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3akaHumaetcA 2004 rog, OCTancA ewwe 0fnH HoMep
BP, n moxHo 6ygeT nogsectTu WTOrM MEPBOro roga
cyLiecTBoBaHuA cHopHUKa. Ho yxxe cervac MOXHO ckasatb
0 TOM, yTO y BP ecTb CBOM unTaTenb, 3HAUUT, Mbl AeflaeM
Hy>XHOe [eno.

maBHOe, 3TO He 0CTaHaBMMBATLCA Ha NONMNyTH. KTo
BbiNUCbIBaN COOPHMK, U OH eMy HPAaBWUTCA, KTO BrepBble
B3AS1 €ro B PyKW W MOHAN, - 3TO TO, YTO HYXXHO, JasanTe
MPOAOIKUM Halle CcoTpyaHuyecTso. [lopnuwntech Ha
2005 rop, 1 KaxXablii MECAL, B BaLLEM PacropFXXeHUn Bce
MHoroobpasve pafvo3NEKTPOHUKA B CUCTEMATUYECKOM
U3NOXEHWM MO TeMaMm, KOTOpble Bbl HanaeTe Ha 0BnoXxkKe.

Kaxpblii Homep c6opHWKa N0 CBOEMY YHWKaneH,
MoTOMy 4TO B HeM cobpaHbl cBefeHua, 06bluHO
pa3bpocaHHble Mo pasHbIM UCTOYHUKAM, KOTOPble HY)XXHO
eLLe HanTW, CUCTEMATN3NPOBATb, a TYT - BCE Cpa3y B OAHOM
MecTe. A rnaBHOe - 3TO NpakTMyeckana HanpasneHHOCTb
nybnukauuii, KOTOpaA He TONbKO JaeT martepuan anAa
paboTbl, HO U 6yAMT TBOPYECKYHO >XWUIKY, 3acTasnAeTr
AymaTtb U TBOPUTb YTO-TO CBOE.

Ceitvyac ¢ Hamu paboTakT HECKOSbKO MOCTOAHHbIX
aBTOpPOB, TrOTOBALMX 0630pbl MO Hawemy 3akasy.
2KenatoLye npuHATL yyacte B opMmposaHun cbopHmnka
no Temam, 3annaHupoBaHHbLIM Ha ChepyroLwwmi rog, a
TaKxKe Te, KTO MMeeT 0630pbl MO CBOMM Temam, MOryT
obpaliatbCA B pefakumio 3apaHee, Ytobbl MOXHO 6bino
pacnpefenutb TeMbl MeXpay asTopamu 6e3 Haknapok u
cchopMmMpOoBaTb KOMEKTUB YXKEe K BbIXOAY NepBoro HoMepa
2005r.

Pepaktop Meopruii Ynb4eHko
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Mo ycunutenAamu 3BYKOBbIX 4acToT (34) TpagWUMOHHO MOHWMAKT YCURUTENM,
pabotatoLme B grmanasoHe yacTtot 20 w...20 K. YCMAUTenm MOLLLHOCTY 3BYKOBbIX YacTOT
Ha MoneBsbIX TpaH3ucTopax Obinu paccmotpeHsl B BP N2 2/04, YM3Y Ha UMC - B BP
N2 10/04, umdpposble ycunutenu 34 - B BP N2 4/04. [danee 6yoyT pacCMOTpeHbl
CreayoLLme TUMbl yCUNUTENe:

- NPeABapuTENbHbIE YCUAMTENN CUrHaNa,;

- perynAaTopbl Tembpa u rpPOMKOCTH;

- 3KBanamsepbl;

- YCUAIUTENIN-KOPPEKTOPDI ANA MarHMTOGOHOB 1 MPOUrpbiBaTENEA BUHUIIOBBIX MAACTUHOK;
- MUKPOGOOHHbIE YCUIUTENN.

CnepyeT OTMETUTb, YTO B HACTOALLEE BPEMA (DUPMbI-NTPOU3BOAUTENN NEKTPOHHBIX
KOMMOHEHTOB BbINyCKatOT orpomMHoe Konnyectso VIMC, npegHasHayeHHbIx onA pabotsl B
kavecTse yeunutenein 34. Jaxe npoctoe nepevncnenme atnx MMC 3aimeTt oueHb MHOMO
mecTa. MoaTomy B panbHeiwem 6yoyT pacCMOTPeHbl TONbKO Haubonee ypayHble wnm
Hanbonee pacnpocTpaHeHHble cxembl yeunutenen 34.

1. Mpeaycunurenu

A1 yCTPOMNCTBA MCMOMb3YKOTCA OfA YCWUEHUA CUrHana Kakoro-nmbo 3ByKOBOro
NCTOYHMKA [0 YPOBHA, Heobxogmmoro gnAa pabotel YM3Y. bonblioe KonM4ecTBO Takux
CXeM nomelleHo Ha cante http:/radioland.fatal.ru. OyeHb yoobHO BLINOMHATL Takue
yctporictea Ha VMC K548YH1, kotopaA npepcTtaBnAeT cobon COBOEHHbIA YCUNUTENDb C
ManblM ypOBHEM LUYMOB, C OBHOMONAPHbIM nuTaHuwem (9...30 B) u ¢ nomnHocTbio
He3aBMUCUMbIMK KaHanamu.

1.1. HennsepTupyrowmm ycunurenb

OH nonyuaetca npu BkntoueHun MMC, kak nokasaHo Ha puc.1 (B ckobkax ykasaHbl
HOMEpa BbIBOAOB BTOPOro kaHana). MakcumanbHoe BXOLHOE HanpAXeHWe YCTPOoMCcTBa
cocTasnAeT npumepHo 0,3 B, koadpdmumeHT ycuneHma Ky=1+R3/R1. MakcumarnbHoe
conpoTuenenne peamctopa R1=240 kOwm.

KoadhuumneHt ycunexua Ha

W, nepemeHHom Toke Ky=1+R3/R2. Mpu

HanpAXxeHun nutaHuA 25 B (B gmanasoHe

Bbizpd uactor 20...20000 'u) Ky moxHO cpenatb
+ nobeim B npepenax 10...1000.

'—”" EmMkocTb KOHAeHcaTopa C4

%) cocTasnaet 39...47 n®. KoHpeHcatop Ci

K5484H! |5,0¢158 MOxeT umeTb emkocTb OT 0,2 MKD 1 Gonee,

Bzr;l 114)
S

€1857 23|,

13 =) KoHpeHcatop C2 - 0,1...0,2 MKD.
3 R3 LLymMbl  3TOrO  yCURUTENA  MOXHO
R/ :;gg‘ R2 CHWU3UTL NpuMepHo B 1,4 pa3a, UCrnonb3yA He
/ / Puc.1 oba, a TONbKO OAMH W3 TPAH3UCTOPOB
ouddepeHunanbHoro kackapga. B atom
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Ycunutenn 34

cnyyae BbiBOL 2 (13) MMKpOCXeMbl COEOMHAIOT C OOWMM MNPOBOAOM, a LEeNuTesNb
R1C3R2R3 nopxntouatot K BuiBogy 3 (12). MakcumManbsHoe conpoTuenexmne pesuctopa R1
1,3 KOm. Y10 kacaetcA peanctopa R3, To ero conpoTmMBneHne Npu MCNonbL30BAHUM OLHOrO
TpaH3ucTopa Ha Bxoge paccuutbiBatoT no cpopmyne: R3=(Unnt/1,3 - 1)xR1.

2.1. UHBepTupyrowmn ycuamtenb

NHBEpTUPYIOLWLMIA yeunuTenb (puc.2) ycTonumo paboTaeT, ecnu yCuneHue paBHO
unn 6onbwe 10. CKOPOCTb HApacTaHUA BbLIXOLHOMO CWUrHana YCUAWTENA B TaKOM
BKJTHOUEHUM COCTaBnAET He MeHee 4 B/MKe (npm otcyTcTeum C4). KoadhuLMEHT yeuneHua
Ky=R3/R1.

HomuHanel pesuctopos R1-R3 u
koHpeHcatopos C1, C2 n C4 Bbibupatotca Tak
Xe, KaK n ofiAa cxembl Ha puc.1. Heobxogumo
OTMETUTb, 4TO MpPU TaKOM BKIIHOYEHUM
MUKPOCXEMDbI “cnonb30BaThb onAa
YMEHbLUEHMA  LWYMOB  TONbKO  OQMH
TpaH3ucTop AuddepeHLmansHoOro Kackapa
Henb3A.

OTy cxeMy, KaK 1 NPeaployLLyr, MOXHO
1Cnosb30BaTh B KAYECTBE CXeMbl "packaykmn”, rl It ] g R2 Kk

7/

T.e. anA cornacosaHuA YM3Y, umetowiero 10
HW3KOe  BXOQHOE  COMPOTUBREHWE U
HEBbLICOKYD ~ YyBCTBUTENbHOCTE, C CD-

nnenepoM unm nogobHLIMM YCTPOCTBAMM, & TAKXKE ANA KOMNEHCaLWM NOTEPb CUrHana B
naccusHom Tembpobnoke.

Puc.2

2. PerynAaTopbl rpOMKOCTU U TeMbpa

2.1. TOHKOMNEHCMPOBAHHbIA PErYNATOP FPOMKOCTH

PerynATtop KOppekTupyeT amniauTyOHO-YaCTOTHYKO XapakTepuCTUKy nepepayu
curHana B COOTBETCTBUM C OCOBEHHOCTAMMW Cnyxa YenoBeka Npu PasfMyHOA rPOMKOCTH
3BYKOBOCNPOM3BEQEHNA. [1elo B TOM, UTO YyXO YesioBeKa MMEET HEOAWHaKOBYHO
YYBCTBUTENBHOCTL MPU NPOCAYLUMBAHWUM PA3fIMYHBIX YacToOT 3BYKOBOrO AyanasoHa:6onee
BbICOKYIO Ha cpegHux yacTtotax (500...7000 'w) no cpasHeHMIO ¢ Bbicokumu (10000...18000
Mu) u ocobeHHo HM3kMMKM (20...100 T'L), NOITOMY OAMHAKOBLIA YPOBEHb aKYCTUYECKOro
BO3OENCTBMA Ha pasfnyHblX 4acTotax 06ecnevmBaeTCA pasfnYHbIM - YPOBHEM
HanNPAXeHWA curHana. 310 PM3NYecKoe ABNEHNE OTPAXKEHO TakK Ha3biBAEMbIMU KPUBbLIMM
paBsHbIx rpomkocTen Onetyepa n MyHcoHa.

CxemMa TOHKOMMEHCMPOBAHHOrO PerynAaTopa nokasaHa Ha puc.3. 3T0 yCTPOWCTBO
npefHasHa4YeHo AJfIA UCMONb30BaHMA B BbICOKOKAYeCTBEHHOM nojHoM YM3Y. Mexny
OBYMA onepaunoHHbiMu yeunutenAamn (QY), BKIOYEHHBIMW KaK HEWHBEPTMPYHOLLME
MOBTOPUTENM, BKIIOYEHbl 3MIEMEHTbl KOMNeHcauuu. PerynupoBka npou3BoauTCA
nepemeHHbIM pe3nuctopoM R4. Korpa ero ABMXOK HAX04MUTCA B KpalHEM NIEBOM MO CXEMEe

BnokHoT “Pagioamartopa” Ne 11 5’
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NI p+158 (11000 A1 NESSIZ

Puc.3

10mnx=408

nonoxexnun, curian ¢ Boixogpa OY DA1.1 nepepaetcA Ha Bxog OY DA1.2
HernocpencTBeHHO. B 3TOM criyvae k0adhduLmMeHT nepepayn paseH 1, n AYX paBHomepHa
B npepenax ot 10 My po 100 K.

lNpv kpaHeM NpaBoM MOSIOXKEHWUMN ABUXKA NEPEMEHHOr0 Pe3NCTopa KO MULNEHT
nepenayn Ha camblX HU3KWMX YacToTax OnMpefdenAeTcA nocnefoBaTenbHO BKNHOUYEHHBIMM
pesuctopamn R4-R6. Mo mepe yBennyeHnA 4acToTel B paboTy BCTynaroT KOHAEHCATOpbI
C3-C5, a 3atem uenoyka R3C2. MuHUManbHbIA KOSMULMEHT Nepefaym ycTpoicTea B
obnactu 500...1500 Iy, Mpu paboTe Ha yacToTax cabiwe 5000 My HauUMHaEeT ckasbiBaTbCA
penctene uenn R2C1, n k03hULMEHT Nepeaayn ¢ poCTOM YacToTbl MOBbLILLAETCA.

nybuHa nopaBfE€HMA YaCTOTHbIX COCTABAAKLLMX 3aBUCUT OT MOSIOXKEHUA
nepemeHHoro pesuctopa R4. MakcumasnbHO NofaBeHne B KpaHeEM NPaBoOM MOSTIOKEHUN.
B ycTpoiicTee 6binn nonyyeHsl cnegytowime 3HaveHuna (yposeHb AUX Ha vactoTe 1500 Iy
npuHAT 3a 0 ab): Ha 20 'y, +24 b, Ha 100 'y +17ab, Ha 200 My +120b, Ha 500 Ny, +4 ob,
Ha 5 kl'y, +8 ob, Ha 10 kl'y, +104b.

B KkauecTBe MnepemMeHHOro pesucTopa WCMofb3yeTcA pe3nucTop rpynnel B.
KoHpeHcaTopbl C3-C5 HenonApHble. Konpercatopbl C1 n C2 kepamuueckne KM-4, C3 u
C4 K73-11, K73-16, K76 ntoboin pasHosupgHocT, K77-1, C5 ntobont HenonApHbIA
OKCUAHBIA. Bce NocToAHHbIE pe3ncTopbl MOryT ObiTb BbIBpaHbl C MOLLHOCTBIO pacceAHnA
0,125 Bt. UMC moxHo npumennTb K574Y[01 nnn K544Y[1.

L5 100mx=168

2.2. OneKTPOHHbINA perynATop rpomkocty n 6anaica Ha UMC K174YH12

MMC K174YH12 (TCA 730a nnm A273d) npenctasnAtoT cobon perynatop rpoMKOCTM
n ctepeobananca. Cxema perynAatopa npueegeHa Ha puc.4. B 9TOM yCTPOICTBE CUrHas
HY He npoxoouT HeMmoCPeaCTBEHHO Yepe3 PeryfnATopbl. OTO M36aBNAET OT TPECKOB M
CKPWMOB NPpW PeryiMpoBKe, a Takxxe No3BOSIAET He NPUMEHATL JKpPaHMpoBaHWe NPOBOAOB,
Bepywmx ot perynAatopoB K MIMC. TOHKOMMEHCMPOBAaHHAA PErynupoBKa rpoOMKOCTA B
npegenax ot -70 pb po +20 gb ocywecTenAeTcA noteHumoMmetTpom R2 nopgaven
NOCTOAHHOrO HanpAxexuA 1...9 B Ha BbiBog, 13 VIMC. MNpy OTKNHOYEHUM nepekntovaTena

L,I BnokHot “Pagioamatopa” Ne 11
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SW1 oTknouaetcA TOHKOMMEHCAUMA perynAtopa rpomkocTu. [loTteHuuomeTp R
perynupyeTr b6anaHc mexpgy kKaHanamu B npegenax 20 ob nopayen NOCTOAHHOMO
HanpAxeHuA 2...9 B Ha BbiBog 12 MC.

2.3. [iByxKaHanbHbI INEKTPOHHbIW LMPOBON pPerynATop rpOMKOCTU
Ha UMC KA2250
Mpegnaraemblil perynATop (pUc.5) MMEEeT 3HAUUTENbHO MeHbLUWA Kr u ypoBeHb
wymoB, Yem perynatop Ha UMC K174YH12 (A273D).
BTopbiM ero JOCTOMHCTBOM ABMIAETCA WUCMONb30BaHNe C94£ MK X16B

nnA PErynMpoBKH BMECTO  aHasnoroBbix P——— BuxoaA (Y3
MOTEHLIMOMETPOB BCEro [MBYX KHOMOK SB1 C104,7uk x168 Burod B
("Tuwe") n SB2 ("I'pomue"). TunoeaAa cxema 1k 6 HXOARSMK
Bkntoyenna MMC KA2250 obecneunsaet 1K I—é—>+53
CUHXPOHHYHO PErynupoBKy rPOMKOCTH 5 o
OBYX KaHanos oTUMW  [BYMA dos [ CO47uKx168 R4 220k
KHOMkamu. K [0CTOMHCTBAM oAt * 31176"6" 3’176MBK
UMC  KA2250  kpome Clammcxiep | KA250 |3™ |g 2.
LOCTYMHOM LEeHbl OTHO- BxopA € H’" d n
CUTCA M HEBbICOKOE C24,7MK x16B 34
BxoaB & | 14 1
HanpsxeHne  nuTaHuA BX0AB & 1t =
(5 B), nossonAtoLLee NPUMEHATb 4,7MK x16B 10112 1 |16 [ .
ee B NepeHOCHOI annaparype. +—i— e ot Jacs
awxtog [ TKCWA I%’g‘
2.4. LnchpoBoii perynatop R1 100k 290K
rPOMKOCTH

B omnuune OT npegblpyLiei CXembl
3TOT PEryfnATop OfHOKaHaNbHbIA, HO 3aTo

"obsAska" wucrnonbsyemoin B Hem WMC §P2 .
MUHUManbHa. Takoi LmMdpoBOiA peryJ'lFlTopE ] l | PO

BnokHoT “Pagioamartopa” Ne 11 ';
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+5y rPOMKOCTU (pUC.6) MPaKTUYECKN He BHOCUT LUYMOB B

— CXeMy W K TOMY >X€ OYEHb NPOCT B WU3rOTOBAEHUM.
Bxoa | w ¢t Perynupoeka rpoMKOCTM NpOW3BOAUTCA  ABYMA
I kHonkamu "+" n "-" (§1 n S2). Cxema cobpaHa Ha UMC
$ o, ﬁB—) DS1669 u npepHasHayeHa OS1IA KOHCTPYKLWA, ru?
| bXOA  TpebyioTcA MPOCTOTA M MWHWATIOPHOCTb. BxomHow
X 2 curHan He pomkeH 6uiTb Hke 0,2 B. KoHpeHcatop C1
T B mmna KM-4...KM-6 Ha 0,1 mk®. lMNepekntouatenn tmna

B Pnc.6  MM-7 unm ananoruumble UMMOPTHbIE.

2.5. Tem6po6noku Ha UMC K548YH1

Ona perynupoekn Tembpa B nonHbix YM3Y ucnonb3yeTtcA 605bLIOe KOMYECTBO
pa3HoobpasHbIx YCTPONCTB. Cxembl ABYX MPOCTbIX TeMOPO6MOKOB NokasaHbl Ha puc.7 u
puc.8. OHn 06nagatoT BbICOKUM BXOOHLIM W HU3KWM BbIXOOHBIM COMPOTUBAEHUEM, UTO
no3BofIAET corfiacoBaTtb YM3Y ¢ UCTOUHWMKOM CUrHana v HanpAmyr NMOAKNYATb BbIXOA,
Tembpobnoka K OKOHEYHOMY
+2484 (7 §1 YM34. B nepeBomM M3 HuX
N (pnc.7) onAa m3MeHeHnA Aq)f
S NPUMEHEH NacCWBHbIN
3 MocToBoii perynatop, a IMC
I & chykuT onA - KomneHcauum
BHOCUMbIX MM MOTEPb Ha
€8 cpegHux  vactotax. Bo
L0 BTOpOM (puc.8) MOCTOBOWA
PErynAaTop BKMHOYEH B LeMb
OOC, oxsatbiBatowen MMC

(aKTvBHbBIA perynaTop).
Avana3soH perynu-
poBaHuA TeMbpa Ha yacToTax
+Z4B* £8 40 n 16000 Ny nepBoro um3

K548 4HI

RI rR3 RE

5,0 yctpoicTs coctaenAeT 15 ab,

8100 nx 1ok 1k 'th BTOPOrO - He MeHee 12 [b.
(53] f g KoadhduLmeHT  nepepaun

et ez T [>T, [,‘j g oboux YCTpPOICTB Npu ycTa-
LU | 0047 G047 HOBKE [BVKKOB PE3NCTOPOB B
R4z £ cpepHee nonoXeHue paseH 1.

7”"'[{] {610 18 HepasHomepHoCTb AYX B

3 == K8 33K 10 22M  OTOM NONOKEHWN ABWXKOB

4700 I R7 6k ﬁ:y 3aBUCUT  OT  OTKIOHEHMA

S napameTpoB 3MEeMEHTOB OT

240
Al yKa3aHHbIX Ha cxeme W, ecnu
K548 4H1

N
%2 F3®  ¢5 T
9TO OTKJIOHeHne He npe-

Puc.8 JEKk 470Kk 2000

E BnokHot “Pagioamatopa” Ne 11
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BbllaeT 5%, coctasnAet npumepHo 1 Ab B ananasoHe yactot 20...20 000 Iu.

B aktnBHOM perynAaTope (puc.8) NCnonb3yrTcA NepeMeHHbIE PE3UCTOPLI FpynMbl A,
a B perynAaTope no cxeme Ha puc.7 - rpynnsi B. [AnA HopmansbHon paboTsl 060mx yCTPOACTB
BbIXOLHOE COMPOTUBAEHWE NPEALLECTBYHOLLErO Kackafna [OmMKHO 6biTb He 6onee 2 KOM.

2.6. Perynatopbl Tem6pa Ha UMC K174YH10
NMC K174YH10 (TCA740a unu A274d) npepcrtaBnatoT coboit AByXkaHanbHble
perynatopbl Tembpa (puc.9).

lMapametpsl UMC:

unur 9..18B InoTp 40 MA

Kr 0,5% RBex 75 KOMm

Monoca vactot 20 My...20 KMy~ UnoO 50 pb

UBbIX Makc 1B RHarp.min 10 kOm
1200 9k 33000

330k

Treble
10k

1,5k
+¥co

Bass

Out B 290k

Perynarop Temtpa
1200 Puc.9 23000

Perynuposka Tembpa no H13kMMm yactotam B npegenax £ 20 gb no cpaBHeHUO C
yactoton B 1 KL OCyLeCTBAAETCA MnoTeHuuomeTpom BASS nopauelt mOCTOAHHOrO
HanpsxxeHnA 1..9 B Ha BbiBog 4 UMC. MoteHumomeTp Treble perynupyetr Tembp no
BbICOKMM yacToTaM. MNutanne MMC ogHononApHoe, noTpebnAemMblil TOK Npu OTCYTCTBUK
BXOAHOro HanpaxeHuAa 40 MA. Kr He 6onee 0,5% (npu BbIxOQHOM HanpsxeHun 1 B).
BxopHoe HanpAXeHWe He OOMKHO NpeBbiwaTth BennuunHbl B 1 B (HOMuHanbHoe - 0,2 B).

2.7. MNpepapuTenbHbIA YCUAUTENDL C PEFYAIMPOBKOI POMKOCTH, 6anaHca u
Tembpa Ha KM551Y 2
OT0 YCTPOMCTBO NpeacTaBnAeT cobon NOMHY CXeMy NPERBapUTENbHOrO YCUNUTENA
onA kayecteeHHoro YM3Y ¢ gyxnonApHbIM nutaHnemM. Cxema yCTporicTBa NpuBeaeHa Ha
puc.10.

BnokHoT “Pagioamartopa” Ne 11
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XapakTepucTuku yCuinTenA:
UBX HOM. 0,25B
UBbIX HOM. 1B
Kr (20...20.000 ) 0,02%
[nanasoH perynmpoBKu rpoOMKOCTU 60 nb
[unanasoH perynmpoBku Tembpa
(Ha 60 Iy 1 Ha 16KIw) 10 pb
MNepexogHoe 3aTyxaHne Mexay KaHanamm 50 pb
Rex 220 kOm
RBbIx 3 KoM

Cxema (puc.10) cobpaHa Ha UMC KM551Y[O2A. 3ta UC npepcrasnAeT coboii
coBoeHHbli QY ¢ HanpsxeHuem nutaHuA ot +5 po +16,5 B. Moctoson perynaTtop Tembpa
BKNtoueH B Lenb OOC, oxeatbiatowen OY DA1.1 (B ckobkax ykasaHbl HOMepa BbIBOLOB
BToporo OY mukpocxembl). Ha Bxope BKSHOYEH TOHKOMMEHCUMPOBAHHLIA PErynaTop
rPOMKOCTY Ha NepeMEHHOM pe3ncTope R2.1 ¢ 0TBOLOM OT TOKOMPOBOAALLErO 3IEMEHTA.
TOHKOMMEHCALMIO MOXHO OTKNKOUWTL Bbikitouatenem SA1.1. Yctoiumsyto paboty UC
KM551Y[2A obecneumsatoT koHgeHcaTop C7 v uenb R5C5, HOMUHanNb! KOTOPbIX BbiOpaHsbl
A koadhduumeHta nepegayum Ku=10 (CKOPOCTb HapacTaHuA BLIXOLHOMO HanpAXEHWUA
npu atoM - 3...4 B/mkc). MepemenHbim pe3ucTopom R12.1 (R12.2) perynupytot
cTepeobanaHc.

Bce pertanu ycunutenA, kpome rnepemMeHHblx pesuctopos R2, R7, R11 u
BbIK/touaTena SA1, MOHTMPYHOT Ha NeYaTHOI NnaTe, M3roTOBJIEHHOW U3 (POSbrMPOBaHHOO
CTeKnoTekcTonuta. [AnA perynmposaHnA rpOMKOCTM 1 cTepeobanaHca nogongyt nodbie
COBOEHHbIE NepeMeHHble peancTopbl rpynnbl A, AnA perynuposaHua Tembpa - pesncTops
rpynnsl b.
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2.8. MpepBapuUTeNbHBIA YCUNUTEND C PETYIMPOBKON FPOMKOCTU U Tembpa
Ha K574Y[01 n K544y [1
OTa cxema, Kak ¥ npenployllan, npegHasHavyeHa oA UCMoNb30BaHMA B KavyecTse
npegycunuTena B BblCOKokayecTseHHOM YM3Y. Cxema ycunutena npusegeHa Ha puc.ii.
Ero 0cobeHHOCTBIO ABIAETCA HaNMuve OONONHUTENBHOrO PErynATOpPa YPOBHA CUrHana Ha
Bxofe MY (R1) (c ero NOMOLLbIO BXOQHO CurHan ocnabnAetcA o HOMUHANBLHOMO YPOBHA)
M TOHKOMMEHCMPOBAHOrO perynAatopa rpomkoctu (R21), a Takke BO3MOXHOCTb
cTyneHyaToro ocnabneHua curHana Ha 20 ob (SA2).

+158 R13
51k T 3

¥14

_15B

DA1 KSTAYI1A(D) YT4,¥T1 KTI3107H P 11
DA2 KP544¥D1A(B) VT1,¥T2 KT31020 mc.

B ycunutene npuMeHeHbl CABOEHHbIE NepeMeHHble peaucTopbl R11 1 R17 rpynnbl b,
R1 n R21 rpynnsl B nnn A. B kayecTBe TOHOKOMMEHCUMPOBAHHOIO PerynATopa rpoMKoCTu
(R21) MOXHO NpumeHUTL nepemeHHbIi pesuctop 100 KOM (C OTBOAOM OT CEepeauHbl).
Tpanauctopel VT1, VT4 moxHOo 3ameHuTs KT3107U, KT313b, KT361B, K. OcTanbHble
MOXHO 3ameHutb KT312B, KT315B. [llpu 3HauuMTe€IbHOM YypOBHE MOCTOAHHOW
COCTaBfAKOLWLEN (B peOkux cnyyasx) B Touke A -HEOOXOQMMO YCTaHOBWUTb KOHAEHCATOp
eMKOCTbt0 2,2...5 MKD.

MY nopkntouaetcA k YM3Y ¢ BxogHbIM conpoTusreHnem He meHee 10 kKOm (MHave
3ameTHO yBenuuusaeTcA Kr). Ecnm Rex Bawero YM34Y meHee 10 kOm, TO HyXHO
YMOLLHUTb BbIXOQHOM Kackap, (konuko ydactka cxembl VT1-VT2-VT3-VT4-R4-R5-R6-R7
NOAKNUUTL Ha Bbixof, DA2), pesuctopbl R23 1 R24 nopkntounTb aHanormyHo pesnctopam
R2 1 R3, xoTA B 3TOM Cry4ae MOXET MOBLICUTCA ypoBeHb LWyMOB. A ecnu RBx Ballero
YM3Y 6bonbwe 100 kOMm, TO B KauectBe onepauumoHHoro ycunutena DA2 cnepyet
npumennTb K574Y01A(B), YTO CHU3UT YPOBEHb UCKAXKEHWIA 1 LLYMOB.

2.9. Perynatop rpomkoctu, 6ananca n rembpa Ha UMC TDA1524

OTa npocTtan cxema npegycunutena (puc.12) no3sonAeT Npou3BOAUTb PEYIMPOBKY
rpomkocTtu, ctepeobanarca n Tembpos. lNpu 9TOM 3BYKOBOW CUrHAM HE NPOXOQMT Yepes
PErynATopbl, YTO YNpowaeT KOMMOHOBKY ycunutenAa. K HepocTtatkaMm Cxembl cnegyet
OTHECTW ee HEBbICOKOE BXOLHOE CONPOTUBEHME.

BnokHoT “Pagioamartopa” Ne 11 q
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XapaKkrepucTuky perynaropa:

HanpsaxxeHue nutanuA 9..12B
Monoca yactot 20...25000 Iy
Perynuposka Tembpa Ha yactote 40 Iy, -19/+17 pb
Perynuposka Tembpa Ha yactote 16 kl'y, -15/+15 ob
Perynuposka 6anaHca -40 pb
BxogHoe conpoTtueneHune 10 kOm
BbixogHOe conpoTueneHve 300 kOm
PerynupoBska rpoMKoCTH, He MeHee -80/+21
KoadhmumneHT rapmMoHuK, He bonee 0,7%
OTHOCUTENbHBIN YPOBEHD LLYMOB, He 6onee -60 b

MMC nmeeT 3alwinTy OT NepenontocoBkn nutanuA. Ecnv npegnonaraetcA nutatb
[LAHHOE YCTPOWCTBO OT UCTOYHMKA NUTAHWA, HANPAXEHWE KOTOPOro Bollle +12 B, cnepyet
ucnonb3osatb ctabunusartop tuna KP142EH8A nnn 7812, 78L12.

3. OkBanamnsepsl

3.1. 4-nonocHbIn cTepeoakBanansep

OkBanansep npegHasHayeH anA perynupoekn AYX 3BYKOBOCMPOM3BOAALLEV
annapatypbl. OH cocTouT (puc.13) 13 HECKOSbKUX PErynATopoB, C MOMOLLBIO KOTOPbIX
MOXHO W3MEHATb KOIPULMEHT MEepepayn YCUNUTESIbHOrO YCTPOMCTBA B AOCTATOYHO
y3KUX MONOCax 4actoT. ATO MO3BONMAET MONYYUTb CROXHY dopMy AYX, KOTOpyto
HEBO3MOXXHO peann3oBaTb TPagMLMOHHbIMK perynAtopamu Tembpa. B pesynbtate y
cnywarena  MOABAAETCA  BO3MOXHOCTb  CYLLECTBEHHO  U3MEHATb  Xxapaktep
BOCMPOM3BOAVMMON 3BYKOBOW KapTWHbl W TakumM 06pa3oM KOMMEHCMPOBATb YaCTOTHbIE
NCKaXeHnA, BHOCUMble UCTOYHNKaMM 3BYKOBbIX NporpamMmm, akyCtu4yeCKkumu cmctemamn m
NOMELLEHNAMN NpochywmBaHuA. Okeanansep cobpax Ha IMC BA3824LS.

