DAKTHUCCKUX [IK-1.4
croco0 ypaBHUBaHUS ' ' ! JUTEpaTyphl MO P aGor MK-2.1
JIHACHHUATIINHE, p I1K-2.2
KOHCIIEKTa JICKIUH I1K-2.3
I1K-2.4
IIK-1.1
Uzyuenue IK-1.2
6.5 Brruncnenue OCHOBHOM 1 N BerimonneHune IK-1.3
JTOTIOJHUTEIbHON [IK-1.4
k0o durmenTon 0,7 14 1,1 TIPaKTUYECKUX
HOPMAJIBHBIX YPaBHEHHH fIUTCPATYPBI 0 pabot [R-2.1
JIHCHHILINHE, [1K-2.2
KOHCIICKTA JICKIIUI I1K-2.3

IK-2.4




MK-1.1

Uzyuenue IK-1.2
6.6 KOoHTpOJIb BBIYHCIICHUS OCHOBHOM M~ Brlmonnenue IIK-1.3
JIOTIOJTHATEIBLHOM [1K-1.4
k03 durmeHToB 0,7 1,3 1,1 MPaKTUYECKUX
HOPMAJIBHBIX YpaBHEHHH JIMTCPATYPRI IO pabot IIK-2.1
JIHCHHILINHE, [1K-2.2
KOHCIIEKTA JICKIIUI I1K-2.3
IK-2.4
IIK-1.1
Uzyuenwue IK-1.2
OCHOBHOM H IIK-1.3
. Brinonnenue
6.7 PemieHrie HOpMaJbHBIX JTOTIOJTHUTEIILHOU IK-1.4
o 0,8 1,3 1,1 MPaKTUYECKUX
yYpaBHEHUI JIUTEPATYPHI 10 aGoT IK-2.1
JIHCHHILINHE, p I1K-2.2
KOHCIIEKTAa JICKIUI IIK-2.3
[IK-2.4
IIK-1.1
Uzyuenue IK-1.2
OCHOBHOM M [1K-1.3
. Brinonnenue
6.8 Koutponb pemelvms{ 0.8 13 11 JIOTIOJIHUTEILHOM - [K-1.4
HOpMaJIbHBIX YpaBHEHHU JIMTEPATYPHI 11O 60T [IK-2.1
JIHCLHILINHE, p I1K-2.2
KOHCIIEKTA JIEKIIHI I1K-2.3
K-2.4
IK-1.1
N3yuenue K-1.2
opmar YPpaBHC 0,9 1,3 1,1 AOTIOIHHTEIBHO TIPAKTUYECKUX TIK-1.4
mo aNrOpUTMy K.®. JUTEPaTypPHI IO aGoT K-2.1
Taycca JIUCLUILIUHE, p [IK-2.2
KOHCTIEKTA JIEKIIAH IK-2.3
K24
IK-1.1
6.10 OrmeHKka TOYHOCTH I/I3yqu1:1e IIK-1.2
OCHOBHOM U IK-1.3
I/I3MepCHHle BCJIMYUH U UX OHOHHHTeﬂbHOﬁ BI)IHOJ'[HGHI/IG HK 1 4
dhyHKIMH npu 0,9 1,3 1,25 | * MPAKTUYECKUAX T
JIUTEPATYPHI 110 IK-2.1
ypaBHMBaHUU paboT
JUCLMILINHE, [IK-2.2
KOppEeJIaTHBIM CIIOCOO0M .
KOHCIIEKTA JIEKIIHI IK-2.3
TTK-2 4
HWroro no pazaeny 7,6 13,5 |11,15
HWroro 3a cemectp 15 30 126,15 3a4€T
IK-1.1
IIK-1.2
IK-1.3
IIK-1.4
Hrtoro no aucuuiiinHe 15 30 26,15 3a4eT K2 1
IIK-2.2
IIK-2.3

IK-2.4




5 O0pa3oBaTte/ibHbIE TEXHOJIOTHH

Jing  peanu3zanuu  NPeAyCMOTPEHHBIX BHUJOB Y4eOHOHl paboThl B KayecTBe
00pa3oBaTeNbHbIX TEXHOJOTUH B MpENoJaBaHUU IUCHUIUIMHBI «Marematudeckas oOpaboTka
pEe3yJIbTaTOB H3MEPEHHI» HCIOIB3YIOTCA TPAAULIMOHHAA W MOJYJIbHO-KOMIIETEHTHOCTHAS
TEXHOJIOTHH.

Jlexiuu TpoXOASAT B TpaaumHMoHHOW (opme. Ha neKIuu-KOHCYIbTAllMU, W3JIaraeTcs
HOBBII MaTepuas, CONPOBOKIAOIINIICA BOIPOCAMU-OTBETAMHU 10 TEME JIEKLIUH.

[IpakTrueckue paboTHI BHITOIHSIIOTCS CTYIGHTAMU IO BApUAHTaM.

CaMmocrosiTenbHass paboTa 3aKirO4aercs B MPOpabOTKE OTIEIbHBIX BOINPOCOB IPHU
W3YUYECHUU TUCLUIUIMHBI U ITPY HOJATOTOBKE K Cllaye 3a4eTa.

6 YueOHO-MeTOAUYECKOE 00eciedeHUe CAMOCTOSITeJIbHOH PadoThl 00y4YaroIIMXCst
IIpencraBneno B npuiioxeHuu 1.

7 OueHoYHbIE CPeICTBA JISA POBeIeHUs POMEKYTOYHOM aTTecTaluu
[IpencraBieHbI B IPUIOKEHUH 2.

8 YueOHo-MeTOAMYecKOEe H HH(POPMALIMOHHOE O0ecnedeHrue TUCIUIIHHBI (MOTYJIs1)

a) OcHoBHas UTEpaTYypAa:

1. TanesnoB A.B., T'opmee B.A. Pa3BuTue HayyHBIX HUACH B TOPHOM JeIe:
Mapkmeiinepus: HayuHas MoHorpadus. — ExkarepunOypr: Ypanbckuii rocynapcTBEHHBIN
ropubrit yausepeutet, 2018. 559 c. https://www.elibrary.ru/item.asp?id=36292312

2. Tonyoer B.B. T'eome3ms. Teopus MaTeMaTHUeCKOH OOpaOOTKH T'e0Ie3HMUECKUX
u3MepeHuit: Yueb. ans By30B. — M.: MOCKOBCKHII rOCy1apCTBEHHBI YHUBEPCUTET I'€OJe3UN U
kaprorpaduu, 2016. 422 c. https://www.elibrary.ru/item.asp?id=30089838

3. JlpsxoB, B.H. TI'eomesust [Daexrponubiii pecypc]: ydueonuk / B.H. [IpsikoB. —
OnektpoH. maH. — Cankr-IlerepOypr: Jlams, 2019. — 416 c¢. — Pexum pgocryma:
https://e.lanbook.com/book/111205 .

0) JlonostHuTEIbHAS JIUTEPATYpA:

1. Mapkyze, 1O0. U. Teopust maremaTHueckoil 0OpabOTKU I'e0Ae3MUECKUX U3MEPEHUH :
yaebnoe nocobue / FO. . Mapkyse, B. B. ['onybeB. — Mocksa : Akanemuueckuii [Ipoekt, 2020.
— 247 c¢. — ISBN 978-5-8291-2981-1. — Tekcr: oiekTpoHHBbIH // JlaHb
ANEKTPOHHO-OMOIMoTeunas cucrema. — URL: https://e.lanbook.com/book/132444

2. lleppunnes, A. A. Teopuss MaTeMaTHUeCKOM 0OpabOTKU Te01e3UYECKUX U3MEPEHUi :
yueOHOoe mocooue / A. A. Ilepdpunse. — Hoocubupck : CI'YBT, 2019. — 80 c. — ISBN
978-5-8119-0810-3. — Tekcr : anekTpoHHBIH // JIaHb : 27eKTPOHHO-OMOINOTE Has cUcTeMa. —
URL: https://e.lanbook.com/book/147160

3. benukos, A. b. Matemaruueckast 00paboTKa pe3yJbTaTOB Ie01e3NYeCKUX U3MEPEHUil :
yuebHoe nocobue / A. b. benmkos, B. B. CumonsH. — 2-e nzn. — Mocksa : MUCH — MI'CY,
2016. — 432 c. — ISBN 978-7264-1255-9. — Tekcr: »snexTpoHHbIi / JlaHp
3IIEKTPOHHO-OnOmmoreunas cucrema. — URL: https://e.lanbook.com/book/73707.

4. NmxenepHas reosesus u reouHpopmaruka. Kparkuit kypc : yueonuk / M. f1. bpbins,
E. C. boromonoBa, B. A. Koyrus, b. A. JIéBun ; monm pemakumeir B. A. Koyrums. —
Cankr-IlerepOypr : Jlamp, 2015. — 288 c¢. — ISBN 978-5-8114-1831-2. — TekcT :
AJIEKTPOHHBIH // Jlann : 3JIEKTPOHHO-OMOIMOTEIHAS cucrema. — URL:
https://e.lanbook.com/book/643245. MacnoB A.B., I'opaeeB A.B., barpakos 10.I'. T'eone3us:
yuebnuk. — M.: Konocce, 2006, 598 c.



https://www.elibrary.ru/item.asp?id=36292312
https://www.elibrary.ru/item.asp?id=30089838
https://e.lanbook.com/book/111205
https://e.lanbook.com/book/132444
https://e.lanbook.com/book/147160
https://e.lanbook.com/book/73707
https://e.lanbook.com/book/64324

B) MeToauyeckue ykazaHnus:
IIpencraBneHbl B IPHIIOKEHUH 3.

r) [Iporpammuoe obecneuenue u UnTepuer-pecypceni:

IIporpammHoe o0ecnieueHue

Haumenoanue [10 Ne norosopa Cpox aeicTBus JIMLEH3UU
MS Windows 7

Professional(ms  |[1-1227-18 ot 08.10.2018 11.10.2021
KJIACCOB)

MS Off_lce 2007 Ne 135 o1 17.09.2007 0eccpouHo
Professional

7Zip cB000JIHO pacnpoctpansemoe [10 0OCCCPOUYHO

MS Windows 7

Professional (ms  |1-757-17 ot 27.06.2017 27.07.2018
KJ1aCCOB)

HpO(l)eCCI/IOHaJ'leI)Ie 0a3bl JAaHHbIX I/IHq)OpMaIII/IOHHbIe CIIPaBOYHbLIC CUCTEMBI

HasBanue xypca Ccpuika
Hanuonanpnas MH(POPMALIMOHHO-aHAIUTUYECKAs URL:
cucreMa — Poccuiickuii MHAEKC HaAy9HOIO LIUTHPOBAHUSA '

(PVHLD) https://elibrary.ru/project_risc.asp

ITouckosas cucrema Akagemus Google (Google Scholar) [URL: https://scholar.google.ru/

HNndpopmannonnas cucremMa - EnnHoe OKHO A0CTyna K
MH(POPMALIMOHHBIM pecypcaM
9 MartepuajibHO-TeXHHYeCKoe o0ecnevyeHne TUCIUTLTHHBI (MOTYJI51)

URL: http://window.edu.ru/

MaTepHaano-TeXHqucxoe obecrneucHue JUCITUITIIIMHBI BKIIFOYACT:

VYueOHast ayauTOpHs Uil TPOBENEHHS 3aHATHN JIEKIIMOHHOTO THIA: TexXHHUYECKue
cpeAcTBa OOyuyeHMs, CIyXalue i NpeAcTaBieHus ydeOHoHl wuHbopManuu OoJbIIOHN
ayJIUTOPUU: MYJIbTUMEIUIHBIE CPEICTBA XpaHEHUS, MepeAayd W MPEICTAaBICHHUS y4eOHOMH
uHpopmanuu. CrenuanuzupoBaHHast MeOeb.

YyeOHast ayquTOpUs ISl TPOBEACHUS MPAKTHUECKUX 3aHATHHA TEKYIIETO KOHTPOJS U
IPOMEXYTOUHON aTTecTalMu: TexHu4eckue cpeacTBa 00yUeHHMs], CITy>Kalie Ul PeICTaBICHHs
yaeOHO# nHpopManuy OOJBIION ayTUTOPUN: MYJIbTUMEIUHHBIEC CPEICTBA XPAaHEHHS, TIEPEIavn 1
npezcTaBieHus yueoHoi nnpopmanuu. CrienuanuzupoBaHHas MeOeb.

VYdeOHass ayauTOopusi Ui TPYNIOBBIX W HWHIAWBHIYaJIbHBIX  KOHCYJIbTAIIWN:
Kommerotepaass texnuka ¢ makerom MS Office, ¢ monkirouennem k cetn «/HTEepHET» M C
JOCTYIIOM B DJIEKTPOHHYIO HH(POPMAITMOHHO-00pa30BaTENbHYIO CPETy YHHBEPCHTETA.
Crienmanu3upoBaHHas MeOenb

[Tomemenue U1 caMOCTOSITENILHOW padoThl: KommbroTepHas TexHUKa ¢ maketoM MS
Office, c¢ mnoakmouenneM k cetn «VHTEpHET» W € JOCTYIOM B 3JIEKTPOHHYIO
nH(pOpMallMOHHO-00pa30BaTeIbHYI0 cpelly yHuBepcuTeTa. Crienuanu3upoBaHHasi MeOelb.

[Tomerienue 1t XpaHeHHs U MPOoQUIAKTHUECKOTo o0cmyxuBanus: CTenaxu 1

XPaHCHUA y‘-IC6H0-Hal"J'I$II[HBIX mocoouii u y‘ICGHO-MCTO,Z[H‘-ICCKOﬁ JOKYMCHTAllUU.



[Tpunosxxenue 1
6 YueOHO-MeTOAMUYECKOE OOecTIeueHHe CAMOCTOSITEIbHOM PadoThl 00y4aO U XCS
AynutopHas CcaMOCTOSITENIbHAasE paboTa CTYACHTOB Ha TMPAKTHUYECKUX 3aHSATHUSIX
OCYIIECTBIISIETCS. TOJ KOHTPOJIEM IIpernojaBaTelis B BHJE pPELICHUS 3a7ad U BBINOJIHEHUS
yIpaXHEHUH, KOTOpbIE ONPEEIIIET IpenoaaBaTelib AJis CTyJeHTa.
CamocTtosTenbHas paboTa CTYIAEHTOB OCYIIECTBISCTCS B BHJE UYTEHHUS JHUTEPATyphl IO
COOTBETCTBYIOILIEMY pa3Jiesly ¢ MpopabOTKOW MaTepHaia U BBITOJHEHHS JAOMAIIHUX 3aJaHui C
KOHCYJIbTAIMSIMU MPENO1aBaTesl.

Bunet @OpMBI KOHTPOJIA
BrimonHeHue npakTu4ecKkux padboT [TpoBepka u 3amura padboT
[Touck nonoMHUTENBHON HHPOPMAIUH 110 [TpakTuyeckue paboThI

3a/IaHHOU TeMme (paboTa ¢
oubMorpadguuecKkuM MaTepHaIaMH,
CTIPaBOYHHKAMH, KaTaJIOTaMH, CIIOBapsIMH,
SHIUKJIONEUSIMHU )

IIpumepHBbIii IepeyeHb TEOPeTHYECKUX BOIIPOCOB K 3a4ETYy:

1. 3agaum nucnumuuasl «MaremaTrueckas 00paboTKa pe3yabTaToB U3MEPEHHI»

UTo noHMMAIOT 1101 U3MEPEHUEM (PU3UUECKON BETUUNHBI?

Kakue namepeHus Ha3bIBalOT NPSIMBbIMHU, KOCBEHHBIMH, PABHOTOUYHBIMU U

HEPaBHOTOYHBIMU?

Yro saBisieTcs pe3yIbTaTOM U3MEPEHUs?

Uto moHnMaeTcs 1o omuoKon (TOTPenIHOCTRIO0) pe3yibTaTa H3MepeHus?

Kakue ommOku Ha3pIBatOTCS TPyObIMH, CUCTEMAaTHYECKUMH, CITydaitHbIMU?

Kak BpIUMCIINTE BeposATHENIIEEe 3HAUCHUE U3MEPIEMOI BEJIMYMHBI IO pe3yJibTaTaM

MHOTOKPaTHBIX PAaBHOTOYHBIX U3MEPEHUIT?

8. CpenHsis KBaJpaTHUecKas OIIMOKa Pe3yJIbTaTOB PABHOTOUYHBIX U3MEPEHHIt: (hOpMyIIbl
I'aycca, beccens, @eppepo.

9. CpenHsis KBajpaTHUecKas OMIMOKa (GYHKIMU U3MEPEHHBIX BEJINYHH.

10. Cpenusist KBagpaTHUeCcKasi OIMNOKA PE3yIbTATOB IBOMHBIX PABHOTOYHBIX H3MEPEHHIA.

11. Cpenusist KkBagpaTHuecKas OmMOKa MPOCTON apu(phMETHUECKON CepeUHBI.

12. O6mas apudmerndeckas cepeivHa.

13. Cpenusis kBagpaTuyeckas omnoOKa eJMHULBI Beca.

14. Cpennsist kBagpaTHyeCcKas OIIMOKa U Bec 001Iel apuMeTHIeCKOl CepearHbI.

15. Yto noHumaercs oji ypaBHUBAaHUEM PE3YJIbTaTOB U3MEPEHUI?

16. YpaBHuBaHHE U OIIEHKA TOYHOCTH HAIIPABIICHHUN, H3MEPEHHBIX HA CTAHIIH CIIOCOOOM
KpPYTOBBIX IPUEMOB.

17. Yro siBsieTcs yclIOBUEM M IPUYMHON BO3HUKHOBEHHUS 33/1a4U YpaBHUBAHUS?

18. [IpuHIMT HAUMEHBIINX KBaIPATOB.

19. KoppenatHslii cioco® ypaBHHBaHUSI.

20. ITapameTpuueckuii coco0d ypaBHHUBaHUS.

21. Kak cocTaBJISIFOT YCIIOBHBIE YpaBHEHHS?

22. Kak cocTaBiIsIIOT HOpMaJIbHbIE YPaBHEHHUS U BBIYUCIISIOTCA KO3 PHUIIUEHTH HOPMaTbHbIX
ypaBHEHUI?

23. Anroputm K. @. ['aycca perienust cicTeM HOpMaJIbHBIX YpaBHEHUI?

24. KoHTpOJIb pelIeHrs] HOpMaJIbHbIX YpaBHEHUH.

25. OneHKa TOYHOCTH U3MEPEHHBIX BETIMYMH U UX (QYHKIMHA IPH ypaBHUBAHUU KOPPEIATHBIM
CIOCOOOM.

wn

No ok



[Tpunoxenue 2
7 OneHo4YHBIE cpecTBA /sl IPOBeAeHUsI IPOMEKYTOYHOM aTTeCTAUM

a) [lnanupyembie pe3yJbTaThbl 00yUYeHHS U OLlEHOYHbIE CPeACTBA /ISl POBEACHUS NMPOMEKYTOUHON aTTecTAluM:

Ilpumepnoe cooepicanue:

CtpyKTypHBII
JJIEMEHT [Inanupyemble pe3yabTaTbl O0yUEHHS OneHouHbIE CpeCTBA
KOMIIETEeHIIUU

VK-2 Criocoben YIIPaBJIATH MIPOCKTOM Ha BCEX 3TAllaX €ro KU3HCHHOI'O ITUKJIA

Ilpumepnoiii nepeuens meopemuuecKux 60nPOCco8 K 3auémy:

1. 3amaum nucuummHbl «Marematrueckas 00paboTKa pe3yabTaTOB U3MEPEHUIN»
2. UYro MOHMMAIOT MO U3MEPEHUEM (PU3UUECKON BETHYUHBI?
3. Kakwue nu3MepeHus Ha3bIBAIOT MPSMBIMH, KOCBEHHBIMH, PABHOTOYHBIMH U
HEPaBHOTOYHBIMHU?
MOPMYTHpYeT Ha OCHOBE OCTABIICHHOM 4. Yrto sBNISETCS PE3yIHTATOM H31:4epeHm{‘?
5. Uto moHMMaeTCs O] OIIUOKOM (OTPEIIHOCThIO) pe3yabTaTa U3MepeHus?
YK-2.1 TpoGneMbl TPOEXTHYIO 3a7ady M Crocob ee 6. Kakue ommOKy Ha3bIBAIOTCS TPYOBIMU, CUCTEMATUYECKUMU, CITy4YalHBIMU?
PCIICHMS  HCPE3  pCATM3ALMIO  MPOCKTHOTO 7. Kak BBIYHCIUTEL BEPOATHENIIEE 3HAUCHUE U3MEPSIEMOM BEJTMUNHBI 10 PE3YIILTaTaAM

YIpaBJICHHUA MHOT'OKPaTHBIX PaBHOTOYHBIX U3MEPEHUN?

