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PabGouas mporpamma cocraBneHa Ha ocHoBe @®I'OC BO - cnoeumanurter 1m0
cnenuanbaocTr 21.05.04 'oproe neno (mpuka3 Munob6prayku Poccuu ot 12.08.2020 r. Ne 987)

Pabouass mporpamma paccMoTpeHa UM ojo0OpeHa Ha 3acenanHuu kadenpsl [eonmoruw,

MapKIIeHIEPCKOro Jiejia U 000TralleHHs MTOJIE3HBIX HCKOMAEMBIX -
12.01.2022, npotokomn Ne 4 7

—7
/

3as. kadeapoit 24— WN.A.Tpummun

Pabouas mporpamma ogobpeHa meroaudeckoi komuccuend U AuT
14.02.2022 r. nmporokon Ne 3
Hpeﬂcenmemdyf,‘{‘\H.A. [TeiTasnes

Paboyas mporpamMma cocraBiieHa:

o Ny ',f/' 3
accucteHT kadeapsl [ MIuOI1IH, L/ 2y H. E. IlaBnoBa
PernienseHnrt:
p 000 “MaruuToropckas MapKUIEHIEPCKO-TEOAE3UNIECKass KOMIAHUA ™

JHMPEKTO]

[ | A. A. lllexynosa
.::—'_V_L /. e m o K




JIner akryaauszanuu padoueil mporpaMmbl

Pabouas nmporpamma nepecMoTpeHa, o0cykaeHa u ogoopeHa i peanuzauuu B 2023 - 2024
y4aeOHOM TOJly Ha 3acefaHuu Kadeapsl ['eonoruu, MapKIeiaepckoro 1emaa 1 00orameHus

IIporokomor 20 1. Ne

3aB. kadeapoii I/I.A.ﬁ)I/IH_II/IH

PaGouast mporpamMma repecMoTpeHa, 00CyKaeHa 1 0100peHa s peanusarnuu B 2024 - 2025
yuyeOHOM rofy Ha 3aceqaHuu Kadeapsl ['eonoruu, MapKIenaepcKoro aena u 00orameHus

IIporokomor 20 1. Ne

3aB. kadempoii I/I.A.ﬁ)I/IH_II/IH

Pabouast mporpamMmma repecMoTpena, 00cykaeHa u o100pena s peanuzamnuu B 2025 - 2026
yueOHOM rofy Ha 3aceqaHuu kadeapsl ['eomoruu, MapKieiiiepckoro ena u 00orameHus

IIporokomor 20 1. Ne

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

Pabouas mporpamma nepecMoTpeHa, 00cyxaeHa u ogoopena st peanm3anuu B 2026 - 2027
y4eOHOM rojy Ha 3aceqaHuu Kadeapsl [ eooruu, MapKIei1epckoro jieia u 00orameHus

IIporokomor 20 1. Ne

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

Pabouas mporpamma nepecMoTpeHa, 00cyxaeHa u ogodpena st peamsanuu B 2027 - 2028
y4eOHOM roy Ha 3aceqaHuu kageapsl 1 'eoI0ruu, MapKIieiaepekoro aeia u 00orareH st

[Iporokomn ot 20 . Ne
3aB. kadenpoii N.A. I'puiinn

Pabouas mporpamma nepecmMoTpeHa, o0cyxieHa u ogoopena s peanuszanuu B 2028 - 2029
y4aeOHOM TOJly Ha 3acefaHuu kKadenpsl ['eonoruu, MapKIeiaepckoro iemaa 1 o0orameHus

[Iporokom ot 20 . Ne

3aB. kadenpoii I/I.A.?pI/IHJI/IH

Pabouas nporpamma nepecmotpena, o0cyxaeHa u ogoopena s peanuzanuu B 2029 - 2030
y4ueOHOM TOJly Ha 3acefaHuu Kadenpsl ['eonoruu, MapKIeiaepckoro iemaa 1 o0orameHus

IIporokomor 20 1. Ne

3aB. kadenpoit I/I.A.?pmmml




1 Iles1u ocBOEHUS TN CHMILTHHBI (MOYJI51)

st TOPHOTO WH)XEHepa-MapKIeiaepa MareMaThJdeckas obpaboTka
MapKIIeH1epCKO-Te0Ie3NIECKOI U TOPHO-TEOIOrMUECKON HH(OPMAITHH SIBJISETCS BaXKHEHIIIEH 13
quctumiiH. [IpaBuibHO 00paboTaHHBIE MapKUIeHaepCKue U3MEPEHUs — OJIHA U3 MPEANOCHITOK
parroHaIbHON 1 6€30IMacHOM Pa3pabOTKH MECTOPOKICHHUS.

Lenbto mpenogaBaHusl AUCUUIUIMHBI SBJISETCS (OPMUPOBAHUE Y CTYAECHTOB MPOYHBIX
3HaHUU 0 Xapakrepe u 0COOEHHOCTSIX 00paboTku pa3IMUHBIX BUJIOB
MapKIIeH1epCKO-Te0Ae3ndecKoil HHPOPMAIIIH, IPUBUTHUS HABBIKOB BHITIOJIHEHHS] HEOOXOAMMBIX
BBIYMCIICHH.

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

Hucnummuaa Marematudeckass o0paOoTKa pe3yiabTaTOB HM3MEPEHH BXOAHWT B 4acTh
yueOHoro miaHa GopMUPYEMYI0 YHaCTHUKAMHU 00pa30BaTeIbHbIX OTHOIICHUH 00pa3oBaTelIbHOM
MPOTPAMMBI.

Jis  u3ydeHus  AMCUMIUIMHBI  HEOOXOAMMBI  3HAHUS  (YMEHHMs,  BJaJCHUsA),
c(hOpPMHUPOBAHHEIE B PE3YJIbTATE U3YUCHUS TUCITUTUINH/ TIPAKTUK:

['eone3us u mapkiieinepus

Mapxkieiinepckue paboThl MpU OTKPHITOM pPa3pabOTKE MECTOPOKIECHUN TOJIE3HBIX
HCKOIIAeMbIX

Beicmias maTemaTuka

3Hanus (YMEHUS, BIaJICHUs), TOTYICHHBIC TTPH M3yYEeHUHU TAHHOW IWCIUILIMHBI OyIyT
HEOOXOUMBI IJIS1 U3YUCHUS] JUCIUILITNH/TIPAKTHK:

Beicmas reoaesus

JlucTaHIIMOHHBIE METO/IbI 30HIUPOBAHUS 3EMJIU

Mapxkiueiinepckoe obecrnieueHue 6€30MacHOCTH BEICHHUS TOPHBIX paboT

[ToaroroBka k caaue v cadya rocy1apCTBEHHOTO SK3aMEHa

KomnproTepHbie TEXHOJIOTHHU B MAPKIIEHIEPCKOM JETE

AHanu3 TOYHOCTH MapKIIEeHIepCKUX padboT

3 Komnerenuun odyyaromierocs, popMmupyembie B pe3y/ibTaTe 0CBOCHUS

AUCHUILINHBI (MOAYJIS1) ¥ IJIAHUPYeEMble Pe3yJIbTAThl 00yueHust

B pesynbrare ocBOeHus IUCHUIUIMHBL (Monynsi) «Maremarudeckas o0paboTka
pe3yIbTaTOB U3MEPEHUI» 00ydaroLHiics 10KEeH 00J1a1aTh CIeIYIOIMMHI KOMITETEHIIUAMU:

KO,[[ HHJAUKATOpa I/IHI[I/IKaTOp JOCTHIXKCHHA KOMIICTCHIIMH

YK-2 Cnocoben YHPAaBJIATH IPOCKTOM Ha BCCX 9TaIldX €TI0 JKU3HCHHOI'O IIMKJId

VK-2.1 ®opmMynupyeT Ha OCHOBE IOCTaBJIEHHON MPOOJIEMbI MPOEKTHYIO 3a7auy U
CIIOco0 ee pelIeHHs Yepe3 pean3alrio IPOSKTHOTO YIIPaBICHHS
YK-2.2 Pazpa0aTbiBaeT KOHLEMNIMIO NMPOEKTa B paMKax 0003HAYEHHOW MpPOOIEeMBbI:

dbopmynupyer 1enb, 3a7add, 0OOOCHOBBIBACT AKTYyaJIbHOCTh, 3HAYMMOCTb,
OKHJIaeMble PE3YNIbTaThl U BOZMOXKHBIE C(hephl NX MPUMEHEHUS

YK-2.3 PazpaOaTbiBaeT 1uiaH peaqu3alii MPOEKTa C YYETOM BO3MOXHBIX PUCKOB
peaiv3allii U BO3MOXHOCTEH MX YCTpaHEHUS, IUIaHUPYeT HEoOXOIuMbIe
pecypcesl

YK-2.4 OcymecTBisieT MOHUTOPUHI XOJla pPEaTU3allid IPOEKTa, KOPPEKTUPYET

OTKJIOHCHHA, BHOCHUT HAOIIOJHUTCIBHBIC HM3MCHCHHUA B INNIAaH pCain3dallvn
IIPOCKTA, YTOUYHACT 30HbI OTBECTCTBCHHOCTHU YYACTHUKOB ITPOCKTA

YK-2.5 [Ipemmaraer mpouenypsl M MEXAHM3MbI OLICHKM KadecTBa IIPOEKTA,
MHOPACTPYKTYPHbIE YCIOBHUS JUISI BHEIPEHHUS PE3YIbTATOB IIPOSKTA

ITK-1 Crioco0eH BBINOJIHSITH NHXKXCHCPHO-T'COACINYCCKUEC U3bICKAHMS, IINIAHUPOBATH PA3BUTHC




TOPHBIX PalOT, OCYLIECTBIATh MapKIIEHIEPCKUH KOHTPOJb COCTOSHUS TOPHBIX BBIPaOOTOK,
3aHUM COOPYKEHUM U 3E€MHOM IIOBEPXHOCTHM Ha BCEX JTallaXx OCBOCHHUS M OXPaHbl HEAp C
o0ecrieyeHreM MPOMBIIIIEHHON U DKOJIOTHUECKON 0€301acHOCTH

IK-1.1 CocraBisier MpOEKTbl MPOU3BOACTBA MAPKIICHAECPCKUX U TE€OAE3UYECKUX
paboT, OCYIIECTBIISIET KOHTPOJIb 32 BBIIOJIHEHHEM U3BICKATEILCKUX paboT

[1K-1.2 [Inanupyer pa3BUTHE TOPHBIX PabOT U KOHTPOJUPYET COOTBETCTBUE
(haKTHUYECKOTO Pa3BUTHUS TOPHBIX PaOOT MPOEKTAM M KaJICHIapHBIM TJIaHAM

[1K-1.3 OO60CHOBBIBAET U UCIHOJIB3YET METO/bl FTEOMETPHU3ALUU U TPOTHOZUPOBAHHUS
pa3MelIeHMsI [T0Ka3aTelel MECTOPOXKACHHUS B IPOCTPAHCTBE

I1K-1.4 AHamM3UpyeT ©W TUMH3UPYET YCIOBUSA Pa3paOdOTKH MECTOPOXKICHHMA

ITOJIC3HBIX MCKOIMIACMBIX JJISA MX KOMIIJICKCHOI'O MCIIOJIb30BaHM A, BBIIIOJTHACT
Pa3JIMYHBIC OLICHKH HEAPOIIOJIb30BaHUA

[IK-2 Cmocoben

BBIIIOJIHATDH MameeﬁHepCKO'F@O,I[eSI/ILIeCKI/IC pa60TbI, OIIPEACIIATh

MMPOCTPAHCTBCHHO-BPCMCHHBIC XAPAKTCPUCTUKHU COCTOSAHUA 3€MHOM MOBCPXHOCTU U HCIP,
TOPHO-TCXHHUYCCKUX CUCTCM, ITIOA3CMHBIX 1 HA3CMHbIX COOPY)KGHI/Iﬁ u OTO6pa)KaTB I/IH(l)OpMaLII/IIO
B COOTBCTCTBHU I[GI‘/JICTBYIOIIII/IMI/I HOPMAaTHBHBIMH JOKYMCHTAMHU

[1K-2.1

Hcnonb3yeT 3akOHBI M WHBIE HOPMATHUBHBIC MPABOBBIC aKThl B O0JACTH
T€0JIOTUYECKOTO U3YYCHUSI, UCIIOJIB30BAHUS M OXPAHBI HEJIP U OKPYIKAIOIICH
CpeIbl; HOPMATHBHBIC TPABOBBIC AKThI, PYKOBOISIIME, METOIUYCCKUE U
HOPMATHUBHBIC MaTepHaJIbl, KacarolHecs IEATEIbHOCTH MapKIIeHaepCcKon
CIYKOBL;

I1K-2.2

OcyiiecTBiIsIeT HEOOXOAUMBIE MAPKILEHICPCKUE KaMepalbHbIe U MOJICBbIC
paboThI, 0hOpMIISET MPOU3BOICTBEHHYIO JOKYMEHTAIUIO H OTYCTHOCTh

I1K-2.3

Hcnonp3yer  reomHpOpPMAlMOHHBIE  CHUCTEMbI  JIII  BBINIOJIHCHUS
MapKIIeHIepCKUX padoT

[1K-2.4

YcTaHaBnuBaeT MPUTOJHOCTh I€0IE3MUECKOT0 000PYI0BaHUS U IPUOOPOB K
pabore




4. CTpyKTypa, 00bEéM U coaep:KkaHue TUCHUIIMHBI (MOAYJIsA)
OO0mas TpyJ0EMKOCTh JUCITUIUIMHBI COCTABIISCT 2 3a4€THBIX €IWHUII /2 aKajJ. 4acoB, B TOM

quce:

— KOHTaKkTHas paboTa — 6,4 akaj. 4acos:
— aynuTopHas — 6 akaJi. 4acos;

— BHeaynutopHas — 0,4 akaJl. 4acos;

— caMocTosTeNbHAs paboTa — 61,7 akan. yacos;

— B hopMe npakTuyeckoit moaroroBku — 0 akaj. yac;

— IMOATOTOBKA K 3a4éTy — 3,9 akaj. yac
dopma aTTecTaIiy - 3a4ET

AynuropHas ) =
KOHTaKTHas paboTa E 3 dopma TeKyILEero
Pa3nen/ Tema 2 (B axaz. wacax) g E‘ Brg . KOHTDOIIA Kon
> & ©| caMoCTOATENBHON | yCIIeBAEMOCTH U
JUCITUILIAHBL R [~ . | xoMmeTeHIMK
Q & paboTs MIPOMEKYTOYHOM
na6. | mpaxr. [ £ 8
Jlek. = aTTecTaluu
3aH. 3aH. | O &
1. DJIeMEeHTHI TEOpUU
MOTPEITHOCTEH (otm6oK)
re0/1e3NUECKUX U3MEPEHUN
VK-2.1,
VK-2.2,
VK-2.3,
Usyyenne YK-2.4,
YHCHE VK-2.5,
OCHOBHOI1 1 K-11
1.1 OOGmme cBemenuss 00 008 5 JIOTIOTHUTEIHHOM YcTHBIN onpoc HK-1.21
U3MEPEHHSX ' JIUTEPATYPHI 110 (cobecenoBanue) HK-l.Sl
) anu;nnHHKe, § K-1.4
OHCITIEKTA JIEKIHI NK-2.1
IIK-2.2,
I1K-2.3,
IIK-2.4
VK-2.1,
VK-2.2,
VK-2.3,
U3zyuenue YK-2.4,
yHeH VK-2.5,
OCHOBHOU U
N . IK-1.1,
1.2 TTorpemaocTu JIOTIOJTHUTEIHHOMI YCTHBIN onpoc
o 4 10,08 2 IIK-1.2,
pe3yIbTaTOB N3MEPEHUIA JIUTEPATYPHI 110 (cobecenoBanue) ITK-1.3
Jrert TK-2.1,
IIK-2.2,
ITK-2.3,
IIK-2.4
VK-2.1,
VK-2.2,
VK-2.3,
Nzyuenne yK-2.4,
yHeH VK-2.5,
OCHOBHOU U
. . IK-1.1,
13 3amaun TEOPHUH 008 o | AOMOTHHTENbHOM YCTHBIN onpoc K-1.2
HOTPELIHOCTEH U3MEpEeHHH ' nurepatypei o | (cobecemoBaHue) l'IK-l'3l
e
IK-2.1,
IIK-2.2,
I1K-2.3,
IIK-2.4
Wroro no pazaeny 0,24 6




2. PaBHOTOYHBIE HU3MCPCHUS

VK-2.1,
YK-2.2,
VK-2.3,
Uzyuenue YK-2.4,
2.1 Brruucnenne Hanbonee N VK-2.5,
OCHOBHOM U
TOYHOTO TIO BEPOSITHOCTH N VeTHbH OMDboC I1K-1.1,
3HAYCHUS 4 10,08 AOTIOJHATEIEHOH P I1K-1.2,
pesyibTaTa y3Mepenii murepatypbl o | (cobecenoBaHue) IK-1.3,
N . JIUCIIATIIINHE,
OJTHOM Y TOM K€ BEJIUYUHBI KOHCITEKTa JIEKLHit I1K-1.4,
I1K-2.1,
I1K-2.2,
I1K-2.3,
[1K-2.4
HWroro mo pasueny 0,08
3. Ouenka TOYHOCTH
pe3yJIbTATOB Psijia PABHOTOYHBIX
VK-2.1,
VK-2.2,
VK-2.3,
3.1 Cpenusist Vsyuenue VK-2.4,
KBaJ[paTH4YeCKast . VK-2.5,
MOTPEIIHOCTh  pe3ysbTaTa OCHOBHOWH BHHOHHCHH% IK-1.1,
OTIENBHOTO 0,08 0,21 JIOTIOJIHUTEIBHOMI NPaKTUIECKON MK-1.2
wsmepenns. TIpeaenbas u JUTEPATYPHI 0 | pabOTHI U peleHne K-1.3,
OTHOCHTEIIbHAS KO??;:;ZH;;(ZHP,I salad I1K-1.4,
MOTPENIHOCTH I1K-2.1,
I1K-2.2,
I1K-2.3,
4 [1K-2.4
VK-2.1,
VK-2.2,
VK-2.3,
Uzyuenue YK-2.4,
OCHOBHOM U YK-2.5,
3.2 BeposTHelimme JIOITOJTHUTEILHOM BHHOHHeHHeV MK-1.1,
S ——— 0,08 0,21 THTEpATYpI 0 MIPAKTUYECKOM I1K-1.2,
CLITTHIE paboTHI U pelieHe MK-1.3,
KOHCIIEKTa JIeKI;I/Iﬁ IIK-1.4,
I1K-2.1,
I1K-2.2,
I1K-2.3,
I1K-2.4
HWroro no pazaeny 0,16 0,42
4. OueHKa TOYHOCTH (GYHKIHIA
HU3MEPEHHBIX BETHIUH
VK-2.1,
VK-2.2,
YK-2.3,
VK-2.4,
NsyueHnune
. YK-2.5,
4.1 Cpenusis OCHOBHOM 1 Brinosnnenue NK-1.1,
KBaJ[paTHyecKast 4 | 008 0,21 JIOTOJTHUTENHHOM MPAKTUYECKOM TK-1.2
MOTPEIITHOCTh GbyHKIIH JIUTEPATYPHI IO | pabOTHI U pEIICHHE MK-1.3
o01ero Buaa HMCLMILIAHE amaq
o 8 Kofllcn:KTa J'[CKI;I/Iﬁ o TK-1.4,
I1K-2.1,
I1K-2.2,
I1K-2.3,

[1K-2.4




VK-2.1,

VK-2.2,
YK-2.3,
Uzyuenne YK-2.4,
4.2 Cpennsist . VK-2.5,
OCHOBHOM H Brlimonnenune
KBaJlpaTH4YeCcKas . - I1K-1.1,
MOTPEIIHOCTh MPOCTOM 0,08 0,21 3 JIOTIOTTHHATCIILHOH gpalcmqecxon I1K-1.2,
apHGMETHICCKOT JIUTEPATYPHI IO | pabOTHI U peleHne IK-1.3,
cepeTHbI JIUCHHAIIIINHE, 5 3ama4 TK-1.4
KOHCIIEKTA JIEKIHI NK-2.1,
I1K-2.2,
I1K-2.3,
[1K-2.4
VK-2.1,
VK-2.2,
VK-2.3,
VK-2.4,
Wzyuenne
. VK-2.5,
4.3 OrmeHka TOYHOCTH OCHOBHOM M Brimonanenue MK-1.1
pe3yNIbTaToOB YTJIOBBIX 008 021 3 JIOTIOJIHUTEIBHOMI MIPaKTHYESCKON HK-l.Zl
U3MEpPEHH B ' ! JIUTEPATYPHI IO | pabOTHI U peleHne HK-1.31
TPUAHTYIISIIHA JIUCHHAIIIINHE, § 3a/a4 HK-l: 4:
KOHCIIEKTA JIEKIHI NK-2.1,
I1K-2.2,
I1K-2.3,
I1K-2.4
VK-2.1,
VK-2.2,
VK-2.3,
VK-2.4,
Wzyuenue
. VK-2.5,
44 Onedka TOYHOCTH OCHOBHOM 1 Brinonnenue TK-1.1
peS}iﬂLTaTOB psana 0,08 0,21 3 JIOTIOJIHUTEILHOM NPaKTHYECKOU MK-1.2,
JIBOMHBIX } PaBHOTOYHBIX JIUTEPATYPHI 0 | pabOTHI U peleHne MK-1.3
U3MEPEHHI HCLUTIINHE, 3a7a4
P KO§CH:KTa JIEKIIUHA ! IIK-1.4,
I1K-2.1,
I1K-2.2,
I1K-2.3,
I1K-2.4
HWroro no pazaeny 0,32 0,84 12
5. HepaBHOTOUHBIE H3MEPEHUS
VK-2.1,
VK-2.2,
VK-2.3,
VK-2.4,
N3yuenune
5.1 OOGmias OCHOBHOM 1 YK-2.5,
Ny Brimonaenne IIK-1.1,
zgng)MeTquCKaa 5 0,08 0,21 3 JTIOTOJTHUTENHHOM P — MK-1.2
penuHa. veca JIUTEPATYPHI 110 pabor TK-1.3,
pe3yJIbTaTOB N3MEPCHHIA JIACIIATIIINHE, § NK-1.4
KOHCIIEKTA JICKIHi NK-2.1
I1K-2.2,
I1K-2.3,
I1K-2.4
VK-2.1,
VK-2.2,
VK-2.3,
VK-2.4,
NsyueHnue
5.2 Cpennss OCHOBHOM 1 YK-2.5,
. Brinonnenue IK-1.1,
Eziggfgfgff:a” — 0,08 021 | 3 Hﬁ:f;)‘;ﬁ;;i‘;i‘;“ IPAKTHYECKUX IK-1.2,
Beca JUCIUIIIINHE, pabor IIK-1.3,
KOHCIIEKTA JICKIIUI IK-1.4,
I1K-2.1,
I1K-2.2,
I1K-2.3,

