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1. Hepeqeﬂb KOMIIeTeHIINii 1 HHAUKATOPOB UX NOCTUKCHUSA

[Tpornecc n3yueHus TUCIMIIMHBI HAIIPABJIeH HAa (OPMHUPOBAHHUE CIECTYIOIMX KOMICTECHIUI:

Konx n HaumeHoBaHue [IpenmecTByronue 3ramnsl
Kon u nHaumenoBanue
WHMKATOpa TOCTHKEHUS Oran (c ykazanuem
KOMITETCHIIUHT o
KOMITETCHITUI JMCIUTUIAH/TTPAKTHK)
IIK-1.2 3Haer MIPUHIIUIIBI
IIOCTPOEHHUSI, CTPYKTYPHBIE CXEMBI
IK-1 Cnocoben K P > CIPYKIYD ’
COCTaB u XapaKTepUCTUKU
IIPOBEICHUIO
TEJIEKOMMYHUKALHOHHOIO
MPOPUITAKTHIECKUX 1
o0opyaoBaHus, TIPUHIIMIIBI
pabotr Ha 00OpYHOBaHUH
B3I OpraHM3alMy  CUTHAJIM3allMM U
CUHXPOHU3AINH B
TEJIEKOMMYHUKALIMOHHBIX CETAX
[1K-5 Cnocoben
BBISIBJISITh M YCTPAHSTH
coon " orkaser | TIK-5.1 3Haer APXUTEKTYpY
MIAPAaTHBIX, IMPOTPAMMHBIX u
BO3HHKAIOIIUX B CETEBBIX | - 1aPd > Hporpa
. TPOTPaMMHO-aNMapaTHbX ~ CPENCTB | 4
TPOUCTBAX
yerpouctsa aJIMUHUCTPUPYEMBIX CETEBBIX
MH(pOPMALHOHHO- yCTPOMCTB UH(POPMAIIMOHHO-
KOMMYHHUKAalITUOHHBIX TEICKOMMYHHUKAIIMOHHBIX CUCTEM
CUCTEM

dopma NpOMEKYTOUHON aTTECTALNHU 10 JUCIUIUINHE — DK3aMEH

2. Iloka3aTenu, KpUTEPHH U HIKAJIBI OLeHUBAHUS KOMIIETEeHIUH

2.1. Tloka3arenem OLICHMBAaHU KOMIIETCHIIMI Ha 3TaIe ux (l)OpMI/IpOBaHI/I}I pU U3YyUYCHUU JUCHUIIIINHBI
ABJIICTCA YPOBCHB UX OCBOCHMUA.

I/IHZ]I/IKaTop 0CBOCHUSA
KOMIECTCHIIMH

IToka3aTeab OLlEHUBAHUSA

Kpurepnii oueHuBanus

[1K-1.2 3HaeT mpUHIUIIBI
IIOCTPOEHU,

CTPYKTYpHBIE CXEMBI,
COCTaB U XapaKTEPUCTUKHU
TEJIIEKOMMYHHKAIIHOHHOTO

o0opymoBaHus,

IMPUHIOUIIBEI OpraHu3anunu
CUTHAJTU3AIUH "
CHHXPOHU3AINN B

TCIICKOMMYHHUKAIIUOHHBIX
CETAX

3Haer:
- MPUHIMIMBI TOCTPOSHUS H
paboTHI ceTel CBSI3H, a TAKKe

COCTaB CTaHIIMOHHOTO
o0opyI0BaHUS;
- CTaHAapThl  KadecTBa

rnepefayn JaHHBIX, rojoca 1

BUJICO, TPUMEHSEMBIX B
OpTaHM3aLUH CETH CBSI3H;

- TpUHIMIBL  paboThl U
apXUTEKTYPy Pa3INIHBIX

MH(POKOMMYHHKALMOHHBIX
CUCTEM.

VYwmeer:

l. BrImonHeHBl BCEe MNPAKTHYECKHUE U
nabopaTopHble paboThl MO AUCLUIUIMHE B
COOTBETCTBUU C TPaPUKOM.

2. OdopMmileHBI OTYETHI 10 MPAKTUYECKUM
u 1a00paTOPHBIM pabotam B
COOTBETCTBUU C TPEOOBAHUSIMHU.

3. Ilpm  3ammre  7a0OpPATOPHBIX,
NpakTUYecKuX  paboT  dopmynupyer
BBIBO/IbI 110 TIOJTYYEHHBIM PE3yJbTaTaM.




-UCII0JIb30BATh THUIIOBYIO

cxemy W3MEpCHUs
kodpdunenTa  yCHICHUS
AQHTCHHBI u THUIIOBYO
M3MEPUTENIBHYIO amaparypy,
00eCIeunBarOIIy 0

HEO0OXO0TUMYTO TOYHOCTH

U3MEPSIeMBIX  BEJIIMYMH B
pabodem quamna3zoHe 4acToT;

- HCIOJIb30BaTh  THIIOBYIO
cxeMmy HU3MEPEHUS
kod(duimenra CTOsTUeH
BOJIHBI AHTCHHBI U THIIOBYIO
W3MEPUTENBHYIO alaparypy,
00€eCTIeunBarONIy 10
HEOOXOIUMYIO TOYHOCTh
HU3MEPSIEMbIX  BEJIIMYMH B
paboueM auanazoHe 4acToT;

- HCIIOJIb30BaTh  THIIOBYIO
cxeMmy HU3MEpEHUs
JarpaMMbl HaIIPaBJICHHOCTH
AQHTEHHBI u THUIIOBYO
W3MEPUTENIBHYIO allaparypy,
00eCTeunBarOIIy 10
HE0OXO0TUMYTO TOYHOCTb
HU3MEPSIeMbIX  BEIMYMH B
paboueM Juamna3oHe 4acToT;

- BBIMOJIHATH pacuer
MPOMYCKHOM  CIOCOOHOCTH
ceTel TeJICKOMMYHHKAIIHIA;

- HaCcTpanBaTb CXEMbI
pe3epBUPOBAHHUSI
obopynosanus PPJI;

- BBITIOJIHATH JaCTOTHO
TEPPUTOPHUATILHOE

IIJJAHUPOBAHUE CETEM CBS3H.

Bnageer:

- METOJIOM WU3MEPEHUS
koapduLreHTa  yCUIICHUS
aHnTeHHbl PPJI;

- METOJIOM  HM3MEpEHUs
koa¢dunrenta cTosTuen
BOJIHEI aHTeHHEI PPJI;

- METOJIOM WU3MEPEHUS
JTUarpaMMbl HaITPaBICHHOCTH
anTeHHsl PPJI.

IIK-5.1 3Haer
apXUTEKTYPY
amnmapaTHBIX,
IIPOrpaMMHBIX 51

MIPOrpaMMHO-aMNMAapaTHBIX

3Haer:

- OMpCACIICHUA )41 THIIBI
paauopeneiHbIX JIMHUM;

- coctaB  00OpyIOBaHUs
MarucTpaibHbIX,

1. BbIlOTHEHBI BCE MPAKTUYECKHE U
naboparopHbie pabOThI IO AUCIHUILTAHE B
COOTBETCTBHUU C TpaduKoMm.




CPEICTB
aJIMUHHUCTPUPYEMBIX
CETEBBIX YCTPOMCTB
MH(pOpPMaIMOHHO-
TEJIEKOMMYHHUKAIIHOHHBIX
CUCTEM

BHYTPU30HOBBIX U MECTHBIX
PPJI;

- THUIIBI
CTaHIIVH;
- COCIHUHUTEIIbHbIC JIMHUU
JuHeHbIX TpakToB PPJI u
TEJICBUICHUS.

panuopenenHbIX

YmMmeer:

- IpPUMEHATh  MPUHIMI
OpraHu3aIH CITy>KeOHOH
CBSI3U U TeNIe00CITy)KUBAHUS B
CIIEKTpE paluopeENEnHOro
CTOJa;

- TPUMEHSTh  TPUHIIMII
OpraHu3aluu CITy’KeOHOI
CBSI3M U TENEOOCITyKUBaHUS B
TEJIEBU3MOHHOM CTBOJIE;

- TIpPUMEHATh  MPUHIMII
OpraHu3alu CI1yKeOHOM
CBSI3U U TeJIe00CTyKUBAHUSA
M0  OTJCNBHOMY  CTBOJY
cirykeOHOil CBSI3U.

Bunapneer:

- METOJMKOW HOpPMHUPOBAHUS
KaHaJIOB nepenadu
TEJICBU3MOHHOTO BEIIAHMS 110
PPJI IIPOU3BOJILHOU
CTPYKTYpbI u
MPOTSKEHHOCTH;

- METOJMKOW HOPMHUPOBAHUS
aHAJIOTOBBIX M IM(POBBIX
PPJI;

- METOJMKOW HOPMHUPOBAHUS
KaHAJIOB CTY>KEOHOH CBS3H.

2. OopmIteHBI OTYETHI 110 TPAKTHUESCKUM
u J1a00paTOPHBIM paboram B
COOTBETCTBUU C TPEOOBAHUSIMH.

3. Ilpm  3ammre  1aOOPAaTOPHBIX,
NpakTU4YecKux  pabor  dopmynupyer
BBIBO/JIBI 110 TIOJYYEHHBIM Pe3yJIbTaTaM.




[IIxana oneHuBaHMS.

5-0aaanHafg mKaJaa

Kpurtepuu onenkn

OTau4HOo «5»

1. CamocTosTeNbHO U NPABUIBHO OTBETHII HA IIOCTABJICHHbIE
TEOPETUYECKHE  BONPOCHI  JK3aMEHAIlMOHHOro  Ousera.
VYBepeHHO, JOrMYHO, MOCIEI0BATENBHO U apIyMEHTHPOBAHO
u3jaraeT cBo oTBeT. MOXeT OTBETUTh Ha JONOJHUTEIbHbIE
BOIIPOCBI.

2.  CaMOCTOATENIBHO M  MPaBWIBHO  pEHIMI  3aJady
’K3aMEHAIIMOHHOTO OujIeTa. YBEPEHHO U JIOTUYHO OOBSICHSET
XOJ] peIeHHUsL.

Xopouio «4»

1. CaMOCTOSITEIPHO  OTBETUJI HAa  IIOCTaBJIICHHBIC
TEOPETHYECKHE BOIPOCH AK3aMEHallMOHHOTO Omiera. He
YBEPCHHO OTBEUYACT HA YTOYHSIONIUE M JIOMOJHUTCIIEHBIC
BOITPOCHI.

2. CaMOCTOATENBHO W  MPaBWIBHO  PEIIMJ  3aJaqyy
AK3aMEHAIMOHHOTO OmieTa. YBEPEHHO U JIOTHYHO OOBICHSICT
XOJI peIICHHUSI.

VY 10BAETBOPUTETBHO «3%

1. CaMocCTOSITEIPHO ~ OTBETHJI HAa  I[OCTABJICHHBIC
TEOPETHYECKHE BOIMPOCHI dK3aMEHAIIMOHHOro Owiera. [lpu
9TOM JonyckaeT omuOku. He yBepeHHO win BooOlie He
OTBCYACT HA YTOUHAIOIIHEC U JOITOJTHHUTCIIbHBIC BOIIPOCHI.

2. Pemmn 3amavy 3k3amMeHanMoHHOro Owiera. [Ipu Hammuuu
OHII/I6OK, MOKET UCITPABUTH UX 3a CHET HABOJAIINUX BOIIPOCOB.
He yBepeHHO 00BSICHSIET XOJ1 PEIICHHUS 331a4H.

HeynosnerBopurensHo
«2»

1. He pemiena 3aiaua sKk3aMeHaI[MOHHOTO OWjIeTa.
2. Pewmena 3agada, HO HE JaHbl OTBETHI HA TEOPETHUYECKUE
BOIIPOCHI 9K3aMEHAIIMOHHOI 0 Oniera.




3. Meroauyeckue MaTepuaJbl, ONpeae/siiolue Mpoue1ypbl OeHUBAHUS MO TUCHHUILINHE

3.1. B xoxe peaju3anuu JUCHUIJIMHBI UCHOJb3YIOTCS cjeaylomue (popMbl U MeTObI
TeKyLlero KOHTPOJI

Tema u/mam pasnen ®opMBbI/MeTOABI TEKYIIET0
KOHTPOJISI yCIIeBAeMOCTH
IIK-1 Cnioco0eH k npoBeaeHUI0 NPOPHIAKTHYECKHX PadoT Ha 000PY10BAHNHU CBSI3H

3uaem:

- NPUHYUNBL NOCMPOEHUSE U pabOmMblL cemell C853U, a MAKAHCe COCMAE CMAHYUOHHO20 000PY006aAHUsL;
- cmaHoapmul Kavecmea nepeoauu OaHHbIX, 2010CA U 8UO€0, NPUMEHAEMbIX 8 Op2AHU3AYUL Ccemu
ces3U;

- 3axonodamenvcmeo Poccutickoti @edepayuu 6 obracmu cés3u,

- NPUHYUNBL pAOOMbL U APXUMEKMYPY PAZTUYHBIX UHDOKOMMYHUKAYUOHHBIX CUCTIEM.

Ymeem:

-UCNONB308AMb MUNOBYI0 CXeMY U3MepeHuss Kodpuyuenma ycunienuss AHMeHHbl U MUNOGYIO
UBMEepUMENbHYI0 annapamypy, 00ecneyusaroyro Heooxo0umyo moYHOCb USMEPIEMbIX GETUYUH 8
pabouem ouanazoue Yacmom,

- UCNONIBL3068AMb MUNOBYIO CXEMY UMepeHUsl KOI(phuyueHma cmosyetl 80JHbl AHMEHHbL U MUNOBYIO
UsMepUmesbHy0 annapamypy, 006ecneqyusawyo HeooXo0UMyrw Mmo4HOCHb USMEPIEMbIX BEIUYUH 6
paboyem ouanasoue 4acmom;

- UCNONB306aMb MUNOBYIO CXeMY USMePeHUsl OUACPAMMbL HANPABLEHHOCMU AHMEHHbl U MUNO0BYI0
UBMEpUMeNbHYI0 annapamypy, 00ecneyusaouyro HeodXo00UMy mo4HOCMb USMEPIEMbIX BEIUYUH 8
pabouem duanazone yacmom,

- 8bINOJIHAMb PAcyen NPONYCKHOU CHOCOOHOCMU cemeli MeleKOMMYHUKAYUL,

- Hacmpausams cxemwvl pezepsuposanus ooopyoosanus PPJI;

- BbINOJIHAMb YACMOMHO MEPPUMOPUATbHOE NIAHUPOBAHUE cemell CE53U.

