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1. llepevyeHb KOMMNETEHIUI U MHANKATOPOB UX A0CTHKEHUSA

HpOI_ICCC N3YYCHHUA NUCHUIUINHBI HAITPABJICH Ha (I)OpMHpOBaHI/Ie CJICAYHOIINX KOMIIETEHITU

KOI[ 1 HAMMCHOBAHUC

KOI[ 1 HAMMCHOBAHUC

Hpe,[[H_ICCTBYIOH_[I/IC OTaIlbl

WHIUKATOPa J0CTHKEHUS Otan (c ykazanuem
KOMIIETEHIUH o
KOMIIETEHIIU I JUCHUTUTHH/TIPAKTHK)
[1K-1.2 3HaeT mpuUHIUIIBI
MOCTPOCHUS,
c TYpPHBIE CXEMBI
C?():zszllpxa aKTe I/IC’TI/IKI/I -B.01 OcHoI Teopun
P P neneii; 51.B.02 OcHoBEI
ITK-1 CriocoGen k TEJIEKOMMYHUKAIIMOHHOTO
HDOBETCHHIO 0GODYIOBAHILS TEOPUH DJICKTPOMATHUTHBIX
p Py . 6 riojieit u BonH, 51.B.07
PO PHITAKTHIECKIX MIEPBUYHOM CETU CBSI3H U

paboT Ha 060PyAOBAHUN
CBSI3H

BTOPUYHBIX CETEH,
IIPUHLUIIBI OPraHU3aALUN
CUTHAJIM3aLuU U
CUHXPOHHU3ALUU B
TEJIEKOMMYHUKALIMOHHBIX
CeTAX

OCHOBBI IOCTPOEHUS
UH(POKOMMYHHUKAITHOHHBIX
cucteM u ceteii; 51.B.08
Teopus cBs3u.

I1K-8 CriocobeH k
pa3paboTKe MPOEKTHOM
AOKYMCHTAIMKU Ha
00BbeKT, (cHCTEMy) CBSI3H,
TCJICKOMMYHHUKAIITUOHHYIO
CUCTEMY

I1K-8.1 3HaeT
Ha3Ha4YeHHE, COCTaB,
KOHCTPYKIUIO, TMPUHIUI
paboTHI, YCIOBUS
TEXHUYECKOU
JKCIUTyaTalllH
IIPOCKTHPYEMBIX

HU3IETINH.

I1K-8.2 Paboraer ¢
TEKCTOBBIMH
pemaKTopamH,
rpaduuecKuMu
pOrpaMMaMHu,
odopmitsieT
COJIepIKaTeNbHYIO YacTh
npoekTta, GopMUpyeT
OOILIYIO MOSICHUTEIbHYIO
3aMucKy, pa3pabaTbiBaeT
MPOEKTHYIO
JTOKYMEHTAIUIO B
COOTBETCTBUHU C
TpeOOBaHUIMU
HOPMaTUBHO-
TEXHUYICCKUX TOKYMEHTOB

b1.B.06 DnemenTHas 6a3a
TEJICKOMMYHUKAITUOHHBIX
cucreM; b1.B.08 Teopus
CBSI3U.

dopma MPOMEKYTOUYHOU ATTECTALUHU 110 JUCHHUIUIMHE — YK3aMEH.
[To guctumuinHE MpeayCMOTPEH KypcoBas padoTa.




2. lloka3zarenu, KpUTEPHUH U IKAJIBI OIleHUBAHUS KOMIIETEHIIUIH

2.1

JAUCHUILIIMHBI SABJIACTCA YPOBCHDb UX OCBOCHMUA.

IToxa3aTeneM olLIEHHMBAHUS KOMIIETCHIIMM Ha 3Tale uX (I)OpMI/IpOBaHI/IH IIpru U3yUCHUU

Nuauxarop ocBoeHust
KOMINeTeHIH U

Iloxa3zaTeanb oleHUBAHUA

Kpurtepuii oueHuBaHus

[1K-1.2 3Haer mpUHIUTIBL
MOCTPOCHHH,

CTPYKTYpHBIE CXEMBHI,
COCTaB U XapaKTEPUCTHUKH
TEJIEKOMMYHHUKAIITHOHHOTO

obopynoBaHUs

MEPBUYHON CETH CBSI3U U
BTOPUYHBIX cerel,
MPUHLHUIBI  OpraHU3aALNH
CUTHaJIM3aLUU u
CUHXPOHU3aIUU B

TCJICKOMMYHHUKAIIUOHHBIX
CCTAX

3Haer:
- INPUHOUIIBI TIOCTPOCHUA U
paboTHI ceTel CBsI3H, a TAKKe

COCTaB CTaHI[HOHHOTO
000pyIOBaHUS;
- CTaHJapThl  KadecTBa

nepefadr JaHHBIX, Tojioca U
BHUJICO, TPUMEHSAEMBIX B
OpraHU3alu CETH CBSI3H,

- 3aK0HOIATEIILCTBO
Poccuniickont ®enepanuu B
00J1aCTH CBSA3Y,

- MpPUHIUINBI  paboThl |
APXUTEKTYPY Pa3IMYHBIX
MH()OKOMMYHUKAITMOHHBIX
CHUCTEM.

Ywmeer:

-HCIT0JIb30BaTh THUITOBYIO
cxemy HU3MEPCHUS
KodhuImeHTa YCHJICHUS
AQHTCHHBI u THUIIOBYIO
HU3MEPHUTEITbHYIO
anmaparypy,
00ecneYnBaroIIyIo
HE0OX0IUMYIO TOYHOCTh
U3MEpPSEMBbIX  BEIUYUH B
paboueMm Juara3oHe 4acToT;

- HCIOJIb30BaTh THIIOBYIO
cXemy WU3MEpECHUS
ko3 durmenta cTosTyeit
BOJIHBI aHTEHHBI M THITOBYIO
HU3MEPHUTETBHYIO
anmaparypy,
00ecTeunBaroIy 0
HEOOXOAUMYIO TOYHOCTD
U3MEpPSEMBbIX  BEJIUYHMH B
paboyem nuana3zoHe 4acToT;

- WCIOJIb30BaTh THUIOBYIO
cxemy HU3MEPCHUS
JarpaMMbl HaIIPaBJICHHOCTH
AQHTCHHBI u THUIIOBYIO

N3MCPHUTCIbHYIO

1. BrImonHEHBI BCE NPAKTUYECKHE U
nabopaTopHbie pabOThI MO TUCHUILIUHE B
COOTBETCTBUU C I'PAPUKOM.

2. OopmIIeHBI OTYETHI 110 MPAKTHYECKUM
u 1a00paTOPHBIM pabotam B
COOTBETCTBUU C TPEOOBAHUSAMH.

3. Bemonnena u  odopmieHa, B
COOTBETCTBUU C  TpeOOBaHHSAMH, K
KypCoBoOH pabore..

4, [Ipu  3ammre  1abOPATOPHBIX,
MPaKTUYECKUX  padoT  GopMylIupyeT
BBIBO/IBI 110 TTOJTY4YEHHBIM Pe3yJIbTaTaM.




anmaparypy,
00ecreYrBaroIyIo

HE0OX0TUMYIO TOYHOCTh
U3MEpSEMBIX  BEJIMYMH B
paboyeM Tuamna3zoHe 4acToT;

- BBITIOTHSTD pacuer
IOPOIMYCKHOW  CHOCOOHOCTH
ceTel TeJIEKOMMYHUKAIUH;

- HacTpauBaTh CXEMBI
pe3epBUPOBAHUS
ob6opynoBanus PPJI,

- BBIOJHATH  YacCTOTHO
TEPPUTOPUATHHOE
IJJAHUPOBAHUE CETEN CBS3H.

Bnaneer:

- METOJOM  HM3MEpPEHHUS
KodhuImeHTa YCUJIEHUS
anTteHHsl PPJI,

- METOJIOM  H3MEPEHUS
kodddurmenTa cTosTueH
BOJIHBI aHTeHHBI PPJI;

- METOJOM  HM3MEpPEHHUs

JUarpaMMbl HaITpaBJICHHOCTH
anteHHrl PPJI.

IIK-8.1 3HaeT
Ha3HA4YEeHHUE, COCTaB,
KOHCTPYKIIMIO, TPUHIIUI
paboTHI, YCIIOBHSI
TEXHUYECKOM
JKCIUTyaTaIuu

IIPOEKTUPYEMBIX U3ICITHN

3Haer:

- ONpeleneHuss U
paguopeneiHbIX JTUHUMH,
- cocrtaB  000pynOBaHUA
MarucTpajibHbIX,
BHYTPU30HOBBIX U MECTHBIX
PPJI,

- TUIBI
CTaHIIUH,
- COEVHUTEIbHBIE JIMHUU
nuHenHbIX TpakroB PPJI u
TEJIEBUICHNUS.

THUIIbI

panuopenenHbpIX

Ywmeer:
- MPUMEHSATH MPUHIIII
Opranu3aiuu CIy)eOHOM

CBSI3U M TENeOOCITyKUBaHUS
B CIHEKTPE paguoperIeiHOro
CTOINa,

- NPUMEHSTh  TPUHIMI
OpraHu3aIu CITy>KeOHOM
CBA3M U TEJIEOOCIyKUBAHUS
B TE€JIEBU3HOHHOM CTBOJIE;

- OPUMEHSTh  TPUHIMI
OpraHu3aIu CITy>KeOHOM
CBSI3M M TeNeoOCTyKHUBaHUS
0  OTHIENBHOMY  CTBOJY

1. BrImonHEHBI BCE NPAKTUYECKAE W
nabopaTopHbie pabOTHI MO0 TUCHUTUINHE B
COOTBETCTBUU C TPAQUKOM.

2. OopMIIeHBI OTYETHI 110 PAKTHYECKUM
u 1a60paTOPHBIM paboTtam B
COOTBETCTBUU C TPEOOBAHUSIMH.

3. Bemomnena u odopmiena, B
COOTBETCTBUU ¢  TpeOOBaHUSMH, K
KypCOBOIi pabore.

4, Ilpu  3amure  1a0OPATOPHBIX,
OpakTU4YeCKux  pabor  dopmynupyer
BBIBO/IbI 110 MOJIy4YEHHBIM PE3yJbTaTaM.




CITy’)keOHOM CBSI3U.

Bnaneer:

- METOJMKOM HOPMUPOBAHUS
KaHAJIOB nepenavn
TEJIEBU3MOHHOTO BEIIaHUs 110
PPJI MPOU3BOJILHOM
CTPYKTYpBI u
MPOTSHDKEHHOCTH;

- METOJMKOW HOPMHUPOBAHMS
AQHAIOTOBBIX M LU(POBBIX
PPJI;

- METOJMKOW HOPMHUPOBAHMS
KaHAJIOB CITYXEOHOU CBSI3H.

[IK-8.2  PaGoraer ¢
TEKCTOBBIMH
pelaKTopamH,
rpaduuecKuMu
porpaMMaMH,
odopmiser
COJICPXKATEIBHYIO  YacTh
MPOEKTA, dopmupyet
OOIIYI0 TMOSICHUTEIbHYIO
3allUCKy, pa3pabaThiBacT
MIPOEKTHYIO
JOKYMEHTAIHFO B
COOTBETCTBUH c
TpeOOBaHUSIMHU
HOpPMaTHBHO-

TCXHUYCCKUX NOKYMCHTOB

3HaeT TeKCcToBbIe pefakTopsl, | KypcoBas  pabora  odopmiena B
rpadUYecKue MporpaMMBbl. COOTBETCTBUU c CYILLIECTBYIOIUMH

TpeOOBaHHUSAMH,  CTPYKTypa  IPOEKTa
YwMmeet O(bOpMJIHTB JIOrTM4YHa U COOTBCTCTBYCT TCXHUUYCCKOMY
COJICpPIKaTEIbHYIO YacTh | 3aJ]aHUI0, KypcoBas odopmieHa €
IPOCKTA, (bopMHUpOBATh | IPUMEHEHUEM KOMIIBIOTEPHOW TEXHHKH,
o011yIO HOSICHUTETIBHYIO | C  HCIIOJIb30BaHUEM  TEKCTOBBIX U
3aIHCKy rpaduueckux

Bnageer HaBbhIikKamu paGOTBI
C TCKCTOBBIMH PEAAKTOPAMU

u rpadu4ecKuMu
porpaMMaMu npu
paszpaboTke MTPOCKTOB

TCIICKOMMYHHKAIIUOHHBIX
CHUCTEM

IIxanaa oneHUBAHUAL.

KypcoBoii npoekt

5-0anyibHag mKaJjaa

Kputepnu onenkun

«OTIIUYHO»

HpOGKT CAaH B YCTAHOBJICHHBIC CpPOKH, BBIIIOJIHEH B COOTBCTCTBUHU C
3aaHuCM, O(bOpMJ'IeHI/Ie COOTBCTCTBYCT TpeGOBaHI/IHM, B TIPOCKTC
AOMYIICHBI CAMHUYHBIC OIJ_II/I6KI/I, CTYACHT YBECPCHHO OPUCHTHUPYCTCA B
MaTepruajIC IIPOCKTA, YBECPCHHO W APryMCHTUPOBAHO KOMMCHTUPYCT
IPHUHATHIC PCHICHUA U PACUCTBI

«XOpOoIIo»

[IpoekT cnaH B yCTaHOBJICHHBIC CPOKH, BBIMIOJIHEH B COOTBETCTBHH C
3amaHueM, O(OpMIICHHE WMEET HE3HAUYUTEIbHBIE OTKJIOHEHHS OT
TpeOOBaHU, B IPOEKTE JOIMYIIEHO HE 00Jiee YEThIPEX OMUOOK, CTYJCHT
JIOCTaTOYHO YBEPEHHO OPHEHTUPYETCS B MaTepuaje IPOeKTa,
apryMEHTHPOBAHO KOMMEHTHUPYET IPUHATHIE PEIICHNS U PACUETHI

«YIOBJIETBOPUTEIHHO»

[IpoexT cmaH TO3KE  YCTAHOBICHHBIX  CPOKOB,  JIONYIICHBI
HE3HAUYHTENIbHbIE OTKJIOHEHUS OT 3aJaHus, OQOPMIICHHE HWMEeT
CYIIECTBEHHBIE OTKJIOHEHHUS OT TpeOOBaHMU, B MPOEKTE OIYHICHO
Oonee mATH OWWIMOOK, CTYIEHT HE YBEPEHHO OpPUEHTUPYETCS B
MaTepHalie IpoeKTa, c1ad0 apryMEeHTHPYET M KOMMEHTHPYET IPUHSATHIE
pelIeHHs U PacyeThl

«HEYJOBJIETBOPUTEIHLHO»

HpOCKT BBIIIOJIHCEH HC B COOTBCTCTBHHM C 3aJdHUCM, Oq)OpMJIeHI/Ie HC




COOTBCTCTBYCT TpGGOBaHI/IHM, B HPOCKTC AOIMYHICHBI MHOXCCTBCHHBIC
OIJ_II/I6KI/I, CTYACHT HC OPUCHTHUPYCTCS B MATCPpHUAJIC

IK3aMeH

5-0anabpHag mKaJaa

Kpurepun oneHku

1. CaMOCTOSTEILHO | MMpaBUJIbHO OTBCTUJI Ha IIOCTABJICHHBLIC
TCOPETUYECKHUE BOIIPOCHI SK3aMCHAIIMOHHOI'O ounera. YBepeHHo,
JIOTUYHO, IIOCJICAOBATCIIBHO W APTYMCHTHPOBAHO M3JIaract CBOH

«OTJIMYHO» OTBET. MOXKET OTBETUTH Ha JOTIOJTHUTEIIbHBIEC BOIIPOCHI.
2. CaMOCTOSITENILHO 51 MPaBUITLHO pert 3amauy
9K3aMEHAIIMOHHOTO OujeTa. YBEPEHHO M JIOTHYHO OOBSCHSET XOJ
pemeHus.
1. CaMOCTOﬂTCJ'H)HO OTBCTUJI HaA IIOCTABJICHHBIC TCOpeTI/ILIeCKI/Ie
BOIIPOCHl 9K3aMEHAIIMOHHOTO Ouiera. He yBepeHHO oOTBedaeT Ha
((XOpOLHO» YTO‘-IHSIIOH_[I/IG 1 JOITOJIHUTCIIBHBIC BOHpOCBI.

