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BBenenue

[To nanpasnenuto 21.04.03 «I'eone3ust u AUCTAHIIMOHHOE 30HIUPOBAHUE
(mpodmis "HmxenepHas reoje3us") ydeOHBIM IUIAHOM TIPETyCMAaTpUBACTCS
U3y4eHUe AUCUUILIAHBI « CITyTHUKOBAs TE€OIE3US».

Henp aucummnuebl «CIYyTHUKOBas TeoAE3Us» - OOy4YEHHE CTYICHTOB
IIPOBEICHUIO  CIIyTHUKOBBIX  M3MEPEHUH,  YCTPOMCTBY  CIIyTHHMKOBOTO
reoZIe3NYECKOr0 00OpYyIOBaHUS, UCIOJIb30BAHUIO HOPMATHUBHBIX JIOKYMEHTOB B
00J1acTH CITYTHUKOBOM I'€0/I€31HU, JEHCTBYIOIIUX Ha Tepputopuu PD.

B xone yueOHOro npoiecca CTyA€HT AODKEH MPOCIyIIaTh Kype JEKIUM 1Mo
3aJJaHHOW JUCLMILINHE, TOJATOTOBUThH KypCOBYIO pabOTy, CAaTh SK3aMEH.

Hacrosiumme meTonuyeckue yka3aHUsS MNPEIYyCMOTPEHBI JJIsl BBIIOJHEHHUS
NPAKTUYECKUX U JIADOPAaTOPHBIX PabOT MO CIYTHUKOBOM TI'E0JIe3UH C MOMOIIbIO
cnyTHUKOBOro npueMunka GRXI.

GRXI1 mpenacraBnsier coboit COBpeMEHHBIH KOMMAKTHBI MHOTOYACTOTHBIH
['HCC npremMHHK, KOTOpPBIA CHPOEKTUPOBAH CIELHAIBHO I BBICOKOTOYHBIX
reoJIe3NYECKUX M3MEPEHUN U MOXKET TMPUMEHATHCS I PEIICHHS CaMbIX
pa3IUYHbBIX 3a7a4.

[Tpuemuuk GRX1 moxer npuHUMaTh U 00padaTHIBATh CUTHAJIBI PA3IMYHBIX
tunoB (B ToM uucie curHansl GPS L1, L2, C/A, L2C GLONASS L1, L2, C/A),
YTO IMOBBIIMIAET TOYHOCTH ONPEIEIEHUS IYHKTOB CBHEMKA W MECTOIOJIOKECHUS
OCOOCHHO Ha TPYAHOAOCTYNMHBIX YyuacTkax. CodeTaHue TakuX OCOOEHHOCTEH
IPUEMHUKA KaK MHOI'OYAaCTOTHOCTh M BO3MOYKHOCTH IPHEMa CHUTHAJIOB C JIBYX
cnyTHUKOBBIX cucteM GPS u GLONASS o6ecneunBaroT BBICOKYIO TOYHOCTH
W3MEPEHUI MpU BBINOJIHEHUH JIOOOro BUAA ChEMKH. Takke 3P(GEeKT CHUKEHUS
MHOTOJTy4€BOCTH, IMO3BOJISIET BBINOJHATH ChEMKY B 3aJIECEHHOM MECTHOCTH U B
YCIIOBUSIX MPUEMA JaKe CI1ad0ro CUrHajia co ClyTHUKA.

JUJisi BBITIOJIHEHMSI T€OJIE3UYECKUX Pad0T MPEIyCMOTPEHO TPU PA3THYHBIX
pexuMa: CTaTHKa, CTOM-uau, kuHematuka. [Ipu pexxnme nzmepenunit <KCratuka>>
MaKCUMAaJIbHOE PACCTOSIHUE MEX]y NMPUEMHHKaMH, KaK MPABUIIO, HE MPEBBIIIAET
20 kM. Ilpu HebGombmOlW HMOHOC(EPHON AKTUBHOCTH MU HOYHBIX H3MEPEHHUSX
BO3MOYKHO YBEJIMYEHUE ONPEIECICHUS NPUPALIEHUN KOOPAWHAT HA PACCTOSHHUSIX,
npeBpimatromux 20 kM. Pexxum << Cratuka>> sBisercs Hanbojee TOYHBIM H
MO3BOJISIET OMpPEACNATh MPUPAIIECHUS KOOPJIWHAT MYHKTOB B IJIAHE CO CpelHEen
KBaJipaTHueckoil ommoOkoi 5 MM + 1 Mm/kM, a npesbiirennii - 10 MM + 2 Mmm/kwM,
npu BpemeHu HaOmoaeHuit ot 20 mo 60 MUHYT B 3aBUCHMOCTH OT PaCCTOSHUS
MEXIY ONpPEIEIIEMbIMU TyHKTAMHU.

Pexnm <KLKCroii-uau>> [0NYyCKAaeT MaKCHUMAJIbHOE YIAJICHUE MEXIY
CIyTHUKOBBIMM IpreMHuKaMu 10 10 kM. Bpems nHunmanusanuu npueMHUKOB - 5
MUHYT Ha UHULMAJIU3UPOBAHHOMN pelike WM 15 ceKyH/A Ha IMYHKTE ¢ U3BECTHBIMU
KoopauHataMmi. [lox nHMIIManU3anuen 31ech U Jajnee noapa3yMeBaeTcs yCTaHOBKA
UCXOJHBIX (HAYalbHBIX) MJaHHBIX. PeKOMeHayemMoe BpeMsl W3MEpeHUs Ha
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ompenensieMom nyHkte 1 5 -6 0 cekynn. Cpemusisi KBaapaTuyeckas OIIMOKa
OTIpEeJICNICHHs] TIJIAaHOBBIX KOOpPAMHAT B pexkume KCtoi-uau>> paBHa 12 MM +2.5
MM/KM, a IpeBbIiieHni- 15 Mmm + 2,5 MM/kM.

B Meroamueckmx ykazaHWSX AaHBl CBEACHUS, ITO3BOJISIONINC HN3YYHThH
nmpuémank GRX1 xommanmn SOKKIA kak ogHOTO U3  CYNIECTBYIOIIMX
HABHUTAIIMOHHBIX TMPUEMHUKOB W HAy4HUThCS paboTaTh ¢ HUM. MeToaudeckue
yKa3aHUsl HAMUCaHbl HA OCHOBE PYCH(UIIMPOBAHHON BEPCHUH TPEICTABICHUS
pUEMHUKOM HH(MOPMAITUH.

Ha npumepe npuémanka GRX1 kommannn SOKKIA onucanbl MPUHITUTIEL
OKCIUTyaTalliM  CIyTHUKOBOTO  HABUTALIMOHHOTO TMpPUEMHUKA B  MPOIECCe
BBITIOJIHEHUSI PEKOTHOCIIMPOBKU M JIPYTUX TOJIEBBIX paboT. OcBoeHHE paboOThHI C
OpUEMHUKOM BO BCEX TOHKOCTSAX M JETAlIX BO3MOXHO B IIPOIIECCE €ro
AKCIUTyaTallK MO pyKOBOJCTBOM OIBITHOTO MperogaBaTes.

PaGota cO CHYTHHUKOBBIM HAaBUTAIIMOHHBIM MPUEMHUKOM OCHOBaHa Ha
UCIIOJIb30BAaHUU CHUCTEMBI MEHI0O B KoHTposuiepe. I[lostomy st paGoTsl €
MPUEMHHKOM HEOOXOIMMO ClIeIyIolee. 3HaTh, Kakue (QYHKIIUU (OIIIUK) CTIOCOO0SH
BEITIOJIHATh TPUEMHHK. 3HATh, KAKyH0 W3 ATHUX (YHKIHUNA JKEJIaeT peaTn30BaTh
ornepatop. 3HaTh, IpU pabOTE B KAKOM UMEHHO MEHIO (ITOJMEHIO) OTIEPaTOP MOXKET
peanu3oBaTh 3Ty QYHKIHIO. 3HATh, KaK BBIMTH B 3TO MEHIO M KaK paboTaTh B 3TOM
MeHI0. OnepaTop TakXke JOJKEH MOHMMATh CMBICT Ha3BaHUN MEHIO (IIOAMEHIO),
MOHUMATh CMBIC]T COOOIIIEHHUH, KOTOPhIe MMPUEMHUK BpPEMsSI OT BPEMEHHU IMOCHLIACT
OTIepaTopy, yMeJIo pearupoBaTh Ha 3THU cooOmieHus. Omeparop TOJDKEH TaKkKe
MOHUMAaTh, KaKU€ HAaYaJIbHBbIC YCTAHOBKU MPUEMHHKA CIIEYET BBITIOJHUTh U KaK
T YCTaHOBKU BHITIONHUTH. [Ipuémuuk GRX1 sBisiercs mnpodeccunoHalIbHBIM
MPUEMHUKOM, TTIOITOMY YEJIOBEK, OCBOUBIINI pabOTy ¢ TAKUM MPUEMHUKOM MOKET
CUMTATh C€0s CIEIUATUCTOM B 00JIaCTH CITyTHUKOBOW HABUTAIIWU.



T
: Q VisualParadigm
N

IIpakTHyeckas padora Ne 1
IIpuHUMIIBI el CTBUS CHYTHUKOBBIX CHCTEM

CbeMKka ¢ MOMOIIBIO MPABUIBHO HACTPOCHHOTO CIIYTHUKOBOTO MPUEMHHUKA
MO3BOJISIET C BRICOKOW TOYHOCTHIO ONPEACIIUTh MECTOIOJIOKEHHUE JTFOOOTO 00OBEKTA,
YTO SIBJISICTCS TJIABHBIM TPpeOOBaHUEM IMPHU NPOBEICHUN CHEMOYHBIX padoT.

