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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
09.02.2023, mpotokon Ne 5 - //‘,; .
3aB. kadenpoit = __ N.A.Tpummn

Pabouas mporpamma ogobpeHa meroaudeckoi komuccuend U AuT

13.02.2023 r. mporokos Ne 3 44\\
[Ipencenarens H.A. IlerTanes

PaGouyas mporpamMma cocTasiIeHa: } Ay
accucTent Kadeapsl 'MIuOIIN, (/) L 1. E. ITaBnosa

Penensenrt:
nupextop OO0 “Marautoropckasi MapKILIeH1epCKO-Teoe3nuecKasi KoMnaHus” ,

~ A. A.IllexynoBa




JIner akryaauszanuu padoueil mporpaMmbl

PaGouast mporpamMmma rnepecMoTpeHa, 00CyKaeHa u 0100peHa s peanuzarnuu B 2024 - 2025
yueOHOM roy Ha 3acefaHuu Kadeapsl [ eomoruu, MapKIeHaepcKoro aena u 00orameHus

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

Pabouast mporpamMmma repecMoTpeHa, 00CcykaeHa u o100peHa s peanuzanuu B 2025 - 2026
yueOHOM rofy Ha 3aceqanuu kadeapsl ['eonoruu, MapKieiiiepckoro aeia u 00orameHus

IIporokomor 20 1. Ne

3aB. kadeapoii I/I.A.ﬁ)I/IH_II/IH

Pabouas mporpamma nepecMoTpeHa, o0cyxaeHa u onodpena s peanmmszanuu B 2026 - 2027
y4eOHOM rojy Ha 3aceqaHuu Kadeapsl [ eooruu, MapKIei1epcKoro jieia u 00orameHus

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

Pabouas mporpamma nepecMoTpeHa, 00cyxaeHa u ogodpena st peamszanuu B 2027 - 2028
y4eOHOM roy Ha 3acemaHuu kageapsl 1 'eog0ruu, MapKIieiaepekoro aeia u 000orareH st

IIporokomor 20 1. Ne

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

Pabouas nporpamma nepecmotpeHa, o0cyxieHa u ogoopena s peanuszanuu B 2028 - 2029
y4aeOHOM TOJly Ha 3acefaHuu Kadenpsl ['eonoruu, MapKIeiaepckoro iemaa 1 o0orameHus

IIporokomor 20 1. Ne

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

Pabouas mporpamma nepecmotpena, o0cyxaeHa u ogoopena ais peanuzanuu B 2029 - 2030
y4aeOHOM TOJly Ha 3acefaHuu Kadenpsl ['eonoruu, MapKIeiaepckoro iemaa 1 o0orameHus

[Iporokom ot 20 1. 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 pabota — 45,85 akan. 4acos:
— ayauTopHas — 45 akaJl. 4acoB;
— BHeaynutopHas — 0,85 akaj. yacos;
— caMocTosTenbHast pabota — 26,15 akan. 4acos;
— B (popme npakTrueckoit moarotroBku — 0 aka. yac;

®dopma aTTeCTalUu - 3a4ET

AynutopHast s
o | KomTaxTHAA pabora E 3 ®dopma TeKyILero
Paznen/ Tema § (B axan. gacax) E E‘ Brn N KOHTPOIIA Kon
N — : g ° CaMOCTOAITEIILHOM | yerieBaeMOCTH 1 KOMITETEHIIHN
O g £ paboThI TIPOMEKYTOYHOM
Tlex. mab. | MpaKT. zZ arTecTalyy
3aH. 3aH. | O &
1. DIIEMEHTHI TEOPUH
MOTPEITHOCTEH (otm6oK)
reoJIe3NIECKUX U3MEpPEHUH
VK-2.1,
VK-2.2,
VK-2.3,
Uzyuenwue YK-2.4,
" VK-2.5,
OCHOBHOU "N HK'll
1.1 OOmme cBemeHus o0 04 1 JIOIOIHUATEILHOMN YcTHBIH ompoc MK-1 2’
U3MEPEHHSX ' JIUTEPATYPHI 110 (cobecenoBanue) HK-1.3’
HCIUIIINHE ’
Kofcnfl:lma J]CKL’II/lﬁ TK-1.4,
TIK-2.1,
TIK-2.2,
TIK-2.3,
TIK-2.4
VK-2.1,
VK-2.2,
VK-2.3,
Nzyuenne YK-2.4,
N VK-2.5,
OCHOBHOU "N
. . TIK-1.1,
1.2 IMorpemHocTH 6 | o5 1 JIOIIOJIHATEILHOMN YcTHBIN onpoc K-1.2
pe3yJIbTaTOB NU3MEPEHUIA ' JIUTEPATYPHI 110 (cobecenoBanue) HK-1.3’
HUCIUIIINHE '
KO}I:cneHKTa J'ICKI,II/Iﬁ TIK-1.4,
TIK-2.1,
TIK-2.2,
TIK-2.3,
TIK-2.4
VK-2.1,
VK-2.2,
VK-2.3,
Nzyuenne YK-2.4,
. VK-2.5,
OCHOBHOU "N
. . TIK-1.1,
13 3amaun TEOPHUH 05 1 JIOTIOJHUTEIbHOI YcTHBIN onpoc [K-1.2
MOTPEIIHOCTEH U3MEPEHUH ' JIUTEPATYPHI 110 (cobecenoBanue) HK-1.3’
HUCIUIIINHE '
onl}icnema ’ TIK-1.4,
TIK-2.1,
TIK-2.2,
TIK-2.3,
TIK-2.4
Uroro no paspeny 14 3




2. PaBHOTOYHBIE HU3MCPCHUS

VK-2.1,
YK-2.2,
VK-2.3,
Uzyuenue YK-2.4,
2.1 Brluncnenne Hanbolee N VK-2.5,
TOYHOTO 10 BEPOSTHOCTH OCHOBHOH 1 . . TIK-1.1,
JIOITOJIHATEILHOM YcTHBIN orpoc
3HAYCHUS 6 | 05 HTCDATYORL 1T (co6 TK-1.2,
pe3ysbraTa U3MEpPEHHI PATYPEL TIO cobecenopane) TK-1.3,
N . JIHCHHILINHE,
OJTHOM Y TOM K€ BEJIUYUHBI KOHCIIEKTA TEKLHt TIK-1.4,
TIK-2.1,
TIK-2.2,
TIK-2.3,
TIK-2.4
HWroro mo pasueny 0,5
3. Ouenka TOYHOCTH
pe3yJIbTATOB Psijia PABHOTOYHBIX
VK-2.1,
VK-2.2,
VK-2.3,
3.1 Cpenusist Vsyuenue VK-2.4,
KBaJ[paTH4YeCKast . VK-2.5,
MOTPEIIHOCTh  pe3yJbTaTa OCHOBHOWH BHHOHHGHHGV IK-1.1,
OTIENBHOTO 05 15 JIOIOJIHUTEIHHOM MPaKTUYECKOU NK-1.2
wsmepenns. Tipeieibhas i JUTEPATYPHI 0 | pabOTHI U pelIeHne NK-1.3,
OTHOCHTEIIbHAS Kosg;g;rzliﬂ;efﬁnﬁ 3afad TIK-1.4,
MOTPENIHOCTH TIK-2.1,
TIK-2.2,
TIK-2.3,
6 TIK-2.4
VK-2.1,
VK-2.2,
VK-2.3,
Uzyuenue YK-2.4,
OCHOBHOM 1 YK-2.5,
3.2 Bepostaeiinue JIOTIOTHUATEILHOM Brmonnenue IK-1.1,
0,5 15 MPaKTUYECKOH TIK-1.2,
norpeunoct MPEDE IO | s perane | TK-L3,
KOHCIIEKTA HeKI_’II/Iﬁ IIK-1.4,
TIK-2.1,
TIK-2.2,
TIK-2.3,
TIK-2.4
HWroro no pazaeny 1 3
4. OueHka TOYHOCTH (YHKIHUH
HU3MEPEHHBIX BETHIUH
VK-2.1,
VK-2.2,
YK-2.3,
VK-2.4,
NsyueHue
. YK-2.5,
4.1 Cpenssist OCHOBHOM 1 Brinonnenne MK-1.1
KBaJ[paTHyecKast 6 | 05 15 JIOIOJIHATEILHOMN MPaKTUYCCKOH TK-1.2
MOTPEIITHOCTh GbyHKIIN JIUTEPATYpPhI M0 | pabOTHI U peleHne IK-1.3,
o01ero Buaa HCLUATIINHE azaq
o ! KO}I:cneHKTa HCKI’II/Iﬁ o IK-1.4,
TIK-2.1,
TIK-2.2,
TIK-2.3,

TK-2.4




VK-2.1,

VK-2.2,
YK-2.3,
Uzyuenne YK-2.4,
4.2 Cpennsist . VK-2.5,
OCHOBHOM H Brimonnenue
KBaJlpaTH4YeCcKas . . TIK-1.1,
MOTPEIIHOCTh MPOCTOM 0,5 15 AOTIOTHUTCIIEHOR gpalcmqecxon TIK-1.2,
apupMeTHIecKon HI/I:IZp 2;?;11{;{0 b OTB;; 5 SH.ICHI/IG IK-1.3,
CCpCAMHEL KOI—II[CH:KTa HCKI_’II/II\/'I 8 IK-1.4,
TIK-2.1,
TIK-2.2,
TIK-2.3,
TIK-2.4
VK-2.1,
VK-2.2,
VK-2.3,
VK-2.4,
Wzyuenne
. VK-2.5,
4.3 OmeHka TOYHOCTH OCHOBHOM M Brmoanenue IK-1.1
pe3yNIbTaToOB YTJIOBBIX 05 15 JIOTIOJIHUTEIBHOI MPaKTHIECKON HK-ll 2’
HU3MEpPEHHH B ' ' JIUTEPATYPHI IO | pabOTHI U peleHne HK-1l3,
TPUAHTYIISAIHA JIHCLHILINHE, 3a1a4 '
KOHCIIEKTA JIEKIUH IIK-1.4,
TIK-2.1,
TIK-2.2,
TIK-2.3,
TIK-2.4
VK-2.1,
VK-2.2,
VK-2.3,
VK-2.4,
Wzyuenue
. VK-2.5,
44 OueHka TOYHOCTH OCHOBHOM M Brmonanenue IK-1.1
pe3yJIbTaToB psana JIOTIOJTHUTEIILHOM MIPAKTHUECKOI s
o 0,5 15 TIK-1.2,
JIBOMHBIX } PaBHOTOYHBIX JIUTEPATYPHI IO | pabOTHI U pelIeHne NK-1.3
U3MEPEHUI HMCLIUILINH q
e KO}?CHC;IKTaﬂneIfL’IHﬁ e TK-1.4,
TIK-2.1,
TIK-2.2,
TIK-2.3,
TIK-2.4
HWroro no pazaeny 2 6
5. HepaBHOTOUHBIE H3MEPEHUS
VK-2.1,
VK-2.2,
VK-2.3,
VK-2.4,
Nsyuenune
5.1 OOGmias OCHOBHOM 1 YK-2.5,
apupmeTnyeckas JIOIIOJIHATEILHOMN Brmonsenue TK-1.1,
cepenuHa Beca 0.5 1S JUTEPaTyphI 1O TPAKTHHCCIIX MK-1.2,
. > pabot TIK-1.3,
pE3yJIbTAaTOB U3MEPEHHI JIHACHHUATIINHE, 5 NK-1.4
KOHCIICKTA JICKIIUN HK'Z].,
TIK-2.2,
TIK-2.3,
TIK-2.4
VK-2.1,
VK-2.2,
VK-2.3,
VK-2.4,
NsyueHue
5.2 Cpenssist OCHOBHOM 1 YK-2.5,
KBaJ[paTHyecKast JIOIOJIHATEILHOMN Brinosmenme TK-1.1,
MOTPEIIHOCTD €IMHHULIBI 0.5 15 JIUTEPATYPBI 10 TPAKTIHCCKHX MK-1.2,
Beca JUCLHUIUINHE pabot IIK-1.3,
KOHCITEKTa HCKI_’IHI\;I TK-1.4,
TIK-2.1,
TIK-2.2,
TIK-2.3,

T1K-2.4




VK-2.1,

VK-2.2,
YK-2.3,
H3yuenne YK-24,
5.3 Cpennsist OCHZ:HOﬁ u VK-2.5,
KBaJlpaTH4YeCcKas ONHITCIEHOG Brimonsenne TIK-1.1,
MOTPEIIHOCTh U BeC 00Iei 0,5 15 1 Aoto CITbHO MPaKTUYECKUX TIK-1.2,
. JIUTEPATYPHI 110
apupMeTHIecKon pabot IK-1.3,
JMCIUIIINHE,
CepeMHBI . TIK-1.4,
KOHCIIEKTA JIEKIHI K21
TIK-2.2,
TIK-2.3,
TIK-2.4
VK-2.1,
VK-2.2,
VK-2.3,
VK-2.4,
N3yuenne VK-25
povomoie | punomene | s
HOI‘HEH.IHO(?"FI/IO €IMHULIBI 0.5 15 1 HJ(I)I/ITOe ar eLI n(; TpaKTHHCCKIX IK-1.2,
P JUHHLL patyp pabor TIK-1.3,
Beca JIHCLHILINHE, MK-1.4
KOHCIIEKTA JIEKIHI HK-Zl 1’
TIK-2.2,
TIK-2.3,
TIK-2.4
VK-2.1,
VK-2.2,
VK-2.3,
VK-2.4,
N3yuenue VK-25
5.5 BrlunciaeHne BecoB oggggf[?g;l;;oﬁ Brinonnenue TIK-1.1,
(hyHKUNT HE3aBHCHUMBIX 0,5 15 1 a MPAKTUYECKUX TIK-1.2,
JIUTEPATYPHI 110
apryMeHTOB pabor TK-1.3,
JIHCLHILINHE, K-1.4
KOHCITEKTa JICKIUH HK-2.1’
TIK-2.2,
TIK-2.3,
TIK-2.4
Hroro no pazneny 2,5 7,5 5
6. OCHOBEI MeToaa
HAMMEHBIINX KBaJPaTOB
VK-2.1,
VK-2.2,
VK-2.3,
VK-2.4,
Nsyuenune VK-2.5
6.1 3amaua COBMECTHOIO OE;EEI?II;ZJ?LEOI‘;I Brimonnenne TIK-1.1,
YpaBHUBAaHUS HECKOJIBKUX 0,7 14 1,1 A MPAKTHYECKUX TIK-1.2,
JIUTEPATYPHI 110
WU3MEPEHHBIX BETUYHH pabor IK-1.3,
JIHACHHUATIINHE, HK-1.4
KOHCIIEKTa JIEKIUI HK-2. 1'
TIK-2.2,
TIK-2.3,
TIK-2.4
VK-2.1,
VK-2.2,
YK-2.3,
Nzyuenne YK-2.4,
. VK-2.5,
6.2 TIpunmun (croco0) OE(C)EEE}TI;?LEOIZ Brinosmenme TK-1.1,
H.a.I/IMCHSIHI/IIi KBaJpaToB 0.7 1.4 11 Iane aTypHl 110 TIpAKTHICCKIX IK-1.2,
o ﬂHCiHHnyHHe pagor TK-1.3,
KOHCIIEKTA JIEKIUI gﬁ:;i
TIK-2.2,
TIK-2.3,

I1K-2.4




VK-2.1,

VK-2.2,
YK-2.3,
Uzyuenne z,ﬁzgg
6.3 KoppenaTHsiit crnocob aoﬁ(c)ggfl?grb?{oﬁ Brmonmenue IK-1.1,
ypaBHUBAHMS 0,7 14 1,1 THTEpATYPHI 1O MPaKTUYECKUX TIK-1.2,
pabor TIK-1.3,
JIHCLHUININHE, 5 TK-1.4
KOHCIIEKTA JIEKIHI NK-2.1,
TIK-2.2,
TIK-2.3,
TIK-2.4
VK-2.1,
VK-2.2,
VK-2.3,
VK-2.4,
I/ISy‘IeHIfe VK-25.
6.4 [TapameTrpuueckuit ﬂoggggfl};g;lbl;oﬁ Brmonmenue IK-1.1,
cnoco0 ypaBHUBaHHS 0.7 14 11 JIUTEPATYPHI 110 TpaKTHHCCKIX IK-1.2,
pabor TIK-1.3,
JIHCLUIUINHE, 3 TK-1.4,
KOHCIIEKTA JIEKIHI NK-2.1,
TIK-2.2,
TIK-2.3,
TIK-2.4
VK-2.1,
VK-2.2,
VK-2.3,
VK-2.4,
I/IsyquIZIe VK25,
6.5 Brrunciaenue OCHOBHOH 1 . Brinonnenue TIK-1.1,
k0a(urmenTon 0,7 14 1,1 HIOTIOMIHETCIRHOK MPAKTUYECKUX TIK-1.2,
HOpPMaJIbHBIX YpaBHEHUIT JUTCPATYPPI IO pabor TK-1.3,
JIHCLUIIINHE, ) NK-1.4.
KOHCIIEKTA JIEKIHI NK-2.1
TIK-2.2,
TIK-2.3,
TIK-2.4
VK-2.1,
VK-2.2,
VK-2.3,
VK-2.4,
I/I3yqeﬂlile VK-2.5,
6.6 KOHTpOJIb BBIYUCIICHHS OCHOBHOM 1 . Brimonnenne TIK-1.1,
k0a(durmeHToB 0,7 1,3 1,1 AOTIOHHTCIIRHOH MIPAKTHUYECKUX TIK-1.2,
HOPMaJIbHBIX YpaBHEHU JIMTEPATYPEL TIO pabor TIK-1.3,
IHCLUIIINHE, ) NK-1.4.
KOHCIIEKTA JIEKIHI NK-2.1
TIK-2.2,
TIK-2.3,
TIK-2.4
VK-2.1,
VK-2.2,
YK-2.3,
VK-2.4,
Mayuerne VK-25,
OCHOBHOM H
6.7 PerieHre HOPMAJBHBIX nonongnTenLHOﬁ Brmonmenue TK-1.1,
——— 0,8 13 1,1 SHTEPATYPHI 11O HPaKTUIECKUX [K-1.2,
pabot TIK-1.3,
JIHACIUATIINHE, 5 TK-1.4
KOHCITEKTA JIEKI[HI NK-2.1
TIK-2.2,
TIK-2.3,

