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

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

12.02.2024, npotoxon Ne 5 /// :
3aB. kadeapoii S — W.A. T'puniun

Pabouas mporpamma ogobpeHa meroaudeckoi komuccuend U AuT
19.02.2024 r. mporokon Ne 3

Hpez[cez[aTenbé ;%; : H.A. IlerTanes
PaGouas mporpamma cocraBieHa:

accucteHT kadeapsl ' M/uOI1H, [ ‘,}é'(i/ / ) . E. IlaBnoBa

Penensenr:
nupexrop OO0 “Marauroropckasi MapKIIEHIepCKO-Te0Ae3nUecKasi KOMIaHUs

A. A. lllexynoBa




JIner akryaauszanuu padoueil mporpaMmbl

PaGouast mporpamMmma repecMoTpeHa, 00CcykKaeHa u o100peHa s peanuzamnuu B 2025 - 2026
yueOHOM ToJly Ha 3acefaHuu Kapeapsl [ eomoruu, MapKIeHaepcKoro aena u 00orameHus

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

Pabouast mporpamMmma repecMoTpeHa, 00CcykaeHa u 0100peHa s peanuzanuu B 2026 - 2027
yueOHOM rofy Ha 3aceqanuu kadeapsl ['eonoruu, MapKieiiiepckoro aeia u 00orameHus

IIporokomor 20 1. Ne

3aB. kadeapoii I/I.A.ﬁ)HmHH

Pabouas mporpamma nepecMoTpeHa, o0cyxaeHa u ogqodpena st peanmsanuu B 2027 - 2028
y4eOHOM roy Ha 3acenaHuu kageapsl 1 'eog0ruu, MapKIieiaepekoro aeia u 00orarieH st

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

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

IIporokomor 20 1. Ne

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

Pabouas nporpamma nepecmotpena, o0cyxaeHa u ogoopena s peanuzauuu B 2029 - 2030
ydaeOHOM TOJly Ha 3acefaHuu kadeapsl ['eonoruu, MapKIeHaIepcKoro aenia u 00orameHus

IIporokomor 20 1. Ne

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

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

[Iporokom ot 20 1. Ne

3aB. kadenpoii I/I.A.?pI/IHJI/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-Te0Ae3nYecKoil HHPOPMAIIIH, IPUBUTHUS HABBIKOB BBITIOJIHEHHS] 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.

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

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

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

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

a) OcHoBHas1 IMTEpaTypa:

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

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

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

0) lonotHuTEIBHAS TUTEPaTypa:

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

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

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

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

B) MeTonuyeckue ykazaHus:


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 .
o Ne morosopa Cpoxk neiicTBuUS TULIEH3UU
MS Off_lce 2007 Ne 135 o1 17.09.2007 06eccpodHo
Professional
7Zip CBOOOJHO PAaCIpPOCTPaAHIECMOE OECCPOUHO

IIpodeccnonanbubie 0a3bl JAHHBIX U HHGOPMAIMOHHBIE CIPABOYHbIE CUCTEMbI
Haseanue kypca Ccblika

JuekTponHbIe pecypert Grbmmorekn MITY mm. https://host.megaprolib.net/MP0109/Web
I".1. HocoBa

Poccuiickas  I'ocynmapctBeHHas — OuOimoTeka.

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

Karanoru

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

HarnponanpHas uH(OpMAIMOHHO-aHATUTHYCCKAST

cuctema — Poccuiickuit wunHmexkc Hayunoro|URL: https://elibrary.ru/project_risc.asp
nutuposanus (PHI)

OnexkTpoHHas 0a3za mepuouuecKux u3gaHui East
View Information Services, OO0 «MIBUC»
9 MaTtepuajibHO-TeXHHYeCKoe o0ecrevyeHne TUCIUTLTHHBI (MOTYJI51)

https://dlib.eastview.com/

MarepuanbHO-TEXHUYECKOE 00ECTICUCHUE TUCITUTIITUHBI BKITIOYACT:

VYyebnas ayauTopusi i TPOBEACHUS 3aHATHH JIGKIIMOHHOTO THMA: TeXHUYecKue
cpeacTBa OOydYeHHUs, CiyXallue Mg TpeAcTaBleHus ydyeOHOW uHbopManud OONBIION
ayIUTOPUU: MYJIbTUMEIUUHBIE CPEJICTBA XPAHEHHS, Iepeayd WU TPEACTABICHUS YIeOHOU
uHpopmanuu. CrienuaaTu3upoBaHHas MeOeb.

VYyebHast ayauTopus i MPOBEICHUS MPAKTUYCCKUX 3aHSATUN TEKYIIEro KOHTPOJS U
MIPOMEKYTOUHOM arTecTanuu: TexHudeckue cpeicTBa 00yueHus, CITyKallue s MpeCTaBlIeHuUs
yaeOHoi nHpopMaIuu 60IBIION ayTUTOPUH: MYJILTUMETUHHBIE CPEJICTBA XPaHECHHUSI, TIepeIaun U
npencTaBieHus yueoHoi nndopmanmu. CrnernpanuupoBaHHas MeOeb.

Vyebnas aymuTopust Ui TPYNIOBBIX W WHIWBHAYAIbHBIX  KOHCYJIBTAIIHM:
Kommnbrotepras Texnuka ¢ nmaketom MS Office, ¢ moakmouennem k cetu «VHTepHET» U ¢
JIOCTYTIOM B 3JICKTPOHHYIO HH(OPMAITMOHHO-00pa30BaTENbHYIO CPEAY YHHBEPCHUTETA.

Crenmanu3upoBaHHasi MeOeb

[Tomemenue s caMoCTOATEIbHOW paboThl: KoMmbroTepHas TexHuka ¢ maketom MS
Office, ¢ mnoakmroueHnem Kk cetd «MHTepHET» © ¢ JOCTYIIOM B  DIIEKTPOHHYIO
nH(pOpMaIMOHHO-00pa30BaTENbHYIO cpey yHUBepcHuTeTa. Criennanan3upoBaHHast MeOeb.

[Tomemenne ansg XpaHeHUs W TPOPUIAKTHYECKOTo obOcmykuBaHus: CTelmaxu s
XpaHeHUs! y9eOHO-HATJISTHBIX TOCOOUIA ¥ y4eOHO-METOINYECKON TOKYMEHTAIIHH.


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

ITpunoxxenue 1

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

AymuTopHas —caMoCTOsiTeNbHass paboTa CTYAGHTOB HA MPAKTHUYECKUX 3aHATHIX
OCYIIIECTBIISIETCSl TOJ KOHTPOJIEM IMpenojaBaTelis B BUJE PEUICHHsS 33Jad M BBINOJHEHUS
YOPaKHEHHH, KOTOPBIE ONpeIeNisieT MPEnoiaBaTelib A CTY/ICHTA.

CamocTrosTrenbHas paboTa CTYAEHTOB OCYIIECTBISICTCS B BHJE UYTEHUS JUTEPATyphl 110
COOTBETCTBYIOIIIEMY pa3liely C MpopadOTKON MaTepuana W BHIMOJHCHHS JOMAITHUX 3aJIaHuH C
KOHCYJIbTAIMSIMU MPENO1aBaTesl.

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

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

=

wn

No ok

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

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

23.
24.
25.

IIpuMepHBIii nepevYeHb TEOPETHYECKUX BOIIPOCOB K 3a4ETy:

3agaun nucuIuMHbl «MateMaTrueckas 00paboTKa pe3yabTaToB H3MEPEHHIT»

YTo MOHUMAIOT MO U3MEPEHUEM (pU3MUECKON BEeIUYUHBI?

Kakue usmepenus Ha3pIBalOT NPSIMbIMU, KOCBEHHBIMH, PABHOTOUYHBIMU U
HEPaBHOTOYHBIMU?

Uro sBAsieTCs pe3ysIbTaTOM U3MEPEHUs?

Yro nmoHuMaeTcs 1moJi oMOKoi (IOrpeIHOCThIO) Pe3ysbTaTa U3MEpPEeHUs?

Kakue ommOku Ha3bIBalOTCS IpyObIMH, CHCTEMATHUYECKUMHU, CITy4aiHBIMU?

Kak BBIYMCIINTE BEPOSATHENIIIEE 3HAUEHUE U3MEPIEMON BEIMYMHBI IO PE3YJIbTaTaM
MHOTOKPAaTHBIX PAaBHOTOYHBIX U3MEPEHUI?

Cpennsist KBafpaTHyeCcKasi OIINOKa pe3yabTaTOB PABHOTOUHBIX U3MEPEHHI: (hOpMYIIbI
I'aycca, beccenst, @eppepo.

Cpennsis KBagpaTHuecKas OINOKa GYHKIMU U3MEPEHHBIX BEJINYHH.

Cpennsist KBagpaTudeckas olIroKa pe3ysibTaToB IBOMHBIX PAaBHOTOYHBIX U3MEPEHUH.
Cpennsis KBagpaTHuecKas OMMOKa MpoCcToi apu(pMEeTUYECKON CepeInHBI.

OO6mias apudmeTndeckas cepeanHa.

Cpennsist KBajpaTHuecKas OlINOKa eJMHHIIBI Beca.

Cpennsist kBagpaTudeckas ouroka 1 Bec oOuieit apupmMeTnueckoi cepeHbl.

Yro noHMMaeTcs noj, ypaBHUBAaHUEM PE3YJIbTATOB U3MEPEHUN?

VYpaBHUBaHUE U OI[EHKA TOYHOCTHU HANpPaBICHHUM, N3MEPEHHBIX HAa CTAHIIMH CIIOCOOOM
KpPYTOBBIX PUEMOB.

Yro sBIIETCS YCIOBUEM M IPUYMHOM BOZHUKHOBEHUS 331441 YPaBHUBAHUA?
[TpyHIMIT HAUMEHBIIMX KBAPATOB.

Koppenatusiit cnoco0 ypaBHHUBaHUSA.

[TapameTpuueckuii ciocod ypaBHUBAHHUS.

Kaxk cocTaBistoT yciioBHbIE ypaBHEHUS?

Kak cocTaBisioT HOpMalbHbIE YPABHEHUS M BHIUUCIAIOTCSA KO3(DPHUIIMEHTH HOpMaIbHBIX
ypaBHEHUN?

AnroputMm K. @. "aycca pemeHus cucteM HOpMaibHBIX YPAaBHEHHUN?

KoHTpoIIb pemiennss HopMaabHbIX YPaBHEHUM.

OreHKa TOYHOCTH U3MEPEHHBIX BETUYMH U UX (DYHKIMIA IPH yPaBHUBAHUU KOPPEIATHBIM
CIOCOOOM.



[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 Cpe/ICTBa

YK-2 Cnioco6eH yrpaBisiTh IPOSKTOM Ha BCEX dTalax ero )KH3HESHHOTO ITUKJIIa

YK-2.1

PopMynupyeT Ha OCHOBE
MIOCTaBJIEHHOW MPOOIEMbI
IIPOEKTHYIO  33Ja4y U
CIoco0 ee pelIeHUs Yepes
pean3alyie  MPOEKTHOIO
YIIPABJICHUS

NogakowhE

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

Ilpumepnulii nepeuens meopemuuecKux 60npPOCo8 K 3auémy:

3amaun nucouIuuHbl «MateMaTrueckas 00paboTKa pe3yabTaToB H3MEPEHHIT»

YTo MOHMMAIOT MO U3MEPEHUEM (PU3HUECKON BETUYMHbI?

Kakue usmepenus Ha3bIBalOT NPSIMbIMU, KOCBEHHBIMH, PABHOTOYHBIMU ¥ HEPABHOTOUYHBIMU?

Yro saBisieTcs pe3ysIbTaTOM U3MEPEHUs?

Yro noHuMaeTcs noj OuMOKon (IOrpeuIHOCThI0) pe3yJibTaTa U3MepeHus?

Kakue ommOku Ha3bIBatOTCS TPyObIMH, CUCTEMAaTHYECKUMH, CITydaitHbIMU?

Kak BpIUMCIINTD BEpOsATHENIIEE 3HAUEHUE U3MEPSIEMOI BEJIMYUHBI IO PE3yJIbTaTaM MHOTOKPATHBIX
PaBHOTOYHBIX U3MEPEHUIT?

Cpennsist kBaJpaTuyeckas oluIrmoka pe3ysbTaToB paBHOTOUHBIX U3MepeHuid: popmyisl ['aycca, beccens,
Deppepo.

Cpennsist kBagpaTuyeckas oumoka QyHKIIMA U3MEPEHHBIX BEJINYHH.

CpenHsis KBagpaTHUecKas OIIMOKa pe3yabTaToOB IBOMHBIX PABHOTOYHBIX U3MEPEHUI.

Cpennsist kBagpaTudeckas oumoka npocToi apupMeTu4ecKon cepeIuHbI.

OO6mas apudmernyueckas cepeuHa.

Cpennsis KBaJpaTuyeckasi OuImoKa eIMHUIbI Beca.

Cpenusist KBafpaTHuecKas OlMOKa 1 Bec 001eil apuMeTnyeckoil cepeuHbl.

Uto noHMMaeTcs Mo/i ypaBHUBAHUEM PE3YIbTATOB U3MEPEHUI?

VYpaBHUBaHUE U OLIEHKA TOYHOCTH HAlpaBJICHUH, U3MEPEHHBIX Ha CTAHIIUH CIIOCOOOM KPYTOBBIX MPHUEMOB.
Yro sABIIAETCS YCIOBUEM U IPUYMHON BOZHUKHOBEHUS 331441 YPaBHUBAHUA?

[TpyHIMIT HAUMEHBIINX KBAIPATOB.

Koppenatuslii cnoco0 ypaBHUBaHUS.

[TapameTpuueckuii cnocod ypaBHUBAHMSL.




Kon
WHJMKaTOpa

Nuaukatop AoCTHXEHUS
KOMIIETEHIINN

OrneHOYHBIE CPEACTBA

21.
22.
23.
24.
25.

Kak cocTaBiisitoT yCIIOBHbIE YpaBHEHUS?

Kak cocTaBisoT HOpMallbHbIE YPABHEHUS M BBIUUCIIAIOTCA KO3(DPULIMEHTH HOPMaIbHBIX YPABHEHUI?
Anropurm K. @. T"aycca pemieHust cucteM HOpMajibHbIX YPaBHEHUN?

KoHTpomb penieHnst HopMaJlbHbIX YpaBHEHUI.

O1ieHKa TOYHOCTH U3MEPEHHBIX BEJIMYMH U UX (PYHKIMI IPH YpaBHUBAHUU KOPPETATHBIM CIIOCOOOM.

YK-2.2

Pa3pabatsiBaer
KOHIICTIIMIO  TPOEKTa B
paMkax 0003HauYeHHON
npobaemMsl:  GOpMyIUpYeT
1EITb, 3aJa4u,
000CHOBBIBAET
aKTyaJIbHOCTb,
3HAYUMOCTh, OXKHIaeMbIe
pe3ybTaThl M BO3MOXKHBIE
cdepbl X MPUMEHEHUS

NogakrowdhE

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

Ilpumepnbolii nepeuens meopemuuecKkux 60npocog K 3auémy:

3agaun aucuuIuMHbl «MateMaTrueckas 00paboTKa pe3ylbTaToB U3MEPEHH»

YTo noHMMAIOT O] U3MEPEHUEM (PU3UUECKON BEIUYUHBI?

Kakue nzmepeHus Ha3bIBalOT NPSIMBbIMHU, KOCBEHHBIMH, PABHOTOUYHBIMU U HEPABHOTOYHBIMU?

Yro sBisieTcs pe3ysibTaToOM U3MEpPEHuUs?

Yro noHMMaeTcs 1moJi OMOKOH (IOrpeIHOCThIO) pe3yJibTaTa U3MEpEeHuUs?

Kakue ommOku Ha3bIBatOTCS TPYOBIMH, CHCTEMAaTHUECKUMH, CITyJaiHBIMU?

