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1. IlepeyeHb KOMIIETEHIIHIT 1 MHAUKATOPOB UX JIOCTUKEHUS

[Ipouiecc n3yuenus: AUCUMILIMHBI HAIpaBJieH Ha GOPMHUPOBAHUE CIAEAYIOUUX KOMIIETEHIUI:

Kon u HaumenoBanue [IpenmecTByromnine 3Tamnbl
Kon u HaumeHnoBanue
WHMKATOPa JTOCTHKECHUS Oran (c ykazanuem
KOMITIETEHIINH .
KOMITETEHIIHH JIMCIUILIAH/TTPAKTHUK)
TIK-1.2 3HaeT MPUHLIUIIBI
MIOCTPOCHHUSI, CTPYKTYPHBIE CXEMBI
IK-1 Criocoben K P > CTPYKIYD ’
cocTaB u XapaKTePUCTUKU
MIPOBEICHUIO
TEJIEKOMMYHHUKAIIHOHHOTO
MPOPUIAKTHYCCKUX 1
obopynoBaHus, MIPUHIUITBI
paboT Ha 00OpyHIOBaHHH
B3I OpraHM3alliil  CHUTHAJIM3AlMU U
CUHXPOHU3AIHNH B
TEJIEKOMMYHUKAIIMOHHBIX CETAX
[TK-5 Criocoben
BBISBJISITH M YCTPAHATH
c6on - otkasze | TTK-3.1 3Haer APXUTEKTYpy
anmnapaTHbIX, [POTrPAMMHBIX u
BO3HHKAIOIINX B CETEBBIX
. NPOTPAMMHO-AITAPATHBIX  CPENCTB | 4
ycTpouctsax aJIMUHHUCTPUPYEMBIX CETEBBIX
MH(OPMAIIHOHHO- YCTPOUCTB MH(POPMAIIMOHHO-
KOMMYHHKAITHOHHBIX TEJIEKOMMYHHKAIIHOHHBIX CUCTEM
CUCTEM

d)opMa HpOMG)KyTO‘IHOﬁ aTTeCTanuu 110 AUCHHUIIINHE — 59K3aMCH

2. HOKa3aTeJII/I, KPUTEPUH U HIKAJBI OICHUBAHUA KOMIIeTeHLIMii

2.1. [Toka3zaTenem OIIEHWBaHUs KOMIIETEHIMI Ha dTare ux (GopMUPOBaHUS TPU H3yICHUN TUCITHILIIHBI
SIBJISIETCS. YPOBEHb UX OCBOCHHS.

I/IH}]I/IKaTop O0CBOCHUSA
KOMIICTCHIIMHU

IToka3aTejb OLlEHUBAHUSA

Kpurtepuii ouennBanns

[IK-1.2 3naer mpuHIUIIBI
MMOCTPOCHUS,

CTPYKTYpHBIE CXEMBI,
COCTaB U XapaKTEPUCTUKHU
TENIEKOMMYHUKAIUOHHOTO

o0opynoBaHU,

MPUHIIMITBL  OpPTaHU3AlUN
CUTHAJTH3AITIU "
CUHXPOHU3AINH B

TCJICKOMMYHUKAITUOHHBIX
CCTAX

3Haer:
- TPUHIMIBI TTOCTPOCHUS H
paboThI ceTelt CBSA3H, a TAKKe

cocTaB CTaHI[HOHHOTO
00opy0BaHuS,
- CTaHdapThI Ka4dyeCcTBa

nepcaaun OaHHbIX, T'OJOCa U

BUJICO, TPUMEHSIEMBIX B
OpraHM3alMK CETHU CBS3H;

-  OpUHOUIBL  paboThl H
aApXUTEKTYPY pa3IMYHbIX

MH()OKOMMYHUKAIIMOHHBIX
CUCTEM.

VYmeer:

1. BbimonmHeHbl Bce MpakTHUYECKUE U
nmabopaTopHbIe paOOThI MO TUCIUILIMHE B
COOTBETCTBUU C I'PapUKOM.

2. OdopmiteHbI OTYETHI IO MPAKTHYECKUM
" 1a00paTOPHBIM pabotam B
COOTBETCTBUU C TPEOOBAHUSIMHU.

3. Ilpm  3amure  1a00paTOPHBIX,
npakTHdeckux  pabor  dopmynmpyer
BBIBOJIBI 110 TIOJTYYE€HHBIM PE3YJIbTaTaM.




-HCII0JIb30BaTh THUIIOBYIO

cXemy U3MEpEHUS
kod(durmenrta YCHJICHHS
AHTCHHBI u TUTIOBYIO
W3MEPUTENBHYIO aIaparypy,
00eCTeYnBaOIIYIO

HEOO0XOIUMYIO TOYHOCTh

U3MEPSICMbIX  BEJIMYMH B
pabouem mamna3oHe 4acToT;

- UCIONB30BaTh THUIIOBYIO
cxemy U3MEPCHUS
koa¢dunrenTa cTostuen
BOJIHBI aHTCHHBI M THIIOBYIO
M3MEPUTENBHYIO allaparypy,
00eCIeunBarOIIyI0
HEO0OXO0TUMYTO TOYHOCTH
U3MEPSIeMbIX ~ BEIIMYMH B
paboueM auanazoHe 4acToT;

- UCIOJB30BaTh THUIIOBYIO
cxXemy U3MEPCHUS
JTUarpamMMbl HaIPaBICHHOCTH
AQHTCHHBI u THIIOBYIO
HM3MEPUTEIBHYIO alllaparypy,
00ecneurBaoIIyI0
HEO0OXO0TUMYIO TOYHOCTH
U3MEPSIeMbIX ~ BEIIMYMH B
paboueM auanazoHe 4acToT;

- BBINOJIHATh pacyer
MPOMYCKHOM  CIIOCOOHOCTH
ceTel TeJIeKOMMYHUKAIINH;

- HacTpanBaTb CXEMbI
pe3epBUPOBAHUS
obopynoBanus PPJI;
- BBIIOJHATH  YacCTOTHO
TEPPUTOPHUATBHOE

IIaHUPOBAHUC CEeTeH CBS3U.

Brnaneer:

- METOJIOM WU3MEPEHUS
koa¢dunrenTa YCUJICHHS
aaTeHdsl PPJI;

- METOJIOM  HM3MEpEHUs
kod(pdurmenrta cTosTuen
BOJIHBI aHTeHHBI PPJI;

- METOJIOM U3MEPECHUS
JMarpaMMbl HalIpaBJIE€HHOCTH
aaTeHHb! PPJI.

IIK-5.1 3Haer
APXUTEKTYPY
anmnapaTHBIX,
MPOTPaMMHBIX "

IIpOorpaMMHO-alIapaTHbIX

3Haer:

- ONpeleNeHHuss U  THUIIb
paguopenenHbIX JINHUM;

- cocrtaB  000pyIOBaHUS
MarucTpajibHbIX,

1. BbImonHEHBI BCE MPAKTUYECKUE H
nmabopaTopHbIe paOOTHI MO TUCIUILINHE B
COOTBETCTBUU C TPAPUKOM.




CpenCTB
aJIMUHUCTPHPYEMBIX
CETEBBIX YCTPOWCTB
MH(POPMAIMOHHO-
TEJIEKOMMyHUKAIIMOHHBIX
CHCTEM

BHYTPU30HOBBIX M MECTHBIX
PPJI;

- THUIBI
CTaHIINH;
- COCAVHWTEIbHBIC JIMHUU
nuHenHbIX TpaktoB PPJI wu
TEJIEBUICHUS.

paauopeneiHbIX

Ymeer:

- TPUMEHATh  TPUHIIMII
OpraHu3aluu CIIy’KeOHOI
CBSI3M U TeNe0OCITy)KBaHUS B
CIEKTpe  pajuopesIeHHOro
CTOJIA;

- IpPUMEHATh  MPUHIMI
OpraHu3alu CI1y’keOHOM
CBSI3U U TeJICOOCITyKUBAHUS B
TEJIEBU3MOHHOM CTBOJIE;

- TPUMEHSTh  TPUHIIMII
OpraHu3aluu CITy’KeOHOI
CBSI3M U TEJIE00CIyKUBAHUS
[0  OTHCIBHOMY  CTBOJY
CITyKEOHOM CBSI3HU.

Bnaneer:

- METOJMKOW HOPMHPOBAHHUS
KaHaJIOB nepeaadu
TEJIEBU3MOHHOIO BELIAHUS 110
PPJI MIPOU3BOJIbHOM
CTPYKTYpBI u
MPOTSKEHHOCTH;

- METOJMKOW HOPMHPOBAHHUS
AQHAJIOTOBBIX M LU(POBBIX
PPJI;

- METOJMKOW HOPMHUPOBAHUS
KaHaJIOB CITyK€OHOM CBSI3H.

2. OdopmIteHBI OTYETHI IO MPAKTHICCKUM
" 1a00paTOPHBIM paboram B
COOTBETCTBUU C TPEOOBAHUSMHU.

3. Ilpm  3amure  7a00pPATOPHBIX,
MPaKTUYECKUX  paboT  GopMyIupyeT
BBIBOJIBI 110 TIOJTY4YE€HHBIM PE3YJIbTaTaM.




[IIxana oneHNBaHUA.

5-0amabpHas MIKAJIA

Kpurepum ouenku

OT1iu4HOo «5»

1. CaMoCTOSTENFHO U TPABUIIBHO OTBETHJI Ha TIOCTABJICHHBIC
TEOPETUYECKHE  BOMPOCH  JK3aMEHAIIMOHHOTO  Owsera.
VYBEpEeHHO, JIOTUYHO, TOCIIEOBATEILHO H apryMEHTHPOBAHO
HU3JaraeT cBOM OTBET. MOKET OTBETUTH Ha JOIIOJIHUTCIIbHBIC
BOTIPOCHI.

2. CaMOCTOATENbHO M  MPaBWIBHO  peIIMJ  3aJavyy
9K3aMEHAIIMOHHOTO OMiieTa. YBEPEHHO U JIOTHYHO OOBSCHSET
XOJI PEIICHHSI.

Xopouio «4»

1. CamocTrosTeNbHO  OTBETWJ HAa  IIOCTABJIECHHBIE
TEOPETHUYECKHE BOIPOCHI JK3aMEHAIMOHHOTO Omiera. He
YBEPEHHO OTBEYAET Ha YTOYHSAIOLIUE M JONOJHHUTEIbHbIE
BOIIPOCBI.

2. CaMoCTOATENBHO M  MpPaBWIBHO  pElIMI  3aJady
HK3aMEHALIMOHHOTrO OuieTa. YBEPEHHO U JIOTUYHO OOBSICHSIET
XOJ peleHUsl.

Y,Z[OBJ'IGTBOpI/ITeJ'IBHO «3»

1. CaMOCTOSITEIPHO  OTBETUJI HAa  IIOCTaBJICHHBIC
TEOPETHYECKUE BOIMPOCHI dK3aMeHAIMOHHOTO Oumiera. Ilpu
3TOM JonmyckaeT omuOku. He yBepeHHO wiu BOOOIIE He
OTBEYaET HAa YTOYHSIOUINE U JJOTIOJHUTEIbHBIE BOIPOCHI.

2. Pemun 3amauy sk3ameHanoHHoro ounera. Ilpu Hanuuuu
OImMOOK, MOXKET UCITPABUTh X 32 CYET HABOISAIINX BOIPOCOB.
He yBepeHHO 00BSICHSIET X0/ PEIICHHUS 3aa4H.

HeynosnersopurensHo
«W2»

1. He pemena 3ajaua 3K3aMEHaLMOHHOTO OMIIeTa.
2. Pewena 3ajaya, HO HE JaHbl OTBETHl HA TEOPETHUECKUE
BOIIPOCHI 9K3aMEHAIIMOHHOI 0 OnJiera.




3. Meroanyeckue MaTepuaJibl, ONpe/e/isiiolue MPoueaypPbl OlleHUBAHNUS N0 IMCUHUIIJIMHE

3.1. B xoxe peaju3zanuy AUCHHUIUVIHHBI HCHOJIB3YOTCS cienymoume GopMbl U MeTOIbI
TEeKYIero KOHTPOJIst

Tema u/uiau pazaen DopMbI/METObI TEKYILIETO
KOHTPOJIsI yCIIeBAEMOCTH
IIK-1 Cniocob6eH K npoBeieHNI0 NPOPUIAKTHIECKUX PadoT HA 000PY10BAHUHU CBSI3H

3unaem:

- NPUHYUNBL NOCMPOEHUSL U pabomvl cemell C8s3U, d MAKHICe COCMA8 CMAHYUOHHO20 000PYO08AHUSL,
- cmaHoapml Kavecmea nepeoadu OAHHbIX, 20J10Ca U BUOEO, NPUMEHAEMbIX 8 OPSAHU3AYUU Cemu
ces3U,

- 3akonooamenvcmeo Poccuiickoti @edepayuu 6 obracmu ces3u;

- NPUHYUNBLL pAOOMbL U APXUMEKMYPY PASTUYHBIX UHHOKOMMYHUKAYUOHHBIX CUCHIEM.

Ymeem:

-UCNONIL306AMb MUNOBYIO CXeMY UMepeHUs KOo3(pguyuenma yYCuieHusi aHmeHHvl U MUnogyro
UBMEPUMENILHYIO annapamypy, 00ecneyusaiouyro HeodXo00UMyo moYHOCMb USMEPIEMbIX BeIUYUH 8
pabouem ouanazoxe yacmon,

- UCNONBL308AMb MUNOBYIO CXEMY UMepPeHUsl KOIpduyuenma cmosiuell 80aHbl AHMEHHbL U MUNOBYIO
UBMEPUMETbHYIO Annapamypy, 00ecnevusanuyo Heooxo0umyo moyHOCMb USMEPIEMbIX GeIUYUH 8
pabouem ouanazoxe yacmom,

- UCNONbL306aAMb MUNOBYI0 CXEMY UMEPEHUsl OUAePaAMMbl HANPABIEHHOCMU AHMEHHbL U MUNOBYIO
UBMEPUMENILHYIO annapamypy, 00ecneyusaouyro HeodXo00UMyo MmoYHOCMb USMEPSIEMbIX BeIUYUH 8
pabouem ouanazoxe yacmon,

- BbINOJIHAMb PACHem NPONYCKHOU CROCOOHOCMU cemell MeleKOMMYHUKAYULL,

- HACMpausamv cxemul pezepsuposanust 06opyoosarus PPJI;

- 8bINOJIHAMb YACMOMHO MEPPUMOPUATbHOE NIAHUPOBAHUE Cemell CE53U.

