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Pabouas mporpamma cocraBneHa Ha ocHoBe @OI'OC BO - cnoeumamurter 10
cnenuanpaocTr 21.05.04 'oproe neno (mpuka3 Munobopraayku Poccuu ot 12.08.2020 r. Ne 987)

Pabouast mporpamma paccMOTpeHa M OJOOpEeHa Ha 3aceIaHHH Ka(beﬂpm I'eonorum,
MapKIIEHIEPCKOTO Jiejia i 00OTaICHHUS MOJIE3HBIX HCKOMACMbIX

12.02.2024, nporokon Ne 5 e
ali g

3aB. kadeapon N.A. T'pumma

Pabouas nporpamma ogo6pena metonuueckor komuccued U IuT

19.02.2024 r. mporoxomn Ne 3
Hpez[cez[ammm H.A. IlerTanes
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JIner akryaauszanuu padoueil mporpaMmbl

PaGouast mporpamMmma repecMoTpeHa, 00CcykKaeHa u o100peHa s peanuzamnuu B 2025 - 2026
yueOHOM roy Ha 3acefaHuu kageapsl ['eonoruu, MapKIeHaepcKoro aena u ooorameHus

[Ipotokom ot 20 r. Ne
3aB. kadenpoii N.A. Tpumun

Pabouast mporpamMmma repecMoTpeHa, 00CcykaeHa u 0100peHa s peanuzanuu B 2026 - 2027
yueOHOM roy Ha 3aceqaHuu kadeapsl [ 'eomoruu, MapKIeiiiepcKkoro jiena u 00orameHus

IIporokomor 20 1. Ne

3aB. kadeapoii I/I.A.ﬁ)I/IH_II/IH

Pabouas mporpamma nepecMoTpeHa, oocyxaeHa u ogodpena st peanuzanuu B 2027 - 2028
y4eOHOM roy Ha 3acenaHuu kageapsl 1 'eog0ruu, MapKIieiaepekoro aeia u 00orarieH st

[Iporokom ot 20 . Ne
3aB. kadenpoii N.A. I'puun

Pabouas mporpamma nepecMoTpeHa, 00cyxaeHa u ogodpena st peamsanuu B 2028 - 2029
y4eOHOM roy Ha 3acemaHuu kageapsl 1 'eog0ruu, MapKIieiaepekoro aeia u 000orareH st

IIporokomor 20 1. Ne

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

Pabouas nporpamma nepecmotpena, o0cyxaeHa u ogoopena s peanuzauuu B 2029 - 2030
y4aeOHOM TOJly Ha 3acefaHuu Kadenpsl ['eonoruu, MapKIeiaepckoro iemaa 1 o0orameHus

IIporokomor 20 1. Ne

3aB. kadenpoit I/I.A.?pI/IHII/IH

Pabouas mporpamma nepecmMotpeHa, odcyxaeHa u ogoopena s peanuszanuu B 2030 - 2031
y4aeOHOM TOJly Ha 3acefaHuu Kadenpsl ['eonoruu, MapKIeiaepckoro iemaa 1 o0orameHus

[Iporokom ot 20 1. Ne

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

Pabouas mporpamma nepecMoTpeHa, 00cyxaeHa u ogoopena st peaymsanuu B 2031 - 2032
yueOHOM rojy Ha 3aceqaHuu Kadeapsl [ eooruu, MapKIeiaepcKkoro jieia u 00orameHus

[Ipotokomor 20 . Ne

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




1 Iles1u ocBOEHUS TN CHMILTHHBI (MOYJI51)

st TOPHOTO WH)XEHepa-MapKIeiaepa MareMaThdeckas obpaboTka
MapKIIEeHIepCKO-Te0Ie3NIECKOI U TOPHO-TEOIOrMUeCKON HH(OPMAITHH SIBIIIETCS BaXKHEHIIIEH 13
quctumiiH. [IpaBuibHO 00paboTaHHbIE MapKUIeHaepcKue U3MEPEHUs — OJIHA U3 MPEANOCHITOK
parroHaIbHON 1 6€30IMaCHOM Pa3pabOTKH MECTOPOKICHHUS.

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

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

Hucnummmaa Marematudeckass o0paOoTKa pe3yIbTaToB WM3MEPEHH BXOAHWT B 4acTh
yueOHoro miaHa GopMUPYEMYI0 Y4aCTHUKaAMHU 00pa30BaTeIbHBIX OTHOIICHUN 00pa3oBaTebHOM
MPOTPAMMBI.

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

['eone3us u mapkiieinepus

Mapkieiiaepckue paboThl MpU OTKPHITOM pPa3pabOTKE MECTOPOXKIECHUN TOJIE3HBIX
HCKOIIAeMbIX

Beicmias maTemaTuka

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

Beicmas reoaesus

JlucTaHIIMOHHBIE METO/IbI 30HIUPOBAHUS 3EMJTU

Mapxkiueiinepckoe obecrieueHue 6€30MacHOCTH BEICHHUS TOPHBIX paboT

[ToaroroBka k caaue v ca4ya rocy1apCTBEHHOI0 SK3aMeHa

KomnbroTepHbIe TEXHOJIOTHHU B MAPKIIEHIEPCKOM JETIE

AHanu3 TOYHOCTH MapKIIeHIepCKuX paboT

3 Komnerenuun ody4aromierocs, popMmupyemMbie B pe3y/ibTaTe 0CBOCHUS

AUCHUILINHBI (MOAYJIS1) ¥ IJIAHUPYeEMble Pe3yJIbTAThl 00yueHust

B pesynbrare ocBOeHus IUCHUIUIMHBL (Monynsi) «Maremaruyeckas o0paboTka
pe3yIbTaTOB U3MEPEHUID» 00ydaroHiics 10KEeH 0071a1aTh CIeIYOIMMHY KOMITETEHIIUAMU:

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

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

VK-2.1 dopMynupyeT Ha OCHOBE IOCTAaBJIEHHON MPOOJEMbl MPOEKTHYIO 3a7auy U
CIIOCO0 ee PelIeHuUs Yepe3 Pean3altio IPOSKTHOTO YIPABJICHHS
YK-2.2 PazpabaTbiBaeT KOHIEMIMIO NMPOEKTa B paMKax 0003HAYEHHOW MpPOOIEeMBbI:

dbopmynupyer 1enb, 3a7adi, 0OOCHOBBIBACT AKTYyaJbHOCTh, 3HAYMMOCTb,
OKHJIaeMbIe PE3YNIbTAThI M BOZMOXKHBIE C(hephbl NX MPUMEHEHHSI

YK-2.3 Pazpa0aThiBaeT 1uiaH peaqu3alii MPOEKTa C YYETOM BO3MOXHBIX PUCKOB
peaiv3allii U BO3MOXHOCTEH UX YCTpaHEHUS, IUIaHHPYeT HEoOXOIuMbIe
pecypcehl

YK-2.4 OcyiecTBisieT MOHUTOPUHI XOJla pPEaTU3allid IPOEKTa, KOPPEKTUPYET

OTKJIOHCHHA, BHOCHUT HOOIIOJHHUTCIIBHBIC HM3MCHCHHA B INNIaH pCain3dallvii
IIPOCKTA, YTOUYHACT 30HBI OTBECTCTBCHHOCTHU YYACTHUKOB ITPOCKTA

YK-2.5 [Ipemmaraer mpouexypsl M MEXAHM3Mbl OLICHKM KadecTBa IIPOEKTA,
UHOPACTPYKTYPHBIE YCIOBHUS JUISI BHEIPEHHUS PE3YIbTATOB IIPOSKTA

IT1K-1 Crioco0€eH BBIIOJIHATH HHKECHEPHO-T€0AC3NICCKHIE N3bICKAHUS, INIAHUPOBATh PA3BUTHE




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

IK-1.1 CocraBisieT MPOEKThl MPOU3BOACTBA MAPKIICHAEPCKUX U TE€OAE3UYECKUX
paboT, OCYIIECTBIISIET KOHTPOJIb 32 BHIMOJTHEHUEM H3BICKATEIILCKUX PAabOT

[1K-1.2 [Inanupyer pa3BUTHE TOPHBIX pabOT M KOHTPOJIHPYET COOTBETCTBUE
(haKTHUUYECKOTO Pa3BUTHS TOPHBIX PabOT MPOEKTAM M KaJICHIapHBIM TJIAHAM

[1K-1.3 OO60CHOBBIBAET U UCHOJIB3YET METO/Ibl FTEOMETPU3ALUU U TPOTHOZUPOBAHHUS
pa3MelIeHMsI T0Ka3aTelel MECTOPOXKACHHUS B IPOCTPAHCTBE

I1K-1.4 AHamM3UpyeT ©W TUMH3UPYET YCIOBUSA Pa3padOTKH MECTOPOXKICHHMA

TIOJIC3HBIX MCKOIMACMBIX JJISA UX KOMIIJICKCHOI'O MCIIOJIb30BaHM A, BBIIIOJTHACT
Pa3JIMYHBIC OLICHKH HEAPOIIOJIb30BaHUA

[IK-2 Cmocoben

BBIIIOJIHATH MameeﬁﬂepCKO'I"COI[GSI/I‘IGCKI/IG pa6OTbI, OnpCaAcCiIsATh

MMPOCTPAHCTBCHHO-BPCMCHHBIC XApPAKTCPHUCTUKHU COCTOSHUA 3€MHOM INOBCPXHOCTU H HEADP,
TOPHO-TCXHHUYCCKUX CUCTCM, ITIOA3CMHBIX 1 HA3CMHbIX COOPY)KGHI/Iﬁ u OTO6pa)I(aTB I/IH(I)OpMaLII/IIO
B COOTBECTCTBHUU I[GflCTBYIOIIIHMI/I HOPMAaTHBHBIMH JOKYMECHTAMHU

[1K-2.1

Hcnonb3yeT 3akOHBI M WHBIC HOPMATHUBHBIC NMPABOBBIC aKTHl B 00JACTH
re0JOrM4eCKOro U3y4eHus, UCTIOIb30BaHMU U OXPAHbI HEJIP U OKpY Karoleit
Cpenbl; HOPMATHUBHBIC IMPABOBBIE aKThl, PYKOBOJAIIME, METOAMYECKUE U
HOPMaTHBHBIE MaTEpPHaJIbl, KAaCAIOIIUECS ICATEIHBHOCTH MapKIICHaepCKOM
CIIY)KOBI;

I1K-2.2

OcyiecTBiseT HeOOX0AUMbIE MapKIIEHAepCKUe KamepaibHble U MOJIEBbIE
paboTeI, 0hOPMIISET MPOU3BOICTBEHHYIO JOKYMEHTAIUIO H OTYCTHOCTh

I1K-2.3

Hcnone3yer  reomHpOpMAIMOHHBIE  CHCTEMBbI ISl  BBIMIOJIHEHUS
MapKIIeHIepCcKuX padoT

[1K-2.4

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




4. CTpyKTypa, 00bEéM H coep:KkaHue TUCHUIIMHBI (MOAYJIS)
OO0mas TpyJA0EMKOCTh JUCITUIUIMHBI COCTABIISCT 2 3a4€THBIX C€IWHUII /2 aKaJ. 4acoB, B TOM
quce:
— KOHTaKTHas pabora — 6,4 akaj. 4acos:
— aynuTopHas — 6 akaJi. 4acos;
— BHeaynutopHas — 0,4 akaJ1. 4acoB;
— caMocCTosTeNbHAs paboTa — 61,7 aka. yacos;
— B (hopMe MpakTUIECKOM moaroToBku — 0 akaj. 4yac;,

— IMOATOTOBKA K 3a4éTy — 3,9 akaj. yac
dopma aTTecTaIiy - 3a4€T

AynuropHas s
KOHTaKTHas paboTa E 3 ®dopma TeKyILero
Pa3nen/ Tema 3 (B axaz. wacax) & E‘ Brg . KOHTPOIIA Kon
> 3 © | caMOCTOSITEIBHOM | yCIIeBaeMOCTH U
JACIATUTAHBL N £ ., | KoMIeTeHIuu
o & padoThI TIPOMEKYTOYHOH
na6. | mpaxr. | € &
Tlex. Z'g aTTecTaluu
3aH. 3aH. | O &
1. DneMeHTbI TEOPUH
MOTPEITHOCTEH (otm6oK)
re0/1e3NUECKUX U3MEPEHUN
YK-2.1,
YK-2.2,
VK-2.3,
Uzyuenwue YK-2.4,
o YK-2.5,
OCHOBHOH U K-1.1
1.1 OO6mwme cBeneHust 06 008 5 JTOTIOTHUTETHHON VYcTHBIH ompoc K-1. 2'
U3MEPEHHSX ' JIUTEPATYPHI 110 (cobecenoBanue) HK-1-31
JHCIUIIIINHE, 3 K-1. 4:
KOHCIICKTA JICKIITUH HK-Zl,
IK-2.2,
IK-2.3,
I1K-2.4
YK-2.1,
VK-2.2,
VK-2.3,
Nzyuenne ;’E_gg’
OCHOBHOI1 1 HK:llll
1.2 ITorpemmuocT JTOTIOTHUTETHHON VYcTHBIH ompoc )
o 4 10,08 2 MK-1.2,
pe3yJIbTaTOB NU3MEPEHUIA JIUTEPATYPHI 110 (cobecenoBanue) ITK-1.3
JUCIUIIIINHE, !
KOHCIEKTa JIEKIUH gi:%i:
MK-2.2,
IK-2.3,
I1K-2.4
VK-2.1,
VK-2.2,
VK-2.3,
Nzyuenne yK-2.4,
o VK-2.5,
OCHOBHOH U
. . IK-1.1,
13 3anaun TEOpUu 008 o | AOMOTHHTENbHOM YcTHBIHA ompoc K-1.2
HOTPELIHOCTEH U3MEpEeHHH ' nurepatypei o | (cobecemoBaHue) l'IK-l'3l
HCITUTUTAHE '
ZLKOﬁCHCKTa 5 IK-1.4,
MK-2.1,
IK-2.2,
MK-2.3,
I1K-2.4
Hroro 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 M
TOYHOT'O TIO0 BEPOSITHOCTH N VeTHB 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 Cpennsis Vsyuenue VK-2.4,
KBaJ[paTH4YeCKast . VK-2.5,
MOTPEIIHOCTh  pe3yJbTaTa OCHOBHOWH BHHOHHGHHGV IK-1.1,
OTIENBHOTO 0,08 0,21 JIOTIOJIHUTEILHOM MPAKTUIECKON MK-1.2
wsmepenns. Tipefebuas u JUTEPATYPHI 0 | pabOTHI U peleHne K-1.3,
OTHOCHTEIIbHAS KO??;:;ZH;;(ZHP,I 3afad 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 1 YK-2.5,
3.2 Beposrneiiniue JIOTTOJTHUTEILHOM BMHOHHeHHeV MK-1.1,
HOrpemHOCTH 0,08 0,21 THTEpATYpI IO MPaKTUIECKOH 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,
NsyueHnue
. YK-2.5,
4.1 Cpennss OCHOBHOM 1 Brinonnenne MK-1.1,
KBaJ[paTHyecKast 4 | 008 0,21 JIOTOJTHUTENHHOM MPaKTUYCCKOH TK-1.2
MOTPEIIHOCTD (dhyHKIIT JIUTEPATYpPhI M0 | paboOTHI U peleHne MK-1.3,
o01ero Buaa HMCLMILIAHE azaq
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,
KBapaTHICCKas OCHOBHOM H ) BLInonHeHHeu MK-1.1
MOTPEIIHOCTh MPOCTO# 0,08 0,21 3 JIOTIOTTHHATCIILHOH gpalcmqecxon I1K-1.2,
apupMeTHIecKon HH;ip i;ﬁ:;go b OTI’;; 5 SH.ICHI/IG IK-1.3,
CCpCAMHEL Koscn:KTa nem}nﬁ 8 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
. VK-2.5,
4.3 OreHka TOYHOCTH OCHOBHOM M Brmoanenue MK-1.1
pe3yNIbTaToOB YTJIOBBIX 008 021 3 JIOTIOJIHUTEIBHOMI MPaKTHICCKON HK-l.Zl
HU3MEpPEHHH B ' ' JIUTEPATYPHI IO | pabOTHI U peleHne HK-1:3:
TPUAHTYJISALHANA VCLUATIIINH q
P Koicrf:KTaﬂneKeI;Hﬁ e IK-1.4,
I1K-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 OneHka TOYHOCTH OCHOBHOM 1 Brinonaenue MK-1.1,
pes;:nLTaTOB psna 0,08 0,21 3 JIOTIOJIHUTEILHOM MPaKTUYECKOU MK-1.2,
JIBOMHBIX } PaBHOTOYHBIX JIUTEPATYPHI 0 | pabOTHI U peleHne MK-1.3
U3MEPEHHI HCIUATIINHE 3a1a4
P KOIi[CH(I:KTa JIeKI;I/Iﬁ ! 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,
YK-2.3,
VK-2.4,
N3yuenune
5.1 OOmas OCHOBHOM H YK-2.5,
apupmeTnyeckas JTIOTOJTHUTENHHOM Brmonsenue TK-1.1,
cepeuna Beca 0,08 0,21 3 SHTEpATYPHI 10 MPAKTUYECKUAX I1K-1.2,
. > pabot I1K-1.3,
pE3yJIbTAaTOB U3MEPEHHI JIACIATIIINHE, 5 NK-1.4
KOHCIIEKTA JIEKIHI MK-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,
KBaJ[paTHyecKast JIOTOJTHUTENHHOM Brmonsenue TK-1.1,
MOTPEIIHOCTD €IIMHHILIBI 0,08 0.21 3 JIUTEPATYPHI 10 TPAKTIHCCKHX [R-1.2,
Beca IUCLUILINHE pabot IIK-1.3,
KOHCIIEKTa nem}nﬁ TK-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 . Brimonsenne I1K-1.1,
MOTPEIIHOCTh U BEC 00IIeH 0,08 0,21 3 AOTIOMHUTEILHOH MPaKTUYECKUX I1K-1.2,
. JIUTEPATYPHI 110
apupMeTHIecKon pabot IK-1.3,
JUCIUILINHE,
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 Beruucnenue cpeaHen OCHOBHOI1 1 YR-2.5,
KBa/IPATHYECKOM JOTOJTHUTEIBHOM Brinosnerie MK-1.1,
MOTPEIIHOCTH  CHHUIIBI 0,08 0.21 3 JIUTEPATYPHI 110 TPAKTHICCKIX MR-1.2,
Beca JIUCITUTIIINHE pagor MK-1.3,
KOHCIIEKTa neKI;Hﬁ 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 HE3aBUCHUMBIX 0,08 0,21 3 AOTIONHHTCIEHOH MPAKTHYECKUX I1K-1.2,
JIUTEPATYPHI 110
apryMeHTOB [ — pabor 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/a
HAMMEHBIINX KBaJPaTOB
VK-2.1,
VK-2.2,
VK-2.3,
Nzyuenne YK-2.4,
. YK-2.5,
6.1 3amaua COBMECTHOTO OCHOBHOH 1 . Brinonnenue IIK-1.1,
YpaBHHUBAHUS HECKOJIBKMX 0,08 0,16 2 JIOTIOMHHUTCELHOH MPAKTHYECKUX I1K-1.2,
U3MEPEHHBIX BEJIMYNH JATCPATYPHI TTO pabot IK-1.3,
JIIACIATIIINHE,
KOHCIICKTA JICKIUI 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 Tlpunuun (crmocod) JIOTOJTHUTENHHOM Brmonsenue TK-1.1,
HalMEHBIIINUX KBaJApaToOB 0,08 0,16 2 JIATEpaTyphl 110 TIpAKTHICCKIX IK-1.2,
HCLIILIHHE pabot MK-1.3,
KOHCIIEKTa nem}nﬁ [K-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,ﬁzgg
6.3 KoppenatHblii crnocob noggggfl];:;bﬁoﬁ Brmonmenue TK-1.1,
) 0,08 0,16 MPaKTUYECKUX I1K-1.2,
YpaBHHBaHUS JIUTEPATYPHI 110 paGot IK-1.3,
JIUCHHAIIIINHE, 5 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,
I/ISy‘IeHIfe VK-25.
6.4 [Tapamerpuueckuit noggggzﬁgﬁbioﬁ Brmonmenue TK-1.1,
cnoco0 ypaBHUBaHHS 0,08 0,16 JIUTEPATYPHI 110 TpaKTHHCCKIX IK-1.2,
pabor I1K-1.3,
JUCIIUILINHE, § MK-1.4
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,
I/IsyquIZIe VK25,
6.5 Brruucnenue OCHOBHOH 1 . Brinonnenue I1K-1.1,
k0a(urmenTon 0,08 0,16 AOTIONHHTCIEHOH MPaKTUYECKUX I1K-1.2,
HOpPMaJIbHBIX YpaBHEHUIT JHTCPATYPPI 0 pabor IK-1.3,
JUCIIUILINHE, § K-1.4
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,
I/I3yqeﬂlile VK-2.5,
6.6 KoHTpOJIb BBIYHCICHUS OCHOBHOM 1 . Brimonnenne IIK-1.1,
k0a(durmeHToB 0,08 0,16 AAOTIOTHHTEIEHOH MPaKTUYECKUX I1K-1.2,
HOPMaJIbHBIX YpaBHEHU JIMTCEPATYPEL 1O pabor I1K-1.3,
JUCIUITIIINHE, . HK'14,
KOHCIIEKTA JIEKIH MK-2.1
I1K-2.2,
I1K-2.3,
[1K-2.4
VK-2.1,
VK-2.2,
VK-2.3,
VK-2.4,
Mayuerie VK-25,
OCHOBHOM H
6.7 Perenue HOpMabHBIX JIOIOJIHUTEIHLHON Brmonmenne IK-1.1,
o 0,08 0,16 MPaKTHYECKUX I1K-1.2,
ypaBHeHI/II/I HI/ITCpaTprI 110 pa60T HK'13,
JIACIATIIINHE, 5 TK-1.4
KOHCIICKTA JICKIIUHU HK'Zl,
I1K-2.2,
I1K-2.3,

IK-2.4




VK-2.1,

VK-2.2,
YK-2.3,
Uzyuenne YR-24,
OCHOBHOM U YK-2.5,
6.8 Kourpomb permeHus JIOTOJIHUTENBHOMN Brmonmenue TK-1.1,
N 0,08 0,15 2 MPAKTHYECKUX I1K-1.2,
HOPMAJIbHBIX YPaBHEHUIH HH;ipi;?;; 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  peleHus OCHOBHOH 1 N Brinonnenue I1K-1.1,
HOPMAaJIbHBIX  YpaBHEHHH 0,08 0,21 3 AOTIOMHUTELHO TIPAKTUYECKUX I1K-1.2,
JIUTEPATYPHI 110
no anropurmy K.®. I'aycca pabot MK-1.3,
JUCIIUILINHE,
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 BEIUYHUH U UX . Brimonnenne I1K-1.1,
(hyHKUNT pu 0,08 0,21 3,7 AOTIONHHTCIEHOH MPAKTHYECKUX I1K-1.2,
JIUTEPATYPHI 110
YpaBHUBaHUHU pabor IK-1.3,
JUCIIUILINHE,
KOppEJaTHBIM CIIOCOO0M KOHCIIEKTa JIEKLHiT [K-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 3a4éT
HToro no gucLuIinHe 2 4 61,7 3a4ueT




5 O0pa3oBaTte/ibHbIE TEXHOJIOTHH

Jing  peanu3zanuu  NPeAyCMOTPEHHBIX BHUJOB Y4eOHOHl paboThl B KayecTBe
o0pa3oBaTeNbHbIX TEXHOJOTUN B MpenofaBaHUM AUCUUILIUHBI «MaTemaTtuueckas oOpalboTka
pE3yJIbTAaTOB HU3MEPEHUI» HCIOJIb3YIOTCS TPAAULUMOHHAS W MOJYJIbHO-KOMIIETEHTHOCTHAS
TEXHOJIOTHH.

