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TYPHbIX LUNWUOHOB, XakepCkux atak
B0 Bpem4a ceccun OHNanH-HaHkuHra
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OT yaaneHus, nop4u, bnokuposka kamepsi, Popurensckmm
WnppoBaHUs U NOXULLEHUA MUKPOGOHE, CbEMHBIX YCTPONCTB KOHTPONb
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3a copepxaHne peknamHoro o6bLABNEeHUs OTBETCTBEHHOCTb HECET
peknamogatens

3a OpUrMHanbHOCTL U COAEPXaHWE CTaTbl OTBETCTBEHHOCTL HECET aBTop.

Peaakuusi He HECET OTBETCTBEHHOCTM 3a BO3MOXHbIE HEeraTUBHbIe NocneacT-
BUS UCNOJNL30BaHUs ONYONIMKOBAHHbLIX MATEPUAN0B, HO NPUHUMAET MePbI NO UC-
KMOYEHUIO OWMBOK 1 ONeYaTok.

B cnyyae npuéma pykonucu K nybnukaumu pepakumsi ctasut o6 atom B na-
BECTHOCTbL aBTopa. [pn 3TOM peaakums nosyyaet UCKIIYUTeNnbHOe NpaBo Ha
pacrnpocTpaHeHue NPUHATOro NPOU3BeAeHUs, BKIOYas ero nybnukauum B xyp-
Hane «Paguo», Ha HTEPHET-CTPaHULAX XypHana unmn nHeim o6pasom

ABTOpPCKOE BO3HarpaxaeHue (roHopap) BbiNnaymBaeTcsi B TEe4eHue AByx
MecsiLieB nocne nepsoin nybnvkaumm B paamepe, onpeaensieMom BHyTPeHHUM
CNpaBO4HUKOM TapudoB.

Mo ucTeyeHnn OAHOrO rofa C MOMEHTa Nepeoin nybnukaunn asTop uMmeet
npaso onybAnKoBaTh aBTOPCKUIA BAPUAHT CBOErO NPOU3BEAEHUS B AAPYIrOM MeC-
Te 6e3 npeaBapuTeNbLHOro NMCLMEHHOIO COrNacus peaakLmn,

B nepenucky peakums He BCTynaeTt. PyKONucH He PeLeH3npyioTes u He BO3-
BPAaLLAInTCH

© Papuo”, 1924—2024. BocnpouaseaeHme marepuanos xypHana «Paano»,
MX KOMMEpPYecKoe McnosbaoBaHue B Nobom BUAE, NONHOCTLIO MK HYACTUYHO,
JI0NYCKAETCA TONLKO C NMUCbMEHHOIO paspeLLeHns peaakuum

OTtnevatano B OAO «Moponseckas ¢pabpuka opceTHom nevarTmn»

142100, Mock. 06:., r. Mogonsck, PEBONIOUMOHHLIA NpocnekT, a. 80/42.

3ak. 03976-24 .
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BJIVKE K TIOASM RRE TN BY.

AHTE@HHblIE
peweHnunsa 6G

A. IN'OJIbILLIKO, kaHA. TexH. HayK, r. MockBa

"Bbl HE AOMXKHbLI A€nare Bewm
no-ApyromMy TONLKO MOTOMY, HTO
OHWN pasHble. OHYM [OXHBLI ObITb. ..
nydwe”.

Unou Mack

Cem MOOMNLHOWM CBA3W WeCToro nokoneHus (6G) npussa-
Hbl CYLLECTBEHHO PacLUMPUTL BO3MOXHOCTU MO 0OMeHyY
nHpopMaumen, 0 YEM yxe pacckasbiBasoCb HAa CTPaHMLAX
XypHana. COOTBETCTBEHHO TEXHONOMMMU, HA KOTOPbLIX OymoyT
0OCHOBbIBaTLCSA ceTn 6G, 6yayT paboTaTb B HOBbIX AManasoHax
pagmMoyacToT (peydb yxe NaEeT o Teparepuax), a npuémonepe-
pawouiee obopynosaHve 6yneT coaepxarb MHOXECTBO MHHO-
BaLMOHHbIX peLleHunii. I He B NOCNEHIO o4yepenb 3TO kaca-
€TCsl @aHTEHHOrO X03ANCTBA.

HanomHum, 4to cetn 6G 6yayT npeagHasHavyeHbl Ans nepe-
nayn "ronorpadum BbICOKOM TOYHOCTU", B KOTOPOW ronorpa-
duryeckoe NpUCYTCTBUE MO3BOANT yAANEHHLIM NONb3oOBaTe-
NISIM NPUCYTCTBOBATb B BU3YaNM3MpOBaHHOM NPOCTPAHCTBE.

NornyHbiM passuTtnem ngeun nepepayn ronorpaduryeckoro
n300paxeHns CTaHeT TakTUbHbIN MHTEpHeT, koraa pasnuy-
Hble CEHCOPHbIE OLLYLIeHNS MOTYT BbiTb 06beaNHEHbI C rono-
rpammMamu.

MobunbHble rpaHnyHble Boivncnenns (MEC — Mobile Edge
Computing) yxe certyac Ha4nMHaIOT pa3BEPTbIBAHNE KakK 4acTb
ceTeit 5G, HO 3Ta TEXHONOrMA NPOAONXKUT CBOE pasBuTe U B
cetax 6G. Korpa nonb3oBaTens 3anpailuvBaeT kakylo-nmbo
YCNyry, KPUTUYHYIO K Manoi 3apepxke CurHana, BblYUCAnN-
TeslbHas CeTb MOXEeT HanpaBuUTb €€ Ha Gnanxanwnii knactep
rPaHVNYHbIX BblYUCNEHUA. TpuMepbl Takmx ycnyr (3apad) —
peHpepuHr gononHeHHou (AR)/sBupTyansHon (VR) peanbHoc-
TW, aBTOHOMHOE BOXZAEHMWE W CBA3b ronorpadunyeckoro tuna.
[Ons NPpUNOXEeHWn C MHTEHCUBHLIMW pacyYETamMm N n3-3a He-
06x0aMMOCTY 6GaNaHCUPOBKM HArpy3kM MoxeT ObiTb 3a8eACT-
BOBAaHO MHOXECTBO NepudepPUnHbIX BbIYNCANTENbHBIX Kiac-
TEPOB, HO UX BLIYUCNUTENIbHBIE PECYPCHI A0JIXKHBI ObITh CKOOP-
OVHUPOBAHBI.

XOTsi BHYTPUYMMOBLIE, MEXYMNOBLIE N MEXNNATHLIE KOM-
MYHMKaLMM B HACTOSILL,ee BpeMS OCYLLECTBNSAOTCS Yepes Npo-
BOOHbIE COEOMHEHUsl, 3TU COEOUHEHUS CTAHOBATCA Y3KUM
MECTOM, KOrga CKOpPOCTUM nepenayqn AaHHbIX MpeBbIWaloT
100...1000 r'6uTt/c. Mo aTon NnpuyMHe BbISBUrAIOTCA Npeaso-
XEHNa NCNonbL30BaTh IMB0 onTuyeckne, NGO TeparepLoBbie
6ecnpoBofHble COeAVMHEHNs OAA 3aMeHbl MPOBOAHbLIX B
MeX4yMnoBoM B3ammopencTeumn. Passmutne nogo6HbIX HAHO-
ceTell — eweé oaHO NepcnekTMBHOE HanpasneHne ANa TEXHO-
normm 6G. BaxHbIMM KpUTEPUAMM AN TAKUX CETEA, NOMUMO
CKOPOCTW Nepepayy AaHHblX, SBASIOTCA 3HeproacddekTus-
HOCTb (KOTOpPas [OMXHA yYUTbIBaTb TPeOOBaAHNS K BO3MOXHOMN
0b6paboTke HA CTOPOHE NPUEMHUKA CUrHana), HagExXHOCTb 1
3aj4epxka curHana.

B untore 6G pacwmput BO3MOXHOCTU 4enoBe4eckKoro
obueHns, cTaHeT HOBOW (OPMON MEXMAaLWHHOro B3aUMO-
DENCTBNS N OTKPOET HOBOE YHWKanbHoe nokoneHne 6ecnpo-
BOJHbIX CETEel C noaaepxkon sceobuiero nHrennekrta. Ho ona
BCero 3Toro 6yayT HYXHbl COOTBETCTBYHOWME MPONYCKHbIE
CnocoBHOCTU BCEX CETEBbLIX 3JIEMEHTOB.

HecmoTps Ha 6ypHyto peBontoLmio B 6€CnpoBoOaHbIX TEXHO-
NOrusx, paguonHxXeHepbl 4aBHO NPpMBNMXaOTCa K NpakTnye-



ckum npegenam 3dpPexTMBHOCTUN nepe-
naum nupopmaumn. Ha vactotax 5G n 6G
OJIMHA BONHbI KpaiHe mana no CpaBHe-
HUIO C pasMepamu 34aHUMN, TPaHCMNOPT-
HbIX CPEeACTB, XOJMOB, OepPEeBbEB WU
noxns. BonHbl 6onblien gnvHbl Npenom-
NAOTCS HA TaKUX NPEenAaTCTBUAX UK NPo-
XOOST CKBO3b HUX, B TO BPEMS KaK CUrHa-
nol 6onee BLICOKOW 4YaCTOTbl NOrO-
LLAI0TCA, OTPaxaloTCca UM paccensaoT-
ca. Mo cytn, Ha Takux 4acToTax MOXHO
paccunTbiBaTb TONILKO Ha pacnpocTpa-
HEeHMe curHana B npepenax npsamon
BUOUMOCTHN.

BoamoxHo, Hanbonee nepcnekTmns-
HbIM peleHneM Ha [AaHHbIA MOMEHT
ABNSAETCA NCMOJIb30BaHNE PEKOHPUrypn-
pyeMblX MHTENNeKTyasbHbIX NMOBEPXHOC-
Tenr (RIS — Reconfigurable Intelligent
Surfaces), BbINOMAHEHHbIX U3 Tak Ha3bl-
BaeMbIX MeTamatepuanoB (maTtepuanos
C MOBTOPSAIOWENCH CTPYKTYPO 3NEeMeH-
ToB). RIS, eL€ Ha3bIBaeMble MHTENNeKTY-
anbHBIMU OTPAXaloLWUMN NOBEPXHOCTS-
mu (IRS — Intelligent Reconfigurable
Surfaces) wnm 60NbWIMMN UHTENNEKTY-
anbHbIMU noBepxHocTamu (LIS — Large
Intelligent Surfaces), nonyunnn 3Hauu-
TenbHoe pa3BuTUe CO CTOPOHbI paspa-
60TYNKOB W 0ONepaTtopoB MOOUABLHOM
CBfI3W M3-3a UX noTeHumana nns yse-
JIN4EHUA TMPOMYCKHOW CNOCOBHOCTU W
pacwmMpeHnsa 30H MOKPLITUA 3@ CHET
VHTENNeKTyanbHOW  pekoHdurypauum
cpeabl  pacnpoCTpPaHeHus CUrHanos
MOOUNLHBIX CeTel CBA3M HOBbLIX MOKONEe-
HWIA.

®dyHOaMeHTanbHbIMU CTPOUTENbHBIMU
6nokamu RIS saBnsoTCA MeTanoBepxHOC-
™ (Metasurfaces), kOTopble COCTOAT U3
KPOLWEYHbIX 31eMeHTOB C pasmepamMu
MeHblle ANMHbI BONHbI (CYGBONHOBOrO
macwTaba), TakMx kKak NaTy-aHTEHHbI,
pe3oHaTopbl NN CTPYKTYPbl U3 MeTama-
TepvanoB. Takne NOBEPXHOCTU, MHOrAa
Has3blBaeMble yMHbIMW CTeHamm (smart
walls), pasmewialoTca Ha MNOBEPXHOCTAX
NoOMeLLEeHNA UNN APYrnx KOHCTPYKLWA.
MUx pasmep o06bI4HO BapbupyeTca OT
100 cm? no npumepHo 5 m? unn Gonee, B
3aBUMCUMOCTM OT 4aCTOTbl U Apyrux eak-
TOopoB. MeTanoBepxXHOCTN MOXHO 3arpo-
rpamMmMmpoBaThb Ha AMHaMN4Yeckoe BHece-
HWE W3MEHEHWI B paguokaHan, PeKoH-
burypupys curHan B peasbHOM BpeMeHN
(no ¢ase, amnantype, nonspusaunn n
HarNpaB/ieHU0) B OTBET Ha NU3MEHEHNS B
6ecnpoBogHOM kaHane. MOXHO cuuTathb,
4YTO 3TO HOBOE MNOKONeHue MnoBTopuUTe-
nen, KOTOPOE MOXET Cbirpatb 6onbLUYIO
ponb B rpagyliein nHterpaumm 6ecnpo-
BO/JHbLIX HA3EMHbIX U CMYTHUKOBLIX CETEN.

MpoTtotnnbl RIS pemMoHCTpupyloT
6onbwMe nNepcrnekTMBbl B AECATKax
na6opaTopuii no Bcemy mupy. CerogHs
COTHU uccneposatenen B Espone, Asun
n CLA paGoTaioT Hag NpuMeHeHuem
RIS ona cos3paHna nporpaMmmmpyembix n
MHTENNEeKTYyanbHbIX 6ecnpoBOLHbIX
cpean. Takue nocTtasBwmkn, kak Huawei,
Ericsson, NEC, Nokia, Samsung n ZTE,
paboTaldT CamMOCTOATEeNbHO WAU B
COTpyAHMYECTBE C YHUBEPCUTETaMMW.
KpynHble ceTeBble onepaTopbl, Takme kak
NTT Docomo, Orange, China Mobile,
China Telecom u BT, npoBoaaT cywecTt-
BeHHble ncneiTaums RIS ¢ uensio ycune-
HWS CUrHAIOB B CaMblx NPoBnemMHbix ana-
nasoHax 5G n 6G.

CornacHo onpegenenuio Esponeini-
CKOro MHCTUTYTA CTaHOApTU3auMn anek-
Tpocesazm (ETSI) RIS npepctasnser
cob60i HOBLI TUN CUCTEMHOro y3na,
dopMUpPYyEMDBIA HA OCHOBE TEXHONOrmm
peKoOHUrypnpyemMol oTpaxatowen no-
BEPXHOCTU, rOe peakums NoOBEpPXHOCTU
Ha ofny4YeHwe curHana MoxeT ObiTb
afanTMpoBaHa K COCTOSIHUIO cpeabl pac-
NPOCTPAHEHUA C MOMOLLbLIO YNpPaBnsio-
LMX BO3AENCTBUI HA HEE.

TexHonorua RIS moxeT npespatuTtb
cpeay pacnpocTpaHeHus curHana B
ycnyry, Kotopas no3sonset paspaboraTb
MHOXECTBO HOBbIX BAPUAHTOB MCNONb30-
BaHWA 3TON TexHonormn. K aTum Bapuax-
TaM OTHOCATCHA YNyylWeHue Ko4YeBbIX
nokasartenen 3¢pPekTUBHOCTN ceTen
MOOWIbHOM CBA3M AN PA3NNYHbLIX BUOOB
cpenbl PacnpoCTpaHEeHUs CUrHana, Takmx
KaK MNOKpPbITME M NPOMyckHas cnocob-
HOCTb, @ TakXe 3anyCck HOBbIX MPUNoXe-
HUWIA, Hanpumep, NO3ULIMOHUPOBAHUA W
3oHanpoBaHua. Oxupaerca, 4to bnaro-
[aps cBovM xapaktepucTtukam RIS cta-
HEeT K/o4eBOWN TexHonorven B OyayLimx
6ecnpoBoHbIX cucTemax, Bknoyas 5G
Advanced n 6G.

RIS paccmartpuBaeTca kak HOBas
TEXHONOrUA LN AWHAMUYECKOro w
ueneHanpasneHHOro ynpasneHumsa pa-
OMOCUrHanaMmm B NpoCTPaHCTBE Mexay
nepeaaTtynkomM v NPUEMHUKOM MObBUNb-
Hon cBs3u 6G, ocnabnawwas apoekTt
MHOr0Jly4E€BOro 3aMmpaHuns. 3To nocny-
XWNO OCHOBOW AN CO3[aHUSA HOBbIX
BAapWAHTOB NCMONb30BAHNSA ITON TEXHO-
NOrnKn, HanpaBJiEHHbIX Ha yny4dlweHue
pas3nuyHbIX KNIOYEeBbIX MokasaTtenewn
npousBoamMTensHocTn cuctemsl (KPI) un
NOALEPXKY HOBbIX MPUIOXEHUA N BO3-
MOXHOCTEN MOOUNBLHBLIX TEeXHONorumn
poctyna 5G n 6G. K aTum nokasarensam
OTHOCSITCA YNyHWEHN EMKOCTU CeTu,
NOKPbLITUA CETWU, TOYHOCTU NO3ULMNOHU-
poBaHusi, 6€30NacHOCTU N YyCTOWYNBOC-
TV CeTU, a Takxe NoAAEepP>KKa YCNyr 30H-
novpoBaHusa, 6ecnpoBofHON nepepayn
3HEpPrMm M BO3MOXHOCTEW obpaTHOro
paccesaHus.

YT106bI NOHATL, Kak RIS yny4waeT cur-
Han, pPaccMOTPUM 3NEKTPOMArHUTHYIO
cpeny. O6bekTbl Ha NyTN pagnocurHana
MoryT 6nokmpoBaTh ero, 1 3Ta npobnema
CTaHOBUTCA OCOOGEHHO CepbEe3HON Ha
6onee BbICOKMX YacToTax 5G, Takmx Kak
[vanasoHbl CyOMUNAMMETPOBBLIX U MUI-
NUMEeTPOoBLIX BONH OT 24,25[1Tu po
52,6 Mu. N GypeT TonNbkO Xyxe, ecnu
KOMMYHWKALMOHHbIE KOMMNAHUN NPOAo-
XaT peanusaumio NNaHOB MO UCNONbL30-
BaHMi0O cybTeparepuoBOro puanasoHa
mexay 90 My n 300 My B cetax 6G. B
ceTtax 4G 1M aHANOrM4HbIX HWU3KOYACTOT-
HbIX AManasoHax OTPaxXeHus OT NoBepPX-
HOCTEeN MOryT pakTn4eckm ycunnTb npu-
HMMaEeMbI CUrHan, Tak Kak OTPaXEHHbIe
curHansl o6bepuHsaloTca. OgHako npu
OBUWXEHMUM BBEPX MO YacToTe nopobHble
3¢pdeKTsl MHOrONy4EBOCTU CTAHOBSATCA
HamMHoro cnabee Mnu NONHOCTLIO MCYe-
3atoT. K ToMy e noBepxHOCTH, KOTOpble
KaxyTcs “rnagkumn” ons 6onee ANNHHO-
BOJIHOBOIO CWUrHana, sIBASIOTCA OTHOCU-
TeNnbHO "WepoxoBaTbiMMU” ANs CurHana
6onee kopoTkoBONHOBOro. U BmecTo
TOro, 4ToObI OTpaXaTbCA OT TakoW No-
BEPXHOCTU, CMrHan NpocTo paccensBaeT-
csl.

KOHe4YHO, MOXHO nOCTaBuTb ewe
6onbuie 6a30BbIX CTAHLNNA, 4TO, KOHEYHO,
yBenuunT 3artpatbl. OgHako, ecnm oT-
BNeYbLCS OT 3arpaT, yMHOXaTb 4MCNO
6a30BbLIX CTaHUuMn A0 OEeCcKOHe4YHOoCTH
Henb3a, Bedb yBennyeHne Tpebyemoro
OTHOLWEHNA CWUTHaN/LWymM MOXeT Yrpo-
6utb kadvecTBO. [loBTOpuUTENM WK
PETPaHCAATOPLI TakXke MOryT yny4wnTb
NOKpbITME, HO M 34eCb 3aTpatbl MOryT
6bITb HeENoMepHo Bbicokumn. C apyrow
CcTOpoHbl, RIS obewaeT cyuiecTBEHHO
nyyulee NoKpbiTUe Npu 4yTb Honee BbICO-
KOW cToMMOCTU. K TOMY Xe npu HeakTus-
Hom RIS (6e3 ycunuteneit) atoT yaen
MOXEeT NUTaTbCA TONbLKO OT GaTtapen un
HebOoNbLWOW CONHEYHOU naHenn, 4To
6yneTr BbLIFOGHO NpU NOCTPOEeHun WH-
TEepHeTa BeLen.

PekoHpurypmpyemole UWHTENNEKTY-
anbHble NOBEepPxXHOCTU paboTalT no
NPUHUMUNY MAHUNYNMPOBAHUA BONHOBbLIM
GPOHTOM, KOTOpLI BkIO4YaeT B cebsa
nameHeHne $asbl, aMNANTYLbI U NONSPU-
3aUMM 3NEKTPOMArHUTHbLIX BOJIH NMpU KX
B3aMMOLENCTBUN C NOBEPXHOCTLIO.

RIS ®yHKUMOHMPYET Kak O4eHb CROX-
HO€ 3epKkano, OpPUEeHTaUuI0 U KPUBU3HY
KOTOPOro MOXHO PerynMpoBartb, 4TOObI
choKycMpoBaTb M NepeHanpaBuTb CUr-
Han B onpenenéHHoM HanpaeneHun. Ho
BMECTO TOro, 4To6bl hGusunyeckn nepeme-
watb unu M3aMeHsaTe Gopmy 3epkana,
9NEKTPOHHBLIM 06pPa3oM M3MeHsieTCca ero
MOBEPXHOCTb, 4TOOLI, K NpuMepy, name-
HUTb pasy BXogaLWwen 9NeKTpoOMarHnTHoOm
BOMIHbI. 3MeHsa dal3y anekTpomMarHuT-
HblX BOAH, RIS mMoxeT perynuposaTtb
HanpasneHne pacnpoCTPaHEHUs BOMH.
370 obecneymBaeT ToyHoe hopmuposa-
HUe nyya B BbIOpAHHOM HanpasneHun
(Beamforming) n ynpaBneHune ny4om,
NO3BONAS NOBEPXHOCTN (POKYyCMpPOBaTL
CUrHanbl Ha NpegnonaraemMbliini NPUEMHUK
WM NOAABNATL CUrHanel (NMBo nomexu)
OT HexenaTtesnbHbiIX NCTOYHUKOB. CobBCT-
BEHHO, 3Ta TeXHONOrMA MONHOCTLIO aHa-
noruyHa TexHonorum pabotel dasupo-
BAHHOW aHTEHHOMN PeLIETKN.

OnemeHTbl MeTanoBepxHocTu RIS
cnocobHbl He3aBMCUMO Apyr OT ppyra
YNpaBnaTb OTPAXEHNEM, NMPENOMAEHNEM
WAW NOTNOLWEHNEM BXOAALMX INEKTPO-
MarHUTHbLIX BOMIH (KOHEYHO, C NOMOLWbIO
BHEWHWX BO3AENCTBUIA). YNpasnsasa atu-
MV napameTpamu ¢ 60NbLLIOKN TOYHOCTLIO,
NOBEPXHOCTb MOXEeT NnepeHanpasBnaTb
WM KOHLLEHTPMPOBATL BOMHLI B Onpege-
NEHHbIX HANPAaBAEHNAX NN N3MEHATb UX
CBOICTBA B COOTBETCTBUM C LENAMn
CBSI3M UM BOCMPUNATMA NepenaBaemMoro
KOHTEHTa.

OCcHOBHOE NpeuMyLecTBO TeXHONO-
rum RIS 3aknioyaeTcsa B e€ agantupyemo-
ctu. RIS MoxeT pearnpoBartb Ha U3MEHe-
Hus B 6GecnpoBogHoi cpene n Tpebosa-
HUIA K CUCTEME CBA3W B PEXMUME peab-
HOrO BPEMEHW. ANropuTMbl ynpasneHmsa
HENPEepPLIBHO aHANM3NPYIOT BXOAfWME
CUrHanbl U COOTBETCTBYIOLWMUM 06pa3om
KOPPEeKTUPYIOT 3NEeMEHTbl MeTanoBepx-
HOCTW, ONTUMU3NPYS MOLLIHOCTb, Ka4ecT-
BO W MOKPbITUE CUrHana.

Tunosoi y3en RIS coctouT U3 coTteH
WU THICAY 3NEMEHTOB MeTamaTtepvana —
aneMeHTapHbIX sueek. Kaxpas ayerika co-
CTOUT U3 MEeTaNNIMYECKNX N ONINEKTPU-
4Yeckux CJOEB, a TakXke OQHOro UNn He-
CKONbKUX NepeknoyaTenen nnm Jpyrux
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wecTun KynoHoe 3a nonyrogwume,

Ha O4WH N3 NPUN308.

HacTpamBaeMbIX KOMMOHEHTOB. Tunosas
CTPYKTypa BKJIlO4AET BEPXHIOIO MeTanin-
Yyeckyl Haknagky C nepeknloyatensimu,
cMewawwmin cnom n MeTannnyeckum
3a3eMNfAoWmMn - CNon, pas3fenéHHbie
ON3NeKTpUYecKknMmn nognoxkamm. Yn-
paBnsaa CMeweHneMm — HanpsxeHnem

| Mexay MeTanMyYecKkol Haknagkon u

"3eMnén”, Bbl MOXeTe BK/OYaTb W
BbIKJIOYATb  KaxAylo 3nemMeHTapHyio
s4eitky 1, Takmm o6pa3om, KOHTPOSIMPO-
BaTb, Kak kaxaas syeinka nameHset pasy
N gpyrue xapaktepucTukm nagawoowen
BOJIHbI. B pe3ynbTaTte BONHbI MHTEPDEpPU-
PytOoT Apyr C ApYroMm.

Y106bI ynNpaBnATb HanpaBieHuem
6onblwe BOMHLI, OTpaxawLwenca oT
Bcero RIS, BCce anemMeHTapHble Sfi4einku
CUHXPOHN3UNPYIOTCS, 4TOObLI CO3aaTb MO-
[enn KOHCTPYKTUBHOW WU OeCTPYKTUBHOM
MHTEepdEPEHLMM B BONbLUINX OTPaXKEHHBLIX
BONHax. 3T1a MHTepdepeHUMOoHHan kap-
TUHa npeobpasyeT NapaloWwmii Nyy 1 Ha-
npaBnsieT ero B onpenenéHHoM Hanpas-
neHuu.

Y RIS ecTb n gpyrue nonesHoie yHk-
umMn. B yacTHOCTW, paxe 6e3 Hanuums
ycunutens RIS ypaértca obecneuntb
3HaunTenoHoe ycunenne — ot 30 obn no
40 pbn (OTHOCUTENBHO M3OTPOMHOr0) B
3aBMCMMOCTN OT pa3mMepa NOBEPXHOCTU
n yactotel. KoadopuumeHt ycunenHus
AHTEHHbl NPOMOPUWOHANEeH naowagn eé
aneptypbl. Mockonbky RIS nmeet 3ksu-
BaNIEHT MHOIMMX AHTEHHbIX 3/IEMEHTOB,
nokpbiBaoLwmx 60nbLLYO Niowaab anep-
Typbl, OHa uMeeT 6Gonee BbICOKMIA KOID-
OUUNEHT yCUNeHua No CPaBHEHWIO C
06bIYHOW aHTEHHOW.

Bce MHOro4yncneHHble aneMeHTapHble
ayelikn B RIS ynpaBnaioTCca nornyeckum
YMNOM, TakKUM Kak nporpammupyemas
nonb30oBaTesIEM BEHTUNIbHAA matpuua C
MWKPOKOHTPONNEPOM, KOTOPbIA Takxe
XPaHUT MHOXECTBO MNOCNenoBaTeNbHOC-
Tel KoOAUpPOBaHMA, Heobxoaoumbix ONS
anHammuyeckon Hactponkm RIS. KoH-
Tponnep pJAéT COOTBETCTBYIOLME WMHCT-
pyKUUM OTAENbHbIM  3J1€eMEHTapPHbIM
AyelikaMm, yCTaHaBNMBasi UX COCTOSIHWE.
Hanbonee pacnpocTpaHEHHON CxemMoWn
KOANPOBAHNA ABASIETCA NPOCTOE OBOWNY-
HOe KOAMpOBaHWe, Npu KOTOPOM KOHT-
ponnep BKAOYaeT W BblkalOYaeT nepe-
KNo4aTeny kaxaon aNeMeHTapHoM a4ei-
kn. Mepeknoyatenn ¢ anemMeHTapHon
Ayenkon o6bIMHO NpepcTaBnAlOT coboin
nonynpoBOAHNKOBbLIE YCTPOWUCTBA, Takne
Kak pin-anoapbl UV NnoneBble TPaH3UCTOo-
pbl.

BaxHbimMu dpakTtopamum B RIS asnsioTca
notpebnsiemass MOLHOCTb, CKOPOCTb W
rmokoCTb, NPY 3TOM y3en ynpasBneHus
00bI4YHO ABNAETCA OQHOM U3 CaMbIX 3HEP-
roémkumx e€ yactein. ZloctatoyHo apdek-
TUBHbIE HA CEeroAHs BapuaHTbLl peanu3a-
umn RIS noTpebnaoT OT HEeCKONbKUX A0
LIOXWHbI BATT B COCTOSIHUWM Nepekioye-
HUA Npy pekoHburypaumm. B coctoaHum
NPOCTOSA 3HAYUTENLHO MEHbLUE.

CnocobHocTb RIS gnHamuyecku pe-

% KOHPUrypMpoBaTLCA B 3aBMCUMOCTU OT

TpeboBaHui B peanbHoM macliTabe Bpe-

. MeHu cTana BO3MOXHOW 6narogaps npo-

rpamMMHO-ONpeaensieMomMy ynpasneHunio
(Software-Defined Control). CnoxHbie
anropuTMbl 1 METOAbl MCKYCCTBEHHOro
VHTeNNeKTa UCMoJb3yTCA ONS perynu-
poBkn $asbl U amMnAnTyabl OTAENbHbIX

3N1€eMEeHTOB METanoBEPXHOCTM ANS n3me-
HEHUS NOBEAEHUS 3NEKTPOMArHUTHbIX
BOJIH.

RIS MoryT chirpatb kno4YeBylo posb B
dopmupoBaHmn Byaywero 6ecnposon-
HbIX ceTent 6G, co3gasan TO, YTO 4acTo
HasbliBAOT "yMHOWN pagunocpegpoin”
(SRE — Smart Radio Environment).
Konuenuua SRE npepnonaraet npeob-
pasoBaHMe MpOCTPaHCTBA pacnpocTpa-
HeHua B cucTtemMax 6ecnpoBOAHON CBA3N
B MHTENNeKTyanbHyl0 W aganTUBHYIO
cpeny. dTa cpefa MOXeT AnHaMuyecku
ONTMMN3MPOBATL XapakTepucTukn bHec-
NPOBOAHOrO pacnpoCTpaHeHus ansa
NOBbLILLEHNA NPON3BOAUTENLHOCTU CBS-
3U1, NOKPLITUSA, IHEPro3adPEeKTUBHOCTU M
6e3onacHocTn. OxupaeTcs, 4TO B CETU
6G 6ynyT BO3MOXHbI ropasgo 6onee
WMPOKNE CueHapum WUCMOoNb30BaHUS,
KoTopble TpebyloT GecrnpeueneHTHOro
YPOBHS YNPaBAsieMoCT Cpenon nepega-
YN 3NEKTPOMArHWUTHLIX BONH U afanTus-
HOCTW Takoro ynpasnenus. RIS moryt
cnocob6CTBOBATL yAOBNETBOPEHWNIO 3TUX
TpeboBaHMIn 3a CYET OMHAMUYECKOWN
HacCTpoOIkn cpepbl 6eCnpoBOAHOrO pac-
npocTpaHeHna B COOTBETCTBUU C
noTPebHOCTAMN KOHKPETHbIX MPUoxXe-
HWI, YCTPOWNCTB NN NONb30BaTENEN.

WHXeHepbl MOryT onpenenutb nyd-
wwue no3mumm RIS, 3annaHnposBas nx npu
npoekTnpoBaHnn 6a3oBon cTaHumn. 310
MOXHO cAaenaTb U Mo3Xe, BbiABMB Ha
KapTe nokpbiTMA obnactn co cnabbim
curHanom. Yto kacaetca pasmepa no-
BEPXHOCTEN, 3TO OyneT 3aBuceTb OT
4acToT (4eM MeHbLUEe YacToTa, Tem 60sb-
e NOBEPXHOCTb), a Takxe OT YyMucna pas-
BEPTbIBAEMbIX NOBEPXHOCTEN.

YT106bI pa3BepHyTh y3nbl RIS B peansb-
HOW ceTn, HeobGXO0OQMMO OnpenennThb:
ckonbko notpebyetca yanos RIS, roe oHn
[ONXKHbI ObiTb PasMeLLeHbl U HACKONbKO
60nbWNMN [OMKHBLI ObITb NOBEPXHOCTU.
OpHako nnaHupoBaHMe M yCTaHOBKA
y3noB RIS — 370 TOnbKO 4acTb 3agayn.
YT106bL1 y3en RIS paboTtan ontumasbHO,
OH [0JIXKeH MMeTb KOHPUrypauuio, mo-
MEHT 32 MOMEHTOM, COOTBETCTBYIOLLYIO
COCTOSIHWIO KaHana CBSI3W B MOMEHT UC-
nonb3oBaHWA yana. Hamnydwas KoHopwu-
rypaums TpebyeT TOYHOW U MTHOBEHHOM
OUEeHKW kaHana. TexHuyeckne cneumanu-
CTbl MOTYT MONYYNTb TaKyl0 OLLEHKY, N3-
MEpPUB UMIMYNbCHYIO XapakTepuCcTuKy Ka-
Hana (oHa no3BonseT onpenennTb CBA3b
BXOLHOFO W BbIXOGHOrO CUIHanoOB MU MX
CNeKkTPOB COOTBETCTBEHHO) Mexay 6a3o-
BOW cTaHuuen, RIS n nonb3osatenamu.

TepMuH akTnBHbIN RIS ncnonbsyercs,
KOraa B NOBEPXHOCTb BCTPOEHbLI 9HEPro-
noTtpebnsioLme oTpaxaioLlme NemMeHThI
RIS, Bknovaowme ycunutenn u nocne-
poBaTenbHble 6nokn 06paboTku, name-
HAwWwme ¢asdy oTpaxaemblx curHanos. C
APYroi CTOPOHbI, akTUBHbIE cucTemsbl RIS
npeacTaBnalT coboil eCTeCTBEHHYIO
3BOJIOUMIO AaHTEHHbIX cuctem Massive
MIMO (meTon NpPOCTPaHCTBEHHO-Bpe-
MEHHOW cenekumn CUrHanos), NnocpencT-
BOM pa3meLleHus Bcé 6onbwero v 605b-
Wwero ymcna ynpaensieMblx NPOrpamm-
HbIM OOeCcrneyYyeHNeM aHTEHHbIX 3N1IeMeH-
TOB Ha AByMepHon (2D) nosepxHOCTM
KOHEYHOro pasmepa.

PekoHpurypnpyemole UWHTENNEKTY-
anbHble MOBEPXHOCTU MOryT 3HaYUTEeNb-
HO MNOBbLICUTbL MNPOU3BOANTENLHOCTL

cuctem 6ecnpoBOfHON CBA3M, pacLum-
PSS 30HY NOKPbLITUS 1 NOBbLILLASA CKOPOCTh
nepenayYn OaHHbIX B CNOXHbLIX YCNOBUAX
W, FNaBHOE, CHWXas OTHOCUTENbHYIO
MOLWHOCTb 9N1EeKTPOMarHUTHOroO u3nyye-
HUS, NpeXxae BCero, B Takux MecTax, kak
BbLICOTHAsA ropoACKasn 3acTponka, 3a4aHns
n TyHHenu. RIS MoxeT noBbICUTbL NpPO-
M3BOANTENLHOCTL cuctem 6GecnpoBoj-
HOW CBA3W, ynyylwas yAenbHYl0 MOLLL-
HOCTb CUrHana v ymeHbluas nomexu B
cpepax c NpenaTCcTBUAMU Unn 610KMPOB-
KOW curxana.

B nomeweHusx pekoHburypupye-
Mbl€ MHTENNEKTYallbHbIE MOBEPXHOCTUN
MoryT obecneuntb eauHoobpasHoe u
BbICOKOKa4yeCTBeHHoe 6ecnpoBogHoe
coefMHEHME, YCTPAHAS MEPTBbLIE 30HbI U
NOBbLILWASA MPOU3BOAUTENBHOCTL YCT-
poncts Wi-Fin loT.

RIS MOXHO ncnonb3osBartb onsa cospa-
HUA KOHTPOJIMPYEMbIX 30H CBSi3U, MOBbI-
was 6e30nacHOCTbL U KOHbUAeHUMANb-
HOCTb 6ecnpoBOAHbIX CeTel 3a CYeT
OrpaHnYeHnss pPacnpoCTPaHeHus curHa-
NoB onpepenéHHbIMM obnacTamu.

OnNTUMM3NPYS NyTU MNPOXOXAEHUA
CUrHaNoB M CHMXaa noTpebHOCTb B
BbICOKOW MOLHOCTN nepegayn, RIS
MOXeT CNocobCcTBOBaTL CO3[aHUIO AHEP-
roaddekTBHbIX 6eCNPOBOAHbLIX CeTeMN.

MHpycTpua CBSI3U yXxe peknamupyet
30HOMPOBaHMeE, T. €. YCNYr BbICOKOTOY-
HOI nokanusaumm, a Takxe obHapyxeHue
06beKToB 1 pacno3HaBaHWe MoNOXeHNs
KakK BaXHYIO BO3MOXHYI0O GYHKUMIO onsa
ceteli 6G. BbiCokOTO4YHaAs nokanusaums
nonb3oBaTenei cnocobCcTByeT PAa3BUTUIO
3 HeKkTMBHOro ynpaeneHma 6ecnpoBon-
HbIMW flydyamMun. 30HOMPOBAHWE TaKXe
MOXeT ObiTb NMpPennoxXxeHo B kKayecTBe
HOBOW CeTeBOW YCNyrn Ans BepPTUKab-
HbIX OTpacnemn, Taknux Kak yMmHole ¢abpun-
KM N aBTOHOMHOE BOXAeHue, rae obHa-
pyxeHue nwogen wunu astomobunern
MO>XHO UCNONb30BaTbL AN KAPTUPOBAHUS
okpyxawuienn cpepbl. NopobHas BO3-
MOXHOCTb MOXeT ObliTb MCMNONIb30BaHA
0N MOHUTOpPWMHra B CUCTEMAax AOMalu-
Heln 6e3onacHocTu. Bonbwan anepTypa
yanoB RIS wn, kak cnepcrteue, BbICOKOE
paspelueHMe 03Ha4yaloT, YTO Takue npm-
noxeHns OyoyT He TONbKO BO3MOXHbI,
HO, BO3MOXHO, fAaxe peHTabesbHbI.

Kctatn, RIS wmoxeTr obecneyntb
MHTErpauuto CnyTHUKOB B ceTun 6G,
yMEeHbLLAsA 3a0epXKy U yBENNYMBas CKO-
POCTb Nepenayn faHHbIX O CMyTHUKO-
BbiX ycnyr. Kak npaBwno, CnyTHUK Mo-
TpebnaeT MHOro aHeprum n umeet 60nb-
LUME aHTEHHbI, YTOObI KOMMEHCMPOBATL
noTepu Npu pacnpocTpaHeHnn Ha 60sb-
lne paccTosHus, a Takxe BeCbMa
CKPOMHBbIE BO3MOXHOCTU MOOUNBHbLIX
YCTPOWCTB, PACMONIOXEHHbIX HA NOBEPX-
HOCTW nnaHeTbl. RIS mMoxeT cbirpatb
60NblWYIO POJSib B MUHUMU3AUUN ITUX
OrpaHNY4eHnn U1, BO3MOXHO, Aaxe B
obecneyeHnn NPAMOoN CBA3U CO CNyTHU-
Ka ¢ nonb3oBarenamu 6G, kK npumepy, C
TEMU, KTO HAXOAUTCH B NOMELLEHUN.

XoTta TexHonorus RIS obGelaet pe-
BONIOLUMOHU3NPOBATL 6GeCcrnpoBOAHYO
CBA3b, ONA €€ LMPOKOro BHeApeHus
HeobxooMMO pewunTb psg nNpobnem.
Kpome Toro, yumteiBas noteHuuan RIS,
BaXHO M3y4uTb Byaylive HanpaBneHns n
obnacTtu passuTtusa B o6nactm RIS-TexHo-
NOornmn.



OpHoM N3 OCHOBHLIX NPOGNEM TEXHO-
norun RIS gaBnsetca €€ CTOMMOCTb.
Pa3paboTka u pasBépTbiBaHWE CUCTEM
RIS MoryT ObiTb OOPOrOCTOSILLMMMU, OCO-
6eHHO ecnu yyecTb 6onblioe 4UCNO
OTAENbHbLIX 3N1EMEHTOB, HEob6xoaMMbIX
ons apPeKTMBHOro MaHWNynmMpoBaHus
BonHamu. CHuxeHue 3aTpaTr Ha npo-
M3BOACTBO W BHeOpEHWEe pPeKoHPUrypu-
PYEMbIX UWHTENNeKTyanbHbIX MOBEPX-
HocTeln B6ynyT MMeTb peliaioliee 3Hadve-
HWe Ansa Toro, 4Tobbl caenatb 3Ty TEXHO-
noruio 6onee AOCTYNHOW M NPaKTUYHOW
ONs LUMPOKOro CnekTpa NpuMeHeHnn.

Peanusauuns TexHonoruu RIS npeg-
nonaraet WCNONb30BaHWE CNOXHbIX
anropuTMOB U CUCTEM YNpaBlieHus.
CNnoOXHOCTb YynpaBneHUs OrpOMHbIM
YUCNOM OTAEeNbHbLIX 3IEMEHTOB N ONTU-
MU3auusa WX NOBEAEHUS B pexume
peanbHOro BpeMeHW MOryT co3paTb
npobnemsl ona MHTErpauun B CyLLecT-
Bylowme 6ecnpoBOfHble ceTu. Ynpo-
LeHMe NoNbL30BaTeNbCKOro nHTtepden-
ca W MexaHu3MOoB KoHTpons OypeTt
MMeTb BaxHoe 3HayeHune ana obecneye-
HUs 3dPEKTUBHOro pasBEPTLHIBAHUA U
ynpasnexusa RIS.

Byayy4n oTHOCUTENbHO HOBOW U MHHO-
BaUMOHHOW TexHonoruen, RIS moxer
CTONKHYTbCA C npobnemamu perynupo-
BaHnsa. Heobxogmmo 6ymetr pewnTb
BOMPOCHI, CBA3AHHbIE C UCMOJIb30BaHNEM
paguocnekTpa, JULEH3NPOBAHMEM U
cTtaHpaptamm 6e30macHoOCTU, 4TOObI
obecneunTtb cobnogeHve cyuecTBylo-

WX npasun n nsbexarb NomMex Apyrum
6ecnpoBogHbIM cuctemMam. CoTpynHu-
4eCcTBO MeXAy 3aMHTEPECOBAHHBLIMU CTO-
poHaMM OTpacan U1 peryanupyowmmm
opraHamn 6ypet HeobxoouMMO Ons pas-
paboTKM YETKUX PYKOBOAALIMX MPUHLM-
nos BHeapeHus RIS.

ObecneyveHne HecnpensaTCcTBEHHON
nHTerpaumm cuctem RIS ¢ cywecTByio-
wen 6ecnpoBofHON MHOPACTPYKTYPOR
nmeeT pewaiouee 3HadeHne. Co-
BMECTUMOCTb C Pa3/IMYHbIMU NPOTOKO-
namMm CBA3W W ycTpoihcTBamn Oyaer
MMeTb BaXHOe 3Ha4YeHne ANns MakCUMu-
3aumn npemmywecTts RIS B peanbHbix
npunoxenuax. na obneryeHvs B3au-
MOAENCTBUA JOMKHbI 6biTb paspaboTa-
Hbl OTPAcfNeBbie CTaHAAPTbl N NPOTOKO-
nbl ans nHterpauunm RIS.

OunHamunyecknii xapaktep RIS, ko-
TOpbIA NO3BONAET MaHUNynuMpoBaTb
3NEeKTPOMAarHUTHbLIMW BONTHAMW, CO30AET
noteHumansHele npobnemsl Ge3onac-
HOCTW W KOHbUpeHuuanbHocTn. MoryT
CyuecTBOBaTb YA3BUMOCTU, CBA3aHHbIE
C MepexBaToM CUrHana, MaHunynmpoBa-
HMEM WAW  HECAHKLUWOHWPOBAHHbLIM
poctynom. [ina 3awmTthl ceTein U AaHHbIX
¢ noanepxkoinn RIS Heobxoanmmo BHen-
pUTb HagExHble Mepbl He30MacHOCTU K
NpOTOKONbI WNHPOBAHUSA.

Y1066l RIS OGbina addexkTuBHOl B
KpyrnHoMacLwTabHbiXx pa3BEPTbIBAHUSX,
Takux Kak "yMHble" ropoga nnan obwmp-
Hble BHYTPEHHME MOMelleHns, oHa
[ONXHAa OEMOHCTPMpOBaTb MacwiTabu-

pyemocTb. Pewaiouiee 3HaveHne byner
nmeTb obecneyeHune Toro, 4Tobbl cncte-
Mbi RIS mornun adpdekTuBHO oxBaTbiBaTh
6onbwne Tepputopumn 6e3 yuwepba ana
Nnpon3BOANTENbHOCTH.

NMopBoas MTor, MOXHO CKasaTb, 4TO
pPeKoOHbUrypupyemble MHTENNekTyanb-
Hble MOBEPXHOCTU CMOCOGHbLI NMPOU3-
BeCTu pesonwouvio B 6ecnpoBogHOM
CBA3W 3@ CYET MWHTENNEeKTyanbHOro
ynpaBfieHUs 3NeKTPOMArHUTHbIMU BOJI-
HaMW 1 cCpenon UX pacrnpocTPaHEHUS.
Bnaropaps cBoeit cnocobHocTu apan-
TMpoBaTb MU onTuMM3uposaTb Becnpo-
BOOHYylO cpeny TexHonorus RIS obewaet
3HAYUTENBHO YNYYLWWNTb NPOU3BOAU-
TEenbHOCTb M HapEéxXHOCcTb BecnpoBop-
HbIX CeTell B LUMPOKOM CrnekTpe npuno-
XEHNN.

o marepuanam

https://www.lastmile.su/journal/
article/9727?ysclid=mO0fco0q6gm
916308548,

https://spectrum.ieee.org/meta
materials-could-solve-one-of-6gs-
big-problems,

https://shalaginov.com/2024/04
/23 /ris-overview/,

https://dzen.ru/a/ZizgwHGX_QV
6ecbY?ysclid=m0gdzji9h81358580
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POCCUAa

APXAHFENbCKAS OBJ1. PagunocTaH-
ums "eTckoe paguo” Havyana BelwaHue B
ApxaHrenscke Ha uvactote 99,9 Mlwu.
MowHocTb nepepatyinka — 1 kBT (MCTOY-
HuK — URL: https://www.gpmradio.ru/
news-page/uid/39100 (23.10.24)).

ACTPAXAHCKAS OBJ1. B AcTtpaxaHu
Hayana BeulaHMe paguocTaHums "Paguo
[oppocTb”. Yactota BewaHua —
87,5 MlNy, (MCTOYHMK — URL:
https://vk.com/radio_gordost?w=wall
-222950544_13188 (23.10.24)).

BEJITOPOACKAS OBJ1. B benropogae
Hayanu BellaHne ABe HOBble PaaNoCTaH-
umn. Ha uactote 102,7 Ml'y Bewiaer
pagmocTtaHums "Pagmo BaHa", a Ha yacTo-
Te 106,3 Ml'y, — Papuo Monte Carlo
(uctoyHmk — URL: https://vk.com/wall-
83427404 _27295 (23.10.24)).

B Crapom Ockone Ha 4actoTe
107,9 My Havyanocb BellaHwe paano-
cTaHumm "Paguo Bans” (nctoynmk — URL:
https://vk.com/radio.tv_31?w=wall-
83427404 _27297 (23.10.24)).

Mpumeyanne. Bpems sciogy — UTC.
Bpems MSK = UTC + 3 4.

BOJIOFOACKASAA OBJ1. 16 ceHTabps
2024 r. ¢unnan PTPC Bonorogckuin
OPTML Hayan TpaHCNauMiO PagmMoCTaH-
umn Like FM B Bonorge Ha w4actote
96,8 Ml'y. Pagnyc 30HbI YyBEPEHHOro
npuéma curHana pagmoctaHumm — 50 km.
Mepepatunk nmMeetr MoOwHOCTL 1 kBT
(nctoyHmk — URL: https://vologda.rtrs.
ru/tv/radioveshchanie/rtrs-nachal-
translyatsiyu-radio-layk-fm-v-
vologde/ (23.10.24)).

