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nepebie y4acTHuku knyba RSWLC.

Anexkcanap Kanuiue (R9M-035) apyxeH u
C Nasn/IbHUKOM.
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HACTOJ1bHbI BOJIbTMETP

Tupax xypHana «Paguo» Ne 6 caaH ans paccbinkm nognucuukam 05.06.2024 r.




WYPHAN Monyuyatens AHO "Pepakuus xypHana "Paguo”

WHH 7708187140, p/c 40703810538090108833
PZA \\ ;A\ I Fd ' 8 MAO C6epb6auk r. Mockea, KMNM KMM 770201001,
o

K/c 30101810400000000225, BUK 044525225

AYANO +*BUAEO+*CBA3L * AJIEKTPOHUKA « KOMIMNBIOTEPLI

[ CroMmocTb ogHOro

fon  Homep CTOMMOCTb OAHOrO | HOMEPa c nepechinkoii
BbiNyCKa JKypHana HOMEpa B peaakumm | B ocransHbie
cTpaHbl

2021 11—=12 250 py6. : 800 py6.

Liena opHoro Homepa xyphana s 2024 r.
. (c 1-ro no 12-i Homep)

2022 1—-12 300 py6. .| 800 py6. npu NOKynke B peaaKkumum no

2023 2-12 470 py. .| 800 pys. BE3HAJINYHOW onnare — 490 pyb.

1—6 490 py6. ‘ A 800 py6.
2024 7—12 490 py6. ‘ .| 900 py6.

Mpu onnate PU3UYECKUMU AMLAMU NOANUCKK Yepe3 Bank MNAO "Coepbank” (MobunbHoe MHTEpHeT-npunoxeHue "Céepbank’,
yepes UHTepHeT-caiT "CoepbaHKk OHNANMH", TepMUHanbl camoobonyxusanun GaHka "CoepbaHk’, onepaTopa otaeneHun BaHka
"C6epbaHK”) Komuccun 3a nnatéx He Gepérca. Ecnu Bbl onnaumsaeTe NoAnUCKy Yepes CTOPOHHUE BaHKM, CTOMMOCTL NOANMUCKU
MOJET YBe/IMYMTBLCA Ha pa3mep KoMuccumn 6aHKa, KoTopylo oH 6epér 3a yenyry nepesoaa aeHer.

Mpu onnate noanucku Yepes uHTepHeT-caiT "C6epbank oHnanH” (online.sberbank.ru) Bam Heob6xoaumo BbiBpaTte pasaen "naaTexm m
nepesoAbl’, HAWTH Haly OpraHM3aumIo B NOMcKoBoi cTpoke no MHH 7708187140 u panee 3anonHuTe (o6sasatensHo!) ®.U.0., anomawHmuin

agpec, 3a Kakue XXypHasibl Mau nepuoa noanmcku Bbl nepeeoauTe AeHbLIM, CYMMY U COBEPLUNTL NAATEX.

= — — e

YXypHane! BbICbINAKTCA NOCNE NOCTYNNEHUNA ASHEr HA PacHETHBIMA CHET. Y3HaTh 0 3auMcnenumn onnatel Bel MoXeTe, N03BOHKE No Tenedony +7 (495)
607-87-39 unu Hanucae nucbmo Ha fin@radio.ru. Mpu BO3HUKHOBEHMM Npo6neMbl C AOCTABKOH XypHana "Paguo’ u3 pepakuuu nuwure Ha

sale@radio.ru. HAJIOXXEHHbIM MNATEXXOM PEOAKLNA XXYPHAJIbI HE BbICBUTAET!
e ———— ~—=

MoanucHble HHAEGKCHI XXypHana no katanoraMm: OduumnanbHblit Katanor Moutbl Poccuu MN4014;
KATANOI POCCMMUCKOM MPECCHI 89032
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AYAWO * BUAEO *» CBA3b « SNIEKTPOHUKA « KOMNBIOTEPBI

B JJIEKTPOHHOM BUIE

Moanucka Ha 3NeKTPOHHbIN XypHan "Paguo” ¢ AocTaBKOW NO 3/1eKTPOHHOW nouTe Ha 2024 rog, a TaKke
Ha 2012—2023 roabi. CtoumocTb: 12 mecaueB — 900 pyGneii. Ha caiite htips:/lel.radio.ru Bboi moxere
| Y3HaTb, KaK NoAnucaTbCs U ckauatb GecnnaTHblii HOMep XypHana 7 3a 2011 rog, B KayecTBe nNpumepa.
Mpu onnare nognucku yepes 6axk MNAO "C6epbaHk” (MOGUNBbHOE MHTEpPHET-NpUNoXenue “CGepbaHk”,
yepes MHTepHeT-caiT "C6epbaHk oHnaiH", TepMUHabli caMoobenyxuBaHusa 6aHka "C6ep6aHk”, oneparo-
pa otaeneHua G6aHka “CoHepbGaHk™) koMuccus 3a nnaréx He GepércAa. Ecnu Bbl onnauuBaere nognucky
yepes CTOPOHHUE BaHKK, CTOUMOCTb NOANKUCKA MOXET YBENIMUUTHLCA Ha pa3Mep KoMUccuu GaHka, KoTopyo
OH GepéT 3a ycnyry nepesofia fileHer.
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computers, home electronics and telecommunication

YYPEOUTEJb U UBOATESb:

AHO «PEOAKLINA XYPHANA «PAOUNO»

3apervncTpmpoBaH MuHUcTEpCcTBOM nevaTu u uidopmaumm PO 01 niona 1992 1.
Peructpaumonnbiii M Ne ©C77-82030

FnaeHei pepakTop B. K. YYHOB

PepakunoHHas xonnermsa:

A. B. TOJIbILLKO, A. H. KOPOTOHOLLIKO, K. B. MYCATOB,

. A. HEHAEB (3am. rn. pegakropa), J1. B. MUXAJNTIEBCKUWA,

C. Jl. MULLEHKOB

Boinyckalwowmii pepgakrop: C. H. NTMBUH
O6noxka: B. M. MYCUAKA
Bépcrtka: E. A. TEPACMMOBA
Koppexrop: T. A. BACUIbEBA
Appec pepakuuun: 129090, Mockea, lMpotononosckuii nep., 25, k. b
Ten.: (495) 607-31-18.
E-mail: ref@radio.ru
MNMpuém craren — e-mail: mail@radio.ru
OTaen peknambl — (495) 607-31-18; e-mail: advert@radio.ru
Pacnpocrtpanenune — (495) 607-31-18; e-mail: sale@radio.ru
Moanucka n npoaaxa — (495) 607-87-39
Byxrantepusa — (495) 607-87-39
Hawm nnatéxHbie pexkBuanTbl:
nonyvatens — AHO "Penakums xypHana "Paguo”, UHH 7708187140,
p/cy4. 40703810538090108833
bank nonyyatens — MAO C6epbaHk r. Mocksa
kopp. c4éT 30101810400000000225 BMK 044525225
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B po3nuuy — ueHa norosopHas.
MoanucHoOn nHAEKC:
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KATAIOI POCCUMCKOW NPECCHI — 89032.

3a copepxaHune peknamHoro o6baBNeHUs OTBETCTBEHHOCTL HECET
peknamoparens.

3a opuruHanbHOCTL U COAEePXaHMe CTaTbk OTBETCTBEHHOCTL HECET aBTop.

Pegakumsa He HeCET OTBETCTBEHHOCTU 3a BO3MOXHbIE HEeraTuBHbIE NOCNeacT-
BUS UCNONb30BaHWA ONYBNUKOBAHHBIX MATEPUanoB, HO NPUHUMAET Mepkl Mo Uc-
KNoYeHnio ownbok 1 onevaTok.

B cny4ae npuéma pykonucu k nybnvkaumu peaakums ctaeut ob atom B ua-
BECTHOCTL aBTopa. Npwn 3TOM peaakuus Nony4aer UCKNIYUTENbHOE NPaBo Ha
pacnpocTpaHeHue NPUHATOro NPOU3BeAEeHNs, BKAOYan ero nyénaukauum B Xxyp-
Hane «Paano», Ha UHTEPHET-CTPaHULAax XypHana unm uisim o6pasom.

ABTOpCKOE BO3HarpaxaeHue (roHopap) BbiniaynBaeTcs B TeY4eHue AByx
MecsiLeB nocne nepsoun nybnuvkaumm B paamepe, onpepensieMom BHYTPeHHUM
CNPaBo4HUKOM TapudoB.

Mo ucTeveHun OQHOro roaa C MOMEHTa nepson nyGnukauvm asTop umeer
npaso ony6MKoBaTh aBTOPCKUIA BAPMAHT CBOEro Npou3BefeHns B ApPyrom Mec-
Te 6e3 npeaBapuTenbHOr0 NMMCbMEHHOMO COrnacua peaakuvm.,

B nepenucky peaakums He BctynaeT. Pykonucu He peueH3anpyioTca U He Bo3-
BPaLIAIOTCS.

© Papuno”, 1924—2024. Bocnpou3seaeHne matepuanos xypHana «Pagno»,
X KOMMEpYecKoe Ucnonb3osaHue B NiobomM Buae, NOMHOCTLIO UK HYaCTUYHO,
AOMNYCKaeTCa TONbKO C NMMCbMEHHOM0 paspelueHns peaakumn.

Otnevarano B OAO «Moponbekas pabpuka odpceTHon nevaTn»

142100, Mock. 06n., r. Mogonsek, PeBoniounoHHbIA npocnekT, A. 80/42.

3ak. 02155-24 .
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KomnbioTepHas ceTb  peaakuuu

XypHana «Pagvo» HaxoauTcA nog

3awuTton Dr.Web — anTusupycHeix  BecnnarHbin HOMep
npoayKkToB poccuiickoro paspabor- cryx6bl NOARPKKY
YMKa CPEACTB WHPOPMAUMOHHORA g poccn:
6Ge3aonacHocTM  —  KOMNaHuK

«[lokTop Be6».

WHO®OPMALIMOHHAA NOAAEPXKA — KOMNAHUA «PUHET»

TenedoH:

PRINET b=
E-mall:
info@rinet.ru

BJ'IM)KE K J“'op.ﬂM S:v?rtv.rinet.ru

"CemMmenHnie’
MHHOBaALUuUu

Wi-Fi

A. I'OJIbILLIKO, kaHA. TexH. Hayk, r. MockBa

"BcE Bpemsi xo4eTcsi HeBO3MOXHOIO.
A pa3 HEBO3MOXHOIO XO4YEeTCsl, 3HAaYUT,
OHO cyljecTByeT”.

Ceprei KypéxuH

2024 r. opranm3sauus Wi-Fi Alliance Havana oduumanbHo

ceptudurumposatb ycTponcTea ¢ noaaepxkon Wi-Fi 7 —
cTtaHpapTa 6ecnpoBoAHbIX CETeN HOBOMO MOKONEHWUS, O KOTO-
POM yXe pacckasbiBanoCh Ha CTpaHuLax XypHana. Ho paccka-
3bIBAJIOCh Kak O nepcnekTuee. Ternepb Xe Hanvuve ceptuduka-
Ta 03HAYaEeT, 4TO YCTPOMCTBA MOTYT B NONIHOM MEPE U COrNacHo
cneuvdurkaumsamM nNpoTokona B3aMMoaerncTBoBaTh Apyr C Apy-
rom. B atom rogy oduumansHas nogaepxka Wi-Fi 7 nossutcs B
cmapTdoHax, HoyTbykax, MapLupyTu3aTopax u apyrom obopy-
nosaHmMn. Ho 060 BCEM NO Nopsiaky...

Yncno NOAKNIOYEHHBLIX YCTPOUCTB U MHOXECTBO MpUIIoXe-
HWIA, KOTOPbLIM B COBOKYMHOCTM Heobxoauma 6onblias nonoca
nponyckaHus nog, Hapacratowme 06bEMbI AaHHbIX, NPOAOIXKa-
eT yBenuymBaTtb notpebHocTb B 06opyaoBaHUN, KoTopoe BCE
370 YMeeT. Ha cTpanuLax XypHana yxe paccMaTpusanunce nep-
CMNEKTUBHbIE TEXHWYECKME XapaKTepUCTUKN Oyaywero craH-
napta Wi-Fi 7, koTopbliA, Kak 0Xnaanochb, yny4wuT obuee B3an-
MOJenCcTBMe C nonb3oBaTteneMm, npegnaras Gonee Bbicokue
CKOPOCTH, 6OsbLIYI0 EMKOCTb U YNYHLLEHHYIO NPOU3BOANTE Nb-
HOCTb. YTO KacaeTcs panbHOCTU pewncTeus ceten Wi-Fi, 1o eé
NABHO XOTENOCb YBENNYUTL, ONS Hero wnm paboTel Hag CTaH-
paptoM Halow. U BoT 310 Bpems HacTano.

Hwxe npusepeHa kpatkas CTopus npeablaywmx "cepvin”
cemevictea Wi-Fi.

Wi-Fi 4 — 802.11n, KoTOpbI Ha CErogHs yxe ycTapen.
MakcumanbHas CkopoCcTb Ha kaHan — 150 M6ut/c. Takue
MOAENN paccMaTpuBaTh K NOKYNKe yXe He CTOWUT, Aaxe pagu
9KOHOMMU. Ha pblHKe MONHO BapnaHToB C nopaepxkon 6onee
HOBbIX CTAHAAPTOB 3a T€ Xe AeHbIU.

Wi-Fi 5 — 802.11ac. Camblii pacnpocTpaHEHHbIA, NyCTb v
He HOBbIN CTaHAapT. BonblMHCTBO AeWwEBLIX U cpeaHebioa-
XETHBIX MapLpyTU3aTOpPoOB UCNONL3YIOT WMEHHO €ro.
MakcumanbHas ckopocTb — 433 M6uUT/c Ha kaHan.

Wi-Fi 6 — 802.11ax. OgnH 13 cambix COBPEMEHHbIX CTaH-
naptoB. MapuwpyTtusatopel ¢ noanepxkon Wi-Fi 6 He Takue
helwésble, Kak B NpeablayLweM noKoneHnn, Ho X BO3MOXHOC-
Tel xBaTUT C 3anacoM Ha HecKONbKo NeT Bnepén. AToT cTaH-
DapT OTIMYAEeTCA NPUMEHEHNEM HOBbIX IR HErO TeXHONOTUiA:
moaynsument 1024-QAM 1 4aCTOTHLIM MYNLTUNNEKCUPOBAHN-
em OFDMA (Orthogonal Frequency Division Multiple Access
UM MHOXECTBEHHbI AOCTYN C OPTOroHasnbHbIM HacTOTHLIM
pasgeneHuem), a Takxe MU-MIMO, yto o3HavaeT Multi-User
Multiple Input Multiple Output.

Touka poctyna Wi-Fi 6 ucnonb3yeT rpynnsl NOAHECYLMX B
pagno4acToTHOM KaHane OfHOBPEMEHHO AN HUCXOLALero
KaHana, Toraa Kak paHbLue OHa 0TNpaBnsna aaHHbIe Nocneno-
BaTENbHOW Cepnel NakeTos, 3aHMMas BCIO NONOCY paauo4ac-
TOTHOro KaHana. Heckonbko KNMEHTOB OAHOBPBMEHHO nepe-
[AIOT OaHHbie B HanpaBneHun BOCXOASULEero kawana, npw
3TOM UX CUTHaNLl NOCTYNAT B TOYKY AOCTYNa Ha PasnuyHbiX
noAHecylwmx, 470 o6ecnednsaeT napannenbHelil npuém. MNpu
nepeaaye AaHHbIX No ceTy Wi-Fi nponcxoant BoBoNbHO CNOX-



Hoe B3aMMoOeWCTBUE 3NIeKTPUYECKUX
CUTHanNoOB 1 KaHanoB CBSI3N B 4acTW CKO-
POCTM M MOLLHOCTU fepeaayu, YyBCTBU-
TeNbHOCTU NPUEMA M YPOBHS LWymMa, Npo-
nyckHon crnocobHOCTU kaHana u Aap.
OFDMA nossonsietT onTuM1U3npoBaTb 3TN
napameTpbl NS Kaxaown nepegadv nop-
uMu nHdopmMaLnn 1 Kaxaoro KnneHTa, a
3aTteM rpynnupoBaTb UX B Pas3fINYHbIX
KOMBuHaUUsIX.

TexHonoruss OFDMA, ucnonb3yemas B
802.11ax, penut kaHan 20/40/80/160 MI'y,
Ha Heckonbko eauHuu, pecypcos (RU —
Resource Unit). Ans xanana 20 My, RU
MOXeT cocTosuTb u3 26, 52, 106 wnmn
242 nopHecyumx, 4to cootsetcTeyeT RU
C NnoJioco NponyckaHus NpubnnanTenbHo
2 My, 4 My, 8 My, n 20 My, JaHHble
KNMeHTa nepeHocsaTcs Ha kaxaom RU,
NO3TOMY, C TOYKU 3PEeHUSi OBLLX BPEMEH-
HO-4aCTOTHBIX PECYPCOB, B KaXA0M Bpe-
MEHHOM cpe3e AaHHble MOryT ObiTb OT-
npaBneHbl HECKOJILKUM KJIMEHTaM OAHO-
BpeMeHHo. Peaynbratom siBnsietcs 6onee
BbICOKAas NMPONyCKHasi cCnoco6HOCTb.

TexHonorusi No3sonsieT Nony4nTb Mak-
CUMYM 13 BCEro paano4acToTHOro pecyp-
ca B no6oli MOMeHT BpemeHW. [laHHble No
ceTu nepeaalTcs NaketTamu, Y HOBbIA TUN
moaynsuun BMewaet 6onbwe nHpopma-
UMM B OOHOM nakeTte Gnarogaps AMHamu-
4eckoMy U3mMeHeHuo dasbl U aMIANTY b
PanvoBOIH.

Bnaropaps texHonorun OFDMA yBe-
nuuunacb EMKOCTb CETU: MOXHO nepena-
BaTb AlaHHbIE OAHOBPEMEHHO BOCbMU YCT-
poiicteam 6e3 noTepu CKopocTu. 3apepx-
Ka AaHHbIX CTana MeHblle Ha ABE TPeTu,
no 10 Mc, a pa3nuyHble yCTponcTBa npwu
noaknoveHun Yepe3 Wi-Fi 6 notpebnsiort
Ha TPETb MeHbLLIE 3HEPTUu.

B cBoto oyepenb, TexHonorus MU-MIMO
No3BONSIET TOYKE [OCTyna He TONbKO
nepegaBatb CUrHan OAHOBPEMEHHO He-
CKOJIbKUM YCTPOMCTBAaM, HO U NMO3BONSET
HECKOJIbKUM aHTeHHaM B3auMOAENCT-
BOBATb TONMbKO C OAHWM YCTPOWCTBOM.
3710 noseblwaeT 3dPeKTUBHOCTL Nepena-
4M [OaHHbIX B 6ecnpoBogHOW ceTu wm
COKpalLaeT BPEMSI OXWOAHUS TepMuHa-
NOB Ha BPEMEHHOW NoCcneaoBaTeNnbHOCTH.
Mo3ToMy TEXHONOrUS MOXET Ny4yLUe yAoB-
nertesopatb TpebosaHusM npu nepepaye
"Taxénoro” Tpaduka n obecneyeHms H13-
KOW 3afepXKN B TAKUX MPUNOXEHUSAX, KaK
BUAOEO UK ayamo.

B wupeanbHbIX YCNOBUSX CKOPOCTb
nepenayy AaHHbIX B OOHOM NOTOKE MOXET
nocturate 1200 M6ut/c — BTpoe 60nb-
we, yem y Wi-Fi 5. Bce npeumyuiectsa
Wi-Fi 6 nocTynHbl TONbKO Ha COBMECTU-
MbIX YCTPOMCTBAX, @ CO CTapbiMyU CMapT-
¢doHamMu u HoyTBykamMu MapLuipyTusaTop
nepeknioyaeTcsa Ha MeHee adpdekTus-
Hble CTaHa4apPThl CBSA3W NPOLLWIbIX NOKone-
HU. BONbWKNHCTBO akTyanbHbIX CMapT-
¢$OHOB 1 KOMMBLIOTEPOB YX€E NOoAAEpPXM-
BaioT Wi-Fi 6, HO ny4we 31O nposeputb
3apaHee.

Wi-Fi 6E — popabotaHHas Bepcus
802.11ax, paboTaloLias Ha HOBO YacToTe
6 IMuy. CTosT TakMe MapLipytTu3aTopbl
HenEweso, HO yxe npogaloTcs. B ocHoB-
HOM CBEPXBbLICOKAsi CKOPOCTb U BblCOKas
CTabunbHOCTb MPU MNOAKMOHEHUU MHO-
XecTBa YCTPOWCTB CPa3y HE HYXHbl B
0o6biyHOM kBapTUpe. Moatomy B GbITY Bbl
moxeTe nonb3osatbest Wi-Fi 5 n He 3ame-
4YaTb OrPaHUYEeHUI B CKOPOCTMU.

Wi-Fi 7 — 802.11be. CtanpapT HacTy-
nuswero 6yayulero, U ycTpoicTtea c ero
noanepxKou yxe NpoaaloTcs Ha MMPOBOM
pbiHke. MpoTokon Takxe paboTtaer Ha
yactoTtax 2,4 I'"u, 5 'y, v 6 I'My n nosso-
NSieT COBMECTUTb CUrHanbl ABYX NpoBaw-
0epoB BHYTPU MapwpyTu3atopa, 4To
yckopsieT goctyn B MHTepHeT. UHxeHepsl
Wi-Fi Alliance o6euwatot, 4yto Wi-Fi 7
(802.11be) no3eonuT caenatb rubpuaHyto
peanbHOCTb 6MXe, a NPOMBILLLIEHHOCTb —
TO4YHee u bLicTpee.

Bnaropaps cBouM pPEBONIOLMOHHBLIM
TexHonorndeckum poctumxenusam Wi-Fi 7
obGewlaeT cTaTb cambiM GbICTPLIM 33 BCIO
uctoputo, obecneumnsan GecnpeueneHT-
Hyl0O ckopocTb B uudposom mupe. bna-
rofapst BHEAPEHUIO UHHOBALIMOHHbIX TeX-
HONMOTMIA OH No3BoNAET nony4nTb Gonee
BbICOKYID MpPOMYCKHYIDO CMOCOBHOCTD,
MEHbLUYIO 33a0epXKy U pPacliMpPeHHbIV
paguyc nokpbiTus. OH He ToNbKO OTBEYaeT
TpebGoBaHNAM cerogHsiluHero notpebne-
HUSI NONOCHI NPOMYCKaHUs, HO Takxe YCKO-
pseT pa3paboTKy HOBbIX TEXHONOrWW,
Takmx kak AR/VR, oHnarH-urpbl U uckyc-
CTBEHHbIA uHTennekT. B 2024 r. oduum-
anbHas nopnepxka Wi-Fi 7 nosButcs Ha
pa3nuyHoM obopynoBaHuM, npeanaras
3HA4YUTENbHbLIA NMPUPOCT CKOPOCTU MO
cpaBHeHuio ¢ Wi-Fi 6E.

Wi-Fi Alliance otmeuvaet, 4to Wi-Fi 7
paboTaeT nyywe CyuwlecTBYOLWNX CTaH-
DApPTOB B TaKWX MPUNOXEHUSX, KaK NOTo-
KOBbl€ TPAHCNSLMU C BbLICOKOW MPOMycK-
HOW CNOCOBOHOCTBLIO U UrPbl C Manoi 3a-
DEPXKOW — 3TO UMEET 3HA4YEHUNE B CBETE
HabupaloLmx NonynspHOCTb CUCTEM BUP-
TyanbHOWM peanbHoCcTU n 6onee Tpebosa-
TeNnbHbIX pabounx npunoxeHuin. Ha
PbIHKE YX€ NPUCYTCTBYIOT NOAAEPXKMBAIO-
wue Wi-Fi 7 MmapwpyTnsatopbl — UX Bbl-
nyctunu, B yactHoctu, Netgear, TP-Link u
Eero. Cob6cTBEHHO, AeBaiichl C NOAnepPX-
Kkovt npotokona Wi-Fi 7 mHorue seaywime
NPOM3BOAUTENN JNEKTPOHUKU Havanu
BbIMycKaTb ELLE B MPOLLIOM roay.

Ceptudukaums ragkeToB CoO CTOPOHbI
opraHmusauun Wi-Fi Alliance Hukak He
nosnusieT Ha ux paboTy — oHa NuLWb Jact
rapaHTuio, 4to ycTtponctBa Ha 100 %
COBMECTUMBI C APYrMMU YCTPOWCTBAMU C
Wi-Fi 7. 310 obopynoBaHue MOXET U He
nNpoxXoanTb CepTudUKaLmio, HO Hanuiune
TakoBOW MO3BONSET MNPOU3BOAUTENSIM
rapaHTUpOBaThb NOIHYID COBMECTUMOCTb C
LPYrUMn YyCTPOWCTBaMMU.

Kak oTmMevanocb Bbiwe, cTaHAapT
Wi-Fi 7 otnnyaeTt paclumpeHHas nonoca
nponyckaHus kaHana — 320 My no
cpaBHeHuio co 160 MI'u, koTopble npea-
naratot Wi-Fi 5, Wi-Fi 6 unun Wi-Fi 6E, 410
O3Ha4YaeT OBYKPATHbIA POCT MPOMYCKHOWN
CnocoBHOCTU U OrPOMHBII POCT PeasnibHON
CKOPOCTU 3arpy3ku AaHHbiX. Makcumans-
Has CKOPOCTb A/ 3TOro CTaHaapTa co-
ctasnsetr 46 our/c nnu 5,75 Mbant/c.
Nrpy o6bvémom 100 MbarT TeopeTnyecku
MOxHO ByneT ckavaTb Bcero 3a 20 c.

Wi-Fi 7 wucnonb3yet moaynsauuio
4K QAM, ynakoBbiBasi 6onbLue AaHHbIX (A0
12 6UT Ha cMMBON), 4TO OAET OOMOMHU-
TenbHbIA npupocT Ha 20 % npu Gonee
BbICOKMX MWKOBbIX CKOPOCTSX nepenaqu
DaHHBbIX.

O6ecneymBaetca noppepxka QyHk-
umii Multi-Link Operation u Multi-RU
Puncturing, kotopble obecneuunsaioT
6onee addekTMBHOE U HapéxHoe Gec-

npoBoaHoe coeauHeHuve. Mpu ncnonb3o-
BaHUW MHOIOKaHaNbHOTO PeXVUMa AaHHble
nepenaldTCs B PasHbiX Auanas3oHax u
KaHanax, 3a C4€T 3Toro Bo3pacTaeT npo-
nyckHasi cnocobHOCTb YCTPOMCTBA, a ypo-
BEHb 33iepXeK Npu nepepaye nHpopma-
umm cHmxaeTtcs. TexHonorus RangeBoost
Plus nosbiwaeTt cTabunbHOCTL cUrHana u
30Hbl MOKPLITUS, YTO MOXET 0Ka3aTbCH
BaXHbIM AN Niogen, NpoxusBalowmux B
BonbLUMX AOMaX.

®yHkuus Multi-Link Operation (MLO)
npeacrasnsieT coboit arperaumio 6ecnpo-
BOAHbIX KAHAnoBs, Npu 3TOM COeAUHEHUS
pacnpenensitoTcs no AByM unmn Tpém ama-
nasoHam — 2,4 1Ty, 51y 1 6 I'NMu. 37o
03Ha4yaeT BLICOKYID CKOPOCTb Mnepenaqu
DAHHbIX U BbICOKYID CTabUNbHOCTL CBS3U:
BbIXOA, 3a Npenenbl 4eACTBUS OAHOIO U3
ouwanasoHos Gonbwe He TpebyeT nepe-
nogxntoydeHvs B apyroMm. Hanpumep, npu
noAaKntoYeHnn Ha Yactote 6 'y poctyn-
Ha ckopocTb 1,5 6uT/c, a Ha 4acTtoTe
5Ty — 0,5 Mout/c. C MLO He npupétcsa
BbIOMPATh, NONYYUTCA NN 3arpy3vTb AaH-
Hble CO cKopocTblo 2 [6ut/c. U aTo, He
roBopsi yxe O TOM, 4TO B paboTy MOXHO
noakniounTe U amanasoH 2,4 Iy ans
nony4eHnsi MakCumasnbHOW CKOPOCTU.

MLO Takxe no3sonsieT cokpaTutb
3apepxky. OObiMHO MapLupyTU3aTopy
NPUXOAUTCS LMUKINYeckn obxoamTb BCe
YCTPOWCTBA B O4epeny Ha OTnpaBKy nake-
TOB MO CETU, HO TEMEpPb BCe TPU Ananaso-
Ha O0CTYMHbI OAHOBPEMEHHO, U MNakeTbl C
BbICOKO/ BEPOSAITHOCTLIO MNepenaloTcs
HemenneHHo. [lns cpasHeHusi, noanep-
XUBalOLLME NpoLibie NPOTOKONbI MapLu-
pyTU3aTopbl NMO3BONSIOT yCTaHaBAUBATb
Wb N0 OAHOMY MOAKMIYEHUIO Ha
YCTPOUCTBO.

Wi-Fi 7 yBenu4un 4nucno npocTpaHcT-
BEHHbIX notokos MU-MIMO c 8x8 po
16x16. 3TO 3HAYMT, YTO HOBBIN CTaHOAPT
noseonsieT obMeHnBaTbCsi MHbOpPMaLmen
cpasy c 16 ragxeTaMmy OOHOBPEMEHHO, a
He C BOCEMBbIO, KaK 3To npeanaraer, K npu-
mepy, Wi-Fi 6E. Kak utor, Wi-Fi 7 moxeT
obecrne4nTb MakCMManbHyl0 CKOPOCTb A0
5,8 MouT/c npotue 2,4 MouT/C y npeaLwe-
CTBEHHUKA.

B nekabpe 2022 r. B PO 6b1no0 0no6-
peHo ncnonb3oBaHue cTaHpapra
Wi-Fi 6E B 3aKpblTblX NOMELLEHUSIX,
BblAENMB NOA, ero HyX /bl YacTOThbl B Ana-
nasoHe 5,9....6,4 I'My. 310 Npou3owno
cnycTs ABa roga rnocne pa3paboTku npo-
Tokona. OXxupaeTcs, 4TO yXe B 3TOM roay
6yner BbinyweHo 233 MAH YCTPOWCTB C
noanepxkon Wi-Fi7, a k 2028 r. —
2,1 mnpa. Mpu aToM nepBbie 06pas3Lbl
rapkeTos ¢ noaaepxkoit Wi-Fi 7 nosiBsatcs
n B Poccun.

PaHee BbiCkasbiBanucb npeanosioxe-
HusA, 4To npusdHavue Wi-Fi 7 B P® npo-
n3oMaeT He ckopo. OaHako, no coobuie-
Husim Poccuiickoi raseThl, npecc-cnyx6a
MuHuudpbl Poccumn 3aasuna, 4To "gonon-
HuTenbHbix pewenuii TKPY (Tocypapct-
BEHHOW KOMMUCCUM MO paguo4acToTam)
A5 CNonb30BaHuUs kaHana B 320 My He
TpebyeTcs, 4YacToTHas cetka u Auanaso-
Hbl He oTnuyatoTes ot ctanaapTa Wi-Fi 6E,
KOTOPLIN MOXET UCNONb30BATLCH BHYTPU
nomMeLleHuit cornacHo pewenuio N'KPY ot
23 pekabps 2022 r. (npotokon N 22-65)".

Mockonbky Wi-Fi 7 nokasan orpomHsbiit
NPUPOCT MakCMManbHOW CKOPOCTU nepe-
[a4u AaHHbIX N0 cpaBHeHuo ¢ Wi-Fi 6E —
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479 %, nnn 46 6ut/Cc, B CpaBHEHUU C
npeabigywmmn 9,6 MUT/Cc, BO3HUKAWOT
BOMPOCHI, KOMY 1 3a4€M 3TO ByAeT HYXHO.

MNpob6nema ewe n B Tom, 4TO CKOpOC-
Teil nepenayM AaHHbIX OT TUMOBOrO MPO-
Bariaepa 6ynet cnvwkom mano. Bo-nep-
' BbIX, CTAHAAPTHOE ONTOBOIOKHO, KOTOPOE
Ha AaHHbIA MOMEHT UCMONb3YETCH B CETAX
. duKcUpoBaHHOW CcBsi3n, 06bIYHO Mponyc-
kaet He 6onee 10 [OuT/Cc. Bo-BTOPBIX, BbI
NnonpocTy HE CMOXEeTe HaWTU NoAxXOoAs-
wun Tapueg y nposaigepa. MoBbicUTb
. CKOPOCTb MOXHO NULLb MO UHANBUAYASIb-
HOMY 3anpocy, 4To 6yaeT [oporo U, BO3-
MOXHO, BCE PaBHO HEAOCTaTO4HO.

KoMy 1 3a4eM Torma HyxHa CKOpPOCTb
46 [6uT/c? Bkyne € MHOrOMOTOYHbIM
PEXUMOM HOBOrO MOKONEHUSI U NPU y4ETE
notepb 6ecnpoBOOHOrO COeAuHEHUs
Takasi ceTb OyneT npuMeHMma B KOMMep-
4Yeckux 3aBefeHnax, 06LEeCTBEHHbIX Mec-
Tax ¢ 60NbLLION NPOXOAUMOCTLIO, oduUcax.
OHa OTAMYHO NoJOWMAET ANns co3faHus
nokanbHbIX ceTein, roe Heobxoamma bbiCT-
pas nepepaya B €OUHOM MpPOCTPaHCTBE
6e3 nUWHUX NpoBoaoB 1 06opyaoBaHUS.
Takke MapLipyTU3aTopbl C MOAAEPXKON
Wi-Fi 7 npurogstcs onsi uCnonb30BaHUA
AR/VR rapHuTyp, KOTOpbl€ WUCMbLITbIBAIOT
onpeaenéHHbie Npobnembl U3-3a Heobxo-
AUMOCTM KOMMPEeccun paspeleHvs npum
HefoCTaTovyHOM ckopocTn obmeHa. B
obuiem, NOXUBEM — yBUANUM.

Ho Bot yero Wi-Fi Bcerga He xBatano,
Tak 3TO AanbHOCTWU Aencteus. HecmoTps
Ha NOBCEMECTHOE pacnpocTpaHeHue
Wi-Fi 4, Wi-Fi 5 n Wi-Fi 6, 6bicTpbIi pocT
"UHTepHeTa Bewen” (Internet of Things —
loT) 3acTtaBun nNepeocMbICNUTL Tpaau-
LIMOHHbIM Wi-Fi. 9Ta nepeoueHka BbisisBuna
TexHonormyeckue npobensl U uameHuna
ponb, kKoTopyto npotokonb 802.11 gonx-
Hbl UrpaTb B COBPEMEHHOM mupe 6Gec-
NpoBOAHbIX ycTponcTB loT co cBepxma-
NbiM 3HepronoTpebneHnem. lMosbiweH-
Hble TpeboBaHUS K MOAKNIOYEHMIO Ha
6onbluMe PacCTOSHUS U OAHOBPEMEHHO
TpeboBaHUs K HU3KOMY 3HepronoTpebne-
HUIO NPUNOXEHUA 10T U MeXMalnHHOro
B3aumogencTeua (machine-to-machine,
M2M) BbI3bIBaIOT NOTPEOHOCTL B APYroM
Tnne Wi-Fi, onTMMM3npoBaHHOM ans npu-
noxexun loT.

MpoTtokon Wi-Fi HaLow 3anonHsieT 3atn
npobGenbl, nNpepoctasnss 6ecnpoBogHoe
pPELUEHNE CO CBEPXHU3KMM IJHEProno-
TpebneHnem, KoTopoe NOAKNOYaET MHO-
xecTBo loT-ycTpoicTB Ha ropa3no 60sb-
LUMX PACCTOSHUSIX U C rOPasa0 MEeHbLUUM
3HepronoTpebneHnem, Yem TpaauLMOH-
Hbih Wi-Fi. MpoTtokon paTtuduumnposaH
pabouyeint rpynnoin IEEE 802.11ah B
2016 r. u nony4mn ot Wi-Fi Alliance Ha3Ba-
Hue Wi-Fi HaLow. CerogHs OH cTaHOBUTCS
BOCTPeOOBaHHbIM.

Mo cymn, Wi-Fi HaLow — ato mano-
MoLHas, aanbHobonHas u 6onee yHuBep-
canbHaa Bepcus Wi-Fi, pabortatowas B
HeNUUEeH3NpyeMoM ChekTpe 4acTor,
nexawem Huxe vactotbl 1 Ty (pakTnye-
» cku npoTtokon 802.11ah ncnonb3yeT nu-
LIEH3WOHHYIO Monocy 4acToT B cybrura-
repuesomM ISM-guanasoHe 900 MIy, Ho
KOHKpEeTHasi 4YactoTa OyneT 3aBUCETb OT
CTpaHbl U pernoHa). CobCcTBEHHO, Yem
HUXe 4actoTa, TeM 6Gonblie [ANbHOCTb
pacnpocTpaHeHusi. YHUKanbHoe co4veta-
Hue ctaHgapTta Wi-Fi HalLow ¢ aHeproad-
GEKTUBHOCTbIO, BO3MOXHOCTbLIO paboThl

Ha OOnblIKMX PACCTOAHUAX, HU3KOW 3a-
LePXKOW, BbICOKOW CKOPOCTbLIO nepeaayun
AaHHbIX C kavyecTtBoM HD-Bugeo, ¢yHk-
LmsiMu 6e30NacHOCTU U BCTPOEHHO Noa-
nepxkoi IP penaet ero ontuManbHbIM
NpPoToKoNoM ansi 6ecnpoBOAHBLIX YCT-
powcTs loT ¢ nuTaHuem ot HaTtapent.

Wi-Fi HaLow obecneuynBaeTt ucknoo4m-
TENbHYIO 3HeproaddekTUBHOCTbL AN
YYBCTBUTENbHbLIX K 3HEPronoTpebneHuto
yctporicTte loT. PasnuyHbie CNOXHble pe-
XWUMbI CHa, onpepenéxHble IEEE 802.11ah,
no3BonsloT ycTpoiicTeam Halow octa-
BaTbCA B COCTOSIHUSIX C OY€Hb HU3KUM
3HepronoTpebneHnemM B TeyeHue anau-
TeNbHbIX NEPUOAOB BpPEMEHU, COXPaHsis
npu 3Tom 3Hepruto 6atapeu:

— Target wake time (TWT) — uenesoe
BpemMsa npobyxaeHus. 3T1a onuma No3Bo-
nsieT ctaHumm (STA) u Touke pgoctyna (AP)
3apaHee Ha3Ha4YuTbL BpeMs, Koraa cnswas
STA 6yneT npocbinatbCs U NPUCIYLLU-
BaTbCS K CUrHaNam Masikos;

— Restricted access window (RAW) —
OKHO OrpaHuy4eHHoro aoctyna. AP mMoxeTt
npeaocTaBNATb NPUBUIETUN NOAMHOXECT-
By STA ons nepegayym ux AaHHbIX, B TO
BPEMS KaK ApPYrve BblHYXAEHbl Nepexo-
AuTb B CRswMiA pexum, Bydpepusosatb
HECPOYHbIE AAHHbIE U BbINONHATL U TO U
Aapyroe;

— Extended maximum basic service
set (BSS) — paclumpeHHbIi Makcumarb-
Hbli HabopP H6A30BLIX YCNYT B PEXUME OXU-
[aHusi. DTOT PEXUM YBENUYMBAET [OMNYC-
TUMbIA Nepuog npoctos STA oo NaTu ner;

— Hierarchical traffic indication map-
ping (TIM) — nepapxuyeckoe otobpaxe-
HUe uHauvkaumm Tpadwuka — Oonee ad-
dekTnBHoe koauposaHue TIM no rpynnam
NO3BONSET 3KOHOMUTL 3PUPHOE Bpems
paguomasikos;

— Short MAC headers — kopoTkue
3aronoeku MAC. 3ta onuus cokpawaet
HaknaaHble Pacxobl 3arofioBka, BPeMs B
3dupe n 3HepronotpedbneHue, a Takxe
ocBoboXaaeT CnekTp;

— Null data PHY protocol data units
(NPD) — 6n0oku aaHHbIX npoTtokona PHY c
HYNEBbIMU A@HHbIMU. JTa onums BCTpau-
BaeT MAC-nopo6Hbie ACK/NAK Ha PHY
YPOBHE ANst YyMEHbLUEHUS BPEMEHU Mepe-
haym u cokpawaet notpebneHne 3sHep-
riu;

— BSS coloring — packpacka BSS.
MpucBoeHHbIE LBEeTa yka3biBaloT rpynmbl
BSS ons KOHKPETHOM TOYKM OoCTyna, B TO
BpeMs kak STA MOXeT UrHopupoBsaTb ApY-
rve usera;

— Bidirectional TXOP (BDT) (paHee
M3BECTHbI Kak CKOPOCTHbIE Kaapbl) —
AByHanpaBieHHbin TXOP. 3ta onuus
YMEHbLUAET 4MCNo obpaweHnin K cpene
nepena4u, korga STA npockinaeTcs, 4To-
Obl OOHAPYXUTb HaNMuMe Kagpos BOCXO-
OAUEr0 U HUCXOASAWEro KaHanoB Ans
nepenayn. BDT ucnonb3dyer uHavkaumio
oTBeTa B none curHana (SIG) 6noka gaH-
HbIX MPOTOKONa ®U3NYECKOTO YPOBHSA
(PPDU), 4ytOo6bl yBENUYMTL 3alumTy Npo-
ponxutensHoctu TXOP oT CTOPOHHUX
nepepnay STA.

ObdekTuBHbIE PEXUMBI CHA U Yripasne-
HUs nuTaHuem npotokona |IEEE 802.11ah
o6ecneynBaloT MHOroneTHIol paboTty oT
6aTtapen ans loT-ycTpomcTs, a Takxe
LUMPOKUIA CNEKTP rMBKNx BapuaHToB opra-
HU3aumm NMTaHus 1 Bbibopa TMNopa3mMepa
6aTtapen ot yctpoicts loT ¢ Manbim

paguycom pencteusi, padoTalowmx Ha
6aTtapesx Tuna "tabnertka", no 6Gonee
MOLLHbLIX 1 Bonbwux Gatapen, KoTopble
MoryT obecne4ntb CBA3b HAa PaccTosiHUe
0o 1 kM.

B pesynbrate gna yuvna Wi-Fi Halow,
No CpaBHEHWU0 C 0Obl4HbIM yYunom Wi-Fi,
TpebyeTcs 3HAYUTENBHO MEHbLLIE 3NEKTPO-
nutanus. B To Bpemsa kak 6onee Bbicokue
CKOPOCTM nepenayu AaHHbIX TPaaULMOH-
Horo Wi-Fi no3BonsiloT nonb3oBaTensim
nepeaaBatb MOTOKOBYIO nepenadvyy BUAEO
BbICOKOW YETKOCTU 1 BbICTPO 3arpyxatb
6onblumne ¢alinb, UCNONb3ys LIMPOKUE
KaHanb!l B guanasoHax 2 [y, 4 My, 5 My
n 6 IMu, addekTnBHan 4anbHOCTb AENCT-
BUSA oNs 3TUX noakntoveHuii Wi-Fi Hesenn-
Ka, U OHU ObLICTPO pa3psxaloT cBou HaTa-
peu.

B uenom ctangapt 802.11 oxsatbiBaeT
HeobOblYalHO LIMPOKWIA Anana3oH 4acTorT,
oT cybrurarepueBoro 4o AManasoHa Mun-
numeTpoBbix BonH (mmWave). OpgHako
HaLow — 310 nepsbii ctaHpapt Wi-Fi,
paboTalowmii KOHKPETHO B HENULEH3N-
pyemoii 4yacTu criektpa cybrurarepuesoro
nvanasoHa vactot. OH npegnaraeT cko-
pPOCTX Nepenayn AaHHbIX OT COTEH KWUNO-
6UT 00 NEeCATKOB MerabuT B CeKyHAy.

CurHanbl Wi-Fi HaLow c wactoToi,
nexawen Huxe 1 I'Mu, ucnonbaytot 6onee
y3KOMONOCHbIE KaHanbl LWUPUHOWA OT
1 Mly, » Bbile NO CPABHEHUIO C CaMbiMU
y3kumu kaHanamm 20 Mlu, npepHasHa-
YeHHbIMU NS TpaauumoHHoro Wi-Fi. 3to
20-kpaTHOE yMeHblleHne LWUPUHbI pa-
avokaHana 6naropaps 6onee HU3KOMY
TENNOBOMY LUYMy B KaHane npuBOAUT K
YBEJIMYEHUIO OTHOLLEHUSI CUTHan/Wym B
kaHane Ha 13 ab. lNo cpaBHeHuio ¢ Tpaan-
LMOHHbIM Wi-Fi B nonoce 2,4 Ty, 4acToThl,
nexauwue mexay 750 My un 950 Mry, yxe
no ceBoew npupoae, camu no cebe, obec-
neyvBaloT AononHuTenbHoble 8...9 ob 6ioa-
XeTa NIMHUU CBSA3WU, YTO CBSI3aHO CO CHU-
XEHUEM NOTepPb NPU UX PacnpPoCTPaHEHUN
B CBOOOAHOM npocTtpaHcTee. Kpome Toro,
B npotokon Wi-Fi HalLow po6aBneHbl
ONTUMU3MPOBAHHAs MO Auana3oHy cxema
MOAYNsSiUMM U HOBblE METOAbl KOAMPOBaA-
Hua (MCS10), 4TO QONONHUTENBLHO yBe-
NnYnBaeT JHepreTuky kaHana euwlé Ha
3 nb.

B uenom Wi-Fi HaLow, no cpaBHeHuio ¢
TpaguumoHHeiMm 2,4 Ty IEEE 802.11n
(Wi-Fi 4), o6ecneuvMBaeTt ynydweHue
3HepreTuku kaHana po 24 nb. 910 npe-
MMYLLECTBO ewwé 6onblue yBenmymBaeTcs
no cpasHeHuto ¢ npotokonamu Wi-Fi § n
Wi-Fi 6/6E.

CkasaHHoe 06bsicHseT, noyemy 6e3
MCMOJIb30BaHUSA CEeTEBbLIX PETPAHCNNATO-
poB-pacumputeneii curHansl Wi-Fi HaLow
pacnpocTpaHAoTCs B AECHATb pa3 Aanb-
e, 4em TpaamumoHHsbin Wi-Fi. Tenepsb ka-
Mepbl C GaTapeiHbiM NUTAHUEM MOXHO
pa3mecTutb B 6onee yanobHbIX MecTax 3a
npeaenamu cTeH noMa unu rapaxa. Cuc-
TEMaMM OCBELLEHUS MOXHO YNpaBnsiTb C
OfHOI TOYKM [OCTyrna, He3aBUCUMO OT
TOro, HaxXoOUTCH CBETU/IbHUK B NOMeELLEe-
HUW UK Ha ynuue B caay.

CyuiectByeT oOLiee npaBufO: 4YeM
HWXe YacToTa, TEM Janblue pacrnpocTpa-
HSIETCH 3NEeKTPOMArHUTHasi BONHA U Tem
JlyuLlEe OHa NPOHUKaEeT CKBO3b Nnperpaasb.
CurHanel Wi-Fi HaLow ¢ yacTtoTtoin meHee
1 I'Ty, MOryT NPoxoauTb CKBO3b CTeHbl U
Apyrve npensiTcTBus Ierdye, 4em 3710 BO3-



MOXHO NpXM WUCNONb30BaHUM CMeKTpa
YyacToT TpaauumonHHoro Wi-Fi.

OpHa Touka poctyna Wi-Fi Halow
MoxeT agpecosaTtb o 8191 yctpoicTsa,
yto 6Gonee 4em B 4eTbipe pasa Honblie,
HEXenu MOXET NpenfioxXuUTb TPaaULMOH-
Hasi Touka goctyna Wi-Fi. 9toro goctarouy-
HO AN NOAKIOYEHUS KaXXO0W CBETOAMNOA-
HOW Namnbl B OTAENBHOCTU, NepeknioyaTe-
NSl CBETa, VMHTENNEKTYyanbHOro ABEPHOro
3amMKa, MOTOPU3OBAHHOW OKOHHOW LITO-
pbl, TepMOCTaTa, AeTekTopa AbiMa, con-
HEYHOW naHenu, kamepbl 6e3o0MacHOCTU
mnu nobOro MbICIMMOro YCTPONCTBA
"yMHOro" poma B 0603pumom byayLiem.

TunuyHble AoMaLLHWE MapLIpyTU3aTo-
pbl Wi-Fi 06bl4HO noanepxuBaloT nuulb
[ECHATKN YCTPOWCTB, B TO BPEMS Kak oaHa
Touka poctyna Wi-Fi HaLow moxeT ctatb
macwTabupyemoir nnatpopmont gns
YCTaHOBKU TEX UMW NHBIX AONONHUTENbHbIX
YCTPOWCTB, opraHu3auum cnyxb 6e3onac-
HOCTU U yNpaBneHUs KOMMYHanbHbIMU
ycnyramu.

Kak 1 TpaguumoHHblin Wi-Fi, paboTato-
LMiA B AManasoHax 4actor 2,4 Mu, 5 My,
n 6 IMu, Wi-Fi HaLow nosBonsieT KoHe4-
HbIM NONb30BaTENSIM BNaAeTb CBOUM 060-
PYLOBAHUEM U MNPUMEHSTb HENULEH3U-

pyembiii cnekTp paguo4yactoTt cybrura-
repueBoro AauarasoHa B JAuanasoHe
750...950 Mly. 31oT cnektp obecneyn-
Baet ana Wi-Fi HaLow makcumanbHylo
MOLLHOCTb nepepayvn u paboyve uukibl,
HO BapbupPyeTCs B 3aBUCMMOCTU OT TOW
WM UHOW cTpaHbl Mupa. Hanpumep,
DOCTYNHbIW anana3zoH Halow pns Ce-
BepHou u KOxHOW Amepuku cocTtaBnsiet
902...928 Ml'u, a ans Esponbl — 310
863...868 MI'y, (Ha Tepputopum PP auna-
nasoH 900 MIMy YacTMYHO OTAAH COTOBLIM
onepartopam).

Pa6oTtas B amanasoHe ISM (ISM —
Industrial, Scientific and Medical, To ecTb
NMPOMBILLIEHHOCTb, Hayka U MeauumHa),
Wi-Fi HaLow moXxeT ucnonb3oBaTb pas-
NUYHbIE MONIOCHI MPONYCKaHWS KaHanos:
1 My, 2 My, 4 My, 8 Mg n 16 Mlu,
Yewm yxe nonoca nponyckaHus, Tem aab-
e MOryT pacnpoCTPaHSiTLCSH CUrHanbl.
[aHHble nepenaloTcs B nakeTax, pacnpe-
DENéHHbIX N0 MHOXEeCTBY NoaKaHanos c
MCNONb30BaHUEM, Kak yxe 6bino ckasaHo,
moaynsumm OFDM, yto nosbiwaer npo-
M3BOAUTENBHOCTb B CNOXHbIX paauo4ac-
TOTHBLIX Cpefax, 0COOEHHO NMPU CUNbHbIX
nomexax OT APYrux paauoyCcTPOMNCTB.
KoanpoBaHue ¢ npsimbiM UcnpaBieHnem

owwmbok (Forward error-correction, FEC)
TaKkke CO3AaET AOMONHUTENBHYIO 3almTy
M BO3MOXHOCTb A/ BOCCTAHOBNEHUS
nakeTos, obecne4nBas HaaéXHble coeaun-
HEHUS.

CeTtb Wi-Fi HaLow MoxeT cocyuiecTtBo-
BaTb C cetamu Wi-Fi 4, Wi-Fi 5 n Wi-Fi 6,
He BAUSS HA UX PAAMOYACTOTHbIE XapakTe-
PUCTUKM.

Okcneptbl koMmnaHuu Morse Micro
npoBenu MnpakTU4ecKuiA 3KCNEPUMEHT, B
XOZle KOTOPOro NPoBEpuIM BO3MOXHOCTH
TexHonorn Halow. B xoge vcnbiTaHumn
nccnenoBaTtensiM yaanocb YCTaHOBUTb
coeOouHeHne Mexay yCTponcTBamu, otaa-
NéHHbIMM Apyr OT apyra Ha 2,9 kM. [Ons
06bI4HbIX pa3HoBupHocTeh Wi-Fi aTo
HEAOCTUXMMBIN NokasaTenb.

OcTaéTtcs oxuaatb, YTO PaavOUHXKEe-
Hepbl NPUAYMALOT eLué. ..

o marepunanam

wi-fi.org, webznam.ru, cnews.ru,
pcnews.ru, tomshardware.com,
wireless-e.ru, habr.com,
journal.tinkoff.ru, hi-tech-obzor.ru,
rg.ru

HOBOCTU BELWWAHUSA

Paspgen segér B. LUENTYXWUH (R5GF), r. Jluneuk

ANTAUCKUA KPAW. B bGapHayne
oTKpbinacb HoBas uudpoBas CcTyaus
pagmocTtaHumm “"Bectu ®M". Ctyamio oc-
HacTUNU CoBpPeMeHHbIM uMdpoBbiM 060-
pPYAOBaHWEM, a WHTEPbEP BbINOJNHUAU B
y3HABaeMOM CTUAUCTMKE PaanNoCTaHLUUU.
PervioHanbHoe BeuwiaHve "Becteit ®M" Ha
vyactote 101,5 MI'y Havanock 8 BapHayne
B 2013 ., N03Xe OHO nosiBUnoCh B buiicke
n PybuoBcke (McTtodHMK —  URL:
https://vk.com/teleradio22?w=wall-
76916936_82581 (23.05.24)).

BEJITOPOACKASI OBJ1. B Benropoane
Ha vactote 103,6 My Havana BeliaHue
paguocTaHuusa "Xut FM" (MCTOYHMK —
URL: https://vk.com/radio.tv_31?w=
wall-83427404_27133 (23.05.24)).

BOPOHEXXCKASl OBJ1. Ha uactote
88,8 MlNy ¢ 19 anpens 2024 r. B BopoHe-
Xe Havana BelaHwe paguocTaHuus
Like FM. MowHoCcTb nepepaTtymka —
1 kBt (uctounmk — URL: https://www.
gpmradio.ru/news-page/uid/36366
(23.05.24)).

C 1mas 2024 r. xutenu u rocTn
BopoHexa MoryT ycnbilwaTb paguocTaH-
umio "ToppocTb” Ha yactote 96,8 My,
(uctouHnk — URL: https://vk.com/
fmtv36?w=wall-24158102_7263
(23.05.24)).

3AMOPOXCKASl OBJ1. "[opoxHoe
paavo” Hayano BeuwaHue B bepasHcke Ha
yactote 95,5 MI'y (uctoynmk — URL:
https://forum.vcfm.ru/viewtopic.php?

Mpumevanue. Bpems scrogy — UTC.
Bpemst MSK = UTC + 3 u.

f=2&t=2269&p=179274&hilit=%D0%B
1%D0%B5%D1%80%D0%B4%D1%8F
%D0%BD%D1%81%D0%BA#p17927
4 (23.05.24)).

WUBAHOBCKAS OBJ1. B r. LLlye Hayano
Beuiatb "Paguo Jaya”. Yacrtota Beuia-
Hus — 92,8 My, (nctouynmk — URL:
http: //www.krutoymedia.ru/news/123
86.htm (23.05.24)).

WUPKYTCKASI OBJ1. B kpynHom ueHTpe
NecHo 1 yrneno0bbiBaoLeit NPOMBbILLNEH-
HOCTW — ropoae TynyHe Hayano CcBOé
BewaHue "Paguo PopHeix Jopor”. Yacto-
Ta BewaHus — 105,2 Mly, (UCTOYHUK —
URL: https://onair.ru/main/enews/
view_msg/NMID__88927/ (23.05.24)).

KAJIMHUHIPALLCKAS OBJ1. 22 anpe-
na 2024 r. punuan PTPC KanuHuHrpan-
ckuii OPTIL, coBmecTHO C Bewiatenem
000 "KomnaHusi HoBoe paguo”, Hayan B
pernoHe TPaAHCASLUMIO PaguocTaHLUm
"HoBoe pagmo"” Ha uactote 91,7 MIy
(uctouHnk — URL: https://kaliningrad.
rtrs.ru/tv/radioveshchanie/rtrs-
nachal-translyatsiyu-radio-gordost-v-
kaliningradskoy-oblasti/ (23.05.24)).

K cetu BewaHuna Love Radio npu-
coeguHuncsa r. CBeTnoropck, 4acrtora
BewaHus — 88,1 My (uctounmnk — URL:
http://www.krutoymedia.ru/news/123
82.htm (23.05.24)).

KEMEPOBCKAS OBJ1. 3 masa 2024 r.
¢unnan PTPC Kemeposckuin OPTIMLY,
Hayan YKB-TpaHcnsuuioo pagumocTaHummn
"lopoocTtb” B KemepoBO Ha 4acrtoTe
106,2 Mly. BewiaHne — KpyrnocyToyHoe,
MoOWHOCTb nepepatinka — 0,2 kBT

(nctoyHnk — URL: https://kemerovo.
rtrs.ru/tv/radioveshchanie/v-kemerovo-
nachalas-translyatsiya-radiokanala-
radio-gordost/ (23.05.24)).
KOCTPOMCKASA OBJ1. C 15 anpenst
2024 r. B Koctpome Ha yacTtote 98,5 MI'y
3apaboTtana papuoctaHuus "loppoctb”
(nctoyHmk — URL: https://kostroma.
rtrs.ru/tv/radioveshchanie/rtrs-
nachal-translyatsiyu-radiostantsii-
gordost-v-kostromskoy-oblasti/
(23.05.24)). . .
KPACHOLAPCKWWU KPAW. 15 anpens
2024 r. B Couu Ha yactoTe 97,6 MI'y, odpu-

umanbHO Ha4vano sewanue "Pagno Monte |

Carlo" (uctoyHuk — URL: https://
sochi.top24.news/obshestvo/v-sochi-
nachala-veshhanie-radiostantsiya-
monte-carlo/?ysclid=lv0o4ws91554
3688487 (23.05.24)).

B Apxuno-OcuroBke Ha 4actoTe
103,8 Ml'y, 3anyuieHo BeliaHue pagvo-
cTaHuum "Paauo Kaekas Xut" (MCTOYHUK —
URL: https://vk.com/tvfm23?w=wall-
206132844_1837 (23.05.24)).

B kpynHom ropope-kypopTe Ha Yep-
HOMOpckoM nobepexbe Poccun —
Fenenpxuke c 26 anpens 2024 r. Ha
yactote 103,8 ML 3anyweHo BeluaHue
paguoctaHummn Relax FM (MCTOYHUK —
URL: https://www.gpmradio.ru/news-
page/uid/36479 (23.05.24)).

KPACHOAAPCKUWN KPAW. B KpacHo-
sipcke Ha 4yacTtoTe 99,5 MI'y 3anyweHo
BewaHuwe paauocTtaHumm “ToppocTtb”
(uctoyHmk — URL: https://krasnoyarsk.
rtrs.ru/tv/radioveshchanie/rtrs-
nachal-fm-translyatsiyu-radio-gor-
dost-v-krasnoyarske/ (23.05.24)).

B LWapbinoBo ¢ 26 anpens 2024 r.

HayYanocb  BellaHMEe  papuocTaHuun
"ABTOpagmo”. Yactota BewaHus —
106,8 My (MCTOYHUK — URL:
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"8\5} https://www.gpmradio.ru/news-
/| page/uid/36511 (23.05.24)).

| KPbIM. 23 anpens 2024 r. 8 Cumde-
ponone Havyano BeuwaHue "Pagno Monte
Carlo" Ha wactote 99,1 Ml'u. B 3anpya-
HOM Havanu BeuwaHue "Pagmo KpbiM™ Ha
yactote 92 Ml'y n "Pagmo Mope” Ha
yactote 94,6 MMy (uctouynmk — URL:
. https://vk.com/crimea_tvradio?w=wal
1-18594521_4724%2Fall (23.05.24)).

KYPFAHCKAS OBJ1. "HoBoe paano” c
19 anpens 2024 r. Ha4ano CBOé BellaHue
B KypraHe Ha 1actoTte 89,7 MI'y (uctou-
HUK — URL: https://vk.com/
kuradiotv?z=photo-19704386_457
239207%2Falbum-19704386_00%2
Frev (23.05.24)).

JIMNELUKASA OBJ1. 28 anpens 2024 .
Hayanoce BewlaHve "[letckoro paavo” B
JNuneuke Ha vactote 100 MIu (uctou-
Huk — URL: https://vk.com/fmtv48?w
=wall-109318878_2457%2Fall
(23.05.24)).