I1K-2.4




VK-2.1,

VK-2.2,
YK-2.3,
Uzyuenne YK-2.4,
OCHOBHOI 1 YK-2.5,
6.8 KoHTpoap perieHHs JIOIOJIHATEILHOMN Brmonmenue IK-1.1,
N 0,8 1,3 1,1 MPAKTHYECKUX TIK-1.2,
HOPMAJIbHBIX YPaBHEHUIH nn:lzpa;ITH}Jpr;II{ ;10 paGor NK-1.3,
KOI—II[CH:KTa HCKI_’II/II\/'I IK-1.4,
TIK-2.1,
TIK-2.2,
TIK-2.3,
TIK-2.4
VK-2.1,
VK-2.2,
VK-2.3,
VK-2.4,
Wzyuenne
6.9 Cxembl  perieHus OCHOBHOI#1 1 YR-2.5,
HOPMAITBHBIX ~ YpaBHEHHH JIOIOJIHATEILHOMN Brmonmenue IK-1.1,
o anmroputMy  K.®. 0.9 13 11 JIUTEPATYPHI 110 TPAKTHICCKHX TK-1.2,
Taycca JUCLMILINHE, pabor IK-1.3,
KOHCIIEKTA JIEKIHI IIK-1.4,
TIK-2.1,
TIK-2.2,
TIK-2.3,
TIK-2.4
VK-2.1,
VK-2.2,
VK-2.3,
W3zyqenue yK-24,
6.10 OmeHka TOYHOCTH . YK-2.5,
OCHOBHOM M
HU3MEPECHHBIX BEIUYUH U UX " Brimonnenne TIK-1.1,
(hyHKUNT pu 0,9 1,3 1,25 HIOTIOMIHETCIRHOK MPAKTUYECKUX TIK-1.2,
JIUTEPATYPHI 110
YpaBHUBaHUHU pabor TK-1.3,
JIACIUILINHE,
KOppEJaTHBIM CIIOCOO0M KOHCIIEKTA KL TIK-1.4,
TIK-2.1,
TIK-2.2,
TIK-2.3,
TIK-2.4
HWroro no pazaeny 7,6 13,5 |11,15
Hroro 3a cemectp 15 30 26,15 3a4éT
Hroro no nucrumianne 15 30 26,15 3a4eT




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.

CamocrosiTenbHass paboTa 3aKirO4aercs B MPOpadOTKE OTIEIbHBIX BOMPOCOB 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:


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

[IpencraBieHbl B IPUIIOKEHUH 3.

r) [Iporpammuoe odecnneuenne u UHTEpHET-pecypcehl:

https://www.elibrary.ru/item.asp?id=36292312 TamesHoB A.B., TopaceB B.A.
Pa3BuTne HayuyHBIX wHIEH B TOpHOM Jeine: Mapkuielinepus: HaydHas MoHorpadwus. —
ExarepunOypr: Ypaiabckuii rocyaapCcTBeHHBIN TOpHBIN yHUBEpcUTeT, 2018. 559 ¢

https://www.elibrary.ru/item.asp?id=30089838 T'onyoe B.B. T'eome3us. Teopus
MaTeMaTH4YeCKOl 00pabOTKH T'e0Ie3MUeCKUX U3MEpeHHi: Yuel. A By30B. — M.: MOCKOBCKHUI
rOCY/IapCTBEHHBI YHUBEPCHUTET Teoie3uu U kaprorpaduu, 2016. 422 c.

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

IIporpammHoe o0ecnieueHue

HaumenoBanue .

10 Ne orosopa Cpoxk neicTBUS TULEH3UU
MS Off_lce 2007 Ne 135 o1 17.09.2007 OeccpouHo
Professional
7Zip CBOOOTHO 0OeccpoUHO

IIpodeccnonanbubie 0a3bl JAHHBIX U HHGOPMAIMOHHBIE CIPABOYHbIE CUCTEMbI
Ha3Banue kypca Ccblika

OnekTpoHHass  0a3a  MEPUOAMYECKUX
u3nanuii East View Information Services,
HauumonansHast
uHGOPMALIMOHHO-aHAIUTHYECKAS URL.: https://elibrary.ru/project_risc.asp
cucrtema — Poccuiickuii MHIEKC HAYYHOTO
[TouckoBas cucrema Akagemus Google
(Google Scholar)
Wudopmannonnas cucrema - Enaunoe
OKHO JIoCTyna K HWHOOPMAIMOHHBIM
Poccuiickas I'ocynapcrBennas
oubnuoteka. Karaigoru
DONEeKTpOHHbIE  pecypchl  OMOINOTEKU
MI'TY um. I'.'1. HocoBa

9 MaTtepuaJbHO-TEXHHYECKOE 00ecTedeHne TUCIUTIHHBI (MOILYJIs1)

https://dlib.eastview.com/

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

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

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

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

MaTepHaano-TeXHqucxoe obecrneucHue JUCITUITIIIMHBI BKIIFOYACT:


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/
http://window.edu.ru/
https://www.rsl.ru/ru/4readers/catalogues/
https://magtu.informsystema.ru/Marc.html?locale=ru

YyeOHast ayauTopusi Uis TPOBEACHHS 3aHATUN JIEKIIMOHHOTO THMA: TeXHUYecKue
cpenctBa OOydYeHHMsI, CIyKamlde JUisl TpeACTaBleHus Yy4yeOHOW uH(opManuu OoJbIIoN
ayIUTOPUU: MYIbTUMEINIHBIC CPEICTBA XPAaHEHUs, Mepenadd M TPEICTABJICHUS Y4eOHOM
nHpopmaruu. Crenuain3upoBaHHas MeOECITb.

VYyeOHast aynuTopusi Uil MPOBEACHUS MPAKTUUYECKUX 3aHATUNA TEKYILEro KOHTPOJS U
IPOMEXKYTOUHOM aTTecTanuu: TexHudeckue cpesicTBa 00ydeHus, CIyXKallne JijIs MpeICTaBICHUs
yueOHO# nHpopManuu GOJIBIION ayAUTOPUH: MYJIbTUMEINIHBIE CPEICTBA XPaHEHHS, ITepeJadn
U npejcTaBieHus yueoHon nnpopmaruu. Crenuanu3upoBaHHas MeOelb.

Vyebnast ayautopusi I TPYIINOBBIX W HUHJMBUAYQJIbHBIX  KOHCYJIbTAIIUM:
Kommbrotepaass texuuka ¢ makerom MS Office, ¢ nmoaximodenuem k cetu «MHTepHET» H ¢
JOCTYIIOM B 3JIEKTPOHHYIO HH(POPMAITMOHHO-00pa30BaTENbHYIO CPEY YHUBEPCHTETA.

CrneuunanusupoBaHHasi MeOeb

[Tomemienue st camocToATeNbHOM paboTel: KommbroTepHast TexHUKa ¢ makeroM MS
Office, ¢ mnoakmoueHueM K cetn «VHTEpHET» © ¢ JOCTYIIOM B  DICKTPOHHYIO
UH(OPMALIMOHHO-00pa30BaTENbHYIO cpeay YHHBepcuTeTa. Crieraan3upoBaHHas MeOeb.

[Tomemienue s XpaHeHUS W MPOPHIAKTUYECKOTO oOcmykuBaHus: CTeumaxu s
XpaHEHUs1 yueOHO-HaIJIAIHbIX TOCOOUH U y4eOHO-METOANYECKOM JOKYMEHTAI1H.



ITpunoxxenue 1

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

AynuTopHas CcaMOCTOSITENIbHAass paboTa CTYACHTOB Ha TPAKTHYECKUX 3aHATHIX
OCYIIIECTBIISIETCSl TOJ KOHTPOJIEM IMpenojaBaTelis B BUJE PEUICHHsS 33Jad M BBINOJHEHUS
yIpaXHEHUH, KOTOpbIE ONPEEIIAET IpenoaaBaTelib A CTyEHTa.

CamocTrosTrenbHas paboTa CTYAEHTOB OCYIIECTBISICTCS B BHJE UYTEHUS JUTEPATyphl 110
COOTBETCTBYIOILIEMY pa3Jiesly ¢ MpOpabOTKON MaTepHralia U BBIMOJHEHHS JOMAIIHUX 33JaHUN C
KOHCYJIbTAIMSIMU MPENO1aBaTesl.

Bunst @OpMBI KOHTPOJIA
BrinonHenue npakTHYecKux padoT ITpoBepka u 3amura padboT
[Touck nonosHUTENBHON HH(OPMALIMU IO [IpakTnueckue padboThI

3aaHHoi TeMe (paboTa ¢
OoubnorpadguuecKkuM MaTepHaIaMH,
CIPAaBOYHHKAMH, KaTaJIOTaMH, CIIOBapsIMH,
SHIUKJIONEUSIMHU )

IIpumepHBbIii IepeYeHb TEOPEeTHYECKUX BONPOCOB K 3a4ETy:

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

2. YrTo MOHMMAIOT MO U3MEpEHUEM (PU3MUECKON BEITUIHHBI?

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

4. Yo sBNsETCS pe3yIbTaToOM U3MEpEeHHUs?

5. Uro moHMMaeTcs Mo OmMUOKON (MTOTPENTHOCTHIO) pe3yabTaTa U3MEPEHUS?

6. Kakue ommOku Ha3pIBalOTCS TPYOBIMH, CUCTEMAaTHUECKUMHU, CITydaifHbIMU?

7. Kaxk BbIUMCHINTH BEpOSITHENIIIEE 3HAUEHNE N3MEPSIeMON BEJIMUMHBI 110 pe3yibTaTaM

MHOT'OKPaTHBIX PAaBHOTOUHBIX U3MEPEHUNA?

8. CpenHsist KBaJpaTHUECKas OMIMOKA pe3yJIbTaTOB PABHOTOYHBIX U3MEPEHHIt: (HOpMYIIBI
I'aycca, beccenst, Deppepo.

9. Cpennsist KBaJpaTHUECKas OMIMOKa (PYHKIINU H3MEPEHHBIX BEJINYHH.

10. Cpenusist kBagpaTHueckas OlMOKa pe3yabTaToOB IBOMHBIX PABHOTOUHBIX U3MEPEHHH.

11. Cpennss kBagpaTuyeckas olimoKa IpocToi apupMeTHnIecKoi cepeinHbI.

12. Obuas apudmerndeckas cepeivHa.

13. Cpennsist KBagpaTHUeCcKasi OIMOKA €TMHHIIBI Beca.

14. Cpennsist KBagpaTHyeckas omnOKa 1 Bec o01eil apudpmeTnieckoil cepeJuHbI.

15. Yro noHumaeTcs 1noji ypaBHUBaHUEM PE3yJIbTaTOB U3MEPEHUI?

16. YpaBHuBaHME U OlIEHKA TOYHOCTH HAIIPABICHUNA, U3MEPEHHBIX Ha CTAHIIMK CIIOCOOOM
KPYT'OBBIX IIPUEMOB.

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

18. IpuHIMIT HAUMEHBIINX KBAAPATOB.

19. KoppenatHslii cioco0 ypaBHUBaHUS.

20. IMapameTpuvecknii crioco0 ypaBHUBaHUSI.

21. Kak cocTaBiIsIIOT yCIOBHbIE YpaBHEHUS?

22. Kak cocTaBisIFOT HOpMaJIbHBIC YPAaBHEHHUS ¥ BBIYHUCISIFOTCS KOO PHUIIMEHTH HOPMaTbHBIX
ypaBHEHH?

23. Anroputm K. @. I'aycca perieHus: cicTeM HOpMaJTbHBIX 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 POBEACHUS NMPOMEKYTOUHON aTTecTAluM:

Kon
WHJIUKaTOpa

Nupukatop A0CTHXKEHUS
KOMIIETEHIINI

O1neHOYHBIC CPEACTBA

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.

Ilpumepnbolil nepeuens meopemuuecKux 60NPOCo8 K 3auémy:

3anaun qucuuIuinHbl «MaTtemaruueckas o0paboTKa pe3yabTaTOB U3MEPEHUII»

UYTo MOHMMAIOT MO/ U3MEPEHUEM (PU3NUECKON BETUUUHBI?

Kaxue usmepenus Ha3bIBaIOT IPSIMbIMU, KOCBEHHBIMH, PABHOTOYHBIMU 1 HEPABHOTOUYHBIMU?

Yro sBiseTCS pe3ysIbTaTOM U3MEPEHUs?

Uto moHUMaeTCs 1o/ OIMOKOH (TOTPEUTHOCTHIO) PE3YNIbTaTa U3MEPEHUS?

Kakue ommOku Ha3bIBatOTCS TPYOBIMH, CUCTEMAaTHUECKUMHU, CITy4aifHbIMU?

Kak BeIuucInTh BeposdTHENIIee 3HaUeHUE U3MEPSIEMOM BEJIMYUHBI [0 PE3yJIbTaTaM MHOTOKPATHBIX
PaBHOTOYHBIX U3MEPEHUN?

Cpennsist kKBagpaTuieckas omrOKa pe3yJbTaToB paBHOTOUHBIX M3MepeHuid: opmyiinl ['aycca, beccens,
®deppepo.

Cpennsist kBaapaTuieckas omroOka (pyHKINY U3MEPEHHBIX BEJTUYHH.

Cpennsis KBafipaTHyecKasi OINOKa pe3yabTaToOB IBOMHBIX PABHOTOYHBIX U3MEPEHUI.

Cpennsist KBaapaTuieckas olrOka npocToil apupMeTH4ecKon cepeHbl.

Oo6mas apudmernyeckas cepenHa.

Cpennsist KBagpaTuieckas onrOka eTuHHUIIbI Beca.

Cpenusisi KBafpaTHyecKas omnOKa 1 Bec o01eil apumMeTndeckoil cepeIuHbl.

Uto noHMMaeTcs ol ypaBHUBAHUEM PE3YIbTATOB H3MEPEHUI?

VYpaBHUBaHHE U OLIEHKA TOUHOCTH HAINpaBJICHUH, N3MEPEHHBIX HA CTAHIIUU CITIOCOOOM KPYTOBBIX TPUEMOB.
UYro sABIISIETCS YCIOBUEM U IPUYUHOM BOZHUKHOBEHUS 3a/1a4M YPAaBHUBAHUA?

[IpuHIMI HaMMEHBIINX KBAIPaTOB.

Koppenarsslii cnioco0 ypaBHUBaHUS.

[TapameTpuueckuii cnocod ypaBHHUBaHUS.




Kon
WHJMKaTOpa

Nuaukatop AoCTHXEHUS
KOMIIETEHIINN

OrneHOYHBIC CPEACTBA

21.
22.
23.
24,
25.

Kak cocTaBisitoT ycinoBHbIE ypaBHEHUS?

Kak cocTaBisitoT HOpMaJIbHbIE YPaBHEHUS M BBIYUCIISIIOTCA KO3(DPUIMEHTH HOPMaIbHBIX YPAaBHEHUI?
AnroputMm K. @. I'aycca penienust cucreM 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 usmepeHus Ha3bIBaOT IPSIMbIMU, KOCBEHHBIMH, PABHOTOYHBIMU ¥ HEPAaBHOTOYHBIMU?

Uro sBsieTCs pe3ysIbTaTOM U3MEpEHus?

UYro noHUMaeTcs 1oJi OuMOKOH (IOrpEeIHOCThIO) Pe3ysbTaTa U3MEPEeHUs?

Kakne ommOku Ha3bIBaIOTCS TPYOBIMH, CUCTEMATHUECKUMHU, CITy9aifHBIMU?

