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PEDEPAT

kBamigikaiiiHoi po6otu "Po3pobieHHs npuitMada MOBHOTO Jlialla30Hy Ta
MOJICJIFOBAHHS MOTO XapaKTEPUCTHK '
PoGoTa MicTuTh 67 cTOpiHOK, 29 1Mt0ocTpaltiil, 8 TaGuIh, 18 BUKOPUCTAHUX JHKEPET.
Metow po00THM € YIOCKOHAJICHHS Ta 3aKpIMUICHHS TEOPETUYHHX 3HaHb Ta
NPAKTUYHUX HABUUYOK B cepi MPOECKTYBAHHA PalioNpUiMaIbHUX MPUCTPOIB METPOBOTO
J1ara3ony.
JInst JOCSTHEHHS MOCTaBJICHOI METH OyJin 3p0o0JIeH1 HACTYIIHI ii:
- OIJIAJ CTPYKTYPHHUX CXEM PaJioNpUuiMaIbHUX MPUJIaIiB;
- MPOBEACHO MPOCKTYBAHHS Ta PO3PAXyHOK MpUiMaya;
- BHUKOHAHO MOJICIIIOBAHHS HOTO XapaKTEPUCTHK.
I[IpakTuyHe 3HAYEeHHS] OTPUMAHMX pe3yJbTaTiB. OTpuMaHi pe3yJIbTaTu
CKJIQJal0Th HEOOX1/IHI TEOPETUYHE MIATIPYHTS JIJIsl pO3POOKH HOBUX TEXHIYHUX PIIICHHS
Ta PO3MIMPEHHA (PYHKIIOHATY ICHYIOUHMX ITPUCTPOIB.

KitouoBi cnoBa: mpuitMad MOBHOTO Jianazony, UM moynsirisi, paiioMOBICHHS.



ABSTRACT

qualification work "Development of language range acceptance and modeling of its
characteristics"
The work contains 67 pages, 29 illustrations, 8 tables, 18 sources used.
The aim of the work is to improve and consolidate theoretical knowledge and
practical skills in the field of design of radio receivers of the meter range.
To achieve this goal, the following steps were taken:
- review of structural diagrams of radio receivers;
- design and calculation of the receiver;
- modeling of its characteristics is performed.
The practical significance of the results. The obtained results form the necessary
theoretical basis for the development of new technical solutions and expansion of the
functionality of existing devices.

Key words: speech range receiver, FM modulation, radio broadcasting.
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HEPEJIIK YMOBHHUX CKOPOYEHb

Al® — ananoroBuil IHTEPHOJAIIHHAN PIIBTP.

AM — aMIUTITYAHA MOZYJISIIIS.

APII — aBTOMaTuyHe perytoBaHHs IMiJICUICHHS.

ALIT (ADC — Analog to Digital Converter) — ananoro-mudpoBuii IepeTBOPOBAY.
AUIIT — ananorosa yacTUHA NPUNMATBLHOTO TPAKTY.

AUYX — aMIITITyIHO-4aCTOTHA XapaKTePUCTHKA.

BK — BxizmHe koJo0.

I' — rerepoauH.

I'KH (VCO — Voltage-controlled oscillator) — reaepatop kepoBaHuii HaIIPYTOIO.
I — nemoxynsatop.

ECP — enekTpocTaTUUHUI PO3PS/IL.

3M — 3MilIyBay.

KK — konuBaJibHUN KOHTYD.

H3B — HeratuBHUi1 3BOPOTHIif 3B’ SI30K.

[133 — no3uTUBHUI 3BOPOTHI 3B’S30K.

[13Y — migcuimroBad 3ByKOBOT YaCTOTH.

[TITY — miacuiroBad MpOMI>KHOT YaCTOTH.

[TPY — nigcuntoBay paiioyacTOTH.

PIIIT — panpionpuitManbHUI TPUCTPI.

®O — dazoobepTau.

®OITY — GiabTp MPOMIKHOT YACTOTH.

®HY — ¢iapTp HU3BKUX YACTOT.

LIAIT (DAC — Digital to Analog Converter ) — iiudpo-aHaioroBuii mepeTBoproBay.
LHOC — mudpoBa 06podOka CUTHATIB.

[MUTIIT — nudpoBa yacTuHA NPUHAMATIBHOTO TPAKTY.

UM — yacToTHA MOTYJISIIIiS.

DSP (Digital Signal Processor) — miudgpoBuii CHTHAIBHUIN TPOLIECOP.

LDO (Low DropOut) — perynstop 3 MajiiM NMagiHHSIM HaIpyTH.



LNA (Low Noise Amplifier) — manorrymasiamii miacHIIOBaY.

MCU (Microcomputer Unit) — mikpokoHTpoJtep.

MOSFET (metal-oxide-semiconductor field effect transistor) — Tpan3ucrop meran —
JEJIEKTPUK — HAMIBIIPOBITHUK.

PGA (Programmable Gain Amplifier) — migcumoBau 3 nmporpaMoBaHUM KOe]il[iEeHTOM
M JICUJICHHS.

RDS/ RBDS (Radio Data System/ Radio Broadcast Data System) — cucrema nepenadi
pajio JaHUX.

RSSI (Received Signal Strength Indication) — nmokax4uuk piBHS MPUHAHITOTO CUTHATY.



BCTYII

CydacHuii CBIT CKJIQJHO YABUTH O€3 anapaTypH, BUKOHYIOUY Iepeaady Ta IpuioM
pajiio CUTHAJIB. Y KOKHOTO BJIOMa € paJioNpHiiMay JIJIsl IPOCITyXOBYBaHHS PaliOCTaHIIIH
edipHOrO MOBJIEHHS. 3aBISKH pEeKOHGIrypalli TpakTiB pagionpuiMaIbHUX TPAKTIB 1
JEMOTYJIAIT CUTHATIB 3a JOTIOMOTO0 ITU(GPOBUX METOAIB 0OPOOKHU BIAETHCS 3MEHIIUTH
€JIEKTPOCIIOKUBAHHS Ta BapPTICTh OOJaAHAHHS.

AxkTtyaabHicTb. CydacHa pafionpHuiiMalbHa TEXHIKa PO3BUBAETHCS METOJIOM
BIIPOBAKEHHS LIM(PPOBOI MIKPOCXEMOTEXHIKH. bepyun 10 yBaru 11 TeHAEHIl1 pO3BUTKY
MoOYyIOBH paioNpUMMaIbHOT TEXHIKH, MOXHA BHJIUIMTH KiUJIbKAa acleKTiB, Ha SKi
NOTPIOHO OPIEHTYBATUCA MPOEKTYIOUM PaAlONpUUMAIIbHY TEXHIKY. 30KpeMa 1€ SKICTh
3B’SI3KY, BapTICTh Ta po3Mmipu. HasBHI MikpocXxemH Jal0Thb MOXIIMBICTH PO3POOISATH
npuiiMadi 3 BUCOKOIO YYyTJIMBICTIO, KPAIIO BUOIPKOBICTIO MO J3E€pKAIILHOMY KaHaIy,
MEHIIMMHU YaCTOTHUMHU 1 HEMIHIHHUMU CIOTBOPEHHSMH, a TAKOXK JT03BOJISIOTH BUPIIIUTH
psaa mpobiieM HOBUMHM UHUIAXaMu. ToMy B CydacHHX @puiiMayaXx BUKOPHUCTaHHS
JUCKPETHUX MIJICWIIOIYUX €JIEMEHTIB 3BEJEHO /0 MIHIMyMy. Maiike BCl TpakTu
BUKOHYIOTbCSI Ha MiKpocxemax. Tako ICHYIOTh MIKPOCXEMH HOBOTO MOKOJIHHS 3
BHUCOKHM CTYIIEHEM IHTETpaIlii ikl B CBOiil CTPYKTYpi MarOTh BC1 HEOOX1/IHI TPAKTH.

HoBuzna KPB. BukopucrtaHHd METOJIB OpPIEHTOBAHMX Ha BHKOPUCTAHHSA

CYy4aCHHUX CXE€MO TEXHIYHUX PIIICHb Ta Cy4acHOI eIeMEHTHOT 06a3u.
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1.1 CrpykrypHi cxeMu pagionpuiMaabHUX NPUCTPOIB 3 AaHAJIOTOBOK 00pO0KOI0

CUTHAJIIB

B HprIMaan IIpsAMOT0 Hi,ZICI/IJIeHHSI BHUKOHYETBLCA HiI[CI/IJ'IeHHH CHUTHAJIIB a0

JEMOyJIATOpa Ta MiJICUICHHS C TETePOJUHHUMH MEPETBOPEHHSIM 4acToTH. [Ipuitmaui

IPSIMOTO MEPETBOPEHHS OUIBII MPOCTI, OJTHAK XapaKTEPU3YIOTHCA MOPIBHSIHO HU3bKUMU

TOKA3HUKAMH SKOCTI. X UyTIHBICTh 3MEHIIYETHCA 3 MiJABUILEHHAM PoOO0YOi YaCTOTH, a

CEJICKTUBHICTh 3JICKUTh B1JI YUCJIOM IMEPENAIITOBYBAHUX KOJHMBAJIbHUX KOHTYPIB B

miamazoHi. CTpyKTYpHI CXeMH TaKKMX IpuiiMadi mpuBeeHi Ha puc. 1.1[1].
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Pucynox 1.1 — CTpykTypHi CXeMH paaionpuiiMadiB MPSMOTO TiICHICHHS:

a - pereHepaTUBHOTO; 0 — anepioAMYHOT0; B — pePIIEKCHOTO
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BK Mae B CBO€i CTpYKTypl KOJUBaJbHUW KOHTYp Ta BHKOHYIO TMOIEPEIHIO
cenekiiito curHaiiB. [IPY migcumioe curHam Ta BHKOHYE OCHOBHY —CEJICKIIIFO.
JeMonynsTop BUALISIE KOPUCHUIM CUTHAM, IKUI Yyepe3 perysTop MiJCUICHHS MOTparise
Ha [I3Y. II3Y migBuiye MNOTYKHICTh CHUTHAldy 3BYKOBOI 4YacTOTH JO 3HA4YCHHS,
HEOOX1THOTO JIsI pOOOTH KIHIIEBOTO MpHUCTporo. [l moKpalieHHs YyTJIMBOCTI Ta
CEJICKTUBHOCTI IpHIMadiB MPSIMOTO MEPETBOPEHHS MOKHA BUKOPUCTATU MO3UTHUBHUMN
3BopoTHI 3B’s30K. Ctyminb 133 perymoeTbest 3a JOMMOMOTOI0 KOHAECHCATOpa 3MIHHOI
emMHOCTI puc. 1.1.A. Takuii npuiiMad Ha3UBAETHCS pereHepaTUBHUM. [0 1OT0 OCHOBHMX
HEJ0JIIKIB MO>KHA BIIHECTH B1JICYTHICTh IPUXOBAHOCTI, HU3bKa CTA0OUIBHICTD Ta CKJIaTHE
HayamTyBaHHs [1].

Ha pucynky 1.1.b HaBeneHO CTpyKTypHY cXeMy pajionpuiiMadya MpsSMOTro
NIACUICHHS BHUKOHaHOro c anepioguyHuM [IPY. CenekTHBHICTh TaKuMX NpHUiiMayiB
HU3bKA, TOMY iX BUKOPHUCTOBYIOTH JUIsl MPUHOMY TOTYXHUX paaiocTaHiii. Takox
npuiiMayl NpsiMoro NEPETBOPEHHs BUKOHYIOTh IO pediiekcHii cxeMi puc. 1.1.B. B takux
npuiiMayax CHUTHajl  3BYKOBOI YacTOTH C BHUXOJY JAEMOJIYJISATOpA MOTPAIUIAE s
migcuiienHss B kackan [I3YU-ITPY. 3apasku 3Ha4YHIA PI3HMIN YacTOT MIXK CHTHAJIaMH
kackan [13Y-1TPY moxe BukoHyBaTH AB1 (QYHKINT 0HOYACHO. JI0 OCHOBHUX HEOJIIKIB
npuiiMaYiB LOTO TUITY BiAHOCSATH — ITiIBUIIICHUN PiBEHb BUKPHUBIICHHS CUTHAIIB [1].

JIo OCHOBHHX IiepeBar CyINepreTepoJAMHHUX MpUMaviB BITHOCITh BUCOKUUN

MOKA3HUK SIKOCT1, OJJHAK BOHU MAIOTh OUTBII CKIAHY CTPYKTYPHY cXxemy puc. 1.2.

e Er e AN == il =
THP‘-I f. ®ITY Ty

\t 3m LN —
BK r 1 I3y

Pucynok 1.2 — CtpykTypHa cxeMa CynepreTepoJIMHHOrO Npuitmaya
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[Toniepenuto cenekmito BukoHye BK Tta IIPY, mo pgomomarae 3MEHIIUTH
CIIOTBOPEHHS B 3MINIyBadi YacCTOTH Ta MOCHIUTH ix. [lifBHIyeThCS BiTHOIICHHS
CUTHAJI/IITyM Ha BHMXOJ1 MpUiiMada BHACIIJIOK MEPEKPUTTS IIYMIB 3MilllyBada 4acTOTO-
HiCUJICEHUM CcUTHaJIoM. B 3MimryBaui BiOyBa€ThCsl MEPETBOPEHHS MOAYIbOBAHUX
KOJIMBaHb 3 YacTOTOI MPHUHHSATOrO CUTHATY B MOJAYJIbOBaHI KOJMBAaHHI MPOMIXKHOI

yacToTU. YacToTa MPUUHATOrO CUTHATY BU3HAYA€ETHCS 3a (HOPMYIIOI0:

fc = fr - fnp' (11)

Jie fe — 4acToTa MPUKWHATOrO CUIHAJY; fi — 4acTOTa FeTEPOJMHHA; fi, — MPOMIKHA
gacrora [1].

