202392868 Al

(19) EBpa3unckoe 21 202392868 (13 Al
naTeHTHoOe
BeAOMCTBO

(120 OMUCAHUE U30BPETEHUA K EBPABUMCKOM 3ASIBKE

(43) Aara ny6nukauum sasiskm (51) Int. Cl. HO04B 7/08 (2006.01)
2024.07.16

(22) [ata nonaum 3aaBku
2023.11.10

(54) HUPPOBOE INPOT'PAMMHO-ONPEJAEJAEMOE PAJTIMONIPUEMHOE YCTPOMCTBO C
YBEJIUYEHHOM CKOPOCTbBIO CHHAIA AMILIUTY TAPMOHUK OT'PAHUYEHHOI' O
CUTHAJIA

(96) 2023000183 (RU) 2023.11.10 (72) Waobperatens:

(71) 3assurens: Makoswuii Baagumup AsiekcaHapoBud,
AKINUOHEPHOE OBHIECTBO EpmaxoB Cepreii AjiekcaHIpOBHY,
"KOHIEPH "CO3BE3JIHUE" (RU) Boaros Anapeii Anexcanaposuy (RU)

(74) nNpeacrasutens:
Cempinun A.C. (RU)
(57) YecrpoticTBo OTHOCHTCS K OONACTH DPajIMOTEXHUKH M MOXET ObITh HCIOMB30BAHO I CO3JAHHS

MEPCIEKTUBHBIX MU(PPOBBIX PAAHOYCTPOUCTB C MPOTPAMMHUPYEMOI apXUTEKTYpoil (ONTHMU3UPOBAHHBIX
10 PHEPTOMOTPEOICHUIO U CTOMMOCTH) JUTS 00€CIIeUeHsI IpUeMa CUTHAIIOB B peXXHME CO CTaOMI3auei
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mpeobpazoBanus AIlll ¢ mempio yBenwueHHS CKOPOCTH Cliafja TAapMOHUK OTPaHUYEHHOTO CHTHAJA,
BTOpOH BBIX0J| OJIOKa OGE3bIHEPLIMOHHOTO HETMHEHHOTo 3ieMeHTa (7) COeIMHEH C BXOIOM H3MEpUTEIIs
a¢exTuBHOTO yria orpannyerus (11).
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HO04B 7/08
ITudposoe mporpaMMHO-ONpeneIsieMoe PAaHONPUEMHOE YCTPOUCTBO € YBEIHMYEHHOM

CKOPOCTBIO CIlaia aMILJIUTYd FapMOHUK OIrpaHUYCHHOI'O CUTHAJIA

H3o0peTeHne OTHOCUTCS K OOJIACTH PAJUOTEXHUKU M MOXKET OBITh HCIIONB30BAHO IS
CO3JAaHUSl TEPCIEKTHBHBIX LHU(POBBIX PAZUOYCTPOICTB C NMPOrpPaMMUPYEMOH apXUTEKTYpOil
(ONTUMHU3UPOBAHHBIX IO JSHEPronoOTPEeOJEHHIO M CTOMMOCTH) Ui OOeCHedeHus MpHema
CHUTHAJIOB B PEXHMME CO CTaOWIM3alMeld CPEIHEero yrja OTPaHUYEeHUs B YCIOBUSX CIIOXKHOM
3JIEKTPOMArHUTHON OOCTAHOBKU.

Takue npueMHUKH onMcaHbl, HarpuUMep, B kHUrax «Cognitive radio technology», Second
Edition, Elsevier Science & Technology Books, 2009. - p.p. 828, aBropa Bruce Alan Fette u
«Software defined radio: enabling technologies», John Wiley & Sons, Chichester, UK, 2002. —
p.p- 442 aBropa W. Tuttlebee, Ed.

[Ipomiecc orpaHW4eHus CHrHaja MOAPOOHO pACCMOTPEH, HAlpUMep, B CTaTbe
«/lnramMudeckne nmapameTpsl anajoro-mudposoro tpakra JJIKMB nuanaszona», aBropa MakoBust
B.A na c. 18 - 20. B 3T0i1 ke cTaThe BBEAEHO MOHATHE YIJIa OTPAHUYECHHS IO aHAJIOTUH C YTJIOM
orceuku. [loHsaTHe »>(PPEKTUBHOrO yria OrpaHUYEHHUs] CUTHAA BBOAWUTCS, B CTaTbe
«ABTOMAaTHYECKAsl PETYJUPOBKA BOCIPUUMUYUBOCTH B IPOrPAMMHPYEMOM PAAUONPUEMHHKEN,
aBropa Makosusi B.A na c. 30 - 34.

Haubonee nepcrieKTUBHON CTPYKTYPHOU CXeMOMW IJisi TIOCTPOEHUs] aHaJoro-uudpoBoro
tpakta (ALIT) coBpemeHHOro mnporpamMMmHoO-omnpenessiemMoro paauocpenctsa (SDR, software-
defined radio) sBnsercs TpakT ¢ asanoro-uudpposbiM mnpeobpasoBanuem (ALI) Ha
panuouactore. AL[T 6e3 mpeobpazoBanus paauodactorsl nepen ALl mo3BossieT peaar3oBaTh
BCE MOTEHUUANbHbIE peuMyiecTBa SDR TeXHONIOrUM U KOTHUTHBHOTO paauo [1], obecneunBas
PEKOPIHYIO M30UPATETBHOCTD MPH HEOOJIBIINX OTCTPOHKAX MOMEXHU OT YaCTOThI MPUHUMAEMOTO
curHajna. B nureparype nogoOusie AL[T Ha3biBaroT uneanbabiMu (ideal receiver scheme) [1, 2].

BoJbIMHCTBO TUHAMHYECKUX NapameTpoB paguoctanimn onpenessiercss ALIT. B pabore
[3] nmoka3zaHo, YTO MCMOJB30BAHHE PEKHMMa OTPAHMYEHUS] BXOJHOTO CUTHAIAa TPU AHAJIOTO-
udpoBoM mnpeoOpa3oBaHMM B JHHEHHBIX MPHEMHBIX TPAKTaX BO3MOXKHO, M HYTO PEXKUM
OrpaHUYEHUs] TO3BOJSIET YJYYIINTh OCHOBHBIE AWHaMu4eckne mapamerpol AT —
IMHAMUYECKUHN Uana30H U TUHAMUYECKHH AHAIa30H 110 OJIOKUPOBAHHMIO.