Braoeem:

- Memooom usmepenus Koagpguyuenma ycunenus anmentol PPJI;

- MemoooMm usmepeHus Kodghguyuenma cmosuyetl 6oanvt anmeHnuwvl PPJI;
- MemoooM usmepenus ouazpammsl HanpasienHocmu anmentvl PPJL.

Pasnen 1 Beenenue. DK3aMeH

Paznen 2 PerynspHble MEXaHU3MbI paCIpOCTPAHEHUs paIMOBOJIH. | DK3aMeH

Pazgen 3 OcoO0eHHOCTH UCTIONIB30BAHUS YACTOTHOTO PEcypca B DK3aMeH

Ha3eMHBIX U KOCMUYECKHX CHUCTEMAaXx CBSI3H.

Pa3nen 4 TunoBble KOHCTPYKIIMM aHTEHH B CHCTEMax DK3amMeH
KOCMHMYECKON U Ha3eMHOM paJInOCBS3H. JlaGoparopHas paboTa

Paznen 5 Hazemuas cBsi3p B BU anamnasoHe u CBSI3b CIell. CyK0. | Dk3aMeH
JlaGoparopHas paboTa

Paznen 6 Hazemusle TponiocepHble JUHUN CBSI3U. OKk3ameH

Paznen 7 HazemHbIe ITMPOKOIIOIOCHBIE CUCTEMBI MOOUIILHOM 1 DK3aMeH
(UKCUPOBAHHOM CBA3H.

Pasznen 8 Pagnopeneiinple TMHNAN CBSI3W TPSIMOM BUJUMOCTH. OK3aMeH

Pazgen 9 O6opynoBanne nupoBHIX paguopeeHHbIX TUHUN DK3aMeH

CBSI3U JlabopaTopHas pabota
Pa3znen 10 OcHOBBI MPOEKTUPOBAHUS PAAHOPEEHHBIX JIMHUN DK3aMeH

CBSI3U NPSIMOM BUJIMMOCTH. [IpakTrueckas pabota

Pa3znen 11 CnyTHUKOBBIE CHCTEMBI CBS3H. DK3aMeH




JlaGopaTopHas pabota

DK3aMeH
JlaGopaTopHas pabota

Pazgen 12 CymecTByromue cucTeMbl KOCMUYECKOU CBSI3HU.

IIK-5 Cnioco0eH BbISIBJISATH U YCTPAHATH COOM U 0TKA3bl BOSHUKAKIIMX B CETEBBIX YCTPOMCTBAX
HH(OPMALNOHHO- KOMMYHUKALMOHHBIX CHCTEMAaX

3naem:

- onpeoesnenus u munsvl paouopeetiHblX TUHULL,

- cocmag 060py008anUsl MASUCMPATbHBIX, BHYMPUZOHO8bIX U Mecmiublx PPJI;
- MUnsl paouopeelnvix Cmaryutl,

- coeOuHUmenbHble TUHUU TuHelnbvlx mpakmos PPJI u menesudenus.

Ymeem:

- NPUMEHAMb NPUHYUN OP2AHUSAYUU CIYHCEOHOU C8A3U U MeNe0OCIYHCUBAHUSL 6 CNeKmpe
paouopeneinozo cmoaa,

- NPUMEHAMb NPUHYUN OP2AHUSAYUU CILYIHCEOHOU C8A3U U MeNe0OCYHCUBAHUS 8 MeNe8USUOHHOM
cmeore;

- NPUMEHAMb NPUHYUN OP2AHUSAYUU CILYIHCEOHOU CBA3U U MeNe0OCYHCUBAHUS NO OMOETbHOMY
CMBOJLY CNYHCEOHOU CBA3U.

Braoeem:

- MemoOUKoU HOPMUPOBAHUSI KAHALO8 Nepedadu menesusuoHHo2o eewanus no PPJI npouseonvhotl
CMPYKMYPol U NPOMAHCEHHOCMU

- MemoOUKoU HOPMUPOBAHUS AHALO208bIX U Yupposwix PPJI;

- MemoOUKOL HOPMUPOBAHUSL KAHAIO8 CIYHCEOHOU CE53U.

Pa3nen 1 Beeneunue. OK3aMeH
Pasnen 2 PerynsipHble MexaHU3MBbI paCIPOCTPAHEHUS! PATUOBOIH. | DK3aMeH
Pazgen 3 OcoO0eHHOCTH UCTIOJIB30BAHUS YACTOTHOT'O PECypca B DK3aMeH
HA3eMHBIX U KOCMHYECKHX CHCTEMaXx CBSI3H.

Pa3nen 4 TunoBble KOHCTPYKIIMM @HTEHH B CUCTEMAaX DK3amMeH

KOCMHYECKON U Ha3eMHOM paaruoCBA3H.

JlabopaTopHas pabota

Pasznen 5 Hazemuas cBsi3b B BU nuanasone u cBsi3b cnerl. ciayxo.

DK3aMeH
JlabopaTopHas pabota

Paznen 6 Hazemusle TponocepHble TMHUN CBSI3U.

DK3aMeH

Pa3znen 7 HazeMHble IIMPOKONOIOCHBIE CUCTEMbI MOOMIIBHOM U DK3amMeH
(UKCUPOBaHHOM CBA3H.

Pa3nen 8 Paguopernelinble TMHUM CBSI3U NPSIMON BUAMMOCTH. DK3amMeH
Paznen 9 O6opynoBanue HuppOBBIX paauopeNelHbIX JTMHUN OK3ameH

CBsA3U

JlaGoparopHas paboTa

Pa3znen 10 OcHOBBI IPOEKTUPOBAHUS PASUOPEIIEHHBIX JTUHAN
CBSI3M MPSIMOM BUJIUMOCTH.

DK3aMeH
ITpakTuueckas pabora

Paznen 11 CnyTHUKOBBIE CUCTEMBI CBSA3H.

OK3ameH
JlaGoparopHas paboTa

Paznen 12 CymiecTByromue CHCTEMBI KOCMHYECKOH CBSI3H.

DK3aMeH
JlaGopaTopHas pabota




3.2. TumnoBble MaTepuajbl TeKYLero KOHTPOJISI yCIIeBaeMOCTH 00y4aroLIUXCs

IIK-1 Cnioco0eH k npoBeaeHUI0 NPOPHIaKTHYECKHX PAa00T Ha 000PYy10BAHMHU CBSI3H

3naem:

- NPpUHYUNBLl NOCMPOEeHUss U pabomvl cemell CBA3U, A MAKNHCE COCMA8 CMAHYUOHHO20
0bopyoosanusi;

- cmaHoapmul Kavecmea nepeoadu OaHHbIX, 2070Ca U 8UOEO, NPUMEHAEMBIX 8 OPaAHU3AYUU
cemu c853U;

- 3axonooamenvcmeo Poccutickoti @edepayuu 6 obracmu ces3u,

- NPUHYUNBL PpAOOMbL U APXUMEKMYPY PA3TUYHBIX UHDOKOMMYHUKAYUOHHBIX CUCTEM.

Ymeem:

-UCNOIB308aMb MUNOBYIO CXeM) U3MePeHUsl KOIduyuenma ycuieHus anmeHHsl U munogyio
UMepUMEeNbHYI0 annapamypy, 00ecneyugarouiyo HeobXooumMyo moyHOCMb UMEPIeMbIX BeIUYUH 8
pabouem ouanazoxe yacmom,

- UCNOAB308AMb MUNOBYIO CXeM) UMepPeHUst Kodg@uyuenma cmosdell 6071Hbl AHMEHHbL U
MUNOBYIO USMEPUMENLHYIO annapamypy, 00ecneuusaruyio Heobxooumyro mo4HOCMb UIMEPAEMbIX
geUyUH 8 pabouem Ouanazone Yacmom,

- UCNONIL308AMb MUNOBYIO CXeM) USMEPEeHUs OUuazpammvl HANPAGIEHHOCU AHMEHHbl U
MUNOBYI0 USMEPUMENbHYIO annapamypy, 0becnedusanuyio HeoOX0OUMYH MOYHOCMb USMEpPAeMbIX
BeUYUH 8 paboyuem OUanazone 4acmom,

- 8BINOJIHAMb paciem NPOnYCKHOU CNOCOOHOCMU cemetl MeleKOMMYHUKAYUL,

- Hacmpausamuv cxembvl pezepsuposanus 0oopyoosanus PPJI;

- BbINOJIHAMb YACMOMHO MEPPUMOPUATLHOE NIAHUPOBAHUE Cemell CEA3U.

Braoeem:
- Memooom usmepenus Kodgpguyuenma ycunenus anmennol PPJI;
- Memooom uzmepenus Ko3gguyuenma cmosiyel 601Hbl anmentvl PPJI;

- Memooom usmepenus ouazpammuvl HanpagienHocmu aumenusvt PPJL
Tema 1t TUCKyCCUU: BblOop onmumanbHOU cxembl 8bINPpAMUMENSL.

IIpaktnyeckas pabGora mo Tteme «Pacuer koapduuueHTa HerotoBHoctu uHTepBasa LIPPJI,
00YCIIOBJIEHHOI'0 MTOKAa3aTesIMH HAJIe)KHOCTH alaparypbb»

1 3apanue:
1.1 Paccuntath K03h(OUIMEHT HETOTOBHOCTH MHTEPBAaJIa COTJIACHO CBOEMY BapUaHTY.

2 UcxoaHble TaHHbIE:
2.1 Tabnuua 2.1 - IlpenenbHO HOpMHUPYEMbIE 3HAUEHUS JUISI TOCTPOEHUs! U peKoHCcTpyKuuu [IPPJI

Ne VYyactok BCC Jlnuna Koaddpumment | SESR, Tun Kon-Bo

BapHUaHTa Poccun ATAJIOHHOTO | HETOTOBHOCTH % | pe3epBUpPOBaHUS | CTaHUUH
ydacTtka, L K, %
KM
1 Certb f0CTyIIa o 50 xm 0,1 0.015 1+0 2
2 MectHas ceTh 51-100 0,1 0.015 1+0 4
3 Buyrpusonosas 101-600 0,1 0.025 1+0 6
CeTh




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

5 Mexnayropoaauii | 2501-12500 1,5 0.07 1+0 25
Y4aCTOK

6 Cetb nocTyma o 50 km 0,1 0.015 1+1 2

7 MecTHast ceTb 51-100 0,1 0.015 1+1 4

8 BryTpuzonosas 101-600 0,1 0.025 1+1 6
ceThb

9 MarwuctpanbHas 601-2500 0,3 0.054 1+1 10
ceThb

10 Mexayropoauuii | 2501-12500 1,5 0.07 1+1 25
Y4aCTOK

[Tokazarenu HaAEKHOCTH OOOPYHOBAHUS JIOJKHBI
KOHKpPETHOE YCTpOHCTBO. B pamkax paOOThl MOXXHO BOCIOJIb30BAaThCS THUIIOBBIMH 3HAYCHHSIMH,

MPUBEJICHHBIMU B Ta0yuIiie 2.2

Tabmuia 2.2— [lokazaTenu HaIEKHOCTH 000PYAOBAHUS

MNPpUBOJAUTHCA TIPOU3BOAUTCIICM Ha

biok HapaboTtka Ha oTKa3, 4 BpeMsl BoccTaHOBJIeHUs | PesepBupoBanue
paboTOCIOCOOHOCTH
ysna, 4. T slopl T 622p2
AHTeHHa T —35x%10° I'pl, 124 He pe3epBUpyeMoe
AAT (HPB)
Kabenb _ 6 I'pl, 124 He pe3epBupyemoe
T =15x10 P pesepBHpy
POC _ 6 I'pl, 124 He pesepsupyemoe
IlepemaTunk _ 6 I'pl, 124 PesepBupyemoe (Pb
pex T ey = 2,5%10 P PBHPY (PB)
ITpnemuuk _ 6 I'pl, 124 PesepBupyemoe
BKP _ 6 I'pl, 124 He pesepsupyemoe
Top =15%10 P pesepaipy
Cxkpembiiep Tex = 2 X 10° I'p2, 54 He pesepBupyemoe
Monynsaro _ 5 I'p2, 54 PesepBupyemoe
ay. P TMJ =35x%x10 p PBUPY
Hemonynstop TQM —3%10° I'p2, 54 PezepBupyemoe
VCUJINTEJIb Tycuy = 5 X 10° I'p2, 54 PesepBupyemoe
Mux/Demux Trvux/pemux = 5 X 10° I'p2, 54 He pesepsupyemoe
Jleckpembnep Trex = 7 X 10° I'p2, 54 He pesepBupyemoe

POC - ycTpoticTBo pazneneHus u oobeauHenus paaunoctpoiioB mo CBY;

BKP — 610k KOMMyTanuu PEKUMOB (SBISETCS CBSA3YIOIIUM 3BEHOM MEXIY amnmaparypoit

YIUTOTHEeHHUs ¥ anmaparypoid BU cTBosa, B TOM 4mcClie yIpaBisieT pe3epBUPOBAHUEM ).

2.2 Pacuet ko3(ddunrenrta anmaparypHoi HerotoBHoctu uHTepBaia [[PPJI 6e3 nmpumenenus

pesepBupoBanus (koHpurypamus 1+0)

Pacuer MMPOBOAUTCH B IOPAAKE, YKa3aHHOM HHIKE.

2.2.1 Onpenensitorcs 3HaueHus T u T Bcex y3noB kaxaou u3 asyx LUPPC. (T - cpeanee Bpems

HapabOTKU Ha OTKa3 y31a, 4; Tg- cpeJHee BpeMs BOCCTaHOBIIEHHsI pa00TOCIIOCOOHOCTH y3I1a, U.)




2.2.2 B 3aBUCHUMOCTH OT KOHCTPYKTHBHOTO OQOPMIICHHS pPagUOpeNeHHOro o00pyaoBaHuUs
pacnpenenstoT y3ibl [IPPC1 nmo aBym rpymmam: I'pl — y3710B, paboTtaronux BHE moMemieHus (Ha
OTKPBITOM BO3/yXe€), 1 ['p2 — y3510B, paboTaroniux B moMeiieHuu (amnmapatHoit). OueHnBaoT 3HaYeHU S

I'Bl s xaxaoi rpymmnst (17 o 1 T,,.,,). IIpoBonsar ananoruunsie aeictaus pist LIPPC2.

