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MpopomKaeT HanaXuBaTbCA >XM3Hb pPefjakuum,
BbINYCK >XypHanoB BXOAMT B rpadpuk. Mo Hawmm nnaHam
BP pomkeH BbIXoOUTb He nosgHee 25 uyucna Kaxporo
MecALAa, MO3TOMY paHblue MOXHO HEe BOSHOBAaTbCA, a
No3>Xe OH HE O0/MKEH BbIXOAUTD.

Mogsoaum wTorm 6nmL-0Npoca, KOTopbIiA NpoBeaeH
no aHkeTe B BP N2 2/04. B ocHOBHOM unTatenu opobpuniu
HanpaeneHue, BbIOpPaHHOE >KypHanoM, KpuTMKOBanW 3a
3a0epXKKy C BbIXOOOM, 3a TO, 4YTO MOMeLLaeM Marno
uHpopmaumn. O nocnegHem ckaxy nopgpobHee. B
nepecyeTe Ha nnowLagb CTpaHuLbl KONM4YecTso cxem B bP
npesbllaer xypHanel CHI B 2 pasa, a Haw
“Papioamarop” - B 1,5 pasa.

OT0 O0O6bEKTUBHbLIN NOKasateflb, OAHAKO MHe
MOHATHO, NOYEMY YUTATENM XOTAT eLle uHdopmaumm. CynAa
M0 aHKETe, MHOrMe XoTenn, Ytobbl BCe 06bABNEHHBIE HA rOf,
TEMbl MOABUANCL B OfHOM XXypHane. Wmeiite TepneHue,
BCe, YTO ObINO 3annaHnMpoBaHo, Mbl BhIMOHAEM, AAXe C
NEPEBLINOTHEHNEM.

Tenepb 06bABNAEM MMmeHa nobepuTenen, KOTOpble

BbIMrpasm HOBbIN DOVPMEHHbII KOMMNaKT-AUCK
usparensctea “PA 3a 11 net. Hoeoe u ny4wee”:
bonpapeHko N.O. Topba A.A.

Pbibuyk B.IM. Llypkan B..

3uHeHko B.B. CsuctyH A.H.

Kob63apb B.W.

[nckw BbiCnaHbl Ha poMalluHWiA agpec nobepurenei,

KOTOPbIA OHUM yKa3anm B aHKETe.
Penaktop leopruit Ynb4eHko
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LincdpoBbie ycuautenm CUrHanoB™

CynepnuHenHbIN TPAH3UCTOPHBIN YCUAUTENb MOLLHOCTU 3BYKOBOW 4acToThbl €
npAMbIM npeobpa3oBaHueM LUMPOBOro Kofa B aHaNOrOBbIA CUrHA.

Y10 Takoe ycunutenb, BCEM W3BECTHO, - 3TO YCTPOMCTBO, MMetowee Habop
3/1IEMEHTOB, COBpaHHbIX MO creuunanbHoi cxeme. MNpuyem y pasHblx yeunutenen pasHble
CXeMbl U pasHble 3NeMEHTbI, OOHU YCUIMTENN fyyLle, ApYrue - XyXKe, OQHAKO BCE OHW, B
CUny NPOUCXORALLMX (OU3UYECKUX MPOLLECCOB, UCKAXAIOT CUrHaJ.

B nopaenAatowemM 60NbLIMHCTBE COBPEMEHHBIX YCTPOMCTB YCWUIMBAaEMbIA CUrHan
npencraenAeT cobonm LM@POBOA Ko@, KOTOpbIn npeobpasdyeTcA LMPOaHanoroBbIm
npeobpasoBatenemM U yCWIMBAETCA aHasnoroBbiM crnocoboM. pu 3TOM W3BECTHO, 4TO
LMPOBOA CUrHan He MOXET ObITb U3MEHEH UMW UCKAXEH, B TO BPEMA Kak aHanorosbli
CUrHan npetepneBaeT WUCKXEHWA B MPOLECCE YCUNEHWUA. 3HAYWUT, HYXXHO MOSTHOCTbHO
0TKa3aTbCA OT aHanoroBoro yCUneHua, Ho Aenatb 370 JiyyLle NocTeneHHo.

Ha nepBbix nopax MOXXHO caenartb Tak, Ytobbl curHan Ha guHaMuK nogaeanca ewe
C aHasioroebIX Lienen, KOTopble CofepXXar ABa TPaH3WUCTopa, BKITKOYEHHBIX MO CXeMe C
obwum konnektopom. Bee octanbHoe fomkHO ObiTb LMAPPOBLIM. 1A TAKOW NOCTAHOBKU
3a[auu A Npegnarato CremytoLLyro cxemy uudgpoaranorosoro YM3Y (puc.1).

3oecb BCeM ynpaBnAeT MUKpokoHTponnep U1A. Ha Bxogbl ero moctynart

ungpoBon curHan Bxoga U

aHanoroBbli curHan ¢ I o

mynestunnekcopa U1B. Mynbtu- 1 M w b

nAeKcop nepektoyaeT aHano- =

roBble curHanbl Mexxgy coboi Tak,

yTobbl  MMWKPOKOHTPOMNEP MOr []§11 "

Mony4nTb Ha  CBOW  BXOR 8

MOOYEPEnHO TPW  aHANOroBbIX —f B ‘_'19&

BE/IMYMHBI: TOK Yepe3 TpaH3MCTop —C

Q1, ToK yepes TpaHaucTop Q2 u [].3@1 v

HanpmAXXeHne Ha Harpyske, CHATOe ua ue ) A

¢ peaucropa R4. £ D \_,—‘I. T
MukpokoHTponnep nooye- | ¢ @

pegHo npeobpasyeT ux B

umndposon curHan, 3atem |

3anoMuHaeT u obpabarbiBaeT B Puc.1
COOTBETCTBUM C BIOXKEHHOW B HETO
nporpammMoin. MecTo BblBOga MacCbl ONPEREenAeTcA LenAMU MUTaHWA LNPOBbIX
MUKpocxeM. MUKPOKOHTPOSEP UMEET BCHO HEOOXOAMMYHO MHADOPMAaLMIO AA CO3AaHWA B
Harpyske HeobxogMMOoro HanpAXEHUA Unn Toka. TOK Harpy3ku MOXHO BbIYMCAWTL MO
dopmyne

IH = 13q; + 13q, ,

*) Matepumansl no teme nybnukytotcA ¢ nobesHoro cornacua aetopa Epmonaesa . C.
MepBOMCTOUHKK pacrnonaraeTcA Ha canTe hitp://www.icreator.ru.
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LincpoBblie ycunutenu curHanos

rae 19g4 - TOK 3MUTTEpa NepBOro TPaH3NCTopa, 19g, - TOK AMUTTEPA BTOPOro TPaH3UCTopa.

TOK MOXHO NfAaBHO PErynupoBatb MNPOrpaMMHbLIM NYTEM, MEHAA COMPOTUBIIEHWE

yCuUnuTenA MOLLHOCTM OT MCTOYHWMKA TOKA K MCTOYHWKY HanpaxeHuA. Bbixogos y

MUKPOKOHTPOSIEPa BCErO ABa - A4J1A YNPaBieHNA BbIXOAHLIMU TPAH3UCTOPaMMK.
MporpammMa MWKPOKOHTPOSIepa AOMKHA OCYLLECTBAATL CREAyOLLME OYHKLNK:

- YCTaHaBNMBaTb W KOHTPONMPOBATb TOK MOKOA BbIXOAHbLIX TPAH3UCTOPOB;

- yCTaHaB/MBaTb HyNeBOe BbIXOOAHOW HanpAXeHWe, TO eCTb TOKW MOKOA TPaH3UCTOpPOB

LOMKHbI ObITb PaBHbI APYr APYry;

- CHUMaTb, 3anOMWHATb W WUCMONb30BaTb MEPEXOLHYHO XapakTEPUCTUKY YNpaBaAeMoro

TPaH3MCTOpa W Ero XapakTepUCTUKY Nepeaaymn no Toky. AT MOXHO Aenatb OAUH pas nocne

YCTaHOBKN KOHKPETHbIX TPaH3MCTOPOB B CXEMY, WCMOJSib3yA TECTOBOE BbIXOAHOE

COMpPOTUBEHNE, @ MOXHO fenarb OS1IA KOHKPETHOW akyCTWYEeCKOW CUCTEMbl, TOraa

cornacoBaHve ycunuTena n akyctuku Byaet ngeansHoe;

- YNpaBiATb BbIXOLHbIMW TPAH3MCTOPAMW Ha OCHOBE WX XapaKTepUCTUK Tak, 4Tobbl

NCKaXXeHUA curHana oTcyTCTBOBaNY;

- 3aKpbIBaTb TPAH3UCTOPbI NNABHO, & OTKPbIBAIOLLMIACA TPAH3UCTOP PErynmpoBarb, UCXOAA

M3 HYXHbIX 3HAYEHWIA BLIXOQHOrO CurHana. TpaH3WCTOpPbl XKeNnaTenbHO MOSHOCTbIO He

3aKpbIBaTh;

- MCMonb3oBaTh OTpULATesIbHyt0 00paTHy0 CBA3b, W3MEHATb ee rNyouHy wunn He

“cnosb3oBarb ee BoodLLe.

[pyroi BapuwaHT CXembl, rOe MCKMHYAETCA WCKAXKEHME CurHana aHanoroBbiM
MYNETUNIEKCOPOM, MPEACTaBneH Ha puc.2. B Hell aHanorosble BeNWYMHbLI Npeobpasytotea
B LMdpoBoi kop, KaxxpaA ceoum LIAM U2A/B/C, a notom y»ke nocTynaroT B LudpoBOA
MyTUNNEKCOP.

bonee npakTtuuHoii bypet
CXemMa Ha TMOneBbIX TpPaH3uc- ¥ o vi
Topax. bunonApHble TpaH3MCTO- oA b =
pbl yNnpaBnAKTCA 3HAYUTESIbHbIM :| ) |
TOKOM, KOTOpbIA HE MOXET bbiTb
BbIAAH  MUKPOKOHTPOTNEPOM. (8w
3HauuT, HeobXxooMMO CTaBUTb o
MEX[Y BbIXO[IOM MMWKPOKOHTPON- uib we ' & 100k
nepa u 6a30i  BbLIXOGHOMO T
TPaH3MCcTOpa TOKOBBIA yCUMN- A (|5 va |,
TeNb. OTO YCMOXHAET CXeMy U in ¢ =
BHOCUT AONONHUTENbHbIE _D—
UCKaXXEHMA. y @

Monesble  TpaH3WCTOPbI |
YNpaBfATCA  HANPAXEHUEM. Puc.2

3Haumut, Nto6ON  MUKPOKOH-
TPONSIep MOXET crpaBuTbCA 6€3 AOMONHUTESNbHBIX YCTPOWUCTB C YNpaBIEHUEM MOLLHbBIM
BbIXOAHbLIM MOSIEBbIM TPAH3UCTOPOM.
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LincpoBsble ycunutenu curHanos

Ha cxeme (puc.3) U1 - MWUKPOKOHTpOANEp C ABYMA aHasioroBbiMW BbIXOQAMM,
ppavieep U5 npepHasHaveH AnA ynpaeneHuA BepxHUM nneyom ycunutena IRF2204.
Macca pnAa uenew nutaHuA mMukpocxem U2 u U3 nopgkntovaetcA K Touke 0a. Takum
0bpasom, ux nuTaHue "nnaeaeT" BMECTE C HamMpAXEeHUEeM Ha Harpyske. A pas3BA3sku
Lenen NUTaHWA MyNbTUNAEKCOpa W MUKPOKOHTPOMNEpPa MCMosb3oBaHa onTtonapa Ha
MUKpocxeme U4.

Mpw 6nuxanLiem
B e vk e e
(=] - ’ Yto
yacTb pPacCcMOTpeHHbix YM3Y
A ! nocTynaetr [OUCKPETHbIA UK
_C'-_R, CTyneHyaTbIn curHan, n3
” o []“-‘ R KOTOPOro cnepyet OoTUALTPO-
OPTOISO « — BaTb MONE3HYIO COCTABAAIOLLYIO.
el 2 é__ % 160k OyHKUMIO pUnbTpa B CXemax
— |:— T

BbIMOSHAOT AMHAMUK "

i usc []gg TpaH3uCTop.
h_— _.( |: [na Toro ytobel 06paboTka
| v 06paTHON CBA3U MUKPOKOHTPON-

o e @ = nepom He BHOCMNA
— :t | [IOMOSHUTENbHbIX UCKAXKEHUI 3a
Puc.3 CYeT oTcTaBaHWA no dgase,
HeobxooMMo cpenatb TakKTOBYH
YacTOTy Ha HECKONbKO NOPALKOB BbiLLE YaCTOTbl curHana unu uckniounts OOC BoobLue.
K aHanoroBoim 4act Ha MpakTUke Takxke Heobxooumo p[obaBuTb 3aliuTy
TPaH3MCTOPOB HA TOT CAyyai, KOrga no KakoW-TO MpuumHe oba TpaH3WcTopa OKaxyTcA
OTKPbITEIMUW. Kpome TOro, Npu U3MeHEHWM TemMnepaTypbl TPAH3UCTOPOB, a 3T0 NPOMCXOAUT
MOCTOAHHO, €ro XapakTepPUCTUKM "NNbIBYT". 3TO PE3KO YCIOXKHAET Nporpammy obpaboTtkm,
AN HYXHO ucnonb3oBatb rnybokyto OOC, 4TO Tak Xe HexenatenobHo. [10aTomy
npegfiaraeTcA eLle oOfHa CxemMa, peannayrLan MeTod, UMMYIbCHOMO YCUNEHNA 3BYKOBOMO
curHana.

UmnynbcHblin nuHeHbIn YM3Y 6e3 OOC

BoixogHol kackap ycunutena paboTaet B knacce D, HO ero pexxum no ToKy NoKoA
aHanorMyeH TpaH3nCTopHOMY ycunuTento knacca A. VictopuA ero cospaHnA Havanacb
XenaHvwA coenatb UMMYSbCHBIA YyCUnuTENb MOoLLHOCTU ¢ BbicokuM Kl 6onee 80% c
MOMOLLbK WUIMPOTHO-MMMYNbCHON MogynAuun (LLUMM) B oboux nneyax BbIXOQHOMO
Kackapa. Torga npu HynesoM BXOQHOM HanpsxeHun oba LUMMa 3akpbiThl, M TOK NOKOA
paBeH Hynto. Ecnn Ha BXoae ecTb OTpuuatesisHaA noaysosiHa curHana, To paboraet LLIMM
HWXHero nnedya, a LLUMM BepxHero nneya 3akpbiT. MpuHUMNnanbHbIn HeQOCTaToK Takoro
NOAXOLA B TOM, YTO Cnabblil CUrHaNM HauMHan 3By4aTb C UCKAXKEHUAMMN [aXKe NPU Hanu4um
rny6okon OOC, npu STOM FPOMKMIA CUrHAN 3BYYMT KNACCHO.
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LincpoBblie ycunutenu curHanos

Mpu nocnegytollen perynvpoBke W Ao0BOAKe Obl0 3aMeyeHo, YTO NpU TakoMm
cMelleHun "HynAa", korga pabotan Tonbko opuH LLUIMM, a BTOpOi 6bin BbIKAOYEH, 3BYK
cpasy cTaHoBuMnCA HopMmasnbHbiM pgaxe 6e3 OOC. 310 MeHA HATONKHYNO Ha MbICAb, YTO
UCKaXXEHUA BO3HMKAIOT M3-3a HeupeasnbHbIX XapakTepUCTUK 3aKPbIBAHUA U OTKPbIBAHWA
TpaH3uctopos (puc.4). Opyrumu cnosamu, pnAa pabotbl C ManbiM CUrHanOM OHU He
neanoHoit WM Henmeansken Wi YCIEBAM OTKDBITHCA M TYT e 3aKPBITHCA, B
[ pesynstate  pes3ko  uUckaxanacb  (PyHKUMA

nepenayn ycuneHna Bcero ycTpoiicTea B obnactu

MaJsiblX CUrHanos.

Torpa 6bINO  peweHo He pocturatb

t MakcumasbHo Bbicokoro KM v ocTaBuTh TOMbKO

oauH UMM (puc.5). Tenepb npu nogaye Ha BXop,

HYNeBOro CurHana Ha BbIXOAE CO3[aBancA

MeaHgp, W TOK TMOKOA npoTekan uepes

VHOYKTUBHYIO Harpysky. KI1[ cooTBeTCTBEHHO

ynan po 50-60%. [logknwounn AOMHaAMUK W

o T yCrbllWan XOpoLUnA YACTbIA 3BYK Aaxke

Ha caMOM ManoMm curHasne.
OpHako npu Manom yacrtore
v — QUCKpeTU3aumm  Hayanu  croparb
[V - XTTL

. BbICOKOYACTOTHbIE AMHAMMKU, TaK Kak

40kHz 1 | s, U UMEHHO Yepes HuX npotekan 60sbLuoi

v N _ 500uH TOK MOKOA 13-3a Masioro UHAYKTUBHOO

ANV v 1 conpoTuenexna BY gpuHamunkos. B cBoto

Y, __|_ *[\IEI—> esne ) g:speub, 6acbl 3By4anu TUXO, MOTOMY

| Yy HW3KOYACTOTHbIX AUHAMMKOB

J— 022 OYeHb BbICOKOE COMPOTUBAEHWE ANA

DIODE

yactotel LWWMa. Ho 3aro ronoc u

Puc.5 1_2‘53 cpedHvWe  4acToTbl  (POHOrpamMmbl

3gyyanu wugeansHo 6e3 OOC, ubo

COMPOTUBAIEHNE AMHAMMKA MOYTU HE BIIMANO Ha TOK Yepes Hero. Tak kak LUM paboraert

Ha WHOYKTMBHYIO Harpysky, COMPOTMBMIEHWE KOTOPOW ropasgo Bbllle, YEM aKTUBHOE,

Tonkarowee auddysop CONPOTUBIEHNE AUHAMMKA, MOMYUNSICA aHANOr UCTOYHMKA TOKa.

Ounbrpaumna LM npoucxognt camMum OMHAMUKOM, MO3TOMY B CXEME HET Ha BbIXOAE
HUKAKOro dounerpa.

Ha cxemax npusepgeHbl COGCTBEHHO LUMPOTHO-UMMYSbCHBIA MOAYNATOP (pUc.6) u
BbIXOQHOW cunosoin 6nok gnA Hero (puc.7). Cam LUMM copepxuT TonbKO reHeparop
nunoobpasHoro HanpaAXeHua n komnaparop. B LUMM MoXHO ncnonb3oBatb CBOK CXEMY
reHeparopa nunoobpasHoro HanpaxeHuA. B cunoBom 610Ke MOXHO MOAHWMATb
HanpsxxeHwe nutaHuA go 300 B v Bbiwe, B 3aBUCUMOCTM OT BbIXOLHbLIX TPAH3UCTOPOB.
NoneBble TPAH3UCTOPbI MOXHO COEAMHATb MapannesibHo, Tak YT0 BbIXOLHAA MOLLHOCTb
MOXET [OCTUraTb COTEH BaTT.

A 4

Puc.4

D1
ZKDIODE
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LincpoBsble ycunutenu curHanos

v4
+14V
D2
WB  KP511/1A1 ¥
R2
D1 |10
1 []R9 []R11 ¥ ) []RS
470k =T}
[]5700" 6.8k U1A R4
4 ,\ﬂ/ 1(53 6.8k Q2
11 N
f\/— I} Y R1 68K ¢t
1kHz ca | LM3SN S8nF
by R8 RS 17
= 47k
= 6.8k Q1
1 c3 §k7
D3 :l:w“F
WnM D4 R3
o | 100
Puc.6

KcTatu, 3awuTbl N0 TOKY 30ECh HET, a €CTb TOMbKO OrpaHnYMBaroLLMe Pe3nucTophl,
TaK 4To OynbTe OCTOPOXKHBI NPY NOLKIHOYEHUM Harpy3ku. Harpyska gosmkHa 6biTb CTPOro
WHOYKTMBHAA.

Mpu UcnbITaHWAX, Pa3BMBaA BbIXOLHYIO MOLLHOCTb 0KOMO 15 BT Ha cpepHuMX yactoTax
(FPOMKOCTb Takad, YT0 MOXHO ObINO OrfIOXHYTb), TPAH3UCTOPbI CTOAAN Ha 15-TMBATTHLIX
pagvatopax W 6binu X0onoaHbIMW. [pyrumu crnosamu, notepu - 3T0 Tenno, KOTopoe
pacceuBaetcA B AuWHamMuke. [103TOMy Ha HebonbliMx papgmatopax MOXHO [enatb
CYNEPMOLLHbI YCUAMTEND: TPaH3UCTOPbLI-TO He rpetotcA! COeanHUTENbHBIA LIHYP OT
BbIXOLA YCUAWUTENA OO KOMOHKW flyylle fenarb 3KpPaHWPOBaHHbIM, Torga 6yoeT MeHblue
napasuTHbIX HABOROK W MHTEpepeHUMn. HaBooku 1 LWyMbl Y UCMBLITYEMOro yCunuTena
6bIn1 CRbILWHBI HA paccToAHMM 1 M OT KonoHoK. Booblie, MHoto 6bina nepeBoHavanbHO
ncnonb3oBaHa mukpocxema KP1114EY4 (TL493), kotopana yxe umeet B cebe un LLUNM, un
Qpansep ynpasfeHWA nonesbiMn TpaHauctopamu. OgHakKo ee reHeparop nunoobpasHoro
HaNPAXXEHNA 1 BHYTPEHHUIA KOMNapaTop MEeHA He YCTPOUNU: HEIMHENHOCTb bbina 3aMeTHa
¥ CrbIWHbI WyMmbl. XoTA, ecnu genatb LLUMM gna 6acos, To oHa NORONAET, a cxema bypet
BKJIHOYATb BCEro

OOMH KOHAEHcaTop, RS ¥,
+*
[Ba pesucTopa U aga o “
IRF840 4
BbIXOAHbIX MOMEBbIX ) R~ oa L S oET
TpaHaucTopa. — |
Yeunutenu ¢ 62q D1 R2
LM xopowio cebs N VTR
YN — 4
BegyT npu pabote B R4 R6
Y3KOM  4acToTHOM ! 8 o w2 L4
R3

AnanasoHe, NO3ToMy ©
Ha ux 6ase nonyuntcA 2
OTNNYHLIA ABYX- UNW  1uF —
TPEXNONOCHbLIN

c4 -~
2200uF

Puc.7
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LincpoBblie ycunutenu curHanos

ycunuTenb, KaXXaanA nonoca KoToporo YCUnMBaeT CBOW AWanasoH YacToT W HarpyxeHa Ha
CBOM AMHamMuk. TOrga He HY)XHO [enarb pasgenuTesibHble (OUALTPbl B KONMOHKaxX, a
pasgenATb AuanasoHbl MOXHO LMAPOBBIM METOAOM, T.K. M3BECTHO, YTO LMpoBOe
paspgeneHune auanasoHoB BHOCUT MEHbLLIE UCKaXEHW B CurHan. Hy)KHO 3aMeTuTb, YTo y
WM ycunutenen Bce konebaHuWA NWUTAOLLErO0 HaNpPAXEHWA MEPEesatoTCA B HArpysky,
MO3TOMY PEKOMEHAYIO Aenarb Takon ycunutens anA CY n BY gmanasoHoB, Tak Kak gnAa
3TVX AMANa30oHOB flerye CraaguTb NUTAOLLEE HANPAXEHME.

MOoXXHO coenatb MOAHOCTLIO LKUdPpoBOW yeunutenb, ecnn BmecTto LIAM Ha Bobixoge
CD-nneviepa ncnonb3osarb npeobpasosarenb Lmgposoro koga B LUMM. Tak BbInonHeH
L1ddpoBoiA ycunuTesb, CTOMMOCTb KOTOPOro okoso 10000 ponnapos, nod HassaHuem TacT
Millennium MKIIl. U xotaA pa3peweHue ero LLWMa Bcero 8 6uT, 0T3bIBbI OH Monyyan Ha
BbiCTaBkax nectHole (bnaropapa pekname). OpgHako y Hero LUVM He knacca A, To ecTb
Masble CUrHasbl BOMXHbI 3HAYUTENBHO UCKAXATLCA. OTO MOXXHO MOHATL 13 0O BABIEHHOMO
KMNA - okono 95%. K ToMy e, paspelleHne 86UT NO3BONAET CO3[aTb AWHAMUYECKUN
ouanasoH Bcero 42 pb, 4to ABHO Mano ANA NPOPUCOBKM feTaneih B GhOHOrpamme.
Mpeobpasosaten napanfienbHOr0 Kopga B LWWPOTHO-UMMYSbCHBIA (BPEMEHHON) KOf,
MOXHO cpenarb U CaMOMy Ha [UCKPETHbIX anemMeHTax. Ho 3pecb CepbesHbiM
orpaHuyeHvem ABNAETCA BbICTPOLENCTBME MUKPOCXeM. Hanpumep, ana koga Ha 12 but ¢
yactoton puckpetusauum 44 kly TakToBaA uvacTtota npeobpasosarensa 6ynmet
44x212 = 180 M.

Cxema npeobpasoBartena napanfienbHoro Koga unv aHanoroBoro CUrHana B curHan
¢ WM pnAa uudpoBoro ycuneHwa nokasaHa Ha puc.8. B atoii cxeme npeobpa3osaHue
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NMPOMCXOQUT C paspAQHOCTBIO 8 6uT. Mukpocxema U2 - 310 BoceMb ucknrovarowmx Unn.
Ecnu HyxxHo npeobpasoBartb LMPOBON napannenbHbil kog, To AU U10 Heobxogumo
ybpatb M3 CXeMbl M MOCTYMaKOLLMA KOO, CMHXPOHM3WPOBaTb C BbIBOLOM 'tact. 3ToT
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LincpoBsble ycunutenu curHanos

npeobpasosarenib MOXHO 6e3 Tpyaa caenartb ¢ 16-TMbUTHBIM paspelueHnem. [nA atoro
HyXHO A06aBuTb elle OAMH BOCbMEpPWYHbIA cyeTumk (U5), 3aBECTM Ha Hero curHan,
YOBOMTb KONMYeCTBO MUKpocxem U2, a mukpocxemsl U4, U7 3aMeHUTb 16-TUBXOLOBLIMM.
Mpu 9TOM yYacToTy 3apatoLlero reHeparopa Hy)XXHO ysBenuuutb go 6,5 M. A MOXHO
coenarb 12 6uT, Torga yacrtora reHeparopa 6ynet 180 MIL, a gMHaMUYecKnid auanasoH
cocTaBuT 66 b (opuH paspAg Ha monApHocTb, 11 x 6 Ab), yTo BNOnHEe rogutcA AnA
BbICOKOKaYeCTBEHHOIO 3ByYaHuA. Begb B 9TOM ciyyae uckaxeHua bynyt okono 0,05%. B
KauecTBe 3ieMeHTHON 6a3bl HY)XXHO uUcnonb3oBath ObicTpogencTaytowyto ACJT noruky,
OQHAKO MPUAETCA CTONKHYTLCA C 6onbliMMm noTpebneHmem Toka. Hanpumep, CYETUMKU-
penutenn 193UE5/6 umetoT rpaHuyHyto yactoty 1T, ofHako 30ecb OHWU He MOryT
NCnonb30BaTbCA, MNOTOMY UTO WMMEKT 3afaHHbll KO3(PUUMEHT peneHuA. EcTb
Mukpocxema H193MLL6 (SP8606) - 310 genutenb 4YacToTbl HA 2 C FPaHWYHOR 4acToTON
31Tu. Ha HUX MOXHO BMOJSIHE MOCTPOWUTL ABOWYHBIA CYETUMK HA 12 paspAagos. MoXHO
B3ATb ceputo MukpocxeM 1500. Hanpumep, "uckniouarowee WMN" K1500/1M107 umeer
3apepxKy 3 HC.

us @ us Bonee npocTaA cxema

o Ly A npeobpasoBaTena napannensHoro

X VI kopa wu3obpaxeHa Ha puc.9.

oy D'—'3Q_ §§_z ,—1‘2 3ameudy, 4TO NpU MCMOMb30BAHUM

I g::ﬁ & s Takoro npeobpasosartena

SAOME = : COBMECTHO C BbIXOLHbIM KACKafO0M

r G N Vo MMMYNbCHOIO ycunutens,

T '-Eﬁ B |sv uza OMUCAHHOTO  Bbie  (puc.6, 7),

e T_ £ PAMUCKAXEHUA W LUYMbl CTAHOBATCA

sanepxa %Ez " T, oL PasHbl  Hymo, nosTomy  Her

" R HeobxoaMMOoCTH 06cyxpeHun

i XapaKTePUCTUK CXEMHBbIX PELLEHUIA 1

P o 6atanuit  BOKpyr pasHbix OOC,

0i...11i OMHAMUYECKUX  UCKaXKEHWUA 1

Puc.9 Cod 12482 MpoYero, 4To O6bIYHO BO3HMKAET

| R4 10k40% o BOKpYr HOBOrO ycunutena. OcTaetcA

! ‘“f‘Rs TONbKO nNofe [eATEeNbHOCTW MO

nggmmk po1 I' COBEPLIEHCTBOBAHNIO CXeMOTEXHIUKIA
Cae>— 42 12 Pa3HOro pofa NUTaoLLMX Lened.

o g o OpuruHanbHbli  npeobpaso-

oo 13 300 BaTesb aHanoroeo curHana s LM

G s 1" oo LA WMMYAbCHOTO  yCUAWTENA

2 AN T Knacca A Ha  MUKpOCxeme

112 L KP1114EY4 (TL494) nokasaH Ha

13 14 ] puc.10. Ha cxeme Bbixog “PWM”

[]E‘Sk HY>XHO nogatb Ha Bxog “LUAM”

Puc.10 — ppavisepa cunosoro 6noka (puc.7),
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LincpoBblie ycunutenu curHanos

yNpasnALLEr0 NoneBbiMU TpaHaucTopamu. Cxema paboTaeTr Tak: yCunuTenu OLKn6bKm
MUKPOCXEMbl OTKJIHOYEHbBI, TaK YTO OHW He BAMAIOT Ha paboTy cxembl. CurHan nopaerca
Hanpamyto Ha LLIWM-komnapatop k.3 DD1. BpemA peakunu komnaparopa paeBHo 5% oT
Lvkna.

