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JIner akryaauszanuu padoueil mporpaMmbl

PaGouast mporpamMmma repecMoTpeHa, 00CykaeHa u o100peHa s peanusanuu B 2022 - 2023
y4aeOHOM TOJly Ha 3acefaHuu kKadeapsl ['eonoruu, MapKIeiaepcKkoro 1emaa 1 00orameHus
MOJIC3HBIX MCKOMAeMBIX

[Ipotokom ot 20 . Ne

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

Pabouas nmporpamma nepecMoTpeHa, 0ocyxaeHa u ogodpena st peanmsanuu B 2023 - 2024
yueOHOM rofy Ha 3aceqanuu Kadeapsl ['eonoruu, MapKieiiiepcKkoro aeina u 00orameHus
MOJIE3HBIX HCKOMAeMbIX

[Ipotokom ot 20 r. Ne

3aB. kadenpoii N.A. I'puminn

Pabouas nmporpamma nepecMoTpeHa, 00cyxaeHa u ogodpena st peanmsanuu B 2024 - 2025
yueOHOM roy Ha 3acefaHuu kadeapsl ['eonoruu, MapKiieiaepckoro eia u 00orameHus
TIOJIE3HBIX MCKOIIAEMBIX

IIporokomor 20 1. Ne

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

Pabouas nporpamma nepecmotpena, o0cyxieHa u ogoopena s peanuszanuu B 2025 - 2026
yueOHOM roy Ha 3aceqanuu Kadeapsl ['eomoruu, MapKieiaepckoro aena u 00orameHus
MOJIC3HBIX HCKOMAeMbIX

IIporokomor 20 1. Ne

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

Pabouas mporpamma nepecmMoTpeHa, o0cyxaeHa u ogoopena st peanuszanuu B 2026 - 2027
y4aeOHOM TOoJly Ha 3acefaHuu kadeapsl ['eonoruu, MapKIienaepCeKoro jaena u o0orameHus
MOJIE3HBIX NCKOMAeMbIX

[Ipotokom ot 20 . Ne

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

Pabouast nporpamMmmMa nepecMoTpeHa, o0Cyx1eHa 1 0100peHa i peanusauuu B 2027 - 2028
y4aeOHOM TOJly Ha 3acefaHuu kadeapsl ['eonoruu, MapKIeiaepckoro 1emia 1 00orameHus
MOJIE3HBIX NCKOMAEMBIX

IIporokom ot 20 . Ne

3aB. kadeapoii N.A. T'putiiun




1 Iles1u ocBOEHUS TN CHMILTHHBI (MOYJI51)

Js TOPHOTrO HMH)KEHEepa-MapKuenaepa aHau3 TOYHOCTHU
MAapKIIEHIEPCKO-TEOIC3UUECKUX HM3MEPEHUM SIBISETCS Ba)XKHEWIEW W3 JUCHUIUIMH. BoBpewms
BBISIBJICHHBIE OIMUOKU TPU MapKIIEHISPCKUX H3MEPEHUSX M MPABUIBHO 3alPOCKTUPOBAHHBIC
MapKIIeHIEpCKUEe CETH SIBISIOTCS OJHOW M3 MPEANOCHUIOK palMOHAIbHOW M 0Oe30IacHOiM
pa3pabOTKU MECTOPOKICHUS.

Lenbto mpenogaBaHusl AUCUUIUIMHBI SBISETCS (OPMUPOBAHUE Y CTYAECHTOB MPOYHBIX
3HaHUH 00 aHaiM3e M OIEHKE TOYHOCTH pPe3yJIbTaTOB MAapKIICHIEPCKO-TE0IE3NIECKUX
W3MEPEHUIl, IPUBUTHS HABBIKOB BBIMOJTHEHUSI HEOOXOAUMBIX BHIUHCICHHIA.

2 MecTo TMCUMIIMHBI (MO1YJIsI) B CTPYKTYpe 00pa3oBaTe/bHOil IPOrpaMMbl

JucuumnnuHa AHanu3 TOYHOCTH MapKIIEHIEpCKUX padoT pe3yIbTaToB BXOAUT B 6a30BYIO
4acTh y4eOHOTO T1aHa 00pa30BaTENbHON MPOTPAMMBI.

Jis  u3ydeHus  AMCUMIUIMHBI  HEOOXOAMMBI  3HAHUS  (YyMEHHMs,  BJaJCHUsA),
c(OpMHUPOBAHHBIC B PE3YIIbTATE U3YUCHHS JUCITUTUTUH/ IPAKTUK:

Marematuka

['eone3us n mapkuieiepus

HNudopmatuka

®usuka

HauepraTenbHas reomeTpusi, UHKEHEpHask U KOMIIbIOTEpHAs rpaduka

3HaHus (YMEHHUs, BIAJEHUS), MOTYYCHHbIE IPU U3yYECHUHN AAHHON AUCLHUILIIMHBI OyayT
HEOOXOIUMBI JIJISl U3YYCHHSI UCIIUILTNH/TIPAKTHK:

KommiekcHoe ucnosbp3oBaHue NPUPOIHBIX PECYPCOB

Mapxkiueiinepckoe obecrieueHue 6€30MacHOCTH BeICHHUS TOPHBIX paboT

3 Komnerenuun odyyarouierocs, popMupyemMbie B pe3y/ibTaTe 0CBOEHUS

AUCHUILUIMHBI (MOAYJI5) ¥ IJIAHUPYEMBbIe Pe3yIbTAThI 00y4eHH s

B pesynbrate 0cBO€HHS NUCHUILIUHBI (MOIYNS) «AHAIU3 TOYHOCTH MApKIIEHIEPCKUX
paboTty» o0yuaromuiics J0JKEH 001a1aTh CIeAYIOIUMUA KOMITETEHIIUSMH:

CtpyKTypHBII [Inanupyemsble pe3ynbTaThl 00y4eHUs
JJIEMEHT
KOMIIETEHIIMH
[TK-1 CriocoGeH BBINOTHATh MHKEHEPHO-TE0Ie3NUECKNEe U3bICKaHUS, IJITAHUPOBATh pa3BUTHE
TOPHBIX paboT, OCYILECTBIATh MapKILIEHAEPCKUI KOHTPOJIb COCTOSIHUSA FOPHBIX BBIPAOOTOK,

CocraBnsier IMPOCKTHI MPOU3BOJACTBA MameeﬁHepCKHX n TCOACINICCKUX

IK-1.1
paloT, OCYLIECTBIISAET KOHTPOJIb 32 BHIIOJHEHUEM U3BICKATEIIbCKUX PadoT
IK-1.2 [Inanupyer pa3BUTHE TOPHBIX PabOT W KOHTPOJIUPYET COOTBETCTBHE
' (haKTUYECKOT0 pa3BUTHSI TOPHBIX pabOT MPOEKTaM U KaJeHIapHbIM IIaHaM
MK-1.3 OO60CHOBBIBAET U UCIOJIB3YET METO/IbI FTE€OMETPHU3ALMU U IPOrHOZUPOBAHUS
' pa3MelIeHMs MoKa3aTeneil MECTOPOXKIEHUS B IPOCTPAHCTBE
[K-1.4 AHanmu3upyer ¥ THUIH3UPYET YCJIOBUS pPa3pabOTKH MECTOPOXKIECHHM

IIOJIE3HBIX UCKOIIAEMBIX IS UX KOMIIJIEKCHOI'O UCIIOJb30BaHMs, BBIITOJIHACT

[TK-2 cniocoGeH BBIMOMHATH MapKIIEH1epCKO-Te0/1e3ndecKre paboThl, ONPEAEIIATh
MIPOCTPAHCTBEHHO-BPEMEHHBIE XapaKTEPUCTUKU COCTOSIHUSI 36MHON TOBEPXHOCTH U HEJP,
TOPHO-TEXHUYECKHX CUCTEM, MOA3EMHBIX U HA3€MHBIX COOPYKEHHI U 0TOOpakaTh HH(OPMAIIHIO
B COOTBETCTBUU JIEUCTBYIOIIMMH HOPMATHBHBIMU TOKYMEHTAMHU

[TK-2.1 KCIIONB3YET 3aKOHBI U MHBIE HOPMATUBHBIE MPABOBbIC aKThl B 00J1aCTH
TeOJIOTHYECKOTO U3yUEHHUsI, UCTIOIH30BaHUS U OXPaHbI HEJP U OKPYKAIOIIEH
Cpelibl; HOPMAaTUBHBIE PABOBHIE aKThI, PYKOBOSIINE, METOUYECKUE U
HOPMAaTHBHBIE MaTEPUAJIbI, KaCalOMUecs AeATeIbHOCTH MapKIIeH1epCKOM
CITYKOBI




[1K-2.2 OCYILECTBIISIET HEOOXOAMMbIE MapKILEHIepCKie KaMepaIbHbIC U MOJICBbIE
paboThI, 0OPMIISIET TPON3BOICTBEHHYIO IOKYMEHTAIMIO M OTYETHOCTD

I1K-2.3 HCIIONB3YET TeOnH()OPMAIIMOHHBIE CHCTEMBI JIJISI BHITTOTHEHUS
MapKIIen1epckux padboT

[1K-2.4 yCTaHABJIMBAET MIPUTOTHOCTh T'€OIC3UNIECKOT0 000PYIOBaHHS U IIPUOOPOB K
pabote

I1K-3 criocoOeH opraHnu30BBIBaTh ACATEILHOCTD MOAPA3ICICHUN 110 MapKIICHACPCKOMY
00ecreyeHNI0 HEIPOII0JIb30BAHUS

[1K-3.1 pa3zpabaThIBaeT U JOBOAMT JIO UCIIOJIHUTENIEH HAps/Ibl U 3aJIaHUS Ha
BBIIOJIHEHNE MapKILEHAepCKUX padoT

[1K-3.2 OCYILIECTBIISICT KOHTPOJIb KauecTBa paboT U o0ecrieunBaeT NpaBUIbHOCTh UX
BBITTOJTHEHUS MCTIOIHUTEIISIMU




4. CTpyKTypa, 00bEM U coep:KkaHue TUCHUIINHBI (MOAYJIsA)
OO0mmast TpyI0eMKOCTh AUCIHILTUHBI cocTaBiseT 3 3aueTHbIX eauHuin 108 akan. gacos, B ToM

HHUCIIC:

— KOHTaKTHas paboTa — 55 akaJ. 4acos:

— ayauTopHas — 54 akaJ. 4acos;

— BHeaynuTopHas — 1 akaj. yacoB

— caMmocTosTeapHas padboTa — 53 akajl. yacos.

AynuropHas s s
o | xomraxrHas pabora E = dopMma TeKyILEro
=
=] o By, KOHTPOJIA
Paszen/ Tema 3 (B axaz. yacax) £ A y P Kon
g 3 ©| caMOCTOSTENBHOM | ycmeBaeMOCTH H
JCIUTLTAHBI b £ = . | xomnerenm
O g £ paboThI POMEXXYTOYHOH
nmab. | mpakrt. | & &
Tek. Z'Q aTTeCcTallu
3aH. 3aH. O =
1. OneHka TOYHOCTH TOJIOKEHUS
MYHKTOB MapKIIeHepcKon
ONIOPHOM CETU
1.1 OOume mNOJOXEHUS.
TTorpemHocT  KOOp-IUHAT
nocieaHen TOYKHU
CBOOOIHOIO Vsyucnue
MOJIU-TOHOMETPHYECKOTO .
P OCHOBHOM 1 Bremomuenne n |I1K-1
X0la B 3aBHCHUMOCTH OT .
JIOTIOTHUTENBHOMN 3almTa IK-2
HOTPELIHOCTH  HU3MEPEHUs 1 6 4 N
JHUTEPATypPhI IO npaktayeckor  [[IK-3
YIJIOB u JUTHH.
JUCIUTIIINHE, paboThl
IlorpemHocTs  MOJOXKEHUS .
o KOHCIIEKTA JICKLIUH
nocieTHen TOYKH
cBOOOTHOTO
TIOJIUTOHOMETPHIECKOTO 7
xozaa
1.2 BausHHE TOTPENIHOCTH
UCXOJTHOTO JAUPEKIIMOHHOTO
yIJia Ha OIIHMOKY MOJOKEHUS Uzyyenue
nocieaHen TOYKHU OCHOBHOM 1 Bemonnenne u  |I1K-1
CBOOOTHOTO xo7a. JOTIOJTHUTENBHOM 3aIuTa -
0 1 4 4 [K-2
ITorpemnocts JUTEPATYPHI 10 npakrtnueckoii  |I1K-3
JTUPEKIUOHHOTO yTiia JF000H THCIHIUINHE, a0O0TEHI
0 6
CTOPOHBI cBOOOTHOTO KOHCIIEKTa JICKIIUH
TIOJIUTOHOMETPHIECKOTO
xozaa




13 Cpennue

KBaJlpaTH4YEeCKHE
MOTPEIIHOCTH  KOOpAMHAT
MOCJIETHETO MyHKTa
MOJIMTOHOMETPUYECKOTO
xoJa npu HaJIU4YUHU
HayaJlbHOM ¥  KOHEYHOU
THPOCTOPOH. CKII
P P Nzydenne
TIOJIOKEHUS MOCJIETHETO .
OCHOBHOU U Boimomaenne n - |T1K-1
IIyHKTa .
JIOTIOJTHUTENIbHOM 3amra [K-2
MOJTMTOHOMETPHUIECKOTO 4 4 N
JUTEPATYPHI 10 npakrideckoit  TIK-3
X0/1a, UMEIOLIETO HECKOJIBKO
JTUCLIUTUINHE, paboThI
rupoctopoH. [lorpemHocts .
KOHCIIEKTa JICKIIUI
TIOJIOKEHUS MOCJIETHETO
IIyHKTa THPOIIOJIUTOHA.
IlorpemHocTts
JTUPEKITHOHHOTO YyTiia 000
CTOPOHBI
MOJIMTOHOMETPUYECKOTO
X0/1a IPY HAJIMYUH TIEPBOH U
MOCIIeTHEH THPOCTOPOH
1.4 CKII xoopaunat nro0oi
BEPIINHBI aBHCHHOTO Wsyuerue
p yp OCHOBHO¥ U Bemonrenne n - |I1K-1
MOJIMTOHOMETPUIECKOTO .
JIOTIOTHUTENBHOMN 3almTa IK-2
xoma. CKII  monoxeHus 4 6 .
o JUTEPATYpPHI IO npaktnueckoir  |TTK-3
nocieHen TOYKHU
JTUCLIUIUINHE, paboThI
CBOOOIHOIO BBITSIHYTOTO o
KOHCIIEKTa JIeKIIUI
PaBHOCTOPOHHETO XOJ1a.
1.5 Hakomnnenne
MOTPEeIIHOCTE B XojAax
FCOI\I/)ICT UYECKOTO u Wsysenue
P OCHOBHOM 1 Boimonmnenne n - |T1K-1
TPUTOHOMETPUIECKOTO .
JIOTIOJTHUTENIbHON 3ammra [K-2
HUBEIHUPOBAHUSI. 2 4 N
o JIUTEpaTypsl 110 npaktuueckor  |I1K-3
Hakomnnenue norpeninocreit
JUCLUIUINHE, paboTbl
B XoJax .
o KOHCIIEKTA JICKIHI
CBETOAAJIBHOMEPHOI
TIOJIMTOHOMETPUH
HWroro no pazaeny 20 22
2. Ilpempacuer mOrpemHOCTH
CMbIKaHUs BCTPCUYHBIX 33.6033
2.1 OO6mue cBegeHus O
cOolikax u ux Wsyuenue
N OCHOBHOM 1 Bemonnenne u  |I1K-1
MapKIIeHepcKoM .
JIOTIOJTHUTENIbHON 3ammra [K-2
obecnieuenun. IIpeapacuer 4 N
o JIUTEPaTypsl 110 npaktuueckord  |I1K-3
MOTPILHOCTH cOoiiku
JUCLUIUINHE, paboTbl
BCTPEYHBIX 3a00eB .
o KOHCIIEKTA JICKIHIA
BBIPa0OTOK OJJHOM IIaXThl
2.2 Tlpeapacuer HecOOMKH
BCT| eqrr)mlllf 3ab0eB  mpH syuerue
P P OCHOBHOU 1 Bomomuenne n  |I1K-1
MIPOBEIEHUU BBIPA0OTKH .
JIOTIOTHUTENBHOMN 3aImTa TIK-2
MEXIy pa3HbIMH IIaXTaMH. 4 4 .
. JUTEPATYPHI 110 npaktuueckoir  |TTK-3
TIpenpacuer HecOo¥ku npu
JUCIUIIIINHE, paboThl
MPOBEICHUH BEPTUKAIBHBIX .
KOHCIIEKTa JIEKIIUI
TOPHBIX BBIPabOTOK
HWroro no pazneny 4 8
3. AHammM3  OpUCHTHPOBAHUS
MIOJI3€MHBIX CeTel
3.1 OpueHnTupoBaHue
MTO/I3€MHBIX pceTef/'Ip yepes Msyuerue
p OCHOBHOM 1 Boimonuenune n - |T1K-1
IITOJIbHU MJIM HAaKJIOHHBIC .
JIOTIOJTHUTENILHON 3ammra IK-2
CTBOJIBL. Tlorpemnocts 4 .
JUTEpaTypHI IO npaktuueckor  |I1K-3
TreOMETPHYECKOTO
JUCLUIUINHE, paboTbl
OpPUEHTUPOBAHUS yepes