6le 62ep

2.2.3 PaccunThIBaroT HapaOOTKY Ha OTKA3 Y37I0B, BXOAAIINX B KaXKIYIO TPYIIY:
Trpr=T7 + T+ Ty D)™ (2.1)

Trp 2= (rl_l +T2_1 "“"Tn_l)_1 (2.2)

rae Ti - cpeansist HapaOOTKa Ha OTKa3 y3ia | wiu 2 rpynnsl.i=/,2.....n
2.2.4 Ina LIPPC1 paccuuThiBatoT KO(GGUIMEHT anmapaTypHO HETOTOBHOCTH JUISL KaXKIOU
IPYMIIBI C YYETOM CBOETO 3HayeHus 1, oy

T

T elepl
KHee.annl - T ) (2.3)
rP_1
T
_ T 62ep2
Hec.ann2 — T (24)
IP_2
2.2.5 Brruucisaror 3HaueHue KHez.mm s LIPPCI:
KHez.arm (JPPC1) = Kﬁez.annl + KHee.annZ (25)
2.2.6 BemmonHss neiictBus aHanoruyso 2.1.3—2.1.5, Beuucisaor 3HaueHue K I

Hez.ann

LIPPC2. B nannom ciyuae K quts [IPPC2.
2.2.7 PaccunThiBalOT 3HaueHUEe Kod(QUIMEHTa anmapaTypHOH HErOTOBHOCTH HHTEpBasa

must [IPPC1 mosxHO nipuasTh paBHbiM K

Hez.ann Hee.ann

LIPPJT:

K, =K +K 2.6)

Hee.ann nee.ann(L[PPC1) nee.ann(L[PPC2)

2.3 Pacuet ko3¢ duipenTta annapaTypHoil HerotoBHocTH uHTepBaia LIPPJI 6e3 npumeHeHus
pe3epBupoBanus (koHpurypamus 1+1)

Pacder mpoBOAAT B MOpsIZIKE, YKa3aHHOM HIKE.

2.3.1 Bemonnstor aevicteus no 2.1.1 2.1.3

2.3.2 PacnpenenstoT y3ibl IO KaTeropusm, Bxoaamue B I'pl u I'p2, nmo kareropusm:

1 — ne pesepBupyemsie y3insl — HPB;

2 — pe3epBupyeMsbie y31bl — Pb.

2.3.3 JInsa kaxpoit rpynmnsl 1 kareropuu y3iaoB LIPPC1 paccuutsiBatoT HapabOTKy Ha OTKa3:

Tiupsyp | = (Tl_l +T2_1 +- 'Tj_l)_l (2.7)



Trgyep_j = (T +T,0 ""“Tj_l)_l (2.8)

2.3.5 Jlna LIPPC1 paccuuThiBatoT 3HaueHHE KO PUIIMECHTA allapaTypHOH HErOTOBHOCTH:

- U151 Tpynnsl y370B I'pl (paboTaromux BHE MOMEIIEHUH):

Tsle
pl
KHez.ann(HPE) = T (29)
(HPB)zpl
T 1
6lepl
KHee.ann(PE) = T (210)
(PF)zpl

- Juist rpynisl y3i10B ['p2 (paGoTaromux B HOMEUIEHUSX):

T

6lep?
KHez.ann(HPE) = T (2'11)
(HPF)2p2
Tele
p2
KHee.ann(PE) = T (2'12)
(PB)ep2

2.3.6 dnsa LIPPC1 paccuuTsiBatoT K03 PHUIMEHT annapaTypHO HETOTOBHOCTHU C YYETOM
pabOThI CUCTEMBI PE3EPBUPOBAHUS:

(2.13)

nee.ann (1{PPC1) = Knez.annl(HPE) + KH@?.HHHZ(HPE) + ( nez.annl(PF) + nee.ann2(PF) )2

2.3.7 BoimonHss nedcTBUs aHAIOTUYHO 2.2.3—2.2.5, BBIYHCIAIOT 3HA4eHHE Kod(dduimenTa
anmnapaTtypHoi HeroroBHoctu i1 LIPPC2.

2.3.8 Tlo dhopmyne (9) paccunThiBatoT 3Ha4YeHHE KOd(PPUIIMEHTa anmapaTypHOil HETOTOBHOCTH
nnrepsana [[PPJI



2.4 Pacuer nonHoro ko3 duimenTa annapaTypHoi HETOTOBHOCTH

Boraucnsaror ob6muii ko3 dunmenta anmaparypHOH HETOTOBHOCTH MYyTEM YMHOXKEHUS
KOJINYECTBA MHTEPBAJIOB HA KOA(P(HUIIUEHT arnapaTypHOil HETOTOBHOCTH OJHOTO MHTEpBaa:

KHee.ann_PPﬂ =K XNHHT ><100% (2-14)

He2.ann

ITomyyeHHOE 3HaUEHME HE TOJDKHO MPEBBILIATH BEIUYMHY PUBEICHHYIO B IPUIIOKEHNUHU B Ta0nuua 2 -
[IpenenbHO HOpMUPYEMBIE 3HaYEHUS JUIsl IOCTPOCHUS U peKoHCcTpyKuuu L[PPJI.

Jlabopatopnast pabora mo Teme «Hccredosanue nNpuHyuno8 pabomvl 2N00ANLHLIX CUCMEM
cnymHuuko6o20 nozuyuoruposanusi GPS u I'JTOHACC»

1. Heab padoThI:

1.1 O3nakomIIeHHE C J1a0OPATOPHBIM CTEHIOM.

1.2 TlpuoOpereHrEe HABBHIKOB IO BKJIIOYCHHIO, HACTPOWKE M TMPUMEHEHHUIO JIA0OPaTOPHOIO
CTEHJIA.

2 Jluteparypa:

1. Marnunkuii, b. H. CiyTHUKOBBIE M paauopesieiHbIe CHCTEMBI CBSI3U : yaeOHoe nocodue / b.
H. Marmuukwuii. — HoBocubupck : Cubupckuii rocyJapCTBEHHbIN YHUBEPCUTET TEIEKOMMYHUKAIIMH 1
unpopmaruku, 2019. — 184 ¢. — Tekct : anexrponnsiii // Ludposoii o6pazoBarensHbIi pecypc IPR
SMART : [caiit]. — URL: https://www.iprbookshop.ru/102137.html (zara oopamenus: 06.06.2023).
— Pexum noctyna: st aBTOpU3Mp. MOIB30BATENEH

2. XKyxosckuii, A. I'. CyTHUKOBBIE U paJuOpeNeiHbIe CUCTEMBI Mepeaayu : yueOHoe mocooue
/ A. T. KykoBckuii. — Mocksa : At [lu Ap Menua, 2022. — 249 ¢c. — ISBN 978-5-4497-1710-8. —
Texct : snextponusiit // Ludposoit obpazoBarensHbiii pecypc IPR SMART : [caiit]. — URL:
https://www.iprbookshop.ru/122226.html (mata oGpamenus: 26.07.2022). — Pexxum goctymna: ajis
aBTOPHU3HP. MOIb30BATENEH

3. Ilopsaaok BbINOJTHEHHS PA0OTHI:

3.1 O3HaKoMJIEHHE C TEXHUYECKUM ONMCaHHEM JabopaTOpHOIo CTEH .

3.2 COopka 1a00paTOPHOrO KOMIUIEKTA MO ONPEAEICHUIO MECTOMOJOXKEHUS C IMOMOILBIO
71a00paTOPHOTO CTEH/IA.

4. Teoperuueckasi 4acTh

Crenn mnpenHasHaueH Ul IPOBEJECHUS J1IA0OPATOPHO-IPAKTHUYECKUX PAOOT MO H3YUEHHIO
CHUCTEM CHYTHHKOBOﬁ HaBUT'alllH. CTCHJI MO3BOJIACT: U3YUUTh OCHOBHBIC IMPUHIIUIIBL pa6OTBI CHUCTEM
CILyTHUKOBOTI'O TIO3UIIMOHUPOBAaHMUs, BBIABUTH IIpeuMymiecTBa U Hegoctatku cucreM ' JIOHACC u GPS,
IMPOU3BECTHU HX CpaBHHTCHBHBIﬁ aHaJIn3, MOJYYUTb HAaBbIKM B HHU3KOYPOBHCBOM IPOrpaMMHUPOBAHHUN
quma NpuéMHUKA CUTHAJIOB CO CILyTHUKOB, H3y4YUTh PEKUMbI SHEPTrONOTPEOICHUS MO IPUEMHHUKA,
HU3YUYUTHh BJIUAHUA BHCIITHUX CbaKTOpOB Ha KaQ4C€CTBO IIpre€Ma U TOYHOCTE OIIPCACIICHUA KOOPAUHAT.

Buemnuii Bug nmaboparopHoro crenna «CucreMa CIlyTHUKOBOM HaBUralum» IPeACTaBlIeH Ha
puc. 1.



OMmonr  AMCTAR

Pucynok 5.1 - Crenn «Cucrema CliyTHUKOBOW HaBUTaLlUK»

dunemenTshl cTenaa: 1. Muaukarop nutanus crenaa; 2. Knonka BKIIOUeHUsI TUTaHUS CTEHA; 3.
Wunukatop nurtanus npuemHuka; 4. CeHcop BKiIIOYeHHs mnuTaHus npuemHuka; 5. CeHcop
MePEKIIIOUCHUS HAIIPaBJICHHS TIepeIaun TaHHbIX; 6. CBeToanon «AKTHBHA nepeaava JaHHbix Ha [TK»;
7. CBeronuon «AKTHBHA Tepeada JaHHBIX Ha quctuiei»; 8. Mudopmanuonnsiii nucruieit; 9. Cencop
JIUCTaHUs JaHHBIX auctuies Hazad; 10. CeHcop aucTaHus JaHHBIX AucIuies Brepen; 11. Maemorpamma,
OTpa)karllass Ha3HAuYCHHWE OCHOBHBIX BBIBOJOB mpueMHuka GPS-curnama; 12. Ceerommon «Mmer
nepenaya qaHHbix»; 13. CBeroauon «Maet npueM nanubix»; 14. CBETOMO METKH BPEMEHHU.

Wupukarop mporecca 3apsaa akKyMyJIsITOpa pacrloiokeH Ha OOKOBOW CTEHKE CIHpPaBOi
CTOPOHBIL.
Ha3naueHue 371€MEHTOB PACIONIOKEHHBIX Ha 3aJIHEH CTEHKE CTEH/Ia IIPEACTaBICHO Ha puC. 2.

Pucynok 5.2 - BHelHuii BUJI 3aIHEM CTEHKHU CTEHAA

Ha 3amgHeil cTrenke 1ab0paTopHOTO CTEHAA YCTAaHOBJIECHBI CIIEAYIOIIME 3JeMEHT (cM. puc. 2): 1.
USB-pa3zpem momyuenust maHHbX; 2. USB-pa3zbem mnporpamMMupoBaHa TNpueMHHKA; 3. Pa3bem
MOJIKIIIOUEHUs aHTeHHbI; 4. KHomnka nepe3arpy3ku npuemuuke RESET.

C moMoIIpI0 JTaHHOTO JTA0OPATOPHOTO CTEHJIAa MOXKHO MPOBOIUTH 3aHATHS 1O CIEAYIOUTUM
TEMaM:
1. W3yuenue OCHOBHBIX MPUHIUIIOB paboThI r100aJbHBIX CHCTEM

MO3UI[MOHUPOBAHHSL.
2. NMEA-mpotokon. OcoOeHHOCTH paboThl, Ha3HAYCHHE PA3JIMYHBIX ITOCHUIOK.
IToceiku GGA, GSA, GSV, RMC, VTG.

3. KOMaHJII)I YIIpaBJICHUA ITPUCMHUKOM. BximroueHre u BBIKITFOUYEHIE HEKOTOPBIX



TUIIOB MOCHUIOK. Vcrionbp30BaHNe MOAYIS 1711 TEHEPALMK CUTHAJIOB TOYHOT'O BPEMEHH.

4. YcraHOBJIEHHE COCTUHEHHUS CO CITyTHUKaMU. BUJbI cTapTOB, CITOCOOBI yCKOPEHUS
3armycka MoayJist. DpeMepuapl, albMaHaXH.

5. Msydenue pakTopoB, BAUSAIOMIMX HA TOYHOCTh ITpHeMa. Pa3iuHbIe TUITBI aHTEHH
BIUSTHUE 37aHUI U TIOMEX, BIIUSIOIINX HAa KauecTBO npuema. M3yuenue texunonoruit HDOP,
PDOP, VDOP. Usyuenune pakTopoB, BIUSIOUIUX HA OTHOIIECHUS CUTHAJ/IIIYM.

6. l3ydeHue TEXHOJIOTUU COCTaBJICHHS MapIIPyTOB, paboTa MPUEMHHUKA B KaUeCTBE
Tpekepa.

IKCIUIYATALUSA U3JAEJINSA

JlaBopaTopHbIil CTEHT MOXKET IKCILTyaTUPOBATHCSA KaK B aBTOHOMHOM, MTOPTATUBHOM PEXHUME C
BBIBOJIOM HMH(OpPMALMU Ha BCTPOCHHBIA AMCIUIeH, Tak W B Komiuiekce ¢ IIK ¢ wmcnonp3oBaHunem
cnenuansHoro I10.

Jns  BriarodueHUss 7a00paTOPHOTO MOAYIsS HaxXMHUTEe KHONKY «llutanme wmomyms». Jlis
BkitoueHus: GPS-npuemuunka, kocHurech Ha 2 ¢ ceHcopa «llutanue mpuemnukay. Cencop «BbiBoa
TAHHBIX» TTO3BOJIAET MEPEKII0YaTh HANPaBICHNUE MepeJadn JaHHBIX: Ha BCTPOSHHBIN JUCIUICH MM Ha
KOMITBIOTEP, MOAKIIOUEHHBIH K MOIYITIO.