BOJIFOTPAACKASA OBJ1. Paguwo-
ctaHuma DFM  Havyana BewaHwe B
YplonuHcke. Yactota BewaHna —
88,4 Mly, (MCTOYHMK — URL:

https://vk.com/vcfm2014?w=wall-
62613163_24138 (23.10.24)).
UBAHOBCKASA OBJ1. PagnocTtaHums
Comedy Radio Hayana CBOE BelyaHue B
MBaHoBO Ha vacTtote 98,1 My (ncrtou-
HuK — URL: https://vk.com/comedy_
radio_ivanovo?w=wall-
135410281_429 (23.10.24)).
WUHIYLUETUS. 28 ceHTab6pa 2024 r. Ha
Tepputopun Pecnybnukn  UHrywetun
CTapTOBa/I0 BellaHWEe ABYX HOBbIX ANA
pernoHa depepasnbHbiXx paguoCTaHUMN —
"Papno LWaHcoH" wu "Pagno [Hava".
PapguoctaHuusa "Paguo LaHcoH" 6ypet

TPaHCNMPOBATLCH B PErMOHE Ha YacToTe
96,5 Ml'u, a paauocTaHums "Paguo
Haya” — Ha vacrtote 92,2 Mlu. B 30He
YBEPEHHOr0 NpMéMa pagmMoCcTaHUM Ha
3TnX yacToTax ByayT HaxoAUTLCS ropoaa
WHrywetnn n 6nmnsnexawmx pernoHoB:
Marac, BnagnkaBkas, po3Hbin, HaspaHb,
Kapabynak, Cynxa n BecnaH. O6opyno-
BaHWe Ansi Nepefayn CUrHana u nnaxbl No
yCTaHOBKE AO0MONHUTENbHBIX PEeTPaHCNN-
TOPOB MO3BOJIAIOT PACCUYUTLIBATL HA BO3-
MOXHOCTb NPUEma pagnocTaHumi Ha Tep-
puTOpMK BCEW pecnybnuku 1 3a eé npe-
penamu. CTapT BellaHus pagnocTaHumi
npuypoyeH k npasgHoBaHuio 100-netus
CcO pHA 06pa3oBaHWsi MHIYLWICKOW rocy-
papctBeHHocTM  (uctoyHmk —  URL:
http://www.krutoymedia.ru/news/130
14.htm (23.10.24)).

KANYXCKASl OBJQl. B Kanyre Ha
yactoTe 99,3 MI'y Havyanocb BeuwaHue
paguocTaHumm "Paguo MoppocTb” (MCcTou-
Huk — URL: https://vk.com/vcfm2014?
w=wall-62613163_24049 (23.10.24)).

26 ceHTabpa 2024 r. K ceTn ropognos
BewaHna "Pagno LLUaHcoH" npucoepmn-
Huncs r. O6HUHCK. YacToTa BewaHna —
91 MlNy, (nctoynmk — URL: https://
vk.com/wall-213136664_1913
(23.10.24)).

1 okTabps 2024 r. B r. O6HUHCKE cTap-
TOBANO BeljaHWe paguocTaHuum "XuT
FM". Yactota BewaHmna — 91,4 My,
(nctouHmk — URL: https://rmg.ru/
publications/radio-hit-fm-zazvuchalo-
v-obninske (23.10.24)).
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KAMYATCKWUW KPAWN. EquHcTeeHHas
paguoctaHuma co 100 % mecTHbiM adpu-
pom — "Pagmo Kamyatka"™ cHOBa BELLAET B
KaparmHckom n TUrunbCkom panoHax.

B HacToAawmii MOMEHT BellaHue OCy-
WEeCTBNSAETCA B Cleaylwmx panoHax
KamuaTtckoro kpas: B [leTponasnoscke v
Enn3oBckoM  paiioHe paguocTaHuus
BewaeTr Ha 4vactote 1055Mluy, B
BbICTPUHCKOM 1 MNbKOBCKOM paioHax —
Ha vyacToTe 103 My, B Occope — Ha yac-
Tote 102,7 My, B YcTb-Kamyatke — Ha
yactote 102,5 Ml'y, B ManaHe — Ha yac-
ToTe 102 My, B YcTb-Bonblwepeuke — Ha
yactote 100,1 MlNy (mctounmk — URL:
https://vk.com/radiokam?w=wall-
16559530_24664 (23.10.24)).

KOMM. 1 oktsa6pa 2024 r. Ha yacToTe
91,4 Ml'y B YxTe Hayana BelaHne paguo-
cTaHumsa "lepBoe WMHTepHauuoOHasnbHOE
pagno MU FM" (MCTOYHUK URL:
https://onair.ru/main/enews/view_ms
g/NMID__ 90112/ (23.10.24)).

KPACHOOAPCKMUU KPAW. Paguno
"KaBkaa Xut" BepHynocb B adup Tyance
Ha HoBOK 4actoTe 89,4 Mlu. Panee
paguMocTaHuus Belana Ha vacrtoTte
97,9 MlNy, (MCTOYHMNK — URL:
https://vk.com/vcfm2014?w=wall-
62613163_24077 (23.10.24)).

KPACHOAPCKWUWN KPAWN. 10 okTabps
2024 r. ¢unuan PTPC KpacHospckui
KPTML, Havyan YKB-TpaHcnsuuio pagmo-

. cTaHuum "Pagmo Sputnik” B KpacHosipcke

Ha yactote 99,9 MlNu. MowHocTb nepe-
patymka — 1 kBT (nctouumk — URL:
https://krasnoyarsk.rtrs.ru/tv/radiove
shchanie/10-oktyabrya-filial-rtrs-
krasnoyarskiy-krtpts-nachal-
translyatsiyu-radioprogrammy-
sputnik-v-krasnoya/ (23.10.24)).
KPbIM. B ®eopgocun c 23 ceHTsbps

| 2024 r. Ha wactoTe 97,9 Ml Hauanocb

. 2024 r.

| HUA

. HUK

BellaHne paguocTtaHumm DFM. MowHoCTb
nepegartynka — 100 BT (nctounmk — URL:
https://rmg.ru/news/radio-dfm-
zazvuchalo-v-feodosii (23.10.24)).
KYPFTAHCKASl OBJ1. 17 ceHTabpsa
B KypraHe Havana BelaHue
paguoctaHuma Comedy Radio Ha yacToTe
(MCTOYHMK URL:
https://vk.com/kuradiotv?w=wall-
19704386_2982%2Fall (23.10.24)).
MOCKOBCKAS OBJ. C 19 ceHTabps
2024 r. B lybHe Hayana CBOE BellaHue
paamocTaHums "PogHuku”. HYactoTta Bewa-
90 My (MCTOYHUK URL:
https://vk.com/vcfm2014?w=wall-

| 62613163_24111 (23.10.24)).

MYPMAHCKASA OBJ1. PaguocTtaHums
"Paguno Mopaoctb” ¢ 26 ceHTabpa 2024 r.
Hayana cBO€ BewlaHne B MypmaHcke Ha
yactote 100,6 My (nctouHnk — URL:
https://vk.com/vcfm2014?w=wall-
62613163_24094 (23.10.24)).

HWKEFOPOACKAS OBJ1. 19 ceHTs6-
ps 2024 r. B HuxHem Hosropoge Ha 4ac-
ToTe 90,8 MINy HaYyanocb BewaHne paguo-

" cTaHumm "Pagmo Sputnik” (nctouHmnk — URL:

https://vk.com/vcfm2014?w=wall-

| 62613163_24067 (23.10.24)).

HOBIroPOACKASA OBJ1. B Benukom
HoBropoge c 4 okTa6ps 2024 r. 3anyLueHo
BellaHne pagmocTaHuumn “"Xut FM". Be-
waHue ocyuwectensetrca ¢ OPTML,.
Yactota BewaHua — 88,1 My, (ucrtou-
URL: https://vk.com/vcfm
2014?w=wall-62613163_24125
(23.10.24)).

OPJIOBCKASA OBJ1. Paguoctanums
"Paguno OtkpbiTne” ¢ 1 oktabpsa 2024 r.
npuocTaHoBuna TpaHcnsaumio B Opne Ha
yactote 107,4 Ml'y no yperynmposaHus
Bonpoca sewanHus. MNpn 3atom TpaHcnsa-
uva B ropogax JIMBHbl Ha 4acTtoTe
90,8 Ml'y, M1 MueHcke Ha 4acToTe
102 My npoponxaetca B OObIYHOM

pexume (MCTOYHMK — URL:
https://vk.com/wall-19037431_347
(23.10.24)).

NEPMCKWIA KPAN. B r. Oca ¢ 3 ceH-
T96psa 2024 r. nponsoLuna 3aMmeHa pagmo-
cTtaHumin Ha vactote 102,5 MI'y. Bmecto
"Hosoro Paguo™” Havana BewaHne pagmo-
cTtaHums "Petpo ®M" (uctounmk — URL:
https://forum.vcfm.ru/viewtopic.php?
f=28&t=63&sid=c1544a3e424dd9d414
f3280580ae22d8&start=810
(23.10.24)).

CAMAPCKASA OBJ1. 15 ceHTabps
2024 r. punnan PTPC Camapckuin OPTIL,
Hayan YKB-TpaHCAsuuio My3blKanbHO-
naTtpuoTmnyeckon pagmoctaHummn "Pagno
FopmoocTb” B Xurynéscke Ha 4acrtoTe
100,5 Ml'u. MowHOCTL nepeparyMka —
1 kBT. B 30HY yBEpEHHOro nNpuéma takxe
nonanaioT TonbATT! 1 6nnanexaiume Hace-
NEHHble NYHKTLI. BeluaHne BeaéTca B Kpyr-
NOCYTOYHOM pexume (uctoyHmk — URL:
https://samara.rtrs.ru/tv/radioveshch
anie/rtrs-nachal-fm-translyatsiyu-
radio-gordost-v-zhigulevske/
(23.10.24)).

CAXA (9KYTUA). 11 okTabpsa
2024 r. B lkyTcke Ha vactoTe 99,7 My,
HaYanocb BelWAHWE pagMocTaHuMm
"[leTckoe pagmo”. MowHOCTbL nepenar-
ymka 1 kBT (MCTO4YHUK URL:
https://onair.ru/main/enews/view_ms
g/NMID__90220/ (23.10.24)).

CAHKT-NMETEPBYPI. C 1 okTabps
2024 r. Ha yactote 94,5 Ml'y B CankT-lle-
TepOypre Ha4yanoch BelaHne pagnocTaH-
umm Relax FM. BewaHnue ocyliectenaercs
¢ NIPTNL, mowHocTb nepegaiowiero 06o-
pypoBaHmss — 5 kBT (nctounmk — URL:
https://vk.com/vcfm2014?w=wall-
62613163_24100 (23.10.24)).

C 10 oktabps 2024 r. pagmocTaHuums
"Pagmo Mapusi” BepHYNnoCb Ha CpeaHue Bon-
Hbl. YacToTa Bewanua — 1053 klMu. Moww-
HOCTb nepepatynka — 10 kBT (MCTOYHMK —
URL: https://vk.com/vcfm2014?w=wall-
62613163_24154 (23.10.24)).

CBEPOJIOBCKAS OBJ1. B HeBbsiHCcke
HavYano BeuwaHue "[JopoxHoe paamo” Ha
yactote 94 My (MCTOYHMK URL:
https://vk.com/ekbradiotv?w=wall-
20890825_31281%2Fall (23.10.24)).

20 ceHTabpa 2024 r. B Kywse Ha
yactoTte 93,8 My Havana BewaHune
paguoctaHums "Paano Bnarogate ®M".
B 30He yBEepeHHOro npméma Takxe
KpacHoypanbck, BepxHasa Typa,
BapaH4YMHCKUA U MHOrnMe manble Hace-
NEHHbLIE MYHKTbI (MCTOYHUK URL:
https://vk.com/ekbradiotv?w=wall-
20890825_31318%2Fall (23.10.24)).

CTABPOMNOJIbCKMN KPAWU. B cra-
Huue [anworaesckoit ¢ 25 ceHTsbps
2024 r. Hayanocb BewaHne nNpaBocnaBs-
HO pagwnocTaHumn "Paguo Bepa" Ha
yacTtote 89,8 My (uctouynmk — URL:
https://vk.com/vcfm2014?w=wall-
62613163_24093 (23.10.24)).

TYNbLCKASA OBJl. 1 okTabpa 2024 r.
Ha4yanocChb BelaHne pagmoctaHummn "AsTo-
pagmo” B r. AnekcmHe. Yactorta Bewa-

Hus — 95,3 MlMu, MOLWHOCTL NepepaTyn-
ka — 100 Bt. BewaHue ocyLeCcTBnaeTcs B
KPYrNOCYTOYHOM pexXume (MCTOYHUK —
URL: https://www.gpmradio.ru/news-
page/uid/39106 (23.10.24)).

XABAPOBCKUWN KPAW. PapuoctaH-
ums "Paguno ToppocTtb” ¢ 10 okTabpsa
2024 r. 3anyctuna BewaHve B Xabapos-
cke Ha yacTtoTte 105,2 MI'u. BewaHue ocy-
wectenaetcs [anbHEBOCTOYHbIM peruno-
HanbHbIM UeHTpoM PTPC cosBmecTHO C
000 "Oom Mmy3blkn" (nctouyHnk — URL:
https://solnechniy.bezformata.com/
listnews/radio-gordost-teper-v-
habarovske/137583803/
(23.10.24)).

3APYBEXXHOE BELLAHUE

FTMBPANTAP (BputaHckas 3amop-
ckasa TeppuTtopwus). BewarensHaa opra-
Husauma Mmbpantapa (GBC) pacwwupsiet
BO3MOXHOCTM pagmo Radio Gibraltar Plus
HOBbIMW Nporpammamu. lpencTtaBneHo
0BHOBNEHHOE OCEHHE-3MMHee pacnuca-
HWe, NPU3BAHHOE NMPEASIOXUTb Pa3HO06-
pa3Hble BNeyaT/eHMs OT MPOCAYLUNBAHUSA
paamocTtaHumn. C noHegenbHWKa no 4eT-
Bepr ¢ 194 my3bika 70-x, 80-x n 90-x
NOC TPU 4aca KNacCuyeckow My3bikK.
LLioy Ha ncnaHckoMm si3bike NepeHoCcuTCs C
14.00 no 6yaHam Ha 19.00 B cepsuce
Plus, 4TO penaet ero OBYSA3blYHbIA KOH-
TeHT 6onee f4oCTYNHbIM (McToYHMK — URL:
www.gbc.gi/news/gbc-announces-
new-and-stronger-tv-and-radio-
schedule (23.10.24)).

UCNAHAUA. B «oHue d¢espans
2023 r. 3aMonyana A4nMHHOBONIHOBASA Yac-
ToTta 207 kl'u, Nnepepayn Ha KOTOPOV Be-
NNCb N3 dngapa C MayTbl BbICOTOM 218 M,
KoTopaa 3atem Oblna AeMOHTUPOBaHa.
Btopyto wactoty 189 kI'y (I'ydyckanap,
mayTa BbicOTOUW 412 M) nnaHMpOBanoCbL
OTKNOYNTL B KOHUe 2024 r., ogHako 3TO
yXe nponsowio. MyHKLMM ONOBELLEHUS B
cnyyae 4pesBbl4aliHbiX CUTyaunin Tenepb
BbinonHaeT cetb YKB-nepepatumkos. Ha
Bcex KpynHbix YKB-nepegartyukax ycra-
HOBNEHbI CUCTEMbI PE3EPBHOM0 NMUTAHUS,
a Ha Hebonbwnx — BGaTapen wan nopTa-
TUBHbIE CUCTeMbl. Mayta AIMHHOBONHO-
Boro nepepartuimka B [ydyckanape —
camMoe  BbICOKOE  COOpyXeHue B
WUcnangun. OHa Obina nocTtpoeHa B
1963 r. ons 6GpUTAHCKOM 1N aMePUKAHCKOW
cucteMbl nosuumnonnposaHus LORAN-C,
a B 1997 r. eé 3aHAn AJIMHHOBOJIHOBbLIN
nepepatunk RUV (uctouynuk — URL:
https://mediumwave.info/2024/10/18
/iceland-38/ (23.10.24)).

NATBUSA. B [Jdayrasnunce u Jinenae
OynyT Co34aHbl pervoHanbHble CTYAUN
Nateuiickoro paguo n TenesnpeHuns. 06
aToM coobuwatT nateuiickue CMW.
Mpeacepatens CoBeTa 0O6LLECTBEHHbIX
aNnekTpoHHbIXx CMU (SEPLP) Anuc Cuk-
CHUC coobLWm, 4TO 06 bEANHEHHBIE 0bLLe-
cTBeHHble CMW nnaHupyloT OTKpbITh CTy-
oviio B [layraBnunce B CrieayioLLLeM rogy, a
B Jlnenae — B 2027 r. Crymous JlaT-
BWIACKOro paguno, pacnosioXeHHasa cenyac
B Pe3ekHe, OCTaHeTca B pPacnopsiXeHuu
obuwectBeHHbix CMW. HoBas ctygusa B
JayraBnunce 6yper MynbTUMeOUNHOW,
No3BONASA BECTW BELLL@HWE KaK Paamno, Tak
v TeneBugeHunio. B uenom, B 2025 r. 06b-
eavHEHHble obulecTBeHHble CMW nony-
yar 70,35 mnH eBpo, B 2026 T.



61,65 mnH, a B 2027 n 2028 rr. — no
61,41 mnH. B anpene 2024 r. nHavancs
npouecc ob6bbeanHeHus JlaTBUACKOro
pagno un JlatBUACKOro TenesnaeHus,
koTopble ¢ 1 aHBaps 2025 r. 6ynyT PpyHk-
LUMOHNPOBATbL kak  VSIA Latvijas
Sabiedriskais medijs (nctouHuk — URL:
https://onair.ru/main/enews/view_ms
g/NMID__90194/ (23.10.24)).

NMPUOHECTPOBbBE. C 1 okTsabps
2024 r. OTMeHeHbl BCe TpaHCcnauuu
"Tpancmunposoro Pagno” (TWR) c nepe-
natynkos MpuaoHecTpoBckoro Paguworte-
neueHTpa (YacToThl Bewanma — 621 klf'uu
1548 kl'y).

Takxe ¢ 1 okTa6ps 2024 r. BBOAMTCA
HOBOE pacnucaHve Ans peTpaHcnauumn
POCCUNCKNX PaANOCTaHLUNIA:

— vactoTa 999 kl'y — pagnocTaHuma
"Pagmo Poccun” ¢ 16.00 oo 20.30;

— yactoTta 1413 kl'y — paguoctaHuma
"Bectn ®M" ¢ 03.00 go 21.00.

(MCTOYHUK — URL: https://
vk.com/wall-164967379_1595
(23.10.24)).

CLUA. B HoBOM 31MHeM ce30He A-25 ¢
27 okTabps 2024 r. "BcemupHoe Paguwo
AnseHtucToB” — AWR 6ypet Bewarb Ha
KOPOTKMX BOSIHAX TONbKO ¢ ocTposa 'yam
(paguocTtaHuma KSDA). KB-tpaHcnsuun
AWR uepes AscTtpuio, 'epmanuio, Mapa-
rackap, TagxukucTtaH, TaliBaHb, Y36e-
kuctadH u UWpwu-Jlanky npekpawalorca
(uctouHnk — URL: https://awr.org/wp-
content/uploads/2024/03/A24-AWR-
Public-Broadcast-Schedule.pdf
(23.10.24)).

3CTOHUA. B nocnegHee Bpems Bcé
Yalle MOXHO YCNbILaTh, YTO UCKYCCTBEH-
HbIi MHTennekT (MAN) B Byayuiem cMOXeT
3aMeHUTb Beaylmx Ha pagnocTaHLmsaX.
3cToHckoe "Pagmno 4" ocywiecTtsumno B
adupe HOBATOPCKMIA IKCnepumeHT. B
HOBOM BbINYCKE My3blKasibHO nepepayn
BEAYLUMIA MPOTECTMPOBAN BO3MOXHOCTU
NN B papnoadupe C NpuMeHeHuem
cuctembl ChatGPT — yat-60T1a C reHepa-
TUBHLIM N, paspaboTaHHbLIM KOMNaHNen
OpenAl n cnocobHbiM paboTaTb B Anano-
roBOM pexume, NOAAEPXMNBAIOLLNM

3anpocbl Ha eCTECTBEHHbIX A3blkax. B
HOBOM BbINYCKE NporpaMmbl BeayLini
pewwun npotectuposatb MW n ysHats,
CMOXET NI OH 3aMEHUTb XMBOrO YenoBse-
Ka 1 B3Tb Ha cebs ynpasneHve nporpam-
Mon. EcTb MHeHue, 41O B nocnegHee
BPEMS BCE Yalle MOXHO yCnbilaTb, YTO
NN B Byaoylwiem CMOXET 3aMeHUTb Beady-
wux Ha paguo (uctoynmk — URL:
https://onair.ru/main/enews/view_ms

" g/NMID__90217/(23.10.24)).

HOXKHASA KOPES. C 27 okt6ps 2027 r.
BcemupHoe pagno KBS Ha pycckom
A3blke NepexoauT Ha 3UMHEEe pacnucaHne
BelaHns, n nepenaya OyneT BbIXOAUTL B
acdup exenHesHo ¢ 12.00 go 13.00 Ha
yactoTe 1170 kI, ¢ 13.00 go 14.00 — Ha
vyactoTe 9645 kl'y n ¢ 18.00 po 19.00 —
Ha wactote 6040 kly, (nctounmk — URL:
https://world.kbs.co.kr/service/progr
am_segments_view.htm?lang=ré&proc
ode=one&bbs=othc_letter&no=46851
(23.10.24)).

Xopowero npuéma n 73! "

ONEeKTPOHHbIE KOMMNOHEHTbI Ang aopadoTku
M OOHOBJIEHUSA NONYNPOBOAHUKOBbLIX
paanonpuémHukos Bbinycka 1970—1990 rr.

XAWUO JIOXHU, Nrepmanusi/Poccus, r. Faii OpeHbyprckos o6J1. l

Bo BTOpOﬁ yacrTuv cepumn crarevi 0 KOMMNOHEHTax A1 PeMOHTa u BOCCTaHOB/NIEHUsI CTapbix paauo-
anéMHMKOB npusegeHbl cBegeHNss O BTOPUYHbIX napaMeTpax Katylwek UHAYKTUBHOCTH. 3tn napa-
MeTpbl NHOrga He MeHee BaXHbl, 4eM camMa MHAYKTUBHOCTD. O6cyxga:orcn KOHKpPEeTHblIe nagenus,
AOCTYrNHbIe Ha nNpuiaBKkax B .aouopcxoﬁ annapartype. Penko MOXHO NPUMEHUTb KaTyLuKu NHAYK-
TUBHOCTHU B UICXO4HOM BapuaHTe, no4YyTu scerga anﬂéTCﬂ ux nepegenars. ns aToro npegocrasse-
Hbl NpUMepbl N MeToA4bl, NPOBepPEeHHbIe aBTOPOM 3a MHOrue rogsli.

1. O6wme ceepeHUa

Bo BTOpOIt YacTu NpoaonxaeTcs pac-
CMOTpeHue KaTyleK WHAYKTUBHOCTU
(KW) n kaTywek nepeMeHHONn NHOYKTUB-
HocTu (KMW), BOCTynHbIX B HaLle BpeEMS.
Mpu aHannae NpoBanbHbIX PagnoTEXHN-
YECKMX MPOEKTOB YACTO BLIACHAETCS, YTO
rnaBHble oOwWMBKM ObiNM AONYLLEHbLI B
yactn KN n KIMW. Mpu atom cTtapartens-
HbIA paguoniobuTens U3 NyyLWUX Hame-

pPEeHni NOBTOPSIN KOHCTPYKLMIO U3 Nyonu-
Kauum, B YEM-TO 3psa nepecrapanca nnm
HenpaBuAbHO OLEHUN BaXHOCTb NpumMme-
HEHUs KOHKPETHOro martepuana wnm ms-
nenva unn KOppPekTHoM ero 3ameHbl. He-
npuBbLIYHO TO, 4YTO npumeHerne KIM/KMNn
CONPOBOXAAETCA CUSIbHBLIM BIMSHUEM Ha
pesynbTaT MX BTOPUYHBLIX NapameTpos,
noatomy 6e3 MOHMMaHWA UX Npupoabl
BPAA4 NI NONYYUTCA NOCTPOUTL XOPOLLYIO
annaparypy.

2. Bropuutbie napametpbi KU/KMU

Y KOHOEHCaTOPOB 1 PEe3NCTOPOB, OCO-
6eHHo B SMD-u1cnonHeHnn, npakTu4eckn
oTCyTCTBYET npobnema C BTOPUYHLIMU
napameTpamm Ha Yactotax o 1 Iy, Co-
BEPLUEHHO MHas CUTyaums CKIaabiBaeTCs C
KW/KTIN, nx BTOpu4HbIE napameTpsl MOryT
OOMUHNPOBaTL ewe Ha paboyein YacToTe
y3na (gaxe Ha HY), u HOMUHan UHAYKTNB-
HOCTW CTaHEeT HEKPUTUYHBIM NapameTpoM.
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PALVUOMNPUEM QPAANO

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

PAOVO Ne 12, 2024

Ha npunaekax Ham npogatot K/ noytun
Bcerga No HOMWHaNy WMHOYKTUMBHOCTW. Y
npoccenei ewe MoxeT ObiTb ykadaH O0-
nyctTumslin Tok. A pepputsbl Ham npegna-
raioT B ly4LLEM Cy4ae rno ux Tuny, a Y7o ¢
HUMW OenaTb, OCTaBsAT Ha Halle BOOOpa-
XeHne. Ecnu oTevecTBeHHbIN Npon3soaun-
Tens ¢epputos "depponpubop” 3a no-
cnenHvie roabl HaBéN NOPSAOK B TEXHUYE-
CKOM [oKyMeHTauuu Ans nons3osaTens,
TO Ha MMMNOPTHbLIE asnatckme GeppuTsbl
nHpopmaumsa oyeHb ckynas. faxe ot
Amidon (n ero aHanoros) kapTuHa B AOKY-
MEHTauMN CKPOMHas, XOTb MOHATHaNA 1 NO-
nesHaa, Ho 6e3 ocoboi cucrtemaTuy-
HOCTU.

2.1. CoGcTBEHHAq pe3oHaHCHas
yacToTa

B yuebHoW nutepartype Ans Ha4anbHo-
ro u cpegHero ypoBsHei nHdopmaumm ob
3TOM NapameTpe NOYTU HE HaNTW, N No3-
TOMY LiESIbIe MOKONIEHUS PAANOUNHXEHEPOB
He OLyLWaAlT TPyAoBOro avckomadopTta,
noka He CTOJIKHYTCA C NepBbIM 3amMecTu-
TeNeM NHOYKTUBHOCTU — C COBCTBEHHLIM
pe30HaHCOM n3genus.

Jio6ble NOBEPXHOCTN C NPOMEXYTKOM
MeXAy HUMWU Mpu BO3MOXHOM Hanuymu
pas3HOCTM MNOTEHUMANOoB  BbINOJHAIOT
dyHKUMIO KOHAeHcaTopa. B cnydae c KW mn
KM — 310 noBepxHOCTL NpoBoaa, KOTo-
past yepes kaxapli BATOK UMEET OTAn4aio-
WMICs NoTeHumMan Nnpn NpoTekaHum nepe-
MEHHOro Toka B obmoTke. B peaynsrarte,
KpOMe BUTKOB, Mbl €LlLE MMEEM Takylo
LIeN0YKY KOHAEHCATOPOB Masion EMKOCTU.
ELé cnoxHee BCE CTaHOBUTCS NPy MHOTO-
cnoliHbix 06MoTkax. Obpa3syeTcs B LENIOM
HEeKOoTopas MTOroBas KOHCTPYKTMBHasN
EMKOCTb NOJA, Ha3BaHWEM MEXBUTKOBOM
émkocTun. C MHOYKTMBHOCTbLIO OHa 06pa3sy-
€T BbipaXeHHbli napannensbHblini LC-KoH-
TYp, UMeloWwmii COBCTBEHHYIO Pe30HaHC-
HYIO 4acToTy. OTOT pPe30HaHC HaCTOJILKO
3Ha4YMM Ha NpakTUKe, YTO B AOKYMEHTaLMMN
OT BeayLUMx n3rotosutenein oH 0603HaqeH
otaensHo (SRF — self resonance frequen-
Cy), HO He Hago ero nyTaTb C 4acTOTOMn
M3MEpeHusa  napamMeTpoB  U3[envs.
CoBCTBEHHbII PE30HAHC ABNAETCA UHOM-
BUAyanbHbIM MNapaMeTpoM peanbHOro
n3genvs, n Npy MaccosOM NpPon3BoACTBE
OH [0CTATO4HO Npeackasyembii  KOHTPO-
nupyemsbiii. B cnyyae ¢ KW vactota
COOGCTBEHHOr0 pe3oHaHca MeHseTcsa C
HaCTPOMKOMN.

MHorvne cumynatopsl BH-cxem nosso-
NAT HEnocpencTBEHHO 3apaBaTb napa-
meTp SRF ana KU (Hanpumep, nporpamma
RFsim99), HO B pacyérax 3To y4acTsyeT
Kak KoHOeHcaTop. HekoTopbie cumMynaTo-
pbl NPOCAT yKasaTtb NapasnTHYIO EMKOCTb.
EcTb cumynaTopbl 06LEro Ha3HayYeHus
6e3 Takoro y4yéra, u Toraa Hy>KHo nocra-
BUTb KOHAEeHcaTop napannensHo KW anqa
npaBuUNLHOMO pacyéTa.

Boiwe SRF uapenve Benét cebs kak
KOHIEHCATOp, C POCTOM YacTOTbl 3TO NPO-
aBuTca cunbHee. Ha camom pesonaHce KN
BeneT ceba kak pesncTop ¢ 6onbluivm
conpotueneHnem ana BY-tokos. YyTtb
Huxe SRF nonydaem o4veHb 6GonbluylO
WHAOYKTUBHOCTb, M TONIbKO Ha YacToTax B
2...3 pa3a Huxe SRF MHOYKTMBHOCTbL Npu-
HUMAET yXe CBOE HOMMHaNbLHOE NnacnopT-
HOe 3HayeHue. To eCTb MOXET CNy4nThbCS,
4YTO MO 3ambiCNy APOCCENb, YCTaHOBNEH-

HbI Ang 3awmTsl oT BY-nomex, cpabotaet
KaK KOHOEHCATOpP, U MOMEXU NPOXOAAT Kak
6e3 aToro gpoccens.

OCHOBHbIM NPaBUIOM [1O/IXHO ObITb:
yactota  COBCTBEHHOro  pe3oHaHca
KW/KMW ponxHa 6biTb B passl BbilLE, YeM
pabouas yactota KU B 3agymaHHOM y3ne.

BbiBaloT cnyvau, B KOTOPbLIX XOPOLLO Obl
nonb30BaTbCH COOCTBEHHBLIM PE30HaH-
com, korga KW obpasyetr gna BY-toka
npakTuyeckuii paspbiB. Hanpumep, atum
yO06HO NoaaBuTbL NOMEXU Ha NMMHUK NuTa-
HUS OT MMNYNLCHOrO CcTabunusaTtopa Ha
ero vyacTtote npeobpasosaHus. B mHoro-
KackagHoM YTIMY MOXHO B NUHUIO NUTAHUA
noctaButs apoccens ¢ SRF Ha MY. Takxe
npy NOCTPOEHUW MepenaTinkoB Ha nam-
nax MOXHO nogobpartb aHOAHbIN ApoC-
cenb C pe3oHaHCOM Ha paboyen yactoTe
nepegatynka Uam ANs Kaxagoro amanaso-
Ha MCNONbL30BaTb OTAESIbHBLI ONTUManb-
Hbll Apocceslb UM CocTaBuUTb GONbLUIOW
apoccent € OTBOAAMM AN pa3HbiX
YaCTOTHbIX AMana3oHOoB.

MapasntHaa EMKOCTb 00bIMHO umeeT
nonoxurensHoit TKE, 1 noaTtomy retepo-
auvHHbie KM gonxHbl 6bITe C Manoi napa-
3UTHOM EMKOCTbLIO, XeNnaTensHO C OAHO-
cnovHoi o6moTkon. Mpu ncnonb3oBaHuu
NakMpoBaHHOrOo MNPOBOAA NaK OKaxeTtcs
OV3NEeKTPUKOM 3TOro KOoHAeHcaTopa, a
ero BY-csoicTtBa Ha vacrtoTax Bblwe
1 Mly 3HauuTenbHo gerpagupyioT. B
noeane ans KN/KMA ¢ nosblleHHbIMN
Tpe6oBaHUAMU Mexay BUTKaAMU Hapo
0CTaBUTb NPOMEXYTOK, PaBHbI AnameTpy
npoBoAa, 306eChb BLIPYYUT NPOBOS, B LLEN-
KOBOW OnNnéTke.

N3ameputb SFR y KW/KIMX MoxHO nerko
Cc nomMoLubio nameputens A4X ¢ noprtamun
conpoTusneHvem 50(75) Om. Hapgo ycta-
HOBUTL KW HenocpeacTBeHHO mexay
BbIXOIOM W BXOAOM mM3ameputens (MoXHO
6e3 kabens n 3azemnexus), n Ha SRF
obpasyeTca OCTpbli npoBan rnyobuHown
40...60 pb npu BbICOKON AO0BPOTHOCTU
vnn o6pasyeTca LuMpokas BnaguHa rnybm-
Hoi 20...30 ob npu manoit BO6pPOTHOCTU
KW. B nepsom cnyvae KW npurogHa ans
NPUMEHEHNS B CUrHaNbHbIX GuUnbTpax,
reHepartopax, kak pgpoccenb B JIMHUU
NMUTaHNA CEeNIEKTUBHbLIX yCUNUTENEn, BO
BTOPOM Cfny4ae 3TO XOpOLUMA APOCCENb
ANS LIMPOKONOJIOCHBIX Y310B.

N3MepsATb HOMUHANbHYIO WHAYKTUB-
HOoCTb KW HyXHO Ha yacTtoTe xoTa Obl B
necsatb pa3 mexblwe SFR. K npumepy,
napgenve KM Q-4119 nmeer mMHAOykTMB-
HocTb 12/15/18 mIH 1 SFR =500 kI'y (npwn
18 MIH). Mpu namepeHun NPoCcTLIM Npu-
60opom (APPA 705) ¢ 4acToTol namepeHmns
0,1/1/10 kf'y,  nonyyaem  nokasaHwus
12,66/12,67/12,4 m'H, npubop HB-15
(knaccom BbILLE) NOKasan Te Xe 3HaYeHus
1 gobasun Ha Yactote 100 kI 3Ha4veHne
12,33 Mkl'H. BonbwuHcTeo RLC-meTpos
MYNETUMETEPHOIO U MUHLIETHOMO TUMNOB HE
MOryT MpaBubHO MHTEPNPETUpPOBaThb
NPUPOCT BANSHUA NapasnTHON EMKOCTU U
BbIOAIOT 06paTHLIN NOPAAOK Pe3ynsTaTos,
BMECTO HEBONLLIOro pocTa UHAYKTUBHOC-
TN ¢ YyacToTo. MO3TOMY BaXHO OCTaBUTb
4acTOTy M3MEPEHUS O0CTaTOMHO HU3KOW,
HO He cnuwkoM. MpasunbHbI pesynsbtat
0alT U3MEpUTENN MMneaaHca, KoTopble
CMOryYT pasgenntb cmelwaHHble RLC-ane-
MEHTbI Ha UX COCTaBNsoLMeE, KOraa Buibu-
paeTcs N3 MeHI0 9KBUBANIEHTHAs cxema m
pesynbrat  M3MEepeHuUs Ha  pasHbIx

YacToTax packnagbiBaetcs "No nonkam".
Ha npakTuke ontumMansHbiMu Ana mactep-
CKOW OKasanucb U3mMeputenu, KoTopblie
TectnpytoT KU npu vyactote 100 kl'y, (HO 1
MeHblLUEe TOXe), NPU 3TOM MOXHO NMpakTu-
YECKU He NepekNioyaTh YacToTy AN MHAYK-
TMBHOCTeN B HTepsane 1 HIMH...10 MIH, 1
3TuM obecneymBaloTCa BCe pasHOBUA-
HOCTU paamontobuTenscknx y3nos. Mame-
peHue Ha yactoTte 10 kI y npocTbix Npu-
60pOB 3aTPYAHUT M3MEPEHNEe NHOYKTUB-
HocTn Mexee 0,2 mklH (ans y3nos Ha
Bbicokux KB, YKB n CBY).

Ecnun B curnansHbix punstpax KU ycta-
HOBJNIEHbI NOCrefoBaTesibHO, COBCTBEH-
HbIi PE30HaHC CTaHeT 0COBEHHO KPUTHNHEH
M MeLlalLmnM, Tak Kak OH NPOTUBOPEYUT
3aMbiCIly HE UMETb NPOXOAHbLIX EMKOCTEN.
Mapa3utHas EMKOCTbL BpeaUT CBOUM Npo-
nyckaHMem curHana Ha 4yactoTax Bbille
COBCTBEHHOro pe3oHaHca, 1 nogasneHvne
CUrHanoB MOXEeT OKa3aTbCsl AaNieko OT
pacyETHOro 3Ha4veHnsa. Hy>XxHO npuMeHnTb
KW ¢ ocob6o manoi napasutHON EMKO-
CTblO, HO 3TO BNIEYET 3a cOBOI yBEeNInM4YeHne
nx pazmepos. Takme gnanasoHHble GUnsLT-
pbl 4ACTO NPUMEHSIOT Ha Bxoae rabaput-
HbIX PagMONPUEMHUKOB, U WX NPOCTOMN
nepesog B SMD-ucnonHeHue (Hanpumep,
ana "kapmanHbix" SDR) MoxeT gaTb COM-
HUTENbHLIN pPe3dynbrTat n3-3a HU3KOro
3HaveHus SRF y manorabaputHbix nsge-
NN,

Xopowwit cnocob yBenuuuTb 4actoTy
co6CTBEHHOr0 pe3oHaHca npu pgopaboTke
1 MoamdurKaumm — cekumoHmpoBaHme 06-
MOTKW 1, BEPOATHO, 3aMeHa kapkaca ans
KW. Hanpumep, ecnun pa3buts 06MOTKY Ha
YyeTblpe OAVHAKOBbLIE CEeKUMWN, Kaxpas u3
KOTOPbLIX OTAENbHO MMeeT 1/4 YacTb Ynucna
BUTKOB, 1/16 obwWen MHOYKTUBHOCTN WU
npyumMepHo 1/4 yacTtb obwer napa3uTHOM
E€MKOCTU, TO CODCTBEHHBIN Pe30HaHC MO-
XeT B mgeane yxoauTb Ha 4acToTy B
BoceMb pa3 Builwe. bonee peanuctuyHoe
oxupadne — npupoct SRF B 2...3 pasa.
CekUuMOHNPOBaHNE 4acTo MPUMEHAETCH
NPU U3roToBAEHNN HEPPUTOBBLIX AHTEHH U
KM gnsa redepatoposB amana3oHos [B un
CB, B nonocosbix dunstpax Ha KB-yacto-
Tax go 12 Mru.

2.1.1. KackapupoBaHue ppoccenem

Mpn nocnegoBaTeNbHOM BKJIOYEHUU
OBYX PE3VCTOPOB NOJIyYMM B pesynbrate
CyMMapHOe CONpPOTUBEHME, TaKoW Xe
pesynbTaT M C ABYMS napanienbHbiMu
KoHaeHcaTopamu. C MHAYKTUBHOCTAMU
3TO TOXe Tak nNpocTo? CornacHo MHOrMMm
y4ebHukam — pga, noka Ha npaktuke He
nosly4aem CTpaHHoO paboTaoLmii ysen.

YacTto BcTpevyaemasn 3agaya CoCTouT B
nogaye nNUTAOLWEro HanpsXeHua ans
LUMPOKOMOJIOCHbLIX yCUnuUTenemn yepes cur-
HanbHbIN kabens. YTo TyT cnoxHoro? o
npaBuny, Ha HUXHE YaCTOTHOW rpaHuLe
amanasoHa paboymx 4actoT ycunutens
peakTMBHOE COMPOTUBNEHME pPa3BA3bl-
Bawowero gpoccens (X, = 2rnfL) ponxHo
6biTb B 3...10 pa3 6onbwe wumnegaHca
curHanobHoro ysna (50 Om), noatomy
noTpebyeTrca Opoccenb C peakTUBHbIM
conpotmenednem X, = 150...500 Om.
Jpoccens nHAYKTUBHOCTLIO 1 MITH AonxeH
cpaboTaTtb Ha YacToTax Boiwe 25...75 kI,
Ana npumepa Ha puc. 1 cuHeln nuHuen
rnokasaHo 3aTyxaHue O0OHOro gpoccens
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HomuHanom 1 MIH cepumn EC24, koTopbim
xoTenocb 6bl pa3Bsa3aTtb NUTaHWE YCUIun-
Tens ¢ kabenem conpotusneHvem 50 Om.
3eneéHoli NuHWen nokasaHo oXupaemoe
3aTyxaHue no popmynam B yHebHMKaXx.
Ecnu B puwanasoHe CB po 4actoThl
1600 kI'y BCE wno "no nnany"”, a Ansa gna-
nasoHa 2...4 Mly paxe nyywe, 10 AnA
paboTsl Ha KB Ha yacToTtax Bbiwe 4 My
nosy4yaemM YyMEeHbLUEeHMe 3aTyxaHus c

20M E0M 100

POCTOM 4acCTOTbl, BOMPEKWM HALLNM 3Ha-
HUAM 13 yyebHuka 1 oxungaxHuam. Buan-
MO, KOE-4TO HaM He pacckasanu.
Co6CTBEHHLIV pE30HaHC Ha 4YacToTe
2,8 MINy, noackaxeT O HaNM4YMM NapasuT-
HOM EMKOCTM, NO PACHETYy OHa COCTaBnseT
3,5 nd. MNoaTtomy 3aTOT ApOCCENb Ha Yac-
ToTe 50 MI'y 06ecneymBaeT Takylo Xe pas-
BA3KY, Kak 1 B o6nactu Yactotbl 150 kI,
HaeepHoe, ecnu nocrtaeutb nocnenosa-

TENbHO elE oauH ApocCceNb C UHAYKTUB-
HOCTbIO Ha NOPAA0K MEHbLLE, TO OH ncnpa-
BUT CUTyaumio?

lMocne ycTtaHOBKM nocnenoBaTesbHO
BTOpPOro apoccens HomuHanom 100 mMklH
n3 Ton xe cepun EC24 nonyyaem HeOXu-
DaHHbIN pe3ynbtaT (puc. 2), Oa ewe ¢
obpatHO oxupaembim 9ddekToM Ha
cpenHux KB.

Ha Bbicokux KB n Ha YKB nopasneHnve
cTtano Ha 6 gb nyywe. HoBbIli cobCcTBEH-
HbIi pe30HaHC BTOPOro Apoccens Ha
yactoTe 8 Ml roBopuT O ero napasnTHOn
émkoctn 4 nd. 3J70, B NnpuHuMne, n 06bL-
ACHUT nonydYeHHylo nobasky Ha YKB Ha
6 ob ot pelicTBUA OBYX NApasuUTHLIX MO-
cnepoBaTteNibHbIX  KOHOEHCATopoB, MO
4 n® BMECTO UHOYKTUBHOCTEN.

A BpeOHbIl MUK Manoro 3aTtyxaHua Ha
yacTtoTe 6 MI'y — 3T0 nocnepoBaTeNbHLIN
pEe30HaHC [AOBYX B3auWMOAEWNCTBYROLLMX
apoccenen n nx NapasnuTHbIX EMKOCTEN Ha
aToi yacTote. lNonyyaeTrcs, 410 NapasnT-
Has éMKocTb 6onbloro gpoccens (1 mMMH)
B3aUMOOENCTBYET C WHAOYKTUBHOCTbIO
manoro apoccens (100 mklH). OpgHako Ha
yacTtote 6 MIy gpoccenb C HOMUHANOM
100 Mkl nNpn cobCTBEHHOM pe3oHaHce
Ha yactoTe 8 MIu umeeT MHAYKTUBHOCTL
HamMHoro 6osbLwe HOMUHANLHOW, NpuMep-
HO 180 MKIH.

A 4TO penatb C 3TUM  NUKOM?
OuyeBUAHO, 4TO A0OPOTHOCTbL MONY4YNB-
Wnxcs napasuTtHbix LC-KOHTYpOB BbICO-
kas. "Moracutb” NUK MOXHO YCTaHOBKOW
nocnenoBaTeNibHo Pe3ncTopa, HO Ha HEM
6yneT nagatb HacTb NMTAIOLLEro Hanpske-
Hus. Torga MOXHO YCTaHOBWUTL Pe3NCTOpP
napannenbHo oaHoOMY U3 apoccenei. Mpu
3TOM Ha MojaBs/ieHne camoro nuka mano
BAMSIET, NapannenbHO Kakomy Apoccento
yCTaHOBUTL peauctop. Ho ncueaHeT ry-
60KMin NpoBan TOro Apoccens, kK KOTOPOMy
nocrtaesunu pesuctop. K npumepy, napan-
NEeNbHO  ApOCCenio  WHAYKTUBHOCTbLIO
100 MkI'H 6bin yCTaHOBNEH PE3NCTOP HO-
MuHanom 4,7 kOm (puc. 3).

Mocne ycTaHOBKU pe3nctopa HOMUHa-
nom 10 kOM napannensHo apoccento
MHAOYKTMBHOCTLIO 1 MIH  nonyymnacb
"ypaBHoBelleHHaa" kapTuHa (pmc. 4)
6e3 OCTpbIX PE30HAHCOB, KOTOPLIE MOMYT
NPUBECTU K CaMoBO30OYXOEHUIO MOAKIIO-
YaeMblX aKTUBHbIX Y3710B A $asoBbix
VCKaXXEeHWI LLIMPOKOMOJOCHbLIX CUMHANO0B.

Ona pguanasona 0,12...110 My poc-
TUrHyTa xopolas passaska (80 %), n ona
Anana3oHos CB-KB passsizka nonyynnacb
ocob6o xopowei, 6onee 97 %. Kackaau-
pOBaHME MOXHO pacLUMpUTb aHanoruy-
HbIM 06pa30M A0 TPEX UK HeTLIPEX APOC-
cenei. OgHako Hayrapg, aTo genatb He cne-
AyeT, Tak Kak BCE 3aBUCUT OT BbIOPaHHbIX
n3genuin. lpoccenu ¢ MarHMTonpoBsoaa-
Mn n3 "markoro” depputa (M10000—
1000HM) nmeloT manyio [OBPOTHOCTb, U
MM OBbIYHO HE HyXeH [OMNONHUTENbHbLIN
peaucTtop, pesynstat byaet M3HavanbHO
NOXOX Ha NokasaHHbIl Ha puc. 4.

2.2. EMkocTb Mexay 06mMoTKamu

EMKOCTb Mexay pasHbiMu 0GMOTKamm
TpaHcdopmaTopa Mano noeauseT Ha
COBGCTBEHHLI pe3oHaHC OGMOTOK B OT-
nensHocTn. OpHAako, ecnv nepexoauTs B
peanbHyld KOHCTPYKUMIO, B KOTOPOM
obmoTka cBA3M ycTaHoBneHa 6nm3ko k
ropsYemy KOHUY KOHTYPHON 0O6MOTKM, 3Ta
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Dampfung und Phasendrehung als Funktion der Frequenz

Puc. 4

éMKOoCTb pencTteyetr B konebartenbHOM
KOHTYpe HekayecTBeHHbIM 0bpa3om. Pac-
cTosiHMe mexay obmoTtkamu B 2...3 ava-
MeTpa nposoga OObIMHO CHWXaeT 3ToT
addexT oo "HeBaxHoCcTN".

PaameueHne obmoTok Ha depputo-
BOM KOJIbLIEBOM MAarHMTONpoOBOAE Ha ava-
MEeTpanbHO MPOTUBOMOMOXHBLIX YydYacTKax
obecneunt Manyio MKOCTb Mexay 0OMoT-
KamMu Tonbko ¢ "TBEPAbIMN” depputamu, y
KOTOPbIX HE3HAYUTENbHAA INEKTPONPOBO-
avmocTb. OpgHako aTo cpaboTaeT TONbKO
[N OTHOCUTENBbHO HU3KMX YacToT. B ana-
nasoHe KB v BbilLe nyylie passa3aTs y3nbl
C NOMOLLBIO CnHGa3HbIX Apoccenen.

Ona pagnonpuémHoin annapartypsl B
6noke nutaHus 6Gonee BbIFOAHO Mpume-
HUTb MOHMXAKLWUIA CceTeBOn TpaHchop-
MaTop, Y KOTOPOro 06MOTKMN pa3MeLLeHbl
Ha pa3HblX y4acTkax MarHMTonposoga 1 B
pasHbIX CeKUuMax Kapkaca. 9TO CylecT-
BEHHO CHU3UT NOMEXM Ha HU3KOYACTOTHbIX
paguoamanasoHax W OONONHUTENbHO
yny4wmnt 6e30nacHOCTb.

EmMKOCTb Mexay o0O6MOTKamMu MOXHO
ncnonb3oBath NnonesHbiM 06pas3om, ecnu
noctpouts BY-tpaHcdopmartopsl  Ha
LUIMPOKOMOMNOCHbBIX JIMHUAX TpaHCMUccumn
(LLUNNAT) vnan WnpOKONOAOCHBLIX TPaHC-
dopmupyowmx nuunax (LLNTI), roe ata
EMKOCTb aBnsfieTca  PyHKUMOHANLHOMN
4acTbl0 BMECTE C MHAYKTUBHOCTbLIO, M OHU
06pas3yioT BOSIHOBOE COMpPOTUB/IEHME
LLNNT.