8. CpenHss KBagpaTHUeCcKasi OMIMOKa Pe3yIbTaTOB PABHOTOYHBIX M3MEPEHHIT: (HOpMYIIBI
l'aycca, beccens, @eppepo.

9. CpenHss kBagpaTHdecKas ommoOka GyHKIINNA H3MEPEHHBIX BETHUHH.

10. Cpennss kBaspaTHyecKast OIMOKa pe3yabTaTOB JBOMHBIX PABHOTOUHBIX U3MEPEHUH.

11. Cpennsist kBagpaTuyeckasi olmoKa NpocToi apu(pMeTHndecKoi cepeinHbI.

12. Obmias apudmernueckas cepeuHa.

13. Cpennsist KBagpaTHyecKas OIIMOKa AMHHIIBI Beca.




CtpyKTypHBII

3JIEMEHT [Tnanupyemble pe3yiabTaThl O0yYeHHS OueHoyHbIe CpECTBA
KOMIIETEHIINH
14. Cpennsist KBagpaTudeckasi ommoka u Bec o01ieit apuMeTuIeckor CepeIuHbI.
15. Yto noHumaeTcs 1noj ypaBHUBaHHEM PE3yJIbTaTOB U3MEPEHUN?
16. YpaBHUBaHHE U OIIEHKA TOYHOCTH HAIIPABICHUNA, H3MEPEHHBIX Ha CTAHIIMU CTIOCOOOM
KpPYTOBBIX IPUEMOB.
17. Yro siBisieTcs ycIOBUEM U IPUUYUHON BOSHUKHOBEHMS 33/1a4l YPABHUBAHUS?
18. IIpuHIKMTI HAMMEHBIITUX KBAPATOB.
19. KoppenatHslii cioco0 ypaBHUBaHUSI.
20. ITapameTpuueckuii ciocod ypaBHUBAHUS.
21. Kak cocTaBIsIOT YCIIOBHBIE YPaBHEHUS?
22. Kak cOCTaBIISIFOT HOpMaJIbHbIE YPAaBHEHUS U BEIUUCIISIFOTCS KOA(G(OULIMEHTHI HOPMaTbHBIX
ypaBHEHUN?
23. Anroputm K. @. I'aycca perieHust cucreM HOpMajbHBIX YpaBHEHUN?
24. KoHTpOITb perieHus HOpMalbHBIX YPaBHEHUH.
25. OueHka TOYHOCTH U3MEPEHHBIX BEIMYHMH U UX (QYHKIUN IpU YpaBHUBAHUH
KOppeJIaTHbIM CIOCOO0M.
Ilpumepnpolii nepeuens meopemuueckKux 0npPocos K 3auémy:
1. 3agaum nuctunianHbl «MaremaTuyeckas 00paboTka pe3yabTaToB U3MEPEHUI»
2. Yrto MOHMMAIOT MO U3MEPEHNEM (PU3UUECKON BETHYNHBI?
Pa3pabaTeiBacT KOHICIIIHMIO MPOCKTA B PaMKax 3. Kakue n3mepenus Ha3bIBaIOT NPSAMBIMU, KOCBEHHBIMH, PABHOTOYHBIMH U
0o003HaueHHONW  TpoOieMbl:  hopmMyIupyer HEPaBHOTOYHBIMU?
YK-2.2 1eIb, 3a7a4i, OOOCHOBBIBACT aKTYyaJIbHOCTH, 4. Yo ABIAETCS PE3yIbTATOM U3MEPEHUS?
3HAYMMOCTb, OXKHMJAEMBIE  pE3yIbTaThl MU 5. Yrto moHMMaeTCs 1o OMMOKOM (ITOTPeNTHOCTHIO) pe3yIbTara I/ISMGPGHI/ISI?
BOSMOYKHEIE CHEPEL HX TIPHMCHEHHS 6. Kakue omubxu Ha3bIBAIOTCA rpyObIMH, CHCTEMATH1ECKHMHY, CIIy4aiHbIMU?
7. Kax BbIYHCIUTH BepOsITHEHIIEE 3HAUCHNE U3MEPSAEMON BETMUHUHBI 110 Pe3yJIbTaTaM
MHOT'OKPaTHBIX PaBHOTOYHBIX U3MEPEHUN?
8. CpenHss kBagpaTHiecKas ommOKa pe3yIbTaTOB PABHOTOYHBIX U3MEPEHHit: (HOpMyITBI
l'aycca, beccens, deppepo.
9. Cpennsia kBagpaTrdeckast omuoOka GyHKIIUHA U3MEPEHHBIX BEJIHMYMH.




CtpyKTypHBII
JJIEMEHT

KOMIICTCHIIM U

[Tnanupyemble pe3yiabTaThl O0yYeHHS

O1neHOYHBIC CPEACTBA

10.
11.
12.
13.
14.
15.
16.

17.
18.
19.
20.
21.
22.

23.
24,
25.

Cpennsisi KBapaTHyeCcKasi OIMOKa pe3yabTaToOB IBOMHBIX PABHOTOYHBIX U3MEPEHUIA.
Cpennss KBaagpaTHyecKas OmnOKa NpocToi apuMeTHUECKON CepeIUHBI.

O6m1as apudmeTndeckast cepeiuHa.

Cpennsis KBajpaTHyecKas OlMOKa eIMHHIIbI Beca.

Cpennsist kBagpaTudeckas ouroOka 1 Bec oOuieil apupMeTn4eckoi cepeuHbl.

UYro noHUMaeTcs 1oJ1 ypaBHUBAHUEM PE3yJIbTaTOB U3MEPEHUNA?

VYpaBHUBaHHUE U OLIEHKA TOYHOCTH HalpPaBICHUM, U3MEPEHHBIX HAa CTAHIIMH CIIOCOOOM
KpPYT'OBBIX IPUEMOB.

Uro sBAsETCS YCIOBUEM U IPUYMHON BO3ZHUKHOBEHUS 3a7jaul ypaBHUBAHUSA?
[IpyHLIMI HAUMEHBIINX KBAJPATOB.

Koppenarnsiit cnoco0 ypaBHUBaHUS.

[TapameTpuueckuii cnocod ypaBHUBaHUS.

Kak cocTaBistoT ycioBHbIE ypaBHEHUS?

Kak cocTaBnsitoT HopMallbHbIE YPAaBHEHHSI M BBIYUCISIOTCS KO3 PULIMEHTH HOpMaTIbHBIX
ypaBHEHM?

Anroput™m K. @. ["aycca penienust cucteM HOpMaJIbHBIX YPaBHEHUIN?

KoHTposb penieHnss HOpMaabHBIX YPABHEHUM.

O1eHKa TOYHOCTH U3MEPEHHBIX BEIMYMH U UX (PYHKIMHA IpU ypaBHUBAHUHU
KOppEJIaTHBIM CIIOCOO0M.

YK-2.3

Pa3pabarpiBaeT Iu1aH pealn3aldyl IPOEKTa C
YYE€TOM BO3MOXHBIX PHCKOB pcajinu3allud Hu
BO3MOYKHOCTEN MX YCTPAaHEHHWs, IUIAHUPYET
HE00XO0/IUMBIE PECYPChI

wmn e

No ok

Ilpumepnolii nepeuens meopemuuecKux 60npPoco8 K 3auémy:

3aaun TUCHUILTMHBI «MaTtemaTuyeckas 00paboTka pe3yabTaToB U3MEPEHUI»
Urto noHMMaloT 1o u3MepeHreM (pu3nueckoil BeTUUnHbI?

Kaxue usmepeHnns Ha3bIBaIOT NPSIMBIMU, KOCBEHHBIMHU, PABHOTOYHBIMHU U
HEPaBHOTOYHBIMH?

UYro sBaseTCS pe3yIbTaTOM U3MEPEHUs?

Uto moHuMaeTcs 1o OmoOKo# (MOTrPEeIIHOCTRIO) PE3yIbTaTa U3MEepPEHUs?

Kakue ommOku Ha3bIBatOTCS TPYOBIMH, CUCTEMAaTHUECKUMHU, CITy4aifHBIMU?

Kaxk BbIYMCINTB BEpOATHENIIIEE 3HAUCHUE U3MEPSIEMOM BEJIMUHHBI IO pe3yJIbTaTaM




CtpyKTypHBII
JJIEMEHT

KOMIICTCHIIM U

[Tnanupyemble pe3yiabTaThl O0yYeHHS

O1neHOYHBIC CPEACTBA

10.
11.
12.
13.
14.
15.
16.

17.
18.
19.
20.
21.
22.

23.
24,
25.

MHOT'OKpPaTHBIX PaBHOTOYHBIX U3MEPEHUN?

Cpennsis KBapaTHyecKasl OMNOKa pe3yJbTaTOB PABHOTOUHBIX U3MEPEHUI: (OPMYIIbI
l'aycca, beccens, @eppepo.

Cpennsis KBagpaTHyecKas omnOKa GYHKIUN U3MEPEHHBIX BEJIIMUYMH.

Cpennsist KBaapaTuieckas olrOKa pe3yJbTaToOB IBOMHBIX PABHOTOYHBIX U3MEPEHUH.
Cpennsis KBagpaTHyecKasl omnOKa npocToi apupMeTHYeCcKoi cepeIuHbl.

O6m1as apudmeTndeckas cepeiuHa.

Cpennsis KBajpaTHyecKas OIMOKa eTMHHIIbI Beca.

Cpennsist kBagpaTudeckas omroka 1 Bec oOuieil apupMeTnueckoi cepeIuHblI.

Yro noHUMaeTcs 1oJ1 ypaBHUBAHUEM PE3yJIbTaTOB U3MEPEHUNA?

YpaBHUBaHUE U OLIEHKA TOYHOCTH HAINPaBIICHUH, U3MEPEHHBIX HA CTAHIIMH CIIOCOOOM
KpPYTOBBIX IPUEMOB.

Uro sBAseTCS YyCIOBUEM U MPUYMHON BO3ZHUKHOBEHUS 3a]aull ypaBHUBAHUSA?
[IpyHIMI HaMMEHBIINX KBAIPaTOB.

Koppenatsslit cnoco0 ypaBHUBaHUS.

[TapameTpuueckuii cnoco0 ypaBHUBaHUS.

Kak cocTaBistoT ycioBHbIE ypaBHEHHUS?

Kak cocTaBisitoT HopMalibHbIE YpaBHEHHSI M BBIYUCISIOTCS KO3(DPHUIIMEHThI HOPpMaJIbHBIX
ypaBHEHM?

Anroput™m K. @. ["aycca penienust cucteM HOpMaJIbHBIX YPaBHEHUN?

KoHTposb penieHuss HOpMaabHbBIX YPABHEHU.

O1eHKa TOYHOCTH U3MEPEHHBIX BEIMYMH U UX (PYHKIMHA IpU ypaBHUBAHUHU
KOppeJIaTHBIM CI0cOO0M.

YK-2.4

Ocy1iecTBIsIET MOHUTOPHUHT X0/Ja pealnu3alyu
MIPOEKTa, KOPPEKTHUPYET OTKIOHEHHS, BHOCHUT

JOITOJIHUTECIIbHBIC U3MCHCHUSA B IIJ1aH

peanu3anuu  TPOEKTa,  YTOYHSET  30HBI

N =

Ilpumepnulii nepeuens meopemuuecKkux 60npPoco8 K 3auémy:

3agaun TuCHUILTMHBI «MaTtemaTnyeckas 00paboTka pe3yabTaToB U3MEPEHHI»
Urto noHMMaroT 1o u3MepeHreM (pu3n4eckoil BeTUUnHbI?

Kaxue usmepeHnns Ha3bIBaOT NPSIMBIMU, KOCBEHHBIMHU, PABHOTOYHBIMHU U
HEPaBHOTOYHBIMH?




CtpyKTypHBII
JJIEMEHT

KOMIICTCHIIM U

[Tnanupyemble pe3yiabTaThl O0yYeHHS

O1neHOYHBIC CPEACTBA

OTBCTCTBCHHOCTH YYAaCTHHUKOB IIPOCKTA

No ok

10.
11.
12.
13.
14.
15.
16.

17.
18.
19.
20.
21.
22.

23.
24,
25.

Uro sBisieTCs pe3ysIbTaTOM U3MEpPEHUs?

Yro noHuMaeTcs 1o OKMOKOH (IOrPEIHOCThIO) Pe3ysbTaTa U3MEPEHUs?

Kakne ommOku Ha3bIBatOTCS TPYOBIMHU, CHCTEMAaTHIECKUMHU, CITy9ailHBIMU?

Kak BpIUMCINTE BEpOATHENIIEE 3HAUEHUE U3MEPSIEMOM BEJIMUMHBI 110 pe3yJIbTaTaM
MHOT'OKPaTHBIX PAaBHOTOYHBIX U3MEPEHUI?

Cpennsis KBagpaTHyecKas OlNOKa pe3yabTaTOB PABHOTOUHBIX U3MEPEHUMN: (OPMYIIbI
l'aycca, beccens, @eppepo.

Cpennsis KBagpaTHuecKas OmnOKa GYHKIUU U3MEPEHHBIX BEJINYMH.

Cpennsist KBaapaTuieckas olrOKa pe3ysbTaToOB IBOMHBIX PABHOTOYHBIX U3MEPEHUH.
Cpennsis KBagpaTHyecKas omnOKa npocToi apupMeTHYeCcKoi cepeiuHbl.

O6m1as apudmeTndeckast cepeiHa.

Cpennsis KBagpaTHyecKas omnOKa eTUHHIIBI Beca.

Cpennsist kBagpaTudeckas omroka 1 Bec oOuieit apupMeTnueckon cepeuHbl.

UYTo noHMMaeTcs MoJ| ypaBHUBAHUEM PE3YJIbTATOB U3MEPEHUN?

VYpaBHUBaHHUE U OLIEHKA TOYHOCTH HANpaBICHHUH, U3MEPEHHBIX HAa CTAHIIMH CIIOCOOOM
KPYTOBBIX IPUEMOB.

Uro sBsieTCs yCIOBUEM U MPUYMHON BO3HUKHOBEHUS 33]1a4l YpaBHUBAHUA?
[IpyHIMI HaMMEHBIINX KBAIPaTOB.

Koppenatuslit cnocod ypaBHUBaHUS.

[TapameTpuueckuii cnocod ypaBHUBaHUS.

Kak coctaBnstor yciioBHbIE ypaBHEHUS?

Kak cocTaBnsitoT HopMalibHbIE YPAaBHEHHSI M BBIYUCISIOTCS KO3(hPULIMEHTH HOpMATIbHBIX
ypaBHEHUN?

AnroputMm K. @. "aycca pemeHus cucreM HOpMaibHBIX YPaBHEHHN?

KoHTposb penieHnss HopMaabHbBIX YPABHEHUN.

O1eHKa TOYHOCTH U3MEPEHHBIX BEIMYMH U UX (PYHKIHMHA IpU ypaBHUBAHUHU
KOppeJIaTHBIM CIOCO00M.

YK-2.5

[Ipennaraer mpoueaypbl U MEXaHU3MBbI OLIEHKH

Ilpumepnulii nepeuens meopemuuecKkux 60npocos K 3auémy:




CtpyKTypHBII
JJIEMEHT

KOMIICTCHIIM U

[Tnanupyemble pe3yiabTaThl O0yYeHHS

O1neHOYHBIC CPEACTBA

KayecTBa  IPOEKTAa, uH(ppaCTpyKTypHbIE
YCIIOBUS JJIs1 BHEAPEHUS PE3YyIbTaTOB MIPOEKTa

wn e

No ok

9.

10.
11.
12.
13.
14.
15.
16.

17.
18.
19.
20.
21.
22.

23.
24,

3anaun qucuuIuinHbl «MaTtemaruueckas o0paboTKa pe3yabTaTOB U3MEPEHUII»

UT0 MOHUMAIOT 1O U3MEepeHuEeM (PU3NYECKON BETUIMHBI?

Kaxue usmepenus Ha3bIBalOT NPSIMbIMU, KOCBEHHBIMHU, PABHOTOYHBIMU U
HEPaBHOTOYHBIMU?

Uro sBsieTcsl pe3ysibTaTOM U3MEpeHus?

Urto noHrMaeTcs MoJ| OUIMOKOM (OTrPEIHOCTHIO) pe3yabTaTa U3MepeHus?

Kakne ommOku Ha3bIBaIOTCS TPYOBIMH, CUCTEMATHUECKUMHU, CITy9aifHBIMU?

Kaxk BbruMcCIIUTh BEpOsATHEWIIEE 3HAUEHNUE U3MEPSIEMON BEIMUMHBI 10 pe3yJIbTaTaM
MHOT'OKPaTHBIX PAaBHOTOYHBIX U3MEPEHUI?

Cpennsist KBagpaTuieckas omroka pe3ylibTaToB paBHOTOYHBIX H3MEPEHUM: (hOpMYIIbI
l'aycca, beccens, @eppepo.

Cpenusis KBafpaTHyecKas omnOKa QYHKIIUN U3MEPEHHBIX BEJINUYHH.

Cpennsist KBagpaTHieckas OlrOKa pe3yJbTaToOB IBOMHBIX PABHOTOUHBIX U3MEPEHUH.
Cpennsis KBagpaTHyecKast omnOKa NpocToi apupMeTHYeCcKOi cepeIuHblI.

O6mras apudmeTndeckas cepeinHa.

Cpennsis KBagpaTHyecKas omnOKa eTUHHIIBI Beca.

Cpennsist kBagpaTudeckas omroka 1 Bec oOuieit apupMeTnueckon cepeuHblI.

UYrto noHMMaeTcs NoJ| ypaBHUBAaHUEM PE3YJIbTATOB U3MEPEHUN?

VYpaBHUBaHUE U OIIEHKA TOYHOCTH HANpPaBICHHUH, U3MEPEHHBIX HAa CTAHIIMH CIIOCOOOM
KPYTOBBIX IPUEMOB.

Uto sBNIAETCS YCIOBUEM U MPUYUHOW BOZHUKHOBEHUS 3a7a4l ypaBHUBAHUS?
[IpuHUIKN HAUMEHBIINX KBAJAPATOB.

Koppenartsslii cnioco0 ypaBHUBaHUS.

[TapameTpuueckuii cioco0 ypaBHUBaHUS.

Kak cocTtaBnstoT yciioBHbIE ypaBHEHUS?

Kak cocTaBnsitoT HopMallbHbIE YPAaBHEHHSI M BBIYUCISIOTCS KO3(hPpULIMEHTH HOpMaTIbHBIX
ypaBHEHMI?

AnroputMm K. @. I'aycca penienns cucteM HOpMaJIbHBIX YPaBHEHUN?

KoHTpoJib penieHns HopMaJibHbIX YPABHEHU.




CtpyKTypHBII
JJIEMEHT

KOMIICTCHIIM U

[Tnanupyemble pe3yiabTaThl O0yYeHHS

O1neHOYHBIC CPEACTBA

25.

Or1eHKa TOYHOCTH U3MEPEHHBIX BEIMYMH U UX (PYHKIMIA IpU ypaBHUBAHUU
KOppeJIaTHBIM CIIOCOOOM.

ITK-1 CriocoOeH BBITIONHATH HHKEHEPHO-TEOAC3NICCKIE H3bICKAHUS, TUIAHHPOBATHh PA3BUTHE TOPHBIX Pa0OT, OCYIIECTRISITh MAPKIICHACPCKUN KOHTPOJIb

COCTOSIHMSI TOPHBIX BBIPaOOTOK, 3JJaHUI COOPY>KEHUM U 36MHOM MOBEPXHOCTH HA BCEX ATAlaX OCBOCHUS U OXPaHbI HeAp ¢ o0ecreueHneM MPOMBIIIICHHON U

9KOJIOTHYECKON 0€30IaCHOCTH

IK-1.1

Cocrasinsier MIPOEKTHI MIPOM3BOJICTBA
MapKIICHIEPCKUX U Teofe3ndeckux pador,
OCYIIECTBIIICT KOHTPOJb 32 BBHITIOJHCHHEM
M3BICKATEIbCKUX PabOT

wn e

~No ok

10.
11.
12.
13.
14.
15.
16.

17.

Ilpumepnbolii nepeuens meopemuuecKux 60npPocos K 3auémy:

3amaun qucHUIUIMHBI «MaTematuyeckas o0paboTKa pe3yabTaTOB U3MEPEHUIN»

UTo MOHUMAIOT O] U3MEPEHNEM (PU3UUECKON BETHYNHBI?

Kaxkue n3mepenus Ha3pIBalOT NPSAMbIMUA, KOCBEHHBIMU, PABHOTOYHBIMHU 1
HEPaBHOTOYHBIMU?

Yro sBAsETCS PE3yIBTaTOM U3MEPEHUS?

Uto nmonuMaetcs 1o oumoKoi (MOTrpeHoOCThIO0) pe3ynbTaTa H3MepeHus?

Kakue ommOku Ha3bIBatOTCS TPYOBIMH, CUCTEMAaTHUECKUMHU, CITy4aifHbIMU?