Ha BcTpoenHoii qucmiiee orodbpaxkaercs Bcsd HeoOxoaumasi HHpopManus:

1) BeBox: Jlucmueit. Axkymynstop: 50%» - HampaBieHHE BbIBOAA JIaHHBIX
(mucruiet) M ypoBEHbB 3apsjia akKyMmyJsiTopa B nporeHTax (50%);

2) U, I npuemnnka: 3.28V 96.8TA» - HampsokeHHe NUTaHHsA mIpueMHHKa (3,28
BounbT) 1 motpebsiemsrii Tok (96,8 MA);

3) MHara: 15.12.14. Bpems: 09:05:18» - mosy4eHHbIe co cryTHHKOB farta (15.12.14)
u Bpems (09:05:18);

4) 55°30'19" N. 49°31'15" E» - KOOpAMHATHI MECTOIIOI0KEHHS AHTCHHBI IIPHEMHHUKA
(55 rpanycoB 30 Mmunyt 19 cexkynn ceBepHoi mmpoThl, 49 rpamgycoB 31 Munyra 15 cekyHn
BOCTOYHOM JOJTOTHI;

5) 01/07-N15 24 dB. 06° 041°» - nopsiakoBblii Homep criytHuKa (01) oOriee yncio
aKTUBHBIX CITYTHUKOB (07), cCOOCTBEHHBII HOMEp CIyTHHKA B rpynnupoBke (15), oTHomeHue
CHTHAJI/IIYM JUTS JAHHOTO ciiyTHHKA 24 (B), BepTHUKaIBHBII yroy HapaBlieHHs Ha CITyTHUK
(20°), asumyTanbpHBIN Yroi HanpaBieHus Ha ciyTHUK (064°).

WNudopmanus aHamoruaHas 1.5 JUIs KaXI0TO CIEIYIONIero aKTUBHOTO CITyTHUKA.

[lepeuncieHHble OKHa MEPETUCTHIBAIOTCS MOCIENI0BATEIbHO 10 BO3PACTAHHIO U YOBIBAaHMIO
CEHCOpaMH PACIONIOKEHHBIMHU crpaBa u ciieBa oT auciuvies.Ceeronuonsl «llepemavay u «lIpuem»
0TOOpa)karoT HaJM4YUE CUTHAJIOB B COOTBETCTBYIOIIMX JHHHUAX. CBeTonmojHas mojacBeTka «CHUrHai
METKH BPEMEHW» HHIUIHUPYET UMITyIbChl PPS.

[ToakaroueHue BHEIIHEH aHTEHHBI OCYIIECTBIISIETCS Yepe3 COOTBETCTBYIOIINI pa3beM Ha 3a/1Hei
na”enu creHzaa. [lepenaua nanneix Ha [1K BO3MOKHA MTpH MOAKITIOYEHUN CTEHA K KOMITBIOTEPY Yepe3
pazbeM «USB NMEAy. IIporpammupoBaHue NpPUEMHHUKA OCYLIECTBISETCS uepe3 IMOAKIIOUYCHHE
MOayNsE K KommbioTepy uepe3 paszbeM «USB TIPOI'». [lns ciiydaeB «3aBUCAHUS» TPUEMHHUKA
IpeyCMOTpPEHa 3ariay0sieHHasi KHOIKa annapaTHoro copoca MpUeMHUKA Ha 3a/{HEH MaHelIn MOy,

3apsiika BCTPOCHHOTO aKKyMYJSITOpa OCYIIECTBIISIETCS KaK OT 3apsaHOTO YCTPOWCTBA,
MOCTaBJIIEMOT0 B KOMILIeKTe, Tak 1 oT [ 1K nmpu nokmouenHoM k pazbemy «USB NMEA» USB-kabere.
Wuankarop mporecca 3apsaa akKyMyJIsITopa pacioioyKeH Ha OOKOBOH CTEHKE CIPaBOW CTOPOHBI.

[TepBbie cuctembl TaoGampHOro mosunuonupoBanuss GPS (Global Positioning System)
pa3pabaThIBalINCh MCKIIOYUTENIBHO /I BOCHHBIX meneil. ['mobanpHas HaBuramnuonHas cucrema GPS
MpelHa3HaueHa Ui Tepelladll  HaBUTAMOHHBIX CHUTHAJIOB, KOTOPBIE CMOTYT OJHOBPEMEHHO
MIPUHUMATHCSA BO BCeX pernoHax mupa. Muutnmatopom coznanus GPS-cuctemsl ctano MUHHCTEPCTBO
O6oponsr CIIIA. Ee pa3paborka Hadamack B 1973 r. IIpoekT co3gaHusi CIIyTHUKOBOW CETH IS
ompeeNieHus] KOOPANHAT B PEKHUME PEeallbHOTO BPEMEHHU B JIIOOOW TOUYKE 36MHOTO Iapa ObLT Ha3BaH
NAVSTAR GPS (NAVigation Satellite Timing And Ranging Global Positioning System



HABUTAIIMOHHAS CHCTEMa OIpEAeTCHUs BPEMEHU M JanbHOCTH). [lepBast opOuTanbHas TPyNImupOBKa
cucTeMbl pazBopaunBaiiack ¢ 1989 mo 1994 r. Ha opOuty Obumn BhIBeICHBI 24 HABUTAIIMOHHBIX
cyrauka Block 1. OxonuarensHo GPS-cucrema Obliia BBeZIeHa B SKCIUTyaTanuio B 1995 r.

Cocmas GPS-cucmemui

B cocraB GPS-cuctembl BXOIST TPU OCHOBHBIX CETMEHTA: KOCMHYECKWW, HAa3eMHBIA H
MOJIb30BaTEIbCKIH. KOCMUYECKHI CErMEHT COCTOMT M3 28 aBTOHOMHBIX CITyTHHKOB, PaBHOMEPHO
pacmpesieNieHHbIX 1Mo opOuTam ¢ BbicoToi 20350 kM (myist MOTHOPYHKIIMOHAIBHON PabOThl CUCTEMBI
jlocTaTouHo 24 cryTHUKOB). Ha puc. 3 mokasana kocmuueckas nojacucrema GPS.

Pucynok 5.3 - Kocmuueckas noacucrema GPS

CnytHuku B cucteMe GPS nBmxyrcs B mectu opOUTaIbHBIX MJIOCKOCTSAX, CABUHYTBIX APYT
OTHOCHTEJILHO JPYyTa [0 NPSIMOMY BOCXO0KJIEHUIO Bocxoad1ero y3ia Ha 60° I Haknonenue miockocreit
OpOUT K MIIOCKOCTH KBaTopa 55°. Opoutsl 6mu3kue k KpyrooiM. Cpenusis Beicota opout 20189km. B
KaKI0W OpOMTalIbHOM miockocTu pacnonaraercs 4 cnytHuka. Ilepuon oOpamenus cnyTHukoB 11
gacoB 57 MuHyT 59.2 cek (I0JOBUHA 3BE3/IHBIX CYTOK).

Ha puc. 4 nokazana noncucrtema KA I'NTOHACC. Cnyrauku B cucteme ' JIOHACC nBuxytes
B TpeX OpOMTAJIbHBIX MJIOCKOCTAX, CABUHYTHIX JAPYT OTHOCUTEIBHO Jpyra MO MPSMOMY BOCXOXIECHUIO
Bocxozsiero y3na Ha 120° Hakionenue miockoctel opOuT K mitockoctu s3kBaropa 64.8°+0.3°. OpOutst
Oomu3kue K KpyroBbiM. Cpemusisi Bbicota opout 19100 kM. B kaxmoit opOutanbHOIl miockocTH
paBHOMEpHO pacroiaraercsi 8 cnyTHUKOB. Ilepuon oOpamenus cnytHukoB 11 gacoB 15 munyt 44+5
CEK.

Pucynok 5.4 - IlTogcucrema KA I''TOHACC



Ha xaxaoM CmyTHHKE yCTaHOBIIEHBI aTOMHBIC YacChl, MEPHOJUYECCKH CHHXPOHU3UPYEMBIC MO
KoMaHJaM ¢ 3eMiu. Yachl Kak10ro CIIyTHUKA CHHXPOHU3UPYIOT U3JIy4€HHE CO CITYTHUKA CIIEUaTbHOTO
KojoBoro curHama. llepex wu3nydyeHHMEM KOAOBBIE CUTHAIbl Ha CHYTHHUKaX MOJYJIMPYIOTCS
COOOIIIEHUSIMU O TPACKTOPUSX JABMKEHUS CITyTHUKOB U MapaMeTpax Mojiesieil CMEIIeHUs IIKall BpeMEH!
CIIyTHHKOB OTHOCHTEJBHO IIKAJIbl CUCTEMBI. Takue cOOOIIeHUs] IPUHATO HAa3bIBATh HABUTAIMOHHBIMHU.
CTpyKTypa CUTHAIOB, U3JIy4aeMbIX Pa3HbIMU CITyTHUKAMU, TAKOBA, YTO IPUEMHHUK UMEET BO3MOKHOCTh
pa3fensaTh 3TH CHUTHAJBI, OLEHUBATh MX MapaMeTpbl M BBIICIATH HABUTAIIMOHHBIE COOOIICHHS
He3aBHUCUMO Jpyr otT apyra. [loxcucrema ympaBieHHs 3aHUMAETCS ONPENEICHUEM TPaeKTOpUi
JBIDKEHUS. M TapaMeTpoB MOJIENIeH CMEIIEHHs IIKal BPEMEHH CIYTHUKOB OTHOCHTEIBHO IIKAJIbI
cuctembl. CBeIeHUS O CIIYTHHUKOBBIX TPACKTOPHUSAX U MapaMeTpax MOJENei CMEIIeHUs KAl BPpeMEeHU
CIIyTHHKOB TIO CIEIHaJbHONW paJMOIUHHUM TEPENAlOTCs Ha CHYTHUKHM W TaM HCHOJB3YIOTCS JUIS
(dbopMUpOBaHUS HABUTAIIMOHHBIX COOOIIIEHUH.

Kaxxaplii CyTHUK M3JIydaeT Ha 2 4yacTOTaxX CHELMAJIbHbIM HaBUTALIMOHHBIN CUTHAJI, B KOTOPOM
3amugpoBano 2 Buaa kojaa. OIMH U3 HUX JOCTYIIEH JIUIIb HEMHOTUM OJIB30BaTENSIM, CPEIU KOTOPBIX,
KOHEYHO ke, BoeHHbIe U (eaepanbHbie cyk0bl CILIA. Kpome 3Tux 2 CUTHAIOB, CIYTHHK U3Ty4aeT U
TpeTHii, ”HPOPMHUPYIOIINIA TOIH30OBATENS O JOMOJIHUTEIBHBIX TapaMeTpax (COCTOSIHUM CIYTHUKA, €ro
pabortocriocobHOCTH U 1Ip.). [lapaMeTpbl OpOUT CIYTHUKOB MEPHOAMYECKH KOHTPOJHPYIOTCS CETHIO
HA3€MHBIX CTaHIIUN ClIeXKEeHHS (BCEro 5 cTaHIUN, HAXOIAIINXCS B TPOIIUYECKUX IIUPOTAX ), C IOMOIIBIO
KOTOPBIX (He pexke 1-2 pa3 B CyTKH): BBIYUCIAIOTCS 0ANIUCTUUECKHUE XapaKTEePUCTUKHU, PETUCTPUPYIOTCS
OTKJIOHEHHSI CIyTHUKOB OT PAcCUeTHBIX TPACKTOPUN IBIKEHHS, OMpEAeNseTcsi COOCTBEHHOE BpeMs
OOpPTOBBIX YaCOB CITYTHUKOB, OCYIIECTBIISICTCSI MOHUTOPHHT UCTIPAaBHOCTH HABUTAIIMOHHOH alapaTypsl
u 1p. Tperuit cermenT GPS-cuctemsl 3170 GPS-miprieMHHKH, BBITYCKAa€MbIE M KaK CaMOCTOSITENbHbIC
npuOOPHI, M KaK IUIaThl i noakiroueHus K [1K, 60pToBBIM KOMITBIOTEpPAM U IPYTHUM arraparam.

OcHoBHble Bo3MokHOCTH GPS-cucremsl (pu Hannuuu npueMmHuka GPS- curnana):

—  olpejesieHue MECTOHAX0X/I€HUsI MOOUIIbHOTO a0OHEHTA;

— ompezeneHue HanbOoiee KOPOTKOTO U YAOOHOTO IMMyTH JI0 MyHKTA Ha3HAYCHHUS,

— ompezeneHre 00paTHOTroO MapIIpyTa;

—  ompejAeNeHUue CKOPOCTU ABUKEHUS (MAaKCUMaIbHOWU, MUHHUMAIIbHOM, cpeiHel);

—  ompejesieHHe BPEMEHHU B ITyTH (TIPOIIEAIIET0 U CKOJIBKO MOTPeOyeTcs erie) u Jip.

Ocnosbvl pynkyuonuposanus GPS-cucmemul

Teopust nanbHOMETPHH OCHOBAaHA HA BEIYUCIICHUH PACCTOSHUS PACIPOCTPAaHEHHS paJHOCHTHATIA
OT CIlyTHHKa K TIPHEMHHKY TIO BPEMEHHOW 3aaepkke. Ecim 3HaTh Bpems pacrnpoCTpaHEHHS
pagrocHurHaga, TO MPONICHHBIH MM MYyTh JIETKO BBIYHCIHTH, YMHOXXHUB BpEMs PacHpOCTPaHCHHUS
paarocHrHajia Ha CKOPOCTh CBETA.

Kaxnprit ciyrHuk GPS-crcTeMbl HenpepbIBHO reHepupyeT paanoBostHel 2 yactor (L1 =1575.42
MI'n u L2=1227.60 MI'). HaBuranmoHHbIi CUTHAN MpEICTaBiIseT co00i (azoMaHUITYTMPOBAHHBIN
ncesnociyyaitaeiii PRN-kon (Pseudo Random Number code). PRN-kox 6s1Baet 2 Tumos. [Tepsbrii C/A-
kon (Coarse Acquisition code rpyOslii Ko/1) HCTIONB3YETCs B TPAXKIAHCKHUX MpUeMHHKaX. OH MO3BOJISIET
MOJTyYaTh JIMIIH MPUOIM3UTEIBHYIO OIIEHKY MECTOTIOJIOKEHHUS, IIOATOMY M Ha3bIBAETCS TPYOBIM KOJIOM.
C/A-xkon nepenaercst Ha yactore L1 ¢ mcnonb3oBanueM (ha30BOM MaHHITYJSIMU TICEBAOCTYYailHON
rmocJenoBaTeabHOCTH JymmHON 1023 cuMBofia. 3amuTa oT omubOK 00ecredynBaeTCs MOCPEACTBOM Koja
loynna. Ilepumon mostopenuss C/A-koma 1 wmc. [pyroit kom P (precision code To4HBIi KOm)
obecrieurBaeT 00JIee TOUHOE BBHIYMCIICHUE KOOPIMHAT, HO JIOCTYT K HEMY OrpaHn4eH. B ocHOBHOM, P-
KOJI TIPEJOCTABIISIETCS] BOGHHBIM U (MHOT/IA) (enepanbHbiM cimy:koam CIIA (Harmpumep, 1iist penieHus
3aJ1a4 reoJIe3nd U KapTorpadun). ITOT Ko IepenaeTcs Ha yacTore L2 ¢ mpuMeHeHneM CBEpX JNTMHHOM
MICEB/IOCTYyYafHON MOCIeI0BaTEeNbHOCTH C MEPUOIOM MOBTOpeHUs 267 maHel. DTOT KOJA JOCTYIEH B
MIPUHITUIIE U TPpaXXJaHCKUM JuiiaM. Ho anroputm ero o6paboTku ropas3ao 0osiee ClIoKeH, TOITOMY U
anmapatypa CTOUT JAopoke. B cBoro odepens, yacrora L1 mogymupyercs kak C/A, Tak u P-kogom. B
curHaie GPS MokeT NpUCyTCTBOBaTh M TaK Ha3bIBACMbI Y-KOJ, SIBISIOIIUICS 3amu(ppoBaHHON
Bepcueld P- koma (B BoeHHOE BpeMsi cucteMa MU(POBKH MOXKET MeHAThCs).Kpome HaBUTaIllMOHHBIX
CHTHAJIOB, CITyTHHK HETPEPHIBHO IE€peJacT pas3IMdHOrO0 PoAa CIyXeOHyr HWH(POPMAIHIO.