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

[IpakTrueckue paboTHI BHITOIHSIIOTCS CTYIGHTAMU IO BApUAHTaM.

CaMmocrosiTenbHass paboTa 3aKirO4aercs B MPOpabOTKE OTIEIbHBIX BOINPOCOB IPHU
W3YyYECHUU TUCLUIUJIMHBI U ITPU HOJATOTOBKE K CJlaye 3a4eTa.

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

7 OueHoYHbIe CPeCTBA IJIA IPOBEIeHUs POMEKYTOUYHOM aTTecTauuu
[IpencraBieHbl B IPUIOKEHUU 2.

8 YueOHo-MeTOAMYeCKOEe H HH(POPMALIMOHHOE O0ecneyeHue TUCIUIIMHbI (MO1YJIs1)

a) OcHoBHas1 IMTEpaTypa:

1. TamesnoB A.B., T'opnees B.A. Pa3BuTue Hay4HbIX HJEed B TOPHOM JeIe:
Mapxkuielinepus: Hay4dHas MoHorpadusa. — ExarepunOypr: VYpanbckuii TocyqapCTBEHHBIH
ropHbiii yauBepcuret, 2018. 559 c. https://www.elibrary.ru/item.asp?id=36292312

2. T'ony6be B.B. T'eome3us. Teopus MmaTemaTHueckoil 0OpaOOTKH TIeo/Ie3MYeCKUX
u3MepeHuil: Yued. s By30B. — M.: MOCKOBCKHI rocy1apCTBEHHbIH YHUBEPCUTET I'€0J€3UN U
kaprorpadum, 2016. 422 c. https://www.elibrary.ru/item.asp?id=30089838

3. JpsixoB, b.H. I'eonme3uss [Dnekrponuslii pecypc]: y4ueOnuk / B.H. [IpsikoB. —
OnektpoH. paH. — Cankr-IlerepOypr: Jlawp, 2019. — 416 c. — Pexum pgocryma:
https://e.lanbook.com/book/111205 .

0) lonotHuTEIBHAS TUTEPaTypa:

1. Mapxkyse, 10. U. Teopuss matemaruueckoil oOpabOTKU Ie0Je3NYECKUX U3MEPEHUH !
yuebHoe mocobue / FO. 1. Mapkyse, B. B. 'ony6eB. — Mocksa : Akagemudeckuii [Tpoekr, 2020.
— 247 ¢. — ISBN 978-5-8291-2981-1. — Tekcr : onektpoHubii // JlauHb
aNeKTpOHHO-OnbIHoTeynas cucrema. — URL: https://e.lanbook.com/book/132444

2. Ileppunbes, A. A. Teopust MmareMaTHuecKol 00pabOTKH T€0/1e3NIECKUX U3MEPEHUH !
ydaeonoe mocobue / A. A. IlepdunbeB. — Hosocubupck : CI'YBT, 2019. — 80 ¢. — ISBN
978-5-8119-0810-3. — Tekcr : anekTpoHHbIi // JIaHb : 3IEKTPOHHO-OMOIMOTEYHAS CUCTEMA. —
URL.: https://e.lanbook.com/book/147160

3. benukoB, A. b. Matemarndeckast 00paboTKa pe3yabTaTOB Ie0Ie3NIECKUX N3MEPEHHIA
: yueOHOe ocobue / A. b. benukos, B. B. Cumonsin. — 2-e u3n. — Mocksa : MUCU — MI'CY,
2016. — 432 c¢. — ISBN 978-7264-1255-9. — Tekcr : oanekrpouusii // Jlanb
aNeKTpOHHO-OMOIHoTeyHas cucrema. — URL: https://e.lanbook.com/book/73707.

4. UmxeHepHas reoje3us U reonHpopmatuka. Kparkuit kype : yueOnuk / M. 5. Bpbinb,
E. C. boromonoBa, B. A. Koyrus, b. A. JI€Bun ; nox pemakuueinr B. A. Koyrus. —
Cankt-Ilerepoypr : Jlamp, 2015. — 288 c. — ISBN 978-5-8114-1831-2. — Tekct
anekTpoHusli /[ JlaHb . DNeKTpoHHO-OMOmmoreynas  cuctema. —  URL:
https://e.lanbook.com/book/643245. Macios A.B., T'opaees A.B., barpakos 0.I'. I'eonesus:
yuebnuk. — M.: Konocce, 2006, 598 c.

B) MeTonuyeckue ykazaHus:

[IpencraBieHsl B IpUIOKEHUU 3.

r) [IporpammHoe obecneuenue u UHTepHeT-pecypceb:


https://www.elibrary.ru/item.asp?id=36292312
https://www.elibrary.ru/item.asp?id=30089838
https://e.lanbook.com/book/111205
https://e.lanbook.com/book/132444%202
https://e.lanbook.com/book/132444%202
https://e.lanbook.com/book/147160
https://e.lanbook.com/book/147160
https://e.lanbook.com/book/73707.%204
https://e.lanbook.com/book/73707.%204
https://e.lanbook.com/book/643245.%20Маслов%20А.В

https://www.elibrary.ru/item.asp?id=36292312 TanesnoB A.B., Topaees B.A.
Pa3Butne HayuHbIX uHIAEH B TOpHOM jene: Mapkmeidaepus: HaydHas MoHorpadgus. —
ExarepunOypr: Ypanbckuii rocyaapCTBEHHBIN TOpHBIN yHIUBepcuTeT, 2018. 559 ¢

https://www.elibrary.ru/item.asp?id=30089838 T'onyoeB B.B. I'eomesus. Teopus
MaTeMaTH4eCKOi 00pabOTKM TeoIe3nYecKiX u3MepeHuii: Yueb. ans By30B. — M.: MocKkoBcKuii
roCyJapCTBEHHBIN YHUBEPCUTET reojie3uu u kaprorpadumn, 2016. 422 c.

https://e.lanbook.com/book/111205 [esixkoB, B.H. I'eone3ust [DnexkTpoHHbBIH pecypc]:
yueOnuk / b.H. JIpsikoB. — Dnextpon. nan. — Caunkr-IlerepOypr: Jlans, 2019. — 416 c.

IIporpammHoe o0ecnieuenmne

Haumenosanue N
o Ne noroBopa CpoK JIeHCTBUS JTUIICH3UN
MS Office 2007 |, 135 o1 17.09.2007 GeccpouHo
Professional
7Zip CBOOOJHO PAacIpOCTPAHIECMOC 0OECCPOUHO

HpO(l)eCCI/IOHaJIbeIe 0a3bl JAaHHbIX " I/IHq)O]Z)MaIII/IOHHbIe CIIPaBOYHbIC CUCTEMBI

HazBsanue kypca CchblIKa
DnekTpoHHas 0a3a nepuoauyeckux minanuii East
View Information Services, OO0 «MIBHUC»

HamuonannHas I/IHQ)OpMaHHOHHO'aHaJ'II/ITI/ILIeCKaH

https://dlib.eastview.com/

cucrema — Poccuiickuii wunmexc wnayunoro|URL: https://elibrary.ru/project_risc.asp
uutuposanus (PMHII)

[TouckoBas cucrema Axamemusi Google (Google URL: https://scholar.qoogle.ru/

Scholar) ' : ' '

Poccniickas  I'ocynapcrbennas — OMOMMOTEKA. |y ./ rsl.ru/ru/4readers/catalogues/
Karamoru

IneKTpoHHEIe pecypehl bubmaorexn MITY mM.|p o most megaprolib.net/MP0O109/Web
I'.". Hocosa

9 MaTtepuaJbHO-TEXHHYECKOE o0ecTedeHne TUCIUTIHHBI (MOILYJIs1)

MarepuanbHO-TEXHHUECKOE 0OeclieueHue AUCUUIUINHBI BKITIOUAET:

VYuebHas ayauTopus A TPOBEICHUS 3aHATHH JIEKIMOHHOTO TUHa: TeXHUYecKue
cpeactBa oOOydeHHs, CHyXKalue Uil TpeACTaBiICHUS Y4eOHOW uHPoOpManuu OOJBIION
ayJUTOpUU: MYJbTUMEIUIHBIE CPEICTBA XpaHEHUs, Nepefayd U MpeACTaBICHHUS y4deOHOU
uHpopmanuu. Ciennaan3upoBaHHas MeOeb.

VYuyebHas ayauTopus A MPOBEACHUS MPAKTUYECKUX 3aHATHH TEKYIIEro KOHTPOJ U
IPOMEXKYTOUHOM arrecTanuu: TexHuueckue cpercTBa o0yueHus, ClysKalie s IpeCcTaBlIeHus
yueOHOo nHpopManuu OOBIION ayTUTOPUN: MYJIbTUMEIUNHHBIE CPEICTBA XPAHEHHUS, TIepelaun 1
npecTaBieHus yueoHoi nuopmanyu. Crnenuann3upoBaHHasi MeOelb.

VYuebHas ayauTopus A TPYNNOBBIX M MHAUBUAYAJIbHBIX  KOHCYJbTAlUM:
Kommerotepnass texuuka ¢ makerom MS Office, ¢ monkirouenuem k cetn «MHTepHET» U C
JOCTYIIOM B 3JIEKTPOHHYIO HH(POPMAITMOHHO-00pa30BaTENbHYIO CpPEly YHUBEPCUTETA.

CreunanusupoBaHHas MeOeb

ITomemienue ans camocTosiTeNbHOW paboThl: KoMmbroTepHas TexHHKa ¢ makerom MS
Office, ¢ mnoakmouenneM k cetd «VHTepHET» W ¢ JOCTYIOM B  3JIEKTPOHHYIO
UH(POPMALIMOHHO-00pa30BaTeNbHYIO cpelly YyHUBepcuTeTa. Crieraan3upoBaHHas MeOeb.

[Tomemenue ans XpaHeHuss U HpoduIaKkTHUYecKoro obcmyxkuBanus: Creiiaxu i
XpaHeHHs y4eOHO-HarJIsIHbIX TOCOOui U yueOHO-METOJMUECKON TOKyMEHTAIIUH.


https://www.elibrary.ru/item.asp?id=36292312
https://www.elibrary.ru/item.asp?id=30089838
https://e.lanbook.com/book/111205
https://dlib.eastview.com/
https://elibrary.ru/project_risc.asp
https://scholar.google.ru/
https://www.rsl.ru/ru/4readers/catalogues/
https://host.megaprolib.net/MP0109/Web

ITpunoxxenue 1

6 YueOHO-MeTOAMUYECKOE 0OOecTieueHHe CAMOCTOSITEIbHOI Pa0oThl 00y4aO U XCS

AynuTopHas CcaMOCTOSITENIbHAass paboTa CTYACHTOB Ha NPAKTHUYECKUX 3aHSATHUSIX
OCYIIIECTBIISIETCSl TOJ KOHTPOJIEM IMpenojaBaTelis B BUJE PEUICHHsS 33Jad M BBINOJHEHUS
yIpaXHEHUH, KOTOpPbIE ONPEEIIAET IPENoAaBaTesb A CTYACHTA.

CamocTrosTrenbHas paboTa CTYAEHTOB OCYIIECTBISICTCS B BHJE UYTEHUS JUTEPATyphl 110
COOTBETCTBYIOILIEMY pa3Jielly ¢ MpOpabOTKOW MaTepHraia U BBIMOJHEHHS JOMAIIHUX 33aJaHUN C
KOHCYJIbTAIMSIMU MPENO1aBaTesl.

Bunst @OpMBI KOHTPOJIA
Brinonnenue npakTuyeckux padoT [IpoBepka u 3ammra paboT
[Touck nonoMHUTENBHON HHPOPMAIUH 110 [IpakTnueckue padboThI

3aaHHoi TeMe (paboTa ¢
oubnorpadguueckuM MaTepraIamH,
CIPAaBOYHHKAMH, KaTaJIOTaMH, CIIOBapsIMH,
SHIUKJIONEUSIMHU )

IIpumepHBbIii IepeYeHb TEOPEeTHYECKUX BONPOCOB K 3a4ETy:

1. 3apaum nucuurminnbel «MaTtemaTrueckas 00paboTKa pe3yabTaTOB U3MEPEHU»

2. YrTo MOHMMAIOT IO/ U3MEPEHUEM (PU3HUECKON BETHUUHBI?

3. Kakue nzmepeHus Ha3pIBalOT MPSMBIMH, KOCBEHHBIMU, PABHOTOUYHBIMU U
HEPaBHOTOYHBIMU?

4. Yo sBNsETCS pe3yIbTaToOM U3MEpEeHHUs?

5. Uro moHMMaeTcs moj| OMUOKON (TOTPEITHOCTHIO) pe3yiIbTaTa U3MEepEeHUs?

6. Kakue ommOku Ha3pIBalOTCS TPYOBIMH, CUCTEMAaTHUECKUMHU, CITydaifHbIMU?

7. Kaxk BbIUHMCINTH BEpOSITHEWIIEE 3HAUEHNE U3MEPSEMON BEJTMUMHBI 110 pe3yjIbTaTaM

MHOT'OKPaTHBIX PAaBHOTOUHBIX U3MEPEHUNA?

8. CpenHsist KBaJpaTHUECKas OMIMOKA Pe3yIbTaTOB PaBHOTOUYHBIX H3MEPEHHIA: (hOPMYITBI
I'aycca, beccenst, Deppepo.

9. Cpennsist KBagpaTHUECcKas OMMOKa (GYyHKIIMN H3MEPEHHBIX BEJIHYHUH.

10. Cpenusist kBagpaTHueckas OlMOKa pe3yabTaToOB IBOMHBIX PABHOTOUHBIX U3MEPEHHH.

11. Cpennss kBagpaTuyeckas olimoKa IpocToi apupMeTHnIecKoi cepeinHbI.

12. Obuas apudmerndeckas cepeHa.

13. Cpennsist KBagpaTHUeCcKasi OIMOKA €TMHHIIBI Beca.

14. Cpennsist KkBagpaTHueckas omnOKa U Bec 001elt apupMeTndeckoil cepeIuHbl.

15. Yro noHumaeTcs 1noji ypaBHUBaHUEM PE3yJIbTaTOB U3MEPEHUI?

16. YpaBHuBaHME U OLIEHKA TOYHOCTH HAIIPABICHUNA, N3MEPEHHBIX Ha CTAaHIIMU CIIOCOOOM
KPYT'OBBIX IIPUEMOB.

17. Yto siBAsieTcs yCIOBUEM U IPUYMHOM BOZHUKHOBEHHUS 337]aull YpaBHUBAHU?

18. IpuHIMIT HAMMEHBITNX KBaJApPaTOB.

19. KoppenatHslii cioco0 ypaBHUBaHUS.

20. IMapameTpuvecknii crioco0 ypaBHUBaHUSI.

21. Kak cocTaBiIsIIOT yCIOBHbIE YpaBHEHUS?

22. Kak cocTaBiIsIFOT HOpMaJIbHBIC YPaBHEHUS M BEIYUCIAIOTCS KO3 PHUIIMEHTH HOpMaIbHBIX
ypaBHEHH?

23. Anroputm K. @. I'aycca penieHust CHCTEM HOPMaJIbHBIX YPaBHEHUH?

24. KoHTpOb pelieHus] HOpMaJIbHBIX YPaBHEHUH.

25. OneHKa TOYHOCTH U3MEPEHHBIX BEJIMYMH U UX (QYHKIMH IPH ypaBHUBAHUU KOPPEJIATHBIM
CIIOCOOOM.



[Ipunoxenue 2

7 OneHOYHbIE CPeCTBA ISl IPOBEIeHNsI POMEKYTOYHOH aTTecTallun

a) [lnanupyembie pe3yJbTaThbl 00yUYeHHs U OLlEHOYHbIE CPEACTBA ISl POBEACHUSA NMIPOMEKYTOUHON ATTeCTAlUM:

Kon
WHJIUKaTOpa

Nupukatop A0CTHXKEHUS
KOMIIETEHIINI

O1neHOYHBIC CPEICTBA

YK-2 Cnioco6eH yrpaBisiTh IPOSKTOM Ha BCEX dTarax ero >KH3HEHHOTO UK

YK-2.1

Q@opMynupyeT Ha  OCHOBE
MOCTaBJIEHHON poOIeMBbI
IIPOEKTHYIO 3aJad4y U CIOco0
ee peleHus qepes
peanu3anuio MIPOEKTHOTO
yTpaBJIeHUS

NoogokrwnpE

10.
11.
12.
13.
14.
15.
16.
17.
18.
19.
20.

Ilpumepnbulil nepeuens meopemuuecKux 60NPoOCo8 K 3auémy:

3anaun qucuuIuinHbl «MaTtemaruueckas o0paboTKa pe3yabTaTOB U3MEPEHUII»

UTo MOHMMAIOT MO/ U3MEPEHNEM (PU3NUECKON BETUUNHBI?

Kaxue usmepenus Ha3bIBaIOT IPSIMbIMU, KOCBEHHBIMH, PABHOTOYHBIMU 1 HEPABHOTOUYHBIMU?

Yro sBiseTCS pe3ysIbTaTOM U3MEPEHUs?

Urto moHUMaeTCs o1 OMIMOKOH (ITOTPENTHOCTHIO) PE3yNIbTaTa U3MEPEHHUs?

Kakue ommOku Ha3bIBatOTCS TPYOBIMH, CUCTEMAaTHUECKUMHU, CITy4aifHbIMU?

Kak BeIuuCINTh BeposdTHENIIIee 3HAaUEHUE U3MEPSIEMOMN BEJIMUUHBI [0 Pe3yJIbTaTaM MHOTOKPATHBIX
PaBHOTOYHBIX U3MEPEHUN?

Cpennsist kKBagpaTuieckas ourOka pe3ysbTaToB paBHOTOYHBIX U3MepeHuid: popmyinl ['aycca, beccens,
®deppepo.

Cpennsist kBaapaTuieckas omroOka (pyHKINY U3MEPEHHBIX BEJTUYMH.

Cpennsis KBafipaTHyecKasi OINOKa pe3yabTaToOB IBOMHBIX PABHOTOYHBIX U3MEPEHUI.

Cpennsist KBaapaTuieckas olrOka npocToil apupMeTH4ecKon cepeHbl.

Oo6mas apudmernyeckas cepenHa.

Cpennsist KBagpaTuieckas onrOka eTuHHUIIbI Beca.

Cpenusist KBafipaTHyecKast olnOKa U Bec 001Iei apumMeTnyeckoil cepeIuHbl.

Uto noHMMaeTcs ol ypaBHUBAHUEM PE3YIbTATOB H3MEPEHUI?

YpaBHUBaHHE U OLIEHKA TOUHOCTHU HAIPaBJICHUH, N3MEPEHHBIX HA CTAaHIIMH CIIOCOOOM KPYTOBBIX MPUEMOB.
UYro sABIISIETCS YCIOBUEM U IPUYUHOM BOZHUKHOBEHUS 3a/1a4M YPAaBHUBAHUA?

[IpyHIMI HAUMEHBIINX KBAIPATOB.

Koppenarsslii cnioco0 ypaBHUBaHUS.

[TapameTpuueckuii cnocod ypaBHHUBaHUS.




Kon
WHJMKaTOpa

Nuaukatop AoCTHXEHUS
KOMIIETEHIINN

OrneHOYHBIC CPEICTBA

21.
22.
23.
24,
25.

Kak cocTaBisitoT ycinoBHbIE ypaBHEHUS?

Kak cocTaBisitoT HOpMaJIbHbIE YPABHEHUS M BBIUUCIIAIOTCSA KO3()PULIMEHTH HOPMaJIbHBIX YPaBHEHUI?
AnroputMm K. @. I"aycca penienust cucteM HOpMaJIbHBIX YPaBHEHUN?

KoHTposb perieHnss HOpMaJIbHbIX YpaBHEHUIA.

O1neHKa TOYHOCTH MU3MEPEHHBIX BEJIMYMH M WX (PYHKIMIA IpHU ypaBHUBAHUU KOPPETATHBIM CIIOCOOOM.

YK-2.2

Pa3pabartbiBaet
POEKTa B pamKax
0003HauUeHHOH  TPOOJIEMBI:
dbopmynupyeT IeNnb, 3aJauu,
00OCHOBBIBACT AKTYaJIbHOCTb,
3HaYMMOCTb, OKH/TaeMble
pe3yibTaThl U BO3MOXHBIC
cdepbl UX IPUMEHEHUS

KOHIICIIIIUIO

NoogkrwbdPE

10.
11.
12.
13.
14.
15.
16.
17.
18.
19.
20.
21.
22.

Ilpumepnwiii nepeuens meopemuuecKux 60npoco6 K 3auémy:

3ajauu TuCHUILIMHBI «MaTtemaTuyeckas 00paboTka pe3yabTaToB U3MEPEHUI»

UTo MOHUMAIOT MO U3MEPEHNEM (PU3UUECKON BETHYNHBI?

Kaxue usmepeHns Ha3bIBaIOT NPSIMBIMU, KOCBEHHBIMHU, PABHOTOYHBIMU U HEPABHOTOYHBIMU ?

Uro sBsieTCs pe3ysIbTaTOM U3MEpEHus?

Yrto noHUMaeTcs 1o OIMOKOM (IOTrPELIHOCThIO) Pe3ylbTaTa U3MEpPEeHUs?

Kakne ommOku Ha3bIBaIOTCS TPYOBIMH, CUCTEMATHUECKUMHU, CITy9aifHBIMU?

Kak BpIUMCINTE BEpOATHENIIEE 3HAUEHNE U3MEPSIEMOI BEJIMUNHBI 110 PE3yJIbTaTaM MHOTOKPAaTHBIX
PaBHOTOYHBIX U3MEpPEHUIT?

Cpennsis kBagpaTHyecKas olnOKa pe3yabTaToB paBHOTOUHBIX U3MepeHuit: popmyisl [aycca, beccens,
®deppepo.

Cpenusis KBagpaTHuecKas omnOKa GYHKIIUN U3MEPEHHBIX BEJINYMH.