[IITY BHKOHY€ OCHOBY CEJIEKI[I}0O MPHUIHATOrO CHUTHAIY Ta MIJCUIIIOE HOro 10
NOTPIOHOTO PIBHS, JOCTATHBOIO IJisi HOpMalbHOI poOotu 3MimyBaya. Iloctiiine
nipamtyBadHsg @PIIY 103Bossie TOCATHYTH BUCOKOI  CEJEKTUBHOCTI IpuiiMaya 1o
CYCIIHBOMY KaHaJll mpuiiomy. UyTInuBICTh NpHiiMadiB TAKOTO TUITY MalkKe HE 3aJIEKUTh
B1JI 4aCTOTH. 3armac 1o MiJCUJICHHIO J03Bose 3actocyBatn APII. T'onoBHuUi Hemomik
CYIEepreTepoIMHHNX MPUIMaYiB HassBHICTh I3ePKATBHOTO KaHaly npuiiomy [1].

[TpuHIMT IepeTBOpeHHs HaBeAeHU Ha pUCcyHKY 1.3 [2]. Me:

fr — wacTora rerepoauHHA;

f; — wacToTa NPUIHATOTO CUTHAIY;

f, — wacToTa CyciIHBLOrO KaHay;

f3 — yacrora n3epKaIbHOTO KaHAIY;

fr7y — mpoMi>kHa JacToTa.
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Pucynox 1.3 — IIpunnun nepeTBOpeHHs B CyNepreTepoJuHHOMY MpuiiMadi

[Ipuitmaui curnanie ¢ YM 3a3Bu4ail BUKOHYIOTh IO CYIIEPIeTEPOAUHHIN CXeMi.
[Ipy BuUKOpHUCTaHI IE€AKUX THIIIB YACTOTHUX JETEKTOPIB HEOOXIJHO BUKOPUCTOBYBATH
aMILTITYTHAA 00MEeXyBad 3 METOI0 YCYHEeHHs napa3suTHoi AM [3].

B npuiiMayax npsiMoro neperBopeHHs puc 1.4. yacTora MPUHHATOrO CUTHAILY

piBHA YaCcTOTI reTePOAMHHA. 3 IbOTO BUILJIMBAE, IO TPOMIKHA YaCTOTa IOPIBHIOE HYJIIO.

() " 2 [>

BK f, ®ITY 134

r

Pucynok 1.4 — CrpykrypHa cxema nmpuiiMada npsMoro nepeTBOPEHHS

UyTnuBicTh mpuiiMadya BU3HayaeThesl miacwieHHaMm [I3Y, a cenekTUBHICTD —
kpytuzHoto cnaxy AUX ®HY. IlepeBaroro Takoro TUMy HOpuiiMadiB € MPOCTOTA Ta

BIJICYTHICTh BHCOKOYACTOTHOTO J3€pKajJbHOTO KaHairy. Jl0 HEIOMIKIB BITHOCSTH
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HasIBHICTh HU3HKO YaCTOTHOTO A3CPKAJIbHOI'O0 KaHaly, I'IYTJII/IBiCTb J0 HaBOJOK 3MIHHOTO

cTpymy, camo30yxenHs [13U BHacIiok BUCOKOTO KoedimieHTa miacuiaeHHs [3].

1.2 CTpyKTypHi cXeMHu pagionpuiiMaabHUX NPHUCTPOIB 3 HHU(PPOBOIO 06POOKOI0

CUTHAJIIB

Hudporuit pagionpuiMaibHUN TPUCTPIH — 1€ pagloNpUUMaIbHUNA MPUCTPIH,
KM peanizye QyHKIIT mpuiAMaHHs paJlOCUTHAIIB 3 BAKOPUCTAHHIM HU(PPOBUX METOIIB
00pOOKM MPUUHATUX CUTHAIIB [4].
Buxopucranns uudpooi 00podku curnainis (LOC) B PIIII mae sik Hemomiku Tak
1 IepeBard.
JIo OCHOBHUX IpeBar BUKOPUCTaHHS IU(POBOI OOPOOKM CHUTHATIB TEpen
agasiorosoro B PIIIT BigHOCATE:
1. O11bI1I BHCOKA TOYHICTH 0OPOOKH;
2. ONEepaTHBHE 1 THyYKE MEPEKBAIlyBaHHS aJTOPUTMIB 0OpOOKH;
3. 3aCTOCYBaHHS MIKPOCXEM 3 BUCOKMM PiBHEM 1HTETpallii;
4. TEeXHOJIOT1YHICTh BUTOTOBJICHHS 1 aBTOMAaTH3allli €KCILTyaTallii MpUCTPOiB 3
HOC;
5. CTBOpEHHS PaaloNpUiMaYiB 3 XapaKTEPUCTUKAMU, SIK1 HE TOCSAKHI IPU
BUKOPHCTAHI aHAJIOTOBUX METO/IIB 00pOOKHU curHaiiB [4].
OcnogH1 Henodiku BukopuctanHs LIOC nepen ananorosoro o6po6koro B PIIII:
1. mosiBa nIyMiB KBaHTYBaHHS,
2. TIOsIBa KaHAJIIB HAKJIaIaHHS CIIEKTPIB MPH Juckperu3aitii curnainis B ALIIT [4].

Ha puc. 1.5 HaBegeHo y3arajibHeHy cxemy pajionpuiimMada 3 [{OC.

Bxin Buxin
——» AUNT —>» AL ——>» [UOT —» LA —» AP

Pucynok 1.5 — Y3aranbHeHa cTpyKTypHa cxema pajiionpuiimMayda 3 uppoBoro

00pOOKOI0 CUTHAITIB
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Posrnsaemo oco6nuBocti BipoBamkeHHs [{OC B pagionpuiiMaibHi IPUCTPOI.
[Tpuunnan BopoBaxenus L{OC B PIIII:

1. BUKOpHUCTaHHS CKJAIHUX aJITOPUTMIB OOpPOOKH;

2. peamnizamis yHiBepcanbHux PIIII;

3. ajamnTalis 10 yMOB BEJICHHS 3B’ SI3KY;

4. Bucoka cteninb iHTerpaiii PIIII;

5. 3HmwxkeHHs Macu Ta BaptocTi PIIIT;

6. BHKOpHCTaHHS 3ac00iB aBTOMaTu3arii [4].

Bukopucranns [{OC mae psn ocoOIMBOCTEN, K1 3 OJHOTO OOKY Mpe’ aBIIsi€ 5KOPCTKI
BUMOTH JI0 €JIEMEHTHOI 0a3H, a 3 THIIOTO CIPOIIY€E PO3POOKY camMoi €JIEMEHTHOI 0a3H.

Psn npakTHYHMX 33/1a4 HE MOKJIMBO BUPIIIKUTHU 32 IOTIOMOTOI0 aHAJIOTOBOT 00pOOKH
curHaiiB. [{um nosicHroeTbest MacoBe BrpoBakeHHs [{OC B PIIII. He auBnsunch Ha
BUIllE 3a3HaueHl nepeBaru BrpoBapkeHHs [[OC Ha mnpaktuil 3B’S3aHO 3 PAIOM
cnienupiyHux ocobnuBocTtel [4].

B mudpoBux npuiiMayax BUAUIEHHS KOPUCHOTO CHUTHAJIYy 3 MOMDK 3aBaJl Ta HOTo
MEPETBOPEHHS BHUKOHYETHbCS NHUQPPOBUMH TMPUCTposiMU. PamiocurHan Ha BXOAl
u(poBOro paaionpuitMagIbHOrO MPUCTPOIO SIBJIIE COOOI0 aHAJIOrOBY Hampyry. Jis ii
00po6ku HeoOximuuit ALIIL. besnocepenne nigkintoueHHs antenHi 10 AL e MoxnuBe.
Ockinbku Mk anteHoro Ta ALl HeoOXiaHMI TiACHIIIOBAY, OCKIJIBKM BX1JHA Hampyra
AULII noBuHHa OyTH MOPSAKY KUIBKOX BOJIBT, @ YYyTJIMBICTh Cy4YacHUX NpHiimMaudiB

CKiIada€ ACCATUX HAaCTOK MiKpOBOJ'ILTa. 3 ObOT'0 BUIINIMBA€ HACTYIIHC!
EAO < UBX.ALIH ’ (12)

ne E,p — 9yTIuBICTh IpHiiMaya;
Ugx.ann — I0TpiOHa BXiana nanpyra ALII [4].
B cyuacaux ALl minimansHuit kpok kBaHnTyBaHHs 0,2 MkB. Tomy HeoOxigHO Opatu
JI0 yBaru Take SBWIIE SK IIIyM KBaHTyBaHHs. BiH BHHMKae BHACIIIOK NEPETBOPEHHS

aHAJIOTOBOTO CHUTHATY B U(PPOBY (POpMy 3a paxyHOK HassBHOCTI KBAHTOBaHUX PIBHIB B
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BUX1JIHOMY CHUTHaJIl Ha BIIMIHY B1J] CYI[IJIbHOTO BX1JTHOI'O aHAJIOTOBOTO CUTHaJY puc. 1.6
[5].

Cxema mnpuiimMaya He Moxke posnmounHaTucs 3 AIIIl ocKiIbkM BIH Ma€ BiJHOCHO
BUCOKHUH KOe(IL€HT IIyMy B MOPiBHAHHI 3 iHIIMMHU Kackanamu. Koedimient mrymy ALIIT

BU3HAYAETHCS 32 (OPMYIIOI0:

U
( C/ULU)AHH = 6,02 X Npoqp. + 1,76 [AB], (1.3)

ze (UC/ ) - BITHOIIICHHS «CUTHAI — mrym» Ha Buxoai AL,
U AL

Mposp. — 4MCI0 po3psanis ALII mpu piBHOMIpHOMY KBaHTyBaHHi [4].

CPMIHANEHWA Ta KBEHTOBEHWA CHIHAMKW
1 T T T

I

_1 1 1 1
0 0.5 1 1.5 2

LIyt KBEHTYEEHHA
0.5 : : .

-0.5 ] ] 1
0 0.5 1 1.5 2

Pucynok 1.6 — Ilomunika KBaHTyBaHHS

Buxoasuu 3 Bumor a0 panpionpuitmadiB no mrymam, ALl moBuHeH mnepemyBatu
MIJICUITIOBAY, SIKMM Ma€ BIJJHOCHO BETUKHUN KOE(MIIIEHT MiJACUJICHHS Ta HEBEIUKUM

KoedimieHT mymy [4].
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Huuamiyauii mianazon ALl He BigmoBizae AWMHAMIYHOMY Jiala30Hy BXI1THUX
CUTHAIIB pajaionpuiiMaua. /[uHamiunuii Aiama3oH pajionpuiiMada — L€ BiAHOIICHHS
MaKCHUMaJIbHO JIONYCTHUMOI HAIPYrd BXIJHOTO CHTHAIY 10 YYTIUBOCTI. JluHaAMidHUI

Jiana3oH BU3HAYAETHCS 3a hopmyrioro 1.4:

E o1
Il = 20lg (A—ﬂ) , (1.4)
Exo

ne Ej o — 4yTiuBICTh IpHiiMaya;

Ep jon — MAKCHMAJIbHO JIOIyCTUMA HANPyTa BXiIHOro curHaiy [4].

JlunaMiyHUi J1ana3oH pajionpuiiMada XapakTepu3ye MeXl1 3MIH pIBHS BXIJHHUX
CUTHAJIIB IIPH AKUX 3a0€3MeUyeThCs A0MyCcTUMA BTparta iHdopmariii. 3a ronomororo APIT
JTUHAMIYHUH Jiana30oH MOXKe OyTH JIOBEeICHHI 10 HeoOXimaHoro piBHA. Peanizamis APII
noTpeOye HasBHOCTI Ha BXOJ1 MpuiiMayda MIJICUIIIOBAaYa 3 MOKJIMBICTH PETYJIIOBAHHS
KoedirienTa miacuieHHs [4].

JIns1 BUKJIIOYEHHS BIUIMBY LIYMY KBaHTYBaHHS Ha SKICTh NMPUHAOMY MOTPIOHO, 11100
eeKTUBHE 3HAYE€HHA Hanpyru curdHainy Ha Bxoal ALl mnepeBumyBano mar

KBAHTYBaHH:
Ue¢eK.(C+3) >q, (15)

1€ Uegex.(c+3) — €DEKTUBHA HATIPYTa CyMillli CUTHAJTY Ta 3aBa/IH,

g — mar kBautyBanus AL [4].