BbixogHow kackag pabotaet B 04HOTAKTOM PEXUME, TaK YTO CUrHAN MOXXHO CHUMATb
€ Nto60oro BbIXOQHOIO TPAH3NUCTOPA, KOTOPbLIE BKIIKOUYEHBI MO CXeME C 0BLLUM IMUTTEPOM.
CepenmHa HanpAXeHWA ycTaHaenmBaetcA pe3ucTopom R4. Pesuctop R2 perynupyert
yacToTy reHeparopa. Harpy3ouHblii pesuctop R3 pomxeH 6biTb Ha 2 Bt. Llenb nutaHuA
enaTtefibHo 3alyHTUPOBaTb TaHTaNOBbIM KOHOEHCATOPOM EeMKOCTbio 1 MKO B
HenocpefcTBeHHOW BM3n OT HOXEK MUTaHUA MUKPOCXeMbl 7 1 12. Bo3moXeH BapuaHT,
korga uvactota UMM no kakum-nubo npuumHam Oyoer copsaHa, Torga Ha BbIXOAE
MOABUTCA MOCTOAHHOE HANPAXXEHWe, paBHOE HaNPAXEeHMIO NuTaHuA. [o3Tomy xenartenbHo
coenatb 3aluUTy BbIXOAHBIX Lenei OT NOABEHUA NOCTOAHHOIO HaNPAXEHWA Ha BLIXOOE.
YnpaeneHue Takow 3aLiWUTON NMpefycMOTPeHo B MukKpocxemax douvpmel IR. Hanpumep, y
MUKpocxeMbl IR2104 Ha TPETLIO HOXKY MOXXHO NofaTh 3anpeT OTKpbIBaHUA 060MX MONEBbIX
TPaH3NCTOPOB.

OKOHOMMYHbIV MMNYNbCHBIA YCUAUTENb MOLLHOCTW 3BYKOBOW YacTOThI
Knacca A ¢ Bbicokum KMNJ,

70T ycunuTenb CO3AaH Ha OCHOBE MMMYNLCHOrO ycunutena knacca A (puc.5), B
KOTOPOM OJIMTENIbHOCTb WMMMyfbCca MOMOXWUTENBHOMO UM OTPULLATENILHOrO [0MKHA
perynupoBarbCA TaK Xe, Kak B UMMyNbLCHOM ycunutene ¢ asyma LLIVIM, Ho npu Hynesom
BXOQHOM CUrHane foimkeH ocTaBatbCA HEOOMbLUOW TOK NOKOA Yepes Harpysky. Apyrumu
cnosamu, LLIMM obownx nney He oOoMmKeH NOMHOCTBIO 3aKpbiBaTbeA. 1A Toro 4tobbl Manbie
curHansl 3syyanu 6e3 UCKaXEHW, Nepexor, HaNPAXEHWA OT MUHYCa K NAKCY B panoHe
HYNeBoro BpemMeHW [OoSxeH npoussogutb ogvH LUWM. Torpa, ynpowiaA ycTpOMCTBO,
nonyyaem, Yto Nepexoq Yepes3 HoMb JOMKEH OCYLLEeCTBNATLCA 61I0KOM NUTaHuA, Torga ara
dyHKuMA 6yneT peanusosaHa cpasy AnA BCeX kaHanos ycunutend. MpoaomKuTensHOCTH
CUrHanoB NpaBoro U seBOro KaHasnoB (MOMOXKUTENBLHOMO W OTPULLATENLHOMO UMMYNbCOB)
perynupyet oguH LLUVM, uTo COOTBETCTBYET UMMYSILCHOMY YCUAUTENIO Knacca A. 3HauuT, 1
ycuneHne Manbix curHanos Byoet NpouMcxoauTb NMHENHO, BHE 3aBUCUMOCTU OT CKOPOCTM
HapacTaHuA W cnapa Toka npyu KOMMYyTaLWK BbIXOAHbIX TPAaH3UCTOPOB.

Cxema Takoro ycunutenA COCTOMT M3 COOGCTBEHHO Camoro LUMPOTHO-WMMYSILCHOrO
MOAYNATOpa, KOTOpbIA NpeobpasyeT BXOQHOW aHanorosblii curHan B LLUMM curHan, w
cunosoro 6noka - BLIXOQHOrO Kackapa, KoTopbin ynpaenaetca atum LLUWM cursanom.

Cxema mopynAaTopa npeactasneHa Ha puc.1l. Komnapartopbl MOXHO CTaBWTb
nobble, ogHaKo OT WX TOYHOCTW, ObICTPOLEWCTBMA M LUYMOB 3aBUCUT KavyecTBo
npeobpasosaHuA. 3pecb ucnonbayotcA komnapatopsl LM393N, y KOTOpbIX BbIXOA C
OTKPBITEIM KOSINEKTOPOM, MO3TOMY B CXeMe Be3fe CTOAT pe3ucTopbl no 6,8 kOm unu 10
KOM, MOATArMBAOLLME BLICOKOE BbIXOLHOE HanpAXeHWe Komnaparopa [0 HanpfXeHuA
nuTaHuA. feHepaTop Nuibl MOXXHO MCMOML30BaTh 0BOIA, MOMHA, YTO OT JIMHEAHOCTU ero
“nunbl” 1 cTabuibHOCTY YacTOTbl 3aBUCUT JIMHEAHOCTb yeunutenA. Ero MOXHO B3ATbL K3
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LincpoBsble ycunutenu curHanos
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NpeaployLiero BapuaHta UMNynbCHOro ycunutenA. D-Tpurrep MoxHo 6partb nto6on, B
cxeme ucnonb3osaHa Mukpocxema K756TM2, notomMy 4To ee nutaHue Moxet 6biTb 15 B.
Bbixon, mopynATopa 'MeaHpp" MOAKMNIOYAETCA K CunoBoMy Onoky ANA CO3paHuA
"MMNyNbCHOM 3emnn" onA Harpy3ku 060MX KaHAIOB UMMYNbCHOTO CTEPEOYCUAMTENA. 3TO
3HAUUT, YTO 3TY "MMNYNbCHYIO 3EMIIKO" HU B KOEM Cnyvae Henb3A 3amblkaTb C APYruMu
uenAaMu unu petanAaMu, notoMy 4YTo Ha Hel MOCTOAHHO npucyTcTByeT MeaHpp C
aMMAUTYOON HanpAXeHWA nuTaHuA cunosoro 6noka. Peauctopbl R6 n R7 3aparot TOK
MOKOA W CMELLEHWe BbLIXOQHOTO HanpsxeHwA. Ouopbl ntobble 6bICTPOLENCTBYIOLLME,
Hanpumep, KO522.

Ha cxeme cunosoro 6noka (puc.12) nokasaH: a) reHepartop "MMMynbCHON 3eMamn” n
6) oouH kaHan cunoBoro 6n0ka. Harpyska Kaxgoro nneya noOgKMYaeTCA MEXpy
BbIXO[LOM reHeparopa "umn.3em." u BbIXOBOM NEPEKITHOUATESNIA NePEMEHHOr0 Toka "Bbixon,"
cunoBoro 6510ka ¢ COOTBETCTBYHOLLMMU HOMEPamMW. Harpyaka fomxHa UMeTb OCTaTOMHOE
WHOYKTMBHOE conpoTuBieHne (noponper ntobaA puMHamuyeckaAa ronoeka). Yucto
PE3MCTMBHOE CONPOTUBIIEHNE UM EMKOCTHYHO Harpy3ky NOAKIKOYaTb Ha BbIXOA, HENb3A. Ha
TpaH3ucTope Q6 BbINOMHEH y3eN HavanbHOM Hakavku ByctepHoro koHpeHcartopa C5. 3ToT
KOHOEeHcaTop ucnonb3yetcA ppanWsepoM U2 ponA ynpaBneHWA nepeknoyaresiem
NEPEMEHHOr0 TOKa, BbIMOSIHEHHOMO Ha TpaHaucTopax Q3 u Q4. Toukn "Honb" AOMXKHbI
coepuHATbCA BMecTe. KoHpeHcatopel C1, C2, C5, C6, C7, C8, C9 pmomkHbl ObiTb
BbICOKOYACTOTHBIMW AJ1A CrNaXUBaHWA WMMYNbCHLIX TOkoB. KoHpeHcatop C7 [omxeH
CTOATb B HEMOCPEACTBEHHON 6nm3n ot TpaHaucTopa Q1, a C2 u C6 - B6nM3n OT CBOEro
ppavisepa. Pesuctopel R5 1 R6 Ha 5 BT TokoorpaHuumsarowme, oA npefoTspaLleHuna
BbIXOQA W3 CTPOA BbIXOOHbIX TpaHauctopoB npu K3 B Harpyske. CtabunutpoH D8
paccunTaH Ha HanpaxeHnue 17-18 B. [nA yBenuMYeHMA MOLLHOCTU MOXHO CTaBUTb
napannensbHo LONONHUTENBHLIE NOMEBbIE TPAH3UCTOPbI. [1pK 3TOM HY)KHO MOMHWTb, YTO
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LincpoBblie ycunutenu curHanos

yepe3s Q1 m Q2 reHeparopa "WMNyNbCHOM 3eMnn" MPOTEKAKT TOKM 0OOMX KaHasoB
UMMNYNbCHOTO YCUIMTENA, @ COMPOTUBIEHWE TOKOOrPaHUUMBAOLLMX PE3UCTOPOB HYXHO
yMeHbLWKNTb. Bce opmHakoBble HanpsxeHuAa 6epyTcA OT OOHOMO MCTOYHWKA MUTaHUA.
HanpsaxxeHne nutanna MoxeT BbiTb He 200 B, a apyrum. OgHaKo Hy»KHO 4TOObI BCE ANOAbI,
kpome D1, D2 n D7 (Ha 30 B), Bce koHgeHcatopsl, kpome C1, C2, C5 n C6 (30-50 B), n Bce
TpaH3MCTOPbI BbINK paccunTaHbl Ha 310 Apyroe HanpaxeHue. PesucTopsl R7, R8, R11, R14,
R12 moLHocTbo 1 BT. Pagnatopbl TpaH3MCTOPOB A0MKHEI paccensatb NpuMepHo 15% ot
BbIXOAHON MowHoCTK. MuTaHune 200 B xenatenbHo ctabunuanposars.
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MpuMepHble xapakTepucTukn UMNyNbCHOro yeunutena mowHoctu: KMo 70-90% B
3aBMCMMOCTM OT TOKa MOKOA Yepe3 Harpysky; wymbl -40...-60 ab; uckaxenua 0,1-1% B
3aBMCMMOCTM OT NapameTpoB MOOYNATOPA, TOKa MOKOA, CXeM MWTaHWA; BbIXOLHAA
MoLLHOCTb 50...1000 BT B 3aBMCMMOCTWM OT BbIXOLHbIX TPAH3UCTOPOB W MUTAIOLLErO
HaNPAXEHUA.

[aHHbIl  UMNYAbCHLIN  ycunuTenb obnapaer BbICOKOM NMHEWHOCTbIO 6e3
npumMmeHennAa Kakux-nnbo OOC. Moxet pabotatb HAa MHOrOMOMOCHYK aKyCTUYECKYHD
cuctemy 6e3 pucka paspyLeHUA BbICOKOYACTOTHOrO AMHamuka. OgHaKo HY>XHO NOMHUTD,
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LincpoBsble ycunutenu curHanos

YTO WHOYKTUBHbIE COMPOTWBIIEHMA AMHAMUKOB pasHbIX MOSIOC OTAMYAKTCA, W ANA
nuHeapusauun AYX akyCTUYECKOW CUCTEMbI HYXHO MopobpaTtb LOMNOAHUTENbHYHO
WHOYKTMBHOCTb mocneposatensHo CY u BY guHamunky. Ecnv xxe B AC Tonbko CY v BY
MONOCkI, TO MHAYKTUBHOCTb HYXHO Mopobpatb Tonbko anA BY guHamuka. XKenatenbHo
coenatb 3awmty AC OT NOABAEHWA NMOCTOAHHOTO HAMPAXEHUA Ha BLIXOLE WUMMYNbCHOIO
yCUnuTENA B Cllyyae ero aeapuiiHoro pexuma. Ecnn mopynatop LUWM curnana
BbIMOSIHATL C MOMOLLbIO LMAPOBONA CXEMOTEXHWUKM, TO WCKAXEHWA W LWyMbl OypyT
onpepenATbCA TONbKO pa3pAAHOCTbIO npeobpasosatenA W HecTabuNbHOCTbIO ero
TaKTOBOW 4aCTOTbl, @ TAKXE HECTABUSIbHOCTBIO HanpAXeHnA nutaHuA 200 B) .

Hactpoiika ycunutena. CHavana HyxHo ybemutbcA, 4to MopynATop pabortaer
npaBuibHO. 3akopoTum BXOoL4 MopgynAtopa. Ha Boixope "MeaHap" AROMKHO ObiTb
HanpAXeHne MeaHgpa, a Ha Bbixoge LWWM kaxporo kaHana pomkHbl ObiTb y3kue
MMNyNbChl, KAK NOKa3aHo Ha guarpamme (puc.13).

BHXOOE MOOYNATOpa nNpu 0 Ha BXxone
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LLnpuHa mmnynbcos Ha Bbixofe LLUIMM cooTBeTCTBYET TOKY MOKOA Yepes Harpysky.
ToK NOKOA yCTaHaBnMBaeTCA B MOAynATope pesuctopamu R6 n R7. Ecnun nepexopn yepes
"HyneBoe BpemMA" MeaHfpa MPOWUCXO@MUT He B LeHTpe umnynbca LUVM, 3HauuT, Hy>XHO
nopobparb R6 win R7. Ecnn nop, pykon HeT ocumniorpada, 1o oTueHTpuposars LLIMM
curHan MoXHo N0 MUMHUMYMY BbIXOLHOIO TOKa Yepes Harpysky.

Ouvarpamma Ha puc.14 unntoctpupyeT paboty MopynATopa npv Nofgave Ha ero BXof,

BHXO I MOy NATOPA MPM CHHYCOMIE
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CUHycoMaanbHOro curHana. Ybepmewucb B pabote MOAYNATOPA, MOOKIKYAEM BbIXOA,
mopynaTopa "MeaHap" K OmHOMMEHHOMY Bxofy cunosoro 6noka. Ha Beixoge "vumn.zem."
BOMKEH bbITb Takke MeaHap. MogKNUMM MHOYKTUBHYHO Harpy3ky (MoxHoO HY guHamuk,
TaK KaKk OH 06napjaeT BbICOKUM WHOYKTWBHBLIM COMPOTUBIIEHMEM) MEXAY BbIXOBAMMU
"wmn.zem." 1 "Homb". TOK Yepes3 Harpysky LO/MKEH Teub TOSIbKO NepeMeHHbIR. OTKNHUMM
Harpysky. Tenepb nogkntoumm Bbixog MopynAtopa "LLUMM" k Bxogy "LLUMM1" cunosoro
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LincpoBblie ycunutenu curHanos

6noka. Hanpaxexue Ha BycTepHON EMKOCTM BOMKHO 6biTh 12-15 B. A Ha Bbixofe apansepa
HanpsaXxeHue J0MKHO NoeTopATL LLUMM curnHan.

MopKNtoUMM MHBYKTUBHYIO Harpy3ky K Bbixopgam "umn.zem.1" n Boixogy "Bbixopi”.
MocToAHHaA COCTaBNAKOLLAA TOKA Yepes Harpy3ky gosmkHa ObiTb paBHa Hyn. Ecnu 910 He
Tak, TO Hy>XHO nogobparb peauctop R6 unm R7 B mogynATope.

Tenepb nogknounm K yeunutento AC v nopgagum Ha Bxog MopynAatopa cnabblii
curHan. Hy>xHo nogobparb TOK NOKOA TaK, YTOObI UCKAXXEHWA cUrHana bbinm He3aMeTHbIMK
ANA MUHUMAnNbHO BO3MOXHOIO TOKa MOKOA. Yem Bbllle rpaHnMyHan 4yacTtoTa BbIXOAHbIX
TPaH3NCTOPOB, TEM MEHbLLIE TOK MOKOA MOXHO YCTAaHOBUTb, HE UCKaxanA cnaboro curHana.
Tenepb Tak e NOAKAKUYMM N HACTPOUM BTOPOMN KaHan yCUnuTena.

MowHbin uncpoananoroBbin npeobpasoBarenb
B KayecTBe LUPOBOro ycunutena

UMM npeobpasoBatennt He MOryT MOMEHTAfIbHO U3MEHATb HanpAXEHWe (TOK) Ha
BbIXOZE, W ONA UX paboTbl Hy)XHA MHOYKTMBHAA Harpyska. LA Toro yutobbl BbIXOLHOE
HanpAXXeHWe MOrfo0 MOMEHTaNIbHO U3MEHATLCA OT MakCMMyma MuHyca g0 Makcumyma
naca - MOXXHO BbIfI0 NCNONBb30BaTb PE3UCTUBHYHO UK [AXKE EMKOCTHYHO Harpy3Ky, MHOK
6611 NpepnoXeH MOLLHBIA LucbpoaHanoroBelii npeobpasoBaTesib, BbINOAHALLMWIA
YHKUNM LUGPOBOro YCUANUTENA MAK LUEPOBOrO NPELM3MOHHOMO MOLLHOTO WCTOYHMKA
NUTaHuA.

B HacToAwee BpemA Bce 6onee npuBNEKAKOT BHUMAHME CXEMbl MPAMOrO
npeobpasoBaHnA LUMPOBOro CuUrHana B MOLLHbIA aHANOroBbIA CUrHamn, MWHYA
aHanoroBble Lenu yeuneHna. 310 JaeT BO3MOXHOCTb yBenuuntb KN npeobpa3osaHva u
MOBbLICUTb TOYHOCTb NpeobpasoBaHuA. CkaxxeM, y)xe 4aBHO paboTatoT paguonepegaroLme
YCTPOWCTBA, HanpAmyk npeobpasyrowime UUdPOBON KOO B aHanorosblii BY curHan,
nepefaBaeMblil B aHTEHHY.

BonbLwnHCTBO LMdpoaHanoroeeix npeobpasosareneit (LIAM, DAC), kotopble MOXHO
6b110  6bl  ucnonb3oBaTb AfA  Leneid  3BYKOBOCMPOW3BEOEHWUA, BbIMOSHAKOTCA
€naboToOYHbIMW, YTO He MO3BONAET UX MPUMEHWUTb HanpAMyl AnA npeobpasoBaHwA-
YCUNEHMA MOLLHOIO curHana. B gaHHom ctatbe onucbiBaeTcA cnocob u cxema MOLLHOro
undpoaHanorosoro npeobpasosarend. 10T LIATT MOXET pas3BuBaTb BbIXOLHYHO
MOLLLHOCTb B KunosartThl, a KM npu atom octaetcA okono 80-95%. CKopoCTb M3MEHEHNA
BbIXOQHOrO HaNPAXEHMA OT MakCMMymMa MUHYC A0 MakCUMyma MIKC HACTONIbKO BENKKA,
YTO He NoppaeTcA W3MEPEHWH0 OOCTYMHbIMWU pPaguMousmMepuTensHbiMU nNpubopamu.
Harpyska mMoxet 6biTb pe3nucTuBHOW M Aaxe emkocTHon. Ha 6a3e takoro LA MOXHO
coenarb YyCUnUTENb MOLLHOCTW 3BYKOBOIO CHUrHasa ¢ BbIXOLHOW MOLLHOCTLIO 1...5 KBT, npu
3TOM cTOoMMOCTb ero Oypet nopagka 50-100 gon., a UeHbl Ha Takue ycunuTenu
NPOMBILLIEHHOrO M3rotoBneHuA konebntotea ot 0,5 oo 5 gon./BarT. Hanpumep, ycunutens
KomMnaHuu Powersoft ¢ BbIXOgHOR MoLLHOCTLIO 2X1,5 KBT cTouT okono 2500 gonnapos.

Knaccuueckuin LLAT copepxuT B cebe Habop MCTOUHMKOB TOKA MM HanpAXEHWA,
KOTOpble COEQMHAKTCA BMECTE B 3aBMCMMOCTM OT LMPOBOrO Koga Ha BXOAE ANA
CO3[aHu1A Ha BbIXOfle aHaoroBoro curHana. ICTouHnku Toka CoeMHAOTCA napasnensHo,
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LincpoBsble ycunutenu curHanos

a UCTOYHVKU HanprXeHuA - nocnegosarensHo. Paccmotpum cxemy LIAM ¢ nctouHmkamm
HanpaxeHua (puc.15).

3necb N MCTOYHMKOB HanpAXeHWA, KaxkKabli U3 KOTOPbIX
KOMMYTUPYETCA CBOMM pas3pAgoM BXOQHOrO kopa. AMMIAUTyaa
HaNPAXKEHNA KaXKO0r0 MCTOYHMKA HaNPAXXEHWA COOTBETCTBYET CBOEMY
paspAagy. Hanpumep, ecnv mnagLumnii (Hynesow) paspAn KOMMYTUPYeT
WCTOYHWK C amnnnTyaon 2 B, To nepsblid paspAg 6yner KoOMMyTMpoBaTh
UCTOYHWMK C aMnauTygoi 4 B, a caMblil CTaplunin paspAg ynpasnAeT
WCTOYHMKOM ¢ amnautygon 2N B. Torma, 8-MMOWTHbINA
npeobpasoBartesib C MAAALLIMM UCTOYHMKOM HanpAXXeHWA B 2 B MoxeT
BblaTb HanpAXxeHWe Ha Bobixoge oT 2 B 0o 256 B ¢ warom 2 B. 3HauuT,
onAa cospaHuA mowHoro LIAM Hy)XXHO co3paTtb Takue MCTOYHWKK
HaNPAXXEHNA, KOTOPbIE MOXXHO 6b1n0 Bbl KOMMYTUPOBATL U COEAMHATL NOCER0BATENBHO.

MHoto paspabotaH KOMMYTUPYEMbIA WUCTOYHMK WMMYNbCHOTO HanpAXeHwA. Ero
cxema n3obpaxeHa Ha puc.16. C NOMOLLbH TaKMX MCTOYHWUKOB UMMYNbCHOMO HANPAXEHWA
MOXHO cgenatb LLAMT MOLHOCTBIO B HECKOMbKO KunosatT ¢ KN okono 80-95%.

Puc.15

o1 Ha cxeme ucTtouHuka Bxog "ynp" eCTb BXOA,
D — —|? paspﬂn.a KOTOPbIV YMpaBfiIAET COCTOAHWEM AYENKM
o+ ||| “BKNIOYEHO/BBIKIIOYEHO”. Bxopbl "wumn.nut.1" n
TR > f "MMN.OMT.2" NOOKNIOYAKOTCA K UMMYNbCHOMY 6noKy

nuTaHuA. Bxop "muT." nopkntoyaetcA K MCTOYHMKY
E—J st NOCTOAHHOrO HanpsAXeHWA. Boixops! "Bbix1" 1 "BbIX2" -
Puc.16 T CO6CTBEHHO  BbIXOAbI  MCTOYHMKA  UMMYNIbCHOIO

HanpaxeHuA. Ecnun kntou S1 3aMKHYT, TO AYelika paboTaer Kak MPOCTON UMMYSbCHBIN
TpaHcopmatop. A ecnu kN4 S1  pasOMKHYT, TO AYENKa MpPEBPALLAETCA B
KOPOTKO3aMKHYTbIA BUTOK CO CTOPOHbI NepBUYHbIX 06MOTOK | 1 Il, Tem cambiM nponyckas
yepes cebA 6ecnpenATCTBEHHO BHELLHME TOKM MO BTOpUYHOA o6moTke Il1.

Brnok pomkeH cospaBatb MMMYAbCHbIE HanpAXeHWA "wmn.mutl" u "umn.nut2" B
npotusocpase. XKenarenbHo UMETb HEOONBLLON BPEMEHHOW MHTEPBAN MEXAY (DPOHTaMM
M cnagamu 3TUX HanpAXEHWA. OTO HYXXHO ASIA TOro, Ytobbl NEPEKOYEHUE KITHOYel B
AYENKax NPOUCXOAMNO B MOMEHT HYNEBOr0 HanpAXXEHUA HA HWX, YMEHbLUAA TEMoBYyO
MOLLHOCTb, BbIAESIAEMYHO Ha Ktovax Aveek u ysenuuueana KM scero ycTpoicTea.

Cxema 6noka nutanuA npueepeHa Ha puc.17. Ha cxeme reHeparopsl BB7 m BB6
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LincpoBblie ycunutenu curHanos

CO3[at0T UMNYIIbCHOE HanpsAXxeHue co cauroM 180° 1 3apepXxkor 1 MKC MeXy (OPOHTOM
u cnagom. Cxema camux reHepaTtopoB He MokKasaHa, Tak Kak eCTb MHOro nuteparypbl no
UMMYSbCHBIM UCTOYHUKAM MUTaHWA, roe npuBefeHbl pasHble cxembl. Hanpumep, oba
reHepatopa u OydepHble TPaH3UMCTOPbl MOXHO BbIMOSHUTL HA OOHOW MUKPOCXeme
KP1156EY vnn uc1825/2825/3825. 3ta MUKPOCXEMa MMEET BCTPOEHHbIN reHepartop, ABa
[BYHaNpaBfeHHbIX BbIXOAA M BOSMOXHOCTb PEryninupoBKM BpeMEHN 3apepxku. OgHako B
TEXHUYECKOM OMNUCaHUKM CKasaHo, 4To HecTabusbHOCTb reHeparopa 3TUX MUKPOCXEM
MOXeT 6bITb 0KoNo 2%. B cxeme 650ka MMNYNbCHOMO NUTaHWA CUMOBbLIE TPAH3WUCTOPI
LOMKHbI ObITb paccynTaHbl HA [BOMHOE HanpaxeHwe nutaHuA +50 B. [aHHbid 610K
nUTaHWA MOXET co3parb 1 KBT noniesHon MoLLHOCTU. [AnA yBennyeHna MOLLHOCTA MOXHO
nocTaBuTb NapasnenbHO AONOSHUTESNbHbIE MOSeBble TPAH3UCTOPbI.

Ha cxeme mowHoro LIAM (puc.18) D04 ”
n3obpaxeHbl N AYEEK, BbIXOA4bl KOTOPbIX [Mnmar H " T0 A
COeflMHEHbl MOCnenoBaTenbHo. TakuM [ SZD:M |||i A
00pasoM, Ha BbIXOfE CO3MAETCA CYMMA  (mmmers o
HaNPAXXEHWA BCEX BKMIOYEHHbIX AYEeK - 4 Jﬁm o

P ) 0] % IRF740LC -
KoadpuuneHT npeobpa3oBaHuA 2 :l—lj_
TpaHcpopmaTopa  Kaxnon  AYeiKu o14
COOTBETCTBYET paspAgy Aveiiku. Paspag B n
S ynpasnAaet WHBEPCHbIM Y3 |||C
BbINPAMUTENEM, KOTOPbIA BbINPAMAAET 2 Z=h4
WMMNYNbCHOE  HanpAXeHWe v B A 14 Jara
NOCTOAHHOE oTpuuaTenbHoe 1 i“"““
HanpAXeHne, WNKM B NOCTOAHHOE I :I
MOMOXUTENbHOE HaMpAXeHue W nopaet i ' o
ero Ha Harpysky. 3gecb BCe aumopbl H ~
LOMXKHbI OblTb paccunTaHbl Ha ABONHOE ™3 |||£
HanpAxeHwe nutanua +50 B. BbixogHble DN2 7N ON4
06MOTKM  TpaHCGOPMATOPOB  HYXXHO v g ‘Jﬁm_c
HamaTblBaTb OAMHAKOBbLIM MPOBOLOM.