Kak BBIUMCIINTE BEPOSATHENIIEE 3HAUEHUE U3MEPSIEMON BEJIMYUHBI 110 PE3YJIbTaTaM MHOIOKPATHBIX
PaBHOTOYHBIX U3MEPEHUIT?

Cpennsis KBajpaTHUecKas OIIMOKa pe3yabTaToB paBHOTOUHBIX U3MepeHuid: popmyisl ["aycca, beccens,
deppepo.

Cpennsist KBagpaTHuecKas OIMOKa GYHKIUU U3MEPEHHBIX BEJINYHH.

Cpennsist KkBagpaTudeckas OuIMoKa pe3ysbTaToB IBOMHBIX PAaBHOTOYHBIX U3MEPEHUH.

Cpennsis KBagpaTHUecKas OINOKa MPOCTON apu(pMETUYECKON CepeIUHBI.

OO6mras apudmeTndeckas cepeanHa.

Cpennsis KBagpaTHuecKas OMNOKa eTUHHIIBI Beca.

Cpennsist kBagpaTudeckas ourroka u Bec oOuieit apupmMeTnueckoi cepeuHbl.

YTo noHMMaeTcs NoJ| ypaBHUBAaHUEM PE3YJIbTATOB U3MEPEHUN?

VYpaBHUBaHUE U OIIEHKA TOYHOCTH HAMpaBJICHUH, U3MEPEHHBIX Ha CTAHIIMH CITIOCOOOM KPYTOBBIX IPUEMOB.
Yro sBisieTcs yCIOBUEM U IPUYMHON BO3HUKHOBEHUS 337a4l ypaBHUBAHUA?

[TpuHIMIT HAUMEHBIINX KBAIPATOB.

KoppenatHslif cioco® ypaBHUBaHUS.

[TapameTpuueckuii criocod ypaBHUBaHUS.

Kak cocTaBIIsItOT yCIIOBHBIE YpaBHEHHUS?

Kak cocTaBisitoT HOpMasibHbIE YpaBHEHHUS U BBIUUCIISIIOTCS KO3(DPUITMEHTH HOPMAJIbHBIX YPAaBHEHUN?




Kon

NHaukaTop AO0CTHIKEHUS

OrneHOYHBIE CPEACTBA

WHJIMKATOpa | KOMIIETCHIUI
23. Anroputm K. @. ['aycca perienust cicTeM HOpMaJIbHBIX YpaBHEHUH?
24. KoHTpOJIb pelieHusl HOpMaJIbHbIX YPaBHEHUH.
25. OneHKa TOYHOCTH M3MEPEHHBIX BEIMYMH U UX (QYHKIUI IPH YpaBHUBAHUK KOPPETATHBIM CIOCOOOM.
Ilpumepnbolii nepeuens meopemuuecKkux 60npocog K 3auémy:
1. 3apgaum nucuuniuuHsl «MaremaTrueckas 00paboTKa pe3yabTaToB U3MEPEHHI»
2. YrTo MOHMMAIOT MO U3MEPEHUEM (PU3HUECKON BETUYHHBI?
3. Kakue n3mepenus Ha3bIBalOT NPSMBIMU, KOCBEHHBIMH, PABHOTOYHBIMH U HEPAaBHOTOYHBIMU?
4. Yo sBNsAETCS pe3yNbTaTOM U3MEPEHUS?
5. Yro nmoHumaercs noJ ouMOKO (IOrpeIHOCThIO) pe3ysibTaTa U3MEPEHuUs?
6. Kakue ommOku Ha3bIBAIOTCS TPYOBIMHU, CHCTEMAaTHIECKUMHU, CITy9aifHBIMU?
7. Kak BbIUNCIUTE BEepOsITHEHIIIEE 3HAaUCHUE U3MEPSIEMOM BETMUUHBI 110 PE3yJIbTaTaM MHOIOKpPATHBIX
PaBHOTOYHBIX U3MEPEHUIT?
8. CpenHss KBaJgpaTHuecKas onMOKa pe3ylbTaTOB PaBHOTOUHBIX M3MepeHHil: opmynsl ['aycca, beccens,
Pa3pabatsiBaer IU1aH deppepo.
peanusaluy  IOPOEKTa C 9. CpenHsis KBaJpaTHUecKas OIMOKa GYHKIUU U3MEPEHHBIX BEJINYHH.
y4erom BO3MOXKHBIX 10. Cpennsist KBagpaTHUECKasi OMMOKA pPe3yabTaTOB IBOMHBIX PABHOTOYHBIX U3MEPEHHIH.
YK-2.3 PUCKOB  pCaln3allii U 11. Cpenusist KkBagpaTHuecKas OIIMOKa MPOCTON apu(pMETUUECKON CepeIUHBI.
BO3MOXKHOCTEH ux 12. O6mas apudmerndeckas cepeivHa.
YCTpaHEHUs,  IUIAHUPYET 13. Cpenusist KkBagpaTHyeckas omnOKa eJUHHIIBI Beca.

HEOOXOIUMBIE PECYPCHI

14. Cpennsist kBajjpaTUyeCcKas ONIMOKA U Bec 001Iel apuMeTUIeCcKo CeperHbI.

15. Yto noHumaeTcs Moj| ypaBHUBAaHHEM PE3YJIbTaTOB U3MEPEHUI?

16. YpaBHUBaHHE U OIlEHKA TOYHOCTH HAIIPABICHHUN, H3MEPEHHBIX Ha CTAHIIMU CTIOCOOOM KPYTOBBIX MPHUEMOB.
17. Yto siBAsieTcst yCIOBUEM U IPUYMHOM BOZHUKHOBEHHUS 337]audl YpaBHUBAHU?

18. ITpuHIMIT HAUMEHBIINX KBaAPaTOB.

19. KoppenatHslif cnoco® ypaBHUBaHUSI.

20. IMapameTpuvecknii crioco0 ypaBHUBaHUSI.

21. Kak cocTaBiIsIIOT yCIOBHbIE YpaBHEHHS?

22. Kak cocTaBJIsIFOT HOpMaJIbHBIE YPAaBHEHHUS M BBIYUACISIOTCS KOO PHUIIMEHTH HOPMaTbHBIX YPaBHEHUH?
23. Anroputm K. @. I'aycca perieHust cucteM HOpMaJlbHBIX YpaBHEHUI?

24. KoHTpoJTh penieHus HOpMaJIbHBIX YPaBHEHUH.




Kon
WHJMKaTOpa

Nuaukatop AoCTHXEHUS
KOMIIETEHIINN

OrneHOYHBIE CPEACTBA

25. OneHKa TOYHOCTH M3MEPEHHBIX BEIMYMH U UX (QYHKIUI IPH YpaBHUBAHUK KOPPETATHBIM CIOCOOOM.

YK-2.4

OcymiecTBisieT
MOHHUTOPHHT xoja
peanu3anu MIPOCKTA,
KOPPEKTUPYET OTKIOHEHUS,
BHOCHUT JOITIOJIHUTCIIBHBIC
W3MEHEHUS B TUIaH
peanu3aniu MIPOEKTA,
YTOYHSIET 30HBI
OTBECTCTBCHHOCTU
Y4aCTHUKOB MTPOEKTa

Hpumepﬂblﬁ nepeuens meopemuuecCKux 6onpocoe K 3atté'my:

3agaun aucuuIuMHbl «MateMaTrueckas 00paboTKa pe3yabTaToB U3MEPEHUI»

YTo noHMMAIOT O] U3MEPEHUEM (PU3UUECKON BEIUYUHBI?

Kakue nzmepenus Ha3bIBalOT NPSMBbIMU, KOCBEHHBIMH, PABHOTOYHBIMU U HEPABHOTOYHBIMH?

Yro sBisieTcs pe3ysibTaToOM U3MEpPEHuUs?

Yro nmoHMMaeTcs 1moJi OMOKOH (OrpeIHOCTHIO) pe3yJibTaTa U3MEpEeHuUs ?

Kakue ommOku Ha3bIBalOTCA IpyObIMH, CUCTEMAaTUUYECKUMHU, CITy4aliHBIMU?

Kak BbIUMCIINTB BeposTHElIIee 3HaUeHHE U3MEPSIeMOM BEJTMUMHBI 110 Pe3yJIbTaTaM MHOTOKPATHBIX

PaBHOTOYHBIX U3MEPEHUIT?

8. CpenHss KBaJpaTHuecKas onMOKa pe3ysibTaTOB PaBHOTOUHBIX U3MepeHHil: popmyisl ['aycca, beccerns,
deppepo.

9. CpenHsis KBajpaTHUecKas OIMOKa GYHKINU U3MEPEHHBIX BEJINYHH.

10. Cpenusist KBagpaTHUECKas OIMOKA PE3yIbTaTOB IBOHHBIX PABHOTOYHBIX U3MEPEHUIA.

11. Cpenusist KBagpaTHuecKas OMIMOKa MPOCTON apu(pMETUUECKON CepeIUHBI.

12. O6mas apudmerndeckas cepeinHa.

13. Cpennsist kBagpaTHyeckas omnOKa eJUHHIIBI Beca.

14. Cpennsist kBajjpaTHyecKasi OIIMOKa U Bec 001Iel apuMeTUIeCcKo cepeaHbI.

15. Yto noHumaeTcs 1oJ| ypaBHUBAaHUEM PE3YJIbTaTOB U3MEPEHUI?

16. YpaBHuBaHHE U OIIEHKA TOYHOCTH HAIIPABICHUN, H3MEPEHHBIX Ha CTAHIIMU CTIOCOOOM KPYTOBBIX MPHUEMOB.

17. Yto sBAsieTcs yCIOBUEM U IPUUYMHOM BOZHUKHOBEHHUS 3a7jaudl ypaBHUBAHU?

18. ITpuHIMT HAUMEHBIINX KBaAPaTOB.

19. KoppenatHslif cnoco® ypaBHUBaHUS.

20. MapameTpuvecknii crioco0 ypaBHUBaHUSI.

21. Kak cocTaBiIsIOT yCIOBHbIE YpaBHEHHS?

22. Kak cocTaBJsIFOT HOpMaJIbHBIE YPAaBHEHUS M BBIYHACISIOTCS KOO PHUIIMEHTH HOPMaTbHBIX YPaBHEHUH?

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

24. KoHTpoOJh penieHnsi HOpMaJIbHBIX YPaBHEHUH.

25. OneHka TOYHOCTH U3MEPEHHBIX BEIMYMH U UX (QYHKUUI IPH ypaBHUBAHUU KOPPETATHBIM CIIOCOOOM.

NogakrowhE




Kon

NHaukaTop AO0CTHIKEHUS

OrneHOYHBIE CPEACTBA

WHJIMKATOpa | KOMIIETCHIUI
Ilpumepnulii nepeuens meopemuuecKux 60npocoé K 3auémy:
1. 3apgaum nucrumnuHel «MaremaTrueckas 00paboTKa pe3yabTaToOB H3MEPEHHIT»
2. Yro MOHMMAIOT MOA U3MEpEeHUEM (PU3HUECKON BETUUMHbI?
3. Kakwue uzmepenust Ha3bpIBAIOT MPSMBIMU, KOCBEHHBIMH, PABHOTOYHBIMU U HEPABHOTOYHBIMH?
4. Yro sBnseTcs pe3yabTaToOM U3MEpEeHus?
5. Uro noHumaeTcs moj omuOKoM (MOTPENIHOCTHIO) pe3ysIbTaTa U3MEpPEHUs?
6. Kakue ommbku Ha3pIBatOTCSA TPYOBIMHU, CUCTEMAaTUUECKUMHU, CITydaifHbIMU?
7. Kaxk BbIUKMCINTH BEpOSITHENIIEE 3HAUEHNE U3MEPSIEMON BEJIMUMHBI 110 pe3yIbTaTaM MHOTOKPAaTHBIX
PaBHOTOYHBIX U3MEPEHUIT?
8. CpenHsis KBagpaTHUecKas oMMOKa pe3yIbTaTOB PABHOTOYHBIX M3MepeHuit: hopmynsl ['aycca, beccens,
®deppepo.
IIpemiaract mpoueaypsl u 9. Cpenusis kBajpaTHUecKas OmMUOKa (HYHKIIUU H3MEPESHHBIX BETUYHH.
MCXaHU3MbI OHCHKH 10. Cpennsist kBagpaTHuecKast OIINOKa pe3yabTaTOB JIBOMHBIX PABHOTOUYHBIX H3MEPEHHH.
VK-2.5 KayecTBa IIPOCKTA, 11. Cpennss kBagpaTuyeckas olmoKa NpocToi apuMeTu4ecKon cepeiuHbI.
HH(]pacTpyKTypHBIE 12. OGmras apudmeTHUeckas cepeinHa.

YCIOBHSL [JIsl BHEAPEHUS
pe3y/bTaToOB MPOEKTa

13. Cpenusist KBagpaTHyeCcKas OIMOKA €TUHHIIBI Beca.

14. Cpennsist KBagpaTHueckas omnOKa 1 Bec o01eil apupmeTnieckoil cepeJuHbI.

15. Yro noHnmaeTcs noj; ypaBHUBAaHUEM PE3YJIbTaTOB U3MEPEHUI?

16. YpaBHuBaHME U OlLIEHKA TOYHOCTH HAIIPABICHUNA, U3MEPEHHBIX HA CTAHIIMHM CLIOCOOOM KPYTOBBIX IPUEMOB.
17. Yro sBnsiercs yclioBUEM M IPUYMHON BO3HUKHOBEHHUS 331a4U YpaBHUBAHUS?

18. [IpuHIMT HAUMEHBIINX KBaIPATOB.

19. KoppenatHslii cioco® ypaBHHBaHUSI.

20. ITapameTpudeckuii cnoco0d ypaBHHUBaHUS.

21. Kak coCTaBJISIFOT YCIIOBHBIE YpaBHEHHSI?

22. Kak cocTaBiIsIIOT HOpMaJIbHBIE YPaBHEHUS ¥ BBIYUCIISIOTCA KO3 PHUIIMEHTH HOPMATbHBIX YpaBHEHUM?
23. Anroputm K. @. I"aycca perieHus: cucteM HOpMaTbHBIX YpaBHEHUH?

24. KoHTpOJb pelieHus] HOpMaJIbHbBIX YpaBHEHUH.

25. OneHKa TOYHOCTH H3MEPEHHBIX BEIMYMH U X (QYHKIUI TPH YpaBHUBAHUH KOPPEIATHBIM CIIOCOOOM.




Kon
WHJMKaTOpa

Nuaukatop AoCTHXEHUS
KOMIIETEHIINN

OrneHOYHBIE CPEACTBA

ITK-1 CriocoGeH BBITIONHATH MHKEHEPHO-T€OAC3NIECKIE U3bICKAHUS, TUIAHUPOBATH PA3BUTHE TOPHBIX Pa0OT, OCYIIECTBIISITh MAPKIIEHACPCKUN KOHTPOIIb
COCTOSIHUS TOPHBIX BBIPAOOTOK, 3MaHUI COOPYKEHUH 1 3¢MHON MOBEPXHOCTH Ha BCEX 3Tarax OCBOCHHS M OXpaHbl HEAP ¢ 0OecrieueHueM MPOMBIIIIICHHON U
HKOJIOTUYECKOI 0€30MmacHOCTH

I1K-1.1

Cocrasisier IIPOEKTHI
HPOM3BOJICTBA
MapKIIEHIEPCKUX 51
reoJe3NYECKUX paoor,
OCYILECTBIISICT KOHTPOJIb 3a
BBINOJIHEHUEM

M3BICKATEIIbCKUX padoT

NogakrowhE

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

Hpumepnbu? nepeveHb meopemuuecKux 60npocos K 3alté'my:

3agaun aucuuIuMHbl «MarteMaTrueckas 00paboTKa pe3yabTaToB U3MEPEHHI»

YTo MOHUMAIOT MO U3MEPEHUEM (PU3UUECKON BETHUUHBI?

Kakue usmepeHns Ha3bIBalOT IPSIMbIMH, KOCBEHHBIMH, PABHOTOYHBIMU ¥ HEPABHOTOYHBIMU?

Yro sBisieTcs pe3ysibTaTOM U3MEPEHUs?