IK-2.4




VK-2.1,

VK-2.2,
YK-2.3,
Uzyuenne YK-2.4,
5.3 Cpennsist . VK-2.5,
OCHOBHOM H
KBaJlpaTH4YeCcKas . Brimonaenne I1K-1.1,
MOTPEIIHOCTh U BEC 00IIeH 0,08 0,21 3 AOTIOMHUTEILHOH MIPAKTUYECKUX I1K-1.2,
. JIUTEPATYPHI 110
apupMeTHIecKon pabot IK-1.3,
JIUCHHAIIIINHE,
CCpCAMHEL KOHCIIEKTa JEKIUI IK-1.4,
I1K-2.1,
I1K-2.2,
I1K-2.3,
[1K-2.4
VK-2.1,
VK-2.2,
VK-2.3,
VK-2.4,
Wzyuenne
5.4 Beluucnenue cpegHen OCHOBHOI1 1 YR-2.5,
KBa/IPATHYECKOM JOTOJTHUTEIBHOM Brinosmerie MK-1.1,
MOTPEIIHOCTH €IMHULBI 0,08 0.21 3 JIUTEPATYPHI 110 TpaKTHHCCKIX IK-1.2,
Beca JIUCLMILINHE, pabor TIK-1.3,
KOHCIIEKTa JEKIUi IK-1.4,
I1K-2.1,
I1K-2.2,
I1K-2.3,
I1K-2.4
VK-2.1,
VK-2.2,
VK-2.3,
Uzyuenue YK-2.4,
. VK-2.5,
5.5 DBrluncieHne BeCOB OCHOBHOH 1 . Brinonnenue I1K-1.1,
(hyHKUNT HE3aBHCHUMBIX 0,08 0,21 3 AOTIONHHTCIEHOH MPAKTHYECKUX I1K-1.2,
JIUTEPATYPHI 110
apryMeHTOB [ — pabot IK-1.3,
KOHCIIEKTA JIEKIIUI IIK-1.4,
I1K-2.1,
I1K-2.2,
I1K-2.3,
I1K-2.4
HWroro no pazaeny 0,4 1,05 15
6. OCHOBEI MeTo/1a
HAMMEHBIINX KBaJPaTOB
VK-2.1,
VK-2.2,
VK-2.3,
Nzyuenne YR-24,
. YK-2.5,
6.1 3amaua COBMECTHOTO OCHOBHOM 1 . Brimonnenne IIK-1.1,
YpaBHHUBAHUS HECKOJIBKHUX 0,08 0,16 2 JIOTIOMHHUTELHOH MPAKTHUECKUX I1K-1.2,
W3MEPEHHBIX BETMIUH JIUTCPATYPEL TIO pabot I1K-1.3,
JIACIIATIIINHE,
KOHCIIEKTA JICKIUH TK-1.4,
I1K-2.1,
I1K-2.2,
I1K-2.3,
I1K-2.4
VK-2.1,
VK-2.2,
YK-2.3,
Nzyuenne yK-2.4,
OCHOBHOI H YK-2.5,
6.2 Ilpuanum  (cmoco0) JIOTIOJTHUTENILHON Bomonxerme MR-1.1,
HAaUMEHBILIUX KBaJPaTOB 0,08 0.16 2 JIUTEPATYPBI 10 TPAKTHHCCKHX [R-1.2,
HCLIILIHHE pabot I1K-1.3,
KOHCIIEKTa J'[CKI;I/Iﬁ IK-1.4,
I1K-2.1,
I1K-2.2,
I1K-2.3,

I1K-2.4




VK-2.1,

VK-2.2,
YK-2.3,
Uzyuenne z,ﬁ:gg
6.3 KoppenatHblii crnocob noggggfll;g;l:mﬁ Brmomenue TK-1.1,
y[l)aBHI/IBaHI/I}I 0,08 0,16 THTEpATYHI 10 MIPAKTUYECKUX I1K-1.2,
pabor I1K-1.3,
JIUCHHAIIIINHE, TK-1.4
KOHCIIEKTa JEKIUI HK-Z.l:
I1K-2.2,
I1K-2.3,
[1K-2.4
VK-2.1,
VK-2.2,
VK-2.3,
VK-2.4,
I/ISy‘IeHIfe VK-25.
6.4 [Tapamerpuuecknit noggggzﬁgﬁbioﬁ Brmomenue TK-1.1,
cnoco0 ypaBHUBaHHUS 0,08 0,16 JIUTEPATYPHI 110 TpaKTHHCCKIX IK-1.2,
pabor I1K-1.3,
JIUCHHAIIIINHE, K-1.4
KOHCIIEKTa JEKIUi HK-Z.l:
I1K-2.2,
I1K-2.3,
I1K-2.4
VK-2.1,
VK-2.2,
VK-2.3,
VK-2.4,
I/ISy‘ieHI:Ie VK25,
6.5 Brruucnenue OCHOBHOH 1 . Brinonnenue I1K-1.1,
k0a(urmenTon 0,08 0,16 AOTIONHHTCIEHOH NPaKTUYECKUX I1K-1.2,
HOpPMaJIbHBIX YpaBHEHUIT JHTCPATYPPI 0 pabor IK-1.3,
JUCIIUILINHE, K-1.4
KOHCIIEKTA JIEKIIUI HK-Z.l:
I1K-2.2,
I1K-2.3,
I1K-2.4
VK-2.1,
VK-2.2,
YK-2.3,
VK-2.4,
I/I3yqeﬂlile VK25,
6.6 KoHTpOJIb BBIYHCICHHUS OCHOBHOM 1 . Brimonnenne IIK-1.1,
k0a(durmeHToB 0,08 0,16 AAOTIOTHHTEIEHOH MPaKTHYECKUX I1K-1.2,
HOpPMAaJIBHBIX YpaBHEHUN JIMTCEPATYPEL 1O pabot I1K-1.3,
JUCLUILINHE, K-1.4
KOHCIIEKTA JIEKIH HK-Z.l:
I1K-2.2,
I1K-2.3,
I1K-2.4
VK-2.1,
VK-2.2,
YK-2.3,
VK-2.4,
I/I3yquvvle VK-2.5,
OCHOBHOM H
6.7 Perenue HOpMAabHBIX JIOIOJIHUTEIHLHON Bemonmenne IK-1.1,
——— 0,08 0,16 SHTEPATYPHI 1O HPaKTUIECKHX MK-1.2,
pabor I1K-1.3,
JIACIATIIINHE, K-1.4
KOHCIIEKTA JICKIIUI K-2. 1:
I1K-2.2,
I1K-2.3,

[1K-2.4




VK-2.1,

VK-2.2,
YK-2.3,
Uzyuenne YR-24,
OCHOBHOM U YK-2.5,
6.8 Kourpomb permeHus JIOITOJTHUTEILHOM Brmomenue TK-1.1,
N 0,08 0,15 2 TIPaKTHIECKUX I1K-1.2,
HOPMAJIbHBIX YPaBHEHUIH HH;ipi;};p;; eno paGot IK-1.3,
Koscn:KTa nem}nﬁ TIK-1.4,
I1K-2.1,
I1K-2.2,
I1K-2.3,
[1K-2.4
VK-2.1,
VK-2.2,
VK-2.3,
W3zydenue YR-24,
. VK-2.5,
6.9 CxeMbl pelienus OCHOBHOH 1 . Brimonaenne I1K-1.1,
HOPMAaJIbHBIX  YpaBHEHHH 0,08 0,21 3 AOTIOMHUTELHOH MIPAKTUYECKUX I1K-1.2,
JIUTEPATYPHI 110
no anropurmy K.®. I'aycca pabot IK-1.3,
JIUCIUIIIINHE,
KOHCIIEKTa JEKIUi IK-1.4,
I1K-2.1,
I1K-2.2,
I1K-2.3,
I1K-2.4
VK-2.1,
VK-2.2,
VK-2.3,
W3zyqenue yK-24,
6.10 Owmenka TOYHOCTH . VK-2.5,
OCHOBHOM M
HU3MEPEHHBIX BEIUYUH U UX . Brimonnenne I1K-1.1,
(hyHKUNT pu 0,08 0,21 3,7 AOTIONHHTCIEHOH MPAKTHYECKUX I1K-1.2,
JIUTEPATYPHI 110
YpaBHUBaHUHU pabot IK-1.3,
JIUCLHUTIINHE,
KOppEeJaTHBIM CIIOCOO0M KOHCITEKTA JEKIIHit [1K-1.4,
I1K-2.1,
I1K-2.2,
I1K-2.3,
I1K-2.4
HWroro no pazaeny 0,8 1,69 | 22,7
Hroro 3a cemectp 2 4 61,7 3a4ET
HToro no gucLuIinHe 2 4 61,7 3a4eT




5 O0pa3oBaTte/ibHbIE TEXHOJIOTHH

Jiig  peanu3zanuu  NPEeAyCMOTPEHHBIX BUJOB Y4eOHOHl paboThl B KauyecTBe
00pa3oBaTeNbHBIX TEXHOJOTUN B MpenofaBaHUM AUCUUILIUHBI «MaTemaTtnueckas oOpaboTka
pEe3yJIbTATOB HW3MEPEHUI» HCIOJIB3YIOTCS TPAJULUHUOHHAS W MOJYJIbHO-KOMIIETEHTHOCTHAS
TEXHOJIOTHH.

Jlexiuu TpoXOASAT B TpaaumHMoHHOW (opme. Ha neKIuu-KOHCYIbTAllMU, W3JIaraeTcs
HOBBII MaTepua, COMPOBOKIAOIINIICSA BOIPOCAMU-OTBETAMU 10 TEME JIEKLIUH.

[IpakTrueckue pabOTHI BHITOIHSIIOTCS CTYIEHTAMU IO BApUAHTAM.

CaMmocrosTenbHass paboTa 3aKiro4aercs B MPOpabdOTKE OTIEIbHBIX BOMPOCOB IPHU
M3YyYECHUU TUCLUIUJIMHBI U ITPU HOATOTOBKE K CJlaye 3a4eTa.

6 YueOHO-MeTOAuYecKOe 00ecreueHHe CaMOCTOSITeIbHOI padoThI 00yYalomumxcst
[Ipencrasneno B npuioxenuu 1.

7 OueHoYHbIE CPeCTBA IJIA IPOBEIeHUs MPOMEKYTOUYHOM aTTecTauuu
[IpencraBieHbl B IPUIOKEHUU 2.

8 YueOHo-MeTOAMYeCcKOe H HH(POPMALIMOHHOE O0ecneyeHue TUCIUITHHBI (MO1YJIs1)

a) OcHoBHas1 IMTEpaTypa:

1. TamesnoB A.B., T'opnees B.A. Pa3BuTue Hay4HbIX HJEd B TOPHOM JeIe:
Mapkuielinepus: Hay4dHas MoHorpadusa. — ExarepunOypr: VYpanbCkuii TrocyaapCTBEHHBIH
ropHbiii yauBepcutet, 2018. 559 c. https://www.elibrary.ru/item.asp?id=36292312

2. T'ony6be B.B. T'eome3ms. Teopus MmaTemaTnueckoil 0OpaOOTKM TIeo/Ie3MYeCKUxX
u3MepeHuil: Yued. s By30B. — M.: MOCKOBCKHI rocy1apCTBEHHBI YHUBEPCUTET I'€0J€3UN U
kaprorpaduu, 2016. 422 c. https://www.elibrary.ru/item.asp?id=30089838

3. JpsixoB, b.H. I'eome3uss [Dnekrponusiii pecypc]: y4deOnuk / B.H. [IpsikoB. —
OnektpoH. paH. — Cankr-IlerepOypr: Jlawp, 2019. — 416 c¢. — Pexum pgocryma:
https://e.lanbook.com/book/111205 .

0) lonotHuTEIBHAS TUTEPaTypa:

1. Mapkyse, 10. U. Teopuss matemarnyeckoil 0OpabOTKU I'e0Je3NYECKUX U3MEPEHUH !
yuebHoe mocobue / FO. 1. Mapkyse, B. B. 'ony6eB. — Mocksa : Akagemudeckuii [Tpoekr, 2020.
— 247 ¢. — ISBN 978-5-8291-2981-1. — Tekcr : onektpoHubii // JlauHb
3NeKTpoHHO-Onbmoteunas cuctema. — URL: https://e.lanbook.com/book/132444

2. llepdunnes, A. A. Teopus MaTeMaTn4eckoii 00pabOTKH re0Je3NIECKUX H3MEPEHHH
yaeonoe mocobue / A. A. IlepdunbeB. — Hosocubupck : CI'YBT, 2019. — 80 ¢. — ISBN
978-5-8119-0810-3. — Tekcr : anekTpoHHbIi // JIaHb : 3IEKTPOHHO-OMOIMOTEYHAST CUCTEMA. —
URL.: https://e.lanbook.com/book/147160

3. benukos, A. b. Matemarndeckast 00paboTKa pe3yabTaTOB Ie01e3NIECKUX N3MEPEHHHA
. yaebHoe nocodue / A. b. Benukos, B. B. Cumonsin. — 2-¢ uzn. — Mocksa : MUCHU — MI'CY,
2016. — 432 c¢. — ISBN 978-7264-1255-9. — Tekcr : oanekrpouusii // Jlanb
3NEeKTpOHHO-OnbMoTeunas cuctema. — URL: https://e.lanbook.com/book/73707.

4. UmxenepHas reone3us u reourdopmaruka. Kpatkuii kypce : yueoHuk / M. 5. Bpbinb,
E. C. boromonoBa, B. A. Koyrus, b. A. JI€Bun ; nox pemakuueinr B. A. Koyrusa. —
Cankt-Ilerepoypr : Jlams, 2015. — 288 c. — ISBN 978-5-8114-1831-2. — Tekct
anekTpoHusli /[ JlaHp . DNeKTpoHHO-OMOmmoreunas  cuctema. —  URL:
https://e.lanbook.com/book/643245. Macnos A.B., I'opaees A.B., barpakos 0.I'. I'eonesus:
yuebnuk. — M.: Konocce, 2006, 598 c.

B) MeTonuyeckue ykazaHus:



[IpencraBieHbl B IPUIIOKEHUH 3.

r) [Iporpammuoe odecnneuenne u UHTEpHET-pecypcehl:

https://www.elibrary.ru/item.asp?id=36292312 TamessnoB A.B., TopaceB B.A.
PasButne Hay4yHbIX wHIeil B TopHOM Jene: Mapkieiinepusi: HayyHas MoHorpadus. —
ExarepunOypr: Ypaiabckuii rocyaapCcTBeHHBIN TOpHBIN yHUBEpcUTeT, 2018. 559 ¢

https://www.elibrary.ru/item.asp?id=30089838 T'onyoe B.B. TI'eome3us. Teopus
MaTeMaTH4eCKOW 00pabOTKH T'e0Ie3MUeCKUX U3MEpeHui: Yuel. 1 By30B. — M.: MOCKOBCKHUI
rOCy/IapCTBEHHBI YHUBEPCHUTET Teoie3un U kaprorpaduu, 2016. 422 c.

https://e.lanbook.com/book/111205 [ssiko, b.H. I'eonesust [DnexTpoHHbIil pecypc]:
yueOnuk / b.H. JIpskoB. — Dnektpon. nan. — Caunkr-Ilerepoypr: Jlans, 2019. — 416 c.

IIporpammHoe o0ecnieueHue

HaumenoBanue .

10 Ne orosopa Cpoxk neicTBUS TULEH3UH
MS Off_lce 2007 Ne 135 o1 17.09.2007 OeccpouHo
Professional
7Zip CBOOOTHO 0OeccpoUHO

IIpodeccnonanbubie 0a3bl JAHHBIX U HHPOPMAIMOHHBIE CIPABOYHbIE CUCTEMbI
Ha3Banue kypca Ccblika

OnekTpoHHass  0a3a  MEPUOAMYECKUX
n3nanuii East View Information Services,
HauunonansHast
uH(GOPMALIMOHHO-aHAIUTHYECKAS URL.: https://elibrary.ru/project_risc.asp
cucrtema — Poccuiickuii HHIEKC HAYYHOTO
IMTouckoBas cuctema Axamemus Google
(Google Scholar)
Wndopmanmonnas cucrema - Enxmnoe
OKHO JIOCTyNa K MH(pOPMAIIMOHHBIM
Poccuiickas l'ocynapcrBenHas
oubnuoreka. Karajgoru
DONEeKTpOHHbIE  pecypchl  OMOINOTEKU
MI'TY nm. I'.1. HocoBa

9 MaTepuaJIbHO-TeXHHYECKOe 00ecnedeHue TUCIIUMIIHHBI (MOTYJIs1)

https://dlib.eastview.com/

URL.: https://scholar.google.ru/

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

https://www.rsl.ru/ru/4readers/catalogues/

https://magtu.informsystema.ru/Marc.html?locale=ru

MaTepI/IaJ'IBHO'TeXHI/ILIeCKOC obecrneucHue JUCITUITIIIMHBI BKIIFOUYACT:



YyeOHast ayauTopusi Uis TPOBEACHHS 3aHATUN JIEKIIMOHHOTO THMA: TeXHUYecKue
cpenctBa OOydeHHMs, CIyKamde JUisl TpeAcTaBleHus Yy4yeOHOW uH)opManuu OoJbIIoi
ayIUTOpUU: MYJIbTHUMEIUMHbBIE CpEICTBAa XpaHEHUs, Mepelayd W MpeACTaBICHHUS Y4eOHOMH
nHpopmaruu. Crenuain3upoBaHHas MeOECITb.

VYyeOHast aynuTopus Uil MPOBEACHUS MPAKTUUYECKUX 3aHATUNA TEKYILIEro KOHTPOJSA U
IPOMEXKYTOUHOM aTTecTanuu: TexHuyeckue cpesicTBa 00ydeHus, CIyXKallue Jis MpeICTaBICHUs
yueOHO# nHpopManuu OOJIBIION ayAUTOPUH: MYJIbTUMEINIHBIE CPEICTBA XPAaHEHHS, ITepeJadn
U npejcTaBiaeHus yueoHon nupopmaruu. Crenuanu3upoBaHHas MeOelb.

VYyeOHass aynuTopuss JUisl TPYNNOBBIX M MHAMBUIYAIBHBIX  KOHCYJIbTAIWil:
Kommbrotepaass texuuka ¢ makerom MS Office, ¢ nmoaximodenuem k cetn «MHTepHET» H ¢
JOCTYIIOM B 3JIEKTPOHHYIO HH(POPMAITMOHHO-00pa30BaTENbHYIO CPEY YHUBEPCHUTETA.

CrneuunanusupoBaHHasi MeOeb

[Tomemienue st caMocToATeNbHOM paboTel: KommnbroTepHas TexHUKa ¢ makeroM MS
Office, ¢ mnoagkmoueHueM K cetn «VHTEpHET» © ¢ JOCTYIIOM B  DICKTPOHHYIO
UH(OPMALIMOHHO-00pa30BaTENbHYIO Cpeay YHHBepcuTeTa. Crieraan3upoBaHHas MeOeb.

[Tomemienue 11 XpaHeHUS U NPOPHIAKTUYECKOTO oOcimykuBaHus: CTeyuiaxu s
XpaHEHUs1 yueOHO-HaIJIAIHbIX 1I0COOUH U y4eOHO-METOANYECKOM JOKYMEHTAIUH.



[Tpunosxxenue 1
6 YueOHO-MeTOAMUYECKOE OOecTieueHHe CAMOCTOSITEIbHOH PadoThl 00y4aO U XCS
AynuTopHas CcaMOCTOSITeNbHAass paboTa CTYACHTOB Ha TNPAKTHUYECKUX 3aHATHAIX
OCYIIIECTBIISIETCS TIOJ KOHTPOJIEM IMIpernojaBaTesis B BUJE PEUICHHS 33Jad U BBINOJHEHUS
yIpaXHEHUH, KOTOpbIE ONPEEIIAET IPEnoaaBaTesb A CTyAEHTA.
CamocTtosTenbHas paboTa CTYAEHTOB OCYILECTBISICTCS B BUJAE YTEHUS JUTEPaTyphl IO
COOTBETCTBYIOLIEMY pa3Jielly ¢ IpOpabOTKON MaTepHraia U BBIMOJHEHHS JOMAIIHUX 33aJaHUN C
KOHCYJIbTAIMSIMU MPENo/IaBaTesl.

Buast @OpMBI KOHTPOJIA
Brinonnenue npakTuyeckux padoT [IpoBepka u 3ammra paboT
[Touck monosHUTENHEHON HH(GOPMAITUH TIO [IpakTuueckue paboTh

3a/laHHO TeMe (paboTa ¢
OoubmrorpadguuecKuM MaTepHaIaMH,
CIPaBOYHHKAMH, KaTaJIOTaMH, CIIOBapsIMH,
SHIUKJIONEUSIMHU )

IIpumepHBbIii IepeyeHb TEOPEeTHYECKUX BONPOCOB K 3a4ETy:

1. 3agaum nucnumuuasl «MaremaTrueckas 00paboTKa pe3yabTaToB U3MEPEHHUI»

UTo noHMMAIOT 1TOJ1 U3MEPEHUEM (PU3UUECKON BETUUNHBI?

Kakue namepeHus Ha3bIBalOT NPSIMBbIMU, KOCBEHHBIMH, PABHOTOUYHBIMU U

HEPaBHOTOYHBIMU?

Yro ABnsSETCA PE3yIbTaTOM U3MEPEHUs?

Uto nmoHnmMaercs 1noj; omnoKkon (MOrpelIHOCThI0) pe3yiibTaTa U3MEpPEHUs?

Kakue omnOku Ha3bpIBatOTCS TPYOBIMH, CUCTEMAaTHUECKUMHU, CITy4aiiHbIMU?

Kak BpIUMCIINTE BeposATHENIIEEe 3HAUEHUE U3MEPSIEMOI BEIMYUHBI 10 pe3ysibTaTaM

MHOTOKPAaTHBIX PAaBHOTOYHBIX U3MEPEHUIT?

8. CpenHsis KBaJpaTHUecKas OIIMOKa pe3ylbTaTOB PABHOTOUHBIX H3MEpPEHH: (hopMyIIbl
I'aycca, beccens, @eppepo.

9. CpenHsis KBaJpaTHuecKas OIMOKa GYHKIUU U3MEPEHHBIX BEJIUYHH.

10. Cpennsist KBagpaTHIeCKasi OIMOKA Pe3yabTaTOB IBOMHBIX PABHOTOYHBIX U3MEPEHHH.

11. Cpenusist kBagpaTHuecKas OMMOKa MPOCTON apu(pMETUUECKON CepeIUHBI.

12. O6mas apudmerndeckas cepevHa.

13. Cpenusist kBagpaTHyeckas omnOKa eJUHHIIBI Beca.

14. Cpennsist kBajjpaTUyecKas OIIMOKa U Bec 001Iel apuMeTUIecKo cepeHbI.

15. Yto noHumaeTcs Mo ypaBHUBAaHUEM PE3YJIbTaTOB U3MEPEHUI?

16. YpaBHUBaHME U OIlEHKA TOYHOCTH HAIIPABIICHHIA, H3MEPEHHBIX HA CTAHIIMH CIIOCOOOM
KpPYTOBBIX IIPUEMOB.

17. Yro siBsieTcs ycliOBUEM M MPUYMHON BO3HUKHOBEHUS 3aJ[aul ypaBHUBAHUSA?

18. [IpuHIMT HAUMEHBITNX KBaIPATOB.