XapakrepucTuku skBanansepa: MuTtaHwe 3,5..14 B

Perynuposka 11 pb Kr 0,2%
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3.2. 8-nonocHblit 9KBanamnsep
B otnuume OT npenbigylierd CXeMbl, B 3TOM YCTPOMCTBE YBESIMYEHO KOMNYECTBO
nosioc peryampoBku, 4To no3sonAeT 6Gonee TOYHO KoppekTupoBatb AYX. Cxema
BOCbMMIONOCHOr0 3KBanansepa npueegeHa Ha puc.i4.
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XapakrepucTukn skBanansepa:

HobpoTHOCTb onnbTpa 1,12 [nanasoH perynupoBku

Ky 3..4 Koahbd. nepepaun 12,5 b

[nanasoH pabounx yacTtot 20...20.000 Iy,

YCTPOMCTBO COCTOMUT U3 BOCbMM NaparienbHo BKIOYEHHbIX aKTUBHBLIX (OUbTPOB Ha
OY DA2...DA5. Ha DA1 cobpaH BXofHO 1 BbixogHoR bydepHble yeunutenu. MNapannensHo
unbTpam BKOYEH pesuctop R4.

MockonbKy BCE (OUALTPBI MHBEPTUPYKOLWME, a 4Yepe3 pesucTop R4 curHanbl
npoxogAT 6e3 uHBEpCUM, TO B BLIXOOHOM YCUAWUTENE CUrHanbl BblumTatoTcA. bnaropgapa
3TOMy BbIpaBHMBaeTCA AYX Ha KpaAx Monochbl MPONycKaHWA OWUALTPOB M MOfyyaeTcA
TpebyeMblil auanas’oH perynavpoBkM KOIDMULMEHTA Nepefaymn B KaXkaoii nonoce.

CxeMbl (ounbTPOB OAMHAKOBbI, @ YACTOTbI UX HACTPOWNKM ONPEAENATCA EMKOCTAMU
koHpeHcatopos C7-1...C7-8 n C8-1...C8-8, 3HaueHnA KOTOPbIX yKas3aHbl B Tabn.1.

YacToTbl HACTPONKU OUNBLTPOB Tabnuua 1
YacToTa HacTpoiiku unbTpa, EmkocTb, n®
My C71.07-8 C81..068
32 170000 17000
75 73500 7350
180 30000 3000
425 13000 1300
1000 5000 550
2370 2300 230
5620 980 98
13300 415 41

MNepemelleHnem gBMxkoB pesuctopos R7-1...R7-8 MOXHO W3MeHATb
KO3(PULMEHT Nepenaun COOTBETCTBYHOLLMX (PUALTPOB 1 3HayYeHnAa AYX B nonoce 3Tux
unbTpoB. B KpanHem JfieBOM MO CXeMe MONOXKEeHWU [OBMXKA 3TUX Pe3ncTopoB
KO3(bULMEHT Nnepenayn Ha 4acToTe HACTPOWKM unbTPOB MakcumaneH +12,5 pb, a B
KpaviHeM nNpaBoM - MUHUManeH -12,5 pb.

Bce petanu akeanawsepa, KpOMe MEpPeMEHHbIX PEe3NCTOpOB, pasMeLLeHbl Ha
neyaTHoi nnarte u3 onbLrMpoBaHHOMO TekcTonuTa (puc.15).

B cxeme crnegyet ucnonb3oBatb KoHpgeHcatopbl Tunos K73-11, K73-17 unu
aHanornyHble ¢ manbim TKE. KongeHcatopbl C7 u C8 cocTaBneHbl U3 [OBYX-TPeX,
BKMIOYEHHbIX napannenbHo. HoMuHanbl KoHAeHCaTopoB MoAbupatoT ¢ TOYHOCTbIO  5%.
DyYHKLMOHANbHBLIE XapaKTEPUCTNKWN NepeMEHHbIX PE3UCTOPOB JOMKHbI 6bITb NMHENHBIMU
(rpynna A), oHM MOryT 6bITb KaK ABUXKOBBIE C JIMHEAHLIM NEPEMELLLEHUEM, TaK 1 OCEBbIE.
Mpu ncnonb3oBaHuM OBUXKOBbIX pe3ancTopos (CIM3-23A) MOXHO coenatb rpadpuyeckuin
akBanavsep. onoxeHne ABWXKOB 3TUX pe3ncTopoB BymeT HarnAgHO oTpaxartb AYX
aKBanansepa (puc.16). OkBanansep nuTaeTcA OT CTA6UIM3MPOBAHHOrO MCTOYHMKA
12...15 B n notpebnAeT Tok 50 MA.

;iLJ BnokHot “Pagioamatopa” Ne 11
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3.3. MHorononocHbl 6echunbTPOBLIN 3KBanamnsep

B paccMoTpeHHOW paHee cxeme pfiA PerynupoBKW amnauMTygHO-4acCTOTHOM
XapakTEPUCTUKN YCUANUTENEA MCMOMb3YHOTCA MHOrononocHble RC-counbTpbl. Takue
YCTpOCTBA comepxxat 60MbLUOe KONMYECTBO SEMEHTOB, TPEOYHOLLMX MHAMBMAYaNbHON
PErynupoBKu, 1 He MOTYT BbITb MCNONb30BaHbLI B KOMMAKTHOM annaparype.

Cxema npoctoro 6eccunbTpoBOro 12-kaHanbHOrO 3KBananidepa npuBepeHa Ha
puc.17. ®opmupoBaTtefib NPAMOYrOfibHbIX YNPaBAAKOWMX UMMYNbCOB BbINOAHEH Ha
komnapatope DA1. C Bbixoga kommapatopa CurHan noctynaeT Ha npeobpasosaresib
"yacToTta/HanpmxeHue", BbINONHEHHbIA Ha C3, C4, VD1, VD2, R9. CurHan, HanpAXeHue
KOTOPOro NPONopLMOHaNbHO YacToTe BXOQHOMO CUrHana, nocTynaeT Ha BXOA, YNpaBieHuA
NNHEAHOW CBETORNOAHOW LWKanon (BblBoA, 17) Mukpocxembl DA2. CurHanbl, CHUMaemele ¢
Mukpocxembl DA2, yepes niseptopsl DD1, DD2 ynpaenAtoT BKNHOYeHWeM 12 aHanorosbIx
KNHoYen, BbIMONHEHHbIX HA Mukpocxemax DAS3...DA5. BbixogHOW curHan akeanamsepa
OopMMpYeTCA CYyMMMWPOBAHWEM aHaNoOroBbiX CUrHanoOB Mo BCeM 12 KaHanam cC
paspenbHbIM PErynnpoOBaHNEM YaCTOTHBIX COCTaBAAOLLMX NnoTeHUnomeTpamm R23...R34.

Mopor cpabatbiBanuAa komnapatopa DA1 yctaHasnuBaeTcA R4. MakcumanbHaa
YYBCTBUTENLHOCTb BKITOYEHMA KOMNapaTopa - okono 10 mMB. nA obecneveHnA nnaBHoO
yCTaHOBKM nopora noTeHUMomMeTp R4 >xenatenbHO BbINOMNHWUTL COCTABHbIM U3 OByX
nepemMeHHbIX Pe3NCTOPOB, BKIOYEHHbIX NOCNenoBaTeNibHoO U 0becneumsatoLLmx rpybyto u
nnaeHyko perynuposky. Ceetogmnop HL1 nHaMUMpYeT Hannume HaaNOPOroBOro curHana Ha
BXoge yctpouctea. JIuHeiHoe npeobpasoBaHWe 4acTOTbl BXOQHOr0 CuUrHana B
Hanps>xeHve ¢ kpytnsHon 930 u/B npoucxogut B nosoce vactot ot 0 go 2,5..3 klu. B

BnokHoT “Pagioamartopa” Ne 11 ]_','
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nosioce yacToT Bbilwe 3 kI, KpyTU3HA NpeobpasoBaHnA Bo3pacTaeT fo 1,77 ku/B.

MoTeHuMomeTpoM R7 ycTaHaBnMBAKOT BEPXHUIA Mpefen BefMynHbl ynpaBnAroLLEero
HanpsxeHuA ot 1 0o 6 B, noteHumometpom R10 - HWXHWIA npepen ot 0 oo 5 B. Ecnn Ha
BXO[, YCTPOWCTBA MOCTYMaeT HaAnoporosbii aHanoroBbi UK LUMEPOBOIA CUrHan, To no
Mepe YBENWYEHWA ero 4acToTbl NPOM3OMOET NNIaBHOE MOOYEPeHOe MepekstoYeHne
KaHanos uHamkauum - ceetogumoppl HL2...HL13.

OnHOBpPEMEHHO YNpaBfAOLLME CUrHanbl C BbIXOZOB MukpocxeMbl DA2 uvepes
KMOMM-uHeeptopsl DD1, DD2 nOCTYNAT Ha ynpasnAoWwMUe BXOAbl aHANOrOBbIX KNHOYEN
MMC DA3...DA5. B cBoto oyepenpb, B 3aBUCMMOCTU OT 4acTOTbl BXOLHOMO CUrHana, 3Tm
MUKPOCXEMbI YNPaBAAKT PE3UCTUBHBLIM AeNUTENIEM, (DOPMUPYIOLLUM UTOTOBbIA BbIXOLHOM
curHan.

lNonoca nponyckaHuA KaXkaoro 13 KaHanoB Npu yCTAHOBKE Ha YNPaBRAOLLLMX BXOAAX
3 n 16 mMukpocxembl DA2 makcumanbHOro M MWHWManbHOro yposHei 6 B n 0B
COOTBETCTBEHHO, COCTaBMUT AJ1A NepBbix WwecTn kaHanos 400 'y, ana octanbHbIX - 760 My,
Takum 06pa3om, NepBbIN KaHan NPOMyCTUT CUrHanbl YacToTon Huxe 400 Iu, BTOPOW - B
nonoce 400...800 Iy, a nocnegHuin, 12-n KaHasn, NPOMyckKaeT YacToThl CBbie 6 KL,
MoteHunomeTpamn R7 n R10 MOXHO NnaBHO M3MEHATb LUMPUHY W FPaHnLbl YacTOTHbIX
KaHanos.

MoteHunomeTpbl R23...R34, perynupylowine BecOBble 3HAYEHUA YACTOTHbIX
COCTaBAOLLMX HA BbIXOLE OKBANan3epa, ycTaHaBNMBatoT B HA4aIbHOE MONOXEHNE TaKUM
obpasom, utobbl nx conpotuenexHne 6bino pasHo 100 KOM. Takum obpasom, npepensb

12
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perynupoBKuK nogbemMa/aaBana ypoBHA CUrHanma no kaxgomMy kaHany cocrasnAatoT 10 pas
(20 pb).

OnanasoHom npeobpasoBanuA "yactoTa/HanpAXeHWe" MOXHO YnpaBnATb
M3MeHEeHMeM eMKOCTU KoHaeHcaTopa C3.

MMC UAA180 moxHo 3amennTb A277D, K1003MMM1 u gp. Ceetoamoabl HL2...HL13
OMHaMWYEeCKN WHAWLMPYIOT HOMEp 3afeiCTBOBAHHOIO kaHana ynpasneHuA. OHu u HL1
6e3 yuiepba ana paboTbl CxemMbl MOryT BbITh yAaneHsb!.

YcTpoicteo notpebnAet Tok 60 MA npu HanpAxenun nutaHuAa 15 B u ogHom
ceetAWwemMcA ceetopuopne; npu 12 B - 50 MA.

4. Ycunutenu KoppekTopbl

4.1. Yeunuteno BOCNpoOU3BeAeHUA
B cBA3M C Tem, 4TO curHam C BOCMPOW3BOAALLEN MArHUTHOW rOSIOBKU MMeeT
HEBbICOKMIA YPOBEHb 1 CUJTbHYIO YaCTOTHYHO 3aBUCUMOCTb, AS1A NuHeapu3aumn AYX Tpakra
UCNOMb3YIOTCA CreunanbHble ycunutenu-koppektopbl. Cxema MarHUTOGOHHOroO
YCUNUTENA-KOPPEKTOPA AJ1A KACCETHOr0 MarHuTodpoHa npueeseHa Ha puc.18. Yeunutens
UMEET NepeknoyaTenb Lenu KoppekLmm AnA MarHutHon neHTsl FeO unn CrO,. Yeunutens

cobpax Ha MMC K1075Y01 (TA7784P coupmbl Toshiba).
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4.2. Yeunuteno BOCNPOU3BEAEHNA KaCCETHOro MarHuTochoHa
Ha UMC K157YJT11A
NUMC K157YIT11A (puc.19) npencrtasnAeT coboin 2-kaHanbHbIA NPEABAPUTENbHBIN
yCUnMTENb BOCMNPOM3BEAEHNA AJIA CTEPEOdOHNYECKOrO MarHMTOOHa C HU3KUM YPOBHEM
wymos (He 6onee 0,3 MKkB).
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370 YCTPOWNCTBO NOCTABNAETCA B BUAE PaAVNOKOHCTPYKTOpa (CTp.60).
OCHOBHbIE TEXHUYECKMNE R3

RS
XapaKkTepucTukn: {27} Z
HanpskeHue nutanua 9...12 B LI _m_sTTs ’_|
Lol = 10
L] +I'—OBmxoaA

BxopHoe conpoTtusieHune, He

pr— Cc3
MeHee 60 kKOMm . |_5
BbixopHOE ConpoTUBEHME, He _| +
6onee 300 Om 3 o RE
[nanasoHbl BOCMPON3BOANMbIX < r =1 3 ha | cl+ 091
yacToT 20...20000 Iy, ca I N
MoTpebnaembilii TOK, He 6onee o {2 13 , +”—08amnn8

3..6 MA = nR2 cs co
KoacbpnLIMeHT rapMOHMK Ha _|_——r—®*r' '—'.;:“:L|_|
yacToTe 400 Iy, 0,2% B4 17

Hanpsxenue wymos 0,3 MkB
BbixogHOe HanpAXeHwne
(nepemeHHoe) 250 mB Puc.19

4.3. TpaH3UCTOPHbINA YCUNUTENIb-KOPPEKTOP

LJIA MPOMrpbIBaTeNiA BUHUOBBLIX NAACTUHOK. Cxema TPaH3WCTOPHOro YCUnuUTENa-
KoppekTopa AnA npourpbiBaTena BUHWIOBLIX MNNACTUHOK pasMelleHa Ha caWTte
www.vlab.netsys.ru. TpaguuWoOHHbI B MOCrefHee BpemMA MOAXod, K KOHCTPYMPOBaHWIO
pasnunyHbIX 6110KOB 3BYKOBOW annapatypbl Ha OCHOBaHUW onepauuoHHbIx yeunutenen (OY)
MMeeT CBOM [OCTOMHCTBA M HepocTatku. [JOCTOMHCTBA - OTHOCUTENbHAA NpPOCTOTa
MOCTPOEHWA CXeM W nNpefckasyeMocTb noBegeHuA. HepoctaTkm - obAsatenbHoe
ucnonb3oBanme oblien oTpuuatesbHon 06paTHOW CBA3W W BO3HMKAKOLWAA MpU 9TOM
HeobX0AMMOCTb YaCTOTHON KOPPEKLUW, YMEHbLLAIOLLEN YCUIEHWUE C NOBbILLEHUEM YACTOThI.
B 10 e BpemA OY onTMMU3MpoBaH AnA NpuMeHeHWA "BOOBLLE", N B HEKOTOPbIX Cly4Yanx
npocTan TPaH3UCTOPHAA CXeMa MOXXET 3aMEeHUTb HECKOMbKO OnepaLyoHHbIX YCUAUTENEN 1
MPW 3TOM He TOMbKO He YXYALUTb, HO AAXe YyYLIUTb Ka4ecTBO 3ByYaHuA. [pumep Takoro
ycunutena-KoppekTopa nokasaH Ha puc.20. Micnonb3ya BCero NATb TPAH3UCTOPOB Ha KaHar,
3Ta cxema [aeT Xopolwve pesynbTathbl, Kak Npu W3MepPeHuAX, Tak W no CyObekTUBHOMY
BOCMPUATUIO Ka4ecTBa 3By4YaHuA.

XapakTepucTuky yCumnTena-KoppekTopa:

Kr npu Usbix=0,5 B 1 kI <0,01%
KoadhpmumeHT wyma, B3seLleHHbI npu Usbix=0,5 B >70 pb
Ky Ha yacToTte 1 Kkl'y, 90
OtknoHenue AYX ot ctaHpapTa RIAA

B amanasoHe 30 Ny...30 KIy, <0,5 ob
MakcrmanbHOe BbIXOLHOE HanpAXXeHne 5B
MuHUManbHOE CONPOTUBIIEHNE HArpy3Ku 10 kOm

B cxeme Tonbko TpaHaucTop Q1 paboTaeT Kak ycunutenb HanpaXXeHua. TpaH3ucTops!
Q2...Q8 - at0 noBTOPUTESNb, UCMONbL3YEMbI KaK AMHamuveckana Harpyska gna Q1. Q4 -
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Ycunutenn 34

BbIXOLHOW MOBTOPMUTESIb CUrHANa, Harpy>XEHHbIA Ha UCTOYHMK Toka Ha Q5. HenuHenHble
UCKaXXeHMA Kackaga Ha Q1 4aCTMYHO KOMMEHCUPYIOTCA WCKaXXEHUAMMW AUHAMWUYECKON
Harpysku. B pesynbtate Kr Ha 1 kl'u He npesblwaeT 0,1% paxke Npu MakcMmasbHOM
BbIXOLHOM HanpaxeHun 5 B. Mpu cTaHaapTHOM ypoBHe BbixogHoro curdana 300...500 mB
Kr=0,005...0,007%, T.e. MEHbLLE YPOBHA LUYMOB.

ci
T oroom xase +

Ti6 &
R13 =2 47wk m _(_-)
100k X258 ' 24B

Bbixog

C5 13mk x25B

. R8 1,8k

R7
68k <) Rch

S~ ™1 -
RCh  RCh = - 1 << RCh

10MKx258  Q1..05 BC5508
I Puc.20

PesncTopbl 1 KOHOEHCATOPbI JOMKHbI 6bITh C ONYCKOM 1%. TpaHaucTopbl Q1...Q3
Tna KT3102E, BC550B unun BC550C. Q4, Q5 - KT3102[, BC546.
5. MukpodcpoHHble 320

+24
ycunutenu cl ,ag,,gzal; (1,
MukpocborHbiit  younn-  BX@ +114] 6(10) Botxod
TeNb AO/MKEH UMEeTb Marblid Rl 7 78 N
ypoBeHb COBCTBEHHbIX LLYMOB, 47K /” ,(54&./;” &4 40

nuHerHyto AYX B pabounx

AnanasoHe 4acToT, BbICOKYO
neperpy3ouHyo CrnocobHOCTb. R2 6‘ R4 ZZA'
5.1. Ycunutenb Ha 100 100,0 /,zx

NMC K548YH1 4108 Puc.21
Yeunutens (puc.21)
VMEET CrEeAyoLLME TEXHUYECKME XapaKTEPUCTUKM;
HoMuHanbHbI puanasoH YacToT
npu HepasHomepHocTn AYX He Bonee 1 gb 20...20000 Iy,
HomuHanbHoe HanpAXXeHWe: BXOQHOE 1 mMB
BbIXOLHOE 250 mB
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MakcumanbHoe BXogHOe HanpAXeHune 30 mB
BxopgHoe conpoTuereHne 4,7 KOMm
OTHoLweHue curHan/lym B HOMUHaIbHOM

AmanasoHe YacToT, He MeHee 60 nb
Kr, npu BbIXOOHOM HanpsxeHun 5 B 0,2%

MMC BKMOYeHa MO CXeMe HEeWHBEPTUPYIOLLEro YCWAWUTENA C WCMONb30BaHUEeM

OQHOr0 TpaH3ucTopa AMddepeHUNanbHOro Kackaga [ANA YMEHbLUEHWA YPOBHA
CO6CTBEHHbBIX LUYMOB.

5.2. MMKpohOHHbIN yCUNUTeslb C CAMMETPUYHBIM BXOAOM

[nAa 6opbbbl ¢ POHOM NEPEMEHHOr0 TOKA CETEBOW 4acTOTbl, HAaBOQUMbBIM Ha
coefiMHuTeNnbHble Kabenn, B BbICOKOKAYECTBEHHbIX MMUKPOMOHHBLIX YCUAUTENAX
UCNOMb3YyT CUMMETPUYHLIA BXOA, peann3yemblil, Kak MpaBufio, Ha COXHbLIX B
U3roTOBMIEHUN 1 TPEOYIOLLMX TLLATENIBHOrO 9KPAHUPOBAHKA OT BHELLHWX MarHUTHbLIX NONen
CUMMETPUPYIOLWMX TpaHcdopmartopax. Ha puc.22 nokasaHa cxema MUKPOCOOHHOMO
yeunutensa, nossonatowan obornTuch 6e3 nogobHoro TpaHcdopmMaropa.

OcHoBon ycTponcTBa Cnyxut auddepeHumnanbHeii yeunutens Ha OY DA1.1 n
DA1.2. Ero koacpduumeHt ycuneHuna Ky=1+(R8+R9)/Ra, roe Ra - 3kBMBaneHTHoe
CONPOTMBIIEHNE COEMHEHHbIX NOcnenoBaTensHo R6 1 BBeeHHOM B Lienb yactu R5.

R7620 + C3220 mx

I
DAf NES532AN RIS

DA2 100X
R1t 20k  NESIIGAN ‘ijé

&BmerJ l BmoefI

"05 220 Mx
Puc.22

Takum obpasom, Ky MoxeT perynuposatbecA B npeaenax ot 1,5 0o 140 nameHeHnem
R5. YcuneHHoin curHan yepe3 C5 u C6 noctynaet Ha CUMMETPUYHBINA BbIXxod 1, a yepes
BTOPON audcpepeHumanbHblii yeunutens (OY DA2) - Ha HECUMMETPUYHDBINA BbIXOA, 2.

brnarogapa 6onbwomy (6onee 70 ab) nopasnenunto cuHgasHoro curHana OY,
NOMEX03aLLMLLEHHOCTb YCUUTENA ONPERENAETCA NUWb COrfacoBaHHOCTLH HOMWUHAMOB
R3 n R4, R8 u R9, R11 n R12, R13 n R14. HomuHane! aTux pesnctopos nogbuparoT ¢

78 BnokHot “Pagioamatopa” Ne 11



Ycunutenn 34

ponyckoM 1%. BxogHoe conpotusneHve ycunutena 10 kKOm. OnAa nutauuA ycunutena
UCMNOMb3yeTcA CTabunmampoBaHHbIl UCTOUHMK 10 B. B cxeme MOXHO McCnonb3oBatb

oTeyecTBeHHble QY K157Y[02, KP1407Y[O3
16 B - KO1407Y[4.

W MPU CHWKEHUN HanpAXXEHWA NUTaHUA 10
A. Caynos, r. Kues

NonesHaAa uHcopmauuna

Ha ctp.46 npenctaneHa nopbopka pasnuuHblX MCMbiTaTenen
paavoaneMeHTOoB, a 30€eCh Mbl iaeM CXeMy, 3aMEHAIOLLYK0 N0 CBOUM
PYHKLUMAM BONBLUMHCTBO OMMCAHHBIX Tam CXeM. YHuBEpCanbHbIi
nCnbITaTeNbHbIA NPUBOP (CM. puUC.) MOXeT paboTatb Kak BOALTMETP,
OMMETP, reHepaTop CUrHanoB, UCMbITaTeNb TPAH3WCTOPOB, AMOOB,
9NEKTPONUTYECKUX KOHAEHCATOPOB, KBAPLIEBLIX PE30HATOPOB.

V3amepenne  conpoTuBneHuA pe3ncTopoB. Pesucrop,
COMPOTMBAEHWE KOTOPOrO HEU3BECTHO, MOAKIOYAIOT MEXAY 3aXKUMOM
Cn "+ UCTOYHWUKA TOKA, COEMMHEHHOrO0 C 3axumom M.
lpenBapuTenbHo  Hago MOCTPOUTb  FPajyMpOBOYHBIA  rpadiuk,
NOAKNIO4AA K Npubopy PE3NCTOPbI, CONPOTUBAEHNA KOTOPbIX U3BECTHBI.

[eHepatop curHanoB C pe3oHaHCHbIM LC-KOHTypom wnm ¢
KBapLLeBbIM pe3oHatopoM. BY Hanpaxenue 0bpasyetca Ha 3axumax M
n BY. Yrobbl uactoTa reHepauum He npesblwana 2 Mru, mexpy
3axumamin C 1 M BKNKOYAKOT [OMONHUTENbHbIA KOHAEHCATOP EMKOCTBIO
600 n®. CTabunbHOCTb YaCTOThI reHepaTopa HEBEUKa, HO Ananas’oH
4acToT Y Hero OT AAMHHOBONHOBOrO A0 YKB

M3mepenne obpaTHoro Toka konnektopa |k3o. [Mopkniouaiot
6atapeto, CONPOTMBNIEHNE PETYIMPYEMOr0 PeaucTopa yCTaHaBnuBatoT
MakcKhmMasibHbIM; KOHTaKTbl BbIKNO4YaTENA B [OMKHbI 6bITb Pa30MKHyTbI.
locne 3TOr0 MOACOEAMHAKT MPOBEPAEMbIR
TpaHaucTop p-n-p (ANA Nn-p-n-TpaHaucTopa

KONNeKTopa pesko nafaet, TO 9TO 03HAYaeT, 4TO TPAH3UCTOP
reHepupyeT BY konebanuA. BmecTo konebatenbHOro KoHTypa MoxHo
1CNONb30BaTb KBAPLIEBbIA PE30HATOP.

lpoBepka YpOBHA Luyma TPaH3UCTOPa. B KonnektopHyto Lenb
TpaHaucTopa, paboTalollero B PexuMe reHepatopa, BKIKOYAKT
npoccenb HY (unu BbIXORHOW TpaHCOPMATop) W napannensHo emy
MOAKNKOYAT Kak MOXHO 6onee KOPOTKMMU NPOBOAAMM THE3MO0
“3BykocHUMaTenb” papuonpuemMHika. Mpu 3ToM B rpoMKOroBopuTene
bynet cnbileH Wwym. MeHAA TPaH3UCTOPbI, MOXHO NoaobpaTh Takon,
YPOBEHb COOCTBEHHDIX LLIYMOB KOTOPOrO HaMMEHbLLINIA.

MpoBepka MONyNPOBOAHMKOBbIX AMOAOB. MCMbiTbiBaeMbili AMOA,
nopknoyaT K 3axumam O u M wam E. Ecnu puop Hewcnpase,
BOMbTMETP MOKAXET N6O MOMHOE OTCYTCTBUE HANPAXEHWUA, nnbo
nonHoe HanpmxeHne 6atapen. [InA MCNPaBHOro AMOAA, BKMKOUYEHHOrO
B MPAMOM HanpaBneHni, BONbTMETP MOKaXeT HanpAxeHne 6atapev
muryc 0,3 B (anA repmatuesoro anoaa) unm 0,7 B (A KpemHreBoro).
[nA anopa, BKNKOUYEHHOro B 06PATHOM HANPaBEHN MEXY 3aXUMOM
C v oTpuuaTenbHbiM BbIBOROM GaTapew, npubop mokaxet o6paTHbIi
TOK.

MpoBepka aNeKTPONUTMYECKUX KOHAEHCATOPOB. MCnbiTyemblit
KOH[LEHCATOp BKMKOUAOT Mexay saxumamu C u

Bomemmemp Jo 108
M. Mo Benuuune uMmnynbca 3apAQHOro ToKa

- -
NONAPHOCTb  BKKOUEHUA Batapen HyXHO p \ .N=| 458 1& MOXHO CyauTb O €MKOCTW KOHEeHcatopa, a no
M3MEHUTb Ha 06paTHYHo) 1 No Lkane npubopa SN ' + ¥ TOKY YTEYKM — O €ro KayecTse. [onyCTUMBIA TOK
OnpeaensioT TOK. g yTeuku ly (B MunnmMamnepax) AnA KOHREHCATOPOB

M3meperne koabuuneHTa nepefauv @k, ¢ pabouum  Hanpaxenvem  Upa6=100 B,
Toka h21 ¢ TouHOCTbIO 5%. Bblkntouatenem B #NE @) M3MepEeHHbIN Yepe3 10 MUH MOCnEe BKMKOYEHVA B
nogkntoyator Kk 6atapee uenb  6asbl. il {‘L Lienb, He LOMKEH NpeBbILaTh 3HaueHua ly = | x10
[MoBopaumnBas OCb perynupyemoro peaucropa 27x 'g 1‘7'.,' ,’,,,[ o o0 - 4Upa6C+0,01, roe C — emKoCTb KOHpeHcaTopa
R1, ycTaHasnusalT TOK Konnektopa Ik ’ W1l B MK®. HoBble (He 6biBlME B ynoTpebnenun)
paBHbIM 1 MA. 3HaueHne koadduumeHTa IR AL KOHOEHCATOPbl  MEPER  M3MEPEHWEM  Hamo
npAMoiA nepepaun Toka h213 = Ik/l6 [ )\ * U MofBEPrHyTb TPEHUPOBKE, T:e. NOAKNKYMUTL UX Ha
ONpefenAT HenocpefCcTBEHHO MO LuKane A ANRA AN !: M‘ 24..36 4 K WCTOYHWKY NOCTOAHHOTO TOKA C

perynupyemoro pesuctopa R1. Tpapyupylor ¢ )
wKany — Tak: nocneaoBsarenbHo c
BblKnto4yatenem BKKOYAKOT  TOYHBIA
MUKpoamnepmeTp, 3axumel B u M
coepnHAroT. Mosopaumsan ocb pesuctopa R1,
Ha KOTOPOI YKpEerneH ykasaTesnb LIKambl,
ycTaHasnuBaroT Toku 6assl 16 330; 200; 100;
33; 20; 10 1 5 MKA. Kaxnomy u3 3Tux TOKOB
COOTBETCTBYIOT CRIEAYIOLLME 3HAYEHNA KOIPEDULIMEHTA NEpeaUn TOKa,
KOTOPbIE 1 HAHOCATCA Ha wWkany: 3; 5; 10; 30; 50; 100; 200. AnA MOLLIHbIX
TPaH3NCTOPOB TOK KONNEKTOPA MOXET ObITb yBENUYEH (Hanpumep, [o 4
MA). B TaKom criyuae 13MepeHHoe 3HaueHme KoadduLIeHTa nepeaun
TOKa TOXe [OMKHO ObITb YBENMUEHO B 4 pasa.

MpoBepka 4acTOTHbIX CBOWCTB TpaHauctopa. [opknovakT
TPaH3WCTOP W YCTaHaBNMBAKOT TOK Konnektopa 1 MA. 3aTem K 3axumam
A nopknioualT nocneposatenbHo LC-KOHTYpbI, HACTPOeHHble Ha
yactothl B Avanasode 1..10 MIU, W BLIACHAIOT, reHepupyer au
NpOBEPAEMbIA TPAH3NCTOP. ECAM B MOMEHT NOAKNIOYEHNA KOHTYpa TOK

B

4]

600 1
L__l - Rx
NN NI, T

HanpAXeHueM, paBHbIM pabouemy HanpAXeHUo
KoHpeHcatopa. Ecnu cTpenka uHomkatopa
6eCropAROYHO OTKNOHAETCA, TO 3TO FOBOPUT O
NNOXOM Ka4ecTBe KOHAEeHcaTopa. MHamkaTopoM B
3TOM Cny4yae MOXeT ObiTb MunauamnepmeTp
NOCTOAHHOrO TOKA CO LWkanon 4,5..5 MA wm
6onee YyBCTBUTENbHBIN.

lMpoBepka KBapLeBbIX Pe3oHaTopos. [nA
9TOr0 HeobXOAMM TPAH3UCTOP, KOTOPbIA MOXET reHepupoBaTb Ha
yactoTe fo 30 MIu. Ecnn kBapueBblit pe3oHaTop MCMpaBeH, TO Npu
NOAKNKYEHNN €ero K rHe3fam A TOK Konnekropa 6le,eT MEHATbCA.