0630p 'HCC

B nacrosiiee BpeMsi yciayrd OnpeiesieHuss MECTOIOJIOXKEHUS, CKOPOCTH U
OTpEJEICHUs] BPEMEHU MPEJOCTABISAIOT JIBE TJI0OANbHBIE HaBUTAlIMOHHBIC
cnytHukoBeie cuctembl (I'HCC). 3T cucteMbl Bcenorojinnle, padoTaroT
KPYTJIOCYTOYHO W JOCTYIHBI B JIIOOOM TOYKE Ha MOBEPXHOCTH 3E€MJIM U B
OKOJIO3€MHOM TPOCTPAHCTBE JIIOOOMY IOJIH30BATEII0, HMEIOIIEMY MPUEMHUK
curHaiioB ['HCC:

I'N'IOHACC - rnobGanbHasi HaBUTAIMOHHAS CIYTHUKOBAas CHUCTEMA.
duHaHCUpyeTCs M YIpaBISETCs MHHHUCTEPCTBOM 000poHbl  Poccuiickoii
Oeneparuu. g nonydenuss uHGOpMAUU O TEKYIIEM COCTOSIHUM CHCTEMBbI
noceTuTe BeOCalT HHGOPMAIIMOHHO-AaHAIUTUYECKOTO IeHTpa (denepaabHOro
kocMuueckoro areurctea P® (http://www.glonass-ianc.rsa.ru/).

GPS - rmobampHas  cHcTeMa  ONPENEICHUS  MECTOTOJIOKCHHUS.
duHaHCUpyeTCcs U ynpasisieTcs MUHUCTEpcTBOM 000poHbl CIIIA. Jlnig nomydenus
aKTyaJlbHOW HMHQOpPMAIMA O TEKYIIEM COCTOSHHUU CHUCTEMBI MOKHO TOCETHTh
BeOcaiT obcepBatopuun BM® CIIIA wnm BeOGcalT city>kObl OeperoBoi OxXpaHbl
CIIA.

HecmoTpst Ha MHOTOYHMCIIEHHBIE PA3JIMUMs TEXHOJIOTMYECKOIO XapakTepa,
BCE CHCTEMbl OIPEJECICHUSI MECTOIOJOKEHUSI COCTOAT M3 TPEX OCHOBHBIX
KOMITOHEHTOB:

Kocmuueckwuii cerment - cnytaukd GPS u I'TIOHACC, obpamaromuecs 1mo
KPYroBbIM OpOuUTaM Ha BbICOT€ NpuMepHO 20 ThIC. KM OT MOBEPXHOCTU 3EMJIH,
CHa0XEHHbIE paIuOINepelaTYNKaMU U BBICOKOTOUYHBIMU YacaMmu. Kaxaplil U3 3Tux
COYTHUKOB TMEpedaeT CUTHAJIbl W pas3inyHyio uHQopMauuo (3pemepusl,
aJlbMaHax, apaMeTpbl KOPPEKIIUA BPEMEHU OOPTOBBIX YaCcOB U JIp.).

CermMeHT  ympaBlieHUs] -  Ha3eMHbIE  U3MEPUTENbHBIE  IYHKTBHI,
PaCIIOJIOKEHHBIE B PA3MYHBIX YacCTAX 3€MJIM, OTCIICKUBAIOIIUE CIYTHUKU H
3aKJIa/IBIBAIONINE B HUX JAHHBIC O IMOIMpaBKaX OOPTOBBIX YacCOB M OOHOBIJICHHBIE
adeMepuibl (MOJMOKEHUSI CITYTHUKOB KakK (DYHKIIMM BPEMEHH) I OO0eCredeHUs
JIOCTOBEPHOCTH TIepe/IaBaeMON CO CITyTHUKOB MH(MOPMAIIHH.

[Tonp30BaTENbCKUII CETMEHT - TPAXKIAHCKUE W BOCHHBIE IOJIb30BATEIIH,
ocHanleHHble npuemMHukamu ['HCC, ucnosb3yronime u3MepeHus, BBIITOJTHEHHBIE
0 ATUM CUTHaJIaM JJIsl BEBIYMCIICHUSI CBOETO MECTOTIOJIOKEHUS.

B coBpemMeHHOM MUpe pa3BUTHE CITyTHUKOBBIX CUCTEM OCYILIECTBISIETCA U B
JIPYTUX CTpaHaX, HalpuMep:

boaiinoy — kuraiickas rio0OanbHas CIyTHUKOBasE cuUcTeMa HaBuranuu. EéE
pa3paboTrka Hauyanach B 1994 roay (Bepcus «baiinoy-1»), Ha MOJHYIO MOIIHOCTH
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oHa Beiia B 2020 rony (Bepcust «baiinoy-3»). Co3naBaBmasics ¢ 1994 rona
cucrema «baiinoy-1» Obuia 3aBepmiena 21 mexadpss 2000 roma, mocie 3amycka
JIBYX HEOOXOAMMBIX 1Jisi He€ cmyTHUKOB. CHcTeMa OCHOBBIBalIach Ha ujee YsHb
®danbioHa 1983 roga 0 AOCTATOYHOCTH JBYX CIYTHUKOB Ha T€OCHHXPOHHOM
opOuTe ISl ONpeneseHUsT MECTOIOJIOKEHNS HAa OIPaHUYEHHON TEPPUTOPHUH, TIPU
’TOM B  KauyecTBE TPETbEro, HEMOJBWKHOIO BHUPTYaJIbHOTO  CIYTHHKA
paccMaTpuBaiCcs HEHTP 3eMIIH.

Cucrema «b3iiioy» co3naBanack B TpH 3Tara:

. 2000—2003 — oskcmepuMmeHTanbHasi cuctemMa balinoy u3  Tpéx
CIIyTHUKOB;

. K 2012 rogy — pernoHasibHasi CUCTEMa Ul MOKPBITHS TEPPUTOPUU
Kwuras n npuneraromumx TEppuTOpun;

. k 2020 rogy — rio0anbHasi HABUTAlIMOHHAs! CUCTEMA.

CocraB opOUTaNBEHOM TPYNITUPOBKH KOCMUYECKOM HABUTAIIMOHHON CUCTEMBI
«bangoy» Ha 10 maprta 2020 roga:

. BCET0 B COCTaBE TPYNIUPOBKH — 48 anmapaTos;

. HCIIOJIB3YIOTCS 110 1IeJICBOMY Ha3HaYeHUI0 — 43 ammapara;

. HE HCIIOJB3YEeTCs 110 IEJICBOMY Ha3HAYCHHUIO — 5 anmapaToB.

- GALILEO — »5r0 rnobanpHas HaBHTAIIMOHHAsT CIYTHUKOBAs CHCTEMA,

koropas Bbiuia B 2016 romy. IIpoekT Ha3BaH B 4YeCTh MTAIbSIHCKOTO
actporoma ["anuneo [Nanmunes. Ogna u3 ueneir Galileo-obecnieunTs HE3aBUCUMYIO
BBICOKOTOYHYIO CHUCTEMY IMO3UIIMOHUPOBAHUS, YTOOBI €BPOINEHUCKUM CTpaHaMm HE
npuxoawiiock nonararscs Ha GPS CIHIA wim poccutickyro Cucremst ['JIOHACC,
KOTOpbIE MOTYT OBITh OTKJIFOUEHBI WJIM BBIBEJIEHBI W3 CTPOSI UX OMeparopaMu B
mo6oe Bpems. Galileo npenHazHaueH s oOecrieueHns] U3BMEPEHUN U YITy4dlIeHUs
YCIIYT TMO3UIMOHUPOBAHUSI Ha 00Jie€ BBICOKHUX IIMPOTaX, Y€M APYTHE CHUCTEMBI
no3unmonupoBanus. Galileo TaKke NPEAOCTaBUT HOBYIO GyHKIIHIO
riobanbHOTO noucka u cracenus (SAR) B pamkax cuctembl MEOSAR.

K nauany nexaOps 2021 rona B co3Be3iuu OBLIO 3aMyIIEHO 22 CIIyTHUKA.

- PernonanbHble CHYTHUKOBBIE CUCTEMBI:

IRNSS — unauiickas permoHaibHas CIIyTHUKOBas CHCTEMa HaBUTAIWH,
MIPOEKT KOTOPOW OB MPUHSAT K peajn3anuu npaBuTenbcTBoM Uuanu. Pa3zpaboTka
ocymiecTBisuTach MHIuiicKo# opranm3anuein kocmudeckux uccienoBanuii (ISRO).
Cucrema, NOJTy4HBIIIAS C HayaJjioM AKCIUTyaTaluu
na3zBanne NAVIC (anri. NAVigation with Indian Constellation), oGecnieunBaer
TOJIBKO PETHOHAJILHOE TOKphITHE camMoil WMHamum u yacteil compeaeibHBIX
rocynapcts. IlepBerit criytHuk ObuT 3amymieH B 2008 roay. OO1iee KoJU4ecTBO
cryTHUKOB cucteMbl IRNSS — 7.