2. CaMOCTOSITENIPHO U TIPABUIILHO PEIINI 33729y dK3aMEHAIIHOHHOTO
Ometa. YBEpEHHO U JIOTHYHO OOBSCHSET X0 PEIICHUSI.

«YHAOBJICTBOPUTECIIBHO»

1. CamocTosSTenbHO OTBETUJ HA MOCTaBJICHHBIE TEOPETUUYECKHE
BOTIPOCHI IK3aMEHAIMOHHOTO Ouyera. [Ipu 3ToM momyckaeT ommoOKH.
He yBepeHHO wunm BoOOIIE HE OTBEYAaeT HA YTOYHAKIINE H
JOTIOJTHUTEIBHBIE BOTTPOCHI.

2. Permn 3aymauy sk3ameHannoHHoro owmnera. [Ipy Haau4uu ommook,
MOKET HCIIPABUTh WX 3a CYET HABOJIAIIMX BOMpocoB. He yBepeHHO
OOBSICHSIET XOJ] PEIICHUS 3a/1a4H.

«HCYOOBJICTBOPUTCIBHO>

1. He pemrena 3agada sK3aMeHaAIMOHHOTO OWIeTa.
2. Pemena 3ama4ya, HO He JIaHBI OTBETHI Ha TCOPETHUCCKUE BOIPOCHI
3K3aMEHAIIMOHHOI 0 OMiIeTa.

3. MeToanueckue MaTE€pHaJIbl, ONPEACJIAI0IINE MMPpOUECAYPbI OUCHUBAHUSA 10 TUCIHUIIJIMHE

3.1.B X0a€e peam3anu AUCHUIIJIMHBI HMCHOJB3YHOTCH CIICAYIOIIHE (l)OpMI)I H METOAbI

TEKYIIEro KOHTPOJIs

Tema u/uiau pazaen @DopMbI/METOIbI TEKYLIET0

KOHTPOJIA yCIIEeBAEMOCTH

IIK-1.2 3nHaeT NpUMHUMNOBI MOCTPOEHUS], CTPYKTYPHbIE CXeMbl, COCTAB U XaPaKTEPHCTHKH
TeJIeKOMMYHHUKALMOHHOTO0 O000pYy/0BaHUSI TEPBHYHOH CeTH CBSI3M W BTOPHYHBIX CeTeii,
NPUHIUIBI OPTraHU3ALMU CHTHATU3AIUM M CHHXPOHU3ALMH B T€JIeKOMMYHUKANMOHHBIX CeTAX

3naem.

- NPpUHYUNvlL NOCMPOEHUA upa60mbz cemeli CeA3U, a makKoatce cocmas CmaHyuoOHHO20 060pydO€GHM}Z;
- cmam)apmbz Kadecmed nepe()aqu aaHHblx, cojioca u 6’1/{060, NPUMEHAEMBIX 6 OpcaHUzayuu cemu

C653U,

- 3akonooamenvcmaso Poccuiickou @edepayuu 6 ooracmu ces3u;
- NPUHYUNBL PAOOMbL U APXUMEKMYPY PA3IUUHBIX UHDOKOMMYHUKAYUOHHBIX CUCTEM.

Ymeem:

-UCNOB306AMb MUNOBYIO CXeMY UMepeHusi Kodpuyuenma ycuieHusi AHMeHHbl U MUNOBYIO
UBMEPUMENbHYIO annapamypy, 00ecneyusaouyo HeodX00UMy MOYHOCHb UBMEPSEMbIX GeIUYUH 8
pabouem ouanazone yacmom,

- UCNOIBL3068AMb MUNOBYIO CXeM)Y UMepenus Kodghduyuenma cmosuell 801Hbl AHMEHHbL U MUNOBYIO




UBMEepUMENbHYI0 annapamypy, 00ecneyusarouyro HeodXo00UMy MmoYHOCMb USMEPSEeMbIX eIUYUH 8
paboyem ouanasoue uacmom,

- UCNONB308aMb MUNOBYIO CXEMY USMEPEHUsl OUASPAMMbL HANPABIEHHOCIU AHMEHHbL U MUNOGYIO
UBMEPUMETLHYIO Annapamypy, 06ecneyusanuyro Heooxo0umyw mo4HOCMb USMEPIeMbIX GeTUYUH &

pabouem duanazone yacmom,

- BLINOIHAMb pacyem NPONYCKHOU CROCOOHOCMU cemell MeaeKOMMYHUKAYULL,

- Hacmpausams cxembvl pezepsuposarus obopyoosanus PPJI,

= 6bINOJIHANb YACMOMHO meppumopudailbHoe nianuposatue cemeli C6s3U.

Braoeem:
- Memooom usmepenust Kosgpguyuenma ycunenus anmennwvt PPJI,

- Memooom usmeperus Kodghguyuenma cmosueti 60aHvl anmennsvi PPJI,
- MemoooM usmepenus ouazpammsl Hanpasnennocmu anmentol PPJI.

Paznen 1 Beenenue. Ok3ameH
Paznen 2 PerynsipHbie MeXaHU3MBI PacTIpOCTPAHEHHS PAIUOBOJIH. | DK3aMEH
Pasznen 3 OcobeHHOCTH UCTIONB30BAHUS YACTOTHOTO pecypca B DK3aMeH
Ha3eMHBIX U KOCMUYECKHUX CUCTEMaX CBSA3H.

Pa3nen 4 TunoBble KOHCTPYKIIMK aHTEHH B CUCTEMAX OK3ameH

KOCMHYECKON M Ha3eMHOM PagruOCBA3U.

JlaGopatopHas paboTa

Pasznen 5 HazemHas cBsi3b B BU auanasone u cBsi3b crell. ciayxo0.

DK3aMeH
JlaGopaTopnas pabota

Pasnen 6 HazemHble TponocdepHbie THHUH CBSI3U.

DK3aMeH

Paznen 7 HazemHbBI€ IMPOKOITOIOCHBIE CUCTEMBI MOOUIBHOM H DK3aMeH
(bUKCUPOBAHHOMU CBS3U.

Paznen 8 Pagnopeneiinbie TMHUM CBSI3U MIPSAMOM BUIMMOCTH. DK3aMeH
Paznen 9 O6opynoBanue nudpoBbIX paiuopeaeHHbIX TUHHMI DK3aMeH

CBsA3HU

Jlabopartopnast pabota

Paznen 10 OcHOBBI IPOCKTUPOBAHUS PATHOPEICHHBIX JTHHUN
CBSI3M IPSIMOW BUAMMOCTH.

OK3ameH
[TpakTnueckas padota

Pazgen 11 CriyTHUKOBBIE CUCTEMBI CBSI3HU.

DK3aMeH
Jlaboparopnas paboTa

Paznen 12 CymecTByromue CHCTEMBl KOCMHYECKOHN CBSI3H.

DK3aMeH
JlaboparopHas paboTa

Pasnen 13 IIpoekTrpoBaHue CUCTEM CITYTHUKOBOM CBSI3H.

DK3aMeH

I1K-8.1 3naeT Ha3HAYeHHE, COCTAB, KOHCTPYKIMIO, IPUHIUI PadoThl, YCJIOBUS TeXHUYECKOI

IKCIIYATALMHU NPOCKTHPYEMBIX M31eJTHi

3naem:
- onpeodenenusi u munvl PaouopeietiHbLX TUHULL,

- cocmag 060pY008aAHUS MASUCPATbHBIX, 6HYMPU30HO08bIX U MecmHublx PPJI;

- Munvl paouopeeinvix CmaHyull,

- coeOuHumenvHvle TUHUU TuHelinbix mpakmos PPJI u menesuodenust.

Ymeem:

- NPUMEHANb NPpUHYUn opcanuzayuu C]lnyC€5HOZ/7 CeA3U U m€ﬂ€06CJZy9fCu60HM}Z 6 cnekmpe

paouopenetino2o cmoid,

- NPpUMEHANMb npuHyun opcanusayuu CJZ)D!C@6H011 CeA3U U m€ﬂ€06CJZy9fcu6aHuﬂ 6 mejleBU3IUOHHOM

cmeoie;

- NpumMeHAmb NpPUHYUn opcaHusayuu CﬂnyC€5H0ﬁ CeA3U U me]l€06CJZyOfCI/t6aHM}Z no omdeﬂbnomy

CMBOILY CLYIHCEOHOU CBA3U.

Bnaoeem:




- MemoOUKoUu HOPMUPOBAHUS KAHAL08 nepedadu menesusuonnoz2o eeuwjanus no PPJI npouszeonvholl
CMpPYKmMypbl U NPOMANCEHHOCMU,

- MemoOUKoU HOPMUPOBAHUS AHATI0208b1X U Yugpposwvix PPJI,

- MemoOUKoU HOPMUPOBAHUS KAHAIO8 CILYHCEOHOU CE53U.

Pasgen 1 Benenue. DK3aMeH

Pasnen 2 PerynspHble MeXaHU3MBbl pacCIpOCTPAHEHHsI PAAHOBOJH. | DK3aMeH

Paznen 3 OcoOeHHOCTH MCTIOIB30BAHUS YACTOTHOTO pecypca B DK3ameH

HA3eMHBIX U KOCMHUUYECKHUX CHUCTEMaXx CBSI3H.

Paznen 4 TunoBbie KOHCTPYKIIMK aHTEHH B CHUCTEMAaX DK3aMeH

KOCMHUYECKOW M HA3€MHOM PaOCBSA3H. Jlabopartopnast pabota

Pazgen 5 Hazemnas cBsi3p B BU nuama3one u cBsizb crmenl. ciayx0. | Dk3ameH
JlabopaTopnast pabota

Paznen 6 Hazemusle TporiocepHble JIMHUN CBSI3H. Ok3ameH

Paznen 7 HazemHble HIMPOKONOJIOCHBIE CHCTEMBI MOOUIIBHON U OK3ameH

(UKCUPOBAHHOH CBS3H.

Paznen 8 Paguopeneiinpie TMHUU CBSI3U NPSIMON BUIUMOCTH. Ok3ameH

Paznen 9 O6opynoBanue HuppPOBBIX pafuOpEsICHHBIX JIUHUN OK3aMeH

CBSI3U JlaGopatopHas paboTa

Paznen 10 OcHOBBI NPOEKTUPOBAHUS PAAUOPEICHHBIX TUHUN DKk3ameH

CBSI3M MPSMOI BUJIUMOCTH. [TpakTrueckas pabora

Paznen 11 CnyTHUKOBBIE CHCTEMBI CBSI3H. DKk3ameH
JlaGopaTopnas pabota

Pazgen 12 CymiecTByronme CuCTEMbl KOCMUYECKOHN CBS3H. DK3aMeH
JlaGopaTopnasi pabota

Paznen 13 IlpoexTupoBaHue cucTeM CIYTHUKOBOI CBSI3H. DK3aMeH

IIK-8.2 PaGoTaeT ¢ TEKCTOBHLIMH peIaKTOPpaMH, rpapuuyecKUMH NMporpaMmMamMu, o(opmiisier
COIEPIKATEJILHYI) 4YacThb MNpoeKTa, ¢opmMupyer OOIIYI0 NOSICHUTEJbHYI 3alHCKY,
pa3pabéaTbiBaeT NMPOEKTHYIO JOKYMEHTAIUIO B COOTBETCTBHU € TPeOOBAHMSIMHU HOPMATHBHO-
TEeXHUYECKHUX JOKYMEHTOB

3unaem:

- onpeoenenus: U munsvl paouopenetiHblx TUHULL,

- cocmag 000py008aHUA MASUCMPATIbHBIX, BHYMPU30HOBLIX U MecmHblx PPJI;
- Munvl paouopeeunbix CmaHyuil,

- coeounumenbHble TUHUY TuHelHbx mpakmoe PPJI u menesudenus.

Ymeem:

- NpUMEHAMb HNPUHYUN OP2AHUZAYUU CIAYHCEOHOU CB8A3U U MeneoOCHyl’CUBAHUS 8 CHeKmpe
paouopenelinoco cmoaa;

- NPUMEHAMb NPUHYUN OP2AHUZAYUU CIAYHCEOHOU C85A3U U MeNe0OCIVHCUBAHUSL 8 MENEBUZUOHHOM
cmeoie,

- NPpUMEHAMb NPUHYUN OP2AHUBAYUU CAVHCEOHOU C8A3U U MENeOOCAYHCUBAHUSL NO OMOETbHOM)
CMBOJLY CILYAHCEOHOTU CBA3U.

Braoeem:

- MemoOUKou HOpMUPOBAHUS KAHAL08 nepedadu menesusuoHHo2o eeuwjanus no PPJI npouseonvHoll
CMPYKMYPol U NPOMAHCEHHOCMU,

- MemoOuKou HOpMUpOBAHUA aHAL0208bIX U Yyugposvix PPJI,

- MEemMOOUKOU HOPMUPOBAHUSL KAHAIO8 CIYHCEOHOU C8A3U.

Pa3nen 1 Beenenue. DK3aMeH

Paznen 2 PerynsipHble MeXaHU3MBbI pacIPOCTPAHEHHS PAIUOBOJIH. | DK3aMeH

Pasnen 3 OcobeHHOCTH MCTIOIB30BAHUS YACTOTHOTO pecypca B DKk3amMeH




Ha3€MHbIX 1 KOCMHYCCKHUX CUCTCMaAX CBA3U.

Pazgen 4 TumnoBble KOHCTPYKIHU aHTCHH B CUCTCMaAX
KOCMHYECKON M Ha3eMHOM PagruOCBA3U.

OK3ameH
JlaGopatopHas pabota

Pa3znen 5 HazemHas cBsi3b B BU auamnasone u cBsi3b crell. ciayxo.

DK3aMeH
JlaGopaTopnasi pabota

Pa3nen 6 HazemHble TponocdepHble TUHUH CBSI3U.

DK3aMeH

Paznen 7 HazeMHbIe IIMPOKOMOJIOCHBIE CHCTEMbI MOOUIBHON U DKk3amMeH
(hUKCUPOBAHHOU CBS3U.

Paznen 8 Pannopeneiinbie TMHUM CBSI3M TIPSMOI BUIMMOCTH. DK3aMeH
Pasznen 9 O6opynoBanue U(POBBIX PaTUOPETICHHBIX JTHHHH DK3aMeH

CBsA3HU

JlaGopaTopnasi pabota

Paznen 10 OcHOBBI IPOSKTUPOBAHUS PATHOPEICHHBIX JTHHUN
CBSI3M IPSMOW BUAMMOCTH.

OK3ameH
[IpakTnueckas pabora

Paznen 11 CriyTHUKOBBIE CUCTEMBI CBSI3HU.

DK3aMeH

JlaboparopHas paboTa

Paznen 12 CymecTByromye CHCTEMbI KOCMUYECKOM CBS3H. OK3ameH
JlaGopatopHas paboTa
Paznen 13 [IpoekTupoBaHue CUCTEM CIYTHUKOBOM CBSI3H. OK3ameH

3.2. TunoBble MaTepHaJIbl TEKYLIEr0 KOHTPOJIS YCIIeBAeMOCTH 00y4aI0IHXCs

IIK-1 Cnoco6en k npoBeeHUI0 NPOPUIAKTHIYECKHX PA0GOT HA 000PYT10BAHHUH CBSI3U

Buaem:

- NPUHYUNBL NOCMPOEHUsT U pabomvl cemell C8A3U, A MAKICe COCMA8 CMAHYUOHHO2O
0bopyoosanusi;

- cmaHoapmul Kayecmea nepeoayu OaHHulX, 20J10CA U 8U0e0, NPUMEHSEMbIX 8 OPeaHU3ayul
cemu cés3u,

- 3akonooamenvcmao Poccutickou Dedepayuu 6 ooracmu ces3u;

- NPUHYUNDBL PAOOMbL U APXUMEKMYPY PA3TUYHBIX UHPHOKOMMYHUKAYUOHHBIX CUCTIEM.