2.3. TKM

Tak kak TemnepaTtypa BAMSET Ha
NuHelHble pa3mepbl nNpeamMeTosB, C
POCTOM Temneparypbl pacTyT 1 pa3mepsl
KW, 4To yBennumeaet €€ MHAYKTUBHOCT.
EcTb cneumansHbie kepammuyeckue Kkapka-
cbl, KoTopble obecnevat Hyneson TKU. Y
6onbwKnHCTBa "Xx0[0BbIX" deppuToB NPO-
HULAEMOCTb TOXe pacTET C POCTOM TeM-
nepatypsl. O6blvHO KW/KMW BHecyT B
KonebaTenbHbI KOHTYP MONOXUTENbHbLIN
apend MHAYKTUBHOCTU U OTpULATENbLHLIN
nperid 4actoTbl C pOCTOM Temnepartypbl.
Havmenblunii gpeind 6yaeT npu OTCyTCT-
BN PeppuTOBOr0 MarHMTONpoBOAa wnn
npy NpUMEHEHUM cneuunanbHbix dpeppun-

~ toB. Mo aToit npuvynHe B 6biTOBOM P3A

06bIY4HO NPUMEHSIIOT KOHAEHCaTopbLl C
oTpuuatensHoiM TKE (M47...M1500), no-
3TOMy CTapble cepble Tpyb4aTbie KOHAEH-
catopbl cepum KT-1 06a3aTensHO AOMKHLI
6bITb B 3anacax.

2.4. No6poTHOCTL

B onucaHmnax KOHKPETHbLIX KOHCTPYKLNIA
4acTo OCTaETCs HEOAHO3HAYHOCTb B OTHO-
weHun gobpoTHocTh. Y konebaTesnbHbIX
LC-kOoHTYypOB wuMeeTca coOGcTBeHHas
AOBPOTHOCTL Q,, KOTOPas AOMUHUPYIO-
wum o6pasom 3asucut ot KU n HemHoro
oT KoHaeHcaTopa. Mpu paboTte B peans-
HOM y3ne 3TOoT konebaTesibHbIi KOHTYP
HarpyxaeTcs, No3TOMY €ero pe3oHUpPYIo-
wme cBoicTBa "racHyT", o6pasyeTcs CHU-
XeHHaa pabouas (HarpyxeHHas) Bo6-
POTHOCTL Q,.

Ona pykogensHoro paguoniobutens
BaXHbl ABe GopMysbl Mo nosoay Ao6poT-
HocTh. MepBaa OTHOCUTCA K napannenb-
HOMY KOHTYPY C NapasnienbHbiM pesmcTo-
pom: Q = R(C/L)"?, 8 He& ynobHO noa-
CTaBnATb 3HAYEHUSA B KUTOOMaXx, Nukoda-
pagax n mukporeHpu. Bropas ¢opmyna
KacaeTCcs MocnenoBaTesibHOro KOHTypa
Q = (L/C)"?/r (Takxe B kunoomax, nukoca-
pagax u MUKpPOreHpu), XoTs conpoTusie-
HUWE I TYT 0ObIYHO 3HAYUTENBHO MeHbLue 1
KOM 1 OXOAUT 0O HECKONBbKUX OM.

Mpu nepepacyéTe TOro xe KoOHTypa oT
€ero napannenbHOW uHTepnpertauum B
nocnenosaTtesibHyl0 MMEeTCA COOTHOLe-
Hue R/r = Q2 npu Tex xe 3Havenmnax Ln C.

2.4.1. Co6cTBEeHHan A06GPOTHOCTL
Q, KU

CobceTBeHHas nobpoTHocTs KU nmeer
matematuyieckoe onpegenexve, ¢op-
MasnbHO 3TO COOTHOLUEHME CONPOTUBAE-
Huii KU Ha nepemeHHOM Toke (X ) k conpo-
TUBIEHNIO HA MOCTOSIHHOM TOKe Mo ¢op-
myne Qo = 2rfL/r, roe r — akTMBHOE CONpo-
TUBNIEHWE, BKIOYEHHOE NOCNenoBaTensbHO
C UHAYKTUBHOCTbIO, YNPOLLEHHO rOBOPA —
akTVUBHOE CONpOTUBNEHMEe NpoBoaa Ha BY.
Tyhpa ewé BNULIYTCA NOTEPU Ha U3Ny4eHne
3N1eKTPOMarHUTHOro Mofst B MPOCTPaH-
CTBO, Ha BUXPEBbLIE TOKU, MOTEPW B Napa-
3UTHOM KoHAeHcaTope. Ho y po6poTHbLIX
KW/KMNW 3t notepn B LLEIOM HE MpeBbl-
watoT 10 %.

Mbl 3TO MOXEM NpPOBEPUTL Ha peanb-
Ho KW ana HY, namepus eé conpotumsne-
HWE Ha NOCTOSIHHOM TOKe U paccyuTas X_
ons cpasHenus. K npumepy, nsgenne K
Q-4119 wunaykTnBHOCTLIO 13 MIH nmeeT
aKTUBHOE COMPOTUBNEHNE HAMOTAHHOIO
nposoga 17 Om. CnepoBartensHo, Ha Yac-
ToTe 1/10/100/1000 'y, pacyéTHas no6-
POTHOCTb AonxHa ObiTb 4,8/48/480/4800,

M TYT BHMMaTeNbHbIN paguoniodutens
onpaBOaHHO 3acoMHeBaeTcs B 6ONbLUMX
KpacuBebIx umdpax.

[eno B TOM, 4TO ANs peanbHOro nuaane-
nns Tonbko 3Ta dopmyna gact npupocT
noBPOTHOCTU € YacToToN. Bece ocTanbHble
du3unyeckmne npoueccsl, No CyTn, NpoTu-
BOJENCTBYIOT npupocTty gobpotHoctn. U
Ha camom perne Ha vacTtote 100 ky name-
puTenbHbIN NPUOOP yXe BbIAACT FOPbLKYIO
npaeny, nobpoTHocTbL — He HGonee 15, a Ha
vyactote 10 kl'y, — okono 30. Tonbko Ha
yactoTe 1 kl'y, npubop nokasbiBaeT O06-
POTHOCTL 3...4, 4TO 6/IM3KO K pac4eTy no
6a3oBon dopmyne. To ecTb y kaxaon KU
MMEeTCs HekoTopas 4YacTtoTa, npw KOTo-
poii eé [OBPOTHOCTL MakCumalnbHasi, HO
BCE PaBHO 3aMETHO MEHbLUE, 4EM MOXHO
oXupgaTb B COOTBETCTBUWU C HOPMYNON.
OTa yacToTa ABNAEeTCH A1 Kax[oro naae-
VA MHOMBUAYanNbHOW, OHa He obazaTtesb-
HOo coBnapaeT ¢ SRF — 3710 pa3Hble napa-
METpb.

Oynukum asnsieTcs GeppuToBbIi mar-
HUTONPOBOA,. NS HM3kUX YacToT ¢pepput
YBENMYMT B pasbl UK Ha NOPSAOK MHAOYK-
TnBHoCTb KU, 1 Tem cambiM OT ero npucyT-
CTBMA pPacTeéT A0BPOTHOCTL — BCE MAOET
cTporo no ¢opmyne. C poCcTOM 4acToThl
deppuT 3axoauT "B CBOIO NONOCY" 1 ONTU-
MansHo nopaepxusaeT OOOPOTHOCTL. A
ecnn eweé yBenuynTb 4acToTy, Tepmuye-
ckue notepu B deppuTte NpOTUBOAENCT-
BYIOT pOCTy A06pPOTHOCTWU, 1 Npw ypane-
HUKM PeppuToBOro MarHutTonposopa Ao6-
POTHOCTb MOXET paxe ysennyuntsca. Ons
LUIMPOKONOJIOCHBIX TPAHCHOPMaTOPOB 3TO
"yxyawexue" 6yaeT Ha Nonb3y, a oNna cur-
HanbHbIX GUNLTPOB 3TO FYOUTENBHO.

Camblii rnasHbIn GakTop — 3TO Mapka
(Tvn) marnuTonpoBsopa (depputa unum
marHuTogmanekTpuka). Ha yausnexwue,
Ny4LWWIA MarHToNpoBoa, — 3TO BO3AyX, Aa
ewe 1 BakyyMm, Tak Kak OHW HEe uMeloT
noTepb U TeMnepaTypHoro KoadpduumeH-
Ta. Mpobnema ¢ HUIMU — HYXHbl OFPOMHbIE
rabaputel o6mMoTkn n KU ¢ uHpyktme-
HocTbio meHee 0,1 MkI'H CnoxHO caoenatb
C OYEeHb BLICOKOW AOBPOTHOCTLIO, €Ccnm
MCNONb30BaTb CNMPanbHYID HaMOTKY.
Mostomy "Bo3aywHblie” KU ucuyepnaioT
CBOE 0cob0e kayecTBO Npy UHAYKTUBHOC-
™ 0,1...3 MKIH, 4TO HE UCKIO4YaET Co3aa-
HUE KPYMNHbIX N3NNI Ha AECATKN 1 COTHU
MWKPOreHpy ans nepenaTtynkos.

DeppuTtbl obecnedat xopoluy [o6-
POTHOCTb B AOCTATO4HO LUMPOKOM Anana-
30HEe 4acToT BONM3M ONTUManbLHOM 4acTo-
Tol, npumepHo 1:10. Moatomy deppur,
KOTOpbIV OMNTMManbHO paboTaeT Ha 4acTo-
Te 455 kl'y (AM-MY KM na ctaporo npu-
EMHMKa), MOXET npekpacHo paboTaTtb Kak
Ha vactote 150 klu, Tak M Ha 4yacToTe
1500 kl'y, n 3a aTumun npegenamm Het
pes3koro cHmxexusa kadectsa. Takxe KIA
n3 Tpakta MY 10700 Iy xopowo pabo-
TaloT Ha vyactoTtax 3...20 Mly B curHans-
HbiIX dunsTpax. Bbllwe 3TUX 4acTtoT 3Tn
deppuTtbl MOryT xopowo pabotatb B
LUMPOKONOAOCHbLIX TpaHchopmaTopax npu
ManoMm un cpegHem wumnegaHce. Hanpwu-
mep, KM n3 AM-NY (455 klMu) otnmyHO
cpaboTtaet Ha wactote 10700 kl'y ans
cornacosaHmnsa nNbe3odunsTpa (ConpoTus-
nenne — 330 OM) c kackafoM Ha TpaH-
3uctope (2970 Om, npu obmoTtkax 1:3).
Takoi BbiGop B N0Nb3Y "nnoxoro” depputa
XOPOLW TeM, Y4TO 3TO Pe3KO CHWU3WUT onac-
HOCTb napa3untHoro YKB-CBY-B036Yyxae-



HWUS, TaK KakK Ha 3TUxX YacToTax 3T deppu-
Tbl PaboTaloT Kak NOrMOTUTENL U CrNaxu-
BalOT NOObLIE PE30OHAHCHI.

Bbicokas no6poTHOCTL obecneynBaeT-
CS NPV 3aMKHYTOM MarHMTHOM MOTOKEe B
MarHuTonposofe, npasunbLHOM Bblbope
06MOTOYHOIr0 NPOBOAA, MCMOJIb30BaAHUN
OJIMHBI MarHnTonNpoBoaa (nepumeTpa) ans
HaHeceHusa 06MOTKM, 3amnoSIHEHUN MOTOY-
Horo o6béma B kapkace. 3Tn 3aBUCUMOC-
TV OTPaxeHbl B utepartype 60nbLon pas-
HOBUOHOCTLIO AMNUPUHECKUX DOPMYI, HO
npobnema ana paguoniobutens vawle
BCEro B TOM, 4TO Y HErO Ha pyKax apyrue
deppuTbl, Apyrue kapkacsl, apyrue npo-
BOZA, @ BO3MOXHOCTU MOBMAUATL Ha 3TU
HELOYETH OrpPaHNYEHbI.

Ecnu Bce "ko3bipu” Ana NOBLILWEHUSA
[0O0BPOTHOCTU pasbirpaHbl, MOMOXET TOJb-
KO yBenuyeHne rabaputos. ITO BbIPy4UT
TeM, 4TO yBEeNM4MBAETCA yaebHaa MHOYK-
TUBHOCTb 1 NOTPEGYETCH MEHbLLE BUTKOB
Ona Toi xe mHayktusHocTu. lMpu atom
ecTb 6onblwe 06bLEM aAna obMOTKWU, ©
MOXHO ucnonb3oBatb 6onee TONCTLIN
npoBoA. YBeNM4YMBaeTCH paccTosiHue
Mexay BuTkamu, ybbiBaeT HW3KokavecT-
BEHHas napasuTHaa éMKOCTb, U NapasuT-
HbIl pe30HaHC CcmellaeTcs BBEpPX MO
yactoTe. NoatoMy ocobeHHO B akcnepu-
MEeHTasIbHbIX YCTPOMCTBax Lenecoobpas-
HO OCTaBNATb PE3EPBHOE MECTO AN yCTa-
HoBkW Honee kpynHobix KA.

HecmoTtpa Ha BbIGOp pa3mepos, Yy
Mapok ¢peppuTa ectb "CBOM” 4acTOoTbl ANs
nony4eHns MakCUManbHon AO6POTHOCTU.
B 3aBoACKOM OOKYMEHTauum mHorga 3to
yKasbiBalOT KaK 4aCTOTHbIN Anana3oH ans
CUTHaNbHBLIX LIEeNein unn npuMeHeHue B
CUMHANbHBLIX GUNBLTPAX, PE30HAHCHbIX KOH-
Typax. WHorma cospaHwe BO3AYLHOW
wenu (3asopa) nosblwaeT OOCTUrAEMYIO
no6poTHOCTb, 0coBEHHO, ecnu B OCTanb-
HOM COXpaHeHa 3aMKHYTOCTb MarHUTHOIO
notoka. CranbHble HY-marHnTonpoBoAb!
yXe Ha 4acToTe HEeCKOJIbkO Kkuiorepi,
TEepsAIoT KAa4YeCTBO M BHOCHAT notepu, noo-
TOMY BbICOKOKAQYeCTBEHHbI NamMnoBbli
YM34 noctpouTb Ha NPOCTbIX CETEBbIX
TpaHchopmaTopax ana cetn 50 'y, moxeT
He nonyuntbea. Pepput mapku M6000HM
yBenMYMT O0OPOTHOCTL Ha 4YacToTax Ao
100 kl'u, a Bbliwe 500 kly, 0AHO3HA4HO
HacTynaeT yxyaweHue p[o6pOTHOCTU.
depput mapku M2000HM ysenuunt o6-
poTHOCTb B o6nactn oo 4yactoTsl 500 kI,
HO NOJNYY4NTL OYEHb BLICOKYIO IOBPOTHOCTb
HEeBO3MOXHO M3-3a COOCTBEHHOW MPOBO-
oumocTn atoro ¢epputa. Ha vacrtotax
Bbilwe 100 kMy nyywe wcnonb3osaTb
"teépapie” depputbl mapok 1000HH—
100HH ana no6poTHbix KU. Ona depputos
M1000HH/M600HH/M400HH/
M200HH/M100HH onTumanbHble HacToTbl
MOXHO OxwupgaTtb okono 200/400/1000/
3000/10000 kIl'y, ogHaKo 3TO TONbKO OANH
M3 MHOMMX napameTpoB ANA peanbHOn
pobpoTtHocTn KU, n makcumymsl poctu-
raemoit 4OBPOTHOCTU O4EHb "pa3mbiTbie”.
K npumepy, pepput MA400HH pacT BnonHe
Xopowue pesynbTtatel B Anana3oHe
150...3000 «l'u, ecnn BbIGpaTh NpaBub-
HYIO FeOMEeTPUIO MarHMTONPOBOAA.

EcTb eweé oanH MOMEHT CHUXeHWs
kayectea. [leno B ToM, 4TO eppuThbl
MEHSII0T CBOW CBOWCTBA B 3aBUCUMOCTHU OT
HanNpPAXEHHOCTN MarHUTHOrO NONA Ha
CNULLKOM HU3KMX ANS HEero vacroTax.
MoaToMy B Cny4ae MX WUCNONb3OBaHWA B

LLIMPOKONOJIOCHBLIX TPaHchopmaTopax 3TO
MOXEeT NPUBECTU K CYLLECTBEHHbLIM NCKa-
XEeHUsM, a B nepepatynkax — kK pasorpesy
marHuTtonposopa. HyxHo ob6sa3artenbHo
TECTUPOBATb INEMEHT HA ITOT MOMEHT U
npu HeoBXOAMMOCTU MEHSTL Mapky dep-
puTa IMbo yBENUYUTL pa3mepbl MarH1To-
npoeoga. dta npobnemMa MOXET BO3HU-
KaTb B NPUEMHMKAX CBEPXASIMHHbIX BOJH,
ec/iM NpUMeHnTL yaobHbie manorabapuT-
Hble roTOBblE U3AENUA U3BECTHbLIX GpeH-
poB. [laxe KOMbLEBLIE MarHUTOMPOBOAbI
avameTtpom 10...12 MM MOryT okasaTbCs
C/IMLLKOM ManeHbkuMM U Bbl3BaTb 3ara-
[o4HbIe nckaxexus. K npumepy, 4Tobbl na-
rOTOBUTL BXOAHOW TpaHcdopmarop npu-
émMHuka ans guanasoxa 0,009...30 Miy, B
cMmecuTene umnegaHcom 2x25 Om, npu-
LWNOCb MPUMEHUTL KOJLLEBOW MarHuTo-
npoeon avametpom 16 mm (M2000HM),
4TOObI HA yacToTax Huxe 30 kly He nony-
4yaTb gerpagaumio nuHeriHoctu. [eno B
TOM, 4TO B 3TOM JAnanas3oHe 4acTtoT
MMEIOTCH MOLUHble aTMocdepHble nome-
XU, KOTOPbIE N3-32 MHTEPMOAYNALMOHHbIX
nckaxeHun B ¢eppute "pasmaxyTtca’ Ha
BECb AManasoH npvéma.

B oTevecTBEeHHOWN ObLITOBOW paguose-
waTenbHOM annapaType BCTpevaloTcs
cnenyowme mapkm deppuTtos 06Lero Ha-
3Ha4YeHusa 1 xopollen aocTynHoctn. OHm
no-pasHomy BAMSIOT Ha Ao6poTHocTL KU:

— "markue” deppuThl Mapok
M10000—2500HM(HMC) npumeHsioTCa B
MMNYNbCHBLIX 610Kax NUTaHMA Ha YacToTax
no 100 kl'u, 1 B dunbTpax NO NUTaAHUIO.
J[o6pOTHOCTb — HEBLICOKAs M3-3a Cylue-
CTBEHHOW 3nekTponposogumocTu. Ona
dUNLTPOB C BLICOKOW CENEKTUBHOCTLIO
OHW He NOAXOANT;

— "markne" depputbl Mapok M2000—
1000HM npumeHsiioTCA ANs rnobanbHbIX
3apay punstTpaumm B ob6nactu HacToT oo
500 kl'u. B wmpokononocHsix TpaHcdop-
maTtopax wugeanbHo NpUMeHuTb depput
M1500HMC, ocob6eHHO, ecnu 4epes
06MOTKY npoTekaeT MOCTOSHHbLIA TOK.
Pagnoniobutenn 4acto npumeHsioT dep-
puT mapku M2000HM wn3-3a ero poctyn-
HOCTW B Pa3NM4YHOM KOHCTPYKTUBHOM
MCMNOMHEHUN, HO HE BCeraa U3-3a ero ny4-
Len NpUroaHoCTy,

— dpepputsl M1000HH n M600HH npu-
MeHsaTca ana 0obpoTHbix HY-dunsTpos
Ha vactoTax 1...300 kI'w;

— na vyactotax 150...500 kl'y, B 0OCHOB-
HOM npumeHsioTcs $pepputel M600HH 1
M400HH B 0o6pOTHLIX pUnsLTpax;

— Ha 4vacTtoTtax 400...2500 Iy vawe
Bcero npumensietca depput M400HH B
konebaTenbHbIX KOHTYpax;

— B nocnegHee Bpemsa depput onsa
cneuobopynosanus M200BHIN naxoant
cebe popory, oH obecrneymBaeT BbICOKYIO
[OBPOTHOCTL HA HYXHUX KB-pauanasoHax,
a HavacToTtax 30...200 MI'y xopouwo pabo-
TaeT B LUMPOKOMONOCHbIX TpaHchopmaTo-
pax;

— Ha vyactoTax 2...20 Ml'y npumenseT-
cs depput mapkn M100HH;

— Ha yvacTtoTtax YKB npumensioTcs B
ocHoBHOM ¢eppuTtbl 30BH n 20BH, a
depputbl T00HH 1 50BH moryT cnyxunTb
B LUMPOKOMONOCHbLIX TpaHcdopmaTopax
Ha YKB n CBY. Ha atux yactotax B KMA
4acTO WMCNONL3YIOT MOACTPOEYHUKU U3
anioMUHUA Unn naTtyHu. MNoacTpoevHukn
13 UBETHbIX METaNNOB C XOpOoLeW NpoBo-
ANMOCTbIO YMEeHbLAaT UHAYKTUBHOCTb

Ha 10 % v Nnpu 3TOM Mano yxyawatoTt 0o6-
POTHOCTb.

B HEKOTOpPbIX CNy4Yasx €CTb CMbIC/ KOM-
6uHupoBaTtb deppuTsl, 4TOoOLI Ha "YacTo-
Tax npobena” NONy4YnUTb KAYEeCTBEHHLIN
pesynstat. K npumepy, COCTaBHOM MarHu-
TonpoBon u3 depputos M100HH wu
M400HH moxeT obecneunTb BbLICOKYIO
[DoOpOoTHOCTL Ha u4acTtotax 2...4 Mlu.
MOXHO paclmpuTs AnanasoH padoymx
4acToT WupokononocHoro BY-tpaHc-
dopmaropa, NPUMEHNB OBa KOMbLEBbLIX
MarHuTonposoga: oauH — un3 depputa
mapkm M2000HM, ppyron — n3 dpepputa
mapku M400HH, n nepekpbiTb Ananaso-
Hbl [1B-CB-KB ¢ upgeansHoi pasBHOMep-
HOCTbIO AYX.

BY-TOokn npoTekalT He No BCEMY ceve-
HUIO 0OMOTOYHOro MNPoBOAA, NO3TOMY C
POCTOM 4acTOoTbl B Npouecce npoBoAu-
MOCTU y4aCTBYET TONbKO MOBEPXHOCTb, a
rnybuHa MPOHWKHOBEHUS TOKa COCTaB-
naeT gecatku mukpomeTpos Ha KB n ean-
HUUbl MukpomeTpos Ha YKB u CBY. 3710
CTAHOBUTCS 3aMEeTHbIM elE Ha YacToTax
JAB-avana3oHa u CylweCcTBEeHHO yxyalaet
nNpoBOANMOCTbL Ha YacTtoTax CB. MNpu pas-
6opke CcTapbiX PagvuoOnpPUEMHUKOB Mbl
Haxoomm Bo MHorux KW (1 Ha marHutHoM
aHTeHHe) NPOBOA, B BUAE MHOMOXMUILHOIO
MCNONMIHEHUS — AUTLEHAPAT (0T Hemeu-
koro litzendraht — npoBonoka W3 TOHKMX
HUTE). ITO peleHre No3BoNUT Npu TomM
Xe oblem anameTpe NpoBoaa NOJMyYnUTb
HamMHoro 6onblie npoBoAsilel nosBepx-
HocTu. Ha wactoTax oo 2...4 MI'y ato cpa-
60TaeT, HO Bbille CHOBa NPOCTOM NPOBOA,
paboTaet nyywe. MNpobnema B TOM, 4TO C
pOCTOM YacToThi BY-Toku "BblgaBnneaoT-
ca" paxe n3 obvema nuTueHagparta, u
Toraa oH paboTaeT Kak Nyjoxoi NPoBoOf, C
PLIXNOM NOBEPXHOCTLIO.

leomeTtpuyeckas ¢urypa kpyr ooxsarbi-
BaeT C MMHMMASIbHBIM MEPUMETPOM MaK-
CUManbHylo NnoLaab, 4To B Nepesoae Ha
CcBOWCTBa NPOBOAA KPYrNIOro Ce4eHus 03-
HayaeT, YTO Mbl C MUHUMAJIbHON NOBEPX-
HOCTbIO MOXEM HamMOoTaTb MakCumasnbHOe
konuyectso M™etanna. [Ona ceTtesBoro
TpaHchopmaTopa Ha yacToTax 50...400 Iy,
3TO naeanbHoe peLleHne, HO Ha BbICOKMX
YacToTax 3TO — MJIOXOW BapuaHT, no-
CKOJNIbKY MeTan BHyTpY NpoBoaa B NPOBO-
AMNMOCTU He yyacTsyeT. [loaTomy B ocobo
Ka4yeCTBEHHbIX KOHCTPYkumsax Ha KB-YKB-
CBY ™Mbl Hangém nnockne (NeHTo4HbIe)
npoBoAa, KOTOPble C MUHUMANbHLIM
ob6bEMoOM MeTanna (macca, CTOMMOCTb)
06pasyloT MakCUMasibHYI0 MOFOHHYIO
noBepxHocCTb. MNpumep Hangém n3 Npo-
deccuroHanbHom TexHukm KU ¢ Hane4véx-
HbIMU Ha kepamMunky 06mMOTKamMun U3 nNNoc-
Koro nocepebpéxHHoro nposoaa (puc. 5).

B cBA3M C 3TUM 4acTo BO3HUKaET
BOMpPOC, @ CTouT NI cepebpuTb nposoa?
Ecnu nocmotpets B Tabnuue nposoau-
MOCTU pasHULy Mexay mMeabio u cepeb-
pOM, TO OHA MWHMMAsbHaA, U HE 3TUM
MOXHO KOpEeHHbIM 06pa3oM yny4lartb
nobpoTHocTb. Ecnu nonuposats no 6nec-
Ka meab u cepebpo, OHWM NPaKTUYECKN Ha
yactoTax Bbilwe 30 MIy 1 40 HeCKONbKNX
rurarepy, obecnedmBaldT OAMHAKOBO
OT/IMYHYIO0 NPOBOAMMOCTL. [MTpoHnema BO3-
HUKAEeT CO BpPEMEHeM, Korga nosBuTCH
koppo3ausa. Ecnu 6bl Mbl cMornn rapaHTu-
poBaTbL paBHOMEPHOE MOKpbLITUE AByXBa-
NeHTHON okucblo CuO (4épHas), To Npob-
nem He 6bino 6bl. K coxaneHuio, meab B
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peanbHOCTM HanMOET cebe B BO3ayxe
MHOF0 4ero okucrnslwero n obpasyert
Pa3HOLIBETHYIO MOBEPXHOCTb, HEMNPUIOA-
Hyl0O MHorga gaxe gns pabotsl Ha HY n
TOYHO He AN1F BbICOKOAOOPOTHOMO KOHTY-
pa. Hanecenwne cepebpa B xyaLuem cnyyae
[ACT KpacuBbI aHTUKBAPHbLIA YEPHLIN
HanéT, Ho oH mano spegut BY-TOKam no
NOBEPXHOCTU NOJA, OKUC/IEHWEM, 3ITOT
HanNET POBHO NEXWT Ha MeTanne n BeaeT
cebs kak ngeasnbHbli n3onatop. Ans wryy-
HOrO N3rOTOBJIEHNS BLICOKOKA4YE€CTBEHHON
KN MOXHO o4mcTuTb Meab cnaboi kmcno-
TOM [0 OOAHOPOOHOW PO30BOM MOBEPXHO-
CcTW, nonvposatb A0 6Gnecka u MNOKPLITb
YCTOMYMBLIM Heoprannyeckum nakom. C
TEM X€ yCcnexoM MOXHO peanu3oBaTb
nHayktueHele CBY-anemeHTbl Ha nevart-

HbIX MnaTtax, ecnn mMegHyl NoBEepPXHOCTb
vaeansHo 06paboTaTth U NOKPbLITL Heopra-
HUYECKUM NTAaKOM, MUHUMasbHO NCNOSb30-
BaTb NPMNO U3 0N10Ba.

M3mepeHHas Ha HU3KUX YacToTax fo6-
POTHOCTb HE COBMaAaeT Co 3Ha4YeHNeM Ha
6onee BbicokoW paboyein yactoTe. Ho, Tem
He MeHee, 9TOT pe3ynbTaT MOXeT noacka-
3aTb TeHAeHuMio npu mMoamndukauuu.
Lo6poTHOCTL CnepyeT naMepsiTb Ha pabo-
4nx vactotax, Ho uameputenn RLC agnsa
yacToT Bbiwe 100 kl'y, — o4yeHb goporue.
3aTo WMpOoKO pacnpoCTPaHEHHbIe name-
putenn AYX m VNA (Vector Network
Analyzer — BEeKTOPHbIl aHanna3aTop uenu)
MOryT 3TO obecneunTb, Aaxe B NPOCTOM
vcnonHeHun. ns atoro Kk uccnepyemoim
KW nogknio4aloT Ka4eCTBEHHbLIN KOHOEH-

catop (kepamuka NPQO) ans poctmxenus
pe3oHaHca Ha Tpebyemown vacTtoTe. ITOT
napansiensbHbii  KOHTYpP  NoaknioYaloT
OOHUM KOHLIOM K BbIXxo4y nameputens

A4YX, Opyrum KOHUOM — K ero Bxoay
(50 Om) no npumepy, NOkazaHHOMY Ha
puc. 6.

Ha yacToTe napannensHoOro pesaoHaHca
Fo npu 6Gonbwoin gobpoTHoCcTM 06pasy-
etca rnybokuii nposan. Hapo wameputb
nonocy nponyckaxus AF; Ha yposHe +3 ob
OTHOCUTENIbBHO MaKCUManbHOM rNyOuHbI
3TOro nposana n BLIMUCAUTL JOOPOT-
HocTb Q = Fy/AF; kOHTYpa. Ha puc. 7 no-
Ka3aH npumep kavectseHHon KM (nspe-
nne Q-3997 nHAYKTUBHOCTLIO 35 MKIH)
ana Tpakta MY (2513 klMy) B KB-npnémHn-
Ke, mMapkepbl 3 U 4 ykasbiBalOT rpaHuLy
nonockl NPONyckaHus.

Hanpumep, namepera AF; = 18 kl'y, Ha
pe3oHaHcHol yactoTte Fy = 2495 Iy, no-
3TOMy cobcTBEHHAs AOOPOTHOCTL COCTaB-
ngeT Q = Fy/AF; = 2495/18 = 138. Ecnm
CNOXHO W3MEPUTL MONOCY NPONyCKaHUs
Ha ypoBHe +3 ob, eé MOXHO onpenenuTb
no mameHeHunio dassl curHana Ha *45°
B6AM3N nepexona 4vepes Honb. MoOXHO
YCTaHOBUTbL NOCNeAoBaTefIbHbIA KOHTYP U
B M3MEPEHNN yYnTbIBaTh UMNELaHC BXoaa
1 Bbixoa npubopa. 310 cpaboTaeT nyuiie
npwn pobpoTHOCTM KOoHTYpa Gonee 200, a
TakXe W Ons TBEPAOTEJIbHbIX PEe30HaTo-
pOB.

2.4.2. Pabouyas no6poTHOCTb

KonebatenbHbiit LC-kOHTYp He co3pa-
€TcA ons ropgoro oguHoyectsa B Npo-
CTpaHCTBE, OH [OMXEeH B3auMOOEenNCTBO-
BaTb C APYrMMW y3namu, Takumm Kak
VCTOYHUK 1 NOTPEBUTENDL CUrHaNa, 1 Kax-
aui "obnapaeTt” CBOUM peanbHbIM akTUB-
HbIM MMMEAAHCOM, KOTOPLIA TONIbKO CHU-
XaeT C TPYAOM OOCTUMHYTYIO HEHar PyXXeH-
Hylo (cOBCTBEHHYIO) 06pOoTHOCTL. Mony-
YaeTcs, Mbl 3ps cTapaemcsa Npu U3roTos-
neHnn BbicokopobpoTHbIx KU n KMiN?

CyLuecTByIOT ABa NPUHLMNNANLHO pas-
HbIX Moaxoda K MCMoNbL30BaHWIO koneba-
TenbHoro LC-KOHTypa, v WHOTrAa HyXHO
HaWTX KOMMPOMUCC MEXAY HUMMU.

2.4.2.1. PeXum BbICOKOI
CeNneKTUBHOCTU (M30upaTenbLHOCTH)

B pexvme BbICOKOW N3bupaTensHoCTH
CyTb NOAX04a COCTOUT B TOM, YTO NOAKJIIO-
YéHHble K konebatensHomy LC-koOHTYpy
y3/ibl Masio racsit ero pe3oHaHc, paboyas
HarpyxeHHas p[oOBPOTHOCTbL OCTaETCH
BbICOKOW. K npumepy, napannienbHblii KOH-
Typ Ha uactoty 10700 kl'y, npu pobpoT-
HocTn 100, nugyktmeHocTv KU =6,71 MkIH
M EMKOCTU KOHTYPHOro KoHAaeHcaTopa
C = 33nd wumeer cobBCTBEHHOE pe-
30HaHCHOe conpoTusneHne 45,1 kOm
(dopmyna BbIlLE) U NONOCY NMPOMNYCKaHUS
AF3;=107 kl'y. ECnv Harpy3nTb 3TOT KOHTYP
M3BHE OOMOSHUTENBHO Ha HAarpy3Ky Conpo-
TneBnennem 45 kOm, nonysaem pabouyio
nobpoTtHocT, Q = 50, 1 nonoca Takoro
KOHTypa 6yneTt AF; = 10700/50 = 214 «I'y.
310 roguTcs ana nonocosoro MNY-dpunst-
pa B paamoBewatensHom YM-nprnémnuke.
A Kakue y3/nbl MOXHO NOAK/oYaTh B Kadve-
CTBE UCTOYHMKA CUrHana v Harpysku B
pamkax 3asBneHHbIx 45 kOm?

MepBoe, 0 YEM HYXHO 3abbiTb, — 3TO
cornacosaHve. [leno B ToM, 4TO npeano-



naraemMble UCTOYHWK W Harpyska BMecTe
co3pgatot 45 kOm, a Tam ewwé konebaTens-
HbIl KOHTYP OTOGVpaEeT 3HEepruio Ha CBowu
45 xOm. MoaTomy He HanayTCcs onTuManb-
Hble YCNOBWS NS COrNacoBaHWA MexXay
WNCTOYHMKOM 1 Harpyskoi. B nyywem cue-
Hapun npu R, = Ruar = 90 KOM MCTOYHMK
6bin 661 HarpyxeH Ha 90 kOm un ewge
45 kOm o1 LC-koHTYypa, utoro — Ha
30 kOm. MoaTtomy Ha Harpy3ke OyneTt
25 % nanpsxenusa (Bmecto 50 % npwu
nonHom cornacoBaHun). K Tomy xe Toku
ewe n pasgensorca: 66,6 % — B peso-
HaHcHoe conpoTtusBnexHne LC-koHTypa,
33,3 % — B Harpy3ky. To ecTb B obLuen
CNOXHOCTU nepepadya MOWHOCTU CO-
ctasnset 50 %-33 % = 16,5 % no cpas-
HEHWIO C ONTMMasbHBIM COrnacoBaHvemMm, a
370 NnoTepwm B TpakTe 15,5 ab.

Ecnn 66l cobcTBeHHas OOOPOTHOCTb
atoro LC-koHTypa 6bina 6b1 200, TO ero
pe3oHaHcHoe conpoTuBfieHne 6610 Obl
90 kOm. YT06bI CHOBa MONy4UTL pabouylo
nobpoTHocTb 50 1 nonocy 214 k'L, HyXHO
rPy3nTb KOHTYP M3BHE Harpy3koi conpo-
TmBnexHvem 30 kOM, Ana 3TOro NCTOHHUKY
1 Harpyske "Bbinaget” no 60 kOm. Torpa
HanpsiXeHne Ha Harpyske 6b110 661 37,5 %

MOCTM 370 6bIN0 AeLlesne, Yem ewe OanH
kackag Y4 c namnoi, e€ TokoM Hakana u
KOMMoHeHTamu B 06Bsi3ke. C BHeApeHEM
TBEPAOTENbHLIX GUALTPOB (Kepamwuka,
KBapu, cnnaebl MeTanioB) coBCTBEHHas
[OBPOTHOCTL PEe30HATOpPOB BbipOCna Ao
500...30000, n Mbl MeeM B pacnopsixe-
HUM nonocosbie GUALTPLI C BecbMa
MasnbiM NPOXOAHbLIM 3aTyxaHUEM B UHTEp-
Bane 12...2 nb ona dunsTpaumm CMrHanos
CW, SSB, AM n YM.

2.4.2.2. Pexxum TpaHchopmaumm
uHNeaaHca

B aTom pexume paboyas 4o6pOTHOCTL
KW wnun TpaHcdopmatopoB Hu3kas, CO-
NPOTUBNEHUS WUCTOYHUKA W Harpysku
CYLLECTBEHHO MeHbLUe napannensHoro
pesoHaHCHOro conpoTtusneHus koneba-
TensHoro LC-koHTypa. K npumepy, ¢ no-
mMouubio LC-koHTypa Ha yacTtoTy 10700 ki,
npun po6potHoctn 100 (L = 6,71 mklH,
C =33 n® u Ry, = 45,1 KOM) Mbl XOTUM
cornacosatb Y4 Ha nonesbix TPaH3NCTO-
pax (MNT) cepumn KMN350 ¢ nbesokepamuye-
ckum  odunstpom (MKDP) wmnepaHcom
330 Om (puc. 8).

BUTKOB [OSIKHO BbiTb No/Nis = (11,1)72 =

= 3,33. Ecnu B KOHTypHOW o6mOTKe L2
20 BuTKOB, TO B 06MOTKE CBA3U L3 fOMKHO
6bITb LWEeCTb BUTKOB. TpaHchopmauus B
3,3 pasa (10,4 nb) meHsieT ycuneHue no
HanpsXeHWio, OT 3aTBoOpa K CTOKy Oyner
26,8 nb, a Ha BbiIxoge 0OMOTKM CBA3U —
16,4 ob, HO 3TO no-npexHemy 6e3 yyéTta
MKo.

BHYTpM NONOCHI NponyckaHus BXOOHOM
umnenaHc [K® paseH npumepHo
330 Om. OT1a Harpyska TpaHchopMupy-
eTca K CTOKYy u "BCNAbIBET" Tam kKak
[OMNONHUTENbHAs Harpyska conpoTuBsie-
Huem RZ2 = 11,1x0,33 kOm = 3,67 kOMm.
MoaToMy ons NONE3HOro cnekTpa BHYTPU
nonocsl nponyckanusa MK® ycuneHue ot
3arBopa k BbiBogam L3 ctaHet Ha 6 ob
MeHblUe (ans cornacosaHus). 3a npeae-
namu nonocel nponyckanua MNK® ero
BXOOHON WMMNEAaHC WM3MEHAETCH OYEHb
CUNbHO, HO Jaxe ecnn OH CTPeMuTcsa K
6EeCKOHEYHOCTH, yCuneHue He ctaHeT bec-
KOHEeYHbIM 6Hnarogapsa LWyHTUpYylOWemMy
conpoTmeieHnio Ry, > 3,67 kOm B uenn
CTOKa 1 cnacaeT TPaH3UCTOp OT neperpys-
KM MO HanpsXeHuo. [ns nonesHoro cur-
Hana nosiy4aeTcs nepegaya no Hanpsxe-

H Um=+15B | Ucm=+4B | | Unur Tt 206 -
| 1 Bbixoa
P 5 0% U578 —F
BrY B a3 +2n0nposopsa 3K Ll 367K LR = R
Cl2e G2 470 H o L [ i L 1 1 330
Biog |_|I I T i 6,7 MKTH
330 Om | L +35n0 I 8 nonoce MK
Z1 : ¥ NPOBOAKA U VT1 KN350 \ Q:>8 i
: § i TPpaH3ucTop Rpes = 1,83 kOm BHyTpy nonocsl MK R;; 330 Om
* N=-24 oreopn=4 +26,8 4B B3 KO
. 6mb | +168p +20,8 ab B nonoce MNKo 0 -10,4 b DL -6 4b ;
i +20,4 46 8 nonoce MK® o1 Bbixoga Z1 k Bbixogy Z2 i
Puc. 8

(BMecTo 50 % npu cornacosaHuu), a TOKM
pacnpegensiotcs Tak: 40 % — B koneba-
TenbHbI KOHTYP; 60 % — B Harpyaky. o
CpaBHEHMIO C naeansHbIM CornacoBaHnem
nonyyaem 45 % mowHocTn, U "HepgocTa-
ya" coctasnsiet 6,9 ob.

[naBHbIfi BLIBOO, — BbLICOKOCENEKTUB-
Hble LC-y3nbl He MoryT obecneuunTts manoe
npoxogHoe 3aTtyxaHuve. Ecnn xotum npwm
y3KOUi MofiIoce yMEeHbLUWTL 3aTyxaHue cur-
Hana, HYXHO YBENNYUTb COBCTBEHHYIO
nobpoTHoCcTL konebatenbHoro LC-KOHTY-
pa dunsTpa.

B aTOM npumepe npumMeHeHne oTAny-
HOro konebaTenbHOro KoHTypa ¢ Qp = 200
ymMeHbliano 3atyxanHme ¢ 15,5 0b po
6,9 ob, . e. Ha 8,6 pnb. Ha aTy pasHuuy (8
2,7 paza) MOXHO YMEHbLLUUTL YCUNEHUE B
TpakTe. A ecnu Tam 4YeTbipe KOHTypa, TO
nosbilleHne 4O6POTHOCTU KOHTYPOB AACT
pasHuuy B 2,7* = 53 pasa, v B pesynstate
NosIBNSIETCA BO3MOXHOCTb "CIKOHOMUTL"
uensin kackag B Tpakte YMNY. Mostomy B
CTapbix NaMnoBbIX NPUEMHMKaX Gbinu Npu-
MEHEHbI KOHTYPb! O4EHb BbICOKOM A0OPOT-
HOCTU. HecmoTps Ha 3aTtpaTbl Ha Takue
nonocosble LC-dunbtpsl ¢ gepxarenamu,
Kapkacamu u 6onblLIMMKM 3KpaHamu, a 3To
ObInn LieNble CNOXHbLIE Y3bl, NO cebecToun-

CornacHo pokymeHTaumm (1 Ha npak-
TUKe 3TO NOATBEPXAEHO) BbIXOAHAA NPO-
BOAMMOCTb Ha BbIxOoAe kackapa (cToke)
coctaBnser 250 MkA/B, 3TO BbIXOAHOW
nmnepaHc R22 = 4 kOm. K Hen nmeetcs
émkocTb ctoka 4 nd n ewé EMKocTb
2 nd® NpoBOAHMKOB HA NeyaTHOM nnare,
noaToMy KOHTypHas E€MkocTb OyaeTr
33 nd. Ecnm cTok Hanpsamyilo noakiio-
4nTb k LC-koHTYpy L2C6 (k L2), paboyee

pe3oHaHcHOe conpoTtusneHue R,
nerpagupyet ot 45 kOm go 3,67 kOM un
HarpyxeHHas  pobpoTHocTb  OyaeTt

Q. = 8,13. NMonoca nponyckaHus pacLum-
psetca go AF; = 1,3 MI'y n He nosnuseT
Ha CnekTp pagvoBeLLaTensHOro curHana
nonocoin 200 kly. YcuneHue no Ha-
NPsSXeHWIo (NacnopTHas KpyTM3Ha nepe-
DATOYHOW XapakTepucTukn MoNeBoro
TpaHauctopa S = 6 MA/B) oT 3aTrBopa K
cToky cocTaBuT K, = S+ R, =22 = 26,8 ab,
3710 6e3 yyéTta MKOD.

Hy>xHo paccuntats 06MOTKY CBsi3u L3 B
T1, 4TO6LI UMNEOAHC YCUNNTENBLHOIO Kac-
kapa k MK® 6bin pased 330 Om. Mpeob-
pasoeaHne mmnepaHca y L2 ocyuwecTs-
naetca B COOTBETCTBUM C DOPMynon
Rpe:«/Rm«b = (n|_2/n|_3)2 = 3,67 KOM/0,33 kOm =
= 11,1. CnegoBaTenbHO, COOTHOLUEHUE

Huio oT 3aTBopa k Bxoay MNK® Z2 He 6onee
10,4 ob. Ecnn Tyna ewé npubasuTb 3aty-
xaHue 6 ob B 06bi4HOM MK 13 npownoro
Beka, nony4yaem nnavesHbin koadpuum-
eHT nepepnayn 4,4 pb oT 3aTBOpA K Harpys-
ke 330 Om y Bbixopga MK® Z2. Ocraétca
COaTbCa U 3aKpblTb CBOW NPOEKT NpemMu-
anbHoro YKB-npuémHuka?

Bbipy4unT BXO4, C BLICOKMM UMMEAAHCOM
y Kackaga Ha TpaHaunctope cepun Krn3s0,
TaM MOXHO C TpaHcdhopmauvein BBepxX
nob6aBnTbL ycunexwve no HanpsxeHuto. K
npuMepy, MOXHO TpaHchHOpPMUPOBaTL
330 Om ot npeapigywero NK® B umne-
naxc 11,8 kOm ans 3aTBopa, 310 B 36 pa3
npw COOTHOLLEHUM BUTKOB 1:6, 1 nonyyatb
npupocT No nepenaYye HanpsxXeHus B
wectb pasd (16 ab). Takum ob6pasom,
MOXHO NOJy4aThb OT BbIXOAA NPeAbIAYyLLErO
MK® Z1 k Bbixoaoy nocneaytouwiero MNKo 22
ycunenue B 16 gb + 4 gb = 20 b, v ato
BMONHE CONUAHOE 3HAYeHne, Nony4eHHoe
npu TLWATeNLHOM COrlacoBaHUM.

MpoBeném aHanna nepegayn curHana
B y3ne ctoka. imnenaHc MK® tpaHchop-
MUPOBaAH K CTOKY C COMNPOTUBJIEHUEM
3,6 kKOM 1 B3aMmoaencTeyeT C BbIXOOHLIM
conpoTuBneHnemMm TpaHaucTopa (4 kOm)
napannefnbHo, OT HUX NoJy4aeTcs nmne-
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naHc ctbikoBku 1,9 kKOm. K y3ny nogknio-
4éH LC-kOHTYp, KOTOpPLIA Npu cOBCTBEH-
HOM Rye; = 45 KOM yMEHbLUINT UMnNeaaHc B
uenu ctoka go 1,8 kOM 1 13 Hero norno-
waet 4 % y3noBOro CUrHanbHOro Toka, a
96 % ocTaHeTcsd, noaToMy 3pdekTus-
HOCTb Mepenayn curHana xopoLuas.
BbiBOog, Takon — npu MCnoibL30BaHUU
konebatensHoro LC-koHTypa ans TpaHc-
dopmMaumn vmnepaHca Hy>XXHO MOAKMIO-
YEHHLIMU Y3N1aMWN CYLLECTBEHHO CHU3UTL
Pe30HaHCHOE COMPOTUBNEHNE U NPUOPU-
TETHO pewuTb 3agadvy CcornacoBaHus
Mexay WCTOYHMKOM W Harpyskon. Mpwu
3TOM OT KadecTsa camMoro konebarensbHo-
ro koHtypa (BY-tpaHcdopmatopa) He
HaO0 OTKa3biBaTbCA pagwn ero yaeluesne-
HUSA, HYXHO gocturatb nydwero KN4
TpaHcdopmauun. B npumepe Bbilwe Mbl

3TOT NPOLECC B3aUMHbIV Ana AByx 06mo-
TOoK. Ona KMW ¢ deppntoBbIM MarHuTo-
NpPoBOAOM THNa "raHTens” NHOYKTUBHOCTL
nagaet oo 5...2 %, B 3aBUcCuUMoOCTM OT
yucna cnoés B obmoTke. Y BY-TpaHcdop-
MaTOPOB Ha KOMNbLEBbLIX MarHMTONPOBOAAX
N TpaHconykTopax (6uHOKNAX) OCTaTou-
Has WHAOYKTUBHOCTb MOXET AocTuratb
3...0,1 % v MOXeT cTaTb COM3MEPUMON C
napasvTHOM WHAYKTUBHOCTLIO BbIBOOOB
nsgenus.