QZSS — smoHckas KBa3W-3CHUTHAs CIYTHHKOBas cucrtema (quasi-zenith
satellite system, QZSS) Obu1a 3agymana B 2002 r. Kak kommepyeckast cuctema ¢
HAa0OPOM YCITyT JIJIsl TTIOABUYKHOM CBSI3M, BEIIAHUS M IIIMPOKOTO MUCIIOIH30BAHUS JIJIS
HaBUTalMu B INOHUU U COCEHUX pailoHax roro-soctouHor Aszuu. [lepsbiit QZSS-
cnyTHUK ObL1 3amymieH B 2010 r. [Ipeamonaraercs co3nanue rpynmnupoBKU U3 TPEX


https://ru.wikipedia.org/w/index.php?title=%D0%A7%D1%8D%D0%BD%D1%8C_%D0%A4%D0%B0%D0%BD%D1%8A%D1%8E%D0%BD&action=edit&redlink=1
https://ru.wikipedia.org/w/index.php?title=%D0%A7%D1%8D%D0%BD%D1%8C_%D0%A4%D0%B0%D0%BD%D1%8A%D1%8E%D0%BD&action=edit&redlink=1
https://ru.wikipedia.org/wiki/%D0%93%D0%B0%D0%BB%D0%B8%D0%BB%D0%B5%D0%BE_(%D1%81%D0%BF%D1%83%D1%82%D0%BD%D0%B8%D0%BA%D0%BE%D0%B2%D0%B0%D1%8F_%D1%81%D0%B8%D1%81%D1%82%D0%B5%D0%BC%D0%B0_%D0%BD%D0%B0%D0%B2%D0%B8%D0%B3%D0%B0%D1%86%D0%B8%D0%B8)
https://ru.wikipedia.org/wiki/IRNSS
https://ru.wikipedia.org/wiki/QZSS
https://ru.wikipedia.org/wiki/%D0%AF%D0%BF%D0%BE%D0%BD%D0%B8%D1%8F
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CIIyTHUKOB, HAaXOJSIIUXCS HA TEOCHHXPOHHBIX OpOMTaX, a TaKKe COOCTBEHHOMU
cucteMbl TuddepeHanTbHON KOPPEKITUH.

3ajaHue K MpakTHIECKOU padoTe:

- JaThb KpPaTKYK XapaKTepUCTUKy Kaxaod wu3 cymecrByromux ['HCC
TEXHOJIOTUH;

- czienath TabauIy co cpaBHeHueM xapaktepuctuk 'HC cucrew,

- BBITIOJIHUTDH OMHMCAHWE CITyTHUKOBOTO OO0OpPYIOBaHMS, KJIACCU(UIIMPOBATH
€ro Mo XapaKTEPUCTUKAM.

Jlureparypa.

1. AuronoBuu K.M. Hcnonbs3oBaHnEe CIyTHUKOBBIX PaJHMOHABUIallMOHHBIX
cucteM B reogesun. B 2 1. T.1. Monorpadus / K.M. Auronosuy; 'OY BIIO
«Cubupckasi rocyJapCcTBEHHass reojesunyeckas akagemus». - M.: OI'VII
«Kaprtreonentp», 2005. — 334 c.

2. AwntonoBuu K.M. HaBuranuonno-ronorpaduueckas GPS-cucrema
PATHFINDER. [IpakTukyMm aJist CTyJIECHTOB T'€0JIE3UNYECKUX crenuanbHocTen. Y. 1.
HoBocubupck, CI'TA, 1995 r.-44 c.

3. HHdpopManmMOHHBIM pecypc IO TEXHOJOTUSAM  BBICOKOTOYHOTO
MO3UIIMOHUPOBAHUS  C  HUCHONb30BaHMEM [ nobGanmbHbiX  CHYTHHUKOBBIX
Hagwurarmonusix Cuctem (THCC). GNSS EXPERT. Pexxum moctyna: http://gnss-
expert.ru/

4. WudopmallmOHHO-aHATUTUYECKUI LEHTP KOOPAMHATHO-BPEMEHHOTO M
HaBUTAIIMOHHOTO  obOecrnedeHus.  [lpuxknagHol  MOTPEOUTENbCKUNA  LIEHTP
I'JTOHACC. Pexxum poctyma: https://www.glonass-iac.ru

5. TocymapctBenHass kopropamusi 1O KOCMHYECKOW JeSTEIbHOCTH
«Pockocmocy. TTIOHACC. Pexum moctyna: https://www.roscosmos.ru/21923/

Bormpocsl 1o Teme paboTh

1. Kakue cucteMbl OTHOCATCS K TJI00ANBbHBIM, a KaKU€ K PErHOHAIBHBIM U
nouemy?

2. HazoBure npeumymiectBa cucrembl [JIOHACC oTHOCUTENBHO Ipyrux
cucrem?

3. Kakwue 3aiauu pemaror rio0aibHbIe HABUTAITMOHHBIE CUCTEMBI?

JlaGoparTopHnasi padora Ne 1

I'eone3nueckoe cnyrHukoBoe o0opynoBanue u GPS - TTIOHACC cucrembl

Ha CCFOI[H}IH_IHI/Iﬁ JACHb I'€OAC3NYCCKUC, U3BICKATCIILCKUC U CTPOUTCIIBHBIC
pa60TBI BBIIIOJIHAKOTCA C TNPUMCHCHUCM CaMbIX COBPCMCHHBIX MW IICPCIAOBLIX


https://ru.wikipedia.org/wiki/%D0%A1%D0%B8%D1%81%D1%82%D0%B5%D0%BC%D1%8B_%D0%B4%D0%B8%D1%84%D1%84%D0%B5%D1%80%D0%B5%D0%BD%D1%86%D0%B8%D0%B0%D0%BB%D1%8C%D0%BD%D0%BE%D0%B9_%D0%BA%D0%BE%D1%80%D1%80%D0%B5%D0%BA%D1%86%D0%B8%D0%B8
https://www.roscosmos.ru/21923/
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TEXHOJOTH cObopa U 00pabOTKM HMH(POpPMAIMH, OJHUM M3 KOTOPBIX SIBISAETCS
CIIyTHUKOBOE 000pYy/I0BaHHUE.

['eonesunueckoe crnytHukoBoe obopynoBanue GPS-T'JIOHACC cuctemsl B
re0JIe3UH AaKTUBHO MPUMEHSIOTCS MPU MHKEHEPHO-TE€OJE3MUECKUX HU3BICKAHMSIX,
IpU Teo/Ie3NYEeCKUX pa3OMBOYHBIX pabOTaX, Ha pa3HbIX ATamax CTPOUTEIHCTBA,
MEXEBaHUS, TPUBS3KKM KOHTPOJIBHBIX TOYEK pa3OMBKA TEOJOJUTHBIX U
TaXCOMETPUYECKUX XOJOB, C MOMOIIbIO CIYTHUKOBOTO OOOPY/IOBAaHHUS MOJIEBbIC
reoJIe3ndeckue padoThl BBITIOTHSIOTCS B PEKOPIHO C)KAaThle CPOKHU TMO3BOJISASA HE
TOJILKO COOMpaTh KOOpPAMHATHBIE JaHHbIE, HO M OJAHOBPEMEHHO CO COOpOM
MPOU3BOANTh MX 00pabOTKy B pealbHOM BpeMeHH. CITyTHHKOBBIE CHUCTEMBI U
re0JIe3NIECKOE CITyTHUKOBOE 000PYI0BaHNE MPUMEHUMBI B JOCTATOYHO IIHPOKOM
CHEKTpE pa3IuyHbIX oOmnacteid. TpaguIMOHHO, CIIyTHUKOBOE OO0OOpYyJOBaHHE
NPUMEHSIETC B  T€OJE3UHU, 3EMJICYCTPOMCTBE, KajgacTpe HEABUKHUMOCTH,
MOHUTOPHUHIE U, KOHEYHO, B CTPOUTENIbCTBE. TaKkxke, CIyTHUKOBOE 000PYI0BaHUE
CIY’)KUT JJi1 TPAHCIIOpTa — B KA4ECTBE OCHOBBI HABUTAIIMOHHON CHUCTEMBI H
pacuera MECTONOJIOKEHUS. B caMbIX COBpPEMEHHBIX CHCTEMaX MOHUTOPHUHIA
3MIaHUA W COOPY)KEHUMU, BaXKHEHIINX YHHUKAJIbHBIX WHKCHEPHBIX OOBEKTOB, BCE
OoJbIlle  CIIYTHUKOBOE OOOpY/IOBaHHE HWHTETPUPYETCS C  PasHOOOpPA3HBIM
JMArHOCTUYECKUM O00OpYJOBaHUEM, TaKUM KaK TpPaCCOMCKATENH, HXOJOTHI,
OeCHWIOTHBIE  JIMarHOCTHYECKHE, HaONMoIaTrelbHble U TEIUIOBU3UOHHbBIC
JeTaTenbHble  ammapaTthl. ['eoje3ndeckoe  CIIyTHMKOBOE O00OpYyJIOBaHHE U
CITyTHUKOBBIE CUCTEMbI MIO3BOJISIFOT MIPUBSI3bIBATH JaHHBIC TUArHOCTUKU 00BEKTa K
TOYHOMY BpE€MEHM M TreorpaguueckuM  KoopauHataMm. l'eope3myeckue
CITyTHUKOBBIE MPUEMHUKHU CIY>KaT JJid OMNpeJeieHUs KOOPAWHAT Pa3IUYHBIX
O00BEKTOB HAXOMASIIUXCS B OIMpPEJEICHHBIX TOUKaX Ha MeCTHOCTHU. ['eone3nueckuit
CIyTHUKOBBIM TPUEMHHUK NPUHUMAET W 0O0padaThIBa€T CIYTHUKOBBIM CHUTHAI,
npeoOpa3oBbIBasi JaHHBIE B KOOPJAWHATHI HA MECTHOCTU, B TOM CHUCTEME, KOTOPOI
HEOO0XOMMO.