Ymeem:

-UCNOIBL3068aAMb MUNOBYIO CXeMY UMEPeHUs KOdPhuyueHma ycuieHus aHmeHHbl U MUnogyo
UBMEPUMENbHYIO annapamypy, 00ecneyusarouyro Heobxooumyro moyHOCMb UMepsAemMblX GeUYUH 6
paboyem ouanasone uacmom,

- UCNONb306AMb MUNOBYIO CXeM) UMepeHus Kodgguyuenma cmosdeli 60HbI AHMEHHbL U
MUNOBYIO USMEPUMENLHYIO annapamypy, 00ecnevusaruyo HeoOXo00umyn moYHOCHb UBMEPIEMbIX
BenUYUH 8 pabouem OUAna3oHe 4acmom;

- UCNONIL308AMb MUNOBYIO CXeMY UBMEPeHUsT OUdepamMmvl HANPABIEHHOCMU AHMEHHbL U
MUNOBYIO UBMEPUMENLHYIO annapamypy, 00ecnevusarouyio HeoOXxooumyo moyHOCMb UBMEPIEMbIX
BeNUYUH 8 paboyeM OUAna3oHe 4acmom;

- BLINOJIHAMb PACHen NPONYCKHOU CNOCOOHOCMU cemell MeleKOMMYHUKAYUIL;

- Hacmpausamuv cxemvl pezepauposaius obopyoosanus PPJI;

- BLINOJIHAMb YACMOMHO MEePPUMOPUATLHOE NIAHUPOBAHUE Cemell CEA3U.

Braoeem:
- Memooom usmepeHus Koagpuyuenma ycunenus anmennol PPJI,
- Memooom uzmeperus Koagpuyuenma cmosyetl 60116l anmenHwvl PPJT,



- MemoooMm usmepeHus: ouazpammol HanpasieHHocmu anmennvl PPJI.
Tema st IUCKyCCHH: BblOop onmumanbHOU cxemvl 8bINPAMUMEIAL.

[Ipaktueckass pabora mo Teme «Pacuer koddduimenta HerotroBHocTH wuHTEepBasna [[PPJI,
00yCIIOBJIEHHOTO MOKa3aTeNIMU HAJACKHOCTHU anmnapaTypbi»

1 3apanue:
1.1 Paccuntatb KO3PPULMEHT HEFTOTOBHOCTM MHTEPBAA COMAaCHO CBOEMY BapUaHTY.

2 Ucxoaublie TaHHbIE:
2.1 Tabmuma 2.1 - IlpegenpHO HOpMUpPYEMbIE 3HAUCHHS ISl TOCTPOCHHS U peKoHCTpyKIwn [[PPJI

Ne VYyacroxk BCC JivHa Koadpduument | SESR, Tun Kon-Bo
BapuaHTa Poccun 9TAJOHHOI'O | HErOTOBHOCTH % pEe3epBUPOBAHMSI | CTAHITUI
ydacTtka, L K,. %
KM

1 Certsp nocrymna o 50 xm 0,1 0.015 1+0 2

2 MecTHas ceThb 51-100 0,1 0.015 1+0 4

3 BuytpuzonoBas 101-600 0,1 0.025 1+0 6
CeTh

4 MaructpanbHas 601-2500 0,3 0.054 1+0 10
CETh

5 Mexnyropoauuii | 2501-12500 1,5 0.07 1+0 25
YYaCTOK

6 Cetp nocTyrma o 50 km 0,1 0.015 1+1 2

7 MectHas ceThb 51-100 0,1 0.015 1+1 4

8 BHyTpuzoHoBas 101-600 0,1 0.025 1+1 6
CETh

9 MarucrpanbHas 601-2500 0,3 0.054 1+1 10
CeTh

10 Mexnayropomuaunii | 2501-12500 15 0.07 1+1 25
Y4aCTOK

[Tokazarenu HaJIE)KHOCTH OOOPYIOBAHUS JIOJDKHBI TIPHBOJUTHCS MPOU3BOJUTEIEM Ha
KOHKpPETHOE YCTpoiicTBO. B pamkax paOOTBI MOKHO BOCHOJB30BaThCS TUIOBBIMH 3HAYCHHUSIMHU,
MPUBEACHHBIMU B Ta0mwmIe 2.2

Tabnuua 2.2- Ilokazarenn HaJIe)KHOCTH 000pYAOBaHUS

biox HapaboTka Ha oTKa3, 4 BpeMsi BOCCTaHOBJICHUs | Pe3epBupoBaHue
paboTocrnocoOHOCTH
y31a, 4. Tglepl' TeZepZ
AnTtenna TAHT =35~ 106 I'pl, 129 g{ep];) pe3epBUpyeMoe
Kabenn T =15 “10° I'pl, 129 He pesepBupyemoe
POC Troc = 2°10° I'pl, 124 He pesepBupyemoe
[Mepenatunk T]]Pﬂ =25" 108 I'pl, 124 PesepBupyemoe (PB)
[Tpuemuux T ey = 2,5 “10° I'pl, 124 Pesepeupyemoe
BKP Top =15 “108 I'pl, 124 He pesepsupyemoe
Ckpembiiep Tex = 2 % 10° ['p2, 54 He pesepBupyemoe




Mo ayisito — - 105 I'p2, 5u PesepBupyemoe
YAATOp TMﬂ =35710 p PBUDPY!
E€MOIYJISITO —2°10° I'p2, 54 PeszepBupyemoe
Hemoynarop Ty =3710 P pBUPY
YCUJIUTEJIb Tycyy = 5% 10° ['p2, 54 Pesepeupyemoe
Mux/Demux Trvuxs/pemux = 5 % 10° I'p2, 54 He pesepBupyemoe
JleckpeMOiep Tpek = 7 % 10° I'p2, 54 He pesepBupyemoe

POC - ycTpoiicTBo pazaenenus u o0benuHeHus paauocTBoioB mo CBY,
BKP — 070k KOMMYTaIllUl PEXUMOB (SBJSICTCSI CBSI3YIOIIMM 3BEHOM MEXIy ammapaTypoit
YIUIOTHEHUS U anmnapatypoit BU cTBosa, B TOM 4KCIIe yIpaBiseT pe3epBUPOBAHUCM).

2.2 Pacuer koaddunmenTa annapatypHoir HerotoBHOCTH nHTepBasia L[PPJI 6e3 npumenenus
pe3epBupoBanus (koHpurypanus 1+0)

PacueT npoBoauTCS B MOpSIKE, YKa3aHHOM HHKE.

2.2.1 Omnpenensitores 3HaueHus 1 u Tg Bcex y3noB kaxaoit u3 aByx LIPPC. (T - cpennee
BpeMsl HapaOOTKHU Ha OTKa3 y3ia, 4; Tg- CPEeIHEE BPeMsi BOCCTaHOBIICHHS paO00TOCIIOCOOHOCTH Y3114, U.)

2.2.2 B 3aBUCHUMOCTH OT KOHCTPYKTUBHOTO O(OpMIECHHS pagHOpeNelHOro 000pyrOoBaHHS
pacnpeaemnstor y3nel LIPPC1 mo neym rpymmam: ['pl — y3noB, paboraronmx BHE TOMelieHus (Ha
OTKPBITOM BO31yXe), U ['p2 — y310B, paboratrommx B nomemieHun (ammapartHoi). OIEHUBAIOT
sHauennst I'Bl wus xaxnoit rpynnet (7,0 u Tp,,,) IlpoBogsir aHanormdneie aeicrsus s

LIPPC2.
2.2.3 PaccuuThIBatOT HApaOOTKY HA OTKA3 y3JIOB, BXOJISIINX B KAXKIYIO TPYIITY:

Trpa = (T + T 4T, (2.1)
Trp 2 = (Tl_l + Tz_l + LTn_l)_l (2.2)

rae Ti - cpenHsis HapaOoTka Ha oTKa3 y3ia 1 wim 2 rpynmeli=1,2.....n
2.2.4 JIna LIPPC1 paccunThiBaloT KOA(PQPUIMEHT anmapaTypHOH HErOTOBHOCTHU IS KaXI0H

TPYIIIBI C Y4€TOM CBOETO 3HAUCHUsI [ slopl-

T 6le
— Pl
KHee.annl - T 1 (2.3)
IP_1
T 622,
— P2
KHee.annZ - T (24)
IP_2
2.2.5 Beraucnsor 3navenue K, . - s [IPPCL:
KHez.ann([[PPCl) = KHez.annl + Kyee.annZ (25)
2.2.6 Bemonusas aedctBus aHanorudno 2.1.3—2.1.5, perumcnsior smavenne K, - i
LPPC2. B nannom cinyqae K, . .~ s LHPPC1 moxuo npunsate pasusiM K, . - s LIPPC2.




2.2.7 PaccunThiBalOT 3HaueHHe Kod(pQUIMEHTa anmapaTypHOl HEroTOBHOCTH HHTEpBaja
LIPPJI:

K. =K +K (2.6)

Hec.ann nez.ann(LJPPCL) nez.ann(1JPPC2)

2.3 Pacuer koadduinenta annapaTypHoid HeroroBHOCTH uHTepBana [{PPJI 6e3 mpumeneHus
pesepBupoBanus (koHburypamms 1+1)

PacueT npoBosIT B Opsi/IKE, yKa3aHHOM HHUXKE.

2.3.1 Bemomnsttor aevicteus mo 2.1.1 2.1.3

2.3.2 PactipenensitoT y37bl IO KateropusmM, Bxojsmue B I'pl u ['p2, mo xaTeropusim:

1 — ne pesepBupyemsie y3ias1 — HPB;

2 — pesepBupyembIe y3iel — Pb.

2.3.3 JInsa xaxnoii rpymnmsl u kateropuu y3ioB LIPPC1 paccunteiBatoT HapabOTKy Ha OTKa3:

Tiupsysp | = (Tl_l +Tz_1 + l—Tj_l)_l (2.7)

Trpyep j = (T1_1 "'Tz_1 + l—Tj_l)_l (2.8)

2.3.5 JInsa [IPPC1 paccuunTsiBatoT 3Ha4eHHE KOd(PduImenHTa anmapaTypHOi HETOTOBHOCTH

- uist Tpymisl y3m0B I'pl (paboTaromux BHE MOMEIIEHU):

Tsle
— pl
KHee.ann(HPB) - T (29)
(HPB)epl
Telz
— pl
RHee.ann(PE) - T (210)
(PF)2pl

- 1Sl TpymIsl y3710B ['p2 (paboTaroniux B MOMEIICHHUSX):

Telz
— P2
KHee.ann(HPE) - T (211)
(HPF)2p2
T@lz
— P2
KHee.ann(PE) - T (2.12)
(PF)ep2

2.3.6 [{na LIPPC1 paccuuthiBatoT KOG GUIMEHT armapaTypHOi HETOTOBHOCTH C YUE€TOM
paboTHI CHCTEMBI pE3EePBUPOBAHUS:

(2.13)

2
= + + ( + )
Hec.ann (HPPC 1) K nez.ann1(HPB) nez.ann 2( HPF') nez.annl(PE) nez.ann2(PB)

2.3.7 BoimonHsist geiicTBUs aHANOTUYHO 2.2.3—2.2.5, BBIUUCISIOT 3HaYeHHe KOdPPUIHeHTA
anmaparypHoil HerotoBHocTH U1t LIPPC2.



238 Ilo ¢opmyne (9) paccuuthiBaloT 3HaYeHue KoddduimenTa anmapaTypHOU
HerotoBHocTy uHTepsana LIPPJI



2.4 Pacyer noiHOTO KO3 (UIMEHTa annapaTypHOl HErOTOBHOCTH

Bbruucnstor oOmumit ko3¢ ¢uienTa anmnapaTypHOd HETOTOBHOCTH IIYTEM YMHOKEHUS
KOJINYEeCTBa MHTEPBAJIOB HA KO3()(UIIMEHT annapaTypHOi HETOTOBHOCTH OJHOTO MHTEpBaa.

K ec.ann_ PPJI =K ] NI/IHT ’100%) (2-14)

H Hee.ann

[TonyueHHoOe 3HaUEHUE HE JOJKHO MPEBBIIIATh BEIMYUHY IPUBEICHHYIO B IPUIIOKEHUHU B Tabiauna 2 -
[IpenensHO HOpMUpPYEMBIE 3HAYECHUS JIJIS1 TIOCTPOEHUS U peKOoHCTpyKiuu LIPPJI.

JlaGoparopnast pabora mo Teme «Hccredosanue npuHYunos pabomvl 2100ANbHBLIX  CUCTEM
cnymuuxosozo nosuyuornuposanusi GPS u I7TOHACC»

1. Hean padoTsi:

1.1 O3nakomiieHHE ¢ TaOOPATOPHBIM CTCHIOM.

1.2 IlpuoOpeTeHre HaBHIKOB IO BKJIIOYECHHIO, HACTPOMKE M NMPUMEHEHHIO JabOpaTOPHOTO
CTEH/IA.

2 JInteparypa:

1. Marnunkuii, b. H. CniyTHHKOBBIE M paiiopesieiiHble CUCTEMBI CBsI3HU : ydeOHoe mocooue / b.
H. Marnmuukuii. — HoBocubupck | Cubupckuii Tocy1apcTBEHHbI YHUBEPCUTET TEICKOMMYHHUKAITUN
u napopmaruku, 2019. — 184 ¢. — Texcr : snexrponnsiii // IudpoBoii 0OpasoBaTenbHbI pecypce
IPR SMART : [caiit]. — URL: https://www.iprbookshop.ru/102137.html (mara oOpameHws:
06.06.2023). — Pexxum m0CTyIa: Ij1st aBTOPU3HP. ITOJIb30BaTENEi

2. Kykosckuit, A. I'. CiyTHHUKOBBIE ¥ paAHOPENICHHBIC CUCTEMBI Iepeaadun . ydeOHoe mocooue
I A. T'. )KykoBckuit. — Mocksa : At [ITu Ap Menua, 2022. — 249 c¢. — ISBN 978-5-4497-1710-8. —
Tekcr : anekrponnsiii // Ludposoit obdpazoBarensHbiii pecypc IPR SMART : [caiit]. — URL:
https://www.iprbookshop.ru/122226.html (mata o6pamenus: 26.07.2022). — Pexxum goctyma: s
aBTOPU3UP. MOJIb30BATEIEH

3. ITopsiiok BbINOJIHEHHUSI PA0OTHI:

3.1 O3HaKkoOMIIEHHE C TEXHHYECKHM OTIHCaHUEeM JJabOpaTOpPHOTO CTEH/IA.

3.2 Cbopka 1maboOpaTOPHOrO KOMIUIEKTa IO OMPEICIICHUI0 MECTOIOJIOKEHHUS C TOMOIIBIO
71a00paTOPHOTO CTEH .

4. TeopeTuuecKas 4acTb

Crenn mnpenHazHauyeH Ui MPOBENEHHUS JaOOPAaTOPHO-IPAKTUYECKUX PAOOT MO M3YUYEHHIO
CHCTEM CITYTHHKOBOI HaBuranuu. CTeH]J MO3BOJISET: U3YYUTh OCHOBHBIE MPUHLUIBI PabOTHl CUCTEM
CIlyTHUKOBOTO IO3MLIMOHUPOBAHUS, BBIABUTH npeumyniectBa u Henoctarku cucrem ['JIOHACC u
GPS, mpousBecTH UX CpaBHUTENBHBIH aHaIW3, TOJNYYUTh HABBIKH B HHU3KOYPOBHEBOM
IPOrpaMMUPOBAHMM  YWINAa NPUEMHHUKA  CHTHAJIOB €O  CIYTHUKOB, HU3YYHTh  PEXKHUMBI
HHEpPronoTpedIeHust MOLysl MPUEMHMKA, U3YYUTh BIUSHUS BHEIIHUX (DaKTOPOB Ha Ka4eCTBO IMpUEMa
Y TOYHOCTb ONPEJIEICHUS KOOPINHAT.