Bnaoeem:

- Memooom usmepenus Kodgpguyuenma ycunenus anmennol PPJI;

- Memooom uzmepenus Koapguyuenma cmosiuetl 6011wl anmenHvl PPJI;
- MemoooM usmepenus ouazpammsl Hanpasiennocmu anmerntol PPJI.

Pasznen 1 Beenenue. OK3aMeH

Paznen 2 PerynsipHble MeXaHU3Mbl paCIPOCTPaHEHUs PAIMOBOIH. | OK3aMeH

Paznen 3 OcoGeHHOCTH UCTIONB30BaHUS YaCTOTHOTO pecypca B OK3aMeH

HA3eMHBIX U KOCMUYECKHX CHCTEMaX CBS3H.

Paznen 4 TunoBble KOHCTPYKIIMU aHTEHH B CUCTEMaX DK3aMeH
KOCMUYECKOW U HA3eMHOU PaIuOCBSI3H. JlaboparopHas paboTa

Pazgen 5 Hazemnuas cBsi3s B BU nuama3one u cBsi3b crenl. ciayk0. | DK3aMeH
JlaGopaTopHnast pabota

Pa3znen 6 HazemHble TporiocdepHble JIUHUU CBSI3H. OK3aMeH

Paznen 7 HazeMHbIe IIMPOKOMOIOCHBIE CHCTEMbI MOOHIILHOM U DK3aMeH
(bUKCUPOBAHHOM CBSI3H.

Pazgen 8 Paguopeneiinble TUHUU CBSI3U MIPSIMOM BUIUMOCTH. DK3amMeH

Paznen 9 O6opynoBanue HuPPOBBIX paAUOPEICHHBIX TUHUN OK3aMeH

CBSI3U JlaGoparopHas paboTa
Pa3znen 10 OcHOBBI IPOEKTUPOBAHUS PAAHOPEIECHHBIX JIMHUN OK3aMeH

CBSI3U MPSIMON BUJIUMOCTH. [TpakTudeckas pabora

Pazgen 11 CriyTHUKOBBIE CUCTEMBI CBSI3HU. DK3aMeH




JlaGoparopHas paboTa

Paznen 12 CymecTByromue CUCTEMbl KOCMHYECKOMN CBSI3H.

DK3aMeH
JlaboparopHas pabota

ITIK-5 Cnioco0eH BBISIBJSITH U YCTPAHATH CO0U M 0TKA3bI BOSHUKAKIIUX B CeTEBbIX YCTPOHCTBAX

HH(OPMANMOHHO- KOMMYHMKALMOHHBIX CHCTEMAX

3naem:
- onpeoesenus U munsvi paouopeetiHblX TUHUL,

- cocmag 060py008aHUs. MASUCPANTbHBIX, BHYMPU3OHO8bIX U MecmHublx PPJI;

- MUnsl paouopeeiunbix Cmanyutl,

- coeOuHumenbHvle TUHUU TuHelinblx mpakmos PPJI u menesuoerus.

Ymeem:

- HNPUMEHANMb NPpUHYUn opcaHusayuu C]ly()fC€5H01/7 CeAaA3Uu U m€ﬂ€06Cﬂy9fCM6aHu}Z 6 cnekmpe

paouopeneino2o cmoaa,

- NPpUMEHAMb npuHyun opcanusayuu C]lyOfC€6HOIZ CeA3U U m€ﬂ€06CJZy9fCM6aHu}i 6 menesuU3IUOHHOM

cmeoJie,

- NPpUMEHAMb NPUHYUN Oopcarusayuu CﬂyOfC€6HOIZ C6A3U U m€ﬂ€06Cﬂy9fCM6aHu}Z no OmaeﬂbHOMy

cmeoty C]ZnyC€6H01/7 C6A3U.

Bnraoeem:

- MemoOuKou HOPMUPOBAHUS KAHATIO08 nepeoayu menesusuoHno2o eewanus no PPJI npoussonvhoti

CMPYKmMypbl U NPOMSIHCEHHOCTIU,
- MemoOUKOU HOPMUPOBAHUSL AHAI0208bIX U Yupposvix PPJI;
- MemoOUuKoU HOPMUPOBAHUS KAHANLO8 CILYHCEOHOU C853U.

Paznen 1 Beenenue. Ok3aMeH
Paznien 2 PerynsipHple MEXaHU3MBI paCIIPOCTPAHEHUS PAJIMOBOIH. | DK3aMeH
Paznen 3 OcoGeHHOCTH UCTIONBb30BaHUs YaCTOTHOTO pecypca B OK3aMeH
HA3eMHBIX U KOCMUYECKHX CHCTEMaX CBS3H.

Paznen 4 TunoBble KOHCTPYKLIMU aHTEHH B CUCTEMaX OK3aMeH

KOCMHMYECKOW M Ha36MHOM paOCBsI3H.

JlaGoparopHas paboTa

Pa3znen 5 Hazemuas cBsi3b B BU anamasone u cBsI3b CHell. CIyKO0.

OK3aMeH
JlaGoparopHas paboTa

Pa3znen 6 HazeMHble TporiocdepHble JIUHUU CBSI3H.

DK3aMeH

Paznen 7 HazeMHbIe ITMPOKOMOIOCHBIE CUCTEMbI MOOHMIILHOM U DK3aMeH
(bUKCUpPOBaHHOM CBSI3H.

Pa3znen 8 Pagunopernelinbple TMHUM CBSI3U IPSIMON BUAMMOCTH. OK3aMeH
Pazgen 9 O6opynoBanne nudpoBbIX paguopeTIeHHbIX TUHUAN DK3aMeH

CBA3U

JlaGopaTopHnast pabota

Pazgen 10 OcHOBBI TPOEKTUPOBAHUS PATUOPEIICUHBIX JIMHUN
CBSI3M IIPSIMOM BUJIUMOCTH.

DK3aMeH
[IpakTuueckas pabora

Pazgen 11 CrryTHUKOBBIE CUCTEMBI CBSI3H.

DK3aMeH
JlaGopaTopHas pabota

Paznen 12 CymiecTByromue CUCTEMbl KOCMHUECKOM CBSI3H.

OK3aMeH
JlaGoparopHas paboTa




3.2.  TunoBble MaTepHaJIbl TeKYLIEr0 KOHTPOJISA YCIeBAeMOCTH 00y4al0IMXCs

IIK-1 Cnioco0eH k npoBeaeHUI0 NPOPUIAKTHYECKHX PadoT Ha 000PY10BAHNHU CBSI3H

3naem:

- NpUHYUNBLl NOCMpOeHuss U pabomvl cemell CA3U, A MAKNHCE COCMAS CMAHYUOHHO20
000pyoosanus;

- cmanoapmul Kavecmea nepeoadu OaHHbIX, 20710Ca U 8UOEO, NPUMEHAEMBIX 8 OP2aAHU3AYUU
cemu c6s3u;

- 3axonooamenvcmeo Poccutickot @edepayuu 6 obracmu césa3u,

- NPUHYUNBL PAOOMbL U APXUMEKMYPY PAZTUYHBIX UHDOKOMMYHUKAYUOHHBIX CUCTEM.

Ymeem:

-UCNOIB308aMb MUNOBYIO CXeM) UMePeHUsl KOIuyuenma yCcuieHus anmeHHsl U Mmunogyio
UBMEPUMENbHYIO annapamypy, 00ecneqyugaruyio HeodXo00uMy MmMOYHOCMb UMEPAeMbIX BeUYUH 8
pabouem ouanazone Yacmom,

- UCNONb308aMb MUNOBYIO CXeM) UMEPeHUs Kod(@uyuenma cmosuell 607Hbl AHMEHHbL U
MUNOBYI0 USMEPUMENbHYIO annapamypy, 00ecnedusaiowyio HeoOX00UMYl MOYHOCMb UMepPSIeMblX
geUYUH 8 paboyuem OUanazone 4acmom,

- UCNONIL308AMb MUNOBYIO CXeM) UBMEPEeHUs OUuazpammvl HANPAGIEHHOCMU AHMEHHbl U
MUNOBYI0 UMEPUMENbHYIO annapamypy, 00ecnedusanuyyio HeoOdX00UMY MOYHOCb UMepAeMblX
geUdUH 8 pabouem OuanazoHe 4acmom;

- BBINOIHAMb paciem NPONYCKHOU CNOCOOHOCMU cemell MeNeKOMMYHUKAYULL,

- Hacmpausamuv cxemwvl pezepsuposanus ooopyoosanus PPJI;

- BbINOJHAMb YACMOMHO MEPPUMOPUATLHOE NIAHUPOBAHUE Cemell C8A3U.

Braoeem:
- Memooom usmepenus Kodgpguyuenma ycunenust anmennovl PPJI;
- Memooom uzmepenus Ko3gguyuenma cmosiuetl 601Hbl anmentvl PPJI;

- MemoOoM UsMepenus ouazpammsl HanpasienHocmu anmenusi PPJI.
Tema 1t tuckyccuu: Buibop onmumanbHou cxembl 8bINPAMUMETAL.

[Ipaktnueckass pabora mo Teme «Pacuer kosddunmenta nHerotoBHocTn wuHTEpBana [[PPJI,
00yCIIOBJICHHOTO TIOKa3aTeNIIMUA HAJC)KHOCTH alapaTypbh»

1 3apanue:
1.1 Paccuntath k03 (PHUIIMEHT HETOTOBHOCTH MHTEPBAJIa COTIIACHO CBOEMY BapHaHTY.

2 UcxoaHble JaHHbIE:
2.1 Tabawma 2.1 - TlpeebHO HOPMUPYEMBIE 3HAUSHHS IS TOCTPOSHMSI U peKOHCTpyKuuu LIPPJI

Ne VYyactoxk BCC JlnnHa Koadpdunuent | SESR, Tun Kon-Bo

BapHaHTa Poccun ATAJIOHHOTO | HETOTOBHOCTH % | pe3epBUPOBaHMs | CTaHIMM
y4dacTka, L K,. %
KM
1 Certb nocryna o 50 km 0,1 0.015 1+0 2
2 MectHas ceTh 51-100 0,1 0.015 1+0 4
3 BryTtpuzonosas 101-600 0,1 0.025 1+0 6
CeTh




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

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

6 Certb gocTymna Jo 50 km 0,1 0.015 1+1 2

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

8 BuyTtpuzonosas 101-600 0,1 0.025 1+1 6
CeTh

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

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

[Toxazarenu HaAEKHOCTH OOOPYAOBAHUS JOJKHBI
KOHKpETHOE YyCTpoicTBO. B pamkax paboThl MOYKHO BOCHOJb30BAaThCsS THUIIOBBIMHM 3HAUYCHHSIMH,

MIPUBECHHBIMH B Tabiwuie 2.2

Tabnuua 2.2— ITokazaTenu Hae)KHOCTH 000PYI0BaHH

MNPUBOAUTLECA TPOU3BOJUTCIICM Ha

brox Hapabotka Ha oTKa3, 4 BpeMsi BOCCTaHOBJeHHs | PesepBupoBanue
paboTocrnocoOHOCTH
y3na, 1. Telepl’ T622p2
AnTeHHa _ 6 I'pl, 12 H
T i =35x10 pl, 129 e pe3epBupyemMoe
(HPB)
Kabenn _ 6 I'pl, 124 He pesepBupyemoe
Teus =15%10 p pesepBHpy
POC TPOC —2%108 I'pl, 129 He pesepBupyemoe
I1 _ 6 I'pl, 12 P Pb
epenaTauk THPﬂ =25x%x10 pl, 124 ezepBupyemoe (Pb)
ITpuemuuk _ 6 I'pl, 124 PesepBupyemoe
p T pyy = 2,5%10 p pBHPY
BKP _ 6 I'pl, 124 He pesepBupyemoe
Toep =15%10 p pesepBHpy
CkpemOnep Tex = 2 X 10° I'p2, 54 He pesepBupyemoe
M _ 5 I'p2,5 P
OJLyJIATOP TMZZ =35x10 p2, 54 €3epBUPYEMOE
Hemonynsitop TﬂM —3x10° I'p2, 54 PesepBupyemoe
YCUJINTEJIb Ty = 5 X 105 I'p2, 5u PesepBupyemoe
Mux/Demux Thtux/Demux = 5 X 10° ['p2, 5u He pesepeupyemoe
HeckpemOiep Thex =7 X 10° I'p2, 54 He pesepBupyemoe

POC - ycrpoiicTBo pazaeneHus u 00beUHEHHs paarnocTBOIOB o CBY;

BKP — 010Kk KOMMyTaluu pexUMOB (SBJISETCS CBA3YIOIIMM 3BEHOM MEX]y amnmaparypoit

YIUIOTHEHHUS U annaparypoil BY cTBosa, B TOM uncie ynpasisieT pe3epBUPOBAHUEM).

2.2 Pacuer koadduimenTa annapaTypHoil HerotoBHoctu unTepsaia LIPPJI 6e3 npumeHenus

pesepBupoBanus (koHpuryparus 1+0)

PacueT npoBoanTCS B OpsAKe, yKa3aHHOM HUKE.
2.2.1 Onpenenstorcs 3HaueHus | u T Bcex y3noB kaxaoi u3 asyx LPPC. (T - cpennee Bpems

HapaOOTKH Ha OTKa3 y37a, 4; 1p- Cpe/lHee BpeMs BOCCTAHOBJICHUS PaOOTOCIIOCOOHOCTH y3J1a, 4.)




2.2.2 B 3aBUCHUMOCTH OT KOHCTPYKTHBHOTO O(GOPMIICHHUS PAAUOPEICHHOTO0 000PYIOBaHUS
pacupenenstor y3ael [IPPC1 mo nBym rpymmam: I'pl — y3710B, paboTammux BHE MOMEIICHUs (Ha
OTKPBITOM BO311yXe), U ['p2 — y3710B, paboTarounmx B noMeleHu! (anmapaTHoii). OneHuBaoT 3HaUeHUs

I'el s kaxaoit rpymms (17 clopl M T 5 )- llpoBoaar ananornunsie aericteus aus LIPPC2.