MOCKBA u MOCKOBCKAS OBbJ1.
22 anpensi 2024 r. Ha yacTtoTte 89,9 MIy
"Panuo TB"” ("TeBost BonHa") 6bino 3ameHe-
. HO Ha paguocTtaHuuio Radio Record. No-
cnegHee paHee BeLWano B CTONUYHOM
YKB-3adupe Ha npoTtsxeHun 4 net (c
1 pnexabpsa 2011 r. no 30 Hosbps 2015 .
Ha vyacToTte 98,4 MU, Ha KOTOPOW cenyac
TpaHcnupyeTcs pagunocTaHumsa "Hosoe
Papuo”) (MCTOYHMK — URL:
https://vk.com/tvradiomsk?w=wall-
194965312_10046 (23.05.24)).

B KpacHozaBoacke (Ceprueso-llo-
| CaACKuiA FOPOACKOM OKpYr) Ha 4yactoTte
89,7 Ml'u BMecTOo paguocTtaHuum "Pagno
¢ Daya” 3anyuweHa paguocTtaHums
- "Pagmo 1" (MCTOYHMK — URL:
https://vk.com/tvradiomsk?w=wall-
194965312_10426 (23.05.24)).

B Hayane mas 2024 r. BewaHue
pagunoctaHuuii "lOmop FM" u Paawmo
ENERGY B Tangome (4acTOThbl BELLLAHUS —
- 99 MI'y n 102,4 Ml'y, COOTBETCTBEHHO)

6bino nepeeseneHo ¢ PaguoueHtpa Ne 3
(CeBepHbit B TanaoMCKOM ropoackom
okpyre) Ha o6beKThbl BELlaHWUA B COCEf-
Hem r. [lybHe (uctouHuk — URL:
https://vk.com/tvradiomsk?w=wall-
194965312_10448 (23.05.24)).

MOPAOBUSA. "Hawe Pagmo" Havano

cBoé Bewanve 1 mas 2024 r. B ropoae
. CapaHcke. HacTtota BewiaHus — 88 MIy,
. (unctoyHmk — URL: https://vk.com/
. radio_i_tv?w=wall-208243619_3581
| (23.05.24)).
; HWUXEroPOACKAS OBJI1. AoMyHMCT-
| paumeit ropoackoro okpyrar. Beikca 6bin0
. MPUHATO pelleHne O 3aKpbiTUu paguo-
ctaHuumn "MuoHep ®M", Bewaswen Ha
yactote 102,1 MIy (uctoyHuk — URL:
! https://vk.com/radionnov?w=wall-
24242046_7180%2Fall (23.05.24)).

HOBOCUBUPCKASA OBJ1. 15 anpens
2024 r. dunman PTPC Cubupckuinn PL,
Hayan TpaHcnsuuio nporpamm depe-
panbHOW MY3blKanbHO-NATPUOTUHECKOMN
paguoctaHuum “"Topgoctb” B HoBO-
cubupcke. YactoTta BewaHus —
93,2 MI'y, MoWwHOCTL Nepenartyvka —
© 1«Brt, BhICOTA noaseca nepeaaowen
. aHTeHHbl — 174 m (nctoyHuk — URL:
https://novosibirsk.rtrs.ru/tv/
radioveshchanie/v-novosibirske-
nachala-veshchat-patrioticheskaya-
- radiostantsiya-gordost-/
~ (23.05.24)).
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OPEHBYPICKAfl OBJ1. 19 anpens
2024 1. B Opcke COCTOSINICA TOPXECTBEH-
HbIA 3anyck “[eTckoro paguo”, 4Yacrtota
BewaHus — 93,5 MIy (uctounmk — URL:
https://www.gpmradio.ru/news-
page/uid/36381 (23.05.24)).

NEPMCKUWN KPAWU. 19 anpens
dunuan PTPC Mepmckuin KPTTIL, Havan
YKB-TpaHcnsumio paguoctaHummn "Kom-
comMonbckasi npaeaa” B . Mepmu. TpaHc-
NAumMsa BeAETCH KPYrNIOCYTOYHO Ha YacToTe
96,6 My, ¢ raBHoW TenebawHu Mepmu
BbicOTOM 275 M (uctouHuk — URL:
https://perm.rtrs.ru/tv/radioveshchan
ie/radio-komsomolskaya-pravda-
pereekhalo-na-telebashnyu-rtrs-v-
permi/ (23.05.24)).

PA3AHCKAS OBJ1. 14 anpens 2024 1.
paguoctaHuua "Pagmo Monte Carlo”
Hayana CBOE BeuwiaHue B I. PA3aHM Ha
yactote 87,5 Mly (uctouynmk — URL:
https://rmg.ru/news/radio-monte-
carlo-zazvuchalo-v-ryazani (23.05.24)).

Takxe Ha yacTtoTe 92,3 MI'u B PsizaHu B
KPYrnocyTo4HOM d¢opmaTe 3anyLeHo
BeuwaHue paguoctaHumn "Komcomonb-
ckas npaspa” (uctoyHuk — URL:
https://www.kp.ru/online/news/5765
096/ (23.05.24)). . .

CTABPOMNOJIbCKUU KPAW. C 29 an-
pens 2024 r. B U1306unbHOM Ha 4actoTe
98,2 MI'y Hayanockb BeulaHne paauocTaH-
ummn "Pagmo [aya" BMeCcTO paanmoCTaH-
ummn "CBo€ ®OM" (uctoyHuk — URL:
http://www.krutoymedia.ru/news/123
86.htm (23.05.24)).

TBEPCKAAl OBJ1. B nocénke Cenu-
xaposo ¢ 11 anpens 2024 r. Hayana Be-
waHue paguoctaHums "Xut FM". YacTtota
BewaHus — 96,9 My, mMowHocTb nepe-
natynka — 0,5 kBT (unctoyHnk — URL:
https://vk.com/radioitv?w=wall-
90495469_15249 (23.05.24)).

TYNIbCKASA OBJ1. B anpene ¢unnan
PTPC Tynbckuin OPTMU, Hayan YKB-
TpaHcnsuuio dpenepanbHot My3bikanbHo-
natpuotTunyeckon papmoctaHuum “Top-
noctb” B Tyne Ha vacTtote 89,2 Mlu,.
BelwiaHne Kpyrnocyto4yHoe (MCTOYHUK —
URL: https://tula.rtrs.ru/tv/
radioveshchanie/rtrs-nachal-
translyatsiyu-patrioticheskoy-
radiostantsii-gordost-v-tule
(23.05.24)).

YOAMYPTUSA. 1 masa 2024 r. punuan
PTPC VYomyptckuii PPTML  Havan
YKB-TpaHcnaumio paguocTtaHuuun "lop-
noctb" B Wxescke. BewaHne Benércs
eXeOHEeBHO, KPYMMOCYTOYHO Ha 4actoTe
92,8 MI'y, (MCTOYHMK — URL:
https://udmurtiya.rtrs.ru/tv/radiovesh
chanie/rtrs-nachinaet-translyatsiyu-
radiostantsii-gordost-v-izhevske/
(23.05.24)).

WHTEPHET PAONO

Bcepoccuitickuii npoekt “"PogHukn"
cobpan 6onee CTa ThiCAY NEBLOB, NOJTOB,
KOMMNO3UTOPOB U My3blKaHTOB MO BCEW
ctpaxe. Co3naHa yHVKanbHas TBopyeckas
cpepna, kotopasi o6beauHuna aBTOPOB U
ucnonHuTeneli HoBbiIX PYCCKUX neceH. B
[eHb paguwo, 7 maa 2024 r., Ha4yano cBoé
BElLlaHMe HOBOE HapogHoe paauo
"PoaHukn". PaguocTaHums GyaeTt 3Hako-
MUTL CBOMX CnylwiaTenei He TONbKO C
rNaBHBIMU XMTaMu POCCUIACKON acTpaabl,
HO U C NYYLIMMW NECHAMU MaNIOU3BECTHbIX

aBTopoB. bannagbl M pok-H-ponn, non-
MYy3blka U Xun-xon. B nnaHax paguocTaH-
umun — nosieneHue B YKB-auanasoHe poc-
CUACKMX TFOPOAOB, a Takxe B nakerax
CNYTHUAKOBOIro BewaHusa (VICTO‘-IHVIK —_
URL:  https://onair.ru/main/enews/
view_msg/NMID__88967/ (23.05.24)).

3APYBEXXHOE BELWAHWUE

BEJIMKOBPUTAHUSA. Mo nocnegHnm
OaHHBIM O MPOCHYLWIMBAHUW  Paavo,
OHNawH-NpoCnywmMBaHMe Bnepeble 060-
rHano (uctouHmk — URL: https://
radiotoday.co.uk/2024/05/online-
overtakes-fm-and-am-radio-
listening-for-the-first-time-in-the-
latest-rajar-listening-figures/
(23.05.24)).

UHAUA. N3-3a CUNBHOIO UUKIOHUYE-
CKOro LWTOpMa, KOTOpbI obpyumncs Ha
HECKOJIbKO PaliOHOB CTOMIMYHOrO PernoHa
HawHn, n3-3a o6LWNPHBIX NOBPEXAEHUI B
aHTeHHown 6aluHe cpeaHeBONHOBOro Aua-
rna3oHa BPEMEHHO MPUOCTAHOBNIEHO Be-
ujaHue Ha CpenHeBOJIHOBOW 4acToTe
1143 kl'u. PaboTtbl No ycTpaHeHuio no-
BPEeXAEeHUA BeOyTCs B KPYFOCYTOYHOM
pexume, v B bnvxarniluee Bpems nepeaat-
YUK CHOBA BblAET B 3PUP (UCTOYHUK —
URL: https://mediumwave.info/2024/
05/11/india-103/ (23.05.24)).

WUPAK/POCCUSA. NHdopmaumoHHoe
areHTCcTBO M pagmo Sputnik u Upakckoe
nHdopmaumnoHHoe areHTcTso INA goroso-
punucb 06 06MeHe KOHTEHTOM Ha aHTNInN-
ckoM 1 apabckom s3bikax. Ons Sputnik
cornaileHve cTano BTOPbIM NapTHEPCKUM
DOKYMEHTOM, noAanucaHHeiMm co CMU
Wpaka (uctodyHuk — URL: https://
onair.ru/main/enews/view_msg/NMID
__ 89029/ (23.05.24)).

UCNAHUA. 90 net "Paguo Ceytbl" B
MCMAaHCKOM 3KCcknaBe Ha nobepexbe
Mapokko. 9 mas — ropoBuiMHa NepBoro
BbiIXo4a B 3puMp cTapeilen paguocTaH-
umm Ceytbl. PaguoctaHuus EAJ-46 npu-
Hagnexana komnaHun Mas, Bernaola y
CompacHa, a 3atem B 1954 r. 6bina npo-
paHa BMmecTe ¢ "Paguo Menunbsi” komna-
Hun Toppeca Kesepno. Toppec Keseno
xoTen passueBaTb paguo B CesepHoW
Adpuke, co3gas "Paguo Ceyta”, "Pagno
Menunes” 1 "Paguno Oepca” B Tanxepe.
Bnarogaps cBovm TpEM nepegaTymnkam
paguocTaHuns oxsaTbiBana BcE nobe-
pexbe Mapokko ¥ 4acTb nobepexbs
Anxupa. O6peTeHre Mapokko He3aBucu-
MoCTu B 1956 . NONOXUNO KOHEL, 3TOMY
macwTabHomMy npoekty B 1963 r. "Paguo
Jepca" npekpatuno cBoé BeulaHue, a
Toppec Keseno npogan ase apyrue csouv
paguoctaHumu. B 1960-x ropax, koraa
paguocTaHuMa UcnbiTbiBana TPYAHOCTH,
OHa 6bina 4acTbio CeTn NCNaHCKOM paguno-
BewlatensHoi komnavum SER. UmeHHO
6narogaps nporpammam Cadena SER
CTano BO3MOXHbIM BO30OHOBUTL Bella-
Hue paguocTaHuuu. Brauvane "Paguo
CeyTbl" BEwWano Ha CpegHux BONHaX Ha
yactote 1409 kly, ¥ MOWHOCTBLIO BCEro
200 BT. Ero nepeaat4uk 6bin pacnonoxeH
Ha BeplmnHe ropel Xayo. Ctyams Haxogun-
nacb B 34aHun, HbiHe He CYLeCTBYIOLIEM,
Ha ynuue Canya Tegxepo.

Ecnn ato 6eina nepsas paguocTaHums,
sewaswas u3 CeyTbl, TO CerogHs oHa
aenut adpup C YeTbipbMs HaCTHLIMWU CTaH-
unamu: Onda Cero, Radio Solidaria, Onda



Color, Radiolé v OBymsi penurvosHbimMu
cTaHumamm (MCTOYHUK URL:
https://mediumwave.info/2024/05/1
2/spain-ceuta/ (23.05.24)).

12 Masi 0OTMe4YaeTcs CToneTve Co OHA
Bbix0oga B 3¢GUP NEPBbIX PEryAAPHbIX
pagvonporpamm B Ucnanum. 310 Becbma
CMOPHbIA 1006UNENn, NOCKONbKY B TOT AEHb
Radio Iberica SA ("Pagno Wbepuka")
Bewano 6ea nuueHann. OHa Bbina OCHO-
BaHa OBYyMSA KOMMNaHusamMu 1 ewé B 1922 r.
0OflHa U3 HUX YXEe npoaaBana NPUEMHNKN
Ons npuéma KOHUEPTOB W paguvoTene-
rpadHbIX U pagnoTenedOoHHbIX Npocny-
LINBAHWIA, TPAHCNMPYEMbIX U3-3a pybexa.
OTgenbHble UcnbiTaHusa Bbiv NPOBEAEHDI
B 1923 r. n navane 1924 r. Y "Pagvo
Nbepuka” 6bin Honbwon cobnasH cratb
nepeo paguvocTaHuuen, Bbllenwen B
acdwup. [eno nowno oo Toro, 4To nepepar-
yuk 6bin BBEAEH B 3KcCrsyaTaumio, Kak
TOSILKO ObINO 00bABNEHO, YTO 3TO OyneT
paspeLleHo 3aKoHOM. BbICcTpbIit cTapT, He
poxuagascb nyénukauum KoponeBcKoro
yKaza un gaxe He OTnpaBfss 3anpoc Ha

nonyyeHne NUUEH3MU. AT TpaHCIAUMn
OblIM HE3AKOHHBLIMW, Y4MTbIBasA, 4TO KOPO-
NEeBCKMIA ykasd Obll onybnnkoBaH TOSbKO
14 wiona 1924 r. Takum 06pa3om, TONbLKO
c aTtoro MomeHTa 6yaylive yacTHble
pagmocTaHumMm CMOrav nodaTh 3asBKy Ha
rnony4YeHve nuUEeH3MM Ha BellaHue.
MepBbIMY 3apPErNMCTPUPOBAHHLIMU CTaH-
umamun 6binu EAJ-1 Radio Barcelona,
EAJ-2 Radio Espafia, EAJ-4 Radio Castilla
v ap. "Pagvo Ubepuka” nony4mno no3abis-
Hon EAJ-6. 3atem B 1925 . 6bin co3paH
Pagviocowsa EAJ-7 (uctouHuk — URL:
https://mediumwave.info/2024/05/1
2/spain-40/ (23.05.24)).

CJNNIOBEHUA. BewartenbHbih oTaen
CNOBEHCKOro paavo v tenesungenus (RTV)
ewé 1 anusaps 2024 r. nnaHnposan oTKIIO-
YNTb CPELHEBOTHOBOV NepenaTyvk 8 Hem-
YyaByvHe (YacToTbl BewaHua — 558 kl'y, v
648 kl'u), KOTOpbLI TpaHCAUpyeT npo-
rpammbl  MMR  (Muravidéki Magyar
RAadié — Benrepckoe paavio Mpekmypbe)
Ha yactoTte 558 klu. B peaynstate MMR
rnoTepsieT 3HAYMTENbHYID 4acTb CBOEWN

YKB-0Nn0K C YBEJINYEHHbIM
ANHAMUWYECKUM AMana3oHOM
ona paguonpmeMHUKoOB
"OkeaH"” u Selena

Xz S

XANO JIOXHU, l'epmanns

A _SWERC RS RS

pobnema pa3paboTku Ka4eCTBEHHOIO

pagvosewarensHoro YKB-npnémum-
Ka eweé c koHua 1970-x rogos 6ecnokont
pagvonodutenen. OrnsiHyBWWCL Ha3ag,
MOXHO YBUOETb, YTO 3HTY31a3M yHEC Hac
B 3aTpaTtHble U rPOMO3LKUE MPOEKTbl, U
yaule Bcero 3T0 Oenanocb Ana craumo-
HapHoR annapartypbl 6e3 ocobbix orpaHu-
YyeHuih No nuTaHuio, rabaputam, macce u
cToumocTu. MepeHocHas unu KkapmaHHas
annaparypa Bcerga bbina B CTOPOHe, AnA
Heé pa3paboTaHbl NPOCTblE N IKOHOMWY-
Hbl€ PEeLWEHNA C MENKUMWN YAYULLIEHUSAMN
CTaHOapTHbIX cxeM. lNpeacTaBneHHbIn B
3TON cTaTtbe mMarepuvan npegnaraet ans
NepeHoCHbIX npuémHukoB "OkeaH” wu
Selena pelweHve AN Ka4eCTBEHHOro
YKB-npuéma, npuyém ¢ xopoLuen nosTo-

PAEMOCTbIO.
ABTOp B CBOEM O0NTOCPOYHOM MNpPO-
eKTe MoOepHusauMn  NpUEMHUKOB

"OxkeaH"/Selena nocne pa3paboTku HOBOM
rnasHoun nnatel (YBY/YMY) cTtonkHyncs ¢
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TEM, 4TO PagvoTpakT NpUobpén noytu
NOEANbHYIO KaHaANbHYIO CENEKTUBHOCTbL B
Y4, HO npu paguonpuéme 370 He peann-
30BanoCb B YCNOBUAX TAXENO 3arpyXeH-
HOrO CTONMYHOro pagnoadwupa. NMpuynHon
okaszanacb OrpaHu4yeHHas JIMHENHOCTb
YKB-6n0ka, B TOM 41Cne HOBOIO yHMBEP-
canbHoro YKB-6no0ka, npeacTaBneHHoro B
npeabloyLwyx Homepax xypHhana [1, 2].
MoaTtomy Haspena HeobOX0AMMOCTb
paspaboTkn YKB-65noka C yBenM4EHHbIM
OvHamuyeckuMm amanasoxom (A4), npw-
YEM MpY CTPOrnX OrpaHNYeHnax No aHep-
ronoTpebnenunto, macce u rabapurtam.
Mpy noucke nNOAXOAALLEro CXEeMHOro
pEeLEeHUs aBTop, MO TpaguuusaMm 3TOro
NPOEKTA, NEPECMOTPEN CXEMOTEXHUKY MNO-
cnepHux 80 neT v Hawén noackasky B
paauonokartopax cepeouvHbl 20-ro Beka.
MonynpoBoaHukoBble NpubOpbl C KOHLA
1980-x rogoB ¥ COBpPEMEHHAA V3MepU-
TenbHas TEXHUKA No3BoNvAn pa3paboTarb
YKB-6n10k c¢ npeackasyembiM OTAVMYHBIM

ayauMTopuUN: 4acTUYHO B MPUrPAHUYHOM
patioHe Mpekmypbe 1 B OCHOBHOM B rpacd-
ctBax 3ana n Baw. Mepepnaryvk He Gbin
BbIK/OYEH, HO Npobnema oo Cux Nop He
ycTpaHeHa. CerogHs B CnoBenun pabo-
TaloT ABa CpeaHEBOJIHOBLIX Nepeaaryvka:
"Benu Kpux" Ha nobepexbe (HaumoHasnb-
Hble WTanbAHCKME MNpOrpammbl) w
"HemuyaBun" B Mpekmypbe, otkyna MMR
BelwaeT Ha vactote 558 kly ¢ 2002 r.
(paHee BellaHWe BENOCb Ha 4vactoTe
648 kl'y, HO 6bINO NMepeHeceHO w3-3a
nomex co ctopoHbl BBC). CpeaHeBonHo-
BOe€ BelaHve B HemyaBuax obecneyvBaeT
npuém ona cnyliatenen, KOToOpPbIM MOXET
OblTb HEAOCTYNEH MNPUEM nepepady Ha
yactote 87,6 My (nepepatyuk B lNeya-
poBuax) wan 92,7 Mly (nepepatyvk B
npuropoge JliobnsaHbl) (nctouHnk — URL:
https://www.nepujsag.net/muravidek
/15691-meddig-foghat%C3%B3-
k%C3%B62%C3%A9phull%C3%A1mo
n-az-mmr.html (23.05.24)).

Xopowero npuéma n 73!

pPEe3ynbTaTtoM, HECIOXHBLIM HanaxXusaHu-
eM, ManbiM 3HepronoTtpebneHvem wu
cHoBa 6€3 MUKpPOCXeM.

N3 yHusepcanbHoro YKB-6noka 6biin
3anMCTBOBaHbI cxembl YBY v retepoauvHa,
Tak Kak OHV HE YXyallanu Ka4ecTeo u no-
Kasam AOCTOlMHbIE pe3ynbTaTbl. KopeHHbIM
006pa3omM MeHsNCsA cMecuTenb, OH cTan
naccvsHbIM Ha nonesom CBY-TpaH3ucTo-
pe (GaAs), noatomy B cocTaBse YKB-6noka
nosiBUNCA Manowymsamin 6ycpepHsbiin YINY.
B nepBbix ABYx 4acTax cTaTbu npegnara-
etca onucanve YKB-6noka gns pagwo-
NMPUEMHUKOB C MWHYCOBbIM MUTAHUEM
-5,6 B (Bbinyck go 1984 r.)

1. BeepeHune

Mpu ™MoaepHu3auMn MNPUEMHUKOB
"OkeaH-209" n Selena B-210—Sele-
na B-212 ¢ HoBbiM TpakTom YBY/YMNY
peannayioTca OTANYHas KaHanbHasa cenex-
TVBHOCTb U BbICOKAs YyBCTBUTENIbHOCTb.
MocnencTeuem 3Toro ynyyweHus 6bino 1o,
yTo popaboTaHHbin 3aBoackon YKB-6nok
Ha aByx TpaH3ucTopax cepuu NM313 cmor
nokasaTb CBOK COCTOSITENILHOCTb B LE-
noMm, yem n yameun. OQHaKo B YCNOBUAX
CTONWYHOro pagnoadupa OH okasasncs
TeMm cnabbiM y310M, KOTOPbIA HUKAK He
naér sectn YKB-paguonpuém BbICOKOrO
KayecTBa. Takxke 1 paHee ONVCaHHbIA YHU-
BepcanbHblin YKB-650kK [1, 2] B 60nbwnH-
cTBe cnyyaeB 06ecneynTt OTANYHbIN
NPWEM, HO 1 OH HE CNpaBsfeTCa C 3arpy-
XEHHbIM paanoadupom meranonuca npun
WwTaTHoOM paboTe Co BCTPOEHHOWM TENecKko-
NUYecKor aHTeHHon. YacTto npuxoauTtcs
MOMIHOCTbIO 3aABUraTb TENECKOMUYECKYIO
aHTeHHY, HO W 3TO He BCerga ycTpaHsieT
npobnemy.

B cBsi3u ¢ 3TVIM BCMOMHWIOCb OFPOM-
HOe uyucno nybnvkauuii 3aTpaTtHbIX NpPo-
ektoB ana YKB-6nokoe 3a nocnepHue
40 neT, K TOMy Xe 6binn 1 cobCTBEHHbIE
NPOABVIHYTbIE MOMbITKN B 3TOM Hanpasne-
HUW. OTeyecTBEHHAsA NPOMBILINEHHOCTb B
KoHUe 1980-x rogoB Takxe crTapaTtefibHo
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PAOVWOMNPUEM

Mpuém craren: mail@radio.ru
Bonpocsi: consult@radio.ru

PAOMO Ne 7, 2024

npoasuviHyna cxemoTexHuky YKB-npuém-
HVKOB BbICLIEN kaTeropuu. Bcé aTto wno B
CTOPOHY YCNIOXHEHWSA N YTAXESIEHUN, 4TO
TOYHO He npuemMneMo Ans nepeHOCHOWN
annaparypbl. XapakTepHbIM HanpasfieHn-
eM passuTusa 6bI10 yBENUYEHVE YMCna Ne-
pecTpamBaembix KOHTypoB B YBY pgna
"6e3Haka3aHHOro" HapalmBaHua ycune-
Hua B YBY B Hagexae Ha BbICOKYIO npe-
OenbHy0 4yBCTBUTENbHOCTL. OOHAKo 310
6b110 3P PeKTUBHO TONMbKO A0 Tex nop,
noka pagvoacpup 6bin 3anonHeH "dyepes
kaHan" nnu ewé pexe. Kak T0nbKO B
1990-e roapl Ha4anochk NAOTHOE 3aronHe-
Hue advpa No 4aCcTOTHOW CeTke, Aa eLé C
curHanamm u3 cocefHero pernoHa, gaxe
YBY Ha Tpéx-4eTblpEX KOHTypax nponyc-
KaeT HEeCKONIbKO CUrHanoB Ha cMecuTesb,
1 BCE OHU MOLLHbIE. Ha peakocTb B CMecu-
Tene Hanggérca aton npobneme BRosHe
[ocToHoe peweHve. Bce npekpacHble
U3MEPEHUs VHTEPMOAYNAUUN (ecnu umx
BOOOLLE NpoBOAMNYM) CTapaTesnbHO BENUCH
3a nonocon nponyckaHus @uabTPOB
nocne YBY, n BbICTaBNEHHbIE HA peknamy
uMdpbl OTHOCATCS TONBKO K camomy YBY ¢
BXOAHbIM dunbTpom. Ecnn nposectn Te
Xe uamepenuns IM; BHYTpY NoaoCkl Npo-
nyckaHua éounstpa mexay YBY n cmecu-
Tenem, yaile Bcero npuUAETCs nevyanutb-
csi. Pe3aynbTaTt Nno mepe pocTta ycuneHus B
YBY crtaHoBunca xyxe. Ecnn YBY umeert
ycunenue 10...20 ab n B cmecutene pabo-
TaeT TPaH3NCTOP Takol Xe KaTeropuum, 70
VHTEPMOOYNAUNOHHBLIA ¢doH (0T IM3) B
Takom cny4yae 6ynet Ha 30...60 ob (!) BbI-
we, 4yem B YBY B otmenbHocTu. meHHO
Nno3TOMY MHOMMe pPaguonpuUEMHUKN npe-
MUyM KJlacca NpoLLioro Beka npu NosiHOM
VICNPaBHOCTY B Halle BpeEMs B Meranonu-
ce BenyT cebs He ny4yLue NpocTbiX paavo-
npuémnnkos. 3asseneHHoe 70 neT Hasag Kka-
yecTBO YKB-pagvoBeLwaHnsa He Tak npoc-
70 06ecneynTb B 6ONLLWOM ropoje C 13o-
6unbHbiM YKB-pagnoadupom.

2. Xopowo —
3TO CKOJIbKO U Yyero?

B ycnoBusx meranonuca y Hac He
[OMKHO ObITb BapraHToB camoobmaHa ¢
"xuTpbiM” namepenvem O ona nonyye-
HuA "kpacuBoro” peaynbTarta. Bce nsme-
PEHUS HYXXHO NMPOBECTW BHYTPW MONOCHI
nponyckanua YBY no Bxoga cmecutens,
a eweé nyywe, go sBxoga nepsoro YMNY,
ecnn ¢unbtp MY nocne cmecutensa He
VIMEeeT MONHOLEHHOWN KaHanbHOW cenek-
TUBHOCTU. JONyCcTUM, €Ccnun y aKTUBHOro
cMecutens koadpuumeHT npeobpasosa-
nus Kpe = 16 gb, a nocnenytowmii 3a HUM
¢unbTp MY (OoBa LC-koHTypa) ocnabut
cocenHvii kaHan Bcero Ha 12 b (970 He
penKocTb), TOrAa Ha BXOAE NepBoro Kac-
kana YIMN4Y cutyauma Ha 4 ob cnoxHee, 4em
Ha BXO[E CMecuUTensl, UHTEPMOAYNALMNOH-
Hbll GOH MOXET ObITb 6onble Ha 12 b, n
B HEM "NOTOHYT" CUrHasbl, KOTOPbIE BPOAE
OOJXHBI NPUHMMATLCA, CyAs No napamer-
pam B oTaenbHoCcTY B3AToro YKB-6noka.

MoaTtomy npu mogepHusaumm YKB-npu-
EMHNKOB B COBpPEMEHHOW 0OCTaHOBKE
HYXXHO B NepByio o4epenb n36aBuTb OT ne-
perpyaku nepsbiii kackag YMN4Y. B punbtpe
rnocne CcCMecuTensi HyxXHo obecneunTb
nogaeneHve cocenHero kaHana 6Gonblue,
yem ycunernve YKB-6noka. OpgHako 370
noaxoauT Ons cuTyauuu, Korga Bce cur-
Hasbl B 3prpe NpuMepHO OANHAKOBbLIE MO

ypoBHio. K aTomMy TpeboBaHMIO HYXHO O0-
6aBuTb ELLE 0XMAAEMYIO Pa3HULLY MEXAY
curHanamu camon cnabont cTaHuum wn
camMoOi MOLLHOW CcocenHel CTaHuuen.
MoatomMy nopaBneHve cocegHero kaHana
Ha conugHble 40 ob Ha Bxogoe MepBoOro
kackaga YMNY nooonpér paneko He ans
BCEX CUTyaumin B paanoadvpe meranonum-
ca. B Takux ycnoeusix kayectso npuéma
orpaHnunT He Ky, 1 He BOKOBOW WyMm rete-
poAviHa, peLeHnem nNpodnemsl NErko Mo-
XeT ObiTb AONYLEHNE OONONHUTENBLHOIO
3aryxaHus curnana B M4-ounbTpe ¢ xopo-
wen AYX mMexay BbIXOOOM CMecuTens v

TpaHaucTopax KT3108B, KT399A, KT3120A
n TOKOM nokos 1,8 MA ycunut curHan
paamaxom 2x50 MB Ha aHTEHHOM BXOAe
(75 Om) ¢ obpasoBanuem IM; = -40 gb.
Mony4aetcsa, 4to Takon YBY B otoens-
HocTu obecneunTt O/ 82 ob B uenom npu
YMEPEHHO 3anoNHeHHOM adwupe, HO He
pPAAOM C pagvonepenanlyM LEHTPOM,
vnu 96 ob Hap TennoBbIM WYMOM (npwu
Ky = 6 oB) B cnabo 3anonHeHHOM paano-
adwvpe. B nepepacyéTe ypoBEHb UHTEP-
moaynsaumu IM; OT ABYXTOHANLHOrO CUrHa-
na 2x5 mBnn (pas3max Ha aHTEHHOM BXO-
ne) 6yoer Huxe yposHA wyma YBY, c

BXOAOM nepBoro kackaga YMN4Y B nonb3y
KaHanbHOU cenekTueBHocTW. Ha nuke wc-
nonb3oBaHus KB-adupa B 1980-x ropgax
KOHCTpYKTOPbL!I KB-annapatypbl npywnm kK
3TOMY BbIBOAY W Npeanarany pasfvyHbie
peLLeHnsi, OOHO U3 HUX — 3HAMEHWUTble
roofing filter (3awmTHblE GUNLTPLI) B COYe-
TaHuu ¢ manowymsawmm YN4Y (MLUYTY).
Ecnn npepnonaratb Ka4yeCTBEHHbIV
npuém npuv nonoce nponyckanua MY
280 kl'y n aHTEeHHOM uMnepaHce 75 Om,
TO BXOOHOW TENNOBOW LWYM COCTaBuT
-119 pbmMBT  wvnun 307 HBadpp wnnm
870 HBnn no pasmaxy (ans ynpoLLeHus B
nepepacyéTte kak AJis CUHYCOUOANbHOro
curHana). Ytobel npuémunk ¢ Ky = 6 ab
npuHuman YM-curian ¢ pasbopuvBbiM
Ka4ecTBOM, CUrHas JOMXKEH ObiTb HA 14 0B
6onblle, UTOro BbLIXOOWUT MpPEBbILIEHNE
20 pb Hap TennoBbiM WYMOM — 3TO
BbINOJSIHAETCS A1 CUHYCOMAANBbHOIO CUr-
Hana pasmaxom 8 MkB. Y "nyywero” npu-
émHuka (Ky =0 ab) notpebyeTcsa BxogHOM
curHan pasmaxom 4 MkB ans HagéxHoro n
HEe pasgpaxawowero npuéma, a 3To
1,3 mkBadd, n nogobHoe HanpEM B onu-
caHuax xopowwux npuémHukos. Lanee,
YBY n3 yHueepcanbHoro YKB-6noka [1] Ha

Ha[leXaon, 4TO CMecuUTeslb 3aTeM 3TO He
1McnopTUT.

Mpw ncnons3osarHun 8 YBY kackana no
cxeme ¢ OB u Tokom konnekTopa 1,8 MA
nony4ynTca cBoOOAHbIA OT MHTEPMOAYNS-
umun O, okono 62 ob ans yBepeHHo npu-
HMMaeMoro curHana v npu yMepeHHO
3anofHeHHOM 3duipe, B KOTOPOM Ha CBO-
60OHbIX OT MECTHbIX CWUrHaNoB KaHanax
CNblWwHbI cnabbie fanbHue cTaHumu. ITo
3HayYeHve B Nocnenyowmx y3nax B Tpakte
paguonpuéMHMKa B NyYLLIEM CIly4ae ToNb-
KO COXPAaHSAETCS, HO TOYHO He yNyylaeTcs.
Ecnu B cmecuTene yCcTaHOBUTb Takown xe
kackag ¢ OB, a ycunenue YBY 6ynert
18 ob, T0 cBOGOAHLIA OT WHTEPMOOYNA-
uvn A0 pyxHeT 0o 44 pb. A ecnv B cMecu-
Tene pabortaeT 6lOOXETHasA MUKpOCXeMa
cepumn TA7358, 10 B nydwem cnyyvae A/
6ynet no cnés man — Bcero 38...40 ob.

Ecnn ycunenne YBY 6ypet 10 ob no
MOLLUHOCTY (OT @HTEHHOrO BXO4A KO BXO4Yy
CcMecuTens), CMecuTenb [OO/XEH npe-
obpas3oBaTb ABYXTOHASNbHLIA CUrHAN pas-
maxom 2x150 mB npu nmnepaHce 75 Om,
4TOObI HE YXYALWWTL Ka4eCTBO CUrHana Ha
Bbixoge Takoro YBY. MopobHble undpbl
Mbl 0OBLIYHO CBA3bIBAEM CO CJIOXHbIMU



3aTpaTHbIMU CXEMaMMU, NPOCTbIE ANOAHbIE
CMECUTENN MOIYT 3TOMY YX€E HE COOTBET-
CTBOBaTb.

OpHako abvpHas cuTyaumsa Ha NpakTn-
ke 6onee pazHoobpasHas, N He 3ps HEKO-
TOpbIe BUAblI CBA3HOW annapatypbl TecTu-
PYIOTCS MHOrOTOHaNbHLIMK CUrHaNamu.
Yka3aHHbI Bbille A0MYyCTUMbBIA OBYXTO-
HasbHbIA aHTEeHHbIN curHan 2x50 mBnn
ons IM; = —40 ob "pa3maxetcs” gns non-
HOCTbIO 3anonHeHHoro YKB-adwupa Ha
50(20) curnanoe no 2(5) mBnn kaxabin,
6e3 y4éTa 3aKOHOB CTaTUCTUKN N BEKTOP-
HOFO CNOXEHWs1 Crny4aiHbix curianos. U
€C/N eLLE Y4ECTb CEIEKTUBHOCTb PunbTpa
mexay YBY n cmecutenem, T0 MOXHO
ObifI0 HeMHOro ocnabvte TpeboBaHuA K
cMecuTenio, kak nocosetosan Obl 3aBOA-
CKOWM 9KOHOMMUCT, MsiAa Ha LieHbl Noaxons-

YKB-6noka. Bcé ato 6b1510 onvcaHo paHee
B [1, 2]. MmaBHbIM HOBLIECTBOM fiBNSETCS
naccuBHbIN cMecuTens (TpaHancTop VI3 8
cepeauHe nnaTtbl Ha puUc. 2), KOTOPbIA
obecneymBaeT XopoLylo IMHENHOCTb Ans
ycuneHnHoro B YBY curnana. Y1o6bl curian
nocne NacCMBHOIO CMECUTENA He YTOHYN B
LWyMax, B CxeMe NosiBUCA ManowyMALLNA
Yy (MLUYMY) Ha Tpan3ucTopax VT4 n VT5
(BBEPXY). ErO BO3MOXHasA neperpyaka ycT-
paHsieTcs NoNoCcoBbiM GUNbTPOM nocne
CMEecuTens Ha KaTywkax WHOYKTUBHOCTM
L11 1 L12 (B ueHTpe nnatbl Ha puc. 1).

3. Cxema YKB-6n0ka

CambiM TpyAHbIM MOMEHTOM MpuU pas-
paboTke npegnaraemoro YKB-6noka 66110
OOCTUXEHNE BbICOKON CENEKTUBHOCTU B

Wwmx cMmecuTeneit n 6noka nuTaHus ons
HUX. OHaKo He CTOWUT 3TOro aenatb, Tak
KakK cryd4al nocTynneHusi OByx KpanHe
MOLLIHBIX CUrHaNoOB B CMeCWUTeNb umeer
BbICOKYI0 BEPOSTHOCTb B Meranonuce.
PasymeeTcsi, 4TO VHTEPMOAYNSLMOHHOE
nojaeneHve paguonpuéma obasaTensHo
O6yner kacaTbca cnaboro curHana Bawlen
nobumoi paguoctaHumu. To ecTb B Mera-
nonuce HetT cmbicna pabotaTtb C Bepo-
ATHOCTSIMW NO YPOBHIO CUTHANIOB U X pac-
npepeneHnem no Avanasoxy.

PeweHnem npobnem okasancs HOBbIM
YKB-6n0k ¢ yBenuyenHbim [, ero peanu-
3auma noka3aHa Ha puc. 1 u puc. 2.
Bbicokasi cteneHb 3kpaHupoBku obecne-
YWT Ka4ecTBEHHyYIO paboTy B yCNOBUSX 3a-
rPyXeHHOro MeranonucHoro acdwupa, npu-
CYTCTBUS APYrMX MOLUHBIX W3NyYEeHUA u
"uncposbix" nomex. U B atom YKB-6510ke
NPUMEHAETCA 3aBOACKOW [BYXCEKLUMOH-
HbIt KMNE n YKB-KIMW, retepoaun octancsa
Ha repMaHVeBOM TPaH3NCTOPE C YNYHLLEH-
HOW TepMokomnieHcaumeit, YBY cobpaH Ha
KayecTBeHHOM TpaH3ucTope KT3120A
(cnesa BHU3Y). MepeknioyeHne aHTeHHOro
BXOZa W @aHTEHHbI avnnekcep ocTanuch B
NPOBEPEHHOM BUAE U3 YHUBEPCANbHOIo

nonb3y A1, HECMOTPS HA CKPOMHbI OBYX-
cekumnoHHbii KIME. Tak kak atomy KINE no
KOHCTPYKUMW HE HALLNOCh 3aMeHbl N3 Apy-
rMX MPUEMHUKOB BbICOKOW KaTeropuu c
TPEMSA WAWN YEeTbIPbMA CekuMaMu, npu-
LUNOCb M3HAYaNnbHO CMUPUTBCS C OAHUM
nepectpavBaembim LC-koHTypom B YBY 1
obecrneunTb Ka4yecTBO 3a CYHET NIMHENHO-
cTn n obwei cenektmHocTu. Cuctema
cBA3n 60MblIMX aBuay3nos meranonuca
0AéT MOLLHble NOMexn B Aunana3oHe
118...138 MI'L, (3epkanbHbiiA kKaHan npueé-
Ma), paguoniodbutTenbcknini  AnanasoH
2 MeTpa WHTEHCMBHO MCMOSb3yeTcs, Aa v
ewé pa3BMBaloLWancsa cuctema pagnose-
wanus DAB B ananasone 174...240 My,
"rpo3nT" NPUEMOM Ha BTOPOWN rapMOHUKe
retepoavHa. CooTBETCTBEHHO OAMH nepe-
cTpavBaemsblli KOHTYp B YBY pewnT Bcero
NNWb 33424y YMEHbLLIEHUS YCNA MOLLHBIX
pagvoBewaTenbHbix YKB-curnanos, no-
CTynalLmx Ha CMecuTesb, NO3TOMY 3TOT
KOHTYP [O/MKEH UMETb BbICOKYIO 406poT-
HOCTb ¥ nopaensaTe 80 % curHanos npwm
ycunenum B YBY 14 gb (no mowHoCcT! oT
aHTeHHbl 40 cMmecuTens). A ¢ NOMOLbIO
Ka4yeCTBEHHOro BXOAHOr0 MOJIOCOBOro
dunbTpa ans guanasoxa 87,5...108 My

pewatTca rnobanbHblie MeranosinMcHble
npobnemsb ana YBY. NMomexn n3 paguose-
warensHoro ananasoHa OIRT (65...73 MI'w)
B Hallle BPeMS YXXe He KPUTUYHbI, OCTaNoCh
0O4YeHb Mano CUrHanoB B 3TOM AvanasoHe,
naxe B MockBe No MOLLIHOCTU OHW yXe He
MexpervuoHanbHole. [MoaToMy B HOBOM
YKB-6n0ke, cxema KOTOPOro nokasaHa Ha
puc. 3, NoABUIOCb MHOIMO MOTOYHbIX U3-
nenvin pns 6e3ynpeyHoro pelleHns 3agay
MO COrnacoBaHuO, CENEeKTUBHOCTU, CHU-
XEHWNIO HTEPMOAYNALMOHHBIX UCKAXKEHWIA
Y NOAABMEHNI0 HaBOAOK.

3.1. HanpsxxeHue nutaHus

WraTHbln YKB-6nok paccunTaH Ha
nutaHue HanpsxeHuwem -5,6 B, n Het
CcMbIciia 3TO nepefenbiBaTb Ha MEHbLUEE
HanpsixeHve ana paboTbl C 3aBOACKUM
YMY, koTopbii gaxe nocne o6LwupHON
DopaboTky HE COOTBETCTBYET KaTeropuuv
npeactasneHHoro YKB-6noka. OpgHako
MoaovpuKaumsmMm B LENAX CMeLeHus
TPaH3UCTOPOB MOXHO a4anTUpoBaTh 3TOT
YKB-6n0k n ans apyrux npuEMHUKOB W
MPOEKTOB C HANPSXEHNEM MUTAHUS B UH-
Tepeane —6...—9 B, HO TONbLKO C ycnosus-
Mn xopowen abcontoTHOU cTabunbHOCTH
HanpsaxeHusa 6e3 Nynbcauuii U MeAJSIEHHbI-
My nepenagamu He 6onee 10 MB. Muta-
IolWee HanpsXkeHne mnocTynaetr 4yepes
ppoccenu L6, L14, L15 c 610KkMpOBOYHBbI-
M1 KOHOeHcaTopamu. ipoccens L6 noao-
6paH No co6CTBEHHOMY PE3OHAHCY B 00-
nactv YKB.

3.2. BxoaHoii nonocosoit GunbTp

Ha Bxope yCTaHOBNEH TPEXKOHTYPHbIN
NosI0COBOM GWUIBLTP C NJIIOCKON BEPLUNHON
A4YX B amanasoHe 87...109 Mru, koTopsbin
3ddeKTMBHO NOAABUT CUrHasNbl Auanaso-
Ha OIRT 65...73 MI'y n cpeaHero KB-gua-
nasona 10...12 Ml'y. Ho ocHoBHas cTaeka
Gbina coenaHa No NoAABEHUIO CUrHaNoB
aBnagmanasona 118...135 MI'y, n pasnuy-
Ho YKB- n CBY-pagunocsazu. Noatomy
KOHTYpbl CBA3aHbl Mexay coboi ¢ nomMo-
Wbl 3a3eMNEHHbIX KOHAeHcaTopos C3 un
C5 cpaBHUTENLHO 60MbLWON EMKOCTU.
Curnansl MOBUAbHBIX CETEl Ha YacToTax
450...2000 Ml'y, nogaBneHbl He MeHee
yem Ha 60 ob Ha Bxome YBY (VT1), utO
No3BONMUT B FOPOACKUX ycnoBuax pabo-
TaTb U C BHEWHEN aHTeHHoM Ha "obcTas-
NIeHHO" pasnuyHbiM paanoobopynoBa-
HWEM KpbILLE.

3.3.yBY

B YBY Hy>XHO 0653aTENbHO NPUMEHUTb
KQ4YEeCTBEHHbI TPAH3VCTOP MO YCUJIEHUIO
M No wymy, y KOTOPOro WUMEeTcsi SBHO
BbIPA@XEHHOE HU3KOE COMPOTVBAEHWNE ne-
rMPOBaHHbIX 30H KpucTanna. B pokymen-
Taumm noackaska o "xopoluemM” TpaH3nc-
TOpe HaWaETCca B yKa3aHUW BXOLAHOro
vmnenaHca B uHtepsane 34...3 OM npu
Toke amutTepa 1...10 MA B cxeme ¢ ObB.
Mpu Toke nokos 1,8 MA ¢ NoAo6HbIMYK
TpaH3ncTopamMu Nosy4yaeTcs BXOOHOE CO-
npotueneHve 18 Om, ecnu ero rpaHnyHas
yacToTa Npv TakoMm Toke B cxeme ¢ O3 He
meHee 600 MI'u. Ha Bbixope KonnekTop-
Has Harpy3ka ot LC-koHTypa co cmecurte-
nem coctasnsietT npumepHo 800 Om. Ycun-
nieHvie no HanpsxxeHuio — 33 b oT amuT-
Tepa K KOMJeKTopy, a fno MOWHOCTN —
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Puc. 3

. npumepHo 17 gb. 3To xOpoLwWniA KOMNPO-
MWCC AN 4OCTAaTO4HO Manoro wyma Bcero
NpUEMHMKA W NpeaoTBpalLeHus nepe-
. rpysku cmecutens u 6ydepHoro kackaga
- YN,

3.4. NepecTpanBaeMblilt KOHTYP
B YBY

Bbicokme TpeboBaHua K eAVHCTBEHHO-
My nepecTtpanBaeMomy LC-KOHTYpy Bbl-
NoNHATCA 3a c4éT oTbopa curHana Ha
CMecuTenb C MOMOLWbID EMKOCTHOrO
nenutens. B oTnvyve oT NPUBbIYHBIX CXEM,
30ecb 0T6Op CuUrHana OCYyLLECTBAAETCS C
y4acTVeM MNOYTU BCE KOHTYPHOW EMKOCTH
(kongeHcaTopbl C11—C15), 4To Npasunb-
HO, ecnu KoHTyp nepecTtpausaetcs KIIE.
KongeHcatop C10 COBMECTHO C KOHAOEH-
catopamu C11—C15 obpasyer E€mMKoCT-
HbIA 4eNNTENb C HU3KOOMHBIM BbIXOA0M Ha
cmecuTenb, 3ademnenue KIME atomy He
nperpaga. C pocToM 4acToTbl HE u3me-
HAIOWWIACH UMNENAHC CMECUTENsi TpaHec-
¢dopMUpyeTcsa B KOHTYp C pacTyLMm co-
NPOTVBNIEHNEM, MOJTOMY MPU yMEHbLLe-
HUKM 0bLen KOHTYPHOI EMKOCTU O06poT-
. HOCTb KOHTypa NpakTU4ecku He Aerpaam-
pyeT. HarpyxeHHas no6poTHocTb LC-KoHR-
. Typa cocrtasnseT 45...52, n nonoca npo-
| nyckaHuns YBY nonysaercs npaktuyecky
NnocTosiHHoW — okono 2 Mly, npu nepe-
CTpolike No BCEMY AuanasoHy. 3970 B
LenomMm B ABa pasa fnydlle, Yem B 3aBOA-
. ckux YKB-6nokax v B yHUBEpPCanbHOM
. YKB-6noke [1, 2]. Kak n BxogHo Gpunbtp,
3TOT KOHTYp 0c060 XOpOWo noaasnser
CUrHanbl Ha 4acToTax Bbllle PE30HAHCHOM
4acTOTbl N3-3a BONLLIOr0 HOMWHANA KOH-
. peHcartopa C10.

Bonpocsi: consult@radio.ru

3.5. Cmecurens,
ucTopuyeckas cnpaska

MaccuBHbIA cMecuTens B BUAE OOHO-
¢da3HOro kKoMMyTaTopa cvrHana Ha obLmn
nposop, (B Hawem YKB-6noke ato TpaH-
3ucTop VT3) — BOBCE He HOBOE M3006pe-
TEHWe, 3TOMYy nNpuHUUNY Yyxe 6onee
100 net, n MoBONbITHBIA YuTaTENb MOXET
03HAKOMWUTBLCS C CUHXPOHHBIM AEeTeKTop-
HbIM NMPUWEMHWKOM Ha OCHOBE Koneca
lfonbgwmuara. Nosxe, ¢ nosABneHWem
Avonos, cTabunbHO pabdoTalowmx Ha ana-
nasoHax B4 n CBY, a10T e npuHumn 6bin
NPVYMeEHEH B paauonokaropax, B cepui-
HbIX M3genusx Ao koHua 1980-x rogos.
CyTtb paboTbl Takoro gunogHoro CBY-cme-
cuTens COCTOUT B TOM, 4TO AVOA, pa3me-
waeTtcs B Topuesoi yactn CBY-BonHoBO-
[a Ha 3NeKTPUYECKOM paccTosHue A/4 oT
3akpbiToro Topua. OavH anekTpon, avoaa
HEeMNoOCPeACTBEHHO COEAMHEH C LUVPOKOMN
CTEHKOW BONHOBOAA, @ BTOPOW 3NEKTPO.,
[voaa BbixoauT Yepes Apyrylo CTeHy BOJI-
HoBOAa HanpoTtue. MNMpu 3TOM y3kuia 3a30p
MeXay KOpnycoMm Anoaa U CTeHKOM BONMHO-
Boga He mewaeTt CBY-BonHam pacnpo-
CTpaHaTbCA BHYTpW BonHoBoaa. C yyéTom
dasbl (180°) oTpax&HHOro ot Topua Bo-
HOBOAA CurHana Avopm, HaxoauTCcs B TOYKe
MakCUManbHOW HanpsXeéHHoCcTn E-nons
curHana. OpHako wu3-3a HebonbwWoro
YPOBHSI pagvocurHana BbiNpAMUTENbHbIN
addekT He 0cob0 BbipaXeH, 1 N0 OTHOLLE-
HUIO K HeMy Oamof BefeT cebs kak ynpas-
nAemMblit TOKOM pe3ncTop. Yepes Hanpas-
NIEHHbIA OTBETBUTENb B TOT XE BOSIHOBOL,
nonaéTcs curHan oT MecTHOro reTepoav-
Ha (B Te roApl 4acTo OTpaxaTesnbHbI Kn-
CTPOH) 1 nocTynaeTt Ha auogd. letepoaviH

paboTaeTr Cc OTCTPOMKON HA HECKONbKO
[ecAaTKoB merarepL, OT NONE3HOro pagno-
curHana. Avog Tem cambim "pybut” no-
nesHbit CBY-curnan B putme retepoamH-
HOIA 4acToTbl. Ha BbIBEAEHHOM 3N1E€KTPOAE
CBY-auopa ¢ imnenaHcoM HECKObKO CO-
TeH oM obpasyerca HanpsaxeHue MNY-cur-
Hana, KOTOpoe MNOCTynaeT Ha BXOOHOMU
duneTp nocnenyiowiero YMNY. Xapakrep-
HbIM 3/IEMEHTOM HaNlaXWBaHUA TaKoro
onopaHoro CBY-cmecuTens 6bin nepemeH-
HblA pe3ncTop "TOK Avoaa”, C NOMOLLbIO
KOTOPOro yctaHasnneanu Hamnyyswmin Knep
cMmecuTens.

Ecnu koneco Tonbawmuara sesuay
naeanbHOro KayecTBa KOHTAKTOB W HEBbI-
cokux yactoT (CAB v [1B) umeno B Hawwmx
COBPEMEHHbIX NPEACTABNEHUSX OrFpOM-
Hbld [, TO C ANOOHBIM CMEecUTeNneM Aeno
cnoxHee. 3aBMCUMOCTb COMNPOTUBMIEHUS
Ovopa OT nNpoTekaloLwero Toka ganeka ort
JIMHEAHOro BMAAa, YTO, C OAHOM CTOPOHbI,
cnoco6cTBOBANO YaCTOTHOMY Npeobpaso-
BaHWIO, HO, C OPYroii CTOPOHbI, NOPTUIO
JNIMHenHyo nepeaady curHanos. Ho Ha CBY
B cepenuvHe 20-ro Beka ¢ nomexamu 66110
HEe Tak npobGNeMHO, WU OTHOCWUTENBLHO
Manbiii ] Takoro cMecuTens He mewan
ero npumMeHeHuno. Pagmnonokatop no4Tm
Bcerga pabotan B OQHOCWUIHANBLHOM pe-
XUME 1 HTepMoaynaumio "He 3Han".

oAbl Wnu, TPAH3UCTOPbLl U MUKPOCXE-
Mbl BbITECHSIM Takne AMOAHblIE CMecUTe-
N1, W PO HUX YYTb SN HE cTanu 3abbiBaTh,
Kak v npo koneco ronbawmuta. Ho paseu-
TMe WAET No cnupanv, U C pPasBuUTUEM
6toaxeTHbIX GaAs-TpaH3UCTOPOB, Aa eLwe
n GaAs-MmukpocxeMm paspaboTinkm K
KoHUy 1990-x rogoB BEPHYIUCHL K 3TOMY
NPUHLMY, Ha 3TOT pa3 yXxe non, pekiam-



HbIM Ha3BaHuem Y-mixer, n He ob6s3aTtens-
HO B "CnecapHOM" BONMHOBOAHOM WCMOJ-
HEHWW, a Ha nedyaTHbIX nnatax. Monynap-
HbIM ¥ HEAO0POrMM CMECUTENEM C KJTHO4OM
Ha GaAs-TpaH3ucTope CTanu MMNOPTHbIE
MuKpocxembl cepuin CMY211, HMC333,
ADL5350 pns puanasoHa ot YKB po
2...5Tu. Ons 6onee yno6HOro npumeHe-
HUSI 3TUX MUKPOCXEMHBIX CMecuTenen B
CcocTaBe NMPOMbILLNEHHON annapaTtypbl Ha
TOM Xe yune HaxoasTcs OydepHblii ycu-
nvTenb QNS reTepofAvHHOro curHana um
Lenb CMeLLLeHNs 3aTBOpa NONeBOro TpaH-
3uctopa (bias). OTnuyHble cBOWCTBA
GaAs-CBY-kntoyert no3sonvnm coBMec-
TVUTb orpoMHbIi ] koneca MonbawmuTa ¢
6bicTpogerictenem CBY-nonynposogHu-
KoB, n atn CBY-cmecuTtenn nokasbiBaloT
BreYaTnaoLlLme pesynbtarbl Npy CpasHU-
TenbHO MasnioMm 3HepronoTpebnexun. Og-
HAKO WX LUMPOKOMOJIOCHLIA Apavisep ons
reTepoauHHOr0 curHana MeeT OOMWHU-
pyioLee aHepronoTpedbnexve, n 4na npo-
eKTa paavoBELLATENbHONO NepPeHOCHOro
"ponronrparowero” nNpuémHuka ToNbKO
“cnabyto" mukpocxemy CMY211 mMoXHO
Koe-Kkak npumMenuTb. K TOMy Xe apansep
Ha vacTtoTax Huxke 200...300 Ml'y, yxe
MOXEeT He paboTaTb ONTUMAaNbHO K3-3a
marnbix éMkKocTen Ha yune. B Hawem cny-
4Yae ecTb 3NeraHTHbIA BbIXOA N3 cuTya-
umn — retepoaviH B cxeme ¢ OB Bbipaba-
TbIBAET curHan ¢ 6onbWUM pasmaxom no
HanpPsXeHIo (HEeCKOJIbKO BOMbT Ha KOJI-
NEKTOPE) Aa ewe C Hennoxom Harpys3oy-
HOW CNOCOBHOCTBIO NPV OTAIMYHOW 4acToT-
HOW CTABWNBHOCTW, N Ha ropsyeM KOHUEe
KOHTYpa MNpaKTU4ECKW OTCYTCTBYIOT rap-
MOHWKW. 3TO MAeanbHO CTbIKyeTcst C KO-
poTkor BAX WrpoKo pacnpocTpaHEHHbIX
ManoMoluHbix GaAs nonesbix CBY-tpaH-
3uctopos ¢ 6apbepom LWoTTkn (MTLU), nx
ewe B cepeanHe 1980-x ropgoe crtanun
BblnyckaTb No Bcemy mupy n 8 CCCP, n oo
CUX NMOP OHW aKTyasbHbI.

3.5.1. BbiGop TpaH3ucTopa
ANng cmecutens

B cmecuTene npegnaraemoro YKB-6n0-
Ka wpeanbHO MOAXOAWT TpaH3UCTOp ce-
pvn 3M344 13 TekyLlero NnpoM3BoACTBa, a
B PEAKUX UCKIIOHYEHUSIX MOXHO Hanpsimyto
3aMeHUTb €ero TPaH3WCTOPOM Ccepuun
3M324. Ho yale Bcero npuaéeTcs yCTaHo-
BUTb QOBa TpaHaucTopa cepun 3324
napannenbHo (MOHTaX OPYr Hag Apyrom)
C TeM Xe OT/IMYHbIM pesynbtatom. Ons
npeasapvTenbHoro otéopa usaenuii Hago
npoBepuTb COMNPOTUBAIEHME KaHana npwu
HYNEeBOM HanpsixeHun Ha 3aTtBope. [pwu
3aMblkaHUV 3aTBOPa Ha UCTOK COMPOTMB-
NeHVe KaHana CTOK—MWCTOK A0JIKHO ObiTb
12...18 Om, y TpaH3ucTopos cepun 3324
310 00bI4HO 32 OM. N3 MMNOPTHBIX Knac-
cuyecknx GaAs MTLW nooxodst MHorve
(Hanpumep, cepun MGF1302, MGF1402,
MGF1502), y HUX OOMKHbI ObITb KPYTU3HA
B uHTepBane 55...80 MA/B npu Hynesom
HanpsXXeHNn Ha 3aTBOPE U HanpsikeHue
oTcedku B nHtepsane -0,8... -1,8 B.

C TtpaH3uctopamu cepum 3MN324 Bbi-
ABUNACb WHTEPEecHas OCOBEHHOCTb, OH
okasancsa ¢oTo4yBCcTBUTENbHBIM. [Mpn Ha-
NaxuBaHuM cMecuTenb paboTtan HeynoB-
NeTBOPUTENBLHO, NO3TOMY TPAH3UCTOP Obin
YyTb JIN HE CNVCaH Kak HerofHbli, Noka He
3aMeTuNn CTPaHHOE ncnpasneHne gedek-
Ta TeHbto OT pykn. HaHeceHve YEPHOro naka

Ha KepaMu4eckuin Kopryc yCTpaHuno aToT
adpodekT. Ho 310 MOXHO He cuuTatb Oe-
¢deKkToM, BeAb N0 ONUCAHUIO 3TU TPAH3UC-
Topbl 40 neT Ha3ap, pa3pabaTeiBanvCh Ans
paboTbl B cocTaBe rmbpuaHbix MUKpocho-
POK, BHYTPY KOTOPbIX LLaPUT TEMHOTA.

Onsa obpaiieHms C aTUMUN 4yBCTBUTESb-
HbIMW K CTatvke TpaH3ucTopamu B
nomauwHern obctaHoBke nydwe nepeyna-
KOBbIBATb 3TV TPAH3WCTOPbI B aIIOMUHWNE-
Byto ¢ponbry. MNpu npoeepke conpoTuse-
HWS KaHana Torga 3TO MOXHO caenatb
npocTto n 6e3onacHo. Tpu BbIBOAA TpaH-
3ucTopa — WCTOK, 3aTBOP U UCTOK OCTa-
HyTCS B $Osbre 3aMKHYTbl 31EKTPUHECKN.
CT1ok ocTaércs cBoO60aHbIM, 1 04eHb YO06-
HO MOXHO W3MEPUTb COMPOTUBNEHUE
KaHana npv Hyneesom HanpsbkeHuu. Mocne
M3MEPEHNS TPAH3UCTOP MONHOCTLIO yna-
KOBbIBAOT B POMbIy Y HAHOCAT HAANUCH C
pe3ynbTaToMm.