Buemrnuit Bug nadoparopHoro crenna «Cuctema CIyTHUKOBOM HaBUTalMM» MPEJCTABIIEH Ha
puc. 1.


https://www.iprbookshop.ru/102137.html
https://www.iprbookshop.ru/122226.html
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Pucynok 5.1 - Crenn «CucreMa CliyTHUKOBOW HaBUTALIUK»

JuiemeHThI cTenaa: 1. Muaukarop nutanus crenaa; 2. KHomka BKIIOYSHHS TMTAHUS CTECHA,
3. Wnpukatop mnutanus mnpuemHuka, 4. CeHCOp BKIIOYEHHS MNUTaHUs mpuemMHuka, 5. CeHcop
MEPEeKIIIOYEHUS HAIIPaBIICHUS Mepenadyn AaHHbIX; 6. CBeToano «AKTUBHA mepeaayda JaHHbIX Ha [TK»;
7. CBeronnoa «AKTHBHA Tiepe/lavya JaHHBIX Ha Aucruiei»; 8. Mudopmannonusiit nucreii; 9. Cencop
nucTaHus JmaHHbIX gumcruies Haszan, 10. Cencop JsmcraHus JaHHBIX jauciuies Boepem; 11,
MueMorpamMma, OTpakarollash Ha3HAYCHUE OCHOBHBIX BBIBOJOB mnpueMmHuka GPS-curnama; 12.
Ceeronuon «M et nepenaua nanueix»; 13. CBeroauon «Maer npuem nanueix»; 14. CBeTo M0 METKH
BPEMCHH.

Wuaukatop mpolecca 3apsiia akKyMyJsTopa pacloJioO)keH Ha OOKOBOM CTEHKE CHpaBoit

CTOPOHBI.
HazHauyeHwne 21eMEHTOB PACIIOIOKEHHBIX Ha 3aJHEH CTEHKE CTSH/Ia ITPEICTABJICHO Ha puC. 2.

Pucynok 5.2 - BHemHwmii BU 3aJHEH CTEHKH CTEH/IA

Ha 3anneii crenke 1ab0paTOpHOro CTEHAA YCTAHOBIEHBI Cleayrone ameMeHT (cm. puc. 2): 1.
USB-pa3zpem monydenuss nansabeix; 2. USB-pazsem mnporpammupoBana mnpuemHuka; 3. Pazpem
noIKJroueHus anteHHsl, 4. KHomka nepesarpysku npuemuuke RESET.

C moMomupI0 AaHHOTO J1a0OPAaTOPHOTO CTEHJa MOKHO IMPOBOAMTH 3aHATUS MO CIEAYIOIINM
TEMaM:
1. V3yueHne  OCHOBHBIX  NPHUHLOUNOB  PabOTBl  TIHOOAIBHBIX  CHUCTEM
MO3UIIMOHUPOBAHUS.
2. NMEA-npotokon. OcoGeHHOCTH paboThl, Ha3HAYEHHE PA3IUYHBIX MOCHUIOK.
[Tocsuiku GGA, GSA, GSV, RMC, VTG.



3. Komanzpl ympaBieHHus TPUEMHUKOM. BKIIOYEHHE M BBIKIIFOUEHHE HEKOTOPBIX
THUIIOB MOCBLIOK. Vcmonp30BaHue MOAYIS sl TEHEPAlMK CUTHAJIOB TOYHOTO BPEMEHHU.

4. YcTaHOBIEHHUE COEAWHEHUS CO CIyTHUKaMHU. BHIBI CTapTOB, CHOCOOBI
YCKOpEHUS 3aImycka Moayias. DdeMepuibl, ambMaHaxH.

5. H3yuenue (HakToOpoB, BIUSIOIMMUX HA TOYHOCTH IpHUeMa. Pa3IMyHBIC THITBI
AQHTEHH BJIMSIHKE 3JJaHUH W TIOMEX, BIUSAIONIMX HA Ka4eCTBO MpueMa. M3ydeHne TeXHOI0Tui
HDOP, PDOP, VDOP. U3y4enue ¢hakTopoB, BIUSIONIAX HA OTHOIICHHS CUTHAII/TITYM>.

6. l3yueHue TEXHOJIOTMM COCTABJIEHUS MapuIpyToB, paboTa TNpHEMHUKA B
Ka4yeCcTBE TpeKepa.

IKCIUVIYATALUA U3AEJNUSA

JlaGopaTOpHBII CTEHI MOXKET HKCILTYaTHPOBATHCSA KaK B aBTOHOMHOM, ITOPTATUBHOM PEXUME C
BBIBOJIOM HMH(pOpMallMM Ha BCTPOEHHBIN nucruied, Tak U B kommuiekce ¢ IIK ¢ ucnonb3oBaHuem
cnenuansHoro I10.

Jns  BriIroueHHs 1a0OpaTOPHOTO MOy Haxmure KHONKY «llutanme wmomyms». J[lns
BkimoueHus: GPS-npueMHuka, KocHUTeCh Ha 2 ¢ ceHcopa «[Iuranue nmpuemHuka». Cencop «BeiBoa
JTAHHBIX» TO3BOJISIET MEePEKIIIoYaTh HaIllpaBiIeHUE MepeJau JaHHbBIX: Ha BCTPOSGHHBIN JUCIUICH MU Ha
KOMIBIOTEP, MOJKIIOUEHHBIN K MOIYIIIO.

Ha BcTpoenHo# aucruiee oToOpaxaercs Bcsi HeoOXoauMasi HHpOpMaIus:

1) BeiBox: [ucmueit. Axkymysstop: 50%» - HampaBieHHE BBIBOJA JaHHBIX
(mucrmieit) u ypoBeHb 3apsaa akkymynsropa B mporentax (50%);

2) U, | npuemuuka: 3.28V 96.8TA» - HampspkeHHe mHUTaHUS mnpueMHuka (3,28
BoubT) 1 notpebisemsrii Tok (96,8 MA);

3) Jara: 15.12.14. Bpems: 09:05:18» - moaydeHHsle co cyTHUKOB farta (15.12.14)
u Bpems (09:05:18);

4) 55°30'19" N. 49°31'15" E» - KOOpIMHATHI MECTOTIONOKEHHS aAHTCHHDI
npuemuuka (55 rpagycos 30 munyT 19 cekyna ceBepHoit mmpoThl, 49 rpanycoB 31 MuHyTa
15 cexyHa BOCTOYHOM JONTOTHI;

5) 01/07-N15 24 dB. 06° 041°» - mopsiakoBbIii HoMmep crytHuka (01) o6iee yrcio
akTuBHbIX crnyTHHKOB (07), coOCTBEeHHBII HOMep cmyTHuUKa B rpymnmnupoBke (15),
OTHOUICHUE CHTHAI/IIYM JUIs JAHHOTO chyTHHKa 24 dB), BepTHKaIbHBIA  yrodi
HarpaBiieHus1 Ha ciyTHHK (20°), a3uMyTanbHbIA yroi HanpasieHus Ha ciyTHHK (064°).

WNudopmanus aHaTOTHYHAs MI1.S I KXKJI0TO CIEAYIOIEro aKTUBHOTO CITyTHHKA.

[lepeuncienHble OKHA MEPETUCTHIBAIOTCS MOCIENOBATENbHO 10 BO3PACTAHUIO M YOBIBAHUIO
CEHCOPaMH pacloJIOKEHHBIMU clpaBa U cieBa oT auciuies.Ceeroauonsl «llepenaua» u «Ilpuem»
OTOOpaKAIOT HAJMYUE CUTHAJIOB B COOTBETCTBYIOMIMX JUHUIX. CBETOMMOIHAs TOACBeTKa «CHrHal
METKH BPEMEHU» WHIUIUPYET UMIYIbChI PPS.

[TonkaroueHre BHENIHEH AaHTEHHBI OCYIIECTBIISETCS 4Yepe3 COOTBETCTBYIOUIMH pa3beM Ha
3agHel maHenw creHaa. llepemaya nmanHbix Ha [IK BO3MOXHAa TpU TOJKIIOYEHHH CTEHIA K
KoMIbioTepy depe3 pazbeM «USB NMEA». [IporpammupoBanre MpueMHUKA OCYIIECTBIISICTCS depes
MOJKITIOYEHUE MOYJIsl K KommbioTepy uepes pazbeM «USB TIPOI'™». [Ins cioydaeB «3aBHCAHHSI»
NpUeMHHUKa TPEeIyCMOTpEHa 3ariyOieHHash KHOIKA ammapaTHoro cOpoca MpHeMHUKAa Ha 3aaHel
MaHeId MOIYJIS.

3apsiika BCTPOCHHOTO aKKyMYJISITOpa OCYIIECTBIISIETCS KaK OT 3apsiIHOTO YCTPOMCTBA,
nocrasisieMoro B komruiekte, Tak u ot 1K mpu moakmodenHom k pazeemy «USB NMEA» USB-
kabene. MHmukaTop mporecca 3apsga akKKyMYJISTOpa pacrlolokeH Ha OOKOBOM CTEHKE CHpaBOM
CTOPOHBI.

[lepBbie cuctembl robanpHOoro mo3unuonupoBanuss GPS (Global Positioning System)
pa3padaThIBAIUCh UCKIIIOYUTEIBHO JUIS BOCHHBIX Iieiieil. [100anpHas HaBuraiuoHHas cuctema GPS
npefHasHaueHa Ui Tepelayd  HABUTAlMOHHBIX CHTHAJIOB, KOTOPbIE CMOTYT OJHOBPEMEHHO



IPUHUMATBCSA BO BCeX pernoHax mupa. Muunmatopom cosnanust GPS-cucremsl crano MuHHCTEpCTBO
O6oponbr CIA. Ee paszpaborka Hawamack B 1973 r. IIpoekT co3gaHusi CIyTHUKOBOW CeTH JUis
OIpe/ieNIeHUs] KOOPJIAUHAT B PEXHUME PEealbHOTO BPEMEHM B JH0OOI TOUKE 3eMHOrO IIapa OblI Ha3BaH
NAVSTAR GPS (NAVigation Satellite Timing And Ranging Global Positioning System
HAaBHWTAIIMOHHASI CHCTEMa OMpEJe/ICHHS BPEMEHH M TaibHOCTH). [lepBas opOuTambHas rpynmupoBKa
cuctemMbl pazBopaunBasiack ¢ 1989 mo 1994 r. Ha opOuty ObuTM BBIBeIEeHBI 24 HaBHTallMOHHBIX
cunyrauka Block Il. Oxonuarensno GPS-cuctema Obliia BBeieHa B 9KCIuTyataiuio B 1995 r.

Cocmas GPS-cucmemvi

B cocraB GPS-cuctempl BXOISAT TpU OCHOBHBIX CETMEHTA: KOCMHYECKHH, Ha3eMHBIA |
MOJIb30BaTENbCKHH. KoCcMUYecknii CerMeHT COCTOMT M3 28 aBTOHOMHBIX CITYTHHKOB, PaBHOMEPHO
pacnpezieneHHbIx o opouram ¢ BeicoTol 20350 kM (U1 OTHOPYHKIIMOHAIBHOW PabOThI CHCTEMBI
noctatoyHo 24 criytHukoB). Ha puc. 3 moka3ana kocmuueckas noacucrema GPS.

Pucynox 5.3 - Kocmuueckas moacucrema GPS

Croyrauku B cucremMe GPS nBwkyTcs B mIeCTH OpOMTAIBHBIX IUIOCKOCTSIX, CIBUHYTBIX APYT
OTHOCHUTEIIFHO Jpyra IO NpSIMOMY BOCXOXAEHHUIO Bocxojsmero ysna Ha 60° | Haxmonenue
TUIOCKOCTEH OpOUT K IIIOCKOCTH dKBaTopa 55°. OpOuTHI 611u3Kue K KpyroBeiM. CpemHsisi BBICOTa OpOUT
20189xkM. B kaxnoil opOuUTaNbHOM TUIOCKOCTH —pacrmoyiaraetcst 4 cmyrHuka. [lepuon oOparmeHus
cinyTHUKOB 11 yacoB 57 munyt 59.2 cek (MoJIOBHHA 3BE3/IHBIX CYTOK).

Ha puc. 4 nokaszana noacucrema KA I'JTOHACC. Cnyrnuku B cucteme ['JIOHACC nBuxyrcs
B TpeX OpOMUTAIBbHBIX MJIOCKOCTAX, CIABUHYTHIX APYT OTHOCUTENBHO JAPYra 10 HPSIMOMY BOCXOKJICHUIO
Bocxozsmero y3na Ha 120° HaknoHeHue MJIOCKOCTeW OpOHWT K TUIOCKOCTH 3kBatopa 64.8°+0.3°.
OpOuTs! 6mu3kue K KpyroBeiM. Cpeansist BeicoTa opout 19100 kM. B xaxmoit opoutaibHON MIOCKOCTH
paBHOMEpHO pacrionaraercs 8 cimyTHUKoB. [lepuosa oOpamenns cimytHukoB 11 gacoB 15 munyt 44+5
CEK.



L/
Pucynok 5.4 - IToncucrema KA I''TOHACC

Ha xakIioM CIyTHHKE YCTaHOBJICHBI aTOMHBIE Yachl, TIEPUOJMYECKA CUHXPOHU3UPYEMBIE T10
KoMaHgaM ¢ 3emiu. Yachkl KaXIOrOo CHOYTHUKA CHHXPOHU3HPYIOT U3IyYe€HHE CO CITyTHHKA
CHENHMAbHOTO KOJOBOTO cHrHama. Ilepen wu3mydyeHHMEM KOJOBBIE CHTHAIBl Ha CIIyTHHKaxX
MOAYIUPYIOTCA COOOIIEHUSIMU O TPAEKTOPUAX MABM)KCHHS CIYTHUKOB W TapaMeTpax MoJenei
CMEIIIeHU IIKaJl BPEMEHU CIIYTHHKOB OTHOCHUTENBHO HIKaJdbl CHCTeMBI. Takue cOOOIIeHHs TPUHSATO
Ha3bIBaTh HABUTAIIMOHHBIMH. CTPYKTypa CUTHAJIOB, U3JIy4aeMbIX Pa3HbIMU CITYTHHUKAaMH, TaKOBa, YTO
MPUEMHHUK HMEET BO3MOXHOCTh Pa3AelsATh ATH CUTHAJBI, OIEHWBATh MX MapamMeTpbl W BBIJCIATH
HaBUTAIIMOHHBIE COOOIICHHUS HE3aBHCHUMO Jpyr oT apyra. [lomcucrema ympaBiieHHS 3aHUMACTCS
OTIpEICTICHUEM TPACKTOPUH NBIKCHHS M TTapaMETPOB MOJENICH CMEIEHHUs KA BPEMEHH CITyTHHKOB
OTHOCHUTEIILHO TIKAJIBI CUCTeMBbl. CBEJCHUS O CIYTHUKOBBIX TPACKTOPHUSAX W IapaMmeTpax MoJIeieH
CMEIICHUS IIKaJ BPEMEHU CIIYTHHUKOB I10 CIICIIUAIBHON PaJIMOJIMHUMN TTePEIAIOTCS HAa CITyTHUKH U TaM
UCTIOJIL3YIOTCS T (POPMHUPOBAHMSI HABUTAITUOHHBIX COOOICHUIA.