1ep 622p

2.2.3 PaccuuThIBaIOT HapaOOTKY Ha OTKA3 Y3JIOB, BXOSIINX B KAXKIYIO TPYIIITY:

Trpa =T + T+ Ty D)™ (2.1)
Trp 2= (Tl_l "'Tz_1 + "‘Tn_l)_1 (2.2)

rae Ti - cpeansist HapaboTKa Ha OTKa3 y3ia 1 wiu 2 rpynmnsLi=1,2.....n
2.2.4 Ins LIPPC1 paccuutbiBatoT ko3(h(pUIMEeHT annapaTypHOil HErOTOBHOCTH JUIS Kaxa0i

rpyHIibl € Y4€TOM CBOCTO 3HAYCHUSA T@lzpl:

T

_ Telepl
KHee.annl - T , (23)

IP_1

T

_ T 62ep2
nez.ann?2 ~ T (24)

P 2

2.2.5 Beruucnsor 3nauenne K . - na [IPPC1:
KHEZ.LI}’H’!(UPPC].) = KHez.annl + KHez.annZ (25)
2.2.6 Brimonsss aeifictBus aHanoruydo 2.1.3—2.1.5, Beuucasor 3Hayenue K hipe: ¢

Hez.ann

LIPPC2. B nanHom ciiyuae K aust LIPPC2.
2.2.7 PaccumThiBaloT 3HaueHWE KOX(PQUIMEHTA anmapaTypHOH HETOTOBHOCTH HWHTEpBaJa

aust LIPPC1 moxHO nipussTh paBHbIM K

Hez.ann Hez.ann

LIPPJI:

K. =K +K 2.6)

Hec.ann nee.ann (1{PPC1) nee.ann (L{PPC 2)

2.3 Pacuet xodddunuenrta annapatrypHoii HerotopHoctn nHTepBaia [[PPJI 6e3 mpumenenus
pesepBupoBanus (koHpurypamus 1+1)

Pacuer npoBoasT B opsiaKe, yKa3aHHOM HUXKE.

2.3.1 Bemonustor gevicreusg mo 2.1.1 2.1.3

2.3.2 PacnpenensitoT y3Jibl 110 KaTeropusm, Bxojsauiue B I'pl u I'p2, no xareropusim:

1 — ne pesepBupyemsie y3ins1 — HPB;

2 — pe3epBupyeMsle y3ibl — Pb.

2.3.3 Jlns xaxaoit rpynmsl 1 kareropun y31m0B [LIPPC1 paccunTeiBatoT HapaOOTKy Ha OTKa3:

Tursyep = T +T,0+ "'Tj_l)_l (2.7)



Tirsyp =T 4T +T7)7 (2.8)

2.3.5 Ins IPPC1 paccuuThiBatoT 3HaueHNe KO PHUIMEHTa annapaTypHOil HETOTOBHOCTH:

- Ui Tpymsl y310B I'pl (paboTaromumx BHE MOMEIICHUH):

Tele
pl
KHee.ann(HPE) = T (29)
(HPF)epl
T 1opl
KHez.ann(PE) = T — (210)
(Ph)epl

- uist rpynisl y3710B ['p2 (paboTaromux B HOMEIICHUSX):

T

6lep?
KHee.ann(HPB) = T (211)
(HPB)2ep2
T@le
p2
KHez.ann(PE) = T (212)
(PB)2p2

2.3.6 dna IPPC1 paccunThiBatoT K03(pPUIMEHT annapaTypHOil HETOTOBHOCTHU € YYETOM
paboThI CUCTEMBI pE3EPBUPOBAHUS:

KHez.ann(llPPCl) = Knee.annl(HPE) + Kﬂee.annZ(HPE) + (Knee.annl(PE) + Knez.annZ(PE) )2 (213)

2.3.7 BeimonHsst AecTBUS aHATOTUYHO 2.2.3—2.2.5, BBIYMCISIOT 3HaUeHue koddduimenrta
anmnapaTtypHoil HeroroBHocTHu A LIPPC2.

2.3.8 Tlo popmyie (9) paccunThIBatOT 3HaUeHUE KOA(PUIMEHTA aNapaTypHOi HETOTOBHOCTH
nHtepsana [[PPJI



2.4 Pacuet nonHOTO KO3 QuImenTa anmapaTypHOi HETOTOBHOCTH

Boruncnstor oOumii  koadduimenta anmapaTypHOM HETOTOBHOCTH MYTEM YMHOXKEHHS
KOJINYEeCTBA MHTEPBAJIOB HA KO3 (PUIIMEHT anmapaTypHOi HETOTOBHOCTH OHOTO MHTEpBaja:

xN,.. x100% (2.14)

KHee.ann _PPJI =K

Hez.ann

[TorydeHHOE 3HAYECHUE HE JIOJDKHO MPEBHIIATH BETHUMHY MPUBEACHHYIO B IMPIIOKECHUU B TadymIa 2 -
[IpenenbHO HOpMUPYEMBIE 3HAYEHUS JIJIs TIOCTPOEHUS U peKoHCTpyKiuu [[PPJI.

JlaGoparopnass pabora 1o Teme «HMccrnedosanue npUHYUNo8 pabomel 2N0OANLHBIX  CUCTEM
cnymHuuko6o2o nosuyuonupoganuss GPS u IJTOHACC»

1. Heab padoThi:

1.1 O3nakomiieHHEe ¢ Ta0OPATOPHBIM CTEHIIOM.

1.2 IlpuoOpereHre HABBHIKOB MO BKJIIOYEHHUIO, HACTPOIIKE M MPUMEHEHHUIO J1abopaTOPHOTO
CTEHJIA.

2 Jlutepartypa:

1. Marmuukuii, b. H. CiyTHUKOBBIE U paJiMOpEIICHHBIC CHCTEMBI CBS3H © yueOHOe rmocobue / b.
H. Marnuuxuii. — HoBocnbupck : CuOnpckuii TocyAapCTBEHHBI YHUBEPCUTET TEIEKOMMYHUKAIMA 1
nadopmaruku, 2019. — 184 ¢. — Texkcer : anexrponHsii // Lludpopoii odpa3zoBarenbHbIi pecype IPR
SMART : [caiit]. — URL: https://www.iprbookshop.ru/102137.html (nara obpamenus: 06.06.2023).
— Pexxum noctyna: 1y aBTOpU3Hp. MOJIb30BaTENIEH

2. Kykosckuii, A. I'. ClyTHUKOBBIE U paJHOpEICHHbBIC CUCTEMBI Tepelavn | yaeOHOe mocooue
/ A. T. XyxoBckuil. — Mocksa : At [Tu Ap Menua, 2022. — 249 c. — ISBN 978-5-4497-1710-8. —
Tekcer : anextponnbit // IludpoBoit obpazoBarensubiii pecypc IPR SMART : [caiitr]. — URL:
https://www.iprbookshop.ru/122226.html (mata oOpamenusi: 26.07.2022). — Pexum gocrtyma: s
aBTOPU3HUP. 0JIb30BaTENIEH

3. llopsanok BbINOJTHEHUS PA0OTHI:

3.1 O3HaKkoMIIeHHE C TEXHUUECKUM ONMCAaHUEM Ja00paTOPHOIO CTEH/A.

3.2 COopka J1abOpaTOpHOTO KOMIUIEKTA MO OIPEACIICHUI0 MECTOIOJIOXKEHHUS C TMOMOIIBIO
1a00paTOPHOTO CTEHA.

4. TeopeTHyeckasi 4acTh

Crenn mpemHa3HadyeH s MPOBEACHHUS JaOOPATOPHO-TIPAKTUYECKUX PadOT MO H3YUYEHHUIO
CHCTEM CITyTHMKOBOI HaBurauuu. CTeH]I MO3BOJSIET: U3YYUTh OCHOBHbIE NMPUHLHUIBI PabOThI CUCTEM
CITyTHUKOBOTO TTO3WIIMOHUPOBAHUS, BBISIBUTH NpenMytnecTBa 1 HepoctaTtku cuctem [ JIOHACC u GPS,
IIPOU3BECTH MX CPABHUTENIBHBIN aHAIM3, IIOJYYUTh HABBIKM B HU3KOYPOBHEBOM IIPOIPaMMHUPOBAHUU
qyuma NpuEMHHUKA CUTHAJIOB CO CIIYTHUKOB, H3yUUTh PEXKUMbBI JHEPTOMOTPEOIeHUS MOy Il TPUEMHUKA,
W3YYUTh BIUSHUS BHEITHUX (PAKTOPOB Ha KAYECTBO NMPHEMa U TOUHOCTh OIPEeNICHHUs] KOOPMHAT.

Buemnwnii Bun nmabopatopHoro crenna «Cuctema CIyTHUKOBOW HABUTAIMHY TPE/ICTABIICH HA
puc. 1.
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Pucynok 5.1 - Crenn «Cucrema CriyTHUKOBOM HaBUT LUK

JuemeHTsl cTeHaa: 1. Unnukatop nutanus crenna; 2. Knomnka BKIIOUEHHs MUTAHUS CTEHIA; 3.
Nuaukarop mnurtanus npuemHuka; 4. CeHcOp BKIIOYEHUs NUTaHUS mnpueMHuka; 5. CeHcop
MEePEKIIIOUCHUS HAIIPABJICHHS TIepeiaun TaHHbIX; 6. CBeToanon « AKTUBHA nepeaada naHHbix Ha [TK»;
7. CBeronuon «AKTHBHA Iepeaava JaHHBIX Ha nucruiei»; 8. Madopmanronubii nucrieii; 9. Cencop
JUCTaHus JaHHBIX auctuiest Hazad; 10. Cencop nuctanus JaHHBIX Auciuies Baepen; 1 1. Maemorpamma,
OTpakarolllass Ha3HAuYe€HHWE OCHOBHBIX BBIBOJOB mNpuemMHUka GPS-curnana; 12. Ceerommon «Maer
nepeaayda qanubeix»; 13. Ceeronuon «ner nmpuem nanabix»; 14. CBETOAMOI METKH BPEMEHHU.

NunukaTop mporecca 3apsaa akKymyJsTopa pachoyioKeH Ha OOKOBOM CTEHKE CITpaBOi
CTOPOHBI.

Hasznauenme srmeMeHTOB PacCIiOJIOKCHHBIX Ha SaJIHCI\/'I CTCHKC CTCHAA IMPEACTABJIICHO Ha pUC. 2.

Pucynok 5.2 - BHemHuii BUj| 3aIHEl CTEHKU CTEH/A

Ha 3anmneli ctenke 1ab0paTOPHOTO CTEH/Ia YCTAHOBIICHBI CIEAYIOMINE dIeMeHT (cM. puc. 2): 1.
USB-pa3zbem mnomyuenust nanubix; 2. USB-pa3bem mnporpamMupoBaHa npuemMHHKa; 3. Pazbem
MOJIKITIOYEHUS aHTeHHBI; 4. KHomka nepe3arpy3ku npuemanke RESET.

C moMoIIpI0 JaHHOTO JIA0OPATOPHOTO CTEH/IAa MOXHO TPOBOJAUTH 3AHATHS IO CIETYONIHM
TeMaM:
1. H3yuenue OCHOBHBIX HPUHIIAIIOB paboThI 17100a1bHBIX CHCTEM
MO3UIIMOHUPOBAHUSI.
2. NMEA-mipotokos. OcobeHHOCTH DPabOThl, Ha3HAYEHWE Pa3JIMYHBIX TOCHIIOK.
[Moceuku GGA, GSA, GSV, RMC, VTG.

3. Komanzapl ynpaieHHs TpUEMHUKOM. BKilloueHHE M BBIKIIIOUEHHE HEKOTOPBIX



TUIIOB NOCBUIOK. Vcronb30BaHue MOAYJIs AJIs T€HEpallMi CUTHAIOB TOYHOTO BPEMEHH.

4. YcTaHOBJICHHE COCTUHEHHUS CO CITyTHUKaMU. BHUJIbI cTapTOB, CITIOCOOBI yCKOPEHUS
3ammycka MoayJist. DpeMepuapl, allbMaHaAXH.

5. Msydenue GpakToOpoB, BAUSIOMINUX HA TOYHOCTH ITpreMa. Pa3muyuHble TUITBI aHTEHH
BIUSTHUE 3[aHUI U TIOMEX, BIUSIONINX HAa KauecTBO npuema. zyduenne rexnonoruit HDOP,
PDOP, VDOP. NU3zy4enue ¢pakTopoB, BIUSIONUX HA OTHOIICHHS CUTHAJI/TITYM).

6. l3ydyeHue TEXHOIOIUU COCTABICHUS MapUIpyTOB, paboTa NpUEMHHKA B KaUeCTBE
TpeKepa.

IKCIUVIYATALUSA U3AEJIUSA

JlaGopaTOpHBI CTEH/I MOKET IKCILTyaTUPOBAThCS KaK B aBTOHOMHOM, ITOPTATUBHOM PEXUME C
BBIBOJIOM HMH(OpPMALMU Ha BCTPOEHHBIM Auciuvied, Tak u B komiekce ¢ IIK ¢ ucnonbs3zoBaHuem
cnenuansHoro I10.

Jns  BriIrodueHUs 1a0OpaTOpHOrO MOAyJss Haxmute KHONKYy «Ilutanme wmopynsa». s
BkitoueHnss GPS-npuemuunka, kocHurecs Ha 2 ¢ ceHcopa «lluranme nmpuemuuka». Cencop «BbiBojg
JAHHBIX» TO3BOJISIET MEPEKIII0YATh HAIIPABICHUE NepeJaun JaHHbIX: Ha BCTPOSHHBIN JUCIIeH WU Ha
KOMIIBIOTEP, MOIKIIOYESHHBIA K MOTYJIIO.