ITpu sTomM s obecriedernss HOpMaibHOH padorsl AL[T, MCIONB3YIOIIMX PEXKUMBI C
OTpaHWYEHUEM CHUTHAJIA MPU aHAJOro-uudpoBoM mpeodpa3oBaHUU, HEOOXOIUMO O0eCTeYHTh
HU3KYIO BEPOSITHOCTH IIOMAJAHUS IOMEX, BBI3BAHHBIX OrPAaHMYEHHEM B IIOJOCY OCHOBHOTO

ka”aia npuéma. [Ipu sToM mosoca npuéma CUMTAETCs MOPAKEHHOMN, €CIU B HEE IMOMNAaNaeT XOTs
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Obl OZlHa rapMOHHUKA OTPAaHMYEHHOI'O CHUTHAJa C 3HEpruel, MpeBbIIAroel HEPTUI0 IIyMa B
nosioce npuéma [3].

B u3BeCTHBIX yCTpOICTBaX-aHAIOraxX MOBBIIIEHUE YaCTOThI JUCKPETU3ALMH YBEITUUNBAET
BO3MOXKHOCTb OCYIIECTBJISITh IPUEM ITPU OTPAHUYEHUN CUTHAJIA B AHAJIOTO-LIU(POBOM TPAKTeE 3a
CU€T yMEHBIIEHHs] BEPOSTHOCTH IONAJaHMs B IIOJIOCY NPUHHUMAEMOr0 CHUTHAjla TIapMOHUK
OrPaHUYEHHOTO OJIOKMpYIOLIEero curHaia [3], Ho B TO ke BPeMs 5TO NMPHUBOIUT K YBEJIHUEHHIO
SHepronoTpedeHus u CTOUMOCTH 3a cuer HEOOXOIUMOCTH PUMEHEHUS
BBICOKOIIPOU3BOAUTENBHBIX ~ MHKPOCXEM  aHaNoro-mudposbix npeodpasosareneii (AL,
NPOTrpaMMHUPYEMbIX JIOTH4eckux uHTerpaibHbix cxeM (IIJIMC) u 1udpoBbIX CHUTHAIBHBIX
npoueccopos (LICIT).

AKTYyanbHOCTh CHWIKEHHUS HSHEPromnoTpedsieHus] (3a C4YeT CHWKEHHUs TpeOOBaHWHA K
94acTOTe IUCKPETU3ALMH) ONpEeAeNsieTcss TeM, YTO O5TO INO3BOJSIET CHU3UTh 3aTpaThl Ha
MPOU3BOACTBO COOTBETCTBYIOLINX U3AEIIHM.

B xauectBe Hambonee ONM3KOrO aHajora K MpenIaraeMoOMy YCTPOWCTBY TNPHUHSTO
pPagvoOyCTPOMCTBO C THUIIOBOM MNPOrPaMMHO-ONPENEIsieMOM MOAYJIBHONW  apXUTEKTYpOH,
OMMCAHHOE B CTaThe [4], MPUHATOE 33 IPOTOTHII.

Ha ¢wur.1 npeacraBnena CTpyKTypHas cxema yCTPONUCTBA-NPOTOTHUIIA, i€ 0003HAYEHO:

1 — 6ok BxoaHbIx 1enel (BL);

2, 4 — nepBbIit ¥ BTOpOi nosiocosbie GuibTphl (I1D);

3 —arrentoarop (ATT);

5 — npeasaputenbHbiil yeunurens (I1Y);

6 — aHanoro-uudposoii mpeodpazosarens (AL,

8 — uudporoii down-kouseptep (LIK);

9 — ymuoxurens (Y),

10 — ¢puneTp ocHoBHOI cenekiuu (POC);

11 — usmeputens 3¢ dexkruBHOro yria orpanudenus (M3M),

12 — xommaparop (K);

13 — popmuposarens xapakrepuctuku APB (D),

Y CTpOHCTBO-MIPOTOTHIT COEPKUT TOCIEAOBATENILHO COSTUHEHHbIE OJIOK BXOIHBIX LIETEH
1, mepBbli mojocoBoii ¢QuueTp 2, arreHrarop 3, BTOpPOH MOJOCOBOH (uieTp 4,
NpeABapUTEIbHBIN YCHIINTENb S, aHanoro-uudpoBoil mpeodpasosarens 6, mudposoit down-
KOHBepTep 8, yMHOXUTENh 9 U (PUIBTP OCHOBHOH cejekiuu 10, BBIXOA KOTOPOTO SIBJISIETCS
BbIXOZIOM ycTpoiictBa. Kpome Ttoro, Beixog ALl 6 uepes mocnenoBaTenbHO COENMHEHHBIE
u3meputens 3¢p¢exkTuBHOro yriaa orpaHudeHuss 11 u xommaparop 12 coenuHeH C BXOAOM

dbopmuposarenst xapakrepuctuku APB 13, mepBelif BBIXOJ KOTOPOrO COEOUHEH CO BTOPBIM



BXOZOM arTeHrartopa 3. Bropoii Bexon ¢popmuposarens xapakrepuctuka APB 13 coennnen co
BTOPBIM BBIXOZOM YMHOXHTENS 9. Bxon 650ka BXOAHBIX 1ieniel | SBIsieTcs BXOAOM YCTPONCTBA.

YcTpoicTBO-IpoToTHIT padOTaET CIEAYIOIUM 00pa3OM.