Kak BeuucnuTh BeposTHelIee 3HaueHuEe U3MEPSIEMON BEIMUMHBI 110 pe3ysbTaTaM
MHOTOKPaTHBIX PaBHOTOYHBIX U3MEPEHUN?

Cpennsist KBagpaTuieckas OoluIrOKa pe3ysibTaToB paBHOTOYHBIX U3MEPEHUMN: (hOpMYJIIbI
l'aycca, beccenst, deppepo.

Cpennsist kBagpaTuieckas omroOka pyHKINNA U3MEPEHHBIX BETUYHH.

Cpenusisi KBafipaTHyecKasi OIMOKa pe3yabTaToOB IBOMHBIX PABHOTOYHBIX U3MEPEHUIA.
Cpennsist kKBagpaTudeckas ourroka npocToil apupMeTH4eckon cepeIuHbl.

O6mas apudmernyeckas cepenHa.

Cpennsist KBaapaTuieckas onrOka eTuHHUIbI Beca.

Cpenusist KBagpaTHyecKas omnOKa 1 Bec o01eil apumMeTndeckoit cepeIuHbl.

Urto noHMMaeTcs oJ] ypaBHUBAHUEM PE3Y/IbTATOB U3MEPEHHI?

YpaBHUBaHUE U OLIEHKA TOYHOCTH HalpaBJIeHUH, N3MEPEHHBIX HA CTAHIIMH CLIOCOOOM
KPYTOBBIX IIPUEMOB.

Uto sBIsETCS YCIOBUEM M IPUYMHON BO3ZHUKHOBEHUS 3a7ja4l ypaBHUBAHUSA?




CtpyKTypHBII
JJIEMEHT

KOMIICTCHIIM U

[Tnanupyemble pe3yiabTaThl O0yYeHHS

O1neHOYHBIC CPEACTBA

18.
19.
20.
21.
22.

23.
24,
25.

[IpyHIMI HaMMEHBIINX KBaJIPaTOB.

Koppenarnslii ciocod ypaBHUBaHUS.

[Tapamerpuueckuii criocod ypaBHUBaHUS.

Kak cocTaBistoT yClIOBHbBIE YpaBHEHUS?

Kak cocTaBnsitoT HOpMalibHBIEC YPAaBHEHHSI M BBIYUCIISIOTCS K03(hpHUIIMEHTH HOpMaTIbHBIX
ypaBHEHUI?

AnroputMm K. @. INaycca pemienust cucreM HOpMaJIbHbIX YpPaBHEHUN?

KoHTposb pemieHns HopMaabHbIX YPAaBHEHUI.

OrneHKa TOYHOCTH U3MEPEHHBIX BEIMYMH U UX (PYHKIUI PH ypaBHUBAHUH
KOppeJIaTHBIM CIIOCOOOM.

I1K-1.2

[Inanupyer pa3BUTHE TOPHBIX padOT W
KOHTPOJIMPYET COOTBETCTBUE (HAKTUUYECKOTO
pa3sBUTHS TOpPHBIX pabOT MpoekTaM |
KaJIeHJJapHBIM TUIaHAM

wnh e

No ok

10.
11.
12.
13.
14.

Ilpumepnbolil nepeuens meopemuuecKux 60NPoOCo8 K 3auémy:

3anaun nucuuIuinHbl «MaTtemaruueckas o0paboTka pe3yabTaTOB U3MEPEHUII»

UTo MOHMMAIOT MO U3MEPEHNEM (PU3NUECKON BETUUUHBI?

Kaxue usmepenus Ha3bIBaIOT NPSIMBIMU, KOCBEHHBIMHU, PABHOTOYHBIMU U
HEPaBHOTOYHBIMU?

Uro sBisieTcs pe3ysibTaTOM U3MepeHus?

UYrto noHMMaeTcs 1o OuIMOKOH (OrPEeIHOCThIO) pe3ybTaTa U3MEpEeHus?

Kaxue omm0Oku Ha3bIBatOTCA rpyObIMH, CHCTEMATHUYECKUMHU, CITy4alHBIMU?

Kak BpIUMCINTE BEpOATHENIIEE 3HAUEHUE U3MEPSIEMOM BEIMUMHBI 110 pe3yJIbTaTaM
MHOT'OKPAaTHBIX PABHOTOYHBIX U3MEPEHUN?

Cpenusist KBapaTHyecKast OIIMOKa pe3yabTaTOB pAaBHOTOYHBIX U3MEPEHUIN: POPMYITbI
l'aycca, beccens, @eppepo.

Cpenusisi KBafipaTHyecKasi OmnOKa GYHKIIUN U3MEPEHHBIX BEJIMYHH.

Cpennsist KkBaapaTuieckas olrOKa pe3yJbTaToOB IBOMHBIX PABHOTOYHBIX H3MEPEHUH.
Cpenusisi KBapaTHyeckast omnoKa npocToi apupMeTUIecKoi cepeiluHbl.

O6mras apudmeTndeckas cepenna.

Cpenusisi KBapaTHyecKas OmMOKa eTUHHIIBI Beca.

Cpennsis KBagpaTruieckas omnoKka U Bec 001Iei apupMeTHIecKol cepeIuHbI.




CtpyKTypHBII

3JIEMEHT [Tnanupyemble pe3yiabTaThl O0yYeHHS OueHoyHbIe CpECTBA
KOMIIETEHIINH
15. Urto monumMaercs 1oji ypaBHUBAaHUEM PE3YJIbTATOB U3MEPECHUIT?
16. YpaBHHUBaHME U OIICHKA TOYHOCTH HANPABICHUM, U3MEPEHHBIX HA CTAHIIMH CIIOCOOOM
KPYI'OBBIX IIPUEMOB.
17. Yro siBisieTcs yCIOBUEM M MPUUYUHON BOSHUKHOBEHHUS 33/1a4U YpaBHUBAHUS?
18. IlpuHIMIT HAMMEHBIINX KBAIPATOB.
19. KoppenartHsslii cioco0 ypaBHUBaHUS.
20. INapameTpudeckuii cioco0 ypaBHUBaHUSI.
21. Kak cocTaBIsitOT yCIOBHBIC ypaBHEHUS?
22. Kak coCTaBIISIIOT HOPMAJIbHBIE YPaBHEHUS U BEIYUCIISIOTCS KO3( GUIIMEHTHI HOPMAIIbHBIX
ypaBHEHUI?
23. Anroputm K. @. I'aycca pemieHunst cucreM HOpMalbHBIX YPaBHEHUHN?
24. KoHTpOJIb pelieHuss HOpMalbHbIX YPaBHEHUH.
25. OnieHKa TOYHOCTH W3MEPEHHBIX BEIMYMH M WX (QYHKIUH TpH ypaBHUBAaHUH
KOppeJaTHBIM CIIOCOOOM.
Ilpumepnolii nepeuens meopemuuecKux 60npoCco6 K 3auémy:
1. 3apaun nucuumimzel «MaTtemaruyeckas o0paboTKa pe3yabTaTOB U3MEPEHUII»
2. Yro MOHMMAIOT MO U3MEpEeHUEeM (PU3NUECKO BETUUUHBI?
3. Kakwue nzmepenus Ha3pIBAIOT MPSMBIMU, KOCBEHHBIMH, PABHOTOYHBIMH U
OOOCHOBBIBAET M UCHOIB3YET  METOJBI HEPaBHOTOYHBIMH?
reoMeTpHU3aLuu " IIPOrHO3UPOBAHUS 4. Yrto aBnsercs pe3yabTaTOM U3MEPEHUS?
IK-1.3 pa3MeILeHns [OKa3aTeNeii MECTOPOXKICHUS B 5. UYro moHMMaeTcs MmoJi OUIMOKOH (IIOrPEIIHOCTHIO) pe3ysbTaTa U3MEPEHUs?
MIPOCTPAHCTBE 6. Kakue ommoOku Ha3bIBAIOTCS rpyobIMU, CHCTEMATHYECKUMY, CITYIaifHBIMU?
7. Kak BbIYMCINTB BEpOsTHENIIIEE 3HAaUEHUE U3MEPSeMOil BETMUMHBI IO pe3yibTaTam
MHOT'OKPAaTHBIX PABHOTOYHBIX U3MEPEHUN?
8. CpenHss KBagpaTHUecKas OUIMOKa pe3yJbTaTOB PABHOTOUYHBIX U3MEPEHHIL: (HhOpMyJIbI
l"aycca, beccens, @eppepo.
9. CpenHnsas kBagpaTHueckas omrOka GyHKIUN U3MEPEHHBIX BETUYHH.
10. Cpennsist KBagpaTuyeckasi OlmoKa pe3ynbTaToB ABOWHBIX PABHOTOUHBIX U3MEPEHHI.




CtpyKTypHBII
JJIEMEHT

KOMIICTCHIIM U

[Tnanupyemble pe3yiabTaThl O0yYeHHS

O1neHOYHBIC CPEACTBA

11.
12.
13.
14.
15.
16.

17.
18.
19.
20.
21.
22.

23.
24,
25.

Cpenusisi KBagpaTHyecKast OINOKa MPOCTON apu(METUYECKON CepeIuHBI.

O6mas apudmeTndeckas cepeiuHa.

Cpenusisa kBagpaTrueckas omrOKa eIMHULIBI Beca.

Cpenuss kBagpaTHyeckas omnOKa U Bec o01eil apudmeTndyeckoil cepeIuHbl.

Urto noHMMaeTcs oJ] ypaBHUBAHUEM PE3YJIbTATOB U3MEPEHU?

VYpaBHUBaHUE U OLIEHKA TOUHOCTHU HalpaBJIeHUH, N3MEPEHHBIX HA CTAaHIIMH CLIOCOOOM
KPYTOBBIX IIPUEMOB.

UYro sBsEeTCS YCIOBUEM U IPUYMHON BO3ZHUKHOBEHUS 3a7ja4l ypaBHUBAHUA?
[IpyHIMI HaMMEHBIINX KBaJIPaTOB.

KoppenaThblii criocod ypaBHUBaHHUS.

[Tapamerpuueckuii criocod ypaBHUBaHUS.

Kak cocTaBisitoT yCIOBHbBIE YpaBHEHMS?

Kak coctapinsitoT HOpMalibHbIE ypaBHEHUS U BBIYUCIIAIOTCS KO3PPUIMEHTHI HOpMaIbHBIX
ypaBHEHUN?

AnroputMm K. @. INaycca pemienust cucreM HOpMaJbHBIX YpaBHEHUN?

KoHTposb pemienns HopMaabHbIX YPaBHEHUI.

OneHka TOYHOCTH U3MEPEHHBIX BEJIMYMH U UX (PYHKUINN IPU ypaBHUBAHUU
KOppeJaTHBIM CIIOCOOOM.

[1K-1.4

AHanuzupyer U
MECTOPOKIACHUM  TOJIE3HBIX
ULl WX  KOMIUIEKCHOTO

BBINIOJIHAET  pa3jIMuyHbIC

TUIU3UPYET  YCIIOBUA
pa3paboTku

UCKOIIaeMbIX
UCIIOJIb30BaHUs,

OLICHKU HEAPOIIOJIb30BaAHUA

wh e

No ok

Ilpumepnoiii nepeuens meopemuuecKux 60nPOCco8 K 3auémy:

3amaun AUCIUTUIMHBI «MaTemaTnyeckas 00paboTka pe3yIbTaTOB U3MEPEHUN
UTo MOHMMAIOT MO/ U3MEpPEHNEM (PU3NUECKON BETUYUHBI?

Kaxue uzmepenns Ha3bIBaIOT NPSIMBIMU, KOCBEHHBIMHU, PABHOTOYHBIMU U
HEPAaBHOTOYHBIMH?

UYro sABysieTCs pe3yabTaTOM U3MEPEHHUS?

Uto nmoHUMaeTcs o1 OLIMOKOH (TOTPEIHOCTHIO) Pe3ylbTaTa U3MEPEeHUs?

Kaxue ommOku Ha3bIBalOTCA rpyObIMH, CHCTEMATHUYECKUMHU, CITy4alHBIMU?

Kak BpIUMCINTE BEpOATHENIIIEE 3HAUEHUE U3MEPSIEMOI BEJIMUMHBI 10 PE3YJIbTaTaM
MHOTOKPATHBIX PABHOTOYHBIX U3MEPEHUI?




CtpyKTypHBII
JJIEMEHT

KOMIICTCHIIM U

[Tnanupyemble pe3yiabTaThl O0yYeHHS

O1neHOYHBIC CPEACTBA

9.

10.
11.
12.
13.
14.
15.
16.

17.
18.
19.
20.
21.
22.

23.
24,
25.

Cpenusisi KBagpaTHyeCcKasi OIMOKa pe3yabTaTOB PABHOTOUHBIX U3MEPEHUIA: (hOPMYITBI
l"aycca, beccens, @eppepo.

Cpennsist kBaapaTuieckas omrOka (pyHKINY U3MEPEHHBIX BEJTUYMH.

Cpennss kBagpaTHyecKas OlnOKa pe3yabTaToOB IBOMHBIX PABHOTOYHBIX U3MEPEHUII.
Cpennsist KBagpaTuieckas orOka npocToil apupMeTH4ecKon CepeuHbl.

O6mas apudmernyeckas ceperHa.

Cpenusisa kBagpaTrueckas omrOKa eIMHULIBI Beca.

Cpennsis KBafpaTHyecKas omnOKa 1 Bec o01eil apupmMeTndeckoil cepeIuHbl.

Urto noHMMaeTcs MoJ| ypaBHUBAaHUEM PE3y/IbTaTOB U3MEPEHU?

YpaBHUBaHUE U OLIEHKA TOYHOCTHU HalpaBJIEHUH, N3MEPEHHBIX HA CTAaHIIMH CLIOCOOOM
KPYTOBBIX IIPUEMOB.

Yro sBAsETCS YCIOBUEM U IPUYMHON BO3HUKHOBEHUS 3a7a4l ypaBHUBAHUA?
[IpuHIMI HaMMEHBIINX KBaJIPaTOB.

KoppenaThslii criocod ypaBHUBaHUS.

[Tapamerpuueckuii cnocod ypaBHUBaHUS.

Kak cocTaBisitoT yClOBHbBIE YpaBHEHMS?

Kak coctapinsitoT HOpMalibHbIE ypaBHEHUS U BBIYUCIIAIOTCS KO3PPUIMEHTHI HOpMaIbHBIX
ypaBHEHUN?

AnroputMm K. @. INaycca pemienust cucreM HOpMaJbHBIX YpaBHEHUN?

KoHTposb pemienns HopMaabHbIX YPaBHEHUI.

OneHka TOYHOCTH U3MEPEHHBIX BEIMYMH U UX (PYHKUINN IpU ypaBHUBAHUU
KOppeJIaTHBIM CITIOCOOOM.

I[IK-2 CmoocoOeH BBIIOJIHSITH MameeﬁﬂepCKO-FCO,Z[CSI/I‘{CCKI/IC pa6OTLI, OonpeaACiIsITb HNPOCTPAHCTBCHHO-BPEMCHHLIC XaPAKTCPUCTUKU COCTOSAHUA 3eMHOM

IMOBEPXHOCTU M HCAP, I'OPHO-TCXHUYCCKUX CUCTEM, IMOA3CMHBIX W HA3CMHBIX COO];)Y)KGHI/II\/'I n OTO6pa)KaTI) I/IH(bOpMaIII/IIO B COOTBETCTBHUU HeﬁCTBYIOIHHMH

HOPMAaTUBHBIMU JOKYMCHTaMU

[1K-2.1

I/ICHOHBSyCT 3aKOHbI W HWHBIC HOPMATHUBHBLIC
IMPpaBOBBIC AKTHI B 00J1aCTH TE€OJIOTHYECKOTO

1.

Ilpumepnulii nepeuens meopemuuecKkux 60npocos K 3auémy:

3amaun aucruIuimHbl «MaTteMaTrueckasi 00paboTKa pe3yIbTaToB H3MEPEHHUI»




CtpyKTypHBII
JJIEMEHT

KOMIICTCHIIM U

[Tnanupyemble pe3yiabTaThl O0yYeHHS

O1neHOYHBIC CPEACTBA

U3YYEHHUS, UCIIOJIb30BAHUSA M OXpaHbl HEIp U
OKpYXKarollel cpeJibl; HOpMaTUBHbBIC IIPABOBbIC
aKTbl, PYKOBOJSIIME, METOJUYECKUE U
HOpPMAaTUBHBIE  MaTepuajbl,  Kacarolluecs
JeSATEIbBHOCTH MapKIIEHIepCKOM CIIyKObl;

wmn

~No ok

10.
11.
12.
13.
14.
15.
16.

17.
18.
19.
20.
21.
22.

23.
24,
25.

UYTo MOHMMAIOT MO U3MEPEHNEM (PU3UUECKON BETHUUHBI?

Kaxue usmepeHns Ha3bIBalOT NPSIMBIMU, KOCBEHHBIMHU, PABHOTOYHBIMU U
HEPaBHOTOYHBIMU?

Yro sBseTCS pE3yIbTaTOM U3MEPEHUs?

UTo moHUMAaETCs 0] OMTMOKOM (TIOTPENTHOCTRIO) Pe3yIbTaTa U3MEPEHUs?

Kakue ommOku Ha3bIBatOTCA TPYOBIMH, CUCTEMATHUECKUMHU, CITy4aiiHbIMU?

Kak BpluucinTh BeposdTHelIIee 3HaUEHUE U3MEPSIEMOI BEJIMYUHBI 110 pe3yIbTaTaM
MHOT'OKPaTHBIX PaBHOTOYHBIX U3MEPEHUN?

Cpenusisi KBapaTHUECKasl OIMOKA pe3yabTaTOB PABHOTOUHBIX H3MEPEHUIA: (hOPMYITBI
l'aycca, beccens, deppepo.

Cpennsist kBaapaTuieckas omroOka (pyHKINY U3MEPEHHBIX BEJIUYMH.

Cpenusis kBagpaTHyecKas OlnOKa pe3yabTaToOB IBOMHBIX PABHOTOYHBIX U3MEPEHUI.
Cpennsist kKBagpaTuieckas omrOka npocToil apupMeTHIecKon cepeHbl.

OOmast apudmernyeckas cepeivHa.

Cpenusis kBagpaTrueckas omroKa eIMHUIIBI Beca.

Cpennsis KBapaTHUyecKas omnOKa 1 Bec o01eil apumMeTnyeckoil cepeIuHbl.

Urto noHnMaeTcs MoJ] ypaBHUBAaHUEM PE3yIbTaTOB U3MEPEHU?

VYpaBHUBaHUE U OLIEHKA TOYHOCTHU HalpaBJIeHUH, N3MEPEHHBIX HA CTAaHIIMH CLIOCOOOM
KPYTOBBIX IIPUEMOB.

Yro sBAsETCS YCIOBUEM U IPUYMHON BO3ZHUKHOBEHUS 3a7ja4l ypaBHUBAHUA?
[IpuHIMI HaMMEHBIINX KBaJIPaTOB.

KoppenaThslii criocod ypaBHUBaHUS.

[TapameTrpudeckuii crmoco® ypaBHUBaHHUSL.

Kak cocTaBisitoT yCloBHbBIE YpaBHEHMS?

Kak cocTapmnsitoT HOpMalibHbIE ypaBHEHUS U BBIYUCIIAIOTCA KO3(PPHUIIMEHTH HOPpMaTbHBIX
yYpaBHEHMIA?

AnroputMm K. @. INaycca pemienust cucreM HOpMaJIbHBIX YpaBHEHUN?

KoHTpo:b pemienns HopMaabHbIX YPaBHEHUI.

OneHKa TOYHOCTHM M3MEPEHHbIX BEIMYMH M UX (QYHKIMA 0[pU  ypaBHUBaHWUU




CtpyKTypHBII

3JIEMEHT [Tnanupyemble pe3yiabTaThl O0yYeHHS OueHouHbIE CpeACTBa
KOMIIETCHIIUH
KOppEJIaTHBIM CITIOCOOOM.
[1K-2.2 Ilpumepnplit nepeuens meopemuuecKux 60npocos K 3auémy:

OcymecTBisier HE0OXOTUMBIE
MapKIIeHIepcKie KamepajdbHble U TOJIEBbIC
pabotel, odopMIsSeT  MPOU3BOJCTBEHHYIO
JOKYMCHTAIIUIO U OTYETHOCTD

wn e

~No ok

10.
11.
12.
13.
14.
15.
16.

17.
18.
19.
20.
21.
22.

3ajauun TucHUILIMHBI «MaTtemaTuyeckas 00paboTka pe3yabTaToB U3MEPEHUI»

UTo MOHUMAIOT O] U3MEPEHNEM (PU3UUECKON BETHYNHBI?

Kaxue usmepeHnns Ha3bIBaOT NPSIMBIMU, KOCBEHHBIMHU, PABHOTOYHBIMHU U
HEPaBHOTOYHBIMU?

Yro sBiseTCS pE3yIbTaTOM U3MEPEHUs?