B cxeme ncnonb3oBaHbl MoneBble @7
TPaH3NCTOPbI, KOTOpble COrnacykTcA C

Puc.18
NOrNYeCcKUMm YPOBHAMMU TN

MUKpocxeM. [1o3ToMy [0onosiHUTENbHOro npeobpas’oBaHWA LUMEPOBOro Koja He HYXXHO
penatb. Heobxogumo CUHXpoHM3WpoBaTb ONOK WMMYNbCHOTMO MUTAHWA U YacToThl
OMCKpeTn3auum umndposoro kopa. lorpewHocTs npeobpas3oBaHMA [AHHOMO MOLLHOIO
umMmnynscHoro LIAM MoxeT 6biTb 0kono 5%. Mo3ToMy MOXHO ANA Koppekuun pobaBuTb
OTHOCUTENbHO CNAabOMOLLHbLIA aHANoroBbIA yeunuteNb MowHoCcTh Ha 10% OT BbIXOLHOW
mouHocTn LIAM.

Ha puc.19 npmseneHa cxema ¢ TakuM KOPPEKTUPYHOLWMUM aHanoroBbIM YCUNUTENEM.
TyT HYXXHO yyecTb, YTO 3apepxkka moliHoro LIAI 3aBMCUT OT CKOPOCTU MEPEKoYeHnA
MoneBbIX TPAH3UCTOPOB. A OHa ropasfo HWXe CKopocTW mManomowHbix LIAT, nostomy
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Heob6X0OMMO  BBECTU  3adepXKKy
LMcpoBOro kKoga nepepn nofadven ero
Ha ManOMOLLLHbIN LIAM onAa
aHasIoroBON KOPPEKLMM BbLIXOOGHOMO
curHana.

ana CXeMbl (pmnc.16)
TpaHcghopmaropa AYenku, onucaHHom
BblLLEe, WHBEPCHbIA  BbINPAMUTEND
nosiy4aeTcA  [OBOSIbHO  CNOXHbIN.
Moatomy A npepnarato  penarb
BTOPUYHYO OOMOTKY WMMYSIbCHOMO
TpaHcopmaTtopa C OTBOAOM OT
cepeanHel. Cxema Takoro LIAT
nokasaHa Ha puc.20.

Cxema WHBEPCHOr0O
BbINPAMMUTENA onAa LIAT c
TpaHcopmaTopom C OTBOAOM OT
CpegHen TOYKM BTOPUYHON OOBMOTKM
MOXET ObITb ABYX BapuaHToB. NepBbii
BapuaHT (puc.21) umeer ypobHoe
ynpasJeHue, HO B cxeme
UCMONb3YETCA MNOJSIEBbIE TPAH3UCTOPbI
obenx nposogmumocTen.  BTopoi
BapuaHt (pmc.22) wumeetr 6Honee
CNOXHbIE Lenu ynpasfieHwA, 3aTto
UCMONb3yeT OAWH  TUM  MONEBbLIX
TpaHauctopos. B o0b6eux cxemax
KOMMapaTop AOSMKEH UMETb BbIXOBHON
TOK He meHee 100 MA nnu HeobxoanMmo
pobaeuTb bycpepHsbli kKackag.

Bo BTOPOM BapuaHTte
MHBEPCHOIO BbINPAMUTENA
Mukpocxema U1A - noruueckoe

ucknrovarowee WUIA. leHepartop Vi
DOMKEH OblTb CUHXPOHU3MPOBAH C
reHepatopom 650ka WMMyNbLCHOrO
nUTaHKA.

Mpwn nutanum motHoro LIAM ot
CETEeBOro BbINPAMUTENA U CYMMapHOM
BbIXOAHOM HanpaxeHun 340 B, Ha
Harpy3ke 10 Om OymeT BbIAENATLCA
MOLWLHOCTb npumepHo 1 kBT, Ha
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LincpoBblie ycunutenu curHanos
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Puc.21 Puc.22

6) CXema BK/KOYeHNA UHBEPCHOro ycunutena

COBPEMEHHOMN 371EMEHTHON 6a3e MOXHO caenatb LMPOBON YCUIUTENb MOLLHOCTU U Ha
10 kBT.

MpencTaBneHHble TEXHUYECKNE PELLEHNA 3aluLLeHbl nateHTamu Poccum: 2150784,
2166834, 2155431.

Or penakropa
LlMd)pOBoe yCuneHne 3BYKOBbIX CUrHANOB He ABNAETCA YEM-TO 3K30TUYECKMM Ha

PbIHKE 6bITOBON PAANOINEKTPOHUKN, CYLLECTBYET HEMao CbI/IpM, KOTOpble BbiMNyCKakT U
rotoBble ycunutenu, u Habopbl MUKpPOCXeM AnA npeobpa3oBaHWA W YCUNEHWA curHana.
Opyroe peno, 4to 370 OfgHa W3 HeMHOrux obnacteit pPapguOdNEKTPOHWKKM, T[Ae
papmontobuTeny CyLLEeCTBEHHO OTCTalOT OT PasBWUTMA MPOMBILLIEHHOTO MPOW3BOACTBA.
CeropgHAwHAA nybnukaunAa marepuanos [. Epmonaesa - Tomy nogrsepxpeHue. OH
€AMHCTBEHHbIA Ha MOCTCOBETCKOM MPOCTPAHCTBE, KTO MPOABUHYNCA B 9TOW 0b6nactu Tak
[Aneko, YTo He TOMbKO €o3pan peanbHo paboTarolme Cxembl, HO U 3aluTua CBOU
PELLUEHMA NaTeHTamu.

Huxe Mbl NpUBOAMM NPOMBbIWIEHHbIE pa3paboTku, KoTopble MOryT ObiTb
1CnoNb30BaHbl paguontobutenAMn 4nA MOCTPOEHWA COBCTBEHHbIX YCTPOWCTB. Pupma
Champion Microelectronic Corporation (CMC) Beinyctuna mukpocxemy CM8685, kotopan
CNYy>XWUT OCHOBOM AN1A co3aaHmA MoHo YM3Y manon moLHocTy (8o 5 BT), KOTOpbI MOXHO
ucnonb3oBatb B MNEPEHOCHbIX W Opyrux nutaemblX OT 6aTape|7| npourpbiBarOLLLNX
My3blKasibHbIX YCTPOMCTBax. LA TAKOro Ha3HaYeHnA eCTb NpUYMHA - BbiCokmiA KM, okono
90%, nutaHue 2...5 B, oTcytCTBME HEOOXOAMMOCTM B TEMNI00TBOLE, KAYeCTBO
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LincpoBsble ycunutenu curHanos

npeBbIlLalollee COBPEMEHHbIE aHanoroBble YCTPoWcTBa

BOCMPOW3BELEHNA 3BYKA,

aHanorm4yHoro Knacca, HU3KMn TOK NMoKoA.

Cxema ctepeo YM3Y Ha ocHoe CM8685 npencrasneHa Ha puc.23, guarpamma

BK/THOUYEHUA MUKPOCXEMBI - Ha puc.24.
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CnpaBoy4Huk BP

Mukpocxembl LM4651 (puc.1) n LM4652 (puc.2) - undposoit YM3Y
OCHOBHbIE 11apameTphbl.

BbixogHaA MOLLHOCTb 170 Br;
KoadhduLMeHT rapmMoHmK 0,3%;
MakcumanbHbin KN4 85%;
[nHaMuyeckunin ouanasoH 100 ob;
Hanpa)keHue nutaHus +22 B; / | ==
YacTota LM 200 K. nlE= ¥
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MpuHumnmanbHaA cxema YM3Y Ha mukpocxemax LM4651 n LM4652
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CnpaBoy4Huk bP

0 =0 oo ot B
Puc.4 TeuatHaa nnara YM3Y Ha LM4651 n LM4652 (oBYCTOPOHHAA)
Mwukpocxema MP7720 (puc.5) - umcposoin YM34

OCHOBHbIE NapameTpsbi:
BbixogHaA MOLWHOCTb 20 Br;
KoathpuLMEHT rapMOHMK 0,08%;
Makcumanbhbia KM 95%:
[drHamMmuyeckunii pranasoH 93 0b;
HanpsaxxeHune nutaHuA 24 B;
Yactora LM 1 MI.
. VDD
]+ " 7.5Vto24v
VDD
- M
W MPTT20 | c7, o.u; 2 62v ms”aker
/] Ny AGND T L1, 10pH c9,+1|ooqu= (Load)
soa 4.c7zu|= S =
Audio A ?1\ 30v I
hput R4 82KQ WV I
°_"_'\Q,A' c4, 27prl | o%ur
2.(22,‘F 1oka Puc.5
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CnpaBoy4Huk BP

Mukpocxema LM4663 (puc.6) - undposoin YM34
OCHOBHbIE NapameTpbl.

BbixogHaA MOLLHOCTb 2 Br; OvHamunueckuin puanasoH 44 ob;
KoadbdpuumeHT rapmoHuk  0,2%; HanpsaxxeHve nutaHua 5B;
MakcumanbHbin KM 85%; Yacrora LM 0,5 My,
Puc.7 - nevatHble nnatbl YM3Y (Bepx-Hu3) & '#° Gy 4y 1uF
-r" vwn! !vwml | _')ch
Gs 220 uF
1 24 1uf ¢
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Npeobpaszosarenn DC-DC

MNpeobpasosatenn HaNpAXEHWA MNOCTOAHHOMO TOKA B HaNpPAXeHWe Lpyroro
HOMWHana MOCTOAHHOIO TOKA WAW, C YYETOM YCTaHOBMBLUEWCA TEPMUHONOMuM,
npeobpasosatenu DC-DC, DC-DC koHBeptepbl (Direct Current - nOCTOAHHbIA TOK) B
HaCTOALLEE BPEMA LLUMPOKO PACNpPOCTPaHEHb! U BBIMOMHAOT PYHKLUMIO NMTaHWA aBTOHOMHO
paboTatoLux yCTponcTs, npeobpasoBbiBaA HANPAXEHNA CTaHRAPTHBIX HOMUHanos 1,5 B;
3 B; 4,5 B; 9 B; 12 B B HeobxoanMble HanpAXEHWA ANA NUTaHNA KOHKPETHOMO YCTPOCTBA.
OHVM NpUMEHAKTCA ANA NUTaHWA 3BYKOBOCMPOW3BOZALLMX YCTPOWCTB, MOOMIIbHbIX
TenedoHOB, HOYTOYKOB, OXPaHHbIX YCTPOWCTB, aBapUHOIO OCBELLEHWA, CUTHANU3aLum 1
T.0.

B ocHosHoM npeobpasosarenu DC-DC Mcnonb3aykoT NPUHLLMM NOBbILLEHUA BXOBHOIO
HanNpPAXeHMA 00 HeOOX0AMMOIA BEMMYNHBI, MOTOMY YTO MOHW3UTL NUTAKOLLEE HANPAXEHUE
MOXHO W 6e3 npeobpas3oBaHuA. [nA 9TOr0 BXOLHOE HaMpFXEHWe WCnonb3yetcA AnA
MUTaHWA reHepaTopa NePeMEHHOro Toka, B KOTOPOM B MOC/IEAHEE BPEMA WUCMONb3YETCA
pexum D, a Takxke UMM pnA nosbiweHuA 3EKTUBHOCTM npeobpas3oBaHuA.
YBEnuueHne HanpaXXeHuA npoucxoput nbo B Npouecce reHepauum n nepepavun yepes
NOBbILLAKLLNIA TpaHcopmarop, nmbo Npu nocneytowemM YMHOXKEHUN BbINPAMAEHHOMO
HanpAXeHUA.

TuNUYHOW C STOM TOYKM 3PEHMA MOXHO CcuMTaTb Cxemy npeobpasosarenA
H. BotuHueBa n3 r. MuHepanbHble Bogbl (P 10/85). Takoi npeobpasoBatesib OKa3blBaeTcA
Hambonee npurogHbIM npu 6atapenHoM nutanum annapatypel. KMNO ctabunusartopa He
meHee 70 %. Ctabunu3aumA COXPAHAETCA NPU YMEHbLUEHWN HamNPAXEHWA WUCTOYHMKA
MUTAHWA HUXXE BbIXOLHOrO CTabMNU3MPOBAHHOMO HanpAXxeHuA npeobpa3oBaresna, Yero He
o MOXET obecneuntb TPaANLMUOHHBIN

X M%M’g" CcTabuUnnaaTop HanpAXeHWA.
Vernat=. = Ha cxeme (puc.1) npu BKAHOYEHUM

npeobpasosarena TOK uepe3 pesuctop Ri

: 50max | VF
N t‘?-"256 OTKpbIBaeT TpaHauctop VT1, KOMNeKTopHbIA
$ TOK KOTOpOro, npotekaA uepe3 obmotky |l
™ ofg’m TpaHcgopmaropa T1, OTKpbIBAET MOLLHbIV
E ! R TpaHsuctop VT2. TpaHauctop VT2 BXoauT B
S Ix PeXMUM HaCbILLEHWA, U TOK Yepe3 obMoTky |
- TpaHcdpopmaTopa JIMHENHO YBENUYMBAETCA.
Puc.1 Motom Tpan3uctop VT2 nepexoaut B

AKTUBHbIN pexumMm, B obmoTkax
TpaHcdopmaropa BosHukaet 0C camMonHOYKLLMKM, MONAPHOCTL KOTOPOW NPOTUBOMNONOXKHA
MPUIIOXEHHOMY K HUM HanpmXXeHWIo (MarHMTonpoBog TpaHcdopmMaropa He HacbILLLAeTcA).
TpaHauctop VT2 naBuHoobpasHo 3akpbiBaetcA, 1 OOC camomHgykumm obmMoTku |
yepe3 puop VD2 sapaxaeT koHpeHcatop C3. KoHpeHcatop C2 cnocobeteyeT 6Gonee
YETKOMY 3aKpblBaHMIO TpaH3ucTopa. [anee LMKibl NOBTOPAOTCA.
Yepes HEKOTOPOEe BpeMA HanpAXeHWe Ha koHpeHcatope C3 yBenuumBaetcA
HaCTONbKO, YTO OTKpbiBaetcA ctabunutpoH VD1 u 6a3oBbii Tok TpaHaucTopa VT
YMEHbLUAETCA, MpPWU 3TOM YMEHbLIAeTCA M TOK 6asbl, a 3Ha4uT, M TOK HACbILLEHUA

EIEI BnokHot “Pagioamatopa” Ne 4



Mpeob6pasosarenn DC-DC

TpaHauctopa VT2. IocKosibKy HaKoMeHHaA B TpaHCAOopMaTope 3Heprua onpepenaeTcA
TOKOM HacblleHnA TpaHauctopa VT2, panbHeiillee yBenuyeHWe HanpAXeHuA Ha
koHpeHcaTope C3 npekpaliaercA. KoHoeHcaTtop paspAXaeTcA vepe3 Harpysky. Takum
obpasom, obpatHas CBA3b MOAAEPXMBAET HA Bbixoge npeobpasoBatenAa MOCTOAHHOE
HanpAxxeHue. BoixogHoe Hanpaxenune 3apaet ctabunutpoH VD1. MsmMeHeHue 4acToTbl
npeobpasosaHnA nexwuT B npepenax 20...140 kI,

MNpeobpasoeartens HanpAXeHWA, cxeMa KOTOPOro rnokasaHa Ha puc.2, oTnnyaetcA
TEM, YTO B HEM LeMb Harpy3ku ranbBaHWYeCKU pasBA3aHa OT LEeHW ynpaeneHudA. 310
no3BOMIAET MONYYUTb HECKONMbKO CTAOWMIbHBIX BTOPUYHBIX WMCTOYHUKOB C ftO6bLIM
HanpAxeHnem. Mcnonb3oBaHWe WHTErpupyloLero 3BeHa B Lenu obpaTHOW CBA3M
Nno3BONAET  YAyywuTb CcTabunms3aumio BTOPUYHOrO  HanpaxeHuA. HepocTtatok
npeobpasosartens - HeKoTopaa 3aBMCMMOCTb BbIXOAHOMO HaNPAXEHUA OT TOKa Harpysku.

+ Tvrs == (5 50mKs108
of MK

Q T vor

N | 9555 K g voz gz T

M €2 Re £2

| a0im 3% 330 pl

s VT2 KN303A VTS vas - o84

- KT8195 A219A Ry
=73

Puc.2

Yactota npeobpa3oBaHWA YMEHbLUAETCA MOYTW NIMHEWHO NPW YMEHbLUEHWUN
nUTaKLWeEro HanpAXxeHnAa. IT0 06cToATENLCTBO YyrnybnAeT obpaTtHyto CBA3b B
npeobpasosartesnie 1 NOBLILAET CTAOMABHOCTL BTOPUUYHOMO HanpsXeHuA. Hanpaxxenune Ha
Ccrna)xuearoL X KoHOeHcaTopax BTOPUYHBIX MCTOYHNKOB 3aBUCUT OT SHEPriun nmnynbcos,
nonyyaemblx OT TpaHcdpopmaropa. Hanuume pesuctopa R2 penaer HanpsxeHwe Ha
HaKonuTenbHOM KoHpeHcatope C3 3aBUCMMbIM UM OT YacTOTbl CREAOBaHWA UMMYNbLCOB,
npuyemM CTeneHb 3aBUCMMOCTW (KPyTM3HA) ONPEAEenAeTcA CONpPOTUBSIEHMEM 3TOrO
pesuctopa. Takum 06pa3om, NOACTPOEHHbIM Pe3UCTOpoM R2 MOXHO yCTaHaBnuBaTb
XKenaemyo 3aBUCUMOCTb U3MEHEHWA HaNPAXXEHNA BTOPUYHbBIX UCTOYHUKOB OT U3MEHEHWA
HanpAXxeHnA nuTaHuA. [Moneson TpaH3aucTop VT2 - crabunusatop toka. OT ero
napameTpoB 3aBUCUT MakCcMMasnbHaA MOLLHOCTb npeobpasosarens.

KMNA npeobpasoearena 70...90%. HectabuibHOCTb BLIXOQHOrO HANPAXEHWA Mpu
HanpsxeHun nutaHuA 4..12 B He 6onee 0,5%, a npu u3MeHeHUnW Temneparypbl
OKpy)xatoLero Bospyxa ot -40 fo +50°C He 6onee 1,5%. MakcumarnbHaA MOLLHOCTb
Harpysku 2 Br.

Mpu HanaxusaHun npeobpasosarenda pesuctopbl R1 u R2 ycraHasnueawT B
MOMOXEHWe MWHUMYMa COMPOTUBNEHWA W MOAKMHOYAKOT 3KBMBANEHTbl Harpysku RH.
lNopatoT Ha BXOA, yCTPOMCTBA HaNpAXeHue nutaHuA 12 B u pesuctopom R1 yctaHasnueatoT
Ha Harpy3ke RH HanpsaxeHue 15 B. [Janee HanpaAXXeHue nuTaHWA yMeHbLiakoT 10 4 B u
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MNMpeo6pasosarenn DC-DC

pesuctopoM R2 pobusatotcA NpexxHero HanpAXeHuA. MOBTOPAA 3TOT NMPOLLECC HECKONIbKO
pas, pobuearotcA CTabunbHOMO HaNPAXEHUA Ha BbIXOAE.

O6motkm | n Il u marHuTonpoBop, TpaHcdopmatopa y ob6oux BapuaHToB
npeobpasosarenen oguHakoBbl. OHW HamoTaHbl Ha B6poHeBOM MarHutonposoge b26 n3
depputa 1500HM. Obmotka | copepxut 8 ButkoB nposoga M3 0,8, a Il - 6 BUTKOB
nposoga M3J1 0,33 (kaxxpaa u3 obmotok Il n IV coctont 13 15 sutkos nposoga M3J1 0,33).

MpumenatotcA DC-DC  koHBepTepbl TakXe B KayecTBe BCMOMOrarenbHbIX
npeobpasoBarenern NuTaHWA, Kak MokKasaHo Ha cxeme (puc.3) c canTta
http://shustikov.by.ru. Takoe pobaBneHne nUTAOWEr0 HaNPAXEHWUA ANA ynpasneHua

mm
/

=Y Co~ AL ¥ "Ts o

L |

| B

™~ el lca V1 VT3 .68
VD2 0,022 0022 voa | .. KT815T
K521A KAs5214

3,3k
2 -+
355 mkH

+
cd = VD5 Vo7
10,0x50B KC168A KC531B

L1
355 mkH

Puc.3

Bapukanamu no3BOSIMIO OTKA3aTbCA OT HAMOTKU JONOMHUTENBHOR 0OMOTKM B NUTAKOLLEM
TpaHcdopmaTope CamOLENbHOr0 CMyTHUKOBOTO NpuemHuka astopa cxembl UO50HX.
Cxema cocTtout n3 mynstuBubpatopa, ABYXTAKTHOrO BLINPAMUTENA C YABOEHUEM
HanpAXeHnA n ctabunuaatopa Ha BbIXOAE. HanpAXeHWe ABYXTAKTHOTO BbIMPAMUTENA,
CKNagbiBaACb C NUTAKOWMUM HanpaxeHuem, obecneumBaeT [OCTATOYHbLIA 3anac no
HanpaxeHnto 15 + 2x15= 45B pgna pabotbl ctabunusatopa. lutaHwe Ha 3TOT
npeobpasosarens NOJAETCA OT CTabunM3npoBaHHOMO NCTOYHMKA +15 B anA ctabunusaumm

o HanpAXeHUA, NUTaKoWero Lenu
— . v ooy BapUKanos.
o Vil 317 I o BriBaet HeobxogMMO nonyunTb
< S R2
L3 ok 32 MOHWKEHHOE HamnpAXeHWe NUTaHWA
o L+ 1 n3 6onee Bbicokoro. Torga MpocTo
Rilot ‘“ L Lo I_j:g oA npMMeHAeTCA crabunusarop
o WD o[\ on o HanpAXeHus, kak 9T0 chenaHo B
o0 Lo E:m wo  KoHBepTepe  HanpAXeHuA
i 1 Twon 3300 |+ (http://www.interq.or.jp), YTOobbI
AR T NoNyyuTb HanpsxeHue =5V u3
J SR
o v S o BYORHOMO HANPAXEHIA +12V (puc.4).
o vi Yo =y ogr  ORECb 1CMONb30BAHbI MUKPOCXEMbI
> ctabunusatopos  LM317 - nnA
Puc.4 ® NONOXWTENBHOMO  HanpAXeHuA |
E‘Iq BnokHot “Pagioamatopa” Ne 4



Mpeob6pasosarenn DC-DC

LM337 - pna oTpuuatenbHOro HanpaXxeHua. BoIXogHOM TOK MOXET gocturarb 1 A, no3ToMy
OCHOBHOe TpeboBaHWe K CO3paHWI0 3TOro npeobpasoBarenA - Hanuuue paguaropa Ha
MUKPOCXeMax, KOTOPbIE HArpeBatoTcA Npu Toke, 6nm3koM K 1 A.

[lOCTOMHCTBOM perynATopa 3Toro Tuna ABAAETCA TO, YTO OH AelleBbld, MMeeT
HEMHOrO fleTane, a Takke obnagaer HU3KUM YPOBHEM HEeCTabunbHOCTU HanpPAXEHWA.
HepocTatok: HMu3kaA 3PEKTUBHOCTb HA NOBLILLEHHON MOLLHOCTW HArpy3ku - Koo 42%.
ABTOp npepnaraet cpenatb BMecTo crabunusartopa npeobpasoeartens ¢ LLUMM. 310 He
HaMHOro YBESIMYUT CIIOXKHOCTb U CTOMMOCTb YCTPOWCTBA, HO MOBBLICUT 3KOHOMWIO

SNeKTponuTaHmA npu 3PEPEKTUB-

O +5V GND O HOCTM Ha ypoBHe 85-90%.

MNeuartHaA nnata B macwtabe

1:2 u3obpaxeHa Ha puc.5, a
BHELUHWI BUA, MOKa3aH Ha puc.6.

+2¥

oD o D1

GND -5V
Q Puc.5 O Puc.6

ToT e astop cpenan koHeeptep DC-DC (puc.7), kotopbin npeobpasyet +5 B co
Bxopa Ha 30 B Ha Bbixofe. BxogHOW NOCTOAHHBIN TOK NUTAET reHepaTop NepemMeHHOro ToKa,
B KOTOpOM ucnonb3yetrcA Tpurrep LUmutta Ha IC1 74HC14 B kauecTBe WHBEPTOpA C
TMCTEPE3NCHO XapaKTEPUCTUKON.

[nA BbIOENEeHNA HY)XHON YacTOTbl B AMana3oHe 4acToT reHeparopa 334...12650 kI,
nepecTpoiika BHYTPU KOTOPOro OCYyLLecTBrAeTcA noteHuumometrpom VR1, 1 nosbileHuA
BbIXOQHOMO HanpsxeHwAa 0o 25 B ucnonb3yercA pe3oHaHCHbin KoHTyp L1C3. MMpm
HOMWHanNax, ykasaHHbIX Ha CXeme, OH HacTpoeH Ha uactoty 2140 k. [OanbHenwee
noBbieHne HanpAxenna po 50 B gocturaetca B BoinpAmMuTeEne-ymHoxutene D1D2C4.

Ha Bbixoge npeobpasosatena ycTaHoBAeH crinaxusarowun dunstp C5R1C6.
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MNMpeo6pasosarenn DC-DC

Ocob6eHHOCTbIO CXeMbl ABMAETCA TO, UTO BBIXOLGHOE HANPAXEHWE W3MEHAETCA BMECTE C
COMPOTMBNIEHNEM HArpysku, MO3TOMY 3TOT NpeobpasoBaTtenb HY>XHO MCMONb30BaTb C
HEW3MEeHHOW Harpy3kon. Kpome Toro, AOCTaTOMHO BEMK KOIMDMUULUEHT HecTabunbHOCTM
BbIXOQHOrO HaMpPAXeHUA - nopAnKa 3%.

o
+5Y IC1
74HC14
ot VRI
npu 10K I
c] YAVV‘ Da
C4 155108 Rl  Qutput
0.1MF== 0.1 uF 1K +30V
Pl—|>O2_‘ Avnvnv 0
c5 c6
- c2 — = ==
2300 Dt | 0.1 uF|0.1 4F
GND
o 155108 m?n
4 Puc.7

Ha puc.8 nsobpaxeHa nevarHan nnara npeobpasoBarenA, Ha puc.9 - BHELLHWA BUA,

Mol |

+30W/C

3
0 Cq0 G

0G0
000 ¢ =

GND ¢

o g Aw

(elloNa

(:1
O
e
O

?7
O Ol [ sov—N
Puc.8 -
+5vj> A ¢ Ona  npumepa  npuBenemM
; o : 4c J:,T MPOMbILLSIEHHYO paspabotky
; o 8 4 KomnakTHoro npeobpasosarena DC-
' 1 DC, onucaHue KOTOpOW NPeacTaBus ToT
: co-1B46p ;7 ;%0 e asTop.
; ) 5 ———& 1 MpuHUMNManbHaA cxema, CHATaA
- e '??34# aBTOPOM ~ C  MevaTHoi  mnathl,
o /;; npencTaeneHa Ha puc.10. BxogHoe
: LI HanpsXkeHne npeobpasosatena +5 B,
KU-12494¥-0 | BbixogHoe  HanpaxeHue  +30 B,
""""""""" Puc.i0 7T BbIxogHOM TOK 20 MA. ABTOp He Hallen
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Mpeob6pasosarenn DC-DC

napameTpoB UHTErpanbHoi Mukpocxembl CD-1846P, notomy yto dompma TDK npekparuna
BbIMYCK, OOQHAKO HY)XHO OTAATb eMy AO/DKHOe: OH TLLATeNbHO MPOBEpWUs napamerpbl
npeobpasoBatenA W CMOr BOCCTaHOBWUTb CXeMy coefuHeHui. CyoAa no TOMy, 4TO
N3MepeHHOe 3Ha4YeHne YacToTbl Ha Bbixogax 8-10 okono 0,78 MIL, MOXXHO NPEANoNoXUTb,
YTO MWKPOCXEMA BbIMONHAET (PYHKLMIO reHepatopa ¢ LLUWM, otyero adpdeKTMBHOCTb
cxeMbl npeobpa3oBarenA okasanacb Ha ypoBHe 75%.