Ha BcTpoeHHO# nuciuiee oToOpaxaercs Bcst HeoOXoauMas HHPpOpMaLus:

1) BeiBox: ucruieit. Axkymynstop: 50%y» - HampaBieHHE BbBIBOAA IaHHBIX
(Iucruieii) U ypoBeHb 3apsa akKkymyJsitopa B nporeHTax (50%);

2) U, I mpuemnuka: 3.28V 96.8TA» - HamnpspkeHHe NUTaHus npueMHuKa (3,28
BoabT) 1 motpednsemslii Tok (96,8 MA);

3) MHara: 15.12.14. Bpemsi: 09:05:18» - monydeHHble co ciyTHUKOB nata (15.12.14)
u Bpems (09:05:18);

4) 55°30'19" N. 49°31'15" E» - KoOOpIMHATEI MECTOIOI0KEHHS AHTEHHBI TIPHEMHUKA
(55 rpagycos 30 MunHyT 19 cekyHn ceBepHOl mmpoThl, 49 rpagycos 31 MuHyTa 15 cekyHI
BOCTOYHOMH JIOJITOTEHI;

5) 01/07-N15 24 dB. 06° 041°» - mopsiakoBeiii HoMep criyTHHKa (01) obiiee uncio
aKTUBHBIX CIIyTHUKOB (07), coOOCTBEHHBI HOMEpP CIIyTHHKA B rpymnnupoBke (15), oTHomeHne
CHUTHAJI/IIYM JUTS IAHHOTO ciiyTHHKA 24 (B), BepTUKAIBHBIN Yrol HAIPABJICHHS Ha CITy THHUK
(20°), a3uMyTanbHbIN Yroj HanpaBieHHs Ha cnyTHUK (064°).

WNudopmanus aHamoruuHas n.S Ui KaxI0ro ClIeIyomero akTuBHOTO CITyTHUKA.

[lepeuncieHHbIE OKHA TIEPEIMCTHIBAIOTCS MOCIENIOBATEIBHO IO BO3PACTAHHIO W YOBIBAHHIO
CEeHCOpaMH DPACIONIOKEHHBIMHU cIpaBa U cieBa oT auciuied.Ceronuonsl «llepemaua» u «Ilpuem»
0TOOpaKarOT HaJMYUE CHUTHAJIOB B COOTBETCTBYIOIIMX JHMHHUAX. CBeTomuoaHas mojacBeTka «CHTHAT
METKH BPEMEHM» UHIUIUPYET UMITyJIbChl PPS.

[MToaxiroueHne BHETITHEH aHTEHHBI OCYIIECTBIISIETCS YePe3 COOTBETCTBYIOIINI Pa3beM Ha 3aTHEH
na”enu crenza. [lepenaua nanneix Ha [1K BO3MOXHA MU MOAKIIOYEHUN CTEHA K KOMIIBIOTEPY Yepe3
pazseM «USB NMEAy. ITlporpammupoBaHue NpUEMHHKA OCYIICCTBISICTCS dYepe3 IOJKIIOUCHUE
MOIynsi K KommbtoTepy depe3d pazbem «USB TIPOI'». [lng cinyyaeB «3aBHCaHUS» TNPHEMHHUKA
MIpeyCMOTpEHa 3ariyOieHHas: KHOIKa armapaTHoro copoca MpUeMHHKA Ha 3a/THEH ITaHen MOTYJIs.

3apsiika BCTPOGHHOTO aKKyMYJISITOpa OCYIIECTBIISETCS Kak OT 3apsJHOro YCTpPOWCTBa,
MTOCTABIIIEMOTO B KOMITIIEKTe, Tak 1 oT [1K mpu moakmouenHoM K pazbemy «USB NMEA» USB-kabere.
Wupaukarop npoiiecca 3apsaa akKyMyJIsTOpa pacioio’keH Ha O0OKOBO CTEHKE CIPaBOi CTOPOHHBI.

[TepBbie cuctembl TioOampHOro mo3unmonupoBanuss GPS (Global Positioning System)
pa3pabaThIBAIMNCh UCKIIOYUTENBHO JJISI BOGHHBIX Iieneil. ['mobanpHas HaBuranuonHas cucrema GPS
MpelHa3HaueHa Ui T[epelaydl HaBUTAMOHHBIX CHTHAIOB, KOTOpPhIE CMOTYT OJHOBPEMEHHO
MPUHUMATBCS BO BCeX pernoHax mupa. Muaummatopom cozmanus GPS-cuctemsl ctaio MHHHCTEPCTBO
O6oponsr CIHA. Ee paspaborka Hauamack B 1973 r. IIpoekT co3mgaHusi CITyTHUKOBOW CETH st
oIpe/ieSieHUs] KOOPAWHAT B PEKHUME PEaIbHOTO BPEMEHHU B JIFOOOH TOYKE 3€MHOTO Iapa ObLI Ha3BaH
NAVSTAR GPS (NAVigation Satellite Timing And Ranging Global Positioning System



HaBUTAIIMOHHAsl CHCTEMa OIpeAeNieHUs] BpeMeHU U JanbHocTH). [lepBas opOuTanbHas rpynmupoBKa
cucrteMbl pa3BopaunBaniack ¢ 1989 mo 1994 r. Ha opOuty Obuin BbIBeZeHBI 24 HaBUTALMOHHBIX
cinytauka Block II. Oxonuarenprno GPS-cuctema OblTa BBeieHa B 9KCILTyaTamuio B 1995 r.

Cocmae GPS-cucmemul

B cocraB GPS-cuctembl BXOZST TpPU OCHOBHBIX CETMEHTA: KOCMHMYECKUW, Ha3eMHBIA H
10JIb30BaTENbCKUN. KOCMMUECKUII CErMEHT COCTOMT W3 28 aBTOHOMHBIX CIYTHHUKOB, PaBHOMEPHO
pacrmpeneneHHbIX o opouTaM ¢ BbicoTor 20350 kM (1 mOJHO(YHKITMOHAILHONH PaOOThl CUCTEMBI
noctatoyHo 24 cmyTHukoB). Ha puc. 3 nokasana kocmudeckas noacucrema GPS.

Pucynok 5.3 - Kocmuueckas noacucrema GPS

Cnytauku B cucteme GPS nmBmkyTcst B mecTr OpOMTANBHBIX IIOCKOCTSX, CABHHYTHIX APYT
OTHOCHUTEJIBHO JPYyTa M0 IPSIMOMY BOCXO0KJIEHUIO BOCXoaA1Iero y3ia Ha 60° I Haknonenne miockocren
OpOUT K MIIOCKOCTH 3KBaTopa 55°. Opoutsl 6auskue Kk KpyrossiM. Cpennss Beicota opout 20189xkm. B
KaX/10i OopOMTaIbHOM MJIOCKOCTH pacnojaraerca 4 cnytHuka. [lepuox oOpamienus crmyTHUKoB 11
gacoB 57 MuHYT 59.2 cek (110JI0BUHA 3BE3/IHBIX CYTOK).

Ha puc. 4 nokazana noacucrema KA I'JIOHACC. Cnytauku B cucreme [ JIOHACC nBuxyres
B TpeX OpOUTANBHBIX IJIOCKOCTSIX, CIIBUHYTBIX JAPYT OTHOCUTEIBHO JPYyTa MO MPSIMOMY BOCXO0XKJIEHUIO
BOCxoJs1Iero y3ia Ha 120° HaknoHeHue miockocTeit opoUT K IIIOCKOCTH 3kBaTopa 64.8°+0.3°. Opoutsl
omu3kue K KpyroBbiM. Cpennsisi Bbicota opout 19100 kM. B kaxmolt opOuTanbHON INIOCKOCTH
paBHOMEpHO pacroniaraercst 8§ cnyTHUKOB. [lepuon obparienus cinyTHUKOB 11 yacoB 15 MunyTt 44+5
CeK.

Pucynok 5.4 - [Toncucrema KA I'J/IOHACC



Ha xax7noM CIyTHHKE YCTaHOBIJICHBI aTOMHBIE Yachl, MEPUOAMYECKH CHHXPOHH3HPYEMBIC MO
KoMaHJ1aM ¢ 3emitd. Yachl Ka)K10T0 CITy THUKA CHHXPOHU3HUPYIOT U3IYUYEHHE CO CITyTHUKA CIICIIMATIBLHOTO
KOIoBOro curHana. llepen wu3iydyeHWeM KOJOBbIE CHTHAJdbl Ha CIYTHHKAaX MOAYJIUPYIOTCS
COOOIICHUSIMH O TPASKTOPHSIX IBMKEHUS CITyTHUKOB U MapaMeTpax MOJAEJCH CMELeHH IIIKaJl BpeMEHU
CITyTHUKOB OTHOCHUTEIIBHO IIKAJIBI CUCTEMBI. Takue coOOLIeHUS IPHUHATO Ha3bIBAaTh HAaBUTAIIMOHHBIMH.
CTpyKTypa CUTHAJIOB, U3JIy4aeMbIX Pa3HBIMH CITyTHUKaMH, TAKOBA, YTO IPUEMHHUK UMEET BO3MOKHOCTh
pa3eNATh 3TH CUTHANBL, OICGHMUBATh MX IApaMeTPbl M BBIACHATh HABUTALMOHHBIE COOOICHHMS
HE3aBUCUMO JApyr oT apyra. [loxcucremMa ympaBieHUs 3aHUMAETCS ONPEACICHHEM TpPAaeKTOpUi
IBIWKCHUS. M TIapaMeTpoOB MOJAENEH CMENICHHs IIKaJl BPEMEHH CIIyTHHKOB OTHOCHTENIFHO IIIKAJIbI
cucreMbl. CBeJIeHHs O CITyTHHKOBBIX TPACKTOPHUAX M MapaMeTpax MOAENCH CMEIeHHs IIKajl BpeMEHU
CIIyTHUKOB TIO CHEUHAIbHON DPaJAMOIMHUU NEpeNaroTCs Ha CIYTHUKA W TaM HCIOJBb3YIOTCS JUIS
(hopMUpOBaHHSI HABUTAITMOHHBIX COOOIICHUH.

Kaxaplil CiiyTHUK M3Ty4aeT Ha 2 4acTOTaxX CIEIHaIbHbIM HaBUTAIIMOHHBIA CUTHAJ, B KOTOPOM
3amm@poBano 2 Buaa Kojaa. OQUH U3 HUX JOCTYICH JIMITh HEMHOTHM IOJIb30BATENISIM, CPEIH KOTOPBIX,
KOHEUHO ke, BoeHHbIe U (eaepanbHble cinyx0bl CIIA. Kpome 3Tux 2 CUTHANOB, CIIyTHUK U3JIy4aeT U
TpeTuit, THPOPMHUPYIOIIHIA MOJIE30BATENS O IOTIOJIHUTEIFHBIX TTapaMeTpax (COCTOSHUY CITyTHHUKA, €ro
paborocnocodHocTn u ap.). [lapameTpsl OpOUT CIIyTHHKOB NMEPUOAMYECKH KOHTPOJIHPYIOTCS CETHIO
HA3eMHBIX CTaHIIUH CIeKEHUS (BCErO 5 CTAaHIMIA, HAXOAAIINXCS B TPOIIMYECKUX ITUPOTAX ), C TOMOIIBIO
KOTOPBIX (He pexke 1-2 pa3 B CyTKH): BEIYUCIISIOTCS OAUTHCTUYECKIE XapaKTePUCTHKH, PETHCTPUPYIOTCS
OTKJIOHEHUS CIIyTHHKOB OT PAaCYETHBIX TPACKTOPWH IBMKEHHS, OMpPENENseTCsl COOCTBEHHOE BpEMs
OOPTOBBIX YAaCOB CITyTHHKOB, OCYIIECTBIISICTCS MOHUTOPUHT UCTIPABHOCTH HABUT'ALIMOHHOH arapaTypbl
u ap. Tpernit cermenT GPS-cucrembr 310 GPS-niprieMHUKH, BBITyCKaeMbIe U KaK CaMOCTOSITEIIbHBIC
npuOOpBL, ¥ KaK IIaThl i moakaodeHus K [1K, 60pToBbIM KOMITBIOTEpaM U IpyTUM anmaparam.

OcnoBHbIe Bo3MOXHOCTH GPS-cuctemsr (pu Hanmauu npuemanka GPS- curnana):

—  ompefeneHre MECTOHAXO0KACHUS MOOMIIBHOTO aDOHEHTa;

— ompezeneHue HauOoee KOPOTKOTo U YJOOHOTO MyTH JI0 MyHKTa Ha3HAUEHMUS;
— ompezeneHre oOpaTHOro MapuIpyTa;
—  oIpejeNieHUue CKOPOCTH ABUKEHMS (MaKCHMaIbHOW, MUHUMAaIIbHOM, cpeiHel);

—  OompefeseHHe BPEMEHH B MyTH (IPOLIEALIET0 U CKOJIBKO MOTpedyeTcs elle) u Jp.

Ocnogul pynkyuonuposanusi GPS-cucmemor

Teopus nanbHOMETPUM OCHOBAaHA HA BEIYUCIICHUH PACCTOSHUS PACIIPOCTPAaHEHUS paJMOCUTHalla
OT CHOYTHHUKa K TPHEMHUKY II0 BpPEeMEHHOW 3amepxke. Eciam 3HaTh Bpemsi pacripoCTpaHEHUs
pajuocurHanga, TO MPOHIEHHBIH UM IyTh JIETKO BBIYMCINTh, YMHOXXHB BpEMs DPacCHpOCTpPaHEHUs
panuocuraaia Ha CKOPOCTh CBETA.