Ona npegsapuTenbHOro Uan cpaBHU-
TEeNbHOro aHanusa kadecrtsa BY-TpaHc-
dopmaTopa MOXHO AenaTtb Takoh TecT
Ha KOpPOTKOE 3aMmblkaHune C O0ObIYHbIM
RLC-meTpom Ha yactoTe 10...100 kl'u. Ho
nyywe 6bl yTOYHUTL kavecTBo BY-TpaHc-
dopmaTopa Ha oxupaembix pabouunx
yacTtoTax. Ons 3TOro MOXHO WMCMONL30-

KacHOro Tuna caenaHbl Ans pasmeLleHns
0OMOTKM CBA3M B HMXHEN 4acTu Kapkaca.
OpHako, ecnn TpebyeTcs Ha KapKacCHbIX
KMW nony4yaTtb BICOKYIO 3PP EKTUBHOCTL 1
cBA3b 0OMOTOK, HY>XHO 0OMOTKY CBS3n
pacnpenenutb Mo BCeW OJMHEe kapkaca,
KaK N KOHTYPHYIO, NPy 3TOM XenaTtenbHO
MCNONb30BaThb Ha Kapkace y4acTok He
6onee 2/3 OT ANNHLI NOACTPOEYHMKA.

KMW ¢ marinTonpoBoaoMm "raHTensHo-
ro" Tmna He MeHSAIT COOTHOLEHNE NHAOYK-
TUBHOCTEW, YTO OCOOEHHO BbLIFOOHO Ans
HanaxmeaHusa TpaHchopmaTtopa. O6moT-
K1 MOTalOT HEMNOCPEACTBEHHO Ha deppuT,
HaynHas ¢ 0OMOTKMN CBA3W, @ KOHTYPHYIO
06MOTKY HamaTbIBalOT CBEPXY, HAYNHas C
XO/IOAHOrO KOHUA KOHTYpPHOW 0BMOTKM,
ONA CHUXEHUSA BAUAHUA EMKOCTU Mexay
obmoTkamMm Ha pabo4ymin Pe30HAHC KOH-

5,':, "ncnoptunn” OOGPOTHOCTL KOHTypa B  BaTb uameputens AYX (VNA) B cxemax, TypHOU OOMOTKM. AHANOrn4Ho Hago no-
o uenu ctoka B 12 pa3 xuTpbiM BbIOOPOM  MOKa3aHHbIX Ha puc. 9. cTynarb C aBToTpaHcHOpMaTopoMm, Hauum-
. "nnoxoro” TpaH3uctopa cepuun KM350.
i ‘ YcraHoska 6onee cosBpemeHHoro MT |
r (BBICOKMIA BLIXOAHOW WMMEAAHC OKONo uameputens AYX (VNA) uameputens AYX (VNA)
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20 kOM) Hu4ero He MeHanNo 6bl B 4acTu
uMmnegaHca Ha CToke, HO NMPULWNOCHL Obl
ero yMeHblMTb YCTaHOBKOW pesuctopa a (

napannensHo LC-koHTypy, Takoe petueHve CW GND %3
4YacTo Buaum B cxemax. MNpupocT KpyTna- 7
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BpemenHoro MNT go 12...20 mA/B pan 6bl
addekT No ycuneHuio AONOSHUTENBHO Ha
6...11 gb, 4TO OoTY4aACTN MOXeT okasaTbCsH
U3IULIHUM.

2.5. B3aumocea3b 0OMOTOK
B BY-Tpancdopmarope

B npeane cBs3b 06MoTOK BY-TpaHc-
dopmartopa gonxkHa 6biTe 100 %, 4TOObLI
BCTynanu B CU/y BCE KpacuBble NPOCTbie
dopmynbl 0 TpaHchopmaTopax. Ho kakum
06pa3omM OuUeHUTbL B3aUMOCBA3b y peanb-
HOro nuspenua? Y ceteBoro TpaHchopma-
Topa Ha yactoTe 50 Iy MOXHO MyNbTUMET-
POM U3MEPUTHL TOKW M HaANPsXeHUs, 1 BCE
CTaHeT NOHATHO. HO Takown nopxopd Aact
cOoin ewe Ha ayguodacToTax 4na TpaHc-
dopmaTopos B namnosom YM34.

Ons BY-TpaHcdopmaTtopoB O4YEHb
yOO6HO OUeHUTb CBS3b O0OMOTOK Yepes
nepenadvy KOpoTkoro 3amMblkaHus, pasyme-
eTcsl, NPy HEONACHOW MOLLIHOCTY TECTOBO-
ro curHana. CmbIiCn Takoro Tecta cocTouT
B TOM, 4TO Yy 06MOTOK TpaHcdopmaropa
MMEIOTCA CBOM OTAENIbHbIE 3Ha4YeHus
WHOYKTUBHOCTW, @ €CNK Yy OOHON 06MOTKM
Bbl3BaTb KOPOTKOE 3amblkaHue, TO O0JIX-
Hbl "0BHYNATLCA" BCE MHAYKTUBHOCTU nae-
anbHOro TpaHcdopmaropa, NpuU ITOM
RLC-meTp pomkeH nokasaTb y Bcex 0O6Mo-
TOK TpaHchopmaTopa HyneBylo NHAYKTUB-
HOCTb. OTKNIOHEHME OT Hyns — 3TO Mpo-
ABNEHUE HEKAYeCTBEHHOW CBA3U. ITOT
meTon Takxe paboTaeTr Ona CceTesbiX
TpaHchOpPMaToOpPOB, ECNV U3MEPUTENbHLIN
npubop paboTaeT C TECTOBLIM CUTHANOM
Ha yacTtoTte 50 'y (cuHyc). MoxHOo Takxe
TECTMPOBaTbL NPUroAHOCTbL “XeneaHoro”
TpaHchopmartopa gns namnosbix YM3Y,
€C/I NPOBOANTL TECT B Avana3oHe 4acToT
50...20000 T cuHycomganbHbIM CUrHa-
JIOM.

Y BY-TpaHchopmaTopoB CcpenHero
kayectBa (kapkacHbie KIW) octato4yHas
WMHOYKTUBHOCTL coctasnseT 10 % ot non-
HOW MHAYKTUBHOCTU 0B6MOTKWU. lMpu aTOM
HE BaXHO, y kakoin 06MOTKM BbI3BaTb
KOPOTKOE 3aMblKaHWE W y Kakoii N3MepATh,

- T
ouetb kopotkoe 00D
3amblkave .
| nocneaosaTenbHbli Tect
Puc. 9

BapuvaHT ¢ nocneposaTenbHbIM BKO-
yeHnem obmoTkn (puc. 9 cnesa) pacT
npasoonofobHbI pe3ynstat Ans TpaHc-
dopmaTopoB B y3nax CONPOTUBNEHWEM
6onee 50 Om, a BapmnaHT C napannensHbiM
BKJllo4eHnem (puc. 9 cnpasa) facTt BO3-
MOXHOCTb OUEeHUTb 3PEPeKTUBHOCTL pa-
60Tbl TpaHchOpMaTopa B y3nax umnenaH-
com meHee 50 Om. Tectupyemasi o6moTka
[onxHa cebs BeECTU Kak KOPOTKMIA MPOBOA,.
OyeHb BaxHO OTkanubpoBaTb M3Mepu-
TenbHbI NPUMBOP ANA OYEeHb KOPOTKOro
npoBoga Mexay nopraMmn, uHaye OH Bbl-
[acT HecyuwecTtsylowmin kabenb n3 npe-
Opiaywmx kanubposok 1 "npunuweT” Nno-
XOWN pesynbraT cTapaTtefibHO U3rOTOBNEH-
HOMY TpaHcdopmatopy. Mpu napannens-
HOM TEeCTe 04YEeHb BaXHO MMETb LLUNPOKYIO
NEHTY 3a3eMneHusa Mexay nopramv npwm-
6opa.

2.5.1. Pa3melueHune o6mMOTOK
Ha Kapkace

YacTo BO3HMKAET 3ajaya U3roToBUTb
pe3oHaHcHbIn BY-TpaHcdopmatop (KIMA)
C KOHTYpPHOW OOMOTKOW M HebOoNbLLIOW
06MOTKOM CBAA3M Ha UMeLWemMcs nopa
pykon kapkace. Octanocb onpenenunts,
KaK 3T 06MOTKM pacnpenennTs Ha kapka-
ce. CrtaHpapTtHOe pelueHne COCTOUT B
TOM, 4TOGbI NPY NPOKPYTKE NOACTPOEHHN-
Ka HEe U3MEHSIAaCb UHOYKTUBHOCTL OOMOT-
K1 cBf3n, koroa cam LC-koHTyp nepe-
cTpamBaeTcs ¢ 60/1bWLVM NepekpbITUEM Mo
vyacTtote. MoeanbHo 6bino Obi, ecnv npwm
NPOKPYTKe NMOACTPOEYHMKA COOTHOLLEHNE
VHAYKTUBHOCTEN 3TUX OOMOTOK HE MeHs-
nocs.

O6GbIYHO NS OTEYECTBEHHbIX 6ONbLLMX
kapkacHbix KM npegnonaraioT o6MOTKY
CBA3W pa3meLLaTb B BEPXHel 4yacTun kapka-
ca, a MuHMaTiopHbie umnopTHele KIMNW kap-

04eHb KOpoTKoe ‘L-)%_/\—j T2

3amblkatve .
napannenbhelf Tect |

Ha\ MOTaTb C XONI0QHOI0 KOHLUA Ha "ronom”
deppure.

2.6. UckaxeHus B GeppuUTOBbIX
MarHuTonpoBoAax

3T01h Nnpobneme yoensaoT Mano BHUMa-
HWA, 0ObIMHO BCE HENMHENHbIe CBONCTBA
pPagnoTEXHUYECKMX Y3108 NPUNUCHIBAIOT
nonynpoBOAHUKOBBIM KOMMOHEHTam, no-
3TOMYy NoAB60pOM TPaH3MCTOPOB, ANOLOB
Y MUKPOCXEM U UX PEXMMOB CTapaloTCcs
ynydwaTh IMHerNHOCTb paguoTpakta. Kak
nokasan aHanu3 3aBOACKUX MPUEMHUKOB
"OkeaHn" u Selena, 3HauuTenbHas 4acTtb
NcKaxeHui Ha Bbixoge AM-TpakTa BO3HU-
KaEeT He B NOJIyNPOBOAHNKOBbLIX KOMMNOHEH-
Tax, a 8 KW/KIMW n B koHpeHcaTopax v3
kepamukn HI0, ycTaHOBNEHHbIX B kKoneba-
TENbHbIX KOHTYpPaXx.

Peub npéT, B nepsyio o4epenp, 0 npo-
ABNEHUN NHTEPMOAOYNALMOHHBIX NCKaxe-
HUl TpeTbero nopsaka (IMsz), Tak kak mx
cnekTpanbHble COCTaBASIOWNE HAXOAATCA
B HEMOCPEACTBEHHOM COCE/CTBE C nones-
HbIM CUIHANOM U MOFYT NPOXOAUTb
KaHanbHble GULTPLI TpakTa A0 BbLIXOAA.
NHTtepmopynsumio B uenom u Mz B
OTAENbHOCTY B heppuTax ClIoXHee ycTpa-
HUTb, Yem B nonynpoBogHukax. Ecnu B
TPaAH3UCTOPHLIX U ANOAHLIX Kackaaax npu
CHUXEHUN ypoBHS curHana Ha 10 ab ypo-
BeHb IM; cylwecTBeHHO 1 npeackasyemo
ymexbuntes Ha 30 b, To B depputax B
Takowm xe cutyauuu IM; CHU3NTCS npumMep-
Ho Ha 10 pb oTHOCKUTENBLHO CUrHana.

TyT HYXHO BCNOMHUTL O paboTte kone-
6atenbHoro LC-koHTypa, nockonsky KN n
KOHTYPHbI KOHAEHCATOP NpY pe3oHaHce
06MeHNBAIOTCS 3HEprneil NocpencTsoMm
ToKa, KOoTopbii B Q pa3 6onblue, 4em cur-
HanNbHLIN TOK, NocTynalowmin Ha LC-KOHTYp
n3BHe. Pe30HaHCHbLIA BHYTPEHHWIA TOK



MOXeT [0CTUratb 3Ha4yeHUn HEeCKONbKO
MunaMamMnep, 4To npu 6onbWOM Yucne
BUTKOB MOXET BblBECTU ManorabapuTHbIn
deppuTOBLIi MarHNTONPOBOA, U3 NINHEN-
HOW YacTu xapakTepucTuku. K npumepy, B
npuémuuke "OkeaH-214" npu nocrtynne-
HUK curHana pasmaxom 20 mB ¢ AM 50 %
Ha nocnepHuii kackag Y4 c APY (VT10) B
bunbTpe cocpeaoTOHEHHON cenekunm ns3
natM BbIcOKOAOBPOTHLIX LC-KOHTYpOB
(Qo > 250) BHYTPM AM-CcurHana yposeHs 1c-
KaxeHunn pocturaet yposHs —33...-40 ob.
TecT 661N NPOBEAEH NPU OTCYTCTBUM TPaH-
3UCTOPOB, H4TOOLI OHM HE BNUSANWU Ha pe-
3ynbrart. Mpy 3ameHe BbIXOAHOIrO KOHAEH-
catopa C34 (émkocTtb 10 HP, kepamu-
ka H90) koHOeHcaTopoM u©3 KepamMu-
k1 NPO ypoBeHb WCKaXeHuih HEeMHOro
YMEHbLUMACA, HO OCTasiCa Ha YpOBHE
—-36...-43 pb. No aToi npuynHe He yaacT-
ca popabotatb 3asoackont YMNY ana nony-
yeHus nckaxenuii npy AM mexee —46 pb
NPY MOLLHbIX CUrHanax.

Beuagy Takmx 0OCTOATENLCTB HYXHO
[enaTtb HECKOMbKO BbIBOOOB:

— nHTEpMOAynauna B GeppuToBbIX

MarHMTONpPOBOAAx Nerdye BO3HMKaeT B
LC-KOHTypax npwm nx 04eHb BbICOKOW pabo-
yen (HarpyxeHHon) oO6POTHOCTU C ABHO
BbIPaXXEHHOW CENEKTMBHOCTbLIO, C PEe3KUM
nepexoaomMm B A4YX 13 nonocsl nponycka-
HWA B CKaTbl C 3aTyxaHvem. B wmpokono-
NIOCHOM TpaHCPOPMaTOPHOM pexunume
HaMHOro CNOXHEe Bbi3BaTb UHTEPMOAYNA-
unio;
— KW/KMNW pns BbICOKOCENEKTUBHbIX
LC-punsTpoB OomkHLI copepxaTb 06b-
éMHble peppuToBLIE MArHUTONPOBOALI C
60nblUMM CeHeHneM;

— uenecoobpas3HoO NPOBEPUTL BbLICO-
kocenekTusHoie LC-dunstpbl Ha nosene-
Hue IM; Npyn OXnaaemMom ypoBHE CUrHa-
noB. HTepMoaynsaiunsa MoXeT BOSHUKHYTb
1 BO BXOAHbIX nonocosbix KB-dunsrpax,
ecnu 6bina coenaHa crtaBka Ha CenexkTus-
HOCTb NMpW eLWe TepNUMOM 3aTyxaHum u
npu paboTe ¢ 60NbLLION aHTEHHO;

— MeHee KpuTuyHo BenyT cebs KM B
cocTtaBe ®BY n ®OHY, ecnu He Bo3HUKaeT
penkui cnyydan MOLLHBIX NOMEX Ha 4acTo-
Te pe3oHaHca 3arpaguTenbHOro KoHTypa,
M B HEM MOXET BO3HMKATb HasloxeHue
NMoMex Ha BCE Mosie3Hble CUrHasbl B Nono-
ce nponyckaxus GHY (PBY);

— na3mepenue IMz y BbICOKOCENEKTNB-
Horo YBY (YY) npu ogHOM ypOBHE ABYX-
TOHaNbHOro curHana MoxeTt AaTb COBep-
WEHHO HenpasaonofobHylo  KapTuHy,
ecnv npunucatb 0BHApPYXEHHYID WHTEep-
MOAYNALMIO YCUNUTENIBbHOMY 3/IEMEHTY.
HyXHO BbIiIBUTb "BUHOBHMKA" 1 MOBTOPUTL
M3MEPEHUSA NPU CHUXEHUW YPOBHS ABYX-
TOHaNbLHOrO CUrHana, kK NPUMepy, CHU3UTL
ypoBeHb Ha 6 ob. Ecnv ypoBeHb nHTEpMO-
nynaumm ymexbsluaetcs Ha 18 pb, nomu-
HUPYIOLWMM ObIN TPAH3UCTOP, @ €CNN CHU-
XeHue 6nmxe k 6 b, BEPOATHO, MHTEPMO-
nynauma Bo3HVKaeT B GeppuToBOM Mar-
HUTONPOBOAE WM B KOHAEHCcaTope C
HENVHENHOWN KepaMuKOIA;

— €C/I He U3MEHATb YPOBEHb TECTO-
BOrO CuUrHana, a 3amMeHuTb TPaH3uCTop
OPYrUM C MEHbLLUVM YCUNIEHWEM, HO C TOMU
X€ JIMHEMHOCTbLIO, MOXHO MONy4YUTb CO-
BCEM NOXHYIO KapTuHy. MIHTepmoaynauuns
B peppuTe yObIBAET HA Pa3HULY YCUNEHUA
TPaH3UCTOPOB, N "NNOXOMY" TPAH3UCTOPY
npunuwemM "4yao-nnHenHoCTb", KOTOPOK
Ha camoMm Jene HerT;

— manorabaputHole KMNW uenecoob-
pasHoO ucnonb3oBaTb B Kackagax, rae
paboyana [oOBPOTHOCTL Hebonbas, uam
ncnons3oBatb kak BY-tpaHcdhdopmaTtop
npv WWPOKOIN nonoce nponyckaHus. A B
KayecTBe BbICOKOCENEKTUBHOro ¢unstpa
nyywe 6bl Ucnonb3oBaTh TBEPAOTENLHOE
nsgenve (nbe3odunsTp UM KBapLEeBbIn
dunstp);

— anekTpomexaHudeckne Gunstpsl Ha
OCHOBE MHAYKTUBHbLIX Npeobpasosarenen

3. DopaboTtka (nepepenka) KMU

OueHb peako nokynaemslie U [AOHOP-
ckne KMW nooxopAT ons yCcTaHOBKW B
Halm yCTpoMUCTBa, MO3TOMY NOYTK BCeraa
npuaoétca mx nepepenats. Ona pabot ¢
KWN/KMW pekomeHayeTca KOMNAEKT UHCT-
PYMEHTOB U Marepuanos, MPUBEAEHHLIN
Ha puc. 10.

1 — 06MOTOYHbIE NAaKUPOBaHHbLIE MNPO-
Boaa guametpom 0,07...0,2 mm;
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MOFYT Bbi3BaTb 3HAYUTEJNIbHYIO UHTEPMO-
OYNAuUMIo, 9TO HYXXHO NPOBEPUTb Ha KOH-
KPETHOM n3aenuu;

— nHTEepMoAaynAumna 0cobo WHTEH-
cuBHO 0bpasyeTcs, koraa depput pabo-
Taet Ha "cBoux" 4acTtoTax M obmoTka
conoepxut 6onblwoe 4UCNo BUTKOB, a
ceyeHne mMarHmTonpoBoda  Manoe.
YBennyeHne pasamepoB MarHMTonposoaa
U3 TOl Xe Mapku depputa yMEHbLINT
HeobxoaMMoe YNCo BUTKOB B 06MOTKE 1
pacnpenenuT MarHUTHbIN NOTOK Ha pac-
wmnpeHHoe ceverue. o onbiTy, yBenuye-
HUe nuHenHbix pasdmepos KM n maruu-
TONPOBOAA B ABa pa3a CHU3UT UHTEPMO-
aynsaumio Ha 15...20 pb. Bopbba ¢ nHTep-
Mopynaumein B heppuTOBLIX MarHUTO-
nposogax — 970, B NEPBYIO O4epenp,
yBenuyeHne rabapuTtos, 4TO AOMNOJSIHU-
TenbHO pewnT NpobnemMsl ¢ NnapasnTHON
eémkocTbio KU/KTU;

— BY-deppuTthl HYXHO 6epeyb OT No-
cTosiHHbIX 1 HY-nonen, B TOM yncne ot
MOCTOSIHHLIX MarHmToB. HekoTopsle
deppuTbl OT 3TOMO MOTYT NOTEPSATL CBOU
BY-cBoiicTBa, 1 TONLKO MNOJHbLIA TEPMO-
UMKN BbiNEKaHUa 3TO MOXET BOCCTaHO-
BuUTb. Ecnn npu pemoHTe npowusowno
KOPOTKOE 3amblkaHne MO NUTaHUIO Yepes
obmoTky BY-TpaHcdopmaropa, ero ny4iue
3aMeHUTb NN xoTa 6bl NPOBEPUTL NNHEN-
HOCTb M yCUNIEHME y3N1a CO LUTATHLIMW CUr-
Hanamw;

— OT uHTEpMOAyNALUUN B GeppUTOBbIX
MarHMTONpPoBOAax MOryT CTpajaTb y3nbl
nepefaTynMkoB, HECMOTPS Ha BCE Mepo-
npuATUA NuHeapmn3aummn paboTsl TpaH3uC-
TOPOB.

2 — NpoBONOYHAA NETNa ANA PYHHOWN
CKPYTKM NUTUEHApaTa U XryToB;

3 — nameputens RLC ¢ wvactoTon
namepenus He meHee 10 kl'y, xenatensHo
100 kI,

4 — OTBEPTKM C XanoOM M3 KepamMukun
MW nNaacTMaccsl;

5 — nynbl OByX-TPEXKpaTHble U NATKU-
CeMuUKpaTHbIE;

6 — rnagkvin nuHUeT ans dwukcaunn
NPOBOAOB Ha BbIBOAAX KAPKaCOB;

7 — pydNéHbli NuHUET ¢ obpaTHbIM
3axBaTOM KakK TPETbSA pyKa;

8 — TOHKMWIA HE OCTpbIA, KNMHOOOPas-
HbI HOX-pe3akK A1 BCKPLITUSI 9KPaHOB;

9 — OCTpbIfi HOX ANS YUCTKM BbIBOLOB
1 Kapkacos;

10 — npunoin  MOC61 puameTpom
0,8...1 MM ¢ xopoLwmnm HNIOCOM BHYTPU;

11 — rnagkuve nnockoryoLbi;

12 — 6okopesbl;

13 — wnndosansHan MalumHka (rpasep)
(800...2000 06/MnH) C Menko3epHUCTOM
anmasHou Hacaakow ans obpabotku dep-
PUTOBBIX KOMELL, KAPKACOB 1 3KPaHOB.

KOHEYHO, HYXEH NasiNbHUK C XOpoLuen
TEMIOEMKOCTBLIO U MOLLIHOCTBIO HE MeHee
25 BT, KoTOpLI 06ecneynT Temnepartypy
Harpesa o 360 °C. MotpebytoTcs nak u
Knen, nnactMaccosblin kpenéx M3—M6
onsa deppuToBbIxX konew,. lna HaMmoTku Ha
deppuToBLIE KOMbLA BbIPy4aT LUBEWNHbIE
WrOnKM.

3.1. AemoHTax KNMU

O4eHb penko ygacTcs C MOMOLLbLIO
oTCcOCa yaanuTb BEeCb Mpunon u3 namku
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Bonpocsbi: consult@radio.ru

PAOMO Ne 12, 2024

KMW, Ho 31O 6bin 66 NPEeAnoYTUTENbHBIN
BapuaHT. B 60nblUIMHCTBE OTEYECTBEHHOMN
P3A c 0aHOCTOPOHHUMUK NEeYaTHbLIMKU Nna-
Tamu 370 cpaboTtaeTt, ocobeHHo, ecnu
CHavana ykopoTuTb BbIBOAbL! A0 AONYCTU-
MO O4NnHbl. ECnn 3TO M3HaYanbHo KaxeT-
CSl HEOCYLLECTBUMbLIM, Hanpumep, B UM-
NOPTHOI annapatype CcO CHOXHbIMKN
neYaTHbLIMM NnaTamMu n MeTanIn3npoBaH-
HbIMW OTBEPCTUSIMU, TO NPUAETCH "KNUH
BbIOWUTL knuMHOM". Ona 3Toro HabupaioT
60/bLLIOE KONNYECTBO MPUNOS HAa BbIBOAAX
KM, a Takxe Gaoc n ¢ NOMOLLUBIO TeNNO-
EMKOro nasfibHuka CTPeMWUTEeNbHO paso-
rpesaloT BCE cpa3sy M paBHOMEPHO, BLIKN-
[aloT [ONONHUTENBHYIO CEKYyHaY Ha rny6o-
Kui nporpes. 3apaHee ¢ o6paTHON CTO-
POHbI NNAaThl MMHLETOM C HAAEXHON PUK-
cauvenn nepxat KMNWU v nocne nonHoro
nporpesa BbITACKMBAIOT €€ OOHUM CTpe-
MUTEJNIbHLIM OBUXEHWEM, @ HE MEeNKUmMun
waramu 1 ¢ HaknoHom. lMpogonxutens-
HbIl Harpes co cnabbiM NasNbHUKOM pas-
pywaet KMNW. 3atem Hapo yaanuTb null-
HWI npunow Ha BbiBoaax K.

3.2. Pa3bopka KIMNWU n nogrotoeka
K HaMOTKe

Ecnn obmoTtku KIMWU uensie, cHavana
HafO yCTaHOBUTbL MOACTPOEYHWUK B Kpawn-
HEe HUXHee NONOXEHNe U U3MepUTb
VIHAYKTVBHOCTb rMaBHOW 0OMOTKM, NOTOM
npu KpanHem BepxHEeM MOJIOXEHUN NOoA-
CTpOEYHMKa, NP KOTOPOM OH YBEPEHHO
nepxutca 6e3 wartaHusa, ToXe U3MepuTb
VHOYKTUBHOCTb. [loTOM HalTu cpenHee
NOJIOXEHNE N N3MEPUTL LUTATHYIO MHAYK-
TnBHoCTb KMW. Bce napameTpsl 3anucsl-
BalOT, a Takxe TO, kKak Oblnn caenaHbl 0TBO-
abl nam obMoTkmn ceasn. VX MHAyKTUB-
HOCTb XenaTesibHO M3MepUTb NpKU cpen-
HEM MONIOXEHUN MOACTPOEeYHUKa. ITun

naacTMacCcoBbIVi Kapkac, Y OH MOXET CJ10-
maTbca. 3aTeM Hano BblAABUTL MK BbITa-
WNTL Kapkac M3 3KpaHa, npu Heobxoou-
MOCTU NOBTOPUTL ocnabneHue 3aweénok. Y
CEeKUMOHUPOBAHHbLIX KapKacoB nydlle
BbIKPYTUTb NOACTPOEYHUK U 3aMEHUTL Er0
BUHTOM C COOTBETCTBYIOLLEN Pe3LOOW, 1 C
€ro NnomoLLbIO BbIAABUTL Kapkac.

YpansioT 06MOTKM C NOACYETOM Yncna
BUTKOB, 4TOObI paccunTaTb yAesbHYI0 UH-
aykTusHocTb 9Tom KMA. K npumepy, paHee
N3MEepUNn MHAYKTUBHOCTL L = 360 MkIH 1
cmoTtann 100 BUTKOB (Nn), NoNy4nm yaens-
Hyl0 uHaykTusHoctb A, = 360000 HIH/
/(100-100) = 36 HIH/n? ans pacuéTa
yncna suTtkos HosoM KMNA.

. Puc. 11

[aHHble NONEe3Hbl TeM, 4TO nomorawoT
HaMTU HYXXHOE YUCJI0 BUTKOB O HOBOW
KMW, npumeHuB HahgeHHOe 3Ha4veHune
YAENbHOW NHOYKTUBHOCTU.

Y oteyecTBeHHbIX KIMNW pazbopka 06bi4-
HO KpaiiHe npocTas, a ¢ UMnopTHbIMK KM
3a4acTyl0 Oeno CJI0XHOe U BbipydaeT
KOPOTKUIA TOHKMIA HOX B BWAE MIOCKOro
knumHa. Ha puc. 11 nokasaH cneumansHo
ownndOBaHHbIA HOX A5 TOW 3a4a4un, OH
He O0JIXeH BbiTb OCTPLIM ANA NPOpPe308, a
MAOCKMM KJIMHOM Hago ybpaTtb BbICTYMbl-
3aLénkn Ha MeTanIM4eckom aKpaHe.

Wcnonb3oBaHne TOHKOW OTBEPTKN ANs
3TOW LIeNM CO34aCT TOHYEYHYIO Harpysky Ha

Mocne vypane-
HuA 0OMOTOK Kap-
Kac Hy>XHO npuBec-
TV B Nopsaok. Oum-
waT BbiBOAbLI OT
NUWHero npunos,
OCTaTkoB NpoBOAa
1 KOppo3uun. Beipy-
YaeT OCTPLIA HOX C
KOPOTKUM ne3Bu-
eM. OTtevecTBeH-
Hble KIMW cTpa-
patotT oT cnabown
dukcaummn BLIBO-

BOM kapkace. YnctuTb BbIBOAbI HOXOM
cnepyeT Bcerga B CTOPOHY kapkaca u
ybpatb npunoi oo ronon meaon. WHorpa
3KPaH CTOUT MNOYUCTUTL MENKOMN LLETKOMN
(Hacapgka rpasépa) n npupatb emy Hop-
ManbHylo GOPMYy U NPUATHBLIA TOBaPHLIN
BUA.

YacTto oTeyecTBeHHblE Kapkackl caena-
Hbl HeBpPEexHOo, B U3HOLWEHHOW Npeccdop-
Me, 1 LIBbI UMEIOT MeLuialoLme Heperynsap-
Hble BbICTYNblI U HamnbiBbl (puc. 12,a un
puc. 12,6). Wx Hapo akkypaTHO cpe3aTb
OCTPbIM HOXOM, Tak KakK 3TO CYLLECTBEHHO
0CBOBGOANT LEHHbIN 0H6BbEM HAMOTKMU, C
HannblBaMu caenaTb HOPManbHYIO OfHO-
CIOMHYI0 0OMOTKY He NoJy4nnocs Obl.

3.3. Mpumepbl BLINOHEHUS
o6mMoTOoK

O6MOTKM, NO BO3MOXHOCTU, HYXHO
BbINOJIHATL MNOJSIHLIMUW BUTKaMW, C BbiBeae-
HMEeM NPOBOAOB KPEeCT-HakpecT. Tak nony-
YaeTCcs Bcerga npeackasyembll 3aMKHY-
TbIVi BUTOK, AaXe ecnv OH OOuH.

CHavana 3anyxuvBaloT nNpPoOBO4 Ha
OOHOW CTOPOHEe, ero HamaTbiBalT Ha
BbIBOZ, U TaM NPUXUMAIOT €ro NMuHLETOM,
noka ewwé He nasioT. HamaTteiBaloT 06MOT-
Ky, BbIBOOAT NPOBOA K APYromy BbiBOAY U
06pes3aloT Ha HYXHYID OJIMHY C Y4E€TOM
HaMOTKM Ha BbiBOA4. BpemeHHO oTmaTbl-
BalOT Ha3apj OOuH Unn aga BUTka 06MOTKM
1 3anyxmBaloT BTOPOW KOHEL, nposoda.
BoccTtaHaBnmBaloT 0O6MOTKY M HamaTbi-

Puc. 13—
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._Puc. 14

L[Puc. 15

HamatbiBaloT 06MOT-
Ky, B 3TOM rnpumMepe 370
8+8 ButkoB, U Pukcu-
PYIOT KOHUbI NPOBOAOB
oOHWM  Kn3rmbom  Ha
KparHem BblBOAE 41K
panbHenwen obpeskn n
o6paboTku (puc. 15).

Moo4yepEenHo 3anyxu-
BalOT 3TV KOHLbI 1 OO0
M3 HWX HamaTbiBalT C
YMEPEHHON dukcaunen
Ha  KpauWHWi  BbIBOA
(puc. 16).

[ MpoBoastT wuamepe-
m Hue RLC-meTpom mexay
;2 CpefiHuM  BbIBOAOM 1
[ KpaliHUM BTOPbLIM BbIBO-

E’ noMm. Moxet onpene-

\ nNTbCA EMKOCTb  He-

- CcKonNbko nukodapag, nn

paspbiB, MO0 NHAYKTUB-
HOCTb (MAN KOPOTKOE
| 3ambikanne). Ecnu onpe-
A penvnachb VHOYKTUB-

|

| Puc. 16 1% -
BalOT BTOPOM KOHeL, MPOBOAA Ha BbIBOA,
kapkaca. 31o yoobHo caenaTtb C NOMOLLbIO
rnagkoro nuHueta. MpoBog gonxeH 6biTb
HamMoTaH Ha BbIBOA 61M3KO K kapkacy
(pmc. 13), 1 NpU MOHTaxXe Ha Ne4YaTHylo
naaty oH He OOMKEH nonmagaTtb B OTBEP-
cTne. 3T0 BaXHO AN COXPAHHOCTW Mpw
nosropHom u3bsatun KMW n3 nevatHon
nnatol. MpoBoasT namepenns KM v npu
COOTBETCTBUM TpebyembiM napamerpam
nponavBalT BbIBOAbI C MNPOBOAAMMU.
MMeHHO 4McTKa BbIBOOOB KapkacoB A0
Meau Bbipy4aeT Mpu namke OTEeYeCTBEH-
Hbix KW, npouecc 3asepluaeTcs 3a gonn
CeKyHAbl 1 HE MOBPEOUT niacTMacce.
CyMMeTpUYHYl0o 06MOTKY HamaTbiBaloT
OQHOBPEMEHHO ABYMS NpoBoAaMu. Tonb-
KO B MCK/IOYNTESbHbBIX Cy4asx 3T NPOBO-
0a CKpy4uBaioT, 06bIMHO XBaTaeT Ux ecrte-
CTBEHHOW CKPYYEHHOCTW ANS NONyYeHns
X naeHTnYHocTy. Nposoaa 3anyxunearoT ¢
O[IHOrO KOHL@ U HamaTbiBalOT Ha BbIBOAb!
noka 6e3 naviku (puc. 14).

HOCTb (3ambikaHue), TO
Ha 3TOT BbLIBOA Nonan npasWbHbIA MNPO-
BOA, W €ro Hafo OKOHYaTesnbHO 3adukcu-
poBaTb MNAOTHOM OOMOTKOM U NpuxaTnem
nuHuetoMm. B cnyyae onpegenexHus
€MKOCTW 3TOT NPOBOA B {7 |

pasHuLa Mexay MHAYKTUBHOCTAMU 0OMO-
TOoK He npesbicuna 1% (1,51 mklH n
1,5 mklH). OctaToyHas WHAOYKTUBHOCTb
NnpyY KOPOTKOM 3amblkaHWW OAHOW W13
obmoTtok — 20 HIMH, 4TO cooTBeTCTBYET
3dDEKTUBHOCTU MArHUTHOM CBA3U He
meHee 98,6 % Ha pabounx yactorax dep-
puta B amnanasoHe 2...20 Mlu. B anstep-
HaTUBHOW MHTEPNpPeTauun 3Toro npumepa
MOXHO B TaKOM BUAE U3roToBUTb OTHOCU-
TENbHO LUIMPOKOMONOCHLIE TpaHcdopma-
TOpbI NepekpbiTem no yactore 1:3...1:10,
HE MPUMEHSIA KOSbLEBLIE MarHUTONPOBO-
abl vunn "6uHoknn". O6MOTKY AaenaioT
OAHOCSIONHOW Ha ronom deppute, B 3TOM
cryyae CKpyTka NpoBOAOB Nones3Ha.

4. PaznuyHble nuspenus

Huxe nepeyncnaioTcs NpoBepeHHbie
n3gennsa n obcyxpalTca ocobble MO-
MEHTbI UX MPUMEHEHUS.

4.1. H4 KMU/KN
po vyactotsbl 100 Iy,

31n HY KMNWU/KUN npepHasHayveHbl ons
pabotbl Ha 4actoTte Huxe 100 kly c
MHOYKTUBHOCTBLIO 1...200 MIH n HK3KOM
SRF. Cam ¢depput 06bi4HO paboTaeTt 4o

nepekvHyTb Ha cpea-
HWIA BbIBO4, a OPYron
nposoa 3adukcupo-
BaTb Ha KparHEM Bbl-
Boge. OkoH4yaTenbHO
nposepsioT 06MOTKN
Ha WX coBnageHue no
nHaykTMBHOCTU. O6-
Was WHAYKTUBHOCTb
Mexny KpahHumMn Bbl-
BOAAMM OOSKHA OblTb
B yeTblpe pa3a 60sb-
we, 4Yem OTAENbHO
B3daTble 0OmMOTKM. B
nokasaHHOM npumepe
ona n3genua Q-3994
c obmoTkoln 8+8 BuT-
KoB (MTOro 6 MkIH)
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PAMNO Ne 12, 2024

Puc. 18 —,

Q-y43 - Q-4194

q-3379

i

4acToTbl 2 Ml B CeNeKTUBHbIX KOHTYpax
Y yBEMMYEHHbIE pa3mMepbl MarHMTonpoBo-
[a no3BonaT peann3oBatb A0OPOTHbIE
KIMW ana ¢ounbtpoB B Anana3oHe 4acToT
450...2000 kI'u, NpUMEHUB TOACTBIN NPO-
BOA, wnu nutueHapar. Mo mapke ¢peppurta
OHW cooTBeTcTBYIOT depputam M400HH
nnm M600HH, peaxo M1000HH.

Yawe Bcero atn KINW npegnaratorca B
KOpryce C OCHOBaHWEM kapkaca pasme-
pamu 10x10 mm. Takue KINMW, kak npasuno,
HEe NMEIDT METANININYECKOTO 3KpaHa, 3aTo y
HUX YBENYEHHbIN "raHTenbHbIn” deppn-
TOBbIA MarHUTOMNPOBOA C GONbLUIOW Yall-
KOW, 4TO fAaxe xopowo. BHewHas 3awmra
coenaHa TepMoycaxuvBaemon Tpybkonm,
KOTOPYIO Nerko cHatb (puc. 17), deppu-
TOBas valwlka NAOTHO U MSATKO XOAWUT B
nnacTMaccoBoii pesbbe.

Mpu ocobbix TpeboBaHUAX K Takum
KM moxHo nopobpartbe Metananyeckne
akpaHbl oT apyrux KIW dopmara
10x10 mm unn gaxe 12x12 mm. K npu-
mepy, Ha puc. 18 k nagenuam Q-4179,
Q-4113 n Q-4194 npunoxeHbl Takue
"yyxue" akpaHbl. B TakoMm [OMNONHEHHOM
ncnonHennn atu KMWU moryt pabotatb
Ha BXo4e NPUEMHWKA WAW B BbIXOQHOM
Kackage 6e3 onacHOCTW B3aMMOOENCT-
BWUS C APYrMMN y3n1amMu NPUEMHOIO Tpak-
Ta.
Uspenne Q-4113 (6e3 akpaHa) Hamo-
TaHo nutueHgpaTom 5x0,05 MM n umeet
KOHTYPHYI0O 0OOMOTKY C MepecTponkomn
WHAYKTUBHOCTW 195...240...323 mkIH,
Q, = 82..94 na wuactote 100 klu,
SRF = 4500 kI, n =63, A, =49...81 HlH/n°,
Mpwu MakcUManbHOW WHAYKTUBHOCTU CUM-
MeTpuyHas 06MOoTka CBA3W nMeeT UHOYK-
TMBHOCTb (1,75+1,75) Mkl'H, B uenom ato
7 mkl'H npy n = 4,5+4,5 1 ykasbiBaeT Ha
TUNUYHOE CBOWCTBO YBENYEHHOW yAenb-
HOW WHAYKTUBHOCTW B MNEpPBOM Choe
06MOTKM, 3aeck aTo A, = 52...87 HIH/n?.

Napgenue Q-4113 MOXeET Hanpamylo 3ame-
HuTb KM B YMY Ha wactoTy 465 kY B
npuémHukax cepun "Okean". lMpu ycta-
HOBKE Hafo n3beratb KOPOTKOro 3amblka-
HUS1 OOMOTOK CBSI3M C OBLLM MPOBOAOM.

Napnenne Q-4179 (6e3 akpaHa) Hamo-
TaHO OAVHAPHBLIM MPOBOAOM U UMEET KOH-
TYPHYIO 0OMOTKY C NepecTponKoM UHOYK-
TMBHOCTM 180...270...353 MKkI'H, Q=60...75
Ha yactote 100 kl'u, SRF = 4500 «kIlu,
n = 63, A. = 49...81 HlH/n?> ans MHoro-
CNOWMHOMW OBMOTKM W AN NepBoro Ccros
A= 52...89 HIH/n?. Mo dbeppuTy 370 COB-
nagaeTr ¢ m3genuem Q-4113. Umetotca
nBe 0bMOTKK, kaxaas C 0TBOAOM, 3TO B 06-
wen KoHdurypaumm npu mMakcumanbHOWM
WHAYKTUBHOCTU (77+95):(5,3+23) Mkl'H n
no Butkam 370 (30+33):(8+18), yto NO3BO-
JIUT [OBOJILHO YHUBEPCANbHO MPUMEHUTb
3to usgenue Ha vactote 400...1600 'y,
ecnu pobpoTHOCTb He TpebyeTca cBepx-
BbICOKOW.

U3penve Q-4194 (6e3 akpaHa) sBnsaeT-
CHl YAUIMHEHHBLIM MO CcpaBHeHuto ¢ Q-4179
nnn Q-4113, ¢ NepecTpoinkon NHOYKTUB-
HOCTW B mHTepsane 3,1...5,5 MIH. B kOH-
TypHOW 0B6MOTKe 240+24 BUTKOB W CEMb
BUTKOB B 06mMOTKe cBa3n. JoOBpOTHOCTL
Qo = 36 Ha wactote 10 kl'y (5,5 mIH).
N3penue MOXHO npumenuts Ha OB po
yactoTtbl 285 kl'y, npu SRF = 820 Iy, ewe
OHa XOpoLwo "npuxuBaetca” B cTepeoae-
kopepax. lpun MHoOrocnoliHon 06mMOTKe
A. = 55...100 HlH/n?. Bonblioh 06bEM
06GMOTKIN MO3BOSIUT U3rOTOBUTbL HA OCHOBE
€€ kapkaca C NpUMeHeHnemM nnuTueHaparTa
BblcOKkO#o6poTHylo KIMW pna wactoTsl
450...500 «l'y B y3nax YIN4 B yact MHOro-
KOHTYPHbIX UALTPOB COCPELOTOYEHHOM
cenekumn.

Napenne Q-3979 (6e3 akpaHa) umeet
KNacCcu4yecknin CTEepXHEBOW NOACTpOeYd-
HUK U ON19 3aMblkaHWS MarHUToOnNpPoBOAA
6onblyo yawky. OHO UMeeT MHAOYKTUB-

HocTb 6...11 M4 1 Q = 30...45 Ha yacToTe
100 kM4 1M npepHasHaveHo ana paboTsl
HUXEe 3TOW YacCTOTbl N3-3a2 HU3KOrO 3Ha4e-
Husa SRF = 500...680 kl'y. BonbLio 06bEM
ona obMOTKM MO3BOMUT MPUMEHUTL NIUT-
ueHgpaT n co3fatb BbICOKOAOOPOTHbIN
KM gna YMY po wactotel 500 kly. Ha
6onee BbICOKUX YacToTax GeppuUT mMarHu-
TONpPOBOAA Aerpagupyer.

Napnenne Q-4119 umeet metannuye-
CKWIN 3KpaH W LITATHYIO WHAYKTUBHOCTL B
nHtepsane 9...18 mI'H. 310 coyeTaHue
notpeboBano NPUMEHEeHNs TOHKOro 06Mo-
To4HOro nposoga n Qp = 10...20 Ha yacTo-
Te 10 kl'y » eweé meHble Ha 4yacToTe
100 klu, SRF = 450...650 kl'y. Ho Tak kak
MarHMTONpPOBOA NUMEeT yBENIMYEHHbIe pa3-
Mepbl, 3TO n3genue NPUrogHo AN HOBbIX
KIMW po yactotbl 2 MI', MOXHO 1 Ha 3TOM
n3penun caenatb KMNW gns pemonTta ote-
YECTBEHHbIX MPUEMHWNKOB.

N3penne Q-4186 xopoLlo 3KpaHWpo-
BaHO, HO MarHMTONPOBOS, yXe manoraba-
pUTHBIN, Kak 13 kateropun KN 7x7 mm,
HO uWMeeT [O0CTaTO4YHbI 06bEM Aans
obmoTkM. Bonbwaa  WMHAYKTUBHOCTb
420/680/1030 mk'H, Q = 50 Ha yactoTe
100 kl'y, SRF = 3000 kI, NO3BOAUT NMpU-
MeHUTb ero Ha vactote 400...500 kl'y gns
uenen cornacosaHuns. KoHTypHas obmoT-
Ka umeeT oTBoA, NnpumepHo ot 20 %, a 06-
MoTKa cBaA3n nmeet 2,8 % OT BUTKOB KOH-
TYPHOM 0OMOTKU. DTO TUMWUYHBLIA KONeK-
TOPHbIA KOHTYP CTapbiX TPaH3UCTOPHBbIX
npuémHukoB. Jlerko pasbupaetcs n nepe-
nenbiBaeTcs.

N3penne Q-3960 nmeet manbii 06BEM
ans o6MoTku 1 HebonbLIOW GeppUToBbIN
MarHuTonpoBoA, nerko pasbupaercs u
nepegensiaetca. [ns BblcokogobpoT-
Hbix KIMW oHo He rogutcsa. Ero nHayktme-
HOCTb MNepecTpavBaeTCs B WHTepBane
250...390...443 MkIH. Mpy makcmansHoON
MHAyKTMBHOCTU 370 (0,2+425):2,2 MKIH,
4YTO COOTBETCTBYET TpPaHCHOPMaTOPHOWN
nepegavye no Butkam 14:1. YmepeHHas
nobpoTtHocTb Q = 50 Ha yacToTe 100 klMy u
SFR = 6000 kl'y ykasblBaeT Ha yHUBEP-
canbHOCTb Ha YactoTtax 0,15...2 Ml'u. Ona
HoBbix KM npuHaTb EaCHéTHbIVI napa-
meTp AL = 25...44 HlH/N".

4.2. AMKNMU
AuvanasoHa 0,1...2 My,

Tak Ha3biBaemble AM Kl maccoso
nonagaiT Ham w3 YINY Ha wyacToTe
450...500 k' C UHAYKTUBHOCTbLIO B UHTEP-
Bane 30...1500 mkI'H. UcnonHeHwe obbiy-
HO "raHTenbHoe" ¢ pe3bboBoM Yawwkon. Ux
Masnble pasmepbl He MO3BOJNAT npume-
HUTb Ans 0OMOTKM TOMCTLIN nposoAd. Ha
yacToTtax 450...500 kl'y He ypacTtca nony-
YnTb COBCTBEHHYIO [06poTHOCTL 60-
nee 80, noatomy atu KIMU npurogHsbl
TONbKO AN TpaHchOopMaToOpPOoB COrNaco-
BaHWA, NpocToro gnogHoro AM-agemony-
nartopa wnu gna ®HY/PBY cpeaHero
kavectBa. O6bI4HO Y HUX yaenbHaa UHOYK-
TUBHOCTb COCTaBnsieT AN BHYTPEHHEro
cnosi 06mMoTku 27...49 HIH/N? 1 ans
nocneayoLLMX BEPXHUX CIOEB B UHTEPBa-
ne 17...38 Hru/n?. B camomensHoOM 1ucnosn-
HEHWW MPW HaMOTKE MPOBOAOM ANAMET-
pom 0,05 mm moxHo caoenatb KM nhayk-
TUBHOCTbIO 00 2 MIH (SRF = 1,5 MI'y), HO
60onee 680 MkI'H WTATHON UHOYKTUBHOCTN
(n = 140), He CTOWT NNaHMPOBaTb C 3TUMU
n3genuamm (puc. 19), n o — 3arto 6e3
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pa3meLleHus obmoTku ceasun. Jdencrteyet
TOT Xe MOopsAaoK, CHavana Hago mMoTaTthb
06MOTKY CBSI3M, MOTOM KOHTYPHYO 06MOT-
KY, HA4MHas C XONOOHOrO KOHLA.

OpHako atu KM ¢ ycnexom MOXHO
npMMEHWTL B y3/lax Ha YacrtoTax
2...12 Mly, ecnn uMmnepaHc u [o6poT-
HOCTb y3na HeBbiCOKWe u Tpebyertcs
noaaBsuTb pe3oHaHchl B ananasoHe YKB u
CBY. Hanpumep, Ha HUX MOXHO caenatb
cornacywowme TpaHchopmaTopbl  ANA
mmneganca 20...5000 Om. Tlpu 3tom
3KPaHWPOBKA U3Oenuii NosbILLaeT nome-

Q-3958 0. uH B
Ny=6+F nz=10

Q=F0) npu 455 Ky

<O

Q-44Ré
420.,. ‘.(';goﬂu
w L EONH
*Q= 100

NOJy4YEHHYIO KOHCTPYKLIMIO Ha COOCTBEH-
HbIl PE30HAHC, ECMIN OH HUXE, YeM pabo-
yas yacToTa, HYXHO nepenenartb KOH-
CTPYKUMIO.