19. KoppenatHslii cioco® ypaBHHBaHUSI.

20. ITapameTpuueckuii ciocod ypaBHHUBaHUS.

21. Kak cocTaBiISIFOT YCIIOBHBIE YpaBHEHHS?

22. Kak cocTaBiIsIIOT HOpMaJIbHBIE YPaBHEHUS M BHIYUCIIAIOTCA KO3(DPHUIIMEHTH HOPMaTbHbIX
ypaBHEHUN?

23. Anroputm K. @. I'aycca perieHust cicTeM HOpMaJIbHbBIX YpaBHEHUI?

24. KoHTpoOIb penieHus HOpMaIbHBIX YPaBHEHUH.

25. OneHKa TOYHOCTH U3MEPEHHBIX BEIMYMH U UX (DYHKIMHA IPH ypaBHUBAHUU KOPPEIATHBIM
CIIOCOOOM.

wn

No ok



[Tpunoxenue 2
7 OueHo4YHBIE cpecTBA /s IPOBeAeHUsI IPOMEeKYTOYHON aTTecTAUM

a) [lnanupyembie pe3yJbTAaThl 00yUYeHHS U OLlEHOYHbIE CPeACTBA ISl IPOBEACHUS NMPOMEKYTOUHON aTTeCTAlNM:

Ilpumepnoe cooepicanue:

CtpyKTypHBII
JJIEMEHT [Inanupyemsble pe3yiabTaTbl O0yUEHHS OneHouHbIE CpECTBA
KOMIIETEHIIUU

VK-2 Criocoben YIIPaBJIATb HIPOCKTOM Ha BCEX 3TAllaX €ro KU3HCHHOI'O ITUKJIa

Ilpumepnbulil nepeuens meopemuuecKux 60NPoOCo8 K 3auémy:

1. 3amaum nucuumMHbl «Maremarrueckas 00paboTKa pe3yabTaTOB U3MEPEHHIN
2. UYro MOHMMAIOT MO U3MEPEHUEM (PU3UUECKON BETHUUHBI?
3. Kakwue n3MepeHus Ha3bIBAIOT MPSAMBIMH, KOCBEHHBIMH, PABHOTOYHBIMH U
HEPaBHOTOYHBIMHU?
MOPMYIHpYeT Ha OCHOBE MOCTABICHHOM 4. Yrto sBNISETCS PE3yIbTaATOM I/I3I\\’/I€p€HI/I$I?
5. Uto moHMMAaeTCs O] OIIUOKOH (MOTPEIIHOCThIO) pe3ybTaTa U3MEpeHus?
YK-2.1 mpoGneMbl TPOEXTHYIO 3a7ady M Crocob ee 6. Kakue ommOKy Ha3bIBAIOTCS TPYOBIMU, CUCTEMATUYECKUMU, CITyYalHBIMU?
PCIICHMS  HCPE3  PCATM3ALMIO  MPOCKTHOTO 7. Kak BBIYHCIUTE BEPOSATHENIIIEE 3HAUCHUE H3MEPSEMOM BEJIMUNHBI 10 PE3YIIbTaTaM

YIpaBJICHHUA MHOT'OKPaTHBIX PaBHOTOYHBIX U3MEPEHUN?

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

9. CpenHss kBagpaTHdeckas ommoOka GyHKIINA H3MEPEHHBIX BETHUHUH.

10. Cpennss kBagpaTuyeckast OmMOKa pe3yabTaToOB JBOMHBIX PABHOTOUYHBIX H3MEPEHH.

11. Cpennsist KBaipaTHUYECKast OIIMOKA TPOCTON apuPMETHIECKON CEPETUHBI.

12. O6mias apudmernueckas cepeuHa.

13. Cpennsist KBajipaTHyecKasi OIMOKa €IHUIIBI Beca.




CtpyKTypHBII

JJIEMEHT ITnanupyemble pe3yabTaTbl 00y4eHUs OneHouHble CpeCTBA
KOMIIETEeHIIUH
14. Cpennsist KBagpaTudeckasi ommoka u Bec 00mieit apuMeTndeckoi CepeIuHbL.
15. YTto noHumaercs noj ypaBHUBAaHUEM PE3YJIbTaTOB U3MEPEHUI?
16. YpaBHUBaHME U OIICHKA TOYHOCTH HAIIPABICHHUNA, M3MEPEHHBIX Ha CTAHIIMU CIIOCOOOM
KpPYT'OBBIX IIPUEMOB.
17. Yro siBisieTcs ycIOBUEM U IPUUYUHON BOSHUKHOBEHMS 33/1a4l YPAaBHUBAHUS?
18. IIpuHIKMT HAMMEHBIITUX KBAPATOB.
19. KoppenatHslii cnoco0 ypaBHUBaHUSI.
20. ITapameTpuueckuii ciocod ypaBHUBAHHUS.
21. Kak cocTaBIsIOT YCIOBHBIE YPaBHEHUS?
22. Kak cocTaBIIsII0OT HOPMaJIbHBIE YPaBHEHUS U BEIYUCIIAIOTCS KOA(PPHUIIMEHTHI HOPMAJIbHBIX
ypaBHEHUN?
23. Anroputm K. @. I'aycca penieHust cucteM HOpMaJlbHbBIX YpaBHEHUI?
24. KoHTpOITb pelieHus HOpMalbHBIX YPaBHEHUH.
25. OneHka TOYHOCTH U3MEPEHHBIX BEIMYMH U UX (QYHKUUH PH ypaBHUBAaHUU
KOppeJIaTHbIM CIOCOO0OM.
Ilpumepnolii nepeuens meopemuueckux 60nPocog K 3auémy:
1. 3agaum nuctunianHbl «MaremaTuyeckas 00paboTka pe3yabTaToB U3MEPEHUI»
2. Yrto MOHMMAIOT MO U3MEPEHNEM (PU3UUECKON BETHUNHBI?
Pa3pabaTeiBacT KOHICIIHMIO TPOCKTA B PAMKaX 3. Kakue n3mepenus Ha3bIBaIOT NPSAMBIMU, KOCBEHHBIMH, PABHOTOYHBIMH U
0003HaueHHOW  TpoOieMbl:  hopmyIupyer HEPaBHOTOYHBIMU?
YK-2.2 1eIb, 3a7a4i, OOOCHOBBIBACT aKTYyaJbHOCTD, 4. Yo ABIAETCSA PE3yAbTATOM U3MEPEHUS?
3HAYMMOCTb, OXKHNAEMBIE DE3yIbTAaThl MU 5. Yrto moHmMaeTcs moJ1 OmMOKOM (MTOTPENTHOCTHIO) pe3yIbTaTa HSMe?eHHH?
BOSMOYKHEIE COEPEL HX TIPHMCHEHHS 6. Kakue omubku Ha3bIBAIOTCA rpyObIMH, CHCTEMATHYECKUMH, CIIy4aiHbIMU?
7. Kax BbIUHCIUTH BepOsITHEHIIEE 3HAaUCHNE U3MEPSAEMO BETMUHUHEBI 110 Pe3yIbTaTaM
MHOT'OKPaTHBIX PaBHOTOYHBIX U3MEPEHUN?
8. CpenHss KBagpaTHUeCcKas OMMOKa Pe3yIbTaTOB PABHOTOYHBIX U3MEPEHHIt: (HOpMyITBI
l'aycca, beccenst, deppepo.
9. CpenHss kBagpaTHieckas ommoOka QYHKIINY N3MEPEHHBIX BEJTHUHH.




CtpyKTypHBII
JJIEMEHT

KOMIICTCHIIM U

[Tnanupyemble pe3yiabTaThl O0y4eHHs

O1neHOYHBIC CPEACTBA

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

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

23.
24,
25.

Cpenusisi KBagpaTHyeCcKasi OMMOKa pe3yabTaTOB IBOMHBIX PABHOTOYHBIX U3MEPEHUIA.
Cpennsis kBagpaTHyecKas omnOKa NpocToi apupMeTHYECKOl CepeIuHbl.

Oo6mas apudmernyeckas cepeHa.

Cpennsis KBagpaTHyecKas OlIMOKa eMHUILIBI Beca.

Cpennsist kBaapaTuieckas omroOka U Bec oO1iei apupmMeTHuecKoi cepeHbl.

UYto noHUMaeTcs 10l ypaBHUBAHUEM Pe3yJIbTaTOB U3MEpEeHHit?

YpaBHUBaHUE U OLIEHKA TOYHOCTH HAINPaBIICHUH, N3MEPEHHBIX HA CTAaHIIMH CIOCOOOM
KpPYT'OBBIX IPUEMOB.

Uro sBAsETCS YCIOBUEM U IPUYMHON BO3ZHUKHOBEHUS 3a]]aull YpaBHUBAHUSA?
[IpyHIMI HAUMEHBIIUX KBAJPATOB.

Koppenartusiit cnoco0 ypaBHUBaHUS.

[TapameTpuueckuii cnoco0 ypaBHUBaHUS.

Kak cocTaBisitoT ycioBHbIE ypaBHEHHUS?

Kak cocTaBnsitoT HopMallbHbIE YpaBHEHHSI M BBIYMCIISIOTCS KO3()PULIMEHTH HOpMATIbHBIX
ypaBHEHM?

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

KoHTposb penieHuss HopMajabHBIX YPABHEHUN.

O1eHKa TOYHOCTH U3MEPEHHBIX BEIMYMH U UX (PYHKIMI IpU ypaBHUBAHUU
KOppeJIaTHbIM CIOCOO0OM.

YK-2.3

Pa3pabarbiBaeT Iu1aH pealn3alyyll IPOEKTa C
YYE€TOM BO3MOXHBIX PHCKOB pcalru3aliun U
BO3MOYKHOCTEN MX YCTPAaHEHWs, IUIAHUPYET
HE00XO0/IUMBIE PECYPChI

wmn e

~No ok

Ilpumepnolii nepeuens meopemuuecKux 60npocos K 3auémy:

3aaun TUCHUILTMHBI «MaTtemaTnyeckas 00paboTka pe3yabTaToB U3MEPEHUI»
Urto noHMMaloT 1o u3MepeHreM (pu3n4eckoi BeTUUnHbI?

Kaxue usmepeHnns Ha3bIBaIOT NPSIMBIMU, KOCBEHHBIMHU, PABHOTOYHBIMU U
HEpaBHOTOYHBIMH?

UYro sBaseTCs pe3yIbTaTOM U3MEPEHUs?

Uto moHnMaeTcs 1o ommoKoi (MOTperHOCTRIO0) pe3ybTaTa U3MepEHUs?

Kakue ommOku Ha3bIBalOTCS TPYOBIMH, CUCTEMAaTHUECKUMHU, CITy4aifHbIMU?

Kaxk BBIYMCINTE BEpOsATHEWIIEE 3HAUCHUE U3MEPSIEMOM BEJIMUMHBI IO pe3ybTaTaM




CtpyKTypHBII
JJIEMEHT

KOMIICTCHIIM U

[Tnanupyemble pe3yiabTaThl O0y4eHHs

O1neHOYHBIC CPEACTBA

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

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

23.
24,
25.

MHOT'OKpaTHBIX PAaBHOTOYHBIX U3MEPEHUN?

Cpennsis KBapaTHyecKasl OINOKa pe3yJbTaTOB PABHOTOUHBIX U3MEPEHUIA: (OPMYIIbI
l'aycca, beccens, @eppepo.

Cpennsis KkBagpaTHyecKas OmnOKa GYHKIUN U3MEPEHHBIX BEJINUYMH.

Cpennsist KBagpaTuieckas ourOKa pe3ysibTaToOB IBOMHBIX PAaBHOTOYHBIX U3MEPEHUN.
Cpennsis KBagpaTHyecKas omnOKa npocToi apu(pMeTHYecKoi cepeiuHbl.

O6m1as apudmeTndeckas cepeiuHa.

Cpennsis KBajipaTHyecKas OlnOKa eTMHHIIbI Beca.

Cpennsist kBagpaTuieckas omroOKka U Bec oOuiei apupMeTHiIecKoi cepeuHbl.

UYto noHUMaeTcs 10l ypaBHUBAHUEM pe3yJIbTaTOB U3MEpEeHHt?

YpaBHUBaHUE U OLIEHKA TOYHOCTH HAINPaBIICHUH, N3MEPEHHBIX HA CTAaHIIMH CIIOCOOOM
KpPYTOBbIX IPUEMOB.

Uro sBAseTCS YCIOBUEM U MPUYMHON BO3HUKHOBEHUS 3a7[aul ypaBHUBAaHUSA?
[IpyHIMI HaMMEHBIINX KBAJIPaTOB.

Koppenatuslit ciocod ypaBHUBaHUS.

[TapameTpuueckuii cnoco0 ypaBHUBaHUS.

Kak cocTaBisitoT ycioBHbIE ypaBHEHHUS?

Kak cocTaBnsitoT HopMallbHbIE YpAaBHEHHSI M BBIYUCIISIOTCS KO3(pPHULIMEHTH HOpMATIbHBIX
ypaBHEHM?

AnroputMm K. @. "aycca pemenus cucreM HOpMaJbHBIX YPaBHEHHN?

KoHTpousb penieHuss HOpMaJIbHBIX YPaBHEHUM.

O1eHKa TOYHOCTH U3MEPEHHBIX BEIMYMH U UX (PYHKIMIA IpU ypaBHUBAHUU
KOppeJIaTHBIM CIOCOO0M.

YK-2.4

Ocy1iecTBiIsIET MOHUTOPHUHT X0Ja pealn3alnun
MIPOEKTa, KOPPEKTHUPYET OTKIOHEHHS, BHOCHUT

JOITOJIHUTECIIbHBIC U3MCHCHUSA B IIJ1aH

peanu3anuu  TPOEKTa,  YTOYHSIET  30HBI

N =

Ilpumepnulii nepeuens meopemuuecKkux 60npPoco8 K 3auémy:

3agaun TUCHUIUTMHBI «MaTtemaTnyeckas 00paboTka pe3yabTaToB U3MEPEHUI»
Urto noHMMaloT o1 u3MepeHreM (pu3n4ecKoi BeTUUnHbI?

Kaxue usmepeHnns Ha3bIBalOT NPSIMBIMU, KOCBEHHBIMHU, PABHOTOYHBIMU U
HEPAaBHOTOYHBIMU?




CtpyKTypHBII
JJIEMEHT

KOMIICTCHIIM U

[Tnanupyemble pe3yiabTaThl O0y4eHHs

O1neHOYHBIC CPEACTBA

OTBCTCTBCHHOCTH YYaCTHHUKOB 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 OIMOKOM (IOrPEIHOCThIO) Pe3ysbTaTa U3MEepEeHus?

Kakne ommOku Ha3bIBalOTCS TPYOBIMH, CUCTEMAaTHUECKUMHU, CITydaifHBIMU?

Kak BpIUMCINTE BEpOATHENIIIEE 3HAUEHUE U3MEPSIEMOM BEIMUUHBI 110 pe3yJIbTaTaM
MHOT'OKPaTHBIX PAaBHOTOYHBIX U3MEPEHUI?

Cpennsis KBafpaTHyecKasl OIINOKa pe3yJbTaTOB PABHOTOUHBIX U3MEPEHUIA: (OPMYIIbI
l'aycca, beccens, @eppepo.

Cpenusis KBagpaTHyecKas omnOKa QYHKIIUN U3MEPEHHBIX BEJINYMH.

Cpennsist kKBagpaTuieckas orOKa pe3ysibTaToOB IBOMHBIX PABHOTOUHBIX U3MEPEHUM.
Cpennsis KBagpaTHyecKas omnOKa NpocToi apu(pMeTHYeCKol cepeIuHbl.

O6m1as apudmeTndeckas cepeiuHa.

Cpennsis KBajpaTHyecKas omnOKa eIMHHIIbI Beca.

Cpennsist kBagpaTuieckas omroOka 1 Bec oO1iei apupmMeTHIeckoi cepeHbl.

UYro noHMMaeTcs MoJ| ypaBHUBAaHUEM PE3yJIbTaTOB U3MEPEHUN?

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

Uro sBAseTCS YCIOBUEM M MPUYMHON BO3HUKHOBEHUS 3a7[aull ypaBHUBAaHUSA?
[IpyHIMI HaMMEHBIINX KBAIPaTOB.

Koppenartusiit cnoco0 ypaBHHUBaHUA.

[TapameTpuueckuii cnoco0 ypaBHUBaHUS.

Kak cocTaBisitoT ycioBHbIE ypaBHEHHUS?

Kak cocTaBnsitoT HopMalibHbIE YpaBHEHHSI 1 BBIYUCISIOTCS KO3(hPULIMEHTH HOpMaTIbHBIX
ypaBHEHUN?

AnroputMm K. @. "aycca pemieHus cucteM HOpMaJlbHBIX YPaBHEHUN?

KoHTposb penieHnss HopMaabHBIX YPABHEHUN.

O1eHKa TOYHOCTH U3MEPEHHBIX BEIMYMH U UX (PYHKIMI IpU ypaBHUBAHUU
KOppeJIaTHbIM CIOCOO0M.

YK-2.5

[Ipennaraer mpoueaypbl U MEXaHU3MBbI OLICHKH

Ilpumepnulii nepeuens meopemuyecKkux 60npoco8 K 3auémy:




CtpyKTypHBII
JJIEMEHT

KOMIICTCHIIM U

[Tnanupyemble pe3yiabTaThl O0y4eHHs

O1neHOYHBIC CPEACTBA

KayecTBa  IPOEKTAa, uH(ppacCTpyKTypHbIE
YCIIOBUS JJIs1 BHEAPEHUS PE3YyIbTaTOB MIPOEKTa

wn e

No ok

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

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

23.
24,

3anaun qucuuIuinHbl «MaTtemaruueckas o0paboTKa pe3yabTaTOB U3MEPEHUII»

UTO MOHUMAIOT 1MOJ] U3MEepeHuEeM (PU3NUECKON BETUIMHBI?

Kaxue usmepenus Ha3bIBaIOT IPSIMbIMU, KOCBEHHBIMHU, PABHOTOYHBIMU U
HEPABHOTOYHBIMU?

Uro sBsieTCsl pe3ysibTaTOM U3MEpEHuUs?

UYto noHUMaeTcst o1 OIMOKOHM (ITOrPEeIHOCThIO) Pe3yIbTaTa U3MEepeHUs?

Kakne ommOku Ha3bIBaIOTCS TPYOBIMH, CUCTEMATHUECKUMHU, CITy9aifHBIMU?

Kak BpIUMCINTE BEpOATHENIIEE 3HAUEHUE U3MEPSIEMOM BEJIMUUHBI 110 pe3yJIbTaTaM
MHOT'OKPaTHbIX PaBHOTOYHBIX U3MEPEHUI?

Cpennsis KBagpaTHyecKast OlIMOKa pe3yabTaTOB PABHOTOUHBIX U3MEPEHUN: (hOPMYIIbI
l'aycca, beccens, @eppepo.

Cpenusis KkBagpaTHyecKas omnOKa QYHKIUN U3MEPEHHBIX BEJINUYHH.

Cpennsist KBaapaTUieckas olrOKa pe3ysbTaToOB IBOMHBIX PABHOTOYHBIX U3MEPEHUH.
Cpenusis KBafpaTHyecKast omnOKa NpocToi apupMeTUIeCKOl CepeInHbl.

O6mras apudmeTndeckas cepeinHa.

Cpennsis KBagpaTHyecKas OmnOKa eTUHHIIBI Beca.

Cpennsist kBagpaTuieckas omroOka 1 Bec oO1iei apupmMeTHiIeckoi cepeHbl.

UYrto noHMMaeTcs MoJ| ypaBHUBAaHUEM PE3YJIbTATOB U3MEPEHUN?

VYpaBHHBaHHUE U OIIEHKA TOYHOCTH HANpPaBICHUN, N3MEPEHHBIX Ha CTAHIIMH CIIOCOOOM
KPYTOBBIX IPUEMOB.

Uro sBAseTCS YCIOBUEM U MPUYMHON BO3HUKHOBEHUS 3a7[aul ypaBHUBAHUSA?
[IpuHIMI HaMMEHBIINX KBAIPaTOB.

Koppenatsslii cnoco0 ypaBHUBaHUS.

[TapameTpuueckuii cioco0d ypaBHUBaHUS.

Kak cocTtaBnstoT yciioBHbIE ypaBHEHUS?

Kak cocTaBnsitoT HopMallbHbIE YPaBHEHUS M BBIYUCISIOTCS KO3 PHUIIMEHTH HOpMaTIbHBIX
ypaBHEHMI?

AnroputMm K. @. 'aycca pemieHus cucreM HOpMaJlbHBIX YPaBHEHUN?

KoHTpoub peniennss HopMaJabHbBIX YPABHEHUN.




CtpyKTypHBII
JJIEMEHT

KOMIICTCHIIM U

[Tnanupyemble pe3yiabTaThl O0y4eHHs

O1neHOYHBIC CPEACTBA

25.

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

ITK-1 CriocoGeH BBITIOMHATH MHKEHEPHO-TEOAC3NIECKIE U3bICKAHUS, TUIAHUPOBATH PA3BUTHE TOPHBIX PabOT, OCYIIECTBIIATH MAPKIICHIEPCKUN KOHTPOIIh

COCTOSIHUS TOPHBIX BBIPaOOTOK, 3aHUI COOPYKEHUH 1 36MHON TOBEPXHOCTH Ha BCEX 3TAIlax OCBOCHUS M OXpaHbl HEAP ¢ 00eCTIeYeHUEM NTPOMBILITIEHHON U

9KOJIOTHYECKON 0€30IaCHOCTH

IK-1.1

Cocrasinsier MIPOEKTHI MIPOU3BOJICTBA
MapKIICHIEPCKUX U Teofe3ndeckux pador,
OCYIIECTBIISIET KOHTPOJb 32 BBIIIOJHEHUEM
M3BICKATEIIbCKUX paboT

wn e

~No ok

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

17.

Ilpumepnbolii nepeuens meopemuuecKkux 60npPocos K 3auémy:

3ajgauun TucHUILIMHBL «MaTtemaTuyeckas 00paboTka pe3yabTaToB U3MEPEHUI»

UTo MOHUMAIOT O] U3MEPEHNEM (PH3UUECKON BETHUNHBI?

Kaxue usmepeHnns Ha3bIBalOT IPSIMBIMU, KOCBEHHBIMHU, PABHOTOYHBIMU U
HEPaBHOTOYHBIMU?

UYro sBaseTCS pE3yIbTaTOM U3MEPEHUs?

Uto nmonuMaetcs 1o oumoKoi (MOTrpeHOCThI0) pe3ynbTaTa U3MepeHus?

Kakue ommoku Ha3bIBatOTCS TPYOBIMU, CUCTEMAaTHUECKUMHU, CITydaifHbIMU?

Kak BeuucnuTh BeposTHelIIee 3HaUeHUE U3MEPSIEMO BEIMUMHBI 110 pe3ybTaTaM
MHOT'OKPaTHBIX PaBHOTOYHBIX U3MEPEHUN?

Cpennsist KBagpaTuieckas OlIrOKa pe3ysibTaTOB paBHOTOYHBIX U3MEPEHUN: (HhOPMYIIbI
l'aycca, beccenst, deppepo.

Cpennsist kBaapaTuieckas olmroOka pyHKINY U3MEPEHHBIX BEJTUYMH.

Cpennsisi KBafipaTHyecKasi OINOKa pe3yabTaToOB IBOMHBIX PABHOTOYHBIX U3MEPEHUI.
Cpennsist kBagpaTuieckas onroka npoctoil apupMeTH4eckon cepeuHbl.

O6mas apudmernyeckas ceperHa.

Cpennsist KBagpaTudeckasi OuImoKa eIMHUIbI Beca.

Cpenusist KBagpaTHyeckast omnoOKa 1 Bec o01Iei apuMeTnieckoil cepeHbl.

Urto noHMMaeTcs MoJ] ypaBHUBAaHUEM PE3yJIbTaTOB U3MEPEHUI?

YpaBHUBaHUE U OLIEHKA TOUHOCTH HalpaBJIEHUH, N3MEPEHHBIX HA CTAHIIMH CIIOCOOOM
KPYTOBBIX IIPUEMOB.

Uto sBISETCS YCIOBUEM M IPUYMHON BO3ZHUKHOBEHUS 3a]]a4l YpPaBHUBAHUs?




CtpyKTypHBII
JJIEMEHT

KOMIICTCHIIM U

[Tnanupyemble pe3yiabTaThl O0y4eHHs

O1neHOYHBIC CPEACTBA

18.
19.
20.
21.
22.

23.
24,
25.

[IpyHIMI HaMMEHBIINX KBaJIPaTOB.

Koppenarnslii cnocod ypaBHUBaHUS.

[MapameTpuueckuii cioco0 ypaBHUBaHUS.

Kak cocTaBisitoT yClIOBHbBIE YpaBHEHMS?

Kak cocTaBnsitoT HOpMalibHBIE YPAaBHEHHSI 1 BBIYHCISIOTCS K03()PHUIIMEHTH HOpMaTIbHBIX
ypaBHEHUI?

AnroputMm K. @. I'aycca pemienust cucreM HOpMaJbHBIX YPaBHEHUN?

KoHTpo:b pemieHns HopMaabHbIX YPaBHEHUIA.