Kaxnaprit ciytHrk GPS-crcTeMbl HepepbIBHO reHepupyeT paaroBotHel 2 yactor (L1 =1575.42
MI'n u L2=1227.60 MI'1). HaBuranmoHHBI CUTHAJI TIPEACTABISACT co00M (pa3oMaHUITYIMPOBAHHBIN
nceocanyyaitabiii PRN-kox (Pseudo Random Number code). PRN-koz 6b1Baet 2 tunios. [Tepssiit C/A-
kox (Coarse Acquisition code rpy0bIit KOJT) HCIOIB3YETCS B IPpaXIaHCKUX prueMHHKax. OH MO3BOJISIET
MOJTyYaTh JHIIb NPUOIU3UTEIbHYIO OLIEHKY MECTOMOIO0XKEHHUS, IIOATOMY M Ha3bIBAECTCS TPYOBIM KOJIOM.
C/A-kon nepenaercs Ha dactore L1 ¢ mcnonp3oBanueM (a30BOl MaHUIYJISIIIMM TICEBIOCTYYaitHON
nociuenoBarenbHOCTH JunHON 1023 cumBora. 3ammra oT omuboK obecreunBaeTcs MOCPEACTBOM Ko/ia
l'oynma. Ilepuon motopenus C/A-koma 1 wmc. [pyroit xomx P (precision code TouHbIi KO)
obecrieynBaeT 0os1ee TOUHOE BBHIUMCIIEHUE KOOPIMHAT, HO JIOCTYI K HEMY OorpaHudeH. B ocHoBHOM, P-
KO/ IIPEeIOCTaBIISIETCS BOCHHBIM U (MHOra) henepanbHbiM cityx0am CIIA (Hampumep, 1S perieHus
3aJa4 reo/Ie3uu 1 KapTorpadum). ITOT KOJ mepeaeTcs Ha yactoTe L2 ¢ npuMeHeHneM cBepXUIMHHON
MCEeBAOCITYYalHOW IMOCIEI0BATEIBHOCTH C MEPHOJIOM MOBTOpPEHUs 267 mHEl. DTOT KOJ AOCTYIEH B
MPUHIUIE U TpaKAaHCKUM Jiniam. Ho anroputm ero o6paboTku ropaszio 0ojiee CIOXKEeH, HOITOMY U
ammaparypa CTOUT Jopoke. B cBoro ouepens, yactota L1 momynupyercs kak C/A, Tak u P-kogom. B
curHasie GPS moxker mpucyTcTBOBaTh M TaK Ha3bIBaeMbIH Y-KOJ, SBISIOIIMKCS 3aiin(poOBaHHON
Bepcuell P- koga (B BOeHHOE BpeMsi cucTeMa IIHU(POBKH MOXKET MEHAThCs).KpoMme HaBUrallMOHHBIX
CHUTHAQJIOB, CITyTHHK HEMPEPhIBHO TMEpeJaeT paszIuyHOrO0 PpoAa CIyXeOHyr0 HH(OpMAIHUIO.



[Tons3oBarens GPS-nmpuemMHuka WHGOPMHUPYETCS O COCTOSIHUM CIYTHHKAa M €ro ImapaMerpax:
CUCTEMHOM BpeMeHH; deMepuiax (TOYHBIX JAHHBIX 00 OpOUTE CITyTHUKA); POTHO3UPYEMOM BPEMECHH
3aJIep’)KKH  pacHpOCTpaHEHUs] paJuoCUrHaiia B HOHOcdepe (T. K. CKOPOCTh CBETa MEHSETCS Mpu
MPOXOXKJICHUH pa3HBIX CIIOEB aTrMoc(epsl), pabOTOCIIOCOOHOCTH CITyTHUKA (B TaK Ha3bIBAEMOM
allbMaHaxe CoJep>KaTcsi OOHOBIsieMble Kaxble 12.5 MHUH CBelleHUS O COCTOSSHUU U OpOMTax BCeX
CIyTHUKOB). DTH naHuble (JummHOoH 1500 6uT) nepenarorcs co ckopocThio S0 6ut/c Ha yactoTax L1 mm
L2.

VY xaxaoro GPS-npuemnnka ectb cOOCTBEHHBIN reHepaTop, padoTaOMKK Ha TOH ke 4acToTe U
MOJYJMPYIOIIMKA CUTHAJ [0 TOMY K€ 3aKOHY, YTO U T€HEepaTop CIyTHHUKA. TakuM o0pa3oMm, 0 BpEMEHH
3aJIEPKKH MEXAY OJUHAKOBBIMH yYaCTKaMU KOJA, NMPHHSTOTO CO CIYTHHKA W CTEHEPHPOBAHHOTO
CaMOCTOSITENIbHO, MOXXHO BBIYUCIHUTH BpEMs PpACIpPOCTPAaHEHUsS CHUTHala, a, CJIeJAO0BaTelIbHO, U
paccrosinue 0 cmyTHuka. OMHON M3 OCHOBHBIX TEXHUYECKHX MPOOJIEM OMHMCAHHOTO BBINIE METOAA
aBieTCs cUHXpoHM3anusi 4yacoB Ha GPS-cnytHuke m B GPS-mpuemnuke. [laxke MuHHUMaIbHas
MOTPEUIHOCTh MOKET NMPUBECTH K OTPOMHON OIIMOKE B ONpeneneHnu pacctosiHus. Cienyer ckasars,
41O Ha KaxaoMm GPS-cnyTHHKEe CMOHTHPOBaHBI BBICOKOTOYHBIE aTOMHBIEC 4Yachl. ECTECTBEHHO, 4TO B
kaxaoMm GPS-mipreMHHKE Takue Y9achl yCTAHOBUTH HEBO3MOXKHO. [103TOMY ISl KOPPEKIMH OIIHUOOK B
OTpeieIeHUN KOOPJMHAT M3-3a MOTPENIHOCTEN 4acoB, BCTPOCHHBIX B GPS-npueMHUK, TpUMEHseTCs
HEKOTOpasi N30BITOYHOCTH B JAHHBIX, HEOOXOIUMBIX IS OJTHO3HAYHON MPUBSI3KA K MECTHOCTH.

Onpeodenenue koopounam ¢ nomouvro GPS-cucmemor

B ocnoBe onpeneneHus koopaunat GPS-npueMHuKa JIKUT BBIYHCICHUE PACCTOSHUS OT HETO
710 HECKOJIbKUX CIyTHUKOB, PACIOJI0XKEHHE KOTOPBIX CUUTACTCS q U3BECTHBIM (ITH JaHHbBIE HAXOASTCA
B npuHsAToM ¢ GPS-crniyTHHKa abMaHaxe). Metos | BerauciieHns moaoKeHus 00bEKTa 110 U3MEPEHUIO

€ro YAaJICHHOCTHU OT TOYCK C v 3aJaHHBIMU KOOPpANHATAMHU HA3BIBACTCA TpnnaTepauHeﬁ (pI/IC. 5).
T

Pucynok 5.5- Tpunarepauus

Ecnu u3BecTHO paccTossHME A 70 OJTHOTO CIyTHHKA, TO KOOPAWHATHI IPUEMHHKA OINpPENEIUTh
HeNb3sl (OH MOXKET HaXOTUThCs B JIHOOOH Touke chepbl paanycoM A, OMUCAHHOM BOKPYT CITyTHHKA).
[Iycth m3BecTHa ynaneHHOCTh B mpuemHHKa OT BTOPOro t CIyTHUKA. B 3TOM ciywae ompeneneHue
KOOpJMHAT TaKXXe He IPEJCTaBIsAETCS BO3MOXKHBIM OOBEKT HAXOJIUTCS Ha OKPY)KHOCTH, KOTOpas
aBigeTcs nepeceueHueM AByX cdep. Paccrosnue C 10 TpeTbero CHIyTHHKA COKpallaer
HEOIPEICIEHHOCTh B KOOPJIMHATAX /10 JBYX TOUeK (00O3HAYEHbI JABYMs >KUPHBIMH TOYKAMU Ha PUC.
1.4). DToro y’Ke MOCTaTOYHO ISl OJTHO3HAYHOTO OMPEAENICHUsS KOOPIAWHAT JEJIO B TOM, YTO M3 JIBYX
BO3MOYKHBIX TOYEK PACIIONIOKEHHs PUEMHHKA JIMIIb OJJHA HAXOJUTCS Ha MOBEPXHOCTH 3eMiIH (WM B
HETIOCPEICTBEHHOW OJIM30CTH OT HEe), a BTOPasl, JIOXKHAs, OKa3bIBaeTCs MO0 ri1yO00KO BHYTPH 3eMIIH,
nu00 OuYeHb BBICOKO HAJ €€ IOBEpPXHOCThIO. Takum oOpa3oMm, il TpPeXMEpHOW HaBHUTralUu
TEOPETUYECKH JIOCTATOYHO 3HATH PACCTOSIHUS OT | MPUEMHHKA /10 3 CIIyTHUKOB.

ITpuBeneHHBIE BBILIE PACCyKACHUS PACCMaTPUBAIINCH JUIS CIy4asi, KOT1a PacCTOSIHUS OT TOUKH
HaOJIO/IEHUsI 10 CIIYTHUKOB OBUIM W3BECTHBI C a0COJIOTHOM TOYHOCTHIO. Pazymeercs, Ha mpakTuke
BCErJa €CTb HEKOTOpas IOTpelIHOCTh W3MEpeHUuM - HeBs3Kka. Hampumep, wu3-3a HETOYHOU
CUHXPOHM3AIMM YacoB TPUEMHUKAa U CIYTHUKA, 3aBHUCHUMOCTH CKOPOCTH CBE€Ta OT COCTOSHUS
atmocepel u ap. Ilostomy 1 mma onpeneneHust TpexmepHbiXx KoopauHaT GPS-npuemuunka



HCIIONB3YIOTCS HE 3, a, Kak MUHUMYM, 4 crryTHUKA. [lomyuns curHan ot 4 (vim 6osee) cnyTHHKOB, GPS-
MIPUEMHUK UIIET TOUYKY IePECEUCHHUsI COOTBETCTBYIOIUX cep. Ecnu Takoit Touku Het, mporeccop GPS-
MIpHUEMHHKA HAYMHAET METOAO0M MOCIEA0BATEIbHBIX MPUOIMKEHUI KOPPEKTUPOBATH CBOM YacChl J0 TEX
1op, MoKa He J0ObETCs MepecedeHus: Bcex cdep B OJHON TOUKeE.

Koopaunatel  MOABM)KHOTO  a0OHEHTa  OMNpPENENSIOTCS € TOMOINBIO  CTaHAAPTHOTO
HaBuranuonHoro GPS-mpuemMHHMKa, BCTPOCHHOTO B TEpPMUHAJ MOJb30BaTeNns. HaBUraruoHHBIN
MPUEMHHK CUTHAJIOB AJis1 cucteMbl GPS cocTouT U3 npueMHOro Moaysisi U ManorabapuTHON aHTEHHBI C
MaJIOIIYMHBIM ycuiuTesaeM. [IpueMHbIi MOy b BBITYCKaeTCs Kak B BHJI€ aBTOHOMHOTO YCTPOICTBA CO
BCTPOECHHBIMHM UCTOYHUKAMHU MUTAHUA, TaK U B BUJI€ OT/EIbHOMN IJIaThl, BCTPaUBaeMOI B aOOHEHTCKHI
TEepMUHAJL.

YCTpoiicTBO, KaK MpaBMIIO, UCHOIB3YET COOCTBEHHYI0 MUHHUATIOPHYIO aHTEHHY M aBTOHOMHO
BBIYHCIISICT reorpadudeckue KoopauHaTel U BcemupHoe Bpemst (UTC) 1o HaBUrallMOHHBIM CUTHAJIAM.
GPS-nmpuemMHHMKHM daile BCEro MPHUMEHSIOTCS, €CIM HEOOXOAMMO TMOJYYHTh BBICOKYIO TOYHOCTH
KoopauHaT (morpemHocTh He Ooiee 100 wm). 3axBaTUB CUTHAJ, HABHTAI[MOHHBIN MPUEMHHUK
ABTOMATUYECKH BBIUMCISET KOOPAMHATHI OOBEKTa, CKOPOCTh CHUTHajla M BCEMHPHOE BpeMs, U
dopmupyer oryer. CBEICHHS O MECTOHAXOXJICHHH OOBEKTa MEPEeNaoTCs MO0 CITyTHHKOBBIM KaHallaM
CBSI3M B JMCIETYEPCKHIM MyHKT. HaBUTaIlMOHHBIE YCTpPOWCTBA MOTYT DPA3MUYaThCS MO KOIUYECTBY
KaHaJIOB TpUEMa, CKOPOCTH OOHOBJICHUS NAaHHBIX, BPEMEHH BBIUYMCICHUH, TOYHOCTH U HaJEKHOCTH
orpezeneHus: KOOpAUHAT.

CoBpemennbie GPS-mipueMHUKH OOBIYHO OCHAIICHBI HECKOJIBKMMH JIECATKAMU KaHAJIOB, YTO
MO3BOJISIET OTCIICKUBATh, MPAKTUYECKH, BCE HABHTAIMOHHBIE CIIYTHUKH, HAXOSAIIUECS B 30HE
panuoBuIMMOCTH 00beKTa. Eciin KaHaioB MEHbIE, YeM HaONI0NAaeMbIX CITyTHHKOB, aBTOMAaTHYECKU
BbIOMpaeTCs HauboJee ONTUMAIbHOE COYETaHHE CITyTHUKOB. CKOPOCTh OOHOBIIEHUS HABUTALIMOHHBIX
naHHbIX 1 c. Bpems | oOHapy>KeHUSI 3aBHCHUT OT YHMCIIa OJHOBPEMEHHO HAOIIOIAeMBIX CITyTHUKOB U
pexxuma | ompeneneHuss MecrononoxeHus. OrmnpeneneHne HABUTAlMOHHBIX MapaMETPOB MOXKET
MPOU3BOANTECS B JBYX pexumax 2D (mBymeprnom) m 3D (mpoctpanctBennom). B pexume 2D
YCTAQHABJIMBAIOTCS LIMpOTa M J0Jrota (BelcoTa cuMTaercss u3BecTHoOM). Ilpm sTOoM nocTaTo4HO
MIPUCYTCTBUS B 30HE PAJTUOBHIMMOCTH 3 CIIyTHHKOB. Bpems ompenenenus koopauHat B pexxume 2D
OOBIYHO HE TpeBblIaeT 2 MHUH. [ ompesaeneHHs NMPOCTPAHCTBEHHBIX KOOpAMHAT B pexume 3D
TpedyeTcsi, 4TOObI B COOTBETCTBYIOIICH 30HE HAXOIUIUCH HE MEHEe 4 CITyTHUKOB.