B ka4ecTBe MHANKATOPa B ONUCLIBAEMOM YHUBEPCANbHOM Npubope
flydlle BCEro MCMonb3oBaTb MUANMAMMEPMETP C npepenamu
n3meperna 0,5...1 1 4,5...5 MA. Mpu 0TCYTCTBMM MUANMaMNEpMeTpa Ha
9TW Npefenbl M3MEPEHNA MOXHO MCMONb30BaTb Mt060I UMEHLLMIACA
aBOMETP C U3MEPEHNAMM B yKa3aHHbIX npepenax.
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CBapouHble annaparbl

CBapka npepncTaBnAeT cobOi TEXHOMOTUYECKW A MPOLLECC MOAYYEHWA MAOTHOrO
HEPa3beMHOro COeIMHEHUA JeTaneii C NCMoNb30BaHEM CUST MONEKYNIAPHOrO CLENeHuA,
npu 9TOM Martepuan COEAUHEHWA (CBApHOA LUOB) MMEET Te Xe usnyeckue u
MEXaHWYEeCKMe XapakTepUCTUKM, YTO U COEOMHAEMbIE AeTanu. Bce Buabl CBAPKM MOXHO
paspenutb Ha e 6onbliMe rpynnbl: CBapka AABEHWEM W CBapka nnasfieHuem (no
matepuanam cavra, asTop Paiickuit B.I".).

Csapka faBneHneM UCnosb3yeT NiacTMyeckme CBOMCTBA MaTepuana CoeanHAEMbIX
peTanen, npu 3TOM HarpeB UrpaeT BTOPOCTEMNEHHYK POfib UM COBCEM He MPUMEHAETCA.
Mpu cBapke AaBneHWeM MeTann HarpeBaeTcA [0 MIAaCTUYECKOrO COCTOAHMA 3a CYET
BbICOKOIO QNEKTPUYECKOr0 COMPOTMBAIEHWA 30HblI KOHTakTa W 3aTeM OCaXuBaeTcA
MEXaHWYECKUM YCUANEM, BbI3bIBAKOLLMM MACTUYECKY0 AedhopMaumio aetanen um ux
COELMHEHME B OQHO LIENoe.

Mpu cBapke nnaBfiEHNWEM METana HarpeBatoT [0 >KMAKOr0 COCTOAHMA
(pacnnaBneHuA), NpUMYEM KPOMKW COEfMHAEMbIX [eTaneil  pacnnaenAlTCcA
OQHOBPEMeEHHO, 06pasyA 06LLyl0 BaHHY >XUAKOro MeTanna; npu Kpuctannusauuu
(3aTBEpPAEBAHNM) pacnnaBneHHbIi MeTann CBapoO4HOW BaHHbI 06pasyeT npoyHoe
COEOMHEHWE, UMEIOLLLEE NUTYHO CTPYKTYPY.

Mo BMOy MCTOYHWMKA 3HEpruun, UCMosb3yEMON ANIA Harpesa, CBapKy NnaBfeHWEM
MOXHO Pa3penuTb Ha JNEKTPUYECKYHO W ra3osyto. pu rasoBoii CBapke MCNonb3yeTcA
SHEPrUA TOPEHWA B KWUCNOPOLHOW aTMOCCepe roproumMx rasoB: aueTuiieHa, rasos-
3ameHuTenen (npomnaHa, MeTaHa, BOLOPOAA M T.A.) W MApOB TOPHOYMX MMOKOCTEW
(6eH3nHa, KepocuHa). OnNEKTpUYeckana cBapka nnaBneHWEM OENUTCA Ha [OyroByio,
3NEKTPOLLMIAKOBYID U NAasmeHHyto. ONeKTPOomyroBas CBapka MaBfleHUMEM ABAAETCA
Hanbosnee 4acTo NpUMeEHAEMbIM BUAOM CBapKM, MNO3TOMY pacCMOTPUM ero nonpobHee.

ATOT BUA, CBAPKM MOXKHO KnaccupuumpoBaTth Cneaytowmm 06pasom:

1. Mo popgy ToKa CBapkM - CBApKa Ha NEPEMEHHOM W MOCTOAHHOM TOKE;

2.Tlo BMay NONAPHOCTM TOKA CBapKW (MpW CBapke Ha MOCTOAHHOM TOKE) - CBapka Ha
npAmoi ("MuHyc" Ha cBapuBaemoi pgetanu) u obpatHon ("MUHYC' Ha 3nekTpone)
NONAPHOCTY;

3.Mo TNy MCNONb3yeMblX ONEKTPOAOB - MNABAWMWMUCA METaNIMYECKUMU U
HennasALLMMUCA (BONb(PAMOBLIMU AW YTrONbHBIMU) 3NEKTPOAAMY;

4.Mo cnocoby 3awuTbl 30HbI CBApPKW - LITYYHBIMW MAABALMMWCA 3MeKTpogamu ¢
MOKPbITMEM (3aLLMTa MapaMu MUHEPAsbHbIX MOKPLITUA 3MEeKTPOLAOB), Noa dooCoM, B
Cpene 3alUMTHbIX ra3oB (MHEPTHbIX WM aKTMBHbIX), CaMO3ALLMTHBIMW MOPOLLKOBLIMU
NPOBONOKaMK:

5.To cTeneHn MexaHW3auuu - pyvyHanA, MeEXaHM3MpoBaHHaA (MONyaBTOMAaTUYECKas),
aBTOMaTn4eckKas.

OcCHOBHbIMU 3fiEMEHTaMM NHOB0A CBApPOYHON YCTAHOBKU ABMAKOTCA: MCTOYHMK
CBAPOYHOr0 HanpAXEHWA WAU WUCTOUMHWK nuTaHWA (ganee - WI); MCNONHMTENBHbIN
MEXaHW3M; COeaMHUTENbHbIE 3IEMEHThI (LUiaHru, kabenu); BCnomMoraTesbHbIe 3NIEMEHThI
(6annoHbl, npucnocobneHnA, ocHacTka W T.4.). B 3aBucumocty oT BbibpaHHOro BuAaa
CBapKu pasnuyaroT cnegytoLime Buibl CBapouHOro 06opynoBaHua:
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CBapouHblie annaparbl

1. OnA py4yHOW [yroBOW CBAPKW LUTYYHBIMW MNABALLMMUCA 3MeKTpogamu ¢
nokpbiTnem (Metog MMA):

- TpaHcdopmaTopbl;
- BbINPAMUTENH;

- reHeparopbl;

- UHBEPTOPbI.

TpaHcdopmaTopbl NpegHasHayeHbl [fIA CBapkM HA MNEPEMEHHOM  TOKE,
BbINPAMUTENN, FeHePaTopbl U MHBEPTOPHI - AS1A CBAPKKU HA NMOCTOAHHOM TOKE.

2. [0nA nonyaBTOMATMYeCKOW CBapku MeETanIMYecKom MPOBONOKON B Cpepe
3almnTHbIX ras3os (metopn MIG/MAG) - cBapouyHble nosnyaBTOMAaThbl, COCTOALLME M3
WCTOYHMKA MUTaHUA (BCTPOEHHOrO MW aBTOHOMHOro), 6noka ynpasneHwA, NOAALLEro
MEexaHu3mMa U cnewmanbHON CBAPOYHON rOpPenKu.

3. [InA aBTOMaTUYeCKOW CBApKW METASIMYECKON MPOBOJSIOKON B Cpefe 3aLuUTHBIX
rasoB wnu nop, (lOCOM - CBapOYHble aBTOMATbl (CamMOXOOHble TPAKTOPHOrO Tuna,
NOABECHbIE UK NAIAHETAPHbIE FOSIOBKM).

4. [InA py4HoW OyroBoW CBapKWM HENnaeAWMMCA (BOSIb(PPaMOBbLIM) 3IEKTPOAOM B
cpefde WHepTHbIX 3awwuTtHbiX raszoB (metog TIG) - cneuwanu3vpoBaHHblE CBAPOYHbIE
YCTaHOBKW NEPEMEHHOr0 /UM NOCTOAHHOO TOKA.

OpHOM 13 OCHOBHBIX XapaKTEPUCTUK CBAPOYHOrO NpoLecca ABNAETCA CTaTUYeCKan
BOSIbTaMMNepHanA xapaktepuctuka (BAX) cBapouHoW Ayru, oTpakarlowias CBA3b Mexay
HanpAXXEHWEM W CWJSION TOKa CBapoyvHoW ayri. BcnepctBme ocobeHHOCTER MoHM3aLuu
aToMOB MeTanna B CTonbe Oyry XxapakTepucTuka camoi gyr COCTOMT U3 TPEX y4YacTKOB:
nagjaroLLero, cratuyeckoro u Bospacrtawwero. CraTnyeckas BonbTaMnepHas
XapakTepucTKa CBapoYHOI Qyru nokasaHa Ha puc.i.
7a Ona cTabunbHoro ropexHuAa pyru
TpebyeTcA paBeHCTBO MEXAY HaNpPAXKEHNEM
1 ToKOM gyru (Ug 1 1n) M NCTOUHMKA NUTaHnA
(Uun un Iun). Jlerko 3ameTtuTb, 4YTO Takoe
paBeHCTBO BO3MOXHO B Cllyyae, Korga
H TOYKM  MEpPEeCceyYeHnA  BOSbTAMMEPHbIX
: 1y XapakTEPUCTVK Oy U UCTOYHMKA NUTaHUA

ABNAIOTCA TOYKAMMW YCTOMUYMBOIO TOPEHUA
Lyry, KakK rnokasaHo Ha puc.2.

u u
‘m\ .
Y X {\_“ !

Puc.1

a- mpaonme BAX; 6 - mécTran BAX; Puc.2 B - BospacTamat BAX.

Pyunyto pyrosyto ceapky (Metog MMA) BefyT Ha TOKe Manomn NAOTHOCTH (OTHOLLEHME
Cunbl TOKa K gmameTtpy anektpoga). [Mpu 3Tom n3-3a konebaHuA oanHbI gyr MEHAETCA U
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CBapouHble annaparbl

HanprXeHWe yru, 1 ee BoNbTaMmnepHanA XxapakTepucTKa UMeeT nagatoLLyto hopmy (30Ha
1 Ha puc.1). lNoaTomMy AnA pyyHOW AYroBOW CBApKU B OCHOBHOM npumeHatoT WM ¢
nagaroLLen BONbTAMMNEPHON XxapakTepUCTUKON, UMEIOLLLE 0YeHb BOJbLLIOW YroN HakoHa
K OC¥ ToKa (KpyTO NapjaroLlan xapakTepucTuka); Takaa BofbTamnepHan xapakTepucTuka
obecneunBaeT OTCYTCTBUE KONebaHW ToKa NPY U3MEHEHWUW HANPAXEHWA Oyru.

Mpv nonyaesTomatuueckoi ceapke metogom MIG/MAG gyra roput Ha ctabuibHOM
yyacTke BOSIbTAMMEPHON XapakTepPUCTUKM (30Ha 2 Ha puc.1.), noatomy UMM pna Takoro
MeToAa CBapKW [O/MKEH WMETb JKECTKYH0 WM MONoro naparoLlyto BOfbTaMMEPHYH
XapakTepUCTUKY.

WM c Bo3pacTawowei XapakTepUCTUKOA MPUMEHAOT B OCHOBHOM [AJIA
aBTOMaTWUYECKON CBAPKM NoL GONIFOCOM U HannaBKy.

|. CBapouHble TpaHcopmaTopbl

CsapouHble TpaHcdopmaTtopbl ABAAKTCA TpaHcopMaTopaMu HanpaXeHuA.
BONIbTAMMEPHbIE XapaKTEepPUCTUKWM TPaHCAOPMATOPOB, MPUMEHAEMbIX AJiIA PYYHOM
[yroBOW CBAapKM, ABAAKOTCA KpyTonagarowmmu. OnA noebiWeHnA cTabuibHOCTU ropeHna
Byry yBenuumearoT UHAYKTUBHOE CONPOTUBAEHWE Lienu Ayru, AfA Yero B Lenb BTOPUYHOM
06MOTKM TpaHcdopmaTopa 06bI4HO BKIHOYAKT AOMOMHNUTENbHYIO PEAKTUBHYHO KaTYLLKY.

Hanbonee pacnpocTpaHeHHbIMU ABAAKOTCA TPAHCAOPMATOPbl C Tak Ha3biBAEMbIM
yBEJIMYEHHbIM MarHWTHbIM pacceAHnemM. B aTux TpaHcdpopmaTopax Katyku o6MOTOK
pasHeceHbl MO CTePXHK MarHutonposoga. lNpu pabote TpaHcdopmartopa 4acTb
MarHUTHbIX NOTOKOB 3aMbIKaeTCA B BO3OyXe BHE MarHMTONpOBOAA U PaccemBaeTca, Yto 1
pano HaseaHuwe 9TWM annapatam. Perynupoeka Toka B Takux TpaHcdopmaropax
OCYLLLECTBNAETCA M3MEHEHWEM MarHWTHbIX MOTOKOB MyTeM pPa3fBMXKEHUA KaTyluek
06MOTOK M0 BLICOTE MarHUTONPOBOAA (0TEYECTBEHHbLIE TPaHCGOPMATOPbI cepun TL) nnm
BBEOEHWEM B OKHO MarHUTONPOBOAA MOABWKHBLIX LUYHTOB M3 MarHUTHOro marepuana
(TpaHcdopmatopel cepun TOM). B 6onee MOLLHBIX TpaHcdopMaTtopax, NpUMeHAEMBbIX
ANA  aBTOMAaTWYeCKOW W JMIEKTPOLUSIAKOBON CBAPKWU, WCMONb3YIOT PErynnpoBKy
MarHuTHbIMU LUYHTAMWU - CheuuanbHbIMU OpoCcCenaMu, pasmelLeHHbIMU B OKHe
MarHuMTONpPOBOAA M YMNpaBiAEMbIMU TOKOM HM3KOrO HanmpsXXeHuAa (TpaHcdopMaTopsl
TO®). TpaHcdopmMaTopbl C YBEMYEHHBIM MArHUTHLIM PacCeAHNEM UMEIOT, Kak Npasuso,
NaparoLLy UK KPYToNagaatoLLyro BOSIbTAMMEPHYIO XapakTepUcTuUKYy.

[pyro, MeHee pacnpoCTPaHeHHbIA TWN CBApPOYHbIX TpaHc(opmMaTopos -
TpaHcdopmaTopbl C HOpMarbHbIM MarHUTHLIM pacceAaHneM. B aTux annaparax KaTyLku
NMepBUYHOM U BTOPUYHOMW OOMOTOK pacnonararTCA KOHLUEHTPUYHO HA 3aMKHYTOM
MarHWTONPOBOAE CTEPXHEBOrO TUMa, MO3TOMY pacCeAHUe MarHuTHbIX MOTOKOB
npakTuyeckn oTcyTcTByeT. bnaropapAa 3TOMy BOnbTamnepHaA XapakTepucTuka
MoJly4aeTCA MONoro najaroller unm XecTkow. PerynupoBka Takux TpaHCopMaTopoB
OCYLLECTBNAETCA BBeJEHWEeM B Lenb BTOPUYHON OOMOTKM  [OMOSTHUTENBHON
WHOYKTUBHOCTW, 3@ CYET KOTOPOW WM NPOMCXOQMT HACTpolka Toka. B 3asucumoctu ot
pacnonoXeHuA L[OMNONHWUTENbHOW WHOYKTUBHOCTW pasnuyalT TpaHcdopmartopbl C
COBMELLEHHOW 1 C pasgesibHON PeakTUBHOM KaTyLUKOW.

AnAa cBapoyHbIX TPaHCHOPMATOPOB CMeunanu3npoBaHHbIX WCTOYHUKOB MUTAHWA
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CBapouHblie annaparbl

UCMOMb3YIOTCA CXeMbl C TakK Ha3blBAEMbIM ApOCCefieM HachieHuA. MNpu 3Toi cxeme
peakTMBHaA KaTylwka cobupaeTcA U3 HECKONbKWX OOMOTOK Ha [OBYXOKOHHOM
MarHuTonpoBoae 6POHEBOro TMNA: BUTKU PEAKTUBHOW KATYLIKUM HAMOTaHbl HA KpaiHuX
CTEPXKHAX MarHMTOMPOBOAA, a Ha CPefHeM CTep)KHe HamoTaHa ynpasnAeman 06MOTKa,
nuTaemMan MOCTOAHHLIM TOKOM, Ha3blBAEMbIM TOKOM HamarHuumBaHuA. Perynupya Tok
HaMarHW4MBaHWA, MOXHO U3MEHATb B LUMPOKMX Npepenax TOK BO BTOPUYHOM KOHTYpe
TpaHcdopmatopa, T.e. ToK cBapku. OTAENbHYH rpynny COCTaBAAKT MOLLHbIE
MPOMBILLSIEHHbIE TPAaHCAOPMATOPbl C PErynMpOBKOA TOKA MOCPEACTBOM TUPUCTOPHOMO
Kntoya, NOAKMYEHHOM0 BO BTOPUYHOM KOHTYpe. MNpumepom Takoro o6opynosaHua MoryT
CNy>XuTb TpaHcdopmatopsl cepun TODXK ¢ XKeCTKoi BONbTAMMNEPHON XapakTepUCTUKON,
NPUMEHAEMbIE ON1A aBTOMATUYECKON CBAPKU NOA, CPIIHOCOM.
Il. CBapoYHble BbINPAMUTENHN.

CBapka Ha MOCTOAHHOM TOke obecrneuvBaeT MOSyYeHUe CBAPHOrO COEAMHEHWA
6onee BbLICOKOrO KavyectBa MO CPaBHEHMIO CO CBAapKOW Ha nepemMeHHoM Toke. W3-3a
OTCYTCTBMA HYNEBbIX 3HAYEHUA TOKa MOBbLIWAETCA CTAabMSIBHOCTb TFOPEHWA [Ayrw,
yBenuumsaetcA rnybuHa nponnasneHua, CHuWXaeTcA pasbpbidruBaHue, ynyywlaercA
3awmTa gyru, noBbILLAKTCA MPOYHOCTHBIE XapakTEepPUCTWKW MeTania CBapHOro LUBa,
CHWXaeTCA KONMYECTBO LEe(DEKTOB LUBA, a MOHWKEHHOe pa3bpbi3rnBaHue ynyyllaet
UCNOMb30BaHWE NPUCAA0YHOr0 Matepuana v ynpoLiaeT onepauuy 3a4McTKM CBApHOro
COEAMHEHWA OT LuNaka 1 3acTbiBLUMX BpbI3r meTanna. Bce 910 npuBeno K ToMy, YTo ANA
CBApPKMN KQ4YeCTBEHHbIX LLBOB OTBETCTBEHHLIX COEANHEHMUI BOMbLLE MPUMEHAIOT CBApKY Ha
NMOCTOAHHOM TOKe. Kpome TOro, MHOrue marepuanbl - BbICOKONErMpoBaHHbIE K
TENNOYCTONYMBLIE CTanW, YyryHbl, TUTAH, ChiaBbl HA OCHOBE MedW W HUKenAa -
CBapMBalOTCA TOMbKO HA MOCTOAHHOM TOKe. B yacTHoCTW, OnA nonyaBTOMaTUYecKoi
CBapKu METaNNNYECKOA MPOBOSIOKOA B Cpepe 3awmtHblx rasos (meton MIG/MAG)
NPUMEHAOT MMEHHO W NOCTOAHHOrO TOKA.

O6wmmu aneMeHTamMu [nA CBAapOYHbIX BLINPAMUTENEA ABMAKTCA CUJIOBOW
TpaHcopmaTop, BbINPAMUTENbHBIA 60K 1 BI0KW NyCKOPErynmMpytoLLei, usmepuTensHON
W 3awWwuTHOM annapatypbl. OnA nutaHuAa BbinpAMuTenbHoro 6noka (BB) 06bl4HO
UCMOMb3YIOT NOHWXatoLLMe TpexdoasHble CMNoBble TPaHCOPMATOpPbl, N0 YCTPONUCTBY M
NPUHUMNY AEACTBMA aHaNOrMyHble OnucaHHbIM B npepbipyliem pasgene. Cam Bb
cobupaetca nubo no TpexdpasHon MOCTOBON cxeme, nnbo no wecTndasHoin MOCTOBOW
CXEMe C ypaBHUTENbHLIM PEAKTOPOM - Pa3HECEHHbIMU BTOPUYHBIMU 0BMOTKaMU CUIOBOIO
TpaHccopmartopa, COeMHeHHbIMM B 1B "3Be3fbl" (cxema JlapuoHoBa - [peTua).

3a cueT UCNonb30BaHWA cneumasbHbiX CTabunmaaTopoB HaNPAXKEHUA, BKNHOUYAEMBbIX
B CBApOYHbIA KOHTYP, YAAETCA MONyYuTb FNafKyld KPUBYKD TOKA C MWUHUMAnbHbLIMM
nynbcauuAMK BbLINPAMIIEHHOrO HanpAXeHuA. [nA BbLINPAMAEHWA TOKa MCNOMb3yHT
HeynpaenAemble NONYNPOBOLHUKOBbLIE BEHTUNN - KDEMHMWEBLIE UM CENEHOBBIE AMOAbI - U
ynpaBnAeMble BEHTUMM - TUPUCTOPbI (06bIYHO KPEMHMEBbLIE). KpEMHMEBLIE AMOALI UMEOT
HebonbluMe pa3Mepbl W BLICOKYIO TEMIIOCTONKOCTb, HO OYEHb YyBCTBUTENbHBI K TOKOBBIM
neperpyskam. Mcnonb3oBaHue TMPUCTOPOB TPebyeT MpUMeHeHuA creunanbHbix 610KoB
ynpaBneHuA OTKpblBaHueM TupucTopoB. O6bIMHO TUPUCTOPLI yCTaHaBnMBakoT Ha 6onee
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CBapouHble annaparbl

MOLLHOM W [OPOrOM NMPOMBILLSIEHHOM 060pYROBaHNN.

MonynpoBOAHNKOBLIE BEHTUAM TPebylT ONPefeneHHoro TemnepaTypHoro u
TOKOBOro pexuma. [103TOMy HemanoBaXKHbIMM 3fieMeHTamu Nioboro CBapovHOro
BbINPAMUTENA ABMIAIOTCA CUCTEMbI OXNlaxkaeHuA Bb: papmatopbl OXNaxaeHuA BEHTUNEN,
BEHTWUMATOP, BKIIOYAOLLMIACA Nepen NyCKOM BbINPAMUTENA, 6NOKM 3alimTbl OT TOKOBbIX
neperpysok (nnaBkue nNpepoXpaHWTenu Wnu pene 3aluTbl N0 TOKY) U TEnaoBble
NPenoXpaHuTenn - TepMoCTaT WM BETPOBOE pene, OTKNoYAKWME BbINPAMUTENL MPK
neperpese Bb nnu npu BbIXOfe U3 CTPOA BEHTUNATOPA.

PerynupoBaHve Toka CBapku B CBApOYHbIX BbIMPAMMUTENAX OCYLLECTBAETCA ABYMA
NYyTAMW -  3MIEKTPOMEXAHWYECKUM U 3fIeKTPUYeCKMM. B BbinpAmMuTEnAx c
3NEKTPOMEXAHUYECKOW PErynmMpoBKO/A M3MEHEHWe Toka npoucxoaut fo Bb, 1o ecTb Ha
BbINPAMIIAIOLLME BEHTUAN B KXKAOW (dase NoCTynaeT NEPEMEHHbBIA TOK, UMEIOLLUIA cuiy
TOKa W HanpAXXeHWe 3afaHHbIX CBapOYHbIX NapaMeTpoB. [TpuMeHAEMblE B 3TOM Cry4vae
CWUNOBbIE TPAHCAOPMATOPbI C YBENNYEHHLIM MArHUTHBIM pacceAHWeM (C pasmBMKHBIMU
KaTywkamu) W TpaHcopMaTtopbl C HOPMasbHblIM MarHWTHbIM pacceAHnem (C
ynpasnAemMbiM MarHUTHbIM LUYHTOM) ONWUCaHbl B NPeQpbIayLeM pasgene.

OneKTPUYECKME CXEMbl PErYNIMPOBKM CBAPOYHbIX BbIMPAMUTENEA MOCTPOEHbl Ha
U3MeHeHun Toka cBapku nocne BB wnu HenocpenctBeHHo B BB. BbinpAmutenu c
TPaH3NCTOPHLIMU PETYNATOPAMM TOKA OCHOBAHbI Ha NPUHLMMNE YNPaBiEHWA CUSbHBIM
TOKOM 3a cyeT usMeHeHuA 6onee cnaboro Toka. B atux cxemax nocne BB
MOCNepoBaTeNlbHO CBApPOYHON Ayre BKNOYAETCA 610K TPaH3MCTOPOB, COEOMHEHHbIX
napannenbHo. JTO NO3BOMIAET B LUMPOKMX Npefenax U3MEeHATb TOK ayru. [pumeneHue
TPAH3UCTOPHbIX CXEM PEerynnpoBKM TOKa [AET KPYTONagalollytd BOMbTAMMEPHYHO
XapakTepUCTUKY C LUMPOKUM CMEKTPOM PETYSIMPOBOK MO TOKY U BbICOKOCTAOWIIbHOW Ayron,
YTO NO3BOJSIAET NPUMEHATL TakWe BLIMPAMWUTENN ONA aBTOMAaTUYECKOW aproHO-AyroBoii
CBapku HennaeAwMMcA 3nekTpogom (metop TIG) BbICOKONErMpoBaHHbLIX CTanein u
CMaBOB Ha OCHOBE MeSM WU antOMUHUA.

bonee npocTton u pacnpoCTPaHEeHHOW ABMAETCA CXemMa BbINPAMUTENA C
TUPUCTOPHBIMK PErYNATOPaMU TOKA, B KOTOPbIX B KAYECTBE BbINMPAMUTESbHLIX BEHTUNEN
MCNONb3yT MOAYNPOBOAHMKOBbIE TUPUCTOPLl. DOpMUPOBaHME BObTAMMEPHBIX
XapakTePUCTUK TakWX BbIMPAMMUTENEA OCYLLECTBIAETCA 3a CYET BPEMEHHOro Casura
yNpasnAlWmMx MMNYNbCOB TUPUCTOPOB, nogaBaemMblx ONOKOM  (PasouMmMMynbCHOro
ynpasnexua. o Takum cxemam NOCTPOEHbI LUNPOKO M3BECTHbIE BbiNpAMUTENM TUNa BCBY
ONA pyYyHOA [OyroBOW CBapKW MNNABALMMUCA JNEKTPOAAMMW (C KpyTomaparoLLei
BONbTAMMNEPHON XapakTepucTukon) u BLAI onA nonyaBTOMaTnveckoW CBapku B cpepe
3aLUMTHBIX ra3oB (C NonoronagaroLLe BoNbTaMMnepPHOW xapakTepucTukon). JdanbHenwmm
pasBUTMEM CXEMbl BbINPAMUTENEA C TUPUCTOPHBIM PErYINPOBAHNEM ABUUCH
BbinpAMUTENU cepun BOY C p[BOWHOW BONbTAMMEPHOW XapakTEPUCTUKOW -
KpyTonagarowein u nonoronaparoiieii. Cunosoii TpaHCOOPMAaTOp 3TUX BbINPAMUTENEN
MMeeT ABe BTOPWUYHbIE OOMOTKW, U MX MEPEKOYEHME MNO3BOSIAET MONyYaTb ABOMHYHO
BOJIbTAMMEPHYHO XapakTEPUCTUKY U AENaeT BO3MOXXHLIM UCMOSIb30BaHWE BbINPAMUTENA
Kak onA pyyHow, Tak U AfiA noslyaBTOMAaTUYECKON CBapPKMU.
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CBapouHblie annaparbl

11l. CBapoy4Hble reHepaTopbl

Bo BCcex pacCMOTPEHHbIX Bbille WCTOYHWKAX MUTaHWA npeobpasoBaHue Toka
MPOUCXOQMNT 3@ CYET JNEKTPUYECKUX U INEKTPOMArHUTHBIX MPOLLECCOB NPU OTCYTCTBUM
BPALLAMOLLMXCA AeTanei u y3noB (3a UCKMOYEHUEM 3NIEMEHTOB MEXaHWUYECKWNX CUCTEM
PEerynupoBku ToKa), nodtomy Takue WI HasbiBawT cratnueckumu. OpHaKo paHblue
cratmyeckux UM 6oinu paspaboTtaHbl BpalLaoWMUECA UCTOYHUKW NUTAHWA, Ha3blBAEMbIE
CBapOYHbIMK reHepatopamun. OTANUMTENIbHON 0COBEHHOCTLIO CBApPOYHbIX FEHEPaTopoB
ABNAETCA HaNMuMe B HUX BPALLAOLLErocA AKOPA, NPUBOAMMOrO B ABWKEHUE BHELLHUM
npuBoaoM. MpuHLUMN [JEeACTBUA CBApOYHOrO reHeparopa aHanorumyeH pabore noboro
reHeparopa MOCTOAHHOrO TOka. CBapoyHble YCTAaHOBKM Ha OCHOBE TEHEepaTopoB C
NPVMBOLOM OT SNEKTPOABUraTeNA Ha3biBAKTCA CBApPOYHbIMKU npeobpasoBatenamu, C
NPMBOAOM OT [ABWUraTenA BHYTPEHHEro cropaHuA (6EH3WHOBOrO MAW AW3ENbHOro) -
CBapOYHbIMM arperatamu.

leHepaTopbl C He3aBUCMMbIMU 06MOTKamu BO3BYxaeHUA TpebytoT AONOAHUTENBHO
OTAENbHOr0 MCTOYHMKA TOKA. [BOWHbIE BONbTAMMEPHBLIE XapaKTEPUCTUKKM FeHepPaTopoB
hOPMMPYIOTCA 3a CYET MOAKIHOUYEHWNA HAMArHUYMBAKOLLMX NOCNEenoBaTeNbHbIX 06MOTOK
BO3OYXOEHWA; MpW UX BKIIOYEHUM BONbTAMMEPHAA XapakTepuctuka 6bymer umeTb
KpyTonapawulyto  opMy, Npu  OTK/KOYEHHOW  HamarHuuusawwen ob6MoTKe
BO/MbTAMMNepHaA XapakTepucTuka reneparopa Oyper nonoronaparowiein. [OnA nutaHuA
HamarHuymsawowmx o6moToK BO3OyxpoeHWA TpebyeTcA aBTOHOMHbBIA  UCTOYHUK
MOCTOAHHOTO TOKA, MO3TOMY TaKOW TWM reHepatopa 06bIYHO MPUMEHAIOT B TEX CNy4anXx,
Korga B KayecTBe NPUBOAA UCMOMb3YETCA ANEKTPOABUraTeENb NEPEMEHHOMO TOKa.

B reHepaTopax ¢ camoB036y>XOEeHUEM AJ1A NOTyYEHUA NOCTOAHHOMO HANPAXXEHWA Ha
KONNEKTOPE YCTaHABNMBAIOT MPOMEXYTOUHYHO LLETKY, PacroNOKEHHYO MEeXay ABYMA
OCHOBHbIMM. 3a CYET MOCTOAHHOrO CABWra pas Mexay NPOMEXYTOUHOW U OCHOBHBIMU
LLeTKamMu, paBHOMY /4, HanpAXeHne Mexay NPOMEeXYTOYHOW LLETKON 1 onepexxaroLLen
€€ OCHOBHOW LUETKON OymeT MOCTOAHHBIM, U MOXET ObiTb MCMOMb30BAHO ANIA MUTAHWA
HamarHuumsatoLmx o6MOTOK BO3bYKOeHuA. Takue reHepatopbl 0ObIYHO NPUMEHAIOT B
MOOUITbHBIX CBAPOYHBIX arperatax ¢ NpMBOAOM OT ABUraTenA BHYTPEHHErO CrOpPaHuA.