Uto nmonumMaercs 1o omuoKkon (MOTrpelHOCThI0) pe3yibTaTa U3MepeHus?

Kakue ommOku Ha3bIBatOTCS TPYOBIMH, CUCTEMAaTHUECKUMHU, CITy4aiiHbIMU?

Kak BpluuciIuTh BeposdTHelIee 3HaUeHUE U3MEPSIEMOM BEIMUMHBI 110 pe3ysbTaTaM
MHOT'OKPaTHBIX PaBHOTOYHBIX U3MEPEHUN?

Cpennsist KBaapaTuieckas olrOKa pe3yJbTaTOB paBHOTOYHBIX U3MEPEHUMN: (hOPMYJIIbI
l'aycca, beccenst, deppepo.

Cpennsist kBagpaTuieckas olmroOka (pyHKINY U3MEPEHHBIX BEJTUYHH.

Cpennsis KBajpaTHyecKasi OINOKa pe3yabTaToOB IBOMHBIX PABHOTOYHBIX U3MEPEHUI.
Cpennsist KBagpaTuieckas onroka npocToil apupMeTHIeckon cepeHbl.

OOm1ast apudmernyeckas cepeivHa.

Cpenusis kBagpaTrueckas omroKa eIMHULIBI Beca.

Cpennsis KBafpaTHyecKas omnOKa 1 Bec o01eil apupmMeTndeckoit cepeIuHbl.

Uto noHMMaeTcs ol ypaBHUBAHUEM PE3YIbTATOB U3MEPEHUI?

YpaBHUBaHHE U OLIEHKA TOUHOCTHU HAIPaBJICHUH, H3MEPEHHBIX HA CTAHIIUH CIIOCOOOM
KPYTOBBIX IIPUEMOB.

UYro sBAsETCS YCIOBUEM U IPUYMHON BO3HUKHOBEHUS 3a7a4l ypaBHUBAHUA?
[IpuHIMI HaMMEHBIINX KBaJIPaTOB.

KoppenaThslii criocod ypaBHUBaHUS.

[TapameTrpudeckuii crmoco® ypaBHUBaHHUS.

Kak cocTaBistoT yClOBHbBIE YpaBHEHMS?

Kak coCTaBJIsII0T HOpMaJIbHBIE YPAaBHEHHSI M BBIYUCIISIOTCS KO3()PHUIIMEHTH HOPMATIbHBIX




CtpyKTypHBII
JJIEMEHT ITnanupyemble pe3yabTaTbl 00y4eHUs OneHouHble CpeCTBA
KOMIIETEHIIUU

ypaBHEHUN?

23. Anroputm K. @. 'aycca pemeHus CHCTeM HOPMaJIbHBIX YPaBHEHUI?

24. KoHTpOJIb pelieHus HOpMalIbHBIX YPaBHEHUH.

25. OnleHKa TOYHOCTHM UW3MEPEHHBIX BEIMYUH U HUX (QYHKUMA TP ypaBHUBAHUU
KOppEJIaTHBIM CITIOCOOOM.

[K-2.3 IlpumepHnulit nepeuens meopemuuecKux 60npocoé K 3auémy:

1. 3apaum nucrurumnbel «MaTtemaruyeckas o0paboTKa pe3yabTaTOB U3MEPEHHUIN»

2. Yrto MOHMMAIOT MO U3MEPEHNEM (PU3UUECKON BETHUUHBI?

3. Kaxkue nzmepeHus Ha3pIBalOT NPSMBIMH, KOCBEHHBIMU, PABHOTOYHBIMU U
HEPaBHOTOYHBIMU?

4. Yrto aBnseTcs pe3yabTaTOM U3MEPEHUS?

5. Yrto moHMMaeTcs Mo OMMOKOM (TMTOTPENTHOCTHIO) pe3yabTaTa U3MEPEHUS?

6. Kakue ommOKy Ha3bIBAIOTCS TPYOBIMU, CUCTEMATUYECKUMU, CITydalHBIMU?

7. Kaxk BbIYHMCIUTH BEepOsITHEHIIEE 3HAUEHNE U3MEPSAEMOM BETMUMHBI IO pe3yJbTaTaM
MHOT'OKPAaTHBIX PABHOTOYHBIX U3MEPEHUN?

Hcnonb3yer reonH(OpPMAIMOHHBIE CHUCTEMBI 8 C 6 ..
. CpenHsis kBajpaTHueckas OmKUOKa pe3yabTaTOB PaBHOTOUYHBIX U3MEPEHUI: (OPMYJIbI

JUTSI BBITIOJIHEHUSI MapKIIEHIepCKUX padoT Taycca, Beccens, ®eppepo
3 3 M

9. CpenHnsas kBagpaTHdecKkas ommoOKka GyHKIINN H3MEPEHHBIX BETHUHH.

10. Cpennss kBagpaTHyecKast OIIMOKa pe3yabTaTOB IBOMHBIX PABHOTOUYHBIX U3MEPEHHM.

11. Cpennsist kBagpaTuyeckasi olnoKa NpocToi apuMeTndeckon cepeluHbI.

12. Obuias apudmernueckas cepeuHa.

13. Cpennsis KBagpaTHyecKkas OMMOKa eIMHUIIBI Beca.

14. Cpenusis kBajpaTHyeckas omnoOKa U Bec 0011ei apudMeTnieckoil cepeuHbl.

15. Yto noHumaeTcs noj, ypaBHUBaHUEM Pe3yJIbTaTOB U3MEPEHUN?

16. YpaBHUBaHME U OLIEHKA TOYHOCTH HAIIPABICHUN, U3MEPEHHBIX Ha CTAHIIMU CIIOCOOOM
KPYTOBBIX IIPUEMOB.

17. Yto siBsieTcs yCIOBUEM U IPUYMHOM BOZHUKHOBEHUS 337a4ll ypaBHUBAHU?

18. TlpuHIMN HAMMEHBIITUX KBAIPATOB.




CtpyKTypHBII
JJIEMEHT ITnanupyemble pe3yabTaTbl 00y4eHUs OneHouHble CpeCTBA
KOMIIETEHIIUU

19. KoppenatHslii cioco® ypaBHUBaHUSI.

20. [TapameTpudeckuii cnoco0 ypaBHHUBAHUS.

21. Kak cOCTaBIsIOT yCIOBHBIC ypaBHEHUS?

22. Kak cOCTaBIISIFOT HOpMaJIbHbIE YPABHEHUS U BEIUUCIISIFOTCS KOA(h(OULIMEHTHI HOPMaTbHBIX
ypaBHEHUI?

23. Anroputm K. @. I'aycca pelieHust CUCTEM HOpMaJIbHBIX YpaBHEHH?

24. KoHTpOJIb pelIeHus] HOpMaIbHbBIX YPaBHEHUH.

25. O1ieHKa TOYHOCTH U3MEPEHHBIX BEJIMYMH U X (QYHKIUHN NPU ypaBHUBAHUU
KOppEJIaTHBIM CITIOCOOOM.

[1K-2.4 IlpumepHnplit nepeuens meopemuuecKux 60npocos K 3a4émy:

=

3afaun nucHUIIMHBI «MatemaTnyeckas 00paboTka pe3yabTaToB U3MEPEHUI»

Uro noHMMaroT o1 U3MepeHneM (pU3N4eCcKOi BETUUNHBI?

Kakue nuzmepeHus Ha3bIBalOT NPSIMBIMHU, KOCBEHHBIMH, PABHOTOUYHBIMU U

HEPaBHOTOYHBIMU?

UYro sBaseTCS pE3yIbTaTOM U3MEPEHUs?

Uto nmoHuMaeTcs 1o oumOKo# (MOrpeIHOCThIO0) pe3yibTaTa U3MepeHus?

Kakue ommOku Ha3bIBatOTCS TPYOBIMH, CUCTEMAaTHUECKUMHU, CITy4aifHbIMU?

Kak BeuuciuTh BeposTHelIIee 3HaUeHUEe U3MEPSIEMOM BEIMUMHBI 110 pe3ysIbTaTaM

MHOTOKPATHBIX PABHOTOYHBIX U3MEPEHHIA?

8. CpenHss KBagpaTHUecKas omrOKa pe3yIbTaTOB PABHOTOYHBIX U3MEPEHUH: POPMYIIBI
l'aycca, beccens, @eppepo.

9. CpenHss kBagpaTHdeckas ommoOka GyHKIINNA H3MEPEHHBIX BETHUHH.

10. Cpennss kBaspaTUyeckast OmMOKa pe3yabTaToOB JBOMHBIX PABHOTOUHBIX U3MEPEHUH.

11. Cpennsist KBaipaTH4YECKast OMIMOKA TPOCTON apuPMETHIECKON CEpETUHBI.

12. O6mas apudmerndeckas cepenHa.

13. Cpennsist KBajipaTHyecKas OIMOKa eMHUIIBI Beca.

14. Cpennsis kBajpaTHuyeckast omnoOKa U Bec o01ei apudMeTnieckoi cepeHsbl.

15. Uto monuMaeTcs 1oji ypaBHUBAaHUEM PE3YJIbTATOB U3MEPCHUII?

wmn

~No ok

VYcTaHaBiaMBaeT MPUTOAHOCTD I'€0/1€3UYECKOT0
0o0opyoBaHus ¥ MpHOOPOB K paboTe




CtpyKTypHBII
JJIEMEHT
KOMIIETEHIIUU

[Tnanupyemble pe3yiabTaThl O0yYeHHS

O1neHOYHBIC CPEACTBA

16.

17.
18.
19.
20.
21.
22.

23.
24,
25.

YpaBHUBaHHE U OLIEHKA TOYHOCTHU HANpaBJICHUH, U3MEPEHHBIX HA CTAHIIMH CIIOCOOOM
KPYT'OBBIX IPUEMOB.

Uro sBAs€TCS YCIOBUEM U IPUYMHON BO3HUKHOBEHUS 3a7jaul ypaBHUBAaHUSA?
[IpyuHUMIT HAUMEHBIINX KBAJAPATOB.

Koppenartuslit cnoco0 ypaBHUBaHUS.

[TapameTpuueckuii crnoco0 ypaBHUBAHUSI.

Kak cocTaBisitoT ycioBHbIE ypaBHEHHUS?

Kak coctapmnsitoT HOpMalibHbIE ypaBHEHUS U BBIYUCIAIOTCS KO3PPUIIUEHTH HOPMaTbHBIX
ypaBHEHUN?

AnroputMm K. @. ["aycca pelieHust cucTeM HOpMaibHbIX YPaBHEHUI?

KoHTpousb penieHuss HOpMajabHbBIX YPABHEHUN.

O1eHKa TOYHOCTH U3MEPEHHBIX BEIMYMH U UX (PYHKIMIA IpU ypaBHUBAHUHU
KOppeJIaTHbIM CIOCOO0M.




0) Ilopsinoxk mpoBeneHHs] MPOMEXKYTOYHOW ATTECTALMM, MOKA3aTeJH U KPUTEPHHU
OlleHUBAHMS:

IIpumepHasi CTPYKTYpa M coiepKaHUe MYHKTA:

[IpomexxyTouHast arTectanus Mo JucHuIUinHe «MaTtemaTuueckass 00paboTKa pe3ysbTaToB
MU3MEPEHHI» BKIIOUAET TEOPETUUYECKUE BOIPOCHI, MO3BOJISIIOLIME OIEHUTH YPOBEHb YCBOCHUS
00yJarmuMuUCs 3HAaHUH, U TPAKTHYECKUE 3aJaHMs, BBISBISIIOIINE CTEICHh CHOPMHUPOBAHHOCTH
YMEHHH U BIaJICHUN, TPOBOAUTCS B opMe 3a4era.

3ayer 1o JaHHOW AUCIUILIUHE TPOBOIUTCS B YCTHON (JOpPME IO TEOPETUIECKUM BOIIPOCAM.
Iloka3aTesu U KpUTEPUH OLICHUBAHUA 3a4eTa:

— Ha OLEHKY «3a4TeH0» OOy4yalouluiicsi IeMOHCTPUPYET YPOBEHb C(HOPMHPOBAHHOCTU
KOMIIETEHIIMM OT BBICOKOTO JIO0 IMOPOTOBOTO, JEMOHCTPHUPYET 3HaHUE y4eOHOro MmaTepuala,
HABBIKH BBITTOJHEHUS TPAKTUYECKUX 3a/IaHUM.

— Ha OICHKY «He 3a4TeHO»— OO0yJaromuiics AeMOHCTpupyeT 3HaHus He Oonee 20%
TEOPETUYECKOI0 MarepHualia, JOMYCKAaeT CYIICCTBCHHBIC OIMMOKHA, HE MOXET II0Ka3aTh
MHTEJUICKTYaJIbHbIE HABBIKU BBIMOJTHEHUS TPOCTHIX 3aaHH.



[Tpunoxenue 3

MeToanuyeckue yKazaHust

1. DJIEMEHTBI TEOPUH MOT'PEIIHOCTEM I'EOJIE3UNYECKHAX U3MEPEHU

1.1. O6mme cBegeHnst 00 M3MepeHUAX

OO0bexkTOM u3yueHus Hayku ['eonmesus siBisercs IuiaHera 3emisi — ee Gopma, pazMepsl,
BHEIIHEE I'PaBUTALMOHHOE IOJE. DTH XapaKTEPUCTUKHU MOJIYy4aroT U3 Pa3IM4YHbIX U3MEpPEHUH,
BBIINOJIHAEMBIX Ha IOBEPXHOCTU 3EMIIU.

[Mon wuszmepenuem Qusnveckor BeNMWYMHBI X TMOHUMAIOT TPOIECC CPABHEHHUS ITOU
BEJIMYMHBI C IPYroi, OMHOPOAHON ¢ HEWl BETMYMHON (|, MPUHATON B Ka4eCTBE Mepbl - SIUHUIIBI
u3Mmepenus. Hanpumep, AiMHy OTpe3Ka JIMHUM MECTHOCTH CPAaBHMBAIOT C €AMHUIICH JTMHEHHBIX
U3MEPEHUI - Mempom; TOPU3OHTAIIBHBIN Yroj, 00pa30BaHHBIN OTpE3KaMH JIMHUN HAa MECTHOCTH,
CPaBHHBAIOT C IPATyCcOM, TPaioM, PaAHAHOM.

W3mepenus pa3nuyaroT:
- npsmvle;

- KOCBeHHble;

- PA8HOMOYHbIE,

- HepagHOmMoUHble.

[Ton npsmbivu M3MEPEHUSIMU IOHUMAOT TAaKUE, MTPU KOTOPBIX OMPEACISEMYI0 BEIIMUYUHY
MONTy4aroT MyTEM HEMOCPEICTBEHHOTO CpaBHEHUS (COMOCTaBIEHHUs) €€ C eNUHUIIEH U3MEpPEHUS
nnn e€ npous3BoAgHOM. Hampumep, nimHa oTpe3ka JUHUM U3MEPSETCS CTAIBHOW JIEHTOM WIIH
TOPU3OHTAIBHBIM YTOJI HA MECTHOCTH M3MEPSETCS TEOJOIUTOM, a Ha OyMare TPaHCIIOPTUPOM U
T.JI.

Koceennvimu Ha3pIBalOT W3MEPEHMS, OINpEAeisseMas BEIMYMHA B KOTOPBIX SABISIETCS
(byHKLIMEeN Ipyrux HENOCPEICTBEHHO WM3MEPEHHBIX BENWYMH. Tak, s ONpeAeieHUs IITUHbBI
OKPYKHOCTM WJM IUIOIAAM Kpyra, HEOOXOAUMO HENOCPEACTBEHHO M3MEPUTh pPaguyc
OKPY’KHOCTH.

Pasnomounvivu Ha3bIBalOT HM3MEPEHUs, BBITIOJHEHHBIE MPUOOpPaMH OJHOTO Kiacca
TOYHOCTH, CHEIUATMCTAMH PaBHOW KBaTu(UKAIMU, MO OJHOM W TOW K€ TEXHOJOTHH, B
UJCHTUYHBIX BHEUTHUX YyCIOBUAX. [Ipu HecoOmomeHun XoTs Obl OJHOTO U3 TEePEUHCIICHHBIX
YCIOBUW U3MEPEHUS CUUTAIOTCS HEPABGHOMOUHBIMU.

Pesynomamom w3mepenuss | sBiseTcs dMCIO, TOKa3bIBalOIIEe, BO CKOJBKO pa3
onpezenseMas BEeJIMYMHA OOJbIIE WM MEHbIIE BEIUYMHBI, C KOTOpPOH €€ CpaBHUBAIH, T.€.
BEJIMYMHBI, IPUHATOMN 32 €AMHUILY U3MEPECHMUS.

PesynpTarel u3MepeHUN TMOApA3NENSIIOT Ha Heobxoldumvle W 000asouHvle (WIH
n30bITOuHbBIE). Tak, eciu ofHa W Ta XK€ BeIMYMHA (IJIMHA JUHUHU, YTOJ TPEYroJbHUKA U T.II.)
u3MepeHa N pas, TO OJWH U3 Pe3yIbTaTOB M3MEPEHHIA SIBIICTCS HEoOXoaumbiM, a (N — 1) -
no6aBoyHbIMH. Jl00aBOYHBIE M3MEpPEHHS WMEIOT BeCbMa Ba)KHOE 3HAUCHHE: WX CXOJUMOCTH
SBIISICTCS CPEOCMBOM KOHMPOA U TI03BOJIIET CYJUTh O Kauecmee pe3ylbTaTOB U3MEPEHU; OHU
JAFOT BO3MOXXHOCTbD TIOJYYHUTh HAUubOoee HA0elHCHOe 3Ha4eHue NCKOMOH BETHUUHBI IO CPABHEHHIO
C JIFOOBIM OT/ICTBHO B3SATHIM PE3YJIbTATOM H3MEPEHHUS.



1.2. IlorpemHocTH pe3yabTAaTOB U3MePEHUI

Pe3ynbTaThl MHOTOKPATHBIX M3MEPEHUI OIHOW M TOMW ke (PU3UUECKON BEIUYHHBI (JINHUMY,
yIJ1a, IPEBBIIEHUS U T.I1.), KaK NIPaBUJIO, PA3JIMYAIOTCS MEXAy cO00M U He COBIAAIOT C TOUHBIM
(MCTUHHBIM) 3HAYEHUEM H3MEPSIEMON BEJIWYHMHBI, T.€. COAEP)KAT HEU30EKHBIE MOTPEIIHOCTH,
BBI3bIBAEMBIC PA3JIMYHBIMU IPUYNHAMMU.

[ox noepewnocmoio A pe3ynbTata u3MepeHust | HOHUMaIOT pa3HOCTh MEXTY PE3YJIbTaTOM
usMepenus | Gpusuueckoil BEMUYMHBI M TOYHBIM (MCTUHHBIM) 3HAUCHHEM X 3TOH BEJIUYHMHBI,
T.C.

rne i=1,2,3,...,n;
N - YKCJIO BBIOJHEHHBIX H3MEPEHHIA.

[To cBOMM cBOMCTBaM, XapakTepy BOSHUKHOBEHUS U BIMSHUSA HA PE3YNIbTAThl U3MEPEHUIA,
uX (pyHKIHHU, TOTPELTHOCTH OIPA3ACISAIOT Ha 2pyoble, cucmemamuyeckue U ciyyatiHble.

I'pybvie morpemHocTd  (IpOMaxw) BO3HHUKAIOT  BCIEACTBHE  HEBHUMATEIHLHOCTH
HaOII01aTeNsd, HEUCIIPABHOCTU MpUOopa, HECOOMIOACHUH TEXHOJIOTUN padoT, HEe Y4ETa BIUSHUS
WU3MEHSIONINXCS BHEUIHUX YCJIOBHM: TEMIEpaTypbl, BETpa, BHUAMUMOCTA U T.m. OOHAPYXKUTH
rpyOble MOTPEHIHOCTH MOXHO, MCIOJIBb3YsS T€OMETPHUUECKHe CBOMCTBAa HaOII01aeMoro o0beKTa
(Hampumep, CyMMYy BHYTPEHHHUX YIJIOB IIJIOCKOTO MHOTOYTOJIbHMKA), a TaKXE BBINOTHEHUEM
MOBTOPHBIX U3MepeHui. Tak, Harnpumep, Ipu JTMHEHHBIX U3MEPEHUSIX, IPOITYCK IIEJIOT0 MPOoJIeTa,
PaBHOTO JJTMHE MEPHOTO MPUOOpPa, MOKHO OOHAPYKUTh MU3MEPEHUEM OTPE3Ka JIMHUU HUTSHBIM
JATbHOMEPOM, UHOT/IA - Ta)Ke TIIaraMu.

K cucmemamuueckum OTHOCAT Takue MOTPENIHOCTH PE3YJIbTAaTOB H3MEPEHMH, KOTOpPbHIE
BXOJISIT B OTH PE3YJIbTAThI 110 ONPEIECTICHHOMY 3aKOHY.