Yro nmoHUMaeTcs 1moJi OmMOKOH (IOrpeIHOCThIO) pe3yJibTaTa U3MEpEHuUs ?

Kakue ommOku Ha3bIBatoTCs rpyObIMH, CUCTEMATHUECKUMHU, CITy4alHBIMU?

Kak BBIYMCIINTE BEPOATHENIIEE 3HAUCHUE U3MEPSIEMON BEJIMYUHBI 110 PE3YJIbTaTaM MHOIOKPATHBIX
PaBHOTOYHBIX U3MEPEHUIT?

Cpenusis KBajpaTHUecKas OIIMOKa pe3yabTaToB paBHOTOUHBIX U3MepeHuid: popmyisl ["aycca, beccens,
deppepo.

Cpennss KBagpaTHuecKas OINOKa QYHKIIUU U3MEPEHHBIX BEJINYHH.

Cpennsist KkBagpaTudeckas OuIMoKa pe3ysbTaToB IBOMHBIX PAaBHOTOYHBIX U3MEPEHUH.

Cpennsis KBagpaTHUecKas OIINOKa MPOCTON apu(pMETUUECKON CepeINHBI.

OO6mras apudmeTndeckas cepeanHa.

Cpennsis KBagpaTHuecKas OlNOKa eTUHHIIBI Beca.

Cpennsis kBagpaTudeckas ourroka 1 Bec o01eil apupMeTuueckon cepeIuHblI.

YTo noHMMaeTcs NoJ| ypaBHUBAaHUEM PE3YJIbTATOB U3MEPEHUN?

VYpaBHUBaHUE U OIIEHKA TOYHOCTH HAMpaBJICHUH, U3MEPEHHBIX Ha CTAHIIMH CITIOCOOOM KPYTOBBIX IPUEMOB.
Yro saBisieTcs yCIIOBUEM M IPUYMHON BO3HUKHOBEHUS 331a4l YPaBHUBAHUSA?

[TpuHIMIT HAUMEHBIINX KBAJIPATOB.

KoppenatHslif cnoco® ypaBHUBaHUS.

[TapameTpuueckuii criocod ypaBHUBaHUS.

Kak cocTaBIIsItOT yCIIOBHBIE YpaBHEHHUS?

Kak cocTaBisitoT HOpMaJibHbIE YPaBHEHHUS U BBIUUCIISIIOTCS KO3(DPUIIMEHTH HOPMAJIbHBIX YpaBHEHUI?
AnroputM K. @. "aycca penmeHust cucteM HOpMaJIbHBIX YPABHEHHN?




Kon
WHJMKaTOpa

Nuaukatop AoCTHXEHUS
KOMIIETEHIINN

OrneHOYHBIE CPEACTBA

24. KoHTpOJb pelieHuss HOpMaJIbHBIX YPaBHEHUH.
25. OneHKa TOYHOCTH U3MEPEHHBIX BEJIMYMH U UX (QYHKIUI IpH ypaBHUBAHUU KOPPEJATHBIM CHOCOOOM.

[1K-1.2

IInanupyer pasBUTHE
TOPHBIX pabor U
KOHTPOJIHPYET
COOTBETCTBUE
(GaKkTUYECKOro  pa3BUTHS
TOpPHBIX paboT MpoeKTaM U
KaJICHJapHBIM TUIaHAM

Ilpumepnulii nepeuens meopemuuecKux 60npPoCo8 K 3auémy:

3agaun nucuIuMHbl «MateMaTrueckas 00paboTKa pe3yabTaToB H3MEPEHHIT»

YTo MOHMMAIOT MO U3MEPEHUEM (PU3HUECKON BETUYUHbI?

Kakue usmepenuns Ha3bIBalOT NPSIMbIMU, KOCBEHHBIMH, PABHOTOYHBIMU 1 HEPAaBHOTOYHBIMU ?

Yro ABnseTcs pe3ynbTaTOM U3MEpEHUs?

Yro noHumaeTcs noj ourOKon (IOrpeuIHoCThIO) pe3yabTaTa U3MEpEHUs?

Kakue omnOku Ha3bpIBatOTCS IPyObIMH, CUCTEMAaTHYECKUMHU, CITydaitHbIMU?

Kak BpIUMCIINTB BEpOSATHENIIEE 3HAUEHUE U3MEPSIEMOI BEJIMYMHBI IO PE3yJIbTaTaM MHOIOKPATHBIX

PaBHOTOYHBIX U3MEPEHUI?

8. CpenHsis KBaJpaTHUECKas OMIMOKa pe3ylIbTaTOB PABHOTOYHBIX M3MepeHuit: hopmynsl ['aycca, beccers,
Deppepo.

9. Cpennsis KBaJpaTHUECKas OMIMOKa (GYHKIINU H3MEPEHHBIX BEINYHH.

10. Cpennsist KkBagpaTHueckas OIINOKa pe3yabTaTOB JIBOMHBIX PABHOTOUYHBIX H3MEPEHH.

11. Cpennss kBagpaTuyeckas ommOKka IpocTon apupMeTHIeCKol cepeiuHbI.

12. Obuas apudmerudeckas cepeivHa.

13. Cpennsist KBagpaTHyeCcKas OIMOKA €TUHHIIBI Beca.

14. Cpennsist KBagpaTHueckas omunoOKa 1 Bec o01eil apupmeTniyeckoil cepeJuHbI.

15. Yro noHnmaeTcs noji ypaBHUBAaHUEM PE3yJIbTaTOB U3MEPEHUI?

16. YpaBHuBaHME U OlLIEHKA TOYHOCTH HAIIPABJICHUN, U3MEPEHHBIX Ha CTAHIIMU CIIOCOOOM KPYTOBBIX MPUEMOB.

17. Yro siBisieTcs yclioBUEM M IPUUMHON BO3HUKHOBEHHUS 331a4U YpaBHUBAHUS?

18. [IpuHIMT HaUMEHBIINX KBaIPATOB.

19. KoppenatHslii cioco® ypaBHHBaHUSI.

20. ITapameTpuyeckuii cnoco0d ypaBHUBaHUSI.

21. Kak coCTaBJISIFOT YCIOBHBIE YpaBHEHHSI?

22. Kak cocTaBislIOT HOpMaJIbHbIE YPaBHEHUS M BBIYUCIISIOTCA KO3 PHUIIMEHTH HOPMaIbHBIX YpaBHEHUI?

23. Anroputm K. @. I'aycca perieHus: cuicteM HOpMaTbHBIX YpaBHEHUH?

24. KoHTpOJb pelieHus] HOpMaJIbHbBIX YpaBHEHUH.

25. OneHKa TOYHOCTH H3MEPEHHBIX BEIMYHMH U MX QYHKIWH MPH YpaBHUBAHUH KOPPEIATHBIM CITOCOOOM.

NogakowhE




Kon
WHJMKaTOpa

Nuaukatop AoCTHXEHUS
KOMIIETEHIINN

OrneHOYHBIE CPEACTBA

I1K-1.3

OO6ocHOBBIBaEeT u
UCIIONIB3YET METOIbI
reoMeTpU3aIuu u
MIPOTHO3UPOBAHUSA
pa3MeIIeHnsT MoKa3aTenen
MECTOPOKACHUS B
MIPOCTPAHCTBE

Ilpumepnulii nepeuens meopemuuecKux 60npPoCo8 K 3auémy:

3agaun aucuIuuHbl «MareMmaTrueckas 00paboTKa pe3yabTaToB H3MEPEHHI»

YTo MOHMMAIOT MO U3MEPEHUEM (PU3HUECKON BETUYMHbI?

Kakue n3mepeHus Ha3pIBaIOT MPSIMBIMHU, KOCBEHHBIMH, PABHOTOYHBIMUA U HEPABHOTOYHBIMH?

Yro sBnseTcs pe3ynbTaTOM U3MEpEHuUs?

Yro noHuMaeTcs noj OuMOKon (IOrpeuIHOCThI0) pe3yIbTaTa U3MepeHus?

Kakue omnOku Ha3bpIBatOTCS IPyObIMH, CUCTEMAaTHYECKUMHU, CITydaitHbIMU?

Kak BbIUMCIINTE BeposTHEIIIee 3HAUCHHE U3MEPSIEMO BETMUMHBI 110 Pe3yJIbTaTaM MHOTOKPaTHBIX

PaBHOTOYHBIX U3MEPEHUI?

8. CpenHsisi KBaJpaTHUECKas OMIMOKa pe3ybTaTOB paBHOTOUHBIX m3MepeHwii: popmynsl ['aycca, beccens,
®deppepo.

9. Cpennsist KBagpaTHUECKas OMIMOKA (GYHKIIUU H3MEPEHHBIX BEJINYHH.

10. Cpennsist kBagpaTHuecKast OIINOKa pe3yabTaTOB JIBOMHBIX PABHOTOUYHBIX H3MEPEHHH.

11. Cpennss kBagpaTuyeckas ommOKka IpocTor apupMeTHIecKoi cepeinHbI.

12. Obuas apudmerudeckas cepeivHa.

13. Cpenusist KBagpaTHyeCcKas OIMOKA €TUHHIIBI Beca.

14. Cpennsist KBagpaTHueckas omnOKa 1 Bec o01eil apupmeTnieckoil cepeJuHbI.

15. Yro noHnmaeTcs noj; ypaBHUBAaHUEM PE3YJIbTaTOB U3MEPEHUI?

16. YpaBHuBaHME U OlLIEHKA TOUHOCTHU HAIIPABIECHHUN, N3MEPEHHBIX HA CTAaHIIMU CIIOCOOOM KPYTOBBIX IPUEMOB.

17. Yro sBnsiercs yclioBUEM M IPUYMHON BO3HUKHOBEHHUS 331a4U YpaBHUBAHUS?

18. [IpuHIMT HAUMEHBIINX KBaIPATOB.

19. KoppenatHslii cioco® ypaBHHBaHUSI.

20. ITapameTpudeckuii cnoco0d ypaBHHUBaHUS.

21. Kak coCTaBJISIFOT YCIIOBHBIE YpaBHEHHSI?

22. Kak cocTaBiIsIIOT HOpMaJIbHBIE YPAaBHEHUS ¥ BBIYUCISIIOTCS KO (HHUIIMEHTHl HOPMAJIbHBIX YPaBHEHUN?

23. Anroputm K. @. I"aycca perieHus: cucteM HOpMaTbHBIX YpaBHEHUH?

24. KoHTpOJb pelieHus] HOpMaJIbHbBIX YpaBHEHUH.

25. OneHKa TOYHOCTH H3MEPEHHBIX BEIMYMH U X (QYHKIUI TPH YpaBHUBAHUH KOPPEIATHBIM CIIOCOOOM.

NogakownE

[IK-1.4

AHanusupyer u
TUIIU3UPYET yCIIOBUS

Ilpumepnulii nepeuenv meopemuuecKux 60npPocos K 3auémy:
1. 3apgaum nucrunnuasl «MaremaTrueckas 00paboTKa pe3yabTaToB H3MEPEHHUI»




Kon
WHJMKaTOpa

Nuaukatop AoCTHXEHUS
KOMIIETEHIINN

OrneHOYHBIE CPEACTBA

pa3paboTKu
MECTOPOXKICHHUN TMOJIE3HBIX
HUCKOIIa€MBbIX JJISL nux
KOMILJIEKCHOTO
UCTIOJTb30BaHUS,
BBITOJIHSCT pas3uyHbIe
OIICHKH HEJIPOITOJIb30BAHUS

Noakown

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

YTo MOHUMAIOT MO U3MEPEHUEM (PU3HUECKON BETUYMHBI?

Kakue usmepeHns Ha3bIBalOT IPSIMBIMH, KOCBEHHBIMH, PABHOTOYHBIMU ¥ HEPABHOTOYHBIMU?

Yro sBisieTcs pe3yibTaTOM U3MEPEHUs?

Yro noHuMaeTcs 1oJ1 ouMOKO (IIOrpeIIHOCTHIO) Pe3yJIbTaTa U3MEPEHUs?

Kakue ommOku Ha3pIBatOTCS TPYOBIMH, CHCTEMAaTHUECKUMH, CITyJaiHBIMU?

Kak BBIYMCIINTE BEPOATHENIIEE 3HAUCHUE U3MEPSIEMON BEJIMYUHBI 110 PE3YJIbTaTaM MHOIOKPATHBIX
PaBHOTOYHBIX U3MEPEHUIT?

Cpennss KBagpaTHUecKas OlIMOKa pe3yJbTaToOB paBHOTOUHBIX U3MepeHUid: popmyisl [aycca, beccens,
deppepo.

Cpennsis KBagpaTHuecKas OIMUOKa GYHKIMU U3MEPEHHBIX BEJINYHH.

Cpennsist KBagpaTudeckas OuIMOKa pe3ysibTaToOB IBOMHBIX PABHOTOYHBIX U3MEPEHUH.

Cpennsis KBagpaTHuecKas OMNOKa MPOCTON apu(pMETUYECKON CepeINHBI.

OO6m1as apudmeTndeckas cepeanHa.

Cpennsis KBagpaTHuecKas OMMOKa eTUHHIIBI Beca.

Cpennsist kBagpaTudeckas ouroka 1 Bec oOuieit apupmMeTnueckon cepeIuHbl.

Yro noHMMaeTcs 1MoJ| ypaBHUBAaHUEM PE3YJIbTATOB U3MEPEHUN?

VYpaBHUBaHUE U OIIEHKA TOYHOCTH HANpaBICHUH, U3MEPEHHBIX HAa CTAHIIMH CITIOCOOOM KPYTOBBIX IPUEMOB.
Yro saBisieTcs yCIIOBUEM U IPUYMHON BO3HUKHOBEHUS 337a4l ypaBHUBAHUSA?

[TpyHIMIT HAUMEHBIINX KBAIPATOB.

KoppenatHslii cnoco0 ypaBHUBaHUS.

[TapameTpuueckuii cniocod ypaBHUBAHMUSL.

Kaxk cocTaBistoT yclioBHbIE ypaBHEHUS?

Kak cocTaBisioT HopMalibHbIE YPAaBHEHUS M BBIUUCIIAIOTCSA KO3()(PUIIMEHTH HOPMAIbHBIX YpaBHEHUN?
Anroput™m K. @. ["'aycca pemeHnst cuicteM HOpMaJbHbBIX YpaBHEHUMN?

KoHTpounb penienns HopManbHbIX YPAaBHEHHH.

OrneHka TOYHOCTH U3MEPEHHBIX BEIMYMH U UX (PYHKIMNA IPHU YpaBHUBAHUU KOPPEIATHBIM CIIOCOOOM.




Kon
WHJMKaTOpa

Nuaukatop AoCTHXEHUS
KOMIIETEHIINN

OrneHOYHBIE CPEACTBA

[1K-2 CnocoOeH BBIMONHATE MAapKIICHIEPCKO-TEOAC3MUECKUE pPAOOThI, OMPEENATh IMPOCTPAHCTBEHHO-BPEMEHHBIE XApAaKTEPUCTUKUA COCTOSHHS 3€MHOU
MIOBEPXHOCTU U HEIpP, TOPHO-TEXHUYECKMX CHCTEM, IOJ3EMHBIX M HAa3eMHBIX COOPYXEHMH M oToOpaXkaTb HMH(OPMAIMIO B COOTBETCTBUU JECHCTBYIOLIUMHU

HOPMATUBHBIMU JOKYMCHTAMU

I1K-2.1

Hcnonp3yer 3akOHBI U
WHBIE HOPMAaTUBHBIE
IIPaBOBbIE AKTHI B 00JIaCTH
re0JIOTMYECKOr0 U3y4YEHHs,
WCIIOJIb30BAaHUS M OXPAHbI
HEp W OKpYyXKaroleu
Cpelbl; HOpMaTHUBHBIE
IIPaBOBBIE aKTHI,
PYKOBOZSAIINE,

METONYECKUE u
HOPMATHBHBIE MaTepHUabl,
KACAIOLINECS ESATEIbHOCTH
MapKIIeH1epCcKOi CITyKObl;

NogakrowdhE

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

Hpumepﬂblﬁ nepeuens meopemuuecCKux 6onpocoe K 3atté'my:

3agaun aucuuIuuHbl «MateMaTrueckas 00paboTKa pe3yabTaToB U3MEPEHHI»

YTo noHMMAIOT O] U3MEPEHUEM (PU3UUECKON BEIUYUHBI?