OIWH BepTPIKaJ'II:HLIfI CTBOJI

KOHCIIEKTa JICKIUI




3.2 [MorpenHocTh

OpUEHTUPOBAHUS syuenue
p p o OCHOBHOM 1 Bemonnenne n  |I1K-1
MOJ3EMHBIX CeTell uepe3 aBa .
JIOTIOJTHUTENIbHOM 3ammra [IK-2
BEPTUKAJIBHBIX CTBOJA. 1 4 6 N
JUTEPATYPHI 10 npakrugeckoit  |ITK-3
KonTpons opuentupoBanus
N JUCLUIUINHE, paboThI
MOJ3EMHBIX CeTell uepes 1Ba .
KOHCIIEKTa JICKIIUI
BEPTUKAIBHBIX CTBOJIA
HUroro no pazaeny 3 4 10
4. TOYHOCTh U3MEPEHUI
Nzyuenue
4.1 DakTopHI N
PEL, OCHOBHOM U Bemonrenne n  |I1K-1
OIpeNIeJIAI0IINE  TOYHOCTh .
N JIOIIOJIHUTEIbHOU 3aIlKUTa IK-2
uzmepennid.  IlorpemnocTs 1 4 .
JTUTEpaTypHI IO npakrtuueckor  |ITK-3
U3MEpEeHHs YIJIOBBIX
JTUCLUIUINHE, paboThl
BEJINYHH. .
KOHCIIEKTa JIeKIIUI
4.2 IMorpernHocTh Uzyuenue
HU3MEPECHUS CTOPOH OCHOBHOM 1 Bemonnenne n  |I1K-1
IMOI3€MHBIX MOJIMTOHOB. 1 4 JIOMOJIHUTEILHON 3aInTa TIK-2
Ilorpemnocts onpezneneHus JUTEPATYPHI IO npakruueckoil  |ITK-3
KOOPIMHAT CITyTHUKOBBIMH JUCLUIUINHE, paboTHI
cucTeMamMu KOHCIIEKTa JICKIIUH
HWroro no pazaeny 2 2 4
5. [Ipenpacuer TOYHOCTH
TIOJIOKEHUS ITyHKTOB
MapKIIEHEPCKUX ceTer
5.1 OOwmue CBEICHUS.
Ormpenenenre MOTPENTHOCTH
TIOJIOKEHUS KOHEYHOT'O
MTyHKTa CBOOOIHOTO
MOJIMTOHOMETPUIECKOTO
xoJa c eToM Wsyserne
i OCHOBHO 1 Bemonnenne u  |I1K-1
MOTPEIIHOCTH .
JIOTIOJTHUTENIbHON 3amra [K-2
OpUEHTHUPOBAHUS ero 1 4 o
o JIUTEPaTypHl 110 npaktuueckor  |I1K-3
MepBOi CTOPOHBI.
JUCLUIUINHE, paboTbl
OnpezeneHue NOTPeIIHOCTH .
KOHCIIEKTA JICKIHIA
TIOJIOKEHUS KOHEYHOTO
MyHKTa
MOJIUTOHOMETPUIECKOTO
X0Jla,  pa3/ielIeHHOro  Ha
CEKI[MH THPOCTOPOHAMHU.
5.2 IIpenBapurenbHas W3yuenue
OLICHKA TOYHOCTH OCHOBHO 1 Bemonnenne u  |I1K-1
CMBI-KaHUs 3a00€B, 1 6 5 JIOTIOJTHUTENIbHON 3amra [K-2
[IPOBOJMMBIX B Ipelesnax JIUTEPaTypHI 110 npaktuueckor  |I1K-3
OJTHOW IAXThl U U3 Pa3HBIX JUCLUIUINHE, paboTbl
axT KOHCIEKTa JIEKIUH
Wroro no pazaeny 2 6 9
Hroro 3a cemectp 18 36 53 3a4er
Uroro no aucnuminuze 18 36 53 3a4eT




5 O0pa3oBaTte/ibHbIE TEXHOJIOTHH

1. Tpanuuuonusle 00pa3oBaTeNbHBIE TEXHOJOTHMH OPUEHTHPYIOTCS Ha OpraHHU3alluio
00pa30BaTeNbHOTO  Mpollecca, MPEANONarapilyl0 MpPAMYI0 TPaHCISALUIO 3HAHUA  OT
npernoiaBaTess K CTyIeHTY (IIPEeUMYLIECTBEHHO Ha OCHOBE OOBSICHUTEIHHO-MILTIOCTPATUBHBIX
METOJIOB 00yueHHUsI). YueOHas AesITebHOCTh CTYJ€HTa HOCUT B TaKHX YCJIOBHUAX, KaK MPaBUIIO,
PENPOYKTUBHBIN XapaKTeP.

@®opmbl y4eOHBIX 3aHATHI C UCIIOJIB30BAHUEM TPAAUIIMOHHBIX TEXHOJIOTHI:

Jlekuuu mMpoOXoJAT B TPAAULUMOHHOW (opme. Ha nekuusx mznaraercs HOBBIM MaTepHal,
COIIPOBOXKAAIOIINICA BOIPOCAMU-OTBETAMH T10 TEME JICKIIHH.

[IpakTryeckue paboThI BBIOIHAIOTCS CTYICHTaMU 110 MHIMBUAYaIbHBIM BapHAHTaM.

CamocrosiTenbHass paboTa 3aKirO4aercs B MPOpabdOTKE OTIEIbHBIX BOINPOCOB IPHU
U3y4EHHUH AUCIUILTUHBI U IPH TOATOTOBKE K C/1a4e 3K3aMeHa.

2. Texnonoruu npobIeMHOro O0y4eHUs] — OpraHu3alus o0pa3zoBaTeIBLHOrO IMpolecca,
KOTOpask MPEeNoJaracT MOCTaHOBKY MPOOJIEMHBIX BOIPOCOB, CO3AaHUE YUEOHBIX MPOOIEMHBIX
CUTYalui JJIsl CTAMYJIMPOBAHUS aKTUBHOW MO3HABATEIBbHON AEITEIbHOCTHU CTYIEHTOB.

®opmbl y4eOHBIX 3aHATHH C UCTIOIB30BAaHUEM TEXHOJIOTHIA MPOOIEMHOTO 00yIeHUS:

[IpoGnemHas nekmust — UW3IOXKEHUWE MaTepuaa, IMpeanoyiaraloiiee MOCTaHOBKY
NpoOJEeMHBIX M JIMCKYCCHOHHBIX BOIIPOCOB, OCBEIICHHE pA3IMYHBIX HAyYHBIX I1OJXOJIOB,
ABTOPCKHE KOMMEHTApUH, CBSI3aHHBIE C PA3IMYHBIMU MOJEISMU MHTEPHPETAIUU H3y4aeMOro
Marepuaa.

Jlexumst «BaBoeM» (OMHapHas JICKIWsA) — HW3JIOKCHHUE MaTepuaia B ¢dopme
JMAJIOTHYECKOr0 OOIIEHUsT [BYX IIperojaBaTenieil (Hampumep, PEKOHCTPYKIHS JIHaIora
MpeICTaBUTENIeH pa3TUYHBIX HAYYHBIX [IKOJI, Y4YEHOTO)» U «IIPAKTHUKa» U T.I1.).

[IpakTuyeckoe 3aHsTHE B (OpMe NpaKTUKymMa — OpraHu3amus y4eOHOH paboTHl,
HalpaBlieHA Ha pelIeHHe KOMIUIEKCHOW y4eOHO-TIO3HABaTEeNbHOW 3amauu, Tpedyromeil oT
CTYZICHTA IPUMEHEHHS KaK HayIHO-TEOPETUICCKUX 3HAHUI, TaK M IPAKTUICCKUX HABBIKOB.

[IpakTHyeckoe 3aHATHE HA OCHOBE Kelc-MeTo/]1a — 00yueHHe B KOHTEKCTE MOAETUPYEMOit
CUTYallUH, BOCIIPOU3BOALICH peasbHbIe YCIOBHUS HAYYHOU, IPOM3BOJICTBEHHOM, 00IIECTBEHHOM
nesitenbHOCTH. OOyuarommecs: JOJDKHBI MPOAHATM3UPOBATH CHUTYANHIO, Pa3o0paThcs B CYTH
npo0seM, IpeaAoKUTh BO3MOYKHBIE peIlIeHHs U BbIOpaTh Jyulee U3 Hux. Keiicol 0azupyroTcs Ha
pearbHOM (PaKTHYECKOM MaTepralie Uil )Ke IPUOIIKEHBI K PeabHON CUTYaIIHH.

3. UrpoBble TEXHOJIOIMM — OpraHu3alys o0pa3oBaTeIbHOIO Mpolecca, OCHOBAHHAS Ha
PEKOHCTPYKIIUH MOJIENIEH MOBEICHHSI B paMKax IMPeJI0KEHHBIX CIIEHAPHBIX YCIIOBHIA.

®opMbl y4eOHBIX 3aHATHUI C UCTIOIB30BAHUEM UTPOBBIX TEXHOJIOTHI:

VYuebnas wurpa — (opmMa BOCCO3MaHUSI TPEIMETHOTO M COLMAIBHOTO COACPIKaHUS
Oyaymelt mpodeccuoHaIbHOM AEATENbHOCTH CIELUANINCTa, MOJEIUPOBAHUS TAaKUX CHCTEM
OTHOIIEHHIA, KOTOPBIE XapaKTEePHBI IS ATOH AEATEIHHOCTH KaK IEJIOT0.

JlenoBasi Urpa — MOJEIMPOBAHUE PA3IMYHBIX CUTYallui, CBA3aHHBIX C BBIPAOOTKOW U
NPUHSATHEM COBMECTHBIX PEIICHHUH, 00CYKIEHHUEM BOIIPOCOB B PEKUME «MO3TOBOTO IITypMay,
pe-KOHCTpYKLKEH (QyHKIIMOHAIBHOTO B3aUMO/ICHCTBUS B KOJUIEKTUBE U T.I1.

PomeBasi mrpa — wMHTAIUS WIM PEKOHCTPYKIMS MOJEICH pPOJIEBOTO ITOBEICHUS B
NPEIOKEHHBIX CIIEHAPHBIX YCIOBUSAX.

4. TexHOJIOTHH MPOEKTHOTO OOYYEeHHS — OpraHu3aius oOpa3oBaTeILHOTO Ipoliecca B
COOTBETCTBUHM C AJITOPUTMOM IIOATAITHOTO PELIeHUs MPOOJEMHOHN 3a7add WM BBIOJIHEHUS
yaeOHoro 3amanus. [IpoekT npenmoaaraeT COBMECTHYIO y4eOHO-TTO3HABATEIBHYIO IS TEILHOCTh
IPYMIIbI CTYJEHTOB, HANPaBIECHHYIO Ha BBIPAOOTKY KOHLIEMIMH, YCTAaHOBJICHUE IeNiel U 3a1ad,
(GOpPMYITHPOBKY OXKHIAEMBIX PE3YJIbTaTOB, OIpPEICeNICHHE MPUHINWIOB W METOAWK pEIICHUs
MO-CTAaBJICHHBIX 3aJ/la4, IUIAHHPOBAaHUE XO0Ja pPa0OOThI, MOMCK JOCTYIHBIX W ONTHUMAIIbHBIX
peCypcoB, TOATAHYIO pEANH3alHI0 TUTaHA pPaOOTHI, MPE3CHTAIUI0 PE3yJbTaTOB pPa0OTHI, MX
OCMBICIICHUE U peIKCHIO.



OCHOBHBIE TUITBI IPOEKTOB:

HccnenoBaTenbCckuii TPOSKT — CTPyKTypa npuONmKkeHa K QopMaTy Hay4dHOTO
uccleoBaHusl (J10Ka3aTeIbCTBO AKTYyaJIbHOCTH TEMbl, OMNpEJCIeHHe Hay4HOH MpoOseMsbl,
npenMera U O0bEKTa WCCIEAOBAaHUS, IeNiel W 3a/lad, METOJO0B, MCTOYHHKOB, BBIIIBIIKEHUE
TUIIOTE3bI, 0000IICHHE PE3YJIbTATOB, BHIBOIBI, 0003HAYEHHE HOBBIX MPOOJIEM).

TBoOpueckuil MPOEKT, KaKk MpPaBUJIO, HE MMEET ACTAIbHO NMPOPAaOOTaHHOW CTPYKTYpPHI;
yueOHO-TI03HABATENIbHAS JIEATEIIbHOCTh CTYIEHTOB OCYILECTBISETCS B paMKax pPaMOYHOTO
3aJjaHusl, TOTYUHSSACH JIOTUKE U HHTEPECAM YYaCTHUKOB IPOEKTA, )KaHPY KOHEYHOTO pe3ybTara
(razera, GUIBM, MPA3IHMK, U3AAHUE, SKCKYPCHUS U T.I1.).

WudopmMalMoOHHBI MpPOEKT — y4eOHO-TIO3HABATENbHAS JIEATEIBHOCTE C  SIPKO
BBIPaXCHHON 3BPUCTUUECKON HAMPABICHHOCTHIO (ITOUCK, OTOOP U cUCTeMaTu3anus HopMaun
0 KakoM-TO 00BEKTe, 03HAKOMJICHHE YYaCTHUKOB IPOEKTa ¢ 3TOM MH(OpMaIUel, ee aHATU3 U
000011IeHNE IS TPE3CHTALMK 00J1ee IUPOKOH ayAUTOPHH ).