BpavuatoLumeca cBapoYHble MCTOUHUKM MUTAHUA NPOCTbI U AELUEBLI B U3rOTOBEHWN
W 3KcnayaTauuu, OQHAKO BpepHble YCNOBWA LEWCTBYHOLLEro NpoM3BOACTBA (BbICOKAA
BNT@XXHOCTb, MacnAHble Mapbl, Nbib C HanuMyuMeM abpasuBHbIX 4YacTWL) NPUBOAAT K
6bICTPOMY BbLIXOBY W3 CTPOA nNapbl TpeHuAa "wWweTku-konnektop", noatomy 6onee
COBEPLUEHHON ABMIAETCA CXeMa BEHTWU/IbHOrO reHeparopa, B KOTOPOM (PYHKLMIO
KonnekTopa BbINOAHAET OECKOHTAKTHOE MNOMYyNPOBOLHUKOBOE  BbIMPAMUTENBHOE
yCTpoWCcTBO. 3a cyeT 60NbLIOr0 WHAYKTMBHOMO COMPOTWBAEHUA OOMOTKM cTatopa
BONbTAMMEpPHAA  XapakTepucTuka Takoro reHepatopa OypeT  nagaroLlen.
BeckonnektopHble reHepatopbl (Hanpumep, [0-4004) HapexHee B paboTe, HO bonee
TpeboBaTenbHbl K TEMMEpaTypHbiM  nepenagaMm,  YCNOBUAM  OXNaXXAEHWA
MoNynpoOBOAHUKOBbIX BEHTUNEN 1 TOYHOCTW BbIAEPKMBAHWNA YaCTOTbl BPALLLEHWA NPUBOAA.

IV. CBapoyHbie UHBEPTOPDI
Hanbornee COBPEMEHHBIMW W TEXHUYECKU CROXKHBIMU WCTOYHUMKAMMU CBAPOUYHOrO

BnokHoT “Pagioamartopa” Ne 11 ,:-'5



CBapouHble annaparbl

TOKa ABNAKTCA CBAPOYHbIE MHBEPTOPbLI. B oTnnune ot ctatnyeckux UMM 1ak HasbiBaeMbix
"knaccuyeckux" TUNOB (T.e. TpaHCCPOPMATOPOB U BLINPAMUTENEN), Y WHBEPTOPOB
OTCYTCTBYET CMNOBOI TpaHcdopmaTop. Bea paboTa cBapouHOro nHBepTopa nocTpoeHa Ha
npuHLumMne ¢as3oBoro caogura (MHBEPCUM) HanpPAXXEHWA, OCYLLECTBAAEMOro dNEeKTPOHHON
MMWKPOMPOLLECCOPHON  CXEMOW C  MOKAackagHbiM  ycuneHwem Toka  (06bl4HO
MuKponpoLeccopom Ha IGBT - MOLLHbIX MONEBbIX TPAH3UCTOPax KaHanbHOro tuna). 3a
CYET NPUMEHEHMA TAKOro NPUHLMNA YOAeTCA NOMYUMTb LUMPOKWIA CNEKTP BOSIbTAMMEPHbIX
XapakTepuCTUK - OT KpyTOMaaaroLWwen 4o Bo3pacTaroLLe - C 04eHb rNafKon KpUBOIA TOKa,
OTKMOHEHWNA KOTOPOrO CHWXKEHbl A0 YPOBHA AECATbIX LONEN MPOLEHTa, YTO MO3BONAET
pobnBaTbCA BLICOKOrO KayecTBa CBapku. BkroueHue B CXeMy BbICOKOUYACTOTHOMO
reHepatopa pacwmpAet cdepy MPUMEHEHWA WHBEPTOPHBIX WMCTOYHWKOB MUTAHWA M
MO3BOJIAET UCMONb30BaTb MX MpaKTUYecku gnA nboro MeToga OyroBOW CBApKWM U AnA
nnasMeHHon pesku. 3a CYeT HebONbLUON MacCbl MHBEPTOPbI Manoi MOLLHOCTU OYEHb
8 NepPCneKTUBHbl Af1IA UCMONb30BaHWA MpU
. MOHTaXe ocobo OTBETCTBEHHbIX
METaINIOKOHCTPYKLUMA 1 TpybonpoBOLOB.

I z Bce uHBEpTOpbl  MMEKT  MAaBHYH

R perynupoBky  CBapoO4YHOro TOKa, a
MUKPOMNPOLLECCOPHAA CxeMa C NaMATbHO
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no3BOSIAET OpraHuM3oBaTb 3anoMUHaHWe
HECKONbKMNX Hanbonee yacTo
NPUMEHAEMbIX PEXNMOB CBAPKW.

Bbicokoe KayecTBO MONyYaeMbIX
CBapHbIX COEOMHEHWUIA W LLUMPOKWIA CNEKTP
METOAOB CBapKku [enaeT WHBEPTOPHbIE
UCTOUYHUKN Hambonee nepcrneKkTUBHbIMM
ONA  MNPOMBILUIEHHOTO  NMPUMEHEHMUA,
0CO0BEHHO NpU NPOM3BOACTBE CMIOXHbLIX W
OTBETCTBEHHbIX METaNIOKOHCTPYKLMA 13
pasnnyHbIX MaTePUanos.

KOHKpeTHbIe NpuMepbl BbINOMHEHWA CBAPOYHbIX annapaToB Ha4YHEM paccMmaTpuBaTh
C MOPTaTMBHOrO CBAPOYHOrO amnapara (myroBoK), OCHOBA KOTOPOro - nabopaTopHblii
TpaHcchopmatop JIATP Ha 9 A (puc.3). C HEro CHMMAarT KOXyX W BCHO apmartypy, Ha
cepaeYHuke octaeTcA nuwb o6MoTka. B TpaHcdopmaTope cBapoyHOro anmapara oHa
OyneT NepBUYHONA (CETEBON), €€ WM30NMPYHT ABYMA CNOAMU U3ONEHTbI UK NaKOTKaHW.
MoBepx n3oNALMM HamaTbIBatOT BTOPUYHYO 0BOMOTKY - 65 BMTKOB npoBopa unu Habopa
npoBopgoB 06wum cevennem 12..13 mMmMm. OOMOTKY YKPENnnAWT MW30SEHTON.
TpaHccopmatop yCTaHaBAMBAKOT Ha W30NMPYHOLWLEA MNOACTABKE W3 TEKCTONUTa MK
reTHaKca BHYTPM KOXYXa U3 NIMCTOBOW CTanu Wau AHOpantoMUHUA, TONLLMHON He Bonee
3 MM. B KpblILKke KOXyXxa, Ha 3apHei n GOKOBbIX CTEHKaX AenatoT OTBEPCTUA ANAMETPOM
8...10 MM gnA BeHTUNALMK. CBEPXY YKPENSIAKT PYYKYy U3 CTallbHOrO NpyTKa.

Ha nepepHIot0 naHens BbIBOOAT UHAMKATOPHYHO NIaMMOYKy, BblKItoYaTenb Ha 220 B
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CBapouHblie annaparbl

9 A 1 KneMMbl BTOPUYHOW 0OMOTKM: K OQHOM U3 HUX MPUCOERMHAOT Kabenb ¢ pepXxatenem
3NEKTPOAOB, K APYroi - kabesb, BTOPON KOHEL, KOTOPOro BO BPEMA CBAPKW NPYXUMAIOT K
cBapvBaemMoi fetanu. Kpome TOro, ata mocnepgHAA kKnemma npu pabote ob6A3atenbHO
pomkHa bbiTb 3a3eMneHa. MiHgmukaTopHaA nammnoyvka nepemeHHoro toka tuna CH-1, CH-
2, MH-5 curHanusupyeT o BKIKOYEHUM annapara. OneKTpoab! AnA 3TOro annapara foMmKHbI
UMeTb fimameTp He 6onee 1,5 mm.

[nA cBapoyHOro annapara BTOPOW KOHCTPYKUMW (puc.4) HEOOXOAMMO M3roTOBUTH
TpaHcdopmatop. M3 LL-o06pasHoro TpaHcdopMaToOpHOro »xenesa HabuparT cepaeyHnK
ceyeHnmeM 0Kofo 45 cM2, HamaTbiBalT Ha Hero nepBUYHyH0 (CeTeByto) 0bMoTKy 220
BuTKOB nposoga M3 1,5 mm. OT 190-ro 1 205-r0 BUTKOB AENAOT OTBOAbI, NOCAE Yero
MN30IMPYOT 06MOTKy 0BYMA-TPEeMA CNOAMW U30NEHTbI NN NNAKOTKaHW.

MoBepx M30MMPOBAHHOW MNepBUYHON OOMOTKM HamaTbiBalOT BTOPUYHYD. OHa
COonepXuT 65 BUTKOB MpoBoaa unu Habopa npoBofoB 06LwyM ceyeHnem 25...35 Mm2. B
Habope nyuLle BCEro UCnonbL30BaTb NPOBOAA
™mna N3N wnmn N3B 1,0...1,5 mm. Kak n B
NMepBON KOHCTPYKLMK, FOTOBbIA TpaHcdop-
MaTop 3aKPensaAlT Ha  U30AUPYHOLLEN
NOACTaBKE W MOMELLAOT B KOXYX. CTEHKM
KOXyXa  OOJIXKHbI 6bITb yaaneHbl oT
TpaHcdopmMartopa He MeHee Yem Ha 30 MM.
Ha nepegHol0 naHenb KpoMme nammouky,
BblKNto4aTena M KNeMM  BbIBOAAT
nepekoYaTenb, PEryNpyOLLMA Cuy ToKa.

B ceapoyHoM annapaTte  aTOW
KOHCTPYKLUK MOXHO “cnonb30BaThb
neKkTpoabl guametpom 1,5 un 2 mMm.
OnekTpoabl  W3rOTOBAAKT  CNEQYHOLLUM
obpasom. CranbHyto NPOBOOKY
COOTBETCTBYIOLLEro guameTtpa paspybaroT
Ha Kycku pnmHon no 350 MM, 3auuwarot
LLKYPKOM M NOKpbIBAtOT 06Ma3Koii, COCTOALLLE N3 PaCcTONYEHHOr0 Mena v XXUAKOro cTekna
(cvnukaTHbIn Knew). YToObl MOKPbLITWE MOAYYMNOCH POBHBIM, MPOBOMOKY BEPTUKASBHO
norpy>xatot B 06mMasky, 0CTaBiAA CBEPXy YNCTbIN KoHew, aanHon 30...35 MM, 1 MeAsIeHHo
BblHUMaOT. Kaxapblii 31eKTpof, MOABELLMBAKOT Ha BEPEBKE C NOMOLLLI 6enbeBon
npuLlenkun, nNocne BbICbIXaHMA ANEKTPOAbl FOTOBbI K UCMOJSIb30BAHUIO.

Mopkntouath 3TOT annapaT K AOMaLLHeR CEeTU HeNb3A, Tak Kak OH NoTpebnAeT Okono
3 kBT1. lMNonb3oBarbcA annapatoM MOXHO B MAcTePCKOWA Mpu Hanuuuu INeKTpuy4eckKon
CETM, K KOTOPOIi paspeLLaeTcA NOAKNYaTL annaparsl MOLLHOCTLIO 10 5 KBT.

BHumanue! Mepep Hauanom pabotbl npoBepbTe 3asemnenue. HapeBante BO
BPeMA CBapKu Cyxyto 6pe3eHTOBYIO cneuopaexay v pykasuubl. NogknapbiBainte nop,
HOMM pe3nHOBbLIN KOBPUK. He pabotainte 6e3 Macku.
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CBapouHble annaparbl

CsapouHbin annapart Ha ocHose JTIATP2 gnA cBapku Ha NEPEMEHHOM U MOCTOAHHOM
TOKe MPeanoXeH B xxypHane “Mopennct-koHcTpykTop” N21/2000.

B ocHoBe 3TOro HapeXHoro M nNpoCTOro B W3roTOBNEHWM 'cBapo4HMKA"
ynoMuHaewunca 9-amnepHbln  nabopatopHblii  asToTpaHcdopmatop  JIATP2 u
CaMO[E/IbHbIA TUPUCTOPHBIA MWHU-PEryIATOP C BbINPAMUTENbHLIM MOCTOM. OHu
MO3BOJIAKOT He TONIbKO 6e30MacHO MOAKMYaTbCA K ObITOBOW OCBETUTENbHOW CeTM
NEPEMEHHOro ToKa ¢ HanpAxeHneM 220 B, HO 1 u3MeHATb UCB Ha anekTpoge, a 3HauuT,
BbIOMPATb HYXXHYHO BESIMUKHY TOKA CBAPKM.

Pexxumbl paboTbl cxembl (pUc.5) 3apatoT ¢ NoMoLLbio noteHuuomeTpa. CoBMeCTHO
C KoHpeHcatopamu C2 n C3 oH obpasyeT chasocoBurarolLime LEMoYKW, KaxaaA u3
KOTOpblx, cpabaTtbiBaA BO BPEMA CBOEro Moaynepuopa, OTKPbIBAET COOTBETCTBYHOLLUMA
TUPUCTOP Ha HEKOTOPLIA NPOMEXYTOK BpeMeHW. B pesynbtate Ha nepsBuyHOR 0B6MOTKe
cBapoyHoro T1 okasbiBatoTcA perynupyemble 20...215 B. TpaHcdopmupyAcb BO
BTOpPUYHOA 06MOTKe, Tpebyemoe UcB NO3BOMAET NErko 3axeuyb Ayry AnA CBapku Ha
nepemMeHHoM (knemMmbl X2, X3) unu BbinpAMAEHHOM (X4,X5) Toke. Peauctopel R2 n R3
LUYHTUPYHOT Lenun ynpasneHua Tupuctopos VS1 n VS2. KoHpgeHcatopel C1, C2 cHuxatoT oo
AONYCTUMOrO YPOBHA PagMorioMex, COMPOBOXAAOLLMX OyroBow paspAn. B kavectse
CBETOBOro mHpmkatopa HL1, curHanuaupylowero 0 BKAKOYEHWM annapara B ObITOBYHO
3NEKTPOCETb, UCMOMb3YETCA HEOHOBAA IAMMOYKA C OrPaHNYNTENBHLIM PE3NCTOPOM R1.

Ana nop- $81 8N 25
COeAauHeHna Xt gp
annapara K
KBapTUPHOMN
3/1eKTPOnpoBo-
[pKE MpUMEHN-
Ma 06blyHaA
wrencenbHan
Bunka X1, Ho
nyyle nuenosnb-
3oeaTb bOornee
MO LW H bl |7|_‘___~J

certn ~2208

3NeKTpopasb-
em. B kauecTBe "
BbIKNOYaTeNA SB1 nopovnpet
"nakeTHuk" BI125, paccun-TaHHbIA Ha x2
TOK 25 A 1 MO3BONAKOLLMIA pasmblKaTb
oba nposopa cpasy. YcTaHaBnvBaTb Ha
CBApOYHOM annapate kakue Obl TO Hu ~U.
6bIn0  NpefoXpaHuUTeNM He UMeeT
cMbIcna. 3aecb NPUXOANUTCA UMETb AENO _"‘:‘
C TakMMK TOKamu, NpU MpeBbILLEHNUM —
X5
koTopbix ~ obA3aTenbHo  cpabotaer Puc.5 Z-
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CBapouHblie annaparbl

3almTa Ha BBOAE CETU B KBApTUPY.

[nA u13rotoBneHWA BTOpUYHOW OO6MOTKM C 6a3oBoro JIATP2 CHUMaOT KOXyX-
OrpaXKaeHne, TOKOCbEMHbIA MON3YHOK U KPEMEXHYHO apmaTtypy. 3aTeM Ha MMEHOLLYHCA
obmoTky 250 B (oTBOAbl 127 n 220 B octatotcA HeBocTpebOBaHHLIMM) HaKMaLbIBAKOT
HafeXHY M30NALMIO (HanpuMep M3 NakoTKaHu), NOBepX KOTOPOW pasmeLLaroT
BTOPUYHYHO (MOHWKatOLLY0 06MOTKY)HO, copgepxxalLyto 70 BUTKOB U30NIMPOBAHHOM MefHOM
UnU anioMWHUEBON LUKMHBI, MMetowwei B nonepeyHuke 25 MM2. MOXHO W3roToBMTb
BTOPUYHYO OOMOTKY W3 HECKOSbKUX MapanfiefibHbiX MNPOBOAOB C TakUM e 0bLuMm
ceyeHnem. HamoTky ypobHee BCero OCyLeCTBAATL BOBOEM. B TO BpemA Kkak OAwH,
CTapaACb He MNOBPEAWTb M30NMALMK0 COCEOHWX BUTKOB, OCTOPOXHO MPOTArMBAaeT W
yKnagelBaeT NpoBOA, ApYyrov ypoepxusaeT cBOOOOHbIA koHel Oynywien obMOTKM,
npepnoxpaHAA ee OT CKpyYMBaHuA.

MopepHnanposaHHbin JIATP2 nomeLaroT B 3aLUWUTHBIA METANINIMYECKUA KOXKYX C
BEHTUALMOHHLIMM OTBEPCTUAMM, HA KOTOPOM PacnofararT MOHTaXHYyHo naaty u3 10-mMmm
reTMHakca WM CTEKIOTEKCTONWTA C MaKeTHbIM Bbiknouatenem SB1, TMPUCTOPHBIM
perynATopom HanpsxeHuA (C pesuctopom R6), ceeTomHgukatopoMm HL1 BKIHOYEHMA
annapara B CeTb W BbIXOLHbIMU KNeMMamMu OiA CBapku Ha nepemMeHHoM (X2, X3) unu
NOCTOAHHOM (X4, X5) Toke. Mpu otcytcTBuM 6asoBoro JIATP2 ero MOXHO 3aMeHUTb
camopesibHbiM TpaHcOPMaTOpOM C MarHMTONpPoBOAOM ceueHneMm 45..50 cm2. Ero
nepsuyHaA 0bMoTKa gomkHa copepxxartb 250 BUTKOB nposopa MNaB2 guametpom 1,5 mm,
BTOpMYHaA o6MOTKA HWYEM He OTAnYaeTcA OT TOW, YTO WCMONb3yeTcA B
MOAepHU3npoBaHHoM J1IATP2.

Ha Bbixofe HM3KOBONLTHOM OOMOTKM yCTaHaBnMBalOT ONOK BbINPAMUTENEN C
cunosbiMu auopgamu VD3...VD10 gfiA cBapku Ha NOCTOAHHOM TOKe. [MOMUMO yKasaHHbIX
BEHTWU/E/ BMOSIHE MPUMEHUMBbI 1M Gonee MOLLHbIe aHanoru, Hanpumep [122-32-1
(BbINPAMAEHHBIA TOoK g0 32 A). CunoBble AMObl M TUPUCTOPbl YCTaHABIMBAKOT Ha
papuaTopax-TenooTBOAaX, NoLWanb KaXpaoro 13 KOTOpbIX He MeHee 25 cMm2,

Hapyxxy 13 KoXyxa BbIBOGAT OCb PErynMpoOBOYHOrO pesnctopa R6. INog pykoATKoM
pasmeLLalT WwKany ¢ AeneHWAMU, COOTBETCTBYIOLLMMMW KOHKPETHbIM BEfWYMHAM
NOCTOAHHOIO Y NEPEMEHHOrO HanpAXXeHuA. A pALOM - Tabnuuy 3aBUCUMOCTM CBAPOUHOr0
TOKa OT HanpAXeHWA Ha BTOpPUYHOM 06MOTKe TpaHcdopmartopa W OT AuvameTtpa
cBapoyHoro anekrpoga (0,8...1,5 Mm).

CBapouHbln kabenb AAA paccMaTpuBaemMoro annapara - MegHbli MHOrOXMIbHbIA
kabenb 06LLM ceveHneM okoso 20 MM2 B pe3nHOBOM 13onALMK. Tpebyemoe KOnM4ecTeo
- 1Ba NOJyTOPAMETPOBbIX OTPE3KA, KAXKAIA M3 KOTOPLIX CrnepyeT 0bopynoBath TLLATENbHO
o6XaTbiM W NponaAHHbIM KNEeMHbIM HaKOHEYHUKOM [ANA MOAKIYEHUA K CBapOYHOMY
annaparty. A HenocpeacTBEHHOro e COeOMHEHUA C "Maccon” MCMONb3yHT MOLLHbIA
3aXMM Tuna "Kpokoaun', a C 3MeKTPOROM - AepxKaTteflb, HanoMWHARLWMA TPex3ybyto
BUIKy. Mo>xHO BOCNONb30BaTLCA U aBTOMOBUNBHLIM "npukypuBatenem".

MMnynbCHBbI CBapOYHbIA annapaT NOCTOAHHOMO TOKa, KOTOPbLIN TaKXXe CAYXMUT Kak
3apAgHoe ycTponcTao, npepnoxun A. MNetpos (PJ1 N2 5/93).
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YD6KCH7
XapakTepucTuku

crnepytoLve:

MakcumManbHbIA CBapOUHbI (3apAQHbIN) TOK
- NPy ABYX Kioyax 40 (30) A

- NpY TPEX KIryax 60 (40) A
Hanpaxenne XX 36 B
MuHVManbHbIA TOK 3apApa 1 A

KA, He MeHee 0,8

CBapOYHOro annapara
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:

3HAYUTENIbHO MeHbLUe (OHM 6nM3KM K CTaTUYECKUM hs
Tokam K3), v npu yanuHuBliencA gyre obpasyetcA
cTabunbHaA paboyasa Touka. BbilenepeyncrneHHbIM

Tpef)OBaHI/IFlM B MOJSIHOW Mepe COOTBETCTBYET
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WCTOYHWK HaNPAXEHWUA, BbINOSHEHHLIN MO CXeme
reHepatopa Toka. CBOWCTBA TaKOW KOHCTPyKUMW B
NONHOW Mepe MOOXOQAT WM [ANA 3apAfHOro ycrpoictea. McxopAa w3
BbILLEW3MIOXEHHOr0 M pa3paboTaH CBapOYHbIA annapar, cxema KOTOporo
npeacTasneHa Ha puc.6.

C uenbl0 YMEHbLUEHWA Harpy3kM Ha [dWMOAbl MOCTa CEeTeBOro
BbINPAMMUTENA NPU BKIIKOYEHUW CETU MPUMEHEHO YCTPOMCTBO 3apAna
KOHZEeHcaTopa, oTInyMTeNlbHaA 0COBEHHOCTb KOTOPOro COCTOMT B TOM, UTO
dopmupoBatenb uUMmMynbca 3anycka Tupuctopa obecneunBaet ero
cpabatbiBaHue NP MUHUMASILHOM HanmpAXeHUU Ha nepexofe aHod-KaTtof,
T.. CUHXPOHHO C MEPEXOAOM CETEBOro HanmpsxeHuAa yepe3 Hynb. Cxema
paboTaet cnepyroLw MM 0bpasom.

Ho 3anycka npeobpasoeatena HanpaAXxeHue Ha koHpeHcatope C13
OTCYTCTBYET, TUPUCTOP 3aKPLIT U 3apAf KoHAeHcaTtopa cunbtpa C6 npo-
MCXO[NT Yepes orpaHnuUTENbHLIA pesuctop R6. Kak Tonbko koHaeHcaTtop C6
3apAgMTCA [0 HanpAXeHWA 3anycka npeobpasoBartena, noABWTCA
HanpaxeHue Ha C13 u nepBbIM e cuHxpoumnynbcom ¢ VD6 yepes
pndbdpepeHumanbryto Lenouky C9-R7 3anyctutcA ogHoBubpaTop Ha
TpaHauctopax VT2, VT3. Mpu 9T0M Ha ynpasnAoLwui anektpod VS1
NOCTYNWUT OTKPbIBAOLLLEE €ro HampAXeHue ¢ KoHpeHcatopa C13
yepes anemeHTbl R19, VT3. bpocok Toka 3apApku KoHpeHcaTopa
GounbTpa He npesbiwaeT 15 A.

AnemenTbl L2, VD5, C8, R4 cnyxart ona orpaHuyeHunsa 6pocka
TOKa Yepe3 CMNoBble TPaH3UCTOPLI Npeobpa3oBaTenA B MOMEHTHI
3axuradua gyru. BennunHy peauctopa R4 paccumTtbiBaloT U3 COOTHOLLEHUAL:

R4 = Un/0,8 x Imax - In' = 300/0,8 x 24 - 5 = 22 Om,
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CBapouHble annaparbl

CWJIOBOrO TPaH3NCTOPa; |H' — npuBefeHHbIA K BXOQHOMY HanpaXeHunto UH TOK Harpysku
npeobpasoBartens.

Tok, notTpebnAemMblin npeobpasoBateniem, paccyuTLIBaKOT Mo hopMyne:

IH' = PH/Unn = UHIH/Unn = 20x60x/300x0,8 = 0,5A,

roe PH — BbIXOQHaA MOLLHOCTb annapara, n - KrNa; UH=20 B Hanp. Ha gyre.

MoLHOCTb, BbIAENAOLWAACA Ha pe3ncTope R4, onpenenAeTcA BblpaXXEHNEM:

PR4=IcR4j,

roe Ic=IH — ToK paspApa KoHpeHcatopa C8; j - KoahdUUMEHT 3anoNHEHNA UMMYNbCOB.

MNpeobpasosatenb annapata BbINOJHEH MO  MONYMOCTOBOW CXeme C
camMoBO36Y)XAEHMEM W KOMMYTUPYIOLLMM  HACBILLAKWMMCA TPaHCHOPMaTOPOM.
NponopumoHanbHO-TOKOBOE yrnpassieHune crnocobcTyeT nosbiweHunto K ycTpoictea 3a
CYET nOoBbILEHNA ObICTPOAENCTBUA KOMMYTALMOHHbLIX npoueccoB. OTnnymtensbHan
0COBEHHOCTb 3aKMOYaeTCA B TOM, UTO BK/OYEHME U BLIK/IOYEHUE CUIIOBbIX
BbICOKOBOJSIbTHbLIX TPaH3UCTOPOB npeobpa3oBaTefii  OCYLLECTBAAETCA B pPeXuMe
pasoMKHyTbIX Kntouen K1, K2, (K3) perynATtopa, T.e. Ha “XONOCTOM” XO@y BO BCEM
AManasoHe Harpys3ok, YTO 3HauMTeNlbHO MOBLILAET HAAEXHOCTb YCTPOACTBA 3a CYeT
UCKMIOYEHNA CKBO3HbIX TOKOB, noBbiwaeT KM v yMeHbLIaeT UMMYNbCHbLIE MOMEXM.

PerynupoBka TOKa Harpys3ku OCYLLECTBNAETCA LAUTENIbHOCTbIO UMMYSbCOB C
NOMOLLBK cxembl ynpasneHua (CY), BbinonHenHon Ha DD1, DD2. lMpu 3TOM cunoBsble
TPaH3NCTOPbl perynATopa MCNONb3yTCA B PEXWME HACbILEHUA C MUHUMANbHLIMU
notepAMu mMowHoctn. Ha oanemeHtax DD1.1, R18, VD10, VD12 BbinosnHeH
dopmmpoBatesnb MeaHapa, CUHXPOHHOIO C YacToTon npeobpasosanuA. [lanee no poHTy
M no cnapy curHana ¢ nomoubio aucuenoyek C3-R2, C4-R8 n DD2.2 cdhopmupyroTea
KOPOTKWE, OKOMNO 2 MKC, OTpUL,aTENbHbIE UMMYIILCHI.

3a paboTy CXembl LUMPOTHO-UMMYNAbCHOW MopynAumm (LUWM) oTtBeuaet
OpHOBMOpaTOp, BbINMOMHEHHBIA HA 3nemeHTax DD1.2, DD1.3, pauTeNnbHOCTb MMMYNbCOB
KOTOPOro 3aBMCUT OT COCTOAHWA TpaH3ucTopa VT1. YnpasnAtowee HanpaxeHue Ha 6asy
3TOr0  TpaHaucTopa  noctynaet  OT
npeobpasoBatena Tok-Hanpsxenune (MTH),

1 I 1 I + BbINOJIHEHHOr O Ha onepaunoHHOM

ycunutene DA1 n wyHte R38 (75LLUCM3-50-
1' u U ]J—— 0,5; napeHne HanpAXxeHna 75 mB npu Toke

-

nogbopom pesuctopa R13. Yctpoicteo

 Harpyskm 50 A). MuHuManbHbIi  TOK
npurogHo BA 3apApku no6bIX

-

3aBUCUT OT uyBcTBUTENbHOCTM [ITH 1
aKKyMYIATOPOB HanpAXeHunem OT 6 Ao

HacTpamMBaeTCA C MOMOLLbK pe3ucTopa
—I r“ |—‘I r'l r“ 24 B, Tak Kak ABNAETCA reHepaTopom TOKa.
} HanpseHWA B XapaKTepHblX TOYKax

R36. MakcumanbHbIi TOK OrpaHu4uMBaroT
Puc.7 nokasaHbl Ha puc.7.

]
W
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CBapouHblie annaparbl

OnA ynobcTBa nonb3oBaHuA B ofim. IVuy

YCTPOWCTBE MPERyCMOTPEHO [Ba
nogavmanasoHa perynupoBKM TOKa.
Katywka TpaHcopmaTtopa T1
BbiNonHeHa beckapkacHon. ObmoTka obm.1nill Puc.8
| oTpeneHa OT oOCTafbHbIX TPemA
cnoAmu nakotkanu. O6moTky |l MOTalOT B 1B NPOBOAA, Kak MokasaHo Ha puc.8. Takum
obpasom, nonyyaldT deTbipe 0O6OMOTKM, NOCNe Yero wux 'Bbi3BaHMBAOT' W
npuHagnexawue K ogHom nonyobMoTke COeduHANT napannenbHo. OTBop, monydvaroT
COEAMHEHNEM KOHLLA OLHOMN NOIyOOMOTKM C Hayanom Lpyrow.

[encteytoliee (3PEKTUBHOE) 3HAYeHUE TOKA BTOPUYHON OOMOTKM CO CpPEmHein

TOYKOM [3=Ir2 = 60/1,41=43A

MpuHMMaem NnoTHOCTL Toka J=6A/MM2 Torga ceyveHue npoeopa S=13/j=43/6=7MM2.
C uenblo ymeHbLIeHNA 3dPeKTa BLITECHEHWA TOKA, a TAKXKE MOMyYeHUA [OCTATOUHOM
rmbkoctn pasbmeaemM npoBogHWK Ha 16 nposopoB. S=S/16-17/6=0,43 mMM2, OTKyAa
pnameTp nposoga O-0,74 mm (npuHumaem [-0,8 mm).