AnuTHBHASA CMECh IIyMa, IPUHUMAEMOI0 CUTHAJAa U OJOKUPYIOIIEH MOMEXHU MOCTyIaeT
Ha BXOJ YCTPOWCTBA U MPOXOIUT 4Yepe3 Bxoxauble Henu 1. [lanee mepsbiii monocoBoi GuibTp 2
IPOINYCKAeT Ha BXOJ aTTEHI0ATOpa 3 CHTHAJbI, HAXOAsALIMecss B mojoce padounx wactor. C
BBIXOZIa ATTEHI0ATOpa 3 CMECh INyMa, NMPUHUMAEMOrO CUTHajJa ¥ OJIOKUpYIOIIEH NoMexu
NOCTyMAaeT Ha BTOPOH MOJIOCOBOWM (UIBTP 4, OCYIIECTBISIFOIIUN BBIACIEHHE y4acTKa MOJIOCHI
pabounx yactor. Kak mpaBuiIo, MHUPUHA MOJIOCH MPOMYCKAHUS BTOPOTO MOJIOCOBOroO (rbTpa 4
He 00ecreunBaeT MOAaBIEHHsI TIOMEX, OTCTPOCHHBIX Ha BeqU4nHy +10% OT 4acTOTBI HACTPOUKH
U €ro BIMSHUE Ha aMIUUTYAY OJIOKUPYIOLIEro CHTHajla MOXKHO He yYUThIBaTh. Jlanee curHam
YCHJIMBAETCSl TIPeNBAPUTENIbHBIM ycuuteneM 5 u moctymaer Ha Bxox ALl 6. I{udpossie
orcueTsl ¢ Bbixona AL 6 mocTynaroT Ha Bxon m3MepuTtess 3p(HEeKTUBHOTO yrila OrpaHUYCHUS
11, B KOTOPOM pPacCUUTHIBAECTCS CPEAHUN YroJ OTPAaHMYEHHUS MO COOTBETCTBYIOLINM (OpMyJiam
[4]. Manee paccuuTaHHBIA CPEOHUI yroj OTpaHUYEHUs] C BbIXOAa M3MepuTtelns 3P QPeKTHBHOTrO
yria orpanudeHuss 11 mnocrymaer Ha xommaparop 12, OCyLIECTBISIOIUMI CpaBHEHUE
BBIYMCJICHHOTO 3HAYEHMs! yIjla OrPAaHUYEHHs C 3apaHee 3aJaHHbIM noporoM. Bemnunna mopora
YCTAQHABJIMBAETCS HCXONS U3 YCJIOBUS OOECHEeueHHs] COOTBETCTBUS MOIIHOCTH IIOMEX
orpanuyeHusi ypoBHIO coOcTtBeHHbIX mymMoB ALl [4]. Ilpu mpeBbllIeHHH CHTHAJIOM IOPOTa
dopmuposarens xapakrepuctuku APB 13 B cooTBeTcTBUM € anroputMoM (yHKIIMOHHUPOBAHUS
yMeHbIIaeT KOo3((QUIMEHT Mepefayn aTTeHKaropa 3, B Clydae MJIUTEIbHOTO OTCYTCTBHUS
IPEBBIIIEHNs] TIOPOTa — YBEJINYMBAET, KaK CUCTeMa OOpaTHOH aBTOMATHYECKOH PeryIupOBKOH
ycuneHus. DopmupoBarens xapaktepuctuku APB 13 onHOBpeMEHHO C  YIpaBISIFOLINM
CUTHAJIOM aTTeHroatopa ¢popmupyer nudpoBOil KO Ha BTOPOUM BXOI YMHOKHUTENS 9, MPUYEM
BEJINYMHA 3TOrO KOAA MPOIMOPLUOHAIbHA YMEHBIIEHUIO KO3 QUIMeHTa mepenayn aHajIoroBOH
YacTH TpakTa WIM OCiabiieHuro B arreHroarope 3. Torma mocne ocnabieHWs CUTHAIA B
aTTeHaTope 3 W YMHOXEHUs HU(POBOro CHUrHAJa YMHOXKUTENEM 9 Ha COOTBETCTBYIOLIYIO
BEJINYMHY CYMMAapHbIH K03 PruumeHT nepenayn aHAIOro-u(ppoBOro TPakTa ¢ BXOa HA BBIXOA
OCTa€TCsT HEU3MEHHDBIM.

Hudposoit curnan ¢ Beixoma ALl 6 mocrymaer Ha nmudpoBoit down-koHBepTOp 8,
OCYLIECTBISIIOIINN TEPEHOC IO YacTOTe, IPEIBAPUTENbHYI0 (DIIIBTPALUI M TOHIKEHHE
94acTOThl AMCKPETH3AMH CUTHajla B OCHOBHOH mosioce mpuéma. C Bbixopa mudposoro down-
KOHBEPTOpa 8 OTCYETHI CHUIHaja IMOCTYMNAKT HA MEPBbIH BXOJ YMHOXMWTENd 9 U jHajnee Ha
udposoii unbTp ocHoBHOI cenexkuuu 10. C Beixoaa GuibTpa OCHOBHOH ceneKuu 10 OTCYETHI

U(pPOBOro CurHaja IOCTYMAOT HAa BBIXOJ YyCTPOWHCTBA. B 3aBUCMMOCTH OT BEIMYUHBI
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OTCTPOMKH IO YacToTe OJOKHPYIOLIEH MOMEeXH W CUTHaja ux pasfeneHue ((uibrpanys)
npoucxoauT B rudpoBoM down-koHBEpTOpe 8 MM B punbTpe ocHOBHOM cenekunu 10. Takske
npyu pacuére HEoOXOAMMOHM pPa3psAHOCTH LU(PPOBOIO TPAKTAa YUUTBHIBAETCS MAaKCHUMAaJbHO
BO3MOKHO€ YBEJIMUEHUE AMIUIUTY/ bl CUTHAJIA B YMHOXUTENE 9.

HenocratkoM  yCTpOWCTBAa-POTOTUNA  SIBISIETCS.  HEOOXOAMMOCTh — NPUMEHEHUS
noporocrosimux kommnoHeHToB (AL, TIJIMC, IICII) ¢ BeicOkMM B3HepromnorpebieHHneMm,
OOYCJIOBJIEHHBIM BBICOKUMHU TPeOOBAHMSAMH K YaCTOTe IUCKPETU3ALMH, B CBOK Ouepelb
HeoOxonmuMon it obecrieueHus: TpeOOBAaHUIT K HU3KOW BEPOSTHOCTH TOMAJAHUS MPOAYKTOB
OrpaHUYEHUs B MOJIOCY OCHOBHOIO KaHajia mpuéma mpHu padoTe B pexuMe co cradunmzanuei
CPEIHEro yrya orpaH4YeHusl.

3anaueii n300peTeHus SBISETCSA YBEIMUSHHE CKOPOCTH CIasia FTApMOHUK OIPAaHHYEHHOTO
CHTHAJA B pEeKUME CO crabuim3almedl CpemHero yriia OrpaHuveHus 0e3 yXyIIIeHus
IMHAMUYECKOTO JUara3oHa U AHHAMUYECKOTO JUara3oHa 1o OJOKHPOBAHHMIO.