Cpennsist KBaapaTHieckasi OlIMOKa pe3yJibTaTOB IBOMHBIX PAaBHOTOYHBIX U3MEPEHUH.

Cpennsis KBagpaTHyecKast omnOKa NpocToi apupMeTHYeCKOi cepeIuHblI.

O6mras apudmeTndeckas cepeinHa.

Cpennsis KBafpaTHyecKas OmMOKa eTUHHIIBI Beca.

Cpennsist kBagpaTudeckas omroka 1 Bec oOuieit apupMeTuueckon cepeuHbl.

Yro noHMMaeTcs MoJ| ypaBHUBAaHUEM PE3YJIbTATOB U3MEPEHUN?

VYpaBHHBaHHUE U OIIEHKA TOYHOCTH HANPaBJICHUN, N3MEPEHHBIX Ha CTAHIIMH CITIOCOOOM KPYTOBBIX MPUEMOB.
UYro sBAsETCS YCIOBUEM U IPUYMHON BO3ZHUKHOBEHUS 3a7ja4ull ypaBHUBAHUA?

[IpuHIMI HaMMEHBIINX KBaJIPaTOB.

KoppenaThslii criocod ypaBHUBaHHUS.

[TapameTrpudeckuii crmoco® ypaBHUBaHHUS.

Kak cocTaBisitoT yCloBHbBIE YpaBHEHMS?

Kak cocTaBisitoT HOpMalibHbIE YpaBHEHHUS U BBIUUCISIIOTCS KOO PUIIMEHTH HOPMAJIbHBIX YpaBHEHUN?




Kon

NHaukaTop AO0CTHIKEHUS

OrneHOYHBIC CPEICTBA

WHJIMKATOpa | KOMIIETCHIUI
23. Anroputm K. @. I'aycca pemieHust cucreM HOpMaibHBIX YPaBHEHUHN?
24. KOHTpOJIb pelIeHusl HOpPMaJIbHbIX YPABHEHUH.
25. OneHKa TOYHOCTH H3MEPEHHBIX BEIMYHMH U UX (QYHKIUH NPH YpaBHUBAHUH KOPPEIATHBIM CITIOCOOOM.
Ilpumepnulii nepeuens meopemuuecKux 60nPOCo8 K 3auémy:
1. 3agaum nucnunianHbl «MaremaTuyeckas 00paboTka pe3yabTaToB U3MEPEHUI»
2. Yrto MOHMMAIOT MO U3MEPEHNEM (PU3UUECKON BETHUNHBI?
3. Kakue n3mepenus Ha3bIBaIOT NPSMBIMU, KOCBEHHBIMH, PABHOTOYHBIMU U HEPABHOTOYHBIMU?
4. Uro sBIsieTCs pe3yabTaTOM U3MEPEHHUs?
5. UYro nmoHumMaercs moJi ouMOKo# (IIOrpeIHOCThIO) pe3yibTaTa U3MEpEeHUs?
6. Kakue ommOKu Ha3bIBAIOTCS TPYOBIMH, CHCTEMAaTHUECKUMHU, CITy9aifHBIMU?
7. Kak BbIYMCINUTE BEpOsITHEMIIIEE 3HAUEHUE U3MEPSIEMOM BEJTMUMHBI 110 PE3yJIbTaTaM MHOIOKPATHBIX
PaBHOTOYHBIX U3MEPEHUI?
8. CpenHss KBagpaTHUecKas olMOKa pe3ysbTaTOB PABHOTOUHBIX U3MepeHuil: popmynsl ['aycca, beccens,
PazpaOaTbiBaet IU1aH Peppepo.
peAI3ALHH IPOCKTA C YICTOM 9. CpenHss kBagpaTHUecKas olmMOKka GyHKIUU U3MEPEHHBIX BEHIHH. }
10. Cpemusist kBajipaTHyecKast OIMOKa Pe3yIbTaTOB TBOMHBIX PABHOTOYHBIX H3MEPEHHIA.
YK-2.3 BOSMOHDIX pHeKon 11. Cpennss kBagpaTHyecKas OlIMOKa MPOCTON apu(pMETUIECKON CepeIuHBl.

peanu3auu U BO3MOYKHOCTEU
UX YCTpaHEHHUs, IUIAHUPYET
HEOOXOIUMBIE PECYPCHI

12. O6mias apudmeTrueckas cepeIuHa.

13. Cpennsis kBagpaTuyeckas olmOKa eIMHUIIBI Beca.

14. Cpennsist kBaspaTHUeCcKas OIIMOKa U Bec 001el apuMeTUIecKon CepeINHBbI.

15. Yto noHumaeTcs Mo ypaBHUBAaHUEM PE3YJIbTaTOB U3MEPEHUI?

16. YpaBHUBaHHE U OI[EHKA TOYHOCTH HAIIPABICHU, H3MEPEHHBIX Ha CTAHIIMU CIIOCOOOM KPYTOBBIX MPHEMOB.
17. Yto siBAsieTcs yCIOBUEM U IPUYMHOM BOZHUKHOBEHUS 337a4ll ypaBHUBAHU?

18. TIpuHIMIT HAMMEHBIINX KBA/IPATOB.

19. KoppenatHslii cioco0 ypaBHUBaHUS.

20. [NapameTpudecknii Crioco0 ypaBHUBaHUSI.

21. Kak cocTaBisIOT YCIOBHBIE YPAaBHEHUS?

22. Kak coCTaBJIsIOT HOpMaJIbHBIC YPaBHEHUS U BBIYHCISIFOTCS KOAPPHUIIMEHTH HOPMaJIbHBIX yPaBHEHUH?
23. Anroputm K. @. I'aycca perieHust cucreM HOpMaJbHBIX YpaBHEHUN?

24. KoHTpoITh penieHus HOpMaJIbHBIX YPaBHEHUH.




Kon
WHJMKaTOpa

Nuaukatop AoCTHXEHUS
KOMIIETEHIINN

OrneHOYHBIC CPEICTBA

25. OneHKa TOYHOCTH U3MEPEHHBIX BEIMYHMH U X (YHKIUH IPU YPaBHUBAHUH KOPPEIATHBIM CIIOCOOOM.

YK-2.4

OcyuecTBisieT MOHMTOPUHT
X0Jla pealu3alliu IPOeKTa,
KOPPEKTHPYET  OTKJIOHEHWUS,

BHOCHUT JOIIOJIHUTCIIbHBIC
HU3MCHCHUA B IJ1aH
peajm3anuun ITPOCKTAa,
YTOYHACT 30HBI

OTBETCTBEHHOCTH YYaCTHUKOB
IIPOEKTa

Hpumepnbu? nepeuenb meopemudecKux 60npocos K 3atté'my:

3ajaun qucHUILIMHBL «MaremaTuuyeckas 00paboTka pe3yabTaToB U3MEPEHUI»

UTo MOHUMAIOT O] U3MEPEHNEM (PU3UUECKON BETHYNHBI?

Kakue nzmepeHus Ha3bIBalOT NPSMBIMU, KOCBEHHBIMH, PABHOTOYHBIMU U HEPABHOTOYHBIMU?

Uro sBsieTCs pe3ysIbTaTOM U3MEpPEHUs?

UYrto noHMMaeTcs 1o OIMOKOM (IOTrPELIHOCThIO) Pe3ysbTaTa U3MEpPEeHUs?

Kakne ommOku Ha3bIBaIOTCS TPYOBIMH, CUCTEMATHUECKUMHU, CITy9aifHBIMU?

Kak BbIUMCINTE BeposITHEHIIIee 3HaU€HHE U3MEPSIEMOM BETMUUHBI 10 Pe3yJIbTaTaM MHOIOKPATHBIX

PaBHOTOYHBIX U3MEPEHUIT?

8. CpenHss KBagpaTHyeckas ouIMOKa pe3yslbTaToB PaBHOTOUYHBIX U3MepeHuil: popmynsl ['aycca, beccens,
®deppepo.

9. CpenHnsas kBagpaTHueckas omMOka GyHKIUN U3MEPEHHBIX BETMYHH.

10. Cpemnsis kBajipaTHyecKast OIMOKa Pe3yIbTaTOB TBOMHBIX PABHOTOYHBIX H3MEPEHHI.

11. Cpenuss kBagpaTHyecKas omnOKa NpocTol apu(pMETHUECKON CepeIUHBI.

12. O6mias apudmernaeckas cepenyHa.

13. Cpennss kBajpaTuyeckas OmMOKa eJMHULBI Beca.

14. Cpennsist kBagpaTHUeCcKas OIIMOKa U Bec 001el apudMeTUIecKon CepeIHBbI.

15. Yto noHumaeTcs Mo ypaBHUBAaHUEM PE3YJIbTaTOB U3MEPEHUI?

16. YpaBHUBaHHE U OIIEHKA TOYHOCTH HAIIPABIICHHIA, H3MEPEHHBIX HA CTAHIIMH CIIOCOOOM KPYTOBBIX MPUEMOB.

17. Yto siBNsieTcs yCIOBUEM U NPUYMHOM BOZHUKHOBEHUS 337a4ll ypaBHUBAHUs?

18. TIpuHIMIT HANMEHBIINX KBA/IPATOB.

19. KoppenatHslii cioco0 ypaBHUBaHUSI.

20. TTapameTpuyeckuii criocod ypaBHUBAHHUS.

21. Kak cocTaBisIOT YCIOBHBIE YPaBHEHUS?

22. Kak cocTaBIsIOT HOpMaJIbHBIE YPaBHEHUS U BBIYHCIISIFOTCS KO PHUIIMEHTH HOPMAJIHHBIX YpaBHEHHUN?

23. Anroputm K. @. I'aycca perieHust cucreM HOpMajbHBIX YpaBHEHUN?

24. KoHTpOITh penieHus HOpMalbHBIX YPaBHEHUH.

25. OneHka TOYHOCTH U3MEPEHHBIX BEIMYMH U X (GYHKUIUH NPU YpaBHUBAHUH KOPPEIATHBIM CIIOCOOOM.

NoogkrwdE




Kon
WHJMKaTOpa

Nuaukatop AoCTHXEHUS
KOMIIETEHIINN

OrneHOYHBIC CPEICTBA

YK-2.5

[lpennaraer mpouenypsl Hu
MEXaHM3MBbl OLIEHKH KauecTBa
poeKTa, UHPPACTPYKTYypHBIE
yCIOBUSL AN BHEAPEHUs
pE3yJIBTAaTOB IPOEKTA

NoookrwnpE

10.
11.
12.
13.
14.
15.
16.
17.
18.
19.
20.
21.
22.
23.
24,
25.

Ilpumepnbulii nepeuens meopemuuecKux 60nPoco8 K 3auémy:

3amaun aucuIuimHbl «MaTteMaTrueckas 00paboTKa pe3yabTaToB H3MEPEHHI

UT0 MOHUMAIOT 1O U3MEepeHnEeM (PU3NIECKON BETUINHBI?

Kaxue usmepeHus Ha3bIBaOT IPSIMbIMU, KOCBEHHBIMH, PABHOTOYHBIMU 1 HEPABHOTOUYHBIMU?

Yro sBiseTCs pe3ysIbTaTOM U3MEPEHUs?

Urto moHUMaeTCst o1 OMIMOKOH (ITOTPENTHOCTHIO) PE3yNIbTaTa U3MEPEHHUs?

Kakue ommOku Ha3bIBatOTCS TPYOBIMU, CUCTEMAaTUUECKUMHU, CITydaifHbIMU?

Kak BpluuCINUTh BepoATHENIIEE 3HAUEHUE U3MEPSIEMOM BEJIMUMHBI 10 PE3yJIbTaTaM MHOTOKPATHBIX
PaBHOTOYHBIX U3MEPEHUI?

Cpennsisi KBaipaTHyecKast OIMOKa pe3yabTaToOB paBHOTOYHBIX U3MepeHuid: popmyisl ["aycca, beccenns,
®eppepo.

Cpenusisi KBagpaTHuecKas OIMOKa GYHKIIMU H3MEPEHHBIX BEJINYHH.

Cpennsis KBapaTHyecKasi OINOKa pe3yabTaToOB IBOMHBIX PABHOTOUYHBIX U3MEPEHUI.

Cpennsist kKBagpaTuieckas oroka npocToil apupmMeTH4eckon cepeuHbl.

OOmast apudmernyeckas cepeivHa.

CpenHsist KBagpaTuieckas olrOKa eTMHHUIIbI Beca.

Cpenusis KBafpaTHyecKas omnOKa 1 Bec o01eil apupmMeTnyeckoil cepeIuHbl.

Urto noHMMaeTcs oJ] ypaBHUBAHUEM PE3YJIbTATOB U3MEPEHUI?

YpaBHUBaHME U OLIEHKA TOUHOCTHU HAINpaBJIEHUH, N3MEPEHHBIX HA CTAaHIIMH CIIOCOOOM KPYTOBBIX PUEMOB.
Uro sBsieTCs yCIOBUEM U MPUYMHON BO3HUKHOBEHUS 33]1a4l YpaBHUBAHUA?

[IpyHIMI HaMMEHBIINX KBAIPaTOB.

Koppenaruslit cnoco0 ypaBHUBaHUS.

[TapameTpuueckuii cioco0 ypaBHUBaHUS.

Kak coctaBnstoT yciioBHbIE ypaBHEHUS?

Kak cocTaBisitoT HopMaJlbHbIE YPaBHEHUS M BBIYUCIAIOTCSA KO3 PUIIMEHTH HOPMAIbHBIX YpaBHEHUI?
AnroputMm K. @. ["aycca pemeHnst cicteM HOpMaJIbHbIX YPaBHEHUIN?

KoHTpo:b pemienns HopMaabHbIX YPaBHEHUIA.

OneHkKa TOYHOCTH U3MEPEHHBIX BEJIMYMH U UX QYHKUIMH IpH YpaBHUBAHUU KOPPEIATHBIM CIIOCOOOM.




Kon Nuaukatop AoCTHXEHUS

N OlLieHOYHbIE CPEACTBA
WHJMKATOpa | KOMIIETCHIINM

ITK-1 CriocoGeH BBITIONHATH MHKEHEPHO-TEOAC3NIECKIE U3bICKAHUS, TUIAHUPOBATH PA3BUTHE TOPHBIX pa0OT, OCYIIECTBISITh MAPKIIEHASPCKUN KOHTPOJIb
COCTOSIHUS TOPHBIX BBIPAOOTOK, 3MaHUI COOPYKEHUH 1 3¢MHON MOBEPXHOCTH Ha BCEX 3Tarax OCBOCHHS M OXpaHbl HEAP ¢ 0OecrieueHueM MPOMBIIIIICHHON U
HKOJIOTUYECKOI 0€30MmacHOCTH

IlIpumepnwiii nepeuens meopemuuecKkux 60npoco6 K 3auémy:

3ajauu TuCHUILIMHBI «MaTtemaTuyeckas 00paboTka pe3yabTaToB U3MEPEHUI»

UTo MOHMMAIOT IO/ U3MEPEHUEM (PU3UIECKON BETHUNHBI?

Kaxue usmepeHus Ha3bIBaOT IPSIMbIMU, KOCBEHHBIMH, PABHOTOYHBIMU M HEPAaBHOTOYHBIMU?

Uro sBsieTCs pe3ysIbTaTOM U3MEpEHus?

UYro noHUMaeTcs 1o OIMOKOM (IOTrPELIHOCThIO) Pe3ysbTaTa U3MEpPEeHUs?

Kakne ommOku Ha3bIBaIOTCS TPYOBIMH, CUCTEMATHUECKUMHU, CITy9aifHBIMU?

Kak BpIUMCIINTE BEpOATHENIIEE 3HAUCHUE U3MEPSIEMOM BEJIMUUHBI 10 PE3YJIbTaTaM MHOTOKPATHBIX
PaBHOTOYHBIX U3MEpPEHUIT?

8. CpenHss KkBagpaTHuecKkas omMOKa pe3ysbTaTOB PAaBHOTOUHBIX U3MepeHuil: popmynsl ["aycca, beccens,

Noogk~wbdPE

Cocrasisier IIPOEKTHI
®deppepo.
HPOM3BOJICTBA
MapKIICHISPCKIX " 9. CpenHss kBagpaTHuecKkas omMoka GyHKIUU U3MEPEHHBIX BEIUYUH.
MK-1.1 10. Cpemusis kBajipaTHyecKast OIMOKa Pe3yIbTaTOB TBOMHBIX PABHOTOYHBIX H3MEPEHHI.
-1 reoIe3NIECKUX pabor, 11 C 5 . o N
. Cpenusis kBagpaTHyecKasl OmnOKa MpocToi apu(pMeTUIECKON CepeIuHbl.
OCYIIECTBIISIET KOHTPOIb 3a Pl P p P ped
12. O6mias apudmernaeckas cepenuHa.
BBINOJIHEHUEM

13. Cpennss kBajpaTUyeckas omMOKa eJMHULBI Beca.

14. Cpennsisi kBajjpaTUUEeCKas OIIMOKA U BeC 001Iel apuMEeTUIeCcKO CepeaHbI.

15. Yto noHumaeTcs Moji ypaBHUBAaHHEM PE3YJIbTaTOB U3MEPEHUI?

16. YpaBHUBaHHE U OI[EHKA TOYHOCTH HAINPaBJICHUH, H3MEPEHHBIX Ha CTAHIIUU CIIOCOOOM KPYTOBBIX MPHEMOB.
17. Yto siBAsieTcst yCIOBUEM U IPUYMHOM BOZHUKHOBEHUS 337a4ll ypaBHUBAHU?

18. TIpuHIMIT HANMEHBIINX KBAJAPATOB.

19. KoppenatHslii cioco0 ypaBHUBaHUS.

20. [NapameTpudecknii crioco0 ypaBHUBaHUSI.

21. Kak cocTaBisIOT YCIOBHBIE YPaBHEHUS?

22. Kak coCTaBJIsIIOT HOpMaJIbHBIE YPaBHEHUS U BBIYUCISIFOTCS KOAPPHUIIMEHTH HOPMaJIbHBIX YpaBHEHUH?
23. Anroputm K. @. I'aycca penieHust cuicteM HOpMaJlbHbIX YpaBHEHUN?

M3BICKATEIIbCKUX padoT




Kon
WHJMKaTOpa

Nuaukatop AoCTHXEHUS
KOMIIETEHIINN

OrneHOYHBIC CPEICTBA

24. KoHTpOJIb pelieHusi HOpMalbHbIX YPaBHEHUH.
25. OueHKa TOYHOCTH U3MEPEHHbIX BEIMYMH U UX (YHKUUHI IPH ypaBHUBAHUU KOPPEJIATHBIM CIIOCOOOM.

[1K-1.2

[Imanupyer pa3BUTHE TOPHBIX
paboT M KOHTPOJUPYET
COOTBETCTBUE (DaKTHUUECKOTO
pasBUTHSL  TOPHBIX  paboT
IpOEKTaM U  KaJeHJapHbIM
TIaHaM

Ilpumepnbulii nepeuens meopemuuecKux 60nPoco8 K 3auémy:

3agaun qucuuIuHbl «MareMmatuyeckast 00paboTka pe3yabTaTOB U3MEPEHUN

UYTo MOHMMAIOT MO U3MEPEHUEM (PU3NUECKON BETUUUHBI?

Kaxue usmepenus Ha3bIBaIOT IPSIMbIMU, KOCBEHHBIMH, PABHOTOYHBIMU 1 HEPABHOTOYHBIMU?

UYro sBnseTcs pe3ynbTaToOM U3MEpEeHus?

Urto moHUMaeTCs o1 OMIMOKOH (ITOTPENTHOCTHIO) PE3yNIbTaTa U3MEPEHHUs?

Kakue ommOku Ha3bIBatOTCSA TPYOBIMH, CUCTEMATHUECKUMHU, CITy4aiiHbIMU?

Kak BpluuCINTh BeposATHENIIEE 3HAUEHUE U3MEPSIEMOM BEJIMUUHBI 10 PE3yJIbTaTaM MHOTOKPATHBIX

PaBHOTOYHBIX U3MEPEHUI?

8. CpenHsas kBagpaTHUecKas ommOKa pe3yJIbTaTOB PABHOTOYHBIX M3MepeHuit: popmynsl ['aycca, beccens,
®deppepo.

9. CpenHnsas kBagpaTHdeckas ommoOka GyHKIINYA H3MEPEHHBIX BETHUHH.

10. Cpennss kBaspaTUyecKast OIMOKa pe3yabTaTOB JBOMHBIX PABHOTOUHBIX U3MEPEHUH.

11. Cpennsis kBagpaTuyeckasi olmoKa NpocToi apu(pMeTuIecKoil cepeinHbI.

12. O6mas apudmernueckas cepeuHa.

13. Cpennsist KBajpaTuyecKas OIMOKa eMHULIBI BEca.

14. Cpennsis kBajipaTUyeckast olnOKa U Bec o011ei apudMeTnueckoil cepeuHsbl.

15. Yto noHumaeTcs noj ypaBHUBaHUEM PE3yJIbTaTOB U3MEPEHU?

16. YpaBHUBaHME U OLIEHKA TOYHOCTH HAIIPAaBJICHUN, U3MEPEHHBIX Ha CTAHIIUU CIIOCOOOM KPYTOBBIX MPHUEMOB.

17. Yro siBisieTcs ycIOBUEM M IPUUYUHON BOSHUKHOBEHHMS 33/1a4l YpaBHUBAHUS?

18. IIpuHIMT HAUMEHBIITNX KBaIPATOB.

19. KoppenatHslii cioco0 ypaBHUBaHUSI.

20. NapameTpuyeckuii ciocod ypaBHHUBaHUS.

21. Kak cocTaBIsIOT YCIOBHBIE YPaBHEHUS?

22. Kak coCcTaBisIOT HOpMaJIbHbIE YPaBHEHUS U BBIYUCISIIOTCS KOA(PPHUIIMEHTH HOPMAJIbHBIX YpaBHEHUHN?

23. Anroputm K. @. I'aycca pemeHuns ciucteM HOpMalbHBIX ypaBHEHUH?

24. KoHTpOJIb pelieHusi HOpMalbHbIX YPaBHEHUH.

25. OneHKa TOYHOCTH W3MEPEHHBIX BEIMYHMH U X (QYHKIUH TPU YpaBHUBAHUH KOPPEIATHBIM CIIOCOOOM.

NoookrwnpE




Kon
WHJMKaTOpa

Nuaukatop AoCTHXEHUS
KOMIIETEHIINN

OrneHOYHBIC CPEICTBA

I1K-1.3

OOGOCHOBBIBAE€T U HCIIOJIb3YET
METOABI reoMeTpurusanuun u
MIPOTHO3UPOBAHUSA
pa3MeleHus roKa3zaresen
MECTOPOKACHUS B
MIPOCTPAHCTBE

NoookrwnpE

10.
11.
12.
13.
14.
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Ilpumepnbulii nepeuens meopemuuecKux 60nPoco8 K 3auémy:

3amaun aucuIuimHb «MaTteMaTrueckas 00paboTKa pe3ylbTaTOB U3MEPEHHI»

UT0 MOHUMAIOT 1O U3MEepeHnEeM (PU3NIECKON BETUINHBI?