Tak, ecnu W3BECTHAa AIuMHA Mepbl NpU Temreparype t,, a U3MepeHHe AJIUHBI JIMHUU
MECTHOCTH BBINIOJIHEHBI MU Temmeparype i, To pe3yiapTaT W3MEpeHUs JIMHBbI JIMHUU OyneT
COJIEpXKaTh CUCTEMATHYECKYIO TOTPEIIHOCTD, MPOMOPIHMOHAIBHYIO pasHocTH Temmepatyp (t — t,)
U JUIMHE JIMHUM. BiWsSHHE CHCTEMAaTHMYECKUX IOTPEIIHOCTEd Ha pe3ynbTaTbl HW3MEpPEHUH
UCKIJTIOYAIOT WM CBOASAT J0 NpeHeOperaeMo Majoro 3Ha4eHUs BBIOOPOM METOAMKH W3MEpEHUH
VI BBEJICHUEM IIONIPABOK B PE3YJIbTATHI.

Crnyuaunvle TOTPEIIHOCTH PE3YJbTATOB H3MEPEHUN XapaKTEpU3YIOTCA TEM, 4YTO MpPH
OJMHAKOBBIX YCJIOBHUSAX U3MEPEHUW OHU MOTYT MEHSTHCS MO BEIMYMHE M 3HAKY; UX HENb3s
3apaHee MPEeayCMOTPETh, OMPEACIIMTh 3aKOH BO3ACHCTBUS Ha pe3yibrar. CTaTUCTUYECKUU
aHaIM3, T.€. aHaJU3 pPE3yJIbTaTOB OOJBIIMX PSIOB H3MEPEHMIA, MO3BOIWI JUIS CIydalHBIX
MOIPEIIHOCTEN BBISIBUTH P UX CBOMCTB.

IlepBoe cBoWcTBO. JIJIsI MAHHBIX YCIOBUHW W3MEPEHHMM CIydalHbBIE IOTPEIIHOCTH IO
abCONMIOTHOW  BEJIMYMHE HE MOTYyT MPEBOCXOAMTh HW3BECTHOrO mpenena  (CBOMCTBO
OTPaHUYEHHOCTH), T.€.

|A| < Anpe() (2)

Bropoe cBoiicTBo. PaBHBIE 110 a0COMIOTHON BETUYHUHE TOJOKUTEIBHBIE U OTPHUIIATEIHHBIC
CIy4alHBIE TOTPEITHOCTH PAaBHOBO3MOJKHBI, T.€. BCTPEUAIOTCS OJMHAKOBO YacTO (CBOWMCTBO
CUMMETpPHH ).

Tperbe cBoiicTBO. Manble 1m0 aOCOMIOTHOM BeIMYMHE CIydailHbIE MOTPELIHOCTH IpH
U3MEPEHUSX BCTPEUAIOTCS Yallle, 4eM Ooublire (CBOWCTBO IUIOTHOCTH).




Yereproe cBoiictBo. CpenHee apupmMeTndeckoe U3 CIy4alHBIX MOTPEIIHOCTEH U HUX
IOMAPHBIX IPOU3BEJIECHUI CTPEMUTBHCS K HYJIIO INPU HEOIPAaHUYEHHOM BO3PACTAHUU 4HCIIA
M3MEpPEHUI (CBOMCTBO KOMIIEHCALIMH), T.€.

limn%[A;—A"] =0, lim,_, =0 =0, 3)

rmei=1,23,..,n; j=123,..,n1;, k=23,4,..,n;
n - 9yucio HSMCPCHHP'I;

[ ]-TayccoB cumBOa CymMMBI.

1.3. 3aga4yu Teopun NOrpeIHOCTe N3MepeHu i

Kak Obu1o OTMEUYeHO BbllIE, B pe3yjdbTaTaX HM3MEPEHUH HEU30€XKHO COAEepIKaATCs
norpemHocTy. [lo3TroMy oHON M3 3a1ad TEOPUM HMOTPEIIHOCTEN SBIsAETCA M3y4eHHE BHUJIOB U
CBOMWCTB MOIpeIHOCTeN U3MEPEHHUH, MPUYHUH UX BO3SHUKHOBEHHS.

I[anee, BBIIIOJIHUB HM3MCPCHUA, BCCrja CTPECMATCA OHNPCACINTb TOYHOCTH ITOJIYYCHHBIX
PEe3yJIbTaTOB. HOBTOMy B TCOPHHU HOFpCHIHOCTeﬁ H3MepeHI/Iﬁ YCTAHABJIIMBAKOTCA KPUTCPUU JIA
OLICHKU TOYHOCTHU PEC3YJIbTATOB H3MepeHHﬁ.

Tak kak PE3YIbTATHI H3M€pCHHﬁ BCIICACTBUEC BJIMAHHA HOI‘pGHIHOCTCfI Pa3HATCA MCKIAY
CO6OI>1, TO BO3HHMKACT 3aJada OTBICKaHHA HanbojJee TOYHOI'O II0 BCPOATHOCTHU 3HAYCHUS
OHpCI[CJ'IHCMOfI BCJIMYNHBI U3 PE3YJIbTATOB MHOT'OKPATHLIX €€ HSMCpCHHfI.

Bo MHOrux ciydasx reone3M4eckod MPaKTUKH IO pe3yJbTaTaM M3MEPEHUN BBIUMCIISIFOT
JIpyrue MHTEPECYIOINE HAac BeanyuHbl. Harpumep, n3MepuB CTOPOHY TPEYTrOJIbHUKA U JBA €r0
yTJ1a, MO>KHO IO U3BECTHBIM (pOpMyJiaM BBIUMCINTE TPETUH YTOJI U JBE APYTUe CTOPOHBL. B Takux
CIIy4asiX pe3yJIbTaThl BBIYMCICHUH SBISAIOTCA QYHKIMSIMHU U3MEPEHHBIX Beau4MH. [1o ykazaHHOM
OpUYMHE, Mepe]] TeopHuel MOTpelIHOCTe BO3HUMKAET 3ajaya, MO OLEHKE TOYHOCTH (YHKLUH
WU3MEPEHHBIX BEJINYMH.

IlepeunciieHHbIE 3a/1a4l, KOTOPBIE PELIAIOTCA TEOPUEH MTOIPEIIHOCTEN U3MEPEHHM, UMEIOT
OonblIoe 3HAYeHHME JUIsl TMPABMWIIBHOM OpraHu3alMM, IMPOBEACHUS TeOe3MUecKuX padboT u
UCIIOJIb30BAaHUs UX PE3YJILTATOB.

Kpome Toro, Teopusi morpemHocTei reoJe3nYecKux U3MepeHnil 03BoJIIeT 000CHOBAHHO
BBIOpaTh HEOOXOMUMBIC NJISi M3MEpPEHUi MPHOOPHI U UHCTPYMEHTHI, PACCUUTATh 0XKHUIAEMYIO
TOYHOCTh M3MEPEHUN U OKOHYATENBbHOIO pe3ysbTaTa, MPaBUIBHO BBIOpATh MeTOJ 00paboTKu
pE3yJIbTATOB U3MEPEHU.

1.4 PaBHOTOYHBIC H3MEPEHUS

1.4.1 Bviuucnenue nauvonee mouno2o no 6epoAmMHOCMU 3HAYCHUA pe3)ibmama
umMepeHuil 00HOIU U Mol HHce 6eTUUUHbBL

[TycTh HEekoTOpas BeIWYWHA, UCTUHHOE (TOYHOE) 3HAUYCHHE KOTOpPOH paBHO X, MU3MEpEHA
PaBHO TOYHO N pa3 M MOJYYEHBI Pe3yIbTaThl 3TUX U3Mepenuii: Iy, Iy, I3,....,I. CoctaBum pasnocTu

Aiz li - X (4)



rne i=1,2,3,...,n;

Ai - WCTHHHBIE CIy4aliHbIE IIOTPEUIHOCTH pe3ynabTatoB li  m3MepeHwid, T.e.
YKJIOHEHUS Pe3yIbTaTOB U3MEPEHUI OT UICTUHHOTO (TOYHOT'0) 3HAUE€HUSI U3MEPSIEMON BEIMYNHBI.

Haiinem cymmy ypaBHeHuUi (4) U pa3/ieiyM €€ Ha YUCII0 U3MEPEHUH.

S Q)

n n

BBenem 00o3HaueHus:

[A]

n

=7 (6)

Benmuunny X = [I]/n HaspBaroT mpocToit apudMeTHUECKOH CEepeaMHOW WM CPEeIHUM
apu(pMETUYCCKIM U3 pe3ysbTaTtoB | | paBHOTOUYHBIX M3MepeHuil. Boipaxenue 7 = [A]/n = X — X
- ©CThb WCTHUHHAs ClIy4ailHas MOTPEIIHOCTh MPOCTOM apu(PpMETHUECKON CepeAuHbl, T.€. 3TO
VKJIOHEHUE TMPOCTOW apu(PMETHYeCKOr CepeArHBbl OT HCTHHHOTO (TOYHOTO) 3HA4YeHHS X
M3MEPSAEMON BEITUYUHBI.

I1o yeTBepTOMY CBOMCTBY CIy4alHBIX IOTPEIIHOCTEN

lim,, ., (%) =lim,_,n =0, (8)
3HAYUT
limy,,,o (1) = limy, = X )

Takum 00pa3oM, cpeaHee apu(METHUECKOE M3 PE3yabTaToB li pABHOTOYHBIX H3MEPEHHIA
CTPEMUTCSI K ICTHHHOMY (TOYHOMY) 3HA4eHHIO X U3MEPSEMOil BETMYMHBI IPH HEOTPAHUICHHOM
BO3pAaCTaHWH YHCIAa U3MEpeHul. BennunHy X Ha3bIBAlOT €UIE 6epoAmHeluiuM 3HaAYEeHUem
M3MEPSAEMON BEITUYUHBI.

1.4.2 Oyenka mounocmu pe3yibmamoe paoa pagHoOmoYHbIX U3MEPEHUIL.

Cpeonsaa Keaopamuueckan nOpeutnocms pe3yibmama omoeabHo20 UIMEPEHUSL.
Ilpeoenvnasn u omuocumensnasa nozpewinocmu

B kadecTBe KpHUTEpUs NPU OLEHKE TOYHOCTH DPE3YJbTAaTOB I'€OJC3WYCCKHX H3MEPECHUM
npuHATa mnpenoxeHHas K.d. ['ayccom cpedusasn keadpamuyeckasn nozpeutHocms, BlAUcIseMast
o ¢opmyie



m= [ (10)

rae A - UCTUHHAs clydaiiHasi IOTPEIIHOCTh Pe3ylibTara,
N - YUCIIO U3MEPEHU.

[To BennumMHe cpegHed KBaAPaTUUECKOW IMOTPEUTHOCTH MOKHO OIPEICIUTH NpedenbHyo
nozpewHocms A 5., BOBMOXKHYIO UI1 JAaHHOTO pPsja M3MepeHui. B kauecTBe mnpenenbHOU
MOTPEUIHOCTH B I'€0A€3UN TPUHUMAIOT YABOCHHYIO CPEIHIOI0 KBAAPATUUECKYIO MOIPEIIHOCTh

Appeo= 2m (11)

Ecnmu B psay ciaydailHbIX IIOTPEIIHOCTEH pPE3yJIbTATOB PAaBHOTOYHBIX HW3MEPEHUU
BCTPEYAIOTCS TaKUe, KOTOpbIE MO aOCOMIOTHOW BEIMYMHE MPEBBILAIOT MPEIeIbHYI0, TO TaKue
MOTPEIIHOCTH CYUTAIOT rpyObiMu. M3MepeHus, B KOTOPBIX OOHApYKEHBI ATH IMOTPEUIHOCTH,
BBIIIOJIHSIOT 3aHOBO.

B psape cnydaeB s CyXKIOEHHSI O TOYHOCTH M3MEPEHUN HENOCTATOYHO 3HAHUS JIMIIb
a0COJIFOTHOTO 3HAYEHMsI CPEJHEH KBaapaTHUeCKo morpemrHoctd. Hampumep, u3mepeHsl Tpu
OTpE3Ka JUHUM MECTHOCTH:

L1 =240 m c morpemHocThIO My ==+ 0,15 m;
L2 =600 m c norpemHOCTEIO My =+ 0,53 M,
L 3 =500 .m c morpemHOCTHIO M3 =+ 0,29 M.

Ecnu cpaBHUBaTh cpeiHUE KBaJpaTHUECKUE MOTPEIIHOCTH, TO Haubosee TOYHO W3MEpEH
nepBblii 0Tpe3ok. OJHAKO, 37eCh CIEAyeT YUUThIBaThb M JJIUHY HU3MEPSEMOro OTpe3Ka, T.€.
OTHECTHU MOTPELIHOCTh K BETMYHUHE JJIMHBI CAMOTO OTPE3Ka.

B nmomoOHBIX ciydasx BBOJSAT MOHATUE OMHOCUMENbHOU NOZPEuHOCmU, TOJ KOTOPOM
MOHMMAIOT OTHOILIEHHE a0COJIFOTHOM BEIMYMHBI CPEAHEW KBaJApaTHUYECKOW MOTPEIIHOCTH M K
3HaYeHHIO pe3ynibTara | n3MepsemMoil BeTuIuHBI, T.¢.

m_ 1 1
—=—=—-=1:N (12)
l Iim N

roe N =1:m.

I[J'I}I Haero nmpuMepa OTHOCUTCIIbHBIC ITOTPCIIHOCTU paBHBI:

m 015 1 1
L, 240 240:0,15 1600
mp 0,53 B 1 B 1
L, 600 600:053 1100
my 0,29 1 1

I 500 500:0,29 1700

CpaBHuBas qpodu, BUIUM, YTO TPEThE U3MEPEHHE SBIIAECTCS CaMbIM TOUHBIM.

B 3nauenuu abécontommuoii eenuuunsvl cpeoneil KeaopAMu4eckol NoZPeuwHocmu u 6
3HAMeHamele OMHOCUMENbHOU NOZPEWHOCIU Cl1edyem Yoepyicusams O0ée-mpu 3Havaujue

uugpol.



1.4.3 Bepoammueiiwue nozpewinocmu

®opmyna (10) K.®. INaycca nnst cpeaHeil KBaApaTUUECKOW MOTPEIIHOCTH CIpaBeJIuBa B
TOM CJIy4ae, KOria pe3yabTaThl | u3MepeHuii CpaBHUBAIOTCS ¢ HICTUHHBIM (TOYHBIM) 3HaYeHHEM X
TOH BeMMYMHBL. B  OOJBIIMHCTBE CiIydaeB NPAKTUKA TOMOrpado-reoIe3NIeCKux H
MapKIIeHIepckux paboT HCTUHHOE 3HaUeHHEe X M3MEPSeMON BEJIMYUHBI HEU3BECTHO M TIOATOMY
UCTIONB3YIOT BEpOSATHEMHIIEe 3HaYeHUe ero X, ompenensemoe no ¢gopmyne (7). B atom ciydae
CPEIHIOI0  KBAJIPATUYECKYI IOTPEIIHOCTh pe3yjbTaTa OTIEIBHOTO W3MEPEHUs psja
PaBHOTOYHBIX U3MEPEHUH ONPEICISIOT 110 BEPOSITHEHIIINM TTOTPEITHOCTSIM.

Iycte 14, 12,1 3,...,] o - pe3ynbTaTHl PABHOTOYHBIX M3MEPCHHIA OJHOM U TOH )K€ BEITUUHHBI,

[
X = — - IpocTas apuQmeTHuecKas cepeuHa.

CocTaBuM pa3sHOCTH
[ —x =y (13)
rnei=1,23,..,n
N - YKCI0 U3MEPEHUIN;

0j - BEPOSITHEHIIIME MOTPEIIHOCTH Pe3yNbTaToB |j M3MepeHwuid, T.e. YKIOHEHUS 3HAUCHHI
Ka)XJ0r0 pe3yibTara lj oT mpoctoii apudMeTHIecKoi cepeinHbl, OT BEPOSITHEHIIIETO 3HAYCHHS X
U3MEPSIEMOU BEJIMYMHBI.

Crnoxum ypaBHeHus (13) u pazaenum Ha UX YUCIIO
(1] _
— X = (14)

HO X =

Toraa [v]=0
(15)

T.€. CyMMa BEPOATHEMIIMX NOTPEIIHOCTEH PE3yJbTaTOB PABHOTOYHBIX M3MEPEHUMN paBHA
HYJIIO TIPH JIIOOOM YHUCIIE U3MEPEHH.

CocraBum pazHoctu ypaBHeHuit (1) u (13)

Ai—vi=li—X—li+x (16)

HO, X — X =1 = [A]/n - uctuHHas ciaydaiiHasi MOTPENIHOCTH MPOCTON apUPMETHUECKON
CepeMHBI, TOr1a

Ai=v;+1 (17)

Bripaxenue (17) ecTh ypaBHEHHE CBSI3M MCTUHHBIX M BEPOSATHEHIIMX MOTPEIIHOCTEH
pE3yJIbTaTOB PAaBHOTOYHBIX H3MEPEHUM.

Bo3seneMm ypaBHeHus (17) B kBaapaT, CJI0KUM U pa3einM Ha UX YUCIIO

L L B B WY (18)

n n n



22 _ 2, _ o0 a2 =2
HO “— = m*%; [v]=0; n =
Torjaa m? = [»?] 4 o
n n
(19)
Bropoii uien npapoii yactu ypaBHenus (19) 3anumiem B Buje
[A17 _ (Ar+Bp+A5+-+4n)% _ [8%]+2[8;0] _ A% (48]
7’22?2 1 2 n32 = nzjkz[n—z]'f‘z ‘:lzk (20)
A _ 5. (8] _ . y y y
HO —=m" ——= 0; - 110 4eTBEepTOMY CBOMCTBY CIy4alHBIX MOTPEIIHOCTEH.
VYpasuenue (19) ¢ yuerom (20) npumer Bug
2 2
m? =2, (21)
W m? = 2]
n-1
(22)

[v2]
OKOHYATEIIFPHO M = /E

Bripaxenue (23) sBusiercst hopmynoti beccens nns cpeaHen KBaApaTUIECKOM MOTPEIIHOCTH
pe3ynbTaTa OTAEIbHOTO U3MEPEHUS PsAla PABHOTOYHBIX U3MEPEHHUM OJJHOU BEIIMYMHBI.

Ilpakmuueckue pexomenoayuu no 6bI4UCIEHUI0 RPOCMOTL APUPMEMUYECKOTL CepeOUHbL:

1.BeiOuparot npubamkeHHOe 3HaueHue X' poCcToi apu(MeTHUECKON cepeIuHbl, B KaUuecTBe
KOTOPOTO JIy4Ilie BCETO B3sITh HAUMEHbIIIEE U3 Pe3ynbTaroB |; u3mMepenuii, T.¢.

'

X = limin (24)
2. HaxonsT pa3zHoctu

£i=li—x. (25)

3. BBIUHCIAIOT POCTYIO apU(PMETHUECKYIO CepEeTUHY

[e]

x=x+—. (26)

Ouyenka mounocmu (YyHKyuit usMepeHHvIX 6e1U4UH

B GonbmmHCTBE Cily4aeB MPaKTUKHU TONOrpado-reoie3nueckux U MapKIIen1epckux pador
MCKOMbIE BEJTMUMHBI [TOJTyYaroT B PE3y/IbTaTe BIYMCICHUN KaK ()YHKIIMU U3MEPEHHBIX BEIUUMH.
[Tomy4yeHHble IPU ITOM pe3ybTaThl OyayT COAEpPXkKAaTh MOTPEHIHOCTH, KOTOPhIE 3aBUCAT KaK OT
MOTPEITHOCTEH apryMEeHTOB (M3MEPEHHBIX BEJTUYHH), TaK U OT BUJA () YHKIIAM.

BosHukaer 3a1aya O1[eHKM TOYHOCTH  (DYHKIUI MU3MEPEHHBIX apTyMEHTOB.



1.4.4 Cpeonasa keaopamuueckan nozpewinocms YyHKyuu oougeco euoa

Hana ¢pyHKIms
U= f(Xy, X3 X3, Xi) (27)

rae Xi, Xz, X3, ..., Xk - TOUHbIE (UICTUHHBIC) 3HAUECHUSI U3MEPSEMbIX BEJIUYHUH.

[TycTh B pe3yabTaTe U3MEPEHUN MOTyYeHBI TpUOIMKeHHbIC 3HaueHust 1, |2, la,...., 1k 3THX
BEJIMYHH.

Torna

u=f(ly,ly 13, 1) (28)

- npubIMKeHHOE 3HaYeHne QyHKIu U.