5. HTepakTHBHBIE TEXHOJIOIMH — OpraHu3anus 00pa3oBaTENbHOTO MpoLecca, KOTopas
IpeJinoiaraeT akTUBHOE U HETTMHEIHOE B3aUMO/IeHCTBUE BCEX YUACTHUKOB, IOCTI)KEHHE HA ATON
OCHOBE JIMYHOCTHO 3HAYMMOTO JJIsI HHUX 00pa3oBaTeNbHOrO pesynbraTa. Hapsmy co
CHEIMAM3UPOBAHHBIMU  TEXHOJOTHUSIMH  TaKOro  pojJa  MNPUHIUIN  HWHTEPAKTUBHOCTH
NPOCIIKUBACTCSI B OONBIIMHCTBE  COBPEMEHHBIX  0Opa30BaTENbHBIX  TEXHOJOTHH.
HHTEepakTUBHOCTh MOAPA3YyMEBAET CYOBEKT-CyOBEKTHBIE OTHOILCHHUS B X0Jie 00pa30BaTeIbHOTO
nporiecca U, Kak ClieZicTBrE, (POPMHUPOBAHNE CaMOpPa3BUBAOIIEICS HH(DOPMAIIHOHHO-PECYPCHOM
CpEIIBL.

@dopMbl yU4eOHBIX 3aHATHI C WCIOJB30BAHUEM CICIIHATU3UPOBAHHBIX MHTEPAKTHBHBIX
TEXHOJIOTHM:

Jlekumst «oOpaTHOM CBS3M» — JEKIHMS—IPOBOKANMS (M3JI0KEHHE MaTepHajia ¢ 3apaHee
3a-TUTAaHUPOBAHHBIMU olnOKamu), nexuus-oecena, JEKIUS-AUCKYCCHS,
JEKIHS-TIPECC-KOHPEPEHITHS.

CeMuHap-IuCKycCcHsl — KOJUIEKTHBHOE OOCYXJIE€HHE KaKoro-iudo CIOPHOTO BOMpOCa,
npoOJemMbl, BBIABICHHE MHEHUH B Tpynme (MEXrpyHIoBOW AHMAaior, JHUCKYCCHS Kak
CIIOp-/IUAJIor).

6. HudbopmMannoHHO-KOMMYHUKAIIMOHHBIE  0Opa3oBaTeNbHBIE  TEXHOJOTUH  —
opranu3aiys o0pa3zoBaTeNbHOTO MPOIEcca, OCHOBaHHAsI HA MPUMEHEHUH CIIECIUATU3UPOBAHHBIX
IPO-TPAMMHBIX CpeJl U TEXHUYECKUX CPEICTB pabOThl ¢ HHPOpMAIHEH.

@opMbl YUEOHBIX 3aHITHIA C HCIOIb30BaHHEM HHGOPMAIMOHHO-KOMMYHUKAIIMOHHBIX
TEXHOJIOTHIA:

Jlexiusi-Bu3yanu3anusi — HW3JI0KEHUE COJIePKaHUsS COMPOBOXKIACTCS TMpe3eHTaluei
(memMoHCTparmel y4eOHBIX MaTepHaIOB, TPEJICTABICHHBIX B Pa3IMYHBIX 3HAKOBBIX CHCTEMaX, B
T.4. WUTFOCTPATUBHBIX, TrpaUuecKux, ayIuo- U BUAEOMaTEPUAaIOB).

[IpakTnyeckoe 3aHsTHE B (OpME TMPE3CHTAMH — TIPEJACTABICHUE pPE3yIbTaTOB
MPOEKTHON WM HMCCIEIOBATENbCKON ACSITENFHOCTH C MCIONIh30BAHUEM CIEIIUATU3UPOBAHHBIX
IPOTPAMMHBIX CPE/I.

6 YueOHO-MeTOqHUECKOE 00eciedeH e CAMOCTOSITeJIbHOW PadoThI 00yYaIINXCS
[Ipencrasneno B mpuioxxkenuu 1.

7 OuneHoYHbIe cpeIcTBA A5 POBeAeHUsI IPOMEKYTOYHOMH aTTecTaluu
[IpencraBieHbl B IPUIIOKEHUH 2.

8 YueOHo-MeTOAMYeCcKOEe H HH(POPMAIMOHHOE 00ecreyeHrue TUCIUIIHHBI (MOTYJIs1)

a) OcHoBHas TUTEpaTYypa:

1. Muxaiinosa, T.B. AHanu3 TOYHOCTH MapKIIEHIEPCKUN HU3MEPEHUN [DIEKTPOHHBIN
pe-cypc] : yuebnoe mocooue / T.B. Muxaiinosa, T.b. Porosa. — Dnektpon. agan. — Kemeposo :
Ky3I'TY umenu T.®. I'opbauea, 2017. — 109 ¢. — Pexwum nocrymna:



https://e.lanbook.com/book/105415.

2. CanponoBa, H.Il. Mapkmieiinepusi | AHalu3 TOYHOCTH MapKIIeHIepcKkux pador :
JlaGo-paTopHbIii MPaKTHKYM [DieKTpoHHBIH pecype] : yuebnoe mocobue / H.IT. Canponosa,
FO.H. HoBruuxuH. — DnekTpoH. gaHn. — Mocksa : MUCHUC, 2015. — 69 c. — Pexum gocryma:
https://e.lanbook.com/book/93604.

0) lomoiHuTeILHAS JTUTEPaTypa:

1. CamponoBa, H. Il. AHainu3 TOYHOCTH MapKIIEHIEPCKUX PAadOT : NPOEKTUPOBAHUE
MIPOM3BOJICTBA MApKIIEHAEPCKUX pabOT MpU NPOBEACHUM TOPHBIX BBIPAOOTOK BCTPEUHBIMU
3a00smu: metoqudeckue ykazanus / H. I1. CanponoBa. — Mocksa : MUCHUC, 2016. — 25 c.
Pexxum noctyna: https://e.lanbook.com/book/116444.

B) MeToanyeckune yKazaHus:
1. Meronudeckue yKazaHUs IS BBITIOJHEHUS MPAKTUYCCKUX padOT IMPEACTaBICHBI B
MIPUJIOKEHUU 3.

r) IIlporpammHuoe ob6ecnieyenune u MHTEpHET-pecypchl:

IIporpammHoe oGecrieueHue

Haumenosanue [10 Ne noroBopa Cpok neiicTBUS JTUIEH3UH
MS Windows 7

Professional (mna  [[1-757-17 ot 27.06.2017 27.07.2018
KJ14CCOB)

MS Windows 7

Professional(st ~ |/1-1227-18 ot 08.10.2018 11.10.2021
KJIACCOB)

7Zip cB0OOIHO pacrpocTpansemoe [10 OECCPOYHO

MS Off_lce 2007 Ne 135 o1 17.09.2007 OeccpovyHO
Professional

IIpodeccnonanbHble 0a3bl JaHHBIX M MH(POPMAIMOHHBIE CIPABOYHbIE CHCTEMbI

Hassanue xypca CchlIKa
HannonanbsHas MH(pOPMallMOHHO-aHAJIUTUYECKAast URL:
cucreMa — Poccuiickuii MHAEKC Hay4HOTO LUTUPOBAHUSA )

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

[Touckosas cucrema Axkagemus Google (Google Scholar) [URL: https://scholar.google.ru/

HNudopmanmonnas cucreMa - EnnHOe OKHO JOCTyma K

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



https://e.lanbook.com/book/105415.
https://e.lanbook.com/book/93604.
https://e.lanbook.com/book/116444

9 MaTepuajibHO-TeXHHYeCKOe o0ecreyeHue TUCIUIIUHBI (MOTYJIs1)

MarepuanbHO-TEXHHUECKOE 00ecrieueHUe JUCUUIUINHBI BKITIOYACT:

Tun u Ha3Banue aynutopuu OCHaIEHNE ayTUTOPUN

VYueOnast ayauTopusi Ui TNPOBEACHHS 3aHATUH JIGKIMOHHOTO THna TexHudyeckue
cpelacTBa OOy4YeHUs, CIOyXKalue Ui TpeacTaBieHus y4eOHoW wuHbopManuu OOIBIION
AyAUTOPHU: MYJIbTUMEIUIHBIE CPEICTBA XPAHEHUs, IEepefayd U TPEJCTaBICHUs Yy4eOHOM
uHpopmanuu. Crieraan3upoBaHHas MeOeb

VYueOHast ayauTopHs A NPOBEACHUS NPAaKTHYECKUX 3aHATUH TexHudeckue cpeacTa
o0y4yeHHs, CIIyXalue s TpeAcTaBieHus y4deOHoW uHpopManuu OOJBLIION ayAUTOpPHUU:
MYJIbTUMEIUWHBIE CPEJCTBA XPAaHEHWUs, Nepeladynd M IPEACTaBICHUS ydeOHOW HHGOpMAaLuH.
CrneunanusupoBaHHas MeOeb

VueOHast ayquTopusi AJIsi TPYNIOBBIX W HWHAWBUAYAJIbHBIX KOHCYJIBTAlMHM, TEKYILETO
KOHTpPOJISL M MPOMEXYTO4HOW arrectaiuu KommbroTepHas Texnuka ¢ maketom MS Office, ¢
nojkitodeHueM Kk cetu  «MHTepHeT» M € JOCTYIOM B DIIEKTPOHHYIO
MH(POPMALIMOHHO-00pa30BaTENbHYIO Cpey YHHBepcuTeTa. Crienuanu3upoBaHHas MeOelb

[Tomemenne ast camocTosTenbHOM paboTel KommbioTepHass TexHuka ¢ makeroM MS
Office, ¢ mnoaxmouenuem Kk cetn <«VHTEpHET» © € JIOCTYIOM B  DICKTPOHHYIO
MH()OPMAIIMOHHO-00Pa30BaTENBHYIO Cpeay yHuBepcuTeTa. Crienuaan3upoBaHHas MeOenb



[Tpunoxenue 1

6 YueOHO-MeTOANYECKOE 00eCIIeYeHUE CaMOCTOATEIIbHON PabOoThI 00yUJarOIIHUXCS
CamocTosiTebHas paboTa CTYICHTOB OCYIISCTBISACTCS B BHJE YTCHHS JUTEpaTyphl IIO
COOTBETCTBYIOIIEMY pa3ziely ¢ MpopaboTKO MaTrepuaia W BBITIOJHEHUS JOMAIIHUX 33JaHUM C
KOHCYHBT&HHﬂMH HpCHOHaBaTeHH.

~ow

10.

11.
12.
13.
14.
15.
16.
17.

18.
19.

Hepeqenb BOIIPOCOB IJIA INIOATOTOBKH K 3a49€TYy C OYEeHKOH

VYrioBas cpeansis kBaaparudeckas omuoka (CKO) moauronomerpudeckoro xoaa. Beios
dbopmyIbL.
Jlunetinas cpenusas kBaapatudeckas omuOka (CKO) moJuroHOMeTpHYecKoro xoja.
BreiBoa hpopmyibl.
[TpononpHas CKO momuronomerpuyeckoro xoaa. Beisoa ¢popMyiibl.
[Tontepeunass CKO nonuroHoMeTpuieckoro xoaa. Beisoa popmysisl.
CKO nonoxeHust KOHEYHOM TOUYKH BBITSIHYTOI'O BUCSYETO MOJIUTOHOMETPUYECKOTO X012,
VYTIibl IpeABapUTENbHO HE UCIIPABJIEHBI 32 HEBA3KY.
CKO nosyioxeHus: KOHEUHOW TOYKH M30THYTOI'O BUCSYErO MOJIUTOHOMETPUUYECKOIO XO/1a.
VYTIibl IpeABapUTENbHO HE UCIIPABIICHBI 32 HEBSI3KY.
CKO mnonoxeHus KOHEYHOHM TOYKM HM30THYTOTO MOJIMTOHOMETPUYECKOIO XO0Ja. YTJIbl
IIPEJIBAPUTENILHO HCIIPABJICHBI 32 HEBS3KY.
CKO nosioxeHusi KOHEYHOW TOUYKH BBITAHYTOTO IMOJUTOHOMETPUYECKOTO XOoAa. YTJbl
IIPEJIBAPUTENILHO UCIIPABJIECHbI 32 HEBA3KY.
CKO mnonoxeHuss KOHEYHOM TOYKM 3aMKHYTOTO MOJUTOHOMETPUYECKOTO XOJa. YTJIbI
IIPEJIBAPUTEILHO HE UCIIPABIICHBI 32 HEBA3KY.
CKO mnonoxeHuss KOHEYHOM TOYKM 3aMKHYTOr'O IOJUTOHOMETPHUYECKOr0o Xoza. YTIIb
IIpEJIBAPUTENILHO HCIIPABJICHBI 32 HEBA3KY.
HcTouyHUKH OMIMOOK U3MEPEHUH B TOTUTOHOMETPHH.
Pacuér TouHOoCTH M3MEPEHNS TOPU3OHTAIBLHOTO YIJla B IOJUTOHOMETPHUYECKOM XOJI€.
BnusHue penqykuun Ha U3BMEPEHHbBINH TOPU30HTAIbHBIN YToJI.
BistHue neHTpUpOBKY HA U3MEPEHHBIN TOPU30HTAIBHBIN YTOJI.
Buasr Hec6oek U pacu€T NOMyCKOB Uil MOCTPOCHHUSI IIIAHOBOTO 00OCHOBAHHS.
Bunbl Hec60ek 1 pacuéT AOMYCKOB JUIsl IOCTPOEHUS BBICOTHOIO 0OOCHOBAHMSL.
BnusHue ommOKM OpPHUEHTUPOBAHMS TEPBOM IUHUM BBITAHYTOTO XOJa TOJ3€MHOM
MOJIMTOHOMETPUHU Ha TTOTIEPEUHBIN CABUT KOHEUHOM TOUKH XO7a.

CniocoObl ypaBHUBAaHUSI C€TEH MOJ3EMHBIX TOTUTOHOMETPUIECKHIX XOJIOB.
[TorpenHoCTh TPUTOHOMETPHUYECKOTO HUBEIIUPOBAHUS.

HOl'”peHIHOCTL reoMETPpHUICCKOr0O HUBECIIMPOBAHUA.



[Tpunoxenue 2

7 OneHoYHbIE cpeacrea AJisi MpOBEACHUS l'lpOMe)KyTO‘IHOﬁ aTTeCTallum

a) HﬂaanyeMLIe pe3yJbTaThbl oﬁyqe}mﬂ H OIICHOYHBIC CpeaACTBA AJIsl IPOBECACHUSA l'[pOMC)KyTO'lHOfI aTTeCralnum:

IIpumepnoe codepocanue:

CTpYKTYpHBIH 3I€MEHT
KOMIIETCHIUU

[TnanupyemMsbie pe3yabTaThl 00yUCHUS

OrneHoYHBIE CpecTBa

[TK-1 CnocoOeH BBIMOIHATh HHKEHEPHO-TEOC3MUECKIE U3bICKaHUS], TUIAHNPOBATh PAa3BUTHE TOPHBIX PA0OT, OCYIIECTBISTh MAPKIICHICPCKUI KOHTPOJIb COCTOSIHUS TOPHBIX
BBIPabOTOK, 3/1aHHI COOPYKEHUH M 3eMHOM MOBEPXHOCTH Ha BCEX dTalax OCBOCHHUs M OXPaHbI HeJlp ¢ obecrieueHrneM NPOMBIIIICHHOHN U 9KOJIOTHYECKOM 0e30MacHOCTH

IK-1.1

CocraBiser IMPOCKTHI ITPOU3BOACTBA
MameeﬁHepCKHX N IreoAC3NYCCKUX pa60T,
OCYIICCTBIACT KOHTPOJIb 3a BBIITIOJTHCHHUEM
HN3BICKATCIIbCKUX pa60T

[IpumepHBIi IepeueHb BOMPOCOB K 3a4eTy € OLEHKON

[IpumepHBIii TepeyeHb NPAKTUYECKUX padboT

YrioBas cpennss kBagparudeckas ommbka (CKO) nonuroHoMeTpuieckoro xoia.
BriBoja hopmyibl.