[TpuitHsTHA CUTHAN TOBUHHUN OYTH 3HAYHO MOTYKHIIIUM IIyMY KBAaHTYBaHHS
2
UI.LI.KB. >> Ue(l)eK.C ’ (16)

ne U g, — IIIYM KBaHTYBaHHS;

Uepex.c — PIBEHD MPHAHATOTO cUrHaily [4].
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Bing nuHamMivHOrO J1amna3oHy BXiJHUX CUTHATIB 3QJIKUTh YKCJIO PIBHIB KBAHTYBaHHS,
po3psanHicTh Ta mar kBantyBaHHS AL[Il. OcHoBuumu mapametpamu ALII € kinbKicTh
PIBHIB KBaHTYBaHHS, PO3PSIHICTh Ta IIar KBaHTyBaHHs. L1 mapaMmeTpu Mi>k cOO0F0 TICHO
NOB’si3aHl. 3aNeXHICTh PIBHIB KBAHTYBaHHS BiJ JUHAMIYHOTO Jlama3oHy BXI1JHHX

CUTHAJIIB BU3HAYAETHCS 110 HACTYMHIN hopMyTi:

L = Jigxc., (1.7)

ne L — KUTbKICTh piBHIB KBAHTYBaHHS;
Jgx c. — IMHAMIYHU Jiana30H BXiIHUX CUTHAMIB [4].
Oo6mexena mBuakoais ALl He 103BoJsIE BUKOPUCTOBYBATH MOTO MPHU JOCTATHHO
BHUCOKIN 4acTOTi pagiocurHany. Jlius BuOOpy 4acTOTH AMCKpPETU3allli B 3aJIEKHOCTI Bij

HECYy4oi Ta MIMPUHU CIIEKTPY MOKHA 3aCTOCYBaTH (HOPMYJIH:

_ 4

ne N, = 1,2,3 ... - Homep 30uu HaiikBicTa;
2AF; — mmMpuHa CHEKTpY;
f. - Hecyua dactora curHainy [4].
Buxonasun 3 BuimeBukiIageHoro MiK aHTeHHO 1 AIIIl HeoOXigHO BCTaHOBHTHU
nepeTBoproBay 4yactoTu. IlepeTBoproBau 4acTOTH 3a0€3MEUYHMTh MPHBEACHHS YacTOTH

paziocurHany 10 HeoOX1THOTO 3HaUYCHHS YacTOTH BX1AHO1 Hanpyru ALLIL:

1
FBX ALl = FTp Al < Ef;p (20)

ne Fyy ayn - 3HaU€HHS 4acTOTH BXiqHOoi Hanpyru ALIIL

Fip Ay — NOTpiOHE 3HAYEHHs 4acTOTH BXigHOT Hanpyru AL
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fx — yacToTa quckperusanii [4].

[Ipu nuckperu3zaiii ananoroBux curnaiis B ALIII cTBOproroThCs KaHalu HaKJIaJaHHS
cuekTpiB. [lpuaymieHHsS IUX KaHaliB BUKOHYETHCS 3a JIOMOMOIOI0 (iabTpa SKHMA
BMHUKa€eThes Mixk antenoro Ta AT [4].

Heo06xi1HO 0OMEXUTH CIIEKTp MPUUHATOIO CUTHAITY JJIsi 3MEHIICHHS BUKPUBIIEHD, a
TaKOX AJIs peanizamii HeooxiaHoi po3psanocti ALl Buxoasuu 3 1boro Mik aHTEHOIO
ta ALl moTpibeH cmyroBuii GUIbTp, SKUM Oyae 3abe3reuyBaTd HEOOXIJIHY MOJIOCY
nponyckanus [4].

Yucrno pospsanie ALIII BuzHavae HeoOXigHe 3HaYeHHs BX1aHOI Hanpyru ALIII.

CtpykTypHa cxeMa nudpoBoro paaionpuiMaibHoro npuctporo (puc 1.7) no AL
ABJIIE€ COOOI0 CTPYKTYPY CYIIEPreTepoAMHHOr0 puitmaya. Jlo mepeBar Takoro npuiiMaya
MOXHa BIJIHECTU 3HWKEHHA BuUMOr j0 mmBuakomii AIIIl mpu 3HMKEHHI cepeaHboi

YaCTOTH CIEKTPY CUTHAIY JIO IPOMIXKHOI [4].

D | N\l ], D AL
—
* ey f. ®IY Ty
8 e [
m % 110C — LIATI
BK r

Pucynok 1.7 — CTpyktypHa cxema mu@poBOro pajaionpuiMaibHOTO TPUCTPOIO

Henonikom naHoro Tunmy nmnpuiMayiB € BTparta iHpopMmaiii npo ¢a3osi
CHIBBIJIHOIIIEHHSI Ta OTWHAIOYMN CHUTHAJI TPU HECUHXPOHHOMY TerepoauHHi. [1]o6
3ano0IrTH I[bOMY 3aCTOCOBYIOTH JBOKAHAJbHI KBAIPaTypHi NIEPETBOPIOBayi YacTotu [4].

CrtpykTypHa cxema nudpoBoro pagaionpuiiManbHOro mpucTtporo (puc 1.8) mo ALII
npeacTaBisie co0OK CTPYKTYpY MpuiiMada MpsIMOTO TMEPETBOPEHHSI ¢ (POPMYBAHHIM

KBaIpaTypHUX KOMITOHEHTIB niepe onupyBaHHsAM curHaiy. JlogaBaHHs KBaApaTypHHUX
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KOMITOHEHTIB JIa€ 3MOTY IPH MOJAJbIINH 00po0Ill aHAMI3yBaTH SIK aMILUTITYy Tak 1 ¢azy

NpUKRHATOTO curHay [4].

S AR e e

Py f. OHY

R

" 90° LOC LATI
f,
—
£ f, —_———
3m ®HY

Pucynok 1.8 — CtpykrypHa cxema HH(ppOBOTro pajionpuiMaIbHOTO IPUCTPOIO 3

KBaJpaTypHUM NIEPETBOPEHHIM

JIns oTpuMaHHS KBaJpaTypHUX BHUOIPOK paJiOCUTHANT  PO3AUISIETBCA Ha JIBI
YaCTHHHM, 1 TOTpaIisie Ha J[Ba pi3Hi 3MinryBaya. Ha BXij gpyroro 3MiinryBaya moTparuisie
CUTHAJI T€TePOJIMHHA, 3CyHYTHI 10 (pa3i Ha 90° BIAHOCHO CUTHANY SIKUI MOTpAIUIA€ Ha
BX1J] TEpIIOro 3MminryBada. Pe3ynbTyloui CUTHAIM Ha3UBAIOTHhCS CUH(pAa3HUM Ta
KBaJipaTypHuM. B pe3ynbrari Ko’kHa BHOIpKOBa TOYKa CUTHATY Ma€ JBa 3HadeHHs. [[i
CUTHaJIM ofHo4acHO o0poOmstoreess ALIL Ilpuiimadi reTepoaMHHOrO TUIY MarOTh
BHUCOKY BUOIPKOBICTh Ta YYTIUBICTh. [|0 TOJIOBHUX NPOOIIEM NMPpUiMaYiB reTepoIMHHOTO
THUITY BIIHOCSThH: MPUAYIIEHHS MTOOIYHUX KaHATIIB Ta Y3TO/>KEHHS KBaApaTypPHUX KaHAJB
no ¢asi [4].

[Ile omuum BapiaHTOM TOOYAOBH  CTPYKTYPHOI  CXeMU  IH(PPOBOTO
pamionpUMabHOTO MIPUCTPOIO, € CXEMA, KA MPEACTABISE COO0I0 CTPYKTYpY MpHiiMaya
npsimoro miacuiaeHHs puc. 1.9. B upbomy Bunaaky BK npeacrasisie co6oto pinbTp axuit
OpUIyIIye KaHaIu HakiIaaanHs cnekTpiB. [IPY 3a0e3neuye HeoOXiTHUM piBEHb CUTHAITY
1utst KopekTHoi poootu ALIL. Taki nmpuitmadi MaroTh ripiry BUOIpKOBICTh Ta Uy TJIMBICTh

HDK BHIIe onmcani [4].
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[> —» ALl —» 11OC — LATI

lee

BK

Pucynok 1.9 — CtpykTypHa cxemMa Iu¢ppoBOro paaionpuitMaibHOTO IPUCTPOIO C

00po6koro 10 ALIIT

1.3 BUCHOBKH 10 MEPIIOT0 PO3aiTy

Buxonsuu 3 BuniezaznaueHoi Jioriku peanizaiii [{OC B TexHiii pagionpuitMaHHs
y3arajibHeHa 0JI0K-cxema [U(PPOBOro paaioNpUHMaIbHOTO IPUCTPOIO Oy MICTUTH:

1. ananoroBy yacTuHy npuiiManibHOro TpakTy (AUIIT) abo paaio 610k;

2. 6ok ananoro-uudposuii meperBoproBau (ALIl) abo 6mox nuckpermszarii Ta

KBaHTYBaHHS;

3. mudpoBy YaCTHHA MPUHUMAIBHO TPAKTY.

Cxkrnag AUIIT moxxe coOor0 mpencTaBiasaTH co00I0 CyNepreTepOIUHHY CXEMY, CXEMY
NpsIMOTO TMEPETBOPEHHsI ab0 cXeMy MpsSIMOro MOCWIeHHS (y HalmpocTimii Qopmi,
nigcuwitoad BU ta ginbrp).

[lepeBaru Ta Hemomiku U(POBOTO pajliio MOB'A3aHI 3 MepeBaraMu Ta HEMOJIIKaMH
CXEM AHAJIOTOBUX Ta MU(PPOBUX YACTUH HU(POBUX paioONpUIIMAYIB.

[IpoananizyBaBiy JiTeparypy Ta NEpiOJUYHI BUIAAHHSI MOKHA 3pOOWTH BHUCHOBOK,
mo s ToOyJ0BM Cy4YaCHUX WpHMadiB HAWJOpPEUHIIIe BUKOPHUCTOBYBATH OJTHO
KpHUCTaJIbHI MIKPOCXEMH 3 BUCOKUM PiBHEM 1HTerpaiii. Taki MIKpocXeMHu MaroTh B CBOIH
cTpykTypi Bci HeoOxinni 6moku (AYIIT, ®III, IOC, LIAIT). Tomy Oepyuun 10 yBaru I
BIIOMOCTI OyJI0 PO3pOOJCHO CTPYKTYpPHY CXeMy HpuiiMada (IuB. AogaTok B) 3

BUKOPUCTAHHSAM MIKPOCXEM TaKOIO THUITY.
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PO3/ILT 2. PO3POBKA INIPUMIMAYA MOBHOTI'O JIAITA30OHY

2.1 Bubip e1eMeHTa TPaKTy paioyacToTu

Jlist moOymoBU TpakTy paaiodacToTd BukopuctaHo mikpocxemy RDASS07FP.

CTpyKTypHa cXxema MikpocxeMu 300paxeHo Ha pucyHky 2.1 [6]. Texniuno RDA5807FP

— CKJIaJHUI BUPiO, ane, Ha MACTs, JOCUTH MPOCTUHN B 3aCTOCYBaHHI 3aBJSKU BUCOKOMY

CTYIEHIO IHTEerpamii i MiHIMaJTbHOMY HAOOpl 30BHINIHIX KOMMIOHEHTIB. Jlo TOro X,

BUPOOHMK TPOIOHYE TMOBHHUM Habip MOCIOHMKIB MO ii 3aCTOCYBaHHIO, IO BKIIIOYAE

CXEMOTEXHIYHI1 piIeHHS 3 11 3acTocyBaHH. [ 0TOBUI BUpiO HE MOTpeOyeE MiATaIITyBAHHS

30BHIIIHIX €JeMEHTIB. ENexkTpuyHi XapakTepUCTUKU MIKPOCXEMH Ta 1i mpuiimMaua

HaBeseHl B TaOmuigx 2.1 - 2.2 [6] BiamoBignHo. IIpoaHaii3yBaBIIM XapaKTEPUCTHKH

MiKpOCXGMI/I MOJXHa 3pO6I/ITI/I BHCHOBOK 1110, BOHH 3a40BOJIBHAIOTh BUMOI' TEXHIYHOT'O

3aBJIAHHA.
o | L LOUT
%_ P > ADC *| DAC i
Audio
! DSP
MIN | -y Core
> 1R
f — i digital filter
— MPX decoder
—% o ROUT
Lo Q Q audio R
L i
imiter PGA > ADC ~ pac T
5 || GPIO
32.768 [KHz VO \ ﬂg’gs GPIO )
[%1 M, Synthesizer Y
RCLK RSSI
SCLK| MCU
2.7-33V Interface
VDD
» LDO ere SDIO
I RDAS807FP

Pucynok 2.1 — CtpykrypHa cxema Mikpocxemu FP5807FP
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[To3nauenns | Onuc Minimansse | Tunose | Makcumainbae | O IUHALA
BUMIpY
VDD Hampyra 2,7 3,0 3,3 B
YKUBJICHHS
Tamb Temmnepatypa -40 +90 Cco
HABKOJIUIITHHOTO
cepeoBuIIa
Ivop CTpyM KUBJICHHS - 20 - MA
=) CTpyM KUBJICHHS B - 25 - MKA
YeproBoMy pexXuMi
Tabnuns 2.2 — XapakTepuCTUKU MpUitMada
O
: 2l |2
T = 3 =
g ~ E’ Q = g >
g ) M = g 5 E =
N = e s = X = 5
(@) = = -— ~ S = =
= ® > == | = © A
Fin Jliamma3oH BX1THHX 50 115 | MI'
yactor FM
50 MI' - 11,4118
MIl - 11,2]1
Vi 65 MI'u 2115
UyTnuBicTh S/N =26 nb 88 MI'l - 11,215 |vxB
98 MI'1 - 11,315
108 MI'g - 11,315
115 MI'n - 11,3(18
IP3in | Bxig IP3 80 |- - nb
MKB
Agm | HIpunymenns AM 60 | - - 1B
Soo0 | CenexTUBHICTH +200 kI 50 |70 | - nb
S0 | CYCITHBOTO +400 kI, 60 |85 |- b
KaHAITy
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VarL; | Buxigna sanpyra | [Ipu MmakcuManbsHIN Ty4HOCTI - 36 |- MB

Varr 0

S/N | ChniBBigHOIIEHHSA Momuo 55 |57 |- nb
CUTHAJI/IIIyM Crepeo 53 |55 |-

Mikpocxema mpaiie HacTynHUM 4YuHOM. Curharn,

MPUUHATUA AHTEHOIO,

MOCIITIOETHCS MajIo MTyMJIMBUM TiiacumoBadeM (LNA), miaCHIeHHS SIKOTO PETYTIOETHCS
omoxom APIT (AGC). IToTim curHaJ MOCTYyMa€e Ha OHWKYIOYHIA TIEPETBOPIOBAY YaCTOTH
KWW TPUIYIIYE CUTHAI BIJl CYCIIHIX PaJloCTaHUId. 3 BUXOAY MEPETBOPIOBaYa CUTHAI
noTtpartro g0  miacwmoBada 1 ALl [udposuii curnam oOpoOmoersess DSP —
MPOLIECOPOM, SAKUH J€ MOJIYJIIOE HOTO Ta BUKOHYE MPOAABICHHSIM IITyMiB B OTPUMaHOMY
MYJIBTUIIJIEKCOBAHOMY CUTHaJI (puc 2.2), 3MIIIYIOYd MOHO CUTHAJIA 3  PI3HULICBUMHU
ckiamoBumu. Jlam curnan Hagxoauth Ha LIAII miBoro 1 mpaBoro kaHamiB 1 MICIS I[bOTO

CHTHAJIOM 3BYKOBOI YaCTOTH BUBOJMTKCS JIO IMiJICHITOBaYa abo rapHiTypu [7].