JUiss  pemieHusi TOCTABJIEHHOW 3amadu B LU(POBOE MPOrPaMMHO-OMpPENEsieMoe
panuoONpUEeMHOE YCTPOWCTBO C YBEJIMYEHHOH CKOPOCTBIO CHaja AamIUIUTyJ] TapMOHHUK
OrpaHUYEHHOTrO CUTHAJA, COAepIKallee IMOCIEAOBATENIbHO COSNMHEHHbIE OJIOK BXOIHBIX LIETIEH,
NEePBBI MOJOCOBON (UIIBTP, ATTEHIOATOP, NMPENBAPUTENbHBIN YCUIIUTEIb W aHAJIOTrO-IH(pOBOi
npeobpasosatesnib  (ALIIl), a Takke MOCIEAOBATEIbHO COeOUHEHHbIe LuppoBoii down-
KOHBEPTEP, YMHOXHUTEIb U (PHIIBTP OCHOBHOW CEJEKLMHU, BBIXOJ KOTOPOTO SIBJISETCS BBIXOJOM
YCTPOMCTBA, KPOME TOrO, IOCJIEAOBATENIbHO COEAMHEHHbIE H3MepuTenb 3(pQPeKkTUBHOro yria
OrpaHUYEHUs], KOMIIapaTop u (popMHpoBaTesb Xapakrepuctuku APB, mepBblil BBIXOA KOTOPOTO
COEIIMHEH CO BTOPBIM BXOAOM aTTEHKATOPa, @ BTOPOM BXOJ — CO BTOPBIM BXOJOM YMHOXKUTEJIS,
IPU 3TOM BXOJ] OJIOKa BXOIHBIX LIETEH SBJSIETCS BXOJOM YCTPOWCTBA, CO2LACHO U300pemenuio,
mesxay BeixogoM AL u Bxomom nugposoro down-koHBepTepa BBEACH OJIOK O€3bIHEPLIMOHHOTO
HEJIMHEWHOTO  3JIEMEHTA,  BBIMOJHEHHBIH €  BO3MOXHOCTBIO  IHM(POBOH  KOPPEKLHUH
xapakTepucTuku mnpeodpasosanuss ALl ¢ 1menplo yBenwueHHs CKOPOCTH CHajia TapMOHHUK
OTPaHUYEHHOIO CHUTHaua, BTOPOl BBIXOJ KOTOPOTO COEAUHEH C BXOAOM H3MEpUTENs
3¢ (PeKTHBHOTO yTriia OrpaHUYCHHSI.

@DyHKIIMOHAIbHAS CXeMa 3asBJIIEMOrO YCTPOHCTBA MpeAcCTaBieHa Ha ¢ur. 2, rae
0003HaueHO:

1 — 6ok BXxoaHbIX Henel (BLI);

2, 4 — nepBbIii ¥ BTOpO# nojiocosble GuibTpsl (I1D);

3 —arrenroarop (ATT);

5 — npeaBapurenbHbii yeuurens (ITY) (npaitsep ALIT);

6 — ananoro-uudposoii npeodpazosarens (ALII);,



7 — 6510k Ge3BIHEPIHOHHOTO HeTMHeHoro 31eMeHTa (BBHD),

8 — mudposoii down-kouseprep (LK),

9 — ymuoxurens (Y),

10 — punbTp ocHoBHoM cenexuun (POC);

11 — u3smeputens dpdexruBHoro yria orpannuenus (U3M);

12 — xommnaparop (K);

13 — popmuposarens xapakrepuctuku APB (D).

3asBiIsieMOe YCTPOMCTBO COHEPKHUT MOCIENOBATEIbHO COEAMHEHHBbIE OJIOK BXOIHBIX
ueneii 1, mepBbIii MONOCOBOH (UIBTP 2, aTTEHIOATOP 3, BTOPOW MOJOCOBOWM (GuiIbTp 4,
npenBapuTeNbHbIi yeuurensb (apatisep ALIT) 5, ananoro-uudposoit npeodpasosarenb 6, OJI0K
Oe3BIHEPLIIOHHOTO HEeJNIMHEHHOro 3aeMenTa 7, nudpoBoii down-koHBepTep 8, YMHOXKHUTENb 9 U
¢bubTp OCHOBHOM cenekiuu 10, BBIXOI KOTOPOTO SIBJISIETCS BBIXOAOM ycTpoiicTBa. Kpome Toro,
BTOpOH BBIXOZ OJoKa OE3BIHEPIIMOHHOTO HEJIMHEHHOro 3JIeMEeHTa 7 4epe3 MOCIIeNOBATENbHO
COeMHEHHbIE M3MepHUTENb 3P PeKTUBHOrO yria orpanndenus 11 u xkommaparop 12 coenmHeH ¢
BXOZOM (Qopmuposatens xapaktepuctuku APB 13, mepBelli BbIXOJ KOTOPOTO COEOUHEH CO
BTOPBIM BXOJIOM aTTeHroaropa 3. Bropoii Bexox ¢opmuposarens xapakrepuctuku APB 13
COEIMHEH CO BTOPBIM BXOIOM YMHOXxHTeNsT 9. Bxon 6510ka BXOAHBIX 1enei | sBsieTcsi BXOIOM
YCTPOMCTBA.

[Ipennaraemoe yCcTpoHCTBO paboTaeT CAenyIIM 00pa3oM.

AnMTHBHASA CMECh IIyMa, IPUHUMAEMOT0 CUTHAJa U OJOKUPYIOIIEH MOMEXH MOCTyIaeT
Ha BXOJ YCTPOWCTBA U NMPOXOAMT uepe3 OJNIOK BXOAHBIX wenei 1. Jlamee mepBblii MONIOCOBOH
¢unpTp 2 mpoIycKaeT Ha BXOZA AaTTEHI0ATOpPAa 3 CUTHAJBI, HAXOISINMECs B IOJIOCE pabodmx
yactor. C BBIXOZA aTTEHIATOpa 3 CMeECh LIyMmMa, NMPUHUMAEMOIO CHUTHAjJa W OJOKHPYHOLIEH
MOMEXH TIOCTYNaeT Ha BXOZ BTOPOTO MOJOCOBOrO (puiibTpa 4, OCYIIECTBIISIOLIETO BbIIEICHUE
ydacTKa MOJIOChl paboumx dyactorT. Kak mpaBmiio, IMMpHHA TOJOCHI TPOIMYCKAHUS BTOPOTO
NoJIOCOBOTO QruibTpa 4 He o0ecreynBaeT MOJABICHUS TOMEX, OTCTPOSHHBIX Ha Bennduny +10%
OT YacCTOThl HACTPOHKH WM €ro BJIMSHHE HA aMIUIUTYAY OJOKHPYIOLIEro CUTHAja MOXHO HE
yUUTBIBaTh. [lanee curHan ycunupaeTcs NpeABapUTEIbHbIM yCUIINTENEM 5 U MOCTYNAeT Ha BXOJ
AT 6. C Beixoma ALl 6 ouudpoBaHHbIE OTCYETHI TIOAAKOTCS HA BXO# OJoKa
O€3BIHEPLIIOHHOTO HEJIMHEHHOro 3JeMEeHTa 7, TAe OTCYEThI MpeoOpa3yroTcss MO 3apaHee
MOJITOTOBJICHHOW Ta0JIHIIe COOTBETCTBUS. 3a cUeT npeoOpa3oBanus B OJioke Oe3bIHEPIIHOHHOTO
HEJIMHEHHOTO 3JIeMeHTa 7 OCYINEeCTBIIsIeT HU(POBas KOPPEKIMs MPU OrPaHHUYEHHH CHUTHAJA,
MIOBBIIIAsT CKOPOCTB CIa/ia AMILTUTYA TAPMOHUK OJIOKHUPYIOIINUX CUTHAJIOB.