OUT (+30v)

22 Tom

Puc.1 ‘ Puc.12

Cxema Bkntoyaet B cebA Lenb yNpasieHnA 3HaYEHNEM HanpAXXeHWA Ha Bbixoae QT,
Q2, Q3, R1, R2, D2, npunyeM Ka4yecTBO perynmMpoBaHuA TakoBo, YTO M3MEPEHHOE 3HaYeHNe
W3MEHEHWUA BbLIXOQHOrO HAMPAXEHWA npwW u3MeHeHun Harpyskm ot 1,5 kOm po
6eckoHeyvHocTH (06pbIB) cocTaBmiio He 6onee 0,1%.

Ha puc.11 npepncraBneHo (OOTO MeyartHOW nnatbl YCTPOWCTBA CO CTOPOHBI
NPOBOOHMKOB, Ha pUC.12 - pacnosnoxeHue 3NEMEHTOB.

CtabunuanpoBaHHbin npeobpasosatens pnAa TAOY onybnukoeaH B PJT 8/96.
MpumeHAaemble B MNOY 6atapeikn Tvna "KpoHa" nmeroT Manbid Cpok ciyx6bbl. Moatomy
uenecoobpasHo ncnonb3oBarb d1emeHTbl Tvna A316 ¢ Hanpsxernuem 1,5 B coBmMecTHO ¢
npeobpasoBaresieM HanpfAXeHuA.

A8 VT2 K307 ﬂpeoﬁpasoBaT€>nb (puc.13}
o ” npencrasnAet cobovi OfHOTAKTHLIN
81 0K penakcauMoHHbIl  reHepatop C
B 1— ¢ €MKOCTHOW NONOXUTENBLHOW
70 20m | obpatHol ceAsblo (C2, C3). B
X6.38 iy KONSIEKTOPHYKO Lienb TpaHaucTopa
k13102 VT2 BK/HOYEH MOBbILLIAMOLLNIA

VD1 312 (5 0.4
= 7S N aBTOTPaHcdopMarop T1. B
R2 100k T 9 &SMA npeobpasoBatene  MCMONMb30BaHO
€3 0,01 3 .;x1631_ L7+ obparroe BK/KOYEHMe
) " 231 BbiNpAMUTENbHOrO auopa VD1, T.e.
R I" npu OTKPbITOM TpaHaucTope VT2 kK
IQ 0,022 ' Puc.13 obmoTke aBToTpaHcdopmaropa
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MNMpeo6pasosarenn DC-DC

MPUNOXEHO HanpAXeHue nutaHuA Un v Ha BbIXOAE aBTOTpaHcchopmaropa NOABAAETCA
UMNynbC HanpaxxeHuA. OQHaKO BKIIHOYEHHDBIA B 0b6paTHOM HanpasneHun avog VD1 B 310
BPEMA 3aKPbIT, U HArpy3ka OTKMHoUeHa oT npeobpasosarens.

B MOMEHT nmay3sbl, KOrga TpaH3uCTop 3akpbiBAETCA, HanpmxeHne Ha obmotkax T1
n3MeHAETCA Ha obpaTtHoe, gmog VD1 OTKpbIBAETCA U BbINPAMIIEHHOE HanNpPAXeEHWe
npuknagbiBaeTcA K Harpyske. lpu nocnegyrolmx UMknax, Korga TpaHauctop VT2
3anupaetcA, KoHpeHcatopbl chunstpa (C4, C5) paspAxalTcA 4vepes Harpysky,
obecneumBan npoTekaHuMe MNOCTOAHHOIO Toka. WHOYKTMBHOCTb MOBbILWAKLWEN 06MOTKM
aBToTpaHcgopmaropa T1 npu 9TOM UrpaeTt posib APOCCENA CriaXxmBaroLLero unsrpa.

OnA ycTpaHeHWA NOAMAarHUYMBaHUA CEeppevHuka asToTpaHccopmaropa
MOCTOAHHBIM TOKOM TpaH3ucTopa VT2 MCnonb3yeTcA nepeMarHnunBaHvWe CepraeyHmka
aBTOTpaHcdopMaTopa 3a CYET BKIOYEHWA napannenbHo ero 06MoTke koHaeHcatopos C2
n C3, KoTopble ORHOBPEMEHHO ABAAKOTCA AENUTENEM HanpAXXeHWA 0bpartHomn ceA3N. Koraa
TpaH3ncTop VT2 3akpbiBaeTcA, koHgeHcatopbl C2 u C3 B TeyeHue nay3bl paspaxaroTca
yepe3 06MOTKy 1-2, nepemarHnunBan cepaevHuk T1 Tokom paspAaga.

BpemA OTKpbITOrO coctoAHuA TpaHsucTopa VT2 onpepenAetcA UHOYKTUBHOCTBHO
obmotkn 1-2 astotpaHccopmaropa T1 u emkoctamu C2 m C3. Yactota reHepauuu
3aBUCUT OT HanpaxeHWA Ha 6ase Tpan3uctopa VT1. CtabunusaumA BbIXOQHOMO
HanpsxeHua ocywectenaetcA 3a cueT OOC no NOCTOAHHOMY HaNPAXXEHUO NOCPELCTBOM
R2. Mpu NOHWXEHWM BLIXOQHOrO HANPAXEHWA YBENNUMBAETCA 4aCTOTa FEHEpUpyeMblX
MMMNyNbCOB NPU NPUMEPHO OAMHAKOBOW WX AJIMTENIbHOCTW. B pesynbrate yBennumMBaeTcA
yacTotTa nop3apApku koHpoeHcatopoB cunstpa C4 v C5 M nageHve HanpAXeHWA Ha
Harpy3ske kKoMmneHcupyetca. MNpu yBenMUYEeHUM BEIXOQHOTO HANPAXEHWA YacToTa reHepaLmm,
HaobopoT, yMeHbluaeTcA. Tak, nocne 3apAdKU HAKOMUTENbHOTO KoHpeHcaropa B MOY
yactota reHepaumv napaet B LECATKM pas.
OctatotcA  nuUWb  pegkne  UMMYNbCh,
KOMMNEHCHPYIOLLLME Pa3pARKY KOHAEHCATOPOB B
pexxume nokoAa. JToT cnocob crabunusaumm
no3BoAUN LOBECTU TOK NoKoA
npeobpasosarena go 0,5 MA.

MNevatHaA nnarta npusepeHa Ha puc.14.
§2 Tpanauctopbl VT1 1 VT2 pomKHbl UMETb
BO3MOXXHO 60/1bLUMIA KOIPAULMEHT YCUNEHMUA

d ham |
G ® LA NOBbILLEHNA 3KOHOMUYHOCTY.
Obmotka aBToTpaHcopmaropa
j HamoTaHa Ha deppuToBOM KonbLe 2000 HM
Q ﬂc C 4 10x6x2 MM 1 nmeet 300 BuTkoB nposoga M3J1-
3 0,08 ¢ orBogom oT 50-ro BuTKa (cumtaA oT
= RIS R1 "3azemnenHHoro" BoiBoga). dnop VD1 pomkeH

K1,K2 ~ pyRWHALIe KONTAKTI) 6bITb BbICOKOYACTOTHBIM W MMETb Manblii
3 -

MNpwnasTh K RNare. o6paTHbIN TOK.
Puc.14 OcTanbHble getanu - manorabapuTHble,
J0 BnokHot “Pagioamatopa” Ne 4
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Mpeob6pasosarenn DC-DC

nobbix TMNOB. locne MOHTaXa W HACTPOWKM feTanu npeobpasoBatena 3akpbiBakOTCA
3KpaHOM, U3roTOBSIEHHBIM U3 BESION XeCTu.

MpasunbHO cobpaHHblii nNpeobpasosatesnb HaunHaeT pabotarb cpasy nocre
BKItOYEHNA. Heobxogumo nuwb nyteMm nogbopa pesuctopa R2 ycTaHOBWUTb BbIXOLHOE
HanpAxxeHwe paBHbiM 9 B. [OnA yeenunyenuAa cpoka cnyxbbl anemeHta A316 MOXHO
yCTaHOBWTb B MY MUHUATIOPHBIN BbIKIKOYATESb MUTAHWA.

OneKTpOMEXaHWYeCKMe YCTPOMCTBa ANA aBTOHOMHbIX YCTPOMCTB, Hanpumep OfA
NPUBOAOB MOAeENen, yacto TpebytoT 6onee BLICOKUX HaMPAXEHWUA NUTAHWA, YEM YUCTO
9MeKTPOHHbIe. Mpu 3TOM HanpaxeHnAa MoryT pocturarb 40...100 B npu manom Toke
notpebneHna nopAagka 1 MA, a AOCTynHbl Kak 06bl4HO 6Gatapeiku 1,5...12 B. DC-DC
KOHBEpTep, KOTOpbIn 00bEeAMHAET B CBOe cxeme (puc.15) WHOYKTUBHYIO U EMKOCTHYHO
MOBbILLAIOLLME CXeMBbI, NO3BOSAET [OCTUraTh BLICOKOrO HanpAxeHuA 6e3 HeobxoamMmocTu
YCTaHOBKM TAXENOro W [oporocToAwero TtpaHcgopmartopa (EET magazine ot
18 Aug. 2002).

10K0 OF SUMIGa

a7uH o
Lct dcs R3
5I_Lx D1 D2 D3 D4 DS 1k Output
Input L vee d WF B
i I €2 c4p s
a7 & swum Laov I I T
sasvionv | MAX5025 A
- 3 10M
oR2 .
S130k D1 = Shottky Diode (Zetex ZHCS500)
GND PGND 1 D2to D5 = 1N914 or S0V shottky diode or equivalent
Puc.15 EL 1]_ C1to C5 = 0.1uF 150VDC ceramic cap. (Murata)

DC-DC koHBeptep Ha Mukpocxeme U1 - TunmuHblin npeobpasoBatenib BxoaHbiX 5 B
B BbIxoZHble 36 B, a panee nosbiweHve po 100 B n 6onee ocyLLeCTBAAETCA YMHOXUTENEM-
BbINPAMUTENEM C YTPOEHWeM Ha gmogax D2-D5 n C1-C5.
Henntens R1R2 obecneunBaer obpaTHyto CBA3b ANIA PErynnpoBaHWA BbIXOLHOIO
HanpPAXXeHWA cxeMbl. icnonb3yA ypaBHEHNA

RH”("&_,] Vour o 125V (R1+R2)
1.25V R2 ;
MOXHO BbIMMC/IUTb 3HAYEHWA COMPOTUBNIEHMA Output Voltage vs. Output Current
PE3NCTOPOB [N1A 3aaHHOM0 HANPAXEHMA. 108
Ona 6onee HU3KMX BbIXOOHbIX _ 104
HanpsaxxeHuid (Mexble 70 B), yoanute D4, D5, 2
C3, n C4. TouHo Tak ke Bbl moxeTe gobaBnATb "=§' "
LOMONHMTENbHbIA Kackaf, 410Gkl Npou3BecTH § *
HanpAxeHua Bbiwe 100 B. ®HY R3-C53
YMeHbLLIAET NIbCALMN BLIXOAHOTO HAMPAXKEHUA | VeV
[0 ypoBHA MeHbLe 0,01Vpp. Mpaduk Ha puc.16 oo X
WNNOCTPUPYET  W3MEHEHWe  BbIXOLHOMO  Puc.16 Output Current (mA)
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HanNpPAXXEHNA NPU U3MEHEHUM BbIXOQHOrO TOKa. M3 Hero BMAHO, 4TO0 3CPEKTUBHOCTD
MCTOYHMKA HANPAXEHUA PE3KO NafaeT npu Bo3pacTaHum Toka Ao 0,7 MA.

MNoxenanvwe aBTOpa NPWBEAEHHOW Bblle  KOHCTPYKLMW  MOHMXAKOLLEro
npeobpasosarena DC-DC (ctp.25) nogHATb KM cxembl nyTem BKOYeHUA B Hee LLIMM
peanu3oBaHO B CIIeAyHOLLEeNn KOHCTPYKUMW, npepnioxeHHon cdupmon MAXIM,
BbINYCKAOLLEA SNEKTPOHHbIE KOMMOHEHTLI. B OCHOBE ManoLWyMALLErO MOHWXAOLLEro
npeobpasosatena DC-DC Ha 1A (puc.17) nexut mukpocxema MAX1685
BbICOKOI(DMEKTUBHBIA MOHMXAIOLLMIA LUMPOTHOUMMYSLCHBIA PErYNATOP C BHYTPEHHUMM
KNYEeBbIMKU  TpaHauctopamu. ITOT npubop MOXET BbiAaBaTb rapaHTUPOBAaHHLIN
OQHOAMMEPHbI TOK NPU NUTaHUM OT ABYX NIMTUIA-MOHHbIX BaTapeek.

BxonHoe HanpAXeHne MOXeT U3MeHATLCA OT 2,7 B po 14 B. BeixogHoe HanpAxeHue
MMeeT NpeaBapuTeSibHyH yCTaHoBKY 3,3 B 1 MOXET 6bITb OTKOPPEKTUPOBAHO BHELLHUMMU
uenAMn B gumanasoHe ot 1,25 B po Usx. HW3koe cOnpoTMBIIEHWE OTKPBLITOrO Kitoua
(0,24 Om pnA P-kaHanbHOro TPaH3WCTOpa) M BCTPOEHHbLIA CUHXPOHHLIA BbINPAMUTEND
obecneumsatot Bbicokuin KIMM 96%.

MNpeobpasoBatens umeer 4 pexuma paboTbl: ¢ PUKCUMPOBAHHOW 4acToTOM,
HOPManbHbIA, C HU3KUM 3HEPronoTPeBNEHNEM N PEXXMM BbIKNHOUYEHUA.

Pexum LUINPOTHO- o1yF
UMMYSIbCHON  MOAYNALMNM  Ha I
UKCUpPOBAHHOW yactore A

INPUT 1 L outPuT

MO3BONAET MOJYYNTb MPEBOCXOL- 14y MAX s o _— 100H 33V AT1A
Hble LUYMOBbIE XapakTepUCTUKU. A I LX T
HopmanbHblii pexum noaaep- ZZ"FI 2l 1otz | 7 10WF
XNBAeT BLICOKYI 3PdEKTUB- ot MAXIM
HOCTb NpU ni0GOW BenunHe i MAX 1685 :g::g
Harpyskn. PeXuM C HU3KUM &
9HEpPronoTpebieHnemM UCronb3y- s e BOOT
€TCA [/1A COXPAHEeHWA NUTaHWA 1uF 1USTRY
Mp1 pPesepByUPOBaAHNM UKW KOTLA I L Y syNc/PwM FB7—_L
He TpebyetcA  npepdesbHan NS € BE
Harpyska. Pexum BbIKIHOUYEHUA |8 |6
UCMONb3YeTCA LA OTK/HYEHUA 0.1F 0.1F
nNpubopa OT MCTOYHWUKA MUTAHWA optona oo

onA MUHUMKU3aUnn HOTDGGHH'
€MOro Toka.

Puc.17

MAX1685 paboraet Ha TaktoBoW 4actote 600 KIL, 4TO MO3BONAET UCMONbL30BaTb
BHELUHME KOMMOHEHTbl C MWHWMaSbHBIMM rabaputaMu, AAA CUHXPOHU3ALMKM MOXHO
MCNOMb30BaTh BHELUHWUIA reHepaTop TaKTOBbLIX MMMYLCOB. MUKPOCXEMa UMEET OTAESNbHbIN
Bbixod 3 B, 5 MA, a TaKkxe OTOENbHbINA BbIXOA, ONMOPHOMO HAMPAXEHWUA C TOYHOCTBO 1%.

Mpeobpasosatens DC-DC MOXET NPUMEHATLCA B NOPTATUBHOW paguoannaparype,
paguocTaHumAX, papmotenedpoHax u T.n.

Ha ppyroii mukpocxeme coupmbl MAXIM MOXHO nocTpouTts npeobpasosarens DC-

34
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Mpeob6pasosarenn DC-DC

DC c pByxnonApHbIM BbixogoM (Planet Analog magazine ot 15 July 2002). Cxema (puc.18)
npeobpasosatena paspabotaHa AfiA NUTaHA MasOMOLLHbBIX ONepaLUoHHbIX YCUnuTenen,
MYSTUNNEKOPOB, KOMMYTATOPOB U T.M., YPOBEHb W MOMAPHOCTL NUTAOLLMX HANPAXKEHWA
KOTOPbIX YCTaHaBNMBAETCA HE OTHOCUTENbHO MACChI, & KaKoro-To CreLuansHOro YPoBHA.
MNpeobpasoBatenb BbIGAET OCHOBHOE HanpAXeHwue nuTaHuA Vmain u pBa
CUMMETPUYHBIX HanpsxeHua +Vout, -Vout oTHocuTenbHo yposHA Vref. [JononHutensHaaA
napa HanpsxeHwn dopmupyetca pobasneHnem B cxemy 4-x guopos LLotkn D2-D5 wn
HaBeCHbIX koHpaeHcatopoB C2-C3 K OCHOBHOMY MOBbILIANOLLEMY KOHBEpPTEPY Ha
Mukpocxeme U1 MAX5026, paccumtaHHOMY Ha BXxofHOe HanpsaxeHue 3...11 B n BbixogHoe
HanpsxeHne Vmain go 36 B npu Toke 350 MA 1 nonesHon mowHocTtn 120 mBT.

BHyTpeHHU#R _“__I_
c4
KoY nopkovaeT )
koHTakt U1 XL P22 >
(KOHT.B) noove- 03 +Vout
PeaHo K Macce U Ha 1 o0
BbIXO,  MO3TOMY +—f < VRer
HamprxeHne  Ha YW EYE W u _I_ D5 .
- 47uH = Vout
BbIx0oge 6 nepuoam ol & |
Yeckn MeHAeTCA OoT ' 1 | ommdf "
HynA  po  Vmain MAX5026 ' DI kD
5 Nee (x| u‘ o >

wivle

$ 4 X
MAC HanpAXeHne J_ Tesrone oo
Ha guopge D1. 310 ¢ 1lreND  fp

14nQ
nos3BonAeT armmd 6-pin SOT23
opMupoBaTtsb L Te
dopmup D1: ZHCS500 L RS
HanpAxeHne Vout D2-D5: CMPD6263S 634Kk for 30V Vout oA | MK
L1: CR6A-100 8.08% for 24V Vout

cnepywouwunm
obpasom. Puc.18

-Vout. lepBbii 9Tan. POCT HanpAXeHWA Ha KOHT. 6 MNPUBOOUT K MOABNEHUIO
HanpaxeHuAa Ha C3 BenunumHoii Vref+VD1, ob6pasyAa Ha C3 pasHuuy HanpaxeHuidn Vmain -
Vref, Torga TouKoM pasHOCTU HanpAXeHW ABnAeTcA BbiBog, XL. Bropoii atan. Korga KoHT.
6 Ha Macce, Ha Bbixoge Vout hopmupyetcA HanpaxeHne Vmain + Vref n Tok Teuet vepes
puog D5. Pesynsrupytowlee Hanpaxenue -Vout=-Vmain+Vref+VD5. Hy>XHO MOMHWTb, YTO
HanpAXeHuA -Vout 1 +Vout HaxopATCA B pasHbIX pasax.

+Vout. Mepsbin aTan. Korpa koHT. 6 Ha Macce, Ha C2 hopMupyeTcA HanpAXeHue
Vref+VD2 1 ToK TeueT yepes guon D2. Bropoii atan. POCT HANPAXKEHNA HA KOHT. 6 MPUBOANT
K NOABAEHMIO HanpAXeHuA Ha C2 sennumHon Vmain+Vref. Pesynerupytowiee HanpaxxeHwe
-Vout=Vmain+Vref+VD2.

OTV ypaBHEHMA NOKA3bIBAKOT, YTO ABYXMONAPHLIE HAMPAXEHWA OTCREXWBAOT Apyr
Apyra otHocuTenbHO Vmain 1 cmeleHbl oHocuTenbHo Vref ogHum un3 gmopgos. D1-D5
cnabotouHble guogbl LLoTku. C2, C3 kepamuyeckue KOHAEHCATOPbl HOMWHANIOM
10...100 H® Ha HanpAXeHWe He MeHblle YABOEHHOr0 BbIXOZHOr0. Yem 6onblue ux

BnokHot “Pagioamartopa” Ne 4 :,‘i ;l



MNMpeo6pasosarenn DC-DC

BEJIMYMHA EMKOCTM, TEM CTabubHEE HANPAXEHWE B LUMPOKOM AMana3oHe TOKOB Harpysku.
L1 47 mkIH, eMKOCTb BbIXORHbIX kKoHpeHcaTopoB C4-C6 1 Mk® MoxeT 6biTe 6onbLuel B
3aBMCUMMOCTM OT TpeboBaHW K NynbCcaunAM BbIXOLHOMO HANPAXEHUA.

Ona uenen npeobpasoBaHuA B

Uin  45..15V konseptopax DC-DC moryT Mcnonb3oBatbCA He

;“, m_ch # TOMbKO CMIeLnanbHble MUKPOCXeMbi C LLWM, Ho

I 0.15 100.0 MWKPOKOHTPOMNEPb! U TaimMepbl. OgHY M3 Takux

I cxem npepnoxun E. Ceuwes Ha http:/cetroni-

7 ka.narod.ru. Ha puc.19 nokasHo, 410 AQPOM

- swfet iz npeobpasosarens ABMACTCA reHepaTop MeaHapa

gszm :‘: | 8 Ha MUKpOCXeme WHTerpanbHoro Tanmepa NE555

g 2] :E 5% ourlE_F (Haw awanor 1006BW1). BbixogHas 4acTtoTa

1 5 > yCTaHaBNWBAETCA BHELUHUMM onemeHTamn C1,

_l_'“ (OV |01 |REF 1’3“ R1, R2. HomuHanbl gna yactot 10, 20 v 140 kI

__|_0-15 Puc.19 Ims npueeneHbl B 1abn.1. [locTaTtoOMHO MOLLHbIVA

s BbIX04, Tammepa (KOHT.3) ucnonb3yetcA AnA

L_Ilcs 531‘5225 Uout=-08Uin HEMOCPEACTBEHHOrO MNOAK/OUYEHUA K Harpyske
. 3 Uepe3 BbINPAMUTENN.

lo.1 vrl;: 1 | oo Ha cxeme npeacTasneHbl  YeThipe

KE5226 Tﬂ‘m“ 033 BapuaHta  BbINPAMUTENei, 0603HaYEHHbIX

A nutepamu A, B, C (puc.20), D (puc.21).
A - NHBEPTOP MOMOXMTENLHOMO HarpsXe-
Vo3 HWA B OTpuLaTenbHoe. VMMyNbCHLIA curHan ¢
‘_||°5 N Uour+08Uin o xoma  reHepatopa,  MPOXOAA  uepe3
lo.1 wo2 ! J__-,H:s |7 KonpeHcatop C5, TepAeT CBOK0 MOCTOAHHYH
KA52286 I 1000 I 0.33  coCTaBMAIOLLYHO U MOCTYNaeT Ha ABYXKacKa[HbIi
YOBOMTE/b OTPULLATENBHOMO HANPAXEHWA. Takor
B NHBEPTOP MOXET ObiTh NONE3EH, HaNpUMep, AnA
paboThbl CXeM C ONepaLMOHHBIMK YCUIUTENAMM,

VD2 VD3

vin  KO5226  KO5226 Uout= +1,4Uin TPEOYIOLLMX [OBYXNOAAPHOrO NWUTAHWA, NpU
MUTaHWK OT OJHOMONIAPHOrO UCTOYHMKA.
+ce B - npAmoOW BbIXOA MONOXWUTENbHOrO

]—0331—1000 | o HanpAXeHuA. Cxema paspabotaHa AfA

Puc.20 C /WVCTaHUMOHHOTO  MUTAHUA  JNEKTPOHHBIX
Tabauua 1
L3 T1 VD2
FE |I2-2 . < Uout=12V 20 mA
I I 1 % 1Fco b €1 | R1 | R2 |[FkHz
in=: Q X
d=en g | [ 100 D 01 |18k |13k | 10
CB _I_cw
'T’_pooowm/-\ 47n |15k | 13k | 20
Puc.21 voutr2v ong | 1.5 [ 1.3 [140
52 BnokHot “Papioamartopa” Ne 4
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Mpeob6pasosarenn DC-DC

YCTPOICTB MO NPOBOAHLIM fIMHWAM, KOrga rnopaya noCTOAHHOTO TOKa HEBO3MOXHA UMK
3atpynHuTenbHa. OgHUM M3 Cepbe3HbIX OrpaHUYEHUA A1A NPUMEHEHWA NOCTOAHHOIO TOKA
CNYXXWUT ABNEHWE 3neKTpochbopesa, paspyLUNTENbHO AECTBYHOLWEE Ha Matepuanbl IMHWIA
nepepay. Ero ypoBeHb CYLLECTBEHHO CHWXXaeTcA Mpu MCMOMb30BaHUW NepeMeHHbIX
curHanos. nA HeobCnyX1BaeMbix cucTeM, paboTatoLLLMX HENPEPBLIBHO JOMrMe rofbl, 310
CYLLECTBEHHO.

[nA paHHON CxeMbl NEPBbI NPOBOA, TMHAM NOAKITOYAETCA MEXAY KOHAEHCATOPOM
C5 v Toukoi coepunHenmna guopos VD2 1 VD3. B kauecTse BTOPOro NpoBOAA MCMOJb3yeTcA
o6wmn (-Uin).

C - nosblwarowmii npeobpasosatens MNOAOKUTENLHOMO HaMNPAXEHUA NUTaHWA
yctponcTea. OCOBEHHOCTb 3TOM CXEMbI COCTOMT B MOAAYE Ha Harpysky Kak HanpaxeHuA
MUTaHWA, Tak U NepeMeHHOro HanpAXeHWA C Bbixopa reHepatopa. KoHpeHcatop C5
CHUMaeT U3 UMMNYNLCHOMO CUrHana ¢ Bbixoga reHeparopa (F) MOCTOAHHYH COCTaBAAIOLLLYHO,
VMEHOLLYH0 YPOBEHb HECKOSIbKO MEHbLLIE NOIOBUHBI Hanpaxxeuua nutaHua (Uin/2)-1. Yepes
pvop, VD2 nocToAHHAA COCTaBNAKOWAA BHOBb BBOAMTCA, HO OHa YXEe NOYTM pasHa
HanpAXeHuto nutanma (Uin-0,5), uto n obecneunsaet Ha BbIxoge, NOCNE BbINPAMUTENA Ha
pmope VD3, Uout ~ 1,4Uin.

D - TtpaHcdopmartopHbeld npeobpasosarens. Mcrnonb3oBaHue BbICOKOYACTOTHOMO
TpaHcdopmartopa peLuaeT MHOro npobnemM. 310 BO3MOXXHOCTb MOSIHOW ranbBaHNYECKON
pasBA3KM MeXOy MNEepBMYHONA NUTAlOWed CETbl0 M BTOPUYHBIMM, MOMyYeHne nbbIX
HanpAXXeHWA, BKNOYaA BbICOKOBOJBTHBIE, B obom Habope. KM, Takoro npeobpasoBaHua
BENMKO. EgMHCTBEHHOE Heyno6CTBO - HEOBX0AMMOCTb CaMOCTOATENBHOMO U3rOTOBMIEHMA
MOTOYHOro u3genuA. Mapametpel TpaHcdhopmaropa T1: | obm. 16 But. MINLLO-0,27; I
obm. 62 But. MIANLLIO-0,1; 11l 0bMm. 62 BuT. MIJILLO-0,1.

E - cxema BbIXOQHOr0 BbINPAMUTENA (PUC.22), NOCTPOEHHAA aHANOrMyHo puc.18, y
Hee Ha Bbixofe hOpMUPYIOTCA HanpaXeHuA +5 B u geyxnonAapHoe 15 B. INpu 3aMblkaHum
BbIXOZa HA Maccy Yepes ApOCCenb OT UCTOYHMKA NuTaHuA vyepes anop, VD3 Teuet Tok. Mpu
3TOM B MarHWTHOM Mofie ApOCCenA HakannueaetcA dHepruA. lNpu 3akpbiTM BbIXOAA
MWKPOCXEMbl TOK Yepes3 ApOoCcesb NPOJOMKAETCA U MPUBOAUT K POCTY HANPAXEHUA Ha ero

MCTOKOBOM KOHLLe. POCT 3TOro HanpmxeHuaA

Uin :r/o12 Uin+ SV qoTaHaBNMBAETCA NPU LOCTMXKEHUM YPOBHA

L:szzs | o; 15 B, Korpa oTkpblBaeTcA cTabunutpod VD5.