Kakue usmepeHns Ha3bIBalOT IPSIMbIMU, KOCBEHHBIMH, PABHOTOYHBIMU U HEPABHOTOYHBIMU?

UYro sBisieTcs pe3ysibTaTOM U3MEPEHUs?

Yro nmoHUMaeTcs 1moJi OMOKOH (IOrpeIHOCThIO) pe3yJibTaTa U3MEpEeHuUs ?

Kakue ommOku Ha3bIBalOTCA IpyObIMH, CUCTEMATUUYECKUMHU, CITy4aliHBIMU?

Kak BBIYMCIINTE BEPOATHENIIIEE 3HAUEHUE U3MEPSIEMON BEJIMUUHBI 110 PE3yIbTaTaM MHOTOKPAaTHBIX
PaBHOTOYHBIX U3MEPEHUIT?

Cpenusis KBagpaTHUecKas OIIMOKa pe3yabTaToOB paBHOTOUHBIX U3MepeHuid: popmyisl [aycca, beccens,
deppepo.

Cpennsist KBagpaTHuecKas OMMOKa GYHKIMU U3MEPEHHBIX BEJINYHH.

Cpennsist KBagpaTudeckas OUIMOKa pe3ysibTaToB IBOMHBIX PABHOTOYHBIX U3MEPEHUI.

Cpenusis KBagpaTHuecKas OmMUOKa MPOCTON apu(pMETUYECKON CepeINHBI.

OO6mras apudmeTndeckas cepearHa.

Cpennsis KBagpaTHyecKas OMNOKa eTUHHIIBI Beca.

Cpennsis kBagpaTudeckas ouroka 1 Bec oOuieit apupmMeTnyeckoi cepeIuHbl.

Yro noHMMaeTcs noj, ypaBHUBaHUEM PE3YJIbTATOB U3MEPEHUN?

VYpaBHUBaHUE U OIIEHKA TOYHOCTH HAMpaBJICHUH, NU3MEPEHHBIX Ha CTAHIIMH CITIOCOOOM KPYTOBBIX IPUEMOB.
Yro saBisieTcs yCIOBUEM M IPUYMHON BO3HUKHOBEHUS 3a1a4l YPaBHUBAHUSA?

[TpuHIMIT HAUMEHBIINX KBAIPATOB.

KoppenatHslif cnoco® ypaBHUBaHUS.

[TapameTpuueckuii criocod ypaBHUBaHUS.

Kak cocTaBIIsItOT yCIIOBHBIE YpaBHEHHUS?

Kak cocTaBisitoT HOpMaJibHbIE YPaBHEHHUS U BBIUUCIISIFOTCS KO3(DPHUIIMEHTH HOPMAJIbHBIX YpaBHEHUI?
AnroputMm K. @. "aycca pemieHus: cuicteM HOpMajbHBIX YPABHEHUN?

KoHTpoIIb peniennss HopMaJabHbIX YPABHEHUM.




Kon

NHaukaTop AO0CTHIKEHUS

OrneHOYHBIE CPEACTBA

WHJIMKATOpa | KOMIIETCHIUI
25. OneHKa TOYHOCTH U3MEPEHHBIX BEIMYMH U UX QYHKIUI PH YpaBHUBAHUK KOPPEIATHBIM CIIOCOOOM.
[1K-2.2 Ilpumepnulit nepeuens meopemuueckux 60npocos K 3auémy:
1. 3apgaum nucnuniuunHsl «MaremaTrueckas 00paboTKa pe3yabTaToB U3MEPEHHI»
2. Yro MOHMMAIOT IO U3MEpEeHUEM (PU3HUECKON BEITUIHHBI?
3. Kakue n3mepenus Ha3bIBalOT NPSMBIMU, KOCBEHHBIMH, PABHOTOYHBIMH U HEPAaBHOTOYHBIMU?
4. Yo sBNsETCS pe3yNbTaTOM U3MEPEHUS?
5. Yro nmoHuMmaercs noJ ouMOKOH (IIOrpeIIHOCThIO) pe3yibTaTa U3MEPEHUs?
6. Kakue ommOku Ha3bIBAIOTCS TPYOBIMHU, CHCTEMAaTHIECKUMHU, CITy9aifHBIMU?
7. Kak BbIUMCIUTE BepOsITHEHIIIEE 3HAaUCHHE U3MEPSIEMOM BEJITMUUHBI 10 Pe3yJIbTaTaM MHOTOKPATHBIX
PaBHOTOYHBIX U3MEPEHUIT?
8. CpenHss KBaJpaTHuecKas olMOKa pe3ysibTaTOB PAaBHOTOUYHBIX U3MepeHuil: popmynsl ['aycca, beccens,
OcyuecTBisier deppepo.
HEOOXOMMBIE 9. Cpennsas xBaapaTuueckas omMOKa QYHKIIMN U3MEPEHHBIX BEJIMUUH.
MapKIIEeHICPCKHE 10. Cpenusist KBagpaTHyeCcKasi OIMOKA PE3yabTATOB IBOMHBIX PABHOTOYHBIX H3MEPEHHIA.
KaMepaJIbHbIE U II0JIEBBIE 11. Cpenusist KBagpaTHuecKas OMIMOKa MPOCTON apu(pMETUUECKON CepeIUHBI.
paboTHI, opopmiser 12. O6wmas apudmMeTryeckas ceperHa.
IIPOU3BOJICTBEHHYIO 13. Cpennsist kBagpaTHyeckas omnOKa eJUHHIIBI Beca.
JOKYMEHTAIHIO u 14. Cpennsist kBajjpaTHyecKasi OIIMOKa U Bec 001Iel apuMeTUIeCcKo cepeaHbI.
OTYETHOCTH 15. Yto noHumaeTcs Moj| ypaBHUBAaHUEM PE3YJIbTaTOB U3MEPEHUI?

16. YpaBHuBaHHE U OlIEHKA TOYHOCTH HAIIPABIICHHIA, H3MEPEHHBIX HA CTAHIIUH CTOCOOOM KPYTOBBIX MTPUEMOB.
17. Yto sBAsieTcs yCIOBUEM U IPUUYMHOM BOZHUKHOBEHHUS 3a7jaudl ypaBHUBAHU?

18. ITpuHIMT HAUMEHBIINX KBaAPaTOB.

19. KoppenatHslif cnoco® ypaBHUBaHUSI.

20. MapameTpuvecknii crioco0 ypaBHUBaHUSI.

21. Kak cocTaBiIsIOT yCIOBHbIE YpaBHEHHS?

22. Kak cocTaBJISIFOT HOpMaJIbHBIE YPAaBHEHUS ¥ BBIYUCISIFOTCS KOO QHUIIMEHTH HOPMaJIbHBIX YPaBHEHUH?

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

24. KoHTpOJh penieHus HOpMaIbHBIX YPaBHEHUH.

25. OneHKa TOYHOCTH U3MEPEHHBIX BEIMYMH U UX (QYHKIUI IPH ypaBHUBAHUK KOPPEJTATHBIM CIOCOOOM.




Kon
WHJMKaTOpa

Nuaukatop AoCTHXEHUS
KOMIIETEHIINN

OrneHOYHBIE CPEACTBA

[1K-2.3

Ucnonb3yer
reonH(opMaIOHHbIE
CHUCTEMBI JIA BBIIIOJTHCHUSA
MapKIIeHIepcKux padboT

Ilpumepnbolii nepeuens meopemuuecKux 60npPocog K 3auémy:

3agaun aucuIuuHbl «MareMmaTrueckas 00paboTKa pe3yabTaToB H3MEPEHHI»

YTo MOHMMAIOT MO U3MEPEHUEM (PU3HUECKON BETUYMHbI?

Kakue n3mepeHus Ha3pIBAIOT NPSMBIMHU, KOCBEHHBIMH, PABHOTOYHBIMU U HEPABHOTOYHBIMH?

Yro sBnseTcs pe3ynbTaTOM U3MEpEHuUs?

Uto moHuMaeTcs 1o OMOKOH (MOrPEIIHOCTRIO) PE3ysIbTaTa U3MEpPEHUs?

Kakue omnOku Ha3bpIBatOTCS IPyObIMH, CUCTEMAaTHYECKUMHU, CITydaitHbIMU?

Kak BbIUMCINTE BeposTHEIIIIee 3HaU€HIE U3MEPSIEMOM BETMUUHBI TI0 Pe3yJIbTaTaM MHOTOKPATHBIX

PaBHOTOYHBIX U3MEPEHUI?

8. CpenHsis KBagpaTHUECcKas OMIMOKa pe3ylIbTaTOB PABHOTOYHBIX M3MepeHuit: hopmynsl ['aycca, beccerns,
®deppepo.

9. Cpennsist KBagpaTHUECKas OMIMOKA (GYHKIIUU H3MEPEHHBIX BEJINYHH.

10. Cpennsist KkBagpaTHuecKas OIINOKa pe3yabTaToOB IBOMHBIX PABHOTOUYHBIX U3MEPEHUIA.

11. Cpennss kBagpaTuyeckas ommOKka IpocTor apupMeTHIecKoi cepeinHbI.

12. Obuas apudmerudeckas cepeivHa.

13. Cpenusist KBagpaTHyeCcKas OIMOKA €TUHHIIBI Beca.

14. Cpennsist KBagpaTHueckas omnOKa 1 Bec o01eil apupmeTnieckoil cepeJuHbI.

15. Yto moHuMaeTcs 1oji ypaBHUBAHUEM PE3YJIbTATOB U3MEPEHUM?

16. YpaBHuBaHME U OlLIEHKA TOYHOCTH HAIIPABJICHUNA, U3MEPEHHBIX Ha CTAHIIMU CIIOCOOOM KPYTOBBIX MPUEMOB.

17. Yro sBnsiercs yclioBUEM M IPUYMHON BO3HUKHOBEHHUS 331a4U YpaBHUBAHUS?

18. [IpuHIMT HAUMEHBIINX KBaIPATOB.

19. KoppenatHslii criocod ypaBHHBaHUSI.

20. ITapameTpudeckuii cnoco0d ypaBHHUBaHUS.

21. Kak cOCTaBISIOT YCIOBHBIC YpaBHEHUS?

22. Kak cocTaBiIsIIOT HOpMaJIbHBIE YPaBHEHUS M BBIYUCIISIOTCA KO3 PHUIIMEHTH HOPMaIbHBIX YpaBHEHUI?

23. Anroputm K. @. I"aycca perieHus: cucteM HOpMaTbHBIX YpaBHEHUH?

24. KoHTpOJb pelieHus] HOpMaJIbHbIX YpaBHEHUH.

25. OnieHKa TOYHOCTH H3MEPEHHBIX BEIMYHH U UX (QYHKIUI TPH ypaBHUBAHUN KOPPETATHBIM CIIOCOOOM.
26.

NogakownE




Kon
WHJMKaTOpa

Nuaukatop AoCTHXEHUS
KOMIIETEHIINN

OrneHOYHBIE CPEACTBA

[1K-2.4

YcraHaBiIuBaeT
MIPUTOTHOCTD
reoe3M4EeCKOro
o0opyoBaHus U NpuOOPOB
K pabore

Ilpumepnulii nepeuens meopemuuecKux 60npPoCo8 K 3auémy:

3agaun aucuIuMHbl «MateMmaTrueckas 00paboTKa pe3yabTaToB H3MEPEHHI»

YTo MOHMMAIOT MO U3MEPEHUEM (PU3HUECKON BETUYMHbI?

Kakue n3mepeHus Ha3pIBaIOT MPSIMBIMHU, KOCBEHHBIMH, PABHOTOYHBIMUA U HEPABHOTOYHBIMH?

Yro sBnseTcs pe3ynbTaTOM U3MEpEHuUs?

Yro noHuMaeTcs noj OuMOKoN (IOrpeuIHOCThI0) pe3yIbTaTa U3MEepeHus?

Kakue omnOku Ha3bpIBatOTCS IPyObIMH, CUCTEMAaTHYECKUMHU, CITydaitHbIMU?

Kak BbIUMCIINTE BeposTHEIIIee 3HAUCHHE U3MEPSIEMO BETMUMHBI 110 Pe3yJIbTaTaM MHOTOKPaTHBIX

PaBHOTOYHBIX U3MEPEHUI?

8. CpenHsis KBaJpaTHUECKas OMIMOKa pe3ybTaTOB paBHOTOUHBIX H3MepeHuit: hopmynsl ['aycca, beccens,
®deppepo.

9. Cpennsist KBagpaTHUECKas OMIMOKA (GYHKIIUU H3MEPEHHBIX BEJINYHH.

10. Cpennsist kBagpaTHuecKast OIINOKa pe3yabTaTOB JIBOMHBIX PABHOTOUYHBIX H3MEPEHHH.

11. Cpennss kBagpaTuyeckas ommOKka IpocTor apupMeTHIecKoi cepeinHbI.

12. Obuas apudmerudeckas cepevHa.

13. Cpenusist KBagpaTHyeCcKas OIMOKA €TUHHIIBI Beca.

14. Cpennsist KBagpaTHueckas omnOKa 1 Bec o01eil apupmeTnieckoil cepeJuHbI.

15. Yro noHnmaeTcs noj; ypaBHUBAaHUEM PE3YJIbTaTOB U3MEPEHUI?

16. YpaBHuBaHME U OlLIEHKA TOYHOCTH HAIIPABICHHUN, N3MEPEHHBIX HA CTAaHIIMH CIIOCOOOM KPYTI'OBBIX PUEMOB.

17. Yro sBnsiercs yclioBUEM M IPUYMHON BO3HUKHOBEHHUS 331a4U YpaBHUBAHUS?

18. [IpuHIMT HAUMEHBIINX KBaIPATOB.

19. KoppenatHslii cioco® ypaBHHBaHUSI.

20. ITapameTpudeckuii cnoco0d ypaBHHUBaHUS.

21. Kak coCTaBJISIFOT YCIIOBHBIE YpaBHEHHSI?

22. Kak cocTaBiIsIIOT HOpMaJIbHBIE YPAaBHEHUS ¥ BBIYUCIISIOTCS KO GHUIIMEHTH HOPMAJIbHBIX YpaBHEHUN?

23. Anroputm K. @. I"aycca perieHus: cucteM HOpMaTbHBIX YpaBHEHUH?

24. KoHTpOJb pelieHus] HOpMaJIbHbBIX YpaBHEHUH.

25. OneHKa TOYHOCTH H3MEPEHHBIX BEIMYMH U X (QYHKIUI TPH YpaBHUBAHUH KOPPEIATHBIM CIIOCOOOM.

NogakownE




0) Ilopsinoxk mpoBeaeHHMs] MPOMEXKYTOYHOW ATTECTALMM, NMOKA3aTeJd M KPUTEPHHU
OLlCHUBAHMUSL:

I[IpuMepHasi CTPYKTYpa U cOepPKaHNe MyHKTA:

[TpomeskyTouHas arTectanus Mo AUCHUILIMHE «Maremarndyeckas oOpaboTKa pe3ysibTaToB
WU3MEPEHUI» BKIIOYAET TEOPETUYECKHE BONPOCHI, MO3BOJIAIOIINE OLEHUTh YPOBEHb YCBOEHUS
00y4aroIMMUCs 3HAHUH, U MPAKTHUECKUE 33aJJaHMs, BBIABISIOIINE CTENIEHb COPMHPOBAHHOCTH
YMEHUH U BIaJIeHUH, TPOBOIUTCA B (hopMeE 3aUeTa.