IIpeobpazoBaHHbIE OTCUETHI C BBIXO/A OJI0KA OE3bIHEPLIMOHHOTO HEJIMHEHHOTO 3JIEMEHTa

7 mocTynarT Ha BXon usMmepurens 3¢dexrusHoro yria orpanndenus 11. Jlanee paccuntaHHBIN
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yroJl OTPaHUYEHUs C BBIXOAa m3Mepurens 3ddexruBHoro yrima orpannueHust 11 mocrymaer Ha
BXOJ] KoMnapaTopa 12, ocyIiecTBISAOLEro CpaBHEHNE yrila OrPaHUYEHUs C 3apaHee 3aJlaHHbIM
noporoM. BenuunHa nopora ycTaHaBIUBAETCS UCXOASI U3 YCIOBHs 00OECIIEUEeHUs] COOTBETCTBUS
MOIIIHOCTH TIOMEX OTPAaHUYEHUs] U YPOBHS COOCTBEHHBIX LIYMOB aHAJIOro-LU(pPOBOrO TpPakTa
npeayaraemMoro ycrpovictea [4]. Tlpu mpeBbllieHHH CHUTHAJIOM mopora (OPMHUpPOBATENb
xapaktepuctukn APB 13 B COOTBETCTBMM € aJrOpUTMOM (PYHKIMOHHUPOBAHUS YMEHBIIAET
k0o PULMEeHT mepenauM aTTEHIOATOpa 3, B CIy4ae JIMTEIBHOIO OTCYTCTBHUSI TPEBBILICHUS
Nopora — yBEJIMYUBAET, KaK CHUCTeMa OOpaTHOW aBTOMATHYECKOH PEryJUpOBKOH yCHIICHUS.
®dopmupoBareny xapakrepuctuku APB 13 ogHOBpeMEHHO ¢ YNPaBISIOMUM CHTHAJIOM
aTTeHroaropa 3 ¢opmupyer u(ppPOBOH KOMA, MOAABAEMbI Ha BTOPOW BXON YMHOXHUTENS 9,
NpU4éM BEJIMYMHA 3TOrO KOJA MPOIMOPLHUOHANIbHA YMEHBIIEHHIO KO3(p(UIMeHTa Nepenaqyu
aHAJIOTOBOM 4YaCTH TpakTa wWiu ociabineHnro B arteHroarope 3. Torma mocne ocnabneHus
CHUTHAJAa B AaTTEHIATOpPe 3 W YMHOXEHUS LU(PPOBOr0 CHrHaja yMHOXHTENeM 9 Ha
COOTBETCTBYIOILIYIO BEJIMUMHY CyMMapHbIi koddduiment nepenaun AL[T ycrpoiicTBa ¢ Bxona
Ha BBIXOJ OCTA€TCS HEM3MEHHDIM.

IIpeoOpa3oBaHHbBIE OTCUETHI ¢ BbIXOAA OJiOKa OE3BIHEPIIMOHHOTO HEJIMHEWHOTO 3JIEMEHTA
7 nmonangaroT Ha BXoA mu¢ppoBoro down-koHBepTOpa 8, OCYLIECTBISIOIIErO MEPEHOC 110 YacToTe,
NpeABAPUTEIbHYIO (PUIBTPALIMIO U MOHWKEHHE YaCTOThl AMCKPETH3AlMH CUrHajla B OCHOBHOM
nojoce npuéma. C Bbxona uugposoro down-koHBEpTOpa 8 OTCYETHI CHUTHANA MOCTYHAOT Ha
NepBBI BXOA YMHOXUTENSA 9 u panee Ha Bxoj Lupposoro ¢guiaptpa ocHoBHOMU cenekiuu 10. C
BbIXOZ1a (pMIIbTpa OCHOBHOH cenekiuu 10 oTcuérsl HU(POBOro CUTHANA MOCTYMAKOT HAa BBIXOJ
yCcTpoiicTBa. B 3aBUCHMMOCTH OT BEIMYHHBI OTCTPOWKU IO 4YacTOTe OJOKUPYIOLIeH MOMEXU U
CUrHaJa MX pasneneHue (GpuiabTpanms) mpoucxoaut B LudpoBoM down-kOHBepTOpe 8 WU B
¢unbTpe ocHoBHOU cenekiuu 10. Taxxke mpu pacyére HEOOXOIUMOW Pa3pATHOCTH LU(PPOBOTO
TpakTa YYHTBHIBA€TCS MAaKCHUMalbHO BO3MOXXHO€ YBEJIMYEHHUE aMIUIUTyAbl CHUTHala B
yMHOXxuTene 9. K HECOMHEHHBIM NMPENMyINeCTBaM TAKOH peau3aluyu yCTPOWCTBA OTHOCHUTCS
BO3MOXKHOCTb ~ CO3/laHHsl  NPOTrPaMMHO-OINpEAeNsieMbIX  PaJUONPUEMHBIX  YCTPOIICTB,
ONTUMH3HPOBAHHBIX 10 YHEPTONOTPEOJIEHHI0O U CTOMMOCTH C YJIYYIIEHHBIMH AHHAMHUYECKUMHU
napamerpamMu AL[T B pexxume ¢ KOHTPOJMPYEMBIM YIJIOM OIPaHUYEHMsI 32 CUET YBEJINYEHMUsI
CKOPOCTH CHaja TapMOHHUK U COOTBETCTBYIOIIEH BO3MOKHOCTH IO CHMKEHHIO YacTOTHI
AUCKPETU3alMU MPU COXPAaHEHUM HU3KOH BEPOATHOCTH MOMNAaAaHUs NPOAYKTOB OrpaHUYEHUs B
MOJIOCY OCHOBHOTO kaHana npuéma. Taxke BaKHOW SIBJISIETCS BO3MOXXHOCTH IPOrPaMMHOM
peanu3zaliyd  NOpPEAaraéMoro  peuleHuss B CYLIECTBYIOIIUX  MPOrpPaMMHO-aNMapaTHBIX
PaIUOINIPUEMHBIX YCTPOMCTBAX, YTO IO3BOJIAET ONTUMH3HPOBATH I10 3HEPTONOTPEOICHHIO

CYILLECTBYIOIIHE YCTPONUCTBA.
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Peammzauus 6mokoB 1 — 6 m 8 — 13 3asBasieMOro ycTpoOWCTBa aHAJOrHMYHA OJOKam
yCTPONCTBA-NIPOTOTUIIA M MOXET OBbITh BBINIOJHEHA, B COOTBETCTBMM ¢ MoOHorpadueii Ilaynp
Xoposuu 1 Yundpung Xumn «McKkyccTBO CXeMOTEXHUKI» B 2-X ToMax. Mocksa Mup 1986 .