Kaxue usmepeHus Ha3bIBaOT IPSIMbIMU, KOCBEHHBIMH, PABHOTOYHBIMU 1 HEPABHOTOUYHBIMU?

Yro sBiseTCs pe3ysIbTaTOM U3MEPEHUs?

Urto moHUMaeTcs 1o OUIMOKOH (IIOTPEIIHOCTHIO) pe3ylibTaTa U3MEPEHHUs?

Kakue ommOku Ha3bIBatOTCS TPYOBIMH, CUCTEMATHUECKUMHU, CITy4aiiHbIMU?

Kak BpluuCINUTh BepoATHENIIEE 3HAUEHUE U3MEPSIEMOM BEJIMUMHBI 10 PE3yJIbTaTaM MHOTOKPATHBIX
PaBHOTOYHBIX U3MEPEHUI?

Cpenusisi KBapaTHueCcKasi OIMOKa pe3yabTaTOB paBHOTOUHBIX M3MepeHuid: popmyisl ['aycca, becces,
®eppepo.

Cpennsist kBaapaTuieckas olmrOka pyHKINY U3MEPEHHBIX BEJTUYMH.

Cpennsis KBapaTHyecKasi OINOKa pe3yabTaToOB IBOMHBIX PABHOTOUYHBIX U3MEPEHUI.

Cpennsist kKBagpaTuieckas oroka npocToil apupmMeTH4eckon cepeuHbl.

OOmast apudmernyeckas cepeivHa.

CpenHsist KBagpaTuieckas olIrOka eTMHUIbI Beca.

Cpennsist KBapaTHuecKas omnOKa 1 Bec o01eil apumMeTnyeckoil cepeIuHbl.

Urto noHMMaeTcs oJ] ypaBHUBAHUEM PE3YJIbTATOB U3MEPEHUI?

YpaBHUBaHME U OLIEHKA TOUHOCTHU HAINpaBJIEHUH, N3MEPEHHBIX HA CTAaHIIMH CIIOCOOOM KPYTOBBIX PUEMOB.
Uro sBAseTCS YCIOBUEM U MPUYMHON BO3HUKHOBEHUS 3a7[aul ypaBHUBAHUS?

[IpyHIMI HaMMEHBIINX KBAIPaTOB.

Koppenaruslit cnoco0 ypaBHUBaHUS.

[TapameTpuueckuii cioco0 ypaBHUBaHUS.

Kak coctaBnstoT yciioBHbIE ypaBHEHUS?

Kak cocTaBisitoT HOpMaJIbHbIE YPaBHEHUS M BBIYUCIIAIOTCA KO3 PHUIIMEHTH HOPMAJIbHBIX YpaBHEHUN?
AnroputMm K. @. ['aycca pemeHns cucTeM HOPMaIbHBIX YPAaBHEHU?

KoHTpo:b pemienns HopMaabHbIX YPaBHEHUIA.

OneHkKa TOYHOCTH U3MEPEHHBIX BEJIMYMH U UX QYHKUIMH IpH YpaBHUBAHUU KOPPEIATHBIM CIIOCOOOM.

[IK-1.4

AHanu3upyeT M THUIU3HUPYET
yCIOBUS pa3paboTku

Ilpumepnuiii nepeuenv meopemuueckux 60npocos K 3auémy:
3amaun aucrumuimHbl «MaTtemaTrueckas 00paboTKa pe3ylbTaTOB U3MEPEHHUI»




Kon

WHJIMKATOpa | KOMIIETCHIUI

NHaukaTop AO0CTHIKEHUS

OrneHOYHBIC CPEICTBA

MECTOPOXKACHUN
HCKOIIAeMBbIX
KOMIUIEKCHOTO
HCIIO0JIb30BaHUS,
pasianyHbIe

IMOJIE3HBIX
TUTSt 170.

BBIITOJIHACT
OLCHKHU

HCAPOITIOJIb30BaAHHA
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YTo MOHMMAIOT MO U3MEPEHNEM (PU3UUECKON BETHUNHBI?

Kaxue usmepeHns Ha3bIBalOT IPSIMbIMU, KOCBEHHBIMH, PABHOTOYHBIMU M HEPABHOTOYHBIMU?

Uro sBsieTCs pe3ysIbTaTOM U3MEPEHUs?

Yro noHMMaeTcs 1o OLIMOKOM (IOTrPEIHOCThIO) Pe3ysbTaTa U3MEPEHUs?

Kakne ommOku Ha3bIBaIOTCS TPYOBIMH, CUCTEMAaTHUECKUMHU, CITy9aifHBIMU?

Kak BpIUMCIINTE BEpOATHENIIIEE 3HAUCHUE U3MEPSIEMOM BEJIMUUHBI 10 PE3YJIbTaTaM MHOTOKPATHBIX
PaBHOTOYHBIX U3MEPEHUIL?

Cpennss kBagpaTHyeckas omnOKa pe3yabTaToB paBHOTOUHBIX U3MepeHuit: popmysl ['aycca, beccens,
®deppepo.

Cpennsis KkBagpaTHyecKas omnOKa GYHKIIUN U3MEPEHHBIX BEJINYMH.

Cpennsist KBaapaTuieckas olrOKa pe3yJbTaToOB IBOMHBIX PABHOTOYHBIX U3MEPEHUH.

Cpennsis KBagpaTHyecKas omnOKa NpocToi apupMeTHYeCKOi cepeIluHbl.

O6mras apudmeTndeckas cepeinHa.

Cpennsis KBajipaTHyecKasl OIINOKa eJMHUIIBI Beca.

Cpennsist kBagpaTuyeckas omroka 1 Bec oOuieit apupMeTnueckon cepeuHblI.

UYrto noHMMaeTcs MoJ| ypaBHUBAHUEM PE3YJIbTATOB U3MEPEHUN?

VYpaBHUBaHHUE U OIIEHKA TOYHOCTH HANPABJICHUN, N3MEPEHHBIX Ha CTAHIIMH CIIOCOOOM KPYTOBBIX MPUEMOB.
Yro sBAsETCS YCIOBUEM U IPUYMHON BO3ZHUKHOBEHUS 3a]]aul ypaBHUBAHUSA?

[IpyHIMI HaMMEHBIINX KBAIPaTOB.

Koppenatnelit cnoco0 ypaBHUBaHUS.

[TapameTpuueckuii cnocod ypaBHUBaHUS.

Kak coctaBnstoT yciioBHbIE ypaBHEHUS?

Kak cocTaBisitoT HOpMaJibHbIE YPAaBHEHUS M BBIYUCIAIOTCA KO3 PHUIIMEHTH HOPMaTbHBIX YpaBHEHUN?
AnroputMm K. @. ['aycca pemeHns cicTeM HOPMaJIbHBIX YPAaBHEHU?

KoHTposb pemienns HopMaabHbIX YPaBHEHUI.

OneHkKa TOYHOCTH U3MEPEHHBIX BEJIMYMH U UX QYHKUIUH IpH YpaBHUBAHUU KOPPEIATHBIM CIIOCOOOM.

[1K-2 CnocoOeH BBIONHATE MAapKIIEHIEPCKO-TEOAC3NUECKUE PAOOTHI, OIPENENATh MPOCTPAHCTBEHHO-BPEMEHHBIE XAapaKTEPUCTUKUA COCTOSHHS 3€MHOU
MOBEPXHOCTU U HEIpP, TOPHO-TEXHUYECKHX CHCTEM, IMOJ3EMHBIX M Ha3eMHBIX COOpPYXEHMH W OoToOpakaTb HMH(OPMAIMIO B COOTBETCTBUU JCHCTBYIOIIUMHU

HOPMAaTUBHBIMU JOKYMCHTaMU

[K-2.1

Ucnonp3yeT 3akOHBI U WHBIE

Hpumepnbu? nepeueHb meopemuuecKux 60npocoe K 3auémy:




Kon

NHaukaTop AO0CTHIKEHUS

OrneHOYHBIC CPEICTBA

WHJIMKATOpa | KOMIIETCHIUI
HOpPMAaTUBHBIE IPABOBBIE AKThI 1. 3agaum muctunanHbl «MaremaTuyeckas 00paboTka pe3yabTaToB U3MEPEHUI
B 00JaCTH Te0JOrMYecKOro 2. UYro MOHMMAIOT MO U3MEpEeHneM (pU3NUECKO BETUUUHBI?
U3YYEHHUs, MCIIONb30BaHUS U 3. Kakwue n3Mepenus Ha3bpIBAIOT MPSMBIMU, KOCBEHHBIMH, PABHOTOYHBIMH U HEPABHOTOYHBIMH?
OXpaHbl HEIP U OKPY’KAOLIEH 4. Yro sBiseTcs pe3yabTaToM U3MEpEeHus?
Cpenbl; HOPMAaTUBHBIE 5. Yro moHMMaeTcs moJi OMOKO# (IIOTPEIIHOCTHIO) pe3ysibTaTa U3MEpEeHUs?
IIPABOBbIE aKThI, 6. Kakue ommbku Ha3pIBatOTCSA IPyOBIMHU, CUCTEMAaTHUECKUMHU, CITy4aiiHbIMU?
PYKOBOJSIINE, METOAMYECKUE 7. Kaxk BbIYHCIUTH BEpOsITHENIIEE 3HAUEHNE U3MEPSAEMON BETMUMHBI 110 PE3yIbTaTaM MHOTOKPAaTHbBIX
U HOpMaTHBHBIE MaTEpHUAIbI, PaBHOTOYHBIX U3MEPEHUN?
Kacarolluecss  JIeSITEIbHOCTH 8. CpenHsis kBajpaTHUeCKas OIMMOKA Pe3yaIbTaTOB PaBHOTOYHBIX U3MepeHuit: popmyisl ['aycca, beccens,
MapKIIeHIEPCKON CITYKOBbI; ®eppepo.
9. CpenHnsas kBagpaTHdeckas ommoOka GyHKINN H3MEPEHHBIX BETHYHH.
10. Cpennss kBaspaTUyeckast OlMOKa pe3yabTaTOB JBOMHBIX PABHOTOUHBIX U3MEPEHUH.
11. Cpennss kBagpaTuyeckas olmoKa NpocToi apu(pMeTnIecKo cepeiuHbI.
12. O6mas apudmernueckas cepeuHa.
13. Cpennsis KBajpaTHyecKas OIMOKa eMHULIBI BEca.
14. Cpennsis kBajpaTUyeckast omnoOKa U Bec o01ei apudMeTnueckoil cepeuHsl.
15. YUto monnMaetcs 1oji ypaBHUBAaHUEM PE3YJIbTATOB U3MEPECHUIT?
16. YpaBHUBaHME U OLIEHKA TOYHOCTH HAIIPAaBJICHUN, U3MEPEHHBIX Ha CTAHIIUU CIIOCOOOM KPYTOBBIX MPHUEMOB.
17. Yto siBNsieTcs yCIOBUEM U NPUYMHOM BOZHUKHOBEHUS 337a4ll ypaBHUBAHUs?
18. IlpuHIMIT HAMMEHBIINX KBAIPATOB.
19. KoppenatHslii cioco0 ypaBHUBaHUS.
20. TTapameTpuyeckuii criocod ypaBHUBAHHUS.
21. Kak cocTaBIsIOT YCIOBHBIE YPAaBHEHUS?
22. Kak coCTaBJIsIIOT HOpMaJIbHBIE YPAaBHEHUS U BBIYUCISIFOTCS KOO PHUIIMEHTH HOPMaJIbHBIX ypaBHEHUH?
23. Anroputm K. @. I'aycca perieHust cucreM HOpMajbHBIX YpaBHEHUN?
24. KoHTpOITb pelieHus HOpMalIbHBIX YPaBHEHUH.
25. OneHka TOYHOCTH M3MEPEHHBIX BEIMYHMH U X (YHKIUH IPU YPaBHUBAHUH KOPPEJIATHBIM CIIOCOOOM.
I1K-2.2 OcymiecTBIsET HEOOXOIUMBIE Ipumepnulii nepeuens meopemuueckux 60npocog K 3auémy:
MapKIICHICPCKHE 1. 3agaum nuctunianHb «MaremaTuyeckas 00paboTka pe3yabTaToB U3MEPEHUI»
KaMepajbHble U  IIOJEBbIE 2. Yrto MOHMMAIOT MO N3MEpPEHNEM (PH3UUECKOI BETHUMHBI?




Kon
WHJMKaTOpa

Nuaukatop AoCTHXEHUS
KOMIIETEHIINN

OrneHOYHBIC CPEICTBA

paboThI, oopmitsier
IPOU3BO/ICTBEHHYIO
JOKYMCHTAIIMIO U OTYCTHOCTD
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. O11eHKa TOYHOCTH M3MEPEHHBIX BEJIMYMH M UX (PYHKIMI P ypaBHUBAHUU KOPPETATHBIM CIIOCOOOM.

Kaxue usmepeHus Ha3bIBaOT IPSIMbIMU, KOCBEHHBIMH, PABHOTOYHBIMU 1 HEPABHOTOUYHBIMU?

Yro saBiseTCs pe3ysIbTaTOM U3MEPEHUs?

UYrto nmoHUMaeTcs 1o OUIMOKOH (IIOTPEIIHOCTHIO) pe3ysibTaTa U3MEPEHUs?

Kakue ommOku Ha3bIBatOTCSA TPYOBIMH, CUCTEMAaTHUECKUMHU, CITy4aiiHbIMU?

Kak BpluucInTh BeposATHENIIEE 3HAUEHUE U3MEPSIEMOM BEJIMUMHBI 10 PE3yJIbTaTaM MHOTOKPATHBIX
PaBHOTOYHBIX U3MEPEHUI?

Cpenusisi KBapaTHyeCcKas OIMOKa pe3yabTaTOB paBHOTOUHBIX M3MepeHuid: popmyisl ['aycca, becces,
®eppepo.

Cpennsist kBaapaTuieckas omroOka (pyHKINY U3MEPEHHBIX BEJTUYMH.

Cpennsis KBajpaTHyecKas OMNOKa pe3yabTaToOB IBOMHBIX PABHOTOUYHBIX U3MEPEHUI.

Cpennsist kKBagpaTuieckas orOka npocToil apupMeTH4ecKon CepeuHbl.

O6mas apudmernyeckas cepeuHa.

Cpenusis kBagpaTrueckas omuoKa eIMHUIIBI Beca.

Cpennsist KBapaTHuecKas omnOKa 1 Bec o01eil apumMeTnyeckoil cepeIuHbl.

Urto noHMMaeTcs oJ] ypaBHUBAHUEM PE3YJIbTATOB U3MEPEHUI?

VYpaBHUBaHME U OLIEHKA TOUHOCTHU HAINpaBJIEHUH, N3MEPEHHBIX HA CTAaHIIMHU CIIOCOOOM KPYTOBBIX PUEMOB.
Uro sBAseTCS YCIOBUEM U MPUYMHON BO3HUKHOBEHUS 3a7[aul ypaBHUBAHUSA?

[IpyHIMI HaMMEHBIINX KBAIPaTOB.

KoppenaThblii criocod ypaBHUBaHUS.

[Tapamerpuueckuii criocod ypaBHUBaHUS.

Kak cocTaBisitoT yClOBHBIE YpaBHEHMS?

Kak cocTaBisitoT HOpMalIbHbIE YPaBHEHHUSI U BBIYUCISIOTCS KOAPGUIUEHTHI HOPMaIbHBIX YPAaBHEHU?
AnroputMm K. @. I'aycca penienust cucteM HOpMaJIbHBIX YPaBHEHUN?

KoHTposb penieHnss HopMaabHbBIX YPABHEHU.

I1K-2.3

Hcnonp3yer
reorH(opMaloOHHbIE
CUCTEMBI JUISl  BBIIIOJIHEHUS
MapKIIeHepcKux padboT

el NS>

Ilpumepnulii nepeuens meopemuuecKux 60npoco6 K 3auémy:

3agaun TUCHUILTMHBI «MaremaTuyeckas 00paboTka pe3yabTaToB U3MEPEHUI»

Urto noHMMaroT 1o u3MepeHreM (pu3n4ecKoi BeTUUnHbI?

Kaxue usmepeHns Ha3bIBaIOT NPSIMBIMU, KOCBEHHBIMHU, PABHOTOYHBIMU U HEPABHOTOYHBIMU?
Uro sBisieTcsl pe3ysbTaTOM U3MepeHus?




Kon
WHJMKaTOpa

Nuaukatop AoCTHXEHUS
KOMIIETEHIINN

OrneHOYHBIC CPEICTBA
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. O11eHKa TOYHOCTH M3MEPEHHBIX BEJIMYMH M UX (PYHKIMI PpHU ypaBHUBAHUN KOPPETATHBIM CIIOCOOOM.

UYrto nmoHUMaeTcs 1Mo OIMOKOH (TOTPEIIHOCTHIO) Pe3yNIbTaTa U3MEPEHHUs?

Kakue ommOku Ha3bIBatOTCS TPYOBIMH, CUCTEMATHUECKUMHU, CITy4aiiHbIMU?

Kak BpluuciIuTh BeposTHENIIEE 3HAUEHUE U3MEPSIEMOM BEIMUMHBI 110 pe3yJIbTaTaM MHOTOKPAaTHbBIX
PaBHOTOYHBIX U3MEPEHUI?

Cpenusisi KBaipaTHyecKast OIMOKa pe3yabTaToOB paBHOTOYHBIX U3MepeHuid: popmyisl ["aycca, beccenns,
®eppepo.

Cpennsist kBagpaTuieckas omrOka (pyHKINY U3MEPEHHBIX BEJTUYMH.

Cpennsis kBagpaTHyecKas OlMOKa pe3yabTaToOB IBOMHBIX PABHOTOYHBIX U3MEPEHUII.

Cpennsist KBagpaTuieckas olrOka npocToil apupMeTH4ecKon cepeuHbl.

O6mas apudmernyeckas cepenHa.

Cpenusisa kBagpaTrueckas omrOKa eIMHULIBI Beca.

Cpennsis KBafpaTHyecKas omnOKa 1 Bec o01eil apupmMeTndeckoil cepeIuHsbl.

Urto noHnMaeTcs MoJ| ypaBHUBAaHUEM Pe3yJIbTaTOB U3MEPEHU?

VYpaBHUBaHHE U OLIEHKA TOUHOCTHU HAINpaBJIEHUH, N3MEPEHHBIX HA CTAaHIIMH CIIOCOOOM KPYTOBBIX PUEMOB.
Uro sBAseTCS YCIOBUEM U MPUYMHON BO3HUKHOBEHUS 3a7[aul ypaBHUBAHUSA?

[IpyHIMI HaMMEHBIINX KBAIPaTOB.

Koppenatuelit cnoco0 ypaBHUBaHUS.

[TapameTpuueckuii cnoco6 ypaBHHUBaHUS.

Kak cocTaBisitoT yClOBHbBIE YpaBHEHMS?

Kak cocTaBisitoT HOpMaJibHbIE YPaBHEHHUS U BBIUUCISIIOTCS KO3(PPUIIMEHTH HOPMAJIbHBIX YPaBHEHU?
AnroputMm K. @. ["aycca penienust cucteM HOpMaJIbHBIX YPaBHEHUN?

KoHTposb penieHnss HOpMaabHbBIX YPABHEHU.

[1K-2.4

YcraHaBIMBaeT NPUTOJHOCTh
re01e3U4eCKOro
o0opynoBaHus U IPUOOPOB K
pabote

ouokrwdE

Ilpumepnulii nepeuens meopemuuecKux 60npoco6 K 3auémy:

3ajgaun TUCHUILTMHBI «MatemaTuyeckas 00paboTka pe3yabTaToB U3MEPEHUI»

Urto noHMMaroT 1o u3MepeHreM (pu3nueckoi BeTUUnHbI?

Kaxue usmepeHns Ha3bIBaOT IPSIMbIMU, KOCBEHHBIMH, PABHOTOYHBIMU M HEPAaBHOTOYHBIMU?
Uro sBisieTcs pe3ysibTaTOM U3MepeHus?

Uto nmoHUMaeTcs 1o/ OLIMOKOH (TOTPEIHOCTHIO) Pe3ysbTaTa U3MEpPEeHUs?

Kaxue ommOku Ha3bpIBalOTCS rpyObIMH, CHCTEMAaTHUYECKUMHU, CITY4aiHBIMU?




Kon
WHJMKaTOpa

Nuaukatop AoCTHXEHUS
KOMIIETEHIINN

OrneHOYHBIC CPEICTBA
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Kak BpIuuCINTH BepOATHENIIIEE 3HAUEHUE U3MEPSIEMOM BEJIMUMHBI 10 PE3YJIbTaTaM MHOTOKPATHBIX
PaBHOTOYHBIX U3MEPEHUI?

Cpenusisi KBagpaTHyecKast OmnoOKa pe3yabTaToB paBHOTOYHBIX U3MepeHuit: popmyisl ["aycca, beccens,
®deppepo.

Cpennsist kBaapaTuieckas olmrOka (pyHKINY U3MEPEHHBIX BEJIUYMH.

Cpennsis KBajpaTHUyecKasi OINOKa pe3yabTaToOB IBOMHBIX PABHOTOUYHBIX U3MEPEHUIA.

Cpennsist KBagpaTuieckas orOka npocToil apupMeTHu4ecKon cepeuHbl.

O6mas apudmernyeckas ceperHa.

Cpennsis kBagpaTruueckas omrMOKa eIMHULIBI Beca.

Cpennsis KBafpaTHyecKas omnOKa 1 Bec 001ell apupmMeTnyeckoil cepeIuHbl.

Urto noHMMaeTcs oJ] ypaBHUBAHUEM PE3YJIbTATOB U3MEPEHU?

VYpaBHUBaHME U OLIEHKA TOYHOCTHU HAIIPaBJICHUH, N3MEPEHHBIX HA CTAaHIIMHU CIIOCOOOM KPYTOBBIX IPUEMOB.
Uro sBsieTCsl yCIIOBUEM U MPUYMHON BO3HUKHOBEHUS 3aJ]aul YpaBHUBAHUSA?

[IpyHIMI HaMMEHBIINX KBAIPaTOB.

Koppenatnslit cnoco0 ypaBHUBaHUS.

[TapameTpuueckuii cnocod ypaBHUBaHUS.

Kak cocTaBistoT ycioBHbIE ypaBHEHHUS?

Kak cocTaBisitoT HOpMaJIbHbIE YPaBHEHUS M BBIYUCIISIOTCA KO3 PHUIIMEHTH HOPMaIbHBIX YpaBHEHUNA?
Anroput™m K. @. ["aycca penienust cucteM HOpMaJIbHBIX YPaBHEHUN?

KoHTposb penieHnss HOpMaabHBIX YPABHEHUN.