OrneHKa TOYHOCTH U3MEPEHHBIX BEIMYMH M UX (DYHKIMIA IpH ypaBHUBAHUU
KOppeJIaTHBIM CIIOCOOOM.

I1K-1.2

[Inanupyer pa3BUTHE TOpHBIX padoOT W
KOHTPOJIMPYET COOTBETCTBHE (HaKTUUECKOTO
pa3sBUTHS TOpPHBIX pabOT MpoekTaM |
KaJIeHJJapHbIM TIaHaM

wnh e

No ok

10.
11.
12.
13.
14,

Ilpumepnolil nepeuens meopemuuecKux 60NPoOCo8 K 3auémy:

3anaun nucuuIuinHbl «MaTtemaruueckas o0paboTKa pe3yabTaTOB U3MEPEHUII»

UTo MOHMMAIOT MO/ U3MEpPEHNEM (PU3NUECKON BETUUUHBI?

Kaxue nzmepenus Ha3pIBaIOT NPSIMBIMU, KOCBEHHBIMHU, PABHOTOYHBIMU U
HEPAaBHOTOYHBIMU?

Uro sBisieTcs pe3ysibTaTOM U3MepeHus?

Uto nmoHUMaeTcs o1 OIMOKOM (OTrPEIHOCThIO) Pe3yibTaTa U3MEepeHus?

Kaxue ommOku Ha3bIBalOTCA rpyObIMH, CHCTEMAaTHUYECKUMHU, CITy4alHBIMU?

Kak BpIUMCINTE BEpOATHENIIEE 3HAUEHUE U3MEPSIEMOM BEIMUMHBI 10 pE3yJIbTaTaM
MHOT'OKPaTHBIX PAaBHOTOYHBIX U3MEPEHUI?

Cpennsisi KBajpaTHUyecKast OIMOKa pe3yabTaTOB PABHOTOUHBIX U3MEPEHUIA: (POPMYITBI
l'aycca, beccens, @eppepo.

Cpenusisi KBafpaTHyecKas OmnOKa GYHKIIUN U3MEPEHHBIX BEJINYHH.

Cpennsist kBaapaTuieckas olroKa pe3yJibTaToB IBOWHBIX PAaBHOTOYHBIX U3MEPEHUN.
Cpenusisi KBapaTHyecKast OmnOKa NpocToi apu(pMeTUYeCKOl CepeIuHBI.

O6mas apudmeTndeckas cepeinHa.

Cpenusisi KBapaTHyecKasi OIMOKa eTUHHIIBI Beca.

CpenHsist KBagpaTuieckas onrOka U Bec oOmiei apupmMeTHiIeckon cepeIuHblI.




CtpyKTypHBII

JJIEMEHT ITnanupyemble pe3yabTaTbl 00y4eHUs OneHouHble CpeCTBA
KOMIIETEeHIIUH
15. Yro noHumaeTcs noj, ypaBHUBaHUEM PE3YJIbTaTOB U3MEPEHUN?
16. YpaBHUBaHME U OLICHKA TOYHOCTH HAIIPABICHUN, U3MEPEHHBIX Ha CTAHIIMU CIIOCOOOM
KPYT'OBBIX IIPUEMOB.
17. Yto siBNsieTcs yCIOBUEM U NPUYMHOM BOZHUKHOBEHUS 337a4ll ypaBHUBAHUS?
18. IlpuHIMIT HAMMEHBIINX KBAIPATOB.
19. KoppenartHssblii cnioco0 ypaBHUBaHUS.
20. [NapameTpudeckuii crioco0 ypaBHUBaHUSI.
21. Kak cocTaBisIOT YCIOBHBIE YPAaBHEHUS?
22. Kak coCTaBIIsIIOT HOPMAJIBHBIE YPABHEHUS U BEIYUCIIIOTCS KOO PHUIIMEHTH HOPMAIIbHBIX
ypaBHEHUI?
23. Anroputm K. @. I'aycca penieHust cucteM HOpMalbHBIX ypaBHEHUN?
24. KOoHTpOJIb pelIeHuss HOpMaIbHbIX YPaBHEHUH.
25. OnieHKa TOYHOCTH W3MEPEHHBIX BEIMYMH M WX (QYHKIUH TpH  ypaBHUBaHUH
KOppeJaTHBIM CIIOCOOOM.
IIpumepnoiii nepeuens meopemuueckux 60npocoé K 3auémy:
1. 3agaum nucuumMHbl «Martemarrueckas 00paboTKa pe3yabTaTOB U3MEPECHHIN
2. Yro MOHMMAIOT MO U3MEpPEHUEM (PU3NUECKON BETUUUHBI?
3. Kakwue n3mepenus Ha3bpIBAIOT MPSMBIMU, KOCBEHHBIMH, PABHOTOYHBIMH U
OOOCHOBBIBa€T M HCHOJB3YET  METOJbI HEPaBHOTOYHBIMH?
reoMeTpHu3aIiu u MIPOrHO3UPOBAHUS 4. Uro sBisieTCs pe3yabTaToOM U3MEPEHUs?
IIK-1.3 pa3sMEILEeHHs [OKA3aTeNell MECTOPOXK/ICHHS B 5. UYro moHMMaeTcs MmoJi OMMOKOH (IIOrPEIHOCTHIO) pe3ysibTaTa U3MEpEeHus?
NPOCTPAHCTBE 6. Kakue ommOKu Ha3bIBAOTCS TPYOBIMH, CHCTEMAaTHIECKUMHU, CITy9aifHBIMU?
7. Kak BbIYMCINTB BepOsITHEHIIIEE 3HAUEHUE U3MEPSIeMOil BETMUMHBI IO Pe3yJbTaTam
MHOT'OKPAaTHBIX PABHOTOYHBIX U3MEPEHUN?
8. CpenHss KBagpaTHUecKas OUIMOKa pe3yJIbTaTOB PABHOTOUYHBIX U3MEPEHHit: (HopMyIIbl
l"aycca, beccens, @eppepo.
9. CpenHnsas kBagpaTHueckas omrOka GyHKIUN U3MEPEHHbBIX BETHYHH.
10. Cpennsist KBajipaTHyecKasi OIMOKa pe3yIbTaTOB TBOMHBIX PABHOTOYHBIX H3MEPEHHIA.




CtpyKTypHBII
JJIEMEHT

KOMIICTCHIIM U

[Tnanupyemble pe3yiabTaThl O0y4eHHs

O1neHOYHBIC CPEACTBA

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

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

23.
24,
25.

Cpenusisi KBagpaTHyecKast OIMUOKa MPOCTON apu(hMETHUECKON CEPEIUHBI.

O6mas apudmeTndeckas cepeinHa.

Cpenusisi KBagpaTHueCcKasi OIMOKa eTUHHIIBI Beca.

Cpenuss kBagpaTHyeckas omnOKa U Bec o01eil apuMeTnieckoil cepeuHbl.

Urto noHMMaeTcs MoJ] ypaBHUBAaHUEM PE3yJIbTaTOB U3MEPEHUN?

VYpaBHUBaHUE U OLIEHKA TOYHOCTH HalpaBJIEHUH, H3MEPEHHBIX Ha CTAaHIIUHU CIIOCOOOM
KPYTOBBIX IIPUEMOB.

UYro sBiseTCS yCIOBUEM M IPUUMHON BOSHUKHOBEHMS 3a/1a4l YPAaBHUBAHUSA?
[IpuHIMI HaMMEHBIINX KBaJIPaTOB.

KoppenaThblii criocod ypaBHUBaHUS.

[MapameTpudeckuii cioco0 ypaBHUBaHUS.

Kak cocTaBisioT ycJI0BHbIE ypaBHEHUs?

Kak coctapinsitoT HOpMalibHbIE ypaBHEHUS U BBIYUCIIAIOTCS KOOPPUIUEHTHI HOpMaIbHBIX
ypaBHEHUN?

AnroputMm K. @. I'aycca pemieHus: cucreM HOpMaibHBIX YpaBHEHUN?

KoHTpo:b perienns HopMaabHbIX YPaBHEHUIA.

OneHka TOYHOCTH U3MEPEHHBIX BEIMYMH U UX QYHKUUN IpU ypaBHUBAHUU
KOppeJIaTHBIM CIIOCOOOM.

[1K-1.4

AHanuzupyer U
MECTOPOKIACHUM  TIOJIE3HBIX
ULl WX  KOMIUIEKCHOTO

BBITNIOJHAET  Pa3InYHbIC

TUNU3UPYET  YCIIOBUA
pa3paboTku

UCKOIIaeMbIX
UCIIOJIb30BaHUs,

OLICHKU HEAPOIIOJIb30BaAHUA

wh e

No ok

Ilpumepnoiii nepeuens meopemuuecKux 60nPOCco8 K 3a4émy:

3anaun nucuuIuinHbl «MaTtemaruueckas o0paboTka pe3yaIbTaTOB U3MEPEHUII»
UTo MOHMMAIOT MO U3MEpPEHNEM (PU3NUECKOMN BETUUUHBI?

Kakne n3mepenns Ha3pIBarOT NPSIMBIMUA, KOCBEHHBIMU, PABHOTOYHBIMHU U
HEPABHOTOYHBIMH?

Uro sABisieTCs pe3yabTaTOM U3MEPEHHUS?

Urto nmoHUMaeTcs 1o OuIMOKOH (OrPeIIHOCThIO) Pe3yNbTaTa U3MEPEHUs?

Kaxue ommOku Ha3bIBalOTCA IpyObIMH, CHCTEMAaTHUYECKUMHU, CITy4aiHBIMU?

Kak BpIuMCINTE BEpOATHENIIEE 3HAUEHUE U3MEPSIEMOI BEIMUMHBI 110 pe3yJbTaTaM
MHOT'OKPaTHBIX PAaBHOTOYHBIX U3MEpPEHUI?




CtpyKTypHBII
JJIEMEHT

KOMIICTCHIIM U

[Tnanupyemble pe3yiabTaThl O0y4eHHs

O1neHOYHBIC CPEACTBA

9.

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

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

23.
24,
25.

Cpenusisi KBapaTHyecKast OIMOKa pe3yabTaTOB PABHOTOYHBIX U3MEPEHHIA: (hOPMYITBI
l"aycca, beccens, @eppepo.

Cpenusisi KBagpaTHuecKas omnOKa GYHKIIUN U3MEPEHHBIX BEJINYHH.

Cpennsis KBajpaTHyecKasi OINOKa pe3yJbTaToOB IBOMHBIX PABHOTOUHBIX U3MEPEHUII.
Cpennsist KBagpaTuieckas oroka npocToil apupMeTH4eckon cepeIuHbl.

O6mas apudmernyeckas ceperHa.

Cpenusisa kBagpaTrueckas omroKa eIMHULIBI Beca.

Cpenuss kBagpaTHyeckas omnOKa U Bec o01eil apuMeTnieckoil cepeuHbl.

Urto noHMMaeTcs MoJ] ypaBHUBAaHUEM PE3yJIbTaTOB U3MEPEHUN?

VYpaBHUBaHME U OLIEHKA TOUHOCTH HAINPaBJICHUH, N3MEPEHHBIX HA CTAaHIIMU CIIOCOOOM
KPYTOBBIX IIPUEMOB.

UYro sBisAeTCS YCIOBUEM M IPUUMHON BOSHUKHOBEHMS 3a]1a4l YPaBHUBAHUS?
[TpuHIIMT HAMMEHBITNX KBAJIPATOB.

KoppenaTasblii criocod ypaBHUBaHHUS.

[Tapamerpuueckuii crnocod ypaBHUBaHUS.

Kak cocTaBisitoT yClOBHbBIE YpaBHEHMS?

Kak coctapinsitoT HOpMalibHbIE YpaBHEHUS U BBIYUCIIAIOTCS KOAPGUIUEHTHI HOPMaJIbHBIX
ypaBHEHUN?

AnroputMm K. @. I'aycca pemieHus: cucreM HOpMaJbHBIX YpaBHEHUN?

KoHTponb pemeHnst HOpMaJIbHBIX YpaBHEHUIA.

OneHka TOYHOCTH U3MEPEHHBIX BEJIMYMH U UX (PYHKUINN IPU ypaBHUBAHUU
KOppeJIaTHBIM CITIOCOOOM.

I[IK-2 CmoocoOeH BBIIOJIHSITH Mameeﬁnepcxo-reoneanquKHe pa6OTLI, onpeaAcCiIsITb HNPOCTPAHCTBCHHO-BPEMCHHLIC XapPAKTCPUCTUKU COCTOSAHUA 3eMHOM

IMOBEPXHOCTU M HCAP, I'OPHO-TCXHUYCCKUX CUCTEM, IMOA3CMHBIX W HA3CMHBIX COO];)Y)KGHI/II\/’I n OTO6pa)KaTB I/IHCbOpMaI_[I/II-O B COOTBETCTBUHU )IeI\/'ICTBYIOHH/IMI/I

HOPMAaTUBHBIMU JOKYMCHTaMU

[1K-2.1

I/ICHOHBSyCT 3aKOHbI W HWHBIC HOPMATHUBHBLIC
IMPaBOBBIC AKTHI B 00/1aCTH TEOJIOTHYECKOTO

1.

Ilpumepnulii nepeuens meopemuuecKkux 60npPoco8 K 3auémy:

33,[[8.‘-11/1 JUCHUILIMHBI «MaTteMaThdecKas 06pa60TI<a PE3YJILTATOB H3MepeHHf/'I>>




CtpyKTypHBII
JJIEMEHT

KOMIICTCHIIM U

[Tnanupyemble pe3yiabTaThl O0y4eHHs

O1neHOYHBIC CPEACTBA

U3YYEHHUS, UCIIOJIb30BAHUSA M OXpaHbl HEIp U
OKpY’Karollel cpeJibl; HOpMaTUBHbBIC IIPABOBbIC
aKTbl, pYKOBOZAIIHME, METOJUYECKHE U
HOpPMAaTUBHBIE  MaTepuajbl,  Kacarolluecs
JESATEIbBHOCTH MAapKIIEHIEPCKOM CIIyKObI;

wmn

~No ok

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

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

23.
24,
25.

YTo MOHMMAIOT MO U3MEPEHNEM (PU3UUECKON BETHUUHBI?

Kaxue usmepeHns Ha3bIBalOT NPSIMBIMU, KOCBCHHBIMHU, PABHOTOYHBIMH U
HEPaBHOTOYHBIMU?

Yro saBseTCS pE3yIbTaTOM U3MEPEHUs?

UTo moHUMAaeTCs 0] OMTMOKOM (TIOTPENTHOCTRIO) Pe3yabTaTa H3MEPEHUs?

Kakue ommOku Ha3bIBatOTCS TPYOBIMH, CUCTEMATHUECKUMHU, CITydaifHbIMU?

Kak BpluucinuTh BeposdTHelIIee 3HAaUEHUE U3MEPSIEMOM BEIMUUHBI 10 pe3ybTaTaM
MHOT'OKPaTHBIX PaBHOTOYHBIX U3MEPEHUN?

Cpennsisi KBagpaTHUECKasi OMNOKA pe3yabTaTOB PABHOTOUHBIX H3MEPEHHIA: (POPMYITBI
l'aycca, beccens, deppepo.

Cpenusisi KBagpaTHuecKasi OIMOKa QYHKIIUN U3MEPEHHBIX BEJIINYHH.

Cpennsis kBagpaTHyecKasl OlIMOKa pe3yabTaToOB JIBOMHBIX PABHOTOYHBIX U3MEPEHUII.
Cpennsist KBagpaTuieckas olroka npocToil apupMeTn4eckon cepeuHbl.

OOmast apudmernyeckas cepeivHa.

Cpenusis kBagpaTrueckas omuoKa eIMHULIBI Beca.

Cpenusis kBagpaTHyeckas omnOKa U Bec o01Ieil apudMeTnieckoil cepeuHbl.

Urto noHnMaeTcs MoJ] ypaBHUBAaHUEM PE3yJIbTaTOB U3MEPEHU?

YpaBHUBaHUE U OLIEHKA TOUHOCTH HalpaBJIEHUH, N3MEPEHHBIX HA CTAaHIIMH CIOCOOOM
KPYTOBBIX IIPUEMOB.

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

KoppenaThslii criocod ypaBHUBaHHUS.

[TapameTrpudeckuii crocod ypaBHUBaHHS.

Kak cocTaBistoT yClOBHbBIE YpaBHEHMS?

Kak coctaBinsitoT HOpMalibHbIE ypaBHEHUS U BBIYUCIIAIOTCS KOOPPUIMEHTH HOpMaIbHBIX
yYpaBHEHMIA?

AnroputMm K. @. I'aycca pemienus: cucreM HOpMaIbHBIX YpaBHEHUN?

KoHTpo:b pemienns HopMaabHbIX YPaBHEHUIA.

OneHka TOYHOCTM M3MEpPEHHBIX BEIMYMH W UX QYHKIUH 0Opu  ypaBHHUBAHUU




CtpyKTypHBII

3JIEMEHT [Tnanupyemble pe3yiabTaThl O0y4eHHs OueHouHbIE CpeACTBa
KOMIIETEHIIUH
KOppEJIaTHBIM CITIOCOOOM.
[1K-2.2 Ilpumepnplit nepeuens meopemuuecKux 60npocos K 3auémy:

OcymecTBsier HE0OXOTUMBIE
MapKIIeHIepcKie KamepajdbHble U TOJIEBbIC
pabotel, odopMIsSeT  MPOU3BOJACTBEHHYIO
JOKYMCHTAIIUIO U OTYETHOCTD

wn e

~No ok

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

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

3ajauu TucHUILIMHBI «MaTtemaTuyeckas 00paboTka pe3yabTaToB U3MEPEHUI»

UTo MOHMMAIOT O] U3MEPEHNEM (PU3UUECKON BETHYNHBI?

Kaxue usmepeHns Ha3bIBalOT NPSIMBIMU, KOCBEHHBIMHU, PABHOTOYHBIMU U
HEPaBHOTOUYHBIMU?

Yro sBiseTCS pE3yIbTaTOM U3MEPEHUs?

Uto nmonumMaercs 1o omuoKkon (MOrpelHOCThI0) pe3yibTaTa U3MEepEHUs?

Kakue ommOku Ha3bIBatOTCS TPYOBIMH, CUCTEMATHUECKUMHU, CITy4aiiHbIMU?

Kak BpluucinuTh BeposTHElIIee 3HaU€HUE U3MEPSIEMOMN BEIMUMHBI 110 pe3ysbTaTaM
MHOT'OKPaTHBIX PaBHOTOYHBIX U3MEPEHUN?

Cpennsist kKBaapaTuieckas olrOKa pe3yJbTaTOB paBHOTOYHBIX U3MEPEHUMN: (hOPMYJIbI
l'aycca, beccenst, deppepo.

Cpennsist kBaapaTuieckas omroOka pyHKINY U3MEPEHHBIX BEJTUYMH.

Cpenusis KBafpaTHyecKasi OIMOKa pe3yabTaToOB IBOMHBIX PABHOTOYHBIX U3MEPEHUI.
Cpennsist kKBagpaTuieckas olroka npocToil apupMeTH4eckon cepeIuHbl.

OOm1ast apudmernyeckas cepeivHa.

Cpenusis kBagpaTrueckas omuOKa eIMHUIIBI Beca.

Cpenusis kBagpaTHyeckas omnOKa U Bec o01Ieil apudMeTnieckoil cepeuHbl.

Urto noHnMaeTcs NoJ] ypaBHUBAaHUEM PE3yJIbTaTOB U3MEPEHUI?

YpaBHUBaHHE U OLIEHKA TOUHOCTH HAIPaBJICHUH, N3MEPEHHBIX HA CTAHIIUH CIIOCOOOM
KPYTOBBIX IIPUEMOB.

UYro sBAsETCS YCIOBUEM U IPUYMHON BO3HUKHOBEHUS 3a7jaull ypaBHUBAHUA?
[IpuHIMI HaMMEHBIINX KBaJIPaTOB.

KoppenaTHblii criocod ypaBHUBaHHUS.

[TapameTrpudeckuii criocod ypaBHUBaHHUS.

Kak cocTaBistoT yClOBHbBIE YpaBHEHMS?

Kak cocTaBnsitoT HOpMaJIbHbIE ypaBHEHUS U BBIYUCIAIOTCS KOOPOUITUEHTH HOPMaJIbHBIX




CtpyKTypHBII
JJIEMEHT ITnanupyemble pe3yabTaTbl 00y4eHUs OneHouHble CpeCTBA
KOMIIETEeHIIUH

ypaBHEHUN?

23. Anroputm K. @. 'aycca penieHus cucteM HOPMaJIbHBIX YPaBHEHHA?

24. KoHTpOJIb pelieHusi HOpMalbHBIX YPaBHEHUH.

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

[K-2.3 IlpumepHnulit nepeuens meopemuuecKux 60npoco6 K 3auémy:

1. 3apaum nucrurumnbl «MaTtemaruueckas o0paboTKa pe3yabTaTOB U3MEPEHUIN»

2. Yrto MOHMMAIOT MO U3MEPEHNEM (PU3UUECKON BETHUUHBI?

3. Kakue nzmepeHus Ha3pIBalOT MPSMBIMHU, KOCBEHHBIMU, PABHOTOYHBIMU U
HEPaBHOTOYHBIMU?

4. Yrto aBnseTcs pe3yabTaTOM U3MEPEHUS?

5. Yrto moHMMaeTcs Mo OMMOKOM (MTOTPENTHOCTHIO) pe3yabTaTa U3MEPEHHUS?

6. Kakue ommOKy Ha3bIBAIOTCS TPYOBIMU, CUCTEMATUYECKUMU, CITyYalHBIMU?

7. Kaxk BbIYHUCIUTH BEpOsITHEHIIEE 3HAaUEHNE U3MEPSAEMOM BETMUMHBI IO Pe3yJbTaTamM
MHOT'OKPAaTHBIX PABHOTOYHBIX U3MEPEHUI?

Hcnonb3yer reonH(OpPMAIMOHHBIE CHUCTEMBI 8 C 6 ..
. CpenHsis kBajpaTHuecKas OlMOKa pe3yabTaTOB PaBHOTOUYHBIX U3MEPEHUIN: (OPMYJIbI

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

9. CpenHss kBagpaTHdeckas ommoOka GyHKIINNA H3MEPEHHBIX BETHUHH.

10. Cpennss kBaspaTHyecKast OIINOKa pe3yabTaTOB IBOMHBIX PABHOTOUYHBIX H3MEPEHHH.

11. Cpennss kBagpaTuyeckas olmoKa NpocTol apu(pMeTHndecKoi cepeIuHbI.

12. Obuias apudmernueckas cepeuHa.

13. Cpemnsis KBajipaTHdecKast OIIMOKa €IMHUIIBI Beca.

14. Cpenusis kBajpaTHyeckas omunoOKa U Bec o01eil apudmeTnieckoil cepeIuHbl.

15. Yto noHumaeTcs noj; ypaBHUBaHUEM PE3yJIbTaTOB U3MEPEHUI?

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

17. Yto siBisieTcst yCIOBUEM U IPUYMHOM BOZHUKHOBEHUS 3a7a4ll ypaBHUBAHU?

18. IlpuHIMIT HANMEHBIINX KBA/IPATOB.




CtpyKTypHBII
JJIEMEHT ITnanupyemble pe3yabTaTbl 00y4eHUs OneHouHble CpeCTBA
KOMIIETEeHIIUH

19. KoppenatHslii cnoco0 ypaBHUBaHUSI.

20. [TapameTpuueckuii cnoco0 ypaBHHUBaHUSA.