- Yepes auopg VD3  npoucxogut

| 1O0H Vo8 J: BblpaBHMBaHWe NUTaHMA Ha D1 ¢ ypoBHeM

V03 18 KA5226  yout-15V BLIXOAHOMO  curHana.  [lpu  3TOM

N llo.1 e nepsoHavanbHaA  LUenb  MUTAHWA  OT
KA5226 Vo7

Ve wzst,noo.o nctouyHuka +5B uepes puop VD2

Foye Kiszz6 Uout+15V3aKpPbIBAETCA.  Takod CMnocod nutaHuA

&225 ¥ E “~ 00ycrnoBneH TEXHWYECKUMMU YCIIOBUAMMW Ha

VD5 +¢7 NE555, 3anpewarwwumu ynpasnATb C

Nycrsz 1000 MOMOLLbHO BbIXOLLHOTO Kackapa

1 I Puc.22 HanpaxeHWeM, NPeBbilLAOWMM HanpAXe-
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MNMpeo6pasosarenn DC-DC

HMe NUTaHuA Mukpocxembl 6onee yem Ha 0,5 B.

AnAa nonyyeHUAa BbLIXOQHOrO HanpAxeHnAa +15B umnynbcel € pgpoccend
BbINpAMAAOTCA Anogom VD6. BbixogHOe HanpAXeHue oTpuuarensHon nonapHocty -15 B
nonyyatoT Mocfne BbIAENeHnA U3 WMMYNbCHOTO CUrHana c ApOoCcCens nepemMeHHONn
COCTaBfIAIOLLEN Ha paspenutensHoM koHaeHcatope C5 1 BLINPAMAEHUW €ro C YABOEHWEM
HanpsxeHua Ha VD7, VD8 n C6.

TpaHcdopmatopHaa cxema BbICOKOBOJSILTHOrO npeobpasosarena npefcraBneHa Ha
puc.23. BxogHoe HanpsaxxeHue 5 B npeobpasyeTtcA B HEM B BbIXOgHOE HanpsaxxeHue 230 B.

Coi.1 DD1.2 DD1.3 DD1. 4
1 3 4 B 8 12 11
i 1
2 5 10 13
| l c1 ’
~1
R1 UD1-4 KD22sY +230V
DD2.1
R2 4
- N 7, i Vi
+5V 2 [ + ups
D ==

R3 3 K 6 c2 H

Z o XX | w
DD1 - K155AA3 DD2 - K1554TM2
VT1 - VT3 - KT698 , VT2 - VT4 - KT827 , VT5 - KT863 -
R1-910, R2 - 1k, R3 - 1k, R4 - 120 0.25 BT, R5 - 120 0.25 Br,
R6 - 500 0.25 Br, R7 - R8 - 56 2 B, R9 - 1.5 kOm 2 Bt
VD5 - KC6200
C1 - 10500 n®,C2 - 22 mx® x 450 B
T1 - gge o6m. x10 B, coea. nocnes. Tok 16 A; @ AOT1108

opHa 06m. Ha 220 B, Tok 1 A, yacTota 25 kl'y

Puc.23

3apatowmin redeparop Ha DD1 nopaet Ha cuyeTHblii BXxop, T-Tpurrepa DD2 meaHpp
yactoton 25 KliL. Bbixoabl TpuUrrepa MCNonb3yloTCA B KAYECTBE ApaiiBepa [BYXTAKTHOIo
yewnutena Ha TpaHsuctopax VT1-VT4. B uenun sTopuyHoin obmMoTku TpaHccopmaropa
CTOMT [BYXNONynepuopHbii BoinpAMUTENb Ha VD1-VD4. [OnAa crabunusauum pexumma
paboTbl BLIXOQHOTO YCWAMTENA BBEAEHA OTpuuatenbHaAa obpatHaA CBA3b MO TOKYy C
pa3sAskon uepe3 ontonapy AOT110B. KoadpdpmumeHT nonesHoro penctauA
npeobpa3osatenA 3aBUCWUT OT pexuma paboTbl BbIXOAHLIX TPAH3UCTOPOB YCUIUTENA,
KoTopble LienecoobpasHo BBECTU B pexxuM D. Tpyu STOM AyyuwMMn XxapakTepucTukamu
obnapgatotT MouHble nonesble KMOIT TpaH3uCTOpbl, WK, N0 KpanHen Mepe, MOLUHble
6unonAapHele CBY TpaH3ucTopbl ¢ rpaHuyHoi vyacToTon 6onee 1 M,

Cemenos 0. u3 r. Poctosa-Ha-[loHy npeonoxun cxemy Bkntouenna KP1156EYS B
pexume yHusepcanbHoro npeobpasosarena DC-DC (puc.24) .

MapameTtpbl npeobpasoBartena: BXOLHOEe HanpaAxeHue 9..16 B; BbixogHoe
HanpsaxeHue =15 B £5%; HOMUHanbHbIA BbIxogHOW TOK 0...0,1 A; amnauTyga nynbcawuui
BbIXOAHOrO HanpAXeHWA npu MakcumanbHoW Harpyske 50 mMB. MoTouHble paHHble
TpaHcdopmaropa TV1: W1, 2 - 40 BuTtkos nposogom MNATB2 d = 0,45; W3, 4 = W4, 5 - 36
BUTKOB B ABa nposofa MATB2 d = 0,18; CepaeyHuk - MIM140 - K15x7x6,7
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Mpeob6pasosarenn DC-DC

Jc4

CHawvan”na
HamMaTblBalOTCA 0OMOTKM
x3 W3,4 n W4,5 B pBa
npoeoda C PaBHOMEPHbIM
pacnpepeneHnem, a 3atem
obmoTtka W1, 2 TaK xe ¢

paBHOMEPHBIM pacnpefe-

C1 - K50-53-25B-470mk®:20%  R1R4 - C2-23-0.125-1 Om=10%
(2 - K73-17-250B-0.01mk®=10% R5 - C2-23-0.125-12 Om 10%

€3 - K10-176-M750-300n®25%  R6, R8 - C2-23-0.125-16k0m +10%
C4, C5 - K50-53-25B- 10mk®220% R7 - 2-23-0.125-2.7k0m 5%
DAT1 - KP 1156 EY5 VD1,VD2 - Kfj 5225

Puc.24

« JIeHnem BUTKOB MO
i ceppeyHnky.  O6MOTKM
usonupyotea MeXay

cobom 1 CHapy>u nineHKon

NnaT-3.
PacnonoxeHue

3/IEMEHTOB Ha MevaTHow

nnare nokasaHo Ha pUc.25, pUCYHOK NeyaTHoM nnaTbl CO CTOPOHbI MOHTaXa - Ha puUc.26.

vi_| ¢ 4
29 @ par B
Xéo é c3
r
=(#
VDIvDe

Puc.25
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Ha cainte http://www.caxapa.ru npepcrasneHa cxema npeobpasosarena DC-DC Ha
mukpocxeme TOP221P (puc.27). TOPSwitch, kak 9TOT TN MWKPOCXEM Ha3blaeT
usrotosutenb upma Power Integration, ABnAlTCA camoynpaBiAeMMWU W NIMHEAHO
perynupyembimu LLUM npeobpasoBatenaMn HanpAXXeHWA C 3awmuTon OT neperpysku, K3

W neperpesa

C

camoBOCCTa-

+15...72B
HOBJIEHWEM. OHM  npekpacHo
NOAXOAAT BnA MPOCTbIX
ranbBaHUYecKm pa3BA3aHHbIX

npeobpasosartenenn ¢ nutaHnem ot
18 B v Bbiwe. OHM Npu 3TOM OTRAKOT
MEHbBLLYIO MOLLHOCTb, HO
COXPaHAKT Takne [OCTOWNHCTBA, Kak
3awumTa ot K3, HeuyBCTBUTENBHOCTb

10bq04

3 MklH

K konebaHuam BXOOHOIo HanpAXxe-
HUA B LUMPOKMX npepenax. Cxema
npeobpasosarena cobpaHa Ha

QN[O |

- 1000

CEepUNHO BbINyckaemom wuspenun 0B

x1000 B

Puc.27
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MNMpeo6pasosarenn DC-DC

TOP221P ¢ BbIXOQHOW MOLLHOCTBIO 2 BT (Gpyrme HOMMHasbl MUKPOCXEM MOMYT UMETb
MoLLHocTb fo 150 Bt). PabotocnocobHoCTb npoBepAnach npu BXOAHbLIX HAMPAXEHWAX OT
18 no 90 B.

Tpaxcdopmarop: cepaeynnk EFD15-N87 ot SIEMENS, konnM4yecTBo BUTKOB yKa3aHo
Ha puc.27. Ha BbIxoae - TaHTanoBble anekTponutel B SMD- ncnonweHuun. Opoccens 3,3-
6,8 MKIH Ha ToK 0,5 A. OnTtpoH PC817 unu aHanor.

Mo cooblueHuto paspabotunka cxembl TOPbI cemeiicTBa 22x MoryT paboTarb Ha
MOHWXEHHBIX HaNPAXEHWAX: MO macnopty ot 16 B, npu 3ToM MoLLHOCTL BymeT Huxe.
OpHako npu npasuibHOM Bblbope TpaHcdopmatopa 1 Tuna TOPa MOXHO BblXaTb U3 HWX
po 20 Bt nonesHon mowHocTy npu pabote ot 24 B.

D2 N Ewe opHa cxema

hai o +sv NIpeobpasoBatena DC-

? 1 ‘ 2 L J; & DC Ha FABa BbIXOAHbIX
e 2 WV Tl "0V o ey HAMPAXEHNA nnA
1w Pe3epBHOTO  MUTaHMA

) R2 (vacht, OXpaHHan
—— ‘.‘i.'i"" CUrHanmsauua,  nynbt

wane | Rr14 [MCTaHLIMOHHOTO ynpaB-

100-3808 T | wo¥ HeHA " D).
T ~

o| Tolkp co 1 : ¥ NnpepnoKeHHaa upmon

cowRor | 1%“/‘:1.;]._{%_5 g FOWr Integration,

oH ] PORTA KoTOpan BbINyCKaeT

al P TOPbl, nokasaHa Ha

3 tov s puc.28. BbixogHasn
: MOLLHOCTb M -

Puc.28 oLlHOC eobpaso

BatenA 4 Bt, Hanpaxe-
Hue 5B wncnonb3yetcA ONnA KOHTPONA LENu AEXYPHOrO pexuma npyu OTKIYEHUM
OCHOBHOW CeTW, a HanpAXeHue 12 B - anA nutaHnA CxeM BOCCTAHOBNEHUA MWUTAHWA OT
OCHOBHOW CeTW. Ha cxeme He nokasaHbl BXOOHOW BbIMPAMUTENb W CriaXXMBaKLLUNA
UNLTP, TakK Kak OHU OAMHAKOBbI AJ1A NHOOLIX CETEBbIX BbINPAMUTENEN.

HanpsaxeHwe 5 B pgenutca mexay ctabunutpoHom VR1 1 ontonapon U2, kotopan
Yyepes BbIXOAHOW TPaH3WCTOP OCYLUECTBAAET ClIEXeHMe 33 YPOBHEM BbIXOAHOMO
HanpAxeHuen npeobpasosarensa (koHT.C UMC U1). KoHgeHcatop C5 6nokumpyet koHT.C no
NepeMeHHON COCTaBMAOLWEN U ABNAETCA 3ajatoLM BPEMEHU pecTapTa CXembl Mnocne
neperpysku.

Uenouka R3C1D1 npepHasHaveHa onAa crnaxusaHuA AYX KOHTypa nepBUYHON
06moTkn. BeixogHoe HanpsaxxeHue 12 B BeinpamnAeTtcA gnopom D3 u crnaxusaetca C4,
MpuW 3TOM €ro BesMYMHa NOCTOAHHO YNPaBAETCA ONTONAPOiA B 3aBUCUMOCTM OT BESIMUMHBI
Hanpsaxexua 5 B.

TpancdopmMatop MOXHO B3ATb [OTOBbIA, HO €CAWM HYXHO W3roTOBUTb CBOWR
TpaHcchopmarop anA pabotel ¢ TOPamu, MOXHO BOCMOMb30BaTLCA METOLMKON, KOTOpaA
NpeasioKeHa Ha yxe ynommuHasLLeMCA caiTe http://www.caxapa.ru. Onpegenatowen pna
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Mpeob6pasosarenn DC-DC

pacyeToB ABRAETCA napameTp A - KO3MMULMEHT WHAYKTUBHOCTM (M3MepAeTcA B

HIH/BUTOK). IHBYKTMBHOCTL O6MOTKM paBHa

L=N2*A_ (1)
roe N - yMcno BUTKOB.

TpaHccopmarop ona TOPa pomkeH MMeTb OnpeseneHHy0 WHOYKTMBHOCTbL AJ1A
3a4,aHHON MOLLHOCTU M fManasoHa BXOQHbIX HANPAXEHWA. fabapuTel ero NnpAMO CBA3aHbI
C €ero MOLWHOCTbIO M KayeCcTBOM martepuana cepgevHuka. K tomy xe TOP
npeobpasosarenu pabotaroT ¢ NOAMarHuYMBaHNEM CEPAEUHNKA, MOSTOMY HY>XHO, UTOObI B
TpaHcgopmarope bbl1 HEMarHUTHBIA 3a30p.

[nA Boibopa ceppeyHnka Tunopasmepos EFD n ETD u3 martepuanos N67, N87
(SIEMENS) nnu noxoxero 3C80 (PHILIPS) cOOTHOCMM 1X CO 3HAYEHUAMMW paccenBaemMon
MOLLLHOCTW B Harpyske AfiA Kaxxporo Tuna mukpocxem: 5 Bt TOP221 - EFD15; 10 Br
TOP222 - EFD20; 20 Bt TOP223 - EFD25; 40 BT TOP224, TOP225 - ETD29.

NHpykTmBHOCTL nepBuyHon 0bmoTkm L: EFD15 - 4,2 mIH; EFD20 - 2,2 mIH; EFD25 -
1,5 MH; ETD29 - 1 MIH.

Boibupaem napameTp B TMNOBOM PAQY W3 YCMOBMA HEJONYyLUEHWA HACbILLEHNA
cepoeyHuka n ypobetea HamoTkn (HeypobHo, ecnu BTopuyHaA obmoTka nonyyutca 0,7
BWUTKa). Hdonyctum, nonyuunocb A =250. CuutaeM YMCnO BUTKOB NEPBUYHON 0BMOTKM MO
dopmyne (1). Hanpumep, HyxHo 5 BT, Torma 6epem ceppeuHuk EFD15 u TOP221,
WHOYKTUBHOCTb L=4,2 M[=4200 Mk =4200000 HI. KBagpat uncna ButkoB N2 = L : A| =

4200000/250= 16800. Otctopa N= v16800=130 BMTKOB.

A Tenepb cuuTaem BTOpUYHble OOMOTKM Tak, kKak Oyato 910 0O6blYHbINA
TpaHcopmarop, HO Ha neperyHON 06MoTKe Yy Hero 130 B nepemeHHOro HanpAXeHnA. Tak
Kak B nepsuyHon 06MoTke 130 BUTKOB, TO Ha KaXXAbIA BUTOK NpuxoguTcA 1 B, 3HaunT, ecnm
BO BTOpUYHOM 06MOTKe 5 BUTKOB, TO Ha Hell napaeT 5 B. UckntoueHnem AanAeTcA 06MoTKa
obpatHoii cBA3M, KOTOPaA [0MKHA Bblfasarb OT 12 0o 24 B, a Ha Hell fomKHO 6bITb BUTKOB
12-15. Pacuet 3aKkOHYeH.

Tenepb, utobbl €ro NPaBUILHO HAMOTATb, HYXKHO KaXkayto 0OMOTKY pacnpefenutb
no BCeW LWWPWUHE Kapkaca, faxe ecnu B Heih Bcero 5 ButkoB. C 3TOWM LENbHO
npodpeccuoHanbl U NPOU3BOAUTENN HaMaTbiBAKOT BTOPWUYHYO OBMOTKY B TpU-YeTbIpe
NMPOBOAA MNK Aaxe creumanbHbIM M0CKMM npoBogoM. Mexxgy obmoTkamu obAsaTenbHO
NPOKaabiBaeTCA CNoW M30MALMW, a BblBOAbI MEPBMYHOW W BTOPUYHOA OBMOTOK
Pa3HOCATCA MO pasHble CTOPOHbI Kapkaca.

MopAanok HamoTkn 06MOTOK BMOSHE OMpPeeNeHHbI: cHavyana MoTaeTcA nepeunyHan
obmoTka, npu aToM Hennoxo 6bino Bbl pas3genuTb NONOBMHBEI 0OMOTKM n3onAumein. Motom
HamaTbiBaeTcA 06MOTKa, C KOTOPOW CHWUMaeTcA HambonbluaAa MOLLHOCTb, 3a HEN BCe
ocTasibHble BTOpUYHble 06MOTKM B nopAake ybbiBaHMA MOLLHOCTHW, NocnefHen - 0OMoTKa
obpatHoii cBA3M.

CeppeyHnk 6epem LITaTHbIA, C 3a30pOM, COOTBETCTBYHOLWLMUM BbibpaHHOMY AL=250,
unm nogbmpaemM 3a3op camu, NoKa He NOyYMM 3aAaHHYH UHAYKTUBHOCTL. [INA cnpasku:
AL=250 cootsetcTtayeT 3a30p 65 MK y EFD15 unun 0,3 mm y EFD25. TpaHcdbopmarop rotos.
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CnpaBoy4Huk bP

Mukpocxembl TOP221-227 (puc.1) - aBTOHOMHbIA npeobpasosartenb C TpemA

BblBOOAAMU Mertan. kopnyc
OcHoBHbIE NapameTpsbi: }onmmeh K UCTOKOBOMY BbIBOAY
BbixogHaA MOLLHOCTb 3...150 Bt Crok
BbixogHoe HanpsxxeHne 36 B
R —1
BbIxogHOM TOK 0,23...3,3A O . I E— oTox
Pabouan yacToTa 90...110 Ky Ynpaenene
Kopnyc TO-220/3
Kna 70% ~—r
3aluTa no neperpesy 135°C Uctok [T 3] Mcrok
3wuTa oT neperpysku 700 B
UcTok
Bpema BocctaHoBnenna 0,8 ¢ (2] 7] Mcrok
BbixogHoe conpotuenexnne 31...5 Om Uctok [3] [6] WUcTok
HanpsaxxeHue ynpaenenna -0,3..9 B
’ Y C
Tok ynpaBnexua 100mMA Mpasrnee [4] [£] Crox

Puc.1 Kopnyc DIP-8,SMD-8

Mukpocxembl MAX5025-MAX5028 (puc.2) - UMM nosblwatowme DC-DC
KOHBEpTEpbI c NOCTOAHHOM 4yacToTon
npeobpas3oBaHunA, ManoLymALLMe PGND E ’ 61X - crox
OCHOBHbIE NapameTps: Wacea B RORKNIONEHHE
BbIX0AHaA MOLLHOCTb 120 MBT MDA [vycrvsocTs/
BbixogHoe HanprAxeHe 36 B GND E %50022% 5| vee
BxogHoe HanpaxeHue 3..11B Macca 06w TMTaHue
Pabouwnin Tok 0,6 A
Pabouas yacTora 340...1000 KTy 8 [3] 4] SN
Mynscauum 0,25% 06p. cBsiab. K KOHT.5 - BK.
BbixogHoe conpotuenenne 1...4 Om Puc.2 Kopnyc SOT23-6 KOHT:2 - Bl

Hanpaxenune OC (FB) 1,25/30 B

Mukpocxembl MAX1684/MAX1685 (puc.3) - LUMM nonmxatowme DC-DC koHBepTepb!*
OcCHOBHbIE NapameTpsbi:

BbixofHaA MOLLHOCTb 667 MBT ovH [1] ¢ [16] PanD
BbixogHoe Hanpsxenne 3,33 B __
BxogHoe HanpAxeHue 2,7..14 B AN E El SHON
Pabounit ToK 1A N amam 14 x
Pa6ouan yacTora 300/600 KTy o [4] mAxiss i3] Lx
Mynbcamm 0,01% o [5] M85 Tl moor
BbixogHoe conpotusnenne 0,24...3 Om _
Hanpsaxetue OC (FB) 1,25B ReF [6] [11] STBY

/B [7] [10] 1LM/ss
%) I'IongHe1Hv|e PYHKLIWIA BbIBOLLOB Puc.3 cC E E SYNC/PWM
-B Tabn.1.
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CnpaBoy4Huk BP

Tabnuua 1
1 CVH Cwmetuenue Ha 3atsop MT. LLIyHTMpYeT BXOA KOHT.3 KoHpeHcatopoM 0,1 MKO.
2 AIN AHanoroselii BXOA nUTatOLiero HanprxennA. COeoMHAETCA C KOHT.3 1,27 MM LUMHOA.
LLyHTMpyetcA Ha Maccy KoHT.16 koHpeHcaropom 0,1 MKOD.
3 IN MuTatoLee HanpAXeHue.
4 CvL TNorunyeckuit Bbixog Ha 5 MA . LLIyHTUpyeTCA Ha KOHT.5 koHpgeHcatopom 1 MKOD.
5 AGND Macca aHanorosbix Lenei.
6 REF Boixop Vref 1,25 B Ha 10 MkA. LLlyHTupyetca Ha koHT.5 koHpeHcatopom 1 Mk®.
7 FB O6parHaA cBA3b.
8 CcC LLyHTMpyeTCA Ha KOHT.5 uHTerpupyroLmm KoHaexcatopom 0,01 Mk®.
9 SYNC/PWM  [MopcoepmHaeTca K KoHT.4 anA LLIMM pexuma, K KOHT.5 oA HOpManbHOro pexuma.
10 ILIM/SS [lnA ueneit orpaHnunTenA ToKa.
l STBY YnpasneHue AeXypHbIM PEXUMOM.
12 BOOT YnpasneHue BbIXOAHbIM HANPAXEHNEM.
13, 14 |LX CoenuHeHne ¢ BbIXORHOM MHAYKTUBHOCTBIO.
15 SHDN [1nA 3aKPbITUA LEeNU COBMUHUTL C MACcCON.
16 PGND BbixopHaa macca.

Mukpocxema MM74HC 14 (puc.4) - WweCTb UHBEPTUPYIOLLMX TpUrrepos LLiMuTTa
OCHOBHbIE r1apameTpbi.

PaccenBaeman MOLLHOCTb 600 mBT
MNuTatowee HanpAXxeHwe 2..6B Vcc
Tok nokonA 20 MKA
3apepxxka pacnpocTpaHeHua 13 HC
BxogHow ToK 1 MKA
Harpy3ouraA cnocobHocTb 10 TTJ1 BxopoB
LLinpuHa netnu ructepesuca 09B
MonoXxumTenbHbIA pasmax “nuibl” 1..3BVr+
OtpuuatenbHblil pasmax “nunbl” 0,3..1,2B Vr-
Voo A6 Y6 AS Y5 Ad Ya
|14 |13 12 |11 10 B 3 R - VT4
Vv ty=RCIn—
MMIACIa V1-
Vin _l/OUT
Vec—V1-
to=~RC In =—=———
Veo—V1+
- 1
RCIn V14 (Voc—V1-)
V71— (Veo—VT+)
I Iz 3 3 5 6 [7 Puc.4. [Mpumep nocTpoeHuA reHeparopa
A \i Y2 A3 Y3 GND
Puc 4 Ha 74HC14
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KB aHTeHHbI

KOHCTpYKUMIA aHTeHH kopoTkoBonHOBOrO (KB) pmanasona (10...100 m, 3...30 MIw)
HacuuTbIBAETCA 0KONO 400, N3 HUX NOYTU NOSIOBMHA - NOOUTENLCKUE PaspaboTku, NpUuYemM
LECATKN PagmontobuTENbCKUX XXKYPHANOB MHOMMX CTPaH Mupa e€XerogHo nybnmkytor
MHGOPMALMIO O HOBbIX aHTEHHax, MO3TOMY 3[eCb OCTAHOBUMCA TOMbKO Ha Hawbonee
Y4acTo MCMOMb3YyeMbIX W HEKOTOPbIX YHWUKambHbIX, MOABMBLUUXCA 3a MOCNEAHee
pecatuneTue. Npu 3aTOM, UCXOOA U3 HALUKMX MPUHLMNOB KOMMSIEKTOBAHWA WHGOpMAaLM,
yuTaTesb yKe 3HaeT:

1) 4TO MonApWU3auMA aHTEHHbl OMPERENAETCA MO HanpaefeHWo B MPOCTPaHCTBE
3MEKTPUYECKON COCTaBNAOLLEN aneKkTpoMarHnTHoro nona (QMBI), koTopaa coBnapaer ¢
NOSIOXEHNEM U3nyyaTenA 1 ObiBAET rOPU3OHTASIbHOW U BEPTUKANBHOI;

2) YTO COMPOTMBNEHNE aHTEHHbI OMPEAESIAETCA NO OTHOLUEHWUIO ee BXOAY, TaM, rae
nopcoenmnHAeTcA kabenb, 1 ero BennynHa pasnuyHa AaA pasnanyHbIX AJIMH BOAH, NO3TOMY
HeobxopuMOo MMETb COrnacyroLee yCTpoMucTBo ¢ kabnem nmbo domkcmposaHHoe, mbo
nepecTpanBaemoe no ananasoHy;

3) uTo amarpamma HanpasneHHocTy (OH) aHTeHHbI NoKasbIBaeT, Kak pacnpenenexa
MOLLHOCTb W3NyYeHWA B MPOCTPAHCTBE B 3aBMCMMOCTW OT HanpasfeHuA, U paspenfer
aHTEHHbI Ha HeHanpasfeHHbIe U HanpaBfieHHbIE;

4) yTO aHTeHHbl 6bIBAKOT PE30HAHCHLIMM, KOrAa WX AAWHA CPaBHUMA C AJIMHOM
BOJIHbI, 3NEKTPMYECKU LNUHHBIMU, KOTAA WX AJIMHA NPEBLILIAET HECKONBbKO ANWH BOMH, U
3NEKTPUYEKN KOPOTKUMM, KOTAA WX ASIMHA MHOrO0 MeHblue AJIMHbI BOSIHbI, - OT 3TOro
3aBUCUT IPIEKTUBHOCTb UX U3NYYEHWA 1 BO3OYKOEHUA;

5) uTO0 U3 TEOPEMbl B3aWMHOCTU, UMEIOLLEN TEOPETUYECKOE 3HAYEHMEe, BbiTEKaeT
YUCTO NPaKTUYECKOE CNEACTBME O TOM, YTO OOHA W Ta XK€ aHTeHHa MOXET paboTatb 1 Ha
npuem, n Ha nepepauy.

Hanbonee npocToil, a MOTOMYy CamoOi pacnpOCTPaHEHHOW aHTEHHOW, ABMAETCA
YETBEPTLBOJHOBLIN LUTHIPb (PUC.1), YCTAHOBMEHHbLIN BOU3M 3eMAKU BEPTUKANBHO WAK C
HEKOTOPbIM HakfoHoM. Ero BxopgHoe conpotuenenue 36 Om, a OH B BepTukanbHOM
MAI0CKOCTWN UMEET HEKOTOPbIA HAKMOH OCHOBHOIO flenecTka K MioCKOCTW 3eMJn, MO3TOMY B
npepenax HEeCcKONbKUX COTEH KWIOMETPOB BOKPYr TakOW aHTEHHbl KayecTBO npuema
Hu3koe. OgHaKO O HaNPaBfIEHHOCTW aHTEHHbI 30eCb CyOAT MO €€ rOPU30HTaNIbHOMY BUZY,
LJ1A LWTbIPA OHA KPYroBas, T.e. aHTEHHA HeHanpaBneHHaA.

bopotbcA € “MepTBOA” 30HOW BOKPYr LUThIPA
nmomMoraeT MnpOTMBOBEC - MeTaniMyveckne nposoaa,
3aKpensfemMble B HWKHEA 4acTu  aHTEHHbl WU
M305IMPOBaHHbIE OT 3emJIn. ATO No3eonAeT “npwxats” [H K
3emne, HO He pelaet npobnembl AnA onepatopa npu
BCTPEYE Ha 4actoTe C panbHen u 6iKHEen CTaHuMAMM,
cuUrHan ot KoTopbix 6yaeT oanHakoBo cnabbiM, a LLEHHOCTb
QSO, camu noHumaeTe, pasHas.
Peluenne npobnembl AnA HUXKHKUX YacToT AuanasoHa
1,8...10,1 Ml npepnoxun loHuapexko W. DL2KQ - EUITT
Puc.1 ("RADIOAFICIONADOS" N23/02), KOHCTPYKLMA aHTEHHbI
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KB aHTeHHbI

KOTOPOro COAEPXMUT ANWHHbIE TFOPU3OHTasNbHble eMKOCTHbIE Harpysku, MO3BOAAOLLME
UCMNOMb30BaTh LWThIPb AN1A BAMKHUX CBA3EN.
KOHCTpYKUMA aTeHHbl npefcTasnieHa Ha puc.2. Mauta Bbicoton 16,5 M cobpaHa u3
50...60°

—

S——_InekTpuueckuit

KOHTAKT C MauToM
~
Tpocuk
2x8,5 M 22,5 Mm

Mayra h=16,5m

BbICOTHOrO goma ny4yiie

pacnofioXXeHHbIX Nop,

e
7] Cornacyiowee
YCTPONCTBO

Cucrema
NpOTMBOBECOB

Puc.2

yrnom 90°.

aNtOMUHMEBBLIX MM CTanbHbIX TPy (B
nocnegHem cnyvae Bpofb Tpy6 Hapo
MPONIOXKMUTb HECKOJSIbKO afItOMUHMEBbIX
WM MEQHbIX MPOBOLOB, PABHOMEPHO
pacnpenenye Ux nNo OKPYXHOCTW TpyObl,
3aKpenmB UX ManeHbKUMKU XOMyTUKamu
WnKn NUNKOiA neHTol yepe3 1...1, 5 M) u
yoepxuBaercA 4 Apycamu pacTAXeEK.
Pactaxku BbINOJSIHEHbI u3
OLMHKOBAHHOr0 CTafbHOr0 MpPOBOAA
pasopBaHHOro U30S1ATOPAMM Ha KYCKM
no 3...4 m.