MoHo curnan
JIIBU Ta IIpaBUid

KaHaJl
Crepeo curnai
JiBUi - mpaBuii
CUTHAI
OnopHwuii
RDS/
CUTrHaJl RBDS
; R |
0,03 15 19 23 38 53 57

Yacrora, kI 11

Pucynok 2.2 — MynstunnekcoBanuit FM — curnan
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HanamtyBanHs Ha pamiocTaHIlli BIIOYBA€ThCS HA €Tari BUAUICHHS MPOMIDKHOI
YacTOTH, JI€ B SKOCTI ONOPHOI YacTOTH TMOHIKYIOUOTO  IEepEeTBOPIOBaya
BUKOPUCTOBYETHCS KBAJPATYPHUI ONOPHUI (T€TEpOJIMHHUI) CUTHAII, CPOPMOBAHU Ha
ocaoBi 'KH (VCO), inrerpoBanuii Ha kpuctaii. Omopaum curHaiom juisi [KH e
30BHINIHIA TakTOBUM curHaia dyactororo 32,768 klm. IligmamryBaHHS dYacTOTH
(HamamTyBaHHS Ha PaIOCTaHIIIO) 3IIHCHIOETHCS MPOTPaMHO 4Yepe3 pericTpu OJoka
AGC. IcHye MOXIMBICTh MEPEKIIOYCHHS YacToT Kpokom 25, 50, 100 a6o 200 xI.
3aBasiku BOYJAOBaHOMY PETYJISTOPY HANpyrd, MIKPOCXEMa MOXKE >KHUBUTHUCS BiJl
30BHIITHBOTO JDKEpETa )KUBJICHHs Harpyrorw 2,7-3,3 B [7].

B sIKOCT1 CXEMOTEXHIYHOIO PIIIEHHS BUKOPUCTAHO MPHUHIMIIOBY cxeMmy (puc 2.3)
BKJIFOUCHHS HAaBEJCHY B TEXHIYHMM JOKyMEHTAIlli BUpoOHHKa. MikpocxeMa MiATpuMye
KepyBaHHS SK U(PPOBUM METOJIOM (32 JIOTIOMOI'0I0 MIKPOKOHTPOJIEpA) TaK 1 aHAJIOTOBUM
3a JIOMOMOTOI0 TaKTOBUX KHOIOK. JIJIsi CHIPOIIEHHS CXeMH BUKOPHCTAHO aHaJIOTOBUM
MeToa KepyBaHHs. [[ns akTuBaili pexxuMy Ha 6 BUBIJ MIKPOCXEMH IMOJAHO BUCOKUMN

JIOTIYHUH PiBEHb.

G =
VD1
| 1C1 'm—)/ z
oL S2
1N4148 i " Vol +
&
- VD2
L1 2 15 1~
R1 ™~ s3 o]
o 100nF | ct it L 3 14 Vol -
a1 100pF C4
Power C3 4 13+ =
s1 —| ] — [ToUT
L1 5 12 4 4 -
& 105nH H ROUT >
6 1 47
8 9  zq1 o
32,768 kHz e - |°F

RDAS80TFP [ 2n T

L il

Pucynox 2.3 — Tunosa cxema BBiMmKHeHHs Mikpocxemu RDAS807FP
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IIpu3HayeHHs ejieMEHTIB KepyBaHHsI BIAMOBIIHO 3 puc. 2.3. S1 — BBIMKHEHHs/
BUMKHEHHS TipuiiMada, S2 Ta S3 301IbIIICHHS] Ta 3MEHIIICHHS TYYHOCTI BIAMOBIMHO, S4 Ta
S5 mepemukaHHs KaHally Bropy Ta BHHU3 BiAmoBiaHO. [Ipu TpuBamoMy HaTHCHEHHI Ha

KHOTIKH S4 a00 S5 BUKOHYETHCS aBTO MONIYK PagiOCTAHIIIH.

2.2 Po3paxyHok cTadijizaTopa Hanpyru

OCKUIBKH B SIKOCTI JKepeJia KUBIICHHS BUKOPUCTAHO JITIH-IOHHUNA aKyMYJISITOP
tunopo3mipy 18650 BuxinHa Hampyra sSKOTO KOJIMBaeTbcsi B Mexax 3.7 — 4.2 B.
BuxoauTh HEy3roJKeHICTh BUXIJHOI HANpPYrd €JIIEMEHTAa KUBJCHHS Ta HaIpyru
xuBJIeHHS Mikpocxemu FP5807FP. Tomy s y3ro[keHHS Hampyr >KWABICHHS
BUKOPHUCTAHO 1HTETpAIbHUIN CTaOLII3aTOP.

Jiist moOy1oBU cTabIi3aTopa HAIIPYTd BUKOPUCTAHO MikpocxeMy cepii AMS1117
XapaKTePUCTHKU IKUX HaBeaeHHI B Ta0mui 2.3 [8]. Mikpocxema xuBienas AMS1117
SOT-223 BIgHOCHUTBCS JO THUIY JIHIKHMX CTaOUII3aTOPIB HANPYTH, MIKpPOCXeMa
IpU3HAaYEHa JIJIsl ABTOMATHYHOIO, MOCTIMHOI MIATPUMKH CTaOLIbHOrO Hanpyru. JIiHiiHI
cTabumi3aTopyu - MPUCTPOI, SAKI TMPaLIOTh B CBOIM JiHIMHOI oOsacti. JliHilHI
CTaO1Ii3aTOPH MPOCTI 1 HE BUMArarOTh BEJIHMKOI KUIBKOCTI JIOJATKOBUX EJIEKTPOHHUX

KOMIIOHEHTIB.

Tabmuis 2.3 — Xapakrepuctuku Mikpocxem cepii AMS1117

[Ipuctpiit Buxinna Hampyra Onuunns
MinimansHa | HominanpHa | MakcumanbHa BUMIPY
AMS1117-ADJ PerymntoeThcst 30BHIMIHIMU €1€MEHTaMU B
Mmexax 1,5-12 B

AMS1117-1.2 1,176 1,200 1,224 B
AMS1117-1.5 1,470 1,500 1,530 B
AMS1117-1.8 1,764 1,800 1,836 B
AMS1117-2.5 2,450 2,500 2,550 B
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[Tponorxenns Tadnuii 2.3 — XapakTepucTuku Mikpocxem cepii AMS1117

AMS1117-2.85 2,794 2,850 2,907 B
AMS1117-3.3 3,234 3,300 3,366 B
AMS1117-5.0 4,900 5,000 5,100 B

bepyuu 5o yBaru mani tabauii 2.3 11 moOy10BH cTadigizaTopa Hampyrd MOYKHA
BUKOpUCTaTH MikpocxeM AMS1117-2.85 ab6o AMS1117-ADJ. TunoBi cxemu

BBIMKHEHHS IIMX MIKpOCXEM HaBeJICHO Ha pUCYHKOBI 2.4 [8].

AMSI117-ADIJ

Vin Yo Vin Vout —9 e Vout

IO“ ADJ [~ IZZ“

I:IRZ

| ]
AMS1117-2.85
Vi ‘ Vout
n _T_+ = Vin Vout _T_+ = ou
10u 22u
I ADJ I

I

Pucynox 2.4 — Tunosi cxemu BBIMKHEHHsT MikpocxeM AMS1117-2.85 ta

AMS1117-ADJ

[Ipu Buxopucrani mikpocxemu AMS1117-2.85 HigKI JOMOMIXKHI €JIEMEHTH
HEeMoTpiOHI, OKpiM (UIBTPYIOUMX KOHJEHCATOPIB Ha BXOJl Ta BUXOIl. MiKpocxemu
AMS1117-ADJ 6inpm mommpena unMm AMS1117-2.85, anme mpu 1i BUKOpHCTaHi

HEOOXITHO pO3paxyBaTH HOMIHAIM PE3UCTUBHOTO [ITbHUKA SIKHA BUKOHAHWN Ha
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enementax R1 ta R2. 3amaBimu 3HadeHHs pe3ucrtopa R1= 124 Owm po3paxyemo orip

pesuctopa R2 3a popmyroro 2.1:

Ry

(2.1)

R, = (Voyr — Vrer) X T
REF

ne Voyr — BuxinHa Hanpyra 3B;
VrEr — IOB1IKOBA Hampyra sika jgopiBHioe 1,25 B.

Otrxe

R, = (3 125))(124—1736[0]
2 = ’ 125 20 ME

BuxopuctoByouu psiii HOMiHaJIIB PE3UCTOPIB 0OMPAEMO BIIMIOBITHI PE3UCTOPH.

2.3 Po3paxyHOK BXiIHOT0 K0J1a

BXigHMM KOJIOM Ha3MBalOTh YAaCTHHY PalloNpUiMaIbHOIO MPUCTPOIO KA 3B’ SI3y€
aHTEHHY 3 TIEPIINM KacKaJ oM pajionpuiiMayda. 3a3Buyail BiH CKJIQJa€ThCs 3 €IEMEHTIB
3B’SI3KY 3 AHTEHHOIO, CEJIEKTUBHOI'O €JIEMEHTY Ta €JIEMEHTA 3B’ SI3KY 3 MEPIIUM KaCKaJIOM.
Axmo mepmmid KackaJ BHUKOHAHUN Ha TOJILOBOMY TPaH3UCTOP1 E€JIEMEHT 3B’S3KY 3
NepIIMM KackaJoM MoXe OyTH BIJACYTHIM, OCKUIbKM BIUIMB Kackany Ha IIT Ha
KOJINBAJIbHUN KOHTYp ayske Manui [9].

OCHOBHMM IpPU3HAUYEHHSM BX1JITHOTO KOJa € repeaaya MNPUHHATHOTO CUTHAY Bij
aHTEHU JI0 BXOJly MEPIIOro KacKkaay rnpuiiMaya Ta nonepeaHe GuibTpyBaHHS CTOPOHHIX
3aBajl. J{ns miBUILEHHS YyTJIMBOCTI MpuiiMada BXIJHE KOJIO MOBHHEHE 3a0e3neuyBaTH
KoedilieHT mepenadi Hanpyrd (MOTY>XHOCT1) OJU3BKUM 10 OAWHUIl, B Jiama3oHi
pobounx vactor [9].

B stkocTi BXi1HOTO KOJ1a OyIJI0 BUPIIIEHO BUKOPUCTATH CXEMY C EMHICHUM 3B’ SI3KOM

puc. 2.5. OCKiIbKH, BOHA € HalOUIbII MPOCTOIO 1 IIMPOKO BUKOPUCTOBYEThCS Ha Y KX
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niama3oHi. KpiM Toro B Hiil BiICyTHIH TpaHchopMaTOp, 110 3HAYHO CHPOIIYE peasizaliiio

JAHOT KOHCTPYKITIi.

PucynHok 2.5 — BxigHe K010 3 €EMHICHUM 3B’ SI3KOM
Yy it

Po3paxyHOK KOJIMBaJbHOTO KOHTYPY IIPOBEICHO Ha cepeaHto dactory FM
nianmazony 98 MIm. [l momanmbIx po3paxyHKIB 3a1a€EMO €MHICTh KOHAeHcaTopiB C2

= 25 n1®, C1=100 n®. Po3paxyHOK 1HIYKTUBHOCTI IIpOBeIEeMO 3a (hopmysoro 2.2:

1
L=———=, 2.2
Am2f2C (2.2)
ne f — pe3oHaHCHA 4acTOTa KOJIMBAILHOTO KOHTYDY;
C — eMHICTH KOHJIEHCATOPA.

Orxe

1

L1 =
412(9,8 X 107)2 x (2,5 x 10-11)

= 1,055 x 10~7 [Tx].