MoTouHble JaHHble TPaHCHOPMATOPOB CBEAEHDLI B Tabn.1.

nonyobm. 1

1o
L)

“Ta® 70 % %0, 8, 8 8707

B X R L

Tabnuua 1
O6motka Kon. Butkos Mposop, MarnuTonposop,
T | 25 M3B-2 4x0,56 M9B-2 0,4 LLI16x40 ([Ba CNOXEHHbIX
1l 6,5+6,5 M3B-2 16x0,8 BMECTE MarHuTonpoBoAa
B 2 XryTa LL116x20M200CTNM)
1l 2 MaB-2 0,8
2,5+2,5
v 2+2 MéB-2 0,3
v 3 MoB-2 0,4
T2 | 10 NndB-20,8 M2000HM
] 6 M3B2 4x05 K20x12x6
lla 1,5 M3B-2 4 x0,56
1 6 M3B-2 4x0,5
L6 I 12 M3B-2 16x0,69 M2000HM
M 1 T3B-2 0,5 LLI12x15 3a3op 0,5 Mm

TpaHccopmatop T1 u guopsl VD16-VD20 3akpenneHbl Ha obLiemM TennooTBOAE C
MIOLLAAbI0 OXNAXAatoLei noBepxHocTM okoro 1000 cM2, cryaliem 3apHeil CTEeHKOM
annapara. TpaHauctopbl VT4-VT7 3akpenneHbl Ha OTAeNbHbIX pebpuUCTbIX paguatopax ¢
MnoLanso oxnaXpatolweid nosepxHocTM okono 200 cm2. MpuueM Konnektopbl 1 6asbl
ChnapeHHbIX TPAaH3UCTOPOB OﬁbeJJ,I/IHeHbI, a B dMUTTEepax BKNKYEHbl TOKOBbIpaBHUBAKOLLNE
pesuctopbl no 0,1 Om tuna C5-16MB mowwHocTbio 2 BT. Kntoun K1, K2 perynatopa
BbIMOSIHEHbI B BUAE OTAEMbHLIX MOLYNei 1 MOryT HapawmeaTtbCA A0 Tpex. TpaH3ucTop
VT11 cHabXeH papnaTtopoM C MNOLLafbio OXfaXpatoLen NoBepxHOCTU okomo 150cm2,
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CBapouHble annaparbl

TpaHsuctop VT9 3akpennAtT Ha TOM XKe paguatope yepes CIOAAHYI0 NPOKNAAKy Unu Ha
He6OoNbLIOM OTAENbHOM pagmartope.

Mpy mMcnonb3oBaHuM annaparta ¢ TOKOM Harpysku go 40 A pgpoccenb L2 MOXHO
3ameHuTb [159. KonpeHcatop C6 tuna K50-35-350B-330 MKD MOXHO 3aMeHuTb Ha faBa
KoHpeHcatopa Tuna K50-27-350B-220 mMk®. B kayectBe koHgeHcatopo C 11, C 12
npuMeHeHbl koHaeHcaTopel Tuna K73-16-250B-3,3 Mk®. KoHpeHcatop C8 tnna K50-29-
350B-22 Mk®, koHaeHcaTop C23 Tnna K50-29-63B-1000 Mk®D, ocTanbHble - TMna K50-35
n K73-17. Peanctop R4 tmna C5-35B mowHocTbto 15 Bt. Opoccenn Ttuna 13 no
Aro.475.007TY, tvna 069 (Od59) no 0KD0.475.000TY. Mukpocxemy OA1 tuna K140Y47
MOXHO 3ameHuTb K140Y[O6. [Mpu npasBunbHON asupoBke TpaHCOpPMaTopoB
npeobpasoBartesnb 3anyckaeTcA cpasy W, Kak NpaBuio, B HANAXXUBAHUN HE HY)XOAETCA.

[na HacTponku yctaHoBuTe SA2 B nonoxeHwe 1...10 A, OBuxok peanctopa R36 - B
cpefHee nonoxeHwe, R16 - B kpaiiHee npasoe. C MOMOLLbHO NOACTPOEYHOrO pesuctopa
R36 ycTtaHoBMTE TOK KOPOTKOrO 3amMblkaHuA 1 A N0 amnepmeTpy B KaYeCTBE Harpysku.
(Mpu n3mepeHun cHavyana 3amMblKatoT BbIXOLHbIE KEMMbl, 3aTEM K HUM MOAKIYaT
amnepmeTp. OnA M3MEpeHuin KnemMmbl pasmbikaroT. [lepekntoyeHne gmanasoHoB
N3MEPEHWI TaKXe MPOW3BOAAT MPWM 3aKOPOYEHHbIX Krnemmax. BCTpoeHHbii npubop
KanubpytoT C NOMOLLbIO NOACTPOEYHOro pesuctopa R41. 3atem nepesegute pesucTop
R16 B KpaiiHee nesoe no cxeme nonoxxexue. MNMopbopom pesnctopa R13 pobentech Toka
KOPOTKOro 3amblkaHuA okono 10A.

Mpun >xenaHwum, B YCTPOMCTBO MOXXHO BBECTU (DYHKUMIO 3anycka gsuratend. [OnA
3TOro AOCTaTOYHO CAenaTb NMOPOroBOE YCTPOWCTBO, KOTOpoe Obl Nepekntoyano annapat
npu NpPoCapKe HanpAXEHWA B Harpyske (Ha akkymynatope) Hwxe 10 B ¢ Toka 3apApa
OKOJ0 5 A B peXXMM 0TAa4YM MakcMmanbHOro Toka n obpartHo.

ManoMOLLHbIA 3NeKTPOCBapOYHbIA annapat npepsioxun B. bapaHos (P 7/96). B
OCHOBY KOHCTPYKLUMW aBTOP MOSIOXMA CPaBHUTENbHO PEAKO MCMOMb3yeMbld MPUHLMN
nosnyyeHnAa "napatollen” XapakTepucTuKu - YNpaBfEHWE YrNOM OTCEYKM HanpAXeHuA
nutanuA. OH cnpaBeanuBo CYMTAET, YTO B OMALLHWX YCIIOBMAX TPYAHO CO3paTh annapar
C XOpowwumMn Macco-rabaputHbIMK nokasaTenAMu, Kpome TOoro, OH HecrnocobeH
yO0BNETBOPUTENBHO paboTaTth B PEXXMME KOHTAKTHOW CBapKM, KOTOpaA NpeacTaBnAeT anq
papuontobutenein 60MbLLION HTEPEC.

Mpu nOCTPOeHWM CBApPOYHOro annapara MnPeanoyvTUTENbHO MNPUMEHeHue
TOpOMAANbHOr0 MarHUTONPOBOAA, 0bnagarowero MUHUMasbHbIMK rabaputaMmmn 1 nonemM
pacceAHuA. VI3MeHeHWeM BPEMEHN KOMMYTaLMM MOXHO MEPEBECTW annapaT B PeXuM
XECTKOW BbIXOQHOW XapakTepUCTUKU, YTO NpPEeBpaTUT ero B MOLHBIA MCTOYHUK
NepemMeHHOro Uau BbINPAMIEHHOrO HANPAXXEHWA, KOTOPbLIA MOXeT paboTaTb, Hanpumep,
B KayeCTBe 3apALHOro YCTPOMCTBA WM B YCTAHOBKE TOYEYHOW KOHTAKTHON CBAPKM.

MOXXHO pEeKOMEHLOBaTb CregyroLlyt0 METOAWKY OPWEHTUPOBOYHOrO pacyeTa
TpaHcdopmartopa. CHavyana HaxopAT Tpebyemyrd MOLWHOCTb. OCHOBHbIM KpUTEPUEM
30eCb CNYXWUT MakcumanbHbIl AMamMeTp INEKTPOAa, ONpeaenArowmnin npumMepHoe
LENCTBYIOLLLEE 3HAYeHMe CBApOYHOro Toka. Tak, OnA anekTpopa guametpom 1,5 MM
CBAPOYHbIA TOK BOMKeH bbiTh B npepenax 25...40 A, gnAa 2 mm - 60...70 A, oA 3 MM -
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CBapouHblie annaparbl

100...140 A, pnAa 4 mm - 160...200 A. MowwHOCTb TpaHcdopmaTtopa B BaTtTax paBHa
Ptp=25IcB, roe IcB - cBApOYHbI TOK B amnepax.

[anee onpeaenaloT ceyeHne MarHuTonposoaa B cm2: S>0,015xP, roe P - B BaTTax.
AnA mMarHUTONpPOBOAOB, OTIMYHLIX OT TOPOWAANLHOrO, ChedyeT YBEeNWYUTb CeYeHwe B
1,3...1,5 pasa.

3ateM BbIMWUCAAKOT guameTp B MM npoBoga nepeuyHoi obmotkm: di>1,13 SQR
P/2000 . AnameTp B MM NpOBOAA BTOPUYHON 0OMOTKM BbIYMCAAKOT No doopmyne: dii>1,13
SQR I/J, rpe J - nnotHocTb Toka B A/MM2. Tlpu Toke |, MeHbluem 100 A, npuHuMatoT J
paBHoit 10 A/MM2; npu Toke meHee 150 A - 8 A/MM2, npu Toke MeHee 200 A - 6 A/MM2.
Ecnu mcnonb3ytoT HeKpyrbld NpoBOA, €ro CeYeHWe AOMKHO OblTb PaBHbIM CEUYEHUHO
Kpyrnoro. B pacuyete NpuHATO, YTO CpenHee CyMMapHOE BPEMA FOPEHWA Oyri HE NPeBbl-
waet 20% OT CpefHero CyMMapHOro BpeMeHU nay3 Mexay nepuogamMu ropeHua oyru.

C yyetom u3noxkeHHoro 6binu paspaboTtaHbl ABa BapuaHTa CBapOYHOro annapara
MeHbLLEN 1 60SbLUEA MOLLHOCTY, OTANYAOLLMXCA CETEBBIMI TPAaHCOPMATOpamMm, CXeMbl
KOTOpbIX MOKasaHbl Ha puc.9, a u 6 cootBeTCcTBEHHO. [lepBuyHaA obmotka obomx
TpaHCopMaToOpPOB CKOHCTPYMpOBaHa Tak, Y4To6bl BO3MOXHO OblI0 BapbMpoBaTh UNUCHO
BUTKOB, BKJIHOYEHHbIX B CeTb. HaMOTOYHblE XapaKTepUCTUKW TpaHCEHOPMaTopoB
npencrasneHbl B Tabn.2.

Takum obpasom, ceteBoe Hanpsxenue 220 B y nepBoro uM3 TpaHchopmaTopos
(pnc.9,a) moxeT 6biTb NogBefeHo K 210, 220, 230 unm k 240 BUTKAM NEPBUYHON 0OMOTKH,
ay BToporo (puc.9,6) - k 115, 135, 155, 165 unu K 185 BUTKam. 3TO NO3BOMAET B LUMPOKMX
npegenax M3MeHATb KO3PMUUMEHT TpaHcdopmauum U BMeCTe C KOMMYyTauuen
cunbHOTOYHbIX 06MoToK HI-VII (I1l- 1X) nopbupaTb onTUManbHbI pexkum cBapku. Ona
OyroBOW CBApKW CWIIbHOTOYHble OOMOTKM COEAMHAIOT MOCnegoBaTenbHo, a AnA
KOHTaKTHOW - NapansesibHo.

2 [ S— Yueno o
:Z::gﬂ Z BUTKOB #
/i . b o
i e a2l . i
oll.3 EIZ: o o3 3| & pa -
e Rl N R
40 3 o o 3| .
S : i D
Z i 74 b y//[
e U Tl
24
gYr st °"
@)  fragyroson  [inA KOMTaKTHOM 6 BY Y s
) Ana gyrosoii  [InA KOHTaKTHOA
cBapKH CBapKH s KZ A
Puc.9 g 4

B ceTeBoM TpaHcdopmMaTope annapaTta MeHbLUEN MOLLHOCTY BMeCTO nposoga B3
MOXHO WCroMb30BaTh W APYroM, fornyckarowmin paboty npu Temnepatype Ao +80°C u
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CBapouHble annaparbl

UMEILLNA yKa3aHHOe ceyeHwe. MarHuTonpoBOL WCMONb30BaH OT TpaHcdopmartopa
NATP-9 6e3 kakoi-nubo nepepenkun. lNepBuuHyro 0BMOTKY M30MPYHOT NEHTON W3
NakKoTKaHW unu, B KpawHem cryyae, YepHOW JIMMKON TKaHeBOW M30neHToi. Mpu ceapke
anekTpogamu AUamMeTpom [0 2 MM BO3MOXHO NMOAKNIOYEHWE 3TOro annapara K 6bIToBow
CETU NepeMeHHOro Toka HanpaxeHnem 220 B.

Tabnuua 2
CeTesoit O6moTka Yucno sutkos |Mposop, MpumeyaHua
TpaHccopmarop amametp, MM
annapara (ceuenve, Mm2)
MeHbLuei | 240 MoB-21,5 2 otBoga: ot 10-ro u 220-ro BUTKA
MOLLHOCTH
(puc.9,) Il 40 MrLLB (0,35) MpuroaeH nt6oi NPOBOA CeUeHneM ot 0,2
£0 0,75 MM2 ¢ U30nALMeN, fonycKaroLLLeN
paboTy npu Temnepatype He MeHee +80°C
1l 20no5 |MNB3(10) Honyctumo ncnonb3osaque nposopa MB3
IV-VII nB3 (10) ceyeHneM 6 MM2 Npu HamoTKe B "ABa
nposopa"
BonbLuei | 185 naB-21,8 3 otBopa: ot 20-ro, 30-ro u 135-ro BuTKa
MOLLHOCTH
(puc.9,6) Il 40 MrLLB (0,35) Mpurogex ntoboit NpoBog, ceueHnem ot 0,2
A0 0,75 MM2 C U30nALMed, AonycKatoLLed
paboTy nNpu Temnepartype He MeHee +80°C
1l 9no4  |10x3) (10x3) [onycTMo ucnonb3osaHue nboro
IV-IX NPOBOAA YKA3aHHOr0 CEeYEHNA C M3oNALIMEN,
UMetOLLEi TENNOCTOMKOCTb He Hidke +80°C

Annapat 6onbLuei MOLLHOCTM NpegHa3HayeH AfA CBapku 3NeKTpoaamMm ouaMeTpom
[0 4 MM Npy COOTBETCTBYHOLLEA MOLLHOCTU NUTaroLLLei ceTu. MarHMTonpoBoA, cocTaBneH
13 gByx oT TpaHccopmaTopos JIATP-9, y KOTOPbIX BHYTPEHHWIA OMAMETP YBENWYEH A0
80 MM - yoaneHa 4acTb BUTKOB CTaslbHOW NIEHTbI Af1A pasmMeLleHna 06MoTok. CHATbIE ABa
0Tpeska CTanbHOW JIEHTbl HaMOTaHbl Ha MarHUTOMPOBOLbLI W 3aKPEMSIEHbl C BHELUHEN
CTOPOHbI.

Ha BbiBogbl 06moToK IHI-VII TpaHcchopmaTtopa annapara MeHbLUe MOLWHOCTM Hape-
BAKOT M MPOMNavBaKT HAKOHEYHMKM C OTBEPCTMEM nop, BMHT M5. MOXHO ucnonb3osatb
CTaHOAPTHbIE HAKOHEYHWUKU WK BbIpyObuTb MX 3yOunom M3 MEQHOro (naTyHHOro) nucra
TOSLLMHON He MeHee 1 MM. [Npu oyrosoi ceapke 0OMOTKM COeOUHAKOT NOCNEen0BaTeNbHO,
NPU KOHTAKTHOW - NapannenbHo, Kak Nokas3aHo Ha puc.9. Yncno nopknroYeHHbIX 06MOTOK
MOXET UBMEHATLCA B 3aBUCMMOCTM OT TPeOyeMO KpyTU3HbI NafatoLLei XapakTePUCTUKM
npu LyroBon CBapke wnu pnA obecrneyeHnAa [OMyCTUMOro Toka 4Yepe3 OO6MOTKM Mpw
KOHTaKTHOM cBapke. B annapare 60sbLIe MOLLHOCTA HAKOHEYHUKN HE HYXXHbI, OTBEPCTUA
nog, BUHT M5 cBEPNAT HEMOCPEACTBEHHO B BbIBOAAX Y MX KOHLA.

MpuHUMNManbHaA cxema y3na ynpasieHWA CBapO4YHbIM annapatoMm nokasaHa Ha
puc.10. TllepeMeHHOe HanpAXxeHue, nocTtynawowee ¢ obmoTkm |l ceTesoro

36
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CBapouHblie annaparbl

TpaHcopmatopa, nepesapakaet koHgeHcatop C1 B kaablil NOAynepuog, ¢ NOCTOAHHON
BPEMEHU, onpenenAemMon conpoTueneHvem pesuctopos R1, R2. K BbiBOgam
KoHpeHcatopa C1 nopgkntoueHa nocnefoeatenbHaaA Lenb, COCTOALLAA M3 AUOAHOI0 MOCTa
VD5 u ynpasnatoLwux nepexonos TpuHuctopos VS1 n VS2 ¢ pa3sA3sbiBAKOWLMMI AUOAAMM
VD3, VD4. Ha tpaHsuctopax VT1, VT3 cobpaHo noporoBoe YCTPOWCTBO C PErYIMPYEMbIM
NOACTPOEYHLIM pe3ncTopoM R6 noporom cpabatbiBaHuA.

(3 e R2 47K

4 { N\ |-
3 g SM R1330 R3 KﬁgsaA RA100
©
2 5 C11MKx 1608 == 30 |—Z§@>
o
< vS1 VT3
) _ . B vD3 2374 2™ C2 kT5098
I< s N 80
QL '
= | S ZwiBa0 /R E VDS ME Rb‘l”
2 = o — \_—9—4 KU405E | 47K
8 | 8 Yvb2pB200 VT R5
& | 2B [N KT807E :]1,(
= | T\’ﬁs%m\l vD4 1237 Y7 3 -

~ VT2 KT3156

Puc.10

Kak yxxe ynomaHyTo, nopor cpabartbiBaHA MOXHO perynnpoBatb pesuctopom R6.
Mpu nOBLILEHWM NOpPOra YBENMYMBAETCA MOLLHOCTb MMMYNbCa, OTKPbIBAIOLLErO
TPUHUCTOPBLI, 4TO MOXEeT noTpeboBaTbCA, KOrga annapat 3KCnayaTupylT npu
NMOHVXEHHOW OKpYXXatoLLLeit TemnepaTtype.

MepemeHHbI peancTop R2 no3BonAeT M3MeHATb BPEMA 3apAaku koHpeHcaTopa Ci
OT Hayana nonynepuoga A0 MOMeHTa cpabaTbiBaHWA MOPOroBOro YCTPOWCTBA, T.€.
perynupoBatb KpyTU3HY NageHUA XxapakTepucTukm annapara.

Pesnctop R3 orpaHuumBaet TOK paspAnkM koHpeHcatopa C1 w onpepenAet
LJIMTENBHOCTb MMMYNbCOB, OTKPbIBAOWMX TpuHUCTOpbl VS1, VS2; koHpeHcatop C2
cnocobcTeyeT QopMupoBaHMto (OpoHTa M cnaga mmnynbcos. duopg VD6 3awuwaert
3MUTTEpHbI Nepexon TpaHsuctopa VT3 OT neperpy3ku B MOMEHT Cnaga MMMysbCa.
TpaHaucTop VT2 urpaet ponb cnabotouHoro crabunutpoHa.

Tymbnep SA1 MOHTMPYIOT Ha MaHenu ynpasieHuA annapatoM. [nA KOHTAaKTHOW
cBapku 310T Tymbnep uenecoobpasHo gybnupoBath HOXHbIM nepekntovatenem. MNpu
MaccOBO/ CBapke TOHKOMMCTOBbLIX [eTaneil BK/YaTb M BbIK/IOYaTh anmnapar MOXHO
UCNONMHUTENIbHBIMW  KOHTAKTaMun pene BpemMeHu, nopgknryaembiMun napannesbHo
Tymbnepy SAT.

B y3ne ynpaenenua annapatoB koHgeHcatop C1 MBM wnu nobon GymaxkHbld Ha
HOMUWHanbHoe HanpAxeHne 160 B u 6onee; koHpeHcatop C2 KM-6. lNepemMeHHbIn
pesuctop R2 MMB-2 ¢ xapaktepucTukoin A; nopctpoeyHblii R6 Cl15-16BA. Tymbnep SA1
Tna MT-1.

Ovnoppl 1237A MOXHO 3aMEHWTb 10ObIMK, KOTOPbIE BBIGEPKMBAKOT UMMYNbChI TOKA
B 1 A. Takum xe Kputepuem onpegeneH Boibop anopHoro mocta VD5. Bmecto KO513A
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CBapouHble annaparbl

noponget ntoboi ManoMOLLHbIA KPEMHMEBLIV C MasibiM 06paTHLIM TOKOM.

Avnogel VD1 1 VD2 gormkHbl UMeTb NpepesibHo AOMNYCTUMBbIA NMPAMON TOK HE MeHee
3HAYeHMA CBAPOYHOro ToKa ANA BbIOPAHHOW KOHCTPYKLMU. TO XXe caMoe OTHOCUTCA M K
Bbibopy TpuHUcTopoBs VS1 1 VS2.

Bmecto KT807Bb noponpetr ntoboit n-p-n TPAH3UCTOP, BbIAEPXMUBAKOLLWA
MMMYNbCHBIA TOK KOSfIeKTOpa He MeHee 1 A nNpu HanpAXEHWU KONMNEKTOP—IMUTTEP He
mMeHee 40 B, a Bmecto KT502B - ntoboin p-n-p TpaH3UCTOP Ha TOK KOMNIEKTOpa HE MEHee
0,35 A Ha TO e KONNIEKTOPHOE HanpAXeHWe.

g Ob6a annapaTta MMEKT CXOQHYH KOHCTPYKLMIO.

fe AN °p Ha puc.11 cxemaTuyecku MokasaHO YCTPOCTBO
7“‘@%-—\@ 1 |y annaparta mMeHbLued MOLLHOCTU. Ero oCHOBOWM ClyXuT
f—il.0 o pama 1, cobpaHHaA M3 OHOPANIOMUHUEBBIX MNAHOK
:%‘“L@ | { yronkoBoro mpochunA wnu, B KpaiiHeM cryuae, W3

L LEPEBAHHBIX PEeK, YCUNEHHbIX AHpantoMUHUEBLIMM

yronkamu. B HXHel vyactu pambl 3aKpeneH ceTeBon
TpaHcdopmatop 3 B obevaiike OT TpaHcdopmartopa
NATP. Ha npaBon CTOWKe pambl  Kpenar
W30MALMOHHYIO KOMOOKY 2 C 3axumamu anA
T3 nopkntoYeHuA annaparta K CeTW, Ha NeBON CTOlke —
KOpobKy 4 C O9NEeKTPOHHbIM Y371I0M W OpraHamu
ynpaefieHWA — TMepeMeHHbIM pe3uctopom R2 u
Puc.11 Tym6nepom SA1.

BTopuuHble 06MOTKM TpaHcopmaTopa NepekntoyvakoT Ha CaMOAENbHON NPOYHON
TeKCcTonuToBON Konopke 5. CeapouyHble "WnaHru' nogknroyaroT nmbo K COeaMHEHHbIM
BMmecTe runbkum BbiBOpam puopos VD1, VD2 wu TtpunuctopoB VS1, VS2, nnbo
HENOCPELCTBEHHO K TemnnooTsogamM 8 (OnA Tak HasblBaeMOro MakCUManbHOro pexxuma
KOHTaKTHOM CBapku Heobxooumo 06ecneyunTb MUHUMAsbHOE NAafeHWe HanpaAXXeHuA Ha
noaBoAALLMX npoBoaHuKax). MowHble guoppl 7 u TpuHuctopel 6 (VD1, VS1 1 VD2, VS2)
pacrofaratoT Ha [ByX M30/IMPOBaHHbIX TeNnooTBoAax 8 mnowansto He mMeHee 100 cm2
Kaxpabli. B MOWHOM annapaTe TennooTBOAbl YCTAHOBAEHbI Ha LOMONHUTENbHbIX
nonepeyHbix perikax. OnA 3awmTel TpaHcopMaTopa OT MEXaHUYeCcKux NoBpeXxaeHnin u
NPWKOCHOBEHUA K TOKOBEAYLLUMM OeTanAM NPeayCMOTPEH 0BLLNIA LMIMHAPUYECKNA KOXYX
13 NNCTOBOW CTanu, NPUKPEnNAEMbIA K HECYLLEN pame (Ha PUCYHKE OH He MOKasaH).

HanaxuBaHve annapata CBOOWMTCA K YCTAHOBKE aMMAUTYAbl HanpAXeHUA
OTKpbIBarOLLEro uMnynbca, 0oCTtatoMHOro AnA OTKPbIBAHMA TPUHUCTOPOB, NEepemMeHHbIM
pesuctopom R6 (okono 20...30 B). ONTMMM3MPYIOT peXum CBapKM MNepemMeHHbIM
pes3ncTopoM R2, orpaHuumnTh Yron oTceyukn MoXXHO nogbopkon pesauctopa R1.

CBapoyHblli TpaHchopMaTop C SNEKTPOHHOW PEryNMPOBKOA TOKa NPEegnoXun
M. Tepneuxnii n3 Cankt-Metepbypra ("Oenaem camn"Ne 2/2000). 3T0T TpaHcdopmaTop
npegHasHaveH [OfiA 9NEKTPOOYrOBOA CBapKW W3LENUA M3 KOHCTPYKLMOHHBIX CTanen
anekTpopgamu guameTpom 2...5 Mm. lNutaHne ero ocyLLecTBNAETCA OT OfAHOda3HOWN ceTu
NEPEMEHHOr0 ToKa HanpsxeHnem 220 B. OnekTpOHHbIA PerynATop TOKka Mo3BONAET
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CBapouHblie annaparbl

NNaBHO W3MEHATb CBApPOYHbIA TOK OT 20 go 200 A, YTO JaeT BO3MOXHOCTb CBapuBaTb
Letany pasfinuyHoi TOMLLMHBI.

MpuHUMNManbHaA anekTpuyeckKana cxeMa TpaHcdopmaropa npueefeHa Ha puc.12.
Kak cnegyeT U3 Cxembl, JaHHOE YCTPOMCTBO - 9TO PasHOBWOHOCTb TpaHcdopmaropa ¢
TUPWCTOPHBIM YNPaBEHNEM, MONYUMBLLETO pPacnpoCcTpaHeHne B nocnegHee Bpema. AnA
M3roTOBNIEHWA TpaHcAopMaTopa n perynATopa Toka UCronb3ytoT JOCTYMNHble Matepuasbl
v peTanu.

vor [ voz o8
L TR .
2x 390 ), Saex
Tof 1ML VDo ;
1
2 85 454 >
w 25 Kr816r A9
3 — I I 12
) 7 VDFi » 810
VI2 _ KC147A a3
!
VD3 (VD4 R7 ®
w11
o 3 I R8 3ICm
- 10,0258 3
w A1
~ 2208 VD 1-VD6, VDB-VDI2 - 42266 a1z 33
w VS1, VS2 - 111200 I« *
< 2 ypi2
L ]
5
vs2
¥4 6
vs1]
7
L]
N 1

Punc.12

TpaHcopmartop coctouT n3 COBCTBEHHO CUNOBOro TpaHcdopmartopa Tpi,
perynupytoLmx Tupuctopos VS1 n VS2, BKNOUYEHHBIX B Lienb cunoBoi obmoTku I, n 6noka
3JIEKTPOHHON PEerynupoBKK, BbipabaTbliBaOLLErO YNPaBAOLLNE UMMYNLCHI.

HononnutensbHaa obmotka Il ctabunnsupyeT ropeHue gyrv u No3BOMAET YayyLWnTb
npouecc ee obpas3oBaHWA B HayasbHbli MOMEHT cBapkun. Obmotka IV nutaet 6nok
3NEKTPOHHOW PErynupoBKY TOKa.

TpaHncpopmatop Tp1 M3roToBRAEH Ha OCHOBE CTaTOPHOr0 CepheyvHuka
ACVHXPOHHOr0 ABUraTenA NepeMEHHOro Toka MOLLHOCTLIO 15, 18,5 unn 22 kBT. [puratens
pasbupatot, n ctatop BMecte ¢ 06MOTKaMu M3BREKalwT M3 kKopnyca. B cnyyae
3aTPYAHEHW NPW U3BNEYEHUM CTATOpa M3 KOpMyca, NOCnegHuin pasbueatot, KOHEYHO, C
cobntogeHneM HeobxoaUMbIX NPEROCTOPOXXHOCTEN.

O6moTKM cTaTopa BbipybatoT 3ybunom v ocTaTku yoanAakT, He NOBPEXAan, OOQHAKO,
caMu CTaTopHble MnacTuHbl. locne 3TOro MarHWTonpoBog 06MaTbiBaOT HECKONbKUMMU
CNOAMU CTEKNOTKAHU WM KUNEpPHOW neHTol. B nocnegHem crnyvae u30nMpyroLLmnii
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CBapouHble annaparbl

mMaTtepuan npoMasbiBalOT 3MOKCMAHBIM KIEEM WIM XKE MPOCTbIM MACAAHLIM J1aKOM,
Hanpumep, Mapku MNd-231.

MNepBuuHaa obmoTka | TpaHcdopmartopa BbIMOMHAETCA NPOBOAOM Mapku [3B-2
(megHbIn) unu AMNCO (antoMmuHueBbin) 2,5 mMm u copepxut 220 ButkoB. [lpoBopg
HamaTblBaETCA PaBHOMEPHO MO BCEMY CEYEHWH MarHutonposoga. Ecnu nposoga
Tpebyemoro auameTpa HeT, TO MOXXHO 0OMOTKY BbINOHUTL ABYMA NPOBOAAMM, NPU 3TOM
X CYyMMapHOE CeYeHme [OMKHO COCTaBNATL 5 MM2, [InA yaobCTBa HAMOTKM UCMOMb3YeTCA
YENHOK, HA KOTOPbIA NpeaBapuTesibHO OTMaTbiBaeTCcA TpebyemMoe KomMyecTso NPOBOAA.

Mocne wu3rotoBneHuAa 06MOTKM | ee u30NMPYIOT 2-3 CROAMW CTEKNOTKAHU WK
KWMEPHOW NEeHTbI. 3aTeM PEKOMEHOYETCA MPOBEPUTL €€ HA HaNM4une KOPOTKO3aMKHYTbIX
BUTKOB. [1n1A 3T0ro 06MOTKY BKNHOYAKOT B CETb NEPEMEHHOIO TOKa HanpaxeHuwem 220 B.
Tok B uenu 06MOTKM He pomkeH npesbiwatb 0,3...0,5 A. Ecnn 3HayeHne Toka npesbilaeT
yKa3aHHOe, TO HNYEero He OCTaeTcA, kak 6onee akkypaTHO nepemoTatb 06MOTKY.

BTopuuHyto 06MOTKy || BLINOHAIOT NPOBOROM CeveHneM 35 MM2, oHa copepXuT 60
BUTKOB. B KauecTtBe NnpoBoAa MOXET CNy)XuTb MefHaAa wunu antoMuHueBaA LWKHa C
HapexHomn nsonauuen. Pagom ¢ obmotkon || Ha marHuTonpoBoge pasmeLLaroT 06MOTKy
[, KoTopaa Takxe copepxut 60 BMTKOB mpoBoga mapku M3B-2 2,5 mm. Obmotka IV
copepxuT 40 BUTKOB NpoBoga Mapku BOB-2 0,7 MM ¢ 0TBOROM OT cepepuHbl. O6moTku |,
11, IV n3onupytotca, kak 1 obmoTka .

Mocne OKOHYaTENbHOW HAMOTKWM CriefyeT CHOBa MUCMbiTaTb TpaHcopmaTop Ha
“xonoctom” xogy. lMpu ykazaHHOM paHee Toke Ha obmoTkax Il w Il gomkHO 6bITb
HanpAxeHwe 60 B, a Ha obmoTke IV - 40 B.

B ocHoBe 6noka SMEKTPOHHOW PerynupoBKWM TOKA JIEXMUT CXeMa aHasiormyHoro
YCTPOWNCTBA MPOMbILLSIEHHOrO M3rOTOBSIEHWA, @ WMEHHO TpaHcdopmartopa TC-200.
MoHTaxHaA cxema perynatopa BbINONHAETCA NeYaTHbIM UK HaBECHbLIM CNocoboM, HO B
noboM cryyae perynATop AofmKeH ObiTb 3aKNHOUEH B HAAEXHbIA KOpyC.