3.5.2. Cxema cmecurens

Monesble GaAs CBY NTLU ¢ n-kaHanom
13 npownoro seka TpebyloT Ha 3arsope
MWHYCOBOr0 HanpsXeHWs CMeLLeHus,
[OMyCKAeTCs TakxXe HYNeBoe HanpshkeHue
M 3aX0XAEHWE CuUrHana Ha HeCKOJIbKO
[ECATKOB MUNMNBOJBT B NOSIOXUTENBHYIO
o6nacTte BAX. MNMockonbky B paguonpuém-
Huke "OkeaH-209" umeeTcss MUHYyCcOBOe
nuTaHve, TakoW CMECWUTENb uaeanbHoO
BNVWETCA B KoHuenuuo, obsaska y MTLU
KpainHe npocTas, WUCTOK (ABa BbIBOAA)
MOXHO HanpsaAMylo 3a3eMnATb, Harpsxe-
HWE CMELLIEHNS Ha 3aTBOPE MOXHO Mosy-
YUTb C MOMOLLBIO PE3UCTUBHOIO AENNTENSs
HaNPsXXEeHWs.

CmecuvTenb NoslydaeT Ha 3aTBOP TPaH-
3ucTopa VT3 oT retepoauHa curHan pas-
maxoM 1500 mB, B pe3ynbtate Ha CToke
nony4aeTcst YCpPeAHEHHbI 3a Nepwop, re-
TEPOAMHHOro curHana umnegaHc 60 Om.
MrHoBeHHOE 3Ha4YeHne CONpPoOTUBNEHUS
TpaH3ucTtopa MeHsetca ot 15 0Om pgo
coTeH oM. Y Tpanauctopa cepuu 31344
MWHUMAsIbHOE COMPOTUBIIEHWE KaHana
MoxeT 6biTb aaxe 6...8 Om, HO Npw Hana-
XeHHON paboTe 3TO He ncnonbadyercs
cTOosb rNy60oko. ONTUManbHLIV Nepenag no
COMPOTUBIEHMIO YCTAHaBNMBAIOT Harnps-
XEHVEM CMELLEHNA C MOMOLLbIO Pe3NCTOo-
pa R15 no BbipaXeHHOMY Mpu3Haky Jyy-
wen nepepayn curHana, u ato Nierko
onpenenutb, BCE paenawoT, kak 60 ner
Ha3af Co CMECUTENbHbIM ONOLAOM.

N3-3a kpaiiHe Manbix COBCTBEHHbIX
émkocTein TpanaucTopa (meHee 0,2 nd)
NpPaKTU4eCKn OTCYTCTBYET BAVAHWE MOLLL-
HOro pagMocurHana Ha 4acToTy retepoam-
Ha. K ToMmy Xe retepoguH coscem cnabo
Harpyxaetcd, u oTbupartb 6onbwoe
HanNps>XeHVE He Bbi3blBaeT npobnem no
cTabunbHOCTU 1 WyMy retepoaunHa. Kak
Obl BCE 3TO HW 3By4ano NpocTbiM OENOM
[ns peanusauuu, BCMbiBYT cBOeobpas-
Hble Y KPUTUYECKME MOMEHTbI, O KOTOPbIX
MULWYT B OOKYMEHTALMW BbllLEYKa3aHHbIX
MMC. MNpuynHa BCEX XNONOT — 3TO TO, 4TO
cTOoK TpaHauctopa VT3 fABnaerca oaHO-
BPEMEHHO BXO0M U BbIXOAOM CMEecuTens,
oTTyAa v HaseaHue Y-mixer. Hanuyve asyx
BbIBOAOB Y Bbll€ yKa3aHHbIX MUKPOCXEM
ynyywaet csoilictea Ha CBY, n npoctbim
M3MEpPEHNEM CONPOTUBAEHNA Mbl Onpeae-
UM MEeXAy HVYMW MNPSIMOE COedVIHEeHWE.
HyXHO pa3genuTb MOTOKWM CUrHanoB no
HanpaB/EHWIO, HE HapYLLWB COornacoBaHue

Ha BXO[e, BbIXOAE Y OCTaBVB TPAH3UCTOP B
BbIFOAHOM PEXWUME, a Takxke NpaBuSibHO
Harpy3autb YBY 1 npaBunbHO oTpasatb
curnan B YINY.

KoHnpeHcatop C10 B 00bi4HBIX CXemax
ABnseTca 610KMPOBOYHBIM C HOMWHANOM
6onee 10 HD. B npeacraBneHHoON BapyaH-
Te npu HomuHane 270 nd® oH BXOAWT B
cocTas BbixogHoro YBY-koHTypa, n neyar-
Hble NPOBOAHUKN EMKOCTbIO 0konio 12 nd
Ha nnarte Ha 3ToT pa3 He BpeasT. To ecTb
CO cTopoHbl YBY K cmecuTento nmeem Ha
4acToTe Npuéma OTCYTCTBUE PEaKTUBHOMO
vMnenaHca v MakCMym akTUBHOIO nMne-
paHca co 3HadeHuem okono 60 Om. Ha
yacToTax Bbllle pe30oHaHca wuMnenaHc
MCTOYHUKA HWU3KWIA N EMKOCTHbIN, @ cam
YBY ctpemutenbHo tepsieT ycunernve. Ha
4acToTax HUXEe pe3oHaHca wuMnepaHc
Harpy3ku ans YBY ctpemuTtensHo npupas-
HAEeTCH K umnenadcy cmecutens (60 Om),
M 3TVM UMMNENAHCOM Harpyxaetcs Hero-
CPEACTBEHHO KONNEKTOp TpPaH3ucTo-
pa VT1. MNoatomy ycunenve pnsa YKB-cur-
Hana v gna KB-nomex Ha 4vacrtoTte
10700 kl'y, pasnsatca B 15 pa3 (Ha 24 pb)
no konnekTopHon Harpyske (800 Om un
60 Om).

Ot60py curHana MY B ctopoHy YMY
mewaeT koHageHcatop C10, y Hero peak-
TUBHOE COMpOTMBAEHME 0K0No 55 Om npun
HOMWHanbHOM umnepaHce 60 Om 3Toro
y3na. MoxHo 6biio 661 koHaeHcaTop C10
BKJIIOYUTb B COCTaB BbIXOAHOrO MY-dunbt-
pa (L12, L13), Hanpumep, B EMKOCTHOM
nenutene ¢ koHaeHcatopom C32. Tak aTo
6bI10 coenaHo Ha MakeTe NpoToTvna wm
X0poLwo cpaboTano, Npy 3TOM cxema cme-
cuTens nonydanacb kpanHe npoctoi. Ho
3TO CO30aET MHOIO CNOXHOCTEN Npw pac-
4éTe U N3MepeH NapamMeTpoB U He AacT
B OTAENbHOCTU ONTUMWU3UPOBATb BCE
napameTpbl YBY-koHTypa n dunbtpa M4 ¢
JYHWWM PEXMMOM CMECUTENSA, K TOMY Xe
npu 3ToM eweé VMMENN MEeCTO CTpaHHas
VHTEPMOAYNALMSA U KDOCCMOAYNAUMS.

Mo atum npuyvHam Gbina pobasneHa
KaTywka uHaoyktnsHocTtu L10, koTopas
obpasyeT ¢ koHgoeHcaTopom C10 peso-
HaHC Ha 4actoTe 10700 kl'y, Yyem aToT
KOHOEHCATOP MCYe3aeT M3 CXeEMbl B 06na-
ctn M4. TouyHee, Ha yacToTe 10700 kly, K
koHgeHcaTopy C10 ewé pobaensioTcs
KOHAeHcaTopbl 0T YBY-koHTYpa 1 EMKOCTL
okono 12 nd nevaTHbiXx NPOBOAHWKOB,
WTOro pesynbTupylowas EéMKOCTb COCTaB-
naer okono 300nd Ha uacTtoTe
10700 kl'y. Mocnegyiowmin MNY-punsTp
(Ha kaTywkax L12, L13) moxHo agantupo-
BaTb C "YNCTOro IMCTa" UCKMIOYUTENBHO HA
OCHOBE aKTMBHOM0 MMnegaHca CMecuTens
n YMN4. K Tomy xe yepes katywwky L10 npo-
TEKAeT KOMNEKTOPHbIA TOK TPaH3ucTO-
pa VT1, n 910 0Kka3anocb BaXXHbIM MOMEH-
TOM. Tak Kak B CMecuTesie Npy N3MEHEHNN
COMPOTVBNEHUS KaHana npucyTCTBYIOT
HeNVHEHbIE COCTaBAsAoWmMe, BO3HMKAET
VHTEPMOAYNsAuMsA BTOpOro nopsigka. Ona
obpasyeTrcs U3 CNeKTPOB COCEeOHNX MOLLL-
Hblx YKB-curHanos, yganénHbix go 1 My,
C y4éTom cenekTuBHOCTU YBY-koHTypa.
3TMMW BpEOHbIMU CUrHaNamMm Ha HU3KUX
yacTtoTtax obpaszoBanocb 6bl cMmelleHue
BbIxOgHOW BAX TpaH3ucTOpa B OKONOHY-
NEBOI 4aCTN OMUYECKOro CONPOTUBEHUSA
B MEPBOM W TPETbEM KBafpaHTax. IToT
3dPexT HaMm M3BECTEH Kak KpOCCMOAayNst-
UM, KOr4a CUrHanbl NOBAUSIIOT HA CMELLLe-
Hue paboyelt To4kU NoNynpPOBOAHNKOBOrO
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npubopa nnm paguonamnol. BoipaxeHHbiM
3akopayvBalolmM OeNCcTBUEM KaTylu-
ku L10 Ha yacToTax 0...1 MI'y aToT Bpea-
Hbin cnekTp IM, nogaensieTcs, U KpPOCC-
Moaynauus npakTuyeckn He Habniopaet-
csl. 3TUM CYLLLECTBEHHO OTNYaeTCs 3TOT
cMecuTenb OT O4HOAMOOHOrO "aHTuKBa-
puara”, B KoTopom auog paboTtan co cme-
LLEHVEM NPEANOYTUTENBHO B CaMOW Kpu-
BOW yacTm BAX.

BbixogHoi LC-koHTYp YBY (Ha kaTywke
VHOYKTMBHOCTU L5) xopowo nopasnser
CUrHanbl Ha YacToTe reTepoavHa, 0OgHako
aTa BHYTPEHHSAS HaBoaka obpasoBana 6bl
Ha cToke TpaHaucTopa VT3 nocTosiHHoEe
CUHXPOHHOE HanpsxeHne. U atoTt apoekT
LONONHUTENbHO NOJAaBAAETCA  KaTyll-
kol L10 u cywecTBeHHO ynopsioodvsaet
paboTy cMecuTens NPy HanMYUK LWNPOKO-
MONOCHBLIX UMMYSbCHBIX MTOMEX HECUMMET-
pu4HO PpOpMbl.

3.5.3. Kyna neBartb aHepruio?

Monocoson MY-PunbTp HaA KaTywwikax
vHAaykTMBHOCTU L11 1 L12 co CTOpPOHBI
cmecuTens paboTaeT Kak pacluMpEeHHbIN
NnocfieaoBaTesbHbIA KOHTYP, U 3TO BaXHbIA
MOMEHT Ans Takux cMecutenein. 3ToT
GUNbTP OTPa3vT Ha3af, BCe CUrHanbl BHE
nonockl MY, oH oTbupaeTt y cmecutens
CUTHaNbHYIO 3HEPrUI0 MCKIOYUTESNIBHO B
obnactn vactotbl 10700 kl'u. B onuca-
Husax MMC Y-mixer Hangém MNONE3Hylo
noackasky, 4Y4TO K BBIXOAHbIM MoOpTam
flyYLlE BCEro NoAKI04aTh UCKTIOYNTENBHO
nocneposartenbHble KOHTYpbl. Camas yac-
Taa owwubka B NoOoOHbIX CMECcUTensax
nenaetcs Hac4yéT "3abbiToin” 3epkanbHON
MY (Feyr + Frer). 911 curnanesl o6pasytorcs
C TOW Xe 9HepreTukom, Kak 1 NonesHble Ha
pasHocTHol Y. B pagvoseliatensHom
YKB-6n0ke 3epkanbHas M4 obpasyetcs B

. guanasoHe uyactoT 185...225 MIy. Ecnm

HE YCTaHOBUTb 3arpaxpalowmin GunbTp
L7L8C16C17, aHeprua curHanos Ha 3ep-
KanbHoW MY yxoouT B KOPOTKOE 3ambika-
Hue B koHpeHcaTtop C10. 3To paBHOCUNb-
HO TOMY, 4TO NpuMepHO 15 % curHanbHOM
aHeprn oT YBY uspacxoposaTtb Hanps-
Myt0, 4To yBenuyuno 6ul Ky atoro cmecu-
Tena npumepHo Ha 1 ab. K Tomy xe TpaH-
3ucTtop VT3 ncnbitan 66l NpyY 3TOM CMNEKT-
pe MOBbIWEHHYKD TOKOBYIO Harpysky c
HenuHenHbiMu adodekTammn. Peanctop R8
OCYLWECTBUT YMEPEHHOE MNOroLlieHve
curHana 3epkanbHoit MY. B peasynbraTe
3a60Tbl 0 cyapbe 3epkansHo MY ynyywa-
eT 3(pPEKTUBHOCTb CMECUTENS U €ro CTbl-
koBku ¢ YBY Ha 2 nb (20 %). MonyTHo 3TOT
3arpaxpaoowmin GunbTp NogasnseT BTO-
pyl0O FapMOHWKY NPy BO3HUKHOBEHUWN
HEeNVHenHbIX nckaxeHuii 8 YBY B o6nactu
yactoTbl 200 MI'y. YmepeHHoe nornoe-
HUe aHepruu 3epkanbHon MY pact yse-
nuyenve 11 npumepHo Ha 2 b n cHuxe-
HWE WHTEPMOAYNAUMOHHOMO Wyma npu-
MepHO Ha 6 ab. JoNOAHUTENLHO NONYy4YUM
ansa 6onblwmHcTea DAB-cuUrHanoB 3atyxa-
Hue 8 b, B Meranonuce 3To TOYHO NOnes-
HO.

3.5.4. HenuHeitHoCTb CMeEcCUTENs

Mpn MakeTUpoBaHUK 3TOr0 CMecuTens
Ha cTeHae npu asyxtoHanbHoM YKB-cur-
Hane paamaxoMm 2x150 MB oH nokasan
YPOBEHb WHTEPMOAYNSALMOHHBIX UCKaxe-
Huit IM3 = -40 ab. 370 He xyXe, Yem y Npo-

OBUHYTBIX ONOOHbIX BanaHCHbIX cmecuTe-
Nen, KOTOPbIM HYXHbI 60sIbLLAs MOLLHOCTb
reTepoOuHHOrO0 CUrHana W CHnoXHble
TpaHcdopmartopbl. Takum 06pa3om, aToT
cMecuTeNb XOpOLWO CO4YeTaeTcs ¢ npea-
noxeHHbIM YBY n ogHum nepecTpavsae-
MbiM YBY-KOHTYpPOM.

3.6. Gunprp N4

Mo nonoce nponyckaHus BbIXOAHOMN
YBY-koHTYp 1 dunbTp MY gonxkHel cosna-
narb, YToObI BECh NONAAAoLLNIA Ha CMEeCcK-
Tenb CNeKkTp nanee NocTynan B NIMHENHbIN
YMNY u He 3abuBan cmecuTenb N30GbITKOM
HanpsxeHusa. Takke ¢unbtp MY gomkeH
MMETb Manoe 3aTtyxaHwe, 4Tobbl nocne
NMacCYMBHOIO0 CMECWUTENA W3NULIHE He
TEPATb CUrHanN U He UCMOPTUTL COOTHOLWE-
Hue C/LLU. ®unbtp MY cobpaH Ha kaTyLukax
nHaykTmeHocTn L11 n L12 BbICOKOroO Ka-
4YecTBa C BbICOKOW AOOPOTHOCTLIO U NpwU
nonoce nponyckauusa 1,5 MI'y wumeet
manoe 3atyxaHne — 1,5...2 pb. CurHan
MY nocTtynaeTr Ha HWU3KOOMHBbIN BXO4, Oy-
¢depHoro YNY Ha TpaH3uctopax VT4 n
VT5. Onsa npaBunbHONn paboTbl OYEHb
BaXHO, 4TOObl HA BXOAE W BbIXOOE 3TOro
¢unbTpa He 6GbIIO NMOMNEPEYHbIX KOMMO-
HEHTOB camoro ¢wunbTpa, T. e. GuNbTp
NoAKNo4aeTCA Ha CBOMX NOPTAX NCKOYMN-
TeNbHO nocnenoBaTenbHO. EmMkocTHas
cBA3b mexay LC-koHTypamu (C33, C44)
npv Manom umnenaHce 0cCo6eHHO XOPoLo
nogasnaet nomexv YKB-guanasona.

3.7. CornacoBanue c YINY

[-o6pasHoe LC-3BeHo C36L13 TpaHc-
dopmupyeT BxogHo wumnepaHc YMNY
(okono 25 OM) u obecneuynBaeTr BbIXOAY
¢dunbTpa MY pacyéTHyio Harpyaky 75 Om.
Ha wvactoTtax Bbiwe 20 My 3Tto 3BEHO
pa6botaer kak ®PHY un obecneuymBaer
[ONONHUTENbHOE NOAaBNEHME BHEMONOC-
HbIX cUrHanoB. HeCMoTpsa Ha OTHOCUTENb-
HYIO LUMPOKOMONIOCHOCTL 3TOW uenu, ons
Heé TpebyeTca KkaTywka WHOYKTUBHOC-
Tn L13 ¢ BbiCOKOW BOBGPOTHOCTLIO, YTOObI
noTepu NonNe3Horo curHana Guiiv mansl.

3.8. YNY u Bbixop Ha NKD

MNpu makeTupoBaHUy GbINO MCMBLITAHO
MHOro BapnaHToB ycunutene YMN4, 4tobbl
HaNTM XOpoWwwuii KOMMNPOMWUCC Mexay
MasibimM WYMOM, OTAIMHHOWN NIMHENHOCTbLIO U
ManbiM aHepronoTpebneHvem, oa eLwe v
"yOOBHON" CXEeMOTEXHUKOW NpU MUHYCO-
BOM HanpsxeHuu nutauus. B utore 6bin
BbIOpaH cummeTpuyHbii YMY B cxeme ¢ OB
6e3 anemeHToB OOC. HecmoTps Ha cBOKO
NPOCTOTY, 3TOT BapuaHT WMeeT OAWH
OrPOMHbIV MNIOC — B Uaeane ero BXOgHou
nMnefaHc (U ycuneHue) He meHseTca oT
MrHOBEHHOIMO 3Ha4YeHVs CUrHana, 4To yka-
3blBaeT MOTEeHUManbHO Ha BbICOKYIO
JNINHEAHOCTb, NPMYEM 3TO MOXHO Nony4aTb
npvt Manbix TOKax NOKos.

CyTb nuHeapmsauum COCTOUT B TOM,
4TO BXOQHOW TpaHcdopmaTop npwn wuge-
anbHOM UCNOMHEHUW BbIBOAUT TPaH3UCTO-
pbl H2 BCTpPEYHO-napannenbHoe MOoAKMo-
4yeHue K Bxoay. To eCTb Ha HUX NocTynatoT
0OAMHaKoBbie N0 aMnIMTyae, Ho NPoTUBO-
¢asHble curHansl. Ecnu npoaHanuaupo-
BaTb CTPOro BCTpPEYHO-fapannenbHbie
BxoAaHble BAX gByx TpaH3ncTopos B CXxemMe
¢ OB, npu npoTMBoda3HoM pacrpegene-

HUN CUrHanbHbIX TOKOB MeXay HUMU UX
BXOOHble (napannenbHble) conpoTuene-
HUA 06paay10T no4YTn HEN3MEHHOe BXOA4-
HOE CcOonpoTuBneHne BCEro ycunutena.
Ycnosue aToMy — naeanbHbli TpaHcdop-
Marop, uaeanbHbie KoHaoeHcaTopbl C38,
C39 un wnpeanbHble BAX (norapuomuue-
CKWE) y TpaH3ncTopoB. 3Tum ocobo cna-
ButTCcA TpaH3auctop KT3108B, xopowo c
3Tum y TpaHauctopoB KT368A, KT3266,
KT3108A u, Ha yaoueneHue, y 13226 Ha
yactoTax po 11 MI'u. Ha yactoTtax 465 kI'y,
xopowo paboTalT TPaH3UCTOpbl Ce-
pumn KT3102, KT3129, KT3130 n TpaHanc-
TopHas cbopka K159HT1B. OyeHb BaxHO,
yT0Obl W conpoTuBnenne 6asbl B KpUC-
Tanne 66110 ManeHbkUM, 0 YEM NOACKA3bI-
BaeT HU3kui wym Ha HY. HepasHomepHoe
"KpuBOE" pacnpeneneHve TOKOB Mexay
TPpaH3UCTOpamMn nNpu CTporo BCTPEYHOM
N3MeHeHuun Hanpﬂxeuwﬁ aMUTTEPOB
MOXHO U3MEPUTb Ha KOJIJIEKTOpPAax npu ux
OTAENbHOM NOAKMIOYEHUN K HArpy3kam.
Ho kak TONbKO MPOUCXOOUT CNOXEHve
KOSINEKTOPHBIX TOKOB B 00LLEM KQ4eCTBEH-
HOM TpaHcdopmaTope, Ha Bbixoae GyneT
CuUrHan ¢ Takum Xe 4YNCTbiIM CNeKTpoMm, Kak
Ha BXO4e, TOJSIbKO C YCUNEHHbIM YPDOBHEM.
ﬂapanneanoe BKNO4YEeHWe gByx TpaH3uc-
TOPOB Mpu xXopowemM pexume no ycwuie-
HUIO eLLE NPUBEOET K CHMXEHUIO K, npu-
mepHo Ha 30 % no cpasHeHuio ¢ K, wyma
O[HOro TpaH3ucTopa. Ha TpanaucTopax
KT3108B (I'T3225) nerko MoXHO nosiy4aTb
Ky, He 6onee 2(3) ob.

Mpw Toke nokos 0,66 MA kaxablit TpaH-
3uctop (VT4, VT5) B 0TOENLHOCTU UMmeeT
Bx0AHOW nmnegaHc 50 Om, n nocne cno-
xenua TpaHcdopmaTtopom T1 3to npo-
asutca B KTS nnn KT6 umnepaHcom 25 Om
vnn mexay KT5 un KT6 wumnegaHcom
100 Om. YcuneHue no HanpsXeHuo Co-
craenset ot KT5 k nogkniouéHHomy MKP
(koHTakTbl XT4 n XT5) — okono 18 ob
BHYTPW nonocskl nponyckanumsa MNK®. Mo nu-
HEMHOCTK NONY4aeTCA XOpOoLas KapTuHa,
npyv ABYXTOHANbHOM CWUrHane pas3maxom
2x25 MB npn Z = 25 OM Ha KT5 (unun KT6
npoTtneogasHo) obpasyetca IM; = -40 ab,
4TO IMeeT MecTo BbITb NPU paamaxe AByX-
TOHanbHoro curHana M4 2x41 mB Ha BbI-
xo[e cMmecuTens (CTok TpaHaucTopa VT3),
v 310 0bpasyercs npu pasamaxe YKB-cur-
Hana 2x150 mB Ha koHpeHcaTope C10.
Takum 06pa3om, € y48TOM CENneKTUBHOCTYN
nonocosoro ¢unstpa MY 3TOT NpocToOn
6ydepHbin YMY He ocobo yxyawaer
VHTEPMOAYNALMOHHOE Ka4yecTBO BCero
6noka B peanbHol o6CTaHOBKE paawo-
npuéma, Koraa Tonbko OOUH PaguouEeHTP
HaxoauTcs 6nM3KO C pa3HOCOM Ha
HECKONbKO MerarepL, Mexgy CBOMMU Cur-
Hanamu. MNpu curHane paamaxom 2x8 mB
Ha KT5 nHTepmoaynaumoHHbIe UCKaxeHWs
ocTaloTCA Ha yposHe meHee -60 a6. C
TpaH3auctopom KT3108B unu KT3108A
npw hz15>100 curHans! MoryT BbITe pa3ma-
xoM Ha 20 % Gonblwe, ecnm TpaHcpopma-
TOp T1 KA4eCTBEHHbINA.

Bo MHorux BY-ycunutenax Ha mecTte
6n0KMPOBOYHBIX KOHgeHcaToposB C38 u
C39 ycraHoBneHbl KOHOEHcaTopbLl &MKO-
cTtbio 10...33 HD, KoTopble Ako6blI gocTa-
TOYHbI a8 paboTsl Ha yacTote 10700 klu,
OpHako Npu MHOrOCUrHanNbLHOM CUTyauumn
B CMeKTpe PasHOCTHbIX YacToT (3TO ecTb
IM2) BO3MOXHb! 3Ha4YUTENbHbIE YPOBHU, U
8MKOCTb KOHOEHCaTOPOB A0NXHA UM COOT-
BeTcTeoBaTtb. Ans cny4as atoro MLUYNY



VHTEPMOAYNALUMOHHDBIA CNEKTP HA4YUHAaeT-
cs ot 100 kl'y, 1 Npu uMNegaHce aMnTTe-
pa 50 OmM Ons éMKOCTM KOHOEeHcaTopa
33 H® dopmmposanca 66l cnag, -3 ob, HO
3TOr0 HEeAOCTaTO4HO Ans YCTPaHEeHus
BbINpAMUTENbHOro addekra. Mpu Emko-
cTax aTmx KongeHcartopos 330 HD Gyner
xopouee nopgaesnenne IM, nkpoccmonyns-
ummn. Ona AM-SSB-CW-NpnéMHUKOB 3Tun
KOHAEHCATOpbl HaAO0 COCTaBUTb U3 KOM-
6VHaUMM KepamMM4eckoro KoHAeHcaTopa
émkocTbio 100 HP 1 OKCMOHOrO KOHAEH-
caTtopa Ha gecsatku Mukpodapag, v 3710
CTOWUT oenatb gaxe B YBY.

KoHnpeHcaTtop C37 COBMECTHO C WH-
DYKTUBHOCTLIO TpaHcdopmartopa T1 ¢op-
MUpyeT pe3oHaHc Ha YactoTe 10700 klu,
yem obecne4usaeTcs Bxog, YMNY, ceoboa-
HbIl OT PEaKTUBHLIX COCTABASIOLWMX, H4TO
CYLLECTBEHHO yny4yliaet cTabunbHOCTb
YM4 n cummeTpuyHOCTb ero paboTol, you-
paeT $azoBble oWnNbBKM NONEe3HOro CUrHa-
na, a déunbtp MY BLIXOAUT HA CUMMET-
pryHyto AYX.

Peauctop R23 onpepensiet B o6nactu
yacToTbl 10700 kI'y, BbIXOAHOM UMNenaHc
y 06MOTkn cBa3u TpaHcdopmaTopa T2
(L22). C y4€TOM BbIXOOHOrO wMnegaHca
TPaH3MCTOPOB, PE30HAHCHOIO COMPOTUB-
nenns LC-koHTypa (L21C41), koadpduum-
eHTa nepepaun TpaHcdopmaTopa T2 un
peaucTtopa R23 Ha Bbixoae 6ydepHoro
Y4 (XT4, XT5) dopmnpyetca nmnenaHc
270...360 Om, nonoobpaHHbI Ans KOH-
kpeTHoro MK®. MNocnepyrowmin MK Ha-

rpyxaeT BbiXxO0fd, CBOVMM BXOOHbLIM WMME-
naHcom 240...400 Om BHYTpPM MONOCHI
nponyckaHus. To eCTb BHYTPW MOJIOCHI
nponyckauus MK® wmeercs wTaTtHoe
ycunenve, a 3a nonocow NMK® ycunenve B
YNY moxeT 6bITb MakcumanbHO B ABa
paza Gonblue, 4TO MOXET Bbi3BaTb Nepe-
rpy3Ky MO HAMPSXEHUIO Ha KONEKTOpaXx.
3TO 4acTo He y4uTbiBalOT B Kackagax C
ManbiM HanpsXXeHnem nuTaHus, 38ecb
pe3eps HaMNpPsXeHNs Ha KONNIEKTOPaXx XBa-
TUT HA CUTHANbHOE HAMPSXeHWe pa3ma-
XOM No 6 B Ha KaXxaoMm, 1 KONNeKTOpHbIe
y3Nbl HE Y4aCTBYIOT B UCKaXEHWsX, Aaxe
NpY NMMYbCHBLIX NOMEXaXx.

3.9. lerepoauH

FeTepoovH octaeneH 6e3 nameHeHun
[1, 2], Ha 3aTBOpe TpaHaucTopa VT3 gon-
XeH 6bITb curHan pasmaxom 1500 mB npwu
HanpsbkeHn pasmaxom 10...12 B Ha ro-
pAYEM KOHLIE KOHTYpa retepoauHa. C y4é-
TOM €MKOCTU MeYaTHbIX NMPOBOAHVKOB 3TO
peanuayeTca Npu BeCbMa Manon EMKOCTH
KoHAaeHcaTopa cesasm C29. ConpoTuBnenve
peauctopa R14 (He 6onee 10 kOm) ana
rnoAauy HanpPsXXeHNs1 CMEeLLIeHVs] Ha 3aTBOP
TpaHaucTopa VT3 cnyxuT Ons CHWXEHWS
HY-wyma GaAs MTLW, n atoT pe3uctop
ABIAETCH OCHOBHOW PE3VNCTMBHOW Harpys-
ko ansa rerepoavHa. CHadana 6bin ycra-
HOBNEH pe3ncTop HoMuHanom 33 kOM, 4To
npu NogpobHOM aHanv3e nokasano Hepo-
nyctumblin 60koBo HY-wym retepoauH-

A. KYSBbMWHOB, r. MockBa

Horo curHana. Llenv cmewenmns ana GaAs
MTLL gosnxHbl BbITb C MaNbIM CONPOTUBIIE-
Huem no HY n nocrtosHHOMyY Toky. [ns
Yy3KOMOMOCHOM CBA3HOW annapaTtypbl BMe-
cTo pe3uctopa R14 nyywe 66l ycTaHOBUTL
nopoccenb € ONTUManNbHOW 4acTOTOMU
CcOBCTBEHHOr0 pe3oHaHca W nocnenosa-
TENbHbLIA PE3NCTOP COMPOTUBIEHUEM HeE
6onee 1 kOM, a EMKOCTb KOHOEHCATO-
pa C31 Hapo yBennunTb B HECKOJIbKO Pas.

4. 3aknioyeHue

B cnepywowem pasgene 6yaet npvse-
OEHO ONMCaHWe MOHTaxa 1 HanaXuBaHus
YKB-6noka ¢ y4éTom HapaboToK npu u3s-
roToBneHun yHmeepcanoHoro YKB-6noka
[1,2].

JINTEPATYPA

1. JloxHu X. YHueepcansHbivi YKB-610k ans
papvonpuémunkoB "OkeaH"/Selena — Paawno,
2024, Ne 5, c. 14—22.

2. JloxHun X. YHuBepcanoHbivi YKB-610k ans
paaunonpuémHukoB "OkeaH"/Selena. MoHTax n
HanaxuneaHue. — Papno, 2024, Ne 6, c. 13—22.

Or penakywmm

BOYHbIM mMarepwna Ha ), 2
http://ftp.radio.ru/pub/2024/07 /ukv-
dd.zip Ha Hatem FTP-cepsepe

B crarbe npuBegeHo onucaHue ABYXKAaHaNbHOro MHAWKaATopa YpPOBHS
3BYKOBOIro CMrHasa Ha ocHoBe MUKpPoKoHTponnepa EFM8B8LB12F32, asyx OY
v ysertHoro TFT-gucnnesi 0,96” ¢ koHTponnepom ST7735 n IPS-marpuyen,
Ha KOTOpoM oToOpaxalTcs gBa CcTonbuka BbICOTONM, NMPOMNOPLMNOHANIbHOW
YPOBHIO CMUrHana Kaxporo kaHana. Yacrora o6HOoBneHuss 3KpaHa Auc-
nnes — He meHee 500 ly. TakoW MHAUKATOP MOXHO yCTaHOBUTbL Ha nepea-
Heu naHenun ayanoyCcUunnTens.

l 1 HAVKATOPbI YPOBHSA 3BYKOBOrO CUrHa-
% na, ncnonb3yemblie B ayguoycunute-
NAxX, Kak npasuno, ObiBalOT TPEX TUMOB.
MepBbiiA TMN OCHOBAH HA HECKOJbKUX (80
necsatun) ceetoguopax nmbo Ha CBETO-
OVOoAHbIX MaTpuuax (A0 nonytopa AecaT-
KOB CBETOAMO0A0B), KOTOPbLIE 3aroparTcs
B 3aBUCUMOCTU OT YPOBHS 3BYKOBOIO CUr-
Hana B ycunurene. MNpeumMyLiecTBo Takmx
VHOMKATOPOB B MX AewesBu3He. Mx cTtou-

MOCTb, Kak npasuno, — He Oonee
200...500 py6. HepocTtatok — Hu3Kasn
paspelsaowas cnocobHOCTb: gaxe no
nonyrtopa pAecATkam CBEToAno[oB 06
YPOBHE CUrHana MoXHO CyauTb NULLb NPU-
6nun3utensHo. Kpome Toro, Takve nHavika-
TOPbl UMEIT A0BOJIbHO Bonblune rabapu-
Thbl, B CBI3YM C YEM OHW HE BCerga nome-
LIAIOTCA HA NINLEBOM NOBEPXHOCTU KOPMY-
ca ycunuTens, eCnm nx pacrnosnoxuTb Bep-

TVKaNbHO, a8 rOPU30HTANbHOE NX PAcMnoNo-
XeHue He 0COOEHHO 3CTETUYHO.

BTOpoit TUN — CTPENIOYHbIE NHAUKATO-
pbl. UXx npeumyLlecTeBo B TOM, 4TO NO
OTK/IOHEHMWIO CTPENOK MOXHO [O0BOSIbHO
TOYHO cneguTb 3a YPOBHEM 3BYKOBOMO
curHana. Takue WHOMKATOPbl paHblue
4acTO NCMONb30BANUCL B MarHUTOdOHAX,
a cenyac Takxke npoaoxatT UCMOoNb30-
BaTbCHA B yCcuauTenax B ctune "peTtpo” c
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Puc. 1

NOACBETKON MWHWATIOPHLIMWU namMnamm
HakanueaHus. C acTeTMYECKON TOYKY 3pe-
HUS TAKNE MHOUKATOPbLI CMOTPATCA HEMMO-
X0, OQHAKO OHW [OBONBHO AOpOru: Aga
Takux vHOMKaTopa ¢ niaTo ConpsKeHus
MOXHO npvobpecTtu 3a 1600 pyb. n bonee.
Kpome TOro, takme uHOVKaTopbl Takxe
3aHMMAIOT [OCTAaTOYHO MHOFO MecTa Kak
Ha JSIMUEBOM MaHENnu ycunutens, TaK u
BHYTPU Hero u3-3a rabapuTHoW nnatbl
COMPSIXEHWA.

TpeTnin TMN — ANCANENHbIE MHANKATO-
pbl. Ha gucnnee oTtobpaxatoTcs nnbo
YPOBHW 3BYKOBOIrO CUrHana B BuAe rmcro-
rpamm, nmubo paxe B Buae cnektpa. MUx
npeumMyuiectTsa — HeGonblume rabaputol 1
[OBOJIBHO BbICOKOE pa3pelseHve. Kpome
TOrO, OHW 3CTETUYECKM WOEANIbHO CMOT-
PATCS HA NMMLEBON NMaHeNn Kopnyca ycunu-
Tens. Yacto Takme wHOMKATOpbl UCMOSb-
3yloT B ayauonneepax. OgHako Takue
VHOMKATOPbl eWe O0pOoXe CTPEeNOYHbIX:
OHY cTOAT Yxe oT 2000 py6. 1 BbiLwe.

B T0 xe Bpemsi Nofo6HbIA AncnneliHbii
WHOMKATOP, KOTOPbLI MO CTOMMOCTU He
6yneT npesbiwaTs 400...500 py6., MOXHO
M3roToBuTb cBOouMM cunamu. OnucaHue
TaKoro AVMCNENHOro nHamkaTopa v npea-
naraeTcs B 3TOl cTaTbe.

Cxema nHgukatopa (puc. 1), kak MOX-
HO y6eauTbcs, He oTanyaetrcs ocobor
CNOXHOCTbIO. BkpaTue dyHkuUMOHMpOBa-
HWE YCTPOCTBA CBOANTCS K CNIEAYIOLLEMY.

[lBa BXOOHbIX CUrHana 4yepes pasbe-
Mbl XP1 1 XP2 nocTynaioT Ha BXOAbl OABYX
OBYXMONYNepuoaHbIX BbiNpaMUTENER Ha
ocHOBe ABYyX cABOeHHbIx OY DA1 n DA2
(TPMCP6002T-1/MS). KonpeHcaTtopbl C1
1 C3, BKNOYEHHbIE B Lienb 06paTHom cBA3n
BbIxoaHbIX QY, npesBpawaloT nx B OHY,
crnaxusaloowme BbiXOOHbIE HAMPSKEHUS.
Danee yepes RC-uenv R6C2 n R12C4 atn
BbIXOZHbIE HAMPSXXEHUS NOCTyNatoT Ha ABa
Bxona ALMN mukpokoHTponnepa (MK), ko-
TOpbLIA UBMEPSIET 3TU HANPsSXXeHUs, a pe-
3yNbTaT U3MEPEHN BLIBOAUT HA OUCMNEN,
coenuHénHblt ¢ MK no BbICOKOCKOPOCT-
Homy nHTepderiicy SPI. Ha gucnnee cTpo-
ATCA ABa cToNOVKA, BbICOTA KOTOPbIX NPO-
nopuMoHasbHA BXOAHBbIM HANPSXXEHVAM.

Tenepb 60nee NoopobHO pacCMOTPUM
cxemy Ha QY DA1.1, npeacrasnsiowyio
co60I NPeun3noHHbI 0OHONONYNEPUOA-
HblA BbINPAMUTENb. 3Ta NPEUU3NOHHOCTb
obycnosneHa Tem, 4To guoabl VD1 n VD2
BKJIOYEHbI B 06paTHyto cea3b OY DA1.1, 3a
CYET Yero ux nNpaMoe nageHue Hanpsxe-
Hua (0,6 B — nageHwe HanpsxeHus Ha
00bl4HOM AVOAE) HE BAMSIET HA BbIXO4HOE
[neTekTupyemoe  Hanpsxednve. 3pecb
HeobxoarmMo [o6aBuTb, YTO AMOObI LOMX-
Hbl OblTb UMEHHO 00Obl4HBIMU BbINPSAMU-
TenbHbIMW, MOCKOMbKY Auoabl LLoTTkn
(hanpumep, PMEG1010) cyuiecTBeHHO
nckaxawT GopMy BbIXOAHOrO CurHana.
MpuUMEHEHbI CTaBLUME YXEe KNaCCU4ECKU-
Mn guoabl cepun 1N4148, koTopblie 6na-
rogapsi COBPEMEHHbBIM TEXHONMOMMSAM Celi-
yac BbinyckatoT B koprnyce SOD523, v oHmn
3aHMMaloT MEeCTO Ha nnate nNpPUMepHo
Takoe xe, KakK, Harnpumep, pe3ncTop TMNo-
pasmepa 0603.

OfHONONYNEPUOAHBIA  BbINPAMUTEND
paboTaet Tak. yctb Ha Bxon OY DA1.1
noaaétca CuHycouaanbHbld curnan. Mpu
oTpuLUAaTeNbLHOM NOYBOMHE CUHYCOWAbI,
3a CYET Toro 4yto OY BKNOYEH B MHBEPC-
HOM pexume paboTsl, anog, VD2 oTkpbiBa-
etca n 3ambikaet uenb OOC (VD1 npwm
3TOM 3aKpbIT), BbIXOAHOE HanpsixeHue OY
CTaHOBUTCH BAN3KUM K HYNIO.

Mpy NONOXWUTENbHON MNOMYBOMHE Ha
Bxofie Ha Bbixoge QY Oynet oTpuuaTesnb-
HbIA noTeHuman, noatomy pauog VD2
3akpbiBaetcs, VD1 oTkpbiBaeTcs, u Ha
aHoge avopa VD1 6yneT vHBEPTMPOBAH-
HbliA curHan, T. €. oTpvuaTenbHas nony-
BOJIHA BXOAHOIrO HaNpsiXeHus.

Takum 06pa3oM, BLILLEU3NOXEHHOE B
KOMMAakKTHOM BUAE MOXHO 3anucaTb B
BUAE BbIPAXEHUS

O,UnsO

-Un,Un20 (1)

Uvpt =

Lpyrumu cnoBamu, Nosly4aeM 0AHONO-
NYNEePUOAHBINA BbINPAMUTENb, NMPU 3TOM
BbINpAMEHHOe HanpskeHve Uyp; Haxo-
aOvMTca B oTpuuaTtensHoin obnactu, T. €.
COCTOMT U3 OTPULLATESIbHBLIX MNOTYBOJH.

Btopoii OY DA1.2 Bk/IOYEH KaK CyMMU-
PYIOLMA UHBEPTUPYIOLWMIA yCunuTens C
TOYKON CYMMMPOBAHUSA BXOOHOrO Hanpsi-
XeHus Uy U HanpsixkeHvs Ha aHode Omo-
na VD1 Ha ero nHBepTupytoLLemM Bxoae. 3a
CYET TOro 4TO BXOOHOE HAMNpPsXXeHWe npo-
XOOUT B TOYKY CyMMMUpPOBaAHUA Yepes pe-
3ucTtop R2, a Hanpsixenue ¢ aHoga Avo-
na VD1 — yepes peauctop R4, conpoTtus-
JIeHVEe KOTOPOro B ABa pa3a MeHbLUe 1 TOK
4Yepes KOTOopbIn OT 3TOro B ABa pa3a 60nb-
e, B TO4YKE CYMMVPOBaHUSA 3TO Hanpsixe-
Hue 6ynet yaBoeHo: Usym = Uiy + 2Uyp;.

Takvm 06pa3om, yunTeias (1), nonyya-
emM

P U <0 Ugym =Upn + 2Uyp =Up +0 =
=Un;

npu U|N 2
- 2Un= Up,
4YTO TaKXe MOXHO 3anucaTb B BUAe Bblpa-
XeHus

0 Usum = Un + 2Uypy = Un-

Un, Uns 0,
=Un, Un = o’

KkoTopoe B 6Gonee KOMMNaKTHOM Buae
BbIFNAANT TaK:

Usum = |U|N|- (3)

JApyruMmun cnoesamu, nonyyaem B TOYKE
CYMMUPOBaHUA CUrHas Kak y aByxnosyne-
PUOAHOTO BLINPAMUTENS BXOAHOIO Hanps-
XEHUs, COCTOSALWNA M3 OTpULATENbHbIX
NONYBOJH.

KoadppuumeHt ycuneruns KY nHseptu-
pyowero ycunutens DA1.2 paBeH OTHO-
LWEeHNo conpotmenenns peauctopa R5 k
conpoTtuBneHuio peauctopa R2. Ecnu 6ol
conpoTtueneHne pesuctopa R5 6bino 6bl
paBHO conpoTtuBneHunio R2, To Ky = -1, n
Ha Bbixoge OY DA1.2 (BbiBog, 7) Mbl Obl
noNy4Ynnn HanpskeHue, WHBepCHOe Mo
OTHOLWEHWUIO K BXOOHOMY Hanps>XeHuio
Uour = —Usym, Wnu curnan, kak y oyxnony-
nepuoaHOro BbLINPAMUTENST MONOXUTENb-
HbIX MOJIYBOSIH BXOAHOrO cuUrHana. Takas
CcxemMa XopoLlo n3BeCTHa (CM., Hanpumep,
[1], puc. 25.10). Ho, kak BugHo u3 puc. 1,
conpoTueneHune peanctopa R5 B gga pasa
6onble, noatomy Ky = -2, 1 BbIxogHOE
HanpsxeHne QY DA1.2 Ugyr = -2Ugym, T. €.
COOTBETCTBYET YOBOEHHOMY BXOOHOMY

(2)

Usum =



HanpsxeHuo. Yuutbias cdopmyny (3),
nosiy4aem

Uour = —2Ugym = _2(_IUIN |) = 2|UIN| . (4)

Taknm 06pa3om, nonyyaem Ogyxnony-
NepvoaHbIA BbINPAMUTENb C YABOEHHBIM
BXOOHbIM Hanpsikenuem. Ecnn, Hanpwm-
Mep, BXOOHOE HaNpPsKeHne CuHycouaans-
Hoe c amnauTyaor 1 B, To BbIxoAHOE Bbl-
npaAMAeHHoe HanpsbkeHve OyneT vMeTb
amnnuTyay 2 B.

Ecnn He Bknoyatb koHgeHcaTop C1,
TO TAKOW ABYXNONYNEPUOAHbIN BbINPAMN-
Teno 6yneTr waeansHo paboTtaTtb BMIOTHL
[0 4acToThl BXoAHOro curHana 10 klu, a
npu OanbHENWeM YBENVYEHUUN 4acCTOThbl
dopma curHana 6yneT yxe HEeCKOJIbKO
nckaxartbcs. OTo aBTOp nNpoBeEPSAN
ocuunnorpadomM. Ponb kKoHAeHcCATO-
pa C1 cocTouT B TOM, 4YTO, NOCKOSbKY OH
BKIO4EH B 06paTHyto cesAdb OY DA1.2, 1o
cOBMECTHO ¢ 3aTum QY obpa3syeT uHTer-
paTtop v ®HY. Y3nbl ¢ TakuMm KOHAEH-
caTopoM faxe B HaCcTosWwee Bpems
MUCNONb3YKTCA B MyNbTUMETPAX WU
BOJITMETPAX NePeMeHHOro HanpsXeHus
(Ha puc. 25.10 B [1] Takolh kOHOEHCATOP

Puc. 2

nokasaH WTpuxoBom nuHueit). Npu émkoc-
T™m koHpeHcatopa C1 4,7 mk® BY-co-
CTaBNAOLLAA BXOAHOrO curHana obpesa-
eTcs, OpYyrMmu cnoBamu, OH ABnseTcs
cBoero poga nemndepom CPoAHUN UHEpP-
LMOHHOCTN CTPEeNnOoYHbIX WHANKATOPOB
YPOBHSA 3BYKOBOro curHana. Xors, Kak
Oynet BMOHO W3 AanbHEWWero nanoxe-
HUS, VHEPUWOHHOCTb npeanaraemoro
OVCMNNENHOro MHaMKaTopa ypoBHSA CUrHa-
N1a CYLLLECTBEHHO HNXE CTPENOYHbIX.

Kak 6b1110 yNOMSIHYTO Bbile, BbIXOQHOM
curtan ¢ OY DA1.2 yepes RC-uenb R6C2
nopgaérca Ha nepsbld Bxog AUM MK
(ADCO0.1, BbiBOg 24 DD1). O1a uenb —
HEeoOXoOMMBbI CTaHAAPTHLIN aTpnbyT, yc-
TaHaBnuBaembI nepen Bxoaom ALLM.

BTopoii AByxnonynepuoaHbIN BbINPS-
mutens-nHTerpaTop Ha OY DA2 yctpoeH
aHanornyHo. PasHunua coCToUT TOMbKO B
ToM, 41O 06a QY NOMEHANUCH MecTamu.
370 cpenaHo WCKIYUTEeNbHO paawu

ynobcTea passoaku nnatel. Ero Bbixon,

nogknoyaeTcs ko BTopomy Bxoay ALM MK
(ADCO.2, BbiBOg, 22 DD1). BbiBog, 23 MK
(P0.3) ncnonb3yetca Ansa NoAKIOHEHUA

BHELUHero reHeparopa, no3ToMy Kak BXon,

AUM HepocTyneH.

BxoAHble curHansl nocTynatoT Ha nnarty

COOTBETCTBEHHO HA OBYXKOHTAKTHbIE LUTbi-
peBble UaHroeble pas3bémbl XP1 un XP2
(PSLM-02). K aTum pasdbémam OTBETHbIMU
yacTamMu (LaHrosbiMu rHé3gamn SIP-2)
noak/oyalT 3KpaHMpOoBaHHbIe kabenu,
BTOPbIE KOHLLbI KOTOPbIX TakUMK Xe THE3-
[aMn COeaviHAIOT C BbIXOAHbIM PAa3bEMOM
npenBapuTensHOro yeunuTens, onucad-
Horo B [2].

MporpammupoBanne MK ocywecTs-
nsetca no uHrtepodeicy C2 curHanamu
RST/C2CK u C2D, koTopbie BMecTe C
0o6w¥M NPOBOAOM MOAAIOTCS HA NaTy Ha
TPEXLWTLIPbKOBLIN padbém XP3 (PLL-03). K
3TOMYy pa3bEMy OTBETHbIM FHE300M NOA-
K/OYaoOT BbIXOAHON Kabenb OT aganTtepa
USB DEBUG, KOTOpbIii COMNPSXEH C KOM-
nbloTepoM no nHtepoeiicy USB (noapob-
Hoctu — B [3]). RC-uenb R15R16C8 npea-
HasHa4yeHa Kak Ana MporpaMMuMpoBaHUs
MK, Ttak n ana ero cbpoca (Power On
Reset) npu BKAOYEHUN NUTAHWSA.

MuTtanue Ha nnaty (2x14 B n o6wwii
NPOBOA,) NOCTyNaeT Ha TPEXWTLIPbKOBbIA
pasbém XP5 (PSLM-03). K aTomy pasbeémy
OTBETHbIM THE3O0M MOAKNIYAT TPEX-
NPoBOAHbIN kKabenb, KOTOPbI CBOUM BTO-
PbIM KOHLLOM MOAKMO4AIOT K COOTBETCTBY-
IOLLMM HaNPAXEHWAM YCUNUTENS, ONUCaH-
Horo B [2].

Ana nonyseHus crabunvsavpoBaHHOro
HanpsxkeHus +3 B vcnonb3yetca cradu-
nusatop DA4 (L78L03), pns nonydexHus
HanpsxeHusas 3 B — crtabunusaTtop DA3
(LM337L). Kak n3BecTHO, €ro BblxogHOEe

HanpsXeHWe 3aBUCUT OT COOTHOLLEHUSt CO-
npoTueneHus peauctopoB R13, R14 n
BHYTPEeHHero HanpsbkeHus: Ug,, = —1,25 B x
x (1+R13/R14) =-1,25 B x ( 1+332/237) =
=-3,001 B=-3 B. Npu atom conpoTuene-
Hue peaucTtopa R14 He [OMKHO NpeBbl-
watb 240 Om.

Conpsxxenne MK ¢ aucnneem opraxm-
30BaHO No mHTepdeiicy SPI ¢ nomoubio
curtanos MOSI n SCK, noM1uMo KOTOpbIX,
B AUCNNen Takxe nepejaloTcs CurHanbi
RES, D/C, CS v BLK. Bce aucnneriHbie
curHans! (BMecTe ¢ HanpsbkeHvem +3 B n
06LWMM NMPOBOAOM) MOCTYNalT Ha BOCb-
MULWTLIPLKOBLIA pa3bém XP4 (PLS-08).
OT0T pa3beéM BCTABAAIOT B OTBETHbLIN
pa3bém PLSF-08, pacnasHHbili Ha nnarte
auvcnnes.

KongeHcaTtopbl C5—C7, C9—C15 —
6NOKMPOBOYHbIE.

Bce pe3ucTopbl 1 KoHAeHcaTopbl (KPOo-
me C7 n C10) — ons nOBEPXHOCTHOMO MOH-
Taxa Tunopasmepa 0603, C7 n C10 —
TMnopasmepa 0805. Bce koHaoeHcaTopbl —
KEpPaMMYECKNE 1 PacCHUTaHbI Ha HaNpsxe-
Huve 50 B.

AL XP5
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Puc. 5

Oy TPMCP6002T-I/MS — B kopnyce
MSOP-8, MK — B kopnyce QFN24, ctabu-
nusaTtopbl — B kopnyce TO-92, guopbl
1N4148X — B kopnyce SOD-523.

MHamkatop cobpan Ha nnate n3 ponb-
rMPOBAHHOIO C ABYX CTOPOH CTEKNOTEKC-
TonuTa TonwmHom 1,5 mMm. Heptéx nnarbl
rnokasaH Ha pMc. 2, a pasMmeLleHne ane-
MeHTOB B MacwTabe 2:1 — Ha puc. 3. B
OTBEPCTUS, OTMEYEHHbIE YEPHBLIMU TOHKaAMN
Ha puc. 3, Heob6X0aAMMO BCTaBUTb TOHKUI
NYXEHbI NPOBOA M NPONasiTb ero ¢ AByX
CTOPOH nnatbl. Bce KOHTaKTbl pa3bLEMOB U
BbIBOAbLI CTabunn3aTopoB, AN KOTOPbIX
NpenycMOTPEHbI KOHTAKTHbIE MAOLLAAKN
Ha o6paTHOM CTOPOHE NnaThl, TAKXE Npo-
navBeaioT ¢ ABYX CTOPOH nnatbl. CobpaHHas
nnara nokasaHa Ha puc. 4, puc. 5.

DefaultMode Peripherals

Mporpammuposanne MK nposoavnoch
B cpene Simplisity Studio v.4.0 Ha s3blke

C51 (Keil 8051
v.9.54.0). B obwem
MEHIO HacTpoek
(puc. 6) Heobxoau-
MO BblbpaTb TONBLKO
Te yCTpOWCTBa, KO-
TOpble  OTMEYEHbI
ranoykamu.

Mepen Tem kak
HacTpauBaTtb AUM
(puc. 7), OTMEYEH-
HbI ranoykon B ca-
MOM BepXxy crnesa
obuwero MEHIO
(c™m. puc. 6), Heob-
XOOUMO HacTpouTb

(B ) (Dot [ o

) )

‘nn’_m

)=

Properties of ADC 0

Vie!
= Enable
Enable ADC

= Control

start of Conversion

olution

n =y
Result Shift and Justify

- Input Selection

Enable Temperatyr

-/ Voltage Reference

Select Voltage Reference

e Sensof

BHYTPEHHWI reHepaTtop Ha 4acToTy
72 Mly, (puc. 8), BbIBpaTtb CUCTEMHYIO
TaKTOBYID 4acTOTy, COOTBETCTBYIOLLYIO
4acToTe 3TOro reHepartopa (puc. 9), u
yKasaTb, 4TO YTeHne namaTu HeoHxoanmo
nNpPovn3BOAUTL NPY YacToTe meHee 75 My
(puc. 10).

B HacTpovikax ALIM (cM. puc. 7) Heob-
X0AMMO 006paTUTh BHUMaHWe, 4TO UCMOoJb-
3yeTCA BHYTPEHHWI UCTOYHUK 06pa3LoBO-
ro Hanpsbkenua 1,65 B. KoadpduuneHt
ycunenus BHyTpeHHero OY nepeg AL
cnenyet ycrtaHoBuTb 0,75, 4ToBbl Makcu-
MasibHOoe BXOAHOE HanpsXeHwe Obino
paBHo 2,2 B. Takxe Heob6xoamMmo BbiGpaTb
nepssbiii Bxog ALM kak ADCO.1 (P0.2), yka-
3aTb, 4TO aHanorosas "3emns” NogaéTca B
ALN ¢ P0.1/AGND pin, ycTtaHoBUTb Aenun-
TeNb CUCTEMHOM TAaKTOBOW 4acTOThbl HA 4 1,
Takum 06pasom, TakTnposaTtb AL yacTo-
TOl 18 MI'L. B 3TOM cnyyae obuiee Bpems
aHanoro-undposoro npeobpaszoBaHus
pasHo 1,167 mkc.

B HacTpoiikax wuHTepdeiica SPI
(pmuc. 11) Heobxooumo paspewnTb SPI
(Enabled), BbibpaTh KO3dPULIMEHT Aene-
HUSA TaKTOBOA HacTOTbl paBHbiM 0, 4TO DAET
YyacToTy TakToBoro curHana SCK 36 My,

Write to 1 of ADBUS

= Clock Configuration
Select ADC Clock SYSCLK
ADC C der 4 (0x4

~ Power Control
Enable Low Power Mode Disablec
Ersble Idle Povered-off Alvays on

= Throughput
Conversion Tracking Time Setting 4 (0x4

= Accumulator Configuration
Repest Count 1 conversion
Ensble Preserve Accumulator Disabled

= Window Compare
Grestec-Then Value 65535 (OxFFFF)

0 (Ox0)

Less-Than Value

Puc. 7



Properties of HFOSC 0/1

"HFOSC 0/1

Property

value

= High Frequency Oscillator Control

24,5 MHz Oscillator (HFOSCO)
72 MHz Oscillator (HFOSC1)

Puc. 8

Properties of Clock Control

Clock ConH:

Property r War
= Clock Select

Select Clock Source
Clock Source Divider

Puc. 9

Properties of Core

Core

Property
~ Prefetch Engine Control
Flash Read Timing

Puc. 10

Properties of SPI 0

SPID |FIFO
Property
= View
view
Control
SPI Enable
Bus Mode (Master)
- Configuration
SPI Mode
Clock Phase
Clock Polarity
Clock Rate

il

On \When Needed
Always On

Internal High Frequency Os..

SYSCLK /1

value

SYSCLK is below 75 MHz

value
Advanced

Enabled
Master 3-wire mode

Master
Data sample on first edge
Low in idle state

SYSCLK Divider Coefficient (SPIOCKR) 0 (0x0)

1

| SPIO Pin Configuration
Select Master Data Input
Select Slave Clock Input
Select Slave Data Input

\< |

# Port 1/0 Mapping &2
DefaultiMode : CROSSBARO

UART O [Joata
SPIO [“]Clock / Data
Puc. 11

Crossbar
Crossbar
Crossbar

UARTO_TX
UARTO_RX
SPI0_SCK

SPI0_MISO
SPIO_MOSI

SPIO_NSS

= #» Mode Transitions

RESET 2 Defaultvode

5.,:5 DefaultMode
+ 1, Peripherals

- & QeI

a——

® 3 CROSSBARQ

# P82

] Properties 52

’ Properties of PBCFG_0
\
|

[ Port Cgﬁig“

= Settings

Disable Port 10 Weak Pullup

Port O Drive Strength
Port 1Drive Strength
Port 2 Drive Strength
Port 3 Drive Strength

|
Enable Crossbhar
|
|
|
|

|

. Puc. 12

ADC_IN

-

Pull-ups enabled
Enabled

High drive

High drive

High drive

High drive

2/P0.0

—
0
o
=
o
=
o
0

Puc. 13

> Properties of PO.2

PO

Property

= Settings

bl IOMode
Latch
Mask Value
Match Value
Skip
Label

Puc. 14

n Bblibpatb TPEx-
NPOBOAHBIN pPEXUM
master. Kpome Toro,

!}

24-pin QFN
3x3 mm

SPIO_MISO
SPI0_SCK

Heo6x0AUMO MOCTaBUTb TFanoyky B none
Clock/Data, 4T06bl curHansl SPI BbiBOAU-
NNCb B COOTBETCTBYIoLWME NopTel MK.

Value

Analog 1/0
High
Ignored
High
Skipped
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Properties of P2.2

Puc. 16

Janee, 4ToObI BCSA KOHCTPYKUMS paboTa-
na, HeobxoaAMMO paspeLunTb MarTpuuy co-
eanHeHnii — Enable Crossbar (puc. 12).

B ocTtanbHbiXx TPEX ONuUUAX, OTMEYEeH-
HbIX ranoykamm Ha puc. 6, Heobxoamumo
YCTaHOBUTb Cnegyloume HacTpoviku: Inter-
rupts — 3anpetutb, Voltage Regulator —
paspewuntb, Watchdog Timer — 3anpe-
TUTb.

Mocne atoro Heo6xoaMMO nepekio-
yutbea B pexum Default Mode Port 1/0, B
pe3ynbTaTe 4Yero Ha akpaH BbiBeAETCS
kopnyc MK co Bcemu noptamu (puc. 13).
Mpexpae Bcero, HEOOX0ANMMO C MOMOLUBIO
KOMaHz skip, KOTOpble OTMEYEHbI KPaCHbI-
MU KpecTukamu, nepensuHyTb CUTHab
SPI B HWXHIOK YacTb kopnyca, 4Tobbl 1X
MOXHO 6bIN0 NpoLe CoeauHUTb C pasdb-
émom gucnnes.