[Tonp3oBarens GPS-mpuemHnka HHQOpPMUPYETCS O COCTOSHUM CHYTHHKAa W €ro IapaMmerpax:
CHUCTEMHOM BpeMeHH; dpeMepuaax (TOYHBIX JaAHHBIX 00 OpOUTE CITyTHUKA); IPOTHO3UPYEMOM BPEMEHHU
3aJIepKKU  pacIpOCTPaHEHHUsT PaJuOCUTHaNa B HOHochepe (T. K. CKOPOCTb CBETa MEHSETCS NpHU
MPOXOXKICHUHA Pa3HBIX CIIOEB aTMocdepsl), pabOTOCIIOCOOHOCTH CIIyTHHKAa (B TaK Ha3bIBAEMOM
allbMaHaxe coJepkarcs OOHOBIIsIeMbIe Kaxable 12.5 MHH CBEIEHHS O COCTOSHHU W OpOMTaxX BCEX
CIyTHUKOB). DT nanHble (amuHoi 1500 6uT) nepenaroTcs co ckopocThio S0 6uTt/c Ha yacToTax L1 nmm
L2.

VY xaxgoro GPS-npueMHHKa ecTh COOCTBEHHBIN reHepaTop, paboTaloMINi Ha TOH K€ YaCcTOTE
MOJTyJTUPYIOIIUI CUTHAJ IO TOMY )K€ 3aKOHY, YTO U TeHepaTop CIyTHHKA. Takum o0pa3om, 1o BpeMeH!
3aJIepXKKU MEXKIy OJMHAKOBBIMH YYAaCTKaMH KO/, MPHHITOTO CO CIHYTHUKA M CTEHEPUPOBAHHOTO
CaMOCTOSITENIbHO, MOJKHO BBIYMCIHUTH BpeMs pacHpOCTPAaHEHHUS CHUTHANa, a, CIEJ0BaTelIbHO, M
paccrosiHue 10 ciiyTHUKA. OJHOW M3 OCHOBHBIX TEXHMYECKHX MPOOJIEM OINMMCAHHOTO BBINIE METOJa
ABNsieTCS CcUHXpoHu3amus dacoB Ha GPS-cmytHuke m B GPS-mpuemnuke. Jlaxke MuUHHMaIbHAs
MOTPEIIHOCTh MOXKET NMPUBECTH K OTPOMHON OIHMOKE B ompeaeneHun pacctosiHus. CieayeT ckas3arb,
410 Ha KaxaoM GPS-cnyTHHKE CMOHTHPOBAaHBI BHICOKOTOYHBIE aTOMHBIE 4achl. ECTecTBEHHO, 4TO B
KaxaoM GPS-nipueMHHKE Takue 4achl yCTAaHOBUTH HEBO3MOXHO. [103TOMY 151 KOPpEKIIMU OMIMOOK B
OTIpeIeICHUN KOOPIMHAT HM3-3a MOTPEIIHOCTEH 4acoB, BCTPOCHHBIX B GPS-mpreMHUK, TpUMEHSeTCs
HEKOTOpasi U30BITOYHOCTD B JIAHHBIX, HEOOXOMMBIX JIJISI OJTHO3HAYHOW MPUBS3KH K MECTHOCTH.

Onpeoenenue xoopounam c nomougvio GPS-cucmemwi

B ocHoBe omnpenenenus koopauHat GPS-nipueMHHKA JICKUT BBIYUCICHUE PACCTOSHUS OT HETO
710 HECKOJIBKUX CITYTHHUKOB, PACHOJIOXKEHHE KOTOPBIX CUUTAETCS q M3BECTHBIM (9TH JaHHBIC HAXOAATCS
B nipuHsIToM ¢ GPS-cniyTHHKa anbManaxe). Meton | BerauciaeHus monokeHus 00beKTa 10 U3MEPEHUIO

€ro yaaJ€HHOCTH OT TOYCK C v 3aJaHHbIMU KOOpJANHATAMU HAa3bIBACTCS TpHHaTepaHHei/'I (pI/IC. 5).
T

Pucynok 5.5- Tpunarepanus

Ecin u3BecTHO paccTosHHE A 10 OJHOTO CIyTHHKA, TO KOOPJAMHATBHI IPUEMHUKA ONPEIEIUTD
Henb3s (OH MOXKET HaxOJIUThCS B 000N Touke cepbl paauycoM A, ONMCAHHOW BOKPYT CIyTHHKA).
IlycTs m3BecTHa ynaJeHHOCTh B IpHEMHMKA OT BTOPOrO t CIIyTHHKA. B 3TOM ciywae ompeneneHue
KOOpJMHAT TaK)XE HE IPEICTaBISAETCS BO3MOXKHBIM OOBEKT HAXOAMTCS HAa OKPYKHOCTH, KOTOpas
ABNsieTca nepeceyeHueM JByX cdep. Paccrosaume C 110 TpeTbero CIyTHHKa COKpallaer
HEOIpeAeIEHHOCTh B KOOPAMHATAX /10 JABYX ToueK (0003Ha4YeHbl ABYMsI )KUPHBIMU TOUYKaMH Ha pUC.
1.4). Otoro yxe KOCTaTOYHO JUIsl OJHO3HAYHOTO ONpEAEIEHUS KOOPAUHAT JEJI0 B TOM, UYTO U3 ABYX
BO3MOXKHBIX TOUEK PACIONIOKEHUS MPUEMHUKA JIMIIb O/IHa HAXOJIUTCS Ha MOBEPXHOCTH 3eMiu (WIH B
HEMOCPEJCTBEHHOW OJIM30CTH OT HEE), a BTOpasi, JIOKHAs!, OKa3bIBaeTCs JIMOO ITyOOKO BHYTPU 3eMIIH,
au00 OYeHb BBICOKO HAJ €€ IOBEepPXHOCThIO. TakuM oOpa3om, A TpPeXMEpHOM HaBUTAIMU
TEOPETUYECKH TIOCTATOYHO 3HATh PACCTOSIHUS OT | MPUEMHHKA /10 3 CIIyTHUKOB.

[TpuBeneHHbIe BBIIIE PACCYKIACHHUS pacCMaTPUBAIIUCh I CIydasi, KOrJa pacCTOSHUS OT TOYKU
HAOJIOACHUS 10 CITyTHUKOB OBIIM M3BECTHBI C aOCONIOTHOM TOYHOCTHIO. Pazymeercsi, Ha MpakTHKe
BCErJa €CTh HEKOTOpas NOrpemIHOCTh M3MEpeHuN - HeBs3ka. Hampumep, wn3-3a HETOYHOU
CUHXPOHM3AllMM YacoB IPUEMHHUKA M CIIyTHUKA, 3aBHUCHMOCTH CKOPOCTH CB€Ta OT COCTOSHUS
atMoctepsr m gp. Ilosromy 1 st ompemeneHuss TpexMepHbIX KoopawHat GPS-npuemHnka



UCTOJB3YIOTCS He 3, a, Kak MUHUMYM, 4 criyTHUKA. [Tomyuns curnan ot 4 (unu 6onee) cmyTHUKOB, GPS-
MIPUEMHUK UIIET TOUKY IepecedeHust COOTBETCTBYIomuUX chep. Ecnu Takoit Touku Het, nporeccop GPS-
MPUEMHHUKA HAYMHAET METOJIOM ITOCIIEI0BATEIbHBIX MPUOIMKEHUN KOPPEKTUPOBATH CBOM YaChl 10 TEX
1op, MoKa He JOObETCs epeceueHus Bcex cep B OJTHOM TOUKe.

Koopaunatel  NOABMKHOTO  aOOHEHTa  OMPENENSAIOTCS € MOMOIIBIO  CTAaHAAPTHOTO
HaBuranuonHoro GPS-nmpueMHuka, BCTpOEHHOro B TepMHUHAN Mojb3oBarens. HaBurannoHHbIN
MPUEMHHUK CUTHAJIOB Juisi cucteMbl GPS cocTouT 13 mprueMHoro Mo ysst 1 MaJIorabapuTHOM aHTEHHBI C
MaJIOIIYMHBIM ycuiuTeneM. [IpueMHbIil Moayb BhITyCKaeTcs Kak B BUJIE aBTOHOMHOT'O YCTPOWCTBA CO
BCTPOCHHBIMH HCTOYHHKAMHU MTUTAHUA, TaK U B BUJI€ OTJEILHON IUIaThl, BCTPauBacMOi B aODOHEHTCKUI
TEpMHHAIL.

YcTpoiicTBO, KaK MpaBUIIO, MCIIONB3YET COOCTBEHHYI0O MUHHUATIOPHYIO aHTEHHY U aBTOHOMHO
BBIYKCIISIET reorpaduueckue KoopauHaThl U BcemupHoe Bpemst (UTC) 1o HaBUraliMOHHBIM CHUTHAJIAM.
GPS-npuemHukn wyamie Bcero MPHUMEHSIOTCS, €CIM HEOO0XOAWMO TONYYUTh BBICOKYIO TOYHOCTb
koopauHat (morpemHocTh He Oonee 100 wm). 3axBaTUB CHTHAJ, HABUTAIMOHHBIM TPHUEMHHK
aBTOMATHYECKH BBIYMCISET KOOPAMHATHI OOBEKTa, CKOPOCTh CHTHAajla M BCEMHUPHOE BpeMs, H
dbopmupyer otueT. CBeZeHUSI O MECTOHAXOKJIECHUH O00BEKTa MEepefaroTcs MO CIYTHUKOBBIM KaHajlam
CBSI3W B JMCIIETYCPCKHUA MYyHKT. HaBUTAIMOHHBIE YCTPOWCTBA MOTYT pPa3MyarbCs 1O KOJHYECTBY
KaHaJIOB MpHUeMa, CKOPOCTU OOHOBJICHUS IAHHBIX, BPEMEHH BBIYMCICHUIN, TOYHOCTH U HAAECKHOCTU
OTIpe/IeIIEHUs] KOOP/IMHAT.

CoBpemennble GPS-npreMHUKN OOBIYHO OCHAILEHBI HECKOJBKUMH JIECATKAMHM KaHaJIOB, YTO
MO3BOJISIET OTCIICKUBATh, IMPAKTUYECKH, BCE HABUTAIIMOHHBIC CITYTHUKH, HaXOJSIIMECS B 30HE
paauoOBUIUMOCTH 00bekTa. Ecnu kaHamoB MeHbIIE, YeM HaOII0JaeMbIX CIYTHUKOB, aBTOMaTHYECKU
BbIOMpaeTcsi HanboJee ONTUMAIBFHOE COUYeTaHHe CIYTHUKOB. CKOPOCTh OOHOBIICHHS] HAaBUTALIMOHHBIX
naHHbIX 1 c. Bpems | oOHapyXeHHs 3aBHCHT OT YMCJIa OJHOBPEMEHHO HAOII0/IaeMbIX CITYTHHKOB U
pexuma | ompeneneHuss MecTomonokeHus. OrmnpeneneHne HABUTAIIMOHHBIX MapaMETPOB MOXKET
MIPOU3BOJIUTECS B JBYX pexumax 2D (mBymepnom) u 3D (mpoctpancrBenHoMm). B pexume 2D
YCTQHABJIMBAIOTCS IIHUPOTa W JOJNTOTa (BBICOTa CUYUTAETCs W3BecTHOM). I[lpm 3TOM mocTatouHO
MPUCYTCTBUS B 30HE PAJUOBUAMMOCTH 3 CIyTHUKOB. Bpems ompeznenenus koopauHar B pexume 2D
OOBIYHO HE TpeBbIaeT 2 MHH. J[JIs ompeneneHuss MPOCTPAHCTBEHHBIX KOOPAWHAT B pekume 3D
TpeOyeTcsi, YTOObI B COOTBETCTBYIOIIEH 30HE HAXOAUINCh HE MEHee 4 CITyTHHUKOB.