Peanuszanus BBefeHHOrO O0Ka O€3bIHEPLIUOHHOIO HEJIMHEIHOrO 3JIEMEHTa 7, SIBIISeTCs
CTaHIAPTHON WMH)KEHEPHOM 3amaueit, u Moxer ocyuiectBisarbesa B [IJIMC B Bune mpocreiinei
TaOJIMILBI COOTBETCTBUS KOJAOB JIMHEWHOH XapakTEepPUCTHKU IpeoOpa3soBaHUs U KOJOB
CKOPPEKTUPOBAHHOHN XapaKTEPUCTUKHU MPEOOPaA3OBAHMSI.

ITpuBenem n0ka3aTenbCTBO 3P GEKTHBHOCTH PabOTHI IIPEIaraeéMoro yCTpOHCTBa.

CyTb TEXHUYECKOTO pelleHus (PaKTHUECKU 3aKII0YaeTcss B LU(PPOBOH KOPPEKLIUH
XapakTepucTuku mnpeodpasosanus ALl ¢ 1enplo yBenwueHHs CKOPOCTH CHaja TapMOHHUK
OTPaHUYEHHOIO CUTHAJA.

IIpy ompeneneHHBIX IOMYINEHUSX XapakTepuctuka mnpeodpasoBanust ALl wmmeer
KBa3WJIMHENHBIM y4acTOK, a TaK)Ke yCTpaHUMble TOUYKH pa3pbiBa B TOYKAX, COOTBETCTBYIOIIMX
YPOBHIO OTpaHMYeHMs, Kak NokazaHo Ha ¢ur. 7. Ecnu obecrneunTh TUIaBHOE CKpYTIJICHHE
XapaKTepUCTHUKU B OTUX TOUYKaX, TO OTO IMO3BOJUT NPU 3aJaHHOM YIJIe OrpPaHUYEHUs
(onpenensromiuM OCHOBHblE MuHamMu4eckune mnapamerpel AL[T: nmuHamuueckwil Ouama3oH U
IMHAMUYECKUN AMAIa3oH 1Mo OJIOKUPOBAHUIO) 00ECIeUUTh OONBIIVIO CKOPOCTD CIa/ia FapMOHUK
OTPaHUYEHHOTIO CUTHaa, YTO B CBOK OYepeb MO3BOJIAET YMEHBIIUTh BEPOATHOCTb MOMAJaHUs
B TOJIOCY NPUHHUMAEMOI0 CHUrHajla FapMOHMUK OrPAHMYEHHOIO OJIOKMPYIOIIEro CUTHAaNa IpU
MEHbIIEH 4YacTOTe€ MAUCKPETH3alMM CHUTHala M, Kak CJIEACTBHE, IMO3BOJISET CHU3HTH
SHEpronoTpediieHne U CTOMMOCTb yCTpoiicTBa. I'paduueckoe cpaBHEHHE 3aBHCUMOCTH YPOBHS
rapMOHUK OIPAaHMYEHHOI'O CUTHAJIA OT YaCTOTHI MpHUBeAeHO Ha ¢ur. 3 u ¢ur. 12.

CuHTe3 XapaKTepPHCTUKU C IJIABHBIM CKPYTJICHHEM B 30HE OTPAHUYEHHST MOXET OBITh
BBITIOJIHEH MyTEM CBEPTKH HACAJIBbHON XapakTepuctuku mnpeodpasoBanust ALl ¢ mroGoi
U3BECTHOHN OKOHHOH (pyHKuuel. [Ipumep CHHTE3MPOBAHHON XapaKTEPUCTHKHU NPEOOPa3OBaHHS C
IUIABHBIM CKPYTJICHHEM B CPABHEHUU C JIMTHEHHOW XapaKTePUCTHUKOM rpencTasiieH Ha Gur. 7 (Bes
xapaktepuctuka) u ¢ur. 8 (ckpyriaeHue B 30He orpaHudeHus). Jlamee Ha OCHOBe
CHHTE3UPOBAHHOH XapaKTEPUCTHKH MOXKET ObITh copMupoBaHa TabivIa COOTBETCTBUS,
peanusyromas (QyHKOMIO Oe3pIHEPIMOHHOTO HENWHEeWHOro osyemeHTa. Ilpumep Talmmirer
COOTBETCTBUS IpeacTasiieH Ha ur. 11.

PaccMoTpuM  pe3ynbTaThl HMMHMTALlMOHHOIO MOAENUPOBAaHUSA, a Takxke MpuMep
peanH3anuy IpeaaraéMoro TEXHIUECKOro peleHns Ha anmnapatHoit SDR-mardopme.

Hmumayuonnan moders. B wonmenn Qopmupyercs rapMOHMYECKHH CHUTHAI,
UMHUTHPYIOIIUN OJOKupyromyo nomexy ¢ dactoroi 1 xI'm. Yactora Onmokupyromied nmomexu

BbI6paHa HU3KOM JJIA BO3BMOKHOCTH HArJIsIaAHO Ha6.]'II-OI[aTI:> AUHAMUKY H3MCHCHUA aMILIUTYJQ



rapMOHMK CUrHajna npu orpanudeHuu. Jna umurauun AL, curHan auckperusupyercs c
gactoroit fd=1228.8 MI'm u KBaHTyeTcs C HCIOJb30BAaHUEM JIMHEHHON XapaKTepUCTHKHU
npeobpa3oBaHus ¢ paspsaHOCTHIO 14 Out. [lonyueHHBI CUTHAI OTpa)kaeT CHTHAJ Ha BBIXOZE
AT ycrpoticTBa-nporotuna. Jlanee kaxaplii orcyer HU(GPOBOro CUTHAjIa MpeoOpasyercs Mo
tabauLe COOTBETCTBHH, KoTopas umutupyer BBHD 7. Curnan, nmony4eHHbIH ¢ BBIXOA TaOIULIbI
COOTBETCTBHM, OTPAKAeT CUTHAJ Ha BbIXOJE OJ10Ka O€3BIHEPLIMOHHOTO HEIMHEHHOTO 3JIEMEHTA.

Ha ¢ur. 10 mpencrapneH pe3ysnbTaT MOAEIMPOBAHUS CUTHAJA HA BBIXOAE YCTPOKCTBA-
NPOTOTHIIA M TMPEIJIaraeéMoro yCTpoicTBa, ecian Obl Ha BXOA ObUT MOAAH CHTHAJ OAMHAKOBOW
ammutyibl. Ho Takoe cpaBHEHHE HEKOPPEKTHO, MOCKOJIbKY IMOCHe MpeoOpa3oBaHMs CHTHAJIBI
OyyT UMETh PA3JINYHBIE YTIIbl OTPAHUUEHHSL.