O1ieHKa TOYHOCTH MU3MEPEHHBIX BEJIMYMH M UX (PYHKIMI U ypaBHUBAHUU KOPPETATHBIM CIIOCOOOM.




0) Ilopsinoxk mpoBeaeHHs] TNMPOMEXKYTOUYHOW ATTECTALMM, NMOKA3ATEJU U KPUTEPHU
OLlCHUBAHMUSL:

I[IpuMepHasi CTPYKTYpa U cOepPKaHNe MyHKTA:

[TpomeskyTouHas arTectanus Mo AUCHUILIMHE «Maremarndyeckas oOpaboTKa pe3ysibTaToB
WU3MEPEHUI» BKIIIOYAET TEOPETUYECKHE BOINPOCHI, NO3BOJIAIOIINE OLCHUTH YPOBEHb YCBOCHMS
00y4aroIMMUCs 3HAHUH, U MPAKTHUECKUE 33aJJaHMs, BBIABISIOIINE CTENIEHb COPMHPOBAHHOCTH
YMEHUH U BIaJIeHUH, TPOBOIUTCA B (hopMeE 3aUeTa.

3aueT 1o JaHHOM TUCIUILIMHE MPOBOJUTCS B YCTHOU (hopMe IO TEOPETHUECKUM BOIIPOCAM.
IToka3aTeu U KPUTEPUH OLIECHHBAHUS 3a4eTa:

— Ha OLEHKY «3a4TeH0» OOyJyaroUuluiicsi JIEMOHCTPUPYET YPOBEHb C(HOPMHPOBAHHOCTU
KOMIIETEHIIMH OT BBICOKOTO JI0 MOPOroOBOro, JEMOHCTPUPYET 3HAHHWE Yy4eOHOro marepuaia,
HAaBBIKY BBIIIOJIHEHUS IPAKTUYECKUX 3aJaHHMN.

— Ha OIICHKY «He 3a4TeHO»— OOydJarolluics JEeMOHCTpUpyeT 3HaHus He Oornee 20%
TEOPETUYECKOTO Marepuajja, JOINYyCKaeT CYNIECTBEHHbIC OMMOKH, HE MOXKET II0Ka3aTh
UHTEJUICKTYaJIbHbIC HABBIKU BBIIIOJHEHHUS IPOCTHIX 33aHUH.



[Tpunoxenue 3

MeToanueckue yKazaHust
1. DJIEMEHTBI TEOPUU MOTPEIIHOCTEMN IF’EOJAE3NYECKHUX U3MEPEHU

1.1. O6mme cBereHus 00 U3MepPEHUAX

OO6bexToM m3yueHus: Hayku ['eome3us sBisercs ruiaHeTa 3emis — ee Gopma, pa3Mepsl,
BHEIIHEE I'PABUTALMOHHOE I0JE. OTH XapaKTEPUCTHKHU IOIY4YarOT U3 Pa3IMYHBIX M3MEPEHUH,
BBITOJIHAEMBIX Ha IOBEPXHOCTU 3EMJIU.

[Mon usmepenuem ¢usndeckoil BenuuMHbl X MOHUMAKOT IMPOLIECC CPAaBHEHHUS 3TOM
BEJIMYUHBI C APYTrOd, OJHOPOJHOM C HEH BEIMYMHOMU (], IPUHATON B KaYECTBE Mepbl - CAUHULBI
n3Mepenus. Hampumep, ninuHy oTpe3ka JMHUM MECTHOCTH CPaBHUBAIOT C €IMHULEH JIMHEHHBIX
U3MEPEHUH - Mempom; TOPU3OHTAIBHBINA YroJl, 00pa30BaHHbBIN OTpEe3KaMH JIMHUI Ha MECTHOCTH,
CPaBHMBAIOT C IPaLycoM, IpasioM, pauaHOM.

W3mepenus pa3nuyaror:

- npamvle;

- KOCBEeHHbIe;

- PABHOMOYHYIE,

- HepasHOMOUHbIe.

ITon npamvimu M3MepeHUSAMU NOHUMAIOT TAKHUE, NP KOTOPBIX ONPEACIAEMYIO BEIUUYHUHY
MOJIyYaroT MyTEM HENOCPEICTBEHHOIO CPAaBHEHUs (COMOCTABIICHUS) €€ C €AMHMIIEH U3MEpPEHUs
i e€ npou3BoaHON. Hampumep, mvHa oTpe3ka JUHUU U3MEPSETCA CTAIBHOW JIEHTOW WIIA
TOPU30HTAIIBHBIM YTroJl HA MECTHOCTH U3MEPSAETCS TEOAO0IUTOM, a Ha Oymare TpaHCIOPTUPOM U
T.J.

Koceennvimu Ha3plBalOT W3MEPEHMS, OIperessemMas BeIU4YMHAa B KOTOPBIX SIBISETCS
(byHKLIMEeN Ipyrux HENOCPEICTBEHHO WM3MEPEHHBIX BENWYMH. Tak, s ONpeAeieHUs IITUHbBI
OKPYKHOCTM WM IUJIOIAAM Kpyra, HEOOXOJUMO HEMOCPEICTBEHHO HW3MEPUTh paanycC
OKPY>KHOCTH.

Pagnomounvivu Ha3bpIBalOT HM3MEPEHHUS, BBIIOJHEHHBIE MPUOOpPaMM OJHOTO Kjacca
TOYHOCTH, CIEHUAIUCTAMU PAaBHOM KBaIM(HUKALMKU, MO OAHOM M TOM XKe TEXHOJOIMH, B
UJCHTUYHBIX BHEUIHUX YycioBUsAX. [Ipu HecoOmtoneHnn xoTs Obl OJHOTO M3 MEepPEeYMCIECHHBIX
YCIIOBUI U3MEPEHUSI CUUTAIOTCS HEPABHOMOUHBIMU.

Pesynomamom w3mepenuss | sBIseTcs 4MCIO, TIOKa3bIBalOIEee, BO CKOJBKO pa3
orpenensgeMasl BeJIMYMHA OONbIIE WM MEHBIIE BEIWYMHBI, ¢ KOTOpPOH €€ CpaBHUBAIHU, T.€.
BEJIMYUHBI, IPUHATOMN 32 EAMHULLY U3MEPECHMUS.

PesynbpTarel u3MepeHUN MOApA3NENSIOT Ha Heobxodumvle W 0obasouHvle (WIH
u30bITouHbIe). Tak, ecnu oJHa M Ta K€ BeJIMYMHA (IJIMHA JIMHUH, YroJd TPeyrojbHUKa U T.II.)
u3MepeHa N pa3, TO OJWH M3 PEe3yJIbTaTOB U3MEPCHUH SBJISAETCS HEOOXoauMbiM, a (N — 1) -
no6aBoyHbIMH. Jl00aBOYHbIE M3MEpPEHHMS HMMEIOT BeChbMa Ba)KHOE 3HAYEHME: UX CXOAMMOCTH
ABIIIETCS. CPEOCmE0M KOHMPOJisL Y TIO3BOJISIET CYUTh O Kayecmee Pe3yabTaTOB U3MEPEHUI; OHU
JTAI0T BO3MOXHOCTb HOJIYUUTh Hauboiee HadexcHoe 3HaveHue NCKOMOMN BETMYUHBI [0 CPAaBHEHHIO
C JIFOOBIM OTAENBHO B3ATHIM PE3YJIbTaTOM U3MEPEHUSI.

1.2. ITorpemtHOCTH pe3yJIbTATOB U3MEPEHUH

Pe3ynbTarhl MHOTOKpPATHBIX M3MEpPEHUN OJHOW M TOM ke (pu3ndeckol BEeIUYUHBI (JINHUMY,
yIJ1a, IPeBBIIIEHHS U T.11.), KaK MPaBHIIO, PA3TUYAIOTCS MEXI1y cO00i U He COBNAIAIOT C TOUHBIM
(MCTUHHBIM) 3HAYEHHEM H3MEpsSEMON BETUYMHBI, T.€. COAepkKaT Heu30ekKHbIE MOrPEUIHOCTH,
BBI3bIBAEMBIE PA3JIMYHBIMU IIPUYNHAMMU.

[Mox noepewinocmoio Aj pesynbrata u3mMepeHus | MIOHUMAIOT Pa3HOCTh MEXIY PE3yIbTaTOM
uzmepenus | ¢pusndeckoil BETMYMHBI M TOYHBIM (MCTHHHBIM) 3HaueHHEM X OSTOW BEJIWYHHBI,
T.€.



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

N - 9UCII0 BBIITOJHEHHBIX U3MEPEHUN.

ITo cBOMM cBONCTBaM, XapakTepy BOZHUKHOBEHUS U BIIMSHUSA Ha PE3yJIbTaThl U3MEPEHUH,
uX (PYHKIMH, IOTPEIIHOCTH MOAPA3ACIAIOT Ha 2pybbie, cucmemamuieckue u C1yyaiHble.

I'pybvie morpemHocTd  (MpOMaxw) BO3HUKAIOT — BCIEACTBUE  HEBHUMATEIBHOCTU
HaOJro1aTess, HEMCIPABHOCTH MpUOOpa, HECOOIIOIEHUN TEXHOJIOTMH paboT, He yuEéTa BIUSHUSL
U3MEHSIOMIMXCS BHEIIHUX YCIIOBHM: TeMIlepaTyphl, BeTpa, BHAUMOCTH U T.I. OOHapyXuTh
rpyOble MOrPEeIIHOCTH MOXKHO, MCIIOJIb3Ysl TEOMETpUYECKHE CBOMCTBA HAOIH0AaeMOro oObeKTa
(Hampumep, CyMMYy BHYTPEHHMX YIJIOB IJIOCKOTO MHOTOYI'OJIbHUKA), a TaKKE BBIIOJHEHUEM
NOBTOPHBIX U3MepeHui. Tak, Harpumep, Ipy JMHEWHBIX U3MEPEHUSX, TPOITYCK LIEJIOT0 IIPOJIETa,
paBHOTO JUIMHE MEPHOI'0 IpHOOpa, MOKHO OOHAPYKUTh U3MEPEHUEM OTpPE3Ka JIMHUU HUTSHBIM
JAJIBHOMEPOM, MHOTI' /1A - JaXKe [IaraMu.

K cucmemamuueckum OTHOCAT TakHe IOTPEIIHOCTU PE3yJbTaTOB MU3MEPEHUM, KOTOPBIE
BXOJAAT B 3TH PE3YJIbTAThI 110 OIPEACICHHOMY 3aKOHY.

Tak, ecnu W3BeCTHA JJIMHA MeEpbl IpH TeMmieparype t,, a M3MEepeHHe UIMHBI JIMHUH
MECTHOCTU BBIIIOJHEHbI IpU TemmepaType t, To pe3yibTaT M3MEpEHUs [UIMHBI JIMHUM Oyaer
COZIePKaTh CUCTEMATUYECKYIO MOTPEIIHOCTD, IPOMOPIUOHATIBHYIO pa3HocTH Temrepatyp (t — t,)
U JUIMHE JIMHUW. BiusHue CcHCTEeMaTH4eCKUX IOTPEIIHOCTEM Ha pe3yiabTaThl WU3MEpPEHUH
UCKIJTIOYAIOT WM CBOZST J0 MpeHeOperaeMo Majoro 3Ha4eHUs BHIOOPOM METOJMKH M3MEpPEHHIA
WIM BBEJICHUEM IIONIPABOK B PE3YJIbTATHI.

Cnyyaiinvie TOTPEUIHOCTH pE3yJIbTaTOB H3MEPEHUN XapaKTepU3yHOTCSl TEM, 4YTO IpuU
OJIMHAKOBBIX YCJIOBHAX W3MEPEHHH OHHM MOTYT MEHSATHCS IO BEIMYMHE M 3HAKY; MX HEIb3s
3apaHee MpelyCMOTPETh, ONpPEIEIUTh 3aKOH BO3JCHCTBUS Ha pe3yapTaTr. CTaTUCTHUYECKUI
aHaiu3, T.6. aHAJIU3 PE3YyJIbTAaTOB OOJBIIUX PSIOB HM3MEPEHUH, MO3BOJIMI Ui CIydaiHbIX
IIOTPEUIHOCTEN BBIABUTH PsIJl UX CBOMCTB.

IlepBoe cBoWcTBO. JlJII NAHHBIX YCIOBUM W3MEPEHHUM CIy4YalHBIE IIOIPELIHOCTH I10
aOCONIOTHOW  BEJIMYMHE HE MOTYT IHPEBOCXOJAUTh HW3BECTHOTO Impenena  (CBONCTBO
OTPaHUYEHHOCTH), T.€.

|A| < Anpe() (2)

Bropoe cBoiicTBo. PaBHbIe 110 aOCOIIOTHON BETMUYMHE MOJOXKHUTEIbHbIE U OTPHUIIATEIbHbIE
CIIy4aiiHble MOTPEIIHOCTH PABHOBO3MOXHBI, T.€. BCTPEYAIOTCS OJMHAKOBO 4YacTO (CBOWCTBO
CUMMETPUN).

Tperbe cBoiicTBO. Manble 1o aOCOMIOTHOW BEIMYMHE ClIydallHble MOTPEIIHOCTH P
U3MEPEHUSIX BCTPEUAIOTCs Yallle, 4eM OoJibline (CBOMCTBO INIOTHOCTH).

UYerepTtoe cBoiicTBO. Cpennee apumeTHUECKOE W3 CIyYalWHBIX TOTPEIIHOCTEH M UX
MOMAPHBIX TPOU3BEIEHUI CTPEMUTBHCS K HYJIIO IPU HEOIPAHWYEHHOM BO3PACTAHMM YHCIIA
U3MEpEeHUil (CBOIICTBO KOMIIEHCAIINH), T.€.

limn_,w [A]ﬁk] = 0, limn—mo[i_i] = O, (3)

rmei=1,23..,n; j=123,..,n1;, k=23,4,..,n;
N - YUCII0 U3MEPEHHUIT;
[ 1-TayccoB cumBOI CyMMBI.

1.3. 3apa4u TeopuM NOrpeIHOCTel H3MEpPEeHN i

Kak Obl10 OTMEYeHO BbIIIE, B pe3yiabTaTaX M3MEPEHUH HEn30eXKHO coaepKaTcs
norpemHocTy. [loaToMy OfHOM M3 3a1a4 TEOPUM MOTPEIIHOCTEN SABISAETCS W3YYEHHE BUAOB U
CBOMCTB MOTPEIIHOCTEN N3MEPEHNI, TPUYHUH UX BOSHUKHOBEHHS.

Jlanee, BBINOJHUB W3MEPEHHUS, BCETJa CTPEMATCA OINPEAEIUTh TOUYHOCTH IOJYyYEHHBIX
pe3ynbTaToB. 1103TOMY B TEOpUHM MOTPEIIHOCTEN U3MEPEHMM yCTaHABIMBAIOTCS KPUTEPUM IJIS
OLICHKH TOYHOCTH PE€3YJIbTaTOB U3MEPEHUH.



Tak kak pe3ynabTaTbl U3MEPEHHUM BCIIECACTBUE BIUSHMS IOTPEIIHOCTEH PA3HATCS MEKIY
coOOi, TO BO3HMKAeT 3ajadya OTbICKaHMA HauOojiee TOYHOIO IO BEPOSTHOCTH 3HAYECHUS
OIpeeIsieMON BEIMYHMHBI U3 PE3yIbTaTOB MHOTOKPATHBIX €€ U3MEPEHUM.

Bo MHOrux ciydasx reone3M4eckod NMPaKTUKH II0 pe3yJbTaTaM M3MEPEHUN BBIYMCIISIOT
JIpyrue MHTEPECYOIKUE Hac BeanyuHbl. Harpumep, u3MepuB CTOPOHY TPEYroJIbHUKA U JBA €r0
yIJ1a, MO>KHO I10 U3BECTHBIM (DOpMyJ1aM BBIUMCIINUTE TPETUH YTOJI U JBE APYTrUe CTOPOHBL. B Takux
ClIydasix pe3yJbTaThl BBIYMCICHUN SABISIOTCS (PYHKIMSIMHU U3MEPEHHBIX BenuurH. [1o ykazaHHOH
IpUYMHE, Nepe]] TeOpUel IMOrpelIHOCTed BO3HMKAET 3ajaya, IO OLEHKE TOYHOCTH (YHKLUH
U3MEPECHHBIX BEIMYHH.

IIepeuncieHHble 3aa4u, KOTOPBIE PEIIAOTCA TEOPUEU MOIPEIIHOCTEN U3MEPEHUM, UMEIOT
OonblIoe 3HAYCHHWE JUIS TPABWIIBHOM OpraHW3allMM, MPOBEACHUS TeO[e3MUeCKuX paboT u
MCIIOJIb30BaHUs UX PE3YJIbTATOB.

Kpome Toro, Teopust morpenrHocTeil reoie3n4ecKuX U3MEpEeHuil Mo3BossieT 000CHOBAHHO
BbIOpaTh HEOOXOAMMBIE JUIsI U3MEPEHUH MPUOOPbI M MHCTPYMEHTBI, pACCUUTATh OXHIAEMYIO
TOYHOCTh M3MEPEHHH W OKOHYATEIBHOTO pe3yabTaTa, MPaBWIIBHO BBIOpATh METOJ OO0pabOTKH
PE3yJIbTaTOB U3MEPEHUH.

1.4 PaBHOTOYHbIE U3MEpPEHUS
1.4.1 Boiuucnenue naubonee mounozo no 6epoAmMHOCIMU 3HAYEHUS Pe3)Ibmama

umepeHuil 00HOU U Mol HHce 6eTUUUHDBL

[TycTth HekoTOpas BeNWYMHA, HCTUHHOE (TOYHOE) 3HAYEHHE KOTOPOH paBHO X, M3MepeHa

PaBHO TOYHO N pa3 U MOJYYCHBI Pe3ybTaThl THX u3MepeHui: Iy, Iy, l3,....,In. CocraBum pasnoctu
rne 1=1,2,3,...,n;
Ai - WCTHHHBIC ClIydaiiHble MOTPENIHOCTH pe3yabTaToB |i  uW3MepeHuid, T.e.

YKJIOHEHUS Pe3yIbTaTOB U3MEPEHUI OT UICTUHHOTO (TOYHOT'0) 3HAUYEHUSI U3MEPSIeMON BEIUUNHBI.
Haiinem cymmy ypaBHeHu# (4) u paziesiuM ee Ha YUCII0 U3MEPEHUH.

=X ©)

n n

BaeneMm 0003HaueHUS:

My (6)

— =X ()
Bemmuuny X = [l]/n HaspBaroT mpocToil apuMeTHUECKON CepeIuHON HIU CpeIHUM
apu(pMETUUECKIM U3 pe3ynbTaTtoB | | paBHOTOUYHBIX M3MepeHuil. Boipaxenue 7 = [A]/n = X — X
- €CTb HCTHUHHAs CilydaiHas IMOTPEIIHOCTh MPOCTONH apu(pMETHYECKOH CcepeluHbl, T.e. 3TO
VKJIOHEHUE TMPOCTOM apu(PMETHUECKON CEepeIWHBl OT HCTHUHHOTO (TOYHOTO) 3HAYeHHsT X
M3MEPSAEMON BETUYUHBI.
I1o yeTBEpTOMY CBOMCTBY CIy4alHBIX IOTPEIIHOCTEN

. [A] .
lim,,_,., (7) = lim,_,n =0, (8)
3HAYUT
lim,, (%) =lim,_,x =X 9

Takum oOpa3zom, cpennee apudmMeTHUECKOe M3 PE3yJIbTaToB | pABHOTOYHBIX M3MEpPEHUIT
CTPEMHTCS K HCTUHHOMY (TOYHOMY) 3HAUEHUIO X U3MEpSIeMOi BETMUMHBI IPH HEOTPAHUIEHHOM



BO3paCTaHUM YHCIA U3MEpPEHUN. BennuumHy X Ha3bIBAIOT CIIC 6€pOAmMHEUUIUM 3HAYCHUEM
M3MEPSAEMON BEJTUYUHBI.

1.4.2 Ouenka mounocmu pe3yibmamos paoa paeHoOmMOYHbIX UIMEPEHUIL.
Cpeonaa keaopamuueckan nOZpeuwtHocmy pe3yibmama omoeabH0o20 UISMEPEHUSL.
Ilpeoenvnasn u omuocumensvnasa nozpeuwiHocmu

B kadecTBe KpuTepHs NpU OLEHKE TOYHOCTH PE3YJbTATOB T'E€OJIC3NYCCKUX H3MEPCHHI
npunsata npemioxenHas K.®. ['ayccom cpednsas keadpamuueckas nozpeuHocms, BBIYUCTsIEMast
o ¢popmye

(A%]
m= [— (10)

n

rae A - ICTUHHAA Clly4daiHasl IOTPEIIHOCTh PE3yJIbTara,
N - YUCJIO U3MEPEHU.

[To BenuuuMHE cpeaHed KBaAPATUYECKOW IMOTPEUTHOCTH MOKHO OIPEICIUTH NPedenbH)H0
nozpewHocms A 5., BOBMOXKHYIO JUId JAHHOTO psja M3MEepeHHi. B kauecTBe mnpenenbHOU
MOTPEIIHOCTH B T'€0/IE3UH PUHUMAIOT YJIBOCHHYIO CPEHIOI0 KBAIPATUYECKYIO MOTPEITHOCTh

Anpebz 2m (11)

Ecniu B psay ciaydallHbIX MOTPEIIHOCTEN pPE3yJbTaTOB PAaBHOTOYHBIX H3MEPEHUI
BCTPEYAIOTCSI TaKUe, KOTOPbIE MO aOCOIIOTHOM BEIMYMHE MPEBBIMIAIOT MPEACTbHYI0, TO TaKUe
MOTPEIIHOCTH CYUTAIOT TpyObIMU. M3MepeHwus, B KOTOPBIX OOHApYy>KEHBI STH MOTPELIHOCTH,
BBITIOJIHAIOT 3aHOBO.

B psane ciayuyaeB il CyKJEHHS O TOYHOCTH W3MEPEHHMI HEIOCTATOYHO 3HAHUS JIUIIb
a0COJIFOTHOTO 3HAYEHMsI CPEJAHEH KBaapaTHUeCKoW mMmorpemrHoctu. Hampumep, u3mepeHsl Tpu
OTpE3Ka JUHUU MECTHOCTH:

L1 =240 m c morpemrHOCTRIO My =% 0,15 M;

L, =600 m c norpemHOCTRIO My =+ 0,53 M;

L3 =500 m c norpemHoCTBIO M3 =+ 0,29 M.

Ecnu cpaBHUBaTH cpenHUE KBaJpaTHUECKHE MOTPEHTHOCTH, TO Hanboliee TOUHO U3MEpeH
nepBblii 0Tpe3ok. OJHAKO, 37eCh CIEAyeT YUUThIBaThb M JJUHY HU3MEPSEMOro OTpe3Ka, T.e.
OTHECTH MOTPELIHOCTD K BEIUYUHE JJIMHBI CAMOI0 OTPE3Ka.