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

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

— Ha OIICHKY «He 3a4TeHO»— OO0yJaromuiics JeMOHCTpUpyeT 3HaHus He Ooiee 20%
TEOPETUYECKOTO Marepuajja, JOINYyCKaeT CYNIECTBEHHbIC OMMOKH, HE MOXKET II0Ka3aTh
UHTEJUICKTYaJIbHbIC HABBIKU BBIIIOJHEHHUS IPOCTHIX 33aHUH.



[Tpunoxenue 3

MeToanueckue yKazaHust
1. DJIEMEHTBI TEOPUU NNOTPEHIHOCTEN IF'EOAE3NYECKUX U3MEPEHUM

1.1. O6mme cBegeHnst 00 M3MepeHUAX

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

[Mon usmepenuem ¢usndeckoil BenuuMHbl X MOHUMAKOT IMPOLIECC CPAaBHEHHUS 3TOM
BEJIMYUHBI C APYTrOd, OJHOPOJHOM C HEH BEIMYMHOMU (], IPUHATON B KaYECTBE Mepbl - CAUHULBI
n3Mepenus. Hampumep, ninuHy oTpe3ka JMHUM MECTHOCTH CPaBHUBAIOT C €IMHULEH JIMHEHHBIX
U3MEPEHUH - Mempom; TOPU3OHTAIBHBINA YroJl, 00pa30BaHHBIN OTpPEe3KaMH JIMHUI Ha MECTHOCTH,
CPaBHMBAIOT C IPaLycoM, IpasioM, pauaHOM.

W3mepenus pa3nuyaror:

- npamvle;

- KOCBEeHHbIe;

- PABHOMOYHYIE,

- HepasHOMOUHbIe.

[Ton npamvimu M3MEepeHUSAMU NOHUMAIOT TAKHE, TP KOTOPBIX ONPEACIAEMYIO BEIUUYHUHY
MOJIyYaloT MyTEM HENOCPEICTBEHHOTO CpaBHEHUS (COIOCTABIIEHUS) €€ C €IMHULEH U3MEPEHUS
i e€ npou3BoaHON. Hampumep, mvHa oTpe3ka JUHUU U3MEPSETCA CTAIBHOW JIEHTOW WIIA
TOPU30HTAIIBHBIM YTroJl HA MECTHOCTH U3MEPSAETCS TEOAO0IUTOM, a Ha Oymare TpaHCIOPTUPOM U
T.J.

Koceennvimu Ha3pIBalOT W3MEPEHMs, OINpEAeisseMas BEIMYMHA B KOTOPBIX SABISIETCS
(byHKLIMEeN Ipyrux HENOCPEICTBEHHO WM3MEPEHHBIX BENWYMH. Tak, s ONpeAeieHUs IITUHbBI
OKPYKHOCTM WM IUJIOIAAM Kpyra, HEOOXOJUMO HEMOCPEICTBEHHO HW3MEPUTh paanycC
OKPY>KHOCTH.

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

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

PesynbpTarel u3MepeHUN MOApA3NENSIOT Ha Heobxodumvle W 0obasouHvle (WIH
u30bITouHble). Tak, ecinu 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
ABIISIETCS. CPEOCmE0M KOHMPOJisL Y TIO3BOJISIET CYIUTh O Kauecmeae Pe3yabTaTOB U3MEPEHUI; OHU
JTAI0T BO3MOXHOCTb HOJIYUUTh Hauboiee HadexcHoe 3HaveHue NCKOMOMN BETMYUHBI [0 CPAaBHEHHIO
C JIFOOBIM OTAENBHO B3ATHIM PE3YJIbTaTOM U3MEPEHUSI.

1.2. ITorpemtHOCTH pe3yJIbTATOB U3MEPEHUH

Pe3ynbrarhl MHOTOKpATHBIX M3MEPEHUN OAHON M TOM ke (pu3nueckoi BeIUUYUHBI (JINHUHY,
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 IPUYNHAMMU.

[Mox noepewinocmoio Aj pesynbrata u3MepeHus | 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 (PYHKIMHU, IOTPEIIHOCTH MOAPA3ACIAIOT Ha 2pybbie, cucmemamuieckue u Ciyuaiinble.

I'pybvie morpemHocTH  (MpOMaxw) BO3HUKAIOT  BCJEACTBUE  HEBHHUMATEIBHOCTH
HaOJro1aTess, HEMCIPABHOCTH MpUOOpa, HECOOIIOIEHUN TEXHOJIOTMH paboT, He yuEéTa BIUSHUSL
U3MEHSIOMIMXCS BHEIIHUX YCIIOBHM: TeMIlepaTyphl, BeTpa, BHAUMOCTH U T.I. OOHapyXuTh
rpyOble MOrPEeIIHOCTH MOXKHO, MCIIOJIb3Ysl T€OMETpUYECKHE CBOMCTBA HaOIH0AaeMOro oObeKTa
(HampuMmep, CyMMYy BHYTPEHHMX YIJIOB IJIOCKOTO MHOTOYI'OJIbHUKA), @ TaKXKE BBIIIOJHEHUEM
NOBTOPHBIX U3MepeHui. Tak, Harpumep, Ipy JMHEWHBIX U3MEPEHUSX, TPOITYCK LIEJIOT0 IIPOJIETa,
paBHOTO JUIMHE MEPHOI0 MpuOOpa, MOKHO OOHAPYKUTh U3MEPEHUEM OTPE3KA JINHUU HUTSHBIM
JAJIBHOMEPOM, MHOTI' /A - JaXKe [IaraMu.

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

Tak, ecnu wW3BeCTHa JIMHA Mepsl IpH TeMmieparype t,, a M3MepeHue UIMHBI JMHUHU
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 CBOJASAT J0 IpeHeOperaeMo Majioro 3Ha4eHHUs BBIOOPOM METOAMKH W3MEPEHUH
WIM BBEJICHUEM IIONIPABOK B PE3YJIbTATHI.

Cnyyaiinvie TOTPEUIHOCTH pE3yJIbTaTOB H3MEPEHUN XapaKTepU3yHOTCSl TEM, 4YTO IpuU
OJIMHAKOBBIX YCJIOBHAX W3MEPEHHUH OHU MOTYT MEHATHCS IO BEIMYMHE M 3HAKYy; UX HENb3s
3apaHee MpelyCMOTPETh, ONpPEIEIUTh 3aKOH BO3JCHCTBUS Ha pe3yapTaTr. CTaTUCTHUYECKUI
aHaiu3, T.€. aHAJIU3 PE3yJIbTAaTOB OONBIIMX PAJOB H3MEPEHUH, IMO3BOIWI S CIydalHBIX
IIOTPEUIHOCTEN BBIABUTH PsIJl UX CBOMCTB.

IlepBoe cBoWcTBO. JlJIA NAHHBIX YCIOBUM W3MEPEHMUM CIydalHbBIE IIOIPELIHOCTH I10
aOCONIOTHOW  BEJIMYMHE HE MOTYT IHPEBOCXOJAUTh HW3BECTHOTO Impenena  (CBONCTBO
OTPaHUYEHHOCTH), T.€.

|A| < Anpe() (2)

Bropoe cBoiicTBo. PaBHbIE 10 a0COIIOTHOI BEIMUYMHE MOJIO0KUTENbHBIE U OTPHUIIATEIbHbIE
CIIy4aiiHble MOTPEIIHOCTH PABHOBO3MOXHBI, T.€. BCTPEYAIOTCS OJMHAKOBO 4YacTO (CBOWCTBO
CUMMETPUN).

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

UYerepTtoe cBoiicTBO. CpenHee apuMeTHUECKOE W3 CIIyYalWHBIX TOTPEIIHOCTEH M UX
MOMAPHBIX IPOU3BEJIECHUI CTPEMUTBHCS K HYJIIO IPU HEOIPAaHUYEHHOM BO3PACTAHUU 4HCIIA
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 BbIlIe, B pe3yjdbTaTaX M3MEPEHUH HEU30ekKHO colepiKarcs
norpemHocTy. [loaToMy OfHOM M3 3a1a4 TEOPUM MOTPEIIHOCTEN SABISAETCS W3YYEHHE BUAOB U
CBOMCTB MOTPEIIHOCTEN N3MEPEHUI, IPUYHUH UX BOZHUKHOBEHUS.

Jlanee, BBINOJHUB W3MEPEHHUS, BCETJa CTPEMATCA OINPEAEIUTh TOUYHOCTH IOJYyYEHHBIX
pe3ynbTaToB. 1103TOMY B TEOpUHM HMOTPEIIHOCTEM W3MEPEHUM yCTaHABIMBAIOTCS KPUTEPUM AJIS
OLICHKH TOYHOCTH PE€3YJIbTaTOB U3MEPEHUH.



Tak kak pe3ynabTaTbl U3MEPEHUU BCIIEACTBUE BIIUSHUS IOTPEIIHOCTEH Pa3HATCS MEXIY
coOOi, TO BO3HMKAeT 3ajadya OTbICKaHMA HauOojiee TOYHOIO IO BEPOSTHOCTH 3HAYECHUS
OIpEEIAEMON BEIMYHMHBI U3 PE3yJIbTaTOB MHOTOKPATHBIX €€ U3MEPECHMI.

Bo MHOrux ciydasx reone3M4eckod NMPaKTUKH II0 pe3yJbTaTaM M3MEPEHUN BBIYMCIISIOT
JIpyrue MHTEPECYIOIHUE Hac BeanyuHbl. Hanpumep, nu3MepuB CTOPOHY TPEYrOJIbHUKA U JBA €TI0
yIJ1a, MO>KHO 110 U3BECTHBIM (hOpMyJ1aM BBIUMCIIUTH TPETUH YTOJI U JBE APYTUe CTOPOHBL. B Takux
ClIydasix pe3yJbTaThl BBIYMCICHUN SABISIOTCS (PYHKIMSIMHU U3MEPEHHBIX BenuurH. [1o ykazaHHOH
IpUYMHE, Nepel] TeOpUed IMOrpelIHOCTed BO3HMKAET 3ajaya, IO OLEHKE TOYHOCTH (YHKLUH
U3MEPECHHBIX BEIMYHH.

IIepeuncieHHble 3a1a4n, KOTOPBIE PELIAIOTCS TEOPUEN OTPEIIHOCTEN U3MEPEHUN, 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 U3MEPEHU MPUOOPbI M MHCTPYMEHTBI, pACCUUTATh 0XXHUIAEMYIO
TOYHOCTh M3MEPEHH W OKOHYATEIBHOTO pe3yNbTaTa, MPaBWIBHO BBIOpATh METOJ 00pabOTKU
PE3yJIbTaTOB U3MEPEHUH.

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

umepeHuil 00HOIU U Mol HHce 6eTUUUHDBL

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

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

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

=X ©)

n n

BaeneMm 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 CEepeuHbl OT HWCTUHHOTO (TOYHOTO) 3HaueHus 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 pasHoOmoOYHbIX USMEPEHUIL.
Cpeonaa keaopamuueckan nOZpeuwtHocmy pe3yibmama omoeabH0o20 UISMEPEHUSL.
Ilpeoenvnasn u omuocumensvnasa nozpewiHocmu

B kadecTBe KpuTepHs NpU OLEHKE TOYHOCTH PE3YJbTATOB T'E€OJIC3NYCCKUX H3MEPCHHI
npunsata npemioxenHas K.®. ['ayccom cpednss 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 Ul JAaHHOIO psjla M3MepeHui. B kauecTBe mnpenenbHOU
MOTPEIIHOCTH B T'€0/IE3UH PUHUMAIOT YJIBOCHHYIO CPEHIOI0 KBAIPATUYECKYIO MOTPEITHOCTh

Anpebz 2m (11)

Ecniu B psay ciaydallHbIX TOTPEIIHOCTEH pPE3yJbTaTOB PABHOTOYHBIX HW3MEpPEHUU
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 Uil CyKIE€HHUS O TOYHOCTH W3MEPEHHMI HENOCTATOYHO 3HAHMS JIMILb
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;

L 3 =500 .m c morpemHOCTRIO M3 =% 0,29 M.

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

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

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

I, 500 500:0,29 1700

CpaBHuBas qpoOu, BUTUM, YTO TPEThE U3MEPEHUE SBIIICTCS CAMBIM TOUHBIM.
B 3nauenuu abéconommnoii eenuuunsvt cpeoHeil Keaopamuueckou NnoZPewtHoCmu u 8
3HaAmMeHamesnle OMHOCUMENbHOU NOZPEeUIHOCIU clledyem Yoepicueams O0ée-mpu 3Havaujue

uugpol.



1.4.3 Bepoamueituiue nozpeutnocmu

®opmyna (10) K.®. INaycca nnst cpeaHeil KBaApaTUUECKOW MOTPEIIHOCTH CIpaBeJinBa B
TOM cJIy4ae, KOria pe3yabTaThl | u3MepeHuii CpaBHUBAIOTCS ¢ HICTUHHBIM (TOYHBIM) 3HaYeHHEM X
3TOH BeMMYMHBL. B  OOJBIIMHCTBE CiIydaeB NPAKTUKA TOMOrpado-reoIe3NIeCKux H
MapKIIeHIepckux paboT HCTUHHOE 3HaUeHHEe X M3MEPSeMON BEJIMYUHBI HEU3BECTHO M TIOATOMY
UCTIONB3YIOT BEpOSATHEMIIEee 3HaYeHUEe ero X, ompenensemoe no ¢gopmyne (7). B atom ciydae
CPEIHIOI0  KBAJIPATUYECKYI IOTPEIIHOCTh pe3yjbTaTa OTICIBHOTO HW3MEPEHHUs psja
PAaBHOTOYHBIX U3MEPEHUH ONPEIEIIAIOT 110 BEPOATHEUIIUM ITOIPEIIHOCTSM.

ITycte 14, 12,1 3,...,] o - pe3ynbTaTBl PABHOTOYHBIX M3MEPCHHIA OJHOM U TOH )K€ BEITUYHHBI,

[
X = — - IpocTas apuQmeTHuecKas cepeuHa.

CocTaBuM pa3HOCTH
li — X =7 (13)
rnei=1,23,..,n
N - YUCIIO U3MEPEHU;

0j - BEPOSITHEHIIIME MOTPEIIHOCTU Pe3ysbTaToB |j M3MepeHwuid, T.e. YKIOHEHUS 3HAUCHHI
Ka)XJ0r0 pe3yibTara lj oT mpoctoii apudMeTHIecKoi cepeiHbl, OT BEPOSITHEHIIIETO 3HAYCHHS X
M3MEPSAEMON BEITUYUHBI.

CnoxxuM ypaBHeHus (13) u pa3genum Ha UX YHUCTIO

[ _

7 — X = 7 (14)
[
n
Toraa [v]=0

HO X =

)

(15)
T.€. CyMMa BEpOSITHEHIINUX MOTPEHIHOCTE pe3yabTaTOB PAaBHOTOYHBIX M3MEpPEHUU paBHA
HYJTIO TIPH JTFOOOM YHCIIe U3MEPCHHIA.
CoctaBum paznoctu ypaBHeHwuit (1) u (13)
Ai—vizli—X—li+x (16)

HO, X — X =1 = [A]/n - uctuHHas ciaydaiiHas MOTPENIHOCTh MPOCTOM apUPMETHUCCKON
CepeNMHbI, TOr1a
Ai: V; + n (17)
Boipaxxenue (17) ecTp ypaBHEHHME CBSI3M HCTHMHHBIX M BEPOSTHEHMIIMX MOTrPEUIHOCTEN
PE3yJIBTaTOB PABHOTOYHBIX U3MEPEHUH.
Bo3ssenem ypaBuenus (17) B kBajpaT, CJI0KUM U pa3/ieINM Ha UX YUCIIO

2 _ 2, vl
—=—+n°+2n— (18)

B _ 2 =0 p2= 2

HO — = m*; [v]=0; n =
TOT/1a mzzw_l_ﬁ

(19)

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

n2 n2 nZ [nZ] ;lz ( )

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

mz =2l ™ (21)

n n



NN m- =—-

[v2]
E.