CocraBuM pazHOCTb ypaBHeHUH (27) u (28)

AM=u—-U-=f(y,l 15, k) — (X1, X2, X3, , Xy) (29)

KOTOpasi ABJSETCS UCTUHHOM Cy4aifHON morpemHocThio pyHkuun U.
Pa3znoctn
A= 1 = X; (30)
- CyTh HCTHHHBIE CITyYaifHbIe OrpenHOCTH aprymenToB i rme i =1,2,..., k.
Torma
Au= f(ly, by ls, o ) — fly — Dy, by — By L — A) (31)

YroObl HaAWTH JHMHEHHYI0 3aBUCHUMOCTh MEXJIy IOIPEIIHOCTAMU AapryMEHTOB H
HOTPEIIHOCThIO PyHKIMH, TpoauddepeHpyeM pyHKIuUO (28).

du dll +2L dlz +o4 2L (32)
k
af of 0 f
rac aT aT . alk - YaCTHBIC TPOU3BOJHBIC (I)yHKI_II/II/I 10 KAXJI0MY U3 apryMCHTOB.
1

3ameHuM B BbIpakeHuu (32) nuddepeHiuanbl HCTUHHBIMU CIIyYaiHBIMU MOTPEIIHOCTSIMU
(yHKLINU ¥ apryMEHTOB

pu=La +550, 4 afA3+ YA, (33)
all 2 alk

[Tpu MHOTOKpAaTHOM M3MEPEHHH apryMEHTOB, HampuMep N pas, MoIyduM



Sy S 9f
By =SBy 5 + 42 azkl (34)

roe i =1,2,3,... k.

[TpousBoaHble (PYHKIUH IO COOTBETCTBYIOIIMM apryMEHTaM B pPa3HBIX H3MEPEHHUSIX
PAaKTUYECKH OCTAFOTCS MIOCTOSHHBIMU U MOTYT OBITh BBIYHCIIEHBI 10 MPHOJIMKEHHBIM 3HAYEHUAM
aprymeHToB ly o, |20, I30,..., lko, B KauecTBe KOTOPBIX MOXKHO B3ITh |10 =111, loo = l21,..., lko = lk 1,
T.C. 3HAYCHHUS apI'YMECHTOB, ITOJIyUYCHHBIC ITPH IIEPBOM M3MEPEHHUH ONPEICIISIEMbIX BEINYHH.

B cooTBeTCTBHM C 3TUM MOKHO IIPUHATDb

of _of _of _ . _9f _(9f\
dly4 - oly, - dly3 T m = (6_11)0'

of _of _of _ _ of _ (of

9l ~ 0lz2 - dlz3 T dlyn = (6_12)0 ' (35)
o o O ()

Oy Olgy Oz Olen 0/

C yuerom (35) Beipakenue (34) npumeT BUA
_ () A4 (2 AN
Au; = (611)0 Byt (azz) Boit -t (alk) A (36)

Bo3ssenem ypaBHeHus (36) B KBaipaT, CJI0OKUM M pa3JieIUM Ha UX YUCIIO

= G0, o G, e (B), 1522 (50), (B, 2t

2(5). o). ], +2(55) () Fee (37)

Ha ocnoBanuu (3) u (8) MOXxHO 3amucarh

AA AA A_{A
B8] _ o Dbl [eadd

n n n

Au? A? A% JiY;
u[Z]zmﬁ,%sz,[n—ﬂzmg,m,%‘zmi (38)

- ) i (G G
mu—(al1 mi + 3l Om2+ -+ 21, omk (39)

201041

_ (), 2 (a_f)z 2, . (a_f)z 2
m, = (611) mi + 3l ms + -+ o) M (40)

TakuM o00pa3oM, cpedHsas Keaopamuyeckas NOSPEUHOCMb QYHKYUU He3a8UCUMbBLX
apeyMeHmo8 paeHa KOPHIO KBAOPAMHOMY U3 CYMMbl K8AOpamos Npou3ee0eHuti 4acmubix
NPOU3BOOHBIX (DYHKYUU NO KAHCOOMY U3 APSYMEHMO8 HA CPeOHUe K8AOpamuiecKue nocpeuHocmu
COOMBemMcmayIouux ap2yMeHmos.



1.4.5 Cpeonana keaopamuueckan noZpeuwiHoCms NPOCMONl apuhmemuuecKkoil cepeounvl

®Dopmymny (7) mist mpocToit apuPpMETHIECKON CEpeIMHBI TIEPETHIIEM B BUC

(1] _ lit+lp+ig++ly,
n o n

1 1 1
X = _;ll+;l2+'“+zln (41)

rze li- pe3yapTaThl pABHOTOYHBIX H3MEPEHHI OJHOM U TOH )K€ BETUUNHBL,
i=1,23,..,n;
N - 4YUcJo HSMCPCHPIP'I.

U3 ypaBuenus (39) umeem

al, al, al,
ox
H oL = , TOoraa m =m, =-=m =m
M2 = 2m? + —mZ + -+ —m3 42
T p2 m; n2 ms; n2 my ( )
Tax KaK U3MEpEHUs PaBHOTOYHBIE, T.C. my=my;=--=my=m
(43)
CnenoBarenbHO, BeIpakeHHe (42) npuMeT BUA
M?2=nlim?=T" (44)
n2 n’
OTKyJa
m
M=% (45)

Cpeonssa keadpamuieckas nocpeuHoCcmy npoCmou apughmemuieckol cepeourvl 8 \n pas
MeHbule cpeonell  K8aOpamuyecKkol NOSPewHOCMU pe3yIbmama Kax#coo2o O0moenbHO20
UsMepeHusl.

CpaBHuBas ¢opmyny (44) u BTOpoi 4jieH MpaBoW YacTH ypaBHEHHUd (21), MOXKHO clenaTh
BBIBOJI, YTO

2 m m

n =—, n:—nzM’

T.€. UCMUHHAA CIYYAUHAS NOSPeUHOCMb NPOCMOU apudmemuyecKol cepeounsbl pasHa
cpeoHetl K8aOpamuyeckol no2peutHoCmuy NPOCmMou apu@dmMemuyecKoi cepeounsi.



1.4.6 Ouenka mounocmu pe3ynbmamog y2i06blX U3MEPEHUIL 8 MPUAHZYTIAUUU

N3BecTHO, UTO CyMMa BHYTPEHHHUX YIJIOB IJIOCKOTO TPEeyroibHUKa paBHa 180°,
—_ (o]
T.C. P1o P20+ P30 =180 (46)
rae 10, f20,f30 - ICTUHHBIC (TOUHBIC) 3HAUYCHHUS YTJIOB.

[Tycte f1, P2, f3 - pe3yabTaTbl U3MEPEHUS ITUX YIJIOB, T.€. MPUOIMKEHHbIC 3HAYCHUS
YTJIOB.

Torpaa, cornacuo (1), umeem

B1— :31,0 = Ay,
B2 — ﬁz,o = Ay, 47)
Bs — 53,0 = As,

A1, Ay, Az - UICTUHHBIE CITyYallHbIE MTOTPEIIHOCTH PE3yIbTaTOB U3MEPECHUIA.

[Tepenuiem paBeHCTBO (46) ¢ yueTom dopmyi (47)

(B1 — A1) + (B, — Ay) + (B3 — Az) = 1807 (48)

P11+ B2+ B3 — (A + Ay + Az) = 1807 (49)

ﬁl + BZ + 33 - 1800 = Al + Az + A3. (50)
0O0603HaUYNM

Al + Az + A3 = W. (51)

® - Ha3bIBAIOT )2l060l HeA3KOU B TPEYroJbHUKE, T.€. 3TO HUCTHHHAS Cly4ailHas
MOTPEIIHOCTh CYMMbl BHYTPEHHUX YIJIOB TPEYrOJIbHUKA.

TOFI[a YpaBHCHHUC (50) MOXHO 3aIliucaTtb B BUC
ﬁl + ﬁz + 33 - 1800 = w, (52)
NI

Y35 —180° = w. (53)

[TycTh paBHOTOYHO HM3MEPEHBI YINIBI B N TPEyroibHUKAX, IS KaXIOTO0 M3 KOTOPBIX
crpaBeUIMBHI paBeHcTBa (51), T.e.

Al,i + AZ,l' + A3,l' = Wj. (54)



raei=1,2, 3,..., N - HOMep TPEYroJIbHUKA.
Bossenem ypaBuenus (54) B KBaapaT, CIIOKHM U pa3IeIiM Ha UX YKCIIO:

2 2 2
o] | [a5] | 185y o 1Aahal | Ias] = (55)

n n n n n n n

Ha ocnoBanuu (3) u (7) MOXHO 3amucaTh

[A1A,] 0 [A1As] 0 [Az4s]

= 0; =0 ——=0;
n n n
[af] _ 5 [aal_ L A,
T T T
Torna
M=mf+m§+m§, (56)

rae Mp, My, M3 - CpeIHUE KBAJAPATHUECKUE MOTPEIIHOCTH PE3YIbTaTOB U3MEPEHHH YIIIOB
S1, P2, 3 BKaKIOM U3 TPEYTOJIHHUKOB.

Tak xak M3MEPCHHUA PAaBHOTOYHBIC, T.€. M1 = My = M3 = mﬁ , TO

w?]

w2 .
_Tl = 3mﬁ, (57)
NJIn
[w?]
mg = |5 (58)

310 Gopmyna @Peppepo, 10 KOTOPOH 0OBIYHO BBHITIOJIHAETCS OLIEHKA TOYHOCTH PE3yJIbTaTOB
MU3MEpPEHUI TOPU30HTAIBHBIX YIJIOB B TPHAHTYJISIIUU.

1.4.7 Oyenka mounocmu pe3yibmamos paoa 080UHbBIX PAGHOMOYHBIX U3MEPEHUIL

OdeHb YacTO B MPAaKTUKE T€0AE3UUYECKUX U MapKIIEHIepCKUX pabOT UCKOMYIO BEIMYUHY
ONPENEIAIOT [0 pe3ysbTaTaM JABYKPATHBIX pPABHOTOYHBIX W3MEPEHMM 3TOM BEIUYUHBI.
Hamnpumep, rOpu30HTaIBHBIE YTIIBI U3MEPSIOT IBYMs NOJIYIPUEMaMU, NPEBBINIEHUE HA CTAHIIUU
[IPH T€OMETPUYECKOM HUBEIIMPOBAHUU OIPEHEISACTCS 110 YEPHBIM U KPAaCHBIM CTOPOHAM DEEK,
JUIMHBI OTPE3KOB JIMHMM MECTHOCTH HAaxOIAT U3 PEe3yJbTaTOB H3MEPEHMM JTHUX OTPE3KOB B
OpSMOM U 0OpaTHOM HalpaBJICHUIX.

Bozuunkaer 3aa4ya OLCHKHU TOYHOCTH 3THUX PE3YJIbTATOB.
NmeeMm pAa BEJIWMYHUH, HCTUHHBIC 3HAYCHHA KOTOPBIX PABHBI

L11L21L3)'”)Ln' (59)



HYCTI) KaXaas U3 3TUX BCJIMYUH U3MEPCHA paBHOTOYHO ABAXKbI U IMOJIYYCHBI PE3YJIbTAaThI:

ll’ lz, l3,"',ln; (60)

’

Ll lg, o L, (61)

CocTaBuM Pa3HOCTU MCKAY pC3yJibTaTaM1 1/13MepeH1/n?1 1 UX UCTUHHBIMU 3HAYCHUAMU .
li - Li = Ai; (62)

’

I, —L; = A, (63)

rnei=1,2,3,..,n.
Haiinem paznoctu ypaBaenuit (62) u (63)
L —1; = A — A (64)
1 0003HAYNM
A; — A= d;, (65)
31ech Aj i Aj - HCTHHHbBIC CTydaifHBIC TTOTPEIIHOCTH PE3yIbTATOB.

Bo3sBeneMm ypaBHeHus (65) B KBaapaT, CJI0KUM U pa3/IeIMM Ha UX YUCIIO

g ol g EC g (66)

n n n

Ha ocnoBanuu (3) u (7) 3anumiem

A2 , A2 A'A
[ ]_mz; Q:mz; [ ]=0,
n n n
TOr1a
2
m?+m? = M. (67)

Tak xak N3MCPCHUA PABHOTOYHELIC, T.C. m':m:m|, TO

d? dz
R T (68)

2m .
n 2n

[Ipu NBOWHBIX PABHOTOUHBIX H3MEPEHHSIX 32 OKOHYATEIBPHOE 3HAUYECHHWE NPHHUMAIOT
cpenHee apu(pMeTHIECKOe U3 Pe3yabTaTOB OTAEIbHBIX U3MEPEHHUI, T.€.

I+
l":T'

TOrIa



wm my, = 0,5 1] (69)

—

mlo—ﬁ

dopmyiter (68) u (69) crpaBeIMBHI JHIIb B TOM CIy4ae, €Ciau pasHOCTH O HE coaeprKar
CUCTEeMAaTUYECKUX MOTPEIIHOCTEH.

[TycTh pa3HOCTH COAEPIKAT CUCTEMATUYECKYIO TIOTPEIIHOCTD  , T.€.
d;=A;—A; +6. (70)
CrnoxuMm ypaBHeHus (70) 1 pa3enuM Ha UX YUCIIO

=Ll_By (71)

n n n

@ _ o] 1

Ha ocHoBaHuM 4eTBEPTOro CBOMCTBA CIY4aWHBIX OTPEIIHOCTEH NMEEM

T.C.

[d]

— =0 72

: (72)
Cpeonee apugpmemuueckoe u3 pazHocmell pe3yibmamos OBOUHbIX PABHOMOYHBIX

usMepeHuli. OMIUYHO Om HYIA U YUCIEHHO PABHO CUCNeMAMUYEcKOU HNOSPEeUlHOCMU dMux

pe3y1bmamos.

BbriuteM u3 kaxmoil pasHocTH O BENMYMHY CHCTEMATHYECKOW MOrpPEITHOCTH 6, T.e.
00pa3zyeM HOBBIE Pa3HOCTH

d=d;—806 (73)
CrnoxuB paBeHcTBa (73) ¥ MOAETUB UX HA N, TOTYyYUM

[d] _ [d]

===,

n n
HO =0,
TOrIa [i—] =0,
(74)

T.e. CcpeOHee apugmemuueckoe u3 pasHOCMel pe3yIbMmamos OGOUHbIX PAGHOMOYHbIX
uzmepenull, CG0O0OHbIX OM CUCIEMAMUYECKUX nozpewHocmetl, cezoa pasro Hymio. Pasnocru d',
KaK yKIoHeHus O OT mpocToii apuMeTHdecKoil cepeuubl 1 odnanaromue coiictoM [d] = 0,
MOYKHO CUHTATh BEPOSATHEUIIIMMU MOTPEIIHOCTIMU pazHocTel Ji.

[Tpumensist k HUM ¢opmyny beccensa 1isi cpeqHeld KBaaApaTHMUECKOW IOTPEIIHOCTH,
3anuiemM

d’Z
mg = [, (75)
_mg _ [ [a?]
a m; = 7z = 2(-1)"



Cpennsis KBagpaTudeckas MOrPEIIHOCTb CpeIHEro apudmerndeckoro u3 pe3yabtatos lj u I';
Oyner paBHa

my [42]
m;, =—==0,5[|—. 77

lo NA , n-1 ( )
Brraucnenue 3HadeHUs YUCIIUTENS IMMOAKOPCHHOT' O BBIPAKCHUSA MOKHO IIPOKOHTPOJIMPOBATH

o popmyre

[d?] = [d?] - 42 (78)

2

Ipumeuanue. OUEHKY TOYHOCTH TIO PA3HOCTSAM PE3yJIbTaTOB JIBOWHBIX PaBHOTOYHBIX
W3MEPEHHI CleAyeT BBIMOJHATH 1o (opmynam (68) u (69), ecnu pa3sHOCTH YIOBICTBOPSIOT
YCIIOBHIO

I[d]] < 0,25[|d[], (79)

B IIPOTHUBHOM cityuae, 1o gpopmyiam (75) - (77).

1.4.8 IIpumepsl ouenku mouHocmu pe3yibmamos pasHOMOYHBIX USMEPEHUTL 00HOI
6enuYUHbBL U YYHKUUIL HE3AGUCUMO UIMEPEHHBIX GETIUYUH

3agaya 1. Ilo pe3ynbTaTam paBHOTOYHBIX HU3MEPEHUIl TOPU3OHTAIBHOIO yIia JEBATHIO
npuemamu (cM. Tabn. 1) HaliTM HamboJjee TOYHOE MO BEPOSATHOCTH 3HAYCHHE YTJIA, CPEIHUE
KBaJIpaTHUECKUE TOTPEIIHOCTH HW3MEPEHUS KaXJIOro OTHCNBbHOTO Yrila M MPOCTOH
apuQMEeTHIECKOI cepeUHBI.

Tabmuna 1

OI_IGHKa TOYHOCTH PE3YJIbTATOB UBMCPCHUA OTACIBHOI'O TOPU30HTAJIIBHOTO YI'JIa

2 2

Homepa | Pesynbrarsl &i &i Vi Ui OcHOBHBIE bopMyIbI,
BCIIOMOTaTeNIbHbIE
IIPUEMOB | U3MEPEHUI BEIUHCIICHIS
[ pi
1 2 3 4 5 6 7
1 32°23 44 |+ 4 16 |-0,6 0,36 1.8°= Bimin
2 0 0 |-4,6 21,16 ,
40 2.5 = Bi—Pp
3 + 3 9 |-1,6 2,56 3.=p’+[e]/n=
43 "
=32°23'44,56
4 + 5 25 | +0,4 0,16
45
5 + 6 36 |+1,4 1,96 4.B0p=32°23 44,6
46
6 + 3 91-1,6 2,56
43




Homepa | Pesynbrarsl &i &i Vi Ui OcHoBHbIE dbopmynsl,
BCIIOMOTI'aTCJIbHBIC
MIPUEMOB | U3MEPEHUI P —
[ Bi
1 2 3 4 5} 6 7
7 + 8 64 | +3,4 11,56 5.8=B-Boxp= -0,04
48
8 + 5 25 | +0,4 0,16
45
9 32° 23 47 + 7 49 | +2,4 5,76 6. v; = Bi — Bosp.
3 42 [233 [-04 46,20 7. l=v +u, + 4
UTl
[e]°=1681 Kontpoun:
B 32°237 40" OKOHYATEIBHEIN PE3YIIbTAT : [v]=6"n
B 32°2344,56 p=32" 23 44,6 +0,80°
B o 32°23° 44,6
mp=+24
M = 0,80

BoluKciieHNs BLINOJHAIOT B cnenylomeﬁ nmocJjIe10BaTe/JIbHOCTH

1. BoiOuparoT npubImkeHHOE 3Ha4YeHHEe fi MPOCTOW apUPMETHUYECKON CcepeinHBbl Kak
HauMEHbIIIEE U3 PE3yJIbTaTOB U3MEPEHUH, T.€. f/ = fimin. B HallleM npuMepe 3T0 3HaUeHHE PaBHO
p =p =32 23 40 .

2. BblUMCHAIOT YKJIOHEHHUS & pe3yJlbTaTOB HM3MEPEHHH fi OT 3TOro NpUOIUKEHHOIO
suauerms & =5 =By cyum 7
YMMY 3THX YKJIIOHEHHUH
[el =61+ e+ + &,
3. B kononke 4 1a0:1.2 BBIYUCISIOT KBAJAPAThI &® ¥ ux CyMMY [82].

4. BBIUUCHSIOT MPOCTYIO apu(PMETHUECKYIO CEPEANHY 5 - HanboJiee TOUHOE TI0 BEPOSTHOCTH
3HAYEHHE U3MEPSEMOTO yria.

5. Haxomar BeposATHeWIIME MOTPENIHOCTH VU KaK Pa3sHOCTH pPeE3yNbTaTOB OTIEIbHBIX
U3MEPEHH U OKPYTIIEHHOTO 3HAYEHHS fowgp., T-€., Vi = P — By, X CyMMY [V] = vy + v, + - +
U, ¢ KoHTpomeM [v]=&8'n , tme 0=f-fop - TOIPEUIHOCT OKPYIJICHHUS CPEIHEro
apru(METHIECKOTO.

6. B rpade 6 BBIYMCISIIOT KBaJpaThl BEPOATHEUIINX IOTPEITHOCTEH viZ U ux CyMMY

[e]?

[v3] =v? +v5 + -+ v2 cxoutponem [v?] = [e2] — —.
7. Tlo dopmyne (23) beccens BBIYUCISIIOT CPEAHIOI KBAAPAaTHUYECKYH MOTPENTHOCTD

peE3yiabTaTa KaXXa0ro OTACIbHOI'O U3MCPCHUSA !




8. Ilo dopmyne (44) HAXOIAT CPEIHIOK KBaJIPaTHYECKYIO TOTPEIIHOCTh ITPOCTOM
apuQMeTUYECKOI cepeIuHbI:

_ Mg

=7

9. OkoHYaTENbHBINA PE3yJIbTAT 3aMKUCHIBAIOT B BUJIC

B = Bowp. £ M.