JIisi  BUTOTOBJICHHS KOTYIIIKA 1HAYKTUBHOCTI BUKOPUCTAHO MIJIHHA JPIT

niamerpom 0,63 Mmm. B sxoCTi ompaBkH JIsl HAMOTKH BUKOPUCTAHO CTEPIKEHB J1aMETPOM
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5 mM. JI1s po3paxyHKy KUIBKOCTI BUTKIB KOTYIIIKA BUKOpHUCTaHO Tiporpamumii maket Coil

32. Pe3ynpTaT po3paxyHKiB Mpe/ICTaBICHHI Ha puc. 2.6.

PacueT kaTywex
— DOOHOCNOHHAA KATYLUKE BUTOK K BUTKY
MHAOYKTHMBHOCTD KaTYWKKW 105 HIMH

Pabouan yacToTa 98 MMy

OuameTp Kapkaca D: 5 MM

Tun npoBoaa Manual

AuwameTp nposoaa d: 0,63 MM

AWaMeTp NpoBoAa C M3onAUMed ki 0,637 MM
=x=[nuHa HamoTeK | 3,947 MM
==[lnkHa NpoBona Bes yyeTa KoHUos: 3,6 M
=>PeakTHBHOE CONPOTHBNEHKE KaTYIWKK: 64,654 OM
==Huono BUTKOB KaTywkM: 4,831

Pucynok 2.6 — Ckpinmior BikHa nporpamu Coil 32 3 pe3yapTaTom po3paxyHKy

KUJIBKOCT1 BUTKIB KOTYIIKH 1HYKTUBHOCTI

ManomymiuBuid  migcuiatoBad  Mikpocxemu RDASS807FP  BukoHanuwii  Ha
NI0JILOBOMY TpaH3ucTopi puc. 2.7 [6]. 3 puc 2.7 BUAHO, 1110 B CBOIH CTPYKTYpi MiKpocxema
Ma€ 3axXWMCHI JdIOJW, aje B TEXHIUHIA JIOKyMEHTallli PEKOMEHIYEThCS BCTAHOBUTHU
J0JIaTKOBI 3axucHi aioau [6]. Xoda Oyab-skuii HamiBIPOBIIHUKOBUI MPHUCTPI MOYKHA
BHUBECTH 3 JIaJly €JIEKTPOCTATUYHUM PO3PSAAOM, OJlHaK pucTpoi Ha MOH — Tpan3ucropax
0COOJIMBO YyTJIHBI 10 TPOOOTO, OCKITLKH €HEPTisl, HAKOMTUYEHA B EMHOCTI 3aTBOP — KaHaJI,
MpU JOCSITHEH1 HAIMpPyrd MpoOOI0 CTa€ JOCTAaTHBOIO JIJIsi TOTO, 00 MPOOUTH OTBIp B

TOHKOMY I1api i3ossiiii 3aTeopy [10].
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Pucynok 2.7 — Cxema mMaJio mryMiauBoro mnijacuiatoBada mikpocxemu RDAS80/7FP

bepyun no yBaru mi BiIOMOCTI BXI1JT MIKPOCXEMH HEOOXIHO 3aXHCTUTH BIJ
HEraTUBHOTO BIUIMBY €JIEKTPOCTATUYHOTO PO3psay. HalOiabn mommpeHuM MeToaoM
3aXUCTy € 3aCTOCYBaHHS 3aXUCHUX MA101iB. Bubip koH(irypaiii 3amexuTh Bil pIBHS
HaIIPYTH 1 piBHSA NOCTIMHOTO CTPyMYy Ha JiHIi.

KpemHieBi 11011 pO3MOYUHAIOTH MPOMYCKAIOTh CUTHAN MPU MPUKIAACHIN HaNpy3i
B 0,5 B, antunmapanensHa koHdirypailis, mokazaHa Ha puc. 2.8, nepeBaxHO MiAXOIUTh
JUISL JIIHIM ¢ HU3BKUM PIBHUM CHUTHay. Taka koH(irypailis 3a0esneuye HailMEHITy
MaKCHMaJIbHY HapyTry 0OMEKEHHS, 11¢ 3yMOBJICHOIO THUM, 110 Oyb-sSKHUH 13 TBOX JI10/I1B

IPAIIOE B IPMOMY HampsiMi B BUTIaaKy BuHuKHeHHS ECP [11].

7

oV

>

Pucynox 2.8 — AatunapanensHa KoHbirypaiis 3axucty Big ECP
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Bpaxosytoue Buiie ckazane cxema BK HabyBae HacTynHoro Burisiny puc. 2.9.

vD2

AHT

Pucynox 2.9 — BK 3 3axuctom Big ECP

MopentoBaHHs XapaKTEPUCTUK BXITHOTO KOHTYpYy Oyay TMpPOBOJUTUCS B

HACTYITHOMY PO3IiTi.

2.4 Bu6ip niacui1i0Bay NOTYKHOCTi HU3LKOI YaCTOTH

Ockinbku BuXigHa mOTYXHICTh Mikpocxemu RDAS807FP wemocTaTtHhO miis
OPSIMOTO TIJKJIIOYEHHSI TYYHOMOBIIIB, € HEOOXIJTHICTh B MIiACUJIIOBaYl MOTY>KHOCTI
HU3bKOT 4acTtoTu. [ligzcumioBad mnoOyaoBaHO Ha 0a31 MIKPOCXEMH MOTYKHOCTI
TDA2822M. MikpocxeMu TpU3HA4Y€HA I CTBOPEHHS TPOCTUX ITICHIIOBAYiB
MOTYXHOCT1 3BYKOBOi yacToTu. [lepeBaraMu BUKOPUCTAHHS 111€1 MIKPOCXEMHU € HU3bKE
C€HEPrOoCIOKUBAHHS, HU3bK1 HEJIIHIHI BUKPHUBJICHHS, HU3bKa BapPTICTh, MAJIOTA0apUTHUN
KOpITyC, s poOOTH mMOTpedye MIHIMYM 3O0BHIIIHIX €JIEMEHTIB Ta HH3bKa Hampyra
KUBJICHHS. XapaKTEePUCTUKU MIKPOCXEMH MpH POOOTI B CTEPEO PEKUMI HABEJIEHO B

tabmui 2.4 [12].
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Ta6nus 2.4 — Xapakrepuctuku mikpocxemMu 1T DA2822M mipu poOOTI B cTepeo pekuMi

yacToTl 1 K['11

[Tapametp 3HaYeHHSA
Minimansae | HominaneHa | MakcumaibHe
Hanpyra >xuBiieHHs 1,8 B 12 B
CtpyM CIOKOO 9 MA
Buxigna Hampyra mrymis 0,5 MB 2 mB
KoedimienT macunenus 40 nb
Pi3HUI nigCUIIEHHS KaHAJIIB -1 nb 0 nb +1 nb
BuxigHa noTy>XHICTh I Bt
(Un =9 B, Ru = 8 Om, Ctepeo)
BuxigHa NOTYXHICTh 0,65 Bt
(Un=6 B, Ru=4 Owm, Ctepeo)
BuxigHa moTyXHICTh 1,35 BT
(Un=6 B, Ru=4 Om, Micr)
Kuu (Re=8om, Ctepeo, P=0,2W) 0,5%
Kun (Ra=8om, Mict, P=0,5W) 0,5%
Bxinnwmii omip Ha yactoti 1 kIt 100 kOm
[lepexinHe 3aracaHHs MK KaHaJlaMHi Ha 50 nb

Ha puc. 2.10 [12] moka3aHO TUTIOBY cXeMy BBIMKHEHHsI Mikpocxemu TDA2822M

B cTtepeo pexxumi. Koeditient miacuieHHs: mikpocxemu B 40 n1b BUABUBCS HaaMIpHUM

JUTSl CydacHUX JKepen curHany. Hampyra BuxigHoro curnany mikpocxemu RDAS807FP

IIpU MaKCUMaJbHIM rydHocTi ckiagae 360 MB. Tomy 1uist 3SMEHIIEHHS! BUX1AHOI HAIIPYT U

Ha BXOJIl MIJCUIIOBaYa BCTaHOBJIEHO pe3uctopu R1 ta R2 omip sikux cknamae 47 KOwm.
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Pucynok 2.10 — TunoBa cxema BBiMKHeHHs Mikpocxemu TDA2822M

IIpu3HayeHHs ejeMeHTiB BinmoBigHO 3 puc. 2.10. Ha pe3sucropax R1, R3 ta R2,
R4, moOynoBaHO MITFHUKH HAMPYTH JIIBOTO Ta MPAaBOTO KaHATY BIAMOBIIHO, K1 3371al0Th
BIJNOBIIHMI pIBEHb CHMrHajy Ha BXoAi Mikpocxemu TDA2822M (BuBig 6 Ta 7
BIJIMOBIIHO) Ta BU3HAYAIOTh BXIJIHUM omip mijcwitoBada. B nanio3i H3B 3a nonomororo
kougeHcatopiB C1l ta C2 BukoHaHO 3’€qHAHHS 3 3araJIbHUM IPOBOJIOM MO 3MIHHOMY
cTpyMy (MiHycoMm). 3’€qHaHHS 3 HaBaHTAKEHHS BHKOHAHO Yepe3 pPO3AUTIOIYU
koHgeHcatopu C4 ta C5, OCKUIBKM Ha BHUXOJl MPHUCYTHS TOCTIMHA Hampyra piBHA
MOJIOBUHI Hampyru *uBjieHHs. Ha BUX0/1 KOXXKHOTO KaHaJly BBIMKHEHO KOMIIEHCYIOU1
nanirorn  byme - [obens C6, RS ta C7, R6 ski 3a0e3neuytoTh cTaOUIbHY poOOTY
MIJCUITIOBaYa B BIITBOPIOBAHMX JAlana3zoHax yactoT. Konmgencarop C3 dbinmbTpyrounii mo

JKHUBJICHHIO.
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2.5 Bubip cxemu 3aXucTy NPUCTPOIO BiJl HEMPABUJIBLHOIO MiIKJII0YEHHS eJIeMEHTAa

KUBJICHHA

[TigkmroyeHHs eleMeHTa >KUBIICHHS 3 HEBIPHOIO MOJISIPHICTIO — 11€ MOMUJIKA SIKY
JIOCUTH MPOCTO 3poOouTH. Ha 1macTs, 3aXuCT NPUCTPOIO Bl HEBIPHOI MOJISIPHOCTI TOBOJ1
MpocTa crpaBa. 3aMiHa MICISAMH TO3UTUBHOTO Ta HETaTMBHOTO KOHTAKTIB €JIEMEHTa
YKUBJICHHS MIPU3BEJIE 10 BUXOAY 3 JIaTy MPUCTPOIO.

HalinpocTiimmM MeTOJ0M 3axXUCTy BiJi HEBIPHOTO MIAKIIOYEHHS €JIEMEHTY
YKUBJICHHS € BBIMKHEHHS 3aXHCHOTO J1i07[a MOCTIOBHO a00 mapajieTbHO HaBaHTaKCHHIO.
['00BHUM HENOJIKOM MOCIIJOBHOTO BBIMKHEHHS (puc 2.11) € maaiHHS Hampyru, 110
BUHHUKAE Ha JioAl. B 3alie)xHOCTI Bijg THMy dioja SKHM BUKOPHUCTAHHWM, HA HBOMY
npubsm3Ho moxke BTpadaruca 0,2 B (mion lotTki) Ta 1o 0,7 - 1 B — Ha 3BU4aiiHUX
BUTIPSMIIIOUUX J10JIax ¢ P-N mepexonoM. Taki BTpaTh HEJOMYCTHUMI MPHU KUBJIEHI BiJl

akymyJstopa [13].

Bat1
____a |:|R”

Pucynox 2.11 — 3axuct Bij HEPaBUWIBLHOI T10/1a41 TOJIIPHOCTI 3a JOTIOMOTOIO JIi0a

BBIMKHEHOTI'O ITOCJIIIOBHO 3 HaBaHTAXXECHHIM

[Ipu mapanensHOMY BBIMKHEHHI 3axWCHOro miony (puc 2.12) BiZHOCHO
HABAHTAKEHHA BTpPaTH BIJACYTHI NMPU HOPMAJILHOMY pexumi pobotu. B Bumaaxy
HEBIPHOT'O BBIMKHEHHSI €JIEMEHTY JKUBJICHHS BUHUKHE KOPOTKE 3aMHKAHHS, 110 MOXKeE
MPU3BECTH J0 BUBOJY 3 JIaJly €JIEMEHTA )KUBJICHHS. SKIO €JIEMEHT >KUBJICHHS BUSIBUTHCS

JOCTaTHBO MOTYKHIM TO JI0 BUXO.TY 3 JIa/Iy 3aXHUCHOTO J1i0oj1a Ta MPUCTPOIO B Iitomy [13].
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Pucynok 2.12 — 3axucT B HEMpaBMWIbHOI MOJa4i MOJIIPHOCTI 3a JOTIOMOTOI0 10/

BBIMKHEHOTO ImapaJiICIbHO 3 HABAHTAKCHHAM

BigHocHO mpocTe pilieHHs TPaKTUYHO M030aBJeHe HEAOJIKIB MOMEPEIHIX CXEM
npuBesieHo Ha puc 2.13. Mane nafiHHs Halpyry Ha BIAKPUTOMY IEPEXO/Il TPAH3UCTOP B
HOPMAJIbBHOMY pE€XUMI poOOTH Ta BIACYTHICTH CTPYMY B BHIIQJIKy HEBIPHOTO
MIJKJIIOYEHHS €JIEMEHTa KUBJICHHS. ['0JI0BHA mpobsiema 1€ BUCOKa BapTICTh Ta TipIii
napameTpu P — KaHAJbHUX TPAaH3UCTOPIB B MOPIBHAHI 3 N — kaHampHuMu MOSFET

TpaHzucropamu [14].