Kaxaplil CIyTHUK M3JTydaeT Ha 2 9acTOTaX CICNHUATbHBIN HaBUTAIIMOHHBIA CHTHAI, B KOTOPOM
samuppoBano 2 Bujga koma. OAWH W3 HHUX JIOCTYNEH JIMIIb HEMHOTHM IIOJIh30BATEISAM, CPEIH
KOTOPBIX, KOHEYHO k€, BOeHHbIE U (enepanbhbie cnyx0bl CIIIA. KpoMe 3Tux 2 cUTHANOB, CIIyTHHUK
U3JIy4aeT W TPEeTUH, MHOOPMHUPYIOIIUI MOJIb30BATENA O JOMOJHUTEIBHBIX Mapamerpax (COCTOSHHU
CIIyTHHKA, €ro paboToCmocoOHOCTH u Jp.). I[lapameTpsl OpOUT CIyTHHKOB MEPUOJHYECKU
KOHTPOJIUPYIOTCSI CEThI0 HA3eMHBIX CTaHIMKA ciiexkeHus (Bcero 5 CTaHIUi, HaXOMAIIMXCS B
TPOMUYECKUX MIMPOTAX), C MOMOIIBI KOTOphIX (He pexe 1-2 pa3 B CYTKH). BBIYHCISIOTCS
0a/UIUCTUYECKHE XapaKTePUCTUKU, PETUCTPUPYIOTCS OTKIOHEHUS CIYTHUKOB OT PacyeTHBIX
TPaeKTOpUN JBIDKEHHUS, OINpeAensieTcss COOCTBEHHOE Bpemsl OOpTOBBIX YacOB CIyTHUKOB,
OCYIIIECTBIISICTCS MOHUTOPUHI HCIPABHOCTH HABUTALIMOHHOW ammapatypsl U 1p. TpeTuil cermeHT
GPS-cucremsl 3t0 GPS-nipueMHUKH, BBIITyCKaeMble U KaK CaMOCTOSTENIbHbIE IPHOOPHI, U KaK IUIaThl
s moakmroueHus K [TK, 60pTOBBIM KOMITBIOTEpAM | IPYTUM alllapaTam.

OcHoBHbIE BO3MOXHOCTH GPS-cucremsl (nmpu Hamnywuu npuemunka GPS- curnana):

- OIpejesieHHe MECTOHAXOXKIEHUI MOOMIBHOTO a00OHEHTA,

- ompejeNneHne Hanboee KOPOTKOTO U YIOOHOTO IMyTH 10 MMyHKTA Ha3HAYCHHS,

- ompenerneHre 00paTHOTO MapIIpyTa;

- OmpenelieHHe CKOPOCTH JBHKEHHS (MAaKCUMAaTbHOW, MUHUMAJIbHOU, CPETHEH);

- ompeJeNieHHe BPEMEHH B IMyTH (IPOLIE/IIEro U CKOJIBKO MOTPeOyeTcs emie) u Ip.

Ocnogvl pynxyuonuposanusi GPS-cucmemoi

Teopuss JmalbHOMETPHMM OCHOBAaHa HAa BBIYMCICHUU  PACCTOSIHUS  PACIpPOCTPAHCHHUS
pajgMocurHaga oOT CHYTHMKAa K NPHUEMHHKY [0 BPEMEHHOW 3ajepkke. Eciu 3HaTh Bpems
pacrpocTpaHeHHsl PaJMOCUTHANIA, TO TMPOWICHHBIH MM IyTh JIETKO BBIYHUCIHTH, YMHOXXHUB BpEMs
pacIpocTpaHeHHs PaUOCUTHAIA HA CKOPOCTh CBETA.



Kaxnapiit cnyrauk GPS-cucteMbl HemnmpepbhlBHO TeHepupyeT paauoBosiHbl 2 vactoT (L1
=1575.42 MIu wu L2=1227.60 MI'n). HaBuranmuoHHbIii CHrHaJ TOpPEACTaBIsIET  COOOM
¢dazomanumynupoBanHslii ncesaocaydaitnbiii PRN-kox (Pseudo Random Number code). PRN-kox
obiBaer 2 tumnoB. Ilepsoiii C/A-xom (Coarse Acquisition code rpyOblii KOA) HCIONB3YyeTCsl B
rpaxaaHckux npueMHukax. OH MO3BOJSET MOJYy4aTh JIMIIb NPUOIUZUTEIBHYIO  OIICHKY
MECTOTIONIOKEHHUsI, TIOATOMY M Ha3biBaeTcsa rpyosiM koaoMm. C/A-xoxa mepemaercs Ha yactote L1 c
WCIIOJIb30BaHUEeM (Da30BOM MAaHMITYIJISIIIUU TICEBIOCIYYalHOW TocienoBaTeabHoCTH JmmHOM 1023
CHUMBOJIA. 3amuTa OT OMKMO0K oOecreunBaeTcs mocpeacTsom koaa ['oynaa. Ilepuon moBropennst C/A-
kona 1 mc. [Jlpyroii xon P (precision code touHslit ko) obecrieunBaeT 00Jice TOYHOE BBIYUCICHHUE
KOOPJIMHAT, HO JIOCTYI K HEMY OrpaHryYeH. B 0oCHOBHOM, P-Ko1 mpenocTaBisieTcsi BOCHHBIM U (MHOT/IA)
benepanbabM cnyxObam CIIA (Hanpumep, IS pelIeHus 3a1a4 Te0Ie3ud U KapTorpaduu). ITOT KO
nepefaeTcs Ha yacTore L2 ¢ mpuMeHeHneM CBEPXUTMHHOW TICEBIOCTYYaiiHON MTOCIEI0BATEILHOCTH C
NEepUOIOM TOBTOpeHHsT 267 aHEeld. DTOT KOA JOCTYNEH B NPUHIMIE W TpaXTaHCKUM jumnaM. Ho
aNTOPUTM ero 00paboTKM Tropas3zo Oojee CIIOXKEH, MO3TOMY M ammaparypa CTOMT J0poke. B cBoro
ouepenp, yactora L1 mogymupyercs kak C/A, Tak u P-xomom. B curnane GPS mMoxkeT mpucyTcTBOBaTh
U TaK Ha3blBaeMbIH Y-KOJ, SBISIIOMIMACS 3amudpoBaHHO Bepcueil P- komga (B BoeHHOe Bpems
cucreMa MUQPPOBKH MOXKET MEHSATHCs).KpoMe HaBUTallMOHHBIX CHTHAJIOB, CHYTHHK HEMPEPHIBHO
nepefaeT  pasiM4HOrO  poaa  ciuyxkeOHyro uHpopmanmio. Ilomb3oBatens GPS-npuemHuka
UHGOPMHpYETCS O COCTOSHUHU CIyTHHKA M €ro IapaMerpax. CUCTEMHOM BpEMEHH, 3(eMepHIax
(TOYHBIX AAHHBIX 00 OpPOUTE CIYTHHWKA), MPOTHO3UPYEMOM BPEMEHHU 3aJCpP)KKH PacrpoCTPaHEHHS
pagrocurHaia B uoHocdepe (T. K. CKOPOCTh CBETa MEHSETCS MPHU IMPOXOXKICHUU PA3HBIX CJIOCB
atMoc(epnl), paboTOCIIOCOOHOCTH CchyTHHKa (B Tak Ha3blBAEMOM ajlbMaHaxXxe CoOJepiKaTcs
OOHOBIIsIEMbIe KaXKble 12.5 MUH CBEICHHS O COCTOSIHUM M OpOHMTaxX BCEX CIIYTHHUKOB). DTH JaHHbIC
(mmnoit 1500 6uT) mepenarorces co ckopocthio 50 6ut/c Ha yactotax L1 mmm L2,

VY kaxnoro GPS-npuemMHnKa ecTh COOCTBEHHBIN FeHEPATOP, padOTAIONINI HA TOW YK€ YaCTOTE U
MOJIYJIHPYIONINI CHTHAJ TI0 TOMY € 3aKOHY, YTO M TeHepaTtop CIyTHHKAa. Takum o0pazom, Mo
BPEMEHHU 3aJIepKKA MEXKIY OJMHAKOBBIMH YYacTKaMH KOJa, IMPHHATOIO CO CIIyTHUKAa |
CT€HEPUPOBAHHOTO CaMOCTOSTEIIEHO, MOXXHO BBIYHCIHTH BpEMsl DPACIpPOCTPAHEHWs CHUTHanNa, a,
CJIEZIOBATENILHO, U PACCTOSTHUE O ciyTHHKA. OHOI M3 OCHOBHBIX TEXHHUYECKHX MPOOJIEM OMMCAHHOTO
BBIIIIE METOJa SIBIsieTCS cHHXpoHU3amusi yacoB Ha GPS-cnyramke m B GPS-mpuemuuke. [laxe
MUHHMaJIbHAs TOTPEIIHOCTh MOXET MPUBECTH K OTPOMHON OMIMOKE B ONpPEACICHUU DPACCTOSHUS.
Crnenyer cka3arh, 4To Ha KaxaoM GPS-cyTHHKE CMOHTHPOBAHBI BBICOKOTOYHBIE ATOMHBIE Yachl.
EcrectBenno, uto B kaxkaqom GPS-mpueMHUKe Takue 4achl YCTAHOBHTH HEBO3MOKHO. [loatomy mist
KOPPEKIMH OIIMOOK B ONpENeNCHUH KOOPAMHAT HM3-3a MOrpelHocTeidl yacoB, BCTpoeHHBIX B GPS-
MPUEMHHK, TMPUMEHSETCS HEKOTOopass M3OBITOYHOCTh B JAaHHBIX, HEOOXOIUMBIX JUIS OJHO3HAYHOMN
MIPUBSI3KU K MECTHOCTH.

Onpeodenenue koopounam ¢ nomouwvio GPS-cucmemor

B ocnoBe onpenenenust koopauHaT GPS-npueMHMKa JIEKUT BBIUYHUCICHUE PACCTOSHUS OT HEro
JI0 HECKOJIBKUX CITYTHHKOB, PacIOJI0KEHNUE KOTOPBIX CUMTACTCS q U3BECTHBIM (ITH JAHHBIC HAXOSATCS
B nipuHATOM ¢ GPS-criyrHuKa anpManaxe). Meto | Beraucienus moaokeHns 00beKTa M0 H3MEPEHHIO
€ro yIaJICHHOCTH OT TOYEK C y 33J[aHHBIMH KOOPIMHATAMH Ha3bIBaeTCs TpuiiaTepanueit (puc. 5).




Pucynox 5.5- Tpunarepauus

Ecnu usBecTHO paccTosiHHe A 70 OJJHOTO CIIyTHHKA, TO KOOPJAMHATHI IPUEMHHKA ONPEAETUTD
Hesb3s (OH MOYKET HaXOIHUThCS B JII000# TOUKe cdepbl paanycoM A, OMMCAHHON BOKPYI CITyTHHKA).
ITycTh M3BecTHa ynaleHHOCTh B mpueMHuKa OT BTOpPOro t ClyTHUKa. B 3ToM ciydae omnpeneneHue
KOOp/AMHAT TaKXKe He IPEJCTaBISAeTCS BO3MOXKHBIM OOBEKT HAaXOIHUTCS Ha OKPY)KHOCTH, KOTOpas
ABIsieTCA  nepecedyeHueM JByX cdep. Paccrosaume C 10 TpeTbero CIyTHUKA COKpallaeT
HEOTIPE/IeIIEHHOCTh B KOOPJMHATAX JI0 JBYX TOYeK (00O3HAUCHBI JIBYMs )KUPHBIMH TOYKAMH Ha PHC.
1.4). Dtoro y:ke IOCTATOYHO JJIsi OJHO3HAYHOTO OTPEICIICHHUs KOOPIMHAT JIJI0 B TOM, YTO U3 JIByX
BO3MOXKHBIX TOYEK PACIIOJIOKECHUS PUSMHUKA JIMIIb OJHA HAXOAUTCS Ha MOBEPXHOCTH 3eMiiu (MK B
HETOCPEICTBEHHOM OJIM30CTH OT HEE), a BTOpas, JIOKHAsI, OKa3bIBACTCs JIHOO TITyOOKO BHYTPH 3€MIIH,
m00 OuYeHb BBICOKO HAJl €€ TOBEPXHOCThIO. TakuMm o00pazoMm, miusi TpPeXMEpHOW HaBHUTAlUU
TEOPETHUYECKH JIOCTATOYHO 3HATH PACCTOSHUSA OT ! mpreMHUKa 10 3 CITyTHHUKOB.

[TpuBeneHHbIE BHIIIE PACCYXKIECHHUS pacCCMaTPUBAIIKMCh IS CITydasi, KOTAa PaCCTOSIHUS OT TOUKU
HaOJIIOIEHHS 10 CHYTHUKOB OBLIM M3BECTHHI C aOCOJIIOTHOW TOYHOCTHIO. Pazymeercs, Ha mpakTHKe
BCErJa €CTb HEKOTOpas IOrPEeIIHOCTh W3MEpPeHuil - HeBsA3ka. Hampumep, u3-3a HETOYHOM
CHHXPOHM3AIlUd YacoB IPHEMHHKAa M CIIyTHHMKA, 3aBHCUMOCTH CKOPOCTH CBE€Ta OT COCTOSIHHUS
atmocepsl u ap. Ilostomy | g ompenenenus TpexMepHbIX KoopauHat GPS-npuemnuka
UCTIONIB3YIOTCS HE 3, a, Kak MUHUMYM, 4 criyTtHuka. [lomy4yuB curnan ot 4 (wim Gosiee) CIyTHHKOB,
GPS-npuemMHuK wuIer TOYKY NepecedeHHs COOTBETCTBYrOIMX cdep. Eciam Takoil Toukm Her,
nporeccop GPS-npuemMHrKa HauMHAeT METOJOM IOCJIEIOBATENbHBIX MPUOIMKEHUI KOPPEKTUPOBATh
CBOM 4achl IO TeX MOP, IIOKa He T0ObETCs epeceueHms Beex cep B OJTHON TOUKe.

KoopauHatel  NOJABMXKHOTO  aOOHEHTa  ONPENENSAIOTCS € MOMOILIBI0  CTaHJAPTHOIO
HaBuraunonHoro GPS-mpuemMHMKa, BCTPOGHHOTO B TEpMHUHAN IOJb30BaTensd. HaBuranuoHHbIH
MIPUEMHHK CUTHAJIOB Jisi cucteMbl GPS cocTonT M3 nmpueMHOro MOAYISI U MajiorabapuTHOW aHTEHHBI
C MaJIOITyMHBIM ycumuTeneM. [IpreMHBIi MOTysTh BEIITYCKAeTCsl KaK B BUI€ aBTOHOMHOTO YCTPOICTBa
CO BCTPOCHHBIMM HWCTOYHMKAMHU IUTaHHSA, TaK W B BHJEC OTICIHHOW IUIATHI, BCTpaMBacMoOil B
aOOHEHTCKHUI TepMUHAIL.

VYeTpoicTBO, Kak MpaBUjIo, UCIOJb3YeT COOCTBEHHYI0O MUHHATIOPHYIO AHTEHHY U aBTOHOMHO
BBIYKCIISICT Teorpaduueckie KoopauHatel 1 BcemupHoe BpeMsi (UTC) mo HaBUTAIMOHHBIM CUTHAJIAM.
GPS-npuemMHrKH wyamie BCEro MPUMEHSIOTCS, €CIM HEOOXOIUMO MONYyYHTh BBICOKYIO TOYHOCTH
koopauHaT (norpemHocth He Oojiee 100 wm). 3axBaTuB CHrHaJ, HABUTAIMOHHBIA TPUEMHHK
aBTOMATHYECKH BBIYMCIAET KOOPAMHATHI OOBEKTa, CKOPOCTh CHUTHAJla M BCEMHPHOE BpeMs, H
dopmupyer otdyer. CBeJeHNs O MECTOHAXOXKJIECHHUH OOBEKTa MepearoTcs MO CIIYTHUKOBBIM KaHaiaM
CBSI3M B JUCIETYEPCKHM MyHKT. HaBUranumoHHbIe YCTpOMCTBAa MOTYT paszinyaThCcs MO KOJIUYECTBY
KaHAJIOB MpUEMa, CKOPOCTH OOHOBIIEHUS JaHHBIX, BPEMEHHM BBIUUCIIEHHH, TOYHOCTH M HAJAEKHOCTH
OTpeieIeHUs] KOOPIUHAT.