TpaHcdopmatop Tp2 HamatbiBaeTcA HAa MarHutTonposoge LL16 ¢ TonwuHoii Habopa
16 mm. Ero obmotka | copepxxut 140 ButkoB nposoga mapku M3B-2 0,5 mm, obmoTka Il -
70 BuTkOB nposoga M3B-2 0,1 mm, obmoTkm Il n IV cogepxat no 90 BUTKOB NpPoBOAA
M3B-2 0,5 mm. Pesuctopsbl R -9 MJTT-0,5; R10, R11 MJT-2; RI2 CM2-6A. KongeHcaTopel
C1 1 C3 K-50-6; C2 n C4 K73.

Brok, cobpaHHbI 6e3 owmnboK 1 M3 UCMpaBHbIX AeTanen B Hanagke He HyXX[aeTcA.
Crepyet 06patnTb BHUMaHWE Ha NpaBuibHOE NOACOEANHEHNE 0B6MOTOK TpaHchopmaTopa
Tp2 n Ha cobnopeHne ykasaHHOW B CXeMe MONAPHOCTY.

Paboty 6510ka MOXHO NPOBEPUTL C NMOMOLLLIO ocuuniorpada. [na aToro BbIxoAb!
4-5 1 6-7 HarpyxarT pesuctopamu conpoTusnieHnem no 50 OM u mowwHocTbo 0,5 Br.
Mopcoepumuue ocuunnorpad cHayana Kk ogHOMY BbIXOAY, 3aTeM K Apyromy, ybexpatotca,
YTO NepemeLLeHneM ABMXKKa peanucTopa R12 u3aMeHAeTCA CKBaXXHOCTb MMMNYNLCOB.

Tupuctopbl VS1 u VS2 ycTaHaBnuBalT Ha TENNOOTBOAAX C OOLLEN MMOLLafbH
noBepxHocTh 1000 MM2 KaXkpbIi.

OpavH 13 BapmaHTOB KOHCTPYKLWKM CBApOYHOro TpaHcdopmaropa npeacTaBneH Ha
puc.13. TpaHcdopmaTop Tp1 3akpenneH Ha KpyrnoM ocHoBaHum guameTpomM 400 MM 13

L'I[Z BnokHot “Pagioamatopa” Ne 11



CBapouHblie annaparbl

TeKCTonuTa ToNwmHon 10 MM nnu 3 oaHepsl TONLLMHOW 15 MM.
MoHTaxxHaA cxema TpaHcdopmMaropa:

- 0bmoTKa TpaHcdhopmaTopa; 2 - paguaTop TMpUCTopa; 3 - TMpMCTop; 4 - BEPXHAA
nnacTuHa; 5 - 6pycok; 6 - pyuka anA nepeHocku; 7 - 610K perynupoBku; 8 - NOTEHLMOMETP
(R12); 9 - knemma nA nopcoenmHeHnA cBapovHoro kabena; 10- kpenexHold 6ont; 11 -
HWXHAA nnacTuHa; 12 - ckoba gnA HamoTku ceTeBoro kabena; 13- ceteBon kabesb.

Mop TpaHcdopmatop cnepyeT MOANOXMTL fBa Opycka w3 TBepmoro aepesa
ceyerHnem 30x30 MM u pgnuHod 350 MM gnA obecrneyeHuA UMPKYNALMM BO3gyxa u
yNyULLEeHWA OXNaXXaeHwA ero npu pabore.

K ocHoBaHuo TpaHcdopmMaTop Kpenutca CTAXKHbIM 601ToM M12 COOTBETCTBYHOLLLEN
LJMHBI. Ha BepxHEen nnacTvHe KPenATCA pagmnaTopbl C TPUCTOPaMMU.

OcHoBaHwue UMEET ABe PyYKM ASIA NEPEHOCKMN TPaHCKOPMaTopa, U3roTOBfIEHHbIE U3
cTanbHoW Tpybbl gmameTrpom 1/2". Ha pyukax ecTb [OBe TEKCTONMTOBbIE MNNACTUHbI
TONLLMHOW 6 MM. Ha 0gHOM M3 HUX yCTaHOBMEH 610K PEryIMPOBKKN TOKA, MOTEHLUOMETP
R12, a Takxe 3akpenneHbl knemmbl (6ontel M12) gnA MOACOEAMHEHWA CBApPOYHOrO
kabenA. Ha BTOpoO# nnacTuHe yCTaHOBNEHbI ABE CKOObl AfA HAMOTKW ceTeBoro kabena
nocne OkKoHYaHuA paboTbl. 34eCb e MOXHO YCTaHOBWUTb M aBTOMAaTUYECKUN
BbIKITKOUaTENb, PACCYMTAHHBIA HA TOK He MeHee 25 A.

TpaHcdopMaTop oMyCKaeT CReayoLLMA pexxmum ero akcnnyarauum: pabora - 1 yac,
nepepbiB - 10 MUHYT.

Csapky nNpon3BORAT anekTpogamu Mapkn 3-5PA YOHW-13/55-2,5 Y[-1 Tpebyemoro
omametpa ¢ cobnropeHmeM TexHukn 6esonacHocTy npu pabote ¢ anekTponpubopamu.

MpepnoxeHHoin . Faspunoeeim (MK N92/99) annapat AfiA TOYEYHOM CBapKM
NO3BOMAET HAOEXHO COEAMHATbL SIMCTOBYHD CTafb TOALWMHOW A0 3 MM, 4TO 6onee yem
00CTaTo4HO /1A AOMALUHUX HYXXA, Uk MenKomn MaCTepCKOVI.

PerynupoBka BenMuYMHbI TOKA He NPeaycMoTpeHa. Xog CBapku OnpemsenAeTcA
BPEMEHEM HarpeBa (TO eCTb NPOXOXXAEHNEM TOKA) U KOHTpOAMPYeTCA IMBO BU3yasbHO (Mo
uBety), Mb60 C NOMOLLBIO pene BpeMeHu, AuanasoH Bbligepxkn y kotoporo 0,5..5 ¢. B
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CBapouHble annaparbl

kavecTBe 6a30BOro TpaHcdopmaropa ucnonb3yetcA cepuiiHbin OCM-1,0 MOLLHOCTbIO
1 kKBA. lNepBuyHyt0 0OMOTKY Yy HEro >XenatenbHO OCTaBUTb 6e3 Kakux-nmbo n3MeHeHun
(xoTA Npu HEObXOAMMOCTM MOXHO W NepemoTathb, Beab 3neck Bcero 200 Butkos MOB-2
1,9 MM). A BOT BTOPMYHYIO fyYlle 3aMeHWTb Ha 6onee "NMPOayKTMBHYHY", BBINOHAEMYHO
nposopom MNB3-50 - gBe TPEXBUTKOBbLIE YaCTK, BKITHOYEHHbBIE MapanienbHo, Ytobel obiee
X ceveHue coctaenAno 100 Mm2,

Ha puc.14 npencrasneHbl 9n1eMeHTbl KOHCTPYKLMM annapara AJfiA TOYEUYHOW CBapKu
NINCTOBOW CTanu:

1 - TpaHcopmatop OCM-1,0 popaboTaHHbIi; 2 - TOKONPOBOA, (APaNOMUHUEBLIN

npytok @30, L300, 2 wr.): 3 -
,,;%}%m, BKNnapblLL (CTanbHoW NpyTok 10,
L30, 2 wrt.); 4 - anekrtpop
(MegHbIn npyToK @12, L50, 2
wt.); 5 - wanba natyHHan (2 wr.);
6,12 - BUHTbI M6; 7 -- pyKoATKa; 8
- OKCLEHTPUK; 9 - Lieka (2 wWrT.);
1 | 10 - npyxuHa; 11 - BbIBOA
\_1L | MOMOBUHbI BTOPWUYHOA OOMOTKM
Wi (4 wr); 13 - BTynKa
TEKCTONUTOBAA (C KaHaBKOW Mnop,
KOHLLeBYHO NETNHO NPY>XUHBI); 14 -
6éont M8 (6 wr.); 15 - wanba
TekctonutoBaA (4 wrt.); 16 -
MOKpbITME M301ALMOHHOE
(nakoTkaHb  uAM  3awmMTHaA
Knekaa neHTa Ha TKaHeBOM
ocHoBe, 2 wWTt.); 17 - KOXyX
TpaHcopmaropa.

[epxartenu 9nekTpoaos
PEKOMEHOYH U3roTOBUTL U3
LIOPantOMUHUEBOTO npyTka
pnametpoM 30 MM. [puyeM HWXHWIA, Kak nokasana npaktuka, nyywe cpenatb
HEMOABWXHbLIM, U30NIMPOBAHHBLIM OT LLLEYEK TEKCTONMTOBLIMY Laiibamm, a OT KpenexHbIX
60onToB M8 — NnakoTKaHbIO UK 3aLLMTHOW KIEeWKOW IEHTON Ha Xnonyatobyma)kHON OCHOBE.

Camu anekTpoabl COBETYHO UCMOb30BaTbh MEfHbIE, AMAaMETPOM 12 MM, 3aKpensiAA
UX B AEPXKATENAX C MOMOLLbI NPAMOYrOfIbHON NaTyHHOW Wwawbbl u aByx BUHTOB M6, anA
KOTOpbIX B CreuuanbHbIX CTasbHbIX BKAadbiwax NPegyCMOTPUTENIbHO BbIMOSIHEHA
cooTBeTCTBylOWAA pe3bba. B MCXOOHOM MOMOXKEHWM [OepXaTenu € INEKTPOAaMu
pasBefeHbl MPYXUHOW C nopxofAwmmu rabaputamu (Hanpumep, OT CTapol KpoBaTu
packnagywkun). Ho Hapo cpoenatb Tak, 4ToObl MpyXWHa HEe co3paBana KopOTKOro
3aMblkaHMA Ha BbIBOJAx BTOPUYHOW OO6MOTKM BO BpemA paboTbl CBapOYHOrO
TpaHcdopmaropa. OgHUM U3 BMOHE NPUEMSIEMBIX TEXHUYECKUX PELUEeHWA ABAAETCA, B
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YacTHOCTU, BapuaHT C NPUMEHEHWEM pPAa3AenuTeslbHOM NNacTMacCoBON BTYKM,
3aKpEnIEHHO B TOPLLE HEMOABMXHOIO AEPXXaTeNA ANeKTPoaa BUHTOM M6. HixHWiA koHel,
MPY>XUHbI 3NEKTPUYECKM M30SIMPOBAH OT BCEX OCTanbHbIX AeTanei "cBapouHuka' mpu
No6bIX, AaXe CaMblX HEBEPOATHBLIX CUTYaLMAX.

MopcoeanHATb  CBAapOYHbIA  anmapat K CeTW )KenatenbHo Mo XOpowo
3apeKOMEeHAOBaBLUEA CcebA NPUHLMNWANBHOW 3NEKTPUYECKON cxeme (puc.15) uepes
aBTOMaTUYeCKUin 20-aMnepHbIn BbIKOYaTeNb. Ha Takoii ke TOK JomKeH BbiTb paccuntaH
W 9nekTpocyeTumk. HemocpencTBeHHOe ynpaBneHue 'CBAapOYHUKOM" - C MOMOLLbHO
MarHuTHOro nyckartena K1, Bkiouaemoro nepanbto ¢ KHonkon S2 tuna "rpubok”. Kopnyc
U BTOPUYHYO 0OMOTKY TpaHcdopmaTtopa Heobxopumo 3asemMnuTb. Bknwouatb u
BbIKNHOYATb Takoi "CBapOYHMK" HA@O TOMbKO MpW CXaTblX dnekTpomax. HecobntopeHwe
3TOro NPOCTOro Npasuia rpo3vT BO3HUKHOBEHWEM MHTEHCMBHOMO UCKPEHUA, YTO NPUBOAUT
K MOAropaHuio 3MIEKTPOLOB C KpaWHe HexxenateNbHbiMK nocnegcTemAmn. U ewle oguH
BbIBEPEHHbIN NMPAKTUKON COBET. Tak Kak NPUHYOUTENLHOE OXNaXAEHWNE HE NPEAYCMOTPEHO
HU OnA TpaHcchopmartopa, HYM AN1A TOKOMPOBOAOB W 3MEKTPOAOB, TO BO BPEMA CBapKM
crepyeT MOCTOAHHO CREAWTb 3a TeMnepaTypHbiIM pexumom. o Mepe HeobxopmmocTu
penatb nepepbibl B paboTe, HO HU B KOEM Cilyyae He JonyckaTb neperpesa annaparypsbl.

TUPUCTOPHLIA  perynATop ANA  CBApOYHOro TpaHccpopmartopa paspaboran
A. MNonywkwH (http://scilab.narod.ru). Perynatop paspabotaH Ha OCHOBE NMPOMbILLIEHHON
cxeMbl, koTopaa bbina ynpolleHa ana paboTbl TONbKO NOCTOAHHBIM TOKOM. OH no3eonsaet
M3MEHATb B LUMPOKWX Npefenax BbIXOAHOE HanpmXXeHue 1 TOK, B pesynbTate CBAPOUHbIN
annapat MOXXHO WCMoNb30BaTh HE TOSIbKO MO OCHOBHOMY Ha3HaUYeHUI, HO 1 anA paboTbl
YrofibHbIM 3NEKTPOLOM, U ANA NUTAHWA MOLLHOrO ABUraTenA NOCTOAHHOrO TOKA.

OnA ynydweHwA 3aXuraHuA Oyru v MOBbILEHUA ee YCTOAYMBOCTM UMeeTcA
OTK/IIOYaeMbIA YABOUTENb HanpAXeHuA. [etanu BblbpaHbl ¢ 60bLWIMM 3anacoMm Mo
napameTpam AJ1A NOBbILLEHUA HAAEXHOCTY Npu paboTe B CAOXHbIX YCNOBUAX.

Cxema perynAtopa nokasaHa Ha puc.16.

CeapouHblin TpaHcdopmatop TR wumeer cunosyto 06MoTky |l ¢ HanpAxeHuem
“xonocToro” xopa 48 B, n nBe 0gMHaKOBbIX A0NOMAHUTENbHbLIX 0OMOTKK: IV - AnA nuTaHuA
perynatopa u lll - pna doopmupoBaTena UMNyNbCOB yNpaBaeHnA TMpMcTopamu. BoixogHoe
HanpAxeHne “xonoctoro” xopa obmotok Il u IV coctaBnAet 24 B npu HOMWHASBHOM
HaNPAXXEHUN NUTAOLLEN CETK.
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Bnok nuTaHuA BbINONHEH Ha 5-amnepHOM cTabunusaTope HanpAXeHuAa Tuna
LM338K. Ha TpaHaucTtopax VT1 u VT2 noctpoeH copmupoBaTesib ynpasrAoLL X

DA LM338K
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MCNoNb30BaTh BbINPAMWUTENb B KAuyeCTBE YOBOUTENA HAMPAXEHWA C OYEHb MArKOW
XapaKTepuCTUKON.

B npouecce akcnnyatauum cxemMa CUOBOW 4acTu Obina HEMHOrO M3MeHeHa, ee
OKOHYATENbHbIA BapuaHT nokasaH Ha pwuc.17. BbiBoabl ynpaBneHuA TUpUCTOpamu
nogkntoyaroTcaA K pesuctopam R13 1 R14 0CHOBHOI CXeMbl.

Bbinu pobaeneHsl 3awuTtHble auoabl VD5 n VD6 Tuna KO213, peanctopbl R19 1 R20,
a Boblkntovatens SW1 3aMeHeH OBYXCEKLMOHHbBIM CUMIOBLIM FrafneTHbIM NepexnyaTenem
380 B 25 A, uTO N0O3BONWIO pacLUMPUTL BO3MOXXHOCTM annapara.

Tenepb ¢ nomoLbto SW1 BbibupatoTca Tpu pexxmma paboTbi:

1. SW1.1 pa3omkHyT, SW1.2 pa3oMKHYT - BbIXOLHOE HanNpAXeHWe PerynupyeTcaA B
npegenax or 12 po 46 B. B aToM pexume annapat MOXHO UCMOMb30BaTb B KayecTse
MOLLHOro 6510Ka NuUTaHuA.

2. SW1.1 3amkHyT, SW1.2 3aMKHYT - cxema paboTaeT B pexume YOBOEHWA
HanpAXXeHWA. Bo BCEM Omana3oHe perynvMpoBOK Ha BbIXOLE HaNpPAXeHue “xonocTtoro”
xopa 100..140 B, uto oueHb obneryaet 3a)kuraHne CBapOYHON Ayru.

3. SW1.1 pasoMkHyT, SW1.2 3aMKHYT - nony4aem 06blYHbIA MOCTOBOMN BbINPAMUTESb
C OWNbTPYHOLLMMK KOHAEHCATOPaMKU Ha BbIXOAe. BbiXogHOEe HanpAXkeHwe “Xonoctoro”
X0fAa COOTBETCTBYET amMIMTyAHOMY 3HAYEHWUIO BO BTOPUYHON 0OMOTKE TpaHcdopmaropa,
1 NPpU perynnpoBke N3MeHAETCA NULb B HebonbLUUX Npefenax.

[OnA nonyvyeHnA HyXHbIX KOMOMHAULMA MONOXEHWA KOHTAKTOB B Kynadvkax
nepeknyaTena caenaHbl COOTBETCTBYHOLLME BbIPESbI.

[InA NUTaHWA CXeMbl MCMONb3YeTCA UHTErpasbHbIn ctabunnsatop LM338K.
BbixogHoe HanpaxeHue 1,5...30 B, HOMUHanbHbIA TOK 5A.

Ha puc.18 npvBeneHbl LLOKONEBKA 1 TUMOBAA CXeMa BKIOUYEHUA.

TYPICAL APPLICATIONS

Cunosble AMORBI 4 oyt 4+ 25y ADJUSTABLE REGULATOR

N TUPUCTOPbI MOXHO PIN CONNECTION

(bottom view)

ucrnonb3osaTb nobble LM318
nogxopgAwne Ha TOK Vi +2BY Vinp Out Vo'
200...500 A. Pesuctop
R18 ycraHoBneH no
rlpVMVlH(? N0BOJIbHO Ac1 c2°
XKecTKom xapak- 0.1 uF 14f
TEPUCTUKKU CBAPOYHOIo
TpaHcdopmartopa. AnA
ero N3roToBneHnA e
MchﬂbSOBaH J'IeHTOH: Case s output
HbIA ﬁaﬂﬂaCTH bl A Needed if device is far from filter capacitors.

* Optiond-improves transient resporse. Output capactors in the
pe3nctop OT MOLLHOro range of 1ytF to 100uF of aluminium or tantalum electrolytic are
an eKTp omBUraTena. :g:gfnt?z_t:ee:é? provide improwed output impedarce and rejec-

** Vo =125V (1+ %)

*** R1= 2400 for LM138 and LM238 Puc.18

=
\
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UcnbiTaTenn pagpnoaneMeHToB

K ucnbiTatenAaMm paguodnemMeHTOB MOXHO OTHECTM chieuuarnbHble npubopbl AnA
NPOBEPOK NapameTpoB W CHATUA OCHOBHbIX YaCTOTHbLIX M aMMAUTYLHbLIX XapakTepUCTUK
PaLMO3IEMEHTOB OMNPEAENEHHOro Tuna, MNPOCTble MNPUCTABKUM K WU3MEPUTENbHbLIM
npubopam o6LLero HasHaYeHWA, NpegHasHa4YeHHble OJ1A CHATMA Kakoro-nmbo napametpa,
a Takxe pasHOro poga TecTepbl, B KOTOPbIX MPUCYTCTBYET BUL PaboTbl N0 U3MEPEHUIO
BESIMUMHBI ONpefeneHHoro napameTpa, Hanpumep R, L, C u 1.m.

Takum obpa3oM, B KayecTBe WCNbiTaTeNieln pPapUodEMEHTOB  MOXHO
paccMmaTtpuBaTb LUMPOKWIA CMEKTP M3MepuUTeNbHbIX NpubopoB, NMO3ITOMY 3ecb obpaTum
Halwe BHUMAaHWe Ha HeKOoTOopble pPa3HOBWAHOCTU U3MepuTeneil napameTpoB
pagMoanemMeHToB, Habop KoTopbix OyaeT AOCTATOYHbIM AAA NOBCELHEBHON paboThl
pagnontobutens.

HauHem c npocToro TecTepa, OCHOBHbIM Ha3HauyeHWeM KOTOpOro B CBETE
0603HaYeHHOIN TeMbl ABAAETCA U3MEPEHWE CONPOTUBAEHNA W MHAMKALMA HaNWYWA Lenw
NPOXOXXAEHUA TOKA, T.6. MOXHO Ha3BaTb ero NPOoCTbIM UCMbITaTENEM conpoTusneHua. C
€ro noMOoLLbI MOXHO OMPEAENUTb BENWYMHY COMPOTWBIEHWA, HAWTW 3amMblKaHue W
paspblB B LENM M TakKMX KOMMOHEHTaX, Kak €eMKOCTW, WHOYKTUBHOCTU U
MoMynpOBOAHUKOBbIE MPUBOPLI.

KomnakTHbI TecTep npegnoxun A. Hemuu u3 r. bpaHcka (P N22/96), no3sonAoLLmMiA
M3MEpPATb HanpsXXeHWe NOCTOAHHOro Toka Ha npegenax 10, 100 n 1000 B u HanpAxeHue
nepemMeHHoro Toka Ha npegenax 20, 200 n 2000 B. C ero nomoLLbio MOXHO OLEeHMBaTb
conpoTtueneHne B guanasoHe 1...1000 kOM Ha opgHOM npepene, "npo3BaHuBaTh" LEnw
conpotusneHnem ot Hyna ao 1 KOM, a Takxe onpegenaTb ()asoBblii U HYNEBOW NPOBOAA
B Lenu.

Cxema npubopa, npuBegeHHaa Ha pwuc.1, npegencHo npocta. MamepeHue
HanpAXeHWA NOCTOAHHOrO TOKa NPOM3BOAMUTCA MUKpoamnepmeTpom PA1 no Toky B Lenu
pobasouHoro pesuctopa R1 (unim R2, R3) u anemeHtoB X1 (unnm X2, X3), S1, X4.
HanpAxeHue nepeMeHHOro Toka . B
(4acToToii He Bbiwe 1 KIu) “~2000B% R110M  S1, “UJU:

N3MEpAETCA TOW Xe Lienbio, HO  “4 1000B" 5
Npu pasoMKHYTOM Mepekiova- " X5
Tene S1, Korga  BKIIHOYEH ~200
oaHononynepuopHblit BeinpAmu-  “+100B%
Tenb Ha muope VD1. HyKHO  u_gppw PA1
OTMETUTb, YTO MakcumanbHanA 100 uxA
amnnutyna uamepaemoro nepe-  +10B"x3 GB12..328
MEHHOrO  HanpAXeHwA  He +
[OMKHA MpPeBbIWaTh [OMYCTH- v
MOro [nA BbINPAMUTENILHOIO

puopa  KO105I  3HaueHuA “
obpaTtHoro HanpAxxeHuAa (600 B).

ConpoTtusnexue B K1 HL2 AJI307A Ry (Ow;
nmanasote 1...1000 kKOM oueHu- Puc.1 /

‘R’ (kOW)

“+RX’
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WcnbiTatenn pagnmoaneMeHToB

BaeTCA N0 U3MEHEHUIO BESIMYUHBI TOKa, NPOTeKatoLLLero yepe3 Mukpoamnepmetp PA1 no
3aMKHYTOM Lienu nctovHmka toka GB1 n Rx, X5, R6, R5, X6. [MoACTPOEHHEIM PE3NCTOPOM
R6 yctaHasnueatoT "0" MukpoamnepMeTpa Npu 3aMKHYTbIX KOHTakTax X5, X6.

Mopkntouan K rHespam X5 n X6("+") omop vnu oBa BbiBOAA TPAH3MCTOPA, MOXXHO
OLEHUTb KayecTBO P-n Mepexofa, pacrno3HaTb CTPYKTypy TpaH3ucTopa, OnpepenuTb
BbIBOAbI aHOAA W Katopa AWopa, MPOBEpPUTb MCMPaBHOCTb JNEKTPOSUTUYECKOro
KoHpeHcaropa.

Lenn c conpoTuBneHnem NOCTOAHHOMY TOKy B pAuanadoHe 0...1 KOm
"npossanuBatoT" no uenu X6, GB1, R7, HL2, X7: no Aapkoctu cBeueHna ceetoamopa HL2
MOXHO rpy60 OLEHUTL BeNnYMHy conpoTuenenmna B npegenax 0...1 kOm.

[nA onpepeneHna basoBoro NPoBoaa NPWXMMaroT nanew, K KoHTakty K1 u obwum
npoBoaoM (0T pasbema X4) KacatTCA OOHOr0 W3 CETEBbIX MPOBOAOB: NPU KOHTaKTe C
(hasoBbIM NPOBOLOM 3aXuraeTcA HeoHoBaA namna HL1.

CteneHb pa3pAgku 6aTapen rajnbBaHUYECKNX MIEMEHTOB MK akkymynAaTopos GB1
MOXHO OMPERENUTb BHYTPEHHUM BONLTMETPOM, COEAMHMB LLYNOM rHesga X6 u X3 npu
3aMKHYTOM nepeknoyatene S1, unn no APKOCTM CBeYeHWA wuHamkaTopa HL2 npwu
COEQIMHEHNN LLYNOB OT rHe3p X6 M X7 Takol KOHTPOSib BO3MOXEH W BHELUHUM
BOSIbTMETPOM Yepe3 rHespa X4 (") u X6 ("+"). Kpome TOro, 9T rHesga MOXHO
UCNonb30BaTh U ANA NOA3APALKN akKKyMyNATOpPoB 6e3 n3bATUA 13 npubopa.

KoHcTpykumAa npubopa 3aBMCMT OT TWna NPUMEHAEMOro MuKpoamnepmeTpa.
HomuHanbl pe3vucTopoB, MPUBEAEHHbIE HA CXEME, COOTBETCTBYIOT MWUKpOaMmnepmeTpy
M733.5 ¢ TokoM nonHoro oTknoHeHua ctpesikn 100 MkA. MoXHO NpUMeHUTb NOJ0OHbIN
MuKpoamnepMmeTp M4248 ¢ Heckonbko 6onbwumu  rabaputamu, a Takxe
marnorabapuTHble CTPENoYHbIE UHAMKATOPLI, UCMONb3yeMble B MarHMTooHax, Ho B 3TOM
Cryyae cnegyeT NporpagympoBaTh X LKany.

Hetann npubopa pacnonaratoTCA Ha [BYX nnatax (HWKHEW U BEPXHEN),
32KMMAIOLLUX MEXAY COB0 MUKpOaMNepMETP, N3roTOBAEHHBIX U3 ()ONbrMPOBAHHOMO C
ABYX CTOPOH CTeknoTekcTtonuta TonwmHonm 1..1,5 MM. HWKHAA u BepxHAA nnatbl
npunanAHbl K NULLEeBoi NaHenu. OnA XeCcTKOCTM 3TV NnaThl NPUNanBaroT U K 3afHEN CTEHKE,
TakXe W3roTOBMEHHOW M3 (DONLIMPOBAHHOMO CTEKMOTEKCTONNTA, HA KOTOPOW KpenAT
nepekntovatens S1 un pesnctop R6, K Hell e npunaaHa MegHaaA uaun natyHHaA ranka M3,
C MOMOLLIbIO KOTOPOW BUHTOM BCHO KOHCTPYKLIMIO (OMKCUPYHOT B NNacTMacCcoBOM Kopnyce.

Pesuctop R1 HyxHO cpenatb u3 gByx-Tpex pesuctopos MJIT-0,5. HespoBble
KOHTaKTbl — U3 CTaHOAPTHbIX pa3bemos LLIP, MOXXHO UCMONb30BaTb YKOPOUEHHbIE rHe3aa
oT pazbema OHL-PT-0932/30-P12 gnuHoi 22 MM (Nog, WTbipy anametpom 1,4 Mm).

B kauecTBe ucTouHmka Toka GB1 ncnonbaytot akkymynatopsl [-0,06 unm anemeHThl
PLU-53. Mepekntovatens S1 tuna MAO9-1 wnu nwoboit gpyroi manorabaputHblid. OnA
YCTaHOBKM HynA OMMeTpa UCMOMb3YHOT ManorabapuTHblii NepemMeHHbIi pesuctop R6 Tuna
Cn3-16, CM3-44, CM4-ia wn T1.n. Wupukatop HL1 Ttmna TH-0,8 wnu ppyrow
mManorabapuTHbIn.

"papyvpoBKy MO MOCTOAHHOMY TOKY MpW NPUMEHEHUM MukpoamnepmeTpa M733.5
unn M4248, kak npaswnio, NPOBOAUTL HE HYXHO. 10 mMepeMeHHOMY TOKY rpapyvpyroT
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UcnbiTatenn pagmoanemMeHToB

BOJIbTMETP, MOAAB HanpAXeHue To4HO 20 B Ha rHe3no X3 npu pasoMKHYTbIX KOHTakTax Si.
TOHKMM LUTPUXOM KapaHpalla rpagyvpyroT LuKany, YMeHbluaA HanpfXeHWe C Luarom
1...5 B. LLKany namepeHuA CONpPOTUBAEHWIA KanubpytoT, nogkntovana K rHesgam X5 n X6
pesnctopbl conpotusnernem ot 1 kOm go 1 MOwm.

MprbopoM MOXHO M3MEPATHL eLe NOCTOAHHOE HaNPAXEHWe C npefenamu Lwkans
0..2 B 1 0...3 B, ucnonb3aya nogkntoueHne k rHespam X4 ("-") n X5. B neBoM no cxeme
NONOXXeHUN ABWXKa pesnctopa R6 BepxHuin npepen wkansl 6yget 2 B, a B npasom - 3 B.
Mpn 3TOM HYXXHO yuMTbIBaTb, YTO B 9TOM Criyyae npoucxogmt cboin HynAa ommetpa. OAnA
YBESIMYEHNA TOYHOCTW Ha 3TUX Mpepenax LenecoobpasHo YMEHbLUTL COMPOTUBEHWE
pesuctopa R5 Ha BeMuuHy conpoTmeiieHnA paMmku npubopa PA1.

Cxema usmeputena emkoctn n3 xypHana "Radio, fernsehen, etektronik", N2 2/78
HaxoguTcA Ha cawTe http:/radiomania.by.ru. AsTop o6pawaer BHUMaHUE
papuontobuTenein Ha TO, UYTO NEKTPONUTUYECKME KOHAEHCATOPbI M3-3a MOHWXEHUA
E€MKOCTU MAK 3HAUYUTENIbHOrO TOKa YTEUKN HEPEAKO ABMAKTCA NPUYMHON HEUCMPABHOCTY
paguoannapaTypbl. OfEKTPOHHBIA TECTep, CXemMa KOTOPOro NpMBEAEHa Ha puc.2,
MO3BOSIAET ONPEAENUTL LienecoobpasHoCTb AanbHeNLLero CNonb30BaHWA KOHAEHCATopa,
ABWUBLUEroCA  MNPEAMNONOXMUTENIbHO  NPUYMHOA  HeucnpaBHoOCTM. COBMECTHO C
MHOronpegensHelM aBoOMETPOM (Ha npegene 5 B) unn OTOENLHOW M3MEPUTENbHOM
ronoekow (100 MKA), TeCTEPOM, MOXHO M3MePATb eMKocTy oT 10 Mk® po 10 000 MkdD, a
TaKkXXe KaYeCTBEHHO OMpPefenuTb CTeneHb YyTeYKN KOHAEHCaTopOB.