Jluneiinas cpenHss kBaapaTudeckas omuoka (CKO) momruroHoMeTpraecKoro Xoa.
BeiBox hopmyibr.

[pononsras CKO nonuronoMeTpuieckoro xoaa. Beiog popmysl.

[onepeunas CKO nonuroHomerpuueckoro xona. Beisog Gpopmysst.

O1eHKa TOYHOCTH YIJIOBBIX M3MEPEHUI.

Or1eHKa TOYHOCTH JTMHEWHBIX H3MEPCHUH.

OrneHKa TOYHOCTH TPUTOHOMETPHUIECKOTO HIUBEITNPOBAHMSL.

AHanu3 OpUEHTUPOBAHUS MMOA3EMHON MAapKIIEHIEPCKON CETH Yepes ABa
BEPTHUKAIBHBIX CTBOJIA

HcTounnky ommOoK N3MEPEHUH B TOIUTOHOMETPHH.

Pacuét TouHOCTH M3MeEpEHHs TOPU30HTAIBHOTO YIJIa B TOJIMTOHOMETPHYECKOM XOJI€.
CriocoObl ypaBHMBaHUsI CE€TEH MOA3EMHBIX MOJMTOHOMETPHYECKHUX XOJIO0B.




CTpYKTYpHBIH 2I€MEHT
KOMIIETCHIIUU

[Inanupyemsle pe3ynpTaThl 00y4eHNs

O1eHOYHBIE CPEICTBA

IK-1.2

[Tnanupyet pa3BUTHE TOPHBIX pabOT U KOHTPOJIUPYET
COOTBETCTBUE (PAKTUYECKOTO Pa3BUTHUS TOPHBIX
paboT MPOEKTaM U KaJleHIapHbBIM IIJIaHaAM

IIpuMepHBIii TEpedeHb BOIIPOCOB K 3a4€Ty C OLEHKOU

[Ipononpras CKO noauroHoMeTpudeckoro xoaa. BeiBo popmysibL.

[Monepeunas CKO nmonuroHoMeTpuueckoro xoja. Beisoa hopmyibr.
[IpenBapuTensHas OrieHKa TOYHOCTH CMBIKAHHS BCTPEYHBIX 3200€B, MPOBOANMBIX B
npejienax oJIHON IaxThl

Crioco0bl ypaBHUBAHUS CETEH MOA3EMHBIX ITOJIUTOHOMETPHUYSCKUX XOJIOB.

CKO nonoxeHusi KOHEUHOH TOYKHU BBITSIHYTOI'O BUCSYETO OJTUTOHOMETPUYECKOTO
X0J1a. YTIIbI IPeIBapUTEIHHO HE HCIIPABIICHBI 32 HEBS3KY.

CKO nonoxxeHns: KOHEUHOW TOYKU M30THYTOTO BUCSUET0 MOJIUTOHOMETPUIECKOTO
x0/11a. YTJIbI IPEABAPUTEIHLHO HE UCTIPABIICHBI 32 HEBSI3KY.

CKO nonoxeHus: KOHEUHOH TOYKH N30THYTOTO OJUTOHOMETPUYECKOrO X01a. YTJIbl
MPEeABAPUTEIHFHO UCTIPABIICHBI 32 HEBSI3KY.

CKO nonoxxeHust KOHEYHOU TOYKH BBITSHYTOT'O TIOJIMTOHOMETPUYECKOT0 X0/1a. Y TJIbI
IIpeIBapUTEIHHO UCTIPABIICHEI 32 HEBS3KY.

CKO nosnoxeHust KOHEYHOM TOUYKH 3aMKHYTOT'O IOJIUTOHOMETPUYECKOTO X0Aa. YTIIbI
MIpEeIBAPUTEIILHO HE UCIIPABJICHBI 32 HEBSI3KY.

CKO nosnoxxeHust KOHEYHOU TOUYKH 3aMKHYTOT'O IOJIUTOHOMETPUUYECKOT0 X0Aa. Y IJIbl
[IpeIBAPUTEITLHO UCTIPABIICHEI 32 HEBSI3KY.

IK-1.3

OO0O0CHOBEIBAET U HCIOJIB3YCT MCTOBI
reoMETpru3al 1 NPOTrHO3UPOBAHUA PASMCIICHUS
Mokazareiei MCCTOPOKACHUA B IPOCTPAHCTBE

IIpuMepHBIii IEpeUEeHb BOIIPOCOB K 3a4€Ty C OLIEHKON

[IpumepHBIi IepedeHb MPaKTHYECKUX paboT

VYraoBas cpennss kBagparudeckas omuoka (CKO) moauroHoMeTpu4eckoro Xoaa.
Jluneiinas cpemuss kBagpatudeckas omuoka (CKO) moimmroHoMeTpuaeckoro xosa.
OrneHKa TOYHOCTH JIMHEWHBIX N3MEPEHUH

Onpenenenne K03(p(HUIIMEHTOB CIy4alHOTO M CHCTEMAaTHYECKOTO BIUSHHSA IIPH
JIMHEWHBIX U3MEPEHHUSAX.

AHanu3 OpUEeHTUPOBAHUS Yepe3 OJNH BEPTUKAIBHBIN CTBOII.

OrieHKa TOYHOCTH YTIIOBBIX N3MEPEHH.

Pac4ér ToyHOCTH M3MEpEeHN TOPU30HTAIBHOTO YIJIa B TOJIMTOHOMETPHYECKOM XOJE.
BinsHue peayKiuu Ha H3MEPEHHBIN TOPU30HTAIIBHBIN YIoJl.

BiinsiHME IEHTPUPOBKYU HA U3MEPEHHBINA TOPU30HTAJIBHBIN YIOJL.

[IK-1.4

AHanu3upyeT U TUIIU3UPYET YCIOBHS pa3paboTKu
MECTOPOXKIACHUH NOJIE3HBIX UCKOIMAEMBbIX IS UX
KOMIIJIEKCHOTO MCIOJIb30BAHMS, BBIITOJIHAET
pa3IUYHbIE OLIEHKH HEIPOIOJIb30BaHN

[IpumepHBIi NEpeYeHb BOIPOCOB K 3a4ETy C OLEHKOU

Bunasl HecOoek u pacd€T 10MmycKOB AJIsl MOCTPOSHHS TNIAHOBOTO 000CHOBAHHUSL.
Bunbr Hec6oek u pacy€T AOMYCKOB AJISI HOCTPOEHUS BRICOTHOTO 0OOCHOBAHUSI.
Bnusiaue om0k OpUeHTHPOBAHMS TIEPBOIl TMHUH BBITSIHYTOT'O XOa ITOA3€MHOM
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[TOJINTOHOMETPHH Ha TOMIEPEYHBIN CIBUT KOHEYHON TOYKH XO/Ia.

Crioco0bl ypaBHUBAHUS CETEH MOA3EMHBIX MTOJIMTOHOMETPHUYSCKUX X0J0B. 1. Bussl
HecOOeK U pacuéT MOIyCKOB IS TOCTPOCHUS INIAHOBOTO OOOCHOBAHHS.

Buner HecO6oek 1 pacy€r AOMyCKOB I TOCTPOEHUS BBICOTHOTO OOOCHOBAHMS.
Brusiaue ommOKkyu opueHTHPOBAHMS TIEPBOl IMHUH BEITSIHYTOTO XOa ITOI3eMHOM
MOJIMTOHOMETPUH Ha MOMEPEUHBIN CABUT KOHEYHOM TOYKHU XO7a.

Crioco0Bl ypaBHUBAHUS CETEH MOA3EMHBIX ITOIMTOHOMETPHYECKUX XOJIOB.

[1K-2 crtocoOeH BBRIMOTHATh MapKIIEHIePCKO-Te0Ie3ndecKie paboThl, OMPEaeNIATh IPOCTpa
TOPHO-TEXHUUYECKUX CHCTEM, TIOJA3EMHBIX M HA3€MHBIX COOPYKEHHUH U 0TOOpakaTh HHPOPM

HCTBEHHO-BPEMEHHBIE XapaKTEPUCTUKU COCTOSIHUS 36MHOM MOBEPXHOCTH U HEAP,
aIMIo B COOTBETCTBUM JICHCTBYIOUTMMH HOPMAaTUBHBIMU JOKYMEHTAMHU

[K-2.1 HCIIOIB3YET 3aKOHBI U MHBIC HOPMATUBHBIC IIPABOBLIC IIpuMepHBIN IEpedeHb BOIIPOCOB K 3a4€Ty C OLEHKON
aKThl B 00J1aCTU I€0JOIUYECKOTO U3YUCHHS, HcTouHukn ommoOoK U3MEpeHUH B IIOJIMTOHOMETPHH.
WCIIOJIB30BaHMsI U OXPAHBI HEAP U OKPYXKAIOIIEH CPe.Ibl; Pacu€t TouHOCTH H3MeEpEHHs TOPU30HTAIBHOTO YIJIa B TOJINTOHOMETPHYECKOM XOJIE.
HOpPMaTHBHBIE TIPABOBBIE AKThI, PYKOBOISIINE, Biisiaue penykuuu Ha U3MEPEHHBINH TOPU30HTAIBHBIN YIOJI.
METOAMYECKUE U HOPMATHBHBIE MAaTEPUAJIbI, Kacarouiuecs | BiusHue HeHTPUPOBKU HA U3MEPEHHBIN T'OPU30HTAIbHBIA YTOII.
JESITeIbHOCTH MapKILEHIEPCKOM CITy>KObI Bunsl HecOoek u pacdér HOMmycKOB AJIsl TOCTPOSHHS INIAHOBOTO 00OCHOBAHHUSL.
Bunpl HEcOoek 1 pacyéT TOMYCKOB /ISl TOCTPOSHHS BBICOTHOT'O 0OOCHOBAHHS.
BrnusiHre ommOKM OpUEHTUPOBAHNS TIEPBOM JIMHUN BBITSHYTOTO X012 MOJI3MHON
MTOJINTOHOMETPHH Ha MONEPEYHBIN CABHI KOHEYHON TOYKH XO0J1a.
[K-2.2 OCYIIECTBISIET HEOOXOIUMBIE MapKIIeHIepCKue [IpuMepHBIii IEpedeHb BOIIPOCOB K 3a4€Ty C OLEHKOU
KaMepalbHBIE U MOJIEBbIE paboThI, 0hOopMIISET Bunbl HecOoek 1 pacyéT I0MYCKOB ISl HOCTPOSHHUS IIJIAHOBOTO 0OOCHOBAHMS.
IIPOU3BOJICTBEHHYIO JIOKYMEHTALUIO U OTYETHOCTD Bunsl HecOoek 1 pacyéT TOMyCcKOB /ISl TOCTPOSHHS BBICOTHOT'O OOOCHOBAHHS.
BnusiHue ommOKy OpueHTUPOBAaHNUS IEPBOM JIMHUK BBITSIHYTOTO X0/a MOI3eMHOM
IIOJIATOHOMETPUU Ha IONEPEYHBIN CABUT KOHEYHOM TOYKH XOa.
CriocoObl ypaBHHBaHUS CETEH MOJA3EMHBIX MTOJIMTOHOMETPHUYECKHIX X010B. 1. Bus
HecOOeK 1 pacuéT NOITyCKOB I IOCTPOCHUS IJIAHOBOTO OOOCHOBAHHS.
Bunsl HecOoek 1 pacy€T T0MmycKOB AJIsl TIOCTPOSHHS BBICOTHOTO OOOCHOBAHHUSL.
Bnusiaue om0k OpueHTHPOBAHMS TIEPBOIl TMHUH BBITSIHYTOT'O XOZa ITOA3€MHOM
[IOJINTOHOMETPHH Ha MONEPEYHBIN CABUT KOHEYHON TOUYKH XO0/a.
CriocoObl ypaBHMBaHUsI CE€TeH MOA3EMHBIX IMOJMTOHOMETPHYECKHUX XOJIO0B.
IK-2.3 MCIIOJIb3yeT TeONH(POPMAIIMOHHBIE CHCTEMBI IS IIpuMepHBIH IepedeHb BOIIPOCOB K 3a4€Ty C OLEHKON

BBITIOJTHCHUS MapKIEHIepCKIX paboT

pononsras CKO nonuronoMeTpuieckoro xoaa. Beiso popMyisl.

[onepeunas CKO nonuroHomerpuueckoro xona. Beiog Gpopmyssl.
[IpenBaputenbHas OLEeHKa TOYHOCTH CMBIKAHHS BCTPEUHBIX 3a00€B, MPOBOIUMBIX B
npejienax OJIHOM MaxThl
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Crioco0b! ypaBHUBAHUS CETEH MOA3EMHBIX ITOTUTOHOMETPHIECKUX XOJ0B.

CKO nono>xeHus: KOHEUHOH TOYKU BBITSHYTOI'O BUCSUYETO MOJIUTOHOMETPUUYECKOTO
xo0/1a. YTJIbI IPEABAPUTEIHLHO HE UCTIPABICHBI 32 HEBSI3KY.

CKO mnonoxxeHrst KOHEYHOW TOYKH U30THYTOTO BHUCSUETO TOJUTOHOMETPUIECKOTO
X0J1a. YTIIbI IPeIBapUTEIHHO HE HCIIPABIICHBI 32 HEBS3KY.

CKO nonoxeHus: KOHEUHON TOYKU U30THYTOTO MOJUTOHOMETPHYECKOTO X0/1a. YTIIBI
MIpeIBapUTEIHLHO UCTIPABIICHEI 32 HEBS3KY.

CKO nonoxeHust KOHEYHOU TOYKH BBITSIHYTOI'O OJUTOHOMETPUYECKOr0 X04a. Y IJIbI
MPEeABAPUTEIIHLHO UCTIPABIICHBI 32 HEBSI3KY.

CKO nonoxeHust KOHEUHOW TOYKHU 3aMKHYTOTO TIOJTUTOHOMETPUUYECKOTO X0a. YTIIbI
IIpeIBapUTENHFHO HE MCIIPABIICHBI 32 HEBSA3ZKY.

CKO nonoxeHust KOHEYHOM TOYKHU 3aMKHYTOTO TTOJTUTOHOMETPUUYECKOTO X0a. Y TIIbI
MIPEeIBAPUTEIHLHO UCTIPABIICHBI 32 HEBSI3KY.

[1IK-2.4

YCTaHABIUBAET NIPUTOTHOCTB TEOE3NIECKOT0
obopynoBaHus u IPHOOPOB K paboTe

CKO nonoxeHusi KOHEUHOH TOYKH BBITSIHYTOI'O BUCSIYETO MOJIUTOHOMETPUYECKOTO
X0Ja.

Bupl HecOoek U pacuéT JOMYCKOB JIJIsl IOCTPOSHHUSI IIJIAHOBOTO 0OOCHOBAHUSI.
Buibl HecOOeK U pacyéT JONMYCKOB JJIs IOCTPOSHUS BBICOTHOTO 0OOCHOBAHUSI.

IT1K-3 cnocoben OpPraHu30BbBIBATH ACATCIbHOCTDb noz[pameneHm“I 10 MameeﬁﬂepCKOMy 00eCITeUYECHHIO HCAPOIIOJIL30BAHHNA

[1K-3.1

paspabaTbIBaeT U AOBOAMT 10 UCIOJIHUTENCH HapsAbl U
3aJjaHMs Ha BBIMIOJTHEHNE MapKIIeH1epcKux paboT

[IpumepHblii IEpeUeHb BOMPOCOB K 3a4€Ty C OLEHKON

[pononsrast CKO noauronoMeTpudeckoro xona. BeiBog GopMyIbl.