[To curHamam OT YeThIpeX CIyTHUKOB - BHIOPAHHBIX ONPEIEICHHBIM 00pa3oM - HaOII0IaTelb,
CHAa0KEHHBI NMPHUEMHUKOM CHTHAJIOB, PACCUMUTHIBAET CBOE IMOJIOXKeHUe. MHCTpyMeHT HaBuranuu B
pacropspKeHUH HaOMI0IaTeNsl - MPUEMHUK CUTHAJIOB, U3y9aeMbIX cIyTHUKaMu cuctembl GPS. Mmes
TOYHBIE Yachl, mokaspiBaroiue mupoBoe (UCT), Habnronaress MOr Obl HEMEAJICHHO PACCUUTATh BPEMsI
pacrpoCTpaHEHHsI CHTHAJIOB OT COOTBETCTBYIOMIMX CIYTHUKOB. PaTMoCHTHAIBI pacripoCTpaHsIOTCs CO
CKOpOCTBIO CBETA, NO3TOMY IO BPEMEHHU paclpOCTPaHEHUs] HEMEAJICHHO BBIYUCISIOTCS M PACCTOSHUS
70 CIIYTHHKOB. 3aTeéM MHpPOBBIE KOOPAWHATHI HAONIONATENs] HAaXOJSITCS C TMOMOINBIO pPEHICHUs
TPUTOHOMETPHUUECKOM 3a/1aun. B TpexMepHOM MpocTpaHCTBE 3aj1aua ONpeieeHns: KOOPAUHAT TOYKH MO
3aJJaHHBIM PACCTOSIHUSM IO TPEX OTIOPHBIX TOYEK, HE JIKAIIUX Ha OJHOW MPSMOM, UMEET JIBa PEUICHUS
(KOTOpBIE B BHIPOXKICHHBIX CIY4asX CIMBAIOTCS B OJIHO), TMOO HE UMEET pelIeHus BooO11e (HepeaabHble
MCXO/IHBIE AaHHbIe). Ha mpakTuke Tpuiatepauy 1Mo CIryTHUKaM, OJTHO U3 IBYX MOJy4aeMbIX PEeIIeHUN
oTOpachIBaeTCsl MO HAa4yaJbHBIM YCIOBUAM. MBI TOBOPUM O TpUJaTe€paluy, a HE O TPUAHTYJISALMH,
MOCKOJIBKY HWCXOJHBIC t JaHHBIE UMEIOT JMHEWHBIC, a HE YIJIOBBbIE H3MepeHHs. TOYHOCTh YacoB,
UCTOJb3yeMbIX 1 A oNpeiesieHus] pacCTOSTHUS ¢ MOMOILBIO U3MEPEHUsI BPEMEHHU PacipOCTpaHEHUs
palMOCUTHAJIOB, JOJDKHA OBITH OYEHb BBICOKOW BBHIY OOJBIIOW CKOPOCTH [ paclpoCTpaHEHHS
panuocuraanos. Ommlka onpeaeneHus BpeMeHH B | MUKPOCEKYH/Ty IPUBOIUT K OIIMOKE ONpeIeIeHUs
paccrosiaus B 300 metpos. J{s onpesienienns BpeMeHu Ha ciiyTHHKaX GPS ycTaHOBIICHBI aTOMHBIE 9achl
croumocTbio Oosee 100 000 Teic. noyuapoB 3a MpuOOpP (A MOBBIIICHUS HAIEKHOCTH Ha KaXIOM
CITyTHHKE YCTAHOBJIICHO TI0 4 3K3eMIUIIpa TaKUX 4acoB). Mcronap30BaHWE CTOIb K€ YTOYHBIX YacoOB B
kaxaoMm npuemHuke GPS HepeanbHo. [loaTomy ans ompeneneHus KoopauHaT no crnyrHukam GPS
WCTIOJNB3YIOT CHUTHAJBl OT 4-X CIIYTHHKOB, YTO JaeT 4YeThipe lypaBHEHUWS Ui omnpeneneHus 4-X
HEM3BECTHBIX - TPeX MPOCTPAHCTBEHHBIX KOOPJMHAT NMPHUEMHUKAa M MOMEHTAa BPEMEHH MOJIY4YECHHUs



CHUI'HAJIOB.

Tonvzosamenbckutl ceemenm cucmembvl 2100A1bHOU HABULAYUU

[Tpuemuuk GPS comepXHUT NpOLECCOP CUTHAJIOB, KOTOPBIA BBIACISAET HEOOXOAUMYIO
MHPOPMAIIMIO U3 3aKOJAWPOBAHHOTO CHTHAJIA, MPHHATOTO C OPOUTBI, © MUKPOKOMIIBIOTEP, KOTOPBIH
BBIUUCIISICT TONPABKH HA 3a/IepXKKy CHrHaja B HOHOchepe penstuBucTckue 3¢ dexrsl. B mamsaru
MUKPOKOMITBIOTEPA XPAHUTCS HHPOPMALIUS O MapaMeTpax CITyTHHKOBBIX OpOMT, 3eMHOU aTMocdepe u
¢dopme noBepxHocTH | 3eMHOTO reouaa. Ml pacCMOTPUM TOJBKO T€OMETPUYECKYIO0 CTOPOHY 33a4H -
OIpeJieJIeHue KOOPAMHAT W BPEMEHHM IO CHTHAJIaM TOYHOTO BPEMEHH, TMOJYYCHHBIM C | udeThIpex
CILyTHUKOB, COBMECTHO C MH(OpMalMeil O MOJOKEHUH CITyTHHKA Ha MOMEHT | M3iyueHHs CUTHaJA.
AHaAIMTHYECKOE PEIICHNE TPUTOHOMETPHUYECKON 3a/1a4H IPUBOJIUT K CUCTEME YETHIPEX YPAaBHEHHM JIJIs
YeThIPEX BEJIMYMH - TPEX KOOPAMHAT NMPHEMHHKA M BPEMEHH IpPUEMa CUTHAJIA, IPUYEM YpaBHECHUS
HeJIMHEHHbIe. 3a/jaya MOXET OBITh PElICHa METOAOM IIOCIIE0BATEIbHBIX MPUOIKEHUH. 3aMepbl
IPOM3BOAATCA © JOCTATOYHO YACTO, a CKOPOCTh JBMKEHHS HPUEMHHKA HeBeluka. IlosTomy
JIOTHYECKOMY YCTPOHCTBY MPUXOIUTCS MOTPYAUTHCS TOJBKO B CTAJIMH HAYAIbHOW HHAIIMAIN3AIUH TIPU
3amycKke cUucTeMbl. JaibHeiie onpeieneHust MOJIOKSHHs TPOU3BOUTCS «B OJHO KacaHUE», KaK MBI
YBHJIUM B XOJI€ BBITIOJTHEHUS 3TOH PabOTHI.

Hmeem 4 criyTHHKA, HyMepalusi KOTOPbIX HAYMHACTCS ¢ HYJIeBOro. KoopAMHATHI CITyTHUKOB:

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

Koopnunater GPS-ipuemnnka: RX, Ry, Rz.

PaccTostHUSI OT CITyTHUKOB JI0 TPUEMHUKA!

RO=V[ (SOx-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]

Beenem BenmuuuHbl Pi, COOTBETCTBYIOIME pACCTOSIHUIO OT CIIyTHHKa 10 MPUEMHHUKA,
BBIUUCIICHHOMY KaK IPOU3BE/ICHIE BPEMEHH PACIIPOCTPAHCHUS CUTHAJIA OT CITYTHHKA JIO TPUEMHUKA Ha
CKOPOCTh pacipoCTpaHeHus (CKOPOCTh CBETa), IPUYEeM MOMEHT IOJIy4eHHUsI CUTHAJIA OepeTcs 1Mo yacam
NpUEMHUKA 10 BHECCHHS KOPPEKIMM B TOKa3aHWs YacOB Ha OCHOBAaHWM OSTHX BBIYHCICHUH. B
tepmuHoiorur GPS 3TH BeMYMHBI Ha3bIBAIOTCS MCeBa0AaIbHOCTH (PSeudoranges).

MaccuB Li ompenmensiercss Kak pa3HHIA MEXKIY COOTBETCTBYIOIIMMHU BBIYUCISIEMBIMH IO
KOOPJIMHATAM PACCTOSIHUSIMH U MICEBIOJATBHOCTSIMH (BBIYMCIISIEMBIMU IO BPEMEHH PACTIPOCTPAHEHUS]):

Li=Ri - Pi

[Monubie mpousBomHbie Li 1O BpeMEHHM MOTYT OBITh BBIPAXKECHBI 4Yepe3 MPOU3BOJHBIC MO
HaIpaBJICHUSM:

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= - (SOy-Ry)/Ri; d(Li)/dRy= - (SOy—RYy)/Ri; -<9(Pi)/dt=I

Ckopocth cBera C=1, vactHeie mpom3Boaubie O(Li)/dRX, ... mo koopmuHatam npreMHHKA
o6o3navaem DXi, Dyi, Dzi, u Dti (Dti=-1). Dtu k03 durmeHTs cocTaBasoT Matpuiy: A=1 |

| DxO DyO DzO DtO |

| DxI Dyl Dzl Dtl |

| Dx2 Dy2 Dz2 Dt2 |

| Dx3 Dy3 Dz3 Dt3 |

[MonHas mpou3BoaHas BeMWYMH Li 10 BpeMEHH, YMHOXKCHHAS HA YXOJ YacOB, JAeT BEIUYUHY
cobctBeHHo Li (B mpennonoxennu ux manoctu): d(Li)/dt « At =Li, ad(R)/dt« At= AR, rne AR - BexTop
MPOCTPAHCTBEHHOTO CMEMICHUS TIOJIOKESHHS MPHEMHUKa, COOTBETCTBYIOIIETO 33/IaHHOMY YXOIY 4acoB
NPUEMHUKA, JOIOJHEHHBI YEeTBEPTOW KOMIIOHEHTOH - 3HA4Ye€HHEM yXoJa YacoB IPHEMHHKA.
BeipaskeHHOE uepe3 YaCcTHBIC IPOU3BOIHBIC TI0 HAPABICHUSAM U BPEMEHH, 3TO COOTHOIICHUE TIPHUBOIUT
kK ypaBHeHHIO A»AR = L, xoTopoe HeMeIUIeHHO NMPHBOAUT HAC K PEIICHHIO, JAIOIIEMY IEPBYIO
UTEPALINIO ONPEENICHUS MOJI0KEHUS TPUEMHHKA U Koppekiuu ero yacoB: AR = A-1-L.

BHyTpeHHsIsI CTpYKTypa HaBUTaIIMOHHOTO TIPHEMHHKA

PPS (Pulse Per Second) - 3To curHaji TOYHOH BPEMEHHOH CHHXPOHHM3AIMH TMPHEMHHKA WIIH
cekyHHast MeTKa (1PPS) - umMmynbCHBII cUTHA IPSMOYTOJIBHOM (POPMBI, TOISPHOCTH MOJI0KUTEIbHAS,



MepHO] MOBTOPEHMS | C, AMUTENBHOCTHIO 2 MKC, amrututyaa 3,0 + 0,5 B, conmpoTuBneHmne BXxo1a/Beixoa
50 Om.

Mapkep coobiTus (Event Marker) - mo3Bossier cOXpaHuTh B TAMSATH PUEMHHUKA TOYHOE BPEMsI
Y KOOPJAMHATHI HACTYIUICHHS] HEKOT'O COOBITHS, CBI3aHHOTO C YCTPOWCTBOM, MOAKIIOYEHHBIM K 3TOMY
Bxony. Hampumep, MOMEHT cpabaThiBaHHS 3aTBOpa Kamepbl OyJeT TOYHO MPUBS3aH KO BPEMECHH U
KOOpJuHaTaM, Korja Obul cienaH cHUMOK. [Ipumensercs mupoko B a’spodOoTOChEeMKE U B JAPYTUX
MPUIIOKECHUAX,, TPEOYIOIINX PETHCTPALUU COOBITHS.

RTCM, CMR, CMR+, NMEA, JPS - ctanaapTbl 0TOOpa)KeHHUS 1 TIPEICTaBICHUs] HHPOPMAIIUH,
MCIOJIb3YEMOM MPH PA3TUIHBIX METO/IaX MO3UIIMOHUPOBAHUSI.

Heszasucumo ot tuma cucremsl (GPS/ITJIOHACC) u wacrorHoro muamnasona (L1/L2 u ap.), B
CTPYKTYpE€ HaBHTAITMOHHOTO NMPUEMHUKA MOXHO BBIJICIIUTh JIBA OCHOBHBIX MOAYJISI: PaIrO4acTOTHBIN
0JI0K 1 UPPOBOH BEIYHCIUTEND (pHC. 6)

Pucynox 5.6 - YnporieHHasi CTpyKTypHasi cCxema HaBUTal[MOHHOTO MPUEMHHKA

Tipmesumk ALl :>

PamnouacToTHBIN OJIOK COCTOUT M3 TPECENICKTOPa, MPEICTABIISIOMICTO COO0M MAaIOITYMSIIIHA
YCWJINTENb, COBMEUICHHBI KOHCTPYKTHBHO C aHTEHHOW, M NPUEMHHUKA, pa3MelaeMoro Ha OJHOMI
neJaTHOH miare ¢ U poBsIM BeraucauTenaeM. LndpoBoii BoIYKCAUTENb, B CBOIO OYEpE/b, COCTOUT U3
3aKa3Hoil uHTerpabHoit Mukpocxembl (ASIC), Ha KOTOPOU MOCTPOCHBI KOPPEISATOPBI M POLIECCOpPa, B
KOTOPOM COOCTBEHHO pelIaeTcsl HABUTAIIMOHHAS 331a49a U (POPMUPYIOTCS YIIPABIISIONINE CUTHAIBI 15
ASIC.

5. IIpakTHYecKas 4acTh

1. BuuMarTeabHO 03HaKOMBTECH C OITMCAHUEM CTCH/JAa U HA3HAYCHUCM OPIraHOB YIIPAaBJICHUS.

Bxarounte crenn. IlomensiiTe HampaBlieHHE Mepefadyd JAaHHBIX, HPOJUCTAWTE OKHA Ha
BCTPOCHHOM JIACILIEE.

[loaxmtounTe MOAYAb K KOMIBIOTEPY. 3allyCTUTE CEpPBUCHYIO mporpammy. IIpocmotpure
3aKJIaJIKU U IMTYHKTBI MCHIO.

Ouiin  Hacwpoiss  Msssep
Yrpesnerme:

Nepeseryex | Boeon sseas | 17PS | Crywemn | Cootuesas | T, | Towoen. | Lo peorea | AGPS | Negeserins | Tooree|
Bomon mavewx

Wes () (Zerwocms | [ Yewrems |

S —

Eevraznoe!

Bowon NMEA vepes USB poctynes Tomexo v mogynax MLBDESS

Cxopocw ofmessa no nopty NMEA:

Cropoce: | v [ erwocm | [ Yermm |

Barpysca kavana: -

FMOHACC
o888

o888

Mocnegosarenssesii nopr: -

PucyHnok 5.7. BHemHM BUA CEpBUCHON MPOTrpaMMBbI




OO0BsicHUTE, YTO OTOOpaKAETCS HAa SKPAHE TUCILIES U KOMITBIOTEpA.
5. KoHTpoJIbHBIE BOIIPOCHI

5.1 Kakyro unpopmanuio nepeaaroT CIyTHUKY O3ULMOHUPOBAHUA?
5.2 CKOJBKO MPUEMHHUKOB MOKET 00CTYKMBATh KaXIbIi CITyTHUK?
5.3 Kak mpoucxoauT BEIYUCICHUE KOOPIUHAT?