B ocHose paboTbl TecTepa

Fe-

13 o2 98

NEXWT  MPUHLMN  KOHTpONA
250 1040 OCTaTOMHOrO  3apAga  Ha

#7 + nonkocax KOHAeHcaTopa,
$70 KOTOPbIiA 6blﬂv3apH)KeH TOKOM

- v OMPeneneHHoi  BEeNMYMHbI B
TEUEHM n HHOT

KI3285 eueHmne OMpPELENeHHOro

BpeMeHu. Hanpumep, emKocTb
) 1 @, nonyyasLaA 3apAg TOKOM

1 A B Teyenve 1 c, byget umeTtb
pasHOCTb  MNOTeHUuManos Ha

£g 47

Paigad” j v7

L0

—— Sapid ™ = NT3265

4,7« 3apAna koHaeHcartopa 10 MKA),

SFIZSC — |, tmpver b — obknagkax, paBHyto 1 Ei Mpak-

. TUYECKN  MOCTOAHHBIA  TOK

” sz.7 | 52.2 3apAfa WCMbITYyeMOro KOHAEH-

Cx catopa C obecneunBaertca

reHepaTopoM TOKa, cobpaHHbIM

% 2 y? ] Ha TpaH3ucTope V5. Ha nepsom

SAY12 500 * (U)- ManasoHe EeMKOCTU MOXHO

Ve hd Ljﬂp namepAatTs fo 100 Mk® (TOK
SAY12

1 Ha BTOpom - o 1000 mk® (100
Puc.2 MKA) W Ha TpeTeem - [0
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WcnbiTatenn pagnmoaneMeHToB

10000 Mk (1mMA). Bpema 3apAaga Cx BbibpaHo 5 ¢ 1 0TCUMTbIBAETCA MO0 aBTOMATUYECKM
C NMOMOLLLbIO pene BpeMeHu nbo no CekyHaoMepy.

Mepen HavanoMm uW3MepeHUA B MNONOXEHWM nepekntovatena S2 "PaspAap”
noteHumomeTpom R8 ycTtaHasnuealT 6anaHc Mocta, obpasosaHHoro 6a3oBo-
AMUTTEpHbLIMM NepexogamMu TpaHaucTopos V6 n V7, pesnctopamu R8, R9, R10 n pmopamu
V3, V4 , ncnonb3yemblMn B KQYECTBE HU3KOBOSLTHOMO UCTOYHMKA OMOPHOMO HaNPAXEHUA.
3atem nepekntouatenem S1 BbIGUPAKOT OXMAAEMbIA AMANA30H U3MEPEHUA EMKOCTH.
Ecnu koHpeHcaTop He MapKMpoBaH UK NOTepPAN YacTb eMKOCTU, U3MEPEHUA HAYNHAIOT B
nepBoM AuanasoHe.

Mepekntouatens poga paboT S2 nepen U3MEPEHUEM YCTaHABIMBAIOT B NMONOXEHWE
"Paspan’, B 9TOM cnyyae nopktovaemMaA emMKocTb Cx ToTyac paspAxaercA uepes
pesuctop R9. B nonoxennn "3apan" nepekntovatens S2 yoepxmBaroT B TeveHue 5 ¢, a
3aTeM MnepeBopAT B nonoxexue "OTCYET" 1 HEMeAIEHHO NPOW3BOAAT OTCYET pesynbTata
u3mepeHuA. 3HaveHne emkoctT (B MK®D) ob6paTHO MPOMOPLMOHANbHO HAHECEHHbIM Ha
wkany npubopa peneHnam HanpsxeHua (B) n onpepenaetca no coopmyne C=A/U, roe A -
nocToAHHanA, pasHaA 50, 500, 5000 coOOTBETCTBEHHO AJ1A MEPBOro, BTOPOro U TPeTbero
OManasoHoB M3MepeHua. Ecnn kKoHgeHcatop HeucnpaeeH U obnapaet 60MbLUM TOKOM
YTEUKW, CTpesika u3meputenibHoro npubopa ObICTPO BEPHETCA Ha HYNEeBYd OTMETKY
LIKanbl. BenumunHa Toka yTeuku npu 3TOM He OnpefenAeTcA.

HanaxuBaHvne TecTepa HECNOXHO M CBOAMTCA B OCHOBHOM K YCTaHOBKe
noteHuuometpamu R2, R4, R6 yka3aHHbIX paHee TOKOB 3apAfga MO BKIIHOYEHHOMY B
Knemmbl CX MUKpOaMnepMeTpy.

B nameputene eMKoCcTU MOXHO npumMeHuTb auogbl KO2026 v TpaHsucTop KT340B.
MNMocnepoBaTtefibHO C MUKPOAMMEPMETPOM CRIEQYET BKNHOUNTL A,0OABOYHBIA pPe3nucTop AnA
nosyyeHnA guanasoHa 5 B Ha BCHO LLKany WA UCMOMb30BaTb aBOMETP, BKKOUYEHHbIA Ha
COOTBETCTBYIOLLMWIA NPEaen U3MepeHua.

Normyeckum nNpopoSKEHNEM TEMbl WCMbITAHWA KOHLEHCATOPOB ABMIAETCA
npucTaeka-uameputenb LC K uudpoBomMy BobTMETPY, KoTopyto paspabotan W. MNotaumH
n3 r. ®oknHo bpAHckon obn. (P N2 12/98), npepHasHayeHHaA [ANA WCMONb30BaHWA
COBMECTHO C MySIbTUMETPaMM UK LMPOBLIMM BoNbTMETPamu (Hanpumep, M-830B, M-
832 1 MM NopobHLIMU), HE UMEIOLLUMU PEXMMa U3MEPEHWA NapaMeTpPoB PeaKTUBHbIX
3IEMEHTOB.

[nA n3MepeHnA eMKOCTU U MHOYKTUBHOCTUA C MOMOLLLIO HECNIOXXHOW MPUCTaBKM
UCMOMb30BaH NPUHLMMN, KOTOPLIA MO3BONMAET C LOCTATOYHOW ONA MPAKTUKU TOUYHOCTLIO
n3MepATb eMKocTb B npepenax 2 nd...1 MK® 1 MHAYKTUBHOCTb 2 MKIH...1 [H. Kpome Toro,
B HeM BblpabatblBaeTCA HaMpAXeHWe MPAMOYronbHOW OOPMbl C (PUKCUPOBAHHLIMU
yactotamu 1 My, 100 klu, 10 klMy, 1 Ky, 100 'y v perynupyemoi amnnutygon ot 0 oo
5 B, uTo pacwmpAeT obnactb NPUMEHEHUA YyCTPONCTBA.

3apatowmii reHepatop u3ameputensa (puc.3) BbiNofHeH Ha 3nemeHTax KMOI
MUKpocxeMbl DD1, 4acToTy Ha ero BbIXO4e M3MEHAIOT C NOMOLLLIO nepekstovatena SA1 B
npegenax 1 Mru...100 'y, noakntoyaA koHpgeHcatopbl C1-C5. C reHepatopa curHan
NOCTYNaeT Ha NEKTPOHHbLIA KoY, cobpaHHbi Ha TpaHsuctope VT1. Mepeknovartenem
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UcnbiTatenn pagmoanemMeHToB

SA2 BblbupatoT pexum uamepenua "L" unm "C". B nokasaHHOM Ha cxeme MONOXXEHUM
nepeknioyatenAa npucTaBka W3MepAeT WHAYKTUBHOCTb. M3MepAEMyl  KaTyLluKy
WHOYKTMBHOCTM NOQKMHOYALOT K rHe3paMm X4, X5, KoHaeHcaTop - K X3, X4, a BoNbTMETp - K
rHespam Xe, X7.

Mpu paboTe BOMLTMETP YCTAHABNMBAKT B PEXMM WU3MEPEHWA MOCTOAHHOIO
HanpAXeHWA ¢ BepxHUM npegenoM 1..2 B. CrnepyeT yyecTb, YTO Ha BbIXOLE MPUCTABKM
HanpAxeHue nameraeTcA B npegenax 0... 1 B. Ha rHespax X1, X2 B pexxume namepeHua
emMkocTu (mepekntovatens SA2 - B nonoxeHun "C") mpucyTcTByeT perynupyemoe
HanpAXeHUe MPAMOYrofbHOM POpMbl. Ero amnauTymy MOXHO NNaBHO W3MEHATb
nepemMeHHbIM pe3nctopom R4.

Ri &7k CT 1000 paxsyp W2 KTIISE SAR2
wz o wmy gus (e S -
[—

/98
Vo3 Ki1bzA G 370

4l
SOGHR W 10008 FHTY ]
] HEw/10000@) oo xry”| €27 1004

1

ORI/ 001w 10AT ] E 0 L
L A e W Vs ..z/c"w s 22
Tl T @i 004ty L5 T HK -
nl 14/ /ﬂ = w2 s vl 425 5t
-7/ A - 33

.._J- Ve 1 XT\ N L3S

Puc.3
Mutaetca npuctaeka ot 6atapen GB1 ¢ HanpAxeHnem 9 B yepes ctabunusaTtop Ha
TpaHsuctope VT2 u crabunutpoHe VD3. Mukpocxemy K561/1A7 MOXHO 3aMEHUTb
K561J1E5 wnn K561M1A9 (uckntouns DD1.4), TpaHauctopel VT1 u VT2 nobble
MaslOMOLLHbIE KPEMHMEBbBIE COOTBETCTBYHOLLLEN CTPYKTYPbI, CTabunutpoH VD3 3ameHAeTCA
KC156A, KC168A. [mogbl VD1, VD2 ntobble To4eYHble repMaHneBble, Hanpumep, 02, 9,
[18. MNepekntoyaTteny xenarefbHO UCMONb30BATb MUHUATIOPHbIE.

Kopnyc npubopa caMOfenbHbliA UM rOTOBbLIA NOAxXogAwmx pasmepos. MoHTax
petanen (puc.4) B Kopnyce HaBeCHOM Ha nepekntoyatensax, pesuctope R4 u rHespax.
Pasbembl X3-X5 camopesnibHble, U3roTOBMEHbI U3 NINCTOBOW NaTyHU UKW MeLW TOSLLMHON
0,1...0,2 MM, KOHCTPYKUMA MX NOHATHA U3 puc.5. [nA NOAKIOYEHUA KOHLeHcaTopa unu
KaTyLUKK HeOGXOJJ,VIMO BBECTM BbIBOObI AeTann 0o ynopa B KJ'II/IHOBI/IJJ,HbIVI 3a30p NnacTuH,
3TUM gocTuraetca BuicTpan v HagexHan (PUKcaLmA BbIBOLOB.

Hanaxwusanne npubopa npon3BogAT C MOMOLLbIO YacToTomMepa v ocuunnorpada.
MNepekntovatens SA1 nepeBOdAT B BEpXHEe MO CXEME MOMOXEHWe U MoA6opoMm
koHpeHcatopa C1 u pesuctopa R1 pobueatotcA vactotel 1 ML Ha BbIXOAE reHepartopa.
3ateM nepeknoyateNis NOCNeSoBaTeNbHO NEPEBOLAAT B MOCMEAYIOLLME MOMOXKEHUA U
nopbopom kKoHpeHcatopos C2-C5 yctaHaBnmBaroT YactoTbl renepauum 100 «kly, 10 'y,
1kly 1 100 Mu. Janee ocuunnorpad MOQKMAKOYAOT K KOMNEKTOpY TpaHsuctopa VT1,
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nepekntoyatens SA2 - B NONOXEHWN m3MepeHnA emkoctu. Mopbopom pesnctopa R3
pobusatoTcA opMbl konebaHuin, 6AM3KOM K MeaHZpy Ha BCEX AuanasoHax. 3atem
nepeknovatens SA1 CHoBa yCTaHaBNMBAKOT B BEPXHEE MO CXEME NOSIOXKEHNE, K rHe3nam
X6, X7 nopkntouvaroT UuMcpOoBOA MM aHANOroBbli BONBTMETP, a K rHesgam X3, X4 -
06pasuoBbIi KoHaeHcaTop emkocTbio 100 nd. MopcTponkon pesuctopa R7 pobusarotcA
nokasanui sonbTMeTpa 1 B. MNoTom nepesogAT nepekntovatens SA2 B peXXum U3mMepeHua
WHAYKTMBHOCTM U K rHesgam X4, X5 mnopkiouarot Koamanm Kneums
006pasLoBy0 KaTyLLIKy C MHAYKTUBHOCTLIO 100 MKIH, 7
pesuctopom R6  ycTaHaBnMBaKT  NoOKasaHuA g’.:
BOMLTMETPA, TaKkxe pasHble 1 B.

Ha atom HacTpoika npubopa 3akaHuMBaeTcA.
Ha octanbHbIX AuManasoHax TOYHOCTb MOKasaHui
3aBMCUT  TOMbBKO  OT  TO4HOCTM  mopbopa
KoHpeHcatopos C2 -C5.

HanaxuBaHue reHepaTtopa nydlle HavaTb C
yactoTbl 100 'Ly, KOTOPYIO yCTaHaBnMBaroT nopGopom  #amsHd G £ozwine
pesuctopa R1, koHpeHcatop C5 He nogbupator. . 4
CnepyeT noMHUTb, 4TO KoHpeHcaTtopbl C3-C5 {

LOMKHbl  6bITb  OYMaXKHbIMKM  MAIM, 4TO nyulle,

metannonneHouHbiMu (K71, K73, K77, K78). [Mpu | ‘Qi
OrpaHnYeHHbIX BO3MOXXHOCTAX B noabope KOHAeHca- ;
TOPOB MOXHO WCNONb30BaTb W MNEPEKYEeHne [
cekuuen SA1.2 pesuctopos R1 1 ux nogbop, a uncno [
KOHAEHCaTopoB Hapgo ymeHbwutb 8o asyx (C1, C3). | ,:,)- -
HomMuHanbl conpoTUBNEHUA PE3UCTOPOB COCTABAT B - —*-I

3TOM cnyuae 4,7 KOM, 47 kOMm, 470 kOM. Puc.5

Cxema umhpoBoro U3mMepuTeNA NnapamMeTpoB TPAH3UCTOPOB, KOTOPaA pacnonoxeHa
Ha cante http://xradio.net.ru, no3sonAeT M3aMepATb KOIPDULMEHT nepepaymn Toka 6asbl
h213 B Tpex gnanasoHax ¢ BepxHumu npegenamu 200, 2000, 20000 npv TOKe KONSIEKTOPA,

Xopnye npudoha
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yCTaHaBnMBaeMOM [WCKpeTHO BenuumHoi 0,1; 0,3; 1 u T.40. po 300 MA. Kpome ToOro,
BO3MOXHO M3MepeHuMe 00paTHOrO TOKA KOMNEKTOpa TakXe Ha Tpex pauanas’oHax C
BepxHumMmu npepenamm 20, 2 n 0,2 MKA, paspeLuaroLian cnocobHOCTb Ha HU3WweM - 0,1 HA.
Onpepenexne h213 npousBOAMTCA NpU HanpAXeHun Konnektop-6asa okono 1,5 B,
obpaTHOro ToKa KONIeKTopHOro nepexoaa - npu 5 B.

MpuHumMn u3amepeHna h213 npounnocTpupoBaH Ha puc.6. [posepAembiin
TpaHaucTop VTx BKIOUEH Mo cxeme ¢ obein 6a3oin. Ero aMuTTEPHbLIA TOK onpepenaeTcA
OTHOCUTESNIbHO BOMbLUMM COMPOTUBAIEHNEM TOKO3afatoLWero pe3mcTopa, YCTaHoBIEHHOMO
B LLenb amuTTepa (oamH us peanctopos R15-R23), n HanpAXXeHNeM UCTOYHMKA NuTaHuA. B
Lenb SMUTTEPA BKIOYEH TakxKe TOKon3MepuTenbHbIn pesuctop (R11-R14). B uenu 6asbl
B AuaroHanu guopgHoro mocta VD1 ycTaHOBeH pes3nucTop, napgeHue HanpaXeHuAa Ha
KOTOPOM MponopLuoHanbHo Toky 6asbl (R1-R6).

08 OTHOLWeHWe HanpAXeHWA Ha pesucTope B Lenu
3MUTTEpPa K HanpAXeHU0 Ha pesncTope B uenu 6asbl
MPOMOPLMOHANTBHO KOSOMULIMEHTY Nepefaymn Toka B CXxeme
C O0OWWM KONMMeKTopoM, OH Ha epuHuuy 6onblue
aHanornMyHoro KoadpuumneHta B Cxeme C  06WMM
aMUTTEepoM. JTO OTHOWweHue wu3mepAaetcA AU Ha
Mukpocxeme KP572[1B5. TokouamepuTesibHble Pe3UCTOpsbI
nopobpaHbl TAKOrO COMPOTWUBAIEHWA, YTO NapeHWe Ha
—/08 3MUTTEPHOM pes3ncTope coctasnAeT okosno 50 unu 150 MB,

Puc.6 Ha 6asoBoM - 25..1500 MB, B 3aBMCUMOCTU OT
KoahuumeHTa nepepayun Toka 6asbl h213 n guanasoHa. mopHbIn MocT Heobxoamm anA
TOro, utobbl MOXHO O6bIfI0 MPOBEPATb TPAH3UCTOPbLI Pas3fNUYHON CTPYKTYpbl 6e3
nepekntoyueHna exogos Uobp ALLM. Kpome Toro, napeHve HanpaXXeHnA Ha guopax mMocta
obecneunBaeT HanNpAXeHWe KonnekTop-6asa Ha ykasaHHOM ypoeHe 1,5 B. HanpaxeHue
Ha Bxoge Usx ALITT MOXET MeHATb 3HaK, MO3TOMY B 3MUTTEPHOMN LLeNU AMOAHbLIA MOCT He

TpebyertcA. Ul
Mpu unsmepeHun o6paTHOrO0 TOKA KOSNEKTOPHOrO

nepexopa IKO MeXHy KOMJEKTOPOM U SMUTTEPOM 2/

nposepAemMoro  TpaHsuctopa VTXx  npuknapbiBaeTcA

HanpsxeHve 5 B ¢ penutena R7R15 (puc.7). MNapeHwue +

HanpAXeHWA Ha TOKOM3MepuUTeSibHbIX peancTopax R11-R 14 R7 5‘% Ty

nponopLuoHanbHo n3amepaemomy Toky. Ha exop Uobp AL _
B 3TOM pexume nopgaetcA HanpsxeHnue 100 mB. Ponb Qmj
[enuTenAs COCTOWUT He TOMbKO B CHWKEHUW HanpsxeHua,
nofaBaemMoro Ha TpaH3ucTop, Ao 5 B n orpaHuyeHun Toka B -108
crflyyae YCTaHOBKW HEWUCMNPAaBHOro TpaH3ucTopa, HO U B Puc.7
npuBeAeHUN CMHAAa3HOro HanpaXeHuA Ha exogax Usx ALIM
K NONOBUHE HanpsXXeHnA NuTaHuA. ECTECTBEHHO, YTO B 9TOM PEXMUME MOXXHO NPOBEPATH
1 obpaTHble TOKWN AVOROB.

MonHaA cxema u3mMepuTenA npueegeHa Ha puc.8 u puc.9. Mepeknovatens SA1
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CNyXuT anA Bblibopa Toka aMUTTEpa NPOBEPAEMOro TPaH3UCTOPA U BKIIOYEHUA pexnma
usmepeHua obpatHoro Toka Konnektopa lko, nepeknwouvatens SA2 onpepenAet
gmanasoHbl usMepeHun h213 u Iko, nonoxeHue SA3 onpepenAeTcA CTPYKTYpoOn
TpaH3uctopa. KoHpeHcatopbl C1 n C2 Heobxoammel AnA yCTpaHEHUA reHepawum, NHorga
BO3HMKAIOLLLEN MpW NPOBEPKE BbICOKOUACTOTHLIX TPaH3ucTopos, C3 ycTpaHAeT ceTesble
HaBOOKW NpWM M3MepeHun 06paTHOro ToKa KOMSIEKTOPHOro nepexopa. Bkntouexue
Mukpocxembl KP572lMB5 n nHgmkatopa VDKLL5-4/8 poctatovHO CTaHpapTHoe, oTiuuune
NnLWb B TOM, YTO BXOAbI UBX 1 UoBp He cBA3aHbI C 06LLMM NPOBOLOM aHANOroBbIX Lenen
(BbIBOL 32 MUKPOCXEMbI). YacToTa TakToBOro reHeparopa - 40 kI'u,.

Pesuctopbl, nokasaHHble Ha puc.8, B OCHOBHOM pacnafsHbl Ha BbIBOAAX
nepekntovatenein SA1 n SA2. Pesuctopbl R1-R6, R8-R14 cnepyet nopobpath ¢ TOUHOCTLIO
He xy>xe 1%. B onucbiBaeMomn KOHCTPYKLMM B OCHOBHOM MCMOJIb30BaNUCh PE3VUCTOPbI TUNa
C2-29B mowHocteto 0,125 Br. Pesuctopbl R7, R15-R23 wucnonb3osaHel tuna MIT ¢
ponyckoM 5%. MopctpoeyHblii pesuctop R50 CM3-19a.

TokonameputenbHble pesuctopbl R1-R6, R11-R14 He obAs3artenbHo pomkHbl 6biTb
TOYHO TEX CONPOTMBIIEHNIA, KOTOPBIE YKa3aHbl Ha cxeme puc.8. Hanpumep, oHu MoryT 6biTb
KpaTHbl 47 unm 56, HO 06A3aTensHO BCe.

KoHpeHcaTopbl C6-C8 ucnonb3osaHbl Tuna K73-17 Ha paboyee HanpAxexue 160 B.
B0o3aMOXXHO npuMeHeHne 1 Apyrux KOHAeHcaTopos, 0603HaYeHe KOTOPbLIX HAYMHAETCA C
K71 nnu K73, Hanpumep K73-9, K73-11, K73-16. MonApHble koHaeHcaTopbl Tuna K53-4
(C4, C12), ocTanbHble - KM-5 nnm KM-6.

Mepekntouatenb SA1 tuna MI7-35-16MN5H, SA2 Mr2-11-6MN6H, SA3 Mr2-13-4M3H.
Ha npuHumMnuanbHOW cCxeme [aHa HymepauuA KOHTakToB, NpPUBEAEHHaA Ha
nepekmnoyaTenax.
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Mukpocxemy K56171M2 MOXHO [Ty 5424
3ameHuTs KP1561J1M14, a npu u3meHeHUn 12u10)8 5J7 201
pUCYHKa MeyaTHoM mnatbl - pe ' s (=] #5612
564/TM12. setl 4
Bce 3MEMEHTHI T z};
n3mMepuTena, BkiouaA 6nok 5 | 1
2017My A61
nUTaHWA Ha OCHOBE -; =4 HRUS-4/8
TpaHcdopmaropa TMNM220- NN ES ol STl oy
127/220-50, BCE  LeCTb slalsls g1 =1 AN
BTO w2 A I/ 17
PUYHBIX obmoToK L k| 71
KOTOpPOro COefuHeEHbI R27 [i] (i] [? D02 KP512N85 ki
nocnegoBatensHo, ycraHos- 008 402K H-sglasm] F -,?-y’—
fieHbl B MIacTMacCoByKW 2 g‘} L7
Kopobky pasmepamu 70X 'L+_,__Jo“, m
95x150 MM. Yoty i m 4
HacTtpoitky npubopa cnepyet ,%‘{ _—H%n 0[5
HayaTb C YCTAHOBKM YacTOTbl TAKTOBOTO L] | |2
o E7g1mr 2 &2
reHepatopa AUI, pasHon 40 kI, 272 rn B ok
Bip a3
nopbopom pesuctopa R57. [OnAa artoro 100x p u 7
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ToKa. MpolLe BCEro YCTaHOBUTL Puc.9
Ha [OBWXKE MOACTPOEYHOro
pesuctopa R51 oTHocuTenbHO obLero nposoaa HanpaxeHuwe 100 MB, KoHTponupyA ero
TOYHbIM BONBTMETPOM C BXOZHbLIM COMPOTUBAEHNEM He MeHee 1 MOMm.

MpocTon ucnbitatenb TPAH3UCTOPOB Nt060A NPOBOAMMOCTU OMyBNIMKOBaH B KHUre
B. bactaHoBa "300 npakTuyeckux coseToB". Ha puc.10 npueegeHa npuHUMNuanbHanA
cxema wucnbitatenA TpaHsuctopoB. OH npefactaBnAeT cob0i HECUMMETPUYHBIN
MynbTuBMOpaTop, COBPaHHbIA Ha ABYX TPAH3UCTOPax PasnnyHoON NPOBOAUMOCTH (N-p-n T1
n p-n-p T2), NpUYeEM OAMH U3 HUX 3aBEAOMO UCMPaBHbIA, a OPYrod — MpPOBEPAEMBIN.
PaboTa MmynbTuBMbpaTopa NPOBEPAETCA C MOMOLLbKO MUKPOTENEdOHa, NOAKNHOUYAEMOr0 K
rHesgy TI®. MNuTaetcA ucnbiTatens OT OQHOrO 311eMeHTa HanpaxxeHnem 1,5 B.

Mpun BKNKOYEHUN UCMPABHBIX TPAH3NCTOPOB B MUKPOTENEdOHE BO3HUKAET rPOMKUIA
3ByK. ECnu oavH 13 TpaH3MCTOPOB NSIOXOMO KavecTBa, TO 3ByK ByAeT nNpepbiBUCTBIM MK
wunAwmm. Mpy BKIKOYEHUM HENCMPABHOrO TPAH3WUCTOPa UCMbiTatenb bynetT monyatb.
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Takum obpasom, [AfAA  NpOBEPKK
TPAH3UCTOPOB  HYXHO  WMETb  OJWH
UCMNpPaBHbIA N-p-n TPAH3UCTOP W OAMH P-N-p.
OtcytctBME B LaHHOM npubope
MUKpOamMnepmeTpa, MPUMEHAEMOro B
GonblUMHCTBE  APYrUX  UCMblTaTenen
TPaH3NCTOPOB, AENAET ero AOCTYMNHbIM ANA
M3roTOBIEHNA  NPakKTUYeckn  N6bIM
pagmomacTepoM u paguontobutenem.

CnegyeT OTMETUTb, YTO WUCMbLITATENb
HE MOBPEXLAET UCMLITYEMBIE TPAH3UCTOPbI
LaXKe Npy HenpasuIbHOM MOAKMOUYEHUN UX
BbIBOAOB.

B kauecTtBe MuKpoTEnedoHa MOXXHO
“cnonb3oBaTb Kanctonu tuna A9M-4, AOMLU nan TM-2.

ToT e aBToOp npeanoxun npnbop AnA NPOBEPKN TpaH3ucTopoB 6e3 Bbinanku u3
CXeMbl, KOTOpPbI NO3BONIAET NPOBEPATb UCMPABHOCTb N-P-N WA P-N-p TPaH3UCTOPOB 6e3
BbiMaikyu U3 CXembl B TEMEBU30pax, pagMonpuUeMHUKax U ApYrux pagmoTEXHUYECKMX
yctpoincTeax. C nomoLLbio npubopa MOXXHO BbICTPO OTbICKATb HEMCMPABHbIA TPAH3UCTOP
6€e3 HapyLleHMA NeYaTHOro MOHTaXa M TakOBOrO MOKPbLITUA CXEMbI.

Cxema npubopa (puc.11) cocTomT u3 cxeMbl 6I0KUHT-reHepaTopa, M3MepPUTENIbHOMO
npubopa M-261, MHAWKATOPHON
NaMnoykn, HU3KOOMHOro Tene- . '”' K"',
oHa, baTapen NUTAHUA U LLLYMOB.

MpuHumMn paboTbl OCHOBaH Ha

TOM, YTO B LIEMb NPOBEPAEMOrO "
TpaH3ucTopa BKJIOYaeTcA
namnoyka J11, paccunTtaHHaA Ha
HanpAxeHve 3,5 B u ToK Hakana
0,26 A, a B uUuenb 6asbl
(napannenbHo pesuctopy R2) -
nocnenoBa-TeflbHo COEAMHEHHbIE
pesucTopsl R1 n RS.
MepemMeHHbIM pes3uctopom R4
M3MEHAIOT TOK 6a30BOi Lenw.
Ecnn npoBepAembii TpaH3ucTop
ucnpasHblid, ByoeT M3MeHATbCA
APKOCTb CBEYEHUA NAMMOYKK.
Yem Gornblwe KOIPPUUMEHT
nepegaun TOKa, TeM  npu
6onbLiem COMPOTUBAIEHNN
BBELEHHON 4acTn pesuctopa R4 358 Puc.11
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BO3HMKAET 3aMETHbI/ Ha rMa3 Hakan HWTKU flamnoyku. Ecnn e namnoyka He cBeTuTcA
[aXe Npu NOHOCTbH BbIBEAEHHOM COMPOTUBIIEHUM PE3UCTOPA WM CBETUTCA APKO MpU
N06OM MONOXEHWUN ero ABMXKKA, 3HAUUT TPAH3UCTOP HEUCTPABEH.

Cxema npocToro wucnbiTatens TUPUCTOPOB M CUMMUCTOPOB, OMybnMKOBaHHaA B
xypHane FUNKAMATEUR N2 10/90 (3pecb B nepesope B. becegmHa (UASLAQ) u3
r. TtomeHwn), TpebyeT [onA CBOEro CO3AAHWA COBCEM HEMHOro petaneil. lMposepuTb
TUPWCTOP WA CUMUCTOP CIIOXXHEE, YEM TPAH3UCTOP, - TECTEPOM 3[eChb He 0O0UTUCH.

Cxema Tectepa no3BOnAeT
NMPOBEPATb TONIbKO paboTocmno-
cobHoCTb TUPUCTOPOB " 2NV4148

cumucTopoB. Ecnu  nepeknio- ijj_ -

yatens  Si HaxogutcA B ol Ix
MONIOXKEHWM, YKa3aHHOM Ha Cxeme | VD VD2

puc.12, 1o KoHpmeHcatop C2 ) 1

3aprXXaeTcA vepes peauctop R1 n == |

ovon D2 po Hanpaxewns, | 2!

6n13Koro K HanpsxeHuto batapen | cl c2

nutakmnA.  KonpeHcatop  Ci : Tzoo 100
paspsxxeH, Tak kak guog D1 B aTOM s”: oMK 4 MK
HanpaBsfieHun TOK He MpPOBOMMT, j"__ Puc.12

3anepr.

Ecnu TvpucTop nogkioyeH Tak, Kak ykasaHo Ha cxeme, 1o ceetogmogbl D4 u D6 He
6ynyt cBeTutbcA. CTOMT Tenepb KPaTKOBPEMEHHO HaXkaTb KHOMKy ST2, kak B Lenu
YNpaBnAIoLLLEro anekTpoda Tupuctopa yepes pesuctop R5 noteuveT ynpasnAoLLMA TOK,
KOTOPbIA NPUBELET K OTKPbIBaHMO TmpucTopa. 3axoketca ceetogmop, D4. Ceetognop D6
OCTaHeTCA NOTYLIEHHbIM, NOCKONbKY anog D5 BKIHOYEH B HEMPOBOAALLEM HanpasieHWUN.
Ecnu Tenepb KpaTKOBPEMEHHO BbIKUYUTL S1, T.e. NEpPeBecTW nepekmnyarteNs B
cocefHee “XONOCTOe” MONOXKEHWE, ANA CMEeHbl MONAPHOCTW, Kak cpasy noracHeT DA4.
KOpoTkMM Haxxatmem KHonMku ST2 CcHOBa MOZAEM YNPaBAAKLWMA UMMAYAbC OT
3apAXeHHoro koHpeHcatopa C2 uepes pesuctop R5 Ha ynpasnAOLWMA 3NEKTPOL,
TMpUcTOpa. ATOT UMNYNbC TeMNepb HE AOMKEH NPUBECTU K OTKPLIBAHWUIO TUPUCTOPA, TaK
Kak nocneaHuin NoaKYeH K UCTOYHWUKY MUTaHWA B HENPOBOAALLEM HanpasneHum.