CoBpemennble GPS-ipueMHUKH OOBIYHO OCHAILIEHbI HECKOJIBKUMHU AECATKAMHM KaHaJOB, YTO
MO3BOJISIET OTCJEKUBATh, IPAKTUYECKH, BCE HABUTALIMOHHBIE CHYTHMKM, HaXOAdAILIMEcs B 30HE
panuoBuIMMOCTH 00bekTa. Eciin KaHanoB MeHbIIe, 4yeM HaOJII0JaeMbIX CIYyTHUKOB, aBTOMaTHYECKU
BbIOMpaeTcsl Hauboee ONTUMAIBHOE COUYEeTaHHE CIYTHUKOB. CKOPOCTh OOHOBIIEHHSI HAaBUTALIMOHHBIX
naHHbIX 1 ¢. Bpems | oOHapy»eHHUs] 3aBUCHT OT YKCJIa OJHOBPEMEHHO HAOIOaeMBIX CIYTHHKOB H
pexxuma ! ompenenenusi MecromonokeHus. OmnpeneneHNe HABUTAMOHHBIX ITaPaMETPOB MOXKET
npou3BOANTECS B IBYX pexumax 2D (aBymeprom) u 3D (mpoctpanctBeHHOM). B pexume 2D
YCTaHABJIMBAIOTCS IMIMPOTa W J0NroTa (BBICOTa CYMTAETCS HM3BECTHOM). [Ipu 3TOM JOCTaTOYHO
NPUCYTCTBUS B 30HE PaJIHOBUIMMOCTH 3 CITyTHHKOB. Bpems omnpenenenus koopauHat B pexume 2D
00BIYHO HE TpeBblmaeT 2 MHUH. s ompeneneHus MPOCTPAHCTBEHHBIX KOOpAMHAT B pexume 3D
TpeOyeTcsi, YTOOBI B COOTBETCTBYIOIIEH 30HE HAXOIMIINCh HE MEHee 4 CITyTHUKOB.

[To curHanaMm oT YeThHIpeX CIYTHUKOB - BBIOPAHHBIX ONpPEIEICHHBIM 00pa3oM - HaOMI01aTeNb,
CHA0)KCHHBI NMPUEMHUKOM CHUTHAJIOB, PACCUUTBHIBAET CBOE MOJOXKEHHE. MHCTpyMEHT HaBUTaluu B
pacropsbKeHUH HaOJroaTens - MPUEMHUK CUTHAJIOB, U3IydaeMbIX ciyTHHUKaMu cuctembl GPS. Nmes
TOYHBIE Yackl, mokassiBarone muposoe (UCT), Habmogarens MOr Obl HEMEIUIEHHO pacCYUTATh BPEMsI



pacnpoCTpaHCHUd CUTHAJIOB OT COOTBETCTBYIOIINX CITYTHHUKOB. PaILI/IOCI/IFHaHLI PaCIpoOCTPAHAIOTCA CO
CKOPOCTBIO CBETa, TIO3TOMY 10 BPEMEHH PACIPOCTPAHCHUSI HEMEUICHHO BBIYHMCIISIOTCS U PACCTOSHHS
70 CIYTHHKOB. 3aTeM MHPOBBIC KOOPIWHATHI HAOJIONATENs HAXOAATCS C IOMOIIBIO PEIICHHS
TPUTOHOMETPUYECKOH 3ama4yn. B TpexMepHOM MpoCTpaHCTBE 3a7ada OMpeNesICHUsT KOOPIMHAT TOYKH
1O 33JaHHBIM PACCTOSHHSAM JI0O TPEX OMOPHBIX TOUYEK, HE JISKAIIMX Ha OJHON NpPSIMOM, UMEeT IBa
perieHus (KOTOpbIE B BBIPOXKACHHBIX CIYYasX CIMBAIOTCS B OJHO), JIMOO HE MMEET PEIICHHsI BOOOIIEe
(HepeanbHBIC HCXOJHBIC JaHHbIC). Ha mpakTuke TpuiaTepalMy IO CIYTHHUKAaM, OJHO U3 JBYX
MOJIy9aeMbIX PEIICHUH 0TOPAchIBACTCS M0 HAYAIBHBIM YCIOBHAM. MBI TOBOPHM O TpUJIATepalny, a He
O TPHUAHTYJIALIWH, TMOCKOJBKY HCXOJIHBIC t JaHHbIC HMCHOT HHHCﬁHBIe, a HC YIJIOBBIC H3MCPCHU.
TouHOCTH YacoB, HUCIOJIB3YEMBIX 1 AJIg OMMPEACIICHUA PAaCCTOSAHHA C MOMOIIBIO U3MEPCHHUA BPEMCHU
pacrpoCTpaHEHHsI PaJUOCUTHAIOB, JOJDKHA OBITh OYEHb BBICOKOW BBHIY OOJBIIOW CKOpOCTH [
pacripoctpaneHus pagrocurHanoB. OmmoOka onpeneneHus BpeMeH! B 1 MUKPOCEKYHIY MPUBOIHUT K
omubOke omnpexaeneHusi paccrosaus B 300 merpoB. s onpenenienuss BpemMeHU Ha cryTHukax GPS
YCTaHOBJICHBI aTOMHBIE Yachl cTouMocThio Oosiee 100 000 ThIc. momapoB 3a nmpubop (IUist OBBIIICHUS
HAJISKHOCTH Ha KaXKJOM CIyTHHKE YCTAaHOBJICHO MO 4 3K3eMIUIIpa Takux 4acoB). Vcmonb3oBaHue
CTOJIb K€ YTOYHBIX 4yacoB B KaxaoMm mnpuemHuke GPS nepeanbno. [lostomy ans ompeneneHus
KoopauHaT 1o cnytHukaM GPS wucnonb3yror curnHamsl OT 4-X CHOYTHHKOB, 4YTO JaeT YEThIpe
lypaBHEHUS A7 ONpeieeHus 4-X HEM3BECTHBIX - TPEX MPOCTPAHCTBEHHBIX KOOPIMHAT PUEMHUKA
MOMEHTa BPEMEHH IOJIy4eHHSI CUTHAJIOB.

Tonvzo6amenvckuil cecmenm cucmemvl 2100ATbHOU HABUSAYUU

[Mpuemuuk GPS conepHUT TPOLECCOpP CUTHAIOB, KOTOPBIA BBIACISCT HEOOXOIUMYIO
MHPOPMAIIMIO U3 3aKOJAMPOBAHHOTO CHTHAJIA, NMPHHATOTO ¢ OPOUTHI, © MUKPOKOMIIBIOTEP, KOTOPBIH
BBIUMCIIICT TIONPABKM HA 3aJIEP)KKY CHTHAlA B MOHOC(epe penaTuBUCTCKre d(dexTel. B mamsTu
MHUKPOKOMIIBIOTEPA XpaHUTCS HH(POPMAITUS O TapaMeTpax CIyTHUKOBBIX OPOUT, 3¢MHOM aTMocdepe u
dopme noBepxHOCTH | 3eMHOTO Teona. MBI paCCMOTPUM TOJIBKO T€OMETPUICCKYIO CTOPOHY 3aauH -
oTpe/elieHNe KOOPJAWHAT W BPEMEHHU [0 CHTHAJIAM TOYHOTO BPEMEHH, IMOJIyYeHHBIM ¢ | deThipex
CIIyTHUKOB, COBMECTHO C MH(OpMAIUEHl O TOJIOKEHUU CITyTHUKA Ha MOMEHT | W3mydeHws cUTHama.
AHAUTUYECKOE PENICHHE TPUTOHOMETPHUYSCKOHN 3aJa4d MPUBOIUT K CHCTEME YETHIPEX ypaBHEHUH
JUTSL Y€ThIPEX BEIMYMH - TPEX KOOPIMHAT IPUEMHHMKA U BPEMEHH TIpUeMa CUTHAJIA, IPUYEM YPaBHEHUS
HEJIMHEWHbIE. 3a/adya MOXKET OBITh pelIeHa METOJOM IOCIICOBATEIBHBIX MPUOIMKEHUN. 3aMepbl
POM3BOIATCS © [OCTATOYHO YACTO, @ CKOPOCTh JBIKCHMS NPHEMHHKA HeBenuka. llosTomy
JIOTHYECKOMY YCTPOMCTBY MPUXOIUTCS MOTPYAUTHCS TOJIBKO B CTAJUU HAYAIbHOW WHHIIMATH3AIIAN
NPH 3aIycKe CUCTeMbl. J[aabHEUIINE ONPEACTICHHUS MTOJI0KEHUS TIPOU3BOIUTCS «B OJIHO KaCaHUE», KaK
MbI YBHJIUM B XOJI€ BBITIOJTHEHUS 3TOW PabOTHI.

Hmeem 4 criyTHUKA, HyMepallys KOTOPbIX HAUWHAETCS C HYJIeBOro. KoopimHaThl CITyTHUKOB!

S0x, S0y, S0z Six, Sly, Slz S2x, S2y, S2z S3x, S3y, S3z

Koopmunarel GPS-npuemnnka: RX, Ry, Rz.

PaccTosHUS OT CTyTHHKOB JI0 TPHEMHUKA!

RO=V[ (S0x-Rx) 2+ (SOx-Rx) 2+ (SOx-Rx) 2]

R1 = V][ (S1 x-Rx) 2+(S1 x-Rx) 2+(S1 x-Rx) 2]

R2=V[ (S2x-Rx) 2+ (S2x-Rx) 2+ (S2x-Rx) 2]

R3=V[(S3x-Rx) 2+ (S3x-Rx)2+ (S3x-Rx) 2]

BBenem Beauuuubl Pi, COOTBETCTBYIONIME PACCTOSIHUIO OT CIyTHHKA JO MPUEMHHKA,
BBIYHCIICHHOMY KaK MPOM3BEICHNE BPEMEHH PACIPOCTPAaHEHUS CUTHAIA OT CIYTHUKA JO0 MPHUEMHHKA
Ha CKOPOCTh pacmpocTpaHeHust (CKOPOCTh CBETa), MPUYEM MOMEHT TOJIyYCHHsI CHUTHaia Oepercs 1o
gacaM MPUEMHUKA JI0 BHECEHUS KOPPEKIIMU B TIOKAa3aHMS YacOB HAa OCHOBAHWH ATUX BBIUHCICHUI. B
tepMuHoorun GPS 3TH BeMYMHBI HA3bIBAIOTCS TICEBI0MabHOCTH (pseudoranges).

MaccuB Li ompenensercss kak pasHHIIA MEXIy COOTBETCTBYIOIIMMHU BBIYHUCISIEMbIMU 10
KOOpJMHATAM  PACCTOSHUSIMM M IICEBIOJAIBHOCTAMH  (BBIUMCIIEMBIMH [0  BPEMCHH
pacnpoCTpaHeHHS):

Li= Ri- Pi

[Tonubie mpou3BoaHbie Li MO BpeMeHH MOTYT OBbITh BBIPAXKEHBI Yepe3 MPOU3BOIHBIC IO



HaTPaBJICHUSM:

d(Li)/dt=d(Li)/dRx*d(Rx)/dt+d(Li)/dRy*d(Ry)/dt+d(Li)/dRz»d(Rz)/dt-d(Pi)/dt 5(Li)/dRx= -
(SOx—RXx)/RI; 3(Li)/5Ry= - (S0y-Ry)/Ri; d(Li)/dRy= - (SOy—RY)/Ri; -<9(Pi)/dt=I

Cxopocth cBeta C=1, uactHblie mpousBoanbie d(Li)/dRX, ... mo koopauHaTaM HpPUEMHHKA
o6o3nauaem Dxi, Dyi, Dzi, u Dti (Dti=-1). Otu xosddunrents cocTapisor Matpuiy: A=1 |

| DxO DyO DzO DtO |

| DxI Dyl Dzl Dtl |

| Dx2 Dy2 Dz2 Dt2 |

| Dx3 Dy3 Dz3 Dt3 |

[MTonnas mpou3BoaHas BequYnH LI Mo BpeMeHH, YMHOXKCHHAS HA YXOJl YacOB, AT BETHUHHY
cobctBenno Li (B npeanonoxenun ux manoctu): d(Li)/dt « At = Li, a d(R)/dt « At = AR, rae AR -
BEKTOpP TPOCTPAHCTBEHHOTO CMEIICHUS TIIOJIOKEHHUS TPHEMHHKA, COOTBETCTBYIOIIETO 3aJaHHOMY
YXOJly 4YacoB TPHUEMHHKA, JOTIOJHEHHBIH YETBEPTOH KOMIIOHEHTOW - 3HAUYEHHEM yXOJa 4YacoB
NpUeMHUKa. BpIpa)keHHOE dYepe3 4YacTHhIE TNPOM3BOJHBIE IO HAMPABICHUSIM M BpPEMEHH, 3TO
COOTHOIIIEHUE MPUBOIUT K ypaBHEeHUIO A»AR = L, koTopoe HEMEUIEHHO MPHUBOJIUT HAC K PEIICHUIO,
JTAIOILEMY MEPBYIO UTEPALIMIO OTIPEICTICHUS MOJI0XKEHUS PUEMHHKA U KOPPeKIu ero yacos: AR = A-
1-L.

BHyTpeHHss CTPYKTypa HABUTAIIHOHHOTO TIPUEMHHKA

PPS (Pulse Per Second) - 3Tto curHanm TOYHON BpEeMEHHOH CHHXPOHU3AIMU NPHEMHHKA HIIH
cekynaHas wmetka (LPPS) - WMOyIbCHBIH CHTHAT OPAMOYrOJbHOW  (OPMBI, MOJSPHOCTH
MOJIOXKUTEbHAs, TepuoJ moBTopeHuss 1 c, mmurenbHOCTRIO 2 MKe, ammautyna 3,0 + 0,5 B,
conpoTuBiieHHne Bxoaa/Beixoaa 50 Owm.

Mapkep coobitus (Event Marker) - mo3BosisieT COXpaHUTh B MaMSTH MPUEMHHKA TOYHOE BPEMs
¥ KOOPJMHATHI HACTYIUICHUSI HEKOT'O COOBITHS, CBSI3aHHOTO C YCTPOMCTBOM, TIOJKIIOUEHHBIM K ATOMY
Bxoay. Hampumep, MOMeHT cpabOaThiBaHUsI 3aTBOpa KamMephl OyleT TOYHO NPHUBSI3aH KO BPEMEHU U
KOOp/AWHATaM, Korjga ObLI clienaH CHUMOK. [IpuMeHsieTcss MHMpOKo B a’dpoOTOCHEMKE W B PYTUX
MIPWIOKEHUAX, TPEOYIOIIUX PErUCTPALIUU COOBITHUSI.

RTCM, CMR, CMR+, NMEA, JPS - cranmapTel OTOOpaX€HUS | MPEACTABICHUS
nH(OpMAIIKH, HUCTIONB3YEMOU MPH PA3IMYHBIX METOIAX MO3UIIHOHIPOBAHHUS.