I'eonesnueckne GPS/TJIOHACC mnpueMHUKH TO3BOJSIOT — OMPEICISITh
KOOPAMHATHI C TOYHOCTHIO OT HECKOJIBKUX METPOB J0 HECKOJIBKUX MUJIITUMETPOB.
['NIOHACC npuemMHUK SBISIETCSI POCCUHCKOW aIbTEPHATUBON aMEpPUKAHCKUM
npuéMHUKAM CHUCTEeMBbI cryTHUKOBoro mo3utmonupoBanus GPS. TJIOHACC
MPUEMHUKHA CIYXaT Kak JUisl ONpeneNieHHus KOOPJAWHAT, CKOPOCTH W APYTHX
napametpoB kpome Toro I'JIOHACC mnpueMHUK MOXET OBbITh HCMOJIb30BaH B
CHCTEMAaX C BBEICOKON TUHAMHUKOI OOBEKTOB.

Cpenu crmyTHUKOBOTO reojieznueckoro ooopyaoBanus - GNSS, B HacTosiiee
BpeMsi Ha pBbIHKE HMEIOTCSI OJHO- U JByxdacTtoTHele GPS mnpuemHukwy,
MHOTI'04acTOTHbIE TpueMHUKHU HoBoro nokosieHust GPS/I'JIOHACC, paaunomoiembl
u GSM wmozembl, a Takke mpueMHUKH c noauepxkko RTK u
crienimaauzupoBanHoe 110.

Bo Bpems o0O0yueHMS CTyAEHTBHI M3y4yalOT METOJIUKY pPalbOTBI C
HABUTAIIMOHHBIM CIyTHUKOBBIM TNPUEMHUKOM. B XOze BBITIOJTHEHUS TEPBOA
JabopaTopHOil PabOThI CTYIEHTHI, BBIMOIHSS HAOMIOAEHUS HA TMYHKTE, CO3JAI0T
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NyTEBYID TOYKYy. B pe3ynbrare BBIIOJHEHHS 3TOM pabOThl  CTYAEHTHI
MPEACTABISIIOT CIEAYIOIINE MATEPUATIBI.

1. OmmOka onpeneneHns MeCTOIONIOKEHHMS.

2. lIlupoTa, 10ATOTA U BBICOTA TOUKH.

3. Jlata 1 MOMEHT BPEMEHHU BBITTOJTHEHUS HAOJIIOICHUN.

B npouecce nabGopaTopHOi pabOThl CTYIEHTHI, BBIMOJHSAS padoOTy B
JIBH>)KECHUU, TO €CTh, OCYLIECTBIIASI HABUTAIMIO, YYaTCS ABUTATbCS K 3alaHHOMY
IYHKTY, Ha KOTOPOM 3apaHee COo3/1aHa IyTeBask TOUKa.

Jlureparypa.

1. AuronoBuu K.M. Mcnonp30BaHH€e CIIyTHUKOBBIX PaJMOHABUTALIMOHHBIX
cucteM B reogesun. B 2 1. T.1. Monorpadus / K.M. Anronosuu; ['OY BIIO
«Cubupckasi rocyJapCcTBEHHass reojesunyeckas akagemus». - M.: OI'VII
«Kaprtreonentp», 2005. — 334 c.

2. AwntonoBuu K.M. HaBuranuonno-ronorpapuueckas GPS-cucrema
PATHFINDER. [IpakTukyMm aJis CTYyJIEHTOB T'€0JIe3NYECKHX crnenuaibHocTen. Y. 1.
HoBocubupck, CI'TA, 1995 r.-44 c.

BOHpOCBI II0 TCMC pa6OTI>I

1. Kakue xapakrepucTuku HEOOXOJMMO YYHUTBIBaTh IIpU  BBIOOpE
CIIlyTHUKOBOT'O 00OpYAOBaHUS

2. K kakoMy Tuty (Mo pa3in4Hou KiaccudUKaium) OTHOCUTCS anmnapaTrypa?

3.13 xakux cermeHnToB coctout [ HCC?

4. Tlouemy OJIHOYACTOTYIO amnmaparypy He pPEKOMEHIYETCS HMCHOJb30BaTh
npu paccrosiHusx oonee 10 km?

5. YUTo BIMSIET HA TOYHOCTh CHYTHUKOBBIX ONPEICICHHI?

JlabopaTtopHnasi pa6ora Ne 2
IHosyyeHue anbMaHaxoB U 3¢ emMepus

Kaxnprii crnyTHUK mepesaeT HaBHTAllMOHHOE COOOIICHHE, KOTOpOe
BKJIIOYAET MapameTphl 3¢deMepu]l CIyTHUKA, ajlbMaHaX W Pa3IUYHYIO0 JAPYTYIO
uHdopmaruto. [TapameTpsl d3dheMepu] OMUCHIBAIOT IBIXKEHHE CITyTHUKA 110 OpOUTE
U UCHOJIB3YIOTCS JI ONpENENeHUs €ro KOOpPJIWHAT/TPAeKTOpUHU. AJIbMaHax
COJIEPKUT JIJaHHbIE 00 OpOMTE Kak IMepeAarollero CIyTHHUKA, TaK M BCEX JPYTUX
CITyTHUKOB OJTHOW U TOM K€ HaBUT'allUOHHOU CUCTEMBI.

Cnytauku cucrem GPS u T'JIOHACC mnepeparor naHHble 3¢eMepu
IUKIIMYECKU ¢ UHTEPBAIOM 30 CEKYH]I.

Cnyrauku cucreMbl GPS nepenaroT naHHbIE ajgbMaHaxa LUKIMYECKU C
uHTepBaioM 12,5 munyt; cnytHuku cucteMbl ['JIOHACC nepenaroT naHHbIE
allbMaHaxa HUKJIMYECKH C HHTEPBAJIOM 2,5 MUHYT.
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[Ipy HanuuMu anpMaHaxa Bbl MOJYKETE CYIIECTBEHHO COKPATUTHb BpEMS,
KOTOpPOE YXOJUT Ha TO, YTOObI HAMTH CIIyTHUKU U HAYaTh MPUEM CUTHAJIOB C ITHX
CITyTHUKOB.

[IpueMHUK peryysipHO OOHOBIISIET allbMaHaxX U d(eMepuibl U XpaHUT caMble
MOCJIEAHUE UX BEPCUU B CBOEH YHEPrOHE3aBUCUMOM TaMATH NvVram.

UtoOpl MOMyYyuTh adbMaHax U 3deMepuabl, HEOOXOAMMO BBIIOJIHUTD
CIEAYIOIINE ACHCTBUS.

YcTaHOBUTE IPUEMHHUK B MECTE C XOPOIIel 0030pHOCTHIO HEOOCKIIOHA.

Bxirounte npruemMHUK.

[Topoxaure npuMepHO 15 MUHYT, TOKa IPUEMHHUK HE 3aBEPIIUT COOp BCEX
JAaHHBIX allbMaHaxa u 3eMepu] CO CITyTHUKOB.

Ecnu 15 MuHyT nponuio, HO NPUEMHUK HE MPUHSII CUTHAJBI CO CITyTHHKOB,
OUYUCTHUTE IHEPTOHE3aBUCUMYIO MaMsTh (NvVram). Cm. Paznen “Beioepute ram daiin
u flash ¢aiin mnarer npuemunka.” Ha ctp. 5-8. [7]

OOHOBNIEHNE WU MOJTYYEHHE HOBBIX aJbMaHAaXOB TPEOYeTCs B CIAEAYIOLIUX
CIryJasx.

Ecnu npueMHHK ObLT OTKITIOYEH M HE MCIIONIB30BAJICA JUIsl pa0OThl B TEUEHUE
JUIUTEJIBHOTO IIEPHO/1a BPEMEHH.

Ecnu mocnenHsss m3BecTHash KOOpPAMHATA MECTOHAXOXIACHUS IPUEMHUKA,
XPpaHsIAsACs B YHEPrOHE3aBUCUMOM IMaMATH NVIAM, OTIMYAETCS OT €ro TEKYILIEro
MECTOIIOJIOKEHUS HA HECKOJIBKO COTEH KHIIOMETPOB.

[Tocre 3arpy3ku HOBBIX KOJIOB JOMOJIHUTEIBHBIX oniuii (0af).

[Tocne 3arpy3ku HOBOr0 MUKPOIPOrPaMMHOI0 00ECIIeUCHHUS.

[Tocne 0YMCTKM PHEPrOHE3aBUCUMOM MaMsITH NVIam.

Ilepen creMkoi.