Moptel PO.1 (aHanoroBas "semna”),
P0.2 (aHanoroBbin BxOo4 1-ro kaHana,
ADCO0.1) n P0.4 (aHanoroBbii Bxog, 2-ro
kaHana, ADCO0.2) HacTpauMBaloT kak aHano-
roeble Bxoabl/Bbixoasl — Analog 1/0O (npu-
mMep — Ha puc. 14). [opTbl conpsxeHns
MK ¢ gucnneem P2.2 (MOSI), P2.0 (SCK),
P1.6 (RES), P1.5 (D/C), P1.4 (CS) n P1.3
(BLK) HacTpauBaloT kak LMdpoBbie BbIXO-
abl — Digital Push-Pull Output (npumep —
Ha puc. 15). Mopt P2.1 (MISO) un BCe OC-
TanbHble HEWCNnonb3yemble MOpPTbl Ha-
CTpamBaloT kak Lumdposble Bxoab — Digital
OpenDrain I/0O (npumep — Ha puc. 16).

lMocne Toro kak BCe HAaCTPOMKK caena-
Hbl, HE0BX0AMMO HaxaTtb Ha KHOMKY ABON-
HOW OMCKEeTbl B BEPXHEN NeBOW obnactu
3aKpaHa, 4Tobbi 3anucaTb BCIO KOHdUrypa-
umio Ha auck. Mpu atom Ha C51 aBTOMA-
TU4Yeckn creHepupyetca danin nognpo-
rpamMmmbl  MHULMANU3auMnm yCTPONCTB
InitDevice.c, koTopas MOAKAKYUTCA K
OCHOBHOU NPOrpaMMme, T. €. B CaMOM Hava-
ne OCHOBHOW nporpammbl (Main) 6ynet
obpatueHue k nognporpamme InitDevice.c:
enter_ DefaultMode_ from_RESET();.

Tenepb No noBody camMux noANpPO-
rpamm. Takux nognporpamMm Tpu.

MepBas — wWHK-
umanusaumsa mn 3a-
NoNHEeHne BCEro aK-
paHa aucnnes

ue TEMHO-CUHUM LiBE-

ToM. Mockonbky 06
3TOM noapobHo
onucaHo B [4], 4TO-
6bl HE NOBTOPATLCS,
aTa nognporpamma

He NpuBOAUTCS.
Btopas — noa-
nporpaMma aHano-
ro-umdpoBoro
npeobpasoBaHus.
OTa nomgnporpam-
Ma uint16_t ACP
(uint8_t NK) opra-
HM30BaHa B Buae
dyHKUNN, aprymeH-
TOM KOTOpOW fIBNSi-
eTcsa HoMep kaHana
10 (1 nnn 2), ananoro-
’ undpoBoe npeood-
pasoBaHue KOTOpO-
ro HeoBX0AMMO NMpo-
M3BECTU, a NOJTyYEH-
HbI pe3ynbrat —
ato 16-paspanHoe
(uint16_t) 3HayeHne
camMom dyHKUUK.
Bravane noanpo-

uintlé_t ACP(uintB_t NK) {
uint32 t accumulator = 0;
uint32 t result, mV;
uintl6é_t rez=
uint8_t measurements;
ADCOMX = (NK == 1)

for (measurements = ;
ADCOCNO_ADINT = 0;
ADCOCNO_ADBUSY = 1;
while ('ADCOCNO_ADINT) ;
accumulator += ADCO;

}

result = accumulator >> 3;

mV =
rez =

(result * 2 ) /163
mv;
(rez) ;

eturr

rpaMmma BbIICHSIET, KaKOW KaHan
HeoBX0AMMO NOAKIYNUTb, U yCcTta-
HaBnuBaeT 3HadYeHue MynbTu-

nnekcopa Ha aToT kaHan (T.e. fdefine

noaknioyaet AUM k HyxHOMY

KaHany), a satem npousBogut #d
BOCbMUKpaTHOE W3MEepeHne Ha-
NPSXEHUs No 3TOMy KaHany u
ycpeaHaeT aTo HanpsxeHue. Ja-
nee, NOCKOJNbKY B Ka4ecTBe 06-
pasLoBOro UCMONL3YeTCH BHYT-
PEHHUI UCTOYHUK HanpsiXeHus
1,65 B n koadpduuymeHt ycu-
neHua BHyTpeHHero QOY, pas-
Hbin 0,75 (cMm. puc. 7), pesynb-

? ADCOMX_ADCOMX__ADCOP1

measurements <

TaT yMHoxaetcsa Ha 2200 mB (1,65 B/
0,75) u genutca Ha 16383 (2" - 1), no-
ckonbKy paspsigHoctb AUM — 14 6ut. C
NorpeLwHoCcTbi0 B OAUH OUT B KayecTee
nenutenss MOXHO WMCMONb30BaTb YUCNO
16384 (2'). OpyruMun cnoeamum, BMECTO
[eneHns, KoTopoe Npou3BoaUTCH AOCTa-
TOYHO AONr0, MOXHO UCMONb30BaTh NPO-
cTon capur pesynbrata Ha 14 paspagos
Bnpaso. O6patieHne k aTor nognporpam-
Me o4eHb npoctoe. Hanpumep, 4T06bI
M3MEPUTb HanpsikeHWe nepBoOro kaHana
U1, Heobxoammo HanucaTe U1 = ACP(1);.

Ana npubnuanTenbHOM OUEHKU Bpe-
MeHU aHanoro-umdpoBoro npeobpaso-
BaHMS ABYX KaHanoB, C Y4ETOM BOCbMW-
KPaTtHOro U3MepeHus Nno KaxaoMy kaHa-
ny, HeoOX0AMMO YyHEeCTb, YTO MakCUMasb-
HOEe Bpems OfHOro aHanoro-umdpoBoro
npeobpasoBaHua paBHO 1,167 mkc
(cM. puc. 7). YMHOXUB 3TO Bpems Ha 8 n
y4uUTHLIBASA, 4TO KaHanoB ABA, MNOJYYUM
Taun = 1,167 mMkc x 8 x 2 = 18,672 MkC =
= 20 MKc.

Mognporpamma € KOMMEHTapusiMu
npuBepeHa B Tabn. 1. 3ta nognporpam-
Ma B34Ta U3 OAHOTO N3 NpuMepoB paboTbl
¢ AUMM B Simplisity Studio, noaTtomy Heko-
TOpble KOMMEHTapun OCTaBNEHbl B OPUTU-
HanbLHOM BuAE.

TpeTtba nognporpamma — BbiBOA,
rmcrtorpaMmmbl Ha aucnnein. Ho npexae

Ta6bnuua 1

ADCOMX_ADCOMX__ADCOP2;

; measurements++) {

Tabnuuya 2




Yyem e€ onucbiBaTbh, CAOENaem
HEKOTOpOe OTCTYMNeHNE.

[ucnnein nmeeT paspelueHne
80 nukcenos no BepTuUkanu u
160 nukcenos no ropusoxHTtanu. B
Kaxapii nukcen TpebyeTcs BbiBe-
ctn pBa Garita, onpenensowmnx
ero uBger.

BHavane 0O pacnonoxeHwu
DBYX CTONBMKOB. MIMeeT CMbICn nx
LUIMPUHY NPUHATL PaBHON 25 nuk-
cenos, a camun ctonbukm pacno-
NIOXUTb CUMMETPUYHO OTHOCU-
TENbHO LIeHTpa Ancnnies no ropu-
3oHTanu. Toraa nesblit cTonbuk
6ynet pacnonoxeH ¢ 108-ro no
132-14 nukcen, a npasbli — C
27-ro no 51-n nukcen (OTCHET
NpPOU3BOAMTCA CnpasBa Haneso).
3necb Heob6XxoaAMMO OTMETUTH,
YTO OTCYET MO ropu3oHTaNu B
3TOM Agucnnee npon3BoauTCcs He
C Hynf, a C eAnHuULbI, B CBA3U C
4yemM pacnonoxeHuve nNeBOro
ctonbuka 6ypet co 109-ro no
133-11 nukcen, a npasoro — ¢ 28-ro
no 52-n.

Monyyaem, 4TO kaxapit CTON-
6uk bynet nmetb 25 NMKCenoB No
ropusoHTanu n makcumym 80 nmk-
CenoB No BepTuKanu, T. €. COCTO-
aTb 13 25 x 80 = 4000 nukcenos, B
KaXxAblil U3 KOTOPbIX HEOOX0AUMO
BbIBECTM NO ABa bOanta useta:
4000 x 2 = 8000 6ant. A agBa
cTton6buka O6ynyT COCTOSITb U3
16000 6ainT. Moacumntaem, ckonb-
KO Onsa 3Toro notpebyetcs Bpe-
meHun. Kak BuaHo 13 puc. 11, cko-
pocTb BbiBOAA MHdOpMauun no
SPI cocrtaBnset 36 M6og (aBTop
Hayan ¢ 9 M6opa, nposepun pa-
60Ty aucnnea Ha 12 M6og,
18 M60oa 1 NPULLEN K BbIBOAY, 4TO
avcnnein npekpacHo pabortaeTt Ha

36 M6op): 36000000/8 =
= 4500000 6ant/c. Tenepb
pasgenum 8000 6anT Ha

4500000 6airt/c: 8000/4500000
=1,77 mc=1,8 mMc, T. e. 8000 Hant
6ynyT BoiBOAMUTLCH 32 1,8 mc. O6-
HoBneHne uHdopmaumm Ha auc-
nnee 6Gynetr npouM3BOAUTBLCS C
yactoton 1/1,8 mc = 555,55 lu,
T. e. He meHee 500 Ny. Ho aTo 6e3
y4éTa BpemeHu aHanoro-undpo-
BOro npeobpas3oBaHna Hanpsxe-
HU NO KaXZOMYy M3 ABYX KaHa-
nos. OgHako 3To Bpems He 6onee
20 MKC, 4TO HUWYTOXHO Mano no
cpasHeHuio ¢ 1,8 mc, noatomy
3TO BPEMSI MOXHO HE Yy4UTbIBaTb.
B coBpeMeHHbIX Tenesudopax u
MOHUTOpax Yactota 0BHOBNEHUA
akpaHa — okono 100 Ny (B pea-
kux cnydaax 200 y), noatomy
yactota obHoBneHua nHdopma-
umn Ha gucnnee 500 'y BnonHe
npuemnema.

Tenepb NO NOBOAY BbLICOThI
cTonbukoB 1 €€ CBSA3W C Hanps-
xeHnem. Kak BugHO u3 pwuc. 7,
npv BbIBOpe BHYTPEHHEro NCToY-
HUka 00pasLLOBOro HanpsxeHus
1,65 B makcumanbHOe Hanpsxe-
Hue, KOTOpoe CnocobeH namMepuTb
AN, paBHOo 2,2 B unu 2200 mB.
BbIICHUM, CKONbKO MUNANBONLT
6ynet npuxoguTtbCA Ha OAMH

voi

uint8_t stopX, uint8_t stopY) {

outcemd (0x23) ;
outdat (0x00) ;
outdat (startX) ;
outdat (0x00) ;
outdat (stopX) ;
outcemd (0x2B) ;
outdat (0x00) ;
outdat (startY) ;
outdat (0x00) ;
outdat (stopY) ;

Tabnuuya 3

d SetWindow(uint8_ t startX, uint8 t starty,

void FillWin(uint8_t startX, uint8_t starty,

uint8_t stopX, uint8_t stopY,

uintlé_t i,3;
SetWindow (startX,
outcemd (0x2C) ;
J=((stopX -
for (i = 0; i < j; i++) {
outdatlé6 (color) ;

startyY,

}
outemd (0x2C) ;

outUL (uintl6é_t UL, uint8_t NK)

uint8_t XS,XE,YS,YE,NPX;
1f (NK==1)

NPX=UL/28;

if (NPX<64)

{

if (NPX<4)

{ Xs=26;
XE=105;

stopX,

FillWin (XS, Y¥S,XE,6 YE , BLUE) ;

XE=NPX+26;
FillWin(XS,YS,6 XE,6 YE,K GREEN)
XS=NPX+1+26;

XE=79+426;
FillWin (XS, YS, XE,YE ,BLUE) ;

XE=63+26;
FillWin (XS,YS,XE,6 YE ,GREEN)
XS=64+426;
XE=NPX+1+26;
FillWin (XS,YS,XE,YE RED) ;
XS=NPX+2+26;
XE=79+4+26;
FillWin (XS,YS,XE, K YE , BLUE) ;
}

uintlé_t color)

stopY) ;

startX)+1) *((stopY-startY¥)+1) ;

{

{

nuKcen BbICOTbl  cTOn6uKa:
2200 mB / 80 = 27,5 = 28 mMB.
ECnu npuHATb, 4TO OOUH NUK-
cen "comepxut" 28 mMB, TO
80 nukcenoB OyayT oTpaxaTb
28 x 80 = 2240 mB, T. e. anc-
nneii cnocobeH BbIBECTU Ha-
npsxxeHne paxe Gonbwe, Yem
TpebyeTcs.

[anee onpeaenvm BEPXHIO
rpaHuLy, Npyu KOTOPORN ypoBEHbL
3BYKOBOIO CUrHana Haxoautcs
B LUITAaTHOM pexume, onpepne-
UM 3TO HanpsiXeHue B nukce-
nax. Ecnu BbiGparth aTy rpaHuLy
paBHo 64 nukcena, TO 3TO
O6ynet 64 x 28 MB = 1792 mB.
YyutbiBas, 4T0 KO3dOUUNEHT
ycuneHuss OY B BoeinpsMuTene
(cm. puc. 1) paBeH 2, aT0 Ha-
npsixeHne Heobxoanmo pasae-
nmTe Ha 2: 1792wmB / 2 =
= 896 MB = 0,9 B. Ecnu Takoe
HanpsXxeHve, TouHee, aMnanTy-
Ay CUMHYCOMAanbHOro curHana,
nogaTtb Ha BxoA MmouHoro OY
LM4780 ([2]), umetoLiero koad-
bUUMEHT ycunenns, pasHbii 10,
10 nonysum 9 B, 4TtOo Oyamer
COOTBETCTBOBaTb MPUMEPHO
mouHocTy B 40 BT Ha Harpyake
4 OM, n npu atom QY Gynet
HaxoamMTbCsl B 06nactM MuHW-
manbHoro KHU (cm. cnpaBouy-
Hbin nucTok Ha LM4780).
KcTtatn, y nuk-pgetektopa B [2]
aTa rpaHiua npuHATa PaBHOM
0,95 B, npu npeBbILLIEHUN KOTO-
POl 3aXNraloTCa KpacHble cBe-
ToaMoAabl NeperpysKu.

Tenepb OTHOCWUTENbLHO LBE-
TOB cTondukoB. Mpu pabote B
LUTATHOM peXume UBET CTONOU-
Ka nNpuHAT 3enéHbim (GREEN),
npuv npesbilweHnn 64-ro nukce-
na u BNNOTb A0 79-ro uget
ctonbuka MNPUHAT KpPacHbIM
(RED), a uget ¢oHa aucnnes —
TEMHO-cuHuM (BLUE). 3pecb
cnefyet HanoMHWUTL, 4TO ABa
6arita ugeta (16 6uTt) pacnpe-
nenexbl cnegyowmm o6pas3om:
nate crapwux 6uT onpeae-
naoT KpacHbin uset (0xF800),
naTe MAagwmnx 6uUT — CUHWUIA
ugeT (0x001F), a wecTb cpegHux
6ut (0x07EQ) — 3enénbii. Ho
3TO UX MakcuMmasbHble 3Ha4e-
HUSA, NPU KOTOPbLIX LUBET CaMblI
VMHTEHCUBHBIN. WHTEHCMBHOCTb
LBETA MOXHO CHU3UTb, YMEHb-
Laa COOTBETCTBEHHO 3HaYeHne
atnx 4ucen. Ecnu BmecTO
yucna Ox001F ycTtaHOBUTHL
MeHblee 4ucno 0x001c, To
LBET BMECTO APKO-CUHEro 6y-
net TEMHO-CuHWUM, 4To OypeTt
CyLWEeCTBEHHO KOHTPacTupo-
BaTb C 3enénbiM. Kpome Ttoro,
uBeTa MOXHO CMeLWunBaThb.
Ecnn « «kpacHomy uBeTty
(OxF800), koTopbii OTRAET B
KOPWYHEBLIN, 10OaBUTb HEMHO-
ro 3eN1E€HOro, TO NONY4MM SIPKO-
kpacHbin OxF8EO. B Tabn. 2
npuBeaeHbl LBETa, UCMONb3ye-
Mble B NMporpamMmme.

Tenepb Mo noBoay BbIBOAA
CaMoi rmcTorpaMmmbl.

21
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int main(void) {

enter DefaultMode from RESET() ;

CLS() ; {HPILIPE A TIPS
cs =1;

A:
Ul = ACP(1);

DEL2US() ;
U2 = ACP(2) ;
Ul = Ul * 3;

U2 =02 * 3;

outUL(U1, 1);
outUL (U2, 2);
goto A;

lMocne TOro kak nony4eHo Hanpsxe-
Hue ¢ nomotubto ALMN (UL), Heobxoaumo
BbIACHUTbL, CkOoNbko (NXP) 1 kakux nuk-
cenos nortpebyeTca Ans BbIBOAA rMCTO-
rpammbl. [lns 3TOro 970 HanpsxeHue
Heob6xoauMO pasgenuTs Ha 28 MB:
NXP = UL/28.

Ecnn NXP < 64, HaumHaa C HuxXHen
rpaHuubl akpaHa (0) no NXP, BbiBOguTCSH
3enénbii (GREEN) uBert, nanee ¢ NXP + 1
Mo BEPXHIO rPaHuLy akpaHa (79) BbIBO-
autca cuHui (BLUE) user.

B npoTtusHOM cny4ae, Ha4uHasa ¢ 0 no
63-11, BLIBOAMTCA 3€NEHbIN uBeT, ¢ 64-ro
no NXP BbIBOOUTCH KPACHbIM LIBET, CUrHa-
NN3UPYIOWNIA, YTO YPOBEHb 3BYKOBOIO
curHana Bblwe npenenbHoro, a ¢ NXP + 1
no 79-1 BLIBOAUTCS CUHWIA LIBET.

Moonporpamma BbIBOAA rMCTOrpammbl
outUL(uint16_t UL,uint8_t NK) Takxe
odopmneHa B Buae GpyHKUMN, aprymeHTa-
MU KOTOPOW ABNSIOTCA BXOAHOE Hanpsixe-
Hue (UL) n Homep kaHana ALM (NK). Ons
obpatleHns K Hell HeoH6XxoaAMMO ykasaTb
HanpsxeHue (Hanpumep, U1) n Homep
kaHana (Hanpumep, 1). Hanpumep, ana
BblBOAA CTONIGMKA NeBOro kaHana Heobxo-
AMMO HanucaTtk: outUL(U1,1).

3Ta noanporpaMma ¢ KOMMeHTapusamm
npusegeHa B Tabn. 3, n yuutoiBas npe-
ablayuiee o6bACHEeHWE, €€ HEeCNOXHO
MOHSATH.

B nognporpamme ncnosnb3yeTcs BCro-
MoratenbHas nognporpaMmma 3anonHe-
HUst obnacTu akpaHa onpenenéHHLIM LBe-
TOM FillWin (...), koTOpas, B CBOIO 04epeab,
1MCNONb3yeT BCMOMOraTenbHylo noanpo-
rpamMmy onpepeneHus obnactu 3kpaHa
ona 3anonHexns SetWindow (...). O6e atn
noanporpamMmbl npueeaeHsl B Tabn. 3
nepep nognporpammon outUL(...).

C y4éToM npeapiayLnx NnoanporpamMmm
OCHOBHasa nporpamma (main(...) ) o4eHb
npocta. OHa u3amepsieT HanpsxeHue

Ta6bnuua 4

Tabnuua 5

Program Size: data=35.1 xdata=0 const=0 code=1369

LX51 RUN COMPLETE.

0 WARNING(S),

0 ERROR(S)

Finished building target: EFMBLB12F32E-C-QFN24.omf

Puc. 18

KaXA0ro KaHana v BbIBOAWUT Ha aucnnen
o6a ctonbuka ructorpammsl. 3gechb cne-
ayeTt 3aMeTuTb, 4YTO AN TOro 4ToObi
MoNy4nTb PeasbHble HANPSKeHUS 3 3Ha-
YeHuit, nonyyYeHHblx ot ALUM, atn 3Have-
HUSA HEOBXOANMMO YMHOXUTb Ha KO3 Ppu-
UMeHT, pasHbin 3. 3TOT KO3IPPULMEHT
nosiyyeH u3 cnepyowmx coobpaxeHui.
Bo-nepBbix, k03adpPuLumeHT ycunenuns Ny
npenBapuTensHOro YCUNUTENs, onucaH-
Horo B [2], 4yyTb 6onbwe 2 (=2,15), BoO-
BTOPbIX, KO3dbUUMeHT ycunexHua OY
BbINPSMUTENA Takxe paBeH 2, U, HaKo-
HeL, B-TpeTbux, KOAPDUUNEHT yCuneHus
sBcTpoeHHoro B MK OY nepepg ALIM paseH
0,75 (Gain Control, puc. 7). NepemHoxus
3T 3Ha4YeHus, nonyunm: 2 x 2x 0,75 = 3.
Mporpamma npuBeneHa B Tabn. 4 Huxe.
Kak MoOxHO 3ameTuTb, nporpamma
3aumkneHa, eé nocnegHuii onepaTop
goto A.

Mocne TpaHcnauMm Bcelt NporpamMmbl B
cpene Simplisity Studio BHM3y 3kpaHa
nossnsetca coobwexune (taén. 5).

N3 aTtoro coobuieHna cnepyeTt, 4TO
nporpamma wucnonbdyet meHee 30 %
(Bcero 35 6aiT) BHyTpPeHHeW onepaTtuBs-
HOM namMATM C NpPsMOW agpecauuwen
(data=35.1), pa3mep koTopon 128 Gawr,
BHELUHAA AOMONHUTENbHAs onepaTuBHas
namsTb C KOCBEHHOM agpecauven pasme-
pom 2304 6aiiT He ucnonbayeTcs BoobLue
(xdata=0), paamep kOOOBOW 4acTu Mpo-
rpammbl cocTtasnset Bcero 1369 Gant
(code=1369), 4TO COOTBETCTBYET 4yTb
6onee 4 % OT MakcuManbHOro pasmepa
nporpaMmHoin namatu ana atoro MK,
pasHoro 32 kb. B cBs3u ¢ aTuMm B 3TOM
YCTPOWCTBE MOXHO ucnonb3oBatb MK
EFM8LB11F16 wnn EFM8BLB10F16 (oHu
pewesne EFM8LB12F32) c nporpammHoi
namaTeio 16 kB. Mporpamma ncnonbayet



Tak HasbiBaeMylo small-model, roe Bce
[aHHbIe pacrnonaralTcs B NamsTu ¢ nNps-
mMon agpecaumeit (data) n kotopasi pa6o-
TaeT Hambonee 6bICTPO.

K BepxHen 4yacTn nnatbl ANCNNesa ToH-
KOW NEHTON C ABYXCTOPOHHUM NUNKUM
CNoeM npukneeHa NPsIMOyrofibHas nnac-
TMKOBaA NnacTuUHa WWPUHON 4 MM, ONun-
HOW, pPaBHOW LUMPUHE nnaTtbl Aucnnes, u
TonwmHoi 1,5 Mm. K HUXHeRn yacTu nnatsbl
aucnnes no yrnam TOW Xe NeHTOn npu-
KNeeHbl ABe NacTUKoBbIe MNacTUHbI pas-
mepamn 4x4x1,5 mMm. TonwmHa nnactuH
npubnnauTensHo Ha 0,2 mm 6onblue Ton-
WMHbI camoro gucnnes (okono 1,3 mm), u,
Takum obpasoMm, aucnneli He kacaeTtcs
BHYTPEHHEN NOBEPXHOCTU NNLEBOWN NaHe-
N1 Koprnyca ycunutens, 4to npepoTspa-
waeT ero noBpexaeHue B peaynbrarte
npuknemBaHua. Bce Tpu nnacTtuHbl, B
CBOIO 04Yepeb, NPUKEeeHbl TOM Xe NeHTOoWN
K BHYTPEHHEn MOBEepPXHOCTU NULLEBOWA
CTeHKM kopnyca ycunutens. B KoHTakThl
nnatbl AMCNNEs BCTaBneHa nnara ycTpon-
cTBa U AOCTATOYHO MPOYHO Ha HUX Aep-
xutca. MpoBoaa nNUTaHMS N CUTHANOB

CBOMMM pasbEMamn BCTaB/EHbl B COOT-
BETCTBYIOLME KOHTAKThbl pa3bEMOB NnaThl
yctporicTea (puc. 17).

Mo ob6wemy Buay nuueBON MOBEPX-
HOCTU Kopryca paboTaloLwero ycunurens
(pmc. 18) o peanbHoli paboTe yCTpOnCT-
Ba MOXHO CYAUTb TONbKO KOCBEHHO MO
¢doTorpacdum, T. €. B ctatuke. N3 Heckonb-
kux ¢otorpaduit astop BbIGpan Ty, y
KOTOPOW CuUrHan OAHOro K3 KaHanoB
3awkanueaeT (NeBblii CToNbuK C BEpxXHEWN
4acTblO KPacHOro ugeTa).

OpHako ana Toro 4Tobbl peansHo yoe-
onTbCA B paboTe yCTPONCTBa, B JOMNOAHU-
TenbHbIX Marepuanax K ctatbe npuBeneHsbl
nea supeodarina co 3sykom (Old brown
shue.mov u It’s probable me.mov), CHATbIX
doTokamepo Npu BOCNpou3seaeHnn ycu-
NUTENEM COOTBETCTBYIOLLNX 3BYKOBbIX
(*.mp3) dainoB n ABNAIOWMXCA UX YeTbl-
PEX-NATUCEKYHOHbIMU dparMeHTaMu. ATn
KOMMNO3NUMM UMEIOT MUPOBYIO U3BECT-
HOCTb, M NPeACTaBNsATb UX HET Heobxoamn-
MocTu. [py 3TOM perynaTop rpoMKOCTU Ha
ycunuTene v ABUXOK rpOMKOCTM Ha Tenedo-
He BblN YCTAHOBNEHbL! MOHYTU HA MaKCUMYM.
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1. Tutue Y., Wenk K. MNonynpoBogHukosas
cxemoTexHuka: CnpaBoyHOe pykOBOACTBO. —
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http://ftp.radio.ru/pub/2024/07 /ind_urov
nja_zvuka.zip Ha Hawewm ftp-cepsepe

Nopa6oTtka AC SVEN SPS-606
Ang padéotbl C paanoOMUKpPOPOoOHOM

A. MAHBLUUH, r. MockBa

cTaTbe MPUBOAUTCH OnNucaHue aopa-

60Tk opHo 3 konoHok AC SVEN
SPS-606 pna paboTbl C MPUEMHUKOM
papmnomukpodoHa SVEN MK-710. 3ta AC
COCTOUT 13 ABYX KOJMIOHOK, OAHa U3 KOTO-
PbIX aKTUBHASA 1 COAEPXUT OGNOK MUTAHUA U
crepeodoHuyeckuin YM34, a BTopas —
naccueHas. Y aktmeHon AC He pabotan
OIMH KaHan rno fnpuYmHe BbIxoAa 13 CTpos
COBOEHHOTO MNEePEeMEHHOro pesuncropa
perynaTtopa rpomkoctu 16T2-B 50K. Bbino
pelweHo npoeecTn gopaboTky, nepeseas

Mukpocxemy TEA2025B, npuMeHEHHYIO B
YM34, B MOHOGMOHMYECKUA pexmnm C
MOCTOBbIM BKNIOYEHMEM BbIXOAHbIX Kacka-
nos. [1, 2]. Cxema nopaboTaHHOM KONOHKM
npuseneHa Ha pmuc. 1. O603HaveHns ane-
MEHTOB Ha CXemMe — HOBbIE.

Bbinn npoBefeHbl cnegylowme aopa-
60Tkn. Kopnyc KOnoHku ¢ nnatown ycunu-
Tens Gbin pas3obpaH. Pas3bém npoeoga,
COeAUHAIOLLEro BbIXOA ycunutens ¢ nac-
CUBHOW KONOHKOW, 6blN yAaNEH, N KOMOHKN
6bin  pasbeduHeHbl.  Bbiknwovatens

HaNPAXeHUs NUTaHUS, YCTaHOBNIEHHBIV Ha
nnarte nocne BbiNPSMUTENLHONO MOCTa U
KoHaeHcaTopoB ¢unbtpa C6, C7, 6bin
yOanéH, ero KOHTakTbl 3aMeHeHbl nepe-
Mblykamu. K nepBuuyHoli 06MOTKE TpaHC-
¢dopmartopa 6bi1 NoaokNOY4EH NPOBOA, C
Bblk/ito4aTenem SA1 1 ceTeBOW BWUIIKON
XP1. MpuynHbl 3TOM Nepepenku cnemylo-
wue. TpanchopmaTtop T1 Npu BLIKIIOYEH-
HOM nuTaHnn AC NOCTOSHHO MNOAKIOHEH K
cetn 230 B n 3ameTtHo ryauT. pyras npu-
ynHa — BO3MOXHOE neperopaHue obmo-

XP1 SA1 "Bkn."
Lk XS4 XP3 VD1-VD4
o 1N4007 XP4 XS5
o 1 1 +958
g | 2N P
2 c6 Lt g7 R10 2 >ﬁL [I]RH
2200 mkx | 100n| 1K 7, 33k
x16 B q'; R12*1K
XS2 XP2 o1y par L ) VT
C2100H TEA2025B VD5 KTB37K
Jre-12 F——%N14{ 5 | +vs R kc156A
C i+ 11
XS1 ;“ . BE o R13[/] | R14
PN $<4{—SBsvR| | B1 1K 10
‘%2 " Blepo| | B2 HL2 A7 (b e
1 W
XS3 Cs  Ting+| |ouT2 ) 47
L1
o 1gri| [onDj459.1213 T,
o
>
@ nd C3-C5, C8, C9 100 Mk x 16 B

Puc. 1

SOUY

€

v

YIUHX3LONAGE

ni‘opei@}nsuod :19ooduog
nirolpei@|iew :ualeld waudy

202 ‘L 3N outivd



N
N

A!/!Ow)

\PA

—

P
e

3BYKOTEXHUKA

Mpuém crarteit: mail@radio.ru
Bonpocsbi: consult@radio.ru

PAOWNO Ne 7, 2024

Tok TpaHcdopmartopa T1. [leno B TOM,
4YTO NpU  BbIKAKOYEHHbBIX KONMOHKax
HanpsXXeHne Ha  KoHAeHcaTtopax
bunbTpa MoxeT 6ObiITb Gonee 16 B,
Nno3ToMy BO3MOXEH MPOBON KOHAEH-
catopa C6. Tok K3 Ha BbIxoae Bbinps-
muTens npesbiwaeTt 1,2 A, 4TO BbI3bl-
BaeT neperopaHne o6MOTOK TpaHC-
dopmaTtopa.

Bunka BXxOgHOro axkycTu4eckoro
cTepeopa3béMa mini-jack 3,5 mm c
NPOBOAOM U FHE3OHAsA 4aCTb NOAKNIO-
YEHHOr 0 K Hemy pasbéma bbinu yaane-
Hbl. Ha npaBoli cTeHke kopnyca ycra-

30

HOBneHa pos3eTka pa3béma jack

6,3 MM (XS1), y KOTOPOW CUrHANbHbIN o 2 =Lt +——°
1 OGWMA KOHTAKThl COEAMHEHBl B o )?5 R1S
pexume "MOHO" 39KpaHWPOBAHHbLIM 1

NPoOBOAOM C THe3nom XS2 (puc. 2). v =, °3

BbiNV NepepeaaHbl NevaTHble NPOBOJ.- @9 VDS R11@ Ko VT4 o

HUKM Ha nnate YM34, Bepyuwime k oB

BbIXOAHOMY rHe3gy mini-jack 3,5 mm

(XS3), pacnonoxeHHOMY Ha nepeaHen Rz RR

CTEHKEe KOJIOHKW. 3TO rHe3go crasno o oo G__Rg_e (0]
BXOAHbIM B pexume "MoHo" n 6bino

noaknoyeHo k peaunctopy R1. Ha-

3HaYyeHWe BTOpPOro BXxoda — MOA- Puc. 3

KnoyeHne K YM3Y4 nopyroro nctovHuka
ayauocurHana. lMeyaTHble NPOBOOHMKM Ha
nnate YM34, Beaywime K HeucnpasBHOMU
YacTu nepemeHHoro pesnctopa R5, pery-
naTopa rpomMKocTu, 6binn nepepesaHsbl.
Ha MecTo yganéHHOro wTaTtHOro BblKIO-
yaTens ycTaHaBNMBAIOT NepPeMEHHBbIN pe-
3uctop R6 Tak, 4Tobbl ero ocb Npoxoauna
B OTBEPCTUE KOpryca, NpeaHasHavyeHHoe
ONs yAanéHHoro BbIKOYaTeNns nNUTaHus.
Ha ocb nepemeHHOro peancrtopa B kaye-
CTBE PYy4kM ynpasBfiieHus Oblna HageTa
KHOMKA OT yOanéHHOro BblKAYaTens.
Bbixoabl 060MX BXOAHbIX PErynaTOPOB
rpoMkocTn 4yepes pesuctopbl R7 u R8
coefHeHbl ¢ KoHaeHcaTopom C2 — Bxo-
nom YM34 Ha mukpocxeme DA1. Ha nnate
6bIN0 U3MEHEHO MNOAKIIOYEeHNE BbIBOLOB
MUKPOCXEMbI ANA €€ paboTbl B MOCTOBOM
MOHO®MOHUYECKOM pexxume.

K coxaneHuio, nocne npoBeneHuns Ao-
pabotkn YM34Y npopabotan Heponro, u
Mukpocxema TEA2025B Bbiwna na cTpos.
MpuynHoM 3TOro BLINO TO, HTO MUKPOCXE-
ma TEA2025B, BknO4EHHAsH MO MOCTOBOM
cxeme C ANHAMUYeCcKoWn roNoOBKOW COMNpPo-
TnBnexHnem 4 Oma, pabotana npu Hanps-
xeHun nutaHus 6onee 9 B [3].

W3-3a Toro 4to B 6noke nutaHus npm-
MEHEH  ManNOMOLLUHbLIA  MOHMXAKOLWNN
TpaHchopMaTop, HanpsxeHwe nuTaHus

Puc. 6!
CyLLLECTBEHHO YMEHbLUAETCS Npu yBe-
NMYEeHNN BbIXOAHOM MOLLHOCTN YM3Y.
B Takon cutyaumm npumeHeHue no-
cnepoBartenbHoro crabunusaropa
HanpsXeHUs MoXeT ObiTb Heonpaeaa-
HO, NOCKONbKY OH 3aMeTHO CHWXaeTt
HanpsxeHue nutanna YM34. MMo-
3TOMYy OblNnO pelweHO NPUMEHUTb
napannenbHblii  OrpaHMyYnTenb Ha-
nps>xxeHus Ha TpaH3auctope VT1 mcra-
6unutpore VD5. Ons ymeHblUeHUs
TENNOBOW HAarpysku TpaH3ucTopa
NMPpUYMEHeHbl  racsije  pesaucTo-
pbl R14, R15.

Mpu Toke 4yepe3 orpaHuyuTenb
400 MA HanpsxeHue Ha Bbixoge
BbIMPSAMUTENS  yMeHbllaeTcs Ao
9,5 B. Mpu aTom TOKE TpaHchopma-
Top T1 He ryagut. Ha TpaHauc-
Tope VT1 n pesuctopax R14, R15
BbloenseTcs MowHocTb 4 BT, n3-3a
4Yero OHW HarpeBalTCa A0 Temnepa-
Typbl okono 60 °C. UHaukaTopom
BK/IlOYEHUA cTabunusatopa cCnyxut
csetoguop HL2 6enoro ceeveHus.
Mpu yBennMyeHumn BbIXOOAHOW MOLWHO-
ctn YM34 paccevBaemMas Ha orpaHu-

Puc.5




ynuTene MOLWHOCTb ymeHblwaeTtcs. Mpun
YMEHbLUEHUN HanpPsXXeHUs NUTaHua [0
8 B 1Ok konnektopa VT1 cTaHoBuTCA
meHee 100 MA n ceeToagunop HL2 racHer.
3TO COOTBETCTBYET BbIXOAHON MOLLHOCTUN
1 BT, 4TO [OCTATO4MHO AN 03BY4MBaHUA
Hebonbworo nomeleHus. MNpu Hanpsxe-
HUW NUTaHMA MeHble 6,5 B, korpa YM34
pabotaeT Ha MakCuManbHYl0 MOLWHOCTb
2 BT, orpaHmumTens HanpsixXeHnsa oTKIIo-
yaetcs.

Yeptéx nnaTtbl nokasaH Ha puc. 3.
[IpMMEHEHbI UMMOPTHbIE PE3NCTOoPHI,
cBetogmon — J060A ManoOMOLUHbBIN,
uBeT cBevYeHus MoXeT ObiTb nobbiM.
TpaH3UCTOp YCTAHOBNEH HA TEMNOOTBOA,
nnowagsto 10 cm? (puc. 4). TpaHauc-
TOp VT1 Kpenutca K TennootBoay wn K
nnare BUHTOM M3 c ralikon, mexay Ten-
NOOTBOAOM U TPAH3UCTOPOM MOMeLeHa

TennonpoBoasawaa nacta. OrpaHuyu-
TeNb NOAKNIOYAIOT NapanfiensHo BbIXOAy
BLINPAMUTENS C NMOMOLbI0O Bunku XP4
(yrnoBas Bunka DC pasbéma 5,5/2,1) n
rHesga XS5 (DC 5,5/2,1), yctaHoBneH-
HOro Ha nnate ctabunu3satopa. lnata
orpaHuyuTens 3akpenneHa Ha BHYTPEeH-
Hel NMOBEPXHOCTU Kopryca C MOMOLLbIO
OBYX BWHTOB-camopesoB. [locne u3ro-
TOBNEHUS NnaThl €€ NPUKNaAbLIBAOT CHa-
PYXW K IeBOW CTEHKE KONIOHKU, OTMeua-
10T U CBEPNAT ABa OTBEPCTUSA ANS Kper-
NieHMsa NNaTtbl OrpaHUYNTENs auamMeTpoM
3 MM 1 OTBEpCTUE ONs Kopryca CBeTo-
onopa HL2 guametpom 3...4 mm. Mnarty
HYXHO KpenuTb 6nnxe Kk 3agHen CTeHke
KONOHKU, 4TOObI pazbém XP5 He kacancs
AuHaMmuyeckon ronosku. JopaboTaHHas
AC nokasaHa Ha puc. 5 u puc. 6, oHa
npopaboTtana Heckonbko MecsueB Ha

MunnuommMmeTp

A. MOUCEEB, r. HoBocnbupck

peanaraembli BHUMaHWIO Yutatenen

MUANIMOMMETP [OMONHAET LWUPOKO
pacrnpocTpaHéHHble MYNbLTUMETPbI Cce-
puit x830X, 0OAHUM N3 HEOQOCTATKOB KOTO-
pbIX ABNSETCH HEBO3MOXHOCTb u3Mmepe-
HUS COMPOTUBIEHNA HU3KOOMHBIX Pe3nc-
TopoB (1 OM M MeHee) C BbLICOKOW TOY-
HoCTblo. C nomowbid MuanMoMMmeTpa
MOXHO M3MepUTb CONPOTUBNEHNE Pe3nc-
TopoB or 1 MOM po 2,25 Om. MMorpeLu-
HOCTb M3MepeHusi 3aBUCUT OT MOTPEeLIHOC-
TV MOAyNA BONbTMETPA, NapameTpos npu-
MEHEHHbIX 3N1EeMEHTOB U TOYHOCTU Hana-
XUBaAHUS.

B «kauyectBe CcTAabBUNN3MPOBAHHOIO
6noka nNuTaHus ucnonb3osaHo 3Y ¢ Mak-
CUManbHbIM BbIXOAHbLIM TOKOM 2 A. B cTa-
6unuaartope Toka UCNosb3oBaHa MUKPO-
cxema KP142EH22. Tok ctabunusaumm I,
3aBUCUT OT 06PA3LLOBOr0 HANPSXKEHWS MU-
Kpocxembl Uys, U CONPOTUBAEHUSA PE3NCTO-
pa R1[1]: I, = U./R1. Ho cnepyer y4ecTs,
4TO NpU HOMUHANLHOM Uy, = 1,25 B ero
3HayeHne MoxeT ObiTb B UHTepBane
1,238...1,262 B, noatomy notpebyeTcs
TouyHaa nopbopka peauctopa R1. Bbin
BblOpaH Tok ctabunuaaumm l, = 1 A (npwm
R1 = 1,25 Om), npn 3TOM 3Ha4YeHne n3ame-

A1
KpacH.,
"Mmia;uwe" DA1 e B B B B
P KP142EH22 Ry 425 UepH,
+ 3 ST 2 1]
S 1 XT1
£ c1 o
fa] 100 H RX
o XT2
— - ¢ o)
Puc. 1

Cxema npucTaBku nokasaHa Ha puc. 1.
®dyHkuMoHanbHO Npubop CocTouT 13 cTa-
6unuanpoBaHHoro 6noka nuTaHWa C
BbIXOAHbIM HanpsbkeHueM 5 B (Ha cxeme
He nokasaH), ctabunusaropa NOCTOSHHO-
ro Toka Ha mukpocxeme DA1 n pesncro-
pe R1, a Takkxe mopyns BCTpausBaemoro
uM@PpPOBOro BOMbTMETPa MOBbILLEHHON
TOYHOCTU (TOproBoe o6o3HaveHne — digi-
tal voltmeter 0.36" 3Wires 5Digit).

psieMoro conpoTtmene-
Hua R, B Munnnomax
6ynetr COOTBETCTBO- Puc. 2
BaTb HAMPSXEHUID, WHOUUUPYEMOMY
mopynem BonstmeTpa Al. Hanpumep, npun
R, = 1 Om = 1000 MOm BonbTMETpP noka-
xeT 1.000 B = 1000 mB.

Mopaynb BONLTMETPA UMEET KNEMMHYIO
KONOAKY C TpeMs NPOBOAAMM (KPaCHbIN —
nuTaHne BOJILTMETPA, XENTbIA — BXOA,

MakCUManbHOW FPOMKOCTU, MPU 3TOM
0TKa30B He ObIno.

JINTEPATYPA

1. Cyxonatkun WU. . SHuunknonegus pe-
MoHTa. Bbin. 7. Mukpocxembl COBPEMEHHbIX
3apyb6exHbIX ycunutenen HU3KoM 4acToTbl. —
M.: OOA3KA, 1998, 282 c.

2. QHumknonegus pemoHTa. Bein. 17. Mukpo-
CXembl Ans ayamo- 1 paguoannapartypbi-2. —
M.: OA3KA-XXI, 2001, c.

3. Ycunutens 3Byka Ha MuKpocxeme
TEA2025B. — URL: https://dzen.ru/a/
YdrLI7WGEIOmsEMr (14.05.24).

Ot pegakumn. YepTéx nevarHow nnarb! Ha-
xoautes no agpecy http://ftp.radio.ru/pub/
2024/07 /as.zip Ha Hawem FTP-cepsepe.

N3MEepPSeEMOro HaNPsXXeHUsa U YEPHbLIA —
obwmit). BHeWwHWn BuA, MCNONL3yemMoro
MOOynsi BONbTMETPA NokasaH Ha pyuc. 2 n
puc. 3.

Mopaynb umdpoBoro sonstMeTpa pac-
CUYMTaH Ha MakCUManbHOEe BXOOQHOE Hanpsi-
xeHne 33 B ¢ Tpems 3Hakamu nocne
[eunManbHOM TOYKN BO BCEM MHTEpBane u
norpeLwwHocTbio namepenuns 0,03 %. dax-
TUYECKU HA UCNONb3yeMOM npeaene
n3mepenus Hanpsxxenusa (oo 2,25 B) 3a-
[EenCTBOBaAHO TONMbKO YeTbipe pa3psaa
BonbTMETpa M3 natu. Ctapwuin nATbiA
pa3psag ucrnonb3dyetca npu 6Gonbliem
M3MepaeMoM HanpskeHun. HanpskeHue
nuTaHus camoro moayns — 3,5...30 B.

KoHnpeHncatop C1 obecneymBaer yc-
TOMuMBYIO PaboTy cTabunuaaTopa, MOXHO
NMPUMEHUTbL  METaNIONNEHOYHbIE UK
Kepammnyeckne KOHOEHCaTopbl EMKOCTbIO
0,1...1 Mk®. Knonka SB1 — nio6as H13ko-
BOJILTHAsA C CAaMOBO3BPATOM, paccyuTaH-
Has Ha KOMMYTauuio Toka He MmeHee 1 A.

&3

Mukpocxemy KP142EH22 mMoxHO 3ame-
HUTb Mukpocxemon KP142EH22A wnu
LT1083, LT1084, LT1085 [2]. MoxHo
Takxe MCnonb30BaTb MUKPOCXEeMy
KP142EH12A [3], HO TOraa ctabunuaupo-
BaHHbIA UCTOYHUK MUTAHUS AONXEH UMETb
BbIXOAHOE HanpsixeHue He meHee 7 B.

BUH3Id3IWNEUN
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UCTOYHUKU MUTAHUSA

Mpuém crartein: mail@radio.ru
Bonpocsi: consult@radio.ru

PAAWNO Ne 7, 2024

Puc. 3

BHewHuin Bua MmunanommMeTpa B Camo-
DENbHOM KOpryce rnokasaH Ha pwuc. 4.
MeyaTHas nnata He pa3pabaTbiBanachb.
MoHTax 31eMeHTOB BbINONHEH Ha MakeT-
HOW nnaTe M3 OOQHOCTOPOHHEro CTEK/O-
TEKCTONUTA, U3rOTOBNIEHHOW C MOMOLLBIO
peszaka. [llpn MOHTaxe MUKPOCXEMBbI
Heob6xooumo obecneymBaTb U30NALUIO
KOpryca OT COEAMHEHHBIX C 0BLWMM Npo-
BOZAOM U JPYyrux TOKOMPOBOASALWMX 3ne-
MEHTOB annapaTypbl, UMEIOLWMX NOTEHUM-
an, OTINYHbINA OT BLIXOAHOMO HaNPSXXeHUs.
Bce coepunHeHus ctabunuaaTtopa Toka
HanO BbINOMIHATL TOACTbIM MEeAHbIM MPO-
BOAOM MUHUMANbLHO BO3MOXHOW [JIUHbI, @
MWKPOCXEeMYy Hano pPacrnonoxutb Kak
MOXHO Dnnxe K BbIXOA4y.

MakcumanbHaa paccevBaemMasi MOLLL-
HOCTb Ha Mukpocxeme KP142EH22 (npu
R, = 0 Om) 6yanet okono 3,75 BT, noatomy
€€ Hago YyCTaHOBWUTL HAa TEMIo0TBOA, NO-
Waaplo He MeHee 60 cM?. Mpu Ncnonb3o-
BaHMM Mukpocxembl KP142EH12A noTpe-
OyeTcsa HanpsixeHue MUCTOYHUKA NMUTaHUNA
7...8 B, noatomy Ha mukpocxeme Gyner
paccevBaTbCsi MOLWHOCTb He MeHee
6,5 BT, 4yTO NnoTpebyeT TennooTBOAa NNO-
waakio ot 100 cm?,

Mpn uncnpaeHbIX
petanax n 6e3owwm-
604HOM  MOHTaxe
npucTaBka HauynMHaeT
paboTtatb cpagy. lNo-
TpebyeTtca nnwb

1

COOTBETCTBYET MakCUManbHas BenuyvHa
NPaBuIbHO N3MEPSEMOTO CONPOTUBNEHUS
(2250 mOm). Bonee BbicOkMe nokKasaHUs
unMdpPOBOro BONLTMETPA CBUAETENLCT-
BYIOT O Bbixoge crtabunusatopa Toka w3
pexuma ctabunusaumu.

< sere= ]

Puc. 4

TOYHbIM NOABGOP CONPOTUBNEHUSA PE3UCTO-
pa R1. MoxHO coCTaBuTb ero u3 AByx
nocnenoBaTenbHO COEAUHEHHBIX pe3unc-
TopoB C5-16MB conpoTtusnexHvem 1 OMm un
0,22 OMm, MoOLWHOCTLIO paccesHus 2 Bt un
1 BT COOTBETCTBEHHO, BO3MOXHbI 1 ApYy-
rme kombuHauuu, Hanpumep, ABa peauc-
Topa conpoTtusneHuem no 0,47 Om n oguH
conpotuenexvem 0,3 Om. [ina Hanaxuea-
HUSA K BbIXOAY NPUCTaBKWU MNOJKMIOHAIOT
MYNETUMETP B PEXUME U3MEPEHUS TOKa 1
noabopkot pPe3ncTopoB YCTaHaBAMBAIOT
10K 1 A. Yem TOouHee OymeT ycTaHOBNEH
TOK, TeM 6ynetr MeHblue MorpewHocTb
n3MepeHus.

Mpu noakniodeHun 6noka NUTaHUSA Ha
mHgukatope moayns undpoBOro BONMLT-
MeTpa BblBOAATCA HyNeBble NnokasaHus
YyeTblpéx Mnagwux paspanos (puc. 4).
NamepsiemMbint pesucTtop R, nogxnioyaloT K
KoHTakTam XT1 n XT2. Mpu Haxatun Ha
kHONKy SB1 "UamepeHne" Ha nigukatope
BONbLTMETPA NOSBUTCS 3Ha4YeHne nageHus
HanpsXkeHus Ha peauctope R, B mMunnu-
BOMbTax, KOTOPOe B LUU(MPOBOM Bbipaxe-
Hun 6yaeT TOYHO COOTBETCTBOBATbL COMPO-
TUBNEHUIO pe3ucTopa B munnmomax. Cne-
AyeT OTMEeTUTb, YTO HanpsixeHuio 2,25 B

3apaaHOoe YCTPOUCTBO
C aCUMMETPUYHbBIM TOKOM

B. KAJIALLUHUK, r. JInckun BopoHexckow obn. I

opoLlne aKcnayaTaumoHHbIe XxapakTe-

PUCTUKN CBUHLIOBO-KUCNOTHOM aKKy-
MynsaTOpHOW Gatapen [oCTUralTcs npwm
eé 3apsgke aCuMMETpPUYHbIM TOKom. B
cyyae Takou 3apaaKu rnyboko paspsikeH-
HbIX aKKyMynfTOpoB v 6arapen Npoucxo-
DAT pecynbdaraums nNnactuH U BOCCTa-
HOBfIEHWE HOMUHaNbHOMW EMKoCTU. Cxema
3apagHoro yctpoictea (3Y) ana vakux
akkymynaTopoB 1 6artapeit nokasaHa Ha
puc. 1.

Mpeanonoxum, 470 Ha BEpPXHEM BbIBO-
ne BTopu4Hoi 06MoTkn TpaHcdopmartopa
T1 pencreyeT NONOXUTENbHBLINA nonyne-
puog HanpsxeHus. [loka MrHoseHHoe

HanpsaxeHwe He npeBbilwaeT
HanpskeHus crtabunusaumm u
npPAMOro nageHus Hanpsxe-
HUa Ha cTtabunutpoHax VD1,
VD2, oHu 3aKpbliTbl, TOK Yepes
HUX He npoTekaeT. Hanpsixe-
HUMe Ha cTabunutTpoHax n Ha
nepemMeHHbix pesuctopax R2,
R3 paBHO HynO, nonesble
TpaHaucTopbl VT 1, VT2 3akpbl-
Tbl. Kak TO0NbkO MrHoBeHHOe
HanpsxXeHne BTOPUYHON 06-
MOTKN TpaHcdpopmarTopa cra-
HeT 6onblue HanpsxeHWs cra-
6unuaaumn v NPSMoro nage-

FU1
10A

~230B

Puc. 1

T1 IRFP250N
R2 47 «
R1 [} "PaspaaHLI TOK"
Il
! 1k R347 &
“3apaanbii Tok

Cnepnyet obpatntb ocoboe BHUMaHue
Ha MUHUMANbHYIO ONNHY COeaNHUTENbHbLIX
NPOBOAOB, 33AENCTBOBaHHbLIX HErnocpen-
CTBEHHO B UenNn M3MepeHus, cevyeHune
KOTOPbIX JOMKHO BbiTb HE MeHee 1 MMZ,
HexoTopble rHé3aa, nepBoHaYansHoO ycta-
HOB/MIEHHbIE B KOHCTPYKUWUIO, UMENn He-
NpUemMsIEMOe COMPOTUBNEHNE KOHTaKTOB
(oT 20 MOM 1 BbILLE), 3HAYUTENBHO CHU-
Xaloliee TOYHOCTb MokasaHuii npubopa.
Takue xe npobnembl 6bin NPU NCNONL30-
BaHMU CTanbHbiX 32XWMOB Tuna "KPOKO-
omn". Mpobnema 6bina ycTpaHeHa nocne
3aMeHbl THE3L MeaHbIMU KOHTAKTHbIMU
nnowaakaMmm ¢ BRAsiHHbIMWU MeOHbIMU
NPOBOAaMWN BbIlEYKa3aHHOTO CeYeHus
(puc. 4).

NNTEPATYPA

1. Nepebackux A. B., BaxmeTtbeB A. A.,
MetrpoB M. 0. VHTerpanbHbie MUKPOCXEMbI.
Mukpocxembl AR NUHBMHbIX UCTOYHWKOB NuTa-
HUA U ux NnpumeHeHne. — M.: Joaaka, 1998.

2. LT1083/LT1084/LT1085. — URL: https://
clck.ru/3AV7LD (06.05.24).

3. KP142EH12A, KP142EH126. —
https://clck.ru/3AV7TE (06.05.24).

URL:

HVS HaNPSXeHus Ha CTabunuTpoHax, OHW
oTkpbiBaioTcs. Tok 6yaeT npoTekaTk Yepes
cTtabunutpoH VD1 (napeHne HanpsxeHus
Ha HéM npubnuautencHo 1 B), peauc-
Top R1, ctabunutpoH VD2 (HanpsxeHue
Ha Hem — 12 B). YacTb cTabunuavposaH-
HOro HanpsXeHUs C NEePEeMEHHOro Pe3unc-

R4 0,5

VT1

VT2




Topa R3 noctynaetr Ha 3aTBOp MONEBOro
TpaHaucTopa VT2, paboTalowero Kak or-
paHuyYMTENb TOKA, 3Ha4YeHNe KOTOpOoro 3a-
BUCUT OT CONPOTMBAEeHus peauctopa R5 n
HanpsiXeHWs Ha 3aTBOpe TpPaH3ucTo-
pa VT2. 3apagHbii Tok Oyaet npoTtekatb
yepes pe3ucTtop R4, sawmTHeIN gnopa no-
nesoro TpaH3uctopa VT1, HopManbHO
3aMKHYTble KOHTaKkTbl nepekntoyare-
na SA1.1, amnepmeTp PA1, akkymynaTtop-
Hylo 6aTapeio GB1, TpaH3ucTop VT2, pe-
3ucTtop R5. 3T0T TOK 3apsixaeT 6atapeto.
MMycTb Ha BEPXHEM BbIBOAE BTOPUYHOW
obmoTku TpaHchopmaTopa AencTeByer
oTpULaTeNbHBLIN Nonynepuon CeTesoro
HanpsixeHus. Moka MrHoBEeHHOE Hanpsixe-
HWE He NPEBbILIAEeT HanpsXeHus cTtabunum-
3auMn U MPSIMOro MafeHus HanpsXeHus
Ha ctabunutpoHax VD1, VD2, oHu 3akpsl-
Thbl, TOK 4epe3 HUX He npoTekaet. Hanps-

u

Uak |- —_
Uct -

-Uer - e

Puc. 2

XeHve Ha cTabunuTpoHax n Ha nepemMeH-
Hbix pe3ucTtopax R2, R3 paBHO Hynio,
nonesble TpaHaucTopsl VT1, VT2 3akpbl-
Tbl. Korga MrHOBEHHOE HanpsixeHue BTO-
pyyHOM 0OMOTKM TpaHcdopmaTopa cTa-
HeT Bonblue HanpsXeHus ctabunuaaumm n
NMPSMOro nageHust HanpsxeHus Ha ctabu-
NUTPOHax, OHU OTKpbIBatoTCs. Tok Gyaet
nportekaTtb yepe3 crabunutpoH VD2 (na-
neHne HanpskeHus Ha HEM paBHo 1 B),
peauctop R1, ctabunutpoH VD1 (nage-
HUe HanpsikeHus Ha Hém — 12 B). HYactb
CTabunmManpoBaHHOro HanpsXxeHus ¢ ne-
pemeHHoro pesuctopa R2 nopaértca Ha
3aTBOp nonesoro TpaHaucropa VT1, koTo-
pbin paboTaeT kak OrpaHuyYMTenb TOKA.
3TOT TOK 3aBUCUT OT CONPOTUBNEHUSA pe-
3uctopa R4 n HanpsxeHus Ha 3aTBope
TpaHaucTopa VT 1. PaspagHblii TOK npoTe-
KaeT yepes peaucTtop RS, 3awmTHeIN Anoa
TpaHaucTopa VT2, HopManbHO 3aMKHYTbIE
KOHTakTbl nepeknoyatena SA1.2, amnep-
meTp PA1, akkymynstopHyto 6atapeio GB1,
TpaHauctop VT1, peauctop R4. 37101 TOK
paspspkaeT akkyMynaTop.

Ha puc. 2 nokasdaHbl yNpOWEHHbIE
BpEMEHHbIE 3aBNCMMOCTU HANPSXKEHUS Ha
BTOpWYHOM 0O6MOTKe TpaHcdopmaropa u
TOoKa 4Yepes3 akkymynsTopHyio 6arapeto,
roe Uak — HanpsikeHue Ha akKymMynstop-
Hom Gartapee, UcT u UcT — HanpsixeHue
cTabunusaumm n npaMoe nageHne Hanps-
XeHus Ha ctabunutponax VD1, VD2, 13 —
3apagHbid TOK, |p — pa3pagHbli TOK.
3apsgHblil TOK, Kak NpaBuno, Beibupaiot B
necatb pas 6onble paspagHoro toka. 3Y
obnagaeTr AByMs npeumyliectsamm —
3apAOHbIA U Pa3paaHbIA TOK MOXHO pery-
NMPOBaTb HE3aBMCUMO Apyr OT Apyra, npu
OTCYTCTBUM CETEBOTrO HAanNpPsXeHus TpaH-

31CTOPLI 3aKpbiThl U Yepe3 Hatapero Tok
He npoTekaet.

Kak 3apsixaTb akkymynsTopHbie 6ata-
peun Takum 3Y. MNoagknioyaoT akkyMynaTop-
Hyto 6atapelo. NepemeHHbIMU pe3ncTopa-
mMu R2 n R3 ycraHaeBnusalT Hynesoe
HanpsaXeHne Ha 3aTBOPax MoONeBbIX TpaH-
3uctopoB. [epeknioyatenem SA1 nop-
knoyaioT amnepmeTp PA1. MNepeMeHHbIM
peauctopom R3 yctaHaBnmsaloT TOK 3a-
PAOKM aKKyMyNsiTOPHOW GaTtapeu MCcxoas
N3 eé EMKOCTHN, a 3aTeM NepeMeHHbIM pe-
3ucTopoM R2 yMeHbLIAOT ero Ha 3Have-
HWe pa3psaHOro Toka.
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Puc. 3

AMNepMeTp MUCMoNb3ayeTca TONbKO npu
nepBoHayanbHon HacTtpownke 3Y. lNocne
yero nepeknioyatens SA1 nepeBogsaT B
NPOTUBOMNONIOXHOE MONOXEHNe, NOCKONb-
Ky M3MepsATb TOK yXe HEeT HeobxoamumocTu.

Mcnonbayemble TpaH3UCTOPbI UMET
BHYTPEHHEE COMPOTUBNEHUE KaHana B
OTKPLITOM cocTosiHMK, paBHoe 0,075 Owm,
1 MOryT pacceuBaTb 00 214 BT Boigense-
MOM Ha HUX MOWHOCTU. MakcumanbHoe
HanpsaxeHne cTok—ucTtok — 200 B, mak-
CUManbHbIA MOCTOAHHLIN TOK CTOKA —
30 A. 3Tn TPaAH3UCTOPbI BbINYCKAIOT B KOP-
nyce TO-247AC, ux Heobxoammo nocra-
BUTb Ha TennooTsop, U3 pacuéta 10 cm?
nnowanm Ha 1 BT paccenBaemMomn MOLLHO-
cTn. MakcumanbHoe NoporoBoe Hanpsixe-
HME MeXZy WCTOKOM M 3aTBOPOM 3TuUX
TpaH3ucTopoB — 4 B npu TOKe cTOKa
0,25 MA.