4.3. KM Ha HU3KO4aCTOTHbIE

KB-aunana3oHbl

Takne KM (puc. 20) Hanpém B TB-an-
napaTtype NpoLUNoro Beka U3 3BYKOBOrO
MY-Tpakta n 06paboTkM aHaNOroBbIX
BWAEOCUIHANoB Ha YacToTax ao 8 Mly. Ha
camMoM gene mapka ¢epputa HeonTtu-

45 uH

3%.... 665-/&.‘
Q=7F0o
npu 4550,

:.; :-9/ l?‘}'L'

Q-4184 500, 1000

¥ E50m

|Puc.19

n3nenua npuerekaTesibHbIMKU NS nepe-
nenku.

Otun KIMNW 3annmaloT nHTepean uHayk-
TnBHOocTer 7...50 MkI'H 1 moryT obecne-
4uTb OO6POTHOCTL A0 70 HaA YacTtoTax
2...4 MI'u, B pepxom cnyyae y Q-3997 naxe
120 n3-3a npumMeHeHus ocobo ka4ecTBeH-
HOro NpoBoaa (NocepebPEHHBIN C TAKOBbLIM
NoKpbITUEM) 1 6ONBLLOrO NOACTPOEYHNKA.

KM ¢ taknmu $bepputoBbiMM MarHu-
TonpoBogamn paxe Ha YKB moryT noka-
3atb po6poTHOCTL 10...20, U No3aTomy
KW ¢ AnnHHBIM KapkacoM MOFYT CRYyXuUTb

XOYCTOMYNBOCTb, B OTIM4ME OT TpaHchop-
MaToOpOB OTKPbITOro Tuna. AddekTus-
HOCTb TPaHcpopmaTopa MOXeT AoCTUraTb
95...99 % u 3aBUCUT OT HAMOTKN OOMOTOK.
Ecnu moTatb 06MOTKN B CKpyTke, addek-
TUBHOCTb Bbllle, HO HYXHO MPOBEPUTH

manbHaa ans Hu3kmx KB, Ho kapkacel cae-
nanbl ang 6onblioro o6beéma 06MOTKM,

¢$eppuToBLIE MarHUTOMNPOBOALI MOTYT
OblTb C YBE/IMYEHHLIMY pasmepamu, T. e.
OHM C MOMOLLBLIO PA3MEPOB BbIMNONHANN
nocTaBfieHHyYI0 3adady, 4To Jdenaer 3t

B LUMPOKOMOJSIOCHbIX  ABYXKOHTYPHbIX
¢unbTpax Ha Bxoge YKB-6nokoB. Xopo-
wue npumepsbl nNpumeHeHns takux K
npuseageHsbl B [1—5] npu popaboTke 1 06-
HoBneHnn YKB-610koB pagvonpuémHu-

koB cepuin "OkeaH" u Selena.
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PAOMO N2 12, 2024

4.4. KM pnana3oHa

3...30 MIny

3A1n KMW nHorpa nmetot Ha-
3BaHme YM KIMU, unu sBnaeo-ny
KMNW, na-3a ux npuMeHeHns B
Tpaktax 4 Ha yacToTy
10,7 Ml'y, nnn B YMNY Ttenesun-
30poB. Bmecto wuHAyKTMB-
HOCTU MoOXeT OblTb ykasaHa
pabouas yactoTa, ecnu B KOp-
nyce napanfiefibHo KOHTYPHOM
06MOTKe yCTaHOBNEH KOHAOEeH-
catop. ®eppuTbl y HUX OTHO-
caTtca Kk rpynnam M200—M50,
BepoaTHee Bcero M100HH (un
ero aHanorun). Ux nHAyKTMB-
HOCTb B TFOTOBbIX M3OEnnsax
0b6bl4HO OblBaeT B MHTepBane
0,3...10 mkI'H. B ocHOBHOM ans
3TOro AvanasoHa HagEm MHO-
TOCEKLIMOHHBbIE KapKacbl C OC-
HoBaHMeM 7x7 Mm (puc. 21).

Mo cytn, oHn oTauyalTCca
LSTMHOW NOACTPOEYHNKA U YaLu-
kol. [peanoyYTuTenbHO Wuc-
nonb30BaTbh BEPXHUE CeEKLUUU,
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KOTOpbIE MNONAAAIOT NOA, AEeNCT-

BMEM YallKkW, YTO CHU3WUT Aerpanaumnio
DOBGPOTHOCTN OT METaNIMYeckoro 3kpa-
Ha. Uspenua Q-3990 u Q-4295 nyywe
paboTaloT Npu UCMNONb30BAHUN OT OL4HOMN
Do TpEx cekuun, y nagenuns Q-3961
MOXHO WCMOSMb30BaTb YeTblpe CeKuuu, 1
TonbKOo Q-3966 € ANNHHBIM NOACTPOEHYHN -
KOM MO3BOMUT WCMOMb30BATb NATb CeK-
unin, kak n Q-4157 n Q-3997. ns BuTKOB
BEPXHUX CEKLUWA MOXHO npepnonaraTb

A = 10...14 HTH/n?, ecnn OHM B NepsoMm
cnoe o6mMoTkW. [lNa BUTKOB B BEPXHWX
Cnosix 06MOTKM B BEPXHUX CEKLIMAX MOXHO
6path B pacyéT A, = 9...13 ulH/n’. 06-
MOTKW BHE ACTBMA NOACTPOSYHMKA UME-
10T A_ = 4...6 HH/n?. C pOCTOM 4aCTOTHI
HYXXHO YMEHbLLATH YNCNO 3aHATHLIX CEKLNA,
4T06bI 3P PEKTUBHEE NCMONBL30BATbL Mar-
HUTOMPOBOA, MO MNPOTSHXEHHOCTU, 1 Toraa
3T KMNW npuroaHsl fo yactotel 60 MINy B

\Puc. 22—

nepsoM YMY 6onee CRoXHbIX
BCEBOJIHOBbIX NPUEMHMKAX
(Tecsun, Degen v aHanoruyHbie).

Ha aTtux wnapenusix ¢ kade-
CTBEHHbIM NPOBOAOM MOJyHaOT-
csa xopowwme KB KIMU ¢ pnobport-
HocTbio oo 150. TpaHcgopma-
TOpHasA CBA3b Mex4y COCeaHUMMN
cekuuaMu He npesbiwaet 92 %
Ha 4actote 15 Mlu, 3ato ém-
KOCTb mMexay obmoTkamu mana,
N COBCTBEHHBIN PE30HAHC MOX-
HO COBMHYTb [aneko BBEpPX A0
yactotbl 200 Mly, 41O Ha "raH-
Tensax" He nosyvaeTcs.

B aToii kateropun KN peako
HangerTca raHtenbHoe" wuc-
nonHenve, wusgenue Q-4126
(10x10 MM) yxe He OOCTyMNHO, B
HEM BbIN MCNoNb30oBaH Nocepes-
PEHHBbIN NPOBOA, NPYU UHAOYKTUB-
Hoctn 1,5 MxklH Ha yacTtoTe
10700 kl'y 3Tto pano pobGpoT-
HocTb 120.

B HacToflwee Bpems ypady-
HbIM U yHUBEPCAaNbHbLIM MU3ae-
nneM MOXHO Ha3BaTb Q-3994
(puc. 22), koTopoe nerko pas-
6upaTb. B 3aBOACKOM UCNONHEHUU 3Ta
KM wnmeeT MHAYKTUBHOCTbL C nepe-
cTtponikon 4,4...6...9 mk'H n 0BMOTKOM
14,5 BuTka u oTBOAOM OT 5,5 BUTKA.
O9T0 CBUAETENbCTBYET O 3HA4YEHUU
AL = 21...29...40 HIH/n? Npu 0AHOCNOA-
HO oO6MoTke. [na MHOrOCAOWHbIX
obmoTok Bonee npaBunbHOE 3HaA4YeHUe
A, = 15...30 HlH/N?, 1 3TO OrpaHUYUT MNo-
nyYeHue BbICOKOM [OBPOTHOCTU MPU CHU-
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XEHUWN 4aCTOTbl C YBEIMYEHWEM WHAYK-
TUBHOCTW. ATO U3LENNE B OPUTMHANBHOM
VCMOSIHEHWW XOPOLUO NOAXOANT ANS BXOA-
HOrO KOHTYpa MPUEMHMKA HA CpeaHeYac-

TOoTHbIXx KB-gmanasoHax, K ero oTBoay
HanpawuBaeTCs NOAKMOYNTL TENECKONU-
YeCckKylo aHTeHHy. "laHTenb" nmeer gocra-
TOYHBIN pa3mep ons 06MOTKM NPOBOAOM

anametpom 0,1...0,15 MM gnsa nony4eHms
xopoLuei nobpotHocTy Ha KB.

Ha yactotax meHee 1 MI'y addek-
TUBHOCTb heppuTa CHUXaeTcs, n cobeT-
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PAOVOJTIOBUTEJTHO-KOHCTPYKTOPY

@radio.ru
radio.ru

Mpuém craren: mail
Bonpocsi: consulid

PAIUO Ne 12, 2024

BEHHas JO6POTHOCTb C 3TUM U3genuem
6onee 100 Hwukak He nonyyaeTcs
(L = 330 mMkl'H) HecmMOTpsi Ha XOpOoLWOo
3aMKHYTbI OOMbLWION MarHUTONPOBOA,.
Ans TpaHcdOpMaTOpHOro pexuma 3To
OT/IMYHBIM BapuaHT. B uenom ato mn3pe-
nue sBnseTcs xopowen "tabneTtkon or
BCEro” B PEMOHTHOM KOMMMekTe Ansa
punanasoHa vactor 0,4...25 MI'y. OHo ro-
OWTCS NS NPUMEHEHUsI B MHOFOKOHTYp-
HoM LC-dpunbtpe ong YMN4Y 4YM ¢ nonocon
nponyckanua 300 k' 1 ana NonocoBbIX
dunbTPoB Ha oTaensHo B3sThie KB-auna-
MasoHbl.

4.5. KM ananasona YKB

KoHcTpykTnuBHOe wucnonHeHue KA
aonanasoHa YKB 6biBaet o4eHb pasHbiM
(puc. 23), X NHOYKTUBHOCTL OOLIYHO He
npesbiwaetr 0,5 mklMH, TUAKMYHO —
0,05...0,2 mkl'4. Ecnn KM YKB umeer
noaCTPOEYHUK 13 dhepputa unn opyroro
MarHuToaAN3NeKTPUYECKOro marepuana,
€€ HYXHO nepenpoBepuTb, He GakT, 4To
NoOACTPOEYHNK MOBbILAET [OOPOTHOCTB,
MOXeT okasaTtbcsi gobpotHocTb 20...30
Ha YKB HecmoTps Ha nocepebpéHHbIN
NpPOBOA.

4.6. OTeuyecTBeHHbie AM KIMU
B KOpnyce ¢ 0CHOBaHUeM
pa3mepa 12x12 mm

OteyecTtBeHHble KIMU pgna KB-gnana-
30HO0B (1 YM YIY) ¢ Takummn akpaHamu He
MoryT ob6ecneynTb BbICOKYIO LOOPOTHOCTb
n3-3a BAWSHWA 3KpaHa, W 3amMeHa Ha
vmnopTtHyto KB-KIMNW 6ymetr conpoBoOx-
[AaTbLCS ynyyweHneMm no fobpoTHOCTN, HO
npuaeTcs napannefibHo KOHTYPHOW Ka-
TylIKe YCTaHOBUTb Pe3UCTOp COMpPOTUB-
NEeHVeM HeCKONbKO KWU00M Ans BO3Bpa-
LeHWs WTaTHOW AoOpPOTHOCTW.

[pyras cutyauua umeetcsa gna AM
KrMnW, kavectso ux BY-napamertpos
06bIYHO OTMEHHOE MPU MexaHWUYecKown
MCNPaBHOCTN, @ TOBApPHbIN BUA 4acTo He
BOOXHOBASAET HA UX NPUMEHEHMWE, HO 3TO
BCE nonpasumo. 3TOT dopmart kopnyca
MOXHO CYMTaTb CTAHAAPTHLIM B OTE4ECT-
BEHHOW annapartype, Npu 3amMeHe uMm-
MOPTHLIMW U3OENUAMU MOXHO npume-
Hutb KMW B kopnyce ¢ OCHOBaHuem
10x10 MM, NO BbIBOAAM KaTyLLKX N 9Kpa-
Ha 3tn Kl nerko apantuposaTtb K cTa-
PO neyaTHoM nnare.

KM pna MHOrOKOHTYpHbIX LC-dunbT-
poB 13 npuémHukoB "Okean" nopgnexar
peBu3nn 1 PEMOHTY (puc. 24, crnesa), 4to
Henb3s ckasaTtb O OPYroM WCMOAHEeHUN
(puc. 24, cnpaea) ¢ n306UbHBIM NPUMEHEe-
HWEM KIes, UM MyTb TONbKO B AOHOPCTBO.

Ho ecnu notpebytotcsa KMNWU pons ote-
yecTBEHHbIX AM-NPMEMHUKOB UKW Ka-
YECTBEHHbIX COOCTBEHHBLIX MPOEKTOB (B
TOM 4YUCne W NaMnoBbIX), NOYTN ngeanb-
HbIi Pe3ynbTaT HAWENCcs B packonkax
npoLIoro Beka B BMAe cemencresa oTe-
yectBeHHbix KM Q-4386 n Q-4172
(puc. 25), ux maccoBo npeanaraloT Noa
pasHbIMWU HAMMEHOBaHUSAMU, O4YeHb Y06~
HO MX Nepenenatb U MOHTUPOBATb.

WHTepmonynsums B MarHMTonpoBoge
atux KM npaktuyeckn oTCyTCTBYET Npun
pa3maxe curHana 10 B ¢ AM 80 %, kornoa
LC-koHTyp paboTaeT ¢ HarpyxeHHown 0ob-
poTHocThio Q. = 35 B cocTtaBe AnoaHOro
AM-pemopynaTopa — 3TO pekopa Ans
obwepnocTynHbix KIMW. Mpn ncnonb3osa-
HUKM nuTueHgpaTa 6x0,05 MM MOXHO No-
Ny4nTb cobCTBEHHYI0 A06POTHOCTL 200 Ha
yacTtote 465 kl'y. B MHOroBUTKOBOM UC-
MNoSIHEHUN LITATHAs yAeNbHast UHOYKTUB-
HoCTb A, = 16...19 HIH/N?, ANs MHAYKTUB-
HOoCTK 240 MKIH HyXHbI 124 BUTKA (3ame-
Ha KIMW B Tpakte AM YIY B npuémHukax
"OkeaH"). ¥ atux KMW wuHTepsan noa-
cTporikn Hebonblion, 3aTto Gnarogaps

B. PYBALLIKA, r. JlnucuyaHck, JIHP

pv paspaboTke nobon paguonodbu-

TENbCKOM KOHCTPYKUUU HEn3BexHo
BO3HWKAET Bonpoc npuobpeteHnsa ansa
Heé kopnyca. Kazanocb 6bl, 4TO B Halle
Bpems ¢ 3Tum npobnem Het. B cneuwanu-
3UPOBAHHBLIX Mara3mHax MOXHO Mpuob-
pecTun koprnyca pasnuyHbiXx pa3mepos,
MAacTUKOBbLIX NN METANIMYECKUX. Tem He
MeHee, BbIBalOT CUTyauun, KOraa rotTosbin
xopnyc nopobpartb He ypaértca. OcobeH-
HO, €C/IN OH He NPSAMOYro/bHON HOPMbI.
B Takux cnyyasx Ha MOMOLLb NPUXOAUT
3D-npuHTep. Ecnn ero Het B NUYHOWN
MaCTEPCKON, TO MOXHO HamTu opraHu3sa-
Um0, KoTopas BbINONHUT 3aka3. Ho BHava-

e HyXHO pa3paboTtaTtb MOAensb Koprnyca.
B atom cnysae npmaérca npenocTasuTb
yepTexu u dpannbl C ykasaHnem pa3mepos
B Pa3HbIX NPOEKUMAX, pa3pesbl, CeYeHns n
npou4ylo OokymeHTauuio. PaspaboTtka Mo-
[enn 3anMeT Hemasno BpeMeHn, CPeacTs n
HepBoB. KOHEYHOo, ny4ylue camMomy 0CBOUTb
nporpamMmMy TPEXMEPHOro MOAEeNMpoBa-
HUSA 1 3aHUMAaTbLCS pa3paboTKon KOpPNycoB
CaMOCTOSITENbHO.

Ecnn kopnyc npocTtoi, cmopennposaTtb
ero He coctasut ocoboro Tpyaa. [pyroe
0eno, ecnn Kopnyc CnoxHom ¢opmel, aa
elwe ¢ 60nbLIMM YUCIOM OTBEPCTUIA ONs
3/IEMEHTOB yNpaBiAeHUS U WHOUKauuu.

rabaputam cama NHOYKTUBHOCTb — Kaye-
CTBEHHas.

5. 3aknioyeHue

Hapetocb, 4TO NpuBeAEHHbIE MaTepma-
Nbl Pa3Ba3anyM MHOrMM paguonibutensm
pyku [Onsi 3aBepLUeHUs C  OT/IUYHbIM
pes3ynbTaToM AaBHO OTOABWUHYTLIX Paano-
NPOEKTOB.

B cnepyiouwiem pasgene 0 pagnokom-
MOHEHTaxX MPOLWNOro pacckasd nougeT o
pagmMo4acToTHbIX Anopnax. MNMpuBoautcsa
Masnou3BecTHas, HO KpanHe nonesHas
nHdopmMauus, 1 kak Bceraa, pasbepémcs
¢ Mudamm n HeaockasaHHbIMWU NPeanoso-
XKEHUMUN.

JNINTEPATYPA

1. Jloxum X. PagnonpuémHukn cemencrtea
"OkeaH" n Selena Yactb 6. YKB-6n0okx. — Paguo,
2023, Ne 11, ¢. 9—19.

2. Nloxumn X. YHusepcanbHblii  YKB-6n0ok
ana  papuonpuémHukoB  "OkeaH"/Selena.
MoHTax 1 HanaxusaHve. — Pagno, 2024, Ne 6,
c. 13—22.

3. JtoxHum X. YKB-610K C yBeNNHEHHBIM OU-
HAMUYECKMM OVana3oHoOM ONS pagnonpuUEMHM-
koB "OkeaH" n Selena Yactb 1. — Paauno, 2024,
Ne 7, c. 9—15.

4. Jloxum X. YKB-6510K C yBENNYEHHBIM ON-
HaMUYECKNM AManas3oHOM ANst PaanonpPUEMHN-
koB "OkeaH" n Selena Yactb 2. — Paguo, 2024,
Ne 8,c. 11—19.

5. Jloxum X. YKB-610Kk C yBENUYEHHBIM An-
HaMUYECKUM AMana3oHOM Ans PaanonNpUEMHU-
koB "OkeaH" n Selena Yactb 3. — Papwo, 2024,
Ne 9, c. 21—26.

Ot pegakumun. [JOnonHUTENbHLIA Cripa-
BOYHbIV Marepuasn HaxonuTcs no agpecy
http://ftp.radio.ru/pub/2024/12/rpu.zip
Ha Hawem FTP-cepsepe

Mpuoetca penatb AOBoKHylo paboTy.
CHavana Hapo paspabotartb nnaty, a
3aTem NepeHecTn BCE 3NIEMEHThI U pasme-
pbl B IpOrpamMmy MOAEANPOBAHUSA KOPMY-
ca. nn cHavana pa3paboTaTk kopnyc, a B
COOTBETCTBUM C HUM — nnaTy. MopobHana
3aja4ya BO3HMK/IA MNPU WUIFrOTOBNEHUU
ycTporictea [1] B npouecce nepeHoca
KOHTYPOB CNOXHOW naaTbl C NPOrpamMmbl
Sprint-Layout B Autocad. loTtoBoro petue-
HUA HAWTWM He ydanocb, NO3TOMY Mpwu-
LW10Cb BCE AenaTb CaMOCTOSATENbHO.

Xopowo, 4to B nporpamme Sprint-
Layout BO3MOXeH 3KCNOPT YepTexa nnatbl
B TEKCTOBbIN dain 4yepesd MyHKT MEHIo
"CepBuc”. Ha BbIxoae Nony4aeTcs TeKCTo-
Bas wnHpopmauma obo BCex anemeHTax
nnatbl. Kaxablii 91emMeHT pacnonoxeH Ha
HOBOW CTpOKe U1 BKoYaeT B ceba nHdop-
Mauulo O cnoe, KoopauHatax, TOMWMHE
nMHUK U T. 4. Ana nepeHoca nidopmauum
B Autocad HyXHO NpoynTatb MOCTPOYHO
BeCb dann U KOHBEPTMPOBATb OAHHbIE B
MOHATHLIN AN Hero ¢popmar. Autocad nos-
BonseT paboTaTb C KOMaHAHoW cTpokon. C
NMOMOLLbIO MPOCTbIX TECTOBbIX KOMaHA,
PUCYIOTCA NNHUKW, KPYrW, Oyrn u apyrue
burypsl.
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Ons pa3paboTkn KoHBeEpTepa MOXHO
MCNOJIb30BaTb NpakTUYecku niobon A3blk
nporpammmnpoBaHmsa. OH OONXEeH yMeTb
pabotats ¢ c¢dannamu, obpabaTbiBaTb
TEKCT W BbINOJHATL MaTemaTuyeckue
dyHkuuun. Ucnonb3oBaTb THXENOBECHYIO
Microsoft Visual Studio He xoTenocb, No3-
ToMy BblIGOp Man Ha cepBep cLeHapues

WSH — Windows Script Host [2]. Bbin
WCMONb30BaH CTaHOAPTHBLIN BCTPOEHHLIN
a3blk Visual Basic Script Edition —
VBScript. C nomowsbio WSH cueHapuun
MoryT 6biTb 06paboTaHbl HENnoCcpeacT-
BeHHo B OC Windows. Mporpamma 6bina
HanucaHa B "BnokHoTe", oTnagka Benacb
¢ nomolpbio coobwerHun — "WScript.

T
ClEasm o
T om s

» Kotrpons Texuwiecinx TpeGooanni B3

|

PaBouse none

Pprs

- =

(71l ° | l
1w e
» Kowrpont Texnwseconx Tpetooaumi B

PaBouss none
HUAnEHOS s

Bucora.

nosags 100 om

Echo()". MNpn 3TOM HUYEro He HYXHO CKa-
yuBaTb UKW yctaHaenueaTtb. Pasmep cue-
HapUs MOXET M3MEHATbLCA OT OOHOW A0
HECKOJIbKUX TbICAY CTPOK. O4YeHb yaoOHbIN
WHCTPYMEHT ANA MOBCeAHEBHbIX 3agay
npu HanMcaHnmn HeboNbLNX NPOrPaMM.
HauyuHaem pasbupatbCs, kak npen-
CTaB/ieHbl OaHHble B TEKCTOBOM danne
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PAOMO Ne 12, 2024
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TexcTosnd Dain

Jata uzmeHerRna Tun

CNDEUANI NCUCKE
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| TexcTosoro anna

‘ Sprintlayout

B popmate: uma_gpaiina bd

Yeteeprak_new bd

L

|

OK |

Omvena

Puc. 4

Sprint-Layout. Kaxpas cTtpoka d¢alina
onuceiBaeT Habop CBOWCTB MPUMUTUBA,
BKIlOYas ero reomeTpuio. CBoncTea pas-
peneHbl 3anaTteiMu. Ha nepBom mecTe
Habopa HaxoauTcs Tun npumnTrea. Beero
30eCb CEMb TUMOB:

— Dopoxka (Track);

— KonTakT (Pad);

— SMD koHTakT (SMD Pad);

— Kpyr/nyra (Circle);

— lMpamoyronsHuk (Rectangle);

— lMonwuroxH (Zone);

— TekcT (Text).

CneudopmMbl CBOEro TMNa He NMEIoT, a
obpasyioTca n3 apyrux npuUMUTUBOB.
MpakTuka nokasana, 4TO ANA KOHTypa
nnaTbl U NOCAA0YHBLIX MECT AN OTBEPCTUN
[AOCTAaTOYHO [OO0POXEK W  Kpyros/Ayr.
MNMoatomy B nporpamme Gynem aHanusu-
poBaTb TOMbKO T€ CTPOKW, KOTOPbIE OMu-
CblBaOT 3TW Twunbl. UrHopupyem anemMeHT
Pad n SMD Pad — koHTakTHasa naowaaka
He gOofmxHa ObiTb Ha cnoe "KoHTyp".
WrHopupyem anemeHT Text — nepepatb
0Tpes3kamMu ero He NoNY4UTCSH, Tak Kak ecTb
TONbKO TO4YKa BCTABKW, BbICOTA W cam
TekcT. UrHopupyem anemeHT Zone, Ans
KOHTYpa nnaTbl 3anuTbil MOSINFOH He
HyxeH. Cnegylowmin anemeHT Habopa —
"Cnon”. Hac wHTepecyeT Cnon KOHTypa
(LAYER=7). OcTanbHble cnon He obpaba-

TbiBaeM. MNpaBunbHO,
€Cnn KOHTYp nnarbl —
HapucoBaH Ha cnoe T
"K". He y4uTtbiBAaem “— .
BeC (Tonwmnny) Puc. 6
NIHUA  NpUMUTMBA

r
Windows Script Host

L [arHbie yCnewHo CKOHBEPTUPOBaHbI |
W COXpaHeHbi B (aiin. |

\

Puc. 5

Width. Ons noctpoenua ten B Autocad B
3TOM HeT HeobxoommocTwu. Janee wnayT
napameTpbl FeOMeTpUKn, UHANBNAYaSNbHbIE
ONs Kax[oro NnpuMnTnBa.

Kpyr nmeer napameTrpbl — UEHTP u
paauyc (Center, Radius). lyra — 4yacTHbIN
cny4an kpyra, MoxeT ObITb yka3aH Havasb-
HbI AW KOHEYHBbIN yron, wam oba yrna

(Start, Stop). Ayry B Autocad pucyioTt no
TPEM TOYKAM: Hauyano, LEHTP U KOHeL.
Mo3Tomy Hy>XHO ByOeT No UCXOOHbBIM AaH-
HbIM (UEeHTp, pagnyc v yrabl Havana/
KOHUA) BbIYUCANTL KOOPAWHATbLI TPEX
Touek. Popmyna BbIMUCEHWUS B3ATa U3
LWKOSIbHOFO Kypca reoMeTpun.

x = center_x + radius * Cos(Pi/180 *
ugol);

y = center_y - radius * Sin(Pi/180 *
ugol),
roe X, y — WUCKOMbIE KOOpAWHATbI TOYKU
Havana uam KoHLa ayru;

center_x, center_y —
LeHTpa ayru;

radius — paguyc ayru;

ugol — HayvasbHbINA UAN KOHEYHbIN Yron
ayrw,

Pi=3.1415926.

Jopoxkn, npaMmoyronbHuk n cneudop-
Mbl MOTYT COCTOSITb U3 HECKOJSIbKUX OTPE3-
koB. Ecnu B onucaHuu npucyTCcTBYIOT
KOOPAMHATBI ABYX TOYEK, TO 3TO OAMH OT-
pPe30kK, TPU TOYKN — ABa OTpe3Ka U T. O.

Ewé opHa ocobeHHOCTb — KoOpAWHa-
Tbl No BepTukanu B Autocad n Sprint-
Layout He coBnaaatoT, N03TOMY NPUXOONT-
CA BepTUKanbHylD KOOpPAUHATY AenaTb
oTpULLATENIbHOW NYTEM YMHOXEHUs Ha
MWHYC OAVH.

KOOpAUHaThI

Maxer AuteCAD

Mocne ananus3a cTpoku Heobxoanmo
chopmupoBaTb TEKCT A1 OTPUCOBKW Npu-
MnTUBa, NoHaTHoro Autocad. Mpumep ons
NHWUW, Kpyra 1 Ayrv NpuBeaEH HUXe:

_line 150.0,150.0 250.0,250.0
350.0,350.0

_circle 350.0,350.0 35

_arc 150.0,150.0 250.0,250.0
200.0,300.0

Anroputm paboTbl koHBEPTEpA. B npo-
rpamme Sprint-Layout Ha cnoe "K" (KoH-
TYp) PUCYIOT KOHTYpbI Mnatbl, OTBEPCTUS
Ona kpernexa, nocafjoyHble MecTa ane-
MEHTOB yMpaBfieHUs W  WHAOUKaAUUK
(puc. 1, puc. 2). 3atem coxpaHsioT dann
yepe3 NyHKT MeHio "Cepsuc—3kcnopt”
nnartbl B TEKCTOBbIN ¢darn (puc. 3). 1ot
dann HeobxoAUMO NOMECTUTb PSAOM C
nporpammon-koHBeptepom (sl_acad.vbs).
lMocne 3anycka KoOHBepTEpa B OTKPbIB-
LemMcsi okHe Heob6XxoAMmMO BBECTU UMS
NONy4eHHOro TekcToBoro darna (puc. 4).
Mocne Haxatns Ha kHonky "OK" nporpam-
Ma npouuTaet u obpaboTaet daiin. 3atem
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chopmupyet HoBbit dann B popmarte
ASCIl, psgpom ¢ ncxogHeim (puc. 5) n ¢
TakuM Xe WUMEHeM, HO C pacLuupeHuem
.scr.

Mporpamma co3paéTt OkHO AnsA BBOAA
nmeHn danna (f_name = InputBox
(txt_do,"KonBeptep”)). lNocne BBOAA
nmexHn ¢ann 4nmtaetcs MNOCTPOYHO

(Do While Not TextStream.
AtEndOfStream — Loop). MNpoBogutcsa
aHanu3 Tekylien CTPOKM Ha NpuHapniex-
HocTb cnoto "K-koHTyp" (If ms_sline(1)
="LAYER=7"). Ecnun ctpoka cogoepxuT
OaHHble Kpyra WAn Oyru, BbiNOAHAETCH
¢dyHkums new_Circle (if ms_sline(0) =
"CIRCLE" Then new_Circle(ms_sline)).

A ecnu cTpoka COAepPXUT [aHHble NHUN,
6ynet pabotatb dyHkums new_Track (if
ms_sline(0) = "TRACK" Then new_
Track(ms_sline)). ®yHkuun o6paboTkn
Kpyra v JIMHWA YUTAKOT reoMeTpuyeckne
naHHble dopmaTta Sprint-Layout 1 npeo6-
pasoBbiBalOT Ux B Gopmart, NMOHATHBIN ANng
Autocad. Janee no6asnsoT B NEPEMEH-
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3 Sxcnopr aanHsix

Narxa

Lo 1)

15

y
\L UeteepTaK st
I ot Vmn gaina TR

Tun @aina Nutorpagpua (" stl)

Puc.9

Hyto OutText nonyyeHHble gaHHble. [ocne
06paboTkM BCEX CTPOK CO30aETCHA HOBbIN
dann, n B Hero 3anucbiBaeTcs MnosyyeH-
HbIA B pe3ynbraTe KOHBepTauuu pesyib-
TatT M3 3TOM nepemeHHon (set a =
fso.CreateTextFile
(Replace(f_name,".txt",".scr"))). B koH-
Le BbIBOAMTCA coobLieHne 06 ycneLiHon
koHBepTaunn (WScript.Echo ("[aHHble
ycnewHo CKOHBepTupoBaHbt” & vbCrLf
& "un coxpaHeHbl B painn.”)).

VA ¢ NeMOHCTPALMOHHLIM

Bua v Cepsuc v

& K Q

Aata namenenna Tun

373 nanka nycra.

- Coxpanmms

v Omvera

— 4

3anyckatot Autocad, n B HEM OTKpbIBa-
10T CKOHBEPTUPOBAHHbIN (aitn Yepe3 MEHIO
"Cepsuc—laker..." (puc. 6). lNocne ot-
pucosku NnpumnTneoe B Autocad (puc. 7)
NX HYXHO 06beAVHUTL B nonuanHuio. Ans
NOCTPOEHWA Tena Ha OCHOBE KOHTYpa C UC-
NMoSIb30BaHNEM OTPE3KOB WAW Ayr CAYXWUT
napameTtp "CoegnHnth" komaHgbl "Ton-
pen”, 4Tobbl Npeobpa3oBaTtb UX B eQNHbIN
06beKkT noAunuHUK. 3T0 HeobxoAMMO
coenaTtb nepen UCNoNb30BaHNEM KOMaH-

CamopnenbHbI A

DBYXKAaCCEeTHbIA

MarHutodoH-npucTaBkKa

3. AANFAMOB, r. TawkeHT, Y36ekucrtaH

enb pa3paboTkn — cosgaHwe anna-

paTta, He ycTynalouwero no CsouUm
OCHOBHbIM XapakTepucTnkam NPOMbiLL-
nenHbiM annapatam 0 u 1 rpynnbl CNOX-
Hoctn no FOCT 24863-87, ¢ nHameuay-
anbHbIM AU3aiHOM W yao6CTBOM B 3KC-
nayatauum (puc. 1).

MexaHunyeckas ocHoBa — ABa fIEHTO-
NPOTSXHbIX MexaHnama (JINMM) BC-02 ot
MarHuTocdoHa-npucTaekn "Bera” (puc. 2).
JINMM — 6ecnaccukoBble TPEXMOTOPHbIE C
CUHXPOHHbIMUW 3NeKTpoaBUraTensimMm u
npsiMbiM MPUBOAOM Beayllero Bana, 4to
aBnseTcs 6eccnopHbIM NPEenMYyLLLEECTBOM

nepen apyrumu JINM aHanormyHoro HasHa-
YeHWs, HA OCHOBE KOTOPbIX MOXHO CO34aTb
annapaTt MarHWTHOMW 3anncu C BbICOKUMW
aKcnayaTauMoHHbIMW XapakTepucTukamu.

OcCHOBHbIE
TexXHU4YeckKue xapakTepucTuku
MarHuTogpoHa-nNpUCTaBkKun

[ByxkacceTHbin, nadens JINMM "A" —
BOCnpousseneHwe, navens JIMM "B" —
3anucb—BOCMNpPOn3BeaeHNE;

JINHENHBI BbIXOA: Nepekno4yaeMbl Ha
"BHewHun", "A" unan "B";

abt "Bbloasute”. Pabota ¢ 3D-o6bektamm
B Autocad B 3TOM CTaThe He paccmMaTpusa-
etcs. lNocne co3paHna TPEXMEPHOWN MOae-
nn kopnyca (puc. 8) ero HyXHO 3KCnopTu-
poBatb B dann nutorpapum (.stl)
(puc. 9). Mpu atom co3paHHbIi 3D-06b-
€KT JOMKEH HAXOAUTBLCS B MONOXUTENbHBIX
KoopauHaTax. MonyyeHHbln daiin MOXHO
1“cnonb3oBaTth AJ19 NOArOTOBKW K pabote
Ha 3D-npuHTEpe nnn ppesepHoM CTaHke.

Ecnu noHapobutca obpaTHoe npe-
obpa3oBaHue, u3 Autocad B Sprint-
Layout, HYXHO HanucaTb aHanornyHbIn
KoHBepTep. Mpolue BCcero 310 caenatb B
Autocad ¢ NOMOLLbIO BCTPOEHHOMO fA3blka
VBA [3]. MNMocne ananu3a n npeobpasosa-
HUSA AaHHbIX npumnTueos Autocad Ha
BbIXOAE AOMKEH MONYYUTbCH TEKCTOBbIN
daiin. B nporpamme Sprint-Layout He-
06xoAnMO BOCMONb30BaThCA GYHKUNEN
"CepBuc — MIMNopT nnatbl U3 TEKCTOBOrO
¢danna”. Ecnu Takon koHseptep 6yaer
BoCTpebOBaH YnTarensiMu, aBTop nocra-
paeTcsa ero peann3osatb.

JINTEPATYPA

1. Py6awka B. CyTo4Hblii Talimep "YeT-
Beprtak”. — Paauno, 2024, Ne 8, c. 44—49.

2. MonoB A. Windows Script Host ans
Windows 2000/XP". — C.-M6.: BEXB-MeTepbypr,
2004.

3. Knumauesa T. H. TpexmepHas KOMnblo-
TepHas rpacduvka u asTomaTusaumua NPoeKTUpo-
BaHus Ha VBA B AUTOCAD. — M.: MK MMpecc,
2008.

OT pepakunn. Daiin KoHseprepa un

AeMOHCTpPaUnoOHHbIEe (/)dH/H.I Haxoasrcs no
aapecy http://ftp.radio.ru/pub/2024/12/
convert.zip Ha Hawem FTP-cepsepe.

JononHutensHble GyHKUUN: OTKIOYae-
Masi KOMMaHAEepHaa cucTema LLyMOMOHU-
xeHus K20. OTkniovaemMbii N9TUMNONOCHBIN
akBananaep. Boibop Tvna neHTbI;
HomuHanbHasi CKopocTb ABWU-

XEHWA NeHTbI, CM/C ... .4,76 + 0,06 %
KoadduuneHnt apetoHaumu,
KO, % oo 0,06

Jlnana3oH BOCNPON3BOAUMbBIX
4acToT no yposHio —20 ab,
My (npu 3atyxanum Ha BY
-3pB) ... 30...18000
OTHOWweEHne curHan/wym
HEeB3BELUEHHOe Ha finHen-
HOM BbIXO[lE OTHOCUTESbHO

250wmB,pb ... ...l -55
BxogHoe HanpsxeHwe BHeL-

Hero NCTo4HuKa, MB . .. ... 150...2000
HomuHanbHOE BbiIXOAHOE

HanpsxeHve naHenen "A"

1 "B" Ha NMHENHOM BbIXO-

DE,MB i svisismisa i 250
LleHTpanbHble 4acTOTbl 3KBa-

namsepa, kg . ............ 0,04, 0,2;

1;4,5; 16

NHankaTop ypoBHS curHana,

necaTupaspsoHblia, ob ... L. -20...+5
FabapuTHble pasmepsl,

MM .ot 380x315%x130
Macca, kr
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Cuctemsbl ynpasnexus JINM npumexe-
Hbl OT "Bern MIM-122". LLitaTtHaa cuctema
aBTOMATMYECKOro perynvpoBaHusa 4acTo-
TOon BpaweHua (Y4B) Beaywero Bana
nononHeHa ¢asoBbiM kaHanom (PK) Ha
ocHoBe Mmukpocxem CD4046 n CD4060.
Cxema npusepeHa Ha puc. 3. B kavecTse
3apatoLero yactoTy reHepartopa ®K npu-
MEHEH KepaMWyecknin pe3oHaTop Ha
429 kl'y,. TeopeTnyeckas YacTtoTa Cc garym-
ka 4B JINMM npu HOMUHaNbLHOW CKOPOCTU
nentbl 4,76 cm/c pasHa 812,04 u. MNpn
penenvn vactoTbl 429 Iy, Ha 528 penute-
nem Ha CD4060 nony4yeHO 3HayeHwe
812,5 'y, TeopeTtuyeckoe oTknoHeHne 4B
Beayuiero Bana He npesbiwaet 0,06 %.
N3meperHbin nporpammont Wowd&Flutter
meter koadpdunumeHT getoHauum Ko — He
6onee 0,06. YacToTy noacTpanBaloT KOH-
nexcaropom C3 — rpy6o, a koHaeHcarto-
pom C2 — TO4HO. WN3-3a y3koi monockl
3axsata PAMY JINMM ponxeH GbiTb non-
HOCTbIO WUCNPaBHbIM U OTPErynnpoBaH-
HbIM, YTOBbI HECTABUNBHOCTL 4aCTOThI He
npesbiwana *1 Ny, Takxe HeobxoouMo
BBECTW TEMNEPATYPHYIO KOppPeKuuo, no-
CKONbKY TemnepaTypHbii gpend 4acToTbl
B nHTepsane temnepatyp 20...40 °C pa-
BeH +2,5 'y, y apyrux aksemnnapos J1NMM
OH goxoawn oo +4 I'u. Npennaraembin PK
no NpUHUMNY AeicTems He MoXeT oTpaba-
TbIBaTb Takue 60MbLINE U3MEHEHUS 4aCTO-
Tbl: 812,1 (+2,5 Ty apenid) n (1 Ny HecTa-
6UnbHOCTL). AN TeMnepaTypHON Koppek-
umm no cxeme JINMM BCO2 Heobxopumo
BKNIOUNTL repmannesslii gvop A9 ¢ nio-
6biM OYKBEHHBIM WHOEKCOM B pPa3pbiB
Mexnay pesuctopom R27 n nuHuen nurta-
HUa +6 B, aHOAOM K NUHWUW NUTaHUs NMbo
NPUMEHUTb NPEUN3NOHHbI cTabunnzarop
+6 B. Peanctop R28 HyXHO 3aMeHUTb Ha
MHOro060pOTHLIN, HacTpoiika DK kpaliHe
YyBCTBUTENbHA K perynupoeke. Ha puc. 4
npueegeHa ocuunnorpaMmma curHana Ha
BbiB. 11 DD1, Ha puc. 5 — ocumnnorpam-
Ma curHana Ha Bbie. 3 DD2, Ha puc. 6 —
ocumnnorpaMmma curHana Ha eeis. 2 DD2.

®dK cobpaH Ha OTpe3ke MakeTHOM
nnarbl, dotorpadus cobpaHHOU nnatbl
npueegeHa Ha puc. 7.

MoXHO npuMeHuTbL pes3oHaTop Ha
yacTtoty 3,579545 Ml'y. B aTtom cnyyae
Oouoabl NOAKNIOYAIDT KAaTogaMu K BbIXO-
nam 2%, 2° 28 2° 1y 2% mukpocxemsl DD1
(CD4060), émkocTb koHaeHcaTopos C2 u
C3 ymeHbliaoT oo 22 nd, conpoTtusne-
Hue pe3nctoposB R1 u R2 ysennunsaiot oo
2 MOm 1 22 kOMm. BbixogHoOW curHan cHu-
maloT ¢ Bbixoaa 2'%. B 3Tom cnydae Teope-
Tuyeckas yacTtoTta pasHa 812,06 Iy,

OnekTpoHHas OCHOBa MarHuTodoHa-
NpPUCTaBKWN — YCTPONCTBA U3 UpMkna ctaTen
aBTOpOB BaneHTnHa n Buktopa JIekCuHbIX,
a TakXe aBTopa MHOXeCTBa cTaTel no 3By-
KoTexHuke Hukonaa Cyxoea. Huxe npuse-
[EH cocTas BNOKOB 3N1EeKTPOHHOM YacTu:

— ycunuTenb BocnpousseneHus (YB-A)
11,

— ycunutens Bocnpounssenexus (YB-B)
[2],

— npeaBapuTenbHbi yeunurtens (MY),
ycunutenb 3anucu (Y3) [3],

— reHepaTtop CTUpaHus U nogmar-
HuumBaHus (FCN) [4],

— nHaukatop ypoBHs curHana (UYC)
[s1,

— 6nok nutanus (BM) [6],

— cuctemMa AuHaMW4Yeckoro nopmar-
HuumBaHwusa (CAMN1) [7],
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— KOMMaHgepHas cuctema LymMono-
Huxenns (K20) [8],

— MexOnoyHbll  KOMMYyTatop  Ha
K547KM16 — cobcTeeHHas pa3paboTka,

— 1abno wnHAMKauMnm CcoBCTBEHHOrO
N3roTOBNEHUS, COBMELEHHOE C NSATUMNO-
NIOCHbIM 3kBananazepom [9].

doTorpaduun nnat marHnToboHa-nNpu-
CTaBKM NpUBELEHbI Ha puc. 8.

YB-A [1] paspaboTtaH Tak, 4T06bl €ro
nnara no pasmepam cooTHocunach ¢ 6no-
Kamu [2], a N0 pacnonoXeHN0 KOHTaKToB
pasbéma MPH-14 6bina NnONHOCTbLIO B3au-
Mo3ameHsiema. [lns aToro ucxogHas nna-
Ta YB, npuBeaéHHasa B ctatbe [1], Obina
nonHocTbio nepepabortaHa. Ons 3KOHO-
Muun MecTa Ha nnarte emecto OY K157y2
ObIIM NpUMeHeHbl mManorabaputHole OY

)

P .
PRE L

- —— | |
A D@ ®

Puc. 7

K574yA2. ®otorpadumn nnatel npusene-
Hbl Ha puc. 9 n puc. 10.

YB-B [2] npencTaBnsieT cobow cyLecT-
BEHHO yny4LueHHbl YB Nakamichi 480. Ha
MecTe pas3fenuTenbHOro KOHOEeHcaTo-
pa C5 npumenéHn K52-1B, ato gano cHu-
XEHUEe HEeB3BELUEHHOrO HanpsXeHus
Lwyma Ha Bbixoge YB no cpaBHeHuio ¢ anto-
MWHUEBLIM KoHOeHcaTtopom Ha 1,5 gb.
MoBbilWeHHbIN KO3DDUUNEHT rapMoHuK Kr
aToro YB, oTMeueHHbIh aBTOpOM B CTaTbe
[1], He cooTBeTCTBYEeT NPOBEOEHHOW UM
Xe Metoamke ucnbiTanni. McnbitaHusa
H. CyxoBa npoBOoavAvCbL Npu nogade Ha
BXO4, CurHana yposHem B 1 MB, 4t0 npe-
Bbilano Ha 12 ob HoMuHanbHOE 3Ha4eHne
0,23 MB ana YB [2]. B pesynbrate 3710ro
nonyyeHs NOBbIWEHHbIE 3HaveHus K.

O R T e e .

7 N ’ Py
Aidiie e m . nl e
o i

MHbiMn cnosamu, ana YB [1] HOMuHanb-
HbIh ypoBeHb 0 4B cooTBeTCTBYET BXOA-
HOMy Hanpsixenuio 1 MB, a gna YB [2]
BXOOHOE HanpsixeHue 1 mB cooTBeTCcTBY-
et neperpy3ke +12 nb. B pesynbrate
neperpyska no BXOQHOMY Hanps>KeHWo
YB [2] cnocobcTBOBana pocty U3MepeH-
Horo H. CyxoBbiM koadduLmeHTa rapmo-
HUK. Mpy HOMWHANBHOM BXOOHOM Hanps-
xeHun 0,23 mB u ypoere B 0 ob K: YB
Ban. n Buk. JIEKCUHbIX 3HAYNTENBHO MEHb-
LLe 1 NPUMEPHO COOTBETCTBYET Ha NpuBe-
nénHbIx H. CyxoBbiM anarpammax ans YB
Ban. n Buk. JlekcuHbix npu ypoeHe —10 ab.
doTorpadun nnartel NpUBEAEHbI  Ha
puc. 11 npuc. 12.

B Y3 [3] BmecTo OY K553Y1 npume-
HeHbl K544Y[1, no uokonéske nogxoas-
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wne B umetowmecs ana OY oreepcTus
nnatbl. 1Y, kpoMe WTATHOro No cxeme
®dHY, pononHeH aKkTUBHBLIM PEXEKTOP-
HbIM GUNBTPOM AR BO3MOXHOCTU 3anu-
cn YUM-doHorpamm ¢ komnangepom [10].
Mnata cooTtseTtcTByOWMM 06pasom
n3meHeHa. Umeowmincas MUKPOGDOHHbLIN
ycunutens B 1Y BMecto npsimoro
Ha3Ha4yeHUss UCnonbL3oBaH B Ka4vecTeBe
HOopmupylowero ycunutens ana YB-A ¢
COOTBETCTBYIOLLMM U3MEHEHUEM CXEMBbI
BkntoyeHus. ns YB-B B kadectse Hop-
MUPYIOWEro ycunutensa Wcnonb3yetcs
komnaHaep K20. ®otorpaduu nnatel Y3
npuBeneHsl Ha puc. 13 n puc. 14, a
dotorpacdumn nnatel MY npuseaeHsl Ha
puc. 15 n puc. 16.

WINHX3L0MA8E

nJ'olpei@iinsuos :19soduog
niolpel@|iew uateLd waudyy

v20zZ ‘2L 5N ouivd



3BYKOTEXHUKA

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

PAMNO Ne 12, 2024

Puc. 15

NYC [5] BbinonHeH Ha undPOBbLIX MUK-
pocxemax, Ans 4ero Obina cneuuanbHo
pa3paboTaHa nnara, KoTopas no pasme-
pam COOTHOCMNacb C Apyrumun HGnokamu
Ban. n Buk. JlekcuHbix. Pa3bém Ha nnate
npumeHéH MPH-32 gns coeguHeHus C
apyrumm 6nokamu n Tabno nHaukaumu. B
NYC Takxe npumeHEH manorabapuTHbIV
OY K574Y[)2. ®oTorpadum nnatel npuse-
neHbl Ha puc. 17 v puc. 18.

CAOMN1 [7] npyumeHeHa, HECMOTPSA Ha
MHOXECTBO NocneayLwmnx nybnukaumin Ha
TEMY OMHAMUYECKOro MOAMarHu4uBaHus,
KaK paHee XOpOoLUO 3apeKkOMeHoBaBLIas
ceba HaOEXHOCTbIO U TMBKOCTBIO HaNaXu-
BaHWs ans nobon No XenaHuio xapakTe-
PUCTUKN pErynupoBaHWs Toka nogmar-

Puc. 16

Hu4nBaHua. dotorpadun nnatel npuse-
neHbl Ha puc. 19 n puc. 20.

Ons komnaHgepa K20 [8] nnata 6bina
NONHOCTbLIO NepepaboTaHa A5t COOTBETCT-
BUS MO pa3mepam Apyrum 6nokam. Poto-
rpacdun nnatbl NnpuBeneHsl Ha puc. 21 n
puc. 22.