[To curHanam OT YeThIpeX CIYTHUKOB - BBIOpPAHHBIX OINpPE/EIeHHBIM 00pa3oM - HaOIr01aTeNb,
CHAa0)KEHHBI TPHEMHUKOM CHTHAJIOB, PACCUUTBHIBAET CBOE TOJOXKEHWE. MHCTpYMEHT HaBUTalu B
pacropspkKeHUH HaOro1aTens - MPUEMHUK CUTHAJIOB, U3Iy4YaeMbIX cIyTHUKaMu cucteMmbl GPS. Nmes
TOYHBIE Yachl, mokasbiBaroiue muposoe (UCT), HabmoaTe b MOT Obl HEMEIJICHHO PACCUUTATh BpeMsI
pacrpoCTpaHeHHsI CUTHAJIOB OT COOTBETCTBYIOIIMX CIYTHHUKOB. PalmocurHanbl pactipoCTpaHsIOTCs CO
CKOPOCTBIO CBETA, IIOATOMY 110 BPEMEHHU PACIPOCTPAHEHMsI HEMEUIEHHO BBIYHCIISAIOTCS U PACCTOSHUSA
70 CIIyTHMKOB. 3aTéM MHpPOBBIE KOOPAMHATHI HAONIOJATENs] HAXOIATCS C MOMOILBIO pELICHUs
TPUTOHOMETPUYECKOH 3a/1a4uk. B TpeXxMepHOM MpOCTpaHCTBE 3ajaua OINpeieJICHUs] KOOpUHAT TOYKH 10
3aJJaHHBIM PACCTOSIHUSAM JI0 TPEX OTMOPHBIX TOUEK, HE JIeXkKAIUX Ha OJHOM MPSMOM, UMEET J1Ba PELIeHUs
(KOoTOpBIE B BBIPOXKACHHBIX CITy4yasix CIIMBAIOTCS B OJIHO), TMOO HE UMEET pelIeHus BooO11e (HepeaabHbIe
UCXO/IHBIE JaHHbIe). Ha mpakTuke Tpuiarepanuy 1o CIyTHUKaM, OJTHO U3 JABYX MOJIy4aeMbIX PEeIICHUN
0TOpachIBaeTCsl TI0 HAa4YadbHBIM YCIOBHSM. MBI TOBOPHM O TpWJIaTe€panvd, a HE O TPHAHTYJISIHH,
MOCKOJIbKY HMCXOJHBIE t JdaHHBIE UMEIOT JIMHEWHBbIE, a HE YIJIOBbIE M3MepeHHs. TOYHOCTh Yacos,
UCIOJIb3YeMBIX | JJIs1 onpeeneHusl pacCTOSIHUS C TIOMOIIBbI0O U3MEPEHUS BPEMEHHU PaclpOCTPaHEHHS
pallMOCUTHAJIOB, JOJDKHA OBITh OYEHb BBICOKOW BBHUIY OOJBIION CKOPOCTH [ pacnpoCTpaHEHHS
paauocurnanos. Omudka onpeeraeHust BpeMeHH B 1 MUKPOCEKYH/1y IPUBOJIUT K OIIKUOKE ONpeIeIeHUs
paccrosaus B 300 meTpos. /s onpenenenust BpeMeHH Ha ciiyTHUKaxX GPS ycraHOBIEHBI aTOMHBIE YaChl
croumocThio Oosiee 100 000 Thic. moUTapoB 3a MPUOOP (I TOBBIMICHHUS HAJACKHOCTH Ha KaXKIOM
CITyTHHKE YCTAHOBJICHO 1O 4 3K3eMIUIIpa TaKuX 4acoB). Mcroab30BaHKUE CTOJb JK€ YTOUHBIX YacoB B
kaxnoMm npuemMHuke GPS nepeanbHo. [ToaTomy st ompeneneHust koopauHaT mo cnyTHukam GPS
UCTOJB3YIOT CHUTHAJIBl OT 4-X CIYTHHKOB, YTO JaeT 4YeThipe lypaBHEHUS i onpenencHus 4-X
HEU3BECTHBIX - TPEX MPOCTPAHCTBEHHBIX KOOPAMHAT MPHEMHHUKA W MOMEHTa BPEMEHH IOIYyUYCHHUS



CHUT'HAJIOB.

Ilonv306amenvekuii ceemenm cucmemsl 2100a1IbHOU HABULAYUU

[Tpuemuuk GPS coaepXHUT HpoOLECCOP CUTHAIOB, KOTOPBIA BBIJEISAET HEOOXOAUMYIO
nHGOPMALMIO U3 3aKOJAWPOBAHHOTO CHTHAJA, MPUHATOTO C OPOUTHI, © MUKPOKOMIBIOTEP, KOTOPHII
BBIUMCIIIET IOINPABKM HA 3a/E€pKKy CHTHaja B HOHOchepe penstuBucTckue 3¢ dextsl. B nmamsaru
MHUKPOKOMIIBIOTEPA XPAHUTCS HHPOPMALIUS O MTapaMeTpax CIIyTHHKOBBIX OpOUT, 3eMHOU aTMocdepe u
¢dopme noBepxHocTH | 3eMHOr0 reouaa. Mel pacCMOTPUM TOJIBKO T€OMETPUUYECKYIO CTOPOHY 3aaudl -
OIpeJieIeHue KOOpAMHAT W BPEMEHH IO CHTHAJIaM TOYHOTO BPEMEHH, MOJYYeHHbIM C | deTsipex
CIIyTHHKOB, COBMECTHO C MH(pOpMaLUeil O MON0KEHUN CIyTHHKA Ha MOMEHT | M3ilyueHusl cursaia.
AHaAMTHYECKOE PEIIeHNE TPUTOHOMETPHUECKON 33/1a4H IPUBOIUT K CUCTEME YETHIPEX YPAaBHEHHIA ISt
YeThlpeX BEJIMYMH - TPEX KOOPJMHAT NMPUEMHHMKA U BPEMEHM IpUeMa CUTHaa, MPUYEM YPaBHEHUS
HelrHeiHble. 3amada MOXKET OBITh pelIeHa METOAOM IIOCIEOBATENBHBIX MPUOIKEHUH. 3aMepbl
IPOM3BOAATCA © JIOCTATOYHO YacTo, a CKOPOCTh JIBMKEHHS HpUEMHHKA HeBeluka. IlosTomy
JIOTHYECKOMY YCTPOHCTBY MPUXOAUTCS MOTPYAUTHCS TOJIBKO B CTaH HAYIbHOW HHULIMAIN3ALUH TTPU
3arycke cucteMsl. [lanpHelre onpeaeaeHus MOoNI0KEeHUs TPOU3BOANUTCS «B OJTHO KacaHHE», KaK Mbl
YBUJIUM B XOJI€ BBIIIOJTHEHUS 3TOH paboTHI.

Nmeem 4 cnyTHUKa, HyMepalys KOTOPbIX HAaUWHAETCs C HyJIeBOro. KoopinHaThl CITy THUKOB:

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

Koopaunarer GPS-npuemuunka: RX, Ry, Rz.

PaccTostHus OT CITyTHUKOB J10 TPUEMHUKA!

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 BenuuuHBl Pi, COOTBETCTBYIOLIME PACCTOSHUIO OT CIYTHHKA [0 TNPHEMHHUKA,
BBIYMCIIEHHOMY KaK IPOM3BEIEHIE BPEMEHH PAcIIpOCTPAHEHHS CUTHAJIA OT CITyTHHKA JI0 TPHEMHHUKA Ha
CKOpOCTh PacipOCTpaHeHus (CKOPOCTh CBETA), IPUUYEM MOMEHT MOJYUYEeHHUs CUTHaNIa OepeTcs Mo yacam
MpPUEMHUKA [0 BHECEHHs KOPPEKIHMH B IIOKa3aHHWs YacOB Ha OCHOBAHWW OJTHUX BBIYHCICHHNA. B
tepmuHosiorud GPS 3T BenmMuMHBI Ha3bIBAIOTCS MCeBAOAANBLHOCTH (PSeudoranges).

MaccuB Li ompenensiercss Kak pasHUIIA MEXKIY COOTBETCTBYIOIIMMH BBIYUCIISEMBIMH 10
KOOp/AMHATaM PACCTOSHUSAMH U TICEBJIOJATIBHOCTAMU (BBIUYMCIIIEMBIMU TIO BPEMEHH PaclpOCTPaHEHHUS):

Li=Ri - Pi

[Tonubie mpousBoaHble Li MO BpeMeHH MOTYT OBITH BBIPXKEHBI Yepe3 MPOU3BOAHBIC MO
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= - (SO0y-Ry)/Ri; d(Li)/dRy= - (SOy—RYy)/Ri; -<9(Pi)/dt=I

Ckopocth cBera C=1, yactHeie mpomsBogubie O(Li)/dRX, ... mo koopamHartam mnpHEeMHHKa
o6o3navaem DXi, Dyi, Dzi, u Dti (Dti=-1). Dt k03¢ durmeHTs cocTapiustoT Matpuiy: A=1 |

| DxO DyO DzO DtO |

| DxI Dyl Dzl Dtl |

| Dx2 Dy2 Dz2 Dt2 |

| Dx3 Dy3 Dz3 Dt3 |

[TonHas mpon3BoaHas BelW4MH Li 0 BpeMEeHH, yMHOKEHHAs! Ha YXOJ 4acOB, JAeT BEIUYHUHY
cooctBenHo Li (B mpeanonoxenun ux manoctu): d(Li)/dt « At =Li, ad(R)/dt« At = AR, rne AR - BekTop
MIPOCTPAHCTBEHHOT'O CMEIIEHUS TOJI0XKEHUS IPUEMHHUKA, COOTBETCTBYIOIIETO 3alaHHOMY YXO/Iy 4acoB
IIPUEMHUKA, JONOJHEHHBIH YETBEPTOM KOMIIOHEHTOW - 3HAYEHHEM YyXO0Ja 4YacoB IPHUEMHHUKA.
BripaxkeHHOE uepe3 4acTHBIC IPOM3BOIHBIC 10 HAMIPABJICHUSM U BPEMEHH, 3TO COOTHOIIEHUE IPUBOIUT
K ypaBHeHHr0o A»AR = L, koTopoe HeMeIJIEHHO MPUBOJUT HAC K PEIICHUIO, JAIOMEMy TEPBYIO
UTEPALINIO ONPEJEIIEHUS [T0JIOKEHNS TPUEMHMKA U Koppekiuu ero yacos: AR = A-1-L.

BHyTpeHHAs CTpyKTypa HaBUTAlMOHHOI'O IIPUEMHHKA

PPS (Pulse Per Second) - 3To curHam TOYHOM BPEMEHHOH CHHXPOHHW3AIMH TPHEMHHKA WU
cekynaHas metka (1PPS) - UMIyJIbCHBIN CHTHAJ IPSIMOYTOJIBHOM (POPMBI, TIOJIIPHOCTH TOJI0KHUTETbHA,



nepuo moBTopeHus 1 ¢, ;ymrenbHOoCThIO 2 MKC, ammuiuTyaa 3,0 = 0,5 B, conpoTuBnenue BXoaa/Bbxoaa
50 Om.

Mapkep cooObitus (Event Marker) - mo3BossieT COXpaHUTh B HAMSATH HPHEMHHUKA TOYHOE BPEMS
Y KOOPJMHATHI HACTYIUICHUS HEKOTO COOBITHS, CBI3aHHOTO C YCTPOHCTBOM, MOJIKIIOYEHHBIM K 3TOMY
Bxoay. Hampumep, MOMeHT cpabaThIBaHHs 3aTBOpa Kamepbl OyJeT TOYHO NPUBS3aH KO BPEMEHH U
KOOp/AMHATaM, Korjga OblT cienaH CHUMOK. [IpuMeHsieTcs mIMpOKO B adpoOoTOCHEMKE M B APYTHX
MPUIOKEHHSAX, TPEOYIOIIMX PETUCTPALIUN COOBITHS.

RTCM, CMR, CMR+, NMEA, JPS - cranaapTsl 0TOOpakeHus ¥ IpeACTaBICHUs HH(POpMaInH,
UCTIOJIb3yEeMOH TP PA3IMYHBIX METO/IAaX MO3UIIHOHUPOBAHHUS.

HesaBucumo ot tumna cucremsl (GPS/I'JIOHACC) u wactorHoro nuamazona (L1/L2 u ap.), B
CTPYKTYpE HABUTAIIMOHHOTO MPHUEMHHUKA MOKHO BBIICIHUTH /B OCHOBHBIX MOIYJISI: PaAHOYaCTOTHBIN
070K 1 TUPPOBOI BEIYUCIUTEND (pUC. 6)

PucyHok 5.6 - YrporieHHast CTpyKTypHasi CXeMa HaBUTAI[HOHHOTO MTPUEMHHUKA

Tpmesumk ALl :>

PagnouacToTHBIN OJIOK COCTOUT M3 MPECENIEKTOPa, MPEACTABISIONIEIO CO00M MaJIOIIyMSIIIHIA
YCHWINTEIIb, COBMEIICHHBII KOHCTPYKTUBHO C AQHTEHHOW, W NMPUEMHHUKA, Pa3MeliaeMoro Ha OJHOM
MevyaTHo! miuate ¢ HuQpoBbIM BrunucauTeneM. L{udposoii BbIYHCINTEIb, B CBOIO O4€PE/b, COCTOUT U3
3aka3Ho# uHTerpanbHOi MUKpocxeMbl (ASIC), Ha KOTOPOH OCTPOCHBI KOPPEIIATOPHI U MPOLIEccopa, B
KOTOPOM COOCTBEHHO pellaeTcs HABUTAIMOHHAA 3a71a4a U (GOPMUPYIOTCS YIPABISIONINE CUTHAIIBI JUIS
ASIC.

5. IlpakTHyecKkas 4acThb

1. BHMMaTeIbHO 03HAKOMBTECH C ONIMCAHUEM CTEH/Ia U HA3HAYEHHUEM OPraHOB yIPABICHUS.

Bximrounte crenn. IlomensiiTe HampaBlleHME Iepefadd AAaHHBIX, IPOJUCTAWTE OKHA Ha
BCTPOCHHOM JIHCILIEE.

[loaxmrounte MOAYNIb K KOMIIBIOTEPY. 3allyCTUTE CEpBUCHYIO Mporpammy. llpocmorpure
3aKJIaJKU U IIYHKTHI MEHIO.

Ouiin  Hacrpoiis
Yrpesnere: R
Nepeseryos | Boeon sereas | 1795 | Cromonsn | Cootisesms | Tim, | Towacn | L. proern | AGPS | Negenerpas | Tponee |
Bowon meveex

() N

O

Ervmrense!
Bowon NMEA vepes UISB poctynes Tomexo +@ mogymsx MLBDBES

Cxnpocte oGmesia no nopty NMEA:
Jerpys«a xaviana: -

FNOHACC
o888

o888

PucyHoxk 5.7. BHelIHMI BU CEPBUCHOM IIPOIPaMMBI



OO0OBsicHUTE, 9TO OTOOpaKASTCS HA SKPAHE TUCIUICS U KOMITBIOTEpa.
5. KoHTpoJIbHBIE BONIPOCHI

5.1 Kakyto nnpopmanuio nepeaaroT ClyTHUKY MO3UIHUOHUPOBaHUS?
5.2 CKOJBKO MPUEMHHUKOB MOXKET 00CTYKHBATh KaX /bl CITyTHUK?
5.3 Kak mpoucxoauT BEIYUCICHUE KOOPIUHAT?