Kak BBIUMCINTE BEpOATHENIIIEE 3HAUEHUE U3MEPSIEMOM BEJIMUUHBI 10 PE3YJIbTaTaM MHOTOKPATHBIX
PaBHOTOYHBIX U3MEpPEHUIT?

Cpenusis KBagpaTHyecKas olnOKa pe3yabTaToB paBHOTOUHBIX U3MepeHui: opmyisl [aycca, beccens,
®deppepo.

Cpenusis KBagpaTHuecKas omnOKa GYHKIIUN U3MEPEHHBIX BEJINYMH.

Cpennsist KBaapaTuieckasi olrOKa pe3yJabTaToOB IBOMHBIX PABHOTOYHBIX U3MEPEHUH.

Cpennsis KBagpaTHyecKast omnOKa NpocToi apupMeTHYeCKOi cepeIuHblI.

O6m1as apudmeTndeckas cepenHa.

Cpennsis KBafpaTHyecKas OmMOKa eTUHHIIBI Beca.

Cpennsist kBagpaTudeckas omroka 1 Bec oOuieit apupMeTuueckon cepeuHbl.

UYTo noHMMaeTcs oJ] ypaBHUBAHUEM PE3YJIbTATOB U3MEPEHUN?

VYpaBHHBaHUE U OIIEHKA TOYHOCTH HANpaBICHUH, U3MEPEHHBIX Ha CTAHIIMH CITIOCOOOM KPYTOBBIX TPUEMOB.
UYro sBAsETCS YCIOBUEM U IPUYMHON BO3ZHUKHOBEHUS 3a7ja4ull ypaBHUBAHUA?

[IpuHIMI HaMMEHBIINX KBaJIPaTOB.

KoppenaThslii criocod ypaBHUBaHUS.

[TapameTrpudeckuii crmoco® ypaBHUBaHHUS.

Kak cocTaBisitoT yCloBHbBIE YpaBHEHMS?

Kak cocTaBisitoT HOpMalibHbIE YpaBHEHHUS U BBIYUCISIOTCS KO (GUIIMEHTHl HOPMAJIbHBIX YPaBHEHUN?




Kon

NHaukaTop AO0CTHIKEHUS

OrneHOYHBIC CPEACTBA

WHJIMKATOpa | KOMIIETCHIUI
23. Anroputm K. @. I'aycca pemieHust cucreM HOpMaibHBIX YPaBHEHUHN?
24. KoHTpOJIb pelieHuss HOpMalbHbIX YPaBHEHUH.
25. OneHKa TOYHOCTH H3MEPEHHBIX BEIMYHMH U UX (QYHKIUH NPH YpaBHUBAHUH KOPPEIATHBIM CITIOCOOOM.
Ilpumepnbolii nepeuens meopemuuecKux 60npocos K 3auémy:
1. 3agaum nucnunianHbl «MaremaTuyeckas 00paboTka pe3yabTaToB U3MEPEHUI»
2. Yro MOHMMAIOT MO U3MEPEHUEM (PU3UUECKON BETMYMHBI?
3. Kakue n3mepenus Ha3bIBaIOT NPSMBIMU, KOCBEHHBIMH, PABHOTOYHBIMU U HEPABHOTOYHBIMU?
4. Yo saBnseTcs pe3yabTaTOM U3MEPEHUS?
5. UYro nmoHumMaercs moJi ouMOKo# (IIOrpeIHOCThIO) pe3yibTaTa U3MEpEeHUs?
6. Kakue ommOKu Ha3bIBAIOTCS TPYOBIMHU, CHCTEMAaTHIECKUMU, CITyJaiiHBIMU?
7. Kak BbIYMCINUTE BEpOsITHEMIIIEE 3HAUEHUE U3MEPSIEMOM BEJTMUMHBI 110 PE3yJIbTaTaM MHOIOKPATHBIX
PaBHOTOYHBIX U3MEPEHUIL?
8. CpenHss KBagpaTHUecKas olMOKa pe3ysbTaTOB PABHOTOUHBIX U3MepeHuil: popmynsl ['aycca, beccens,
PazpaOaTbiBaet IU1aH Peppepo.
PEATHAIMH IPOEKTA ¢ YIETOM 9. CpenHss kBagpaTHUecKas olmMOKka GyHKIUU H3MEPEHHBIX BETHHH. }
10. Cpemusist kBajipaTHyecKast OIMOKa Pe3yIbTaTOB TBOMHBIX PABHOTOYHBIX H3MEPEHHIA.
YK-2.3 BOSMOHDIX pHeKon 11. Cpennss kBagpaTHyeckas omnoOKa NpocToi apupMeTHYeCKOl cepeIuHbl.

peanu3auu U BO3MOYKHOCTEU
UX YCTpaHEHHUs, IUIAHUPYET
HEOOXOIUMBIE PECYPCHI

12. O6mias apudmeTrueckas cepeIuHa.

13. Cpennsis kBagpaTuyeckas olmOKa eIMHUIIBI Beca.

14. Cpennsisi kBaipaTUUeCKas OITMOKA 1 BeC 0011el apuMEeTUIECKO CepeaHBI.

15. Yto noHumaeTcs Mo ypaBHUBAaHUEM PE3YJIbTaTOB U3MEPEHUI?

16. YpaBHUBaHHE U OI[EHKA TOYHOCTH HAINPaBICHUH, H3MEPEHHBIX Ha CTAHIIUU 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 YPaBHEHUS?

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

24. KoHTpoITh penieHus HOpMaJIbHBIX YPaBHEHUH.




Kon
WHJMKaTOpa

Nuaukatop AoCTHXEHUS
KOMIIETEHIINN

OrneHOYHBIC CPEACTBA

25. OneHKa TOYHOCTH H3MEPEHHBIX BEIWYHMH U X (QYHKUIUH NIPH YpaBHUBAHUH KOPPEJIATHBIM CITIOCOOOM.

YK-2.4

OcyuecTBisieT MOHMTOPUHT
X0Jla pealu3alliu IPOeKTa,
KOPPEKTHPYET  OTKJIOHEHWUS,

BHOCHUT JOIIOJIHUTCIIbHBIC
HU3MCHCHUA B IJ1aH
peajm3anuun ITPOCKTAa,
YTOYHACT 30HBI

OTBETCTBEHHOCTH YYaCTHUKOB
IIPOEKTa

Hpumepnbu? nepeuenb meopemuuecCKux 60npocoe K 3auémy:

3ajaun qucHUILIMHBL «MaremaTuuyeckas 00paboTka pe3yabTaToB U3MEPEHUI»

UTo MOHUMAIOT O] U3MEPEHNEM (PU3UUECKON BETHYNHBI?

Kakue nzmepeHus Ha3bIBalOT NPSMBIMU, KOCBEHHBIMH, PABHOTOYHBIMU U HEPABHOTOYHBIMU?

Uro sBsieTCs pe3ysIbTaTOM U3MEpEeHus?

UYrto noHMMaeTcs 1o OIMOKOM (IOTrPELIHOCThIO) Pe3ysbTaTa U3MEpPEeHUs?

Kakne ommOku Ha3bIBaIOTCS TPYOBIMH, CUCTEMATHUECKUMHU, CITy9aifHBIMU?

Kak BbIUMCINTE BepOsITHEHIIIEE 3HAaU€HUE U3MEPSIEMOM BEJIMUMHBI 110 Pe3yJIbTaTaM MHOTOKPATHBIX

PaBHOTOYHBIX U3MEPEHUIT?

8. CpenHss kBagpaTHueckas omMOKa pe3ysbTaTOB PAaBHOTOUHBIX U3MepeHuil: popmynsl ['aycca, beccens,
®deppepo.

9. CpenHnsas kBagpaTHueckas omMOka GyHKIUN U3MEPEHHBIX BETMYHH.

10. Cpemusist kBajpaTHyecKast OIMOKa Pe3yIbTaTOB TBOMHBIX PABHOTOYHBIX H3MEPEHHIA.

11. Cpennss kBagpaTHyeckas omnoKa NpocToi apupMeTUIeCcKol cepeIluHbl.

12. O6mias apudmernaeckas cepenyHa.

13. Cpennss kBajpaTuyeckas OmMOKa eJMHULBI Beca.

14. Cpennsisi kBajipaTUUECKas OIIMOKA U BeC 001Iel apu(hMEeTUIECKOM CepeHBI.

15. Yto noHumaeTcs Mo ypaBHUBAaHUEM PE3YJIbTaTOB U3MEPEHUI?

16. YpaBHUBaHHE U OI[EHKA TOYHOCTH HANPaBJICHUH, H3MEPEHHBIX Ha CTAHIIUU CIIOCOOOM KPYTOBBIX MPHEMOB.

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

18. TIpuHIMIT HAMMEHBIINX KBAIPATOB.

19. KoppenatHslii cioco0 ypaBHUBaHUSI.

20. TTapameTpuyeckuii criocod ypaBHUBAHHUS.

21. Kak cocTaBisIOT YCIOBHBIE YPaBHEHUS?

22. Kak coCTaBJIsIIOT HOpMaJIbHBIC YPAaBHEHUS U BBIYHCISIFOTCS KOAQPHUIIMEHTH HOPMAaJIbHBIX YpaBHEHUHN?

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

24. KoHTpOITh penieHus HOpMalbHBIX YPaBHEHUH.

25. OneHka TOYHOCTH U3MEPEHHBIX BEIMYHMH U UX (QYHKLIUH PH ypaBHUBAHUU KOPPETATHBIM CIIOCOOOM.

NoogkrwdE




Kon
WHJMKaTOpa

Nuaukatop AoCTHXEHUS
KOMIIETEHIINN

OrneHOYHBIC CPEACTBA

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 sBaseTCS pE3yIbTaTOM U3MEPEHUs?

Urto moHUMaeTCst o1 OMIMOKOH (ITOTPENTHOCTHIO) PE3yNIbTaTa U3MEPEHHUs?

Kakue ommOku Ha3bIBatOTCS TPYOBIMH, CUCTEMATHUECKUMHU, CITy4aiiHbIMU?

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

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

Cpennsist kBaapaTuieckas olmrOka pyHKINY U3MEPEHHBIX BEJTUYMH.

Cpennsis KBapaTHyecKasi OINOKa pe3yabTaToOB IBOMHBIX PABHOTOUYHBIX U3MEPEHUI.

Cpennsist kKBagpaTudeckas ourroka npocToi apupMeTH4eckon cepeIuHbl.

OOmast apudmernyeckas cepeivHa.

CpenHsist KBagpaTuieckas olrOKa eTMHHUIIbI Beca.

Cpennsist KBapaTHuecKas omnOKa 1 Bec o01eil apumMeTnyeckoil cepeIuHbl.

Urto noHMMaeTcs oJ] ypaBHUBAHUEM PE3YJIbTATOB U3MEPEHUI?

VYpaBHUBaHHE U OLIEHKA TOYHOCTHU HAINpaBJIEHUH, N3MEPEHHBIX HA CTAaHIIMM CLIOCOOOM KPYTOBBIX IPUEMOB.
Uro sBsieTCs yCIOBUEM M MPUYMHON BO3HUKHOBEHUS 3a7[aul ypaBHUBAHUSA?

[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 pemeHns cucTeM HOPMaIbHBIX YPAaBHEHU?

KoHTpo:b pemienns HopMaabHbIX YPaBHEHUIA.

OneHka TOYHOCTH U3MEPEHHBIX BEJIMYMH U UX (PYHKIMH IPpH YpaBHUBAHUH KOPPETATHBIM CIIOCOOOM.




Kon Nuaukatop AoCTHXEHUS

N OlLieHOUHbIE CpENCTBA
WHJMKATOpa | KOMIIETCHIINM

[TK-1 CriocoGeH BBITIONHATH MHKEHEPHO-TEOAC3NIECKIE U3bICKAHUS, [UIAHHPOBATh PA3BUTHE TOPHBIX PA0OT, OCYIIECTBISITh MAPKIICHASPCKUN KOHTPOIIb
COCTOSIHHS TOPHBIX BBIPAOOTOK, 3JaHHUI COOPYKEHUHN 1 3eMHON TOBEPXHOCTH Ha BCEX TallaXx OCBOSHUS U OXPaHbl HEJp ¢ 00ecrieueHneM MPOMBILIUICHHON U
HKOJIOTUYECKOI 0€30MmacHOCTH

IlIpumepnoiii nepeuens meopemuueckux 60npocos K 3auémy:

3ajauu TuCHUILIMHBI «MaTtemaTuyeckas 00paboTka pe3yabTaToB U3MEPEHUI»

UTo MOHUMAIOT O] U3MEPEHNEM (PU3UUECKON BETHYNHBI?

Kaxue usmepeHus Ha3bIBaOT IPSIMbIMU, KOCBEHHBIMH, PABHOTOYHBIMU M HEPAaBHOTOYHBIMU?

Uro sBsieTCs pe3ysIbTaTOM U3MEpEHus?

Yrto noHUMaeTcst 1ol OLIMOKOM (IIOTPELIHOCThIO) Pe3ysbTaTa U3MEpPEeHUs?

Kakne ommOku Ha3bIBaIOTCS TPYOBIMH, CUCTEMATHUECKUMHU, CITy9aifHBIMU?

Kak BpIUMCINTE BEpOATHENIIIEE 3HAUEHUE U3MEPSIEMOM BEJIMUUHBI 10 PE3YJIbTaTaM MHOTOKPATHBIX
PaBHOTOYHBIX U3MEpPEHUIT?

8. CpenHss kBagpaTHuecKas olMOKa pe3yIbTaTOB PABHOTOUHBIX M3MepeHuil: hpopmynsl ['aycca, beccens,

Noogk~wbdPE

Cocrasisier IIPOEKTHI
®deppepo.
HPOM3BOJICTBA
MapKIICHISPCKIX " 9. CpenHnsas kBagpaTHueckas omMOka GyHKIUN U3MEPEHHBIX BETMUYHH.
MK-1.1 10. Cpemusis kBajipaTHyecKast OIMOKa Pe3yIbTaTOB TBOMHBIX PABHOTOYHBIX H3MEPEHHI.
-1 reoIe3NIECKUX pabor, 11 C 5 . o N
. Cpenusis KkBagpaTHyecKas omnOKa MpocToi apu(pMeTUYECKON CepeUHBI.
OCYIIECTBIISIET KOHTPOIb 3a Pl P p P pea
12. O6mias apudmernaeckas cepenuHa.
BBINOJIHEHUEM

13. Cpennss kBajpaTUyeckas omMOKa eJMHULBI Beca.

14. Cpennsist kBapaTHUeCcKas OIIMOKa U Bec 001el apudMeTuIecKon CepeIHBbI.

15. Yto noHumaeTcs Moji ypaBHUBAaHHEM PE3YJIbTaTOB U3MEPEHUI?

16. YpaBHUBaHHE U OI[EHKA TOYHOCTH HAIIPABICHUN, H3MEPEHHBIX HA CTAHIIMH CIIOCOOOM KPYTOBBIX PUEMOB.
17. Yto siBAsieTcst yCIOBUEM U IPUYMHOM BOZHUKHOBEHUS 337a4ll ypaBHUBAHU?

18. TIpuHIMIT HAMMEHBIINX KBA/IPATOB.

19. KoppenatHslii cioco0 ypaBHUBaHUS.

20. [NapameTpudecknii crioco0 ypaBHUBaHUSI.

21. Kak cocTaBisIOT YCIOBHBIE YPaBHEHUS?

22. Kak coCcTaBIsIOT HOpMaIbHBIE YPaBHEHUS U BBIYHCIISIFOTCS KOO PHUIIMEHTH HOPMAJIBHBIX YpaBHEHHUN?
23. Aaroputm K. @. I'aycca penieHus cucteM HOpMaJlbHBIX YpaBHEHUHN?

M3BICKATEIIbCKUX padoT




Kon
WHJMKaTOpa

Nuaukatop AoCTHXEHUS
KOMIIETEHIINN

OrneHOYHBIC CPEACTBA

24. KoHTpOJIb pelieHusi HOpMalbHbIX YPaBHEHUH.
25. OneHKa TOYHOCTH U3MEPEHHbIX BEIMYHMH U X (QYHKLIUHN IPU YpaBHUBAHUM 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 U3MEPEHUI

UYTo MOHMMAIOT MO U3MEPEHUEM (PU3NUECKON BETUUUHBI?

Kaxue usmepenus Ha3bIBaIOT IPSIMbIMU, KOCBEHHBIMH, PABHOTOYHBIMU 1 HEPABHOTOYHBIMU?

UYro sBnseTcs pe3yabTaToOM U3MEpEeHUs?

Urto moHUMaeTCs o1 OMIMOKOH (ITOTPENTHOCTHIO) PE3yNIbTaTa U3MEPEHHUs?

Kakue ommOku Ha3bIBatOTCs TPYOBIMHU, CUCTEMAaTHUECKUMHU, CITy4aifHbIMU?

Kak BpluuCINTh BeposATHENIIEE 3HAUEHUE U3MEPSIEMOM BEJIMUUHBI 10 PE3yJIbTaTaM MHOTOKPATHBIX

PaBHOTOYHBIX U3MEPEHUI?