Bce anekTpoHHble 610KM — CbEMHbIE
Ha pa3béMax, 4TO O4YeHb yaoBHO Mpwu Ha-
naxueaHum n npodunaxktuke. OTBETHbIE
4acTW pPa3bEMOB YCTaHOBMEHbl HAa OHULLE
KOpryca Ha CTOMKax U COeduHeHbl Mexay
coboi cornacHo pa3paboTaHHOW cxeme
coegnHeHun (puc. 23). PacnonoxexHune
610KOB BHYTPM KOpMyca BbiIbpaHo Tak, 4To-
66l 06ecne4YnTb MWHUManbHoOE BAWUSIHUE
nonewn paccesiHns TpaHchopmaropa Ha YB

Aok nnwun

n KSBMES
L ™ e

A
s L

Puc. 18

(puc. 24). OnekTpoHHble GNOKM npea-
BapuTENbHO HaNaXwBanucb MHOVUBUAYab-
HO. MNocne OKOHYaTeNbHOro Mex6a04HOrO
3NEKTPUYECKOr0 MOHTaxa BHYTPW KOPMy-
ca MarHutodOoH-npucTaBka Hanaxwsancs
B KOMMJEKCe COrNacHO MeToaukam, yka-
3aHHbIM B COOTBETCTBYIOLLUX CTATbAX.

C uenbio yMEHbLUEHUS ANUHBbI NPO-
BOAHbIX CUTHaNbHbIX CBA3eW mexay 6n0-
Kamu 1 ynpoLleHua KommyTauuun 6bino
NPUHATO peLLleHne 0TKa3aTbCHA OT KOM-
MyTauun CUrHanbHbIX IMHUA MexaHuye-
ckumn nepeknoyarenamu N2K v nepen-
TW Ha 3NEKTPOHHYID KOMMYyTaLuio, Npu-
MEHWB 3NEKTPOHHbIE KNO4YU HA MWUKPO-
cxeme K547KM16. Cxema anekTpOHHOro
KOMMyTaTopa nokasaHa Ha puc. 25.
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CamopenbHbI

OBYXKacCeTHbIN

MarHUTO(poH- 23R 0,44 -5

npucTaBka

PomaHTtuka 220 500 2,25 -47

JVC TD V662 300 1,25 -48

OnemenTbl 8XP14,VD1,VD11,VT9, R42,
obBefEHHble Ha CXeme LUTPUXMYHKTUP-
HOW NUHWEN, OTHOCATCH K 610Ky ynpasne-
Hua JIMM B "Bera MI-122". MexaHu-
yeckue nepekntodatenn MN2K wncnonb-
3YI0TCS AN NEepekioveHna Hanpsi>XkeHns
—12 B NOCTOSIHHOro TOKa Ha COOTBET-
CTBylOLLME yNpaBnsiowme BXoabl Knoyemn
K547KMN16. Ana atoro 6sina cneunansHO
paspaboTaHa nnata KOMMyTaLum, B KOTO-
POl OCYLLECTBASNOCL MNepeknnyeHue
curHanbHbIX Lenen 610koB mexay coboin
B Heobxoaumoi nocnenoBaTeNbHOCTU.
Mepekntovaowme rpynnsl, GyHKLNOHANb-
HO aHanorudHole M2K, cpopmnposaHsl
nonapHbiM CcOeguHEHWEM OOWHO4HbIX
knodyen B coctaBe K547KM1b6. Takum
06pa3om, U3 HEeTbIPEX UMEIOLLIUXCA KIIo-
yein B ogHoM kopnyce K547KM16 coop-
MWPOBaHbI ABE NepPeKoYaloLLme rpynnbi,
aHanoruyHole opHon cexkuun M2K. B
cxeme 6510ka KOMMYyTaUUK BbINU NPUHATBI
cneumanbHbie Mepbl ONA BbIMOJHEHUSN
ycnosun npumeHernns K547KM1b6, onu-
caHHble B [11]. Ha nnaTte umeeTcs pasb-
ém MPH-32. ®oTtorpadum nnatel npuse-
neHbl Ha puc. 26 n puc. 27.

Tabno wHavkaumwu, COBMELLEHHOE C
perynstopaMmv NATUNONOCHOrO 3KBanan-
3epa, BbINOMHEHO Ha OAHOW CbEMHOWN
nnare, BkAo4aoLeN B cebs Takxke pery-
NATOPbLl YPOBHA 3annCW B pexume 3anu-
CW, COBMELLEHHbIE B peXnme BOCNpou3-
BEAEHUS C PEerynsatopamu rpomMKoCTu
TenecpoHos. Moaceetka Tabno wnHauka-
unn BbiNnonHeHa Ha namnax CMH-6,3-20.
Mmeetca cBetoauogHas uvHAWKAUUS
COCTOSIHUSI NMHenHoro Bbixopa: "BHew-
HUA" — WUHONKATOPbLI HE FOPAT WU CUrHan
Ha NUHENHbIN BbIXO, NOAAETCS C BHELUHE-
ro sxopa, "A" wnn "B" — cwurHan Ha
JINHEWHbI BbIXOA NOOAETCA C COOTBETCT-
BylOLLLE KAacCeTbl. ITO O4YeHb ynobHO B
akcnnyaraumm, BAAHO, C KaKOro UCTOYHU-
Ka WOET curHan Ha JINHEelHblA BbIXOA.
Bbixog NUHWUK 1 perynvpyemsblii Bbixo4 Ha
TenedoHsbl BbINMONHEHbI OTAENbHO.
doTorpadum nnatel NpuUBEAEHbI Ha
puc. 28 1 puc. 29.

Bnok nuTaHus CocTouT nad Topouganb-
HOro TpaHcdopmaTopa, UMeloLLero Hesa-
BUCUMbIE OOMOTKWN NMNTaAHWUS 31EKTPOHHOM
yacTm u cuctembl ynpasneHus JIMNM,
6noka BbiNpaMUTENEn uU crtabunusartopa
6noka nutanusa [6]. TpaHcdopmarop npu-
KPEnnéH K 3afiHel CTeHKe Koprnyca U3HyT-
pu (CM. puc. 24) ¢ BO3MOXHOCTbIO NOBO-
pOTa BOKPYr OCW 45181 HACTPOWKM NO MUHU-
ManbHOMY YPOBHIO BO3AENCTBUA MONEwn
paccesHUss Ha 3NeKTpPOHHble 6noku.
doTtorpadum nnatel ctabunuzatopa b
npusegeHbl Ha puc. 30 n puc. 31.

Takxe Ha puc. 32 n puc. 33 npusege-
Hbl ¢oTorpadum nnatel [Cl, kOTOPLIN
pacnonoxeH B 3adHe 4YacTu kopnyca
psaoM C TpaHchOpmMaTtopoM Ha Makcu-
ManbHOM ypaneHuun ot nnat YB.

MpuHATbIE Mepbl obBecnevvnu MuHU-
manbHoe HanpsixeHune wymos 0,44 mB Ha
NnHeHOM Bbixogae B pexume "CTOM", yto
COOTBETCTBYET HEB3BELLUEHHOMY OTHOLUEe-
HUIO curHan/wym -55 b OoTHOCUTENBbHO
HOMUWHanbHOro HanpsixexHus 250 mB.
MpoBeneHo cpaBHEHWE MO 3TOMY Nokasa-
TN ¢ APYrMMn NPOMbILLAEHHLIMW Mar-
HUTOPOHaMU-NpUcTaBkamu (Tabnuua).

Bnok npenoxpaHntenein n 610k Bbinps-
muTtenein Ha guopax KO212A gna anek-
TPOHHbIX 6nokos 1 KO213A ans cuctemsl
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Puc. 28

ynpasnenus JINM kpenatca apyr Ha gpyra
yepes CTOWKW K 3aHeN CTEeHKE C BO3MOX-
HOCTbIO 0OCTYNa K NpeaoxpaHnTensim cHa-
pyXu uyepe3 cneumanbHoe OkHO. Bcero
YCTaHOBJIEHbI YeTbipe NnaBkux Npeaoxpa-
HUTEnNA B LEenb NEPEMEHHOr0 Toka Kaxao-
ro nneya ABynonapHbIx 06MOTOK. [epxa-
Tens BIl-1 certesBoro npepoxpaHutens
yCTaHOBJMIEH OTAENbHO CHapYXW Kopnyca
Ha 3agHen cteHke. KoHoeHcaTopbl GUAbT-
pPOB ANS KaXAoW rpynnbl BeinpamMuTenein
KPensaTcsa cneunanbHol ckobol K 3agHewn
CTeHkKe.

Puc. 29

OpraHbl ynpaBneHus BkAO4YalwT B
cebs kHoMkW ynpasneHus kaxasim JINMM
n pyHKUMOHanbHble kHonku “Input-A;B",
"A-B", "Equal. OFF", "Dolby OFF",
"Cr OFF". WMmeeTtca oTaenbHas KHomMka
"PHONE" nepexnioyeHna tenedoHOB,
HE3aBUCUMO OT COCTOSIHUSI NUHWW, ONA
[ONONHUTENBHOTrO yaobcTea nNpocnyLln-
BaHua. Hanpumep, ¢ nuHenHoro Beixoaa
4Yepes ycunuTenb U akycTu4yeckue cucre-
Mbl N9 cnylwaTtenein nopsaércs KoMnoau-
uma ¢ kaccetbl "A", u B 3T0O Xe Bpems
yepes TenedoHbl MOXHO cnywaTb ApY-

- 3\\ u" .%,- e‘t’

Puc. 31

rylo komMnosuuuilo ¢ kaccetol "B".
YnpaBneHve Motopamu Benyllero Bana
NNM popaboTaHo Tak, 4TO B pexume
"Cton" moTopbl He paboTtaioT. Kpome
COXpaHeHus pecypca noAWNNHUKOB
MOTOPOB (MOTOP BK/O4YAETCS TONbKO
Torga, Korga aTto Heo6xoAuMo), OTKpbI-
BaeTCs BO3MOXHOCTb WCMONb30BaHUA
MarHuTopoHa-NpUCTaBkN Kak KOMMyTa-
TOpa WUCTOYHWKOB curHana "BHewHwuin",
"A" unm "B" u noaxnio4eHus BHELIHero
WCTOYHMKA K 3KBanansepy, npu 3TOM
BbICBOOOXOAETCSA BXOh, YCUNUTENs, Tak



Puc. 34

Kak, Hanpumep, npouvrpeiBaTenb NOCTO-
SAAHHO MNOAOKNIOYEH K MarHuTopOoHy-npu-
CTaBke K BHeLHeMmy Bx0ody, a Bxo4 Ans
npourpbiBaTenst B ycunutene ncnonb3y-
eTcs nna Apyroro AOMNOAHUTENbHOrO
UCTOYHWKA. B mpomblluneHHbIx annapa-
Tax Takon pexum paboTbl HEBO3MOXEH,
NOTOMY 4YTO ANS NOAA4YUN BHELLUHEro cur-
Hana Ha NWHENHbIA BbIXOA NPOMbILLIEH-
HbliA  MarHMTodOH-NPUCTABKY HYXHO
nepesoanTb B pexum "3anuck”. Bce
3M1EMEHThI ynpaBneHus cHabXeHbl TO4E-
HbIMU AOpantoMUHUEBbIMY BRecTALMMN
KHOMKaMW W pyKosiTkamy B eOUHOM
cTune.

Kopnyc marHntodoHa-npucraskm —
cOOpHbIi M3 (ppe3epoBaHHbIX ALOpanio-
MuHWEeBbIX AeTtanen. Kopnyc, B otan4ne
OT NPOMBILNEHHBIX U3BENNA, HEe umeeT
LIacCu U BbIMOJIHEH HECYLUUM, T. €. BCe
3NEeMEeHTbl U COCTaBHbIE YacTu annapaTa
KPenaTcs HenocpeacTBEHHO K KOPMycy.
MNepenHas naHenb BbINOJIHEHA MOA-
HOCTbIO CbEMHOMN, 6e3 kakux-nubo npu-
KpEenneHHbIX K Hell anemeHToB (puc. 34).
310 ynobHo npu npodwunakTuke ponu-
KoB n ronosok JIMM. MNaHenb npukpen-
NeHa AeKopaTuUBHbIMW BUHTAMW C 6Onb-
LWWUMK WASNKaMn M 6NecTawmm nokpbl-
TUEeM, 4TO NpuAaéT NUUEBOWN nNaHenwn
3aKOHYEeHHbIA BuA. [ONOAHUTENBHO

[0EeMOHTUPOBaTb kakne-niobbie peTanu,
KPOME PYKOSITOK PEryNsiTOpOB 3KBanau-
3epa 1 ypoBHs 3anucw, He Tpebyercs.
MaHenb cnpoekTupoBaHa Nopg Aekopa-
TUBHbIE KPbILWKN KACCeTONPUEMHUKOB
oT maruutonsl SONY CFS-W600. U3
MMEeLWNXCs B Npojaxe B TO BpeEMS B
paguomarasuHe HOBbIX KpbILEeK K pas-
NIN4HON ANOHCKOW annapaType BblGOp
ObiN coenaH B NONb3y 3TUX, CHAOXEH-
HbIX AEeKOPaTUBHbIMU Haknagkamu n3
aHOAWPOBAHHOIO B TEMHO-CEpPbLIN LBET
anoMuHus ¢ o06paboTkoM BepXHUX
oTbopTOBOK A0 3epkanbHOro 6necka. B
COOTBETCTBMM C LBETOBOW rammomn
Kpbllwek 6bina BoibpaHa TpPEXuseTHas
cxema okpacku kopnyca. BokoBuWHbI 1
CTAXKKW, oOpamnsiowme nepenHiolo
naHenb, aHOAWPOBANUCbL B TEMHO-
cepbil LBET, MakcumanbHo npubnn-
XEHHBIN K LBETY AeKOPaTUBHbLIX HaKna-
Dok kpbilwek. MNepenHsas n 3agHaa naHe-
N, BEPXHAS U HUXHAS KPbILLKW Kopryca
aHOOVMpPOBaNNChb B CBETNO-CEPbIN UBET
(puc. 35). BEHTUNALMOHHbIE PELLETKN
(BBINUAWBANUCHL U3 3a0HUX KPbILLIEK pa-
aunonpmnémHuka VEF 202) BbinoAHEHbI
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Puc. 36

M3 YEPHOro nnacTuka Nojg OCHOBHOW
UBEeT KpblWeK KacCeTONnpUEMHUKOB.
MNepen aHoaMpoBaHUeM Npov3sogunach
py4yHas TOHKas wWnNMdOBKa HAPYXHbIX
NOBEPXHOCTEN B MpPOAOSbLHOM Hanpas-
NeHnn ANns noslyYeHus O[AHOPOOHOro
MaTOBOro aHoOHOro NOKPbITUS.
MpepBaputensHas cbopka kopnyca B
KOMMMIEKTe C KpbilLlKkaMu nokasana npa-
BUBHOCTb BbIBOPA KOHLEMLUN OKPaCKW.
Cob6paHHbIl CO BCEMUW BHELUHWMU geTa-
NAMU KOpNyc MarHutodoHa-npucTasku
3CTETUYECKN BOCNPUHUMAETCH KakK [0C-
TaTo4HO cbHanaHcupoBaHHbIN. Hagnwucwu
Ha NMUEBON N 3agHeln NaHensx BbinonHe-
Hbl NepeBoAHbIMYU WpNdTaMU, KOTOpbIE
npv gnuTenbHOM 3KcnnyaTauumn nokasa-
NN QOCTaATOYHYID CTOWKOCTb. MarHuto-
¢OoH-NpUcTaBka O4YEeHb KOMMAKTHbIN,
rabapuTtHble pa3mepbl 3aMeTHO MeHbLUe
"Maska-231" nnun "Bern MM-122".
Mcxopa wn3 TOro, 4TOo nepenHsas
naHenb coenaHa CbeMHON 6e3 BHELUHUX
3N1EMEHTOB, KpenneHue Kpbillek kacce-
TONPUEMHUKOB BbLINONHEHO Henocpen-
CTBEHHO K JIMI. 370 pewunno cpady ase
3apgayn — oceob6oaMNO nNepenHiolo
naHenb OT BEPOATHLIX 3IEMEHTOB Kpen-
neHns Kpbllek u obecnevymno To4Hoe
nosuunoHuposaHue kaccetbl B JIMM,
NMOCKOJIbKY MOJIOXEHWE KPbILWKW OTpery-
nuposaHo B cbope c JIMM Tak, 4TOObI
KacceTa HanpaBnanacb WTaTHbIMWU
Hanpasnsowumn JINM n yaepxumsanaco
B HYXXHOM NOJIOXEHUW Kpblilkoi. Kpome
TOro, peweHne 3akpenuTb KPbILWKU K
NIMM noTpe6GoBano TulATENbLHOrO NO3W-
uMoHupoBaHus oboux JIMM B kopnyce
OTHOCUTENbHO nuueson naxenn. JINMM
DOMXKHbI ObITb pa3MelleHbl TakK, 4TOObI
KPbILWKWY 6blNV HA O4HOM YPOBHE B BEPTU-
KanbHOW NNOCKOCTW C pacafHoOM 4acTblo
NNUEBOW NaHenu n He UMenNn Nepekocos
B TPEX NnockocTsax ansa obecnevyeHus
cBOOOAHOr0O  OTKPbIBAHUS  KPbILLEK.
3apaya pewwunacb NyTéM KpenneHus
oboux JINM k obLiemy yronky B 3agHen
4acTW W WHOMBUAYaANbHBIM Yronkam no
oOHOMY B nepepHelnt 4acTu Kaxnoro
JIMM. MecTa kpenneHuit B JIMM — wrat-
Hble, AOMONHUTENBHO CBEPINTL KPEenéx-
Hble oTBepcTua B JIMM He noTtpebosa-
nocb. 3alénku KpblleK WM3roTOBMEHbI

MHOWBUAYaANbHO NOA LWWITATHLIA 3auen,
vMelwmincs B Kpbiwkax (puc. 36).
Tonkatenn 3awénok nNpUMeEHeHbl OT
nepekntoyatens MN2K 6e3 KOHTaKTHbIX
rpynn C 4€pHbIMW KHOMKamu, pacnono-
XEHHbIMN CcneBa BBEPXY OT KPblLIEK.
MHoroneTtHsas akcnayatauus MarHuTo-
doHa-npucTaskn nokasana BblCOKYO Ha-
néxHocTb 3awénok. MNMoaceetka kaccert
BbiMONHEHa Ha namnax CMH-6,3-20,
YCTaAHOBNEHHbIX B NIOCKNIA AepXaTtenb na
oprcTekna TonwmMHon 3 MM, 3aKkpennéH-
Hbli BMECTO BUHTA, KOTOPbIA AONXEH
dukcupoBaTb B TPAHCMOPTHOM MONOXe-
HUW kapeTtky JINM.
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Papuo, 1986, Ne 9, c. 42—45; Ne 10, c. 36—
38.

9. Arees A. YcunutensHblin 610k niobutens-
cKoro paguokomnnekca. — Paguo, 1982, Ne 8,
c. 31—-35.

10. Jlekcuubl Ban. n Buk. KomnaHaepHbii
wymonogasutens. — Paguo, 1982, Ne 5, c. 38—
41.

11. KosnoBckuit B. 3neKTpoHHbIE KOMMY-
TaTopsl B ycunutenax HY. — Pagwno, 1981,
Ne 5—6, c. 42, 43.

Lnpokuin BbIGOP paavoperanei
[NA BONJIOLWLEHWS BALLMX NOEN.

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

PaspaboTtka nporpamMm gns Muk-
pokoHTponnepos STM32, ATmega n
Opyrux Ha 3akas:

C6op paHHbIX, nepenaya Ha cep-
Bep, ynpasneHue, ceet, 3ByK, CAN un
LIN, reHepauus curHanos, namepeHus
nT. o.

E-mail: micro51@mail.ru
T.+7-912-619-5167

Bab6asH M. B.,
MypasbeB B. C.,
CmupHoB C. A.,
« Ctpotos B. B.
O6paboTka n3o-
6paxeHuir B cucte-
Max obHapyxeHus
" N COMPOBOXAEHUS
obbekToB. Knaccu-
W CONPOBOMAEHNS qeckne MeTonbl.
OBbEKTOB YyebHoe nocobue

{ioe ons By3oB. — M.:
fopsiYas nuHua —
Tenekom, 2024. —

168 c.: un.
ISBN 978-5-9912- 1098-0.

YUEBHOE TNOCOBHE
[ smm St

OBPABOTKA U30BPAXKEHUA
B CUCTEMAX OBHAPYXEHUA

OcBelleHbl BONPOCHI NPOCTPAHCT-
BEHHO-BpPEMeHHON 06paboTku n aHa-
nu3a nocneposaTenbHocTel n3obpa-
XEHWN NpPUMEHUTENbHO K 3apadam
06HapPYXeHUss U ConpoBOXAEHUSA 00b-
exToB. 3HauynTenbHOE BHUMaHwe yne-
NIeHO anropuTMam BOCCTaHOBNEHUSA
n3obpaxeHuii U onpepeneHuo napa-
METPOB UX reoMeTpu4eckmx npeobpa-
30BaHUN.

[ns cTyneHToB BY30B, 00y4aloLmx-
CA MO HanpaBneHWUsIM MNOArOTOBKU:
27.03.04 — "YnpaBneHwe B TexHwW4e-
cknx  cucrtemax”, 01.03.02 —
"MpuknagHas matemaTtuka u nHdopma-
Tnka", 15.03.06 — "MexaTpoHuka u
poboToTexHuka", 27.04.04 —
"YnpaBneHve B TEXHUYECKUX CuUcTte-
max”, a Takxe no cneuuanbHOCTWU
12.05.01 — "3nekTpoHHbIE N ONTUKO-
3NeKTPOHHble Npubopbl U CUCTEMBI
cneunanbHOro HazHadeHusa".

Bynet noneaHa acnupaHTam u cne-
unanuctam COOTBETCTBYIOLLEro MNpo-
bunsa.



ABTOHOMHbBIN aKTUBHbIN HY-wyn
anga ocuunnnorpada

U. HEHAEB, r. Mocksa

yn 6bin paspaboTaH 4na nopTaTue-
Horo ocumnnorpada FNIRSI-1C15.
Y aToro ocuunnorpada BxopHOE CONpo-
TusneHne — 1 MOM, BepxHAS rpaHUyHas
yactota — 110 Ml'y. C ero nomouibio
MOXHO MPOBOAUTL M3MepeHUst BONbLUINH-
cTBa napameTpoB curHanos. OgHako ecTb
1 onpepenéxHHble HepoctaTkn. OauH 13
HUX — HebONbLLOM 3KpaH, a TakKxe HEBbI-
cokasli MakcumasnbHasi 4yBCTBUTENbHOCTb,
koTopas paBHa 20 mB/gen. 3toro moxeTt
OblTb HEmOCTATOMHO A8 WU3MepeHus
napameTpoB Manbix curHanos. Kpome
TOro, ero BxofgHas €MKOCTb, U3MepeHHas
BHeLWHuM npubopom, — 33 nd, a BmecTe
CO WTaTHbIM Wynom ¢ genutenem 1:1 n
kabenem oxa pgocturaet 156 nd. Bxog-
HYI EMKOCTb MOXHO CYLLLeCTBEHHO YMEHb-
Tk (NpumMepHo o 15 nd), ncnons3osas
B wyne aenutens 1:10, Ho Toraa 4yBCTBU-
TenbHOCTb YyMeHblunTcs ao 200 mB/pen.
LLlyn, onucaHve KOTOpOro NpuBOAUTCS
nanee, obnapaet 60nblINM BXOAHBIM
conpoTuBneHnem, HebonbLON BXOAHOMN
EMKOCTbIO, YCUNIEHNEM 1 aBTOHOMHOCTbIO,
NOCKOSbKY COAEPXUT BCTPOEHHbIA UCTOY-
HUK nNuTaHusa. [lo3TOMYy €ro MOXHO
Ha3BaTb yHMBEpPCanbHbIM U UCNONb30BaTh
COBMECTHO C pasnunyHbiMW ocuuinorpa-
daMn  C BXOAHbBIM COMPOTUBNIEHUEM
1 MOwm, a Takke U C gpyrumu nsmepu-
TenbHbIMU Npubopamu.

TexHUyeckue xapakTepucTUKn
NpU HaNpsHXXeHUn NnuTaHua 4 B

KoadpduupeHT nepepayn
BxopHasa émkocTb, NP .. ............ 20
BxomHoe conpoTuBfieHue Ha

yactote 1 kly, MOm
MoTpebnaemMbii TOK, MA . . .......... 0,9
BepxHAs rpaHuMyHas YacTtoTa

nonocsl MNPonyckaHus no
yposHio -3 ob
npuKk,=1, MM ............ 1,25
(nogbém Ha 6 pb
Ha yacToTe
800 kIl'u)
npu K, =10, kMg ............ 200
MakcumanbHbIli pa3max Bbl-
XOOHOr0 HanpsXeHus Ha
yactoTte 1 kly
npuky=1,B................ 2,8
npnkK,=10,B............... 2,4
MakcumanbHbIn pasmax
BbIXOZHOIO HaNPsXXeHUs Ha
yactoTe 100 kly,
npukKy=1,B................ 2,3
npnkK,=10,B............... 2,2

HwxHas nonoca nponyckaxus onpeae-
nsetca éMkocTsiMu koHpeHcatopos C1 un
C3 (anqa K, = 10) u He npesbiwaeT 10 Mu.

CxemMa aKTMBHOroO Lliyna nokasaHa Ha
puc. 1. Ero octoa — QY cepun TL272

[1], KOTOpLIN COOAEPXUT Nonesble TpaH-
3UCTOPLI, SKOHOMUYEH U UMeeT 6oJbLLoe
BxogHoe conpoTtvenieHne 102 Om. Bna-
ropaps aTomy vy wiyna 6osnbLuoe BxogHoe
conpoTtusneHme. 31ot OY paboTtocnoco-
6eH nNpyv OAHOMONSAPHOM HaNPSXEHUU
nuTtanng 3...16 B, noatomy ans ero nuta-
HUSE UCNONb30BaH oawH Li-lon akkymyns-
TOp. Peauctopel R1—R3 3apaoT pexum
QY no NOCTOSAHHOMY TOKY, Ha ero BbixO4e
[omkHa OblTb MONOBUMHA HaNpsXeHus
nuTanus, koHpeHcatop C1 — paspenwu-
TenbHbln, KoHpeHcaTtop C2 — 6nokupo-
BOYHBIV MO NuTaHuio. Beiknioyatenem SA1
nepeknioyalnT KoddPuUUNEeHT nepenaqun
wyna. Mpu 3amkHYTbIX kOHTakTax K, = 10,
npu pasoMkHyTbix — K, = 1. Buikniouartens
SA2 cnyxuT gns nNopaqn HanpsxeHus
nuTaHus.

CNYXUT unnuHapuyecknin Li-lon akky-
mynaTop Tunopasmepa 08570 émko-
cTbio 280 MA+4 OT OQHOPA30BOM 3NeK-
TPOHHOW curapeTbl. [Ons kKoHTpONSA
3apsagky akkymynatopa npuMeHeH part-
yuk gasneHms A1 oT 0ogHOPa30BON anek-
TpoHHOW curapetsl. [MogpobHee 06
YCTPOWCTBE 3TOro Aatynka U O BbINOS-
HAeMbIX YHKUUAX pacckasaHo B [3].
Ana 3apagky akkymynstopa UCnonb3y-
etca 3Y coTtoBoro TenedoHa, KOTOpoe
noaknoyalT K rHe3ny XS1. Xors
EMKOCTb NMPUMEHEHHOr0 akKymynaTopa
HeBenuka, Hebonblion TOk, NnoTpebnse-
Mbli Lynom, obecneyvisaeT ero npoaon-
XuTtensHyilo paboTy OT OAHOW 3apsnku
akkymynstopa. [MogknioyaloT wWyn K
ocuunnorpady C NOMOLLBIO KOaKCcuanb-
Horo BY-kabensa ¢ pasvémom XW1 Tuna

0,9 MA SA2 "Bkn."
KBbie 8 DA - ¢ A
. 2C2 _L A1l ‘
MK pacH. Xs1
K BbiB. 2-4 DA1 <J_|: 3}2//; L+ g!, g  MicroUSB
CuH. = 1 "
P guen Ils, 58
2
VD1 BAVSS
7 N DA1 TLC272C
C110H B DA1 1
XP1
Bxop, 3l SJ DootL
XP2 SA1"1:1" Cf’i|22 MK R5 1k R6 10k |R7 100 XW1
Obuymia <1~ 10 NN e o BN e NN o S &
o1 <
Puc. 1

Ona  3awuTel HewHBEpPTUPYIOLWEro
Bxoga OY npumeHena uenbs R4VD1 ¢
puoaHon cbopkon BAVI9 [2], avoabl

BNC Ha koHue. Pe3auctop R7 cnyxuT ons
3awunTbl Bbixoaa QY DA1.1 oT KOpOTKOro
3aMblkaHus.

Puc. 2 S —

KoTopoit obnapaloT BbICOKUM ObICT-
ponoencTeuemM, ManbiMu EMKOCTbIO W
obpaTHbIM TOKOM. MICTOYHUKOM NUTaHUs

Cnepyet 0bpaTuTb BHUMaHue, 4TO Ha
BbIXOAE Liyna OTCYTCTBYET pasfenvreb-
HbIl KOHAEHCATOP, NO3TOMY ocuunnorpad
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Bbixoge OY DA1.1 npucytcTByeT mocTo-
AAHHOE HanpsXeHwe, paBHOEe NONOBUHE
HanpsxeHus nutaHus. WamepmB 31O
HanpsHKeHne, MOXHO OnpeaenuTb Hanps-
XEeHWe akkymMynsTopa v NpuHsATb pelleHne
0 HEOBXOAMMOCTH ero 3apsaKu.

B kavecTtBe kopnyca Liyna Ucnonb3o-
BaH MeTaNnnyecknin kopnyc (puc. 2) ana-
meTpom 18 MM 1 gnuHon 84 MM OT anek-
TPOHHOW cwurapeTbl. BxopHble pa3b-
émbl XP1, XP2 n BY-kabenb ¢ pasbEMom
XW1 ncnonb3oBaHbl OT kabens ocumnno-
rpada (pmc. 3). Takon kabenb MOXHO
npuobpecTtn B UHTepHeTe [4].

Moyt BCe 9nemMeHTbl pa3melleHbl Ha
neyaTHon nnate u3 GONLMMPOBAHHOIO C
OBYX CTOPOH CTEKJIOTEKCTONUTa TONLM-
HoM 1,5 MM. EE yepTéx n pasmellenne Ha
Hel 9neMeHTOB nokadaHbl Ha puc. 4.
WwupuHa nnatel nogobpaHa Tak, 4TOObI
OHa C TpeHueM Bxoausa B Kopnyc v no eé
Kpaw metannunsaums umena Obl KOHTakT ¢
MeTanIM4eckumM KOprycom.

BHeLwHWi BuA CMOHTUPOBAHHOM Nnathbl
nokasaH Ha puc. 5 n puc. 6. CoeanHn-
TenbHbI kabenb, akKymMynatop wu Aar-
4uk A1 3akpenneHbl Ha nnate C NOMOLLbIO
Tepmoknes. Ha nnate oTcyTCcTBYyeT AMOA-
Has cbopka VD1, nockonbky 6binn onace-
HUS, 4TO OBpaTHbIN TOK ANOAOB MOXET
CYLLECTBEHHO HapyLwuTb pexum OY DA1.1
no NOCTOSIHHOMY TOKY. Ho nocne ycTaHoB-
KU 3TOMN COOPKM pPEexXuM MpakTu4ecku He
N3MEeHUCS.

Mcnonb3oBaH fopaboTaHHbil uyn ans
ocumnnorpada, oH obpesaH No NUHWUW,
nokasaHHoOW Ha puc. 3 (BHYTpW Liyn mMe-
Tanauyeckuii), a nnacTMaccoBas 4acTb OO
BbICTYNna ypaneHa. 3atemM C MOMOLLbIO
ropsyero nasylbHMka MeTtannuyeckas
4acTb Lyna BnjasneHa B N1acTMacCoByto
3arnyLky (cneea Ha puc. 2) aneKTPOHHOM
curapeTbl. MeTannuuecknii  ynpyrui
WTbIPb, KOTOPLIA obecneynBan KOHTAKT
LleHTPaNbHOro BLIBOAA LyNa C LieHTpanb-
HOW Xunoi kabens, ykopoyeH "no mecty”
“ npunasH kK nnate (cMm. puc. 5). Uc-
nonb3oBaH BY-kabenb o1 ocuunnorpada.
Ha ero koHue B nnacTMaccoBOM Aepxa-
Tene pasbéma BNC (pmc. 7) Hapo yna-
nnTb pe3ncTop (ecnu OH ecTb) U NOA-
CTPOEYHbI KOHAEeHcaTop, CcoefuHuB
LeHTpanbHyo Xxuny kabens ¢ ueHTpanb-

Puc. 5

WUnu opyron namepuTensHolin npubop Haao
MCNONb30BaTh C 3aKPbITbiM BXOAOM. YCTa-
HOBUTb pPa3aenuTenbHbI KOHAEHCATop Ha
nnaTty uyna MoxHo 6e3 ocobbix npobnem,
0N 3TOro Tam [JoCTaTo4HO MecTa.
MoTpebyeTcs TONbKO NepepesaTtb neyar-
HblA NPOBOAHWK, WAYWWUA OT pe3uc-

Topa R7 k kabenio, 1 yCTaHOBUTb HA MecTe
pa3pes3a KoOHAeHcaTop ONS NOBEepPXHOCT-
HOro MOHTaxa. Ho OTCyTCTBME 3TOrO KOH-
peHcatopa 06yCNOBNEHO TeM, 4TO B 9TOM
cry4ae MOXHO C MOMOLBIO MyfnbTUMETpa
(BONbTMETPA) KOHTPOAMPOBATbL HanpsXe-
Hue akkymynatopa. [eno B TOM, 4TO Ha

HbIM KOHTaKkTOM pa3véma BNC. B pesynb-
Tate nonysuncsa wyn (puc. 8), Ha koTo-
pPbI MOXHO HaZeBaTb U HacafaKy C Kpoy-
KOM.

B ycTpoiicTBe NnpuMeHeHbl pe3nucTophbl
ONs NOBEPXHOCTHOrO MOHTaxa Tunopas-
mepa 1206 nnn 0805. Bce koHpeHcaTo-



Pbl — KepamMmun4eckue, Takxe onqa
NOBEPXHOCTHOINro MOHTaxa, npu

3TOM y koHaeHcaTopa C1 gonxeH

ObITb Masblii TOK YTEYKN, NO3ITOMY
ero HoMuHanbHOE HanpsXeHue
nONXHO ObliTb He mMeHnee 100 B.
Pesuctop R1 — BbIBOgHO C3-
14. MNMpumMeHeHbl ManorabapuT-
Hble nepekn4YaTenn, Yy HUx
MEeTaNIM4YecKnini Kopnyc, U OHWU

npunasHbl K Nnarte, UX ABUXKU He

DOMXKHBbI BbICTYNaTh 32 Npeaens
nnartbl, 4To6bLI NPU YCTaHOBKE B
KOpnyc ux He noBpeauTb. Ans
[0CTyNa K UX ABUXKaM B kopnyce
cAenaHbl NPSIMOYrofbHble 0TBEP-
cTuS.

Ons nopgknoyenuns 3Y B Kop-
nyce TakxXe cAenaHo npsmo-

Puc. 7

yronbHoe oTBepcTne  Ans
| poctyna K paswémy XS1. Onsa

VHAMKaLMKW npouecca 3apanku

HanpoTus moayns A1 B kopny-
| ce chenaHo Kpyrnoe oOTBep-
CTue, 3aKkpbiToe NpOo3payvHomn
nnacTMaccom unu gparMeH-
| TOM npo3payHoro 6ecueTHoO-
ro kopnyca cesetroguopa auva-
- meTpom 3 MM. B npouecce
| 3apsbKu  CBETOOUOA MOoay-
- na A1 6ynet cBeTuTb (puc. 9)

M NOracHEeT MO e€ OKOHYaHUW.

BHewHun Bua wyna noka-

~ 3aH Ha puc. 10, ero MoxHo
MCNonbL30BaTb COBMECTHO C
OPYrUMuU  U3MepUTENbHbIMUN
' npubopamMn Ans NOBbILWEHUA
UX YYBCTBUTENIbHOCTU U BXOL-

HOro COMPOTMBNEHWS, Hanpumep Cco-
BMECTHO C 4aCTOTOMEPOM, MUININBONLT-
METPOM MEePEMEHHOr0 HanpsixXeHus,
KOMMbIOTEPHbLIM aHaNM3aTopoM CrekTpa
n ap.
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OdomawHum TepMoMeTp-rurpomeTp
C NUTAHUEM OT aKKyMmynartopa

C. CBEYUXUH, r. KpacHosipck I

H}: CcTatbe OnucaH HECNOXHbI ObITOBOW
J npubop pona naMepeHua Temnepary-
pbl U BNAXHOCTW BO3AyXa B NOMELLEHUN.
Mpubop nutaetca ot Li-lon akkymynato-
pa u Moxert pabotaTb aBTOHOMHO 6e3
BbIK/IIOYEHUS B TeYeHue ONUTEeNbHOro
BpemeHn. CxemMa TepMoOMeTpa-rurpo-
MeTpa npuseaeHa Ha puc. 1. OH BbINON-
HeH Ha 6a3e MUKPOKOHTpONepa cepun
ATmega8A. Ha cxeme ykasaHa Hymepa-
LS BbIBOLOB MUKPOKOHTpOMEpPa B KOP-
nyce DIP28. [ina namMepeHus ncnonb3y-
€TCsl PacnNPOCTPAHEHHbLIN MOAYNb AAT4YN-
Ka BnaxHoctu n Ttemnepatypbl DHT11.
Ero TouyHoCTM BnonHe xBaTtaeT Ans 6bITO-
BbIX HYXJ,

Mpubop BLINOMHEH HA MAKEeTHOM NnaTte

Toka 3apsgkn 0,3 A. Moaynb A2 umeet
BXO4HOW padbémM miniUSB nnu microUSB,
Yepes KOTOPbI MOXHO 3apsiiuTb akKyMy-
naTop, a Takxke obecneymTb NUTaHue Npu-
6opa Hanpsxxenvem 5 B npu pabote c
nporpaMmmon. lepeknioyeHne nurtaHus
npubopa OT BHELUHEro UCTOYHUKA Unu oT
akKyMynsiTopa Npovu3BOAUTCS nepeycTa-
HOBKOW nepemblykn S1, KoTopas pasme-
LeHa Ha nnare Bbilwe gucnnes HG1.

Ha nnaTte cHu3y OT gucnnes yctaHoB-
NIEeH CUHWUIA cBEpPXbAPKUIA ceeTogmod HL1.
[Mockonbky Temnepatypa v BNaxHOCTb
MEHSAIOTCS MeANIeHHO, B TeyeHue Anu-
TEeNbHOro BpeMeHun umdpsbl Ha aucnnee He
meHsTca. KpaTkoBpeMeHHO, exece-
KYHAHO, BCnbixusalowmin ceetoguon HL1

BbiBOAbI ynpasneHus pucnnes nog-
K/IOYEHbl K MWKPOKOHTPONNEpy Yepes
pe3uctopbl R3—R6, koTopble cnyxaT ons
cornacosaHus ypoBHen curHanos. B cna-
weM pexume, kKoraa Het obpauwieHus K
oucnneto, Ha BbiBogax PD5, PD6 n PD7
yCTaHaBNMBaeTCA HU3KUA NOrn4yeckuin
ypoBeHb. Ha BbiBoge PBO octaétcsa Ha-
npsiXXeHne BbICOKOro YPOBHS, KOTOPOE Mno-
cTynaet Ha BbiBog RST gucnnes. MMeHHO
yepe3 BbiBOg RST u ob6ecnednsBaeTtcsa
nutanune gucnnes [1]. Ha peauctope R3
nageHwe HanpsXeHuss He npesbillaeT
50 MB n nameHsietca B 3aBUCUMOCTU OT
TOro, Kakme onepauun BbINOJIHAET MUKPO-
KOHTponnep. BoiBOA nuTanusa agucnnes
ocTaértca cBob6oaHbIM. HanpskeHue Ha

18

C NpUMeEHeHWeM NPOBOJIOYHOr0 MOHTaxa  Moka3biBaeT, 4To Npubop paboTaerT. HEM — okono 4,1 B npu nutaHuu ot
SB1 | R1 [T/} R2[]  DD1 ATmega8A-PU HG1
10«4 10 K . 9 R3 33« xs1 xp1 Nokia5510
I—Cﬂ; + Y res [meu| peo 145 I el —RsT|LCD
SCE
A1 DHTM PD7 i i DC
- PD6 SDIN
p |VED 24 pCt PD5 2 g SCLK|
N |DATA Pt GND
9
VSS | XTAL1 XTAL2
* ZQ1 327681y
c1_t [

)
A2 TP4056 S1 * # KBbiB. 7,20 DD1
IN+ CHG B+ l
1 [. ©2 c3_2
usse |: 37B T- 100 HT220 MK )T
IN- B- — 6B  » Keue 8 22 DD

Puc. 1

(puc. 2). MNevartHaa nnarta He pa3pabaTbl-
Banacb. Ha nnate BUAHbI pa3bémbl, KOTO-
pble Ha cxeme (CM. puc. 1) He nokasaHsbl.
9710 pasbEM NuTaHuAa (BBEpXY cnpasa) u
pa3vém ISP ana nporpamMmMunpoBaHus
(nocepepuHe cnesa). OHUM mncnonb3osa-
nuck npu paspaboTke, B LUTATHOM pexu-
M€ OHU He HYXHbl. MoXHO ncnonb3osaTb
MOAynb gaTtyuka AaBfieHUsl, CMOHTUPO-
BaHHbIA Ha Hebonbwon nnate (puc. 2). Y
HEero yXe eCTb BCTPOEHHbIA Pe3ncTop co-
npotusneHnem 10 kOm, NoaTomy pesuc-
TOp R1 MOHTMpPOBAaTL HE HY>XHO.

MNutaetcs npubop ot Li-lon akkymynsi-
Topa G1. Ans ero 3apsagkv NPUMEHEH Mo-
nynb A2 3apagHoro yctpoictea TP4056.
OH 6bin gopaboTaH, B HEM 3aMeHEH TOKO-
3apalownin pesuctop ans obecnedveHus

MHdopmauus o Temneparype un Bnax-
HOCTU BbIBOAUTCS Ha aucnnen Nokia
5510. Takne gucnneun Bbinyckanuco B pas-
HOM UCMOSIHEHUU, HEKOTOPbIE BbINONHEHbI
Ha 3enéHon nnate, Apyrue — Ha CuHen
wnu kpacHoi. Llokonéeska BbIBOAOB Y HUX
coBnagaer.

Mepeg ycTaHOBKOW Aucnnes ero Heob-
X0AMMO popaboTtarte — OTKAYUTb NuTa-
HMe cBeTogoMopoB NoaceeTkn. Ha puc. 2,
B BEPXHeM 4acTu nnaTtbl, KpacHbIMU
cTpenkamu ykasaHbl YeTblpe peaucropa
ONsi NOBEPXHOCTHOrO MOHTaXxa, K KOTO-
pbiM NOAK/IOYEHbI 3TU cBeToanoabl. Ha
CUHel nnaTe Takxke B BepXHen 4acTu Ha-
XOAWUTCS OOWH Pe3ancTop NOACBETKU. DTU
pe3ucTopbl Hafo OTNasTe WAM NPOCTO
BbIKYCUTb.

HanpsxeHus 5 B u npumepHo 3,2 B npn
nUuTaHUM OT akkymynatTopa. HanpsxeHve
NUTaHWs Aucnnes, CornacHo TeXHUYECKOn
[OKYMEeHTauuu, He AOJKHO NpeBbllaTtb
3,6 B. Tem He meHee, nszobpaxeHue Ha
[ucniee oCTaétcsl KOHTPaCTHbIM U Ap-
KUM, Kak Npu HOPManbHOM NUTaHUWN.
MonyyaeTcs, 4TO OUCNnen nMeeTt pocra-
TOYHbIN "3anac npo4HocTu" gns paboTsl B
Takux pexumax. 1o 6110 NpoBepeHo Ha
TPEX 3K3emnnapax aucnies (4Ba 3eNEHbIxX
W OOVH CUHWUI). Hukakux oTpuuaTenbHbix
3¢ dekToB He HbIN0 0OHAPYXKEHO.
Nporpamma paspaboTaHa B cpene
AVRStudio 4,19. bBubnuoteka ana paboThbl
¢ mopynem DHT11 B3sTta B [2]. Bubnuo-
Teka ans pabotel ¢ gucnneem Nokia 5510
MU 3HaKoreHepatop B3sTbl Ha caiTte [3].
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AVRISP mkIl in ISP mode with ATmega8 & »-|
Main | Program LockBits | Advanced | HW Settings | HW Info | Auto
Jalue
ﬂ'
Boot Aash size=256 words Boot address=S0F00 v
v
Brown-out detection at VCC=2.7V v
lv‘l RC Osc. 8 MHz; Start-up time: 6 CK = & -

Puc. 3

3HakoreHepaTop OOMONHEH HECKONIbKUMU
cumsonamu (B, B u gp.). Bce Heobxoam-
Mble AN nporpaMmMuvpoBaHua  damnnsl
HaxoAsTCs Ha canTe XypHana. B Havane
nporpamMmbl NPOUCXOANT UHULIMANU3aLmns
nepudepun MUKpokoHTponnepa. Bcg, 41o
HE HYXHO, OTK/OYaeTCs, NopTbl OTKIIO-
yatotcs. Uuuumanuaupyetcsa Tavimep T2
pns paboTbl B aCMHXPOHHOM pexume C
KBapueBbIM pPEe30HATOPOM  H4aCTOTOW
32768 l'y. TarimMep HyxeH, 4TOObl BbIBO-
AUTb MUKPOKOHTPONIEP U3 CNsWero pe-
xuma. Bknioyaetcsa aucnnen, ycraHasnm-
BalOTCHA napameTpbl ManonoTtpebdnsioLe-
ro pexvmMa, paspeLualoTcs NpepbIBaHNS.
AKTMBHaa "XU3Hb" nNpoucxogut B
obpaboTunke npepbiBaHua Tanmepa. B
NepBOoM TakTe U3MEPSETCs HanpsixeHue
nuTaHus. B TpeTbem TakTe cnepyet obpa-
weHve k mogynio DHT11. lNposepsercs
HOMep TakTa, ecnun oH 6onblue 30, 3Have-

Hue TakTa obHynseTcs. 3aTemM BCE NOBTO-
psaetca. Takum 06pa3oM, faHHbIe O TeM-
nepatype u BIaXHOCTW OBOHOBASIOTCH
Kaxzasle NoSIMUHYTbI.

B ocHOBHOM uuKkne NporpamMmsbl Takxe
nposepsieTcs Homep TakTa. Bo BTOpom
TakTe Ha AUCNIeN BbIBOOUTCA 3HaYeHue
HanpskeHus. A B ceObMOM TakTe BblBO-
OATCA 3HayYeHus TemMnepaTypbl U BRax-
HocTw. llocne aToro MWKPOKOHTPOJNEp
nepeBoauTCs B pexum cHa. loaTtomy
60nbLUYIO YaCTb BPEMEHW OH HaxoauTCs B
3KOHOMUYHOM pexume. Ha gucnnen npu-
MepHO 5 c BbIBOAUTCS UHOOpMauMs O
HanpsxeHun n 25 c — wuHdopmaums o
TeMnepartype v BNaxHOCTH.

3Havenus ©bO30B NokasaHbl Ha
puc. 3. YcTtaHoBneHa TakToBas 4acTtoTa
MUKPOKOHTponnepa — 8 Mlu. XoTta cuu-
TaeTcs, YTO AN YMEHbLUEHWUS 3Heprono-
TpebneHus eé cnepyeT cHUXaTb, HO crne-

[yeT y4ecTb KOHKPETHbIN pexunm paboTsl
MWUKPOKOHTponnepa. bonbLuyio 4acTb Bpe-
MEHW OH CMUT 1 NPOCLINAETCA OAWNH pas B
cekyHay, paboTtaetr ¢ moamynem Al unu
n3amMepsieT HanpskeHue akkymynsTopa,
MuraeT CBETOAMOLOM, NOCne 4yero onsiTb
3acbinaer. Mpu BbICOKO TaKTOBOW 4acTo-
Te aty paboTy OH JenaeT BbicTpee, 4TO
CHuxaeT notpebnenHwue.