IMonepeunass CKO mosimronoMeTpuueckoro xoja. Beisoa hopMyiibl.
[IpenBapurenbHas OIleHKa TOYHOCTH CMBIKAHHUS BCTPEUHBIX 3200€B, MPOBOJANMEBIX B
npejenax OJIHOM MaxThl

CriocoObl ypaBHUBAHUS CETEH MOA3EMHBIX IMOJIMTOHOMETPHUSCKUX XOJIOB.

CKO nonoxeHusi KOHEUHOH TOYKH BBITSHYTOI'O BUCSUETO MOJIUTOHOMETPUUYECKOTO
X0J1a. YTJIbl IPEABAPUTEIBLHO HE UCTIPABIICHBI 38 HEBSI3KY.

CKO moyioxeHus] KOHEYHON TOYKH N30THYTOTO BUCSUYETO MTOJIMTOHOMETPHUIECKOTO
X0J1a. YTJIbl IPEABAPUTEIBLHO HE UCTIPABIICHBI 38 HEBSI3KY.

CKO nono>xeHust KOHEUHON TOUKH U30THYTOTO MOJIUTOHOMETPUYECKOTO X0Aa. Y TIIbI
MIPEABAPUTEIHLHO HCTIPABIICHBI 32 HEBSI3KY.

CKO monoxeHrst KOHEYHOH TOYKH BBITSHYTOT'O TTOJIUTOHOMETPUIECKOTO X0/1a. Y TIIbI
MIPEABAPUTEILHO UCTIPABIICHBI 32 HEBSI3KY.

CKO nonoxxeHust KOHEYHONW TOYKH 3aMKHYTOTO TIOJTUTOHOMETPHIECKOTO X0a. Y TIIBI
MIPEABAPUTEIHLHO HE UCTIPABJICHBI 32 HEBSI3KY.
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CKO monosxeHust KOHEYHOH TOYKH 3aMKHYTOTO ITOJINTOHOMETPHYECKOTO X0/a. YTIIbI
MIpeJIBAPUTEIHHO UCTIPABJICHBI 3a HEBA3KY.

I1K-3.2

OCYIIECTBISICT KOHTPOJIb KauecTBa paboT U 0OeCrieunBacT
NPaBUJIBHOCTh WX BBIOJHCHHUS UCTIOTHUTEIISIMA

IIpumepHslii IEpedeHb BOIIPOCOB K 3a4€Ty C OLEHKON

[IpumepHBIH TTepedeHb MPaKTUISCKUX padoT

YrioBas cpennss kBaapatuaeckas omnoka (CKO) momuroHoMeTpuIeckoro xoaa.
Jluneiinas cpenuss kBaapatudeckas omuoka (CKO) moiuroHoMeTpuuecKoro xoa.
OrneHka TOYHOCTH JIMHEWHBIX U3MEPEHUH

Onpenenenne Ko3(p(HUIMEHTOB CIy4alHOTO M CHCTEMAaTHYECKOTO BIUSHHA IIPH
JIMHEMHBIX HN3MCPCHUAX.

AHanu3 OpUeHTUPOBAHUS Yepe3 OANH BEPTUKAIBHBIA CTBOJI.

OLeHKa TOYHOCTH YIIIOBBIX U3MEPEHUI.

Pac4ét TOYHOCTH M3MEpEHN TOPU30HTAIBHOTO YIJIa B TOJINTOHOMETPHYECKOM XOJE.
BinsHMe peayKiuu Ha U3MEPEHHBIN TOPU30HTAIBHBIN YIOJl.

BrysHue HEeHTPUPOBKU HA U3MEPEHHBIA TOPU30HTAIBHBIN YTOJL.




0) Ilopsinok npoBeneHust NPOMEKYTOYHOM aTTECTALMH, MOKA3aTeJM 1 KPUTEPHH OLICHUBAHMS
IIpumepHasi CTPYKTYpa M cofepKaHue MYHKTA:

[TpomexyTouHas aTTecTaus 1Mo JUCIUILUINHE «AHAIH3 TOYHOCTH MapKIIEHIePCKUX paboT» BKITFOUAET
TEOPETUYECKHE BOIPOCHI, MO3BOJIIOIINE OICHUTh YPOBEHb YCBOCHHS OOYYAIOIIMMUCS 3HAHUU, H
NPaKTUYECKHUE 33/I1aHUs, BEISIBIISIONINE CTEIIEHb COPMHUPOBAHHOCTH YMEHHUI M BIIAJICHUH, TIPOBOIUTCS
B (hopme 3K3ameHa.

IToka3zatenu u KPUTECPUHA OLICHUBAHUS IK3aMEHaA:

— Ha OLEHKY «OTJMYHO» (5 0aioB) — 00y4yarouuiics: 1eMOHCTPUPYET BHICOKUN YPOBEHD
c(OpMHPOBAHHOCTU KOMITETEHIINH, BCECTOPOHHEE, CHCTEMaTHYECKOe U IIyOOKOe 3HaHHE Y4eOHOTO
MaTepuaia, CBOOOIHO BBIMOIHSIET MPAKTUYECKUE 3aJaHUsL, CBOOOIHO ONEPUPYET 3HAHUIMH,
YMEHUSIMH, IPUMEHSIET UX B CUTYalUsIX MOBBIIIEHHON CIOXKHOCTH.

— Ha OILICHKY «X0po1o» (4 6amia) — o0y4aromuiicss AEMOHCTPUPYET CPEAHUN YPOBEHB
c(OPMHUPOBAHHOCTH KOMITCTCHIIMIA: OCHOBHBIC 3HAHUS, YMEHHUSI OCBOCHBI, HO JIOMYCKAKOTCS
HC3HAYUTCIIbHBIC OIHI/I6KI/I, HCTOYHOCTH, 3aTPYAHCHHUA ITPU aHAIUTHUYCCKUX OICpaluiaX, IICPEHOCC
3HAHUU U yMeHI/H\/JI Ha HOBBIC, HCCTAHAAPTHLIC CUTYyallHUH.

— Ha OIICHKY «Y/A0BJIETBOPUTENbHO» (3 6amia) — o0yJyarouiuiicss 1IeMOHCTPUPYET MOPOTOBLI YpOBEHb
c(OPMHPOBAHHOCTH KOMITETCHIIUI: B X0J1€ KOHTPOJIbHBIX MEPOIIPHUATHH TOITYCKAIOTCS OIINOKH,
MPOSIBIISIETCS OTCYTCTBUE OT/IEIbHBIX 3HAHHM, YMEHUI, HABBIKOB, 00Y4alOIIUNACS UCTIBITHIBACT
3HAUUTENIbHBIE 3aTPYAHEHUS [IPU ONIEPUPOBAHUN 3HAHUSAMHU U YMEHUSMU IIPU UX IIEPEHOCE HAa HOBBIE
CUTYallUU.

— Ha OIICHKY «HeY/I0BJIeTBOPUTEJIbHO» (2 6aria) — o0y4Jaromuiicss JIEMOHCTPUPYET 3HAHUS HEe OoJiee
20% TeopeTHuecKoro MaTepuania, JOMyCKaeT CYIIIECTBEHHbIE OIITMOKH, He MOXKET MOoKa3aTh
MHTEIJIEKTyalbHbIe HABBIKM PEIICHUS MPOCTHIX 3a/1ad.

— Ha OIICHKY «HeYA0BJIeTBOPUTEJIbHO» (1 6amt) — o0yyaromuiicss He MOXKET TTOKa3aTh 3HAHUS HA
YPOBHE BOCTIPOU3BEACHHS U 00BICHEHUS HHPOPMAIH, HE MOXKET MOKa3aTh MHTEJUICKTYalIbHbBIE
HaBBIKM PEUIECHUS MTPOCTHIX 3aad.



[Tpunoxxenue 3

[paktryeckas padbora Ne 1

OLIEHKA TOYHOCTH YIJIOBbIX U3BMEPEHUI

1.1 Iexs paboTer

BbINOIHUTB OLIEHKY TOYHOCTH YIJIOBBIX U3MEPEHUN IIyTEM BBIYUCICHUS
CPEIHUX KBaIPATHYECKUX IIOTPEIIHOCTEH M3MEPEHUN T'OPU30HTAIBHOIO U
BEPTHKAJIBHOIO yIJIOB.

1.2 3amanue ¥ UCXOOHBIE JaHHEIE

1. Onpenenuth OOLIYIO CPEIHIOW KBAaIPaTHYCCKYIO IOTPEIIHOCTb
(manee CKII) ropmsonTampHOro yrma [ (puc. 1.1.), ecnm wu3MepeHus
NPOU3BOJIWINCH OJHUM TPHEMOM WU OJHHMM MOBTOPEHHEM C IOMOIIBIO
ONTHYECKOTO TEOAOJIUTa TEXHMYECKOW TOYHOCTH (COTJIACHO TEXHHYECKUM
XapaKTepUCTHKaM TpHOOpa - JOlycKaeMmas IOTPEIIHOCTh H3MEpeHHs
TOPU30HTAJILHOTO YTJIa OJJHUM TPUEMOM cocTaBisieT He 6osiee 30 cexyHn).

Hcxonuple naHHBIE MO BapHaHTaM MpuUBEAeHBI B Tadm. 1.1: miauHbI
TOPHU30HTAIBHBIX MPOCKIUN CTOPOH Sy, S2 U UX YIJIbl HAKJIOHA 01, ) INHEHHBIC
CKII nentpupoBanus teogonura |y u curuanos ., yrimoBoe pacctostaie MexIy
HUTSMHU OMCCEKTOpa d; MHCTPYMEHTANIBHAS TIOTPEIIHOCTE Mycp; TIOTPEIIHOCTE
OT BIIMSHMS BHEIIHUX YCIOBUH My, yc;.



Puc. 1.1. Cxema uaMepeHusi FOpu30HTAILHOTO YIJia

2. Onpenenuts CKII u3mMepeHHs ropu30HTAIbHBIX YIJIOB IO HEBSI3KaM
HE3aBUCHMBIX [OJIUTOHOB, NPOMICHHBIX B OJMHAKOBBIX YCJIOBUAX. YCTa-
HOBHUThH, K KaKOMY KJIaCCy TOYHOCTH MAapKIICHIEpPCKUX ceTed MOXKeT OBITh
OTHECEHa aHaJN3UpyeMas CHCTEMa IIOJUIOHOB COTJIacHO TpeOOBaHUAM
TexHUYeCKON HHCTPYKLHH.

HcxoaHble aHHBIE 110 BapUaHTaM MpUBeJieHb! B Tabu. 1.2,



Hcxonnbple qaHHbIe

Tabmuma 1.1

No § 01 02 Sy, m So, m Iy, m le, M A" | Muemps Mgy yer. s
Bap | R N T

1 |102|37|00|11|07|30|20|02]|00| 22300 | 68891|0,002| 0,001 | 40 5 7

2 |145|34|30|16| 25|00 |28 |24|30| 20,776 | 91,542 | 0,001 | 0,001 | 49 9 8

3 |171|123|30|25|52|30|35|36|00| 73,086 85988 |0002| 0002 | 45 12 10

4 1186 |46 |00| 1 |41 |00 |29 |44 | 30| 32123 | 46,857 | 0,002 | 0,001 | 41 10 8

5 | 167 | 54|30 |28 |33|30 |44 |28 |00 | 38599 96,748 | 0,001 | 0,001 | 44 5 9

6 (123 28|30|12|11|00 | 38|54 |30 | 20,157 | 68,763 | 0,002 | 0,002 | 50 11 5

7 |175|135|{00 |27 |13 |00 |45 |08 |30 | 68,763 | 76,607 | 0,002 | 0,001 | 46 6 7

8 [178|121|30| 2 |46|30|30|31]|00]|51,857 | 25463 |0,001| 0001 | 50 8 10




9 182 |56 |00 |21|27|00| 37|48 |30 | 48,187 | 89,921 | 0,002 | 0,002 | 42 9 5
10 | 166 | 25|30 | 26 | 53 | 30 | 46 | 15 | 00 | 37358 | 80,638 | 0,002 | 0,001 | 40 12 7
11 | 15536 |30| 3 |04 |00 |21 |57 |30] 29,746 27,139 | 0,001 | 0,001 | 49 7 12
12 | 95 | 2900|1719 00|31 |07 |50| 30489 | 51,468 | 0,002 | 0,002 | 40 10 6
13 | 140 | 50 {30 | 20 | 09 | 00 | 47 | 18 | 30 | 22,223 | 25,335 | 0,002 | 0,001 | 50 8 6
14 | 121 |15 (00| 4 |47 |30 | 22| 44 | 00 | 84,457 | 72,692 | 0,001 | 0,001 | 43 7 8
15 | 179 |08 (30|18 |26 |30 |38 |12 | 00 | 27,387 | 35,158 | 0,002 | 0,002 | 48 8 6
16 | 160 | 05|00 |29 |43 | 00 | 43 | 55 | 30 | 24,855 | 68,599 | 0,002 | 0,001 | 42 10 7
17 171116 |00 | 5 |21 |00 |23 |32 | 30| 33,607 | 71,855 | 0,001 | 0,001 | 44 6 9
18 | 179 30| 30| 13|14 00|39 |47 | 30| 26,137 | 30,489 | 0,002 | 0,002 | 47 9 5
19 | 157 | 45|30 | 22|43 |30 |48 |08 |00 | 51,468 | 12,223 | 0,002 | 0,00150 | 5 9

20 | 170 {40 |00 | 6 |51 |00 | 24 | 24 | 30 | 23,536 | 84,457 | 0,001 | 0,001 | 43 7 12
21 | 186 |37 |00 |10 |07 |30 |12 | 02| 00 | 25,300 | 60,891 | 0,002 | 0,002 | 40 5 7




22 | 135 35|00 | 20| 25|00 |28 |28 | 30 | 40,776 | 95542 | 0,002 | 0,001 | 49 6 8
23 | 145|16 |30 | 20|52 |30 |30 | 36|00 | 75086 | 82988 | 0,001| 0,001 | 45 6 10
24 | 115 15|00 |11 | 41|00 | 25| 44|30 | 32,123 | 46,857 | 0,002 | 0,002 | 41 10 8
25 | 145|35|30|30|33|30 |44 |28 |00 | 45599 | 96,748 | 0,002 | 0,001 | 44 5 9
26 | 186 | 37 | 00 | 10 | O7 | 30 | 12 | 02 | 00 | 25,300 | 60,891 | 0,001 | 0,001 | 40 5 7
27 | 135|35|00| 20| 25|00 | 28| 28 | 30 | 40,776 | 95,542 | 0,002 | 0,002 | 49 6 8
28 | 145|16 |30 | 20|52 |30 |30 | 36|00 | 75086 | 82988 | 0,002 | 0,001 | 45 6 10
29 |115| 15|00 |11 | 41|00 | 25| 44|30 | 32,123 | 46,857 | 0,001 | 0,001 | 41 10 8
30 | 145| 35|30 |30|33|30|44| 28|00 |45599 | 96,748 | 0,002 | 0,002 4 5 9
Tabnuua 1.2