Bripaxkenue (23) sBisieTcst popmynoii beccens nis cpeHen KBaipaTHIECKOH MOTPEITHOCTH
pe3ynbTaTa OTAEIBHOTO U3MEPEHUS PsiJla PABHOTOYHBIX U3MEPEHUI OJTHOM BEJIMYUHBI.

OKOHYATEIIFPHO M =

Ilpakmuueckue pekomenoayuu no 6bI4UCIEHUIO RPOCHON APUPMEMUYECKOUl CePeOUnbl:
1.BeiOuparot npubanxeHHOE 3HaUeHHEe X' TPOCTON apu(PMETHIECKOM CEpPEeTUHBI, B KAUECTBE
KOTOPOTO JIy4Ille BCEro B3sTh HAUMEHBIIIEE U3 pe3ysbTaToB lj u3MepeHwit, ..

x' = li min (24)
2. Haxonat pa3sHoctu
& = li - x'. (25)

3. BBIUKCHSIOT NPOCTYIO apu(PMETHUECKYIO CEPETUHY

_ ol
X=x+— (26)

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

B OonbuinHCTBE CilydaeB IPaKTUKU TONOrpado-reoie3nueckux U MapKIIen1epckux pador
UCKOMBIE BEJTMYMHBI [TOJTy4aroT B Pe3y/IbTaTe BRIYMCICHUH KaK (DYHKIIMU U3MEPEHHBIX BEJINYMH.
[TosryueHHbIE NTPU 3TOM pe3yibTaThl OYAYT COAEpP’KaTh MOTPELIHOCTH, KOTOPbIE 3aBUCAT KaK OT
MOTPENIHOCTENW apryMEeHTOB (M3MEPEHHBIX BEJIMYMH), TaK U OT BUJ1a QYHKIUI.

Bosnukaer 3aa4a O1ieHKM TOYHOCTH  (PYHKIIUN U3MEPEHHBIX apTyMEHTOB.

1.4.4 Cpeonan keadpamuueckan nozpewtHocms QyHKyuu ooueco euoa

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

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

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

Torna

u= f(llﬂ lZ' 13' lk) (28)

- npubmmkeHHoe 3HaueHne Gpynkiuu U.



CocraBuMm pa3HOCTh ypaBHeHul (27) u (28)

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

MOTPEITHOCTRIO QyHKIHH, TpoauddepeHnnpyeM GyHKIuo (28).

+Ldl, + e+ 2L

du=Lal, + o

azl (32)

of af of

a1, al, : al - YaCTHBIC IPOU3BOJHBLIC (1)YHKIII/II/I 10 KAXJI0MY U3 apryMCHTOB.
1

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

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

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

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

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

C yuetom (35) Beipakenue (34) mpumMeT BUI



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

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

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

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

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

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

nJIn

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

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

1.4.5 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
ONPENEIAIOT [0 pPE3yJlbTaraM JIBYKPAaTHBIX pPAaBHOTOYHBIX W3MEPEHHM DOTOH BEIUYMHBL
Hanpumep, ropu3oHTAIBHBIE YIIIBI U3MEPSIIOT ABYMsI TOJIYIPUEMAMU, MPEBBIIIEHUE HA CTAaHIIUU
[IPH T€OMETPUYECKOM HUBEIMPOBAHUU OIPEHEISACTCS 110 YEPHBIM U KPAaCHBIM CTOPOHAM DEEK,
JUIMHBl OTPE3KOB JIMHUM MECTHOCTH HAaXOIAT W3 PE3YJbTATOB HM3MEPEHUM 3TUX 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)



CocTaBuM PA3HOCTH MCXKAY pE3yJibTaTaMU I/I3MepeHI/II71 1 UX UCTUHHBIMU 3HAYCHUAMMU .
li - Li ES Al' (62)

rrei=1,2,3,..,n.
Hatinem paznoctu ypaBHenwuii (62) u (63)

L —1; = A — A (64)
1 0003HAYNM

’

Ai - Ai: di, (65)

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

BoszBenem ypaBHeHus (65) B KBaJipaT, CI0XKUM U pa3esIuM Ha UX YHCIIO

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)

d? dz
=l = 1 (68)

n 2n

IIpy ABOMHBIX pPAaBHOTOUYHBIX M3MEPEHUSAX 3a OKOHYATEIbHOE 3HAUYECHUE 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 Ciydae, eciii pazHocTu 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 PAGHOMOUHBIX

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



my, =2 =05 4 77
lo \/E n-1 ( )
Brruncnenune 3HaueHUs YUCIUTEIS IMMOAKOPCHHOT'O BBIPAKCHUSA MOKHO IIPOKOHTPOJIMPOBATH
o popmyre
d]?

[d?] = [d%] 15

o (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 bopmysl,
IIPUEMOB | U3MEPEHUI BCIIOMOTaTeJIbHbIC
i Pi BBIUMCIICHUS

1 2 3 4 5 6 7
1 32°23 44 |+ 4 16 |-0,6 0,36 1.8°= Bimin
2 “ 0 0 |-46 21,16 2o 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 |+1,4 1,96 4.Bop=32°23 44,6
46
6 + 3 9(-16 2,56
43
7 + 8 64 | +3,4 11,56 5.6=B-Bop.= -0,04
48
8 + 5 25 | +0,4 0,16
45
9 32° 2347 + 7 49 [ +2,4 5,76 6. Vi = Bi — Boup.
Y 42 |233 [-04 46,20 7. Wl=v,+v,+-+
Un




Homepa | Pesynbrarsl & & Ui vi? OcHOBHBIE bopmyIsI,
NPUEMOB | M3MEPEHUI BCIIOMOT'aTeIIbHBIC
i Pi BBIYKCIICHUS
1 2 3 4 5 6 7
) [€]°=1681 Kontpoun:
p 32°23"40 OKOHYATENBHBIA PE3YIIBTAT [v]=6"n
p 32°23 44,56 p=32" 23 44,6 +0,80
B o, 32°237 44,6 )
mp=+24
M = +0,80 mg =

BolunciieHns BBINOJHAT B cnenylomeﬁ nmocJIe10BaTC/JIbHOCTH

1. BpiOuparoT npuOImkeHHOE 3HAa4YeHHE [ MPOCTON apupMETHUYECKOHW CepelrHBbI Kak
HaMMEHBIIIEE U3 PE3YIIbTATOB U3MEPEHUH, T.€. f = fimin. B HaleM nmpuMepe 3To 3HaYEHUE PABHO
p =p =32 23 40 .

2. BBIUUCIAIOT YKIOHEHUS & pPE3YJIbTaTOB H3MEPEHUHl fi OT 3TOro MpHOIMKEHHOTO
smaverms & =5 =B u cymm 7
YMMY 3TUX YKJIOHEHUHN
[el=e1+ &+ +&,.
3. B KosoHKe 4 Ta61.2 BRIMUCIISIOT KBAIPATHI & W HX cymMMmy [7].

4. BBIUUCHSIOT NPOCTYIO apu(METHUECKYIO CepenHY [ - Hanboliee TOUHOE M0 BEPOSATHOCTU
3HAYEHHE U3MEPSEMOTO yria.

5. HaxonsaT BeposTHEWIIME MOTPElIHOCTH U KaK Pa3HOCTU pe3yJbTaTOB OTAEIbHBIX
M3MEPEHHIT K OKPYTIIEHHOTO 3HAYCHHS flowgp., T-€., Vi = P — By UX CyMMY [U] = vy + v, + - +
U, ¢ KoHTponeM [v] =6-n , rae O=f-fop - TOIPELUIHOCTh OKPYIVICHHS CPEIHEro
apu(pMeTHUIECKOTO.

6. B rpade 6 BBIUMCISIOT KBaapaThl BEPOSTHEWIINX MOTPEUTHOCTEN Vi m omx CyMMY
[]?
[V2] =v2 +v3 + -+ v2 cxontponem [v?] = [e2] — —.
7. Tlo ¢opmyne (23) beccenst BBIUMUCISIOT CPEIHION KBaJPaTHYECKYIO MOTIPEIIHOCTh
pe3ynbTaTa KaXa0ro OTASIbHOIO U3MEPEHUS:

8. Tlo dopmyne (44) HAXOIAT CPEIHIO KBAJIPATHYECKYIO TOTPEIIHOCTH IPOCTOM
apuMeTUIECKON CepeTNHBI:

_M

M=7

9. OKOHUATENBHBIN PE3ybTaT 3AMKUCHIBAIOT B BUJIE

ﬁ = Boch. + M.




3ajaya 2. B xaxa0M TpeyrojabHUKE MUKPOTPUAHTYISIIUK (pUC. 1) U3MEPEHO OJMHAKOBO
TOYHO TI0O TPU BHYTPEHHUX TOPHU3OHTAIBHBIX yria (cM. Tabi. 2). BeUHUCIUTH CPEIHION
KBaJJPaTHYECKYIO MOTPEUIHOCTDh PE3Y/IbTaTOB U3MEPEHUI KaXKI0TO OTIENBHOTO yIiia, IPUMEHUB

dbopmyny Deppepo:

[w?]

3n’

mﬁz

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

Puc. 1. Cxema cetu MUKpPOTpPHAHTYJIALUN

Tabmanma 2

OO6paboTka pe3ysbTaTOB YITIOBBIX U3MEPEHHUIM B MUKPOTPUAHTYIISILIUM

HOMepa TpeyTOJ'ILHI/IKOB 1 3HAYCHUA I/I3MepeHHHX yFJ'IOB
Ha3zBanus yriios
1 2 3 4 5
A 80° 07,7’ 74° 21,6’ 36°39,2° 39° 17,4 69° 49,6’
Bo 50 58,3 64 355 71 49,6 96 15,8 36 39,2
s 48 53,1 41 01,8 71 32,6 44 26,1 73 32,4
B 179° 59,1° 179°58,9 180°01,4’ 179° 59,3 180° 01,2
wp =Zp-180° -0,9’ -1,17 +14 0,7 +1,2
’ 0,81 1,21 1,96 0,49 1,44
e 0,394 = +0,63’
SN T o

3agaya 3. B T€010IMTHOM X0J1€¢ paBHOTOYHO U3MEPEHO 1 1 TOpU30HTATBHBIX YTIIOB, KaXKIbIH
CO CpeJIHEN KBaJIPAaTUUECKOM MOTPEIIHOCTBIO Mp==0,5". OnpenenuTs CpeIHIo KBaIpaTHYECKYIO

U IIPENEIIBHYIO ITOIPEIIHOCTH CYMMBI O TUX YIJIOB.




HUmeem dpyakmuio u =Y 8 =1+ By + Lz + -+ B11.

u
YacTHble IPOU3BOIHBIE €€ 110 KAXKIOMY U3 apT'yMEHTOB PABHBI B 1.

Torna m, =myz =mgVyn = 0,5V11 = £1,66
U Aypep=2my, = 21,66 =~ £3,3".

3anava 4. 'opu3oHTaNBHEIN yrou S (cM. puc. 2) uzmMeper teo1oautoMm 2T30 ofHuM MOTHBIM
PUEMOM CIIOCOOOM  «IIpHeMOB». OIpenennuTh CPEIHIOK KBAJIPATUYECKYIO IOTPEITHOCTh
cpeaHero apu(METHUECKOro U3 3HAYCHUH pe3ylbTaToB U3MEPEHHUH yriia B MOJyImpHUeMax, eciu
CpedHsisl KBaJpaTHUYECKasi MOTPEITHOCTh OTCUETOB IO JMMOY coctaBwia My==+0,5". Jpyrumu
MOTPEIIHOCTSIMU TIPEeHEOpEYb.

3HaueHHuE yrijia B HoJIynpuemMax BbIUUCIIAIOT 110 (I)OpMYJ'IaMZ

BL=c, —a; Br = Cgr — ag,

rae C ', Cr', aL', 8g' - OTCYETHI MO TOPU3OHTAITBHOMY KPYTy MpU BU3UpOBaHUH HA TOUKK C 1 A
IIpU M0JIOKEHUU BepTHKabHOro Kpyra ciesa (KJI) u cnpasa (KIT).

Puc. 2. Cxema HaOmroaeHuit

BCpOHTHCﬁH.ICC 3HAYCHHUEC T'OPU3OHTAJILHOTI'O YyI'Jia 110 pe3yJibTaTaM, IOJTYUYCHHBIM B KaKIOM
MOJIYIIPpUCME, BBIYUCIIAIOT 110 (pOpMy'J'IC

BL+Pr ¢ —a;+cp—ag 1, 1, 1, 1,
,Bcp_z 2 = > ==§CL—EG,L+ECR—ECLR.

Ha ocnoBanuu gpopmyn (39) — (42) 3anumiem

1\2 1 ,
mﬁ,cp. =my (E) = 0,5 42 = iO,S .

DTy Ke 3a7a4y peluM HHaye.

1. OmnpenenuM CpelHIO  KBAaJPAaTUYECKYI0 MOTPEIIHOCTh PE3YJIbTAaTOB
M3MEPEHUH yIiia, IOIYYEHHBIX B Ka)KIOM MOJIyIIpUEME



mg =mZ+mé, w0 mgy=m;=my=105
Tor/Ia
mg = mO\/E = iO,S’\/E

2. Tlo ¢opmyne (42) BBIUMCIMM CPEIHIOI KBAJPATHUYECKYIO IMOTPEIIHOCTh CPEIHETO
apru(METHUECKOTO 3HAYCHHUS YIIIa, MOJYYCHHOTO U3 Pe3yJbTaToOB B KaXKJOM IHOJIyIpUEME:

m 0,5v2 ,
my, =L _OV2_ oo
PNz W2

3ajaya 5. BblUMCIUTH CpEAHIOI KBAJIpPAaTUUYECKYH0 M IPENEIbHYIO IOTPEIIHOCTH
IPEBBILICHNS], ONPEAEICHHOT0 Ha CTaHLMU IPU I'€OMETPUUYECKOM HUBEIMPOBAHUU IO JBYM
CTOpPOHAM HUBEJIMPHBIX IIAIEYHBIX PEEK, €CIIN:

- 1leHa JelieHus mKanbl pedkun = 10 mm,
- CpenHss KBajpaThyecKas MOTrPEelIHOCTh OTCUETa IO peKe Mo =+ 1 MM.
Jpyrumu norpeuHocTsIMU IpeHeopeyb.

[TpeBbIlIcHUE BEIYHUCIISAIOT TTO PopMysiam:

y y y K K K h* + h*
h'=a'=b% h=a"=b" hy =———

rac a”, b* - orcuers! o YCPHBIM CTOPOHAM PECK, YCTAHABJIMBACMbIX B 3agHel u nepez[Heﬁ
TOYKaX HUBCIHUPHOI'O X0OJa,

K

a“, b - To ke, MO0 KPACHBIM CTOPOHAM pEEK.
[Tepenumem mocieaH00 GOpMyITy B BUIE

,o_@mbihe bt 1 11 1
p. = 2 T4 TR Ta TR

Cornacno hopmynam (41) — (44) umeem

1\° 1
Mpep, = My (E) = 1um 4Z = +1um;

Ahnpea. = 2Mypp, = T2, M.

3amada 6. BeIYMCINTB CPETHIOK KBAAPATHYECKYIO OTPEHIHOCTD PE3yJIbTaTa ONpeIeaeHus
IPEBBIILIEHHS CIIOCOOOM TPUTOHOMETPUYECKOTO HUBETUPOBAHMSI, €CJIM MTPEBHIIIEHNE BBIYUCICHO
1o ¢opmyie

h=h'+i—1, (80)

rie h'=dtanv, d = 153,84 M — TOpH30HTAIBHOE MPOJOKEHNWE JTUHHH MECTHOCTH,
M3MEPEHHOE C OTHOCUTENBHOM morpemHocThio 1:2000, v = + 313 - YTOJl HaKJIOHA JIMHUHU
BU3HMPOBAHUS, H3MEPEHHBIN CO CpeIHEH KBaAPaTUIECKOM MOTPenHOCThIO My = +0,5', 1= 1,47 M —
BBICOTA MPpUOOpa (TEOI0NMHTA), U3MEPEHHAS C MOrpemHOCTRI0 M; = £ 0,002 M.