Jlureparypa:

1. Uuctpykmus k cmytHukoBomy npueMHuky GRX1. I'eoctpoiin3bicKkaHusl.
Pesxum noctyna: https://vrn.gsi.ru/art.php?id=419#gnss_receiv

2. HWHdpopManuoHHBII  pecypc MO  TEXHOJIOTHSIM  BBICOKOTOYHOTO
MO3UIIMOHUPOBAHUS €  HUCHONb30oBaHWEeM [ 1ob6ambHbIX  CIYTHHUKOBBIX
Hagurarmonusix Cuctem (THCC). GNSS EXPERT. Pesxxum moctyna: http://gnss-
expert.ru/

3. WudbopMalMOHHO-aHAIUTUYECKUN ILIEHTP KOOPJAMHATHO-BPEMEHHOIO U
HaBUTallMOHHOro  obecneyenus.  [lpukmanHolt  MOTPEOUTENbCKUN  IIEHTP
I'JTOHACC. Pexxum noctyma: https://www.glonass-iac.ru

4. TocymapCTBEHHass KOpPHoOpamuss IO KOCMHYECKOM JEATEIbHOCTH
«Pockocmocy. TTIOHACC. Pexum poctyna: https://www.roscosmos.ru/21923/

Bomnpocsr

1. YUto Takoe anpbmaHax?

2. YUto Takoe reMepuapi?

3. Kak cobuparorcs u UCTIOIB3YIOTCS TaHHBIE ajJbMaHaxa u dpUMHUpUA
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JlaGopaTopuas padora Ne 3
Kondurypanus GRX1

Kondurypamuss kak 0a30BOi CTaHIMM, TakK W pPOBEpa  JOJDKHBI
COOTBETCTBOBATH BHIOPAHHOMY THITY CHEMKH.

Ecnu HeoO0X0auMO BBINOJIHUTH CheMKY B pexume RTK, nompaBku c
0a30BOr0 MpUEMHHUKA MEpPEAaroTCs Ha POBEpP, UYTOOBI MOCICAHHM MOT TOYHO
OTIPEJIEIUTH CBOE MECTOIOJIOKEHUE OTHOCUTEIBHO 0a3bl .

ba3oBbIil IpueMHUK OOBIYHO YCTaHABIMBAETCS HaJ TOYKOW C M3BECTHBIMU
KOOpJIMHAaTaMU U coOupaet gaHHbie co crmyTHUKOB cucteM GPS/TJIOHACC. Tlo
Mepe IMOJIyYEHHUsI JaHHBIX CO CIIyTHHUKOB NPUEMHHUK H3MepseT (a3bl Hecylled u
KOJa, YTOOBl TOYHO BBIUMCIUTH CBOE MECTOIOJIOKEHHE. 3aTeM IPUEMHHUK
nepenaeT 3ty MHpopMammio mo paguomoaemy (ykB, gsm/ gprs wim cdma) Ha
poBep.

PoBep nmpuHuMaeT nonpasku, nepegaHHbie ¢ 0a30BOM CTAHIIMM, K BHOCUT UX
B CBOM COOCTBEHHBIE U3MEPEHHUSI IICEBAOJATBHOCTEN IO CITyTHUKOB.

PoBep mpencraBusier coboit moaBmkHbii GPS mpueMHUK, yCTaHOBIICHHBIN
Ha T€O0Je3MYECKOM BelIKe WiIM Ouroje, KOTOphId oO0pabaTbiBaeT CBOU
COOCTBEHHbIE HM3MEpPEHHs (a3bl HECYIIEH C Y4YeTOM IONMPABOK, MPUHATHIX OT
0a30BOM CTaHUUHU, U C BBICOKOH TOYHOCTBIO OMNPENEISIET CBOM KOOPAMHATHI
OTHOCHUTEJIHHO 0a30BOM CTaHIUH.

[Ipy BBIOJIHEHUU CHEMKH C TOCICIyIOmEeH 00pabOTKONW pe3yiIbTaToOB
U3MEPEHHI B KaMepalbHbIX YCIOBUAX, KaK MPaBuio, 00a npueMHuka (6a30Bblil 1
poBep) pasznenbHO (UKCUPYIOT CBOM H3MepeHusl (a3bl W/WIM HECylehd 1o
CIyTHHKaM B T€YEHUE OJHOrO U TOIO K€ MHTEpBaIa BPEMEHU. DTH JAHHBIE 3aTEM
00pabaThIBAIOTCS C HCIOJB30BAHUEM MPOrpamMM MOCTOOpabOTKM (Hampumep,
spectrum survey office).

[Tpu HacTpOWiKEe MPUEMHHUKOB IS CheMKH B I'tK pesxume

Hcnonw3yiite cneayrommil mopsaoK A1€MCTBUN.

BeolinonauTe 1edCTBUS 1O MOATOTOBKE MPUEMHHUKA K ChEMKE.

HactporiTe oaun npuemMHuK Kak rtk 0asy, a apyroi kak rtk posep .

YcranoBuTe 6a30BbIi MPUEMHUK HAJl TOYKOW C M3BECTHBIMU KOOPAMHATAMM,
9TOOBI TMPUCTYNUTH K COOPY JAHHBIX B PEXKHME CTATHUECKOTO HAOIIOEHUS U
niepeiaue MonpaBoK. Y CTaHOBUTE POBEP, YTOOBI Ha4aTh rpueM Itk momnpaBox.

[Ipu HacTpoOliKe MPUEMHUKOB JIJIsi ChEMKH € TTOCTOOPaObOTKOM

Hcnonp3yiiTe cienyromui nopsiaoK AEMCTBAMN.

BrinmonHuTe 1eMCTBUS 110 MMOATOTOBKE MMPUEMHUKA K CHEMKE.

Hacrpoiite oqua nprueMHHUK Kak 0a30BBIi CTAHIIUIO, & IPYTOM KaK POBED..

YcranoBuTe 6a30BbIil IPUEMHHUK HAJl TOYKOM C M3BECTHBIMU KOOPJIMHATAMH,
4YTOOBl MPUCTYNUTh K COOPY JAHHBIX B PEXKUME CTATUYECKOTO HAOIIOJEHUS.
VYcranoBute poBep, 4TOOBI HayaTh cOOp MAaHHBIX B PEXKUME CTATUYECKUX U
KMHEMaTHU4YEeCKUX HAOIIOICHUH.
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Jlureparypa:
1. UacTpykiusa k criyTHukoBoMy IipueMHUKY GRX1. I'eocTporin3pickaHus.
Pexxum moctyna: https://vrn.gsi.ru/art.php?id=419#gnss_receiv

Bormpocsr:

1. Kakum 006pa3oM MpouCXOAUT HACTPOIKA CITyTHUKOBOTO 000py0BaHUs?

2. Yro HeoOXOAUMO YUMUTHIBATH JJII MUHUMHU3AIMU TOTPEUIHOCTEH
U3MEPEHUI?

IIpakTuyeckas padora Ne2

AOCOJTIOTHBIH METOA CHYTHUKOBOI'O IMO3UIINOHUPOBAHUA

CnyTHHKOBBIN HaBUTaIMOHHBIN nprueMHUK GRX1.

[enb paGoOTHI.

CTyaeHTBl TOKHBI 03HAKOMHUTBCS ¢ aOCOJTIOTHBIM METOJOM CITyTHHUKOBBIX
OTpEJCICHU  KOOPJAMHAT, HAYyYUTbCd  KOH(PUTYpHpOBaTH  CIyTHUKOBBIC
MPUEMHUKHA U pabOTaTh C HUMHU B PEXKUME HABUTAIIMU U B PEXHUME ONpPEeICHUs
KOOpJIMHAT.

bromxer BpemeHnu: 6 4acos.

Conepxanue 3ansatue 1 — Obmee 3HakoMCTBO ¢ npueMHukoM GRX1

1. O6mee 3HakoMcTBO ¢ mpuemHukoM GRX1. 3apucoBaTh BHENTHUN BU]T
npueMHuka. O3HAaKOMUTbCS C Ha3HAYEHUEM KHOMOK Ha TMepeaHeld MaHeIu
NpUEMHUKA, 3amnucaTh. BbIMucarh Ha3BaHHUS OCHOBHBIX OKOH MeHIO. M3ydyuTh
COJIep>KaHUE OKOH.

2. Coznmanue, peNaKkTUPOBAHWE W yOalleHWE NyTeBbIX Touek. Co3aarh
MyTEBYIO TOYKY B KAMEPAJIbHBIX YCIOBUSIX.

Koopaunartsr:

3amath UM TOYKM M €€ CUMBOJ. 3amucarb pes3ynbTaT. Co3aaTe MyTEBYIO
TOUYKY. B KOHIIE 3aHATHS yAQIUTH CO3/IaHHBIE ITyTEBBIE TOUKHU.

3. Nanumanusamus. M3MepuTe W 3ammcath BpeMsl MEXIY BKIIOUYEHHEM
IPUEMHUKA W OIpPEACICHHUEM KOOpAMHAT. 3amucarb HOMEpPA CIIyTHUKOB, OT
KOTOPBIX MPUHUMAETCS CUTHAJ, 3apUCOBATH MOJ0KEHNE HAOIIOAaeMbIX CITyTHUKOB
Ha HeOecHOUM cdepe. OOBACHUTH PA3IUYHBIM YPOBEHb CHUTHAJNA OT Pa3IUYHBIX
cnyTHUKOB. CO3/1aTh HECKOJIBKO MYTEBBIX TOYEK B MOJIEBBIX YCIOBUSX. 3aMKcaTh
KOOPJIMHATHI, UMsI, TOYHOCTb.