Hcxoanple JaHHbIE



IToauronsl

Ne n; fg, " n; fg " n; fg " n; fg, " n; fg, " n; fg, " n; fa, "
BapuaHTa
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
1 9 135 8 102 10 142 7 95 12 156 6 88 7 95
2 6 110 7 95 8 127 5 80 10 142 5 80 9 108
3 5 101 8 102 7 119 6 88 10 142 9 108 12 125
4 12 156 9 108 10 142 6 88 7 119 8 102 9 108
5 7 119 6 88 5 101 8 102 7 119 8 102 9 108
6 9 135 5 80 4 90 6 88 9 135 7 95 6 88
7 8 127 9 108 12 156 8 102 7 119 6 88 9 108
8 8 127 10 114 12 156 10 114 8 127 7 95 7 958
9 8 127 8 102 9 135 12 125 12 156 14 135 8 102




10 6 110 8 102 10 142 12 125 9 135 7 95 6 88
11 8 127 8 102 9 135 9 108 12 156 6 88 12 125
12 8 127 7 95 9 135 10 114 12 156 11 119 8 102
13 16 180 12 125 15 174 14 135 8 127 7 95 9 108
14 5 101 6 88 8 127 10 114 9 135 8 102 7 95
15 8 127 12 125 12 156 10 114 10 142 11 119 9 108
16 8 127 9 108 15 174 16 144 20 201 15 139 9 108
17 6 110 8 102 10 142 12 125 8 127 7 95 9 108
18 8 127 9 108 8 127 7 95 9 135 15 139 12 125
19 6 110 10 114 12 156 6 88 15 174 8 102 12 125
20 8 127 12 125 15 174 8 102 9 135 15 139 9 108
21 5 101 8 102 12 156 7 95 12 156 7 95 7 95
22 6 110 7 95 8 127 5 80 10 142 5 80 9 108




23 6 110 102 10 142 88 10 142 102 12 125
24 12 156 108 10 142 88 7 119 102 9 108
25 7 119 88 5 101 102 7 119 102 9 108
26 5 101 102 12 156 95 12 156 95 7 95

27 6 110 95 8 127 80 10 142 80 9 108
28 6 110 102 10 142 88 10 142 102 12 125
29 12 156 108 10 142 88 7 119 102 9 108
30 7 119 88 5 101 102 7 119 102 9 108




3. Onpenpenuts CKII m3MepeHHs BEpTHKAIBHOTO yryla N CIOCOOOM NPHEMOB TEOAOJIUTOM C (OKYCHBIM
paccrosiHueM 00BEKTHBA f,; TONMHON FOPU30HTATBHONW HUTH TPYObI TeoqoMuTa b, TOYHOCTHIO OTCUUTHIBAHUS 10

BEPTUKAITBHOMY KpYTY { ¥ IICHO# eneHns ypOBHSA T.

1.3 TeopeTuueckoe BBeACHUE

O6mas CKII m3MepeHns TOpU30HTAIBHOTO YTIIa OIPEASISIeTCs IO GopMyIIe:

mﬁzi\/(m2+mﬁ+mi2+mfm

Cocrasisronue oomeit CKII onpenenstores mo cieayromum Gopmyiam:

a) CKII ropu3oHTaIBHOTO yTJIa IPH U3MEPEHUH CIIOCOOOM IIPHEMOB:

2
m2 = m2

m== [—F+—=5
N n 2n2

rze N - YUCJIo NPUEMOB UM TIOBTOPEHUN;

d
Mg - NOTrPELIHOCTh BUSUPOBaHUs, Mg = + —

60"
Wi mg = +—;
12 v

t
Mg - HOrPELIHOCTh OTCYETa, My = i;

{ - TOYHOCTH OTCYETHOTO MPHUCIIOCOOTICHUS TOPU3OHTAIBHOTO KpyTa TeoqoiuTa, t = 30",

V - kpaTHOCTh TpyOBI Teomonura. Hampumep, s 2T30 V = 20

0) CKII nertpupoBanus:

+ mgﬂ.ycn) (1.1)

(1.2)

(1.3)
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my=+L L4l b (52452
1 — 2452 S2 512522 1 2

1 2

rae p''=206265".

B) CKII oT HeBepTHUKAaIbHOHN YCTAHOBKH OCH BPAIICHHS TCOIOIHTA!
m; = ti(tan§; —tan é,)
rze | — CKII ycraHOBKH OCH BpAIllEHHs TEO0JIMTA B BEPTHKAIbHOE mojioxenue, i = 0,157;

T- ueHa aeienust yposHs. Harmpumep, mus 2T30 1=45".

— 2518, cosf) (1.4)

(15)

CKII N3MEPCHUA TOPU3OHTAJIBHBIX YIJIOB 10 HEBA3KAM MOJIMI'OHOB OIIPEACIISACTCA 110 qupMyne



(1.6)

rre fﬁzi — YIJIOBas HEBSI3KA i-TO IIOJIUTOHa,;

Nn; - 9MACJIO0 TOPU3OHTAJIIBHBIX YIJIOB B i-om TIOJIMTOHE,

N - 9HCIIO IOJIMTOHOB.

B cootBerctBuu ¢ tpedoBanusiMu Texuuyeckoi mHcrpykunu CKII m3MepeHuss rOpH30HTANIBHBIX YIJIOB HE
JIOJDKHBI MPEBBIIIATE:
- B ONOPHBIX ceTsaxX £ 20" (¢ yueToM MOrpenHoCTH HEHTPUPOBAHUS TEOA0NINUTA);
- B Ch€MOYHBIX ceTsx + 40".

O6mas CKII u3MepeHns: BEpTHKAIBHOO YTIIa OTIpenensercs mo Gpopmyie:

m+mp+m?

ms = i (1.7)

2n

rze N — 9rcio IpueMoB, N=2;

t

M, — NOrPENIHOCTh OTCYET, My ~

t — TOYHOCTH OTCUNTHIBAHUS IO BEPTHKAIBHOMY KpyTy, t=30";
Mp - NOTPENIHOCTh BU3UPOBAHUS C YIETOM TOTO, YTO BH3MPOBAHME MPOU3BOAUTCS HE MO OHCCEKTOpY, a 10 OJHOM

lbp//_
2f06,

FOpHSOHTaJ’IBHOﬁ HUTU: Mpg =

b — TonmmHa ropu3oHTAIBHON HUTH TeoA0aUTa. s BeruucaeHui npunats b=0,02 Mum;
f,6 — bokycHoe paccrosiHue 0ObexTHBa. {151 BeruucaeHuit npussth f,;=157 mwm;
My — MOTPEUTHOCTh YCTAHOBKH OCH YPOBHS B TOPU3OHTANBHOE MOJIOXKeHHE, My=0,27;

T — 1eHa geneHus yposHa. Hampumep, mma 2T30 t=45". Ecnu npu u3MepeHUH yIioB HAaKIOHA B KPYTHIX TOPHBIX
BbIpabOTKaxX NMPUMEHSJICA HaKJIaJHOH YPOBEHb, TO HEOOXOAMMO IPUHUMATh COOTBETCTBYIOIIEE 3HAUEHHE T COTIIACHO
TEXHUYECKHUM XapaKTePUCTUKAM.

1.4 KpaTkue MeToAn4ecKHe YKa3aHHsI K BHINMOJHEHHIO MPAKTHYECKOI padoThl
IIpu TpagunuonHoM pemenun 3agaun onpeaenenus CKII usmepenus ropu3oHTaNbHBIX YITIOB IO HEBSI3KaM
MOJINTOHOB CJIEYET BBIYHUCIICHHS IIPOU3BOJNUTE B (POPMYJIISIpE CIIEIYIOIIEro BUa:

Ne mourona n; fﬁi fﬁzi fﬁzi

n;

z

IpakTuyeckas pabora Ne2 .
OIIEHKA TOYHOCTHU JIUHEUHBIX U3MEPEHUHU

2.1 llean pa6oTsI

BrimoasuTh OLICHKY TOYHOCTU PE3YJIbTAaTOB I/I3M€pCHI/II71 JJINH JIMHUI IMYTEM BBIYUCICHUA CPCIAHUX
KBaJApaTUYCCKUX HOFpeIHHOCTCﬁ.

2.2 3aganue U UCXOIHbIE TaHHbIE



1. Beruucaute CKII usmepenus anuust guaun (1, M). ecii ©3MepeHHs MPOBOJMINCH B MPIMOM H 00paTHOM
HampaBlCHUAX CTanbHOM pyietkoit (I, M) ¢ HatshkeHuem 10 kr. Mcxo/Hble qaHHBIC MpUBeIeHBl B Ta0. 2.1: yroxa
HAKJIOHA JIMHUH (8, ©); W IUIOLIALb MONEPEYHOr0 CEUCHHs MONOTHA pyletkH (F, cM?); MOrPEHOCTh ONpeIeICHHS
TeMIepaTypsl Bo3gyxa (M, °©); TMHEHHOE CMEMICHHE ITPOMEXYTOUHBIX TOYEK OT CTBOpA JIMHUU NP IMPOBEIINBAHUI
(m, cm), CKII orcuera 1o pynieTke NMpHU M3MEPEHHM JIMHBI OxHOTO Tiposera |' pynerkoit Ha Becy (m,, MM);
TIOTPEITHOCTH N3MEPEHHS YIIIa HaKIoHa (Ms, ).

Tabmuua 2.1

WcxoaHble naHHBIC

Ne I, m I''™m ) + m, |£tm,, | £m;
BapHaHTa m, °©| cm MM

1 93,018 50 10 09 00| 15 8 1,5

2 82,908 50 28 41 30| 50 10 1

3 49,176 30 20 30 00| 20 2 1,5

4 39,377 30 11 27 00| 45 3 1

5 77,430 30 29 39 30| 15 5 15

6 50,410 30 36 14 30| 4,0 6 1

7 69,659 30 12 51 00| 45 4 1,5

8 95,478 50 30 03 00| 25 8 1

9 54,528 30 21 57 30| 35 5 1,5

10 73,563 30 13 34 30| 45 6 1

11 91,913 50 31 49 00| 25 9 15

12 69,010 | 30 22 24 00| 3,0 3 1

cM. IpaxTrueckas pabota Nel

13 71,140 30 37 01 30| 45 4 15

14 92,639 50 14 29 00| 40 10 1

15 83,359 30 32 46 30| 50 5 1,5

16 68,188 30 23 18 30| 35 6 1

17 76,860 30 15 47 30| 45 3 15

18 58,510 30 33 26 00| 4,0 4 1

19 46,600 30 24 11 30| 3,0 5 15

20 51,128 30 38 06 00| 45 6 1

21 72,142 30 16 20 30| 25 7 15




22 84,743 50 34 58 00| 35 10 1

23 35,520 30 25 08 30| 5,0 4 15

24 51,407 30 39 15 30| 20 5 1

25 67,413 30 17 50 00| 30 6 15

26 75,537 30 35 29 00| 15 4 1

27 52,083 30 26 36 30| 25 5 15

28 65,159 30 40 25 00| 3,0 6 1

29 71,328 30 18 56 30| 15 5 1,5

30 68,591 30 21 07 00| 20 5 1

31 45,156 30 19 43 30| 35 7 1,5

E — monyms FOHnTa, kre/em® 2000000
F — [I0Ia b ONEPEYHOr0 CEUCHNS, CM~ 0,26
g —Bec 1 M pyneTku, Kr/m 0,03
P — HaTSDKEHHE PYNETKHU, KT 10
My, — CKII HaTsHKeHUs PyJIEeTKH, KT 1

2. Borunciiuts npeasapuresnbHoe 3Hadenne CKII u3mepenusi Q1IMHBI JIMHUHM (mp, MM) MCXOAsl M3
TeXHHYECKHX XAPAKTEePHCTHK MPUOOpa, ecH NMPOEeKTHasl /VIMHA CTOPOHBI B MOJUTOHOMETPHYECKOM XO7e
cocrapiasier 150 M, a uM3MepeHMsl IUIAHHPYeTCS BBIMOJHATH C MOMOIIBIO 3JEKTPOHHOIO TaxeoMeTpa.

Hcxoanble JaHHbIE IPUBeIEeHbI B TA0J1. 2.2,
3. YcTaHOBUTH KJIACC TOYHOCTH U3MEPEHHOI JJINHBI.

Tao6aumna 2.2
HMcxoanblie JaHHBIE
Ne BapuaHTa Mapxka Crpana, pupma TounocTs HansHOCTH TouHOCTB

U3MEPCHU I[efICTBHH HU3MEPCHUSL
(rop/BepT), " PacCTOSHHS, MM

1 Ta3 Poccust 4/6 5...5000 (10+5x10°°D)

2 3Ta5C Poccus 5 10 2000 (5+3x10°D)

3 SET500 Sokkia 5 4000 (3+2x10°°D)

4 Elta C20 Move ®PT 2 10 2500 (2+2x10°D)

5 Elta C20 Sprim ®PI 2 10 2500 (2+2x10°°D)

6 Elta S10 Move ®PI 1 10 2500 (1+2x10°D)




7 Elta R45 ®PT 3 1o 1300 (3+3x10°°D)
8 Elta R50 ®PI 3 m0 1300 (3+3x10°D)
9 Elta R55 @®PI 3 m0 1300 (5+3x10°D)
10 Geodimetr 600 HIBemus 5/10 10 5000 (5+10°D)

11 R-300N PENTAX 216 110 4500 (3+2x10°D)
12 NTS 320 SOUTH 2 110 2600 (2+2x10°D)
13 NTS 350 SOUTH 5 110 2600 (3+2x10°°D)
14 DTM 352 Nikon 5 2300 (3+2x10°D)
15 DTM 332 Nikon 5 2300 (3+2x10°°D)
16 Ta3 Poccust 4/6 5...5000 (10+5x10°D)
17 3Ta5C Poccust 5 10 2000 (5+3x10°D)

ITpoaoskenue Tadauubl 2.2

18 SET500 Sokkia 5 4000 (3+2x10°°D)
19 Elta C20 Move @®PI 2 10 2500 (2+2x10°D)
20 Elta C20 Sprim ®PI 2 10 2500 (2+2x10°D)
21 Elta S10 Move ®PI 1 10 2500 (1+2x10°D)
22 Elta R45 ®PI 3 10 1300 (3+3x10°D)
23 Elta R50 ®PI 3 m0 1300 (3+3x10°D)
24 EltaR 55 ®PI 3 m0 1300 (5+3x10°D)
25 Geodimetr 600 IIBeuns 5/10 10 5000 (5+10°D)

26 R-300N PENTAX 2/6 110 4500 (3+2x10°°D)
27 NTS 320 SOUTH 2 110 2600 (2+2x10°D)
28 NTS 350 SOUTH 5 110 2000 (3+2x10°D)
29 DTM 352 Nikon 5 2300 (3+2x10°D)
30 DTM 332 Nikon 5 2500 (3+2x10°D)
31 Ta3 Poccust 4/6 5...5000 (10+5x10°D)

ompenensercs 1o popmyie:

2.3 TeopeTuueckoe BBeeHUE
1. Obmas CKII u3mepeHHUs [UIMHBI JIMHUHM TPHU HETIOCPEICTBEHHOM €€ M3MEPEHHH CTaIbHOH PYIEeTKOH

m; = i\/m,zc +m'y, +mi +m'f +mi, +mfs

myg = +myn

CocTaBisitonye o01ei 0)KnuIaeMO MOTPELIHOCTH ONPEACNAIOTCs o Gopmynam (2.2-2.7).
[TorpemHoCcTh OT HETOYHOTO KOMITAPUPOBAHUS PYJIETKH:

21)

2.2)

Te My - CPEemHsS KBaApaTHUYEeCKast OTPEITHOCTh KOMIIAPHPOBAHUS pyneTkd. CTanbHbBIe PYJIETKH KOMIApUPYIOT C

OTHOCHTEJILHO MorpemHocThio He 6onee 1:15000;

n - 4ucljio OTKJ'Ia[[LIBaHI/Iﬁ n=

l




[TorpentHOCT M3MEPEHHUS OAHOTO MPOJIETa 32 CYET HETOYHOTO HATSIKCHUS PYJICTKH:

= +(l—'+qzlvs) : 23
Mip = £ gr T 12p3) ™0 (2.3)

rae E - moayns FOnra (E:2*106 KIC/CMZ);
F - mIomazs momepedHoro ceueH s noioTHa pynerkn, S = 0,26 cm?;
My - IOrPENIHOCTD ONPEAENIEHHs HATSKEHUS PYJETKH, m , =1 Ke;
g - Bec | moronHoro metpa pyinerkn, 4=0,03 kr/m;
P - HaTsDKeHUe pyneTku, p=10 kr.