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

9. CpenHsas KBagpaTHdeckas ommoOka GyHKIIMNA U3MEPEHHBIX BETHYHUH.

10. Cpennss kBaspaTUyecKast OIMOKa pe3yabTaTOB JBOMHBIX PABHOTOUHBIX U3MEPEHUH.

11. Cpennsis kBagpaTuyeckas olmoKa NpocToi apu(MeTHndecKon cepeIuHbI.

12. O6mas apudmernueckas cepeuHa.

13. Cpennsis KBajpaTHyecKas OIMOKa eJMHHLIBI Beca.

14. Cpennsis kBajipaTUyeckast olnOKa U Bec o011ei apudMeTnueckoil cepeuHsbl.

15. Yto noHumaeTcs noj ypaBHUBaHUEM PE3yJIbTaTOB U3MEPEHU?

16. YpaBHUBaHME U OLIEHKA TOYHOCTH HAIPaBJICHUN, U3MEPEHHBIX Ha CTAHIIUU CIIOCOOOM KPYTOBBIX MPHEMOB.

17. Yro siBisieTcs ycIOBUEM M MPUUYUHON BO3HUKHOBEHHS 33a4l 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 pemeHnst ciucteM HOpMaIbHBIX ypaBHEHUHN?

24. KoHTpOJIb pelieHusi HOpMalbHbIX YPaBHEHUH.

25. OnieHKa TOYHOCTH H3MEPEHHBIX BEIMYHMH U X QYHKIUH PH YpaBHUBAHUH KOPPEJIATHBIM CITOCOOOM.

NoookrwnpE




Kon
WHJMKaTOpa

Nuaukatop AoCTHXEHUS
KOMIIETEHIINN

OrneHOYHBIC CPEACTBA

I1K-1.3

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

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 usmepeHnus Ha3bIBaIOT NPSIMbIMU, KOCBEHHBIMHU, PABHOTOYHBIMU U HEPABHOTOYHBIMU ?

Yro sBiseTCs pe3ysIbTaTOM U3MEPEHUs?

Urto moHUMaeTCst o1 OMIMOKOH (ITOTPENTHOCTHIO) PE3yNIbTaTa U3MEPEHHUs?

Kakue ommOku Ha3bIBatOTCS TPYOBIMH, CUCTEMATHUECKUMHU, CITy4aiiHbIMU?

Kak BpluuciuTh BeposTHelIee 3HaU€HUEe U3MEPSIEMOMN BEIMUUHBI 110 pe3yIbTaTaM MHOTOKPAaTHbBIX
PaBHOTOYHBIX U3MEPEHUI?

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

Cpennsist kBaapaTuieckas olmrOka pyHKINY U3MEPEHHBIX BEJTUYMH.

Cpenusis kBagpaTHyecKas omnOKa pe3yabTaToOB IBOMHBIX PABHOTOUYHBIX U3MEPEHHIA.

Cpennsist kKBagpaTuieckas oroka npocToil apupmMeTH4eckon cepeuHbl.

OOmast apudmernyeckas cepeivHa.

CpenHsist KBagpaTuieckas olrOKa eTMHHUIIbI Beca.

Cpennsist KBapaTHuecKas omnOKa 1 Bec o01eil apumMeTnyeckoil cepeIuHbl.

Urto noHMMaeTcs MoJ] ypaBHUBAaHUEM PE3yJIbTATOB U3MEPEHU?

YpaBHUBaHME U OLIEHKA TOUHOCTHU HAINpaBJIEHUH, N3MEPEHHBIX HA CTAaHIIMH CIIOCOOOM KPYTOBBIX PUEMOB.
Uro sBsieTCs yCIOBUEM M MPUYMHON BO3HUKHOBEHUS 3a7[aul ypaBHUBAHUSA?

[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 pemeHns cucTeM HOPMaIbHBIX YPAaBHEHU?

KoHTpo:b pemienns HopMaabHbIX YPaBHEHUIA.

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

[IK-1.4

AHanu3upyeT M THUIU3HUPYET
yCIOBUS pa3paboTku

Ilpumepnuiii nepeuenv meopemuueckux 60npocos K 3auémy:
3anaun aucrumuimHbl «MaTtemaTrueckas 00paboTKa pe3yIbTaToB H3MEPEHHUI»




Kon

WHJIMKATOpa | KOMIIETCHIUI

NHaukaTop AO0CTHIKEHUS

OrneHOYHBIC CPEACTBA

MECTOPOXKACHUN
HCKOIIAeMBbIX
KOMIUIEKCHOTO
HCIIO0JIb30BaHUS,
pasianyHbIe

IMOJIE3HBIX
TUTSt 170.

BBIITOJIHACT
OLCHKHU

HCAPOITIOJIb30BaAHHA

Noohkown

9.

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

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, CUCTEMATHUECKUMHU, CITy9aifHBIMU?

Kak BpIUMCIINTE BEpOATHENIIIEE 3HAUCHUE U3MEPSIEMOM BEJIMUUHBI 10 PE3YJIbTaTaM MHOTOKPATHBIX
PaBHOTOYHBIX U3MEPEHUI?

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 apupMeTUYECKOl CepeIuHbl.

O6mras apudmeTndeckas cepeinHa.

Cpennsis KBafpaTHyecKasi OlMOKa eTUHHIIBI 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 sBAsSETCS YCIOBUEM U IPUYMHON BO3ZHUKHOBEHUS 3a7a4l ypaBHUBAHUA?

[IpyHIMI HaMMEHBIINX KBAIPaTOB.

Koppenatnelit cnoco0 ypaBHUBaHUS.

[TapameTpuueckuii cnocod ypaBHUBaHUS.

Kak cocTtaBistoT yciioBHbIE ypaBHEHUS?

Kak cocTaBisiioT HopMallbHbIE YPaBHEHUS M BBIYUCIAIOTCSA KO3 PUIIMEHTH HOPMAIbHBIX YpaBHEHUI?
AnroputMm K. @. ['aycca pemeHns cicTeM HOPMaJIbHBIX YPAaBHEHU?

KoHTposb pemienns HopMaabHbIX YPaBHEHUI.

OneHka TOYHOCTH U3MEPEHHBIX BEJIMYMH U UX (PYHKIMHA NPHU YpaBHUBAHUU KOPPEJIATHBIM CIIOCOOOM.

[1K-2 CnocoOeH BBIMONHATE MAapKIICHIEPCKO-TEOAC3MUECKUE PAaOOThI, OMPEENATh IMPOCTPAHCTBEHHO-BPEMEHHBIE XapaKTEPUCTUKUA 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 CPEACTBA

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 nzmepenus Ha3bpIBAIOT MPSMBIMU, KOCBEHHBIMH, PABHOTOYHBIMH U HEPAaBHOTOUYHBIMU?
OXpaHbl HEIP U OKPY’KAOLIEH 4. Yro sBiseTcs pe3yabTaToOM U3MepeHus?
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 BETMUYMHBI 110 PE3yJIbTaTaM MHOTOKPAaTHBIX
U HOpMaTHBHBIE MaTEpHUAIbI, PaBHOTOYHBIX U3MEPEHUN?
Kacarolluecss  JIeSITEIbHOCTH 8. CpenHsis kBajpaTHUeCKas OIMMOKA Pe3yaIbTaTOB PaBHOTOYHBIX U3MepeHuit: popmyisl ['aycca, beccens,
MapKIIeHIEPCKON CITYKOBI; ®eppepo.
9. CpenHnsas kBagpaTHdeckas ommoOka GyHKINN H3MEPEHHBIX BETHYHH.
10. Cpennss kBagpaTHyecKast OIIMOKa pe3yabTaTOB IBOMHBIX PABHOTOYHBIX U3MEPEHUIL.
11. Cpennss kBagpaTuyeckasi olmoKa NpocToi apuMeTndecKon cepeIuHbI.
12. O6mas apudmernueckas cepeuHa.
13. Cpennsis KBajpaTHyecKas OIMOKa eMHULIBI BEca.
14. Cpennsis kBajpaTUyeckast omnoOKa U Bec o01ei apudMeTnueckoil cepeuHsl.
15. Uto monnmMaeTcs 1oji ypaBHUBAaHUEM PE3YJIbTATOB U3MEPEHUM?
16. YpaBHUBaHME U OLIEHKA TOYHOCTH HaNPaBJICHUN, U3MEPEHHBIX Ha CTAHIIUU CTIIOCOOOM KPYTOBBIX MPHEMOB.
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 YPaBHEHUS?
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 U3MEPEHHBIX BEIMYHMH U UX (QYHKUIUH PH YpaBHUBAHUU KOPPEIATHBIM CIIOCOOOM.
I1K-2.2 OcymiecTBIsET HEOOXOIUMBIE Ipumepnvlii nepeuens meopemuuecKkux 60npocog K 3auémy:
MapKIICHICPCKHE 1. 3agaum nuctunianHbl «MaremaTuyeckas 00paboTka pe3yabTaToB U3MEPEHUI»
KaMepajbHble U  IIOJEBbIE 2. Yrto MOHMMAIOT MO N3MEpPEHNEM (PH3UUECKOI BETHUMHBI?




Kon
WHJMKaTOpa

Nuaukatop AoCTHXEHUS
KOMIIETEHIINN

OrneHOYHBIC CPEACTBA

paboThI, oopmitsier
IPOU3BO/ICTBEHHYIO
JOKYMCHTAIIMIO U OTYCTHOCTD

No ok w

10.
11.
12.
13.
14.
15.
16.
17.
18.
19.
20.
21.
22.
23.
24,
. O11eHKa TOYHOCTH M3MEPEHHBIX BEJIMYMH M UX (PYHKIMI P ypaBHUBAHUU KOPPETATHBIM CIIOCOOOM.

Kaxue usmepeHus Ha3bIBaOT IPSIMbIMU, KOCBEHHBIMH, PABHOTOYHBIMU 1 HEPABHOTOUYHBIMU?

Yro saBiseTCs pe3ysIbTaTOM U3MEPEHUs?

UTto nmoHUMaeTcs o1 OIMOKOH (TOTPEUTHOCTHIO) PE3yNbTaTa U3MEPEHUA?

Kakue ommOku Ha3bIBatOTCSA TPYOBIMH, CUCTEMAaTHUECKUMHU, CITy4aiiHbIMU?

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

Cpennsist kKBagpaTuieckas omrlOKa pe3yJbTaToB paBHOTOUHBIX U3MepeHuid: popmyiibl ['aycca, beccens,
®eppepo.

Cpennsist kBaapaTuieckas omroOka (pyHKINY U3MEPEHHBIX BEJTUYMH.

Cpennsis KBajpaTHyecKas OMNOKa pe3yabTaToOB IBOMHBIX PABHOTOUYHBIX U3MEPEHUI.

Cpennsist kKBagpaTuieckas orOka npocToil apupMeTH4ecKon CepeuHbl.

O6mas apudmernyeckas ceperHa.

Cpenusisa kBagpaTrueckas omroKa eIMHUIIBI Beca.

Cpennsist KBapaTHuecKas omnOKa 1 Bec o01eil apumMeTnyeckoil cepeIuHbl.

Urto noHMMaeTcs oJ] ypaBHUBAHUEM PE3YJIbTATOB U3MEPEHUI?

VYpaBHUBaHME U OLIEHKA TOUHOCTHU HAIlpaBJIEHUH, N3MEPEHHBIX HA CTAHILIUU CITIOCOOOM KPYTOBBIX TPUEMOB.
Uro sBsieTCs yCIOBUEM M MPUYMHON BO3HUKHOBEHUS 3a7[aul ypaBHUBAHUSA?

[IpyHIMI HaMMEHBIINX KBAIPaTOB.

KoppenaThblii criocod ypaBHUBaHUS.

[Tapamerpuueckuii criocod ypaBHUBaHUS.

Kak cocTaBisitoT yClOBHBIE YpaBHEHMS?

Kak cocTaBisitoT HOpMalibHbIE YPaBHEHUSI U BBIYUCISIOTCS KOOPGUIIUEHTH HOPMAIbHBIX YPaBHEHUN?
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 usmepeHnns Ha3bIBaOT NPSIMbIMU, KOCBEHHBIMH, PABHOTOYHBIMU M HEPAaBHOTOYHBIMU?
Uro sBisieTcsl pe3ysbTaTOM U3MepeHus?




Kon
WHJMKaTOpa

Nuaukatop AoCTHXEHUS
KOMIIETEHIINN

OrneHOYHBIC CPEACTBA

o o

10.
11.
12.
13.
14.
15.
16.
17.
18.
19.
20.
21.
22.
23.
24,
. O11eHKa TOYHOCTH M3MEPEHHBIX BEJIMYMH M UX (PYHKIHMI P ypaBHUBAHUU KOPPETATHBIM CIIOCOOOM.

UYrto nmoHUMaeTcs 1Mo OIMOKOH (TOTPEIIHOCTHIO) Pe3yNIbTaTa U3MEPEHHUs?

Kakue ommOku Ha3bIBatOTCS TPYOBIMH, CUCTEMATHUECKUMHU, CITy4aiiHbIMU?

Kak BpluuciIuTh BeposTHElIEe 3HAaUEHUE U3MEPSIEMOI BEIMUMHBI 110 pe3yJIbTaTaM MHOTOKPAaTHBIX
PaBHOTOYHBIX U3MEPEHUI?

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

Cpennsist kBagpaTuieckas omrOka (pyHKINY U3MEPEHHBIX BEJTUYMH.

Cpennsis KBajpaTHyecKasi OINOKa pe3yabTaToB ABOMHBIX PABHOTOYHBIX U3MEPEHU.

Cpennsist KBagpaTuieckas olrOka npocToil apupMeTH4ecKon cepeuHbl.

O6mas apudmernyeckas cepenHa.

Cpenusisa kBagpaTrueckas omrOKa eIMHULIBI Beca.

Cpennss kBagpaTHyeckas omnOKa U Bec o01Iei apudmMeTnieckoil cepeuHsbl.

Urto noHrMaeTcs oJ] ypaBHUBAHUEM PE3YJIbTATOB U3MEPEHUI?

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

[IpyHIMI HaMMEHBIINX KBAIPaTOB.

Koppenatnslit cnocod ypaBHUBaHUS.

[TapameTpuueckuii cnoco0 ypaBHUBaHUS.

Kak cocTaBisitoT yClOBHbBIE YpaBHEHMS?

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

KoHTposb penieHuss HOpMaJIbHBIX YPaBHEHUM.

[1K-2.4

YcraHaBIMBaeT NPUTOJHOCTh
re01e3U4eCKOro
o0opynoBaHus U IPUOOPOB K
pabote

ouokrwdE

Ilpumepnulii nepeuens meopemuuecKux 60npoco6 K 3auémy:

3agaun TUCHUILTMHBI «MaTtemaTuyeckas 00paboTka pe3yabTaToB U3MEPEHUI»

Urto noHMMaroT 1o u3MepeHreM (pu3nueckoi BeTUUnHbI?

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

Urto nmoHUMaeTcs 1ol OLIMOKOH (MOTrPEeUIHOCTHIO) Pe3yibTaTa U3MepeHus?

Kaxue ommOku Ha3bIBalOTCA rpyObIMH, CHCTEMAaTHUYECKUMHU, CITY4alHBIMU?




Kon
WHJMKaTOpa

Nuaukatop AoCTHXEHUS
KOMIIETEHIINN

OrneHOYHBIC CPEACTBA

7.

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

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

Cpenusisi KBapaTHyecKast OIMOKa pe3yabTaToOB paBHOTOUHBIX U3MepeHuii: 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.

Cpenusisa kBagpaTrueckas omrOKa eIMHULIBI Beca.

Cpennsis KBafpaTHyecKas omnOKa 1 Bec 001ell apupmMeTnyeckoil cepeIuHbl.

Urto noHMMaeTcs oJ] ypaBHUBAHUEM PE3YJIbTATOB U3MEPEHU?

VYpaBHUBaHME U OLIEHKA TOUHOCTHU HAIlpaBJIEHUH, N3MEPEHHBIX HA CTAHIIMH CIIOCOOOM KPYTOBBIX TPUEMOB.
Uro sBsieTCsl yCIIOBUEM M MPUYMHON BO3HUKHOBEHUS 3a7[aul ypaBHUBAHUSA?

[IpyHIMI HaMMEHBIINX KBAIPaTOB.

Koppenatnslit cnoco0 ypaBHUBaHUS.

[TapameTpuueckuii cnocod ypaBHUBaHUS.

Kak cocTaBistoT ycioBHbIE ypaBHEHHUS?