HesaBucumo ot tumna cucremsl (GPS/TJIOHACC) u gyactotHoro muanasona (L1/L2 u np.), B
CTPYKTypE€ HaBUTAIIMOHHOTO MPUEMHHKA MOXHO BBIJICIIUTH JIBA OCHOBHBIX MOIYJISI: PaIN0YaCTOTHBIN
0J10K ¥ U(POBOI BEIUKCAHUTEND (pHC. 6)

Pucynok 5.6 - YnpoiieHHas CTpyKTypHasi cXeMa HaBUTAIIMOHHOTO MTPUEMHHUKA

TMphosinmk - J\]_m g

Pano4acToTHBIN OJIOK COCTOMT W3 MPECENIEKTOpa, MPEACTABIISIFOIIEIO OO0 MaIoUTyMSIIUN
YCUJIUTENb, COBMEIICHHBIH KOHCTPYKTHBHO C aHTCHHOH, M NPHUEMHUKA, Pa3MeliaeMoro Ha OJHOMN
NeYaTHOU TuIaTe ¢ IUQPPOBBIM BhIYHCIUTEICM. [[ppoBOH BBIYMCINTEb, B CBOIO 0YepE/b, COCTOUT
U3 3aKka3HOW wuHTerpaabHOil MukpocxeMbl (ASIC), Ha KOTOpPOW IOCTPOECHBI KOPPEIATOPHI |
nporeccopa, B KOTOPOM COOCTBEHHO  pellaeTcsl HAaBUTAIMOHHAs 3amada U (HOPMHUPYIOTCS
ympasistronie curaais as ASIC.

5. [IpakTHYeckas yacThb

1. BHUMaTebHO 03HAKOMBTECH C ONMCAHUEM CTEHJA U Ha3HAUEHUEM OPraHOB YIPaBIICHUS.

Bxmrounte crenn. IlomensiiTe HampaBlleHME MEpefadyd [aHHBIX, MPOJIUCTAUTE OKHA Ha
BCTPOEHHOM JIUCILIEE.

[Toaxmtounte MOAYAb K KOMIBIOTEPY. 3allyCTUTE CEpBUCHYIO Iporpammy. I[Ipocmorpure
3aKJIaJKU U IIyHKTBI MEHIO.



®aitn  Hacrpoiiae annuene

Yrpesnere:

| Mepeseryox | Bowon sevwea | 1PPS | Crymemon | Cootiers | Ty | Townen. | Lima. pewma | AGES | Nepeneron | Tpows |
Bomon meebx

O

Brommerve!

Bomon NMEA vepes USB soctynes vonexo #a mogymsx MLBDEBS.

Cxopocte ofimesia no nopry NMEA:

3arpys«a kevana: -

FNOHACC
o888

o888

Nocneaosarensmeiii nopr: -
PI/ICYHOK 5.7. Baenmuii BUJ CepBHCHOﬁ IporpaMmbl

OOBsicHHTE, YTO 0TOOpaXKACTCS HA SKPaAHE AUCIUICS U KOMITBIOTEpa.
5. KoHTpoJibHbIE BONPOCHI

5.1 Kakyto nHdpopmaumio nepenatoT CNyTHUKM NO3ULUOHMPOBAHUA?
5.2 CKO/IbKO NPUEMHMKOB MOXKET 0BC/YKMBATb KaXKAbI CMYTHUK?
5.3 Kak npoucxoauT BblYMCNEHNE KOOPAMHAT?

5.4 Y70 Takoe «MapKep CobbITUIN»?

K-8 Cnocoden k pa3paGoTKe NPOEKTHOH JOKYMEHTAaMHM Ha O00beKT, (CHCTeMy) CBS3H,
TeJIEKOMMYHHKALIMOHHYIO CHCTEMY

3naem:
onpeoenerusi U munvl paouopenetiHbix TUHULL,
cocmaes 060py006aAHUsL MALUCMPATILHBIX, BHYMPU30HO6bIX U Mecmublx PPJI,

- Munvl paouopeletnbix Cmaryull,
- coeOuHumenvHvle TUHUU TuHelnblx mpakmos PPJI u menesuderust.

Ymeem:
- NPUMEHAMb NPUHYUN OP2AHUAYUU CAVHCEOHOU C8A3U U MeNe0DCTYHCUBAHUS 6 CHeKmpe

paouopeneliHo2o cmoada,
- NpuMeHsAmb NPUHYUN  OP2AHUAYUU  CAYHCEOHOU C8A3U U  MeneoOCHyHCUBAHU 8

menesu3uUOHHOM CeoJe,
- HNpumeHAaAmsp npuHyun opcaHuzayuu C]lyOfC€6HOL? ceAaA3Uu U m€ﬂ€06C]lyf)iCM6aHu/‘l no

OMOENbHOMY CMBOLY CILYIHCEOHOU CBA3U.

Braoeem:



- MemoOuKol HOPMUPOBAHUA KAHALO8 nepedayu menesusuonHo2o eewanus no PPJI
NPOU3BOJILHOU CMPYKMYPbL U NPOMANCEHHOCIU,

- MemoOUuKoUu HOPpMUPOBAHUS AHAI0208b1X U Yugposwvix PPJI,

- MemoOUuKoU HOPMUPOBAHUS KAHAIO8 CILYHCEOHOU CE53U.

[IpakTrueckas pabota no teme «/locmpoenue npoguna unmepeana, onpeoeieHue 8blcom noogeca
AHMEHH»

3aganue:
1 [Moctpouts npoduas HHTEPBAIA, UCX0A U3 TaOIUIHI 1.
2 Paccumrath mpocBet B cB0OOAHOM TipocTpancTBe HO.

3 PaccuuTatp mpupamnienue npocsera DH (g ).
4 BpiOpatb peasibHbIi npocseT H.
5 Omnpenenuth BBICOTY MOJBECA AaHTEHH II0 YEPTEXY MNpo(uiIs HMHTEpBaja, pacCYUTaTh

OTHOCHTEJIbHBIN TIpocBeT P ( 9 ).

HcxoaHble 1aHHBIE:
Hcxonnbie nanHbIe puBeeHbI B Tabmuie 1.

Tabmuna 1 - BeicotHble oTMeTKH Touek poduias uareppaia y (Ki), m

Bapuant Ki = &
(nocyenusis OTHOCHUTEIbHAS KOO Ro
udpa HoMepa) pArHATA
0 01 |02 |03 |04 |05 |06 | 07 | 08 | 09 1

0 74 56 35 20 26 44 52 57 59 38 60

1 74 63 90 89 86 72 55 60 77 91 | 105

2 74 59 85 86 85 78 61 54 67 84 80

3 72 52 70 79 78 77 73 60 53 69 90

4 74 50 61 74 74 74 74 65 32 61 85

5 73 63 75 75 75 86 57 52 57 67 68

6 74 50 50 66 70 70 71 68 54 54 80

7 74 51 41 95 64 65 67 68 57 48 75

8 71 53 55 35 41 55 60 62 66 59 70

9 74 55 33 28 42 54 57 61 60 40 65

Metoanyeckue peKOMEeHIAIUN :
Jlnst mocTpoeHust Mpoduiis MHTEpPBajia HEOOXOAUMO PacCUUTATh JIMHHIO YCIOBHOTO HYJIEBOTO
ypoust (JIYHY) o dhopmyse:

_R§ 3
y; =2 *K;(1- K;)*10

, (1)

rze RO - B3aTh U3 Tabnuiel 1 mpakTHYeCcKoOro 3aHATHS 2;
a - paguyc 3emuu 6370 cwm.

Jns moctpoeHus HEOOXOIUMO BbIOpaTh MacmiTad, Kak mpaBuio, 370 2 kM B 1 cM 1o
TOPU30HTAIN U 5 MM B 1 CM 110 BEpTUKAJIN.



[Toctpous JIYHY, oT Hee BBEpX OTI0XKUTH Y (MIIH OT TOPU3OHTATBHON OCH Yi+Y o).
CoeuHHUTD NOJTyYeHHbBIC TOYKH JIOMAaHHOH JInHKUEH (poQHIIb HHTEpBaia MOCTPOCH).
Haiit OTHOCHUTENIbHYIO KOOPAUHATY HauBBICIIEH TOUKH Kmax.

Omnpenenuth IPOCBET HHTEPBAJIA IS CIy4asi CBOOOJHOTO MPOCTPAHCTBA:

1
HO = \/g IROKmax(l_ Kmax)
, M, (2)

M, ©)
rae fO - yactora B MI'1 (M. Tabmuiy 1 mpakTuueckoro 3aHsatus 1).

Omnpenenuts MpUpALICHUE MPOCBETA 3a CYET MOJI0XKHUTENbHON pedpakmuu s 50% pabouero
BPEMCHH:

_ Ri.-
DH@) = ‘T*g*Kmax(l_ Kmax) @
rie 9. BEPTUKAJIbHBIN IPaUEHT U3 TAOMULBI 1 NPaKTUUECKOTO 3aHATHS 2.
PeanbHblii IpoCBET BHIOPATh B Npe/eNax:
H=(1_.18)H,-DH

BriOpannyto BenuunHy H OTIOXUTH BEpTHKANBbHO BBEPX M IMPOBECTH JIMHMUIO TaK, 4YTOObBI
BBICOTHI ITOJIBECA AaHTEHH ObLIM IPUMEPHO paBHbI. HailTu ux BelIWYMHBI, UCXO/s U3 MaclITada.
Onpenenutb OTHOCUTENBHBIN POCBET:

L _H*DHg
o)™ h ©)

JlaGopatopHas pabota no Teme «H3yuenue ycmpoticmsea yugposoii PPJI, pabomaroweii 6 uacmommnom
ouanazone 17,7-19,7GHz»

1 Heab padoThl:

1.1 HW3yueHwe CTPYKTYpHOM CXEMBI PaJIMONPUEMHOIrO YCTpoiicTBa aHamoroBeix PPJI (Ha
npumepe KYPC-8-0).

1.2 W 3yyeHue MeTOAOB KOHTPOJSI U U3MEPEHUHN paJuONpPUEMHUKA TI0 BCTPOEHHBIM MPUOOpaM
(KYPC-8-0).

2  Jlureparypa:

2. 1. Marnuukuii, b. H. CriyTHUKOBBIC U paariopesieiiHbIe CHCTEMBI CBs3U  ydeOHOe mocobue /
b. H. Marmuukuil. — HoBocubupck : Cubupckuii rocy1apCTBEHHbIN YHUBEPCUTET TEIEKOMMYHUKALUN
u nadopmaruku, 2019. — 184 c. — Texkcr : anekrponnsiii // Ludposoii oOpazoBarenbhbiii pecype IPR
SMART : [caiit]. — URL: https://www.iprbookshop.ru/102137.html (nara o6pamienus: 06.06.2023). —
Pexxum nocryna: uist aBTOpUA3UP. N10JIb30BaTEIECH


https://www.iprbookshop.ru/102137.html

2. 2. XykoBckuif, A. I'. CnyTHMKOBbIE M pajauopeNeifHble CHCTEMBbl Iepefayd : ydeOHoe
nocooue / A. T'. XKykoBckuii. — Mocksa : Aii [Tu Ap Meaua, 2022. — 249 c. — ISBN 978-5-4497-
1710-8. — Texkcr : anextponnsiit // Ludposoit odpazosarensHbiii pecype IPR SMART : [caiit]. —
URL: https://www.iprbookshop.ru/122226.html (mata o6parmienus: 26.07.2022). — Pexum noctyma:
JUIS1 aBTOPH3HP. MOJIb30BaTeNeH

2.3 TexHuueckoe ONMMCaHHE U HHCTPYKIMS MO AKCILTyaTallii 000pyI0BaHUS.

2.4 KOHCHEKT JEeKIU 10 KypCy.

3  IloaroroBka K BbINOJHEHHIO Pa0OTHI:

3.1 Tlo KOHCHEKTY TOBTOPHUTh CTPYKTYPHYIO cxeMy (YIPOIICHHYIO) paauo-IPUEMHOTO
ycrporictea PPCII.

3.2 Uzyuuth crienuduKy IOCTPOSHHS T€TePOAHMHHBIX TPakTOB prueMHUKOB PPCII.

4  3apanme:

4.1 Ilonp3ysiCh CTPYKTYpPHOM CXEMOW paJUONpPHUEMHOIO YCTPOMCTBA, M3YyYUTh KOHCTPYKLHIO
npueMHHKa Ha ctoike [IMIIn 1 TpakTsl IPOX0KAEHU MTOJIE3HOTO CUTHAJIA U CUTHAJIA FETEPOJUHA.

4.2 BriIouyHTh anmapaTypy U [0 CTOSYHBIM PHOOpaM MPOBEPHUTH €€ paboTOCTIOCOOHOCTb.

5  Copep:xanue oT4yeTa:

5.1 TIlens paboTHI.

5.2. TlpuBecTu cxeMy AJIEKTPUYECKYIO CTPYKTYpPHYIO paauonpuemHoro ycrpoiictea PPC. Ha
cxeme ykaxkute yactotsl fc mp, fret. mp. u frxs.

5.3 3amnummTe pe3ynabTaThl U3MEPEHHIL.

6  Ilopsiaok BbINOJIHEHHS PA0OTHI:

6.1 U3yuute CTpYKTYpHYIO CXeMy NPHEMHHKA, HAWIUTE OCHOBHBIC OJIOKM W DJIEMEHTHI Ha
crolike o6opynosanust PPC. OTBeTuTh Ha BONPOCHI IPEIoAaBaTes.

6.2 OsHakoMHUTCS C TpeOOBaHWSAMH TIO TEXHHKE Oe30macHOCTH Tmipu pabore Ha PPJI
000pyI0BaHUH.

BxiroueHne TPOBOIUTH TIOCHE M3Y4YEHHs ammapaTypbl C pa3pelieHHsl IperojaaBaTels,
MpeIBapUTEILHO BHEIIHUM OCMOTPOM MPOBEPUTH 3a3EMJICHHE.

6.3 Tym6neps! ['BKk reHepaTopoB KBapIEBBIX YCTAHOBUTH B MOJIOKEHHE «BBIKIT».

6.4 TlomaTh Ha BBIIPSMHUTEIBHOE YCTPOMCTBO nepeMeHHoe Hanpspkenue 220B (mwHyp nutanus
BKJIFOYHTD B PO3ETKY) TPU 3TOM JIOJIKHA 3arOPEThCs JIAaMIIOUKa WHAWKATOPA HAMIPSDKEHHSI Ha TIepeTHe i
MaHEJH BBIIPSIMUTEIBHOTO ycTpoiicTBa. Hampspkenue nutanus «-24B» nomaercst Ha BXOJ CTOMKH.

6.5 IlpoBepurh HampspkeHHe nuTaHus Ha Bxoge croiiku [IMIIn-8-0 mo wuHAMKaropHOMY
npubopy Oioka KOHTpois. s 3TOro HEOOXOAWMO Ha)kaTh KHOMKH “-24B” Ha OmoKe KOHTPOIS.
[Tokazanus npubopa A0HKHBI OBITH B npeaenax 40-60MkA.

6.6 IlocraButh TyMOnep Ha O6moke I'KB B monoskenue “Bkin’”. IlpoBeputs Hanpsbkerune —18B mo
U3MEPUTEIBHOMY Npubopy Ha Os10ke KoHTpouis. [Tokazanus moswkHbI ObITh B Tipeaenax 40-60 MkA.

6.7 IlpoBepuTh HadM4KWe WIM OTCYTCTBHE TIIOJIE3HOTO CHTHAJla HAa BXOJIE MpeoOpa3oBaTelis
npuema.

6.8 OOBsacHuTh Hanmume curnana [14 u curnana gemoymsitopa ITY.

7  KoHTpoabHbIEe BONPOCHI:

7.1 KakoBbI OCHOBHBIC (PYHKIIUHU PAJAUOTIPHEMHOTO YCTPOUCTBA?
7.2 KakoBo HazHaueHUE M OCOOCHHOCTH CMECUTEIeH mpruema?

7.3 Tlo kakoli cxeme U oueMy BhIToJHseTcs kackan YITY 17

7.4 Yro HazpIBaroT ko3 duureHTom myma npuemarka PPCII?

7.5 OOBbsAcHHUTE Ha3HAUEHHUE U PAbOTY 3aMEIAIOIIEro TeHepaTopa.
7.6 OOBbsacHuTe paboTy cxeMbl APY ¢ TMOIHBIMH aTTEHIOATOPAMH.


https://www.iprbookshop.ru/122226.html

41. TunoBble MaTepuajbl /JJs NPOBeJeHUsS MPOMEKYTOYHOH  AaTTeCTAIlUH
o0yuarmuxcst

ITIK-1 Cnoco0eH k npoBeaeHHI0 NPOPuIaKTHYeCKUX padoT HA 000PYAOBAHUHU CBSI3H

Suaem:

- NPUHYUNBL NOCMPOEHUss U pabomvl cemell C8A3U, A MAKICe COCMA8 CMAHYUOHHO2O
o0bopyoosanusi;

- cmaHoapmvl Kavecmea nepeoayu OaHHulX, 2010CA U 8U0e0, NPUMEHSEeMbIX 8 OpeaHU3ayul
cemu cés3u,

- 3akonooamenvcmeso Poccuiickou Dedepayuu 6 ooracmu ces3u;

- NPUHYUNDBL PAOOMbL U APXUMEKMYPY PAZTIUUHBIX UHPHOKOMMYHUKAYUOHHBIX CUCTIEM.