3agauya 2. B kaxJI0M TpeyroJlbHUKE MUKPOTPUAHTYJIALUHU (puc. 1) U3MEpeHo OAMHAKOBO
TOYHO [0 TPU BHYTPEHHUX TOPHU3OHTAIBHBIX yria (cMm. Tala. 2). BeluuciuTh cpeaHioro
KBaJJPaTUYECKYIO MOTPELUIHOCTh PE3Y/IbTaTOB U3MEPEHUI KaXKA0Tr0 OT/IENBHOrO yIJia, IPUMEHUB

bopmyny Deppepo:

[w?]

3n’

mﬁz

rae w; = [B] —180° - yrioBsie HEBSI3KHM B TPEYTOJILHUKAX; N — YUCIIO TPEYTOJILHUKOB.

Puc. 1. Cxema ceTu MUKpPOTpHAHTYJIALUN

Tabmanma 2

OO6paboTka pe3ynbTaTOB YITIOBBIX U3MEPEHHUIM B MUKPOTPUAHTYIISILIUH

Homepa TpeyronbHUKOB ¥ 3HAYEHUS U3MEPEHHBIX YIIIOB
Haspanus yrios

1 2 3 4 5




b1 80° 07,7 74° 21,6’ 36°39,2° 39°17.4 69° 49,6’
B 50 58,3 64 35,5 71 49,6 96 15,8 36 39,2
B 48 53,1 41 01,8 71 32,6 44 26,1 73 324
p 179° 59,17 179°58,9° 180°01,4" 179°59,3" 180°01,2°
wp =23-180° -0,9° - 1,17 + 1,4’ -0,7 + 1,27
w? 0,81 1,21 1,96 0,49 1,44
5

A1 _ /0,394 = 40,63
15 V7 o

mﬁz

3aznaya 3. B TeoA0IUTHOM X0/1€ paBHOTOYHO U3MEPEHO 11 TOPU30HTaNBHBIX YIJIOB, KX IbII
CO CpeJIHEeN KBaJIPaTUYECKOM MMOTPEMIHOCTBIO Mp==0,5". OnpenenuTs CpeHIo KBaIpaTHYECKYIO
U TIPEICIIbHYIO MTOTPEUTHOCTH CYMMBI 3THX YTJIOB.

Umeem pynkuuro u =Y B =B+ B + B3 + -+ P11

du
YactHbIE IMPOU3BOJHBIC €€ I10 KAXKXAOMY U3 ApI'yMCHTOB PABHBI % =1.

Torma m, = myp =mpVn = 0,5V11 = +1,66;
u A= 2m, =2-166 = £33

3anaua 4. 'opu3oHTaIBHBIN yroia £ (cM. puc. 2) uaMepeH teooautoM 2T30 oJHUM HOTHBIM
IPUEMOM CIOCOOOM «1puemMoBy. ONpenenuTs CPEeIHIO KBaAPaTUYECKYI0 IOTPEIIHOCTh
CpeaHero apu(MeTHYeCKoro U3 3Ha4eHUN pe3ysIbTaTOB U3MEPEHUH yria B MOJylpHeMax, ecliu
CpenHsisl KBaJpaTHYeCKas IMOTPEIIHOCTh OTCUETOB MO JUMOY cocraBuina Me==+0,5". pyrumu
HOTPEIIHOCTSIMU IPeHeOpeyb.

3HaueHue yriia B MOJyIpUeMaX BBIYHUCIISIOT 10 (hopMyram:
BL=c,—ay; Br = Cr — ag,

raeC ', Cr', aL', @R’ - OTCYETHI 1O TOPU3OHTAILHOMY KPYTY IPU BU3HpOBaHUU Ha TOUKU C 1 A
IpY TOJ0XKEHUU BepTUKabHOro Kpyra ciesa (KJI) u cripasa (KIT).




Puc. 2. Cxema HaOmroneHuit

BeposiTHelee 3HaueHHE TOPU30HTAIBHOIO YIJIa 110 Pe3yJIbTaTaM, II0JIy4YeHHBIM B KaXI0M
HOJIyIIprUeMe, BEIUUCIIAIOT 10 (hopmyIie

_Bu+Br _cp—a,+cp—ag 1, 1 1 1,

Bep. > > == 50 T 5 TSR TSR

Ha ocroBanuu dopmyi (39) — (42) 3anumiem

1\2 1 ,
meg.p,. = My (E) =05 42 = 40,5.

DTy ke 3a7]a4y peliM nHaye.

1. OnpesieIuM  CPEJIHIOK  KBAJPATHUECKYI0 MOIPEIIHOCTh Pe3yJbTaTOB
I/I3MepeHI/II7I yFJIa, HOqueHHI)IX B KQXI0M HOHprI/IeMe
mg =ma+m? BO mg=m.=my =105

TOrIa
mg = mO\/E = iO,S’\/?

2. Tlo ¢opmyne (42) BBIUMCIAM CPEIHIOI KBAJPAaTHUYECKYIO IOTPEITHOCTh CPEIHETO
apu(pMETUYECKOT0 3HAUECHHUS yIJia, NOJIy4Y€HHOTO U3 PE3YIbTaTOB B KaXKIOM IOJIyIIpUEME:

mﬁ O,S\/E ,
Mg oy = — = = +0,5".
b =2 2

3ajaya 5. BblUMCIUTh CpeAHIO KBAJIpaTUYECKYyI0 M MpPeNeiIbHYI0 MOTPEIIHOCTH
IIPEBBILICHMS], ONPENEICHHOIO Ha CTAaHIUM IPU IE€OMETPUYECKOM HUBEIMPOBAHHUU IO ABYM
CTOPOHAM HUBEJIHUPHBIX HIAIEYHBIX PEEK, €CIIU:

- IIeHa JeNieHus mKanbl pedkn u = 10 mm,
- cpeaHss KBaJpaTudecKas MOrpEeIIHOCTh OTCUETA M0 perKe My ==+ 1 MM.
Jpyrumu norpeurHocTsIMA peHeopeys.

[IpeBbllieHre BEIYUCISIOT 10 (hopMysiam:

h* + h*

R'=a'=b' R =a“=b5 hy =

rae a‘, b - oTcueTHI 110 YEpHBIM CTOPOHAM PEEK, YCTaHABIMBAEMBIX B 3aJHEH U HEpeIHEN
TOYKaX HUBEJIUPHOIO XO0J1a;

a“, b" - 1o xe, 0 KPaCHBIM CTOPOHAM pEEK.

[TepenuineM mocieHIO0 GOPMYITY B BUJIE

_@obihe bt 11 11
op. = 2 T4 TP TR TY

h

CornacHo hopmymnam (41) — (44) umeem

1\’ 1
Mpcp, = My (E) = 1wm 4Z = +1uwm;



Ahnpe(). = th,cp. = iZ,MM

3agaya 6. BeIyMCIuTh CpeIHIO KBAIPAaTUUECKYIO MOTPENTHOCTD pe3yJibTaTa ONpeaeICHUS
MMPCBLINICHUA CHOCOGOM TPUTOHOMCTPUYCCKOT'O HUBCIIUPOBAHUA, CCIIN MPCBBIIICHNUC BBIYUCIICHO
o popmyre

h=h+i—1, (80)

rne h'=dtanv, d = 153,84 M — TOPU30HTAIILHOE MPOJIOKEHUE JIMHUUM MECTHOCTH,
M3MEPEHHOE C OTHOCUTENBHOM morpeurHoctsto 1:2000, v = + 313 - yroji HakJIOHA JIMHUU
BU3HMPOBaHUS, H3MEPEHHBIN CO CPEeIHEH KBaAPaTHIECKOM MOrpemHOCThIO My = +0,5', 1= 1,47 M —
BBICOTA MPpUOOpa (TEOM0NMHNTA), U3MEPEHHAS C MOrpemHOCThI0 M; = £ 0,002 M.

1.Beruncoum  mpeBbimenne: h =dtanv +i— 1= 153,83-0,05620 + 1,47 — 2,00 =
+8,12 m.

2. OnpenenuM YacTHbIE Mpou3BoaHbIE (yHKIMK (78) MO KaXaOMy U3 apryMEHTOB:
I pany; =L, Mg, 4
ad v (cosv)2’ ai  al '

3. Ha ocnoBanuu ¢gopmyisr (38) 3anumrem

m 2
= . 2 - v 2 2
my, (my - tanv)? + (p : (cosv)z) +m; +my,
e p = 206265 =3437,75 = 57,2958’ - paauan.
mg 1 _d 15384
4. C yueTom 2 20000 ™4 T 3000 2000 +0,077.u

BbIYUCIUM

my, =+/(4,32-1073)2 + (22,4-10-3)2 4+ (5-1073)2 + (2 - 1073)2
=1073,/18,66 + 501,8 + 25 + 4 = 23,4- 1073 = +0,023 .

1. Oxonuarensno h=+8,12+0,023 m.

2.

3agaua 7. B tpeyronsauke ABC (puc.3 ) paBHOTOUHO U3MEPEHBI TPH yIIIa f5, @, Y U CTOPOHA
AB = ¢. Onpenenuth JJIMHBI CTOPOH & W D, cpeiHMe KBaJpaTHYECKHE W OTHOCHTENIbHBIC
HOTPEIIHOCTH 3TUX CTOPOH, €CIIM: CpeIHUE KBaJPaTHUYECKUE MOTPEHIHOCTH pe3yJabTaToB
U3MEPEHUN YIIIOB paBHBI Mg = M, = m, ==+0,5"; oTHOCHTENBHAs NOTPEIIHOCTh PE3yJbTaTa
MU3MEpPEHUs CTOPOHEHI C cocTaBmia Mg : ¢=1:2000.




Puc. 3. K pemenuto TpeyrojibHuKa

I/ICXOI[HBIG JaHHBIC, PE3YJIbTaThbl BBIUMCIICHHI M OIleHKA TOYHOCTH IMPpUBCJCHLI B Taou. 3.

Tabmuua 3
Pewenne tpeyronbHuka
Ne Pesynb- ITo- VYpas- Cunycsl JlnuHel
Bep- TaThl U3- npas- HEHHBIE yTJIOB CTOpOH Mg, mq
d
UIUH MEpEeHHU KH yTJIIbI d, m MM
yIJIOB g
C(y) 58°14,7 02 | 58145 0,85028 156,82 78 1:2000
B () 62 52,1 0,2 |6251,9 0,88993 164,13 84 1:1950
58 53,9
A (o) 0,2 |58 53,6 0,85621 157,91 81 1:1940
D 18000,7 |-0,7 180 00,0 Aw=1,0V3 =417
w +07 )
0,7 vﬁ——§=—0,2
OcHOBHBIE (HOPMYIIBI:
c . _ ¢ . .
a=gosina; b= sinf; (81)
Inb =Inc—Insiny + Insinp, (82)
Ina =Inc—Insiny + Insina. (83)
[Mponuddepenuupyem ypaBuenus (82) u (83):
db _ dc _cosy dy , cosp df,
b ¢ siny p sing p’ (84)
da _ dc _cosy dy  cosa da
a c siny p sina p (85)
Ha ocroBanuu dhopmyn (27) — (40) 3anumem:
2 2 2 2
Mp)" — (Me My mB\™.
(b) _(c) +(Ctgyp) +(Ctgﬁp)' (86)
2 m,\2 M\ 2
) + (ctg )/7) + (ctg aT) . (87)

-

[Toacrasisist uncieHHbIE 3HaUEHUS B ypaBHeHUs (86) u (87), moayuum:

(52 = (z005) +(

0,619 0.5 )2 + (0 512
7773438 ’

0,5 )2

-

3438

1 2
1950) ’



my 1 _
— my, = 10,084 u;

b 1950’

(Cey’ = (;)2 +(o 619£)2 +(o 603£>2 _ (L)Z .
a’/  \2000 7773438 7773438/ 0 \1940) ’
me_ 1 m, = +0,081 u
a 1940 *  —7 '

3anaya 8. OnpenenuTh CpeHUE KBAAPATUUECKHUE TOTPEIIHOCTH

- pe3yJIbTaTOB OTICIIbHBIX U3MEPEHUN;
- cpemHHMX apu(METHYECKUX 3HAUCHUH M3 PE3yJIbTaTOB JIBOWHBIX PAaBHOTOYHBIX
M3MEpPEHUH JIJTMH CTOPOH TE€OI0JIMTHOIO X074,
- OTHOCHTEJBbHBIC TIOTPEITHOCTH ITHX CTOPOH.
VcxoaHble qaHHBIC 1 MaTeMaTHYecKas 00pabd0oTKa pe3ysIbTaTOB U3MEPCHHH MPE/CTABIICHBI
B Tab. 4.

Tabauua 4

OneHka TOYHOCTHU PE3y/IbTaTOB JBOMHBIX PABHOTOUHBIX U3MEPEHUN

Pesynbrarsl
o vonaar et | doen [ [d) |d? ey
g = [ | o6parso e M v

1 2 3 4 5 6 7 8 9
1 145,65 145,74 145695 |- 9 81 |-45 20,25 1:4900
2 156,09 156,09 156,090 0 0 | 45 20,25 1:5200
3 205,58 205,62 205,600 |- 4 16 0,5 0,25 1:6900
4 144,67 144,63 144,650 4 16 8,5 72,25 1:4800
5 174,56 174,69 174,625 | -13 169 |-85 72,25 1:5800
6 125,51 125,26 125,235 |- 5 25 |-05 0,25 1:4200
mg = +6,1cm [ 1=X |-27 |307 0,0 185,50 0=
m; = +4,3cm I[d]| 27 KonTpous : hIem
Micp. = £3,0 cm [ld[] 35 [d?] = 185,50

O0paboTKy pe3yabTaTOB U3MEPEHUI BBIMIOIHSIOT B CIEYIOMICH MOCIE0BATEILHOCTH.

1. B komonku 2 u 3 TaOuuipl 4 BBINKCHIBAIOT U3 TIOJICBBIX JKYPHAJIOB pPE3yabTathl |
U3MEPEHUM IJIUH CTOPOH.

2. Boramensiior cpepnue apudmerndeckue 3HadeHus (| o) U3 pesynpratoB | m3mepenuit
KaXXJIOi CTOPOHBI B IPSIMOM U OOpaTHOM HarpaBJICHHUSIX:




_ lnp}wo + lo6pamH0
le. - 2 )

Y 3aMHCHIBAIOT UX B rpady 4.

3. Haxonsar pasnoctu d = a0 — logpamuo (TPaa 5) u ux cymmy
[d]=d,+d, +d;+ -+ ds.

4. ITposepsitot BoimosiHeHue yeaoBus | [ d][<0,25[[d|];

|[d]]=27; [1d[]1=35  025[[d[]=875

VYcinoBrue He BBIMOJHEHO, 3HAYUT OIEHKY TOYHOCTH PE3YJIbTATOB HM3MEPEHH CIIEAyeT
BBIMOJIHATH 110 popmyiam (73) — (75).

5. BRIYHCISIOT BETUYNHY CUCTEMATHUECKOW MOTPEIIHOCTH pa3HOCTe d:

[d] —27
=—=—=—45cm.
n 6
6. B rpady 7 3amuceiBator pasHoctd ' = d - 6, cBOOOmHBIE OT CHCTEMATHUYCCKOU

MOTPEIIHOCTH 6.

7. KBaapatsl pasHocreii d”, ux cymmy [ d'? | zanocsT B rpady 8, KOHTPOIUPYs 3HAUCHUE
CYMMBI 10 (hopmyIie

, d]? 27
[dz]=[dﬂ-—L;ch307——7;::307——12L5::18&5&

8. ITo popmymnam (73) — (75) BEIUKCISAIOT CpEAHUE KBAIPATUUECKUE MTOTPEITHOCTH:

- pa3HOCTEW pe3yJIbTaTOB JBOMHBIX PABHOTOYHBIX U3MEPEHUI

[d?] _ 18550
n-1 5

+6,1 cm;

- pe3ynbTaToOB OTJEIbHBIX U3MEPEHU

mg | [d71 61

V2 J2-1) V2

my = 44,3 cm;

- CpeaHMX apU(PMETHYEeCKUX 3HAYeHUH M3 pe3yJbTaTOB JBOWHBIX
PaBHOTOYHBIX U3MEPEHUN

m_ %3 _ 430
m = ——=—==x5,Ucwm.
hP T2 V2

9. B rpade 9 3amuchIBalOT OTHOCUTENBHBIE MOTPEIIHOCTH PE3YJIbTaTOB H3MEpEHUil,
BBIYHCIIIEMBIE 110 (hopMyIIe

ml,cp./lcp. =1L (lcp./ml,cp.)

3amaya 9. B TeoqonuTHOM XO0/€ PaBHO TOYHO M3MEPEHO CEMb TOPU3OHTAIBHBIX YTJIOB
JBYMsI TIOTYIIPUEMAaMU KaXKIbIH U MOJTYYEHbI Pe3yNbTaThl 3TUX U3MEpPEHUl friu PLi, TA€ fRrii—
3HAYEHUS YIVIOB, IIOJYYECHHBIX B IIEPBOM MOJIYIIPUEME — IPHU IIOJI0KEHUH BEPTUKAILHOIO Kpyra
teononuta crupasa (KII); fLi — 3HAaYeHHUS YIIJIOB, TOJYYCHHBIX BO BTOPOM MOJIYIIPHEME — TIPH
MOJIOKCHUH BEPTHKAILHOTO Kpyra Teomonuta ciesa (KJI); i =1, 2, 3,..., N - HOMepa yriioB U ux
YHCIIO.

OHpGI[eJII/ITB CPCAHUC KBAAPATHYCCKUC IMOTPCITHOCTHU



Mg — Pe3yJIbTaTOB U3MEPEHUH YITIOB B NIOJIYIPUEMAX;

Mp.cp.- CPEAHUX apUPMETUYECKHX 3HAUCHUI YITI0B B IPHEMax — [0 Pa3HOCTAM PE3y/IbTaTOB
JIBOMHBIX PaBHOTOYHBIX U3MEPEHUMN YTIJIOB B MOTyNprueMax. Pemenne nmpeacTaBieHo B Tadiumiie S.
Bbruncnenus BBIOIHAIOT B IOCJIE0BATEIbHOCTH, YKa3aHHOU Ui MIpeAbIAyILeH 3aJauu.

Tabnuua 5
OreHKa TOYHOCTH PE3yIbTATOB U3MEPEHUS TOPU30HTATBHBIX YTJIOB
Pe3ynbrarel uzmMmepenuit OcHoBHBIE HOPMYIIBI U
S ) BCIIOMOTATENIbHBIC
= | I di= d BBIYKCIIEHUS
>
o _
2 HOJTYIIpUEM MOJTyTIPUEM =fr— pL
S
= Br BL
1 2 3 4 ) 6
1 179'56,9 179'56,2 +0,6 0,36 | 1. Ycnosue:
2 179 58,1 179 58,9 -0,8 0,64 |[d]] < 0,25-[|d]]
3 180 01,2 180 00,4 +0,8 0,64 | 1,0'=0,25-4,0'
4 180 08,5 180 08,0 +0,5 0,25 | 2.
5 179 46,9 179474 05 0,25 _ |ld?] _ (2,54
mB = = |/
2n 14
6 202 37,8 202 38,0 -0,2 0,04
=,/0,181
7 179°43,4 179° 42,8 +0,6 0,36 = 10,43’
mg ==+ 0,43 [ 1=2 +1,0 2,54 | 3.
_Mp _ '
Mg ep. = % 0,30' |[d]] +1,0 Mpcp. = 5 = 0,30
[1d]] +4,0

1.5 HepaBHOTO4YHBIC H3MePeHUSA

1.5.1 Obwan apugpmemuueckasn cepeouna. Beca pezynomamoe uzmepenuii

[TycTb uMeeTcs pu3nueckas BeTHUUuHa (Yroil, OTPE30K JHHUH, TIPEBBIILICHHUE U T.11.), TOYHOE
(MCcTMHHOE) 3HaueHHe KOTopod paBHO X. OTa BenMYMHAa H3MepeHa paBHOTOYHO N pa3s
HECKOJIbKUMH CEpUSMH U TOJIYYEHBI Pe3yIbTaTh Ij(l), 9TUX M3Mepenuit. 3uech | = 1, 2, 3,..., K -




HOMEpa CepHii U3MEPEHHIA ¥ X YKciio; j =1, 2, 3,..., Nj — HOMepa U3MEPEHUI B KAXKIO0H CEpUU U UX
YHUCIIO.