21. Kak coCTaBisIOT YCIOBHBIE YPaBHEHUS?

22. Kak cocTaBIIsIl0T HOPMaJIbHbIE YPABHEHUS U BBIUUCIIAIOTCS KOAPPHUIIMEHTHI HOPMAJIbHBIX
ypaBHEHUI?

23. Anroputm K. @. I'aycca perieHust cucteM HOpMaJlbHbIX YpaBHEHUI?

24. KoHTpOIb pelIeHus] HOpMaIbHBIX YPaBHEHUH.

25. OueHka TOYHOCTH U3MEPEHHBIX BEIMYMH U UX (QYHKLUH IPH ypaBHUBAaHUU
KOppEJIaTHBIM CITIOCOOOM.

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

=

3ajaun TucHUILIMHBL «MaTtemaTuyeckas 00paboTka pe3yabTaToB U3MEPEHUI»

Uro noHMMaroT o1 u3MepeHreM (pU3n4ecKoi BETUUNHBI?

Kakue nuzmepeHus Ha3bIBalOT NPSIMBIMU, KOCBEHHBIMH, PABHOTOUYHBIMU U

HEPaBHOTOYHBIMU?

UYro sBaseTCS pE3yIbTaTOM U3MEPEHUs?

Uto nmoHuMaeTcs 1o oumoKo# (MOrpelHOCThIO0) pe3yibTaTa H3MepeHus?

Kakue ommOku Ha3bIBatOTCS TPYOBIMH, CUCTEMAaTHUECKUMHU, CITy4aifHbIMU?

Kak BeluucnuTh BeposTHelIIee 3HaUeHUEe U3MEPSIEMON BEIMUMHBI 110 pe3ysbTaTaM

MHOTOKPATHBIX PABHOTOYHBIX U3MEPEHHIA?

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

9. CpenHss kBagpaTHdeckas ommoOka GyHKIINNA H3MEPEHHBIX BETHUHUH.

10. Cpennss kBaspaTUyeckast OmMOKa pe3yabTaToOB JBOMHBIX PABHOTOUYHBIX H3MEPEHHH.

11. Cpennsis kBagpaTuyeckas olmoKa NpocTol apu(pMeTndeckoi cepeiuHbI.

12. Obmas apudmerndeckas cepenHa.

13. Cpennsis KBagpaTHdecKas OMMOKa eIMHUIIBI Beca.

14. Cpennsis kBajpaTHyeckas omunoOKa U Bec o01eil apudmMeTnieckoil cepeuHbl.

15. Yto noHumaeTcs noji ypaBHUBaHUEM PE3yJIbTaTOB U3MEPEHUI?

wmn

~No ok

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




CtpyKTypHBII
JJIEMEHT
KOMIIETEeHIIUH

[Tnanupyemble pe3yiabTaThl O0y4eHHs

O1neHOYHBIC CPEACTBA

16.

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

23.
24,
25.

YpaBHUBaHHE U OLIEHKA TOYHOCTH HAINpPaBJICHUH, U3MEPEHHBIX HA CTAHIIMH CIIOCOOOM
KPYTOBBIX IIPUEMOB.

Uro sBAsETCS YCIOBUEM U IPUYMHON BO3ZHUKHOBEHUS 3a7jaul ypaBHUBAaHUsA?
[IpyHIMI HaMMEHBIINX KBAIPaTOB.

Koppenartusiit cnoco0 ypaBHUBaHUS.

[TapameTpuueckuii cnoco0 ypaBHHUBaHUS.

Kak cocTaBisitoT ycioBHbIE ypaBHEHHUS?

Kak cocTaBisitoT HopMaJibHbIE YpaBHEHUSI M BBIYUCIIAIOTCS KOAPPHUIMEHTH HOPMAJIbHBIX
ypaBHEHUN?

AnroputMm K. @. "aycca pemieHns cucreM HOpMaJlbHBIX YPaBHEHHN?

KoHTpoub penieHuss HOpMajabHBIX YPABHEHUN.

O1eHKa TOYHOCTH U3MEPEHHBIX BEJIMYMH U UX (PYHKIMI IpU ypaBHUBAHUU
KOppeJIaTHbIM CIOCOO0OM.




0) Ilopsinoxk mpoBeaeHHs] MPOMEXKYTOYHOW ATTECTALMM, MOKA3aTeJH U KPUTEPHUHU
OLlCHUBAHMUSL:

I[IpuMepHasi CTPYKTYpa U cOepPKaHNe MyHKTA:

[TpomeskyTouHas arTecTanus Mo AUCHUILIMHE «Martemartudeckas oOpaboTKa pe3ysbTaToB
WU3MEpPEHUI» BKIIOYAECT TEOPETUYECKUE BOMPOCHI, MO3BOJIAIOIINAE OLEHUTh YPOBEHb YCBOCHUS
00y4aroIMMUCs 3HAHUH, U MPAKTUYECKUE 33aJJaHMs, BBIABIIOIINE CTENIEHb COPMHUPOBAHHOCTU
YMEHUH U BIaJIeHUH, TPOBOIUTCS B (hopMe 3aueTa.

3aueT 1Mo JaHHOM TUCIUILIMHE IPOBOJUTCS B YCTHOM (hOpME MO TEOPETUUECKUM BOIIPOCAM.
IToka3aTeu U KPUTEPUH OLIECHHBAHUS 3a4eTa:

— Ha OILICHKY «3a4YTEeH0» OO0ydJaloUIuiics IEeMOHCTPHPYET YPOBEHb C(POPMHUPOBAHHOCTH
KOMIIETEHIIMH OT BBICOKOTO JI0 MOPOroBOro, JEMOHCTPUPYET 3HAHHWE Y4eOHOro marepuaia,
HaBBIKU BBINOJIHEHHS TPAKTUYECKUX 3aaHUH.

— Ha OIICHKY «He 3a4TeHO»— OO0yJaromuiics JeMOHCTpuUpyeT 3HaHusi He Oornee 20%
TEOPETUYECKOTO Marepuaja, JOMYyCKaeT CyNIeCTBEHHbIC OMMOKH, HE MOXXET II10Ka3aTh
WHTEJUICKTYaJIbHbIC HABBIKU BBIIIOJHEHHUS IPOCTHIX 3aaHUH.



[Tpunoxenue 3
MeToanuyeckue yKazaHust

1. JIEMEHTBI TEOPUH MMOTPEIIHOCTEM 'EOJE3NYECKHWX U3MEPEHUM

1.1. O6mme cBegeHnst 00 M3MepeHUAX

OO6bexToM u3yueHust Hayku ['eome3us sBisercs ruiaHeTa 3emis — ee Gopma, pa3Mepsl,
BHEIIIHEE I'PAaBUTALIMOHHOE MoJie. DTH XapaKTEPUCTUKH IMOJYYar0T U3 PA3JIMYHBIX H3MEpPEHHH,
BBINOJIHSAEMBIX Ha IIOBEPXHOCTH 3EMJIH.

[lox wusmepenuem dusnyeckoit BeMMUMHBI X TOHUMAIOT TMPOIECC CPABHEHUSI ITOU
BEJIMUMHBI C IPYroi, OMHOPOJHOI ¢ HEW BETMYMHON (|, MPUHATON B Ka4eCTBE Mepbl - SIUHUIIBI
u3Mmepenus. Hanpumep, qiMHy OoTpe3Ka JMHUM MECTHOCTH CPAaBHHUBAIOT C €IUHUIICH JTMHEHHBIX
U3MEPEHUI - Mempom; TOPU3OHTAIBHBIN Yroj, 00pa30oBaHHBIN OTpE3KaMH JIMHUNA Ha MECTHOCTH,
CPaBHHBAIOT C IPATyCcOM, IPaioM, PaAHAHOM.

W3mepenus pa3nuyaror:
- npamvle;

- KOC6EeHHble;
-paeHomoqule;

- HEPpABHOMOYHbIE.

[Ton npsamvivu M3MEPEHUSAMU MIOHUMAIOT TAaKUE, TPU KOTOPBIX OMPEACISIEMYI0 BEIIMUYUHY
MONTy4aloT MYyTEM HEMOCPEICTBEHHOTO CpaBHEHUS (COMOCTaBIEHHUs) €€ C eIUHUIICH U3MEpPEHUS
unn e€ npousBoAHON. Hampumep, nnmHa oTpe3ka JUHAM U3MEPSAETCS CTAIBHOM JIEHTOW WM
TOPU3OHTAIBHBIM YTOJI HA MECTHOCTH U3MEPSAETCS TEOJOTUTOM, a Ha OyMare TPaHCIIOPTUPOM U
T.J.

Koceéennvimu Ha3bIBalOT W3MEpPEHMS, ONpeleNseMas BEIMYMHA B KOTOPBIX SBISIETCA
GyHKLIMEeN Ipyrux HENOCPEICTBEHHO W3MEPEHHBIX BENUYMH. Tak, JUIsl ONpeAeieHus IJIUHBI
OKPYKHOCTM WJU IUJIOIAAM Kpyra, HEOOXOJUMO HEMOCPEACTBEHHO W3MEpPUTh paaNycC
OKPY’KHOCTH.

Pasnomounvimu Ha3BIBAIOT HU3MCPCHUSA, BBIIIOJIHCHHBIC an6opaMH OJHOro Kjacca
TOYHOCTH, CICHHAINCTaMU paBHOﬁ KBaJ'II/I(I)I/IKaI_II/II/I, M0 OJHOM M TOH XKe TCXHOJIOTHUH, B
HICHTUYHBIX BHCIIHUX YCIOBHUAX. HpI/I HeCO6J'IIO)IeHI/II/I XOTS OBl OIHOro M3 MEPCUUCICHHBIX
yCJ'IOBI/II\/’I U3MEPCHHUA CUUTAIOTCA HEPABHOMOUYHbIMU.

Pesynomamom w3mepenuss | sBIseTcs dMCIO, TOKa3bIBalOIIee, BO CKOJBKO pa3
onpezenseMas BEeIMYMHA OOJbIIE WM MEHbIIE BETUYMHBI, C KOTOpOH €€ CpaBHUBAIH, T.C.
BEJIMYUHBI, IPUHATOH 32 EAUHUILY H3MEPEHUS.

PesynpTatel u3MepeHUN MOApA3NENSIIOT Ha Heobxoldumvle W 000asouHvle (WU
n30bITOuHbBIe). Tak, ecnu ofAHa M Ta K€ BeIMYMHA (IJIMHA JUHUHU, YTOJ TPEyroJbHUKA U T.II.)
u3MepeHa N pa3, TO OJWH U3 Pe3yIbTaTOB M3MEPEHHI SIBIIICTCS HEoOXoaumbiM, a (N — 1) -
no6aBoyHbIMH. Jl00aBOYHBIC M3MEPEHHS HMEIOT BeChbMa Ba)KHOE 3HAYCHHME: UX CXOIAMMOCTDH



SABIIACTCA cpedcmeojw KOoHmpoJist 1 O3BOJIACT CYAUTh O Kauecmee pC3yJIbTAaTOB HSMCPCHHfI; OHH
Jar0T BO3MOXXHOCTD ITOJIYUUTH Hauboee HaoedcHoe 3HayeHe UCKOMON BeJIMYMHBI 110 CpaBHCHHIO
C JI0OBIM OTACJIBHO B3ATBIM PE3YJIbTaTOM U3MCPCHUA.

1.2. IlorpemHoCTH pe3yJIbTATOB M3MepPeHMit

Pe3ynbTaThl MHOTOKPATHBIX M3MEPEHUH OJHOM M TOMW ke (PU3UYECKO BEMMYMHBI (JIMHUY,
yIJ1a, IPEBBIIEHUS U T.11.), KaK NIPaBHJIO, PA3IMYAIOTCS MEXAY COO0M U He COBIIAIal0T C TOUHBIM
(MCTUHHBIM) 3HAYEHHEM H3MEPSEMON BEIUYMHBI, T.€. COAEpkKaT HEn30ekHbIE MOIPELIHOCTH,
BbI3bIBAEMbIC PA3JINYHBIMU IPUUMHAMM.

[ox noepewnocmoio Ai pe3ynbrata u3mMepeHust | HOHUMaOT pa3HOCTh MEXTY PE3yJIbTaATOM
usMepenus | Gpusuueckoi BEMUYMHBI M TOYHBIM (MCTHHHBIM) 3HAUYCHHEM X 3TOM BEIWYHMHBI,
T.€.

Ai=1—X 1)
rne i=1,23,...,n;
N - YKCJIO BBIIOJIHEHHBIX H3MEPEHHIA.

[To cBOMM cBOMCTBaM, XapakTepy BOSHUKHOBEHUS U BIMSHUSA HA PE3YJIbTAThl U3MEPEHUA,
uX (pyHKIHU, TOTPELTHOCTH MOIPA3ACISAIOT Ha 2pyoble, cucmemamudeckue U ciyyatHble.

I'pybvie morpemHocTd  (IPOMaxw) BO3HHUKAIOT  BCIEACTBHE HEBHUMATCILHOCTH
HaOII01aTeNs, HEUCTIPABHOCTU TpUOopa, HECOOMIOACHUH TEXHOJIOTUN paboT, HEe Y4ETa BIUSHUS
W3MCHSIOIINXCS BHEITHUX YCJOBHM: TEMIIEPATyphbl, BETpa, BUAMUMOCTH H T.. OOHAPYKUTH
rpyOble MOTPEIIHOCTH MOXKHO, MCIOJIBb3ysS T€OMETPHUECKHe CBOMCTBA HAOII01aeMoro 00BheKTa
(Hampumep, CyMMYy BHYTPEHHHUX YTJIOB IIJIOCKOTO MHOTOYTOJIbHMKA), a TaKXE BBIMOJIHEHUEM
MOBTOPHBIX U3MepeHuil. Tak, HarpuMep, pY JTMHEHHBIX U3MEPEHUSX, MPOMYCK 1IEJIOTr0 MPOJIETA,
pPaBHOTO JJIMHE MEPHOTO MPUOOpa, MOKHO OOHAPYKUTh U3MEPEHHEM OTPE3Ka JIMHUH HUTSHBIM
JATFHOMEPOM, UHOT/IA - TaXKe IIaraMu.

K cucmemamuueckum OTHOCIAT TakHe MOrpCIIHOCTU PE3YJIbTATOB HBMepeHHﬁ, KOTOPBIC
BXOZIAT B 9THU PE3YJIbTATHI 110 OIIPEACIICHHOMY 3aKOHY.

Tak, ecnau W3BeCTHa AJUMHA Mepbl Npu Temmeparype t,, a U3MepeHHe JJIUHBI JMHUU
MECTHOCTU BBINIOJHEHbI IpU TeMmmepaType t, TO pe3yJbTaT W3MEpeHUs [UIMHBI JIMHUM Oyaer
COZIePKaTh CUCTEMATHYECKYIO MOTPEIIHOCTh, MPOMOPIUOHATBHYIO pa3HocTH Temiepatyp (t — to)
W JUIMHE JIMHUW. BiusHWE CHCTEeMaTH4eCKUMX IOTPEIIHOCTEN Ha pe3yiapTaThl WU3MEpPEHUN
WCKJTIIOYAIOT WJIK CBOJSAT JI0 MpeHeOperaeMo Majoro 3Hau4eHHs BHIOOPOM METOJIMKH W3MEpEeHUi
WJIM BBEJIEHUEM IONIPABOK B PE3yJIbTATHI.

Crnyuaunvle TIOTPEIIHOCTH PE3YJbTAaTOB HM3MEPEHUN XapaKTEpU3YIOTCS TE€M, 4YTO MpHU
OJMHAKOBBIX YCJIOBHUSAX U3MEPEHUU OHU MOTYT MEHSTHCS MO BEJIMYMHE U 3HAKY; UX HENb3s
3apaHee MPEeTyCMOTPETh, OMPEACINTh 3aKOH BO3AEHCTBUS Ha pe3yiabrar. CTaTUCTHUYECKU
aHaIM3, T.€. aHaJU3 pPE3yJIbTaTOB OOJBIIMX PSIOB H3MEPEHMIA, MO3BONWI IS CIydalHBIX
MOIPEIIHOCTEN BBIIBUTH P UX CBOMCTB.

IlepBoe cBoWcTBO. JIJIsI MAHHBIX YCIOBUW W3MEPEHMM CIydalHbBIE IOIPEIIHOCTH IO
abCOMIOTHONW  BEJIMYMHE HE MOTyT IPEeBOCXOAMTh HW3BECTHOrO mpenena  (CBOMCTBO
OTPaHUYEHHOCTH), T.€.



|A| = Anped (2)

Bropoe cBoiicTBo. PaBHbIe 10 aOCOMIOTHON BETMUMHE MOJOKHUTEIBHBIE U OTPUIIATEIbHbIC
cilyyaiiHble MOTPEUIHOCTH PAaBHOBO3MOJXKHBI, T.€. BCTPEUAIOTCS OJMHAKOBO YacTo (CBOMCTBO
CUMMETpPHH ).

Tperbe cBOWMCTBO. Majbie 1Mo aOCOMIOTHOW BEIWYMHE CIIYYalHBbIC IMOTPEUTHOCTH TPH
M3MEPEHMIX BCTPEUAIOTCA Yallle, 4eM 00JIbIine (CBOMCTBO MIIOTHOCTH).

UYerBeproe cBoiicTBO. Cpennee apu(METHYECKOE W3 CIYYAWHBIX TOTPEIIHOCTeH M WX
MIOTIAPHBIX TPOM3BEACHUN CTPEMHUTHCS K HYJIIO NPU HEOTPAHHYECHHOM BO3pACTaHUHM YHUCIIA
U3MEPEHUH (CBOMCTBO KOMIICHCAIUH ), T.€.

lim (8] =0, lim Al _
n—oo n n-ow N

0, ©)

FI[Gi:l, 2; 3;-..-1 n ; J :11 21 31"'1 n_l; k:2’ 3’ 4"'"7 n ;
N - YKUCIIO0 U3MEPEHHUII;

[ ]-TayccoB cumBoI CymMMBI.

1.3. 3aga4u Teopun NOrpemIHOCTel U3MepeHn i

Kak Obu10 OTMEueHO BbIIE, B pe3yibTaTaX M3MEPEHUH HEU30EeKHO conepKaTcs
norpemtHocTH. [103TOMY OHOM M3 3aAa4 TEOpUU MOTPEIIHOCTEH SBISETCS W3Y4EHUE BUJIOB U
CBOMCTB MOTPEIIHOCTEN U3MEPEHNI, IPUYHUH UX BOZHUKHOBEHUSI.

[lanee, BBINOJHUB W3MEPEHHUs, BCETAAa CTPEMATCA OINPENEIUTh TOYHOCTH IOJYYEHHBIX
pe3ynbraroB. [1o3ToMy B Teopuu MOTrperIHOCTEN M3MEpPEHUIl yCTaHaBIMBAIOTCS KPUTEPUU IS
OLICHKH TOYHOCTH PE€3yJIbTaTOB U3MEPEHU.

Tak kak pe3ynbTaTbl U3MEPEHHUM BCIIEICTBUE BIIUSHHUS IOTPEIIHOCTEN Pa3HATCS MEXAY
co0OM, TO BO3HMKAET 3a/Jadya OTHICKAHMA HauOoJiee TOYHOIO IO BEPOATHOCTH 3HAYCHMS
ONpeEIIeMON BEIUYHMHBI U3 PE3yJIbTaTOB MHOTOKPATHBIX €€ U3MEPEHMIA.

Bo mHOrMX ciy4asx reoJle3M4ecKol MpakTUKU MO pe3ysbTaTaM U3MEPEHUN BBIYMCISIOT
JIpyrue UHTEPECYIOINE HAC BEIWYMHBI. Hampumep, U3MEpUB CTOPOHY TPEYrOJIbHUKA U JBA €r0
yTJia, MOYKHO 110 U3BECTHBIM (DOPMYJIaM BBIYUCIUTD TPETHH YTOJI U IBE APYTHE CTOPOHBI. B Takux
CIIy4asiX pe3yJbTaThl BBIYUCICHUH SBISAIOTCS PYHKIMSIMHA H3MEPEHHBIX Benu4rH. [1o ykazaHHOM
MpUYHHE, TIepe] TEOPHUEH MOTPENTHOCTEH BO3HHMKAET 3ajada, MO OIEHKE TOYHOCTH (YHKITUN
W3MEPEHHBIX BEJINYNH.

[lepeunciieHHbIE 3a/1a4d, KOTOPBIE PEIIAIOTCA TEOPUEH MOTPEIIHOCTEN U3MEPEHHM, UMEIOT
OoJbIlIoOe 3HAYCHHWE [JIs1 MPABWJIBHOW OpraHW3alluH, TMPOBEICHHS TeOJe3UYECKUX paboT u
WCITOJTb30BAaHUS X PE3YJIbTATOB.

Kpome Toro, Teopusi morpenrHocTei reoie3nuecKux N3MEpeHuil mo3BoisieT 000CHOBAHHO
BbIOpaTh HEOOXOJIUMBIE NJIsi M3MEpPEHUil MpHOOpPbl U MHCTPYMEHTHI, PACCUUTATh 0KHJIAEMYIO
TOYHOCTh M3MEpPEHH M OKOHYATEIbHOTO pe3yNbTaTa, MpaBUIbHO BBIOpaTh METOJ 00pabOTKU
pe3ynbTaTOB U3MEPEHUN.



1.4 PaBHOTOYHbIE U3MEpPEHUS

1.4.1 Boiuucnenue nauvonee mouno2o no 6epoAMHOCMU 3HAYECHUS Pe3Y/IbMama
umMepeHuil 00HOU U Mol HHce 6eTUUUHDBL

[lycTh HekoTOpas BeJIMYWHA, UCTUHHOE (TOYHOE) 3HAUYEHHE KOTOpPOMl paBHO X, U3MEpEHA
PaBHO TOYHO N pa3 U MOJYYEHBI pe3yIbTaThl THX u3MepeHuid: l1, I2, 13,,....,In. CocraBum pasnoctu

Ai: li —X (4)
rne i=1,2,3,...,n;

Ai - WCTHHHBIC CIy4aliHbIe TOTPEUIHOCTH pe3yabTatoB li  u3MepeHwii, T.e.
YKJIOHEHUS Pe3yIbTaTOB U3MEPEHUI OT HICTUHHOTO (TOYHOT'0) 3HAUYEHUS U3MEPSIeMON BEITHUMHBI.

Haiinem cymmy ypaBHeHuii (4) 1 pazienum ee Ha YUCIIO U3MEPEHHIA.

m=ax )

n n

Beenem 00038aueHUS:

Ay (6)

n

Ww_ @)

Bemnuuny X = [l]/n HaswBaroT mpocToil apuMETHUECKON CEepeluHON WU CpeIHUM
apudMeTnUecKuM U3 pe3ynbTatoB | i paBHOTOYHBIX M3MepeHHil. Boipaxkenue 7 = [A]l/n = x — X
- eCTh WCTHHHAs CilydaiHas TMOTPEIIHOCTh MPOCTOM apu()METHUECKON CEpeanHbI, T.C. 3TO
YKJIOHEHUE MPOCTOH apu(PMETHYECKOH CepeluHbl OT HCTHHHOTO (TOYHOro) 3Ha4YeHus X
U3MEpSeMOil BETUYHHBIL.

I1o yeTBEpTOMY CBOMCTBY CIy4alHBIX IIOTPEIIHOCTEN

. [A1 _ . _
fim () = limn =0, ©
3HAYUT
. Uy _ . _
fim (5) = Jim x = x ©

Takum 00pa3om, cpenHee apuPpMETHUECKOE U3 pe3yabTaToB li pABHOTOUHBIX H3MEPEHUIt
CTPEMHTCS K HCTUHHOMY (TOYHOMY) 3HAUE€HUI0 X U3MepsIeMOi BETMUYMHBI IPU HEOTPAHUYEHHOM



BO3paCTaHUM YKCJIA U3MEPEHUHN. BennuumHy X Ha3bIBAIOT CIIEC 6€pOAMHEUUIUM 3HAYCHUEM
MU3MEPSEMON BEITUYUHBI.