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



2. OnpenenuM yacTHble Mpou3BoAHBIE (yHKIMK (78) MO KaXaAOMy U3 apryMEHTOB:
oh _ o, 0 0h__d oh_ g oh_ 4
ad v (cosv)2’ ai ’ al '

3. Ha ocHoBanuu dhopmyisl (38) 3anuiiem

my, = [(mg-tanv)? + (Ly + m? + m?
h d p - (cosv)? L L
e p = 206265 =3437,75 = 57,2958’ - pazuan.
4. C yuetom Ma _ ;; my = 4 _ 1381 +0,077 m
d 2000 2000 2000
BBIYNCIIUM

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

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

2.

3anauva 7. B tpeyronbauke ABC (puc.3 ) paBHOTOUHO U3MEpEHBI TPU yIiia f5, a, y U CTOpOHA
AB = ¢. Onpenenutb JUIMHBI CTOPOH & M D, CpeiHUEe KBaJpaTHUYECKHE W OTHOCHTEIbHBIC
MOTPEIIHOCTH 3TUX CTOPOH, €CJIM: CPEIHUE KBAJPAaTHUYCCKUE MOTPEHIHOCTH Pe3yJIbTaToOB
U3MEPEHUI YIIOB paBHBI Mg = M, = m, ==0,5'; OTHOCHTENbHAA MOTPEIIHOCTh PE3yabTaTa
U3MEpPEHUS CTOPOHBI C coctaBmia M : ¢=1:2000.

Puc. 3. K pemennro TpeyroipHuKa

I/ICXO)]HBIG JaHHBIC, PE3YJIbTaThbl BBIUHCIICHUH U OIICHKA TOYHOCTHU NMPUBCIACHELI B Tabm. 3.

Tabnuua 3
Pemenne TpeyrojpHuKa
Ne Pesynb- ITo- VYpas- Cunycsl JlnHel
BEp- TaThl W3- npas- HEHHBIE yTJIOB CTOPOH Mg, mq
IIMH MepeHHi KU YTJIbI d, m MM d
YIJjoB U/;
C(y) 58 14,7 02 | 58145 [0,85028 156,82 78 1:2000
B () 62 52,1 0,2 |62519 0,88993 164,13 84 1:1950
A (a) 58 53,9 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
w +0,7 W ,
Vg = -3 = -0,2




OcHoBHBIE (OPMYITBI:

(o4 .
a=—-sina;
siny
Inb =

c .
b —msmﬂ,
Inc —Insiny + Insin g,
Ina=Inc—Insiny +Insina.

Hpoambq)epeﬂuﬂpyeM ypaBHeHus (82) u (83):

da dc cosy day

a c siny p

__dc
b [

cosy dy cos/? d/?
siny p sinff p

cosa da

sina p’

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

mp
(%
Mq
(%

3438

my

3438

2

)+

(%) = (o) + (0619
b/ ~\2000

mp

2b ~ 1950’
mg 2 ( 1 ) ( 0,
—) =(—— 19 ——
(cl) 2000 0,619

mg 1 _

a 1940’

mg

= 10,081 .

3amaua 8. OnpenenuTs CpeTHUE KBAAPATUUECKUE TTOTPEIIHOCTH
pEe3yNbTaTOB OTAEIBHBIX U3MEPEHHIA;
CcpeaHuX apu(pMETHUYECKHX 3HAYEHHH M3 pe3ylbTaToOB JABOWHBIX PaBHOTOUYHBIX
M3MEpEeHUl IJIMH CTOPOH T€OJ0IUTHOTO X014,
OTHOCHUTECIIBHBIC MOTPCHIIHOCTH 3TUX CTOPOH.
Hcxonnbie naHHBIE U MaTeMaTHyecKas 00paboTKa pe3ybTaTOB U3MEPEHHM MPeCTaBICHBI

0,512 05)2
3438

0,603 05 )
3438

2

)2 = (%)2 + (ctg y?)z + (ctg ﬁ%)z;
)2 = (%)2 + (ctg y%)z + (ctg a%)z.
[ToncraBisis yncieHHble 3HaYeHUsI B ypaBHEeHU (86) u (87), mosryunm:

)

= 40,084 x;

2

Y,

1950

2

S

1940

(81)

(82)
(83)

(84)

(85)

(86)
(87)

B Tao1. 4.
Tabmuma 4
O1eHKa TOYHOCTH Pe3yIbTaTOB IBOMHBIX PABHOTOUHBIX U3MEPEHUN
Pe3ynbrarst

2z I npavo | o6parno Mo M v
1 2 3 4 5 6 7 8 9
1 145,65 145,74 145695 |- 9 81 |-45 20,25 1:4900
2 156,09 156,09 156,090 0 0 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, lcm [ 1= |[-27 [307 | 0,0 18550 | 0=

-4,5¢cMm
m; = +4,3cm I[d]| 27 KonTpos :

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

O06paboTKy pe3yabTaTOB U3MEPEHU BBIIOJIHAIOT B CIIEIYIOIICH MOCIE0BATEILHOCTH.

1. B xomonku 2 u 3 Tabnuubl 4 BBIIMCHIBAIOT W3 IOJEBBIX JKYPHAJIOB Pe3yibTarhl |
U3MEPEHHI UTMH CTOPOH.

2. Beruncnstor cpennue apudmerndeckue 3HadeHus (| o) u3 pesymbraros | m3mepenuit
Ka)KJ0W CTOPOHBI B IPSMOM M 0OpaTHOM HaIpaBJICHUSX:

_ lnp}mo + lo6pamH0
Ly = > :

¥l 3aIHCBIBAIOT UX B rpady 4.

3. Haxomar pasnocta d = 1,500 = Logpamno (TPada 5) n ux cymmy
[d] =d; +d; +d3 + -+ d.

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

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

VcaoBre HE BBIMOIHEHO, 3HAYMT OIEHKY TOYHOCTH PE3YJIbTATOB H3MEPEHH CIieIyeT
BBINIOJHATH 110 popmyiam (73) — (75).

5. BBIYHCSIOT BETUYNHY CHCTEMATHUECKOW MOTPEITHOCTH pa3HOCTeH d:

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

MOTPENIHOCTH 6.

7. KBagpatsl pazHocrel d?, ux cymmy [ d'? ] zanocsr B rpady 8, KOHTPOIUPYS 3HAYCHHE
CYMMBI IO (hopmyIie

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

8. ITo popmymam (73) — (75) BEIUKCASAIOT CpeAHUE KBAIPATUIECKUE MTOTPEITHOCTH:

- pa3HOCTEW pPe3yJabTaTOB JBOMHBIX PABHOTOYHBIX U3MEPEHUN

_ |laz _18s50 _ .
B P

- pe3yJbTaTOB OTAEIbHBIX U3MEPEHHI

m d? 6,1
d [d”] =—=+443cu;

“VZ 2D V2

my




- cpemHUX apu(METHYECKUX 3HAYCHUH W3 PEe3yJNbTaTOB JBOWHBIX
PABHOTOYHBIX U3MEPEHUMN
m, 4,3 430
Mycp, = —== = 13,0 cm.
V2 V2

9. B rpade 9 3anuchIBarOT OTHOCHUTEIbHBIC MOTPEIIHOCTH PE3yJIbTATOB H3MEPCHHIA,
BBIUKCIISIEMBIE TIO (hopMyIie

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

3amaya 9. B TeoqonuTHOM XO0/€ PaBHO TOYHO M3MEPEHO CEMb TOPU3OHTAIBHBIX YTJIOB
JBYMsI TTOJTYIIPHEMAMH KaXKIBIA U IMOJIYYCHBI Pe3YJIbTAaThl 3TUX M3MEPEHUH Lriu P, Tae Pri—
3HAYECHUS YIVIOB, IIOJYYECHHBIX B IIEPBOM IOJIYIIPUEME — IPHU IIOJI0KEHUH BEPTUKAIBHOIO Kpyra
teonosuta crpasa (KII); fL; — 3HA4YeHHUs YIIIOB, MOJYYCHHBIX BO BTOPOM IOJIYIPHEME — IIPH
MOJIOXKCHUH BEPTHKAJILHOTO Kpyra Teogosuta ciesa (KJI); i1 =1, 2, 3,..., n - HOMepa yriioB U ux
YHUCIIO.

Onpenenuts cpeiHUEe KBaIpaTUUECKUE OTPEIIHOCTHU
Mg — pE3yabTATOB U3MEPEHUH YIJIOB B IIOJIYIIPUEMAX;

Mp.cp.- CPEAHUX apUPMETUYECKHX 3HAUCHUI! YITI0B B IIpHEMax — [0 Pa3HOCTSAM PE3y/IbTaTOB
JIBOMHBIX paBHOTOYHBIX U3MEPEHHH YITIOB B oTynpuemax. Penienue npeacrasieHo B Tadbuune S.
Bbruncienys BBIIOJIHAIOT B IIOCJIE0BATEIbHOCTH, YKa3aHHOW Ul IPEABIAYILEH 3aJauH.

Tabmuua 5

OI_IGHKa TOYHOCTH PE3YJIbTATOB UBMCPCHUA TOPU30OHTAJIbHBIX YIJIOB

Pesynbrarel uzmMmepenuit OcHoBHBIE HOPMYITBI U
S ) BCIIOMOTAaTENIbHBIC
= | I di= d; BBIYMCIIEHUS
>
o -
2 HOJIyIpuemM MOJTyIIpUEM =fr— L
S
- Pr BL
1 2 3 4 5 6
1 179'56,9 179'56,2 +0,6 0,36 | 1. Vciosue:
2 179 58,1 179 58,9 -0,8 0,64 |[d]] <0,25-[|d]|]
3 180 01,2 180 00,4 +0,8 0,64 | 1,0'=0,25-4,0'
4 180 08,5 180 08,0 +0,5 0,25 | 2.
5 179 46,9 179474 -0,5 025 | . _ [[€8]_ |254
F= | 2n 14
6 202 37,8 202 38,0 -0,2 0,04
=,/0,181
7 179'43,4 179'42,8 +0,6 0,36 = 10,43’
mg ==+ 0,43 [ 1=2 +1,0 2,54 | 3.
_Mp _ '
M. = % 0,30 |[d]] +1,0 Mpcp. = 5 = 0,30
[1d]] +4,0




1.5 HepaBHOTOYHBbIE H3MepPeHUSA

1.5.1 Obwan apugpmemuueckasn cepeouna. Beca pezynomamoe uzmepenuii

[Tycth umeetcst pusmdeckasi BeTUIUHA (YroJI, OTPE30K JIMHUM, MPEBBIMICHUE U T.I1.), TOYHOE
(MCTHHHOE) 3HaueHHe KOTOpod paBHO X. OTa BenMYMHAa H3MepeHa paBHOTO4HO N pa3s
HECKOJIbKUMU CEPUSIMU U IMOJYYEHBI PE3YIIbTATHI Ij('), 3THUX U3MepeHuid. 3nech | = 1, 2, 3,..., K -
HOMeEpa CepHii H3MEPEHHIA ¥ UX YKCiIo; =1, 2, 3,..., Nj — HOMepa U3MEPEHH B KXKI0H CEPUU U UX
YHCIIO.

[IpriMeM, YTO YKCIIO U3MEPEHHIA Nj B KAXKI0H CEPHH HEOJMHAKOBO, T.€.
ng # Ny #F N3 # -+ + Ny. (88)

O0603HauUM CpEIHIOI KBAJPAaTHUECKYI MOTPEIIHOCTh PE3yIbTaTOB Ij(l) PaBHOTOYHBIX
u3MepeHuil yepes 4. B kaxkaol cepuu MOXKHO ONpeAeauTbh Haubosee TOYHOE IO BEPOSATHOCTU
3HaYeHHe pe3yabTaTa Xj, Kak cpenHee apu(METHUYECKOe H3 Ppe3ylbTaToB Ij(l) PaBHOTOYHBIX
A3MEPEHUM:

l§1)+l§1)+l§1)+~~+lgl) )
X1 = n ;
v = lgz)+l§2)+l§2)+---+l,(fz)_
2 - v (89)
L
X =

Nk i,
n ux CpeI[Hl/Ie KBaI[paTI/I‘-IeCKI/IC HOTpeHIHOCTH

— k. — k. I -+
ml—\/n_l, m, N ms Nt ; My Ny (90)

BeanuuHbl Xi - PE3yIbTaTbl HEPABHOTOYHBIX HBMCPCHHﬁ, IJIsL KOTOPBIX
m1 ¢m2 ¢m3 ¢¢mk (91)

no ycinoButo (88). Bo3Hukaer 3aaya, Kak 1Mo pe3yibTaTaM Xj HpaBHOTOUHBIX U3MEpPEHUIt
HaiiTu HanboJiee TOUHOE TI0 BEPOSITHOCTH 3HAUEHUE U3MEPSAEMOM BETUUUHBI Xo.

Tak kak Ij(l) - pe3yabTaThl paBHOTOYHBIX M3MEpPEHH, TO BeposTHeee 3HaueHne Xo U3
ATUX PE3yIbTaTOB PABHO

141+t P P+t D10 4100 ()

0= ny+ny+ng+e+ny )
B cBoto ouepenp,
(D410 41D o 1D = xy oy
1@ 1@ @ 4t 15122) =X, * Ny; (93)

lgk) + lgk) + lgk) + ot lg? =X le;J

C yuetrom (93) paBenctBo (92) nepemnuiiieM B BUJIE



XO — xl-n1+x2-n2+x3-n3+~~~+xk-nk (94)
n1+n2+n3+-~-nk
O603HauuB ny +n, +nzg+--+n, =N,
(95)
[1OJIy4YUM
_ byl _ [yl
Xo = o = il (96)

W3 Beipaxkenuss (90) Buaum, 4yTO

Ny =5, N =5, Mg = . ®7

2 2 2
x1”2+x2 >+ +xk%
— 1 2 k
Xo R a—— (98)
_+_+...+_
2 2 2
mpy m3 k
Bennunnbt
2
u
2 = Di (99)
m;
HA3bIBAIOT 8ecamu Pe3ylbTaTOB X; HEPaBHOTOYHBIX H3MEPEHUH.
C yuetom (99) BeIpaxkenue (98) mnpumer BUL
X1 P1+X2 P2t +xkP _ [px] Z{-‘:l Xi'Pi
Xy = = = (100)

p1+p2++Dk [p] T pi

Bemuuuny Xp , Berauciasemyto no dopmyne (100) Ha3wIBalOT obwell apugmemuueckori
cepeOuHol, CpeOHUM 8eCOBbIM, NN CPeOHeB36eUleHHbIM 3HAYeHUeM OTIPEIeIsieMON BETUYUHBI U3
pe3yNbTaTOB HEPABHOTOUYHBIX U3MEPEHUH.

Benmuunna o6mieii apudmMeTnueckon cepeMHbl He U3MEHUTCS, €CJIM BCE BeCa M3MEHHUTH B
OJIMHAKOBOE YHUCJIO pa3. DTHUM CBOWCTBOM CIIEIYET MOIb30BATHCS ISl YIPOUIEHUSI BBIUMCICHUMN.
Ha npaktuke o6myro apudMeTnyeckyro cepeIMHy Jaile BCETo BRIUUCISIOT M0 hopMylie

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

KOTOpasd MoJrydeHa U3 CICAYIOIUX paCCYX(HCHHﬁ.

B psany pe3yabTaToB Xj HEpaBHOTOUYHBIX U3MEPEHUH BbIOEpEM HauMEHBIIHH 110 a0COIIOTHOMN
BEJIMYMHE U MIPUMEM €ro B KauecTBE MPUOIMKEHHOTO 3HAYEHHSI HCKOMOM BETMYHHBI, T.€.

x' = Ximin- (102)
O06pazyeM pa3HOCTH
& =X —X. (103)
VMHOKHIB 06€ YaCTH 3TOr0 PAaBEHCTBA HAa COOTBETCTBYIOIINE BECa i , HONYUNM
i & =Di" X — P X. (104)

Haiinem cymmy ypaBuenuii (102) u pazaenum ee Ha [ Pi ]



el _ pexid (105)

[pixi] _
Ho Pl Ko

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

1.5.2 Cpeonas keaopamuuecKkan noZpeuiHoOCHb eOUHUYbL 8eCa

Ha ocHoBanuu ¢opmyiisl (99) MOXKHO cenaTh BBIBOJI, UTO Beca Pe3yIbTaTOB U3MEPEHUN —
MOJIOKUTEIbHBIE YHCIIa, OOpaTHO MPOIMOPLUUOHAIBHBIE KBagpaTaM CPEAHHX KBAJAPATHUYCCKHX
MOTPEITHOCTEH ITUX PE3YTbTATOB.