3apsgHbli 1 pa3pagHbii Tok rpybo
yCTaHaBAMBAIOT CONPOTMBAEHNEM pe3nc-
TopoB R4 n R5 (ux conpoTtuBneHune onpe-
nensieT MakcumanbHoe 3HavyeHue Toka), a
TOYHO — NepemMeHHbIMK peancTopammn R2,
R3. Ha mecte R2 n R3 xenatenbHo
1MCMOoNb30BaTb MHOr0060POTHLIE MNepe-
MEHHbIE PE3UCTOPbI.

MakcrmanbHbI TOK 3aBUCUT OT MOLLL-
HOCTU NPUMEHEHHOrO CETeBOro TpaHC-
¢dopmatopa. Hanpumep, gns Toka 20 A
MOLLHOCTb TpaHcdopMaTopa [OnxXHa

6bITb NpumMepHo 360...400 BT. Hanpsxe-
HUe Ha BTOpUYHOM 06MOTKe TpaHchopma-
TOpa AONXHO HaxoAUTbCH B mnpepenax
17...20 B. MoHTax MOXHO caenaTtb HaBec-
HbIM cnoco6om. B aBTOpckoM BapuaHTe
HeKOoTOpble AeTany pasMeLLeHbl Ha neyar-
HOW nnaTte u3 GoNbrMPOBaAHHOIO C O4HOM
CTOPOHbI CTEKNOTEKCTONUTA TONLMHOWN
1,5 Mm. E€ yepTéx nprBenéEH Ha puc. 3.

C nomouwbio npegnaraemoro 3Y asTop
3apsxas He TOJIbKO CBUHLLOBO-KUCIIOTHbIE
aBTOMOOUNbHbIE aKKyMynsiTOpHble 6aTa-
pen 1 6aTtapen ANa KOMMbIOTEPHbBIX NCTOY-
HUKOB 6ecnepeboHOro NUTaHusa, HO M
HUKeNnb-KagMueBble 6aTapeun ons Nbineco-
ca v wypynoBsépTa.

Ot pegakuun. 3apsiaka aCUMMeTPUYHbLIM
TOKOM onpaspnaHa /151 CBUHLOBO-KUCIOTHBbIX
aKKyMYynsiTOPHbIX lhlhi[)l‘M, MNOCKOJIbKY B 3TOM
ciiy4ae bonee NWHTEHCWBHO npouncxoanrt
jll‘(f\//l/-(!)'HvllLHH nnacTvH v NoBbILLIeHNEe EMKO
CTU Haxo[aLWMXCs A/INTEIbHOE BPEeMSsi B 9KC-
nnyaraumm 6arapeu. JJoctosepHon nHpopma-
Uy O noNoXUTenbHOM aggekre 3apsakuv
noao6bHLIM METOAOM akKyMmynsiTopos n bara-
pen apyrux aNeKTpoXmMMmn4eckmux CUCTemM HeT

3axapxuH C. B.,
UesaHoB B. A.,
KoHbiwes M.1O.,
Lnwkud H. B.
- MoGunbHble  cuc-
TeMbl CBA3N. Yueb-
Hoe nocobue ans
By3os. / C. B. 3a-
xapkuH, B. A. MBa-
HOB, M. IO. KoHbI-
wes n gp. — M.: To-
psavas nuHus — Tenekom, 2023. — 408 c.:
vn. ISBN 978-5-9912-1050-8
MpeacraBneHa nHdopmauma 06 oc-
HOBHbIX NpuHUMNax ¢opmMupoBaHus
COTOBbIX CMCTEM MOOUNILHOW PaaUOCBS-
3u. PaccmoTpeHbl obume ocobeHHOCTH
CTPYKTYpbl 1 OPraHn3aLmn COTOBbLIX CUC-
TeM MOOUNbHOW PaguoCBsA3N, CUCTEMBbI
MOOUNBHOM PaaMOCBA3N BTOPOro NOKONe-
HUA 2G ctangaptoB GSM u IS-95, cucte-
Mbl MOBWNILHOW PaAMOCBA3N TPETbero
nokonenuns 3G ctaHgaptos CDMA-2000 n
UMTS, cucteMbl MOBUNBHOW PaanocBsaan
yetBepTtoro nokonexHus 4G craHgapTa
LTE, cuctemMbl MOBGUNBHOW PaAVOCBA3U
NSATOro NOKONeHus ctaHaapTa 5G, a Takke
6ecnpoBOAHbIE CUCTEMBI CBSI3N CTaHOap-
ToB |IEEE 802. Matepuan nanoxeH nocne-
[OBATENLHO, OT MPOCTOr0 K CAOXHOMY.
[nsa cTyneHToB By30B, 00yyalowmxcsa
no cneumansHocTn 10.05.02 — «UHpop-
MaumoHHas 6e30MacHOCTb TEeNeKOMMY-
HUKAUMOHHBIX CUCTEM», CTYAEHTOB OpY-
X MHOOKOMMYHUKAUNOHHBIX U Paano-
TEXHUYECKNX CTIELMANbHOCTEN, a TaKxe
[OKTOPaHTOB, acnupaHToB (agbloHK-
TOB), NMpodeccopcKo-neaarorn4eckoro
M HayyHoro coctasa. byameTt nonesHa
cneuuanucTamM B 061acT MOHUTOPUHra
TENeKOMMYHUKaLUNOHHbIX CUCTEM.

=

MOBM/IbHBIE
CUCTEMbI CBS3M
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C. BUPKOKOB, r. MockBa

Ans nposepkmn n KkannbpoBKM M3MepUTENbHbIX Npubopos
yA06HO MMEeTb NPeyn3NOHHbIM UCTOYHUK HanpskeHus. Pupma
Analog Devices BbinyckaeT mukpocxemsl cepun AD584, ssnsito-
wmecs NpakTU4eckn roToBbIMU YCTPOWCTBaMU, He TpebyoLmnmm
KanunbpoBKu Npy UCrosb30BaHUN A1 yKa3aHHOW uenu.

a pwuc. 1 npuBegeHa cxema
BKNIOYEHUS Mukpocxembl AD584
Ons nonyyeHus Hanpsixenmii 10, 7,5, 5n
2,5 B. LtpuxnyHKTUpHOU nuHuen obse-
[eHa ynpowéHHas CTPyKTypa MUKpocxe-

——————— =+

Tabnuue 0603HAYEHUIT MUKPOCXEM On-
penensioT KOHCTPYKTUBHOE odopmne-
HMe: H — kpymbiii MeTanin4eckmn Kop-
nyc; N — BOCbMVBbLIBOAHBIN MAacTMacco-
Bbi DIP.

K coxanenunio, B nocneg-
Hux datasheet Hanbonee Tou-

ABTOp coOpan yCTPOWCTBO HA OTpe3ke
(NpUMepHO Tex Xe pasmMepoB) MAKETHOM
neyaTHOM nnaTtbl C MeTaNIN3NPOBAHHLIMN
oTBepcTMAMM C warom 2,54 mm, obuiee
yucno oteepctuih — 10x6 (puc. 3). Pac-
nonoxexHve pgetanem wn NPOBOAHUKOB
COOTBETCTBOBANO B OCHOBHOM puc. 2. Ana
MOAKNIOYEHUS NCTOYHUKA NUTAHUSA N KOHT-
ponupyemMoro nputopa Obinu BnasiHbl
WTbipbkM anameTpom 1 MM OT pa3béma
2PM, a ansl yCTaHOBKW BbIXOAHOTO Hanps-
XEHUs1 — OTPE30K LUTbIPbKOBOWN IMHENKN C
NATHIO KOHTAKTaMu, B KA4eCTBE NepemMbly-
k1 S1 ucnonb3oBaH CTaHAAPTHLIN "Axam-
nep”.

Co6paHHbIi UCTOYHUK HaMNpPsXXeHUs
BMOMIHE MPUrOOEH ANS MPOBEPKM NOObIX
BONBTMETPOB C YncCnom 3HakoB 3%, Ha-
npumep, M-830 nnu onucaxHbIl B cTaTbe
aBTopa "BonbTMeTp 13 munamommeTpa” B
"Pagmo™ Ne 5 3a 2024 r. Ha c. 37—39.
Y1o6bl NpoBEPSiTb BONbTMETPbl C 6Onb-
LM YUCNIOM 3HaKOB, cneayet TOYHbIM
npu6opoM M3MEPUTb BLIXOAHbLIE HaMpsi-
XEHUSI UCTOYHUKA M Tabnnyky C nx 3Have-
HUSIMU HaKNIenTb Ha NMNaTy, kak 3To 1 noka-
3aHo Ha puc. 3.

Mpn npoBepkKe N3roTOBNEHHOIO NCTOM-
HUKa HanpsxeHua MyneTumeTpom Agilent
Technologies 34405A c paspewaioLei

DA1 AD584LH 5 xp1 HOi mMukpocxembl AD584 c  cnocoBHOCTbIO 5% 3HaKOB (Makcumanb-
L R —— R nHOeKcoMm L HeT, 4To 03HauaeT  Hoe 4mcno otcuétos — 120000) norpeLu-
+ | A7 . 258 npekpaiieHue eé BbiNyCka. HOCTb GbiNa MeHbLUE NpuBeaSHHON B Tab-
. [ & [11 |2
| - . [ Ta6namua 1
+UH | 58" | S1
- UGN
| MUKpOCXeMbl P A P 2
© ! R2 S g 10 7,5 5 2,5
© G|+ 8« ’ @ AD584L 5 4 3 2,5
= C1 — - 3 4
£ 0,22 Mk -
1) ; R3 | “10 B’ AD584K, AD584T 10 8 6 3,5
4K
! LB AD584J, AD584S 30 20 15 7,5
| R4
! 4x ' ABTOp npuobpén Takyio MuK- nuue u3 datasheet, kpoMe BbIXOQHOIO
L N pocxemy B Anndkcnpecce HanpsxeHus 5 B, Ans koToporo oHa oka-
_ D _ npumepHo 3a 5 gonn., oHa  3anacb pasHoii 4,3 MB. 3peckb cneayet
PMC 1 6bina NeMOHTUpoOBaHa U3 Ka- nuMeTb B BMUAY, 4TO NOrpewHoOCTb NCNOoMb-

Mbl, KOTOPAs COAEPXMUT CrneayioLme yanb:
G1 — BbICOKOCTAbUNbHBIA UCTOYHWUK Ha-
npsixeHus, 6nuskoro k 1,25 B, OY Al n
pPe3NCTOPHLIN  OenuTenb  Hanpsxe-
Hus R1—R4. HomuHanbHOE HanpsikeHue
nuTaHus Mukpocxemsl — 15 B, peanbHbIn
nHTepsan — ot 13 po 25 B.

OY coBmMecCTHO C genuTtenem Hanpsxe-
HWsi paboTaeT Tak, 4To Ha BeiBogax 1,2mn 3
MUKPOCXeMbl HOPMUPYIOTCA CTabubHbIE
Hanpsaxexuna 10, 51 2,5 B cOOTBETCTBEH-
HO. YcTtaHoBKkOWM nepemblykn S1 gnsa 3a-
MbIKaHUSi MexXay COOOW yKasaHHbIX KOH-
TAKTOB MOXHO MNOMYy4UTb BbIXOAHbIE Ha-
NPSXeHUs, AOMONHUTENBHO K YKa3aHHbLIM
eweé un 7,5 B. MNMapa koHTaktoB "10 B" cny-
XWT, dakTnyecku, nuilb OAS XpaHeHus
nepemMbIyKun.

Mpu N3roToBNEHUM MUKPOCXEMbI MPO-
M3BOAMTCSH NadepHas NoAroHKa ConpoTue-
NeHnih Pe3ncTopoB A obecrneveHns Toy-
HbIX 3HQYEHWUI BbIXO4HBIX HANPSKEHWUN.

B T1abn. 1 (dparmeHTt 13 datasheet)
npueefeHbl BO3MOXHbIE MOTPELUHOCTH
BbIXOOHbIX HAMNPsSXEeHUn MUKPOCXEM C
pa3HbiMU BYKBEHHLIMU MHAEKCaAMU Npwn
Bbinycke. MHOEKCb nocne ykasaHHbIX B

KOW-TO annapaTtypsbl (€€ BblIBO-
bl BbIM YKOPOYEHbI U PA3HOM

OMHbI), HO BnosiHe paboTocnocobHa.
Ons cbopkn MCTOYHMKA HaNpsXeHUs
MOXHO WCNONb30BaTb MevyaTtHyio nnaty
paamepammu 28x16 MM 13 HONbrMpoBaH-
HOrO C OZIHOV CTOPOHbLI CTEKNOTEKCTONNTA
TonwwmHom 1,5 Mm, 4epTéx KOTOPOU noka-

W

- 28 |

+0o 8 o+
o0

i}

g o 1°°C1Y o

X D.. o o S

._D ° o DA1 o oI

m "o ]

o e 2 @

Puc. 2

|
o

3aH Ha puc. 2. pu MOHTaxe MUKpocxe-
Mbl B MeTanIn4eckom koprnyce cnegyet
MMeTb B Buay, YTO €€ KoY HaxoouTcs
HanpoTuB BbiBOAa 8, a He 1, 4To 6bINOo Gbl
6onee NOrnYyHoO.

30BaHHOTrO MynbTUMETpa Ha npeaene
10 B paBHa 3 MB npu namepexumn Hanps-
xeHus 10 B n 2,75 MB — npu namepexum
HanpskeHns 5 B, Tak 4TO NOrpeLHoCcTn
MYNbTUMETPA N MUKPOCXEMbI UMEIOT OAMH
NMopsifioK, U BrIONHE BO3MOXHO, YTO Bbl-
XOLHbIE® HaMPSXEHNs1 MUKPOCXEMbI COOT-
BETCTBYIOT €€ Hopmam 13 datasheet.

Mpun npoBepke NPeUN3NOHHOIO NCTOM-
HUKA HaNPSXXEHWUS UM NMpU NpoBepke C
€ro NOMOLLBIO BONLTMETPA C CETEBbIM
WCTOYHUKOM 151 MUTAHUA UCTOYHMKA Cie-
nyet ucnonb3oBartb 6atapeio, Hanpumep,
CBEXE3apsXEHHbI  akKymMynaTop Ha
14,4 B ot wypynosépta. Ecnu 6noku
NUTaHUSA NPEUN3NOHHOr0 WUCTOYHMKA U
BONbTMETPA CEeTEeBble, YPOBEHbL LUIYMOB
MOXET CyLLEeCTBEHHO MpeBbllaTh paspe-
wawLylo cnocobHoCTe BONBTMETPA, U
ero nokasaHus 6yayt HectabubHbIMK.

MHTEepecHo oTMeTUTb, 4TO MUKpPOCXe-
Ma noanepxuvBaeT Ha BbiBOAe 3 TOYHOE
HanpspkeHue 2,5 B, He3aBMCKUMO OT TOro,
noaxnyYeHa Unu Het kK Beleogam 1, 2 unu
3 Harpyska, ecnn oHa He npesblllaeT
ponen munnvamnepa anas BbiBoaoB 2 n 3
VNN HECKONbKUX MUnanamnep 4ns BblBO-
na 1. MoaTtomy, ecnu Harpyska Ha MUKPO-
CXeMmy HeBenuka, Hanpumep, BONbTMETP C



Tabnuua 2

Tvn Yucno Yucno Ig N
MynbTUMeTpa 3HaKoB otcuétoB N
M-830 3% 2000 3,3
AN8002 3% 6000 3,8
RM303 4% 20000 4,3
34405A 5% 120000 5,1

BXOZHbIM conpoTusneHnem 10 MOm, Ha-
npsxeHve 5 nan 2,5 B MOXHO CHUMaTb
HenocpencTBEHHO C e€ BbIBOAOB 2 U 3, He
3amblkass UX C BbIBOAOM 1 (C BbIXO-
nom QY).

B datasheet AD584 onucaHo MHOro
BapMaHTOB BKJIIOYEHUS 3TO MUKPOCXe-
Mbl, HanNpUMep, B Ka4eCTBE BbICOKOTOYHO-
ro AByXBbIBOAHOro crabunuTpoHa Ha 5,
7,5 unn 10 B, MOLLHOro TOYHOro cTabunu-
3aTtopa HanpsaxeHus, OBYXBbIBOOHOIO
crabunusaropa Toka.

O6bl4HO ANs UMPPOBLIX U3MepUTESb-
HbIX NPUHOPOB YKa3bIBAIOT YNCO €ro 3Ha-
KOB B BMAE unbpbl 1 ApobHON YacTu, HO
He Bceraa 3To AeslaeTcs akkyparHo. Yto-

6bl NpUaepXmMBaThCS,
C OOHOW CTOPOHHI,
NPUBbBIYHBIX 060-
3Ha4yeHul, a c apyron
dopmanmaosartb
mx, 6ynem cuutatb
YUCNIOM 3HaKOB W3-
MepUTENbHOro npu-
6opa [OEeCATUYHbIN
norapudmM MakCUMaIbHOrO Y1cna OTCYE-
ToB N, OKPYrNEHHbI 0 OOHON AECATOWN.
B T1abn. 2 npuBepeHbl pe3ynbraTbl
pacuyéta ons YeTbIpEX TUMOB MYNbLTUMET-
POB, IOCTYMHbIX aBTOPY, U C Pa3nnyHON 3a-
ABNEHHOW paspsagHocTeio. Wnpoko pac-
npocTpaHeéHHbIn M-830 peanbHO umeeT

’QOOOOOOOOD

HEMHOro MeHbluee 4ncno 3Hakos — 3,3
BMECTO 3asiBfieHHbIX 3%, aHanornyHo u
RM303. Ona AN8002 cosnageHue npak-
TUYeckn TouHoe, a BOT y 34405A dupmsl
Agilent Technologies 4vcno 3HakoB cyle-
CTBEHHO 3aBblLLEHO — 5% BMECTO peasib-
Hbix 5,1.

ABTOreHepaTOpHbLIA UMNYNbCHbIX
NOHUXAKLWMUIK cTabunusartop HanpsaXeHus

B. KAINJIYH, c. MoxHsikoBka, JIHP

HUMaHuIO uuTaTenen npepnaraeTcs

onMcaHue aBTOreHepaTtopHOro WuM-
NMyNbCHOrO MOHMXaloLEero crabunuaartopa
HanpsiXeHWs, B KOTOPOM MOXHO NPUMEHUTb
HaKOMUTENbHBIA APOCCENb C Pas/vyHbIMK
napameTtpamun. Cxema crtabununsaropa
npeacrtaeneHa Ha puc. 1. Pabortaet oH
cnepytowum obpasom. Mpu OTKpbIBAHUMN
Ko4a Ha TpaHauctope VI1 nuHerHo Ha-
pacralowmin TOK Yepes CuoBoW ApocC-
cenb L1 3apsxaeT BbIXOOHOW KOHAEHCca-
Top C2. Kniou 3akpbiBaeTcs, korga Hanpsi-
XeHve Ha koHaeHcartope C2 pocTturaet
33@HHOro 3HaueHus (onpeaensieTcs Cym-
MOl MpsiMbIX HanpsxxkeHun auopa VDS,
3MUTTEPHOTO Nepexoaa TpaHaunctopa VT5 n
HanpsXxeHua crabunuszaumm cTabunuTpo-
Ha VD11) nnn Tok 4yepes koY gocruraer
MaKCUMasibHOr0 3HauyeHuns (onpeaensiercs
MOJIOXEHVEM ABUXKA NMEPEMEHHOIO pesuc-
Topa R8 ¥ conpoTuBNeHNEM OTKPLITOro
moya VT1). Mpu 3akpbiBaHum knova 34C
camomHaykuun ppoccenst L1 3amblkaetcs
yepes avog VD2, noanepxuvsas Tok yepes
koHaeHcaTop C2 un Harpy3ky. YnpasneHve
npanBepoM kioyeBoro Tpasuctopa VT1,
CO6paHHbIM Ha OBYXTAKTHOM 3MUTTEPHOM
noeTopuTene Ha TpaHsucTopax VT3 u VT4,
ocyLecTsnaeTcs TpaH3ncTopom VT2. Koy
YOEPXMBAETCH 3aKPbITbIM K2k MUHUMYM Ha
BPEMSI MpPOTEKaHUs Toka 4epe3 Apoc-
cenb L1, noka Bcrneacteve yMeHbLUEHUs
BbIXOJHOIO HanpsXeHusi He 3akpoeTtcs
TpaHsucTop VT5. Bo BpemMs 3akpbiTOro co-
cTosiHuA Kova Yepes auoga VD1 npoucxo-
ovT 3apagaka koHgeHcatopa C1, ot koTopo-
ro 3anutaH gpavieep Kioya. Makcumans-
HOE HarpsbkeHWe Ha BbIXOAE AparBepa
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NMCTOYHUKU MU TAHUSA

Mpuém crarten: mail@radio.ru
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PALUNO Ne 7, 2024

orpaHuumeaeTcs auonom VD7 n ctabunur-
poHom VD9.

Bo BpemMsi OTKpbITOrO COCTOSHUSA KO-
ya K noacTpoeyHoMy pesuctopy R8 npu-
KNafbIBAETCH NMPSMOE HanpsiXeHne 0Koso
0,6 B otkpbiToro anoaa VD10. C gsuxka
3TOro pes3ucTopa HanpsxeHue yepes
peauctop R11 noctynaer Ha 6a3y TpaH-
3uctopa VT6. Ha ero amuttep noctynaet
HanpsxXeHue C MUCToka knoya. TpaH3uc-
Top VT7 3aKpbIT U HE OrpaHU4MBaeT Npo-
xoxaeHve Toka yepe3 6a3dy TpaH3UCTO-
pa VT6. Korga Bcneactene napgeHus Ha-
NMPSXEHNss Ha COMPOTUBIEHNN OTKPLITOrO
kmoya VT1 B cyMMe C Hanps>keHUeMm Ha
nBuxke pesuctopa R8 HanpsxeHve mex-
ny 6asot n amuTTEPOM TpaHauctopa VT6

obpatHaa cBA3b Yepe3d koHaeHcaTtop C3
obecneumsaeT 6onee YETKUA U BbICTPLIN
nepexof Koya M3 OTKPbITOrO B 3aKpbITOE
cocTtosiHme, u obpatHo. KoHageHcatop C4
obecneyvsaeT ycroBus Ana nepexoa cra-
6ununsaTtopa B paboyee COCTosiHUE Mocne
noAayn Ha Hero HanpPsXXEHNs NUTaHus (3a-
[epxvBaeT npoxoxaeHve 6a3oBoro Toka
TpaHaucTopa VT2 yepe3 pesnctopbl R10,
R4 v anop VD4). KonpeHcatop C6 crnaxu-
BaeT NyfbCauun HanpsiXXeHUsi, BO3HMKAIO-
LUMe Npu OTKPbIBaHMM Kiloya.

[nsa ctabunusaropa 6bina paspaboraHa
neyatHas nnarta W3 OAHOCTOPOHHEro
$ONLrMpoOBaHHOrO CTEKJIOTEKCTONUTA TOJ-
wuHor 1,5...2 mm. E€ ueptéx n cxema
YCTaHOBKM Ha HEW 3/IEMEHTOB MOKa3aHbl Ha
puc. 2. 3nemenTsbl VT1 1 VD2 npu
HEeo6XoaAMMOCTU yCTaHaBIMBAIOT Ha
TEN00TBOA,

Crabunuaarop npv OTHOCUTESb-
HOW npocToTe obnapaer BbLICOKUM
KN4 v obecneumBaer 6OMbLUON Bbi-
xooHor Tok. Bbnaropaps xécTtkown
npuBsA3ke unKNoB paboTel ctabunusa-
Topa K npoueccamMm nepemarHvymsa-
HMS MarHMTOMpoOBOAa APOCCEns B
YCTPOWCTBE aBTOMATUYECKN yCTaHaB-
NMBAIOTCH OMNTMMAasbHbIE ONS NpuMe-
HEHHOrO ApOCCenNs, Toka Harpy3ku n
pPa3HOCTM BXOAHOrO U BbLIXOOHOTO

Hal'lpﬂ)KeHMﬁ 4aCToTa U CKBaXHOCTb
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CTAHOBUTCS AOCTATOYHbIM AJ151 €r0 OTKPbI-
BaHMA, KJIOY 3aKpbIBAeTCH, U TOK 4epes3
Hero orpaHuuusaetcs. [locne 3akpbiBa-
HUS KJloYa C BPEMEHHOW 3a€pXKOWn, on-
penensiemort NOCTOSSHHOW BpEeMEeHUn ue-
nn R12C5, oTkpbiBaeTcs TpaHauctop V17,
a TpaH3uctop VT6 3akpbiBaeTtca. Kiiou
OCTaETCH 3aKpbiTbIM OO MOMEHTa, Korga
3akpotoTca avoasl VD2, VD3 u BcneacTt-
BUE CHUXEHUS BbIXOAHOrO HamnpsXeHus
yMeHbLUIMTCS Tok yepe3 uenb VD5VD11,
3akpototcs TpaHauctopsl VT5 1 VT2, Ha-
npsixeHune yepes pesuctop R3 noctynaet
Ha 3MUTTEPHbIY nosTopuTens VT3VT4, ko-
TOpbIY 1 OTKpbIBAET KoY. [lanee Ha4yMHa-
eTcs HOBbI LMK paboTel cTabunuaatopa.

Mpy BO3HWMKHOBEHUM KOPOTKOrO 3ambl-
KaHUS UM YMEHbLUEHUN COMNPOTUBAEHUS
Harpy3kuM HUXe npenensHOro 3HayeHus
BbIXOAHOE HanpsxeHne ByaeT cHMXaTbes,
U B ONPEAENEHHbIA MOMEHT HanpsixeHue
Ha koHAeHcaTope C4 cTaHeT AOCTaTO4HbIM
LNs yaepxaHuns TpaHauctopa VT2 B OTKPbI-
TOM COCTOsiHUKW. B pesynbrate TpaH3uc-
Top VT 1 0oCcTaHeTcs B 3aKpbITOM COCTOSAHUN
00 MOMEHTa YCTpaHeHusi neperpysku
(kopoTkoro 3ambikaHusi). NonoxurenbHas

MMIMYSIbCOB Ha BbIXOAE KIoua.

MNcnonb30oBaHHbIA B yCTPOWCTBE
crnocob orpaHuyeHust Toka koya no-
3BOSIIET OTKA3aTbCA OT UCMOMb30Ba-
HUSI OTAENBHOrO AarTynka Toka u orpa-
HUYMBATL TOK B 32BMCUMOCTU OT CO-
NMPOTUBNIEHMS OTKPBLITOrO KJ1lo4a, KOTO-
R3 poe, B CBOIO o4epenb, 3aBUCUT OT Tu-
na NPUMEHEHHOro TpaH3ncTopa, Tem-
5 nepaTypbl €ro Kpuctanna u Hanpsxe-
D1 HMS Ha 3aTBOpe. 3TO no3sonseT nabe-
XaTb CUTyaumm C Nepexonom Kiioya B
JINHEWHbIN pexum ¢ 6onblvM Bbiae-
NIEHVEM Tenna Ha KpucTasnne, orpaHun-
4YMBATb TOK Ha MakC/ManbHO BO3MOX-
HOM [ONSi HEero, B KOHKPETHbIX YCMo-
BUSX, YDOBHE Y MOBBLICUTb HAAEXHOCTb
ycTpovictea. MNpu npo4nx pasHbIX yc-
NOBUAX MPU NPOBEAEHUU UCTMbITAHWA
ctabunnsaTtop yctonumBo paboTan
NpU N3MEHEeHNN YMcna BUTKOB U MarHuTo-
npoBoAa ApOCCens B LUMPOKMX npeaenax
Ha 4acToTax OT eAWHWU, Kunorepu, Ao
500 kly. OgHako onTuMarsbHble NapameT-
pbl ycTpoiictea obecne4vBaioTCs npwu
paboTte Ha vactortax 20...100 klu, 41O
HeobxoaMMOo y4yuTbiBaTb MNpwu  BbiGope
yucna BUTKOB apoccens. Mpu Hanuynm
BbibOpa nyylwe 1UCnonbL30BaTb KONbLEBOW

MarHuTonpoBeo ¢ 60nbWwWnM 06LEMOM.
MuHMManbHOE BXOOHOE HarnpsxeHue
crabunusaTopa — 12 B, HO OHO MOXeT
GbiTb CHUXEHO BABOE NPU NPYMEHeHUN B
KayecTse K/o4a Nonesoro TpaH3ncrTopa ¢
NIOrM4YECKMMM  YPOBHAMU yrnpaBneHus.
MakcvmanbHoe HanmpsixXeHue Ha KioYe n
TpaH3uncTope VT3 He nNpeBbillaeT BXOAHO-
ro HanpsixeHus, Ha TpaHaucTope VT2 oHo
MOXET MPEeBbillaTh BXOAHOE HanpsixeHue
ctabunmsaumm crtabunutpona VD11, Ha
ocTanbHbIX He npesbilwaet 12 B, 4To He-
06X0AMMO yunTbIBaTL NPy BbiIBOpe Tpak-
3ucTopos. TpaHaucTopsbl VT3 n VT4 xena-
TeNbHO BbIGPaTb C MakCMManbHO AOMNyC-
TUMbIM TOKOM KONNEeKTopa He MeHee
0,5 A. Ouvon VD2 ponxeH 6biTb C MUHW-
MasnbHbLIMW BPEMEHEeM BOCCTaHOBMEHUA

< X

o6paTtHOro ConpoTUBIIEHUS U MPSMbIM
HanpsiXeHveMm, a Takxe C OO0MyCTUMbIM
o6partHbIM HanpsXXEHNEM HE MeHee BXOA-
HOr0 ¥ COOTBETCTBYIOLLUMM MakCumasb-
HbIM MPSAMbIM TOKOM. XOpOLUUM BapuaH-
ToM OyneT NpuMeHeHne noaxoasLumx no
TOKY WM HanpsixeHutio GbiCTpoaencTayio-
wux auopos LotTkn. BbixogHoe Hanps-
XeHne MoXeT BblTb UISMEHEHO NPU NpUMe-
HeHun ctabunutpona VD11 ¢ gpyrum Ha-
npsxeHnem crabunmaaumm. OHO JOMKHO
6biTb NPUMEPHO Ha 1 B MeHbLUe BbIXxOA-
HOrO HaMNpPsiXeHus.

Mpy HanaxueaHMM ABWXOK NOACTPO-
eyHoro pesuctopa R8 ycTtaHaenueaioT B
HUXHEEe MO Cxeme MNOJIOXEHWe, 1 3aTem
NpY MakCMManbHOM BbIXOAHOM TOKE ycTa-
HaBMMBAIOT €ro B MOMOXEHNE, NPU KOTO-
poMm cpabaTbiBaeT 3awmTa no Toky. Mpun
HEeo6xoAUMOCTM MOXHO MPUMEHUTb KITIO-
YEeBOV TPAH3UCTOP C MEHbLLIMM COMPOTUB-
JIEHVEM KaHana B OTKPbITOM COCTOSHUMU
W NPUMEHUTDL NapanienbHoe coeanHe-
HUE HECKOJIbKUX TPaH3UCTOPOB, YCTaHO-
BVB NS K&XO0ro U3 HUX PE3NCTOP B LiENmn
3aTBOpa, a npu HeobxoammocTtu u 6onee
MoOLLHble TpaH3aucTopbl VI3 n VT4.

MapameTpbl cTabunusartopa
npv BXOAHOM HanpsixeHun 13,5 B
1 BbIXOOHOM HanpspxeHuu 5 B

KN npu BbIxOBHOM TOKE 2 A .. .. .. 0,75
KN4 npu BbixogHOM TOke 4 A ... ... 0,68
Pa3max nynbcauuini BbIXOAHO-

ro HarnpsiXeHus npu Toke

2AMB ssiwissesimniesmesE g 50
Pa3max nynbcauuii BbIXOQHO-

ro HarnpsXeHus npu TokKe

AAMB . 100
MakcumanbHbii  BbIXOLHOW

TOK; A v oo vswasomes o es s gsmsssa 20

B atom ctabunusatope apoccesb L1
conepxuTt 18 BUTKOB 0GMOTO4YHOrO MpO-
BO4a AnamMeTpom 1 MM Ha "xeéntom" mar-
HUTOMPOBOAE M3 PACMbINEHHOrO Xenesa
(oT apoccens rpynnosow ctabunusauuun
Hanps>KeHus KomnbloTepHoro 6noka nu-
TaHuAa) paamepamm 22x12x10 mm.

CyuwiecTtBeHHble noTepu B ctabunusa-
Tope BO3HUKAT Ha anode VD2, yepes ko-
TOpbI/ NPOTEKAEeT TOK Apoccens npw 3a-
KpbiTOM Knoye. KMNJ crtabunusaropa no-
BbILLAETCA MNPV YMEHbLUEHUN Pa3HOCTU
Mexay BXOOHbIM W BbIXOAHbIM Hanpsxe-
HUSAIMU, KOraa CKBaXHOCTb UMMyNbCOB Ha
BbIXOAE KoYa M3MeHseTcs Tak, 4To 60b-
LUYIO YacTb BPEMEHM TOK APOCCENs npoTe-
KaeT Yepes KoY, U MEHbLLIYIO HaCTb — 4e-
pea avoa.

Tak kak ctabunm3aTop obecrneymsaeT
60nbLUOYM BLIXOAHOW UMMYNLCHBIM TOK, NO-
3BOMIAIOLLMIA EMY YBEPEHHO CTapTOBaTb CO
"CNOXHON" HeNWHeNHoW Harpyakoi, Ha-
npumep, namnol HakanueaHUsA C COMpPo-
TUB/IEHWEM HUTU B XONOOHOM COCTOSIHUM
okono 0,3 Om, ans yBepeHHOro cpabarbi-
BaHWS 3alLMTbl OT KOPOTKOrO 3aMblKaHWs
Heo6xooMMOo AN NOAKNIOYEHUN Harpy3ku
NPYMEHATb NPOBOAa MUHWUMAaNLHOW O4n-
Hbl MNOLLAABLI0 CEYEHNA MeOHOMN XWnbl He
meHee 1 MM?,

OT pepaxkumn. Yepréx nevyarHoi nnarsl 8
nporpamme Sprint-Layout HaxoauTcs no
agpecy http://ftp.radio.ru/pub/2024/07/
stab.zip Ha Hawem FTP-cepsepe



Perynupyemsbin
nunHewvnHobin BTl

A. NMYPbIHBIYEB, r. BnagnBocTok

crnosib3ys MMnynbcHbin BN B cBoen
nabopatopun, MHe He yaanock noJ-
HOCTbIO M36aBUTLCS OT MOMEX, KOTOPble
4acTo MeLwalT Npu PemMoHTe n3mepu-
TeNbHOW WM 3BYKOBOCMPOU3BOASLLEN
annapatypbl. Ha ocunnnorpade 3ameTHbl

CBSI3U C 3TUM MPU MaKCUMasIbHOM BbIXOA-
HOM HanpsikeHun 24 B BbIXOAHOW TOK He
nomkeH npesbiwats 0,1 A, a Makcumarb-
HbI BbIXOAHON TOok 0,8 A 6ymeTt npu
BbLIXOAHOM HanpsxeHun meHee 14 B un
DOMYCTUMOM HU3KOM HarpsxeHun cetu

perynnmpoBky npu 60/bLLIOM BbIXOAHOM
HanpsXXeHUn cnuwkom rpybon. Makcu-
MasibHOE BLIXOAHOE HamnpsixeHne genute-
ns R8R14R16 pasHo 3 B.

AHanoruyHo caenaHa nnaBHas peryam-
pOBKa OrpaHuy4yeHus BbIXOQHOTO TOKa.
MUWHUManbHbBIA BLIXOOAHOW TOK OrpaHun4e-
HUA — okono 20 MA, ero yctaHaenvBaioT
peauctopom R11. LLiyHT R26 coBmecTHO C
OY DA1.2 npeob6pasyioT BbIxoaHOM Tok Bl
0,8 A B HanpsixeHne 3 B. KoaddpuumeHt
ycunenuns 3apaétca pesuctopom R7. B
pexvme cTabunmsaumm BbIXOQHOIMO TOKa
Bknovaetcs ceetoamod HL1 kpacHoro
cBeyeHus. [Ins UCKIOYEHUs U3 NoKasaHui
amnepmMeTpa, B kayecTse KOTOPOro wuc-
nonb3oBaH BoSikTMETP PV1, Toka notpeb-
neHna BonbTMeTpa PV2 peanu3oBaHo
cMelueHne Hyns QY DA1.2 ¢ nomoupio

NOMExn WK CpbiBbl CUHXPOHU3auun, (-10 %) 210 B. pe3nctopos R4 n R5. Noka3anus nHavka-
aSh —I: I+ b= y VD2 R23
1 MK X MK X ¥
08 100N g X908 T X358 VT1 IRF9Z34N N7 127 Fus 10a x4
» T O +
R4 1 M R5* 560 x
5B —— CH1 Beixog
1000 mk x
x35B
+U
N FU4 10 A
PV2 1 -
..Hanp_..-U XT2
3
w0
[] R26
0,18
R25|(
10 (/]

Cc3
100 MK x
x25B

~230B

KBbie. 11 DA1

KBbi. 4 DA1

Puc. 1

ObIBaET, YTO Aaxe NoMexu OT BHYTPEHHErO
nmnynecHoro Bl ocunnnorpada mewatot
pabote. MNoatoMy umnynbcHbin Bl 6bin
MCMNONb30BaH AN MOLLHbIX Harpy3ok, a
0N ManoMoLHbIX  6bln M3roTOBAEH
nnHenHbIn BIN.

W3HavanbHO nNpegnonaranock caenatb
"npaBunbHbIA", Ha MO B3NS, MMHENHbIN
Bl ¢ BbIXOAHbBIM perynmpyemMbiM Hanpsixe-
Huem 0...24 B n orpaHnyeHnem no Toky oT
0,02 po 0,8 A. Ho B atom cnyyae 6bin
HYXeH TpaHchOopMaTop MOLHOCTbLIO
okoso 40 BT, macca koToporo 6bina cnumiu-
Kom 6onbLuoii. MoaTomy 6bin Cnonb3oBaH
TpaHcdopmatop MouwHocTelo 22 BT. B

R18 10k

DA1 LM324

Cxema Bl nokasaHa Ha puc. 1. Ha
pe3uctopax R8, R14, R16 peanu3sosaH
NnasHbIl PEryNATOP BLIXOAHOrO Hanps-
XEHMUS C NMOMOLLbIO OAHOrO NEPEMEHHOr0
pe3ucTopa 6e3 nNpuMeHeHus AByx pery-
natopos "Mpy6o” u "ToyHOo", Tak kak npu
60/1bLIOM BLIXOAHOM HarpsixXeHUn npak-
Tn4yeckn He TpebyeTcs ycTaHasnMBaTb €ro
TOYHOEe 3HayeHue. Tak, Hanpumep, cpea-
HEe MOoJIoXEeHWe ABUXKA MepeMeHHOro
peauctopa R8 c nuHelHoOW 3aBUCUMO-
CTbl0 COOTBETCTBYET BbIXOAHOMY Hanpsi-
xeHuio 6 B, a He 12 B. MNMpumeHeHne ne-
pemMeHHoro pesuctopa ¢ obpartHonora-
pudMMYECKO 3aBUCUMOCTbLIO gaenaet

Topa 6e3 Harpysku OOMmKHbl BbiTb OKONO
00.5 MA, 31O He gacT "ynnbiTb" Mokasa-
HUSIM B MWHYCOBOE 3Ha4eHue npu Temne-
patypHoM Apelide HenpeumanoHHoro OY
LM324.

Crabununsatop BbIXOOHOrO Hanpsixe-
HUsA peanu3oBaH Ha OY DA1.4 n TpaH3uc-
Topax VT1, VT2. MakcumanbHOe BbIXOA-
HOEe HanpsxeHue 3ada€TCAs Ppe3ncTo-
pom R19. B pexume crabunusaumm Ha-
npsxenns ceeTut ceetoamon HL2 3ené-
HOro ceeyenus. Ecnv B pexvme ctabunu-
3auMu HanpsixeHus 3TOT CBETOAMOL He
CBETWUT, 3TO 3HAYUT, 4TO MOLLHOCTM TPaHC-
¢dopmMaTopa HeQOCTaTOYHO MPU TEKYLLEM

7
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Puc. 2

Toke. [ins KoOMNeHcauun nageHns Hanps-
XEHUs Ha WyHTe R26 BBeaeHa MONOXu-
TenbHas obpatHaa cBA3b C Aenutens
R24R25, npu atom koadduumeHT aene-
Hua R24/R25 = 7. na komneHcaumm na-
DEHUS HAMPsSXXEHUs Ha MOAKIIIOYEHHBIX K
Bl npoBogax HyXHO YMEHbLUUTbL COMNPO-
TuBnexHue peauctopa R24.
Crabunusatop DA2 wucnonb3yertcs
ana nutadms OY LM324 wn 3apaHus
06pasLloBOro HanpsixeHus, OH 3anuTaH

_OT cpenHero BbIBOAA BTOPUYHON 0OMOT-

Kn, peauctop R1 HyxeH gna paspsanku
koHaeHcatopos C4, C5 nocne Bbiknoye-

Husa Bl. Ecnu y TpaHcdopmartopa ogHa
BTOpMYHaa obmoTka, mukpocxema DA2
6yneTt 3anuTaHa Yyepea peauctop R1, npu
aTom noTpebyeTcs ero nogbopka (0kono
200 Om), 4yTO6bl Ha HEM 6bINO NageHue
HanpsixeHns — npumepHo 8 B, a ero
MOLWHOCTbL AonxHa 6biTe 0,5 BT. 3TOT
pPEe3nCTOpP yMeHblUaeT BXOAHOE Hanpsi-
XeHue mukpocxemsl DA2 no nonyctumo-
ro.

PeauctueHbit  penutens R20R21
orpaHuymsaeT HanpsaXxeHue Ha
3arBope VT1, 6n13koe K AOMyCTUMOMY.
Csetoguopn HL3 ucnonb3dyetcs B kaye-

ctee crtabunutpoHa Ha
HanpsixeHune 3 B n Ha nepea-
HIOIO MaHenb He BbIBOAUTCH.
Owvopn VD2 n npenoxpaHute-
an FU3, FU4 3awuwaioTt BbI-
xon Bl npu noaknoyveHun
aKKyMynsiTopa B HenpasuWJib-
HOW nonapHocTu. B kayecTtse
FU3, FU4 ncnonbaylotcs 3a-
NYXEeHHble NPoBOAa AMaMeT-
pom 0,16 MM OT MHOFOXWJb-
HOro MpoBOAa, MpuUnasHHbIe
Mexnay rnevyaTHbiMU MpoBOA-
HUKaMU Ha nnaTe u Kiemma-
mn XT1, XT2.

MpumeHeHbl nelwéeble
moaynn 0,28" uudposbix
BosnbTMeTpoB (PV1, PV2) Ha
MaKCUManbHOe HarpsxeHune
100 B ¢ nHamnkaropamm kpac-
HOro cBeyeHus. Tok no-
TpebneHnsa Kaxaoro U3 HUX —
okono 15 MA. lMpumeHeHue
COBOEHHOro nHankaTopa
(BONbTMETpP+amnepmeTp)
okasanocb HeynoBNeTBOPU-
TENbHBIM  13-32 C/ULLIKOM
60NbLLION AMCKPETHOCTU Ha
MarnbiX TOKax.

YepTéx neyaTHoOM nnathbl 1
pasmeLlleHne Ha Hel anemMeH-
TOB MNoOKasaHbl Ha puc. 2.
MpuMeHeHbl NOCTOsHHBIE pe-
3uctopbol MNIT, C2-23 wunun
UMMopTHble. [epeMeHHble
pe3uctopbl R8 1 R10 —
WH148-1A-2 B ¢ nuHeliHomn
XapakTepucTukon (map-
kupoBka B10K), noactpoeu-
Hble pe3ucTtopbl R7, R19 —
MHOroo6opoTHbie 3296W,
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Puc. 5 ons DVD.

wyHT R26 — npoBo-
NIOYHLIN, KpaTKoBpe-
MEHHO BbIAEPXUBA-
IOWNIA TOK HE MeHee
10 A. KonpgeHncaTto-
pel C7, C9, C10 —
nnéHoyHble cepumn K73
unn umnopTHble. Cee-

Puc. 6

yray.

Or pepaxuunn.

2024 r-.
7
o
3
400 o
600 18 5
800 24
16V -0,8A
20V -0,5A
24V -0,1A
Puc. 4
- Toguoabl — noboro Tuna cooTBeT-

. CTBYIOLLEro CBEYEHUN C AMaMEeTPOM Kop-
nyca 5 mm. TpaHcdopmaTtop MoOxXeT
6bITb MOLWHOCTLIO OT 22 BT no 40 Bt ¢
ABYMSA BTOPUYHbIMU oB6MOTKamu no 9 B
unun ogHon Ha 18 B. MpumeHén LLU-06-
pasHbiit TENN0OTBOA,
90x80%x25 MM, OH MCMOJIb3YETCH B Kaye-
cTBe 3agHelt cteHkn. C BHYTpeHHel cTo-
POHbI HA HEro NPUKIEEH KAPTOH AN Ten-
nousonsuun. CMOHTMpOBaHHasa nnarta
nokasaHa Ha puc. 3. Jluuesas naHenb
pacnedaTaHa Ha na3epHOM npuHTepe,
€€ uyepTeX mnokasaH Ha puc. 4, CBEpXy
OHa 3aKpblTa OPrcTeksIOM OT KOHTelHepa

pa3mepamu

OpuH 13 BONETMETPOB Nepeaenax ans
vHaukaumm Toka oo 1 A. Cxema popabort-
KM €ro BXOL4HOM Lenu noka3aHa Ha puc. 5
(Hymepauuss  31eMEeHTOB
BonbTmeTp ponxeH nokasbiBate 800

(. . 800 MA) nNpu BXOOHOM HanpsxXeHun
. 3 B, pna atoro peauctopbl R1 1 R2 3ame-
HeHbl pe3ucTtopom R5 conpoTtusneHnem
2 kOm, a To4yHas ycTaHOBKa NpoBeaeHa
noacTpoeYyHbiM pe3ncTopoM R4. Takxe
HYXHO nokasaHus "yMHOXuTb" Ha 10, ans
3TOro y uHAMKaTopa HYyXHO nepepesaTb
BbiBog, dp. Ceetoamoa ans NOBEPXHOCT-
HOrO MOHTaxa KpacHOro cBe4yeHus (Hoeas
AeuuMmanbHas ToYka) Hago npunasTb
mexay BbiBogamu DIG1 (BbiBOg 12) 1 dp
(BbiBOA 3) CBETOAMOAHOrO MHAMKaTopa
BONbTMETpPa (aHoaom K Bbisogy DIG1). B
Kopnyce vHaukaTopa genawT nponun Ha
mecTe To4ku "00.0" gns aToro cBeToamo-
na v odukcupyot ero. Ha puc. 3 aToT
BONBTMETP HaxoAuTCs B NEBOM BEPXHEM

ycrnosHas).

BHewHWit BUA BHYTPEHHEro MoHTaxa
BN nokasaH Ha puc. 6 n puc. 7. Ha
puc. 8 nokasaH BHeLWwHuit Bug B,

HYeprexu nevyarHoun
nnarel U nepenHei rnaHenn HaxoasiTcs no
anpecy http://ftp.radio.ru/pub/2024/
07/bp.zip Ha Hawewm FTP-cepsepe.
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CeHCOpHbIX aBTOMAT-TaunmMmep
ANA KYXOHHOro ocBeuWweHus

B MNbILWHOB, r. PoctoB-Ha-[joHy ¢

[~ ==

l oTpeboBanocb HaaéxHoe ycTpon-

CTBO-aBTOMAT ANns ocBelleHuns pabo-
Yell 30HbI Ha kyxHe. PaccmaTpuBanucb
LUMPOKO W3BECTHbIE BbIKIOYATENN Ha
ocHoBe akyctuieckux unu UK-patymkos,
HO OHM He yCTpowNnu BBUAY Pa3HbiX Npu-
YMH, B TOM YMcCIie NOXHOro cpabateiBaHus,
3axoTenocb MMETb 4TO-TO Bonee Hapéx-
Hoe, a B upaeane, 4tobbl Yepeld nonyaca
YCTPOMCTBO aBTOMAaTM4ECKU BbIKIKOYAO
ocseuleHve. Caenatb 310 ObIO BMOAHE
BO3MOXHO Ha MUKPOKOHTpOnepe, HO Aans
Tex, KTO UX UCNOoNb3yeT PeAKo, BO3HUKAIOT
onpeaenéxHHele NpobnemMel C NporpaMmm-
poBaHveM. MoaTomy 6blIv CNONL30BaHbI
KMOTl-mukpocxembl, a B kayecTtse 3ne-
MEHTa KOMMYyTauuu — 3NeKTPOMarHuTHoe
pene.

XP1

S

ceHcopy E1, ceTteBas HaBogka 4acTtoToMn
50 Ny yepes pesuctop R1 noctynaet Ha
3aTBOpP TpaHaucTopa VT1, oTkpbiBas ero.
Ha ero ncroke nosBnseTcsa nynbcupyioLLee
HanpsXeHWe C aMnanTyaon, COOTBETCT-
sylowien nor. 1, KOTOpoe nepekno4aeT
Tpurrep DD1.2. Mpun atom yepe3 pe3n-
cTop R8 Ha 6a3y TpaH3ncTopa VT2 nocty-
rnaeT OTKPbIBAIOLLEE HaMpsiXeHue, noaTo-
My pene cpabaTtbiBaeT 1 NoaaéT ceTesoe
HanpsbxeHne Ha Harpy3ky. Tpurrep DD1.2
BKJIIOYEH Kak Aenutenb Ha ABa, NMoaToMmy
cnepyiouiee kacaHue ceHcopa E1 npuso-
OUT K ero nepekmo4yeHnio U OTKITIOYEHUIO
Harpy3ku. Lenb R7C1 cnyxuT ons Hapex-
HOro nepek/oYeHna 3Toro Tpurrepa.
CtabunutpoH VD1 cnyxuT ons 3awmTbl
3aTBopa NnosieBoro TpaHauctopa VT1.

HO. Jly4lle Ncnosib30BaTh HYXHbIE BbIXOAbI
cyétymka DD2, nopknuymB KoHOeHca-
Top C6 K OQAHOMY U3 HUX.

MoxHo 6bino 6bl Mcnonb3oBaTtb Hec-
TpaHchOPMaTopHbIA 610K MUTaHus, Mo-
CKOJIbKY YMpaefieHne yCTPOWCTBOM MpoO-
VCXOAMT B peXUME MUKPOTOKOB, KaK yka-
3aHo B [3]. Ho BCE xe 6e3onacHOCTb npe-
Bbille BCEro, noaTomy B u3genuun 6bin
NPUMEHEH MUHUATIOPHBIA WUMMNYNbCHBIN
monynb NuTaHusa A1, koTopbln obecneyn-
BaeT ranbBaHWYECKYl0 Pas3BA3Ky OT CeTn
230 B, 4tO0 0CObGEHHO BaxHO B cny4ae
NMOBTOPEHUS KOHCTPYKUMN HAYMHRIOLLMMU
pagvoniobutrensmu. MpuMeHEH Moaynb C
BbIXOOHbIM HanpsXeHvem 12 B u makcu-
MasibHbiM TokoM 0,4 A, KOTOPOro xsartaet
O NUTaHusa yctponcTtea ¢ 6Gonblumvm

X1
uo: “ 1ﬂ LI, k& +128 _L _T_ » K BbiB. 14 DD1,
<] — Nl — |- RS 750« + 5 c7 BbiB. 16 DD2
o f— l— 22 MK X
¢ FUT25A o 1 Hca Lo58 470 Hale
L DD2 K561UE16
470 H
K1.1 uu*%
233'
45
SX21 35%
8|9
S - He 3
5 o2 10| 2812
I L 2914
1"g 5015
DD1 K561TM2 ?,g 2111_ P
470 H 2|2
H 531 HL1 @@/
VT
KM305A ca
E1 R110M T
< 100 H
vD1 R2 R3 -1
Na7a28 7 /] 2m [i]mo.( 470"@?30 Z
K
Puc. 1 - +— K BuiB. 7 DD1, BbIB. 8 DD2

Cxema ycTpolicTBa npencTaBneHa Ha
puc. 1. DyHKUMOHANBHO €r0 MOXHO pas-
[EenUTb Ha TPWU y3na: CEHCOPHbBIN BLIKIO-
YyaTenb, pene BPEMEHU U YCTPOWCTBO
yrnpaBneHus Harpyaskoi. 3a ocHOBY y3na
CEHCOpPHOro BblkNoyatens 6bina B3ATa
KoHcTpykums [1]. OcHoBOM reHepatopa
nocnyxuna cxema una [2]. Npu BkntoyeHun
ycTpoiictBa uenb R6C4 ycTtaHaBnusaeTt
nor. 0 Ha npaMom Beixoae Tpurrepa DD1.2,
rnepeBsoas ero B HavyanbHoe cocTosiHue. B
3TOM COCTOSIHUM 4yepe3 TpaH3ucTop VT1
npoTekaeT HeGOoNbLLON TOK n3-3a 6onbLo-
ro conpoTusnexvs pesucTtopa R3. Ha
aToM peaucTope O6ypeT HanpsixeHue,
cootBeTcTylowee nor. 0. MNMpukacaace K

Y3en TaliMepa cobpaH Ha reHepaTtope
umnynbcoB Ha Tpurrepe DD1.1 u cyéTtum-
ke DD2 no cxeme u3 [2], no3sonsiowen
nsbexartb HeornpeaenEHHOCTH Ha Bbixoaax
Tpurrepa. MMnynbcel € Bbixoaa reHeparo-
pa (BbiBog 13 DD1.1) yacTtoTon okono 2 Iy,
MOCTYNalT Ha CYETYMK, KOTOPbIA HAYMHa-
eT ux cumTatb. NpumepHo Yyepea 30 MUH Ha
BbiBOAe 2 c4étymka DD2 nosBnsertcs
nor. 1, KOTOpbIn 4Yepe3d KOHAEeHcaTop
noctynaeT Ha BxoA R Tpurrepa DD1.2 n
OTK/IO4aeT Harpyaky. Bpems oTknoueHus
Harpysku MOXHO U3MEHUTb 3a CHET U3me-
HEHWS YacToTbl reHepaTopa, HO 3TO Mo-
TpebyeT WU3MEHEeHUs BPeMA3afatoLmx
uenent R5C3 1 R4C2, yto He o4eHb ynob-

3anacom, MOCKONbKy TOK NOTpebneHus B
pexunme BKJIto4eHUsA 3aBUCUT B OCHOBHOM
oT napameTtpos pene K1 1 B MOEM cnyyae
cocTasnseT 30 MA.

MNnaBkaa BcTtaBka FU1 Ha 1ok 2,5 A
obecneurBaeT 06LLYIO 3aLNTY YCTPOUCT-
Ba. Ceetogmon HL1 unanumpyet cpaba-
ThbIBAHWE pENe U BKIIOYEHWE Harpys3Ku.
MHavkaumsa BkIIOYEHUs B CETb MPOMCXO-
BUT 3a CYET CBETOAMOAA, YCTAHOBIEHHOIO
B Moayne nutaHus Al.

YcTtponicTBo 6bin0 cobpaHo Ha CTaH-
[apTHOW mMakeTHOW nnate (puvc. 2) pas-
mepamu 50x70 mm (Ha Anudkcnpecc
(https://www.aliexpress.ru) oHa nmeert
HaumeHoBaHue 5x7cm Double Side
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Puc. 4

Prototype PCB Universal Board). Ons
Xenawowmx NoBTOPUTL YCTPOWCTBO paspa-
60TaHa neyaTHas nnarTa, 4epTExX KOTOPON
1 cxema pa3MeLLeHna 31eMEeHTOB nokasa-
Hbl Ha puc. 3. YacTb CoeauHEHUIA, KOTO-
pblie NoKasaHbl TOHKUMU NNHUAMMK, caena-
HO NPOBOAOM COOTBETCTBYIOLLEro ceye-
HWS CO CTOPOHLI AeTaned.

MNpyYMeHeHbl NOCTOAHHbIE PEe3NCTOopPbI
MAT, C2-23 unu UMNOPTHbIE, OKCUAHbLIA
koHaeHcaTtop — K50-35 unn uMnopTHLIA,
ocTanbHble — kepamwudeckue K10-17.
CTabunUTPOH MOXHO MpuMeHuTb Ntoboi
ManoMoLHbli Ha Hanpsixenue 10...12 B,
ocTanbHele auoabl — cepuii KO522,
KA510, 1N4148. Tpawanctop VI1 —
KMN305A, tpaHanctop 2N7000 paboTaet
xyxe. TpaHaucTop VT2 — nio6oit n3 cepuit
KT815, KT817, 2N2222. Mukpocxemsl
MOXHO 3aMeHUTb UMMOPTHLIMW aHanora-
mu. Pene — HK4100F-DC12V unu gpyroe,
COOTBETCTBYIOLLEE HANPAKSHMIO NMUTAHUS
M MOLLHOCTWU Harpyaku. Moayns nutaHvs
npnoBpeTéH Ha AnM3Kcnpecec ¢ HaumMeHo-
BaHnem AC-DC 12V Precision Buck Con-
verter AC 220v to 12v DC. BmecTo yka3aH-
HOro MOZYNA MUTAHUS MOXHO MPUMEHUTL
MEHEee MOLUHLI@ C BLIXOAHLIM HANPAXEH-
em 12 B. CeHcopom E1 cnyxuT kopnyc
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Puc. 3 HL1

Tpanauctopa MNM403. X1 n
X2 — BWHTOBbIE KNEMM-
HUkn (Ha AnndKecnpece nx
HaumeHoBaHne KF128-
2Pin 5.0 Spacing Terminal
Screw Type PCB).

HanaxusaHne MOXeT CBOAUTLCH K
noab6opke koHaeHcaTtopa C4 ana Ha-
néxHoro cbpoca Tpurrepa DD1.2 npwm
BKAIOYEHUW NWUTAHUA W KOHAEHCcaTo-
pa C6 ana cpabaTbiBaHWs pene BpemMeHun
(aBTOpy HanaxuBaHue He noTtpebosa-
nochb).

Mnara Gbina yctaHoBneHa B pacnpege-
nuTenbHylo KOpPobky (puc. 4), 0OTBEPCTURA
3aKNeeHbl, 0AHO U3 HUX NONYNPO3pPadYHLIM
naacTukom, 4Tobsl MOXHO ObINO BUAEeTb
MHOMKAUMIO BKNIOYMEHWUs ycTporlicTea. Ha
KpbIWKY BbiBeAeHbl ceHcop E1 u ceeto-
avog HL1, koTopble 3akpenneHs Tepmo-
kneeM. Mnata 3akpenneHa B Kopobke C
NOMOLLbI0 Wand 3 MM, KanpoHOBbLIX BUH-
TOB C raiikamun M3,

PaboTy ycTpoicTBa MOXHO yBMAETL NO
cchbinke https://youtu.be/cEpzag-
1HzU?8I=5wrSEQAUIfII4mPT.

NUTEPATYPA

1. Fopuyk H. CeHCOpHbIfi BLIKNIOYETE b
oceeLeHns. — PagnokoHcTpykTop, 2017, Na 6,
c. 26, 27.

2. WenecTtos U. N. Pagvonwobutenam no-
neaHuie cxembl. KH. 2, — M.: Conou-P, 2000,
c. 31.

3. Kapnaues A. 1 cHOBa 0 CEHCOPHOM Bbl-
knioyartene... — Paawo, 2017, Ne 10, c. 45—47.

Or pepaxummn. Yepréx nevyarHoh nnarbi
Haxogures no appecy http://ftp.radio.
ru/pub/2024/07/sensor.zip Ha Halwem
FTP-cepsepe.

MOAYIIbHAS! PEKJTAMA

Pagnopetanu OT knaccu4eckux Ao
3K30TUHEeCKnX!

www.radiodetall.perm.ru
Ten: 8-800-201-75-54

* * *

AncTaHUMOHHbIE KypChl 0By4YeHus
nporpamMmMnpOBaHUIO MUKPOKOHTPON-
nepos STM32, AVR, Arduino, PIC, STM8
n ap.

3aHATUA NPOBOAATCH NO 3NEKTPOH-
HOI NOYTe MAM C NOMOLLBLIO NPOrpam-
Mmbl Skype.

O6y4eHve MoxeT BbITb HanpasneHo
Ha peweHue cToswel nepen samu
3agauu.

www.electroniclab.ru/courses.htm

T.+7-912-619-5167
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U. PELU-ETHMK OB, r. BugHoe MockoBcko#i 061.