MNoBefeHWe cuMmMcTopa OTNNYAETCA OT NOBEAEHWA TUPUCTOPA: CUMUCTOP U B 3TOM
Cfyyae OTKpbIBAeTCA W NMPOBOAMT TOK. B 3aBUCUMOCTU OT TOr0, Kakyto NOAAPHOCTb UMEET
nUTaoLLEe HaNPAXXEHWE, CUMUCTOP OTKPLIBAETCA MPW HakaTum KHOMOK ST2 wnm ST1.
KoHeyHo, nocrne CMeHbl MOMAPHOCTM MUTAIOLLEro HanpPAXEeHWA CcrenyeT HEeMHOro
nopoXaath, YTobbl yCnenu 3apAnMTLCA COOTBETCTBYHOLLME KOHAEHCATOPbI, @ YXK MOTOM
Xatb KHOMKKU. C2 3apAXKaeTCA TONbKO B YKa3aHHOM Ha CXeMe NOSIOKEHWUN NepekovaTena
S1, C1 - TONbKO B HUXXHEM MO CXEME MONOXKEHUN.

Pasmeluante petanu yCTPOWCTBA HA MOHTAXHOW nnate B COOTBETCTBUM C
NpUHUMIMansHon cxeMoi. OcobeHHOCTe MOHTaXa HET, Tak Kak HeT YyBCTBUTESNbHBIX K
HaBOAKaM W T.N. anemMeHToB. [nata BmecTe ¢ 6atapeed nuTaHWA MOMELLAETCA B
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Hebonblwom Kopryce. Tpu BbiBOAa ANA MOAKIOYEHUA TECTUPYEMbIX TUPUCTOPOB WK
CUMWUCTOPOB BbIMNOSIHEHbI TMOKUM M30/IMPOBaHHBIM NPOBOAOM C MCMONb30BaHUEM
3a)KMMOB (Hanpumep, Tuna “kpokogun”).

Tectep pnAa koHTpona PM3Y (P Ne 11/94), paspaboTaHHbii C. OAMUTPMEBLIM M3
YyBaluum, npepHas3HaveH Affa NpoBEpPKM COCTOAHMA AYeek NaMATM penporpammmupyemblx
M3y UMC K573P®2 n K573P®6 nocne ctupanuna uHchopmarum YD-061yveHmem.

MpocTeiilwan cxema (puc.13) copepXXuT reHepaTop MMMyNbCOB YacToToir 15 Ky,
Ha DD1 u pBouyHbin cyeTumk-genutens Ha WMMC DD2. Cuetunk obecneumsaet
HenpepbIBHbLIA OMPOC COCTOAHMIA AYeek namAt M3Y ¢ nepuogom okono 1 ¢. Ecnm B
mukpocxeme [M3Y xoTtA 6bl B OOHOW AYENKE NamATU MOCAe CTUPaHUA COXPaHWIOChb
cocToAHue nor.”0”, To B MOMEHT ee onpoca CBETUTCA CBETOAMORA, TOro paspana baiTa, B

KOTOPOM OHa HaxoguTtcA.
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TecTep MOXHO NopknoYaTh K 1060My UCTOUHUKY NUTAHUA CO CTABUIM3NMPOBAHHBLIM
BbIXOLHbIM HanpsxeHnnem 5 B n ponyctuMbIM TOKOM Harpy3ku He MeHee 0,1 A. lMNepeq
BKJIHOYEHMEM TECTepa Heobxognmo yctaHouTb npoeepAemyto UMC B naHenbky XS1.

B reHepaTtope MOXHO WCMONb30BaTh W Apyrue UHBEPTOPLI C NHOOLIM KONMYECTBOM
Bxopos norukn U-HE n UITN-HE. Hencnonb3yemble BXoapl cnegyet COEANHATL C 0BLLMM
nposogom gna foruku UNN-HE n ¢ wuHon nutanmna gna norvkn U-HE.

Mpn xenaHnm B TECTEP MOXHO BBECTW PEXUM pukcauun OedeKTHOR AYenKu
OCTaHOBKOW reHeparopa npv rnepenage HanpsxeHuA Ha pesuctopax R2, R3 ¢ nomoLbo
Hencnonb3yembix nHeeptopos DD1.

3BYKOBOW MCMbITaTENb KBapLLEBbIX pe3oHaTopoB paspabortan M. Mpagnb us UHpum
(ELECTRONICS Australia N2 12/96). Cxema ycTpoicTtea (puc.14) bopmupyeT 3ByKOBOW
TOH Npw NOAKITIKOYEHHOM UCMpPaBHOM pe3oHaTope. Mukpocxema DD1 ABnAeTcA ABOUYHBIM
CYETUMKOM, B COCTABE KOTOPOW MMEETCA reHeparop.
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Y1066l reHepatop Bo3byauncA, K Hemy cnepyeT NOAKHUNTL BHELLHUA Pe3oHaTop,
pesuctop (R1) n pBa koHpeHcaTopa emkocTbto no 10 nd (C1, C2) - reHepaunA BO3HMKaeT
Ha OCHOBHO 4acToTe pe3oHaTopa. 3ateM OEnuUTe-fiM YacToTbl MUKPOCXEMbI MOHWUKAOT
4acToTy CHOPMUPOBAHHOIO CUrHaNa Ao 3HAYEeHUA 3BYKOBbIX YaCTOT.

TpaHsucTop VT -
ycunuresb, NO3BONAOLLNIA
NOAKOYUTL B €r0 KOMNEKTOPHYH

. DD14060 |16 Lernb HWU3KOOMHYK  3BYKOBYHO
X

r 10 FONOBKY  [ANA  MHAMKALWM
zQ1 R1 6 .
= 10M - HU3KOYACTOTHbIX KonebaHui.

L OnbITHbIN obpaseL,

c1 "ﬂ_ Ac210 |8 ucnbiTatena yBepeHHo pabortan ¢

I I Puc.14 pesoHaTopamu ot 1 go 27 Ml'u. B

nocnegHem  cryvae  4acrtora
3BYKOBbIX KonebaHuin Ha BbIxofe NPobHMKa O0KONo 6,6 KIL.

B ycTponcTBE MOXHO MCMOMb30BaTh OTEYECTBEHHYIO MUKpocxemy Tuna 1051XM12 un
TpaH3uctop KT315b. B kauecTBe 3ByKOBOM rof0BKM NOROAAET ntobaAa ManorabaputHaa C
MoLLHOCTbHO 0,25-0,5 BT 1 conpoTMBNEHNEM 3BYKOBOW KaTyLLKW HE MeHee 8 Om.

Ha cante http://www.gelezo.com npefctaefieH TecTep pAJfin KOHTPOSA
3HEProemMKOCTMN 3M1IeMEHTOB NMUTaHuA.

[nA npoBepkn KayecTBa ranbBaHWYECKOro afeMeHTa MUTaHUA U OLEHKW ero
3HEepProeMKOoCTV [0CTaTO4YHO BhINONHUTL [Ba U3MEPEHNA:

1) NOOKMOUNTL HArpy3ky U U3MepUTb HanpPAXEHWE HA 3NIEMEHTE - OHO [OHKHO
npesbiwarte 1,2 B. lMpu 3TOM AnA Kaxporo Tuna 3MemMeHTa MCMonb3yeTcA CBOe
COMPOTUBIIEHWE HArPY3KN.

2) KpaTKOBPEMEHHO (Ha 1...3 C) K BbIBOAAM 9fieMeHTa NUTaHWA NOSKMKUUTL TECTEP
B peXuMe u3MepeHuAa Toka (Ha MakcuManbHOM npegene). B 3aBucumoctv OT Tuna
3/1IEMEHTA W ero COCTOAHWA TOK B LIENW MOXET Aocturatb 5...6 A.

Cxema Ha puc.15 npegHasHaveHa ana 6bICTPON NPOBEPKN HANPAXEHWUA U EMKOCTH,
YTO JaeT BO3MOXHOCTb NIErkO OLEHWTb KauyecTBO MpUMOBpeTaemoro ranbBaHUYeCcKoro

. Py ° ﬁi “BMA" "20MA” "62MA""150MATITOMA"
SB4 T__ ; I TSBZ’ Rs* VvDLvD2 [R6 |R?7 R8 [R3 IR10
w 7.5x  KAS21A 180 |75 |24 1w |4
45 X1 [X3 asf X5. 045 X7

RE6 - ~ o « w
1.5 SAY

SvaZvoz narpy3ia
Al /.SI&S

I

Puc.15
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3MIEMEHTA NUTaHWA WK CTeneHb 3apAfa akKyMymnAaTopa C HOMWUHASBbHBIM HanpPAXXeHWeM
1,2...1,5 B. 370 no3sonut B MarasuHe Bblbpatb 6artapeniky, KOTopaA MNPOCAYXUT
3HAYMTENbHO JOMbLUE, a TAKXKE BbIABUTb ABHBIA U CKPbITLIA Bpak.

CrnepnyeT 3HaTb, 4TO akKyMmynATopbl 06bIYHO MPOJAIOTCA B MarasmHe He
3apAXEHHBIMU U UX HYXXHO NPOBEPATHL YXKE NOCre 3apAaKM.

[nA ypobcTea NOLKHOUYEHNUA YCTPONCTBO UMEET YeThbIpe Napbl KOHTAKTHBIX 3aXKMMOB
X1...X8 nop yCTaHOBKY pasHblX TUMOPA3MEPOB 3JIEMEHTOB MUTAHWUA: MWHUATHOPHbIX
ranbBaHuyeckux gnA yvacos, R6 (anemeHt 316), R14 (343) n R20 (373). KoHCTpyKumMA
32)XMMOB 3aBUCMUT OT TOrO, C KaKUMW 3IEMEHTaMM YaLLe BCero NpUxoauTcA UMeTb Aeno
(UX MOXXHO NPUOBPECTM YXKE rOTOBbLIE).

Monb3oBaTbCA YCTPOWCTBOM AO0BOSIbHO MPOCTO. Cxema COCTOMT U3 U3MepUTena
HanpaXXeHWA 1 Toka. MNpu ycTaHoBKe NpoBepAeMoro anemeHTa (cobntogan NnonApHOCTL) B
COOTBETCTBYHOLLME 32)KMMbl CTPESIOYHbIA n3MepuTEnbHbIA Npubop PA1 6ypeT nokasbiBaTb
HanpsaxeHwue "xonoctoro xoaa". [nA HoBoi 6aTaperkn OHO LOMKHO BbITb okono 1,5 B, y
3apAXXeHHoro akkymynAaropa - 1,2...1,5 B.

C nomowbto nepekntodatena SA1 ("Harpyska") yCTaHaBNMBAEM HYXXHYK Harpysky
LJ1A KOHKPETHOr0 a1IeMeHTa 1 Haxxmmaem kHonky SB3 (U). Mpubop PA1 byneT nokasbiBaTb
HanNpPAXXeHWe Ha anemMeHTe B paboyemM cocToAHMM. OHO He JOMKHO CUIbHO YMEHbLUIATbCA
N0 CPABHEHWIO C NPeablayLLM PEXNMOM.

HomuHanbl conpotueneHnin R6...R10 nombupatoTcA € YY4eTOM MakcumanbHOro
[OMYCTUMOrO TOKa Yepes 3MeMeHTbl. 3HayeHne paspAgHOro Toka B Lenu BbibpaHo u3
ycnosuA He 6onee 0,1Q, rae Q - 3HEProemMKoCTb, BblpaXKeHHaA B aMnep-yacax. Tak kak Ha
CaMOM 3/IEMEHTE YacTO HE YKa3blBaKOT SHEProeMKOCTb, TO, YTOObI COPUEHTMPOBATLCA,
KaKyto Harpyaky crnegyeT UCrnosnb30oBaTb, MOXXHO BOCMONb30BaTLCA Tabn.3.

MapameTpbl 311eMEHTOB NMUTAHWA Tabnuua 3
Tunopasmep no MOK 0603HaueHve [abapuTHble pa3mepbl B | OHEProemMKoCTb B aMmnep-
OTEYECTBEHHOrO aHanora  |MM: AMameTp v AnuHa yacax
SR41 CL-0,038 7,9%3,6 38...45
SR42 CL-0,08 11,6x3,6 80...100
SR43 cu-0,12 11,6x4,2 110...120
SR44 Cu-0,18 11,6x5,4 130...190
R6 316 14,5x50,5 0,45...0,85
LR6 A316 14,5x50,5 1,0..3,7
R14 343 26,2x50 1,53..1,76
LR14 A343 26,2x50 3,0..8,2
R20 373 34,1x61,5 2,0..4,0
LR20 A373 34,1x61,5 55...16,0
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KHura-nouton

"Papuoamatop" - nyuuee 3a 10 net. Copruk. K.:Papuoamarop, 2003r., 288 c. 20.00
OnekTpoHHbie Habopbl v Mogynu "MACTEP KWUT" Onucanue, npuHuumn. cxembl. Katanor-2004rog, .A4 15.00
Cobepy cam 60 aneKTPOHHBIX ycTpoitcTs U3 Habopos "MACTEP KUT" M.:Aoaexa,2004r.304c. 27.00
/MnynbCHbIE UCTOUHNMKI NUTaHNA TeneBu3opoB. AHkosckuid C.M., HuT, 2003r.380c. 34.00
AMnynbcHble 6noku nuTanua ana IBM PC. PemoHT 1 06cnyxwsatme.-M.:IMK, 2002r., 120c.A4 26.00
cTOuHMKIN NUTaHNA BUKEOMarHuTodOHoB 1 BULeonneepos .BuHorpapos B.A., 256¢.A4 14.00
VACTOYHMKIN NUTaHUA BUAEOMArHUTOOHOB . JHLWKNON.3apy6.BM . HUT,2001r, 254c.Ad+cx. 29.00
WcTouHMKIn nuTaHnA MoHo6NOKoB 1 Tenesn3opos. fykuH H.B. HuT.,136¢c.A4 14.00
Wctounmkn nutanua MK 1 nepedoepun. Kyyepos A.1M.,C.-M.,HUT,2002r.,384c. 37.00
3apybexHble anekTpomarHuTHele pene. Cnpasounmk. Bosk I1.10., 2004r., 382c. 44.00
3apybexHble MIUKPOCXeMbl, TpaH3MCTOpbI,AMoAb! A...Z.CripaBouruK. V13g,.2-e nep.u fon.,2003r.,760 c. 54.00
3apybexHble MUKPOCXeMbI,TpaH3uCTopbl,anoabl 0...9. Cnpasourmk. 13p.2-e nepepab u pon.,2004r.,556¢. 45.00
MWKPOKOHTPONNEPbI [A BUAEO- 1 papumoTexHuky . Bein. 18. Cnp.-M.oeka , 2001r., 208 c. 24.00
MuKpocxembl AnA COBPEMEHHbIX UMNOPTHbIX BM 1 Bupeokamep. Boin. 5. Cnpasounmk - M.:[loneka,288c. 24.00
Mukpocxembl f1A COBP. UMMOPTHbIX TeNesn3opos. Buin.4,16 Cnpasouuk.-M.:Joneka ,2003r.,288¢. no 24.00
Mukpocxembl COBpeMeHHbIX TeneBu3opos ."PemoHT" N233 M.;ConoH , .208 ¢ . 15.00
TpuMeHeHme TeneBunoHHbIX Mukpocxem. T.1,Kopakux-Yeprak C., Cn6.: HUT, 2004r., 316¢. + cxeMbl 39.00
Mukpocxembl anA ayano v paginoannapatypsl. Bein.17,19,21. Cnp.-M. Jogexa , 2002r. no 288 c. no 25.00
Mukpocxembl ina CD-npourposateneit. Cepeocvctembl.Cnpasounmk. HuT, 2003 r, 268c. 42.00
Mukpocxembl ana TenecpoHun.Beinyck 1.Cnpasounmk.-M.:Jopeka, 256¢.A4 16.00
Mukpocxembl A1 COBPEM.MMNOPTHHOI aBTO3NEKTPOHMKY . Bein.8. Cnp.,-M:[onexa, -288 c. 24.00
Mukpocxembl copem. 3apyb. yeunutenei Hu3koit yactoTsl .Bein.7,ebin.9. Cnp. Mo 288 c. no 24.00
Mukpocxembl 1A UMAYNbCHBIX UCTOUHMKOB NTaHKA. Bbin.20. Cnp., 2002r.-288 c. 24.00
MuKpocxembl AnA ynpaenexnA anekTpopsuratenamu. Bein.12,14 . M. Jogeka , 2000 r.,no 288 c. no 26.00
WHTerpanbHble Mkpocxembl. OnepaLmorHble yeunuTtenu u komnaparopsl. Cnpasouruk. M.:ogeka, 560c., A4 43.00
Lincoposbie KMOIM mukpocxemsl . Maptana O.H. - HuT, 2001 r., 400 c. 24.00
MpoekTbl 1 akcnepumMenTsl ¢ KMOT Mukpocxemamu. TeHepaTopl, 3ByK. U CBET. CUrHanu3., TaitMepsl, uHBepTopsl.  28.00
Bce oteuecTBeHHble Mukpocxembl. M.:[opeka, 2004r.,400c. 49.00
MukpokorTponnepsl? 310 xe npocto! Tom1,2,3. Opyn3e A.B. 2002r., 336¢.,384c. no 29.00
Mpumererme mukpokoHTponnepos AVR: cxembl, anroputmbl, nporpammel. M.:Jopeka, 2004r., 288 c. 41.00
MukpokoHTponneps! cemeiictea SX upmbl "SCENIX". @unun Anppe. M.:[opeka,272c. 27.00
Mporpammupyemble KoHtponnepsl. Metpos U.B., M.:ConoH, 2004r., 256¢. 29.00
Cnpasoyruk o PIC-MukpokorTponnepam. Maiikn Mpeako. M.:AMK; 2004r.,512c. 43.00
CamoyumTens No MUKPOMPOLLECCOPHOI TexHuke. benos A.B., K.:HuT, 2003r.,224c. 20.00
NHTerpanbHble MukpocxeMbl. MepcnekTuaHble upenua. Bein 1,2. -M:ofexa,.no 64 ctp. no 5.00
WHTerpanbHbie MUKpoCX. v ux 3apyb.aHanorv.Cepun K1044-1142 M."Paguococht”.2000r. 35.00
TenesuanoHHble Mukpocxembl. Cripasouruk T.1 MMC obpabotku TB curnanos. HuT, 2004r., 286¢. 29.00
AHanoro-LudpoBbie 11 LUpo-aHanorosele npeobpasosareny. Cnpasounuk. M.:AnbTekc, 2003r.,224c. 23.00
TMonynpoBopH1KOBLIE NPUBOpbI. CripaouHuK. (Bapukanbl, u3nyyateny, Auoasl,TupucTopsl 1 np.) Mepensman B.J1. 20.00
[yTeBOANTENb MO ANEKTPOHHBIM KOMMOHeHTaM. MKaH-Opaxcya Mawy. M.:Jogexka, 176¢. 19.00
B3anmosameHa AnoHckux TpaxaucTopos.JoHew, B.- M.:ConoH.,368c¢. 24.00
LiBe, kop, CMMBONNKA ANEKTPOHHBIX KOMMOHEHTOB. Hecteperko W.W.,-M.:Conon,2002r., 216¢. 18.00
MapkupoBKa paano3neKkTpOHHbIX KOMMOHEHTOB. KapmaHHblit cipasouHik. Hecteperko W.W., 2004 r., 164 c. 18.00
MapkupoBKa aMeKTPOHHbIX KOMMOHEHTOB . 13.8-e ucnp. v gononH. "[oaska" 2003r.,208 c. 17.00
Mapkmposka 1 0603HaueHIe papvoanementos . Mykocees B.B., M.-T1-Tenekom,2001r.,352 c. 29.00
3apybex.nuogsl U ux aHanory. Xpynes A.. Cnpas. 1.2.,1.3,7.4,1.5,7.6. M. "Paguocodt”, no 39.00
3apybexHble aHanorosble MUKpoCxembl 1 ux atanory.Cnpas.T.1,2,3,4,5,6,7,8.M.Paguocodbt 2000r. no 39.00
Bupneokameps! . Maprana O.H., HUT ,192 c. + cxembl 14.00
BupeomarHuTodorbl cepuin BM.W3g. nopab 1 gon. Axkosckwit C. HUT., 2000r.-272¢.Ad+cx. 29.00
CXxeMOTexXHMKa yCUnuTeNnbHbIX kackapos Ha bunonApHbIX TpanaucTopax. M.:Joneka,2002r.,256¢. 19.00
Cxemortexruka CD-npourposateneit. Aspamerko 10.0., C.-M.:HuT.,2003r.,192c. 27.00
WuTerpanbHble yeunutenn HY. U3p.2-e nepepab. v nononx. Mepacumos B., H1T, 2003r.,522c. 42.00
YCTpoiicTBO ayavo-it BUReoannapatypsl.OT AeTekTopHoro npuemHuka Ao YM crepeopeccusepa.,288c. 24.00
OHLVMKNONEAMA YCTPOACTB Ha MoneBbIx TpaHauctopax.bubnuoteka uxerepa. M.:Conon, 2002r.,512¢. 49.00
OHUMKNoNeanA papuoniobutena. Pabotaem ¢ komnbtotepom. Mectpukos B.M.- CM6: HUT,2004r.,268c¢. 24.00
OnexTpoHuka. MonHblit kype nekuuii. MpAwHrkos B.A. 4-e n3p.,M..KOPOHA npuHT, 2004 r.,416¢. 39.00
Kpatkuit cnpaBouHmK no anekTpormke. Ipaboscku b., n3p-e 2-e ucnp., AMK, 2004r., 416¢. 32.00
B nomoLb papmontobutenio: 100 HencnpasHocTel Tenesn3opos. XK. NMopan, AMK, 2004r., 256¢.+ un. 29.00
OcHoBb! TENEBU3MOHHOI TeXHMKY. Nyaut B., M.:Conon,2003r., 432c. 33.00
360 npakTU4eCKux HeucnpasHOCTeN. 3anucku Tenemactepa. Hasapos B.B. M.:Conox, 2004r.,288c¢. 29.00
Tenesu3opbl: PEMOHT, apanTauma, MopepHuauma. Caynos A.1O., C-M6.:HuT, 2004r., 286¢. 23.00
Mogepru3sauua Teneansopos 3..5YCLT .Mawkeswy J1.H., HuT., 2001 r.316¢. 24.00
"YncTeiit 3ByK" TBOETO TENeBu3opa. CnpasouHoe nocobue. aipens 3., 2002r.,176¢. 19.00

OdchopmneHune 3aKka3oB no cucteMe “KHura-noyton” paA opraHn3auumn

Flpm noKynkKe KHUr Ha cymMmy 6onee 60 rpH. nonyyaete B nogapok
Katanor “BcA papnoanekTpoHuka YkpaunHbi”!!!

o

, MHHu N

, NOYTOBLIV agpec

Onnata npoussBogutcA no 6/H pacyeTy cornacHo appecy: usparenscrteo “Pagioamarop”, a/a 50, Kues-110,

BbICTABMIEHHOMY cuyeTy. [OnAa nonyyeHnA cyeta Bam 03110, mnm no an. nouyte val@sea.com.ua. B 3asBke
HeobX0AMMO BbICNaTb NepeYeHb KHWM, KOTopble Bbl XOTenNn  yKaxkute CBOM HOMep dhakca

6b1 Npuobpectu, no dakcy (044) 573-25-82 unu NoyTon N0  C-Ba Nnar. Hasora.




KHura-no4yton

Linchposas anekTpoHuka . M3p-e 2-e gononH. Maprana O.H., HAT, 2001 r. - 222 c.

MpakTyeckan aBTomaruka. Cnpasounuk. Kucapumos P.A., M.: Paguocodt, 2004r.,192c.

CnpaBouHuK anekTpuka. Kucapumos P.A. 2-e uapnanue, 2004r., 512c.

CnpaBoyHIK LOMALLHEro anekTpuka. V3a-e 2-e ponon. u ucnpaen. Kopakux-Yeprak C., CM6:HWT, 2004r.,476c¢.

CunoBas anekTpoHIKa ANA ntobuteneir u npocheccuonanos.Cemetos b.K0.-M.:Conon,2001r..336c¢.

TeopuA 1 pacyeT MHOro06MOTO4HBIX TpaHCOpMaTopos. XHbikos A.B. M.:Conon, 2002r., 112c.

CoBpemeHHble papvotenedorsbl.Panasonic,Premier,Harvest, SANYO, SENAQ. 2004r., 350¢. + cxeMbl

CxeMOoTexHKa aBTOOTBETUNKOB. 3apybex. anekTpoHmka. bpyckuH B.A.-K.: HuT, 176 c.Ad+cx.

AboHeHTCKue TenedoHHble annapatbl. KopAkuH-YepHak C.J1., U3p. 5-e fon. u nepepad., 2003r,368c.

OnexTpoHHble TenedpoHHble annaparel .Koterko J1.A. 13n 3-e.nepep. u gon.-K.:HuT, 2003r., 270c.

PapvontobuTensckue yeTpoiicTsa TenedhoHHoi ceAav. Escees A.H. M.:PuC, 2000r.,112c.

PapvoctaHuma ceoumn pykami. LLimbipes A.A., HuT, 2004r., 142c.+cx.

KB-npu1emHmrk MupoBoro yposHA Kynbekiit AJ1. -K.:HUT , 2000 r. 352c.

Antennbl KB v YKB. KomnbtotepHoe mogenuposanne NMANA. Moruapenko W.,M.:Pagnocodht,2004r.,128c¢.

AnTeHHbI. Foponckue KoHCTpyKLmu. puropos W.H., M.:Pagnocodbt, 2003r.,304c.

MuHu-cuctema kabenbHoro TenesupeHuA. Kyaes A.A.,-M.Conon , 2002 r. 144c.

OnekTpoHuka oA peibonosa. Lenectos W.MN. M.:Conox, 2001r. 208 c.

TexHuka anekTponosa pbibbl. Xoasipes B.B., 2003 r.,144 c. 1

Mertannouckarenu pna ntobuteneit v npocpeccvoranos. Caynos A.1O., HuT, 2004r., 220c.

Metannouckatenb anA noucka knagos v LiBETHbIX MeTannoB. KU3HEHHbI onbiT 1 cxema npubopa. 2003r.,68¢.

HoBble MeTannouckatenv LA noucka knapos U penukeuit. LLieppud A.W., TT1-Tenekom, 2003r., 176¢.

ONeKTPOHHbIE 3KCMEPUMEHTBI 1A M3YYEHNA napaHopmManbHbix ABneHniA. Hetoton C.bpara., M.:IMK; 2004r.,304c.

500 cxem anA papvmontobutenedt. Mpuemnmnkn. CembaH A.M., 2004r., 188c.

HacronbHan kHura paguontobutensa-koHcTpykTopa. Hukonaerko M.H.,M.: OMK, 2004r.,280c.

OpuruHanbHble CxeMbl 1 KOHCTPYKLuW. Teopum BmecTe! (PynopHble AC, meTannouckarenv u np), 2004r., 200c.

3BYKOBaA CxeMOTeXHUKa ana paguontobutened. Metpos A.H. HuT, 2003r.,400c.

CoBpemeHHbIil TEoHep KoHCTpyupyem camu:YKB ctepeo+mukpokoHTponnep. Cemeros b., ConoH,2004r.,352¢+CD

MpakTnyeckan cxemotexrmka.KH.2. cTournki nutanma u ctabunusaropsl. LLyctos M.A.,2002r.

MpakTiyeckan cxemoTexHmnka.KH.4. KOHTponb 1 3auuta ucTouHnkoB nutanma. Lyctos M.A.,2002r.

MpoekTupyem 1 ctpoum ocumnnorpad. Mopopeukuit U.B., M.:Conon, 2002r.

PanvoaneKTpoHKa B KOHCTPYKLMAX 1 yBReyeHuAx. Mectpukos B.M., CM6:HWT, 2004r.,234c.

PapvontobuTenbckie KOHCTpykLmum Ha PIC-MukpokoHTponnepax. 3aew H.W., M.:Conon, 2003r.368c¢.

PapvontobuTensckan a3byka.T.1:Lincposan TexHuka. KonpyHos A.C., M.:ConoH, 2003r.,272c.

CoBpeMeHHbIe PapMOTEXHNYECKIE KOHCTPYKLMU. (TEPMOPEryNATOPEI, MCT. MUT., aBTOCUTH. 1 np.) M.:ConoH,2004r.

CekperTbl 3apybexHbIX paanocxeM. YuebHK-CnpaBouHIK AnA MacTepa v niobutena. Mocksa, 2004r.,112c.

KOHCTPYKLLMM 1 CXeMbl 1A MPOYTEHNA € naAnbHuKkoM.KH.1,KH.2, Mpud A.,2002r., 288,328c.,

OHoMY paguoniobuTento ANA NPOUTEHUA ¢ naanbHukoM. MocaruH B., M..Cono., 2003r., 208c.

OneKTpOHHbIe camopenkin anA 6biTa, oTabixa v 3popoebA. M.3aeu, M.: Conow, 2004r., 304c.

AstocurHanuaauun ot A o Z. Kopakut-Yephak C.J1.,CM6.: HuT, 2002r., 336¢.

3awwra aBTomobunA ot yroxa. buptokoe C.B. CM6.:HMT, 2003r.,176¢.

KabenbHble n3penuA.Crpasouruk. Anves W. M.:Pagnocodt, 2002r.,224c.

Ananoro-umdpoBbie 1 LpOo-aHanoroble npeobpasosateny. CnpasouHuk. Hukamud B. 2002r.224c.

Bhibop 1 MopepHu3aLma komnbrotepa. AHatomua MK. Kytysos M., Mutep, 2004r.,320c.

MpoekTnpoBaHme cxem Ha komnbloTepe. Bacunbuerko E.B., M.:Cono, 2004r.,528c¢.

KomnbroTepHan cxemoTexHuka.MeToasl nocTpoenma 1 npoekTuposatua. babuy H.M., K.:MK-Mpecc,2004r,578¢.

WcTopua YkpamHbl. Yuebroe nananme. Papuerko N1.A., Cemenerko B.W., K.:Papuoamarop, 2004r., 520c.
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JKypHans!

"Papioamatop" xypHan N2,3,4,5,6,7,8,9,10,11,12 3a 2003r., N°1,2,3,4,5,6,7,8,9,10,11,12 32 2004r.

"Onektpuk" xypHan N22,3,4,5,6,7,8,9,10,11,12 3a 2003r., N21,2,4,6,7,8,9,10 3a 2004r.

"BriokHoT "Paguoamaropa” xypHan Ne2,3,4,5,7,8-9,10 3a 2004r.

"PapuokoMnoHeHTbI" XypHan NO1,2,3,4 3a 2001r., No1,2,3,4 3a 2002r., No1,2,3,4 3a 2003r.,N21,2,3 3a 2004r.
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1o Bcem Borpocam, cBA3aHHbIM ¢ pasaenom “Kuura-noyton”, npocbba obpaiyarscA no 1./¢p. 573-25-82,

email:val@sea.com.ua.
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OchopmneHne 3aKa3oB No cucteMe "KHUra-novYTon AJIA HYaCTHbIX JINL,

MepeBop, oTNpaenATb No agpecy: MotopHoMmy Baneputo

Brnapumuposuuy, a/a 53, Knes-110, 03110. B oTpbiBHOM

Ecnn Bac 3auHTepecoBano kakoe-nubo 13 nepeunc-
JIEHHbIX W30aHUK,

T0 Bam Heobxopumo odpopmuTb

TafloHe MOYTOBOrO MepeBofa YETKO YKaXuTe CBOM
obpaTHbIN agpec 1 Ha3BaHWe 3aKasbiBAEMOR Bamu KHuru.

MOYTOBLI NEPEeBOd Ha YKasaHHY CyMMy B

oTaeneHnn CBA3N.

6nmxa

nwem

LleHbl paHbl B TPMBHAX C YY€TOM NEPECHLUIKUA U

peicTBUTENbHBbI B TE4YEHUE MeCAL,a C MOMEHTa BbIXOAa XXypHana.
OnA yneHos kny6a uutarenen “Papioamatopa” pencTByloT

noctofAHHble ckupku. NMonoxenne o Knybe yutante B bBP N2 1.