MpoBoga €eMKOCTHOW Harpysku
BbIMOJSIHEHbI n3 CTanbHOro
HepXxaBseroLero Tpoca unu bumetanna
1 ABMIAOTCA YaCTbO PACTAXEK BEPXHETO
Apyca. Mpn pacnonoXxeHun Ha Kpbille

ncnonb3osarb 4x0,250 NMPOTMBOBECA HA KaXXAblii AnanasoH,

ObLian pvHa Kaxgoro NpoTMBOBECA YTOUHAETCA NPK HACTPOiiKe NPOTMBOBECOB B
pPe3oHaHC 1 gomkHa coctaenATe 18 M Ha 3,5 MMy 1 37 M Ha 1,8 MIL.

bnok cornacoeaHuAa nokasaH Ha pwuc.3. Kartywka L1 HamoraHa npoBogoMm
OMaMETPOM 2,5 MM Ha Kapkace guMamMeTpom 55 MM C warom 4 MMm. CopepuT 29 BUTKOB,

— — ——

2

C1*300
P 1 K1.1

Cormacyiones |
YCTPONCTBO -_{

K2.1 C2

K2

Ki VD1 m212L
4(}
ﬂ VD2 K212
D B 30,047 _

otBoAbl OT 6-ro n 20-ro
BUTKOB CUMTAA CHW3Y.
ToyHOE unUCcno BUTKOB U
NoNOXXeHne OTBO[OB
nopbupaetcA npu
HacTponke. Ypo6bHo
HamoTaTb  KaTywky C
3anacoM B HECKOJbKO
BUTKOB " cpasy
3a4NCTUTb TOPLLbI BUTKOB,
yto ynpowiaer nopbop
WHOYKTUBHOCTM "
otBofgoB. [aHHble L1
MOFYT OblTb U WHbIMMU,
rMaBHOE - HYXHaA WH-
LOYKTMBHOCTb, 6onbluan

BnokHot “Pagioamartopa” Ne 4

Ll

9]



KB aHTeHHbI

TONWMHA NPOBOAA, T.K. TOK Mo L1 npotekaer 6onblIoi, U HanuMuue 3asopa MEXay
BUTKaMu, MOTOMY YTO HaNPAXEHWUA TaM TOXe HemaneHbkue. L2 - niobo BY gpoccens, He
VMeEIoLLLMIA pe30HaHCoB B pabouem auanasoHe. ¥ astopa - 150 BuTkos guametpom 0,36 Ha
Kapkace gpuameTpomM 30 MM, BUTOK K BUTKY.

KonpeHcatopel C3, C5 - ntoboro Tuna, C2 - Tuna KCO Ha HanpaxeHne 250 B, C1 u
C4 - Ha COOTBETCTBYOLLYHO MOLLHOCTb Mpu HanpaxeHwe 500 B Ttunos KCO, K15Y-1.
Habupaa C1 n C4 M3 HeCKoNMbKMX KOHOEHCATOpOB, WMENATE B BuAy, YTO JONycTuMas
peakTMBHaA MOLLHOCTb 0fHOro koHgeHcartopa Tuna KCO - 75 BT. K1-K8 H13Ko4acToTHbIe
CUNOBbIE pene C pacCToAHMEM MeEXOy KOHTakTamu He MeHee 1 Mm. [pu 3ameHe Ha
Apyrue TUnbl pene CnepyeT NOMHUTb, YTO TOK Yepe3 3aMKHYTbIE KOHTaKTbl LOCTUraeT 4 A,
a K1 1 K3, kpome Toro, 8omkHbl Bbigepxusarb 1000 B Mmexay pa3oMKHYTbIMW KOHTaKTamu
N MeXOY KOHTakTHbIMW rpynnamu u obMoTkamu. 3Tum TpeboBaHMAM YOOBNETBOPAET
60MbLIMHCTBO HW3KOYACTOTHLIX CWIIOBbIX PENE C BKIIKOYEHHbIMU MapanfienbHo
KOHTaKTHbIMM rpynnamm.

AnAa HacTponku Ha 160 M HYXHO nofaTb Ha LUeHTpanbHyto Xuny kabena
ynpasnatoLee HanpaxeHne Uynp oTpuuarenbHOW NonApHOCTY Yepe3 650K ynpaBneHuA.
OT0 rpoMKOe HasBaHue HOCUT OO0 pPerynmpyemblii UCTOYHWK MUTAHWUA, BLIXOLHOE
HanpAXeHue Kotoporo vepes BY gpoccenb, aHanornyHelid L2, nopaHo Ha UEeHTpanbHyo
xuny kabena y TRX. MameHan obwee uncno BuTkos L1, gocturatot peaoHaHca Ha 1,8 M,
a nepemetLuan HWxHUA oteop, L1 yctanaenueaoT KCB=1 Ha 3TOM e gmanasoHe.

MoXXHO nonmacTb B JIOXKHYH HACTPOiiKy, korga pe3oHaHC obecneyvBaeT 4acTb
KaTyLLUKM OT 0TBOAA [0 aHTEeHHbI, & YaCTb KaTyLUKM OT 0TBOAA [0 3eMJIN - POCTO LUYHTUPYeT
kabenb, Torpa KCB meHee 1,5...2 He nonyyaercs.

AnAa Hactpoiikn Ha 80 M HyxxHO nogatb Uynp MNOMOXMTENbHOW MONAPHOCTA
(ananason 3,5 M), nopbopom emkoct C1 pobumsarotcA pe3oHaHca Ha 3,65 M, a Ha
40 ™M, He nopasan Uynp (amanasoH 7 MIL), nog6opom nonoxeHuA BepxHero oteopa L1
pobusatotcA pesoHaHca Ha 7,05 MIw.

AKTWBHaA 4YacTb BXOQHOrO COMPOTMBAIEHWA @HTEHHbI B 9TOM [Manas’oHe 3aMeTHO
3aBMCUT OT COOTHOLLEHWA ANAMETPOB MaYTbl U MPOBOAOB EMKOCTHbIX HArpy3ok. 3amepere
MOCTOM BXOAHOE COMPOTUBEHUE HA PE30HAHCE Yepe3 HACTPOEHHbI 610K cornacoBaHmA.
Ecnu oHo meHblue 40 Om, TO NpoBoda EMKOCTHbIX Harpy3ok Hapo HemHoro YKOPOTUTD
(He onevatka, UMEHHO TaK: eciy Manoe COMPOTUBIIEHWE, TO YKOPOTUTL), ecnn Bonblue
60 Om - YOJIMHWUTL. Ecnu nogctpanBatb AAWHY EMKOCTHBIX Harpy3oK 3aTpygHUTENbHO,
npugetcA cpenarb ewe oguH otBof OT L1 Ha 1..3 BWTKA HWXe BepxHero OTBOAA M
MoCTaBWTb €eLle OAHO pesie, Ha auanasoHe 7 MM, 3amblkatoLlee 3TOT OTBOL Ha 3eMIIHO.
Cxema cornacoBaHuA Mpu 3TOM MOSy4aeTCA Takan e Kak 1 Ha 160 M, 1 Ta ke MeToauKa
HacTpoiku. KCB Ha pe3oHaHce B 9TOM BapuaHTe CTaHOBUTLCA PaBHbIM TOYHO 1.

[nA HacTporkm Ha 30 M HY>XHO 1Cnosib3oBaTb 610K CornacoBaHunA, NOKasaHHbIN Ha
puc.4, npn 3TOM HacTpoiika amanasoHoB 1,8 u 7 MIL BbINONHAETCA TOYHO Tak Xe, Kak
6b1110 onucaHo Bbilwe. [nA BkYeHUA guanasoHa 10 My nogaetca Uynp=+18...20 B, npu
atom cpabatbiBaet ToNnbko pene K1 (umeetcAa B Buay, 4TO HanpAxeHue cpabatbiBaHWA
K1<18 B), nockonbky Kntou Ha TpaHauctope VT1 u3-3a crtabunutpoHa VD5 (Ha 22 B)
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KB aHTeHHbI

OTKPbITbCA npu Takom
HanpAXeHuu He MOXET.
HacTpolika aHTEeHHbl BepeTcA
nsmeHeHnem emkoctn C4. Ona
BK/HOYEHWA guanasoHa 3,5 MIy
nopaetcA Uynp=+25...27 B. Mpu
aToM Takxe cpabarbiBaer Ki,
KpomMe  TOro,  OTKpbIBaeTcA
ctabunutpor VD5 1 yepes Koy
Ha VT1 cpabatbiBaeT K3. [pu
aToM napannensHo ¢ C4
BKNHO4aeTcA KoHpeHcatop C1,
M3MEHEHNEM E€MKOCTW KOTOPOro
W 0OCTUraeTcA pe3oHaHc Ha 3,65 :

M. Cnepyet TaK Puc.4
KOHCTPYKTMBHO pasmMeLarb Koy Ha VT1, utobbl UCKNHOUNTL BANAHWE BbICOKOYACTOTHOMO
curHana Ha ero pabory. Moxer notpeboBarbCA 60KMPOBOYUHLIA KOHAEHCATOP MEXAy
6a3on n amutTepom VT1.

Mpu HeobxopMMOCTU OAA MUTAHWA AHTEHHbl MOXXHO WCMOMb30BaTb M 75-OMHbIi
kabenb. Mpu atom Ha 1,8 Ml KCB octaHetcA npexxHuUM (KOHEYHO, NpUAETCA npu
HaCTPONKE NEPemMecTuTb Bollle Ha 1...2 BUTKa HWxHWIA oteopg L1). Ha 3,5 My KCB Ha
pesoHaHce Bo3pacTaet o 1,3...1,4; Ha 7 Ml cornacoBaHune NpakTUYeCKn He U3MEHAETCA,
Ha 10 My KCB yxynwaertca po 1,5...1,7.

Beam-aHTteHHa Ha 40 m ¢ nepekntoyaemon OH npepnoxena B. Jatbiwerko RB5QW.
Ona cxematnyHo m3obpakeHa Ha puc.5, marepwanom AnA €e W3rOTOBIEHWA CRYXWT

220 MefOHbIA nposog, unu bumertann guamerpom 3...5
MM, KOTOPbIA  TaKXe MWCMONb3yeTcA  AnA
W3rOTOBMIEHWA COrfacyloLen nuHun. B kavectse

t u X21 (2 0047

;

B Nor B

g

]
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g
+— =

VD1...VOA KA212 3

o= 9500 KOMMYTUPYIOLLMX MOXHO NPUMEHUTb pene oT
1) papuocTtaHuum PCB unu niobble apyrue cunoeble
pene, KOHTaKTbl KOTOPbIX CNOCOBHbLI NPOBECTU TOK B

S0 HECKOJIbKO amnep OT nepeparyvka.

£=20580

B cornacytowem ycTponcTse MpUMEHAETCA
BO3AYWHbIA  NEepeMeHHbId  KOHZeHcaTop  OT
00bIYHOrO MPUEMHMKA, €ro HY)XHO XOpOLIO
u3onuposartb OT nonapgaHwA Bnaru. [lposoga
ynpaeneHnA pene 3akpensAarTcA Ha LHype-
pacTaAXke, MPOXOAALWEM MO OCEBOW JINHWUK

&= /9500 AHTEHHbI.
AHTeHHa umeer [OH wwupuHoi okomno 60°
COOTHOLLEHMNe Bnepep-Hasap B npegenax 23 ab,
Puc.5 KO3 DULIMEHT ycuneHua 8 ab.

y
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KB aHTeHHbI

AKTUBHbIE aHTEHHbI MO3BOMAKT MCMOJIb30BATL B NPUEMHMKAX KOPOTKME aHTEHHbI 6e3
CNOXHBIX U TPOMO3OKMX COrNacyrtoWwmnx YCTPOWCTB C  [OCTaTOMHO  BbICOKOM
3dpdeKTMBHOCTLIO. Hanpumep, npepnaraeMan akTUBHAA aHTEHHA MOXET ObiTb NErko
cobpaHa M3 JOCTynHbIX Aetanei (puc.6) 1 TONbKO OAMH KOMMOHEHT MOXET AOCTaBUTb
TPYQHOCTM - 3TO NEePEMEHHbIA BO3AYLUHbIA rpynnoBOA KOHAEHCATOP, HO €r0 MOXXHO CHATb
Cco cTaporo paguo. VIMeeTca neyarHana nnarta) B HaTypasibHytO BENMUMHY (pUC.7).

L2 Q1: ECG222 C|: 3685rFD Ri: 1k R3: 3.96 KoHcTpyKuMA
Q2: ECG 2894 Cz, C3, Ca00mmk ot 8 R4 470 (o) 0 nokazana  Ha
= R2 S1: SPST switcH

puc.8. Obpatute

BHUMaHWE Ha OTHOLUEHWe

KofimyecTsa BUTKOB

INnFPUT

06MOTOK: KaTyLka

obpatHom  cBA3M L2
LOMXHA WMETb MONOBUHY
! BUTKOB OT MEPBUYHONA

Puc.6 obmoTtkn L1. CepaeyHuk
6epetca noboro pasmepa u3 noboro MarHUTHOro Marepuana.

Ecnu pereHepaT#BHOro pexuma He yAaeTcA AOCTUYb MOCSE NEepBOro BKAKOUEHWA,
M3MEHUTE MONAPHOCTb KaTyLWKM 06paTHOM CBA3M, TO €CTb NOMEHAITE MecTamu BbIBOAbI
KaTyLLKW, 3aKpenneHHble Ha nnare.

Karywku He cnefyeT HamartbiBaTb OfLHY MO APYroi, HO PACCTOAHWE MEXOY HUMU He
ABNAETCA KPUTMYHBIM U MOXET OTNINYATLCA OT NOKA3aHHOMo Ha puc.8.

[BoiHyto L aHTenHy Ha 80/160 m npepnoxun HOoH Toman K2KQ (http:/www.
yccce.org). OHa mpocTa, 9(PdEKTMBHA, KOHCTPYKTUBHO BbINOMHEHA Kak BepTukanbHaA
aHTEHHAa, NWTAeTCA OTAESIbHOW KOAKCManbHOW fnMHWMEN W He TpebyeT HMKaKoro
npoTMBOBeECa.

Bbicota aHTeHHbl okono 20 M (puc.9), C NUTaHWEM B LIEHTPE, Ha BEpLUMHE U B
OCHOBaHWW AWMONMN COTrHYThbl FOPU3OHTANBLHO M NapannenbHo Apyr Apyry, Takum obpasom,
aHTEeHHa COCTOMT U3 AByX Aunonen, HanoMuHarowwmx byksy “L”, npu atom 160-meTpoBan
aHTeHHa - 910 80-meTpoBblii gunonb (20 M + 2 x 30 M), 80-meTpoBaA aHTeHHa - 38-
METPOBbI annosnb (20 M + 2 x 9 M).

OBa gunona “L” cbanaHcupoBaHbl OTHOCUTENBbHO APYr Apyra, NO3TOMY aHTEHHA
MMEET MUHUMYM FOPWU3OHTANILHOrO WU3NyYeHUA. Bbl MOXETe perynupoBaTtb HACTPOMKY
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KB aHTeHHbI

AHTEHHbI B PE30HAHC, MEHAA ANNHY HWKHUX
rOPU30HTasNIbHbLIX CEKUMA, T.K. ManeHbkaA
acUMMETPUA  He  cKasblBaeTcA  Ha
napameTpax aHTeHHbl. [lofHoe BXogHOE
conpoTuenieHne 6amnsko K 50 Om Ha 160 M u
K 70 Om Ha 80 M. 160-MeTpoBaA aHTEHHa
NPeacTaBfiAET BbICOKOE COMPOTUBIIEHWE Ha
80 M, a 80-meTpoBaA aHTeHHa HaNOMWHaKT
napannenbHbll KOHAEHCATop, NOOKMHOYEH-
HbI napannesbHo 160 M.

160-m. aHTeHHa oxBaTbiBaetr 1800-

npoBoAa B MeTpe OT OaHu

24M

o

30M 'é: 1860 kI npu 2:1 SWR, npuwnocb otpesatb

60 CM OT ropu3oHTanbHOW CeKuumM, 4TobbI

9 MACCA coenarb pe3oHaHcHonW uvactoty 1830 K.
AHTeHHa 80 M B pesoHaHce Ha 3750 K.

Kas. 50 Om Puc.9 VSWR npumepHo 2:1 no DX yacTin TenedhoH-

HOro gmanasoHa. HyxHo fob6asutb gunonAmM AsmHy, 4tobel oxeatuts CW guanasoH.

[obaBuM aHTEHHY C aKTMBHbIM nNuTaHuem Ha 14, 21, 28 ML (http://www.qrx.
narod.ru). Ha puc.10 nokasaHa KOHCTPYKLWA TakOW aHTEHHbl, €e YCTaHOBKa ABMIAETCA
OAHUM M3 KOMMNPOMMUCCHbIX PELLIEHWA U3-32 HEBO3MOXXHOCTMW YCTaHOBKM Y ce6A Ha KpblLLe
MOBOPOTHOWM aHTEHHbl HA [daHHbli OnanasoH, YTo fyylwe YeM MpuUMeHeHue
papuontobuTeNnAMM NPOCTLIX aHTEHH Tuna "BepeBka'.

AKTMBHOE nuTaHWe noapasymMeBaeT BO3MOXHOCTb nepeknoyeHua [OH
MOKBAAPAHTHO, KaK MokasaHo Ha puc.10, 3a CYET U3MEHEHUA KOHAUIrypaLun aHTeHHbI.

1745
! >60° 6%%.
.08
0.35A _kik2k3 KU |J
foe- 1742
o+ ++ 4 "
B+-+ - <30' =
>60"

1T
X W nes 0.15a

Puc.10 0.06a
MuTtaHne nopgknrovaetcA Ot doupepa, n3obpakeHHoro B UeHTpe puc.11, Ha Bubpatop u
pedonekTop Yepes TPOWHWK, NokasaHHbIM Ha puc.12. Pasmepbl d1 u d2 pomxHbl BbiTbh
Taknmu, ytobbl CONPOTMBAIEHNE KaXXZOro nnedva coctasnAno 150 Om, yto BMeCTe paeT
75 Om pnAa cornacoBannA c kabenem. COOTHOWEHWE MEXOY ITUMKU pasmepamu
onpepenaetcA opmysion

Puc.11
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KB aHTeHHbI

d1+d2=d+2ALR,
roe d - paccToAHMe MexXny 3eMeHTamMu, AHTEHHa ¢ aKTUBHbLIM NUTaHUEM

d1 - paccToAHune 0o pednekTopa, : d
d2 - pacctoAaHue oo subpartopa, PednekTo
2ALR - KOHCTPYKTUBHOE YOJIMHEHWE ONHUN ® P 5p1930 Bu6parop
(cootBetcTayeT 10...20 Om); Puaep
d1-d2=\y/(e360°),
roe A - AnvHa BOJHBI, Puc.12

V- coBur a3 (180°+45°=225°),
€ - K0adpPULMEHT ykopoueHnA (pnA kabena PK75-7-11 e=1,52).
B 1abn.1 npuBeneHbl napamMeTpbl aHTEHHbI HA Pa3fINYHbIE AYANA30HbI.

Tabnuua 1
YacTtota 28 21 14
[nuHa pamok 10,8 14,3 21,9
[OnuHa I cornacosanmA 0,6 0,8 1,2
[nuHa pacnopok 18,3 24,4 36,6
[OnuHa wneida 0,25 0,4 0,7
EmkocTb 70 90 120
PaccToanue mexpy pamok  |1,37 1,83 2,74

CBOW BapuaHTbl YNy4lLUEHWA XapakTePUCTUK PaMOYHBIX aHTEHH NPe;noXun
B. Mpuxoobko EW8BAU (http://www.grx.narod.ru). OH cunTaet, YTo CyLLECTBYET HECKOJbKO
BApPWaHTOB PaMOYHbIX aHTEHH, OTIMYAIOLLMXCA APYr OT Apyra reoMeTpuyeckon hopmMon
aKTVBHOrO 3NeMeHTa, KOTOPbIN MOXET ObiTb BLINOSHEH B BUAE KPYra UK MHOTOYronbHWKa,
Hanpumep, YeTbipex unu TpeyronbHuka. B ntobom cryvae nepumerp pamku LOMKeH BbiTb
paBeH NpUMepHO AJinHe BoNHbl. Hanbonee yoauHon qoopmon ABAETCA KBaApar, Tak Kak
OH npepcTaenAer coboit CuHAA3HYIO PEeLUeTKy M3 [BYX MOJyBOSTHOBbIX YKOPOYEHHbIX
B1bpaTopos.

Ha puc.13a nokasaH nonysonHosow Bubpartop, a Ha puc.136 — nosyBONHOBON
YKOPOYEHHbIA BUOpATOP, BEpPTUKASIbHLIE CTOPOHLI KOTOPOrO HE W3Ay4varoT, a 3HauuT, U
ycurneHue ykopoueHHoro subparopa 6yner MeHbLue.

Ho KBagpat MOXHO paccmarpuBaTh Kak CUH(PAa3HYo peLleTKy U3 ABYX YKOPOYEHHbIX
MONyBONHOBBLIX BubpatopoB puc.13c, noatomy obliee ycuneHne pamOYHON aHTEHHbI B
Buoe keagpara 6ymer 6onblue, Yem y OOMHOYHOrO MONYBOSMHOBOrO Bubparopa. [AnA
HaCTPOMKN B pe30HaHC OOLLWMIA nepuMeTp u3nyyarolend pamkn osmxeH 6bitb Ha 1,5%
6onblue A (T.e. paBHa 1,0151 ).

HanpaBneHHble CBOWCTBA aHTEHHbl, Kpome [H, Bblpa)kaloTCA KONMYEeCTBEHHON
Mepon — ko3dduLneHToM HanpaeneHHoro genctaua (KHO) G. 310T BaxXHbIN napameTp
MOKa3blBAET, BO CKOMbKO pa3 AosmxHa bbiTb yBeiMyeHa MOLWHOCTb, U3fly4aemMan aHTEHHOM
B rMaBHOM HanpasfEeHWW, eCnu ee 3aMeHUTb HeHanpaBneHHON aHTEeHHOW, W3fyyatoLLEen
0fMHaKoBO BO BCex Hanpasnexnuax. ObbluHo KH, BbipaxkatoT B aeumbenax.

Tak, Hanpumep, nonysonHoson subparop umeet KHI no mowHoctn G = 1,64 (4t0
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KB aHTeHHbI

coctaenAaer 2,15 pb). Ha npaktuke uvawe nonb3ytotcA KH[, OTHECEHHBIM K
nonyesonHoBomy Bubpatopy. Jlerko BMAeTb, 4TO pasHuua coctaenAetr 2,15 gb. Tak,
Hanpumep, ecnv KHL aHTeHHbI, OTHECEHHON K uaeanbHOMy usnyyatento, paseHd 10 gb, 1o
KHL, oTHeceHHbI K nonyBonHoBoMy Bubparopy, coctasut 10 - 2,15 = 7,85 (b).

WHorpa wcnonb3yoT ppyrod napametp, nopobHeii KHO. Ero HasbiBawoT
"yeuneHnem" aHteHHbl. OH paBeH npoussepeHuto KHI Ha KM aHteHHbl. KM yunTbiBaet
BCe NoTepu B aHTeHHe. OOMHOYHbBIA NoayBONHOBOW Bubpatop umeet G=2,15 ob, Bubparop
B Buae kBagpara — 3,1 gb.

MHEHVME O TOM, YTO PaMOYHbIE aHTEHHbI MEHEE MOABEPXKEHbl WHAYCTPUASbHbIM
HW3KOYaCTOTHBIM MOMexaM, HeoboCcHoBaHHO. Pa3pesHoi nonyBoSHOBOW Bubpartop,
VMEIOLLMIA CUMMETPUPYHOLLLEE YCTPOCTBO B BUAE KOPOTKO3AMKHYTOrO YeTBEPTHBOSTHOBOIO
wnenda, B TaKOW e CTENEHN 3aLLULLEH OT HU3KOYACTOTHBIX MHOYCTPUANbHBIX MOMEX, KaK
W paMOYHbIV U3ly4aTtesb.

PaccmoTpum BnnAHWE KOHAUrypauum pamku (puc.14) Ha napameTpbl aHTEHHbI.
M3MeHeHWe KoHUrypaumum pamky npu 0OgHOW WU TOW e AJIMHE NPOBOAHMKA NPUBOLUT K
yxyoweHuio KHO, naMeHeHuo BXOLHOMO COMPOTUBIIEHMA U NOAAPU3ALMM N3NYYaIOLLErO
arieMeHTa.

o< 1
05 I- —I ! ! lj

a)

A 6) Puc.13 <) Puc.14 ° ?

MpeBpalLan kBappar B netneson subpatop (puc.14a), Mbl yX0oMM OT CUHGA3HON
YKOPOUYEHHON peLueTku. OTO MPUBOAMT K MAAEHMIO YCUNEHWA W POCTY COMPOTMBIEHMA.
BuiTArvBaA KBagpaTr B BbICOTY, MPUXOOWMM K HEW3fyyatollen OBYXMPOBOLHOW JIMHUM
(puc.14c).

B "menesre" (Mnu TpeyronbHUKe) B TPEX OCTPbIX Yriax TOKM TEKYT BCTPEYHO, 06pasyA
Hensnyyarolime y4yactku, T.e. YMEHbLUAeTCA aneptypa, W, COOTBETCTBEHHO, Napaer
ycuneHve. MNpy HA3KOM pa3MEeLLEHUN aHTEHHbI HAp, 3eMiel, Haubosbluee BUAHWE 3eMIIA
OKas3blBa€eT Ha TPEeyroibHUK, 3annTaHHbIN B cepeanny HWKHER CTOPOHbI.

TeoprA 1 NpakTMKa NOKa3sbIBaKOT, YTO BMOPATOP C rOPM3OHTANBLHOW MONAPU3aLMEn,
pacnonoXeHHblit 6/IM3KO OT NPOBOAALLEN NOBEPXHOCTH, 0Opa3yeT CO CBOMM 3epKasbHbIM
OTOBPAKEHUEM MJIOXO U3JYYAROLLLYHO CUCTEMY (YCIIOBHO MOXKHO CUWTATb, YTO NMPOLLECCHI B
TaKOW CUCTEME MOXOXW HA NPOLLECChI B ABYXMPOBOLHON NUHMUM).

Ha puc.15 nokasaHo W3MEHEHWe BXOQHOTO COMPOTWUBEHWA aHTEHHbl Tuna
"TpeyronbHWK" Npu pasHoi BbICOTE NOABECA HAaf, 3eMNEN.

Ha HY-pmanasoHax Haumbonee
/\ A& yoayHbIM BAPUaAHTOM KOHQUrypawmm
128 0m " jru.zx 240M 40083 1 pasmeLLeHnA paMKu OTHOCUTENBHO

Sesen.zevnn 7777777777777 7777777777777 % 3emiimn ABNAETCA "kBagpar",
a) 6) Puc.15 ¢) YCTaHOBJIEHHLIN Ha OFHOM W3 YITI0B M
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KB aHTeHHbI

3anuTaHHbIi cBepxy (puc.16). Mo BbICOKOM
YyacToTe HWXKHWA Yron ABAAETCA TOUKOM
HYNeBoro noTeHLMana, u ero CMeno MOXHo (1
05X HY)KHO) 3a3eMNNTh.
OnAa ynydyweHua opmMbl guarpammel
s s HanNpaBIEHHOCTU U YCWNEHWA, ONTUMasbHaA
a) Puc.16 ¢ BbICOTA MOABECa AO/HKHA cocTasnATb 0,5A OT
reOMETPUYECKOTO LeHTpa durypbl (puc.16a), HO T.K. KBagpar ABAAETCA CUH(DA3HOM
PELLETKON, MOXXHO NMOCTABUTb HUXKHUIA Yrof NPAMO Ha 3eMSI0, HEMHOIO MOTEPAB MPU 3TOM
B ycuneHuu (puc.166).