— i

Pucynok 2.13 — 3axuct Bi HENPaBUILHOT MOa41 MOJISPHOCTI 32 JTOTIOMOT OO

noyiboBoro P — kaHanmbHOro MOSFET Tpan3ucTopa

Tomy nist moOyqoBH CXeMH 3aXMCTy BiJ HEBIPHOTO MIAKIIOYEHHS JKepesa
JKUBJICHHS BUKOpucTaHo N — kaHanbHui MOSFET Tpansuctop AP40TO3GH iioro
XapaKTEepUCTUKU HaBeaeHi B Tabmwmii 2.5 [15]. IToTyxHi MOJbOBI TPAH3UCTOPH MAIOTh
JIOCUTh BUCOKY €MHICTh 3aTBOP — KaHaJ (BiJ COTeHb mikodapam, 10 JeCATKIB HaHO(apa
1 outbie). Yepes 1ie ECP Bij 110/ICHKOTO Tij1a BOHU BUTPUMYIOTh 0€3 Mpo0JieM — EMHICTh
JIOCTaTHhO BEJHKA, 00 3apsij HE BUKJIMKAB HETAaTMBHUX HACHIJKIB (TPOOOIO 13071111

3aTBOD - KaHa).
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Tabmuns 2.5 — Xapakrepuctuku Tpanzucropa AP40TO3GH

[TapameTp 3Ha4YeHHA OnuHUA
BUMIpY

MaxkcumaibHa po3citoBaHa MOTYKHICTb 31,25 Br
['pann4HO MOMyCTHMA HaMpyTa CTIK - BUTIK 30 B
['paHr4HO JOMyCTHUMA HaMpyTra 3aTBOP - BUTIK 25 B
['pannunHa Hanpyra BKIIOYEHHS 3 B
MakcumanbHO JOMYCTUMUM MOCTIHHUN CTPYM CTOKY 28 A
MakcumanbHa I0mycTUMa TeMIepaTypa KaHary 150 °C
Yac HapocTaHHs 62 HC

Buxigna eMHICTD 145 nd

Omnip CTIK-BUTIK BIJKPUTOTO TPAH3UCTOPA 0,025 OMm
Tun xopmycy TO - 252 -

Cxema 3aXHCTy BiJI HEBIPHOTO IMiJKIIOUYEHHS €JIEMEHTA YKUBJICHHS HaBEJICHO Ha

puc 2.14.

Bat1

VTH 2
AP40TO3GH H a

=

Pucynok 2.14 — 3axucT BiJl HENPAaBUIIBLHOT M0/1a4il MOJISPHOCTI 32 JIOMTOMOT'OI0

1ojs0Boro N — kananbHoro MOSFET tpan3uctopa

Omnip BIZKPUTOr0 KaHATy TPAH3UCTOPA TOCUTh MAJIUA, TOMY NaJiHHSIM HapyTy Ha

TPaH3UCTOP1 MOYKHA 3HEXTYBATH.
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2.6 BUCHOBKHM 10 JApPYroro po3aiiay

B nanomy po3miii 6ysio CripoekToBaHy MPUHIIMIIOBY €JIEKTPUYHY CXeMY MpuiiMaya
MOBHOTO JTiara3ony (auB. mogatok B). Po3misn mae HacTymHI iApo3aiim: BUOIp eleMeHTa
TpaKkTy paaioyacTOTH, PO3paxyHOK CTallIi3aTopa HaApyrH, po3paxyHOK BX1AHOIO KOJIa,
BUO1p MACHITIOBAaY MOTY>KHOCT1 HU3bKO1 YaCTOTH Ta 3aXUCT MPUCTPOIO Bi HEMPABUIBHOT
1oJ1a4i MOJISIPHOCTI.

B nepmomy miapo3aim Oyino oOpaHO MiKpocxeMy OOpOOKH paaiodyacTOTHHUX
curanmiB. Mikpocxema RDAS807FP — me YKX mpuiiMad 3 mudpoBoro 00poOKOrO
CUTHAJIIB, SKUH I[IJIKOM 33JJ0BOJIbHSIE BUMOTH TEXHIYHOTO 3aB/IaHHS.

B npyromy mizgpo3aini po3paxoBaHo ctadunizaTop Harpyru. CtabisiizaTop Hanpyru
Ma€ JIBa BapiaHTH BUKOHaHHS Ha MikpocxeMi AMS1117-ADJ ta AMS1117-2.85 (nus.
nonatok B). Ile nos's3ano 3 TiMm, mo mikpocxema AMS1117-ADJ 6inbin nomMpeHa, a
CXeMO TexHIYHe pimeHHs 3 BuKopucTaHHAIM AMS1117-2.85 mpocrime 3a paxyHOK
BIJICYTHOCTI 30BHIIIHIX €JIEMEHTIB (OKpIM (DUIBTPYBAIbHUX KOHJIEHCATOPIB).

Po3paxyHok BXigHOTO Koja OyJio MPOBEAEHO B TPETHOMY MiJipo3Aimi. B sxocti
CXEMOTEXHIYHOTO PillIeHHsSI OYyJI0 BUKOPUCTAHO CXEMY 3 €MHICHUM 3B’s3KOM. ['0j0BHa
nepeBara Takoro pilieHHs 11 MPOoCToTa 11 peanizarii.

B derBeproMy Ta m’atoMy miZpo3Aiumi OyJI0 BHUKOHAHO BHOIp I1HTErpajgbHOI
MIKpPOCXEMH MiICHIIIOBaUYa HU3bKOI YaCTOTH Ta OOpPaHO CXEMY 3aXHCTY BiJ HEBIPHOIO

MMIKJIFIOYEHHS eJIEMEHTA >KUBJICHHS BIIIIOBIIHO.
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PO311J1 3. MOAEJIOBAHHSA XAPAKTEPUCTHUK TA ITPOEKTYBAHHA
JIPYKOBAHOI ILIATH

3.1 Moje/iloBaHHSI XapaKTePUCTHK BXiTHOI0 K012

JIJist MoJieTtoBaHHS XapaKTEPUCTHUK BXIJHOTO KOJIa BHKOPHUCTAHO MPOTPAMHHIMA
MaKkeT cXeMOTeXHIYyHOro MogemoBanus Multisim. Multisim — 1e mnporpama
MOJICITIOBAHHS 1 pO3PaXyHKY €JIEKTPOHHUX Ta EICKTPUIHHUX cXeM MpucTpoiB. [Iupoxuit
Ha0l1p MpUIaaiB J03BOJISIE TPOBOJAUTH BUMIPH PI3HUX BEJIWYUH Ta OyayBaTH Ipadiku.

JI1st HOCTIIPKEHHS XapaKTEPUCTUK OyJI0 BUKOPHUCTAHO HACTYITHY cXemy puc 3.1.

b xmer
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Pucynok 3.1 — Cxema mociijKeHHs BX1IHOTO KOJIa

3a momomMoror BumiptoBada maiarpam boxae (abo motep boxe) Oyno mpoBeneHo
anami3 AUX BK puc 3.2. Ha pucynkoBi MmoxHa no6auntu, mo AYX BK B miamazoni
po0OOYMX YAaCTOT Ma€ MOJIOTUM cnaj, 110 3a0e3neuye HU3bKU KOe(ili€HT BUKPUBIICHHS

CUTHAIY.
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Pucynok 3.2 — AMILTITYTHO YaCTOTHA XapaKTEPUCTHKA BX1JHOTO KOJa

Ha puc. 3.3 HaBeneHo rpadik 3anexxHocTi koedilieHTa nepeaadi BiJl 4acTOTH.
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Pucynox 3.3 — I'padik 3anexxHoCTi KoedilieHT nepeaadi Bl 4aCTOTH
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3.2 IIpoexkTyBaHHs APYKOBAHOI IJIaATH

Marepian, skuii Oyne BUKOPHCTOBYBATHCS B SKOCTI OCHOBM ISl JPYKOBAaHOI
IUTaTH, TIOBUHEH MaTH BHCOKI E€JEKTPOI30JISIIiiHI BJIACTUBOCTI Ta OyTH CTIMKHM [0
MeXaHIYHMX BIUIUBIB. L1 KpuTepii 3a/10BOJIBHAIOTH TaKi €JICKTPOTEXHIYHI MaTepialin, K
CKJIOTEKCTOJIIT, TETHHAKC, KepaMiKa Ta 1HIIII.

Havimommpenimuvu MartepiajaMyd ISl BUTOTOBJICHHS JPYKOBAHHWX IIIaT €
IE€TUHAKC Ta CKJIOTEKCTOMNIT, ()OJBIOBaHI €JIEKTPOJITHYHOI MIIHOK (OIBIOK Pi3HOI
TOBIIMHU. CKIOTEKCTONIT — 1I€ MaTepial 31 CIIPECOBAHUX CKIOTKAHWHH, MPOMUTAHUMI
CMOKCUIHOI CcMoOJIol0. ['eTmHakc — 1€ Marepial 31 CIPEecOBaHUX  CIIOIB
CJIEKTPOI30JIALIIHHOTO Tarepy, MpoNuTaHuid (heHOIBHO cMoJIot0 [16].

B sikocTi MaTepiaily 1l BATOTOBJIEHHS ITPOEKTOBAHOI APYKOBAHOI IIATH 0OpaHO
dboabropanuii CKIIOTEKCTOMT CD-1-35I", OCKUIBKY CKIOTEKCTOJIT MEPEBEPIIYE FTeTUHAKC
10 BCIM €JICKTPUYHUM Ta MEXaHIYHUM IMapaMeTpaM, ajie IMOCTYMAEThCS 38 EKOHOMIYHUMU
nokazHukaMu. OCKIJIbKY B TEXHIYHOMY 3aBJIaHHI €KOHOMIYHI TOKa3HUKU BUTOTOBJICHHS
JTAHOTO TIPUCTPOI0O HE OOYMOBJEHI, TO M€ KPUTEPI € MEHI BaXJIUBUM, HIK
€JIEKTPOMEXaHIYH1 TapaMeTPHU.

Ha puc. 3.4 300paxxeHo TpacyBaHHS JPYKOBAaHUX IUIAT po3pobOiieHux B Proteus

Ares.

Pucynok 3.4 — TpacyBaHHs IpyKOBaHOI IUIaTH
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Ha puc 3.5 ta 3.6 nokazano 3D Mozeli ClipoeKTOBAaHOTO APYKOBAHOI'O BY3JIa.

® 501 Br2 eND VUcc

Pucynox 3.6 — 3D Mozens qpykoBaHOTO By3ia. BUrisiy 31 CTOpOHU KOMITOHEHTIB

HACKpI3HOTO MOHTaXy

HnaTy CIIPOCKTOBAHO TaKUM YHWHOM, IO MOXHA BUKOPHUCTOBYBATH OJIMH 3 JIBOX

crabim3aropie Hampyru AMS1117-ADJ ta AMS1117-2.85. llpm BuUKOpUCTaHHI
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AMS1117-2.85 pesuctop R2 He BCTaHOBIIOETHCS, a Ha Micie pesuctopa R3
BCTAHOBIIIOETHCS MepeMuuka. ko x BukopuctoByBatd AMS1117-ADJ To HEoO0Xi11HO

BCTaHOBUTH pe3ucTopu R2 ta R3 BiamoBiiHO 10 cXeMH.

3.3 Po3paxyHOK NOKa3HUKIB HAAIMHOCTI MPUCTPOIO

HaniitHicTh — 11€ BIACTUBICTH BHUPOOY 30epirat Ha MPOTA31 3aJaHOTO HYacy Y
BCTAHOBJICHUX MeXaX 3HA4YeHHs (PYHKI[IOHAJBbHUX MapaMeTpiB MpPH 3aJaHUX yMOBax
(3a7aHH1 pEXUMHU 1 YMOBHU E€KCIUTyaTallli, TEXHIYHOTO OOCIyroByBaHHS, 30epiraHHs i
TpaHcnopTyBaHHsI) [17].

[Tix BiAMOBOIO PO3yMIIOTH TOBHY 200 YaCTKOBY BTpaTy BUPOOOM MIpaIre31aTHOCTI.
[Ipu po3paxyHKax BBaKaTMMEMO, II0 B1JIMOBA BIOYJETHCSA KOJM XO4Ya OJUH €IEMEHT
Buiine 3 naxy. [ns po3paxyHKy HaIIMHOCTI BUKOPHCTAEMO METOIUKY HAaBEICHY B
mkepeni [18].

J10 OCHOBHHX XapaKTEPUCTHK Ta MOKA3HUKIB HAIMHOCTI BIAHOCITh: HMOBIPHICTh
0€3B1IMOBHOI pOOOTH, IHTEHCUBHICTh BIJIMOBH, CEpEIHI/ Yac HAMPALIOBaHHS HA BIIMOBY
Ta IMOBIPHICTh BIAMOBHU. BUXiHUMM JaHUMU N7 pO3PaXyHKIB €: CXeMa €JIeKTpUYHa
NPUHIUIIOBA (IHB. J0AaTOK B), yMOBH ekcruTyaTarlii BUpoOy Ta 3Ha4e€HHS iHTEHCUBHOCTI
BIIMOB paiio KoMmoHeHTiB [18].