HanpsixeHue BCTPOEHHOro B MWKPO-
KOHTpOJSINEep WCTO4YHUKA 06pasuoBOro
HanpsixeHus gna AUMN — 1,22 B ¢ pas-
BpPOCOM B HECKOJIbKO [AECATKOB MWNIN-
BOJSILT. ECiv 3aMeHNTb MUKPOKOHTPONNEp
ATmega8A Ha ATmega48 unu ATmega328,
TO y HUX gpyroe HanpsxeHune — 1,1 B.
MNMoatomMy Heobxoauma kanubposka name-
puTena HanpsixeHus. BonbTmeTpom c
MakKCMMasibHO BO3MOXHOW B BalLWX YCNO-
BUSIX TOYHOCTbIO HYXHO M3MepUTb Hanps-
XeHue nutanusa U,,, MUKPOKOHTpONNepa.
K npumepy, nonysunoce U, = 5,16 B.
Mpubop BLIBOAUT 3HA4eHWe, Hanpumep,
Uw = 5,22 B. Tlo dopmyne HyxHO pac-
cuuTaTh HOBOE 3HAYeHWe KOHCTaHThbl ANs
ALIN: K = 32400 U,,,;/U,s = 32027 1 nop-
CTaBWUTb €ro B NPOrpammy.

JINTEPATYPA

1. NaHuos A. J1., 3BopbikuH J1. H., Ocu-
noB U. ®. Uudposbie ycTpoitcTaa Ha komnne-
MeHTapHbiXx MAMN MHTEerpanbHbIX MUKPOCXE-
max. — M.: Paguo v cBasb, 1983.

2. Kyaneuos M., Cokon C. BbitoBOIn Tep-
MomeTp-Bnaromep Ha 6ase pgatyvka SHT21 un
XKW ot Tenedona Nokia 3310. — Paguo, 2013,
Ne 9, c. 32—34.

3. Davidegironi. — URL: https://code.
google.com/archive/p/davidegironi/downlo
ads (04.11.24).

Or pegakymn. Davinsl 4ns Nporpammm-
POBaHWUSI MUKPOKOHTPONEPa HaxoasaTcs rno
aapecy http://ftp.radio.ru/pub/2024/12/
ter-gig.zip Ha Hawem FTP-cepsepe
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Mopknwo4yeHne TPpExX NCTOYHUKOB NUTAHUSA

K OOHOW Harpy3ke

A. BULUHEBCKWW, r. Jlyranck |
J——-

=

Horgpa BO3HMKAeT HeobXxoAMMOCTb
NOAKMNOYUTL Kakylo-nmbo Harpysky K
OfHOMY W3 HECKONbKUX WCTOYHUKOB
HanpsixkeHus. B MOEM cnyyae nosisunaco
Heobx0aUMOCTb NOAKIOYUTL K TPEM UC-
TOYHMKAM CEeTEeBOro HanpsXXeHns oceeTu-
TenbHyl0 namny Hag paboyum CTONOM.
Ona aton uenu 6bln0 pa3paboTaHo yCT-
POCTBO, NoAak/oyaloLLee namny K Tpém
UCTOYHMKAM, HENnoCpencTBEHHO K CeTu
230 B, k 6yaunbHUKY 1 K 060pynoBaHuio
ona paboyero mecta paguoniobutens [1].
Kpome namnbl, MOXHO NOAKNOYATL U APY-
rme Harpy3kv C MakCUManbHOW MOLL-
HoCTbiO He 6onee 200 BT.
Cxema ycTpoicTBa noka3aHa Ha
puc. 1. Cetesas Bunka XP1 Bknioyaercs
B ceTb 230 B. MNMepekniovatens SA1 noka-

3aH B UCXOAHOM MOMIOXEHUU, NPU KOTO-
pom Ha rHe3po XS1 ¢ Bunku XP1 Hanps-
XeHue CeTu He nocTynaeT, N03TOMy OCBe-
TUTENbHas namna, NOAKIOYEHHAS K 3TOMY
rHe3ny, He ceetut. MNpu nepesone nepe-
KNoYaTens B Apyroe nosioxeHwe Hanpsi-
xenue 230 B nocTtynaet Ha rHe3go XS1, u
namna 3aropaetcs. JT0 ObiBa€T HYXHO
ons Toro, 4To6bLI OCBETUTL paboyuii cTon,
He BKkNouas gpyrve npubopsbl. MNepe-
MeHHoe HanpsixeHue cetu 230 B nocty-
naeT He TONMbKO Ha flamny, HO U Ha y3en
MHavkauum (KoHTakTel 1 1 2). PeakTusHoe
conpoTtueneHue koHpeHcatopa C1 u co-
npoTusneHue pesuctopa R3 orpaHuyun-
BalOT TOK Yepea ceeToanon HL4 3enéHoro
cseyeHus. CtabunntpoH VDS, BKNOYEH-
Hblii NocnefoBaTenbHO C HUM, onpegne-

NAeT HanpsXXeHue, Npu KOTOPOM OH CTa-
HeT cBeTuUTb (okono 9 B). MepemeHHoe
HanpsXeHwue BbINPAMAAET  OUOOHBLIV
mocT VD1, koHpeHcaTop C4 crnaxusaer
nynbcauun BbiNPAMAEHHOrO HanpsixeHus,
yT06bI CBEeTOauon HL4 He BcnbixuBan c
yacrtoTton 100 Iu.

B ncxonHOM nosioxeHun nepeknoya-
Tena SA1 B MOMEHT NOSIBNEHUSA Ha BUN-
ke XP2 nepemMeHHOro HanpsaxeHus
230 B, nocrynalouwero ¢ 6yaounbHuKa,
OHO 4Yepe3 nepeknoyaTens SA1 nocry-
naeT Ha rHe3no XS1, u namna 3aropaert-
cqa. NMapannensHo Bunke XP2 noakniovéH
BbINPAMUTENb HA AMOAHOM MocTe VD2 n
anemeHTax C2, R4, R5, C5. K Buixoay
BbINPAMUTENS MOAKNIYEH U3NyYaloLWmin
MK-puop ontpoHa U1. KongeHcatop C2

XS1
2
s
= )7 HL4 C@/y
4 3enéHx.
K1.1 1
XP1 . SA1 e - VD5
o R1 510« AB1aA
=) uz22
5 HL1 K1.2 2 R315¢«
— b
U1, U2 AOT110A
XP2 3
z P
=
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A
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=y
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x16 B 2| U1
1,5 MK X
C3 X630B 7
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s
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B ycTpoicTBe npyMeHeHbl pe3ncTopbl
moboro Tvna CooTBETCTBYIOLENA MOLLHO-
ctn. KonpeHcatopbl C1—C3 — CL21 unmn
oTeyYecTBeHHble kKoHaeHcaTopbl K73-17 ¢
EMKOCTbIO COrnacHO CXxeme 1 C HoMUHanb-
HbIM HanpsxeHnem He MeHee 630 B.
OkcupgHble koHaeHcaTopbl — K50-35 vnun
MMMNOPTHBIE CO CXOXWUMW NapameTpamu.
MhoukaTopHble cBeToanoabl MOryT ObiTb
noboro TMNa ¢ COOTBETCTBYIOWMM LiBe-
TOM cBeYeHus. B ycTponcTee NpyMeHeHb!
cBEeTOAMOAb! C AMaMeTpPOoM NnH3bl 10 MMm.
MpumeHeHo pene PM21-003 [2] ¢ Tpems
nepekxsoyalLLMMN KOHTaKTaMmmn 1 conpo-
TuBneHnem oomotku 320 Om. [OuopnHble
MocTbl DB107 MOXHO 3aMeHUTb ANOAHbI-
Mn  moctamu KU407A, HO npu 3TOM
HEeoOX0OUMO M3MEHUTb NeyaTHylo nnaty.
HeoHoBas namna — TH-0.2.
Mepeknioyvatens SA1T — TM1-2. THes-
[o XS1 Takoe, kK KOTOPOMY MOOXOAUT
CcTaHpapTHas ceTeBas Bunka. Pasbém XS2
COCTOUT M3 rHesga u Buiku. Xopowo,
ecnu 3ToT pa3bém OyaeT ApYyroh KOH-
CTPYKLUWUW, YeM cTaHAapTHble ceTeBble
pasbéMmebl. Bunka 31oro pasnEéma ycraHas-
NMBaeTCs Ha YCTPOMCTBE, a rHesfo ycra-
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et 1 o 30 o 30 o VD5
RS R8 4 M2 —f—>
40 o— 1o o—{ 1o
s RO 7 Vo1
i I HLB@ S
owf] [+ T 7 1Lo
VD3  R9
e—R—D——o e —lo o8 R3 02
& et
6o RE o o " W @ R2
5o c3 508 c1 B
| —f—
Puc. 2

orpaHuymnBaeT Tok yepes atoT UK-guoa.
Korpa u4epe3 Hero npoTekaeT TOK,
OTKpbIBAOTCA GOTOTPAH3UCTOPbLI ONTPO-
Ha U1, u BkIO4YaeTca WMHAUKATOPHbLIN
ceeTogmon HL2 kpacHOro cBeveHus.
YCTaHOBMEHHbIA nocnenosaTeslbHO C
HUM cTabunutpoH VD4 dopmupyert
NOopoOr HanpsXeHWs BKIOYEHUS CBETO-
puojda, npumepHo pasHbii 7 B. [o-
CKONbKY TOK Yepe3 WHAWKATOpPHble CBe-
ToouoObl  OrpaHuMyYeH  KOoHAeHcaTo-
pom C1, BKNIOYUTCS CBETOAUOL C MEHb-
wumMm Hanpsxennem HL2, a csetoau-
op HL4 noracHer.

Mpu niobom nonoxexHun nepekxnioya-
Tenss SA1 B MOMEHT nosiBneHus nepe-
MeHHoro ranpsxeHus 230 B Ha pa3béme
XS2, KoTOpoe NosBNSEeTCH Npwu BKIOYE-
Hun obopynosaHus ons paboyero mecTa
papuontobutens, sknoyaetca pene Ki.
OHO CBOWMUW KOHTaKTamu nogknwyaer
naMny K 3TOMy HanpskeHwio, u namna
3aropaetcs. [Ans nutaHuMa HU3KOBOJILT-
Horo pene ot cetu 230 B ncnonbsyercs
BbINPSMUTENDb Ha anemMeHTax C3, R6, R7,
VD3, C6. Yactb TOKa, npoTekawouiero
yepe3 0OOMOTKY perne, nocTynaeT Ha
nanyvaowmnin UK-guogn ontpona U2. B
3TOM cny4Yae OTKpbiBalOTCA HOTOTpaH-
3UCTOPbLI 3TOr0 ONTPOHA, BKAKOYaeTCsH
csetoamon HL3 xéntoro ceeyeHus.
Mockonbky HanpsixeHue, Tpebyiouieecs
L5 CBEYEeHUst 3TOro CBeToanoaa Hanme-
Hblllee, OCTalbHble CBETOAMOAbI He

Bkntovatotca. [Ma-
pannenbHo uany-
yaowemy UK-guno-
ny onTpoHa U2
BKNIOYEH  pe3unc-
Top R9, KkoTOpLIN
oTbupaeTt
TOKa OT ONTPOHA.
310 nossonser
ncnonbL3oBaTtb pe-
ne c¢ b6onbwum
pabouynmM TOKOM,
KOTOPbIN  MOXeT
BblAEpPXaTb W3-
nyvaowmnin UK-gun-
oA.

Pesuctopbl R2,
R4, R6, nopknio-
YEHHbIE napan-
nenbHO KOHOEeHca-
Topam C1, C2, C3
COOTBETCTBEHHO,
paspaxaloT ux npu
OTK/IIOYEHUN YCT-
poncTtea OT ceTun
230 B. Tlopswas
HeoHOBas MHAMKa-
TopHasa namna HL1
ykasblBaeT Ha Ha-
nuune  Hanpsixe-
HWS ceTu 1 Ha pac-
nosoxeHue ycT-
poncTBa B TEMHO-
Te.
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HOB/IEHO Ha MPOBOAE, MOAKMOYEHHOM K
po3eTkaMm, MOoJsyYalWmMM HanpsxeHue
230 B npw BkoYeHU 060pynoBaHusa ons
pabouero mecta paguoniobutens. Y MeHs
ucnonb3yeTcs ceTeBol pa3bém CZ-200.
YcTtporictBo cobpaHo B kopnyce oT
pene BpemMeHu ans ¢oToneyatu pa3me-
pamun 160x110x60 mMm. Kopnyc moxeTt
ObITb U MeHbllUe. BonbWWHCTBO 3nemeH-
TOB CMOHTUPOBAHO Ha OAHOCTOPOHHEN
neyatHow nnarte u3 GONbrMpoBaHHOro
cTeknoTekcTtonuta TonwwuHom 1,5 mMm.
YepTéx nnaTtbl U pacnonoxeHue Ha Hewn
371EMEHTOB noka3aHbl Ha puc. 2. lNnaTa 8
Kopnyce ycTaHOBfeHa Ha BTyJKax Tak,
4yTOObI CBETOAVOALI, BNAsHHbIE B NaTy Ha
pacCcTosHUM BbICOThI AeTanen, BbIXOAUn
Hapyxy kopnyca. B kopnyce ans atoro
npocBepseHbl 0TBepCcTUs. BHewHuid Bup,

ycTpoincTBa B COOpPaHHOM COCTOSHUM
nokasaH Ha puc. 3.

HanaxwnBaTe YCTPOWCTBO HE HYXHO,
ecnu HeT owmbok npu ero cbopke.

JINTEPATYPA

1. BuwneBckuin A. O60opynoBsaHve ans pa-
6ouyero mecta pagmontobutena. — Pagwuo, 2015,
Ne 11, c. 23—28; Pagwo, 2016, Ne 3, c. 30—32.

2. PN21-003-yXn4 24B. — URL:
https://eandc.ru/catalog/rp21-003-ukhl4-
24v/ (04.11.24).

OT pegakummn. Yepréx nevyatHoun nnarsi
pa3ameweH no appecy http://ftp.radio.ru/
pub/2024/12/tri.zip Ha Hawem FTP-cepse-
pe.

MOAVYJIbHAS PEKJIAMA

Ons Bac, paguonioburenu!

Pagunopertann, Habopbl, Kopnyca,
maTtepuansl — HaN0XEeHHbIM nnare-
KOM.

KaTtanor no 3anpocy.

426072, r. WxeBck, a/a 1333.

N 3unnatos P. K.

rtc-prometej@yandex.ru

WhatsApp / Ten. 8-912-443-11-24

achbl ABNSIOTCA HEOTLEMJIEMbIM U BaX-

Henwnm aTpnbyToM Hawlen XN3Hu, u,
KOHEYHO xe, paauoniobutenu He oboLunu
CBOMM BHWMaHuem 370T dakt. OoHu n3
CcaMbiX NEPBbIX ONUCAHWIA KOHCTPYKLMA
NOJIHOCTbIO 3/IEKTPOHHbBIX 4aCOB Havyanu
nybnukoBaTbC B XypHane "Papuo”
50 net Hasap. B 1974 r. nossunaceb
cTaThs, rae onucaHbl Yackl, COBpaHHble Ha

Yacbl C OOpaTHbIM OTCHYETOM
paboyero BpemMmeHu

C. PbIYUXUH, r. MepBoypanbck CBepanoBCKONU o6n.l

B—

A~ \\

OVNCKPETHbIX 3NIeEMeHTax — TpaH3ucTopax
cepun MIMxx 1 rasopaspaaHbix UHAUKATO-
pax cepuun UH9 [1]. CunxpoHu3auma xoaa
YacoB Obina BEINOSIHEHA OT CETW 3NEeKTPO-
cHabxeHusa. B Tom xe rogy nossunack
nybnukaums yxe Ha 6ase UHTerpanbHbiX
MUKpOCxeM. 3afalolimini reHepaTop Obin
BbINOMHEH Ha KBapLEBOM pe3oHartope
yacTtoTton 1 MINy ¢ nocnegylowmm pene-
HUEeM 4yacToTbl [2]. KOHCTpykTOpamu 4a-
COB M aBTOpaMu CTaTbu ABNSAUCL ABa
UHXeHepa.

" “Puc. 1

Ho nporpecc He
CTOUT Ha MecTe, U 3a
nocnepytowme nonse-
Ka OblNnu CKOHCTPYMPO-
BaHbl [OECHATKW 4acoB
pasHoobpasHbix BUAOB
M Ha3Ha4yeHul, Ha pas-
JIN4HOW  3NEeMEeHTHON
6ase. B nocnepHee
BPEMS 4acbl KOHCTPYM-
PYIOTCH Ha MWKPOKOH-

Puc. 3

Tponnepax (MK) ¢
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camMbIMu pa3Ho06pa3HbIMU JOMONHUTENb-
HbiMK dyHKunamMuK. lNpeanaraemole BHU-
MaHUI0 YuTaTenem vacbl UMelT ABa
pexumMa oTobpaxeHus uHdopmauum wu
BCEro OfHY KHOMKY AN NepeksoyeHus
pexumMoB paboTbl 1 HacTpoliku. B cocTa-
Be 4acoB npumeHéH MK ATmega328P,
roTOBbIA MOA4YJIb YACOB peasibHoro Bpe-

XalTCH Tekyliee BpemMsa — 4acbl U MUHY-
Tbl C MUralwWmMm [BOETOYUMEM MexXAy
HumMu (puc. 1). Bo BTOpom pexume 0TO-
BpaxaeTcs OCTaToOK MWHYT OO KOHUA
paboyero BpemeHu (puc. 2). B atom
pexume Brnepean undp NOsSBNSAETCS 3HaK
MWHYC, U MUraeT To4Ka nocnegHero pas-
papa wHaukatopa. OTcyéTr mpér po 0.

OCTATOK MUHYT
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a
K+ Y oBka
|88 s

[ - ANMHHOE HaxaTue
K - kopoTkoe HaxaTtue

Puc. 5 -

MeHn Ha 6aze mMukpocxembl DS1302 wn
MUKpPOCXemMa KOHTponnepa CBETOAnoA-
HOro nuamnkatopa TM1637.

B nepeomMm pexume paboTbl Ha YeTbl-
PEXpaspsgHOM  uHAMkaTtope oTobpa-

__p/-8888.
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OtobpaxeHue cumsona 0 o3HayaeT, 4YTo
Tekyliee BpeMs U BPEeMsl OKOHYaHWUS
CcMeHb! coBnagatot. Mpu Bbixoae 3a npe-
nensl paboyero BpeMeHN Ha UHankaTope
OynyT YeTbipe Tupe. [ns nepeknioyveHus

Mexay pexuvumammn otobpaxenus pocra-
TOYHO KpPaTKOBPEMEHHO HaxaTb Ha eauH-
CTBEHHYIO KHOMKY (KOPOTKOE HaxaTtue). Ha
3afiHeil CTeHKe 4yacoB pacrnonararlTcs
nepeknyaTtens un USB-pasdbém ana
3apsaku akkyMynfaTOPOB pas3nnyHbiX rag-
XeToB (puc. 3).

Mopaynb 4acoB peasibHOro BpeEMEeHU
MMeeT pe3epBHOE NUTaHue OT ranbBaHu-
yeckoro anemeHTa. MK, KOTOpbIN Xparut
YCTaBK/M B 3HEProHEe3aBMCUMOI NamsaTw,
BbIYUCNSET MUHYTHI WU NepenaéT OaHHble
KOHTpONINepy CBETOAWOAHOro Aucnnes
ons otobpaxeHus. MNutaeTca KOHCTPYK-
uMs OT MOLYNS UMNYSbCHOro Broka nuTa-
HUA C BbIXOAHbIM HanpsixeHnem 5 B v mak-
cumanbHbiM TOokOM 2 A. [leicTBylOLLMIA
pexumMm oTtobpaxeHua 3anoMuHaeTca B
3HeproHesasuncumomn namatn MK n coxpa-
HSIeTCS NPY NponagaHun NUTaHus.

Cxema 4acoB npepcTaBneHa Ha
puc. 4. MK DD1 paboTaeT OT BCTPOEHHO-
ro RC-reHepaTopa TakTOBOro curHana,
NO3TOMY BHELLIHWI KBapLEBbIt pe3oHaTop
oTcytcTeyeT. Moaynb 4acoB peanbHOoro
BpemMeHn A1 OTCYMTbIBAET CEeKyHAbl, MU-
HYTbI, Yacbl, AeHb, MecsL, 1 roa. Nmeetca
BCTPOEHHbIA y3en KOHTPONA nuTaHus,
KOTOpPbI NpW nNponagaHnuu BHELUHEero
nUTaHUa nNepeksYyaeT nuTaHue Moayns
Ha pe3epBHbin Li-lon anemeHT Hanpsxe-
Huem 3 B. 3HayeHuns TekyLlero BpemMeHn u
[aTtbl XPaHATCS B peructpax ¢ agpecamu
00H—O06H u pocTynHbl Kak ONA YyTeHus,
Tak v 3anucu. ing ceasu ¢ MK ncnonbso-
BaH ABYXNPOBOAHbLIA NOCNenoBaTeNbHbIN
kaHan 1°C. Mo nuHum CLK nepepaioTcs
TakTUpylowue UMNynbCbl, a MO NUHUK
DAT — paHHble. [oka 9Tn NIMHUK He 3aHA-
Tbl, HAQ HUX COXPAHAETCH BbICOKUIA NO-
rmyeckui yposeHs. o ycnosuio ctapta —
M3MEHEHWIO YPOBHS NHUK DAT C BbICOKO-
ro Ha HW3KWI, B TO BPEMS Kak Ha JIMHUMK
CLK — BbICOKWIA, HaunHaeTcs nepepada
naHHbix mexay MK u mogynem yacos Al.
dopmaTt nepenaBaeMbIx AaHHbIX: CUrHaN
CTapT, 3aTeM nepenaéTtcs agpec 4acos
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(1101000 + RW B ABOMYHOM BuAe, roe
RW — 6uT, onpenensiownin HanpaeneHue
nepepaun gaHHbIX (0 — 3anucb BO BHYT-
PEHHUI perncTp 4acos, 1 — 4yTeHue u3
perucTpa)), agpec peructpa (0—6), aaH-
Hble, 3aBepllaeT CeaHC CBA3W curHan

ONa ynpasneHus LIecTupaspsaHbiM CBe-
TOANOLHBIM UHAMKATOPOM C OBWUM aHo-
OOM W knasmaTypon Ha 16 kHonok. EcTb
BO3MOXHOCTb BblBOAA Ha MHAUKATOP Kak
umop, Tak u CUMBOSOB. MiIMeeTca CTyneH-
YyaTas perynuposka sipkocTu. B npoekte

CTOMN, aHanornyHoe YCNOBWIO CTapT. WCNOJSb30BaHa TONbKO BO3MOXHOCTb OTO-
Mosnuuna Havano Hauano OnutenbHOCTL | ONUTenbLHOCTb
SA1 CMEHblI, 4 CMEHbI, MUH CMEHbI, 4 CMeHbI, MUH
1 8 00 8 30
2 8 00 12 30
3 8 00 12 00
4 20 00 12 00

KpomMe perucrpoe BpemeHu, MUKpPOCXe-
ma DS1302 B M™Mopyne A1 copepxut
peructp ynpasnennss n O3Y EMKOCTbIO
56 6ainT. B npoekTe ncnonb3yTCA TONLKO
perucTpbl MUHYT 1 4acos, T. e. agpeca 01
1 02 COOTBETCTBEHHO.

Mukpocxema KOHTponnepa Auc-
nnea DD2 (cepuu TM1637) pa3paboTaHa

B6paxeHus nHdopmaLmn Ha YeTbipéxpas-
pAaHOM unHaoukatope. Ons oTtobpaxeHus
uMbp MCNoNb3YITCH PerucTpbl C agpeca-
Mn COH—CS3H. Undopmauma ot MK no-
cTynaeT rno nocnenoBaTefnbHOMY KaHany
Ha Bxoapl CLK 1 DIO Mmukpocxembl DD2 u
3aTeM BbIBOAUTCS Ha uHaukatop HG1 B
pexume OUHaMU4Yeckon WUHAuKauuu.

MpoTokon nepenayv AaHHbIX aHanornyeH
npotokony mogynsa Al 3a umcknyYeHnem
appeca BelOMOro ycTporncTea. Y MuUkpo-
cxembl DD2 appec oTcyTcTBYET, NO3TOMY
oHa nogknoyeHa k MK otaensHo oT Moay-
ns vyacos Al.

Csetopomopn HL1 npu HopmanbHOMU
pabote MK muraer ¢ yactotoin 1y, OH
CNYXWUT TONMbKO AN8 uHavkauum paboTto-
cnocobHocTu MK, pacnonoxeH Ha nnave
W CHapyxwu kopnyca He BbiBoauTcs. Ero
MOXHO WCMNOJSIb30BaTb A ONArHOCTUKK
paboTocnocobHocTh MK 1 Bnocnencreum
BO3MOXHO yOoanuThb.

JuarpamMmma MeHi0 HacTpOWKU Hacos
nokasaHa Ha puc. 5. [ins HacTpouku
xo4a 4YacoB HeobxooumMoO B pexume
4aCoB HaXaTb W yaepXuBaTb KHONKY SB1
6onee 1,5 c (gnuHHOE HaxaTue). Yacol
nepenayT B PeXMM HaCTPONKU BPEMEHN,
HO 3Ta YHKUMSA OOCTYnHA TONbKO Npwu
nonoxexHuu nepekntoyatens SA1 B nono-
xeHun 1. Pepaktupyemoe 3HadeHue
yacoB 6ypeT mMuratb, BMECTO MUHYT
6ynyt oTtobpaxaTtbcs oga Tupe. Kopot-
KMe HaxaTusi Ha KHOMKY MEHSIOT 3Hauye-
HUe YyacoB. 3aTeM, HO yxxe JONTUM Haxa-
TUeM, nepeknyalTCa Ha YCTaHOBKY
MWHYT. B 3TOM pexume BMECTO 4acos
6ynyT ABa TMpe, a peaakTupyemble 3Ha-
YEHUS MWUHYT MUratb. 3HAYEHUS UHKpe-
MEHTUPYIOTCSH (YBENNYMBAIOTCSA) MO KOMb-
uy. Mocne BBOAA MakcuManbHO AONYyCTU-
MOro 3Ha4yeHus paspsag nepeknoyaeTcs
Ha HyneBOe WA MUHUManbHOe 3Haye-
Hue. locne OKOHYaHWs BBOAA AONTUM
HaxaTuem BO3BPALLATCA B OCHOBHOW
pexum oTobpaxeHus BpemeHu. Takxe
npefycMoTpeH aBTOMaTW4eckuit BO3-
BpaT B OCHOBHOU pexum 4veped 10 c
nocsie NocnefHero HaxaTusa Ha KHOMKY.

JAns yCTaHOBKWM BPEMEHWU OTCHETa OC-
TaBLUUXCH MUHYT HYXXHO NEPENTU B PEXUM
oTobpaxeHns ocTaTtka MWHYT KOPOTKUM
HaxartueM. 3aTemM HaXwuMaloT Ha KHOMKY
6onee 1,5 c 1 nepexonaT B pexum BBOAA
BpEeMeHW Hayana cmeHbl. [enaioT 3To
aHanorvyHo HacTpoiike yacos B dopmaTte
yacbl/MURYTbI. CHa4ana BBOAAT 4achl, Mo-
TOM MWHYTbl Havana CMeHbl, Npu 3TOM
MUraeT HUXHSS ToYKa B cepeauHe UHau-
Karopa.

3ateM nepexoasT K BBOAY OUTENb-
HOCTU paboueli CMeHbl. Tak Xxe BBOAAT
4acbl U MUHYTbI. [lpyM 3TOM MUralT Tpu
HWXKHUE TOYKU CBETOAWNOLAHOrO MHAUKATO-
pa. Bcero ansa paboTbl HaA0 BBECTU YeThI-
pe 3HayeHuss — Ha4vano CMeHbl (4Yacbkl n
MWHYTbI) U NPOAOSIXUTENBHOCTL CMEHb!
(4yacbl 1 MuHYTHI). MO 3aBepLueHun BBOAA
Ha 3KpaHe MOsBUTCHA 3HAYeHwe ocTaTka
MWHYT A0 KOHUA CMmeHbl. Ecnn Tekyliee
BpeMs BHe paboyero rpacduka, Ha akpaHe
oTobpaxatoTcs yeTbipe Tupe. BoamoxHo
3anporpamMmMupoBaTh TOIbKO OAHY CMEHY
B CYTKM.

Y106l HACTO HE MEHSITb 3HAaYEeHWNs NPO-
DONXUTENbHOCTU W Hayana CMeHbl npu
nnasawoowiem rpacduke, npenycMoTpeH
nepeknoyarens SA1 Ha YeTbipe NO3uumu,
KOTOPbIM MOXHO OnepaTUBHO MEHSATb
yCTaBku Ha NpeaBapuTenbHO YyXxe ycTa-
HOBNEHHble 3HayeHus. Bcero poctynHo
YyeTblpe yCTaBkW A1 padHblXx CMeH. B Mo-
MEHT nepeknoyeHns nepeknodatena SA1
Ha gucnnee Ha 2 ¢ otobpaxaeTcs ero no-
3uums B dopmarte (-1-, -2-, -3- unun -4-). B
Tabnuue npvBeaeHbl 3HAYEHUst, KOTopble
OyayT 3arpyxeHbl B 3HEProHE3ABUCUMYIO
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Puc. 10

namsaTb MO YMOJIYAHUIO NpU NepBOM
3anycke 4acos.

Yacbl KOPPEKTHO OTCHYUTLIBAIOT OCTa-
TOK MUHYT Mpu1 Nepexoae Yepes noaHoYb.
OrpaHu4yeHus 3HavyeHuit Ons  BBOAA
3HaYeHuin: ona Havana otcyéta — 0—23 v
n 0—59 muH. [ina NpoooOnXUTENbLHOCTU
paboyero BpeMeHu orpaHnyeHns 2—24 4
1 0—59 MuH. MakcumanbHas NPoaoIXn-
TeNbHOCTL paboyero BpPeMeHu COCTaB-
nset 24 4 00 MuH (cyTkn). MuHyTbI B No-
cnegHem cnydae 6yaoyT NpUHYAWUTENbHO
yCTaHOBNEHbI paBHbIMuK 0.

OcTaToK BPEMEHU BbIMUCNAETCH MO
crnepnyioLLeMy anropuTmy:

— Tekyllee BpeMs MNepeBOAUTCA B
MWHYTbI;

— BPEeMs Ha4yana CMeHbl NepeBoauTcs
B MUHYTbI;

Extended Fuse Byte Lock Bit Byte

— MPOAOIXUTENBHOCTb CMEHbI Nepe-
BOAWTCS B MUHYTbI;

— 13 CyMMbl BPEMEHW Hayana v npo-
LONXKUTENbHOCTU BblYUTAETCH Tekyllee
BpeEMS;

— B6ep€eTCcs 0CTaTOK OT AeSieHUs Nony-
4YeHHOoro yncna Ha 1440 mun;

— €CNN NOoJlyYeHHOe 3HayeHue OTpu-
uaTenbHoe unu 6onblie NPOAOCIXUTENb-
HOCTW CMEHbI, Ha WHAUKATOP BbIBOAATCSH
yeTbipe Tupe;

— ecnn npegblayuiee ycloeue He
BbINOJIHAETCH, Ha WHOMKATOP BbIBOOUTCSA
nony4eHHOe 3HayYeHne CO 3HaKOM MUHYC
BNepeau.

int A = (Hour * 60) + Min;// Texywue
MWHYTbI

int B = (StartH * 60) + StartMin;// Haua-
10 MUHYTHI

int D = (DutyH * 60) + DutyM;// npo-
OONKUTENBHOCTb MUHYTI

intC=(B+D-A)% 1440;

if ((C < 0) || (C> D)) {// BHe pabouero

telse{
S =Ly

;

if (A ==B) {S += D;}else{S +=C;}// B
MOMEHT Hayana CMeHbl MPUHYAUTENBHO
npucBouTL 3HaveHue D

};// roe S — cTpokoBasi NepemeHHas,
KOTOpasi BbIBOAMTCA HA UHOMKATOP.

Ha nuueBoi naHenn pacnonoxeHbl UH-
aukatop HG1 u kHonka SB1 (cm. puc. 1).
Ana 4yacoB wnCNONb30BaH KOpMNyc wu3
nnacTtmaccsl pagmepamu 66x36x100 mm.
BHyTpn kopnyca nmetoTca naTb Na3os, B
KOTOpble BepTUKaNbHO BCTABAAIOTCA
nnatbl YCTPOMCTBA, a Takxe AuuesBas u
3agHAsA naHenu (puc. 6 1 puc. 7). Bce
nnaTbl coeAuMHEHbl MOHTaXHbIM MPOBO-
oom MIT®-0,07. Pasmepbl nnat —
60x30 Mmm.

MnaTtbl ycTpoCTBa BbIMNOMAHEHBLI U3 O4-
HOCTOPOHHE (PONLrMPOBAHHOIO CTEK/0-
TekcTtonuTta TonwmHon 1...1,5. ina nHon-
KaTopa MpuUWAOCb WU3roTOBUTb Cneum-
anbHylo NNaTy, Tak kak NpPUoBPEeTEHHbLIN Ha
Annakcnpecce MHOUKATOP He NOAXoauT
no pasmepy, He ynpaBnseT A4eCATUYHbIMU
TO4KaMM N He MMeeT KHoMku. YepTéx
ne4yaTtHOW nnaTbl MHOAMKATOPaA U Cxema
pPacnofioOXeHNs 3N1eMeHTOB NokKa3aHbl Ha
puc. 8. C nuueBoin CTOPOHLI Nnatbl
MHOMKATOpa MOHTUPYIOT CaM uHAuKa-
Top HG1, kHonky SB1, koHgeHcaTop C1
n peaucTtopbl R2 1 R3. Ha nnate nmeioT-
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CA 4eTbipe NPOBOJIOYHbIE MEpPEeMbIYKU.
Ha cTopoHe neyaTHbIX NPOBOAHWKOB Npu-
navsaeTcs MUKpOCXeMa apansepa nHau-
katopa DD2. Mnata wnHaukatopa noa-
KlOYEHA C MOMOLbIO NATU NPOBOAOB K
nnarte ynpasnenus ¢ MK. B nnactukosoi
NMLEBOI NNacTuHe kopnyca 6binun npope-

Puc. 11

3aHbl NPAMOYrofibHOE OTBEepcTue And
vHOMKaTopa U Kpyrnoe — ANs KHOMKW.
Mnata wvHAukaTopa 3akpenieHa Ha
nepegHein NaHean ¢ NOMOLLBIO MAACTUKO-
BbiX MOACTABOK U TEPMOKIIES.

YepTéx neyaTHOW nnatbl ynpaBieHus
1 CXema pacrnosioXXeHUs Ha Hel 31IeMeH-
TOB NpuBeneHsl Ha puc. 9. Ha nnaty co
CTOPOHbI MevYaTHbIX MPOBOAHMKOB ycTa-
HOBMIEH MOAyfb 4acOB peanibHOro Bpe-
MeHu. OH coeguHEH C NnaToin ynpaene-
HUS C NOMOLLBID NaWKM U LWTbIPEBOro
pas3béma, BXOAALLEro B KOMNNeKT Moay-
na (cm. puc. 7). MNMnata ynpasneHus co-
efVHeHa ABYMA NMpoBOAaMu C MOAy/em
nuTaHus.

Mopaynb nutaHus A2 uMeeT BXOLHOW
npeaoxpaHnTesib U CBETOANOAOHbIA UHAM-
KaTop HaNMM4us HanNpsXeHWUs Ha BbiXO4e.
Y7106bI OH HE HaBOAMN MOMEXW Ha nnaTy
yrnpaBneHusa C Yacamu, Mexay naatamu
Moaynein  Heob6xoAMMO  YCTaHOBUTb
3aWMTHBIN 3KPaH M3 antOMUHUA TOALLM-
Hoit 0,5...1,5 MM B cBOBOAHbLIN Na3 kopny-
ca (cMm. puc. 6). OkpaH ponxeH ObiTb
COEAMNHEH C MUHYCOBOW NMHUEN NUTaHUA,
OH BbIpe3aeTcsi Mo MecTy, 4Tobbl NOJIHO-
CTbiO MepeKpbIBaTb NPOCTPAHCTBO B KOP-
nyce. lns npoknagkn NpoBOAOB B 3KpaHe
penaiT 60KOBble NMpope3n A0CTaTOYHOMN
rnyOuHbI U LWNPUHDI.

Ha 3agHel naHenu kopnyca ycTaHOoB-
neHbl nepeknoyarens SA1, USB-pa3bém
Tuna A 1 coenaHo oTBepcTue Nog LHyp
nuTanus (cMm. puc. 3). Y nepeknoyaTens
SA1 KOHTaKT NepBOro NONOXEHUSA HUKYOA
He noakao4yéH. OTCcyTCTBME CUTHaNOB
NIOrMYecKoro Hyna Ha BbiBogax 4, 5 n 6
MK DD1 BocnpuHumaeTtcs Kak nepsoe
nonoxeHve nepexnyatens. Beicokue
noruyeckue ypoBHW Ha BbIBOAAx nepe-
Knoyatens obpasyloTca 3a CYET npo-
rpPaMMHOr0 MOAK/IOYEHUS MOATArMBalo-
wmx pe3nctopos B MK Kk nai0CcoOBO N(MHUN
nuTaHus.

B MK DD1 nporpammupyeTcs TO/IbKO
FLASH-namate. EEPROM nporpammunpo-
BaTb He HyXHO. Fuse-6uTkl, oTBevaloLme
3a KOHUrypauuio MUKpPOKOHTpOnnepa,
npueegeHsl Ha puc. 10. Manoykamn oT-
MeyeHbl 6UTbl, KOTOpblE HYXHO 3anpo-
rpammupoBaTtb, T. €. YCTaHOBUTb B CO-

P

ctosiHme 0. B MK ncnonb3oBaH BCTPOEH-
HblA TAKTOBbIM FreHepaTop (MCTOYHWUK Tak-
TOBOrO CUrHana onpeaensieTcs nporpam-
MupoBaHveM 6ut CKSELQ...3), ranouky
CKDIV8 Heo6x0AMMO CHSITb, Tak Kak 3ToT
61T BKNIOYAET AeNUTENb TAKTOBOTO CUrHa-
na Ha 8, 4TO MOXEeT MpPUBeCTU K Henpa-
BUNbHOW paboTe ycTpoiicTBa.

Mocne npoBepkn NPaBUAbHOCTU MOH-
Taxa ycTaHaBAMBalOT 3anporpamMmmMmmnpo-
BaHHbIN MK B naHenb, 3NeMeHT nuTaHus
4acoB B AepXaTefib U NoAaloT NUTatoLLee
HanpsixeHue. O 3anycke Nporpammbl B
MK curHanmampyioT umnynbCbl CBETO-
anopa HL1 » nokasaHus BpemMeHu Ha
vHaukaTtope. lMepeknioyaa SA1, ybex-
[al0TCs B NPaBUIbHOM €ro NogKIYeHUmn
Mo COOTBETCTBMIO UMDP Ha MHAMKATOpEe
daKkTMYECKOMY MONOXEHUI0. 3aTeM HyX-
HO YCTaHOBUTb nepeknoyatens SA1 B
nonoxexnuve 1. YcTaHOBUTb Tekyllee
BpeMs 1 nocneanoBaTe/ibHO BBECTU HyX-
Hble HaCTPOWKM BPEMEH Havyana u gau-
TENbHOCTU CMEH AN Tex MNON0XEeHUn
nepekoyatens SA1, roe T ycTaBku no
yMOn4aHuio He noaxoasT. Mo okoH4YaHuu
YCTAHOBKW HYXHO BbIATU B PEXUM OTO-
6paxeHus BpemeHu. [locne aToro Bbi-
K/IOYAOT NUTAHWE Ha HECKONIbKO MUHYT.
3aTtem BkOYaIoT, 4TOoObl YOeanTbes, 4To
X0[, 4aCOB COxXpaHaeTcs.

371 Yacbi OblNM CKOHCTPYWPOBAHbI AR
ranbBaHUYeckoro U TepMUYecKoro Lexos
ons ynobcTtea nnaHupoBaHus pabouvero
BpemeHu. Hanpumep, uukn obpaboTku
netanuM 3aHumaeTt 25 MUH, a OO0 KOHua
cMeHbl ocTaétca 200 MyH, nopcuyuTatb
4YUCO LUMKIIOB HE COCTaBUT TPYAa, B TO Xe
BpemMs No 06bl4HbIM Yacam 3TO Bbi3biBAET
3aTpyaHEHUS.

B ycTpoiicTBe MCNONL30BaHbI Creayio-
wwue getanu: MK DD1 — ATmega328-PU B
DIP-kopnyce, 28-koHTakTHaa naHesnb Ana
Hero, MoayJb 4YacoB peasibHOro BpemMeHu
DS1302 B cH60pe Ha ogHOW nnaTe c KBap-

LeBbiM pe3oHaTopomM 32768 My, aepxarte-
neMm ans anemeHTta nutadns CR2032 un
netanamu "obBecku”, MUKpPOCXema auc-
nnes DD2 (cepun TM1637) — B kopnyce
SOP20. WUHpukatop HG1 — 4041BS-1 ¢
06LWMM aHOAOM U pa3fenuTenbHbIM ABOe-
Tounem. Ceetogmog HL1 — AJ1I307BM nnun
nobdoi aHanoruyHbIA. Mepeknioya-
Teno SA1 — RS1010 vnun nioboir apyron
MasiorabapuTHbIN Ha YeTbipe NOJIOXKEHMUSA
M 0OHO HanpaBneHue. KHonka SB1 —
KLS7-TS6601-9.5-180. Peanctopbl — MNT,
C2-23 nnn uMnopTHble, BCE KOHAeHCaTo-
pbl — Kepamuuyeckue. Kopnyc vacoB —
15-8 (100x66x36)/RUICHI. Kopnyc He
KOMMIEKTYETCA HOXKamu, NO3TOMY B KX
Ka4yeCcTBe UCMOb30BaHbl OTPE3KN TPYOO-
KU ONS KOKTenen nooxoasLuero guamet-
pa, NJOTHO BXOAsME B OTBEpPCTUA ONA
BUHTOB B HWXHEWN 4acTu Kkopnyca
(puc. 11). Nocne ycTtaHOBKU KOpnyca Ha
HOXKM, 4TOObl OH HE Kavancs, HOXKU
BbipaBHMBAIOT 06 pacCTeNIeHHyYI0 No CToNy
MeJIKyIo HaxaauHyto Bymary.
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OT pegakuymnmn. Yeprexwu nedyarHbix nnar
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CHCTEMBI KOMMY TALMH
ABTOMATHYECKHX Cuctematnsmpo-

TeNSHOHHbLIX CTAHUMIR BaHbl CBEOEHUS B 06-

‘ nacTu opraHvsauuu
CUCTEM KOMMYyTaLUn

[ M  NPUHUMNOB MoO-
| CTpoeHUs ceTeld cBA3nN. PaccmoTtpeHa
MUCTOPUA pPasBUTUA CUCTEM KOMMYyTa-

UMM B ceTax CBSA3W. PaccmoTpeHbl

BOMPOCHI CUHXPOHM3ALUN N CUrHaNuU3a-

umMm B cetax TenedoHHO CBRA3M, a

TaKke MPUHUMUNB YyNpaBneHUs CeTaMU

cBaaun. MNocobue pekomeHgoyeTcs AnNS

MCMNONb30BaHUA MNpU U3y4eHUU Kypca

"CeTu CBA3N U CMCTEMbI KOMMYyTaLMKN™.

[Ona ctyneHToB BY30B, 00y4aloLmMX-

CA N0 HanpaBfeHUIO NOArOTOBKMU

11.03.02 — "CeTu, cUCTEMBI N YCTPOIA-

CTBa TeNeKOMMyHUKaLmiA" (ypoBeHb —

6akanaspuat) un 11.04.02 —"UHdokom-

MYHUKALIMOHHbIE TEXHONIOMMU U CUCTe-

Mbl CBA3N" (YPOBEHb — MarmcTpatypa).

by At
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"OTPbLIBHOWN 3NEKTPOHHbLIN
KaneHpapb Ha gpucnnee e-paper 4.2°

o
e

A. MAMUYEB, n. LWaranoso CmoneHckou 061.

HaBepHoe, KaXablh B CBOEW XW3HW,
€Ccnu He nonb3oBancs, To xoTs Obl
BUAEN OTPLIBHOW HACTEHHbLIA KaneHaapb,
paHblle B HaApoae Ha3biBaBLUMACH 4UC-
NEeHHUKOM. Kaxablh NpoOXuTbliA AEHb —
OTOPBaHHLIN NUCTOK Kanengaps, poxaan
B AlyLLe YenoBeka BECENbIe Ui rpycTHbIe

amoumun: "ManeHbkunit loraiH ¢ NOMOLLbIO
OTPLIBHOrO Kanewpaps, kotopbin Upa
caenana emy, U Ha nocnegHem nuicTte
KOTOpOro 6Gbina HapucoBaHa énka, ¢ 6bo-
LWMMCH cepauem cneaun 3a npubnmxeHn-
€M HecpaBHEHHOro BpemeHn” [1].
Ceiyac Takue kaneHaapw BbIlWAW U3

npeacTaBNeH BHEWHWA BN KOHCTPYKLMN
Takoro kaneHpaps. Ero ocHoBa 1 —

MoAaynb aucrnnes ¢ 4epHo-6ensim akpa-
HOM e-paper Ha 6ase ynuna SSD1683. OH .

nmeeTt paspewenne 300x400 nukcenen
n rabaputHble pasmepbl 91,8x89,8 mm.
Moapo6Hee c napameTpaMu 3TOro Moagy-

MOAbl, YCTYNUB MEC- NI MOXHO O3HakoMuTbca B [2].
TO Apyrum. ABTOp OnemeHT 2 — 3TO pABa pepxarens,
peLwmun caenatb  3ajaloWmMx 3KpaHy HakNOHHOE MonoXxe-
9NEeKTPOHHYID Bep- Hue Ha nopctaske-kopnyce 3. OTpbiB
nMcTka kKaneHpapsi MNpou3BOAUTCA C

JEam . Cuio KaneHpaps, no-
2 o> l];"ﬁ.\*‘,' 1 XOXero Ha OTpbiB- MNOMOLWbBIO BbIKAOYATENs nNuTaHus 4 -
”i/ I HoW. Ha pwume. 1 (kHONKa ¢ hukcaumen NoNoXeHus).
ﬁ ]
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Cxema KaneHgaps noka3aHa Ha cAua, Ha3saHue mecsdua, Ha3BaHue OHA

puc. 2. Mogyns A1 — nnarta ynpasneHus
aucnneem, coaepxawias MUKPOKOHTPON-
nep (MK). Ero nporpamma peanusyert
cneaytowyio noruky paéotel. Mocne Bko-
YeHua NUTaHNA (CMeHa AaThl) Bbikno4aTe-
nem SB1 npoucxoauT 3anpoc AaHHbIX Ha
Moaynb BpemeHn A3 0 3HaYeHun uYucna
mecsua, Homepa Mecsua, Homepa AHA He-
aenu. Mo nony4eHHbIM AaHHLIM NPOU3BO-
OWTCA COMOCTaBNeHNe BbIBOAUMBIX HA 3K-
pPaH rpadryeckmx 3NeMeHToB (CM. puc. 1)
no 4eTbipéM COCTaBNAOWUM: YUCNO Me-

Heaenu, 3Ha4oK aKkTyanbHOro 3Haka no ro-
pockony. B poHoBOM n3obpaxeHun BHU3Y
vmMmeeTcs Homep Tekywero roga. Mocne
o6HoBNneHus coaepxaHna skpaHa A2 aaH-
HblA MOAYNb NepeBOAMTCA B CNALWUWA
PeXuM, U NUTaHne KaneHaaps MOXHO OT-
Kno4aTh A0 cnedylowero AHA. KoHcT-
pykuus He TpeboBaTenbHa K MNUTaHWUIO,
asTop wucnons3osan Li-lon akkymynsatop
HanpsxeHvem 3,7 B oT cTaporo CoToBOro
TenedpoHa. BHewHwnint BMA koMnNaekTa
MoAynew kanenaaps nokasaH Ha puc. 3.

AnemeHTbl A1, A3 n G1 pasmewaiot
BHYTpW kopnyca 3 (cMm. puc. 1). Kopnyc
npuobpeTéH B MarasunHe 371eKTPOTOBapoOB
1 ABNSETCA HaKNafHONU pacnpenenutenb-
HON KOpPOGKOW AN 3/1eKTPONPOBOAKU.
OHa wumeeT rabapuTHbie pasmepsbl
104x104%x29 mm. [epxaTtenu 2 Hanevara-
Hbl Ha 3D-npuHTepe. Ux KOHCTpyKUuA —
Konusa aepxatenen Tpuntuxa us [3]. Mo-
Aynb 3KkpaHa coeanHéH ¢ nnato MK rub-
KM CbLEMHbBIM LWNeindoM N3 TOHKUX Npo-
BOAOB (MOET B KOMMJEKTE C 3KPAHOM).
[Ons ero npoBOAKM B BEPXHEWN KpbILLKe
Kopnyca MpOCBEPNEeHO OTBepcTve Aua-
meTpom 6 mMm. Pa3bém 1 (puc. 3) ansa
wnenda nmeeT BOCEMb KOHTAKTOB. Takum
06pa3om, akpaH C AepxaTensiMv U OCHO-
BaHWe-KOPMyc MOXHO cAenaTthb Kak Asa oT-
OenbHbIX 3neMeHTa. MHauye ecTb CMbIch
3aKkpenuTb Aepxartenu C MOMOLbIo ce-
KYHOHOTrO Knesi K NOBEePXHOCTU KPbILLKWN.
Mogaynb yacoB peanbHOro BpEMEHU nNuTa-
eTca oT anemenTa 2 (CR2032) Hanpsixe-
Huem 3 B.