[orpemHocTs 0T HETOYHOTO y4eTa TeMIIepaTyphl:
my = lam, (2.4)
rze o - K03 GUIMEeHT THHEWHOTO PACIINPEHHS OJIO0THA PyeTky (s ctamu o = 0,0000115);
M - MOTPELIHOCTh H3MEPEHHS TEMIICPaTypEL.

HOFpCLHHOCTL OT HETOYHOTI'O IIPOBCIIMBAHMS JINHUM

2m?
mp = ] (2.5)
rjae M — BeJINYrHa JIMHEHHOT'O CMCUICHUS.
HOFpCH.IHOCTB OTCYCTA 1O PYJICTKE!:
Mo
mye = V1. (26)
lo \/l—
HOFpCH.IHOCTB OT HCTOYHOI'O OIPCACIICHUSA YIJIa HAKIIOHOB JINHUU .
. ms
mys = Lsin 67, (2.7)

rze 0 — yroJ HaKJIOHa JIMHUHY;
Ms — TIOTPEITHOCTh U3MEPEHHUS yTIIa HakIoHa (cM. [IpakTuueckas pabota Nel).

O6wmas CKII u3MepeHus JUTHHBI JINHUK TIPH M3MEPEHUH B TPSIMOM U 00pAaTHOM HAIPABJICHHUSX ONPEACIIACTCS
o hopmyie:

m

2. CormnacHo HOPMAaTUBHO-TCXHUYCCKUM Tpe6OBaHI/ISIM Inpu MU3MEPEHUU JIUHBI JIMHUKW C TIOMOIIBIO
AIIEKTPOHHOTO TaxeoMerpa momyckaemoe 3nauenne CKII usmepenust paccrosiHus (Mp, MM) OJHHM MPHEMOM
omnpenensor 1o dpopmyie (2.9):

mp =a+bx*107°xD, (2.9)
rae a — napamerp, xapaktepusytomuii coctasisromue CKII usmepenus, He 3aBUCAIINE OT PaCCTOSIHUS, MM;
b — mapamerp, xapakrepusyronuii coctapisitorne CKIT usmepenusi, 3aBUCSIINE OT PACCTOSHHUS,
D — m3mepsieMoe paccTOSTHUE, MM.

3. Uto06nI YCTaHOBUTL, K KaKOMY KJIACCY TOYHOCTHU OTHOCHUTCA U3MEPCHHAA [JINHA, H606XO,Z[I/IMO BBIYUCIINTH
m, o
OTHOCUTCJIbHYIKO MOIpEHIHOCTb Tl N COIIOCTaBUTh 3HAUYCHHE C TpCGOBaHI/IHMI/I Texanaeckoi HUHCTPYKIUU.

CoriacHO HOPMAaTHBHO-TEXHHYECKHM TPEOOBAHUSAM 3HAYCHHUE OTHOCHUTEIBHOW IMOTPEIIHOCTA HM3MEPCHHUS UTUHBI
JIUHUM B IMOJ3EMHBIX MapKUIEHIEPCKUX CETSAX HE JOJDKHO IMpEeBBIIATh: B ONOpHBIX ceTax 1:3000; B cheMOUYHBIX
ceTax 1:1000.

[IpaxTraeckas pabora Ne3
OIIEHKA TOYHOCTHU JUHEWHBIX U3MEPEHUI. ONIPEJAEJEHUE KO ®®UIIUEHTOB
CIIYYAHHOT'O U CUICTEMATHYECKOT O BJIMSAHUS ITPU JINHEMHBIX U3MEPEHUAX

3.1 Lenb paboTh
Borauciuts 3HaueHHs KOI(PQUIMEHTOB CIyYalHOW W CHCTEMATHYECKOTO BIMSHHS M HA WX OCHOBE
BBITIOJTHUTH OLICHKY TOYHOCTH PE3yJIbTATOB M3MEPEHHI UTHH JIMHHUH.

3.2 3axaHue M HCXOHbIE JAHHBIE

1. BuIuucouts 3Ha4CHUST KOOPMHUIIMEHTOB CITYIaifiHOTO @ ¥ CHCTEMATHIECKOTO D BITHSIHISL.

2. Boramcinte CKII usMepeHHOH JTMHUU ¢ yd4eToM KO3()(QHUIMEHTOB CIIy4alHOIO @ M CHCTEMaTHYECKOro b
BIHSTHUS.

3. YcTaHOBHTE, K KAKOMY KJIACCY MapKIICHIEPCKUX CETEH MO TOYHOCTH JIMHEHHBIX U3MEPEHUIA MOXKET OBITh

OTHCCCHA aHaJIU3UpyeMast JJInHa JIUHUU. I/ICXO,HHLIC JaHHbIC TPUBCICHBI B Tabm. 3.1.



Hcxonneie nanHbIe

Ne Ne Inmp. loop. Ne Ne Inp. loop.
BapuaHTa BapHaHTa
1 1 29,855 | 29,861 15 1 71,328 | 71,348
2 49,607 | 49,597 2 33,12 | 33,111
3 82,763 | 82,780 3 92,178 | 92,204
4 11,158 | 11,156 4 83,038 | 83,014
5 93,171 | 93,190 5 24,401 | 24,408
6 25,055 | 25,050 6 68,591 | 68,571
7 35,564 | 32,571 7 24,345 | 24,352
8 70,855 | 70,841 16 1 19,387 | 19,393
2 1 21,384 | 21,380 2 58,596 | 58,579
2 45,564 | 45,573 3 97,408 | 97,436
3 74,913 | 74,898 4 74,035 | 74,014
4 97,668 | 97,688 5 45,156 | 45,169
5 19,055 | 19,051 6 21,536 | 21,530
6 58,01 | 58,022 7 34,323 | 34,333
7 86,151 | 86,134 17 1 73,553 | 73,574
8 65,158 | 65,171 2 91,913 | 91,887
3 1 23,24 | 23,250 3 13,668 | 13,672
2 254,521 | 54,510 4 69,010 | 68,990
3 95477 | 95,496 5 22,055 | 22,061
4 16,259 | 16,256 6 27,151 | 27,143
5 69,658 | 69,672 18 c 32,144 | 32,135
6 39,376 | 39,368 2 25,067 | 25,074
7 50,409 | 50,419 3 93,018 | 92,991
8 77,429 | 77,414 4 11,666 | 11,669
4 1 22,300 | 22,296 5 82,908 | 82,884
2 69,891 | 69,905 6 49,176 | 49,190
3 13,766 | 13,763 19 1 35,520 | 35,530
4 91,542 | 91,560 2 73,177 | 73,156
5 23,065 | 23,060 3 84,039 | 84,063
6 85,988 | 86,005 4 23,403 | 23,396
7 22,27 | 22,266 5 12,592 | 12,596
8 34,038 | 34,045 6 51,387 | 51,372
5 1 32,123 | 32,129 20 1 67,413 | 67,394
2 46,857 | 46,848 2 87,21 | 87,276
3 36,599 | 36,606 3 75,537 | 75,515
4 96,748 | 96,729 4 98,445 | 98,473
5 17,158 | 17,161 5 18,686 | 18,681
6 68,763 | 68,749 6 52,173 | 52,188
7 76,607 | 76,622 7 27,400 | 27,392
6 1 31,375 | 31,381 8 65,159 | 65,178
2 55,594 | 55,583 9 86,152 | 86,127
3 34,406 | 34,413 21 1 25,300 | 25,308
4 94,033 | 94,014 2 34,891 | 34,880
5 30,154 | 30,160 3 99,766 | 99,797
6 79,548 | 79,532 4 36,542 | 36,531
7 36,323 | 36,330 5 51,065 | 51,081
7 1 24,855 | 24,860 22 1 71,148 | 71,126
2 68,599 | 68,585 2 33,747 | 33,758
3 24,748 | 24,753 3 92,639 | 92,610
4 83,173 | 83,156 4 83,355 | 83,381
5 92,763 | 92,782 5 24,922 | 24,914
6 33,607 | 33,600 23 1 28,173 | 28,164
7 71,855 | 71,869 2 66,142 | 66,163
8 1 76,860 | 76,875 3 14,065 | 14,061
2 68,610 | 68,596 4 81,016 | 81,041
3 17,766 | 17,770 5 28,664 | 28,655
4 96,158 | 96,39 24 1 85,302 | 85,275
5 38,751 | 38,759 2 73,893 | 73,916
6 46,600 | 46,591 3 91,768 | 91,739

Tabmuma 3.1



32,857 | 32,864 13,544 | 13,548

51,128 | 51,11 69,067 | 69,045

84,743 | 84,719 52,162 | 52,177

24,640 | 24,647 18,675 | 1,670

12,355 | 12,351 98,444 | 98,416

51,917 | 51,932 75,536 | 75,558

30,184 | 30,175 87,230 | 87,205

7 4
8 5
9 1 | 30,489 | 30,483 25 1 | 72,142 | 72,119
2 | 51,428 | 51,438 2 | 84,743 | 84,769
3 | 12,243 | 12,241 3 | 24,640 | 24,632
4 | 23536 | 23,541 4 | 12,355 | 12,359
5 | 84,457 | 84,440 5 | 51,917 | 51,901
6 | 72,682 | 72,697 26 1 | 30,184 | 30,193
10 1 | 27,399 | 27,404 2 | 26,465 | 26,457
2 | 52,162 | 52,152 3 | 95477 | 95,450
3 | 18,675 | 18,679 4 | 16,259 | 16,264
4 | 98,444 | 98,424 5 | 69,658 | 69,638
5 | 75536 | 75,551 27 1 | 39,389 | 39,400
6 87,23 | 87,213 2 | 77,430 | 77,408
11 1 | 25463 | 25,458 3 | 50,402 | 50,416
2 | 48,187 | 48,197 4 | 69,671 | 69,651
3 | 89,921 | 89,903 5 | 16,258 | 16,263
4 | 37,358 | 37,365 6 | 95478 | 9541
5 | 80,638 | 80,622 28 1 | 75537 | 75,559
6 | 29,746 | 29,752 2 | 98,445 | 98,417
12 1 | 30,489 | 30,495 3 | 18,686 | 18,691
2 | 51,428 | 51,418 4 | 52,173 | 52,158
3 | 12,233 | 12,235 5 | 27,400 | 27,408
4 | 23,646 | 23,641 6 | 65,159 | 65,140
5 | 84,457 | 84474 7 | 86,152 | 86,177
6 | 72,672 | 72,657 29 1 | 21,384 | 21,390
13 1 | 39,389 | 39,400 2 | 45,564 | 45,551
2 | 77,430 | 77,408 3 | 74,913 | 74,934
3 | 50,402 | 50,416 4 | 97,668 | 97,640
4 | 69,671 | 69,651 5 | 19,055 | 19,060
5 | 16,258 | 16,263 6 | 58,010 | 57,993
6 | 95478 | 95,451 7 | 86,151 | 86,176
7 | 54532 | 54,548 8 | 65,158 | 65,139
14 1 | 72,142 | 72,163 30 1 | 27,399 | 27,391
2 2
3 3
4 4
5 5
6 6
2

26,465 | 26,473

(3.2)

(3.3)

(3.4)

3.3 TeopeTnueckoe BBeieHNE
1. OueHka TOYHOCTH JIMHEMHBIX U3MEPEHUI MPOU3BOIUTCS IO PA3HOCTAM JBOMHBIX U3MEPEHUI.
[o nmuHAAM, H3MEPEHHBIM B TIPSIMOM U OOpaTHOM HAIPABJICHUSX, OMPEICIIIIOT HX PA3HOCTH:

di=1—1
(3.1)

KOS(l)(l)I/IHI/ICHT CHUCTEMATHUYCCKOT'O BJIUSAHHNA BBIYUCIIAIOT 11O (1)0pMyJ'I€Z

_lad
[Li]

3 KEDK}IOﬁ Pa3sHOCTH UCKIIIOYAIOT CUCTEMATHYCCKYIO COCTABIAIONIIYIO!

d; = di —bll

KoadhummeHT ciryqaliHOTO BIHMSHHAS OTIPEICIISIOT 10 hopMyJie:

rae N — 4uciio pa3HOCTEM.



2. CKII uamepenHo# 3aganHo# JIMHUH (B Ta0. 3.1 MTHHUS MOMYEPKHYTA) BRIYUCIISAIOT IO GopMmyIe:
m; = +Va?l + b?l?

(3.5)

Jns onpeneneHust Kiacca TOYHOCTH MAapKLIEHAEPCKUX ceTell He0OXOJMMO BBIYHCIHTH OTHOCHUTEIBHYIO
MOTPENIHOCTs UIMHBI T;/l W CpPaBHUTH C JOMYCTHMBIMH 3HAYCHUSIMH COTJIACHO TpeboBaHWsIM TexHHYeCcKOH
HMHCTPYKIIHH.

3.4 KpaTkue METOIIM4YecKy € yKa3aHHs K BRIITOTHEHHIO IPaKTUIEeCKOI paboTh
[Ipu TpagIIMOHHOM pELIeHUH 33/1a41 BHIYUCIICHUS CIIEAyeT IPOU3BOIUTE B (DOPMYIISIpe ClIeyIOIero Buja:

7

Ne l; L d; b bl; d; d? | d? a
JIMHUN ll

[IpaxTrueckas padora Ned
ONPEJAEJIEHUE NNOI'PEHTHOCTHU KOOPAUHAT NOCJIEJHEI'O IYHKTA U IUPEKITMOHHOI'O
VIJIA IOCJIEJTHENA CTOPOHBI CBOBOTHOI'O TEOJOJUTHOI'O XOJIA

4.1 llens paboThI

BEHIMONMHUTE OIIEHKY TOYHOCTH CBOOOJHOTO TEOJOJIMTHOTO XOJa, MPOJIOKEHHOTO B TOI3EMHBIX TOPHBIX
BbIpabOTKaX MyTeM BBIYUCICHUS MOTPEIIHOCTEH MIIaHOBBIX KOOPAUHAT U BBICOTHON OTMETKH IOCIIEAHEr0 IMyHKTa, a
TaKXe MOTPENIHOCTH AUPEKIIMOHHOTO yTila MoCcIeIHEe CTOPOHBI.

4.2 3aganne ¥ NCXOMHbIE TaHHBIE

[To ropu30HTATBHBIM FOPHBIM BBIPA0OTKAM MPOJIOKEH TEOIOIUTHBIA X0/, YTJIOBBIC U JUHEHHBIC H3MEPEHUSI
BBITIOJIHEHBI C TOYHOCTBIO, COOTBETCTBYMONICH TpeboBaHMsAM TEXHHUECKONH HMHCTPYKIMH K MAapKIICHIePCKUM
OMOPHBIM ~ CETAM  (IIOTPENIHOCTh  U3MEPEHHS yIoB Mg = 20; KO>OOUIMEHTHl BIMSHUS CIyYaliHBIX H
CHUCTEMAaTHYECKHX IOTPEITHOCTEH Tpy u3MepeHun 1inH uani a=0,0005 M1/2, b=0,00005).