5.4 Yo Takoe «MapKep COOBITUIIN?

IIK-5 CnocodeH BbIAIBJIASTH U YCTPAHATH COOM M 0TKA3bl BOSHUKAIOIINX B CETEBBIX YCTPOiicTBaX
HH(OPMANMOHHO- KOMMYHHMKAIIMOHHBIX CHCTEMAX
3naem:

- onpeoenerust U Munvl paouopenetiHblX JUHULL,

- cocmaeg 060py008aAHUSL MALUCMPATLHBIX, 6HYMPU30HOBLIX U MecmHbiX PPJI;
- MUnNbl paouoOpeetHblx CMaHyuil;

- coeOuHUmenbHble JUHUL TUHelHblx mpakmos PPJI u menesudenus.

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

- HNpUMEHAmMb npurHyun opcaruzayuu C]ly.?fC€6HOI;l CeA3U U m€ﬂ€O6CJZy9fCLl661HMﬂ 6
meneeuU3uOHHOM cmeoie,

- NPUMEHAMb NPUHYUN OP2AHUZAYUU CILYHCEOHOU CBA3U U MENEOOCTYIHCUBAHUS NO OMOETTbHOMY
CMBOILY CILYIHCEOHOUL CEA3U.

Braoeem:

- MemoOuKou HOPMUPOBAHUS KAHAN08 nepedadu menesusuoHHo2o eewjanus no PPJI
NPOU3BOILHOU CIPYKMYPbL U NPOMANCEHHOCTIU,

- MemoOuKoUu HOpMUPOBAHUSL AHAN0208bIX U Yughposvix PPJI;

- MemoOUKOU HOPMUPOBAHUS KAHATIO8 CTLYHCEOHOU C8A3U.

[IpakTuueckas pabota no teme «/locmpoenue npoghuns unmepsana, onpeoenenue 8biCOm noosecd
AHMEHH »

3aganme:
1 [ocTpouTs npoduiib HHTEPBAA, UCXOI U3 TAOIUIIBI 1.
2 PaccuuTath nmpocBeT B ¢cBoOo1HOM nipocTpancTBe HO.

3 Paccuurate npupaieHue npocsera AH ( 9 ).
4 BoiOpatb peanbHbIi poceT H.
5 OrmpenenuTh BBICOTY IOABECA AHTEHH IO YepTeKy NpoduiIs HHTEpBaia, paccuuTaTh

OTHOCHUTEIBHBIN mpocseT P ( 9 ).

Hcxoauble JaHHDBIE:
Hcxonnple nanHbIe TPUBEIEHBI B TabmuIe 1.

Ta6nuua 1 - BeicoTHbie 0TMeTKH Touek mpoduist uarepsaia y (Ki), m



Bapuanr Ki — &
(HOCJ'IC,I[H?[?[ OTHOCI/ITGJ'IBHaH KOO RO
pI[I/IHaTa

ibpa HOMEPa) T4 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 | 86 | 72 | 55 | 60 | 77 | 91 | 105

2 74 | 59 | 85 | 86 | 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

MeToanyecKkue peKOMeHIaluM:
Jlnst moctpoeHust mpoduiis MHTEpBaia HEOOXOAUMO PACCUMTATh JHUHUIO YCIOBHOTO HYJIEBOTO
ypoBHs (JIYHY) no dpopmyie:

yi = R K;(1-K;)*10°
1 1 1
2a , (1)

riae RO - B34Th 13 TaOMUIBI | IPAKTHYECKOTO 3aHATHS 2;
a - paguyc 3emun 6370 cm.

Jlns mocTpoeHuss HeoOXOAMMO BBIOpaTh MaciTald, Kak MpaBWilo, 3TO 2 KM B 1 cM 1o
TOPU30HTAIN U 5 MM B | CM IO BEpPTHUKAJIH.

[MToctpous JIVHY, oT Hee BBepX OTIOKUTH Y (MK OT TOPU3OHTATIBHOU OCH Yit+Yyuy).
CoeMHUTD NOJTyYEeHHbIE TOUKH JIOMAHHOH JInHUEH (Mpoduiib HHTEpBaja MOCTPOEH).
Haiitn oTHOCUTENBHYIO KOOPIMHATY HauBbICIIEN TOYKU Kmax.

OmnpenenuTs IPOCBET UHTEPBAJIA 7S CIydas CBOOOAHOTO IPOCTPAHCTBA:

1
H0 = \/g/lROKmax(l_ Kmax)
9 M’ (2)
300

A=—"
fO

.M, ©)
rae fO - wactora B MI'y (cM. Tabnuiy 1 mpakTudeckoro 3aHsTus 1).

OmnpenenuTh NpUpalIeHUE MPOCBETA 3a CUET MOJOKHUTENbHON pedpakiun i 50% pabouero
BpPEMEHU:!

R, —
__*g*Kmax(l_ Kmax) 4)

rae 9. BEPTUKAIBHBIA TPAIUCHT U3 TAOIUIIBI | TPAKTUYECKOTO 3aHATHUS 2.

AH(g) =



PeanbHbIii IpocBeT BHIOpATh B Ipeaesax:

H=(1+18)H, —AH ) -

BriOpannyto BenuunHy H 0TII0KUTH BEPTUKAJIBHO BBEPX U IPOBECTH JIMHUIO TaK, YTOOBI BHICOTHI
MoJIBECa aHTeHH ObUIM PUMEPHO paBHBI. HaliTh nX BeIMYMHBI, UCXOAs U3 MacmTala.
Onpenenuts OTHOCUTEINIBHBIN IIPOCBET:

o)~ H, )

JIaboparopHas paboTa o Teme «M3yuenue ycmpoticmsa yugposoii PPJI, pabomaroweti 6 uacmomuom
ouanasone 17,7-19,7GHz»

1 Heas pa6oThI:

1.1 H3yueHuwe CTPYKTYPHOH CXEMbI pPaJHONpPHUEMHOI0 YCTpoiicTBa aHanoroBeix PPJI (Ha
npumepe KYPC-8-0).

1.2 H3ydeHue METOJOB KOHTPOJS M U3MEPCHUN PaHONPUEMHHKA [0 BCTPOSHHBIM MPUOOpam
(KYPC-8-0).

2  Jlutepartypa:

2. 1. Marnauukwii, b. H. CmyTHHKOBBIE U pasropeneiiHble CUCTEMBI CBsI3M @ yueOHoe nocodue / b.
H. Marnuukuii. — HoBocubupck : CuOupckuil rocy1apcTBEHHbI YHUBEPCUTET TEIEKOMMYHUKAIMM U
uHpopmartuku, 2019. — 184 c. — Tekcer : anexTponHsbIi // Lludpposoit o6pazoBatenbHblil pecypc IPR
SMART : [caiiT]. — URL: https://www.iprbookshop.ru/102137.html (1ara o6pamenus: 06.06.2023). —
Pexum noctyna: s aBTOpU3Hp. MOJIb30BaTeNeH

2. 2. XKyxoBckuii, A. I'. CIryTHUKOBBIE U paIMOpeNIeiiHbIE CUCTEMBI ITepeaduu : yaeOHoe mocoone
/' A. T. XykoBckuil. — Mocksa : Aii [Iu Ap Meaua, 2022. — 249 c. — ISBN 978-5-4497-1710-8. —
Texcr : anexrponnsii // Ludposoit obOpazoBarenvhbiii pecypc IPR SMART : [caiit]. — URL:
https://www.iprbookshop.ru/122226.html (mara oOpamenus: 26.07.2022). — Pexum poctyna: ans
aBTOPU3HUP. OJIb30BATENIEH

2.3 TexHudeckoe OMMCcaHUE U MHCTPYKIHMS MO IKCIUTyaTallii 000py10BaHuU.

2.4 KOHCIEKT JIeKIIHi 10 Kypcy.

3  TloaroroBka K BbINOJHEHUIO PadOThI:

3.1 Tlo KOHCIEKTy TIOBTOPUTHh CTPYKTYPHYIO CXeMy (YIPOIIECHHYIO) pPaauoO-IPHEMHOTO
ycrpoiictsa PPCII.

3.2 Uzyunts ciennuKy MOCTPOSHUS TETEPOJUHHBIX TPaKTOB prueMHUKoB PPCII.

4  3apanue:

4.1 Tlonb3ysCh CTPYKTYPHOH CXeMOW pajuMONpPHEMHOT0 YCTPOMCTBA, M3YUYHUTh KOHCTPYKLHUIO
npueMHuKa Ha ctoiike [ImIIn v TpakTsl MPOX0KI€HUSI MOJIE3HOIO CUTHAA U CUTHAJa TeTepOIMHA.

4.2 BxiouuTh anmapaTypy U [0 CTOSYHBIM MPHUOOpaM MPOBEPHUTH €€ paboTOCIIOCOOHOCTb.

5  ConpepxaHme oT4yeTa:

5.1 Iens paboTHI.

5.2. TlpuBectu cxemy 3JIEKTPHUECKYIO CTPYKTYpHYIO paauonpuemHoro ycrpoiictea PPC. Ha
cxeme ykaxwure yactotsl fc mp, fret. mp. u frks.

5.3 3anummre pe3ynbTaThl H3MEPEHH.



6 Ilopsinok BbINOJIHEHUS PadOTHI:

6.1 M3yuure CTPyKTYypHYIO CX€My IpHUEMHHKA, HalIUTe OCHOBHBbIE OJOKHM M JIEMEHTHI Ha
croiike obopynoBanust PPC. OTBeTHTh Ha BONPOCH MPEMOAABATEIS.

6.2 O3HakoMuUTCS C TpeOOBaHUSAMU TI0O TEXHHKE Oe3omacHocTH mnpu padore Ha PPJI
00opyT0BaHUMU.

BitoueHne mpoBOIUTH IOCHE M3Y4YCHMs ammapaTypbl C pas3pellieHHs IpenojaBaTers,
IIPE/IBAPUTEIILHO BHEIIIHUM OCMOTPOM IIPOBEPUTH 3a3EMIICHHUE.

6.3 TymoOuepsl I'Bk reHepaTopoB KBapLEBbIX YCTAHOBUTH B NOJI0XKEHUE « BBIKID».

6.4 TlonmaTh Ha BBIIPSMHUTEIBHOE YCTPOMCTBO MepeMeHHoe HanpspkeHne 220B (mHyp nutanus
BKJIFOYMTB B PO3ETKY) IIPU 3TOM JI0JIKHA 3aropeThes JIaMIIOUKa MHANKATOpa HallPsKEHMsI Ha IiepeiHel
IIaHEJIH BBIIPSIMUTEIBHOIO ycTpoiicTBa. Hanpsbkenue nutanus «-24By» nogaercs Ha BXOJ CTOMKH.

6.5 IIpoBeputs HanpskeHHe nuTaHus Ha BxoJe cToiku [ImI1n-8-0 no nnaukaropuomy npudopy
Omoka KOHTpoJs. s 9TOro HEOOXOIUMO HaKaTh KHOMKH “-24B” Ha Onoke xonTpouss. [lokazaHus
npudopa J0JKHBI ObITh B Tipenenax 40-60MKA.

6.6 IlocraButh TyMOnep Ha Onoke I'KB B monoxxenue “Bki”. [IpoBeputs Hanpspxerue —1 8B no
U3MEpUTEIbHOMY NpUO0py Ha 6110Kke KOHTpos. [lokazaHus 1omkHBI ObITh B npenenax 40-60 MxA.

6.7 IlpoBepuTh HaNW4YME WM OTCYTCTBHE IOJIE3HOTO CHUTHAJa Ha BXOJE NpeoOpazoBaTess
npuema.

6.8 OO0bsacHuTh Hanmmume curnana [1Y4 u curnana gemoaynsaropa IT4.

7 KoHTpoJ/ibHbIE BOIIPOCHI:

7.1 KakoBbl OCHOBHBIE (PYHKLIUHU PAAUOIPUEMHOTO YCTpOicTBa?
7.2 KakoBo Ha3HaueHHE U 0OCOOCHHOCTH CMECUTeIeH preMa?

7.3 Tlo kakoii cxeme 1 oyemy BbINoJHseTCs Kackan YITY 1?7

7.4 Yto HazbIBatOT KoddpunmeHToM nryma npuemuuka PPCIT?

7.5 OO0bsAcHUTE Ha3HAUYEHUE U PabOTy 3aMEIIAIOIEr0 reHepaTopa.
7.6 OObsacHuTe paboty cxembl APY ¢ mnomHBIMU aTTEHIOATOpaMHU.

41. TumoBble MaTepuadbl Jsi TPOBeAEHUS] TMPOMEXKYTOUYHOW  aTTecTAllNU
o0yuarumuxcst

IIK-1 Cnoco0eH k npoBeieHHI0 NPOPUIAKTHYECKHX PadOT Ha 000PY10BAHNHU CBSI3H

3naem:

- NPpUHYUNBLl NOCMpOeHUss U pabomvl cemell CA3U, A MAKNHCE COCMA8 CMAHYUOHHO20
000pyoosanus;

- cmanoapmul Kauecmea nepeoayu OaHHbIX, 20710Ca U 8U0e0, NPUMEHAEMbIX 8 OP2aHUu3ayuU
cemu C853u;

- 3akonooamenvcmeo Poccuiickoti @edepayuu 6 obracmu céa3u;

- NPUHYUNBLL pAbOMbl U APXUMEKMYPY PAZTUYHBIX UHDOKOMMYHUKAYUOHHBIX CUCTEM.