ITostomy Ha ¢ur. 9 mpencraBieH pe3yJbTaT MOJAEIMPOBAHUS CHTHAJAa Ha BBIXOIE
yCTpPOMCTBa-NMPOTOTUNA M TMPEAjaraéMoro ycTpoicTBa KOTOpble MMEIOT pPaBHBIA yrodi
OrpaHUYEHUs, HO TPU 3TOM HA BXOJ INOJABAIUCH CHTHAJBI pa3nndyHoi amrmutynel (1,015 u
1,0135135, uro cocrasnsier meHee 0.01 nb). Takum u3MeHeHHWEM NMHAMHUYECKOTO TUANa3OHA
MOYKHO TIpeHeOpeyb.

Ha ¢ur. 4 (B Omwkueil 30He) u ¢ur. 5 (B HampHed 30HE) MPENCTABIEHBI CIIEKTPHI
CHTHAJIOB Ha BBIXOAE€ MMUTAIMOHHOH Moznenu ¢ BBHD 7 u 6e3 Hero. Ha cnekTpax ordeTnnso
BUJHO YBEJINYEHHE CKOPOCTH Claja rapMOHHUK B CUTHAJEe NPU MOAEIUPOBAHUU MNPEJIaraeMoro
yCTPOICTBAa OTHOCUTENBHO MOJIENN YCTPONCTBA-IPOTOTUIIA.

Annapamnas SDR-naamepopma. Jna peanuzauum npeasara€Moro TEXHUYECKOTO
pelieHust mpuMeHsiach anmnaparias SDR-miatgopma ¢ npueMHBIM TPakTOM, NOCTPOEHHBIM Ha
6aze ALIIT Analog Devices AD9691-1250 ¢ wacroroii muckpermsamuun fd=1228.8 MI'u. Jlns
NPOBENEHHs] SKCIEPHUMEHTOB OBbLIO MOATOTOBJCHO JBE YMPABISIONUX MPOrpaMMbL. OIHA
pean3yromasi CTPYKTYPHYIO CXeMy palOThl YCTPOWCTBA-MPOTOTHIIA, U BTOPAs PEATU3YIOIIast
npeanaraemoe pemenue. Ha Bxoxg mnpuemHoro tpakra ammapatHoii SDR-mimargopmbr ¢
reHepaTopa MOAAETCsl CUTHAJ, IMHTUPYIOIIUN OJIOKUPYIOIYIO ToMeXy dactoTor 46.1053 MIm.
Tak ke, Kak ¥ B MOZEJN yTeM U3MEHEHHUS YPOBHS BXOIHOTO CUTHAJIA 00ECTIeYNBAETCSI PABHBIN
yTOJ1 OTpaHUYEHUs Ha BBIXOJI€ CPABHHUBAEMbIX YCTPONUCTB.

Ha ¢ur. 6 mnpencraBieHbl CIEKTPbl CHUTHAJIOB, Ha KOTOPBIX MapKepamMH OTMEYEHBI
TapMOHHUKH OTPAaHUYEHHOIO CHUTHaNA. AHAJN3 MMOKA3bIBAECT CHIDKEHHE a0COIIOTHOHN BENMYMHBI
YPOBHS TAPMOHUK OFPAHUYEHHOIO CUTHAJA, YTO MOATBEPKAAET Pe3yIbTaThl MOAEIUPOBAHUS.

B paccmarpuBaeMOM ciydae SMIHUPUYECKUM IyTEM OINpPEAENEeHO, YTO YacToTa
OUCKpeTHU3anusi MOXxeT ObITh CHIkeHa 10 fd=614.4 MI'L, 4To mO3BOJIIET UCIIOJIB30BATh OoJiee

JIOCTyNHble 1O LeHe Mukpocxembl AD9680-820 wumu AD9680-1000 ¢  MeHbLINM
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SHEepPromnoTpedyieHreM, a TakKKe CHU3UTh 4YaCTOTy IUCKPETH3aLMH MOCIEAYIOIINX CTaaui
obpadotku Ha [TJIMC u LICIL

CrnenoBarenbHO, B 3asBISIEMOM  PAagUONPUEMHOM  YCTPOWCTBE  CHIDKEHO
SHEpronoTpedyieHne U CTOMMOCTb OCHOBHBIX KOMIIOHEHTOB YCTPOWCTBA 3a CYET BO3MOKHOCTH
CHIDKEHUSI YaCTOThI AUCKPETU3ALNHU peoOpa3oBaHust U Hocuenyroueld o0padoTku curHana, oes
YBEJIMYEHNSI BEPOSITHOCTH IONAAaHUs MPOAYKTOB OTPAaHMYEHHUS B IMOJOCY OCHOBHOTO KaHaja
NpHéMa 3a CYET YBEIUYEHHUs] CKOPOCTH CIajia TAPMOHUK OJIOKUPYIOIIUX CHTHAJIOB M HE YXY/IIIast
OCHOBHBIC OUWHAMHWYCCKUE IIapaMETPLI A]_[T — I[I/IHaMI/ILIeCKI/Iﬁ Auaria3soH Hu L[I/IHaMI/I‘-IeCKI/Iﬁ
JMAra3oH 1o OJIOKUPOBAHMIO B PEKUME C KOHTPOJIUPYEMBIM YIJIOM OTPAHUYCHUSI.

Takum  00pa3oM, JOCTUTaeMblii  TEXHUYECKUH  pe3yJbTaT —  YMEHBIIECHUE
SHEPronoTpedsieH s U CTOUMOCTH PaJHONPUEMHOTO YCTPOICTBA O3 yXyIIeH s TMHAMHYECKUX

napameTtpoB ALIT.
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®Dopmyna n3odpeTeHus