5.4 Yro Takoe «Mapkep COOBITHIIN?

IIK-5 Cnnoco0eH BbISIBJISTH U YCTPAHATH 00N U 0TKAa3bl BOBHUKAIOUIUX B CeTEBbIX YCTPOMCTBAX
HH(OPMALMOHHO- KOMMYHUKALMOHHBIX CHCTEMAaX
3naem:

- onpeoenerus u munvl paouopeetiHblX TUHULL,

- cocmae 060py008aHUS MALUCPATLHBIX, 6HYMPU30HOBLIX U MecmHbIX PPJI;
- MUNbl paouopeetnHblx CMaHyull;

- coeOuHUmenbHbie JUHULU TUHelHblX mpakmoe PPJI u menresuoenus.

Ymeem:
- NPUMEHAMb NPUHYUN OP2AHUZAYUU CILYIHCEOHOU C653U U MeNe0OCIYHCUBAHUS 8 CNeKmpe
paouopeneiinozco cmoaa,

- HNpPUMEHAMb npuHyun opcarnuzayuu C]ly.?fC€6HOI;l CeA3U U m€ﬂ€O6CJZy9fCLl661HMﬂ 6
meneeuU3uOHHOM cmeoie,

- NPUMEHRAMb NPUHYUN OpcaAHU3AYUU CJZnyC€6HOZZ ceA3U U m€ﬂ€06Cﬂy9fCu6aHZUl no omdeﬂbuomy
cmeoty Cﬂy.?fC€6H01:i C6BA3U.

Braoeem:

- MemoOuKou HOPMUPOBAHUS KAHAN08 nepedadu menesusuoHno2o eewjanus no PPJI
NPOU3BOILHOU CIPYKMYPbL U NPOMANCEHHOCMU,

- MemoOuKoUu HOpMUPOBAHUSL AHAN0208bIX U Yughposvix PPJI;

- MemoOuKoUu HOPMUPOBAHUS KAHANLO8 CTLYHCEOHOU CE53U.

[TpakTryeckas pabota no Teme «Ilocmpoenue npoghuna unmepeana, onpeoeneHue 8biCom noogecd
anmeHHy

3aganue:
1 [ocTpouTs mpoduiib HHTEPBATA, UCXO/IS U3 TAOIUIIH 1.
2 PaccuuTath npocBet B cBOOOgHOM TipocTpancTse HO.

3 Paccunrats npupamienue npocsera AH ( g )
4 BriOpath peanbHbIi npocset H.

5 OHpe,Z[CJ'II/ITB BBICOTY IOJABCCAa AHTCHH II0 YCPTCIKY HpO(pI/IJ'I}I HWHTCpBAJI4a, pacCUUTATb

OTHOCHTENbHBINA TIPOCBeT P ( g ).

Hcxoaubie JaHHBIC:
Hcxonubie qanHble MpuBeeHBI B TabmuIe 1.

Tabmuua 1 - BeicoTHbie oT™MeTKH Touek npodwmist uaTepBana y (Ki), m



BapuanTt K; = &
(mocemuss R
OTHOCI/ITGJ'IBHaH KOOp,I[I/IHaTa 0

Mbpa HOMEPa) (T T 65 [ 03 | 04 | 05 | 06 | 07 | 08 | 00 | 1

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

1 74 | 63 | 90 | 89 | 8 | 72 | 55 | 60 | 77 | 91 | 105

2 74 | 59 | 85 | 8 | 8 | 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 | 8 | 57 | 52 | 57 | 67 | 68

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

7 74 | 51 | 41 | 55 | 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

MeTtoanyeckue peKOMeHIAHM:
Jis mocTpoeHus MpOopWIs HHTEPBAIIA HEOOXOIUMO PACCUYMTATh JTUHHUIO YCIOBHOTO HYJIEBOTO
ypoBHs (JIVHY) o ¢popmyse:

R2 3
=R ri 11410
2a , (1)

rie RO - B3aTh 13 Ta0uUIBl | MPaKTUYECKOTO 3aHATHS 2;
a - paauyc 3emun 6370 cm.

Jlig moctpoeHuss HeoOXoauMoO BBIOpaTh MaciTad, Kak MpaBuiIo, 3TO 2 KM B 1 cM 1o
TOPU30HTAIN U 5 MM B 1 CM 110 BEpPTUKAJIN.

[Moctpous JIVHY, oT Hee BBEpX OTIOKUTH Y (MM OT TOPU3OHTAIBHOM OCH Yit+Ysuy).
CoenuHUTb NOJTY4YEeHHbIE TOUKHU JIOMAHHOW JIMHUEH (PO b HHTEpBajIa IOCTPOEH).
Haiitn 0THOCUTENIBHYIO KOOPAVHATY HAaUBBICIIEN TOUKH Kmax.

OmnpenenuTs NPOCBET HHTEPBAJIA /171 caydast CBOOOHOTO MPOCTPAHCTBA:

1
HO = \/_lRoKmax(l_ Kmax)
3 M, (2)
_300
fO

2

A
M, ©)

rae fO - vactora B MI' (M. Tabmuiy 1 mpakTudeckoro 3aHsTus 1).

Onpenenuth mpHpalieHue MPOCBETa 3a CUET MOJOXKHUTENbHON pedpakiuu 11t 50% pabdouero
BPEMEHU:

2
_Ros

4 E*Kmax(l_ Kmax)

, (4)

rac g - BCpTHKaHLHLIﬁ rpaiuCHT U3 Ta6J'II/II_U>I 1 MPAKTUYCCKOI'0 3aHATUA 2.

AH(g) =



PeanbHbIN TpOCBET BHIOpATh B IIpeaeiax:

H=(1+18)H, ~AHg) -

BriOpannyro Bennunny H OTIIOKUTH BEPTHKAJILHO BBEPX M MIPOBECTH JIMHUIO TaK, YTOOBI BHICOTHI
[10JIBE€Ca aHTEHH ObUIM IPUMEPHO paBHbI. HaliTh ux BeIMUYMHBI, UCXOAS U3 MacluTala.
Onpenenutb OTHOCUTENBHBIN IPOCBET:

T, ©)

Jlaboparopnas pabota o teme «H3yuenue ycmpoiicmea yugposou PPJI, pabomarowetl 6 uacmomuom
ouanaszone 17,7-19,7GHz»

1 Hean padoThI:

1.1 W 3yuyeHue CTPYKTYpHOM CXEMbl paJMONPUEMHOTO YcTpoiicTBa aHanorosbix PPJI (Ha
npumepe KYPC-8-0).

1.2 H3yueHune METOJOB KOHTPOJS M M3MEPEHUH PaAHONPUEMHHKA [0 BCTPOSHHBIM MpUOOpam
(KYPC-8-0).

2  Jluteparypa:

2. 1. Marnuukwii, b. H. CiyTHHKOBBIE U pajiopeneiiHbIe CHCTEMBI CBsI3M @ ydeOHoe mocodue / b.
H. Marnuukwuii. — HoBocuOupck : CHOMpPCKU roCy1apCTBEHHBIN YHUBEPCUTET TEICKOMMYHHUKAIMHA
uHpopmaruku, 2019. — 184 c. — Tekcr : snexTponsslii // Lludpposoii odpazoBatensHbIii pecypc IPR
SMART : [caiit]. — URL: https://www.iprbookshop.ru/102137.html (gara obpamenus: 06.06.2023). —
Pexxwum noctyna: st aBTOpU3HP. TIOIB30BaTENEH

2. 2. XykoBckuii, A. I'. CnyTHUKOBBIE U paJiuopelieiiHbIe CUCTEMBI IIepeiayudl : yueOHoe mocodue
/ A. T. XykoBckuit. — Mocksa : Aii [Ilu Ap Memua, 2022. — 249 c. — ISBN 978-5-4497-1710-8. —
Texcr : snextponnslii // LudpoBoit oOpasoBarensHblii pecypc IPR SMART : [caiit]. — URL:
https://www.iprbookshop.ru/122226.html (mata oOpamenus: 26.07.2022). — Pexum npocrtyma: s
aBTOPH3UP. MOJIb30BaTeNeiH

2.3 Texuuveckoe ONMMCAHNE U HHCTPYKIIHS 110 KCIUTyaTallud 000PYI0BaHUS.

2.4 KoHCHEKT NeKIui 1o Kypcy.

3  IloaroroBka K BbINOJHEHUIO PA0OThI:

3.1 Tlo KOHCIEKTy TIOBTOPUTHh CTPYKTYPHYIO cXeMy (YIPOIICHHYIO) pPaaroO-IPUEMHOTO
ycrpotictBa PPCII.

3.2 U3yuuth crienupuKy NOCTpOEHHs FeTepOJMHHBIX TPaKTOB prueMHuKoB PPCII.

4 3apaHue:

4.1 Tlonp3ysick CTPYKTYPHOM CXEMOW paJuONPHEMHOIO YCTPOHCTBA, U3YUYUTh KOHCTPYKIIHIO
npueMHuKa Ha ctoiike [IMIIq 1 TpakThl MPOX0XKIEHHS MTOJIE3HOTO CUTHAIA U CUTHAJIA FeTePOIMHA.

4.2 BrirrouuTh anmapaTypy H [0 CTOCYHBIM MPHUOOpaM MPOBEPUTH €€ paboTOCTIOCOOHOCTS.

5  ConepxkaHnue oTuyera:

5.1 Ienb paGoTHL.

5.2. TlpuBecTu cxemy AJIEKTPHUUECKYIO CTPYKTYpHYIO paauonpuemHoro ycrpoiicta PPC. Ha
cxeme ykaxure yactotsl fc mp, fret. np. u frks.

5.3 3ammmmre pe3ynbTaThl H3MEPEHHI.



6  Ilopsiiok BbINOJIHEHHS PA0OTHI:

6.1 W3yuuTe CTPYKTYpHYIO CXEMy NpPHEMHHKA, HAWIWTE OCHOBHBIC OJIOKH W JJIEMEHTHI Ha
croiike obopynoBanus PPC. OTBeTuTh Ha BOIPOCHI ITPEMOTaBATEIIS.

6.2 Osnakomutcs ¢ TpeOOBaHUSMHU MO0 TexXHUKEe Oe3omacHoctn mpu pabore Ha PPJI
000pyI0BaHUH.

Bxitouenune mnpoBOAWTH TOCHE U3YYEHHUs anmapatypbl C pa3pelieHs MpenojaBaTels,
MIpe/IBAPUTENILHO BHEIIHUM OCMOTPOM IPOBEPUTH 3a3E€MIICHHUE.

6.3 TymbOneps! [ Bk reHepaTopoB KBapIIEBBIX YCTAHOBUTH B MOJIOKEHUE «BBIKI.

6.4 IlogaTh Ha BBEIIPAMUTEIHLHOE YCTPONCTBO MepeMeHHOoe HanpsbkeHue 220B (mHyp nuTaHus
BKJIFOYUTH B PO3ETKY) MPU 3TOM JOJIKHA 3arOpeThCsl JIAMIIOYKA UHIUKATOpa HAIIPSKEHUS Ha MepeaHeit
MTaHEJU BBIIPSIMUTENBHOrO ycTporcTBa. Hanpskenune nuranus «-24B» nogaercs Ha BXOJ CTOMKH.

6.5 IlpoBeputs HampshDKeHUE MUTaHUS HAa BX0Je cToriku [ImI11-8-0 mo uaankaTopHOMy iprbopy
0sioka koHTpoJs. st ATOoro HeoOX0aMMO HaxaTh KHONKH “-24B” Ha Onoke koHTposs. Ilokazanus
npubopa JOKHBI OBITh B mpenenax 40-60MKA.

6.6 IlocraButh TymMOnep Ha 6moke I'KB B monoxkenue “Bki”. [IpoBeputs Hanpsokenue —18B mo
M3MEpUTEIBHOMY NPUOOPY Ha O10Ke KOHTpos. [lokazanus 1omkHbI ObITh B mpenenax 40-60 MKA.

6.7 IlpoBepurpb HamW4Me HIM OTCYTCTBHE IIOJIE3HOTO CUTHAJla HA BXOJE IpeoOpa3oBaTeis
npuema.

6.8 OOwsacHuThs Hanmuume curnana [1Y4 u curnana gemoaynstopa [14.

7  KoHTpoJibHBIE BONPOCHI:

7.1 KakoBbI OCHOBHBIC (PYHKIINU PAAUOTPUEMHOTO YCTpOiicTBa?
7.2 KakoBo Ha3HaueHHE U 0COOEHHOCTU CMecuTenel mpuema?

7.3 Tlo kakoii cxeme 1 moueMy BBITIONHsIeTCs Kackan YIIY 17

7.4 Yto HazbBaloT K03 dunueHToM nryma npuemuuka PPCIT?

7.5 OObBscHUTE Ha3HAUYCHHE U PAOOTY 3aMEIAIOIIETO reHepaTopa.
7.6 OOBscHuTe padoty cxembl APY ¢ 1MOAHBIMU aTTEHIOATOPAMHU.

41. TunoBble MaTepuajdbl sl TPOBeIEHUS] TMPOMEKYTOUYHON  aTTecTaluu
o0yuaruuxcst

ITK-1 Cnoco0eH k npoBeAeHHUI0 NPOPHIAKTHYECKHX PAa00T HAa 000PY10BAHMH CBSI3H

3naem:

- NPUHYUNBLI NOCMPOEHUsi U pabomvl cemell CBA3U, A MAKHCE COCMA8 CMAHYUOHHOZO
0bopyoosanus;

- cmaHoapmul Kavecmea nepeodadu OAHHbIX, 20710Ca U BUOEO, NPUMEHAEMBIX 8 OPaAHU3AYUU
cemu ces3u;

- 3axonodamenvcmeo Poccutickoti @edepayuu 6 obracmu casu,

- NPUHYUNBLL pAbOMbl U APXUMEKMYPY PAZTUYHBIX UHDOKOMMYHUKAYUOHHBIX CUCTEM.