Ta cTaTbs — npefBapuTensHas pns

Y cepun cTaTten, KOTopble Mpogomkat
umkn no npoekty "KPUCC CP/M — cospe-
MEHHBIN BOCbMMUPA3paaHbIA KoMMbloTep”
[1—6]. B aTux cTtaTthsx 6yayT paccmoTpe-
Hbl 33fa4n MPaKTUYECKOro MpPUMEHEHUS
KOMMbIOTEPa B PasfNyHbIX MPUKIAAHbIX
3apavax. CoBpeMeHHbli koMnbloTep —
3TO He TONbKO "KapTUHKa Ha 3KpaHe", HO n
yrnpasfieHne peanbHbIMU yCcTporcTBamMu
BO "BHEWHeM Mupe”, 6oMbLION 1 Manon
nepudepuen. KPUCC B aToM nnaHe noytn
HEe UMeeT orpaHuyeHnii — Goratblit Habop
BHewHnx uHTepderico (RS-232, UART,
GPIO, I°C, Ethernet) naét 6onblune BO3-
MOXHOCTU. A ecnui Yero-To He XBaTaeT, TO
BCerga ecTb BO3MOXHOCTb annapaTtHoro
pacwupenus. B npanbHenwem 6yneT pac-
CKa3aHo O MPUVMEHEHUM KOMMblOTEPA B
cucTemMax yrnpasNneHuUst OCBELUEHNEM,
B3aMMOLENCTBUN C NPOCTBIMU U CIIOXHbI-
MU BHELUHUMU MOAYNsSIMU, ONyB6AMKOBaHO
onucaHve nnaTbl KOMMblOTEPA B BEpPCUU
6e3 nepudepuniiHbIX yCTPOUCTB, npuBeae-
Hbl MPYMEepPb! BHYTPEHHWX NiaT pacluvpe-
HMA ansa Bepcuii 6.* n MHOroe gpyroe.

B npepnaraemMoit crtatbe onucaHa
HOBas BEPCUs NPOrpPaMMmMpyemMoro KOHT-
ponnepa ans 6bIToBbIX 3adad [7]: ynpas-
nalowaa nnarta MogepHu3vpoBaHa Aans
paboTbi ¢ uHTepdecom Ethernet n obec-
rneyeHuss BO3MOXHOCTM  MOAK/oYaTb
HECKONbKO MOAYyNel B pexunme paclumpe-
HUA. Pa3mMepsl kopriyca 1 pacnosioxeHune
YNPaBASIOWNX 3/IEMEHTOB COXPaHEHbI.

B nocneayowmx ctatbsax 6yayT obeyx-
OeHbl BOMPOCHI MOCTPOEHUS MpoTokona
o6GMeHa 1 MowaroBo onucaHbl H6a3oBble
MPUHUMMALI  CO34aHMA  MONHOLEHHOMN
yrpaBnsiowen nporpamMmMel AN KOMMbIO-
Tepa KPUCC CP/M pna npuknagHomn
3a4a4n ynpaBneHus OCBELLIEHUEM, YTO U
ABNSETCH YCNOBHbIM LIENEBLIM MPOEKTOM.
Mpowwneka — He yHuBepcasnbHas, a bynet
obecneynsaTe GPyHKUMOHANBHOCTb B KOH-
TeKcTe AaHHoW 3apauu. XKenatowme Moryt
HanucaTtb CBOIO NMPOLLNBKY, Peann3osas Ty
DYHKLMOHANBHOCTb, KOTOPas HYXHa.

Cxema ynpasnsiowen nnatel HOBOWN
BEPCUM KOHTpoOnnepa npuBedeHa Ha
puc. 1. YcTponcTtBo 0ocobeHHOCTel He
nmeet, 6nokn cobpaHbl No cxemam, non-
HOCTbIO @HaNOrMYHbIM TEM, YTO UCMOSIL30-
BaHbl B KPUCC, nHavkaTopHas 4acTb CO-
6paHa Ha crneunanM3MpoBaHHON MUKPO-
cxeme TM1637. Ho ecTb HioaHcCbl. KOHT-
ponnep caenaH "yHuBepcasbHbiM", T. €.
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He TONbKO ANsi 3TOr0 NPoekTa, HO U Ansa
BO3MOXHbIX APYrux, NO3TOMY Ha cxeme un
nnarte ectb U3bbITOYHOCTb, BHUMATENBHO
npoyuTanTe cTaTbio nepen cbopkon.

Mnarta ynpasnexus cobpaHa Ha nnare
13 GOoNbrMpoBaHHOro C ABYX CTOPOH CTEeK-
nortekcronuTa TonwmHon 1,5 mm. Eé vep-
TEX NOKa3aH Ha puc. 2, a pacnonoxeHne
petane — Ha puc. 3. PoTorpacdus
cobpaHHOW NnaTtbl NpuBeaeHa Ha puc. 4.

HanomMHuM, 4TO KOHTpOJSiNep COCTOUT
M3 ABYX Mnat — nfaTbl ynpaBieHus U
WUCMOJTHUTENbHOM NNaThl, 06bEeANHEHHbBIX B
OQHOM Kopryce, npenHa3Ha4YeHHOM Ans
MoHTaxa Ha DIN-peliky. MnaTtbl coeanHe-
Hbl YETLIPEXNPOBOAHBLIM LINENDOM, KOTO-
pbiii NOAKAOYAIOT HA MiaTe ynpaBneHns K
pa3bémy XP2 1 coeauHsaIoT pa3beéMOM C
MCNONHUTENbHOM NNaTon, WrHa yrnpasne-
Hus — I°C. NuTaHne Ha NnaTy ynpasneHns
nepenaétcs 0bblMHO C WCMOSIHUTENBHON
(NPO UCKIIOYEHUS CM. Janee).

Heckonbko 3amMeyaHuit No aneMeHTam
nnarbl ynpasneHus.

Peauctopel R1, R2 — Bcnomorarenb-
Hble, Ha TOT Clly4ai, Korga K KOHTposnepy
noaksoyaloT garymku 1-Wire, B 3Tom npo-
eKTe UX HeT, MO3TOMYy 3TU Pe3ncTopsbl
MOXHO HE yCTaHaBnvBaTb.

Ceetoanonbl HL4A—HL19 cnyxat ans
MHOMKALMM COCTOAHUS KOHTpOsiepa, ux
4YKCIIO U PacMooXeHWe 3aBUCAT OT Yncna
KaHanoB ynpaBfieHUs Ha UCMOTHUTENbHOWN
niate u OT NoxenaHuii pa3paboTynka, kak
1UX ucrnonb3oBaTtb. Ecnu uHaukauuns He
HyXHa, TO Mukpocxemy DD2, csetoguo-
obl HL4—HL19, pesucTopbl R15, R16 yc-
TaHaBNMBaTb HE HYXHO.

YeTolpExBbIBOAHLIN pa3bémM XP3, kak u B
nepBOHaYanbHOW BEpPCUK, CIYXUT O1si BO3-
MOXHOCTU CBSA3U HECKONBbKMX YCTPOMUCTB NO
KakoMy-HUBYab BHYTPEHHEMY NpoTokony. B
3TO BEpPCUM MONHAs COBMECTUMOCTb C
nepBoHavyanbHOW Bepcuen noTepsHa,
MOCKOJIbKY OCTaBfIeH TONIbKO OAVH Pa3bém,
HO Ha Hero BbiBeOeHbl Bxoabl INTO/INTA
MukpokoHTponnepa (MK). B Tekywiem
NPOEKTE 3Ta CBS3b HE UCMONb3YETCS.

WHtepdeiic Ethernet B aTom npoekTte
OCHOBHOW 1 oba3aTtenbHbI, HO ecnu By-
0eT CBOS MPOLIMBKA, TO OMUMOHHBIN.
PeancTtopbl R20—R24 — nng noBepxHOCT-
HOro MoHTaxa Tunopasmepa 0805, Hyx-
HbIX HOMUWUHA/IOB CPEAV BbIBOAHbIX Y MEHS
He Hawnocb, apoccenb L1 ycraHasnu-
BalOT ¢ 06paTHOM CTOPOHbI Nnartkl, Tak
ynobHee, koHaeHcatop C9 — ananoruny-

eoo0eosesvssass -

HO, MOXHO WCMOJIb30BaTb KEpaMU4ecKkuin
KOHAEHCATOP A/ MOBEPXHOCTHOrO MOH-
Taxa Ha HanpsbxeHve 6,3 B.

MK yHudwnumposan ¢ KPUCC, ncnonb-
3o0BaH ATmega328P-PU. B atom npoekTe
OH paboTaeT Ha YacToTe 8 MI'u, ucnonbays
BCTPOEHHbI RC-reHepatop, NO3TOMY
KBapueBbiii pe3oHatop ZQ1 n koHAeHca-
Topbl C3, C4 MOXHO He ycTaHaBnueaTtb. Ho
€Cnu ans Opyrux NpoekToB ByaeT HyxHa
60nbLUas NPON3BOAUTENBHOCTL, MOXHO BY-
net nogHsaTe pabouyto yactoTy oo 20 MIu.

YnpaBneHve no nocnenoBaTesnbHOMY
nopTy. B 3asucumMocTn oT notpebHoCcTY,
BO3MOXHbI crnegyloume KoHpurypaumm
cbopku:

* yrpaBieHusi Mo NocneaoBaTelbHOMY
MopTy HET (KaK B 3TOM NpoeKTe) — B 3TOM
cnyyae mukpocxemy DD3 un anemeHTsl
o6Ba3km C10—C13, R5—R7 He ycTaHas-
JIMBAIOT;

* ynpaBneHne ecTb, YPOBEHb CUrHana
5 B (Hanpumep, KPUCC) — B aTtom cny-
yae Mukpocxemy DD3 1 3anemeHTsl
ob6Ba3km C10—C13, R3 He yctaHasnu-
BaloT, conpoTuBneHue pesuctopa R7 —
100 Owm;

* ynpaBneHve ecTb, YPOBEHb CUrHana
3,3 B (Hanpumep, Raspberry Pl) — B atom
cnydyae mukpocxemy DD3 u kongeHcaTto-
pbl C10—C13 He ycTaHaBnuBaloT, pe3uc-
Topbl R7 1 R5 06pa3syioT agenutens Hanps-
XEHUS BbIXOOHOIO CUrHana;

* yNpaBfieHNe ecTb, YPOBEHb CUrHana
cooTBeTcTBYeT cTaHaapTy RS-232 — B
3TOM cnyqae Mukpocxemy DD3 n koHAaeH-
catopbl C10—C13 ycraHaBnusaioT, pe-
3uctopbl R5—R7 He ycTaHaBnusaioT.

YCTaHOBOYHbIE MO3UUMKU  PE3NCTO-
poB R6, R7 coBMelleHbl C NMOCagoyHbIM
MecToM Mukpocxemsl DD3 (cm. puc. 3).
Peauctop R11 cnyxut gns nporpammu-
poBaHus yCTponcTea, 06 3TOM YyTb Aasnb-
we.

OxkcupHble koHaeHcatopsl C6 n C16
[OMKHBbI ObiTb BbICOTON He Gonee 6 Mm
WA MX MOXHO YCTaHOBUTb C obBpaTHom
CTOPOHbI MNathl, X HOMUHANBLHOE Hanps-
xeHue — 10 B. @unbTpylowme KoHaeHca-
TOopbl OkONO pas3béma XP1 nyuywe ycta-
HaBNMBaTb C 06PATHOM CTOPOHbLI Mnatbl U
MCMoNbL30BaTb WX AN MOBEPXHOCTHOrO
MOHTaxa Tunopa3smepa 0805. KHon-
ka SB1 — craHpapTHas TakToBas Ans
MOHTaxa B OTBEPCTUS BBLICOTOU 6 MM.
CeeToamoabl yCTaHaBIMBAIOT Ha CTOMKM
BbicoToM 4 mMm. LiBeTa ceeToanonos HL20



(PWR) — 3enéHubiii, HL2 (TxD) — kpacHbii,
HL1 (ACT) — cuHuii, HL3 (MSTR) — xén-
TblA, CBETOAMOABI COCTOSIHUSA — KpacHbIe.
Mpu ux ycTaHoBKe Ny4ylle UCNONbL30BaTb
MOHTaXHyl0 ocHacTky. Bce peauctopbl —
mouuHocTbio 0,125 BT unn 0,25 BT.

PaclwmpeHnue yncna kaHanoB ynpasse-
Hus. MNpepnaraemMas ynpaensiowas nnara
opueHTUpoBaHa Ha paboTy C WUCNONHWU-
TeNbHbIMU MNatamu, ony6/MKOBaHHbIMU
paHee:

* BOCEMb KaHanoB ynpaBieHus (cu-
MucTopsl), 12 aMcKpeTHbIX BXOQOB, ABa
BbIXOJa MO CXEMEe C OTKPbITbIM KOJIEKTO-
POM, OAVH BbIXOA C OMTUYECKON Pa3Ba3-
koW, nuTaHue ot cetn 230 B oT BCTpoeH-
Horo npeobpa3sosarens [7];

* BOCEMb KaHasIOB yripaBnexHus (pene),
12 gUCKpeTHbIX BXOAOB, ABa BblxoAa Mo
CXEME C OTKPBITbIM KOSIEKTOPOM, OAMH
BbIXOZ, C ONTUYECKOWN Pa3Bs3KOM, NUTaHue

ot cetu 230 B o1 BCTpoeHHoro npeobpa-
3oBarens [8].

BaxHasi 0coBeHHOCTb ycTponcTBa —
npeaycMoTpeHa BO3MOXHOCTb cOopku B
dopmare BeaOMOro, Korga oauvH KOHTPOJ-
nep (sBenywmn) ynpasnseTcsa no cetu, a
euwe pBa (BegoMbie) — no obulert wuHe
ynpaeneHus sepywwum. B atom cnyvae
MHTepdenc nocnenoBaTeNbHOro ynpas-
JNIeHUsi OTCYTCTBYET, HO Ha nJare ycTaHaB-
nuBeatoT nepemblykn S1, S2 (puc. 5), cur-
Hanbl LWiHbI I°C B 3TOM cny4ae okasbiBaoT-
CcSl MOAKJIIOY4EHHBIMU K pa3dbémy XP1 Ha
nepegHen naHenu (KOHTakTbl 4, 6).

KoHTponnepsbl, koTopble 6yayT BEAOMbI-
Mu, cobupaloT Ha Takow Xe nnarte, ycTa-
HaBAMBAIOT TONbKO pa3beém XP1, KOHAOEH-
catopbl C16, C17 n 6nok nHavkaupm —
mukpocxemy DD2, csetogmogbl HL4—
HL19, peauctopbl R15, R16. Ha nnate
ycTaHaBnvealoT nepembidku S1, S2 ana

R132«k R142«

nepenadn curHana I°C Ha ucnonHuTens-
HYI0O mnaTy, a Ans Toro, 4Tobbl rONOBHOM
KOHTpOANEp MOr ynpaensiTb WHAWKATOP-
HbIMW CBETOAMOAAMMU, B NEPBOM BEAOMOM
KOHTPOEpe ycTaHaBNMBAIOT NEPEMbIYKM
Mexay KOHTaKTHbIMW MOLaakaMmmn BbIBO-
nos 12, 15 n BeiBOgOB 11, 16 MK DD1, a
cam MK He yctaHaBnuealoT. Y BTOpPOro
BEOMOI0 KOHTpO/Iepa NepeMbIYKU ycTa-
HaBMMBAIOT Mexay BeiBOAaMn 12, 17 n 11,
18 MK. EcTecTBeHHO, ecnu nHamkaums He
HYXHa, TO U 3TU MEepPeMBIYKN TOXe He
HYXHbI. PekomMeHayeTcs yCTaHOBUTb Tak-
xe pesuctop R18 u ceetogmoa HL20
(PWR) ons vHomkauvm Hanmuns Hanpsixe-
HUA NuTanusa. Ecnn koHTponnep He nmeet
csoero 650ka nNUTaHus, Ha MecTo Auo-
na VD1 Heob6xooMMo yCcTaHOBUTL Mepe-
MbIYKY.

Beaywuin n Begomble KOHTPOANEPb
COEOUHSAIT OEeCATUXUIBHBIM LUNendom,

ek 4—1—=+58
K Bbi8. 7, 20 DDA, J_ b
% R10[/ Riz[g [ 17 |Ris[; R16 ppug A c16 5l c17-C21
47K 10k |/ Ok 100 MK x 0,1 MK
y Vo1 DD1 ATmega328P-PU : MK
il s SF24 =y DD2 TM1637 *il B o6,
c1 L = pDs5 |1 18 cLk |Lep|criD1H2
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Puc. 3
pa3bém XP1 — pecaTnkoHTakTHbld IDC,  oTivyaloTcs aopecom, KpoMe Toro, y KaX-  BOCEMb pasfivyHbIX aApecoB, HTO MOXHO

Hanpumep KLS1-202-10-S-B, wneid c
warom 1,27 MM 1 CTaHOAPTHbLIN Pa3bém,
Hanpumep KLS1-204-10-B, nerko ato
obecnevnsaet (puc. 6). Obpatute BHU-
MaHue, 4To Ha wnehd fobaBneH pasbEM
IDC-10-M, uT06bI 06NErYUTL NPOrPaMMun-
poBaHue ycTponcTaa.

Mpu cbopke WCMONHUTENbHbIX MNnat
BaxHO obecneunTb, 4ToOLI agpeca BCeEX
12C-pacluvpuTeneii 6binm pasHsie. B ony6-
JIMKOBaHHbIX paHee BapuaHTax WCMOSHU-
TefbHbIX MfaT UCMOoNb30BAIUCL MWUKPO-
cxembl PCF8574, oHu 6biBalOT C MHOEK-
coMm A n 6e3 Hero, Takue MUKPOCXEMbI

AOM MUKPOCXEeMbl €CTb TPU aApeCHbIX
Bxoga AO—A2, 3apalowmx YHUKasbHbIA
Homep. K coxaneHuio, onybnukoBaHHble
paHee nnatbl He NoAAEPXMBaNN HACTPOM-
Ky agpeca, Mo3ToMy, eC/IN y BaC €CTb YXe
roToBble NaaThl, NPUAETCA HEMHOIO Nopa-
60TaTb CKanbrenem v NOCTaBUTb HECKOSTb-
KO nepembiyek. Ony6nukoBaHHble paHee
nnaTel UMEIOT MO TPU pacluMpUTens, HO
ecnum xoTa 6bl OONH OCTaBUTb B KOHPUry-
paumy "BOCEMb CMNOBbLIX BbIXOAOB + BO-
CEMb AVCKPETHbIX BXOAOB", MOXHO 060W-
TUCb OBYMS, MO3TOMY TpW KOHTposnepa
(Beoywmii n aBa BeAOMbIX) MoTpebytoT

Ierko caenarb.

TeopeTnyeckn MOXHO [axe WCMofb-
3o0BaTb Nnartbl 6/10KOB pesie C ynpaBneHn-
em no wwune I2C, KOTOpble ecTb B popmMa-
Te yctaHoBku Ha DIN-peliky, ux nerko
KynuTb Ha Anuakcnpecce. B cnegytoumx
HOMepax XypHana naaHupyetcsa onybnum-
KOBaTb BEPCUUN UCMONHUTENbHBIX NNaT C
NnUTAHMEM OT MUCTOYHMKA MOCTOAHHOIO
Toka 1 Bepcuio ¢ 16 kaHanamu ynpasne-
HUA, ncnonbayowylo 16-kaHanbHbie pac-
wunpuTtenu. YnpasensioLias nnara yHuBep-
canbHa s BCeX TUMOB UCMONHUTENbHbIX
nnar.



MHCTPYMeHTaMn komnbloTepa KPUCC
CP/M.

BaxHbIM 3Tanom siBnseTcs KoHpury-
pUPOBaHVe rofioBHOrO KOHTpoOnnepa Ans
KOPPEKTHOM paboTbl C MCNONHUTENBHLIMU
nnatamu. KoHdurypaums 3anucaHa B
EEPROM wu 3anucbiBaetca B MK aHano-
rMYHO 3arpy3ke OCHOBHONM MNPOLIUBKM.
Habop HekoTopbiX CTaHOAPTHLIX KOHPUY-
pauuii 6yaeT BoIOXEH HA CanTe XypHana,
Ons ppyrux KomGuHauui Heob6xooumo
6yneT HacTpouTb ¢ahin koHburypauum
Bpy4Hylo. Mopgpo6Has WHCTPyKuus no
HacTpoiike EEPROM 6yneT ony6nvukoBaHa
B NpoAo/MKeHun crtatbn. Mpowuneky cne-
nyet 3anucaTb B MK no 3arpyaku OCHOB-
HOW NPOLUVBKM.

MpoTtokon o6meHa. Bubnuoteka pabo-
Tbl C KOHTpOnnepom Ethernet yHundpuum-
poeaHa ¢ KPUCC, IP n MAC-agpeca
ycTpolicTBa 1 cepsepa (ynpasnsowmi
KoMneloTepP) PUKCMPOBaHbLI (NPONUCaHbl

Cxema C Tpema KOHTponnepamu
Bbi6paHa UCKNIOHUTENBHO ANs npumepa,
OHa He ABNABTCH MaKCUManbHOW KOHMU-
rypaumen, MOXHO, Hanpumep, caenatb
cOOpPKY 13 NATU KOHTPONNEPOB, YTO CyM-
MapHO [AacT A0 72 kaHanoB (16x4+8) yn-
paBneHus ycTponcTeaMu C NUTaHUeM oT
cetu 230 B. MporpaMmHoe orpaHuHeHne
TeKyWwei NPoWwnBKN — 128 To4ek ynpas-
neHns, T. 6, BXOOOB, BbIXOAOBR, WHAW-
KaTOPHRIX CBETOANOA0B, HO BCTh BO3MOX=-
HOCTb 3TO HUCNO YBOINHUTh,

MNporpammupoBanne MK ocyuiecTts-
NnAeTCs B ABA Wara; cHa4ana craHgapT-
HbiM ISP-nporpaMmaTopom (Bce HeoBxo-
ANMBI8 IMHUY BhIBE@AGHBI HA Pasbém XP1)
3anuceiBaioT ByTN0aaep v yeTaHasIVBalT
BuThl HAaCTPOMKkKn (Pei03kl), AANee 4epes
nepexogHnk USB-UART 3arpyxaioT oc~
HOBHYIO NPOWKBKY. Ons aTOro cnyxur
KOHTAKT 1 pasnéma XP1, KOTORLIN Hepes
pesucTop R11 coeanHBH ¢ Bxogom RxD
(nHna nopta PDO) MK, k aTOMY BhiBOAY
NoAKNIHAIOT NPOBOA, TX NepexoaHnka, Rx
He ucnonesyetca, Pesuctop R3 cnyxut
ANS YCTPAHeHWA NapasnTHbIX CUrHANOB HA
axope RAxD MK,

MNporpaMmupoeaHne BuiNOIHAKT cre-
uManbHoi nporpammoii, paBoTaiowein B
OC MS Windows, ecTth Bepcusa Nog
KPUCC. Ecnn ByaeT HyXHa BO3MOXHOGCTh
nporpammmposadns u3 OC Linux, Hanu-
WwnTe 3anpoc é)enaxuwo Ans 3arpysku
NPOWMBKK HBOBX0ANMO NoJATe NUTBHNE

cekyHAbl nocne aTo-
ro 3anyctute npo-
rpammy NPOLUNBKU:

m328upl.exe
[ComPort] [Mode]
[File.bin]

3HaveHne Mode
paBHo 0 ans npo-

WUBKKN W© ans
KOHpUrypauummn
(EEPROM).,  NMpo-

Lecc conpoBoXaa-
aTCA MuUraHnem (no
hakTy H8 Q4eHk Ap-
KUM) cBETOANO~
Aa HL2 (TxD).

3HA4eHUA bI03-
6MTOR  HACTPQAKK:
Ext; OxFC, High: 0xD8,
Low; OxE2,

B Texywen Bep- |
CUM NPOIUVBKK BCH
$YHKLUNOHANIBHOGTh |y
CBOAUTCA K TOMY,
4700K 0Becne4nth
B3aMMOABINCTBNE C

: "-u“"ﬂ

PaCWNPUTENAMY,
BLINONHUTL KOMBHAY

BHEWHBro GEPBEPa 1 OTNPaBUTH 8My
Co0BUIBHNE, BCNIM W3MEHUNOCH COCTORA-
HWB HB BVCKPETHBIX BXOAax. Jlorvka pato-
Thi BEPXHBIO YPORHA, NPEANONAaraeTcs,
6ypeT peann3nBaHa NPOrPAMMHEIMK

'Puc, OJQF ey oo

B KOHPUIypauum) B 1 SUJ,Eﬁ NPOLINBKE,
MNpotokon oBmerna — UDPR, nogaepxunea-
871cA ARP, W KQHTRONNBP OTBEHAET HA
PING-3anpockl, DHCP He nogaepxvea-
eTes,

WIMHOADIFE BYHTVININGU
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PAAHBLIA KOMNLIOTEP AJIS LUMPOKOro cnekTpa
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2. PewetHukoe U. KPUUCC CP/M — paboTa
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Or pepgakummn. Gerber-ganns nnarbl,
nporpamma ans npowunsku n 6yrnoagep ans
nporpammuposanms MK HaxonsTest no agpecy
http://ftp.radio.ru/pub/2024/07/plc_
ethernet.zip Ha Hawewm ftp-cepsepe

(Mpogomxenne cnenyer)

BbopTtoBOM nopkan

ONSA KaNaUnnbHOW CBe4YMU

MOAEeJIbHOIo AuraTtesia BHYTpeHHero cropaHus

O. WJIbUH, r. KazaHb l

') pBuraTensix BHYTPEHHEro CropaHvs
"D (OBC) ¢ kanuabHbIM 3axuraHuem,
npuUMeHsiemMbIX B aBua-, aBTo- U CyJOMO-
penu3ame [1—4], BocnnameHeHne Tonau-
BOBO3A4YLLHOW CMECcK B Kamepe CropaHus
NPOUCXOONT OT YCTAHOBJIEHHOW Ha rOnoB-
K€ UMIMHAPa MUHWATIOPHOW CBEYM C Haka-
nueaemon cnmpansio [5, 6]. Bo Bpems
nycka gsuraTtens K CBe4e nogkodaloT
nocpeacTBoM ObICTPOCHEMHOrO KOHTaKT-
HOro NPUCNocobneHns UCTOYHMK nuTa-
Hus, obecneuynBaloWwuin pa3orpes cnupa-
nu ceeyun Tokom 3...5 A po cBeTno-kpac-
Horo ugeta kanenwus. Mocne Havana yc-
TOoM4MBOW paboThl gBuraTens UCTOYHUK
NUTaHWA OT CBEYM OTKJTIOHAIOT, CNUpars Xe
CBeYN oCcTaETcs packanéHHown 6narogaps
BbICOKOW TemMnepaTtype ra3os B LANHAPE
nBurartens.

YacToTy BpaweHus Bana ABC paguo-
ynpaesemMbiXx MOAENEN MOXHO Perynmpo-
BaTb AMCTaAHUMOHHO NOCPEACcTBOM ycTa-
HOBJIEHHOro Ha apurartene kap6iopaTopa
cneuuanbHon KoHCTpykuun [3, 7, 8], B
KOTOPOM NONOXEHUEe BO3AYLUHOM 3aC/IOH-
KU BO BCacbiBalOWEM naTpybke v uvrbl
Masioro rasa B XWkNEpe 3a[alTcs yrno-
BbIM MONIOXEHNEM MEXaHW4Yecku conpsi-
XEHHOM C HUMW Ka4danku cepBonpuBOAa,
yNpaBnsiemMoro MoaynupoBaHHbIMKU MO
LJIUTENBbHOCTU UMNySibcamMu, NOCcTynaio-
LUMMW Ha ero BXOA C COOTBETCTBYIOLLErO
BbIXoga Aewwudpartopa paguonpuémHuka
Mogenu.

Ons crtabunbHon pabotel ABC c
KanuibHbIM 3axuraHnem Heobxogumo,
yTo6bI CNupans ceeyu 6bina pasorpera Ao
TemnepaTypsl, o6ecneyvBaioen Bocnna-
MEHEHMEe TONNUBOBO3AYWHON CMecu B
uunuHape osuraTens, ogHako Temneparty-
pa cnuMpanu CBE4YU CYLIECTBEHHO U3Me-
HAETCA B 3aBUCUMOCTU OT Yucna o6opo-
ToB gguratens. Ha maneix o6opoTax Asun-
ratens, ocobenHo y ABC c 6onbwum

paboynm 06bEMOM uUMAUHOPA, TeMnepa-
Typa cnupanu CBe4Yu nNpu NpoAyBKe
uuMnuHgpa — npouecce 3anoJiHeHus
uMnuMHapa CBexXeW TONJVBOBO3AYLUHOW
CMECBIO U ABWXEHUU CrOPEBLUUX ra3oB K
BbIXJIONHLIM OKHAM — MOHWUXAEeTCs, YCJ10-
BUS A/1I8 BOCMNJIaMEHEHUS TOMJNBOBO3-
AYLWHOW CMecKn yxyawarTcs, BCneacTaue
yero gsuratens pabotaeTr HeyCTOWYMBO
VAN OCTaHaBINBaETCS.

OpgHo 13 peluernin aTol npobremsbl —
OONONHUTENbHLIW  pa3orpeB cnupanu
KasnnbHOW CBeYUn Haxoaswmmces Ha 6opTy
MOZEeNN UCTOYHUKOM NUTAHUS, NOAKNI0-
YaeMblM K cBeye Ha manbix obopoTax BC
cneumnanbHbIM YCTPOUCTBOM, — 60pTO-
BbIM NOAKaNOM.

Mpepnaraio ceov BapuaHT GOPTOBOro
noakana ans KanuibHoW CBeYM MOAENbHO-
ro ABC. B otanyue oT npousBOAUMbIX
3apybexHbiMn drpmMamMn yCTPOWCTB aHa-
NIOrMYHOro HasHaveHus [9], oH npolie B
aKkcnnyaTaumm M mMoxeT 6biTb MCNONBL30-
BaH Kak C WMMOPTHbIMU KalubHBbIMU
ceeyamu [10], ANA KOTOPLIX HanpsxeHue
Hakasna cnupanu pasHo 1,2...1,5 B, Taku c
MeHee [0POroCTOSLMUMM OTEHECTBEHHbI-
MW KanunbHbiMM cBevamu [3, 5, 6], ans
KOTOPbIX HEOBX0AUMO HanpsiXXeHne Haka-
na cnupanu, paedoe 1,5...3 B. BopToBoi
noakasn BbINONHEH Ha [OCTYMHOW 3ne-
MeHTHOW 6a3e, NPOCT B HanaxXuBaHun u
ctabunex B pabore.

OCHOBHblE
TEeXHU4YEeCKNe XxapaKTepucTuKn

HanpsixeHune nutanmna, B ........... 12
MoTpebnsembini TOK, MA, He

OONCE :.wvsoms iwmssmpssmsvosiog 55
HanpsxeHne Hakana kanunb-

Hovceeun, B ... ... 1,2...3
Tok Hakana kanunbHOW CBeuu,

A HEBONEE . ...t 5

dyHkumoHanbHas cxema 6opToBOro
nogkana gas KkanuabHOM CBe4YN MOAENbHO-
ro ABC npepnctaeneHa Ha puc. 1, roe A1,
A2 — komnapartopbl HanpsixeHus; A3 —
ycunutens MowHocTn; D1 — noruyeckunn
anemeHT 2U; EK1 — kanuneHas ceeva; G1,
G2 — ¢popmupoBaTenu NOporoBbIx Hanps-
XeHult; G3 — UCTOYHWK NUTAHUA Kanuib-
HOM cBeyn; K1 — anekTtpomarHutHoe
pene; U1 — uHTterpatop; X1 — KOHTaKkTHOE
npucnocobnenne pns NOAKNYEHUS K
KanunbHol ceeve. Ha puc. 2 npepcraB-
JIeHbl BPEMEHHLIE AnarpaMmel Hanpsxe-
HUWI B XapaKTepHbIX TOYKax aTon GyHKUNO-
HanNbHOW CXembl (O18 HarNagHOCTU Mac-
wrtab no ocam abcumcc M opauHaT He
cobnioggH).

BopToBoiA nopgkan Aans KanunabHOM
cBeuun mogensvHoro ABC paboraet Tak. C
BbIxof4a pewwndpaTtopa annapatypbl pa-
LVOynpaBfieHusl, NOAKMNOYEHHOro K pery-
nupyowemy obopoTel 1BC cepsonpuBso-
Ay, Ha Bxop, 6opToBOro nogkana nocryna-
€T NoCNeaoBaTeNbHOCTb NPSAMOYIONbHLIX
MMNynbCcoB Hanpsixenus U,, , nepuog, cne-
[0BaHUsA KOTOPbLIX paBeH T, a ux anurenb-
HOCTb At U3MeHseTCca B 3aBUCUMOCTU OT
YrIOBOr0O NONOXEHUS PYKOATKU paguone-
pepaTtyvka, KOTOPOW PEerynupyioT 4Yucno
o6opoToe ABC. NnTterpaTop U1 npeobpa-
3yeT 3Ty NOCNeA0BaTeNbHOCTL UMNYJIbCOB
B NPONOPLUNOHANITBHOE UX OINTENBLHOCTK At
nocTosHHOe HanpsaXerue Ug,yx ui-

MycTb Ha nHTEepBane Bpemenn oT t; 8o
ts o6opoTbl OBC perynupyioT OT Makcu-
MasnbHOro A0 MUHUMANbHOTO 3Ha4YeHun, a
B MOMEHT ts ABuraTens OCTaHaBNMBaIOT
NyTEM NepekpbITUS CepBONPMBOAOM BO3-
OYWHOW 3acnoHKM BcCachbiBaloWeEro na-
Tpybka kapbiopaTopa.

B mMomeHT t; HanpsxeHne Ug,y ui Ha
MHBEPTUPYIOLWEM BXoAe komnapaTtopa Al
1 Ha HEUHBEPTUPYIOLLEM BXoae KoMnapa-
Topa A2 npeBbilaeT GopMUpyeMbIe DyHK-



uuoHanbHeiMK y3namu G1, G2 cooTtBeTcT-
BeHHO noporosoe HanpsxeHne Unepor 1,
nogaBaemMoe Ha HEMHBEPTUPYIOLWNA BXOA,
koMnapatopa A1, 1 NOPOroBOe Hanpsxe-
Hue Unopor 2, NOAABAEMOE HA UHBEPTUPYIO-
wmii BXog, komnapartopa A2. B pesynsraTe
3TOro Ha Bbixoge komnapatopa Al ¢dop-
MUpyeTcs Hanpskerne Ug,x a1 HU3KOro
YPOBHS, a Ha BbIxoae komnaparopa A2 —
HanpskeHUe Ug,x. a2 BBICOKOrO YPOBHS.

B MomeHT t, 060poTel IBC cHuxatotcs
0O 3Ha4YeHus, NPU KOTOPOM K KanunbHOW
cBeye EK1 HeoOXx0auMOo NoaxIloymTh Uc-
TOYHUK nuTaums G3. B 3TOT MOMEHT
Hanpsixerne U,,, y1 Ha BbIXOAE UHTErpa-
Topa U1 n cCOOTBETCTBEHHO HA MHBEPCHOM
Bxoge komnapartopa A1 cTaHoBMTCS

MeHbLLe Noporosoro HanpsXXeHus Unopor 15
B pe3y/nibTaTe 4ero Ha Bbixoge komnapaTto-
pa A1 dopmupyetcs HanpsixeHne Ugyy. a1
BbICOKOIO YPOBHS.

HanpsixeHuns Ugux a1, Usux, a2 MOCTYNAIOT
Ha COOTBETCTBYIOLLNE BXOAb! TOFM4ECKOro
anemeHTa D1. Mockonbky B MOMEHT t; Ha
oboux Bxogax noruyeckoro anemexta D1
NPUCYTCTBYIOT HaNpsXeHUs BbICOKOI0
YPOBHSI, HAa ero Bbixoae ¢dopmupyeTcs
HanpsxeHne Ug,, pr TakXke BbICOKOro
YPOBHS.

OTO HanpsixeHwe NOCTynaeT Ha BXOn,
ycunutens mouwHoctn A3, Harpyskown
koTtoporo cnyxut pene K1. Pene cpaba-
TbiBaeT, ero KoHTakThl K1.1 3amMbikaloTes un
B MOMEHT 1, NMoakIyalT K KanuibHOW
cBeye EK1 Hakanusawowuin e€ cnupanb
WCTOYHUK NuTaHus G3.

B MOMeHT t5 BO3ayLLIHas 3aCN0OHKa kap-
6lopaTopa NONMHOCTLIO NEpPeKpLIBAET BCa-
cbiBaloWwuin natpybok, n asuraTens ocrta-
HaBvBaeTcs. B aToT mMoOMeHT Hanpsxe-
Hue U, u1 Ha Bbixone uHTerpaTtopa Ul u
COOTBETCTBEHHO Ha NPSIMOM BXOAE KOM-
napatopa A2 CTaHOBUTCS MeHbLUE NOpo-
roBoro HanpsxeHust Unopor 2, B PE3YNLTATE
4yero Ha Bbixoge komnapatopa A2 popmu-
pyeTtcs HanpseHue Uy, a2 HA3KOIO ypoB-
HA, KOTOPOE NoAaéTca Ha BXOA norunye-
ckoro anemenTa D1, Bcnegcreme 4yero Ha
ero BbIxoge POpMUPYETCs HanpsxeHue
Ugux, p1 HU3KOIO YPOBHS.

37O HanpsixeHue NocTynaeT Ha BXOp4
ycunutens MowHocTu A3, npu 3TOoM
pene K1 obecTtouynBaeTcs, ero KoHTak-
Tol K1.1 pasmbikaloTcs U OTKAKYaloT OT
KanuneHoti ceeyn EK1 nctoyHuk nuta-
Husa G3.

Ecnv nocne nopknioyeHUs UCTO4YHMKA
nutaHma G3 k kanuneHon ceeye EK1 gen-
ratenb NO KomaHwge, NOCTYNuBLUEW Ha
cepBONpuBOA, yBenuinBaet 060poTbl u
OHU OOCTUralT 3HAYEHUs, NPU KOTOPOM
DONOJSIHUTENBHBIN  pa3orpes cnupanu

KanunbHon cBe4u EK1 He TpebyeTcs,
OTKJ/IIOYEHUE UCTOYHUKA NnTaHua G3 oT eé
cnupanu nNpoucxoauT B MOMEHT MpeBbl-
weHusa HanpsxeHnem Uy, yi MOpOrosoro
HanpsXeHus Ungpor 1-

Cxema 6opToBOro nopgkana pAns
KanunbHon cBe4yu mopenbHoro /[BC
npeacTaeneHa Ha puc. 3. DNeKTPOHHbIN
K/lo4 Ha TpaHuaucTtope VT1, pe3ucrto-
pbl R1—R5 u koHpeHcaTopel C3, C4
obpasyoT unterpatop (U1 Ha puc. 1),
npeobpasylownini NocTynalowmue Ha ero
BXO[, MOAY/IMPOBAaHHbIE MO AJSINTENBHOC-
TV NPAMOYrOJibHbIE UMMYNbLChI HANpsaXe-
Hus Uy, Ccregylowuve C nepuoaom
T =20 mc, B NponopLumoHansHoe ux anu-
TenbHocTn At = 1...2 MC NOCTOSIHHOE Ha-
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xaeTcs Yepes pe3uctop R3. MNpu H1U3KOM
ypoBHe Hanpsixexus Uy, TpaHauctop VT1
3aKpbIBAETCS, BCEACTBUE 3TOrO KOHOEH-
catop C3 paspsxaeTca 4yepe3 pes3uc-
Top R4. B pesynstate nepuoguy4eckoro
NOBTOPEHURA 3TUX NPOLECCOB Ha KOHOEH-
catope C3 dopmMmupyeTca NOCTOAHHOE
HanpsXeHWe, NPONOPUNOHANBHOE ANu-
TenbLHOCTU At ynpasnsaiowmx MMnNynbCoB, a
cnepoBaTensHo, 1 Yucny o6opotor JBC.
MNynbcaumn 3TOro HamnpsXeHwus, He npe-
Bbllwawwue no amnantyge 50 mB, crna-
XuBaeT nHTerpupyowas uens R5C4.

Denvtens Hanpsixenns R7RIR11 n
dunbTpylowmin koHpeHcatop C6 — dop-
MUPOBATENb MOPOrOBOr0 HanNpPsXeHUs
Unopor 1 (G1 Ha puc. 1), a genutens Hanps-
xenva RBR10R12 n puneTpyiowmin KoH-
neHcatop C7 — ¢popmnpoBaTenb NOpPoro-
BOro HanPXeHNA Unopor 2 (G2 Ha puc. 1).

OnemeHTbl DA2.1 1 DA2.2 — komnapa-
Topbl Hanpsxenus (A1, A2 Ha puc. 1) c
OTKPLITLIM KOonnektopoMm. MoaknioyeHne
BbIXOAOB 3TUX KOMNApaTopoB K obLiemy
Harpy3ouHomy peauctopy R13 peannsyet
onepauuio  JIOrMYEeckoro YMHOXEHUS,
KOTOpYID Ha puc. 1 BbINOMHSET Jsiloruye-
ckui anemedT D1.

ONEeKTPOHHbIA K04 Ha TPaH3UCTO-
pe VT2, 3apatowme Tok ero 6assl pesuc-
Topsl R14, R17 n koHpeHcaTop C8 obpa-
3yl0T ycunutens MouwHocTn (A3 Ha
puc. 1), Harpyakom KOTOPOro CRyxuT

Uuw A2

U‘!mr D1

Puc. 2

npsxeHune Ug.y. v = 0,95...1,563 B. Peauc-
Top R1 orpaHunyusaeTt Tok 6a3bl TpaH3an-
ctopa VT1, peauctop R2 obecnedymBaeT
3aKpbITOE COCTOsiHMe TpaHaucTopa VT1
npu OTCYTCTBUM CUrHana Ha BxoAe
MHTErparopa.

Korpa Ha BXx0A, wHTErparopa mnocTy-
narT MNYNbChl HANPAXEHUs Uy, BICOKO-
ro yposHs, TpaHsucTop VT1 oTkpbiBaeTcs,
B peaynbTraTe Yyero koHgeHcaTtop C3 3aps-

pene K1. UHTerpupyowas ueno R14C8
MCK/IO4aeT BO3MOXHOCTb MHOMOKPaTHOro
nepeknio4eHus  TpaHauctopa VT2 B
MOMEeHT POopMUPOBaHUR KOMMapartopa-
mu DA2.1, DA2.2 nepenapoB Hanpsxe-
HUA.

Ovop VD1 3awuwiaet TpaHauctop VT2
oT npo6oA uMNynbcamMu HanpsXeHus
camouHaykumm odmoTtkmu pene K1. Toko-
orpaHuvyunsaowmin peauctop R15 n cee-
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Toanop HL2 o6pasyloT y3en wnHaukauuun
(Ha puc. 1 He nokasaH), ONOBeLLALLLNIA
cBeyeHneM ceetogmopa HL2 o cpabatbl-
BaHuu pene K1. Korna pene K1 cpabatbi-
BaeT, ero 3amblkalowme KoHTakThl 1, 3
NOAKYAT K kanunbHoW cBeye EK1
HakanuMealLWMin eé crnupanb UCTOYHMK
nutanua — akkymynatop G1 (G3 Ha
puc. 1). Nnaskas BctaBka FU1 sawmnwaet
KanunbHylo cseyvy EK1 oT neperpysku no
TOKY.

MoHTax 60pTOBOro nogkana BbLINOA-
HEH HaBEeCHbIM CrocobOM Ha MakeTHOW
nnate. OT HE@ K KanunbHOW cBeYe naeT
napa rubkux M30JNPOBAHHBLIX MEOHbIX
nogsoasiWMx  NpoOBOAOB  CEYEHUEM
0,5 mm? paumuoit 100...150 MM, okaHuu-
BaOLWUXCA ObICTPOCHEMHBIM KOHTAKTHLIM
npucnocobneHnem.

B GopTtoBOM nopkane npUMEHEHbI
OKCUAHbIE anioMUHMEBbIE KOHOEHCATo-
pbi K50-35 1 kepamnyeckme KoHaeHcaTo-

HanaxvBaHue 60pTOBOro noakana 3a-
KI04aeTCs B YCTAHOBKE MOACTPOEYHLIMU
peauctopamu R9, R10 noporosbix Hanpsi-
XEHWIN Unopor 15 Unopor 2 KOMNapaTopos DA2.1,
DA2.2. B aBTOpCKOM 3k3emnnsape 6opTo-
B0ro noakana Unepor 1 = 1,2 B, Unper2 =1 B,
NP 3TUX 3HAYEHUAX MOPOrOBbLIX HaNPsXe-
HUI NoakKnoYeHne K kanuibHon ceeve EK1
HaKanMBaioLWEro e€ cnupans akkymynaTo-
pa G1 npoucxoaouT, Koraa OJUTeNbHOCTb
At ynpaBnsowmux UMNynbCOB HaNPsKeHUs

SA1 .
DA1 KP1158EHIT R16620 /7 | VT3 KT503T 128
mE =
=t 2 % 22 e L t/[] R13 HL3
258 L x258 Jo L 3|DA21 . 7118k AN307EM
HL1 AJ'I?]rM 51772 R15
A o8l | 620
18 HL2 ANI307BM
“% :8 4 A
5 ]| @
620 €' VD1 K1
VT1 DA2 LM393G K;;\szzlszS 5
Bxon 03r R14
R5 5,1« s, | 4T
.
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C3,C422Mkx25B 10 Mk x
x16 B

Puc. 3

ONEKTPOHHBLIN KMI0Y Ha TPaH3UCTO-
pe VT3, cBeTtoguop HL3 wn pesucto-
pul R16, R18, R19 o6pasyioT y3en uHgu-
Kkauuun (Ha puc. 1 He nokasad), onose-
wawowmi ceevenmem ceetognona HL3 06
oTtcytcTBum obpbiBa B LENW Hakana ka-
nuneHow cee4n EK1.

Korga 3amkHyTbl KOHTakTel 1 1 4 pe-
ne K1, Kk aMuUTTEpHOMY nepexoay TpaH-
3uctopa VT3 uyepe3 pgenutenb Hanpsxe-
Hua R18R19, nnaekyio Bctasky FU1, nog-
BOASLUME MPOBOAA, KOHTAKTHOE Mpucno-
cobnenne X1, cnupanb KanunbHOU CBe-
4yn EK nopgkniovaetcsa akkymynatop G1,
npuv aToM TpaH3aucTop VT3 0TKpLIBAETCA U
nogksoyaeT yepes TOKOOrpaHU4MBalo-
wun pesunctop R16 K MCTOYHUKY Hanps-
xenua +9 B ceetoguon HL3, 470 Bbi3bIBa-
eT ero ceeuyenue. Mpu Hanuuum obpbiBa B
uenu Hakana kanunsHou ceeyn EK1 pas-
pLIBAETCH U LEeNb NPOTEKAHUS TOKAa Yepes
ceetoauog HL3, no3TOMY OH HE CBETUT.

Mpu cpabatbiBaHuu pene K1 n nop-
KJIIOYEHUN €ero 3amMKHYTbIMW KOHTaKkTa-
mn 1, 3 k kanunbHon ceeve EK1 akkymy-
natopa G1 HanpsixeHue mexagy coegu-
HEHHbIMK 4epe3 peaucTop R19 6a3oir u
3MNTTEpOM TpaH3ucTopa VT3 cTtaHoBUTCA
paBHbIM HyNO, B pe3ynbraTte Yero Tpa-
3ucTtop VT3 3akpbiBaeTcs, a CBeToAu-
op HL3 racHer.

Mukpocxema DA1 un duneTpylowwme
kongeHcatopel C1, C2, C5 ob6pasyioT
UCTOYHUK CcTabnnusnpoBaHHOro Hanps-
xeHus +9 B, KoTopbiM nuTaloTcH PyHK-
LMOHanbHble y3nbl 60PTOBOro nogkana.
Pesnctop R6 orpaHuyuBaeT TOK 4epes
ceetoguon HL1, koTopbii npyn 3ambika-
HUW KOHTAKTOB BbiKlo4aTens SA1 nnpop-
MUpyeT O noaknoHeHun Kk HGopToBOMY
noakany HanpsiXxeHns nutTaHua +12 B.

pbl K10-17-1a, BMECTO KOTOPbLIX MOXHO
MCMONb30BaTb UMMOPTHLIE  aHanoru.
MocTosiHHbIe pe3ucTopbl — C2-33, BO3-
MOXHas 3ameHa — C2-23, MJIT, OMIT.
MopcTpoeyHble pe3ncTopbl — MHOroo6o-
POTHbIE UMMOPTHLIE, BMECTO HUX MOXHO
MCNonb3oBaTb OTe4YecTBeHHblie Pl11-48,
CMN3-39 wnu ppyrue noaxopswve.
MMnopTHOE 3nekTpoMarHuTHoe pene
HJR-3FF-12VDC-S-Z ponyctumo 3ame-
HUTbL ApPYyrMM nNopoOHbIM, Hanpumep,
TRA1L-12VDC-S-Z c y4éTom pasnuuusa B
rabapuTHbIX pas3Mepax W Ha3HavYeHuu
BbIBOOOB.

Ovop KA522B6 3ameHnM OAMOOOM 3TOW
Xe Cepuu unu ppyrux cepuii, Hanpwu-
mep KO512, KO521. CeeTtoaunogbl ce-
pum AN307 3amMeHMMbl Opyrumu, noaxo-
LAWUMU NO UBETY U SPKOCTU CBEYEHUS.
TpaHaucTtopbl KT503I ponyctumo 3ame-
HUTb TPAH3UCTOPaMW 3TOWN Xe Cepuun unu
nbbLIMY  APYrUMU  NOAXOAAWMMKU N-p-Nn
TPaH3UCTOPaMu.

MMNOPTHLI COBOEHHbIA KOMNapaTop
HanpsxeHua LM393G 3ameHum oTe-
yecTBeHHbIM  aHanorom KP1040CA1.
UHTerpaneHbih cTabunusatop Hanpsxe-
Hua KP1158EHII MOXHO 3ameHuTb Opy-
r'MM 3TO Xe CEepUn C HOMUHANbHBLIM
BbIXOAHLIM HanpsxeHnem +9 B. Bbikio-
Yatesb NMUTaHWA W NnaeBkas BCTaBka —
nobble nopxopswme.

MCTOYHUK NNTaHUS KanunbHOI CBEYU —
NiMH akkymynstop Turnigy LSD AA 1,2V
2550 mAh. JonyCTMMO WCNoAb30BaTb U
[pyrve akkyMynsTopbl, NOAXogslune no
aneKTpuyYeckum xapaktepuctukam. Ecnm
0N HakanuBaHuSA Cnupanu KanuibHON
cBeum TpebyeTcs Gonee BbICOKOE Hanps-
XeHUe, akKyMynsiTopbl COeANHAIOT nocre-
posaresnsHo B 6atapelo.

U, Haxogutcsa B nHtepsane 1,1...1,4 mc,
4TO COOTBETCTBYET OTK/NOHEHWIO OT Ha-
4anbHOr0 NONOXEHUS PerynupyioLei Ync-
no obopoto ABC pykosiTkM ynpasneHus
paguonepepatumka npubnnanTenbHo Ha
5...30 % oT e€ MakcumManbHOro pacxoaa,
korga umcno obopotos [1BC Hanbonbluee.

JNINTEPATYPA
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MpucrtaBka K MyJsibTUMETPY
ANA N3MepeHusa TemMmneparTypbl

C. CEMUXATCKMUMN, r. Eiick KpacHogapcKoro Kkpas I

“'i Horne UuudpoBbIE MYNLTUMETPHI,
LV I Haxopsiwmeca B akcnayataumm y
paguoniobuTenen, NMeT pexum name-
peHus TemnepaTtypbl, B 6onblUMHCTBE K3
HUX B KadYecTBe gaTyuka TemnepaTypbl
ucnonb3yeTcs Tepmonapa. Moatomy us-
MepeHue TeMnepartypbl NPOBOAUTCA C CY-
LECTBEHHOW norpeluHocTeio. [MpucTtaBka
K MyNbTUMETPY, ONUCaHne KOTOPOW Npu-
BOaUTCA panee, 6bina cneuuanbHO pas-

ons ctabunuaaTtopa Toka Ha OY DA2.1 u
TpaHaucTtope VT2, u ans npeobpasosa-
Tens Tok—Hanpsxenue Ha QY DA2.2.
Yepea penutenb nportekaet Tok 1 MA,
410 B 5000 pa3 6onblue BXOLHOrO Toka
mukpocxembl OY LM358P [1], noaTtomy
BxogHble Tokn OY DA2 npakTu4ecku He
006aBnsi0T 4OMNOJIHATENbHOK NOrpeLl-
HOCTU B uamepexusn. Kpome Toro, OY
LM358P ponyckaeT BbIXOQHOW TOK OO

DA1 78LO5SACZ

Mpu atom Tok cTtabunusatopa B 300 pa3
6onblwe [3]. Ho y Takoro paryvnka ectb 1
HEeJoCTaToKk — OTHOCUTENbHO Gonblune
pa3mepbl U macca, BCNeACTBUE Yero OH
obnagaeT HEKOTOPOW TENJOBON WHep-
umoHHocTeo. KoHgeHncatop C4 — nome-
X0ONOAABNALWNNA, YCTPaHAET HABOAKM Ha
JIMHWUIO, COEOVHSIOLLYI0 OATYUK C NNaTown
ycTpoiicTBa. Peauctop R7 sBnsetcs Ha-
rpyskon ana OY DA2.2 u obecneuyvBaet
cTabuneHylo paboTy BLIXOAHOrO Kackaga,
nosToMy He BO3HMKaeT npobnem npu
kanuépoeke yctporictea npu 0°C u npu
M3MepeHnn oTpuuaTeNbHbIX Temneparyp.

MpucTtaBky MOXHO NuTaTe OT GaTapewn
6F22 ("Kpora-BLl", "KopyHa") Hanpsxe-
Huem 9 B. MoTpebnaembiit Tok — 10 MA.
YuuTbIBas, 4TO MHTEPBAN BXOAHLIX HANPs-
XeHuit Mmukpocxembl 78LO5ACZ ot 7 B no
30 B [4], TO MOXHO NPUMEHUTbL Pas3nuny-
Hble ceTeBble BJI0KN NMUTAHURA C BbIXOLHBIM
HanpsxeHnem 20 B (¢ y4éToM HOMUHanb-
HOro HanpsxeHus koHpeHcatopa C1), B

3J|-_sll1 » K Boie. 8 DA2
1 P 2,91 MA
DA2 LM358P
X
c1 _l+ L .
o8 || 100Mex T Toas +2508  Re*20
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=
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330w 820
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Puc. 1

paGoTaHa ANA NPUMEHEHUS B OBYX KOH-
KPETHBbIX Cny4yasx — ANCTaHUWUOHHOE
M3MepeHne 1 KOHTPONb TeMnepaTypbl B
MHKybGaTOope Npy aBapMMHOM OTKIIIOHEHUN
nutaiower cetn 230 B u namepexve tem-
nepaTtypbl KOPNYCOB MOLLHBLIX TPaH3UCTO-
pPOB W TENJIOOTBOAOB, HAa KOTOPbLIX OHU
ycTaHoBsieHbl, B YM34, 6n0kax nutaHus,
a Takxe B ApPYron CUIOBOI 3NEKTPOHUKE.
Ho, kOHeYHO, OHa MOXET UCNONBb30BaTLCA
W B Opyrux criyvasx, raoe Heobxoaum Tou-
Hblll KOHTpONb TemnepaTypbl. OcHoBHaA
abconioTHas NOrpewwHoCcTb U3MepeHus
Temneparypsbl He npesbiwaet 0,6 °C, a
anckpeTHocTb oTcyéra — 0,1 °C. UHTep-
Bas U3MepseMblXx TemnepaTtyp onpene-
NnAeTcs napamMeTpamu MNPUMEHEBHHOro
patuvka TemnepaTypbl. B aBTOpCKOM
BapuaHTe 3ToT uHTepean — ot ~60 °C no
+150 °C.

Cxema npucTaBky nokasaHa Ha
puc. 1. Ana nony4yeHna TOYHbIX Pe3ynb-
TaToB M3MEPEeHUs npu BO3OENCTBUU
pas3nuyHbiXx gectabunuampylowmx dax-
TOPOB BCE Y3Aibl NPUCTABKW NuUTalOT-
cs CcTabunnManpoBaHHbIM HanpsxeHuem
+5 B, koTopoe obGecneunBaer crabunu-
3aTop Ha Mukpocxeme DA1. [Jenutensb
HanpsxeHus Ha pe3uctopax R1—R3
dopmupyeT 06pasuoBbie HANPAXEHUS U

20 MA [1], 2 3TO 0aéT BOSMOXHOCTb Npn-
MEHATL B Lenu o6paTHOoi CBA3U HU3KO-
OMHbIEe Pe3ncTopsl.

Crabunusatop Toka Ha OY DA2.1 u
TpaH3uctope VT2 3a0aET NOCTOSIHHbINA TOK
0K0J10 3 MA Ons naTymka TemnepaTypbl Ha
TpaHaucTtope VT1. Ona ymeHblleHns no-
NOMHUTESbHLIX NOrPELHOCTeR Ha MecTe
TpaHancTtopa VT2 BelibpaH TpaH3ucTop ce-
puun KT3107, o6nagaowmin 6onbumm hyy,
(B aBTOPCKOM BapuaHTe hyy, = 210) 1 ma-
NbiMu 06paTHbIMU TOokamK o = 0,1 MKA,
l.so = 0,1 MKA [2]. Tox 3 mA BblbpaH no
OBYM npuynHam. Bo-nepebix, 3T0 No3Bo-
NIFIeT B UBMEPUTENbHBIX LENSX NPUMEHNUTL
HW3KOOMHbIE PEe3NCTOPbI, 4TO O4EHb BaX-
HO NpW yaanéHHOM U3MepeHnn Temnepa-
Typbl (MEHblUE YpPOBEHb Napa3nTHbIX
HABOAOK WM3-3a TOro, Y4TO BbIXOAHOE CO-
NPOTUBNEHNE [aTYnKa TemnepaTypbl Ha
TpaH3uctope VT1 BmMecTe C ANUHHON
NMHNeRn $akTUYeckn paBHO CONpoTUBNEe-
Huio RS5). Bo-BTOpkIX, Y BbiOpaHHOro B
KayecTBe AaTyvka TeMnepartypbl TpaH3uc-
Topa 2SB772 ypoOHbIA  NNacTUKOBLIN
kopnyc KT-27/SOT-32/T0O-126 n npocTo-
Ta KpenneHus K uccnepyeMomy o6bekTy
namepeHus, a obpartHbili TOK nepexoaa
amutTep—06asa npu ToKe KOonnekropa,
paBHOM Hyno, He npesbiwaet 10 MKA.

TOM yucne n HectabunuanposaHHble. B
aBTOPCKOM BapwaHTe UCnonb3osaH 610k
nutaumna NY-1M. B kavecTtse usmepwu-
TENbHOro YCTPOWCTBA UCNONL30BaH UG-
poBoii myneTumeTp DT9208A B pexume
W3MEpEHMA HanpsxeHus Ha npepene
200 mB, koTopbih N onpenensieT OCHOB-
Hyl0 morpewHocTs. Ero BxogHoe conpo-
TuBnexdne pasHo 10 MOwm, 4To Takxe He
BHOCUT OONOSIHUTENLHOW NOrPewHOCT B
pe3ynbtat namepeHuit. MNocTosHHbIe Ha-
NPSXeHus, yKkasaHHbIe Ha Cxeme, namepe-
Hbl MynbTUMeTpom DT9208A npu Temne-
paType okpyxatoLieii cpeabl 22,9 °C.
BonbWKWHCTBO AeTanei ycTpoicTea
yCTaHOBNEHbl Ha neyaTHoi nnarte w3
©$ONbrMpoBaHHOro C ABYX CTOPOH CTEKNO0-
TekcTonuta TonwmHon 1,5 MM, YepTéx
KOTOpOW npvBeaEH Ha puc. 2. MoHTax
BbINONMIHEH Ha o06ewx CTopoHax nnathbl
(puc. 3, puc. 4). Ceepnst Bcero 11 ot-
BEPCTUIA, OCTaNbHO® — KOHTaKTHbLI® NNo-
wagaku. MpumeHeHs! peanctopbl — MIT,
C2-23 ¢ nonyckoMm =5 %; OKCUAHBIN KOH-
neHcatop — K50-35 wnn aHanornyHbli
VMMOPTHbIA; OCTanbHbIe KOHAEHCATOPbLl —
K73-17, K10-17 nnbo aHanoruyHble nm-
nopTHele, ManorabapuTHele. Mukpocxemy
78LOSACZ MOXHO 3aMeHWUTb OTe4eCTBEH-
HoW Mukpocxemoii KP1181EHS5A nnm aHa-
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JIOMMYHBIMU, HO CneayeT 06paTnTL BHUMA-
HWE Ha BO3MOXHbIE Pa3nnyms B LLOKONEB-
kax. Mukpocxemy LM358P moxHO 3ame-
HUTb  OTEYECTBEHHbIMW  aHanoramu
KP1040YA41, KP1401YA5. BmecTo TpaH-
auctopa KT3107K MOXHO NpUMEHUTL ero
MMNOPTHbI aHanor — BC557. [Ons
coeguHeHUs NPUCTaBKM C MybTUMETPOM

—Puc. 3|——

Bup rotosoi npwu-
CTaBkyn BMeCTe C
MyNLTUMETPOM NO-
Ka3aH Ha pmc. 6.