B 1nonoOHbIX ciiydasix BBOIST MOHSITHE OMHOCUMENbHOU NO2SpeuwHocmu, Moj KOTOpOn
MOHUMAIOT OTHOIIIEHHE a0CONIOTHON BEIMUYMHBI CPEAHEN KBaJApPATHUYECKOW MOTPEIIHOCTH M K
3HAYCHHIO pe3ynbTata | n3mMepsieMoil BeTHUHHBL, T.€.

RoLl_lo1pN (12)
l Im N
roe N = I:m.
I[J'I}I Haero nmpuMepa OTHOCUTCIILHBIC ITOTPCIIHOCTU paBHBI:
m 015 1 1
L, 240 240:0,15 1600
mp 0,53 B 1 B 1
L, 600 600:053 1100
my 029 1 1

I, 500 500:0,29 1700

CpaBHuBas qpoOu, BUTUM, YTO TPEThE U3MEPEHUE SBIIICTCS CAMBIM TOUHBIM.
B 3nauenuu abéconomnoii eéenuuunsvt cpeoueil KeaopamuuecKou NoZPeutHocmu u 6
3HaAmMeHamesnle OMHOCUMENbHOU NOZPEeUIHOCIU clledyem Yoepicueams O0ée-mpu 3Havaujue

uugpol.



1.4.3 Bepoamueituiue nozpeutnocmu

®opmyna (10) K.®. INaycca nnst cpegHeit KBaApaTUUeCKOW MOTPEIIHOCTH CIIpaBeiuBa B
TOM cJIy4ae, KOria pe3yabTaThl | u3MepeHuii CpaBHUBAIOTCS ¢ HICTUHHBIM (TOYHBIM) 3HaYeHHEM X
3TOH BeMMYMHBL. B  OOJBIIMHCTBE CiIydaeB NPAKTUKA TOMOrpado-reoIe3NIeCKux H
MapKIIeHIepckux paboT HCTUHHOE 3HaUeHHEe X M3MEPSeMON BEJIMYUHBI HEU3BECTHO M TIOATOMY
UCTIONB3YIOT BEpOSATHEHIIee 3HaYeHUe ero X, ompenensemoe no ¢gopmyne (7). B atom ciydae
CPEIHIOI0  KBAJIPATUYECKYI IOTPEIIHOCTh pe3yjbTaTa OTICIBHOTO HW3MEPEHHUs psja
PABHOTOYHBIX U3MEPEHUH ONPEIEIISIOT 110 BEPOATHEUIIUM ITOIPEIIHOCTSIM.

Iycte 14, 1 2,1 3,...,] 1 - pe3ysbTaTBl PABHOTOYHBIX M3MEPEHHI OJHOM U TOM K€ BEITUYHHEI,

[
X = — - IpocTas apuQmeTHuecKas cepeuHa.

CocTaBuM pa3HOCTH
li — X =7 (13)
rnei=1,23,..,n
N - YUCIIO U3MEPEHU;
0j - BEPOSITHEHIIIME MOTPEIIHOCTU Pe3ysbTaToB |j M3MepeHwuid, T.e. YKIOHEHUS 3HAUCHHI
Ka)XJ0r0 pe3yibTara lj oT mpoctoii apudMeTHIecKoi cepeiHbl, OT BEPOSITHEHIIIETO 3HAYCHHS X
M3MEPSAEMON BEITUYUHBI.

CnoxxuM ypaBHeHus (13) u pa3aenum Ha UX YUCIO

[ _

7 — X = 7 (14)
[
n
Toraa [v]=0

HO X =

)

(15)
T.€. CyMMa BEpOSITHEHIINUX MOTPEIIHOCTEH Pe3yIbTaTOB PaBHOTOYHBIX M3MEpPEHUIl paBHA
HYJTIO TIPH JTFOOOM YHCIIe U3MEPCHHM.
CoctaBum paznoctu ypaBHeHwuit (1) u (13)
Ai—vizli—X—li+x (16)

HO, X — X =1 = [A]/n - ucTuHHAs ciaydaiiHasi MOTPENIHOCTh MPOCTON apUPMETHUECKON
CepeNMHbI, TOr1a
Ai: V; + n (17)
Boipaxxenue (17) ecTp ypaBHEHHME CBSI3M HCTHMHHBIX M BEPOSTHEHMIIMX MOTrPEUIHOCTEN
PE3yJIBTaTOB PABHOTOYHBIX U3MEPEHUH.
Bo3ssenem ypaBuenus (17) B kBaapaT, CJI0KUM U pa3/ieNM Ha UX YUCIIO

2 _ 2, vl
—=—+n°+2n— (18)

B _ 2 =0 p2= 2

HO — = m*; [v]=0; n =
TOT/1a mzzw_l_ﬁ

(19)

Bropoii unen npasoit yactu ypaBHenus (19) 3anumem B Buzie

n2 n2 nZ [nZ] ;lz ( )

HO — = m?; = 0; - mo YeTBEepTOMY CBOMCTBY CIIy4allHbIX MOTPEITHOCTEH.
VpaBuenue (19) ¢ yuerom (20) npumer Bua
2

mz =2l ™ (21)

n n



NN m- =—-

[v2]
E.

Bripaxkenue (23) sBisieTcst popmynoii beccens nis cpeHen KBaipaTHIECKOH MOTPEITHOCTH
pe3ynbTaTa OTASIBHOTO U3MEPEHHUS PSAIa PABHOTOYHBIX U3MEPEHUM OTHOM BEJIIMYUHBI.

OKOHYATEIIFPHO M =

Ilpakmuueckue pekomenoayuu no 6bI4UCIEHUIO RPOCHON APUPMEMUYECKOUl CePeOUnbl:
1.BeiOuparot npubanxeHHOE 3HaUeHHEe X' TPOCTON apu(PMETHIECKOM CEpPEeTUHBI, B KAUECTBE
KOTOPOTO JIy4Ille BCEro B35Th HAUMEHBIIIEE U3 pe3ysbTaToB lj u3MepeHwit, T.¢.

'

X = limin (24)
2. Haxonat pa3sHoctu
g=1—-x. (25)
3. BBIUHCIAIOT NPOCTYIO apU(PMETHUECKYIO CepEeTUHY

_ ol
X=x+— (26)

Ouerma mounocmu (])ynkuuﬁ U3BMEPEHHBIX 6€C/IHUUH

B OonbuinHCTBE CiiydaeB IPaKTUKU TONOrpad)o-reoie3nuecKux U MapKIIen1epckux pador
UCKOMBIE BEJTMYMHBI [TOJTy4aroT B Pe3y/IbTaTe BRIYMCICHUH KaK (DYHKIIMU U3MEPEHHBIX BEJINYMH.
[TosryueHHBbIE NTPU 3TOM pe3yNbTaThl OyAYT COAEpPKaTh MOIPELUIHOCTH, KOTOPbIE 3aBUCAT KaK OT
MOTPENIHOCTENH apryMEHTOB (M3MEPEHHBIX BEJIMYMH), TaK U OT BUAA QYHKLIUH.

Bosnukaer 3aa4a O1ieHKM TOYHOCTH  (PYHKIIUN U3MEPEHHBIX apTyMEHTOB.

1.4.4 Cpeonan keadpamuueckan nozpewtHocms QyHKyuu ooueco euoa

Jana pyHkuus
U= f(X1)X2)X3) le) (27)

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

[TycTh B pe3ynbTaTe M3MEPEHUH MONydeHBI TPHOIMKeHHbIe 3HaueHust 1, |2 ,l3, la,...., Ik 9THX
BEJIMYMH.

Torna

u= f(llﬂ lZ' 13' lk) (28)

- npubmmkeHHoe 3HaueHne Gpynkiuu U.



CocraBuMm pa3HOCTh ypaBHeHul (27) u (28)

Au=u—-U=f(ly, 15 ) = f(X1, X2, X3+, X) (29)
KOTOpasi SBJISETCS UCTUHHOM CIy4aiiHON morpemHocTbio pynkuuu U.
Pa3noctu
A=l — X; (30)
- CyTh UCTHHHBIE CITydaifHbIe IOrpemHOCTH aprymenToB | rae i =1,2,..., k.
Torna
Au = f(ly, bl ) — fy = Ay, Ly — Ay, o e — A) (31)
UtoObl HAWTH JIMHEHHYI0O 3aBUCHUMOCTh MEXAY TNOTPEITHOCTSIMH apryMEHTOB U

MOTPEITHOCTRIO QyHKIHH, TpoauddepeHnnpyeM GyHKIuo (28).

+Ldl, + e+ 2L

du=Lal, + o

azl (32)

of af of

a1, al, : al - YaCTHBIC IPOU3BOJHBLIC (1)YHKIII/II/I 10 KAXKJI0OMY U3 apTYMCHTOB.
1

3amMeHUM B BbIpaxkeHuU (32) auddepeHnnanbl ICTUHHBIMY CIIy4aliHBIMH MOTPEIIHOCTSIMU
(GYHKIIMY U apTyMEHTOB

pu=La +5L8,+ 2L A3 +o4 L Ak (33)
al, al,
[Tpy MHOTOKpaTHOM U3MEPEHHH apryMEHTOB, HapuMep N pas, MoIyduM
—Of N L O or
Buy = 57Dyt g B+ 2 azkl (34)

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

[TpousBoaHble (GYHKIMH IO COOTBETCTBYIOIIMM apryMEHTaM B pPa3HBIX H3MEPEHHUSIX
NPAaKTUYECKH OCTAFOTCS MIOCTOSHHBIMU U MOTYT OBITh BBIYHMCIICHBI TI0 PUOJIMIKEHHBIM 3HAYCHUSIM
aprymesToB ly g, |2, I30,..., lko, B KauecTBe KOTOPBIX MOKHO B3ITh |10 =111, loo =l21,..., lko = lk 1,

T.€. 3HaYEHUS apTYMEHTOB, MTOJIYYCHHBIC TTPU TIEPBOM H3MEPEHUH OMPEIEIIEMbIX BEIUYNH.
B cooTBeTCTBUM ¢ 3TUM MOKHO TIPUHSATH
of _of _of _  __ of (3_)\
dly, Ol Az dlyy o/’
of _ of _ of _ of (3_f)
dly1 - 0l - 0ly3 - Olam /o’ ¢ (35)
af . af af . af (6f)
Olgy  Olgy  Olygs Olgn i/ o/

C yuetom (35) Beipakenue (34) mpumMeT BUI



= a_f) : (a_f) I ("_f) .
Aul - (all 0 Al,l + alz 0 Az,l + + alk 0 Ak,l (36)
Bo3senem ypaBaenus (36) B KBaapaT, CIIOKHM U pa3eiiM Ha UX YUCIIO

o] _ (20)"leind] | (DT (S0)TRRMD 5 (20) (20 [aladla]
0 0

n oly/y n ol /g n aly, o ™ aly al, n
a_f) (a_f) [aLaL] (a_f) (a_f) [AL—1 AL
2(8l1 0 8l3 0 n + +2 alk_l 0 alk 0 n (37)

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

AA AA A_{A
B8] _ o [ads] o [eadd
n n n
Au? A% A% JiY;
u[n]zmﬁ, [n—l]sz, [n—2]=m%,--~,[7"=m,% (38)

2 _ a_f)z 2 (6_f)2 2. .. (a_f)z 2
mu—(al1 Om1+ 3l Om2+ + 21, Omk (39)

nJIn

_ a_f)z 2 (a_f)z 2 4 ... (a_f)z 2
my, = (611 Om1+ alzom2+ + m omk (40)

TakuM o00pa3oM, cpedHsas Keaopamuueckas NOSPEWHOCMb QYHKYUU He3a8UCUMbBLX
apeyMenmo8 pasHa KOPHIO K8AOPAMHOMY U3 CYMMbl K8AOPAMO8 NpOU3BEOeHUll YACMHbIX
NPOU3BOOHBIX DYHKYUU NO KAHCOOMY U3 APSYMEHMO8 HA CPeOHUe K8AOpamuiecKue nocpeuHocmu
COOMEEMCMEYIOUWUX AP2YMEHMOS.

1.4.5 Cpeonsaa xkeadpamuueckan nozpeuwtHocms RPOCM O apuhmemuyecKkoil cepeoutl

®opmyiy (7) ans npocToi apuMETHUECKON CepeIMHBI MIEPENUILIEM B BUJIE

(1] _ Lit+lp+lg++ly
n o n

1 1 1

rie li- pe3yapTaThl pABHOTOYHBIX H3MEPEHHI OTHOM U TOH )K€ BETHUNHBL,
i=1,23,..,n;
N - YUCIO U3MEPEHUM.

U3 ypaBHeHus (39) numeeM



Ho bx 1 TOT A
o, n oA m=m,=---=m =m
212t 2, 1 2
M =—=mi+—=m;+-+—my (42)
Taxk KaK HU3MEpPECHUS PaBHOTOYHBIE, T.€. m =m,=--=m,=m

(43)

CrnepnoBarenbHO, BeIpakeHue (42) npumeT BUA

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

Cpeonss keadpamuueckas NO2peuHoCms NPOCmotl apupmemuyeckorl cepeduHvl 8 \n pas
MeHbule CcpeoHell  K8aopamuyecKol NOSPeWHOCMU Pe3VIbmama Kax#coo2o O0moenbHO20
usMepeHus.

CpaBuuBas dopmyny (44) u BTOpoi 4jieH MpaBoi YacTH ypaBHeHHUs (21), MOXKHO cienaTh
BBIBOJI, UTO

2 _m m

n-=-—, TI:_n:M,

T.€. UCMUHHAA CIYYAUHAA NOZPEUWHOCMb NPOCMOU apu@dmemuieckoli cepeounsbl pasHa
cpeoHell K8aopamuieckol No2peunoCmy npoCmou apughmemuieckoll cepeouHul.

1.4.6 Ouenka mounocmu pe3y1bmamog Y2i06viX U3MePEHUl 6 MPUAHSYTAUUU
N3BecTHO, 4TO CyMMa BHYTPEHHUX YIJIOB INTOCKOTO TPEYroJibHUKa paBHa 180°,
T.€. P10 +p20+ fao = 180° (46)
rne f10, f20,f30 - UICTUHHBIE (TOUHBIC) 3HAUYCHHS YTJIOB.

[Tycteb f1, P2, f3 - pe3yabTaTbl U3MEPEHUS ITHX YIJIOB, T.€. MPHUOIMKEHHBIC 3HAYCHUS
YTJIOB.

Torna, cormacuo (1), umeem

B1— 51,0 = A4,
B2 — 52,0 = Ay, (47)
B3 — Bzo = Az,



A1, Ay A3 - UCTUHHBIE CITy4alHbIE TOTPEIIHOCTH PE3YJIbTATOB U3MEPEHUM.

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

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

f1+ P2+ 3 — (AL + Ay + Az) = 180 (49)

B1+ B2+ L3 —180° = A, + A, + As. (50)
0O003HaYNM

Al + AZ + A3 = . (51)

- Ha3bIBAIOT yZJZOSOIZ HeBA3KOU B TPEYIrOJIbHUKE, T.C. 3TO HNCTUHHAA CHy‘I&ﬁH&H
MOrpeIIHOCTL CYMMBbI BHYTPCHHUX YTJIOB TPCYT'OJIbHUKA.

Torna ypasuerue (50) MOKHO 3aluCcaTh B BUJIE
B1+ B2+ Bz — 1807 = w, (52)
WITH

38— 180° = w. (53)

[TycTh paBHOTOYHO W3MEpPEHBI YINIBI B N TPEYroJbHUKAX, IS KaXKIOTO W3 KOTOPBIX
crpaBeTHBEI paBeHCTBa (51), T.e.

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

raei=1,2, 3,..., N- HOMep TPEYroIbHUKA.
Bossenem ypaBHeHus (54) B KkBajipat, CI0XKUM U pa3eIuM Ha UX YHCIIO:

2 2 2 2
[a1] n (7] +M 4 pBadal | 5 [8ads] | 5 [A245] _ L7 (55)
n n n n n

n n

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

[Ai8s] o [Mds] o [aas]

) ) )

n n n

2 2 2
o] W
n n n



Torna

—=m?+m3+ms (56)

rzae My, My, M3 - cpeaHNE KBaAPATHUECKUE MOTPEIIHOCTH PE3YyIbTaTOB H3MEPEHHUH YIIOB
P, f2,f3 BKaKIOM U3 TPEYrOJbHUKOB.

Tak kak u3MepeHus: paBHOTOYHBIE, T.€. M1 = My = M3 = My, TO

2
7~ 3mg, (57)
nJIn
[w?]
mg = |5 (58)

3to hopmyna Deppepo, 10 KOTOPOH OOBIYHO BBIITOIHAETCS OLIEHKA TOYHOCTH PE3YIIHTaTOB
W3MEPEHHUI TOPU30HTAIIBHBIX YTJIOB B TPUAHTYJISIIUH.

1.4.7 Ouyenka mounocmu pe3yibmamaoe pAaoa 080UHBIX PAGHOMOYHBIX USMEPEHUIL

OdeHb YacTO B MPaKTUKE T€OAE3UUYECKUX U MapKIIEHIEPCKUX pabOT UCKOMYIO BEIUUYUHY
ONPENEIAOT [0 pPE3yJibTaTaM JABYKPATHBIX pPABHOTOYHBIX HU3MEPEHHUM DJTOM BEIUYUHBI.
Hanpumep, ropu3oHTAIBHBIE YIIIBI U3MEPSIIOT ABYMsI TOJIYIIPUEMAMU, NPEBBIIIEHUE HA CTAaHIIUU
IIPU T€OMETPUUECKOM HUBEIMPOBAHUU OIPEHEISACTCS 110 YEPHBIM U KPAaCHBIM CTOPOHAM DEEK,
JUIMHBl OTPE3KOB JIMHUM MECTHOCTH HaxXOJAT W3 PE3YJbTATOB M3MEPEHUN JTHUX OTPE3KOB B
psIMOM U OOpPAaTHOM HalpaBICHUSIX.

Bo3Hukaer 3amadya OLIEHKA TOYHOCTH 3TUX PE3YJIbTATOB.
HNmeeMm psAA BEJIMYUH, UCTUHHBIC 3HAYCHUS KOTOPbIX PABHBI

Ll,Lz,L3,“‘,Ln. (59)

HYCTB KaxKaada n3 3TUX BCIIMYUH U3MEPCHA PABHOTOYHO ABAXKBI U IMOJTYYCHBI pE3YJIbTATHI:
llf l2' l3' Yy ln; (60)
ll’ lz, l3,"',ln, (61)

CocraBuM Pa3HOCTHU MEXKAY pE3yIbTaTaMU H3MepeHHﬁ 1 UX UCTUHHBIMU 3HAYCHUAMMU

li — Li = Aij (62)

'

I, —L; = A, (63)

L

rrei=1,2,3,..,n.



Haiinem paznoctu ypaBHeHu# (62) u (63)

' '

li - li = Ai - Ai (64)

1 0003HAYUM

'

A, — A= d;, (65)

3nech Aj U Aj - HMCTUHHBIE Cly4yaiiHble MOTPEIIHOCTU PE3YIbTATOB.

BosBenem ypaBHeHus (65) B KBajpaT, CJIOKUM U pa3/IeIMM Ha UX YUCIIO

I 5l G Ly L (66)

n n n n

Ha ocxoBanuu (3) u (7) 3anumem

A% ) A? A'A
[ ]=m2; [ ]=m2; [ ]=O,
n n n
Torua
2
m? +m? = M. (67)

n

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

2 2
2 _ [a?] [d2]
m, = 1 68
i — ! - (68)
HpI/I HBOﬁHbIX paBHOTO‘{HBIX I/I3MepeHI/I$IX 34 OKOHYATCJIBbHOC 3HAUCHHC HpI/IHI/IMaIOT

cpeaHee apI/I(bMeTI/I‘ICCKOG N3 pE3YJIbTAaTOB OTACIIbHBIX I/I3MepeHI/II71, T.C.

l_l+l’
0 — 2 )
TOTAa
=M _ o5 (97 69
= 73 um  my, =0, — (69)

Dopmystel (68) u (69) cripaBeTUBHI JHUIIL B TOM Ciydae, eciii pasHoctu di He copepikar
CHUCTEMATHUYECCKHUX HOFpeIHHOCTeﬁ.

[TycTh pa3HOCTH COAEPIKAT CUCTEMATHUECKYIO TIOTPEIIHOCTD & , T.€.
Cnoxum ypaBaenus (70) u pazieauM Ha UX YUCIIO

@ _[a]_B, g (72)

n n n



Ha ocHOBaHuM 4eTBEpTOro CBOMCTBA CIIy4YaHBIX MOTPEIIHOCTENH UMEEM

T.C.

[d]

— =0 72

: (72)
Cpeonee apugpmemuueckoe u3z pazHocmell pe3yibmamos OBOUHbIX PABHOMOUHBIX

usMepeHuli. OMIUYHO Om MYl U YUCIEHHO PABHO CUCNEeMAMUYEcKOU HNOSPEeUtHOCMU dMux

pe3yibmamos.

BbriuteM u3 kaxmoil pasHoctd O BENMYMHY CHCTEMATHYECKOW MOTPEIIHOCTH 6, T.e.
00pa3zyeM HOBbIE Pa3HOCTH

d=d;,—0 (73)
CrnoxuB paBeHcTBa (73) ¥ MOAETUB UX HA N, TOTYyYUM

@__,

n n
HO — =0,
TOrAa l4] =0,
n
(74)

T.e. cpedHee apugmemuueckoe u3 pasHOCmell pe3yIbmamos OBOUHBIX PAGHOMOYHBIX
uzmepenull, c60O0OHbIX ON CUCIEMAMUYECKUX nozpewHocmell, cezoa pasro Hymio. Pasnocru d',
KaK yKIoHeHus O OT mpocToii apudmeTHdecKoil cepeuubl U obnanaromue coiictoM [d] = 0,
MO>KHO CYMTATh BEPOSITHEUIIMMHU TTOTPEITHOCTAMHE paszHocTeit d.