Ymeem:

-UCNONIBL3068AMb MUNOBYIO CXeMY UMEPEHUs KOIPhuyueHma ycuieHus aHmeHHbl U MUnogyo
UBMEPUMENbHYIO annapamypy, 00ecneyusarowyro Heobxooumyo moyHOCMb UsMepsemMblX GeUYUH 6
paboyem ouanasoue 4acmom,

- UCNONIL306AMb MUNOBYIO CXeMY UBMEPEHUsl KOdpduyuenma cmosueil G0JHbl AHMEHHbl U
MUNOBYI0 USMEPUMENbHYIO annapamypy, 00ecnequsarouyro HeoOXo0uMyrw MmMOYHOCMb USMEPIeMbIX
BeNUHUH 8 pabouem OUanazone 4acmom,

- UCNONL308AMb MUNOBYIO CXeMY USMEePEHUsl OUuazpammbl HANPAGIEeHHOCMU AHMEHHbL U
MUNoBYI0 USMEPUMENbHYIO annapamypy, 06ecneuusaiowyio HeoOX0OUMyl MOYHOCMb UMEPIEMbIX
BeNUYUH 8 paboyem OUanazone Yacmon,

- BLINOJIHAMb PACHen NPONYCKHOU CNOCOOHOCMU cemell MeleKOMMYHUKAYUIL;

- Hacmpausamuv cxemvl pezepauposanusi obopyoosanus PPJI;

- BbINOIHAMb YACMOMHO MEPPUMOPUATLHOE NIAHUPOBAHUE CeMell CEA3U.

Bnaoeem:

- Memooom usmepenuss Kosgpguyuenma ycunenust anmentot PPJT,

- Memooom uzmeperus Koagpuyuenma cmosyetl 6011wl anmenHwvl PPJT,
- MemoooM usmepenus Ouazpammsl HanpagienHocmu anmentvl PPJI.
Tema o5 duckyccuu: Boibop onmumanibHOU cxemol bINPIMUMEISL.

K-8 Cnocoben k pa3paGoTke NPOEKTHOH JOKYMEHTAMM Ha 00beKT, (CHcTeMy) CBSI3H,
TeJIEKOMMYHHKALMOHHYIO CHCTEMY

3naem:

- onpeoesienus u munsvl paouopeetiHblX TUHULL,

- cocmag 060pY008aAHUsI MASUCMPATbHBIX, 6HYMPU30HO8bIX U MecmHublx PPJI;
- Munvl paouopenetHbix CmarHyull,

- coeOuHumenvHvle TUHUY TuHelnblx mpakmos PPJI u menesuoenust.

Ymeem:
- NPUMEHSMb NPUHYUN OP2AHUZAYULU CLYIHCEOHOU C853U U Mene0OCHyHCUBAHUS 8 CHeKmpe
paouopeneiHo2o cmoida,

= HNPUMEHRAMb NPUHYUn opcanusayuu C]lnyC€6HOZZ ceA3U U m€ﬂ€06Cﬂy9fCM8aHu}Z 68
menesU3UOHHOM CmMeoJie,



- NpUMEHAMb NPUHYUN OP2aHU3AYUU CAYICEOHOU C6A3U U  MeneoOCIYHCUBAHUS NO
0MOENbHOMY CIMBONY CILYHCEOHOU C8A3U.

Braoeem:

- MemoouKkou HOPMUPOBAHUSI KAHAN08 nepedadu menesusuoHnoco eewjanusi no PPJI
NPOU3BONLHOU CIMPYKMYPbL U NPOMANCEHHOCMU,

- MemoOUKOU HOPMUPOBAHUSL AHAN0208bIX U Yugdposvix PPJI,

- MemoOUuKoU HOPMUPOBAHUS KAHATIO8 CILYHCEOHOTU CE53U.

Turnosbie BONPOCHI U 33JaHUS K 3a4ETY:

1. [TpuHIMIIBI TOCTPOEHUS PaIUOPENIEHHOM CBSI3U U CITYTHUKOBOM CBSI3H, KilaccU(UKaLus,
JMana3oHbl IPUMEHAEMBIX YacTOT.

2. [lepenatomiee 060pyI0BaHUE TEICBU3UOHHOTO CTBOJIA aHAIOTOBOM PPJL.

3. UreHue NpUHIMIINAIBHON CXEMBI

4, [Tnaner yacror Ha PPJI (pacnpenenenue 4acToT MeXy CTAHIIUSMHU B OJHOM CTBOJIC M MEXTY
CTBOJIAMH OJTHOM CTaHIUH).

5. Tponocdepusie PPJI

6. YreHne CTPyKTYpHOM CXEMBbI YaCTOTHOTO MOAYJIATOPA U AEMOAYISATOPA

7. OcCHOBHOE ypaBHEHUE PaInOCBSI3U JUIsl YCIOBUMA CBOOOIHOIO POCTPAHCTBA.

8. CornacoBaHue B BOJHOBOJIAX, (EpPPUTOBBIE BEHTWIH U LIUPKYIATOPBHI.

9. UreHne NpUHINIINAIBHON CXEMBI YaCTOTHOTO MOYJIATOPA

10. [Tonsatre MHOXUTENS OcaabieHust V ¥ MUHUMAIBHO JTOMTYCTUMOTO MHOHUTENS OCIIa0ICHHS
Vmin forr..

11.  Hupxynstopsl PPCII, meneBbie MOCTHI, HA3HAUYEHUE.

12. UreHue CTPyKTYpHOM CXeMbl YaCTOTHOI'O AETEKTOpPa ¢ (ha30BOM aBTOIMOACTPOUKON YaCTOTHI.
13. Tuns! uaTepsanos Ha PPJI, nonoxutensHas u oTpuniatenabHas pedpakius; IpUIUHB,
BJIUSIIOLINE HA YCTONYHUBOCTD CBSI3H.

14.  Ha3naueHue cMHyC KBaJpaTUYHOTO UMITyJIbCa

15.  Kak opranuzoBats TB Bemanue B TpyJHOJOCTYITHOW MECTHOCTH ?

16. I'unorernueckue stanonnsie nenu (I'D1]), paccka3ars 0 pa3gaTOYHOMY MaTepHAIy s
Maructpaibubix PPJI PO.

17.  Ha3nauenue ummyinbca cunyc 20T

18. UreHue NpUHIMIHAIBHONU CXEMBI

19.  OcobenHocTH nepenaun TeIEBUACHUS 110 paAuOPeNeHHON JIMHUY, POJb MPEeIUCKaKEHHIL.
20.  YreHue CTPYKTYpHOU CXEMbI IPUEMHON 3eMHON CTAaHIIUM CYTHUKOBOH CBSI3U

21.  YreHMe NPUHIMIIHAIBHON CXEMBbl YCHIINTEINS IPOMEXYTOUHOM YaCTOTHI Ha TPAaH3UCTOPAX.
22. CrpykTypHas cxema NpueMHHKA OKOHEYHOUM CTaHIUK aHaioroBbix PPJI

23.  ABtromarmueckas peryaupoBka ycwienus. [To cxeme KYPC

24.  YteHue CTPYKTYpHOM CXEMBbI MOYJISITOPA HA T€HEPATOPAX YIPABIIEMOTO HAIIPSKEHUS

25.  OcHOBHOE ypaBHEHHE PAJMOCBSI3H ISl CIyTHUKOBBIX CHCTEM CBsA3H (YUaCTOK PETPAHCIATOP —
3emiist), AMarpaMmma ypoBHEH.

26.  CornacoBaHHe B BOJHOBOJAX, (PEPPUTOBBIC BEHTWIH U IIUPKYIISATOPHI.

27. YreHne MpUHIMIHAIBLHON CXeMbI (PHIIBTPa MPOMEKYTOYHOH YaCTOTHI

28. CrtpykTypHbIe cxembl niepeaaTuukoB OPC aHaoroBeIX paguopenelHbIX TUHUN CBA3H.

29. Hapucyiite BpeMeHHYIO 1HarpaMmy Ha BXOJE NPUEMHHKA aHAIOroBbIX PPJI

30. Ha maute PPJI ogna aHTeHHA, KaKOIH 3TO BUJ CTaHIIUHU

31. CrpykrypHas cxema [IPC ¢ oqaum reneparopom CBY u renepatopom casura.

32.  Hapucyiite BpeMEeHHYIO JUarpaMMy CUTHAJIOB Ha BBIXO/I€ TiepeiaTunKa JJist aHajaorosbix PPJI.
33. UreHue NpUHIMIHAIBHONU CXEMBI

34. CrpykrypHas cxema [IPC ¢ nByms reneparopamu CBY.



35.  Kakue nrymsl u noyemy siBisitotcst ocHoBHbIMU Ha PPJI (ocoOeHHo B cityyasix ¢ 3aMUpaHUsIMU)?

36. Ha maute PPC aBe anTeHHBI, Kakoil TN CTaHLIMU Bbl MIPEANOJIATAETE

37.  CrpykrypHnas cxema [IPC ¢ ycunenuem na CBY.

38. Ilo paznaTouHomy Marepuainy pacckas3arb o TUoBoM kackage YIIYH kommiekca KYPC
39. CrtpykTypHas cxema 1u(poBOH paluOPEIICHHON CTaHITUH.

40. O6ocHoBanue BeiOOpa auamazona CBY mis PPCIT u CCIL.

41. AHTEHHBI PaIuOpEICHHBIX CUCTEM NepeayH, MapaboauyecKue U MepUCKOMUECcKUe.
42.  YteHue NpUHIMIHAIBEHON CXEMbI YaCTOTHOTO JAETEKTOPA

43.  CuHyc KBaipaTHUHBIM UMITYJIbC IOHU3UJICS B JIBA pa3a

44, Antennsl PPCII, PITA, u AJID

45, MopynsiTop Ha OUEHUIX

46.  YreHHe CTPYKTYPHOU CXEMBI

47.  Uwupkynaropst PPCII, meneBbie MOCTbI, Ha3HaYEHHUE.

49.  UYreHHe NPUHIMITHAILHOW CXEMBI YaCTOTHOTO JICTEKTOPa Ha OJJHOM Juojie. HemocTatku cxembl
50. OCHOBHOU THII BOJIHBI B IPSIMOYTOJIbHOM BOJTHOBOJIE, KpUTHUYECKAs UTMHA BOJIHBI.

51.  UreHue NpUHLMIHUAIBLHONW CXEMBbI

52. OOBsiCHUTE IPUHIIUITBI OPTaHU3AIUU CBSI3U ¢ TToMoIbi0 PPJI mpsimoii BuguMocTy.

53.  Kakue BUIBI MOAYISALUU IPUMEHSIOTCS B cOBpeMeHHBIX PPJL.

54.  UteHue CTPYKTYpHOU CXEMbI

55. Koaddunment mryma npuémMHKa, ciocoObl €ero yMeHbleHus, Tunst MIIY.

56.  CrpykTypHas cxeMa IpHUEeMHON CTaHIIMU CITyTHUKOBOH CBSI3U

57. UTeHue NpUHIMITHATBHONW CXEMBI

58. [IpuHIMI EHCTBUSA OJHOKOHTYPHOTO NapaMmeTpuueckoro MIITY.

59. CrpykrypHas cxema ydactka [[PPJI.

60. Kaxkue gacToTsl ucnosib3yrotcst ajist 30HOBbIX PPJI?

61.  OcobeHHocTH cMecuTelnel npuéma, TpeOOBaHUS K HUM.

62. Kakune nuana3oHbI 4aCTOT MCHOIB3YIOTCS IS MAaruCTpaibHBIX PPJI?

63. Tpakt npomexyrounoit yactoTsl NpuéMHukoB PPCII, cTpykrypHas cxema, 000CHOBaHUE
BbIOOpa [TY.

64.  T'ereponununslii TpakT npuemuuka PPC «Kypc-8-0».
65.  Hemocratku smmuntrueckoit opoutsr UC3 (KA).

66.  ObocHoBaHME BHIOOpA re0CTAIIMOHAPHONW OPOUTHI CITYTHUKOB 3€MJIH.

67.  Pacckasate 0 paboTte rerepoauHna nepeaatanka KYPC — 8 — 0 (mecto ycunurens B
TeTEePOIMHHOM TPAaKTE).

68.  MHoroypoBHeBO€ KOAMPOBAHUE B LU(POBBIX paMOPEIICHHBIX CUCTEMaX IepeaadH.
69.  CkpemOnupoanue nudponoro curaana B [[PPC.

70.  Ha3nauenwme pereneparopos B [[PPC.

71.  TloctpoeHue nudgpoBOi paTuOPEICHHON CTAHIUH.

72. UemMm onpenensiercst ypoBeHb 1rymoB B [[PPJI.

73.  Yacrasriii quanason nudposeix PPJI uepapxuit PDH u SDH.

74.  Dnexrponutanue nudpoBbix PPC.

75. st gero mpumMensieTcst nepemeskenue nudposoro curnaia B [[PPC.
76. Opranmsanus moautopunra [[PPJL.

77.  Terepoaunnsiii Tpakt LIPPC.

bank KOHTPOJIbHBIX BOIIPOCOB, BaI[aHI/Iﬁ U HHBIX MAaTCpUajioB, HUCIIOJIB3YCMbLIX B HPOLCCCC
MPOLEAYP TEKYIIEro KOHTPOJIS M MPOMEKYTOUYHOW aTTECTAllMd HAXOJUTCS B y4eOHO-METOIMYECKOM
KOMIUIEKCE TUCHUIUIMHBI W/WIM TPEACTaBICH B 3JEKTPOHHON HH(POPMAalMOHHO-00pa30BaTEIbHOM
cpene o URI: http://www.aup.uisi.ru.



4.2. MeToauuecKue MaTepuajibl NMPOBeIeHHs] TEKYIIEro KOHTPOJIS H TPOMEKYTOYHOM
arTecTaliu 00y4aromMXCcs
[lepeueHb METOIMUYCCKUX MATEPHAIOB JUIS IMOJATOTOBKH K TEKYIIEMY KOHTPOJKO U
MPOMEKYTOYHOMN aTTECTAIHH:
1. Meroauyeckre YKa3aHWS 10 BBIIOJHEHUIO NPAKTHYECKMX 3aHATHH 10 JUCIHUIIIHHE
«CIyTHHKOBBIE U paguopeieiinbie cucteMsl cBs3u». —URL: http://aup.uisi.ru/3556696/
2. Meroauueckie yKa3aHWs II0 BBIMIOJHEHUIO J1A0OPATOPHBIX pPaboOT IO JUCHHUILIHHE
«CIyTHUKOBBIE U pagropeeiinbie cucteMsl cBs3u». —URL: http://aup.uisi.ru/3556696/
3. Meroauueckue yKa3aHHs M0 BBIMOJHCHHIO KYpCOBOTO TMPOEKTa MO JUCHHUIUIHHE
«CnyTHHKOBBIC U pagropeneiinbie cucteMbl cBs3u». —URL: http://aup.uisi.ru/3556696/
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