3ansTue 2 — KOHQUrypaius NpueMHUKa, CO3JJaHue MapuIpyTa, HaBUrauus K
3aJIaHHBIM TOYKaM

1. YcranoButh 4achkl MpuUeMHHKAa B cucteMe BcemupHoro Bpemenu UTC,
IIOTOM B CHCTEME MOCKOBCKOI'O BPEMEHU.
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2. Co3nath 3 MyTEBbIE TOUKHU:

To4yka |1 — Hayajmo JIBMOXKCHHS, CO3JaHHAs Ha MECTe BO BpeMs 3aHATHs |
TOYKa 2 — MYHKT JJIs1 CHyTHUKOBBIX HaOMtoeHuit, koopauHatel B CK WGS-84:

B =51°39'15.8580",

L =39°11'30.1488"

H=101,118 m

TOYKa 3 — IMYHKT TOPOJACKOM MOJTUTOHOMETpUH, KoopauHaThl B CK-42:
X= ... M

V= M

H=........ M

3. Konduryparnus npuemuuka. i3menenue cuctemsl koopauHar. [lepeiitu k
cucreme koopauHaT CK-42 B mpoekuum ['aycca-Kprorepa, co3mate myTeByro
TOUKy 3. BepHyTh ucxoanyro cucrtemy kopauHat W(GS-84, 3anucats KOOpANMHATHI
TOYKH 3.

JlaHHBIE 1S IEPEX0/IA U3 OJTHOM CUCTEMBI KOOPJUHAT B IPYTYIO:

Ommncona WGS-84: a = 6378137 m, = 1/298.257223563.

Omnuncoun Kpacosckoro: a = 6378245 m, = 1/298.3

[TapameTpsr epexoaa ot WGS-84 k CK-42 (User system):

Cnpur Havana koopauHat: dX =+25 m, dY =-141 m, dZ =-80 m.

[Tapametpsl cuctemsl ['aycca-Kprorepa (User UTM Grid):

MacmTad BAOJIb OCEBOr0 MepunuaHa =1,

mMpuHa 30HbI 60,

cmemenue ocu +500 000 m.

4. Cozmath MapupyT, MPOXOAAIIMN dYepe3 Touku 1-2-3. 3ammcaTh
PACCTOSIHUS MEXTY TOUKAMHU M COOTBETCTBYIOLIUE a3UMYThI HAPABIICHUN.

5. HaBuranus co CIryTHUKOBBIM IPUEMHHUKOM.

6. JIBikeHHe K 3aJlaHHOM MYTEBOM TOYKE. 3amucaTh CKOPOCTh ABUKEHHS.
[Ipocne- muth Ha ctpanunax KOMITAC u KAPTA u3smeHeHue pacCTOSIHUSI U
CKOPOCTH.

7. Onpeaenuth MOBTOPHO KOOPAMHATHI HAyaJdbHOM IyTEBOM TOUKH.
3anucaTh UX U O0BICHUTH PACXOXKICHUE B KOOPIUHATAX.

Bormpocs! o pabote

1. Pacumudposate Tepmunsl [ JIOHACC, GPS.

2. Cuctemsl koopauHat WGS-84, CK-42, CK-95.

3. Cuctemsl Bpemenn UTC u LOCAL TIME.

4. TlpuHIUT OTMpEeNeNieHNs KOOPAWHAT MyHKTOB C MOMOIIBI0 CITyTHUKOBBIX
cuctem GPS, I'JTTOHACC.

5. Uto Takoe aOCOMIOTHBIA METOJ ompeiesneHus KoopauHar? TodHOCTh
aToro Metoja. Mctounuku ommobok B aOCOTIOTHOM METO/IC.

6. Uto Takoe myTeBble TOUKH? MeTo/Ibl CO3JaHuUs ITyTEBBIX TOUEK.

7. YTo Takoe TpeK U MapupyT?
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8. B yeM mpUHIUIUAIBHOE OTJIMYME Ie0/Ie3UYECKOr0 MyHKTa, CO3JaHHOIO
TPaIUIIMOHHBIMU T'€0/IE3NYECKUMU METOJaMU, OT MYHKTa, IPEAHA3HAYCHHOTO JIJIs
CITyTHUKOBBIX HAOJIIOICHUI?

IIpakTnueckasi padora Ne3
CnyTHuKoOBas annaparypa norpeduress. Bbi0op cnyrTHUKOBO#M annapatypbl

Lens. M3yuuTh TUNBI U TOTEHIMAIbHBIE BO3MOXXHOCTHU CIIyTHUKOBOM
anmnaparypbl, OCBOMTb METOJUKY BBIOOpa CIIyTHHKOBOW ammapaTypbl JUIs
BBIMIOJTHEHHSI KOHKPETHBIX TOMOrpado-reoe3sndyeckux paboT U ONpeaesieHus
MHUHHAMAJIbHON KOMIIJICKTHOCTH.

broxer Bpemenu: 2 gyaca

Conepxanue pabOTBHI.

. W3yunTh TUIBI W TOTEHIHUAIBHBIC BO3MOXXHOCTH CITyTHHKOBBIX
MPUEMHHUKOB M aHTEHH (KOJOBBIE, KOJ0BO-(a3oBkie, (pazosrie: G, G+G, L1, L1+
L2).

2. BeiOpaTh TUI W MOJENb CIYTHUKOBOW ammapaTypbl JJisi BBITTOJHEHHUS
KOHKPETHBIX paboT (COrjacHO BAapUAHTOB) M OIPEACIUTh €€ KOMIUIEKTHOCTb.
Bbi6op cryTHHKOBOHM armmapaTypbl OOOCHOBaTh (Tam, TJ€ 3TO HEOOXOIUMO,
BBITIOJIHUTH PACUYeT TOYHOCTHU U TJIOTHOCTH T'€0€3UYECKON OCHOBBI).

3. Tloka3aThb Ha PHCYHKE OCHOBHBIE 3JIEMEHTHI BBHIOPAHHOW CITyTHUKOBOM
anmaparypbl. TpeboBanue k odopmieHuio padboTel. Pabora momkHa OBITH
odopmiieHa Ha OJTHOM CTOpPOHE He Oojiee 4 CIIUTHIX CTaHJIAPTHBIX JUCTOB Oeoit
oymaru ¢opmara A4 pasmepom 210x297 u coxepkaTh: TUTYJIBHBIA JIUCT U
TEKCTOBYIO 4acTb. Ha TUTYIbHOM JHCTE 00s3aTENIbHO YKa3bIBAETCSI HAMMEHOBAHUE
y4e0OHOTO 3aBE[CHHS, UHCTUTYTA, CIIEIHATLHOCTh, HOMEP MPaKTHIEeCKON paboThl U
ee TeMmMa, HOMEp BapuaHTa, (amMwiMs CTyJeHTa W NOArpymnma, (Qamuims
npenojasarensi. B TekcToBoMl uacTh 00s13aTE€IbHO  YKa3bIBaeTCs LEIb U
coliepkaHre paboThl, OOOCHOBaHME BBHIOOpA THUIA W MOJEIU CIyTHHUKOBOM
anmaparypbl, MHHHMaJIbHAas KOMILIEKTHOCTh CITyTHUKOBOW ammapaTypbl JUis
BBITIOJIHEHUS padoT (COrjacHO BapyaHTa).

Bapuantsr:

I. Omnpenenenue Ha MECTHOCTH MECTOMNOJIOKEHHUS MYHKTOB TMIpHU
BBITTOTHEHNH PaboT 1o o6ciie1oBaHMIO 1 PEKOTHOCIIUPOBKE.

2. OmpeneneHre KOOPAUHAT IMYHKTOB B OOJIOTHCTO-TAa€KHOM MECTHOCTH C
MOTPENIHOCTBIO B3aMMHOTO TOJIOXKEHHUsSI He OoJjiee 1M B YCIOBHSIX pa3psyKEHHON
reoocHOBBI (0a3zoBbie TuHUM 100-150 KMm).

3. OnpeneneHne KOOpJAWHAT IMYHKTOB CIYTHUKOBOM I'€0JIe3MYECKON CETH ¢
MOTPEUTHOCTHIO B3aUMHOIO MOJIOXKEHUsI He Oosee 2 cMm (0a3oBble JIMHUM HE OoJiee
10 xm).

4. BebinonHeHue padOT MO CO3JAHUI0O CHEMOYHOIO OOOCHOBAaHHS Ha
3aCTPOEHHOM TeppUTOPUH AJisl KpynHoMaciTabHoi cbeMku 1:2000.
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5. OmnpeneneHre KOOPAUHAT TUIAHOBO-BBICOTHBIX OMO3HAKOB ISl ChEMKHU
macmtaba 1:5000.

6. BbimojaHeHWE NOCTOSHHBIX CHYTHUKOBBIX HAOMIOJCHUN HaA MMyHKTax
OAIC.

7. OnpeneneHue KOOPAUHAT MYHKTOB CITyTHUKOBOM TI'€0JIE3MUECKOM CETH C
MOTPEIIHOCTBIO B3aMMHOTO MoJiokeHus He Oojee 1-2 cm (6azoBwie muHUU 20-30
KM).

8. BrimonmHeHne pabOT MO CO3MaHWI0 CHEMOYHOTO OOOCHOBAHHS U
KpynHomaciitabHou cremku 1:1000.

9. OmnpeneneHue CBOEro MECTOMOJIOKEHUSI B TPOILIECCE JIBHKEHUS Ha
aBTOTPAHCIIOPTE.

10. Onpenenenre KOOPAUHAT MEXKEBBIX 3HAKOB OTHOCHUTEJIBHO OJMKANUIINX
IIYHKTOB TOPOACKOW TEOJAE3MYECKOM CETH CO CpEIHEW KBagpaTUYECKOU
IIOrPEMIHOCTBIO 5 CM.

11. Co3manme BwIcOKOTOUHOM Treoaesndeckor cetu (BI'C) co cpenneit
KBaJpaTH4e- CKOM MOTPEIIHOCTHIO B3aUMHOIO MOJI0KEHUS TYHKTOB 1-2 cM.