1.4.2 Ouenka mounocmu pe3yibmamos paoa pasHoOmoOYHbIX USMEPEHUIL.

Cpeonnsa Keaopamuueckas noOZpeutHoCHb pe3yibmama omoenbHo20 UsmMepenus.
Ilpeoensvnasn u omuocumenvHas noZpewtHocmu

B kadecTBe KpuTepus MpH OIEHKE TOYHOCTH PE3yJIbTATOB T'€OJE3NYCCKUX H3MEPEHUN
npuHsta npemiokenHas K.®. ['ayccom cpednss keadpamuueckas noepeuHocms, BBIMACIIsIEMast
o ¢popmye

me [ (10)

n

re A - ICTUHHAS cllydyaiiHasi IOTPELIHOCTh Pe3yabTaTa,
N - YUCIIO U3MEPEHU.

[To BenmuumHe cpenHed KBaIpaTHUYECKOM MOTPEIIHOCTH MOXHO OMNPEICIUTh NpedeibHYI0
nozpewHocms A ppes., BOSMOXKHYIO JUIS JTAHHOTO psAlla U3MEpEeHHil. B KadyecTBe mnpenesibHON
MOTPEIIHOCTH B IT'€0/IE3UH PUHUMAIOT YIBOCHHYIO CPEIHIOI0 KBAIPATUYECKYIO MMOTPEITHOCTh

Anped =2m (1 1)

Ecim B psny ciydailHBIX NOTPEIIHOCTEH pPE3yJIbTaTOB pPABHOTOYHBIX H3MEpPEHUI
BCTPEUAIOTCSl TaKUE, KOTOpPbIE MO aOCOJIIOTHOM BEJIMYMHE MPEBBILIAIOT MPEAEIbHYI0, TO TaKUe
HOTPEIIHOCTH CYUTAIOT rpyObiMH. M3MepeHus, B KOTOPBIX OOHApy)XE€Hbl 3TH IMOTPELIHOCTH,
BBITOJIHSIOT 3aHOBO.

B psne cinyuyaeB i CyXJ€HUS O TOYHOCTH M3MEPEHUN HEJAOCTAaTOYHO 3HAHUS JIMILIb
abCOJIIOTHOTO 3HAUEHMs CpefHed KBaJapaTudeckoil morpemHocTd. Hampumep, n3MepeHsl Tpu
OTpe3Ka JIMHUI MECTHOCTH:

L 1 =240 m c morpemrHOCTRIO M1 =% 0,15 M;
L2 =600 m c norpemHocThI0 M2 =+ 0,53 M;
L 3 =500 .m c morpemHOCTRIO M3 =% 0,29 M.

Ecnu cpaBHUBaTh cpenHHE KBaJpaTUUYECKHE MOTPEUIHOCTH, TO Hanboyiee TOUHO M3MEpPEH
nepBblii 0Tpe3ok. OJHAKo, 37€Ch CIEAYET YUWUTBhIBaThb M JJIMHY HM3MEPSAEMOI0 OTpe3Ka, T.€.
OTHECTH NOTPELIHOCTD K BETUYHUHE JJINHBI CAMOT'0 OTPE3KA.

B HOJIO6HBIX ClIydadx BBOAAT IMOHATHC OMHOCUMENIbHOU noecpewHocmu, 1oJ KOTOpOﬁ
IIOHUMAKT OTHOIIICHUC a6COHIOTHOI>'I BCJIMYHNHBI CpC,[[HCfI KBaﬂpaTI/IquKOI‘;I MOrpeIIHOCTHU m K
3HAYCHHUIO PC3YyJIbTaTa I HSMCPHCMOﬁ BCJINYHHEI, T.C.

1
Im

m
l

1
=—~=1:N (12)
rne N=1:m.

21.]'[5[ Hamero nmpuMepa OTHOCUTCIIBHBIC ITOTPCIIHOCTU paBHBI:



m 015 1 1
L, 240 240:0,15 1600

my; 0,53 _ 1 _ 1
L, 600 600:0,53 1100
my 0,29 1 1

I, 500 500:0,29 1700

CpaBHI/IBaSI I[pO6I/I, BUJUM, UYTO TPETHC UBMCPCHUC SABJIACTCA CAMbIM TOYHBIM.

B 3nauenuu abconromnoil eenuuunvl cpeoHeil KeaopamuuecKoil noZpeuwiHocmu u 8
3HAMeHamesle OMHOCUMENbHOU NOZPEWHOCIU Cl1e0yem Yoepyicusams O0ée-mpu 3Havaujue

uugpot.

1.4.3 Bepoammueiiwue nozpewinocmu

®opmyna (10) K.®. I'aycca ansa cpenneld kBaapaTUUECKOW MOTPEIIHOCTH CIIpaBEAIMBa B
TOM cJIy4ae, KOrjia pe3ysibTaThl | u3MepeHnii CpaBHUBAIOTCS ¢ HICTUHHBIM (TOYHBIM) 3HaYeHHEM X
9TOM BeNWYMHBL. B OONBIIMHCTBE cCllyuyaeB MPAKTUKU TOHorpado-reofe3ndeckux Hu
MapKIIeHIepCKUX pabOT UCTUHHOE 3HaueHue X U3MepAEeMOll BETUYMHBI HEU3BECTHO U IIO3TOMY
UCIIONIB3YIOT BEpOsITHEMIIee 3HAUeHUE ero X, ompeneisemoe no ¢opmyne (7). B atom crnydae
CPEIHIOI0  KBaJpPaTHYECKYI0 IOTPElIHOCTh pe3yjbTaTa OTAEIbHOIO H3MEpEeHus pdana
PaBHOTOYHBIX U3MEPEHUHN ONPEAEIAIOT 10 BEPOSITHEUILIUM TOTPELIHOCTSIM.

Iycte | 1, 1 2,1 3,...,] n - pe3yabTaThl PABHOTOYHBIX M3MEPEHHU OJHON M TOM K€ BETHMUYHHBI,

[
X = — - mpocTas apuQmMeTHUecKas CepeIuHa.

CocTaBuM pa3HOCTH
li—x=v; (13)
rnei=1,23,..,n
N - 9UCII0 U3MEPEHHUN;

Di - BEpPOSITHEHINUE MOTPEITHOCTH Pe3yabTaToB |i M3MepeHwuid, T.e. YKIOHEHHs 3HAUYCHHIA
Kaxoro pesynbrata li oT mpocToii apudmMeTHdecKoi cepeiHbl, OT BEPOSITHEHINEr0 3HAYCHUS X
M3MEPSAEMON BEITUYUHBI.

CnoxuM ypaBHeHus (13) u pa3genum Ha UX YHUCIIO
——x=— (14)
HO x =

Toraa [v]=0
(15)

T.€. CyMMa BEPOSTHEMIIMX NOTPEIIHOCTEH PE3yJbTaTOB PABHOTOYHBIX M3MEPEHUMN paBHA
HYJIIO TIPH JIFOOOM YHUCIIe U3MEPEHHH.



CocraBum pazHoctu ypaBHenui (1) u (13)

Ai—vi=li—X—li+x (16)

HO, X — X =1 = [A]/n - ucTuHHas ciydaiiHas NOrPENIHOCTH MIPOCTOM apu()METHUECKOM
CepeluHbl, TOoTAa

Ai=v;+1 (17)

Boipaxkenue (17) ecTp ypaBHEHHME CBSI3M HCTMHHBIX M BEPOSTHEHMIIMX MOIPEUIHOCTEN
pE3yJIbTaTOB PABHOTOYHBIX U3MEPEHUI.

Bo3ssenem ypaBHenus (17) B kBaapaT, CJI0KUM U pa3/ieIMM Ha UX YUCIIO

550 R 5 e 12
—=—+n"+2n— (18)
[22] _ 2. — 0. 2 _ [27],
HO — = m*; [v] = 0; Nt ==
Toraa mZZM_,_E

(19)

Bropoii unen npasoit yactu ypaBHenus (19) 3anumiem B Buze

[A1Z2  (Ag+8p+Ag++Ap)%  [A%]+2[Ajar]  [A?] [AA]
2:?: : 2n32 == nzj :n_2+2 ;2 (20)
Al _ 5. [A8e] _ . N . .
HO — =m?; — = 0; - Mo 4eTBepTOMY CBOMCTBY CIIy4aiiHBIX MOTPEIIHOCTEH.
VYpasuenue (19) ¢ yuerom (20) mpumet Bu
2 2
m2 =2l (21)
n n
2
WIn m? = 1
n—1
(22)

v2]
OKOHYATEJILHO M = —r

Bripaxenue (23) sBusiercst popmynoti beccens nns cpeiHen KBaApaTUIeCKO MOrpeuIHOCTH
pe3yJibTaTa OTAEJIBHOTO U3MEPEHUS psiia PABHOTOYHBIX U3MEPEHUM OJTHON BEJIMUHUHBI.

Ilpakmuueckue pekomenoayuu no 6bI4UCAEHUIO RPOCMOU APUPMEMUUECKOUl CePeOUHblL:

1.Beibupatrot npubinkeHHoe 3HaueHue X' MpocToi apupMeTHUECKOi cepeIuHbl, B KaUeCTBE
KOTOPOTO JIy4Ille BCEro B3sTh HAUMEHbIIIEE U3 pe3ynbTaToB li n3MepeHwit, T.¢e.



X =i min (24)
2. Haxonat pa3Hoctu

g=1l—x. (25)
3. BBIUHMCIAIOT NPOCTYIO apU(PMETHUECKYIO CEpETUHY

x = x'+[:l—]. (26)

Ouyenka mounocmu (YyHKyuit UsMepPEeHHBIX 6eTUYUH

B GonpmmHCTBE ciyyaeB MPAaKTUKU TOMOTPado-Teo1e3nIeCKUX U MapKIIEHIePCKUX paboT
MCKOMBIE BEJIMUMHBI [T0JIy4atoT B PE3Y/IbTAaTe BBIYMCICHUN KaK (YHKIIMU NU3MEPEHHBIX BEIMYMH.
[TosryueHHBbIE NIPU 3TOM PeE3yNbTaThl OyAYT COAEPKATh MOTPELUIHOCTH, KOTOPbIE 3aBUCAT KAaK OT
MOTPEIIHOCTEH apryMEeHTOB (M3MEPEHHBIX BEIIMYHH), TaK ¥ OT BUJA (DYHKIHIA.

Bosnukaer 3aa4a o1ieHKM TOYHOCTH  (PYHKIIMH M3MEPEHHBIX apTryMEHTOB.

1.4.4 Cpeonan keadpamuueckan nozpeuwtnocms QyuKyuu oouiezo euoa

Hana ¢pyHkuums
U= f(X1;X2;X3; "'le) (27)

rae X1, X2, X3, ..., Xk - TouHbIe (ICTHHHBIE) 3HAUCHUS U3MEPSIEMbIX BETUYHH.

[TycTh B pe3yabTaTe M3MEPEHUH MMOTydeHBI TPHOIKeHHbIe 3HaueHus 1, I2,13, la,....,lk aTHX
BEJIMYMH.

Torna

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

- npubmmkeHHoe 3HaueHne Gpynkiuu U.

CocraBum pazHOCTh ypaBHeHHH (27) u (28)

Au=u—-U= f(ll; l2p l3p"'; lk) - f(X1;X2lX3ﬂ'"iXk) (29)

KOTOpas SIBJISETCS] UICTUHHOM cily4yaiiHON morpemHocTbio gyHkuuu U.

Pasznoctu



A=l = X; (30)
- CyTh UCTUHHBIC ClIy4aiHbIe morpeHocT aprymenTos li rtoe i =1,2,..., k.
Torma
Au= f(ly, by ls, o ) — f(ly — Ay Ly — By L — Ay) (31)

UTtoObl HAWTH IJIMHEHHYIO 3aBUCUMOCTh MEXAY TOTPEIIHOCTSIMU apryMEeHTOB U
HOTPeIIHOCThIO0 pyHKIMH, Tpoaud depenHimpyeM pyHKuo (28).

ad
du dll +2L dlz +o oL (32)
k
af aof of
TR 5,05, " 1y, ~ ACTHEIS IPOM3BOJHEIE (GYHKIMU IO KaXKIOMYy U3 apTyMEHTOB.
1

3ameHnM B BeIpakeHuH (32) nuddepeHuanbl HCTHHHBIMU CITyYaiiHBIMU MOTPEIIHOCTSIMA
(YHKIIMU U apryMEHTOB

Au A1 + Az A3 + - + Ak (33)
[Tpr MHOTOKpAaTHOM U3MEPEHHH apTyMEHTOB, HampuMep N pas, MoIyduM

of oF oF
Au, = T“Al'i + TZL-AZL + -+ ?kl (34)

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

[TpousBoaHble (GYHKIMH IO COOTBETCTBYIOUIMM apryMEHTaM B pPa3HBIX H3MEPEHHUSX
NPAaKTUYECKH OCTAFOTCS MTOCTOSHHBIMU U MOTYT OBITh BBIYHCIICHBI TIO IPUOJIMKEHHBIM 3HAYCHUSM
aprymenToB li, |20, 130,..., lk0, B kKauecTBe KOTOPBIX MOXKHO B3sTh |10 =111, l20 = l21,..., Iko = lk 1,
T.€. 3HAYCHUS apT'YMEHTOB, ITOJTy4CHHBIC ITPH ITEPBOM H3MEPEHHH ONPEICISIEMbIX BEINYHH.

B cooTBeTCTBHH ¢ 3TUM MOKHO MPUHATH

afNafNBfN ~6f~a \

olyq - 0l - dly3 T ol k = (6_11)0'

of _of _of _ _ of of

Olpy Ol  Olps  Olpn (_12)0’ > (35)

Q

of _ of of NafN(af)
Olgs  Olgz  Olggs Olin 0/

C yuetom (35) Beipakenue (34) mpuMeT BUT
— (3~ 4 (oL ! .
Au; = (611)0 Auit (612) ot ot (azk) Bri (36)

Bossenem ypaBHeHus (36) B KBaipaT, CJI0KUM M pa3eIUM Ha UX YUCIIO

= ), 5 (D), “f] ot (alk)o Sl (), (), B+

2,20, 22 () (2, it e




Ha ocxoBanuwu (3) u (8) MOXKHO 3amucarhb

) ) ) )

[A14;] 0 [A14;] 0 [Ag-14]

n n n
Au? Y, Y, A?

Bripaxxenue (37) ¢ yaerom (38) mpumeT BU

2 _ a_f)2 2 (a_f)2 2, (6_f)2
m”_(azl Om1+ al, Om2+ + . Om

NI

(38)

(39)

(40)

Takum 00pa3oM, cpedHsas Keaopamuyeckas MNOCPeuHOCmb @OYHKYUU He3A8UCUMBIX
apeyMenmos8 pasHA KOPHIO K8AOPAMHOMY U3 CYMMbl K8AOPAmMO8 NpOU3BeOeHUll YaCmHbIX
NPOU3BOOHBIX PYHKYUU NO KAAHCOOMY U3 APSYMEHMO8 HA CPeOHUe K8aopamuiecKue nocpeuHocmu

coomeemcmeyrmux apeymennoe.

1.4.5 Cpeonan keadpamuueckas nozpeuwtnocnov RPOCMOol apupmemuueckoul cepeounvl

®opmyny (7) asg npocToil apupMeTHIECKON cepeHbI IEPENUIIEM B BUJIE

(1] lit+lp+ig++l,
n - n

X =

rae li- pe3yapTaThl paBHOTOYHBIX U3MEPEHHI OHOM U TOM K€ BEJTHUYUHBI,
i=1,23,..,n;
N - YUCJIO U3MEPEHUM.

U3 ypaBuenus (39) umeem

1 1 1
=L+ b+t

(41)



Taxk KaK U3MEPEHUS PaBHOTOYHBIE, T.C. m=my=--=m,=m
(43)

CrnepnoBarenbHO, BelpaxkeHHe (42) npumeT BUA

M? =nn—12m2 =m7, (44)
OTKyz1a
M =% (45)

Cpeonss keadpamuyecKkas nocpeuwHocms nPpoCcmoll apugdmemuyeckoti cepedunsl 6 \n pasz
MeHbue CcpeoHell K8aopamuyeckol NOoSPewHOCmY pe3yibmama Kaixcoo2o OmoenibHO20
U3MepeHus.

CpasuuBas ¢opmyiy (44) 1 BTOpOU 4iIeH MpaBOW YacTH ypaBHEeHHUs (21), MOXHO clenaTh
BBIBOJI, UTO

m_

n- = ) TI:\/_E M!

T.C. UCMUHHAA CIVYAUHAS NOZPeUWHOCMb NPOCMOU apu@dmemuieckol cepeounsbl pasHa
cpeoHell K8aopamuyeckol no2peutHoCcmuy NPoCmou apu@dmMemuyecKoli cepeounsi.

1.4.6 Ouenka mounocmu pe3yibmanmog y2i06blX U3SMEPEHUTL 8 MPUAHZYTIAUUU

N3BeCcTHO, 4TO CyMMa BHYTPEHHHUX YIJIOB IUIOCKOTO TPEYrojpHuKa paBHa 180°,
T.C. Pro +f20 + fz0 = 180° (46)
rae f1,0, f20,030 - ICTUHHBIE (TOUHbIE) 3HAYCHUS YTJIOB.

[Tycts f1, P2, f3 - pe3ynbTaThl U3MEPEHUS ITHX YIJIOB, T.€. MPUOIMKEHHbIE 3HAYCHMS
YTJIOB.

Torna, cornacuo (1), umeem

p1— 31,0 = A4,
B2 — ﬁz,o = Ay, 47)
Bs — 33,0 = As,

A1, A2, A3 - UCTUHHBIE CITy4alHbIE TOTPEIIHOCTH PE3YJIbTATOB U3MEPEHHUI.

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



(B1— A1) + (B2 — Az) + (B3 — A3) = 1807 (48)

f1+ P2+ 3 — (AL + Ay + A3) = 180 (49)

Bi1+ B2+ L3 —180° = A + A, + As. (50)
0O06o3HaUNM

Al + AZ + Ag = . (51)

® - Ha3bIBAIOT Y2l1060l HeA3KOU B TPEYroJbHUKE, T.€. ITO HUCTHUHHAS Cly4ailHas
MOTPENIHOCTh CyMMbl BHYTPEHHUX YIJIOB TPEYTOJIbHUKA.

Torzna ypaBHenue (50) MOXKHO 3aIucaTh B BUJIE
B1+ B2+ B3 —180° = w, (52)
WIH

Y3p —180° = w. (53)

HYCTI) PAaBHOTOYHO HU3MCPCHLI YIJIBI B n TPEYTOJbHUKAX, I KaXKAOI'O0 M3 KOTOPBIX
crpaseIMBEI paBeHcTBa (51), T.e.

Al,i + AZ,L' + A3,i = W;j. (54)

rae i =1, 2, 3,...., N - HOMep TpeyroJbHUKA.

Bo3ssenem ypaBHeHus (54) B KBaapaT, CJI0KUM U pa3/ieINM Ha UX YUCIIO:

(] | (86 8]y ploutal | g fhate) p loutal _ [or] )
n n n n " "

n .

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

[Badl _ o [MA] o [Aaha]l
n n n
4 DT | PO (i1 B,
n n n

Torna

—=m?+m3+ms (56)



rae M1, Mz, M3 - cpeiHUE KBAJPATHUECKUE MTOIPENIHOCTH PE3yIbTaTOB U3MEPEHHUI YIIIOB
Bi, B2, B3 BKaKIOM U3 TPEYrOJILHUKOB.

Taxk xak M3MEPCHHUA PABHOTOYHEIC, T.€. M1 = M2 = M3 = Mg, TO

2
—[a:l] = 3mg, (57)
1501051
[w?]
mg = [ (58)

310 Gopmyna @Peppepo, 10 KOTOPOH 0OBIYHO BBIMOJIHAETCS OLIEHKA TOYHOCTH PE3yJIbTaTOB
M3MEpPEHUI TOPU30HTAIBHBIX YIJIOB B TPHAHTYJISALIUU.

1.4.7 Ouyenka mounocmu pe3yiomamog paoa 080UHBIX PAGHOMOYHBIX UIMEPEHUTL

OueHp YacTO B MPAKTUKE TE€OJIE3NYECKUX M MAPKIICHACPCKIX PadOT MCKOMYIO BEITHUUHY
OIPENEIAOT [0 pe3ysbraTaM JABYKPATHBIX PABHOTOYHBIX W3MEPEHHUM 3TOM BEIUYUHBI.
Hanpumep, ropu3oHTAIBHBIE YIIIBI U3MEPSIIOT ABYMsI ITOJIYIIPUEMAMU, NIPEBBIIIEHUE HA CTAaHLIUN
[IPpY F€OMETPUUECKOM HUBEIMPOBAHUU OIPEHCISACTCS 10 YEPHBIM U KPAaCHBIM CTOPOHAM DEEK,
JUIMHBl OTPE3KOB JIMHUM MECTHOCTH HaXOIAT W3 PE3YJBTATOB M3MEPEHUN JTUX OTPE3KOB B
PsIMOM U OOpPAaTHOM HalpaBiICHUSIX.

Bosnukaer 3aZla4ya OLCHKHU TOYHOCTHU 3THUX PE3YJIbTATOB.
HNmeem PAa BEJIMYHUH, UICTUHHBIC 3HAYCHHA KOTOPBIX PABHBI

Ll,Lz,L3,“‘,Ln. (59)

HYCTB KaxKaas U3 3TUX BCJIMYWH U3MEPCHA PABHOTOYHO ABAXKbLI U MMOJIYYCHBI pE3YJIbTAaThI:
lll lz, lg,"‘,ln; (60)

'

llll llZl lll’u Yy ln' (61)

CocraBum Pa3HOCTU MCKAY pC3yJibTaTaMU I/I3MepeHI/II71 N UX UCTUHHBIMH 3HAYCHUSAMMU

ll' - Li == Ai; (62)

' '

li - Li == Al" (63)

rnei=1,23,...,n.

Haiinem paznoctu ypaBHeHwuit (62) u (63)



1 0003HAYNM

'

Ai - Ai: di, (65)

3nech Aj v Ai - HUCTHHHBIE CllydaliHbIE TOTPEIIHOCTH PE3YJIbTATOB.

BosBenem ypaBHeHus (65) B KBajpaT, CJI0KUM U pa3/IeIUM Ha UX YUCIIO

2 2 ! 2
2] 122, le8] _ [] (66)
n n n n
Ha ocxoBanuu (3) u (7) 3anumem
72 2 ’
[a%] _ 2, [2%] _ m?: [A4] _ 0
n n n
TOraa
2
m?+m? = %. (67)
Tak kak U3MEpEeHUs paBHOTOUYHBIE, T.€. M'=M=M, TO
2
2m? = M, m; = 1 (68)

HpI/I JIBOMHBIX PaBHOTOYHBIX H3MCPCHUAX 3a OKOHYATCIBbHOC 3HAYCHHUC IPUHUMAIOT
cpeaHee apI/Iq)MeTI/I‘leCKOG N3 pE3YJIbTAaTOB OTACIIbHBIX I/I3MepeHI/II71, T.C.

- L+
0 — 2 )
TorAa
m e unu m; = 0,5 [2?] (69)
lo - \/E lo - ) n

Dopmystel (68) u (69) cripaBesTUBHI JHUIIL B TOM Ciydae, eciii pasHoctu di He copepikar
CHUCTEMATHYCCKHUX HOFp@IHHOCT@fI.

[TycTh pa3HOCTH cONlEpKAT CUCTEMATUYECKYIO TIOTPELIHOCTD 6 , T.€.
d;=A;—A; + 6. (70)

Cnoxum ypaBaenus (70) 1 pa3ieuM Ha UX YUCIIO

@=m—m+9. (71)

n n n

Ha ocHOBaHMM 4e€TBEPTOIro CBOKMCTBA CIYYAMHBIX NOTPEMIHOCTEN NMEEM



E:o, [A]:o,

T.C.
[d]
— =0 72
: (72)
Cpeonee apugpmemuueckoe u3 pasHocmel pe3yIbmamos OBOUHBIX PABHOMOYHBIX

UsMepeHuli OMIUYHO Om HYASA U YUCIEHHO PABHO CUCEMAMUYECKOU NOSPEULHOCU IUX
Dpe3yIbmamos.