Kak cocTaBisitoT HOpMaJIbHbIE YPaBHEHUS M BBIYUCIISIIOTCA KO3 PUIMEHTH HOPMaIbHBIX YpaBHEHUI?
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 mpoBeaeHHMs] MPOMEXKYTOYHOW ATTECTALMM, NMOKA3aTeJd M KPUTEPHHU
OLlCHUBAHMUSL:

I[IpuMepHasi CTPYKTYpa U cOepPKaHNe MyHKTA:

[TpomeskyTouHas arTectanus Mo AUCHUILIMHE «Maremarndyeckas oOpaboTKa pe3ysibTaToB
W3MEpPEHUI» BKIIIOYAET TEOPETUYECKHE BONPOCHI, NMO3BOJIAIOIINE 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
KOMIIETEHIIUH OT BBICOKOTO JI0 IOPOrOBOr0, JEMOHCTPUPYET 3HAaHUE Y4yeOHOro marepuaia,
HAaBBIKY BBIIIOJIHEHUS IPAKTUYECKUX 3aJaHHMN.

— Ha OIICHKY «HE 3a4YTeHO»— OO0yJaroluiics JeMOHCTpUpyeT 3HaHus He Ooiee 20%
TEOPETUYECKOTO Marepuajja, JOINYyCKaeT CYNIECTBEHHbIC OMMOKH, HE MOXKET II0Ka3aTh
UHTEJUICKTYaJIbHBIC HABBIKU BBITIOJHECHUS TIPOCTHIX 3a/IaHUH.



[Tpunoxenue 3

MeToanueckue yKazaHust
1. DJIEMEHTBI TEOPUU MOTPEIIHOCTEMN IF’EOJAE3NYECKHUX U3MEPEHU

1.1. O6mme cBegeHnst 00 M3MepeHUAX

OO6bexToM m3yueHus: Hayku ['eome3us sBisercs ruiaHeTa 3emis — ee Gopma, pa3Mepsl,
BHEIIHEE I'PABUTALMOHHOE I0JE. DTH XapAKTEPUCTUKU IOJY4YarOT U3 PA3JIMYHBIX U3MEPEHUH,
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, ninmHy oTpe3ka JIMHUM MECTHOCTH CPaBHUBAIOT C €IMHULEH JIMHEHHBIX
U3MEPEHUH - Mempom; TOPU3OHTAIBHBINA YroJl, 00pa30BaHHBIN OTpPEe3KaMH JIMHUI Ha MECTHOCTH,
CPaBHMBAIOT C IPaLycoM, IpasioM, pauaHOM.

W3mepenus pa3nuyaror:

- npamvle;

- KOCBEeHHbIe;

- PABHOMOYHYIE,

- HepasHOMOoUHbIe.

ITon npamvimu M3MepeHUSAMU NOHUMAIOT TAKHUE, NP KOTOPBIX ONPEACIAEMYIO BEIUUYHUHY
MOJIyYaloT MyTEM HENOCPEICTBEHHOTO CpaBHEHUS (COIOCTABIIEHUS) €€ C €IMHULEH U3MEPEHUS
i e€ npou3BoaHON. Hampumep, mvHa oTpe3ka JUHUU U3MEPSETCA CTAIBHOW JIEHTOW WIIA
TOPU30HTAJIBHBIM YTroJl HA MECTHOCTH U3MEPSETCS TEOJOIUTOM, a Ha OymMare TpaHCIIOPTUPOM U
T.J.

Koceennvimu Ha3pIBalOT W3MEPEHMs, OINpEAeisseMas BEIMYMHA B KOTOPBIX SABISIETCS
(byHKLIMEeN Ipyrux HENOCPEICTBEHHO WM3MEPEHHBIX BENWYMH. Tak, s ONpeAeieHUs IITUHbBI
OKPYKHOCTM WM IUJIOIAAM Kpyra, HEOOXOJMMO HENOCPEACTBEHHO W3MEPUTh Ppaauyc
OKPY>KHOCTH.

Pasnomounvivu Ha3bpIBalOT M3MEPEHHUS, BBINOJHEHHbIE MPUOOpPaMM OJHOIO Kiacca
TOYHOCTH, CIEHUAIUCTAMU PAaBHOM KBaIM(HUKALMKU, MO OAHOM M TOM XKe TEXHOJOIMH, B
UJCHTUYHBIX BHEIIHUX YycioBusAX. [Ipu HecoOmoneHnn xoTsi Obl OJHOrO M3 MEPEUMCIEHHBIX
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 CJIydaiiHbIe 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 0003HaueHUSA:

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 cpenHUEe KBaJpaTUUECKHe MOTPEUTHOCTH, 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 Bepoammueiiwue nozpewinocmu



®opmyna (10) K.®. I'aycca st cpenneil KBaapaTHUECKOW MOTPEITHOCTH CIPaBEIJIMBA B
TOM Clly4ae, KorJia pe3yabTaThl | m3MepeHuit CpaBHUBAIOTCSI C UCTHHHBIM (TOYHBIM) 3HAYCHUEM X
3TOH BeMMYMHBL. B  OOJBIIMHCTBE CiIydaeB NPAKTUKA TOMOrpado-reoIe3NIeCKux H
MapKIIeHepckux padoT UCTUHHOE 3HaueHue X U3MepsieMOM BEIMYMHBI HEU3BECTHO U IIOTOMY
UCIIONIL3YIOT BEpOsITHEHINIeE 3HAUYCHUE ero X, ompenensemoe no ¢opmyie (7). B atom ciydae
CPEIHIOI  KBAJpPAaTUYECKYyK IOTPEIIHOCTh pe3yjibTaTa OTIEJBHOTO HW3MEpEeHus psjaa
PaBHOTOYHBIX U3MEPEHUH OIPENEISIOT 110 BEPOATHEHIIIMM ITOTPEIIHOCTSIM.

Iycte 14, 1 2,1 3,...,] n - pe3ysIbTaTBl PABHOTOYHBIX M3MEPEHHI OJHOM U TOM K€ BEJIMYHMHEI,

(1]
X = — - IpocTas apuQmeTHuecKas cepeuHa.

CocTaBuM pa3HOCTH
li — X =7 (13)
rnei=1,23,..,n
N - YUCJI0 U3MEPECHUI;
0j - BEPOSITHEHIIIME MOTPEIIHOCTH Pe3yNbTaToB |j M3MepeHwid, 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)
ju
n
Toraa [v]=0

HO X =

)

(15)
T.€. CyMMa BEPOSITHEHIINUX MOTPEIIHOCTEH Pe3yIbTaTOB PaBHOTOYHBIX M3MEpPEHUIl paBHA
HYJIIO TIPH JTFOOOM YHCIIe U3MEPCHHM.
CocraBum paznoctu ypaBHeHuit (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 MOrPEUTHOCTEN
PE3yJIBTaTOB PABHOTOYHBIX U3MEPEHUH.
Bo3ssenem ypaBuenus (17) B kBaapaT, CJI0KUM U pa3/ieNM Ha UX YUCIIO

w2 _ 2l 2y o
—=—+n°+2n— (18)
22 _ 2 _ 2 _ 2],
HO — m,[v]—O,n—nz, 2 2
TOrJaa m? = [»?] n Y
n n
(19)
Bropoii unen npasoit yactu ypaBHeHnus (19) 3anumem B Buzie
[A12 _ (Ar+8p+As+-+4,)% _ [A%]+2[A;0] _ [A? (4]
2=?= ; 2n32 - n2]k=[n_2]+2 ;lzk (20)
Al _ o laa] . . .
HO — =m*; = 0; - Mo yeTBepTOMY CBOMCTBY CIy4alHBIX MOIPEIIHOCTEH.
VYpasuenue (19) ¢ yaerom (20) mpumeT Bu
2 2
mz =, (21)
WIN m? = 7]

(22)



[v2]
E.

Bripaxxenue (23) sBisieTcst popmynoti beccens niis cpeHen KBaipaTHIECKOH MOTPEITHOCTH
pe3ynbTaTa OTASIBHOTO U3MEPEHHUS PSIa PABHOTOYHBIX U3MEPEHUM OTHOM BEJIIMYUHBI.

OKOHYATEIILHO M =

Ilpakmuueckue pekomenoayuu no 6bI4UCIEHUIO RPOCHON APUPMEMUYECKOUl CePeOUnbl:
1.BeiOuparot npubanxeHHOE 3HaUeHHEe X' TPOCTON apu(PMETHIECKOM CEPEeTUHBI, B KAUECTBE
KOTOPOTO JIy4Ille BCEro B3sTh HAUMEHBIIIEE U3 pe3ysbTaToB lj u3MepeHwit, T.¢.

x' = li min (24)
2. Haxonat pa3sHocTu
& = li — X’. (25)

3. BEIUHCIISIOT IPOCTYIO apH(METHUCCKYIO CepPeIHHY
x=x+5 (26)
n
Ouyenka mounocmu yHKUUIl U3MEPEHHBIX 6€TUYUN

B OonbuinHCTBE Cily4aeB IPaKTUKU TONOrpad)o-reoie3nueckux U MapKIIen1epckux pador
UCKOMbIE BEJIMYMHBI [10JIy4atoT B PE3y/IbTaTe BBIYMCICHUN KaK (DYHKIIMU U3MEPEHHBIX BEJINYMH.
[TosryueHHbIE NIPU 3TOM pe3yNbTaThl OyAYT COAEPKaTh MOIPELUIHOCTH, KOTOPbIE 3aBUCAT KAaK OT
MOTPEIIHOCTEH apryMEeHTOB (M3MEPEHHBIX BEJIIMYHH), TaK U OT BUIA PYHKIUH.

Bosnukaer 3aa4a o1ieHKM TOYHOCTH  (PYHKIIUN U3MEPEHHBIX apTyMEHTOB.

1.4.4 Cpeonan keadpamuueckas nozpewtHocms QyHKyuu oouiezo euoa

Jana pyskuus

U= f(Xl,Xz,X3, '"ﬂXk) (27)

rae Xi, Xz, X3, ..., Xk - TOUHbIE (ICTUHHBIC) 3HAYCHUS H3MEPSEMBIX BEIMUHH.

[TycTh B pe3ynbTaTe M3MEPEHUH MONydeHBI MPHOIKeHHbIe 3HaueHust 1, |2 ,l3, la,...., Ik aTHX
BEJIMYMH.

Torna

u=f(l,lp 15 l) (28)

- npubmmkeHHoe 3HaueHne Gpynkiuu U.

CocraBuMm pa3HOCTh ypaBHeHul (27) u (28)



AM=u—-U=f(y,lls, ) — (X, X0 X3+, X3 (29)

KOTOpas ABJISIETCSI ICTHHHOM CIIy4aiiHOI morpemHocTthio Gpynkunu U.
Pa3noctu
A= 1 — X; (30)
- CyTh UCTHHHBIE CITyYaifHbIe OrpemHOCTH aprymenToB | rae i =1,2,..., k.
Torna
Au= f(ly, by la, o b)) — fly — Dy, b — By L — A) (31)

UTtoOBl HaWTH JIMHEHHYIO 3aBUCHUMOCTh MEXAY TNOTPEITHOCTSIMH apryMEHTOB U
MOTPEIIHOCTHIO0 (pyHKIHMH, iponuddepeHpyeM GpyHKuio (28).

of of
du all dll T —dly + -+ T (32)
of of of
TR 505, " 1y, ~ ACTHEIS IPOM3BOJHEIE (GYHKINHU IO KQXKIOMY U3 apTyMEHTOB.
1

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

Au A1 +
ly

=2 1A2+ Lpg 442t Ak (33)
2

d

[Tpu MHOTOKpaTHOM M3MEPEHNHU apryMEHTOB, HalpuMep N pa3, MoJIyduM

STy L o
Auy =5 =Bt g = Do+ 42 alkl (34)

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

[TpousBogHble (GYHKIMH IO COOTBETCTBYIOIIMM apryMEHTaM B pPa3HBIX H3MEPEHHUSIX
NPAaKTUYECKH OCTAFOTCS MIOCTOSHHBIMU U MOTYT OBbITh BBIYHCIICHBI TI0 PUOJIMKEHHBIM 3HAYCHUSM
aprymesToB ly g, |2, I30,..., lk0, B KauecTBe KOTOPBIX MOKHO B3ITh |10 =111, loo =l21,..., lko = lk 1,
T.€. 3HAYEHUS apT'YMEHTOB, ITOJTy4CHHBIC ITPH ITEPBOM H3MEPEHHUH OMPEIEITIIEMbIX BEIUYHH.

B cooTBeTcTBHH C A THM MOKHO IIPUHATH

o LB 00 (ar)
lyn  Olyp,  Olys Al k /gy’

of _of _of _  __ Of of

0ly1 ~ 0lz - dlz3 T Olzn - (_12)0' ¢ (35)

~

Ol  Olgy  dlgs  dlgn

Q

or of o _ ... . or N(af)
0’

C yuetom (35) Beipakenue (34) mpuMeT 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 Cpeonan keadpamuueckas nozpeuwtnocnov nPOCMOol apupmemuueckoul cepeounvl

®opmyny (7) ans npocToi apuMETHUECKON CepeIUHBI MIEPENUILEM B BUJIE

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

1 1 1
X = —;ll+;l2+“'+;ln (41)

rac Ii' pCSYJ'ILT aThbl paBHOTO‘-IHLIX H3MCpCHHfI OﬂHOﬁ nu TOﬁ K€ BCIIMYHUHEI,
i=123,...,n;

N - YUCIO U3MEPECHUM.



N3 ypaBuenus (39) umeem

al, al, al,
ox
H o, ~ n o TorAa m=m,=-=m =m
M2 = 2m? + —mZ + -+ —m3 42
T p2 mq n2 mj n2 my ( )
Tax KaK U3MEpEHUs PaBHOTOYHBIE, T.C. my=my;=--=m,=m
(43)
CnenoBarenbHO, BelpaxkeHue (42) npumeT BUA
2 _ 1 2 _m
M? =n—m"=—, (44)
OTKyJa
m
M = = (45)

Cpeonssa keadpamuieckas nocpeuHocmy npoCmou apugpmemuieckol cepeourvl 6 \n pas
MeHbule cpeonell  K8aopamuyecKkol NOZPewHOCmU pe3yIbmama Kax#coo2o O0moenbHO20
U3MEpPEeHUA.

CpaBnauBas ¢hopmyny (44) u BTOpoi WieH NMpaBoi 4acTu ypaBHeHUs (21), MOXKHO cienaTthb
BBIBOJI, UTO

m

n _m_r TI:_n:M,

T.€. UCMUHHAA CIYYAUHAS NOSPEUHOCMb NPOCMOU apudmemuyecKon cepeounsbl pasHa
cpeoHell K8aopamuyeckol no2peutHoCmuy NPoCmou apu@dmMemuyecKoti cepeounsi.

1.4.6 Ouenka mounocmu pe3ynbmanmog y2i06blX USMEPEHUIL 8 MPUAHZYTIAUUU

H3BecTHO, 4TO CyMMa BHYTPEHHHX YTJIOB TUIOCKOTO TpeyrojibHUKa paBHa 180°,
—_ 0
T.€. ﬂ1,0 +ﬁ2’o + ﬂgyo =180 (46)
rae f 10, f20,P30 - ACTHHHBIC (TOUHBIE) 3HAYCHUST  YTJIOB.

[Tycte f1, P2, Pf3 - pe3yabTaThl U3MEPEHUS ITHX YIJIOB, T.€. MPUOIMKCHHBIC 3HAYCHHUS
YTJIOB.



Torna, cormacuo (1), umeem

B1— ,31,0 = Ay,
B2 — /32,0 = Ay, (47)
Bs — /33,0 = As,

A1, Apy A3 - ICTUHHBIE CITy4alHbIE TOTPEIIHOCTH PE3YJIbTATOB U3MEPEHUM.

[Tepenumem paBeHCTBO (46) ¢ yaeToMm dhopmyi (47)

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

p1+ B2+ B3 — (A1 + A, + A3) = 1807; (49)

:Bl + BZ + 33 - 1800 = Al + Az + A3. (50)
0O06o03HaUYNM

Al + AZ + A3 = W. (51)

® - Ha3bIBAIOT )2l1060l HeA3KOU B TPEYroJbHUKE, T.€. 3TO HUCTHHHAS Cly4ailHas
MOTPENIHOCTh CYMMbl BHYTPEHHUX YIJIOB TPEYrOJIbHUKA.

Torna ypaBaenue (50) MOXKHO 3amucaTh B BUJIE
B1+ B2+ B3 —180° = w, (52)
WIH

Y3p —180° = w. (53)

HYCTI) PAaBHOTOYHO HU3MEPCHEI YIJIBI B n TPEYTOJbHUKAX, I KaXXAOT'O0 M3 KOTOPBIX
crpaBeINBEI paBeHcTBa (51), T.e.

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

rae i =1, 2, 3,...., N - HOMEp TPEYroJbHUKA.
Bo3sBenem ypaBHeHus (54) B KBaJpaT, CIOKUM U pa3/ieINM Ha UX YUCIIO:

A—ﬂ+A—%]+[Anj+2[

n n

AzA3]

2

n n

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



n n n
[a1] . [ad] _ , [a3]
oo T Tm e
Torna
lof] _ m? +mj + ms, (56)

rae My, My, M3 - CpeIHUE KBAJAPATHUECKUE MOTPEIIHOCTH PE3YIbTaTOB U3MEPEHHH YIIIOB
p1, P2, 3 BKaKIOM U3 TPEYTOJIHHUKOB.