B Tabmugx 3.1 Ta 3.2 HaBeneHO JaHi Ipo KOedIIieHT yMOB pOOOTH Ta 3HAUCHHS

IHTCHCHBHOCTI BI]MOBH pajio KoMoHeHTiB [17, 18]

Ta6mug 3.1 — KoeditieHTrn yMOBH poOOTH

YMoBU ekcrutyaTanii Koedimient, K
JlabopatopHi 1,0
[TpumitiieHHs ¢ PEryJIbOBAHOIO TEMIIEPATYPOIO Ta BOJOTICTIO 11
Kocmoc (Ha op0Oiti) 1,5
HazewmHi cTanioHapHi yMoBU 2,5
Hazemni nepeBo3umi 5,0




[Tponorxenus tadmuili 3.1 — KoedimieHTn ymoBu poO0oTH
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HazemHi pyxomi (epeHoCH) 7,0
MopchKi 3axulleH] YMOBH 7,6
MopchKi He 3aXHUIleH] YMOBH 10
Ha 6opTty mitaka 7,0
3amyck pakeTu 20,0
Tabmurs 3.2 — [HTEHCUBHICTH BIIMOB PaJi0€JIEMEHTIB
Hasga pagioenemenTa y X 1077
Mikpocxema  HamiBIpOBIAHMKOBa  LudpoBa  (JIOrivHAa, 23
apupMeTuyHa, MIKPOIMPOIIECOP, MIKPOIPOILIECOpHI 301pKH,
pericTpu 3CyBY 1 TA.)
Mikpocxema HamiBIPOBITHUKOBA aHAIOTOBA 28
Konnencarop kepamiuHui 2
KoHaeHcaTop enexkTpoiTHYHUN HU3bKOBOJIBTHUM 50
Hionu iMITynbCHI1 25
Tpan3ucTopu MobOBI KPEMHI€EBI 65
Pe3ncropu mocTiiiHi MeTa30BaHi 7
KHomnku TakToBa 16
Kotymiku 1H1yKTHBHOCTI 1
[T’e30enexkTpuuni mpuiagu (KBaploBI PE30HATOPH, NATYUKH, 26
G1IBTpH)
ITatika Ha OMH KOHTAKT 1

Po3paxyeMo nokazHUKHU HAIHHOCTI IPYIl paJiio KOMIIOHEHTIB Tabnuiis 3.3. YMoBH

eKCIUTyaTarlii — Ha3eMH1 pyxomi (riepeHocHi). Pe3epByBaHHs mpuiiay BiJICyTHE.



Ta6muis 3.3 — Po3paxyHOK IHTEHCUBHOCTI1 BIIMOBH Pajii0 KOMIIOHEHTIB
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Haszga rpynu Kinekicts N, | A;, L/ron | A; X N;, l/ron
T
Mikpocxema HaIiBIPOBITHUKOBA 1 23 23
udpona
Mikpocxema HaIiBIPOBITHUKOBA 2 28 56
aHaJIoroBa
Konnencarop kepamiuHuii 6 2 12
Konnencatop enexTpoiTHaHui 9 50 450
HHU3bKOBOJIbTHUH
Jioau iMmynbCHI 2 25 50
TpaH3ucTopu MoybOB1 KPEMHIEBI 1 65 65
PesucTopu mocTiitH1 MeTani30BaHi 9 7 63
Knormku TakToBa 5 16 80
Kotymiku 1H1yKTHBHOCTI 1 1 1
[T’e30enexTpuyHi npuiaan (KBapIioBi 1 26 26
pe30HaTOpH, AATYUKH, PUILTPU)
[Taiixa Ha OOQWH KOHTAKT 114 1 114
[HTEeHCUBHICTH BIIMOB Pajlio KOMIIOHEHTIB PO3paxyeMo 3a GOpMyJIOl0:
Jan = ) A X Ny, (3.1)

ne A; — IHTEHCUBHICTh BIIMOBH PaJii0 KOMIIOHEHTIB;

N; — KUTBKICTD PaJiio KOMITOHEHTIB.

OTxe 3arajibHa IHTEHCUBHICTB BIIMOB 11aT A, = 940 1/rog.

[HTEHCUBHICTH BIJIMOBH TPHUCTPOIO, 3 YpPaxyBaHHSIM OTOYYHOHOrO CEPEIOBHINA

BU3HAYAETHCS 32 (OPMYIIOH0:

Al‘IJI. =KX /11'111.'

(3.2)
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ne K — emmipuyHuii Koe(ili€HT BIUIMBY CEPEIOBHILA.
OTxe 3arajbHa I1HTEHCHBHICTh BIJIMOB IUIaTH YpaxXyBaHHSM OTOYYIOYOTO
cepenoBuuia Ay, = 6580 X 1077 1/rop,

Cepennili 4ac HampaIfOBaHHS Ha BiIMOBY:

1
A,, 6580 x 1077

Tep = ~ 1519 rog,.

CepenHiii yac HampalfoBaHHS Ha BIJIMOBY CTaHOBHUTH 1519 ToauH, 110 IiIKOM

3aJ0BOJIBHAE€ BUMOI' TEXHIYHOT'O 3aBJaHHA.

3.4 BUCHOBKH /10 TPETHOT'0 PO3/iLy

B nanomy po3zaini Oysio mpoBeIeHO MOJEIIOBaHHS BX1IHOTO KOJIa B MPOrPaMHOMY
nakeTi Multisim, po3po6ieHo npyKoBaHy IUIATy Ta MPOBEACHO PO3PAXyHOK MOKA3HUKIB
HAJIAHOCTI.

B skocti Marepianmy i BUTOTOBJIEHHS JPYKOBaHOi IuiaTH Oyio 0OpaHo
dbonpropanuii ckiorekcromt C®-1-35T.  Ockinbku BiH BiAPI3HAETHCSA BiJ 1HIINX
MaTepiaiaiB BHUCOKUMHU E€JIEKTPOTEXHIYHUMU XapaKTEPUCTUKAMHU B JOCUTHb BEIMKOMY
J1arma3oH1 TeMIepaTyp, Ma€ HU3bKE BOJIOTO MOTJIMHAHHS Ta BUCOKUM 00’ €MHUU OTIp.

Po3paxyHOK MOKa3HUKIB HAIIHHOCTI OyJ0 TPOBEIEHO 3 BpaxXyBaHHAM YMOB
excruryaraiii. Otpumanuii pe3yabtar B 1519 roa. mepeBuIlye 3HaYeHHs BKa3aHE B

TEXHIYHOMY 3aBJIaHHI, OT)K€ YMOBA HaJIMHOCTI MPUJIay BUKOHAHA.
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BUCHOBOKH

I[Tim yac BUKOHAHHS TUIIOMHOTO TPOEKTY OYJI0 po3poOJIeHO MpHUiiMad MOBHOTO
Jiana3oHy 3 BUKOPUCTAHHSAM Cy4acHOI eIeMEHTHOI 0a3u.

B mepmomy po3aini Oyno mpoaHajdi30BaHO OCHOBHI HEJOJIKHA Ta IepeBaru
CTPYKTYpHUX cxeM mnpuiimMauiB. IlepeBaru Ta Hemomiku nu@poBOro pajio MOB'A3aHi 3
nepeBaraMM Ta HEJOJIKAaMU CXEM aHaJOroBUX Ta HUGPOBUX YaCTUH LUPPOBUX
panionpuiiMauiB. llpoanamizyBaBimin JiTepaTypy Ta TNEpiOJUYHI BHUAAHHA Oylo
BUPILIEHO, IO AJis1 MOOYIOBU Cy4aCHUX NMpUHAMaviB HalJOpEUHille BUKOPUCTOBYBATH
OJIHO KPUCTaIbHI MIKPOCXEMH 3 BUCOKUM piBHEM 1HTEerpaiii. Taki MIKpOCXeMH MalOTh B
CBOIM CTpYyKTypl Bcl HeoOximHi Osoku (AYIIT, OUII, LIOC, LAII). Tomy Oepyun no
yBar I BiJoMOCTi 0yJI0 po3p00JIeHO CTPYKTYPHY CXeMy MpuiiMaya (IuB. 101aToK b) 3
BUKOPHUCTAHHAM MIKPOCXEMHU TAaKOTO THILY.

B napyromy po3aun OyJao CHpPOEKTOBAaHY MPUHLUIIOBY E€JIEKTPUYHY CXEMY
npuiiMaya MOBHOTO Jllania3oHy. byso BUKOHaHO HACTYyMHI Aii: 0OpaHO eIeMEHTa TPaKTy
pazio4acTOTH, PO3PaxoOBaHO CTad1Ii3aTOpa HAPYTH Ta BXIJIHE KOJIO IMpuiiMaya, o0paHo
CXeMy MiJCWtOBaya MOTYXHOCTI HHU3bKOI YacTOTH Ta 3aXUCTy MPHUCTPOIO BIJ
HEIMPaBUJILHOI MOa4l MOJSPHOCTI.

B rTtperbomy pozaunl Oyno MOpOBEOEHO MOJIEIIOBAHHS BXIAHOIO KOJIa B
nporpamMHoMy Tmiaketi Multisim, po3pobiieHO ApyKOBaHy IUIaTy Ta TMPOBEICHO
pPO3paxyHOK MOKa3HUKIB HaAllHOCTI. Po3paXxyHOK NOKa3HHMKIB HAJIIHHOCTI OyIio
IPOBEICHO 3 BpaxyBaHHSAM YMOB ekciutyaramii. Otpumanuii pesynastaT B 1519 rogn.
MIEPEBUIILY€ 3HAYCHHS BKa3aHE B TEXHIYHOMY 3aBJaHH1, OTKE YMOBA HAJIIMHOCTI MPUJIaaLy
OyJ1a BUKOHAHO.

OTxe, mpyU BUKOHAHI JUIJIOMHOTO MPOEKTY OYJ0 YJOCKOHAJIEHO 3HAHHA MPO

MPUHITUIN pOOOTH MPUIMAYiB 3100yTO HABUYKH 3 1X TPOEKTYBAHHS Ta MOOY/I0BH.
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JlopaTok A

SECTION A.1. SELECTION OF THE STRUCTURAL SCHEME OF THE
RADIO RECEIVER

A.1.1 Block diagrams of radio receiving devices with analog signal processing

In direct gain receivers, the signals are amplified to the demodulator and amplified
with heterodyne frequency conversion. Direct conversion receivers are simpler, but are
characterized by relatively low quality. Their sensitivity decreases with increasing
operating frequency, and the selectivity depends on the number of adjustable oscillating

circuits in the range. Block diagrams of such receivers are shown in Fig. A.1.1 [1].

s

. A\ 7 . .
[nput circuit Demodulator ~ Audio power amplifier
RF amplifier
A
. . \ / . .
Input circuit Demodulator  Audio power amplifier

RF amplifier

- Demodulator L
L%_. > o D> e >

/\/\, —_—
Input circuit RF amplifier RF amplifier/ Audio power amplifier
power amp
C

Figure A 1.1 — Block diagrams of direct amplification radios:

A — regenerative; B — aperiodic; C — reflex
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The input circuit has an oscillating circuit in its structure and performs pre-selection
of signals. The radio frequency amplifier amplifies the signal and performs basic
selection. The demodulator emits a useful signal, which is fed through the gain control to
the audio frequency amplifier. The audio frequency amplifier increases the signal power
to the value required for the operation of the end device. Positive feedback can be used
to improve the sensitivity and selectivity of direct conversion receivers. The degree of
positive feedback is regulated by a variable capacitor fig. A.1.1.A. Such a receiver is
called regenerative. Its main disadvantages include lack of concealment, low stability and
difficult setup [1].

Figure A.1.1.B shows a block diagram of a direct-gain radio receiver made with an
aperiodic radio frequency amplifier. The selectivity of such receivers is low, so they are
used to receive powerful radio stations. Also receivers of direct transformation carry out
according to the reflex scheme of fig. A.1.1.C. In such receivers, the audio frequency
signal from the output of the demodulator is amplified in the cascade of the audio and
radio frequency amplifier. Due to the significant frequency difference between the
signals, the cascade of the audio and radio amplifier can perform two functions
simultaneously. The main disadvantages of receivers of this type include - an increased
level of signal distortion [1].

The main advantages of superheterodyne receivers include high quality, but they

have a more complex structural scheme of Figs. A.1.2.

RF amplifier Mixer
fc 2 /*, /*/
I> > £ — > |> —»
— —
f Filter IF amplifier/ filter
Input circuit Local oscilator Demodulator Audio amplifier

Figure A.1.2 — Block diagram of a superheterodyne receiver
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Pre-selection is performed by the input circuit and the radio frequency amplifier,
which helps to reduce distortions in the frequency mixer and amplify them. The signal-
to-noise ratio at the receiver output increases due to the frequency overlap of the mixer
noise with an amplified signal. In the mixer there is a conversion of modulated oscillations
with the frequency of the received signal into modulated oscillations of the intermediate

frequency. The frequency of the received signal is determined by the formula:

fc = fr - fnp: (A 11)

where f. — the frequency of the received signal; f, — heterodyne frequency;
fup — intermediate frequency [1].