Tpebyetcs onpeaeauTh:
- OTPENIHOCTh KOOPAMUHAT M MOTPELIHOCTD MMOJIOKEHHS MOCIEAHEro MyHKTa K CBOOOAHOTO TEOJOIUTHOTO X0/1a;
- MOTPENIHOCTh AUPEKIIHOHHOTO YIiIa MOCIIEHEH CTOPOHBI CBOOOIHOIO TEOAOIUTHOTO X014,
- MOTPENIHOCTD ONPE/IEICHHs BBICOTHOM OTMETKH MOCeHero myHKTa K;
- MOTPEITHOCTh KOOPAUHAT MOCeIHEr0 MyHKTa K CBOOOTHOTO TEOMOIUTHOIO X0/1a 110 3aIaHHOMY HAlPaBJICHUIO.

4.3 Teopernyeckoe BBelICHHUE
1. MorpewHoOCTb KOOPAMHAT MOCIEAHero IMyHKTa K 1Mo ocAM X M y NpH PaBHOTOYHO M3MEPEHHBIX yIJlaxX
OTPENENAIOT 10 HOPMYJIaMm:

2
m
M2z = —pf YTRE + a? X sicos?a; + b2 Ly, (4.1)

2
M3z = %Z’f R} + a® Y1 s;sina; + b?L%,, (4.2)

rae Riy, Riy - MPOEKIMH KpaTYalIIuX pacCTOAHUM OT KOHEUHOro myHkTa K 110 i-X IyHKTOB X0/1a Ha OCH KOOPJIMHAT

Xuy;

Q; - TUPEKLUHOHHBIE YTIIbI i-X CTOPOH X0/1a;

S; - AJIMHBI CTOPOH X0/a (TOPHU30HTAJIbHBIE IPOJIOKEHHU);

Liy, Lgy - NPOEKINH JIMHUHK, COEJIMHSIONICH MEPBbli ¥ KOHEYHbIH (K) MYHKTHI TEOJOIMTHOTO XOJa, Ha OCH

KOOpJUHAT X U y.

3Ha4YeHUsI YIJIOBBIX W JIMHEHHBIX BEIUYMH OMNPENeNsioT rpaduveckd, T.e. HEMOCPEICTBEHHO Ha IIIaHE
TOpHBIX BBIpabOTOK (puc. 4.1) ¢ yderoM ero macmraba. Bennaunbl Ry, R;, Ha TlaHe 00O3Ha4YarOT KPacHBIM
L[BETOM.



Puc. 4.1. Cxema k mpeapacyeTy TOYHOCTH KOHEYHOI'0 IyHKTA CBOOOAHOI0 TE€OAOJUTHOIO X0/Aa

2. OO611y10 TTOTPEIIHOCTH MOJ0KEHHUS KOHEUHOTo IMyHKTa K B Iu1aHe BBIYHUCIIAIOT 10 (opMyIIe:
2 _ 2 2
M% = M2 + M2
(4.3)

C Y4€TOM TOT'O, YTO XOJbI I10 BLIpa6OTKaM MPOKIAABIBAIOTCA ABaXXAbI, CPCAHIOI0 MMOTPCUIHOCTh BBIYUCIIAIOT
o hopmyie:

Mg
Mch -z
(4.4)
3. OTHOCI/ITCJ'ILHyIO TNOrpCITHOCTD NOJIOXKCHHSA KOHCYHOI'O ITYHKTa K BBIUHCISAIOT 110 (I)OpMyJ'ICZ
M Kcp
M Komn — P
(4.5)

rae P — nepumetp xoxa.

4. OxumaeMyro NpeAeNbHYI0 TOTPEHIHOCTh MOJOKEHHS KOHEYHOTro IMyHKTa K B IUIaHE BBIYUCISIOT II0
thopmyie:
MKOOIC = 3]\ll(cp
(4.6)
5. IorpentHocTs ANPEKIMOHHOTO yIJla TOCIeIHEH CTOPOHBI TEOAOJIUTHOTO X0/1a OTHOCHTEIFHO MCXOIHON
CTOPOHBI, T.€. INEPBOW Ha4yalbHOM CTOPOHBI, MOIYYCHHOW B pe3yJabTaTe OPHUEHTHPOBAHMS, NPH PABHOTOYHO
M3MEPEHHBIX yTilax OMpeNelsioT o popmyIe:

M, an — mﬁ\/ﬁ
4.7
Tae N — 4Ucio YIJI0B TEOAOJIUTHOTO X0/1a, YHaCTBOBABIIUX B BEIYUCICHUN JUPEKIIMOHHOTO yTJjIa HOCHeHHeﬁ
CTOPOHBI XOAa.

C yueToM NOTpEeIHOCTH IUPEKIUOHHOIO Yria HCXOAHOM CTOPOHBI XOAa Mgy NPH HEPABHOTOUHO U
PaBHOTOYHO M3MEPEHHBIX YIjaxX MOTPEIIHOCTb JUPEKIUOHHOIO Yrila MOCIEAHEH CTOPOHBI TEOAOJUTHOTO XOJa
OIIPEIEIIAIOT COOTBETCTBEHHO 110 (hOpMyJIaM:

Mgy = i\/méo + irllmé

(4.8)

(4.9)

6. IlpeapacyeT MOTPEIIHOCTH MOJOXEHHS KOHEYHOro MyHKTa K OTHOCHTENbHO HCXOAHOrO MyHKTa 1 1o
BBICOTE Ha OCHOBE pE3yJbTATOB T'€OMCTPHUYCCKOIO HHBEIMPOBAHUS I10 TOPHBIM BBIPAOOTKAM BBIMOJIHSIIOT
CIIEIYIOIINM 00pa3oM.



Kak wm3BecTHO, cpemHss MOTPEITHOCTh TOJOKEHUS KOHEYHOro NyHKTa K COCTOMT W3 TOTPEUIHOCTEH
W3MEPEHUs TIyOWHBI MaXTHOTO CTBOJA My, W HOTPEIIHOCTEH HUBEITHMPOBAHUSI HA MOBEPXHOCTH Mp,Hd B IIaXTe
Mpy-

MZ = \/mlgtcm + ml%m + ml%m
(4.10)

B namnoM 3amamun TIOrPpEIMHOCTh HUBECJIMPOBAHUA Ha IMOBEPXHOCTHU HE YYUTBHIBACTCH. CJIe,HOBaTeJ'ILHO,
06HIEI$I Cpe€aHss MOTPENTHOCTD ITOJIOKEHUSA KOHEYHOT'O ITYHKTa K 1o BrICOTE:

MZ = mizlcm + mizuu
(4.11)

TAE My - DOTPEHIHOCTH IEPEAAYA BBICOTHOI OTMETKU quepes IIaXTHBIA CTBOJI;
My, - DTOTPEIIHOCTh NT€OMETPUYECCKOTIO0 HUBCIIUPOBAHHUA B IIAXTE.

[MorpemHocTh Tepemadnt BBHICOTHOM OTMETKH dYepe3 IMaxXTHBIH CTBOJ TPH ABYKPaTHOM H3MEPEHHUH
OTIPEeNeNSIOT IO POpMyIIe:
Ak
Mpey = 32
(4.12)
rae Ah=0,0003H, M - mommycTuMoe pacXoxkIeHHe MEKIY ABYMs HE3aBHCUMBIMH IIepeadaMu BBICOT;
H - rmyOnHa maxTHOTO CTBOJIA, M.

CpelHIOl TOTPelIHOCTh TEOMETPUYECKOr0 HUBEIUPOBAHHMS TPU JBYKPATHOM BBIMONHEHUH pPaboOT
OTIPENEIISAIOT 110 (hopMyIie:
L
hw — 32
(4.13)

rne Ah,, - IONMyCTHMBbIEC HEBS3KH HUBEJIUPHBIX XOJIOB B IIAXTE.

Texaunueckon HHCprKHHeﬁ YCTAHOBJICHO, YTO IIPU T'COMETPHUICCKOM HHBCIMPOBAHUU B MIAXTC NOIYCTUMAL
HEBsI3Ka XO/a He J0JDKHA MPEBHIIATh 50VL, MM, Tiie L - imHa Xona, KM.
O)KI/IHaeMaﬂ npeaciibHas NOrpE€urHOCTD MOJIOKEHNUA KOHEYHOTO ITYHKTa K I10 BBICOTC:
M Zooe — 3M z
(4.14)

7. TlorpemHoCTh KOHEYHOro NyHKTa K 10 3a/laHHOMY HarpaBJeHUIO (MEPIeHIUKYISIPHOMY OCH BBIPaOOTKH
X ') TIpu paBHOTOYHO U3MEPEHHBIX yTJIaX BBIUUCIAIOT HO hopMyIie:

2
2 _Mgynp2 2y 2 272
M: = p_221 Ry +a® Xisicos“a; + b°L%, (4.15)
rae Ry, - MPOEKIMH KPOTHAHIINX PacCTOAHMH OT KOHEYHOro myHkTa K 110 i-X To4ek X0/1a Ha 0Ch KOOPJMHAT p's

L, - mpoeKuus 3aMBIKAIOMIEN X012 Ha 3aIaHHOE HAMTPABIICHHUE,
Q; - YCIOBHBIC TUPEKIIMOHHBIC YTIIbI i-X CTOPOH XO/1a.

VYcnoBHas cucTeMa KOOpAMHAT X'p’ CTPOMTCS TakuM 00pa3oM, 4YTOOBI IIEHTP CHUCTEMBI KOOpAWHAT X'y’
pacnonarajics B KOHSUHOM ITyHKTE Te0J10JMTHOTO Xo1a K, a och X' Obu1a cCoBMelIeHa ¢ 3a1aHHbIM HallpaBJICHUEM, B
JTAaHHOM CJIydae - HalpaBJICHUEM, IIEPIECHIUKYIIIPHBIM OCH BBIPaOOTKH.

4.4 KpaTkue MeToAn4YeCKHe YKA3aHUA K BBINOJHEHHIO MPAKTHYECKOH padoThI

[Ipu TpagMIIMOHHOM pEIIEHUH 33a4M Ha IJIaHe TOPHBIX BEIpaOoToK M 1:1000 BBEIOIHUTH MPOEKTUPOBAHUE
teogonutHoro xoxa (I...K). PaccrossHMS MeXTy ITyHKTaMH B TOPU3OHTAIBHBIX TOPHBIX BBIPAOOTKAX
pexomenayeTcst mpuHATH oT 60 10 100 M.

3uauenns Y, Ry, Y RY,, ¥ s;cos?a;, X s;sina; BeraucinTh B HopMyIIApe CeayIomero Bua:

Ry | Rx | Ry | R} S; a; | cos?a; | sina; | s;cos?a; | s;sin’a;
z z z z

3HavyeHus Y, Rizy, , Y. 5;€08%a] BHIMUCIUTH B OPMYJIApE CIEAYIOMIEro BUA:



R, R%. S a; cosa; cos?a; | sjcos’a;

[Ipaktryeckas padora Ne 5

OLEHKA TOYHOCTHU TPUTTOHOMETPUYECKOI'O HUBEJINPOBAHMUS

5.1 Lenpb paboTsl

BreimonHuTh OLICHKY TOYHOCTH BHUCAYECrO0 XOJa TPUTOHOMETPHUUYCCKOTO HHUBCIMPOBAHUA, HpOﬁﬂeHHOFO B
npsAMoOM 1 O6paTHOM HalpaBJICHUAX B MOA3EMHBIX T'OPHBIX BI)Ipa6OTKaX, ITYTEM BbIYHMCIICHHUA MMOTPEIIHOCTU BBICOTHI
MOCJICAHCIO ITYHKTA.

5.2 3aganue ¥ UCXOAHBIE JaHHbIE

[lo HaKIOHHOH TOPHOW BHIPAOOTKE MPOJIOKEH XOJ TPHUTOHOMETPHYECKOTO HUBEIUPOBAHMS B HPSIMOM MU
oOpaTtHOM HanpaBieHHsAX. [lorpemrHocTH W3MEpeHHs] BBICOTHI MHCTPYMEHTa M; M CHUTHAJOB M COCTaBHIIH:
m; = my = 2 MM.

Kosddunmentsr cucremarnueckoro (b) u cmyvaitnoro (&) BIUSHHS OPH U3MEPEHHH UTHH COCTABISIOT
cootserctaento 0,0001 1 0,0015 M™%, BepTuKaibHbie YIIIbl H3MEPSIHCH OXHAM HOIHBIM PHEMOM.

BBI4MCINTh NOrpeNIHOCTh ONpe/IeeH s BBICOTHOM OTMETKH IOCIICTHEr0 ITyHKTa X0/a U CPABHUTH PE3yiIbTaT
C HOPMATHUBHO-TEXHUYECKUM JOIIYCTUMBIM 3HAUE€HHEM COTJIACHO TPeOOBaHUSIM TeXHNYeCKOW MHCTPYKIHH.

5.3 Teopernueckoe BBeeHHE

B cootBercTBHM ¢ TpeOOBaHUSIMHU TeXHUUYECKOW MHCTPYKIMH TEXHUYECKOE HUBEIMPOBAHUE BBIMOIHSIIOT 110
BBIPa0OTKAM C YIJIOM HAkiIoHa 70 5°. TPUrOHOMETPHYECKOEe HHBEIUPOBAHHE BBIMONHIIOT MO0 HAKIOHHBIM
BBIPA0OTKAM C OJTHOBPEMEHHBIM MPOJIOKEHUEM T€OIOTUTHBIX XOJI0B.

[orpemHoCTh BBICOTHOM OTMETKHM MOCIEJHEr0 MYHKTa TPUTOHOMETPHUYECKOTO XOJa BBIYHCIIAIOT 10
hopmye:

2
Mz = %Z’f 12cos?8; + nm? + nmd + a® Y1 1;sin?8 + b2(X} I;sins;)?  (5.1)

rjae N - KOJIU4YECTBO IIYHKTOB X0/1a, HAa KOTOPLIX MPOBOJUINCH COOTBETCTBYIOINUE NU3MEPCHUS,
l; - HaKJIOHHAS JUTHHA CTOPOHBI X0/1a;

§; - yroJsl HaKJIOHa CTOPOHBI,

Mg - MOTPEIIHOCTH M3MEPEHHS BEpTHKAIBHOTO yria (cM. [pakTruueckas pabora 1).

HpI/I HUBCJIMPOBAHWU B IPAMOM U O6paTHOM HapaBJICHUAX NOTPEHIHOCTD OIPCACIICHUSA BBICOTHOM OTMETKH:

1Mz
Mz = V2
(5.2)

5.4 KpaTkue MeToan4yecKue yKa3aHUs K BBINOJHEHHIO 1a00paTOpHOii padoThI

[Ipu TpamguIIOHHOM PELICHNH 3a7ayll Ha MJIaHe TOPHBIX BEIpaboToK M 1:1000 BRINOIHHUTE IPOSKTHPOBAHHUE
teopomutHoro xona (1...K) mo yxnony c mageHumeM 6=40°. ['Opu3OHTaJbHBIE PACCTOSHHUS MEXAY HMYHKTaMHU
pexoMeHayeTcs NpuHATh B npegenax 50...70 M.

Brruncnenust mpou3BoANTH B GOPMYJISIpE CIEAYIONMIETO BUJIA:

Ne cropon l; 5; siné; l;siné; l;sin?§; cos6; l;icosé; 12cos?;

) z z