IIycts B psimy pe3yiabTaTOB U3MEPEHHH Xj CYyLIECTBYET Takoil Xj , BEC KOTOPOrO paBeH
enuHuue, T.. Pj = L.

Torna
p? 2 _

p=L u pr=mk p=m, (106)

2
m;

Benuunny g = m; HaswBaIOT cpednell K6aOpamuuecKol NoZpeuwHoCmoblo eOUuHUYbl 6eca
WIA CpPEIHEH KBAJIPAaTUYECKON IMOTPEIIHOCTHIO pe3ysbTara H3MEpPEHHs, BEC KOTOPOIO paBeH
CIMHUIIE.

U3 Boipaxkenus (99) BUIHO TakKe, UTO

i =mup; (107)
niIn
pr_mb. P _mi  peea _ M
p2 mi’ ps omi’  opk ompy (%)

1.5.3 Cpeonan keadpamuueckas nozpeuwtnocms u eec oduieil apughmemuueckoi

cepeounl
HyCTL X1, X2, X3, ... , Xn— pPE3yJbTAaThl HCPABHOTOYHBIX I/I3MepeHI/II71; P1, P2, P3 ..., Pn — BECa
ATUX PE3yIbTaTOB.
Torna
[px] _ p1X1+P2X2+P3X3++DnXn _ P1 D2 P3 Pn

Xo="75= =—=X1t =X+ +Sx3+ Xy
O p] P1+D2+D3++Pn p1™1 " [p17? [p] ™3 [p] ™™
(110)
O0603HauUM [%i] =k;,rme i=1,2,3,...,n C yuerom o6o3nauenuss popmyna (110)

MMPpUMCT BUJ

Xo = k1x1 + kzXz + k3x3 + -+ knxn. (111)



CormacHo ¢ (42) MOXHO 3aIucaTh

M2 =m2, = k2m? + k2m2 + -+ k2m2 = %m% + +%mg +%m§ oo +%mﬁ.
(112)
Ho p;-m} = u? Ttorna
2 2 2 2 2
M2 ="~ Piti [2;)2]‘2" o0 _ u[pgzz)] _ % (113)
nJIn
My = —+— (114)

[pl’

T.€. CPeOHssl KBAOPAMUYECKAsl NOZPEUHOCb 0bujell apupmemuyeckol cepeounsbl paeHa
OMHOHOUWIEHUIO CPeOHell K8AOPAMU4eCKol NOCPEUHOCMU eOUHUYbL 8eCd K KOPHIO K8AOPAMHOMY
U3 CYMMbL 8€CO8 PE3YIbMamos usmepeHuil.

Ha ocuoBanuu popmyn (99) u (114) umeem
2 2

u n
b= M2 - ©?/Ipl = [p] (115)

Taxum 00pazom, sec obwell apughmemuieckoli cepedutsbl pageH Cymme 8eco8 pe3yibmamos
HEPAGHOMOUHBIX USMEPEHUL, U3 KOMOPbIX OHA onpeoeend.

1.5.4 Bviuucnenue cpeoneil keadpamuueckoi nopeuiHoCmu eOuHuybl eca

PaccMoTpuM cnocoObl BBIYMCIIEHUS CpeIHEH KBaJpaTHMUeCKON MOrPElIHOCTH €JUHUIIbI
BECa, IPUMEHSAEMBIE B I'€0JI€3UNUECKON MPAKTUKE.

1. Beoluucnenue u TOpU  YCTAaHOBJIEHHMM BECOB 110 U3BECTHBIM  CpPEAHHUM
KBaJIpaTUYECKHUM MOTPEIIHOCTSM M Pe3yabTaTOB U3MepeHuil. Beca pe3ynbTaToB u3MepeHui
B 9TOM CJIy4ae yCTaHaBIMBAIOT M0 GopmyIie

2
K _ €
Pi= 5= (116)

2
m; m;

B KOTOpOH KO3(P(GUIIMEHT C Ha3HA4YaeTCs ¢ TAKUM PAcuyeTOM, YTOOBI 3HAYECHHS BECOB Pj
ObUTO OJTU3KUM K €IUHUIIE. TOT1a 44 BEIYUCIISIOT U3 BBIPAKCHUS

= (117)

2. Bpluucnenue g o U3BECTHBIM CPETHUM KBaJIpATUYECKUM TOTPEIIHOCTSAM M BecaM
OJIHOPOJHBIX PE3YJIBTATOB U3MEPEHUH BBIMOIHSIOT 110 hopMyIie

[y = [m?m]) (118)

n
rne 1=1,23,...,N; N—4YKUCI0 U3MEPEHUH, /I KOTOPbIX U3BECTHBI M; U ;.
3. BbluncieHne g4 Mo W3BECTHBIM HCTUHHBIM CIIYYailHBIM MOTPEITHOCTSIM A; (YHKIU

M3MCPCHHBIX BEJIMYMH U UX BECaM ;-

y= [l (119)

n



Hcmunnble cayuaitnvle nozpewtnocmu (YHKYUIl pe3yiomamos uamepeHuil Ha3vlearom
Heeaszkamu v 0003HAYAIOT:

a) fﬁ— yrijioBas HEBA3Ka B 3aMKHYTOM MHOI'OYT'OJIBHUKE, BbIYHCIAEMAs 110 (bopMyne

fp = Xi=1 B — 180°(n — 2), (120)
rae N — 9UCiIo BHYTPEHHUX YIJIOB MHOTOYTOJIBHUKA, fi - pe3yJabTaThl H3MEPEHUH YIJIOB;
0) w - yriaoBas HEBS3Ka B TPEYTOJIBHUKE, KOTOPYIO HAXOAT U3 BBIPAKCHHS

w=Y3, B —180°, (121)
rae fi - pe3yibTaThl UBMEPEHU BHYTPEHHUX YIJI0B TPEYTOJIbHUKA;

) fxufy, -HeBA3KM B MpHPAIICHUAX KOOPIUHAT OJIUTOHOMETPHIECKHUX MU TEOJOIUTHBIX
XOJIOB, OIIpeiesIieMbIe TI0 (hopMyIam

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

rae AX u Ay - BBIYMCIICHHBIC TIpUpAIeHUs] KoopauHat, Xy, Yx u X,, Y, - KOOpJIUHATHI
OTIOPHBIX T'€0JIE3MYECKUX MYHKTOB B KOHIIE U HAYaJle X0/1a;

r) f,— BbICOTHAs HEBsI3Ka HUBEIMPHOTO X014, 3HAYECHHE KOTOPOM BBIYUCIIIOT 110 (hopmyIie
fh = Z h — (HK - HH)I (123)

rae h — 3HaueHWs CpeAHHMX MpEeBbIMICHUH Ha cTaHuusax; Hy, Hy - BBICOTHBIC OTMETKH
penepoB B KOHIIE U Hayajle HUBEJIMPHOTO XO/1a.

4. BpluncieHue M 110 BepOHTHeﬁMHM IMOTrpCIIHOCTAM L PE3YJIbTATOB H3MepeHHI>i, T.C. TIO

BHYTpeHHeﬁ CXOOUMOCTH PE3YJIbTATOB

y= |l (124)

n-1"'
roe i=1,2,3,...,n — HOMepa U YKHCIIO U3MEPEHHIA, Pj— Beca pe3yJIbTaToB.
1.5.5 Bviuucnenue ¢ecoe (hynkyuii He3a8UCUMBIX APZYMEHM 08
Nmeem ¢yHKIHIO
F= f(x11x2’x3""’xn) (125)
¥ BECA aPIYMEHTOB Py, Px,s Pxyr " s Py

Ha ocrHoBanuu ¢hopmyssr (39) MOXKHO HanmcaTh

mg = (;—;1)2 mz, + (;—;2)2 mz, + (;—;3)2 m,zc3 + -+ + (:T];)Z mfcn. (126)

Pasjennm 06e 9acTH 9TOro paBeHCTBa Ha |1’

2 2 02 2 02 2 2 2 02
mE _ a_f) My (6_1‘) My (a_f) Mz L (6_f) My
2 (axl =t 2t G =2ttt en) = (127)

=

u
", YHYUTEBIBasA, 4TO pl' == mZ OKOHYATCJIbHO 3allIICM

N



L_ (o)
PF - 6x1

24

Py,

of

axz

+(—)2i+---++

Py,

()
0xn

1

Py,

(128)

1.5.6 Ilopsaook mamemamuueckoit 00padomku pe3yibmamoe HepasHoOmMoYHbIX
usmepenHui

3amaga 10. Ilycte, 1t onpenesieHuss BbICOTHI TpyHTOBOro pernepa Ne29 (cm.puc. 4) or
dbyamameHTaIbHBIX periepoB Ne 23 24 wm 43 no ompenenseMoro pemnepa IPOJIOKEHO TPH
HUBEJIMPHBIX X0oAa. TpedyeTcs mo pe3ynbraTaM TpeX HEpaBHOTOYHBIX 3HAYEHUH BBICOTHI pernepa
Ne29 nonyuuts Hanbosiee TOUHOE 3HAUEHHE BBICOTHI 3TOrO pernepa. BrICOThI MCXOHBIX perepoB
cunTaTh 0e30mnO0YHbIMU. McX0IHBIE JaHHBIE U PE3YNIbTAaThl BEIYUCICHHUH MpUBEIeHBI B Ta0d. 6

n.

HWcxonHble naHnHbIe

Tabnuna 6

Homepa xoxoB BroicoTsl penepa Ne 29 Hj, m Yucs10 craHumMi B X04ax N
1 403.895 4
2 403.883 7
3 403.890 5
Puc. 4. Cxema x0006
Tabmauma 7
O6paboTka pe3yIbTaTOB HEPABHOTOYHBIX U3MEPEHHI
Howtep 1?)1;1;2;:1 el B EL B I N e
XOMOB 1 | \ih9 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 1-10,0 70,1
3 403,890 5 2,00 |+7 |+14,0 98,0 0 0,0 0,0
H 403883 |5 593  +19  +440 4580 -2 +25
Ho 4038904 | 1325




Hox 403,890 u==181mm; My=+33mm; my = +2,6 uum;

Hy9 = 403,890+ 0,033 m

) +0,4 MM
OO0paboOTKy pe3y/JabTaTOB HEPABHOTOUHBIX HM3MEPEHHI BBIMOJHSIIOT B  CICAYIOIICH

MOCJIEI0BATEIbHOCTH:
1. B rpade 1 Tabmn. 7 BRIIUCHIBAIOT U3 Ta0JI. 6 HOMEpa HUBEIUPHBIX XOJI0B (CM. pHC. 4), B

rpade 2 — BbICOTHI periepa Ne29, mosrydeHHbIC TTPU POJI0KCHUH HUBEIUPHBIX X0A0B 1, 2, 3.

2. Beibuparor npubnuxenHoe 3HaueHre H BbicoThl peniepa Ne29 kak HauMmenblnee u3 Hi,
T.. H = Hi min, B HameM cinyuae H™ = 403,883 m.

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

4. B uerBepTOii rpade 3anuchiBaloT Beca Pj pe3yabTaToB U3MEPEHUN Ul KaXKJ0ro X0/4a,

BBIUHCIISIEMBIE TIO (hopMyIie
yl
pi = (129)

rae A = 10 - xoaddunmeHT, 3HaYCHUE KOTOPOrOo BBIOMPAIOT TaKUM OO0pPa3oM, YTOOBI

BEJIMYMHBI BECOB OBUIH OJIM3KHMU K CAUHUIIC.

®opmyna (129) nonydyeHa U3 caeAyoOMUX paccyxaeHuil. Cunrtas pe3yabTaThl OIpeIeIeHus
IPEBBICHUST N Ha KaXJ0# J—i CTaHIMM PaBHOTOYHBIMH, IIPUMEM B KauecTBE BECOB j ITHUX

pGSyHLTaTOB qUucJo j,, T.C.
A w 30
Pj = (130)
rac mh — Cpe,[[HHH KBaHpaTI/II‘IeCKaﬂ HOFpeH_IHOCTB OHpeI[eHeHI/DI HpeBLIHICHI/Iﬁ Ha CTaHIIUU.

Beca pe3ynbTaTtoB omnpeeneHusi BBICOTHI perepa Ne29 B KakIoM I-M HHBEIHPHOM XOJIE

PaBHBI
(131)

2
p]_m_lzﬁ

m; = Mu./N; - CPeAHHE KBAJPATUYECKUE MOTPEIIHOCTH OIPEAETICHUS BbICOTHI

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

Ha ocroBanuu ¢popmyn (109) moxxem 3amucaTh

bi Dbi My
—===—,
pn A mj
2 2
mh mh A_
OTKVyIa = A= = ==,
ya bi m? min n

5. VYxionenust & = H; — H' 3aHocsrt B rpady 5 Tabm. 7.
2 _
6. B rpadpbl 6 u 7 3anMchIBalOT IPOU3BEACHUS  P;€;, Di&; = Pi€i€; M UX CYMMBI.

7. Ilo dopmyne (101) BeruuCISIIOT HanbOOJIEE TOYHOE MO BEPOSTHOCTH 3HAYCHHUE BBICOTHI

peniepa No29:

Hy=H,, =H' + [pel = 403,883 + %0 = 403,8904
0 — 29 — [p] - ] 5’93 - ) M.



8. Oro 3HaueHue okpyriasoT Ao 0,001 M. BpUHCISIOT YKIOHEHHMS pe3y/lbTaToOB
ompeneneHuss BBICOTHI periepa Ne29 1o KaxIoMy XOAy OT OKPYIJIEHHOTO 3HA4YeHUs OOIIeH
apu()MeTHIECKOHN cepemunbl, T.€. U; = H; — Hg oy , KOTOPBIE 3aNUCHIBAIOT B TPady 8.

9. B rpadgax 9 u 10 momyyaroT NpousBeNeHHS DU; U P;UF = p;U;v;, HUX CYMMBI C
2
KOHTPOJIEM [pv] = 8[pl; [pv?] = [pe?] — % , tme 8 =Hy—Hyop =+0,4 MM -
HOTPEITHOCTh OKPYTJICHUS 001l apu(METHIECKON CePEHHBIL.

10. ITo popmynam (124) wu (114) BEIUUCTAIOT:

- CPEHIOI0 KBAJIPATUYECKYIO MOTPEUTHOCTh €IMHUIIBI BECa

[pv?] 1326
N—1 2

= 18,1 mMm;

- CPEIHIOI0 KBAPATUYCCKYIO MOTPEITHOCT O0MICH apuMETHISCKON CepeIMHBI

rac N — yucio HHUBCJIMUPHBIX XOO0B.

11. CpenHioro KBagpaTUUECKYI0 TOTPEIIHOCTh OIPEACIICHUs] MPEBBIICHUA HAa Kaxaou
CTAHIIMH HAXOJST U3 BBIPAKCHHUS

n =i= 81 = 42,6 MM
Vi V10
12. Tlo dopmyne my, = \/Lp—i BBIYHUCIIIOT CPEAHUE KBAAPATHUUECKHE IOTPEIIHOCTH
omnpezeneHus BbICOThI periepa Ne29 1o kax10My HUBETUPHOMY X0y
8,1 8,1 )
my, = m = 15,1 MM; my, = m = 16,8 MM; my, = m = 45,8 MMm.

13. OxkoHuaTenbHOE 3HAaUeHHE BBICOTHI pernepa Ne29 3anuchiBalOT B BUIE

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