Ymeem:

-UCNONIL308AMb MUNOBYIO CXeMY U3MePeHUsl KOdpduyuenma ycunenus aHmerHvl U Mmunogyio
UMepUmenbHyl0 annapamypy, 00ecnedusarouiyio HeooxXoouMyr MoOYHOCMb UBMEPSAEMbIX GEIUYUH 8
pabouem ouanazoxe yacmom,

- UCNONb308aMb MUNOBYI0 CXeM) UMepeHUs Kodgguyuenma cmosdell 8071Hbl AHMEHHbl U
MUNOBYI0 UMEPUMENbHYIO annapamypy, 00ecnedusanuyio HeoOX0OUMYH MOYHOCIb USMePAeMblX
geUUUH 8 pabouem OuanazoHe 4acmom;



- UCNONIb308AMb MUNOBYIO CXeM) UBMEPEHUs OUudzpammvl HANPABIEHHOCU AHMEHHbl U
MUNOBYI0 UMEPUMENbHYIO annapamypy, 00ecnedugarowylo Heobxo0umylo MmouYHOCMb UIMEPAEMbIX
geuuUH 8 pabouem OUanazoHe 4acmoni;

- BLINOIHAMb paAcyem NPONYCKHOU CNOCOOHOCMU cemell MeleKOMMYHUKAYUU,

- HAacmpausamu cxembvl pesepeuposanus 0oopyoosanus PPJI;

- BbINOJIHAMb YACMOMHO MEPPUMOPUATbHOE NIAHUPOBAHUE cemell CE53U.

Bnraoeem:

- Memooom usmepeHnust Koaghguyuenma ycunerus anmernol PPJI;

- Memooom uzmepenus Ko3gguyuenma cmosye 601Hvl anmentwvl PPJI;
- MemoOoOM UMepeHus Ouazpammsl HanpasienHocmu anmenusi PPJI.
Tema ons ouckyccuu.: Boib6op onmumanbHOU cxembl 6bINPAMUMEIIAL.

ITIK-5 Cnioco0eH BBIABJIATH H YCTPAHATH COOM M 0TKA3bl BO3HMKAIIIMX B CETEBbIX YCTPOHCTBAX
HH(OPMANMOHHO- KOMMYHMKALMOHHBIX CHCTEMaX
3naem:

- onpeoeneruss U munvl paoUOpPenetiHblX JUHULL,

- cocmaeg 060py008aAHUS MALUCPATLHBIX, 6HYMPU30HOBLIX U MecmHbIX PPJI;
- MUnbl paouopeetnHbix CMmaHyuil;

- coeOuHUmenbHble TUHUU TuHelHblx mpakmog PPJI u menesudenus.

Ymeem:
- NPUMEHAMb NPUHYUN OP2AHU3AYUU CILYIHCEOHOU C653U U MeNe0OCIYHCUBAHUS 8 CNeKmpe
paouopeneinoco cmoaa,

- HNPpUMEHAMb npuHyun opcanuzayuu CﬂyOfC€6HOL7 CeA3U U m€ﬂ€O6CJZy9fCLl661HM}Z 6
meneeuU3uOHHOM cmeoie,

- NPUMEHAMb NPUHYUN OP2AHU3AYUU CLYHCEOHOU CBA3U U MENEOOCTYIHCUBAHUS NO OMOETTLHOMY
CMBOY CILYHCEOHOUL CEA3U.

Braoeem:

- MemoOuKou HOPMUPOBAHUS KAHAN08 nepedauu menesusuonHo2o eeuwjanus no PPJI
NPOU3BOILHOU CIPYKMYPbL U NPOMANCEHHOCMU

- MemoOuKoUu HOPMUPOBAHUSL AHAN0208bIX U Yupposvix PPJI;

- MemoOuKoUu HOPMUPOBAHUS KAHANLO8 CTLYHCEOHOU CE53U.

TurmoBkle BOIIPOCHI ¥ 3aJIaHU K 3a4CTy.

1. [TpuHIUIBI TOCTPOCHUS PAAUOPETEHHON CBA3U U CITyTHUKOBOW CBSI3U, KJIACCH(HUKAIIHS,
JVAINa30Hbl IPUMEHSIEMBIX YacCTOT.

2. [Tepenaroiee 060opynoBaHKUE TEIEBU3UNOHHOTO CTBOJIA aHanoroBoii PPJI.

3. UYreHne NpUHIUIHAIBHON CXEMBI

4. [Tnans! yactot Ha PPJI (pacnipeaenenue 4acToT MeX1y CTAaHIUSMHU B OTHOM CTBOJIE U MEXIY

CTBOJIAMH OJTHOUM CTAHIIHH).

S. Tponocdepusie PPJI

6 YreHre CTPYKTYPHOH CXeMBI YaCTOTHOTO MOJYJISITOpA U JEMOIYJIATOpA

7. OcHOBHOE ypaBHEHHE PAHOCBI3U JJIS YCIOBHI CBOOOIHOTO MPOCTPAHCTBA.
8 CornacoBaHue B BOTHOBO/AX, (DeppUTOBBIC BEHTHIIN H IUPKYIATOPHI.



9.

Yrenue HpHHHHHH&HBHOﬁ CXCEMbI HaCTOTHOTO MOAYJISATOpa

10. [TonsiTe MHOXUTEINS OcaabieHuss V 1 MUHIMAJIBHO JOTTYCTUMOTO MHOXHUTENS OCIIA0ICHUS
Vmin gor..

11. Hupkynaropel PPCII, meneBbsie MOCTBI, HA3HAYCHHE.

12. YreHue CTPYKTYpPHOI CXEMBI YACTOTHOTO JETEKTOpa C (pa30BOi aBTOMOACTPOIKON YaCTOTHI.
13.  Tunsl untepBanos Ha PPJI, nonoxurenbHas u oTpuLaTenbHas peQpakuus; IPUYHUHBL,
BIIUSIIOLIUE HA YCTOMYMBOCTD CBS3H.

14.  HasnaueHue CMHYC KBaJpaTMYHOI'O UMITYJIbCA

15. Kak opranuzosares TB Bemianue B TpyAHOJOCTYIIHONM MECTHOCTH?

16.  I'mnorernueckue stanonssle nenu (I'OL]), pacckas3ate o pa3naTOYHOMY MaTepHaTy AJs
MaructpaibHbix PPJI PO.

17. Ha3nauenne nmnynasca cunyc 20T

18. YUreHue npUHIUMINAIBHOU CXEMBI

19.  OcobenHocTu nepenayu TeIEBUACHUSA IO PAJUOPEIEHHOM JTMHUN, POJIb IPEIUCKAKEHUH.
20. YreHne CTpYKTYpHOU CXEMbI IPUEMHOM 36MHOM CTAaHLIMHM CIIyTHUKOBOW CBS3U

21.  YreHue NpUHUUNHAIBHON CXEMbI YCHIIUTEIS IPOMEXYTOUYHON YaCTOThl HAa TPAH3UCTOPAX.
22, CrpykTypHas cxema IpueMHUKa OKOHEYHOU CTaHIMH aHaiorosbix PPJI

23.  ABromaruueckas perynupoBka ycuienus. [lo cxeme KYPC

24.  YreHHe CTPYKTYPHOH CXeMbI MOYJISITOpPA HA TEHEPATOPax yIMpaBIsieMOr0 HAPSHKSHUS

25.  OcCHOBHOE ypaBHEHHE PaJHOCBA3U JJIsl CIIyTHUKOBBIX CHCTEM CBSI3H (Y4aCTOK PETPAHCIATOP —
3emiis1), IuarpaMma ypoBHEH.

26.  CornacoBaHu€ B BOJHOBOJAAX, (peppUTOBbIE BEHTHIU U LIUPKYIATOPHI.

27. UreHne NpUHLMNNUAIBLHONU CXeMbI (QUIIbTPA MIPOMEKYTOUYHON YaCTOTHI

28.  CrpykrypHble cxembl nepeaTunkoB OPC aHanoroBbIX paguopeaeiHbIX JIUHUHN CBS3H.

29. Hapucyiite BpeMeHHYI0 JuarpaMMy Ha BXOJI€ IPUEMHUKA aHaoroBbix PPJI

30. Ha maute PPJI oqHa anTeHHa, Kakoi 3TO BUJ CTaHIIMHU

31. Crpykrypnas cxema [IPC ¢ ogaum reneparopom CBY u renepatopom casura.

32.  HapucyiiTe BpeMEeHHYIO MarpaMMy CUTHAJIOB Ha BBIXOJIE MepeaaTyuKa Juist ananorossix PPJI.
33.  UreHHe NpUHIUITHAIBHON CXEMBI

34. Crpykrypnas cxema [IPC ¢ nByms renepatopamu CBY.

35. Kakwue nrymsl v nouemy siBJsitoTcst ocHOBHBIMU Ha PPJI (ocoOeHHO B citydasix ¢ 3aMUpaHUSIMHU)?
36. Ha maute PPC 1Be aHTEHHBI, KaKO! THUI CTaHIIUU BbI MPEIII0JIaracTe

37. Crpykrypnas cxema [TPC ¢ ycunennem va CBY.

38. ITo pazpaTouHOMy MaTepuaiy pacckas3arb o TUIIoBoM kackane YIIU kommnekca KYPC

39.  CrpykrypHas cxema u(poBON paiOpeICHHON CTAHIIHH.

40.  O6ocHoBanue BbiOopa auanazona CBY mis PPCIT u CCII.

41.  AHTeHHBI paguOpeNIeHHbIX CUCTEM MEepeaayu, MapadoINuecKue U MePUCKOINYECKHE.

42.  YreHue NpUHUUIHAIBHON CXEMBbl YACTOTHOI'O IETEKTOpa

43.  CuHyC KBaJpaTUYHBIH UMITYJIbC TOHU3UJICS B J[Ba pa3a

44, Antennsl PPCII, PITA, u AJID

45. Mopaynsatop Ha OUEHUAX

46.  UreHue CTPYKTYpPHOH CXEMBbI

47. Mupxynstopsl PPCII, meneBbie MOCThI, Ha3HAYEHUE.

48. I'erepoaunHble TpakThl NpueMHUKOB PPCII

(ua mpumepe KYPC - 8 —0).

49.  YreHue NpUMHUMIHAIBLHON CXEMBbl YaCTOTHOT'O IETEKTOpa Ha OJJHOM auoie. HepocTaTku cxeMsl
50.  OCHOBHOIi TUI BOJHBI B TPSIMOYTOJIBHOM BOJTHOBO/IE, KPUTHYECKAs ITHHA BOJTHBI.

51, I'ereponunnble TpakTsl nepeaarynkos PPCII

(ua mpumepe KYPC — 8 - 0).

52. UreHne NpUHIUIHAIBHON CXEMBI

53. OO0BsicHUTE IPUHITUTIBEI OPTAHU3AIMHN CBSI3U ¢ TToMmoIsio PPJI mpsimoii BuauMocTH.

54.  Kakue BuAbI MOAYIISAIIUHN IPUMEHSIOTCS B cOBpeMeHHbIX PPJIL.



55.  YreHHe CTPYKTYpHOU CXEMBI

56. Koaddumument mryma npuémMuuka, cnocoOsl ero ymeHbieHus, Tunsl MITY.

o7. CrpyKTypHasi cxema NpUEeMHON CTaHIIMU CITYTHUKOBOH CBSI3U

58.  UreHHWe NpUHIMNHAIBHON CXEMBI

59. IIpuHUMI NENCTBUA OQJHOKOHTYPHOrO napamerpuueckoro MIIY.

60. CrpykrypHas cxema ydactka [{PPJI.

61. Kakue yacToTsl ucnosb3yrores i 30H0BbIX PPJI?

62. OcobenHocTu cMecutenel mpuéma, TpeOoBaHUS K HUM.

63.  Kakue auama3zoHbl 4aCTOT UCHOJB3YIOTCS IS MarucTpaabHbix PPJI?

64. TpakTt nmpomexxyTouHnoi yactotsl npuéMaKOB PPCII, cTpykTypHas cxema, 000CHOBaHWE
BbIOOpa ITY.

65. I'erepoaunnbiii TpakT npueMuuka PPC «Kypc-8-0».

66.  Henmocratku >mmntuaeckoit opoutst UC3 (KA).

67. OO6ocHoBaHHE BIOOpA reoCTallMOHAPHONH OPOUTHI CITYTHUKOB 3€MJTH.

68.  Paccka3zars 0 pabote rerepoanna nepenatunka KYPC — 8 — 0 (Mecto ycunurens B
TeTEPOJMHHOM TPAKTE).

69.  MHoroypoBHeBOE KOAMPOBAaHUE B IU(POBBIX PAIHOPEICHHBIX CUCTEMAX TEePEIayn.
70. CkpembnupoBanue nudposoro curnana B LIPPC.

71. Hasnauenue perenepatopos B LIPPC.

72. [TocTpoenue nudpoBoi pagropeneiiHON CTaHIUH.

73. UYewm onpenensiercss ypoBeHs mymos B LIPPJL.

74.  Yacrtubiit auanason 1mudpossix PPJI uepapxuit PDH u SDH.

75. Onexrponurtanue udpossix PPC.

76. Jlns yero npumeHsieTcs nepemesxenue nudposoro curnana B [[PPC.
77. Opranuzauusg Mouutopunra LIPPJI.

78. I'erepoaunnsiii Tpakt LPPC.

DaHK KOHTpOJIBHBIX BOIPOCOB, 33JlaHWM M WHBIX MaTE€pHAIOB, HCIIOIB3YEMBIX B IIpoLEcCe
IpOILelyp TEKYLIEro KOHTPOJS U MPOMEXKYTOUHOM aTTeCTallud HAXOIHUTCSA B y4eOHO-METOAMYECKOM
KOMIUIEKCE JUCUUIUIMHBI W/WIM TPEACTaBI€H B 3JEKTPOHHOM HH(OpMalnmOHHO-00pa30BaTeNIbHOM

cpene o URI: http://www.aup.uisi.ru/.

4.2. Mertoanyeckue MaTepuaJbl MPOBeJeHUs] TEKYIIEro KOHTPOJISI U MPOMEKYTOYHOI

arrecTaliy 00y4aommxcs

HepequL MCTOAUYCCKUX MATCPHUAIIOB [JIA TOATOTOBKHM K TCKYHWICMY KOHTPOJIO U

MPOMEKYTOUHOM aTTECTALINH:

1. MeTtoaudyeckue YKa3aHHd K BBITOJHCHUIO ITPAKTHYCCKUX pa60T 10 JUCIHHMIIIIMHE «Cetn n

cucteMsl pagrocsszuy. —URL: http://www.aup.uisi.ru/.

2. MeTtoaudyeckue YKa3aHHd K BBIITOJIHCHUIO J'Ia60paTOpHLIX pa60T IO AUCHUIIIIMHE «Cetn u

cucreMsl pagrocsszuy. —URL: http://www.aup.uisi.ru/.
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