Kannbposka npu-
CTaBkM NPOU3BO-
ONUTCA C UCMNONb30-
BaHWEeM BOAbI, NO-
3TOMY BbIBOABI AaT-
4ynka Temneparypsbl
(TpanancTopa VT1)
TWarenbHO n3onu-
pyloT niobbiM BOJO-

Tty - iy

CTOMKUM Kneem. bo-
nee nogpoBHoO npo-
uecc kanubpoBku
Takum  cnocobom
npueenéH B [5]. MNoa-
6opkoit  pesancTo-
pa R4 yctaHaBnusa-
0T HyneBble Nnokasa-
HUS MynsTUMETPa, a
nopnbopkoin peauc-
Topa R6 — nokasa-
Hus 100,0 MB npwu
3akunaHum  BOAbI.

Mockonbky B aBTO-
PCKOM BapuaHTe

| MCNONb30BaHbl LWThI-
pu OT Bblleawnx u3
cTpos wynoB. lMpak-
TUYEeCKN BCE paguo-
peTanu ycraHaBu-
BalOTCH NapannesbHo
neyaTHoW nnate wu3-
3a manoro ob6béma
Kopnyca nNpuUCTaBKkw,
BbIMNOSIHEHHOr O U3 Bbl-
wepwero n3 crpos
anemMeHTa nuTaHus
"Kpona-BU" (puc. 5).
B nepBylo o4epenb
yCTaHaBANBaIOT MUK-
pocxemy DA2, 3atem
DA1. B nocnegHioto
oyepenb — CoeguHu-
TenbHylo konopky X1
n koHgeHcatop C1.

npucrtaeka npume-
HSeTCA Ans ONCTaH-
LLMOHHOFO KOHTpONs
TemnepaTtypbl, AnS
coeguHEeHun paTtyn-
Ka C NpUCTaBKOMn nUC-
NONbL30BANCH anek-
TpUYEeCcKMn npoBoOf,
LUBBMN 2x0,5 pnuHoi
15 m. ConpoTtuene-
HWe 0OOHOrO NOrOHHO-
ro MeTpa 3T0ro npo-
Boga — 0,035 Oma,
oTpes3ka aNnHOn
15m — 0,525 Om, a
LBYX XWN, KOTOpble
COoeauHAIoTCS nocrne-
[oBaTensHO C aart-
YUKOM Temnepary-
pbl, — 1,05 Oma. A
| 9TO conpoTuBneHue
yxe 6yneTr BHOCUTb
3aMEeTHYI0 A0MNONHU-
TENbHYI0 norpeLu-
HOCTb B pe3ynbrar
n3amepeHuin. Moato-
My Kanubposka npo-
M3BOAUTCSI BMECTE C
NpoBOLOM, K KOTO-

——Puc. 6 —— pomy NoAKIIIOYEH
: TpaHaucTop VT1.
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Ot pepgakumn. Yepréx ne4arHoun nnarsl
Haxoautcs no aapecy http://ftp.radio.ru/
pub/2024/07/termo.zip Ha Hawem FTP-
cepsepe.
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3TOM rogy Mbl NONY4MUNN

159 oTtyéTos, Ha 47 OT-
4YETOB MEHblue, 4emM B Npo-
wnom rogy. Takum o6pasom,
MOXHO CHYUTaTb, 4TO B CO-
PEBHOBAHMAX B JIMMHOM W
KOMaHAHOM 3a4yéTtax npuH§-
NN yyacTve 4YyTb MeHee
200 cnopTCMEHOB.

B rpynne MIXED Ha nep-
Bom mecte — Ceprei Kapa-
6yt (R7AW), cT-ua Bbicenku
KpacHogapckoro kpas. Ha
BTOpPOE MECTO, Kak 1 B npo-
wnom roay, Beiwen Cepren
Cwubept (RNON) ua r. Omcka,
a Ha TpeTtbe — Hukonan
OpexoB (RL4A), c. KameH-
Hbln Bpopa Bonrorpaackon
obn. B npownom roay OH
6bin nobeautenem B 3TOM
rpynne.

B rpynne y4acTHWKOB,
pabortaBwux Tenerpadom,
NYYLWWUM, KaK B NPOLUIOM U B
no3anpownom rogax, cran
Anatonun Mepos (R3EC),
A. XKykoska Opnosckoii 06:.
Bropoe mecTto 3aHsn Anek-
caHap Bonobyes (RK3ER) na
r. Opna. TpetbuM B 3TOW rpynne
6bin Ceprenn Ceprees (R7MM),

r. TaraHpor PocTosckon o6n.

Y 1ex, kto pabotan SSB, nobeaun
Anekcanap YypkuH (RM4HZ), c. HoBbii By-
aH Camapckoi 06n. Btopoe MecTo B 3101
rpynne 3aHan Cepren Kyky (UA1ORK),
r. Kopsxxma ApxaHrensckon o6n. B npo-
LUNOroAHNX COPEBHOBAHUAX OH Bbin Nobe-
autenem B aTton rpynne. Ha Ttpetbem
mecte — Bnagumnp Xykos (R4FCJ),
r. KyaHeuk MeH3eHckon 061.

Cpean paguocTaHumini C HECKONbKUMMN
onepartopamu ny4wen Obina komaHpa
paguoctaHumn OJOCAAD RC9J, r. Pa-
AyXHbln XaHTbl-MaHcunckuin AO—IOrpa.
B Heé Bxoaunu Anekcein 3otos (ROJR) n
Lenuc PykuHoe (UA8J). Btopoe mecto —
y Komaugbl papguoctaHunm ROAK MBY
00 "UeHnTp TBOpYEcTBa 1 passutus "Mna-
HeTa TanaHToB” n3 r. AymHcka KpacHosp-

Paboyee mecto RC9J.

CKOro kpasi, B COcTaBe KOTOPOW y4aCTBO-
Banu Mepop Bpasrud u Anekcen KnyHayk.
TpeTbe MECTO 3aHsna KomaHaa pagsvo-
ctaHumm R3VR, r. AnekcaHgpos Bnapu-
MUpPCKOW 061., B COCTaB KOTOPOW BXOAUAN
Bnagumup Bnunkos, Cepreir Naenoe,
Butanuii lNMopoxHa 1 MNMasen TUXOHOB.
KomaHga KONnekTUBHOM pagvocTaH-
uvmn ROAK MBY O "LeHTp TBOpYECTBa U
passutus  “lnaHeta TanaHtoB” un3
r. A4uHcka KpacHofpckoro kpas, Kak n B
npownom rogy, 6bina ny4Luen B MONOAEX-
HOW rpynne KONNEKTUBHbIX PagvoCcTaH-
unin. B coctase aTon KOMaHAbl y4acTBO-
sanu ®épop Bpasrun n Anekceir KnyHayk.
TpenupyeT komanay AnekcaHgp MeaHo-
Bu4 Cmaxtun (ROAA). Ha BTOpOM mecTe B
3TON rpynne — KomaHaa pagvmocTaHumu
RK4W [sopua fetckoro (HoHOWecKoro)

E-mail: mail@radio.ru

Memopuan A. C. lNonosa 2024 —

TBOpYecTBa . Mxescka, B cOCTaBe
koTopon 6binu Ceprein Kopobko,
Tumoden [opeesB, AnekcaHapa
HepioruHa v Anekcanapa [epiowesa.
TpeHep komaHabl — MNasen AHaTonLe-
Bud Kopobko (R4WX). Tpetbe mecTto
3aHsna KomaHpa paguocTaHuuu
EW2ZC, r. Cnyuk MuHckoi obn., be-
napycb. B Heé Bxopgunu Wnbsa Nsix,
Hukuta Maiinynos n Anekcangp Mpu-
roOpbeB.

B rpynne myseinHbix y4acTsoBanu
Ase paguoctaHumun. Jlyqwnin pesynb-
TaT nokasana paguocTaHuus mMyses-
kBaptupbl A. C. NMonosa RK1B u3s
r. Cankr-lMeTtepbypra. Bropoe mecto
3aHana  paguocTaHums RODMP
MemopuansHoro mysesi A. C. MNMono-
Ba, . KpacHotypbuHck Csepanos-
ckoi 061.

B aTux copesHOBaHUsX yHacTBOBa-
nm nate Habniopartenein. Ha nepsoe

Anexkcangp Yypkun (RM4HZ) —
nobegurens B rpynne SINGLE-OP
SSB.
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MecTo Bbllen Bopuc MBaHoOB
(RA3XEV_SWL) u3 r. O6HuHcka Kanyx-
ckon obn. Ha BTopom mecte — Opuit
(R3D-204), r. OmuTpos
Mockosckow 06n. TpeTbe MecTo, kak n B
NPOLUJIOrOAHNX COPEBHOBAHUNAX, 3aHAN
Esrexuii NawannH (UA3123SWL), . Ap3a-
mac Huxeropopackoi 061.

B aTom rogy B memopuane 6biiv npea-
cTaBneHbl Bce depnepanbHbie okpyra

| cTpaHbl. Jlyywme pesynstatel no depe-

panbHbIM OKpyram Cpeav pagvocTaHuwuii
C ogHuUM onepatopoM (rpynna MIXED) n ¢
HECKOJIbKMMUY OornepaTopamMum nokasanu:

— RA1TM u R1ZM (CeBepo-3anagHsbiii
depepanbHbIi OKpYr);

SINGLE-OP MIXED

1 R7AW 347 15087 334 14783
2 BRNON 317 14467 310 14230
3 RL4A 280 12021 273 11868
4 RCOA 243 10991 235 10658
5 RA9SF 184 8153 182 8067
6 R4ACY 178 8274 170 7976
7 UABHLN 181 7562 171 7526
8 RVIOCVA 145 6211 142 6108
9 UA9CU 134 6044 129 5852
10 RAIM 126 5607 122 5564
11 RL3T 128 5258 123 5238
12 UA6GO 113 5133 110 5027
13 RK6FA 122 5793 109 4829
14 RA7R 108 4694 108 4694
15 EW2R 103 4263 103 4263
16 RN4SC 97 4240 95 4161
17 R1QE 99 4147 98 4091
18 RA3DSV 101 3870 100 3822
19 R9AB 79 3550 76 3431
20 R2BP 83 3233 79 3085
21 RA3Y 63 2660 56 2424
22 ROJD 62 2448 57 2405
23 RL2H 61 2492 51 2229
24 UA9SMU 50 2183 50 2183
25 RA4CCK 47 1902 45 1854
26 RT2P 42 1794 42 1794
27 RKOSC 43 1701 34 1353
28 RA3VE 24 980 22 957
29 UA3DSN 14 555 13 521
30 OK2JF 4 174 3 130
SINGLE-OP CW
1 R3EC 261 11812 257 11704
2 RK3ER 236 10098 231 10047
3 R7MM 205 9318 202 9209
4 RA3AN 214 9119 208 9031
5 UA3QGT 184 8525 180 8426
6 UABY 181 8430 176 8281
7 R7TW 178 8144 175 8004
8 R90K 167 7857 166 7803
9 UDBA 147 6964 145 6887
10 OK4RQ 157 7253 149 6859
11 RN4SS 162 6825 150 6722
12 RA9JM 154 6618 144 6412
13 RW3AlI 144 6500 141 6325
14 RBXF/P 146 6467 139 6263
15 YL2TD 139 6324 137 6251
16 RN4HAB 157 6637 139 6076
17 RNO9RF 129 5911 123 5766
18 OK1VK 125 5769 123 5697
19 RDIT 125 5636 124 5599
20 RA4Y 125 5304 122 5280
21 BX7T 116 5343 114 5234
22 R7AT 115 5067 114 5062
23 R3LA 111 4991 110 4991
24 RCOCD 121 4986 110 4797
25 RN4AO 105 4672 104 4626
26 UA4FCO 101 4673 99 4571
27 RA4CL 99 4437 98 4385

— RA3DSV n R3VR (LleHTpanbHbivi
denepanbHbI OKpYyr);

— R7AW n URGBGZL (lOxHbin depe-
panbHbIA OKPYr);

— RN9N u ROAK (Cubupckuin depe-
panbHbIA OKPYr);

— RC9A n RCY9J (Ypanbckuin depe-
panbHbIi OKPYr);

— RA9SF n RK4W (Mpusomxckun de-
AeparnbHblit OKPYr);

— UABHLN (Ceepo-KaBka3ckuin de-
[epasnbHblii OKPYr);

— ROJD (OanbHeBoCTOYHBIN dene-
panbHbIf OKPYr).

Y MHOCTPaHHbIX YHAaCTHUKOB 3TUX CO-
peBHOBaHMIA AyYwnMKU okaszanuck EW2R n

28 EWBOM 99 4523 95 4364
29 EW8G 98 4174 99 4342
30 RIXS 100 4471 96 4186
31 R8WO 93 4309 90 4146
32 RORG 94 4049 91 3962
33 RABNC 91 4107 87 3903
34 UABYFL 88 3956 87 3901
35 RAANCC 76 3480 76 3480
36 UG4A 72 3139 72 3139
37 UTBMZ 76 3546 70 3121
38 R8MB/1 65 2929 65 2929
39 RL9U 58 2777 57 2733
40 RA9DZ 55 2592 55 2592
41 11RJP 58 2548 58 2548
42 UN7CAW 61 2685 58 2542
43 LZ2MP 55 2494 53 2396
44 UAAFDL 50 2316 50 2316
45 RA3TT 50 2218 49 2180
46 RIND 54 2464 46 2160
47 RV3ZN 50 2153 48 2076
48 R9QQ 50 2122 49 2075
49 UA4LCC 49 2072 48 2072
50 UABRFT 49 1935 48 1929
51 R2HL 49 2121 45 1929
52 R4BZ 45 2199 42 1909
53 RA1AGJ 43 1921 42 1869
54 RAWAE 43 1816 42 1780
55 R3RU 21 1604 20 1552
56 UA4AQL 37 1581 35 1521
57 RD3FT 37 1555 36 1505
58 RA9AMC 33 1469 32 1447
59 UNBPT 30 1275 29 12832
60 RA3BQ 26 1190 24 1112
61 UA4LKU 25 1059 24 1034
62 RL3F 28 1194 24 1016
63 R1LB 21 988 21 988
64 UA3SDN 24 943 28 943
65 RASAL 21 857 21 857
66 UK8IQ 20 884 16 762
67 UAOSBQ 20 849 17 703
68 RABWUG 17 718 15 651
69 RA3XCZ 13 611 12 559
70 LZ2PEP 9 394 9 394
71 RNOCW 9 432 8 381
72 UAOLDY 5 272 5 272
73 RA3AGF 5 200 5 200
74 RBQAT 7 279 3 136
SINGLE-OP SSB

1 RM4HZ 132 5110 124 4766

2 UA1TORK 123 4567 120 4513

3 R4FCJ 107 4041 100 3850

4 RUBW 91 3679 90 3632

5 RTI1S 93 3624 92 3619

6 RBQAU 89 3497 87 3485

7 UAQURI 80 3366 80 3366

8 RD8B 86 3461 83 3309

9 R5AP 79 3091 77 3040
10 R3AAA 81 3022 78 3011
11 RT7Y 76 3003 76 3003

konnektns EW2ZC.

Poccuickue pagmocTaHumm, nokasas-
wue nydwue peaynbstatel No ¢penepasnb-
HbIM OKpyram CTpaHbl, U Nyylwive cpegu
MHOCTPaHHbIX  paguocTanumi  6yayT
OTMEYEeHbl MaMATHLIMKM  NnakeTkamu
MuHkomeessu PO u ©Iyn "rPyL”.

B Ttabnuue npuBeneHbl UTOrM BCEX
Y4aCTHUMKOB (MeCTO, NO3bIBHOW, 4UCNO
3asB/IEHHbIX CBA3Ee, 3asiBIEHHbIN pe-
3ynbTaT, YUCNO NOATBEPXAEHHLIX CBSA-
3ell, OKOHYaTeNbHbLI pe3ynbTaT), Kpome
TOro, WUTOrM pasMelleHbl No aapecy
http://www.radio.ru/cq/contest/
result/popov_mem_2024_tab_site.pdf
Ha Halwem canTe.

12 RK3E 74 2908 71 2867
13 R9YAY 67 2792 64 2712
14 UA4AFDK 68 2667 67 2662
15 ROAH 70 2657 70 2657
16 RW3YB 55 2493 55 2493
17 RS5EJ 55 2266 53 2220
18 RYOA 58 2253 57 2088
19 R2EL 50 1879 47 1875
20 EU2DL 52 1834 49 1782
21 RWOUET 37 2510 35 1500
22 RTOYT 37 1485 37 1485
23 SQ@8MK 30 1249 28 1156
24 ROSCz 32 1145 32 1145
25 UA30OO 33 1189 31 1127
26 UA1ABJ 25 1087 25 1087
27 ES1AMI 14 722 13 709
28 RO3F 12 511 12 511
29 UB4FFB 13 391 11 345
30 R1BLV 7 295 7 295
31 R2BOE 8 256 8 256
32 UBOJBY 2 88 1 32
MULTI-OP
1 RC9J 278 12669 273 12618
2 ROAK 257 11127 243 10898
3 R3VR 210 9095 190 7816
4 RK4W 171 7510 169 7302
5 R1ZM 146 6612 143 6469
6 EwW2zZC 150 6207 141 5945
7 RM3X 124 5214 122 5120
8 URBGZL 106 4258 104 4150
9 RL9M 100 4085 100 4085
10 RA8ST 67 2820 66 2764
11 RZ1AWD 62 2334 47 1921
12 RCIFC 48 1764 42 1541
13 RY1QWX 50 1772 42 1390
14 UB3T 32 1044 31 1044
MULTI-OP JUNIOR
1 ROAK 257 11127 243 10898
2 RK4W 171 7510 169 7302
3 EW2zC 150 6207 141 5945
4 RM3X 124 5214 122 5120
5 URBGZL 106 4258 104 4150
6 RCIOFC 48 1764 42 1541
7 UB3T 32 1044 31 1044
POPOV MUSEUM
1 RK1B 110 4619 99 4334
2 RODMP 112 4292 107 4224
CHECKLOG
1 R5QQ
2 SM2FlJ
SWL
1 RA3XEV_SWL1345812 126 5475
2 R3D-204 122 5442 109 4809
3 UA3123SWL123 5490 100 4595
4 R4F-85 21 705 15 506
5 ROL-045 6 230 6 230



KonnekTtuBHaa paaumocrtaHuua RAOSMF
MBOY "lNMaBnorpaanckaa ruMHasus
mm. B. M. TeiTapsa”

AnekcaHap LEPBUHA (R8ME), pn Maenorpagka Omckoii o6.

aBrycte 2023 r. npu noppepxke

Massbl MNaBnorpagckoro MyHuumnans-
Horo panoHa Omckon o6n. A. B. Cyxo-
HOCOBa, Npegcenartena komuteta obpa-

I. A. NeTposoint,
"MaBnorpapnckas

30BaHuA
MBOY

avpekTopa
rMMHa3us

o6pa3oBanus "Touka pocTa”, HO CO CBOUM
OTAENbHBIM MOMELLEHUEM.

Ona Bo3amoxHocTn paboTel B adupe
OTKpbITA KONNEKTUBHAS pPafnoCTaHumA
nepeoi kateropun RAIMF. LLkonbHWKM,
VMMeloLME HaBbIikU 1 oNbIT paboTel B 3¢dun-

. B rocrsx va paguocranuum n3 cocegHero Ogecckoro
= -pavioHa. Oner lenHageesny MoseTun (RCOMG) emecre ¢
Mapuei Kanuumroi n AbnaiixaHom Ba3zapoBbiM BO

e . BPEMS paboThl CIeUUanbHeIM NO3bIBHbLIM.

RIM-037, Mapusa KanuHuia — ROM-038,
Unbs Uubopuyc — RIM-039, Aptém
MaxHo — R9M-040, Enena Mwupow-
HuyeHko — R9M-041, Banepus Boro-
mornoBa — R9M-042, Canuna Basaposa —
RIM-043.
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9A knacc B agpupe.

uM. B. M. Teitapa” B. WU. Monpyru 6bin
co3pnaH paguokny6. Lienn n 3apayv onpe-
OEeNneHbl Kak pasBUTUE TexHWYecKomn
HanpaeneHHoCTV B chepe OONoNHUTENb-
Horo obpasoBaHus B ob6nactn paawvo,
3NEKTPOHNKU 1 KOMMBIOTEPHBIX TEXHONMO-
rmin. Papuokny6 Boweén B COCTaB LEHTPA

Banepus Boromonosa (R9M-042), Enena Mupowi-
HuyeHko (ROM-041), Canuna Bazaposa (ROM-043) —

Yersepoknacchuk Jles WWkens (ROM-032) n narn-
knaccuuk Anexkcavap Kanuwmn (ROM-035) — cambie
yBrie4EHHbIe PafucTel, OXOTHUKKN 3a ANNIIOMAaMM,

pe, Nony4unum Noabis-

Hble HabniopaTenei: Ba-
yecnas CaloH — ROM-030, MeaH JIbiceHko —
ROM-031, Jles LUkens — RIM-032, Mak-
cum LlepbuHa — ROM-033, Unba EsTty-
weHko — R9M-034, AnekcaHpp Kanu-
HUH — R9M-035, A6naiixaH Basapos —

B cBfi3n co cTONETMEM CO AHA poXae-
Hua lepos Cosetckoro Cowsa Bnapu-
Mupa Mapkosuya TeiTaps, UMA KOTOPOro
HOCWUT rMMHa3usa, nopaHa 3asska Ha
yyactune B memopwuane "lMobepna-79".
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Pebsita na JIormHOBCKOW WKOMbI (CeTresoe B3anmo- Cambiii ioHbi¥ onepatop Jles LUkensb (4-# knacc) yse-

AefcTBNe) OCBanBalOT HaBbIKU Makikyn U MOHTaxa. pexHo npoeoguT QSO u BeAET annapaTHbIA XypHan.
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Ipynnosoi cHumok 7 mas 2024 r., oneparopsl RASMF: cugat — Aptém Maxno (RO9M-040), A6naiixan Bazapos
(ROM-037), Unes LubGopuyc (ROIM-039), pykosogutTens KONNeKTusBHO# papguoctanHuymm RAOMF AnexkcaHpp
Ipuropsesny LWepbuna (RBME), Makcum LLepbuna (ROM-033); croar — Jles Wkens (ROIM-032), Mapus KannnmHa
(R9M-038), Banepus Boromonosa (ROM-042), Enena Mupownnyerko (R9M-041), Canus Bazaposa (ROM-043).

MonyyeH  cneuuanbHbIR nosbisHon ff=

RP79TVM. i —_— —
Beino npoBeneHo 6onee 2300 cBsseln. y

Ums Hallero reposi-3emnaka, BolNyCckHyka OBYYEHUE NPOGECCUOHANBHON W NIOBUTENLCKOW PALMOCBA3N

Halen LWKOMbl, C YECTblo NpencTaBun ; . . v «Ds ‘

onepaTopbl-LWKONBHUKU  —  MONo4oe ) =

nokonexue. B nnaHax Ha Gyaoyuiee —

y/lyylleHue TexHU4eckoln 6asbl U aHTeH-

HOrO XO35\WCTBA PamMocTaHuun, ydactue

00 «®Oun

OcHoBbl paguocesa3n
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B COPEBHOBAHUAX 1, KOHEYHO, B Byayuiem ~ PacnpocTpaHenune pagnoBonH
memopwuane "Mo6ena-80". . Ynpasnexue papuocTaHymei
HanpaBnexus paboTbl paguokny6a: ~ Bufibl MOBYNALMM
pagvoCcBa3b, PagUOKOHCTPYMpOBaHue, 3
annapatHoe obecneyYyeHue KomnbloTep- acToTHble AMaNa3oHbi
HbIX TEXHOOMMI. - PernamenT paguocea3n
Kak Bcerpa, Hawe paguvoniobutenb- . YcTpoWCTBO aHTeHH
ckoe cooBuWEeCcTBO HE OCTANOCh B CTOPOHE
OT Hallero HayuHaHusa. Xo4y BbipasnTb MNpakTuueckue 3aHATHA :
GOoNbLUYI0 NPU3HATENLHOCTL M BRaroaap- HanbHocTb paguoCBs3n h Apyroe =
HOCTb Konneram 3a NoOAAEPXKY Kak B Tex- A Takxe uyaeﬁ pamocuuquﬁ
HUYECKOM, Tak U METOAMYECKOM nnaHe, W aHTeHH

nepcoHanbHo — [leHHagunio KonmakoBy
(UASMA), Butanuio  MapTbiHbl4EBY u _— ey
(UA9MKW), OmuTpuio Cadaposy (ROMK), i +7 (495) 775-43-19 radial@radial.ru /ww.radial.rt
Bnagumupy Ky4eperko (ROMO). . ‘ —




AKTUBHAaA ponb HavYanbHUkKa
Kpbimckoro paguokny6a M. K. 3o3ynu
B paauoniodourtensckom aAsunxeHuun Kpoima

JleoHug NMNY3AHKOB (R7KA), r. Cum¢eponons, Kpeim

pbiMCKUin  paguokny6 Obin co3naH,

KaKk u MHorve paguoknybbl B Hawel
cTpaHe, B 1946 . MNMepBbii Nepuop, ONA
papmoknyba xapakTepu3oBancs CTaHOB-
NEHWEeM 1 HayYanom [OEesTeNnbHOCTU ero
CTPYKTYp. Heobxogumo 6biN0 pewunTb
MHOrve 3agadn u npobnembl. AT0 NOUCK
NOMELLEHN OIS KONNEeKTUBHOW papmo-
CTaHuuK, OcCHaleHue Heobxoanmoi
annapaTtypoi M COOpPYXEHWe aHTEeHH, a
Takke odopMneHume nacnoprta 3ToWn
obuwecTBeHHOW opraHm3aumn. Kak daxT, B
HayanbHbI Neproa, NPOUCXOAUNA YacTas
cMeHa pykoBoauTenen Kpeimckoro pa-
anoknyba M KONNEeKTUBHOW pPapnoCcTaH-
ummn UABKSA, a ¢ 1954 . — UB5KKA. B
aTOT Xe nepuon GopMmpoBanacb TEXHU-
yeckas nonutuka paguoknyba n o6o3Ha-
Yanucb NpobnemMbl 1 BONPOCHI, KOTOPbIMA
DONMXEH 3aHnMaTbes paguoknyb. B koHue
1953 . B xypHane "Pagmo” nossunaceb
KpuTuyeckas ctatbs [1] o HeypoBnert-
BopuTenbHoit  paboTte  KPbIMCKOro
pagmoknyba. bBonbwme npeTeHann
npeabsaBNANNCb K HavyanbHUKY papmo-
knyba 3yeBy 1 uyneHam coBeTa paguo-
knyba. Otmeuvanocb, 4to "B 1953 .
paguocneumanucTel Hawen obnactu He
NpoYMTan HXU OOHOW NeKUUn NN fokna-
0a Ha pafuoTexHU4Yeckue Tembl OnS
paguoniobuteneii. B pane nepBuYHbIX
opranmsaumn JOCAA® obnactu nnoxo

Muxaunn KoucrantuHosuy 303yns.

paboTaloT pagMoTEXHUYECKNE KPYXKN
ons monopéxu”. Kctatu, ctatbio B Xyp-

Han Hanucan cam YneH CoBeTa papuo-
kny6a M. BuwHesckuii!

Nocne 3yeBa KpbiMckuii 06nacTHOWM
pagnokny6 JOCAA® Bo3rnasun NnpuobbIB-
wuii B Kpbim ¢ JanbHero BocTtoka Ha
NOCTOSIHHOE MECTOXUTEeNbCTBO Muxaun
KoHcTanTuHOBUY 303yns (21.08.1918—
15.01.1979). M. K. 303yni — y4acTHUK
6oeBbix Oeicteuii B Benukon OtevecT-
BEHHOW BoWHe. OH C BbICOKOW OTBETCT-
BEHHOCTbIO MOJOWEN K PYKOBOACTBY
KpbiMCkMM 06nacTHbIM  pagnoknybom,
Y4€N BCE 3aMeyaHusi N HeJo4ETbl B pes-
TENbHOCTU NpeabIaywmnx pykoBoguTenei
Ha 3ToM nonpuwe [2] 1 3a KOPOTKNIN CPOK
npespatun papunoknyé B 06pa3uoBo-
nokasaTenbHbli.

CnepnyeT cpasy OTMeTUTb, 4To Muxann
KoHCTaHTMHOBUY Bceraa crapancs y4acT-
BOBaTb BO BCEX CMOPTMBHbLIX M O6LWECT-
BEHHbIX MeponpuaTusx paavoknyba (co-
PEBHOBaHWUA, pagvoBbLICTaBkM M Op.). B
KpbiMy BnepBbie cTanun npoBoantbes Bee-
colo3Hble n PecnybnukaHckme copeBHOBa-
HUS MO pagmocnopTy. 3a YETKYI0 OpraHn-
3aumIo 1 CynercTBO Pa3nnyHbIX COPEBHO-
BaHWA emy Obino NPUCBOEHO 3BaHWE
"Cynobsi Bcecolo3Hoit kateropum no pa-
pmocnopTy”. OH Obin TPEHEPOM Halero
3emnsika lOnus EBreHbeBunya Yepkacora,
KOTOPbI/A BNOCNEACTBUM CTan 4YEeMMNUOHOM
CCCP.

YyacTHuKku m 4neHbl cygencKkoi konnerun Ha yemnvoHare Kpsima no cnoptuBHoi paguorenerpagpun. TpeTtui cnpa-
Ba Bo BTOpom psay — M. K. 3o3yns.

MEBED O — .OoUTlvd..
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M. K. 3o3yns gaér craprt y4acTHUKam copeBHoBaHui no "Oxore Ha nuc”.

C Havanom pykoBogcTtea M. K. 3oaynei
KpbIMckvM 06nacTHbIM pagmnoknybom pes-
KO MOBbLICUNACh aKTUBHOCTbL PaboTh! KON-

HOM papguocTtaHumn. 10 3TOoro ncnonL3o-
Banucb HNaHkM KapToyek, NMpucblinaembix
13 LleHTpanbHoro paguoknyba CCCP.

M. K. 3o3yns ¢ KypcaHTaMu M 4YneHamu KOMUCCUU rnocsie 3K3aMeHOB B
noxoge no mecram 60eBo¥ cnasbl KPbIMCKUX NapTu3aH B nepuos BOB.

HayaneHumk kpbimckoro paguoknyba M. K 3o3yns Bo rnase KONOHHbI CNOPT-
CMeHOB Ha 5-i Bcecolw3HOW crnaprakunane no BOEHHO-TeXHUYECKUM Buaam

cnopra.

nekTuBHOM paamocTaHuum UBSKKA, oHa
cTana akTmBHO paboTtaTe BO MHormx KB n
YKB-copeBHOBaHMsX, 4acTo 3aHMMas npu-
308Bble MecTa. Bnepsble Obina oTnevaraHa
LBETHAs KapTO4Ka-KBUTAHLUMS KOIEKTUB-

Bo BpemeHa M. K. 3o3ynu B KpbiMy
3HA4YUTENbHO YBENNYUAOCH YACNO UHONBU-
nayanbHbIX 1 konnekTusHbix KB- n YKB-pa-
ouoctaHumi. K Havany XXI Beka B ABTO-
HOMHoOI Pecnybnuke KpbiM HacuuTbiBa-

noce 6onee 1000 nobutenscknx KB- un
YKB-pagnoctaHumii.

C Havanom cTpouTenbCcTBa Tenesu-
3UOHHOW BbILKK 1 TeneueHTpa B 50-x ro-
pax npownoro Beka B Cumdeponone,
Gnaropaps vHUUMATVMBE HadanbHWKa pa-
anoknyba, Gbiiv opraHM30BaHbl Nekumnn
Nno OCHOBaM TeneBupeHus Ana Bcex
XenawLmx 1 YneHoB paguoknyba (paguo-
KOHCTPYKTOPOB W KOPOTKOBOJSIHOBUKOB).
Jlekumm 4nuTan onbITHBLIN MHXEHEP, pagvo-
nobutens B. M. 3enexckuii (RBSAGF).

Muxann KOHCTaHTMHOBWY, SBASASACH
OMbITHBIM PyKOBOAMTENEM, CTapascs yya-
CTBOBaTb MpPaKkTU4eCcku BO BCEX MEpPO-
NpUATMAX, MNPOBOAUMBIX MNOA 3rnaon
paguoknyba:

— npoBepeHne pasnuyHbIX YHeMNUoHa-
TOB M COPEBHOBAHW MO PagMoCcnopTy,
KOHKYPCOB, PafMOBbICTaBOK;

— CyOe’cTBO NEepBEHCTB, KOHKYPCOB,
OY4HbIX COpeBHOBaHU B KpbiMy;

— OopraHu3auus UTOroBbIX 3a4€TOB U
3K3aMEHOB KypcaHToB knyba;

— yyacTue B TYPUCTUHECKUX MOXOAax
KypcaHToB no ropam Kpbima.

B mae 1959 r. KpbIMCKMX CNOPTCMEHOB
NpUrNacunn y4acTeoBaTb B MeXAyHapos-
HbIX copeBHOBaHUsXx Ha YKB mexay
YkpanHon n BeHrpuen. KomaHabl 3Tux
CTpaH JOMXKHbI Bb11n pa3MeLLaTbCs B Npe-
[enax CBOVX rocyfAapCTBEHHbIX IPaHunL, B
ropax Kapnartax. [ns noesgku B panioH
copeBHOBaHuin koMaHae KpbiMa Obinu
Bbl€/leHbl ABa TPy30BbiXx aBTOMOOUNS
FA3-51 n3 wraTta KPbLIMCKOW aBTOLLKOSbI
OOCAA®D. Heobxopnmo 6bino npubsiTe B
NyHKT Ha3HavyeHus — r. MykayeBo, 3akap-
natee. Mpuwnoce npoesxatb Yepes3 pag,
ropogoB YkpauHbl, B KOTOPbIX YieHbl
KOMaHAbl OCTaHaBNMBaNWUCh ONs OTAbIXA U
noceulleHnss [OCTONpMMeYaTebHOCTEN.
KomaHgy KpbiMa BO3rnaBun HadanbHWUK
pagnoknyba Muxann KOHCTaHTUHOBWUY.
3apadvy noesaku 1 yHacTust B 3TUX COpPeB-
HOBAHMWSAX OH, Kak PyKOBOAUTENb, BbINOS-
HUN BnecTawe. Mo ntoram MmexayHapoa-
HblX COpeBHOBaHWn nobeguna komaHaa
YkpauHbl, B cocTaBe KOTopow Obinun un
KpbiM4aHe.

Bonbwown ycnex B KpbiM npuwén Ha
VIl yemnnoHate CCCP, koTopblii NpOxo-
avn B ceHTtsabpe 1970 r. B pamkax 5-11 Bece-
COI03HOI cnapTakmanpl N0 BOEHHO-TEXHWN-
4YeckMM BUAAM CNopTa, MOCBALLEHHOMN
100-netnio co gHA poxaeHus B. W. Jle-
HuHa. Bo3rnaBntb KONOHHY CNOPTCMEHOB
[0BEepUv Ha4yanbHUKY Hallero paaunokny-
6a M. K. 3o3yne. YemMnnoHOM cTpaHbl 1
nobepvtenemM cnaprtakvagbl Ha YKB ctan
mactep cnoprta CCCP lOnuin Yepkacos.

B 3aknoveHne xoveTcs ckasaTtb, 4TO
Muxann KoHcTaHTMHOBMY 303yns npopa-
60Tan B [OMKHOCTU HayvaNbHUKA KPbIM-
ckoro papuoknyba 25 net n ocrasun
3aMeTHbIN cfef B paganontodutensckom
naswxeHnn Kpbima.

JINTEPATYPA

1. Buwnesckunit M. B KpbiMy nnoxo opra-
HU3yloT paboTy ¢ paguoniobutenamu. — Pagwo,
1953, Ne 10, c. 8, 9.

2. MysaxkoB J1. Victopus pagnoniobutens-
CKOro ABWXeHus u paguocnoprta B KpbiMy. —
000 "dopma”, Cumdeponons, 2023.

[pumeyanue: Bece pororpagpumn Kk crarbe
13 apxuBa aBTopa CTaTbu.



Urpoeown aeTomar

"KamMmeHb, HOXHMULbI, Oymara”

K. XKEJZITOB, r. UpkyTck

aToin crtatee Gyaer npueBeneHo onu-

caHuve paspaboTtku undpoBoro aBTo-
mara, peanuayouwero urpy "KameHb, HOX-
HUUbl, Bymara”. Takoit uudpoBoi asTomar
npeobpasyeT KOMOUHAUUIO BXOAHbBIX CUr=
HanoB nop BO3AENCTBMEM YNPaBNSIOLLUX
CUrHanos n (WNKn) BHYTPEHHEero COCTOAHUA
B ONpeaenéHHylo kombuHaumio curHanos
Ha Bbixoae. Ludposoi asTomar nepexo-
OWT U3 OAHOro COCTOSIHUA B Apyroe
COrnacHo npasun, KOTOpbieé 3aHOCAT B
Tabnuuel ncTuHHocTK. ByayT paspabora-
Hbl ABa UMGPPOBLIX asTomara, 0AHUM U3
Hux Byaer BbiCTynaTtk camo yCTPOMCTBO,
BHYTPW KOTOpOro ByaeT cosnax ewe oanH
asTomar.

[ns cospanus npasuibHbIX yNpasnawo-
WKUX CUrHanos HeobxoaumMo HanoMHWUTL
npasuna urpsl. B urpy "KameHb, HOXHW=
ubl, Gymara" o6bI4HO UrpaloT ABa Urpoka.
B npoektupyemMoMm yCTPONCTBE BTOPbLIM
urpokom Oyper BeicTYnate undposoin
asTomar.

Buibop urposoro aencTeua AeMOH-
CTpUpylT xectamu, oboaHavawwmmm
npeametsl. Ecnu urpoku seibupalot ogu-

Yactb 1

BHUYBLIO, ECNK Urpokun BobIBUpPalOT pasHblie
npeameTtsl, nobeaurens xopa onpepe-
NAGTCA UCXOARA U3 CNeayiolmx YyCNoBNiA:
— HOXHULILI pexyT Bymary;
— Bymara HakpbiBaeT KaMeHb;
— KaMeHb TYNUT HOXHWLIbI,
CpaBHeHne XecToB UrpokoB 1 onpeae-
nexuve nobeputens ByaeT BLINONHATL Crne-

Ans paspaboTkn KOMBUHALIMOHHOrO aBTo-
marta HeobxoAMMOo peann3osarte MaTpuuy
noseaeHus. 3anaaum BeC aHavyeHnin mat-
puubl: 0 — npeaMeTbl coBnanu; 1 — Bbiur-
pbiBAEGT O4KO NEepBbid Urpok,

OYKO BTOPOW WUrpoK, NEpBbliA UrpPoK rnpo-
urpbisaeT. B rabn. 1 npusenena marpuua
BO3MOXHbIX cocTosuui (Mackanes XK.

Ta6nuua 1 OnekTpoHHbIe urpsl. — M.: Pagvo v ceasb,
1983, — 112 ¢c.: un.).
MNepebii BropoW Urpok Hdanee onpepeniMm HaumeHoBaHus
WUrpok HoxHuue! [Bymara | KameHs BXOAOB ANSl NEepBOro Urpoka, NpoekTu-
HOXHULBI 0 1 | pyemoro 6noka, Hanpumep, NI — HOXHW-
Bymara = 0 1 ubl, Bi — Gymara, Ki — kameHb. Boixon
KameHb 1 == 0 COCTOSIHUSI AaBTOMATA ANA UrpoKka HadHa-
yum Qi. CooTBeTCTBEHHO TakK Xe caenaem
unanbHbin 6NoK —
:agg‘g:ﬁt:”o::::j ‘1 D Kemburaunonnsiit ananns = 0 X
mar (npocroit Bua ‘Wﬁn Mpasxa | v Oxmo Crpasxa
UMDPOBLIX  8BTO- | Buogsl Buwoge Tebmiua Bopamemie Mumimisag

MartoB, COCTOAHWE
BLIXO[0B KOTOPOro
Gyner sasuceTs OT
KOMOBUHaUNN Bxosa-

RSB ST SRR D,

YAsmiTe
HakoBbleé NpeamMeToel, X004 3akaH4nBaeTCH HbiX curHanos),
Tabnuua 2 CamYTE B3
BxoaHble curHansi BiixoaHble curHansi -
Ki [ Ni | Bi | Ka | Na | Ba Qi Qa ‘
001 /[0 0 1 0 0 | ™
0jl]0]1]0 1 0 0 1 —
01011100 1 0 ’ e BT TR
0l]1]101] 0 0 1 1 0 |
0l]1]1]0] 0 1 0 0 0 {
D150 1159 0 0 0 1 ’ v
1100 0 0 1 0 1 ;
110]0[ 0110 1 0 ; Passaeny sw
110710149 0 0 0 0 Puc. 1
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C HaMMEHOBAHWEM BXOLHbIX U BbIXOAHbIX
CcuUrHanoB pns BTOporo urpoka. Bxoppl
nonmeHyem Ka, Na, Ba, a Bbixog — Qa.
MpoekTnpoBaTsL AaHHbli 6nok OGynem,
ocBauBas HOBbIA WMHCTPYMEHT cpeabl
Logisim — "KoMGMHAUMOHHbBIN aHanmna".
MepBoHayanbHO caenaem Tabnnuy UCTUH-
HOCTU (Tabn. 2) pna aTux curHanos (0 —
HeT curHana, 1 — ecTb curHan).

Bcé rotoBo ons
Havyana npoekTUpo-
BaHMA. B HoBOM
darine npoexTa Bbl-
6epem B rnaBHOM
MeHio "OkHO"
"KoMOBUHAaUMOHHbI
aHanm3". B oTkpbIB-
wemMcss OkHe BO

[

D Kombunaumonnbiii ananus - O X

®Qaiin Npaexa [lNpoexr Mogennposars Oxmo Cnpaexa

Bxombi Boixoasl T20MUa Buopaxerse Murwmmsauns
Ki N Bi Ka Na Ba|Qi Qa q
0 0 0 0 0 O ‘rx X ‘
0 0 0 0 0 1 |(x x ,
00 @ 0D Bl 0 x l
0 0 0 0 1 ' = x |
0 0 0 1 0 0 x x ;
| FS TSRS BEEG U 1 0 s L ‘
0" 00 1= ‘ x X ‘
0 0 0 1 1 1 | X x
0 0 I 0 0 0 |x x !
6 o0 1 0 0 1({0 O |
o 0o 1 o 1 o [0]1
TR IR R W I ‘
0o 0 1 1 oy 1 lx: x
0 0 1 o] S g B B ¢ ‘
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MocTpoUTL CxeMy
Puc. 3
MNocTpouts cxemy X

Lienesoit npoexT: npoexT

| | i e

" Hassanwe cxembl: PC

[] WCnonb308aTL TONBKO 3neMeHTbl U-HE

Cancel

Puc. 5

A~ T m B O~
lamn AHCTPYMEHT ANA U3MEHEHUA

O 10 <=
+* 1 3 X I’p3¢MHQCKOI’O BMAa cxemMbl

ABTromaTuueckn
creHepupqQeaHpoe , |,
rpapuueckoe obosnaueHue

. Beigenenneiii seinog 1
coo*rne-rcnynoumu eMy BX0R Ha cxeM
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Puc. 10

Bknagke "Bxoapl" Noo4epEnHO BBEOEM B
nosne, kak nokasaHo Ha puc. 1, HaumeHo-
BaHWS BXOAOB. Kaxapiii pa3 nocne BBoAa
HaXuUMaloT Ha kHonky "[dobasutb”. Mpun
BBOAE HAMMEHOBaHWUS BXOOOB MOXHO
MEeHSATb NOPSAOK Pa3MeLLeHuns, Haxmnmas
Ha kHoOMkM "CasuHyTb BBEpX” unn "Cosu-
HYTb BHM3", 4TO noBNAWsieT Ha Tabnuuy
WCTUHHOCTKW, co3fdaBaeMylo cpenoin. Kak
TOSMBKO Mbl BBENW BCE BXOAbl, Nepenném
BO BKfagky "Bbixogbl” U BBEOEM vMeHa
BbIXOZOB (puc. 2). [lanee nepexoaMm BO
Bknagky "Tabnuua”. Cuctema BbicTpouna
nonHylo Tabnuuy BXOAHbLIX 3HAYEHWI B
nHTepsane ot 000000 mo 111111, LWén-
Kasa no nonsiM COOTBETCTBYIOWMNX CTPOK
sbixonoB Qi n Qa, HeobxoamMmo fobUTLCH
NOBTOPEHUsi COCTOSIHUI 13 Tabn. 2. CtouT
OTMETUTb, YTO BCE OCTallbHble CTPOKMW
Hao OCTaBUTb HEM3MEHHbIMW, C CUMBO-
namu x, KoTopble ABNATCA HeobpabaTsl-
BaeMblM COCTOSIHUEM NN 3aNpPeLUEHHbIM,
T. €. KOMBUHaAUUSA BXOOHbLIX CUTHANOB He
chopmMupyeT curHanoB Ha Bbixoge. Ha
puc. 3 nokasaHa Tabnuua, a Takxe Bblae-
NeHbl COCTOSIHUS BbIXOO0B, KOTOPbIE COOT-
BETCTBYIOT BbINAAEHWNIO Y UFPOKOB OANHA-
KOBbIX XeCTOB 1 cpabaTbiBaHNe Npun KOM-
6uHaumm BGymara, HOXHULBI (B apxvBe Ha
caiTe XypHana npuBefeHbl CKPUHLLOTbI
3aToM Tabnnubl oS CBEpPKN).

Mocne 3anonHeHus TabnAnubl MOXHO
NMOCTPOUTbL CXEMY aBTOMATM4ECKN, HAaXaB
Ha kHonky "MocTpouTb cxemMy”, a MOXHO
DOMOMHUTENbHO NonepeksoyaTh BKIAAKN
"BoipaxeHune” n "MuHummnsaums”, 4ToOb!
NOCMOTPETb JIOrMYEeCcKue BbIPAXEHUS,

® O W
7 8 89

chopMUpoBaHHbIE
cpegnom Logisim
(puc. 4). MNMpn Haxa-
T Ha kHonky "To-
CTpOUTbL cxemy" cpe-
[a npensioxuT BBEC-
™ ums 6noka, KoTo-
pbit Bbln CNPOEKTU-
poBaH. Beeném uma PC n yctaHOBUM MeT-
Ky "Mcnonb3oBaTb TONbKO ABYXBXOLAOBLIE
3neMeHTsl", Kak nokasaHo Ha puc. 5. Ha
puc. 6 npvBepeHa aBTOMaTUHECKWN Cre-
HepupoBaHHas cxema. OHa pacnonaraet-
cs B nepapxum npoekTa cpady nop, nme-

umn (ECKA). na aT0ro agBaxabl KNMKHEM
no anemenTy PC 1 B MEHIO NHCTPYMEHTOB
BbiOepeM "PefakTMpoBaTbh BHELLHWI BUA,
npocmartpuBaemMon cxembl” (puc. 7). Ha
puc. 8 npmvBenEH penakTop BHELUHero
Buaa. MIHCTpyMEHTbl pucoBaHus Aocta-
TOYHO NMPOCTbI M XapakTepHbl Ans 60sb-
lwmHCTBa rpaduyeckux pepakTopos. Ha
naHenM MHCTPYMEHTOB PUCOBaHUS, Npu-
BeaEHHON Ha puc. 9, umdpammu obo-
3HayeHbl: 1 — ykasaresnb, 419 BblOeNeHus,
KOMUPOBaHUA U NepemeLlenuns; 2 — ao-
6aBneHve 1 pefakTMpoBaHue TekcTa; 3 —
co3gaHue oTpeska MpAMoNn nuHun; 4 —

Ta6bnuua 3
Cépoc | Xoa | Q(DD1) | Q(DD2) | Q(DD3) | R(DD1) | R(DD2) | R(DD3)
1 X X X X 1 1 1
0 1 X X X 1 1 1
0 0 1 0 0 0 1 1
0 0 0 1 0 1 0 1
0 0 0 0 1 1 1 0
KameMs pucosaHue kpusow beabe; 5 — coenvHe-

Bymara @—

Puc. 11

HEeM main, T. e. ABNSEeTCH NOAYNHEHHOW B
npoekTupyemMom yctporicTee. LLIEnkas no
BxofaMm, ybeauTech, 4To cxema paboTaet
BEpHO, cornacHo ycnosusim. lMepenas B
main 1 BbIGpaB cnpoeKTUPOBaAHHBIN 610K
PC, cnenyeT nepemMecTntb KOMMOHEHT Ha
CXeMY, OH roTOB K MCMONb30BaHMIO.

Mbl He cTaHeM UCNoNbL30BaTbL aBTOMA-
TU4eckn co3gaHHoe rpaduyeckoe o6o-
3HaveHune 6510ka, a nonpodbyem opopMnTb
ero B CTune OTe4YeCTBEHHOro eAuHoro
cTaHgapTa KOHCTPYKTOPCKOW AOKyMeHTa-

HMEe MHOXeCTBa TOYeK (BepwwuH); 6 —
pucoBaHWe NPSAMOYrofibHuKa; 7 — puUco-
BaHWe NPAMOYrofbHUKA C 3aKPYrNEHHLIMN
yrnamu; 8 — pucosaHve osana; 9 — puco-
BaHWEe MHOrOYronbHUKA.

NTak, MOXHO NpUCTYNUTb K M3MeHe-
HWIO BHELLIHErO BUAa. 3aMeTnm, 4To cnesa
pacnonoxeHbl BXoAbl, CripaBa — BbIXOAbl.
Boibupas Bxogs! unv Beixoapl, Habnogaem
B YNy YMEHbLUEHHYIO BEePCUIO CXeMbI. ITO
Heo6xoaMMo, 4YTOObI NPU PUCOBaHUN He
nepenyTtatb PyHKUMOHAN BbiIBOAoB. Pac-
TAHEM NPSIMOYTOJIbHUK 1 Pa3HECEM BXOabl
1 BbixoAbl. BHYTpK paamectum ewé oavH
NPSMOYFOSIbHUK, UCMONb3Ys COBETYIOLLNIA
MHCTPYMEHT pucoBaHusi. Beepxy B LEHT-
pe, NCNOJb3ys MHCTPYMEHT, Hanuwem X/Y,
npeaBapuTenbHO YCTaHOBMB — pa3Mep
wpudTta Ha 8 nT. Mo aHanormm c UeHT-
panbHbIM NoneM noAnuLIeM BXOAbl U
BbIX0Abl. MONy4eHHbI BAPUAHT YCIIOBHOTO
rpaduyeckoro 0603Ha4eHns NpuBenEH Ha
puc. 10. Ctout OTMETUTL, 4TO pucoBa-
Hue rpaduyeckoro 0603HavyeHns ABnseT-
€S JOCTATO4HO TPYA0EMKUM NPOLLECCOM B
cuny  cneunduUYHOCTU rpadunyeckoro
penakropa.

BepHEMCS B rnaBHOe OKHO pefaktopa
cxeM. Heobxoanmo no6aBuTb Ha XONCT
CXeMbl U coeaMHUTL Mexay cobon Tpwm
D-Tpurrepa. OHn Heob6xoauMbI Ans xpa-
HeHus xecta wurpoka 1. Metkam Tpur-
repoB faamm ob6o3naveHmns DD1, DD2 n
DD3. K npsamMbiM Bbixogam Q Tpurrepos
nogknioyMM ceetoamnoapl. LiBet MoxHO
BbIbpaTh Kak OAMH ANs BCEX, Tak U CBOM
pns kaxgporo. Ons cBeToomMonosB Hano
3apatb cneaylowuve obuwme cBoKcTBa:
HanpaBfieHWe — I0r, HanpaBfeHne met-
Kn — ceBep. TeKCT MeTOK A0MKeH ObITb
COOTBETCTBYIOWMIA AN8 KaXA0ro CBeTo-
nvnoga "Kamenb", "HoxHuub!", "Bymara”.
K Bxogam TpurrepoB "YcrtaHoBka ..." — S
NOAKNIOYADT KHOMKU. MeTkaM KHOMoK
Hafo NPUCBOUTb AHaNOMMYHbLIN TEKCT.

T
P
P
=
Q

WUITIOIVHUKVYH — .OUTVd..

¥20Z ‘L 3N outivd




"PAANO" — HAYHUHAKOLLUM

PAANO Ne 7, 2024

QPA,

Ha puc. 11 npuBef€H NpoekTUpyemsiii
6nok. CnepgyowmmM 3tanom Heobxoanmo
cnpoekTMpoBaTb 6n0K 6GAOKMPOBOK 1
cbpoca TpurrepoB. BnokupoBka HyxHa
LSS TOro, 4toObl UrPOK HE MOr MEHATb
BbiOpaHHbIV XEecT BO BpeMs xopa. Takxe
HaM HeobxoaMMo NpenycMOTpeTb KHOMKY
"Xoa", KoTtopas akTUBUpPYeT KaXAbli
NoCNeanyloWnNn Wwar UrpokoB N KHOMKY
"C6poc " urpbl (aBTOMaTa) B HayanbHoe
COCTOSIHME.

CocTtaBuM Tabnuuy WUCTUHHOCTWU ONIA
npoektupyeMoro 6noka 610KMPOBOK W
cbpoca Tpurrepos (Tabn. 3), B Heé 6ynyT
cBefieHbl KHonku cbpoca m xopa. Boixoap!

Kamens

cocTosiHue BbixonoB Q). MNpoeeas aHanns
Y MUHUMN3ALIMIO 3TOM Tabnnubl, NONYYUM,
4TO AN1I9 NPOEKTUPOBaHUA HeobxooMMo
npuMeHuTs Tpy anemenTa WIN ¢ veTbipb-
Msi BXOOAMW W BbICTPOUTb CBA3N MexXay
HUMKW. YuTaTenb MOXET CaMOCTOATENbHO
nonpo6oBaTb CNPOeKTMPOBaTh 3TOT 610K
yepe3d WHCTPyMeHT "KoMOUHaUMOHHbLIN
aHanu3". Paamectum anemeHTbl U nNpu-
cBovM uM o6o3HaveHns DD4, DD5, DD6.
OpuH Bxop Bcex anemeHTtos NN o6bepmn-
HUM C KHOMKOM "Xog", BTOpble BXOAbl BCEX
37eMeHTOB  00beAnHUM C  KHOMKOW
"C6poc”. K asym Bxogam DD4 nogxntoumm
Bbixoabl Q Tpurrepoe DD1, DD3. Bbixop,

MNposoaka

JBa Bxopa DDS5 nopxnioumm K Boixogam Q
Tpurrepos DD1, DD2. Bbixog 3Toro ane-
MeHTa noaseném Kk Bxomy R Tpurrepa
DD3. Y anemeHTa DD6 Bxopapl 6yayT noa-
KJIlO4EHbI COOTBETCTBEHHO K Bbixoaam Q
DD2, DD3, a Bbixoa noaxnio4mm K Bxoay R
DD1.

Tenepb MOXHO NOAKNIOYUTL paHee
cnpoekTnpoBaHHbii 6nok PC. [na atoro
WENKHEM ykasaTtesnem no atomy 6510ky n
pa3MecTMM ero Ha Xoncrte. 3HayeHuio
meTkn npuceoum DD7. MopeBeném Kk Hemy
BbIBOAbI C BbIxogoB Q Tpurrepos DD1—
DD3. Mony4yenHbIn 610Kk nrpoka 1 npuee-
0EéH Ha puc. 12.

F Passersutens

[® KonrtakT
T DO7 AaTumx
L Howens L < ToxHens
' " r e -
Ot : au ) 7 Cornacyrowmm pesmMcTop
0] s - o8t
Homus )} KoHcTaHTa
Eyma
bs éﬂ Q MuTarne
L
o {5 + Sennn
0 ? A
M 1 A TpaHsucTop
Bymara_J} gl }
< MNepeaaToqHbiit BEHTUND
" c] Pacumputens Butos
[ANEMENT - v
ctpoc WHCTpyMeHT: TakTOBbIN reHeparTop
Hanpasnenune BocTok
Puc. 12 = >
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Ha cnepyiowem atane npuctTynum K
npoekTupoBaHuio 6noka urpoka 2, KoTo-
pbii ByneT aBToMaTM4eckn "cryvanHo"
BblbupaTh cBOW XecT. [Ana Hayana Heob-
XOOMMO BBECTW CNeaylowme yCnoBus:

— xopn, "aBTomarta" OymeT ocyLlecTB-
NATLCSA NPU Haxatum niobon 13 KHOMOK
"XecToB" urpoka 1;

— cnyyaiHocTb BbiBopa 6yneT onpe-
nenatecs paboToil reHepaTopa CUHXPO-
CcUrHanos.

[ns peanuaauunmn 3TX ycnoBuit gonon-
HUM CXeMmy CreaylownumMmn 3nemMeHTaMu:
TpExBxoaooBbIM anemeHtoM WU (npu-
cBoum 0603HaveHve DD8), obbeaunHsio-
LWMM CUrHansl ¢ KHonok urpoka 1. Beixop,
3TOro anemeHTa 6yaeT NoAKNIOHYEH K ABYX-
BXOAOBOMY anemMeHTy W (npuceoum
HanmeHoBaHme DD9). Btopovi Bxon ane-
MeHTa HeoBX0AMMO NOAKIOHUTL K KOMMO-
HeHTy "TakToBbIi reHepaTop”, KOTOpbi
OyaeT OCyLWeCcTBAATb CUHXPOHU3AUMIO
ycTpoicTea. 3ToT 6510k HAXOAWUTCA B pas-
pene "Mposogka” naHenn 3nNeMeHToB
(puc. 13). B ceoiicTBax TakTOBOro reHe-
paropa MOXHO WU3MEHATb ONNTEeNbHOCTb
nor. 1 v nor. 0 (ocTaBuM AaHHble napa-



MeTpbl Hen3meHHbiMn). OCHOBHas Ha-
CTpOWKka TaKTOBOrO reHepartopa oOcCy-
LiecTBnseTca B pasgene MeHio "Mogpenu-
poBaTh” — "TakToBas YacToTa", rge Mox-
HO 3apaTtb TakToByl yacTtoTy oT 0,25 Iy
no 4,1 klu. BknoyaeTcs v BbikAloYaeTcs
3aToT 6n0K B MeHio "Mopgenuposatb”. Ons
3TOr0 HeoHX0AMMO KJIMKHYTb MO CTPOKe
"TakTbl BK/IIOYEHbI" NN HaxaTb Ha KOMOU-
Haumio "ropsaumnx knasuw” Ctri+K.
Cnegyowmm Lwarom pa3mecTmum HeTbl-
pe D-Tpurrepa ans XpaHeHuUs XeCcTOB
aBTOMaTa, HO, B OTMYME OT TPUrrepoB
urpoka 1, 3Tm Tpurrepbl 06bEAUHUM
mexay cobor nocnenoBaTenbHO, OpraHn-
30BaB KOJSbLUEBOW YeTbipExpaspsaHbIi
pPerncTp, KOTOPbLIN CTPOUTCH Ha Tpurre-
pax. KonbueBow peructp — ocobbili BUg,
pPerucTpoB, rae BbixO4 NOCneaHero Tpur-
repa noagkn4YéH K MHPOPMaUNOHHOMY

HN. HEYAEB, r. Mocksa

a4yecTBO OCBETUTEsNbHbIX Namn pas-
JINYHBIX KOHCTPYKLWI BONHYET MHOMMX
nopeni. B nepsByio ouepenb wuHTEpec
npeacTaBAseT ypoBeHb Nybcauvii ApKoc-
TU cBeYeHus. [Ans nx oueHkn unu namepe-
HUS NPEeANnoXeHbl pa3nuyHble Cnocobbl.
Y106bl NPOCTO ONpesenuTe Hanuuve
nynbcauui, npegnaraeTca ucnonbL3oBaTb
cmapTdOH B pexumme doToannapara, u no
M3MEHEeHUNIO FIPKOCTU 3KpaHa (Hanuyuio
NoNOC Pa3HOW APKOCTU) MOXHO CYAUTb O
HanuuuM nynbcaunn n ux ypoexe [1]. Ans
60onee TOYHOM OLeHKM Kak YPOBHS nysbca-
LMIA, TaK M UX 4aCTOTbl MPeasIOXeHbl NPOC-
Thle M3MEepUTenu-uHouKaTopsl B Buae
npuctaekn k MynbtumeTpy [2, 3]. Ho
yacToTa nynbcaumii APKOCTU MOXET BbITb
60nblWLON, Aa M CNEeKkTp nynbcaunin He
OrpaHvyeH TONbKO OOHOWM 4acTOTOW, ecnu,
Hanpumep, namna nuTaercs oT npeobpa-
3o0BarTens HanpsxkeHus. B Takom cnyvae
VHTEpeC NpPeAcTaBnsieT He TONbKO Yypo-
BEHb NyNbCauui SPKOCTN, HO N UX HacTo-
Ta. Bonee TOYHbIE K, camoe rnaBHoe,
HarnsgHble N3MEPEHUSt HE TONbKO YPOBHS
nynbcauuin SPKOCTU, HO U UX 4acCTOThI,
MOXHO MPOBECTW C NOMOWbIO cMapTdo-
Ha. Kak aTo coenaTh, paccka3aHo B 3TOW
cratbe. Kpome Toro, Tak MOXHO U3MepuTb
4acToTy, Ha KOTOpoW paboTaloT pasnuy-
Hble 3KpaHbl, MHOUKATOPbI N T. .
CoBpeMeHHble cMapTdoHbl obnagaioT
CpaBHUTENbHO 6GONbLION BbLIYUCNUTENb-
HOW MOLLHOCTBIO, U Anst HUX paspaboTaHo
MHOXECTBO Pa3fIMyHbIX UrPOBbIX U MNpu-

Bxony nepeoro. O603Ha4YMM Tpurrepbl
DD10—DD13, ux Bxoabl cbpoca obbean-
HUM Mexay cobo U NOAKAIHYUM K KHOMKe
"Cbpoc", ay Tpurrepa DD10 k 3aTo# kHOM-
K€ NOAKJII0YMM BXOf, YCTAHOBKM B ior. 1 —
Bxof4 S. 310 Heo6X0ANMO pNsi 3aHEeCEeHUs
B perucTp nor. 1, kotopylo 6ynem casu-
ratb BO Bpems urpsbl. o aHanorum ¢ Tpur-
repamu NepBoro urpoka Bbixoasl Q Tpur-
repoB DD11—DD13 noaknioymm K CBETO-
[OMOLAM W K COOTBETCTBYIOLMM BXOAaM
Ka, Na, Ba 6noka DD7. Bxoabl CUHXPOHWN-
3aumn Tpurrepos DD10—DD13 o6benu-
HUM W MOAK/IOYMM K BbIXOAY 3NeMeHTa
DD9. Ha puc. 14 npuBenéH cnpoekTnpo-
BaHHbI 6noK.