The intermediate frequency amplifier performs the basis of selection of the
received signal and amplifies it to the desired level sufficient for normal operation of the
mixer. Constant adjustment of the intermediate frequency filter allows to achieve high
selectivity of the receiver on the next reception channel. The sensitivity of receivers of
this type is almost independent of frequency. Gain margin allows you to apply automatic
gain control. The main disadvantage of superheterodyne receivers is the presence of a
mirror reception channel [1].

The principle of transformation is shown in Figure A.1.3 [2]. Where:

fr — heterodyne frequency;

f; — the frequency of the received signal,

f, — the frequency of the adjacent channel;

f3 — mirror channel frequency;

fry — intermediate frequency.
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| !

Afrlq Afnq Afnq " f

Figure A.1.3 — The principle of transformation in superheterodyne acceptance

FM signal receivers are usually performed on a superheterodyne circuit. When
using some types of frequency detectors, it is necessary to use an amplitude limiter in
order to eliminate parasitic AM [3].

In direct conversion receivers Fig. A.1.4. the frequency of the received signal is

equal to the heterodyne frequency. It follows that the intermediate frequency is zero.

Mixer
Y—% EEEENEE fnp—bi—b D —[ﬂ
—

Audio amplifier

Input circuit f Filter

Local oscilator

Figure A.1.4 — Block diagram of the direct conversion receiver

The sensitivity of the receiver is determined by the gain of the audio frequency
amplifier, and the selectivity - the steepness of the decline of the amplitude-frequency
characteristics of the low-pass filter. The advantage of this type of receivers is the

simplicity and absence of high-frequency mirror channel. Disadvantages include the
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presence of a low-frequency mirror channel, sensitivity to AC interference, self-excitation

of the audio frequency amplifier due to the high gain [3].

A.1.2 Block diagrams of radio receivers with digital signal processing

Digital radio receiving device is a radio receiving device that implements the
functions of receiving radio signals using digital methods of processing received signals
[4].

The use of digital signal processing in radio receivers has both disadvantages and
advantages.

The main advantages of using digital signal processing over analog in radio
receivers include:

1. higher processing accuracy;

2. prompt and flexible rearrangement of processing algorithms;

3. the use of chips with a high level of integration;

4. manufacturability of manufacturing and automation of operation of devices with

DSP;

5. creation of radio receivers with characteristics that are not achievable when using

analog signal processing methods [4].

He main disadvantages of using digital signal processing before analog processing

in radio receivers:
1. the appearance of quantization noise;
2. the emergence of spectral overlap channels in signal sampling in an analog-to-

digital converter [4].

In fig. A.1.5 shows a generalized diagram of a radio receiver with digital signal

processing.
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Entrance — Output
Interpolation p
—>b —» ADC |—P» —» DAC —¥»  fiter —»
Analog part Digital part
of the receiving path of the receiving path

Figure A.1.5 — Generalized block diagram of a radio receiver with digital signal

processing

Consider the features of the introduction of digital signal processing in radio
receivers.
Reasons for the introduction of digital signal processing in radio receivers:
1. use of complex processing algorithms;
implementation of universal radio receiving devices;
adaptation to the conditions of radio communication;
high degree of integration of radio receiving devices;

reducing the weight and cost of radio receivers;

S T A

use of automation tools [4].

The use of digital signal processing has a number of features that, on the one hand,
imposes strict requirements on the element base, and on the other hand simplifies the
development of the element base itself.

A number of practical problems cannot be solved by analog signal processing. This
explains the mass introduction of digital signal processing in radio receivers. Despite the
above advantages of the introduction of digital signal processing in practice is associated
with a number of specific features [4].

In digital receivers, the selection of a useful signal from interference and its conversion
is performed by digital devices. The radio signal at the input of a digital radio receiving
device is an analog voltage. DAC is required for its processing. It is not possible to
connect the antenna directly to the ADC. Because an amplifier is needed between the
antenna and the ADC, because the input voltage of the ADC must be of the order of a few
volts, and the sensitivity of modern receivers is tenths of a microvolt. The following

follows from this:
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Eqo L Upganm (A.1.2)

where E,, — receiver sensitivity;

Usxann — the required input voltage of the ADC [4].

In modern ADCs, the minimum quantization step is 0.2 uV. Therefore, it is necessary
to take into account such a phenomenon as quantization noise. It occurs due to the
conversion of the analog signal into digital form due to the presence of quantized levels
in the output signal in contrast to the continuous input analog signal of Figs. A.1.6 [5].

The receiver circuit cannot start with the ADC because it has a relatively high noise

figure compared to other stages. The ADC noise figure is determined by the formula:

U
( C/UU_I)A]_[H = 6’02 X np03p. + 1176 [dB], (A 13)

where (UC/ U ) - the signal-to-noise ratio at the ADC output;
I/ Ar

n — the number of ADC bits with uniform quantization [4].

pos3p.

Original and Quantized Signal

_1 1 1 1

0 0.5 1 1.5 2
{Juantization Error
0.5 .
: \N\/I/\N\/VWWMW
‘|:|5 1 1 1
0 0.5 1 1.5 2

Figure A.1.6 — Quantization error
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Based on the requirements for radio receivers for noise, the ADC must be preceded

by an amplifier that has a relatively high gain and low noise [4].
The dynamic range of the ADC does not correspond to the dynamic range of the radio
input signals. The dynamic range of the radio receiver is the ratio of the maximum
allowable voltage of the input signal to the sensitivity. The dynamic range is determined

by formula 1.4:

A = 20lg (EA—L“’) , (A.1.4)

Eno

where E, , — receiver sensitivity;

Ep non — the maximum allowable voltage of the input signal [4].

The dynamic range of the radio receiver characterizes the limits of changes in the level
of input signals at which the allowable loss of information is provided. With automatic
gain control, the dynamic range can be brought to the desired level. Implementation of
automatic gain control requires the presence of an amplifier receiver with the possibility
of adjusting the gain [4].

To eliminate the effect of quantization noise on the reception quality, it is required that

the effective value of the signal voltage at the ADC input exceeds the quantization step:
Ue¢eK.(C+3) >q, (A. 1.5)

where Ugpex (c+3) — €ffective voltage of the mixture of signal and interference;

g — ADC quantization step [4].
The received signal should be stronger than the quantization noise:

UI_?J.KB. >> Uecl)eK.C ’ (A- 1-6)
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where U2 .. — quantization noise;

Uegex.c — the level of the received signal [4].

The number of quantization levels, bit rate and quantization step of the ADC depend
on the dynamic range of the input signals. The main parameters of the ADC are the
number of quantization levels, bit rate and quantization step. These parameters are closely
related. The dependence of the quantization levels on the dynamic range of the input

signals is determined by the following formula:

L = lpxc., (4.1.7)

where L — number of quantization levels;
Hgx c. — dynamic range of input signals [4].
The limited speed of the ADC does not allow its use at a sufficiently high frequency of
the radio signal. Formulas can be used to select the sampling rate depending on the carrier

frequency and spectrum width:

fu > 20F¢y ; (A.1.8)
4f.
Ju= 2N, — 1" (4.1.9)

where N, = 1,2,3 ... - Nyquist zone number;
2AF: — spectrum width;
f - signal carrier frequency [4].
Based on the above, it is necessary to install a frequency converter between the antenna
and the ADC. The frequency converter will bring the frequency of the radio signal to the

desired value of the frequency of the input voltage ADC:

1
FBX ALl = FTp ALTI < Ef;p (A 20)
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where Fyy ann - the frequency value of the input voltage ADC;

Fp aun — the desired value of the frequency of the input voltage ADC;

fx — sampling frequency [4].

When sampling analog signals in the ADC, spectrum overlap channels are created.
Suppression of these channels is performed by a filter that is connected between the
antenna and the ADC [4].

It is necessary to limit the spectrum of the received signal to reduce distortion, as well
as to implement the required bit ADC. Based on this, a bandpass filter is required between
the antenna and the ADC, which will provide the required bandwidth [4].

The number of bits of the ADC determines the required value of the input voltage of
the ADC.

Block diagram of a digital radio receiver (Fig. A.1.7) to the ADC is a structure of a
superheterodyne receiver. The advantages of such a receiver include the reduction of the
requirements for the speed of the ADC while reducing the average frequency of the signal

spectrum to the intermediate [4].

RF amplifier Mixer

> b\ = > ] anc
/\/\/

A f, Filter IF amplifier

\ﬁm ET% L DSP [ ® DAC

Input circuit

Local oscilator

Figure A.1.7 — Block diagram of the digital radio receiver

The disadvantage of this type of receiver is the loss of information about the phase
ratio and the envelope of the signal in asynchronous heterodyne. To prevent this, two-

channel quadrature frequency converters are used [4].
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The block diagram of the digital radio receiver (Fig. A.1.8) to the ADC is the
structure of the direct conversion receiver with the formation of quadrature components
before digitizing the signal. Adding quadrature components allows you to analyze both

the amplitude and phase of the received signal [4].

RF amplifier Mixer Low-pass filter

> N

\: Phase- Local oscilator

S rotated ADC DSP DAC
Input circuit 9%
f.
f"p fc —
Mixer Low-pass filter

Figure A.1.8 — Block diagram of a digital radio receiver with quadrature transformation

To obtain quadrature samples, the radio signal is divided into two parts, and falls
into two different mixers. The input of the second mixer receives a local oscillator signal,
shifted in phase by 90 ° relative to the signal that enters the input of the first mixer. The
resulting signals are called in-phase and quadrature. As a result, each signal sampling
point has two values. These signals are simultaneously processed by the ADC.
Heterodyne-type receivers have high selectivity and sensitivity. The main problems of
heterodyne-type receivers include: suppression of side channels, coordination of
quadrature channels by phase [4].

Another option for constructing a block diagram of a digital radio receiving device
Is a circuit that represents the structure of the receiver of direct amplification of Figs.
A.1.9. In this case, the input circuit is a filter that suppresses the channels of overlapping
spectra. The radio frequency amplifier provides the required signal level for the ADC to
work properly. Such receivers have poorer selectivity and sensitivity than those described
above [4].
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RF amplifier

D —» ADC [ —» psp [—P DAC

A

lee

Input circuit

Figure A.1.9 — Block diagram of a digital radio receiver with ADC processing

A.1.3 Conclusion to the first section

Based on the above logic of the implementation of digital signal processing in the
technique of radio reception, the generalized block diagram of a digital radio receiving
device will contain:

1. analog part of the receiving path;

2. block analog-to-digital converter;

3. digital part of the receiving path.

The composition of the analog part of the receiving path may be a superheterodyne
circuit, a direct conversion circuit or a direct amplification circuit.

The advantages and disadvantages of digital radio are related to the advantages and
disadvantages of the circuits of analog and digital parts of digital radio receivers.

After analyzing the literature and periodicals, we can conclude that to build modern
receivers it is most appropriate to use single-chip chips with a high level of integration.
Such chips have in their structure all the necessary blocks. Therefore, taking into account
this information, a block diagram of the receiver was developed (see Appendix B) using

chips of this type
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Homarok I

JleMoHcTpaniiiHi MaTepiaan

Hamionansuii yHiBepcuteT «IlontaBchbka nomitexHika iMeHi FOpist Konmpartiokay
HaguanbsHo-HayKOBHIT IHCTHTYT iH(GOPMAITIITHIX TEXHOIOTIIT 1 pOOOTOTEXHIKI
Kadenpa aBToMaTHKH, €IEKTPOHIKH Ta TEICKOMYHIKAIIIi

Tema kBamidikamiitnoi poGoTu:
«Po3pobienns npuiiMaya MOBHOTO Jliania3oHy Ta
MOJICJIIOBaHHS HOTO XapaKTepPUCTHK

BVMKOHAB: CTYAEHT rPYN 401-TT 9PCbKIMM B. B.
KEPIBHMK: A.T.H., MTPOPECOP KOCEHKO B. B.

[MoATaBa 2021

AKTYOQABHICTb 2

AKTYAABHICTb AQHOI TEMMU MOAIrAE B TOMY, LLLO CYHOCHO
PAAIOMPUIMAABHA TEXHIKA PO3BMBAETHCS METOACMM BMPOBAAXKEHHS
LLMPPOBOT MIKDOCXEMOTEXHIKU, KA AO3BOANE MOKPALLLUTK i
XAPAKTEPUCTUKM.

MeTolo po6oTH € YAOCKOHOAEHHS TA 3AKPINAEHHS TEOPETUYHMUX 3HAHB TA
MPAKTUYHUX HOBUYOK B capepi MPOEKTYBAHHS PAAIOMPUMMAABHMX
MPUCTPOIB METPOBOTO AIAMA30HY.

O6’eKTOM AOCAIAXKEHHSA KBAAidhiKaLiMHOT poboTH € NpoLec
PO3POBASHHS MPUMMAYA MOBHOTO AIQMA30HY.

NpeameTom po3pobku KBAAipiKaALLiHHOI pO6OTU € MPUMAMAY MOBHOTO
AIQMA30HY.
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e 3y
BK
AL — aHAAOCTO-LIMCPPOBMIN MEPETBOPIOBAY. LLAIM — Lmdopo-aHAAOTrOBUMIM MEPETBOPIOBAY
AYIMT — AHOAOrOBA YACTMHA MPUMMAABHOTO TPAKTY. LOC — umndpbpoBa o6pobKa CUrHAAIB.
BK — BXxiaHE KOAO. M34 — niaCHAIOBAY 3BYKOBOI YHOCTOTH.
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