12. Co3nmanme cmyTHHKOBOM reojaesndeckor cetw 1 kmacca (CI'C-1) co
CpellHel KBaJpaTUYECKON MOTPEIIHOCTHIO B3aWUMHOIO TMOJIOKEHUS MYyHKTOB 1-2
CM.

13. Co3nmanue CHyTHUKOBOM TOPOACKOM TIeoje3ndyeckoil cetu 1 kiacca
(CITC-1) co cpenHeil KBapaTUYECKOW MOTPEIIHOCTHIO B3aUMHOIO TMOJIOKECHUS
IIYHKTOB 1-2 cM.

Jluteparypa.

1. AaronoBnu K.M. Hcnonp30BaHue CIyTHUKOBBIX PaguOHABUTALIMOHHBIX
cucteM B reogesun. B 2 1. T.1. Monorpadus / K.M. Auronosuu; ['OY BIIO
«Cubupckasi rocymapCTBEHHasl Teoje3nueckas akajgemusi». - M.: OI'VII
«Kaprtreonentp», 2005. — 334 c.

2. AwntonoBuu K.M. HaBuranuonno-ronorpaduueckas GPS-cucrema
PATHFINDER. [IpakTukyMm aJisi CTyIEHTOB T'€0JI€3NYECKUX cnenuanbaocTen. Y.1.
HoBocubupck, CI'TA, 1995 r.-44 c.

3. PyKOBOJICTBO 1O CO3AaHUIO U PEKOHCTPYKIUU TOPOACKUX T'€OJE3UUECKUX
cereil ¢ ucnonb3zoBaHneM cnyTHUKOBBIX cucteM [JIOHACC u GPS. I'KHMHII
(OHTA) - 01-271-03. M., THUUTI"AuK, 2003 T.

Bormpocsl 1o TemMe paboThl

1. Knnaccudukanusi CimyTHUKOBOM ammapaTyphl.

2. K kakomy tumny (o pa3inyHON KiaccU(pUKaIMK) OTHOCUTCS BbIOpaHHas
anmaparypa?

3. Kakas anmapatypa TouHee - (pazoBasi Wik KoJi0Basi, U mouemy?

4. Tlouemy OIHOYACTOTYIO amnmaparypy HE PEKOMEHIYETCS MCIOJIb30BaTh
npu paccrosiHusx oonee 10 km?

5. O6ocHOBATH BEIOOD armapaTyphl IJIsi CBOETO BapUaHTA.

6. Ha3zBath HEeCKOIbKO (pUPM-TIPOU3BOAUTENCH CITyTHUKOBOW anmapaTyphl.

7. llacmopTHas TOYHOCTh NPHEMHMKAa @pPU CTaTUKE B IUIaHE: 3MM

15



P TTiey
: Q VisualParadigm
N

woc/muHyc 1PPM. KakoBa Oyner ommbOka B rutane mpu pacctossHuu 10 km?

IIpakTH4yeckas padora Ned

C03na}me reoje3n4YecKux cerem ¢ INPUMEHCHHUEM CITYTHUKOBBIX TEXHOJIOT UM

Henb. M3yunuTh TEXHOJOTUYECKHUE OCOOCHHOCTHU CO3/IaHUSI CIyTHUKOBBIX
reoje3ndeckux cereid. OCBOUTH TEXHOJOTHIO COCTABIICHUS pabOdYero MpoekTa u
MPOTPaMMbl CITYTHUKOBBIX U3MEPECHUIA.

Conepxanue pabOTHI.

1. M3yuyuTb TEXHOJOTMYECKYKD CXEMy  CO3JaHUs  CIYTHUKOBBIX
re0JIe3MYECKUX CETEH.

2. OcBouUTb  OCOOEHHOCTHM  CO3/IaHHUS  CIIYTHUKOBBIX  TOPOJCKHUX
re0JIe3UYECKUX CETEH.

3. BBINOTHUTH MPOEKTUPOBAHHUE CITyTHUKOBON TOPOJICKON T€0J€3U4YEeCKON
ceTH, cocrosamer u3 ucxonnoro nynkra (MII), mynkroB kapkacuoit cetu (KC) u
IIYHKTOB CIIYTHUKOBOW TOPOJICKOW Teoje3nydeckor cetu nepporo kiacca (CI'TC-
1). CocraButh rpaduuecKyl0 YacTh MpPOEKTa B BHUJE JOKyMeHTa «(Cxema
CIIyTHUKOBOM reoae3ndeckon cetn ropoga N». CocraBuTh mporpammy
CIIyTHUKOBBIX U3MEPEHNN HA IIYHKTaX TOPOJICKOM T€0I€3NYECKON CETH.

4. CocTaBUTh TMOSCHUTEIBHYIO 3alUCKy MO0 pealu3alli CIyTHUKOBBIX
M3MEPEHUN Ha ITYHKTaX CIIyTHUKOBOW F'OPOJCKON re0Je3M4EeCKOM CETH.

broxeT BpemeHu: 6 yacoB

TpebGoBanus k opopmieHUIO PabOTHI.

B TekcToBOi YacTh MNPUBOIATCS Cleayroliure AoKymMeHTh: 1. Cxema
CITyTHHUKOBOM TI€0JIe3UYECKOM ceTH ropoga N Ha KOTOPOW COIJIAaCHO YCJIOBHBIX
0003HaUEHWW TPUBENCHBI T'EOJEC3UYECKHEe M TPABUMETPUUYECKUE ITYHKTHI,
HUBEIIMPHBIC 3HAKU; u3MepsieMbie HezaBucumble 0a3zoBbie uHUM KC u CITC-1 B
COOTBETCTBYIOIIMX PACCTAaHOBKAaX CIYTHUKOBOW ammaparypel. 2. IIporpamma
CIIyTHUKOBBIX HM3MEPEHUM, KOTOpas COACPKUT PACCTAHOBKU CITyTHHUKOBOM
arnmapaTypbl Ha MyHKTaxX CIYTHUKOBOW reone3nudeckor cetu. 3. IloscHuTenbHas
3amucKa, KOTOpas COACPKUT MEpeueHb pad0T HEOOXOAUMBIX IS BBIOJHEHUS
CIyTHUKOBBIX HM3MEPEHUH, OO0BEMBI, CPOKM W MEPONPUITHS ISl peaTu3aiuu
CIIyTHUKOBBIX H3MEpPEHUM. VYKazaHus K BBINIOJIHEHUIO paboTel. Pabota
BBITIOJTHSICTCST Opurajol w3 TpexX CTyAeHTOB. IIpu BBIIOTHEHUU PaOOTHI
PYKOBOJICTBOBAThCSl TpeOOBAaHUSMH HOPMAaTUBHO TeXHHYEeCKoro akrta [1].
WcxonHble TaHHbBIE 1)1 BHITIOTHEHUS paOOThI TPUBEEHBI JIajiee MO TEKCTY.

B ropoae N miomans kotoporo cocrasisieT okoio 60 kM2 B 2005 roay
BBHITIOJIHEHO TPEANPOCKTHOE O0CIeOBAaHUE MYHKTOB TOPOJCKON Te0Ae3ndecKOi
CETU U IMYHKTOB T'OCYJAapCTBEHHOW re0[e3MYe€CKON OCHOBBI, PEKOTHOCIIMPOBKA U
3aKjIaKka IMEHTPOB MCXOJTHOTO ITYHKTA, MPUOJMKEHHBIE KOOPAHHATHI KOTOPOTO,
OTIpeNeNSIIOTCA B 3aBUCUMOCTH oT Bapumanta (X= 1004000+ 500* Ne BapmanTa,
Y¥=1014000+ 500* Ne Bapuanta B M). Pe3ynbrarsl BbINOIHEHHBIX padoT B 2005
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rony npuBeneHbl B Tabnuie Nel. Ha ocHoBanum gaHHBIX Tabmuiel Nel cocTaBuTh
cxemy pabouero mpoekra B Macmrtade 1:100 000. Ha cxeme yka3aTh MyHKTBI
CITyTHUKOBOM TOPOJICKOM Teojie3ndecKkor ceTh: UcXoaHbld myHKT (MII), myHKTHI
kapkacHoi ceT (KC) u nynktsl CI'T'C-1, He3aBucHMBIE 0a30BbI€ IMHUU- BEKTOPA
B COOTBETCTBUM C TMPHUHATHIMU YCIOBHBIMU 00o03HaueHUsIMU. COCTaBUTh
MIPOTrpaMMy CITyTHHKOBBIX U3MEPEHUI Ha MMyHKTaX FOPOJCKON re0e3u4eCKON CETH
B 3aBHUCMMOCTHM OT KOJIMYECTBA CIIyTHUKOBBIX NPUEMHUKOB 2+N°o BapuaHTa.
CocTaBUTH MOSICHUTENBHYIO 3aMTUCKY K pab0odeMy MPOEKTY.

Jlureparypa:

1. PyKoBOZACTBO IIO CO3AaHUIO M PEKOHCTPYKLUMHU TOPOACKHUX I'€OAE3UIECKUX
ceTeid ¢ ucnonp3oBanueM cnyTHUKOBBIX cucteM [JIOHACC u GPS. I'KHUHII
(OHTA) — 01-271-03. M., HTHUUI'AuK, 2003 T.