IIpumeM, 4TO YUCIIO U3MEPEHUM Nj B KaXKI0U CEPUU HEOUHAKOBO, T.€.
Ny # Ny # N3 F - F N. (88)

O003HauuM CpEIHIO KBaJpPaTHUUECKYI0 IOTPEIIHOCTh PE3YJIbTaTOB Ij(') PaBHOTOYHBIX
u3MepeHuil yepe3 u. B kaxaoil cepun MOKHO ONpeNeNuTh HauOojiee TOUHOE MO BEPOSITHOCTU

3HauUEHUE pe3yibTaTa Xj, KaK cpeiaHee apu(METUYeCKOe M3 Pe3ylIbTaToOB Ij(') PaBHOTOYHBIX
U3MEPECHUM:
l§1)+lgl)+l§1)+-~-+l,(111) )
xl = H
ni
l&z)+l§2)+l§2)+~~+l§fz)
xz - ny 'y (89)
00 00 000 200 200 20 20 0 s --.;
1941894159 44159
X =
k Nk ’ )
U UX CPeIHUE KBaPATHUYCCKUE TIOrPEITHOCTH
1 1 U 1
m =—; m,=—; Mg=—; *+; M, = —. 90
Vo TR T ym TR T s TR T e (%0)
BenuuuHb! Xj - pe3ysIbTaThl HEPABHOTOYHBIX U3MEPEHUH, JUTSI KOTOPBIX
my #my #mg + - Fmy (92)

no yciosuio (88). Bo3Hukaer 3aaua, Kak 1o pe3yiabTaTaM X;j HEPaBHOTOUYHBIX U3MEpPEHUIN
HaiTh HanboJiee TOYHOE TI0 BEPOSTHOCTH 3HAUCHUE U3MEPSEMOU BETUMIUHBI X.

Tax kak Ij(l) - pe3yabTaThl paBHOTOYHBIX M3MEpPEHH, TO BeposTHeiee 3HaueHne Xo U3
ATUX PE3YyJIbTATOB PABHO

L w P 1o e R

0= ny+ng+ng+e+ng )
B cBoro ouepenp,
IO CIIO I 15111) =X, "Ny
(D412 41D 41 1@ = 1, oy, (93)

19 +109 +189 o 4109 =, - nk;J
C yuetom (93) paBenctso (92) nepenuiieM B BUjIE

X1 Ny +X N +X3 N3+ +X N
X0:112233 KMk (94)

nit+nz+nz+--ng

O603HauuB ny +n, +nzg+--+n, =N,
(95)

IOJIyYUM

X
3

_ Leend _ [y
Xo = G0 = L (96)

W3 Beipaxenuss (90) Buaum, 4yTo



Ng=—5; Ny =5 M = ®7

[loacraBum 3HaueHus it N B paBeHcTBa (94), (97):

2 2 2
xl‘u—2+x2”—2+-~-+xk#—2
X, = —L 72 ke 98
0 — 2 2 2 . ( )
u?  u u
_2+_2+...+_2
ml mz mk
Bennuunel
2
e _ . 99
iz = Pi (99)

HA3BIBAIOT 8ecamu PE3yNIbTaTOB X; HEPaBHOTOYHBIX H3MEPECHUHU.
C yuerom (99) Beipaxenue (98) mnpumer BUj

k
X1'P1+X2 D2+ Xy X Yic1 Xi'Di
XO — X1'P1 zpzm kPk _ [p-x] — l_kl LI'%_ (100)
p1+D2+ 4Dk [p] Yic1Pi

Benmuunnay Xo , Beraucisemyro mo ¢opmyie (100) Ha3bIBarOT obwell apughmemuyeckoii
CepeOUHOU, CPEOHUM BeCOBLIM, WA CPEOHEB38CULCHHBIM 3HAYEeHUeM OTIPEICIIIEMON BEIMYMHBI U3
pe3yJIbTaTOB HEPABHOTOYHBIX U3MEPEHUIA.

Bennunna o0mieit apudMeTnyeckol cepeInHbl He U3MEHUTCS, €CIIM BCE Beca U3MCHUTH B
OJIMHAKOBOE YHUCIIO pa3. DTUM CBOMCTBOM CIIEIYET MOJIb30BATHCS ISl YIPOUIEHUSI BBIUMCICHUM.
Ha npaktuke o6myro apudMeTnyeckyro cepeiMHy Jaille BCEro BRIUUCISIOT Mo hopMyiie

Xo=x + “‘;Tg] (101)

KOTOpas MoJIydeHa U3 CICAYIOIUX paCCY)I(,Z[eHPlﬁ.

B psiny pe3ynbTaToB X; HEpaBHOTOUHBIX U3MEPEHU BbIOEpPEM HAMMEHBIIUH 110 aOCOTIOTHON
BEJIMUYMHE U MIPUMEM €r0 B KaueCcTBE MPUOIMKEHHOTO 3HAYEHHSI HICKOMOM BEJTMUMHBI, T.€.

X = Ximin- (102)
O06pasyem pa3HOCTH
& =X —X. (103)
VMHOKHB 06€ YaCTH 3TOT0 PAaBEHCTBA HAa COOTBETCTBYIOIINE BECa i , HONYUNM
P& =P X~ DX (104)

Haiinem cymmy ypaBHenuii (102) u paznenum ee Ha [ P |

[pied _ [pixd o
bl Wl (105)

Ho [pixil _ X,,

torma X, =x + % , T.e. momy4ena ¢opmymna (101).



1.5.2 Cpeonas keaopamuuecKkas noZpeuwiHoCHb eOUHUYbL 8eCa

Ha ocnoBanuu ¢opmyinsl (99) MOXKHO cenaTh BBIBOJI, UTO Beca pPe3yJIbTaTOB U3MEPEHUIN —
HOJIOKHUTEIbHBIE YUCIIAa, OOpaTHO IMPONOPLMOHAIBHBIE KBAaJgpaTaM CPEIHUX KBaJApaTUYECKUX
HOTPEIIHOCTEN 3TUX PE3YJIbTATOB.

IIycts B psigy pe3yiabTaTOB U3MEPEHHH Xj CYLIECTBYET Takoil Xj , BeC KOTOPOrO paBeH
enuHuue, T.e. P; = 1.

Torna

2
pj=:l— u pr=ml; op=m. (106)

—~N

Benuunny g = m; HaswBalOT cpednell K6AOpamuuecKkol NoZpewHoCmoblo eOuHUYbl 6eca
WIA CpPEJHEH KBAJIPAaTHYECKOW IMOTPEIIHOCTRIO pe3ylibTaTa MU3MEPEHUs, BEC KOTOPOTO paBEH
CIMHUIIE.

N3 Beipaxkenus (99) BUIHO TaKKe, YTO

u=mi/p; (107)
501051
‘u2 — m%pl — m%pz = e — mlchk' (108)
pr_mb. P _mi | pkea _ M
p2 mi’ ps omi’ op ompy 4%

1.5.3 Cpeonsa keadpamuueckas nozpeuwtHocms u gec oouiell apughmemuueckou
cepeounml

HyCTB X1, X2, X3, ... , Xn— PE3yJIbTAaThl HCPABHOTOYHBIX H3MepeHI/II71; P1, P2, P3 ..., Pn — BECa
9THUX PE3yIbTATOB.

Torna
_ [px] _ paX1+p2Xxp+p3xz+-+pnXn _ D1 ... Pn

R e A R
(110)
O603HauuM [%i] =k;,tne 1=1,2,3,...,n C yuerom ob6o3HaueHus opmyina (110)

MPUMET BUJ
XO == klxl + kzxz + k3X3 + -+ knxn. (111)

CormacHo ¢ (42) MOXHO 3arucaTth

Mg=m)2(0=kfmf+k§m%+---+k,21m,21=[27]m1++ﬁm2+[]Z + - +W 2
(112)

Ho p; -m? = u? torna



2 2 2 2 2
M2 =~ P1+U Dot AU P u[ [p] _ & (113)

[p]? plz ~ Ipl

nJIn

My = = 114
N (114)

T.€. CPeOHsIsl K8AOpamuieckas nocpeuHocms oowell apupmemuueckoll cepedunsvl pasHa
OMHOHOUWIEHUIO CPeOHell K8AOPAMUYeCKOl NOCPEUHOCMU eOUHUYbL 8eCd K KOPHIO K8AOPAMHOMY
U3 CYMMbL 8€CO8 PEe3YIbMamos uzmepeHuil.

Ha ocnoBanuu popmyn (99) u (114) umeem

p=t=_"L

vz = ) = Pl (115)

TakuMm 00pa3oM, gec obwetl apugmemuueckori cepeouHvl pager Cymme 8eco8 pe3yibmamos
HEepaBHOMOUHBIX USMEPEHUL, U3 KOMOPbIX OHA onpedeieHd.

1.5.4 Botuucnenue cpeoneii K6aopamuueckoli OZPeutHocCmu eOuHUYbl eeca

PaCCMOTpI/IM CI0CcOOBI BBIYHCIIEHUS cpeL[Heﬁ KBaﬂpaTquCKOﬁ MNOTpCIIHOCTU CAWMHUIIBI
BE€Ca, IPUMCHACMBIC B FGOHCSHHGCKOﬁ IIpaKTHUKE.

1. Beoluucnenue u 1OpU  YCTAaHOBJIEHHMM BECOB [0 HU3BECTHBIM  CpPEAHUM
KBaJpaTUYECKUM MOTPEIIHOCTIM M Pe3yabTaTOB U3MepeHuil. Beca pe3ynbTaToB u3MepeHu
B 9TOM CJIy4a€ yCTaHaBIMBAIOT 110 GopMyIie

2
Pi= = (116)

B KOTOpOﬁ KOBCI)(I)I/ILII/ICHT C Ha3HA4YacTCs C TaKMM PaCUYC€TOM, YTOOBI 3HAYCHHUS BECOB Pi
OBLIO OJIM3KUM K enuHuie. Toraa M BBIYUCIIAIOT U3 BBIPAKCHUA

u =+ (117)

2. Boruncinenne M 110 U3BCCTHBIM CPCAHUM KBAIPATUUCCKUM IMOTPCITHOCTAM U BECaM
OIHOPOJHBIX PE3YJILTATOB H3MepeHHI>’I BBITIOJIHATOT I10 (I)opMyne

= [méed (118)

n
rme 1=1,23,...,N;, N—49KCI0 U3MEPEHUH, UIT KOTOPbIX U3BECTHBI M; U .
3. BbluncieHne g4 Mo W3BECTHBIM HCTUHHBIM CIIYYalHBIM MOTPEITHOCTSIM A; (YHKIU

M3MCPCHHBIX BEJIMYMH U UX BECaM ;-

u= (il (119)

n

Hcemunnvle cayuaiinvle nozpeuwtnocmu YHKYuil pe3yibmamos uzmepenuil Ha3vléarom
HegA3Kamu 1 0003HAYAIOT!

a) fﬁ— yriioBast HCBA3Ka B 3dAMKHYTOM MHOT'OYT'OJIBHUKEC, BbIYHUCIAECMaAs 110 (bopMyne

fp = Xi1 B — 180°(n — 2), (120)
rae N — 9UCJI0 BHYTPEHHUX YIJIOB MHOTOYTOJBHUKA, fi - pe3yJabTaThl U3MEPEHUH YTJIOB;
0) @ - yriioBast HeBsi3Ka B TPEYTOJIbHUKE, KOTOPYIO HAXOAAT U3 BBIPAKEHHS

w=Y,p —180°, (121)



rae fi - pe3yabTaThl U3MEPEHUM BHYTPEHHUX YIJIOB TPEYTOJbHUKA;

c) fxu fy - HeBsA3kM B mpHpaIIeHUAX KOOPAUHAT IOJIUTOHOMETPUYECKHUX HITH TEOJOIUTHBIX
XO/JIOB, OIpeiesiieMbIe TI0 (hopMyIam

rae AX u Ay - BBIYMCIICHHBIC TpUpallleHust KoopauHat, X, Y. u X,, Y, - KOOpJIHUHATHI
OTIOPHBIX I'€0/IC3NYCCKUX MTYHKTOB B KOHIIEC U HAYaJIe X0/1a;

r) f,— BbICOTHAsI HEBsI3Ka HUBEJIIMPHOTO X014, 3HAUYCHHE KOTOPOM BBIYUCIISIOT 110 (hopmyIie
fa=Xh—-(H,—H), (123)

rae h — 3HaueHWs CpeAHMX MpPEBBILCHHH Ha cTaHuusax; Hy, Hy - BBICOTHBIC OTMETKH
pEenepoB B KOHIIE M Ha4aJle HUBEJIMPHOTO XO/1a.

4. Brruucnenue M 110 BepOHTHeﬁMHM INOIrpCIIHOCTAM L PE3YJIbTATOB HSMGPGHHﬁ, T.C. IO
BHYTpeHHeﬁ CXOOUMOCTH PE3YJIbTATOB

= [Zif] , (124)
roe 1=1,2,3,...,n — HOMepa H YUCII0 U3MEPEHUH, Pj— Beca pe3ysIbTaTOB.
1.5.5 Bviuucnenue 6ecoe (hynKuuii He3a8UCUMBIX APZYMEHMOE
Hmeem GyHKITHIO
F = f(x1,%x2,%3,, %) (125)

" B€Ca apryMmeHTOB pxl’ pxz’ pxS’ ce, pxn'

Ha ocnoBanuu popmynsl (39) MOxKHO HanmucaTh

mp = (a—f)2m§1 + (;—;)Zmﬁz + (;—;)Zmi +ot (%)Zm,%n. (126)

6x1

Pazgenum 00e JacTH 3Toro PpaBCHCTBA Ha MZ:

2
= () e () e () ()
u? (6x1 uz + 0x,/) u? + 0x3 Tttt oxn/) u2’ (127)

2
ue
", YYUTBIBasA, 4TO Pi = 2 , OKOHYAaTCJIbHO 3aIlluIIcM

L:(a_f)zL_F(a_f) S ++(6f) = (128)

Pg 0x1/ Py, 0x3/ Py, O0xn/ Py

1.5.6 Ilopsaook mamemamuueckoit 00padbomKu pe3yiomamoe HepasHoOMoOYHbLIX
usmepenui

3amaya 10. Ilycte, 11t onpeneneHus BbICOTHI TpyHTOBOro pernepa Ne29 (cm.puc. 4) ot
dbynnamenTanbHbIx perniepoB Ne 23 24 u 43 no ompenenseMoro pernepa MpOoJIOKEHO TpU
HUBEJIMPHBIX X0oAa. TpedyeTcs no pe3ynbraTaM TpeX HEpaBHOTOYHBIX 3HAYEHUI BBICOTHI pernepa
Ne29 nonyunths Hanbosee TOUHOE 3HAUEHHE BBHICOTHI 3TOTO perepa. BrICOTH HCXOIHBIX PEerepoB
cuuTaTh 0€30MMO0YHBIMH. VICXOHBIC TaHHBIC U PE3YJIBTATHl BHIYUCICHUI TPUBEACHBI B Ta0JI. 6
n.

Tabmauma 6



Hcxonurie nangrie

Homepa xonos BeicoTsl penepa Ne 29 Hj, m Yuciio craHumi B X01axX N

1 403.895 4
2 403.883 7
3 403.890 5

Puc. 4. Cxema x0008

Tabnuua 7
O6paboTka pe3ybTaTOB HEPABHOTOYHBIX U3MEPEHUIM

HOMep. ]?)1;11::;21 c?ef:{cLJ{II?ﬁ P ’ be P&* K o Pv?
XOMOB 1 | \ih9 Hi, m n MM MM MM MM

1 2 3 4 5 6 7 8 9 10
1 403,895 4 250 |+12 |+30,0 |360,0 5 +12,5 62,5
2 403,883 7 143 |0 0,0 0,0 -7 |-10,0 70,1
3 403,890 5 2,00 |+7 |+140 |98,0 0 0,0 0,0
H 403883 |5 593  +19  +440 4580 -2 +2,5
Ho 4038904 | 1326
Hy, 403.890 u==x81mm; My= £33 mm; my = 12,6 uu;
S +0.4 MM Hzq = 403,890 + 0,033 m

O6pa60T1<y PE3YyIbTAaTOB HCEPABHOTOYHBIX I/ISMepeHI/Iﬁ BBIIIOJIHAOT B CJ'ICI[YIOIJ_[Cﬁ
noCICaA0BAaTCIbHOCTHU !

1. B rpade 1 Tabn. 7 BEIMUCHIBAIOT U3 Ta0l. 6 HOMEpa HUBEIHUPHBIX XOJI0OB (CM. puc. 4), B
rpage 2 — BeIcOTHI perniepa Ne29, mosryuyeHHbIE ITPH MPOJT0KEHUN HUBEITUPHBIX X008 1, 2, 3.

2. Beibupatot npubnmxeHHoe 3HaueHue H BbicoThl penepa Ne29 kak Haumensbliee u3 Hi,

T.. H = Hi min, B HammeMm cnyuae H™ = 403,883 m.

3. B rpady 3 3aHOCAT YKCI0 CTAaHIIMMA N B K&KIOM HUBEITUPHOM XOJI€.

4. B uetBepTOii Tpade 3amUCHIBAIOT Beca Pj pe3ynbTaToB M3MEpPEeHUN sl KaXKJI0To XO/a,
BbIUKCIsIEMbIE TIO (hopMyIie

b =

A

n;

(129)




rie A = 10 - xoadduuueHT, 3HaUeHHE KOTOPOTO BBIOMPAIOT TaKMM 00pa3oM, 4TOOBI
BEJINYMHBI BECOB OBUTN OJM3KMMU K €JHHUIIC.

®dopmymna (129) monydeHa U3 CaeAyOMUX pacCyxaeHui. CunTtas pe3yabTaThl ONpeIeIeHUs
IPEBBINCHUS N Ha KaXJ0H J—ii CTaHIMM PaBHOTOYHBIMH, IIPUMEM B KaueCcTBE BECOB [j ITUX
pe3yJIbTAaTOB YUCIIO 4, T.€.

u?
h=p = (130)

my
e My — CpeHss KBaJpaTUiecKas MOrpeirHOCTh ONPEACICHUS MPEBBIIICHUH Ha CTAHIINH.

Beca pe3yibraToB ompeneneHus BbICOTHI periepa Ne29 B KaXI0M I-M HHUBEIHPHOM XOJC
paBHBI

p =L (131)

rae m; = Mpy/N; - CpPeIHUE KBaJAPAaTUYECKHE IIOTPEIIHOCTU OIPEIEICHHUs BBICOTHI
penepa Ne29 B kakJ1oM HUBEJIMPHOM XOJI€; N — YUCIIO CTAHLUN B KaXKIOM XOJ€.

Ha ocHoBanuu dpopmyn (109) mokeM 3amucaTth

bi _Pi_Mpy
E 1 _“liz '
my mé A
OTKyHda pi = A—miz = Am%n = —

5. Yxnonenust € = H; — H' 3aHocsr B rpady 5 Tabmn. 7.
2 _
6. B rpadsl 6 1 7 3anMChIBAIOT IPOU3BEACHUS  D;&;, Di&; = Pi€i€; M HUX CYMMBIL.

7. o dopmyne (101) BeruncnsitoT HanbOoIee TOUHOE MO BEPOSTHOCTH 3HAUEHHUE BBICOTHI
penepa Ne29:
[pe] 44,0

Hy = Hyg = H' +— = 403,883 +

= 403,8904 wm.

8. Oro 3HaueHue okpyrasoT A0 0,001 M. BpUHCISIOT YKIOHEHHMS pe3ylbTaToOB
onpezeneHusi BbICOTHI penepa Ne29 mo KaxJIoMy XOQy OT OKpPYTJIEHHOTOo 3HAuyeHHs oOIein
apudmeTnyecKon cepeuusl, T.€. V; = H; — Hg oxp. , KOTOPBIE 3aMUCHIBAIOT B Tpady 8.

9. B rpadax 9 m 10 momydaroT HNpOM3BENEHHS P;U; U P;U7 = P;U;V;, HUX CYMMHI C
2
KOHTPOJIEM [pv] = 8[pl; [pv?] = [pe?] — % , tne 8§ =Hy—Hyop =+0,4 MM -

HOTPEIIHOCTh OKPYIJIEHUS 00Iel apupMeTHnIecKoi cepeIuHbl.
10. TTo popmynam (124) u (114) BeIUUCHSIOT:

- CPEHIOI0 KBAaIPATHYECKYIO MOTPEITHOCTh €IMHHIIBI BECa

[pv?]  |132,6

= = +8.1 MM:
N—-1 R

- CPEIHIOI0 KBaJAPATHUYECKYIO OTPEITHOCTh 00MIel apru(METHIECKON CepeHHBI



rae N — 9riciio HUBETMPHBIX XOJIOB.

11. CpenHow KBaIpaTUYECKYHO MOTPEIIHOCTb ONPEIEIICHUS IPEBBIIECHUN Ha KaXKIOU
CTaHLIUU HAXOIT U3 BBIPAKEHUS

my =L=£= 12,6 MMm.
Vi V10
12. Tlo dopmyne my, = JLp_i BBIUMCIISIIOT CpeHUE KBaJpaTHUYECKHUE IOTPEIIHOCTH
omnpezeneHus BbICOThI periepa No29 1o kakJ1oMy HUBEITHUPHOMY XOY
8,1 8,1 8,1
my, = 250 = 45,1 mMm; my, = LTS = 16,8 MM; my, = m = 45,8 MMm.

13. OxoHyaTeapHOE 3HAaYEHUE BBICOTHI perniepa Ne29 3anuchiBatoT B BUJE

Hzg = HO,OKp. i MO = 4‘03,890 i 0,033 M.