[Tpumensis k HuM ¢opmyny beccena nns cpenHell KBaApaTUUYECKOW IOTPELIHOCTH,
3anuuIemM

my = E, (75)
_mg _ [ [a?]

a M =75 = 200

(76)

CpenHsis KBaipaTHuecKas MOTPEIIHOCTh CpeaHero apupmeTndeckoro u3 pe3yabraros li u I';
OyneT paBHa

=2=05 2%, (77)

m
b ™ 2 n—1

Brrunicienne 3HaueHHs YUCITUTENS TOJJKOPEHHOTO BBHIPAYKEHUSI MOYKHO IPOKOHTPOIUPOBATH
no ¢opmyie

[4?] = [@] - 15

o (78)



Ipumeuanue. OUEHKY TOYHOCTH TIO PA3HOCTSAM PE3yIbTaTOB JBOWHBIX PaBHOTOYHBIX
W3MEPEHHI CleAyeT BBIMOJIHATH Mo (opmynam (68) u (69), ecnu pa3sHOCTH YIOBICTBOPSIOT
YCIIOBHIO

[[d]l < 0,25[]d]], (79)

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

1.4.8 IlIpumepol oyenKku mounocmu pe3ynbmamos paéHOMOYHBIX UIMEPEHUIL OOHOIL
6eIUYUNDBL U YYHKYUIL HE3ABUCUMO UIMEPEHHBIX 6ETUYUH

3amauya 1. Ilo pe3ynbpTaTam paBHOTOYHBIX HU3MEPEHHUI TOPU3OHTAIBLHOTO yIiia JEBATHIO
npuemaMu (cM. Tabn. 1) HaliTu HamboJjee TOYHOE MO BEPOATHOCTH 3HAUYEHHE YIJIA, CPEIHUE
KBaJPaTUYECKHE TOTPEIIHOCTA H3MEPEHHUS KaXKJIOTO OTAEIBHOrO yria W  MPOCTOU
apuMeTUYECKON CepPEeIUHBI.

Tabauua 1

OIIGHKa TOYHOCTH PE3YJIbTATOB UBMCPCHUA OTACIBbHOI'O TOPU30HTAJIIBHOT'O YIJIa

2 2

Homepa | Pesynbrarhl & & Ui Vi OcHoBHbIE bopMyibl,
BCIIOMOTI'aTCIIbHBIC
NPUEMOB | U3MEPEHUI BEIYMCIICHHS
i Bi
1 2 3 4 5 6 7
1 32°23 44 [+ 4 16 |-0,6 0,36 1.8°= Bimin
2 0 0 |-46 21,16 ,
40 2.5 = Bi—Pp
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 4.8, =32°23 44,6
46
6 + 3 9(-16 2,56
43
7 + 8 64 | +3,4 11,56 5.6=B-Bop.= -0,04
48
8 + 5 25 | +0,4 0,16
45
9 32° 23 47 + 7 49 |+24 5,76 6. Ui = Bi — Bowp.
Y 42 [233 |-04 46,20 7. Wl=v,+v,+-+




Homepa | Pesynbrarsl & siz Vi viz OcHoBHbBIC bopmyIsI,
. BCIIOMOTATENIbHBIC
IPUEMOB | U3MEPEHUN BLIYMCIICHHUS
i pi
1 2 3 4 5 6 7
Un

[€]°=1681 KonTpoan:
p 32°23 40 OKOHYATEILHBIN PE3YIIbTAT : [v]=6"n
B 32°23'44,56 p=32" 23 44,6"+0,80
B o 32°23° 44,6

mp=+2,4"

M = £0,80

BblunciieHHs1 BBINOJHAIOT B CJIeAyIOIIeH M0c/1e10BaTeIbHOCTH:

1. BreiObuparor mpubmmkeHHOE 3HA4YCHHWE fi TPOCTOW apUPMETHYECKOH CepeMHBI Kak
HalMEHbIIIEe U3 PE3YNIbTATOB U3MEPEHUH, T.€. f = fimin. B HallleM mpumMepe 3TO 3HaYeHUE PaBHO
B =p =32 23 40 .

2. BblUMCHAIOT YKJIOHEHHUS & pe3yJlbTaTOB HM3MEPEHHH fi OT 3TOro NpUOIUKEHHOTO

& :ﬂi_ﬁ'

3HAYCHHUS ' U CyYMMY 5THX YKHOHCHI/Iﬁ

[e] = &1 + &, + -+ &p.
3. B kosoHKe 4 Ta61.2 BBIUHCISIOT KBAJPATH & W UX cymMmMmy [7].

4. BBIYUCISIOT MPOCTYI0 apu(PMETHUECKYIO CepenHy [ - HanboJiee TOUHOE M0 BEPOSTHOCTH
3HauEHUE U3MEPSIEMOrO yIia.

5. Haxomar BeposATHeWINIME MOTPENIHOCTH VU KaK Pa3sHOCTH pPE3yNbTaTOB OTIEIbHBIX
U3MEPEHH U OKPYTIIEHHOTO 3HAYEHHS fowgp., T-€., Vi = P — By, X CyMMY [V] = vy + v, + - +
U, ¢ KoHTpomeM [v]=&6'n , tme 0=f-fop - TOIPEUIHOCT OKPYIJICHHUS CPEIHEro
apru(MeTHUECKOTO.

6. B rpade 6 BBIUMCISIOT KBaApaTbhl BEPOSTHEUIINX IMOTPEHTHOCTEN viZ u mx CyMMY
[e]?
[V2] =v2 +v% + -+ v2 cxontponem [v?] = [e2] — —.
7. Tlo dopmyne (23) beccens BBIYUCISIOT CPEAHIOI KBAIPATHUYECKYH) TOTPEITHOCTh
pe3yJbTaTa KakJ10ro OTAEIbHOTO U3MEPEHHUS:




8. Ilo dopmyne (44) HaXOOAT CPEAHIOI KBAAPATHMUYECKYIO IOTPEIIHOCTh IMPOCTOM
apu(METHUECKON CepeIUHBI:

_ g

M=r

9. OKOHUATEIBHBIN pe3yNbTaT 3aMKUCHIBAIOT B BU/JIE

B = Boxp. + M.

3ajmaya 2. B xaxa0M TpeyrojabHUKE MUKPOTPUAHTYISIIUK (pUC. 1) U3MEPEHO OJMHAKOBO
TOYHO IO TPU BHYTPEHHHMX TOPHM3OHTAJIBHBIX yria (cM. Tabu. 2). Berumcnaute cpenHioo
KBaJIpaTUUECKYIO IMOIPELUIHOCTh PE3Yy/IbTaTOB U3MEPEHUN KaX10r0 OTAENIBHOIO yria, IPUMEHUB

bopmyny Deppepo:

[w?]

3n’

m,g=

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

Puc. 1. Cxema ceTn MUKpOTPHAHTyJIALIMI

Tabmumna 2

O06paboTka pe3yabTaTOB YIIOBBIX U3MEPEHUIN B MUKPOTPUAHTYIISLIUU

Howmepa TpeyroIbHUKOB U 3HAYEHUSI U3MEPEHHBIX YIJIOB
Hasganus yrios

1 2 3 4 5

BP1 80° 07,7 74° 21,6 36°39,2° 39°17.4 69° 49,6’




bo 50 58,3 64 355 71 49,6 9 15,8 36 39,2
Ba 48 531 41 01,8 71 32,6 44 26,1 73 324
> B 179° 59,1’ 179°58,9° 180°01,4" [ 179°59,3 180° 01,2’
wp =Zp-180° 0,9 1,17 + 1,47 0,7’ +1,2
o’ 0,81 1,21 1,96 0,49 1,44
5

mﬁz

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

3ajaya 3. B T€010IMTHOM X0/I€ PABHOTOYHO U3MEPEHO 11 rOpU30HTAIBHBIX YIJIOB, KaXK bl
CO CpefHEN KBaJApaTHYECKOU MOrPEIHOCTEI0 Mg==+0,5". OnpenenuTs CpeqHIO KBaAPaTUYECKYIO
U NpeIEebHYIO MOIPEIIHOCTH CYMMBI 3TUX YTJIOB.

Nmeem pynkuuo u =8 =1+ B, + B3+ -+ P11

u
YacTHbIe IPOU3BOIHBIE €€ 110 KAXKIOMY U3 apTyMEHTOB PABHBI B 1.

Torna m, =myz =mgVyn = 0,5V11 = £1,66
H o Aypep=2my, =2-1,66 =~ £3,3".

3anaua 4. 'opuzoHTaIbHBIHN yroia £ (cM. puc. 2) uaMepeH TeooautoM 2T30 oJHIUM HOITHBIM
IPUEMOM CHOCOOOM «1puemMoBy. ONpenenuTs CPeIHIO KBaAPaTUYECKYI0 IOTPEIIHOCTh
CpeaHero apu(MeTHUeCKOro U3 3Ha4eHUN pe3ysbTaTOB U3MEPEHUH yria B MOJylpHeMax, ecliu
CpelHsis KBaJgpaTUyecKas MOrPElIHOCTh OTCYETOB IO JUMOY cocTaBmwia Me==0,5". dpyrumu
MOTPEITHOCTSIMU TTPEHEOpEUb.

3HaueHue yriia B MOJyMpUeMaX BBIYHUCISIOT 10 (hopMyram:
BL=c, —a; Br = Cgr — ag,

rae C ', Cr', aL', 8g' - OTCYETHI MO TOPU3OHTATHPHOMY KPYTy MpH BU3UpOBaHUH Ha TOUKK C 1 A
MIPH TIOJIOKEHUH BepTUKaNbHOTO Kpyra cieBa (KJI) u cripasa (KII).

B

Puc. 2. Cxema HaOmroneHuit




BeposiTHelee 3HaueHHE TOPU3OHTAIBHOIO YIJIa IO pe3yJIbTaTaM, II0JIY4YeHHBIM B KaXI0M
HOJIyIIpUeMe, BEIUUCIIAIOT 10 (hopmyIie

B.+Br ¢ —a +cg—ap 1, 1, 1, 1,

Bep. = 5 > ==ECL_EaL+§CR_§aR'
Ha ocroBanuu dopmyi (39) — (42) 3anumiem
1) 1 :
mﬁ,cp. =my (E) = 0,5 42 = i0,5 .
OTy e 3a7ja4y pelM HHave.
1. OnpenenyiM CpeHIO KBaJpaTUYECKyI0 IOTPEIIHOCTh Pe3yJIbTaToB

M3MEPEHUIA YIJIa, TIOJYYEHHBIX B KQJKIOM MOIyIIPHEME
mg =ma+m? BO mMg=m.=my =105

TOrIa
mg = mO\/E = iO,S’\/?

2. Tlo dopmyne (42) BBIYMCIUM CPEAHIOID KBaIPATUYECKYIO MOTPEUIHOCTH CPEIHEro
apuQMEeTHUYECKOT0 3HAYCHHUS YIJia, MOJYYEHHOTO U3 PE3YyIbTaTOB B KAXKIOM IOJIyIIpUEME:

mﬁ c = T .
> T2 \/_ '
3amaua 5. BBMUCIATE CPENHIO KBAAPATHUECKYIO U MPEICNbHYI0 MOTPEHIHOCTH
MPEBLINICHUA, ONPCACIICHHOIO Ha CTAaHIUU IIPU TICOMCTPHUYCCKOM HHBCIUPOBAHHWU II0 ABYM
CTOPOHAM HHUBCIIMPHBIX HIAINCYHBIX PECK, CCJIIN:

- IIeHA JeNIeHus MKaibl pedkn u = 10 mm,
- cpeaHss KBaJpaTuyecKas MOrpeUIHOCTh OTCUYETa Mo perke My ==+ 1 MM.
JpyruMu norpemHocTsIMU IpeHeOpeyb.

[IpeBbllieHre BRIYUCISIOT 110 (hopMysiam:

h* + h*

R'=a'=b' R=a“=b5 hy,=—

rae a‘, b - oTcueTsI Mo YepHBIM CTOPOHAM pPEeK, YCTAHABIMBAEMBIX B 3a/IHCH U MepeIHEH
TOYKAaX HUBCJIHUPHOI'O X044,

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

[TepenuineM mocieqHION GOPMYITY B BUJIE

,o_@wmbiha b 1111
ep. = 2 T4 TR Ta TR

Cornacao hopmymnam (41) — (44) umeem

Mpycp, = / = 1lum ’4— = +1uwm;

Ahypes. = 2my, o, = 2, MM,



3anmava 6. BeraucanTh CpeHIO KBAAPATUIECKYIO MOTPEITHOCTh PEe3yabTaTa OMpeIeICHHS
MPEBBIMIECHHSI CIIOCOOOM TPUTOHOMETPUIECKOTO HUBEIUPOBAHHMSI, €CIIN MPEBHIIICHUE BHIYHCICHO
o ¢popmye

h=h'+i—1 (80)

rme h =dtanv, d = 153,84 M — ropu3OHTAJIBHOE MPOJOKEHUE JIMHUU MECTHOCTH,
M3MEPEHHOE C OTHOCUTENIbHOW morpemHocTteio 1:2000, v = + 313" - YIroJl HakKJIOHA JIMHUHU
BU3UPOBAHUS, U3MEPECHHBIN CO CPE/IHEH KBaIpaTUIECKOW MOTPEUIHOCTRI0 My = £0,5", 1= 1,47 M —
BBICOTA pUOOpa (TEOA0NINUTA), U3MEPEHHAs ¢ MOrpemHoCcThi0 M; =+ 0,002 M.

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

2. OmpenenuM dacTHbIE Mpou3BOAHbIE (QyHKIMH (78) MO KaKIOMY U3 apryMEHTOB:
oh__a . 9n_ ., 0h_ 4

5_(cosv)2' 9 7 al

O _ tanv;
ad ’

3. Ha ocnoBanuu gopmynsi (38) 3anuiiem

2 my 2 2 2
my = (md-tanv) +<W> +mi +ml,
e p = 206265 =3437,75 = 57,2958’ - panuas.
mg 1 | _L_153,84-_
4. C yuerom 2 20000 ™d T 3000 2000 +0,077

BBIYUCIIUM

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 = ¢. OmnpenenuTh JIUHBI CTOPOH & U D, cpeiHWe KBaJpaTHYECKHE U OTHOCHUTEIIBHBIC
MOTPEIIHOCTH 3THUX CTOPOH, €CIIH: CpeIHUE KBaJpaTHUYECKHUE MOTPEHIHOCTH pe3yabTaToOB
U3MEPEHHH YIrIoB paBHBI My = M, = m, =+0,5'; oTHOCHTeNIbHAs NOIPEMIHOCTh Pe3yabTaTa
U3MEpPEHUs CTOPOHHI C cocTaBmiia Mg : ¢=1:2000.

Puc. 3. K pemienuto TpeyronbHuKa

I/ICXO,Z[HBIC JAaHHBIC, PC3YJIbTATLL BBIUHCIICHUI U OLICHKA TOYHOCTHU NNPUBCIACHLI B Taoi. 3.



Pewenue tpeyronpHuka

Tabmuma 3

Ne Pesynb- ITo- VYpas- Cunycsl JlnuHel
BEp- TaThI U3- npaB- HEHHBIC YTJIOB CTOPOH My, mq
d
IIMH MEpEHHH KH YTJIBI d, m MM
yIJIOB g
C(y) 58 14,7 0,2 | 58 145 0,85028 156,82 78 1:2000
B () 62 52,1 0,2 |6251,9 0,88993 164,13 84 1:1950
58 53,9
A (o) 0,2 |58 53,6 0,85621 157,91 81 1:1940
D 18000,7 |-0,7 180 00,0 Aw=1,0V3 =417
@ +0,7 w
’ =——=-0,2
Uﬁ 3
OcHoBHBIE (POPMYITBIL:
c . _ ¢ . .
a= Sinysma, b= Sinysmﬁ, (81)
Inb =Inc—Insiny + Insinp, (82)
Ina=Inc—Insiny +Insina. (83)
[Mponuddepenuupyem ypaBuenus (82) u (83):
db _de _cosy dy  cosB db.
b ¢ siny p sing p’ (84)
da dc cosy d_y cosa d_a
a ¢ m p sina p’ (85)
Ha ocnoBanuu gopmyi (27) — (40) 3anumiem:
2 2 2 2
Mp)" — (Me My mB\™.
(b) _(c) +(Ctgyp) +(Ctgﬁp)' (86)
ma\2 _ (me\2 N M) 2
(T) = (T) + (ctg YTV) + (ctg a7) : (87)

0, )2 + (0 512 0.5 )2 =
3438 w77 3438)
mb 1
— my, = 10,084 u;

b 1950’

[ToncraBisis ynciaeHHbIE 3HaYeHUsI B ypaBHeHUsI (86) u (87), momydnm:

(%) = (555) + (0619

1 2
(1950) ’



(%) = (505 +(0

2

0,
619 ——
mg 1
a 1940’

2

)+

3438

0,5
0,603 ———

3438)

mg, = £0,081 m.

2

1 2
- (1940) ’

3amaua 8. OnpenenuTs CpeTHUE KBAAPATUUECKUE MOTPEIIHOCTH:

- pe3yJbTaTOB OTAEJIbHBIX U3MEPEHUN;
- cpeaHHMX apu(MeTHyYecKuX 3HAUCHUN U3 Pe3yJbTaTOB JBOMHBIX PAaBHOTOYHBIX
M3MEpPEHUN IJIMH CTOPOH TEOA0JIUTHOIO X014,
- OTHOCHUTEJbHBIE IOIPEIIHOCTH 3TUX CTOPOH.
Hcxonnblie JaHHBIE U MaTeMaTH4ecKasi 00paboTKa pe3yabTaTOB H3MEPEHHIA MPeICTaBICHBI

B Ta6x. 4.

OneHka TOYHOCTHU PE3yIbTaTOB JBOMHBIX PABHOTOUHBIX U3MEPEHUN

Tabauua 4

Pesynbrarsl
oo ot Vepouen | dew | d) |d2 i,
2 = [ | o6parso e M v

1 2 3 4 5 6 7 8 9
1 145,65 145,74 145695 |- 9 81 |[-45 20,25 1:4900
2 156,09 156,09 156,090 0 0 | 45 20,25 1:5200
3 205,58 205,62 205,600 |- 4 16 0,5 0,25 1:6900
4 144,67 144,63 144,650 4 16 8,5 72,25 1:4800
5 174,56 174,69 174,625 | -13 169 |-8,5 72,25 1:5800
6 125,51 125,26 125235 |- 5 25 |-05 0,25 1:4200
Mg = +6,1cm [ 1= [|-27 |307 0,0 185,50 0=
m; = +4,3cm I[d]| 27 KonTpous : “hIem
Micp. = £3,0 cm [ld[] 35 [d?] = 185,50

O0paboTKy pe3yabTaTOB U3MEPEHUH BBIMOIHSIOT B CIEAYIOIECH MOCIeI0BATEILHOCTH.

1. B komonku 2 u 3 TaOGmuipl 4 BBINMKCHIBAIOT W3 TIOJIEBBIX JKYPHAJIOB pPE3yabTathl |
W3MEPEHUH JUIMH CTOPOH.

2. Boramensiior cpepnue apudmerndeckue 3HadeHus (| o) u3 pesynbratoB | m3mepenuit
Ka)XJI0Oi CTOPOHBI B IPSIMOM U OOPaTHOM HaIpaBJICHUSX:




Ly = Lpsno + lo6pamH0’
2
U 3aIlUCBIBAIOT UX B Tpady 4.
3. Haxomar pasnocta d = L,p000 — Logpamno (TPada 5) n ux cymmy
[d] =d; +d; +d3 + -+ ds.
4. ITposepstot BoimonHeHue ycaous | [ d]]<0,25[|d]|];

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

VcioBue He BBINOJHEHO, 3HAYHUT OIEHKY TOYHOCTH PE3YJIbTATOB W3MEPEHHH CIeayeT
BBIMOJIHATE 110 popmynam (73) — (75).

5. BeraucnsmwoTt BCINYNHY CHCTeMaTUYeCKOM MMOTpCIIHOCTHU paSHOCTeﬁ d:

[d] -—27
0 =—=—=—-45cm.
n 6
6. B rpadpy 7 szammceiBator pasHoctd d° = d - 6, cBOOOAHBIE OT CHCTEMATHYECKOU

norpentHoctu 6.

7. KBagpatsl pazHocTen d*?, ux cymmy [ d'? ] 3aHocsT B rpady 8, KOHTPOJIHUPYS 3HAYCHUE
CYMMBI 10 (hopMmyIie

, d]? 27
[d?] = [d?] — % =307 — <= 307 — 121,5 = 185,50.

8. ITo popmynam (73) — (75) BBIYMCIAIOT CpelHUE KBaIpaTUYECKUE OTPEIIHOCTH:

- pa3HOCTEH pPe3yJabTaTOB JBOMHBIX PABHOTOYHBIX U3MEPEHUN

[4?) _18550 _ .
n—1 5 - EO A

- PE3yJIbTAaTOB OTHACIBbHBIX H3MepeHHI>i
[d?] 61
21 2

= 44,3 cm;

- cpemHux apuMETUYECKUX 3HAYCHWH W3 PE3YJIbTaTOB  JIBOMHBIX
PABHOTOYHBIX U3MEPEHUM

m_%3_ 130
m == = 1To,UcMm.
YPTVZ V2

9. B rpade 9 3amuchIBalOT OTHOCHUTENBHBIE TOTPEIIHOCTH PE3YJIbTaTOB H3MEpPEHU,
BBIUKCIIsIEMbIE TIO (hopmyIie

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

3ajgada 9. B Te€omOIMTHOM XOJi€ PaBHO TOYHO M3MEPEHO CEMb I'OPHU30HTAIBHBIX YIJIOB
JBYMSI TIOJTYIPUEMaMH KaXXIbIi 1 MOJXY4eHBl PE3yJbTaThl 3TUX U3MEPEHUH friu fLi, Ta€ Pri—
3HA4YEHUs YIJIOB, MOJIYYEHHBIX B MIEPBOM MOJIYIpPUEME — IIPH MOJOKEHUN BEPTHUKAIBHOIO Kpyra
teogonuta crpasa (KII); S i — 3HaueHUs yIJIOB, MOJYYEHHBIX BO BTOPOM HOJYIpHUEME — IPH

MOJIOKCHUU BEPTHKAILHOTO Kpyra Teogosuta ciesa (KJI); 1 =1, 2, 3,..., n - HOMepa yriioB U ux
YHCIIO.



Onpenennuts cpeHue KBaIpaTUIECKNE MTOTPENTHOCTH:
Mg — PE3yJIbTATOB U3MEPEHHI YITIOB B IIOJYIIPUEMAX;

Mg cp.~ CPEIHUX apU(PMETUYECKUX 3HAUYCHUH YITIOB B IPUEMAX — [0 PA3HOCTSM Pe3yIbTaTOB
JIBOMHBIX PaBHOTOYHBIX U3MEPEHUH YIJIOB B NoynpueMax. Pemenue npeacrasieHo B Taduuue S.
Boluncnenus BBINONHSIOT B IOCJIEI0BATENIHOCTH, YKa3aHHOM JUIsl IpeAbLAYIIEeH 3a1auH.