2. AntonoBny K.M. Hcnonp30BaHnE CIIyTHUKOBBIX PaaMOHABUTAllMOHHBIX
cucteM B reojesun. B 2 1. T.1. Mounorpadus / K.M. Anronosuy; ['OY BIIO
«Cubupckasi rocyJapCTBEHHas Treoje3dyeckas akamemus». - M. OI'VII
«Kaptreonentp», 2005. — 334 c.

3. KoncniekTsl ekuuii o Kypcy «GPS- texHonorum»

Bomnpocel mo reme paboThl

1. [ToHsiTHE 3aBUCUMBIX U HE3aBUCUMBIX 0a30BBIX JIMHUH.

2. CocTaBUTh NMPOTPaMMy CITYTHUKOBBIX U3MEPEHUMN I 3aJaHHOTO YHCIIA
MYHKTOB U IPUEMHHUKOB.

3. Jlns 3agaHHOrO 4YHMCia MYHKTOB M TMPUEMHUKOB pacCuUTaTh OOIIee
KOJIM4YECTBO 0A30BbIX JIMHUW U YUCIIO HE3aBUCUMBIX U3 OJHOTO CEAaHCA.

4. Yto Takoe McXOAHBIN MYHKT CITyTHUKOBOM T'€0€3UYECKON CETH?

5. Jnsg dyero HEOOXOAMMO 3HATh KOOPAMHATHI HCXOJHOTO ITyHKTa
CITyTHUKOBOM re0J1e3n4ecKoi cetu?

IIpakTuyeckas padora Ned
IlnaHupoBaHue CeaHCOB CIIYyTHUKOBBIX HAOII0IeHU I

Henb: IlpakTHdyeckoe OCBOCHHE TEXHOJIOTUH IUIAHUPOBAHUS CEaHCOB
HAOIIOACHUHN.

bromxeT Bpemenu: 4 yaca

Conepsxanue pabOTHI:

1.O3HaKOMUTBCS C MPOTPAaMMHBIM OOECIICUCHUEM IS IJIAHUPOBAHUS
CIYTHUKOBBIX ~HM3MEPEHWH, W3yYUTh METOAWKY COCTABJCHHUS JHarpaMMBI
npenarctBuid.  MccienoBaTh  M3MEHEHHME  TIeOMETpUYecKHX  ()akTOpoB B
3aBUCUMOCTH OT BPEMEHH HAOJIOJACHUHN, OTKPBHITOCTH PAJAUOTOPU3OHTA U HATUYUS
MPETATCTBUAN HA TyTH MPOXOXKICHHUS CUTHAJIA OT CITyTHUKOB.

2. Ionyuutk anbmanax cnyTHUkoB 'HCC pasubiMu criocobamu: u3 daina
Habmoaenni, win ¢ caiita MAHIL] I'J7IOHACC.
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3. CocraBUTh JUarpaMMmy HPENSTCTBUN U BBINOJHUTH (COIVIACHO BapUaHTY)
IUIAaHUPOBAHUE CE- aHCOB HAOJIOJCHUN HA MYyHKTaX CIYTHUKOBOM reoie3ndyecKoin
cetu. Mcxoaubie maHHbIC U1 BBITOJHEHHS paboThl. N — HOoMmep BapuaHTta 1.
[TpubnuxkeHHble KOOpAWHATHI paiioHa pador: B=51° +2*N , L=39° , pasnuna
Bpemenu ¢ UTC — 3 gac.

2. JlaTa HaOyr0IeHMI: 1aTa BbIAAYU 3a/1aHMUSL.

3. Bpemst — cBeTi0€ BpeMsl CyTOK Ha 3aJlaHHYIO JaTy.

4. TIpoaomKUTEIBHOCTh HEMPEPBIBHOTO ce€aHca HA0ItoIeHu — 4 Jaca.

5. Macka mo BbpICOTE - 15°, MUHMMAaJabHOE KOJHMYECTBO HAOJIIOIAaEeMBIX
CIYTHUKOB — 6, MakcumaiibHoe 3HaueHue PDOP — 8.

6. IlpensaTcTBus 10 NPOXOXKAEHUS PATUOCHTHANA: pPEKJIaMHbIA IIWT. B
pe3ynbTareé WHCTPYMEHTAIbHOW CBEMKH TMPEMATCTBHS (PEKJIAMHOIO IIUTA)
nojiyuyeHa ciuenyromas uH- Gopmanus: Touka Nel. Aszumyr = (170 +5 Ne
BapuaHnTa). Yroia HakimoHa = (30 +5 Ne BapuanTta). Pacctostaue no npensarctsus 10
M. Touka Ne2. Asumyt = (180 +5 Ne Bapu- anta). Yron Hakimona = (35 +5 Ne
BapuanTa). Pacctostaue no npenstctBust 11 M. 3anonuuts [punoxenue 1.

7. 1lnanupoBaHyE BBINOJIHUTH U1 COBMECTHOI'O MCIOJIB30BAHMS CITyTHUKOB
GPS u I'"TOHACC.

8. AnbMmaHax, He cTapIiiie Mecslla OT AaThl HAOJIIOICHHUS.

Metoauueckue ykazaHusi K BBINOJHEHUIO paboThl. Pabora nmomkHa OBITH
opopmiieHa Ha Juctax ¢opmata A4 U COAEpPKATh: TUTYJIBHBIM JIUCT, TEMY H
coJiepKaHue padOThl, BApUAHT U UCXOJIHbIC JAHHbIE, TPUIIOKEeHHE 1.

B pe3ynbrate miiaHupoBaHuUs ClIEIYET MOJTYYUTh U MPUIIOXKUTH K padoTe:

Huarpammel: - yucia PDOP, HDOP, VDOP; - uncno cnytHukoB; PucyHku:
- HeOecHas cpepa U TpeKU CIYTHUKOB; TaONHIIBI: - PEKOMEHIyeMbI€ MHTEPBAJIbI
HaOmonennii. [locime BBITTOTHEHUS PadOThHI JaTh 3aKIIOUYCHHE: C 3aJaHHBIMU
YCIOBUSIMM CITYTHUKOBBIX HAOMIOJEHUSI ... YHCIA ... MecAla B TOYKE C
KOOpJIUHATAMM ... PEKOMEHIYETCA BBIMOJHATh HW3MEPEHUS C ... IO ... 4YacoB
(YkazaTb Bpems).

Bormpocs! o Teme paboThl

1. /17151 4ero BBIMOJNHSIOT IUIAHUPOBAHHUE CITyTHUKOBBIX H3MEPEHUIT?

2. Kakue mapaMeTpsl 3a1at0T PH IUIAHUPOBAHUU ?

3. Uto Takoe ajbMaHax, U IJ€ €ro MOKHO B3STh?

4. Yo Takoe Macka 1o BbICOTE?

5. Yro Takoe reomerpuueckuii pakrop? OT yero oH 3aBUCHUT?

6. Ilpu ommOke u3MEpeHUs IMCEBIOJAIBHOCTH B 2 M TI€OMETPUUYECKUI
daktop PDOP pasen 4. Kakosa ommbka ornpeeneHnsi MECTOMOIOKEHUS?
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bu6auorpadguyecknii cnucox

1. PyKOBOZCTBO IO CO3AaHUIO U PEKOHCTPYKIMU TOPOJCKUX I€ONE3NIECKUX
cereid ¢ ucnonb3oBanueM cnyTHUKOBBIX cucteM [JIOHACC u GPS. I'KHMHII
(OHTA) - 01-271-03. M., HTHUUI'AuK, 2003 r.

2. AntoHoBny K.M. Hcnonb30BaHuE CIIyTHUKOBBIX PaJMOHABUTAIMOHHBIX
cucteM B reojesun. B 2 1. T.1. Monorpadus / K.M. Anronosuu; ['OY BIIO
«Cubupckass rocyiapcTBEHHas Treoje3udeckas akagemusi». - M.: OI'VII
«Kaptreouentp», 2005. — 334 c.

2. AwntonoBnu K.M. HaBuranuonno-ronorpaduueckas GPS-cuctema
PATHFINDER. I[IpakTukym ajisi CTyA€HTOB I'€0A€3NYECKUX crienuanbHocTeil. Y.1.
Hosocubupck, CI'TA, 1995 r.-44 c.

3. HWudopmaimoHHblii pecypc 10 TEXHOJOTUSAM  BBICOKOTOYHOTO
MO3UIMOHUPOBAHUS  C  HUCHOJb30BaHWEM [ nobGanmbHbiX  CHYTHHKOBBIX
Hagwurarmonusix Cuctem (THCC). GNSS EXPERT. Pexxum moctyna: http://gnss-
expert.ru/

4. VudopmallMOHHO-aHATUTHYECKUI IEHTP KOOPAUHATHO-BPEMEHHOTO H
HAaBUTAIIMOHHOTO  oOecnedueHus.  [lpuximamHolt  MOTPEOUTENBbCKUN  IIEHTP
['JIOHACC. Pexxum nocryma: https://www.glonass-iac.ru

5. TocynmapctBeHHass Kopropauuds MO KOCMHUYECKOW eI TEIbHOCTH
«Pockocmocy. TTIOHACC. Pexum moctyna: https://www.roscosmos.ru/21923/

6. @enepanbHbli LEHTP HABUTAIMOHHBIX JIaHHBIX. Pexum gocrymna:

https://fcnd.ru/

7. Unctpykuusa k cmytHuKoBoMy mipueMHuKy GRX1. I'eocTpoiinsbickanusl.
Pexxum moctyna: https://vrn.gsi.ru/art.php?id=419#gnss_receiv
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