Tak kak M3MEPCHUS PAaBHOTOYHBIC, T.€. M1 = My = M3 = mﬁ , TO

[?]

= Smf;, (57)
NI
[w?]
mg = ‘;’—n (58)

210 dhopmyna Deppepo, O KOTOPOH OOBIYHO BBIMOIHSIETCS OIIEHKA TOYHOCTU PE3YJIHTATOB
HU3MEpPEHUI TOPU30HTATBHBIX YIJIOB B TPHAHTYJISIINH.

1.4.7 Ouenka mounocmu pe3yiomamog paoa 080UHBIX PAGHOMOYHBIX UIMEPEHUTL

OdeHb YacTO B MPaKTUKE T€OAE3UUYECKUX U MapKIIEHIEPCKUX pabOT UCKOMYIO BEIMUYUHY
ONPENEIAOT [0 pe3ysbraTaM JABYKPATHBIX pPABHOTOYHBIX W3MEPEHHMM JTOM BEIUYUHBI.
Hanpumep, ropu3oHTAIBHBIE YIIIBI U3MEPSIIOT ABYMsI TOJIYIPUEMAMU, MPEBBIIIEHUE HA CTAaHIIUU
[IPH T€OMETPUYECKOM HUBEIMPOBAHUU OIPEHEISACTCS 110 YEPHBIM U KPAaCHBIM CTOPOHAM DEEK,
JUIMHBl OTPE3KOB JIMHUM MECTHOCTH HaXOJAT W3 PE3YJIbTATOB HM3MEPEHUN STUX OTPE3KOB B
PsIMOM U OOpPAaTHOM HarpaBiICHUSIX.

Bo3unkaer 3aa4ya OLCHKHU TOYHOCTH 3THUX PE3YJIbTATOB.
HNmeem pAa BEJINMYHUH, HCTUHHBIC 3HAYCHHA KOTOPBIX PABHBI

Ll,Lz,L3,"',Ln. (59)

HYCTI) KaXKaas U3 3TUX BECJIMYUH U3MEPCHA PABHOTOYHO ABAXKbI U IMMOJTYYCHBI PE3YJIbTAaThI:

ll’ lz, lg,"',ln; (60)

'

ljl[i 1121 ll31 Ty ln; (61)



CocTraBuM pa3sHOCTH MEXKILY PE3yJIbTaTaMU U3MEPEHUHM M MX HCTUHHBIMH 3HAYEHUAMU:
li—L; =4 (62)

rrei=1,2,3,..,n.
Haiinem paznoctu ypaBHeHu# (62) u (63)

L —1; = A — A (64)
1 0003HAYNM

’

Ai - Ai: di, (65)

34€Ch Ai u Ai - HWCTHUHHBIC cnyqaﬁHble MOrpCIIHOCTHU PE3YJIbTATOB.

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

07, [87] , 5 [en] _ 7] (66)

n n n n

Ha ocnoBanuu (3) u (7) 3anumiem

a7, A, Al
n ’ n ’ n ’
Toraa
2
m? +m? = M. (67)

2m? = @, m; = Ll (68)

n 2n

[Ipy ABOWMHBIX PAaBHOTOYHBIX M3MEPEHUSAX 34 OKOHUYATEIIBHOE 3HAUEHUE IPUHUMAIOT
cpeaHee apu(pMETHYECKOE U3 PE3YJIbTATOB OTAEIbHBIX U3MEPEHHUH, T.€.

I+
lp = ——

ToTAa

utu  my, = 0,5 [ili] (69)



®opmyiel (68) u (69) cripaBeTUBHI JHUIIL B TOM CiIydae, eciii pasHoctu di He comepikar
CUCTEMATUYECKUX MOIPEIIHOCTEM.

[TycTh pa3HOCTH CONlEpKAT CUCTEMATUYECKYIO MIOTPEUIHOCTD 6, T.€.
d;=A;—A; + 6. (70)
Cnoxum ypaBHenus (70) 1 pa3euM Ha UX YUCIIO0

m=M—m+9. (71)

n n n

Ha ocHOBaHuM 4eTBEpTOro CBOMCTBA CIIy4YaHBIX MTOTPEIIHOCTENH HUMEEM

T.C.
ld]
— =0 72
: (72)
Cpeonee apugmemuueckoe u3 pasHocmel pe3yibmamos OBOUHBIX PABHOMOUHBIX

uUsMepeHuli. OMmIUYHO Om HYAA U HUCIEHHO PABHO CUCEeMAMUYECKOU NOSPEUtHOCIU IMUX
Dpe3yIbmamos.

Berutem u3 Kaxmgou PasHOCTHU di BCIMYHUHY CHUCTEMAaTHYECKOM IOIrpCIIHOCTHU 9, T.C.
06pa3yeM HOBBIC Pa3HOCTH

d=d;— 0 (73)

ld] _Id]

HO =0,

4]

TOrna = 0,
(74)

T.€. cpedHee apugmemuueckoe u3 pasHocmetli pe3yabmamos OBOUHBIX PABHOMOYHBIX
usmMeperul, c60O0OHBIX OM CUCMEMAMUYECKUX nozpeuHocmell, 6ce2oa pasHo Hyiw. Pasnoctu d,
KaK yKkjIoHeHus dj oT mpocToii apudMeTneckoil cepeanHsl 1 obnazgatomue coiicteoM [d] = 0,
MOYHO CUHTATh BEPOSTHEUIIIMMU MOTPEIIHOCTIMU pazHocTei di.

[Tpumensis k HuM ¢opmyny beccena nns cpenHell KBaApaTUUYECKOW MOTPEUIHOCTH,
3aruIIeM

d’Z
mg = 12, (75)
_mg _ | [a?]
a m; = 7z = 2(n-1)"
(76)

Cpenssis KBaipaTHuecKas MOTPEeUIHOCT CPEAHEro apupmMeTnieckoro u3 pe3ynbraros liu I';
Oyzer paBHa



_m_ ]
m, =5= o1 (77)

Brrunciaenue 3Ha4CHHUS YUCITUTEILS IMMOAKOPCHHOT'O BBIPAKCHUSA MOKHO IIPOKOHTPOJIMPOBATH

o popmyre

[d?] = [a2] - . (78)

Ilpumeyanue. OUEHKY TOYHOCTH MO PA3HOCTSIM pe3yJIbTAaTOB JBOWHBIX PAaBHOTOYHBIX
U3MEPEHUH CleqyeT BBINOJHATH MO (opmynaMm (68) u (69), eciu pa3HOCTH YIOBIETBOPSIOT
YCIIOBUIO

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

B IIPOTHUBHOM citydae, 1o Gopmysiam (75) - (77).

1.4.8 IIpumepsl ouenku mouHocmu pe3yibmamos paeHONMOYHBIX USMEPEHUTL 00HOI
eenuUUHbBL U YYHKUUIL HE3AGUCUMO UIMEPEHHBIX GETIUYUH

3agaya 1. Ilo pe3ynbTaTam paBHOTOYHBIX HU3MEPEHUIl TOPU3OHTAIBHOIO yria JEBATHIO
npuemamu (cM. Tabn. 1) HaliTH Hambojee TOYHOE IO BEPOSATHOCTH 3HAYCHHE YTJIA, CPEIHUE
KBaJIpaTHUECKUE TOTPEIIHOCTH HW3MEPEHUS KaXJIOro OTHCNBbHOTO Yria M MPOCTON
apuMeTHIECKOI CepeIUHBI.

Tabmuna 1

OI_IGHKa TOYHOCTH PE3YJIbTATOB UBMCPCHUA OTACIBHOI'O TOPU30HTAJIIBHOTO YIJIa

2 2

Homepa | Pesynbrarsl &i &i Vi Ui OcHOBHBIE bopMyIbI,
BCIIOMOTaTEIIbHBIC
MIPUEMOB | U3MEPEHUI BBIUMCIICHIS
i pi
1 2 3 4 5 6 7
1 32°23 44 |+ 4 16 [-06 0,36 1.8°= Bimin
2 0 0 |-4,6 21,16 )
40 2.€i= Bi*B
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 | +14 1,96 4.8, =32°23 44,6
46
6 + 3 91-1,6 2,56
43




Homepa | Pesynbrarsl & & Ui Vi OcHOBHBIE bopmyIsI,
BCIIOMOTATENIbHBIC
IIPUEMOB | U3MEPECHUI BEIUHCICHHUS
[ pi
1 2 3 4 5 6 7
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.
> 42 | 233 -0,4 46,20 7. l=vi+v,+ -+
UTl
[€]°=1681 KonTpon:
p 32°23" 40 OxoHuYaTeIbHBIN PE3YIIbTAT : [v]=6"n
B 32°2344,56 p=32" 23 446 +0,80
B owp. 32°23" 44,6
mp ==+ 2,4"
M = £0,80

BoruunciieHusi BBINOJIHAOT B CJIeAYyONIel M0C/1e10BATeIbHOCTH:

1. BpiOuparoT npuOIMKEHHOE 3HA4YeHHE S NPOCTOM apu(pMETHUYECKOH CEepelrHbl Kak
HalMEHbIIIEe U3 PE3YNIbTATOB U3MEPEHUH, T.€. f = fimin. B HalleM mpuMepe 3TO 3HaYeHUE PaBHO
B =p =32 23 40 .

2. BBIUUCIAIOT YKIOHEHUS & pE3YJIbTaTOB H3MEpEHUil fi OT 3TOro MpHOIMKEHHOTO

¢

3HA4YeHUsT | B-B U CyMMY 3THX YKJIOHEHHU

[l =61+ e+ + &,
3. B xononke 4 Tabi1.2 BBIYUCISAIOT KBAAPaThI &® m ux CyMMy [82].

4. BBIYUCISIIOT MPOCTYIO apu(PMETHUECKYIO CepenHy [ - HanboJiee TOUHOE MO BEPOSITHOCTH
3HaYeHHE U3MEPSIEMOTO YIJia.

5. Haxomar BeposATHeWIIME MOTPENIHOCTH VU KaK Pa3sHOCTH pPeE3yNbTaTOB OTIEIbHBIX
M3MEPEHUH U OKPYTIIEHHOTO 3HAYCHUS Soxp,, T.€., Vi = fi — Poyp. MX CYMMY [U] = V1 + Uy + - +
U, ¢ KoHTpomeM [v]=&8'n , tme 0=f-fop - TOIPEUIHOCT OKPYIJICHHUS CPEIHEro
apru(METHIECKOTO.

. L2
6. B rpade 6 BBHIUMCIAIOT KBaJApaThl BEPOSITHEHIIMX MOTPEIIHOCTEH Vi” M HUX CyMMy

2
[v?] =vZ+v5 + -+ V2 cxontponem [v?] = [¢2] — %




7. Tlo dopmyne (23) beccenst BBIYMCISIOT CPEIHIO KBaJPaTUYECKYIO MOTPEIIHOCTh
pe3ysbTaTa KakJ0ro OTASTbHOI0 U3MEPEHUS:

8. Ilo dopmyne (44) HaXOOAT CPEAHIOI KBAAPATHUYECKYIO IOTPEIIHOCTH IMPOCTOM
apuQMEeTHUECKON CepeIUHBI:

_ g

=7

9. OkoHYaTENbHBINA PE3yJIbTAT 3aMKUCHIBAIOT B BUJIC

ﬁ = ﬁoch. T M.

3agaua 2. B kaXJI0M TpeyroJlbHUKE MUKPOTPHUAHTYJIALUHU (puc. 1) U3MEpeHo OAMHAKOBO
TOYHO IO TPU BHYTPEHHUX TOPHU3OHTAIBHBIX yria (cM. Tala. 2). BeluuciuTe cpeaHioro
KBaJJPaTUYECKYIO MOTPELUIHOCTh PE3Y/IbTaTOB U3MEPEHUI KaXKA0Tr0 OTIIENBHOrO yIJia, IPUMEHUB

bopmyny Deppepo:

[w?]

3n’

mﬁz

rae w; = [B] — 180° - yrioBbie HEBSI3KH B TPEYTONBHUKAX; N — YHUCIIO TPEYTOIHHUKOB.

Puc. 1. Cxema ceTn MUKpOTPHAHTyJIALIMHI

Tabmanma 2



OO6paboTka pe3ynbTaTOB YITIOBBIX U3MEPEHHUM B MUKPOTPUAHTYIISILIUH

Howmepa TpeyrosibHUKOB U 3HaAUYEHUS U3MEPEHHBIX YIJIOB
HasBanus yrios
1 2 3 4 5
B 80° 07,7 74° 21,6’ 36°39,2° 39°17,4 69° 49,6’
B2 50 58,3 64 35,5 71 49,6 9 15,8 36 39,2
B 48 53,1 41 01,8 71 32,6 44 26,1 73 324
p 179° 59,17 179°58,9° 180°01,4" 179°59,3" 180°01,2°
wp =23-180° -0,9° - 1,17 + 1,4’ -0,7 +1,2°
% 0,81 1,21 1,96 0,49 1,44

’5,91 '
mg = 15 - 4/ 0,394 = +0,63.

3aznaya 3. B TeoA0IUTHOM X0/1€ paBHOTOYHO U3MEPEHO 11 TOPU30HTaNBHBIX YIJIOB, KX IbII
CO CpeJIHEN KBaJIPaTUYECKOM MOTPEMIHOCTBIO Mp==0,5". OnpenenuTs CpeHIo KBaIpaTHYECKYIO
Y TIPEICIIbHYIO MTOTPEITHOCTH CYMMBI ATHX YTJIOB.

Nmeem pyrkuuo u =8 =1+ B + B3+ -+ Bq1.

ou
YacTHbIE IMPOU3BOJHBIC €€ 110 KAXAOMY U3 apI'yMCHTOB PAaBHBI % = 1.

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

3anaua 4. 'opuzoHTaIbHBIN yroia £ (cM. puc. 2) uaMepeH TeooautoM 2T30 oJHUM HOTHBIM
IPUEMOM CIOCOOOM «1puemMoBy. ONpenenuTs CPeIHIO KBaAPaTUYECKYI0 IOTPEIIHOCTh
CpeaHero apu(MEeTHUECKOro U3 3HAYeHUH pe3yNbTaToB U3MEPEHHUH yriia B MoJynpueMax, eciu
CpemHsisi KBaJpaTHYECKas MOTPENTHOCTh OTCYETOB MO JMMOY coctaBuia My==0,5". dpyrumu
MOTPEITHOCTSIMU TTPEHEOpEUb.

3HaveHHE yTJia B MOJTYNPUEMax BEIYUCIIAIOT IO popmysiaMm:
BL=c,—ay; Br = Cr — ag,

raeC.', Cr', aL', @R’ - OTCYETHI 1O TOPU3OHTAILHOMY KPYT'Y IPU BU3UpOBaHUU Ha Touku C u A
IpY TOJ0XKEHNUU BepTUKaibHOro Kpyra ciesa (KJI) u cripasa (KIT).



Puc. 2. Cxema HaOmroneHuit

BCPOHTHCﬁmee 3HAYCHUEC I'OPU30OHTAJIBHOI'O yIJjia I10 pE3yjbTaTaM, IIOJYUYCHHBIM B KaXKI0M
MOJIYIIPUCME, BBIYUCIIAOT 110 q)OpMy.]'Ie

'

B+ PBr e —atcg—ap 1, 1, 1., 1,

:Bcp. ) > ==ECL E%"‘ECR ECLR'
Ha ocnoBanuu gpopmyn (39) — (42) 3anumiem
= (1)2 05 |42 = 405
mﬁ,cp._mo 2 =V, 4—_,.
OTy e 3a7jauy pelM HHaye.
1. OnpenenviM CpeHIO KBaJpaTUYECKYID TOTPEIIHOCTh Pe3yJIbTaToOB

I/ISMCPCHI/H\/’I erIa, HOqueHHBIX B KQXI0M HOHprI/IeMe
mg =ma+m? BO mg=m;=my=10,5

ToT A
mg = mO\/E = iO,S’\/?

2. Tlo ¢opmyne (42) BBIUMCIUM CPEIHIOI KBAJPAaTHUECKYIO MOTPEHIHOCTh CPEIHETO
apru(MEeTHUECKOTo 3HaYECHUs YIiia, MOJyYeHHOT'0 U3 Pe3yJbTaToB B KaXKJOM HOJIyIpUeMe:

mﬁ 0,5\/2 405
mg., =—=——==0,5.
B.cp \/E \/i

3agaqa 5. Bpruaucauth CPCAHIOKO KBAaJAPATUYCCKYIH0O U TMPCACIbHYIO TIOTIpCUIHOCTU
MMPEBBINICHUA, OMPCIACICHHOIO Ha CTAaHIUW IIPU TICOMCTPHUYCCKOM HHBCIIMPOBAHUHU 110 JABYM
CTOPOHAM HUBCIIMPHBIX MIAIICYHBIX PECK, CCIIN:

- IIeHA JeNieHus MKaibl pedkn u = 10 mm,
- cpeaHss KBaJpaTuyeckas MOrpeluIHOCTh OTCUYETa Mo perke My ==+ 1 MM.
JpyruMu norpemHocTsIMU IpeHeOpeyb.