K Bbixogy Qi anemeHta DD7 nopgxnio-
YMM CBETOAMOL, ero MeTke MPUCBOUM
3Ha4veHne "Urpok Bemrpan xopn”, takxe
NOCTYNUM 1 € BbIxoaoM Qa, HO 3Ha4eHuio

KnagHbIX nporpamm. B ceasum ¢ paccmar-
pvBaemMon 3apaden B MepByl0 oyepenb
MHTepec NPeacTaBnAOT NPorpamMMbl aHa-
nusaTopa cnektpa. EcTb Heckonbko Takmx
nporpamMMm C pasHbiMn UHTepdencamu n
BO3MOXHOCTSAIMU, UX BbIGOP NpefocTaBum
yutarensam [4].

Y106l MCNONBL30BATL TaKylo NPOrpam-
MYy OJI5 U3MEPEHUS| YPOBHA WU 4acTOThl
nynbcaunin OCBELLEHHOCTH, K CMapTQOHY
MOXHO MNOAKNIOYNTL BHewWwHun dortoaar-
yuk. KoHeyHo, B cmapTdoHe NpUCyTCT-
BYIOT HECKOJSIbKO BCTPOEHHbIX Buaeoka-
Mep W JaTyuK OCBELEHHOCTWU, KOTOPbIN
MOXHO WCMNONb30BaTb, Hanpumep, Kak
n3meputens ocsewg&HHoCcTN [5]. Hasep-
HOe, CYLIEeCTBYIOT U NPOrpammbl oas uc-
NoNb30BaHUA 3TUX 3INEMEHTOB O/S Bbl-
noNHeHnst Hawewn 3apayn. Ho ncnonb3o-
BaTb 3TW, BCTPOEHHbIE B CMApPTdOH ane-
MeHThI, Heyno6Ho. lopasao ynobHee amc-
TaHUMOHHO pa3HecTn cmapTPoH, Kak
namepuTensHblii npubop, n GoTomaTymK,
coenatb KOTOpbI HEe cocTaBuT 6onbLIOro
Tpyna.

YNOMSAHyTble NpOorpamMmbl-aHannu3aTo-
pbl cnekTpa [4] npegHa3HavyeHbl ona pa-
60Tbl B AMana3oHe 3BYKOBLIX 4acToT, NO-
aToMy POTOAATYMK HECNOXHO MNOAKAIO-
YUTb K MMKPOPOHHOMY BXoAy cMapTdoHa
(rHe3mo pns rapHutypbl). Ho npu 3TOM
BO3HUKaIOT ABe npobnemel. Mepeas — ka-
Kol poTOAaTYNK MPUMEHUTB, U BTOPas —
KaKk ero noakmouyutb. Ana dortomatymnka
MOXHO NpuMeHuTb doToamon, GoToTpaH-

MeTKu BTOPOro CBETOAMOAa MNPUCBOUM
"ABTOMAT BbIUrpan xon".

WTaK, 0CHOBHOM 60K Urpbl NOCTPOEH,
M MOXHO nowurpatb. [na aToro HacTpau-
BaeM TaKTOBYIO 4aCTOTy reHeparopa u
BKNOYaeM ero. Jns [OCTUXEHUS Makcu-
ManbHoro agdekrta "cny4anHocTu" peko-
meHpyeTcs BblbpaTb 4acTOTy TakTOBOro
reHepaTopa Bbilwe 8 u. [lanee Haxnmaem
Ha KHOMKy "CHpoc” aNs akTuBaumm nrpoka
aBTomarta. LLlénkaem no nobomy xecty
NepBOro Urpoka (He yaepxmsBas KHOMKY).
Urpok-aBTomMaTt B 3TO BpeMs BblbupaeT
cBoii. Habniopaem 3a paboToli urpbl u
urpaem.

Ot pegakymn. Qaiinsl npoekra n tabnm-
Lbl MCTUHHOCTK HaxoasiTes no agpecy http://
ftp.radio.ru/pub/2024/07 /logisim3.zip Ha
Hawem FTP-cepsepe

3uctop nnn ¢otopesnctop. Ho dotope-
3ucTtopbl B GONbWIMHCTBE CNy4yaeB He
obnapaloT TpebyeMbiM OblCTpOAENCTBU-
€M, 13-3a 3TOr0 MX Jlyylle He NMPUMEHSTb.
Moatomy noponayt dortoanonb wnun
doToTpaHaucTopsl. Mpu aTomM cnegyet
Y4€CTb, 4TO B CMapTHOHE Ha BHELIHUN
MUKPOGOH, KakK NpaBuNo, 3NEKTPETHbLIN,
noctynaeTr nuTalowee HanpsxeHue
1...2,5B.

B kayecTtBe doToAaTyMKa MOXHO nNpu-
MEeHUTb POTOTPAH3UCTOP BUANMOIO CMeKT-
pa, Hanpumep, oTe4ecTBeHHbI PT-1K. Ha
nepsbll B3rnag, 3Tomy cnocobereyer
Hanuyue Hanps>KeHUs Ha MUKPODOHHOM
BbIxo4e cMapTdoHa, No3ToMy POTOTPaH-
3ucTop 6yneT paboTaTh B LUTATHOM PEXU-
Me (NI0COBOE HaNpPsXeHNe Ha KONNeKTo-
pe). Ho TyT ecTb ogHa HEeNnpPUATHOCTL.
Jeno B ToM, 4TO Npu 60MbWOM OCBeLue-
HUN DOTOTPAH3NCTOP BXOAUT B PEXUM
HaCbILLEHWUS, NPX 3TOM CYLLECTBEHHO CHU-
XaeTcs ero 4yBCTBUTENbHOCTb K Mynbca-
LUMAM, 4TO ABNAETCA NPUYNHOW GOoNbLUOK
NOrpewHoCcT! U HEeOAHO3HAYHOCTU B U3-
MepeHun nynbcaumi. AToT apdexT npu-
BOAMT K TOMY, H4TO NPy NPUBANXEHNN K UC-
TOYHUKY CBeTa M3MepSieMblli YPOBEHb
nynbcauuit 6yget ymeHbwatbcs. Takou
addekT HabnopaeTcs v y gartymka ¢ do-
TOANOAOM, HO TOJIbKO OH MEHEE BbIPaXeH
13-3a ero MeHbLUei YyBCTBUTENbHOCTU.

CambiMn OoCTynHbIMKU fiBRAOTCA o~
TOAMOAbI, HO OHW OONXHbI BbiTh paccynTa-
Hbl ana paboTbl B BUOUMOM CBETOBOM
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ovnanasoxe 0,38...0,78 mkm. MNoaxoaawm-
Mn 6yayt dotoanopb cepun ®L1263,
npeaHasHaveHHble ans paboTbl B gnana-
30He 0,4...1 MKM n umelowme nocTo-
AHHYIO BpemeHu He Gonee 0,02 mkc [6].
MMeHHO oHU 1 Bbinn BbIOpaHLI B KaYecTse
¢oTtopatumnkos. Poroamnon ©O263 nmeet
MeTanIM4yecknii Kopnyc n npeaHasHaveH
ans pabotel B doToreHepaTopHoMm (PoTo-
BONbTanyeckom) pexume, a ®4263-01 B
njacTMacCoBOM KOpryce npeaHasHavyeH
ons pabotbl B GOTOANOOHOM pexume.
Mpu 3TOM NpUHUMMMANBHON pPa3HULbI
MeXAy HAMU HeT.

R1* 330
oy —f
BXOf,
\\\‘ Obwyuin
BL1 ‘9
©/1263-01
Puc. 1

Moatomy B kayecTBe doTomatyinka
6bin BbIbpaH doToamon, HO Henocpes-
CTBEHHOE MOoAK/oYeHne K MUKPODOHHO-
My Bxofy cMaptdoHa MOxXeT He AaTb
Xenaemoro pesynstata. [leno B Tom, 4to
cMapTdOoH aBTOMaTU4YeCKn ornpegenser
noakto4eHNe BHeLIHero MukpodoHa, u
€C/I1 OH He ONpepenuT ero Hanuuns, MuK-
POGOHHBIN BxOd He GyneTr BKAOYEH M
cuctema pabortatb He 6GypeT. YTOGbI
cMmapTdoH onpegenun  noaknioyeHme
Hawero MukpodoHa (doTopaTtuymka), B
ero uenu JosKeH npoTekaTb onpeaenén-
Hbili TOK. Ha 06paboTky B nporpammy aHa-
nuaatopa cnektpa 6ynet noctynartb TOMb-
KO MepeMeHHasi CoCTaBnsiowas curHana,
T. €. nynbcauuu.

Cxema nepBoOro BapuaHTa noaxsoye-
HUa ¢doToomopa nokaslaHa Ha puc. 1.
3pecb OH paboTaeT B pOTOBOMLTANYEC-
KOM pexume. OH OTKPbIT, MOCKONbKY Ha
Hero MnocTynaeT npsiMoe HanpsXeHue,
KOTOPOE B O@HHOM Ccfiy4ae 3aBucuT OT
0OCBeLEHHOCTU. HO B 3TOM cnyyae noTpe-
6yeTcs ycTaHOBKa nocnefoBaTensHO pe-
3ucrtopa R1. [leno B TOM, 4TO C NOMOLLBIO
LWITAaTHOW rapHUTYPbl MOXHO YNpaBnaTb
HeKOTopbiMK GYHKUMAMN CcMapTdOHa,
AN 3TOro npepHasHavyeHbl OfHa Mn
HECKOSIbKO KHOMOK, NMPW HaXaTumn Ha KOTO-
pble 3akopaynBaeTcs (KHOMKa oTeeTa) nnun
LWYHTUPYETCS Uenb (perynnuposka rpom-
KocTn) MmukpodoHa. Moatomy, ecnu Ha-
npaxeHune Ha dortomatumke Oyaer He-
60nbLWVM, cMapTdOH BOCMPMMET 3TO Kak
HaxaTme Ha KHOMKY M MOXEeT BbIATU K3
nporpammbl aHanusaTopa cnekrpa. Yro-
Obl 3TO UCKNIOYNUTL, HyXeH pe3uctop R1.
Ero conpotueneHune AomkHO BbiTb MUHK-
MasibHbIM, rapaHTUPOBAHHO YCTPaHAIO-
LM yKa3aHHbIN 3pdexT.

CxeMa BTOpPOro BapuaHTa noaknioye-
HMA ¢doTogModa nokasaHa Ha puc. 2.
3peck Ha doToamon noctynaer obpaTtHoe

HanpsXeHwe, NO3TOMy OH paboTaeT B
$OoTOANOOHOM pexume, 1 TOK Yepes Hero
3aBUCUT OT OCBeLLEHHOCTH. Peanctop R2
HyXeH ans Toro, 4Tobbl cMapTdoH BOC-
npuHan GoTooaTYMK Kak rapHUTYpy C
MUKPOPOHOM n paboTtan B WTATHOM
pexume. [nsa pasHbix TUNOB CMapTHOOHOB
ero noTpebyetcs nogobpats, NPy 3TOM Ha
akpaHe cmapTdoHa OOJKEH MOSBUTLCSH
COOTBETCTBYIOWMI 3Hak. MpepnoyreHne
cnenyeT OTAATb PE3MCTOPY C MakCuManb-
HbIM COMPOTUBNIEHVWEM, MPU KOTOPOM
ycTaHasnmMeaeTcs 3TOT pexum. Heobxo-
AMMOCTbL YCTaHOBKM pe3nctopa R1 (kak n
Ha cxeme Ha puc. 1) MOXET BO3HUKHYTb
no NpuYnHe, yka3aHHOM BbILLIE.

C nepBsow npobnemoit paszobpanuco,

=, g MukpothonHbin TEMEPb HAL0 B3ATLCS 32 BTOPYIO — Kak

NOAKNIOYUTL POTOAATYNK K KOHKPETHOMY
cmapTdoHy. Y 6onblumHCcTBa cMapTdo-

R1* 200 5
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AHMMUNCKNX Ha3BaHW ero KOHTakToB 1 —
Tip (HakoHe4Huk, ocTpué), 2 n 3 — Ring
(xonbuo), 4 — Sleeve (runb3a). B HacTos-
uee BpemMs B OONbLUMHCTBE Cny4aes
ncnons3yetcs cnegywowas kombuHaums.
KoHTakT 1 — BbIxog nesoro kaHana Y34,
KOHTaKT 2 — BbIXOZ NpaBoro kaHana Y34,
KOHTaKT 3 — 06LWNIA, KOHTAKT 4 — MUKPO-
®oH. Ho 370 xenatensHo nposepuTb. ns
3TOro UCNOML3YIOT LUTATHYIO U COBMEC-
TUMYIO FapHUTYPY YU MYNbTUMETP B PEXM-
Me n3MepeHuss conpotueneHus. O6Lwmn
NPOBOA, MYNbTUMETPA COEAUHSIIOT C KOH-
TakToM 3 N N3MepsIoT CONPOTUBNEHUS
Mexay HUM 1 KoHTakTamu 1 1 2, oHo

1 2 3 4
T R R s
Puc. 3

DONXHO ObITb HECKOJIBKO AECHATKOB OM, a

Puc. 2 conpotusnexune mexay koHtaktamm 1 u 2

[omkHO BbiTh B ABa pa3a bonblue. 3atem

Puc. 5

HOB A9 NOAKAIOYEHUSI FaPHUTYPbI C MUK-
POdPOHOM MMEETCSH 4HeTbIPEXKOHTaKTHOE
rHe3go 3,5 MM, a rapHutypa cHabxeHa
COOTBETCTBYIOLLMM YETLIPEXKOHTAKTHBLIM
WTbIPpEM, KOTOpbI HasbiBaloT TRRS [7].
Ero KoHCTpykums nokasaHa Ha pwuc. 3,
HymMepaumsa KOHTakTOoB — ycnosHas. Ha-
3BaHWe 3TOro pasbéMa MpPoOUCXoauT OT

M3MepSsIoT CONpoTUBAEHNEe MUKPODOH-
HOW uenu (06LmMii NpoBOA MyfbTUMETPA
COEOMHEH C KOHTakTOM 3), OHO [OMKHO
ObITb HECKONbKO KWIOOM (B aBTOPCKOM
BapuaHnTe 1,5 kOm). Ecnn y rapHutypsbl
€eCTb KHOMKa, NPU HaXaTun Ha Heé conpo-
TUBNEHNE AO/MKHO YMEHbLUUTLCS A0 He-
CKONbKUX OM WA OECATKOB OM. B atom



cnyyae GoToaAaTUMK NOAKNIOYAIOT K KOH-
TaktaMm 3 (06wuit) n 4 (MUKPODOHHLIN
Bxoa). Bblno ncnonbL30BaHo NnogxiloyeHne
doToamopa, NokasaHHOE Ha cxeMe Ha
puc. 2.

Tenepb 0 KOHCTPYKUMn GOTOAATYMKA.
OHa MoxeT 6biTb NPOM3BOSIbHOU. [Ans
Kopnyca nopoonaéT NnacTMacCoBbI LN-

MIT®3-0,12) npoBOAAT Yepes oTBepcTME
B 3arnylwke u npvnameaioT K poTtoamoay,
Ha ero BbIBOAAX MOHTUPYIOT Pe3ncTop
(MNT, C2-23). Mposepsior paboTtocno-
cobHocTb doTomaTyMka BMecTe CO
cmapTdoHOM, nocne atoro dorToamnog un
coefuHUTenbHbI NPoBoA, PUKCUPYIOT C
nomowpblo Tepmoknes. [locne atoro

Puc. 7

NNHApUYecKuii, 0683aTensHO HenNpo3pay-
HbIA KOpNyC OT pomMacTepa nnu apyroro
n3genva nopxoasuwero guametpa. Co-
eaMHMUTENbHBI NPoBoA A0MKEH BblTb 065~
3aTenbHO 3KPaHWPOBaHHbLIM. ABTOPCKUA
BapvaHT nokasaH Ha puc. 4. Ona ero
narotosneHns Obin UCNONBL30BAH AepXa-
Tenb (puc. 5) 0T ra3oHHOro CBETUbHUKA,
KOTOpbLIA COCTOUT U3 NNacTMaccoBow
Tpy6kn 1 gnnHon 117 mm,
BHELHUM anameTpom 17 Mm
M WTbIPSA 2, C NOMOLLbIO KO-
TOPOro ras3oHHbIi CBETUNb-
HWK BCTaBnsAoT B 3emnio. OT
WTbIPS C NOMOLbID pe3aka
OTAeNsioT npasylo 4acTb 3,
M3 KOTOpOM cpenaHa 3a-
rnywka ans kopnyca, 4yepea
KOTOPYIO BbIBEABH CO8ANHN-
TONbHbIA 3KPaAHWPOBaHHbIN
nposog (cm. puc. 4). OcTas-
WYIOCA 4aCTb WTHLIPA YKO-
paymBaloT C OCTPOro KoHua
(cm. puc. 5) Tak, 4Tobbl ero
HOvHa BMECTe C 3arnyLkow
6bina npumepHo Ha 20 MM
MeHblUe AAWHbI  Kopnyca
(TPy6KM).

doToanon pasmeLwsatroT
Ha WWPOKOI OCTaBWEeNCA 4acTu WThIPS,
4yTo6bl BbIBOALI ObiNU Mexay pébpamu
(puc. 6). Mposoa (akpaHNpPOBaHHbIN

Puc. 10

B peaynbTate BCe 3NeMeHTbI

HapéXHo 3adukcmpoBaHbl, a ¢oTognon
6ypeT "yTonnen" B kopnyce NpUMepHo Ha
10 Mm (puc. 7). 310 obecneynt ero
3awmTy oT HOKOBOW 3aCBETKU U MexaHu-
YeCcKux BO3AEUCTBMA. Takas KOHCTPYKUNA
noseonsieT GbICTPO pa3obpatb JaTYNK K
npu HeobxoamMmocTn BHecTn Tpebyemble
M3MEHEHUS.

PA1 250 mkA

= —— 4= MWKPOOHKBIA
BXOA,

Obwui

cHa4ana B KOPMNyC BCTaBNAIOT WTbIPb
(doToauogom Bnepéa), 3aTemM 3arnyLuky.

GyayT

Puc. 8

UcnbiTaHus patymka 6binm nposeaeHs!
BMEcTe C nporpamMMmoli aHanusaTtopa
cnekTpa Spectroid. E€ npeumywecTsamm
ABNAIOTCA BO3MOXHOCTb YCTAHOBKW aBTO-
MaTU4eckux MapkepoB C ykaszaHuem
4acTOThbl U YPOBHSA CUrHana (nynbcauuii), a

Takxe onepatuBHbie U3MEeHeHUA ouana-

30Ha aHanuM3npyembix 4acToT n nHTepsa-

na nHgnunpyemMoro yposHsa HeNnocpeacT-

BEHHO C MOMOLLBIO CEHCOPHOrO 3KpaHa.
Ho, KOHE4HO, MOXHO UCNONb30BaTb U ApY-
rylo nopxoasiwyilo nporpammy. O6uwmm
HeAOoCTaTKOM Takux Nporpamm ABNAETCA

orpaHv4eHHblil Ananal3oH 4acToT, KOTOo-

pbiti peanbHo He npesbiwaeT 20 ki,

. R1 10k Fy———
P
N
EL1 7 gy
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Ona  namepeHus ApaTHUK
NOAHOCAT K WUCTOYHWKY CBeTa
~ (MOXHO W BNNOTHYIO) M Ha
~ akpaHe cmapTtdoHa Habnio-
- [aloT  CnekTp  nynbcauuit.
MNpeapapuTensHO HAAO 3aTeM-
HWUTb doToaaTYMK U yBeauTb-
CA, 4TO Ha 3KpaHe HeT nomex,
npesbiWatowmx ypOBeHb
wyma. MNpu atom cneayet
y4ecTb cneaylowme daxkTopsl.
Bo-nepsbix, 4em Gonblue MoLL-
HOCTb (Manyyaemas, a He no-
Tpebnsemas) NCTOYHMKA CBe-
Ta, Tem BGonbwe abConioTHLIN
yposeHb nynscauwit, Bo-sTo-
poix, Npubnnxate GOTOAATYMNK
K WCTO4MHMKY CBeTa Haao
NnoCTeNeHHO € PacCTORHUA
20...30 cm, Habniopgas npwu

3TOM 3a yposHeM nynecauwit. Ecnu 8
KaKON-TO MOMEHT OH CTAHOT yMeHbLWaTk-
Cfl, 3Ha4nT, POTOANOA BXOAWT B HACKILLE-

57

s

WUITIOIVHURVH — .OUTIvd.

~

$202 ‘L SN oulivd

3
Sy
e

F

¥



"PAONO" — HAHUHAIOLLUM

)
= .,

e 7, 2024

PAOMO

YpoBeHb
curHana
ab

20 -

-30 1

-40-

Puc. 13

Hue n doToaaT4mK cnegyet HeMHoro yaa-
nnTb. MNoaTomy 6yneTt KOPPEKTHO CPaBHN-
BaTb OCBETUTESNbHbLIE flaMNbl C OAWHAKO-
BbIM CBETOBbLIM MOTOKOM WM Ha OAMHAKO-
BOM pacCTORHUM OT HUX UK flamn ¢ pas-
HbIM CBETOBLIM MOTOKOM Ha pa3HbiX pac-
CTOSIHUAX.

[nsa ynpouweHus Takon 3agaym B GoTo-
[ATYNK MOXHO BBECTU OOMONHUTENbHLIV
anemeHT. CyTb ero 3aknioyaeTcs B TOM,
4yT06bI KOHTPONMPOBATL TOK Yepe3 poTo-
[MOA 1 NPOBOANTL CPaBHEHWE Pa3NUYHbIX
famMn NpyM oANHAKOBOM TOKE 4Yepes Hero,
T. €. NpNBNU3NTENLHO OAMHAKOBOW OCBe-
LWEHHOCTWN, 4TO ByaeT 6onee KOPPEKTHbLIM.
Y1066l HE uncnonb3osBaTb OOMOSHMU-
TEeNbHbLIA UCTOYHUK MUTaAHWUS, TOK MOXHO
KOHTPONMPOBATL C NOMOLLLIO CTPENTIOYHO-
ro mukpoamnepmetpa. Takoh BapuaHT

T
15 20
YacroTa, kl'y

Puc. 14

cxembl oTOpATYMKA NOKa3aH Ha puc. 8.
34ecb nocneposaTenbHo ¢ GOTOANOAOM
yCTaHOBNEH MMKpoamnepmeTp, KOTOopbIi
3awyHTMpoBaH KoHgeHcaTtopom C1, uyTo-
Obl He NOTEePATb HYBCTBUTENBLHOCTU HOTO-
paTymka.

Ansa atoro doropatyumnka 6bin ncnonb-
3oBaH Mukpoamnepmetrp M68501 [8] c
TOKOM MNOAHOro OTknoHeHus 250 MKA,
npenHasHayYeHHbI AN\ NCNONIb30BaHNSA B
vHOMKaTope YPOBHSA 3anucu MarHntodo-
Ha. KOHe4yHO, MOXHO MPUMEHUTL 1 Apy-
rve manorabapuTHble MUKpoamnepmer-
pbl C TAKMM TOKOM MOJSIHOMO OTKNOHEHUS
cTpenku. Bce anemMeHTbl pa3melleHbl B
njacTMaccoBOM Kopnyce pa3Mepamu
29%x48x75 mm (puc. 9). Ecnn kopnyc

npo3payHblii, GOoToaNOA HapO YCTAaHOBUTL
B MN1aCTMacCOBYI0 HEMPO3payHylo TPyoKy
(kopnyc ot dnomactepa). lNpumeHEH
NPOBOAHOWN OOBLEMHBIV MOHTaX, BCe ane-
MEHTbI 3aKpenneHbl BHYTpWM koprnyca C
nomotubio Tepmoknes (puc. 10).

C nomowbio $poTtopatTinka € MUKPO-
amMnepMeTpoM MOXHO nerko pasbpako-
BaTb NaMnbl OfHOro knacca. Mo crpenke
MUKpoamnepMeTpa MOXHO OUEHUTb WX
APKOCTb, a NO CrNeKTporpaMme — ypoBEHb
nynbcaumin. Kctatv, nonb3oBaTbCs 3TUM
$oToaaTHNKOM MOXHO 1 6e3 cMapTdoHa,
B 3TOM cnyyae ¢poToamon byner pabortartb
B $OTOBONLTAMHECKOM pexwuma, a crpe-
NOYHbIM nHankaTop Gyaer nokasbiBaTb
0OCBeLWEHHOCTb. Ho 4yBCTBUTENBHOCTL €ro
6yneT HeBbICOKa.

0OpHako, 4To6LI 6oNlee KOPPEKTHO oue-
HWBaTb YPOBEHb MyNbCauuin, HagoO 3HaTb
aMnNAMTYOHO-4acToTHY0 (AYX) n amnan-
TyaHyio (AX) KOHTpOnUpytowero npubopa,
T. e. cMapTdoHa. Bbinu npoBepeHbl ABa
cMapTdOoHa B pexmme aHanna3aropa crnek-
Tpa pasHOro Knacca W pasHbix NPOU3BO-
puteneii. Ana nposepkn AX Ha MUKPO-

Puc. 15

@dOHHbBIN BXog, 6bln NoaaH curHan ot reHe-
partopa Ha yacTtoTte 1 k4. Okasanock, 4TO
MakCUMasnbHbI ypOBEHb BXOAHOMO CUrHa-
na, Npu KOTOPOM COXPaHAETCs NuHel-
HocTb AX, — 7...10 MB. Mpu atom Ha
akpaHe cmapTtdoHa MHAULMPYETCS YpO-
BeHb -20...-15 pB. Mpwu ysennyexHun
amMnNauTyabl BXOAHOrO curHana Habniopa-
eTCs KOMnpeccus, T. e. NnaBHoe orpa-
HuyeHue. lMoaToMy npu npoBepeHun
CpaBHUTESNIbHLIX M3MEPEHUI ONS YMEeHb-
LWEeHNA MOrpeLHOCTN XenaTtensHo 3ToT
YPOBEHb HE NPEBbILLATH.

AYX MukpodOHHOro TpakTa ABYyX
cMmapTdoHoB 6bina npoBepeHa ABYMSA
cnocobamu. MepBbit — nopgaya curHana
OT reHepartopa Ha MUKPODOHHbLIV BXOA, 1



!
|
+54 dB.—54 dB.
M6Hz 232Hz
(0] @ .59d8
464 Hz
Q

Puc. 19

BTOPOW — C NpuMeHeHneM doToaatynka
M UCTo4HUKa cBeTa. Cxema BTOPOro Bapu-
aHTa nokasaHa Ha pmc. 11. Ha cseto-
ovion EL1 (cBepxbapkuin 6enoro ceedve-
HUWA) Yepes3 TOKOOrpaHNYMBAIOLLIMI pe3unuc-
Top R1 6bIn NogaH curHan ot reHepartopa
34 amnnutynoii He 6onee 5 B. Ceetoanon
yCTaHOBNEH BNAOTHYIO K doToanony, u

PRI R VYT ﬂ
Puc. 18
OQHOro M3 cMapT@OHOB NokasaHbl Ha
puc. 12. Y Btoporo cmaptdoHa AYX |
cxoxas. 3TW pesynbTaThbl CreayeT yyu-
TbiBaTb NPU U3MEPEHUN YPOBHSA Mynb-
cauui.

Janee ana npumepa npuBeaeHb
CnekTporpamMmmbl Nynbcauuii HEKOTO-
pbiIX MCTO4YHUKOB cBeTa. Ha puc. 13
nokasaHa cnekTporpamma nynbcauni
namMnbl  HakanuMBaHWS  MOLLHOCTbIO

OHW 3alyLLeHbl OT BHELIHeN NoACBeTKU.
Mpu ncnonbaosaHum o60mMx cnocoboB Ha
yactoTe 1 kly 6bina yctaHoBNEHa amnaun-
TyAa curHana reHeparopa, npu KOTOpow
Ha 3kpaHe cmapTdoHa 6yneT ypoBeHb
-20 pb. Pesynbrathl u3mepeHus AYX

40 BT, Ha puc. 14 — cnekTporpamma
nynbcauuvini CBETOAMOAHOW namnbl
MouwHocTblo 6 BT TOoproBoi mapku
"Onnant”, Ha puc. 15 — KJJ1 mouw-
HocTbio 9 BT. MoxHo caenatb BbIBOA,

YTO YPOBEHb NyNbCcaumnii y HUX Nnpumep-

HO OAMHaKoB. A BOT cBeToavoAaHas

namna MouwHoctblo 9 BT Toprosow

mapku "OHnamt" nokasana ropasno

Nyywnin pesynesTat, eé cnekTporpamma

nokasaHa Ha puc. 16. CyuiecTBeHHO

MEHbLWUA ypoBEHb Mynbcauunii oby-

CIIOBNIEH TEM, 4TO B HEW NPUMEHEH

ppaiBep C nnHeWHbIM cTabunusarto-

POM TOKa W CrIaXnBaloLMM KORAEeHca-

TOPOM NOC/e BbINPAMUTENS.

C nomMowplo 3TOW KOHCTPYKUUWN
MOXHO OMpeaenvTb 4acToTbl Nyfbca-
LM APKOCTU Takxke U APYruX NCTOYHU-
KOB cBeTa. Hanpumep, cnekTporpam-
Ma 4ns 3KpaHa MOHWTOpa NokasaHa Ha
puc. 17, ona akpaHa TesieBnsopa —
Ha puc. 18, a Ha puc. 19 — cnekTpo-
rpamma nynbcaunini SpKoCTU CBeTO-
ANOAHOM0 MHAMKATOPa HanpsXeHUs

ceTteBoro 650ka nuTaHus (NpucyTcTeyeT
AnHamMn4yeckas nHankauus).

Kpome nporpammbl cnektpoaHanuaa-
TOpa, AR U3MEPEHUa NyNbcaunii MOXHO
Mcnonb3oBaTth U Apyrue, Haripumep, Npo-
rpammy Sound Analysis Oscilloscope

’
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(ocuunnorpad ¢ mamepuTenem 4acTtoThbl
ypoBHsl). Cxema dotogatymka npuv 3Tom
He wuameHsieTcs. Ocuunnorpamma Ha
puc. 20 — pns CBETOAMOAHOW namnsl,
cnekTporpamma KOTOpPOW noka3aHa Ha
puc. 14. OgHako C 3TOM NPOrpamMMoii Bul-
COKOWM 4YYBCTBWUTENbHOCTU HE MNOJy4YUTb.
Ho, k cyacTbio, €CTb MHOIO APYrux aHano-
TMYHBLIX NPOrpamm, C KOTOPbIMU MOXHO
NPOBECTU 3KCNEPUMEHTLI. TyT eCTb LUMPO-
KOe nosie AesTeNbHOCTW Ans paguoniobu-
Tenewn.

CnepyeTt oTMeTUTb, 4TO 6€3 kannbpos-
KU1 K 3TOMY YCTPOCTBY HENb3A NOTHOCTLIO
OTHOCUTLCSH Kak K U3MepUTeNsHOMY, HO OHO

o4eHb 3DEKTUBHO Kak YCTPOWCTBO CpaB-
HEHUSi U UHAMKATOP 4acTOTbli MyNbCauui
APKOCTU pasfinyHbIX NCTOYHWKOB CBETA.
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OncraHuvoHHOE ynpaBJsieHue
UFPYLWKOW-TAaHKETKOW Ha Konecax Mecanum

4. MAMUYEB, n. LLaTtanoso CMoseHCcKoi o61.

pennaraemMas BHUMaHUWIO yiTatenew

CTaTbsA NPOAOSIXAET TEMY, HA4YaTYIO B
[1] ¥ NOCBALWEHHYIO KONECHOW UrpyLLKe C
NOBOPOTHOW 6GawHel W pasnuyHbIMn
BapuvaHTamu apuxeHus. B ctatbe nonaér
peyb 0 BapuaHTax ynpaBneHns TaHKeTKOW
C NOMOLLbIO Pa3fiNyHbIX NYNLTOB Ha AWUC-
TaHuum po 10...15M Ha ocHOoBe
Bluetooth-moayns HC-05.

MepBbIA BapnaHT nynbTa peann3oBaH
Ha UrpoBoM paxonctuke [2] — npucno-
cobneHun B BuAE pblvara-pykoaTKN C
ABYMSA CTeneHsiMu cBo6oab!, yKpennéHHo-
ro Ha LWapoBOM LLAPHWPE W He3aBUCUMO
MEHSIOWMM NOJIOXKEHNE OBWXKOB ABYX
BCTPOEHHbIX MEePEMEHHbIX PEe3NCTopoB
(pmc. 1). Takoi ynpaensiowmnin MexaHmam
No3BONSAET OCYLWECTBASATb ynpasfieHne

Puc. 1
A3
Al o KY-023 Joystick Module
|-— HC-05 | Arduino Pro mini 168 +5Vv
RAW Al SA1 Ad
RF| Vee VRx "Bm"'l MT3808
1 A2 N+ 7| OUT+
Rx VRy e _l. =
Gnd [ 4GND l_GND 378 __IN-| /— |ouT-
Puc. 2

WrpYLUKOV OAHOW PYKOW, BbINOSIHUB KOH-
CTPYKUuio nNyneTa, Hanpumep, B BUAeE
pykoaTtu. [XKONCTUK pasmeLlainT B eé
HOCOBOM 4acTW, @ MaHUNYNALUUN pblbax-
KOM NPOM3BOAAT 60MbLLVMM NabUEM.
Cxema nepBoro nynbTa nokasaHa Ha
puc. 2. Moayns A1 ucnonb3oBaH 13
BapvaHTa ynpasfieHus, onncaHHoro B [1],
N He TpebyeT HWUKakuxX HOBbIX NepeHa-
cTpoek. B kayectBe moaynsi A2 MOXHO
ncnonb3osate Arduino Uno, Arduino Pro
mini 328. Moaynb A4 noBbilaeT Hanpsxe-
Hue nuTanua ao 5 B. Y aBTopa ak3emnnsap
Bluetooth-monyns HC-05 pa6otan Heyc-
TONYNBO NPU HANPSKEHUN NUTAHUS MeHee
4,5B. [lpu wucCnonb3oBaHUW Apyrux
ak3emnnsAipoB Bluetooth-moayns, Bo3-
MOXHO, Moaynb A4 He notpebyeTcs.
Boixoasl moayns axovictuka VRx u VRy
NOAKJIIO4EHbl K aHanorosbiM Bxogam At,
A2 mopyna A2. Mpu mManunynauusax c
JOKONCTUKOM HanpskeHus, nocrynaiowme
B MuKpokoHTponnep (MK) moayna A2,
oumndpoBbLIBAOTCA N n3MeHsaoTca oT 0 oo
1023 B cooTBeTCTBMU C prc. 3. KpacHbie
TOYKW YKa3bIBaOT MONOXEHUA pblyara ans
nepenayYn KoMaHz ynpasieHus Ha TaHKeT-
Ky. Mo nopsaky Hymepauumn — 3To ABUXE-
HWe Bnepén, pa3BopoT NO 4acoBOW CTpes-
ke, 60kOBOE ABWXEHWe BNpaso, NOBOPOT
6alHM No 4acoBOW CTPenke, ABWXEHWE
Ha3ag, noBopoT 6alHn NPOTUB 4acOBOW
cTpenkun, 6okoBoe ABUXEHWE BNEBO, Pas-
BOPOT MPOTUB 4acoBOW CTpenku. LieHT-
panbHas Toyka — HenTpasnb, NPy KOTOPOWn
BCE ABVXXEHUS UrpyLKW NpeKpaLLaloTcs.
BHewHe addekTHO BbIrMSaaT ABMKEHMUSA
npv nocneaoBaTeNnbHOCTU Nepeaayun
komaHa, Hanpumep, 0—1—2—3—0 unn
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A3 A4
2,8" TFT SPI 320*240 ILI9341
A5 MT3608 - RP2040 :
N +[——A0UT+ —1T Do |TFT
IN-| /— |ouT- T_DIN
. 14 T Cs SA1
o= "Bm.ll
l_/'\é_ " T_CLK
I_RF 16 MISO
Vce
33V
- 0(1x) LED o1 _Ls
18 SCK 37B |~
State 19
- Mosl
Gnd | v 20
1,5k DIC
4 RES
= | =
GND GND GND
vee
Puc. 6
HUA  pblyara  KOHKPETHOro TV .
axonctvka 6buinn BoIBpaHs i 7 RN
noporosbie 3Ha4YeHunsa ansa

nepemeHHbix porog1 = 250; 1
porog2 = 750; . K npumepy,
4yTo6bl ONPeaenuTL NONOXeHNE
pbiyara B Toudke 0, notpebyeTca
nposepka Ha WUCTUHHOCTb

BbIpaXeHus: X>porog1&&
X<porog2&&Y>porog1&& '
Y<porog2. A

Wcnonb3oBaHne HepaBeHCTB a3
M NOPOroB CBA3AHO C TeM, 4TO
nepemMeHHsle X, Y B Toukax 0—8
NOCTOSIHHO MEHSIOT CBOU 3Ha-
YEeHUA B HEKOTOpPbIX WHTepBa-
nax. WUx pasmep 3aBucut oT
ak3emnnsapa MKONCTMKA, a Tak-
X€ HOCWUT Cly4aiHblAi xapakTtep
npy Mauunynaumun. MNepemeH-
Haa FLAG no3BonseT ucknoynTs
nocnenoBaTesibHOCTb NOBTOP-
HbIX OTCbINIOK KOMaHA, Npy yaep-
>XaHUW pblyara B 0QHOM U3 To4eK
1—7. MNocne BKAOYEHUS nuTa-
HUS UIPYLLKN 1 NynbTa Heobxo-
AMMO BbXAATb BpPEMA noka
Mexay MoaynamMu CBfA3W ycTa-
HOBWUTCH COeauHEeHne, Npu 3ToM
4acToTa MWraHUA CUrHaNbHOrO

cesetoanona wmoayns HC-05
YMEHbLUNTCS.
Bropo# BapuaHT nynbra

ynpasnexus (puc. 4) peanvuso-
BaH Ha OCHOBE CMapTdOoHa C NOMOLLbIO
npunoxeHus ons Hero. CBA3b peanuay-
€TCs C NOMOLLbIO BCTPOEHHOro Bluetooth-
Mopynsa cmapTdoHa. Pabouunit akpaH co-
DEPXUT AEBATb KHOMOK, BOCEMb U3 HUX —
ONs ynpaBneHus ABUXEHUEM WrpYLUKU Y
ofHa — AN NPUHYANTENBHOro NoAKoYe-
Hus Bluetooth-coeauHenns ¢ ronocosbim
onoBelweHnem. BbinonHeHue ToOU wnn
WHON KOMaHAbl OBWXEHWS NPOUCXOAUNT

Puc. 7

npyv HaxaTuu n yaepxaHuu COOTBETCT-
Bylouleh KHonku. Hymepauusa komaHpg
COOTBETCTBYET NOKa3aHHbLIM Ha puUc. 3 n
BbleneHa KpacHbIM LBETOM Ha 3KpaHe B
OKHe npunoxenus. NporpamMmmHas 4acTb
peanu3oBaHa C nomouwibio cpeabl MIT
App Inventor 2. Bnoku nporpammsl n3o6-
paxeHbl Ha puc. 5. Mpu noBTOpeHUN
3TOro BapuaHTta nynsTta ynpasneHus dann
npoekta (TELEGKA_4k.aia) HyxHO

[iijeeevEeeE )

he—

pefakTMpoBaTh B cpeae NporpaMMmpoBa-
Hua, BHeca MAC-agpec 1 umeloweroca Ha
6opTy TaHkeTku Bluetooth-moayns. Oc-
HOBHAaA CTPYKTypa NporpamMmmbl COAEPXUT
Bocemb nap 6nokoB peanusauun
KHOMOK 2 1 6710k 3 — KHOMKX BKJIKOYEHUSA
cBa3n. Takoi BapuaHT nynsta He TpebyeT
annapatHoW peanu3auun 1 yaobeH npu
Heob6Xx0AMMOCTN ynpaBieHUs pPasHbIMU
onepaTopamu UrpyLIKN C MOMOLLbIO CBOWX
JINYHBIX FaAXKETOB C YCTAHOBMIEHHbLIM MpU-
NOXeHneMm.

TpeTnii BapuaHT nossonsetr B 60nb-
el cTeneHn peann3oBbiBaTb COBCTBEH-
Hble TBOPYECKNe 3a4yMKu, HO U ABNSeTCA
camblM 3aTpaTHbIM B NjlaHe PecypcoB U
BpemeHu. Ero 0CHOBO ABNAETCA LBETHOW
TFT-ancnnen ¢ CEHCOPHbLIM PE3UCTUBHBIM
3KkpaHoMm. BapuaHT npaktuieckoro uc-
nonb3oBaHWA onucaH asTtopoMm B [3].
OnbITbl MOKa3anu, 4To, KpoMe CcTuiyca,
CEHCOPHbIV 3KpaH AO0CTATOYHO TOYHO pea-
rvpyeT Ha NPUKOCHOBEHWA Noaylieyek
nanbues. Mpu aTtom obnacTb kacaHus No
pasmepam He NPeBoCXoanT obnacTb Anc-

nnea B 60x60 nukcenei. Takum
o6pa3om, CTaHOBUTCS BO3MOX-

\ HbiIM CO34aBaTb Ha Agucnnee

rpadpuyecknin nonb3oBaTesib-
y 4 Ckuih nntepdeic (anrn. graphi-
f ; cal user interface wnu GUI),

: HanpuMep, KOMMNEKT KHOMOK.
e HeobxoanmMocTb ucnonb3oBa-

.. HuA cTunyca otnagaet. Cxema
-« = nynbTa npuvBegeHa Ha puc. 6,
a BHewHuwn Bup paboyero
makeTta — Ha puc. 7.

Hymepauus komaHg CoOoT-
BETCTBYET puc. 3 U BbloeneHa
6enbiM. dnemeHTamn ynpasne-
= HUA ABVXEHWS TaHKeTKU ABNS-
E 10TCA rpadryeckme CeHCOopHbIe
KHOMKKW 1, 2 uHanKaunm — ane-
MeHT 2. OH curHanusupyet o6
yAa4YHOM YCTAHOBJIEHUW CBA3U
MeXay NynsTOM U UTrPYLUKOM.
OTn 3nemMeHTbl WMEKT paBa
YCIIOBHbIX COCTOSIHUSA — BKJIIO-
YEHO W BbIK/IIOYEHO, NMO3TOMY
ons umuTaumm ux pabotsl goc-
TaTo4HO ABYX HabopoB-kapTu-
.~ HOK COCTOsiHUMA (puc. 8). A ona
~ ux xpaHeHua B namatm MK
notpebyetca moayns RP2040.
* JlononHWTeNbLHO ANA HAMKaUMn
COCTOSIHUSI COEOMHEHUS MO-
pynen ceasn y moayna HC-05
3apenicTBoBaH BbiBOA, State, pe-
3uctopbl R1, R2 obpasyoT ae-
nutens, obecneunBaloWmii Co-
rnacoBaHue ypoOBHEW CWUrHanoB MoAy-
neii A1 n A3.

Y1066 06NErYMThH NPOLLECC Nporpam-
MWPOBaHWA, 3KkpaH yaob6HO YCNOBHO
noaenuTb Ha CekTopa-KBagpaTtbl pasme-
pamu 80x80 (3x4 kBappaToB) U penakTu-
poBaTb rpaduky, BbIAENAA 3/1€MEeHTbI-
cekTopa. Tak, MHOMKaToOp 3aHUMaeT Tpu
cekTopa, kHonka — Bcero oavH. KHonku n
vHankaTop rpaduyeckm akTuBHbI, T. €.

R 5
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MMEIOT Ba CMEHHbIX N306paxeHuns, KHOM-
KW CEHCOPHO aKTWUBHbI, T. €. KacaHue WX
obnacteii NpuBOAWT K CMeHe rpacduku.

Mpumep cketya RP2040_knopki.ino
peannayet onucaHHoe Bbiwe. PyHKuMA
drawFoto_fragment(); nossonset BbiBO-

BuktopumHa

AnTb dparMeHT (anNemMeHT ynpasneHus
U uHaukaumn) mobon KapTUHKW no
334aHHOMY pa3mMepy B 33aHHOE MEeCTO
akpaHa. PyHkuma dinamika(); nposepseT
YCNOBUS KacaHua 3KpaHa, oTnpasnseT
KOMaHAbl, OTPUCOBLIBAET CMeEHY rpadu-
4yeckux dparMeHToB-KHOMOK.

JINTEPATYPA

1. Mamuues . Urpywka-taHkeTka Ha
konécax Mecanum. — Paguo, 2024, Ne 3,
c. 61—63.

2. KY-023 Dual Axis Joystick module. — URL:
https://www.arduinocircuit.com/ky-023-
dual-axis-joystick-module-with-arduino/
(11.02.24).

3. Mamuues [. "Pucyem” Ha CEHCOPHOM
TFT-pgucnnee ¢ nomowbto Arduino. — Pagwvo,
2024, Ne 4, c. 61, 62.

Ot pegakuyun. Ha Hawem FTP-cepsepe
no agpecy http://ftp.radio.ru/pub/2024/
07/tank2.zip Haxogsitcs marepuansl npo-
eKTa.
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"MukpokomnbioTepbl NanoPi”

\
I
l
[

|

|

| ’\] vkpokomneioTepbl (SBC) Rasp-
i LV X berry Pi nocnyxvnm MOUHbIM CTU-
| Mynom ansi paspaboTku OaHOMNATHbLIX
| "knoHoB", 61m3knx No napameTpam, raba-
| pyTam 1 aaxe no HassaHuio. Hanpumep,
| kuTaiickue SBC cemeiictea NanoPi
| (nMweTcs cnnTHO) ObiNK  BbINyLLEHbI
‘ ¢dupmoit FriendlyElec 8 2015 r. u cosep-
| WweHcTByoTCH A0 cux nop. OcobeHHoCTb
| aToro cemeiictea — 6onee 50 (!) pasHo-
| BUAHOCTEW, B TOM YMCe MUHUATIOPHbIE
| Headless ans nHTerpauun B cepeepHble,
| NPOMBILUNEHHBIE W CBS3HbIE CUCTEMbI,
| roe He TpeGyeTcs BUAEOBLIXOA.

| Npoaykuwio ¢upmbl  FriendlyElec
| MOXHO pasfenuTb Ha rpynnel No pasme-
pam. 3a ycnosHyl eguHuuy Gepétcs
naowans  CTaHAapTHOro moayns
| Raspberry Pi, koTtopblit umeeT rabapuT-
| Hble pa3mepbl 6aHKOBCKOW KapTbl —
| 86x54 Mm.

| /JBo#iHOV pa3mep — OTNafoYHbie
nnatel Carrier Board n komnnektel pas-
| pabOTKM CO CMEHHBIMU MPOLLECCOPHbI-
mu  6nokamu, Hanpumep, CM3588
(160x116 mm) unu Smart210/4418 SDK
(180x130 mm).

P. CEPFEEHKO, r. lromens, Benapycob

lMonyTopHbi paamep — npodeccuno-
HanbHble SBC cemeictea NanoPC-Tx
(100x64, 110x80 mMm), umetowme MHOro
pasbeéMoB W uHTEpdencos, O0OBLEM
nama™m — no 16 MaitT, paclumMpeHHbli
vHTepBan pabouyux TemnepaTtyp —
-40...+80 °C.

CraHgaptHbii paamep (ot 85x56 no
90x62 mm) — SBC NanoPi Kx/M4x/R5S,
R6x;

Paamep 3/4 (o1 58x58 0o 75x40 mMm) —
SBC NanoPi 2x/Fire3/S2/M1x/M2x/M3/
NEO4/R1x/R4x/R5C;

Paamep 1/2 (o1 48x48 po 55x52 Mm) —
SBC NanoPi NEO Plus2/NEO3/R2x;

Paamep 1/3 (40x40 mm) — SBC
NanoPi NEO Core2/Air.

B mopynsix NanoPi npumeHsertcs
OrpaHuyYyeHHbll P MHOroAAepHbIX
npuknagHeix npoueccopos (AP) pas-
HbIX U3roToBUTENEN: Samsung
S5P4418/S5P6818, Allwinner A64/
H3/H5, Amlogic S905, Rockchip
RK3328/RK3399/RK3568B2/
RK35888S.

MNopnepxuBalTcs
Hble cucTtembl  Debian,

onepaunoH-
Ubuntu,

|
Lubuntu, DietPi, Android, Buildroot,
OpenMediaVault, a Takxe ¢opk Ubuntu
cobcTBeHHOW pa3paboTku nog Hassa-
Huem FriendlyWrt (dopk, anrn. fork — |
pasBunka, BUNKa WM OTBETBNEHWE,
T. €. UICNONb30BaHWEe Koaa NPorpamm- |
HOrO MpoekTa B Ka4yecTBe cTapTta Ans
npyroro). Cuutaertcs, 4TO Moaynun
NanoPi xopowo cnpasnsoTcs € cete- |
BbiMM 3agadamMu (poyTepsbl, WNO3bI, |
mapuwpyTtuaaTopsl, dannosbie cepse-
pol U T. A.). Ans uenein UHTepHeTa |
sewen (loT) nepcnekTusHbl MUKPOMO- |
aynu NanoPi NEO, koTopbie BXOAST B
TOP-10 cambix ManeHbkux notpebu-
Tenbckux SBC B mupe.

B rabnuue nokasaHbl pparmMeHThbl
CXeM MWKPOKOMNbLIOTEPOB CemMeincTea
NanoPi (https://wiki.friendlyelec. |
com/wiki/). Ha kaxgbln BONPOC BUK-
TOpUHbI cneayeTt Bbibpate oTeeT 0 unu
1, nocne 4ero 3anucaTtb WX B paa
crneBa HanpaBO B BuWAE ABOMYHOMO
yucna. Ecnu nocne nepesopa B pecs-
TUMHBIA BuAa nonyyutca 3687 wnm
3815, 3HauuT, BCE OTBETHI NMpPaBwuib-
Hble.
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l NanoPi Fire3 I

Camera Interface

©

+338B g
$2
< 232
2 vz 28
& oHs
c o
- 1 coa >3
7 10nF 'f‘n) 3
™ S
g =
NFM18PS105R0J3D <

Kak TeXHW4YecKu NpaBuibHO HAa3bIBAETCA
anemeHT L677?

0 - beppuTosbiii punetp (Ferrite Bead);

1 - Tp&XBLIBOAHON KOHAEHCATOP

@ I NanoPi R6S

. €9863 || 220nF/10V C0201
J P
. €9864 [|220nF/10V_C0201
pJ P
. ©9865 ||220nF/10V C0201 _
pJ P
. ©9866 ||220nF/10V CO201
J P

Kakoe KOHCTPYKTUBHOE UCMONHEHUE UMEIOT
KoHAeHcaTopbl C9863—C98667
0 - nse cbopku KOHAEHCATOPOB.;
1 - YeTbipe OTAENbHbIX KOHAEHcaTopa

I NanoPi R2S I
@ Pa3bém
o = USBH1
< T l 1

a VBUS
@ of w| 2 2

2 DM - ' . 5 2=

T =

g pp 3 A~~~ | —y D+

g L18 _|:_ GND

; LXES11DAA2-135 = USBA

Kak Hapo napucosatb YO anemenTa L18,
YT06bI YCTPAHNTL KOPOTKOE 3aMblKaHWE BUTKOB
ero BepxHein 06MOTKM Yepe3s BbiBOAb! 5 1 67
0 - caenatb CUMMETPUYHBIM NOAKITIOYEHUe
obwero npoeoaa GND k cpegHum oTBOfaM
BEpXHen u HuxkHe 06MoTok anemeHTa L18;
1 - anemeHT L18 HapucosaH BoobLle HeBepHO,

NanoPi M4 I

3Vv3_S3

(Three-terminal Capacitor)

3V3_SYS

R256
15K

R286
1K

D34
1N4148
PWR
LED_Red_90C W
LED0603

Ha vHankaumio kakow aBapuitHon cutyauuu
paccuuTaH ceeroauog PWR?

0 - Ha nponapaxve HanpsxeHus .3V3_S3;

1 - Ha nponagatxue Hanpsixenna 3V3_SYS

| NanoPi R6C
5 : L ]ie

O 09,

®

¥

obnacT

‘ﬁﬁéméy?oﬁ.ln;i

-

bl S amaiennn b Tewixe el ®

[ns Yero BbIAENSETCA MMHUAMN NPAMOYroNbHas
obnactb Ha neuyaTHoM nnare?
0 - ato obnacTb, rae pasMeLlaeTcs HakonuTenb
NVMe B coopmdakTope M.2 2280;
1 - 3TO MecCTO ANs YCTaHOBKW BHeLWHero aucka SSD

NanoPi Duo2 I

ero YO Hafgo nonHocTbio nepepucoeatb

o Nm‘v’é‘mﬂa °
INA2 VCC =
IN A1
cizs b '1'& Vi onof2
ol 10pF ———%7
5
3 VYN X4 24MHz/10ppm

Kakue tpe6oBaHua NnpeabasnsioTcs kK UHBepTOopaM
noruyeckoi mukpocxembl U3 B BY-reneparope?
0 - HanWUyue ycunuTens MOWHOCTU Ha BbIXOAE;

1 - NMHEWHOCTb NepenaTo4HON XapaKTepUCTUKN

@ NanoPi R4SE

R9896
Q8222

SW4
MMBT3904 TS-019
R9854 R0201 4]

4.7K
R0201

R1098

C1185 330R
100nF | R0402

Mouemy peauctopbl R854 u R9896 BLIGpaHbI
C MeHbLLel MOLHOCTbIO paccesHus (kopnyc
0201), yem peanctop R1098 (kopnyc 0402)?
0 - u3 pacuéros no 3akoHy Oma;

1 - oTBET 3HAET TONbKO pa3paboTynk Cxembl

NanoPi R2S I

Kakoe ocHOBHOE Has3HayeHue LueHTpanbHON
BblEMKU B KOpnyce TennooTtsoaa?
0 - MEecTo yCTaHOBKU BEHTUNATOPA;
1 - mecTo pa3MeuieHna TepmoaaTymka

@ NanoPi R5C

+3,3B
OT KOHTpON-
LAN1 (RJ-45) nepa Ethernet
R9750
560R
R_Green+ § R9762
560R
5
R_Green—
| _C9729 l Cc9727
T100pF IwOpF

YTO U3MEHUTCA NpU OTCYTCTBMM KOHAEHCATOPOB
C9727, C9729?
0 - CHU3NTCA NOMEXOYCTONYUBOCTb CUCTEMBI;
1 - yBenuyarcs konebaHus spKkocTu ceeToamoaa
R_Green BHyTpu pa3béma LAN1

NanoPi K2

o
"Wi-Fi/Bluetooth” ANT1 O
1
uU19 1
AP6212 fng O

WL_BT_ANT 2—|

GND ’
_eory

AN6520

K kakomy TNy OTHOCUTCS BHYTPEHHAS aHTeHHa
ANT2 unTepderica Wi-Fi/BT (2,4 T'Tu)?

0 - cnupanbHas Ha Ne4YaTHOW NOAMOXKE;

1 - kepamuueckas manorabaputHas

NanoPi R5S

®

33B
ussso N
15 <
VDD
i 1o R9812 33R/1% 3
@ CLK3 AN )
? @
5 R9813 S3R/1% 100MHz =
& CLK3 - 3
© X S g
o ® o =
GND B8E <25 L
___N_—__L o g o g;

Ha kakom paccTosiHum OT MUKPOCXEMbI
reHepatopa U9530 un AP fomkHbI HaxoauTbCs
peauctopsl R9818, R98197?

0 - 6nuxe k AP, panbwe ot U9530;
1 - 6nuxke k U9530, aanswe ot AP

NanoPi2 Fire I

®

N D11

—“‘_t AZ1045-04F

= 2 _ HOMLTXCN| |5 6

Iz

3% how T™xcP| 4 % 7

s L

38

<8 J 1 X,
panp <] P>

[Ans Yero 3amMbIKaTCA BHELUHUMK TIUHUAMM
BbIBOAbI 4-7, 5-6 B cynpeccope D11?
0 - BHELUHME NMUHUM MOXHO BbiNo He pucoBarTb,
NOCKOIMbKY BHYTPU LIEMKU U Tak 3aMblKaloTCH;
1 - pna ypo6cTBa pa3Boaku NPOBOAHUKOB HA
ne4yatHoW nnare
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R7AW
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Cepreii KapabyT (R7AW) — no6egurens
- B rpynne SINGLE-OP MIXED. ¢

B

- A8 ST, TN T TR T T L BT
- R T ey

Komanga ROAK MBY A0 "LleHTp TBOpYecTBa u
pas3sutua "lMnaHera TanaHToB" U3 r. AYMHCKa
KpacHosipckoro kpas, 3aHaBluas nepsoe MecTo
B MOJIOAEXHONU rpynne KONNEeKTUBHbLIX pagmno-
cTaHuui, cnesBa HanpaBo: Anekcen KnyHpayk,
ot e, PEAOP BPAIIUH.

; "a-

Anekcanap YypkvH (RM4HZ) — nob6epm-
Tensb B rpynne SINGLE-OP SSB.
. SR AR B

- RA3XEV SWL ..
Bopuc UBaHoB (RA3XEV _SWL)

3aHAN nepBoe MecTo B rpynne
Habnwoparene.

£ o > \
Komanpga paguoctanyum JOCAA® RC9J — no6eautens B
rpynne KONNEKTUBHbIX PaguocTaHuuii: cuanmt — Anekcei
3ortos. (R9JR), ctout — fleHuc PykuHos (UA8J).

| T ARSI, AN TR W

Anatonuii Megos (R3EC) nokasan nyuwmii
pesynerar B rpynne SINGLE-OP CW.
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3awlumTa oT XLeHN
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3awmTa AaHHbIX
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