IudppoBoe mporpaMMHO-ONpenenseMoe pagruonpPUEeMHOe YCTPONUCTBO C YBEIHUEHHOMN
CKOPOCTBIO  CHajza  AaMmIUIMTyA  TapMOHMK  OrPAaHMYEHHOIO  CHUTHala,  Cofepikalilee
NIOCJIEIOBATENIbHO  COCMHEHHbIE OJIOK BXOIHBIX ILened, NepBblii MOoNIocoBOH  (GuibTp,
aTTEHI0ATOp, TPEABAPUTENbHBIN YCUIUTEIb U aHanoro-uudposoii nmpeodpasosarens (ALI), a
TaKXKe IOCJIEeAOBATEIbHO COeNUHEeHHbIe LH(ppoBoii down-KOHBEpTEp, YMHOXHUTEIb W (QHUIBTp
OCHOBHOI CCJICKLIUH, BbIXOJ KOTOPOIro MABJKCTCA BbIXOAOM yCTpOﬁCTBa, KpOME€ TOrO,
NIOCJIEIOBATENILHO COEAMHEHHBIE H3MEPHUTETb 3PPEKTHBHOTO yria OrpaHUYEHUs], KOMIIAPAaToOp U
¢dopmupoBarenb xapakrepucTuku APB, nepBblif BBIXOA KOTOPOTO COENUHEH CO BTOPBIM BXOJOM
aTTEHI0ATOPa, a BTOPOW BXOJ — CO BTOPBIM BXOIOM YMHOXKHTENS, NMPH 3TOM BXOX OJOKa
BXOOHBIX LIeHeﬁ ABJSIETCA BXOJA0OM yCTpOfICTBa, omJjiuuarouieecs TEM, 4YTO MCXKAY BBIXOOAOM
AT u Bxonom mudposoro down-koHBEpTEepa BBEAEH OJIOK O€3bIHEPLMOHHOTO HEIMHEHHOTro
5JIEMEHTA, BBIMOJHEHHBIH C BO3MOJKHOCTBIO IU(PPOBONW KOPPEKLIUH XapaKTEPUCTUKU
npeoOpaszoBanust ALl ¢ 1enpl0 yBeNIWYeHHUs CKOPOCTH CIlafa TapMOHUK OTPaHHYEHHOTO
CUTHAJia, BTOPOH BBIXOA KOTOPOTO COENMHEH C BXOIOM m3Mepurenst 3(pQeKkTUBHOro yria

OrPaHUYCHUS.
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HCTBO ¢ YBENIMUSHHOH CKOPOCTHIO CITANA AMIANHTY
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@ur. 9. Paznas aMIUIMTYla CHrHajia, HO OJHMHAKOBRIC YIJIbI OTPaHHYCHHA.
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Hudpopoe nporpaMMHO-ONIPEACISCMOe PATHONPUEMHOE YCTPOHCTBO ¢ YBEIIMYCHHON CKOPOCTHIO CIIa/ia aMIUIMTY ] FAPMOHHK OTPAHNYEHHOTO CHIHANA

Hanpsizkenue Kopn nuneiinoii Ko HemmueiiHoii
BXO/IHOI'0 CHI'HAJIA, xapakrepucruku AT XAPAKTCPHCTHKH
B
0.999 88 Ox1FFF Ox1FFF
0.99976 Ox1FFE Ox1FFF
0.87524 0x1C02 O0x1C3A
0.87512 0x1C01 0x1C39
0.87500 0x1C00 Ox1C38
0.874 88 Ox1BFF 0x1C37
0.87476 0x1BFE 0x1C36
0.00012 0x0001 0x0001
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OTYET O HATEHTHOM INIOUCKE

HoMmep eBpaszuiickoif 3asBKH:

(crates 15(3) EAIIK u npasuiio 42 [lareHTHOM HHCTPYKITUH K 202392868
EATIK)
A. KITACCUOUKALMA TTPEAMETA M30BPETEHUS:
MIIK: CIIK:
HO04B 7/08 (2006.01) H04B 7/08

b. OBJIACTD ITOMCKA:

HO04B 1/00, 1/28, 1/40, 1/64, 7/08, HO4K 3/00

EAPATIS, Espacenet, Google patent, Pocriatent mardopma

SHCKTpoHHaH Gaza JAHHDBIX, UCITIOJIB30BaBIIAACA IIPU ITOUCKE (HaSBaHI/IC Gazpl U, €CIIM BO3MOXKHO, UCIIOJIb3Y €MbBIC IIOMCKOBLIC TCpMI/IHBI)

B. JOKYMEHTEI, CUMTAIOINUECSH PEJIEBAHTHBIMM

2015-12-24

Kateropus* CChUIKU Ha JIOKYMEHTBI € YKa3aHHEM, T/Ie 5TO BO3MOKHO, PEIIeBaHTHBIX YacTeit OTHOCHUTCSI K ITYHKTY Ne
A RU 2548658 C1 (AKITMOHEPHOE OBINIECTBO "KOHIIEPH "CO3BE3J/IUE") 1
2015-04-20
A US 8467483 B2 (SILICON LABORATORIES INC) 2013-06-18 1
A [EP 3783804 B1 (NXP B.V.) 2023-06-21 1
A (US 20150372700 A1 (GM GLOBAL TECHNOLOGY OPERATIONS LLC) 1

I:I TTIOCJIEAYIOIUE TOKYMEHTHI YKa3aHbI B ITPO JOJKEHUN rpa(bm

* Oco0ble KATETOPUH CCBUIOYHBIX JIOKYMEHTOB:

«A» - TOKYMEHT, OLPE/ICIISIONIU OOIHH YPOBSHb TEXHUKH

«D» - TOKyMeHT, NIpHUBeACHHBIN B eBpa3uiickoil 3asBke

«E» - Gosiee paHHUI TOKYMEHT, HO ONMyOJIMKOBAHHBIN Ha ATy HOJAUH

€Bpa3HicKOH 3asiBKU WM IIOCHIe Hee

«O» - TOKYMEHT, OTHOCSIIIUHCS K YCTHOMY PaCKpPBITHIO, SKCIIOHUPOBAHHIO)
H T

"P" - TOKyMEHT, OIyGIUKOBAHHBIN JIO JIAThI HOJIAUH €BPA3HICKON 3a5BKH,
HO TOCJIC JaThl HCTIPANIUBACMOTO MpUopuTeTa”

«T» - Goslee MO3AHUN JOKYMEHT, OIyOIHKOBAHHBIN MOC)Ie JaThl IPHOPUTETA H NIPH-
BeJIeHHBIH JUIS1 HOHUMAHHUS H300pSTeHHSI

|« X» - JOKYMEHT, HMeIoIUH HanGosiee GIM3K0e OTHOMEHHE K IIpeIMeTy IIOHcKa,
MOPOYAN[HH HOBU3HY HIIH H300peTaTeNIbCKUH YPOBEHb, B3SITHIH B OTASILHOCTH

«Y» - TOKYMeHT, UMeIoIUH HanGosiee GIM3K0e OTHOMCHHE K IIpeIMeTy IIOHUcKa,
MOpOYaI[UH H300peTaTeNLCKHH YpOBeHb B COUCTAHHH ¢ JPYTUMH JOKyMEHTAMH
TOH JKe KaTerOpHHU

«&» - TOKYMEHT, SIBIAIOMHNCS TaTeHTOM-aHaJIOTOM

«L» - JOKYMeHT, IpHBeJCHHBIN B JPYTHUX MeJLIX

JlaTa mpoBeieHud ITaTeHTHOr O Ioncka: 08 amperst 2024 (08.0:

4.2024)
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