Ewe ognH nonoXutenbHbli (PakTop 3aKNHOYaeTcA B TOM, 4TO Ha KBagpar,
YCTaHOBJMIEHHbIA HA OOHOM W3 YIMOB M 3anUTaHHbIA CBEpXy, Mayta MpakTUYecku He
OKasblBAET HUKAKOro BAVAHWA. Keagpar 3anuTbiBAETCA B BEPXHEW TOUKE MpU MOMOLLM
KOPOTKO3aMKHYTOr0 YeTBEPTbBOSIHOBOrO LuUfenda, KOTopbii HeceT B cebe cpasy fBe
YHKUMKU, ABAAACH TPaHCOPMATOPOM  COMPOTUBAEHWA U CUMMETPUPYHOLLUM
YCTPOWCTBOM.

LLnend npeacraenAet coboin ABYyXNPOBOSHYH NMHWIO ASINHON 0,251 , 3aKOPOUEHHYHO
C HWXHero koHua. OH MOXET BbITb BbINOMHEH U3 @HTEHHOrO KaHaTuka (puc.17), ABNAACH
NPOAOIKEHNEM MONOTHA PaMKK, unu 3 bumetanna. PacctoAHne mMexay npoBOAHUKAMM
wnenda — 50...150 MM (He KpUTUYHO).

Mpu nomowmn BY-mocta unn KCB-meTpa B BEPXHER YacTu wnenda HaxoauTcA Touka
nogkntoueHuA kabenAa nutaHuA. Ha HY-gmanasoHax B OOMHOYHbIX KBagparax CTOPOHbI
paMKu MOTYT BbIMOSIHATL POJb YaCTU OTTAXKEK, NOAAEPKMBAIOLLLUX MAUTY.

Ecnn no3sonAeT MecTo, OTTAXKM MOXHO yAnauMHWTE A0 0,54 1 1ucnonb3oBatb Kak
OONOSIHUTENbHbIE aHTEeHHbl [NA CO30aHWMA CUHMPA3HOW peweTkn C  60Mbwnm
Ko3ahULMEHTOM ycunenua (puc.18).

Ve
Puc.17 Puc.18

OnA 3T0ro napannenbHO HWXKHWM  MONMOTHAM  KBapgpaTta  YCTAHOBHEHbI
LONOJIHNTENbHbIE MPOBOLHNKK, 06pasyroLL e OBYXNPOBOAHBIE SIMHUN.

B Toukax 2 u 4 9T NPOBOAHWMKU KPEnATCA K M30MATOpaM W MNepexopAT B
NONYBOMHOBbIE BMOPATOPLI-OTTAXKM (0TpE3kM 1-2 1 4-5). [1ByXNpOBOZHbIE NMNHWK B TOUKE 6
3aKOPOUYEHbI W 3a3eMJIEHbl HA MaYTy.

B pesynerate Mbl MOAyYMnM fBa KOPOTKO3aMKHYTbIX YETBEPTbBOMHOBLIX LUNenda,
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KB aHTeHHbI

KOTOpbIE ABNAKTCA (Da30CABUTaOLLLIMMU LIEMAMM, 3anUThIBAIOLLMMI [1Ba [LOMOSHUTESbHbIX
Bubpatopa. B Toukax 7 u 8 TpebyeTcA yCTaHOBUTL KOPOTKO3aMbIKATENW AJIA PEryn1poBKY

LNWHBI LWNendoB.
05X\

Kantemno1 PIB-15  Kautenns 2
2 ' 2

AR 38060

Kabenb nrannn

P3B-1§

NvinA 3806800
Punc.20

0.5 05\
U U Puc.19

Cxema 3KBMBaNEHTHa 3anuTke 0ObIYHO
KONSIMHEApHON aHTEHHbI (puc.19).

Ha 6a3e TakoM aHTEHHbl BO3MOXHO
W3rOTOBMIEHNE [BYX3/IEMEHTHON AHTEHHbI C
aKTMBHLIM MUTAHUEM 3JIEMEHTOB, B KOTOPOM
MOXHO  M3MEHATb WM  MepeknyaTb
puarpamMmy  HanpaBfieHHOCTW.  AHTEHHbI
pacnonaratTcA napaniensHo Apyr apyry Ha
pacctoaHuun 0,15 £ 0,25,

Cxema nuTaHWA  OBYX3NIEMEHTHON
AHTEHHbI C MNEPEeKNYEHNeM Juarpammel
HanpaBsfieHHOCTU MokKasaHa Ha puc.20
(aHanornyHo npepployLemMy, Tonbko gopma
pPamKn MOXET ObITb NPOM3BONBHON).

OnuHa NvHWN 3afepXXKu 3aBUCUT OT
paccToAHMA Mexpgy aHTeHHamu. Ecnu
paccTofAHMe Mexgy aHTeHHaMu COCTaBfiAET
0,25\ , TO ASIHA NUHUK 3a8epPXKKu paBHa 90A.
OnuvHa kabena nuHum 3apep>xku paeHa 0,25M
- k (roe k — KOS(hUUMEHT YKOPOUEHUA
kabena).

Otpeskun kabenA, coeguHaAtoLLe 0be aHTeHHbI, MOryT ObiTb 11060 ANHEI, FaBHOE,
yt06bl OHM BbINKM paBHbl Mexay coboin. Kabenb, COeAMHAOLLWIA aHTEHHBI, U Kabenb NHUK
3a[ePXKKN UMetoT BONTHOBOE COMpoTUBieHue 75 Om.

lMNpu coeanHeHU ABYX aHTEHH COMPOTMBREHWE B TOYKE NOAKIOYEHNA pene CocTaBuT
37,5 Om, no3tomy nocne pene HeobXOAMMO YCTAHOBUTbL YETBEPTLBOSHOBLIA OTPE30K
kabenA ¢ BOnHOBLIM conpoTtusfieHnem 50 OM, TeM camblM, TpaHcdopmupya 37,5 OM B
75 OM. 75-OMHbIA Kabenb, KOTOPbIA MPOSIOKEH K NEepematymky, MOXeT UMETb

MPOW3BOJTbHYIO AJIUHY.

[MoBOPOTHbIE aHTEHHbI TUMa OBOWHOW KBappaT Takxe
LenecoobpasHo pacnonaratb Kak Keafpar, yCTaHOBNEHHbIA Ha
OQHOM U3 YIMOB W 3anuTaHHbIA ceepxy (puc.21).

TakaA KOHCTpyKuMA 6onee BeTpoOyCTOWYMBA, B TOUKY
MUTaHWA He 3aTeKaeT BOAA, HACTPOEYHbIe LUNendbl HAXORATCA
B HWKHEW 4YacTu pamoK, 4TO CO3[aeT AOMNOSHUTENbHbIE

Llineiid
Kabens PK

yoobcTea

npuM WX  HacTpolke.  YeTBepTbBOSIHOBOE

Unefd Puc.21 CVMMeTpupytoliee YCTPOWCTBO, BbINONHEHHOE M3 PK-kabens,
KPEernuTCA K BEPXHeN BepTUKanbHOW CTOVKe.
PaccMoTpM KOHCTPYKLMIO y3na KpenneHWA CUMMETPUPYIOLLEro YCTPOWCTBa U

BnokHot “Pagioamartopa” Ne 4

y=



KB aHTeHHbI

MONOTHA pamku (puc.22).

1. Kabenb PK.

2. Hecywiana septukanbHanA CTOMKa.

3. AHTEHHbI KaHaTUK Unn NpoBog (MOMOTHO pamMKw).
4. OuanekTpnyeckan KpblLLKa.

5. N3onATop (nnactuHa u3 CTEKNOTEKCTONMUTA).

6. MepgHble unu natyHHble NAACTUHKM OAA pacnanku
PK — kabena n nonotHa.

Kpbilka no ogHoMmy u3 pasmepoB bonblue
“3onATopa (ANA CO3[AHMA BEHTUNALMOHHBIX LLEnei).
CMMETPUPYHOLLMIA MOCTUK KPENUTCA K BEPTUKANBHOM
CTOMKE B HECKOMbKWX MecTax W3onATopamu,
NnoKas3aHHbIMU Ha puc.23.

OkoHuaTenbHyto HaCTPOIiKy AHTEHHbI
HeobXxooMMO NPOVM3BOAMUTL HA BLICOTE €€ MOCTOAHHOM
akcnayarauuy nav He Huke 0,5\ ot 3emnu. [nA Takou
HaCTPOWKN HeobXOAMMO M3roTOBUTL HECHOXHbIE
npucnocobneHnA, No3BONAOLLMNE USMEHATL NEPUMETP
pamMOK AMCTaHLMOHHO.

Ha pwuc.24 nokasaH oguH K3 BapuaHTOB
W3roTOBAEHNA y3na, MO3BOMAIOLLErO AMCTAHLMOHHO
M3MEHATb AJIMHY HacTPOEYHOro Wwienda Kaxamon us
pamoK. OTOT y3en COCTOUT W3 CTEKSIOTEKCTONIMTOBOM
nnacTuHbl (2), KOTOpaA KPenuTcA K HxHen Tpybe (1).

Ha aToi npnacTuHe KpenwutcA naTtyHHaA wunu
MegHaA nnactuHa (3) ¢ ponMKoM (4) U NPYKUMHBIM
MexaHM3MOM (pblyar 1 NPyXuHa), KOTOPbIA CHMKCUpyeT
pONUK U He NO3BOMAET €My MPOU3BONLHO
npoBopauusatbCcA, obecneynBan AONOMHUTENbHBINA
KOHTAKT Lusierida ¢ nosioTHOM POonuKa.

Lneidy (5) BbIMOMHEH M3 MEQHOrO KaHatuka. [nuHa wnendba perynumpyerca c
MOMOLLLbKO KanpOHOBbIX LWHYPKOB (6). Ponuk (7) 1 kopnyc (8) n3rotoBneHbl U3 NaacTMaccehl.

Mpu HacTpolke OSNEMEHTOB aHTEHHY BPEMEHHO (UKCUPYKT  OBYMA
LOMNOMHUTENbHBIMU  OTTAXKKAMM, 4TOObI KOHCTPYKLMA He packauMBanacb BO BpeMA
HaCTPOMKM.

BHauane npou3BopAAT HACTPOWKY aKTUBHOMO 3MEMEHTa B PE30HAHC, KOHTPONupyA
aT0T npouecc BY-moctom mnm ¢ nomoLbio KCB-meTpa. 3atem HacTpaunBaroT pedpnektop
N0 MakCMmasbHOMY MOAABAEHUIO 3afQHEro flenectka Auarpammbl HanpasfIEHHOCTM
aHTEHHBI.

HacTpoiika ocyLuecTBnAeTcA C NOMOLLLI0 U3MEPUTENBHOMO 30HAA, PACTMONOXEHHOIO
Ha pacCTOAHUM HE MeHee 2\ OT aHTeHHbl. locne HacTpoilkn pedonekTopa HeobxoamMmo
eLLe pa3 NoACTPOUTb akTUBHBIA 3NEMEHT. OTU OnepaLMm NOBTOPAKOTCA HECKONBKO pas.

Puc.24

E,Z BnokHot “Pagioamatopa” Ne 4



KB aHTeHHbI

Mocne okoHYaTesIbHOM HACTPOWKU aHTEHHA OMYCKAeTCA BHU3 U M3MEPAETCA OJIMHA
HACTPOEHHbIX LLNENOB Ha KaXAO0i U3 paMok. [1ocne aToro ¢ y3na CHUMaeTcA ponuk (4),
NPWXUM, NPY)XMHA W MNacTMaccoBblil 6n0K. TMOKWIA WNend MEHAT Ha XXECTKUH,

BbINOMHEHHbIA M3 BumeTanna, oMKCUpyA ero Ha nnacTuHe (2).
A A CummeTpupytoLwnii KOPOTKO3aMKHYTbI wrend (pnc.25)
* M3roTaBfMBaeTCA U3 TOro e kabenA, KOTopbIM 3anuTbiBaeTCA aHTeHHa. Ero
pnmHa — 0,25...0,96), B HWXHen 4vacTu wneida Oonnetkn cnaaAHbl
nepemMblykoii. Mo pfuHe wnenda yCTaHOBSIEHbl HECKONbKO W30S1ATOPOB,

BbINOMHEHHbIX M3 doToponnacTta unw nrbon apyroi nnactMaccol (puc.23).

K Toukam A nognavBaeTcA MOSIOTHO paMKW aKTUBHOIO 3IeMeHTa
(pnc.22). B npaBom 4eTBEPTbLBONHOBOM OTpe3ke Lneida LeHTpasnbHaA
Xuna kabenA He wucnonb3yetcA. PaccToAHWe Mexay NpOoBOSHMKAMU

7 50...150 MM.

Puc.25 KopoTko3aMKHYThIN YeTBEPTbBONHOBbLIN wrend, ABNAACH
CUMMETPUPYIOLLUM YCTPONCTBOM, AOMOMHUTENBHO HECET HECKONBbKO CDYHKLMIA: yny4luaet
KCB no kpasm pguanasoHa W ABAAETCA OOMNONHUTENbHbIM (OUILTPOM BEPXHUX 4acToT
(DBY), cHMKanA ypoBEHb HN3KOYACTOTHBIX MHOYCTPUANbHbBIX MOMEX.

K Haubornee HeygauHbiM KOHCTPYKLMAM PAMOUHbIX @HTEHH CnegyeT OTHeCTw
aHTeHHbl Tuna G4ZU unu uM nopobHble, rae paMKy PacnofioxeHbl He napannensHo apyr
opyry. CTeneHb nopgaBneHWA 3afHero fenectka B guarpamme HanpaeneHHOCTU Takoro
TWNa aHTEHH HaNPAMYHO CBA3aHa C YriioM NPMXoAa PagvoBOSIH.

Ha Tpaccax pasHOi MpPOTAXEHHOCTW C M3MEHEHWEM yrna npuxopa MNOAasfieHWe
3afHero nenectka MOXeT KonebarbCA OT HynA A0 Makcumym 12 b, koadduumeHT
YCWUIEHNA TakUX aHTEHH BCErda HUXE, YEM Y KNACCUYECKUX aHTEHH, UMEIOLLMX TaKoe Xe
KONNYECTBO 3NIEMEHTOB. OTO CBA3AHO C HanuumnemM 60nbLumx BOKOBbIX NENECTKOB.

Ele ogHa pasHOBUMOHOCTb PaMOYHON aHTEHHbI, noxoxel Ha puc.10, HO C
NOBOPOTHLIM YCTPOWCTBOM 3/IEKTPOMEXAHUYECKOr0 Tuna BMECTO BpawieHuAa [OH,

npegnoxun H. LWapgpuH
Awan.| Cropona | imata | B,| B RZ4HX  (http://un7ppx.

MTy | pasoas 22121 narod.ru). Ha punc.26
b Z‘; :2 :};;:: npencTaBNeHbl UCYepnbl-
—  Bawwme CBEEHMA,
OCTanbHOE - aHanormyHo
Y€  pacCMOTPEeHHOMY

BblLLE.
e rex WHTepecHble onuca-
—~ i HWA aHTeHH npepacTa.-
a % | NEHbI Ha cante
ua | http://www.antenna.be.
oo 6 BoT HekoTopble M3 HuX,
KOTOPbIE MOXHO MpuUMe-

7 Kphiua Puc.26 HATb B  paguonobu-

KanNpoH. WHYp

v 2,8M enYKTO
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KB aHTeHHbI

TENIbCKOW  MpaKTuKe.

Ha pwuc.27

nokasaHa

FOPU30HTANIbHO

nonApusoBaHHaA

floronepuoanyeckan aHTeHHa (LUIMPOKOMONIOCHAA W HampaBfieHHaA aHTEHHA C BbLICOKWUM
K03(PPULMEHTOM yCUNEHMA), NpefHasHayeHHaA ANA paboTbl BO BCeM [uanasoHe

KOPOTKMX BOJIH.

Junarpamma HanpasneHHOCTU U3Ny4eHnA BOOOLLE OfMHAKoBa BO BCEM YaCTOTHOM
[ManasoHe aHTEHHbI, OAHAKO MOXXHO M3MEHWUTb KOHCTPYKLMIO Tak, YTobbl yLOBNETBOPUTD
Hanepegn 3apaHHbiM 0cobbiM TpebosaHWAM. BOKOBbIE IENECTKM UMEKT HU3KWUIA YPOBEHb
MO BCEN [aNbHOCTU AEWCTBMA 3TUX aHTEHH, 0b6ecrneymBan XopoLUYHO 3aLLmuTy ot nomex. Bup,
[H B BepTukanoHoi (B) un ropusoHTanbHoii (I7) NNockocTAX nokasaH Ha puc.28.

Puc.28

-21
24
et

—0d .
X VL

NS
B 5 -3 -3y -g4

Enasn

15 -1z 9 -6

CTpykTypa aHTeHHbl COCTOWT M3 pPAQA LIWPOKOMONOCHLIX AMMOMENR, KOTopble
3anuTbLIBAKOTCA NO LLEHTPY CTPYKTYpbl. [1poTMBOBEC 30eCh He TpebyeTtca, Tak Kak addpekT
sasemnmol.ueﬁ NPOBOAMMOCTW He BNAET Ha NapMeTpbl aHTEHHbI.

[opu30HTaNbHAA NIOroNeproamMYecKan aHTeHHa NO3BONIAET NPAMOE MOAKIYEHNE K
300-0MHOI COrnacoBaHHON BO3AYLLUHOW 2-NPOBOAHOM NMUTAKOLWEN JIMHUN UIN K Koakcuallb-
Homy kabento Ha 50 OM yepes TpaHCopPMaTop CUMMETPUPYIOLLErO YCTPORCTBA.

52
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KB aHTeHHbI

Cvctema nogBecku aHTeHHbl MOXET OblTb UM C €OMHCTBEHHOW LEeHTpasbHO
MaYTOM, UK C ABYMA MayTamu C PACTAXKKON aHTEHHbI MEXAY HUMW. Pa3Mepbl aHTEeHHb!:
anvHa 43 M; wupuHa 43 M; BeicoTa 15 M.

ELLe ofHa aHTeHHa € TOro e canTa, Ha 3TOT pa3 LMPOKONOoCHaA ropyu3oHTanbHanA
LMNOMbHaA aHTEHHA, Y HAaC OHa Ha3blBAETCA AMnoneM HageHeHko (puc.29). 31a aHTeHHA
OYeHb MpocTa B M3roToBNEHMM U obnapaet 3dekTuBHbIMKU napameTpamu. OHa
cobupaetcA 13 NPAMOro MPOBOAA AJIMHOA B MOMOBWHY ANWHbI BOSIHbI, €ro MUTaHue
nopaetca C LeHTpa.

Oc0b6eHHOCTbHO KOHCTPYKLMW gunonAa HapeHeHko
ABnAeTcA  OOnbWOA  puamerTp BMbpatopoBs
OTHOCUTENIBHO  UX  AJWHbI,  9TO  [OCTUraeTcA
l cdopmupoBaHueM Tena Bubpatopa € NOMOLLBHO
napannenbHbIX NPOBOAHWMKOB, 3aKPEnnfAeMblX BOKpPYr
KPYrnoro kapkaca Tak, YTo oHu obpasyroT uunvHap. 3a
cyeT 6oMbLIOro gmamertpa 9TWX LWAMHLAPOB aHTeHHa
obnapaet LWMPOKONOIOCHOCTHHO.
MonApusaunA  ropu3oHTaNIbHOW  OUMOSIbHON
#| aHTeHHbI ropusoHTanbHaA. Pa3mepbl aHTEHHbI: ANMHA
1=5-150 M, BbICcOTa A=5-75 M, OuaMmeTp uunuHapa
Bubparopa ¢d=0,5-1 M. [dnarpamma HanpaBneHHOCTU
Puc.29 npencTaeneHa Ha puc.30.
0 .80
]
-l

-154

18]
21

244 -

Puc.30 B

0 35 30 -3? 4¢ 41 -8 -is -iz -8 -6 = O

W ewe ognH 9K3eMnnAp HAa3eMHOW aHTeHHbl U3 TOro e WCTOoYHWKa. Ha puc.31
nokasaH BHELWHWA BWA, LUMPOKOMOSIOCHOW AWMOMbHON aHTeHHbl C  OTIMYHLIMM
xapaktepuctukamu gnAa KB gnanasona n yactu CB gnanasona.

AHTEHHaA guarpaMma HanpaBfneHHOCTU M3fyyeHua (puc.32) UMEET BbICOKUIA Yron
HaKNoHa K rOPU30OHTY Ha HWU3KMX YacToTax KOPOTKOBOSTHOBOIO AuManasoHa n bonee HU3KuiA
Yron HakfoHa Ha BbICOKWX YacToTax CpefHeBOHOBOro AvanasoHa.

[varpamMmma HanpasfE€HHOCTM B a3UMyTanbHOW MIOCKOCTH, MO-CYLLECTBY,
BCeHanpasneHHanA. Ha 6onee BbICOKMX YacTotax asumyTtanbHaa OH npubnwxaetca k OH
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' I. Puc.31

pvnonAa. LLIMpoKonosocHaA AUNonbHaA aHTeHHa He TpebyeT HAaCTPOWNKM, TakMM 06pasom,
HET NOTPeBHOCTM B COrMacoBaHMM aHTEHHbI C MOMOLLbHO [AOMOJHUTENBHOIO YCTPONCTBA CO
CBA3aHHBIMU C 3TUM MPOLLECCOM MOTEPAMM, U MOSIHAA MOLLHOCTb NEpefaeTcaA B aHTEeHHY
LA U3NTyYeHus.

LLIMPOKOMONIOCHOCTL  MAeanbHa [AJSIA MHOTOKaHanbHOro 060pymoBaHUA WK
NCMONb30BAHWA CUHTE3ATOPOB YacToT ANA (DOPMUPOBAHUA CUrHana B 06O Touke
YaCTOTHOMO AKanasoHa.

-4; :Jo =  ra -k eis eis 5 -5 ,1'?

AHTEHHA BKJIHOYaET [BE rOPU3OHTaNbHbIX KOHUYECKUX CEKLMUM, 3NIEMEHTbLI KOTOPbIX
NOACOEAMHEHbI B LEHTPE K 00bIYHON NIMHWKM nepepayn. AHTEHHA HaTAHYTa MEXAy AByMA
MayTamu nogaepXku. Ee pasmepsl: anvHa 26-76 M, wupuHa 15-46 M, Bbicota 7-26 M.

MoppobHy0 MHCTPYKLIMIO MO U3FOTOBAEHWUIO paMoyHon 4-dpyToBON (1,2 M) aHTEHHbI
Mbl Hawwnu B IHTEpHETE HEKOTOPOE BPEMA Ha3ap, a Ceivac yxe ee He Halpellb, NOToMy
YTO B pe3ynsrare pas3sBofa Nouckobix canTosB Yahoo u Google MHoOrve caiiTbl okasanuch
BHE nonA 3peHuA. OpHaKko CKpynyne3HoCTb, C KOTOPOW aBTOp M3naraeT NoOpPAROK AeiiCTBUMA
no c60pKe aHTEeHHbI, LOCTOMH YBaXKEHWA 1 NOBY>KOAET K CAMOCTOATENLHOMY U3rOTOBAEHUIO
CBOWX pa3paboTok.
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67 1/8" > Wtak, Bbipexsre 2

" b6pycka ppeBecuHbl OJIMHON
33 9/16" ———»
67 1/8 pronma (170,5 cm) u

: Y " [ £ TonwwuHon 13/8 aronma (3,5
\ |—| 1116 \ CM), MPOMUANTE NOCEepeanHe
/] / y, )_|

| | A nas 11/16 x 11/16 nronimoB
(1,8x1,8 cm) (punc.33).
Ckpenute pgBa 6pycka
na3 B na3 B suge bykebl “X”
(pnc.34). CoepnHenve pon-
XHO 6bITb NPOYHOE, a BPYCKM - pacnonoXeHbl Nog yrnomM
90°. Bpyckn MOXHO MOCAfMTb Ha CTONAPHLIA Knei unm
3aKpenuTb LLYPYNoM, eCiim NpeanosiaraeTcA AEMOHTAX.
Mcnonb3yA 4acTW OTXOQOB, MNOABUBLLUMXCA NpU
nsrotosnieHnn 6pyckos, coenaiite 3 6noka no 8 OMMOB
(20 cm) v opmH 6nok 12 proiivos (30 cm). bnok 12 aronmos
Oyner BbIMOAHATL  OYHKUMIO 6noka HACTPOMKKM 1
MOAJEPXKWN MPoBOAOB, Apyrve Tpu OyoyT nopaepXusarb
npoeopa. B cepenmHe kaxporo n3 3 6nokos no 8 AnMMoB
npoceepnunTe ABa paspenbHble 0TBEPCTUA B 1/8
-« g" ;I pronma (0,3 cm) Ha pacctoAaHuu 3/4 pronma (2
CM) ANA OepeBAHHbIX BUHTOB (puc.35).
MpurotoBbTe NOBOPOTHLIA 60K, Kak

[
-—
~—
-
~—

>
Puc.33

O O
| | nokasaHo Ha pwuc.36, 37. MpueepHute
KNEeMMHUK [OBYMA AEPEBAHHbIMU BUHTAMMU.
> 374" Punc.35 3akpenuTe NOACTPOEYHbIN KOHAEHCATOP K
35/8 438 E
0 1 2 3 ‘4‘ 5 6 7 8 9 10 11 12 299 TERMINAL
R e £33 BLOCK
=gg TUNING
000000000000000 aln CAPACITOR
O 0 [efe[ofole]
L o 000000000000000
= 12 =l INSIDE
WRESDE o 26 Puc.37

naHenn BWHTamW, CBA3YIOWMM BeWECTBOM unu neHToi MMXB. Ecnu noAcTpoeyYHbIN
KOHAEHcaTop BOMKEH ObiTb PACMONIOXEH YAANEHHO M3-3a TOr0, YTO aHTEHHA YCTaHOBNEHa
Ha OTKPLITOM BO3[yXe, MOMECTUTE ero B 3aLLMLLEHHOM OT aTMOCEPHbLIX BO3LEACTBUN
Hapy>XHOM kopryce. [oacTpoeYHbIii KOHAEHCATOP MOXET ObiTb COEAMHEH C ANCTAHLMOHHO
ynpasiAEMbIM LLArOBbIM ABUraTeNiemM AnA yoaneHHoW HaCTPOKK.

3akpenuTe Tpu fepxxarena NPpoBOAOB M OAMH AepXXaTenb-6/10K HACTPONKM K KOHLLaM
6pyckoB coenanHon “X”. MoxeT 6biTb, HEO6XOOMMO 3acBepnuTb  KOHLbl OpYCKOB,
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MOCKONbKY APEeBECcMHa MMeeT OObIKHOBEHWE packanbiBaTbCA. [1epeBAHHbIA Knel Toxe

MOXET NOMOuYb (puc.38).

[Henaite NOMETKY Ha paccToAHUM 1 AroAMa C Kaxgoro

2, s KOHLa 13 6nokoB nopaepku npoeopos (puc.39).
| | | |
O O
' pPucss i Puc.39

OCTOpPOXXHO MPOTAHUTE OOMH KOHEL, NPOBOLA Yepe3 TPeTbe OTBEPCTHE, CuMTaA OT
MOACTPOEYHOr0 KOoHAeHcatopa, Ha 6noke HacTpoiku (puc.40). 3akpenuTte KOHeL, K
3a3eMIAKOLLEMY BUHTY Ha KneMMHuKe. TwiartensHo cgenante 9 060poTos NpoBoaa BOKPYr

0000000000000 bO
o @
g
=39
g5y
®|D|D|D|D)]
oooooooooooo;oo m
Puc.40

BHELLUHEN  CTOPOHbI  pamKm
(puc.41). Oto 6ypetr BecbMma
CNOXHOe " BPEMEHaMM
HeynpaenAemoe 3aHATHE,
nosToMy Jiyywe pasmMecTuTb
pamKy ropuM30HTanbHO Ha Nosy u
nonb30BaTbCA MNpPU  HaMOTKe
npoBoga LWnynbkon. [epxute
NPOBOA, HATAHYTbIM!