Tabauua 5
OHCHKa TOYHOCTU pCSYJ'IBTaTOB I/I3MepeHI/I${ FOpI/ISOHTaJ'IBHBIX er'IOB
Pe3ynbrarel u3mepenuit OcHoBHBIE (HOPMYITBI U
% 2 BCIIOMOTI'aTCJIIbHBIC
E l I di= di BBIYMCIICHHS
o _
2 HOJyIpreM MOJTyTIPUEM =fr— L
@]
a Br AL
1 2 3 4 5 6
1 179°56,9 179°56,2 +0,6 0,36 | 1. Ycnosue:
2 179 58,1 179 58,9 -0,8 0,64 I[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
5 179 46,9 179 47 4 -0,5 0,25 [d2 2,54
2n | 14
6 202 37,8 202 38,0 -0,2 0,04
/0,181
7 179 43,4 179 42,8 +0,6 0,36 _0,43'
mg =+ 0,43’ [ ]=X +1,0 254 | 3.
mﬁ ,
Mgy, =+ 0,30 |[d]] +1,0 Mpcp. = 5 = 0,30
[1d]] +4,0

1.5 HepaBHOTOYHBIE H3MEPEHUSA

1.5.1 Obwan apugpmemuueckasn cepeouna. Beca pezynomamoe uzmepenuii

[Tycth umeercs pusndeckast BeauurnHa (yroi, OTpe30K JIMHUH, IPEBBIIIEHUE U T.11.), TOYHOE
(MCTUHHOE) 3Ha4YeHUWe KOTOpoil paBHO X. OTta BCJII/I‘{I/IHa u3MepeHa paBHoTouHO N pa3

HECKOJIbKMMU CEPUSAMU U IOJTYyUYEHBI PE3YIbTAThI |J , 3TUX W3MepeHuit. 3nech | = 1, 2, 3,..., K -
HOMepa CepHii u3MEpeHUi 1 uX uucio; j =1, 2, 3,. — HOMEpa U3MEPEHUH B KaKI0M1 CCpI/II/I U UX
4HCIIO.

[Ipumem, 4TO YKCTIO U3MEPEHUH N; B KAXKI0M CEPUU HEOJUHAKOBO, T.€.

Ny # Ny #F N3 # -+ F Ny. (88)




O0603HaUMM CpEIHIOI KBaJIPAaTHUYECKYIO IOTPEIIHOCTh Pe3yIbTaToOB I-(') PaBHOTOYHBIX
u3MepeHuil yepe3 u. B kaxaoil cepun MOXKHO ONpENENIUTh HauboJiee TOUHOE no BEPOSATHOCTH

3HAYCHHUE pe3yjIbTara Xj, Kak cpeaHee apu(METHUECKOEe M3 Pe3y/bTaToB | PaBHOTOYHBIX
U3MEPCHUN:
l§1)+l§1)+l§1)+~~+l,(111) )
X, = ;
ny
l§2)+lgz)+l§2)+---+l§122)
X, = ;
2 - v b (89)
06 000 200 00 00 S0 S8 S0 se e nna;
R L
X =

ng i,
N UX CPCIAHUEC KBAAPATHYCCKUEC IIOI'PEITHOCTH

My =—=; =+; M = —. (90)

Bennunnuel Xi - PE3ybTaTbl HEPABHOTOYHBIX I/ISMepeHI/Ifl, AJIs1 KOTOPBIX
my imz :/:m3 i"‘?‘:mk (91)

no ycnosuio (88). Bo3HukaeT 3amaua, Kak Mo pe3yibTaTaM X;j HEpaBHOTOUYHBIX MU3MEpPEHUN
HalTH HanboJiee TOYHOE IO BEPOSITHOCTH 3HAUCHUE U3MEPSIEMON BEITMUUHBI Xo.

Tak kak Ij(') - pe3ysbTaThl paBHOTOYHBIX M3MEPEHUI, TO BEpoATHENIIee 3HaueHue Xo U3
ITUX PE3yIbTAaTOB PABHO

®,,® ® ;@ ., (2) () , ;(K) (k)
G+t + P Y e D e O 415 4
Xo = = = k (92)

nit+nz+nz+-+ng

B cBoro ouepenp,

(D 41+ 10 4+ 1D = x5
1(2) 1(2) 1(2) +- +l(2) =Xy (93)

I

l(") + l(") + l(") Fot l(") = x - nk;}

C yuerom (93) paBeHCcTBO (92) nepenuiieM B BHIE

XO — xl-n1+x2-n2+x3-n3+-~-+xk-nk (94)
n1+n2+n3+-~-nk
O603HauuB ny +n, +nzg+--+n, =N,
(95)
[OJIyYUM
_ byl _ [xpmyl
X, = Tl SN (96)

U3 Beipaxkenuss (90) BuauMm, 4To
(97)

[ToncraBum 3HaueHus st N B paBeHcTBa (94), (97):



(98)

2 2
x1”—2+x2”—2+~~~+xk—2
my my mk

Xo = p2 2 u?
2 2 2
ml mz mk
Bemuuunel
2
B _ . 99
iz = Pi (99)
Ha3bIBAIOT 8ecamu PE3yNbTaTOB X; HEPaBHOTOUYHBIX U3MEPEHUII.
C yuetom (99) Beipaxenue (98) mnpumer Bua
X1'P1+Xp P+ +Xg Dk — [p-x] — Zi“:lxi'Pi (100)
[p] Zficzlpi '

XO =
p1tp2++Dk

Bennuuny Xo , Beraucisemyto no ¢opmyne (100) Ha3bIBalOT obuweli apugmemuueckor
cepeoOuHoU, CPeOHUM 8eCOBbIM, WA CPEOHEB38EULeHHbIM 3HAYEeHUeM OTIPEIEIIIEMON BEIMYMHBI U3

pe3yJIbTaTOB HEPABHOTOUYHBIX U3MEPEHUH.
Benuunna oOmielt apupmernyeckoil cepeiluHbl He U3MEHUTCS, €ClIM BCEe BECa U3MEHUThH B
OJINHAKOBOE YHCJIO Pa3. DTUM CBOWCTBOM CJENYET MOJb30BATHCS /ISl YIPOIIEHUS BBIYUCICHUH.

Ha npaxTuke o61ryto apudMeTHIecKyro cepeIuHy Jalie BCero BEIYUCISIOT 10 popmyIie
(101)

v, [pel
Xo=x +—,
0 [p]
KOTOpasi MOJy4eHa U3 CICTYIONINX PACCYKICHUM.

B psiny pe3yabTaToB X; HepaBHOTOUHBIX M3MEPEHUH BbIOEpEM HAUMEHBIIHH 10 a0COMIOTHOM
BEJIMYMHE U IPUMEM €r0 B KauecTBe MPUOIMKEHHOT0 3HaYeHNsI UCKOMOM BEJTMYUHBI, T.€.
(102)

x' = Ximin-
O6pa3yem pa3HOCTH
g =X —Xx. (103)
YMHOKHB 00€ 4acTH 3TOTO PaBEHCTBA Ha COOTBETCTBYIOIIHE Beca Pj , MOIYIHM
Pi & =P X~ DX (104)
Haiinem cymmy ypaBHenuii (102) u paznenum ee Ha [ P |
[pied _ [pixd o
bl [pd] ’ (105)
[pixil _
bl o

Ho
[pi&l
, T.e. moiy4eHa ¢opmyna (101).

X, =x +
Toraa 2o il



1.5.2 Cpeonasa keaopamuueckan nozpeutHocms eOUHUUbl 8eca

Ha ocHoBanuu ¢opmyiisl (99) MOXKHO cenaTh BBIBOJI, UTO Beca Pe3yIbTaTOB U3MEPEHUN —
MOJIOKUTEIIBHBIE YHCIIa, 0OOpaTHO MPOMOPIHUOHAIBHEIE KBaJparaM CPEIHHX KBaJAPATHUYCCKHX
MOTPEITHOCTEH ITUX PE3yTbTATOB.

ITycts B psxy pe3ynbTaTOB M3MEPEHHMH Xj CYIIECTBYET TaKOH Xj , BEC KOTOPOIO paBeH
enuHuue, T.e. Pj = 1.
Torna
2

o
m

~.N

Benuunny g = m; HaswBaIOT cpednell K6aOpamuuecKkol NozpewHoCmolo eOuHUYbl 6eca
WIH CpeHEeH KBaIpaTUYECKOW IMOTPEIIHOCTBIO pe3yibTaTa M3MEpPEHUs, BEC KOTOPOTO paBeH
SMHHIIC.

N3 Beipaxenus (99) BugHO TaKkxke, 4TO

i =mup; (107)
HNJIn
u? =mip; = mip, = - = mipy, (108)
pr_mb, pz_mi | piea_ mg
D2 m% " p3 m% ’ ’ Pk mi—ll (109)

1.5.3 Cpeonan keadpamuueckas nozpeuwtnocms u eec odujeil apughmemuueckoit
cepeounul

HyCTB X1, X2, X3, ... , Xn— PE3YyJIbTAaThl HCPABHOTOYHBIX H3MepeHI/II71; P1, P2, P3 ..., Pn — BECa
9THUX PE3yIbTATOB.

Torma
_ [px] _ P1X1+PaXo4P3Xzt - APnXn _ P1 ... Pn
%o =" P1+D2+D3++Pn ] 1 g [p] %2t +[ X3 e
(110)
O603HauuM [%i] =k;,tne 1=1,2,3,...,n C yuerom ob6o3HaueHus dopmyina (110)
MPUMET BUJT
XO = k1x1 + kzXz + k3x3 + -+ knxn. (111)
CormacHo ¢ (42) MOXHO 3arucaTh
M3 =m}, = kim? +k3m3 + -+ kim2 = [”]12m1 + +Wm2 +[ Sm3 + +ﬁ
(112)

Ho p;-m} = u? Ttorna



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

[p]? plz ~ Ipl

NI

- _F
M, = — (114)

T.€. CPeOHssl KBAOPAMUUECKAsi NO2PEUHOCb 0buell apupmemuyeckol cepeounsbl PaeHa
OMHOHOUWIEHUIO CpeOHell K8aOpAmu4ecKol NoSpeuHOCmY eOUHUYbL 8ecd K KOPHIO K8AOPAMHOMY
U3 CYMMbl 8€CO8 Pe3yIbmamos usmepenuil.

Ha ocHoBanuu dopmyn (99) u (114) umeem

P_Ii_ [

=2 = = P (115)

Taxum 00pazom, sec obwell apughmemuueckoli cepedunsbl pageH Cymme 8eco8 pe3yibmamos
HEPABHOMOUHBIX USMEPEHUL, U3 KOMOPbIX OHA onpedeeHd.

1.5.4 Botuucnenue cpeoneii Keaopamuueckoi noZpeuiHoCmu eOUHUYbl 8eca

PaccMoTpuM cnocoObl BbIYMCIEHUS CpEIHEH KBaJpaTHUYECKON MOrPEIHOCTH €IUHUIIbI
BECAa, IPUMEHSAEMBIE B I'€0JI€3UNYECKON MPAKTUKE.

1. Bpluncnenue 4 TOpU  YCTAHOBIEHUHM BECOB 10 M3BECTHBIM  CPEIHHUM
KBaJIpaTMYECKUM MOTPEIIHOCTSIM M pe3yabTaTOB U3MepeHuil. Beca pe3ynbratoB uaMepeHui
B 3TOM CJIy4ae yCTaHaBJIMBAIOT MO GopMyIie

2
p; = ,’fl— = m— (116)

B KOTOpOH KOI(P(GUIMEHT C Ha3HA4YaeTCs ¢ TAKUM PAcueTOM, YTOOBI 3HAYECHHS BECOB Pj
ObUTO OJTU3KUM K euHUIle. TOra 4 BEIYUCIISIOT U3 BBIPAKCHUS

u = (117)

2. Beluucnenue g o U3BECTHBIM CPETHUM KBaJIPpATHYECKUM MOTPEIIHOCTSAM U BecaM
OJIHOPOJHBIX PE3YJIBTATOB U3MEPEHUH BBIMOIHSIOT 110 GopMyJie

u= [m?m]) (118)

n
rne 1=1,23,...,N;, N—4YKUCI0 U3MEPEHUH, /I KOTOPbIX U3BECTHBI M; U .
3. BpluncieHue g4 Mo M3BECTHBIM HCTUHHBIM CIIy4alHBIM MOTpPEIIHOCTSIM A;  (yHKIuUi

M3MEPCHHBIX BEIIMYMH U UX B€CaM [; :

u= (il (119)

n

Hcmunnvle cayuaitnvle nozpewtnocmu (yHKYuil pe3yibmamos usmepenuii Ha3vlearom
Heeaszkamu v 0003HAYAIOT:

a) fz— yrnosas HeBs3Ka B 3aMKHYTOM MHOTOYTOJIFHHKE, BEIYHCIIsIEMas 110 hopMyIie
fg = Xi=1 B — 180°(n — 2), (120)

r7ie N — YMCiI0 BHYTPEHHHUX YIJIOB MHOTOYTOJIBHUKA, fi - pe3y/lbTaThl U3MEPEHUH YIII0B;



0) w - yriaoBast HEBA3Ka B TPEYTOJIBHUKE, KOTOPYIO HAXOAT U3 BBIPAKCHHS
— \'3 o
w =7, Bi —180°, (121)
rae fi - pe3yibTaThl UBMEPEHU BHYTPEHHUX YIJI0B TPEYTOJIbHUKA;

) fxufy - HeBsA3KM B NpHPAICHUAX KOOPIMHAT IOJIUTOHOMETPHYECKHUX HIIN TEOJOJIUTHBIX
XOJIOB, OmpeensiemMble o GopMmynam

fx = ZAX - (XK - XH) u fy = ZAy - (YK - YH)' (122)

rae AX u Ay - BBIYMCIICHHBIE MpUpallleHuss KoopauHat, X, Y. u X,, Y, - KOOpJIHUHATHI
OTIOPHBIX I'€0/IE3UNYECKUX MYHKTOB B KOHIIE U HAYaJle X0/1a;

r) f, — BeICOTHAs HEBsA3Ka HUBEIMPHOIO X012, 3HAYEHHE KOTOPOU BBIUUCIISIOT 10 (hOpMYyJIe

rae h — 3HaueHWs CpeAHMX MpEeBbIMIeHHH Ha cTaHuusaxX; Hy, Hy - BBICOTHBIC OTMETKH
pEenepoB B KOHIIE U HayaJle HUBEJIMPHOTO XO/1a.

4. Brruucnenue M 110 BepOHTHeﬁMHM INOIrpCIIHOCTAM L PE3YJIbTATOB HSMGPGHHﬁ, T.C. 11O
BHYTpeHHeﬁ CXOOUMOCTH PE3YJIbTATOB

u= |l (124)

n-1"
roe i=1,2,3,...,n — HOMepa ¥ YKCIIO U3MEPEHHIA, Pj— Beca pe3yJIbTaToB.
1.5.5 Bviuucnenue éecoe (hynKuuii He3a8UCUMDBIX APZYMEHI 06
Nmeem pyHKIHIO
F= f(xli le X3, Y xn) (125)
M BECA APTYMEHTOB Dy, Px,s Pxgr " » Py

Ha ocnoBanuu popmynsl (39) MOXKHO HamucaThb

mé = (a—f)zm,%l + (;—f)zm,%z + (:—f)zmgg P (a_f)zmgn. (126)

0xq X5 X3 0xp

2.
Paznenum 06e 4acTu 3TOro paBeHcTBa HA U

m_%_(a_f)zm_?q (a_f)zm_%z (a_f)zm_?«s (a_f)zm%n
2z \o) 2t on) 2T 6n) = Tt Gn) = (127)

2
W, yYUTBIBAs, 4YTO P; = % , OKOHYATEJIbHO 3aIUIIEM
i

1 (a_f)2L+(a_f)2L+...++(a_f)2L (128)

Pr 0x1/ Py, 0x3/) Py, 0xn/) Py,

1.5.6 Ilopaook mamemamuueckoit 00padbomKu pe3yiomamoe HepasHOMOYHBIX
usmepenuil

3amaga 10. ITycTte, 1t onpeneneHus BbICOTHI TpyHTOBOro pemnepa Ne29 (cm.puc. 4) or
byamameHTaIbHBIX periepoB Ne 23 24 wm 43 no ompenensieMoro pemepa IMPOJIOKEHO TpH



HUBEJIMPHBIX X0a. TpedyeTcs mo pe3ynbraTaM TpeX HepaBHOTOUHBIX 3HAUEHUI BBICOTHI pernepa
No29 monyunTh HanboJee TOYHOE 3HAYEHHE BBICOTHI ATOTO pernepa. BhICOTH HCXOMHBIX PETIEPOB
cunTaTh 0e30mnO0YHbIMU. McX0IHBIE JaHHBIE U PE3YNIbTAaThl BEIYUCICHHUH MpUBEICHBI B Ta0d. 6
u.

Tabauua 6
Hcxoauple qaHHbIC
Homepa xoxoB BoicoTnl penepa Ne 29 Hij, m Ymucs0 craHnmii B Xxo1ax N
1 403.895 4
2 403.883 7
3 403.890 5
Puc. 4. Cxema xo006
Tabnuua 7
O0paboTKa pe3ynbTaTOB HEPABHOTOYHBIX H3MEPEHUI
Howtep T;Iﬁé’;? e B L I e N e
XOROB 1 Nodg 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 1,43 |0 0,0 0,0 -7 1-10,0 70,1
3 403,890 5 200 |+7 |+140 |98,0 0 0,0 0,0
H 403883 |5 593  +19  +440 4580 -2 +2,5
Ho 4038904 | 1326
Hy, 403,890 u==x81mm; My= £33 mm; my = 12,6 uu;
5 +0.4 MM Hyg = 403,890+ 0,033 m

OG6paboTKy pe3yabTaTOB HEPABHOTOYHBIX HM3MEPEHUN BBIMOJIHSAIOT B  CIEIYIOLIEH
[IOCJIE0BATEIBbHOCTH:

1. B rpade 1 Tabn. 7 BEIMUCHIBAIOT U3 Ta0l. 6 HOMEpa HUBEIHMPHBIX XOMOB (CM. puc. 4), B
rpage 2 — BbIcOTHI peniepa Ne29, rosrydyeHHbIE IPH MPOJI0KESHUN HUBETUPHBIX X008 1, 2, 3.




2. Beibupatot npubmmxernHoe 3Hauenne H BeicoThl penepa Ne29 kak Haumensinee u3 Hj,

1.. H = Hi min, B HameM cinyuae H™ = 403,883 m.
3. B rpady 3 3aHOCAT YKCI0 CTAaHIIMMA N B K&KIOM HUBEITUPHOM XOJI€.
4. B yerBepTO#l Tpade 3anmuchIBalOT Beca P pe3yabTaToB M3MEpEeHUH I KaXKA0Tro X0/a,
BBIUKCIISIEMBIE TIO (hopMyIie
(129)

_ A
Pi =
rae A = 10 - xoaddunmeHT, 3HaYeHHE KOTOPOrO BBIOMPAIOT TaKUM 00pPa3oM, YTOOBI

BEJIMYMHBI BECOB ObLITH OJIM3KUMH K SAHHUIIE.
®opmyna (129) nonydeHna u3 caeAyoOmUX paccyxaeHuil. Cunrtas pe3yabTaThl OpeieaeHus

IMPCBBINICHHA h na Ka)K,HOﬁ J—ﬁ CTaHOUMU PABHOTOYHLIMU, IIPHUMEM B Ka4CCTBC BCCOB pj 9THX

(130)

Pe3yJIbTAaTOB YUCIIO i, T.C.
P

A:p}-:m—}zl,

Te My — CpeaHssl KBaApaTHYeCKas IOTPECIIHOCTD OIIPEACIICHUS HpeBHH_ICHI/II‘/'I Ha CTaHLINU.

Beca pe3ynbTaTtoB omnpeeneHus BHICOTHI periepa Ne29 B KakIOM I-M HHBEIHPHOM XOJIE

paBHEI
2
% (131)

p; =
m; = my,/n; - CpeIAHHE KBAJAPATUUYECKHE TMOTPEITHOCTH OMPEAEICHUS BBICOTHI

rac
penepa Ne29 B KaXI0M HUBCIIMPHOM X0JI¢€, Nj — YUCIIO CTaHIIUK B Ka)KIOM XO/IE.

Ha ocunoBanuu gpopmyn (109) wmoxem 3anucarthb
Pi_Pi_mi

— = >

Pn A mi
2 2
_ My _ amp 4
Pi=Ae =0 =0
i h

OTKyJa
5. Vxionenust & = H; — H' 3aHocsrt B rpady 5 Tabm. 7.

2 _
6. B rpadpbl 6 u 7 3anMChIBalOT IPOU3BEACHUS  P;€;, Di&; = Pi€i€; M UX CYMMBI.
7. Tlo dopmyne (101) BeruuCHSIIOT HaOOIEE TOYHOE MO BEPOSTHOCTH 3HAYCHHUE BBICOTHI

[pe] 4,0
403,883 + CE = 403,8904 wm.

HO = Hzg = H’ +
[p]
8. Orto 3HaueHwe OKpyrraroT A0 0,001 M. BBIMMCISIOT YKIOHEHUS pPE3ylIbTaTOB
ornpeneneHusi BbICOTHI periepa Ne29 1o KaxJI0My XOAYy OT OKpYIVIEHHOTO 3Ha4YeHHs OOIIei
apudmeTnyeckon cepenuusl, T.€. V; = H; — Hy op. , KOTOPBIE 3aMUCHIBAIOT B Tpady 8.
UX CYMMBI C

peniepa Ne29:

2
[pe] e

b

9. B rpadax 9 um 10 monydaroT NpOM3BENEHHS P;U; U P;UF = PviV;,
0= HO - HO,OKp. = +0,4 MM -

xomrporem  [pu] = 8[pl; [pv?] = [pe?] - 2
HOTPEIIHOCTh OKPYIJICHUS 00IIel apupMeTHIecKoi cepeIuHbl.



10. ITo popmymnam (124) wu (114) BeIUUCTAIOT:

- CPEHIOI0 KBAJIPATUYECKYIO MOTPEUTHOCTh €IMHUIIBI BECa

[pv?] 132,6
u \/N 1 > +8,1 MM

- CPEIHIOI0 KBAPATUYECKYIO MOTPEITHOCT O0MICH apuMETHIEeCKON CepeIMHbBI

U 8,1

My=——=——"=433mMm,

[p] 5,93

rac N — gucio HHUBCJIIMPHBIX XOO0B.

11. CpenHor KBaIpaTUYECKyH0 MOTPEIIHOCTh OMPEICIICHUS MPEBBIICHUN Ha KaXKJIOH
CTaHIIUU HAXOJIAT U3 BBIPAXKCHUS
U 8,1
my =-—= = +2,6 MM.

Vi V10

12. Tlo dopmyne my, = \/Lp_ BBIUMCIISIIOT CpEHUE KBaJpaTHUECKHUE IOIPEIIHOCTH
i

onpeeneHus BEICOTHI periepa Ne29 1o ka7 j0My HUBEIIUPHOMY X011y

8,1 8,1
my —— = 15,1 mMm; my, = m

8,1
= 250 = 16,8 MmMm; Mmy, = 5—= +5,8 MM.

2,00
13. OxoHuaTenbHOE 3HaU€HHE BBICOTHI pernepa Ne29 3anuchiBaloT B BUJE

Hao = Hoop, = Mo = 403,890 + 0,033 m.