[IpeBbInieHre BEIYUCISIOT 110 (hOpMysIam:

h* = q% — b*: h = a* — b*: h _hq+hk
=a ) =a ) cp. — 2
rae a‘, b - oTcueTsI Mo YepHBIM CTOPOHAM pEeK, YCTAHABIMBAEMBIX B 3a/IHCH U MEpeIHEH
TOYKaX HUBEIMPHOTO X0/1a;



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

[lepenumem nocneanow GopMyIy B BUIE

po_@mbthe bt 111 1
. = 2 T4 TR Ta TR

Cornacao popmynam (41) — (44) umeem

Mp,ep. = / =] | = 1lum ’4— = +1mwm;

Ahnped 2Tnh ,CP. i

3amaya 6. BerYuciuTh CpeIHIO KBAIPATUUECKYIO TOTPEITHOCTD pe3yIbTaTa OnpeIeecHus

MPEBBIIICHHS CIIOCOOOM TPUTOHOMETPUUYECKOTO HUBEIMPOBAHUS, €CIIU MPEBBILICHHE BRIYUCICHO
o popmyse

h=h'+i—1 (80)

rne h'=dtanv, d = 153,84 M — TOPU30HTAILHOE IMPOJIOKEHUE JIMHUA MECTHOCTH,
M3MEPEHHOE C OTHOCHTENBHOI morpemHocTsio 1:2000, v = + 3° 13 - yron HaKiIOHA JIHHAH
BU3HPOBaHUS, H3MEPEHHBIN CO CpeIHEH KBaAPaTHIECKOM MOrpemHOCThIO My = +0,5', 1= 1,47 M —
BBICOTA MPUOOpa (TEOM0NHNTA), U3MEPEHHAS C MOrpemHocThi0 M; = £ 0,002 M.

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

2. OnpenenuM vacTHble Tpou3BOAHbIE (yHKIMU (78) MO KaKIAOMY W3 apryMEHTOB:
on Joh__da on_ . oon_
ad av _ (cosv)2’ ai ol !

3. Ha ocnoBanuu ¢opmyssl (38) 3anuiem

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

rie p = 206265 =3437,75 = 57,2958’ - paauan.

m 1 d _ 15384
4. C yuerom —4_-___, my = —— =+0,077 m
d 2000 2000 2000

BBIYUCINUM

my, =+/(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. OxonuarensHo h=+8,12+0,023 M.

2.

3anaua 7. B Tpeyronpanke ABC (puc.3 ) paBHOTOUHO U3MEpPEHBI TPHU yIiia f5, @, y U CTOpOHA
AB = ¢. Onpenenuth JUIMHBI CTOPOH @ W D, cpeaHwe KBaapaTndeckue W OTHOCHTEIbHBIC
MOTPEUTHOCTH 3TUX CTOPOH, €CIIM: CPEAHHE KBaApaTHUYECKUE TMOTPEIIHOCTH PEe3yJIbTaToOB
U3MEPEHUH YIIIOB PaBHBI Mg = m, = m, ==+0,5"; oTHOCHTENbHAs IOrPEIIHOCTh PE3yIbTaTa
M3MEpPEHHs CTOPOHBI C cocTaBmiaa M : ¢=1:2000.



Puc. 3. K pelienuto TpeyronbHuKa

Hcxonnbie AaHHBIC, PC3YJIbTATHL BBIYMCIICHHH 1 OLCHKA TOYHOCTHU ITPUBCIACHLI B Taou. 3.

Tabmuua 3
Pewmenne tpeyronbHuka
Ne Pe3ynb- ITo- Vpas- Cunycsl JlnuHel
BEp- TaThl U3- paB- HEHHbIE yTJIOB CTOPOH Mg, mq
d
IIMH MepeHHit KU YTJIBI d, m MM
yTJIOB Up
C(y) 58°14,7 0,2 | 58 14,5 0,85028 156,82 78 1:2000
B () 62 52,1 0,2 |6251,9 0,88993 164,13 84 1:1950
58 53,9
A (a) 0,2 |58 53,6 0,85621 157,91 81 1:1940
D 18000,7 |-0,7 180 00,0 Aw =1,0V3 = +1,7'
@ +0,7 ) :
0,7 vﬁ=—§=—0,2
OcHoBHbIE HOPMYIIBIL:
c . _ . .
a= Sinysma, b= Sinysmﬂ, (81)
Inb =Inc—Insiny + Insinp, (82)
Ina=Inc—Insiny +Insina. (83)

[pomuddepenunpyem ypasuenus (82) u (83):




db dc cos d cos d

7=___y__y+_. ﬁ'_ﬁ; (84)
c siny p sinff p

da dc cos d cosa da

e T (85)

a c siny p sina p

Ha ocnHoBanuu dhopmyn (27) — (40) 3anumem:
() = (29 + (02 s (0022

() = () + (ctar ) + (ctg )

[Toacrapisist unciieHHbIE 3HaUeHUs B ypaBHeHUs (86) u (87), momyuum:

(86)

(87)

()’ (;)2 +(o 6192)2 + (05122 )2 _ (L)Z-
b 2000 ’ 3438 ’ 3438 1950/ ’

Moo L m, = 40,084.;
b 1950° b —7 ’
(29" = (5s) +(06192) + (0603 05) = (5ou5)
a’/ ~ \2000 7773438 "m0 3438) 0 \1940) ’
me_ 1 m, = +0,081
a 1940’ e T ELUOLM

3anaya 8. OnpenenuTh CpeHNe KBAAPATUUECKUE TOTPEIIHOCTH:

- pe3yNbTaTOB OTAENIbHBIX U3MEPEHUN;
- cpemHHMX apu(PMETHYECKUX 3HAUYCHUH W3 PE3yJIbTaTOB JIBOWHBIX PAaBHOTOYHBIX
M3MEpEeHUl IJIMH CTOPOH T€OJ0IUTHOTO X014,
- OTHOCHTEJbHBIC TIOTPEITHOCTH ITHX CTOPOH.
Hcxonnbie naHHBIE U MaTeMaTHyecKas 00paboTKa pe3ynbTaTOB U3MEPEHHM MPeCTaBICHBI
B Tab. 4.

Tabmuma 4

OrneHka TOYHOCTH PE3yIbTaTOB JBOMHBIX PAaBHOTOUHBIX U3MEPEHUN

Pe3ynbrarhl

S o — | o6parso M M M o
:

T o

1 2 3 4 5 6 7 8 9

1 145,65 145,74 145,695 |- 9 81 -4,5 20,25 1:4900
2 156,09 156,09 156,090 0 0 4,5 20,25 1:5200
3 205,58 205,62 205,600 |- 4 16 0,5 0,25 1:6900
4 144,67 144,63 144,650 4 16 8,5 72,25 1:4800
5 174,56 174,69 174,625 | -13 169 |-85 72,25 1:5800




6 125,51 125,26 125,235 |- 5 25 |-05 0,25 1:4200

mg = +6,1cm [ 1= |-27 307 0,0 185,50 0=
-4,5¢cMm

m; = +4,3cm I[d]| 27 KonTtpons :

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

O06paboTKy pe3y/IbTaTOB U3MEPEHUH BBIOIHSIOT B CIICAYIONIEH OCIEI0BATEIBHOCTH.

1. B xomonku 2 u 3 Tabnuubl 4 BBIIMCHIBAIOT W3 IOJEBBIX JKYPHAJIOB Pe3yibTarhl |
W3MEPEHHI UTMH CTOPOH.

2. Boamcnsitor cpepnue apudmerndeckue 3Hadenus (| o) u3 pesynbratoB | m3mepenuit
Ka)KZ0W CTOPOHBI B MPSMOM M 0OpAaTHOM HAIPaBIICHUSX:

_ lnpﬂMO + lo6pamHo

lep. = > ,

Y 3aMKCHIBAIOT UX B rpady 4.

3. Haxonsar pasnoctu d = L0 — logpamuo (TPaa 5) u ux cymmy
[d] =dy +d; +ds+ -+ dg.

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

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

VcaoBre HE BBIMOIHEHO, 3HAYMT OIEHKY TOYHOCTH PE3yJIbTATOB H3MEPEHHi CIieIyeT
BBIMIOJHATH 110 popmyiam (73) — (75).

5. BBIYHCISIOT BETUYNHY CHCTEMATHUECKOW MOTPEITHOCTH pa3HOCTeH d:

[d] -27
0 =—=—=—-45cm.
n 6
6. B rpady 7 zamuceBator pasHoctd ' = d - 6, cBOOOmHBIE OT CHCTEMATHUYECKOU

MOTPEIIHOCTH 6.

7. KBagpatsl pasHOCTEH d*?, ux cymmy [ d'? | saHocAT B rpady 8, KOHTPOJIHMPYS 3HAYEHUE
CYMMBI 110 (hopmyIie

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

8. ITo dhopmynam (73) — (75) BEIMUCTSIOT CpeTHUE KBAAPATUIECKHUE MTOTPEITHOCTH:

- pa3HOCTEW pe3yJIbTaTOB JBOMHBIX PABHOTOYHBIX U3MEPEHHI

[d?] B 185,50 _
n-1 5

my = +6,1 cm;

- Pe3yabTaTOB OTIAEIbHBIX U3MEPEHUN




¥ 61 +4,3
= = T4, CM;
2(n—1) 2

- cpemHMX apu(METHYECKUX 3HAYEHHH M3 PE3yNbTATOB  JIBOMHBIX
PAaBHOTOUHBIX M3MEPEHMUI
m, 4,3

m = — =
YPTVZ V2

9. B rpade 9 3anmchIBarOT OTHOCHUTEIbHBIC MOTPEHIHOCTH PE3YJIbTATOB H3MEPCHHIA,
BBIUKCIISIEMBIE TIO (hopMyIie

= 43,0 cm.

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

3amaya 9. B TEOqOoMUMTHOM XO0J€ PaBHO TOYHO M3MEPEHO CEMb TOPU3OHTAIBHBIX YTJIOB
JBYMs TIOJYIIPUEMaMH KaXIbIi U TOJYYEHBI PE3YJIbTAThl 3TUX U3MEPCHUH friu fLi, TaC Pri—
3HAYEHUS YIVIOB, IIOJYYECHHBIX B IIEPBOM IOJIYIIPUEME — IIPHU IIOJI0KEHUHU BEPTUKAIBHOIO Kpyra
teononuta crpasa (KII); fLi — 3Ha4eHUs yIJIOB, MOJYYCHHBIX BO BTOPOM HOJYIPHUEME — IPH
MOJIOKCHUH BEPTHKAJILHOTO Kpyra Teogosuta ciesa (KJI); 1 =1, 2, 3,..., n - HOMepa yriioB u ux
YHUCIIO.

Onpenenuts cpeiHUE KBaIpaTUUECKUE OTPEIIHOCTHU
Mg — pE3yabTATOB U3MEPEHUH YIIIOB B IIOJIYIIPUEMAX;

Mp.cp.- CPEAHUX apUPMETUYECKHX 3HAUCHUI! YITI0B B IIpHEMax — [0 Pa3HOCTSAM PE3y/IbTaTOB
JIBOMHBIX paBHOTOYHBIX U3MEPEHUH YIIIOB B odynpueMax. Pemenue npeacrasieno B Tabnuue 5.
BbIunciieHNs BBIMOIHAIOT B IIOCIIEA0BATENBHOCTH, YKa3aHHOU I IPEAbIAYIIEH 3a1a4yu.

Tab6muna 5
OLieHKa TOYHOCTH Pe3yJabTaTOB U3MEPEHUSI TOPU3OHTAIIBHBIX YIIIOB
Pe3ynprarel n3mMepeHuit OcHoBHBIE (HOPMYITBI U

2 ) BCIIOMOTaTeJIbHBIE
; | I di= di BBIUMCIICHUS
o _
3 MOJTyTIPUEM MOJIyTIpUEM =fr— pL
o
= Br b

1 2 3 4 5 6

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

2 179 58,1 179 58,9 -0,8 0,64 |[d]] < 0,25 - [|d]|]




3 180 01,2 180 00,4 +0,8 0,64

4 180 08,5 180 08,0 +0,5 0,25

5 179 46,9 179 47,4 -0,5 0,25

6 202 37,8 202 38,0 -0,2 0,04

7 179°43,4 179°42,8 +0,6 0,36

my =+ 0,43’ [ 1=2 +1,0 2,54
Mpep. = £ 0,30' |[d]] +1,0
[1d]] +4,0

1,0'=0,25-4,0'
2.

[d?] /
mﬁ = W =

3.
mg

2,54
14

J0,181

+0,43’

=—= 40,30’

mBGC- \/E

1.5 HepaBHOTOYHBbIE H3MepeHUSA

1.5.1 Obwan apugpmemuueckasn cepeouna. Beca pezynomamoe uzmepenuii

[TycTs nmeeTcs pusznueckas BeruuHa (yroii, OTPE30K JIMHUHU, TIPEBBIILIEHUE U T.I1.), TOYHOE
(MCTMHHOE) 3HaueHHe KOTOpod paBHO X. OTa BeIMYMHA H3MepeHa paBHOTO4HO N pa3
HECKOJIbKUMU CEPUSIMU U MOJYYEHBI PE3YIIbTATHI I-('), 3TUX U3MepeHuit. 3mech | = 1, 2, 3,..., K -
HOMeEpa CEepHii H3MEPEHHIA ¥ MX YKCIIo; =1, 2, 3,..., Nj — HOMepa U3MEPEHH B KaXKI0H CEPUU U UX
YHCIIO.

HpI/IMeM, YTO 4YHUCIIO I/ISMepeHI/Iﬁ Ni B KaxKI01 CCpUH HCOAUHAKOBO, T.C.

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

O0603HaUUM CpEIHIOI KBaJIPaTHUYECKYIO IOTPEIIHOCTh Pe3yIbTaToB Ij(l) PaBHOTOYHBIX
U3MepeHuil yepe3 4. B kaxkaol cepuu MOXKHO ONpEeAEInTh HanOoiee TOUHOE MO0 BEPOSTHOCTU
3HauUeHUE pe3ynbTaTa Xj, KaKk cpelHee apu(MeTHYecKoe M3 Ppe3ylbTaToB Ij(l) PaBHOTOYHBIX
U3MEPECHUI:

lgl)+lgl)+l§1)+~~+l§111) )
x1 = H
ng
lf)+lg2)+l§2)+-~-+l$122)
X2 = " S (89)
19 +159 4159+ 4159
X = )
N Y,
U MX CPEIHUE KBAJAPATHUCCKHE MOTPEITHOCTH
H U H ©
m =—:; m,=—; My=—; DMy, = —. 90
1o T T g T Ung LN (90)
BenuuuHbl Xj - pe3y/bTaThl HEPABHOTOUHBIX M3MEPEHUH, TSI KOTOPBIX
my Fmy Fmg F - Fmy (92)

1o yciosuio (88). Bo3HukaeT 3agaua, Kak 10 pe3yibTaTaM X;j HEpPABHOTOUYHBIX MU3MEPEHUN
HaiiTu HanboJiee TOYHOE TI0 BEPOSITHOCTH 3HAYEHUE U3MEPSEMOM BETUUUHBI Xg.



Tak kak Ij(l) - pe3ysbTaThl PaBHOTOUYHBIX M3MEPEHMI, TO BEPOATHENIIEEe 3HaUeHue Xo U3
JTUX Pe3yIbTAaTOB PABHO

L O 1 s R R R K

0~ n1+n2+n3+"'+nk (92)
B cBoro ouepenp,
2+ 10 + 10 4+ 1 = 2y g
2 2 2 2
P +1P + 1P+ + 1 = x, - my; (93)
B9+ 109 + 19 4+ 109 = x, - nk;J
C yuerom (93) paBeHcTBO (92) nepenuiieM B BUIE
X — X1 Ni+XNy+x3 N3+ +Xp Nk (94)
0 ni+nz+nz+--ng
O603HaunB ny +ny, +nzg+--+n, =N,
(95)
MOJTy9UM
_ [x;n;] _ [xin;
Xy = Tl - (96)
N3 Beipaxkenus (90) Buamm, 4TO
u? u? u?
n1=m—%; n, =m_§; ---;nk=m—i. (97)
[ToacraBum 3HaueHus st N B paBeHcTBa (94), (97):
u? u? u?
x1—2+x2 2+ +Xk—2
Xo = —H————k, (98)
ottt o
m1 m2 mk
Bennunnbl
2
mz - Di (99)
HAa3BIBAIOT Becamu PE3yIbTaTOB X; HEPABHOTOUYHBIX U3MEPECHHI.
C yuetom (99) Beipaxenue (98) mnpumer BUa
X, = X1 P1tXpPot XKDk _ [p-x] — E{-‘;lxi'pi (100)

p1+p2++Dk [p] T op

Bemuuuny Xo , Beruuciasiemyto mo dopmysie (100) Ha3pIBalOT obwet apugpmemuyeckou
cepeouHolU, CpeOHUM 8eCOBbIM, NI CPEOHEB38EULEHHbIM 3HAYEHUeM OTIPEENIIeMON BEIMUMHBI U3
pe3yNbTaTOB HEPABHOTOYHBIX U3MEPEHUH.