Habop rpaduku kaneHgapsa noAcHaeT
puc. 4. OH COCTOUT U3 NATU YacTen.
MNepBas — HagnNucu Ha3BaHWn MecsaLEeB
B rogy. Kaxpoe naobpaxeHue umeer
pasmepbl 56x248 nukceneir. Btopas
yactb — @OHOBasi KapTUHKA JINCTKOB
KaneHgapsa Ha Tekywwui road. Tpetwi
KomnnekT — 3710 undpsl ot 0 8o 9 ¢ pas-
Mepamu unsobpaxeHus 72x144 nukce-
nen. YetB€pTaa YacTb — 3TO 3IMOBIEMbI
3HaKOB 304mMaka pasmepamu 96x96 nuk-
cenein. U nocnegHas yactb — Haanucu
Ha3BaHWU OHEN Hejenu C pasmepammu
32x200 nukcenen. Takum ob6pasom,
Habop comepxuT Bcero 42 MUHU-Kap-
TUHKW, N3 KOTOPbIX GopMUpyeTcs n3ob-
paxeHue Kaxaoro exenHeBHOro nncTka
B TEYeHue ropa.

OcHOBOI Ons ynpaBnsiowlero cketya
nocnyxwuno MO oT NPon3BOANTENA-KOHKY-
peHTa Moayns e-paper. NogpobHee 0 HEM
na3noxeHo B [3]. Mogynb 4yacoB npensa-
PUTENBHO BLICTABMKIOT NO TEKYLLEMY Bpe-
MEHW, Nonb3yscb Npumepom na 6ubnuno-
Tekn DS3231.h set_echo_.ino.
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HDopaboTku moaynen sapaaku
Ha mMmukpocxeme TP4056

N. HEHAEB, r. Mocksa

cTaTbe NPUBOAATCH ONUCaHWA pas-

JINYHBIX HECNOXHbIX [0PaboTOK MO-
aynein 3apanky Ha OCHOBE MWKPOCXEMbI
cepun TP4056, pacwwvpsiowme ux BO3-
MOXHOCTU. Bce nopaboTkun peann3oBaHbl
ons mopyns FC-75 (pue. 1), HO X MOXHO
caenatb U AnNs Apyrux Moaynein 3apsaku
Ha OCHOBE YKa3aHHOW MUKPOCXEMbI.

Puc. 1

R ——

v —-

VS

TTYTFTETY

Puc. 2

OGneryeHne TEMNNOBOro pexuma
moayna. Mogynb FC-75 npegHa3HayeH
ons 3apsgku Li-lon akkymynssiTopos TOKOM
0o 1 A. ECnam Takmm TOKOM Npou3BoanTCS
3apsiaka akkyMynsTopa C HarnpsXeHuem
3 B, Ha Mukpocxeme OyneT paccevBaTbCa
MOLWHOCTb 0KONo 2 BT, 3TO BbLI3OBET
3HAYUTENbHBIN Harpes, Y4TO B UTOTE OTPU-

LaTenbHO CKa3blBAETCA Ha HaOEXHOCTU.
Kpome Toro, npu cunbHOM Harpese
3apagHblii TOK ymeHblaetcs [1]. MNpasaa,
no Mepe 3apsaku akKymynaTopa Hanps-
XeHue Ha Mukpocxeme 6yaeT yMeHbLIaTb-
Csl, NO3TOMY YMEHbLUUTCS U HArpPeEB MOAY-
ns.

Y7106bI YMEHbLUUTL Harpes, MOXHO
YMEHbLINTL TOK 3apsAaKu, KOTOPbIA 3aBu-
cuT OT conpoTueneHus pesuctopa R,
(nokasaH Ha puc. 1): R, (kOm) = 1,2/1_(A).
Ho Takoin BapuaHT MOXeT ObiTb Henpwu-
emnem, ecnm TpebyeTca MakcumasbHO
[oonycTuMblin Tok moaynsa. Torga ans
YMEHbLUEHUA €ro TemnepaTtypbl MOXHO
npumeHnTbL TennooTeoa, Ero pa3mepsl He
o6a3aTenbHO AOMKHbLI ObiTb 6ONLLUUMM,
nockonbky apPeKTUBHOCTb OTBOAA Tenna
oT Mukpocxembl TP4056 cvnbHO 3aBUCKT
OT KOHCTpykuun mopyna FC-75. Pas-
JIMYHbIE BApUaHTbI TEMJI0OTBOAOB Nokasa-
Hbl Ha puc. 2. Paamepbl Tennooteoaa 1
No3BOJMSIOT 3aKPenuTb ero HemocpeacT-
BEHHO Ha KOpryce MUKpPOCXeMbl (puc. 3)
C MOMOLLbIO TenjonpoBOASALLErO Kies,
Hanpumep STARS-922. 3TOT TENN00TBOS,
NMO3BOMINT YMEHbLUUTL TEMMEpPaTypy Ha
HECKOJSIbKO rpadycoB, MOCKOJbKY pasme-
pbl TEMNNOOTBOAA HEBENNKW, a Mnactmac-
COBbIi KOPMYC MUKPOCXEMbI HE CITULLKOM
XOPOLUO NPOBOAUT TEMO.

Bonee addekTnBHbIM ByaeT Tenno-
oTBOA 2 (CM. puc. 2), ecnn MOaynb Npu-
KNenTb TENONPOBOAALUNM KNIEEM CTOPO-
Hol, cBOGOAHON OT petanen (puc. 4).
Mpun 3TOM cnoii knes [onxeH 6bITb TaKUM,
YyTOObl KOHTaKTHble MIOWAnKW MOAYNS,
He3alMLLEHHbIE NaKOBbIM NMOKPbLITUEM, HE
Kacanucb TennooTsoga BO u3bexaHue
KOPOTKOro 3amblkaHusl. IPPekTUBHOCTb
oTBOAA Tensa B 3TOM cliyyae OypeTt
3HAYUTENbHO Jlydlle, NOTOMY YTO MUKPO-
cxembl cepun TP4056 umeloT kopnyc
SOP8-PP [2], y KOTOpPOro B OCHOBaHUu
eCTb cneumanbHas meTannuyeckas nno-
waaka gna otesoga tenna. E€ npunaveatot
K donbre (MOANroHy) NevyaTHOM NNatbl oNs
oTBoga Tenna. Ecnu nnata oByxcTopoH-
HAA (kak y mopyna FC-75), y atoi nno-
LWaaKkM MUKPOCXEMbI AenaloT MeTannnau-
poBaHHbIE OTBEPCTMA ANIA OTBOAA Tenna
Ha BTOPYIO META/IN3NPOBAHHYIO CTOPOHY
nnatbl. 3TV OTBEPCTUSA BblAENIEHbI LIBETOM
Ha puc. 5.

Moatomy pa3meleHne mogyns FC-75
Ha Tennoo0TBOAE NMOMOXET CHU3WUTh TeEM-
nepaTypy Mukpocxemsl. Hanpumep, npu
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Toke 3apsaku 0,9 A n nageHun
HanpsxeHua Ha moayne okosno 2 B ‘
Temnepatypa Mukpocxembl 6e3 | e,
Tennootesopa 6uina 75 °C, a nocne -
€€ YyCTaHOBKM Ha TeNnooTBOA 2 (CM.
puc. 2) oHa ymeHbLumnack Ao 57 °C.
B aHanornyHom cutyauumn npu ycta-
HOBKE MOAY/NA Ha Teno0TBOA 60/1b-
wero pasmepa (puc. 6) Temnepa- (=
Typa MUKPOCXEMbl YMEHbLUMMACh

no 53 °C. Takum o6pasom, cyule-
CTBEHHOE YBENMYEeHWEe nnaowanmn
TennooTeoAa He AaéT Nponopumo- |
HaNbHOrO YMEHbLLUEHUS TemMnepaTy-
pbl MUKpOCxeMbl. OBYyCNnoBNEHO 3TO
TE€M, 4TO TEMJ0 OT MUKPOCXEMbI HA |
nnaTy OTBOAWUTCA He O4YeHb adpdek-
TUBHO. YBenuuuTb 3Ty addekTus- |
HOCTb MOXHO, €Cin YCTaHOBWUTb

2 Puc. g

N

Puc. 9

MUKPOCXEMY HENoCpPeaCTBEHHO Ha TENO-
OTBOA.

CnenyeTt NOMHUTL, Y4TO NPUMEHEHHbIE
TENNOOTBOAbI OXNAXAAKOTCA 32 CYET KOH-
BEKLUMM BO34yXa, NO3TOMY OHWU AOJSIKHbI
ObITb pa3MeLLEeHbl Ha OTKPbLITOM BO3AayXxe,
a He B 3aKpbITOM kopryce. MoXHO, KoHeu-
HO, MPUMEHUTb 064YB MOAyNa U Tenno-
0TBOAA BEHTUNSATOPOM, HO 3TO CJIMLLKOM
YCNOXHUT KOHCTPYKLMIO.

Ecnv HeT TennonpoBoAsALLEro Knea n
nogxopsiero Tensooteoaa, ons 6onee
apdeKTUBHOrO oTBOAA Tenna MoAayib
FC-75 (1 aHanornyHbie) MOXHO YyCTaHO-
BUTb Ha ¢dnaHue kopnyca TO-3 mMoLHoro
TpaH3ucTopa (pUc. 7) C NOMOLLbIO NaKu.
CHayana Ha 3agHei CTOpoHe Nnathbl akky-
paTHO cKanbnenem WaM pPe3akom CHu-
LAoT 3aWUTHOE NOKPLITUE (He NoBpeavB
MeTannnsaumio) BOKpyr MeTannu3anpo-
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BaHHbIX OTBEPCTUI NOA MUKPOCXe-
MOIA, BblAENEHHbIX Ha puc. 5 uBe-
TOM. 3aTemM 3TO MECTO 3anyxu-
BalOT W HAHOCAT C M36bITKOM Npu-
now, caenas u3 Hero HannbiB. Ecnu
€CTb B Hanuyuu 6onee nerkonnas-
KUA NpuMnon, cnegyet UCNosnbL30-
BaTb ero. [1na 3awmTbl KOHTAKTHbIX
nnowagok C OTBEpCTUAMU no
yrnam nnatbel MOAyna Ha nnaty
HakNemBalT MONIOCKM TOHKOTrO
cTeknoTekctonuTta (puc. 8).

Y TpaH3ucTOopa Hago ymanuTb
BEPXHIOIO Y4acTb KOpnyca, KoTopas
3akpbiBaeT kpuctami. Caenatb 310

MOXHO C NMOMOLULbIO TUCKOB, 3aXaB

B HUX BEPXHIOI0 4acTb. Mpu cxatmm
OHa CMMHaeTCcsi, OTCNauBascb OT

¢naHua (puc. 9). Cgenatb 370
Hafo B HECKOJIbKUX MOSIOXKEHURAX

Puc. 11

- TpaHaucTopa. Heo6x0AMMO akkypaT-
. HO yaanuTb BbIBOAbI TPAH3UCTOPA,

4TO6bI OHU He BbICTynanu Hag, dnaH-
uem (OctopoxHo! N30naTOpPkI BLIBO-
[OB CTekNAHHbIE). 3aTem, pasorpes
dnaHey, ¢ nomouwbio TepmodeHa,
yoanaoT KpUcTana TpaH3auctopa wu
HaHOCAT Ha Hero npwunoi. Mocne
3TOr0 Ha Hero ycTaHaBnAMBalOT nNnaty
C HannbiBOM npunosi. Hano obpaTtnts
BHMMaHWe Ha JeTanu Ha nnate, OHu
MoryT oTnasatbc. Mopynb FC-75
MOXHO MCMNONb30BaTh C TakuM dpnaH-
uem (puc. 10) unn yctaHoBUTb €ro
Ha TennooTeog ¢ 6Gonblel naowia-
OblO.
Ona oTtBopma Tenna OT mMoayns
MOXHO MCMNONb30BaTb Takxe Kopnyc
C TennooTeoas-
. UM Kpenex-
HbIM BWUHTOM OT
MOLLHOTO AKO-
na (pmec. 11),
TpaH3ucrtopa
unAn TupucTopa.
Ana 3TOro
BEPXHIO YacTb
Kopnyca ¢ u3o-
NATOPOM aKKy-
paTHO pa3bupa-
1ot (OcTopoXx-
Ho! U3onaTopsl
| BbIBOOOB
CTEKNAHHbIE),
yoansioT Kpuc-
Tann, pasorpe-
BalOT OCTaBLUY-
| f0CS YacTb Kop-
nyca, HaHOCAT
npunon v aHa-
NIOTUYHO yCTa-
HaBnAuBatwT
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nnaty moayns. Mocne Takoli nopaboTku
MOAYJIb MOXHO KPEernuTb Ha TensooTBO-
ne.

YBenuueHune toka 3apaaku. [lpu
3apagke Li-lon akkymynsTtopos 60nbLuoin
EMKOCTU WMAM OOHOBPEMEHHON 3apsaake
napaniefibHo COeAMHEHHbIX aKKyMYJIATO-
poB TpebyeTcs TOK, NPEeBbILLAIOLLNA MaK-
cuUManbHbI TOK 3apagku mopyns FC-75
(v aHanoru4yHbIx), Hanpumep 2 A. B atom
Cllyyae MOXHO BKJIIOY4UTb napannenbHo

HenpasunbHON NonapHocTu. Hapo 3ame-
HWUTb TokO3apatowuin pesuctop R2 (R,)
conpoTtusnexHmem 1,2 kOM pe3ncTopom
conpoTtusnieHuem 2,2 kOM, 4TO yMEHb-
LUINT MaKCUMaJsibHbI TOK 3apAaKU MOAYNSA
no 0,5A u cHM3NT ero Temnepartypy.
WTaTtHbIn peancTtop R1 conpoTtusneHu-
em 0,4 0M 3aMeHsloT pe3ncTopom
conpoTtuBneHuem 1,5 0OmM. K mopynio
nogknoyalT TpaH3nctop VT1 n Tokoor-
paHuumnBatowmin pesnctop R5. BbibpaH

DA1 TP4056
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Puc. 12

OBa OOHOTUMHBLIX Moayns n obecne-
4nTb Tpebyembili 3apaaHbin Tok. Ho
npu atom o6a mopynsa 6ynyTt cyuie-
CTBEHHO HarpeBaTbCH, YTO Hexena-
TenbHO. MOXHO YMEHbLUTb MaKcu-
MafibHbIi TOK 3apsfakuM moaynen,
Hanpumep 8o 0,5 A, ycTaHOBMB TOKO-
3apaowmii pesnctop R, cooTeetcT-
BYIOLLLEro CONpoTUB/IEHUNA. Ho B 3TOM
cnyyae ans obecneyeHus 3apsagHoOro
Toka 2 A noTpebyeTtcs yxe 4eTbipe
napansiefibHo COeANHEHHbIX MOOYNA.
Ho MOXHO NOWTW Apyrum nNyTém —
YCTAHOBUTb AOMONHUTENbHbIA MOLL-
Hbln TpaH3ucTop. B aTtom cnyvae
6onblias 4acTb 3apAagHOro TOKa
6yneT npoTekaTb Yepes3 TPaH3UCTop,
a Korga OH yMeHbLUUTCH A0 onpege-
NIEHHOrO YPOBHSA, TPaH3WCTOp 3a-
KpOeTcs, W OKOH4YaHue 3apsagku
6yneT yXe KOHTpoNnMpoBaTb MoAy/b
FC-75.

Cxema nopaboTku Moayna npocTa
1 nokasaHa Ha puc. 12. 9Ta gopa-
60Tka obecneymBaeT MakCMManbHbIA
3apagHbin Tok 1,5...2 A. Hymepauusa
3/1eMEHTOB — NpPOu3BOJibHasA, NO-
CKONbKY Ha nnaTte mMoayns oHa OT-
CYTCTBYET, OOMOJIHUTENbHbIE 3ne-
MEHTbI BblAeNeHbl LBETOM. JneMeH-
Thl, BblAEJIEHHbIE HA CXEME KPaCHbIM,
yCTaHaB/IMBalOT B Cny4ae, ecnu cy-
LecTByeT BEpPOATHOCTb noakaoye-
HUS 3apAXaemoro akkymynstTopa B

K Li-lOn akkymynsatopy

v

ey

e
-

i

Puc. 13

repmMaHveBblii TPAH3UCTOP, NOCKOMbKY Y
HEero MeHblue HarnpsxeHne 6a3a—amuT-
Tep, YEM y KPEMHMEBOTO.

Pa6oTtaet nopaboTaHHOE yCTPOMCTBO
cnepgyowmm obpasom. [locne noa-
K/HOYEHURA 3apsixkaeMoro akkymynatopa
M UCTOYHUKA NUTAHUA HanpsxeHnem 5 B
HaYyHETCH 3apsaKka, Npy 3TOM BKIOYUTCSA
cBeToAMoA KpacHoro ceedeHust. Ho cne-
nyeT yyecTb, 4TO KOHTakTbl USB-pa3b-
éma XS1 He paccuuTaHbl Ha 6osblion
TOK, MO3TOMY WCTOYHMK MUTAHWUA HaOdo
noaknto4aTb K KoHTakTam XT1 1 XT2. MNpun
npoTekaHun 3apsigHoro Toka 0,5 A Ha
peaucTtope R1 6ynet napatb Hanpsxe-
HMWe, [OoCTaTo4yHOEe A7 OTKPbIBAHMA
TpaHaucTopa VT1, noaTomy 4yepes Hero
NoTEYET TOK, KOTOPbLIN OrpaHUyeH pesu-
ctopoM R5. 31oT Tok 6ymeT cknagbl-
BaTbCs C TOKOM Mukpocxembl TP4056.
Mpu atom 6onblias 4yacTb BblAeNAeMOMn
MOLLHOCT! pacCeuBaeTcs Ha 3TOM pe-
3ucTope.

Mo mepe 3apsaku akkyMynsTopa, npu
OOCTUXEHUU ONpenenéHHOro Hanpsixe-
HUA Ha HEM, TOK 3apsaaky yMeHbliaeTcs.
HanpsixeHne Ha peaucTtope R1 noctenex-
HO YMEHbLLUAETCS, M TPAH3UCTOP 3aKkpbiBa-
eTcs. B pesynbrate Tok 3apsgoku Gyner
npoTekaTb TONbKO 4Yepe3 MUKPOCXEMY
TP4056 moayns, koTopas v 6yaeT KOHTPO-
NNpoBaTh AaslbHENLLWI NPOLIECC 3apSAAKM,
M0 OKOHYaHWUN KOTOPOW BKJIIO4MTCH CBETO-
OMof, CUHEro CBeYeHus.

Ecnvn npu nogknioyeHun 3apsixaemMo-
ro akkymynatopa ero HanpshxeHve
6yneT meHee 2,9 B, npeaBaputesnb-
Has 3apsgka 6ygeT npoBoAUTLCSA
TOKOM B AECHTb pa3 MeHblUe Mak-
cumanbHoro, T.e. 50 mA. Mpwu
TakoM TOKE HarpsiXeHus Ha pesu-
ctope R1 6yneTt HeoocTaTo4Ho Ans
OoTKpbiBaHUA TpaH3ucTtopa VT1, u
OH y4yacTBOBaTb B 3apsigke He
6yneT oo Tex Nop, noka ero Hanps-
XEHUEe akKyMynaTopa He NpeBbICUT
2,9 B. Mocne aToro 1ok 4epes Muk-
pocxemy TP4056 yBenuuutcs Ao
0,5 A, TpaH3UCTOp OTKPOETCH U
3apAaHbIA TOK YBENUYUTCS.

TpaH3nUCTOp BMEcTe C Moaynem
MOXHO 3aKpenuTb C MOMOLLbIO Knes
Ha oTpe3ke nnactmMacchl (puc. 13).
Pe3uctop R1, Ha kOoTOpOM paccen-
BaeTCsA CyLWEeCTBEHHas MOLIHOCTb,
[OSXEH HaxXOOUTLCA B BO3Ayxe AN
3pDEKTUBHOIO oxaxaeHus.

YT106bI YBEMUYNTL TOK 3apsAaku
0o 3...4 A, Ana oxnaxaeHus TpaH-
3UCTOp cnepyeTt yCcTaHOBUTb Ha
TennooTeoAd HebonbLWOro pasme-
pa, Ha HEM MOXHO C MOMOLLbLIO
TENNoNpoOBOAALLEro kies 3akpe-
nuTb moayne (puc. 14). Co-
npoTuBneHue peauctopa R1 Hapo
yBenmunte Ao 3...4 Om, a napan-
nenbHo peauctopy R5 ycTtaHOBUTL
TO4HO Takoin xe. Mopynb FC-75
cnepyeT yCTaHOBUTb C MOMOLLbIO
TENNONpoBOASALIEr0 Knes Ha Ten-



OTBeTbl HAa BUKTOPUHY
"MukpokKkomMmnbioTepbl

Lichee”

("Pagmo”, 2024, Ne 11, c. 63, 64)

P. CEPFEEHKO, r. lomens, Benapyco

Oteetr — 0 unu 1. B tpakte USB
@ OOHO YCTPOMCTBO A0MKHO OblTb
seaywum (host, master), a gpyroe —
BenombiMm (device, slave). MNpumep —
KOMMbIOTEP ABNAETCH XOCTOM ANSA MPUH-
Tepa. OQHako COBPEMEHHbIe npukniag-
Hble npoueccopsbl (AP) 1 MUKPOKOHTPO-
nepbl MOryT nepeknioyaTbCs Mexay
pexumMamu, CTaHOBACH TO BEAYLWWMK, TO
BEAOMbIMM.

MepeknioyeHre pexvmoB MNpPou3Bo-
anTca curHanom uaeHtndukaumm ID ¢
NoMoLLbIO Tak HadbiBaemoro OTG-kabe-
N8, B KOTOPOM 3aMKHyTbl uenn ID u GND.
Ho aT1o cnpaBeannBo ans NATUKOHTaKT-
HbIX pa3bémos miniUSB n microUSB.

B paccmartpuBaemoi cxeme npume-
HAETCH YETbIPEXKOHTAKTHbIN pa3bém J9
USB-A, noatomy curHan P6_USB_ID
KOMMYTUPYETCS BPYYHYIO 3aMblKaHUEM

nooTBOA4E, Ha KOTOPOM pa3MeLLEH TpaH-
3ucTtop. TokoorpaHuymMBawlwune pesu-
CTOopbl ycTaHaBnuBalT "B BO3ayxe”,
npunase Ux K BbIBOAY KONJIEKTOpPa TpaH-
3ucTopa M KOHTakTy XT3 mopynsa. Wx
nyywe pa3MecTUTb Nogasnblle oT Tenno-
0TBOAA, 4TOObI OHW Oxnaxaanuce 6onee
addexkTusHo. MNpu aTtom cnepyet
Yy4ecTb, ECNU aKKyMYNAaTOP CUSIbHO pas-
paxeH (HanpsxeHue He Gonee 2,9 B),
ero npeapapuTenbHas 3apsgka 6yaoet
OCYLLEeCTBNATLCA TOKOM B AecATb pas
MEHbllle YCTaHOBJIEHHOrO Pe3uncTo-
pom R2.

KoadduumneHt nepenayin toka 6asbl
TpaH3ncTopa AoMKeH 6biTb He meHee 40.
MopoipyT TpaHnaucTopbl 2136, M214,
M214A, N214b, KT906A. MNMpu ncnonb3o-
BaHUM KPEMHWEBOrO0 MOLLHOrO TPaH3uc-
Topa noTpebyeTcs yBenuyeHue cornpo-
TnBneHus pesuctopa R1, yto Hexena-
TeNbHO, MOCKOJIbKY Ha MUKpPOCXeme
TP4056 GyneT nagate MeHbLUE Hanpsxe-
HUEe, 4TO MOXET ckasaTbCHf Ha paboTte
Moayns.

JINTEPATYPA

1. Moaynb TP4056. — URL:
https://beriled.biz/data/files/tp4056new.p
df (01.10.24).

2. SOP8-PP. — URL: https://www.
alldatasheet.com/datasheet-pdf/pdf/
510541/AME/SOP-8PP.html (01.10.24).

KoHTakToB 1 1 2 nepekntovartens P16.
MapkupoBka BO3ne Hero OTCYTCTBYET,
HO oOHa MoxeT ObiTb kak "Host —
Device", Tak n "Master — Slave".

OTteer — 1. AP SG2002 kutaii-

e ckoi pupmbl Sophgo sensieTcs
yHUKaNbHbIM B CBOEM POAE U COLEPXUT
TP pasHoie apxutektypbl: RISC-V
(yuTaetcsa "puck ¢ais"), ARM un 8051.
Mpwn 3TOM B HEM UMEETCS He OAHO, a ABa
rnaBHbix 64-pa3pagHbiX NPOLECCOPHbLIX
aapa ¢ taktoson yactoton 1 My ARM
Cortex-A53 un RISC-V T-Head C906.
MepeknioveHne mMexay HUMU Npou3Bo-
OWUTCS annapaTtHo NOrmMyeckuMm CurHa-
nom CPU_SEL Ha BbiBOAE 67.

Mo ymonyanuio peauctop R2 conpo-
TuenexHmem 5,1 kOm obecneymsaeT ypo-
BeHb nor. 1 curnana CPU_SEL, 3Hauur,
n3HayanbHoO akTBHO sapo RISC-V. Ecnmn
peauctop R2 nepectaButb Ha nNocapnoy-
HOoe MecTo pe3uctopa R7, ypoBeHb cur-
Hana CPU_SEL nameHuTcsi, 1 nepsbiM
Oynet 3anyckatbcs B paboty aapo ARM.

OTtBetr — 1. Moayns U7

¢ TL880ODC — aTo aByxavanasoH-
HbI KoHBepTep USB WIi-Fi/BTS5 dupmsbl
AIC Solution. OH npeactasnaeT cobown
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"PALNO" — HAYUHAIOLLIUM

nnaty pasamepamu 12,2x13 MM, Ha KOTO-
pon ycrtaHosneHbl 4un AIC8800DC,
KBapLEBbIA PEe30HATop, Pes3ucTopsl,
KoHgeHcaTopbl. Ha nopobHbix Moaynsax
cTpositcst anantepbl Wi-Fi, koTopble no-
APYroMy HasblBaloTcs “"cBUCTKaMun” unu
noHrnamu. OHW BCTaBNAIOTCS B pa3beéM
USB komnbioTepa (Hoytbyka) u obec-
neynBaloT Bbixoa B IHTepHeT.

U13 — 370 He nonynpoBOAHUKOBOE
YCTPOMCTBO (Kak MOXHO 6bino 6bl nogy-
maTb), a B4-pasbém guanasona 2,4 Iy,
K Hemy, cornacHo BONpPOCY BUKTOPUHbI,
[OJIKHA NOAKNIOYATLCA aHTeHHa C pasb-
eémom SMA. Ho B Hagnucu Bo3ne ane-
meHTa U13 purypupyet cnoso IPEX, 4yto
obo3Ha4YaeT coBceM APYryio KaTeropuio
coeguHuTENnen.

Ha puc. 1 nokasaH KopoTkuii coean-
HUTENbHLIN Kabenb-nepexoaHuk

R3004 conpotusnennem 10 kOM akBu-
BaJIEHTHa MOCTOSIHHOMY Hann4uio mar-
HUTHOrO rMons, a yctaHoBka pe3ucTopa
R3005 — ero oTcyTCTBUIO.
5 Oteet — 0. Moayns LM3H umeet
® KpaeBoOW ABYXCTOPOHHUWA nevart-
HbIl pas3beém c namensmu. Ero nesas n
npasas 4acTu OAvHakoBbl. B pasbémax
MMEIOTCS Bblpe3bl, XapakTepHble Ans
dopmoakTopa nnat NGFF M.2 M-Key,
npumeHsieMmbix B SSD-guckax, Mmogemax
3G/4G, Wi-Fi, WiGig, Bluetooth v ap.
MapkupoBka KOHTAKTOB pa3beéma
yucnamu 1—150 ycnosHasi. Pusuyecku
namenei He 150, a ropasno meHblwe. Ha
NNUEeBo CTopoHe ux 68, a Ha AByx CTO-
poHax — B cymme 132. Bcé neno B ctaH-
[apTu3oBaHHOM  "Bbipe3e”  KOHTak-
ToB 59—66 paszvéma M.2 ¢ knoyom M [2].

OtBet — 0. Onpoc kHonok S2—S85
® NPOU3BOAUTCH U3MEPEHMEM Ha-
npsxxeHus 8 uenu LRADC nporpaMMHbi-
Mu cpeacteamu AP yepe3 BHYTPEHHWIA
wecTtupaspsaHein  ALM. Pe3uctopsbl
obpasyloT aenurtenb, BEPXHUM NNEHOM
KOTOPOro cnyxut peauctop R16, a Hux-
HUM — pe3uncTtopbl R17—R20, BKNOYEH-
Hble nocnenosartenbHo, B 3aBUCMMOCTU
OT HaXaTou KHOMKW,

dopmyna ana pacyera:

Vipoe = AVCC-R,/(R16 + R,), rae
AVCC = 3 B — HanpsixeHue UcToyHuka
nutanus, R16 = 100 kOm, R, = 6,8 kOm
(Haxatne Ha kHonky S2), R, =6,8 +8,2=
= 15 kOM (Haxatme Ha KHoOnky S3),
R,=6,8+8,2+10=25 kOm (HaxaTune Ha
kHonky S4), R, = 6,8 + 8,2 +10 + 11 =
=36 kKOM (HaxaTne Ha KHorKy S5).

MNMocne nogcTaHoOBKM Yncen

SMA—IPEX, KOTOpPbIN Haao0 BKIO-
YUTb MEXAY aHTEHHOW W pasdb-
émom U13. Kak BugHo, IPEX
MWHMaTIOPHEE N0 pa3mMepam, Hem
SMA (awametp 3 MM npoTuBs
5,8 mm), xoTa 1 obnapaeTt Takummn
Xe napameTpamu: MakcumasnsbHas
yactota — 6 Ty, BONHOBOE CO-
npotusnexdne — 50 Om.

BaxHbit1 HioaHc. CTporo roeo-

(nuHenka AMC). Hapo ysuTbiBathb,
410 HassaHue IPEX nnu IPX no ymonya-
HWIO OTHOCUTCA K padbeémam AuameTpom
3 MM, XOTS BCTPE4YaloTCs COeanHUTENN
IPEX MHF guameTtpom 2 mm [1].
Orteser — 0. Mukpocxema

e CC6201CT ¢pupmbl Cross-
Chip — 3TO BbICOKOYYBCTBUTESb-
HbI gatynk Xonna, pearvpyo-
WMIA KaK Ha CeBEepHbIA, Tak U Ha
I0XHbIN NOMNIOC MAarHUTHOIO NONS.
MoxeT npumeHaTbCa Ana 3ame-
Hbl TPagUUMOHHBLIX TEPKOHOB.
MUmeet cpeaHuin Tok notpebne-
HUs 5 MKA, HanpsixeHue nura-
Hua — 2...5 B, rucrepeanc —
8 [c. YCTON4MB K WU3MEHEHUIO
TemMneparypbl 1 MexaHW4eckum
BO3EUCTBUAM.

Peauctopsl R3004, R3005 ansi
HOpMansHou paboTbl gaTinka He
HYXHbl, MOCKOJIbKY MUKpOCXema
U3001 umeet Bbixog KMOIM c
ABYMA ypoBHAMU. HO pe3ncTopsbl
MOryT noHapobuTbcs npu oTna-
[OYHBIX U PEMOHTHbLIX paboTax.
Hanpumep, ecnu yganutb aAat4mk
Xonna, TO ycTtaHoBKa pesucropa

ps, pa3bemos IPEX He cyulecTBy- HapucoBaHbl B KiCad. 3t0
eT, 3T0 HapuuaTenbHoe Ha3Ba- KpoccnnatopMeHHbIA KOM-
‘ Hue. HemHoro uctopun. lNepsbi- NNeKc NPorpaMm ¢ OTKPbITbIM
| M1 NOSIBUNMCHL MUKPOMUHWATIOP- WUCXOAHbIM KOAOM, npeaHa-
Hble  KOakcwanbHble  pasbé- ~ 3Ha4YeHHbI ana paspaboTku
Mbl U.FL pupmbl Hirose, kotopblie » L ANEKTPUHECKUX CXeM 1 aBTO-
COEAUHANUCL HE C MNOMOUWbIO lé MaTU3MpOBaHHOW Pa3BOAKM |
pe3bbbl, @ MEXaAHNYECKUM MPUXN- SMA IPEX MHOTOCNOWHbIX  MevYaTHbIX ‘
MoM. Bckope mnx nonHble aHanorn 8 nnar. PacnpocTpaxsieTcs |
‘CTaﬂM Bbinyckats ¢upmbl |-PEX 6ecnnatHo NO  NIMUEH3UM |
(nuHenka MHF) wn  Amphenol " Puc. 1 | GNU/GPL. \
|
|

~1 B dopmyny nonydaetcs psa
HanpsaxeHuin V ... 0,19 B,
0,39B, 0,6 B u 0,79 B, ut0
OKPYrNEHHO COOTBETCTBYET
yucnam 0,2; 0,4; 0,6; 0,8 Ha
cxeme. ‘
Oreer — 1. [MpuHum-

® NVWanbHble CXeMbl He-
KOTOPbIX MWKPOKOMMbIOTE-
poe (SBC) nuHeiikm Lichee

Ha anekTpuyeckown cxeme Hymepa-
umMsa namenein cosnagaer ¢ Mapkupoe-
KOW NeyaTHOro pasbémMa U TO4HO Takxe
npepbiBaeTcs B yncnax (puc. 2).

VNepapxu4ecknuini Bua, Cxembl
53
NC 55 ynyywaeT eeé 4utaeMocTb
PHY-LINK-LED | 27— PH3 bt s i
CL/PG_EINT12 —— PG12 Kaxgblii ~ HOBbIW  NUCT
B CXembl aBTOMaTU4YeCcKn CO-
Pa3bém XpaHseTca B NpPoekTe B BUAE
X | danna C pacwmpeHvem
M2 M-Key | kicad_sch u yHuKanbHbIM
nmeHem [3]. Hassanue daii-
67
CK/PF EINT5 | —>3SSSDEC0-D2 na nNponucbLIBAETCA B OCHOB- |

RX/PF_EINT4 ??— SDCO0-D3

CnoXHble MHOroCTpaHuy-

Hble cxembl B KiCad cospaiotcs no
vepapxum, Korga nucTel OEensTca Ha
poauTenbckue (KOpHEBbIE) U Ao4epHue
(nononHuTenbHble). HasBuraums mexay
HUMW OCYLLEeCTBASETCS no
ccbinkam. Cuurtaercsi, 41O

HOM Hagnucw nucta, 4ToobI
€ro Nerko MoXxHo ObIno HanuTH

PF6/PF_EINT6 | 75— SDCO-DET  (pue. 3). .
TXIPE_EINT2 | 78 —0OSDCOCLK _ Cums 50 o 31
DO/PF_EINT3 —))SDC0-CMD mara KiCad-6.0. KoHreiHep
TF wn ccoinka Ha dann
TEkicad_sch pa3amewaiorcsa
Puc. 2 Ha nucTe 2, a coaepxumoe |

camoro daina — Ha nucre 5. ‘



MakcumansHoe BbiXxoaHOEe

Hukaknux [O0nonAHUTENbHbLIX ‘59
dannos n3 VIHTepHeTa cka- HanpsxkeHve B uenn VDDOV9
4ymBaTb He Haao. (o] w nosy4aeTcss npu  HYNeBOM |
Oteer — 0. 3ambi- KOahGUUMEHTE 3arnoNHeHus, I L
e KaHue KOHTaKTHbIX [ ] T.e. korga curHan PWM no- | | @
nnow@anok, Ha KoTopble yc- CTOSIHHO Haxoamtca B nor. 0. i ge

TaHasnuawTcas SMD-pe-
auctopbl 0201 cbopku RN,

T

Ha akBuBaneHTHOW cxeme aTo
nokasaHo napanienbHbiM Co-

npegcrasnaer ocrtarto4Ho

Sheet: /TF/

eanHeHuem peauctopos R140,
R141 n R14 (puc. 4).
BeixogHoe HanpsxeHue

paccuyuTbiBaeTcs no gopmyne
VDDOV9Y = V. .*(R17 + R,,)

poe
g

CIOXHYIO TEXHOJIOMMYECKYIo . p
shising. DRSGWHORATE Hao File: TF.kicad_sch
aneMeHTamu  pasmepamu
0,3x0,6 mm! T’tle:

PaspaboTunk npennaraet Size: AL I Date:

/R = 0,6+(33 +23,7)/23,7 =

nga nytu pewenuns [4]. Bo-
nepsblX, 3anasTb 4eTblpe

KiCad E.D.A.

kicad (6.0.11)

= 1,43 B, rae Vg — Hanpsixe-
Hue BHyTpeHHero MOH mukpo-

-

"Hynesbix" SMD-peauncTo-
pa 0201 (TpebytoTcs MUKPO-
CcKOM, nasnbHas CcTaHums,
xopoiuee 3peHue n Teépaas pyka). Bo-
BTOPbIX, 32aKPACUTb NPOMEXYTOK MeXAy
KOHTaKTHbIMW Mnowankamu ...rpudens-
HbIM KapaHgawom Teépgoctu 2B. B
nocnegHem cnyvyae abconTHO KOpPOT-
KO0 3amblkaHusi He NOoNy4YuTCs, HO
nockonbky peauctopbl B cbopke RN1
COeanHSIIOT UMdPOBLIE CUTHANBI ABYX
MWKPOCXEM, TO nocneaoBaTenbHoe
COMPOTUB/IEHNE B HECKONBKO COTEH OM
He NoBpeauT, a MOXEeT, AaxXe N yNyyLunT
dopmMy MMNYNLCOB.

Oreer — 0. Mukpocxema nams-

e 1M eMMC KLMB8G1GETF-B041
bupmbl Samsung umeet émkocTtb 8 B,
cTpyktypy NAND Flash 64 outxi,
ABa HanpsxeHus nutaHma 1,8 B un
3,3 B, kopnyc FBGA-15 pasmepamu
11,5x13 mm.

CurHansl DO—D7 oTHOCATCH K BOCb-
MUPAa3PSAHON LIWHE AAHHbIX, NPU 3TOM
BHYTPY nnHuin D1—D7 umelotcs noats-
rusaiowme "pull-up” pesuctopsl conpo-
Tuenexvem 10...150 kOm, 4106l BXOAB!
"He Bucenn B Bo3ayxe". UcknioyeHue
cocTtasnsiet nuHus DO, 4TO CBRI3aHO C
TpeboBaHMeM CTaHOapTOB O COBMEC-
TUMOCTU C OOHOMPOBOAHBIM PEXUMOM
ceaaun 1-bit.

Peauctop RM6, ynomuHaembiii B
BOMPOCE BUKTOPWHbI, Kak pa3 1 co3aaer
"pull-up” Harpysky ans nuHum DO.
M3HayanbHO OH HEe ycTaHaBIMBaeTCcs.
OTOT pPes3aucTop MOXeT noHanobutbes,
ecnu, Hanpumep, nNocne asapuinHOro
cbpoca AP 6yayt Habniogatbcs npo-
WU3BOJbHbIE UBMEHEHWUA B AYenkax nams-
T Mukpocxembl eMMC 13-3a "BucsLLe-
ro" exoaa DO.

1 Otser — 0. Mukpocxema

e NS2009 ¢pupmel Nsiway aBnsi-
eTCsi  KOHTPONNEpPOM Pe3nCTUBHOro
TayckpuHa ans gucnnees LCD. Ha-
3HaveHne BbiBoaos: VDD — Hanpsixe-
Hue nutanusa; GND obunii;
TWIO_SCK, TWIO_SDA — nByxnpoBOA-
Has wuHa I°C ansi cesau ¢ AP; PENIRQ —
npepbiBanve; XP, YP, XN, YN — noa-
KNIOYEeHNE TaYCKPUHa, B KOTOPOM CONpo-
TUBNEHUA U3MEHAIOTCHA No ocam X n'Y B

Puc. 3

VDDOV9

+0,6B

Vref

Puc. 4

CTOPOHY MonoxXuTensHbix P 1 oTpuua-
TenbHbix N 3Ha4YeHnn.

Hanu4ue 4yeTbipEx NpoBOAOB CBSI3N C
Ta4YCKPUHOM O[HO3HAYHO yKasbiBaeT Ha
PE3UCTUBHbLIV 3KpaH. [ng conpaxeHus ¢
EMKOCTHbIMW 3KpaHamu TOXEe WCNoNb-
3Yl0TCSt KOHTPONNEPbL! TAYCKPUHOB, HO Y
HUX NpuHUMn paboTtsl apyroi, Tpebyto-
LM HECKONBKO AECATKOB COEANHUTENb-
HbIX NUHWIA. Hanpumep, B KOHTponne-
pe FT6336 ¢dupmbl FocalTech umeiotcs
37 npanBepHbIX KOHTAKTOB, NoAKNYae-
MbIX K AUCNNEID C EMKOCTHBIM Ta4CKpW-

HOM,

1 Otser — 1. Mukpocxema
e TMI7003C ¢pupmsi Toll Micro-

electronic — 310 TPExKaHaNbHbIA NOHW-

XKaWnn MMNyNbCHbIA cTabunuaaTop

HanpsXeHus C 4YacToTON NepekItYeHns

1 MI'y u TokOM Harpyaku oo 2,5 A.

Ha cxeme Bonpoca BUKTOPWUHbLI Noka-
3aH OAMH M3 TPEX KaHanoB MUKpOCXe-
mbl U4, a uMeHHO kaHan ctabunuaauuu
0,9 B (uenb VDDOV9). CraHmapTHbIMW
anemeHTaMmu ero o6Bs3KK CryxaT Hako-
nuTenbHblA apoccens L3, konpeHcaTop
dunetpa C72 n genutens Ha pesucTo-
pax R14, R17, opranuaylowuin obpar-
HYI0 CBA3b NO BbiBOAY FB3.

K HecTaHOoapTHLIM 31eMeHTam OTHO-
catca peavcTtopbl R140, R141 v koHAeH-
catop ¢unbTpa C81. OHM B WTATHOM
BapuaHTe otcytcTByioT (DNP), HO npu
yCTaHOBKE Ha nnarty no3sonsioT perynm-
poBaTh BbIXOAHOE HanpsixeHue ctabu-
nusartopa umnynscamv PWM nameHsio-
LEeNCs CKBaXHOCTU.

A
=

cxembl U4; Ry, = R14-(R140 +
+R141)/(R14 + R140 + R141) —
3KBUBANIEHTHOE CONpOTUBIE-
HUe uenodku peauctopos R14, R140, |

R141.
1 Oteetr — 0. Mukpocxema
o AW9962EDNR dupmbl Awinic
obecne4nsaeT NUTaHWe CBETOAMNOMAOB B |
noacseTke aucnnes. Hanpsxenue Ha
noaceeTky (KoHTakTel BL+, BL-) nocty-
naeTt oT nosbilwatkowero npeobpasosa- |
Tenss DC/DC ¢ U3MeHSIIoWNMCSA BbIXOA-
HbIM HanpsixxeHvem o 40 B npu nocTto- |
AHHOM CTabuILHOM TOKE. | B

Tok NoaCBETKM NPSAMO MPONOPLMOHa- | !
NeH CONpPOTUBIEHNIO PE3UCTOPOB, yeTa- | |
HOBNEHHbIX MEX.y BbiBOAaMU 1 1 3 MUK- |
pocxemsl U14. TMpu conpoTueneHun | |
10 OM TOK paseH 20 MA B pacyéte Ha |
0AHY Lenoyky, coctosLyo n3 6—10 no-
cnefoBaTenbHbIX cBeToanonos 6enoro
cBeyeHus. Yem Bonblue auaroHans auc-
nnes, Tem 6onbLUe CBETOANOAHBIX LIeno-
4yek B NOACBETKE, TeM, COOTBETCTBEHHO,
6onbwe Tpebyetcs TOK, BNNOTb A0
60...80 MA.

B paccmaTtpuBaemoil cxeme pesuc-
Topbl R18 1 R19 coenuHsioTcs napan- |
nenbHO, NpU 3TOM [OMNyCcKaeTcs no.u.-!
6opka pesuctopa R18 B npepenax
3,3...10 Om cornacHo Tabnuue, paame- |
WEHHOW Ha anekTpuyeckon cxeme SBC. ‘
Obuiee CONPOTUBNEHUE yKa3aHHbLIX pe-
anctopos R, =R18-R19/(R18 + R19) =
=10-10/(10+ 10) =5 Om.

Y7106bI YOABOWUTL TOK MOACBETKM, ‘
conpotuenenve R,g, AONKHO ObiTb
2,50M. Cpenatb 9TO MOXHO Mpu |
R19 =10 Om, R18 = 3,3 Om. ‘

(-
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PepakTopbl: U. Hevaes ("3 nctopum paguo”, "Hayka n TexHu-
ka", "BbictaBkn"”, "Pagnonpuém”, "3BykoTexHuka", "M3me-
penus”, "MukponpoueccopHas TexHuka", "Pagnoniobutento-
KOHCTPYKTOPY", "PeMOHT", "3nekTpoMy3blkanbHble WHCTPYMEH-
Tol", "lMpnknagHaa anekTpoHuka"”, "InekTpoHuka 3a Pyném”,
"McTouHukn nuTtaHus”, "Hawa koHcynbTaums”, "Pagno” — o

"o

ceasn”), H. Hevyaesa ("Pagno” — HauyunHaowmm”, "lpuknagHas
anekTponuka"), B. YyawoB ("Hayka n TexHuka", "Bupeo-

TexHuka", "BbicTaBku", "3BykOoTexHuka",

"Pagnonpuném”,

"Uamepenns”, "UIcTouHMkM nutaHms”, "PaanontobuTtento-kKoH-
cTpykTopy”, "Pagunoniobutenbckas TexHonorusa", "PemoHT",

"MpuknagHas 3nekTpoOHuKa",
"Papguo” — o cBasn”, "Pagmo” — HaumHaiowmm").

B odopmneHun xypHana y4acTBOBaau
B. Mycusika.

"OnekTpoHuka 3a pyném”,

E. r'epacumosa,



2HMVYPHAN Monyuarens AHO "Pepnakuus xypHana "Paguo”
MHH 7708187140,

p/c 40703810538090108833 B MAO C6epbaHk r. MockBa,
K/c 30101810400000000225, BUK 044525225.

AYANO+*BUAEO*CBA3b* 3NIEKTPOHUKA « KOMNBIOTEPDI Krnn 770201001

LleHa oaHoro Homepa xypHana B 2025 roay (c 1-ro no 6-1 HOMEP)
npv nokynke B pegakuumn — 520 py6.

CroumocTb ﬂOl'lerﬂOBOﬁ noanucku c paccum(oﬁ n3 CTOMMOCTb 04HOTO

penakuun (aapecHas pacchinka) Ans MHAMBUAYaNbHbLIX m,:y’tna m’l‘;:‘:sa Hi’::;":::;:;’;i:’“ s ':Z::::::e

noanucumkos Poccun — 3840 py6., Ans HAMBMAYans- BPoccmio  — rpanss

HbIX MOANUCYMKOB U3 CTPaH 3apy6exbsa — 6000 py6. 2021 11—12 250 py6. 350 py6. 800 py6.
CTOMMOCTb NONyrofoBoM MOANUCKU C PacChbifikoW U3 2022 1-12 300 py6. 400 py6. 800 pyb.

penakuuu (agpecHas paccbinka) Ans puanyeckux nuy 2023 2—12 470 py6. 570py6. 800 py6.

u3 Poccuu — 4080 pys_ ; 2024 1—12 490 py6. 600 pyb. 900 py6. :‘

Tenecbo ans censm (495) 607-87-39 RRGEE e i Al and T SR

Ha OnaHke HanuwwuTe, 3a Kakue XypHanbl Bbl nepesogute "
[AEHLIU U YKaXWTe CBOM TOYHBIA aApec (C NouToBbIM MHaekcom). || [1OAMMCHbIE MHAEKCHI XXypHana no karanoram:

Mocne Toro Kak fieHbrM NOCTYMNAT Ha PacY&THbLIA CHET, Mbl OTnpa- | OdmumanbHbiit katanor Moyt Poccuu M4014;
BMM Bam XypHanbi. HanoXeHHbIM NNareXxoM pefakuusa xXypHa-

Nbl He Bbickinaet! a KATAJIOIr POCCUUCKOM MNPECCHI 89032
s s ) .'///f R P
: s ’.‘ =3 /// //’ {/ i //'/'»4&
'ﬂ/&hﬁ/ ) A/\J ( /_.:

oS -caR seommaOTERM MO BMARD-CI

.....

Mopnucka Ha 3N1eKTPOHHbIN XypHan "Paguo” ¢ pocrtaBkon no
3JIeKTPOHHOM noyTe Ha 2025 rop, a Takxke 2024, 2023, 2022,
2021, 2020, 2019, 2018, 2017, 2016, 2015, 2014, 2013, 2012
Ha 12 mecsaues (1 ropn).

E-i‘-_ https://el.radio.ru/
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