BbriuteM u3 kaxmoil pasHoctd di BENMYMHY CHCTEMATHYECKOH MOTPEIIHOCTH 6, T.e.
00pa3zyeM HOBbIE Pa3HOCTH

d=d;,—06 (73)
CnoxwuB paBeHctsa (73) u moienuB ux Ha N, TOTYy4YUM

[d]_ [d]

===,

n n

HO =0,
TOTrJa l4] =0,
n
(74)

T.e. CpedHee apugmemuueckoe U3 pA3HOCMel pe3VIbmamos OBOUHbIX PAEHOMOYHBIX
usmepenuil, Cé060OHBIX OM CUCMEMAMUYECKUX no2peuHocmell, 6ce20a pasro nymo. Paznoctu d',
KaK ykinoHeHus di OT IpocToii apudMeTHdecKoil cepe bl 1 obnanaronue coiicteoM [d ] = 0,
MOYHO CUHATATh BEPOSITHEUIIIMMH MMOTPEIIHOCTAMU pazHocTei di.

[Tpumensit k HuM ¢opmyny beccena nns cpenHell KBaApaTUUYECKOW IOTPELIHOCTH,
3anuuiemM

d?2
my = El—l] ) (75)
_mg _ [ [a?]
a m; = NG = 2(-1)"
(76)

CpenHsist KBaipaTHYeCcKast IIOTPEIIHOCTb CPEAHEro apupMeTHIecKoro u3 pe3yabtatos | u I'
Oyzer paBHa

my [a2]
m;, =—==0,5[|—. 77
b ™2 "N n-1 (77)
BbrancieHre 3HaYCHMS YHCITUTEIIS IIOKOPEHHOTO BBIPAXKCSHHSI MOKHO ITPOKOHTPOIHPOBATH
o ¢popmye

2 27 _ lal?
[d?] = [d*] - =~ (78)
Ilpumeuanue. OUEHKY TOYHOCTH IO PA3HOCTSM pPE3YJIbTATOB JIBOWHBIX PABHOTOYHBIX
U3MEpPEHUIl CclelyeT BBIMONHITh 1o dopmynam (68) u (69), ecnmu pa3HOCTH YIOBIETBOPSIOT
YCIIOBHIO



B IIPOTHUBHOM city4ae, 1o gpopmyiam (75) - (77).

I[d]l < 0,25[]dl],

(79)

1.4.8 IIpumepol oyenKku mounocmu pe3ynbmamos paéHOMOYHBIX UIMEPEHUIL OOHOIL
6eIUYUNHDBL U YYHKYUIL HE3ABUCUMO UIMEPEHHBIX 6ETUYUH

3amaya 1. Ilo pe3ynapTatamM paBHOTOYHBIX M3MEPEHUN TOPU3OHTAIBHOIO YIia JEBATHIO
npuemamu (cM. Tabn. 1) HaliTH Hambolee TOYHOE MO BEPOSTHOCTH 3HAYCHHE YIJIA, CPEIHUE

KBaJIpaTUYECKUE TOTPEIIHOCTH H3MEPEHHs KaKAOTO OTACIBHOTO yIIa M MPOCTOMH
apu(pMETHIECKON CePEHHBIL.
Tabmuna 1
OrneHKa TOYHOCTH PE3yJIbTATOB H3MEPEHHSI OTIEIBHOTO TOPHU30HTAILHOTO yTJia
Homepa | PesynbTaTsl &i & Vi vi? OcHoBHBIE dbopMmyibl,
BCIIOMOTATENIbHBIC
NPUEMOB | U3MEPEHHI BBIYMCIICHMS
i pi
1 2 3 4 5 6 7
1 32023 44 + 4 16 |-0,6 0,36 1.°= PBimin
2 0 0 |-4,6 21,16 ,
40 2.&i= BiP
3 + 3 9 [-16 2,56 3.p=p’+[e]/n=
43 .
=32°23"44,56
4 + 5 25 | +0,4 0,16
45
5 + 6 36 | +1,4 1,96 4.Boip.=32°23 44,6
46
6 + 3 91-16 2,56
43
7 + 8 64 | +3,4 11,56 5.8=P-Boxp.= 0,04
48
8 + 5 25 | +0,4 0,16
45
9 32° 2347 + 7 49 | +2,4 5,76 6. v; = Bi — Boxp.
Y 42 | 233 -0,4 46,20 7. l=vi+v,+ -+
v‘l’l




Homepa | Pesynbrarst &i &2 Vi Vi OcHOBHBIE  (hOPMYIIBI,
5 BCIIOMOTATENbHBIE
IIPUEMOB | U3MEPEHUI BEIHCIICHIS
i B
1 2 3 4 5 6 7
[e]>=1681 KoHTpob:
B 32°237 40" OKOHYATENBHBIN PE3yJIbTAT : [v]=6"n
B 32°23'44,56 p=32" 23 44,6 +0,80"
Bow. | 329237446
mg=+2,4"
M = +0.80

BolunciieHNs BBINOJHAIOT B cnenylomeﬁ mocJIe10BaTeC/JIbHOCTH

1. BpiOupaloT NpuOIMKEHHOE 3HAYeHHe [ MpocTod apudMETHUeCKOH CepeluHBI Kak
HaMMEHbLIEE U3 PE3YIBTATOB U3MEPEHHUM, T.€. B = Bimin. B HallleM npuMepe 3TO 3HAUEHHE PABHO
B =p =32"2340".

2. BBIUUCIAIOT YKIOHEHUS & PE3YJIbTaTOB U3MEPEHUHl fi OT 3TOro MPHOIMKEHHOTO

sHaveHnst ©i Bi-B U CyMMY 3THUX YKJIOHEHUH

[e]=e+ &+ +¢&,.

2

3. B xononke 4 Ta61.2 BRMUCIAIOT KBAAPATHl &2 U X cymmy [£7].

4. BBIYHCISIOT IPOCTYIO apu(PMETHUECKYIO CEpEeANHY £ - HanboJsiee TOUHOE 110 BEPOSATHOCTH
3HAUYEHUE U3MEPSIEMOTrO yIJIa.

5. Haxomar BeposATHEHIINME NOTPENIHOCTH VUi KaK Pa3sHOCTH pe3yNbTaTOB OTIEIbHBIX
U3MEPEHHH U OKPYTIIEHHOTO 3HAYEHHS foxp., T.€., Vi = B — By UX CyMMY [V] = vy + v, + - +
U, ¢ KoHTpoieM [v]=6-n , tme O=f-Poxp. - TOTPEHIHOCTh OKPYIJICHHS CPEIHETO
apru(MeTHYECKOTO.

6. B rpade 6 BHIMHCIAIOT KBAAPATHI BEPOATHEHIINX TIOrPEIHOCTEH ViZ 1 X cymmy [v?] =

2
vZ +vZ+--+v2 cxomtponem [v?] = [¢2] — %

7. Tlo ¢opmyne (23) beccenss BBIYMCISAIOT CPEIHIO KBAJAPaTHYECKYIO MOTPEUIHOCTD
pe3ysbTaTa KaXk10ro OTAECIBHOTO U3MEPEHHUS:

8. Tlo dopmyne (44) HaXOmAT CPEIHIO KBAJIPATHYECKYIO TOTPEIIHOCTh MPOCTON
apupMeTUIECKON CepPEeTNHBI:




_ g

M=r

9. OKoHYaTENbHBIN PE3yJIbTAaT 3aMKUCHIBAIOT B BUJIC

B = Bowp. £ M.

3amaya 2. B xaxa0M TpeyrojabHUKE MUKPOTPUAHTYISIUK (pUc. 1) U3MEPEHO OJIMHAKOBO
TOYHO IO TPU BHYTPEHHMX TOPU3OHTAJIBHBIX yria (cM. Tabu. 2). Belumciaute cpenHioo
KBaJIpaTHUECKYIO MOIPELUIHOCTh PE3Yy/IbTaTOB U3MEPEHUN KaXXA0I0 OTJEJIBHOIO YIila, IPUMEHUB

dbopmyny Deppepo:

[w?]

3n’

mﬁz

rae w; = [B] —180° - yrioBsie HEBSI3KH B TPEYTOJILHUKAX; N — YUCIIO TPEYTOJLHUKOB.

Puc. 1. Cxema cetn MUKpPOTpHAHTyJIALUN

Tabmanma 2

OO6paboTka pe3yNbTaTOB YITIOBBIX U3MEPEHHUIM B MUKPOTPUAHTYIISILIUH

Homepa TpeyrojibHMKOB ¥ 3HAYEHUSI N3MEPEHHBIX YTIIOB
HasBanus yriios

1 2 3 4 5

P 80° 07,7 74° 21,6 36°39,2° 39°17.4 69° 49,6’

B2 50 58,3 64 355 71 49,6 96 15,8 36 39,2




Jix 48 53,1 41 01,8 71 32,6 44 26,1 73 32,4

p 179° 59,17 179°58,9° 180°01,4" 179°59,3" 180°01,2°
wp =Xp-180° -0,9° - 17 + 1.4’ -0,7 + 1,27
? 0,81 1,21 1,96 0,49 1,44

’5,91 '
mg = 15 - 4/ 0,394 = £0,63.

3agaya 3. B T€010IMTHOM X0/1€ paBHOTOYHO U3MEPEHO 1 1 rOpU30HTAIBHBIX YTJIOB, KaXKIbIH
CO CpellHEeHN KBapaTUYECKOM MOrpemHocTbio Mg==0,5". OnpenenuTs CpeIHIO KBaIpaTHUECKYIO
U TIPEJEJIbHYIO IOTPEIIHOCTH CYMMBI 3THUX YIJIOB.

Nmeem Qpynkuuo u =28 =By + By + B3 + -+ P11

ou
YacTHbIE IMPOU3BOJHBIC €€ I10 KAXKXAOMY U3 apI'yMCHTOB PABHBI % =1.

Torma m, = myp =mpVn =0,5V11 = +1,66;
U Aypep=2m, =2-1,66 ~ +3,3".

3anaya 4. 'opuszoHTanbHbIN yroi S (cM. puc. 2) uamepet teo1oautoM 2T30 ofHUM MOTHBIM
MPUEMOM CIIOCOOOM  «mpueMoB». OIpeAenuTh CPEeIHIO KBAJAPATUYECKYI0 IOTPEIIHOCTh
cpenHero apu(pMeTuyecKoro u3 3HaYeHU Pe3yabTaTOB U3MEPEHUN yIiia B MOIYyIpHUeMax, eciu
CpelHsis KBaJgpaTUyecKas MOrPElIHOCTh OTCYETOB IO JUMOY cocTaBmwia Me==0,5". pyrumu
MOTPEITHOCTSIMU TTPEHEOpEUb.

3HaueHue yriia B MOJyMpUeMaX BEIYHUCISIOT 110 (hopMyram:
BL=c,—ay; Br = Cr — ag,

raeCL', Cr', aL', @r' - 0TCYETHI 1O TOPU30HTAIILHOMY KPYT'Y IPU BU3UpOBaHUU Ha Touku C 1 A
IpY NOJ0XKEHNU BepTUKaibHOro kpyra ciesa (KJI) u cripasa (KIT).




Puc. 2. Cxema HaOmroneHuit

BeposrHeiiniee 3HaueHne TOPU3OHTAIBLHOTO yIJia MO pe3ybTaTaM, MOJYUYeHHBIM B KaXI0M
MOJIyTIpUEME, BBIYUCIISIOT 110 hopMyie

 Bit+Br _c—a tcg—ap 1. 1, 1, 1,

ﬁcp. 2 2 —ZECL—EQI:-FEC};—ECZR.
Ha ocnoBanuu popmyn (39) — (42) 3anumem
= (1Y — 05 |42 = +0,5
mﬁ,cp._mo 2 =y 4—_,.
OTy e 3a7ja4y pelM HHaye.
1. OnpenenuM CpPEeIHIOI KBAJPAaTUYECKYIO MOTPEUIHOCTh Pe3yJbTaToOB

M3MEpEHHil YIJIa, TIOJIy4eHHbIX B KaK/IOM MOJTyTIPHEMe
mg =mé+mZ, HO mg=m.=my==10,5

Tormaa
mg = meV2 = +0,5V2

2. Tlo dopmyne (42) BBIYMCIUM CPEAHIOID KBAaIPATUYECKYIO MOTPEUIHOCTH CPEIHEro
apuQMEeTUYECKOT0 3HAYCHHUS YIJia, MOJYYeHHOTO U3 PE3YIbTaTOB B KAXKIOM IOJIyIpUEME:

m,g 0,5\/5 ,
Mep = 5= +0,5.
3ajaua 5. BBIMMCIHTL CPENHIO KBaJPaTHUECKYIO M MPEIENbHYH MOTPElHOCTH

MPEBBINICHUA, OMPCACICHHOIO Ha CTAaHIUW IIPU TCOMCTPHUYCCKOM HHBCIWPOBAHHWU II0 ABYM
CTOPOHAM HUBECJIIMPHBIX MIAINCYHBIX PECK, CCIIN:

- IIeHA JeNIeHus MKaibl pedkn u = 10 mm,
- cpeaHss KBaJpaTUyecKasl MOrPeHIHOCTh OTCUYETa M0 perke Mo ==+ 1 MM.
JpyruMuy norpemHocTsIMU IpeHeOpeyb.

[TpeBblnIeHHE BEIUUCIIAIOT IO (hOpMyTIaMm:

Rt R

h* = a" — b*; h* = a* — b%; hcp_ =

rae a“, b - oTcyeTsl Mo YepHBIM CTOPOHAM PEeK, YCTAHABIMBACMBIX B 33JJHEH U MEepeIHeH
TOYKaX HUBEIUPHOTO X0/1a;

a“, b - To xe, MO KpaCHBIM CTOPOHAM pEEK.

[Tepenuiem nocneaHow GopMmyIy B BUIeE

b _a”—b”+a’<—b’<_1 ) 1b“+1 . 1bK
ep. = 2 T4 TR Ta T

CornacHo popmynam (41) — (44) umeem



1\° 1
Mp,p. = My (E) = 1um 41 = +1mwm;

Ahypes. = 2my ., = £2, um.

3anaua 6. BerauciuTe CpeaHio KBaApaTHUECKYIO MOTPEIIHOCTh Pe3ylIbTaTa ONpeaeIeHHS
NPEBBIMIEHHS CIIOCOOOM TPUTOHOMETPUYECKOTO HUBEIUPOBAHMSI, €CIIU MTPEBHIIICHUE BBIYHCICHO
o ¢popmye

h=h'+i—1 (80)

rme h =dtanv, d = 153,84 M — ropu3OHTAJIBHOE MPOJOKEHUE JIMHUU MECTHOCTH,
M3MEPEHHOE C OTHOCHTENbHOM morpemHocTsio 1:2000, v = + 3" 137 - yroa HakjoHA JUHUK
BU3UPOBAHUS, U3MEPECHHBIN CO CPE/IHEH KBaIpaTUYECKOW MOTPEUIHOCTRIO0 My = £0,5", 1= 1,47 M —
BBICOTA pUOOpa (TEOA0NINTA), U3MEPEHHAas! ¢ TOrpemHocThi0 Mi =+ 0,002 M.

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

oh
2. OmpenenuM YacTHBIE MTPOU3BOAHBIE GYHKIUH (78) 1O KakKIOMY U3 apryMEHTOB: Frie
oh _ d oh _ 4. Oh_ _4

nv;, —=——; —= — =
ta ! v (cosv)?’ ai ’ al

3. Ha ocnoBanuu ¢opmyinsi (38) 3anuiiem

m, 2
m, = |[(m -tanv2+(—) +m? + m?,
h \/( d ) p'(COSV)Z i l

raep = 206265 = 3437,75 =57,2958" - paauaH.

mq 1 d 153,84
4. C yuetoM — = ——; my = =
d 2000 2000 2000

==0,077 m

BbIYUCIUM

mp, =+/(4,32-1073)2 + (22,4-1073)2 + (5-1073)2 + (2 - 1073)2
=1073,/18,66 + 501,8 + 25 + 4 = 23,4- 1073 = 40,023 .

1. Oxonuarensuo h=+8,12+0,023 M.

2.

3anaua 7. B tpeyronsauke ABC (puc.3 ) paBHOTOYHO U3MEPEHBI TPH yIIIa f3, ¢, Y U CTOPOHA
AB = ¢. OnpenenuTh JIMHBI CTOPOH & U D, cpeiHMe KBaJpaTHYECKUE U OTHOCHUTEIbHBIC
MOTPEITHOCTH 3THUX CTOPOH, €CIIH: CpEeIHUE KBaJpaTHUYECKHWE MOTPEHIHOCTH pe3yabTaToOB
U3MEPEHUH YIIIOB paBHBI Mg = M, = m, ==+0,5"; oTHOCUTENbHAs NOrPEIIHOCTh PE3yJbTaTa
U3MEpPEHUs CTOPOHHI C cocTaBmiia Mg @ ¢=1:2000.




Puc. 3. K peunienuto TpeyrojiibHuKa

I/ICXOI[HBIG JaHHBIC, PE3YJIbTaThbl BBIYMCIICHHI B OIICHKA TOYHOCTHU IIPUBCIACHLI B Taou. 3.

Tabnuma 3
Pewenne tpeyronbHuka
Ne Pesynb- ITo- Ypas- Cunycsl Jnnel
BEp- TaThl U3- npas- HECHHBIC yTJIOB CTOpPOH M, mq
d
IMH MepeHui KA YIIIBI d, m MM
yIJI0B Us
C() 58°14,7 0,2 | 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 (a) 0,2 |58 53,6 0,85621 157,91 81 1:1940
> 18000,7 |-0,7 180°00,0 Aw =1,0V3 =+1,7
Q) +0,7 w :
0,7 vﬁ=—§=—0,2
OcHOBHBIE (HOPMYIIBI:
a= SiIcwsina; b = Sirclysin/j’; (81)
Inb=Inc—Insiny + Insinp, (82)
Ina =Inc—Insiny + Insina. (83)
[Tpomuddepenunpyem ypaBuenus (82) u (83):
db _de _cosy dy  cosf dp.
b ¢ siny p sing p’ (84)
da _dc_cosy dy , cosa da
@ ¢ siny p sina p’ (85)

Ha ocnoBanuu dhopmyn (27) — (40) 3anumem:



(ﬂ)z = (ﬁ)z +(ctg v ﬂ)z + (etg B@)Z; (86)
b c » P
(%)2 = (%)2 + (Ctg V%)Z + (ctg a%)z. (87)

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

2

(22 = (o) + (06190 + (05120 = (=)
b/ ~\2000 7773438 w773438)  \1950/ ’

my_ 1 m, = 40,084
b ~ 1950’ b— =% ’
(ﬂ)z = (—1 )2 + (0 619 )2 + (0 603 )2 = (—1 )2-
a’/  \2000 7773438 7773438/ 0 \1940/ ’
Ma_ 1 = 40081 u
a 1940’ a— =

3anaua 8. Onpenenuts CpeHNE KBAAPATHUECKUE TOTPEITHOCTH

- pe3yJIbTaTOB OTICIIbHBIX U3MEPEHUN;
- cpenHuX apupMETHYECKMX 3HAYCHUH W3 Pe3y/IbTaTOB JBOMHBIX PaBHOTOYHBIX
M3MEpEHUH JTMH CTOPOH TEOIO0JIMTHOTO X014,
- OTHOCHTEJbHBIC IOPEUTHOCTH ITHX CTOPOH.
HcxonHble qaHHBIC U MaTeMaTHdecKas 00paboTKa pe3yIbTaTOB U3MEPEHHN MPECTABIICHBI
B TaOI. 4.

Tabauua 4

OneHka TOYHOCTH PE3YyIbTaTOB JBOMHBIX PABHOTOUYHBIX U3MEPEHUN

Pe3ynbTaTe!

croponxoma, x| Lesmeet | den | [dL 4% | M
S o I mpamo | o6parmo oM oM oM o
:
Tz 5
1 2 3 4 5 6 7 8 9
1 145,65 145,74 145695 |- 9 81 -4,5 20,25 1:4900
2 156,09 156,09 156,090 0 0 4,5 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 125235 |- 5 25 |-0,5 0,25 1:4200




Mg = £6,1cm [ 1= [-27 [307 | 0,0 18550 | 6=

-4,5¢cm
my = +4,3cm [d]| 27 KonTtpons :

Micp. = +3,0 cm [ld]] 35 [d?] = 185,50

O06paboTKy pe3yabTaTOB U3MEPEHUI BBIMOJIHAIOT B CIIEIYIOIICH MMOCIIEI0BATEILHOCTH.

1. B xomonku 2 u 3 Tabnuubl 4 BBIIMCHIBAIOT W3 IOJEBBIX JKYPHAIOB Pe3yiabTarhl |
U3MEPEHUI UTMH CTOPOH.

2. Boruucnsitor cpepnue apupmerndeckue 3HaueHus (| ¢p) u3 pesynbratoB | m3mepenuii
KaXJI01 CTOPOHBI B IPSIMOM U OOpaTHOM HarpaBJICHUIX:

| = lnp}mo + lo6pamHo
¢

P- 2 ’

¥l 3alMCBIBAIOT UX B rpady 4.

3. Haxomar pasnocta d = Lyp000 — Logpamno (TPada 5) n ux cymmy
[d] =d; +d; +d3 + -+ ds.

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

|[d]1|=27; [1d[1=35  025[|d[]=8,75;

VciaoBre He BBIMOIHEHO, 3HAYHMT OIEHKY TOYHOCTH PE3yIbTATOB W3MEPEHHi CIlieIyeT
BBIMIOJHATH 110 popmyiam (73) — (75).

5. BBIYHCISIOT BETUYNHY CHCTEMATHUECKOM MOTPENIHOCTH pa3HOCTewH d:

d] -—27
=—=—=-45 o
n 6
6. B rpady 7 zamuceiBator pasHoctd d' = d - 6, cBOOOmHBIE OT CHCTEMATHUYECKOU

MOTPENIHOCTH 6.

7. KBazpats! pasHocteit d'?, ux cymmy [ d'2 | 3anocat B rpady 8, KOHTPONHpYS 3HAUECHHUE
CYMMBI 10 (hopMmyIie

, d]? 27
[d?] = [d?] - % =307 —— =307 — 1215 = 185,50,

8. ITo popmymam (73) — (75) BEIUKCASAIOT CpeHUE KBAAPATUUECKUE TOTPEITHOCTH:

- pasHOCTEH pe3ysbTaTOB JBOMHBIX PAaBHOTOUYHBIX U3MEPEHUN

_ |2 _18s50 _ .
M= h-1- "5

- pe3yJbTaTOB OTAECIbHBIX U3MEPEHUIN

m d? 6,1
a [d7] =—=+443 cu;

RPN T

m,;




- cpemHUX apu(METHYECKMX 3HAYCHWH W3 PE3yJNbTaTOB JIBOWHBIX
PAaBHOTOYHBIX U3MEPEHUI
my 4,3

m —_— =
YPT2TN2

9. B rpade 9 3anmchIBaIOT OTHOCUTENBHBIC MOTPEIIHOCTH PE3yIbTATOB H3MEPEHUH,
BBIUKCIISIEMBIE TIO (hopMyIie

= 43,0 cm.

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

3amaya 9. B TEOoqoMMTHOM XO0/€ PaBHO TOYHO M3MEPEHO CEMb TOPU3OHTAIBHBIX YTJIOB
JBYMsI TTOJTYIIPHEMAMH KaXKIBIA U IMOJTYYCHBI Pe3yJIbTAaThl 3TUX M3MEPEHUH LRriu PLi, TaC PR,i—
3HAYCHUA erIOB, HOJIy‘-IeHHBIX B HepBOM HOJIYHpI/IeMe — HpI/I IIOJIOKCHUHN BepTI/IKaJIbHOI‘O prra
teonosnta crpasa (KII); fLi — 3Ha4YeHHUs YIJIOB, MOJYYCHHBIX BO BTOPOM IOJIYIPHEME — IPH
MOJIOKCHUU BEPTHKAILHOTO Kpyra Teogosuta ciesa (KJI); 1 =1, 2, 3,..., n - HOMepa yriioB U ux
YHUCIIO.