Bennuuna oOmieit apudMeTHIecKor cepeiMHbl He U3MEHHUTCS, €CJI BCE Beca U3MEHUTD B
OJINHAKOBOE YKCJIO Pa3. DTUM CBOWCTBOM CJEAYET MOJIb30BATHCS /ISl YIPOIIEHUS BBIUMCICHUN.
Ha npaxTuke o6muryto apudMeTHIecKyro cepeIuHy Jalie BCero BRIYUCISIOT 10 Gpopmyiie

— . pe
Xo=x'+75, (101)



KOTOpas MOoJy4YeHa U3 CAEAYIOUUX PACCYkACHUM.

B psny pe3yabTaToB Xj HEpaBHOTOUYHBIX U3MEPEHUI BbIOEpEM HauMEHBIIH 110 a0COIIOTHOM
BEJIMYMHE U MIPUMEM €ro B KaueCcTBE MPUOIMKEHHOTO 3HAYCHUS HCKOMOM BEJTMYHHBI, T.€.

x = Ximin- (102)
O6pa3zyem pa3HOCTH
g =X —X. (103)
VMHOKHB 00€ 4aCTH 3TOr0 paBEHCTBA HA COOTBETCTBYIOLIKE Beca Pj , MOIYIUM
Pi & =P X~ DX (104)
Haiinem cymmy ypaBHenuii (102) u pazmenum ee Ha [ P |

pied _ [pixdd o
pd Wl (105)

[pixil _
Ho Ko

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

1.5.2 Cpeonan keadpamuyeckas nozpeuiHoCnbs eOUHULbL 6eca

Ha ocHoBanuu ¢opmyinsl (99) MOXKHO clienaTh BBIBOJ, YTO Beca pe3yJIbTaTOB U3MEPEHUHN —
MOJIOKUTENbHBIE YHCIIa, OOpaTHO MPOIMOPLUOHAIBHBIE KBaJgpaTaM CpPEIHHUX KBaJpaTHUYECKHX
MOTPENIHOCTEN ITUX PE3YIbTaTOB.

ITycts B psgy pe3yibTaTOB M3MEPEHHMH Xj CYIIECTBYET TaKOH Xj , BEC KOTOPOTO paBeH
enuHuIe, T.e. pj = 1.
Torna
_ ¥ 2 _ .2, —
pj=— u pT=mp op=m; (106)

2
m;

Bennuuny u = m; HasbIBaIOT cpedrell K6aOpamuyecKkol NozpewHoCnvlo eOuHuybl 6eca
WM CpelHEN KBaJApaTUYECKOW MOTPEUIHOCTBIO PE3ysibTaTa HU3MEPEHHs, BEC KOTOPOIro paBeH
EAUHULIE.

U3 Beipaxkenus (99) BUIHO Takke, 4TO
u=mufp; (107)
17001

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



Pi_mi, Pz_mi. . Pk1_ M (109)

1.5.3 Cpeonnan keadpamuueckas nozpeuwtHocms u eec oduieil apughmemuueckoi
cepeounbl

ITycTh X1, X2, X3, ... , Xn— PE3yJbTAThl HEPABHOTOUHBIX U3MEPEHUH; P1, P2, P3, --. » Pn — BECA
9TUX PE3yJbTaTOB.

Torma
_ M — D1X1+P2X2+P3X3+"+DnXn — P b3 . bn
%o =" PR, i T e R o
(110)
0O603HauNM % =k; ,tne 1=1,2,3,...,n C yuerom obo3naueHus opmysa (110)
PUMET BH/T
XO = klxl + kzxz + k3X3 + -+ knxn. (111)
CornacHo ¢ (42) MOXXHO 3amucaTh
M3 =md, = kim? +k3m3 + -+ k2m2 = [”]12m1 + +Wm2 +[ ]2m3 +- +[ Sz
(112)
Ho p; m? = u? Ttorma
2 _ WepituPpat+uipn _ @ipl _ 2
My = [p)? IR (113)
17001
My = —— (114)

VIp!

T.€. CPeOHsAs K8AOpamuieckas nozpeuHocms oowel apupmemuyecKkoll cepeouHvl pasHa
OMHOHOWEHUIO CPeOHell K8AOPAMUYECKOU NOSPEUHOCTU eOUHUYbL 8eCad K KOPHIO K8AOPAMHOMY
U3 CyMMbl 8€CO8 Pe3Vibmamos usmepenuil.

Ha ocnoBanuu dpopmyn (99) u (114) umeem

p=ti_ K _pp (115)

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

1.5.4 Bviuucnenue cpeoneil Keaopamuueckoi nocpeumiHoCmu eOuHUYbl eca

PaccMoTpuM criocoObl BBIYMCIICHHS CPEIHEH KBAaJPATHUCCKON MOTPEITHOCTH E€IMHHIIBI
Beca, MPUMEHSIEMBIE B T€0JIC3MIECKON MPAKTHKE.



1. Bebluucnenue u 1OpU  YCTAaHOBIEHMM BECOB 110 HW3BECTHBIM  CpPEAHHUM
KBaJpaTUYECKUM TMOTPEIIHOCTSAM M pe3yabTaToB U3MEpeHui. Beca pe3yabTaTtoB u3MepeHui

B 3TOM CJIy4ae yCTaHABIIMBAIOT MO (popMyIie
2
Cc

pi === (116)

m; m

B KOTOpOH KO3(pPUIMEHT C Ha3HAYaeTCsi ¢ TAKUM PacueToM, 4TOObI 3HAYEHHUS BECOB [j
OBLI0 OJIM3KUM K eArHULIe. Toraa g4 BEIUUCISIOT U3 BBIPAXKECHUS

u=b. (117)

2. Boruncnenue g Mo U3BECTHBIM CPEIHUM KBaJIPATHUECKUM TOTPEITHOCTSM U BECaM
OJIHOPOJHBIX PE3YJIHTATOB U3MEPEHUH BBIIOIHSIOT 110 hopMyIie

iy = [mipi (118)

n
roe 1=1,23,...,N;, N—4KCI0 U3MEPEHUH, /U1 KOTOPbIX U3BECTHBI M; U .

3. BeluncieHne g 10 W3BECTHBIM MCTHHHBIM CIIyY9alHBIM MOTPEITHOCTIM  A;  (QyHKIHiA
VU3MEPECHHBIX BEIMYMH U UX BecaM i

u= (il (119)

n

Hcmunnvle cinyyaiinple nozpewtHocmu (QYHKYuil pe3yibsmamos usmMepenuil Ha3vlearom
Hega3Kamu 1 0003HAYAIOT!

a) fﬂ— yTJ'IOBaSI HCBs3KA B 3aMKHyTOM MHOFOYI"OJ'ILHI/IKC, BbIUHUCIIEMAs 110 (I)OpMyJ'Ie

fp = Xi1 Bi —180°(n — 2), (120)
1€ N — 4ucjio BHyTpeHHI/IX yTJ'IOB MHOFOYFOJ‘ILHI/IKa, ,Bi - pe3yJ'ILTaTLI I/ISMepeHI/Iﬁ yFHOB;
6) - yTJ'IOBa}I HCBA3KA B TpeyFOJIBHI/II(e, KOTOpyIO HaxoJdAT U3 BBIp&)KeHI/I}I

w=Y3_, B —180°, (121)
rae fi - pe3yabTaThl U3BMEPEHHUM BHYTPEHHUX YIJIOB TPEYTOJbHUKA;

) fxufy, - HeBA3KM B MPHPAIICHUAX KOOPIUHAT OJIUTOHOMETPHYECKHX HIIN TEOJOIUTHBIX
X0JI0B, OIpeiensiemMble o GopMynam

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

rae AX m Ay - BBIYHCIICHHBIC TIpUpAIICHUs KoopauHat, X, Y« u X,, Y, - KOOpJIUHATHI
OTNOPHBIX I€0/IE3NYECKUX MYHKTOB B KOHIIE U HAaJaJle X0/1a;

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

rae h — 3HaueHWs CpeAHMX MpeBbIMICHHH Ha cTaHuusaxX; Hy, Hy - BBICOTHBIC OTMETKH
pErepoB B KOHIIE U Ha4YaJIe HUBEJTMPHOTO X0a.

4. BpluucieHue g 1o BEPOSATHEHIIMM MOIPELIHOCTSAM U PE3yJIbTaTOB U3MEPEHUH, T.€. IO
BHYTPEHHEHN CXOJUMOCTH PE3yIbTaTOB

= el (124)



roe 1=1,2,3,...,n — HOMepa U YUCIIO U3MEPCHHI, Pj— Beca Pe3yIbTaTOB.
1.5.5 Bviuucnenue 6ecoe (hynKyuii He3a8UCUMBIX APZYMEHM 08
HNmeem (yHKIHIO
F= f(xli X2, X3, )x‘n)
¥ BECA PTYMEHTOB Py, Pys Pxyr " 1 Py

Ha ocHoBanuu ¢hopmyssl (39) MOKHO HalMcaTh

af \? af \? af \? af \?
mi = (—) mg, + (a_) mg, + (a_) mg, + -+ + (—) mg, .

0xq X5 X3 Oxp

Paznenum 06e yacTu 3TOr0 paBeHCTBA HA uz:
m _ (a_f)zm_?cl+ (a_f)zm_%z+ (a_f)zm_?cs+ .t +(a_f)2m_?m
u? ox1/  p? oxy/  p? ox3/ p? oxn/ wp?’

2
U, yYUTBIBAd, 4YTO P; = % , OKOHYATEJIbHO 3aIULIEM
i

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

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

(125)

(126)

(127)

(128)

1.5.6 Ilopsaook mamemamuueckoit 00padbomKu pe3yiomamoe HepasHOMOYHbIX

usmepenu

3agaua 10. ITycts, 11 ompeneneHus: BBICOTHI TpyHTOBOro penepa Ne29 (cm.puc. 4) ot

dbyanameHTabHBIX perepoB Ne 23 24 u 43 1o ompenensieMoro pemnepa MPOoJIOKEHO TpHU
HUBEJIHUPHBIX XoJa. TpebyeTcs mo pe3yiabTaTaM TpeX HEPAaBHOTOUYHBIX 3HAYEHH BBICOTHI perepa
No29 nonyunTh Hanbosee TOUHOE 3HAYEHHE BBICOTHI ATOTO pernepa. BhICOTH HCXOIHBIX PETEpOB
cunTath 6e30muO0ouHbIMU. VICXOTHBIE TaHHBIEC U PE3yIbTaThl BEIYUCICHHUI MPUBEIEHBI B Ta0I. 6

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

3 403.890 5




Puc. 4. Cxema x0008

Tabnuma 7
O0paboTka pe3ylbTaTOB HEPABHOTOYHBIX H3MEPEHUI

Homep ]?)211::;21 c;{;d:ixgn o | 5] p? | o Pv?
XOMOB 1 | 29 Hi, m n MM | MM MM | MM

1 2 3 4 5 6 7 8 9 10
1 403,895 4 2,50 |+12 | +30,0 360,0 5 +12,5 62,5
2 403,883 7 1,43 |0 0,0 0,0 -7 |-10,0 70,1
3 403,890 5 2,00 |+7 +14,0 98,0 0 0,0 0,0
H 403,883 |5 593  +19  +440 4580 -2 +2,5
Ho 403,8904 | 132.6
He, 403,890 u==x81mm; My = £3,3mm; my = 12,6 my;
5 10,4 My Hpe = 403,890 + 0,033 M

O6pa60TKy pPE3YyIbTaTOB HEPABHOTOYHBIX H3MepeHHﬁ BBIIIOJIHAIOT B CJ'ICIIYIOIJ_Ieﬁ
OoCJIICAOBATCIIbHOCTH

1. B rpade 1 Tabn. 7 BeIIMCHIBAIOT U3 TabJ. 6 HOMEpa HUBEIUPHBIX XO/0B (CM. puc. 4), B
rpage 2 — BbIcOTHI peniepa Ne29, nosryuyeHHbIE PH MPOJI0KEHUN HUBEITUPHBIX X008 1, 2, 3.

2. BeibupatoT npubnmxeHHoe 3HaueHne H BbicoThl peniepa Ne29 kak Haumensbliee u3 Hi,
T.. H = Hi min, B HameM cinyuae H™ = 403,883 m.

3. B rpady 3 3aHOCST YUCIIO CTAHLIUN N B KAXKJI0M HUBEJIMPHOM XOJ€.

4. B yerBepTOil Tpade 3anuchIBalOT Beca P pe3yabTaToB U3MEpEeHUH Ui KaXKA0ro Xo/a,
BBIUHUCIIsIEMbIE TI0 opMyIie

1
pi == (129)

n;

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

®opmyna (129) nonyyena u3 cieayromux paccyxaeHuil. Cunras pe3ynbTaThbl ONpeAeIeHUs
IPEBBIICHUST N Ha KaXJO0H |- CTaHIMM PaBHOTOYHBIMH, IIPUMEM B KauecTBE BECOB [j ITHUX
pE3yIbTATOB YKCTIO A, T.€.

A=p; =L, (130)

e My — CpeaHsIsI KBagpaTHUCCKas IMMOrPEITHOCTD OMPEACIICHUS HpeBI)IH_IeHI/Iﬁ Ha CTaHIINU.

Beca pe3ynbraTtoB onpeneneHust BHICOTHI periepa Ne29 B KakIOM I-M HHBEIHPHOM XOJE
paBHBI

2
py =L (131)

2
i




TAe m; = My, /Nn; - CpPeAHHE KBAAPATHUYECKHE MOTPEITHOCTH OMpPEISICHUs
peniepa No29 B ka)k10M HUBEJIUPHOM XOJ€; Nj — YUCIIO CTAHIIMHI B KaXOM XOJIE.

Ha ocroBanuu ¢popmyn (109) morxem 3amucaTh

bi Dbi My
—===—,
pn A m;
2 2
mh mh A
OTKyza i =A—==1 ==
ya bi m? min n

5. Vkionenuss & = H; — H' 3anocsar B rpady 5 Tabi. 7.

BBICOTHI

6. B rpadbl 6 1 7 3aNMCHIBAIOT IPOU3BENCHUS D&, DiEF = P;€i€ M HUX CYMMBL

7. o dhopmyne (101) BeramcHsAIOT HanOoOJee TOYHOE TIO0 BEPOSTHOCTH 3HAUCHUE BBICOTHI

peniepa Ne29:

Ho= Hyo = 1+ P& _ 403883 + 240 _ 4038904
0 — 1129 — [p] - ) 5’93 - ) M.

8. Orto 3HaueHue okpyrasoT A0 0,001 M. BpUMCISIOT YKIOHEHHS pe3ylbTaToOB
ornpeneneHuss BbICOThI periepa Ne29 mo KaxIoMy XOAy OT OKPYIVIEHHOIO 3HadyeHus oOIei

apu(h)MeTHIECKON cepemunbl, T.€. U; = H; — Hy oy , KOTOPBIE 3aNUCBHIBAIOT B Tpady 8.

9. B rpadax 9 u 10 mony4aroT NpOM3BENEHUS P;U; U P;UF = PjU;V;, HX CYMMBI C

2
KOHTPOJIEM [pv] = S[pl; [pv?] = [pe?] — ol , e 8 =Hy—Hop =+0,4 MM -

(]
MOTPENIHOCTh OKPYIJIEHUs 001Iel apupMeTH4eCKON CepeTuHBI.

10. TTo dopmynam (124) u (114) BEIYUCHAIOT:

- CPCOHIOI0 KBAAPATUUCCKYIO IIOTPCUIHOCTL €AMHUIBI BECa

[pv?]  |132,6
N—-1 2 - ’

- CpCOHIOI0 KBAAPATUYICCKYIO TOTPCIIHOCTD O6II.[CI>'I apHCI)MeTquCKOﬁ CCPCANHBI

8,1
a = = 43,3 MM,

JIol /5,93

Trac N — gucimo HUBCIIMPHBIX XO0B.

M():

11. CpenHoor KBagpaTHYECKYH MOTPENIHOCTh OIPENECICHUS NPEBBIIMICHUN Ha KaKIOW

CTaHIIHN HAXOJAT U3 BBIPAKCHUA

12. Tlo dopmyne my, = \/Lp—z
orpeieNieHus BBICOTHI perepa Ne29 1o kakaoMy HUBEIIMPHOMY X0y
8,1 8,1

My =950~ LM My = 103

=+68MM; my, = ——=158MMm

BBIUUCIIAIOT CPECAHUC KBAAPATHYCCKUC ITOTPCHIHOCTH



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

Hyo = Ho o, = Mg = 403,890 + 0,033 .