B koHue 9 obopota
npoTAHUTE CBOOGOAHLIA KOHeL,
nposoga 4epes3 OTBEPCTME B
6rnoke HacTtponku (puc.42) wu

3aKpenuTe MepBbiM MO CYETY BMHTOM Ha KnemMHuke. Pacnpepenute Bce 9 BUTKOB

000000000000 bHO

o D

PRIMARY
GROUND
SECONDARY

PN
Q000000000 ODO

©

m._

Puc.41

Puc.42
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1 1" | PaBHOMEpHO MeXay ABYMA NOMETKamu Ha
Ka)XOo MOQJepXKe Wnu Mexpgy ABymA
ol o npoeofamMm Ha 6510ke HacTpoiiku (puc.43).
Cpenaite elle 0aMH BUTOK NpoBofa
OT  3a3eMAIWEro  BWHTA  BOKPYr
NOLLEPXKEK HA pPaMKe KO BTOPUYHOMY
Punc.43 BUHTY Ha 6roke HacTpoiku (puc.44).
CoepunHute “semnio”
MOACTPOEYHOr0 KOHLEeHcatopa K
000000000000 ®D 3asemnAanLwemMy BUHTY
T e o KnemmHuka. CoeguHuTe Apyron
BbIBOA, NnoACTPOEYHOro
KOHOEeHcaTopa K NepBuYHOMY BUHTY
KnemmHuka (puc.44).
- CoeanHnte  3a3eMNAOLLMIA
O@/ﬁ’% M—‘— BMHT Ha KNeMMHWKe K Mmacce
OAOROIOIOIOROIOROIO TpaHcuBepa. MpucoennHute
Puc.44 BTOPUYHBIA BUHT Ha KNEMMHUKE K
AQHTEHHOMY BXO@y TpaHcuBepa.
Mcnonb3yinte koakcuanbHbIn kabesb uav BUTYIO Napy ANA COeQMHEHUA C TPAHCUBEPOM.
Ecnn TpaHcuBep uMeeT (eppuTOBYHD aHTEHHY, MCMOMNb3YyHTCA ABa MeToga
coeanHeHnA. MoxxHO 06epHyTb HECKOSIbKO BUTKOB NPOBOAA BOKPYr (heppuTOBOro CTEPXKHA
B KOHeL, 6pycka HanpoTMB CyLLECTBYOLLMX BUTKOB U COEAMHUTL 3TU BUTKM K Kabesto.
[Opyron MeTop, COCTOMT B TOM, YTOObl 3aMEHUTb (DEPPUTOBBLIA CTEPXKEHb PAMKOM.
MopcTpoeyHbI KOHOEHCATOpP B 3TOM Cilyyae He WCMoNb3yetcA. Yoanute dpeppuToBblii
CTEPXXEHb B TpaHCMBEpPE W NEepBUYHYD OOMOTKY, napannesibHyld MOACTPOEUYHOMY
KOHpeHcaTopy. BtopuuHaa obmoOTKa pamku MPUMBA3LIBAETCA K BTOPUYHOA 0O6MOTKEe B
TpaHcueepe.
HecmoTpAa Ha cTonb nogpobHoe onucaHue, cama KOHCTPYKLLMA NpocTa u 0TnYaeTcA
OT APYrux TeM, YTO KOPNYC pamMKu 30eCb He ChJOLIHOM, a BOOOLLE OTCYTCTBYET, KpOME
NOQAEPXKEK HA KOHLLAX KPEeCTOBMHbI. 3TO CYLLECTBEHHO 0bneryaer KOHCTpyKuuio 6e3
notepb B 3PEKTUBHOCTI CAMOI aHTEHHbI.
MonesnaAa uHcpopmauuAa. B 3asepwenne ob63opa npeactaBfAeM aKTUBHYHO
Ant +9v BCeauanasoHHyto aHTeHHy (“Popular Electronics"
18" Magazine, Jul,89 ). Cxema 310l aHTEHHbI (p1C.45) MOXeET
ucrnonb3osatbeA anAa AM, FM n Ha KB. B KB pguanasoxe
3Ta aKTMBHAA aHTeHHa conocTasuma c 6-10-MeTpoBbIMU
NPOBOAHLIMU aHTEHHamMu. Cxema aHTeHHbl paspaboraHa
BAA TOro, 4tobbl  MCMONL30BATLCA B MNPUEMHMKAX, B
KOTOPbIX MPUMEHAIOTCA HEHACTPOEHHbIE MPOBOAHbIE
aHTeHHbI, TUNa HEAoPOruX YCTPOWCTB U aBTOMOOUIIbHBLIX
Puc.45 marHuton. Karywka L1 moxeT nopbupatbcA AnA

PRIMARY
GROUND
SECONDARY
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MonesHaA nucopmauma

KOHKPETHOroO npumeHeHuaA. 470 MKIH gocTatouHo anA paboTbl KaTywku Ha 6onee HU3KUX
yactotax. AnA KB gnanasoHa Hy>kHO 20 MKIH. [MutaHue cxembl OT 6atapen Ha 9 B. Ecnu
3MIEKTPONMTaHNE UCNoNb3yeTcA, 3abnokupyiTe UCTOUHWK KoHaeHcatopom Ha 0,04 Mk,
yto6bl NPEmOTBPaTUTL CamMoBO36YXAEHWE. AHTEHHA, WUCMONb3yeMana C STOW CXEMOW,
cTaHgapTtHadA, 50 CM TefleCKOnMuMYeckuin LWTblpb. Bbixop cxembl € KoHTakta Ji
NPUCOELAMHAETCA KO BXOAY NPUEMHMKA.

KoHcTpykumAa aHteHH I. benukosa RV1AU (http://www.cgham.ru/ant10.htm)
npencTasneHa Ha puc.46. ABTop n3rotasnBaeTt
aHTEHHY U3 KoakcuanbHOro kabenA C BHELIHWUM
puameTtpom 18 MMm. U3onAaumA cHumaetcA Ha 20
CM [0 UeHTpanbHOW unbl. KoHpeHcartop
A depeHLnanbHbii, oT aBMaLMOHHON
pagmocTaHumn PCUY-3, pormkeH umeTb 3a3op
Mexgy nnactuHamu 1,5-2 MM OfAA MOLLHOCTM
100 BT. MoXXHO MCnonb3oBaTh [BYXCEKLMOHHbIN
OT CTapblX NamnoBbIX pafvoBeLlaTenbHbIX
NMPUEMHUKOB, MOLKIOUYNB TOMbKO CTaTOPHbIE
NNacTMHbl K  aHTeHHe. AHTEHHA  OYeHb
y3KOMosiocHa, HacTpauBaTbCA Ha pmanasoHe
HY>XHO OCTOPOXHO YT06bI NONyunts KCB=1,1-1,3.
Nyywe B3ATL emkocTb C1=50 n®, Torpa,
Puc.46 YCTAHOBMB  MepekfoyareNib,  NOAKIYaTh
LONOSIHUTENIbHbIE  EMKOCTM  Ha  KaXKAablii
pnanasoH. Emkocte anAa 14 Ml 68 nad,
KOHO,EHCaTopbl KepamMuYeckne BbICOKOBOJLTHbIE
™Mna KY-15.

OnA  nNOOKNKYEHWA K PagMoCTaHLuM
HeobxoaMMO  UCNOMb30BaTb  KoakCcWanbHbIN
Kabenb C  COOTBETCTBYIOLLMM  BOSHOBbLIM
conpotusnieHmem 50-75 OM ¢ BY paszbemom.
Opyron koHew kabenA usrnbaetcA B NETNHO
(NpenBapuTenbHO LieHTpanbHaA Xuna u onnetka
3aKopauMBaltoTCA) U KOHEL,  OCTOPOXHO
npunaveaeTcA K onnetke (puc.47), 310 MeCTo
TLLATeNbHO N30NMPYETCA. B BEpXHE Touke netnu
BHELWHAA 130M1ALMA 1 onnetka ypanatotcA Ha 10
MM, MeCTO TLLaTeNbHO n3onupyeTcA. KpenaTt Netno K aHTeHHe u3oneHTon. OTHOLeHue
AMaMeTpa aHTEeHHbI K NeTne cBA3M 5:1.

C. Cywko UAILBG pna gmanasoHa 27-28 Ml npenfiokun KOHCTPYKLMIO aHTEHHBI,
KOTOPYHO MOXHO Hamtu Ha caiite http://www.qgrz.ru. Cxemartnueckoe u3obpaxeHue
aHTEHHbl MOKasaHo Ha puc.48. Tpu BepTMKanbHbIX MNOMYBOMHOBLIX Bubpartopa C j-
obpasHbiM COrnacoBaHWEM, aKTUBHbIM MUTAHWEM BCEX 3IeMEHTOB 06beduHEHbI B

KTX-kabene 5 Pune.47
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Mone3HaA nucopmauma

I 7 cuctemy C asoBbiM
. CKaHMpOBaHWeM Mo
TPEM CTOPOHaM CBeTa.

P1 p2 P3 P4

[aHHaA KOHCTPYKLMA
ofLHOAManasoHHa,

lnesid nveet LLMPOKYHO
Dugep — JI1 -1I3 ounarpammmMmy
HanpaBeHHOCTU B

Al

I
BUIE Kapauoupsl
R W (kneHoBoro nucra), ¢
T (e[l [ ] ! yCUeHneM  MopAaka
0 (- M Wize=00m 55 - 57 gb, cnabo
m Puc.48 n3nyyaer Hasag npw

oTHoweHun F/B = 30 -
35 pb. Conpotuenenue no Bxogy = 50 Om, npu KCB <1,1 - 1,2.

Bubpatopbl pacnonoXeHbl Ha paBHOM paccToAHuM gpyr ot gpyra 0,28 - 0,292,
NPOELMPYA Ha 3eMJIK0 MPaBWIIbHbIA TPEYronbHWK. Bce Tpu Bubpatopa COefMHEHbI C
KOMMYTaTopoM (pa3 MOCPEACTBOM KoakcuanbHblX nuHui J11; J12; J13, aonvmHa Kotopbix
coctasnAer AM2K, roe K=0,66 - k03(hd. YKOPOYEHWA KOAKCUMANbHOW JIMHUKM C
NoNM3TUNEHOBON M30nAUMEN. BonHOBOE CONpOTMBNEHME 3TUX NMHUIA ZB cocTaenAeT 50
nnn 75 OM. AHTEHHBIE KOMMYTATOP COCTOWT M3 NHUK 3apepXkn J14 n koHTakToB K1 - K4
B BUAE repkOHOBLIX pene. JIMHUA 3apepXKu M3roToBleHa U3 KoakcuasnbHoro kabens ¢ Zs
=75 OM v onuHon A/4K.

Ha cxeme Bce pene P1 - P4 06ecToueHbl, a UX KOHTaKTbl HAXOQATCA B TOM COCTOAHMN,
KOrAa aHTEHHaA CMCTeMa HaxoOaWTCA B peXume Kpyrosoro ob3opa. Ycunexnue B 3TOM
cnyyae Ha 3,5-4 ob HXe pexumMa HanpasfeHHOro felcTBUA. JIuHNMA 3apepXKKu 114 B 3TOM
PEXMMe BbINOMHAET POJib NMOAOCOBOr0 (OUNLTPA, YTO HE MANOBAXKHO B YCIIOBUAX TAXEON
3JIeKTPOMAarHUTHOM 06CTaHOBKM B ryCTO HACENEHHbIX panoHax. B pexxume HanpasiieHHOro
LEeNCTBUA KOHTaKTbl K4 pasomkHyTbl, W nuHMA J14  BbINOMHAET  QOYHKLUIO
(hasocoBuratoLLero dnemeHTa. B pexxume HanpaBneHHOro AEVCTBMA Ha ABe U3 Tpex
obmotok pene P1; P2; P3 Bcerpa nogaeTcA HanpAXeHue, Tak YTto ABa COOTBETCTBYHOLLMX
BUBparopa NUTaKOTCA C 3aaep kKol no dpase Ha 90° OTHOCUTENBHO TPETLEro U TEM CaMbiM
(OpPMUPYIOT AMarpammy HanpaeneHHOCTH.

Mocne HacTpoiiku NEpBOM aHTEHHbl B Pe30HaHC No MuHumMymy KCB, nnanky
winenda, coeguHeHHyto ¢ dupepom J11 (J12;J13), nepepsuratoT Bbile K Bubpartopy Ao
nokasaHuin KCB - metpa = 3. [JaHHaA onepaumnA npegycMaTpuBaeT HayaibHyH0 HACTPOWKY
aHTeHHbl Ha ZB = 50 OM, a panee Ha ZB = 150 OM. OTv gencTemA NO3BOAUAM BHaYane
HaCTPOWTb aHTEHHY NOMHOCTLIO B PE30HAHC, a 3aTeM MOATOTOBUTL €€ ASIA NOJKIYEHUA K
KOMMyTaTopy. HacTpoeHHy0 aHTeHHy HarpyxaroT pesuctopom B 150 OM 1 HacTpaumsaroT
TakMM e METOOOM OCTasfibHble [Be aHTeHHbl. [locrne 3aBepLueHuA 3TUX NPOLEnyp,
BOCCTAHaBJ/IMBAKOT BCE COEAMHEHUA COrNACHO CXEMBI.
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KHura-noutoun

Mpwn nokynke kHUT Ha cyMMy 6onee 60 rpH. nonyyaete B nopaapok

karanor “BcA papnoanekTpoHuka YkpauHbi”!!!

"Papyoamarop” - nyuLuee 3a 10 net. CoopHuk. K.:Papoamarop, 2003r., 288 c.

Cobepy cam 55 aneKTpoHHbIX ycTpoiicTs 13 Habopos "MACTEP KUT" M.:Aoneka,2003r.272¢.
VMnynbCHble MCTOUHMKK M UTaHNA TeneBr3opos. AHkosckui C.M., HuT, 2003r.380c.

VICTOUYHMKM NUTaHMA MOHOBNOKOB 1 Tenesn3opos. JlykuH H.B. HuT.,136c.A4

3apybexHble MUKPOCXeMbI, TPaH31CcTopbl,avofs! A...Z.Cnpasodrmk. 3p.2-e nep.u pon.,2003r.,760 c.
MWKPOKOHTPONNEPBI /A BUAEO- W papvoTexHuky . Boin. 18. Cnip.-M.dopeka , 2001r., 208 c.
MuKpocXeMbl A1A MMMOPTHbIX BUAEOMarHUTochoHoB. CripasouHuk.-M.:[opeka,.-288c.

MwKpOoCXeMbl 1A COBP. UMMOPTHbIX TeNEBM30poB. Bbin. 4.,22 CripasouHuk.-M.:[opeka ,2003r.,288c.
MuKpoCcXeMbl COBpEMEHHBIX TeneBi3opoB ."PemonT" Ne33 M.;ConoH , .208 ¢ .

MukpocxemMbl coBpem. 3apy6. yeunurenein Hu3koit yactotsl .Bbin.7,ebin.9. Cip. Mo 288 c. no
MuKpocXeMbl 1A COBPEMEHHbIX UMMYbCHBIX MCTO4HUKOB NTaHKA. Bbin. 11.Cnp.-288 c.
MwKpOCXeMbl 1A UMMYNBCHBIX UCTOYHUKOB NuTaHuA. Bein.20. Crip., 2002r.-288 ¢.

MukpocxeMbl 1A yrpaBeHnA anekTpoasuratenami. Boin12, Boin.14 . M. Jopeka , 2000 r.,no 288 c.
Lindopossie KMOM mukpocxemb! . Maprana O.H. - HUT, 2001 r., 400 c.

MukpokorTponnepsi? 310 xe npocto! Tom1,2,3. Opyrae A.B. 2002r., 336¢.,384c. no
PIC-mukpokoHTponneps.Mpaktika npumererns. TasepHbe K.- M.:OMK, 2003r., 272c.

Cnpasounmk o PIC-mukpokoHTponnepam. Maiikn Mpeako., M.:OMK , 2002 r., 512c.,un.

Linchoposbie MHTerpanbHble MukpocxeMbl. Cripasoynuk..Manbues M.M1., M. "PuC" -240c.A4

Wnterp. Mukpocxembl. MepcnexTueHble u3penuA. Bein 1,2,3 -M:Joneka,.no 64 ctp. no
ViHTerpanbHbie MUKpocx. 1 ux 3apyb.aHanoru. Cep. K507-K543 , M."Papvocodpt”, 544 c.
VHTerpanbHble MUKpocx. 1 Ux 3apyb.aanory. Cep. K565-K599 , M."Paguocodbt”.2000r.
ViHTerpanbHbie MUKpocx. 1 ux 3apy6.aHanoru. Cep. K1044-1142 , M."Paguocodbt”.2000r.
VHTerpanbHble MUKpocx. 1 Ux 3apyb.aHanory. Cep. K1815-6501 , M."Paauocodbr”.2001r.
Tenesu3noHHble MukpocxeMbl PHILIPS. Knura 1. Moxamaperko A.A.-M.:ConoH, -180c.
B3anmo3ameHa AnoHckmx TpaxaucTopos.[oxed, B.- M.:ConoH.,368c.

LseToBan 1 KoOBaA MapKIPOBKA PAAVONEKTPOHHBIX KOMMOHEHTOB OTEYECTBEHHBIX 11 3aPyOEXHBIX.
LiBer, kog, CUMBOMMKA NEKTPOHHBIX KOMMOHeHTOB. HectepeHko W.1.,-M.:Conon,2002r., 216¢.
MapKipoBKa 3MeKTPOHHbIX KOMMOHEHTOB . /3p,2-e uenp. v pononH. "fopaka” 2002r.,208 c.
Mapkuposka 1 0603HaqeH1e papmoanemenTos . Mykocees B.B., M.-[T1-Tenexom,2001r.,352 c.
OnepaLyoHHble yeunuTeny 1 komnaparopsl . Cripasoyrmk .- M.: AOAGKA , 2001 r., 560 c.A4
OnToaneKTpoHHbIe MprbopsI 1 ycTpoiicTea. beictpos HO.A., M.:Papvocodpr, 256¢.

3apybex.avonbl v ux aHanoru., Xpynes A.. Cnpas. 1.1,1.2.,1.3,7.4,1.5,1.6. M. "Papuocodr”, no

3apybexHble MUKPOMPOLIECCOPbI W 11X aHanorn.Cnpas.T.1,1.2,13,7.4,1.5. M."Papuocodt” o 576¢.2001r.

3apybexHble aHanoroBbie MUKpOCXeMbl 1 1x aHanorn.Crpas.T.1,2,3,4,5,6,7,8.M.Paguococht 2000r.
Oksananaepbl.opeKTbl 06beMHOMo 3By4aHuA . JiobuT. cxembl . XanosH A.A.-M:Pamuocodor 2001r.
CnpaBo4HUK Mo cxemoTexHuke yeunutenen. Exckos KO.C., M.:Papvocodpr. 2002r., 272 c.
CxeMoTexH/Ka yeunmTenbHbIX Kackanos Ha 6unonApHbix TpaHauctopax. M.:[opeka,2002r.,256¢.

YCTpoiicTBO ayano-v Buaeoannaparypbl.OT feTekTopHoro npueMHuka o YM crepeopeccumeepa.,288c.
Linchbposan cxemotextmka. OT noruy. anemeHTa Ao nepcnektmeHbix BUC/CBIC.YuebH. nocobue,518c.
OHLWKNOMNEAVA YCTPOIACTB Ha NONEBbIX TpaHaucTopax.brbnuoreka nHxerepa. M.:Conow, 2002r.,512c.

OHLWKNONeavA NpakTieckoit anektpormnky. desua Pymemx. M..AMK , 2002r., 528c.
OHuwKnoneavA papvoniobutens. Mectpukos B.M.- CM6:HWT,2000r., 368c.

MukponpoLieccopHoe ynpasrexue Tenesnaopami. Buorpanos B.A., HUT, 2003r., 144c.

CepBuCcHble pexiMbl Tenean3opoB. KH.1 - kH.12.BuHorpapnos B.,KopAkuk-Yeprak C.J1., HUT 2002r.
Tenesu3noHHbIE NPOLLECCOPbI CMCTEMbI yripaBeHuA.3n.2-e. XKypasnes B.-C.M.:HUT , 2001 r. 512 .
Tenesu3sopbl HORIZONT. KopAkur-YepHAak C.J1.-C.M.:HUT , 2002 ., 160C.+ CX.

Tenesn3opbl LG.LLacc MC-51B, MC-74A , MC-991A. TMbAHoB I"., C.MM.:HWT,2003r. 138C.+CxeMbl.
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OdchopmneHue 3aka3oB no cucteme “KHura-nouton” gnA opraHn3auumn
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YKaXXute cBon HoMep

OnAa nonyyeHua cuyeta Bam 0310, unu no an. noute val@sea.com.ua. B 3asBke
C-Ba nnar. Hasnora.

Onnata npousBopguTcA no 6/H pacyeTy cornacHo appecy: usparenscTBo “Papjoamarop”, a/A 50, Knes-110,
HeobXoaMMO BbiCNaTb NepeyeHb KHUM, KOTopble Bbl xotenm

661 NprobpecTtn, No dakcy (044) 219-30-20 unm NOYTOR Mo

BbICTaB/IEHHOMY CYeTy.
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Q==
Tenesu3sopbl DAEWOO 1 SAMSUNG.Cepua Tenemactep. beasephuii 1.5.,2003r.,144c.+Cx. 32.00 3 gz
IMepeHocHble LiBeTHbIe Teneanaopbl.Cnpasoutuk. bpunnuatTos [.M.-M.:Pagnocodbr,304c. 21.00 g % 'g_
g LiBeTHble Tenesu3opbl. Mocobue no pemonTy.EnbAlikesny C.A.,Meckut A.E. M.:IJ1-Tenexom, 352 c. 30.00 5 g ‘8
§ YcoBepLLeHCTBOBaHwe Tenesi3opos 3...5YCLIT .Pybaruk B. HuT., 2000 r.288c. 24.00 E‘ o 3 <
E "YueTeiit 3BYK" TBOETO TEnean3opa. CripaBouHoe nocobue. Manpens 3., 2002r., 176¢. 19.00 ? . 5] =
é PykoBoACTBO No Lidpposomy TenesnaeHmto. Puuapp, Bpaiic.-M.:AMK , 2002r.,288c. 39.00 g :c:_>' g E z
E Linchposarn anextpoHuka . Maprana O.H., HuT, 2000 1. - 208 c. 1900 |R § 8 § §
';\T; LindbpoBble yCTPOIACTBA 11 MUKPOMPOLIECCOPHbIE CUCTeMbI.M3A-€ 2-¢ . Kanabexos b.A., 2002 r., 336c. 23.00 E ey X g
% KapmaHHbiii cnpaBo4HiK papmontxerepa. [hxod Aasuc. M..Jopeka,2002r., 544c. 33.00 I:E 3 = 2 ,g
o  CnpasouHK LoMaLLIHEro anekTpuka. Kopaku-Yeprak C., CI6:HuT, 2003r.,430c. 3300 O % 3 5 S
;\-' TeopuA 1 pacyeT MHOrO0BMOTOuHBIX TpaHcdopmaTopoB. XHbikos A.B., M.:ConoH. 2002r., 112 c. 14.00 ? © é g %
3 g KB-npremHuk M1posoro yposHa Kynbckuit AJ1. -K.:HWT , 2000 r. 352c. 16.00 | 2 s g %
§ N CYI-BM cer3b,R03uMeToMA VK TexHKa,3MeKTPOH.MpvBopLI,cp-Ba caAa. K0.BuHorpapos,2000r.240¢. 9.00 E 2w o ]
S § AHTeHHbI.HacTpoiika 1 cornacosatve.lpuropos .H.,M.:Pagvocodpr, 2002 1., 272¢. 2600 g % % §' S
E 'é AHTeHHbI. fopopckre KoHeTpykLwmm. Mpuropos W.H., M.:Papmocodpr, 2003r.,304c. 39.00 ’g S = o g
§ % Buibepu aHTeHHy cam. Hecteperko U.W. nap.-e 2-e nepepabotaHHoe 1 ucnpasneHHoe ,256¢. 15.00 ';- E EX 2 s
s g Papyvontoburensckuit High-End.,"Papioamarop"., -120c. 9.00 g :[ 2 g 5
(é g TexHuka anextponoea pbibbl. Xonbipes B. M.:Conor,2003r.,144c. 700 | ] % ez
g ~§‘ OnekTpoHuka anA poibonosa. LLenectos W.M. M.:Cono, 2001r. 208 c. 16.00 '§ I3 E 2 i
2 I 450 nonesHbIx cxem papmontobutenam. LLiwycros M.A.,2003r.,352c. 25.00 é E % g 8_
,? § IMpakTyeckan cxemorexnka.KH.2. VcTouHnky nutanmuA 1 crabunusaropsl. LLyctos M.A.,2002r. 19.00 | 5 © %
§ 2 Mpakmmyeckan cxemorexHuka.KH.3. Mpeobpasosareni Hanpsxeya. LLycros M.A. M.:Anrexc,2002r. 19.00 GE) " o
2 5s  Mpaktnyeckan cxemoTexHyka.KH.4. KOHTPOMb v 3aLuwTa ueTouHiko nutam. LLiycros M.A.,2002r. 19.00 |@ S £ %
g E IMpoekTnpyem n cTpoum ocumnnorpad. lopopetikui U.B., M.:Conon, 2002r. 1.00 5 > g_ )g
§ ,E Papyontoburenam nonestbie cxembl.KH.3. [lom. aBT.,npucT.k Tened.,oxp.yc. M.ConoH,2000.,240 c. 18.00 g % Q g
£ © ) cEg83
] S Papuontoburenam nonestbie cxembl.KH.4. OnexTp. B 6biTy.internet anA paprontob u op.,2001r.240c. 1800 |o ® © 5
L X Pagvontobutenam nonestble cxembl.KH.5. BbicTpan awumta PA, foMaLLHAR asToMaryka v ap.,2003r. 1800 |E|= °m
§ 3 Papvontobutensckue yetpoiictsa anA aoma. Escees A.H., M.:ConoH, 2002r., 320c. 20.00 g S E -
%‘ § Papyontoburernibckre KOHCTPYKUMM Ha PIC-MukpokoHTponnepax. 3aelt H.W., M.:Coro, 2003r.368c. 39.00 8 E g %
5 § Papvontobutensckan a3byka.T.1:Linchposan TexHmka. KonayHos A.C., M.:ConoH, 2003r.,272¢. 29.00 ‘:é 3 S &
§ o  Cxembl anA paguontobuteneir. Kiura 1. Bpapynos MM.A., M.:Ansrekc, 2003r.,160c. 2400 | é § Q
% LLikona papvontobutena. feHaut .C., M.:Paprocodbr,2003r.,208¢. 37.00 ds-’ ° z
% YMHbI oM. Jomatunui mactep. Bornaqos C.B. K.:HuT., 2003r., 112c. 12.00 a:, é % §
g KOHCTPYKLWM 1 CXeMbl A1A NPOYTEHNA ¢ nasnbHUkoM.KH.1,KH.2,KH.3., Mpud A.,2002r., 288,328¢.,240c 1800 |= I m g
S KOHCTPYKLI 1 CXeMbl 1A MPOYTEHNA C MasnbHIKOM. KH.4.AyanoTexHika.2003r.,240¢. 26.00 E_ 3 o :
§ FOHOMY paavontoBuTento AR NPOUTEHNA ¢ naAnbHkoM. MocaruH B., M.:ConoH., 2003r., 208c. 1700 |o '&_.; oz
§ AgtocurHammsaum ot A fo Z. Kopakur-Yephak C.J1.,CM6.: HWT, 2002r., 336¢. 3400 |8+ s g .
&  3awwra asromo6uns or yrowa. Buptokos C.B. Cr6.:HuT, 2003r., 176c. 600 [O 3 % 23
g AHaroro-LmcpoBbIe 1 Lidppo-aHanoroble npeobpasosareny. CripaBodHuk. HukamuH B. 2002r.224c. 29.00 o g 8‘ E
a M3mepeHna B LncbpoBbix cucTemax ceAau. Mpaktiieckoe pykooncTeo. K.:Bek+ , 2002r.,320c. 29.00 S = : =
2 Ocross LichpoBoro TenesuaeHA. Yue6Hoe nocobue. CmupHos A.B., M.:Tenekom,224c. 15.00 < x D z
KomnakT-gucku 3 % E %
CD-R "Papioamarop - 3a 10 net"+("PA"-1999,2000,2001,2002)+("3","K"-2000,2001,2002). 39.00 w 53 =
CD-R "Papioamarop"+"OnexTpuk"+"KoHcTpykTop" 2002r. (36 HOMEPOB XXypHAsoB) 20.00 =EE°
LI,eHbI AaHbl B TPUBHAX C Y4€TOM nepecbuUiku n
D,GVICTBVITeIIbeI B TeYyeHne MecqAua C MOMeHTa Bbixoga XypHana.
OnA uneHoB knyb6a yutatenein “Papioamaropa” peicTeyror
nocroAHHble ckuaku. NMonoxenune o Knybe yurtante 8 BP N2 1.
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