Onpenenuts cpeHUE KBaIpaTUUECKNUE OTPEIIHOCTHU
Mg — PE3yNbTATOB U3MEPEHUH YITIOB B MOJyNPUEMAX;

Mg cp.- CPETHUX apUPMETHIECKUX 3HAYCHUN YTIIOB B IPUEMaX — MO Pa3HOCTSAM PE3yJIbTaTOB
JIBOMHBIX paBHOTOYHBIX U3MEPEHUH YIIIOB B odynpueMax. Pemenue npeacrasieHo B Tabnuue 5.
BbruncieHys BBIIOJIHAIOT B IIOCJIEJ0BATEIbHOCTH, YKa3aHHOW JUIs IIPEABIAYILEH 3a1auH.

Tab6mumna 5
OreHKa TOYHOCTH Pe3yJIbTaTOB U3MEPEHHUSI TOPH30HTAIBHBIX YTIIOB
Pe3ynbrarel uamMmepenuii OcHoBHBIE HOPMYITBI U

S ) BCIIOMOTaTeIIbHBIC
E | I di= di BBIYMCIIEHUS
o -
2 HOJTYTIPUEM HOJTyTIPUEM =Pr— pL
o
T Pr S

1 2 3 4 5 6

1 179°56,9 179°56,2 +0,6 0,36 | 1. Ycuosue:

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 -0, 2
9 05 0,25 @ [sa
6 202 37,8 202 38,0 -0,2 004 | ™ |on T |14
7 179°43,4 179° 42,8 +0,6 0,36 =40,181
, = 40,43’
M=+ 0,43' [ 1=% +1,0 2,54
3.
o =+0,30' : m
mﬁ» P 0730 | [d] | + 1 0 mﬁ,cp, — Tﬁ — i0:30’
[1d]] +4,0 2

1.5 HepaBHOTO4YHbIE H3MEPEHUS

1.5.1 Obwan apugpmemuuecxkan cepeouna. Beca pezynomamoes uzmepenuii

[Tycth umeetcs pusndeckasi BeTu4nHa (Yroi, OTpE30K JIMHUM, IPEBBIIICHUE U T.11.), TOYHOE
(ucTHHHOE) 3HaueHue KOoTopod paBHO X. OrTa BelMuMHAa u3MepeHa paBHOTOuHO N pa3
HECKOJIBKMMU CEPUSMU U IOJYUYEHBI PE3YIIbTAThI |j(i), 9THX mU3Mepenuit. 3mech | = 1, 2, 3,..., K -
HOMeEpa CepHii U3MEPEHHIA ¥ UX YKicio; j =1, 2, 3,..., Nj — HOMepa U3MEPEHH B KAXKI0H CEPUU U UX
YHUCIIO.

IIpumeM, 4TO YMCIIO U3MEPEHHM Nj B KaXKI0M CEPUM HEOMHAKOBO, T.€.
ng # Ny # N3y # - + Ny. (88)

O603HaYNM CpEIHION KBaApaTHUYecKylo morpemHocts pesynsratoB ||V paBHOTOUHEBIX
u3MepeHuil uepes p. B Kaxkmol cepum MOXKHO ONpenenuTh Haubojiee TOUHOE MO BEPOSTHOCTH
3HauEHHE pe3ylbTaTa Xi, Kak cpegHee apudmernmdyeckoe m3 pesynabrato ||V paBHOTOUHEIX
U3MEPECHUI:

[EORRN

L I T
xl = H
nq
v = lgz)+lgz)+l§2)+~~+l$lzz)_
2 Ny g (89)
R
X =

ng ')
" UX CPpCAHUC KBAAPATUYCCKUEC IMOTPCITHOCTU

my=te omy=dls omy= e om = (90)

V1K
BennuuHel Xj - pe3yapTaThl HEPAaBHOTOYHBIX U3MEPEHUN, U1 KOTOPBIX
my #my #mg + - Fmy (92)

no ycnosuio (88). Bo3HukaeT 3aaua, Kak 1o pe3yjiabTaTaM Xj HEpaBHOTOUYHBIX U3MEPEHUMN
HalTH HanboJiee TOYHOE MO0 BEPOSITHOCTH 3HAUEHUE U3MEPSIEeMON BEITMUUHBI Xo.

Tax kak |j) - pe3ynbTaThl paBHOTOUHBIX M3MepeHHMii, TO BeposTHelee 3HaueHHe Xo M3
ATUX PE3YyIbTATOB PABHO




L 1o R AR K

0~ n1+n2+n3+-~-+nk (92)
B cBoto ouepep,
I A R A ) ;)
2 2 2 2
2+ 1P + 1P+ + 1D = xp - my; (93)
19+ 189 +189 + o 4109 = % 1y
C yuetroMm (93) paBenctBo (92) nepenuiiieM B BUjI€
X — xl'n1+xZ'n2+xS'n3+"'+Xk'nk (94)
0 nitny+nz+--ng
O603HauuB ng +n, +nzg+--+n, =N,
(95)
MOJIy4YUM
_ [x;n;] _ [xin;l
Xy = Tl - (96)
N3 Beipaxkenus (90) Buaum, 4TO
u? u? u?
n1=m—%; lezm—%; cee nkzm—i. (97)
[ToncraBum 3HaueHus 1t N B paBeHcTBa (94), (97):
xl::l—2%+x2:;—2%+w+xk:;—22
XO == #2 uz uz k. (98)
_%+m_%+...+m_i
Bennunnbl
u?
— =D (99)
HA3BIBAIOT 8ecamu PE3yNbTaTOB Xi HEPaBHOTOYHBIX H3MEPEHUH.
C yuetom (99) BeIpaxenue (98) mnpumer BUL
XO — X1'D1+X2 P2t + XDk — [px] — Z?:lxi'Pi (100)

p1+D2++Dk [p] o

Bennuuny Xo , Beumucnsemyio no ¢opmyne (100) HazpIBalOT obwel apugpmemuyeckoll
cepeouHoll, CpeOHUM 8eCO8bIM, UITH CPEOHEB36CULeHHbIM 3HAYeHUeM OTIPENIENIIeMOM BETNINHBI 13
pe3yIbTaTOB HEPABHOTOYHBIX U3MEPEHUIA.

Bennuuna oOuieii apudmeTnueckoi cepeinHbl HE U3MEHUTCS, €ClIM BCe Beca MU3MEHUTH B
OJINHAKOBOE YHCIIO pa3. DTUM CBOWCTBOM CJENYET MOJIb30BAThCA JJISl YIPOIIECHUS BBIUYUCICHUN.
Ha npaktuke o61yro apudmMeTnyecKyro cepeiMHy Yallle BCEro BRIUUCISIIOT 10 hopMyJie

_ ., pd
Xo=x'+22, (101)

KOTOpas oJy4yeHa U3 CAEAYIOUUX PACCYkACHUM.



B psiny pe3ynbTaToB Xj HEpaBHOTOUHBIX H3MEPEHUH BbIOEpPEM HaUMEHBIIHUH 110 a0COTIOTHOM
BEJIMYMHE U IPUMEM €T0 B KaUeCTBE MPUOIMKEHHOTO 3HAYCHHUS NICKOMOM BEJTMYUHBIL, T.€.

x = Ximin- (102)
O6pazyem pa3HOCTH
g =X —X. (103)
YMHOKHB 00€ 4aCTH 3TOTO PAaBEHCTBA HA COOTBETCTBYIOMINE Beca i , MOJIYIHM
P& =Dt X —DitX. (104)
Haiinem cymmy ypaBHenuii (102) u paznenum ee Ha [ Pi ]

piel _ [pixd] o
bl Wl (105)

[pixil _
Ho ] X0

Torma X, =x + % , T.e. morrydena popmyma (101).

1.5.2 Cpeonan keadpamuueckan nozpeuwtHocms eOUHUUbL 8eca

Ha ocHoBanuu ¢opmyinsl (99) MOXKHO clienaTh BBIBOJ, YTO Beca pe3yJIbTaTOB U3MEPEHUN —
MOJIOKUTEIbHBIE YHCIIa, OOpaTHO MPONOPLHMOHAIBHBIE KBaJpaTaM CpPEAHMX KBaJpaTHUYECKHX
MOTPENIHOCTEN ATUX PE3YIbTaTOB.

[Tycth B pAxy pe3ysibTaTOB M3MEpPEHHH Xi CYIIECTBYET TakOW Xj , BEC KOTOPOrO paBeH
eauHune, T.. pj = 1.

Torma
pj=— u p*=m?  p=m (106)
]

Bennuuny u = m; HasbIBaIOT cpedrell K6aOpamuyecKkol NozpewHoCnolo eOuHuybl 6eca
WIN CpeIHEN KBaJApaTUYECKOW MOTPEUIHOCTBbIO PE3yJibTaTa HW3MEPEHHs, BEC KOTOPOro paBeH
EUHULIE.

N3 Beipaxenus (99) BUIHO Takxke, 4TO

u=my/p; (107)
NI

p? =mip; =mip, = - = mipy, (108)



PL_ M3, P2 _Ms, . Pkoi_ M (109)
P2 mj P3 m; Pk mpg_q

1.5.3 Cpeonnan keadpamuueckas nozpeuwtHocms u eec oduieil apughmemuueckoi
cepeounbl

[TycThb X1, X2, X3, ... , Xn— PE3yAbTATHl HEPABHOTOUYHBIX U3MEPEHUIL; P1, P2, P3, ... , Pn — BECA
9TUX PE3yJIbTaTOB.

Torma
_ [px] _ p1xat+paxa+psxst+vnin _ P12 )23 3 . Pn
%o =1 P1+D2+D3++Pn i T2 Tt e
(110)
0O603HauNM % =k;,tne 1=1,2,3,...,n C yuerom ob6o3naueHus opmysa (110)
PUMET BH/T
XO = klxl + kzxz + k3X3 + -+ knxn. (111)
CornacHo ¢ (42) MOXXHO 3amucaTh
M3 =md, = kim? +kim3 + -+ k2m2 = [”]12m1 + +Wm2 +[ ]2m3 +- +[ Sz
(112)
Ho p; m? = u? Ttorma
2 _ WpitpPpot+uion _ Wipl _ 4?
My = [p)? IR (113)
17001
M, = = (114)

VIp!

T.€. CPeOHsAs K8AOpamuieckas nozpeuHocms oowel apupmemuyecKol cepeouHvl pasHa
OMHOHOWEHUIO CPeOHell K8AOPAMUYECKOU NOSPEUHOCTU eOUHUYbL 8eCd K KOPHIO K8AOPAMHOMY
U3 CyMMbl 8€CO8 pe3Vibmamos usmepenuil.

Ha ocunoBanuu popmyn (99) u (114) umeem

2 2
P = I;th_g - uzp;[p] =[p] (115)

TakuMm 00pa3oM, gec obwetl apupmemuueckori cepeouHvl pager CymMme 8eco8 pe3yibmamos
HEePABHOMOUHBIX USMEPEHUL, U3 KOMOPbIX OHA onpedeieHd.

1.5.4 Bviuucnenue cpeoneil Keaopamuueckou nopeuiHoCmu eOuHuYbl eca

PaccmoTpuM cnocoObl BBIUMCIEHHS] CpeAHEM KBaJpaTUYeCKOW MOTrPEIIHOCTH €AMHUIIBI
BECa, IPUMEHSAEMBIE B I'€0JI€3UNUECKON MPAKTHKE.



1. Beoluucnenue u 1OpU  YCTAaHOBIEHUMM BECOB 110 HW3BECTHBIM  CpPEAHHUM
KBaJpaTUYECKUM IMOTPEIIHOCTSAM M pe3yabTaToB U3MepeHui. Beca pe3yabTaTtoB u3MepeHui

B 3TOM CJIy4ae yCTaHABIIMBAIOT MO (opMyIie
2
Cc

pi === (116)

m; m

B KOTOpPOH KO3(pPUIMEHT C Ha3zHAYaeTCs C TAKUM pPacdyeToOM, YTOObI 3HAUEHHUS BECOB [ij
OBLIO OJIM3KUM K eArHUILIe. Toraa g4 BEIUUCISIOT U3 BBIPAXKCHUS

u=b. (117)

2. Boruncnenue g Mo U3BECTHBIM CPETHUM KBaJIPATHUECKUM MOTPEITHOCTSM U BECaM
OJIHOPOJHBIX PE3YJIHTATOB U3MEPEHUN BBIMOIHSIIOT 110 hopMyJie

iy = [mipi (118)

n
roe 1=1,23,...,N; N—4KCI0 U3MEPEHUH, /I KOTOPbIX U3BECTHBI Mi U Pj.

3. BeluncieHne g 1Mo W3BECTHBIM MCTUHHBIM CIyYalHBIM MOTpEITHOCTIM A  (QyHKIHiA
VU3MEPECHHBIX BEIMYMH U UX BecaM i:

u= (Pl (119)

n

Hcmunnvle cnyyaiinple nozpeutHocmu YHKYUIl pe3yibmamos usmepeHuil Ha3vleaom
Hega3Kamu 1 0003HAYAIOT!

a) fp— yl“J'IOBaSI HCBJ3KA B SaMKHyTOM MHOFOYI"OJ'ILHI/IKG, BbIUHUCJIsIEMaAsl 110 CI)OpMyJ'Ie

fp = 2iz1 B —180°(n — 2), (120)
1€ N — 4ucjio BHyTpeHHI/IX er'IOB MHOFOYFOJ‘ILHI/IKa, ,Bi - pe3yJ'ILTaTLI I/ISMepeHI/Iﬁ yTJ'IOB;
6) - yTJ'IOBa}I HCBA3KA B TpeyFOJIBHI/IKe, KOTOpyIO HaxoJAT U3 BBIpEDI(eHI/I}I

w=Y3_, B —180°, (121)
rae fi - pe3syabTaThl U3BMEPEHHUM BHYTPEHHUX YIJIOB TPEYTOJbHUKA;

c) fxufy - HeBsI3KM B MpHpAIEHUSIX KOOPIHHAT MOJUTOHOMETPUIECKHUX HUITH TEOT0JIUTHBIX
X0JI0B, OIpeiensiemMble o GopMynam

fx = Z Ax — (XK - XH) u ﬁ/ = ZA}’ - (YK - YH)’ (122)

rae AX u Ay - BBIUMCIIEHHBIE MpHUpALICHUs] KoopauHaT; Xy, Yx U X, Y, - KOOpJIUHATHI
ONOPHBIX I€0/IE3UUECKUX ITYHKTOB B KOHIIE ¥ HAa4aJle X0/a;

r) fh— BBICOTHAS HEBSA3KAa HUBEIMPHOIO X0/a, 3HAYEHHE KOTOPOM BRIYUCIISIOT O (GOpMyIIe

rae h — 3HaueHWs CpeAHMX MpeBbIMCHHH Ha cTaHuuaX; Hx, Hu - BBICOTHBIC OTMETKH
pErepoB B KOHIIE U Ha4YaJIe HUBEJTMPHOTO X0a.

4. BplunclIeHHE M 110 BepOHTHeﬁMHM MOrpCIIHOCTAM L PE3YJILTATOB H3MepeHHfI, T.C. IIO
BHYTpCHHeﬁ CXOAUMOCTHU PEC3YyJIbTATOB

= [l (124)



rae 1=1,2,3,...,n — HOMepa U YUCIIO U3MEPCHHI, Pi— Beca Pe3yIbTaTOB.
1.5.5 Bviuucnenue éecoe (hynKuuii He3a8UCUMBIX APZYMEHM 06
HNmeem (yHKIHIO
F= f(xli X2,X3,"", x‘n) (125)
¥ BECA APTYMEHTOB Py, P,y Pxyr " 1 Py

Ha ocrHoBanuu ¢hopmyssl (39) MOKHO HalMcaTh

m,%z(aa—;) §1+(f) §2+(f3) mZ + - ++(afn) m2 . (126)
Pasnenum 00e 4acTu 3TOro paBeHCTBA HA 12
m o (L) M (L) M () Bk () B 2D

2
U, yYUTBIBAd, 4TO P; = “2 , OKOHYATEJIbHO 3aIUIIEM

i:(a_f) 1+(6f) I ++("’f) L (128)

Pr 0x1/ Py, 0x3/ Py, Oxn/ Py

1.5.6 Ilopsaook mamemamuueckoit 00padbomKu pe3yiomamoe HepasHOMOYHbIX
usmepenuu

3amaya 10. Ilycte, m1st ompeneneHus BbICOTHI TpyHTOBOro pernepa Ne29 (cm.puc. 4) ot
byanameHTabHBIX periepoB Ne 23 24 u 43 1o ompenensieMoro pemnepa MPOoJIOKEHO TpHU
HUBEJIHUPHBIX XoJa. TpebyeTcs mo pe3yiabTaTaM TpeX HEpaBHOTOUYHBIX 3HAYEHH BBICOTHI perepa
No29 nonyunTth HanboIee TOUHOE 3HAYEHHE BBICOTHI 3TOTO pernepa. BICOTH HCXOMHBIX PETIEPOB
cuuTath 6e30muO0ouHbIMU. VIcCX0HBIE TaHHBIE U PE3yIbTAThl BEIUMCICHHUM MPUBEIEHBI B Ta0J. 6
u7.

Tabmuma 6
Hcxonnble nanHble
Homepa xoxoB Broicotsl penepa Ne 29 Hi, m Yucs10 craHuMu B Xo4ax N
1 403.895 4
2 403.883 7

3 403.890 5




Puc. 4. Cxema x0008

Tabmuma 7
O0paboTka pe3yIbTaTOB HEPABHOTOYHBIX H3MEPEHUIN
Bricotsl Yucno € Ps, v, Po,
Homep pernepa cranumii | P P Py’
X0J108 | Ne29 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 5 200 |+7 +14,0 98,0 0 0,0 0,0
H 403,883 > 593  +19 +44.0 4580 -2 +2,5
Ho 403,8904 | 1326
He, 403.890 u==x81 mm; My = %33 mum; my ==x2,6 um;
5 +0.4 MM Hyo = 403,890+ 0,033 ™

O6pa60TKy PE3YyIbTAaTOB HEPABHOTOYHBIX I/ISMepeHI/Iﬁ BBIIIOJIHAKOT B CJIC,Z[YIOII_[eﬁ
oCJIICAOBATCIIbHOCTH

1. B rpade 1 Tabmn. 7 BRIMUCHIBAIOT U3 Ta0JI. 6 HOMEpa HUBEIUPHBIX X0/0B (CM. puc. 4), B
rpade 2 — BeicOTHI peniepa Ne29, monyueHHbIe TP MPOJIOKEHUHU HUBEIUPHBIX X008 1, 2, 3.

2. Bribuparor npubmmkenHoe 3Hauenne H BeicoTsl pemepa Ne29 kak HammeHnbinee u3 Hi,
T.. H = Hi, min, B HameM cinyuae H™ = 403,883 m.

3. B rpady 3 3aHOCST YUCIIO CTAHLIUN N B KQXKJIOM HUBEITUPHOM XOJE.

4. B yerBepTOil Tpade 3anuchIBalOT Beca Pi pe3yabTaToB M3MEpEeHUH Ui KaXKA0ro Xo/a,
BBIUHUCIIsIEMbIE TI0 opMyIie

1
pi == (129)

n;

rie A = 10 - xooddunmeHT, 3HaYCHHE KOTOPOTO BBIOMPAIOT TaKMM 00pa3oM, YTOOBI
BEJIMYMHBI BECOB OBLIN OJIM3KUMHU K €TUHUIIE.

®opmyna (129) nonydyena u3 cieayomux paccyxaeHuil. Cuntas pe3yapTaThl ONPEAETICHUS
npeBblieHrst N Ha Kak[0# j—i CTaHIMM PABHOTOYHBIMH, MPHMEM B Ka4eCTBE BECOB Pj ITHX
pE3yIbTaTOB YKCTIO A, T.€.

A=p; =L, (130)

e Mh — CpeaHsIsI KBagpaTHUCCKas IMOTrPEITHOCTD ONMPEACIICHUS HpeBBIH_IeHI/II\/'I Ha CTaHIINU.

Beca pe3ynbTaTtoB onpeseneHust BHICOTHI perepa Ne29 B KakIOM i-M HHBEIHPHOM XOJ€
paBHBI

2
py =t (131)

2
i




rae m; = my,/Nn; - CpeAHHE KBAAPATHUYECKUE IOTPEUTHOCTH ONPEICICHUS BBICOTHI
peniepa No29 B kak10M HUBEJIUPHOM XOJ€; Ni — YUCIIO CTAHIIMHI B KaXIOM XOJIE.

Ha ocroBanuu ¢popmyn (109) morxem 3amucaTh

pi_Pi_mi

Pn A m_iZ'

OTKy/a pi = /’l% =A

2
i muyn n

5. Vkionenuss & = H; — H' 3anocsr B rpady 5 tabi. 7.

6. B rpadbl 6 1 7 3aNMCHIBAIOT POUBENCHUA  D;&;, P;EF = Di&& W UX CyMMBbL

7. o dhopmyne (101) BeramcnsitoT HanOoee TOYHOE 1O BEPOSITHOCTU 3HAYEHUE BBICOTHI

penepa Ne29:
Ho = Hyo = H' + P& _ 403,883 4+ 20 _ 403 8904
= = = y = ) M.
0 29 [p] 5‘93

8. Oro 3HaueHue okpyrasoT g0 0,001 M. BplUHCHSIOT YKIOHEHHS pe3yibTaToOB
ompezeneHusi BbICOTHI pernepa Ne29 mo KaxIoMy XOQy OT OKpPYTJIEHHOro 3HadeHHs oOIiein
apu()MeTHIECKON cepemunbl, T.€. U; = H; — H oy , KOTOPBIE 3aNUCBIBAIOT B TPady 8.

9. B rpadax 9 u 10 momy4aroT mpousBeNeHUs p;V; U PV = piviv;, HX CYMMBI C
2
koutponem  [pv] = 8[pl; [pv?] = [pe?] — %, rae & = Hy— Hpoep. = 10,4 MM -

HOTPELIHOCTh OKPYIJIEHUs 001Iei apu(pMeTHUECKON CEpEeTUHBI.
10. ITo dpopmynam (124) u (114) BEIYUCHSIOT:

- CPCOHIOI0 KBAAPATUUCCKYIO IIOTPCUIHOCTL €AMHUIBI BECa

[pv2]  |132,6
N—-1 2

= 48,1 mwm;

- CPEIHIOI0 KBAJPAaTUYECKYIO MOTPEIIHOCTh O0IIeH apruMETHUECKON CepeaHbI
U 8,1

My = —— =
* /Il /593

rac N — gucimo HUBCIIUPHBIX XOOB.

= 43,3 MM,

11. CpenHow KBagpaTHYECKYI0 MOTPEIIHOCTh OINPEACIICHHUsS NPEBBIIIECHUNA Ha KaXA0u
CTaHIIMH HAaXOJAT U3 BbIPAKEHUS

12. Ilo (bOpMy.He mHi = \/Lp— BBIUUCIIAIOT CPECAHUC KBAAPATHYCCKUC MOTPCHIHOCTH
i

OIIpCACIICHNA BBICOTELI pCIICPa Ne29 mo Ka)XIOMY HUBCIIMPHOMY XO4Y

8,1 8,1 )
my, = 5T =151 mMM; my, = 143 =468 MM; my, =——= 15,8 Mm.



13. OxoHyaTenpHOE 3HAYEHUE BBICOTHI pernepa Ne29 3anuchiBatoT B BUE

Hyo = Hooup, = Mg = 403,890 + 0,033 M.