Ymeem:

-UCNONIL308AMb MUNOBYIO CXeMY UBMepPeHUsi KOIpduyuenma ycuienus aHmenHsvl U munogyio
UMepUmMeNbHY0 annapamypy, 00ecnedusarouyio HeooXooUMyrw MoOYHOCMb UBMEPAEMbIX GEUYUH 8
pabouem duanazoxe yacmom,

- UCNONb308aMb MUNOBYIO CXeM)y UMepeHUs Kodg@uyuenma cmosdell 807Hbl AHMEHHbL U
MUNoByI0 UMEPUMENbHYI0 annapamypy, 006ecnedusaouylo HeodXo0UuMy mMoYHOCHb UMepPSIeMbIX
geUYUH 8 paboueM OuanazoHe 4acmom;



- UCNONIL308AMb MUNOBYIO CXeM) UBMEPEHUs OUdspammvl HANPABIEHHOCU AHMEHHbl U
MUNOBY10 UMEPUMENbHYIO annapamypy, 00ecnedusarouylo Heobxo0UuMy MOYHOCMb UMEPAEMbIX
geuyun 6 paboyem OUana3oHe Yacmom,

- BLINOIHAMb pacyem NPONYCKHOU CNOCOOHOCMU cemell MeleKOMMYHUKAYULU,

- Hacmpausams cxemvl pesepsuposanus 0bopyoosarus PPJI;

- 8bINONIHAMb YACMOMHO MEPPUMOPUATbHOE NIAHUPOBAHUE cemell CE53U.

Bnraoeem:

- MemoO0om uzmeperust Koappuyuenma ycunenust anmenuwl PPJI;

- Memooom uzmepenus Kodpgduyuenma cmosue 601Hvl anmentvl PPJI;
- MemoOoM umMeperus Ouazpammsl HanpasienHocmu anmenusi PPJI.
Tema onsa ouckyccuu: Bolioop onmumanbHOU cxembvl 8bINPAMUMEISL.

ITK-5 CnocodeH BbIAABJIASATH U YCTPAHITH COOM M 0TKA3bl BOSHUKAIOIINX B CETEBBIX YCTPOiicTBAX
HHGOPMAIIMOHHO- KOMMYHHKAIIMOHHBIX CHCTEMAaX
3naem:

- onpeoeneruss U Munvl paouopenetiHblX JUHULL,

- cocmaeg 060py008aAHUSL MALUCMPATLHBIX, 6HYMPU30HOBLIX U MecmHblX PPJI;
- MUnbl paouopeetHblx CMmaHyuil;

- coeOuHUmenbHble JUHUL TUHelUHbIX mpakmos PPJI u menesudenus.

Ymeem:

- NPUMEHAMb NPUHYUN OP2AHUZAYUU CILYIHCEOHOU C853U U MeNe0OCIYHCUBAHUS 8 CNeKmpe
paouopeneinozo cmoaa,

- NpUMEHAMb NPUHYUN  OPSAHUZAYUU  CAYHCEOHOU C8a3U U  MENeOOCIYHCUBAHUS 8
menesu3UOHHOM CmeEone,

- NPUMEHAMb NPUHYUN OP2AHUSAYUU CIYHCEOHOU CBA3U U MENE0OCIYHCUBAHUSL NO OMOETbHOMY
CMBOIY CILYIHCEOHOU CBA3U.

Braoeem:

- MemoOuKkou HOPMUPOBAHUA KAHAL08 nepeodadu menesusuoHno2o eewjanus no PPJI
NPOU3BOTLHOU CIPYKMYPbL U NPOMANCEHHOCHU,

- MemoOuKou HOPMUPOBAHUSL AHAN0208bIX U Yughposvix PPJI;

- MemooOuKou HOPMUPOBAHUS KAHANLO8 CILYHCEOHOU CE53U.

TuroBble BONPOCH! U 331aHUS K 3a4ETy:

1. [TpuHIMIIBI TOCTPOEHUS pagopesIeHOM CBSI3U U CITyTHUKOBOM CBSI3M, KiaccuduKarus,
JMana3oHbl IPUMEHSAEMBIX 4acTOT.

2. [lepenaromiee 060py10BaHNE TEIEBU3NOHHOTO CTBOJIA aHanoroBoit PPJIL.

3. UreHne NpUHIUIHAIBHON CXEMBI

4, [Tnaner vactot Ha PPJI (pactpenenenre 4acTOT MEXK/y CTAHIIMSIMHU B OJJTHOM CTBOJIE 1 MEXKTY

CTBOJIAaMH OJTHOW CTAHITUH).

5. Tpomnochepusie PPJI

6 UreHune CTpyKTYPHOU CXEMBbI YACTOTHOTO MOJYJISITOPA U IEMOYJIATOpa

7. OcHOBHOE ypaBHEHHE PaINOCBS3H I YCIOBHH CBOOOAHOTO MPOCTPAHCTRA.
8 CornacoBaHue B BOJTHOBOAAX, (EPPUTOBBIE BEHTHIIN U [IUPKYJISTOPHI.



9.

UreHre NpUHLIUITHAIBHON CXEMbI YaCTOTHOTO MOJYJISITOpa

10.  IlomsTHe MHOXUTENS OciadieHust V 1 MUHUMAJIBHO JOMYCTUMOTO MHOXKUTEIS OcTIa0IeHus
Vmin norr..

11.  Hupkynsropst PPCII, meneBbie MOCTBI, HA3HAYEHHUE.

12. UteHne CTPYKTYPHOM CXEMBI YaCTOTHOTO JIeTeKTOpa ¢ (ha30BOM aBTOMOACTPOHKOM YaCTOTHI.
13. Tumnb! uatepBanoB Ha PPJI, monoxxutenbHas u oTpuLaTenbHas pepakuus; IpUIUHBL,
BIIMAIOIINE HA YCTOMYMBOCTD CBSI3H.

14.  Ha3naueHue CHMHYC KBaJpaTUYHOTO HMITyJIbCa

15. Kaxk opranuzoBate TB Beanue B TpyAHOIOCTYITHOM MECTHOCTH ?

16. ['unoretuueckue sranonnsie uenu (['IL]), pacckazars Mo pazgaTouHOMy MaTepuanny s
MaructpaiibHbix PPJI PO.

17.  Hasnauenue umnyinbca cunyc 20T

18.  UYreHue NpUHIUIHAIBLHON CXEMBI

19.  OcobenHocty nepenavyn TEIEBUACHUS TI0 PAIHOPETICHHON JTMHUHN, POITh MPEIUCKAKECHUH.
20.  YteHue CTPYKTYpPHOH CXEMBbI IPUEMHON 3€MHOM CTaHIIUU CITyTHUKOBOM CBSI3U

21.  YreHwe NpUHIUIHAIBHON CXEMbI YCHIUTENS IIPOMEXYTOYHON YaCTOThI HA TPAH3UCTOPaX.
22. CrpykTypHas cxema NpUEeMHHKA OKOHEYHOW CTaHLUU aHanoroBbix PPJI

23.  ABromarmueckas perynupoBka ycuienus. [lo cxeme KYPC

24.  YteHue CTPYKTYpPHOH CXeMbI MOAYJISATOpA HAa TeHEpaTOpaxX YIPaBIsIEMOTo HAMPsHKEHUS

25.  OcCHOBHOE ypaBHEHHE PaJHOCBS3H IJIsl CITyTHUKOBBIX CHCTEM CBS3H (YYaCTOK PETPAHCIATOP —
3emiist), tuarpaMma ypoBHEH.

26.  CornacoBaHue B BOJTHOBOAAX, (heppUTOBBIC BEHTHIIN M LUPKYJIISTOPEI.

27.  YteHue NPUHIMIHAIBLHON cXeMbl (GUIBTPA TPOMEKYTOUHON YACTOTHI

28.  CrpykrypHble cxembl iepenatankoB OPC aHamoroBhIX pagropeeHbIX JIUHUH CBS3H.

29. Hapucyiite BpeMeHHY0 1MarpaMMy Ha BXOJ€ IpUEMHUKA aHAJIOroBbIX PPJI

30. Ha maute PPJI ogHa anTeHHA, KaKoii 3TO BUJI CTAHITUU

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

32. Hapucyiite BpeMeHHY10 [uarpaMMy CUTHAJIOB Ha BBIXO/JIE MepeaaTyrKa sl aHaaorossix PPILL
33. UreHne NpUHIMIHAIBHOU CXEMBI

34. Crpyxkrypnas cxema [TPC ¢ nByms reneparopamu CBY.

35.  Kakue mymsl 1 mouemy sBJISIOTCS OCHOBHBIMU Ha PPJI (0co0eHHO B ciiyyasix ¢ 3aMUpaHUsIMU)?
36. Ha maute PPC nBe anTeHHBI, KaKOW TUTI CTAHIIMU BbI MPE/IIIOIaracTe

37.  CrpykrypHas cxema [1PC ¢ ycunennem na CBY.

38. [To pazparounomy Marepuainy pacckazaTh o TUoBoM kKackazae YIIY kommiekca KYPC

39.  CrpykrypHas cxema HU(PpoBON pagroperaeHol cTaHIIuu.

40.  Oo6ocHoBanwue BeiOOpa nquanazona CBY mrs PPCIT u CCII.

41.  AHTeHHBI paIuOpENIEHHBIX CUCTEM Iepeiayun, NapaboInyeckie M MepUCKOMUYECcKue.

42. UreHre NpUHIMITHATIBHON CXE€Mbl YACTOTHOTO JIETEKTOpa

43.  CuHycC KBaJpaTUYHbII HMIYJIbC MOHU3UJIICS B JIBa pa3a

44, Anrennsl PPCII, PITA, u AJID

45. MonynsaTop Ha OUEHUSX

46.  UYreHue CTPYKTYpHOH CXEMBI

47. [Mupxynsaropsl PPCII, meneBbie MOCTBI, Ha3HAUEHUE.

48. I'erepoaunubie TpakThl nprueMHUKOB PPCII

(na mpumepe KYPC - 8 - 0).

49.  YreHue NpUHIUIHAIBHON CXEMBbI YHACTOTHOTO JIETEKTOpa Ha oAHOM Auoje. HegocraTku cxembl
50.  OcCHOBHOI TUI BOJIHBI B IPSIMOYTOJIHHOM BOJHOBOJIE, KPUTHUYECKAs! JUTMHA BOJIHBI.

51.  T'erepomunubie TpakThl epeaarankoB PPCII

(na mpumepe KYPC — 8 - 0).

52.  UreHHWE NpUHIMMNHAIBHON CXEMBI

53. OOBsCHUTE NPUHIUITBI OPraHU3alKu CBsI3U ¢ moMoInbio PPJI mpsimoit BuIuMoCTH.

54, Kakwue Buib1 MOAYJIAILIMY TPUMEHSIOTCS B COBpeMeHHBbIX PPJI.



55.  UrteHHe CTPYKTYPHOU CXEMBI

56.  Koaddumuent nmryma npuéMHUKA, CIIOCOOBI €r0 YMeHbIeHus, TUibl MIITY.

57.  CTpykTypHas cxema MpUEeMHON CTaHIIMU CITyTHUKOBOMW CBSI3H

58.  UreHHe NpUHIMIHAIBHON CXEMbI

59. [TpuHIMI AeHCTBUS OAHOKOHTYPHOTO MapameTpudeckoro MIIY.

60.  CrpykrypHas cxema yyactka L[PPJI.

61. Kakwue yacToTsl Hcnonb3ytoTcest A1t 30H0BbIX PPJI?

62.  Ocobennoctu cmecutenet npuéma, TpeOOBaHMS K HUM.

63. Kakue nuana3oHbl 4aCTOT UCIOIB3YIOTCS J11 MarucTpajibHbix PPJI?

64. Tpakt npomexyrouHoit yacToTsl npuémuukos PPCII, crpykrypHas cxema, 000cHOBaHUE
BbIOOpa ITY.

65.  T'erepomunnsiii TpakT npuemunka PPC «Kypc-8-0».

66.  Henocrarku smuntudeckoit opoutsl UC3 (KA).

67.  OOocHOBaHHME BEIOOpPA TEOCTAIMOHAPHON OPOUTHI CITyTHUKOB 3EMITH.

68.  Pacckazate o pabote rerepoauna nepenatunka KYPC — 8 — 0 (mecto ycunurens B
TeTEPOJIMHHOM TPAKTE).

69.  MHoroypoBHeBOe KOJMpOBaHUE B IIU(PPOBLIX PaIMOPETICHHBIX CHUCTEMaX MepeladH.
70.  CkpembnupoBanue mudposoro curnana B L[PPC.

71.  Haszuauenue pereHepatopoB B LIPPC.

72.  Tloctpoenue muppoBOi pagroOpeIeHHON CTaHIUH.

73. UYem onpenensiercs ypoBeHb myMmoB B L[PPJI.

74.  Yacrubiii auanasol nudpossix PPJI uepapxuit PDH u SDH.

75.  Dnexrtponutanue undpossix PPC.

76.  Jlns dgero mpuMeHsieTCs niepeMexenue nudposoro curHaia B [[PPC.

77.  Opranuzauus monutopunra L{PPJI.

78.  T'erepomuunsrii Tpakt LIPPC.

baunx KOHTPOJIBHBIX BOIIPOCOB, 3a,I[aHI/II71 U HHBIX MATCPUAJIOB, HCIIOJB3YCMbIX B IPOLECCE
MPOIIEAYP TEKYIIEro KOHTPOJS M MPOMEKYTOUHON aTTECTAIIMM HAXOAHUTCS B YU4€OHO-METOJIUYECKOM
KOMIIJICKCE AUCIHHUITIJINHBI A/nnm MMpEACTaBJIICH B 3J'ICKTpOHHOI71 I/IH(I)OpMaI_II/IOHHO-O6paSOBaTeHbHOﬁ
cpene o URI: http://www.aup.uisi.ru/.

4.2. MeTtoanyeckue MaTepHaJbl MPOBeIeHUs] TEKYIIEro KOHTPOJIS W MPOMEKYTOYHOI
arTecTauMu 00y4arommnxcs
[lepeyeHp METOMMYECKHX MATEPHAIOB Ui TOATOTOBKM K TEKyIIEMY KOHTPONIO U
MIPOMEKYTOUHOM aTTeCTaIHH:
1. Meronndeckne ykazaHUsl K BBITIOJIHEHHUIO MPAKTHYECKUX padoT mo aucruruimHe «Cetn u
cucreMbl pagrocsssu». —URL: http://www.aup.uisi.ru/.
2. Meroanyeckue yKazaHUs K BBITOJHEHHIO JIAOOPAaTOPHBIX paboT mo mucturmuinHe «Cetu u
cuctembl paguocss3u». —URL: http://www.aup.uisi.ru/.
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